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$JUDGHFLPLHQWRYV

7THQJR TXH DJUDGHFHU HQ SULPHU OXJDU D PLV GLUHFWRUHYV
DSR\R\ RULHQWDFLYQ GXUDQWH ORV DxRV HQ ORV TXH HVWH WU
SDFLHQFLD FRQPLJR \ WXV DFHUWDGRV FRQVHMRYVY D ORV TXH W
VRXWLHQ LPSOLFDWLRQ DX GHOj GX GHYRLU H[HPSOH« PHUFL

4XLHUR D FROQWLQXDFLYQ GHGLFDU HVWD 7HVLV TXH FXOPL
YLGD D PLV DEXHORV OHUFHGHV -RDTXLQD )UDQFLVFR \ )UDQF
SRU HVWDU VLHPSUH D PL ODGR DXQ FXDQGR D YHFHV QRV VHS
D 'LDQD \ OD\D SRU YXHVWUR LQHVWLPDEOH DSR\R HVFXFKD \ F

'"HVHR H[SUHVDU PL JUDWLWXG D WRGRV DTXHOORV TXH GH
TXH HVWH WUDEDMR KD\D DOFDQ]JDGR VX ILQ PLV IDPLOLDUHV F
&(51 HQ HO JUXSR GH 5) -RUJH 6iQFKH] -XDQ &DUORV $OOLFI
&DEUHUL]R -RUGL 8VWUHOO (QGUH %MRUVYLN -DYLHU /ORUHC
/IRUHQ]JR OLJXHO 2MHGD 'LHJR %DUULHQWRYVY $OHMDQGUR 'tD]
(QULTXH GH 1LFROIiV 1XULD $\DOD $OLFLD GHO %DUULR ,xDNL 2
SULHWR -HV~V &RUWpV /RUHQD 9HJD -XDQ (VWHEDQ *UHJRLUH
7RP /JHYHQV 7RPDV] :ORVWRZVNL -DYLHU 6HUUDQR OLFKDHO -DX
O\NOHEXVW OLFKDO +XVHMNR (OHDQRU 'DYLHV )DWKLD 6DLGL
JUDWLWXG D :ROIJDQJ +RIOH \ (UN -HQVHQ SRU DSR\DU \ DOEHU

6HUtD LPSHUGRQDEOH QR GHPRVWUDU PL DJUDGHFLPLHQWR
HQWUH HOORV D 3DEOR 7 &KLQHD -DLPH &UHVSR -RUJH 6RODQ
ORV GHO SXHEOR /D UHVQHGD \ D ORV GH =DUDJR]D 6DQWL
OLIJXHO« \ HYSHFLDOPHQWH D ,VPDHO %HO TXLHQ WDQWR PH KI
JHUQDQGR <RODQGD \ )HUQDQGR

oL DJUDGHFLPLHQWR SDUD +HUEHUW 6KHD $UWXUR OHGLD?
GHVFXEULUPH TXH HV OD ,QYHVWLJDFLYQ \ HO ULJRU DFDGPpPPLF
FRPSDxHURV GH OD XQLYHUVLGDG GRQGH WRGR HPSH]y PXFKR W
$QGUpV *UDQGH $QWRQLR 2WHR 'LHJR 3pUH] 6HUJLR 6DQ] \ -HV
£$ WRGRV *UDFL






$SFNQRZOHGJHPHQWYV

, ZRXOG OLNH WR H[SUHVV P\ JUDWLWXGH LQ LQ ILUVW SODFH WHE
%DXGUHQJKLHQ IRU WKHLU VXSSRUW DQG JXLGDQFH GXULQJ W
SDWLHQFH DQG ZLVH DGYLFH WKDW , VKRXOG IROORZ PRUH RIWI
GHYRLU H[HPSOH« PHUFL

, ZRXOG OLNH WR GHGLFDWH WKLV 7KHVLV WKDW LV WKH U
P\ JUDQGSDUHQWY OHUFHGHV -RDTXLQD )UDQFLVFR DQG )UDQ|
WKDQN \RX IRU EHLQJ DOZD\V DYDLODEOH DQG FORVH WR PH H
GLVWDQFH DQG WR 'LDQD DQG 0OD\D IRU \RXU LQYDOXDEOH V
GXULQJ WKHVH \HDUYV

, ZRXOG OLNH WR VHL]H WKLY RSSRUWXQLW\ WR WKDQN DOO
WR WKH IUXLWIXO HQG RI WKLV ZRUN P\ IDPLO\ P\ FROOHDJXHYV
5) JURXS« -RUJH 6iQFKH] -XDQ &DUORV $OOLFD 1DWDOLD *DOLC(
8VWUHOO (QGUH %MRUVYLN -DYLHU /ORUHQWH 5LFDUGR +HUC
2MHGD 'LHJR %DUULHQWRYV $OHMDQGUR 'tD] 6HUJLR &DOYHQWH
1XULD $\DOD $OLFLD GHO %DUULR ,xDNL 2UWHJID /XLV ( )HUQIQ
/IRUHQD 9HJD -XDQ (VWHEDQ *UHJRLUH +DJPDQQ -RVH 1RLUMHD
:ORVWRZVNL -DYLHU 6HUUDQR OLFKDHO -DXVVL 5REHUW %RUQ!
+XVHMNR (OHDQRU 'DYLHV )DWKLD 6DLGL 7KHPLV ODVWRULGLV
DQG (UN -HQVHQ IRU VXSSRUWLQJ WKLV ZRUN ZLWKLQ WKH 5) JUL

7R DOO P\ IULHQGY VSUHDG DURXQG WKH ZRUOG DPRQJ W|
6RODQD 2ULRO /OXFK ,GRLD 3DOLFLR ODQXHO %ODQFR« WR WK
6DQWL $OEHUWR $OEHUWR $OH[ 'DYLG -DYL .LNR - OLJXHO «
D PLQXWH IRU PH $QG RI FRXUVH WR $QGUHD )HUQDQGR <ROD

6SHFLDO WKDQNV DOVR WR +HUEHUW 6KHD $UWXUR OHGLD
GLVFRYHULQJ PH ZKDW 5HVHDUFK LV DQG WKH DFDGHPLF ULJRU
ZKHUH DOO WKLV VWDUWHG \HDU DJR - ,JQDFLR *LPHQR -HV~V

3pUH] B6HUJLR 6DQ] DQG -HV~V 9HOi]TXH]
7KDQNV WR HDFK RQH
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5HVXPHQ

(Q XQ $FHOHUDGRU/BH /3 D/HOB{5X OBDW HWWDOVLVWHPD HQFDUJDGR GH
JUHFXHQFLD H LPSOtFLWDPHQWH GH OD WUDQVIHUHQFLD GH HC
GH OD PiTXLQD (O //5) LPSOHPHQWD DOJRULWPRYV TXH VLQFURQI
HO KD] DVt FRPR WDPELpQ OD FRQILIXUDFLYQ GH VXV SDUiIiPHWU
GHO KD] FX\R FRQWHQLGR HVSHFWUDO VH YH PRGLILFDGR FRQ C
LQFUHPHQWR HQ OD YHORFLGDG GHO KD] TXH HQ HO FDVR GH D
XQ GHFUHPHQWR GHO SHULRGR GH UHYROXFLYyQ (VWR HV HVS
+DGURQHYVY SDUD ORV FXDOHV OD HQHUJtD GH LQ\HFFLYyQ HV ECLC
YHORFLGDG DQWHYV GH DOFDQ]DU QLYHOHYVY UHODWLYLVWDV (O
SURFHVDGR \ HO KD] KHPR% DM B DK DREO\VRXY NPpROHFBLQJ

8QD LPSRUWDQWH PLVLYQ GHO //5) HV OD FRPSHQVDFLYQ C
FDYLGDGHV GHoBBPIRPORDGRIMQO VLOQFURWUYQ 636 GHO &(51 OD UH.
XQ DQFKR GH EDQGD GH 0+] D FDGD ODGR GH OD 5) 0+] 'D
DSUR[LPDGDPHQWH —V PiV GH FLHQ KDUPYQLFRV GH OD IUHF
XQD GH ODV EDQGDYVY DOUHGHGRU GH OD 5) /D YDULDFLYQ HQ YH
HVWRYV KDUPYQLFRVY HQ HO HVSHFWUR 6X JUDQ Q~PHUR \ SRVLF
DOJRULWPRYVY GH FRQWURO XQD RSFLYyQ SRFR GHVHDEOH 'LFKD ¢
PXQGR GH ORV DFHOHUDGRUHY PHGLDQWH XQ UHORM GH VLVWH
SRU GLVHXxR ORV SURFHVRV GH PXHVWUHR \ SURFHVDGR DO KD]
PIiTXLQDV HV DKRUD XQ IDFWRU OLPLWDQWH SDUD HO XVR GH Q:

(VWD 7HVLV SUHVHQWD XQD QXHYD $UTXLWHFWXUD SDUD SU
PHGLDQWH XQ UHORM GH VLVWHPD FRQ IUHFXHQFLD ILMD TXH K
ODV TXH HO KDUPYQLFR IXQGDPHQWDO WLHQH XQD IUHFXHQFL
DOWHUQDWLYD YiOLGD DO FRPSOHMR SUREOHPD GH UHFRQILJXL
HVSHFWUR DO SURFHVDGR PHGLDQWH HO UH PXHVWUHR GH ORV
VRQ FRPELQDGRV RULJLQINGZR AKOHGPXRPWQEHEBD (O DOJRULWPR
UHTXLHUH VLQFURQLVPR FRQ OD VHXDO GH HQWUDGD VH VLW~D

(O HOHPHQWR FODYH TXH KDFH HVWR SRVLEOH HV XQ QRYHG
HQ XQD DUTXLWHFWXUD )DUURZ TXH DFHSWD DGHPiV UHODFL
PRGLILFDEOHVY HQ WLHPSR UHDO (O KDUGZDUH XVD XQ UHORM G

Y



LPSOHPHQWDFLYQ HQ )3*$V $6,&V \ VLVWHPDV GH ~OWLPD JHQHL
TXH VH HVWiQ LPSODQWDQGR HQ ORV VLVWHPDYV //5) GHO 636 /R
HQ JHQHUDO HO GDWD SDWK HQ WRGD OD $UTXLWHFWXUD SURSX
I[UHFXHQFLD GH PXHVWUHR YDULDEOH \ PRGLILFDEOH HQ WLHPSF

/ID $UTXLWHFWXUD KD VLGR LPSOHPHQWDGD \ SXHVWD HQ P
SDUD //5) DOEHUJDQRGR AXUDO)HDAXNPHARQOWURO GH XQD FDYLGDG
(O DOJRULWP RYFARIPS HRD/M@®LYODTXLWHFWXUD KD GHPRVWUDGR VHU
HQ WRGR PRPHQWR D XQD UDPSD GH DFHOHUDFLYQ GH HQHUJtD
HQ GLHQWH GH VLHUUD FRQ XQD WDVD GH FDPELR GH OD I1UF
LPSOHPHQWDFLYQ GH OD $UTXLWHFWXUD HQ HO FRQWURODGRU
WHVW FXDOLWDWLYRYV

/ID $UTXLWHFWXUD VH DGDSWD GH PDQHUD VLQ LJXDO D O
DGRSWDGRV SRU HO 636 SDUD VXV QXHYRV VLVWHPDYV //5) SULP
IUHFXHQFLD GH OD 5) HV DKRUD KHFKR PHGLDQWH XQD SDODEUD
PXHVWUHR HPSOHDQGR XQD UHG GHWHUPLQLVWD HQ HVWH FD
HV DKRUD XQ UHORM FRQ IUHFXHQFLD ILMD H[WUDtGR GH HVWD
VH YH EHQHILFLDGD SRU HO XVR GH OD $UTXLWHFWXUD %HDP ¢
FRPSOHPpQWHPH GLIJLWDO TXH VDWLVIDFHQ ORV UHTXHULPLHQ
GH QXHYRVY DOJRULWPRV \ VROXFLRQHVY HQ HO FDPSR GHO //5)

SDODEUDSURXDWH FWXUD +DUGZDUH )3*$ 5) GH %DMD 6HHX
OXHVWUHR 3URFHVDGR 'LJLWDO GH 6HxDO 3URFHVDGR $GDSWLY
%HDP /RDGLQJ 2QH 7XUQ 'HOD\ )HHGEDEFN
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SEVWUDFW

,Q 3DUWLFOH $HFREOHYBWRYVLWWHKH FRQWURO V\VWHP Rl WKH 5
SXUSRVH Rl WKH PDFKLQH WKDW LV WKH HQHUJ\ WUDQVIHU DQC
VIQFKURQL]JLQJ WKH 5) FRQYH\LQJ WKH HQHUJ\ WR WKH EHDP DQ
WKH //5) XVHV EHDP UHODWHG VLJQDOV ZKRVH VSHFWUDO FRQW
LQ HQHUJ\ UHVXOWV LQ DQ LQFUHDVH RI WKH EHDP YHORFLW\ D¢
LQ UHYROXWLRQ SHULRG 7KLV LV HVSHFLDOO\ UHOHYDQW IRU
UHVXOWLQJ LQ D VLIJQLILFDQW LQFUHDVH Rl WKHLU YHORFLW\ E
QHHGY WR FRQWLQXRXVO\ WXQH LWV SUREHD R L6QQ FKR) RYGKRIXE/HILPR

2QH LPSRUWDQW WDVN RI WKH //5) LV WKH FRPSHQVDWLF
DFFHOHUDW%MD PO RDWROWKH &(51 636 WKH UHJXODWLRQ EDQGZ
HDFK VLGH RI WKH 0+] 5) :LWK D EHDP UHYROXWLRQ SHULRG I
IUHTXHQF\ KDUPRQLFV SUHVHQW LQ WKH EHDP VLJQDO IDOO LG
FKDQJHV WKH SRVLWLRQ DQG VSDFLQJ RI WKH KDUPRQLFV LQ W
WKHLU YDU\LQJ SRVLWLRQV PDNH WKH DOJRULWKP UHFRQILJXUI
HDUO\ GLJLWDO LPSOHPHQWDWLRQV XVHG D V\VWHP FORFN GHU
DQG WKH SURFHVVLQJ WR WKH EHDP E\ GHVLJQ 7KLV KLVWRULF
LV QRZ D OLPLWLQJ IDFWRU IRU WKH XVH RI PRGHUQ WHFKQROR.

7KH 7KHVLVY SUHVHQWY D QRYHO %HDP 6\QFKURQRXV 3URFH
FORFNLQJ DQG FDSDEOH RI WUHDWLQJ SHULRGLF VLIJQDOV ZLW
$UFKLWHFWXUH LV DQ DOWHUQDWLYH WR WKH EXUGHQ RI UHF
VSHFWUXP WR WKH SURFHVVLQJ E\ UHVDPSOLQJ WKH LQSXW GD!
UHVDPSBDQQGZXZIZKK DSSOLFDWLRQ DOJRULWKP UHTXLULQJ VI\QFKUFR
WKH PLGGOH

7KH NH\ HOHPHQW LV D QRYHO $00 'LJLWDO )DUURZ EDVHG !
UDWLRV WKDW FDQ EH PRGLILHG LQ UHDO WLPH 7KH KDUGZDUH
LWV LPSOHPHQWDWLRQ IHDVLEOH LQ 6WDWH 21 WKH $UW )3*$V $
FXUUHQWO\ EHLQJ GHSOR\HG LQ WKH &(51 636 //5) VIVWHP 7KH
DQG DOO WKH SURFHVVLQJ ZLWKLQ WKH $UFKLWHFWXUH DUH V
GDWD VWUHDPV ZKRVH VDPSOLQJ UDWH FDQ EH YDULDEOH DQG F
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7KH $UFKLWHFWXUH KDV EHHQ FRPPLVVLRQHG LQ D //5) X7&
DOJRULWKP WR FRQWURO D UHDO 636 FDYLW\ 7KH DOJRULWKP |
KDV GHPRQVWUDWHG LWV FDSDELOLW\ WR WUDFN LQ UHDO WLPH
VDZWRRWK SDWWHUQ UDPSHG DW 0+] SHU VHFRQG 7KH FRPSES
SDVVHG DOO WKH IXQFWLRQDO YDOLGDWLRQ DQG TXDOLWDWLYH

7KH $UFKLWHFWXUH VXLWV VHDPOHVV WKH WZR WHFKQROF
&(51 636 //5) VIVWHP ILUVW WKH LQVWDQWDQHRXY YDOXH RI Wt
ZRUG XVHG WR VHW WKH UHVDPSOLQJ UDWLR YLD D GHWHUPL
UHIHUHQFH VLJQDO LV QRZ WKH IL[HG ITUHTXHQF\ FORFN UHFRYI
IURP WKH DOO GLJLWDO 5HVDPSOHU DQG WKH %HDP 6\QFKURQTF
WHFKQRORJLFDO QHHGV IRU LWV LPSOHPHQWDWLRQ HQDEOLQJ C

.H\ZRUGNVUGZDUH $UFKLWHFWXUH )3*$ /RZ /HYHO 5) 6DPS
6LJQDO 3URFHVVLQJ $GDSWLYH 6LJQDO 3URFHVVLQJ 3DUWLFOI
7XUQ 'HOD\ )HHGEDFN
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5pVXPp

'DQV OH PRQGH GHV $FFpOp RYWHYWO /GH HYWNQFAXD\WW qBH GH FF
5) HW LQ ILQH GX WUDQVIHUW G pQHUJLH HW GH O DFFpOpUDW
VIQFKURQLVDQW OD 5) WUDQVIpUDQW O pQHUJLH DX IDLVFHDX H
OH //5) XWLOLVH GHV VLJQDX[ OLpV DX IDLVFHDX GRQW OH FR
/ DXJPHQWDWLRQ G pQHUJLH VH WUDGXLW SDU XQH DXJPHQWDW|]
FLUFXODLUHV 6\QFKURWURQV XQH GLPLQXWLRQ GH OD SpULRGC
SRXU OHV PDFKLQHV j +DGURQV GRQW OfpQHUJLH GILQMHFWLRQ
VLIJQLILFDWLYH GH OHXU YLWHVVH GXUDQW OJDFFpOpUDWLRQ /I
DX IDLVFHDX QRXV DS SHIOR QA FAHWWR B RH{ V JBIWQEFHHV VL QJ

8QH WKFKH LPSRUWDQWH GX //5) HVW OD FRPSHQWHDPPRQ G
/JRDGLQDQV OH 636 DX &(51 OD UpJXODWLRQ FRXYUH 0+] GH FK
XQH SpULRGH GH UpYROXWLRQ DXWRXU GH —V SOXV G XQH Ft
SUpVHQWHY GDQV OH VSHFWUH GX IDLVFHDX WRPEHQW GDQV OI
PRGLILH OD SRVLWLRQ HW O HVSDFHPHQW GHV KDUPRQLTXHV GI
HW OHXU SRVLWLRQ YDULDEOH IRQW GH OD UHFRQILJXUDWLRQ
GLJLWDOHV H[LVWDQWHYV RQW GRQF SUplpUp FKDQJHU OJKRUOR
5) FH TXL V\QFKURQLVH SDU FRQFHSWLRQ O pFKDQWLOORQQD
KLVWRULTXH WRXMRXUV HQ XVDJH GDQV SOXVLHXUV PDFKLQF
WHFKQRORJLHV PRGHUQHYV

/D 7KqQVH SUpVHQWH XQH QRXYHOOH $UFKLWHFWXUH GH WU
KRUORJH IL[H HW FDSDEOH GH WUDLWHU GHV VLJQDX[ SpULR
SRVVLEOHPHQW YDULDEOH / $UFKLWHFWXUH DSSRUWH XQH DO\
DOJRULWKPHY LO DMXVWH OH VSHFWUH DX WUDLWHPHQW HQ
PFKDQWLOORQQHXUV RQWDQRWZIERKPEELRYY QD QW FOHQDIH / DOJR
QpFHVVLWDQW XQ VIQFKURQLVPH DYHF OH VLIJQDO G HQWUpH HYV

/| pOpPHQW FOp HVW XQ QRXYHDX 5p pFKDQWLOORQQHXU HQ)
)DUURZ TXL DFFHSWH GHV WDX[ GH UppFKDQWLOORQQDJH DUEL
UpHO /YLPSOpPHQWDWLRQ XWLOLVH XQH VHXOH KRUORJH V\VWc¢
SRVVLEOH GDQV OHV )3*$ $6,& HW V\VWqPHV GH SRLQWH FRPPH
GpSOR\pH GDQV OH 636 GX &(51 /fHQWUpPH HW OD VRUWLH GX ¢

L[



O $UFKLWHFWXUH VRQW V\QFKURQHVY DYHF FHWWH KRUORJH HW
rWUH PRGLILpH HQ WHPSV UpHO

/| SUFKLWHFWXUH D pWp GpSOR\pH GDQV XQ @FH KWKWLY )X HG%D)
SRXU FRQWU{OHU XQH YPULWDEOH FDYLMDP 6/RD G/SNE KR WLHEFKPH.
GpPRQWUp VD FDSDFLWp j VXLYUH HQ WHPSV UpHO XQH UDPSH
PRGXODWLRQ HQ GHQW GH VFLH j 0+] SDU VHFRQGH /JLPSOy
VXFFqQV OHV WHVWV GH YDOLGDWLRQ IRQFWLRQQHOOH HW TXDOLI

/| SUFKLWHFWXUH FRQYLHQW SDUIDLWHPHQW DX[ GHX[ SDUDC
VI\VWgPH //5) GX 636 SUHPLqQUHPHQW OD YDOHXU LQVWDQWDQp
GH PRW QXPpULTXH TXL GRQQHUD OH WDX[ GH UppFKDQWLOORQ
(W GHX[LGQPHPHQW OH VLJQDO GH UpIpUHQFH HVW PDLQWHQDQW
/D VROXWLRQ SUPpVHQWpH UHVSHFWH FHV GHX[ SDUDGLJPHV JUKI
j O KRUORJH IL[H

ORWV FOP¥KLWHFWXUH +DUGZDUH )3*$ 5) j )DLEOH 6LJQ
(FKDQWLOORQQDJH 7UDLWHPHQW 1XPpULTXH GX 6LJQDO 7UDL
3DUWLFXOHV 6\QFKURWURQ %HDP /RDGLQJ 2QH 7XUQ 'HOD\ )HF



SHVXP

(Q XQ $FFHOHUDGRU /BHE ADWHMDIF0 HW H@® VLVWHPD HQFDUUHJD
5DGLRIUHT*qQFLD L LPSOtFLWDPHQW GH OD WUDQVIHUQQFLD G
ILQDO GH OD PjTXLQD (O //5) LPSOHPHQWD DOJRULWPHYV TXH VLG
DL[t FRP OD FRQILJXUDFLY GHOV VHXV SDUjPHWUHY ORQJLWXGLQG
FRQWLQJXW HVSHFWUDO GHO TXDO HV PRGLILFD DPE DFFHOHUD
OD YHORFLWDW GHO IHL[ TXH HQ HO FDV GHOV DFFHOHUDGRUV
SHUtRGH GH UHYROXFLY $L[z pV HYSHFLDOPHQW UHOOHYDQW SH
GILQMHFFLY pV EDL[D UHVXOWDQW HQ JUDQV DXJPHQWYV GH YHO
HO //5) QHFHVVLWD VLQWRQLW]DU FRQWtQXDPHQW HO SURFHVVD
WqF @HIDP 6\QFKURQRXV 3URFHVVLQJ

8QD PLVVLYy LPSRUWDQW GHO //5) pV OD FRPSHQVDFLY GH ¢
GYDFFHQHDPFLRD GQQHO VLQFURWUY 636 GHO &(51 OD UHJXODFLY
HVSHFLILFDW D FDGD FRVWDW GH OD 5) 0+] $WqV TXH HO S
—V PpV GIXQ FHQWHQDU GYKDUPzQLFV GH OD IUHT*qQFLD GH UF
DO YROWDQW GH OD 5) /D YDULDFLYy HQ OD YHORFLWDW GHO IHL
OYHVSHFWUH (O VHX JUDQ QRPEUH L SRVLFLY FDQYLDQW ID TXH
XQD RSFLY LQGHVLWMDEOH $TXHVW SUREOHPD KD HVWDW DERU
GHO 5) L SHU WDQW YDULDEOH TXH OOLJD SHU GLVVHQ\ HOV S
VROXFLY KLVWzZULFD HQFDUD HQ ~V HQ GLYHUVHV PjTXLQHV p
PRGHUQHV WHFQRORJLHYV

$TXHVWD 7HVL SUHVHQWD XQD QRYD $UTXLWHFWXUD SHU D
IHL[ XWLOLW]DQW XQ UHOORWJH GH VLVWHPD DPE IUHT+qQFLD
SHULzZGLFV HQ TXgq HOV TXDOV OTKDUPzQLF IRQDPHQWDO Wp XQI
XQD DOWHUQDWLYD YjOLGD DO FRPSOH[ SUREOHPD GH UHFRQIL
OfYHVSHFWUH DO SURFHVVDPHQW PLWMDQoDQW HO UH PRVWUHL
DQJOqV HV FRPELQHQ RDRIERHDQW PRDWRPAHODWDOJIJRULWPH G{D
VLQFURQLW]DFLY DPE HO VHQ\DO GTHQWUDGD HV WURED DO PLJ

I THOHPHQW FODX TXH KR ID SRVVLEOH pV XQ QRX 5HVDPSOH
)DUURZ TXH WDPEp DFFHSWD UHODFLRQV DUELWUjULHV GH UH
KDUGZDUH XWLOLW]D XQ ~QLF UHOORWJH GH VLVWHPD GH IUHT-q

[L



GI~-OWLPD JHQHUDFLY $6,&V L VLVWHPHYVY WDOV TXH HOV QRXYV
VLVWHPHYV //5) GHO 636 7DQ HOV SRUWV GTHQWUDGD L VRUWLGI
S$UTXLWHFWXUD VRQ VtQFURQV DPE DTXHVW UHOORWJH GH VLV
I UHTeqQFLD GH PRVWUHLJ TXH SRW VHU YDULDEOH L HV SRW PRC

ITSUTXLWHFWXUD VKD LPSOHPHQWDW HQ XQ FRQWRR®DGRL
7XUQ )HHG®WODFRRQWURODU XQD FDYLWDW 636 GPo® DSA5RD/GDQJ |
/I TSUTXLWHFWXUD KD GHPRVWUDW VHU YLDEOH RSHUDQW VLQW|
GIfHQHUJLD GH IHL[ DPE XQD 5) YDULDEOH VHJIJXLQW XQ SDWUy G
GH 0+] SHU VHIJRQ /D LPSOHPHQWDFLY GH OT$SUTXLWHFWXUD
SURYHY GH YDOLGDFLY IXQFLRQDO L TXDOLWDWLYD

[ fTSUTXLWHFWXUD VIDGDSWD GYfXQD PDQHUD FRP FDS DOW
DGRSWDWV SHO 636 SHU DOV VHXV QRXV VLVWHPHV //5) HQ SUL
I[UHT*qQFLD 5) HV UHDOLW]D DUD PLWMDQoDQW XQD SDUDXOD G
PRVWUHLJ XWLOLW]DQW XQD [DU[D GHWHUPLQLVWD HQ DTXH\
UHIHUQQFLD pvV DUD XQ UHOORWJH GH IUHT*qQFLD IL[D H[WUHW
SDUDGLJPHV HV EHQHILFLD GH Of~V GH OfT$UTXLWHFWXUD %HD
GLIJLWDO TXH FRPSOHL[HQ HOV UHTXLVLWYV WqQFQLFV L WHFQRC
VROXFLRQV HQ OfJPELW GH OD //)

SDUDXOHSUAXDW HPW&EDDUH )3*$ 5) GH 6HQ\DO )HEOH &R
ORVWUHLJ 3URFHVVDW 'LJLWDO GH 6HQ\DO 3URFHVVDW $GDS
6LQFURWUY %HDP /RDGLQJ 2QH 7XUQ 'HOD\ )HHGEDFN

[LL



ILVW RI )LIXUHYV

)LJ 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH //5) QHWZRUN DL
5DEELW IRU VIQFKURQL]DWLRQ DQG UHFRYHUV WKH KDUGZDUH F
SUHVHQWHG LQ &KDSWHU

)L J 7KH VLPSOLILHG VSHFWUXP RI D EHDP VLJQDO DFTXLUH
RI WKH KDUPRQLFV FKDQJH GXULQJ DFFHOHUDWLRQ UDPS SURSR
+RPRWKHW\

)LJ 6LIJQDOV DW WKH LQES%\W (B'YE FRXENQSAKKW BIRAHNV 7 KRH DQ S X W
LQWHUIDFHV D FRXSOHG GDWD SDWK ZLWK VDPSOLQJ DQG SURF}
RXWSXW SRUW LQWHUIDFHVY D GHFRXSOHG GDWD SDWK ZLWK D S
UHVSHFW WR WKB VDPSOLQJ FORFN

)L J 6FKHPDWLF UHSUHVHQWDWLRQ RI WK Hy DDEG ISFARPIQGVE Q
FORFNV IRU WKH KDUGZDUH IDEULF ZKBEWIH |OEXLAFSINIWKL RQXIHD EL
JUH\ IDEULF ZLWK \HOORZ E® FFQN D U E LQV W BLHA | BOSIXBHH WIVWEL R Q E H
SURFHVVLQJ PORANG LLQWHKIHD FHV

)LJ D $6,& VW\OH DV\QFKURQRXV DUELWUDU\ UDWLR UHVD
UHVDPSOHU

)LJ 5HVDPSOHU DUFKLWHFWXUH EDVHG RQ D )DUURZ 9DULD
"SZ$1$DOJRULWKP

)LJ 6LIQDOV DW WKH LQSXW OHIW DQG RXWSXW ULJKW S
UDWLR DQG LPSOHPFHQW HGRACD BMBEWLRQ IDEULF

)LJ 1HZ 2QH 7XUQ )HHG%DFN)BYIRKI6WBEW XP HREDWHKE RB@ 3WK
)LJ 7KH UHVSRQVH RI D &RPE ILOWHU ZLWK UHVRQDQFHYV
)LJ YXQFWLRQDO VNHWFK RI WKH $UFKLWHFWXUH 7KH %63
VDPSOLQJ UDWH DGDSWDWLRQ

)LJ +LJK OHYHO UHSUHVHQWDWLRQ RI WKH[ WDA\PFS @ HQD FSXXR B

E\DQ $'& ,Q WKH PLGGOH WKH $'& LQWHUIDFLQJ WK& UBQ OVKHJ G
ULJKW WKH VHTXHQFH RI GLVFUHWH VBRPSOHV VSDFHG E\ WKH V

)LJ +LJK OHYHO UHSUHVHQWDWLRQ RI WKH UHM@P SOLQJ SU
VDPSOHG WWQD@WKHNVHLIKW WK HR@ \DX /W UQUHWHTPHEHOQRRH WR D UDW
)LJ JUHTXHQF\ GRPDLQ UHSUHVHQWDWLDRY&RLWWHKHN BRY® UG
QRUPDOL]J]HG VSHFWUXP

)LJ JUHTXHQF\ GRPDLQ UHSUHVHQWDWLRQ RI WKH UHVDPSC
R) LV UH PDSHEW&TNIURP

)LJ SHSUHVHQWDWLRQ RI WKH UHVDPSOLQJ SURFHVYV DV HC

VLI@DOR D SUHGHILQH G&J I BHS LR F 8 VS RAHVY LEDPIQG SDVV ILOWH
FRQVWDQW&GHIEHG DWGLDQ VDPSOH

)L J 5HSUHVHQWDWLRQ RI WKH EHDP VLJQDO LQ WKH DFFHO
D GHSLFWV WKH VSHFWUXP DW WKH EHJLQQLQJ Rl WKH UDPS |
LV D IL[HG IUHTXHQF\ RQH DQG F DW WKH HQG RI WKH UDPS ZL
)LJ +LJK OHYHO UHSUHVHQWDWLRQ Rl WKH GLIITHUHQW ]JRQF
IUHTXHQFLHV ,)V ,Q WKH ILJXUH WKH 5) JUHHQ JRQH LV WKH U
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y) ,) DQG ,) GHSLFW GLIIHUHQW UHJLRQV LQ ZKLFK WKH 5) LV (
IUHTXHQFLHV

)LJ +LJK OHYHO VNHWFK ZLWK WKH LPSOHPHQWDWLRQ RI W
)LJ 5HSUHVHQWDWLRQ RI WKH LOQWHUOHDYLQJ SURFHVYV RI
DW D FORFN WKUHH WLPHYVY IDVWHU WKDQ WKH VDPSOLQJ FORFN
ZLWKLQ WKH GDWD SDWK

)LJ SHSUHVHQWDWLRQ RI WKH GLVWULEXWLRQ RI SURFHVYV
GDWD SDWK IRU GLITHUHQW VDPEHEWGLEW DWWW W KHK K OFEVHLY RW RRKQ
VORWY IRU D JLYHQ SHULRG RI WDRH 2 ,IQQ DE WKKH DOFAMILLYYDDMLLIRRC

DQG LQ F WKH DBWLYDWLRQ UDWH LV

)L J SHSUHVHQWDWLRQ RIFD FREG R HG GIW D SS/DND 0 \Z H\E KZ DW
UHJLVWHUYV

)L J SHSUHVHQWDWLRQ RI WKH UHODWLRQ EHWZHHQ WKH S
VORWY DQG GDWD VDPSOHV LQ D FRXSOHG GDWD SDWK

)L J SHSUHVHQWDWLRQ RI [F@GREERXBIHGH@EP WY HVXDW W H GWZH. |
SLSHOLQH HQDEOHG UHJLVWHUV

)L J 5HSUHVHQWDWLRQ RI WKH UHODWLRQ EHWZHHQ WKH S
SURFHVVLQJ VORWY WKH GDWD VDPSOHV DQG WKH YDOLG VLJQLI
)L J 6LPXODWLRQ GHSLFWLQJ WKH WUXQFDWLRQ HUURU IRL
UDWLR VLJQDOV

)L J 6LPXODWLRQ GHSLFWLQJ WKH WUXQFDWLRQ DQG LQYH
GLIIHUHQW IURP

)L J )XQFWLRQDO WHS5&H (\6HGIWRMWIBMKH BRIDFKH7KH LQSXW SRI
FRXSOHG GDWD SDWK 7KH RXWSXW SRUW LQWHUIDFHV WKH GHF
)L J 6FKHPDWLF UHS U HVHH&W B WH.RRFOXE)DNEH S RVVH. E@IS OHPHQ W
)L J &KURQRJUDP ZLWK WKH VLIJQDOU (D& WKH ERSKXBHDQG F
LQWHUIDFH

)L J )XQFWLRQDO WH5&H (6HQRXEB@WRQY FIFWKRAKH LQSXW SRU\
GHFRXSOHG GDWD SDWK 7KH RXWSXW SRUW LQWHUIDFHV WKH F
)L J 6FKHPDWLF UHS U HVHH&W B \& RKG QW DU SRV LPGI®HP HQ W D
)LJ &KURQRJUDP ZLWK WKH VLIQDOU (P& MSK&RXBEMW DQG F
LQWHUIDFH

)L J 6FKHPDWLF UHS U HVHH&W B \& RKG QW DU SRV LPGI®HP HQ W D

FRUUHFWERQ WKY@BOWR FASHBWHUMRNHQF\ /RFNHG /RRS WR FRSH
WUXQFDWLRQ HUURU LQ WKH RXWSXW UHVDPSOHU UDWLR

)LJ 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH GHYHORSHG UH"'
&KDSWHU
)LJ 6FKHPDWLF UHSUHVHQWDWLRQ RI D SURFHVVLQJ VHJPL

UHVDPSOHUV 7KH UDWLR VLJQUWRBR KXHNEBIVWR FVKW KRHX O/ 3 WW QUIFH WDKK
SURFHVVLQJ

)L J 6FKHPDWLF UHSUHVHQWDWLRQ Rl WKH UHODWLRQV EH
DQG UHVDPSOHU EDQGZLGWKYV LQ WKH %63 $UFKLWHFWXUH

)L J 'HULYDWLRQ Rl WKH EDQGZLGWK OLPLW IRU WKH LQSX)\
)L J 'HULYDWLRQ Rl WKH EDQGZLGWK OLPLW IRU WKH LQSX)\
FRQILIXUDWLRQ

)L J 'HULYDWLRQ Rl WKH EDQGZLGWK OLPLW IRU WKH LQSX\
RXWSXW UHVDPSOHU OLPLWYV

)L J 3URSRVHG VIQFKURQRXV VDPSOLQJ UDWH FRQYHUVLRQ
)L J D 6DPSOLQJ BWODWH ERQYPSVLAD URWMH FRQYHUVLRQ IR
)L J , QWHUSRODWLRQ EHWZHHQ DYDLODEGH VDPSOHV UHJD!I
)L J D $EVROXWH WLPH [SR®& L W RREQRIRW:SLENEHWE\SIEHSUB! 19 D \

FRPSXWDWLRQ @RU RXWORWFRPSXWD&LRQ IRU RXWSXW
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)LI ', WWS$QFH L1 WLPHBDIRULWKP
)LJ D JUHTXHQK\ BRHYBRQVH E ,PSXOVHKIMMIRQIPVH &

)LJ ,GHDO LPSXOVH UHVSRQVHYVY D SURWRW\SH ILOWHU E
ZKHQ WKH GH/®P\SOH DQG F VKLIWHG LGHDO UHVSRQVE DQG VI
VDPSOH

)L J 6FKHPDWLF UHSUHVHQWDWLRQ RI VDPSOLQJ UDWH FRQ'
)LJ 6FKHPDWLF UHSUHVHQWDWLRQ RI VDPSOLQJ UDWH FRQ’
WZR DQDORJ ILOWHUYV

)L J JLOWHULQJ DUFKLWHFWXUH ZLWK WKH ILOWHU FRHIILF
YDOXH

)L J 3URWRW\SH LPSXQMWHIUMVGWRYVH GLYLGHG LQ

)L J JLOWHULQJ DUFKLWHFWXUH ZLWK WKH ILOWHU FRHIILF
)L J 9)' DUFKLWHFWXUH EDVHG RQ WKH )DUURZ DUFKLWHFW
)LJ +LJK OHYHO DUFKLWHFWXUH Rl WKH LPSOHPHQWDWLRC
)LJ $UELWUDU\ UDWLR 65& DUFKLWHFWXUH EDVHG RQ D )D
GRPDLQV

)L J $UFKLWHFWXUDO YLHZ RI WKH 9)' ILOWHU ,Q EOXH WK
DUFKLWHFWXUH ,Q JUHHQ WKH V\QFKURQL]DWLRQ PHPRULHV Q
)L J 'HFUHDVH LQ WKH QXPEHU Rl SRSXODWHG VORWV LQ W
)L J ,QFUHDVH LQ WKH QXPEHU RI SRSXODWHG VORWV LQ W
)L J 'DWD SDWK RYHUIORZ DQG DFFXPXODWRU XQGHUIORZ
DQG FRQWDLQV EXUVWYV

)L J 'DWD SDWK DUFKLWHFWXUH ZLWK PXOWLSOH UHVDPSO|
)LJ ,PSOHPHOQWDMWILRIQ RH WKH

)L J 6\QFKURQL]DWLRQ LQWHUIDFHV Rl WKH UHVDPSOHU Y}
DUURZV

)L J +DUGZDUH DQG VLJQDO SURSDJDWLRQ DUULYLQJ WR W
)L J +DUGZDUH DQG VLJQDO SURSDJDWLRQ DUULYLQJ WR W
)L J 3URSDJDWLRQ WKURXJK WKH WDSSHG GHOD\ OLQH RI D
GHFRXSOHG GDWD SDWK

)L J +DUGZDUH DQG VLJQDO SURSDJDWLRQ DUULYLQJ WR W
)LJ )XQFWLRQDO YHULILFDWLRQ RI WKH VZHHSLQJ G\QDPLF
5SHVDPSOHG VLJQDO F 5HVDPSOLQJ UDWLR

)L J ODJQLWXGH RI WKH IUHTXHQF\ UHVSRQVH RI WKH SHULR
VDPSOLQJ HFHTXHQF\

)L J 6SHFWURJUDPV DW WKH LQSXW D DQG RXWSXW E RI \
)L -2$48,1$QVSLUHG IHHGEDFN ORRS DURXQG WKH UHVDPSOL(
)LJ ORGHO RI WKH 9)' LQ WKH VWXG\

)L J (UURU IXQFWLRQ DQG JURXS GHOD\ HOURU 3 RAPW.ICQR® K R
SDVV EDQG UHJLRQ D ODJQLWXGH RI WKH HUURU IXQFWLRQ E
)L J 615 DW WKH RXWSXW RI WKH FRRS¥WRDGOZIOMKHL J KB\DWH
I\TXLVW ]JRQH E =RRP LQ WKH SDVV EDQG UHJLRQ

)L J (UURU IXQFWLRQ IRU WKH LPGG R VY MWHIEG B L &/WG-DUWDL B/K\
RI WKH HUURU IXQFWLRQ E =RRP LQ WKH SDVV EDQG UHJLRQ
)L J 615 DW WKH RXWSXW RIDNVKH DL@S OHPW & WG & L WO @/HW DZ B\
ZLWK oWRQHDZLWKD )LUVW I\TXLVW JRQH E =RRP LQ WKH SD\
)L J 'HWDLOHG PRGHO RI WKH UHVDPSOHU LQ WKH VWXG\
)L J 6LPSOLILHG PRGHO Rl WKH UHVDPSOHU LQ WKH VWXG\
)L J (UURU IXQFWLRQ IRU WKH FRPSXWHG UHVDPSOHU GRZ

IXQFWLRQ E =RRP LQ WKH SDVV EDQG UHJLRQ
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)L J ODJQLWXGH RI WKH VTXDUH HUURU IXQFWLRQ IRU WKH
FRQILJXUDWLRQ =RRP LQ WKH SDVV EDQG UHJLRQ D 6OLFHV D
D[LV

)L J (UURU IXQFWLRQ IRU WKH FRPSXWHG UHVDPSOHU XS V
IXQFWLRQ E =RRP LQ WKH SDVV EDQG UHJLRQ

)LJ 615 DW WKH RXWSXW RI WKH FRPSXWHG UHVDPSOHU E
ZKHQ H[FLWHGALRXHD D9 )LUVW 1\TXLVW JRQH E =RRP LQ WKH
)LJ ODJQLWXGH RI WKH VTXDUH HUURU IXQFWLRQ IRU WKH
FRQILJXUDWLRQ =RRP LQ WKH SDVV EDQG UHJLRQ D 6OLFHV D
D[LV

)L J ODJQLWXGH RI WKH VTXDUH HUURU IXQFWLRQ IRU WKH
FRQILJXUDWLRQ =RRP LQ WKH SDVV EDQG UHJLRQ D 6OLFHV D
D[LV

)LJ 615 DW WKH RXWSXW RI WKH LPSOHPHQWHG UHVDPSOH
ZKHQ H[FLWHG& ALRWXHD D9 )LUVW 1\TXLVW JRQH E =RRP LQ WKH
)L J 'HWDLOHG PRGHO RI WKH %63 VDQGZLFK $UFKLWHFW XL
)LJ 6LPSOLILHG PRGHO RI WKH %63 VDQGZLFK $UFKLWHFW)>
)L J (UURU IXQFWLRQ IRU WKH FRPSXWHG VDQGZLFK GRZQ
ODJQLWXGH Rl WKH HUURU IXQFWLRQ E =RRP LQ WKH SDVV EDC
)L J (UURU IXQFWLRQ IRU WKH FRPSXWHG VDQGZLFK XS VD
ODJQLWXGH Rl WKH HUURU IXQFWLRQ E =RRP LQ WKH SDVV EDC
)L J 615 DW WKH RXWSXW RI WKH FRPSXWHG VDQGZLFK ER)

WKH LQSXW UHVDPSOHU sZKWRQH[FDW HG YWWIK TXLWW JRQH E =R
UHJLRQ

)L J O0DJQLWXGH RI WKH VTXDUH HUURU IXQFWLRQ IRU WKH
UDWLRV LQ WKH LQSXW UHVDPSOHU =RRP LQ WKH SDVV EDQG Ul
DORQJ WKH IUHTXHQF\ D[LV

)L J O0DJQLWXGH RI WKH VTXDUH HUURU IXQFWLRQ IRU WKH
LQ WKH LQSXW UHVDPSOHU =RRP LQ WKH SDVV EDQG UHJLRQ T
IUHTXHQF\ D[LV

)L J 615 DW WKH RXWSXW RI WKH LPSOHPHQWHG VDQGZLFK
UDWLRV LQ WKH LQSXW UHVD&SWRQHZKDB Q) IHJ F MW HG XALWWK | B Q H
SDVV EDQG UHJLRQ

)L J ' FRORXU FRGHG SORW Rl WKH 615 VXUIDFH DW WKH R.
GRZQ VDPSOLQJ DQG XS VDPSOLQJ UDWLRV LQ WHKWR@BXW UHUD
I\TXLVW JRQH E =RRP LQ WKH SDVV EDQG UHJLRQ

)LJ 615 DW WKH RXWSXW Rl WKH %63ZLWXGUZHVR BFKQ IVHDBY
615 YV ILOWHU EDQN DUFKLWHFWXUH DQG GDWD SDWK ZLWKR

)LJ 615 DW WKH RXWSXW Rl WKH %63ZLWXGUZHVR BT KQ IVHDBY
615 YV 'DWD SDWK ZLGWK DQG UHIHUHQFH DUFKLWHFWXUH V

)LJ 6SHFWUXP RI WKH //5) GULYH %63 DQG VI\QWKHVL]HU W

DQG E N +]

)LJ 3KDVH QRLVH PHDVXUHPHQW %63 WXQHG WR 0+] E

)LJ $HULDO YLHZ RI WKH &(51 636 OD\RXW OHIW DQG %$

636 5) FDYLWLHV ULJKW

)LJ 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH 636 5) 6\VWHP I

/,8 636 XSJUDGH 5HSURGXFHG IURP > @

)L J ,PDJH RI WKH 636 0+] //5) VIVWHP LQ WKH )DUDGD\ FD

FRQILIXUDWLRQ OHIW DQG WKH QHZ FRQILIJXUDWLRQ DIWE

)LJ &(51 636 WUDYHOOLQJ ZDYH FDYLW\ LQ %$) WHVW VWD (

LQVWDOODWLRQ LQ WXQQHO
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)LJ D ,PSHGID@®FEDUW LQ EOXH DQG LPDJLQDU\ZISDUW LQ U
GHOD\ DURXQG WKH FHQWUDO I[UHT=XHQHAD®REWKW EQ YHOWH BEQGPE
LQ UHG )RXU VHFWLRQ FDYLW\

)LJ 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH QHWZRUN DUFKL

IRU VIQFKURQL]DWLRQ 7KH QRGHV XVH ORFDO IUHH UXQQLQJ RV

)LJ 6FKHPDWLF UHSUHVHQWDWLRQ RI D VLIJQDO VIQWKHVL]I

)LJ 6FKHPDWLF UHSUHVHQWDWLRQ RI D X7&% VWDWLRQ

)LJ 636 /RZ /HYHO 5) VFKHPDWLF DUFKLWHFWXUH B5HSURGX

)LJ 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH 2QH 7XUQ )HHG?

)LJ SDUWLWLRQLQJ RI WKH 27)% XQLWY EHWZHHQ WKH %63

)LJ 6LPSOLILHG UHSUHVHQWDWLRQ RI WKH 27)% LPSOHPHAQ

SURFHVVLQJ GHYLFH

)LJ .5 FRPE ILOWHU

)LJ THVW EHQFK DUFKLWHFWXUH

)LJ D 2SHQ ORRS WUDQVIHU IXQFWLRQ RI WKH IHHGEDFN
0+]

)LJ IN\TXLVW SORW RI WKH RSHQ ORRS WUDQVIHU IXQFWLR(

)LJ &DYLW\ YROWDJH GXULQJ WKH VLPXODWHG UDPS ]RRP

LQVWDQWDQHRXV IUHTXHQF\ E &DUWHVLDQ , FRPSRQHQW DQG

)LJ &DYLW\ YROWDJH IRU WKH ILUVW PV RI WKH VLPXOD

FRPSRQHQWY D %HDP LQGXFHG YROWDJH E *HQHUDWRU LQG.
EHJLQQLQJ DW 0+]

)L J &DYLW\ YROWDJH IRU WKH ODVW PV Rl WKH VLPXOD
FRPSRQHQWY D %HDP LQGXFHG YROWDJH E *HQHUDWRU LQG.
HQG DW 0+]

)LJ 7UDQVIHU IXQFWLRQ RI WKH 27)% SURFHVVLQJ FKDLQ

WXQHG WR 0+] ZLWK 0+] VSDQ

)LJ (QODUJHPHQWYV RI WKH 27)% PDJQLWXGH WUDQVIHU IX¢(

VSDQ FRYHULQJ WKH ILUVW KDUPR®LFV E F% PMIGY PRG K| PRG IWIRH

G 5) IUHTXHQF\ RI 0+] DQG ]JRRP DURXQG KDUPRQLF K

)LJ OHDVXUHG RSHQ ORRS UHVSRQVH 1\TXLVW SORW

)LJ 6SHFWUXP RI WKH 5) VLIJQDO DW WKH RXWSXW RI WKH

DQG E N +]

)LJ 3KDVH QRLVH PHDVXUHPHQW %63 WXQHG WR 0+] E

)LJ 6SHFWUXP RI WKH PHDVXUHG FDYLW\ ILHOG 5) IUHTXH

E N +]

)LJ 6SHFWURJUDP RI WKH PHDVXUHG FDYLW\ ILHOG WKH 5
N+] SHDN SHDN

)LJ OHDVXUHG 5) ILHOG LQ WKH FDYLW\ D %HDP LQGXFHC

ORRS F WRWDO FDYLW\ YROWDJH LQ FORVHG ORRS

)LJ &DYLW\ YROWDJH PHDVXUHG GXULQJ —V LQ &DUWHVL

2SHQ ORRS PHDVXUHPHQW E FORVHG ORRS PHDVXUHPHQW 5) |

)LJ 3HUIRUPDQFH RI WKH EHDP ORDGLQJ FRPSHQVDWLRQ

2)) UHG WUDFH DQG 27)% 21 EOXH WUDFH 7KH 5) IUHTXHQF\ L

KDUPRQLFV LQGXFHG E\ WKH EHDP DUH VSDFHG E\ N +]
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/[LVW RI 7TDEOHYV

7DEOH
7TDEOH
7TDEOH
7TDEOH

ORGHV RI RSHUDWLRQ IRU WKH 665& DUFKLWHFWXUH

6FHQDULRV FRQWURO VLJQDOV DQG DFWLRQV WR EH
)3*$ UHVRXUFH XWLOL]DWLRQ DIWHU 3%$5 IRU D VLQJO
)3*$ UHVRXUFH XWLOL]DWLRQ DIWHU 3%$5 IRU WKH %632
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ILVW RI (TXDWLRQV

[[L



[[LL



/I[LVW RI $SEEUHYLDWLRQV

$'& $QDORJ WR 'LJI

$0¢& $GYDQFHG 0H]]

$1¢ $GDSWLYH 1RL'

$6, $SSOLFDWLRQ 6SHFLI

$65 S$VIQFKURQRXVY 6DPSOL

% $ %HDP $V\QF3URFF

% 1 %URRNKDYHQ 1DW

% € %HDP 6\QFKURQF

% : %DQG:

& (5. &RQVHLO (XURSpHQ SRXU

&27 &RPPH 21 7K 6Kl

'$& 'LIJILWDO WR $Q

G 'HFL

'& '"LUHFW

"'6 'LUHFW '"LJLW

,$1% ' "VW$QFH L1 WL

"6 'LIJLWDO RU 'LVFUHWH 6LJQ

(0 (OH 0DJQ

) &« )XWXUH &LUF

)! JUDFWLR

) § JLIHG JUHTXHQF\

)) i )DVW ) 7UDQ"

),) ¢ JLU, JLU 2X

), ! JLQLWH ,PSXC

)1$) JHUPL 1IDWLRQDO $FF

)3*% JLHOG 3FDEOH *D'

)5%$1&,6 )DESLF ZLWK $GDSWLYH D1G GH&RXSOHG |

)X JRXL7UDQ"

)7 JUHTXHQF\ 7 X

*6 +HOPKROW]JJHQWUXP [U

+/ /+6& +LJK /XPLQR

, , SKDVH 4XDGL
,QWHUPHGLD

‘s ,QILQLWH ,PSX

, 2 ,QGXFWLYH ¢

-2%$48,1 -2LQWO\ $YHUDJHG D(

-3%5 -DSDQ 3URWRQ $FFHOHU

[+ & /IDUJH +DGUF
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/,1$. /,1HDU $&F

/€ /+& ,QMHFWR

/15) /JRZ /HYHO 5DGL

106 JHL OHI 6T X

/2 JREDO 2V

/6 /JRQJ BKXV

/6¢ /JHDVW 6LJQI

0(5&('(€ OXOWLSO( 5DWH DQG &ORFNLQJ LQWHUI
1&: 1XPHULFDOO\ &RQ)\
1,C 1XFOHDU ,QVWUXI
27)! 20H 7XUQ )

3$! 30DFH $C

3/ 3KL /REFNHG

3 3URWRQ 6\

36 3URWRQ 6\QFKU

5 5DGLR )U

50/ SHEFXUVLYH OD[LP)

53 SHEXUVLYH 3U

56 UH. 5HVHW 6H

57( 5HDU 7UDQVL

6 6SHFEWUXP

61 6LJQDO WR

62! BW 2 W $1

63 6XSHU 3URWR(

641 6LJQDO WR 4XDQWI
65 6DPSOLQJ 5DW

663 6R' 6WDWH 3RZH

665 6\QFKURQRXV 6DPSOL:
7%/ 7UDQVLHQW %HDP /RL
75 7HFKQRORJ\ 5HI

7:8& 7UDYHOOLQJ

X78& OLFUR 7HOHFRPPXQLFDWLRQ
9) 9DUL)UDFWLR

9+"'/ 9HU\ VSHHG LQWHJUDWHG FLUFXLW
90 ( 9HUVD ORGXC

919 9HFWRU 1HWZ

16 "HLJKWHG /HI

5 "KLWH !
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&RQWHQWYV

$JUDGHFLPLHQWRYV
$FNQRZOHGJIJHPHQWYV
5HVXPHQ
$SEVWUDFW
S5pVXPp
5HVXP
/ILVW RI )LIXUHV
ILVW RI 7TDEOHV
/ILVW RI (TXDWLRQV
/ILVW RI $SEEUHYLDWLRQV
&RQWHQWYV
&KDSWBRWLYDWLRQ DQG ,QWURGXFWLRQ
ORWLYDWLRQ
7KH &(51 DFFHOHUDWRU FRPSOH]
%HDP &DYLW\ LQWHUDFWLRQ
6WDWH 21 WKH $UW LQ %63 DOJRULWKPV
'RFXPHQW RUJDQL]IDWLRQ
&KDSWKERHQWULEXWLRQV RI WKH 7KHVLV
,QWURGXFWLRQ
7TDQJLEOH LPSURYHPHQWYV ZLWK WKH QHZ $UFKLWHFWXUH
&RQWULEXWLRQV WR WKH 6WDWH 21 WKH $UW
6LIQDO %HDP 6\QFKURQRXV 3URFHVVLQJ
5HVDPSOLQJ DUFKLWHFWXUH ZLWK DUELWUDU\ DQG UHD
1HZ 7UDQVLHQW %HDP /RDGLQJ &RPSHQVDWLRQ VFKHPD
&RQFOXVLRQV
&KDSWEBOBIDP 6\QFKURQRXV 3URFHVVLQJ $UFKLWHFWXUH
,QWURGXFWLRQ
BURSRVHG SURFHVVLQJ $UFKLWHFWXUH
+LJK OHYHO IXQFWLRQDO VNHWEFK
6DPSOLQJ UDWH YDULDWLRQ
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5SHVDPSOLQJ VDQGZLFK
ORGXODWLRQ DUFKLWHFWXUH
,PSOHPHQWDWLRQ RI WKH 3URFHVVLQJ $UFKLWHFWXUH
&RQYHQWLRQV
+LJK OHYHO LPSOHPHQWDWLRQ VNHWFK
&RQFHSWXDO GHFRXSOHG GDWD SDWK
%HDP $VI\QFKURQRXV 3URFHVVLQJ IDEULF
%HDP 6\QFKUR QR X5 B& FBREDVEALIG)
7KH UDWLR WUXQFDWLRQ DQG LQYHUVLRQ
0(5&('(6 ,QWHUIDFHV
5HDO WLPH YDULDEOH UDWLR UHVDPSOHU ZLWK GHFRXS
5HVDPSOLQJ UDWLR DQG %63 SURFHVVLQJ UHODWLRQ
,QSXW VLJQDO EDQGZLGWK OLPLW
&RQFOXVLRQV
&KDSWHBUELWUDU\ DQG 5HDO 7LPH 9DULDEOH 5DWLR 5HVDPSOLQ.
 QWURGXFWLRQ
B3URSRVHG 6\QFKURQRXV 6DPSOLQJ 5DWH &RQYHUVLRQ DUF
,QWHUSRODWLRQ EHWZHHQ DYDLODEOH VDPSOHYV
7LPLQJ UHIHUHQFH DQG V\QFKURQL]DWLRQ
3URSRVHG LQWHUSRODWRU DQG WLPLQJ XQLWV
$SSOLFDWLRQ RI WKH DUFKLWHFWXUH WR DUELWUDU\ 65&
7TKH$1$HQJILQH
7KH 9)' ILOWHU
,PSOHPHQWDWLRQ Rl WKH 65& DUFKLWHFWXUH
'HFRXSOHG GDWD SDWK 665& DUFKLWHFWXUH ZLWK DUEL
9)' LPSOHPHQWDWLRQ
"' $1$DOJRULWKPLF HQJLQH
6\QFKURQL]DWLRQ
&RQFOXVLRQV
&KDSWBMULILFDWLRQ DQG 9DOLGDWLRQ Rl WKH 5HVDPSOHU DQG
,QWURGXFWLRQ
9HULILFDWLRQ
(QWLWLHYV DQG UHVDPSOHU YHULILFDWLRQ
%63 SUFKLWHFWXUH YHULILFDWLRQ
9DOLGDWLRQ
(QWLWLHVY DQG UHVDPSOHU YDOLGDWLRQ
%63 SUFKLWHFWXUH YDOLGDWLRQ
,PSOHPHQWDWLRQ UHVXOWV

