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H\ZRUGYV &RPSXWDWLRQDO IOXLG G\QDPLFV FR
LJQLWLRQ WDEXODWLRQ FKHPLFDO NLC

6FLHQWLILF DUHD7HFKQLFDO VFLHQFHV

6FLHQWLILF ILHO®@HFKDQLFDO HQJLQHHULQJ

 QVWLWXWLRQ )DFXOW\ Rl OHFKDQLFDO (QJLQHHULQ
$UFKLWHFEFWXUH )0(1$ B8QLYHUVLW\ RI =

BULQFLSDO VXSHUWLVRUIHYHQ 'XLi $VVRFLDWH 3URIHVVF

1XPEHU RI SDJHV

1XPEHU RI ILIXUHV

1XPEHU RI WDEOHV

1XPEHU RI UHIHUHQFHV

-XU\ PHPEHUYV

'U VF =RUDQ /XOLU )0(1$ =DJUHE $VVRFLDWH 3
VF 1HYHQ 'XLu )0(1$ =DJUHE $VVRFLDWH 3UTF
VF 4HOLPLU .XUWDQMHN 3%RU=DJUHE )XOO 3
VF 'DQLHO 5RO SK GIRK GHLGBNEY RFLDWH 3URIHV)
SHWHU 3ULHVFKLQJ $9/ $67 *UD]




$FNQRZOHGJPHQWYV

7KLV ZRUN ZDV FDUULHG RXW DW WKH 'HSDUWPHQW RI (QHL
(QYLURQPHQW LQ WKH )DFXOW\ RI OHFKDQLFDO (QJLQHHULC
8QLYHUVLW\ RI =DJUHE

JLUVVRXOG OGI[SHIPWR UDW L WXGKSW B RIWRKLV &K R MWV R U
IHYHQ 'XLWKHRWRSSRUWXEDLGRAH SDWLHQFH DQG VXSSRUW Wk
ZRUN

, ZRXOG DOVR OLNH WKDQINQWKBUJ$95HIEIKWHBP7TDWVEFKO 'U 3
BULHVFKLEWKHQ® LQ WKH &)' GH YHR@RW R B QW QISFRRS W X

DQG DFFHVAREGWROQWRXY PHHWLQJYV DQG WKHLU VXJJHVWLRQ\
WR VKDSH WKLV, ZIRAVMHI WDOWRRIQLNH WR DFNQRZOHGJH WKH |
$9/ $67 =DJYMBYSHFLDO WKDQNV LQ WKLV UHJDUG WR LWV
OLUNRYLU

, DP YHU\ WKDQNIXO IRU WKH YDOXDEOH FRPPHQWV IURP |
=RUDQ /X®QLPLU HKDWGQMQLHO 5ROSK 6FKROMENH WRRXOG
HIWHQG P\ DSSUHFIFIRWIORHJIXMR PU O0LODQ 9XMDQRYLF ZKR |
SDUW LPLQLQWRLY ZRUN 'U OBNDR3I%DERYLIG DQG +UYRMH OL
IRDOZD\V KHOSIXO DQG PRVW RD/QMX DXQRVE IPMRBEHMLR Q V

DW WKH '"HSDUWPHQW RI (QHUJ\ 3RZHU (QJLQHHULQJ DQG (Q
0\ SDUHQWVY ZKR VXSSRUWMHNVG WKLY YR WXBHGHHSHVW JUDW
/IDVW EXW QRWHOWODNBRMHDWWR @LIH /MLORREDZD\V EHLQJ
WKHUH IRU PH

=DJUHE -XQH
ODUNR %DQ




SBUHGLFWLRQ LV YHU\ GLIILFXOW HVSHFLDO!

1LHOV % RKU
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SUHIDFH

(QHUJ\ FULVLV ZHVRGBDI IJH\QXOR) \RW D QW  SRIRZODKN DRG
LQGXVWULDO GHIXYK®RSAHIRWPRXV JORBHPO HQHBXSOHG E
IXHO SURGXFWLRQRPERVQYLRWQRR IRVVLO IXHOGVLYVYQWWLO
IRUFRH HQHUJ\ SURGXFWLRQ EXW DOVR WKH JUHDWHV
HQYLURQMBHREWIUDGHY EHLQJ PRUWLIDIMRK FAROVHD UH IRXJKW
SUHVFULELQJ PRUH VWULQJHQW UHJXODWLRQV LQ QHDUO

7KHVH UHJXPRRELRIHG ZLWKOL P FQEIDMEDRIGI WKHU SXW
KLJK VWUDLQ WR WKH GHYHORSPHQW RI QHZ FRPEXVWLR
IRVVLOUBKHOLULQJ ORZHU SR OQXWDHUW R ILWDY HREQONP H
SUHIHUDEO\ BHYKHU WR UHPDLQ FRPSHWLWLYBXEKRQ DQ I
UHTXLUHPHQWY GHPDQG D QHZ GHWDLOHG LQVLJKW LQW
QHZO\ GHYHORSHG SWMAVRIQF DOV WRIFPPE OHFKDQLFDO G
FRPSRQRQWWQHDWERPEXVHURBHVYV U HRIX O\DKWL R @H KR Z
XWLOL]JLQJ WKH LQFUHDVH RI FRPSXWHU SRZHU WR PH
OHWKRGY GHYHORSHG LQ WKH ODVW WIKDL.Q WARR® URUDD B\ |
GHVLULQJ WR EH FRPSHWLWLYH LQ WKH UHVHDUFK DQG C
DUH DEOH WR JLYH D VRXQG HVWLPDWHYV WR FRPSDUH GL|
GHHSHU LQVLJKW LQWR FRPEXVWLRQ UHODWHWKBKHQRI
UHVHDUFK Rl QRYHO GHVLJQV EDVHG RQ WKH QHZ GDWD
SURWRW\SLQJ DUH XVXDOO\ WLPH DQG IXQGV FRQVXPI
FRPSXWHU WRROV LV QRZ QRW VLPSO\ DWRSHRGGDBK FR
LQVWLWXW LIRQM. DEXWWIHE LQ WKH GHYHORSPHQW SURFHV\

&RPSXWDWLRQDO IOXLG G\QDPLFV &)' KDV SURYHG
YHUVDWLOH WRRO ZLWK D EURDG VSHFWUXP RI DSSOLF
SDUW RI WKH &)' LV DOVR EHLQJ XV HGREW DL BD g I FWKHHV FL
LQIRUPDWLRQ XVHG IRU LQFUHDVLQJ ERWK WKH HIILFLHQI
HQYLURQPHQWDO DVSHFWYV




$SEVWUDFW

7KH UHVHDUFK LQ WKLV ZRUN DLPV DW LPSURYLQJ DSSOLFD
LJQLWLRQ IRFXVLQWHRBHWRMWXORZ WXW@ SKHQRPHQRQ 7t
VLPXODWLRQ RI ORZ WHPSHUDWXUH LJQLWLRQ KDV EHHQ
FRPSXWDWLRQDO®GD GFPOMWBILRQY Rl FRPSOH[ FKHPLVWU\ NLC
DWWHPSWV WR UHSURGXFH WKH HIIHFWV RI FRPSOH[ FKF
PHWKRGRORJ\ Rl HIILFLHQW GDWDEDVH FUHDWLRQ FRQVLVW
XVHG E\ H[LVWLQJ FRPEXVWLRQ PRGHOV

7KH UHWVEBOWHSDUDWHHYHUDO SKIRAHWVEQH WDEXODWLRQ
GDWD SRRFHVVLQJ DQG ILQDOO\ WKH LPSOHPHQWDWLRQ LQ
SUSURFHVVLQJ VWDJH DYDLODEOH UHDFWLRQ PHFKDQLVPYV
EHHQ WKRURXJKOG D@CHVWRPEDWHG IRFXVHG RQ WKHLU DI
FRPSOH[LW\ &ULWBQGDKIWRMWP HHRZDWXUH LJQLWLRQ ZHUH GL
LPSOHPHQWHG LQWR WKH WDEX O D WSLRRF HD\G\SLAQLF BW URQ R |, Q|
WDEXODWLRQ VHYHUDO PHWKRGYV VIJJGHDMWDH GP DLQLISKOPW LRI
FRUUHODWLRQ IXQFWLRQV DQG UHSDLU DOJRULWKPYV XVHG I

$GGLWLRQDOO\ DQ DSSURDFK RI XVLQJ H[LVWLQJ GDWD |
LJQLWLRQ YDOXHV IRU WKHLU EOHQG GHSHQGRW DR\ RQ
WKH EOHQGLQJ IDFWRU LV SUHVHQWHG IRU WKH FDVH RI D |
QXPEHU

)LQDOO\ WKH GDWDEDVH LPSOHPHQWDWLRQ LQWR WKH &
YDOLGDWHG 7KH YDOLGDWLRQ ZDV GRQH LQ WRBR D/WDJHV
ZDV FRPSDUHG DJDLQVW WKH UHVXOWV RI WKH KRPRJHQHRX
FRPSUHKHQVLYH PHFKDQLVP DQG LQ WKH ILQDOOYWDJH WKH
FDVH DQG VXFFHVVIXOO\ YDOLGDWHG SURYLQJ WKH YLDELOL

9”7



6DaHWDN

*ODYQD QDPMHUD LVWUDALYDQMD RYRJ UDGD MH L]YHVW]
PRGHOLUDQMH |DSDOMHQMD JRULYD V SRVHEQLP
QLVNRWHPSHUDWXUQRJ ]DSDOMHQMD 1XPHULpPND VLP
]DSDOMHQMD GRVDG VH XJQDVQRP]BRWW HN®LP WPPBp X QL
NHPLMVNH NLQHWLNH GRN GH RYDM UDG SRNX&DWL UD]YI
ED]JD SRGDWDND NRMH VDGU&H LQIRUPDFLMH R HIHNWL
SRWUHEQH ]D VLPXODFLMX |DSDOMHQMD JRULYD
,VWUDALYDRDWMR MHRGMMHOMNRRID{D Q SNREHVLUDQMH
WDEHODFLMNRFHRWWQMHP SRGDWDND WH QD NUDMX
DSOLNDFLMX 8 SUSBRFHNLUDSQOMDG GHWDOMQR VX SUHG
UHDNFLMVNL PHKDQL]PL ]D SRS¥QDRMYX VR BQRDX WBHR W H ¢
QMLKRYRM WRPQRVWL L NWMRS®UHNWVIIRQWQ D p=DQN PRGHOL U
GLPHQJLMVNRJ SURUDpPXQD V NULW HULMLRPNDR RE @ S #HIUDDADX
]JDSDOMHQMD 8 VO MHGRFHRW. UDIQM$ R Y WHD CPRAHGIX O B FD 01 R
LJUDpXQDWLP SRGDFLPD V SRVHEQLP IRNXVRP QD SRSXQ
NRUHODFLMVNLP IXQNFLMDPD L PDWHPDWLpPNLP DOJRULWI
'RGDWQR SUHGOR&HQ MH L QDpLQ NRULAWHQMD SR\
JRULYD SUL LJUDpXQDWDIRMX NBIORNMWHULU® QMLKRYX VPI
VOXpDMX NRULVWH VDRRIDWDLGMIGE QRVDWR |DRULYRWRUV W
PLMHADQMD 3ULQFLS MH SURY MWD & DY D IRY XR Y BLDLQNN
1D NUDMX SULND]DQD MH LP®QNP RRQMXD AL DI KK L&) WD SL
X GYLMH IDJH 3UYR MH QDSUDYOMHQD XVSRUHGED V SUI
UHDNWRUD V NRPSOHNVQLP UHD NBLNWDRRP AHIKIMNL |IP RSRU LI
VWYDUQH NRPRUH L]JDUDQMD WR MH SRNDXDGR YDOMDOQ]




SURALUHQL VDaHWDN

(QHUJHWVNDONRMR]® VPR VXRWOIPHGLFD MH XEU]J]DQRJ JRVSRC(
SRIDOFLMVNRJ UDVWDMK X¥RNMONGBXNRPVEPWUDAQMRP ]D HQHU.
GRGDWQR SRWWQB LMRPRRGXNFLMH IRVLOQLK JRULYD )RVLC
MR& XYLMHN JODYQL HQHUJHQW QR LVWR WDNR L JODYQ!
SRVOMHGLFH QMLKRYRJ NRULAWHQMD SRNX&DYDMX VH VI
XYRYHQMH PUMID X@LIKRIOMUHG K L

OHYXQDURGHGERGRVOMHGQMLK JRGLQD QDPHUX VYH VWL
HPLVLMH SROXWDQDWD L SRWURZQMX JRULYD XUHyDMD NRM
7DNYH RGUHGEH X NRPELQDFLML V UDVWRP ALYRWQRJ V\
SULWLVDN QD UD]YRNMRERYIKD MX HYR®PH Q F L=FOGIDAIDN JRM LY D
LQAHQMHUD X UD]JYRMX WLK XUHYVy DM DiyDHOVRQY RIO MLBAWR NI RIS LV
WDNR ]DGRYROMLWL SRWUDAQMX WU&LAWD YHURR HILNDVQF
VWURJL ]JDKWMHYL WUD&H XDNYLP \DWRONL G MBHNOW GLIMDMQ D
QRYLK VXVWDYD L]JDUDQMD SRER.GQM MHARQ MH PWRXVMWILYD UH
SURFHVD XUHYDMD LOL WHKQLpPNLP GL]NRRKR P/ M XME P Q DK Q\RI
YULMHPH VYH YL4H RVODQMDMX QD HWRWKIXDJYDOMBQB QX
SRVOMHGQMLK WULGHVHWDN JRGLQD SRVWDMX RVQRYQL DO
NRPSHWLWLYDQ X SRGUXpMX LVWUDALYDQMD L UD]J]YRMD 6L!
NYDOLWHWQH SURFMHQH UD]JOLND SRMHGVLQUKSURAB@MHUVI
QRYL GHWDOMDQ XYLG X IHQRPHQH YH]DQH X] L]JJDUDQMH NI
PRWLYDFLMD L LQVSLUDFLMD |D QRYH LGHMH (NVSHULPH
SURWRWRWLSRYD QDMpH&UH VX YUHPHQMN UDD R QDO Q D@L M
WRJ DVSHNWD YL&H QH SUHGVWDYOMDMX SULYLOHJLMX YU}
SRVWDOL RVQRYQL L SRQHNDG NOMXpQL NRUDN X UD]JYRMQ]

5DpXQDOQD GLQDPLND IOXLGD 5') UDPpXQDQMHP XV
BWRNHVRYLK MHGQDGAEL DRVWDOW MHGQWDREMBDYULMHP
RPRJXUXMH EROMH UD]XPLMHYDQMH SURFHVD L]JDUDQMD
VXVWDYLPD D XVWR VH QD EU] L LVSODWLYLML QDpLQ PR.




XUHYyDMD 'D EL VH 4WR YMHUQLMH VLPXOQDDRHNURFMHM Q
REXKYDWLWL VYH NHPLMVNH IHQRPHQH NRML VH SUL L]JC
L]JJDUDQMD NRULVWL RVQRYQL VHW NHPLMVNLK MHGQDG
NDGD QLMH SRWUHEDQ GHWDOMDQ XYLG X VU& HHQRPHQ
SURPDWUDQMH WUHED LSDN RVORQLWL QD XYU&AWDYDQMF
SRYODpPL L YHUH NRULAWHQMH UDpPXQDOQLK UHVXUVD ¢
NRULVWH SRVWWSEIH®LSDEED SRMHGLQLK IHQRPHQD NRN
NHPLMVNB/INLID 8 RYRP VOXpDMX SD&QMD VH SRVYHUXMH
NRML MH X PQRJR VOXpDMHYD MHGDQ RG JODYQLK SRNUH
L QHAHOMHQ $QDOL]RP VDPR]DSDOMHQMD JRULYD GRO
QLVWRIPSHUDWXUQMD NORS\DHD WHHQL JODYQD PRWLYDFLMD R
QLVWRIPSHUDWXUQR ]DSDOMHQMH XJODYQRP SURPDWUD
NLQHWLNH SUL UD]YRMKDQHDW®WB. MWVMNLK ULMHWNR NDR
SULPMHQD X SREROMADQMX PRGHOD VIPXODQMD MR MR QML
SUREOHPD

.DGD VH UD]PDWUD UD]YRM PRGHOD L]JDUDQMD NRWN
UHDOQH HIHNWH SUHJOHG GRVDGDAQMLK LVWUDALYDQMEC
SURPRWULWL VDP UD]J]YRM PRGHOD L]JD QRYMWDN RBGNRN WHH BT
UD]JYRMHP UHDNFLMVNLK PHKDQL]DPD L]JDUD GIMWD HPRIMH G L
VH PHYyXVREQR LVSUHSOLIX

6DP SURFHV L]JDUDQMD XJUXER VH PR&H SRGLMH
QHSUHGPLMHAEDQR L]JDUDQMH 3UYL VH GlBSDQMHD UHMD
XVOLMHG SRYROMQLK XYMHWD X JRULYRM VPMHVL WOD
JDSRPLQMH YDQMVNLP XWMHFDMHP X RGUHYHQRM WRpNL
L]JJDUDQMH VH GRJDYD NDGD SRVWRMH UD]J]GYRMHQH JRQF
LIPHyX QMLK 1DUDYQR VDPR L]JDUDQMH VQD&AQR RYLVL
L]JJDUDQMD WH VX UD]JYLMHQL PRGHOL NRML SRNX&DYDMX
VWDQMD XQXWDU 'WHRQVNEWPHDRGHSGULPMHULFH SUHG
RSLVLYDQMHKQRHSRUWEHEDQMD X NRQWUROQRP YROXPFH
QHL]JRUHQLK SOLQRYD X RGYRMHQD SRGUXpMD QHPLMH?




LIPMHEDQLK NRMH WDGD SUHX]LPD PRGHO VDPR]DSDOMHQM
(XOHULDQ 3DUWLFOH )ODPHOHW WRGHIOP HR)® S UERRPIXVE WD QIMH
QHVWDFLRODRKIKY VLPXOWDQR UDPWERDNOMRYLKYMHGQDGAEL
5y NRGX WH MH QDSRVH SULPMHQMLY X VOXpDMX WXUE
SODPHQRYD 8 QRYLMH YULMHPH YUOR MH UDVSURVWUDQM
YMHURMBWRENBULOLW\ GHQVLW\ | XQFBMMRNXDVSSRIRBIEKD Q L K
JGMH VH QH UDGH SUHWSRVWDYNH JOHGH REOLND IXQNFLM}
PL[WXUH IUDFWLRQ YHiU VH RQD GLUH&MDRR SYRNQRXYEDNR U
JODPXWDFH GPARGH®WL 3IRSIHQLWL PRGHO JXVWRUH SODPHQI
VYH PRJXiH YULMHGQRVWL XGMHOD JRULYD GRN VX EU]L
SRGDWDND WUDQ]JLMHQWQLK GLIX]JLMVNLK SODPHQRYD
BUHVXPHG &RQGLWISRQNWXKPB&OWN WH XUDRYLMHQ ULMHPF
'y 3&0 GLIX]JLMVNL SODPHQ 30 SUHGVWDYOMDMX SR
&RQGLWLRQDO ORPSIQW WO/ X&B& JGMH VH SUHWSRVWDYC
PRPHQW YDULMDEOH QDSUHGRYDQMD UHDNFLMD D XYMHWF
SRVHEQLP LJUDPXGRBEWDND SUHGPLMHADQLK L QHSUHGPLMHI
|IODPHIDHMR SRVOMHGQML PRGROVNWBHQG®IBD&RKHUHQW )ODF
ORGH®&)0 = SUHWSRVWDYOMD GYDQMH]JFROHOR.]IR WHOR JRQ]
PLMHADQMD pLVWL JUDN pUASWR RIRBLWIR DO MRQDpISIRH RPRJ
NYDOLWHWDQ RSLV NDNR VDPR]DSDOMHQMD WDNR L SURSDJ
NRULAWHQMH WDEHOLUDQLK YULMX GQURMXWNDNRSBOW IR WD
9HOLN GLR VSRPHQXWLK PRGHOD L]JDUDQMIH®X QHNRF
WDEHOLUDQH YULMHGQRVWL VSHFLILPQLK NHPLMVNLK HIH
NYDOLWHWQL UHDNFLMVNL PHKDQL]PL 7UL VX UD]JLQH VORAL
VORAHQL UHGXFLUDQL L VNHOHWDOQL B6O0OR&HQL PHKDQL]PL
LOLHWPMJIJRULYD XNOMXpLWL &WR MH PRJXUH YL&H SR]QDWLI
SURFHV L]JDUDHQMILMAWRI HSM RGXFLUDR 3ULPMHULFH UHD!
NRULZWHQL ]D L]JJDUDQMH YHOLNRJ EURMD XJOMLNRYRGLNLE
GLUHNWQR MRUDPWEDR®ERM GLQDPLFL IOXLGD ]JERJ SUHYHO
MHGQDG&AEL NRMH QDPHUX 8 WX VYUKX UD]JYLMDMX VH L




SRNX4DYDMX &WR MH YL4&H SRMHGQRVWDYLWL VORAHQH
UHOHYDQWQRVW SRMHGLQ IQD UFH.DNFOLQILE NAH D] LNUHREPM X
VNHOHWDOQL PRGHOL VX QDMMHGQRVWDYQLML EURMHP
QDMpO®DSUDYOMHQL PDWHPDWLpPNL EH] REJLUD QD YDA&QF
VX AVSHFLMDOL]GYN®LMXDWRHSIARREDWPH Q LK

+LSRWH]D UDGD L RSLV LVWUDALYDQMD

ORGHOLUDQMH VDPR]DSDOMHQMD MHGDQ MH RG YDAQ!
L]JDUDQMD 3REROMADYDQMHP LVWRJ SULPMHULFH GRG
WHPSHUDWXUQRJ ]|DSDOMHQMD PRJX INK SRS RRSRUDHQ BV L, V/ \
WDNR ELWQR MH SURFHGXUX WDEHOLUDQMD SRGDWD
SRVWXSNRP NRML H RPRJXULWL SRMHGQRVWDYOMHQX
VDPR]DSDOMHQMD QHRYLVQR R VOR&HQRVWL UHDNFLMVN
PLOQHWDNR LQWHJULUDQL SULVWXS UHODWLYQR MHGQRVW
SULPMHQH X SUDNWLpPQLP SUREOHPLPD

,VWUDALYDQMH REXKYDUHQR RYLP UDGRP SRGLMHOM|
A4WR MH UDQLMH QD]QDpHQR FLOM MH SREROM&DQMH UH
NLQHWLNH X REOLNX NRML M HI SN XWIR DRHSHLE MH QML I]
WDNR L VDD/WRQRM.EWMD UDpXQDOQLK UHVXUVD

8 SUYRP GLMHOX LVWUDAMHD@D®L]DS URRJIXEGHRQDSULV
DXWRPDWVNRM L VDPRVWDOQRM SURFHGXUL LJUDGH WDE(
NDVQLMH XYUaAWDYDQMH X PDWHPDVWI(R P DRRIIKEQ IG RY WD
PDWHPDWLPNL PRGHOL L UDpXQD QR NDVMED QRHDW RLG R)DF
SULPLMHQMHQD QXP MBBRY WIDXONRPDWVNX WDEHODFLMX
VDPR]DSD Q® HFRLMWDSOURP DMHUQ RGP H Q] L MRNNRPAHQM X  GD N
RYLVQR VDPR R WOIPSKUDWEWHEHMEMYRPHQVNRP WUHQXWN
EL VH MHGQR]QDpPQR RGUHGLOL SRVWXSFL ]D GYD NOMX
3UYR ELWQR MH NYDOLWHWQR L WRPQR AXKYDWLWL3 WL
WHPSHUDWXUQRJ WMHWPRS HIU DYLX BROIRIJVWIVGIRYLAWD DXWR




WDEHODFLMH SRGDWDND NYDOLWHWQR RGUHGLWL NULWHU
3UL LJUDGLVH NREDWHWPDWLPNL PRGHOL SMRMPHWDHX QDM
$UUKHQLXVRYRJ PRGHOD NRHILFLMHQW EU]JLYRGAQMN®GHUJILME
LOL SRWURAQMH NHALMKIRIUKL ¥WNQID SUL LJUDPXQX L]IDUDQ A
HQHUJHWVNLK MHGQDGAEL X VOXpDMX SUREDBNRQV NRQV\
DQDOL]H WUHQXWDpPQLK GRVWLJIJQXiUD QD RYRP SRGUXpMX L
SUBQMH WUHQXWNDRDSD ¥ MMEUMBWHQL NULWHULM SUDGHQ
SRYHUDQMD WHPSHUDWXUH X QHNRP YUHPHQVNRP LQWHUYD{
VOXPDMHYLPD QH XVSLMHWHDPSXKDBWUWR: |QSVORMHQMH ]DP
GUXJLP SULVUXIBRIPM LQIOHNVLMH QD NULYXOMWIL]DRHPBEHUDW
NDR UREXVQR UMHEHQMH NRMH GRY ROWMYR MRISHUWPWRX B RRD W
]JDSDOMB@MBDNDRXP OL]H SRGDWDND NRML VH NRULVWH X 5') L
L]JJDUDQMD YLGMHGRLEWXIRPA GRELYDMX NDVQLMD YUHPH
REMDAQMHQR GHWDOMQLMH NDVQLMH X WHNVWX .RQDpQ
SRJODYOMKHGVWDYOMMX RPYEDL GYP SULVWXSD WH MH L MHGQ
SULPMHQX X WDEHODFLML SDL®DRMH QRRYGIHEG K QYWD WRGNMD GD M
WRPQLMH UH]XOWBPRVHMH SRJODYOMX GDQD L XVSRUHGEHQ
SRMHGLQLK SDUDPHWDUD QD \SIJRRNDHSIDXO MOHHQINRID LIN RV R RQR Y D
DQDOL]D NDVQLMH GH ELWL LVNRULZWHQD ]D IRUPXOLUD
QHSRWSXQLK WDEOLFD

8 RYRP GLMHOX LVWUDBSYRPMOHOYDNRFHHEAQD XVSRUHC
DQDOL]D GRVWXSQLK UHDNFSRYVEDK PMKPERR|® PDD N R
VD VWDQRYLAWD VDPRJ SURFHWW PISOQARMWOMBDUMWDRNR L].J DAD
1IDMYHUL MH IRNXV ELR QD GL]JHOVNLP JRULYLRIXRNRMD VX
LVWUD&ALYDQMH  KRHSWRV®R NHRLMWWLURJIDW 2VLP Q
KHSWDQD NRPSDUDWLYQR VX SULND]DQLRNWBRNRHWNQROPH I
GLPHAWUBU L PHWDQ NDR YUOR LQWHUHVDQWRNMDPIDOHUQD W L
MH QD YD&QRVW SR]QDYDQMD WHPDWLNH RG VWUDQH NF
PHKDQL]PD ]QDpL SRSULOLpDQ NRPSURPLV L]JPHyX YHOLpL
LIMHGQDpPLWL V EU]DERPDFYRHHQWDB WRpPpQRVWL UMHEAHQMD




.DR JUXER SUDYLOR SRVWDYOMHQR X]HWD MH pLQMHQI
PHKDQL]PD XMHGQR ]QDpL L QMHJRYX WRPQRVW 2YR QI
MHGQRVWDYQLMLP PHKDQL]PLPD GRERYX M)R WL WQW D WD O
PRIJXUQRVW GD VH X] SUHJOHG OLWHUDWXUH NRPSOHNV
UHIHUHQFD SUL LJERUWXKVRBMOWPEDQRDEHODFLMD RYLVL
VWDELOQRVWINRUYUDWKQ@MHP SRMHGLQMKD @BI® DJQW]DE DL W t
DV SIMW

6YDVSHXM|DQX X] WIBHHODEDRK VX X SRJODYB®NX
WDEOLFH UH VDGUADYDWL pHWLUL SRGDWND YD&QD ]D N
YULMHPH IQIWNENRSHUDWXUQRJ |DSDOMHQMD WH RVORE
WUWHQND 7DEOLFD ]D VUMDINRI QRUM I RYMBFLMDOQLP L]YRVH(
NRQFHQWULUDQRU LAREFHMRP pHWLUL SDUDPHWUD WHPS
RGUHVyHQRJFLMRHIJWRP SUHWLpPND JUDND L HYHQWXDOQR
SURGXNDWD H|[}XOWO/QGMDDYV UHEEUFXOEDMHER® NUDMX VDpXY
NDRHWYGIWRHQ]LRQDOQD PDWULFD VDPLQMHQD RG JRUH
]JDSDOMHQMD $, $, 7 S O HJU

1XPHULpNH QHVWDELOQRVWL XVOLMHG YDULMDFLM
SURUDpPXQH ]D SRMHGLQD JRULYD RGQRVQR UHDNFLMVN
]JD WRH QLVX SUHGYLYHQL GRYRGH GR QHSRWSXQLK SRG
SURYHQDD®BOL]D SRVWRMH ¥IXK SWHH|GX O REHQR. DMHIRULWPL L
IXQNFLMH NRMLPD VH SRVWRMHUL UH]XOWDWL L]JUDpXQD
SRSXQX QMBRNMINR MH SULND]DQR XLSRJCIYOMLPOULWPL
RGQRVQR NRUHODFLMVNH IXQNFLMH NRULVWH VD]QDQMD
SRMHGLQLK SDUDPHWDUD QD UMHAHQMD WH VH SRAWLYD
MHGQRVWDYQR PRA&H L]JUDpXQDWL pDN L YHUD NROLpPLQE
NRUHOBFLMYMWELMD SULPMHULFH NRULAWHQD MH pLQME
SURGXNDWD LNDRDQMIEOL]QL PRGHO UHFLUNXOLUDQM
QHJDWLYQR XWMHpH QD EUJLQX VDPRJ L]JDUDQMD WH MH
NRMD VH PR&H NRULVSRWUDYHD VPR YNDYH WDEOLFH Yt
VPDQMHQMH SRWUHEQH NROLPLQH SURUDPXQD




.DR YD&DQ GRSULQRV SRMHGQRVWDYOMLYDQMX SURFH
JRULYD X SRJODDY@MX.]LUDQD MH PRJXUQRVW NRULAWHQMD
GYD UD]OLpLWRRURSEWWHIMH LVWLK ]D L]JUDPpXQDYDQMH YUL
]JDSDOMHQMD ]D VOXpDM QMLKRYH VPMHVH .DR UH]XOWDW
RYLVQRVWN®WUBSDOMHQMD VPMHVH VDPR R YULMHGQRVWLP
WH NRHILFLMHQW QMLKRYDA®RMMADQM®RPHQXWL GD MH RY
UD]J]YLMHQD X] SRPRiU YUOR NRPSOHNVQRJ UHRNFRBVARJI PHK
L SDUDOHOQL R DQGPBLWPMHYX JRULYD WH VH MWD QH PR
GUXJX NRPELQDFEMRNDRUISYWDLVWXS RPRJXUXMH EUJR L UHC
LVSLWLYDQMH XWMHFDMD PMH&DYLQH JRULYD X VXVWDYX
GXJRWUDMQRP WDEHODFLMRP JRGIRWMHGLQX NRPELQDFLMX

1DNRQ LJUDGH NRGD NRML REXKYDUD QD5 URYE MMHIMH G H
VX WDEOLFH ]D VYD SURPDWUDQD KRSWYI) WP ESH{OLIPALHADL R/t
UHDNFLMVND PHKDQL]PD V UD]OLpLW L RN D/NWRX SIG| MSHYLLNPID] INGRFR X
SRIJODYOWMWH{DWLP LPSOHPHORNMWB®HUL 5') NRG NRML NRULV
= PRGHO L]JDUDQMD QMUSRNRV R X LR PRORSRUM D YJIDMD Q MD MH
GHWDOMQLMH RSLVDQDN BQJDDR YMXRVQRYQH LQIRUPDFLMH |
VWUXMDQMD GDQH X S 8HRWKRPPGRREH O X D EHQIUDPMR. SARGDFL X
ELQDUQRP REOLNX XOD]H X WUDQVSRUWQX MBI GQDGAEX
WUHQXWNX NDG MHH UR® D DERFPERERH OFD WKYWUVNRP SDNHWX ),5(
XNOMXMNDP® WUHQXWDHP SHURMRKU QR ¥ X IVRQ MAHRGWHO DV X
HIHNW QHPSRIUDWXUQRJ ]DSDOMHQMD GRGDOL XYRGHUL I
WDEHODFLMX YDULMDEOX £ B8HBGHRWD QNN BUBHE WMF bMWD Y
VXVWDY GRGDWQR NRPSISIRWHPD RYRQDURIG D ALIS IS & N /M HP
VH UDpXQD WINHRQMRP B N U D WDSIDICRPHR@M DXV SMHEQRIDLVNRULV WL
NYDOLWHWQX UHGURWMRSHMRWIXUQR |DSDOMHQMD WDNR ¢
MHGQRVWDYQRVW L SURFHVD W D EHMMHF XMRR G HO §ID|B B UDRSNDD
RYRP VOXRD®MHOERE MHGDNXWBWRHG |[DSDOMHQMD NRML X RE]
WDEHOLUDQL W WHPSW DB WXWMNR] |JDSDOMHQMD WH NDGD G
ORNDOQRJ XGMHOD QHL]JJRUHQRJ JRULYD SRNUHQOMXWMXSURFH




WDEHOLUDQH RVOQRHERBFHRUWIWRSOLQH 3RAWRH WBHW XU DR R@
]JDSDOMHQMX QH SRWURAEL VYR JRURYR X INRMHGORYQR.PVHF
]JD RGUHYVINFOMHWHRULYD NRMD VH NRQ]XPISWRYQBRRQRpH
SUHNBGRFHYDUD&®MMHGL SUDNKQWRUB UG ¥PBRINB WX UQR
]JDSDOMHQMD NRML NDGD NDR L RYDM SUHWXRMGUWHIBH G
GDOMQMH HOHPHQWH PRGHOD L]JDUDQMD NRMLPD VH NRQ

1IDNRQ LPSOHPHQWDFLMH QD$DRWMHBIHUER ARG PR J
XVOLMHGLOD MH SURYMHUD LVWH NDNNFRR ¥IMHSWDL MED D Q & LO
MHGQRVWDYQRM PUHAL NRQ@HNREOILRK DYIREO YSFRHGIVQ L XY M
SUYRSWYWDYOMHQL SDUDPHWUL NRUL&AWHQL SUL WDEHOD
WHPSHUDWXUH QD NRMHP VH MDWIORSHUDWXWQRD XLFLY IC
WHPSHUDWXUQRJ ]DSDOMHQMD ELWL UH JODWRYWLNULW
SUHWKRGQR RSLVDQRJ XQDSUHYyHQMD PRGHOD L]JDUDQMI
iH NRULAWHQL V SRVWRMHULP PRGHORP L]JDUDQMD GD E
X UH]XOWDWX 5D]YLMHQL PRGHO SURYMHULW iH VH QD
SURY V YULMHGQRVWLPD SDUDPHWDUD NRMH VX NRUL&WH
WRPQRVW LPSOHPHQWDFLMH |DWLP V SRMHGLQLP SDUDF
GD VH LVSLWD YDOMDQRVW pHWYHURGLPHQJLRQDOQRJ LG
YDULUDQMHSDVDPHWUD GD VH SURYMHUL RVMHWOMLYRVW

.DR ]DYU&QL NRUDN PRGLILFLUDQL PRGHO MH LV
JHRPHWULML SUDNWLpPQRJ VXVWDYD L]JDUDQMD WH VX U
SULND]DQR X SRJODYOMX

'RSULQRYV UDGD

2YDM MH UDG SRHROWAZDQRHP SRVWXSDND NRMLPD VH

QHSUHGPLMHEDQRP L SUHGPLMHADQRP UHALPX GRG
WHPSHUDWXUQRJ ]DSDP MPARW B P B\R VMWARNPH DASRUGIDY B M X Ui L
MHGQRVWDYQRVW LPSOHPHQWDFLMH L NRULAWHQMD




7DNRYBULND]DQ MH NMYROVMIDMLYDQ SUHJOHG L XVSRUHG
UHDNFLMVNLK RBKPHONRDRDNR GDQ D VWD MGLWLRUIRCDNADQ L]
UHDNFLMVNRJ FHKD Q1B DW5HD BRIWIHHIPHMH DSOLNDFLMD NRMD
UREXVQD L WRpQD GD L]JUDPpXQD NDUDNWHEHNRSWUPGHK YERLpL
]JDSDOMHQMD QHRYLVQR R YUVWL JRULYD L NRPSOHNVQRVW
NRULVWL 1D RRPRJIXHXQDHUBODWLYQR EUJR L MHGQRVWDYQ
V JRULYRP ]D NRMH WUHQXWDpPQR QH SRVWRML WDEOLFD
WDEOLFH ]D QHNROLNR NDUDNWHULVWLpPQLK JRULYD RG
DOWHUQDWLYQLK L SOLQRYLWLK

5D]YLMHQD WWHD MO BRIRFHGXUD ]D WDEHODFLMX WH VX SLU
VH HYHQWXDOQH QXPHULpNH JUHANH MHGQRVWDYQR XNODQ N\

'RGDWQR SUHGORAHQD MH L IXQNFLMD ]D UDpXQDQMH N
VPMHVX JRULYD NRMD NRULVWL VDPR SRVUWRNMMDIWHY UDMHG
VOXpDM L]JDUDQMD VYDNRJ SRMHGLQRUMKHED@®RDP JRULYD
SULVWXSRP ]QDpDMQR VH XEU]DYD SURFHV LVSLWLYDQMD X\
VH SUHVNDpH FMHORNXSQL SRVWXSDN WDEHODFLMH NRML ]
NRRUWHQMH NRPSOHNVQLMHJ PHKDQL]PD

;9”1



.H\ZRUGYV

&RPSXWDWLRQDO |0XR®EXWIDIPRFYDXVWRR) WDEXODWLRQ
NLQHWLFV
.OMXpPpQH ULMHDPpL

5DpXQDOQD GLQDPLND IOXLGD L]JDUDQMH VDPR]DSDOMI
NLQHWLND




/ILVW RIUHYX

JLIXUH,JQLWLRQ WUDFNLQJ FULWHULD FRPSDUHG
JLIXUH7HPSHUDWXUH GHSHQGHQFH RI DXWRLJQLWLRQ RI VHC
JLIXUH3UHVVXUH GHSHQGHQFH RI DXWRLJQLWLRQ RI VHOHFW
JLIXUH(TXLYDOHQFH UDWLR GHSHQGHQFH RI DXWRLJQLWLRQ
JLIXUHS5HVLG WIVBIMOIGHSHQGHQFH RI DXWRLJQLWLRQ RI VHOHF
JLIXUH&RPSDULVRQ RIKWISWHDWHOPG FKDQLVPV IRU D FHUWDLQ
J)LIXUH &RPSDULVRQ RI PHFKDQLVPV LQ D WHPSHUDWXUH
SUHVVXUH DW EDU HTXLYDOHQFH UDWLR RI DQG  (*5
J)LIXUH&RPSDULVRQ Rl WRFHWDERY RHAMERD QLVPV IRU D FHUWDLC
J)LIXUH &RPSDULVRQ Rl PHFKDQLVPV LQ D WHPSHUDWXUH
SUHVVXUH DW EDU HTXLYDOHQFH UDWLR RI DQG  (*5
J)LIXUH &RPSDULVRQ Rl WKH DERYH HWKDQRO PHFKDQLVPV IR
J)LIXUH &RPSDULVRQ RI PHFKDQLVPV LQ D WHPSHUDWXUH
SUHVVXUH DW EDU HTXLYDOHQFH UDWLR RI DQG  (*5
J)LIXUH &RPSDULVRQ RI WKH DERYH PHWKDQH PHFKDQLVPV IR
J)LIXUH &RPSDULVRQ RI PHFKDQLVPV LQ D WHPSHUDWXUH
SUHVVXUH DW EDU HTXLYDOHQFH UDWLR RI DQG  (*5
J)LIXUH &RPSDULVRQ RI WKH '0( PHFKDQLVP DJDLQVW H[SHULF
JLIXUH 6DPSOH VHW RI UHVXOWV ZLWK PLVVLQJ GDWD

J)LIXUH &RPSDULVRQ Rl VHYHUDO DYDLODEOH VPRRWKLQJ UR
J)LIXUH 6DPSOH VHW Rl UHVXOWV ZLWK PLVVLQJ PRUH GDWD
ZLWK HTXLYDOHQFH UDWLR

J)LIXUH &RPSDULVRQ Rl VHYHUDO FRUUHODWLRQ IXQFWLRQV
J)LIXUH )XHO EOHQG LQYHVWLJDWLRQ FDVHV ZLWK LQWHUSRC
JLIXUH (&)0 = PRGHO GHY RUIPIWL@®RI] JRQHV

JLIXUH 7THPSRUDO HYROXWLRQ Rl LQWHUPHGLDWH VSHFLHV




JLIXUHQKHSWDQH WDEOH IRU SKL DQG (*5 OHIW
XVLQJ $KPHG HW DO PHEFKDQLVP

JLIXUHQKHSWDQH WDEOH IRU SKL DQG (*5 OHIW

XVLQJ &XUUDQ HW DO PHFKDQLVP

JLIXUHQKHSWDQH WDEOH IRU SKL DQG (*5 OHIW

XVLQJ *RORYLWFKHY PHFKDQLVP

JLIXUH (WKDQRO DXWRLJQLWLRQ WDEOH ZLWK (*5 DQG
DQG SKL ULJKW

JLIXUH'O( DXWRLJQLWLRQ WDEOH ZLWK YDULDEOH WHPSH!
DQG SKL OHIW DQG YDULDEOH WHPSHUDWXUH DQ

EDU DQG (*5JKW UL
J)LIXUH OHWKDQH DXWRLJQLWLRQ WDEOHV ZLWK YDULDEC

DQG ZLWK SKL DQG HAOWWK SRHIW DRGGHJIU ULJK)
J)LIXUH ,VRFWDQH DXWRLJQLWLRQ WDEOHV ZLWK YDULDEC
DQG ZLWK SK DQG HJU OHIW DQG ZLWK SKL DQG H.

