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5 HE H L Y$EUL O 7KLV VWXG\ GHYHORSHG DQG DVVHVVHG VHYHUDO D
SHFHLYHG LO 5wyt SUsH G LFWLQG XFOIBY WRH Y RGRPH IGR WRPIOWH PLQHV OR
$NRNR (GR /RFDO *RYHUQPHQW $UHD (GR 6WDWH 1L.
SFFHSWHSWHPEHU ZHUH FRQVS\GUIXFWIHG %RRVWLQJ $GD%RRVW 5DQGRI
3XEOLVKHG6RQ@WH@EHU 3URFHVV 5HJUHVVLRQ *35 6XSSRUW 9HFWRU 5HJUFL
$UWLILFLDO 1HXUDO 1HWZRUN $11 DQG WZR ,PSHU
RSWLPL]JHG $31VV ,&BKH PRGH@WHBHUH @UBLIKW LQSXW
LQFOXGLQJ XQLD[LDO FRPSUHVVLYH VWUHQGWIKO B&6

‘2, MPH 6% GULOO KROH OHQJWK '+/ VWLIIQHVV UDWLR 6%
.H\ZRUGYV 0,& DQG SRZGHU IDFWRU . ZLWKKEHOW DWJWW HR X R/GXR
S ODYWLOS GDWD ZHUH FROOHFWHG WKURXJK D FRPELQDWLRQ R
° Q DQDO\VHV $PRQJ DOO WKH RRGHQW K YODDUXFKW WE FW KH
7RH 9ROXPH DFKLHYHG WKH KLJKHVW SUHGLFWLYH DFFXBBF\ ,W R
SUWLILFLDO 1HxUDo 1 WDQGDUG $E1 EDVHG RQ PHDQ VTXDUHG HUURU
RI“EHRWHUPLQDWLRQ 58 PHWHLEVP REH® KZHDWP RS E O MH:
,PSHULDOLVW ERARBEWILVPDYYNV EBHVLIQ SDUDPHWHUY 7KH RSWLPDO YDOXH
$OJRULWKP EXUGHQ GPLORE P 0,& NJ DQG SRZGHU IDF
7KHVH RSWLPL]HG SDUDPHWHUV UHGXFHG WKH EODVW
W R PAUHWKXOWY KLIJKOLJKW WKH UREXS$WWOQHVV DQ

PRGHO IRU EODVW GHVLJQ RSWLPL]DWLRQ %\ LPSU
PLQLPL]LQJ UHVLGXDO WRH YROXPH WKH DSSURDFK
HQKDQFLQJ ERWK SIHIFWLYHQH VFDOH PLQLC

,QWURGXFWLRQ

%ODVWLQJ LV RQH Rl WKH PRMWVHQWWLIDFD OIRBHWIFWLR®PNVQJI ERV
LQ PLQLQJ GLUHFWO\ LQIOXHQFULRG XERM K L SWRIEHORINA BHRANRRGH | O

HIILFLHQF\ DQG RFFXSDWLRQDQRWD RIQQ\ >L @S URRRIWORSHUDWLRQD
GHVLJQHG EODVWY FDQ UHVXOWDEQOLKD WOINIIWKEHHQMRRWHK FPIRY HP |
H[SORVLYHV DQG FRPSUR®BLVH HEQNDWURQY\HFXLSPHQW UHGXFLQ
JRU H[DPS@H LGHQWLILHG LQOG IWHDHQWRUHRYHU PPOQQWWLQLC
VXEGULOOLQJ DV D SULPDU\ FDOWRIRWRIP HORHPVYHY HD MFRIBWQW ULVNV
DQG XQHYHQ SLW IORRUV DIW H D FERHDAWNEIR & R Q GYF VEVQK LD KO L JK W
WKRURXBODYWH DVVHVVPHQW HW DMKHUB RUHGXFLQJ EODVW WR

B4 &RUUHVSRQ GPOLWMXMIREDHVVLQJ %#IMILIZR FRP
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SURGXFWLYLW\ E\ OLPLWLQJ R YIHWE UH D R ROIBH® WP DMGHAODOEL QJ  $UW
ZDVWDJH WKHUHE\ LPSURYLQHWIZPURVQWDWLRBGD%RRVW 6XSS
PDWHULDO KDQGOLQJ DQG RYHWIOBWRRQLQAIRIILFDAGRP )RUHV\
> @ *DXVVLDQ 3URFHVV 5HJUHVVLRQ
%ODVW WRH YROXPH UHIHUV GVHRY RMVOKRIS M Q VUFDIICPM RPDMGGQ ) DSSOLF
PDWHULDO OHIW DW WKH EDVHKRI U VEHDOMAK IS\D WW B XYEWGID\W B L Q\
FRPPRQ FKDOOHQJH LQ PLQLQUFRIEHFRORY UXKGWRAQLQJ IUDJPHQ
> @ 3URSHU IUDJPHQWDWLRQ MH)SOIRYURANSERGWUWOHNVUHEODVW G
FUXFLDO WR HQVXUH ERWK HIILFRROBHD QGYWD IWWRENGYWRSBHY L
JHRORJLFRQWEBQOLWIWROH LQ WRNHRUPB@WRQRI WRH YROXPH
IDFWRUV VXFK DV H[SORVLYH WUDH PEQBANDW IGRIY MIQH DBQ& WU LE X W L
GULOOLQJ LQDFFXUDFLHV DUHDQRGWHDL GHFRRGHIOLD® SHUIRUPD:
(IIHFWLYH EODVWLQJ SUDFWLFH\WQ G FERW GRIQ D WRR® @R IFIRGHUDWLF
VLIQLILFDQWO\ UHGXFH WKH GRZAUMWOMDPW BRBSHWYWLYH $0JRL
DVVRFLDWHG ZLWXJPRBXV®IQODREKBE EHYNRYP PRGHO DGRSWHG D
PLQHUDO SURFHVVLQJ &RQYHSVH®LF W QDH WTREOW H O\
GHVLJQHG EODVWV RU PLVDSSOLHG H[SORVLYH HQHUJ\
RIWHQ OHDG WR RYHUVL]HG IUDJFHWWWD\EMUMLSHYHEE WRHV
DQG H[FHVVLY HOILRBVRSHUO\ H[HIHWHBZ RI EODVWLQJ DQG IDFWHF
EODVW KRZHYHU FUHDWHW DB/CP[R\R\M/LI@.D(BIGIL(EHMQB\SL

IORRU HOLPLQDWHYV WKH QHHG Lb Céi: EFDOO\
EODVWLQJ DQG HQVXUHYV FRQWd_ kb M DEW X
2YHUVL]HG IUDJPHQWYVY ZLWK U H[WUDFWL
QHIJDWLYHO\ DIIHFW GRZQVWU RXV LQG
FRVWY OLQNHG WR KDXOLQJ

DVHV
SURFHVV¥L@J >

7KH FRQGLWLRQ RI WKH SLW B@Wfﬁ' Q'\%DJRFl
WKHUHIRUH D NH\ GHWHUPLQDQ

HIITHFWLYHQHVV LQ VXEVHTXHQ {7 ?gg \Xg@; FJ\'/\l |¥VYRROD

RSHUDWLRQV $OWKRXJK EODV HG DQG VI
HITHFWLYH PHWKRG I‘RIUWDU[DJ G
FKDOOK@KHBDVVWRH IRUPDWLR F WLRQY IS[DJ‘RPYFRQ\L(\QNLJ

LUUHJXODU SLW IORRUV DV L I’@ plfﬁg%% LQJ JUt
7TKHVH LUUHJXODULWLHYV UHGX %) é

ORZHU WRQQDJH RX® SXSHUDW PHWHUV SO
LEJC?D%(Q"E?QD]HQ@DWLRQ

FRVWV RIWHQ QHFHVVLWDWLQ L@/

RSHUDWLRQV DUH LQWHUGHSH Y |9 9 SPF%VV\(JRFH,\?VHm
SHUIRUP UHOLDEO\ WR DFKLHYH IPHQWD)
7KXV FDUHIXO EODVW GHVLJIQgL QB F WQRR)
IRUPDWLRQ FDQ VLJQLILFDQWOI%

100

KLJKO\ PHFKDQL]HG® HPNQ LAXH
SURFHVVHV DQG HVFDODWH RSH URV\J/I:'Léh?_(\?V\\/
5HFHQW DGYDQFHV LQ $UWLIL ¥

SURYLGH SURPLVLQJ VROXWLR NFL'\V&VKRDEUOD?:\C\,
E\' XQFRYHULQJ FRPSOH] UHODIAI\IJLXI?:

EODVWLQJ SDUDPHWHUYV R VWLQJWEaHU(
FKDUDFWHULVWLFYV HQDEOLQ Dﬁ# @LL\%JQ, %Q%\,KH EODV
PLWLJDWLFRQ(RXFE[—K]EDW\RRQRUPD7 GHIRUPDELOLW\

7KLV VWXG\ IRFXVHV RQ S LRQS@%WKLQ D UREN P

PLQLPL]LQLQB®&BN®W WRH YRO R H W\SH RULH
LPSURYLQJ SLW IORRU VPRRWK H WKLQYWKNKL S Q
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GLVWULEXWLRQ RI WKHVH VWUZF\WNHDOURMNVXUHVXBUHYQRXV H[S
VWXGLHV KDYH VKRZQ WKDWUBRWKUHHRDRIUADY KDUGHU URF
FKDUDFWHULVWLFV RIWHQ H[HUIWODBWWUYR@JBR LRV WHN @R R GOD\V
EODVW RXWFRPHV WKDQ H[SORWGHYHQHWRS R URALHW\ FO)/ EVOON W R O X P
JHRPHWU\ DORQH > @ ZLWKLQ D URFN PDVV ZKLOH 0)

$PRQJ XQFRQWUROODEOH |D FOMRBWQNDWRHFG! VBKIIMW LS/RURVLW\ LQIO
VLIQLILFDQWO\ DIIHFWV HQHUDO WHWDLIQWIP H\QHWRIQ DEMRUSWLRQ D
VWUHVV GLVWULEXWLRQ ZLWKZIGMQVBIRZHBFERURNTMWA\ULDEGQHUDOC
JUHDWHU HQHUJ\ LQSXW IRU HIHHSWRYHYBUHDNDUH > W& DFKLHYH
5RFN VWUHQJWK DQG SK\VLFDIQDDRBIQMMWIVREDYH D
FRQVLGHUDEOHODRSWLFQN RQLEDF\ DV