[[YL



+DUGZDUH WHVWYV
7KH FUDWH
7KH SURFHVVLQJ
3HUIRUPDQFH WHVWYV
&RQFOXVLRQV

&KDSWEBOBIDP 6\QFKURQRXV 3URFHVVLQJ $UFKLWHFWXUH IRU 7UD(
WKH &(51 636 $FFHOHUDWRU

,QWURGXFWLRQ
7KH 636
7KH 5) DQG //5) VIVWHPV
7KH 636 0+] 7:& FDYLW\
6\QFKURQL]DWLRQ DQG IL[HG IUHTXHQF\ FORFNV
7KH VIQFKURQL]DWLRQ DQG WKH GLVWULEXWLRQ RI FOF
1RGH DQG VWDWLRQ KDUGZDUH DUFKLWHFWXUH
7KH %63 SUFKLWHFWXUH LPSOHPHQWLQJ WKH 27)%
7KH 636 0+] //5) 6\WVWHP %HDP DQG &DYLW\ &RQWURO(
7KH 27)% DOJRULWKP
3DUWLWLRQLQJ RI WKH 27)% EHWZHHQ %63 DQG %$3
7KH FORFNLQJ DUFKLWHFWXUH LQ WKH %$3 DQG %63
7KH 7 '"HOD\ LQ WKH %$3
7KH FRPE ILOWHU LQ WKH %63 DQG WKH UHJXODWLRQ
)XQFWLRQDO YDOLGDWLRQ
7KH WHVW EHQFK PRGHO
7KH VLPXODWLRQV
+DUGZDUH WHVWYV
&RQFOXVLRQ
&KDSWEBBQFOXVLRQV DQG )XWXUH :RUN
&RQFOXVLRQV
7DQJLEOH FRQWULEXWLRQV
5HVDPSOHU
7KH %63 SUFKLWHFWXUH
7KH DSSOLFDWLRQ RI WKH %63 $SUFKLWHFWXUH LQ WKH &
)XWXUH ZRUN
SHIHUHQFHYV
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6LJQDO 3URFHVVLQJ LV D ZLGH ILHOG RI 6FLHQFH FRYHUHG E
PDWKHPDWLFV HWF ,W LV D SRZHUIXO WRRO WKDW DGGUHVVHYV
FRQWDLQHG LQ VLJQDOV > @ O0DQ\ RI LWV XQGHUO\LQJ FRQFH
DSSOLFDWLRQV ERUQ RXW RI WKH ILHOG LQ WKH ODVW FHQWXU|
HOHFWULFLW\ DQG WKH GHYHORSPHQW Rl PLFUR HOHFWURQLFV
GHYLFHV ,W SOD\HG D FUXFLDO UROH LQ FRQWURO V\VWHPV LQ
DQG VLQFH WKHQ ZLWK WKH DGYHQW RI GLILWDO V\VWHPV ZH F
GHYLFH RQ WKH PDUNHW

7KHVH SURFHVVLQJ V\VWHPV LP3OMRARWQRM P O ZWRKHPRDR\PLF DMK [D
UXOHV WKDW HVSHFLDOO\ LI JLYHQ WR D FRPSXWHU@ Z]® @HKQHQS
WKHVH LQVWUXFWLRQV DQG WKH DOJRULWKP QHHG WR EH DZDUF
VLIQDO RU LQIRUPDWLRQ WKDW WKH\ DUH SURFHVVLQJ :KHQ \RX
XVHG WR PRYH WKH GLDO QRZDGD\V \RX HQWHU VRPH QXPEHUYV |
IDYRXULWH VRQJ 7KH GLDO LQVWUXFWV WKH UHFHLYHU WR W.
EURDGFDVWLQJ LWV VLIJQDO $IWHU VRPH WUHDWPHQW LQ WKH
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VFHQHY WKH UHFHLYHU KDV SURFHVVHG D VPDOO EDQG RI WKFE
UHOHYDQW VLJQDO LQIRUPDWLRQ LQ \RXU FDVH ZDV WKH IUHTXFE

7KHUH LV D VXE ILHOG LQ VLJQDO SURFHVVLQJ $GDSWLYH
DQRG RU VA\VWHPV DGDSW LWV EHKDYLRXU WR LPSURYH LWV SHUI
SURSHUWLHYV RI WKH VLIQDO W ILQGY DSSOLFDWLRQ DQG LV YH
vLIQDOV DUH ILOWHUHG WR FDQFHO HFKR RU WR HQKDQFH LWV
IRU LQVWDQFH ZLWK WKH ILOWHULQJ RI HOHFWURFDUGLRJUDP\
8VvXDOO\ LQ WKHVH DSSOLFDWLRQV WKH FRPSOH[ WDVN LV WR
LQVWDQFH LI DOQRWKHU IUHTXHQF\ LV DVVLIQHG WR \RXU UDGLF

,Q PRGHUQ 3DUWLFOH $FFHOHUDWRUV UDGLR VLJQDOV DUH
DSSOLFDWLRQ QRZDGD\V LQ PDQ\ ILHOGV LQFUHDVH WKH HQHUJ
WKHP IRU IRRG VWHULOL]DWLRQ ; UD\ OLWKRJUDSK\ LRQ LPS
6\QFKURWURQ UDGLDWLRQ LV XVHG LQ FKHPLVWU\ PDWHULDO
UDGLDWLRQ LV XVHG LQ IUHH HOHFWURQ ODVHUV DQG KRORJUD
NQRZQ XVHU LW PDNHV LQWHQVLYH XVH ZLWK UDGLRWKHUDS\ |
WKHVH PDFKLQHY DUH XVHG WR DFFHOHUDWH DOO VSHFLHV RI E
LQVLGH VWUXFWXUH RI PDWWHU WZR YHU\ HQHUJHWLF EHDPV FL
DIJDLQVW HDFK RWKHU RU VRPHWLPHYV DJDLQVW D IL[HG WDUJHYV
PDWWHU QHZ SDUWLFOHV DQG SK\WLFLVWV PRQLWRU WKHVH F
SDUWLFOHV LQ FROOLVLRQV DQG SUREH QHZ WKHRULHV

7KH 5DGLR )UHTXHQF\ 5) V\VWHP LV UHVSRQVLEOH IRU WK
HQHUJ\ RI WKH SDUWLFOHV $Q 5) VLJQDO LQGXFHV DQ (OHFWUF
D UHVRQDQW FDYLW\ 7KH ORQJLWXGLQDO FRPSRQHQW RI WKH
SDUWLFOH ZKHQ LW FURVVHV WKH FDYLW\ > @ > @ ,Q FLUFXOI
SDUWLFOH VSHHG UHVXOWYV LQ D GHFUHDVH Rl WKH EHDP UHYRO.
FDOOHG WKH /RZ /HYHO 5) //5) XVHV EHDP VLJQDOV ZKRVH SUF
DV D UHVXOW RI WKH FKDQJH LQ WKH UHYROXWLRQ SHULRG 7KH
> @ ZH FDODRWKIMDQFKURQRXV FWRFHVVLQJ

7KLV 7KHVLV SUHVHQWY DQ $UFKLWHFWXUH IRU WKH SURFH
SHULRG FKDQJHV LQ D NQRZQ PDQQHU E\ WXQLQJ WKH VDPSOL!
IL[HG IUHTXHQF\ KDUGZDUH FORFN IRU WKH HQWLUH GDWD SDW
SURFHVVLQJ HOHPHQWY RU WKH DOJRULWKP 7KH WUHDWPHQW
SURFHVVLQJ LV KHQFH PDGH SRVVLEOH IRU DQ\ VWDWLF DOJR
DUELWUDU\ UDWLR UHVDPSOHU IRU UHDO WLPH DSSOLFDWLRQV
*DWH $UUD\ )3*$ LPSOHPHQWDWLRQ :H YDOLGDWH DQG GHPRQ\
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VROXWLRQ WKH 2QH 7XUQ )HHG%DFN 27)% > @ DOJRULWKP |
T%/& > @

7KLY FKDSWHU SURYLGHYVY DQ RYHUYLHZ RI D 3DUWLFOH $FFH
IRU 1XFOHDU 5HVHDUFK &(51 LV LQWURGXFHG DQG WKH FRQWH
RXWOLQH WKH &(51 IXWXUH UHTXLUHPHQWY ZKLFK WULJJHUHG "
SUHVHQWYV LQ D YHU\ VLPSOLVWLF IRUP WKH //5) HVVHQWLDOV |
7KH SUREOHPDWLF RI 7%/& LV LQWURGXFHG DQG WKH FXUUHQW '
IRXQGDWLRQV ‘H LOQWURGXFH WKH SUREOHPDWLFV WR EH VROY'I

sata St fo. .. TZ37f-"" .0 Z1%8

7KH &(51 DFFHOHUDWRU FRPSOH[ LV DQ LQWHUQDWLRQDO IDFL
ODERUDWRU\ IRU IXQGDPHQWDO SK\VLFV UHVHDUFK ,W KDV PD!
SDUWLFOH SK\VLFV VXFK DV WKH REVHUYDWLRQ RI WKH +LJJV E
FRPSOHWLQJ WKH 6WDQGDUG ORGHO > @ ,W LV DW WKH ERUGH!
DUH ORFDWHG RQ WKH VXUIDFH RI ERWK FRXQWULHV EXW DO
LQWHUFRQQHFWHG DFFHOHUDWRUV WR VHUYH EHDP IRU H[SHU
IXQGDPHQWDO SDUWLFOH SK\VLFV UHVHDUFK 7KH VWUXFWXUH |
HWF 7KH WHFKQRORJLFDO UHTXLUHPHQWY RI WKH ODERUDWRL
&RPPHUFLDO 21l 7KH 6KHOI &276 WHFKQRORJLHV &(51 SOD\V
GHYHORSLQJ QHZ WHFKQRORJLHV ZKLFK FDQ ODWHU EH H[SRUWFE
EHLQJ D NH\ HOHPHQW RI DQ\ DFFHOHUDWRU DOVR EHQHILWYV IU
IRFXVHVY RQ WKLV ILHOG

7KH &(51 /+& ,QMHFWRUV 8SJUDGH /,8 SURMHFW SODQV WR
6XSHU 3URWRQ 6\QFKURWURQ 636 IRULQMHFWLRQ LQWR WKH /+
0+] 5) VIVWHP LQFOXGLQJ WKH SRZHU SODQW OD\RXW DQG FI
DFFHOHUDWLRQ RI DOO EHDPV E\ PHDQV Rl 7UDYHOOLQJ :DYH
DUUDQJHPHQW RI GULIW WXEH FHOOV ZLWK D & SKDVH DGY
0+] > @ 7KH FDYLW\ FRQILJXUDWLRQ LV EHLQJ PRGLILHG

DV WKH %HDP /RDGLQJ HIIHFWV VFDOH ZLWK WKH EHDP FXUL

DQG UHGXFH WKH ORQJLWXGLQDO LPSHGDQFH DW WKH IXQGDPHC
LQVWDELOLWLHY > @ > @ 7KLV LPSURYHV WKH ORQJLWXGLQD
EHDP LOQWHQVLW)\ IRU WKH +LJK /XPLQRVLW\ /+& +/ /+& > @ 7Kl
ZDV XVLQJ EHDP VIQFKURQRXV FORFNV ORFNHG WR D KDUPRQLF
GHDOLQJ ZLWK ORQJLWXGLQDO LQVWDELOLWLHV 27)% > @ U
DFFHOHUDWLRQ UDPS 7KH HOHFWURQLFV ZDV LPSOHPHQWHG L
FXVWRP GHVLJQHG 9HUVD ORGXOH (XURFDUG 90( FDUGV VLPL

u
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VA
$&FHOHUDWRU /,1$& > @ > @ ,W LV HQWLUHO\ UHSODFHG Z
RQ WKH PLFUR 7THOHFRP &RPSXWLQJ $UFKLWHFWXUH X7&$% SODYV

$ )IXWXUH &LUFXODU &ROOLGHU )&& UHDFKLQJ FROOLVLRQ
&(51 > @ 7KLV SURMHFW ZLOO UHTXLUH D QHZ DFFHOHUDWRU Z
PDQ\ WHFKQRORJLFDO HQGHDYRXUV VXFK DV QHZ PRUH SRZHUI>
VFDOH FU\RJHQLF SODQW 2Q WKH 5) VLGH ZLWK FDYLWLHV SOD
WHFKQRORJLHV IRU VIQFKURQL]DWLRQ LQ GLVWULEXWHG DUFKL\

7KH LQWURGXFWLRQ RI WKH QHZ X7&$ VWDQGDUG EULQJV

FODVVLF PDVWHU VODYH DUFKLWHFWXUH XVHG LQ WLPLQJ V\QFK
LV QRZ UHSODFHG E\ D GLVWULEXWHG QHWZRUN WRSRORJ\ > @
UHIHUHQFH FORFN DQG LQVWDQWDQHRXV YDOXH RI WKH 5) IUHT.
GHWHUPLQLVWLF QHWZRUN EOXH OLQNV LQ WKH ILIXUH WKH

SRLQW DQDORJ RU RSWLFDO VLJQDOV 7KH :5 SURMHFW LV D |
XQLYHUVLWLHVY LQFOXGLQJ &(51 ZKHUH PDQ\ JURXSV DUH DFWL
7KH SUHVHQWHG ZRUN GRHY QRW LQFOXGH UHVHDUFK LQ WKH :5
ZRUNLQJ LQ WKDW ILHOG 7KH PDLQ FKDUDFWHULVWLF RI WKLV (
HQDEOHV JHQHUDO SXUSRVH GDWD WUDQVIHU DQG VXE QDQRVH
XVH LQ WKH DFFHOHUDW ®U RRNIOIBY HR UL D /.6 R 6 H Q MBBMORDR U\ ¢
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)LJ 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH //5) QHWZRUN DUFKLWHFW.
VIQFKURQL]DWLRQ DQG UHFRYHUV WKH KDUGZDUH FORFN IURP WKH GDWD
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> @ XVHV LWV RZQ GHWHUPLQLVWLF SURW RFHO® KEROWH B QW/KIK
6FKZHULRQHQIRUVERXQUWPVWDGW *HUPDQ\> @ XVHV :5> @ ,Q
VODYH QRGHV FDYLWLHV LQMHFWRUV EHDP LQVWUXPHQWDWLR
IUHTXHQF\ FDYLW\ DPSOLWXGH DQG SKDVH HWF IURP WKLV G
FORFN VLJQDO IURP WKH GDWD VWUHDP FORFN UHFRYHU\ XQLW
IURP WKH 5) DQG LV IL[HG LQ IUHTXHQF\

SAUA Tfem [ <—> <omt”f .. —c'o

7KH 5) VA\VWHP RI D SDUWLFOH DFFHOHUDWRU LV FRPSRVHG RI
FRPSRQHQW RI WKH HOHFWULFDO ILHOG LV DOLJQHG WR WKH SD
OHYHOV UHTXLUHG IRU WKLV 5) VLIJQDO DUH LQ WKH RUGHU RI

WKH OHYHO RI WKH 5) VLIJQDO 7KHVH KLJK SRZHU DPSOLILHUV D
7XEH ,27 RU 6ROLG 6WDWH 3RZHU $PSOLILHUV 663% $ GLVWUL
FRD[LDO FRQGXFWRUV WUDQVSRUWYVY WKH 5) SRZHU IURP WKH DP
DUH FRPPRQO\ XVHG WR DEVRUE SRZHU UHIOHFWHG IURP WKH
HOHFWURQLFV JHQHUDWLQJ WKH 5) VLIQDO DQG NHHSLQJ WKH V

7KH EHDP LV D FROOHFWLRQ RI FKDUJHG SDUWLFOHV WUDY
FURVVLQJ WKH DFFHOHUDWLQJ FDYLWLHV > @ 7KHVH SDUWLFO
5) ZDYHOHQJWK > @ > @ :LWK HOHFWURPDJQHWLF SLFN XS VH(
WR WKH D]JLPXWK DQG WUDQVYHUVH SRVLWLRQ RI WKH EHDP >
JHQHUDWH D VKRUW SXOVH ,Q FLUFXODU DFFHOHUDWRUV WKLYV
WKH WLPH GRPDLQ LV KHQFH D WUDLQ RI VKRUW SXOVHV VSDFHG
D WUDLQ RI SXOVHV DW PXOWLSOHV RI WKH UHYROXWLRQ IUHTX
PRGLILHV WKH HOHFWURPDJQHWLF ILHOG 7KLV HIIHFW LV FDOOF
H[FLWHG E\ WKH EHDP FXUUHQW JHQHUDWLQJ D YROWDJH LQ D
HIITHFWLYH DFFHOHUDWLQJ YROWDJH VHHQ E\ WKH EHDP LV WKH
VXFK DV 7UDQVLHQW %HDP /RDGLQJ DW WKH LQMHFWLRQ RU ZK
WKH VSHFWUXP DW WKH UHYROXWLRQ IUHTXHQF\ DQG LWV PXO\
UHYROXWLRQ IUHTEHQEN KDUPRRUFAVQRW DO OS$HIQG C5 BR WBHHE O L V
HQYHORSH Rl WKH UHYROXWLRQ IUHTXHQF\ KDUPRQLFV LV WKH
SURILOH > @

JRU OHSWRQV HOHFWURQV DQG SRVLWURQV VI\QFKURWUR
YHORFLW\ FORVH WR WKH VSHHG RI OLJKW EHFDXVH WKHLU UH
IL[HG DQG WKH %63 DOJRULWKPV SURFHVVLQJ WKHVH UHYROXW
WKH DFFHOHUDWLRQ UDPS +DGURQV SURWRQV DQG KHDY\ LRQV
KDGURQ SDUWLFOHYV FKDQJHV VLIJQLILFDQWO\ GXULQJ WKH DFFH

w
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FDVH WKH %63 DOJRULWKPV WUHDWLQJ EHDP LQGXFHG SHUWXU
VSHFWUXP WKH SRVLWLRQ RI WKH KDUPRQLFV LV GLVSODFHG
UHYROXWLRQ IUHTXHQF\ YDULHV YHU\ VORZO\ FRPSDUHG WR WK
VDPSOHG E\ D //5) SLFEN XS LV

[W 1 SRR (7

Om

ZKHUHWKH QXPEHU RI KDUPRQLFV WR EH FRQVLGHUHG GHSHQGYV
Rl WKH EHDP LQGXFHG WUDQVLHQW LQ D JLYHQ FDYLW\ ZH PXVW
%DQG:LGWK %: LQ WKH FDVH RI WKH 636 WKH UHJXODWLRQ EDC
WKH 5) ,Q DOO FDVHV WKH VLJQDO EDQGZLGWK PXVW EH OLPL)
>@ > @ > @ |IRUPRUH LQIRUPDWLRQ

sava —f-fe "@-5t@ "= <+ 2% "<—5es

/HW XV FRQVLGHU D VLPSOH SURFHVV WU\LQJ WR HQKDQFH WKH
QRLVH 7KH UHTXLUHG FRPE ILOWHULQJ FRQWDLQYV KDUPRQLFD
IUHTXHQF\ KDUPRQLFV WV IUHTXHQF\ UHVSRQVH QHHGV WR IRC
UHYROXWLRQ IUHTXHQF\

6XFK D SUREOHP LV FRPPRQO\ IRXQG LQ DGDSWLYH VLJQDO
$GDSWLYH 1RLVH &DQFHOOLQJ $1& > @ 7KH ILOWHULQJ RI HOH
HDUO\ H[DPSOH ORUH VRSKLVWLFDWHG DOJRULWKPV VXFK DV Wi
OD[LPXP /LNHOLKRRG 50/ KDYH EHHQ SURSRVHG IRU FRPE ILOW
NQRZOHGJH RI WKH LQVWDQWDQHRXV IXQGDPHQWDO IUHTXHQF
FRPSXWDWLRQDO ORDG Rl WKHVH DOJRULWKPV VFDOHV OLQHDUC
/06 DQG TXDGUDWLF IRU WKH PRUH VRSKLVWLFDWHG 53( DQG 5(
WKH QXPEHU Rl KDUPRQLFV SUHVHQW LQ WKH VLJQDO LV QRW P
OLJKWHU VROXWLRQ IRU //5) DOJRULWKPV LQ WHUPV RI FDOFXOD
EHHQ SURSRVHG WR LPSOHPHQW D FRPE DGDSWHG WR DQ\ IXQGE
RI WKH VDPSOLQJ IUHTXHQF\ > @ 7KH FRHIILFLHQWV RI WKH Il
IUHTXHQF\ $ VLGH HIIHFW LV WKH GLVSODFHPHQW Rl WKH SROH
,PSXOVH 5HVSRQVH ILOWHU ,,5 XQVWDEOH :H ZDQW WR DYRLC
FXPEHUVRPH DSSURDFK IRU RXU UHDO WLPH V\VWHP

7KH DFFHOHUDWRU ZRUOG HPSOR\V VHYHUDO %63 DSSURDFK
UHODWHG SHUWXUEDWLRQV VXFK DV 7TUDQVLHQW %HDP /RDGLQJ
V WKH VDPSOLQJ FORFN ZDV VZHSW SURSRUWLRQDOO\ WR \
SURFHVVLQJ RQ WKH VSHFWUDO FRQWHQW RI WKH EHDP VLJQDO
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GXULQJ WKH DFFHOHUDWLRQ 7KLV VZHSW FORFN SKLORVRSK\ KI
&(51 DQG RWKHU ODEV > @ 7KLV HDV\ VROXWLRQ LV QRW RSWLTF
WR WKH EHDP HQHUJ\ UDPS IRU H[DPSOH WR FRPSHQVDWH DQ
VKRXOG QRW FKDQJH ZLWK E%BP PH QWA K YR QRKBO\W3 B ERK\OG EH
SUHIHUUHG ,I WKH VI\VWHP XVHV VXFK D VZHSW FORFN WKLV UH"
> @ )XUWKHUPRUH PRGHUQ )3*$V DUH LQWHQGHG IRU XVH ZLW
LQ )3*$ FORFNLQJ ORJLF DQG 3KDVH /REFNHG /RRSV 3//V 7KLV C
7KH ROG VZHSW FORFN VFKHPH ZRXOG WKHUHIRUH OLPLW WKH

DUFKLWHFWXUH DQG WKH 62$ X7&$ EDVHG SURFHVVLQJ V\VWHP\

$OWHUQDWLYH DSSURDFKHVY KDYH EHHQ LPSOHPHQWHG ,Q \
D VPDOO QXPEHU RI EXQFKHV ZLWK WKH VSHFWUDO FRQWHQW
UHYROXWLRQ IUHTXHQF\ OLQHV D FRPPRQ VROXWLRQ LV WR GH|I
VI\VWHPV RQH SHU UHYROXWLRQ OLQH ZKHUH D IL[HG VDPSOL
GHPRGXODWRUV RQH SHU UHYROXWLRQ KDUPRQLF IRU EDVH
VI\VWHPV > @ 7KH DPRXQW RI UHVRXUFHY JURZV OLQHDUO\ ZLW
7KLV VROXWLRQ VROYHV WKH FRQVWUDLQW RI WKH VZHSW FORI
FORFN +RZHYHU WKH UHVRXUFHV UHTXLUHG ZKHQ H[WHQGLQJ
([IDPSOHV RI WKLV VWUDWHJ\ DUH IRXISDQWUWRYWRQ $FFH O&E UDY
&RPSOHI$5& > @ LQ 7RNDL -DSDQ > @ %XW LW GRHV QRW
UHYROXWLRQ OLQHVY DUH WR EH FRYHUHG

$QRWKHU DSSURDFK XVHG LV IHHGIRUZDUG %DVHG RQ WKH
VORZ YDULDWLRQ RI WKH EHDP SDWWHUQ LQ HDFK FDYLW\ S
SUHFRPSXWHG IURP SDVW REVHUYDWLRQV ZKLFK DUH DGGHG W
HIITHFW ,Q WKLV FDVH WKH SURFHVVLQJ LWVHOI LV QRW WXQHG
LV DGDSWHG WR PLWLJDWH WKH SUHGLFWHG HIIHFW Rl WKH EHD
RI WKH PDFKLQH LQFOXGLQJ WKH QRQ OLQHDULW\ RI WKH DPS:
SDUWLFOHV DQG XVHUV DUH QHHGHG WKLV PLJKW UHTXLUH LQI
IRXQG DW %1/ > @ IRU LQVWDQFH $ VLPHOQPU DBWURDPK L$\F Pt
/IDERUDWIRBU\ > @ LQ %DWDYLD ,/ 86%$ > @ DQG &(51 636 > @ Z
WKH DPSOLILHU GULYH EDVHG RQ WKH EHDP VLJQDO DFTXLUHG
RSHQ ORRS V\VWHPV ODFN DGDSWLYH FDSDELOLWLHY DQG DUH
LQVWDQFH

I ZH ZDQW WR XVH D IL[HG IUHTXHQF\ FORFN WKHUH LV V
UHFRQILIJXUDWLRQ RI WKH SURFHVVLQJ HOHPHQWY ILOWHULQJ |
DQG WR WKH VSHFWUXP RI WKH VDPSOHG VLIJQDO 7KH UHDO W/
RU DOJRULWKPV FDQ UHTXLUH SOHQW\ RI SDUDPHWHUV WR FKDQ.
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LV WKHUHIRUH GHVLUDEOH ZKLFK FDQ EH H[WHQGHG WR VPDC
EDQGZLGWKYV 7KH 7KHVLV IRFXV RQ WKLV %63 $UFKLWHFWXUH D¢
HQRXJK WR KRVW RWKHU %63 UHODWHG DOJRULWKPV VXFK DV O
VROXWLRQ QHHGV WR EH FRPSDWLEOH ZLWK PRGHUQ HOHFWURQ

SAWH ‘...—efe— "U%ofecaf—c"'e

7KLV GLVVHUWDWLRQ WKDW SUHVHQWYV D QHZ $UFKLWHFWXUH |
27)% DOJRULWKP LV RUJDQL]JHG WR JXLGH WKH UHDGHU WKUR>
GHFLVLRQV WDNHQ LQ WKH UHVHDUFK SURFHVVY WKH GHYHORSP
LQ WKH LPSOHPHQWDWLRQ RI WKH 27)% DOJRULWKP

7KH LQWURGXFWLRQ LQ &KIFSWHAXP VW QGRS-DKIVAHKQ WH G J WHUHH ¢
UHVHDUFK ZRUN ,W KDR/XDGDBRHBDWHCHWREBNEROHUDWRUV DQG
SUHVHQ6RIS A O KID HF Q/GIRUKIEFRL S D OXVRGXI\R URTIV/ & LQ //5) VIVWHPV

&KDSWHU SREMHEEDNWERWWHLEXWKRQAKHVLY WR WKH 62% JUR:
ILHOBSOWW ROXWLRQV IRU 3IDEMLPRPSREREH DXHOQ@MRUDUNLQJ VLIQDO!
YDULDEOH UHVDP®B/BVRAHDPMRI WEE QHZ 27)% DOJRULWKP LPSH

&KDSWHU SUHVHGW ¥ KWWH FSWRBAR ' REWIRG X F HAH WDKPHS VIRQ B
VDQGZALF® HODERUDWHY WKH DQFLOODU\ KDUGZDUH DQG DEVWU
RXU YLWBWXIDESLF ZLWK $GDSWLYH D1G GH&RXSOHG FORFN,Q.
)5$1&,6&2DQGOWBWLSO( 5DWH DQG &ORFNLQJ LQWHUIDF( IRU
0(5&('(6 LQWHUIDWEBWHVHQWRY QMOARSWHKBIDJHG D QG- 28481 WL ]HG |
JUHTXHQF\ /RFAMKOWRAROYHY LPSOHPHQWDWLRQ SUREOHPV UHOD

&KDSWHU LV IRFXVHG RQ WKH FRUH HOHPHWSWKQW 53H
&RQYHWWBEBR @ UFKLWHFWXWAK WK HD IURHW D RVS @Y K B ULHDVEDXRAS O QGBI RO SS)
, W HODERUDWHY DQG SUHVHQWY WKH LPSOHPHQWWO/'WQRRK IGIHWDE
$OJRULWKP WHHILOWRIGVWEHKURQL]DWLRQ ORJLF

&KDSWHU SYHYIHQ D@ REBDMWMORAIWY RI WKH %63 $UFKLWHFW
KDUGZDUH DQG XQLWV RI &KDSWHUV DQG ILUVW WKH VLPXOD
ZLWK WKH LPSOHPHQWDWLRQ RI WKH $UFKLWHFWXUH LQ D X7&$

&KDSWHPRQVWHKBWNWH RI WKH %63 $UFKLQYHZ VX9 DO SROWHLPH
IRU%/&7KHQ LW SYHVYHIQ WK&®IGEG DAMAVORAWY RI WKH VLPXODWLRQV
LQUMHDO &(51 636 FDYLW\

)LQDOO\ &KDSWHRR QS5 0 M/GHR QK JWHKW X RVHRWRI EH FRQGXFWH C
ILHOG

z
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7KH SUHYLRXV FKDSWHU KDV SUHVHQWHG WKH PRUH UHOHYDQW
7TUDQVLHQW %HDP /RDGLQJ &RPSHQVDWLRQ LQ SDUWLFOH DFFH!
HOHPHQW RI WKH FXUUHQW &(51 VROXWLRQ > @ > @ > @ ,W Q
LQ WKLY FKDSWHU DQG LW LV D ERWWOHQHFN IRU LPSOHPHQWD
RI WKH 7KHVLVY LQ WKLY DVSHFW DUH WKHUHIRUH WZRIROG

7R VROYH DQG DYRLG WKH SUHVHQW SUREOHPV LQ QHZ //!

7R GHYHORS WHFKQLTXHVY DQG WHFKQRORJLHY HQVXULQJ
QHZ DUFKLWHFWXUDO SDUDGLJPV

7KH QHZ SURMHFWYV EHLQJ SODQQHG DQG LPSOHPHQWHG DW
> @ DQG )&& > @ > @ PRWLYDWH WKH FKDQJH RI WKH V\QFKL
GLVWULEXWHG DSSURDFK LV HQYLVDJHG PRUH UHOLDEOH DQG RI
)&& SODQV D QHZ DFFHOHUDWRU ZLWK D NP FLUFXPIHUHQFH L
SURWRFRO WKH :KLWH 5DEELW > @ :LWK WKLV QHZ SURWRFRO
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ILEUH KDV QR VHQVH VLQFH WKLV ZRXOG GXSOLFDWH WKH GLV
H[WUDFWHG IURP WKH GDWD VWUHDP ORFDOO\ LQ HDFK QRGH )]
UHYROXWLRQ IUHTXHQF\ DQG 5) IUHTXHQF\ LQIRUPDWLRQ LQ HDF
LQ D GLIJLWDO IRUPDW > @ )RU %HDP 6\QFKURQRXV 3URFHVVLQ.
IUHTXHQF\ :5 FORFN DQG WKLV GLJLWDO LQIRUPDWLRQ LQVWHF
SURFHVVLQJ )3*$ $ QHZ VWUDWHJ\ RU DOJRULWKP LV WKHUH
&RPSHQVDWLRQ EHLQJ WKLV WKH FRQWULEXWLRQ RI WKH 7KHVL

$ QHZ 27)% LPSOHPHQWDWLRQ ZLWK IL[HG IUHTXHQF\ Sl

tata f'%0<”2¢ <'””~i‘¢'—’ TM(_é _é:t .:l:TM ”...S‘

7KLV VHFWLRQ SUHVHQWYVY VRPH WDQJLEOH FRQWULEXWLRQV WR
7TKHVLV 7KHVH SUREOHPV UHVXOW IURP WKH SUHVHQW LPSOHPH
QHZ SUHVHQWHG $UFKLWHFWXUH DLPV DW VROYLQJ WKHP

7KH GLVWULEXWHG DQG IL[HG FORFN DUFKLWHFWXUH SURSR
> @ 7KLV WHUP UHIHUV WR PDQLSXODWLRQV LQ WKH EHDP W
PDQLSXODWLRQV DUH GRQH E\ PRGXODWLQJ WKH 5) SDUDPHWH
OHQJWK HQHUJ\ VSUHDG GLVWDQFH EHWZHHQ EXQFKHV RU QX
RSHUDWLRQV DV VOLS VWDFNLQJ > @ FDQ EH QRZ LPSOHPHQW
VLPSOLILHG $ FRPPRQ FORFN EHWZHHQ PDFKLQHY DQG DQ DEVF
Rl VIQFKURQL]DWLRQ HYHQWY DQG WKH FRPSXWDWLRQ RI SKDVH

$QRWKHU FRQVHTXHQFH RI XVLQJ WKH QHZ $UFKLWHFWXUH
VSHFWUDO SXULW\ RI WKH VLJQDOV 3// EDVHG DUFKLWHFWXUH\
RSHUDWLRQDO IUHTXHQF\ UDQJH EDVHG RQ ORRS ILOWHUV ZKLF|
IL[IHG ITUHTXHQF\ FORFNV PDNHV LW SRVVLEOH WR RSWLPL]H WKH

,Q OLQH ZLWK WKHVH WHFKQLFDO DVSHFWYVY PRGHUQ HOHF\
I[UHTXHQF\ $SUFKLWHFWXUH LQ X7&% SODWIRUPV > @ 'LJLWDO F
XVH RI 3//V > @ (YHQWXDO SUREOHPV DVVRFLDWHG ZLWK WKHYV
WKH 3// DUH DYRLGHG WKDQNV WR WKH QHZ IL[HG FORFN 7KLV S
)3*$V 7KLV FDQ EH H[WHQGHG WR PRGHUQ $QDORJ WR 'LJLWDC
&RQYHUWHUV '$&V XVLQJ GLIIHUHQWLDO VHULDO LQWHUIDFHYV
FORFN VIQFKURQL]DWLRQ IRU FKLS WR FKLS FRPPXQLFDWLRQV §
WKH GHVLJQHU WR UHO\ RQ ROG SDUDOOHO LQWHUIDFHV 2Q WK
XVH RI 'LVFUHWH 6LJQDO 3URFHVVLQJ '63 DUFKLWHFWXUHV EL
SKLORVRSK\ LV EDVHG RQ WKH XVH RI FRPELQDWRULDO ORJLF H
DUH SLSHOLQHG EHWZHHQ WKH UHJLVWHUV WR LQFUHDVH WKH F

ST
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30DFH DQG 5RXWH 3$5 SURFHVV WR XVH WKH KLIJKHVW IUHTXHQ
WKH UH XVH RI LPSOHPHQWHG )3*$ GHVLJQV WKDW XVH FORFNV Z
$ GHVLJQ UXQQLQJ LQ DQ RSHUDWLRQDO PDFKLQH FDQ UHTXLUH
QHZ VIQWKHVLV DQG 3$5 WKLV OLPLWVY WKH UH XVH LQ D GLIIHU
,Q OLQH ZLWK WKLV PXOWLSOH FORFN GRPDLQV DUH XVXDOO\ S
KXJH FRPSOLFDWLRQ IRU WKH V\QFKURQL]DWLRQ DQG FRPPXQ
IUHTXHQF\ FORFN JUHDWO\ VLPSOLILHV WKHVH LVVXHV

$QRWKHU FRQVHTXHQFH Rl WKH SURSRVHG VROXWLRQ LV W
EHWZHHQ F\FOHV LQ WKH ROG V\VWHP WKH FORFN FRPHV IURP V
DOVR WKH LQWHUUXSWLRQ Rl WKH FORFN 7KLV LV WKH FDVH ZKl|
LV LQWHUUXSWHG RU DEUXSWO\ PRGLILHG WKXV RULJLQDWLQJ |
QRW DQ\ ORQJHU H[WUDFWHG IURP WKH 5) QRZ LW LV LQGHSHQ
WKH :5 LV DOZD\V LQ RSHUDWLRQ QR PRUH LQWHUUXSWLRQV Z¥
VLPLODU SKHQRPHQRQ KDSSHQV LQ VPDO O3V RWKQ RBWURQ\R WV RR
36% > @ ZKHUH WKH UHYROXWLRQ IUHTXHQF\ VSDQ LV ZLGH
)3*$V 7R DYRLG VXFK D ELJ VSDQ LQ WKH FORFN VHYHUDO KDUP
VRXUFH 7KLV SURGXFHV SKDVH GLVFRQWLQXLWLHY DQG MXPSV
SURSRVHG LQ WKLV 7KHVLYV

AUA ‘o-"c,——c'ee —' _St _f-_fe "@-Stae "-

7KH SUHYLRXV FKDSWHU KDV PRWLYDWHG WKH 7KHVLV ZRUN E\
SODQQHG DW &(51 6XFK SURMHFWYV UHTXLUH SDUDGLJP FKDQ
LPSOHPHQWDWLRQV DQG //5) DUFKLWHFWXUHYV FXUUHQWO\ XVHG
/IHYHO 75/ RI WKH //5) VIVWHPV DQG QHZ WHFKQLTXHV KDYH EHH
DQG WR VROYH WKH VSHFLILF UHTXLUHPHQWYV RI WKHLU LPSOHP
ZKLFK FRQWULEXWLRQV KDYH EHHQ PDGH DUH SUHVHQWHG QRZ

téUéS<3/oo‘f2 Tfe >e .. .S et e " tTeece%

7KH 7KHVLV SURSRVHV D QHZ VROXWLRQ IRU 6LJQDO %HDP
IL[HG IUHTXHQF\ SURFHVVLQJ FORFN 7KLV $UFKLWHFWXUH PDNH
EXW SRVVLEO\ YDU\LQJ IUHTXHQF\ ZLWK DOJRULWKPV GHSHQGH
FRPPRQ DSSURDFK IRU WKDW LV WKH UHFRQILJXUDWLRQ RI WKH
SURFHVVLQJ ILOWHULQ) > @ > @ > @ DQ DOWHUQDWLYH DS
HVSHFLDOO\ VXLWHG IRU SHULRGLF VLJQDOV ZLWK D YDU\LQJ
+RPRWKHWLF VSHFWUXP ZH FDOO LW +RPRWKHWLF EHFDXVH WK
WKH IUHTXHQF\ D[LV OLNH WKH RQH GHSLFWHG LQ )LJ 7K

SS
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DFTXLUHG ZLWK D SLFN XS LQ GLIIHUHQW WLPH LQVWDQWYV RI
UHYROXWLRQ IUHTXHQF\ SHDNV DW WKH EHJLQQLQJ RI WKH UDF
SRVLWLRQ DQG VSDFLQJ DW ODWHU LQVWDQWY GXULQJ WKH PR
SHDNV DW KLJKHU IUHTXHQFLHV DQG ZLWK WKH ZLGHVW VSDFLQ
WKH DFFHOHUDWLQJ UDPS 7KH SXUSOH RQH VKRZV WKH VSHFWU
WR DGDSW WR WKH FRQVWDQW FKDQJH RI SRVLWLRQ DQG VSD
WHFKQLTXH LV DSSOLHG LQ WK% HFF HOQRKWRRIR XKIVH BIER ZHHV FD Q O

0DJ>GYw @
¢ )UHY
) >+]@
K K K K K
)LJ 7KH VLPSOLILHG VSHFWUXP RI D EHDP VLIJQDO DFTXLUHG ZLWK D SLI

FKDQJH GXULQJ DFFHOHUDWLRQ UDPS SURSRUWLRQDOO\ WR WKH UHYF

7KH SUHVHQWHG VROXWLRQ WXQHV WKH VLJQDO WR WKH SU

7RI WKH GLIJLWL]HG VLJQDO JLAKK OXQNHHPHLADN DVOKHJ BOXRQEWK P

UHFRQILIXUDWLRQ ,I WKLV VPRSOLQJ IIU\H BXHRGRUWLRIEIDNDL RR W

VLIQDO IURTXHQF\d WKH UHSUHVHQWDWLRQ RI WKH VLJQDO IL
VSHFWWXPDLQV FRQVWDQW

z a B g )¢ (T
ITL IV I IV
7KLV UHVDPSOLQJ RSHUDWLRQ EULQJV WKH GLV&UMRVID UH
SUHGHILQHG G LAJVMEKGI WHBHW KH GRARF HV V I&Q &ski V7 KR N @ GHWILRIQGL V
DQG VXSSRUWYV WKH LPSOHPHQWDWLRQ RI DQ\ SURFHVVLQJ RU I

xayawawa N

7KH VROXWLRQ LV EDVHG RQ DBE5DEZEWR WGRG WLEULE1E IBHE
IRU 6\Q&KURQRXV)53U RFHYAVEXQLUOW RQ WRS RI WKH UHDO )3*$ KI
KDUGZDUH IDEULF WKH |UHTX®G PADRISWREINWRBRBHVIVERQWLFDO
IDEULF WKH FORFNV DUH GHFRXSOHG DQG QHHG QRW WR RSHUI
XVH D KDUGZDUH FORFN ZLWK IL[HG IUHTXHQF\ WR RSHUDWH WK
WKH DGDSWDWLRQ IDEULF ZLWK DQ DYHUDJH YDULDEOH VDPSOL
RI WKH GDWD LV PRGLILHG DFFRUGLQJ WR RXU QHHGV DQG WKL’

7KH VROXWLRQ LV ZHOO VXLWHG WR )3*$ WHFKQRORJ\ DQG
FORFN LV SUHIHUDEO\ IL[HG LQ IUHTXHQF\ DQG VWDEOH 7KLV SH
RI WKH )3*$ VRPHWKLQJ WKDW PLJKW QRW EH IHDVLEOH ZLWK D

st
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WR $SSOLFDWLRQ 6SHFLILF  QWHJUDWHG &LUFXLWV $6,& WHFK
)3*$

7KH DGDSWDWIBR®, 8 RIEEQWHUIDFHY WKH UHDO KDUGZDUH IDE
LQWHUIDFLQJ H@WWEBY FDWOHX G &ORFNLQJ LQWHUIDF( IRU
0(5&('(6 7KHVH LQWHUIDFHV SHUIRUP SURFHVWVE&RI (O QR XVIPIEOL
DQG GHFRXSHOLGI'HFRXSOKH\ JHQHUDWH DOVR D YDOLG VLJQDO .
WKLV VLIQDO ZLWK WKH SURFHVVLQJ FORFN ZKHQ FRXSOLQJ W
FKURQRJUDPV RI )LJ DFFRPSDQLHY HDFK SURFHVVLQJ VORW
WR LQGLFDWH ZKLFK SURFHVVLQJ VORWY FRQWDLQ YDOLG GDW
FKURQRJUDPV SUHVHQWODIEVYKR 6W K F RECOANHW IIDF BV KHKH GDWD SDW
LOQSXW LV FRXSOHG DQG SURFHVVLQJ DQG VDPSOLQJ FORFNV R
FORFN UHPDLQVY DW WKH VDPH IUHTXHQF\ EXW WKHGBURFHW/LQJ
0(5&('(6 &RX$*QMHUIDFH SHUIRUPV WKH FRPSOHPHQWDU\ RSHU
SURFHVVLQJ FORFNV ZLWK WKH OH2RDQ A KRH WERIWO/D VMOW Bl IUH G HYCD
RI WKH LOQOWHUIDFH ZLWKLQ WKH QRZ FRXSOHG GDWD SDWK

5HDO )DEULE I HAFRXSOH CDDWD=SD¥\ILKUWXDO ) DB IOF Iy
e L L LI L e U
“Vorwv S sy Jsv Xsv Ksv PNSewy PV sl svlsvl s sk §

DYHUDJH

Yeorenv_[ L L L] L owveesowow [ L [T [ L

cowp sovk | @ f @ f @ [ cowp sowk (O &N I

s >+]1@ >VDPS(® v(® ¢BWeovorsod [ | [ || L
)LJ 6LIQDOV DW WKH LQEeW (BHE FRXSQMKMU SIRFHV 7 IRH DQ SXW SRUW LQWH L

SDWK ZLWK VDPSOLQJ DQG SURFHVVLQJ FORFNV RSHUDWLQJ DW WRWRKR/ DPH IUH
D SURFHVVLQJ FORFN RSHUDWLQJ DW D IUHTXHQF\ GRXEOH ZLWK UHV

7TKH KDUG2)B®YH&PEREDEULFY DUH GHSLFWHG LQ )LJ WKH
DGDSWDWLRQ IDEULF LV FRORXUHG LQ JUH\ 7KH KDUGZDUH SUF
OLQHV DUH XVHG IRU WKH UHDO KDUGZDUH IDEULF DQG \HOORZ
WKH SURFHVVLQJ F\FOBY RW IKRFKWKR J)3*GRAWY RSHUDWH RQ C
I[IUHTXHQF\ LV WKH PD[LPXP VDPSOLQJ UDWH WK RW AMKKHD\GIDFESNOD Y
VDPSOLQJ FORFN IUHTXHQF\ LV WKXV D VORZHU IUDFWLRQ RU I
IUHTXHQF\

7KH DGDSWDWLRQ VDPSOLQJ FORFN GRHV QRW H[LVW DV D S
WKH DYHUDJH VDPSOLQJ UDWH RI WKH GDWD LQ WKH GDWD SDWI
WKH UHDO KDUGZDUH FORFN 7KH GHFRXSOLQJ UHEXW HML MK
IUHTXHQF\ RU HTXDO LQ WWH W IBBIS/OL @I ARBVHFWNW KD Q WWKBIW LV ILH
RI DYDLODEOH SURFHVVLQJ VORWY LV ODUJHU WKDQ RU HTXDO

su
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yLJ 6FKHPDWLF UHSUHVHQWDWLRQ RI WK Hy IDE® ISFMISEWER E Q R ARIEW KH KK L

IDEULF ZKLWH IDEULF ZLYSKIROKE2GEORWNDWLRQGDWKHF JUH\ IDEULF ELWK \HOO
DQ DUELWUDU\LYDWKH UH@Q®WLRQ EHWZHHQ& UREGWHLQADFKD\RFNV LQ W

7KH KDUGZDUH IDEULF LQ )LJ I D®B QMRPIS@RESKH RSSHUIHW VQ
VDPH DUELWUDU'S IVBG X HOHFYSHFWLYHO\ 7KH DGDSWDWLRQ IDEU
VDPSOLQJ UDWHV GHILQHG DFFRUGLQJ WR WKH OLPLWV VSHFLI
UHJLRQ , DQG UHJLRQ ,, DUH GHSLFWHG LQ WKH DGDSWDWLRQ
UHJLRQV XVH D SURFHVVLIRJOFD BRRW ZLOWW BFHWHEEW K HTXHQF\ R
KDUGZDUH FORFN LV GRXEOHG 7KH VDPSOLQJ UDWH LV KRZHYH
XVHV DQ DGDSWDWLR® VHRSRQQJ XDWMEI BIREDWH RI

,QSXW DQG RXWSXW UHVDPSOHUV LQ WKH DGDSWDWLRQ IDE
EHWZHHQ WKHVH WZR UHJLRQV 7KH LQSXW UHVDPSOHU WUDQV
h $ WR D GDWD VWUHDP ZLWK P 5B FIKHE B B QWIDRKFOW. QR SSHQLRGD W |
LV WKH UHODWLRQ EHWZHHQ WKH IUHTXHQFLHV RI LQSXW DQG R}
LQ UHDO WLPH 7KH RXWSXW UHVDPSOHU SHUIRUPV WKH LQYHU\
LQSXW RQH 6LQFH WKH SURFHVVLQJs FO RF BWRKIHWACH LP & B SIVED/BL:
VDPSOLQJ UDWH ZKLFK FDQ BfHODAKZ KEBG LQ UHJLRQ ,, LV

,Q WKH DGDSWDWLRQ IDEULF WKH IDVWHU SURFHVVLQJ FOTI
GDWD LQ WKH GDWD SDWK LQ D ERXQGHG WLPH ZLWKRXW GDWLIL
WUDFNV WKH YDOLG IODJ YDOLG OLQH LQ )LJ DQG XVHV RQ
KDUGZDUH IDEULF SRSHUDWHV™ RQ DQ\ SURFHVVLQJ VORW VDP
)5$1&,6&DEULF D@&(WEKHQWHUIDFHY DUH GHVFULEHG LQ GHWDLO

SV
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7KH PDLQ WHFKQLFDO FRQWULEXWLRQ RI WKLV ZRUN LV D
YDULDEOH DQG DUELWUDU\ UHVDPSOLQJ UDWLR > @ 7KH DUFKL
ZKHUH WKH SURFHVVLQJ FORFN LV SUHIHUDEO\ IL[HG DV SUHVLE
HDVLO\ EH SRUWHG WR $6,& W)HKI@RCERDE UMW ZV VER \GHGF RXQSWKE |
UHVDPSOLQJ DUFKLWHFWXUH DFFHSWLQJ WKH DUELWUDU\ PRG]|
FRPPRQ LQ DQ )3*$ 7KH DYDLODEOH VROXWLRQV DFFHSWLQJ YDL
RI YDOXHV > @ > @ :KHQ DQ\ RWKHU UDWLR QHHGV WR EH XV
> @ 7KLV LV PRWLYDWHG E\ WKH FORFNLQJ VFKHPD XVHG LQ
DUFKLWHFWXUHY GR QRW GHFRXSOH WKH VDPSOLQJ DQG SURFH
LV PRGLILHG WKH IUHTXHQF\ RI WKH SURFHVVLQJ FORFN LQ Wtk
DFFHSWDEOH IRU DQ )3*$ 7R FRSH ZLWK WKLV OLPLWDWLRQ W
SDWK 7KLV DOORZV IRU XVLQJ DQ\ DYHUDJH VDPSOLQJ UDWH DW

7TKH LQWHUSRODWLRQ DUFKLWHFWXUH HVWLPDWLQJ RXWSX
> @ > @+*> @ IRU WKH RXWSXW SRUW DUH DOVR XVXDOO\ O
$VIQFKURQRXVY 6DPSOLQJ 5DWH &RQYHUVLRQ $65& > @ 7KH H
WHFKQRORJ\ > @ > @ > @ VXSSRUWLQJ D YDULDEOH UHVDPSC
VLIQDO WKH RXWSXW FORFN IHG WR WKH GHYLFH GLFWDWHYV WK
ODWFKHG LQ WKH SRUW 7KH SUHVHQWHG DUFKLWHFWXUH DYRL
WKH RXWSXW VDPSOLQJ SHULRG EDVHG RQ WKH LQSXW SRUW
&RQYHUVLRQ 665& )RU WKLV SXUSWRWSHQ PH QHZWILEPHR B WHRIRL WIXE
EHHQ GHYHORSHG 7KLV DOJRULWKP LV GHVFULEHG LQ GHWDLC
SUHVHQWHG LV GHSLFWHG LQ )LJ D WKH LQSXW DQG RXYV
VIQFKURQRXV UHVDPSOHU SURSRVHG LQ WKLV ZRUN LV GHSLFWFE

D E
,QSXW VDPSOLQJ URWWSXW VDPSOLQUSHDMWMHDPSOLQJ URWWMSXW VDPSOLQJ U

N>VDPSOH V@ I 5 ASVDPSOH V@y>VDPSOH V@ I 5 ASVDPSOH V@

>@ (" $vV\QFKUROERy, [>@ . 6\QFKUR

FONBL FONBRXW UDWLR
Q 65& 65&

,OSXWsSRHRWLR J >xwsxw SRUW \
FORAN3+]@ FOR ANraw+] @ FON | 3URFHVVLQyJ>FP@F N

)LJ D $6,& VW\OH DVI\QFKURQRXVY DUELWUDU\ UDWLR UHVDPSOHU E

XAYAXAE ™e, fotT "fefe' 2t ™S tH..— 23t .2 .. ee
7KH UHVDPSOLQJ DUFKLWHFWXUH GHSLFWHG LQ )LJ L\
> @ IRULQWHUSRODWLRQ DQG D FRIPISPWIRUIWVOKP QR U MIP®HPH C
EDVHG 9)' LV DQ HIILFLHQW KDUGZDUH DUFKLWHFWXUH WR HVWL
IURP WKH DYDLODEOH GDWD E\ OHVV WKDQ D VDPSOLQJ SHULRG
),5 ILOWHU EDQN ZLWK VWDWLF FRHIILFLHQWVY ,W LV HIILFLHQ

SWwW
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yLJ 5HVDPSOHU DUFKLWHFWXUH EDVHG RQ D )DUURZISDOILREDWKR DFWL
ZKHQ WKH WLPH GLVWDQFH GHOD\ EHWZHHQ DYDLODEOH VDPS(
WKH ILOWHUYVY DUH FRPELQHG ZLWK WKH GH®D3 DibIJGXUH W K PD FRRPS
WKH WLPH GLVWDQFH EDVHG RQ WKH UHFHLYHG VDPSOHV DW WK
WKH KLVWRU\ RI SURFHVVHG VDPSOHV W JHQHUDWHV WKH GHC
VDPSOH FDQ EH FRPSXWHG ,W DOVR JHQHUDWHYV D FRQWURO \
SURFHVVHG RU FRQYHUVHO\ ZKHQ WKH 9)' DQG WKH UHVDPSOHU
WKH WLPH GLVWDQFH LV ELJJHU WKDQ SOXV RU PLQXV KDOI DQ
RXU 9)'" LPSOHPHQWDWLRQ

7KH UHVDPSOHU UHOLHY RQ WKH GHFRXSOHG GDWD SDWK W
UHVDPSOLQJ UDWLR 7KH DYHUDJH VDPSOLQJ UDWH RI WKH VDP
F\FOHV YDULHVY DFFRUGLQJ WR WKH UDWLR 7KLV LV GHSLFWHG L
LQSXW ZKHUH WKH DYHUDJH IUHTXHQF\ RI WKH VDPSRL®J FORFN
ZLWK D SURFHVVLQJ FORF NDAIGV K 7IKNHH UL QW\ FKURQRJUDP VKRZV
ZKHUH WKH DYHUDJH IUHTXHQF\ RI WKH VDPSOLQJ FORFN LQ WK
LVY $ ZLWK D SUREWNXVILLHIT KRG RB® G I1RWH WKDW W\KH UH
KDQGOHGOG(E&WMKHHFRXSOWHWHHUIDFH 7KH UHVDPSOHUS5KDV DQLX\SKVD

5 A

— T
I (

,QSXW 9LUWXDO )pefYRPSOLRI UDWLR, y \ysxw 9LUWXDO )DEULF

0 s % >+]1@ 0 s $ >+]1@
GDWD VDRPYOH >VDPSOH V@ GDWID YARSXOH >VDPSOH V@
SURFHVVLIQJ SURFHVVLI
FORFN r FORFN

YAV () G B D O S SOV T 0 B 0 D SX A
cowo sowk o] Joof Jook Jook eowe so#x o Jololce] ok

YDOLG P F YDOLG T F
VLJIQDO | | | | | | [ |_ VLJIQDO _l [ |_
DYHUDJH : DYHUDJH ; )
vepserw L L b L vepsoran LI LT LILE L
:‘ VDPSOHV SURFHVVLQ'-J VORWYV 4 VDPSOHYV SERFHVVLQJ VORWYV
)LJ 6LIJQDOV DW WKH LQSXW OHIW DQG RXWSXW ULJKW SRUWQ@RG D UH\

LPSOHPHQWS$GE & G &ARKIB SWDWLRQ IDEULF

SX



~

Sf'—f" tA  te—"c,——c'ee " 8%

LAUAUR™ "foeocto— $fe ‘flce%o ‘o' feef—c'e o Sfof

7KH FRQWULEXWLRQ Rl WKH 7KHVLVY DV DSSOLFDWLRQ LQ Wt
LV D QHZ ZLGHEDQG LPSOHPHQWDWLRQ RI WKH 2QH 7XUQ YHHG%
&RPSHQVDWLRQ > @ LPSOHPHQWHG LQ DQ )3*$ XVLQJ D ILJl
LPSOHPHQWDWLRQ LV EDVHG RQ WKH RULJLQDO VROXWLRQ IURFP
3URFHVVLQJ $UFKLWHFWXUH SUHVHQWHG LQ VHFWLRQ WV
WHFKQRORJLHY DQG V\VWHPV LPSRVH LQ WHUPV RI FORFNLQJ VI
DQ 5) GHULYHG FORFN DV LQ WKH RULJLQDO VROXWLRQ 7KH SUH
QRW OLPLW RU SRVHV FRQVWUDLQWY RQ WKH UHJXODWLRQ EDQ
KDUPRQLFV 7KLV LV QRW WKH FDVH ZLWK VRPH RWKHU DOWHU
EDQGZLGWK WR EH FRYHUHG VRPH VROXWLRQV GHFRPSRVH WKH
RU XVH ILOWHU EDQNV HDFK RQH DGGUHVVLQJ D VLQJOH UHYR(
WLPH PXOWLSOH[LQJ RI KDUGZDUH > @ 7KLV LQFUHDVHV GUD
UHGXFHV WKH SHUIRUPDQFH Rl WKH VROXWLRQ 5HFRQILJXUDWL]
KRZHYHU WKH UDWH DW ZKLFK WKH UHFRQILIJXUDWLRQ QHHGV \
DSSOLFDELOLW\

7KH SUHVHQW ZRUN LV D FRPSHWLWLYH DOWHUQDWLYH WR
QRW LPSO\ RYHUKHDG LQ WKH KDUGZDUH UHVRXUFHV ZKHQ WKF
FRYHUHG LQFUHDVHV ,QVWHDG RI DGDSWLQJ WKH SURFHVVLQJ
PRGLILHV WKH VDPSOLQJ UDWH WR WXQH WKH VSHFWUDO UHSU
IUHTXHQF\ LQ ZKLFK WKH SURFHVVLQJ LV SHUIRUPHG ZLWK D IL]
DOPRVW WKH VDPH DV ZLWK D VZHSW FORFN DIBAKL B&PE WXIUH
SUHVHQWHG EHIRUH ZKLFK LV XVHG IRU %63 GHSLFWHG LQ )LJ
QHHGHG ZLWK UHVSHFW WR WKH RULJLQDO VROWLERQ6 FRQVL
LQWHUIDFHV DQG VRPH PLQLPDO VLJQDOOLQJ ORJLF LQ WKH GH

AL
L T
ﬂ=%’=’=’2QH 7XUQ:) HHG69%DFN
= 2 ﬂ
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ol || of 5%i& 6&2 SGDSWDW =D )DEULF | &
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1 ¢J$V\QFKURQ &DYBWA

i i 3URFHVVLﬂ3 C

,Q 50WLR| 6HW 3RLQW 2XW 5DWLR +DUGZDUH
:KLWH 5DEELW QWH‘UIDFH )3*$ YDEULF

)LJ 1HZ 2QH 7XUQ )HHG%DFN)BYFK IEWBEWKE HREDWHE R@3WMKBWHU
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7TKH FRPPXQLFDWLRQ UHTXLUHPHQWY EDQGZLGWK UHTXLUH
DUH DOVR QHJOLJLEOH DV WKH RQO\ LQIRUPDWLRQ UHTXLUHG LV
FRPSOH[ ILOWHULQJ LQ WKH 27)% IRU LQVWDQFH DGGUHVVLQJ
VWDELOLW\ 7KLV LV WKDQNV WR WKH IDFW WKDW QR PRGLILFD!'