JLIXUH&RPSXWDWLRQDO FHOO XVHG LQ LIQLWLRQ VLPXOD
JLIXUH&+(0.,1 YV ),5( (&)]0

JLIXUH 3LVWRQ JHRPHWU\ XVHG IRU VLPXODWLRQ
JLIXUH&RPSXWDWLRQDO GRPDLQ DW ERWWRP SLVWRQ SR
J)LIXUH 3UHEXUVRU YDULDEOH LQ WZR VHOHFWHG FXWV
JLIXUH9DOLGDWLRQ GDWD DQG FDOFXODWHG WHPSHUDW X
JLIXUH 9DOLGDWLRQ GDWD BQGUFD®OBEROMMHG SUH




ILVW RI WDEOHYV

7DEOH'LHVHO IXHO VSHFLILFDWLRQV

7DEOH*OREIX®ISWDQH UHDFWLRQV

7DEOH ([SRQHQWLDO S$DRDPHRMMHIHODWLRQ IRQFWHRY RI
LQWHUHVW

7DEOHQLWLDO SDUDPHWH B WIN@AMRD J @ IDVEXR® W LR Q
7DEOH,QLWLDO SDUDPHWHUV XVHG IRU HWKDQRO DXWRLJQLV
7DEOH,QLVBDN®PHWHUV XVHG WKH G IDPHMWRUDQLWLRQ WDEXODV
7DEOH,QLWLDO SDUDPHWHUV XVHG MRDEXIDWMKOLRKP DXWRLJIQLW
7DEOH,QLWLDO SDUDPHWRFRWDQHHBXWRLNRWLRQ WDEXODWLI
7DEOH&RPSXWDWLRQDO JULG SDUDPHWHUYV

7IEOH 7THVW HQJLQH VSHFLILFDWLRQV




1RPHQFODWXUH

5RPDQ '"HVFULSWLRQ QLW
D &RHIILFLHQW LQ 7URH IRUP
SRO\QRPLDO FRHIILFLHQW
$ 3UH[SRQHPRQDWDQW LQ WKH $UUKHQLXV HTXDWLRQ
6XIDFH P
ORGHO FRQVWDQW
E &RHIILFLHQW LQ 7URH IRUP
% ORGHO FRQVWDQW Vv
F &RHIILFLHQW LQ 7URH IRUP
SURJUHVV YDULDEOH
Vo & HPSLULFDO FRQVWDQWYV
% (IIHFWLYH WKLUG ERG\ FRQFHQWUDWLRQNPRO P
8 OHDQ VW DMWSMWIEBPRODU KHDW FDSDFWLWA MRMRORQVWD QW
% OHDQ VSHF LAD S DKAH.DWW - NJ
G &RHIILFLHQW LQ 7URH IRUP
' "LIIXVLRQ UDWH NPRO V
6LQN LQ WKH IODPH VXUIDFH GHQVLW\ WUDQVSRUW HTXD\
&y 6WUDLQ UDWH WHQVRU FRPSRQHQW Vv
H 6 SHFHIQRA UJ\ - NJ
( $FWLYDWLRQ HQHUJ\ LQ WKH $SUUKHQLXV- WPRIDWLRQ
) %URDGHQLQJ IDFWRU LQ /LQGHPDQQ IRUP
)XQFWLRQ RI LJQLWLRQ GHOD\
(6oac )DOORII SDUQ FWWHWHTXDWLRQ
B &DUWHVLDQ FRPSRQHQW RI WKH IRUFH YMRFWRU
* 3URGXFWLRETWPWRRQKH WXUEXOHQW NNQHRMF HQHUJ\
8 OHDPRODWD Q&OMDAH HQWKD O S\ -NPRO
D 6SHFLILF HQWKDOS\ - NJ

7TRWDO QXPEHU RI UHDFWLRQV
I1XPEHU RI VSHFLHVY LQ D UHDFWLRQ
,(OQWHUPLWWHQW WXUEXOHQFH QHW IODPMIVWWUHWEFK
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TKHUFR@QGXFWLYLW\ P
7TXUEXOHQW NLQHWLF HQHUJ\ P V

JRUZDUG UDWHERHPDQQ IRUP ORZ SUHW NPRWO
JRUZDUG UDWH FRHIlI LQ /LQGHPDQQ IRUPV KLJK SUHVV

JRUZDUG UDWH HRJHIDERLIHRQQV R - NPRO
obvv NJ
ODVV I0X][ NJ V
DPRXQW NPRO

&DUWHVLDQ FRPSRQHQW RI WKH XQLW QRUPDO YHFWRU
9DULDEOH LQ 7URH IRUP

6WRLFKLRPHWULF DPRXQW RI R[LGL]HU QHHGHG IRU FRPEXVW
SUHVVXUH 3D

3URGXFWLRQ WHUR UL @ KIF X\DIWIER@® HQW NNQHRMF HQHUJ\
6RXUWFHUPV LQ IODPH VXUIDFH GHQVLW\ WUDQVSRUW HTXDWL
SUHGXFHG SUHVVXUH  LQ /LQGHPDQQ IRUP

8QLYHUVDO JDV FRQVWDQW 5

5DWH RI SURJUH\LV RI UHDFWLRQ NPRO W
&DUWHVLDQ FRPSRQHQW RI WKH KHDW 10X YHFWRU
6XUIDFH P
BRXUFHUP

OHDPRODWD Q BMDAVH HQWUR S\ - NPRO.
6FKPLGW QXPEHU

/DPLQDU IODPH YHORFLW\ PV
WLPH

7HPSHUDWXUH

9HORFLW\ PV

& D U W HAHLDRF L W\ PV
9ROXPH P
"LIIXVLRQ YHORFLW\ PV
ORODU ZHLJKW NJ NPRO

GRRUGLGDWHFWLRQ

I1XPEHU RI FDUERQ DWRPV LQ VSHFLHV
&DUWHVRDQLEKFOWH

ORODUWDFWINKV®& VSHFLHV

&RRUGLQDWH GLUHFWLRQ

3. 9



1XPEHU RI K\GURJHQ DWRPV LQ VSHFLHV
ODVV IUDFWLRQ

ODVMUDFWINV® VSHFLHV

1XPEHU RI R[\JHQV®WRPWNVLQ

*UHHN '"HVFULSWLRQ QLW

. ORGHO FRQVWDQW

A 7HPSHUDWXUH H[SRQHQW LQ WKH $UUKHQLXV HTXDWLRQ
ORGHO FRQVWDQW
"LIIXVLRQ FRHIILFLHQW

Y 'LVVLSDWLRQ UDWH Rl WKH WXUEXOHQWPIMQHWLF HQHUJ\

R 6SHFLILF YROXPH P

by 6WRLFKLAERMMUEEHQW NRQ VISBIFWH R Q

a 7KHUPIRIM G XFWLYLW\ S P .

A6 &KHPLBDA G XFMIRRHY SHN¥ LHV NPR® V
&RPEXVWLRQ VRXUFH WHUP NJ V

i (TXLYDOHQFH UDWLR
,QWHQVLYH VFDODU SURSHUW\

a "\QDPLF YLVFRVLW\ PROHFXODU 3DV

é "HQV LW\ NJ P

- YODPH VXUIDFH GHQVLW\ P

8 6WUHVV WHQVRU FRPSRQHQW 1P

8 & HPSLULFDO FRQVWDQWYV

i L JJQLWLRQ GHOD\ v

7TDQIJHQWLDO VWUHVV WHQVRU FRPSRQHQW

6 XEVFULSWVFULSWLRQ

VWDQGDUG VWDWH

®Z SUH\OWPULMY /LQGHPDQQ IRUP
WDWH ZLWK QR UHVLGXDO JDVHYV
GHOD\




(*5 UHVLGXDO JDVHYV
I IRUZDUG LQ UHDFWLRQ UDWH FRHIILFLHQW

IXHO

+7 KLJK WHPSHUDWXUH
L UHDFWLRQ

N VSHFLHV

/ ODPLQDU

/ ODPLQPRUHVLGXDV
17 ORZ WHPSHUDWXUH
0 PL[IWXUH

RJ R[LGL]HU

UHDFW UHDFWDQW

6 VXUIDFH

VWRLFK VWRLFKLRPHWULF
W WXUEXOHQW

9 YROXPH

i ,QWHQVLYH VFDODU SURSHUW\
' +LJK SUHVVXUH OLPLW LQ /LQGHPDQQ IRUP

6XSHUVFUHSMWULSWLRQ

" 5H\QROGV IOXFWXDWLRQ

ne )DYUH IOXFWXDWLRQ

é )DYWDH HUDJH

% 5H\QROGV DYHUDJH
VWDQGDUG VWDWH
QR UHVLGXDO JDVHYV

E EXUQHG

X XQEXUQHG

ODWK V\PEHRIGULSWLRQ

H «
H[S ([SROQHQWLDOHIXQFWLRQ
A 3URGXFW




>

6XPPDWLRQ
"HULYDWLRQ

x | x

—

,(QWHJUDWLRQ
Uy .URQHFNHU WHQVRU FRPSRQHQW

$EUHYLDWHROULSWLRQ

' ' EHURRQHWZWKUFHIHPHQVLRQDO

$, $XWRQLWLRQ

$6&,, $PHULFDQ 6WDQRDU® IKRREPBWLRQ ,QWHUFKDQJH
%") %DFNZDUG 'LIIHUHQWLDWLRQ )RUPXOD

&$ &UDQN $QJOH

&$, &RQWURO QHEL WXL WR

&) &RPSXWDWLRQDO )OXLG '\QDPLFV

&)0 &RKHUHQW )ODPH ORGHO

&63 &RPSXWHU 6 LQWXOEDWHRQ

" 'LIIXVLRQ YODPH

x5 (3 'LUHFWHG 5HODWLRQ@UI'WRSK ORWRRBSDJIJDWLRQ
"0( "LPHWK{@KHU

'16 'LUHFW 1XPHULFDO 6LPXODWLRQ

(&)0 = (IWHQGHG &RKHUHQW )ODPH ORGHO ZLWK WKUHH JRQHV
(*5 5HV LGHOD/Y H V

(+9% (OHFWUR +\G U DK WIXD %D QQH

(3)0 (XOHULDQ 3DUWLFOH )ODPHOHW ORGHO

)*0 YODPHOHW *HQHUDWHG ODQLIROGYV

)6 )ODPH 6XUIDFH '"HQVLW\

)3, )ODPH 3URSDJDWLRQ RI ,/'0

x5 *DV 5HVHDUFK ,QVWLWXWH

+&&, +RPRJHQHRXV &KDUJH &RPSUHVVLRQ ,JQLWLRQ
+7 +LJK 7THPSHUDWXUH

L& ( ,QWHUQDO &RPERWWLRQ (QJ

/0 ,QWULQVLF /RZ 'LPHQVLRQDO ODQLIROG

6%$7 ,Q 6LWX $GDSWLYH 7DEXODWLRQ

/(6 /IDUJH (GG\ 6LPXODWLRQ

17 /RZ THPSHUDWXUH




17&
2°(
3')
3)
5$16
521
7'&

1HIDWLYH 7THPSHUDWXUH &RHIILFLHQW
2UGLQDU\ "LITHUHQWLDO (TXDWLRQ
SBUREDELOLW\ '"HQVLW\ )XQFWLRQ
BURSDJDWLQJ )ODPH

5H\QROGYV $YHUDGMWRNHVY LHU
5HVHDUFK 2FWDQH 1XPEHU

7RS '"HDG &HQWUH

TDEXODWHG .LQHWLFV RI ,JQLWLRQ

e



 QWURGXFWLRQ

L, QWURGXFWLRC(

ORWLYDWLRQ DQG YHQ¥IUDD 2

 QWHUQDWLRQDO UHJXODWLRQV DUH EHFRPLQJ PRUH I
SROOXWDQW HPLVVLRQV DQG IXHO FRQVXPSWLRQ RI IRV
PDLQ WDVN RI WKH HQJLQHHUV GHVLJQLQJ WKHVH GHYLF
UHJXODWLRQY@EN WRSHURNMLFLHQF\ HLWKHU E\ D SURFHVV
WKH SK\VLFDO GHVLJQ RI NH\ FRPSRQHQWYV

&RPSXWDWLRQDO IOXLG G\QDPLFV &)' FDOFXODWL
BWRNHV HTXDWLRQV KDV EHFRPH RQH RI WKH NH\ WRR
IDFLOLWDWHY D EHWWHU XQGHUVWDQGLQJ RI FRPEXVWLR
DQG SURYLGHV D IDVW DQG UHODWLYHO\ LQH[SHQVLYH ZI
PDNH WKH FRPEXVWLRQ VLPXODWLRQ DV WHQDEOH DV
FRPSUHKHRXEH PIOFDO SKHQRPHQD RFEXUULQJ GXULQJ WKH
JRRG SDUW RI WKH PDWKHPDWLFDO FRPEXVWLRQ PRGHC
HTXDWLRQV WKDW TXDOLWDWLYHO\ SURYLGH D UHVXOW
FRPEXVWLRQ SURFHVVHMWUWW RRAN HWH®@NWGYH LQVLIKW F
LQFOXGH DV PXFK GHWDLOHG LQIRUPDWLRQ RI FKHPLVWI
PHDQV D VXEVHTXHQW LQFUHDVH RI FRPSXWHU SRZHU GF
QHZ FRPEXVWLRQ PRGHOV XVH YDWDREXRQRMRWKRES ORI
FKHPLVWU\ NLQHWLFV 7KH IRFXV Rl WKLV ZRUINVLRQNKF
ZKLFK LQ PDQ\ FDVHV LV WKH PDLQ JRYHUQLQJ SURFHVV ¥
RU QRW $QDO\WLYJIJRLWLHR® RSWRY QHZ ILHOGWRI LQWH
WHPSHUDWXUH LJQLWLRQ ZKLFK LV WKH PDLQ PRWLYDWL
WHPSHUDWXUH LJQLWLRQ ZDV PDLQO\ FRQWHPSODWHG
FKHPLFDO NLQHWLFV PRGHOV EXW QRW ZLWK D SUDFWLF
FRPEXVW LR PARRRS I HW W H U QILH B USHWRHEQOM RV D O
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'KHQ RQH FRQVLGHUV WKH GHYHORSPHQW Rl FRPEXVW
UHSOLFDWH UHDOLVWLF HIIHFWV WKHUH LVRDNGMBE WR ORR
UHVHDUFK 2Q RQH KDQG WKHUH LV WWHFOBY FRREPHYMR G
PRGHOV DQG RQ WKH RWKHU KDQG WKHUH LV D FRPSOHWHO
QHZ UHDFWLRQ PHFKDQLVPV IRU GLIIHUHQW IXHOV ZLWK V
LQWHUZHDYLQJ 7KH ILUVW SDUW RI WKH VXUYH\ IRFXVHV
FXUUHQWO\ EHLQJ XVHG IROORZHG E\ D VKRUW ORRN DW \
GHYHORSPHQW RI FKHPLVWU\ UHDFWLRQ PHFKDQLVPV

7KH FRPEXVWLRQ SURFHVV LWVHOI FDQ EH URXJKO\
FRQFHSWV SUHPL[SHGHPIIBGQRRPEXVWLRQFHEW FLOUQY VE HFR
IXUWKHU GLYLGHG LQWR FRPEXVWLRQ JRYHUQHG E\ LIQLWLF
RI WKH VSHFLHV PL[WXUH SUHVVXUH WHPSHUDWXUH FRF
VWDUWHG E\ DQ H[WHUQDO VRXUFH LQ DQ H[DFW SRUWLRQ
1IR@BUHPL[HG FRPEXVWLRQ RFFXUV ZKHQ WKHUH LV D FOHDU
DQG DLU JRQHV ZLWK D UHDFWLYH JRQH EHWZHHQ WKH WZR
GHSHQGDQW RQ WKH FRQGLWLRQV LQVLGH WKH FRPEXVWLR
PDWKHPDWLPNOWRRGWHR SURSHUO\ SUHGLFW WKH FRPEXVWLR
FRQGLWLRQV DV SRVVLEOH

$ WZRQH IODPHOHW PRGHO IRU LQVWDQFH VXJIJHVWV V
WKH SDUWLDOO\ SUHPL[HG EHKDYLRXU LQVLGH D FRPSXWD
XQEXUQHGLIDVMBBUDWH UHJLRQV RI XQPL[HG IXHO DQG DLU
PL[HG IXHO DQG DLU LQ ZKLFK D PRGHO RI DXWRLJQLWLRQ
SURSDJDWLQJ IODPH FRPEXVWLRQ 7KH (XOHULDQ 3DUWLEC
DOORZV VLPXOWDQHRXW X\QMN¥ HNDQY IMIDPROHWW RNHYY LQJ 1l
HTXDWLRQV DW WKH VDPH WLPH LQ WKH &)' FRGH PDNLQJ L
FDVH RI WXUBXUHPQYWHGRQDPHY $OVR D ZLGHO\ XVHG DSSUR
SUREDELOLW\ 'HQVLW\ )XQFWLR®RW 3UNMQVSRBEMPMEOSG| DSSI
ZKHUH RQH GRHV QRW SUHVXPH WKH VKDSH RI WKH SUREDE
PL[WXUH IUDFWLRQ EXW UDWKHU GLU&PWOR WHW®RSR | QIVP HW
VXUIDFH GHQVLW\ PRGHOV )6' UHSUHVBDGW GHIHNLMU DR GH®
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LQFOXGLQJ DOO SRVVLEOH YDOXHV RI PL[WXUH IUDFWLR
GDWDEDVH IRUP IRU WUDQVLHQW GLIIXVLRQ IODPHYV

7KH 3UHVXPHG &RQGLWLRQDO ORPHQW DSSURDFK 3.
GHYHORSHG )DIDPWLRB®QO0 3&0 SUHVHQW D VLPSOLILHG YHL
&RQGLWLRQDO ORPHQW &ORVXUH DSSURDFK &0&  ZKl
FRQGLWLRQDO PRPHQW RI D DHEDMHWLRLD BURIQHYDWHVU
VXSSOLHG E\ D GDWDEDVH FUHDWHSUH R U[HSU H/AL PHGL RO
IODPHOHWY 7KH ODVW PRGHOOLQJ DSSURDFK WDNHQ LQ
=RQH ([WHQGHG &RKHUHQW )GDPHBKPRKHO/VMEPEY WZR ]RC
EXUQHGEXUQHG DQG WKUHH JRQHV RI PL[LQJ SXUH DLU
PL[HG ]JRQH HQDEOLQJ D JRRG TXDOLWDWLYHO\ GHVFULS
IODPH DQG GLIIXVLRQ IODPH

ORVW RI WKHVH DSSURDFKHVWREXRPM G WXNFX BWFH R U
FRPEXVWLRQ HIIHFWV 7R FDOFXODWH WKHVH YDOXHV RC
PHFKDQLVPV 7KHUH DUH WKUHH OHYHOV RI FKHPLFDO N
&RPSOH[ RU FRPSUHKHQVLYH PHFKDQLVPV WU\ IRU D V:
LQFXGH DV PXFK DV SRVVLEOH NQRZQ FKHPLFDO UHD
FRPEXVWLRQ SURFHVV RI D FHUWDLQ IXHRUWMRDRIEDHX OO
>@@VXFK PHFKDQLVP DOKLEK\VOFUH EKW®B G IRU FRPEXVWLRQ
RI KLJKHU RUGHU FPYERK\GQRMWNXLWDEOH IRU GLUHFW
VLPXODWLRQ GXH WR WKH DPRXQW Rl DGGHG WUDQVSRU
JRU WKLV SXMSERGHPHRK®QLVPV IRU D VLQJOH IXHO ZLWK
LQWR FRQVLGHUDWLRQ DUH GHYHORSHG UHGXFLQJ WKH
SUHVHUYLQJ WKH SK\VLFDO FKHPLFDO UHOHYDQF\ RI WK
PHFKDQLVPV RQ WKH HRGWKFHHU WKKOHQ GFRRISOH[ PHFKDQLVF
PDWKHPDWLFDOO\ GLVUHJDUGLQJ WKH ORZ LPSDFW UHD
SURSHUW\ ZKLFK GRHV QRW FRQVHUYH WKH FKHPLFDO
UHDFWLRQV $V D UHVXOW WKLV PRGH®J LWS HFSHIFAL HOILH A
Q>@®@D00 PLMRH GWOHORSHG PHFKDQLVPV UHSUHVHQWI
K\GURFDUERIUHXHBONHIO\ GHWEWREHGQHHGY WR FHQWLRQ
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SRSXODU PHFKDQLVP IRU ORZHU RUGHU K\GWR#RQHRQV DOV
RI WKH IXHOV UHFHQWO\ LQ IRFXV HWKDQRO KDV DSSHDUHC
SWwPDU\ UHIHUHQFH IXHO 35) LPHFIDMR VEPHH EXWGHO\ XVHG L
VSHFLDOO\ GHYHORSHG PHFKDQLVP DOVR LQEBRUPRUDWHG L
UHFHQWO\ GH¥YHEORSHG RQH

ILWHUDWXUH S5HYLHZ

'Q K\GURFDUERQ FRPEXVWLRQ GLIIHUHQW R[LGL]JLQJ VFKH
GHSHQGLQJ ROQXMXH IJMWXUH WHPSHUDWXUH ,Q WKH WUDQV!
ORZ DQG KLJK WHPSHUDWXUH R[LGDWLRQ PDQLIHVWDWLRQ
FDQ EH REVHUWHWWH7KRYHUQHG E\ R[LGDWLYH PHFKDQLVPV
H[RWKHUPLF GHJHQHUDWHO\ EUDQFKLQJ FKDLQ UHDFWLRC
LPSRUWD @W YGIRSQUQ W HUFZHW KDMRPSHWLWLRQ EHWZHHQ WHUP
EUDQFKLQJ UHDFWLRQV WDNLQJ SODFH 7KH ILUVW H[KLELYV
WKDQ WKH @QUHWWOWY LQ D QHIJDWLYH WHPSHUDWXUH FRH
UHDFWLRQ UDWH ZLWK WKHHRGHEDBDYVHM DEMNIR QL QDU L
WHPSHUWD@XUHY UHWIORHPUO\ GHSLFWHG LQ IROORZLQJ FKDS
PRUH GHWDLOHWRURNLUKWFIWQRQ PHFKDQLVP EHKDYLRXU X
FRQGLWLRQV

'RUN RQGURFDUERQ IXHO R[LGDWLRQ NLQHWLFV LV FRQIL
FRPSRQHQW UHIHUHQFHKHIMNQ N/ XOFKG MY ®RWWIDIQH DUH QR
FKHPLFDO NLQHWLF VFKHPHV FXUUHQWO\ DYDLODEOH IR
PXOWLFRPSRQHQW PL[WXEWXDXHO®LBHEHMW FEMOD FRPPRQ
SUDFWLFH WR XVH D VLPXODQW VSHFLHV WR UHSUHVHQW
KHSWDQH IRU 6 I@GH HHMGLIXBIO\ FRQVLGHULQJ DXWRLJQLWLRQ F
QXPEHU LV WKH SURSHUW\ RI L QKHSUMHIVGH K\H KD Y DQSE ¥ LAMKN
QXPEHU FORVH WR WK@W W IL'G LFHOHDOU ZK\ WKLV VSHFLILFE VSFt
FKRVHQ DV D VXUURJDWH 7KHUH LV D EURDG ERG\ RI Ol
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GHYHORSPHQW RI FKHPLFDO NLQHWLF PHFKDQLVPV IRU
FRYHULQWHPBHURWXSDMLRQ DQG DXWRLIJQLWLRQ SKHQRF
WKH UHYLHZV Rl WKH H@DWE. GHWBGEFBEKDQLVPY IRU Q
KHSWDQH 7KH GHWDLOHG DXWRLJQLWLRQ FKHPLFDO NLQ
VXFK DMHRWDQH GHVYBHDBHHWDRQO LQ FKDSBSWHDLOO\ LQYRO
KXQGUHGV RI FKHPLFDO VSHFLHV BDQ@ @&@&@RXVDQGV Rl UHD

$V D UHVXOW LQFRUSRUDWLQJ VXFK PHFKDQLVPV
VLPXODWLRQ DOVR LQYROYLQJ WXUEXOHQFH RU PXOWLSH
QRQOLQHDU GLIIHUHQWLDO HTXDWLRQV LPSRVLQ@J D JUF
SRZHU ZLWK LWYV RZQ KDUWG@ DAKH UHIRIUWMD WIRRUHV DQG
PHWKRGRORJLHYV DUH EHLQJ SURSRVHG WR VLPSOLI\ VXF
ORVLQJ WKH HVVHQWLDO FKHRHEDBODUHQHRWRBIWLRIPHG DW
WKH PHFKDQLVP WR D VL]JH UHDVRQDEOH WR EH LQFOXGH
DW GHYHORSLQJ WHFKQLTXHV WR XVH WKH PRUH FRPS(
VSHFLILF XYWDLORMXEVHTXHQW FRPSXWHU VLPXODWLRQ\
LQWHJUDWLR@ SPRFAHVVZDV GRQH GXULQJ MRQVXBRQN W
FKHPLFDO QXPHULFDO FDOFXODWLRQSUREH\SHDIR VWG HD
WKH UHVSHFWLYH UHVXOWV DIWHU EHLQJ VWRUHG LQ D
WDEOH" DUH HDVLO\ UHWU@HYHG E\ D &)' FRGH

7KH GLUHFW XVH RI FRPSOH[ FKHPLVWU\ LQ &)' LV SR
YHU\ FRPSXWDWLRQD @02 MKSWQWESHRDFKHY DOVR H[LVW
> @ @ @ @bQG 5,) PRSKHWO® @EXW DOVR SRVH D UHODWI
FRPSXWDWLRQDO GHPDQGYV ODWKHPDWLFDO UHGXFWLRQ
VXJIHVWHG VXFK DV ,/'0'LRHQWILEWVLO /B2 @LER GR Y
637 ,Q 6LWX $GDSWLY¥YH@7DENQDWLRRN PHWKRGV VKRZ !
SURJUHVV LQ WHUPV RU\HSKRRQHR@WQRK WPIS\WMVHQWDWLRQ
XQGHU GHYHORSPHQW DQG DOVR UHPDLQ LQWH@VHO\ F
)LQDOO\ DQ DSSURDFK EHQHWDNELXDID WLRRRQ DR | XFORP SQH[ F
ZDBURSRVHG DQG LV WKH EDVLV Rl WKLV ZRUN ,W LV DC
)3, )ODPH 3URORQJDWER® @RI@RWO )*0 )ODPHOHW *HQHUI
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ODQLIRGG® 7KH )3, DSSURDFK DV UHSRUWHG E\ WKH OLWH
LQLWLDOO\ GHYHORSHG LQ WKH FRQWH[W RDBDWLFLRQDU
FRPEXVWLRQ GHYLFHV EXW ZDV WKHQ H[WHQGHG WR QRQ
FDVH\@

,Q WKH VFRSH Rl WKH PRVW FRPSOH[ GRPDLQV LQ WHU
FRQVWDQWO\ FKDQJLRD PLEHHF FRQW MGKWMVFSURSHUWLHYV WKH
WKH 7., 7DEXODWHG .LQHWLFV Rl ,JQLWLRQ DSSURDFK ZD\
LJQLWLRQ GHOD\ DQG KHDW UHO#H D& HWDZID V¥ RQMMD Q@ S K H
IUDPHZRUN Rl WKH (&)0 = ([WHQGHG &RKHUHQW )ODPH ORGH
PRGHO DOORZLQJ VXFFHVVIX0QRWHRIFWQR QN VRIODK@IRQHV D
SDUWLFXODUO\ LQ UHSUHVHQWLQJ WKH @Q@OXHRKEW RI IXHC
DSSURDFK ZDV H[WHQGHG IXUWKHU WR D IXOO )3, WDEXODW
KRPRJHQHRXV UHDFWRY\@ZR\D SUR IRMHOX GH WKH GHVFULSWI
PDVV IUDFWLRQV LGRUWQR@YWWQRs DIWHU VKRZLQJ WKDW Wi
IUDFWLRQV SUHGLFWLRQV ZHUHQRMAXRUDWHAFENULQJ BRWWRH
GHDG FHQWUH 7'& ZKHQ WKHUH LV SUDFWLFDOO\ QR FR
YDULDWLRQ

7KH &) WHFKQLTXHV XVHG WR VROYH WIHVBNHYROGV $
5$16 HTXDWLRQV DV LQ PRUH GHWDLO GHVFULEHG LQ IROC
QRZDGD\V D RR/MIDRAW WDQXIDFWXUHUV RI DQ\ NLQG RI FRPE)
WKH\ DOORZ D EHWWHU XQGHUVWDQGLQJ RI KRZ FRPEXV
FRPEXVWLRQ FRQFHSWV DQG DOORZLQJ UDSLG DQG ORZ
FRPEXVWLRQ FKDPEHU JHRPHWULRVGHYE JER O KHSW § 0L RUWRSGH
&ODVVLFDOO\ 5%$16 FRPEXVWLRQ PRGHOV KDYH EHHQ FOHD
FRPEXVWLRQ PRGHOV H J JDV WXUELQHV RU VSDUN LJQLWL
DQG GBRIMPL[HG FRPEXVWLRQ PRGHOV HJ PDMRRUW\ RI L
'LHVHO H®J@Q® \@

%DVLFDOO\ WKUHH PDLQ FRPEXVWLRQ PRBBMWNFHYFRX®\EHUH
GHIL@H@ 7KH ILUVW WZR PRGHV DUH RI WKH SUHPL[HG W\SH
DLU DQG IXHOLFPIQVBXWR/HU D ILQLWH DPRXQWLRILRQPH F
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GHOD\ DQG LVFRQWHEROMBHEBSHUDWXUH SUHVVXUH IXHO
UDWLR DQG UHVLGXDO JDVHV PDVV IUDFWLRQ 7KLV W\
EHJLQQLQJ RI FRPEXVWLRQ LQ HJ 'LHVHO HQJLQHV DC
LIJQLWLRVHIM DR XQGHVLUDEOH FRPEXVWLRQ FRPPRQO\ |
SUHPL[HG FRPEXVWLRQ PRGH LV WKH SUHPL[HG 3URSDJDYV
LJIQLWLRQ HQJLQHV ZKLFK RFFXUV LQ WKH FRPEXVWLRQ
EOHQG Rl IXHO DQG DLYSDUN.VBOGEJEJHQHUDWLQJ D VP
SURSDJDWLRQ IODPH EHWZHHQ WKH HOHFWURGHV 7KH IC
FRPEXVWLRQ FKDPEHU XQWLO WKH IXHO DLU PL[WXUH KI
WKLUG FRPEXVWLRQ PRGHPLM GVKHRPENEWLRIHUDBG WR
'LIIXVLRQ )ODPH ') ,Q WKLV FDVH IXHO DQG DLU DUH
JRQH LQ ZKLFK EXUQHG JDVHV DUH IRUPHG 7KH FKHPLFD
XVXDOO\ FRQVLGHUHG PXFK VPDOOHU WKDQ WKHWLERIIXVL
RI IXHO DQG DLU WRZDUGV WKH IODPH UHJLRQ ZKLFK LV
FDOOHG PL[LQJ FRQWUWR@O@G FRPEXVWLRQ

,Q D UHDHD'H®YVMLQH IRU H[DPSOH FRPEXVWLRQ SURI
FRQVLGHUHGUMPLJRQ WKH RQVHW RI FRPEXVWLRQ LV F
SUHPL[HG DXWRLJQLWLRQ ZKLFK LV UHVSRQVLEOH IRU WK
FKDPEHU 7KLV W\SH) FIDRRBPERVWYRQW DQ LPSRUWDQW SD
UHOHDVH LQ WKH F\FOH GHSHQGLQJ RQ WKH HQJLQH F
FRPEXVWLRQ FRQFHSWV VXFK DV &RQWUROOHG $XWR ,J
&KDUJH &RPSUHVVLRQ ,JQLWLRQ +&&LIID{GI DR V8 UFHPH PG
QRQSUHPL[HG FRP@X@ W RERWK FRQIFHEWM DXWR UHVSRC
IRU WKH VWDUW RI FRPEXVW LR QK DEXHN VKR ZNK HD HW/$IHIZ IDRHGQ.
FRPEXVWLRQ WKH FKDUJH LV @ R\WXYHDO-HORZQQ P IWKE SRV
FRPEXVWLRQ SURFHHGLQJ VLPXOWDQHRXVO\ WKURXJK SU
7KHUMIR QHHG WR GHYHORS FRPEXVWLRQ PRGHOV ZLWK
WDNH LQWR DFFRXQW PRUH WKDQ RQH W\SH RI FRPEXVW,
WR WKH GHYHORSPHQW RI WKH QHZ JHQHUDWLRQ FRPEXV'
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,QLWLDOO\ DQ H[WH QWWPHHGPRKECHUD PWHRX.QWLBJ IRU FKHPL
WXUEXOHQW WLPH VFDOHV VLPXOWD @HRXV 8[DRBWV HEHHQ BU
FODVVLFDO 'LHVHO HQJLQH FRPEXVWLRQ LV ILUVW FRQWU|
SHULRG DQG WKHQ E\ WKH WXUEXOHQW WL®@H QGWKXKVLRQ |
PRGHO ERWK SUHPLSHBPR[H®G FRRPEXVWLRQ PRGHV DUH UHS
WDNHQ LQWR DFFRXQW EXW WKW PHBUHVRQWKBE VRIOFHION E\
WLPH VFDOH 7KLV ZD\ WKH KLVWRU\ RI PL[LQJ LV QRW UH
WUDQVLWLRQ EHWZHHQ WKH FKHPLFDOO\ FRQWUROOHG DQG
PRQLWRUHG E\ DQ HPSLULFDO IXQFWLR @ KGIRSW HFRD[GG\ |DDPR
FRPEXVWLRQ OHQWLRQHG DV D QH[W DSSURDFK LV WKH
UHIHUHQFHG EBDKLGIKHUHSDUDWHY WKH FRPSXWDWLRQDO FHC
WHUPV Rl XQEXuWHGDIWDWM UHIJLRQV WKHUHIRUH H[LVW FR
DQG IXOO\ PL[HG IXHO DQG DLU 7KH ODWWHU UHJLRQ LV W
PRGHO GHILQLWLRQ E\ DXWRLJQLWLRQ DQG SURSDJDWLQJ
UHSRUWHG WR FRUUHFWO\ U8 $ R VHIEX WKHG LIXIHVOL D Q GP D[L U
UDSLGO\>L@EMWHIU WKLV LQLWLDO PL[LQJ RFFXUV WKH VHF
ZLWK WKH FKHPLFDO WLPH EHLQJ VPDOOHU WKDQ WKH PL
SUHPLRFRPEXVWLRQ +RZHYHU HYHQ ZLWK LQFOXGLQJ WKH
PL[ILQJ JRQH WKLV PRGHO RQO\ URXJKO\ HVWLPDWHYV WKH YF
QRW UHDOO\ DOORZLQJ PRVW DFFXUDWH FRPSXWDWLRQ
WHPSHUDWXUH RU GHQNLWRPH7KRN WIOKVBURSHUWLHV EHL
DSSUR[LPDWHO\ HVWLPDWHG H J ODPQDRWURD BMOYHARGDW
FDXVLQJ GLIILFXOWIOHDW HZ KNH@ HBRVAYW LQ WKH EXUQHG JDVH
SHUIRUPHG