JLIXUHYLGHQFH RI WRHV DIWHU ORDKIDQIS].\WS’HUDWLRQ DW )DQI

7R DGGUHVV WKH FKDOOHQJWWHSEYNGE B! BXBIWW KROHV ZKHU
XQFRQWUROODEOH SDUDPHWHUWWHBDWHWW GH@LIJQHUV PXVW
FDUHIXOO\ VHOHFW FRQWUROOREBH WRHAWPWW WZHRQEKFDGHV W
KHLJKW IRU LQVWDQFH LV DUWKXEFROOSDUWHRAWHIHQFH $, V
LQIOXHQFLQJ IUDJPHQWDWLRQ P RWB YUHRRYIHU\ RBQHBLI{DWLRQ DC
FRQVXPSWLRQ DQ®J RMHUFDREQBRYEDXWLRQL]HG WKH SUHGLFWLR!
3URSHUO\ FKRVHQ EHQFK KHLJKEWD\BVUIRPRRKWXORPRIWP 7KHVH WRF
EUHDNDJH DQG RSWLPDO |UDJPKHQWOV LHH HAWMYGLIEYWKRRQRQOLQHD
> @ /LNHZLVH EXUGHQ WKH GLVYGWDIQMHJ LD W KHHQDMW LRQVKLSV
KROH UROH WR WKH QHDUHVWEI@BHWWIDFH KONUD WIWVRQR/QIJWKHUHE!
HIITHFW RQ FRQILQHPHQW DQ®FFARQWIRE\ DQFEDEBFHLERSUDFWLFH
([FHVWH EXUGHQ FDRR®DDQHP RYWIRQMH]L HW DO > @ SLRQHHUHG
HOHYDWHG JURXQG YLEUDWLRQR/ IGPIVUDRILBDVR QWG LBDWG RFN U
HYHQ SHUVLVWHQW WRHWOLQYRQ@RKBXE LURQ PLQH DFKLHYLC
GHILQHG DV WKH GHSWK GULOGHGIEHPRQ@FW KW KIDIQNV WQBGBGW LR QD (
IORRU OHYHO LV DOVR HVVHQ\EL D05 GRIH EVIHPN XQF W B WD LDQW\ L QK
GDWD %XLOGLRDHR®L WWHLVDO >
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GHPRQVWUDWHG WKDPW ARRBUWIOWRIDFKLHYH D JRRG UREN IUDJP
RXWSHUIRUP GHWHUPLQLVWLF WHWWRQY HPSBUHELG VPREHOV KDYt
EORQYWXFHG EDFNEUHDN 6LPLODVDRMWKDQJIJHDRIGOLEULXP EHWZHE
IXR > @ DSSOLHG QHXUWDDPEHWRRUDEOIMRW NGO WKHLU LQWHUFRQ
IUDJPHQWDWLRQ IRUHFDVWLQJWKLYLPHPMRQW LR UWKH XWLOL]
KLIKOLJKWLQJ DR TVR S RWRHQHN LLQWHOOLJHQFH PRGHOV KDV SUR)
RSWLPL]DWLRQ UHFHQW \H®@ UMQ>UHFHQW GHFDGHYV
SHFHQW DGYDQFHYV H[W HQHEV H DB KR Q@ W XGR. Gl @ XKEIWHHG ELHH @/ K H
IUDJPHQWDWLRQ SUHGLFWLRQRIDYRRELIBWPHDWDWRRQ 3ULRU
HPSOR\HG D JHQHMQKD QPPHE® UWRIN WUXFWHG HPSLULFDO PRGHO)
UHJUHVVLRQ PRGHO WR OLQN UIRMDN PPHDYW D2 RN HRE@BWLRQHG WK F
ZLWK VHLVPLF YHORFLWLHV VIGRZFADO/R KR HYKMHRS DRPRYHHODWLRQ
RI K\EULGKHXHMBWLF DSSURDEKHRI IUQJPHQWY DQG WKH VSHFL
FORUDFWHUL]LQJ URFN EHKDYLMWLJIDY] HW KEOPP-O@R VWR&HR U\ >
LQWURGXFHG D *UH\ +RIDQ GRBAVLAVIIWIHR @ KHLU ZLGHVSUHDG XVDJ
YJRUHVW 5%:2K\EULG PRGHO IRU BIFHGRFMKHM GLG QRW FRQVLGHU |
' JUDJPHQWDWLRQ FRPELQLQUR®KPK DORXWMDFAR ODFNHG RWKHU
ZLWK LQWHUSUHWDELOLW\ WKSMRXDRHB:$3YV DMKOIONVRVH QHFHVVDU
WKHUHE\ LPSURYLQJ WWD®RW\SIDIWHYPROWY EGBINBQDWHPRDUFKHUV
GHFLVLRQV /LNHZLVH )HQJ HW POS® R¥H® DOHNIHUBPUBG LQWHOOLJH
HQVHPEOH OHDUQLQJ ZLWK JHRDAS DW WD OL BLDDADD QWM K LSDJM @ HRWWZ R U N V
HIFDYDWGKEHG ULVNV XQGHU\DRRGUWIOVVSWKBODIHAWDWLRQV SRVH
WR IUDJPHQWDWLRQ PRGHOLQJSUHGLFWLRQ PHWKRGVHW.KD®RRHL
2WKHU VWXGLHV KDYH H[SDQH[SODLQHG WKDW DUNWLIBELBO QHX
WR UHODWHG JHRWHFKQLFDO CDUH UHJDUGHG DV LQWHOOLJHQW |
&ROOHFWLYHO\ WKHVH FRQWVROYLQJ WRROV LQ WKH PWXHQJ L
LQFUHDVLQJ UHOLDELOLW\ DQ(H[SODLQHG WKDW $11V DUM FRPSX!
FRPSXWLQJ DQB®HXBUV® IPFHRHM\WKDW GUDZ LQVSLUDWLRQ IURP WK
EODVWLQJ UHVHDUFK )URP HDRI WKH KXPDQ EUDLQ 7KH\ DUH
WR DGYDQFHG K\EULG IUDPHZ LQWHUFRQRGBRWHGRPHWLPHYV NQR
$11 *:25) DOLHQKDQFHG UHJUDUWLILFLDO QHXURQV RUJDQL]HC
WKH OLWHUDWXUH GHPRQVWUS$SUWLILFLDO QHXUDO QHWZRUNV $1
WRZDUGS WWIYWD EODVW RSWLPLQ WKH ILHOG Rl PDFKLQH OHDUQL
DSSURDFKHV QRW RQO\ LPSURYVXFK DV SDWWHUQ UHFRJQLWLR!
EXW DOVR HQKDQFH VDIHW\ UHJUHVVLRQ DQG RWKHWHVLPLOD
SURGXFWLYLW\ E\ PLQLPL]JLQJDOJRULWKP OHDUQV IURP GDWD LC
VXFK DV H[FHVVLYH WRH IRUPIDFFXUDWH SUHGLFWLRQV DQG LQ
HQHUJ\ LQHIILFLHQF\ XVLQJ LQSXW KLGGHQ DQG RXWS)
WKH $11 DUFKLWHFWXUH DV H[SOD
5HYLHZ RI DUWLILFLDO I|ISHWHQWLDBYPKYFHPHQWY LQ DUWL
DSSOLFDWLRQ WR EODVW IUDJPD-@GNDWIWQRPSXWLQJ KDYH VLJQLI

$QDO\N]LQJ IUDIJPHQWDWLRQ K %% © DELOLWSLHHUV|RL
WKH PLQLQJ FRQVWUXFWLRQ D PDWHUL
WR KHOS XQGHUVWDQG WKH HILL lﬁL ILHOG L\