FRPSOH[ ILOWHULQJ DUFKLWHFWXUHY WKXV LW LV HDV\ WR PLJI
VSHFWUDO FRPSRQHQWYV

XAyayawa «f —"e¢ fif f..e ™Mc—S —St "<EFt .. 7.

7TKH 27)% KDV EHHQ LOWURGXFHG LQ &KDSWHU LW FRQWD!
KDUPRQLFVY RI WKH SURFHVVHG VLJQDO 7KLV ILOWHU LV WKH SLU
WKH VIQFKURWURQ L H WKH VZHHSLQJ UHYROXWLRQ IUHTXHQF\
LQ WH &, 6 &DEULF 6LQFH WKH UHYROXWLRQ IUHTXHQF\ LV NQRZ
LV SRVVLEOH WR WXQH WKH GLVFUHWH UHSUHVHQWDWLRQ RI WEK
IDEULF 7KLY DYRLGY DOWHUQDWLYHV UHTXLULQJ HVWLPDWLRQ
DGDSWLYH ILOWHUV RU WKH UHDO WLPH UHFRQILIJXUDWLRQ RI V

7KH ILOWHS 18Q6\MIBHEULF LV D VWDWLF ,,5 FRPE DV GHSLFWH
WKH FRPELDERWH&X&UHYWVHG DV WKH UHIHUHQFH WR GHILQH V
FRPSXWHG WR EH DW D &QuR MRKIDOL JAHBBWIFKHNK HIDW\W KH EHJLQQLQJ F

ILUVW UHYROXWRRQVKBUPAQQYHRHE WV RJIQRDER KKH UHVW RI WKH ILO
VLIQDO SHDNV IROORZ GXH WR LWV SHULRGLFLW\

Response of the Comb filter

Magnitude [dB]

O L I

VAVAVAVAVRVAVE VAVAN/ VAV,

0 0.1 0.2 0.3 0.4 0.5

Normalized Frequency w / 27 [samplc'l]

yLJ 7KH UHVSRQVH RI D &RPE ILOWHU ZLWK UHVRQDQFHV LQ

7KH ILOWHU LV SODFHG EHWZHIRQ6WIDE WIHY D7AKSHO HQIY/X MQ UMR/HD
FRQWLQXRXVO\ WKH VOPPGOLRH DIGDSXWRWLRQ IDEULF )LJ

UHSUHVHQWDWLRQ RI WKH VLJQDO WXQHG WR WKH ILOWHU DV
UHFRYHUV WKH RULJLQDO VDPSOLQJ SHULRG 7KLV $UFKLWHFWX
WKBS$1&,6&PDEULF WKH GRWWHG UHG ER[ LQ WKH DGDSWDWLRC
SHUIRUPHG DQG WKH UHG ILOWHU ZLWKLQ LW SHUIRUPV WKH KD

7KH RQH WXUQ PDWFKLQJ GHOD\ HOHPHQW LV LPSOHPHQWH
IDEULF RI WKH )3*$ RU )WEH |BRRIDRQLF REQAKHHYROXWLRQ SHULRG

Sz
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LQWR DQ LQWHJHU GHOD\ SOXV D IUDFWLRQDO SDUW 7KH LQW|
SRUW PHPRU\ DGDSWLQJ WKH ZULWH DQG UHDG SRLQWHUV RI W
VIQWKHWL]HG ZLWK D 9)' DV WKH RQH XVHG LQ WKH UHVDPSOHU

tAVA ‘e...Z—ec‘ee

7KH FKDSWHU KDV SUHVHQWHG WKH LPSURYHPHQWY WKDW WKH

KDYH VKRZQVIOQIVE O\ A @B UW K KWEHR@MILWY WKDW WKH QHZ $UF
//5) SUREOHPV 7KHQ ZH KDYH DGGUHVVHG WKH FKDQJHV DQG LP
D VFLHQWLILF DQG WHFKQLFDO SHUVSHFWLYH :H ZDQW WKDW V
WKHVH LPSURYHPHQWYV 7KLV HAKQ@R®R/JL G HDBYLEXRWHM BRAH @AW H P V
WHFKQLTXHV 7KHVH DGYDQFHV DUH JURXSHG DURXQG WKUHH Wi

'H KDYH ILUVW S 6HYQIDOV PG DPPNQFKUBQRKVAHIREKVN LG ):?
$UFKLWHFWXUH LV EDVHG RQ D IL[HG IUHTXHQF\ SURFHVVLQJ |
LQQRYDWLYH KDUGZDUH SODWIRUPV DQG GHYLFHV ZKHUH WKH |
DUFKLWHFWXUH 7KH VROXWLRQ IDFLOLWDWHY WKH PLJUDWLRQ
RQHV

7KH VHFRQG SDUDGLIRVEPRPGYOAVWKRHLGDWKOHSDWK WR WXQH W
WKH SURFHVVLQJ DOJRULWKPYV ‘H KDYH GHYHORSHG D QHZ UHYV
UDWLR WKDW LV XVHG LQ WKH SURSRVHG $UFKLWHFWXUH ZLWK |

J)LQDOO\70D@WZHQW %HDP /RDWIFEHRRPSKDW ODHWYEQRLWYV WKF
WKH UHVDPSOHU KDV EHHQ SUHVHQWHG 7KLV VFKHPD PDNHV LV
X7&% KDUGZDUH IRU WKH &(51 636 //5) VA\VWHPYV

7KH IROORZLQJ FKDSWHUYV DUH GHGLFDWHG WR HDFK RI WKF
WKH %63 $UFKLWHFWXUH DQG &KDSWHU WKH UHVDPSOHU 7KH
SHUIRUPDQFHY DUH SUHVHQWHG LQ &KDSWHU )LQDOO\ &KDSYV
VI\VWHP DQG DOJRULWKP LPSOHPHQWDWLRQ IRU 7UDQVLHQW %HI

s{
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7KLV FKDSWHU SUHVHQWYV WKH 6LJQDO %HDP 6\QFKURQRXV 3UR
7KHVLV ‘H VWDUW GHSLFWLQJ WKH SURSRVHG $UFKLWHFWXUH 11
DVSHFWV DW SK\VLFDO RU ORJLFDO OHYHO 1R LPSOHPHQWDWLR
LV VWDWHG 7KHQ WKH IRXQGDWLRQV DQG FRQFHSWV VXSSRUWL
DQG WKH FKDUDFWHULVWLFVY DFKLHYHG ZLWK WKLV VROXWLRQ L
WKH $UFKLWHFWXUH DQG D SURSRVHG GLJLWDO LPSOHPHQWDWL

Uata "”"iT ’"‘___ioo(o%o ”“.é(_i.“__n:t

7KLY VHFWLRQ SUHVHQWY DW IXQFWLRQDO OHYHO WKH SURSF
BURFHVVLQJ IHDVLEOH LQ D GLJLWDO V\VWHP ZLWK D IL[HG IUHT
KDUGZDUH GHWDLOV EHVLGHVY WKH FORFN DUH JLYHQ 7KH VDPH
‘H ILUVW GHSLFW WKH %63 DQG %$3 XQLWV DQG WKH HOHPHQW |
IROORZLQJ VXEVHFWLRQV ZH UHYLHZ DQG GHYHORS WKH WKHRU
‘H VWDUW E\ MXVWLI\LQJ WKH XVH RI D WHFKQLTXH EDVHG RQ VELC

ts
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SURFHVVLQJ ‘H FRQWLQXH ZLWK D GHVFULSWLRQ RI KRZ ZH PD S
RI WKH $UFKLWHFWXUH )LQDOO\ ZH SUHVHQW WKH LPSOLFDWLR

UAtAS@beS@ZT 17 "—e..mc'efZ set—..5

7KH $SUFKLWHFWXUH SUHVHQWY D VROXWLRQ IRU WKH SURFH
IXQGDPHQWDO IUHTXHQF\ WKH VR FDOOHG 6LJQDO %HDP 6\QFKU
D IXQFWLRQDO SRLQW RI YLHZ LW VROYHV WKH QHHG IRU D GD\

VI\VWHP FORFN LQ FRQWURO V\VWHPV IRU //5) DSSOLFDWLRQV >
FRQWUROV ORRSYV

6HYHUDO SURFHVVLQJ DOJRULWKPV FDQ EH XVHG LQ WKHYV
IXQFWLRQDOLW\ RXU VROXWLRQ LV LQGHSHQGHQW RI WKH VSHF
DOJRULWKPV SHUIRUPLQJ QDUURZ EDQGZLGWK SURFHVVLQJ Z
IXQGDPHQWDO IUHTXHQF\ DUH WUHDWHG > @ ,W LV DOVR FRPSE
KDUPRQLFV DUH SURFHVVHG > @ 7KH $UFKLWHFWXUH LV DOVR
RQ WKH VSHFWUDO FRQWHQW RI WKH VLJQDO %HDP $V\QFKURQR
VHQVH WKDW WKH %63 DQG %$3 FDQ FRH[LVW LQ WKH VDPH SOD!
PRUH FRPSOH[ SURFHVVLQJ RQ WKH VDPH VLJQDO

7KH KLJK OHYHO IXQFWLRQDO VNHWFK RI WKH SURSRVHG DL
LPSOHPHQWDWLRQ GHWDLOV DUH JLYHQ DW WKLV SRLQW EXW V
NH\ HOHPHQW LQ WKH VROXWLRQ 7KH ILJXUH VNHWFKHYV WKH G
LQSXW DQG RXWSXW 5) IURQW HQGV DQG WKH 5) SODQW 7KH GDV
WKH %$3 DQG D UHG SURFHVVLQJ XQLW WKDW SHUIRUPV %63 7ZF
7KH LQSXW UHVDPSOHU FRQYHUWY WKH IL[HG VDPSOLQJ UDWH D
VHTXHQFH 7KH RXWSXW UHVDPSOHU XVHV DQ LQYHUVH UHVDP:
FRPSOHPHQWDU\ RSHUDWLRQ VR WKDW LW UHFRYHUV WKH RULJL
WKH FRPSOHPHQWDU\ UHVDPSOHUV 7KH LQIRUPDWLRQ DERXW W
H[WHUQDOO\ WR WKH GHYLFH 7KLV LQIRUPDWLRQ LV NQRZQ DQC
WR WKH DOJRULWKP DUH DOVR SURYLGHG WR WKH GHYLFH

$0JRULWKP &RQWMRGDPHQWDO JUHTXHQF\ ,QIRUPDWLRQ

3*
)3*3 e 3
%HDP O
6\QFKURQ3 XV ,
3URFHVV>QJ

$PSOLILHU

>

JL[HG ’ ol 9DULDEOH! &D YW\

6DPSOLQJ 5DWH Y 6DPSOLQJ 5DWH
JL[HG
JUHTXH rl

&ORF

\ 4

5) JURQW [HOG

,{ $V\QFKURQRXM,
: 3URFHVVLQJ

o, 5=I:I=\‘/=E)P‘S\OHJ
5) JURQW HQG

yLJ JXQFWLRQDO VNHWFK RI WKH $UFKLWHFWXUH 7KH %63 XQLW LV VXUU

tt
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7KH SURWRW\SH VROXWLRQ GHSLFWHG LQ )LJ LPSOHPHQ
VLIJQDOV //5) FRQWURO DOJRULWKPV FRPPRQO\ SHUIRUP WKH
FRQYHUVLRQ HLWKHU WR EDVH EDQG RU DQ\ RWKHU ,QWHUPH
DSSOLFDWLRQ RI WKH SUHVHQWHG $UFKLWHFWXUH WKDW ZLOO
VLIJQDO WR EDVH EDQG ,) E\ DQ DQDORJ 5) LQSXW IURQW HQG 7
SHUIRUP HLWKHU %63 DQG RU %$3 7KH SURFHVVLQJ VXSSRUWV |
IUHTXHQF\ IURP WR EDVH EDQG WR RWKHU ,)V )LQDOO\ DQ RXV
EULQJV WKH VLJQDO EDFN IURP EDVH EDQG RU WKH ,) WR WKH U]

W LV DQ DOO GLIJLWDO VROXWLRQ WKHUH LV QR QHHG ZK
SURFHVVHG VLIJQDO EHIRUH WKH '$& RXWSXW VWDJH LQ WKH RX
FORFN 7KH IUHTXHQF\ LQIRUPDWLRQ RI WKH VLIJQDO EHLQJ SU]I
IRUPDW

UAtAtAe Zce% "f—F “f"<f—c's

7KH 6WDWH 21 WKH $UW LQ &KDSWHU KDV LQWURGXFHG VR
Rl WKH SURFHVVLQJ DOJRULWKPV DQG WKH VSHFWUDO FRQWHQ\
HLWKHU RQ IXQFWLRQDO DSSURDFKHV DV WKH UHDO WLPH UHFF
KDUGZDUH DSSURDFKHV ZLWK D VDPSOLQJ RI WKH VLJQDO E\ D
SURFHVVLQJ GHYLFH ZLWK WKH VDPH VZHSW FORFN > @ RU GH
KDUPRQLFV PXOWLSOHV RI WKH IXQGDPHQWDO IUHTXHQF\ XVLC
KDUPRQLF > @

7KH SUHVHQWHG $UFKLWHFWXUH WXQHV WKH GLJLWDO UHS!
WKH %63 SURFHVVLQJ E\ G\QDPLFDOO\ UHVDPSOLQJ WKH GLJLW
IUHTXHQF\ FORFNV LQ WKH VDPSOLQJ DQG SURFHVVLQJ VHFWL
IROORZLQJ VXEVHFWLRQV HODERUDWH WKH VDPSOLQJ DQG UHVD
WKH WXQLQJ

yaxaxawedte—coe
7KH 7KHVLVY XVHV LQWHQVLYHO\ VRPH UHODWHG FRQFHSWYV
‘H IROORZ WKH GH IDFWR FRQYHQWLRQV XVHG WR UHIHU WR WK
WKH OLWHUDWXUH > @ > @ > @ :KHQ UHIHUULQJ)WOR/ WKRHERJH T

LQ WKLV GRFXPHQW ZEWKIDOWMRQKYDAW D IUHTXHQF\)RI +] ZLOO
'KHQ UHIHUULQJ WR WKH DVVRFLDWHG DQJX@DUDI®@HOQJHQF\ WKL

'KHQ UHIHUUIF@XB BARFNWR D KDUGZDUH VLJQ b a DDA WDHEL Y E
+] KHQ UHIHUUWQ@H WRIBWWWRHNVNKH VSHHG DW ZKLFK VRPHWKLQJ

tu
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7KH VDPSOLRINNOWKM FORFN GULYLQJ WKH GDWDWDWTRELVL
IUHTXHQF\ +] DFTXLUHV GDWD W D WDPSOIHQY UTKWMW FIORFN DFT
GDWD VIMRSOHWDPSOH LQ RQH VHFRQG DQG LW KDW \IDWNBBOBO )R
WKLV VSHFLDO DQG VSHFLILF FDVH ZH ZLOO UHF@E\LQWGY WDPGOW
UDWH RU VDPSOLQJ IUHTXHQF\ :H ZLOO GJHRRW MW K& G/DASIOQRW O U
DYy DV WKH YDOXH LV WKH VDPH DQG RQO\ WKH XQLWV FKDQJH

7KH SURFHVVLQJ R® MAYWWKHPFO®RERNGULYLQJ D SURFHVVLQJ V
SDWK D SURFH\GMQJ DFABANXHQF\+] SHUIRUPV RSHUDWLRQYV
F| RSHUDWLRQ V 7KDW FORFN SH1xRUPV Z0L QK FIE ISH (RIRSS R U
RSHUDWLRQ V (TXLYDOHQWO\ WKH GDWD SDWK FORFNHG E\ WKI
SURFHVVLQJ VORMWY VHFRQG WR SHUIRUP WKH KXQGUHG RSHUDW
LQ WKH 7KHVLV WR BOFYRAHW\SLURFAYREQ@J UDWH RU SURFHVVLQ
LQGLVWLQFWO\ WKW SURRFBURE®Y WIDWH DEFASHQE\LRY RQ WKH FR!

'KHQ UHIHUULQJ WR D QRUPDOL]HG IUHTX®QFN D QU WG GLLMF
KDYLQJ D WRQH)PWKDWHVXHIDFSOHG ZLWKZBE ¥D® DN \HPEBGRF N K
GLVFUHWHEIUHYXO®FA I[URP WKH TXRWLHQW EHWZHHQ WKH VLJQ
I ) MZLWK XQLWV Rl VD®SAKM QRUPDOL]JHG IUHTXHQF\ P\RLW QR
WKH WRQH LQ WKH DQDORJ VLN QRBOQMRHWKHIY QP S\OR. Q D JY IO DXHQR
WKHVH DUH U& S UM \DHQBVWEHDXQLWY DUH UDGLDQ VDPSOH

yAxaxaxa'Z e %o

'LIJLWDO RU 'LVFUHWH 6LJQDO 3URFHVVEQR WYXWWPYHSYIHHWY DB
FRQWLQXRXV[ WLPG! WKHQ®IOVFUHWH WLPH GRPDLQ > @ > @ 7KH
GLVFUHWH WLPH TXDQWL]J]HG VDPSOHV LV JHQHUDOO\ SHUIRUPH
LOQYROYHV WZR VWHSY 7KH ILUVW VWDJH LV VDPSOLQJ ZKLFK H
LQVWAHDWVSIWFHG E\ WKH VRPBIOWRQ BHUKRQ TXDQWL]DWLRQ WUDG
DPSOLWXGH LQ WKHVH GLVFUHWH WLPH L[GQEAWDWHVW RHRCGD. AW DW C
UHSUHVHQWDMWWILRQ RO WBEXH DW WSHFLILF WLPH LQVWDQWYV

7KH VLIQDOV DW WKH LQSXW DQG RXWSXW RI WKH VDPSOLQ
RI WKH ILIJXUH GHSLFWV LW VLMHS O\HE D @O KRR VEEQYRULILQDWH\
RI VDP[E®HNVQ EHLIHNWFTXLUHG DW

,Q WKLV GRFXPHQW VDPSOLQJ LV XVHG LQGLVWLQFWO\ W
FRQWLQXRXV VLIQDO WR LWV TXDQWL]HG GLVFUHWH WLPH VDPS
WKH UHD® WIRJQDELVF UHWE® NVDPI$S DHGWDW DRIQDW E LV F U H@H VHT)
LV ODWHU SURFHVVHG E\ D GLILWDO V\VWHP

tv
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PLGGOH WKH $'& LQWHUIDFLQJ WKH UHD Q>QaLJRP & DK @ LW K W GW X FUWHNTEX RIGIBH KR
VSDFHG E\ WKH VRPSOLQJ SHULRG

VAXAXAWAf e Z <o %o

5HVDPSOLQJ LV DQ RSHUDWLRQ RRQR DH T X HQH G R BVEOLNSERNHID
D QHZ VHTXHQFH RI\&I@/ F UK WD\ODASORN WKLY QHZ VHTXHQFH DS
UHDO YWXXM® DFTXLUHG DIW>D @LHH@HQ@WLYVDWHGHSLFWHG LQ )L.
GLVFUHWH VDPSOHV RI WKH JUH\ ZDWBHRBOR VD PIGHGHYWP SOH
K VDPSOH V 7KH QHZ VHTXHQFH DSSUR[LPDWLQJ WKH UHDO
VLGH RI WKH ILIJXUH

[X@ [>Q@ \P@ \P@
—>» 5(63%03/(5 >
H o ¥ >VDPSQfl V@ >VDPSOH V@ b
> 5HVDPSOLQJ I >
6DPSONG DW > 6DPSOMHG DW
yLJ +LJK OHYHO UHSUHVHQWDWLRQ RI WKH UHMIEP YOPGDISGRFHVV

DW DVUDQVW KH ULJKW WK H>R@d \DX /W UQUHWHDTPHSHOQRH WR D UDWH

YAXAXAZEA —Fe..v@T ofce <ot F—f—c'e T ofe’Zco%o fot "o

/IHWTV QRZ KDYH D ORRN DW WKHVH RSHUDWLRQV LQ WKH Il
[WZLWK IXQGDPHQWDRQO MDPTSOHGF DWW DUBOWHVHQWDWLRQ LV PDS
GLVFUHWH QRUPDOL]HG VSHFWUXP > @ > @ DW

7z @ Je (T
IV \
7KLV LV GHSLFWHG LQ )bJ  N+ZKIVUWDD S\OR(EOZDW K DNFDRF N

7KH ILIXUH GHSLFWV LQ WKH OHIW VLGH WKH WRQH LQ WKH DQD
7KH VDPSOLQJ PDSV WKH WRQH; H® WKHD @ LYG UXOH VGBI
& & UDGLDQ VDPSOH 7KH ULJKW KDOI RI WKH ILJXUH GHSLF
WKH VDPSOLQJ UDWH LQ SXUSOH 7KH ILJXUH VSDQV WKURXJK V
IURP '& WR KDOI WKH VDPSOLQJ UDWH DQG WKH VHFRQG 1\TXLV)
VDPSOLQJ UDWH DV WKH XSSHU OLPLW

tw
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) _$QDORJ 6LJQDO _;|_'F_'LVFUHWH
6SHFWUXP 6SHFWUXP
[wW , [Q@
) ) A z S Z S
T >N + FON >VDP®OH

[ > $QDORJ WR 'L >
&RQYHUVLRQ

)LJ JUHTXHQF\ GRPDLQ UHSUHVHQWDW L)R @/& L QV MK ¥ DBAY/E UGIWSHURRHR B O P

'KHQ WKLV GLVFUHWH VLIJQDO LV UHVDPSOHG WKLV UHVXC
VSHFWUXP 7KLV LV GHSLFWHG LQ )LJ WKH OHIW VLGH VKRZ
VDPSOH V SXUSOH &UUEZ PDBSHOQNVNWRDPSOH EHLJH OLQH 7KH
LGHDO UHVXOW DIWHU UH¥DPSONVNQP SRHDY QHURZDWMHURRZ WKH

&1 & UDGLDQ VDPSOH SLQN OLQH
, [Q@ | \P@ ¥ 'LVFUHWH
_:#f 'LVFUHWH —> 5(6%03/(5 > ~ T6SHFWUXP
BSHEWUXP "
2 S 5 SIV >VDPSOH V@ Pall S Z S
svopgoH |V >VDPSQH Ve >VDP®OH
» 5HVDPSOLQJ >
I I > !
)LJ JUHTXHQF\ GRPDLQ UHSUHVHQWDWLRQ RI WKH UHYDPSOLQJ SURF

LV UH PDS&HMGRIURP

7KH UHVDPSOLQJ RI D GLVFUHWH VLJQDO PRGLILHV DQG FKD
IUHTXHQF\ GRPDLQ 7KH QHZ <HY% FRWLH W\H SUKN MEMBW UR® Z L
VSDQQLQJ XS WR WKH QHZ VDPSOLQJ UDWH ,W LV KHQFH SRVVL
VSHFWHXPVDPSOHG VLJQDO E\ FKDQJLQJ WKH VDPSOLQJ UDWH -
VSHFWUXP WR WKH GHVLUHG SRLQW&WE K\HKUHH GAL K F USHUWR I QR RDD) OAL
7KLV LV WKHUHIRUH D VXLWDEOH DOWHUQDWLYH IRU WXQLQJ W

7KLV DSSURDFK LV WKH LQYHUVH RI WKH FODVVLF UHFRQIL.
DGDSWLQJ W RddrklH WXHIQBHVSRQVH RI WKH SURFHVVLQJMWR WKH
WKH UHVDPSOLQJ WXQHV NHMRL DQ DLOHIGH S U R K HDWIL R\ IRIE TOXLH/E E
QRUPDOL]JHG VSHFWUXP 7KLV LV GHSLFWHG LQ )LJ WKH SUR
GLVFUHWH 1844A7XHRF\ RUDGLDQ VDPSOH ,Q WKH OHIW VLGH RI W
GLVFUHWH UHSUHVHQWO WLEQ RIUIWEHDW RDH DAHVKDMQJ D VDPSC
VDPSOH V :H WKHQ XMaH WR WV\DXFEHD MQKIH RAGTSVR U W W HSW@S HFBR\OW XM | L[

SURFHVVLQIJI&URIFXKRIQELQI WR (T 7KLV LV GHSLFWHG LQ V
UHVDPSOHG WRQH LQ SLQN QRZ PDWFKHV WKH ILOWHU LQ UHG
19 VDPSOH V GHSLFWHG LQ EURZQ LQ WKH ILIJXUH

tx
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Q@ \*P@ 4¥ 'LVFUHWH

_;¥¥ 'LVFUHWH —>» 5(6%03/(5 > T6SHFWUXP
6SHFWUXP

1%

v
P S S SIV >VDPSOH V@ Pal s > s
/—\ZSURF S >V DP &0 H W >VDbPSQH V@/'\ZSURF S >VDP®&OH
- 5HVDPSOLQJ I >

|

)LJ 5SHSUHVHQWDWLRQ Rl WKH UHVDPSOLQJ SURFHVV D% WRHP B QWGWM R Q/KX
IL[HG SURSEHRAVHIQIL[HG S&RFHING LEDIQG SDVV ILOWHU WERPI® YV FR@GW D QW RS |

/IHW XV QRZ DQDO\VH KRZ ZH FDQ XVH WKLV LQ RXU %63 DSS(
DW WKH EHJLQQLQJ RI WKH PRPHQW > R QWP EQD W KFN U5 iR O XQ\OLC
IXQGDPHQWDO KDUPRQLF DQG KDUPRQLFV DW LQWHJHU PXO
IXQGDPHQWR® LVNBW DQG FRQVLGHU WHKNHH KRWPRQNRY DW
Junve  uny  N+] DG Juny N+] 7KLUMLI@D®RZQ FRQYHUWHG W
JHQHUDWLRULQJ WKH UDPS WKH IXQGDPHQWDO KDUPRQLF LV NH
2VFLOODWRU /2 RI WKW IPL[WKHQKHDPISPR@O JHQHUDWLQJ

)L J GHSLFWV WZR LQVWDQWYV RI WKH DFFHOHUDWLRQ S
EHJLQQLQJ RI WKH UDPS WKH DQDPWRUH GG H/HFW H & H 7K $1HF BVRISK
WLPKH LV VDPSOH V GHSLFWHG ZLWK D SXUSOH DUURZ LQ WKH
KDUPRQMFV QRZ DWN+] LQ EHLJH DQ&uMeKHYRDQGREOQNLFV N +]

) N+] PQG N+] LQ EOXH JUHHQ DQG RUDQJH UHVSHFWLYHO\
VLIJQDO IROORZV WKH VDPH FRORXU FRQYHQWLRQ ,Q WKDW VL
KDUPRQ&FV (AW UDGLIXQ VIEPSOWDGLDQ&DP&OH DOGLDQ VDPSO
GLVFUHWH SURFHVVLQJ RI WKH //5) WKH EDQN RI SDVV EDQG ILC
WKH GLVFUHWH IUHTXHQF\ Rl HDFK KDUPRQLF EHJLQQLQJ RI WK
IL[HG ZLWKRXW DQ\ UHFRQILJXUDWLRQ DW WKHVH GLVFUHWH V

7KHQ WKH PRPHQWXP UDPS RI WKH DFFHOHUDWRU RRFHOHUI
VZHHSV WKH IXQ&b¥ H§ WDDW W RMHFWROWRH[WUDFWLRQ 7KH Il
WKH /2 FRQWLQXRXVO\ DQG NHHSV WKH IXQGDPHW0WRDHYWU' & WK
SRVLWLRQ Rl WKH RWKHU KDUPRQLFV LV QRW FRQVWDQW LQ ED
WKH PRPHQWXP UDPS DGYDQFHV 7KH\ FKDQJH LQ SRVLWLRQ DQC
VLIQDO )LJ E GHSLFWV WKH VLWXDWLRQ DW WKH HQG RI Wk
WKH VDPH IL[HG IUHTX HQE\W DPSDW EMDPSRFANY 7KH DQDORJ VSH
ZLWK WKH IXQGDPHQWDBD EDXW '& KH KDUPRQLFWH)JUH QR DWG
) N+] 7KH VDPSOLQJ PDSV WKH KDUPR&LFWEWR WK LAOLY FDH
& & UDGLDQ&VDREBOH MPGLDQ VDPSOH ,Q WKLV VLWXDWLRQ
PLVDOLJQHG DV QR UHFRQILJXUDWLRQ KDV EHHQ GRQH

ty
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I$QDORJ 6 SHFWUXP
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_iH¢'RZQ FRQYHUWHG

'LVFUHWH 6SHFWUXP
| |
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D $QDORJ DQG 'LVFUHWH 6SHFWUXP DW WKH EHJLQQLQJ RI WKH DFFHOHUDWLQJ U

_i) 'RZQ FRQYHUWHG
$QDORJ 6SHFWUXP

) )
>N+]@

_H*RZQ FRQYHUWHG

T'LVFUHWH 6SHFWUXP
|

AVan\/mVaa

Zz S
>VDP®OH

\j

E $QDORJ DQG 'LVFUHWH 6SHFWUXP DW WKH HQG RI WKH DFFHOHUDWLQJ UDPS X\

_i1) 'RZQ FRQYHUWHG
$QDORJ 6SHFWUXP

)V )W

1 4

_H'"RZQ FRQYHUWHG
T 'LVFUHWH 6SHFWUXP % I
I

\/

V

VAR

! } -01\23
‘ I

F $QDORJ DQG 'LVFUHWH 6SHFWUXP DW WKH HQG RI WKH DFFHOHUDWLQJ UDPS H

FORFN ZLWK UHVDPSOLQJ RI WKH GLVFUHWH VDPSOHYV

5HSUHVHQWDWLRQ RI WKH EHDP VLIJQDO LQ WKH DFFHOHUDWLRQ SURF
DW WKH EHJLQQLQJ RI WKH UDPS E DW WKH HQG RI WKH UDPS ZKHQ WKH VDF

WKH UDPS ZLWK D VZHSW FORFN RU UHVDPSOLQJ
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&RQVLGHU QRZ YWuaD WV WK/ BHEG Q BiIGH WD PBYRI QUK H Q 2@/ LJQD
LV G\QDPLFDOO\ PRGLILHG GXULQJ VBKHN SRS RUKH RIGIVO P\V8R L\Y
IUHTXHQF\ RI WKH IXQGRRIQGWBDVKDIUP RGIYROXWLRQ IUHTXHQF\

)LJ F GHSLFWV WKH HQG Rl WKH DFFHOHUDWLQJ UDPS |
Rl WKH UDPS WKH YDULDEOH VD@ OLHDFWBW H DO SWKHVQ HZ WIKLG
WKH KRPRWKHW\ LV FRPSHQVDWHG DQG WKH PDSSLQJ RI WKH K
FRQVWDQW SRVLWLRQ DV D UHVXOW RI (T 7KH ILJXUH GH
UHPDLQV WKH VDPH RQO\ WKH QHZ VDPSOLQJ FORFN LQ EURZ
KDUPRQLFV WR WKH VDPH &RVL@LRQDDGYD®W DESIGIRWLERQDQ VDP
& & UDGLDQ& DP&EOH DQGLDQ VDPSOH 7KH UHVDPSOLQJ RI
WKXV LQ WKH IL[HG GLVFUHWH SRVLWLRQ Rl WKH KDUPRQLFV $
UHVSRQVH KDV QRW EHHQ FKDQJHG UHPDLQV DOVR LQ WXQH ZL!

7KH SURSRVHG $UFKLWHFWXUH LV EDVHG RQ WKLV UHVDPS
FRQYHUWHG VLJQDO ZLWK D VZHSW FORFN ZH XVH UHVDPSOLQ
IUHTXHQF\ FORFN WR REWDLQ WKH VDPH UHVXOW DV ZKHQ XV
UHSUHVIBQRNDMKIHR §LIJQDO TUH T X QW BRKW KK WMKHTSHRFMHVVLQJ D
GHILQHG DQG WKDW FDQ UHPDLQ IL[HG

uadtaufefe'Zce%o ofet™c...S

7KH SUHYLRXV SRLQW KDV SUHVHQWHG VDPSOLQJ UDWH FF
EHWZHHQ VLJQDO DQG SURFHVVLQJ 2WKHU HOHPHQWYV RU DOJRI
VDPH GDWD SDWK QHHG KRZHYHU WR LQWHUIDFH WKH SURFHVYV
WKH FDVH IRU LQVWDQFH RI $'&V '$&V DQG WKH %$3 XQLW WKDYV
DQG WKH SURFHVVLQJ

7KH $UFKLWHFWXUH LV FDSDEOH Rl VXSSRUWLQJ ERWK %63
HQFDSVXODWLRQ RI WKH %63 XQLW ZLWKLQ WZR UHVDPSOHUYV
$SUFKLWHFWXUH LQ )LJ 7KLV PDNHV LW SRVVLEOH WR LQWH
WKH UHVW RI WKH VI\VWHP 7KH %63 LV KHQFH SHUIRUPHG DQG F
WKH VR EBI®ORASOHU VIR &KW XQLW RI WKH $UFKLWHFWXUH
VIQFKURQRXVO\ WR WKH VSHFWUIDS WROM R Q WV R OVWRGNARUES BRGHVFK
SUHVHQWHG LQ VHFWLRQ 7KH UHVDPSOHUV SHUIRUP WKH
WKH IL[HG VDPSOLQJ HOHPHQWYV LQ WKH GDWD SDWK IURP WKH
VROXWLRQ FRPSDWLEOH ZLWK DQ\ GDWD SDWK WKDW LQ VRPH V)
WKH LPSOHPHQWDWLRQ GHWDLOV ,W SUHVHQWYV KRZ D IL[HG S
VDPSOLQJ UDWH

t{



n;lt.:t-l— 7”‘_“¢.o(o%o ”___S(—:t...—_ni

uatavg —Zf—<'s f"...Sc<—t...——"t

&RQWURO DOJRULWKPV IRU //5) VIVWHPV QRUPDOO\ SHUIRUP
KDV EHHQ SUHVHQWHG LQ VHRWWRQV GRZQ@KHRUHY WK\NWGEXIR EB V
SURFHVVLQJ ,Q VI\VWHPV ZKHUH WKH 5) LV IL[HG WKH GRZQ FRQ
ZLWK D VWDWLF /2 ,Q WKH 636 WKH VZHSW 5) > @ SRVHV D
$UFKLWHFWXUH :H QHHG D YDU\LQJ /2 WR GRZQ FRQYHUW WKH
DFFHOHUDWLQJ UDPS

,Q VPDOO PDFKLQHV WKH 5) VLIQDOV FDQ EH VDPSOHG GLU
GLJLWDOO\ E\ PHDQV RI D GLJLWDO PL[HU GULYHQ IURP D 1XPHU
PDFKLQHV UHO\ RQ 5) GHPRGXODWLRQ > @ D QDUURZEDQG 5) VL
5) IURQW HQG XVLQJ D VLIJQDO FRPLQJ IURP D /2 7KLV ,) VLJQDO
SKDVH DQG LQ 4XDGUDWXUH , 4 PL[HU GRZQ FRQYHUWYV LW WR E
EDQGZLGWK LV PXFK VPDOOHU WKDQ WKH I1I\TXLVW UDWH RI W
FRPSOHPHQWDU\ XS FRQYHUWHU EULQJV WKH VLJQDO EDFN WR V

7KH SUHVHQWHG $UFKLWHFWXUH VXSSRUWVY DOO WKHVH RS\
DOO RI WKHP ,Q WKH ILJXUH WKH 5) LV ILUVW PL[HG ZLWK DQ L
,) 7KH VLJQDO DW WKLV ,) LV VDPSOHG E\ DQ $'& 7KH 5) FRPSR
GRZQ FRQYHUWHG WR EDVH EDQG ZLWKLQ WKH )3*$ XVLQJ D VHF
1&2 7KH UHVXOWLQJ ,) ZLWK WKH 5) FRPSRQHQW WUDQVODWHG
RXWSXW RI WKH %63 D VHFRQG GLJLWDO PL[HU SHUIRUPV XS FR
ILJXUH WKLV /2 LV DOVR VZHSW DQG WUDQVODWHY WKH 5) IURF
SHUIRUP IRU LQVWDQFH %$3 WKLV LV WKH FDVH LQ WKH ILIXUH
WKH LQVWDQWDQHRXV IUHTXHQF\ Rl WKH 5) IRU LQVWDQFH FR
'$& )LQDOO\ D IRXUWK PL[HU UHFRYHUV WKH 5) VLIJQDO VHQW W
/2 7KH GLJLWDO /2V DUH UHFRQVWUXFWHG ORFDOO\ LQ WKH )3*
IUHTXHQF\ DQG UHYROXWLRQ IUHTXHQF\

yLJ +LJK OHYHO UHSUHVHQWDWLRQ Rl WKH GLIITHUHQW JRQHV SHUIRUPLQ
WKH ILJXUH WKH 5) JUHHQ JRQH LV WKH UHJLRQ ZKHUH WKH 5) LV DW LWV QRF
ZKLFK WKH 5) LV GRZQ FRQYHUWHG WR RWKHU LQWHUPHGLDW

ur
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7KLV VHFWLRQ SUHVHQWY WKH LPSOHPHQWDWLRQ GHWDLOV RI
VXSSRUWLQJ HOHPHQWYV :H ILUVW LQWURGXFH WKH KLJK OHYHC
OHYHO LQFOXGLQJ WKHVH VXSSRUWLQJ HOHPHQWY QHHGHG WR
IHDVLEOH :H LQWURGXFH WKH FRQFHSW RI GHFRXSOHG GDWD S
KRZ WR LPSOHPHQW VXFK D GDWD SDWK ZLWKLQ DQ DGDSWDWLR
‘H VKRZ WKH UHTXLUHG LQWHUIDFHV DW ORJLF DQG SK\VLFDO O
EHWZHHQ FRXSOHG DQG GHFRXSOHG UHJLRQV 5HFDOO WKDW ZH
ORRS DV WKH H[DPSOH LQ )LJ WKLV LV WKH UHDVRQ ZK\ Z
UHFRYHULQJ WKH RULJLQDO VDPSOLQJ UDWH :H FRQFOXGH SUH
LV GHYHORSHG LQ GHWDLO LQ &KDSWHU DQG WKH RSHUDWLRQ

UAUASE Te—c'oe

7KH IROORZLQJ VHFWLRQV DQG FKDSWHUV LQWHQVLYHO\ H
FRQYHQWLRQ KDV EHHQ VWDEOLVKHG LQ WKH 7KHVLVY WR GHQRW
LWV YDOXH +DUGZDUH VLJQDOV DUH UHS Y H\KHDWHGF B LIW K LR DT
SK\WLFDO LPSOHPHQWDWLRQ RI D YDULDEOH WKH QDPH XVHG L
UHSUHVHQWHG LQ 7LPHV 1HZ SBRWVPOEVFRQWW QG DWOWEFAKHQ QHF
VLIQDOV WR XQLYRFDOO\ LGHQWLI\ WK Pr,ovE ® QExW HD BAK H G- R\DHH
FORFMWBSILRFY WKH VLIQDO DW WKH LQSXW SRUW RF®ELWEW LW
IUHTXHQF)\

UAUAKBbo S 2T 17 <o’ Ztefo—f—c's sof—..§

7KH KLJK OHYHO LPSOHPHQWDWLRQ PRGHO RI WKH SURSRVFE
%63 LV GHSLFWHG LQ )LJ W PDSV WKH IXQFWLRQDO PRGHO
UHVRXUFHY DQG EORFNVY QHHGHG WR PDNH WKH LPSOHPHQWDWL
DUH QRW LQFOXGHG DV ZH RQO\ IRFXV RQ WKH GDWD SDWK KRZ
WR GHQRWH WKH IL[HG TUHTXHQF\ FORFNLQJ VFKHPH XVHG ZLWK

7KH LPSOHPHQWDWLRQ PRGH ® DRRGQADLHAM PAKRFVIMHED Q 5VE QKH:
3)DES5LF ZLWK $GDSWLYH D1G GH&RXSOHG FORFN,QJ IRU 6\Q&KUF
IDEULR JUH\ \HOORZ DQG UHG 7KH KDUGZDUH IDEULF WKH GHY
$6,& RU )3*$ LV XVHG IRU LPSOHPHQWDWLRQ RRWXMNGS Y HZE H UK
DGDSWDWLRQ IDEULF LV XVHG IRU GP$BGNMGDBWW® BW WKQLR | XWVHKIHG %,6X
GDWD SDWK WKH SURFHVVLQJ DQG VDPSOLQJ FORFNV RSHUDWH I
VORWY DQG VDPSOHV QHHGYVY QRW WR EH WKH VDPH Y@XJIKGDRGDW
IODJ WKH SURFHVVLQJ VORWY FRQWDLQLQJ YDOLG GDWD ,Q D F

us
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IUHTXHQF\ DOO WKH SURFHVVLQJ VORWY DUH KHQFH SRSXODWtE
)5$1&,6&DEULFV FRH[LVW LQ WKH VDPH GHYLFH)bRI® BHEIDE WL FR
LV EXLOW RQ WRS Rl WKH KD UG DXV LISEY LFD W B RD QGWSHARBRHE J \
SURF(VVLQJ DQG 6DPSOLQJ 0(5&('(6 'HFRIXG® QM HHG L&R WEKGIHI ILIXV
XQLTXH GDWD SDWK SRLQWYV OLQNLQJ WKH WZR Q\WOLRYWHUD JHB
48D1IWL]HG USWLR -2$48,1$ )UHTXHQFW /BOERX(GE RRESIOHN HUIDFH
DQG WKH RXWSXW UHVDPSOHU WR FRUUHFW IRU WKH WUXQFDWL
)LJ 7KHVH UDWBRORUJQEBEVLQS KW BRXNBRSWKH RRWSXW UHVI
FRUUHFWERQ UBYQD®GBRBXMRIRUH WKH RXWSXW UHVDPSOHU

,Q WKKH1&,6&8DGDSWDWLRQ IDEULF WKHUH DUH WZR VXE |
0(5&('(6 LQWHUIDFHY DQG WKH UHVDPSOHUV LV D VXE UHJLRQ Z
WKH KDUGZDUH IDEULF ,Q WKH ILIXUH \GBTWDMX® QUEREROHFRQ Y !
WHKE5&('(6LQWHUIDFHY DQG WKH UHVDPSOHU 7KHVH VLJQDOV FR
LQ ZKLFK QR SURFHVVLQJ LV SHUIRUPHG 7KDW VHJPHQW FDQ QH
VXE UHJLRQ LV HQFDSVXODWHG ZLWKLQ WZR UHVDPSOHUV LQ
SURFHVVLQJ XQLW Rl WKH GDWD SDWK ZKHUH WKH VDPSOLQJ U
VHFRQG VXE UHJLRQ LV WHHMDFS GHQUQHIQ DY LWKH 3

7KH UHVDPSOHUV DUH UHVSRQVLEOH IRU WKH VDPSOLQJ
UHVDPSOLQJ UDWLR RI WKH LQSXW UHVDPSOHU GLFWDWHYV WKH
WKH IL[HG IUHTXHQF\ SURFHV, G RIPE BOR FWIBHN BUGBRQID W KH ILIJXUH 7

)3*$ LB b :

DU G Z DA E R BDAELE)
SURFHV\dsRJIS$ >+]1@
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|
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GLITHUHQW SURFHVVLQJ FORFNV DQG WKH UDWLR VLIQDOV IRU 1

7KH FORFNV UHODWHG WR WKH FRXSOHG GDWD SDWK LQ WKH
GHFRXSOHG GDWD SDWK LQ WKH DGDSWDWLRQ IDEULF XVH \HO!
VDPSOLQJ UDWH HTXDO WR WKH KDUGZDUH IDEULF ZLOO EH GHS
YDULDEOH XVH WKH UHG FRORXU $ GDVKHG YHUWLFDO OLQH LQ
ULJKW DQG IL[HG VDPSOLQJ P8R ,6&EIDBULMXE UHIJLRQV LQ WKH

$W WKH IXQFWLRQDO OHYHO WKH UHVDPSOHUV DUH KHQFH
DQG SURFHVVLQJ XQLWV LQ WKH GDWD SO(W&(' (BVD WK M/ IOHR LIGPWBIQ
EHWZHHQ WKH IDEULFV LQ WKH GHYLFH DQG WKH FRXSOHG DQG
WKH VDPSOLQJ UDWH WKDW FURVVHWWX HWH\WREW KDUSZHW X QB K D
WKH GDWD SDWK KDV D IL[HG VDPSOBE®I&)OSPE UDG GZ KHKUHH VXY E HU B
KDV D IL[HG DQG LGHQWLFDO VDPSOLQJ WPAEHU IR @ WILR Q H JL®
WHKE$1&,68DEULF ZKHUH WKH GDWD SDWK KDV D YDULDEOH VDPS

7KH VROXWLRQ IRFXVHV RQ WKH XVH RI D IL[HG SURFHVVLQ.,
RI DOO KDUGZDUH IHDWXUHV RI QHZ KDUGZDUH GHYLFHV VXFK L
SURFHVVLQJ FORFN > @ > @ 7KHVH GHYLFHV DUH VXEVWLWX)
7KH\ RITHU PXFK KLJKHU SURFHVVLQJ UDWHV FXVWRPL]DWLRQ
SDUDOOHOLVP 7KHVH GHYLFHV DUH EHVW VXLWHG WR D IL[HG V\
RI WKH ROG VROXWLRQV ZLWK WKH IL[HG IUHTXHQF\ FORFN WKLV
> @

uduauvda. t'-—fZ tt...'— 723t tf-fe' f-S

6HFWLRQ KDV LQWURGXFHG UHVDPSOLQJ DV WKH IXQFWLI
VLIQDO WR WKH GLVFUHWH SURFHVVLQJ ZLWK IL[HG IUHTXHQF\ L
PRGLI\ WKH GDWD VDPSOLQJ UDWH DV LW LV DFTXLUHG ZLWK D
EHJLQQLQJ RI WKH GDWD SDWK WKH $'& LQ )LJ 7KLV GDWD
GDWD SDWK WRZDUGV D '$& WKDW DOVR XVHV D IL[HG IUHTXHQF\
SDWK QHHG WKHUHIRUH WR VXSSRUW DQG DFFRPPRGDWH IL[HG
UHJLRQV $V ERWK UHJLRQV DUH LPSOHPHQWHG LQ WKH VDPH S
WR EH DV ZHOO

6LQFH ZH ZDQW WR IROORZ WKH PRPHQWXP UDPS RI WKH D
DSSURDFK PXVW LPSOHPHQW D YDULDEOH UDWLR ZKLFK VKRXO!
XVH WKH LQSXW UHVDPSOHU WR GHILQH WKH VDPSOLQJ UDWH LC
FRQVWDQW VDPSOLQJ UDWH ZKLOH WKH RXWSXW UDWH LV YDUL
IRU ERWK WKH UHVDPSOHU DQG WKH GDWD SDWK WKH FORFNL
YDULDEOH VDPSOLQJ UDWH

uu
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7DNH WKH FDVH RI WKH KDUGZDUH DW WKH RXWSXW SRUW |
FORFN WKDW KDV WKH VDPH IUHTXHQF\ DV WKH VDPSOLQJ UDWH
vD\ WKDW WKH I[UHTXHQF\ RI WKH FORFN DQG WKH VDPSOLQJ UD
VROXWLRQ XVHG IRU WKH LPSOHPHQWDWLRQ RI WKH 27)% WKH
LQVWHDG RI WKH HQWLUH V\VWHP RQO\ D SDUW RI WKH GDWD &
ZDQW WR DYRLG WKLV RWKHUZLVH PDQ\ RI WKH SUREOHPV SUHV

‘H KHQFH QHHG D IHDVLEOH VROXWLRQ VXSSRUWLQJ WKH LP
ZLWK D YDULDEOH VDPSOLQJ UDWH EXW XVLQJ D IL[HG FORFN IRL
RI YLHZ ZKHQ ZH VWXG\ RU GHYHORS DQ DOJRULWKP ZH WKLQN
WKH KDUGZDUH FORFN OHYHO LQ WKDW VLWXDWLRQ WKH UHO
'H DEVWUDFW WKH VDPSOLQJ RSHUDWLRQ IURP WKH UDWH DW ZK
FDQ EH H{(WUDSRODWHG WR WKH LPSOHPRQWQ® LVRIQH W BLPRSHU RF HI
WKH GDWD SDWK HTKQEDW K QWDTOWHIEF \VIRUR¥RNPSOLQJ RI WKH GD)
QHHG WR RSHUDWH DW WKH VDPH IUHTXHQF\

JRU VLPSOH V\VWHPV WKH I[UHTXHQF\ RI WKHVH WZR FORFNYV
FORFN RU RQH ZLWK WKH VDPH IUHTXHQF\ LV XVHG LQ WKH $'&)\
SURFHVVLQJ F\FOHV LQ WKH GDWD SDWK RSHUDWH RQ YDOLG G
+RZHYHU ZKHQ WKH SURFHVVLQJ UHTXLUHPHQWY DUH PRUH GHF
KDUGZDUH FDSDELOLWLHV WKH XVH RI QHZ GHYLFHV DQG WKH |

7R RYHUFRPH WKLV OLPLWDWLRQ WKH SURFHVVLQJ FORFN F
WKDQ WKH RQH XVHG IRU WKH VDPSOLQJ ,Q WKH FDVH Rl WKH U
ZLOO EH GLIIHUHQW IURP WKH IUHTXHQF\ Rl WKH KDUGZDUH FOR
WZR FORFNV VDPBQGQIURGRFNLQJI V\WV VKH® O BANIHUHQW DQG
GHFRXSOHG 7KH SDUDGLJP DEVWUDFWV WKH GDWD SDWK VDPSO
GDWD LV GHFRXSOHG IURP WKH KDUGZDUH SURFHVVLQJ FORFN

7KLV SDUDGLJP UHTXLUHV RQO\ WKH SURFHVVLQJ UDWH W
UHTXLUHPHQW HQVXUHV WKDW WKH GDWD SDWK FDQ DEVRUE DO
GDWD SDWK RSHUDWHY DW D KLIJKHU IUHTXHQF\ DQG FDQ WKXV ¢
‘H VD\ WKDW WKHUH DUH PRUH SURFHVVLQJ VORWY DYDLODEOH
GHFRXSOLQJ LGHD LV QRW QHZ > @ > @ ,W LV ZLGHO\ XVHG
UHVRXUFHV ZLWKLQ GLJLWDO V\WVWHPV RU IRU LQWHUOHDYLQJ F

)LJ GHSLFWV WKH LQWHUOHDYLQJ RI WKUHH GDWD FKD
DUH PHUJHG LQ WKH GDWD SDWK E\ SRSXODWLQJ LWHUDWLY H(
SURFHVVLQJ LQ D FRPSXWHU LV DOVR D VLPLODU FRQFHSW ,Q W|

uv
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VDPSO ,QWHUOHDYLOQOJ
ForeNON | L LI 1 SURFHVVLQ) FERAM
FkpQQHo X @ X X X ~
FkpeeHo X @ X X X R OB HHHH !
/ LQWHUOHDYHG GDWD
FkDQeHO_X @ X X X GLIIHUHQW FKDQQHOV
GLIIHUHQW FKDQQHOV GDWD SDWKV LQ D VLQJOH GDWD SDWK
)LJ 5HSUHVHQWDWLRQ RI WKH LQWHUOHDYLQJ SURFHVV Rl WKUHH FKDQ

IDVWHU WKDQ WKH VDPSOLQJ FORFN 7KH VDPSOHV RI WKH GLITHUHQW F
VI\VWHP FORFN DQG ODWHU LW LV WKH XVHU ZKR LQWHUSUHWYV

WKH DFTXLVLWLRQ

7KH PRWLYDWLRQ IRU WKLV SDUDGLJP LV LQ RXU FDVH WR
GDWD SDWK RI WKH %63 UHJLRQ EHWZHHQ UHVDPSOHUV 7KXV Z
E\ GHFRXSOLQJ LW IURP WKH VDPSOLQJ UDWH ZH XVH IL[HG IUHT
DQG )3*$ DQG ZH GHFRXSRHJRKN KB PSIRRKENMVDYHFORFN

'H ZDQW WR XVH WKLV SDUDGLJP LQ D IHHGEDFN V\VWHP D
SURFHVVLQJ LQ UHDO WLPH 7KLV W\SH RI VI\VWHPV LV LPSOHPH
GDWD SDWK DV WKH YDULDEOH VDPSOLQJ UDWH YDULHV WKH QX
LOQOWHUHVWHG LQ FRPSXWLQJ WKH VDPSOLQJ UDWH LQ WKH GHF
VDPSOHV ZLWKLQ LW WKH VDPSOLQJ UDWH LV D IXQFWLRQ RI
SURFHVVLQJ VORWYV IRU D JLYHQ SHULRG RI WLPHEXWKWKH BBRR
RI WLPH LQ ZKLFK WKH DYHUDJH VDPSOLQJ UDWH LV HYDOXDWHC
WKH SURFHVVLQJ VORWY DQG WKH DYDLDURE WK S URFMU VAW KV O/R
RI' SURFHVVLQJ VORWYV LQ DlsJL¥HB SO UNRGBWRVDIMAH K RULRG RI W
VDPSOLRDEDWHHY D QXPEEJN R2Z VDPSOHY %\ SRSXODWLQJ WKH
VDPSOHVY WKH DFWLYDWLRQ UDWH EHFRPHYV

DU & Ly 4, 12 | (T

5HFDOO WKDW WKHUH LV QR SK\VLFDO VDPSOLQJ FORFN DV
MLV KHQFH DQ DEVWUDFWLRQ FRPSXWHG EDVHG RQ WKH DFWLY
FORFN

, DU (T

'KHQ DOO WKH SURFHVVLQJ VORWY DUH SRSXODWHG ZH UHEL
SDWK ,Q WKLV FDVH HTKID OAD RSKOH. RU MIBXM € E\R F HOWY @ H FSDRVED S
RSHUDWHV DW LWV PD[LPXP VDPSOLQJ UDWH :KHQ QRW DOO W
IUHTXHQF\ LV ORZHU WKDQ WKH SURFHVVLQJ FORFN 7KH GLVWL
QHHG WR EH SHULRGLF 7KLV FRQFHSW LV GHSLFWHG LQ )LJ

uw
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D 2 1sv 7s 7s>V@ b DUl s >VDPSOH V@

S ininigigigigigigigipigigigiginl;
SURFAVUISY N svi sv) sv)f svf svf svisvlsv)fsvfsvisvisvisvisvysvisvy
Vorsond JCER JCeRk JCoR JCox JCoK ICoR SO ICeR )

2 1sy s s>V@ lv DUls Is >VDPSOH V@

E
FORFN LFQ@]J_|_|_|_|_L|_|_|_|_|_|_|_|_|7_|_|_|_|_|_|_|_|_|_L|_|_|_|J_|_F
SUVROF:V\V/\\;LS%)J X SVX SVX SVX SVX SVX SVX SVX SVX SVX SVX SVX SVX SVXSVX SVX SVX
LS Al @ il @ il € &5 @ @ @ il @ )« I @ @

F 2 1sy s s>V@ lv DUls Is >VDPSOH V@

i1 3 0 0 €50 0 0 0 0 D € 0160/ 0 €

GDWD SD K
VDPSOH @ @ @ @
JLJ 5HSUHVHQWDWLRQ RI WKH GLVWULEXWLRQ RI SURFHVVLQJ VORWV W

VDPSOLQJ UDWHV DKELEFRVDMYHDWWEKEG OXWHHU RI RFFXSLHG SURFHVVLQJ VORW
DFWLYDWDRQ UDW® [EV WKH DPWLYDW IDRQGG LMW H LWKHDDUFWLYDWLRQ UDWH

,Q )LJ D WKH DPWLYDWMRRQWDWHUXIOWY LQ RQH RXW R
SRSXODWHG 7KLV JLYHV D VDPSOLQJv UDW HIsIMDP WXHHGD WQ HDOW K
WKH DFWLYDWLRQ WHQHRXW RI VLIWHHQ SURFHVVLQJ VORWYV DU}l
7KLV JLYHV D VDPSOLQJ UDWH L WKH GDWPFP SOMWK IRQY DIJWLPH
DFWLYDWDRQ UDWHOOVSURFHVVLQJ VORWY DUH SRSXODWHG 7KL
IRUD WIWPH YDRRISOH V WKH PD[LPXP VDPSOLQJ UDWH VXSSRUWH
GDWD SDWK VROYHV RXU SUREOHP IRU D YDULDEOH VDPSOLQJ ULI

UAUAVEE » e>e.. 87 e —e "' foeeco% “f,"¢..