,Q WKH IODPHOHW DSSURDFK \ GH®H® R® HGKH\ODH WLD OC
SURSHUWLHV KDYH EHHQ UHSUHVHQWHG LQ PRUH ULJRURX
EHLQJ WDEXODWHG IRU D ODPLQDU GLIIXVLRQ IODPH DJDL
GLIIHUHQW VFDODU GLVVLSDWLRQ UDWHV $OVR SUREDELOL
LV EHLQJ XWLOL]JHG KHUH WR LQWHJUDWH WKH UHDFWLRQ
PLIWXIWBDFWLRQ )LQDOO\ WKLV PRGHO LQFRUSRUDWHV WK
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PLIWXUH IUDFWLRQ JUDGLHQWYV IURP WKH IORZ ILHOG EXV
RI WKH ILQLWH UDWH FKHPLVWU\
7KH IODPHOHW DSSURDFK ZDV FRQV @®F ©®HYHOR SH[Q/H QKH
(XOHULDQ 3DUWLFOH J)ODPHOHW ORGHO (3)0 ZKLFK LV DE
D FRXSOH Rl XQVWHDG\ IODPHOHWYV ZKG&RIKG LIFDH M 8 O YOIIBP |
FRGH KDYLQJ WWHRNBY LHHIXDWLRQ VROYHG DV D SDUW RI
VDPH WiRM 7KLV PRGHO DYHUDJHV WKH PL[LQJ DQG FR
IODPHOHWY DUH DW¥XR PYWWGJIJRG SURSHUWLHV LQ WK
 QFUHDVLQJ WKH QXPEHU RI IODPHOHWYV LQYROYHG LQ
LQFUHDVHVY WKH FRPSXWDWLRQDO FRVW $GGLWLRQDOO\
SURSDJDWLQJ IODPH FRPEXVWLRQ

7KH FRPSXWDWLRQWBHFRYWLWLQJ IDEFWRU DOVR IRL
ORPHQW &ORVXUH DSSURBF® @LQ@LQ LWDKHG DB\SURDFK PL[
IUDFWLRQ LV DOVR WKH FHQWUH SRLQW RI WKH PRGHO E
LV QRW UHSUHVHQWHG VROHO\ E\ WKH PHDQ YDOXH DQG
VSDFH OL[LQJ SURFHVVHV DQG FRPEXVRA FEQ IDRBIHWDR\O Y B Q
RI PL[WXUH IUDFWLRQ 7KLV DSSURBBKP IXWHEGFRPEXY W LA
FDVHV FDQ DOVR EH XVHG IRU FDOFXODWLRQ RI SUHPLI[H
GLPHQVLRQ PXVW EH DGGHG WKH UHDFWLRQ SURJUHVYV
FRPSOH[LW\ DQG FRPSXWDWLRQDO GHPDQG

)XUWKHU DSSURDFK FRQVLGHUHG LV WKH WUDQVSRU
FRXOG EH DVVXPHG IURP LWV QDPH GRHV QRW LPSO\ DQ
PL[WXUH IUDFWLRQ SUREDELOLW\ GH@GULIUMFWMFWURQV &R
XVLQJ ORQWOBR PHWKRGV 7KHVH PRGHOV DUH DOVR FRP:
DQG DOVR UHODWLYHO\ FRPSOH[ WR GHYHORS EXW KDY
EHHQ XVHG WR VR@®H@H[WHQG

)LQDOO\ UHFHQW DSSURDFKHV KDYH WULHG WR SUI
FRPSXWDWLRQDO GHPDQG FRPSDUHG WR WKH RQHV SU
DFFXUDWHO\ UHSUHVHQW WHK8LSERIBUWDEG BILDXWMRQ |
UHO\LQJ DOVR RQ WKH>I @D HVR @VLIEGHDW LIRY O\ WKH GLI
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PL[LQJ ZKLFK LV UHSUHVHQWHG E\ PHDQ PL[WXUH IUDFWLRC
PHDQ SWRJYBULDEOH DQG LWV IOXFWXDWLRQ ZKLFK UHSU
DGYDQFHPHQW RI UHDFWLRQ 7KH JURXS RI DSSURDFKHV LQ
IODPH VXUIDFH GHQVLW\ PRGHOV WKH SUHVXPHG FRQGLWLR
DQG WKH FRKHUHQW RMMHPRIPRAHE® EHLQJ PORBHOKHQ(&)O
PRUH GHWDLO GHVFULEHG ODWHU LQ WKH WH[W 7KH DSSURE
SURSRVBEGA@EY FRQWH[W RI GLPXLRWQHIW RMHWEKH LGHD KDV
HIWHQGHG E\ WXHISARBRWRIQJ WKH H[DFW EDODQFH HTXDWLF
VXUIDFH GHQVLW\ DQG DOVR E\ FROMLBKULIFH DGHOYHWD C
SURSRVHG @KLFK LQFOXGHV DOO SRVVLEOH YDOXHV RI PL
UHDFWLRQ UDWHV SHU XQLW RI IODPH VXUIDFH FDOFXOD\
GLIIXVLRQ IODPHYV

7KH SUHVXPHG FRQGLWLRQDO PRPBQ®LVDRRWRIFK |URI
HIWHQVLRQ RI WKH FRQGLWLRQDO PRPHQW DSSURDFK E)
SUHVXPLEFR@YEHWLRQDO PRPHQWYV RI WKH SURJUHVV YDULDI
FRQGLWLRQDO UHDFWLRQ UDWHV DQG VSHFLHV XWLOL]JLQJ W
)3, DSSURDFRKLV ZDV EDVHGNREXRONRS BUHPL[HG DQG QRQ
SUHPL[HG VWDWLRQDU\ IODPHOHWYV

,Q SUDFWLFDO DSSOLFDWLRQV HVSHFLDOO\ IRU QHZ
FRQFHSWV VXFK DV +&&, HQJLQHV WKH FRRO IODPH KH
FRQWULEXWHY WR WKH @ RWH @ L WXWHUH@ MADKMHY/ FDVH LV LPS
QHDUO\ KRPRJHQHRXV DW DQ HDUO\ WLPH LQ WKH HQJLQH F
KLJK HOQRXJK WR WULIQHWLIPDYWE&BRWRGHULQJ RQO\ D VLQJO}
QRW WIVNIHQDRZ WHPSHUDWXUH LJQLWLRQ LQWR FRQVLGH
UHOHDVH PD\ GUDZ DQ HUURQHRXV EDQEWQR@QLRQ RI WKH PI

$V LW KDV EHHQ>\VWXRZWQLVLO®SSURDFK ZRXOG RQO\ EH
FDOFXODWLRQV ZHUH PDGH DW FRQVWDQW SUHVVXUH VLQFH
KDV EHHQ EXLOW ZLWK FRQVWD®OW SV HVRKKUWH VRO KO DD
UHJDUGLQJ WKH FRQVWDQW YROXPH VIVWHP DOVR LQFOXGL!
D GHIRUPLQJ FRPSXWDWLRQDO GRPDLQ WKH PDLQ LJQLWLR
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ZLWK WKH KHDW UHOHDVHG GXULQJ WKH FRRQJIQIKMH S|
WKHUPRG\QDPLF FRQGLWLRQV SUHVVXUH DQG WHPSHUD!
RI WKH PL[WXUH &RQVHTXHQWO\ WKLV LQFUHDVHV WKH
WKH GHOD\ ERWK LQ WKH FRQVWDQW YROXPH DQG LG
HYHQZLWKRXWKHDW UHOHDVH EXW WKLV HIIHFW LV V!
H[LVWHQFH RI WKH ORZ WHPSHUDWXUH LJQLWLRQ

7KH QHFHVVLW\ WR WDNH LQWR DFFRXQW WKH KHDW UHO
KLIJIKOLJKWHG LI WKH PDLQ LJQLWLRQ GHOD\ LV WR EH FI
> @

+\SRWKHVLY DQG :RUN 2XWOLQH

$XWRLJQLWLRQ PRGHOOLQJ LV D RQH RI WKH LPSRUWDQ
PRGHO ,PSURYLQJ LW E\ DGGLQJ D VHSDUDWH GHVEFEL
FRPEXVWRRERW SRVVLEOH WR LPSURYH WKH UHVXOWYV RI
LPSRUWDQW VDR GIHWHFMMYH WDEXODWLRQ SURFHGXUH LC
NLQHWLFV PRGHO FRPSOH[LW\ PDNLQJ LW DQ LQWHJIUDYV
ZLGHU VSHEWUXP RI SUDFWLFDO DSSOLFDWLRQV

7KH UHVHDUFK LQYROYHG LQ WKLV ZRUN LV GLYLG
PHQWHR HDUOLHU WKH JRDO LV WR LPSURYH WKH UH
FKHPLVWU\ HIIHFWV LQ D IRUP ZKLFK LV SUDFWLFDOO\
UHTXLUHG FRPSXWDWLRQDO GHPDQGVYV DQG WLPH

,Q WKH ILUVW SKDVH RI WKH UHVHDUFK [DRX W IRVL
DXWRPDWLF DQG DXWRQRPRXV PHWKRGRORJ\ RI GDWDEI
$YDLODEOH PDWKHPDWLFDO PRGHOV DQG VRIWZDUH ZDV
UHVXOWHG LQORQWWDSOSOLFDWLRQ DEOH WR FRPSXWH
UHJDUGOHVVWRD @ KEDWQPLDQG FKHPLVWU\ FRPSOH[LW\ 7
REVHUYHG LQ D GLPHQVLRQOHVV HQYLURQPHQW GHSHQG
SUHVVXUH FRPSRVLWLRQ DQG WLPH WR XQDPELJXRXVO
WZR NH\ SRLQWV LQ WKRQLJQUWWR Q V¥ DO FIXFOSRWIW D QW W R
WKH PRPHQW RI LJQLWIR) KERWKXHORWXUH DQG IURP D




 QWURGXFWLRQ

DXWRPDWLF WDEXODWLRQ GHYLVH D TXDOLW\ FDOFXODWLF
FRPSXWDWLRQ 7KH PDWKHPDWHEXODWH.EWBBLXWHG NR HVDIOF
PHFKDQLVPV XVLQJ $UUKHQLXV FRHIILFLHQWYV IRU FDOFXO|
GHVWUXFWLRQ ZLOO EH XVHG LQ D FRQVWDQW YROXPH FDV

,Q WKLV SKDVH Rl WKH UHVHDUFK D FRPSUHKHQVLYH FI
DYDLODEOHURKHPLERQ PHFKDQLVPV ZDV DOVR SHUIRUPHG E
RI WKH VLPXODWLRQ RI WKH LJQLWLRQ SURFHVV DQG DOVR
IODPH YHORFLW\ $V WKH DXWRPDWLF WDEXODWLRQ KHDYL
VWDELOLW\ Rl WKHVFDOSNPWWRIRWKH WKHPLFDO UHDFWLRQ |
DQDO\WHG LQ DGGLWLRQ WR GHYHORSLQJ D PDWKHPDWLFD
SDUWLDOO\ ILOOHG WDEOHV &UHDWHG WDEOHV VWRUH I
LQFOXVLRQ LQ WKH &)' FRGH OREZJDQW® LKRLQ K DWIEP B H D VWXHI®!
UHVSHFWLYHO\ 7KH WDEOHV DUH FUHDWHG YDU\LQJ IRXU L
SUHVVXUH FRPSRVLWLRQ GHILQHG E\ WKH IXHO HTXLYDOHQ
IUDFWLRQ $ ILQDO WDEOH ZLOO WORHVE R QIHG PHWHIQLW HE, DV
$,7 S 1 HJU

,Q WKH FDVH Rl DQ LQFRPSOHWH WDEOH FUHDWLRQ
PDWKHPDWLFDO LQVWDELOLW\ LQ VRPH FDVHV DQ DQDC
SHUIRUPHG XVLQJ PDWKHPDWLFDO PHWKRGV WR FRPSOHWH
SURFHGXUHV RU FRUUHODWLRQ IXQFWLRQV GHYHORSHG DLP]
D VWDEOH WDEXODWLRQ UHJLPH L H KLJKHU UHVLGXDO JDV
WR FDXVH WKH LQVWDELOLWLHYV ZLWK WKH UHVWRI WKH W
H[LVWLQJ WDEOHV IRU SXUH IXHOV LQ D FDVH RI D IXHO EOF
WLPH RI D EOHQG DV DFFXUDWHO\ DV SRVVLEOH ZLWKRXV
PHFKDQLVP FRPELQLQJ ERWK IXHOV DQG DGGLQJ DQRWKH
KHDYLO\ LQWWKHDV¥RE®SXWDWLRQ GHPDQG DQG RYHUDOO WLF
SURFHGXUH

$IWHU DOO PHWKRGV DQG SURFHGXUHV PHQWLRQHG DE
DQG YDOLGDWHG E\ FUHDWLQJ DQ LJQLWLRQ WDEOHV IRU
GLIIHUHQW OHYHOV RI PKHRPBWH{LWNFKDQLHWIIRUW ZDV PD




 QWURGXFWLR

LPSOHPHQW WKHP LQWR DQ H[LVWLQJ=®)R GRGEKKVYHQJ Wk
WEXODWHG GDWD DUH D SDUW Rl WUDQVSRUW HTXDWLRQ
7KH FXUUHQW YHUWLRQ WKK&&)' VROYHU RI FKRLFH IRU Wt
D KLWKHPSHUDWXUH LIQLWLRQ 7KH H[LVWLQJ DSSURDFK
WHPSHUDWXUH SUHFXUVRU ZDV DO WRH KYHIGD WRXUU B GSALHRIX
ZLWK D SHEBVBBREQW RI IXHO FRQVXPHG DIWHU WKH L.
UHDFKHG $IWHU WKLV DPRXQW RI IXHO LV FRQVXPHG
SUHFEXUVRU LV FDOFXODWHG XQWLO WKH KLJK WHPSHUL
UHPDLQGHU RI WKH IXHO LV FRQVXPHG

$IWHW WPSOHPHQWDWMHRHRDWRIDH LIQLWLRQ HIIHFWYV
= PRGHO LW ZDV WHVWHG GHEXJJHG DQG YDOLGDWHG
7KH WHPSHUDWXUH WLPH GHSHQGHQFH ZDV WKH PDLQ FU
RI LPSOHPHQWDWLRO PR GWHKH XOWWLQJ PRGHO ZLOO EH
LQLWLDO FRQGLWLRQV RQ WKH VDPH FRPSXWDWLRQDO
9DOLGDWLRQ ZLOO EH SHUIRUPHG LQ VHYHUDO VWHS
LPSOHPHQWDWLRQ RI WKH PRGGILONVLDRQ VW L &® HE H QH.[W» E V@D
DV WKH RQHV XVHG IRU WDEXODWLRQ WR YDOLGDWH WKH
$IWHUZDUGV RQH SDUDPHWHU ZDV VHW RXWVLGH WKH Y]
WKH SDUDPHWHUV 1H[W DOO SDUDRPHWBOXHYHXWHSHW
WDEXODWLRQ ZLWK VHYHUDO YDULDWLRQV WR DQDO\]H W
IXOO VFDOH WHVW RQ D PRUH FRPSOH[ H[DPSOH ZLWK DY
IRU FRPSDULVRQ ZDV SHUIRUPHG

([SHFWEFAHQWERQMW ULEXWLRQ

W LV H[SHFWHG WKDW WKLV PRWNXROFROGR/HEREERMH WK
FRPEXVWLRQ LQ SUHMUHBLEHEGG PRIEG E\ DGGLQJ WKH HI
WHPSHUDWXUH LIQLWLRQ WR H[LVWLQJ FRPEXVWLRQ PRC
LQVLIJKW DQG FR PIS\DWILQHRRL RD 04 PHIF KW QR VR Y L RUG

VHYHUDO IXHOV RI LQWHUHVW WRGD\ KHOSLQJ WKH VH




 QWURGXFWLRQ

ZLGHU VFRSH RI DSSOLFDWLRQV $ UREXVW DSSOLFDWLRQ
SURYLGLQJ YDQ@GCKWRZSHUDIMWXWLRQ UHVXOWY UHJDUGOHYV\
XVHG RU WKH FRPSOH[LW\ RI VHOHMWHGDE®BNWRRWDH © B KD
TXLFN DQG VWUDLJKWIRUZDUG XVH RI D IXHO VSHFLHV IRU 2
\HW 'XULQJ WKH ZRUN RQ WK IDW MAK HR UVV HYHLUDIR § SEHFWIL E
LQWHUHVW KDYH EHHQ FUHDWHG UDQJLQJ IURP FRQYHQWL
JDVHRXYV

$ VWUDLJKWIRUZDUG ZRUNIORZ IRU LJQLWLRQ WDEXOD\
LQFOXGLQJ WRFRQMARVVISRVVEDWD ZLRE KQXHZF WIRRIQNH (OQNEL
DOJRULWKPV IRU ILOOLQJ LQFRPSOHWH WDEOHYV

$GGLWLRQDOO\ D IXQFWLRQ IRU FDOFXODWLQJ WKH LJQI
VXJIHVWHG XVLQJ RQO\ WKH H[LVWLQJ YDOXHV IRU WZR ¢
FRHIILFLHQW 7KLV DSOWBHHGW LIS LWKD GUWRFHVV RI WHYV
LQIOXHQFH RI GLIIHUHQW EOHQGV RI WZR IXHOV LQ WKLV
RFWDQH QXPEHU VLQFH LW GRHV QRW UHTXLUH FRPSOHWH
QHZ SDUDPHWHU DQG QHFHVVDU\ XWP MBRFLARPSOEY] P® WD)
IRU VXFK SXUSRVH
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*HQHUDO ' $SSURDEFK

&+(0.,1 EDVLFV

,Q WKLV VWXG\JRUIWRRWRSKHQRPHQRQ D )2575%$1 VXEU]
&+(0.,170 |, ZDV XVHG DVVXPLQJ JHUR GLPHQVLRQ DQG DG
JHQHUDOO\ XVHG WR GHSHQEMWQWKKMLYHRHLFY EHKDYLRXU
JDV PL[WXUH LQ D FORYKIBUW DWHRFIQELOLWLHYV IRU WKH
NLQHWLFV SUREOHPV WKDW RQH PD\ QHHG WR VROYH IR
SDFNDJH 7KH SUREOHPV LQWHUHVWLQJ WR WKLV VWXG\ L

X $Q DGLPEDWWHP ZLWK FRQVWDQW SUHVVXUH

X $Q DGLDEDWLF V\VWHP ZLWK FRQVWDQW YROXPH

'XUQJ WKH FDOFXODWLRQ RI D KRPRJHQHRXV UHDFWHF
SURGXFWLRQ UDWH RI HDFK VSHFLHV UHVXOWV IURP D FR
UHDFWLRQV LQYROYLQJ WKDW VSHFLHV (DFK IRUZDUG
PRGLILHG $UUKHQa X&% BR@®P @

N $57H[§—(
7

ZKHUH WKH DFWLYDWWRE@ WGOIHSHUDW XUHB QB [SRIQH QSN H
HI[SRQHQWLD @ FRRWHWWVHDW WKH SDUDPHWHUV LQ WKH PR
SDUDPHWHUV DUH REWDLQHG IURP D ELQDU\ ILOH FUHD'
UHDGLQJ LQ WKH YDOXHV DVVHPEOHG LQ D WH[WXDO ILO
XVHG E\ PRNMRHRIQD QI HWFHGRSHUV
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UHY ( (

7KH DERYH H[DPSOH VKRZV RQH UHYHUVLEOH UHDFWLRQ Z
HTXDWLEQWRU IRUZDUG DQG UHYHUVH FDVH 7RWIDMVO FKHPLF

FDOFXODWHG IURP DOO FRPSHWLQJ UHDFWLRQV E\ WKH HTXCL
A A

ML N i 06F (N 1, 08
4@ FCE

ZKHUHUHSUHVHQWY VURLEKLRPHW HLANE @ HWIK i LHHDE WR.B QV K H
WKH DERYH HTXDWLRQ PDUNHG GLIIHUHQWO\ IRU IRUZDUG
)LQDOO\ WKH H[SUHVVLRQ IRU PRODU SURGXFWLRQ GHVWUX
VWHS RI WHPSRUDO GLVFUHWL]DWLRQ VXPPHGNRW DOO UHLC
SDUWLBLIIVWLQ

,Q WKH DERY Hp QWHHBFWVRI@Q WY WKH WRWDO VWRLFKLRPHWULF
DV D GLIIHUHQFH RI IRUZDUG DQG UHYHUVH RQHYV

$00 WKH VSHEMUWPHUHERRW DRI @RW DFWLYHO\ SDUWLFLSD\
SURGXFHG RU FRQVXPHG DUH FDOOHG 3*WKLUG ERGLHV D
DGGUHVVHG WR DV *WKLUG ERG\ UHDFWLRQV' XVXDOO\ Ul
UHFRPELQDWLRQ, W URFWUR VIHRYHUV FDW KRODWLBEV SHELAKY VX
SDUWLFLSDWH EXW GR QRW 7RKDOWHKLWEHERGDFWSRBLHV
UHSUHVHQWHG Z0LWE WKH QHIFWLR Q

$ VSHFLILF FDVH UHJDUGLQJ WKH GHWHUPLQDWLRQ RI
FRHIILFLHQWVY LV SUHVVXUH GHSHQGHQFH &+(0.,1 OLEUDU\
UHDFWLRQV WKH RQHV ZLWK PRODU UDWHV LQFUHDV
XQLPROHFXODU UHFRRELQ M HRRQH) @@ WK WKH RSSRVLWH
LQIOXHQFH FKHPLFDOO\ DFWLYDWHG ELPROHFXODU )RU HJ
UHDFWLRQ ZKLFK KDV D RQH IRUP DW D VSHFLILF KLIJKHU SU}F
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KDQG IRU ORZ SUHVVXUHV GHP W@G®EWVE RK\H Q[ WKWLHQFBIVRI
QHFHVVDU\ WR GHWHUPLQH WKH EHKDYLRU EHWZHHQ WK
XVHEAQGH@®D QGURMKRUPWVKH ILUVW RQH LQFRUSRUDWHYV V
GHILQLQJ WKH UDWH FRQVWDQWYV IRU ORZ DQWG KLJK SUHV

71,
(, L # /A
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JRWKH LOWHUPHGLDD/WHSBRQVYXWDHOMW LV GHILQHG DV

~
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T'<Ez

ZLWKGHQRWIBQHGXFHG SUHVVXUH  JLYHQ E\
(,%

r-’( L
4 (g

ZKHWHE LV WKH HIIHFWLYH WKLUGLBR GR YR FSHDNANUHIWIL RAGK
FRQFHQWUDWLRQ LI DOO WKLUG ERG\ HII LIFJRPQ WIKHH IDR\M Dt
FRQFHQWUDWLRQ LXQMKMUHIIRBHHQRQHV VBH FRLWQBIHDVW |

VKRXOG QRWH WKG WQGKGIL K@ LUWMW RRA HE&H@RW%V RI

ZKLGHDYV XQEGA@LS\C/ZRLFK DFFRXQWWGI ER MKF-RYRKH QWUDWLRQ

6XEVHTXHQWO\ 7URH GHYHORSHEG/ IXHPRHIHG FQPEOGIH ILQL
EDVHG RQ DQ H[WHQVLYH H[SHULPHERMW\K D& G LDXPOOI WILEG W/ C
LQ D IRUP RI WKH IDQ@$&RGHSBQGPHMHBRQ WKH IRXU FRQ
SURYLGHG LQ WKH PHFKDQLVP GHILQLWLRQ ILOH

i i x

?- ?-

(6g L (SF=4"CE=4"TE /T
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JLYLQJ WKH WHPSHUD W VKIS HQBW R BHE R ZKR G W WADIQHV U D W F
RI D JLYHQ XQLPROHFXODU UHDFWLRQ DW WHPSHUDWXUH

GHILQHG DERYH LQ I-H_T/XOMAL\RQVKDQ%@V\ZKIHF\KDDWI-ZRXOG KDYH L

WKH XQLPROHFXODU UHDFWLRQV EHKDYHG DFFRUGLQJ WR W
ILQGHPDQQ IRUP LV IXUWKHU H[WHQGHG E\ LQWURGXFWLRQ

ILQGHPDQQ FDVH LW LV HTXD(@@){ER\NWR(FDMVR@G IURP
Hi (oo

HtZ E © lf
OFrsvHtz E9;

HK L

(=

ZLWK IROORZLQJ YDULDEOHYV
OLryw sdyHKEgaDQ®L FraFrxyHKEeg#4

)LQDOO\ WKH UDNLK FRIOIFXPIDHOMG E\ PXOWLSO\LQJ WKH /LQ
ZLWK

,Q WKH FKHPLVWU\ PHFKDQLVP LW FRXOG KDSSHQ WK
UHDFWHRMWYLQJ WKH VDPH QUHSFURBGEWMY,1 OLEUDU\
LQWHUSUHWHU ZRXOG QRUPDOO\ LQWHDIWXIS VD QV KK LRRSH U)o
WKH GLIIHUHQFH EHWZHWRHW RIRXWHED KWKRQW\ KDYH D GLIIH
SDUDPHMMWURSOLHG E\ WHKRARUIEGY H8BY HG

%HVLGHV WKH PHFKDQLVP GDWD WKH KRPRJHQHRXV U]
WKHUPRG\QDPLF SURBEBOWMSWFLRY GHILQHG LQ WKH Pl
7KHUPRG\QDPLF SURSHUWLHYV DZLHG A D O RKXEBOBNR-G QR/RIQDIOW K H
ZLWK SRO\QRPLDRVRKROMWDRWE® D VHSDUDWH ILOH LQ WKF
YHUVLRQ XVHG LQ WRURIZRHEN SRSROBPOBRFHYEQ FRQKWDQWYV L
DSSOLHG 7KH SRO\QRPLDO IRUP LV GHILQHG DV
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/IRZ DQG KLJK WHPSHUMWXWHKDMHBLR/EHLU RZQ VHWYV RI
HQWKDOS\ DBHQG®VKR®P\W FDSDFLWLHV DW WKH SHFMNQGBIOG
FDOFXODWHG XVLQJ WKH IROORZLQJ HTXDWLRQV

4
g

L S E :EE E:-,EE E :567 E:gEE

2WKHU WKHUPRG\QDPLF SURSHUWLHY FDQ EH HDVLO\ FD
DERYH

$XWRLIJQLWLRQ

$XWRLIQLWLRQ FDOFXODWLRQV DV WKH EDVLF SKHQRPH!
SHUIRUPHG XVLQJ WKH KRPRJHQHRXV FRQVWDQW YROX
HTXDWLR QVKLWD AN HHQHUJ\ HAKIDAKLRORPSOLILHG WR WKH
IRUP @

@ A

1é—@ EFI [.A,9.Lr
EEE

DQG VSHFLHVY FRQVHUYDWLRQ HTXDWLRQ ZLWK FRQVWDQW

@, ~
—@‘LFntgr
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ZLWWKKH PHDQ VSHFLILF KHD® RJIHW®&H UDLWSRHEIH LFEIRY ROXPH
HQWKDO®QG PRODU ZHOBRIOWU SURGXF@LRQFDOMXMODWHG DV
GHILQHG LQ WKH HTXDWLRQ

6LQFH PRQLWRULQJ WKH FRRO IODPH SKHQRPHQRQ ZDV RQ
ZRUNPIWWKRGR®RRBFUHDWH D JHQHUDO URXWLQH WR EH DEOH
FRRO IODPH DQG @ KID@G WERHYMHORSSBGODEOH OLWHUDWXUH V
VHYHUDO PHIWK\ROMWKERPDLQ LIQLWLRQ WLPH ZKLFK ZLOO DC
KHUH EXW ILQDOO\ D FRPELQDWLRQ RI FULWHUWWDKIPDY EHHQ
VXEVHTXHQW LPS@&HRHQEMXEDMORG LYIMRX AMMKH &)' FRPEXVWLR
PRGH®&HUH DUH EDVLFDOO\ WKUHH W\SHV RI LJQLWLRQ GHWH

X SUHGHILQHG WHRSHIUDHWXXMWH LQ FRQVIVOFQWPHROXPH F

¢6 L
X WHPSHUDWXUH LQIOH[LRQ FULWHULD
X WUDFWK®JIJFKDQJHV RI DQ LQWHUPHGLDWH VSHFLHV

7KH ODWWHU PHWKRG ZDV GLVUHJDUGHG LQ WKLV ZRUN \
VWXUG\ URXWLQH WR EH XVHG DV D SDUW RI WKH WDEXODMW
UHTXLUHG LQWHUYHQWLRQ DV SRYPHEQBD W H) WBKIHF LFDW MW RD AN
XVHU VKRXOG ILUVW UXQ VHULHV RI FDOFXODWLRQV WR GHW
WDVN GHSHQGDQW RYAWHKHDOPRFKIYBQVBIWHU GHWHUPLQDWL
VSHFLHV LW ZRXOGQYW JXDUDQWHWKM AR QUWE R QGG MWGI\FL QQ
HQWLUH GHVLUHG LQLWLDB Q@SR UWRH W FIRINAS HARRWHXLER Z
WHPSHUDWXNWH RQLHPRYW FDVHV RQH VKRXOG XVH D GLIII
VSHF IDHQIBG LWL REHDWAUP LQLWLDO LQYHVWLIJDWLRQ WR ILQG
LQ WKLV FDVH

$ XVHIXO EDVLF GHILQLWGRQDRIWARH ZDYLWER@LQHG IUR
ZKLFK VWDWHV WKDW LW FRKBGWEPHSDWVBRQWHKGWKH WHPS
WKHRUHWLFDOO\ EHFRPHV LQILQLWH WKH DVYKEWRWH R
GHILQLWLRQ UHJDUGHG LQ WKH OLJKWV RI D WHHO LJQLWL
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FULWHULD RI WKH WHPISHJDRVKWKHVWRRWNUPY RI D PL[WX
SURSHUW\ ZKLFK LV XVHG WR GHWHKHPWE R SMKD W XQ HML\R @
PDNLQJ WKH VHORRWRREDBF WRKWH W\SH FRQVWDQW SUHV\
YROXPH QRW LPSRUWDQW DQG WKH SUKFH®RHJHREQWL
FULWHULD EHWZHHQ WZR FRQVHFXWLYH WHRSRUEBDOGLVF
UHSUHVHQWHG E» V@KH HTXDWLRQ

(‘€ (‘€

OE IW(( LFOE I'GT((”

7KLWTXDWLRQ WUDFNG WHKH \WKRIQ JMHRISHUDWXUH BWUYH Vi
WKH RFFXUUHQFHKR R WK HWIKBI HUQYL W L R/QV RRUBIIRD@ G W LR Q
LQVKH GDWOQEDH[HRQ FULWHULD SURWMBEWR ERCQHEDWD K
WKH SXUHO\ QXPHULFDO SHUVSHFWLYH ZLWK WKH FI
WHPSHUDWX WY OROGUPRIQ IOH[LRQ FULWHULD WHVWLQJ HY
FRQVHFXWLYH WHPESRUDQOSBUREYHP LQ WKLV UHVSHFW Z
VHYHUDO EFDVHV XVXDOO\ RISHKEDRQLADRIREHPE WHG. ZRHUH
WKH WHPSHUDAMRX®BEG RXUSH VHYHUDO PLVOHDGLQJ LIQLWL
7KLV SUREOHP LV HDVLQOWRIQYIG RXWVWKEN HUURQHRXYV
H[SODLOHVEW KWH[W WKH PDQQHU LQ ZKLFK WKH YDOXE
WDEXODWLRQ GDWDEDVH

BHFRQG DSSURDFK WR LJQLWMWRQ MWIHIW K5WRAHLGHT QIR (
W HP SHUDQMWWUHPRHRQA W RVUKID WHP SHWWB W X R GHZKHQ IRXQG
LW LVDDVON® WKH SUNWRXWGFRMHSDWDEDVH +RZHYHU LQ
XVXDOO\ LQLEMUmHHY RI WKH SDUDPHWHUV HVSHFLDOO)
UHVLGXDO WBI\WPSHWDWXUHORXHYHIKDS®LHDMWM W KXWH PUHD |
LJQLWLRQ GHOD\ GHWHUPLQHG E\ WKH LQIOH[LRQ KLJKF
WHPSHUDWXUHDLYQRUHDYRLQG WKH PHWKRGRORJ\ EHKLQG
YDOXHV LQ WKH &)' FRPEWXUWLRR®SPRDBFIO SURYHG WR EH
GHY®WH WKH PHQWLRQHG IODZV
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JLIXUH, JQLWLRQ WUDFNLQJ FULWHULD FRPSDUHG

6HYHUDO GLIIHZDYW LFURGMHRIBQWHG LQ WKH FRGH WR
SRVVLEOH WR OHRE WRI\WE BEBVAKDIHQ LIQLWLRQ GHOD\ WLPHYV
WR ILOWHU RXW WKH RULVROH FEIQELGDQYIHWVLR® WKH EHJILQC
FDOFXODWLRQ DQG DURXQG . JLVW DSSURDFK ZDV WR X\
ZKLFK LV FKHENHG DW HDFK WLPRQ/W HBQIEF ER DG LIQY | @VHR[ IHRTX |
RFFX UWKI&X UUWQRHWHS YD O/X\HR @ B'G UHQWX R WL Q J$ ©N B L NERD H
FRPSO\ WR WKH PHWKRGRORWL RYHHEKF@PVP LQIOH[LRQ FU
QRW WKH PRVW FRUUHFW DSSURDFK LQ WHUPV RI ILQDO
WHPSHUDWXUH LQFUHPHQW FULWHULD DOVR KDG WR EH XVH
LEKDSWHU

)XUWKHUPRRRISSLYJ FULWHULD LV DOVR DQ LVVXH WKDW
6LQFH WKH WDEXODWLRQ FDOFXODWLRQV KDG WR EH SHUII
SDUDPHWHU YDOX OV WKR SQ)MBHMEMYB OXH DW ZKLFK WKH FDC
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ZRXOG VWRS ZDVQIW WKH ULJKW VROXWLRQ IRU WZR PLC
KDYLQJ ORZHU YDOXHV IRU PRN®AHBWWKHIH S[® 5 DPRIRSDUM G
RWKHU HQG Rl WKH UD QJH WHRXRHY BULRNILREG! GHDOIDCPARYINO X H \
VHYHUDO RUGHUV RI PDJQLWXGH ODNLQJ WKH VWRSSLQJ
VHFRQG LQ WHUPV RI LQWHUQDO FRPEXVWLRQ HQJLQH G
FDVH RI QR LJQLWLRQ  ZRXOG RQ WKH RWKHU KDQG PD
EH\RQG WKH PDLQVKZXONWLR D YPROPXIEDHWLRIBDIHU XVHG

E\ 6(1.,1 DSSOLFBWLRI®SOR\V DQ LQWHNHD QJ HWFDROH X O D\
PDNLQJ LW SRVVLEOH WR VWRS WKH FDOFXODWMR{SDW W
VLQFH DW OWKEH LIXPX IR W DQHDQRKMD WKHPLFDO SURGXFWLR
RFFXUWMXDOO\ D VPDOO GLVVRFLWDWLRQ UHFRPELQDWLF
WKHUHIRUH SURYLGRRW WHKH DROOYHVURDYHG HYN@HEWK D
'92'( XVHG ILQDO@RUXWMKLSUHGHINVWHS WZIPMK WKH PD
VROYLQJ GRQH ZLWK DQ LQWHUQDO LWHUDWLRQ SURFH
YDOXHV IURP '92'( UHJDUGLQJ WKH QXPEHU Rl QHFHVVDU\
VWHSHDVRQDEO\ HTXDO WR X\PLNDW HASK ¥ DDV RPDRWLLFGWG E \
EXW WKH PHWKRGRORJ\ LV QRW VR FOHDU \DIQEP E R R &G RIR
WULJJHUWKHU VWRSSLQJ WKH FDOFXODWLRQ WRR VRRQ

GDWD RU UXQQLQJ LQGHILQLWHOW LPHHDHQFRZOOGN DQY RV BVE)
XVH D FHUWDLQ FKDUDFWHULVWLF VSHFLHV WR WUDFN V
IXHO RU R[LGL]HU VSHFLHV VKRXOG DW WKH HTXLOLEULXI
VRPH LQLWLDO SDUDPHWHU VHWYV WXIDLQ VZKOQG O)HWX I
DGGLWLRQDO LQSXWRKBHFWKHW FNE@DYEWHWONQO\ LPSOHPHQV
WR EH XVHG E\ ERWK VROYHUV XWWQIDFANL®WKMWKHP\SE RS W
EHKDYLRXWLPH ZDLWLQJ IRU WHPSHUDXWPXBIX W RD @G D FK
VWDJQPWE SUHGHILQHG WRP SRUTDUMBWM LGGH WR GLVVRFL
UHDFWLRQV DPRQJ WKHS$SILREX ML WISHFEDI®OW YDOXH RUGH
PDJQLWXGH JUHDWHU WKDQ WKH WLPH VWHS XVHG IRU W
IRU WUDFNLQJ WKH WHPSHUDWX U I FGLRHEPIHL Q V WWKKHH W B P 8l -
GHFUHDVHV WKH VWRSSLQJ FULWHULRQ MWRUMREDQG W
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LJQLWLRQ GDWD WR GDWDEDVH 1XPHULFDOO\ WKH PHWKRG
IHZ 10DAW DOVR LPSRUWDQW QRW WR LPSRVH WKH FULWHUI
FDOFXODWLRQ VLQFH LW FRXOG FDXVH WKH FDOFXODWLR(
LJQLWLRQ FULWHULRQ LV Y BAMWAFMB®WD LRH FRPELYPWLRQV RI
SDUDPHWHUV ZIRX®® ODHWEP S HUD WXW B USKPRIV BRG RE R J \
XVHGE WKLV ZRUN LPSOHPHQWHG RRQH W R/RISCSIVRIQE WIKW H U L R
ILUVW WHPSHUDWXUH LQIOH[LRQ