WR RSWLPL]H HQH®@J\7KRVAMVH B
w DO >
I!1zjﬁlll>\’lPUng(§‘:|lHWZRUNV $

RWKHU EODVWLQJ GUDZEDFNV

FRQVLGHUHG DFFRUGLQJ WR $ '- O%vp ﬁ?thLHGl'JF‘
6HYHUDO PHDVXUHV QHHG WR GHON/KD(\?N
WKH LPSDFW RR@WHRB QDED H

IUDFWXULQJ WQWLRQPKRG QF
HG WUDGLWLRQDO VW
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DFFXUDF\ RIIHULQJ UHOLDEOHRSWH®LAWQRQW\EDVEBFR® RI EODYV
PXOWLSOH LQSXW SDUDPHWHRM) LIQYFROXHELDW L FEQ@\D VW
JHRPHWU\ DQG URFN SURSHUWLHYKH UHVHDUFK FRQGXFWHG E\ +]
&RPSOHPHQWLQJ WKLV $WDHGH/MHBUPHQHBKNLKDW@ WKH RSWLPE
LPSURYHGQBXPW®W YLEUDWLRQ SWHGELAPMLRY ElGDVW FDXVHG JURX
OLPHVWRQH PLQHV XVLQJ D *GIQHMOAES $MQ RWQWHKPEOH OHDUQLQJ
KLIJKOLJKWLQJ WKH LPSRUWDRUWLIRFLEROWIHAYDQ@IJ1IHWZRUN $11
H[SORVLYH SDUDPHWHUV WR P LI)OPRYH VIQPY >U RED PH@ OB IHW VL O Q X
DQG VWUXFWXUDO ERBBAWLN HACAMITRIHDMWKIG 1HXUDO 1HWZRUN DQC
> @ DSSOLHG $, PRGHOV WR3WRAHI/WWHIOHYRERQ *35 $SSURD
GLVWDQFHV DFKLHYLQJ UREXWWKH VEQBPYRH®RQYHBNLEDEDMNWLFOH
IRU VDIH DQG HIILFLHQW EODVYWXQDKBQDFWAOFBIRWUMRYHU WR UH
SUR[LPLW\ WR LQIUDVWUXFWXKH IRPEWWRRQWIRBODVW WRH 72
DOJRULWKPV VXFK DV WKH ,PSHIURDDQ VRE®RWERMQAUWDXYH NQRZQ L
$OJRULWKRDY&HSDOVR VHHQ ZLGH BBBDDODWWRERPSHWLWLYH $0OJRU
ORKDPPDGL HW DO > @ DQG TUDAW HW I QWDWLE®Q IURP LPSHULL
DSSOLHG ,&%$ DQG JROGHQ VHRWLRBHUHLDOEK W RRPSHWLWLYH
RSWLPL]JH FXWRIlI JOSDWHPLQREMRBEHXY E\ FUHDWLQJ DQ LQLWLDO
PD[LPL]LQJ HFRQRPLF UHWXUQVWDWKURXNK RWKHDW HY RO X \@L RF@D U\
SURGXFWLRQ VFKHGXOLQJ 7K H\K DSBH RCKRK ISYHAHWFNMVLYH DFFXUL
IXWKHU H[WHQGHG E\ ORKDPPDBRGHO® DWKH @ SHWRDOLVW &RPSH)
DGGUHVVIBGRBXGEWL PLQLQJ VFHPUIZBV WMPRBSOR\HG WR GHWHUPLQ
GHWHUPLQH RSWLPDO H[WUDFMRRD) QODWILRWHILWUFRUGFHFRMWQG ZHLJ
FRPSXWLQJ PRGHOV KDYH DOVR$WOKEGSBHGUHT XL [SOHDQWY WKDW &
SHUIRUPDQFH DQG GHVLJQ GHFHYRRPQW L RIENGDIKVEHEAVR D @ SWLPL]LQJ
> @ FRPELQHG ,R$FDXWKVHXLQW WBUDZV LQVSLUDWLRQ IURP
SUHGLFW WKH SHUIRUPDQFH FRPSHMUFRXIORDQY 7RDERPPHQFH WKH
PDFKLQHV D WHFKQLTXH DG DSMDEAH A RWHSELDQY. RO YIHYGGHWHUP |
H[FDYDWLRQ HTXLSPHQW VHOHBWVREBVVDRQGIRBWDREK HP&LUH ZKL
DSSOLHG $11 1X]]\ FOXVWHULQE\ D@ RN HUHDOQ BB ZRIR D DK FRY R/U P\
SUHGLFW URFN PDVV GLJJDHEIDOAMXODWIHGLRAYLQD (TXDWLRQ
HTXLSPEQ@WKLQJ DQG FRVW FRQWURO, ,Q WHUPV R
LPDJH SURFHVVLQJ DSSOLFDWLR ‘FléRlvﬂVy' FUF‘\éx/‘DLo >
XWLOL]HG GLJLWDO LPDJH DQDO\VLV WR PHDVXUH EODVW
IUDJPHQWDWLRQ XQGHUVFRULQZIKHWKH), OWIGOLWH<R)y DUH
FRPSXWHU YLVWRQODQ RBMWIHL]IDWVLRKFWLYHO\ WRWDO FRVW DQG
OHDQZKLOH 6DWOQEW RODKHG RHWKDBPSLUH +DYLQJ WKH QRUPDC
> @ GHYHORSHG VWRFKDVWLFWBBOGSRKRMWAHVRRREIXVBUREDELOLW\ R
PRGHOV WR IRUHFDVW EDFNE FRPISXWMHE RYWQEBEQ HD N
FRQWULEXWLQJ VLJQLILFDQWO\ WR WXQQHO DQG SLW zZDOO
FRQWURO 7KH JURZLQJ ERG\ RIgZRUN ER $SWHHL DQG
FROODERUDWRUV FXOPLQDWHV LU DN‘D?’U]|D<Q|.L)HW DO > @
ZKR LQWURGXFHG) TS #3 PIHVEK R &$
IRU DVVHVVLQJ IO\URFN ULVN LOTYRWEROHFMRYUXFWRPRXVHG WR C
EODVWLQJ UHIOHFWLQRUDR WHWHMRP RRIZHDWU @ PROWHPSLUHY EDVHG |
DQG LQWHJUDWHG ULVN DVVHWYREOWLPUIPHZRUNV LQ
KDUG URFN HQYLURQPHQWYV 7R)]HWKHU WKHVH VWXGLHYV
LOOXVWUDRWP WWHYWULPGDIFW RI PDEKLOH,
OHDUQLQJ RSWLPL]DWLRQ DOJLR@EV\?KP% g egaILWDO
WHFKQRORJLHV LQ SUHGLFWLQJ PRQLWRULQJ DQG
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7TKHQ D YHFWRU ZLWKZWRWHYDR Vlg_JH DV
HOHPHQWYV DUH XQLIRUPO\ G ULEXWHG UDQGRP

o o

QXPEHUV DUH FUXDWIHRQXVLQJ LB: (e (e aa (¢4C

C BROY[(TXDWLRED QHZ HTXDWLRQ Z

4L B Ig I, 0 8a ICoo REWDIOXB®& LRQ

LB FIL 9 Fl 9 FL & 9,

[4e)]

Flcey C

S5HIHUULQJ3WWKK N HEWIRWLILHG FR® RBAISH¥FWVYQJ WKH IRUPDWLRQV F
DGGHG WR DQ HPSLUH ZKRVH UFOHWYHDOQQMWIBEQBBKH QPLQH LV FXUUH
PD[LPXP O9BFWHRW IRBEPHMLPSO\IDFLQJ LVVXHV ZLWK WRH YROXPH
VXEWUDIRMERQIUHVHARDWLER Q PDWHULDO RQ WKH IORRU 7KH GH:

DUHD FRQVLVW PDLQO\ RI WKUHH C

&DVH 6WXG\ DQG 'DWD 'HVFUIZSMMWRQ GRORPLWH JUD\LVK GRORP

'"HVFULSWLRQ RI FDVH VWXG\JDDKIDV K OLPHVWRQH VoG BULPDU

7R FUHDWH D GDWDEDVH IRUF Flvx FB 7EKVHHU\\/(Vr\|/gH\,
TXDUULHV ZHUH VHOHFWHG Dv'
E\

FKRVHQ TXDUULHV DUH *ROGH D\L/ DFFOFXRGXLQ
NSHVKL +1) *OREDO 5HVRXUF Q G
%HNXPD ODNDQD /LPLWHG 4XD

DQG )DQDORX 4 I-L\QH((DXDQUL?H(V D <
DOO VLWXDWHG LQB6KRXRNR 1(GR '::Q‘V&EOH [REDWLRQ RI WKH 6WXGH

IS

DQG WKH FRRUGLQDWHV DUH SUMVHGWRTS HEGH (Ro Rl o n
FDVH VWXG\ UHJLRQ LV D VXEYWTWw—Rt X SOt PouUT
OLWKRORJ\ FRPSRQHQW WKDW 4;FRQVWLWXWHYV —WKH;
JHRORJLFDO FRPSRVLWLRQ RI ILIHULD :LWKLQ WKLY

DUHD WH®HEW URFNV FDQ EH FDWHJRULJHG LIQWR 1

IRXU GLVWLQFW PDMRU JURXSLQJV 7KH JHRORJLFDO

D E
JLIXUH O0DS Rl (GR 6WDWH VKRZLQJ WKH ORFDWLRQ RI $NRNR (GF
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&ROOHFWHG '‘DWD O9LVXDOL]|DWRLRONJ PQ®FURVV WKH EODVWL(
, QWHUSUHWDWLRQ PDI[LPXP UHFRUGHG VWHPPLQJ OHQJ

(
7KH EODVW GHVLJQ SDUDPHWII-| %%98 XI§/VII'\)/ Jég_( )—% DT(HOW%S'BEF)léH
VSDFLQJ GULOO KROH OHQJWK H %Pm o) F\gyégWHU SORV
GULOO GHSWK ZHUH REWDLQHG oDV SODQV D

XU

RSHUDWLRQDO UHSRUWYVY IURP IR \]I¥\}V \'"4 I\_\;@%C%QVMBG\NKH GD

IRU WKLV FDVH VWXG\ 7KHVH V XH $Q H[W
UHJLRQRRIWBWH *HRPHWULF GD ,_m:\EDUH LOGLEDWE
WO VK H TBLVWULEXWLRQ

SLW IORRU DW HDFK VLWH zZDV LQPQ LM %&V%v‘%’%@\ﬁ%&%ﬁsas
U Q
\

ORDGLQJ RSHUDWLRQ DQG EHIRUH W WORUXUHY BRI

WKH QH[WFGRQBOLRH YROXPH RIILQW DS 5 GLIIHUHOW GLVW
UHPDLQLQJ DERYH WKH ORZHU Qé,}_g VL LE R R O QW SLYY
H[FDYDWLRQ IORRU UHSUHVHQ WO EWKHU LOSX
PHDVXUHG DQG UHFRUGHG IRU KRREK HI . 80 7KH FRUUI
FRQILJXUDWLRQ R LQJ YHODWLRQVKLS DPRQJ
7KH GDWDVHWV XVHG LQ WK 3 il ROUFR U U H O
QXPHURXV GDWD SRLQWV RUJDQ@LIH v 5,8@%0 PHDV XU
URZV DQG FROXPQV PDNLQJ RESON[ R YDULDI
LQWHUSUHW ZLWKRXW VWDWL YOI v(%&x VHOBW |
Ebn AWY wkH D

VZ%WWWKC? |fgL\I;DbuomEGDH\)sR\eszclEe\/@n(\HHi
R ERHIILFLHQW VKRZV D
(E)):?DG JYVRHP YE‘OXES' BD%fHG EHWgE y\'/éHHQ WKH YDULDEOHV ZKLOH D
3D+ - QG F R H LIQLLLHY D QHIDWLYH
PAi UHVSHFWLYHO\ 7KH SRZGHUy/D} BRQIRGS

'"HVFULSWLYH VWDWLVWLFV DV
TDEODWDVHW VWDWLVWLFDO DQDO\VLV UHVXOW

IURP HDFK TXDUU\ WR VXSSRU
GHWHUPLQH WKH YRQ&RHRAHR WRH, &

VSDFLQJ OD[LPXP ,QVWDQWDQH

WKDW WKH 8QLDH DsQV &XHR@ BW K V
8&6 03L 6 P % P 6% P '+/ P 65 0,& N. . NJP 79 PA

0D

oL

$YHL

OR(

6NHZ

.XUWR

6 W

ORUHRYHU WKH H[WHQW RI FRRQOOPWILRQ@V PBAKHEHVH RI 3HDUVRC
GLVFRYHUHG E\ DQDO\]LQJ WK HFPQ@VREWXIEE WRR BNHKA XKL EWDHHV R D KR
FRUUHODWLRQ FRHIILFLHQW ZKBUBSHBDL RNG DARUW WENMRORQYHFRHIILF
YDOXH VLJQLILHV D VWURQJHU PHWRER G WLRMWE BREAWME QVWKEESRVH D
YDULDEOHV %DVHG RQ WKH GDWIMHWEREQ LYQ YLDEWHVD ZDV XVHG WR
VWDWLVWIFDIOPDQW SRVLWLYH DNOBWLRWNVRQSZDRMRQJ WKH YDULDEC
GLVFRYHUHG EHWZHHQ YDULD E G CSIRZIGQ UF RFWRMWDURE ED S WXL
EODVW WRH YROXPH ZLWK D FRQRBODQHRQ FRE IOLFIHHMUWURIODWLR Q"