7KH SURSRVHG $UFKLWHFWXUH VXSSRUWY ERWK %$3 DQG %
GDWD SDWK VDPSOLQJ UDWH WKH SURFHVVLQJ GRHV QRW QHHG
WKH KDUGZDUH IDEULF ZLWK D GDWD BQ @ IS WRHHN @UBRIX\E Q R BADLP\
PRUH VXLWDEOH (YHQ WKRXJK SRVVLEOH WKH LPSOHPHQWDWLF
, Rl WoKbH &, 6 &I DEULF UHVXOWY LQ D PRUH FRPSOLFDWHG GHVLJQ
KDUGZDUH IDEULF ZKHUH WKH SURFHVVLQJ FORFN LV D IL[HG Il
VDPSOLQJ FORFN XVHG WR DFTXLUH WKH GDWD

$V LQ WKLV FDVH WKHUH LV QR DEVWUDFWLRQ RI WKH KDUG
LV XVHG DV LW LV 7KH VDPH FORFN RU D FORFN DW WKH VDPH
SLSHOLQH LQ WKH GDWD SDWK GRHV QRW QHHG DQ\ VSHFLDO FO

ux
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$ VFKHPDWLF UHSUHVHQWDWLRQ RI WKLV VWDQGDUG GDWI
HQFDSV)>SURWHVYEQ@LWERRGNVKH G D W B BLINVOK WRK LW KAHD R BIRWMIHD & Q V
RQO\ FRPELQDWRULDO ORJLF LQGHSHQGHQW RI WKH FORFNLQJ
UHJLVWHUV SLSHOLQLQJ WKH GDWD SDWK 1RQHWKHOHVV WKH S
'63 VOLFHV > @ ,Q WKDW FDVH WKH FORFN LV DOVR IHG WR WK
YDOLG DV WKHVH PRUH FRPSOH[ HOHPHQWY FDQ EH PRGHOOHG D
EHWZHHQ UHJLVWHUYV

| |
| |
| |
. ((A/~\~\q .
i >» G T G T > |

|
| w |
| |
| |
| |
| |
I |

FON l_ l_
)LJ 5HSUHVHQWDWLRQ RIFD RREGS R HG GIIMW D SSDXNWOK0 WHGKZDWKLQ WZR S
)LJ GHSLFWV WKH UHODWLRQ EHWZHHQ FORFNV SURFH

,Q WKLV FDVH WKH SURFHVVLQJ DQG WKH VDPS®R®IFEAKD SHUIR!
WKH VDPH IWHIN XH®REFE\DOO WKH SURFHVVLQJ VORWY DUH SRSXOD!
HOHPHQWYVY RU VLJQDOV DUH QHHGHG LQ WIOHLQRWD SIVWKQ RXKHK S
WR GULYH DQG RSHUDWH WKH SLSHOLQH UHJLVWHUYV

SURFHVVL
FORFN Fon

VDPSOLQ
FORFN Fon

SURFHVVL%‘:\/ ><SV>< SVX SV>< SV><

VORWYV
GDWD SD
D
VDPSOHVdP( ><
yLJ 5HSUHVHQWDWLRQ RI WKH UHODWLRQ EHWZHHQ WKH SURFHVVLQJ FO

D FRXSOHG GDWD SDWK

UAUAWHRs >e..87 e —e "' foeece% “f,"<..

7KH GHFRXSOHG GDWD SDWK LPSOHPHQWHG LQ WKH %63 |
)5$1&,6&82QWURGXFHG LQ &KDSWHU DQG VHFWLRQ 7KLV DG
KDUGZDUH IDEULF %$3 SURFHVVLQJ W FRPELQHYVY ORJLF HOHI
VXSSRUW WKH GHFRXSOHG GDWD SDWK FRQFHSW SUHVHQWHG L
WKH V\VWHP WKH SURFHVVLQJ DOJRULWKPV LPSOHPNQUWHG LQ
RQH ELW ZLGH LQ WKH GDWD SDWK W LV XVHG WR LQGLFDWH Z}
YRLG VORWYV

$ VFKHPDWLF UHSUHVHQWDWLRQ RI D VHIPHQW RI VXFK D
)5$1&,6&DEULF LV GHSLFWHG LQ )LJ 7TKH ILIXUVWDWOKREZQH Q L
LV SURSDJDWHG LQ SDUDOOHO WR WKH GDWD EXV VLIJQDO RI WK

uy
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JLJ 5HSUHVHQWDWLRQ RI I GRERXBIOHGHRPOWH VXODWK AGCWHKH. \WKLQ WZR SL
TXDOLILFDWDRQIVLI®BG WR GLVWLQJXLVK VDPSOHV ZLWK YDOLC
EHWZHHQ FORFNV SURFHVVLQJ VORWVY DQG GDWD)¥PPSOBRY LQ
IDEULF 7KH GHFRXSOLQJ PDNWQ®EH'SPREHY RISTIRFEWRFNW GLI
IUHTXHQFLHVY 5HFDOO WKDW WKH VDPSOLQJ FORFN GRHV QRW H
W LV MXVW DQ DEVWUDFWLRQ LQGLFDWLQJ WKH DYHUDJH VDPS(
VOBWNUH SRSXODWHIELGDRE WKADJIV ZKLFK R GHIYQER BKWLIFIKQ RYQIHO/L
YRLG RU LQYDOLG GHQRWHG ZLWK

SURFHVVLQSJ[V X SVX SVX SVX SVX

VORWYV
GDWD SDW
HNSSSL I @ @ ) &)
JLDJ%LDGOYDOLJ; | 7KH DYHUDRH WD GDWD LQ D
GHFRXSOHG GDWD SDWK LV GHS
VDPSOLC[JF@N [ ] [ )« vDPSOLQRORD®EMW GRHV QRW
FORFN
H[LVW DV SK\VLFDO VLJQDO
)LJ 5HSUHVHQWDWLRQ RI WKH UHODWLRQ EHWZHHQ WKH SURFHVVLQJ F(

VDPSOHVY DQG WKH YDOLG VLIQDO LQ D GHFRXSOHG GDWD

7KH GHFRXSOLQJ SDUDGLJP PDNHV WKH XVH RI WKH FORFNL

YDULDEOH VDPSOLQJ UDWH ,W VROYHV WKH QHHG IRU D IL[HG I

WKH VZHSW FORFN ZRXOG GR 7KH $UFKLWHFWXUH KDV EHHQ GH®
LW FDQ EH PLJUDWHG WR $6,& WHFKQRORJLHYV HDVLO\

UAUESEE "f—¢' —"—e. .. f—c'e fof co™f"ec'e

7KH KLJK OHYHO IXQFWLRQDO $UFKLWHFWXUH SUHVHQWHG |
HIlTHFW RQ UHDO YDOXHG YDULDEOHV WKDW DUH PDSSHG WR VL
SURFHVVLQJ VI\VWHP 7KLV LV WKH FDVH IRU LQVWDQFH RI RXU ¢
$6,& 7KHVH TXDQWL]DWLRQ HIIHFWV DUH HVSHFLDOO\ UHOHYDQ
XVHG LQ WKH UHVDPSOHUV

2XU %63 UHJLRQ LV LPSOHPHQWHG ZLWKLQ WZR RI WKHVH U
WKHLU LQSXW GDWD SDWK DFFREGL®JLWR WKMKH UNQDPSE QN

uz
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LQIRUPDWLRQ XVHG WR FRPSXWH WKDW YDOXH LV HIWHUQDOO\ ¢
WKHUH WKHSWVWIMH @ DO H RPSXWBLWRYH WEBW LR 8 XWYBEBRWYIUPLE OHU
WKH RXWSXW RQH $V LW ZLOO EH SUHVHQWWE L@ \& KIDBWORUV LJW
WKH IRUP RI7B/ROEWHERYRAH SURSHU RSHUDWLRQ RI WKH VDQGZLFK

UDWLR YDOXH WR EH WKH LQYHUVH RIBRKW U@MNA R HRH @WK K H.QFSHEK W
HIDFW LQYHUVHBYLNYOXRKRROSWKKLY HQVXUHVY WKDW WKH VDPSOLQ.
SDWK EHIRUH WKH {&&SEWDPSWOHBOHY DIDLQ SHUIHFWO\ UHFRC
UHVDPNEOHEIVDPSOH V 5HFDOO WKDW ZH LQWHQG WR XVH WKLV $
DQG RXWSXW UHVDPSOLQJ UDWLR VLIQDOV QHHG WKHUHIRUH WHF

7KLV LV LQ SUDFWLFH LPSRVVLEOH BRUWKU UXKDQ W DI OXVH®R @ F
UHSUHVHQWDWLRQ DV IRU LQVWDQFH IL[HG SRLQW DULWKPHWLI
UHDO YDOXHV O\LQJ EHWZHHQ WZR RI WKH VHW RI GLVFUHWH YD
QHLJKERXU ,W LV KHQFH LPSRVVLEOH WR UHSUHVHQW D UHDO Y
YDULHV ZLWK LQILQLWH SUHFLVLRQ WKH TXDQWL]HG VLIJQDO ZL!

2XU UDWLRV YDU\ FRQWLQXRXVO\ ZLWK WLPH DQGUBU& WKH
DQWBBRXWKDW FRQWDLQ WKHVH GLVFUHWH UHSUHVHQWDWLRQV 2
DOZD\V IHHG WKH SHUIHFW D@GGHR WK H DUMMVOW SOBXHBGKH HQJLQH
ZLWK WKLV SUREOHP LV WR LQFUHDVH WKH QXPEHU RI ELWV LQ
WUXQFDWLRQ HUURU EHWZHHQ WKH GLVFUHWH UHSUHVHQWDW
GHSHQGLQJ RQ WKH DSSOLFDWLRQ D VXIILFLHQW QXPEHU RI E
SURFHVVHG VLJQDO LQ WKH GDWD SDWK ZKHUH WKH SUHFLVLRC
DQG '$& 7KH GLPHQVLRQLQJ RI WKH GLJLWDO UHSUHVHQWDWLF
VROXWLRQ LV KRZHYHU QRW IHDVLEOH IRU XV LQ WKH FRQWU|
LQYHUVH UDWLRY DQG WKH HUURU HYHQ ZKHQ YHU\ VPDOO XVLC

)XUWKHUPRUH WKH SUREOHP EHFRPHV PRUH UHOHYDQW LG
LQYHWWMRRRESN DKE LQYHUVLRQ LV SHUIRUPHG LQ D GLIJLWDO V\V
RQO\ DFFXUDWH ZLWKLQ DQ HUURU UDQJH 6XFK RSHUDWLRQ DG
SDLU Rl GLVFUHWH UDWWLRKHQLRNSS HAH WK DIQRAHL JRMUVB RXWW K HW D P
LQWURGXFHV D ILUVW WUXQFDWLRQ HUURU 7KLV TXDQWL]HG YD

51RU WKH LQSXW UBINVQIRWHWKDWQW®H LQYHUVLRQ LV EDVHG R
DQ HUURU 7KH UHVXOWLQJ LQYHUVLRQ KHQFH DFFXPXODWHV Wk
WKH LQYHUVLRQ

$Q H[DPSOH RI WKH UHVXOWLQJ VLWXDWLRQ LV GHSLFWHG L
W VKRZV ERWK WKH FRQWULEXWLRQ RI WKH WUXQFDWLRQ HUUR
UDWLR LQ D GLVFUHWH V\VWHP 7KH ILIJXBH Q& S1VF W QDY KIHD \DHH B/t

u{
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)LJ 6LPXODWLRQ GHSLFWLQJ WKH WUXQFDWLRQ HUURU IRU WKH XS VD

FROXPQ FRQWDLQW WK SOKRWUYVLRKW KHROXPQ FRQWDLQV WKH SC
URZ GHSLFWV WKH UHDO YDOXHV Rl WKH UDWLRV 7KH VHFRQG |
YDOXHV )LQDOO\ WKH WKLUG URZ GHSLFWV WKH HUURU L H
UHSUHVHQWDWLRQ 7KH LQYHUVLRQ LV FRPSXWHG LQ IL[HG SRL
ELW WKUHH LQWHJHU ELWV DQG WZHOYH IUDFWLRQDO ELWV 7Kl
RI DW WKH EHJLQQLQJ Rl WKH UDPS DQG DQ HQG YDOXH RI ]
VZHHSV IURP DW WKH EHJLQQLQJ UHDFKLQJ D YDOXH RI DW \
WKH LQSXW UDWLR IROORZV D SHULRGLF SDWWHUQ UHVXOWLQJ
PDJQLWXGH LQ WKH ZRUVW FDVH RI KDOI D /HKON R X6 S M LUFDWIL
H[DPSOH LQFRUSRUDWHYV WR WKLV HUURU WKH LQYHUVLRQ HUU
ZLWKLQ WKH VDPH UDQJH

7KLV UHVXOWY LQ SUDFWLFH LQ WKH LPSRVVLELOLW\ WR KD
V\VWHP 7KDW LV RQO\ DFKLHYHG IRU D YHU\ OLPLWHG VHW RI VL
JRU LQVWDQFH WKH LQYHUVH RI LV DOVR ,Q WKDW FDVH ERW
SRLQW DULWKPHWLF

,Q RXU FDVH WKH YDVW PDMRULW\ RI SDLU YDOXHV ZLOO QF
WKH SDLU ZLOO QRW UHVXOW LQ WKH XQLW YDOXH )LJ GHS
VZHHS WKH OHIW FROXPQ GHSLFWV WKH UHDO YDOXHV WKH U
FRQWDLQV WKH LQSXW UDWLR WKH VHFRQG URZ WKH RXWSXW |
RXWSXW UDWLRYV 7KH SURGXFW RI WKH UHDO YDOXHYV JLYHV DV
WKLYV SURGXFW KDV LQILQLWH SUHFLVLRQ 7KH SURGXFW RI WKH
DQ HUURU RI PDIQLMEREYHH RRQH /6% GXH WR WKH OLPLWHG SUHFL

vr
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yLJ 6LPXODWLRQ GHSLFWLQJ WKH WUXQFDWLRQ DQG LQYHUVLRQ HUUR

7KH HUURU LQ WKH SURGXFW EHWZHHQ WZR WUXQFDWHG L
VROYHG E\ LQFUHDVLQJ WKH QXPEHU RI ELWV LQ WKH GLVFUHW
GLVFUHSDQF\ EHWZHHQ WKH UDWLR YDOXHYV DUULYLQJ DW WKH
EHWZHHQ WKH H[SHFWHG VDPSOLQJ UDWH DQG WKH UHDO VDPS
UHVDPSOHU RI WKH VDQGZLFK 7KH GLITHUHQFH LQ VDPSOLQJ UD
WKH GHFRXSOHG GDWD SDWK WKDW FDQ OHDG WR D GHV\QFKUR
WR WKH SUREOHP LV LQWURGXFHG LQ MBEWSR@WHU IDKHYVHD BRHX
-2$48, 1ODRREB(5&('(6 &aRXBQWHUIDFH LV ILUVW SUHVHQWHG DV D
WKLV LVVXH DQG WKHQ XSJUDGHG WR VROYH WKH SUREOHP

uauaya o —F""f . Fe

7KH GDWD SDWK XVHV LQWHUIDFH HQWLWLH\,I6QIZWBAIH. E QAR
FRPPXQLFDWH ZLWK WKH )3*$ IDEULF 7ZR HQWLW (K6 "'KBRM FMHH C
DOQ35&('(6 ERXEQWHUIDFHY LOQWURGXFHG LQ &KDSWHU 7TKH WZER
WKH KLJK OHYHO VNHWFK RI WKH )3*$ LPSOHPHQWDWLRQ )URP |
WKH\ DUH WUDQVSDUHQW DV WKH GDWD SDWK VDPSOLQJ UDWH L
GHSLFWHG LQ )LJ ZKHUH ZH VKRZ WKH IXQFWLRQDO YLHZ RI
LV WKHUHIRUH RQO\ SHUIRUPHG DW ORJLF DQG SK\VLFDO OHYH
YDOLGLIJQDO DQG VV\QFKURQL]H WKH GLIIHUHQW FORFN GRPDLQ\
YDOLWLIQDO LQ WKH FRUUHFW SURFHVVLQJ VORW DW WKH LQSX\
SDWK DW WKH RXVOEXW'(BKHHFRXSWKRBE DW WEKH$ 1& 6 XMW BRI LW KHR
DGDSW WKH FRXSOHG GDWD SDWMK&WR [&RHBRKISDIHDGE HR Q@ H U I'RKU

VS
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FRPSOHPHQWDU\ RSHUDWLRQ I3 1&,6&BBEUDHW WK H RXSWSE XVK R |GV
SDWK WR D FRXSOHG RQH $ GHWDLOHG GHVFULSWLRQ LV SUHVH

yayalawa T —"Z% <ot f . 1
7KH IXQFWLRQDO UHSB&VHBHFRWER@ RUMKH RI )LJ LV GF
7KH LQSXW SRUW Rl WKH LQWHUIDFH UHFHLYHV WKH VLJQ
FRPSRVHG RI WK HGBFWDQBEXW KWH. FEIRGF BIF\GIA® B IRXWSXW SRUW UHFH
FONBGFSWKDW FORFNV DOVR WKH RXWSXW GHFRXSOH®GDIOD SD
DQG WKH TXDOLIROD®WURYKH. SQREHVVLQJ VORWYV

,Q WKH LQSXW SRUW WKH SURFHVVLQJ FORFN DQG WKH GI
FONBFBO®rssh +] DGBFSWDPSOREGPWDPSOH V 7KLV SRUW XVHV KHC
SDWK DQG LW PDNHV QR VHQVH WR WDON DERRW DBWLWBROMULIRQW
YDOLWLIQDO 7KH WUDQVLWLRQV LQ WKH GDWD EXV DUH V\QFKUTF

,Q WKH RXWSXW SRdé¥MRI WHKHH |SIBIR KFHIONE G ALFOIRE N QW HI HU P X ¢
RI WKH IUGTRHQAKH LQSXW SFURNBRBL QA RORANS+] 7KH WUDQVLW
LQ WKH GDWD EXV VLIJQDO DUH DOVR V\QFKURQRXV ZLWK WKLV
GDWD SDWK UHR&:kSW DIKFHOWDWHWKLY LV DFKLHYHG E\ TXDOLI\LQ
RXWO RZILWKY WKINGL JQD O DFWLYH

\ GBGFSO
Ners >VDPSOI—p'§/F@O’ O(5&('(6 Necrsh >VDPSOH V@
YDOL
lsgrs >+]1 @ "HFRXS( spcrs@ $ >+]@
DU FONBFYSO IEI § FONBGB%}) 0
yLJ )XQFWLRQDO WHS5&H (BH'GI\W R MSXBWH BIDFKH 7KH LQSXW SRUW LQWHUIDF

7KH RXWSXW SRUW LQWHUIDFHVY WKH GHFRXSOHG GDWD S

$ SRVVLEOH LPSOH®HRWOWERY RQMMKBHIDFH LV GHSLFWHG LQ
LPSOHPHQWDWLRQ WKH HQWLW\ UHFHLYHV ERWK WKH LQSXW DG
7KH FORFN GRPDLQ LQ WKH FRXSOHG GDWD SDWK SRUW LQSXW
GHFRXSOHG GDWD SDWK SRUW RXWSXW 7KLV LV GRQH ZLWK D
FONBGFZRH RXWSXW SRUW VDPSOHV WKH VIQFKURQL]HG GDWD E
WKH VDPSOLQJ UDWH FRQVWDQW FQRERWHKFORHYW W KRIQ @M GRIW L R X
TXDOLILHG DV YDOLG DW WKH RXWSXW )RU WKIF\DNBE SHBEHO BHW
ULVLQJ HGJH LV GHWHFWHG D TXDOLILFDWLRQ VLGBGPSQQWEA H\
RXWSXW SRUW GXULQJ RQH FORFN F\FOH 7KLV YDOQKED 1 W DIIRMORO
7KLV DUFKLWHFWXUH VXSSRUWYV DQ\ LQWHJHU UHODWLRQ EHWZ}
WHKINBGFSIRFN LV DW OHDVW WKH GROXNEBAS@RMNKH IUHTXHQF\ RI

vt
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yLJ 6FKHPDWLF UHSUHVYSH&WDBb WHRRARDEHIRYNVH HPIEOHPHQWDWLRAC

)LJ GHSLFWV D FKURQRJUDP ZLWK WKH UHODWLRQ EHW:

0(5&('(6 " HFRXSOMHUIDFH 7KH UHODONLR Q7 EHWDMHH FO RKNR X ¥K

LV RPLWWHG IRU VLPSOLFLW\ 7KH FKURQRJUBWV IGGBIBEFD/YGCWKH

GBGFSODQG WIGH YZIKBHXHYRLG VORW RI WKH GDWD VDPSOH LQ WKH
VORWY LQ WKH RXWSXWOLRWGHIgDDQDOOHG E\ WKH

&283/(" SURFHVVLQ
,1387 FORFN FJONBFSO
3257
GDWD EXYV

cown bRBHVVLOs vBREE A VD [ svC® |
287387 FORFN Fbnecrso
3257
GDWD EXV SV SV SV SV SV SV SV
0 SURFHVVLQJ vGoBRG\}\:/%OX@X >< X@X X XCQX

TXDOLI\LQJ
GDWD VDPSQH jopo  YPOLG

)LJ &KURQRJUDP ZLWK WKH VLIJQDOVU (b&/ '\WKH ERIEIWHD QI® RKXKW SXW

yayalaxa ‘7% <o—f""f . %
7KH IROORZLQJ VHFWLRQ SUHVHQW\b &P 850 &R XERQWHWL R © HG H'\
VROXWLRQV DUH SUHVHQWHG ILUVW DQ LQLWLDO LGHD ZKHUH
7KLV VROXWLRQ VHUYHV WR XQGHUVWDQG WKH LQWHUIDFH IURTF
IRXQG DIWHU DQDO\VLV RI WKH SUREOHPV QRWLFHG LQ WKH YH
SRLQW RI WKLV VHFWLRQ DQG VKRZV WKH ILQDO LPSOHPHQWDWI

yaya}laxawé-«fZ <o’ Ztefe—f—c'e

7KH IXQFWLRQDO UH S U Y5 W GARFSIRN HAUK B FIHQ L W IGTHGB L F W H ¢

7KH LQSXW SRUW RI WKH LQWHUIDFH UHFHLYHV WKH VLJQDOV RI
RI WKH GDW DB EXVSBDRIRQ WEH TXD O LI LYFDONIGKQ IP®R M VG BSO

DOVR SURYLGHG WR WKLV LQSXW SRUW FEMBRIWISXW BSGRMN U HR

RXWSXW FRXSOHG GDWD SDWK B®@G SSIKRHY LG HHBACWER AWKBIWSDU R R M WA

vu
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FORFIONBGHSOWKH LQSXW SRRIW KW B PWO WIDS/OKH Dy ¥ &+ s6D/VIHP S D PISD L ¢
lsecrs® A $] 7KH DFWLY D W DROQ\ELD QVBIORIL WK HQ F H

,Q WKH RXWSXW SR AV IRH WKHT 3HQ FROWBLREDNORKN VDPH Y
DV WKH VDRS&ISOUDPBWH V Rl WKHGBB®®JIPXQ VILQQMIOLY FRXSOHC
QRDOLWLIQDO LW PDNHV KHQFH QR VHQVH WR WDON MERXW DFV

7KH UHODWLRQ EHWZHHQ WK HFIQME G FIRIFA MAK R | RV /MG X RYSSEXANR F
LQ WKH LQWHU IF+b Ve HRFH 7KH VDPSOLQJ UDWH LQ WKH GDW
DW ERWK WKH LQSKWrh@GC$RKMWPSOM YRUW YV

GBGES(
IVBGFS$>VDPSOA$?=§?? O(5&('(6 GBFSO’ hers® >VDPSOH V@
lsecrs@ $>+]@mso &RXSO_|FONBFSO lsgrsshb >+] @
DU 0 S E | FONBFSO pu
yLJ JXQFWLRQDO WHS5&H (BHQRWB@WRHU FOFMKAKH LQSXW SRUW LQWHUIDFH

7KH RXWSXW SRUW LQWHUIDFHY WKH FRXSOHG GDWD SD\
7KH LQLWLDO LPSOBEHRQWIRWRKBIQHRIHWIKOHFH LV GHSLFWHG LC
VIQFKURQL]DWLRQ EHWZHHQ GHFRXSOHG LQSXW DQG FRXSOHG
J)LUVW 2XW ),)2 PHPRU\ 7KH LQWHUIDFH VWRUHV WKH RXWSXW
WHFKQLTXH XVHG IRU FORFN GRPDLQ FURVVLQJ DQG VI\QFKURQL]
LOQSXW VDPSOH SDWWHWQ Z0 WK WKWKLH DJW IOPQV UV ERIWZHHQ WK
IUHTXHQFLHV RI WKH SURFHVVLQJ FORFNV DW WKH RXWSXW RI
),)2 DW WKH VDPH HIIHFWLYH UDWH DW ZKLFK LW LV ZULWWHQ
DQDO\VH WKLV DJDLQ IURP D IXQFWLRQDO SRLQW RI YLHZ WKLV
WKH ),)2 DQG WKH LQWHUIDFH

/IRRNLQJ DW WKH LQVLGH WKHFOQWB GWHO B FRPOMNBY \EEGRRVHAN W Kt
SURYLGHG E\ WKH GHYLFH FORFN PDQDJHU HLWKHU $6,& RU )3*4
WR WKH ZULWH SRUW RI WKHDRPHIBR WIKHKFHHERIE®HA BRAV LV XV
SRUW RI WKK RQEPRUVKH VDPSOHV PDUNHG DV Y BGGBIGCGEG IRQW KR-X WQ
RO RQ DYHUDJH DUH ZULWWHQ LQWR WKH ),)2 7KH RXWSXW SR

GBGFSf T T 1 0(5&('(6 &RXBSOH
> GLQ ).)2 GR GBFSO
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{ilonvhd | || | 267 o
| B

YDOLG

HPSW\
FONBGHSO o |_ f FONBFSO

pre]

)LJ 6FKHPDWLF UHSUHVYS&KWD V& RXG QW HDUSRVN LPGWWHPHQWDWLRQ

VvV
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PRQLWRUV WKH ILOOLQJ OHYHO RI WKH ),)2 ),)2 PHPRULHV SUR
WKLV KRZHYHU ZH H[SOLFLWO\ GHVFULEH KHUH D IHDVLEOH LI
OHYHXQJURYLGHG E\ WKH ),)2 WKDW VKRZV WKH QXPEHU RI VDPSOH

‘H EDVH RQ WKDW VLJQDO RXU ILQDO LPSOHPHQWDWLRQ Vt
UDWLR LQYHUVLRG SHFREOWHRN WKKH),)2 LV FRPSDUHG DUBDQVW W,
VLIQDO LV VHW LQ WKH FRPSDULVRQ ORJLF ZKHQ WKH QXPEHU
WKUHYVKROBG \WKHWHK®M HVKROG 7KLV WKUHVKROG GLFWDWHYV ZKH
VDPSOHV IRU WKH VDIH RSHUDWLRQ RI WBH P QWWH W HDWF HZ K $l F WFKRH
JRHV EHORZ D VDIHMWSWK WDHHWHRIDKEY KRIOHG 7KLV VHFRQWHODOAEYHO L
OHYHWKUHVKROG DQG KDOWV WKH DBPBVSRUBWWSRV\WKH ),)2 ZKHQ

7TKHHDGALIJQDO GULYHV WKH VHW SRUWDRHDBP SSWMNIQ\D G KW L BB\
UHVHW SRUW RI WKH 56 UHJLVWHU 7KH RXWSXW RI WKLV UHJLV
WKH ),)2 DFKLHYHV WKH RSHUDWLRQDO OHYHO 7KH UHJLVWHU L
OHYHO 7KH RXWSXW RI WKH 56 UHS [ VRYHUKE U)L Y2HW RV K R QUNHUDREO HW
HIWUDFWLRQ RI GbDWD 7KLV GDWD LV ODWFKHG LQ D UHJLVWHU
WKH HQWLW\ 7KLV UHJLVWHU LV DOVR FRQWUROOHG E\ WKH 5
VIQFKURQL]JHG YHUVLRQ RI WKH 56 RXWSXW VLJQDO

7KH UHVXOWLQJ LQWHUIDFH DUFKLWHFWXUH VXSSRUWYVY DQ
SURSHU RSHUDWLRQ LW UHTXLUHVY DQ DYHUDJH VDPSOLQJ UDWF
UDWH RI WKH FRXSOHG RXWSXW SRUW 7KH RSHUDWLRQ DQG VDI
UDWH KRZHYHU LQ WKH ORQJ WHUP WKH DYHUDJH QHHGV WR Et
WKH UHODWLRQ EHWZHHQ VLIJQDOV(b& \6K&RXBEMNH DIDE HR XIKFHX W
EHWZHHQ PORFNAKHVFKURQRJUDP GHSLFWV WEKN IG®BVIF DOMEK SU
GBFSOQG WIGH YZKHXHYRLG VORW RI WKH GDWD VDPSOH LQ WKH
VORWY LQ WKH LQSXYDOWELYQDOQDORKH ® EWWB®H\ WKURXJK WKH LQ
VLPSOLFLW\

1387 FORFN FONBGFSO
3257

GDWD EXV SV SV SV SV SV SV SV
0 SURFHVVLQJ v3RWVC Xf@j X X:E% X K QX

TXDOLI\LQI l—‘ ’—‘ ’—‘
GDWD vDPs¥hHIQDO
&283/(" SURFHVVLQ
587387 EOREN LONBFSO

3257
GDWD EXV
GDWD \SPRBHVVLQJ VIHWIP L sv@® f sv@® |

yLJ &KURQRJUDP ZLWK WKH VLIJQDOV(b&( (6K &RXFBENH DI@E HR XW S XW
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7TKKB(5&('(6 &aRXBEQWHUIDFH KDV EHHQ PRGLILHG WR FRSH ZL
SUREOHP SUHVHQWHG LQ VHFWLRQ 7TKHVH SUREOHPV UHV X(
UDWH LQ WKH LQSXW DQG RXWSXW SRUWYV RI WKH LQWHUIDFH

$QDO\VLQJ LQ GHWDLO )LJ ZH FDQ VHH WKDW D FORFN
XVHG WR UHDG WKH RXWSXW SRUWCNBFEB\),D238HPRHR W7 KLYHBO
lserso$ +] 7KLV IUHTXHQF\ KDV WKH VD RH: SDDXMHS DY W KRH  WIKPS PR RS
SDWK RI WKH LQWHUIDFH 7KLV YD O Xk ds¥ VODP\SFO W K/HRH [\8 K A VGHHG RV,
SDWK SRUW RI WKH LQWHUIDFH WKH VDPH DW WKH RXWSXW SR
YDOXBQG5 RI WKH U DWBLRRXMQEBQLIMO W KH UHVDPSOLQJ VDQGZLFK D
DQG WadWecrs$ VDPSOH V. ,Q WKLV FDVH WKH OHYHO RI WKH ),)2
WKH VDPH DV WKH UHDGLQJ UDWH

$V ZH vDZ LQ VHFWLRQ WKH YDOXH RI WKH UDWLR VLJQ
7KLY HUURU PDNHV WKH VDPSOLQJ UDWH LQ WiGHsR $WDXE BRYVW
EXWcrso $ VDPSOH V ZLWKWKH DFWXDO YDOXH RI WKH WWKMDW
PDIJQLWXGH RI WKH WUXQFDWLRQ HUURU ,I WKH YDOXH RI WKH |
HUURU AVEVH YK SHUIHFW LAYHUVHWRHWKMRQ ZRXOG FDQFHO
7KLV ZRXOG PDNH WKH UDWH LQ WKH RXWSKKMWsSRIAWSRI WKH RX
VDPSOH V

%XW WKLV LV QRW WKH FDVH DQG GXH WR WKH HUURU EHW,
UHVDPSOHUWsEHERPHA$ VDPSOH V ZLWK A 7KH YDULDBOKHAUHYV XO
PDJQLWXGH RI WKH HUURU IURP WKH UDWLR WUXQFDWLRQ LQ WK
GLYHUJH ,Q )KDV D ZRUVW FDVH PDROQLWMEHSRLQW DULWKPHWL|
VL[WHHQ ELWV $ VLJQ ELW WKUHH LQWHJHU ELWV DQG WZHOVYH
WKLV LV WKH FDVH WKH IUHTXHQF\ RI WKH FORFN XVHG WR UHI
GLIIHUHQW IURP WKH UDWH DW ZKLIEFdsW KB PGODWMBY W LYAISY DW W
VDPSOH V UHVSHFWLYHO\ 7KLV UHVXOWYV LQ IOXFWXDWLRQV LQ
LQ WKH ORQJ WHUP

7KH GLVFUHSDQF\ EHWZHHQ VDPSOLQJ UDWHV WKDW SURGX
DOQG LQYHUVLRQ HUURUV LQ WKH UDWLRV I WKH UDWLRYV DUH
PRQRWRQLF IRU D JLYHQ SDLU RI UDWLRV +RZHYHU RXU UDWLR
RI WKH ),)2 EHFRPHVY GHSHQGHQW RQ WKH GLITHUHQW SDLU RI LP
WKURXJK WKH ),)2 OHYHO UHVXOWLQJ LQ WKH NQRZQ DQG VWXGL
VLPXODWLRQV RI WKH LOQWHUIDFH ZHUH QRW DEOH WR DFFXPXO

V X
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ORVH WKH VIQFKURQL]DWLRQ EHWZHHQ UHVDPSOHUV GXH WR R}
WKH ODERUDWRU\ TXLFNO\ UHYHDOHG WKH SUREOHP )XUWKHU U

7TKH VROXWLRQ WR FRSH ZLWK WKH SUREOHP LV WR NHHS
UHVDPSOHUV )RU WKLV ZH H[SORLW WKH IDFW WKDW WKH ),)2 F|
I[URP WKH DYR2$POHLPUKAXHQF\ /RFNHG /RRS LVOLRF(OMKGCEHREX BOR X C
LOQWHUIDFH DQG WKH RXWSXW UHVDPSOHU ,W DFWV E\ SURYLGL(
WKH VDPSOLQJ UDWHV HTXDO LQ DYHUD@I&OWW WK KBEIQWSHKW DOFG B
W KKe¥sdvecrsd VDPSOH V. 7KLV PDNHV LQYHUVH UDWLRV SRVVLEOH
GLYHUJHQFH DQG WKH FRUUHFWLRQV KDYH YHU\ VPDOO YDOXHYV
UHVXOWLQJ VLIQDO GXH WR WKH YDULDWLRQV LQ UHVDPSOLQJ U

7KLV PHFKDQLVP LV EDVHG RQ WKH FRPSDULVRQ RI WKH ),)2
VDPSOLQJ UDWHV LQ WKH LQWHUIDFH DUH HTXDO WKH ),)2 OHY
SURGXFW RI WKH UDWLR VLJQDOV LV ODUJHU WKDQ RQH /6% W
I[URP WKH FRPSDULVRQ RI OHYHOV LV XVHG DV D FRUUHFWLRQ IR

7TKH PRAOUBBHE6 &SRXSOQWHUIDFH LV GHSLFWHG LQ )LJ 7Kl
WKDW VKRXOG EH VWDEOH LQ RSHUDWLRQ LV FRPSDUHB®3LNYIDL Q!
VFDOHG E\ D.JDQG SDUFRSMUDWHG RXW R ULWIBA UHNVO P BKOHW VI QADKO-
WKH RXW-3XW8 UBWHRXHQF\ /RFNHG /ES'V/ RN DDVRDOLQJ RI WKH C
WKH ORRS PRUH UHDFWLYH RU GDPS LWV UHVSRQVH :'H KDYH H
UHVXOWY LQ D YDOXHRRIUBRRKHQDP® IRHHBKHWKH $UFKLWHFWXUH V
WKH GLIITIHUHQFH EHWZHHQ OHYHOV LV RQH PHPRU\ SRVLWLRQ RI

7KH KLJK OHYHO $UFKLWHFWXUH SUHVHQWKS&(CQ6)&RXSOH P!
LOQWHUIDFH 7KH UDWLR )UHTXHQF\ /RFNHG /RRS LV IXOO\ GHS
0(5&('(6 &aRXBOQWHUIDFH 7KLV LQWHUIDFH RXAPRIXNWK WKHLVRDGGHF
WR WKH RXWRBXWKUMWIRRDOXWLRQ NHHSV WKH VDPSOLQJ UDWH DW
RQ DYHUDJH DW WKH VDPH IL[HG VDPSOLQ JsdB8WDPSDWHHY W7 IEBDIQ

GBGFSQ 0(5&('(6 &RXSOH
” GBFSO
YDOLG | | G T >
"I A oHY > HQE
FRUUBS
» G T >
> HQE
s TH] Q
L
FONBGHSO FONBFSO
]
JLJ 6FKHPDWLF UHSUHVYHKQWD V& RXG@RW DUSRVN LPGWWHPHQWDWLRQ ZLWK \

FRUUBSYHG WR FABHBWHUWHRMHHQF\ /RFNHG /RRS WR FRSH ZLWK WKH WUXQFDWLEF

vy
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WR WKLV ORRS WKH LQWHUIDFHV DUH WUDQVSDUHQW IURP D I
FRQVWDQW DW LWV LQSXWV DQG RXWSXWV SHUIRUPLQJ RQO\ D

UAUBZY Zae—<ot “f <f, 2% "f—c "tefeZt” M-S Tt . — 7%t tf

%HDP 6\QFKURQRXV 3URFHVVLQJ LV SHUIRUPHG ZLWKLQ WKH
UDWH LQ WKH GDWD SDWK :H KDYH DOUHDG\ LOQWURGXFHG WK
LPSOHPHQWDWLRQ VNHWFKHV RI WKH $UFKLWHFWXUH 7UDGLWLEF
LOQWURGXFHG LQ &KDSWHU WKH LQSXW SRUW XVHV D KDUGZDL
LOQSXW VDPSOLQJ UDWH DQG WKH RXWSXW SRUW XVHV D VHFRQ
RXWSXW VDPSOLQJ UDWH LQ WKH GDWD SDWK > @ :H ZDQWHG
GHULYHG IURP WKLV RXWSXW FORFN VZHSW LQ RXU$HRERVEE&2 RXU
IDEULF WR GHFRXSOH WKH FORFNLQJ DUFKLWHFWXUH DQG WKH \

$vV UHVDPSOHUVY EDVHG RQ D GHFRXSOHG DUFKLWHFWXUH LC
HISORLWLQJ VXFK D SDUDGLJP ,W XVHV WKH VDPH KDUGZDUH SU
DW WKH VDPH WLPH PDNHV LW SRVVLEOH WR KDYH D YDULDEOH "
KHQFH WKH NH\ HOHPHQW LQ WKH SURSRVHG $UFKLWHFWXUH WK
ZLWK D IL[HG IUHTXHQF\ SURFHVVLQJ FORFN &KDSWHU LV GHG
SUHVHQWY LQ GHWDLO WKH FRQFHSW DQG LPSOHPHQWDWLRQ E.
UHDGHU ZLWK LWV IRXQGDWLF\’DQV )LJ GHSLFWV VFKHPDWLF!

I

,QSXW G
'"HFRXS

2XWSXW GDWD SDWK

WE—SBWK o
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g GBGFSO.-gy~, GBGFSO

5HV D
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SURFHVVLQJ FORFN
s 0 $>+]@ ol

VDPSOLQJ UDWH
h $ >VDPSOH V@
DU O >

SURFHVVLQJ FORFN
s 0 $>+]@

VDPSOLQJ UDWH
¥ 5 $>VDPSOH V@
DY 50

FONBGES

)LJ 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH GHYHORSHG UHVDPSOLQJ I

%WRWK WKH LQSXW DQG RXWSXW SRUWYV LQWHUGBEKWEGE GH I
WKH TXDOLILFDWLRQ VIGIRDMLRQ WKH GHFREONBIGEERBDIBIRDHWVHAL QN
KDUGZDUH DQG WKBH WMHGDPWOMWHGUBWILRH YDOXH RI WKH VLJIJQDC

7KH UHVDPSOHU RSHUDWHY E\ PRGLI\LQJ WKH QXPEHU RI VD
WR KDSSHQ LQ WKH FDVH RI XS VDPSOLQJ LW LQWHUSRODWHV I
VORWV ,Q WKH FDVH Rl GRZQ VDPSOLQJ WKH LQWHUSRODWLRQ
SRSXODWHG SURFHVVLQJ VORWY EHFRPH QRZ HPISHW DTWKHY YD IO H
DQG RXWSXW VDPSOLQJ IUHTX QPN JGLE W D\G HFDWHIN FDRHH S RIS

vz
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VORWYV 7KH DBWUIYWMUINR@LUDWE LV KHQFH DOVR PRGLILHG E\ Wl
EHWZHHQ WKH LQSXW DQG RXWSXW SRUWV RI WKH UHVDPSOHU E

DY DI (T
7KH UHVDPSOHU RI )LJ XF\OHN\B G FSSWDRIF H Y N T @ BAGH) R FHKIH
VDPSOLQJ UDW Hy D$W DVIKIHO HQ\E X&\R LW K D W SRIRF\HR @ HQR X\WD RWV LV R
DFWLYDWLRQ UDWH DOUW OV KsHFE FLRUBKIVG L W RH(Q F H WKH DFWLYDW
RXWSXW RI WHEBTUHBWP RQHQI (T ZH FDQ UHODWH WKH VDPS
WKH RXWSXW SRUW RI5DVRHW B A SSOUHRF B VWIKQU DRIREN UHVXOWLQJ

1y 5| 5 DU, | (T

UAUAfE fe'Zco%o "f—<' fof T Feece%o "EZf—cte

7KH SURSRVHG %63 $UFKLWHFWXUH PRGLILHVY WKH VDPSOL
UHVXOWLQJ GLVF & HW W R MEUH MHIW B W E R DK H &L PWRE HS VEW B G WL C

7KH WXQLQJ HOHPHQW LV WKH LQSXW UHVDPSOHU DQG WKH ¢
UDWLR QHHG WR NQRZ KRZ WR FRPSXWH WKLV UDWLR EDVHG RQ
WRQH RI WKH SURFHVVHG VLJQDO

5HFDOO WKDW WKH SURFHVVLQJ LV IJHUdR UWAIRE@ MOW MK ) HRWKDY
RI WKH UHVDPSOHU LV WKXV WKH GLVFUHWH VHTXHQFH WXQHG
ZLWK VDPSI@L® A UDWH

7KH UHVSRQVH Rl WKH SURFHVVLQJ DOJRULWKP LQ WKH IUH
DW D IL[HG QRUP D&JIHG WKHTXHOFR SOHG G BANLOU RISHEQ QW KWHH O BI Y
QRUPDOL]HG& UHEKHQBLDQ VDPSOH RI WK H ]I XK Q GADKRHHIE WEIROD @& IRHD\H
WKH UHVSRQVH RI WKH SURFHVVLQJ &k FL@ BUGWIDE MK WIHAVIXPHS O:
WKXV WR5FERR SRR rkQ WKH UHVDPSOHG GRPDLQ

7KDW LV HTXLYDOHQW WR VD\ WKDW ZH ZDQW WR PDWFK W
)surZLWK WKH IUHTXHQF\ Rl WKH WRQH

)surr) (T

/IRRNLQJ DW WKH SUREOHP IURP WKH LQSXW RI WKH UHVDPS

)SURFI SU!?FT[ l\/ %U (T
%\ LQVHUWLQJ (T LQ (T DQG UHRUGHULQJ WKH Ul
S) k EURFI (T

7KLY UHVDPSQAMOQWKIDWDRVLR QHHGHG LQ WKH LQSXW UHVDP
XSGDWHG LQ UHDO WLPH WR WUDFN WKH FKDQJHV LQ WKH IXQGEL

vi
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:KHQ RSHUDWLQJ WZR UHVDPSOHUV LQ D 3VDQGZLFK"™ FRQI
UHVDPSOHU UHTXLUHV WKH LQYHUVH YDOXH RI WKH LQSXW UHVEL
UDWH RI WKH VLIJQDO SULRU WR WKH %63 UHJLRQ -2K4¥%,18HTXLU
JUHTXHQF\ /RFNHG /RRS EXW DOVR WKH RXWSXW UDWLR WR EH V
LQVWDQWDQHRXYV YDOXH RI WKH UHVDPSOLQJ UDWLR QHHGV KH
GDWD DUULYLQJ DW WKH UHVDPSOHU

$V WKH UHVDPSOHG GDWD SDWK VLJQDO LV EHLQJ SURFHVYV
WKH RXWSXW UDWLR QHHGYVY KHQFH WR EH VIQFKURQL]JHG ZLWK W
WR PLPLF D ODWHQF\ HTXDO WR WKH ODWHQF\ RI WKH SURFHVVL:
FKDLQ PLPLFNLQJ WKLV %63 SURFHVVLQJ OBRXEHRUW SKMHHFRG!'
UHVDPSOHU 7KH VI\QFKURQL]JHG VLIQDOUBRWWBY IHG WR WKH R>

I ¢ 1
| (@4 (@) I
| /DWW HIGF \ !
| s ) !
I ot ,x’>"“w\ it :
: o A o 1
: GBGFSO TN GBGFSO fen = I ! GBGFSO‘:',g_T\‘. cBGFsO |
| YDOLG | 2 | YDOLG ::OE:L 8 i YDOLG & g bR B AT
: LT g X | LT g
l | o | 2 o Lo .
| - T |
| UBLQ \ |
I B il :
I

| UBRXW UBRXWBV |
I G |
I . I
: FONBGFSO 1
| |

yLJ 6FKHPDWLF UHSUHVHQWDWLRQ RI D SURFHVVLQJ VHIPHQW LQ D GHFF

IHG WR WKH RXWESROWWBIMPIFR/SWKH ODWHQF\ WKURXJK WKH SURFHV

UAUASTA o' —— o<%oofZ ,fet™ct—-S Zcoc—

7KH SURSRVHG %63 $SUFKLWHFWXUH SHUIRUPY SURFHVVLQJ F
UDWH 7KH UHVDPSOLQJ RSHUDWLRQ ZH FRQVLGHU DQ LGHDO U
VRPH FRQVWUDLQWY RQ WKH PR{LRXRVREWRWKW MW BHBQ®HIGEWLKIQL
LOQSXW RI WKH %63 $UFKLWHFWXUH 7KHVH FRQVWUDLQWV FRP
IUHTXHORV WKH VLIJQDO LQ WKH GDWD SDWK WKDW LV WKH KLJK
UDWHKH VHFRQG LV WKH LQSXW EHBQGZLGWEIRNKVKH U MAKIDRAS QM U

QRUPDOL]HG IUHTXHQFLHV IRU ZKLFK WKH UHVDPSOLQJ DUFKL)Y
UHVDPSOHG IXUWKHU LQIRUPDWLRQ ZLOO EH SUHVHQWHG LQ &K

)L J GHSLFWV WKH VDPSOLQJ UDWHV I1\TXLVW IUHTXHQ
SUHVHQW LQ WKH GDWD SDWK VHIJPHQW RI )LJ WKDW PRGHO"
SRLQW WKH LQSXW UHVDPSOHU GLVUHJDUGLQJ WKH RXWSXW R
EZ-s/LQ (T WKDW WKH LQSXW VLJQDO FDQ FRQWDLQ
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| 2SWLPLJHG %: o ° 2SWLPL]HG %: !
: IRU WKH LOSXW UHVDPSE)HU IRU WKH RXWSXW UHVDPSOHO
| EZeah > 2 @ >F\FOHXDRS EX@<A> 52A @ >F\FOH VDPSOH@E |
| o 2> N, ZLWK UHKSHEW WRIWKH VDQGZLEK LQAXW
| sl l’ (Dl‘ —rr b |
I /UT.\\ i I T /Ur.\‘
| Pl XTI foa |
| GBLQ ‘ﬂ Di" GBPLG ‘:LO N 1 GBPLG ‘ﬂ Din GBRXW !
| AR » o X ; . A » |
| YDOLGBL‘Q; I!g YDOLGBPJ.:@ ) é ' YDOLGBP‘Lﬂ Ilg YDOLGBRXV! |
' Lol i ™m i b0 ) :
: >y E.VYI I‘\ _j: ; % =‘YI |
| 5/EI 5 5£i !
| e At e 6DPSOLQJ IUHTXHQF)
: 6DPSOLQJ IUHTXHQF\ 6DPSOLQJ IUHTXHQF\; M Sxd¥! Zx B A | |
| b >VDPSOH V@ I 5A/I>VDPSOH V@ | \>VDPSOH V@ |
| : )

|
: INTXLVW IUHTXHQF)\ INTXLVW IUHTXHQF\ : I\TXLVW IUHTXHOF]}
| Jic b >+]@ )i % 5AL  >+]@ oM Wy >+le |
' i S |
yLJ 6FKHPDWLF UHSUHVHQWDWLRQ Rl WKH UHODWLRQV EHWZHHQ VDPS
EDQGZLGWKYV LQ WKH %63 $UFKLWHFWXUH
EZ .15 %iq i) (T

JLUVW QRWH WKDW D UHVDPSOHU KDV WZR SRUWV ZLWK GL
WKH WUHDWHG VLJQDO LQ WKH UHVDPSOHU LV KHQFH GHILQHG
EHWZHHQ WK< LIRS X WQSR UK H )XW SKXWESRWW :H FDQ QRUPDOL]H
INTXLVW IUHTXHQFLHV WR WXH:L QIXW&V DPRSQUA Y SHPRWH. PWO\ ,Q
RI XS VDPSOLQJ WKH PRVW UHVWULFWLYH RQH LV IRXQG LQ WK
59! ,Q WKH FDVH Rl GRZQ VDPSOLQJ LW LV WKH RXWSXW ZKR L
GDWD SDWK DV WKH UHVDPSG®1LLQJ UDWLR LV VPDOOHU WKDQ RQ}

7TKHVH ERXQGDULHYVY DUH GHSLFWHG LQ )LJ ZKHUH ZH S
UHVDPSOHU 7KH UHVDPSOLQJ UDSWKARY DFFEISWEG LY WKQW HDY
RSWLPL]HG WR RSHUDWH LRZRLQRUPDQZILMWIG EDQGCGZAHGW®WLFLSDW
WKH FKDUDFWHULVWLFVY RI WKH UHVDPSOLQJ DUFKLWHFWXUH W

Normalized bandwidth limit for the input signal of the input resampler

1 I
Normalized Nyquist frequency @ input port fNY
Normalized Nyquist frequency @ output port fNY
I (.8 H — — Normalized optimized bandwidth of the resampler hwRSPm
% == Normalized bandwidth limit fBWup
o
O 0.6
>
N
_
0.4
—
0.2
0
0.5 1 1.5 2
Input Resampler Ratio R, [f’g/fg]
yLJ '"HULYDWLRQ RI WKH EDQGZLGWK OLPLW IRU WKH LQSXW UHVI

WS
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GHSLFWV WKH QRUPDOL]JHG I\TXLVW IUHTXHQF\ RI WKH LQSXW SR

Y D O XH 7KH JUHHQ WUDFH GHSLFWV WKHIQRKRMD BXWSX W\
1< 5.0 5Lo 7KLV IUHTXHQF\ YDULHV DV D IXQH%YDLR® \RI DVQR/HEIHWS.
| RSl DQG5oI/RU7KH GDVKHG OLQH SUHVHQWYV WKH XSSHL

RSWLPL]HG EDQGZLGWK RI WKHEHZUHVDPIBHUEWXDWUVUBB\GMNSLWR
OLPLW |UbiAsX s\l IRU DQ\ LQSXW VLIJQDO LQ WKH QRUPDOLJHG |
WUHDW WKH DEWROXWIHV EOHIGQHGWKY WKH UDQJH RI DFFHSWHC
)o.15/A >u.x@ 7KH UHDGHU FDQ QRWLFH VBKDW RIRMHVI RUK H HRVOWPS,
SDWK OLPLW WKH PD[LPXP IUHTXHQF\ Rl WKH WUHDWHG VLJQDO

‘H HIWHQG WKH DQDO\VLV QRZ WR WKH RXWSXW UHVDPSOHL
UDM/HVY YDULDEOH DQG JRYHU Q3& @ \WKKHL DS I JEHNABRSIDRIMR S X W
VDPSOLQWKRZWMNHU LV |L5RKBY \WRPISKDWHIGR W Bk xEH 5K G HLSQ ¥ MUHVGH Z L
DQ RUDQJH OLQH LQ )LJ 7KH RXWHBNXBxW P FSQLQN IWHTXHQF\