$QRWKHU LVVXH FORVHO\ UHODWHG WR VWRSSLQJ FULWH
DQG D WR\WUDFN LW 6LPSO\ SXW WKH *QR LJQLWLRQ " FD\
VLPSO\ LPSRVLQJ D PD[LPXP DOORMRGDWSIPISEHDQ H® LYL.DDIEXCH
VHFRQG ,Q PRRWO ®WHDDOWHVY WKH FRPEXVWLRQ SURFHVV L
WDEXODWLRQ RI W&B MDIXX HVQZRNB®® PDNH QR VHQVH LQ WH
WKHR WKH XQVWHDG\ &)' FDOFXODWLRQNXVRPROWVLQJ FRPE.
ILQH WHPSRUDO G LV FUHVOLHD OO W QRDQWE HISFIVYD WO R @ RAZIHAH
WKDQ WKH RQH REWDLQHG E\ WKFWRUKRPRERQWRXWR QU H
H[SHULHQFH JDWKHUHG GXULQJ WKLV ZRUN WKH RFFXUUHQFI
UDUBIQG DV H[SHFWHG RFEFXUV LQ ERUGHUOLQH YDOXHYV
GHSHQGLQJ RI WKH UHDFWLRIQPBHBOMXWHY XIXGIG QG V X U H \
SHUIRUP ZHOO DW KLJKHU YDOXHV EXW IRU ORZHU YDOXHYV
JDLMQA QVLUKRWRKH PHFKDMEINMAR\SURYLGH YLDEOH UHVXOWV X
FRQGLWLRQV 2Q WKH RWKHU KDQG KLJKHU (*5 YDOXHV XV
FRQVWHQW GVIKW B FDXE85UHW DD QHD PRQDEOH OHYHO 7KH VDPI
WR WKH HTXLYDOHQFH UDWLR IRU H[WUHPHO\ OHDQ DQG UL
WR KDYH VXFK H[WUHPH YDOXHV LQ WKH GDWDEDVH LW FRX
HYHQUMRFRUUHFW WR H[WUDSRODWH WKH YDOXHV IURP WKF
VHFRQG RUGHU H[WUDSRODWH®R® KYHOWD\ZE WKYOBHAVFRP S X\
SRZHU QHHGHG

)LQDOO\ DIWHU WKH FDOFXODWLRQ LV ILQLVKHG DOO
UHVXY®WWRU YDULDEOH FDQ EH DGGLWLRQDOO\ XVHG WR
FDOFXODWLRQ
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| WKHUH LV RQO\ RQH UHFRUG LQ WKH YHFWRU YDULDEC
FRRO IODPH LJQLWLRQ KDG RFFXUUHG ,Q RWKHU FDVH V
FRRODPH LJQLWLRQ GHOD\ DQG WKH ODVW RQH LV WDN
DSSURDFK SHIRYAIGHDHUDO DQG RREPR/GL VMK QUIQLWLRQ
GHOD\ DW UHDO WLPH

7KHXVHG DSSURDBHOUWBO® RI WKH PHQWLRQHG PHW
WHPSHURWNMHEVIH ZDV VHW WR GHJUHHV DW WKH VWDU
IODPH LJQLWLRQ $IWHU WKH FULWHULRQ KDV EHHQ PHW
IRWLQ RUGHU WR KDYH DQ LQVLJKW LQ WKH RYHUDOO JUDC
FDVH RI DRZHDUWYV ZKHUH WKH DFWXDO LJQLWLRQ RFFXUV
FULWHULRQ LV QR ORQJHU YDOLG 7KH QH[W LQIOH[LRQ
YDULDEOHV DQG DOVR WR VHW WKH VHFRQG SUHGHILQHC

GHJUHHWKRXMG EH DZDUH Rl WKH IDFW WKDW WKH LQI
WKH WUDFNLQJ LV WKH WHPSHUDWXUH JUDGLHQW FKD
LQGLFDWLQJ WKH HQG RI LIJQLWRAR@RDQ® DWR YZIKAIFEI W
LQWHUPHGLDWH KHDW Ul GBDVN OMWONEY FRXOG E

7HPSHUDWXUH LQIOXHQFH RQ DXWRLJQLWLRQ

,Q WKH QH[W IHZ FKDSWHUV WKH LQIOXHQFHV RI WKH LQL
GHOD\ WLPHV ZLOO EH GLVFREVHQGY 8 G\ DUM JXIOIDW VWDH W F |
LPSRUWDQW LQIRUPDWLRQ IRU ODWHU DSSOLFDWLRQ LQ
SRWOWMRFHVVLQJ HVSHFLDOO\ UHJDUGLQJ GDWDEDVH UHSEL
'HSHQGHQFH RI WHPSHUDWXUH YDULDWLRQ RQ WK
SUHVHQWH®EUH) 6RPH RI WKH IXHOV RI LQWHUHVW KDYH E
GHWDLO GLVFXVVHG LQ ODWHU FKDSWHUV DQG
WHPSHUDWKXR® GHIDLN SORW LV PDGH ZLWK ORJDULWKPL
DQG LQVWHDG RI XVLQJ WHPSHUDWXUH WKH .7 LV XVH
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7Kd DERYH ILJXUH VKRZV H[SRQHQWLDO GHSHQGHQFH RI |
WHPSHUDWXUH LQ FDVH RI VLPSOH IXHOV PHWKDQH DQG H
EHKDYLRXWIRRWDLYR PHSVRQH 'HRMHKWMKAOKDYLQJ WKH VDPH D
FRXQW DV WKH HWKTRPRE® HOUMODMLIIHUHQW EHKDYLRXU FC
KLJKHU K\GURFDUERQ IXHOV 7KRVH H[KLELW D QHJDWLYH W
UHJLRIQLFK LV D UHVXOW Rl WKH UHDFWLRQ PHFKDQLVP LQF
WHPSHUDWXUH EUDQFKHW HRSHWRBSOSDVWKRIZQFOXGHYV VHYH
PHFKDQLVPV ZKLFK GHSHQG VHQVLWLYHO\ RQ WHPSHUDWXU
L @QS @ 7KLV 17& UHWKRHNHRXHOV FUHDWHVY D VHFRQG P|
PLQLPXP LQ WKH LIQLWLRQ GHOD\ WHPSHUDWXUH FXUYH PD
RI WKH FULWHULD IRU GDWD PDQLS X OKHBIVRIQ H QWK W URH QHGV
PRQRWRQH DQG FRXOG HDVLO\HEW HPBHI®& DMRX UH WHHIG R\GK L C
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GDWDERMWVWKHDOO WUHQG RI WKH FXUYHV IROORZV WKH ORJ
WHPSHUDWXUHYVY WKH LIJQLWLRQ EHFRPHV IDVWHU LQF
FRHIILFLHQW LQ WKH $UUPRH®GLXMYBDODWIRZMHULQI WKH LJ
ZLWK DQ H[FHSWLRQ RI WKH QHJDWLYH RU JHUR WHPSHL
IXHOV

3UHVVXUH LQIOXHQFH RQ DXWRLJQLWLRQ
,Q WIRDORZLQJUIXXYHWHLIQLWLRQ GHOD\V RI WKH VHOHFWI

FDOFXODWHG ZLWK S WBHNHWXXH B DEUHLSDHMDLGRHOQ FHY 1V WOLR Y WKHY/C
DV WHPSHUDWXUH RQH DQG WKHUH LV DOVR QR VSHFLDO
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2Q WKH DERYH ILJXUH PIBWROHH GXUWIHQ ZDWKH DOWHUQDWL!
WKH PHWKDQH LJQLWLRQ LQ WKH VHOHFWHG FRQGLWLRQV
FRQVLGHUDEO\ KLJKHU FRPSDUHG WR RWKHU IXHOV

$V RQH FRXOG H[SHFW WKH SUHVVXUH LQFUHDVH DOVR
GHQVLW\HDW H G FQUH D\VGKIH) ¥ MER' HTXHQW LQFUHDVH RI WKH PR
UDWHMQG WKH WUHQG LV HYLGHQW ZLWK DOO IXHOV FRQVL
HIWUHPD IDQUWHW PDNLQJ SUHVVXUH D YDOLG FDQGLGDWH IR
UHSDLU DIWHWRMKSURBEX®DW

(TXLYDOHQFH UDWLR LQIOXHQFH RQ DXWRLJQLWL

,Q WKLV FKDSWHU GHSHQGHQFH RI LJQLWLRQ GHOD\ RQ Wi
LQYHVWLIJDWHG IRU VHOHRWXGBHIXHOV DV VKRZQ LQ
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,Q WKRPBMKH PHWKDQH LIJQLWLRQ GHOD\WHE R @IUVARD GLLW
JRU PRVW RI WKH IXHOV WKH HTXLYDOHQFH UDWLR GHPR
WKH RQH REVHUYHG IURP SUHVVXUH YDULDWLRQV DQG ZL
RI WKLV LQIRUPDWURGHNRML BRBWUSRVHY 7KH RHWKDQH
LQGLFDWHV WKH QHFHVVDU\ FDXWLRQ RQH QHHGV WR D
DOJRULWKPV ,Q WKLV FDVH WKH EHKDYLRU RI PHWKDQH
IRU RWKHU IXHOV LQGLFDWLQJ WKDW IRU WKLV VSHFLIL
VXRDBOH LQ WKH FDVH RI PLVVLQJ SRLQWV FRUUHFWLRQ
WHPSHUDWXUH FULWHULRQ FRXOG HDVLO\ EH XVHG IRU P

(*5 LQIOXHQFH RQ DXWRLJQLWLRQ

)LQDO SDUDPHWHU FRQVLGHUHG LQ WKLV LOYHRBMVDWLR
IUDFWLRQ LQ WKH LQLWLDO FRPSRVLWLRQ 6LQFH WKH |
WKRURXJKO\ LQ FRDEWHRWWO\ FRQVLVWLQJ RI QLWURJHQ
JDV RQ ORZHU WHPSHUDWXUHPD LDQGHD XSS RV EH D QNF K H \
IXHO R[LGDWLRQ VLJQLILFDQW O\OIDQ FW HPNV. QQIMMM-EHD J RQ V

7KH LJIQLWLRQ GHODY WHKSHWAGRHWDHHOVR UDWKHU VWU
LV DV VXFK HDVLO\ LPSOHBPBOR\HGWKEWIKERWK SBUULJQLWL
IRU ODPLQDU IODRR WHEORFRAWH KBLVSOD\HG LQ WKH ILIJXUH
PHWKDQALWLRQ IRU KLIJIKHU UHVLGXDO JDVVHV YDOXHYV
VXFFHVVIXOO\ FDOFXODWHG UPEBRODWHB/ HRBRRQRGOD\R BHHGW U
GLITHUHQWLDOV
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JLIXUHS5HVLGXDO JDVVHV GHSHQGHQFH RI DXWRLJQLWLRC

)ODPHHORFLW\

JRU FDOFXODWLRQ RI ODPLQDU IODPH YHUORRPEXVAIWLRMOVR (
PRGHO DQRWKHU )2575%$1 SDFNDJH EDVHG RQ WKH &+(0.,1 O
VROYHU ZDV@X¥XH® SDFNDJH LV FDSDEOH RI SUHGLFWLQJ

VSHFLHV SURILOHV LQ WZRPAODFPRQIDUXIYDMAIRRAE IDKWOH ILUVW

RQH PRVW RIWHQ XVHG IRU DQDO\]LQJ VSHFLHV SURILOHYV

EXUQHUDELOL]HG IODPH ZLWK D NQRZQ PDVV IORZ UDWEF
FRQILIXUDWLRQ WKDW LV LQ IDFW XVHGDW)L QWK DG LZZAREINVLY
IODPH WKH OPMDMWMHKWHUH DUH QR KHDW ORVVHV E\ GHILQLWIL
WHPSHUDWXUHV VKRXOG EH FRPSXWHG IURP WRHW@\HUJ\ HT
GHSHRQWKH WUDQVSRUW RI KHDW DQG SUHGLFMWMLXQJ WKH W
LQWHJUDO SDUW RI WKH | O@LRH K SNVHKHS 3B0 @, F XMIRBON HRIQSUR Y L C
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RXRIWKH ER[ VROXWLRQ IRU FDOFXODWLQJ ODPLQDU |
SURSDJOWREAD OFXODWLRQV DQG ZDV QRW VHYHUHO\ P
WKHRUHWLFDO EDFNJURXQG ZLOO EH SUH\BRQIYHE KHUH
> @ZKLBRWVMKHOO DURXQG WKH 35(0,; VRONHUNDD\D R WHG
IRU ZLGHU WDEXODWLRQ DSSO IPOPHILRENDO BADEHFL D DROQ X
PHFKDQLVPV

35(0,; VRO VMHWMDGNW DL@IDPGN [URP BWKLHF K \ZHDW WKH ILU
VWHS RI WKH 6/B62/9(5 ,W WDNHV RYHU WRB BDWKHU G
LQLWLDO YDOXHV IRU PL[WXUH GHSHQGDQW RQ WKH GH
PDVV IUDFWLRQ IURP WKH VXSSO L H$0 VRQOWRSGRA@ BXG\H] H U
IURP WKH XVHU RU WKHS&/BBRYME U MEBOBHSHQGY RQ GDW
DQGEWRXWLQHYV IURP WKH &+(0.,1 DQG 75$163257 SDFND
VROYH D IODPH SUREOHP WKH XVHLUSBRKFMNV MR/ \& UHR[HUFDX W
KDYH DFFHVV WR WKHUPRG\QWPSHUNMGCHWDEPSRVYWSOVR
WKH 6/B62/9(5 VWHEYH Q QWWUKS U HD\WHUHIEREWRIQAIWHG LQ W
SUSURFHVVRU UHTX\WLKH QS D W&CHN 5 H UHDH @PIHFE D QL V P
WKHUPRG\QDPLF DQG W GRFXPRIDW BURSHUW\

35(0,; 6/B62/9(3V ZULWWHE DOLEEKWBROWWLWXWHG RX
D GULYHU SRORMOMDHPY HUDSBURBEHVVLQJI VXEKWRWWRSOHY DO
DSSURSUL DWW REGBKNAMQ@F XODWLRQ PHPRDQBRUNDDSQW I H
IODPH SURJUDP WKURXJK LWV 35XEURXRQQHU LG MIH Q HD\F H
JRY®IUQJ HTXDWLRQV PDNHV FDOOV WR WKH ERXQGDU\ YLC
IRU WKH IODPH SUREOHP

7KH HTXDWLRQV JRYHUQLQJ VROBGRHQVREQDQF | ODX
SURSDJDWLRQ FRQVLVW RI FRQWLQXLW\ HQHUJ\ VSHFLH\

| L€Q

WHSUHVHQWY WKH FRQWLQXLW\ HTXDWLRQ
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J)LOQODOEDWLRQ RI VWDWH IPRBPREUBHG LQ WKH
LLég
1€

,Q WKHVH DERY FGHQMMHLR QWKH V SDMWKG PRRWYGIORIW H
UDWH ZKLFK LV LQYGBSTBWKHQWHPSHUDWXUH 7KH PDVV IUDF
N/ SHFLHV DPRQJ WKIH FLRMWEHD RW HSG IEQ RWHY WKMK SUHVVXUFE
WKH YHORFLW\ RI WE&HWN\D ®ID \P I MIE WIHWH DROGH FXODU ZHLJKW
W KNd®/ S H F LHWW K HUBRWHKH PHDQ PROHFXODU ZHLJKOW RI WKH F
HQFRXQWHUHG LQ W KK KDL GILHAD OW HPVE WIREV WER 8 WP D O
FRQGXFWLYLW\ RRWKH PR[®XMWHYMWUH KHDW FDSDFLW\ RI WKHI
%o WKH FRQVWDQW SUHV VX UHNKHIHF BD/BIOH LRAR OPIU WKCHW H - R
SURGXFWLRQ E\ FKHPLFBW 8 ADHFW BRIQ K QIMWHHR O SPIHFLILF
HQWKDOSNRISWRBHVKH GLIIXVLRQ YNQSHFPRBDRIQWR B \
GHQRWKIN FURFMWLRQDO DUHD RI WKH VWUHDP WREBUHQFRPSD
QHW FKHPLFDO SURGXFWLROLVYDFWOFEERWWE G ZLWKKH VDPH P
IRU WKH DXWRLJQLWLRQ FDOFXODWLRQ DV GHILQHG LQ WKH
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7KH GHWDLDSHWLEBRVFUWKH UHPDLQLQJ WHUPV LQ WKF
QRW EH WKH SDUW RI WKLV ZRUN QG FRXOG EH IRXQG LG

JRU IUHHO\ SURSDJDXWHGJL®®OWKHY ZRUN IRU FDOFXOL
IODPHRFHWLY DQ HLIJHQYDOXH DQG PXVW EH GHWHUPLQH (
7KHUHIRUH DQ DGGLWLRQDO ERXQGDU\ FRQGLWLRQ LV
GHJUHH RI IUHHGRP PXVW EH UHPRYHG IURP WKH SUREOH
IL[HG E\ VSHFLWHPSWWKDWXUH DW RQH SRLQRO YHMKRE LV V
IODPH VSHHG HEBSHORD@®WHP XVW EHD VADOHWR H@\LQUH WKD
WHPSHUDWXUH DQG VS}MFRH®\JYDRUYVEWIW WKH FROG EF
FRQGLWLRQ LW RRWXPMEB@O® EH WRRD®RWERPH KHDW ORV\
WKURXJK WKH FROG ERXQGDU\

$OVR WR VWDUW WK M REOD/GIFX MO\WERQW LW& HHVWLPDW
SUHVXPHG WKDW WKH UHBENQRAKFRPIS RV[LIW RRQ W K H
XQEXUPH® XWRH WHRGX(WW\W.P VWRX0G W EHUHRRURH WKH
ORFDWLRQ DQG WKLFNQHVV Rl WKH UHDFWLRQ ]JRQH DQC
PLIWXUH FRPSHRQ¥FBWVKH WDEXODWLRQ SURFHGXUHV WUL
KXPDIQWHUYHQWLRQ DQISRKWHLEORGKBW VSHFELHV LQSXW
FDOFXODWLRQ ZRXOGGHDGRUPDNH QUKWKH GDWDEKWHH DXV
SUBURFHVVRU LV XVHG DJDLQ KHUH WR FDOFKOW MWD WK H
XVLORRWKHU RI WKH VXSSOIDHG &S®OUFBWERQYV WKH H
VROYHU FUHDWLQJ D VRXQG HVWLPDWH GHSHQGDQW RQ
LQLWLDO SDUDPHWHU (*5 HTXLYDOHQFH UDWLR

'XULQJ WKH FDOFXODWLRQ WKH PRVW VHYHUH QRQO
FRPH IURP WK WM[®RQGHSHQGHQFH RI WKH UHDFWLRQ UD
35(0,; VROYHWRVUWHHIS RYHU BMKHOLBPURBWHPJ WKH WHPSHL
WKH LWHUDWLRQ WR PDNH WKH IODPH SUREOHP FRQVLGH
LQ JHQHUDO DSSWRBFWDQQHU DV GLVFXVVHG IRU WKH |
FRPSRVLWY.RMEOH LQLWLDO HVWLPDWH RMKWKEGYV BONIRH ¥t
SURYLQHBP PDQ\ SRLQWV RI YLHZ WKLV DSSURDFK LV UH
ZLWK WKH LQLWLDO SURGSEMRE GFHRPP IR WKW LR QW ZBEL]DW L
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VSHFLHV ZDV VROYHG E\ UXQQLQJ HTXLOLEULXP FDOFXODWL
RI VSHFLHV LV LQLWLDOO\ VRO YSIGREORBEMRIXD DOVIHBIH W QH G C
WHPSHUDWXUH DQGGHEOL\QMH G UHIKNFEBWO FXODWHG VSHFLHV SU
WKHQ XVHG LQ D VHFRQG FDOFXODWLRQ DV DQ LQLWLDO J
HTXDWLRQ DOVR VROYHG

7KH 35(0,; XVHV WKH PRGXODU VROYHU URXWLQH 7:23
ERXQGDU\ YDOXH SUREOHP RQWH UJIBQEEPH YV LIRE BRQ
7:2317 DWWHPSWB WRWRPYH QRQOLQHDU DOJHEUDLF HTXDW
1HZWRQYV PH&KRBWRQYIV PHWKRG GHWHUPLQHV D VHTXHQF
DSSUR[LPOMWWLRRYV WKDW DSSURDRKWEK B8 VWRIXWKIHR O KWKRG 2
QRW EH SUHVHQWHG KHUH LW FDQ EH IRXQG LQ WKH 35(0,;
DFFRPSDQ\LQJ ®1@ ®UDWXUH

BULQFLSWIW\ILQDO O DYPHQRIEE BMIFXK D W H ® D'V R A ORKH
ILHDW WKH LQOHW ERXQGDU\ KDYLQJ DGWW.IEREDLODPH IURQW

&+(0.,1 6(1.,1

2QH Rl WKH LQLWLDO LQYHVWLJDWLRQV GXULQJ WKLV ZRUN
DV D EDVLV IRU FDOFXODWLRQ RALWHPSH IBJGR SHWWILLH\E XKW HR
WUDFNLQJ LIQLWLRQ GHOMNLINRRWDIDVRQRUWUDQ FRPSXWH
SUWRIDP6(1.,1WKDW FRPSXWHV WKH WLPH HYROXWLRQ RI D K|
JDV PL[WXUH LQ D FORVHG V\VWHP 7KHDRRG HO HPFHRRXDWYV
FKHPLFDO UHDFWLRQV DQG SHUIRUPV NLQHWLF VHQVLWLYL
UHDFWLRMMUBWEYGDORQH URXWLQH H[SHFWLQJ VHYHUDO YH
LQWHUSUHWHG IURP FKH P IDRDWR CHWKMQ RRG \MPE®LF GDWD 7K
FDOFXODWLRQ LV SHUIRUPHYGHXVEQHPMWKMUDRRXWLQHYV SUI
&+(0.,1 SDFNDJH %\ GHIDXO®WURXUID B (XHYQXPHULFDO

VROWHRUVROYH ERWK WKH QRQOLQHDU RUGLQDU\ GLIITHUHQW!|
WHPSHUDWXUH DQG VSHFLHV PDVV IUDFWLRQV DQG WKH VHV
WKDW GHVFULRHGMKHVHQ@WMVLY LWV HARIHUFWKQWW @G VSHF
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FRPSRVLWLRQ ZLWK UHVSHFW WR WZAKK EIQ ®DWHVX BV& HU B D A
LPSDFW RQ D FRPSXWDWLRQDO SHUIRUPDQFH/ KFRRPSDUF
QXPHULFDO PHWKRG LV EDVHG RQ WKH EDFNZDUGV GLI
HWSHFLDOO\ ZHOO VXLWHG IRU VROYLQJ WKH VWLII HTXD)\
NLQHWLFV DSS@ZRBWIIRFKMDJIJH LV HTXLSSHG ZLWK VL[ W\!
FRPEXVWLRQ V\VWHPV FRQVWDQW YROXPH FRQVWDQW
IXQFWLRQ RI WLPH FRQVWDQW SUHVVXUH DQG WHPSH
WHPSHUDWXUH DQG SUHVVXUH DQ® GV HPSGHW DRX U Hs LDQWF H
LJQLWLRQ WDEXODWLRQ UHTXLUHV HYHQWXDOO\ RQO\ \
FRQVWDQW YROXPH DQG INRPVWIRKD W FREHHV R X WRI LW KZHR U N
DSSOLFDWLRQYTV ROWYRQV UHPDLQ

$V PHQWLRQHG LQ WKH SKH(LRXVDONVRDSHUIRUPV ZK
WKH PRVW VLJQLILFDQW IHDWXUH Rl WKH SURJUDP DGGlI
RI WKH VOVVBREHUIXO DQG V\VWHPDWLF ZD\ WR GHWHUF
UHODWLRQVKLS EHWZHHQ WKH VROXWWNRSDWRP B WHOMH OV |
DSSHDU LQ WKH PRGMWOLV ERPPRHIOIWR GHWHUPLQH WKH L
WKH UHDFWLRQV RQ WKH VHOHFWHG PL[WXUH SURSH!
WHPSHUDWXUH HWF ,Q WKH OLJKW RI UXQQL@WXHWRQVH
VHQVLWLYLWODR DMWRNVQV XQXVHG

'XULQJ WKLV ZRUN D GULYHU SURJUDP ZDV FUHDWFE
FRQGLWLRQ LQIRUPDWLRQ LQLWLDO FRPSRVLWLRQ EDVH
DQG WKH 6(1.,1 URXWLQH ZDV PRGLILHRXVVERRUIGQ Q8IU MR
FKDSWHPSOHPHQWLQJ VHYRBROWRIDMWILBPQIRQIRUPDWLR
DOVR IRU WKH FDOFXODWLRQ VWRSSLQJ B&(HURLB\D®&HRXX
WLPH VWHISQURKLQBD WRKXODBWQR®B6$& VROYHU XVHV YDULL
LQWHUQDOO\ FDOWXIGDWWGSWRFHGHY D UHODWLYHO\ HOHI
VWRSSLQJ FULWHULRQ IRU WKH FDOFXODWLRQ $ VWRSSL
DIWHU '$I®FEFRPSXWDWLRQ WEKHZBYHRRPIERHB® DVOH QRQH
VXJIHVWHG E\ WRKHK WRHOOPHQYOQHROHIBQ LQVLJKW RI VHOH
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SRSWLPDO IYQEMKED OXH>R@ ZDV GHILQHG SURYLGLQJ JRRG S
RYHU D UDQJH RI GLITHUHQW LQLWLDO SDUDPHWHU FDVHYV

6(1.,1 FDOFXODWLRQEHSURWHKGBIUWRREXVW DQG XVLQJ C
VWRSSLQJ FULWHULRQ PDGH QR LVVXH UHJDUGLQJ WKH H
SURORQJHG FDOFXODWLRQ 2QO\ LVVXH WKDW ZDV WKH FDOI
FDOFXODWLRQ WLPHV ZKLFK PDGH WKHKVPRUHPRO®ERUD\
FRPSUHKHQVLYH PHFKDQLVP XQIHDVLEOH RQ DYDLODEOH
FDOFXODWLRQ VSHHGV ZHUH IRXQG WR EH UHODWHG WR W]
PRUH GHWDLO GLVFXVVHG LQ WKH QH[W FKDSWHU

7KH VHFRQG DSSURDFK WR LJQLWLR QG GHDHDAD BGOWX®ID \
6(1.,1 SDFNDJH DORQJ ZLWK WKH VROYHU LW LV XVLQJ DQG
QHHGHG LQ WK LW RARIDNNHD QGG U LY HKW LDQBIS QVIKA-D WD-REH O R Z
&+(0.,1 URXWLQHV FDOFXODWLQJ WHKH FKK & R XOGEO HR)EF R XHEBIWW |
VHWWBQWKH LQLWLDO GDWD IRU WKH FDOFXODWLRQ DQG DO
RYHU WKH WHPSRUDO®RGQWIHRW LD WMIRQ@KH 6(1.,1 SURJUDP
URXWLQHV ZHUH FUHDWHG FDOFXODWK B JF WU DFEW WX U\HWS.F RF
RI PRWDQW SUHVVXUH DQG$BRRVWKGWLYRIOXPRD WUDFENLQ
GLIIHFPQWXODWLRQ VWRSSLQJ FULWHULD KDV EHHQ LPSOHP
WKH '92'( VROYHU GRHV QRW FKDQUW HSKWM K S GRIDIEGHRS WL P
WUDENLQJ WKHUN HFKDMUBWLQ D O D GHMFUNLEMG VEDUOLHU  Z
DGGLWLRWHD® OAKLY DSSURDFK ZDV DOVR IRXQG WR EH DSSUTF
JHQHUDWH H[FHVV FDOFXODWLRQ WLPH QRU VWRSSLQJ WKF
GHVLYKHQRPHQD

&DOFXODWVRQ@KHLPADLQ SUREOHP RI WKH ILUVW DSSUI
GHVFULEHG &+(0.,1 '92'( FRPELQDWLRQ KDYH EHHQ VLJQLILF
ZRXOG DUJXH WKDW WKH PDLQ LQIOXHQFH RQ WKLV UHGXFV
DSSOLFDWLRQV XVH EDVLFD OO F X\KIHW\HD PKIHPR K V@ CBHR $/HRU ML
XVLQJ D GLIIHUHQW 2'( VROYHU $OVR SU®PMK KN RLD WWHGJ VDS
LQWHUSUHW WKH FKHPLFDOKPRPRBEQQDPLEGHU RRKGUWLHYV RI V
QRZ UDQ VHSDUDWHO\ UHVXOWLQKHLG DL EH Q DB SIQ OFHD WAL IR@
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XVLQJ KHDYLO\ UHGXFHG RU VNHOHWDO PHFKDQLVP WKL)\
GLIIHUHQFH UHJDUGLQJ RYHUDOO FDOFXODWLRQ WLP
FRPSUHKHQVLYH PHFKDQLVP LQVLGH D WDEXODWLRQ OR
EH FDOOHG DW WKH EHJLQQLQJ RI HDFK FDOFXODWLRQ

FRQVLGHULQJ 6LQFH WKH GDWD VWRUHG LQ WKH ELQD
FDOFXODWLRQ SURSHUWLHV LW LV DOVR UDWKHU SUDFW
RQHDY RQO\ RQH GRWXPBHQ®W QHFHRYBYWMIBDAMHDWKH GDWD
VWRUHG LQ D ELQBDWGGRWERENMBOPDWWRKGU WKDQ WKH QDPH!
GRFXPHRXQW WKH PHFKDQLVP SURSHUWLHV FDQ EH UHWU
PHFKDQLVPV DUH XVXDOO\ ZHOO FRPPHQWHG ZLWK UHIHL
DQG SRVVLEO\ D VKRUW GHVFULSWLRQ DQG UHIHUHQFHYV
SRUWDELOLW\ RI VXEKHVH@EUIRWURQUHELQFH LW FDQ RQC
DSSOLFDWKIIRQWUH FXVWRP ZULWWHQ WR UHDG RXW WK
PDQQHU

2'( BROYHUY2'( '"'$6%$&

$V PHQWLRQHG LQ WKH SUHYLRXV FKDSWHU WKH FKRLFH
DQG VXEWHTWMEXODWLRQV ZDV PDGH GHSHQGHQW RQ WK
VLQJOH FDOFXODWLRQ )LQDOO\ WKH GLIIHUHQFH RI FD
XVLQJ D GLIIHUHQW 2'( VROYHU 7KLV VHFWLRQ ZLOO JL
VROYHU WU\LQJ WRUH®IXNFHLGP@FHWK7KH SUHVHQWDWLRQ R
EH EULHI VR RQH LV HQFRXUDJHG WRP FOIRKBY DRI MEKIH G
OLWHUDWXYHBV@&XUFHV

JLUVW VROYHU FRQVLGHUHG LV WKH 92'( VROYHU ZKL
VROYHUV (3,62'( DQG (3,6(2'(% D @® HXVIH\L HY@®W DEDEDW LV W
EDFNZBUBHUHQRHWWREB® ZLWK IXOO\ ¥D@ MDE® HD § WIS W]
YDOXH 2'( VROYHU IRAWVWMIVIMHBPRQ W ZDV UHSRUWHG WR
YHUVLRQV E\ LQFRUSRUDWLQJ WKH PHQWLRQHG IXOO\ YD
DOVR WKH DGGHG DOJBQGWKHPXMLDNIKHIDFRELDQ PDWL




OHWKRGRORJ\

WKH SHUIRUPDQFH LQ VRPH FDVHV WR RYHU FRPSDUH
2'(3$&. 7KLV VROYHU LV ZLGHO\ XVHG DQG LV VWLOO VKR:
DOJRULWKPV

,Q WKH VHFRQG 2'( VRSH%KE UW BSHIMHGY DS DUR{LPDWHG
E\ EDFNZDHGH®WLDWLRQ IRUPXODH %')V DQG WKH UHVXO\
DWDFK WMPHS LV VROYHG E\ 1HZWRQ V PHWRAGLIXKB WA QHD
HUURU KDQGOLQJ DUH DFFRPSOLVKHG XVLQJIB$HSDUDWH V
DQG 6/$7(& UHVSHRUAL YHRENE RYWHG WR SURYIRIHYVWODIOLG UH\
2'(V DQG GRUIHUHQWLDO D OJHEIUPRRK HIDXN\ZMW ERIGW LW LV
DSSURSULDWH WR WUHDW WKH -DFRELDQ PDWUL[ ZLWK G
GHFRPSRVLWLRQ

JRU WKLV ZRUN '92'( VROYHU XBBBQHQ KWKRRJHYHRXY
FRPEXVWLRQ FDVH KDV EHHQ IRXQG HDVLHU WR XVH WKDQ
SDUW RI 6(1.,1 SDFNDJH DQG ZDV DOVR SURYHQ WR FRPH W
VLIJQLILFDQWO\ IDVWHU ZKKPIQ WKHQ'$8B®®PV RI VLPLODU FR
SURYLGH®@E\

&KHPLFDO PHFKDQLVPYV

$V PHQWLRQHG HDUOLHU RQH FDQ VSHFLI\ VHYHUDO OHY
FRPSOH[LW\ ORVW FRPSOH[ DQG WKV DB HYH® PHHF®& CFRIQAML G H U
DVSHFWV RI D FHUWDLQ IXHO RU PRUH IXHOWKRULROQWLRQ 7
LQYHVWLEDWXRQ GHFRPSRVLWLRQ EUDQFKHV LQFOXGLQJ
PHFKDQLVPV ZKLFK FRQVLGHU D QXPEHU RI LQWHUPHGLD
PHFKDQLVP UHOLDEOH IRU D ZLGH QXPEHU RI DSSOLFDWL
UHSUHVHQWDWLRQ 8VXDOO\ KRAHSOHEDWIRSURBWMLED & RQF
ZLWK RQO\ IHZ FRPEXVWLRQ SURSHUWLHV QHHG WR EH DF
FKHPLFDO PHFKDQLVP GHSHQGDQW RQ @&K¥M @ BHFLILF DSS
7KHUHIRWGIXFHG PHFXDH LMW R\HG SURYLGLQJ VDWLVI\LQJ I
GHVLUHG SURSHUW)\ EXWF RBSRWD WH B ®R@DE®DP D QG
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7\SLFDOO\ QXPHULFDO GDWD DUH FROOHFWHG IURTF
PHFKDQLVPV SHUIRUPHG IRU WKH WDUJHWHG UHJLPHV R
GDWD VHYHUDO BAFHWXRGVIRARD@GHYHORSLQJ VNHOHWDO PF
UDWH DQDO\VLV VHQVLWLY XW\HD QOL@\WMLWD UD G 8 URKRIED V
> @ @,Q0 WKHR2ZROD WH[W VHYHUDO IXHOV Rl LQWHUHVW
FRPSDUHG VLGH WR VLGH UHJDUGLQJ WKH LJQLWLRQ
FDOFXODWLRQV (*5 ZLOO QRW EH XVHG DV D YDU\LQJ
PHFKDQLVPV KDYH QRW EHHQUMDWR®NWHI® LEQ VWK WIKWH FUH\
FRQFHQWUDWLRQ

'‘LHVHO IXHOV

*HQHUDOO\ VSHDNLQQWKH G RVMWIFEKMOLWLHY RI VLPXODWLC
FRPSOH[ IXHO VXFK DV D GLHVHO IXHO XVXDOO\ D WHUP
JLWHUDWXUH GHILQHV D JHQHUDO GLHVHO IXHO DV D FRF
LQGLYLGXDO VSHFLHV &RHPWRBBUMNQGXSHIV CEBIRSIODQ DL
JLYH Q@ OLEOH

7DEOHLHVHO IXHO VSHFLILFDWLRQV
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ve]SC >ifAE IPlui [N} 6076 /"K 1006
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1% % E }EE}+]}v r 0 eo i /MK Tio0
IVE }WE }v E «] u ~i19 Z- 9 ASX | r iX1 /MK 1760
*Z }v3 v3 9 ASX | r iXii /"K 0181
t38 E }vs vs 9 ASX | r iX1A /MK 18106
. uP AdD 808
E USE o]l S§]}v ~«SE}VP ] « vuu
<K,IP | r iXit 8

KAE] 8]}v +§ JolsC uPluo | r IXith /MK PTTIA

7KH DERYHGWWBQBHG DV LW PD\ EH GRHVQfW UHDOO\
EURDGQHVV RI WKH WHUP *GLHVHO |)SHGI'FHWVKBHWEGBD HGWL Q
LV GHILQLQJ WKH (XURSHDQ UHIHUHQFH GLHVHO IXHO 7K
SURSHUWLHV JR IURPR LOWWHBQDOWLRQ® HYHQ ORFDO OHYHO
QDWXUH RI WKH FUXGH DQG WKH SURFHVV XVHG WR UHILQH
ORUH GHWDLOHG UHPDUNV RQ WKH GLVWLOODWLRQ SURFI
FRPSRVLWLRQ FDO@H IRXQG LQ