ZKLFK LV D JRRG ILWWLQJ &RMKMHW WAION DDQH DEWHYH H[KLELWV W
FRUUHODWLRQ ZDV LGHQWLILHG DPWBUDPWLREORYV 'WKH YDULDEOH E
% 0,& DQW W®BYVYROXPH ,W EDVWHLSWOLQWHG WR WKH IDFW WKDW .
FRPSUHKHQG WKDW WKH 3HDUDRQVNFRGJHE LUHNCEDWL RO MLKSH W KYDQ L [
SURYLGHV LQVLJKW LQWR WKH O IWXHHD G DUMHIMHMW.RQVKLS EHWZHHQ
WZR YDULDEOHV +RZHYHU ZKHQ LW FRPHV WR QRQOLQHDU
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H
JLIXUHVWULEXWLRQ JUDSK DQG 5LGJHOLQH RI WKH LQSXW DQG

F
JLXUH 9LROLQ SORW RI HDFK LQSXW YDULDEOHV DQG RXWS?>
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C E
JLXUH D 3HDUVRQ DQG E 6FDWWHU PDWUL[ SORW

5HODWLRQVKLS %YHWZHHQ ,QSXWXW¥MHKRPWYWHKDW WKH URFN VWUI
DQG %ODVW 7RH 9ROXPH DQG PD[LPXP LQVWDQWDQHRXYV FKI

'KHQ LQGHSHQGHQW YDULDE QH gL Pl%'\}af%ﬁ %C?%LQHD%LUV{\OO
PRGHO DUH KLJKO\ FRUUHOD % it 0 %LFROOL(
LOQGLYLGXDO HIIHFWV RQ WKH G %ﬁ%‘g | \L;&UODV‘\’/VLLFRR
FDQ GLVWRUW VWDWLVWLFD s eIy
EHWZHHQ WKH GHSHQGHQW %ﬁ()&t %ﬁ%wgg 3 VHOHFKWV\'/*KGHE
LQGHSHQGHQW YDULDEOH +LJ R v ® 1R
'‘LITHUHQW VWXGLHV KDYH VXJIKMVBMW®S RV HGE PRGMOV ZLOO EH
DPRXQWYV RI PXOWLFROOLQHDWWL I LEFRWKG QRIG UWKHQHWZRUNYV
EHHQ FDOFXODWHG IRU WKH L QSDOW %D® BHWRAHVW SHEUHWGLRQ  *:
DV VKRZQ XH 6HH.JXUH7KH WHFKQLTXHV DUH GL

RFFXUV OHDGLQJ WR GLIILFXOwW?eH

FKDOOHQJLQJ WKRI MVIROD WHH O g) INBRZQ LG

RU PXOWLFROOLQHDULW)\ FDQ XQ P KHo UHOL, \

RI VWDWLVWLFDO MXGJPHQWYV |Rj@%8h%z%§5$%&%%%PHQW

9DULDQFH .,QIODWLRQ )DFWRU 6E9SRUKH YHFWKRY UHJUHVVLRQ Ul
WKH IROORZLQJ VXEVHFWLRQV

JLIXUH 9DULDQFH ,QIODWLRQ )DFWRWWIXRH DO)©®RRGKDUW RI WKH 6WX
9DULDEOHV
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$UWLILFLDO 1HXUDO 1HWZRUNV $11V IRU WKH
3UHGLEFWLRQV RI %ODVW 7RH 9RC8VLQJ GDWDVHWV RI WKH G
O WKLV VWXG\ WKH FROOFRU WUDLQLQJ DQG IRU WHVWL
$11 PRGHO IRU EODVW WRH, YROXPH
XWLOL]HG WR OLQN DQG FRQOQ
PRGHO ZDV GHYHORSHG XVLQJ 0$7/
WKH SDUDPHWULF IXQFWLRQ L5 "'/ 553w DOG RXWSXW SDUDPHW!
IRU EWRMWROXPH IRUHFDVW 7 Q Q

VKRZQ LQ 7DEOH VHGKHR GHB®SRDYV

FKDQJHG PDQ\ WLPHV XQWLO 'GHYHORSHG XVLQJ WKH 0$7/%$% D
ZDV REWDLQHE WRHGHRBUBDY ~. . ,
&mg%GHO DUFKLWHFWXUHV 0

YROXPH SUHGL?FK\MLRQSNWUBQGOR ZHUH GHYHORSHG WKH

YDULDEOHV ZHUH QRUPDI®A]HG »—(\5/ Q
XVLQTXDWLRONVR DFKLHYH GLEE%,% XQFV\(/DLRQGZDV \Tv\éic\i,Dothﬁ
FRQVLVWHQF\ LQ WKH YDULD KRy ﬁ\@%R%%%H@ 11 PRGHO\

HOLP'TQ‘DW\ARLWU UHJXODUL]|DWPR@DWDO $SRBILMUUHG |
)L _f070al; WUDLQLQJ 0' DQG 0' DUFKLWHFW
10807024, DELOLW\ WR LPSURYH JHQHUDOL]L
'KHUHLV WKH 6FDOHG HOHPHDWY SUHYWQ@WHRYHUILWWLQJ 7K
DFWXDO GDWD pWP® EH MBBOWEBHWXSSRUWHG E\ WKH ILQGLQJV RI
PD[LPXP DQG PLQLPXP YDOXHV RRAKMUDIGBW XD OLRXWDEDFNSURSDJD
UHVSHFWLYHO\ 7KH RSWLPXPRUPRGEDHEIMNEEBWQG VSHHG IRUHFD)\
SDUDPHWHUYRPERDB LEHTGX RWIL@RIYP PXOWLOD\HU SHUFHSWURQ IHH

> @ QHWZRUN > @ ,Q WKH VWXG\

586204l UHJXODUL]DWLRQ GHPRQVWUDW
L LE SHUIRUPDQFH RYHUODWRXD/HG WQEGE
0a0>0aC, 6FDOHG &RQMXJDWH *UDGLHQW

€ SDUWLFXODWO\ WRHUHBXFFW RI QRL
'KHUHLY WKH SUHGLFWWGVKBHRHKHOWNLQXI WKH SUHGLFWLYH DFFX
DFWXDO SUHGDRRWROGOGIHMDGEH%D\HVLDQ IUDPHZRUN KHOSV LQ F
<pL,dDUH WKH PD[LPXP DQG PLQL®XWZRINXWVZREIKW GLVWULEXWLR

WKH DFWXDO GDWD UHVSHFWLVYHOLDEOH DQG HIILFLHQW PRGHO \
VIVWHPVY 7KH PRGHO WUDPE&QLQJ S

7DEOBIRGHO 3DUDPHWHUV VWUXFWXUH)LVYX8BQGHY WHLBPRGHO Z
ORGHO SDUDPHWHEWEROV 0’ SHUIRUPHG EHVW IRU WKH IRUH
8QLD[LDO &RPSUHVVLYH &WUHQIJWK WRBRIH YROXPH DV LQGLFDWHG E\ WK

6 SDFL( € LQGLFHYV

GULOO KR( ] J)LIXUHBOXVWUDWHY WKH UHODW
o2 S Lt 2 WKH WUDLQLQJ GDWDDIQW BKH
VWLIIQHVY UDWLR P 65 WHVWLQJ GDWDVBI®G 5 WUDLQLQJ
OD[LPXP .QVWDQWD( 0,¢ GDWDVHW 5DQG WKH WHVWLQJ GEC
SRZGHU IDI . $11 PRGHO SUHGLFWHG WRH E

7RH YRO 2XV 7¢ UHVSHFWLYHO\
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7TDLHRV DO

F G
JLIXUHF11 PRGHO 7UDLQLQJ RXWSXW IR WS EBRKLMMWH FREK BIRDEPLHQ J
5HJUHVVLRQSUFKLWHFWXUWHDLRLQJ 5HIUHVVLRQ

7TKH RSWLPXP PRGHO ZLWK DWKKLWIHFGHHKYMNOKHWELDY LQ WKH RX\
0’ ZDV H[WUDFWHG LQWR WKH MXWKHHPLDIWMW BO WKH ARQQHFW

H[SUHVVLRDXBWIL@®IKXLFK VKRZVWKKIRI WKH KLGGHQ OD\HU DQG W
IRUP RI WKH SULQFLS@HXBR QISW KB WAHRIQG KW WRKHWKH FRQ

JHQHUDO

$11 PRGHO DV QRWHGAE\ 7DLZR BHWZHHQ WKH

31 NOE 2§ Shisbn WK LQSXW SDUDPHWHULD®YG WKH

i, znt @ WKH LQSXW S D WHH RKW BXMWLoY DULD
: DOG,DUH WKH OLQHDU DQG QRQO

ZKHUHV WKH QXPEHU RI QHXWEREOWLRQ VWMKHVSHFWLYHO\
KLGGHQREADANWKH ENDAK LQH MKRIQ R
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$11 3UHGLFWHG 79 9D $11 3UHGLFWHG 79 9DOXHYV
F G
JLIXUWKBHODWLRQVKLS EHWZHHQ WKH $11 SUHGLFWHG DQG DFWXDO 7RH 9l

GDWDVHW

7KH $11 PDWKHPDWLFDO H[SUHVVLRQ IRU EODVW
WRH YROXPH LYTSOMMVLIRQWHG LQ

79 W BiQ K
; 7D QK 886 6 % 6% 65/
0,8& +
; 7DQK 8&6 6 % 6 % "+ 6 5
0,& :
; 7DQK 8&6 6 % 6% 65/
0,& :

; 7DQK 8&6 6 % 6 % "+ 65 0,&




7DLERV DO -RXUQDO RI OLQLQJIR@QYLURRPHQW

7TDQK 8&6 6 % 6 % "+ / 65
0,& .
7DQK 8&6 6 % 6 % 65t/
0,&
7DQK 8&6 6 % 6 % "+ 65 0,&

'KHUH 79 LV WKH EODVW&WRH YRO ¥XFSODL®HG E\ > @ WKH ORVYV
LV WKH XQLD[LDO FRPSUHVVLY K WKG EQWKK MQUDEDLWLRQYDO $GD%R
WKH VSDFLQJ LQ P % LV WKH EX[SRQM QWLD 6B RWWKBFWLRQ 7Kl
VXGULOO LQ P '+/ LV WKH GULG® &ROMD O/H @ QWIR EBIX B@HKGRWIVR Q
DQG 65 LV WKH VWLIIQHVV UDWLR 0,& LV WKH PD[LPXP
LQVWDQWDQHRXV . FIK\D WIKH . BRZGHUY ¢,

IDFWRU LQ;.J P; DUH WRWDO BbyHu—:

ZHLIKW HITHFW :KHU@-ILV WKH FODVVLILFDWLRQ HL

$GD%RRVW UHJUHVVLRQ $®IRULWKP IRU
3UHGLFWLRQ PRGHO GHYHORSPH HRYHU  WKH GLYWULEXWLRQ

$GD%RRVW UHJUHVVLRQ $0JRUA V LV DG MXWVWKKE BIKHH IR BRX
LV JLYHQDWLRQ

'HLGRQJ HW DO VWDWHG WKDW $GD%RRVW UHJUHVVLRQ
LV D PDFKLQH OHDUQLQJ DSSURDFj@(’X\‘NLOL]gpLﬂR,u
GHYHORSLQJ UHJUHVVLRQ PRGHQV s @ 7KLV S
PRGHOOLQJ WHFKQVWHPDW R A DWFi 4 ©
LQLWLDOO\ ILWV D UHJUHVVRU RQ W}k ULJLQDO ABWDVHW ,w
WKHQ ILWV QXRHWRKXVUMHSSLHW RUV RQ WKH
VDPH GDWDVHW EXW ZLWK XSGDWHUEHZHHIKAWVHIRW VHWEKKI ZHLIKW\
LQVWDQFH EDVHG RQ WKH HWPRS ORIV WRHWV KK SWHEWR XYV LWHUD!
SUHGLFWLRQ > @ $GD%RRVW FOPBVMMHFDMWARQUMPKEH @RDQBOL]D)
FRPSRQHQWY D SRZHUIXO FODVAWRUHU NQRZQ DV
PXOPRIGHO DQGEWWWWHSHSOIJRULWKP
$GDBRR DOJRULWKP \LHOGV D KLHEAPYPRRMMVYMHUHVVLRQ $OJRUL
FODVVLILHU ZKLFK LV LWV S8BYHBUFWARSHRIWODYEW 7RH 9ROXPFE
DFKLHYHV WKLW WEBURSURBHVIR> 7@y ¢8D%RRVW PRGHO GHYHORSH

EHILQ ZLWK LW XWLOLIHV D Zddy Kio B DNHEH R QW QL DEOH
QXPHURXV ZHDN FODVVLILHUV pZd W KQ\WKHoWHOLQERAW YDULDE
GDWDVHW ~ 3GGLARIPEQREV\ PDMRGHO zDV WUDLQHG XVLQJ RI W
UHJUHVVLRQ DOJRULWKPV IRU W EBRVWVBQAI VHFWLRQ RI WKH
7KH SUHGLFWLRQ HTXDWLRQ &Yy Wbl HH ¢ Kid M dd & Maromt XV LQ
SUHVHQOWDMQRQZKHUH 7 LV WKHy X B&HU/R|WpIIXWH GHSLFWV WKH
Rl ZHDN FOQWVWL IWHMVINLQHG ZHPYRFLDWLRQ EHWZHHQ WKH DFWX
FODVVLILWWY WRKE ZHL JKW RIQOHG WKH SURMHFWHG RXWFRPHYV
FDWHJRU\ RI WKMW KB FSJHELVWRIR &S HB [RU ERWK WKH WUDLQLQJ GI
i DQG WKH WHVWLQJ GDWDVHW 5
* LOE:l ( L1
(€t
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$GDWRRVW 3UHGLFWHG 7 $GD%RRVW 79 SUHGLFWHG 9DOXHYV

D E

JLIXUH5HODWLRQVKLS EHWZHHQ WKH $GDERRVW SUHGLFWHG DQG DFW
THVWLQJ GDWDVHW

6 XSSRUW 9HFW RLIR 8B HOWHHG/ VAWHIRS)S L Q ByPBQBGE DUH WKH ZHLJKW Y
PRGHO GHYHORSPHQW ELDV RI WKH UHJUHVVLRQ IXQFWLR
6XSSRUW 9HFWR$OSRUUMANKWLRQKH QRQDWLYH VODFNBQGSDUDPE

6XSSRUW 9HFWRU O5HJUHVVLRQL 695«0LV HWWDEOLVKHG WR HY

UHJUHVVLRQ DSSURDFK WKDW ¥\WV¥QU}HY B SEIR WM PHE WRW SRUW
ODFKLQHV WR UHSUHVHQW PDQRk Wy § o ilRwiWVOWWIHRIRG H "X UL O J
> @ VWDWHG WKDW 6XSSRUW 9HpWRWYHIAGEVELBQ GROPLOLPL]H
LV D PHWKRG XVHG WR SUHGLFWHRQWWR KU IYRYLEEOHVKH vTXE
W DFKLHYHWQWIKIMN QBN D KNS HU SHOL Hs EKEWHQVILWLYHGHOU ZWKH Pl
SURYLGHV WKH JUHDWHVW ILWLWR uWKdHE DN BindKbod) @ u
DOORZLQJ IRU D JLYHQ PDUJLQNRIUDWSR B >0 @x Pkl >HUH
EPINY P 16 o ok

WKH NHUQHO PHWKRG 695 WUDQNY( ngtﬂ@/ NHYQHO PR
LQWR D GUIPHK®WLRQDO VSDFH WR FDSWXUH

FRPSOH[ UHODWLRQVKLSV > @ MexB$RUME FHFWRUV

ZKLFK DUH GDWD SRLQWY ORFDWHG QHDU WKH K\SHUSODQH

SOD\ D YLWDO UROH LQ GHWHUPI,EQ\}J\)/j Wﬁ_ DSSURSULDWH
K\SHUSODQH 7KH WHFKQLTXH DPLP Ve WR 5|%LPL]H D

ORVV IXQFWLRQ E\ SXQLVKLQJ DQ\ GHYLDWLRQV WKDW

H[FHHG D VSHFLILHG PDUJLQ RI ﬂiv\ﬁ‘i’gﬂ 7 KH, E[U[XFLDO
SDUDPHRWHIXS SRUW 9HFWRU 5HJRHYV Wurd'e

ZKLFK FRQWUROV WKH EDODQFH EHWZHHQ VPRRWKQHVV

DQG DFFXUDF\ DRIGLFIS\GHWRIQUPLQAHVDQGHW e[ [

WKH ZLGWK Rl WKH LQVHQVLWLYH WXEH ,Q DGGLWLRQ
6XSSRUW 9HFWRU B5HJUHVVLRQ 695 H[KLELWV

RXWVWDQGLQJ DELOWKWHH@U@&W WGIHFWRUIRIHIJWKMVLRC
KLJK GHJUHH RI DFFXUDF\ LQ SYHELIFMNIRQORRKWERPMW 7RH 9ROXPF

7KLV PDFKLQH OHDUQLQJ WHFKQL7X¥H SFRORVU® @6QHREHO LQ w
UHJUHVVLRQ SURFHVV DV RXW@#&%V@VM@/(FI%BV‘(/LL Q 0 B ODH/SH QUARHHQ \
WR SURYLGH SUHGLFWLRQV 7K{REDZARBE HIPL SWRCXFTENSHOGHQW Y
DQ RXWSXW GHQRWHB S ¥ HQ WAK MUK vV HG 695 PRGHO ZDV WUDLQHC
LQSXW YBUUBEOHVHQWOLWHHGORD VHW DQG WHVWHG ZLWK St
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QRUPDOL]J]HG GDWDEDVH DQG ZDW GPWKHPRMOQWH® XKW VMDKDW WKH 69t
WKH 0%$7/$%<« VRIWZDUH ZLWK UHJDUG WR WKH WUDLQLQJ G

JLIXUHOOXVWUDWHY WKH G HDUHHWRK HF RBIY MO QW ICROW D Y HMW L5Y H O
WKDW H[LVWV EHWZHHQ WKH DFWXDO EODVW WRH YROXPH
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695 3UHGLFWHG 79 9DO X 695 3UHGLFWHG 79 YDOXHV

D E

JLIXUH S5 HODWLRQVKLS EHWZHHQ WKH 695 SUHGLFWHG DWIGQDFWXDO

GDWDVHW

5DQGRP )RUHVW 5) RDIDJRWQWKWPHIJUHVVLRQ SUREOHPV 7KH
UHGLFWLRQ PRGHO GHYHORSPBIQWULIPRRBRYHG RI D FROOHFWLRQ
5DQGRP )RUHVW 5) DOJRULWWKHHYV DQG LWV ILQDO RXWSXW

E WSXWV RI HDFEK
Lnggmasmmvwmt*fg dgﬁgg yﬁ'g%%&&wy@gﬁ
% Q\IW %@ QBUWKM Q)

D

E\ OHYHUDJLQJ LWV FDSDFLW\
QRQLQHDU DVVRFLDWLRQV > @ﬁ[ '%5’ y ¥ JEL)
VH %&P ﬁsl"' R YU W&BHR UL\
Y

FDSDEOH RI HIIHFWLYHO\ UHSUH
I\{?W 5H 9RO XPF
'%%% ST AL
A MR S,

RXWFRPHY 7KH UREXVWQHVYV IP

UHODWLRMWHQA EVEVWASHVLIQ I%\lrlj:l\_llv
VFHQDULR (YHU\ LQGLYLGXDO \_k;
HYDOXDWHY GLVWLQFW FRPELQ 0
I
QG H
F
PLWLIJDWLQJ RYHUILWWLQJ DQ d_k

GLYHUVLW\ LV HVVHQWLDO IRU \%
LOQWHUDFWURQYLWERDWRU PD[LF)’(L]

UHVXOWLQJ LQ D YDULHG UDQJ
| H QRUPDOL]HG
H
b B By pempeoeve
KLJKLPHQVLRQDO GDWD PDNH L v
HQKDQFLQJ WKH DFFXUDF\ DQG, &Vﬁh[ajg%\)\&gg@ggg/g”@iﬁ%ﬁw;
RSWLPL]DWLRQ SURF H GUWUHY \)OKHLL o E 2 oh )
FROWULEXWHVY WR VDIHU DQG P KII:-III|_I|—| W'Uv QO/WISIIL@/LQJ 2
\ P
HYWIy GRYWDVHW
%Hgi d’@\%L EDWLRQ

PLQLQJ RU FRQVWUXFWLRQ D
JRUHVW LV DQ HQVHPEOH OHDU
E\ %UHLPDQ LQ XVHG WR V
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5) SBUHGLFWHG 79 9DOX 5) 3UHGLFWHG 79 9DOXHYV
D E
)LIXUH 5SHODWLRQVKLS EHWZHHQ WKH 5) SUHGLFWHG DQGIDFWXDO 7
GDWDVHW
*DXVVLDQ 3URFHVV 5HIJIUHVVHRDO XBWHRUZLWK D VHFWLRQ R