'H DOVR GHSLFW LQ )LJ WKH ERXQGDULHV DV ZH GLG
VDPSOLQJ IWHT X\HKQFVLIQDO DW WKH LQSXW RI WKH VDQGZLFK 7
Srxvh > @Z2DRG . 5o ZLWK . 7KH JUHHQ WUDFH GHSLFW
IUHTXHQF\ RI WKH LQSXW SRUW WKDW LW LV WKH VDHAH5RYV WKH

5.0 1IRWH WKDW WKLV LV QRUPDO DV ERWK UHVDPSOHUV VKDI
GHSLFWV WKH QRUPDOL]JHG 1\TXLMW )§# TKHQF\ $R/I M\ B H FRAKAMGS XIWV
WKH VDPH YDOXH DV WKH LQSXW RI WKH VDQGZLFK 7KH GDVKHG
RSWLPL]HG EDQGZLGWK Rl WKH UHVDPSOHU ,Q WKDW FDVH DV
LW DV ZHOO E&HWXWOWLGL ZRH UHG WUDFH ILQDOO\ GHSLFWV W
I%.xs )%:xs v LQ WKH QRUPDOL]HG EDQGZLGWK IRU WKH VLJQDO
UHVDPSOHU ,Q WKLV FDVH LW LV WKH RSWLPL]HG ED®GZLGWK

-

: Normalized bandwidth limit for the input signal of the output resampler 5 i
Normalized Nyquist frequency @ input port fNY B @
Normalized Nyquist frequency @ output port /”NY 3
T 08H Normalized optimized bandwidth of the resampler wa SPout %
(@) ’ Normalized bandwidth limit /"
@ Output resampler ratio R e
o p pler ratio R_ 11.5 @x
O 06 o
> >
N I
- — )
0.4 — =
—~ - / 1, s
/ n
0.2 =
/ e
N
0 0.5
0.5 1 1.5 2
Input Resampler Ratio R, [fg/fg]
)LJ '"HULYDWLRQ RI WKH EDQGZLGWK OLPLW IRU WKH LQSXW VLJQDO R

wt
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50" RU HTX%RYWOHQWOQORU ODUJHU UDWLRV ZLWK WKH VHFRQG
VDPSOHU WKH RXWSXW I\TXLVW IUHTXHQF\ VHWV WKH OLPLW

1RZ ZH KDYH WKH QRUPDOL]HG EDQGZLGWK OLP LWYDI®RE WK
I.xs %RWK Rl WKHP DUH UHIHUDWGMN R WXSXWD R B @/IK@J VDDQMGH L F K
WKH PD[LPXP QRUPDBGE}#GC WRDWZW&W KWUHDWHG VLJQDO LQ WKH
DV WKH VHW Rl WKH PRVW UHVWULFWLYH OLPLW IUHTXHQFLHV RI
WKH EOXH WUDFH GHSLFWW WK® WS 8HYROPBLON | HIG EXOHERAL G WK F
WKH UHG WUDFH GHSLFW VIM&KH XV8SH WQ RUPDW LIJHETEBQBZLGWK R
DQG WKH EODFN WUDFH GHSLFWV MWHoddERPEWQ RQ IXERWK O HFIDW
QRUPDOL]HGERDQGQRUGIMK\ VLIQDO DW WKH LQSXW RI WKH %63 $U

E6,*1$/ ; I ZLWK> 0Jo:XS VDQ( (T

ZLWK WKH DEVROXWH XSSHU OLPLW IRU WKH UHDO VLJQDO GHIL(

)%:XS VDQGZLIFKI VvV %: (T

{ Normalized bandwidth limit for the input signal of the sandwich
I

Normalized bandwidth limit for the input resampler fBWup

Normalized bandwidth limit for the output resampler  f*

BWup

= Normalized bandwidth limit for the sandwich fBWup-sa.n dwich

<
o
I

<
o)

|, >VDP®&OH

<
=

)

02 /

/
0
0.5 1 1.5 2
Input Resampler Ratio R, [f's/fs]
yLJ '"HULYDWLRQ RI WKH EDQGZLGWK OLPLW IRU WKH LQSXW VLIJQDO RI W
UAVEA ‘e...Z—sc oo

7KH FKDSWHU KDV SUHVHQWHG D QHZ DUFKLWHFWXUDO VROXWLR
HLWKHU )3*$ RU $6,& ZLWK D IL[HG IUHTXHQF\ VA\VWHP SURFHVYV
ERWK %63 DQG %$3 UHIJLRQV 7KH %$3 FRQWDLQV SURFHVVLQJ Z
SDUDPHWHUV RI WKH VLIJQDO 7KH %63 DXWRPDWLFDOO\ WXQHV
UHJLRQV VXSSRUW WKH SRUWLQJ RI DQ\ QHZ RU H[LVWLQJ DOJR
DOJRULWKP
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7KH RQO\ LPSOHPHQWDWLRQ FRQVWUDLQW LV WR XVH D GH
UHJLRQ LV EXLOW RQ WRS RI WKH )3*$)3BHE&,I6RIDBDUDE W& D BWDG\L
GDWD VDPSOLQJ UDWH WR WKH VLJQDO VSHFWUDO SURSHUWLHYV
UHDO WLPH 7KH GDW)5 $SIRWEE R E WIHUED PHHD OK R | G HGLEDWHG SR
LQWHUIDFHV 7KHVH LQWHUIDFHV SHUIRUP FRXSOLQJ DQG GHFR
VLIJQDOV WKH\ DFW DW ORJLFDO DQG SK\VLFDO OHYHO

LWKLQ SWK&,6DEULF WZR UHVDPSOHUV HQFDSVXODWH W]
SHUIRUPV WKH FRQYHUVLRQ RI WKH IL[HG VDPSOLQJ UDWH DW .
UDWH SURSRUWLRQDO WR WKH VLIQDO VSHFWUDO FRQWHQW $W
WR WKH RULJLQDO IL[HG UDWH 7KH UHVDPSOLQJ UDWLR YDOXH!'
G\QDPLFDOO\ 7KH UHVDPSOHUV LQWHUIDFH WKH GLIITHUHQW SUF

7KH LPSOHPHQWDWLRQ SUREOHPV WUXQFDWLRQ RI YDOXH)
EHHQ SUHVHQWHG DQG VROYHG 7KH PDLQ FRQFHUQ KDV EHHQ \
LQYHUVH YDOXHYVY EHWZHHQ UHVDPSOBR®PAE, ITRHHIXNREEGHPREW VR OR



&KDSWHU

SUELWUDU\ DQG 5HDO 7LPH ¢
5SHVDPSOLQJ $UFKLWHFWXUH

woe="f..5@ LSf " Fefe—e f of™ o7 e "
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7KH SUHYLRXV FKDSWHU KDV SUHVHQWHG DQ $UFKLWHFWXUH WK
UHVDPSOLQJ WKH WUHDWHG VLIJQDO 7KH $UFKLWHFWXUH XVHYV
VLIQDO WR WXQH WKH UHSUHVHQWDWLRQ RI WKH VSHFWUDO FR
WKH NH\ HOHPHQW RI WKH %63 $UFKLWHFWXUH EXW LQ &KDSWH
7KLY FKDSWHU SUHVHQWY WKH LOQOWHUQDO DUFKLWHFWXUDO DQC(

vata "teft se . S"ier o f'12<°%o f—F ‘fe7f7e<!
f”...S(—:t...—_”:l:
$Q\ GLJLWDO UHVDPSOLQJ DUFKLWHFWXUH FROQWDLQV WZR IXQF

7KHVH HOHPHQWY DUH FRPPRQ LQ XS VDPSOLQJ DQG GRZQ VDPS
ILUVW UHTXLUHV WKH GHWHUPLQDWLRQ Rl WKH WLPH LQVWDQW
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VHTXHQFH QHHGY WR EH HVYWLPDWHG 7KHQ D VHFRQG SURFHVV
WKH DYDLODEOH VDPSOHV LQ WKH LQSXW VHTXHQFH > @ > @

UHVDPSOBQUTUDWLR7KH VHFRQG XV HM@DIQHS LVD IS B VR XAD 8 5\ HWH V X O
SURFMWDPSOLQJ UDWH FRQYHUVLRQ LV WKHUHIRUH D WZRIROG

7KH 7KHVLV SURSRVHV D UHVDPSOLQJ DUFKLWHFWXUH ZLV
UHTXLUHPHQWY SUHVHQWHG WR WKH $UFKLWHFWXUH LQ &KDSW
DQG LOOXVWUDWHY WKH UHODWLRQV EHWZHHQ WKH WZR IXQFW
DQG WKH WLPLQJ XQLW 7KH EOXH EORFN SHUIRUPV WKH PDWKHF
FRPSXWHV WKH VDPSOLQJ LQVWDQD QGFWRMW BETRY WRIPHU H \SOUR-B
WKH IORZ RI VLJQDOV DQG UHODWLRQV EHWZHHQ WKH PDLQ EOR
XS VDPSOLQJ RU GRZQ VDPSOLQJ UDWLRV ,W DGGUHVVHV 665&
UHIHUHQFH DQG FRPSXWHV WKH RXWSXW WLPH LQVWDQWYV EDVH
FDQ DGRSW DQ\ DUELWUDU\ DQG YDULDEOH YDOXH LV ®DGH DYD

352326(' 665& $5&+,7(&785(
9%$5,8%/(
[>Q@ 5 )58&7,218/ "(/$<),/71(5 \>P@=
17(532/$7,21 2) 7+(
287387 9$/8(
\>P@ [>Q G@\
A co\ A YDOL‘GBRXW
QHZBVEO T$1% (1. 1(
&2038787,21 2) 7+(
S > 6$03/,1* ,167$17
GO\ 51
yLJ 3URSRVHG VI\QFKURQRXV VDPSOLQJ UDWH FRQYHUVLRQ DU

7KH UHPDLQLQJ RI WKH VHFWLRQ SUHVHQWY WKH PDWKHPDW
D IXQFWLRQDO SRLQW RI YLHZ DQG UHJDUGOHVV RI DQ\ LPSOHF
UHVDPSOHUV FODVVLILHG EDVHG RQ WKH UHVDPSOLQJ UDWLR
HODERUDWHY D VHFRQG FODVVLILFDWLRQ DFFRUGLQJ WR WKH W

VAtase1" Zf—<‘s F-™iIfe fTf<Zf, 2% ofe'ZF

7KH LQWHUSRODWRU EORFN SHUIRUPVY LQWHUSRODWLRQ WK
WKH YDOXHV RI DQ XQNQRZQ IXQFWLRQ DW SRLQWV ZKHUH QR L
DSSUR[LPDWHG E\ D VHFRQG IXQFWLRQ IRU LQVWDQFH D SRO\QR
ZKHQ DQ XQNQRZQ YDOXH LV UHTXLUHG LW VXIILFHV WR HYDO.
6DPSOLQJ UDWH FRQYHUVLRQ LV DQ DQDORJXH SURFHVV LQ ZKLI
WKH LQSXW VLJQDO LV WKH DSSUR[LPDWHG IXQFWLRQ DQG WK
LQIRUPDWLRQ LV DYDLODEOH

W X
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W LV FRPPRQ WR GLVWLQJXLVK EHWZHHQ VDPSOLQJ UDWH
GRZQ VDPSOLQJ > @ > @ :H FDQ FODVVLI\ WKH UHVDPSOHUV
RXWSXW VDPSOHV FRPSXWHG E\ WKH LQWHUSRODWRU ZLWK UHV
7KDW UHODWLRQ LV5WKH UHVDPASOLQJDUDMHSRFWV DQ H[DPSOH L
VDPSOLQJ UDWH FRQYMPDORG ZIMWKDD BRQWLRQ WKDW FDVH WKH (
LV VPDOOHU 7KLV PDNHV WKH VSDFLQJ EHWZHHQ RXWSXW VDPS
FDVH RI XS VDPSOLQJ GHSLFWHG LQ )LJ E WKHUH DUH PRU
WKHP LV VPDOOHU WKDQ DW WKH LQSXW WKH RXWSXW VDPSOLQ

D ,QSXW VHTXHQFH 2XWSXW VHTXHQFH
[q@ 19 \P@
5 —
¥
S
H 2 H 2
I 6DPSORG DW ! 6DPSOHG DW
E ,QSXW VHTXHQFH 2XWSXW VHTXHQFH
T [q@ i \P@
5 — |
v
e
| 0 HH ‘5
| o | '
6DPSORG DW 6DPSOHG DW
yLJ D 6DPSOLQJ WDOWHEFR@PSOYLIQRQUIRMH FRQYHUVLRQ IRU

,Q DQ\ FDVH UHJDUGOHVV RI WKH UHVDPSOLQJ UDWLR HDF
JLYHQ VHW RI QHLJKERXU LQSXW VDPSOHV 7KLV GHSHQGHQFH |
IDPLOLHV RI UHVDPSOHUV RSHUDWH RQO\ ZLWK LQSXW VDPSOH\
SRLQW RI YLHZ WKHUH LV WKXV QR GLIITHUHQFH EHWZHHQ XS VI
VDPH LQWHUSRODWLQJ XQLW FDQ EH XVHG IRU ERWK IDPLOLHV
RXWSXW VDPSOH LQ JUHHQ LQ WKH ILIXUH LV GHSLFWHG 7KH
WKH RXWSXW VHTXHQFH W FDQ UHVXOW IURP HLWKHU XS VDF
LQIRUPDWLRQ WKH LQWHUSRODWRU XVHVY DUH WKH ILYH DYDLOD

T AP @

H [

2XWEXW

)LJ ,QWHUSRODWLRQ EHWZHHQ DYDLODEGH VDPSOHV UHJDUGC

7TKH LQWHUSRODWRU ILUVW ILWV WKH DYDLODEOH VDPSOH)\
HYDOXDWHV WKH UHVXOWLQJ IXQFWLRQ DW WKH GHVLUHG WLPH
GHVLUHG SRLQW ZKHUH WKH RXWSXW LV UHTXLUHG OXOWLSOH L

wy
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ILWWLQJ IXQFWLRQ RU SRO\QRPLDO > @ > @ OLQHDU FXELF \
RI WKH 7KHVLV

VALAtEsco%o "T 1 Fe. % fot ere. S " ecf—c's

7KH FRPSXWDWLRQ RI WKH VDPSOLQJ LQVINDR W WV FELIQIH GHRI
)L J KDV GHSLFWHG D JHQHULF WLPLQJ XQLW LW GRHV QRW ¢
PDGH DYDLODEOH WR WHKIHVUMR\Y PFRIGMIV U BIHQWBWALRV KLQ DQ\ VHW
LQ WKH SUHYLRXV VHFWLRQ WKH FODVVLILFD VL RROURW K H WDLFPS @H
LW LV PRUH UHOHYDQW WR ORRN LQVWHDG DW WKH WLPLQJ UHII
DUFKLWHFWXUHV FDQ EH LGHQWLILHG $V\QFKURQRXV 65& $658&
ZHUH LQWURGXFHG LQ VHFWLRQ DQG WZR Rl WKHVH UHVDPS
WKH WLPLQJ UHIHUHQFHV IRU WKH LQSXW DQG RXWSXW WHTXHQ
LV LQIHUUHG IURP WKH UHODWLRQ EHWZHHQ WKH UHIHUHQFHV
WR VIQFKURQL]H WZR VHTXHQFHV ZLWK GLIIHUHQW UHIHUHQFHYV
UHIHUHQFH QRUPDOO\ WKH LQSXW VHTXHQFH RU V\VWHP FORFN
UHVDPSOLQJ UDWLR LV SURYLGHG H[WHUQDOO\ DQG WKH RXWS)
SDUDPHWHUV 7KH UDWLR DQG WKH FRPPRQ UHIHUHQFH ,Q WKL
RXWSXW VHTXHQFHV 7KH WLPLQJ XQLW FDQQRW WKXV EH JHQF
FXVWRPL]JHG WR RQH Rl WKH WZR DSSURDFKHV 2XU SURSRVHG D

vataud ‘et (0—13""2]‘—‘" f'T —<co¢o%y —e(—o

7KH LQWHUSRODWLRQ EORFN LV EDVHG RQ D GLVFUHWH WLP
LQ )LJ 7KHVH ILOWHUV DUH )UDFWLRQDO 'HOD\ )' ILOWHUYV
LQWHUSRODWLRQ RI EDQGOLPLWHG VLJQDOR@> W&DWKB S SHRMH B D
YDOXH RI D UMD/ IV IRDQOD®XW VDPSOLQJ LQVWDQWY DUH DUELWUI
GLVFUHWH L QSEWWKHDTMK H/GEMAH WHKGIWIVQ SXW VDPSOLQJ UP& H V(DFI
HVWLPDWHG E\ 3ILOWHULQJ  WKH QHLJKERXU LQSXGOVERSIQBWHL
VIQWKHVL]HV D SKDVH VKLIW RI WKH LQSXW VLJQDO ZLWK DQ DO
LQWR ILOWHULQJ 7KH 9)' UHFHLYHV WKUHH $R® DW KW HUSDINK ¥DIO
DQG D TXDOLYD@QUGBREWOQSXW VHTXHQFH FRQWDLQV WKH GLVFUF
[ WXQLIRUPO\ VDPSOHG DW W KK H @XXWS XNPRESDVXARBEMHH G R1 WK
VDPSOHV 7KH GHOD\ YDOXH LV GLIIHUHQW IRU HDFK SDLU UHIHL
WLPH WKDW WKH LQSXW UHIHUHQFH VDPSOH QHHG WR EH VKLIW]
WKH RXWSXW VDPSOH ZKHQ WKH GHOD\ YDOXH FDQ EH KDQGOHG

7KH LQSXW DQG RXWSXW VDPSOLQJ LQVWDQWY DUH PDQD.
DOJRULWKPLF HQJLQH 7KLV EORFN XVHV WKH LQSXW VHTXHQFF
UDWDR SDUDPHWHU 7KH HQJLQH GHS,SAWH,CWHYRHLQL)WLPH $&KF

wz
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DOJRULWKP WKDW FRPSXWHVGWMH GID FHKU 8 B WL GH® DR X WIBOXX\H W D |
FRPSXWHG EDVHG RQ WKH VDPSOLQJ LQVWDQW RI WKH VDPSOH X
WKH YDOLG LQFRPLQJ LQSXW VQFAZIBWEFR MDD FMGWE\HWAX V HDQYD ¢
LQSXW VDPSOH XVHG DV UHIHUHQFH ,W FRQFXUUHQWO\ WUDFNV
LV FRPSXWHG EDVHG RQ WKH UHVDPSOLQJ UDWLR 7KH GLIIHUHQ
IHG WR WKH 9)' ILOWHU :KHQ WKDW DPRXQW RI GHODYFOQGBR XW
LV UDLVHG 7KDW VLJQDO LV DOVR PDGH DYDLODEOH DW WKH RX

VAUA ""Z<.. f=<'e T =St fr..Sc—f..——"F =" 7, <-

7KLV VHFWLRQ SUHVHQWYV WKH IXQFWLRQDO GHWDLOV RI WKH DU
WKH IXQFWLRQDO XQLWYV KDYH EHHQ WDLORUHG IRU XVH LQ WK}t
UHVXOW IURP WKH VSHFLDO QHHG RI DQ DUELWUDU\ DQG UHDO W
DQRG WKH SULQFLSOHV RI WKH 9)'

vauassat te%ocot

ZAYAWAWAf> ..'o ——f—<'e "t L Ft—"1¢
7KH DUFKLWHFWXUH LV EDVHG RQ D 9)' ZKRVH FRQWURO S|
FRPSXWHG E\ WKH WLPLRU$BDQIJRQHWK®WK) RMKM KLY WKH WLPLQJ
RXWSXW VDPSOLQJ LQVWDQWY WKDW DUH WLPHV PHDVXUHG L

VDPSOLQNRVWBRBOWQSXW UHIHUHQFH VDW®SRH WKRH VI IMDHPG GRIXQ
VDPSOLQJ LQVWDQW RI WKH UHIHUHQFH LQSXW FDQ EH FRPSXWH

Woeo Qv (T

7LV WKH LQSXW VD®PWRHQIQSHIJ IRRGVKBIGUHIHUHQFH LQSXW V
7KH VDPSOLQJ LQVWDQW RI WKH GHVLUHG RXWSXW FDQ EH FRPS

WP@ P \Y (T

79LVY WKH RXWSXW VIP®BEHQUQSIHJLRIG WOKHEG GHVLUHG RXWSX
VHTXHQFH 7KH 2LMWP W IGAW W BXKRMLFDO WLPH GLITHUHQFH LQ VHFR

W Vo (¥ (T

,Q )LJ D ZH GHSLFW VHYHUDO GHOD\ FDVHV IRU GLIIHUH
UHIHUHQFH EHLJH 7KH GLDPRQG P[BJ®N V K\HK ALIUF®XW U H SHIUHMHRD
vDPSGAHY 7KH UHIHUHQFH VDPSOH LQ WKPH 1@ SR\ O H TMKKIKD FSHH WRILL U
DUH @ DQ®@
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D'HOD\ FRPSXWDWILER'QOD\ bR @2 F '"HOD\ PR@A
A @ A AP @ A A P@
| ! |
\> @ > @ \> @ : > @
— > > >
L7 Py ARwExwWe 71{/ :! 2XWEBXW | 7% : : 2XWEXW
Ty e |
I > I .. I . .
R A P2 o w
2 P7% Q7 e B0 E——
)LJ D $EVROXWH WLPH BR@®&L W QREQRIRW SDQEDXWGASIEHH BB D\ FRPSXWDWLRQ

\> @ F '"HOD\ FRPSXWD®@LRQ IRU RXWSXW

)LJ E GHSLFWV WKH GHOD\ FRPS X@V DARLCR/D. @RI WK K HR X O/
VDPSOH 7KH GHOD\ YDOXH LV WKH WLPH GLIIHUHQFH EHWZHHQ

W We We (T
,Q WKLY FDVH ORRNLQJ 3EDFNZDUGY"~ WKH GHOD\ YDOXH LV

)LJ F GHSLFWV WKH GHOD\ FRP\SX@P® WKRE FDW NV KW KRIX @/
LV SRVLWLYH ORRNLQJ 3IRUZDUG"~

W We We (T

zayawaxa fZ% '"«—Se
7KHUH DUH DSSOLFDWLRQV Rl )" ILOWHUVY WKDW UHTXLUH W
VDPSOHV 7KLV LV WKH FDVH IRU LQVWDQFH RI HFKR FDQFHOOD)
,Q VDPSOLQJ UDWH FRQYHUVLRQ WKLV LV QRW WKH FDVH DQG HI
DUH XVHG LQVWHDG

KHQ WKH UHVDPSOLQJ UDWLR LV IL[HG WKH GLITHUHQW GF
GLVFUHWH VHW RI YDOXHV > @ ,I WKH UDWLR LV NQRZQ EHIRU
LQWHUSRODWLQJ FRHIILFLHQWYV RI WKH )" ILOWHU VWRUHG LQ D
DUFKLWHFWXUH EDVHG RQ WKLV VHW Rl YDOXHV ZLWK SRO\SKEL
RSWLPL]DWLRQV H[SORLW WKH IDFW WKDW WKH GHOD\ YDOXHV C

2XU UHVDPSOHU GHDOV ZLWK DQ DUBELWKDW V¥ R QR GDYMWHUDLEVOM
LQWR GLIITHUHQW VHWV RI GHOD\ YDOXHV IRU GLITHUHQW UDWLR"
WKLY PDNHV WKDW WKH GLITHUHQW VHWV RI DVVRFLDWHG GLVFU
D FHUWDLQ SDLU RI WKUHVKROGYV 7KLV JUHDWO\ LQICBMEQFHYV
DOJRULWKP 7R GHDO ZLWK WKDW WKH XQLW FRPSXWHV WKH Gl

Xr
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FXUUHQW YDOXH RI WKH UHVDR2ZDY BRIUHBVWQR WG JIQD & KHK 5 HGYH. @RI
ZDV SUHVHQWHG DV D GLIIHUHQFH EHWZHHQ WKH RXWSXW VDPS!
""'$1$DOJRULWKP QHHGYVY WKXV ILUVW WR FRPSXWH WKH RXWSXW
ZKHQ WKLV YDOXH LV NQRZQ WKH DOJRULWKP REWDLQV WKH WL

6RPH IXUWKHU FRQVLGHUD LR Q® JRWH VOKIMH GEGM RR/QIY @ H
FRPHV IURP WKH IDFW WKDW WKH DWPR X @WK W IRGKMBXWX VW ® EU DKWY
VDPSOLQJ SHULRG 7KH WLPLQJ XQLW QHHGV WKXV WR IHHG WKF
IRUPGOAQ )LJ

7TKH,$1$ DOJRULWKP KDV EHHQ GHYHORSHG VDWLVI\LQJ WKF
DGDSWLYH UHTXLUHPHQWY RI D YDULDEOH UHVDPSOLQJ UDWLR
SURFHVVHV WR WKH LR SXWKVW R 8§ RLY¥KGSROWHIRMPRUH H[SUHVVHG |
QXPEHU RI VDPSOLQJ SHULRGV DW WKH LQSXW UDWH DV

"
GOy
7 (T

\%
7KLV SURYLGHV D GLUHFW LQWHUIDFH ZLKWK WKH BPQ ™HH I
H[SUHVVHG LQ WHUPV RI VDPSOLQJ SHULRGYVY LQVWHDG RI VDPSO

L -

I
oA
1RWH WKDW LQ WKLV FDVH WKH UDWLR T¥LQRWMHDGL RH GNVW RV
W LV WKXV PRUH FRQYHQLHQW $/A &DIEG HREU WW K PUAHMB R SNOKHHJ LERQY G WM
UDWEBER. QVWSH DG RI

79
7BRXBVN —Q—
5Q 7 (T

‘H UHIHU WR WKLV LQYHUVH UHVDPSOLABRYWIRHEK DA M/K B OYC
SURFHVVLQJ ZLWKLQ WKH DOJRULWKP LV QRUPDOL]JHG WR WKH Lt
FRPSXWH WKH VDPSOLQJ LQVWDQW RI WKH LQSXW UHIHUHQFH VL
DFFXPXODWRU HDFK WLPH WKDW D QHZ VDPSOH DUULYHV 6LPLC
LQFUHPHQWDQVHEF\RQG FRXQWHU RU DFFXPXODWRU DFFXPXODW
VDPSOLQJ LQVWDQW 7KLV RXWSXW FRXQWHU LV LQFUHPHQWHG
WKH DOJRULWKP IRU WKH QH[W LWHUDWLRQ 7KH GHOD\ YDOXH U
IRU LQVWDQFH D GHOD\ HTXDO WR RQH RXWSXW VDPSOH ZLOO EI

7KH DOJRULWKP FDQ VWLOO EHQHILW IURP VRPH RSWLPL]
PDSSLQJ WR D JLYHQ WHFKQRORJ\ IRU LQVWDQFH DQ )3*$ 5H
DGYDQFHY DQG QHZ VDPSOHV DUH SURFHVVHG WKH WZR WLPH F

XS
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WKH GLVFUHWH ZRUG FRQWDLQLQJ D FRXQW FDQQRW JURZ LQGHF
WKH DOJRULWKP RSHUDWHY DQG VWRUHV RQO\ WKH LQVWDQWTL
VDPSOH,$UWOIJRULWKP UHIHUHQFHV WKLV GHOD\ WR WKH WLPH
RWKHU ZRUGV RXU WLPLQJ UHIHUHQFH LV WKH VDPSOLQJ LQVW
WLPH GLIIHUHQFH EHWZHHQ WKH FXUUHQW UHIHUHQFH DQG WKH
ZH VWRUH RQO\ D GHOD\ YDOXH WKDW GRHV QRW JURZ LQGHILQ
LQSXW DQG RXWSXW VDISOOIRUQWWD QWVYOHRHQWLQJ WKLV LGH

W HYDOXDWHY WZR LQHXWVWHKIMW VBOFLDUIHWVWEOBVQHZ LQSXW
UHVDPSOHRLO LILAMEBOMY NHHSY WUDFN RI ZKHWKHU D YDOLG RXWS
SUHYLRXV LWHUDWLRQ RI WKH DOJR GIONKIMDKIDYR WRHUHFBWOQ G\Q ¥
LQFUHPHQW IRU HDFK QHZ RXWSXW VDPSOH DV SUHVHQWHG LQ (
WKH FXUUHQW UHVDPSOLQJ UDMEIBRI DWKEHD U 8 WF IL QLSXWVWKDHU P D ELORH:
IUDFWLRQV RI WKH LQSXW VDPSOLQJ SHUGBE® D@FFHNDW B G HE V S\WKHL
D GHOD\ UDQJH RI SOXV RU PLQXV KDOI D VDPSOLQJ SHULRG

7KH DOJRULWKP FRQWURGY WKIRWVRYXW R X WVYW K HDEHMHD\ Y DO X
QH[W RXWSXW VDPSOH EDVHG RQ WKH YLMQGXGB/EPWA UG D FWH R HDK ¥
YDOXH LV ZLWKLQ WKH UDQJH RI GHIGBUDMAKHY DFFHSWHG E\ WI

GO\GO\ GO\BLQFU

A
| YDOLGBRX YDOLGBRXW

yLJ ""ZWW$QFH L1 WLPHBPIRULWKP

Xt
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,Q HDFK LWHUDWLRQ WKH DOJRULWKP HYDOXDWHV WKH FR
UHFHLYHG WKH GEH DG HFUHMHEDWMHG E\ RQH XQLW 7KLV YDOXH
GLVWDQFH EHWZHHQ LQSXW DQG RXWSXW VDPSOLQJ LQVWDQWYV
LWHUDWLRQ KDV SURGXFHG D YDOLG RXW S)3/0\BLREDW X\§ & B VGH\O
GHOD\ YDOXH WR UHIOHFW WKDW WKH VDPSOLQJ LQVWDQW IRU V
VDPSOLQJ SHULRG )LQDOO\ WKH DOJRULWKP HYDOXDWHYV WKH
RU HT¥DOBWRMIHZ RXWSXW VDPSOH FDQ EH FRPSXWHG LQ WKH |
WKH RXW YW MABRDW LV IRUZDUGHG WR WKH 9)' WRIJHWKHU ZLW

7KH DOJRULWKP LGQQLWKDWO HOGXUIHWKWKDW QR RXWSXW VD
D ILUVW LQSXW VDPSOH DUULYHVY DW WKH UHVDPSOHU WKLV YD
DFFHSWHG E\ RXU 9)' DQG DOLJQV WKH ILUVW RXWSXW VDPSOH

7KH YDULDEOHV RI WKH DOJRULWKP FDQ GLUHFWO\ EH PDS.
HIFHSWLR@ QVGWBRUHHYEOHKN XO WAERAUKWW ,Q WXD O IKDBBHUKWKEOH HYDO
WKHDOLGBRDXWH LQ WKH SUHYLRXV LWHUDWLRQ RI WKH DOJRULW
WKDWWD/OREHRXXHHQ LWHUDWLRQV

7KH DOJRULWKP DVVXPHVY WKDW HDFK QHZ VDPSOH DUULYLGQ
9)' ILOWHU W KDQGOHV FKDQJHV LQ WKH UHVDBOUENDREUDWE ORI
WKH UDWLR VLIJQDO LQ WKH LPSOHPHQWDWLRQ 7KLV LV HODEF

vauatdi “Z-t"

7KH 9)' ILOWHUV XVHG LQ UHVDPSOLQJ DSSOLFDWLRQV DUH
RSHUDWLRQ RI VXFK D ILOWHU LV DOVR D WZRIROG SUREOHP ,W
WKH VHW ILOWHU FRHIILFLHQWY WKDW DSSUR[LPDWHV D WLPH \
7KHQ WKLV LPSXOVH UHVSRQVH WKDW LV GLIIHUHQW IRU GLIIHL
DUFKLWHEWXUH LW QHHGV WR XSGDWH LWV FRHIILELHQWYV WR L
OHWYV ILUVW KDYH D ORRN DW WKH ILUVW SUREOHP V\QWKHVL\
YDOXH 7KHQ LQ WKH VXFFHVVLYH VHFWLRQV WKLV ILOWHU ZLO
YDULDEOH GHOD\V

ZAyAXAWA.. "F—F "«Z-F"e 7" t1Zf> ere—Stece

7KH ILOWHU KDV WR FRPS¥XWaH RO DRRWBIDOB OUKRHLeBXVIBHYVLUHC
SRLWW7KH PRWLYDWLRQ IRU WKH XVH RI GHOD\ ILOWHUV LV WKD
WKH SUREOHP RI VIQWK KQaL | WXKIDDV MOLSVFURHWRHDW BW IBDUWLPH VKLIW
ZKLFK WKH FRQWLQXRXV WLPH VLIJQDO LV VDPSOHG \ MWWRHWWXKH DC
VLIQWE2R2V :KHIQY QHIDWLYH ZH FDOD GWK®DYV KR YVAK\RIZ @ UMBNDRG H E
2V :KHQ UH IDI GUHODN SEAH2 WHQFH QRUPDOO\ SUBRL\G KHVEHJ B BVLQLH)
VKLIW YDUUBEOWR WKH GHOD\ ILOWHU 7KLV GHOD\ RSHUDWLRQ |

Xu
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W [ W W H W (T

ZLVeA IRU WKH VKLIW RSHUDWLRQ 7KLV FRQWLQXRXV WLPH VKLI\
FRQYROYLQJ WKW ZQBKW VILURP GHOWD ZLWKW. GHDO LPSXOVH UF

Ke W /W (T

%\ WDNLQJ WKH )RXULHU 7UDQVIRUP RI WKH LPSXOVH UHVSRFK
UHVSRQVH RI WKH LGHDO GHOD\ RSHUDWLRQ

+ o0 HM " (T

LG

7KLV HOWHWRUUHVSRQGY WR DQ DOO SDVV ILOWHU ZLWK XQ
WHUP WKDW FRQWULEXWHV WR WKH GHOD\ RSHUDWLRE®: HRZD Q V
RXU GLVFUHWH |UDKQ@L BGIFD OZHWBEDM. @WHQ VDPSOLQV RWQA UHDO
ZH ILUVW EDQGOLPLW LWV VSHFWUDO FRQWHQXVHBALMK WH\DSH P\Y \
ILOWHUV WKDW KDYH DQ LGHDQ YRZHSEV Y BUOKIXW® A\ DUHW 5 D@\LID
GHOD\ RSHUDWLRQ E\ VHWWL@IvD FXI\W R RXW HG¥HD@ LYO WHIWD Q V | R
WKH GHVLUHG IUHTXHQF\ UHVSRQVH WR

o0 0+ H'" | J&u (T

7KLV SURWRW\SH ORZ SDVV ILOWHU UHPRYHV WKH IUHTXHQ]
ZLWKRXW DIIHFWLQJ WKH UHVW RI W& VSOE VEEDR & WODWM. VK R\E
FRQVWDQW LQ DOO WKIc$DBEEDDG ZRMK WDIODW DV WKH FXW RI
KDOI RI WKH VDPSOLQJ UDWH WKH ILOWHU FRUUHVSRQGV WR \
FRQWLQXRXV WLPH VLIJQDOV > @

JRU WKH WLPH EHLQJ OHWYTV HYJIQRIUGIHWKB RBE. R DU 8 KB VAD N\
I[UHTXHQF\ EDQGV :H FDQ FRP 3 WR IWKKHL ALSOXYVONH DWW WKROQ V@Y H U
RI WKH IUHTXH#FY UHWSRIQFRIP HV

: § ...
W-—F DE-FW T
s CE‘Q© E (

ZLWK WKHXQRWLRQ GHILQHG DV

VLIE .

\L QFF (E

7KH IXQFWLRQ HTXDOV JHUR IRU LIQWE& GHIUQPW @ M/ IO8VIPM W B B BVH
LV RQH )LJ GHSLFWV WKH IUHTXHQF\ UHVSRQVH RI (T

XV
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D E
JUHTXHQF\ 5HVSRQ Vs ,PSXOVH 5HVSRQVH
[=T}
S <
E ~
s c
2
= 3
= =
< =
=)
<
JUHT XH® Fx >+]@ 7LPHQI ™ W >V@
yLJ D JUHTXHQFM WRHYBERQVH E ,PSXOVHKIMMBIR@@VH &

LY +] 7KLV FRQWLQXRXV WLPH LPSXOVH UHVSRQVH LV DOVR NQI
DQ LGHDO EDQGOLPLWHG LQWHUSRODWRU > @ WKDW PIDAWHV LW
SRVVLEOH IURP D VIBL®BSOHG VHTXHQFH

f

. f
| | :
LW BN K W, NZL @ v%gF W, (T

N

7KLY FRQWLQXRXV WLPH LPSXOVH UVLWHYBWOR/@ LY IH)DIFQML WM |
'H ZDQW WR FRPSXWH D GLVFUHWH FRXGVWEROQBWURHIRDGRXBD XD W
DV LW ZRXOG UHTXLUH LQILQLWH VKLIWLQJ ,W LV RO \RRWKHE
LGHDOK{Q@WEHHUVDPSOLQJ D VKLIWHG DQG WUXQFDWHG YHUVLRQ
ksW> @ )RU WKLV WKH LQWAW RHGMD WK LDVE % UNRK KPIDENSLXROD/ HL WHKYV
Al

K W K ]W'—év%a; /W (T

7KHQ WKLV VKLIWHGKWLISW ®@WDIE H HIVGIRWQN HE\ WUXQFDWLQJ LW
VHIPHQWVRIZKLY FDQ EH GRQH E\ PXOWKLE DLWXKI D @ LVOIGHRAYIVR ® FG\R.
WKDW/WSDQV

- RERVIT IR |
KW, K2,W GEVLE% W’lllR W (T

7KLYV UHVXOWY LQ D UHDKOWWEDW DRBRSX®RYHPDWWHSRWKH LGHD
GHOD\ 7KH UHVXOWLQJ LPSXOVH UHVSRQVH FDQ WKHQ EH VDI
FRXQWHUSDUW

UA] .
| \ F F ' : 0
K>Q@g 4 GQ E@_s \$—L—©$FQ B R AL (T
,Q (T - 7vVDPSOHV LV WK% WHKHIQYXREHWHRIPFRHIILFLHQW

UHVSRQVKH Y DO RHIWKHHQW RI WKH WP X0 X HMKABAR Q0¥ DQG

Xw
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DQRAEH MXVW QHHG WR LQFRUSRIMDRVHTWKH O LRQ® @ UNSK B E W DVHU Y
GLVFUHWH DSSUR[LPDWLRQ RI RXU UHTXLUHG GHOD\ ILOWHU

KHQ SURFHVVLQJ D Qv ZU MW HWAKHHT KR R$ XIW KRG LPHS XQV B BEHW
WKH VHEX@ QFKDW DSSUR[LPDWHV WKH LQSXW VHTXHQFH VKLIWH

%

P @[Q = :E@@((}J@KEQ>@W>K'M@VZL (T

7R FRQFOXGH UHFDOO WKDW ZH KDYH XVHG DV SURWRW\SH
HTXDO WR RQH KDOI Rl WKH VDPSOLQJ IUHTXHQF\ DQG ZH KDYH
VDPSOLQJ D VKLIWHG DQG WUXQFDIW B 6WLHRI@ HGWZ RO QWN\H H QIQ QLK
WKLV PHWKRG EHVW UHIOHFWV WKH UHUKNVXB® \GBQDL@WKHDHW K
VDPSOLQJ SHULRG 7KH REWDLQHG GLVFUHWH ILOWHU ZRUNV E\
VLIQDO VKLIWLQJ LW LQ WLPH DQG ILQDOO\ UHVDPSOLQJ WKH
IUHTXHQF\ UHVSRQVH FRQVWUDLQWVQRWE A LQOMHIW D UGILVIW U HQ
WR REWDLQ SURWRW\SH LPSXOVH UHVSRQVHV WKDW EHWWHU D
SKDVH DQG RU GHOD\ DSSUR[LPDWLRQ OD[LPDOO\ )ODW DSSUR]
KRZHYHU WKDW WRSLF LV RXW RI VFRSH Rl WKH 7KHVLV ,Q VHF
KDYH XVHG WR FRPSXWH WKH XVHG SURWRW\SH LPSXOVH UHVSR
FOHDUO\ LOOXVWUDWHY WKH LPSOLFDWLRQV WKDW WKH GHOD\
UHVSRQVH IRU D GHOD\ ILOWHU WKH QHHG IRU WUXQFDWLRQ DQ

ZAYAXAXA..—<'ofZ TZf> teo.."t—F “<Z—%"e

‘H KDYH MXVW SUHVHQWHG DQ LGHDO GLVFUHWH ILOWHU V\{
LQ XVLQJ WKLY GHOD\ ILOWHU DV WKH LQWHUSRODWLQJ HOHPHC
9)' ILOWHU $ UHDOL]DEOH YHUVLRQ RI WK 9GCGHSEOMMHHWGIHQHUD
DUELWUDU\ LQYWOQWY LQ$SWLMRH WKHVH DUELWUDU\ LQVWDQWYV ¢
Wea (T Rl WKH L[Q@®XWo RWEKXRIQIEH QDWBRRWKH WLPH TKUVYHWHBPK
WUDQVODWHG ®&/®® @GHOD\ WWKPW LV PHDVXUHG DV D IUDFWLRQ
QHHG WKXV WR ILQG WKH UHODWLRQGEHWFE 8 X\Y HVGK E ¥ BUBKIFRXULLWHKEP |
WKH GHODV\QWWKHWL]HG E\ WKH ILOWHU LQ WKH SUHYLRXV VHFW
PDSSLQJ RI WKH ILOWHU

1RWH WKDW WKH ILOWHU GHOD\ LQ WKH SUHYLRXV VHFWLR
GLYLGHG E\ WKH WIRBOLIMW VS HQ LIRWB DR BS\CHI D) S DU WD PWQRQDO SI

] 7, .G (T
'H XVH WKH ORZ SDVV SURWRW\SH ILOWHU (T RI WK
DQDO\WH WKH UHODWLRQV BROWZGE HOK W K WHIFW LRQ® 0 UGBHRWD R Q L
WKH WZR FDVHV )RU VLPSOLFLW\7WKHVV D@ S\OKH J LRV R DKVCHY VDK $f

XX
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D SXUH LQWHJHU PXOWLSOH RI WKH. VDROBEQH F DIRHF N/ HIRRIQIGQ ¥ B\
GHOD\ RI VW K DA WJKH \RXQGDW \D LI @BDOF W L\RIDAIDSO S DUV G HILQH R »
IUHTXHQF\ PJDER DV YDGLDQ V

‘H VWDUW UHYLVLWLQJ WKH LGHDO FRQWLQXRXV WLPH LPS:
)L J D 7KLV UHVSRQVH LV FHQWUHG LQ WKH RULJLQ DQG
(T 7KH VQ Q¥KH WLPH GRPDLQ H[SDQGV WKH ZLGWKrRI WKF
RI WKH ILOWHU LV UHGXFHG ,Q RXWEKDVH PDHIH\FXVKIRILASKOXHQ
HTXDO JHUR L@WK.IPM DOBXKWHIHU PXOWLSOHV RI WKH VDPSOLQC

Y S)e-

- S W,~ I%%VLQN]I—UOW VWZNT7 Q] DQG@Q (T

'H QRZ DQDO\WVH WKH UHVXOWLQJ LPSXOVH UHVSRQVH ZKHQ
VDPSOH ‘H X%WD® R&SEGLOWHU DUFKLWHFWXUH WRaPDQ WKHVHRMN,
ILOWHUV WKDRSIOMHDFRRX QWY IRU WKH QXPEHU RI FORFN F\FOHYV
WDS > @ DQG LW EHFRPHYV

%

(T

%\ PDNLQJ ZH REWDLQ D GLJLWDO ILOWHU WKDW H[DFWO\ U
% WDSV 7KH FROQWLQXRXV WLPH LPSX®OVH WHRSRQVBPSOVRQLUI
v V. GHSLFWHG LQ )LJ E E\ WKH EOXH WUDFH :H KDYH HC
ZH XVH WR PDNH WKH LPSXOVH UHVSRQVH UHDOL]DEOH WKH GXL
Ivus I Av7 V. 7KH UHVXOWLQJ GLVFUHWH LPSXOVH UHVSRQVH (
RI WKH VKLIWHG FRQWLQXRXV WLPH LPSXOVH UHVSRQVH LV GHS

,Q WKLV FDVH WKH VKLIWLQJ RSHUDWLRQ SUHVHUYHV WKH
LQVWDQWY DQG WKXV WKH GLVFUHWH' LPS$X®YH UWRRIBHR QYRIWEH B
VKLIW RSHUDWLRQ XVHV DV GHOD\ DQ LQWHJHU PXOWLSOH RI Wt
WW V LQ WKH SURWRW\SH ILOWHU LV QRQ JHUR 7KLV UHVXOW\
UHSURGXFHV ZLWK QR HUURU WKH FRQWL QX[RXG\R MAL RHR & URMHRON WS
WR WKH LQILQLWH 7KH = WUDQVIRUP RI WKLV SHUIHFW GHOD\ R

1 (T
$QG WKH GLVFUHWH YHUVLRQ RI (T EHFRPHYV
\P@[ B ' ( (T

Xy



Amplitude

05 .

Time [s]
(b)

Impulse Response forD 7 [sample] Hardware latenc L=17 [sam le]

: Sh1fted Prototype I1npulse Response
1 1 O Discrete Impulse Response

Amplitude
o
(9]

05 .

Time [s]
(©)

Impulse Response for D 0 4 [sample] Hardware latenc L

R o e b e

Shifted Prototype I1npulse Response

3 1 _ O Discrete Impulse Response
=
= 05
g
< 0

-0.5 5

Time [s]
JLJ ,GHDO LPSXOVH UHVSRQVHYV D SURWRW\SH ILOWHU E VKLIWHC(

WKH GHODMWDPSOH DQG F VKLIWHG LGHDO UHVSRQVH DQG VDPSOH
WKH ®@HOD\WVDPSOH

‘H DUH KRZHYHU LQWHUHVWHGA®\Y)' ILOWHRQYWIKIHYP\H RAQKH
SDUW WHH) WHUP JRU WKHMH JHUROWXWW KLYV LV QRW D SUF
VDPH RBGS ),5 DUFKLWHFWXUH DV EHIRUH WRVR DS AROHQ MR HR UL R
ODWHQF\ 7KLV ZLOO UHVXOW LQ WKH UHTXLUHG IUDFWLRQDO VI
D WwWPHvV WKH ODWHQF\ RI WKH ILOWHU

7DNH RXU VHFRQG FDVH; O@ WK HVID[PSSID HZHLMKOO VROYH LW

LQ ZKLFK WKH GHVLWHG | WIIFRSIORQ D OSEHIMOM\DW WKH RXWSXW DI
LQWURGXFHG DERYH :H FRPSXWH.DQ UPPSOWBN DQWDRPE\OH Z WK
FRUUHVSRQGY WR D VKLIW RI WKH SURWRW\SH LPSXOVH UHVSRH!
F 7KH GXUDWLRQ RI/W.KH/ZEZQGRZ AKWHDUBYROWLQJ GLVFUHWH
GHSLFWHG VXSHULPSRVHG LQ WKH VDPH ILIJXUH ZLWK WKH UHG ¥

%\ LQVSHFWLQJ WKH UHVXOWLQJ LPSXOVH UHVSRQVH LQ )L
FRHIILFLHQWYV IRU WKH ),5 ILOWHUJ LWOKHT VDP SO HESU¥D@RKW VD R \ PR
WKH JHURV R MKKHHVKILQWLQJ RSHUDWLRQ GRHV QRW SUHVHUYH W
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WKH VDPSOLQJ LQVWDQWY WKDW KDYH CORY RIKWH®/MH® B D W KLTVX B (
FRQVHTXHQFH WKDW QRZ DOO WKH FRHIILFLHQWY LQ WKH ILOWE
QXPEHU RI VDPSOHV WR H[PFAL®AKWU B SN BG X F H HWKHH L\WPLS)XFOVH UHV'S
VXEVHW O\LQJ ZLWKLQ RXU ZLQGRZ 7KLV LV DFFHSWDEOH IRU "
GLVFUHWH |ILOWBYSWRDLWBWRBERROQWOIQXRXV WLPH SURWRW\SH 7K
DQ HUURU LQ WKH FHETW KR W\ LU DOR/RVRIQO\ DSSUR[LPBWHMV WKH
RI (T ZLWKLQ D FHUWDLQ HUURU PDUJLQ

zayaxayd—ae'"" "Vft—te.s> "FZf—<'e = =St "tefe'Zco%o "f—<¢
‘H KDYH XVHG DQ LGHDO UHFRQVWUXFWLRQ ILOWHU DV SUR
LGHDO ORZ SDVV ILOWHU KDYLQJ D FXW RII IUHTXHQF\ HTXDO W
FDVH DV WKH SURWRW\SH ILOWHU WKDW VHWV WKH FXW RIIl U}
> @ ‘H FDQ XQGHUVWDQG EHWWHU WKH FKDUDFWHULVWLFV RI
UDWH FRQYHUVLRQ RSHUDWLRQ IURP DQ DQDORJ SHUVSHFWLYH
LQYROYHV D WZR VWHS SURFHVV GHSLFWHG LQ )LJ h LMUVW
UHFRQVWUXFWHG DV DQ D@D ORL\VEBQEPHVVWHKEYXGEPOSUH ILOW
UHFRQVWUXFWWGE REMIIIGLY UHFRQVKAWXFMVWD FORZLOMMHIILOWHU \
VSHFWUXP RI WKHWWDB OWRKHVIAXRYW IUHTXHQF\ ,W UHPRYHV IRO
VDPSOHG VLJQDO DW PXOWLSOHV RI WKH VDPSOLQJ IUHTXHQF\
[LAWWDW WKH QH Z¥ RORWRSEMWD U Q WAHK HSIRX WISHW VHFRBGFHURFHVV LQF(
RI WKH LQWH U P H G[L AW,V DXQH R QV DJWDLO D @ (WD WKIWO R Z P IWW WIKGH
RI WKH VLJQDO DFFRUGLQJ WR WKH 1\TXLVW UDWH
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“UDPSOLQJ UDWH | VDPSOLQJ UDWH
W >VDPSOH V@ DQDORJ GRPDLQ I >VDPSOH V@
)LJ 6FKHPDWLF UHSUHVHQWDWLRQ RI VDPSOLQJ UDWH FRQYHU\

7KH I\TXLVW IUHTXHQF\ LQ KW IUFHFR\Y M W WXFHVQ R QHU RN Q G
Rl WKH GLVFUHWH VSHFWUXP DSSHD PWRDKALNGL ¥ QW K HK U HEHR\QW WL
FDQ EH FRGHG DW WKBINVRB SEDQJUHFRBVWUXFWLRQ RI WKH VLJ
WKH PLQLPXP VDPSOLQJ UDWH VDWLVI\LQJ WKH VDPSOLQJ WKHRL
> @ 7KLV UDWH JLYHQ WKHIRXW®XWD QDPSIHD ERXIQTOHQ ANQ WK
WKH EDQGOLRMMRG VDPEMARQJ ZLWKRXW ORVV Rl LQIRUPDWLRQ
IUHTXHQF\ Rl WKH DKW LSVOWRMLQHDIGEWHWDQ REVHUYH LQ )LJ
VHULHV 7KH\ FDQ WKXV EH FRPELQHG E\ XVLQJ WKH PRVW UHV'
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ILOMWWWKDW UHGXFHVY WKH QXPEHU RI UHTXLUHG RSHUDWLRQV I
WKH QHZ ORZCS\DAVRP BLAM. BU ERWK UHVSRQVHV LQKHULWY WKXV V
YeUDGLDQ V DFFRUGLQJ WR

o | d: - S” Y
o UG gy gl Sty (T
- IHL,IF ¢
7TKH UHVXOWLQJ FRPELQHG DQDORJ HT X KY\D@HH@RAMV IHW GUWKIH. EV
UHVSRQVH Rl WKH#FRPELQHG ILOWHU
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“VDPSOLQJ UDWHpQDPORJ VDPSOLQJ UDWH

y >VDPSOH V@ GRPDLQ I%">VDPSOH V@
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)LJ 6FKHPDWLF UHSUHVHQWDWLRQ RI VDPSOLQJ UDWH FRQYHUVLRQ ZLW
‘H FDQ WKLQN RI WKLV SURFHGXUH DV WKH PHWKRG WR GHIL
ILOWHU ,W PDNHV LW SRVVLEOH WR WDLORU WKH ILOWHU UHVSR
DQG RXWSXW SRUWV RI WKH UHVDPSOHU SURYLGHG WKDW WKH L
,Q DQ\ FDVH WKH UHVXOWLQJ FRQWLQXRXV WLPH ILOWHU XVLQ.
PDGH UHDOL]DEOH DV SUHVHQWHG LQ WKH SUHYLRXV VHFWLRQV

ZAYAXAZE<f,2F "f..—<efZ FZf> tco.."t—F "<Z—-%"e

‘H KDYH SUHVHQWHG VR IDU KRZ WR HVWLPDWH WKH FRHIIL
SURWRW\SH IUHTXHQF\ UHVSRQVH :H NQRZ KRZ WR GHVLJQ D )’ |
GHYHORSHG WKH SURFHGXUH WR PDS LW WR DQ ),5 DUFKLWHFW)
LQ D 9)' ZLWK D YDULDEOH GHOD\ 7KLV LPSOLHV D GLIIHUHQW LF
YDOXH :H FDQ WKLQN RI RXU 9)' DV D UHFRQILJXUDEOH ),5 ILOWI
RQ WKH UHTXLUHG GHOD\ :H KRZHYHU QHHG WR DQDO\VH WKH F
DQG VNHWFK D VWUDWHJ\ WR REWDLQ DQG XSGDWH WKH FRHIILF

S5HYLVLWLQJ RQH PRUH WLPH WKH/EBRFHG6XHNAWYR REM DJIHD (
DOozD\V WKH VDPH QR PDWWHU ZKDW LV WKH GHOD\ ZH VKLIW
DVVRFLDWHG FRQWLQXRXYVY WLPH LPSXOVH UHVSRQVH ZLWKLQ D
GLITHUHQW VHWYV RI FRHIILFLHQWY EDVHG RQ WKH GLIITHUHQW C
LOWURGXFHG LQ VHFWLRQ RXU YDULDEOH UHVDPSOLQJ UD
7KLY LQ SUDFWLFH PDNHV VWRULQJ PXOWLSOH VHWYV RI FRHII
LQILQLWH VHWYV IRU DQ LQILQLWH GHOD\ SUHFLVLRQ
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7KLV XQIHDVLEOH DSSURDFK LV GHSLFWHG LQ )LJ K@@ LQ
ZKRVWRHIILFLHQWY DUH UHDG IURP D WDEOH DQG XSGDWHG ED\
EHWZHHQ SOXV DQG PLQXV KDOI RI DQ LGXW WDFPSSAH. QD (831 @ HRZ
GHOD\ UHVROXWLRQ RI VDPSOH 7KLV UHVX®E@MVALQ HOHYHQ S

T Ze WK @ DQG DKR® ISHRLIGOIWDIHWDOXH :KHQ LPSOHPH
VWRUH WKH FRHIILFLHQW VHWYV LQ D PHPRU\%ZMHQGHDI\G ADD/QR FRO!
DV GHOD$ W@LFHYEOH :H UHDG WKH PHPRU\ EDVHG RQ D FROXPQ
GHOD\ H[WUDFWLQJ WKH URZV LQ SDUDOOHO ,Q WKH ILIXUH IR
RI ILOWHULQJ.DUFKQ® HEFVEB® H

[>Ql@ 9)' ILOWHU
ﬁ@Q@WDEpH $ R \
02 $ $ ,,,,,,,,,, $'
ig (K>@) (K>@ (K>@ 0@
NN = |lc= ] lcax | rm LY
» gn: \>P@
*0 (k>% a1 (kK >% ) >

~

yLJ JLOWHULQJ DUFKLWHFWXUH ZLWK WKH ILOWHU FRHIILFLHQWV VYV
,QVWHDG RI VWRULQJ PXOWLSORHWHWY BHFRBHRBEFDHRHWKR C
KDUGZDUH LPSOHPHQWLQJ WKH 9)' WR FRPSXWH WKH VHW EDVHC
PHPRU\ FRQVWUDLQW ZLWK D UHTXLUHPHQW IRU DQ HIILFLHQW LC