6XUURJDWH IXHOV XVH®WR GHISUHOH®MWOUBIDK XVXDOO\
VSHFELILEUIKSI®UW\ EHKDYLRXU RU DSSOLFDWLRQ ,W FRXOG
UDWLR FRPSBRXYWRLBR@MAMRQ IODPH VSHHG HPLVVLRQV FI
HIILFLHBIMABOO RI WKHVH SURSHUWLHV RU EHKDYLRXUV D
ODERUDWRU\ H[SHULPHQWY 8VXDOO\ PDWFKLQJ WKH DSSC
EHKDYLRXU LQ DQ HQJLQH FRPEXVWLRRI M EHUURMBWUFKV
GHYHORSLQJ D VXLVRWORI \POWYRIOMHVWHG VXUURIJDWHY DS
&)' FDOFXODWDRQWILEGWDUUDRLQYDEAEDR QV DURPDWLFV WKHI
FRQVLAMURBUH GHWDLO LRHWWIDWQHBARUN LV Q

&RPSXWDWLRQDOI GHPBRGBSRUDWLQJ WKH GHWDLOHG RU
PHFKDQLVP LQ FRPEXVWLRQ VLPXODWLRQ FDQ EH RYHUZKHO
WKH PHFKDQLVP LV FRQVLGHUHG

1 KHSWDQH ZKLFK EXDRQMWBGUDLHRWLY DVVXPHG WR OHD(
GHFRPSRVLWLRQ WK FDGOMNWWDGLFDOV DQG ROHILQV 'XH WR
PHFKDQLVP KREWDQH R[LEBWWR@QH QPROHFXOHMWRK®GHUJR
DEVWUDFWLRQ DW KLJK DQG ORZ WHPSHUDWXUHY OHDGLQJ
GLVWLQFW DON\O UDGLFDOVWRK M D O\CDUQML DXGHID\VRKIDIKHD O\ S |
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DQ R[LGL]JLQJ DWPRVSKHUH DW HOHYDWHG WHPSHUDWX!I
RFFXU LQ D PXOWLVWDJH PRGH 7KH LIJQLWLRQ SURFHVYV
VFKHPHV Rl R[LGDWLRQ DQG LV FR(MALBEDQRIGLEY WHAR FGLL
PHFKDQLVPV WHAS®RZWXUH UHDFWLRQ SDWK ZKHUH WKI
LQ GHJHQHUDWHG EUDQFKHGNVARBHQWY WXQGE WRWHK LZKHUH
UDSLGO\ R[LGL]HG LQWR & DQG & K\GURFDUERRKRN DQG
ORWHPSHUDWXUH EUDQFK LV TXLWH FRPSOH[ DQG SU
PHFKDQLVPV ZKLFK DUH VHQVLWLYHO\ ¥RBQWUROOHG E\ W

&RRO IODPH SKHQRPHQRQ LV HVSHFLRDW®\ N@RBRNMDIC
DQG KRPRJHQHRXV FKDUJH FRPSUHVVLRQ LJQLWLRQ +&
FRPEXVWLRQ HQJLQHV ,&( DQ® HPSIHUNWWRH WKH ORZ
FKHPLFDO DFWLYLW\ SDUWLDOO\ R[LGL]LQJ WKH K\GURI
FRPSOHWHO\ IRUWBWQRQ RI VRRW @ $BNRUVIRUIAKDUDFWH L
QHJDWLYH WHPSHUDWXUH FRHIILFLHQW RI UHDFWLRQ
SKHQRPHQRQ GXH WR WKH FRPSMWUWLROQWERWZBPRG F
EUDQFKLQJ VHOPWHRIDIVH LV VR FDOOHG RVFLOODWRU\ FR
JHWWLQJ PRUH DWWH@WILLRF HU MWKHHQ W.O\F O® & H UDFHFLLR IQF |
WKHUPDO DQG FKHPLFDO IHHGEDFN WKH\ ZRO® QRW EH VYV

$W KLJK WHPSHUDWXUHVY UHDFWLRBLSVRBO® JUDWHVL DL
VWHS LQ WKH FKHPLVWU\ Rl WKHUPDO FUDFNLQJ RI K\GL
IUHH UDGLFDOV 7KH\ DUH IRUPHGPDIER @ FRQ\GW ) Q Bl W K B (
DUH HPMO\ UHDFWLY®LDPBOG VKRQW IUHH UDGNFROVXBGHU.
LWUHDNV WZRWRBYRQIURP WKH FKDUJHG FDUERQ SURGXF
D SULPDU\ IUHH UDGLFEDO ZKLF IO H\DMV WZARZ ADQE R Q VIDRURPPH
WHPSHUDWXUHY SHUR[LGH FKHPLVWU\ EHFRPHV PRUH LI
KHSW\O UDGLFDO UHDFWV ZLWK PROHFXODU R[\JHQ 5 2
UDGLFDO & + 22 $IWHU DABEVHV W QFWHIURQ® OWKH UDGLFDO
VHFRQG DGGLWLRQ RI 2 IRKIPSQIOSWWRSHIDRFLFDOV ZKL
XQVWDEOH DQG GHFRPSRVH HDVLO\ ,WV SURGXFWV DU
GHJHQHUDWLQJ EUBDQFKLQJ DIHQWYV
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'KHQ VWXG\LQJ WKH FRPSOH[ FKHPLV¥DIOE@HFWRQIN\W [LV
FRPSUHKHQVLYH LQVLJKW RI WKH FKHPLFDO NLQHWLFV E
DXWRLJQLWLRQ 6NHOHWDO PHFKDQLVPV WKDW LQFOXGH W
FRQVLVW LQ JHQWSWMPLRY ZLWK OHVV WK® Q@ 7 KHN B FRDLR Q V
IXUWKHU EH VLPSOUWHSSY WRXW WKLV DSSURDFK GRQH E\
WUDQVIRUPDWLRQV FDQ FDXVH WKH ORVV RI SKHVLFDO PHD
> @7KH FRPGBWWHOBBWLRQ PHFKRIEW® QRURPLGDWLRQ LQFO

HOHPHQWDU\ UHDFWLRQV ZLWKQ GV ERMRHFGOWGVWRFERYHU
HQWLUH UDQJH Rl FRQ®/HPISRQNVXUKHRP . OBXURO\VLYV DQG
R[ILGDWLRQVMWRSHUBWXUH FRPEXVWLRQ B6HYHUDO PHWKRGV |
FKHPLFDO PHFKDQLVPV WR WKH VL]JH DSSURSULDWH IRU UHEL
RU UHGXFHG PRGHOV EDVHG RQ VHONLWKMWBMBNGDO\VLYV
6WDWH $VVXPSWLRQ 466% WRHQMLRQDO®VIODQRROG ,/'0
DSSURDFK RU WKH &RPSXWDWLRQDO 6LQJXGD@® @HUWXUEDYV
$OVR RQH FRXOG EDVH WKH VXUYH\ RQ ZKHWKHU WKH PHFK
LV EDVHG RQ UHGXFWLERQY RIHGKEF W RRQ®| @ SHEQHYSD OO\
LWDBH WBWKDWKHOO FRPSOH[ PRGHOV DUH YDOLGDWHG ZLWK
ZKLOH WKH UHGXFWLRQ LV PDGH DJDLQVW \WWKH/ IRD® KPHH FKD
LQWHUHVW 10D PH VISWHBQ @ XaW R

SHFHQW VWXGLHV VKRZWEEDWMLRRYVIGHOD\ DV DQ RSWLP
FULWHULRQ WKH DERYH PHQWLRQHG GHWDLOHG PHFKDQLVE
VSHFtH&DQG VRPH VKRZ LPSURYHPHQW XVLQJ HYHQ PRUH U

V S H BPLI UHDF@LRORWH XVHIXO LQIRUPDWLRQ DERXW Wt
EH IRXQ®@ BQ @

6HYHUDO PHFKDQLVPV Rl LQWHUHVW KDYH EHHQ LQYHVW

ZRUN ORVW FRPSUHKHQVLYH REFM SOHVHU@E WFBPLISULYMR RXW
VSHFLHV DQG UHDFWLRQV ,W ZDV PRGHOOHG DQG Wt

FHUWDLQ VGRWHDR SIBUEFMWHHDW PWHPSHUDWXUH

DQG HTXLYDOHQFH UDPWLR WKH ZRUN VLYVWRKHYVRW KK H

SDUDPHWHU UDQJHV H[FHHGHG WKH DERYH YDOXHV EXW WK
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VHHPHG QRW WR EH FRPSURPLVHG $OVR WKH PHEKDQLYV
IRU FRPEXVWLRQ ZMWIR @ IGLORIHERQ EXW WKLV RSWLRQ
WKLZRUN ODLQ SRLQW RI LQWHUHVW IRU WKH GHYHORSH!U
DQG VSHFLHV FRPSRYVYIMUWLRRH WD VWXGLHV RQ ZKLFK
GHYHORSPHQW ZDV EDVHG ZHUH IRFXVHG RQ IVKKRIRNHW X E H
HQJLQHV IORZSOWKDF\WWREZW HWDFWR UV HD® @ KD PMRKDQLVP
ZDV GHYHORSHG ZPWKKDWQIR/RKEORZ DQG KLJK WHPSHU
LQFRUSRUDWLQJ WKH QHJDWLYH WHPSHUDWXUH FRHIILFL
PHFKDQLVPV FDQ EH IR¥Q@ LQ WKH SDSHU

6LQFH DV VWDWHG EHIRUH VXFK D PHFKDQLVP LV QR
VLPXODWLRQ LQ UHDO OLIHWDEXODPMWRER/G [RIU DI RAUD X \
FRPSIXQM LV QRW DYPGRBWOR®PWFAKIDWKVP KDYH EHHQ SUR
20H Rl WKIHRP @ KR GHYHORSHG DQ LQWHUPHGLDWH
UHYHUVLEOH DEMFPWPRQ® PHFKDWIWPLHV DQG UHYHU
UHDF W+ REQAMKH ODWWHU ZDV XVHG IRU D WDEXODWLRQ SXU
EH FRPSEZUWMKH FRPSUHKHQVLYH RQH ,JQLWLRQ GHOD\
HIlTHFWLYHO\ UHGXFH WKH GHWDLOHG PHRKDWQWWPG\PDL
D[LVIPPHWULF ODPLQDU IORZ Rl WZR FRXQWHUIORZLQJ S
IRU UHGXFWLRQ SXUSRVHV DQ LVKRULF KRPRJHQHRXV UH
FDOFXOMMDLQ DPRXQW RI FDOFXODWLRQV ZLWK SUHGHI
ZLGHU UDQJH RI WHP®MNVDWH R M QBMORAQHE HO\ ORZ SUHV"
UHSRUWWIBGWR PRGE WKH HOHPHQWDU\ UHDFWLRQV ZH
DQDO\VLVLRIGLFRM\WHGRQHY ZLWK KLRKQWH HL @NOKWHIF® LJIQL
GHOD\ WLPHV

(YHQ VPDOOHU VNHOMWRQ@L@H BUKDPWIEYHO\ JRRG LJ
WLPHV KDV EHHQ GHYHORSHIGWDRRQUVHERY WK LRI  VSHFL
UHDFWLRQV PDNLQJIRWXYLHN\ DOMHXWLIDWLRQV RQ WUH:C
EHKDYLRXU RI PDLQ SK\VWLFDO DQG FKHPLFDO SKHQRPF
GHYHORSHG WR H[DPLQH UNDKMHHHR (H PW GRAY BAMRIDHHQQ QLW LR Q
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FRXQWHRZ FPD@AKH GRFXPHQW DOVR SURYLGHV D XVHIXO UHS
JOREDO UHDFWLRQWHWRISSWMDIQ W KHRPEXVWLRXEONM VKRZQ LQ

TDEOH*OREDKHOQWDQH UHDFWLRQV

1R  5HDFWLRQ
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5HDFWLRQV , DQG ,, DUH WKH LQLWLDG IGRRFPSHDBWKXR®YV |F

DXWRLJQUWYBBFWLYH®HPRKRHJDWXUH LQLWLDWLRQ UHDFWLR
IRUPDWLRQ Rl KHSW\OSHUR[\ UDGLFDOV 52 7KHVH UHDFW
LVRPHUL]DWLRQ UHDFWLRQV D IXUWKHU 2 DGGLWLRQ DQ
NHWRKHSW\OSUWR[LIGH @EHFRPSRVLWLRQ Rl WKLY FRPSRQHQW
ZKLFK UHVXOWV LQ WKH IRUPDWLRQ RI DQ 2+ UDGLFDO UHS
WKH WRPSHUDWXUH UDQ&iH,, 5GIBD¥MLIREH WKH FRQVXPSWLRQ
LQWHUPHGLDWH FRPSRQHQWRBKHMHOQHD EXMMHOQHHBKHQH DF
PHWKDQH WKH PHWK\O UDGLFDO DQG IRUPDOGHK\GH UHV:!
OHDG WR WKH IRUPDWLRQ RI UDGBRROVLQQVDLDMWULRQKEUMH UG
ZKLFK WKH + DEVWUDFWLRQ E\ 2 DHOWKANKOBPBXQWRRD
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K\GURSHUR[\ UDGLFDOV 7KHVH UHDFWLRQV DOVR IRUP L
WHPSHUDWXUHV 7KH ZDWHU JDV VKLIW UHDFWLRQ ;9, UF
&2 ZKLFK RFFXUV GXULQJ WKHUPDO UXQDZD\ DQG OHEL
5HDFWLRQ ;9,, LV WKH PDLQ UDGLFDO SURGXFLQJ VWHS T
JOREDO UHDFWLRQ ;9,,, UHSUHVHQWY FKDLQ EUHDNLQJ E\

)XUWKHUMRQURWKHU FRPSDFW PHFKDQLVPE ®DW HWHQ C
DOVR EDVHG RQ WKH FRPSURK®OW®W VR QHIEHE KB B2 P O H U
VL]E\ OLPLWLQJ WKH DSSOLFDWLRQ Rl WKH ORZ WHPSHUL
IXHO PROHFXOH 7KH UHDFWLRQ SDWKVRKDNGELEHE E\VORS
FKHPLFDO OXPSLQJ OHFKDQLVP ZDV YDOLGDWHG DJDLC
SDUDPHWHUV ORZ WR KLJK WHPSHUDWXHIHY WR H[WUHPF
PLIWXUHV DQG ORZ WR PHGLXP BEDHVVXUHYV

)LQDO PHFKDOQHWVRVRN D@WWKLYV SREQW® W GW WKH. FPHRG !
UHFHQW RI DOO PHQWLRQHG DQG LV LQ IDFW FRQVLVWLQ
IRU D VHSDUDWH WHPSHUDWXUH UDQJH \WKDWK RXIOHGV HD
PHFKDQLVPV ZHUH GHYHORSHG DQG WHVWHG LQ WKH FD'
LQYHVWLIJDWLRQ DQG WKDW LJQLWLRQ GHOD\ FDOFXODW
DERYH IDFWHY® @ MH OLWHUDWXUH VWDWHY WKDW WKH F
IRU KRPRJH®RPEXY VMRYHPKH PHFKDQLVP V ZHUH DOVR G|
WKH FRPSUHKHQVLYHOQFRHRQB @IHHIWPWG XFWLRQ KDV EHHQ S
IRU D SUHVVXUH WEDQJHHRXLYDOHQFMHQGDWHRSHUDWXUHYV

JLQDOKBPBAEVP V FRQVLVW R VSHFLHV DQG

WHPSHUDW®BUH VSHFELHV DQG UHDFWLRQV ORZ WHPSHI
WKH UHGXFWLRQ Rl WKH FRPSUHKHQVLYH PHFKDQLVP ZI
ODPLQDU EXUQLQJ YHORFLWLHWIQHARPAGWPXBY EHWWWH F
FDVH RI LJQLWLRQ WLPHV 7KLV IDFW RQO\ VKRZV WK
FDOFXODWLRQ RI EXUQLQJ YHORFLW\ 7KH PHFKDQLVP ZD)\
FKHPLFDO SURSHUWLHV IRU VHYHUDO RWHKHURIKRWD®HLQFC
35) SULPDU\ UHIHUHQFH IXHO PDNLQJ LW D YHU\ XVHI
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FRPSOH[LW\ GLUHFWO\ FRUUHODWLQJ WR FDOFXODWLRQ V
FDOFXODWLRQV

)LIXH VKRZV WKH FRPSDULVRQ RI WKH PHQWLRQHG PH
KRPRIJHQHRXV FDVH ZLWK FRQVWDQW YROXPH DOVR XVHG 1
SHUIRUP D WDEXODWLRQ XVHG LQ ' &)' VROYHUV
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J)LIYH &RPSDULVRQ RIKWIS WHWMHOPG FKDQLVPV IRU D FHUWD I

2QH FDQ FHUWDLQO\ REVHUYH D UDWKHU ELJ GLVFUHSD
IXWXUH FKRLFH RI PHFKDQLVP XVHG IRWBADSEOHIBWLRQHS XU
FDQ DVVXPH WKDW WKH PRVW FRPSOH[ FRPSUHKHQVLYH PHF
DFFXUDWH DQG WUXH WR WKH UHDO FKHPLFDO EHKDYLRXU R
DOVR WKH LQLWLDO DVVXPSWLRQ PDGH GXULQJ WKLV ZRUN




OHWKRGRORJ\

2Q WKHXUH DERYH PHFKDQLVPV KDYH EHHQ FRPSDU
RWKHU LQ WHUPV RI LJQLWLRQ GHOD\ GHSHQGHQFH RC
WHPSHUDWXUH GHSHQGHQFH LV GLVSOD\HG R IDK LWEPW E
VFDOH DQG WKH WHPSHUDWXUH EHLQJ UHSUHVHQWHG
XVHIXO IRU GLVSOD\LQJ ODUJHU UDQJHV RI YDOXHV DQG
VLQFH LW FRXOG EH QRWLFHG WKDW IRU KLJKHU WHPS]
UHVXOWV ZLWK YHU\ JRRG DJUHHPHQW H[PH@®WYWMKH *R
SUHGLFWLQJ LW E\ VRPH PDUJLQ 7KH GLVFUHSDQFLHV
UHJLRQ ZKLFK ZRXOG EH H[SHFIWNRIGWK) PH FAKIDH) EVAK D QL W/
KHDYLO\ GHSHQGV RQ WKH OHYHO RI GHWDLO )URP WKH
WR GLVUHJDUG WKH +HUO]AEARNQRLWPDEHKDYLQJ SRRUO\
WHPSHUDWXUHV DQG XVH WKH /7 PHF K DVRUMPUHRK/IXFKWS/U RF
DW ORZ DQG KLJK WHPSHUDWXUHV DOVR ZLWK WKH S
FRPELQDWLRQ XVHG LQ WKLV FDVH LW LV WKH RQH SURY
REWDLQHG E\ XVLQJ WKH FRPSUHKHQVLYH PHFKDQLVP
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JLIXUH&RPSDULVRQ RI PHFKREREWMPDWRUH GHSHQGDQW VHL
SUHVVXUHDMWXLYDOHQFH UDWIKRSRI DQG

2WKHU I XHOV

'XULQJ WKLV ZRUN D UHTXLUHPHQWYV IRU RWKHU IXHO GDWD
SURFH@GRUVHLPHG WR FUHDWH GDWDEDVHV UHIGZGEWHKVV RI W
D VROLG ZRUNLQHDFKRMIPREDQLVP 1RZDGD\V LQWHUHVW LQ
IXHOV LV FRQVWDQWO\ LQFUHDVLQJ ZKLFK PDGH DOVR WK
LQYHVWLIJDWLBRFEURKEIS DQH ZDV WKH IXHO RI LQWHUHYV
UHVHDUFK RWKHU IXHOV DUH UHSUHVHQWHG ZLWK RQO\ |
DYDLPHEE® QLVPV




OHWKRGRORJ\

, VRRFWDQH

JLUVW RI WKH LQYHVWLJDWHG IXHOV LV QRW UHDOO\ DQ
DW VXUURJDWH IRU JDVROLQH LQ WKH FRPEXM®LRQRQ P X
LV QRW D JBKHQRPAM@RWKH FRPEXWFEMMQRI DVRRRG SUHG
RI ERXOBDG WR EHWWHU YQGHILWPR PG FROBLWLRQV LQ |
FRPEXVWIQRQQWWFWDQH LV RQH RI WKH SULPDU\ UHIH
GHWHUPLQH RFWDQH QXPEHUV DQG NQRFNLQJ WHQGHQF
VSDUN LJQLWLRQ RSHUDWLQJ FRQGLWLRQV DQG FKHPLFD
VLPLODU WR NLQHWGHW RI&EKI FRODIRWKRQV
ODLGHWDRBFIGDQLVP GHYHORSH®VRL WKWK QXH®UUH (
ZLWKKH RQH PHQWLRQHG EHIRUH LQ W KKHSWENQIHRIDF &/H G L
LVRFWDQH PHFKDQLVP LV EDVHG RQ WALKH HD MK HWP POIWK B Q
HQFRPSDVVHV WKH UHDFWLRQ FKDLQV IRRRWDRW KGIKGIOAD W
FRBOH[ PHFKDQLVP GHYHORSHG FRQVLVWYV RI VSHFLHV
KDUG®DEOH LQ SUDFWLFf®@O DSSOLFDWLRQV
$ VNHOHWRFQ'DQH PH¥YKEZQWWPWZR OHYHOV Rl FRPSOH]
W KGiH W DR QH G HQW L R KD HD EBRMHMHORSHG DV SHAEUVBHG L
RQH ZLWK VSHELHV ZDV GHYHORSHG IRU DFFXUDWH
DQG WHFR@WXH H[SDQGHG YHUVLRQ Rl WKH IRUPHU LV DLI
RI ERWK LIJQLWLRM BXOPHG KOGH REVWIBRIN %RWK PHFKD
ZHUH DWHG DJDLQVW WKH ROHRRR QW@ QH&GE],JDSISWLEDWLR
5HGXFWLRQ RI WKH PHFKDQLVP ZDV SHUIRUPHG DOVR D
KHSWDQH VHFWLRQ E\ REVHUYLQJ WKH LPSRUWDQFH RI |
7KHVH VNHOHWDO BHFKDQLEBWHG DIDLQVW WKH UHVXOV
FRPSUHKHPNEKBIQLVP QRW DQ H[SHULPHQW WKHUHIRU
EDFNJURXQG IRU WKH HDUOLH U FIRP\SXURHKWRGREKYEH) LYWPLR Y W
D UHIHUHQFH XVLQJ WKUHH SUHWXUWZBRLTWYDOHQFH
DQG DV GHV¥F@LURWGWKH KLIJKHU WHPSHUDWXUH
PHFKDQLVPV SURYLGH DOPRVW LGHQWLFDO LJQLWLRQ




OHWKRGRORJ\

PHFKDQLVP VLQFBIQWWMY PHHKH GHYHORSHG IRU +&&, DSSOI
WHPSHUDWXUH UHJLPH ZDV WKH FULWLFDO RQH

$OVR WEBHFHWIBUVLRQ RI WKH &XUUDQ>@W MO ERHBKDQLV
GHYHORSHG DV GHWFUNEAG/ LGHYHORSHG E\ XVLQJ DXWRPD\
OXPSISQRFHGXQ® WKH ILQDO YHUVLRQ XVHG GXULQJ WKLV L
RI  VSHFLHV DQG UHDFWLRQV 7KH PHDWIORG GHYHG WSIHEG
UHODWLRQ JUDSK PHWKRG ZLWK HUURU SURSDJDWLRQ '5%(3
IRXQG DV GHWF@LEKHGPIHFKDQLVP FUHDWHG ZDVQIW WHVWHG
RI WHPSHUDWXUHW VWD QAL VK HRIYAU WKUHH SRLQWV XVHG IR
EHWZHHQ . DQG . DQG RQH SRLQW IRU SUHVVXUH El

J)LQDOKH ODUJHVW PHFKDQLVPV XVHG LQ>W@LYGZRUN LV
FRQVLVWWLQ WRWDPWLRQV DQG VSHFLHV ,W FRQVLVWYV
EUDQFKHV RI L\KRISFWIMH WROXHQH GLLVREXW\OHQH DQG H
WKH PRVW Rl WKH DERYH EUDQFKHV KDYH EHHQ WDNHQ RXW
HDUOLHU LW RDVQGKKIGHH®/ KLY PHFKPRUD P H Q QV KN WV WL |
$OVR LPSRUWDQW WR WKLV VWXG\ WKLV PHFKDQLVP LQFRU
FKDLQV UHJDUGLQJ WKH SWDQRE DMRIGH/SYDD Q H WR @X HQ H
ZKLFK ZLOO EH XWLOL]JHG LQ RQH7RH \OK W H RO /KZLH ¥ AEXKWDSHV |
WKH PRGHO SUHGLFWLRQV KDYH EHHQ FRPSDUHG ZLWK VK
WLPH GDWD RYHU SUDFWLFDO UDQJHV \RK \BHE SIHWU RWOALH HIC

7 . DQG DW SUHVVXUHV Rl DERXW EDU DQG
RI 7KH PHFKDQLVP ZDV YDOLGDWHG DOVR IRU VHYHUDO
HDUOLHU

5HVXOWV FRPSDULQJ WKH FRPSUHKHQVLYH DQG UHG)
GLO®\HGLIRUHDQ@A JXUH
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JLIXUH&RPSDULVRQ RI WKHWDERYRHRMRD QLVPV IRU D FHL




OHWKRGRORJ\
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JLIXUH&RPSDULVRQ RI PHFKDQLVPVY LQ D WHPSHUDWXUH G
SUHVYVMXDW EDU HTXLYDOHQFH UDWLR RI DQG

2Q WKH DERYH ILIJXUH FRPSDULQJ WKH GHVFULEHG PHFKDQ
SDUDPHWHU FRPELQDWLRQV RQH FRXOG DOVR FRQFOXG
DXWRPDWLFDOO\ UHGXFHG PHFKSOSQRVYPGH\V3HBOR® WHHW XDW V
KLIKHU WHPSHUDWXDg®G IRU WKH WDEXODWLRQ SXUSRVHYV

PHFKDQLVP ZRXOG EH VXIILFLHQW FRPSDUHG WR WKH GHWDL

HW DO DQG $QGUDH GLVSOD\LQJ VLPLODDWVEXKBDY LIRX® LERW
WKH 17& UHJLRQ




OHWKRGRORJ\

(WKDQRO

&RQVLGHUDEOH LQWHUHVWY LQ HWKDQRO DV D IXHO H[W
DQG D QHDW IXHO KDV LQFUHDVHG GUDPDWLFDOO\ EHFC
FRQYHQWLRQDO WUDOQKISBHMDWLRXHXWDRH DPRXQW RI H
SXW LQWR GHYHO R SPPHHIDRWIRR IGD/MDKEHNROUD O SRSXODU PHFK
DUH IUHHO\ DYDLO PEHQN LIRQBKE VOFRK BESWH U

7KH PRVW SRSXODU D®HGZEGWO\GHHMKEMQARG W WKH R
GHYHORSHG ZLWKLQ WKH VDPH JURXS DV KWKV B® M DDLQOCH ¢
LVRFWDQH DQG LV \DIOMPARHIKBQUWPRI $V GHY WKLEBEWDRLOH
FKHPLFDO NLQHWLF PRGHO ZDV DV \PHFEK®HGE WPAM. GH YHOR
SUHYLRXVO\ E\ YDULRXV DXWKRUV IRU K\GURJHQ PHWI
SURSDQH R[LGDWLRQ )LQDO PHFKDQLVP FRQVLVWV RI
UHDFWLR@MOON WKH PHFKDQLVP ZDV YDOLGDWHG DQG
DQDORPRPSDUHG WR WKH H[SHULPH@NWK \HNRPDIHRIOR P
DUJRQ PL[WXUH WHPSHUDWXUH SUDHQU\HX BIGDWEDD DQG
HTXLYDOHQFH UDWLRV RI DQG $OVR DQ H[WHQ
LQYHVWLIJDWLRQ RI WKLV PHFKDQLVP ZDV SHUIRUPHG Y
XVLQJ WKH PHFKDQLVP DJDLQVW WKH H[SHULPHQWDO C
HTXLYDOB®ER UDQJHBRYLGLQJ JRRG DJUHHPHQW LQ WKH
DUHD \HW D VOLJKW XQGHU SUHGLFWLRQ ZLWK HTXLYDOF

6LQFH WKH SUHVHQWHG PHFKDQLVP DOWKRXJK D ZLG
QHZHU KDYH EHHQHIBOVIRG HFERSDGH RQ D VPDOO UDQJH RI
JLUVW R@®WHR FRPPRQO\ FLWHG GE YW RIR SHIGN B Y DGMEWAU L EH
FRQVLVWYV RI VSHFLHV DQG UHYHUVMWBOH QLMDHWDLR X
WKLV UHPHRAKIRLVP LV DQ DXJPHQWDWLRQ RI D PHFKDQI
FRPEXVWLRQ Rl K\GURJHQ FDUERQ PRQR[LGH PHWKDQH
SURSDQH SURSHQH SURS\QH ,WDDW R PISQG HGH WHONQ R &/ L
DXWRMIGRQ GHOD\V ODPLQDU EXUQLQJ YHORFLWLHV DQC




OHWKRGRORJ\

FRPEXVWLRQ V\VWHPV DW WKH WHPSHUDWXUHV DERYH
DQG HTXLYDOHQFH UDWLRV XQGHU

7KH ODVW PHFKDQLVP GHGLFDWHG WR HWKIEMRO GHVFU
WKH RQH GHYHORBH@ 7KLV PHFKDQLVP QRW OLNH WKH |
PHQWLRQHG HDUOLHU LQ WKH WH[W LV QRW GMGLEOWHG W]
SXUSRVH PHFKDQLVP DLPHG IRUXNOB ORR KEGYVRERQERDOFXOD
$OVR WKH LOQWHQWLRQ Rl WKH GHYHORSPHQW BDWKLV PHFK
WR DOORZ DQ DFFXUDWH SUHGLFWLRQ RI 12 IRUPDWLRQ LQ
WKLWRBIQLVP LV ELJJHU WKDQ WKH RWKHU WZR LQ WKLV VH
VSHFLHV DQG UHDFWLRQV

5HVXOWYV RI D KRPRJHQHRXV FRPEXVWLRQ FDVH FRPSDUI
WKHVH PHEKDQLVPV DUH 9 USHMHQ WVGIE JIXQY HLIXUHV
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J)LIXUH &RPSDULVRQ RI WKH DERYH HWKDQRO PHFKDQLVPV




OHWKRGRORJ\

J)LIXUH GLVSOD\V DOVR VLJQLILFDQW GHYLDWLRQ RI WKH
WR WKH UHVXOWV RI WKH ODULQRY DQG 6DHHBRODRWVMDO

VWLOO EHLQJ D VWDQGDUG RQH LQFOXGHG LQ PDQ\ RWK
SULPDU\ UHIHUHQFH IXHOV DQG DOVR 6D[HQD HW DO GH
JRRG DJUHHPHQW ZLWK VXIILFLHQW FRQILGHQFH RQH
PHFKDRQLAKLFK LV DOVR FRQYHQLHQW IURP WKWH FRRPLSXW D
RI YLHZ IRU WDEXODWLRQ VLQFH LW LV WKH ELJJHVW RQI
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JLIXUH&RPSDULVRQ RI PHFKDQLVPV LQ D WIHPNGHUDW X U
SUHVVXUH DW EDU HTXLYDOHQFH UDWLR RI




OHWKRGRORJ\

OHWKDQH

OHWKDQH DV D IXHO LV IRXQG LQ PDQ\ SUDFWLFDO DSSOL
HOHFWULFDOEBHH QB AW DRXHO LQ D JDV WXUELQH RU VWHDP
IRUP RI FRPSUHVVHG QDWXUDO JDV XVHG DV D YHKLFOH
HQYLURQPHQWDOO\ IULHQGO\ W& BRI FRAVQK\H V WRGV HY  ISKRHLADA
PHWKDQH DV D SRWHQWLD.Y DEKNQHEW QFRHOLQXRFDQJY 8DUWV RI
VIVWHP 7KHUH DUH PDQ\ PRUH UHDVRQV WKDW PDNH PHW
LOQWHUHVW QRW RQO\ WR WKLV VWXG\ EXW DOVR WR PDQ\ RW
FRPEXVWLRQ SURFHVV Rl PHWKDQH DV DFFXUDWH DV SRVVLE

 QYHVWLBD WERQDRVLRAWKDQH KDY K XEHHXY RDKEN ZRUN
6LQFH WIOH FE, PHFKD GUWRPED¥ O\ WKH PRVW XVHG PHFKDQLVP
PRVW Rl WKH RWKHU PHFKDQLVPV DUH XRXD® GRGOWLRHG |
LJQLWLRQ GHODRV HRRRYHBXRQ WKLV PHFKOLYLDO® RSWLPL]HG
GHWDLOHG FKHPLFDO UHDFWLRQ PHFKDQLVP FDSDEOH RI WK
JDV ORZHU K\GURFDUERQV >I@% R HYJFORYGL P 1 FHEWIPQ QV P
PHDQLQJDMK-DWHUDO UH G X FHRH © WRHRIDMW@/IPH ZDV FUHDWHG E\
DQDO\]LQJ D QXPEHU RI UHDFWLRQV IRU ORZHU K\GURI
VIVWHPDWLFDOO\ GLVFDUGHG WKH RQHV SURYHG WR KDYH
GHVLUHG FKHPLFAD® SKARSHUWLHV Rl WKH WHVWHG PL[W
H[SHULPHQWY IODPH PHDVXUHPHQWY IODPH VSHHGV LJQL
LQYHVWLIJDWLRQV DQG PHFKDQLVP UHGXFWLRQV VHQVLWLY]
RI WKH SURFHVV )LQDO PHFKDQLVSHMRRSWDWOHEY RXWHDFWLRC
WKH ODWHVW YHUVLRQ

$V PHQWLRQHG LQ WKH SUHYLRXV VHFWLRQ GHGLFDWHG
ODVW UHSRUWHG PHFKDQLVP QRW EHLQJ VWULFWO\ HWKE
LQYHVWLIJDWLRQ RI D VPDOWLR\@G HARWIYER QUARRERPW O\ UHSR
IRU D FDVH RI PHWKD®OH@ERREXVEXNWRQ@LQJ YHORFLWLHV RI |
HQULFKHG FRPEXVWLRQ Rl PHWKDQH KDYH EHHQ LQYHVWL.
DFKLHYRZHUOL2[ HPLVVLRQV EDVHG RQ H[SHULPHQWDO GDW




OHWKRGRORJ\

PHFKDQLVP DXWKRUV 7KLV PHFKDQLVP KDV EHHQ YDOLC
IRU R[LGDWLRQ LJQLWLRQ DQG IODPH VWUXFWXUH RI
IRUPDOGHK\GH PHWKDQR GBS URSWIQBIQ B QWAKDRIHH R1 WKHLU
UHSRUWHG LQ>W®H VRXUFH

$OVR RWKHU PHWKDQH PHFKDQLVPV KDYH EHHQ UHS
PHFKDQBVR® ZLWK VSHFLHV DQG LUUHYHUVLEOH
FRPSDUDEOH WR WKH *5WRHPKDRUYBVLQHSRUWHG LQ V
DFFRPSDQ\LQJ OL\@MWKPWRKBEQLVP DOVR DFFREQWNRIRU \
NLQHWLFV RI K\GURJHQ FDUERQ PRQR[LGH HWKDQH
KRPRJHQHRXV LJQLWLRQ V\WWHPV LQ D ZLGH FRQFHQWU
KDYH EHHQ WHVWHG DJDLQVW D YDULHW\ RI H[SHULPHQW
YHORFLWLHVIODPRLY®HFLHY SURILOHV DI&E PHFIKDICRY G H
LVQIW XQOLNH PDQ\ RWKHUV QRW PHQWLRQHG KHUH EI
ZDV IXOO\ EDVHG RQ JDV NLQHWLFV PHDVXUHPHQWYV *E
EHIRUH ZDV UHGXFHG DXWRPW WU FPWRI\UBPDZEWK D UDWH
WXQHG WR D EXON H[SHULPHQWDO GDWD PDLQWDLQHG
OLPLWV 7KH /HHGV PHFKDQLVP ZDV GHYHORSHG ZLWKF
WKHUPRG\QDPLF SURSHUWLHVY RU UDWH FRBRQGFIZHQWYV
GRFXPHQWHG YDOXHV IRU D EHWWHU XQGHUVWDQGLQJ R
WWKH $SSHQGL[ RRWBHGHWDLOHG GHVFULSWLRQ RI PDLQ

)LQDO PHFKDQLVP UHDW LVOKHD RRHOBEH®HORSH& DW Wi
DQG HYHQ WKRXJK LW LV QRW YHU\ ZHOO GRFXPHQWHG E\
RWKHUV DV D EDVH IRU WKH GHYHGRESPHRIQRN PR UHVFRIPS
EH QRWHG WKDW WKH PHFKDQLVP LV ORRVHO\ EDVHG RQ
VRPH Rl WKH UHDFWLRQ SDWKV KDYH EHHQ WDNHQ DQG P
RWKHUV )JLQDO PHFKDQVYSHAFARQYVLHPBVF \RLRQV

2Q WKH IROIOIKUHMXUH DQBLIXUH FRPSDULVRQ RI WK
DERYH PHQWLRQHG PHFKDQLVPV LV SUHVHQWHG
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J)LIXUH &RPSDULVRQ RI WKH DERYH PHWKDQH PHFKDQLVPV

JLIXUH EHORZ FRPSDUHV DV IRU DOO WKH SUHYLRXV IXHO
LQYHVWLIJDWHG PHFKDQLVPNHP WHUDPVXRHLGEBWQRBB QFH ,Q V
WKH GHFLVLRQ LV IQRWHWRHF&BOUYP LV FRPSDUDEOH WR WK
FDQ JHW WKH YDOXHV DOVR IRU ORZHU WHPSHUDWXUHV FR
GLVSXWDEOH ZKHQ REVHU ®“HIW WEKSROHOWR D LPDKH YDOXHV RE
*5 RQH ZRXOG JHW WKH YDOXH KLWKWHHDWRDQYXVDEGKLBR\EZD\
WHUPV RI IDVW FRPEXVWLRQ DSSOLFDWLRQV $OVR LW VKR
WKDW WKH PHFKDQLVP DUH YDOLGDWHG DJDLQVW WKH KLJK
HW DO DQG *5, SURYLGISLQERLOQUKH YB O XNOAV WE BIDS WIHZG
PHFKDQLVP IRU ORZHU K\GURFDUERQ FRPEXVWLRQ LW ZDV
FUHDWLQJ WKH DXWRLJQLWLRQ WDEOHV
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JLIXUH &RPSDULVRQ RI PHFKDQLVPV LQ D WHPSHUDWXU
SUHVMXDW EDU HTXLYDOHQFH UDWLR RI DQG
IO(

J)LQDO IXHO RI LQWHHKW KWL \Z IGLLFPKH WK\WKH VLPSOHVW K\C
PROHFXOH WKDW H[KLEWWYH WD % WHIRWNYERR® PRUH UHFH
SXEOLFDWLRQV SUHVHQW LQNWHKWOQQD\O IBRPEBQWYRHKLFOH
UXQQLQJ RQ SXUH '0( PDNLQJ WKLV IXHO DQG WKLV PHFKI
WR/ KLV VWXG\ (YHQ PRUH VR LI WKH PHQWLRQHG UHVXC
'0( LV D SURPLVLQJ GLHVHO IXHO UHGD LPHPLHIIWS B RW K G &
SDUWLFXODWH HPLVVLRQV DQG NHHSLQJ WKH 12[ HPLVVLF
UHJXODU GLVHVHO IXHO XQGHU WKH VBP®HQJLQH RSHUD!