3UHGLFWLRQ PRGHO GHYHORSPEQWDEDVH 7KH LPSOHPHQWDWLRQ
*DXVVLDQ 3URFHVV 5HIJUHVVWISRB %<« VRIWEIDIMXMHIHGHSLFWY WKH
I%BQ EHWZHHQ WKH DFW]

FRUUHQDW
*DXVVLDQ 3URFHVV 5HJUHVYV :
XVHIXO PHWKRG IRU HVWLPDW@ W\%B W HRW j@mvxw}v\\; Rsl
W SURYLGHV D SUREDELOLVW \%/@\/1 \L/P D @H
LPSRUWDQW SDUDPHWHU LQ I 8 MPIYDWLRQ

> @ *35 KDV WKH FDSDFLW\ WR,UJH H\RQW o Wi 'ws R OL 7a My
LOQKHUHQW XQ F H UW/MRFHNA LRJIEQE’BQéH’HV’\%\PWL?H D ]6 y

QRW RQO\ SUHGLFWLRQV Exw DERESHWLWLYH DOJBRHYSD oS
7KLV LV  HVVHQWLDO IRU HYBIOX®WWHFKQLKIXH ZDV XWLOL]H
WUXVWZRUWKLQHVV RI EODVW WRRK PYHR 8 X WHK HH VAR HPIDQVWRK® PLQHV
7KH XWLOL]DWLRQ RI *URXQG V8KIH) HRAEWDHF MWL s DREIDW P SURYLQJ V
*35 KDV JDLQHG ZLGHVSUHDG IHFRRBWW URQR D WKRIVEODVW 7KH X\
YDULRXVLSGLQPHVY > @ HPSORAMKMGFWURRQ® LPSRUWDQW WR DWWI
3HQHWUDWLQJ 5DGDU *35 D QFER\RW KRHSMOHRQY HPE ®HPRGHO WKURX
OHDUQLQJ WHFKQLTXHV WR IRPHWHERE FKWHPRYRORFERDOWH SUH
GURXJKW DQG VWDQGDUGL]HG SUSEWSLMWDLWORDHXQBG®[IHWZRUN
*DXVVLDQ 3URFHVV 5HJUHVVLR@DA3XWIVODR [$IBZBVINWEKH ILWQHVV X
WHFKQLTXH IRU IRUHFHWWAIQUKEDOD'SW WRIWZBROKPILOH ZDV XVHG V
KLJK DFFXUDF\ FRQVLGHULQ%11WKRH HOQEMWIHDIWW K&$V L7KXO0 DW L
YDULDELOLW\ Rl WKH GDWD SRNGW S DUIBP B WKLUHW KW BGK MR DV VHV\
E\ HITHFWLYHO\ XWLOL]JLQJ W K HFORS\DD-UL MO QFIH WKW X &S ROJ RULW K P |
WKH GDWD PDNLQJ LW DQ H[FRODMOIM VFRRKIFH RRQW RI LPSHUL
SUHFLVLRQ EODVWLQJ DQG PLQRPIGHGD GIIYW LURBVPHQMETOEOH XV W
LPSDFW RSWLPDO PRGHO DQG RSWLPL]H WK
*DXVVLDQ 3URFHVV 5HJUHROONMW BO355FIRRUGLQJ WR WKH RSW
WKH 3UHGLFWLRQ Rl %ODVW 7REHIMWDXPHWWLQJV IRU WKH PRGHO
7KH *35 PRGHO VXJJHVWHG AHUHMWKANWWHERBNQHG XVLQJ LPS
FRPSULVHV RQH GHSHQGHQW KFRXQWEQHY %DPW¥W 7RHMFDGHV 7KH
9ROXPH DQG HLJKW LQGHSHQGEOWLIDFWRUDPHWHI Y5 DUH YLVLEO
PRGHO ZDV WUDLQHG XVLQJ RIWNRIDP G DEADDWHW G BBYHY ESHHD P H
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LGHQWLILHG DV IROORZV 6 BUPBRDWO\ GH®HWUHDVHV WKH DPRXQW
P 0,& NJ DQG . %\ NJWKHUHE\ FRQILUPLQJ LWV HIILFDF\
VXEVWLWXWLQJ WKHVH YDOXHWHWKRG' ROXKPH RS WIHKH |[WRH EODV)
FDQ EH GHFUHDVHG E\ D I WS WEKHHWSHWR/FHV YV R

EOD;VWLQJ 7TKH UHVXOWYV LQGL%DWHG WKDW WKH ,&$% PRGHO

50 @

p

$FWXDO 79 YDOX
$FWXDO 79 9DOX

*35 B3UHGLFWHG 79 YDO *35 BUHGLFWHG 79 YDOXHYV

D E
JLIXUH 5HODWLRQVKLS EHWZHHQ WKH *35 SUHGLFWHG DQ®DFWXDO 7|
GDWDVHW

7DEOH 2SWLPL]JHE EODVW GHVLJQ SDUDPHWHUV XVLQJ
3DUDPHWHU ¥ WDWH % P + % 20,& NJ . NJPA 7RH 9ROXPH P
&XUUHQW
2SWLPL]HG
"LIIHUHQFH

$11 SUHGLFWHG 79 9DOX $11 BSUHGLFWHG 79 9DOXHV

$FWXDO 79 9DOXHYV
$FWXDO 3UHGLFWHG 9D
ol
o
[

e7UDLQ $11 ®e7HVW $11

D E
JLIXUH 5HODWLRQVKLEL EHWHIGHQWHCHD % DFWXDO 7RH 9ROXP

)XUWKHUPRUH$ 1 WKHHFE®LTXH XO®RFDWHWEUIRID ISRVWRGHO YDOLGD
HPSOR\HG WR GHYHORS D SUH GILFRGLYH WP FEHHP® Q R W UBDRIHER /KO W W
YROXPH 'XULQJ WKH WUDLQLQJHPBKIEMMVHG HRIKW&FAHPHQW RYHU WKH
GDWDVHW ZDV XWLOL]JHG ZKLOHPWRKH QHMPISOIRIQBRDIMIXUDWLRQ §
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VKRZQ)WQXUH WKH ,&$% RSWLPL]HG 7TRKRRIGHOURU DQDO\VLV ILQGLQJV I
GHPRQVWUDWHG KLJK SUHGLF@HMRRORBAHFXUDFWKIDW VWXG\ WR HVW
HYLGHQFI® EXHV RI DQG EOPW W KMRH DUH SUHVHQWHG LQ 7DE
WUDLQLQJ DQG WHVW SKDVHV GDWDYHRW LDYG®\ 7D,BOMKH IRU  WKH

VXEVHTXHQW VXEVHFWLRQ WKH SHUSRIFRMOLQYFHORI7WKHUKSXOWYV GHPR!
$11 PRGHO ZDV DVVHVVHG E\ FR MSHAVQLYIEM\HAR/ RRVWHULFLDO QHXUD(
PRGHOV LQFOXGLQJ &RQYHQWLR®DIO $IRIGHROVHDOY FRKRSDULVRQ WR U

DVVHVVPHQW ZDVORRQWXPWREG KOWWMRYLDQ SURFHVV UHJUHVVLRQ *35

DQDO\VLV LQGLFHYV

SHUIRUPDQFH (YDOXDWLRQ

7KH SHUIRUPDQFH DQG DFFXU
VRIW FRPSXWLQJ PRGHOV ZDV
IROORZLQJ PHWULFYV
FRHIILFLHQW RI GHWHUPLQDWL
DEVROXWH SHUFHQWDJH HUURU
IRU WKRI IMFOMWWHU DQG

PHDQ DEVROXWH HUURU DQG
7KH PDWKHPDWLFDO
LQGLFDWRUV LV DV IROORZV >

E]
<. <
4/5"L &1 :UFAR;8

-

ICE

IRUPXODWL

@g Q‘(\/wuﬁglﬁé P‘JBED F5/5M!1<HPR&3$40

ﬁ\é@E:( F L,E Fﬁf@EL FﬁE

Bl UF L
Fége ~ 01
9/#2' L L
e, 0
g L e FRo P g,
TR
4/5°
+1L

#R K #?P (1 8=H!

€ 8 # .
2 L 4°E} \sr(F4/5

é
C
/#' L=1 :2F1:
e
é
<., .
/5" L=1 :UFi:®

-

ICE

UHJUHVVLRQ 695 DQG JUDGLHQW F
8SRQ FRPSDULQJ WKH WZR GLVWLQF
QHWZRUN $11 PRGHDWIGHYMYRSH GW

Y HIDDWLAR @V KID\G \
&H@ H FDSDELOLWL

H WKH DFTXL

WZR DUWLIL

vgg((\% PUDQXH \

Y b DEVROX\
P.H

EVROXWH SHI
UHVXOW)\

LJQLILFDQWO\ LPSURYHV WKH SUHG
VIXDUH HUURUWKRHP $SCDMGERRWW 695 *
5) DQG $11 PRGHOV HBEWHGS
PRGHO RXWSHUIRUPV WKH $GD%RRVV
WKH 695 PRGHO E\ WKH *35 PRGH
WKH 5) PRGHO E\ WKRIGHHQ E\

DQG WKH $1PRGHO E\ 7KH
,&$$11 PRGHO LV SURSRVHG WR KDYH
SUHGLFWLQJ FRUUHODWLRQ FRHIILFI
$GD%RRVW 695 *35 5) DG
$11 PRGHOV $Q H[FHSWLRQDOO\ HIIl
QHXUDO QHWZRUN $11 HTXDWLRQ
GHYLWRGSUHFLVHO\ SUHGLFW WKH YF
UHVXOWLQJ IURP DQ H[SORVLRQ 71
HTXDWLRQ RI WKH DUWLILFLDO QHX
GHPRQVWUDWHG H[FHSWLRQDO DFFX
WKH YROXPHJHQMKID \EB GYWIWRMNHYKH 5
REWDLQHG IURP WKH WUDLQLQJ DQG

DQG UHVSHFWLYHO\ 7KLV
LQLWLDO HQGHDYRU WR GHYHORS D
DUWLILFLDO QHXUDO QHWZRUN $1
DFFXUDWH IRUHFDVWLQJ WKH YROXF
REMHFWLYH LVHWRIHRWDDHBHWYK RI ¢
EODVW RSHUDWLRQV DQG WKH HIILFL
7KH DUWLILFLDO QHXUDO QHWZRUN
RQ LQGHSHQGHQW FRPSRQHQW D¢
GHYHORSHG LQ WKLV VWXG\ KDV \
DFFXUDWHO\ IRUHFDVWWVWHR H RIQ LW