7KH LGHD EHKLQG WKLY FDOFXODWRU LV WR GLYLGH WKH FI
ILOWKHBWUHUBRHQWY RQH SHU FRHIILFLHQW WKDW VSDQ IRU RQH VD
FURVVLQJ RI WHWHSROQYH DV GHSLFWHG LQ )LJ (DFK VHJIPH
RUGHU SLHFHZLVH SRO\QRPLDO WKDW LY $YDODXDWHWG Z KWK HVER
WKXV JHQHUDWRUV WKH FDOFXODWRUV EDVHGFRE& | MEKHHQRMNIN IR
SURWRW\SH ILOWHU RI1 (T DQG (T 7KH UHVXOWLQJ F
WLPH WKH GHOD\ LV XSGDWHG )RU WKH VDNH RI VLPSOLFLW\ LC

Prototype Impulse Response

1.5 I = .
Prototype Impulse Response |
1 | O Discrete Impulse Response

Amplitude

-15 -10 -5 0 5 10 15

)LJ SURWRW\SH LPSXOMWHURMNGWYVH GLYLGHG LQ
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WLPH LPSOHPHQWDWLRQ7KH PR RPLDOV PDSSLQJ WKH VHJIPHQ
FDQ EH H[SUHVVHG DV 7D\ORU VHULHV > @ EHFRPLQJ

K> Q @E3C§ E FG (T

ZLVWEKVKH LQGH[ RI WKH FRHIKKBELHDW L& WKKIHR)U GLHWWRIIUVG MWVHK KB R O\

IUDFWLRQDO GIECDWHRRQCH D GEHIILFLHQW RI W K HYSRO\IQ IRFPLLHD@WR

WKH ILOWHUJERKFRUIIWMYISRQGYV WRRZWBWBRORPQV (DFK®WRQH R

FRHIILFLHQWW@E WKW KHQWHW &LISHRWHNQRPYVB®W RRHIILFLHQWYV F

ILUVW FREHIRIFWKE& VS U R Ww@EW \FSEWMDO@WH® IURP WKH SRO\QRPLDO DS

36 ~ LQ )LJ LV IRU LQVWDQFR®R FROERWE W \EER BLUPKH WRIZWKH
ZLWK WKH&ALYHQ GHOD\

)LJ GHSLFWV WKH DUFKLWHFWXUH LPSOHPHQWLQJ WK
LPSOHPHQWLQJ WKH ),5 KB F FOQVGN LRUF WY IKRIQE IR RDONLEFR. P IQDADV J\M R U
RUGHWRQWUROOHG E\ WKH GHOD\

[>0l@ 9)' ILOWHU K>Q@ ),5 FR|UH

( &RHIILFLHQW FDOFXODWRUYV

> &RHII 3RO\QRPLDO *HQH U@ R

—>( &RHII 3RO\QRPLDO *HQH WB@ R 5
i , \>P@
> &RHII % 3RO\QRPLDO *HQH4BG@HU 3 @
@
YL J JLOWHULQJ DUFKLWHFWXUH ZLWK WKH ILOWHU FRHIILFLHQWYV

zayaxagt fr'™ 7. S«<—t...——"t%

7KH DUFKLWHFWXUH SUHVHQWHG LQ WKH SUHYLRXV SRLQW
UHTXLUHV WKH FRPSXWDWLRQ Rl WKH UHFRQVWUXFWLRQ ILOWH UL
VRPH FRQWURO DQG V\QFKURQL]DWLRQ PHFKDQLVP WR SURSHUC
DUFKLWHFWXUH ZDV SURSRVHG LQ > @ 7KH DUFKLWHFWXUH LV
SRO\QRPLDOV RI WKH FRHIILFLHQWYV (T ZLWKLQ WKH FRQ
(T 7KLV JHQHUDWHY DQ HIILFLHQW DUFKLWHFWXUDO DOW
FRHIILFLHQWY EHIRUHKDQG ,QVWHDG WKH LQSXW VDPSOHV DUFL
DULWKPHWLF PDQLSXODWLRQV RQ WKH FRQYROXWLRQ DQG WKH
ZLWK WKH GHOD\ YDOXH LQ D +RUQHU VWUXFWXUH > @ WKDW
UHGXFLQJ WKH KDUGZDUH UHVRXUFHV QHHGHG DQG HQDEOHV Wi

7KH )DUURZ DUFKLWHFWXUH LQVHUWYV (T LQ (T !
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'H FDQ GHILQH D QXQE EBWHR FE® WK H>0aQ B RS WHAESPBW UL |

%

XQFJ JE F>] (T

%\ H[DPLQLQJ (T ZH FDQXQMH D © LD HY WK \DHRQMRHHQ ®/D/WMDL Q |
GHSHQGHQW RQ[XEK H7 KQB X \§g MWW B H SH Q G& Q B/DYIDFOVORID FIR\DY R X
WKH VHE@H QBEFRHIILFLHQWY RI HDFK SDUDOOHO FRQYEOKXK@LRQ

(T 1RWH WKDWJBRZWWHDRDB\WUEROXPQV LQVWHDG RI URZ
FRHIILFLHQWYV XVHG LQ WKH SRO\QRPLDO JHQHUDWRUV EXW ZH |
DQG )LJ DQG ZH X\ @V K® VIHDXG\ER BWRIBQGUHQEUD W N H F W R U

RE VDPSOHV GHSHQGHQ¥W@RQ WKH LQSXW GDWD

%

x_>Q@XQEf - I>ER[® E@] (T
7KLV YHE®/FDQ EH VHHQ DV WK& R KO\ V5 RH [ EMRHWV RLQJ \
VDPSE®@Y %\ LQVHUWLQJ (T LQ (T ZH REWDLQ
Q@[ Q>@j % Q (T

7KLY ODVW HTXDWLRQ LV D 7D\ORU VHULHV UHg® UWXB YWDOMWM VV
YHFW8A® DV FRHIILFLHQWY DQG HYDOXDWHV@VKH VHULHV ZLWK W

TKH (T FDQ EH H[SDQGHG DQG UHVXOWYV
&
|
d

J)LQDOO\ HYDOXDWLQJ WKLV VHULHV ZLWK WKH +RUQHU > @

Q@ Q> !'@Gx Q X@ >X@ >Xa@ ,Q X (7

\>Q@ [R>' @ ¢ X @G QX>G@ X (T
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7KH UHVXOWLQJ 9)' DUFKLWHFWXUH WKDW LV GHSLFWHG |
FRPSXWDWLRQ RI WKH LQWHUSRODWLQJ FRHIILFLHQWYV IRU HDFk
WKH ILOWHULQJ DULWKPHWLF RSHUDWLRQV ZLWKLQ WKH )DUURZ
JQ@ ZKLFK SUH SURFHVVHV WKGDYD[(DDEOH LOBXIM YBPSWHVLQ
GDWQ® 7KH ILOWHU ERPEN CARHNWOLWOAMVD QG SUH FRPSXWHG RIIO
JEF WKDW DSSUR[LPDWHV VHIJPHQWY RI WKH SURWRW\SH LPSXO
RXW\SP@VLY FRPSXWHG FRPELQLQSQE KH W K WHHBE 1§ GIDVPIS DK DL Q .
WKH +RUQKH RXWIBXW GDWD LV REWDLQHG E\ |HH®LIG [EED LOW

ree——
2 2y 2 9)" =¥
) i%\? i%\? ILOWHUE §
=R 2 2 2R
0 o e 0"
X>Q@ X >Q@ X >Q@ X>Q@
S N v S
G +RUQHU
)LJ 9)' DUFKLWHFWXUH EDVHG RQ WKH )DUURZ DUFKLWHFWX
Vava .’Z:I:.:l:._f_(‘. ¢~ —S:I: f”...S(—:t...__”:t

7KH KLJK OHYHO DUFKLWHFWXUH IRU LPSOHPHQWDWLRQ RI WKH
D ORJLF SRLQW RI YLHZ RQO\ VL[ VLJQDOV FRQVWLWXWH WKH

KDUGZDUH HTXLYDOHQW WR WKH IXQFWLRQDO RQHV SUHVHQWHG
SRUW IHHGV WKH DYDLODE O HG®G DAY B XWD VP 15.00-DYD DV GFERQEI D LLGF\D WY IK
VLIQD G D¥WKBBXY VLIQDO FRUMBVDRBTBWKWRBRKWRHILFDWQR @BWLSI® D

LQ )LJ $ VHFRQG LQSXW SRUMBRXWBQKBW WKW \FRAGKHURIDVDIE
UHODWLRQ EHWZHHQ RXWSXW DQG LQSKXWLUQINAHVYQ7KLYV VLIDOG
YDOXH DV SUHVHQWHG LQ (T 7KH WIOINGE L QISXIVWSKRH WDIWG B

FORFN LV WKH SURFHVVLQJ FORFN LQ WKH FRQYHQWLRQ IROORZ
SRUW LV SUHVHQWDWUWBRRYWDILQNMOWBERGBWY HOLILFDWLRQ VLJIQD
FRUUHVS®R@GCGVZKRL®H WK HERRGCGIW R /IRRNLQJ DW WKH LQWHUQ
LV FRPSRVHG RI WKUHH IXQFWLRQDO EORFNYV "' 7KI$HQUNQHH @ WLLRK
LPSOHPHQWY WKH DOJRULWKP SUHVHQWHG LQ HAWLIJQDRU WKHD
FRQWUROV ZKHQ DQ RXWSXW RBWIDYDOSOMKHADMMHERQFRESRWN G P
ILOWHU LQ EOXH LQ )LJ 7KLYV KRVWVY WKH EDQN RI ),5 ILO
+RUQHU FKDLQ RI DGGHUV DQG PXOWLSOLHUV FRPELQLQJ WKHVF
WKLUG EORFN LQ JUHHQ LQ )LJ FRQWDLQV WKH 3&RQWURO
KDQGOHV WKH FRPPXQLFDWLRQ DQG VI\QFKURQL]DWLRQ EHWZHH
SRUWYV
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6DPSOLQJ UDWH FRQYHUVLRQ DUFKLWHFWXUHV EDVHG RQ
QRUPDOO\ DW OHDVW WZROACBAEFOGBPQLHQRY PDUNHKG\ DUH EHWW
DUELWUDU\ UDWLR $65& LPSOHPHQWDWLRQV 7KH LQSXW FORFN
EDQN 7KH RXWSXW FORFN GRPDLQ DFWLYDWHYV WKH +RUQHU FRF
WLPLQJ XQLW FRPSXWHV WKH GHOD\ EDVHG RQ WKH GLIITHUHQFH
SUHVHQWHG LQ &KDSWHU DQG VHFWLRQ VXFK DQ DSSURDF
IUHTXHQF\ LI WKH UHVDPSOLQJ UDWLR FKDQJHV

[>Q@ o
FONB|
f v |
. ), /7(5 v v
ol e ] [ ]
| | |
7.0
',67$&§¢( ? L 3 \>P@
&20387$7,p = >
JGCQ o +251(5
1 o .
| 9) 9$5,$%/Y5$&7,21%/(/$< CoNEL
)LJ $UELWUDU\ UDWLR 65& DUFKLWHFWXUH EDVHG RQ D )DUURZ 9)' ZL

,Q RXU FDVH ZH IRFXV RQ D 665& DUFKLWHFWXUH WKDW DFF
WR XVH D VLQJOH SURFHVVLQJ FORFN DV GHSLFWHG LQ )LJ
LPSOHPHQWHBG61IRPMIKEHULF 7KLV FRPELQDWLRQ PDNHV LW SRVV]
UDWHV LQ WKH GDWD SDWK XVLQJ D VLQJOH SURFHVVLQJ FORF
IXQFWLRQDO SRLQW RI YLHZ WKH 9)' LV WKH VDPH HOHPHQW
LPSOHPHQWDW ) R$) & [6WIKDLEU MVAKHW LPSOHPHQWDWLRQ OHYHO W
ILOWHUV XVH DQ HQDEOH VLIJIQDO DV SUHVHQWHG LQ &KDSWHU
LV XVHG LQ ERWK WKH ILOWHU EDQN DQG WKH +RUQHU KRZHYHI
WKH LQSXW GDWD SDWK YDOLG VLIQDO DQG WKH YDOLGDWLRQ
TXDOLILFDWDRQG/BEMR® AU LWV V\QFKUYDP@L|GBRYMHBWHRMLYHO\ LQ )

7KH VDPH DSSOLHV WR WKH WLPLQJ XQLW IURPSD&IL,XQEWLR
IDEULF LV WUDQVSDUHQW $W WKH LPSOHPHQWDWLRQ OHYHO LV
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LOQWURGXFHG G RMHFBQ RIQ) 7KLV HQWLW\ LV WKH UHVSRQVI
VDPSOLQJ UDWHYV LQ WKH GDWD SDWK W FRQWUROV WKH LQFRF
GHFRXSOHG GDWD SDWK WR UHIOHFW WKH FKDQJH LQ UDWLR DV
OLPLWHG E\ WKH UHODWLRQ EHWZHHQ SURFHVVLQJ DQG VDPSOL

7KH PDLQ SUREOHP WR EH DGGUHVVHG LQ WKLV LPSOHPHQ
vLIQDOV DPRQJ WKH GLIITHUHQW HOHPHQWYV RI WKH 9)' DQG ZL
IROORZLQJ VHFWLRQVY DGGUHVYVY WKHVH LPSOHPHQWDWLRQ LVVX

VAVALA <o’ Zfoete—f—c'e

,QWURGXFHG LQ )LJ WKH 9)' XQLW FRQWDLQV WZR IXQ
JQ@ DQG WKH +RUQHU FRPELQHU 7KH DUFKLWHFWXUH Rl WKH 9
)L J ,Q WKH | YD\WHG BEIVOND WHEDEOHY WKH WDSSHG GHOD\ O

D YDOLG GDWD LV SUHVHQW LGDWCHBIBEE®YD \§BW KL G W G\D WD WHH C
VDPSOHV LQ SDUDOOHO , @ DWKBIBARIDDHRY Y BKIGHWY KR GW IV IKGIL Q J W
RI WKH ILOMBUYEBQ®RO\BAKIHIQDO FRQWDLQV WKH GHOD\ YDOXH
VDPSOH 7KHVH VLJQDOV QHHG V\QFKURQL]DWLRQ DPRQJ WKHPYV
XVHG IRU WKLV LQ JUHHQ LQ )LJ 7KH PHPRULHV DUH SDU
OHPRULHV  HQWLW\

7KH ILOWHUYV LQ WKH EDQN DUH ),5 RQHV 7KH\ DUH LPSOHP
FRSH ZLWK WKH GHFRXSOHG GDWD SDWK DUFKLWHF/XRH &HFD O
IDEULF DQG QRW DOO WKH FORFN F\FOHV FRQWDLQ YDOLG GDYV
SURFHVVLQJ VORWYV QHHGV WR EH LQ}H®D VY BW® KM HQWKHE YIHCRHUI L
ZKLFK DUH HYHQ V\PPHWULFRQKEZBR BGK K RGIE DIOG/WRHRIZG VI\PPHW
7TKH QXPEHU RI PRHKIICFLHQWY LV GHSHQGHQW RI WKH GHVLUHG
SURFHVV RI WKH 9)' 7KH ILOWHUY DUH LPSOHPHQWHG EHQHILWL
DURXQG WKH FHQWUDO WDS 7KH FRHIILFLHQWY RI WKH ILOWHU I
7KLV VFDOLQJ IDFWRU LV FRPSHQVDWHG E\ UH VFDOLQJ WKH GD

$ FKDLQ RI DGGHUV DQG PXOWLSOLHUV IROORZLQJ WKH +RL
ILOWHUV RI WKH EDQN ZLWK WKH GHOBYG PUWIIDPHWHAKHUTH LV RQW
SHU ILOWHU EDQN EUDQFK H[FHSW IRU WKH ODVW RQH 7KHUH I
7KH DULWKPHWLF HOHPHQWY PXOWLSOLHUVY DQG DGGHUV DUH
SDWK WR HDVH WKH WLPLQJ LQ WKH SODFH DQG URXWH SURFHVYV
RSHUDWRUVY GR QRW KDYH HQDEOH VLIJQDO 7KLV PDNHV WKH SU
DOQG WKH RXWSXW NQRZQ 7KH LQVHUWHG UHJLVWHUV LQ WKH
DULWKPHWLF RSHUDWRUV DQG FRPSHQVDWH WKH SURSDJDWLRC
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yLJ $UFKLWHFWXUDO YLHZ RI WKH 9)' ILOWHU ,Q EOXH WKH ),5 EDQN F
VIQFKURQL]DWLRQ PHPRULHV QRW SDUW RI WKH HQWLW\

zazaxawd ...'f "<..<fe—s

7KH FRHIILFLHQWY RI WKH )DUURZ EDVHG 9)' RI )LJ KD
JHDVW 6TXDUH :/6 PHWKRG > G@\WIXMHGHCIDOXWVI QDRP W R
GOW > @ )RU HDFK YDOXH ZH ZDQW WKH UHVSRQVH IURP W

GHODW H¥GVEH WKLV WUDQV&HVUKHKQRWPRQLHGVRQJIXODU IUHTXHQ
GWKH GHOD\ WKH :/6 FRPSXWHV WKH ILOWHU FRHIILFLHQWY WKL

DS

-3 ﬂ+ ¥ ¢ #H° e (T

7KH SDUDRNWHIL[HG QXPEHU VPDOOHU WKDQ RQH WKDW V¢
E UDGLDQ VDPSOH RYHU ZKLFK WKH FR&W D@ G WIX®! XI DR WS \IVEE H Q
EH FKRVHQ WR DFKLHYH WKH UHTXLUHG SUHFIDVLR Q DL@GWWH G DA
ILOWHUV FRQWDLQLQJ ILIWHHQ WDSV HDFK 7KHGUHY XKWL §D \P\D B
LV OHVV WKKQV ZDV IRXQG WR EH JRRG HQRXJK IRU RXU DSSOL
HIITHFW :KHQ UHGXFLQJ LW WR VHYHQ ZLWKRXW FKDQJLQJ DQ
LQFUHDVHV)WWRWKHU GHWDLOV DUH SURYLGHG LQ &KDSWHU

VAVAUA fZ% '"<=Sec... To%ocot

7KH IROORZLQJ VHFWLRQ SUHVHQWY¥15P S ORIPIMDK\PO\Y LHREY IGRHH
LQWURGXFH WKH UHVXOWLQJ IHBWXHHN @K HQWR 0 BPIFQWSQH GN
)5$1&,6&DEULF 7KHQ ZH VKRZ WKH SURSRVHG LPSOHPHQWDWLR

ZAzZAYAV &< Zcoc—s
‘H vDZ LQ VHFWLRQ WKDW WKH XVH RI D 9)' DV LQWHUS
VHTXHQFH UHVXOWV LQ D JHQHULF XQLW LQ WKH VHQVH WKDW L
ZLWKRXW PRGLI|I$IBWORRVLWK® SUHVHQWHG LQ VHFWLRQ L
IRU WKH FRPSXWDWLRQ RI WKH GHOD\ IHG WR VXFK D 9)" ILOWH !
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XS VDPSOLQJ DQG GRZQ VDPSOLQJ DQG VROYHV RXU NH\ FRQFH
DUELWUDU\ UDWLR YDOXH WKDW FKDQJHV LQ UHDO WLPH :H IR
DOJRULWKP RXU PDLQ DUFKLWHFWXUDO GHFLVLRQ LV WKH XVH
VIQFKURQL]DWLRQ SUREOHPVY UHODWHG WR1W 6K/ B UL B B/O® WKHW
D GHFRXSOHG GDWD SDWK WKDW FRSHV ZLWK WKH YDULDEOH
UHVXOWLQJ IURP WKH YDULDEOH UDWLR 7KLV GHFRXSOHG GDV
SHUIRUPDQFH WKDW WKH DOJRULWKP FDQ DFKLHYH RQFH LPSOH

$QRWKHU IXQFWLRQDO UHTXLUHPHQW LQ RXU VROXWLRQ L\
ZKHUH SURFHVVLQJ LQ UHDO WLPH LV UHTXLUHG :H LQVHUW WK
WR SHUIRUP RQOLQH UHVDPSOLQJ ZH GR QRW ZDQW WR VWRUH
RIIOLQH UHVDPSOLQJ UHDGLQJ WKDW GDWD RQ GHPDQG :H QHH
LW DUULYHV DQG RXWSXWV WKH QHZ VHTXHQFH 7KH REMHFWLY
IL[HG IUHTXHQF\ SURFHVVLQJ FORFN IHDVLEOH LQ WKH V\VWHP
IUHTXHQF\ WKDQ WKH GDWD VDPSOLQJ UDWH ZH HQVXUH PRUH
GHFRXSOHG GDWD SDWK 7KLV DYRLGV LWV RYHUIORZ ZLWKLQ VI
FRQFHUQ ZH KDYH QRZ YRLG SURFHVVLQJ VORWY WR SRSXODWHE
SURFHVVLQJ FORFN

7KH GLVWULEXWLRQ RI LQFRPLQJ VDPSOHV LQ WKH GDWD ¢
VDPSOHVY DUH LQVHUWHG LQ WKH ),5 ILOWHU EDQN DV DOO RI WK
DOO RI WKHP DUH XVHG DV UHIHUHQFH IRU DQ RXWSXW ZKHQ W
VDPSOLQJ DV SUHVHQWHG LQ )LJ RU )LJ WKH UHVXOWL
VDPSOLQJ LQVWDQWY RI WKH VXEMDFHQW DQDORJ VLIJQDO LV DC
WKDQ WKH 9)' L& Xw UDQJ® VDPSOH :H ZLOO KHQFH QHYHU X\
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yz



Sfr—%"va  ",="f" fet "ifZa-c<ot Tf<f,ZF "f-< THefe

UHIHUHQFH IRU PRUH WKDQ RQH RXWSXW DQG LQ VRPH FDVHV
FDOFXODWHG EHWZHHQ WZR FRUUHODWLYH LQSXW VDPSOHV WK
ORUH YRLG SURFHVVLQJ VORWY DUH WKXV IRXQG LQ WKH RXWSX
GRZQ VDPSOH D VHTXHQFH DQG ZH VKRZ WKH UHVXOWLQJ GLVWU
LQ WKH GDWD SDWK ZH QHJOHFW WKH SURFHVVLQJ WLPH 7KH
GHSLFWHG LQ WKH ILJXUH E\ WKH JUHHQ YHUWLFDO O[QH® DUR}
LV QRW XVHG DV UHIHUHQFH WP F®PIS\X W Rl P[3 Gy REGVIED@NOWD W & € HG
YDOXH LV DERYH>Q @ DWSEHRKBIIIWFRPSXWHG X¥BQQ@ DV UHIHUHC

$Q\ GRZQ VDPS®LQJLYVDRH®RFH VXLWDEOH IRU WKH GHFRXSOF}
WR RYHUIORZ LW QR PDWWHU ZKDW WKH GLVWULEXWLRQ RI LQS
WKLV FDVH WKH RXWSXW GDWD SDWK WKDW FRQWDLQV OHVV SR

,Q WKH FDVH RI XS VDPSOLQJ WKH GHFRXSOHG GDWD DQ
LOWURGXFHV VRPH IXUWKHU FRQVLGHUDWLRQV ZH ZDQW WR LC
LOQSXW GLVWULEXWLRQ 7KH RXWSXW VSDFLQJ EHWZHHQ VDPSOL!
vLIJQDO LV DOzD\V VPDOOHU WKDQ WKH LQSXW VDPSOLQJ SHUL
WKH 9)' RQH LQSXW VDPSOLQJ SHULRG IURP WR VDPSOH
GHOD\ UHIHUHQFH WR FRPSXWH DW OHDVW RQH RXWSXW DQG L
SDWK ZLWK HQRXJK YRLG SURFHVVLQJ VORWYV ZKHUH WR ILW WKI
GDWD SDWK ZH ZLOO EH DEOH WR GR LW VR RU QRW 7KH XS VD
SURFHVVLQJ FORFN DQG VDPSOLE)'UDMHAR R B/QW/HIB IFRDEW DXME RM RW |
WKH LQSXW VPGS HOPWEHQYW RQ WKH SK\VLFDO SRVLWLRQ RI1 V

"KHQ WKH UHVDPSOHU LV(S&D(BHEF RIXYQMMIWB B HV KK H DFWL'
WKH GDWISDWKLYG WKH LQSXW SDWWHUQ LV D XQLIRUP DQG S

P
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ZLWKRXW EXUWWSURRHVRKQYIRMORWY FRQWDLQY YDOLG GDWD DQ
DQG UHIHU VXFKoD SDWWHUQ DW 83 QO ZUWKRYVY LQ EHWZHHQ W
WKLV FDVH ZH KDYH DOZD\V IUHH VSDFH IUHH SURFHVVLQJ VO
RXWSXWV', DIGEH QVKRH KDV HQRXJK FORFN F\FOHV WR FRPSXWH |
UHIHUHQFH 7KH PD[LPXP SRVVLEOH XS VDPSOI5QJOUDW LA/AH IRDQW
SRSXODWH WKHNVIHODEOH SURFHVVLQJ VORWY LQ EHWZHHQ 7KLYV
DQ DQG ZH XS VDPSOH D WHTXHQRHKRZWKKB URDWXW SHULRGLF

« « « DQG WKH UHVXOWLQJ GLVWULEXWLRQ LQ WKH GLC

$QRWKHU VLWXDWLRQ WKDW ZH FDQ ILQG KDSSHQV ZKHQ Z
GLVWULEXWLRQ RI VDPSOHV LQ WKH LQSXW GDWD SDWK SRUW R
VDPSOHV KDYH QRW EHHQ SHULRGLFDOO\ VDPSOHG LW PHDQV W
ZLWK D QRQ SHULRGLF DQG RU XQLIRUP SDWWHUQ 0I(®B& (L@GBVWDQF
DQG WKH UHVDPSOHU DOWHUV WKH GLVWULEXWLRQ ,Q WKDW F
EXUVW EXW NHHSLQJ VWLO® D@DYHURJH VDPSOLQJ UMWMKH PL
WKLV EXUVW WKHUH DUH QR IUHH SURFHVVLQJ VORW DYDLODEOH
WKH RXWSXW GDWD SDWK Rl WKH UHVDPSGHSH QDG M Q G WUR O RKZW
FDVH WKDW D QHZ RXWSXW VDPSOH QHHGV WR EH LQVHUWHG LQ
HQJLQH KDV QR HQRXJK FORFN F\FOHV WR FRPSXWH DOO WKH SR
LQ EORFNLQJ Rl WKH DUFKLWHFWXUH :KHQ WKH LQSXW GLVWULE
83 ZH FDQQRW RSHUDWH WKH UHVDPSOHU LQ XS VDPSOLQJ PR

$Q H[DPSOH LV GHSLFWHG LQ )LJ ZKHUH5ZH X8S8W BPRPREGN
UHODWLRQ LQ WK6& GDVEXWDYWRK WKBOWRLY DQ LQSXW EXUVW L
RXWSXW VDPSOHV SHU LQSXW UHIHUHQFH WKH PD[LPXP XS VD

DY 2 @
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SURFHVVLQJ VORW SHU LQSXW VDPSOH ,Q WKH ILIXUH ZH VHH
VDPSOHG V@ XHQFBPQ REVHUYH DV ZHOO WKH GLVWULEXWLRQ RI
WKH LQSXW GDWD SDWK DOWHUHG ZLWK UHVSHFW WR )LJ

7DNH D ORRN DW [VDK@& BPEIS\@W VIDP SWKHV W KHVH DUULYH LQ FRQV
F\FOHV ZLWK D GHOD\ YD GXHCRAF X PXDPI\CRISQ.SE WRIBUWRDWK AKH D O
XSGDWHV WKH YDOXH UHVWKDPSIOH IDQJULYDO RI D QHZ VDPSOH E
SUHYLRXV LWHUDWLRQ 7KV @D OXHVRHWXEWHFRROWWSIURFHVV
DOJRULWKP XSGDWHV DJDLQ WKH YDOXH ,I QR QHZ VDPSOH ZR;
VDPSOH DQG ZH FRXO®B IGHOQVHHFRPBWHWER @RZBIYEVHY ZLWKLQ WK
UHVXOWYV LQ D ILQDO FRPSXWHG GHOWDPYSIDHXHSRID UHVXOW RI
DFFXPXODWRU XQGHUIORZV WNKB RSHGD \PYROQRKP 9)' UDQJH YDOXE
WKH GDWD SDWK DV WKHUH LV QW D@ D Z'®HIEOHQ YIORW FDKH G WWH
XQGHUIORZ FRQGLWLRQ ZKHQ WKH GH®BOHBGRQWRW W XYDIOKHOE H D
DXWRPDWLFDOO\ DV WKH RQO\ ZD\ WR LQFUHPHQW WKH DFFXPX
WKLV LV QRW DQ\ ORQJHU SRVVLEOH DV WKH FXUUHQW YDOXH |
EORFNHG

7KH PD[LPXP XS VDPSOLQJ UDWLR LV KHQFH D IXQFWLRQ RI
EHWZHHQ SURFHVVLQJ DQG VDPSOLQJ FORFNV :KHQ WKH UHOD
SURFHVVLQD FEREQY WXH SURFHVVLQJ FORFN KLJKHU DQG WKF
0 VDPSOHV EHWZHHQ OV\DIDAU GVLQ SNIVEB « « « WKH PDJ[L
UDWLR B3DOXHKHEY WKLV LV QRW WKH FDVH WKH DFWLYDWLRQ UD
FDQQRW HQVXUH DYDLODEOH SURFHVVLQJ VORWY DQG WKXV WKI

7KHUH DUH VSHFLILF FDVHV ZLWK WKLY VWLOO EHLQJ IHDVI

DQG D GDWD SDWW INRNHKLQSXW RI WKHOWBAPKHOMFRENKY® &/\MUQD FIK R
GHSLFWHG LQ )LJ ,Q WKH LQSXW RI WKH ILUVW UHVDPSOHU
« HQVXUBG&\'(WKBWHUIDFH :H ILBLVW X® WD OIHUEW VW
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lsecrso $ +] DREZrsd VDPSOH V WHKsYrddEEBWXMDPE QY V 7KH RXWSXW G
WKLV ILUVW UHVDPSOHU ZLOO EH ~ « B6RPH SURFHV
GDWD SDWK SDWWHUQ ZLWKRXW DOWHULQJ WKH VDPSOLQJ UDW
ZH FRXOG VWLOO SODFH D VHFRQG XS VDPSOHU ZLWK DJDW¥ D I
LOQSXW GLVWULEXWLRQ LV HTXLVSDFHG DQG KDV D SDWWHUQ W
VDPSOH SHU LQSXW VDPSOH ZLWKRXW RYNUHOQRBLNQDIPWE&H 7 DH LRV
GDWD SDWK 7KH UHVXOWLQJ SDWWHUQ ZRXOG EH 7

XS VDPSOLQ3 UDWK®R EHIOQWKH UHODWLRQ EHWZHHQ SURFHVVLQJ
GDWD SDWK ZHYQHBGODWRHDS$WRFHVVLQJ VORWY LQ EHWZHHQ
FRUUHFW RSHUDWLRQ R| WVRKSHH UBIW RRSWHWX OWNM PHKIHOOHDVW LQW

7TDEOH OLVWV WKH SRVVLEOH PRGHV RI RSHUDWLRQ IRL
VDPSOHYVY DW WKH LQSXW DQGOIRU D UHODWLRQ EHWZHHQ FORFN

7DEOH ORGHV RI RSHUDWLRQ IRU WKH 665& DUF
3IDWWHUQ RI "
ORGH VDPSOH LO ,\YWFF‘FRQlLJXUDWLRQ DFFASWHG
'RZQ VDPSOLQ$Q\ $FFHSWHG A 5
SHULRGLF YDOLG
8S VDPSOUMRISOH IROORZLQJSEFEFHSWHG A D@
0 YRLG VORWYV
8S VDPSOLQJ 2WKHUV1IRW DFFHSWHG
7UDQVSDUHQW $Q\ $FFHSWHG 5

$V LOQOWURGXFHG LQ WKH VHFWLRQ LQ VRPH VLWXDWLRQV WKLV FR(
LW LV QRW GHVLUDEOH DV LW UHTXLUHV IXUWKHU ORJLF DQG RU FRQVW!

7R FRSH ZLWK EXUVW UHVXOWLQJ LQ D QRQ XQLIRUP LQSXYV
PHPRU\ LQ WKH LQSXW RI WKH UHVDPSOHU :H FDQ HQVXUH WKH
WKH ),)2 DQG WKHQ UHDGLQJ WKH VDPSOHV LQVHUWLQJ YRLG SU
$UFKLWHFWXUH WKLV LV QRW QHHGHG DV ZH XVH WZR UHVDPSO!
LV SODFHG5BIWBHUQWHUIDFH WKXV HQVXULQJ WKH QHFHVVDU\ LG
RSHUDWHY LQ GRZQ VDPSOLQJ FRQILIXUDWLRQ KHQFH ZLWK QR

ZAZAYBAXFocot o' ZFete—f—cte

7KH SURSRVHG LPSOHBHEWO ML RRQIRY XNKHW GHSLFWHG LQ )
SRUWYV 7KH ILUVW RQMD QVGHBRKHGYBPDWG QUILWKIHOYDOLGLW\ RI WKH
LQSXW GDWD SDWK 7KLV LQGLFDWHY D QHZ LQSXW VDPSOH DUU
QHZBV@ONKH DOJRULWKP RI )LJ 7KH VBRRQERLEGEXIW B R UGMH M\
LQIRUPDWLRQ DERXW WKH WLHMWDBBAGVHOWBHHEULUR) HTXDGOMERDFY W
LQ WKH DOJRULWKP 7KH ZLGWK RI WKLV EXV LV GHSHQGHQW RQ
WKLY LV HODERUDWHG LQ &KDSWHU JLQDOO\ D FORFN LQSXW

zt
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YDOLGBI|L $FFXH 'I< $FFXPXODWRU
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$W WKH RXWSXW WKH HQWLW\ KDV WZROSRP S YVHF K& WIHGY BA IE
RI' D EXV VLJQDO ZKRVH ZLGWK LV DOVR GHSHQGHQW RQ WKH GH)
ZLWK vDPEQMDPMKH DOJRULWKP 7KH REVRIQ® GRIUKL FR QY6 LRNVW
RXWSXW VDPSOH FDQ EH FRPSXWHG XVLQJ WKH GHOD\ YDOXH SU
YDOLAERWWH DOJRVILIDIOR RULKMVKP RI1 )LJ LV LPSOHPHQWHG E
)LJ 7ZR PXOWLSOH[HUVY HYDOXDWH WKH DFFXPXODWRU V
YDOLGBLIJIQDO ZKLOH WKH RWKHU LV GULRVQ EKXDBHGRP AMKGRO DN
7TKH RXWSXW RI WKH PXOWLSOH[RU LV DFFXPXODWHG E\ D GHGLF

A 4
®
4
y

GO\

\4
®
—

A 4
®
|
A 4

vy

\4

FON

TKHRSVLIQDO LV DFWLYDWHG ZKHQ D FRPSDUDWRU HYDOXI
LQGLFDWHY D YDOXH OHVV WKDQ RU HTXDO WR KDOI DQ LQS
FRGHG YDIGIBDHEHIOH H7KBIRXWBRQIQDO LV HYDOXDWHG DW HDFK LWH
DQG DUELWUDU\ UDWLR RSHUDWLRQ RI WKH UHVDPSOHU ,Q FDV
ZLUHG IRU UHVRXUFH RSWLPL]DWLRQ 7KH UHJLVWHUV GR QRW L
DQ LWHUDWLRQ ZLWK HDFK SURFHVVLQJ FORFN F\FOH

7KLV HQJLQH LPSOHPHQWLQJ WKH DOJRULWKP H[SORLWV Wi
LQ WKH FDVH RI DQ XS VDPSOHU WKH YRLG SURFHVVLQJ VORWYV
HQJLQH QHHGVY WR UXQ DQG HYDOXDWH WKH GDWD SDWK DW WK
7KH DOJRULWKP FDQ WKXV KDQGOH WKH GHOD\ FRP SX\WDKMUR @ WD
WKDQ ERWK LQSXW DQG IRXQ XWQ &DIP\E @ HQKIDFYGIRVFMMNQ LQ WKH SU
GLVWULEXWLRQ LQ WKH GDWD SDWK FRQWDLQV DYDLODEOH SUR
QHZ RXWSXW GDWD

$vV DQ H[DPSOH WDNIK(Pb&K HE&HRXISHDHWW HWUKBIFH LV OFRQIMWIKKIH 2
SURFHVVLQJ FORFN RSHUDWHY DW WKH GRXEOH RI WKH IUHTXHC
DIWHU WKH LQWHUIDFH ,Q WKDW FDVH WKH XSSHU ERXQGDU\ IR
FORFN WHOBDWARWLQJ IURP WK LOQWHWDEHRNVKEHWQNKHUH LV QR O
WKH UHVDPSOLQJ UDWLR :HXRQHYHUQWRMNOHAVGGE FRIFKWWHBERY XWHWR

FDQ KHQFH DGRSW YDOXHKEYV ZLWKLQ WKH UDQJH
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7KLY EORFN FRQWDLQV JOXH ORJLF DQG VI\QFKURQL]DWLRQ
DUFKLWHFWXUH 6\QFKURQL]DWLRQ LV XQGHUVWRRG DV DOLJQPF
SURSDJDWLQJ VLIJIQDOV 7KLV HQWLW\ LV WKHUHIRUH UHVSRQVL
GLITHUHQW IXQFWLRQDO EORFNV ,W FRPSULVHV UHJLVWHUV PH
SXUSRVHV

ZA4zZA4ZABE e<%oefZ 'f-Se

$00 WKHVH VLJQDOV SURSDJDWH WKURXJK WKUHH GLIITHUHQ
SDWKYV FURVV WKH GLITHUHQW IXQFWLRQDO XQLWV RI WKH DUFKI
WKH LOSXW WR WKH RXWSXW LQWHUIDFH 7KH VHFRQG GHSLFWEFH
UDWLR 7KLV UDWLR 7B/R KHAGETXWE WV K HJO@SX W DMQWHUQD OO\ WUDQ
WKH 9)' )LQDOO\ WKH WKLUG SDWK LQ JUHHQ JURXSV WKH LQW
GLITHUHQW VLJQDO W\SHV LV UHTXLUHG DW FHUWDLQ LQWHUIDF|
UHVDPSOHU 7KH LOQWHUIDFHY DUH GHSLFWHG DV YHUWLFDO OLC

ol 'DWD 3QWKe | oy DWD SPWKiRUQH(| 'DWD 3D[Wk
. v% ),5 %D o6 O ).)2 6W U X 2XW S i
$OLQJIPHQW $OLQJPHOQW 4XDOLI
"Hob '"HOD\ ),)2
9DO>* $OLQJIPH
' $1$ Q Q
-+ (olloAim—— == = — A=
&RQWURO
&RQWURO $OLQJIPHQ
,OsxXwW JLOWHU %DQN +RUQHU 2XW S XW
J,QWHUIDFH ,QWHUIDFH L QWHUIDFH L QWHUIDFH
yLJ 6\QFKURQL]DWLRQ LQWHUIDFHV Rl WKH UHVDPSOHU YHUWLFDO

z4zAzZAKE <e—1""f .. Fe
7KH LQWHUIDFHY DUH KDUGZDUH ORFDWLRQV ZKHUH WKH VL
FORFN F\FOH OHYHO 7KHVH DUH WKH UHVXOWY RI WKH FRQFXL
DUFKLWHFWXUH 7KH VLIJQDOV IROORZ WKHUHIRUH WKH GLIIHUH:
SODFHG DW WKH LQSXW RI WKH UHGDRHP@IM® KGR GV WK K DW D DI L
UDWBRXWBRVW DUULYH DOLJQHG 7KH UHVDPSOHU RSHUDWHYV DV
WKLYV TXDQWLW\ IRU HDFK VSHFLILF VDPSOH LQ WKH LQSXW GDW

7KH VHFRQG LQWHUIDFH OLHVY DW WKH LQSXW RI WKH EDQN
EHWZHHQ WKH GHBWW BB DSY®WLLIGHELBYWKH FRPSXWHGOGCBQGR®HH QD
FRQWURO VLJIQDO

Vv
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7KH WKLUG LQWHUIDFH OLHV DW WKH LQSXW RI WKH +RUQ
EHWZHHQ WKH GIDWD BV K B X\GH B\DQGHWKH LQWHUQDO FRQWUF
GDWDBDVH WKH ILOWHUHG RXWSXW RI HDFK Rl WKH EDQN RI ILOV

J)LEQDOO\ WKH IRXUWK LQWHUIDFH LV SODFHG DW WKH RXYV
EHWZHHQ WKGDWDWRBEYWRHGBRM QDO TXDOLIN\LQJ WKH RXWSXW

ZAZAZAYHE—— <o—1""f .1 fZ<Y%oeste—
7KH LQSXW LQWHUIDFH SRVHV D FRQVWUDLQW WR WKH V\\
UHVDPSOHU LWVHOI ,W UHTXLUHV WKDW WKH LQSXW VLJQDOV D
SKDVH DQG IUHTXHQF\

z84z4zAz2A-1" fee <o—1""f . f fZ<Y%oooFo—

7TKH ILOWHU EDQN LQWHUIDFH LV XVHG WR DOLJQ WKH FRPS
VDPSOH LWVHOI LQ WKH GDWD SDWK 7KH VI\QFKURQL]DWLRQ SU
XVHG IRU WKH FRPSXWDWLRQ RI WKH GHOD\ LV IXOO\ GHWHUPLQ
WKUHH F\FOHV WKXV WKUHH UHJLVWHUGDMNDB IQ@NVWD BIHED GQ W
EHW2HH@QL GBRD¥®OLGBLBEKHUHIRUH RQO\ JOXH ORJLF UHJLVWHUYV
WR WKH RXWSXWVEHQDIOQMHRI7TMWKKELIITHUHQW GDWD SDWK GHOD\
WR WKH )LOWHU %DQN ,QWHUIDFH DUH GHSLFWHG LQ )LJ

QS
,QWH W@BWDU

cowoelsYLOWHU %DQN

s — 6+ 6 1 ,OQWHUIDFH
! +
‘$7$ 3$7 | ).5 %$1 d | ‘$7$ 3$7+
YDOLG PR $/.%10(17 YDOLGBISV
» 7: ! G T G 1
L —
1]
GO\ (I1$<
9$/8(
(I1$< 7BR X
9$/8(
RS
&21752/
FON
yLJ +DUGZDUH DQG VLJQDO SURSDJDWLRQ DUULYLQJ WR WK

zdzAazAa{A " <o—1""f ..t fZ<%osete—
7KH VIAQFKURQL]DWLRQ DW WKH +RUQHU LQWHUIDFH O\LQJ L
FRPSOH[ HOHPHQW RI WKH DUFKLWHFWXUH W HQVXUHV WKH V\(
FRPSRVHG RI WKH ILOW I6WDAND BYH/IJHILDHD E M WHDVWP SBDHE OWBNHL SHEDMD \L @ |
)LJ 7KLV SDLU RI VLJQDOV LV XVHG E\ WKH +RUQHU ZKH
VIQFKURQL]DWLRQ PHFKDQ RSB IROW R/ DK TXDO MK ADWMURQ @RJILF D

ZW
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7KH LQWHUIDFH DQG WKH SUHFHGLQJ KDUGZDUH HOHPHQWV
PHFKDQLVP QHHGV KHQFH WR PDQDJH VLJQDOV SURSDJDWLQJ LC
DQG FRQWURO 7KH VHJPHQW RI WKH GDWD SDWK SUHFHGLQJ WK
WKDW LW SHUIRUPV KDV D YDULDEOH BB WeH @EDEKHD L7AKS.O HPHINQH
VIQFKURQL]HG SURSDJDWLRQ Rl UHIHUHQFH VDPSOHV DQG GHOD

,Q WKH FDVH RI GHOD\ DQG FRQWURO SDWKV WKH ILOWHU I
SURYLGHV WKIG @ HADE WKGOGXHRRBDOR OQWIGI MO SURFHVVLQJ FORFI

VLIQDOV KDYH EHHO $HMHQUIDYHG7TEHWRRQWDLQ WKH GHFLVLRQ
QHZ RXWSXW VDPSOH DOJRULWRBVWLI QDD LV DEWBRN VREMKH U K\

,Q WKH VDPH SUHFHGLQJ LQWH GIDW B B MISVE [L@LFREPLVIN QEBOW D
LV DOVR DOLJQHG DW FORFN F\FOH OHYHO ZLW K DVKLHO/BL ISWDA B\ D
ZKHQ DFWLYH WKDW WKH GDWD SDWK UHIHUHQFH VDPSOH DW Wi
LQ WKH EDQN DQG ILOWHUHG RWKHUZLVH WKH GDWD SDWK UHP

JLOWHU]%DQN e +RUQHU
L QWHU[DFH ).5)./17(5 %$1. QWHUIDFH
GDWDBLUSV F

GDWDB\J\/

o4
|

YDOLGBLV

[l

"$7% 3$7H *18(
12*,&

GDWDBI >&@ GDWDBI > @ GDWDBI >

JLOWHU %DON

SXVKE 1 ), 17(5 ]
&21752/ SR 5“% --------------------- g ).)2 %
).)2 j[HPS = = %S$1.
va‘)/lg$l GDWDBIV >&@ GDWDBIV > @ GDWD%IV>
e YDOLG|B S\/ﬁ III [ \ r$7$ -
GO\ o1 T e GO\BV
92$1/j(2 RS 2 L (/s
& 52/ o4 T RSBV ' <
b IMII =D .j 9$/8(
&21752/
)LJ +DUGZDUH DQG VLJQDO SURSDJDWLRQ DUULYLQJ WR W|

$V ZH KDYH MXVW LQWURGXFHG ZKHQ D QHZ RXWSXW QHHG)\
WR EH ILOWHUHG WKH VIQFKURQL]DWLRQ PHFKDQLVP QHHGV W
GDWDBIDSEOWDW WKH LQSXW RI WD WIRBD @B\ B\R VE IFPHUDOVR EH V
WKDW D QHZ RXWSXW QHHGV WR EH FRPSXWHG EXW QB QHZ UHI
ZLWROLGBIOSRZ LQ WKH ILOWHQ EMXHY H FWHEXPNWDQFHV WKH OD
XVHG DV UHIHUHQFH 7KLV ILOWHUHG VDPSOH LV DOUHDG\ SURFI
FDVH WKH GHODKDW@XB®O EH XVHG LQ WKH QHZ RXWSXW QHHGV
LQSXW RI WKH +RUQHU VWUXFWXUH WRJHWKHU ZLWK LWV D\
VIQFKURQL]DWLRQ PHFKDQLVP KHQFH KDQGOHV WKH ILOWHULQJ
WKH GHOD\ YDOXH WR WKH +RUQHU EDVHG RQ WKH FRQWURO V
WKHUHIRUH GLIIHUHQW PHFKDQLVPV GHSHQGLQJ RQ WKH FDVH

ZX
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7DEOH 6FHQDULRYV FRQWURO VLJQDOV DQG DFWLRQV WR
6FHC YDOLGBLBY $FWLRQV F
"R QR\

S3URFHVV C
3URSDJI SDWK WR
BURSDJISDWK {QFRXV

,Q WKH ILUVW VFHQDULR QRWKLQJ KDV WR EH GRQH 7KH C
FRPSXWDWLRQ RI D QHZ RXWSXW FDQQRW EBVKDQGOH E\RWKI
&RQFXUUHQWO\ WKHUH LV QR QHZ VDPSOH DLDOQLGEEBRIVWMDIBD VKW OR
1R QHZ VDPSOH QHHGV WR EH ILOWHUHG

6FHQDULR WZR KDSSHQV ZKHQ D QHZ RXWSXW QHHGV WR EH
WR WKH ILOWHU EDQN ,Q WKLV FDVH WKH GHOD\ YDOXH LV ZLWl
LQ WKH ILOWHU EDQN SLSHOLQH QHHGVY WR EH UHXVHG DV UHI
VIQFKURQL]JHG ZLWK WKH ILOWHU EDQN RXWSXW WKH UHIHUHQF

6FHQDULR WKUHH LV SUHVHQW ZKHQ D QHZ VDPSOH DUULYH
QHZ RXWSXW FDQQRW EH KDQGOHG E\ WKH 9)' ,Q WKLV FDVH Wt
QHZ RXWSXW LV FRPSXWHG

)LQDOO\ VFHQDULR IRXU FRPELQHYVY VFHQDULRV WZR DQG W
WKH ILOWHU EDQN 7KLV VDPSOH QHHGY WR EH ILOWHUHG DQG ¢
RXWSXW QHHGYVY DOVR WR EH FRBSXMHGE @H VKO W RKRWS XIWMHSSOB GMI
WKDW VDPSOH DV UHIHUHQFH WKDW UHVXOWY ZLWKLQ WKH 9)' L
PLPLF WKH ODWHQF\ RI WKH UHIHUHQFH VDPSOH WKURXJK WKH Il
RI WKH GHOD\ YDOXH ZLWK WKH VDPH ODWHQF\ WR PDNH LW ER\)

7KH HVWLPDWLRQ RI WKLV ODWHQF\ WKURXJK D ILOWHULQJ
SDWK LV D WULYLDO SUREOHP 7KH VLJQDO DGYDQFHV RQH UHJL
,Q WKLV FDVH IRU LQVWDQFH LPSOHPHQWLQJ WKH ILOWHU LQ W
D IXQFWLRQ RI WKH DUFKLWHFWXUDO LPSOHPHQWDWLRQ RI WKI
VIQFKURQL]DWLRQ RI WKH GHOD\ VLIJQDO HDV\ WKH ILOWHULQJ
QXPEHU RI SLSHOLQH UHJLVWHUV WR WKH GHOD\ SDWK

7KLV LV QRW IHDVLEOH IRU RXU [)L53W & \6&Q B FDRMSKQ M/G ISV XUDH
VXFK D FDVH WKH ILOWHULQJ ODWHQF\ YDULHV ZLWK WKH VDPS
FRQVHTXHQFH RI WKH GHFRXSOLQJ DQG WKH YDOLG VLJQDO 7K
WDSSHG GHOD\ OLQH RQO\ ZKMDOW&IHI GI® BHAHYLDUH DFWLYHKH
SURSDJDWLRQ WKURXJK WKHYWVOISELLYDQRD GG LWKE BDWHKEF\ L
F\FOHV LV GHSHQGHQW RQ LWV DFWLYDWLRQ UDWH DQG GLVWL
SURFHVVLQJ FORFN LV KHQFH D IXQFWLRQ RI WKBUWIDWROLGJ UD

zy
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)LJ BURSDJDWLRQ WKURXJK WKH WDSSHG GHOD\ OLQH RI D ILOWHU ZL\

LQ

VLIQDO DV VWDWHG LQ (T I WKH VDPSOLQJ UDWH LQ WKF
GHOD\ FDQ VWLOO EH PLPLFNHG ZLWK WKH VDPH DSSURDFK DV |
DUFKLWHFWXUH QHHGYVY WR KDQGOH GLIITHUHQW VFHQDULRY D U
GLITHUHQW ILOWHULQJ ODWHQFLHV DQG PXVW EH JHQHULF WK
DQ\PRUH E\ DGGLQJ D IL[HG QXPEHU RI SLSHOLQH UHJLVWHUV WI

,Q WKH ILOWHU EDQN WKH GDWD DGYDQFHYWRUGNXNIK HWKH
SURSDJDWLRQ  (DFK GHOD\ YDOXH LV FRPSXWHG' BQEHRVVRHALD\
DUULYLQJ DOLJQHG WR ILOWHU EDQN LQWHUIDFH 1RWH QRZ V
VXEVHTXHQW VDPSOHV PDUNHG YDOLG WKH QXPEHU GHSHQGV
VDPSOH WKH GDWD VDPSOHV LQ WKH GDWD SDWK DGYDQFH RQH
7KH SURFHVV VWDUWYV IRU D JLYH @ DUHINELU Q@ POHDWFFRPCSBITLVEK 1MWK
VLIJQDO WULJJHUV WKH ILOWHULQJ E\ LQVHUWLQJ WKH VDPSOH L
VDPSOHV YDWKBWKIHDO DFWLYH GULYH WKH VDPSOH WKURXJK Wi
LQVHUWHG LQ WKH SLSHOLQH DQG DW WKH VDPH WLPH WKH LQ
VXFFHVVLYH WDSV $ ILOWHUHG VDPSOH LV KHQFH SRSSHG RXW
VDPSOHV SURSDJDWHV LW IURP WKH LQSXW RI WKH ILOWHU WR
SLSHOLQLQJ LQ WKH DULWKPHWLF KDUGZDUH HOHPHQWYV IURP W

7R FRSH ZLWK WKH SURSDJDWLRQ EDVHG RQ XSFRPLQJ VDP
VROXWLRQ DGRSWHG LV WR XVH ),)2 PHPRULHV IRU VIQFKURQL]C
&21752/ ),)2 %$1. DQG ),/7(5 ),)2 %$1. GHSLFWHG LQ )LJ LQ
GHOD\ GOOWRSD QGYWRHGBIEFRQWURO VLIJQDOV LQ WKH ILOWHU ED
WKH RXWSXWYV R3DWKHB W OWKHIUREKDWENKW RI WKH ILOWHUV %\ PDQEC
WKH VIQFKURQL]DWLRQ PHFKDQLVP FDQ KDQGOH WKH DOLJQHG D
LQWHUIDFH

7KH ILUVW EDQN &21752/),)2 %$1. FRQWURO VLJQDOV FRF
ODWHQF\ RI WKH GDWD SDWK WKURXJK WKH ILOWHU EDQN SLSH

Y44
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GHOD\ VLJQDO DQG FRQWURO VLJQDOV FXUYSHQNM MFHQ DUOR HE}
LQWHUIDFH DQG WKH LQSXW RI WKH +RUQHU VWUXFWXUH +RU
WKLV EDQN RQFH WKH ILUVW YDOLG GDWD VDPSOH DUULYHV D
VDPSOH LV ILOWHUHG LQ WKH SDUDOOHO GDWD SDWK DQG VWRU
ILOOLQJ OHYHO RI WKLV VHFRQG PHPRU\ EDQN LV PRQLWRUHG
LQIRUPDWLRQ WKLV PHFKDQLVP SRSV DQG YDOLGDWHY WKDW GD
VHFRQG EDQN LV QRW HPSW\

7KH VHFRQG PHPRU\ EDQN ),/7(5 ),)2 %$1. LQ WKH ILIXUH V
RI WKH ILOWHU EDQN 7KLV PDNHV WKH FRQWUROOHG H[WUDFW
UHXVLQJ WKHP ZKHQ@QWHU G NV E@®RGEN ODWFKHY DQ DFWLYH VLJ
RI WKH GDWD SDWK SLSHOLQH LQ WKH ILOWHUV WKH WDSV RI W
RI WKH V\VWHP $IWHU WKH ODWFKLQJ RI WKDW VLJQDO GDWD L
DUULYHYNMDIGBOSAWLYH 7KH EDQN SRSV R>OMW DIBOAKH QKW 8GID W D
FRQWURO VLIQDO EHFRPHVY DFWLYH 7KLV VLIQDO WKDW LV D V\
SDWK LV HIWUDFWHG IURP WKH &21752/ ),)2 %%$1. PHPRU\ ,W UH
DOGREKHIQDO WKH LQSXW VFHQDULR LQ WKH ILOWHU EDQN LQWI

$OWKRXJK LQ RXU VDQGZLFK FRQILIXUDWLRQ ZH ZLOO QRW

LQ XS VDPSOLQJ PRGH RXU VI\QFKURQL]DWLRQ PHFKDQLVP FDQ |
D VDPH VDPSOH ZLOO EH XVHG DV UHIHUHQFH IRU VHYHUDO RXW
EXUVW DUULYHV VXFFHVVLYH LQSXW VDPSOHV PDUNHG YDOLG T
ILOWHU SURGXFHV FRQVHFXWLYH RXWSXWV LQ FRQVHFXWLYH Sl
RI WKH ILOWHU EDVHGDRQRW MHK H REQWHRMX WIKHVH EXUVWY DW WKt
SURSHUO\ E\ WKH VI\QFKURQL]DWLRQ PHFKDQLVP RWKHUZLVH FF
SRSSHG VDPSOHG RI WK H, EDSUHQN LADH/ DXW WG IIHQY MEKFH LQ WZR GHO
UH XVHG WZLFH LQ WKH +RUQHU VWUXFWXUH WR SURGXFH WZR
IROORZHG E\ VFHQDULR DW WKH ILOWHU EDQN LQWHUIDFH ,F
VXFK D FLUFXPVWDQFH WKH SUHFHGHQW VDPH VDPSOH QHHGV
WKH ILOWHU 7KH ILOWHU ZLOO SRS D VHFRQG VDPSOH PDNLQJ
WKH RXWSXW SRUW :LWKRXW RXU PHPRU\ EDVHG PHFKDQLVP Wk
VLQFH WKH VDPSOH ZRXOG RQO\ EH DYDLODEOH IRU WKH ILUVW
WKH FRQWUROOHG H[WUDFWLRQ RI WKH PHPRULHV SUHVHQW LQ