OHWKRGRORJ\

7KHHFKDQLVP GHVFUVEHSYKBBBHD E\ WKH VDPH JURXS E
GHWDLOHG PHFKBEBWDRQRRMERH DQG HWKDQRO 7KH PHFKD
GHYHOBBHBUHQFLQJ CHWBXIRWGOHDQ D QGDWG K DODWDMBDE H \
XQGHU VKRFN WXEH FRQIRSHURIWX DAW OFEY WK IDHV S
WHPSHUDWXUH UDQJH RI W R . SUHVVXUHV RI DQG
UDWLR RBQGHU VKRFN WXEH FRQGLWLRQV DW KLJK WHPSHU
ZDV YDOLGDWHG RYHU D WHPSHUDWXUH UDQJH RI W R
DQBTXLYDOHQFH UDWLRV RI DQG 7KH DJUHHPHQW I
DQG WKH H[SHW LPHSRNWIHEQ MURD @ BD ORR G- R P S PLUUKG HL Q

7KH PHFKDQLWPRPWY BDWING IURP WKH SHUVSHFWLYH RI1
DOUHDG\ PHQWLRQHGEXPHFKDWLWWVYOO ZLGHO\ XVHG LQ D
DSSOLFDWLRQV DQG GXULQGLWKEXOWNXYWR RBWRDY DQRWK
PHFKDQLVP IRU FRRSWURNR®H UHSRUWHG PHFKDQLVPV DUH
WKLV RQH DQG LQ PRVW FDVHV UHGXFHG DQG YDRRGDWHG D
WKH RQH XVHG LQ WKLV ZRUN EXW QRQH LV IUHHO\ DYDLODE

JLIXUH GLVSOD\V WKH EHKDYLRXU RI WKH PHFKDQL
H[SHULPHQWDO GDWD DV UHSR@WHG LQ WKH OLWHUDWXUH

J)LIXUH &RPSDULVRQ RI WKH '0( PHFKDQLMWVPOBDYXIOQVW H[SHU




OHWKRGRORJ\

TDEXODWLRQ

*HQHUDO 2YHUYLHZ

$V WKH PDLQ WRSLF RI WKLV ZRUN DQ HIILFLHQW ZD\
SKHQRPHQD LQWRP®XWDWLRQDO IOXLG G\PRGHEBV FDOF
LQYHVWLIJDWHG HVSHFLD QQAPBHUDWXIWUH IWRHWRARD SDW
VROYHU RI FKRX\WHORLPHGE INKH EMDEXIODWRG SBTHVD LPSOHP
DQ®KH VDPH DSSURDFK ZDV FRQWL@ XEGRLQ/ VOKIHV W IRH N
VROYHU ZDV RI D FRPPHUFLDOPHWSR G RGRIJ LR \EW DFEIL (
FRQVLGHUHG
7DEXODWLRQ SURFHGXUH FDQ EH UHJDUGHG DV D WKUH
SUBURFHVVLQJ
FDOFXODWLRQYV
SRWOWWRFHVVLQJ

(DFK RI WKH PHQWLRQHG VWHSV ZLOO EH VKRUWO\ GHVFU

SUBURFHVVLQJ

7K SGYRFHVWUMNX¥MOO\ LWRAXSBHYSDUDWLRQ IRU WKH FC
WHUPV RI GHWHUPLQLQJ WKH QHHGHG UDQJHV IRU LQI
DSSURSULDWH PHFKDQLVP DQG VHWWLQJ$¥SVWRHEQ-DQFX
WKH SUHYLRXV FKDSWHU R QHRKDK/HINOR RA DANKHR VXHU HD SASKULR/S
PHFKDQLDPMWMDLODEOH DQG WR VHW XS DMKIHAEQUWLDO SR
RQHV VSHFLILHG LQ WKH PHFKDQLVPV DFFRPSDQ\LQJ OL)
DUH DYDLODEOH DV VKRZQ HDUOLHU IRU VRPH IXHOV
XQGRXEWHGQNHG IRU D FRPSURPLVH EHWZHHQ WKH VSHH
WKH FRRBOH{YXDMPOYHO\ UHDPAXKHWG FWRRI WKH PHFKDQLV
FDOFXODWLRQ DSSOLFDWLRQ XVHG LQ WKH WDEXODWLRGQ




OHWKRGRORJ\

VKHOO VFULSW FDQ DOVR EH XVHG WR FDOFXODWH D VLQJC
GUDZQ LQNWAHDOQVR MOAMRPSDULVRQ DQG VXE®HRFXWCRQO\ WK
VWUDLJKWIRUZDUG

,Q PRVW FDVHV VLQFH WKH OLPLWHG DPRXQW RI H[SHUI
PHFKDQLVP GHYHORSHUV WKH LQLWLDO SDUDPHWHU UDQJt
ZKLFK WKH YDOLGDWLRUPHED YH \HKHY SIMMHRPRUH FDOFXODW
SDUDPHWHUV RXWVLGH WKH SUHVFULEHG EWWKHQILWKWD W X
LI WKH QHHGHG UDQJH H[WHQVLRQ LV YDOLG RQH QHHGV
FRQWLQXHG IURP WKH YDOLQ $RPBPFDWVHY ULRZMYHU WKH
WUDFNLQJ LV QRW VR VWUDLJKWIRUZDUG ZKLFK FRXOG EH \
RI WKH PHFKDQLVPV EXW DOVR ODWHU LQ WKH WDEXODW|]
FKHPLVWU\ LQFOXGHYV PDQ\ LQWHUPHG I WHKHSEHRRPHROU WRK [
WKH UHVXOWV FRPSDUHG WR WKH HJ LQLWLDO WHPSHUDYV
ZRUN D KHDY\ DVVXPSWLRQ KDV EHHQ PDGH UHJDUGLQJ W
DPRXOQWVRRIHDFWHRRDQLVP UHODWHG OLWHUDWXUH PDNLQJ
WHEHKDYLRXU GHSHQGLQURGXRWVRBREHG LQWR WKH LQLWI
ZDV WDNHQ WKDW WKH VSHFLHV LQWURGXFHG DV D SDUW |
UHVXOWY LQ WHUPV Rl ORQJHU LJQLWLRQ WLPHV DQG ORZHL
VSHELHW VXQHKVURJHQ

&DOFXODWLRQV

7DEXODWLRQ LWVHOI ERWK IRU FDOFXODWLRQ RI SDUDPHW
ODPLQDU EXUQLQJ YBSRELMADGHREMVEMGOZHUWWHQ LQ

SURJUDPPLQJ ODQJXDJH )2575%1 6LQFH VXFK DSSOLFDWL
FRPDQGLQH DUJXPHQWY DQG WKH QXPEHU RI DUJXPHQWYV
PHQWLRQHG XVHU RULHQWHG DSSOLFDWLRQ WKH LQLWLDO
E\ XVLQJ DQ $6&,, ILOH LQWHUSUHWHG E\ WKH DSSOLFDWLR
YHORFLW\LRDROBPSSODWFDWLRQ ZDV ZULWWHQ EHIRUH WKH R




OHWKRGRORJ\

LJQLWLRQ WDEXODWLRQ LWV IRUPDW ZDV XVHG DOVR LQ
FROQWOKGVSDUDPHWHUV XVHG DV D LQLWLDO DQG RU ERXC
X PL[WXUH SUHVVXUH
X PL[WXWHPSHUDWXUH
Xx HTXLYDOHQFH UDWLR
X DPRXQWHVILGR®POVV IUDFVBLBEILQHBDBY IUDRWLRQV
SURGXFW IV@®HFL H® L ]W\DDWDH

,QLWLDO FRPSRVLWLRQ LV FDOFXODWHG IURP HTXLYDO
IROORBI®DWLRQV )RU VLPSOLFLW\ WKH FRQWHQW RI Wt
FRPSOHWH VWRLFKLRPHWULF FRPEXVWLRQ FDVH DQG DV
R[LGL]JHU PREWRUGIDQ &M RQHGHUDQLM/ LRQ RI HTXLYDOHQEFH
(*5 FRPHV IURPVWRHHQHUDO R[LGDWLRQ UHDFWLRQ

( EJE 16 EJ(; 06\ JA.E*61 EJ%E%a-EJE 16 EJ%EO/O].EJ(; 06a

,Q WKH DERYH WHIORWHRQVKH IXHO VSHFLHV RU EOHQG R
ZKLFK FDQ EH LQ JROQHKUDEWRRDBERQ IXHOV2, ZULKVWHQ
TXDQWLWLHYV RI UHDFWLQJ VSHFLH \QD\QXE \&ENRIEBGRMM. QLU H
WKH VSHFLHV :KHQ UHJDUGLQJ WKH FRPEXVWLRQ V\VWE
FDOFXODWLRQ RI WKH SURGXFWV IHZ DVVXPSWLRQV KDYH
X ZKHQ WKH UMDEXWLKLWY OHDQ WKHUH LV QR FRQVXPSV
x LI WKH UHDFWLRQ PL[WXUH LV ULFK WKHUH LV QR R\
DQG WKH H[FHVV FDUERQ DSSHDUV DV DGGLWLRQDO
XQEXUQW IXHO DSSHDUV LQ SURGXFWV

, | ROHXPMWKH UHDFWLRQ RI PROH RI IXHO WKH DFFRU
GHSHQGDQW RQ WKH HTXLYDOHQFH UDWLR FDQ EH FDOFX

1 L'IELF\
ecil \ t
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$V GLVFXVVHWHQLRHKNWW YDIOXGFGHQRWH WKH QXPEHU R
DWRPV LQ WKH IXHO VSHFLHV RI FDUERQ K\GURJHQ DC
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7KH SURGXFW BHQMMWRQEGWKH HTXLYDOHQFH UDWLR DQG LV |
WR WKH DVVXPSWLRQV SURYLGHG HDUOLHU XVLQJ WKH IROO|
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ZKLFKLQDSORYLGHV WKH FRP SRA\RIGMBERAF LRHIVWAMHG WR FDO
LQLWLDO FRPSRVLWLRQ RI W HKH VILGREHOND CRAX OIKW HFKD YN R |

| saaxe

)4 FL

l'ye Elasuxc El agaxe

7KH DERYH HTXDWLRQ LV XVHG WR FDOFXODWH WKH DPF
SURGXFW PL[WXUH DSSRVHG WR WKH (*5 DQG WKH IXHO |
PDQLSXODWLRQ RI WKH HTXDWLRQ

1 ) 4
| saaxe L H ye E aeUxl(TEy 7

)LQDOO\ WKH FDOFXODWHG PD VMW RNEEN U IFBEOOW M3 & FSRIGR]
FRQVWLWXWLQJ VSHFLHV ZKLFK DUH DXJPHQWHG WR WK
ILQDOL]LQJ WKH FDOFXODWLRQ RI WKH LQLWLDO FRPSRVL
VDNH RI HDVLHU WUDFNLQJ RI WKH VSHFGHFEHWXUWHH FRRBHF
FRPEXVWLRQ FDOFXODWLRQ LV LQLWLDWHG

7THFKQLFDO $VSHFWYV

$V DQ LPSRUWDQWWIDIHWRR WWKLWDEXODWLRQ SURFHVV V
ZLOO EH VKRUWO\ SUHVHQWHG KHUH 6LQFH WKH WDEXOTC
RI FDOFXOQDWKRHW WKDQ KDYLQJ HQWLUH ORRS UDQ IUR
DSSOLFDWLRQ VWORKR RPEDRIPHQWHG LW ZDV VKRZQ WKI
WHUPV RI FDOFXODWLRQ PRQZIBDARWIQH DRBURB KK RU F UG
RXWVLGH WDEXODWIRQRYRRESHVFDOEWOD W L RB SAHRXFIQ F H
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ZDV ILUVW XVHG IRU DXWRLJQLWLRQ WDEXODWLRQ ZKLFK
VWDEERWWSURYLGHG D VLPSOH zZD\ Rl WUDFNLQJ WKH SURJU
DOVR D VLPSOH ZD\ WR UHRWBVUW IWRHA IMDEKIOD WKRIQORIRS V F|

,Q WKH FDVH Rl ODPLQDU IODPH YHORFLW\ FDOFXODWLR
FRPSOH[ SUREOHP GHILQLWLRQ DQG GLIIHUHQWLDO HTXDWL
GLIILEXONMWWYQJ WR D FRQYHUJHG VRORSLRROXOWKHBHFDOF
WHUPLQDWHG LI WKH VROXWLRQ RI D FHUWDLQ FDVH FRXOG
SDUDPHWHUV 7KLV SURYHG WR EH WKH PDLQ GUDZEDFN RI
DQG PDGH WKH DSSURDFK RI XVLQJ WKH REWYHDBNVQRRSLQJ
D VROXWLRQ 7KLV ZD\ HYHWHUPLQWD \WHEGFX\XHWIIDR@ XUH QRYV
EH ZULWWHQ LQ WKH UHVXOW VWDWXV ILOH EXW WKH ORRS
DUFDOFXODWHG VXFFHVVIXOO\ RU QRW DSGRWEWVDQDO\VL
VWHS FRXOG EH SHUIRUPHG WR GHWHUPLQH WKH EHVW ZD\
UHVXBWNQIKLY ZRUN WKUHH DSSURDFKHV ZHUH XVHG WR Gt
PLVVLQJ GDWD

JLUVW DSSURDFK ZRXOG EH D WULYLDO RQH LI WKH F
PHFKDQLVP RQH VKRXOG WU\ WR UHEXLOG WKH GDWDEDVH :
FDVH PRUH HODERUDWH LQYHVWLJDWLRQ DQG FRPSDULVRQ
SHUIRUPH@KBPQG-DOFXODWLQJ WKH ODPLQDU IODPH YHORFI
VKRXOGHHRUPHG EHIRUH WKH WDEXODWLRQ ZLWK WKH P
VHOHBWHRERG WHVWLQJ SURFHGXUH ZRXOG LQFOXGH FDOFXOI
RI ORZHU WHPSHUDWXUH ORZHU SUHVVXUH DQG ERUGHUOL
ULFK RU OHDQ PL[WXUHV

6HFRRS DSSURDFK FDQ EH XVHG LQ WKH FDVH RI WKH OI
WDEXODWLRQ IDLOHG FDOFXODWLRQ 6LQFH WKH 35(0,; F
SDUDPHWHUV WR EH FKDQJHG EHVLGHV WKH RQHV QHHGHG I}
DQG FKHPLFDO SUR S®® WHWVD FEQK VFHRXIJHG VROXWLRQ DOVR '
WKH SDUDPHWHUV VXFK DV WKH JHRPHWULFDO LQIRUPDWLF
GLVFUHWL]DWLRQ SRLQWV WKH LQLWLDO SRVLWLRQ RI W
SDUDPHWHUV DEVROXWH DQG WHWBWRYGDWRR B URIQWHW IR




OHWKRGRORJ\

LWHUDWLRQ QXPEHU RI LWHUDWLRQV DOORZHG LQ WKH
7KH QXPEHU Rl DGGLWLRQDO SDUDPHWHUV WR EH WHPSH
RI RQHV H[SHULHQFH GHDOLQJ ZLWK W¥R B H3WMISGLU RIQW K.
RQ WKHHFKQLFDO DVSHFWYV

)LQDO DSSURDFK DOVR XVHG DQG GHYHORSHG GXU
PDWKHPDWLFDO DQDO\VLV RI WKH HQWLUH GDWD DQG U
VRPH RI WKH PHWKRGV GHVFULEHG LRDWKHG&HMQRID S\N M.
DGGLWLRQDO FRPSXWDWLRQ DQG FDQ SURYLGH UHODWL
WR WKH RYHUDOO WUHQGV Rl WKH FDOFXODWHG YDOXHV
JLYLQJ DOVR PRUH GHWDLOHG LQVLJKWWRHGWKMHOGH ¥ HRXEG M
LQLWLDO SDUDPHWHUV 7KH UHVXOW RI WKLV VWDJH 2z
DOJRULWKPV DQG FRUUHODWLRDROR@IF W LR®V UHKKSIDAKI LFPJIG
FUHDWHG GDWBEXWUMKHU WDEXODWLRQ QHHG OHVV SRLQ!'
8MLQJ WKH RXWHU ORRS VFULSW LQ WKH FXUUHQW YHUVLI
QRW RQO\ LQ VHTXHQWLDO PRGH EXW D PRUH JHQHUDO |
DGGLWLRQDO UHSHDWHG FDOFXODWLRQV ZLWK D VFDWWH

5HSDLU $IOWRBV

,Q VRPH FDVHV HVSHFLDOO\ UHJDUGLQJ ODPLQDU IODP
FDOFXODWLRQV RI D WDEXODWLRQ SURFHGXUH FRQYHUJL
WKH HQG D U HRX\OM PD WRIRGDRIDW KHULQJ WKLV ZRUN DV H
SUHYLRXV FKDSWHU VXFK FDVHV KDYH EHHQ GHDOW ZLW
FKDSWHU ZLOO GHVFULEH WKH PHWKRGRORJLHV XVHG
PDWKHPDWLFDO DQDO\VLV RI WKH H[LVWLQJ GDWD WR
VSHQGLQJ PRUHQVULPHSHO@QMIG FDOFXODWLRQV YDU\LQJ W
QXPHULFDO DOJRULWKPV LQ WKH FDOFXODWLRQ DSSOLFD
5HSDLU DOJRULWKPV GLVFXVVHG LQ WKLV FKDSWHU XV
ZKLFK LV WR HQVXUH WKH FRUUHFW UHSUHVEQWDWLF
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LQYHVWLIJDWLQJ WKH UHVXOW GHSHQGHQFH RQ HDFK RI W
,QLWLDOO\ VHYHUDO PHWKRGV KDYH EHS$RQUWUMRREV XOQ® J
DSSOLFDWLRQV EXW ILQDOO\ WKH VLPSOH DSSURDFK ZDV
VDWLVI\L@QW W HV X

7ZR W\SHV Rl DSSURDFKHV ZHUH FRQVLGHUHG )LUVW DS
FRQFOXVLRQV IURP WKH DYDLODEOH FDOFXODWHG GDWD DQ
WR UHSUHVHQW REVHUYHG EHKDYLRXUDO UXOHV ZLWK D L
HTXDWLROQRYDIDM ®DUJH SDUDPHWHU UHJLRQ DV SRVVLEOH ¢
FDVH Rl OHDVW VTXDUH PHWKRG WR ILQG WKH SDUDPHWHUV
IXQFWLRQ RU D VLPSOH PDWKHPDWLFDO DVVXPSWLRQ RQ W}
RI WKH YDOXHVOBHRUWQIMPEBH D VHW RI UHVXOWV PLVVLQJ
SRLQWV LV VKRZQ FDVH RI PLVVLQJ ODPLQDU IODPH YHORFL
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J)LIXUH6DPSOH VHRVWVOWY UHWK PLVVLQJ GDWD

$Q DVVXPSWLRQ GUNBE@MURKPLAMKKKDYH DOO WKH SRLQW

GHSHQGHQFH RI

WKH UHYV

XOW RQ RQH RI WKH SDUDPF

HISRQHQWLDO LQ WKH IRUP RI

LL#.>f
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7KH SDUDPHWHUV LQ WKH DERYH IXQFWLRDRHDYVMW MMUJLYLDO
SRLQWYV

#LL IRUO,Lr

c

Le
N

Te

gL

8VXDOO\ KLJKHU (*5 SRLQWYV DUH PRUH GLIILFXOW WR R
LYV DYDLODEOH LQ PRVW FDVHV I WKH (*5 SRLQW LV QR
YDOXHV DUH DJDLQ HDVLO\ REWDLQHG DV

# L LE/?»é_

| VXBKIJXOPDQWRW EH REVHUYHG RIHZRXQGGEVRYHGBQF\
WKH UHVXOWV LQ WHUPV Rl QRW IROORZL@GHWHKECMQWE GV Z|
RQ VRPH RWKHU SDUDPHWHU RWKHU DSSURDFK FRXOG EH .
SUHGHILQHG WUHQG DQG GRHV QRW WU\ WR XVH D VLQJC
GHVFULEH WKH HQWLUH FXUYH EXW VLPSO\ WWR.GROVDRZ WKH |
SRLQWKH DOJRULWKP FRXOG EH VLPSO\ UHSUHVHQWHG LQ |
SUHGHILQH DQ DVFHQGLQJ WUHQG

VWDUW ZLWK WKH ILUVW DYDLODEO[M SSRRIQQW [CL@G WKUR F

SUHVFULEHG GLUHFWLRQ

VHDUFK IRU QRW DI\DV. CAIREQOMHW K WHMH SRLQWYV FRQIRUPL

WUHQG
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LI D JURXS Rl WKUHH SRLQWV KDYH EHHQ IRXQG JR
DQG FKHFN HDFK Rl WKH SRLQWV DDDLWKW SWEHV &bl PD
WUHQG

LI WKH WUHQG LV QRW EHLQJ IROORZHG FRUUHFW W
YDOXH IURP WKH WKUHH ODVW 3JRRG’~ SRLQWV XVLQJ
HTXDWLRQ RU

VHDURK WKH ILUVW SRLQW IROORZLQJ WKH WUHQG D!
YDOXHV HLWKHU E\ LQWHUSRODWLRQ IURP WKH 3JRRC
W—T;H—[WUDSRODWLRQ IURP VWHS DQG LQWHUSRODWLR
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J)LIXUH &RPSDULVRQ RI VHYHUDO DYDLODEOH VPRRW

$V VKRZQJIXUH DYDLODEOH VPRRWKLQJ URXQVQWHY Zt
VDPSOH GDWD ZLWK WZR PLVVLQJ SRLQWYV H J GHSHQGH
UHVLGXDO FRQWHQWY ,Q WKLV FDVH LW ZDV VKRZQ W
GHJUHHV Rl LPSOHPHQWEBWLSRQ$W PREWIKFK UHOLHV RQ X
D PRYLQJ DYHUDJH ILOWHUSDQW\ DO ¥/ ®®® WL QWK EMBRR WK
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EDVHG RQ D SHQDOL]HG O D@WQVIKQH BN OP HWHARBED Y $HU R D F K
PDQDJHG SURYLGLQJ D VPRRWK VXUIDFH LQ VRPH FDVHYV
PDLQWDLQ WKH FXUYH WUHQG $OVR LQHYLWDEO\ D YDOL
ZKLFK LV KLJKO\ XQGHVLUDEOH LQ WKLV FDVH 7KH SURSRVF}
RI DVHV SURYLGHG EHVW UHVXOWV VLPSO\ DOWHULQJ WK
SUHVFULEHG WUHQGY 7KH PHWKRGRORJ\ KRZHYHU LV QRW
LJQLWLRQ WDEXODWLRQ ZKHUH RQH KDV D IDLUO\ JRRG LGHEL
,Q VRPH PXWPHEWU RI 3JRRG"~ GDWD LV WRR VFDUFH EXW LQ W
DQG ODPLQDU IODPH YHORFLW\ WDEXODWLRQ WKHUH DUH |
DQG XVXDOO\ D JRRG FRPELQDWLRQ FDQ EH IRXQG WR KDY
FRUUHFWLQJ WKHMHWHPIWLUH] UHO/AKR WKLV W\BBJRUIGDKWPDED V't
KHDYLO\ GHSHQGV RQ RQDVRHRG HIUQWIQIKMW DRIGG WKH ILQDO L
GDWDBOOHFH WKHUH ZLOO EH FDVHV RI QRW VR VWUDLJKWI
UHVXOWLQJ YDOXH RQ UWW.IOMWWBERQDPHWHU

2Q WKH RWKHMUWKHKDIDERYH PHWKRGRORJR DWIORY W RO VR
FRPELWKH DSSURDFKHV DR UG HBIBPOMCHKUH WKH KDOI RI
WKH GDWD LQ VSHFLILF FDVH LV PLVVLQJ 2QH XVXDOO\ KDV
WKH VKDSH RI WKH FXUYH ORRN OLNH EXW LQ WHUPV RI UH
PRUH WDOHNH WKH GLVSOD\HG RQH LW VKRXOG EH GRQH LC
UHTXOHWMVHU KRRWBQYHQWLRQ 7KH DSSURDFK WR FRUUHFW
ZDV WR FRP PHYWKRIGHLQJ D FRUUHODWLRQ IXQFWLRQ IRU D
DQG WKH VHFRQBSROBWURHIW® WKH GLVSOD\HG GDWD 7KH
XVHG LQ WKLV FDVH ZDV WHPSHUDWXUH ZKLFK ZDV UHSO
H[SRQHQWLDO IXQFWLRQ RI WKH W\SH GHVFULEHG E\
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J)LIXUH6DPSOH VHW RI UHVXOWYVY ZLWK PLVVLQJ PF
DOVR HWKDQRO EXW WKH FDVH ZLWK HTXLYDOI

7KH SUREOHP RI XVLQJ RQO\ RQH SDUDPBWH IF DRUQURIZS D
EH REVHUYHG 7KH FRUUHODWLRQ IXQFWLRQ SURYLGHYV
GDWD ORRNLQJ DW WKH WHPSHUDWXUH FXUYH EXW WKH
DQG PDSSHG WR D GLIIHUHQW SDUDPHWHU FXUYH LQ EF
UHVX¥®WHYHU VLQFH WKH WHPSHUDWXUH H[WUDSRODWHC
RI WKH FXUYH WKH GDWD LV QRW WR EH GLVUHJDUGHG 2
RUGHU H[WUDSRODWLRQ DSSURDFK LV YDOLG LI WKHU
PD[LPXP PLQLPXP GRWWKHKH UHDVRQ IRU WKLV LV WKD\
IROORZV RQO\ WKH WUHQG SURYLGHG E\ WKH H[LVWLQJ
QRW FRYHU DOQRSKAKHPORMORHQFHG GHYLDWLRQV LQ WK
D 17& LQ WHSIWPRMEXVWLRQ RU DV LQ WKLV FDVH IODPH
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RQ HTXLYDOHG@EKH UDQNMIIR DSSURDFK RI FRPELQLQJ WKH WZF
ZRXOG EH HI[SHFWHG WR HQVXUH WZR VLJQLILFDQW VXEMHFW
UHVSHFWLQJ WKH H[SHFWHG WUHQG
UHVSHFWLQJ WKH TXDQWLWLHYV

,Q WKHK®W RI WKH SUHVHQWHG FDVH RQH DUJXHV WKDW W
IXQFWLRQ SURYLGHV WKH RYHUDOO H[SHFWHG WUHQG RI WI
PLQLPXP DQG PD[LPXP DW WKH ULJKW SODFHV EXW DOVR
YDOXHV RI WKH @WWBU 2dkD QY@ &HVHFRQG RUGHU H[WUDSRODW
HDUOLHU GRHV QRW IROORZ WKH WUHQG HQWLUHO\ VLQFH
WKH ORFDO PLQLPXP EXW VLQFH WKH YDOXHV DUH FDOFXO
RYHUDOO TXDQWLWLHVKHUH VDOV WMROKWRRQ WR WKLV PDWW
FRPELQH WKH WZARWHVXEG® VWHR DWW BMIKGH PLQDO SRLQWYV UHVSH
ERWK UHTXLUHPHQWY RI WKH WZR DSSURDFKHV 7KH LQWH!
LPSURYHG E\ XVLQJ D ZHLJISWDNVRNHLWKHOQWRQWIHFRFH RI
DS SURID/FK

&RUUHODWLRQ )XQFWLRQV

%DVLF XVH Rl WKH FRUUHODWLRQ IXQFWLRQV KDV EHHQ DO
FKDSWHU RQ GDWD UHSDLULQJ WHFKQLTXHV +RZHYHU LQ VI
FDQ EH XVHNGFWFRE I WKH EHKDYLRXU RI WKH GDWD DJDLQVW |
WKH WDEXODWLROWPMIMXN\O DWPRPVQJ WKH QHHG RI D FHUWI
EHLQJ ORRSHG WRVBREDKVDIILFDQWO\ UHGXFLQJ WKH DI
FDOFXODWLRQV DQG WWMHKHIHHIGHG GDRVBEBYH $OVR LI WKE
DOUHDG\ EHHQ FDOFXODWHG WKH FRUUHODWLRQ IXQFWLRQ
WKH PLVVLQJ SRLQWV

,Q WKLV ZRUN WZR RARBWHRMWLRQYEBHERHRQHQYHVWLJ
DOUHDG\ ERWZQRW YDER®LRH WRKRSH RI WKHDSDG VKHHW HU YL
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RWKIBWHQWLDOO\ YHU\ XVHIXO IRU WKH WDEXODWLRC
LQWURGXFH@SHVFULEHY WKH EHKDYLRXU RI ODPLQDU EX
FKDQJLQJ WKH FRMIRVLWLWQDR PL[WXUH 7KH GDWD DU
FRUUHODX\QRWLRORU RIFWVRDQH DLU SUHPL[HGYIFRRBDIVWL
HTXLYDOHQFH UDWLR

C L C |_E |_L
</ v 64 [ |.4 [

ZKHBHGHQRWHY WKH JHQHUDO OD By QW W E K UDR PLIQDHO RX¥ U
YHORFLW\ DW VWDRGDQG SWHP\BQUIHRWX WDHGHILQHG HTXLYC
UDWLR GHVFULEHG DV

EsLrurl (Frwvl 7 Fetst

QG WKH SDUDPE®WOWR DV GHVFULEHG LQ WKH OLWHI
HTXLYDOHQFH UDWLR $OVR VRPH DXWKRUV H[WHQG WKH
RI WKH FRPEXVWLRQ PRGHOV ILW IRU LQWHUQDO FRPE}
LQFOXGLQJ WKH WXUEXOHQ RS PHOWW ¥§LRE H OMDKIH &ZHRYUHNOL !
WKH WDEXODWLRQ RI WKH GDWD LQ WKH VWULFW ODF
WXUEXOHQFH LV KDQGOHG E\ D &)' VROYHU WKLV WRSLF
> @

2Q WRKWKHU KDQG WKH FRUU HGNW G RPHMF R D W LLRYQV HRUH V W L
LQ WHUPV RI WKH LQYHVWLJDWLRQV SHUIRUPHG LQ W
FRUUHODWLRQ IX@BWLRDZA\LWWHQ DV

s LEfisFtelya;

ZKHUH SMKHPDLQV WKH YDOXH Rl ODPLQDU EXUQLQJ YHORT
LQWURGXFHQ@,:¢T™Y D PDVV IUDFWLRQ LQ WKH LQLWLDC
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FRPSRVLWLRBHUWSUHVHQWLQJ WKH ODPLQDU EXUQLQJ YHO
WHPSHUDWXUH SUHVVXUH DQG HTXLYDOHQFH UDWLR YDO:
PLIWXUH 7KLV FRUUHODWLRQ IXQFWLRQ LV YHMLGXDIXO WR
JDV UHFLUFXODWLRQ LQ WKH SUREOHP ZLWKRXW WKH QHHG
WDEXODWLRQ ERBBXKOOWLRORYHG WR EH GLVUXSWLQJ IDFW
FDOFXODWLRTKN WDEQOGWDZEDFN Rl WKH DERYH HTXDWLRQ |
HTXDWLRQ KWYHQJ D IL[HE, RPRXQMLARA WKH FDOFXODWHG
EXUQLQJ YHORFLW\ BRERPHY HY® IRU KLIKHU YDOXHV EHF
QHJDWLYH ,Q WKLV UHVSHFW DQ DOWHUQDWLYH FRUUHO
RYHUFRPH WKH LVVUXEHXRQLODPYBDORFLW\ EHFRPLQJ QHJDWLY
KLIJIKHU YDOXHV WKDQ (*5 DQ H[SRQHQWLDO IXQFWLRQ :
DFFRUGLQJ WR D VHW RI H[LVWLQJ GDWD )LQDO FRUUHODWL

By L Efs7°00 A

SURYLGLQJ D VRXQG HVWLPDWH FRPSDUHG WR WKH GDWD
DSSOLFDWLRQ DQG DOVR WR RWKHU >F RGVHOKRZIR DY WRXHD G
JLIXUH ,W VKRXOG EH QRWHG WKDW WKH DERYH FRUUHODW
ILW WKH GDWD F K6 5X\VDIMWHBEMRLQER 10D P HQ V 2K\DKYHHU BN H Q
WHVWHG WR VRPH H[WHQW DQG IRXQG WR FRQIRUP WR WKH
VOLJKWO\ ARSRQHHGVLD® FRQVWDQW
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J)LIXUH &RPSDULVRQ RI VHYHUDO FRUUHODWLRQ I:
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7KH SDUDPPHWOXHV IRU VHYH UD Ol XOHRAH B DKQ GEUHR BPEXOER QL Q

7DEOH([SRQHQWLDO $IRUDPRWUHHODW LR QI RURF O\ AR
LQWHUHVW

(WKEC
1 +HSW
OHWK
,V RFW

)XHO EOHQGYV

,Q FDWKIHH IXHO LV QRW D VLQJOH FRPSRQHQW VSHFLHV EXW
VSHFLHVY DQRWKHU GLPHQVLRQ LV DGGHG WR WKH WDEXODYV
UHTXLUHPHQWY IRU FRPSXWDWLRQ DW OHDVW GRXEOLQJ |
SDUWLFXO0Q ®\RXEHIDEOH WR LQ FDVH RQH FRQVLGHUV EOH
WKHUH DOUHDG\ H[LVWV D LJQLWLRQ GDWDEDVH FDOFXODW
YDOXHYV

2ULJLQDO LGHD EHKLQG WKLV ZDV WR GHULYH VXFK D P
KHSWDQH HOWK@®ROXW DW WKH PRPHQW RI ZULWLQJ WR D
PHFKDQLVP FDSDEOH WR FDOFXODWH WKH GHVLUHG IXHO E
VXFK WDVN ZDVQYW DYDLODEOH 7KHUHIRUH IRU DFDGH!
DVVXPSWLRQ RI GHYHORSQOW DRPRIRWHDDMWH® EOHQG D UHDC
PHFKDQLVP DOVR SUHVHQWHGQEMIRUHWRD\@® XKHG
PHFKDQLVP ZDV GHYHORSHG DQG DOVR DGGLWLRQDOO\ YD
VLPXODWLRRFWD EMEWDQH DQG KMB®/POHMH BEDHQGY ZLWK VS|
R[LGDWLRQ EUDQFKHV UHWBRBVLEOMH IRRAWKENRI DQG Q
KHSWDQH IXEBVHBRQYLPRUH GHWDLO GXULQJ WKLV ZRUN
EDFNJURXQG EHKLQGKWSWDEMBHR®GEHG® WR ORZHU WKH S5HVHI
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1XPEHU 521 RI WKH IXHO EOHQG RI WKH WZR PDNH WKH
DWWHPSW WR FUHDWH D GHOSIOGREDWHRRQFIWLRE LRQYLWLF
EOHQG

6HYHUDO FDVHV KDYH EHHQ FDOFXODWHG YDU\LQJ I}
HJU SDUDPHWHUV DOVR ZLWK FKDQJLQJ WKH FRPSRVLW
RFWRGH1 W R KQ S WP RHL 7KH VHR/DXOW WKHQ EHH
LQYHVWLIJDWHG DQG D VXLWDEOH PDWKHPDWLFDO UHSL
GHSHQGHQFH RQ WKH IXHO PLTWH WEH KDYWLEXH R I RXIQHG F X |
VKRZQ)ILIXUH ZDV FRQWBHERVGY OLNHO\ UHSWYHRSAMHIW HG
SRZHU FXUYH LQ D IRUP

# L#JIlALy”

J,QFOXGLQJ WKH LQIOXHQFH RIL@KWKER IVERLYJH HWX R @ LGRHO D
VIXDUH RSWLPL]DWLRQ RI WKH FRHIILFLHQWV \LHOGV WK

01" c
no 248l 22T~
# L#ag: HNIALY Es/7'c 1iept INEL

,Q DERYH H THHM LRI QGDALRUHSUHVHQW LJQLWLRQ GHO
QKHSDQH DRFGVDR®PR DQG QKHSWDQH PDVV IUDFWLRQ LQ
UHVSHFWLYHO\

&RPSDULVRQYRIOXHM GLUHFWO\ FDOFXODWIBEPXVLQJ
KRPRJHQHRXV UHDFWRU GRWVY DQG WKH RQHV FDOFXOD
WKH HTXDWLROQQUH DOVR GLVW)EOPUMG VIKRZLQJ DFFHSWDE
DIJUHHPHHWQDWXUH Rl WKH HTXDWLRQ WKRXJK OLPLWYV
RFWDQH IXHO DQG VKRX®EREWDQH 6 QBUORZHU 521
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JLIXUH )XHO EOHQG LQYHVWLJDWLRQ FDVHV ZLWK LQWH