ZKHUBQGDUH WKH DFWXDWYW DQ@®LIMIRILRWHEDWLRQV ,PSOHPHQWLQ
YDOXH Q SUHVHQWV WKHWWWBD BXJXPEWHRLQSDWIV VWXG\ FDQ HQK
PHDQ RI WKH DRBWWXD/MOKMDOHKMHY R VEOPVWLQI RSHUDWLRQV DQG PLC
SUHGLFWHKGVY WEK¥HQXPEHU RI LOYEPOLYYLUEWFHQDULRYV
YDULDEOHYV DQG 1 LV WKH WRWDO QXPEHU RI GDWD VDPSOHYV
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7DEOH ORGHO (UURU $QDO\VLV 5HVXOW IRU 7UDLQLQJ 'DWDVI
7UDLQLQJ
$GD%RRVW 695 *35 5) $11 $11 L, &$$11

560(

06(
:0$3(
9%)

,26

7DEOH ORGHO (UURU $QDO\VLV 5HVXOW IRU 7THVWLQJ 'DWDVFH

7THVWLQJ
$GD%RRVW 695 *35 5) $11 $11 L, &$$11

560 (
5
06(
:0$3(
9%)
,26
3

ORGHO VFRUH DQDO\VLY UHVX®GWRELQDWLRQ RI WUDLQ DQG WH

7KH VXSHULRULW\ RI WKH SLJ&%?&%YQ&ylﬁyh(BFiO\/ ZDV
HYDOXDWHGXDXWWKQ > @ XVLQJ D

4:L Bl 1B1E EIPAE EqF E AT ENE BN E 1Y EIA

'KHUMHLY WKH UDWH RI HYDOXDWRRQ PUUBDILR® EHIRUH ILHOG LPS
GHVLJQDWHYV WKH WUDLQ UDWHVRRHHPWOGROWPROLHYEGFIPWROYNHG L
UHSUHVHQWY WKH WHVW UDWHORPHYBIOXDWER QP LWBHWHRDO LQG
4=LV WKH ILQDO UDWLQJ YDOXHHQ@RHUUHDEKVIREEIWDRG DQG URFN EU

NLV WKH UDWH RI HYDOXDWLRQ MKHyRTQPK

$V LQGLFDWHG LQ 7DEOH wRBHKERBROGHyWE Y WRH YROXPH
GHPRQVWUDWH G M KPRG MK HKD&$WKH PP WR PP "DQG LQ YROXPHW
KLJKHVW UDQN ZKLOH DGDSWUYRPurrVWI(NPEQH PR UHSUHVH

OHDUQLQJ PRGHO KDV WKH ORZHY# F DWW UHGXFWLRQ DV V

Y

$VVHVVLQJ WKH PRGHO DQG’HAH RIKEY VW FRRH GHPRQVWUD!
RQ JUDJPHQWDWLROQ WK HGLFWLYHW KFR G WOE VBIF & H Q
JLIXUHYV DQG SUHVHQW R RBWHBR  YWUDWHILHY DGRSW
UHVXOWV RI EODVW IUDJPHQWDWLR BQ\R/QQVﬁWQQ;JXFWhV&FBWHV D
WKH PLQH VLWH LOOXVWUDWLQH ] #D%FHYEQWH'RU URI
DQG DIWHU WKH UHILQHPHQW RI Ky W WU SWDEO]
7KH DOQDO\VLV HQFRPSDVVHV N wWiRY VLIH GLVWULE.
PHWULF&LQQMWXH DYHUDJH IUDJP RU GRZQVWUHDP SUR
XQLIRUPLW\ LQGH[ DQG EODVW W /Pyl Py SDUDPHW
LQGHSHQGHQW EODVW HYHQWYV oHPIL ¥ ez RY D QHDI
WKH LPSDFW RI RSWLPL]DWLRQ JLIXUHV — DQG 7KH
JROORZLQJ WKH VLPXODWLR PSURYHPHQWV
SDUDPHWHUV XVLQJ WKH ,PSURY PLWV DQG UR
$UWLILFLDO 1HXUD$Q 11 HRRZRHUN VLIQ DFBRRWRVLEDOIHL
VLIJOLILFDQW LPSURYHPHQW LOQ Ea'@lp\bgfﬁ'W)i%WHG LQ HQK
REVHUYHG SDUWLFXODUO\ LQ W HY @ WHQHKRRWLRQ D

%\ SUHGLFWLQIPLDIQE R\SKMH LVW\ LQ "ERWK FPLQLQJ
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7TDEOH ORGHO 5DQNLQJ 5HVXOW
560 ( 06( 10$3( 9%) .26 3, (, 7RWDO5DWLQJ5DQN
$GDWRRVW 7UDLQ
7THVW
695 7UDLQ
7THVW
*35 7UDLQ
7THVW
5) 7UDLQ
7THVW
$11 7UDLQ
7THVW
$11 7UDLQ
7THVW
,&$$11 7UDLQ

THVW
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G H |
J)LXUH % O)DADWP H Q VB B WXERHY RSB LPL]DWLRQ

G H |
JLXUH %ODVW IUDJPHQWDWLRQ UHVXOW $IWHU RSWLPL]DWL

7TDEOBRPSDULVRQ RI HTXLSPHQW VWERIWVWODEBCOCRWIDWORBQDIWHU ,&$
% H | $IW
; 1 7¢ ; 1 7¢
$ %
$ %
$ %

&RQFOXVLRQV SDUDPHWHUV DQG XWLOLJLQJ DGYDQFHG
OLQLPL]LQJ WKH EODVW UDGLXV R%%,\gQﬁHLFé'g)Q D3 SYRDEKHY, 'HFUHDVLQ.

'ﬁ#’HE’/'—WkﬁDé\’ﬂ-MOLKR RG RI JL

GDPDJH WR EXLOGLQJV DQG HQKDQH, 00 WKHVH 7
EODVWLQJ (IIHFWLYH VWUDWHJLH %h cH URQ@ RROQV F
SODFHPHQW RI H[SORVLYHV W \G A KSRV X B
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LQYROYHG WKH GHYHORSPHQW RI PDFKRREH®WDDQ GQB PIRESAHHDEY PRUH UHOLD
WR SUHGLFW WKH WRH YROXPH 7KH PRGHWOXOXWLWHHEBHD BWWIRIFQBG IRU EO
QHXUDO QHWZRUNV $11 $GD%RRVW HVXILPDOWWN RVYHFWRU

UHJUHVVLRQ  UDQGRP IRURVW = DQG iBXVN0Q, HURFH
5HJUHVVLRQ *35 DSSURDFKWWDWKH UH }/eq(g ‘3 %I—b\Y)YOWV RS
WRH ZDV UHGXFHG E\ LPSOHPHQWLQJ , >§YH(§ L&WSHMRUPDQF
&RPSHWLWLYH $OJRULWKP ,&$ 7KH g HF H% ey SHUIRUPDOF
RSWLPL]H WKH EODVW SDUDPHWHUYV Q wrRY | GHYHORSH
VWUXFWXUHG $UWLILFLDO 1HXUDO 1HWZRUA &P %%%\(/BQ@ A
WKH IXQFWLRQ IRU ILWWLQJ he Py H REMHFWLYHG:NXGQ'F@WLRQ
7KH ILQGLQJV RI WKH UHVHDUFK DUH égd%\ﬁ MLJQ hEwL A X
7KH EODVW SDUDPHWHUV DQG URFY, YW |) D\,HW
m8 i ohyrorseHow m1 Wi SURKEUHRYIRD FY G SUR TR E
JDWKHUHG IURP IRXU TXDUULHV 4 YRR2h L e

7KH GDWD FROOHFWHG IURP WKH FRYH 9 XG\‘PX@; { '0J WKH EODVW
VKRZ WKDW WKH FXUUHQW EODVW. 5!%? Qp L QF
RIU

VSDFLQJ EX30dHMD QUXEKDUJH OHQJIW XFLQURIURP

4 4 4 4 DUH p P p

P p p P DQG P PXWXUH ZRUN ZLOO IRFXV RQ VFDOLQJ [
P UHVSHFEWLYHO\ PRGHO V DSSOLFDWLARID HD FRURM\Q JO D QIH

7KH EODVW WRH YROXPH OoHIw!  8BY RS RW&BQ&&WR vavgﬂ\é\élel\_NFvc
DVVHVVHG DIWHU HDFK EODVWEJ [é §$ vEOw VKR
WKDW WKH EODVW WRH YROXPH &Y RP

P 7KH ILQGLQJV VKRZ WKD Vv H
YROXPH UHGXFHV DV WKH H[SO&%&%?E%’&J&H&%W&W‘\VW
LQFUHDVHV )XUWKHUPRUH WKHKKRXEWLERQOY cQHRBUMW\ QR FRQIOLFW R
DQDO\WLV UHVXOW VKRZV WKDW URFN VWUHQJWK
VSDFLQJ PD[LPXP LQVWDQWDQRRXVEF KDY Wb KPR ow
ORZ OHYHO RI PXOWLFROOLQHDULW\ 9
EXUGHQ DQG SRZGHU )DFWRU KBKH DXWKRUYLVWPWH WKDW WKH UHVH
OHYHO RI PXOWLFROOLQHDULW\FFRU&LQI WR WWKLFDO VWDQGDUGYV
GULOO KROH OHQJWK KDV D PRGHUDWH OHYHO RI
PXOWLFROOLQHDULW\ 9,)'DWD $YOIGOWEHOL W\

EXUGHQ DQG VWLIIQHVYV UDWLR , Y U PD W
EXUCHQ DQG vwWLIIQHVY SR 2P otV BE M oL obEOH RO UHT

7KH VWXG\ DOVR HPSOR\HG BHMUHRMM) PBFKLQH
OHDUQLQJ WHFKQLTXHV WR GHYHORS <SIIHAIEWI RN

PRGHOV IRU EODVW WRH YROXBH - HFRMHYLF 9 SDGRPVN\ 0 )0\
VWXGY EODVWLOJ RSHUDWLSKHQRPHQD DQG DUHD VHFAODWHG LQ E

DOG D GDWDEDVH zDV FUHDW, PEFLGHRIWWA VELHQFEH W

EODVWLQJ SDUDPHWHUVED\WRH >W@&L .LDQL 0 +RVVHLQL 6 + 7DML
PRGHOV ZKLFK DUH $GD%RRVW*KROLQHMDG 0 5LVN DVVHVVPHQW
$11 DQG$11 DQG ,&$% K\EULGRSHUDWLRQV LQ RSHQ SLW ORIQQIQVW XVLQJ I
GHYHORSHG 7KH VWDWLVWLFLOLQHUDO HHBIRYYVWM 560 (
06( 0$( 5,26 3, DQG 9%) ZHUH XYHTFPI'ZR 9% 2 <HZXKDODVKHW ) 2JXQ\l
HYDOXDWH WKH SHUIRUPDQFH G, DEpWX\L 9 $ 2NREH ( , 2UKX (8
K\EULG PRGHORGHH WBDWAOWY gORSH 6WDELOLW\ $VVHVVPHQW OHWKRGV
WKDW WKH *35 ZLWK 560(RI C(OIIHFW ORQLWRULQJ LQ $NRWRI FIGRLFDIQI HUL
DQG 06( RI DQRGDQG *HRORJLFDO (QJLQHHULQJ