&RPELQLQJ KHQFH WKH RSHUDWLRQ RI WKH WZR PHPRU\ EDC
WKH ILOWHU EDQN LQWHUIDFH WR +RUQHU LQWHUIDFH 7KH GHO
WKH +RUQHU VWUXFWXUH DQG D QHZ RXWSXW FDQ EH SURGXFH(
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7KH SURSDJDWLRQ EHWZHHQ +RUQHU LQWHUIDFH DQG RXW:¢
GHWHUPLQLVWLF 7KH +RUQHU HQWLW\ LV FRPSRVHG RI DGGHUYV
ILOWHUHG GDWD ZLWK WKH GHOD\ YDOXH 2QO\ DULWKPHWLF RS
QR HQDEOH UHJLVWHU LV XVHG LQ WKLV GDWD SDWK SLSHOLQH
PLPLFNHG ZLWK D FKDLRSBDUBHLVWHWY W ILID WEHY SURSDIJDWHG |
ZLWK SLSHOLQH UHJLVWHUV UHSURGXFLQJ WKH GHOD\RSWBWKH F
VLIQDO TXDOLILHV WKH UHV XGDW BRBRYWBIOU B BB FISIOWH HDIHRHDMOW
GHSLFWHG LQ )LJ

*RUQHEbwpBIV > @ +251(5 287387 2XWSXW

QWHUIBH W e1v >0 6758&785 17(5)8&( ,QWHUIDFH
'$7% 387 GDWDBR, | GDWDBI

GDWDBIV >&@ SLSHOLQHG

DULWKPHWLF
,(/$< GO\BV RSHUDWRUYV
os/s( [ |

&21752/ RSBV

HQE|

G T G T
19
>

)LJ +DUGZDUH DQG VLJQDO SURSDJDWLRQ DUULYLQJ WR WI

vooLcgRy $7% 387+
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7KH FKDSWHU KDV SUHVHQWHG D QHZ DOO GLJLWDO VDPSOLQJ |
VIVWHP SURFHVVLQJ FORFN 7KH RXWSXW GDWD SRUW LV V\QFKU
UHVDPSOLQJ UDWLR LV HIWHUQDOO\ SURYLGHG 7KH DUFKLWHFYV
7KH UHVDPSOHU FRQWDLQV DQ LQWHUSRODWLQJ XQLW EDVHG R
EDVHG RQ DQ DOJRULWKPLF, $1GD.AURURPSERP ARMW UQDWMKRI YDOXH
UDWLR LV GHILQHG E\ WKH UHODWLRQ EHWZHHQ VDPSOLQJ FORF
ZKLFK LW LV LQFOXGHG DQG WKH SRVLWLRQ R5$W& H SUPHEADLFFS O +
SUHVHQWHG LQ &KDSWHU 7KH UDWLR FDQ DGRSW DUELWUDU\
LQ UHDO WLPH

{r
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7KLV FKDSWHU SUHVHQWYV WKH IXQFWLRQDO YHULILFDWLRQ RI
FRPELQDWLRQ RI WZR UHVDPSOHUV LQ D VDQGZLFK FRQILIJXUDW
SUHVHQWY DOVR WKH YDOLGDWLRQ UHVXOWV RI WKH WHVWV W
SHUIRUPDQFH RI WKH %63 $UFKLWHFWXUH

,Q WKH YHULILFDWLRQ SURFHVYV ZH KDYH FKHFNHG WKH RSH
DQG WKH %63 $UFKLWHFWXUH DIJDLQVW WKH IXQFWLRQDO VSHFL
7KH YDOLGDWLRQ SURFHGXUHY DVVHVVHG WKH SHUIRUPDQFH RI
LPSOLFDWLRQV WKH\ KDYH WKDW DIIHFW WKH TXDOLW\ RI WKH U
DEDO\VLV LV FORVHO\ UHODWHG WR WKH LPSOHPHQWDWLRQ GHW
DV WKH QXPEHU RI ELWYV XVHG LQ WKH GDWD SDWK WKH FRHIILF
WKH QXPEHU RI WDSV LQ WKH ILOWHUV WKH DUFKLWHFWXUH RI
RI WKH %63 $UFKLWHFWXUH 7KH RSWLPL]DWLRQ RI DOO WKHVH
KRZHYHU SUHVHQW VRPH JXLGHOLQHV WKDW VKRXOG EH WDNHQ
DOO WKHVH WUDGH RIIV DITHFW WKH SHUIRUPDQFH ZKHQ WDLORI

{s
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7KH PHWKRGRORJ\ WKDW ZH KDYH IROORZHG LQ WKH GHYH
YDOLGDWLRQ SURFHGXUHV LV DV IROORZV :H KDYH ILUVW VW,
VLPXODWLRQV UHJDUGOHVV RI DQ\ LPSOHPHQWDWLRQ GHWDLO
DUFKLWHFWXUDO H[SORUDWLRQ DQG LWV YHULILFDWLRQ 7KH
JURXSHG E\ IXQFWLRQDOLWLHVY DQG WUDQVODWHG LQWR V\VWH
VI\VWHP OHYHO PRGHO RI WKH UHVVPQGHIUFKI KRQZIWIR B V¥ R BE W/H:
VWXG\ WKH %63 $UFKLWHFWXUH 7KHVH VLPXODWLRQV LQFOXGH
GDWD SDWK DQG WKH FRQWURO VWUXFWXUHYV 1R VLIJQDO TXDQV
RQO\ HUURU VRXUFH FDPH IURP WKH FRHIILFLHQWYVY RI WKH 9)" W
7KLV IXQFWLRQDO PRGHO ZDV PLJUDWHG WR ;LOLQ[ 6\VWHP "
LPSOHPHQWDWLRQ IRU YHULILFDWLRQ DQG YDOLGDWLRQ ZLWK V
7TKHVH KDUGZDUH SULPLWLYHVY DQG WKH 6\VWHP *HQHUDWRU VXL
DQG LWV LQWHUQDO VLJQDOV ZLWK DQ DFFXUDF\ RI D SURFHVVL
EHQFKHYVY PLPLFNLQJ UHDO VFHQDULRY DQG DSSOLFDWLRQV RI
YHULILHG WKH IHDVLELOLW\ RI WKH VROXWLRQ )LQDOO\ WKH UL
WR D X7&% FUDWH IRU WHVW LQ WKH ODERUDWRU\ DQG UHDO KD

wata I« f—<'e

7KH VHFWLRQ SUHVHQWYV WKH YHULILFDWLRQ RI WKH %63 $UFKL)
EULHIO\ SUHVHQW WKH SURFHGXUH WKDW ZH KDYH IROORZHG W
ZKROH 7KHQ ZH FRQFHQWUDWH RQ WKH %63 $UFKLWHFWXUH YHL
WKH YHULILFDWLRQ ZDV DOVR VXFFHVVIXO IRU WKH LQWHUQDC
YHULILFDWLRQ DQG YDOLGDWLRQ SURFHVVBY¥1W KKIZY BB HF FIDRE NV
O(5&('(6 LQWHUIDFHY WKH GDWD VWUHDP DW WKH LQSXW RI WK
LY VDPSOH V ZH FRQILIJXUH WKWHFWALRQIDFHY WKWK UHVXO!'
FORFN LQ WKH GHFRXSOHG GDWD SDWK DW D IUHTXHQF\ RI 0
XVHG LQ WKH 27)% DSSOLFDWLRQ WHVWYV RI &KDSWHU WKH UH|

WaLASE —cFe fol "Hefe' 24" "7 . foc'e

‘H SUHVHQW LQ ILUVW SODFH WKHISHQUILLFD WL R B QRFKHIGQL
DQG WKH 9)' :H KDYH XVHG 6\WWHP *HQHUDWRU LQVWHDG RI WKI
'HVFULSWLRQ /DQJXDJH 9+'/ IRU WKH KDUGZDUH LPSOHPHQWDW
WKLV HDVHV WKH GHVLJQ DQG DOVR WKH YHULILFDWLRQ SURF}
ODQJXDJH LQVWDQWLDWHY KDUGZDUH SULPLWLYHV SUHVHQW
FRQILJXUDWLRQ RI WKH KDUGZDUH HOHPHQWY ZH FDQ SOD\ ZLW
VDPH WLPH 6\WWHP *HQHUDWRU PDNHV SRVVLEOH FRPSXWHU VL
WLPH GRPDLQ :H SUHSDUHG GLIIHUHQW WHVW EHQFKHV IRU WKF

{t
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*HQHUDWRU PRGHOV RI WKH KDUGZDUH HQWLWLHY DQG H[FLW
ZRUNVSDFH

,Q WKH FDVH$ R HQKHQH YHULILFDWLRQ ZH KDYH VLPXOD
LPSOHPHQWDWLRQ RI WKH HQWLW\ GHSLFWHG LQ )LJ DJDLC
‘H VWXGLHG GLIIHUHQW LQSXW VWLPXOXV WKH GLIIHUHQW VDPS
GHILQHG E\ WKH YDOLG VLJQDO :H KDYH VLPXODWHG GLIIHUHQW
WHVWYV 7KH U H5/DFFSSEH)E D® WKRH7 BRXQMEBY SUHVHQWHG LQ (T
UHSURGXFHV GLIIHUHQW VFHQDULRV ZH SHUIRUPHG WHVWV ZLW
ZKHUH WKH UDWLR FKDQJHG ZLWK WLPH 7KH IXQFWLRQDO EHKD
VLIQDO ZH WHVWHG VFHQDULRV ZKHUH LW ZDV FRQILJXUHG LQ
ZDV FRQILIJXUHG LQ GRZQ VDPSOLQJ PRGH :H DQDO\WHG WKH FI
RXWSXWRGDIGDD¥FRUGLQJ WR WKH DOJRULWKP GLDJUDP RI )LJ

7KH 9)' LQWHUSRODWLQJ XQLW RI WKH UHVDPSOHU ZDV WKH
DQ DQDORJ VXEMDFHQW VLJQDO DW WKH UHTXHVWHG LQVWDQW V
VDPSOLQJ LQVWDQWY DUH GHILQHG E\ DQ DPRXQW RI WLPH WKH
',$1%$ :H KDYH YHULILHG WKDW RXU 9)' VDWLVILHV WKH GHOD\ |
PRGLILFDWLRQ RI LWV YDOXH :H SHUIRUPHG WKLV SUHOLPLQDU
IUHTXHQF\ GRPDLQ DQDO\VLV IRU WKH YDOLGDWLRQ VWXG\ 7K|
)5$1&,68PEULF DQG XVHV KHQFH D GHFRXSOHG GDWD SDWK ,Q W
SDWK LPSOHPHQWDWLRQ LVVXHV WKDW DUH WDFNOHG ZKHQ YH
HOHPHQWYV RI WKH UHVDPSOHU DPRQJ WKHP WKH ILOWHU EDQN
RI YLHZ WKH XVH RI D FRXSOHG RU GHFRXSOHG GDWD SDWK LV W

'H KDYH SHUIRUPHG VLPSOH WHVWV RQ WKH 9)' WKDW KDG
VLIQDO WKWWPRBRWR G DR JIXWXVUBPSOLQJ LQVWDQWYV ZLWK UHVS
SUHVHQWHG LQ 2V’ VRISH BGMQBQEADY PRGHOOHG LQ WKH FRQW
LPSXOVH WHWSRQWHLPSXOVH UHVSRQVH LV D /KL IB\RIRSH DDMW Y R G
YDOXHG 7KH GLVRAY@WAD ¥ RXCHVHQS\DHIGV L Q (T ' P HIXWUUHH & KUK
VDPSOHV (T FRQWDRWEKDW@EBORMHIWY SPWWKH ODWHQF\ R
RQ®:H ZHUH LQWHUHVWHG LQ WKLV IUDFWLRQDO FRQWULEXWLRC
PXFK ZH VKLIW RXU UHIHUHQFH WR REWDLQ WKH HVWLPDWHG R
LQWHJHU SDUW WKH KDUGZDUH ODWHQF\ LV DOZD\V ODUJHU Wi
WKH GHOD\ ZL'OO D:EEEDY BEGVR ®@HJIDMKH B)' HVWLPDWHV WKH YDC
SDVW VDPSOLQJ LXEDWNDIMAGWOKR BNVG B FW [W@ WD WHOH H M QRHW K
RI WKH ILOWHU :KHQ WKH IUDFWLRQDO GHOD\ YDOXH LV SRVLWL
VDPSOLQJ LQVWDRUZY ZGREKNUBYSHFW (W@ WKKHH WWHH M WHW RHY HU L1\
EHKDYLRXU IRU SRVLWLYH DQG QHEDWQE HS RE DWR W HEQ DLOHG HQHD
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WR WKH 9)' 7KHQ WKH UHVXOWLQJ GHOD\HG DQG DGYRQRMIGHVL.
9)' ZDV UHPRYHG DQG WKH UHVXOWLQJ VLIJQDO DOLJQHG ZLWK V
DOO WKH WHVWV :H SHUIRUPHG PRUH FRPSOH[ WHVWV ZLWK WK
ILOWHU GRHV QRW QHHG DQ\ UHFRQILJXUDWLRQ WLPH QRU IOXV]
WKH GHOD\ YDOXH 7KH )DUURZ EDVHG 9)' GRHV QRW UHTXLUH
IXQFWLRQ RI WKH GHOD\ DV SUHVHQWHG LQ [XQ@ LQ QAMWHDIUDW®
EUDQFKHV WKDW FRB®EDRQ WHKH IV OBV HID WHQN 7KLV UHVXOWV LQ
EDVHG RQ WKH VLQJOH LQSXW RI WKH 9)' 7KHMH SUH ILOW RU KK
7D\ORU SRO\QRPLDO (T G DYLWKHWKIHUG B DOM YOWKLY FDVH
WKH GHOD\ YDOXH LQ UHDO W@PR | DAGH REWQ DQ W WHWHHWLP BS\CH. C
GHOD\ YDOXH

7KH JOXH ORJLF DQG V\QFKURQL]DWLRQ HOHPHQWYVY FRQQHF
DOVR EHHQ YHULILHG 7KH SURFHVV FKHFNHG WKDW WKH VLJQD
DUULYH DOLJQHG DW SURFHVVLQJ FORFN F\FOH OHSHEHOWRLOYKH |
DQG WKH 9)' ILOWHU WKDW FRQWDLQV WKH ),5$I1LSHOHU GED Q N TIXQ ¢
DOLJQPHQW EHWZHHQ GDWD SDWK DQG UHVDPSOLQJ UDWLR ,Q \
EHWZHHQ WKH GDWD SDWK DQG WKH GHOD\ YDOXH UHVXOWLQJ
SURFHVVHG GDWD SDWK DQG WKH GHOD\ UHTXLUHV DOVR DOLJC
WKH HQJLQH WKDW IODJV ZKHQ WKHVH VLJQDOV ZLOO SURGX
PHFKDQLVP SHUIRUPHG FRUUHFWO\

$IWHU YHULILFDWLRQ RI WKH HQWLWLHYVY DV LVRODWHG HOHF
GLITHUHQW LQSXW VLIQDOVY DQG YHULILHG WKH RXWSXW WR SU
LOQSXW 7KH UDWLR ZDV FRQILIJXUHG LQ XS VDPSOLQJ PRGH LQ G
EHLQJ WUDQYSDUHQWOMVLRHFKHFNHG WKDW WKH UHVDPSOHU RSHU
LEQSXW UHVDPSOLQJ UDWLR VLIQDO LQ UHDO WLPH ::H GHSLFW L
YDU\LQJ UDWLR LQ UHDO WLPH WKDW LPSOLFLWO\ DOVR YHULILF
DW D IUHTXHQF\ RI N+] 7KH UDWLR VWD UW VWXGRS W Q@ R BLEGIREG,
XS VDPSOLQJ YDOXHV DFFRUSLQJISWR DR G ‘H WKHQ GHFUHD
UHVDPSOLQJ UDWLR WRZDUGYV GRZX) VDPSOLQJ UDWLRWQG
5 $IWHU HDFK PRGLILFDWLRQ RI WKH UHVDPSOLQJ UDWLR W
‘H KDYH GHFLPDWHG WKH VWRUHG UHIHUHQFH VLIQDO WKH UHV]
UHVXOWYVY ZH SORW RQH VDPSOH LQ WKH ILIJIXUH SHU RQH WKRX\
D ZH GHSLFW WKH LQSXW UHIHUHQFH VDPSOHV IHG WR WKH
E ZH GHSLFW WKH UHVXOWLQJ VLIQDO WKDW IROORZV WKH L
WUDFH )LJ F ‘H REVHUYH DW WKH EHJLQQLQJ RI WKH VLPX
PRUH VDPSOHV LQ WKH UHIHUHQFH WUDFH WKDQ LQ WKH RXWS
VDPSOHV ZKLOH WKH UHVDPSOHG WBDFH R®&E6QWWKKH H D WLLR/ \LW CH
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DURXQG WKH VLPXODWLRQ WLPH PV LW FKDQJHV IURP GRZQ \
HDFK VHIPHQW WKH QXPEHU RI VDPSOHV LQ WKH UHVDPSOHG W

PV DQG PV WKH UHDPS ZHUFRPSHRBPWHWEBWRZ LQ WKH UHIH
GHSLFWHG VDPSOHV ZKLOH LQ WKH UHVDPSOHG RQH WKLV YDOX
DIJDLQ FRKHUHQWHIRWQDOO\ VWDUW WR GHFUHDVH WKH UDWLR D
WKH VWDUSNLQJ ZIDMKBJIDLQ VL[ GHSLFWHG VDPSOHV LQ WKH UHI
'H FDQ KHQFH FRQFOXGH WKDW DFFRUGLQJ WR WKLV IXQFWLRQD
HQWLWLHY WKDW LQWHJUDWH LW DQG SURYLGH VXSSRUW IRU W
G\QDPLF UDWLRYV

(a)

Reference signal

"Jl) 1 =R7<
g -1 % MM M M
0 0.2 0.4 0.6 0.8 1 1.2
Time [ms]
(b)
Resampled signal
% 1 OO
= %ﬁx\é S, A
g -1 ;\&S@QVGGQ@ v®®®®ﬂo \_9/9/8/@
0 0.2 0.4 0.6 0.8 1 1.2
Time [ms]

(©

Evolution of the resampling ratio with time

Resampling ratio

0 0.2 0.4 0.6 0.8 1 1.2
Time [ms]

yLJ JXQFWLRQDO YHULILFDWLRQ RI WKH VZHHSLQJ G\QDPLF UHVDPSOLQ
F 5HVDPSOLQJ UDWLR

wWatata "...S<—F..——"1 "F . f-c'e

7KH YHULILFDWLRQ RI WKH %63 $UFKLWHFWXUH WKDW ZH S
EHWZHHQ VLJQDO DQG %63 DOJRULWKP ZDV DFKLHYHG IRU VSHF
G\QDPLF UHFRQILIJXUDWLRQ RI WKH UHVDPSOLQJ UDWLRYV LQ WK
HITHFWLYHO\ PDSV WKH VLIJQDO VSHFWUXP WR WKH %63 SURFHVV
VDPSOLQJ UDWH LQ D WHVW EHQFK HPXODWLQJ GLITHUHQW VFH(

7TKH WHVW EHQFK WKDW ZH XVHG LQVWDQWLDWHYVY WKH VH
$UFKLWHFWXUH LPSOHPHQWDWLRQ SUHVHQWHG LQ &GKRpP'Fe HU
LQWHUIDFHV RI )LJ 7TKH GDWD SDWK LV GHFRXSOHG EHIRUF
VHFRQG ‘H XVHG WKH SUHVHQWHG FORFNL®J FRQ@KRXYUDOALIGR @ LL
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SUHVHQWODI (M6 WHKHR XSOMHUIDFH KDV D XQDIRUP DKW L% ®3IWUR QL
EHWZHHQ WKH WZR UHVDPSOHUV LQ VDQGZLBEK1BRERIBDIEKWLLFW L R/G
FRQWDLQV WKH DSSOLFDWLR@® &(SHF LHER XSSERAHMDEGJ L FEKBIHP HQ
6\WWHP *HQHUDWRU WKH SURSRVHG MBEKI( ERWEQWHUIPFH GRH
VDPH ZLWK WKH DUFKLWHFWXUH RI )LJ $V WKH WHVW EHQ
SURFHVVLQJ EORFN )LJ LQ RXU DSSOLFDWLRQ ZRXOG EH W
GLJLWL]HG 5) VLJQDO

,Q WKH %63 UHJLRQ ZH XVHG IRU WKH YHULILFDWLRQ D VW]
UHVDPSOHUYV 7KH ILUVW UHVDPSOHU LQFUHDVHY WKH VDPSOLQ.
PRGLILHG LQ UHDO WLPH SURSRUWLRQDOO\ WR WKH LQVWDQWD(
GLVFUHWH UHSUHVHQWDWLRQ RI WKH VZHHSLQJ VSHFWUDO FRP
I[UHTXHQFLHYVY DFFRUGLQJ WR (T )LQDOO\ WKH ILOWHUHG V
E\ WKH VHFRQG UHVDPSOHU 7KH UDWLR LV PRGLILHG LQ UHDO V
LQSXW RQH 7KH %63 ILOWHU ZDV DOVR LPSOHPHQWHG LQ 6\VWt
DX[LOLDU\ VI\IVWHP EORFNV ZHUH LPSOHPHQWHG XVLQJ 6LPXOLQN
ZLWKRXW DQG ZLWK TXDQWL]DWLRQ RI WKH VLIQDOV WR IL[HG S
WKH GDWD SDWKV DW WEH&QLSKXVQW ARG BRMAS X%/$RBR IDWIKH% 63 UHJLF
ZLGH ZLWK ILIWHHQ IUDFWLRQDO ELWV 7KH FRHIILFLHQWYV RI W
DUH WZHQW\ VHYHQ ELWV ZLGH ZLWK WZHQW\ VL[ IUDFWLRQDO
ELWV ZLGH ZRUGV ZLWK WZHQW\ QLQH IUDFWLRQDO SDUW ELWYV
GHOD\ YDOXH LV DQ HLIJKWHHQ ELWV ZLGH ZRUG ZLWK VHYHQWFE

{axaxawd.. Sce% “<Z—1" . tef"<

7KH XVH FDVH VFHQDULR WKDW ZH SUHVHQW LQ WKLV VHFV
YDULDEOH VSHFWUDO FRQWHQW WKDW QHHGV WR EH SURFHVVH
EHQFK UHSUHVHQWY WKLV KDUPRQLF VLJQDO DIWHU GRZQ FRQY
WRQH DW D IUHTXHQF\ WKDW FKDQJHV ZLWK WLPH 7KH '& OHYH(
VSHFWUXP GXULQJ WKH ZKROH VLPXODWLRQ 7KH UHDO IUHTXH{
%63 SUFKLWHFWXUH WR WXQH WKH VZHHSLQJ WRQH WR WKH SU|
GLVFUHWH VSHFWUXP 7KH VLJQDO SURFHVVLQJ LV KHQFH VWDW
UHVSRQVH DGGUHVVLQJ WKH KDUPRQLF FRQWHQW :H XVH IRU W
'€ OHYHO DQG WKH YDULDEOH IUHTXHQF\ WRQH ,Q WKH WHVW Et
DV ZLWQHVV RI WKH SURSHU %63 EHKDYLRXU :KHQ WKH V\VWHP ¢
FRQWDLQV WKH ZLWQHVV OLQH RQO\

,Q WKH VLPXODWLRQ DW WKH EHJLQQLQ@WJonWKHORHtbSLQJI W
E UDGLDQ VDPSOH $W WKH HQG RI WKH VLPXODWLRQ WK
U H D F Klr@H 0+Rwron &E UDGLDQ VDPSOH 7KH ZLWQHVV WR
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GXULQJ WKH ZKROH VLPXODWLRQ WLPH PV '"LJLWDRC OUHH V XHGHF
VDPSOLQJ UDWH

7KH = 7UDQVIRUP Rl WKH LPSOHPHQWHG QRWFK ILOWHU ZLW
JDLQ RXWVLGH WKH QRWFKHV DQG LV SUHVHQWHG LQ (T

+ ] _D”—[l]ll (T

7KH SDUDPHWHU YD®XH#V DUMKKH QRUPDOL]HG IUHTXHQF\ UH\
ORFDWHGDIWE N E UDGLDQ VDPSOH 7NeHUH D@ HIUR®R W FKI
WKH UHVDPSOLQJ IUHTXHQF\ )LJ GHSLFWV WKH PDJQLWXG
QRUPDOL]HG %63 VDPBOKBAJLOMTHIHQFQFDSVXODWHG ZLWKLQ WK
RQO\ RQ YDOLG VDPSOHV LQ WKH GDWD SDWK 7KHVH YDOLG VDP
7KH ILOWHU WKXV SURFHVVHV VDPSOHV LQJIVEE RSHE ULHI HR Z RW K
FORAN PIWHU WXQLQJ WKH VSHFWUDO FRQWHQW RI WKH VLJQDO
WKH ILUVW UHVDPSNHU FDAQKHH 08V QRKMHF K& FRPSRQN QW F D Q BHW K HWI
VZHHSLQJ WRQH 7KH ZLWQHVV OLQH VKRXOG UHPDLQ XQDOWHUF

Response of the periodic Notch filter

T T

w | |
| | | |

Magnitude [dB]

0 0.1 0.2 0.3 0.4 0.5
Normalized Frequency w /27 [samplc'l]
)LJ ODJQLWXGH RI WKH IUHTXHQF\ UHVSRQVH RI WKH SHULRIGLF QRWFK

7KH UDWLR RI WKH LQSXW UHVDPSOHU WUD~N®ILQKHHDOHWE P
WRQH 7KLV UHVDPSOLQJ UDWLR LV FRPSXWHG EDVHG RQ WKLYV
VLIQDO DFFRUGLQJ WR WKH SUHVHQWHG SURFHGXUH LQ VHFWL
WKH VLPXODWLRQ WKH QRUPDOL]JHG IUHTXHQF\ RI WKH ILUVW S}

Zorweks E >UDGLI (T

, W FRUUHVSRQGYVY WR WKH SURFHVVLQJ IUHTXHQF\ WR ZKLFI
UDWLR DFFRUGLQJ WR (T LV WKHUHIRUH

5LQLW) WRQHBLQLW' QRWFKB V (T

$W WKH HQG RI WKH VLPXODWLRQ WKH UHVDPSOLQJ UDWLR

5HQG ) WRQHBHlQG IQRWFKB \2 (T

7KH UDWLR RI WKH RXWSXW UHVDPSOHU LV MXVW WKH LQYH
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7KH WHVW ZDV VXFFHVVIXOO\ FRPSOHWHG )LJ VKRZV W
D DQG WKH RXWSXW SURFHVVHG VLJQDO E 7KH [ D[LV VKRZV
VSHFWUXP WKH \ D[LV VKRZV WKH VLPXODWLRQ WLPH ,Q )LJ
ZLWQHVV OLQH DWQG WKBPSIHHSLQJ WRQH FKDQJLQJ ZLWK WLP
KDYH VLPLODU PDJQLWXGHV LQ WKH RUGHU RI GHFLEHO G%
ILOWHULQJ WKH LQSXW VLJQDO ZLWKLQ WKH %63 UHJLRQ WKH '&
7KH VZHHSLQJ WRQH KDV EHHQ DOVR WUDFNHG DQG FDQFHOOHG
WR WKH QRLVH IORRU YDOXH 7KH ZLWQHVV OLQH LV QRW DIIHFW
ILOWHU 7KH WHVW KHQFH YHULILHVY WKDW WKH %63 $UFKLWHFV
YLHZ ,W WXQHV WKH VZHHSLQJ VSHFWUXP Rl WKH VLJQDO WR V
VDPSOLQJ UDWH RI WKH VLJQDO

(a) (b)
Input signal Processed signal
0y 0
=) =)
= s
u =50, u  -50
o _ =
2 k=
= -100/ = -100
500 500
375 375
250 250
125 125
Time [ms] 09 01 02 03 04 Time [ms] 09 o1 02 03 04 |
Norm. frequency w / 2m [sample™ | Norm. frequency w / 27 [sample™ ]
)LJ 6SHFWURJUDPVY DW WKH LQSXW D DQG RXWSXW E RI W

WaU& fZ<tf—cto

7KLV VHFWLRQ SUHVHQWY WKH YDOLGDWLRQ RI WKH %63 $UFKL"
VWXG\ KRZ WKH LPSOHPHQWDWLRQ DIIHFWV WKH UHVDPSOHU DQ
WKH ILQLWH SUHFLVLRQ RI WKH IL[HG SRLQW DULWKPHWLF VLJQI

WaUASAc—<cte fot "Foefe'Z%” “fZctf—c'e

{ayawawa te%oced “fZctf—<'e

H VWDUW' IS KNWKBH DQDO\WLY DV LW OLHV MXVW DIWHU
VHFWLRQ %HVLGHY WKH PRQLWRULQJ Rl QH#1¥OGREY HYRWU
SHUIRUP DULWKPHWLF RSHUDWLRQV GLUHRDOGADBQ GWMHOKGBUD SLC
LQ WKDW VHIPHQW )LJ LY\D @ IQGOR LW O D @ V 7W K HH § WLOMHH K RIIQ W |
RU RSHUDDWHDWIKIQDO WKDW FRQWDLQV WKH IL[HG SRLQW VDPSO
GDWD SDWK SURFHVVLQJ D UGDWKPBIMWIOD @ SHY® WLKRHD © VRUGR FALIORV H
1IROQHWKHOHVV WKH HQJLOQH GRREX\WBQ® WEOH/ HGH GRID WE 6 XWiH VD P
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TBRXWB/EDW LW UHFHLGKYD (ARBRRXYWBEBQDOXLWK UHDO YDOXHG Q
WKHUHIRUH SUHVHQW VRPH TXDQWL]DWLRQ HUURU 7KH GHOD\
UHIHUHQFH DQG GHVLUHG RXWSXW DQG LW LV ODWHU PXOWLSC
7KH GHOD\ HUURU GLIIHUHQFH EHWZHHQ WKH TXDQWL]HG YDOX
UHVDPSOHU SHUIRUPDQFH 7KLV HUURU FDQ EH PRGHOOHG ZKH
RXWSXW VDPSOLQJ LQVWDQW 7KLV MLWWHU VKLIWV WKH WLPH
LQVWDQW DW ZKLFK LW VKRXOG EH +RZHYHU WKH GHOD\ YDOXH
DFFXPXODWH 1RWH WKDW ZH ZLOO ODWHU SUHVHQW LQ VHFWLI
HUURU LQ WKH IUHTXHQF\ UHVSRQVH RI WKH 9)'

‘H FDQ HVWLPDWH WKH HUURU DQG WKLV WLPH MLWWHU IRU
RU VKLIW LQ WLPH IRU D JLYHQ GDWD VDPSOH LV JRYHUQHG E
UHSUHVHQWLQJ WKH GHOD\ :H XVH URXQGLQJ WR GHDO ZLWK W
KHQFH EH LQ WKLV FDVH RQH KDOI RI DQ /6% 7KH REMHFWLYH L
EHWZHHQ KDUGZDUH UHVRXUFHV DQG HUURU 7KH GHOD\ VLJQDC
SRO\QRPLDO WKDW LV FRPSRVHG RI WKH GLITHUHQW RXWSXWYV RI
GHSLFWHG LQ )LJ 7KLY HYDOXDWLRQ LV LPSOHPHQWHG ZLW
GHOD\ DQG WKH RXWSXWV RI WKH ILOWHU EDQN 7KH OLPLWLQJ |
WKDW GHDO ZLWK WKH GHOD\ :H XVH '63 EORFNV ZLWK KDUG
SHUIRUPDQFH RI WKH UHVDPSOHU ,Q )3*$V WKHVH '63 EORFNYV )
ELWVY DQG D VHFRQG PXOWLSOLFDQG LQSXW ZLWK D ODUJHU QXTI
;LOLQ[ 8OWUDVFDOH GHYLFHV FRQWDLQV D [ ELW KDUGZDUF
WKH WZR LQSXWV RI WKH PXOWLSOLHU WR XVH WR DFKLHYH EHW
WZR VLIQDOV WKH GDWD SDWK DQG WKH GHOD\ EXW RQO\ WK
VDPSOHVY WKDW UHSUHVHQW WKH DQDORJ VLIQDO ,W PDNHV KHC
ZLWK WKHVH GLVFUHWH YDOXHV WKDW GLUHFWO\ KDQGOH WKH \
TXDQWL]HG WR D PD[LPXP RI HLJIKWHHQ ELWV LQ RXU LPSOHPHQ

/IRRNLQJ QRZ DW WKH WLPH HUURU WKLV GHOD\ YbOXH LV Q

D GHGE@XO\YDPRBUHVSRQGY WR RQH LQSXW SHULRG 7KH PD|

9)' LV SOXV RU PLQXV KDOI RI D VDPSOLQJ SHULRG WKH PD[LPXP
LV WKHWGNRUH :H FDQ XVH DOO WKH ELWV LQ WKH GLVFUHWH ZR
IUDFWLRQDO YDOXHG GHOD\ ,I ZH XVH ;LOLQJ[ )3*$V ZLWK '63 (
IL[IHG SRLQW VLIJQDO ZLWK HLJKWHHQ ELWV RQH VLJIJQ ELW SO>X
PDI[LPXP TXDQWL]DWLRQ HUURU KDOI RI DQ /6W DRI3OXQW & HKUHILCRC

, WLV SRVVLEOH WR WUDQVODWH WKLV YDOXH LQ VDPSOLQJ
XVH D VDPSOLQJ FORFN DW WKH LQSXW RI WKWDBBOBPWSEOHQWZ VR
SHULRG WKH HUURU LQ VDPSOLQJ SHULRGV UVNKR@Q&VLQ KWHKBM
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WKDW WKLY LQVWDQWDQHRXY WLPH MLWWHU KDV LQ WKH FRPSX
WR WKH GHOD\ HUURU WKDW UHVXOWY IURP WKH IUHTXHQF\ UHV
DSSUR[LPDWHY DQ LGHDO GHOD\ ZLWK D FHUWDLQ SUHFLVLRQ D
LV ObDUJHU WKDQ WKH HUURU WKDW WKH WLPH MLWWHU ZLOO LC
OLPLW WKH UHJXODWLRQ EDQGZLGWK WR 0+] SHU VLGHEDQG D
IUHTXHQF\ RI 0+] WKLV WLPH MLWWHU ZLOO FUHDWH D YHU\ '
GHJUHHV IRU VXFK D VLIJQDO

7KHUH LV D VHFRQG HYIBRHRVIRXWARHOOWHKEAHDOVR WR WKH T
KDYH DOUHDG\ SUHVHQWHG LQ VHFWLRQ WKH SUREOHP WKD!
SRLQW LPSOHPHQWDWLRQV RI WKH UHVDPSOLQJ UDWLR VLIJQDO
WKH UDWEBRRXW8@ROU UHVDPSOHU LPSOHPHQWDWLRQ DV SUHVH!
UHVXOW LQ D VOLJKWO\ GLITHUHQW RXWSXW VDPSOLQJ IUHTXHQ

7DNH WKH FDVH RI DQ LGHDO UBIRDPWBQ R EKRVIHQWRLIHR \IQJ
RXWSXW VDPSOLQJ IUHTXHQF\ RDW KKH VBWR X WRGH XQHRZWIHK® @ O Q XH
UDWLR LQWR RW{MBIH IJ@BRRW B D QBRXW@Q ZKHU® AXDWWH TXDQ\
YDOXH R) WKLV VHFRQG FDVH WKH Ik\6X ® W LTBIR WIVBIDIE@RL BRHUTDMW
D IUHTXHQF\ GHYLDWLRQ FRPLQJ IURP WKH TP QW L D Wl B R UH B
FRP S XVWHH GBRWWBER X WK BRXWBQBRXWBQJQDOV DUH SIBRBHVVHG
HQJLQH 7KH HQJLQH VHWWOHY KHQFH WKH GHYLDWLRQ RI WKH R
01§ I1§sxl§ DV WKH DEVROXWH IUHTXHQF\ GHYLDWLRQ LQ VDPSOH
GHYLDWLRQ EDVHG RQ WKH ZRUG ZLGWK XVHG LQ WKH IL[HG SRL
URXQGLQJ IRU WKH LPSOHPHQWDWLRQ RI WKHVH VLJQDOV WKH
JRU LQVWDQFH LI WKH IL[HG SRLQW ZLGWK RI WKH UDWLR VLJQ
WKH PDJQLWXGH RI WK HisO DHIMKOWSRVVLEOH HUURU

| Hs,| d (T

‘H FDQ FRPSXWH WKH UHVXOWLQJ TXDQWL]HG UDWLR YDOXH
WKH HUURU LQ WKH UDWLR VLJQDO )RU WKLV ZH LQFRUSRUDWH

Ve 19 " 19
l, l, B RBW QB 7 BR:

5,

(T
‘H GHILQH DOVR WKH GHYLDWLRQ ZLWK UHVSHFW WR WKH Ul

'WL HlBT 5TIV 5T
LK 51, 5
7BRXBV Q B7 RXW Q 5

7BRXBY Q B7 BRXW Q H . 5~ H, 5 H

(T
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SHFDOO WKIDW ZRUOWGRH' (6 LQWHUIDFHYV WKIBVAUHV X0 WV WK
IUHTXHQF\ GHYLDWLRQ WKDW WKHVH UDWLRV ZRXOG LQGXFH LI
Hs, ZRXOG UHMYOW LQ DQGYIG UHVSHFWLYHO\BRRWBIQW K
YDOXHV UHY XOMR®J IRDQ EH UHSUHVHQWHG ZLWKRXW HUURU LQ
LOQWHQGY KRZHYHU MXVW WR VHWWOH VRPH ERXQGDULHV IRU Wi

7KLV ITUHTXHQF\ GHYLDWLRQ LQ WKH UHVDPSOHU LV RQO\
FRQILIXUDWLRQ RU LI WKH UHDO IUHTXHQF\ RU SKDVH RI WKH Ul
VDPSOLQJ IUHTXHQF\ ZLOO UHVXOW LQ D SKDVH VOLSSDJH LQ Wt
7KLY SKDVH VOLSSDJH LV SURSRUWLRQDO WR WKH VLJQDO IUHT
5 RI WKH VDPH WRQH DW O0MPSIOAS U HG WK/ RXU IL[HG SRLQW
EHIRUH WKLUW\ WZR ELWV ZLWK WZHQW\ QLQH IUDFWLRQDO E
H 7BRXWBBRXWBQ 7TKH TUHTXHQF\ GHYLDWLRQ IZRXOG UHVXC
VDPSOH WDIQG _d 7TKH DFKLHYHG RXWSXW VDPSOLQJ IUHTXHQ
VDPSOH V LQVWNDBSROH V 7KH UHVDPSOHU ZRXOG WDNH vV W
WR SURGXFH RQH OHVV VDPSOH GXH WR WKLV TXDQWL]DWLRQ
XVLQJ WKH UHVDPSOHG VHTXHQFH ZLWK D FORFN DWDPRISI® Hi \D FWK
UHVXOWLQJ WRQH ZLOO EH DW 0+] )RU WKH UHVDPSO
+] ZLOO EH WKH HUURU LQ WKH PDSSLQJ RI WKH VLJQDO GLVFUH
WHUPV RI WKH UHFRQVWUXFWHG VLIQDO ZRXOG UHVXOW LQ DQ
UHIHUHQFH 1RWH WKDW WKLV HIITHFW RQ WKH SKDVH LV KDUGO\
ODUJH VDPSOLQJ UDWHYV WKH VLPXODWLRQ WLPHV XVHG FDQQRW
UHTXLUH ODUJH YROXPH RI PHPRU\ PDNLQJ WKH WUHDWPHQW FR
VOLSSDJH LQ WKH UHFRQVWUXBW BHIGHWHL WMKDAV ZR XD & EGXH YHU\ G
D )DVW )RXULHU 7UDQVIRUP ))7 DV LW ZRXOG UHTXLUH D ODUJF

7KH JRRG QHZV LV WKDW ZH FDQ FRSH ZLWK WKLV SUREOHP
NHHSV WKH UHVDPSOLQJ UDWLR LQ D 3UHVDPSOLQI2$DRGELFK’
JUHTXHQF\ /REFNHG /RRS 7KDW VROXWLRQ WKDW LV YDOLG IRU |
ZLWK D VLPLODU DSSURDFK IRU D VLQJOH UHVDPSOHU WKH UHVI
ZLWK D FORFN ZKRVH IUHTXHQF\ LV WKH LGHDO RXWSXW VDPSOL
VHTXHQFH 7KH IOXFWXDWLRQ LQ WKH ILOOLQJ OHYHO RI WKLV P
UHVDPSOLQJ UDWLR RI WKH UHVDPSOHU )LJ GHSLFWV D VNH
[>Q@R D QHZ WWPTRHAPRHUGLQJ VB RUKWKLIMVWAHR FRQQHFW LQ VHUL!
PHPRU\ 7KH VHI@NQFIE LQWR WKH UHNYP®EPRIWGW G B KRARKKUDBKAN WY
UHFHLYHV 7KLV UDWLR FRQWDLQV FRUUHFWLRQV IURP D IHHGE]
ORRS PRQLWRUV WKH ILOOLQJ OHYHO RI WKH PHPRU\ DJDLQVW |
FRUUBBVHG RQ LW 7KH UHMXOWLQBH RKSSXQVW RDWKH UHVDPSOH
GHYLDWLRQ FDXVHG E5 MEK HDDXGDWWH |PRULRIQFRILRQV RI WKH IHHG

SIs
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FDQFHO WKLV GHYLDWLURRRI7WKW \WERRYFDQD D\WWBHQEEU RRQBYHUDJ
PDWFKHV LW YPOKH LQSXW VDPSOLQJ UDWH UHJLRQ LV GHSLFW
ZKLOH WKH RXWSXW UHJLRQ LV GHSLFWHG LQ EOXH LQ WKH ULJK

[ )3*$ +DUGZDUH|)DEULF
; GHFRXSOHGRXSOHG
G DWD §DWMXDWIDISDWK

FONBFSE%

\ \

\>P @

—) —
0(025<

OHYHO

FRUUBS

7 Wer W
2XWSXW VDPSOLQJ UDWH

yLJ -2$48,1$QVSLUHG IHHGEDFN ORRS DURXQG WKH UHVDPSOLQJ UD!

7KH LQSXW DQG UHVDPSOHG GDWD VWUHDPV XVH D GHFRX
FONBGF3®LVY FORFN LV DOVR XVHG WR\ZR@WRI WKH RHPHHOP\SDW GN
VDPSOLQ%BURDWHKH RXWSXW SRUW RI WKH PHPRU\ ZH XVH D FRX
FORRFOWNBFB®W D IUHSWHRQFMDG WKH PHPRU\ 7KLV IUHTXHQF\ H[DF\
UDMWIH M+] 7KH UHVXOXWLARQ WKIK) RAWSXW SRUW RI WKH PHPRU\ F
DYHUDJH VDPS®HLQWDBW®H V DQG LV FORFNHG BALWK DW DQ H[DF

‘H FDQ KHQFH FRQFOXGH WKDW WKH HUURUV DULVISABIURP \
HQJLQH DUH QRW UHOHYDQW WR DIIHFW WKH RSHUDWLRQ RI WKF
WKH 9)' IUHTXHQF\ UHVSRQVH HUURU DQG WKH HUURU LQ RXWS
IHHGEDFN ORRS LI QHHGHG

{ayawaxa «Z—-1" fZctf—<te

7KLV VHFWLRQ SUHVHQWY WKH YDOLGDWLRQ RI WKH 9DULDE
WKH UHVDPSOHU 7KLV VWXG\ DQDO\VHV KRZ ZHOO WKH ILOWHU!
WKH LQOWHUSRODWLRQ SURFHVV DQG KRZ WKH GLIIHUHQW SDUD
RI WKH ILOWHU 7KH RSWLPL]DWLRQ RI WKH GDWD SDWK DQG Wk
KRZHYHU ZH SUHVHQW LQ WKH VWXG\ VRPH JXLGLQJ UHVXOWYV SU
RI WKH 9)' DFFRUGLQJ WR WKH UHTXLUHG SHUIRUPDQFH RI WKH
GRPDLQ DQDO\VLV ZLWK WKH 9)'QREWLPL]JHG7TELWKQWLW\ LV WKI
Rl WKH UHVDPSOHU ZKRVH SHUIRUPDQFH ZLOO EH GHHSO\ LQIO>

srt
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{ayawaxawé 'tiz
7KH GLVFUHW HoWH' BH XP/RHGHDQ WKH VWXG\ RI WKH IL[HG SRLC
W LQFOXGHV WKH HUURUV WKDW PDNH WKH UHVXOWLQJ IUH"
GHYLDWH IURP WKYMG GHKMHOPRISBID\ KDV D GDNMAD 3 B KV D GSINMK SFRXUA
<H'*G DQG D GHODKHQOXWHFHLYHV UHHUHQVFK ¥ FRISOHDL @ VSHFW
DQG ILOWHUV WKHP DGALRVIG Z® 1 FKRLW KL GIRQDLIXUHG

9)' ORGHG), H'G &RQFHSWXDO PRGHO RI WKH
P L 9)' JLOWHU
4XDQWL]HG &RHHEMBQW 9) DV SDUDOOHO ILOWHU
&RPSXWHEH %G
| €, i
PRI L e L, | e
M | ‘pwb g O ‘Dwp M ” N WG ¥ v
! SDWK HetGh | SDWK H (A
LQSIXW

RXWS XW
q

1rs
G '"HODQSXW GE ,PSOHPHQWHYG9)" + LWHH'G DFFRXQWLQJ IRU WKH HUURUV S
\ © d ) WKH VLPXODWLRQ FRQILIJXUDWLRQ

yLJ ORGHO RI WKH 9)' LQ WKH VWXG\

2XU DQDO\VLV LV EDVHG RQ WKH PRGHOOLQJ Rl WKH GHYLD\
7KH FRUH Rl WKH PRGHO LV FRPSRVHE EYTWKH G L WKDNWHVWULRH |
UHVSRQVH ZKRVH FRQWLQXRXV WLPH IUHTXHQF\ UHVSRQVH L
(T DQG WKH HH)Y HUKIDVD RRGW BV W K B GoHYHLD W L RVK HH UFIRRIL
UHVXOWLQJ IURP WKH RSWLPL]DWLRQ VHFWLRQ 7KH GL)
GHSHQGHQW ILO& MUKH GHRSHPEWLJRIG DQJIXODU | UH X\HQF \ LIF WD B
GHOD\ LQ VDPSOH WKDW YDULHV ZLWK WLPH

+ M G~ f (T

'H FDOO WKH DGGLWLRQ Ri#. 4 {GH DV@BRCS DUKIHO ® RIS KWVOMGH 9 ) |
+o) WG  +3H%G  + NG HHG 7KH SDUDOOHG'SE UWRQRWOWKKW RQO
FRQWULEXWLRQ SUKMWFQWKB WRHHI IRKMWHSXWN RI WKH ILOWHU ED
TXDQWL]HG DQG LPSOHPHQWHG LQ IL[HG SRLQW DULWKPHWLF 7
WR WKH FRHIILFLHQW YDOXH WKDW DOVR GLVWRUWY WKH UHVSIH
DULWKPHWLF VLJQDOV RI WKH DUFKLWHFWXUH LQSXW RXWSXW
IL[HG SRLQW DULWKPHWLF EHLQJ DOVR PRGHOOHG DV DGGLWLY
RI WKHVH TXDQWL]DWLRQ HUURUV DFFRUGLQJ WR WKHLU HIIHFYV
FRHIILELHQWY LV PRGHOOHGYH\ VDKW KHJ B R G H BOMHE® DI G @ FUHHY X\OR
LQ D GHYLDWLRQ LQ WKH ILOWHU IUHTXHQF\ UHVSRQVH WKDW L'
7KH TXDQWL]DWLRQ LQ WKH GHABHRUIQBO VARWHRQHG LQ WWKHV
VDPSOLQJ LQVWDQW LV KHUH DQDO\VHG ORRNLQJ DW WKH IUHT
DQRWKHU GHYLDWLRQ LQ WKH IUHTXHQF\ UHVSRQVH RI WKH ILOW

Sru



fZctf—cte

YDOBHQ G WKH TXDQWG |WHHEF 8 HOHDG ED OXHH H'GW HUPRGNOL  KH GHOI
DV WKH DGGLW LY@ RDWHDFRMWWU EHDVLQJ WKH GHO®\ & RXH WKD
DQG KHQFH WKH ILOWHU UHVSRQVH 5HFDOO WKDW WKH PDJQLW
VLIJQDO IRU RXU UHIHUHQFH DUFKDWS® WXU I$ HLUH\RGO/W W HEQW L R Q
DQWLFLSDWH WKDW VXFK VPDOO YDOXH ZLOO QRW LQIOXHQFH F
TXDQWL]DWLRQ HIIHFW FRPHV IURP WKH WUXQFDWLRQ DQG RU U
LQ WKH LQSXW SRUW UHVXOWLQJ IURP WKH VDPSOLQJ DQG SUF
DGGLWL Yride @KIDMA R U IHI% Q BW HIVees 7 KH 4@ WEGUSURFHVVHV KHQFH
WKDW FRQWDLQV D QRLVH WHUP WKDW LV DOVR ILOWHUHG ,Q W|
<H'G ;T H'® 1rgestey WG ;+HE® 1reestcMG Hy &G 7R FRSH ZLWK
LQFUHPHQW DQG SURSDJDWLRQ RI WKLV HUURU ZH KDYH H[WHQ:
HDFK DULWKPHWLF RSHUDWLRQ LQ WKH ),5 EDQN DQG WKH +RUQ
LQ WKH RXWSXW VWDJHV WR WKH ZLGWK RI WKH LQSXW SRUW
PD[LPXP PDJQLWXGH RI RQH WKLV OHWV XV KDQGOH HIILFLHQW
/16%V LQ WKHVH RXWSXW VWDJHV RI WKH SURFHVVLQJ EORFNYV
RI WKH GDWD SDWK LI DQ\ BassRW MFRH 8 XO/ESW RY FWR R LIV W H U
DOVR DFFRXQWV IRU WKH HIIHFW ZKHQ WKH RXWSXW GDWD SDW
PRGHO WKDW LQFRUSRUDWHY DOO WKH TXDQWL]DWLRQ HIIHFWYV
+9)y H'G + H'G ZKRVH RXWSXW WG QD &% thYos® WG 1rscsr;t &
lreesticG  HH'G  1rsesrZKHUH WHHGV PREHOV JOREDOO\ WKH |
LPSOHPHQWHG ILOWHU EHVLGHVY WKH GDWD SDWK TXDQWL]DWLR

'H SHUIRUPHG DQDO\VLV RI WKH GLITHUHQW HUURU WHUPYV
TXDQWL]DWLRQ LV WKH PRVW UHOHYDQW FRQWULEXWLRQ :H S
+43 1Y% WKH RSWLPDO IUHTXHQF\ UHVSREYH DO SURRUPWKH QB SWK
JLOWH'SE WKDW LQFRUSRUDWHY DOO WKH HUURUV SUHVHQW LQ

{ayawaxagsg ..o ——Ft ~«Z-%"
7KH &RPSXWHG )LOWHU ),5 EDQN&D U F KOLQ\GH AWW H HIQZ MWDKS W/ LH
SUHVHQWHG LQ VHFWLRQ ZKRVH ¥DVV ED QG KWW HEE HXQ/ RSW

+ G, +H' G | PDJIA |G M * (T

7KLV RSWLPL]DWLRQ FRUUHVSRQ&YV OWR@E FXW RUD GU B DXWI
HTXLYDIOHQW WRSQRUPDOL]HG ZLWK UHVSHFW WR WKHHSGQSXW VI
UHVXOWLQJ IURP WKH RSWLPL]DWLRQ ZKHQ QR RWKHU TXDQWL]L

H HF 430 HE G +#H G, %H (T

Srv
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7KH PDJQLWXGH RI WKH HUURU LV D FOHDU LQGLFDWRU RI \
SKDVH LV PRUH FRPSOH[ ZH LQVWHDG VWXG\ WKH JURXS GHOD)
GLIIHUHQFH EHWZHHQ WKH JURXSHEG ORQ\GRW MHK H GHRRXPES BT & B\ H_LDH\

H H'G WH¥G G (T
,Q )LJ ZH GHSLFW WKH UHVXOWLQJ PDJQLWXGH D RI Wt
GHOD\ HUURU E RI (T LQ WKH RSWLPL]HG SDVV EDQG U}

KRUL]JRQWDO SO DBR® DLMHS WK HD G 8 ODK H. @& IMFDIOL WG TEXH EFUDG LD
LQWR D GLVFUHW HY DIPHSTHH QUAHHV XOWLQJ HUURUV LQ PDJQLWXGH L
ZKRVH PDJQLWXGH L VRROSSIHDOWR WKH PDJQLWXGH RI WKH HUUR
ZLWK WKH IUHTXHQF\ D[LVLQ QBKHVPRW®RIDUW Rl WKH RSWLPL]H
IUHTXHQFLHY FORVH WR WKH FXW ®I1* D QD PR H IBG B\ YLDAORIHID FF
VXUIDFH SUHVHQWY VRIW ZDY\ SDWWHUQ RVFLOODWLRQV DORQ.
7KH HUURU GHSHQGHQF\ LQ WKH GHOD\ ®[LVVIDW YORP HD/DUEL IS UDHR
PD[LPD IRU GHOD\G/ D'O X HVDPBSRXQELWK H[FHSWLRQ LQ WKH IUHT
RIl ZKHUH WKH HU®RU HYDPPBOGHY TRH JURXS GHOD\ HUURU SUHVH
WKH IUHTXHQF\ DQG GHOD\ D[HV EXW LV ODUJHU LQ WKH ORZHU
VDPSOH

‘H FDQ DOVR REVHUYH WKDW LQ WKH ORZHU IUHTXHQFLHV W
YDOXHV FORVH WR WKH DFFHSWHG 9)' UDQJH V BVKSHO H U YRW
JURZV DOVR IRU WKHVH FRUQHU GHOD\V DQG WKH FRQWULEXWL
WKH GHOD\ SDUDPHWHU LQ WKH UHVSRQVH ,W LV DOVR FOHD!I
IUHTXHQFLHVY ZKHQGNKH7&BWDLWURXMH HYSHFWHG WKH )DUURZ D
LV LPSOHPHQWHG LV EDVHG RQ D 7D\ORU VHULHGD \/W BilY DIDEXDH

SUHVHQWHG LQ (T G:KHRQOKHNEHODUYW FRHIILFLHQW ILO
®
FRHITLFEQBQW )LJ LV SUH¥HQW LQ WKH RXWSXW $00 WKH R
o
Rl |JHEUR )XUWKHUPRUGD WEOSGH MR ODLORMKHKDY DV LPSXOVH UHVSR
o o
5 (@) S . (b)
07> Ref. vs Comp. filter (optim. region) Ax107" Ref. vs Comp. filter (optim. region)
os 215
e} ad
o, > |
M 2 05,
-]
014\ - 0
- 8 .0.5 4
o2 O
N— I _1
0+ To-15d
-0.5 -0.5
0 0.3
05 o 01 02 , 5 0
Delay [sample] Delay [sample]
Norm. frequency w /27 [sample'l] Norm. frequency w /27 [sample']]
yLJ (UURU IXQFWLRQ DQG JURXS GHOD\ HOURU #RRPWIRYHRUSO/'KWH FR® G

D ODJQLWXGH RI WKH HUURU IXQFWLRQ E J)UDFWLRQDO JUR

SIrw
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RXWSXW LV D UHSOLFD RI WKH LQSXW 7KH HUURU EHFRPHV JHUR
WR WKH EDQN RXWSXW

'H KDYH DOVR FRPSXWHG WKH DFKLHYDEOH 6LJQDO WR 1RL
VFDQ WKH ILOWHU ZLWK D SXUH sWR:@HXW K EDAN ODYDD MOV Q/IKW X GrHD
IXOO VFDOH LQSXW PDJQLWXGH RI RXU TXDQWL]HG GDWD SDWK
WKH PD[LPXP 615 7KH:QRI®H RMMHWPLQYV RQO\ WKH FRHIILFLHQW
+43 %G ZLWK 615 GHILQHG DV

V. HE
615 Hf G —B8%%° (T
|/:I.BSOGH\EG
7KH UHVXOWLQJ VXUIDFH LV SUHVHQWHG LQ )LJ 7KH OR

FXW RIl IUHTXHQ\ IRU @ WK DAHVW RI WKH SDVV EDQG LW UHDF
G% ZLWK DQ DYHWDIH YO XHKB1BXUIDFH NHHSV WKH ZDY\ SDWW
7KHVH ODUJH 615 YDOXHV PDNH RXU &RPSXWHG )LOWHU DFFHSW

D E
&RPSXWHG ILOWHU 615 ISHRMRWY ERVWNKNE MRQYHU 615 RSWLPL]JHG

) =)
= =
e =~
Z Z
17 »
'HOD\ >VDPSOH®@ 'HOD\ >VDPSOH@
1RUP TUHJ XHGQGKNDP®&OH 1RUP ITUHJ XHQGNDP®&OH
JLJ 615 DW WKH RXWSXW RI WKH FRRSHNWRHGIOZ OMKHD Z KHQWH IR T WIHVGN Z]LIRA

E =RRP LQ WKH SDVV EDQG UHJLRQ
{ayawaxapd <o’ Zfefe—t1 “<Z-1%"

'H KDYH FRQGXFWHG D VLPLODU VWXG\ ZLWK WKH FRHIILFL
DULWKPHWLF QR VLJQLILFDQW GHJUDGDWLRQ ZDV IRXQG LQ V
,PSOHPHQWHG )LOWH® 9WKIDRDOWHNWWHY IL[HG SRLQW DULWKPHWLF Z
7KH ZLGWK Rl WKH GDWD SDWK LV VL[WHHQ ELWV ZLGH DW ERW!
IUDFWLRQDO ELWV 7KLV ZRUG LV D FRPPRQO\ XVHG YDOXH LQKI
LQ WKH PDUNHW WKDW XVH WKLV ZLGWK 7KH GHOD\ YDOXH KDV [
WKH UHVXOWLQJ HUURU ZLOO LQGXFH DV SUHVHQWHG ZKHQ G
IUHTXHQF\ UHVSRQVH ZLWK UHVSHFW WR WKH LGHDO ILOWHU 7
ZRUG ZLGWK Rl WZHQW\ VHYHQ ELWV RQH VLJQ ELW DQG WZHQMW

‘H SUHVHQW WKH UHVXOWLQJ HUURU PDJQLWXGH RI RXU ILO
LQSXWsHdAZK LWHUDWH GLITHUHQMA4G U HTK¢H QLRAVGH 8 DI BLDLEMWLYH

SIrXx
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QRWLFH3AWKY WKH ODUJHU HUURU PDJQLWXGH WKDW QRZ UHD
IOXFWXDWHYV DAKRIXQBUJHVW FRQWULEXWLRQ WR WKLV HUURU LV
SDWK 1RWH WKDW WKH ODUJHVW TXDQWL]DWHE@®D HUURW® RQH K
RXU HUURU LV ODUJHU DV WKH LQSXW TXDQWL]DWLRQ QRLVH LV
SDWK PDVNV KHQFH*WKE HIUWIRIQRD OPRWW DOO WKH RSWLPL]HG
IUHTXHQF\ UHJLRQ YHU\ FORVH WR WKH FXW RII IUHTXHQF\ DQG
LQ WKH IUHTXHQF\ UHVSRQVH Rl WKH ILOWHU ODUJHU WKDQ WKH
UHVSRQVH DQG QRW WKH IL[HG SRLQW LPSOHPHQWDWLRQ RI WKF
DUH KRZHYHU YHU\ LUUHOHYDQW FRPSDUHG WR DOO WKH UHVW F
D IODW VXUIDFH YLVLEOH LQ WKH HQODUJHPHQW RI )LJ E
ZLWK WKH LQSXW VLJQDO LV DW OHDVW WZLFH ODUJHU LQ PDJQ
RI PDJQLWXGH ODUJHU WKDQ W K3 i 56H 7 B HH HYUGRUH VW KBPW G HI IKHDJ
LQSXW VLJQDO KDV IUHDX& YEJQDOVDPSWKLY FDVH WWHR HUURU L
DQG VHHPV XQUHODWHG WR WKH UHVW RI WKH HUURU VXUIDFH

7KLV UHVXOW LV H[SHFWHG ILUVW UHF&OW0 BKWD W REW\LN I
WR D VLIQHG IL[HG SRLQW DULWKPHWLF ZRUG 7KH QXPEHU RI T)
HYHQ WKH SRVLWLYH UDQJH PLJKW KDYH RQH OHVV OHYHO $Q
QHJDWLYH DOUHDG\ FRQVXPHV D GLVFUHWH ZRUG WKDW LV IRU
OHYHO OLHV LQ WKH XSSHU OLPLW RI WKH UHSUHVHQWRE®DH YDC
LQ RXU GDWD SDWK LV KHQFH /6% LQVWHDG RI 0 /6% 7KLV LV W
RI WKH TXDQWL]JHU LW PDSV WKH 9 LQSXW WR WKH PLGGOH ZR
IXOO VFDOH LQSXW LV KHQFH RQH /6% LQVWHDG RI MXVW RQH KI
YHULILHV WKLV DGRSWLQJ D FR@QWIWIV}W W XA XK RIXU VL[WHHQ EL

7KH ODVW VLJIQLILFBORVGGILYI MKHDOWF I ZZ I KHQ &V L QW KOH GHHUOR
LV QR ORQJHU EXW WKH TXDQWL]DWLRQ HUURU RI WKH LQSXW |
FRPSXWHG ILOWHU IRU WKLV GHOD\ YDOXH LV  +RZHYHU LI WKH
EH SYHVHQW DW WKH RXWSXW Rl WKH 9)°

2 (@) 3 (b)
. Ref. vs Implemented filter 107> Ref. vs Implem. filter (opt. region)
o O3
- -
(@] (@]
o o 6
o]
z 0.5 = 4
-] -]
D o 24
0 0.l
-0.5 24 L -0.5
0.5
05 ¢ o1 02 03 04 0
Delay [sample] Delay [sample]
Norm. frequency w /27 [sample']] Norm. frequency w /27 [sample']]
yLJ (UURU IXQFWLRQ IRU WKH LPQOG H/RHWWHG@ BELOWEHWAOLWBEWK D 0DJQL\

E =RRP LQ WKH SDVV EDQG UHJLRQ
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7KH UHVXOWLQJ SHDN 615 IRU WKH LPSOHPHQWHG TXDQWL]
WR DQ DYHUDJH YDOXH FORVH WR G% LQ WKH VDPH IODW VXUI
ILOWHU WKHUHIRU- GENJUBBOH Y KAIQHFRIFSDUHG WR WKH FRPSXWHFH
FRQWULEXWLRQ RI WKH 9)' RSWLPL]DWLRQ HUURU LQ WKH UHVI
FRPSDUHG WR WKH GDWD SDWK TXDQWL]DWLRQ HUURU IRU WKH
PD[LPXP DFKLHYDEOH 615 LV VWLOO YHU\ FORVH WR WKH OLPLW

G% VL[WHHQ ELWV 1RWH WKDW WKH GHVLJQ GDWD SDWK 6
FRPLQJ IURP WKH TXDQWL]DWLRQ QRLVH ZKLOH DW WKH RXW
,PSOHPHQWHG 9)' G% WKDW PDLQO\ UHVXOW IURP WKH ILOWH !