JRRNLQJ DW WKH DERYH ILJXUH RQH FRXOG DOVR VHH
SRLQWY PD[LPXP DW DWRXQGDYLQJ LQ PLQG WKH GLIIHUHQV
SXUH IXHO VSHFLHV LJQLWLRQ XVLQJ GLIIHUHQW PHFKDQLYV
WKDW WKH HO URKBVE DM WIDVE OHWVHQBHRWKMKH FXUYH LV UHSU
FRUUHFWO\

.| RQH ZRXOG QHHGHWRDFRRDVH LQFOXGLQJ D FRPEXV
QKHSWDQH LVRRFWDQH IXHO EOHQG RI 521 DOUHDG\
LVRRFWDQH DQG QKHSWDQH D ILQDO GDWDEDVH FRXOG |
UHDVRQDEOH DFFXUDF\ 7KH FDOFXODWLRBO & Il YHKOH E@HZ G D W
FRHIILFLHQW ZRXOG EH DGYLVHG RQO\ ZKHUH D FHUWDLQ W\
LQ GHWDLO

W VKRXOG DOVR EH HPSKDVL]HG WKDW WKH DERYH IRUP
PHQWLRQHG IXHOV ,I DQRWKHU IXHO EOHQG LV WR EH FRQ




OHWKRGRORJ\

VSHFLHV IURP WKLV H[DPSOH DQ LQYHVWLJDWLRQ RQ WK
SHUIRURHGGWBH HTXDWRRQILHG
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&)' ORGHOOLQJ

(YHQ LI WKH YDVW PDMRULW\ RI WKLV ZRUN LV EDVHG RQ
LPSOHPHQWWWHRWQDEX OD\WLRQ DWKUDHHWE L P H Q WIRRMYDH & )
7TKLFKD S WHILHIIBAW KH IXQGDPHQWDOV RI PRGHOOLQJ HTXDWL
PDVV WUDRNYHIXDWLRQV DUH EDVHG RQ WKH FRQVHUYDWLRQ

x PDVVHRYOO DQG IRU FKHPLFDO VSHFLHV

X PRRHQWXP

x HQHUJ\

,Q SUHYLRXV FKDSWHUV YDULRXV IRUPV Rl WKH PDVV DQG
HQFRXQWHUHG WKH JRYHUQLQJ HQHUJ\ DQG VSHFLHV PI
DXWRLJQLWLRQ PRGHOOLQJ DQG DXJPHQWHG ZLWK RYHUDOC
WKH QDPIODPH YHORFLW\ FDOFXODWLRQYV

'Q WHUPV Rl FDOFXODWLQJ WK HVKH\V LFQK SHHIQRPH QUK H. C
DERYH PHQWLRQHG ODZV WKURXJK WKH SULVP RI VSDWLDO C
LQWR D ILQLWH QXPEHU RI FRQWURO HRWKRPMWDRIO GH
UHSUHVHQWBWLIRAY RRWKDFK FEHW®&BMRENOKLGHG LV UHJDUGH
FRQWLQXXP ZLWK DYHUDJHG SURSHUWLHV OLNH GHQVLW\
ZLWKRXW KDYLQJ D GHHSHU LQVLJKW LQ WKH EMKDYLRXU RI
PDGH RI

(DFEURSHWWH UHSUHVHQWH GI EXDWVREBQRIQ@I®D ARI WKH FRQWU|
YROXPHYV

A4#6'1(%*#0){ E:176+0(.19; L :5174%5+03

'KHUH WKH VZBWRWR\VSMN WKH IDFW WKDW WKH WHUP LV GHU
YROXPH DQG WKHGHRRWHN SMKH GHULYDWLRQ RYHU WKH VXL
YROXPH ORUH GHWDLOHG UHSUHVHQWDWLRQV RI WKH DERY
IRUPV FDQ EH IRXQG LWGPWA}WARRYSE D®BX F& @V7KLYV
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FKDSWHU ZLOO RQOVRYRYEEGR DWVPERQUYHGVMVMRWIRDOFMLQJOH
SKDVH I0OXUKOIDMRREAG WR WKH WRSLF RI WKLV ZRUN

ODVV &RQVHUYDWLRQ (TXDWLRQ

7KH ILUVW RI WKH IXQGDPHQWDO HTXDWLRQV LV WKH PD)
HQFRXQWHUHG LQ WHKHGHYPSMSMWL RZQ WRI WK H GH EX DMKLIR Q
35(0,; VROYHU 7KLV HTXDWLRQ EDVLFDOO\ VWDWHV WKH
FUHDWHG RU GHVWUR\HG LQVLGH D FRQWURO YROXPH
GLIIHUHQFH Rl WKH LQIORZ DQG WKH RXWIORZ WKURXJK
VI\PEREDOO\ ZULWWHQ LQ WKH LQWHJUDO IRUP

e
+ €(yJy@ L ng €@
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,Q WKH DERYH HTXDWLRQ WKH OHIW VLGH UHSUHVHQ
WKH ERX@G@UIHWWKH WHUP RQ WKH ULJKW VLGH UHSUHVH
WRWDO PDVV LQ WKH FRDGWURWHRWXPE IRUP DIWHU VX
DERYH HTXDWLRQ WR *DXVV GLYHUJHQFH WKHRUHP LW FI
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DQGBGVRPPRQO\ IRXQG LQ WKH VWDQGDUG OLWHUDWXUH
ORPHQWXRQVHUYDWLRQ (TXDWLRQ
7KH PRPHQWXP FRQVHUYDWLRQ HTXDWLRQ LV WKH VHFRQ

PDWKHPDWLFDO GHVFULSWLRQ RI WKH IOXLG IORZ DQG L
PDVV FRQVHUYDWLRQ LQ WKH SUHYLRXV SDUDJUDSK 1H
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WLPH UDWRJIRIRFIKPRPHQWXP RI D IOXLG SDUWLFOH DV D VXP
DQG VXUIDFH IRUFHVY 7KH LQWHJUDO IRUP RI WKLV VWDWHPF

e
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ZKHUH WKH ILUVW WHUP RQ WKH OHIW KDQG VLGH UHSUHYV
PRPHQWXP WKH VHFRQG RQH LV WKH QHW PRPHQWXP 10
ERXQGDU\ VXUIDFHVY DQG WKH ULJKW KDQG VLGH UHSUHVH
VXUIDFH IRQEIHNQDWWH IOXLG ZLWKLQ WKH FRQWURO YROXPH

$IJDLQ XVLQJ WKH *DXVV WKHRUHP WUDQVIRUPLQJ WKH
YROXPH LQWHJUDO DQG FRQVLGHUOULQNKBQDPBEREHWIUDPWNHJIUR
HTXDWLRQ FDQ EH UHZULWWHQ LQ D GLITHUHQWLDO IRUP

CEy
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7KH ULJKW KDQG VLGH RI WKH GLIIHUHQWLDO UHSUHVF

WUDQVIRUPHG E\ GHFRPSRVLQJ WKH VXUIDFH IRUFHV WKH

UHSUHVHQWY WKH YROXPH IRUFHV LQWR SUHVVXUH DQG YL\
é L FL(g Elg

ZKHUBWGHQRWHY WKH .URQHFNHU WM QVRWK HHUIZD(®H WRQG LI

UHSUHVHQWY WKH UDWH RI WKH VWUDLQ WHQVRU WKH V\F
WHQWR@EHILQHG DV

gL &b E5s=(F= &=
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,Q WKH DERYHAHVXDARBP@YEVFRVLW\ FRHIILFLHQW )I
GLITHUHQWLDO IRUP RI WKH PRPHQWXRJIFWRQYIQUY B BMW QW(
WKH 1HZWRQYfV ODZ RI YLVFRVLW\ UHVXORQ@QR AL W KRHUWPH'
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7KLV VHW RI HTXDWLRQV LV6MRRZY DV XWDRHL R QY LHKH
ILWWHUP RQ WKH ULJKW KDQG VLGH UHSUHVHQWY WKH ¢
WKH FROROMXPH WKH VWERQGBREBPBO DQG VKHDU VWUHVYV
FRQWURO YROXPH VXUIDFH DQG WKH ODVW RQH UHSUHVF
FRQWURO YROXPH

(QHUJ\ &RQVHUYDWLRQ (TXDWLRQ

2QH IRUP RI WKH HQHUJ\ FRQVHUYDWLRQ HTXDWLRQ K
GLVFXVVLQJ WKH EDVLF HTXDWLRQV EHKLQG WKH KRPR.
SURSDJDWLQJ IODPRAKHD OBKQPWIIRD¥HKLQG WKH GHULYD!
FRQVHUYDWLRQ HTXDWLRQ IROORZV WKH SK\VLFDO SULQ]I
UHPDLQV FRQVNWBQWKBY JHWRUFGHNWHEG\HG 7KH ILUVW
WKHUPRG\QDPLFV VWDWHYV WKKDMN VWK HVUB WD ® | WHRQ MKIH  V
UDWH RI KHDW DGGLWLRQ DQG WKH UDWH RI ZRUN GRQH
WKH WRWDO HQHUJ\ DV WKH VXP RI NLQHWLF DQG LQWHUC
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7KH LQWHJUDO IRUP RI WKHHMRBWILRBDRREYA U R D WLRRAX P H
FDQ EH ZULWWHQ DV
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ZLWK WKH ILUVW WKINEGRWQIHEBH H VIKIWL Q JF KMIKHI W DRWHV RW D O

HQHUJ\ VHFRQG WHUP UHSUHVHQWY WRWDO ORVV RI WKH H(
ERXQGDULHY 7KH WHUPV RQ WKH ULJKW KDQG VLGH UHSU
YROXPH IRUFHV WKHQ GLVWULEXWHG LQWHUQDO KHDW VRX
UHDFWLRQV RU DQ\ RWKHU YROXPHWULF KHDW VRXUFH VXU
ZRUN GRQH E\ WKH SUHVVXUH DQG YLVFRXV VWUHVVHV RQ W
KHDW IOX[ YHFWRU FRPPRQO\ ZULWWHQ LQ WKH IRUP RI )RXU

N L F

ZKLFK OLQHDUO\ UHODWHV WKH WHPSHUDWXUH WR WKH
FRQGXFWLYLW\GFBMIIZIFWKQWKH SUHYLRXV IXQGDPHQWDO Ol
FRQVHUYDWLRQ HTXDWLRQ FDQ EH VXEPLWWHG WR WKH
WUDQVIRUPHG LQWIRWPALWVYIHUHQWLDO
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7KH DERYH GLIITHUHQWLDO IRUP FDQ DOVR EH ZULWWHQ D
HTXDWLR QeIXLDEYHE Q J
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*HQHUDO 7UDQVSRUW (TXDWLRQV

JROORZLQJ DOO WKH DERYH UHSUHVH®YWBRMNRIUWY DB LR
HTXDWLRQ IRU DQ\ GHSHQGHQW YDULDEOH FDIQDEB Hs B UWX
T QRW WR EH FRQUKMFGLYZR@WHKQFH UDWLR IURPDOGHYLRX
REH\LQJ WKH JHQHUDOL]HG FRQVHUYDWLRQ SULQFLSOH
HTXDWLRQ RI D VEFIFOMUEHURSHWWMQ LQ WKH FDVH RI D IL
DV

¢
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,Q WKH DERYHWKHK DMWLRQ WHBIP O WK W DEGH WHD G\ WH!
WKHHFRQG WHUP UHSUHVH@WQG \WRIQHWAHRD Ui FMMKRIOD Q GV WL G
WHUP LV WKH VRXUFH RU WKH VLQN DQG WKH VHFRQG RC
WKH FRQWURO YROXPH ERXQGDULHV RQH FDQ GLVWLC
PHFKDQEVFRWYHFWLRQ DV WKH WUDQVSRUW RI WKH SURSHE
WKH GO®IQG GLIIXVLRQ DV WKH WUDQVSRUW GXH WR WKHI
FRQFHQWUDWLRQ JUDGLHQW
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$IJDLYR WUDQVIRUP WKH LQWHJUDO UHSUHVHQWDWLRQ
HTXDWLRQ LQWR WKH GLIITHUHQWLDO IRUP *DXVV GLYHUJ
VXEVHIWE\ ZH FDQ ZULWH
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,Q FDVH RI D WLPH GHSH®RKH QWY WSHIRIBDAH PRUP RI WKH
WUDQVSRUW HTXDWLRQ PXVW DOVR LQFOXGH D WHPSRUDO |
PLQ WKH IROORZLQJ IRUP
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7KH DEIRYPPOSUHVHQWDWLRQ RI WKH JHQHUDO WUDQVSRUW H
UROH LQ WKH FRPSXWDWLRQDO IOXLG G\QDPLFV LQ WKH ILQL

7TXUEXOHQW )ORZV

ORGHOOLQJ WXUEXOHQFH SKHQRPHQD LQ WKHDPRMRSXWDWLI
LPSRUWDQW LQ FRUUHFW UHSURGXFWLRQ RI DOO SK\VLFDO
VIVWHP EHLQJ VA®X OMKNMHGKQGDPHQWDO ODZVY HTXDWLRQV
FKDSWHUEZHDSS®WRHG WR WKH ODPLQDU IOXLG IORZ EXW LQ
WXUEXOHQFH LV QRW WR EH GLVUHJDUGHG 6RPHWLPHV L
VXIILFLHQWO\ ILQH WR UHVROYH WKH VPDOOHVW HGGLHV
XQFKDQYHBLUHFWUDRKP® VLPXOOWLRQ @ @ 7KHLM RI

WKHVH VPDOOHVW HGGLHV DRGIPRURSRY WLIHRIQIMK WRDWKH EH
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VPDOOHD @QWWHDVLQJ 5H\Q B8 B Y LYX\WPLEHUM DWW\ VPD OO
LQ VL]H RU VLPSOH HQRXJK WR HQDEOH UHDVIRR@DEOH
DGHTXDWH QXPEHU RI FRQWUR 0@ YRGDURHDR QHR P H'WIBF D O O\
HIILFLHQW PDWKHPDWLFDO PRGHOOLQJ UHSUHVHQWLQJ W
IORZ KDV WR EH XVHG LQ VXFK FDVHYV

$Q PSURDKWH QUKHYHHBJIJIJRYHUQLQJ H T XMW WMWY DZQ MRKX
YDOXRI IORZ TXDQWLWLHV UHSODKF® D \B DY DWHKHIXINY B G C
7K\DSSURDFK LV NQRZQ DV 5H\QREGR/NS$IWHH DX B @& LIDQNL H B
DQG UHVXWKMVXD@' LR QD IRDWLEPL WEKH RULJLQOWRNMHWLH U
FRQVHUYDWLRQ HDGXD WHILRHIDF B LMDKWZR DGGLWLRQDO WHUF
DQG WXUEXOHQW XH DWR IYVHHDJILIQHXWEROHQ¥H PRGHO LV
IRU PRGHOOLQJ WKH WZR WR FORYWHWBHHL YUVRIHWWKRH HTXC
FDQ EH IRXQG®&) . XPEEWRRNV DQG ZLOO QRW EH>G@/FXVVH
7KLV DSSURBBKVHQWLQJ KHDY\ DSSUR[LPDWLRQV FRPSDU
WHUPV RI DFFXUDF\ FDQ EH WRBSWRPIGHG IERRVHDKWH ER Wk
/IDUJH (GG\ 6LPPXDDKRGRRIORI\ @ @ @ WOURTXLUHV XQOLN
5$16DILQHU AR WROXPMRPHNKROYH ODUJH VFDOH HGGLH\
VFDOH HGGLHV DUH DGGLWLRQDOO\ PRGHOOBG@LWK V
+RZHYHU VLQFHRWRKVDDS®8 UHTXLUHV ILQH VSDWLDO GL
FRQVLGHUHG FRPSXWDWLRQDODODWRR GMNPEBGLAI SRDF
DSSOLFBDWBR@/$OVR LQ WHKIBSHZRDSSURDFK KDWY @BVHQ XVH
EULHIO\ GHVFULEHG LQ WKH IROORZLQJ WHI[W

$V H[SODLQHG HDUOLHU WR FORVH WKH DYHUDJHG V)
RQH QHHGV WR PRGHO WKH 5H\QROGV VW,QHRVIVGIVVBIYG W X
WKLGR®H E\ H{SSORLWLQJ WKH FRQFHSW Rl WXUEXOHQW Y
EDVHG RQ WKH BABRWKZBRHNK DVVXPHV WKDW WKH WXUEX
VWUHVV WHQVRU FDQ EH PRGHOOHG LQ WKH VDPH ZD\ D
WXXJEHQW YLVFRVLW\ UHSODFLQJ WKH PROHFXODU YLVFR
WRVKH WXUEXOHQFH KHDW IOX[ HTXDWLRQV ILQDOO\ |
FRQVHUYDWLRQ HTXDWLRQV KDYLQJ WKH VDPH IRUP DV
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ODPLQDU H[FKDFLHQWRHILVFRVLW\ GLIIXVLYLW\ DQG FRQGX
HITHFWLYH WXUEXOHQW H[FKDQJH YDOXHV 1XPEHU Rl WUDQ"
WKH PRGHO GLIIHUHQWLDWHY WKH WOQUBEXD WIRD WRBB OV LQ
PRGHOV )LUVW RI WKWRUEMOFXQWW WH-KDQJH FRHIILFLHQWYV
UHODWLRQV LQ WKH VHFRQG RQH DQ DGGLWLRQDO WUDQVS
HQHWLY VROYHG DQRBQBEE WKMLAERDW WUDQVSRUW HTXDWLRQ
NLQHWLFGD@HUGLYVYBBWIRROZKEUH DUH DOVR VHFRQG RUGH
PRGHOV VXFK DV 5H\QROGV VWUHVV PRGHOV ZKLFK VRO
GLIIHUHQWLDO FRQYHUVLRQ HTXDWLRQWQP DRE® U D¥KLEX WSS
ODIEEQUQ FRPSXWDWLROD@ GHPDQGV

,Q WKLV ZRXNER®RGFH®W RI WERLRH WKH SRSXODU RQHV
FRQVLGHBRHEX DVGERPRGHQWK LWV RZQ VHULRXV GLVDGYDQW
OLPLWHG DSSOLFDELOLW\ WR IORZV ZLWK VWURQJ VWUHDPO
WKLWKH PRGHO Rl FKRLFH IRU ZLGH QXPEHU RI DSSOLFDWLR
WKH VLPSOLFLW\ QXPHWMVEEHWSERIHY\WRGRUN ZHOO LQ I
DSSOLFDWLRQV IRU WKLV DRWKNDPRWW ROSRUIWNDQ® FRPEXV
> @ @ @LQFH WKLV PRGHO DOVR KDV SURQRXQFHG SUREO
WUHDWPHQW IXQFWLRQV LQ WHUPV RI XVLQJ GDPSLQJ ZKLF
OLQHDULW\ DQG RIWHQ QXPHULND®XVOIH GQ MARV WW K HR VWRKEEKLY |
DSSURDFK DV GHVBUW.EHBRIGHIOH PRGHO LV EHVW VXLWHG ZK
RSWV IRU WKH FRPSURPLVH EHWZHHQ WKH PR@HO VLPSOLFLYV

7KLV PRGHO LV D YDULDQW RI 'XUELY @ERWSMLMWFEKUHOD |
HGG\ YLVFRVLW\ GHILQHG DV
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SHSUHVWRMWWHORFLW\ 2AKAFBHY EMWWOQRVHUSUHWHG DV WKH
QRUPDO DQG JHQHUDO WXUE RO¥DFGL @/ YPH VFDOHYV
7KKMVUDQVSRUWRHAN KRG BOHIVGHILQHG DV IROORZV
e 0 |
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,Q WKH DERYH HTXDWLRQV WKH WLPH DQG OHQJWK VFDOI
VFDOHV DV WKH ORZHU DQG 'XUELQYV UHDOLVDELOLW\ F

WKH IROORZLQJ IRUP
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7KH PREBRHFOIILFDHRYWYVY GHIDXOW VHW IRU D JHQHULF IORZ L
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&RPEXVWLRQ PRGHOOLQJ

*HQHUDO $SSURDEFK

,Q UHVSHFW WR WKH WRSLF Rl WKLV ZRUN WKH QHHG WR L
FKHPLVWU\ LQ WKH ' &)'DBESXODRMDHMLRINV B\RVVLEOH LV FRQVL
WKH JHQHUDO JDV SKDMVHPKREFPHLOWIQ IPHFROREVP ZRX0G SUR)
PRVW DFFEXUDWXVGCQWB PEMWDQLVPYVWIMKBDVIRKIIRMZAR
VWHS RRXHYG \LHOG FRPSXWDWLR QWD S UMDIFRWLF 2 R IOR KX B D BOHR H
WKH VLPSOHVW RI FRPSXWDWLRQDO GRPDLQV 7KLV ZRUN
DSSURDFKFWRFXWHDWH WKH GLVWLQFWLYH SURSHUWLHV RI D
LQ D FRQVWDQW YROXPH FDVH DQG WKHQ KEMNWKRY GDWD
PRGHO DV D SDUW RI WKH &)' VROYHU

7KH FRPEXVWLRQ PRGHO RI FKRLFH IRU WKLV ZRUN LV
ORGHO ZLWK 7KUHH =RQHBOD&®PHG LQ PRUH GHWDLOV LQ WK
7KLV FRPEXVWLRQ PRGHO XVHV WDEXODWEXWGGRMV IRBW JC
SURYLGH VXFK D JRRG DJUHHPHQW ZLWK WKH &+(0.,1 FDOF)
SURSHUWLHYV DUH WDEXODWHG $Q DWWHPSW ZDV PDGH LQ V
RI WDEXODWLQJ WKH EDVLF SURSHUWLHVY DQG WR'REWDLQ Y
KRPRJHQHRXV FDOFXODWLRQV

&RKHUHQW IODPH PRGHOV &)0 DUH FRPEXVWLRQ PRGHC
WKH VLPXODWLRQ RI FRPEXVWLRQ LQ WKH SUHPL[HG UHJLPF
IRU WKH VLPXODWLRQ Rl WKH VSDUN LJQLWNVRB &P@JILQHV 7I
WKH (&)0 PRGHO DOVR DFFRXQWV IRU WKRAKENVRMRBHRQLPL[HG
EDVHG RQ D IODPH VXUIDFH GHQVLW\ HTXDWLRQ WDNLQJ LQ!




OHWKRGRORJ\

IODPH IURQW VXUIDFH E\ WXUEXOHQW HGGLHV DQG D FRQ
WH SUHFLVH UHFRQVWUXFWLRQ Rl ORFDO SYRGHBWLHV L
7KH XQPL[HG FRPEXVWLRQ QHHGHG D GHVREKLFWLRY RI
UHSUHVHQWHG E\ WKUHH PL[LQJ JRQHV KHQFH WKH =
GLVSOD\HGEUW® > @ @ @
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J)LIXUH (&)0 = PRGHO GHVFULSWLR® ®! PL[LQJ JRQH

$V VHHQ RQ WKH DERYH LPDJH WKH VWDWH RI JDVHV
GLPHQVLRQDO VSDFH ZLWK PL[¥XUHUWUILBBWOR QDU DDEC
YDULPERRUL]JRQWDOO\ 7KH JHQHUDO DS DUWRIRKKD @ SPOH O/
FRQWURO YROXPH LQWR WKUHH JRQHYV

X WKH XQPL[HG IXHO JRQH

X WKH PL[HG JRQHDZRMKXARQWLU DQG (*5 LI DQ\




OHWKRGRORJ\

X WKH XQPL[HG DLU SOXV (*5 LI DQ\

7KH JRQHV DV GHILQHG DERYH DUH QRW VHW IL[HG LQ WLP
E\ WRHHUDOO VWDWH LQ WKH FRPSX\QDWHK R DO H RO OX H R UE H(
LOQMHFWHG LQWR WKH V\WVWHP REVHUYLQJ WKH GHYHORSPF
FRPSXWDWLRQDO FHOO LW LV LOXQEXDDAG RQPW[IHEGXMMHG R C
'KHQ DHIXLV LQWURGXFHG DIWHU HYDSRUDWLRQ LI QHHGHG
RI FHOO VSDFH LQLWLDOO\ UHPDLQLQJ XQPL[HG ZLWK H[LV\
JRQHDW WERKBRRHQW XQPLKQEDWIHG DQG XQP KGIEXDQKBG
IXHO 1H[W @E&HLYHOWDUW WR PL[ LQ WKHFUHRIMWLBKH WZKIH Q
WKLUG PL[HG BIGB XHQEXUDRPL[HG JRQH LV DW WKLV SRLQW U
WKH LJQLWLRQ FULWHULRQ :KHQ WKH LJQLWLRQ FULWHULR
VWDUWYV SURSDJDWLQH GVKRURKX B YWIGH. Q J] RW H\Q WARK W/ ERX W @ &/
DQBEQEXUPHGEG JRQH $V WKH OLWHUDWXUH VWDWHY WKH VL
DSSOLHG DOVR WR D VI\VWHP ZLWK IRUFHG LJQLWLRQ H J
ZLWK WKH FRPEX\DFERQQPRIBHIOKH HYROXWLRQ RI WKH IODF
GHQVLW\ WKDW FRQVXPHVDWRHQX RAXRLOHGWIH MAZR VXE]RQH YV

7KLV FRPEXVWLRQ PRGHO DOVR DFFRXQWYV IRU GLIIXVLRQ
FDVH ZKHQ WKHUH DUH JDVHV FRQWDLQRI® KH) BXKQHEHO D
VXE]JRQH 7KHVH PL[ ZLWK LQ WKH EXUQHG PL[HG ]JRQH ZLW
FRQVXPHG HOBRNWLQHWLFV LQ WKLV UHJLRQ PL[LQJ FRQV
7KH OLWHUDWXUH VWDWHY WKDW WKH IXHO DQBWDLW VXE]R
WKH NOFIRPSRVLWLRQ DQG WKH VDPH WHPSHUDWXUH ZLWK GL
$00 WKH FRPEXVWLRQ PRGHV GHVFULEHG VKRZ WKDW WKL
VXLWHG IRU GHVFULSWLRQ RI ZLGH YDULHW\ RI BRPEXVWLR
JRRG FKRLFH UH MKMW WWVR/H Z8HH P IS[BIKGP RBIGQRQVH LV EHLQ.
FRQVLGHUHG

%DVLF WUDQVSRUW HTXDWLRQV LQ WKH (&)0 = PRGHO DUF
WKVHNVDWBVWHY LV UHSUHVHQWHG E\ WZR SURSBIQ® IMAKH WKH S
PLIWXUH |IdDFIH®RQHRMO®®LWUDQVSRUW HTXDWLRQ RI WKH VS
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ZKLFK LQFOXGH22&2&2 ++2 2 + 1 2+ DQG VRRW *HQHUI
RI WKHVH WUDQVSRUW HTXDWLRQVNY )DYUH DYHUDJHG |
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$V LQ WKH FKDSWHU GHGLFDW H Gi V®&GVEHQERVOH QFHIH P
ODPLQDU DQG WXUEXOHQFH Y#§ ERVWARHDR MW SHIFNA Y H
FRPEXVWLRQ VRXU FHH AMMHDRERIVWKKHY)DYUH DYHUDJHG PDV
RI VSH¥GHMM QHG IRU D FRQVWDQW YROXPH DV
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ZLWKH\QR@®XWHUDJHG YDOXHV IRU PDVV DQI® DEBHESVLW\ C
UHVSHFWLYHO\ /DPLQDU DQG WXUEXOHQW 6FKPLGW QXP
DQ&2 E\ WKH GHILQLWLRQ UHSUHVHQW WK®HGL PN QVK R QDH
RI WKHVFRVLW\ PRPHQWXP GLIIXVLYLW\ DQG PDVV GL
UHSUHVHQWHG DV
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ZKHBHGHQRWHY WKH PROHFXODU RU PDVV GLIIXEHRQ UDW
LV GHILQHG LQ WKHVDINR® P DQWR UFR RN L\GXUDXQARQ@W WUD
PRPHQWXP HGG\ YLVFRVLW\ DQG WKH WXUEXOHQW PDVYV

7KH JHQHUDO WUDQVSRUW HTXDWLRQ WGH HQWED B UH Y
WKH EXUQHG DQG XQEXUQHG VXE]RQHXHQ WKOVERBHIN\GD V
IXHO VSHFLHV
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7K\GLYLVLRQ RI WKH IXHO VSHFLHV LQWRSWBRBGQEXUQH
EXUQHG UHSUHVHQWHEHEXVDU\ WR DFFRPPRGDWH IRU WKH V
SURSDJDWLQJ DQG GLIIXVLRQ IODPHV ,Q WKH FDVH RI SURS
IXHO LV FRQVXPHG E\ WKH #8DW@GURQUMKH RMHKG EE\VLGH WKH
UDW UHSUHVHQWY WKH R[LGDWLRQ RI EXUQHKGIVIKHO E\ ¢
FRQVXPSWDL\RYY DUH GHSHQGHQW RQ WKH ORFDO IODPH VXU
IODPH YHORFLW\ DQG DUH FDOFXODWHG DY WKWFOREBG LQ
HTXLYDOHQFH WKWMUR IZML OQFKRW EH HQRXJK R[JRHXHLQ WKH X
WR FRQN®PHRI WKH XQEXUQHG IXHO 7KHUHIRUH VRPH RI WK
WR EH WUDQVIHUUHG LQRWR WK MW KK WRKGPHXB/HUP [URP WK

VXERQH SHUVSH#FWIBYWWRI WKH SURGXFWLRQ RI JDVHRXV IXH

H[DPSOH HYDSRUDWLRQ RI OLTXLG BfH@ G WR SE®HWWWU LIEVK \G H ¢
EHWZHHQ WKH EXUQHG DRGHYXQEKFIRIHEL YXBEVR WKHA SURJUHV
LQ WKH IROORZLQJ PDQQHU

S LE,
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3URJUHVYV YDULDEOH GHILQLWLRQ UHOLHV RQ WKH
EHLQJ LQILQLWHO\ WKLQ LQWHUIDFH VHSD UWGHQUOWEH U
WKDW HDFK VSHFLHV LQ WKH XQEXUQHG JDVHV LV FRC
SURSRUWLRQDOOA WRFWILWR@PDODRQWKILW UWXEORZV DOVR W]
GHILQLWLRQ RI WKH ORFDO SURJUHVV YDULDEOH RU
SURSRUWLRQDO WR WKH IXHO PDVV IUDFWLRQ R[LGL]JHG V
o € €e

ZKHlﬁI;Jé LV WKH PDVV ITUDFEHIRQ HR WIKHH RQVHWJ RP FARKHE X V W
ILUVW SDUW RI WKH DERYH IRUPXODWLRQ RQH FDQ VHH
YDULDEOH YDULHV IURR WKHQYW®BKHIXHAHLV QRW EHLQJ F
WKH YDOXH RI ZKHQ WKHUH LV QR IXHO VSHFLHV LQ WKH

7KLY FRPEXVWLRQ PRGHO XVHV VSHFLHV WUDFHUV W]
VSHFLHV WUDQVSRUW LQ PRUH GHWD L@L WH\U/EMKEHILQL
VSHFLHVY WUDFHU LV VXEMHFW WR HRWQLMPMH WIDRYD B @ \G W
VSHFLHV EXW LV QRW EHLQJ FRQVXPHG IGXVHQJL®YKWKHR
WKHUPRG\QDPLF EDODQFHV %DVLFDOO\ IROORZLQJ WKH
Rl WKLV ¥Y$SH¥GRV LV DOVR GHVFULEHG E\ DQ HTXDWLRQ

¢ & ¢F

ChHé&p c CHéBL G
5“5 I en

E ,
S 8 | E €F
0 ¢ F

L ¢ [
c‘-|\

7KH EDVLV Rl DOO FRKHUHQW IODPH PRGHOOLQJ DSSI
UDWH RI IXHO FRQVXPSWLRQ SHU YROXPH XQLW E\ WKH
GHQVLW\ DQG WKH ORFDO YHORFLW\ DW ZKLFK WKH IXH
'HQRWLQJ WKH DP®PGHYXUWRQ@HWMKHOGY LWV WUDQVSRU
DFFRUGEQ® @R
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,Q WKH DERYH HTXDWLRQ EHVLGHVY DOUHDG\ GHILQHG
XQVWHDG\ WHUPV RQ WKH ULJKW KDQG VLGH VHYHUDO R
LOQWURGXFHG ZKLFK DUHTXBDWLREHG/EDWHKHROORZ

2 L -,

7KLV SURSHUW\ LV IODPH VXUIDFH SURGXFW ERQQE\ WXUEX

LQWHUPLWWHQW WXUEXOHQ@EH QHWWR B PAHR 8 WO HFFRBK/ WD Q W

WRILsk 7KH VHFRQG RI WKB VLQNUMMHIPWY WKH IODPH V.