. ~
:0$3( RI DQG 98$) RI ,b.@?ﬁx - 6KL . = =KDQJ = : *RX < *

DQG ,26 RI DQG _ WG MO

DQG WHVWLQJ GDWDVHWYV UH"ng/ Z’DH(SVJKR-G_WR UHGSXVFLHQ“EIBH %%BG\;{/ DJGRS(

PRGHO UHVXOWYV LQGLEZWWE& \ > Q
EORQWXFHG URFEFRRY HRROWFKQLFD

560 ( DQG RI 5 DQG

06( RI DQG '0$3( RI > @ /HQJ = )DQ < *DR 4 +X <

DQG 9$) R DQG (YDOXDWLRQ DQG RSWLPL]DWLRQ RI EODV
DQG IRU WUDLQLQJ DQUHGXFLQJ RYHUVL]IH ERXOGHILW DQG WR

UHVSHFWLYHO\ ©EBYHOGRBRGHPLRQRRWHUQDWLRQDO -RXUQDO RI 0LQLQJ
,&$ FRQWULEXWHG WR WKH GITHFKQRORJ\ = 3| EDVLF
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> @ 6DGHJKL ) ORQMH]L 0 -DKHG $@P'DYLVRQ / +RULH < *UDKDP 5
(YDOXDWLRQ DQG RSWLPL]DWL 6KRFN :DYH DQG +LJK 3UHRWOXUH 3KHQF
WKDW DULVHV IURP PLQH EODVWLQJ 6SUL9GIHID J .QaHYUDWUDR XV VRIW
FRPSXWLQJ WERKQIDTXHBHVRXUFHY SHVHDIEY <00y - QYHVWL.
RI EQDWMFHG URFN IUDJPHQWDWLRQ D¢
> @ .DKUDPDQ ( LOLF $ 0 FKDUDFWHULVWLFV ZLWK GLIIHUHQW G
"HWHUPLQDWLRQ RI WKH (ITHFWLYH ¢VWUXF@WHHQDWLRQDO _RXUQDO RI
JUDJPHQWDWLRQ $QD QWL B3Q)LRRGC(QILQHHULQJ
6FLHQFH > @ ORUOH\ & . 9RQ +DJNH & +DQVEH
> @ $XEHUWLQ - ' :LPPHU 0 &ROOLQV $ .DQLWSDQ\DFKDURHQ : L

'"HYHORSPHQW RI VLWH VSHFSHYLHZ RI PDMRRLYBWGIK GHWDFKPHQW DQ
SDUDPHWHUYVY EDVHG RQ VLQUIOHLRRO FKDUDFWHULVWLFVY LQ WKH GLDIJHQHWLF

THFKQRORJ\ PHFKDQLFV DQG PLFUYRVWRISLHGFHVFDOH
> @ 7DLZR % 2 ,PSURVFIBEDQV\:Srt'uYIGt!ZuYJu

GRORPLWH PLQH EODVW IUDJPHQWDWLR&® 0DQGDO 6 . 6LQJK 0 O 'DVIXSW
DUWLILFLDO LQWHOOLJHQFH BQ@G VF 7TKHRUHWLFDO FRQFHSW WR XQGHUVW

FDVH BMBWRELDQ -RXUQDO RI *HRVFLH(VPRRWK EODVWHRWHSBYMWHHDWQ DQG *HRORJ
> @ 2GH\HPL 2 < 7DLZR % 2 (Q&E%EHULLQJ

,QIOXHQFH RI H[SORVLYH PD[LPX® &KRXGKDU\ % 6 6RQX . .LVKRUH
FKDUJH RQ EODVWLQJ H®XUWFDILPHR$QZDU 6 (IlHFW RI URFN PDVV SURSH
6XVWDLQDEOH OLQLQJ LQGXFHG URFN | QDVHPHDWDLVRIGDD -RXUQD
> @ =KDOJ = 4LX . 6KL : /xR =0LQLQJ DQG OLQHUDO (QJLQHHULQJ

=RQJ & %XUGHQ HIIHFWV RQ URFMI5R\ 0 3 3DVZDQ 5 . 6DULP 0 ' .X
GDPDJH DQG VWUHVV ZDYH DWWHQ6 -KD 5 6LQJK 3 . 5RFN IUDJPHQ
OD GIHD P HWKROMRBRRESIHOMH FKDQLFV D(EODVAWLQHYLRIZUQDO RI PLQHV PHWDOV
(QILQHHULQJ IXHOV

> @ +DP]H ) 6DPDUHK + 2SWI@I+RRN - 5 $Q LQWURGXFWLF

RI EODVW SDUDPHWHREKDERL¥VBG BQRISRURYHWURSKIANLEI:/$ -RXUQDO RI )RUPDWL
URFN WR SUHYHQW FUHDWLRQ RI W(YDOXDWLRQ DQG 5HVHUYRIQH'HVFULSWLRQ
EHQFKRHW QDO RI OLQHUDO 5HVRXUFH;/ @J'“'—"—'"""

OXOHQJD 6 (YDOXDWLRQ RI
LQIOXHQFLQJ URFN IUDJPHQWDWLRQ E\
> @ 7DLZR % 2 (1lHFW Rl FLQWHUUHODWLRQV -RXUDJDOP RPHIKKRGFD O

SURSRUWLRQ DQG EODVW FRQWUROG6FLHQFHV WRU GHVLJQ RQ EODVW

IUDJPHQW VLIH -RAVYRDQEXRMLRGULOOLD W
(QJLQHHULQJ > @_$OLSRXU $ $VDGL]DGHK 0

IUDJPHQW VL]H SUHGLFWLRQ XVLQJ 560 LQ
> @ .LQ\XD ( 0 -LDQKXD = .DVIRFXV RQ WKH LQIOXHQFLQJ IDFWRUV
ODXWL 0ZDQJDQJL - $ (LQOWHUBBWERR®Y -RXUQDO RI *HRVFLHQFHYV

LQlOXHQFH RI EODVW |UDJPHQWDWLR>Q % CD7NO\/\AM11THND QClIDCH\/\/I ﬁo)o

DO $JUDZDO $ &KRXGKDU\ 6 OXUWK'
RIPHW RWHNOV (QJLQHHULQJ 5 OXUPX 6 ,PSDFW RI EHGGLQJ SO
> @ 7DKHUNKDQL + 'RRVWPRKDPILQWHUYDO DQG ILULQJ RULHQWDWLRQ RQ

7UDQVSRUWDWLRQ FRVWV $ WRRO IRYLEUDWLRQ LQ SURGXFWLRQ IRFOIDVWLQJ
PDVV PHFKDQLFDO SDUDPHWHUV RQ VWUDWHDVXWHPHQW LQ RSHQ SLW
PLQL@®RXUQDO RI OLQLQJ 6FLHQFH

> @ OF.HQ]JLH & . /ILPLWV EODVW G
> @ $OHDNUL $ +HIQL O $ &aRQWUROOLQJ YLEUDWLRQ JDV SUHVVXU
VRPH QRQH[SORVLYH DOWHUQDWLYF GBRFN )UDIJPHQWDWLRQ E\ %ODVWLQJ 7KH
URFN ECBWWLMHRVFLHQFHYV 6\PSRVLXP RQ 5RFN )UDJPHQWDWLRQ E\ %

0
> @ +DJDQ 7 1 5RFN EUHn_;)HBJJEOB\gW 7DAORU JUDQFLV %RRNV /W
H[SORVLYIMWG\QDPLFV Rl ([SORVLRQV>D@C%DEDHL .KRU]JRXJKL 8V# RI
6\VWHRY 3HUJDPRQ PHDVXUHPHQW ZKLOH GULOOLQJ WHFKQLTX

PDVV FKDUDFWHUL]PWLR®LRERBBBOQ

> @ %DQDGDNL 0 O06WUADNWH LQGXF o
IUDFWXUH LQ URFN GXIB WR HYR(DJR‘QIAIv?rr\I-TVuVrHV\l:Jﬂx%WLRQ BQLYHUVLWA RI %ULWLVK &

S8QLYHULW\ RI 7TRURQWR > @ ORQMH]L O O5H]DHL O 9DUMDQL $ =

> @ '"MRUGMHYLF 1 (IILFLHQFY R F R;%Mjgﬂ@gﬁ&%%%é
RI H[SORVLYHV HQHUJ\ LQ®®R/ 0BFN JPDOIPHR FV DQG 0LOLQJ 6FLHQFH.

%XOOHWLQ
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> @ KWWSV _GRL RUJ M LMUPPY @ 7DLZR % 2 _PSURYHABPBEW RI VPI
GRORPLWH EODVWLQJ SURGXFWLYLW\ FRF

CVR@SSUHH]C?I'_*FLWOWKH H)OHDDVVV\I;EIL‘OPL%NG\XROIHPSLULFDO PRGHOV ZLWK LPDJH DQDO\VI
DUWLILFLDO QHXUDRXQBWARRINORPRGOD\DQ G

ODERUDWRUNHERWILRQDO -RXUQDO oy L URoPHOW  F oY

(QILQHHULQJ

> @.*KDVHPL ( 6DUL 0O SWDHL 0

> @ 0DMGL $  SH]DHL 0 “XQH L YHORSPHQW RI DQ HPSLULFDO PRGHO IR
RI DUWLILFLDO QHXUDO QHWZRUNV 1 \/yrwy Rl  FROWUROODEOH EODVWLQJ SC
GHVWUHVVHG ]JRQH DERYH WKH PLQ}

GLVWDQFH LQ YQXW HLFQD RILRQD O -RXUQDO F
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EODVW WXQQHOLQJ E\ XVLQJ VRI\DXWRPDWLF GHWHFWLRQ RI EXULHG UHEDU
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$ODVKZDO 0 ,PSOHPHQWDWLF ) WKH IR
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