(a)

Implemented filter SNR - 1Vpeak input tone Implemented filter S
® ® 120
X 100 X
O O 110
A A
3 50 3 100 +
© © 9
0 80
0.5 0.5
-0.5 .
Delay [sample] Delay [sample]
Norm. frequency w /27 [sample"] Norm. frequency w /27w [sample'l]
yLJ 615 DW WKH RXWSXW RIODWKH D@ SOHRWERWE® G L MO &/BIW IZ S WKR DKIHQ H[F
ZL WK D )LUVW I\TXLVW JRQH E =RRP LQ WKH SDVV EDQG

{ayawayafe'Zt” fZctf—<'e

‘H SUHVHQW LQ WKLV VHFWLRQ WKH YDOLGDWLRQ' BILWKH UH
HQJLQH WKH 9)' ILOWHU DQG WKH 6\QFKURGLED]QVAIRBDUHLG H PH QW X1
KRZ ZHOO WKHVH XQLWV RSHUDWH WRJHWKHU DQG KRZ ZHOO \
VXEMDFHQW DQDORJ VLJQDO VDPSOHG DW WKH RXWSXW UDWH

{ayawaya®a "fefe'2%" < 1127

)LJ GHSLFWV RXU UHIHUHQFH PRGHO IRU WKH UHVDPSO}
DQG IXQFWLRQDO XQLWV SUHVHQWHG VR IDU DQG LV DOVR ILOYV
RI WKH DULWKPHWLF RSHUDWLRQV ZLWKLQ WKH GDWD SDWK DQG
EDVHG RQ WKH 9)' PRGHO RI )LJ EXW, %5 DRIL QB F FOWSR W

Srz
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FKDUDFWHUL]DWLR Q& RVYHVKWKH. JQBOXBIQG \ B KK W\M M D B SROILEWK R D5
LQSXW SDUDPHWHUV 2XU UHVXOWYV DUH KHQFHY®RZ EDVHG RQ W

7KH 9)' UHVSRQVH SUHVHQWHG LQ LV DOZD\V UHSURG
H'G 7KLV LV QRW DQ\ ORQJHU WKH FDVH IRU WKH UHVDPSOHU L
IURP RQH VDPSOH WR WKH QH[W HFFHBW IRU YKU\ IUSIHKHQF\FUDHN
Rl WKH UHVDPSOHU PLJKW HYHQ EH GLIITHUHQW IRU WZR LGHQW
KLVWRU\ DQG WKH UDWLR KLVWRU\ GHWHUPLQH WKH UHIHUHQFH
KDYH KHQFH D UHVSRQVH WKDW GHSHQGV RQ WKH SDVW 7R FR
FKDUDFWHUL]H VWDWLVWLFDOO\ WKH UDWLR VLJQDO IUHTXHQF)
FRQILJXUDWLRQ :H DQWLFLSDWH WKDW WKH GHOD\ UHIHUHQFH
WKH SHUIRUPDQFH RI WKH LPSOHPHQWHG UHVDPSOHU 7KLV DV
UHVSRQVH Rl WKH LPSOHPHQWHG 9)' LQ WKH RSWLPL]HG UHJLRQ
GHOD\ D[LV DUH RQO\ QRWLFHDEOH ZKHQ ZH GR QRW TXDQWL]F
TXDQWL]HG LPSOHPHQWDWLRQ RI WKH UHVDPSOHU YHU\ VLPLOD!

/RRNLQJ DW WKH LQWHUQDOV RI WKH UHVDPSOHU PRGHO ZH
LQ VHFWLRQ 7KH RQO\ GLIIGIUH 6 R A SOVWVQIRIZL MGUDIMGINY X M LEH O
UHVDPSOIQJQUIWWHRUHVDPSOHU PRGHO WKH GDWD; SiFWZK VBIR lDW |
VDPSOLQJWKMWHDWLR LQSXW UB ZHMWKHR WEKWHS BW P B XWW.H QDMK H C
EDVHG RQ WKH UDWLR DQG WKH RXWSXW RI| ¥Wk*HDWH U DWISFOSHOUL G U
I§DIWHU ILOWHULQJ LQ WKH 9)' 7KH TXDQWL]DWLRQ RRQVUINGD U}
7KH RQO\ QHZ QRLVHsFRRORQHWYWQIFRUSRUDWHG WR WKH UDWLF
LPSOHPHQWDWLRQ VHFWLRQ ,Q WKLV ILOWHU EDVHG PR
DQG RXWSXW UDWHV RI WKH UHVDPS®DHU D/KH \G EU HQ HQ WR MH FRS)
LQFRQVLVWHQFLHVY WR WKH ILJXUH :H KRZHYHU GR QRW LQWHQ!
TXDOLWDWLYH VLPSOH PRGHO WKDW OHW XV LGHQWLI\ FRQFHSW

(73, /(" ;’ 9)' ORGHQ, Hic g
ORGHO 5/4XDQWL]HG &RHHEMGRW ) :
+563H 5 ' &RPSXWHE&dY G
H i +|_6l-’Y'gGh_) 1TBQSER i
b i He H IDW\AII/D
Pl ! i SDWK
EE B SL.T|_'Y'E& |‘|H-'¥I8C'3/Dﬁ l i RX WS X! &
—G= PO >
1 N ' i I 5 A
813 TEEEN ! : |
"HODV\ | | E .
818 | g RXWISIXWH O D1Q § XW---wmmmmeommofoooo oo
HQJLQ ¥ ,PSOHPHQWHEG)" +
)LJ 'HWDLOHG PRGHO RI WKH UHVDPSOHU LQ WKH VW.
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'H ZLOO QRZ DQDO\VH WK H T$H IHURHQF HY WG MHK HQ WKH U
UHFDOO WKH UHVXOWV SUHVHQWHG LQ WKH TXDQWL]DWLF
WZRIROG 7KH RQHV GRPUWRW & DOWLPHD MXMWWHU LQ WKH RXWSXW
LQ D PLVFRQILIXUDWLRQ RI WKH GHOD\ YDOXH XVHG E\ WKH 9)°
9)' 2Q WKH RWKHU KDQG WKH TXDQWFEZ]IDWLRQHDWIHRD GO YLK U
VDPSOLQJ IUHTXHQF\ 7KH DFKLHYHG UHVDPSOLQJ UDWLR PLJKV
UHVXOW LQ D SKDVH VOLSSDJH ZKHQ WKH WLPH GRPDLQ VLJQDO
VDPSOLQJ IUHTXHQF\ :H DOVR VDZ LQ &KDSWHU WKDW ZKHQ X\
WKHVH HUURUV LQ WKH UDWLR FDQ OHDG WR D PLVFRQILJXUDWI]
ERWK SUREOHPV2EDS/HEHRGBDKEM ORRS LQ WKH VDQGZLFK LW NH
DQG LQ WKH UHVDPSOHU LW NHHSV RQ DYHUDJH WKH H[DFW VDP
DQG VLPXODWH LQ WKLV VHFWLRQ WKH UHVDPSOHU LQ RSHQ OF
TXDQWL]DWLRQ RI WKH UDWLR '$%/1 8 WYWDHXQGN L ALK DMHHUEU B O WKHDDVGD LY®
LQ WKH TXDQWLWDWLYH UHVXOWV DV RSSRVHG WR WKH IXQFW
GHSHQGV RQ WKH YDOXH RI WKH UDWLRV DQG WKH UHVXOWLC
LPSOHPHQWHG DUFKLWHFMXUH UHPWHQ@QOEROREDW WKH SKDVH V
YHU\ VPDOO YDOXHV IRU VKRUW VLPXODWLRQV WLPHV DV WKLV
ORRS DQG FRQVLGHU WKH UHVXOWV DV DFFHSWDEOH DV ORQJ I
WKH LQIOXHQFH RI WKLV VDPSOLQJ IUHTXHQF\ RIIVHW

$V LQ WKH 9)' FDVH ZH KDYH VWXGLHG WKH LQIOXHQFH RI W
WKHP WR RXU PRGHO :H SUHVHQW KHUH KRZHYHU RQO\ WKH PR\
+&35%5 WKH UHVDPSOHU PRGHE&*WIGDI)'LIQPRUHSRDDW HORWK HQ RW T
GHOD\ VLJQDOV LWV RQO\ HUURU VRXUFH FRPHV IURP WKH FRP!
XQGHUVWDQG WKH HIIHFW LI DQ\ RI WKH GLIITHUHQW GHOD\V X
:KHQ ZH LQFOXGH TXDQWL]DWLRQ WR WKH PRGHO DGGLWLYH QR
DQG DOVR WKH IUHTXHQF\ GHYLDWLRQ GXH WR WKH TXDQWL]HG
SHVDPSOHW® 7R PDNH WKH UHVXOWV PRUH UHDGDEOH ZH VLPSO
WKH VLPSOLILHG ILOWHU EDVHG YHUVLRQ Ré: 48 DQG RRK®MO K DA
DYHUDJH WKH GHOD\ WLPH GHSHQGHQW UHVS&RDRY¥B B BIWKHRGURIQY D

6,03/,),(' 5(6%03/(5 ORGH'S + &RQFHSWXDO PRGHO RI WKH
(" PSOHP HHQWHGmemecmremcene § 5 5(6$03/(5 DV SDUDOOHO ILOWH UL
5?44685 | &RPSXWHE&* 38 | 1rg o= lrsesr
+ T i +LG§'M@5l E 563
| SDWK . g ! : »
RULEV-E 10, SERLL | Gy LR <M :> } HES w5 A
! = "‘DWD 5
b lreu SD ||<TJ/ 5 A T
SDVWER RXWSXW 5
5 | LoeXW >3 o | LWHH'%S DFFRXQWLQJ IRU WKH HUURUYV
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WKDW GRHV QRW LQWHQG WR EH PDWKHPDWLFDOO\ ULJRURXV 7]
PRGHOV WKH LGHDO UHWSBYSB/HDR/I D QRIMDHPSKOWW UHVDPSOLQJ
Het¥% PRGHOV WKH HUURU LQ WKH RXWSXW RI WKH UHVDPSOHU
DYHUDJHV VHYHUDO VLPXODWLRQV IRU D JLYHQ UDWLR 7KHQ Z
WKH DGGLWLY Hri2QBQWBkE: MRXWEK H\VGP:WQ® WBERWKI DWLR DQB:-aWf6H SDUD
WKDW DFFRXQWV IRU TXDQWL]DW-RBHYSL QL @ WHi 9 )D G RR | SLUFR.FHHOWY/ W V
SUHVHQW $00 WKHVH UHVDPSOHU ILGW & VW HKDY HGED YK W) KD/ BDH
GRPDLQ VLPXODWLRQV Rl WKH UHVDPSOHU ZH XVH WKH 665& KD
KDV EHHQ HODERUDWHG IRU HDFK XQLW LQ WKH SUHYLRXV VHFW!|
WUDQVSDUHQW DQG5XS>VDBSOLMYBEP RGHB&('(6 FRQILIXUDWLRQ

{ayawayasd ...'« ——ft "fefe'Zt”

:H ILUVW SUHVHQW WKH UHVXOMPYHBU WKBIW RKF 8XWHCGCH5HVRF
7KH HUURU LQ WKH RXWSXW Rl WKH UHVDPSOHU LQ WKLV VLWXD'
Rl WKH 9)' DV WKH GHOD\ DQG UDWLR VLJQDOV DUH H[DFW 7KLV
GHOD\ YDOXHYV KDYH LQ WKH UHVDPSOHU IRU HDFK RXWSXW VDP.
VXUIDFHV GLIIHUHQWLDWLQJ VLPXODWLRQV IRU GRZQ VDPSOLQJ
GLIIHUHQW FRQILJXUDWLRQV OHW XV EHWWHU UHODWH WKH UHV
LQ VHFWLRQ ,Q DQ\ FDVH ZH VDL $K@W EFRWKSSRHVI)UDWGR
UHDO WLPH WKDW ZLOO QRW GHJUDGH WKH UHVSRQVH RI WKH U

ZKHUH WKH HQWLUH %63 $UFKLWHFWXUH LV RSHUDWHG ZLWK Y

'H ILUVW GHSLFW LQ )LJ HH%S WKHWK DRERZQUVDPISOLQJ FRQ
WKDW LOQHMKSLVHEEYSH 2QH RI WKH D[HV RI WKH UHV &FDQW I KSLUFKV |
ZH HYDOXDWH WKH UHVDPSOHU ZKIHORIEWHKH YRAWIKM YL G H S L F\ V WWKKTH
UHVSRQVH LV YHU\ IODW LQ WKH RSWLPL]HG SDVV EDQG UHJLRQ
UHJLRQ LQ )LJ E ZH REVHUYH WKDW IRU HDFK IUHTXHQF\ W
UHVDPSOLQJ UDWLR +RZHYHU_ZKHQ ORRNLQJ DW WKH UHVSRQV

(a)
Ref. vs Rsp. signal - No Quant.

(b)
o-SRef. vs Rsp. - No Quant. (opt. region)

LWXGH

(UURU PDJQLWXG
o
=N
~

(UURU PDJQ

1o 01 02 03 04 09 : Par: o1 02 03

Ratio R [f’g/fg] Ratio R [f'q/fg]
Norm. frequency w /27 [sample’l] Norm. frequency w /27 [sample']]

)LJ (UURU IXQFWLRQ IRU WKH FRPSXWHG UHVDPSOHU GRZQ VDPSOLC
E =RRP LQ WKH SDVV EDQG UHJLRQ

SSS
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RVFLOODWLRQV GHSHQGHQW ZLWK WKH IUHTXHQF\ WKDW ZH LQW
LQ WKH VXUIDFH LV RI WKH VDPH RUGHU DV WKH RQH RIIRWV 9)'
IUHTXHQFLUHY ENORBZ@HWKH XSSHU IUHTXHQFLHV RI WKH SDVV EL
DURXQG ZLWK D VSLNH IRE D UDWQRVKDYD XH ARAOD W LR QR MK iV R U U
WKHUH LV QR UHVDPSOGQJ D\Q S UHIGHR BIHDIMQAW RQXWKH LWHUDWLR (
W LV DOVRS5WKH ROK\DHVIRUDLQ SUHVH® WV TXK SV N G R KX HQDM\EXORIV 2
DQG RXWSXW VHTXHQFHV KDYH WKH VDPSOLQJ LQVWDQWY DOLJQ
DV WKH LQSXW UKVXOWLWK WXB BGHRFIMVVLYH GHOD\ YDOXHV UH
G ~  :H KDYH LQWHQWLRQDOO\ FRQILIXUHG WKH UHVDF
VDQLW\ FKHFN LQ WKH VLPXODWLRQV :LWK IXUWKHU FKDUDFWH
WKH UHIHUHQFH KLVW®U\ VBRI D PWKH YUHH B XGOHMIDQJ HUURU ZRXOG E
WKH RUGHU RI WKH UHVW Rl WKH VXUIDFH LW ZRXOG XVH RWKH!
1RWH DOVR WKDW DFFRUGLQJ WR VHFWLRQ WKH EDQ

& @ & ZKHQ WEBH UDWLR/K\D FORBNLQJLODHFOBWVRQJI&OLQHD
@ E 50Q +RZHYHU WKH VLPXODWLRQ KDV EHH&® URQ ZLW}!
E 7KH UHVXOWV VHHP WR EH YDOLG DV WKH 615 YDOXH LV L
IUHTXHQFLHV +RZHYHU WKLV LV DQ DUWLIDFW UHVXOWLQJ IUF
I\TXLVW JRQH 7KLV LPDJH OLHV EDFN IROGHG WR WKH ILUVW 1\T
7KLV DUWHIDFW LV SUHVHQW LQ ERWK WKH UHVDPSOHU DQG RXL
IUHTXHQFLHY UHVXOWYV WKHQ IDOVH ZLWK DSSDUHQWO\ QR HUUF
VLIQDO FRQWDLQV WKH LGHQWLF DUWLIDFWV :H ZLOO EHWWHU
,Q DQ\ FDVH WKH UHVXOWLQJ VXUIDFH KDV WR EH FRQVLGHUHG
‘H PDGH WKH DVVXPSWLRQ WKDW WKH UHVDPSOHU HUURU U
UHVSRQVHV RI LWV GLIIHUHQW GHOD\V &RPSDULQJ )LJ ZLWE
UHVWPPSOHU HUURUIRW HUHTHKGRE LHV \EIHFOSREW HDFK IUHTXHQF\ LV
WKIEV VDPH RUGHU RI PDJQLWXGH DV WKH DYHUDJH RI WKH 9)' DC
Rl WKH HUURU DORQJ WKH IUHTXHQF\ D[LV DGRSW DOVR WKH VDI

) (a) a (b)
o ¢ Refl vs Rsp. - Ratio slices - No Quant. o ¢ Ref. vs Rsp. - Freq. slices - No Quant.
=) 10 U HH HEHHIHHH B HHH BHHHHHH I H ) 10 FEH SRR RHEREEE EEHER TR HEELERH HERHE SHHE HHHE BHH
o o
) )
D (10 D (10
=~ 10 T 10
T T g
-] ratio=0.5| D 10712 —w/27=0
g ratio = 0.6 g w /27 =0.049
- rat¥0=0.7 — w/27ri0.ll
© ratio=08| o |, w/2r=0.17
ratio = 0.9 10 w/27w=023
B S ratio = 1 mpe w/2m =029
0 0.1 0.2 0.3 0.50.550.60.650.70.750.80.850.90.95 1

Norm. frequency w /2 [sample'l] Ratio R [fs/fS]

yLJ ODJQLWXGH RI WKH VTXDUH HUURU IXQFWLRQ IRU WKH FRPSXWHG U|
SDVV EDQG UHJLRQ D 60LFHY DORQJ WKH UDWLR D[LV E 6OLFH

sst
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,Q )LJ ZH VOLFH WKH VTXDUH HUURU LQ UDWLR DQG IUH
RVFLOODWLRQV DORQJ WKH IUHTXHQF\ D[LV LQ WKH UDWLR VOLF
I[UHTXHQF\ VOLFHV ‘H FDQ WKHUHIRUH FRQFOXGH WKDW RXU UH
HUURU UHVSRQVH RI WKH 9)' ZDV ULJKW

)LJ SUHVHQWYV WKH UHVXOWY IRU XS VDPSOLQJ UDWLRY\
T T
] ]
2 (@) X (b)
O Ref. vs Rsp. signal - No Quant. 1073 Ref. vs Rsp. - No Quant. (opt. region)
(o4 (o4
o N 44
o o
30.4\/ :)3\
o sz\
2024— >
2 21

0. 0.l

1 ¥ 1 L

1.5
Ratio R | fs/ fS | Ratio R | fs/ fS |
Norm. frequency w /27 [sample'l] Norm. frequency w /27 [sample'l]
)LJ (UURU IXQFWLRQ IRU WKH FRPSXWHG UHVDPSOHU XS VDPSOLQJ
E =RRP LQ WKH SDVV EDQG UHJLRQ

‘H ILQDOO\ GHSLFW LQ )LJ WKH DFKLHYHG 615 VXUIDFH

WKH VDPH IROGHG DUWLIDFWV SUHVHQWHG EHIRUH :H DFKLHYH
| VDPZOWK D@ 615 G% DQG LQ DQ\ FDVH IRU WKH FXW RII 1U
WR G% RQO\ 7KH 615 ¥XUIDRBYV IRWHQDWUIRWQILQLWH DV WKH
KHQFH DUH RPLWWHG LQ WKH SORW 1RWH WKDW WKH 615 SUHV
IUHTXHQF\ D[LV DQG UHPDLQV IODW IRU D JLYHQ IUHTXHQF\ DOR
WKH GLIIHUHQW GHOD\V DV H[SHFWHG 7KH GHJUDGDWLRQ RI V
QHJOLJLEOH DQG WKH YDU\LQJ GHOD\V FDQ EH QHJOHFWHG

(a) (b)

Rsp. SNR - 1Vpeak input tone - No Quant. Rsp. SNR - (optimized region)
® 150 - ® 140
X X
(,'r\) 100 (,'r\) 120
o o
— —
©o 50 © 100
0. 80 -
2 | 2
1 0 0
05 o5 04 03 02 01 05 03 0.2 0.1
Ratio R [f’s/fs] Ratio R [f’s/fs]
Norm. frequency w /27 [sample"] Norm. frequency w /27 [sample"]
)LJ 615 DW WKH RXWSXW RI WKH FRPSXWHG UHVDPSOHU ERWK GRZQ V!

D s%oWRQH D )LUVW I\TXLVW JRQH E =RRP LQ WKH SDVV ED!
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{ayawayapd <o’ Ztete—Ft "fefe'Zt”

'H QRZ SUHVHQW WKH UHVXOWYV Rsk:W#HH +P 8'éH PLHQQ MKHL.G K5 HWKD
VLIJQDOV DUH TXDQWL]HG WR IL[HG SRLQW DULWKPHWLF 7KH VW
SUHVHQW RQO\ WKH PRUH UHPDUNDEOH UHVXOWV :H XVH D ZLGV
IRU WKH IL[HG SRLQW VLJQDO UHSUHVHQWLQJ WKH UDWLR WKH
H[DFW 5HFDOGIMKDWLRG WRBLGDWLRQ LQ ZH FRPSXWHG W/
HUURU IRU VXFK D UDWLR VLJQDO LPS®HPHQ@WBK DR QOXY LQ@B PWJ
7KH HUURU LQ WKH FXDBGWXWBERMMWA®R ZDWQG WKH IUHTXHQF\ C
UHVXOWHG LI WKLV AMDRASOQH®IPQG _ 0 %\ H[DPLQLQJ WKH IUH
UHVSRQVH Rl WKH FRPSXWHG UHVDPSOHU LQ )LJ WKH GHYL
WKH UHVSRQVH GRHV QRW YDU\ YHU\ DEUXSWO\ DURXQG WKDW
VLPXODWLRQ LQ RSHQ ORRS DV ZH GLG LQ WKH SUHYLRXV VHFWI

‘H GHSLFW VOLFHV Rl WKH PDJQLWXGH RI WKH VTXDUH HUUF
FRGILIXUDWLRQV UHVSHFWLEHO\ LQ )LJ DQG )LJ 7KHYV
OHIV SORWV DQG VOLFHV DORQJ WKH IUHTXHQF\ D[LV LQ WKH UL
LPS®HPHQWHG UHVDPSOHU UHVSRQVH UHPDLQV IODW LQ WKH RS

)] (@) o) (b)
o Ref. vs Rsp. - Ratio slices - Implem. o Ref. vs Rsp. - Freq. slices - Implem.
D D
x - ad -8
S 10 S 10
-] -]
T 2 T
10" T e 107"
g : ratio=0.5 |:: g w/2r=0 =
o) ratio=0.6 | a w/2m=0.049
X 12 ratio = 0.7 || X 1 w/2m=0.11 |
10 ratio=08 1] +~ 10 w /27 =017
© ratio = 0.9 |, © w/27=023
ratio =1 i w/27=0.29
10714 10714 —
T 0 0.1 0.2 03 T 0.50.550.60.650.70.750.80.850.90.95 1
g Norm. frequency w /27 [sample"] g Ratio R[f/f]

L3 = ODJQLWXGH RI WKH VTXDBH HUURU IXQFWLRQ IRU WKH LPSOHPHQWH(
3 SDVV EDQG UHJLRQ DéGOLFHV DORQJ WKH UDWLR D[LV E 6OLFH
L] Law]

o (@) o (b)
o Ref. vs Rsp. - Ratio slices - Implem. o Ref. vs Rsp. - Freq. slices - Implem.
-] -]
O o
5 10 -]
-] -]
T N T
g 10 ratio=1 | g 10 w/2r=0 BE
3 ratio=1.2 a w /27 =0.049 |
< ot ratio=1.4 | X< 1 w/2r =011 [
10 ratio=1.6 7| - 10 w/27r=017 [T
© ratio=1.8 [, © w/27=023 |,
g ratio=2 | w/2r=029 |*
107 : 107 S ——
0 0.1 0.2 0.3 1 1.1 12131415161.71819 2
Norm. frequency w /27 [sample™'] Ratio R[// /]
)LJ ODJQLWXGH RI WKH VTXDUH HUURU IXQFWLRQ IRU WKH LPSOHPHQWH

SDVV EDQG UHJLRQ D 60LFHVY DORQJ WKH UDWLR D[LV E 6OLFH

SSV
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Rl WKH UHVDPSOLQJ UDWLR +RZHYHU QRZ WKH GDWD SDWK TXC
IUHTXHQF\ UHVSRQVH HUURU ZH GR QRW VHH DQ\ PRUH WKH SHU
WKDW ZHUH LQGXFHG E\ WKH 9)' 7KH PDJQLWXGH RI WKLV VTXEC
RHH%S LQ )LJ DGRSWV D YDRXW PNRXMYGE&Y DV H[SHFWHG ODU.
&RPSXWHG 5HVDPSOHU ZKLIFRKWZAD B GEHO WK BW WIQHEH B U R ZIRWZK

QR ORQJHU JHUR LW LV FORVH WR WKH TXDQWL]DWLRQGQRLVH R
LV VWLOO SUHGRPLQDQW LQ WKH GLIIHUHQW LWHUDWLRQV SHUI

‘H ILQDOO\ SUHVHQW WKH PD[LPXP DFKLHMHWRQE VWQU)DFH |
7KH DFKLHYHG YDOXH LQ WKH ILQDO LPSOHPHQWHG UHVDPSOHU
D IODW VXUIDFH ZLWK 615 LQ WKH RUGHU RI G% WKDW LV YHU\
SDWK 3DUWLFXODUG®G\ WHRHGG15DBBSMWDRWDOXH WKDW PDWFKH!
SDWK :H FDQ KHQFH JHQHUDOL]H RXU FRQFOXVLRQV SUHVHQWH(
UHJLRQ WKH FRQWULEXWLRQ RI WKH 9)' IUHTXHQF\ UHVSRQVH |
GDWD SDWK KDYH D QHJOLJLEOH HIIHFW 7KHVH HIIHFWV DUH PD
D VL[WHHQ ELW LPSOHPHQWDWLRQ EXW WKH UHVXOW VWLOO Ut
FDVH WKH REWDLQHG 615 LV DQ DFFXUDWH DYHUDJH RI WKH 61!
XVHG ZLWK D JLYHQ5 UHRADR SIOKQW WXWMLRXUIDFHY DUH SORWWHG
HQWLUH ILUVW 1\TXLVW UHJLRQ KRZHYHU WKH YDOLG IUHTXHQF!
WR VHFWLRQ

(a) (b)

Rsp. SNR - 1Vpeak input tone - Implem. Rsp. SNR - (optimized region)
® 100 ; -~ ® 100+ ™
S S S
©) O]
N A 95
w50 To)
i —
© © 90+
0 85
2 2
1 0 ' 1 0
05 o5 04 03 02 01 05 o3 02 01
Ratio R[] Ratio R[// /]
Norm. frequency w /2« [sample'l] Norm. frequency w /27 [sample']]
)LJ 615 DW WKH RXWSXW RI WKH LPSOHPHQWHG UHVDPSOHU ERWK GRZ(
D s%oWRQH D )LUVW I\TXLVW JRQH E =RRP LQ WKH SDVV EDH
wauatad "..S«—F .. ——"F "fZ<tf—c'e

7KLV VHFWLRQ SUHVHQWYVY WKH YDOLGDWLRQ RI WKH %HDP
FDOO WKH UHVDPSOHU VDQGZLFK :H VWXG\ KRZ ZHOO WKH %63
SURFHVVHV E\ VWXG\LQJ WKH 615 DW WKH RXWSXW RI WKH VDQC
SHUIRUPHG ZLWKLQ WKH %63 VDQGZLFK ,Q WKLV VLWXDWLRQ W
XS VDPSOHG LQ WKH LQSXW UHVDPSOHU DQG GRZQ VDPSOHG LQ

SSW



fZctf—cte

GHJUDGDWLRQ :H KHQFH DQDO\VH WKH GHFUHDVH LQ WKH VSHF\
$UFKLWHFWXUH WKDW LV LPSOHPHQWHG XVLQJ WZR LQVWDQFHYV

{ayaxavea "..S<—F..——"F «'tF7Z
,Q )LJ ZH SUHVHQW RX UMD (EODMHFE RREGAVKH RQH IRU V
yLJ 1RZ LW LQFRUSRUDWHY DQ RXWSXW VWDJH ZLWK D VHF

VLPXODWLRQV FRPSXWHG IRU GLIIHUHQW VLJAD®E, | QRTKH QK DLVQ
RXWSXW UDWLR PXVW EH WKHkxR Gld IXUSBUZR WK WWKBIWLQNWHLLADHD |
ZLWK WKH GHSHQGHQFH Rl WKH VDQGZLFK RQ WKH SDVW KLVWR
VLQJOH UHVDPSOHU FDVH WKH TXDQWL]DWLRQ QRLVH LQ WKH L
$UFKLWHFWXUH FDVH WKLV QRLVH LV ILOWHUHG WZLFH GRXEC
UHVDPSOHU 7KH VHFRQG UHVDPSOHU ILOWHUV DOVR DOO WKH
UHVDPSOHU SOXV WKH QRLVH DGGHG LQ WKH %63 SURFHVVLQJ L
UHVDPSOLQJ VWDJH PRGLILHWE WKN X\ODPIS@L QD WDKMK KM MU PH G L
VDPSOLQYWKDMHLY SURSDIJDWHG WR WKH %63 UHJLRQ 7KH RXW
UDWBKRD Q RXW SSHN WIKIQMOLGHDOO\ KDV WIKIM RRLWIQHD BLYDQPSHO L Q
QR HUURUV DUH SUHVHQW LQ WKH GRXEOH UHVDPSOLQJ SURFF
LGHQWLFDO 7KLV LV QRW WKH FDDM IRU UQWWRQFH. | MAKIH @\W SWR
FRPSXWHG 9)' ZLOO DOZD\V EH SUHVHQW

----------- TS X N T T
5(6$03/(5 """"" 5(6%03/,1% | 5(6$03/(5 |
9)$1$ 4XDQW 9) 7‘;:$1$\: 6$%1':,&+ '9)5513; 4XDQW 9)' '\,:$1$\i
L | +563H'%5 ElTBC‘ e iTBGSEL *s6aH' ElTqu RDWD
\/\A; éTWf}é"é ); iTWFéLéE RSXDWSKi\}\‘/M&
S > i i >
: -UW% ! ! -w% ' 1 1TV
LH b : : i drdu | LH h, i | 5. & 5dul
5.0 6 D VLIRS X W s ' 5.0 spwigsxw | Y
___________ \R;\j : !
JLJ '"HWDLOHG PRGHO RI WKH %63 VDQGZLFK $UFKLWHFWX|

'H ZLOO UXQ WKH WHVWYV ZLWKRXW WKH IHHGEDFN ORRS I
UHFRYHUHG RXWSXW VDPSOLQJ IUHTXHQF\ ZLOO LQFRUSRUDWH
UHVDPSOLQJ UDWLRV 7KH PDJQLWXGH RI WKHVH HUURUV LV YH
UDWKHU WKDQ WKH SHUIRUPDQFH DV, ¥ KQE HWH 6 UHID\GD PSSUOHHMH ¢
VHFWLRQV DQG 1RWH DOVR WKDW RXU VLPXODWL
VLPXODWLRQ WLPH LV OHVV WKDQ D PV DQG KHQFH WKH SKDVH
E\ LQFOXGLQJ WKHVH HITHFWV WKH UHVXOWLQJ FKDUDFWHUL]D\
LV FRPSOHWH DQG VHWYV D ORZHU ERXQGDU\ IRU WKH SHUIRUPDC
GR QRW LQOROKGH VMDRMH UMD MWMHMLY PRGHO EXW MXVW WKH GHFRXS
%63 UHIJLR@Q(5&KHMHWHUIDFHY KDYH QR LQIOXHQFH RQ WKH SHUI
WKH\ DUH MXVW QHHGHG IURP D ORJLF DQG SK\VWLFDO SRLQW RI
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,Q WH$HQJIJLQH YDOLGDWLRQ VHFWLRQ ZH SUHVHQW
UDWLR TXDQWL]DWLRQ HUURUV LQ WKH FDVH RI D VLQJOH UHVDF
WKHVH UHV$Q%N\Q DVQWKIHUIRUPDQFH &RQVLGHU WKDW UHVDPS(
EHQFK LQ )LJ 'H FDQ FRPSXWH WKH UHVXOWLQJ VDPSOLQJ
LQFRUSRUDWLQJ WKH RXWSXW UHVDPSOHU WR WKH DQDO\VLV Zk

,Q WKH LGHDO FDVH ZKHQ QR TXDQWL]DWLRQ LV SHUIRUPH

ZRXOGEmH 50 5ZLWKWKH LGHDO LQSXW UDWLR +RZH®
WKH TXDQWL]DWLRQ H I I7BRXWEG @ XK H HADDAPLSFO ML L@BOHPHQWDW L |
DQG (T 718 X\ B G 6008 R XAWMiB QSrxw$ IWHU TXDQWL]DWLR

VWDJH UHFHLYBIRXVBIQBMDQWBRXW®Q ZKLOH WKH RXWSXW VV
7BR XWMB@ XD QBRXWMBQ :H ZLOO FDOO WKH VDPSOLQJ IUHTXHQF\ DW
UHVXOW L7BR XWREYfsr LQ FRQW UDW WD WL W K 7 BEWWBKHRP WKHUH LV
TXDQWL]DWLRQ HUURU LQ WKH7BRNIMBYIPODWKH &RWW QRW RL Q/KDXC
7B R X\0kB Q

'KDW WKH UHJXODWLRQ ORRS GRHV LV WR DFW RQ DYHUDJH
WKH HUBRUVMERR SURSHUO\ UHFRYHU WIKB WR WK H QXN 8 B VS R L QWK
191V ZKHQ WKH LQSXW VDPSOLQJ IUHTHEQFV W DA RFIG K WS \® RIRH
RXWSXW UHVDP B R U-WBI@FKDXW WV XOWV RQ DYHUDJH LQ WKH L
IHG WR WKH L Q8RWX-\AHY OREEORMIYBQV W AHBREXRME Q

‘H FDQ KHQFH FRPSXWshooWkkH RXWURMWKDQWL]HG RSHQ OR
FsHoorAB R XRMBERB R XF\WRB € orRrs 8VLQJ WKLV HUURU ZLWK (T .
RXWSXW VDPSAE®J IUHTXHQFVDPSOH V LQVWHKDG RI WIKHSOXSWB R
WKDW UHMA®WY LQ 0

&RQWLQXLQJ WKH H[DPSOH LI ZH UHFRQVWUXFW WKH LQSX\
WKH W[DFW VDPSOH V EHKLQG WKH RXWSXW RI WKH VDQGZLFK

0+] GXH WR WKH GHYLDWLRQ HUURU LQ WKH RXWSXW V

LQGXFHV D SKDVH VOLSSDJH RI z LQ V DQG IRU D VLPXOI

GHJUHH DJDLQ KDUGO\ QRWLFHDEOH LQ D FRPSXWHU VL

$V WKHVH QXPEHUV LQGLFDWH ZH H[SHFW D SHUIRUPDQFH
SHUIRUPDQFH ZLWK WKH VLQJOH UHVDPSOHU 7KH %63 $UFKLWH
FRPLQJ IURP WKLY VHFRQG VWDJH WKH RXWSXW UHVDPSOHU 7K
WKH GDWD SDWK TXDQWL]DWLRQ LV DQ DGGLWLYH VRXUFH DC
UHVDPSOHU 7KLV PHDQV WKDW WKLV QRLVH LV QRW GRXEOHG ZL
GDWD SDWK EXW ILOWHUHG D VHFRQG WLPH ZLWK QR VLJQLILFD
VDPH RUGHU RI PDJQLWXGH ‘H QRZ SUHVHQW WKH UHVXOWYVY WK
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$V ZH GLG IRU WKH UHVDPSOHU ZH KDYH JUDGXDOO\ LQFRU
VWDUWHG VWXG\LQJ WKH XQTXDQW k}HHEGY B)Q G ZQ MKH WA RHIG WLIQHF R L
UHVDPSOHUV 7KLV %63 VDQGZLFK LV ZKDWHHB FDQG WKHD ¥RBE
GLIIHUHQW WLPH GRPDLQ VLPXODWLRQV H? oD 7XKH H Q SDQNS XU/ WU
FRQWDLQV RQO\ DV HUURU WKH IUHTXHQF\ UHVSRQVH GHYLDWLF
5 HFDOO WKDW QRZ WKH RXWSXW UHVDPSOHU UHFHLYHV WKDW F
PRGHO OHWV XV XQGHUVWDQG WKH HIIHFW LI DQ\ RI WKH GRXE:
LEQSXW UHVDPSOHU HUURU DQG VXEVHTXHQW ILOWHULQJ E\ W
TXDQWL]DWLRQ WR WKH PRGHO DGGLWLYH QRLVH VRXUFHV LQ
IUHTXHQF\ GHYLDWLRQ GXH WR WKH TXDQWL]HG FRHIILFLHQWYV
+’6|_"4&5LQBT

‘H HYROYH RXU VDQGZLFK PRGHO ZLWKRXW LQWHUPHGLDWH
UHVDPSOLQJ SURFHVV W LV GHSLFWHG LQ )LJ 7KLV LV DJ
QRW LQWHQG WR EH PDWKHPDWLFDOO\ ULJRUR XMW csiH5G B VL QK W K
RQH WKDW OHWV XV UHFRQVWUXFW WKH LQSXW VLJQDO DW WKF
UDWH ZKHQ QR SURFHVVLQJ LV SHUIRUPHG EHWZHHQ UHVDPSOH
E\ WKH SDUDOKWH® HWKRW HQMRPBDVVHY WKH IUHTXHQF\ GHYLDW
Rl WKH FRHIIL RisH'GWD GiEeB® HQV )L J WKH TXDQWL]DWLRQ R
WKH GDWD SDWK DQG WKH ILOWHULQJ E\ WKH RXWSXW UHVDPSO
UHVXOWLQJ LPSOHPHQWHG |LOMHH%NMK DWVKRGHO MJ VK W ¥ B FRPLH
FRQWULEXWLRQV RI+WHEVHD QWA ILDWMHHUWVSRQVH LQFOXGHV D
VLPXODWLRQV WR LQFOXGH WKH GLIIHUHQW YDULDEOH GHOD\V F

’ 6,03/,),(f 5(6%03/(56 K &RQFHSWXDO PRGHO RI WKH 5(6%$03/,1*
5(6$03/,1* . PSOHPHQWHG oo o DV SDUDOOHO ILOWHU
681" &’+ 9)'V | _&RPS 9)'V ' $1$V .
te1' |"YMSLQ lT;’t1$V§ +&36|-M85 lreolst o He 1recsr
" ‘owp sowk ;= ]! o 1195 1y | ‘DWD g W HH'S B 8]
d ! SDWK M M
LosxW (i ”f“ﬂd RXW Sty | [ b, SLoArBWy |
5.0 &_L,Q;ET A v SL v
sl SRXW._ A SrxwqT HBVWXS}D_) -
5 D WLIGRS X WA NI :LWHKI-'Y'ES DFFRXQWLQJ IRU WKH HUURUYV SUF
& I i d WKH VLPXODWLRQ FRQILIJXUDWLRQ
JLJ 6LPSOLILHG PRGHO RI WKH %63 VDQGZLFK $UFKLWHFW)

7KLV QHZ PRGHO OHW XV KHQFH FRPSXWH WKH GHJUDGDWLR
WKH DGGHG QRLVH WKW %R P+ HEBRP VFSHUWRWKH GRXEOH UH'
SURFHVV 1RWH WKDW WKH VLPXODWLRQV VSDQ WKH HQWLUH IL
[XQ®@ +RZHYHU WKH UHDGHU PXVW XQGHUVWDQG WKDW WKH DI
SUHVHQWHG LQ VHFWLRQ RQO\ ,Q DQ\ FDVH WKH DUWHIDFV
7KH GRXEOH UHVDPSOLQJ SURFHVV LPSOLFLW LQ WKH UHIHUHC
DUWLIDFWV $V IRU WKH 9)' DQG UHVDPSOHU ZH LQFOXGHG WKH
DQDO\WHG ZKDW ZH FDOOHGHWK'F & RPSH B HG7TEDQ DIFEZLFK UHV X

SSz
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QR TXDQWL]DWLRQ LV SUHVHQW LQ WKH GDWD SDWK QRU LQ WK
TXDQWL]DWLRQ DQG FDOOHG WKL WVK H S HSQBPHQWHG 6DQGZLF!

{ayaxax@t ..o —-1%1 "..S«—t...——"¢%
'H VWDUW SUHVHQWLQJ WKH UHV %0 W, ¢RI, & RP SIXWWHG
GHSLFW LQ )LJ WHE HUWDWR W KK WRPOWEBXW RI WKLY XQTXDQWL]

GRZQ VDPSO®LQAU YDWLAV2QH Rl WKH D[HV Rl WKH & HDWS R R VHK SAH
HYDOXDWH WKH VDQGZLFK ZKLSH: NV REVHVUKHULGH)EUFWY WK HVKD!
UHVSRQVH LV QRZ YHU\ IODW LQ WKH RSWLPL]J]HG SDVV EDQG UH
DQDO\WLQJ LQ GHWDLO WKLV RSWLPL]J]HG UHJLRQ LQ )LJ E

UHVSRQVH LV LQGHSHQGHQW RI WKH UHVDPSOLQJ UDWLR 7KHUH
WKH UDWLR DGRSS\WY Y OABRXNMH WWORWHWVWHR HUURU IRU WKDW UDWLEF
WUDQVSDUHQW PRGH DQG WKHUH LV QR UHVDPSOLQJ LQ HLWKH
YDOXH LV SUHGRPLQDQW LQ WKH LWHUDWLRQV UXQZLWRVWEKWYV

DIJDLQ SUHVHQWY B SUHGRPLQDQFH RI

(a)
Ref. vs Snd. signal - No Quant.

(b)
o3 Ref. vs Snd. - No Quant. (opt. region)

OO
/

B N
/ /

(UURU PDJQLWXGH
(3]

(UURU PDJQﬁWXGH

0.3

R o1 02
Ratio R[f/f] Ratio R[f/f]
Norm. frequency w /27 [sample” ] Norm. frequency w /27 [sample” ]
JLJ (UURU IXQFWLRQ IRU WKH FRPSXWHG VDQGZLFK GRZQ VDPSOLQJ UD
(3; IXQFWLRQ E(ID:RRP LQ WKH SDVV EDQG UHJLRQ
X
3 @ z (b)
O Ref. vs Snd. signal - No Quant. 03 Ref. vs Snd. - No Quant. (opt. region)
O 1, o8 — 7 |
law] Law]
o o
o &6//
D
z 0.5 DA
D D
D 52—
0. 0.
1 1 |
0.5 L5 0.3
2 o1 02 03 04 2 0 01 02
Ratio R[f’/f Ratio R[f’/f
Norm. frequency w /27 [sample” ] Norm. frequency w /27 [sample” ]
)LJ (UURU IXQFWLRQ IRU WKH FRPSXWHG VDQGZLFK XS VDPSOLQJ UDWI

IXQFWLRQ E =RRP LQ WKH SDVV EDQG UHJLRQ
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7KH PDJQLWXGH RI WKH HUURU LQ WKH VXUIDFH LV LQ WKH
)LJ DQG WKH UHVDPSOHU )LJ ZLWHK @ QVRMHRUSDN HPY. PODWX
LQFUHDVLQJ IRU IUHTXHQFLHV FORVH WR WKH XSSHU LQSXW EDC
HUURU UHVSRQVH DYHUDJHV WKH 9)' UHVSRQVHV FRPELQLQJ GLI
ZH FRPELQH GHOD\V LQ WZR UHVDPSOHUV ZLWK LQYHUVH UDWLR
WKH FRPELQHG UHVSRQV B JRIUWKLUQ WAKQHLQBIBZUBPKVLRKH RVFLOO
WKH IUHTXHQF\ D[LV DUH QRZ PRGLILHG 7KHVH RVFLOODWLRQV
UHVDPSOHU +RZHYHU QRZ WKH QRUPDOL]HG IUHTXHQF\ RI WKH
GLIIHUHQW 7KLV UHVXOWV LQ D FRPELQHG UHVSRQVH WKDW GR
SDWWHUQ RI WKH 9)' ,Q DQ\ FDVH ZH FDQ VWLOO VHH VRPH U
UHVSRQVH )LJ GHSLFWV WKH UHVXOWV IRU XS VDPSOLQJ U

)L J GHSLFWV WKH DFKLHYHG 615 VXUIDFH 7KH ILUVW W
WKDW WKH 615 LV QRZ DOVR IODW ZLWKRXW DQ\ SDWWHUQ LQ
VLPXODWLRQ UHVXOW IURP WKH QXPHULFDO VLPXODWLRQ ,Q W
IRU DQ\ UDWLR UHDFKLQN IRUVIDMEQHSFYBY SEH@MRIZFRQILIXUDWL
SHDNV XS WR G% 7KH 655 VXORBFHWIHRYGUW R/ ILRNLQLWH DV W}
DQG KHQFH DUH RPLWWHG IURP WKH SORW 7KH SHUIRUPDQFH R
DQG ZLWK HQRXJK VSHFWUDO SXU kWH B V)W KH R XW SOQNVWKKHH Q@ HAHD
GRXEOH SURFHVVLQJ DQG UHVDPSOLQJ GR QRW GHJUDGH WKH S|

(a) (b)

Snd. SNR - 1Vpeak input tone - No Quant. Snd. SNR - (optlmlzed region)
® 150 ® 140
=S X
9 100 Q 120 "\‘ ‘“ | X
1) o) ‘
° 50 © 100 ““ 9

0 80 4

2

0.1 0

1
4 0. : 0.5 03 0.2
RauoRf'/f] Ratio R[f’/f]

Norm. frequency w /27 [sample” ] Norm frequency w / 27 [sample” ]
)LJ 615 DW WKH RXWSXW RI WKH FRPSXWHG VDQGZLFK ERWK GRZQ VDP.

ZKHQ H[FLWHG:«BLREHD D9 )LUVW I\TXLVW JRQH E =RRP LQ WKH SDV

{ayaxayRt <o’ Ztefe—t+1 "..S«—t..——"1%

'H QRZ SUHVHQW WKH UHVXOWV RI WKHM*RSOHPHRQWHG %6
LQFOXGLQJ TXDQWL]DWLRQ QRLVH 7KH XVHG UHVDPSOHUV KDY
SUHVHQWHG LQ 5GHFDOO WKDW LQ ZWMKFR®$ X WPHRGS M\CK 15 UVH:
IUHTXHQF\ GHYLDWLRQ HUURU IRU VXFK D UDWISR, VLIJ@QDW K MSO'|
0+] LQSXW VLIJQDO 7KH VDPSOLQJ IUHTXHQF\ GHYLDWLRQ DW WK
al 9 VDPSOHMIRIQRG _0 %\ H[DPLQLQJ WKH HUURU UHVSRC

str
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VDQGZLFK LQ )LJ WKH GHYLDWLRQ UHVXOWLQJ IURP WKLV
YHU\ DEUXSWO\ DQG WKH UHVSRQVH RI WKH VDQGZLFK LV TXDOLV
LQ RSHQ ORRS DQG FRQVLGHU WKH UHVXOWY DV DFFHSWDEOH
GLVUHJIDUGLQJ WKH LQIOXHQFH RI WKLV VDPSOLQJ IUHTXHQF\ RI

‘H SUHVHQW RQ )LJ DQG )LJ SORWYVY ZLWK VOLFHV R
ILUVW ILIJXUH IRU GRZQ VDPSOLQJ UDWLRV DQG LQ WKH VHFRQG
WKH UDWLR D[LV LQ WKH OHIW SORWYV DQG VOLFHV DORQJ WKF
PDJQLWXGH WKDW ZH PRGHHY® HG @R/SW ¥ HD FMDURMHQD@WKIQED VV E
UHJLRQ WKH TXDQWL]DWLRQ HUURU LV ODUJHU WKDQ WKH 9)" IU
DQG GHYLDWLRQV LQ WKH LPSOHPHQWHG VDQGZLFK :H GR QRW
1RWH DOVR WKDBW WIKHQRMWURKBR 2RWKHHU |JHUR LW LV LQVWHDG D Y
RI WKH GDWD SDW&E WKWY GWDDO WLOGIXCHRPLQEDQW LQ WKH GLIIHUH
FOHDUO\ REVHUYH WKH DFFHSWHG LQSXW EDQGZLGWK RI WKH V
ZKI—F(EJH ZH KDYH D GRZQ VDPSOLQJ FRQILIJXUDWLRQ ZH REVHUYH
WKIE UHVDPSOLQ5&DWIMRKERED/QGRYGWEK UHDWKHVGHVLIQ OLPLW
UDVS,LR S HDFKNKM EDQGZLGWK KDV EQFUMDKMHGHVIL WREDQGZLGWK

o (a)
(o
-]
©
)
)
T
T
)
[a]
x
'_
©
R T, ratio =1
10714 ,
0 0.1 0.2 0.3
Norm. frequency w /27 [sample’l]
JLJ ODIJQLWXGH RI WKH VTXDUH HUURU IXQFWLRQ IRU WKH LPSOHPHQW

UHVDPSOHU =RRP LQ WKH SDVV EDQG UHJLRQ D 60LFHV DORQJ WKH UL

yLJ ODJQLWXGH RI WKH VTXDUH HUURU [IXQPWVDIPRE® LRU WKW LIRRSOHPHQWHC
=RRP LQ WKH SDVV EDQG UHJLRQ D 6OLFHV DORQJ WKH UDWLR D[LV
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