SURGXFWLRQ E\ PHDQ IORZ GLODWDWLRQ DQG LV PRGHOOHG
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7KH ODVW WHUP DO SMPIQ MMNFWRRWKH IODPH2VXGHRRAVBW QV LW

WKH HITHFWV RI WKH IODPH H[SDQVLRQ DQG FXUYDWXUH LQ \
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6LOQN WHUP LQ WKH HIXIDWMRKH GHVWUXFWLRQ WHUP GXH

FRQVXPSWLRQ GHILQHG E\ WKH HTXDWLRQ
€
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ZKHUHUHSUHVHQWY WKH PRGHO FRIQ¥YWPHRGL\WVRKQDO\ VAR
WHUR LV LQWURGXFHG IRU ,&( DSSOLFDWLRQ DQG DV LV
SHULRG LQ WKH FOXH LRIGVAD.RIY

J)LQDOO\ FRQVXPSWLRQ UDWH IRXQFD QEXIODVDNMA PE FF
WR WKH IODPH VXUIDFH GHQVLYWH (CORREG WAKH ODPLQDU IODP

HE e @&,
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,Q WKH BDIEFRDPMVLRQ WKH YDOXHV IRU GHQVLW\ DQG |
FRQGLWLRQDOO\ DYHUDJHG REARU®LQIKLWR WKH NXEFXC
SHUIRUSPHERUGLQJ WR HTXPWMWRKH XQEXUQHG JRQH RQH FI
IROORZLQJ

7TKHVH UHODDWHH WORIFWXKIBRDVYV IUDFWLRQ LQ WKH FRPSXWD\
WKH SURJUHVY YDULDEOH LQ WKH IROORZLQJ PDQQHU
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7KH GLIIHUHQFH RI @/{éD@@(ERQﬁ&%W\CL@VLV WKEW WKH

UHSUHVHQWY WKH PDVV IUDF AR GMDRIL @ KHK M SIFUFHLVKY X Q E
JDVHY WKH HQWLUH FHOO FRPSDUHG DJP+ GWWM QHKWH WIRHW
DYHUDJH PDVV IUDFWINRQ WIKWIHHMEHFLHV
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JOLWLRQ ORGHOOLQJ

$XWRLJQLWLRQ RFFXUV XVXDOO\ DZD\ IURP VWRLFKLRPHWU\
IUDFWLRQ" XVXDOO\ DSSUR[LPDWHO\ GHWHUPLQHG IURP KR
DXWRLJQLWLRQ FDOFXODWLRQV DQG DW OREDWERQ@DUWQ W
GLVVLSDWARRQ

,Q WKH (& FRPEXVWLRQ PRGHO D VLPSOH LJQLWLRQ WU
LV XVHG EDVHG RQ WKH PHWKRGRORJ\ RRP@REMIQ XVHG IRU
WKHVROLQH HQJLQHV ZLWK LQWURGMKBWWRQJRL QW WWMDHG! LR
VSHELHWXLY VSHELHV LV SXUHO\ ILFWLRXV DQG LV VLPSO\ XV
WR FRPPHQFH WKH LJDQWWILIRQ X YRIGNWROWUDFN RQO\ WKH PDL
DFFRILQJ>WE&KH SULQFLSOH FDQ EH H[WHQGHG DOVR WR OR:
WKXV DFFRXQWLQJ IRU WKH FRRO IODPH SKHQRPHQRQ LQ
> @

,Q WKH FRPEXVWLRQ PRGHO LWVHOI WKH LQWHUPHGLD

HYROYHG DFFRUGLQJ WR WKH HTXDWLRQ
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'Q WKH DERYH KBFHXIRWHRY WKH PL[WXUH JRQH DQG WKH GHILQ
IUDFWLRQV DSSO\ DFFRUGLQJ WR WKH H[SIKBQQMLIRRY UHO
GHOD\ LV GHRRV/HG UFASUHVHQWY WKH YDOXH H[WUDFWHG
WDEXODWHG DFFRUGLQIKMR FAKDBG RU WKH LVYQEMILR® G HOD)
DFFRUGEQ@® WR
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,Q WKH HTXDWARMQRWHY WKH PRGHO FRQVWDQW DQ
WRBLsX 7KH VDPH DSSURDFK FDQ EH DSSOLHG WR WKF
WHPSHUDWXUH LIQLWLRQ GHOD\ VLPSO\VBEGLYQWWEGEW I
> @7KH WHPSRUDO FKDQJH RI WKLY WUDFHU LV FDOFXOI
HTXDWLRQ VLPSO\ XVLQJ D WDEXODWHG YDOXH IRU ORZ
LOWHUPHGLDWUWD ¥ SHNWAKIDIQJJJM DOXHY IURP JHUR WR ORFDC
KHQ WE&RZ WHPSHUDWXMNWHIKIQDWXRHQ UHDFKHY WKH PDJL
FHUWDLQ DPRXQW RI IXHO LV DOORZHG WR EH FRQVXPHG
WDEXODWHG YDOXHVWMNRIGXYHAHDER®KKMIXH ORZ DQG KL.
GHOD\V DFFRUGLQJ WR WKH UHODWLRQ
¢"ATEéTA
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¢ A

, WKHUH LV QR ORZ WHPSHUDWXUH GHOD\ WKH DER
WDNHQFRQWRGHUDWLRQ %\ WKH PRGHOYfV IRUPXODWLRQ
LQ WKH IUHVK JDVHV LV FRQVXPHG DOPRVW LQVWDQWDQH
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THPSRUDO HYROXWLRQ RI WKH LIJQLWLRQ WUDFHL
WHPSHUDWXUH FDQ EH VHHGQGLDXUGLV¥®SGDWH®D IGHSVLKEMWLQJ
WKHREBIW EDVLFV GHVFULEFKE LQHW KAWHGHRWLRQAVWLQJI WI
ZDV KHSWDQH ZKLFK KDV WKH ODUJHVW QXPEHU RI DYD
ZLWK YDULRXV GHJUHHV RI FRPSOH[LW\ DQG FOHDUO\
WHPSHUDWXUHWIHISMWHERW LW ZDV DOVR VKRZQ XVHG ZLW
ORZ WHPSHUDWXUH LIJQLWLRQ BQ@ VRPH FKDQJHV DSSOL




OHWKRGRORJ\

J)LIXUH 7THPSRUDO HYROQWWURQ RUDWH VSHFLHVY WUDFHUV DQ

 QWHUSRODWLRQ RI WKH LIQLWLRQFOGBBOROD WV R®H WIRRIH
VWHS IURP PIDRMHUAKH PDWUL[ LV FREKHRVHGEXROIW YHFWRU DQG
SDUDPHWHUDVHGEMWIRQWG LQ HDUOLHWFX¥DISQUE ME&KDARMEQ G L
VHWXS ,QWHUBRBDUHMX@® WY LV OLQHDU ZKLFK SURYHG WR
YDOXHV Rl VDWLVI\LQJ DFFXUDF\ DQG LV DOVR WDNHQ LQW
WKH YDOXHV IRU FDOFX&HWILRY W C3DNPBENEAHY F WHKDLW HZGR U N
ZDV SBMRFHVVHG LQ WKWRIOBZDIM SDFNDJH DQG ZDV DOVR F
WKH 0$7/$%fV VHYHUDO LQWHUSRODWLRQ IXQFWHREY OLQF
ZHUBPIOO FRPBDDHEPWK RWKHU QRW VKRZLQJ VLJQLILFDQW (
FRPSDUHBKWROLQHDU L& WHI® SIRD BWLRBPS O HBOYW D WIKRY
VRIWZDUH SDFNDJH ZDV LQWHQVLYHO\ XVHG IRU GDWD ¢
PDQLSXODWLRQ SUHVHQWHG DX GNKH VFRKDBWHUPSOHPHQWD
YDOLGDWLRQ
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7KHLQLWSDODPHWHUV VKRXOG KDYH EHHQ VHOHFWH
DFFRPPRGDWHY WKH OLQHDUVIPQWBBER O DIWL B® VALLVEI HD V1
VLPSO\ GRQH B\ OQXCEMWNRI LQLWLDO UXQV RU D TXLFN O
PHFKDQLVP RU WKH IXHO JHQHUDOO\ EHKDYLRXU DJDLQ




I1XPHULFDO 6LPXODWLRQV DQG 5HVXOWYV

1XPHULFDO 6LPXODWLRQV DQG 5|

7KLV FKDSWHU ZLOO SUHVHQW WKH UHVXOWVSWH FDOFXOL
SURFHVVLQJ WDEXQDWKLRQVKWDWHGLVFXVVLRQ RQ WKH EH}
PHFKDQLVPV HDYHRQWKHBO LVVXHV WKQAK LPAK K\R XKIDGY 1 HD M MVWAIKE D
D UHIHUHQFH WR DQ\ IXWXUH FDOFXODWLRQV EHLQJ SHUIRUF
$IWHU SUHVHQWLQ WKXOWDNE PFBRRERQLHG E\ WKH LQIRU
PHFKDQLVPV XVHG DORQJVLGH WKH LQLWLDO SDUDPHWH
LPSOHPHQWHG WDEXODWLRQ UHVXOWVY GDWDEDVH LQ WKH
DIJDLQVW WKH FDOFXODWLRQV ZLWK WRHK &#KH. W DIEXSDLWW DRV
LWVHOI KDYLQJ WKH VDPH LQLWLDO SDUDPHWHUV LQ VHYHL
x D FDVH ZLWK WKH LQLWLDO SDUDPHWHUV DV WKH\ DUH X
FDVH ZRXOG YDOLGDWH WKH LPSOHPHQWDWLRQ RI WKH
WHPSHUHD WXQLWLRQ GHOD\ GHILQPRGRQ LQ WKH (&)0
x D FDVH ZLWK RQH SDUDPHWHU EHWZHHQ WKH WDEXODYV
EHQFKPDUN FDVH SURYLGHG JRRG DJUHHPHQW WKH VHFI
WHVW WKH ' LQWHUSRQQRH ROV URXWUQXXDLWE WRHFB [DFW
LQWHUSRODWHG YDOXHV RQ WKH VLGH DQG FRPSDUH LW
LPSOHPHQWHG LQWHUSRODWLRQ URXWLQRU DWLF®HYLDW
HUURU LQ WKWMKULRXWLIQS VKRXOG DOVR EH SHUIRUPHG IR
WHWWH EHKDYWRMQWRIUH LQWHUS ROW MWIL\R @ DINRXW DQHM
QHFHVVDU\ GHEXJJLQJ VWUDLJKWIRUZDUG VLQFH HDFK G
H[DFW SDUW RI WKH FRGH
x D FDVH ZLWK DOO SDUDPHWHUV ZLWK WKH YDOXHV QRW
WDEXODWRIFRHG UM KH SUHYLRXV URXWLQH ZRXOG SURY
YDOXH IRU DOO WKH SDUDPHWHUV WKH ILQDO FKHFN
LQFOXGH DOO SDUDPHWHUV EHLQJ XVHG LQ WKH LQWHL
FRXOG EH FKHFNHG DJDLQVW WK HJYDW X H. 9 VRHE WIR @B\G L E
URXW L Q HO 7H$ %IOYWHNYOBWLRQ




I1XPHULFDO 6LPXODWLRQV DQ

TDEXODWHRROW YV

,Q WKLV FKDSWHU WKH UHVXOWYV Rl WKH WDEXODWLRQ S
SUHVHQWHG ERWK LQ WKH FDVH RI LIJQLWLRQ I®HOD\V I
VRPH IXHOW¥K IXHO ZLOO EH DFFRPSDQLHG E\ WKH VHOHF
DQG VHWV RI LQLWLDO SDUDPHWHU YDOXHV 6LQFH WKH
WKHUH LV QR VLPSOH JWSDEK\HDBD RMHYURGMRY DPSOHG VHW
SDUDPHWHXWHG IRU ' LQWHUSUHWDWLRQ WZR VHOHFWH
DQG WZR YDULHG WKURXJK WKHLU UHVSHFWLYH UDQJH

1 +HSWDQH

7KH ILUVW IXHO RI FKRLFH ZDV DV LWKEZS®WDLQHW K& VWHDWHOM
VLQFH LW LV RIWHQ X&IHD/ WR IXHDUHKRINDIWFIRPEXVWLRQ LV
VHOI LJQLWLRQ $IWHU WKH FRPSDULVRQ PDGH)DWEBOGL
WKH *RORYIPMFKIBQLEP VXFFHVVIX0O0O\ UHSURGXFLQJ WK
SKHQRPHQD FRRO IODPH LJQLWLRQ DQG FRUUHFW WUHQ
XVHG WR SRLQW WR WKH VSHFLILF DUHDV RI LQLWLDO S
FRPSUHKHQVLYH P HAK®OXYKHPYHFRXRPHWY Rl FDOFXODWLRQ
7KLV WDEXODWLRQ ZLWK L LDV/EIOHH GDBDH B VWKKER 3Q HA\QY X |
WHPSHUDWXUH GLVFWHWUIH®G WLKRH UWHG EFRHBOQXPEHU RI FD(
ZDV XVHG ZLWK P PUH KOHW PP OWHOHY MHEHD® DQG XVHG
ZLWK WKH VHWV RI LQLWLDDE®BWI DU U BVEHINBEEDRE Q
PHFKDQLVP GHYF@EZPNGXVEG ZLWK VOLJKWO\ DOWHUHG L¢
SUHVVXUH YDOXHV ZHUH QHHGHG LQ WKLV FDVH

7DEOHQLWLDO SDUDPHWH B WINDMRD. J B/ IDVEXR® W LR Q

XVLQJ //1/ UHGXFHG PH:
7THPSHUDMW . . VWHS : . DQG

3UHVVXL




IXPHULFDO 6LPXODWMRQYVY DQG 5HVX

(TXLYDOHC |
(*5 >
XVLQJ //1/ PHEKD:

7HPSHUDW . . VWHS . . D

3UHVVXL
(TXLYDOHC |
(*5 >

XVLQJ *RORYLWFKHY :
7HPSHUDW S VW
3UHVVXL
(TXLYDOH " |
(*5 >

SHVXOWLQJ GDWDEDVH LV SUHVHQWHG LQ WKH IROORZLQJ IL

JLIXUHQKHSWWRQHOH IRU SKL DQG (*5 OHIW DQG (*5
XVLQJ $KPHBHHFWDIQ VP




I1XPHULFDO 6LPXODWLRQV DQ

JLIXUHQKHSWDQH WDEOH IRU SKL DQG (*5 OHIW
XVLQJ &XU UMHF KBVQR @ P

JLIXUHQKHSWDQH WDEOH IRU SKL DQG (*5 OHIW
XVLQJ *RORNHMEK@ILYV P

7KH ILJXUHV DERYH VKRZ WHKSUHY& QUMHIGRERUUHFWC
PHFKDQLVPVDXQWGHERBSWRHIDFK RWKHU DOVRVRQ@REQOXH C
PDVV IUDERRKRMULQJI GLIIHUHQW PIHE KIFINDW M VIHG WKH L
GHOD\ YDOXHV ZLWK PRUH FRPSOH[ PHFKDQLVPV FDQ E
H[SHFWDWLRQV

(WKDQRO

,Q WKH FDVH RI HRMK®D\QRQHIXHHFKDQLVP ZDV XVHG WR
DXWRLJQLWLRQ WDEOH® DKL G HP\HRKIEHIG/R EHLQJ ZLGHO\




I1XPHULFDO 6LPXODWLRQV DQG 5HVXOWYV

JRRG UHIHUHQFH IRU FRPSDULQJ RWKHU PHFKDQLVPV DQG
FDOFXODWLQJ WKH GDWDEDVH ZLWK HYHQ PRUH SRLQWYV W]
7DEOH HVSHFLDOO\ FRPSDUHG WR WKHKRP&HWFRDQGLWDE XYDBI\G LIF
GHVFULEHG LQ SUHRMXY YHPWHBQ®RI QHHGHG FDOFXODWLRQ"

7DEOH,QLWLDO SDUD P HW QRIDXWRILG) QROVE KRMK\D L R Q

XVLQJ ODULQRY PH:
7HPSHUDW S VW
3UHVVXLU
(TXLYDOHC |
(*5 >

$V VKRZQLIPQWHEHORWKH SURFHGXUH SURSDLGHVZDWKPRRW
ORZ WHPSHUDWXUH GDWD PLVVLQJ ZKLFK LV H[SHFWHG VLQ
IRU ORZ WHPSHUDWXUH FRPEXVWLRQ

JLIXUH(WKDQRO DXWMRLEQH VYLR®& (*5 DQG SKL OHIW DQC
DQG SKL ULJKW

0

+DYLQJ RQO\ RQH DYDRORBEOGH PHHW K B@ LR [ MK WDE D V H
ZDV FUHDXWHQJ WKH &X¥U@RH FKD @EWP RQH FDQ VHH LQ WKHI




I1XPHULFDO 6LPXODWLRQV DQ

IROORZLQJ LPDJHMV KHBHMNIVR H[KLELWY D QHJDWLYH WH
UHJLRQ 7KH GDWD XVHG IRU WKH WD E X6 DVRMRIOZOXPEW (E
RI FDOFXODWLRQ SRLQWV LV WKH VDPH DV WKH FDVH RI
UDQJH

7DEOH,QLWLDO SDUDP H3RH VHRWEEHEN R UJ Q/IDVE XR@ W LR Q

XVLQJ //1/ PHFKD:
7HPSHUDW VW
3UHVVXL
(TXLYDOHC |
(*5 >

JLIXUH'O( DXWRLJQLWLRQ WDEOH ZLWK YDULDEOH WHPSHL
DQG SKL OHIW DQG YDULDEOH OHPBSH WDWX B HZ D\ |
EDU DQG (*5 ULJKW

OHWKDQH

JRU WDEXODWLRQ RI PHWKDQH DXWRLJQLWLRQ WKH PRV
XWLOXrPHGKLY PHFKDQLVP DOVR SURYLGHG D VPRRWK WD




I1XPHULFDO 6LPXODWLRQV DQG 5HVXOWYV

UHJLRQV EXW LQ ORZ WHPSHUDWXUH FDVHV VRPH RI WKH FD
GDWDHHJIXUH 6LQFH WKH UHVW RI WKH WDEOH SURYLGH FO
ZLWKRXW DQ\ 17& UHJLRQV WKH PLVVLQJ SRLQWV KDYH EHF
,QVWDELOLWLHV Rl WKH PHWKDQH LJQLWLRQ LQ ORZ WHPSHL
ZKHQHIE QLQJ WKH LQLWLDO GTDEDHD W SRYWORWHE RIQKLJIKHU
WHPSHUDWXUH EHKDYLRXU LW WKHUHIRUH REVHRQHG ZLWK
LQ WKH DERYH . UHJLRQ 7RWDO QXPEHU RI FDOFXODWLR

7TDEOH,QLWLDO SDUDPHWHUV XVHG IRU PHWKDQH DXWRLJ

PHWKI
THPSHUDMW . VWHS
VWHS

3UHVVXLU
(TXLYDOHC |
(*5 >

JLIXUHOHWKDQH DXWRLBQHWIZRK YDULDEOH SUHVVXUH DQ
DQG ZLWK SKL DQG HJU OHIW DQWLZKWK SKL D




I1XPHULFDO 6LPXODWLRQV DQ

, VRRFWDQH

,ZVRFWDQH ZDV WKH ODVW IXHO LQWHQGHG IRU WDEXODYV
WKDW WKH VPDOOHVW DYDLODEOH PHFKDQLVP XVDEOH Il
VSHFtHDQG WKH OLPLWHG FRPSXWHU SRZHU D VRPHZKEL
GLVSODYWEQAK) XVHG IRU WDEXODWLRQ ZDV IRUPXODWHG
SRLQWYV 7KLV WDEOH KRZHYHU DOXKRLBEK DWW G-HHE& WV D@ G
QHHGHG WR EH VPRRWKHG RXW DPMIXBHQ RQ WKH ULJKW 1

7TDEOH,QLWLDO SDUDPHWRPBWDXYHOGARRILVRLWLRQ WDE:

XVLQJ &KHQ HW DO
7HPSHUDW S VW
3UHVVXL
(TXLYDOHC |
(*5 >

JLIXUH,VRRFWDQH DXWRLJQLWLRQ WDEOHV ZLWK YDULDEC
DQG ZLWK SKL DEBGNHIDQG ZLWK SKL DQG HJU

7KH DERYH GDWD FRPELQHG ZLWKKWE MW IEPW DBDYRHSGR @ E
EDVH SRLQW IRU FDOFXODWLQJ VHYHUDO RWKHU IXHO EC
LQ UDQJH RI




I1XPHULFDO 6LPXODWLRQV DQG 5HVXOWYV

' &+(0.,1 DIDLQVW,5(
7R REWDLQUBSIRRGHQWDWLRQ RI WKH FRPSDUDEOH UHVXOWYV
FHOO JULG ZDWKXVHGLWLRQ EFRPHXWKNH FP@IGULYLQJ SKHQRPF

7KH FRPSXW D WIIRQUHDANBEO UDPHWHUYV DOV BRZQ LQ

7TDEOH&RPSXWDWLRQDO JULG SDUDPHWHUYV

'LGWK >P@
+HLIJKW >P@
&HOO ZLGWK >P@
&HOOJKMW >P@
7TRWDO QXPEHU R| FHOOV

J)LQNOPSOHLWGGV S ODRIKG H Q

JLIXUH&RPSXWDWLRQDO FHOO XVHG LQ LIJQLWLRQ VLI

,QLWLDO IWROOFOMQPJ WKH ZRUN SODQ DV H[SODLQHG DW W
FKDSWHUB VKRYZ QJKHXUH FRPSDULQJ WKH &+(0.,1 ' FDOEXOD\
DJDLQVW WKH ),5( VROYHUE RRIGHIO PARGMKENIG PREMARQ

7KH ' LQWHUSRODWLRQ URXWLQHV ZHUH LQXWEWQBQLPSOF
DSSURDFK DYDLODEGH @ V KMKHZDRONYBVYR XVHG WR PRGLI\ WK
LJQLWLRQ PRGHO




I1XPHULFDO 6LPXODWLRQV DQ

JLIXUH&+(0.,1 YV ),5( (&)0

7KLV LPDJH SRLQWV RXW WR WZR |DRMDR WIKIMMGE HH G
LVVXH LV WKH FRPEXV\QURIMKRGIKGI O/ WRQWXPSWLRQ DV V
ORZ KLJK WHPSHUDWXUH LQWHUPHGLDWH VSHFLHV WUDF
WKH LJQLWLRQ GHOD\ WDNHQ IURP WKH WDEOH ,I WKH FL
WDEXODWLRQ LV VHW RQO\ W RHMKRH WIHR/SHRXEWVED WH VB Y |
FRPEXVWDRQVDUWHG KDOI ZD\ WKURXJK WKH DFWXDO L
FULWHULRQ ZDV FKDQJHG WR D WHPSHUDWXUH LQFUHPHQ
WKH LIQLWLRQ PRGHO DQG ILQDOO\ SUR®XEPBHIGKID \E D\ WHI
EHHQ PDGH XVLQJ RQO\ LQIOH[LRQ FULWHULRQ IRU WKH |
LQ WKH HDUO\ VWDJHV RI WKLV ZRUN WR DYRMIGHUHFD!




I1XPHULFDO 6LPXODWLRQV DQG 5HVXOWYV

IROORDL@RAWLRQ WR DOWHU WKH FRRO IODPH GIBEWLRQ GHC
DVVXPSWLRQV
P4 Fi
ikiLigfLeFrru Fs E-AL—A )
TAi

7KH DERYH HTXDWLRQ PRGLILHV WKH ORZ WHPSHUDWX
DVVXPSWLRQ WKDW WKH WHPSHUDWXUH KIOWQDWKMHGIBEU W]
DQG KLJK LIJQLWLRQ GHOD\V DUH FORVHU WR HDFK RWKHU 7
L\YWRZ DPRXJHV LRIBWU DW KLIJKHU WHPSHUDWXUH RU SUHVVX
YDOXH WR GHFUHDVH WKH OR ZDWHPS NVKRW WU HO®\N BR. ZIDW L R

ZKLFK ZRXOG FRYHU ZLGH UDQJH RI WDEXODWHG YDOXH\
LQFUHDVHG LI WKHUH LV D ODUJBIRZ GDQIG WKLQ RHWHEHP\S B i 1D @/ X
GHOD\WGLFDWLQJ WKH ORZHU JUDGLHQW LQ WKH WHPSHUDW
LQIRHJLSRLQW EHLQJ PRUH GLVWDQW IURP WKH DFWXDO LJC
WKH (&)JOFRPEXVWLRQ PRGHO

2WKHU LVVXH IRU GLVFXVWHRS HIUM AWM LRQIKGHOD)
LOQWHUSUHWDWLRQ LQ WKH OLJKWV Rl WKH' PSOHPHQWDYV
FDOFXODWLRQ 7KH YDOXHV H[WUDFWHG IURP WKH GDWDED
FXUUHQW VWDWH LQ HDFK FRPSXWDWX R D VAR KXW WIBI MW KH F
WKHUH LV QR GLIIXVLRQLDNGGI XHR® DHKAMRLRVE HWILRYH EELQ J
PHFIQRLVP Rl WKH FRPEXFMHWMHUHIRUH LQ WKLV FDVH DI
FRPEXVWLRQ VWDUWV DQG FHUWDLQ DPRXQW RI IXHO LV FR(
VHFWLRQ@VWBEWDQHRXV YDOXHV RI SDUDPHWHUV XVHG IRU
DOWHUHG &RRSOULIFRPEMVWLRQ PRGHO WR ' FKHPLFDO FD(
ZRXOMKHRUHWLFDOO\ H[SHFW WR REW@IK® WRARHVLPQOWURBX
GHOD@KH FRPEXVWLRQ PRGHOYTV FDOFXODWLRQ RI LQWHUPF
DIWHU WKH LQWHUPHG IWWHVDH KWHS/H PLKH/ Q\RZD RHHP SHUDWXUH L.
FRQVXPHV SDUW RI WKH IXHO WKH KLJK WHPSHUDWXUH LJQL
UDWH FDOFXODWHG EHIRUH WKH ILUVW LJQLWLRQ RFFXUUH(




I1XPHULFDO 6LPXODWLRQV DQ

WKH GHOD\ DV WDEXODWHG QR W IMDKOL \B D/ASHIFEH W.IHF UWH VE QR W K-
WKLV WKHRWHDPMOWRWDLQO\ EHFDXVH WKH PRGHO KDV WH
SKHQRPHQD HQFRXQWHUHG LQ WKH JHQHUDO FDOFXODMW
HWF<LWIORZ WHPSHUDWXUH E@RBERBWUWRIP L\gDIND LWHVLPDC
DPRXQW RI WLPH DOUHDG\ LQ WKH QH[WWKWHHESWI \WHH R 8 RV
FRPSXWDWLRQD GG BB® W LFKDAIH \K DAL\ VIXQFAHU HDHSH U D W X
GLIIHFR@®RVLWLRQ 7KLV QHZ VWDWH LVGIWHRPLW KWIHWU SR DC
WKH YDOXHV IURP WKH GDWDEDVH WR FDOFXODWH WKH
ZKLFK UDWH LV DW WKLV SRLQW H[SHFWHG WR EH VLJQLI
WR WKH ORZ WHPSHUDWXUH LJQLWLRQ 2QH ZRMOG WK
SUHGLFWLRQ RI WKH KLJK WHKP$H ¥R AKNHIURM QH QHRXQQ W H
ZKHQ REVHUYLQJ WKH UHVXOWV RI WKH &)' FDOFXODWLI
UHVXOWYV

(YHQ LI WKH WHPSHUDWXUH DQG SUHVVXUH XVHG IR
WHPSHUDWXUH UH QUMWIKRIQY WKXV LQGLFDWLQJ WKH UHC
WHPSHUDWXUH LJQLWLRQ WLPHV WKH\ DUH DOVR FRPS
FRPSRVLWLRI ARPSOOMIFWDRQYBH QHZ FRPSRVLWLRQ DW
FRQVLVWY RI D FHUWDLQ DPRXQ@WLRKH ZHBRGEFW QUSHF\L K
LQFUHDVLQJ WKH LJQLWLRQ GHOD\ H{WUDFWHG IURP WKH

"5HDO /LIH ORGHO

$V WKH ODVW YDOLGDWLRQ RI WKH LIQLWLRQ PRGHO EX
FRPEXVWLRQ PRGHO FDOFXODWLRQVFRKFERUWDLRQH WD UE
GHVLJQ KDV EHHGQ S®UKRVPHGVLQHXLSSH® HZAWWKR K\GUD X (
YDOYH DFWXDOMLR® WKUHH LQWDNH SRLQWV ZLWK VZLUO
> @VKHKDSHG SLVWRQ ZDV XVHG SLVWRIXWHKHPDWLF LV




I1XPHULFDO 6LPXODWLRQV DQG 5HVXOWYV

J)LIXUH 3SLVWRQ JHRPHWU\ XVHG IRU VLPXODWLRQ

$GGLWLRQDO HQJLQH WHFKQLFDO VSHFLILFDWLRQV QHHGH
VLPXODWLRQ DUHDEOHMOD\HG LQ

7TDEOH/HVW HQJLQH VSHFLILFDWLRQV

ER PP

VWL PP

GLVSOD GP

FRPSUHVVI

QR] KROH
PP

7KH VLPXODWLRQ ZDV SHUIRUPHG WD W]B QY URWKWWLRPNH RV
WKH HQJLQH F\FOH VWDUWLQJ DW WKH PRPHQW RI YDOYH FC
EHIRUH WRS GHDG FHQWUH 7'& DQG ILQLVKLQJ DW GHJL
DUH DWSOGD\HG LQ WKH DERYH VSHFLILFDWLRQ WDEOH HLJK
ZLWK DVVXPLQJ UDGLDO V\PPHWU\ RQH HLJKW RI WKH F
FRPSXWDWLRQDO GRPDLQ ZLWK WKH QR]]ON KREHBEQSRYLWLR
YLIXUH




I1XPHULFDO 6LPXODWLRQV DQ

JLIXUH &RPSXWDWLRQDO GRBDVQRODWSERUWMWRR DQG 7'

%RWK FRPSUHVVLRQ DQG H[SD/QWPXR® WG RNMS/O B HLX
FRQVWDQW PRGLILFDWLRQ RI| WKIHF I RFARSOO/GD IVQ R R CEGT BHEG
WKH DERYH ITKKVYHY DFKLHYHG EWXNRQUQW KH-H VIR GFDISWD E L
WKLV ZDV XVHG DV LV DQG ZLOO QRW EMRXQSOD@QHG KH
7KHUHIRRMEXVWRRQRLQ KDG YDULDIQMR RSOPEBIWLRQ FHOOV
IURP DWRWWRP SLVWRQ SRDMWWLRH W&

,QLWLDO FRQGLWLRQV IRU WKH FDOFXODWLRQV SUF
JDV PDVV IUDFWLRQ 2H@EKWDN HOKH BRERGADY XVHG WR

REWDLQ WKHVH YDOXHV




I1XPHULFDO 6LPXODWLRQV DQG 5HVXOWYV

7KH UHVXOWYV RR¥IKOH I DBBAJAHXNVHOIDMWHG LQ IROORZLQJ LPDJF

JLIXUH 3UHFXUVRU YDULDEOH LQ WZR VHOHFWHG F

2Q WKH DERYWHLIKUXHUHD ORZ WHPSHUDWXUH LJQLWLRQ
YDULDEOH KDV EHHQ GLVSOD\HG 7KH LPDJH ZDV WDNHQ D!
GHJUHHYV 2QH FDQ DOVR REVHUYH WKH LPSDFWQRI WKH Vz
UHJLRQ WR RQH VLGH RI WKH FDOFXODWLRQ GRPDLQ

THPSHUDWEWDMQHG GXULQJ WKH VLPXODWLRQV DUH
YDOLGDWLRQWE&EBXMIH KRZLQJ YHU\ JRRG DJUHHPHQW EHWZHFE
6RPH GLIIHUHQFH FDQ EH VISHDQUQ WQRWWHHFRPBPQMLR®LFK LV G)
OLPLWDWLRQV RI WKH FRPEXVWLRQ PARIGHONL@QHRWPISDANVLQJI W
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I1XPHULFDO 6LPXODWLRQV DQ

J)LIXUHO9DOLGDW DRI GDWBXODWHG WHPSHUDWXUH ¢

)LQDOO\ DOVR VKRZLQJ JRRG DJUHHPHQW WKH FRPSD
YDOLGOWHWRWOXUH LQ WKH F\OLQGHWMHY VKRZQ LQ WKH

—s o] S§]}v §
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)LIXUH 9DOLGDW IDRQ®G GDWBXODWHG SUHVVXUH SUR

-ouﬂ

2YHUDOO FRQVLGHULQJ DOO WKH DVSHFWV RI WKH P
WKH UHVXOWY FRPSDULVRQ LW FRXOG EH FRQFOXGHG W
PHFKDQLVP VHOHFWLRQ WR G &)' FDOFXODWLRQ SURYLG
IRU SUDFWLFDO XVDJH RQ ZLGHU DSSOLFDWLRQ VFDOH




&RQFOXVLRQ

&RQFOXVLRQ

7R DFFXUDWHO\ VLPXODWH WKH FRPEXVWLRQ RI WKH IXHO R
FRUUHFW SUHGLFWLRQ RI 7®RKBRIXMIOLVLJ)RQW.RBRKOG XVH
FRPSXWDWLRQDOO\ GHPDQGLQJ IXO0O FKHPLVWU\ FDOFXODMW
SKDVH UHDFWLROXUDRUWH LKRUUHODWLRQ IXQFWLRQV ZKLFK
HQFRPSDVV DOO LQIOXHQFHV RQ LIQLWLRQ HVSHFLDOO\ ZK}t
GLIIHUHQW 7KHHUIWKH WDEXODWHG LJQLWLRQ GDWD DSS
LQYHVWGIXDWHKEY ZRUN

$QHIIRUW KODPDGEHHWQR HQDEOH DQ HIILFLHQW DQG DFFXU
IXHO RAIQWRWLRQ ZLWKLQ WKH FRPPHUFLDO &)' FRGH G6LQF!
SURFHGXUH zZDV DOVR FRQVHQ®DEDEDF KM QMEIRQ LWRRQ
GDWDEDVH IRWAWWUREDYV GHRSHG 7K LWWIHYRHIME® LQGLYLGXDH
FRPSRQHQWW KPIMIALWW B QFBR YOG BBWHRFHVVLQJ E\ HQDEOLQJ
RSWLPDO UHDFWLRQ PHIAKWKIN RVDERBBWLRQ SURFHGXUH LW
LQWHUIDFH SURYLGLQJ D IOH[LEWK $FDOFEOB®LRDEXOWWLR
MRLQHG LQ WKH ODVW SDUW RSB WREHWDDI QBWRIRIH WKH S
HQDEOHV WKH LQVSHFWLRRUR H PR BQEIDWIH & LAADKWMD E\ LQVHU\
PLVVLQJ SROKBVYBRWB Rl WKH VPRRWKLWIDWNRKQUASBYHY WK
GDWD SXWWLQJ LW LQWR D VSHFLILF IRUPDW UHTXLUHG E\ \
HDVLO\ LPSOHPHQWHG DQG UHDG\ WR EH XVHG LQ WKH IX0O0

7KH ILUVW VWDJH RI WKLV ZRUN LQFOXOMDBE®@BH WKRUF
FKHPLFDO PHFKDQLVPV IRBRESIDHUEGQ W KXIPONVD GFGHBIVHQWLC
YLVXDOL$BRWYRBO\ KHOSLQJ RHAK BOIELR MRHORFWLRQ 7KH WD
URXWLQH ZRXOG KDYH WKUHH PDMRU SURSHUWM®Y QHHGHG
WKH FDWERQV WKH PHFKDLQEWR P SIDAHF[X WD D QGHE WD @ L DR W\
DFFXUDF\ DV VKRZQ LY PKPBWHWLQJ SRLQW DOZD\V RSHQ
(YHQ LI WKH LJQRWLRWUPH UKL WRUZDUG WKH H[SHULPHQWI
SURYLGLQJ PHFKDQLVPV WKDW FDQ GLIIHU LQ VLPSOH ' FC
PDUJLQV 7KHUHIRUH HDFK PHF@&RQIVA WK DUGINMBWIHEBXUH L




&RQFOXVLRQ

ZKLFK ZRXOG KDYH WR EH VWXGLHG LQ WKLV VWDJH OF
EOHQGMM®KIHQSUHYLRXV GLVFXVVLRQ LQIOXHQFLQJ WKH |
WLPH RI WKH WDEXODWLRQ SURFHGXUH FZQ B LYHHIEWD WRDIE
WR WHVW LI WHKH WO GXFHHEH WD O P H VK\DRPKGIHPP B RE@ | U P
UXOH RI WKXPE D PRUH FRPSOH[ PHFKDQLVP XVXDOO\
PHFKDQLVP EXW VHYHUDO FRPSDULVRQ FDOFXODWLRQYV
LVVXHPMWKKDQLVPYV VWDELOLW\ LV XQIRUWXQDWHO\ WKH
WKH WDEXODWLRQ LV GRQH DQG GXH WR WKH QXPHULFDC
RU GR QRW FRQIRUP WR H[SHFWHG WUHQGV LQ UHVSHFW
JRU WKHVH PBVRFHYRVYQJ WRROV KDYH EHHQ GHYHORSHG
PLVVLQJ FDOFXODWLRQ DQG WR XVH PDWKHPDWLFDO DC
GDWD $OVR LQ WKH FDVH RI EOHQGLQJR¥XNRDQHHOQ D G F
KHSWDQH ZDV FRQVLGHDWEHSWPHEORSLEOIXDQWH FRUUHOTL
EH XVHG LQ GHWHUPLQLQJ WKH LIQLWLRQ GHOD\ Rl WKH |
GHOD\V IRU FRPEXVWLRQ RI SXUH IXHOV DQG WKH EOHQGI

7KH LPSOHPHQWDWLRQ Rl WDEXODWHG GDWD KDV EH
7KH DSSURDFK RDSUMYQRMHDAH ORSHG FRPEXVWLRQ PRGH
FRQVLGHUHG ZLWK DSSO\LQJ D VLPSOLILHG LJQLWLRQ PF
DGGLQJ DGGLWLRQDO WDEXODWLRQ GDWD VXFK DV WKH
GHFHQW UHVXOWYV 7KH LPSOHPHQWDWLRQXBIWNMWHVWHG |
VLPS@®®PSXWDWLRQDO JULG 7KH UHVXOWVGEZPHE&VERPSDU
FKHPLVDVQURXODWLRQ XVLQJ WKH KRZAL.QU ORRGDDMKIHIHPHQV
LQIOXHQFH RI WKH ORZ WZADPS M K R VQARIPISD® IWRHR @ X O W V
REWDLQHG BANKSVHYLRXS/OHPHQWRWEKRQ\ KLJK WHPSHUDW
LJQLWLRQ WDEXODWHG

J)LQD®OUHDO OLIH FDVH ZLWK PRUH FRPSOH[ JHRPHW
GLVSOD\ WKH FDSDELOLWLHV RI WKH LJQLWIKRQURMR/XIDW \ (
LQ WKLV FDVH DOVR VKRZHG D JRRG DJUHHPHQW WR WKH

2YHUDXQV ZRUN BBG DURMIW REXSWUMHWHG GDWDEDVHV |

IXHOV RI LQWHUHVW D UHDG\ WDEXODWLRQDZRUNIIRZ IR!




&RQFOXVLRQ

FKHPLFDO PHFKDQLVP DQG DFFRPSDQ\LQJ WKHUPRG\QDPLF G
D' &) HQYLURQPHQW IRU VLBPGORMWLRRERY W QR LFDVH




SHIHUHQFHV

>

5HIHUHQFHYV

+ - &XUUDQ : - 3LW] & . HVWEURRN & !
2[LGDWLRQ RI $XWRPRWLYH 3ULPDU\ 5HIHUH(
SURFHHGLQJVY RI WKH &RFFERXOVWLRIE,QVWLWXWH

+ - &XUUDQ 3 *DIIXUL : - 3LW] DQG & . :H
ORGHOLQJ 6WXGEWRRQHVRLEGRWERQWLRQ DQWRPODPH
SS

- 3LW] HW DO 'HYHORSPHQW RI DQ ([SHU
.LQHWLF ORGHOV IRU 6XUURJB®H *DVROLQH )XHOV L
-7 )DUUHOO HW DO 'HYHORSPHQW RI DQ (]
ORGHOV IRU 6XUURJDW IBSEQHVHO )XH

*3 6PLWK HW DO *5 KWWS 7277 PH EHUNHOFt

1 0 ODULQRY $ 'HWDLOHG &KHPLFDO .LQHWI
(WKDQRO 2[LOEMMURPWLRQDO -RXUQDO RYREKHPLVWU\

3 6D[HQD DQG ) $ :LOOLDPV 1XPHULFDO DQGC
IODPHMRFHHGLQJV RI WKH &RPERONLRQSSVWLWXWH

', .RODLWLV DQG 0 $ )RXQWL $ WDEXODWHC
PRGHOLQJ RI GLHVHO VSUD\ HYDSRUDWLRC
HQYLURQERPEXVWLRQ DQY®QPODPHQRS

3* /LJQROD DQG ( 5RRO IOL3URJUHVV LQ (
&RPEXVWLRQ BROHQFHQR+ SS

6 5 +RIIPDQ DQG - $EUDKDP $ FR KHSWDQH
GHFDQRDWH DQRQG GLPHWK\O HWKHU FRPE

KRPRJHQRARDXVJIH FRFRSUHMMWLRQ HQJLQH XAFROYGLWLRQ!
QR SS




5HIHUHQFHV

>

7 5HQWH 9 , *RORYLWFKHY DQG , 'HC+HSW

6SUD\ $XWRWLRQ DW 'LIIHUHQWQLNWLHR®@V 7KIUBUH
7KHUPRQG )OXLG 'VQRBRPDE',$

$ 'RQNHUEURHN &RPEXVWLRQ LQ DQ RSWLF

EDVHG GLDJQRVWLFV 5DGERXG 8QLYHUVLW\ 1LMPHJHQ

0- OXUSK\ -' 7D\ORU DQG 5/ OF&RUPL
([SHULPHQWDO &MBENDUQH'DW D 1IDWLRQDO 5
/IDERUDWRU\ 6XEFRQWUDFWRU UHSRUW

-0 6LPPLH 'HWDLOHG FKHPLFDO NLQHWLF
K\GURFDUERQUIKHIOHWY LQ (QHUJ\ DQG &RPIIRO/VWLRQ 6FLFE
QR SS

- &* $QGUDH 'HYHORSPHQW RI D GHWDLO
VXU URJD WK HOHRV QRSS

+ - &XUUDQ 3 *DIIXUL : - 3LW] DQG & . :H
ORGHOLQJ 6 WXHSWRIQH 2[L&ERRMEDRVQVLRQ DQARPODPH

QR SS

- ) *ULIILWKV B5HGXFHG NLQHWLF PRGHOV |
FRPEXVWLRQ BURMMPWYWY LQ (QHUJ\ DQG &RFRXVWLRQ 6FL
QR SS

6 - DQG 2 &ROLQ $ YDULDEOH YROXPH DS
FKHPLVWU\ DQG LWV DSSOLFDWLRQV WR PX(
3URFHHGLQJV RI WKH &RPEMRONLRQQ,RV W LSABX W H

0 %DEXULG 1XPHUL PRGHOOLQJ RI W SUHPI
IODPHVY 'HSDUWPHQW RI (QHUJ\ 3RZHU (Q.
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