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([SHULPHQWDO DVVHVVPHQW RI WKH TX
LQGLFDWRUV IRU G\QDPLF VA\VWHPYV FF
GLILWDO KXPDQ PRGHO

3 0$85,&%° 9 3%'23%6 < 0($6621DQG 3 % ,*$8"

*6RUERQQH 8QLYHUVLWpPV 830&8QLY 3DULV &156 805 ,QVWLW

6\VWgPHV  QWHOOLJHQWV HW GH5RERWLTXH ,6,5 ) 3DbULV )

b&($ /,67 QWHUDFWLYH5RERWLFV /DERUDWRU\ *LI VXU <YHWWH )
©€21(5% 3DODLVHDX )J)UDQFH

$EVWUDFW

7TKHIJURZLQJQXPEHURIPXVFXORVNHOHWDO GLVRUGHUVLQLQGXVWU\FRX
ZKLFK DOORZ WKH MRLQW PDQLSXODWLRQ RI REMHFWYVY E\ ERWK D URERW
DVVHVV WKH HUJRQRPLF EHQHILW W KSHR\ VRNV R PHRHEQNA UPYHDNNKLRREV RXIVDHZ R U
SHUIRUPLQJ WKH WDVN DQG UHTXLUH D SK\VLFDO PRFN XS RI WKH URERW
EHFDXVH WKHLU PHDVXUHPHQWY UHTXLUH KHDY\LQVWUXPHQWDWLRQ +F
EXW G\QDPLF VA\VWHPV ZKLFK PRWLRQ LQIOXHQFHVDQGLVLQIOXHQFHG E\
WKH ZRUNHU KLP KHUVHOI LV DOVR D G\QDPLF VI\VWHP RQ ZKLFK G\QDPLF
HYHQZLWKRXWWKHSUHVHQFHRIDFROODERUDWLYHURERW ,QRUGHUWR
SHUIRUPDQFHV RI G\QDPLF VA\VWHPV LWLV SURSRVHG WR XVHD G\QDPLF G
DVVRFLDWHG ZLWKD GHGLFDWHG HUJRQRPLFPHWULF 7KLV SDSHU SUHVH(
IRUPXODWHG WRPHHW WKHUHTXLUHPHQWYV RIHUJRQRPLFHYDOXDWLRQV
SRVLWLRQ RIWKH ZRUNHU KLV SK\WVLFDO HIIRUWDQG WKHHQHUJ\VSHQW (
E\VHYHQ KXPDQ VXEMHFWYV XQGHU GLIIHUHQW WLPH ORDGDQG JHRPHWU
UHSOD\HG ZLWK D G\QDPLF'+0LQ D G\QDPLFVLPXODWLRQIUDPHZRUN LQR
$00 WKUHH LQGLFDWRUV DUH VWURQJO\DIIHFWHG E\ WKH JHRPHWULF SD!
JXLGHOLQHYVY %HVLGHY DOLQHDUFRUUHODWLRQEHWZHHQ WKHYDOXHYV F
VXEMHFWV LV REVHUYHG ORUHRYHU WKHUHVXOWY VKRZ WKDW WKH UHO
IHDWXUHV HVSHFLDOO\LWV GXUDWLRQ )XWXUHZRUNZLOO EHGLUHFWHC
DIJLYHQ WDVN

.H\ZRUGV (UJRQRPLFV 'LJLWDO +XPDQORGHO '"\QDPLFORWLRQG6LPXODW|

S (QWURGXFWLRQ E\ SK\VLFDO ZRUN /XWWPDQQ HW DO

7TKRXJK ZRUNLQJ FRQGLWLRQV KD 1%3 Q/ §3< QF % FFRPSOLth/g (K;Ial,iSH\

YHORSHG FRXQWULHY ZRUN UHOD b \ @Ig%_K%—EYURZLQJ U

RUGHUV 06'V UHPDLQ D PDMRU K §’§ \ )&3 WDVNV FDQQRW EH IX
06'VUHSUHVHQWHG RlI WKH

GLVHDVHVDQG DIITHFWHG RYHU I I Lf(B?\fMSVL\/F\/VggEZIh%LNm
LQ(XURSH 6FKQHLGHUDQG ,UDVW R UWKDQ UHSODFLQ
WKHWRWDO FRVWRIO06"KDVEHHQ H QW PDQLSXO
WR ELOOLRQSHU\HDU 1DWLRQD LK
L, QVWLWXWHRIOHGLFLQH +HQ J y
LV D KLJK VWDNHVVRFLRHFRQRPL&/CZE{)\? FS JWK DPSOLILFDWLRQ L

\SURYLGHV D
7KH FDXVHV Rl 06'V DUH RIWHQ PXJ \%SY vaé DOVX)L(J\I/IaFRH|VWDK?_|C\;/
LQFOXGH GLITHUHQW NLQGV RI IDF z</ | X’%QHUJRQRPL
]IDWLRQDO SV\FKRVRFLDODQG EL h |}£ PPXVWEHSH

V

DQG ,UDVWRU]D +RZHYHU WK I
DUH RIWHQ ELRPHFKDQLFDO PRV . % \\/V S&EF?SB:JDG
UHVXOWIURPVWUHQXRXV ELRPHF L \6 % VI-PGY '

&RUUHVSRQGLQJDXWKRU (PDLO PDXULFH DW LVLU XSPF IU
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WKHWDVN /LDQG %XFNOH D Q&HIH AXMWUH B BRN\GLUFIDYD EOH 6RPH SKHQ
PRFN XSRIWKHURERW *LYHQ WKDWRVRKRV DNYWDWRHBWHQLEVWK D GHGLFD
DW JXLGLQJ WKH GHVLJQ Rl WKH UW®RERWF D WHFPHDOQQ\5 BOTHZL QJ WKH URERW
SURWRW\SH HYHU\ WLPH D PHFK D QIUFRDFOVBIOHW ZRH WHW RRWKBVWDQFH FRO
URERW LV FKDQJHG ZKLFK LV D VL BQIRYE B Q®JVMWUMWDPMWLRIPLISD LILFDWLRG
WHUPV RI FRVW DQG WLPH %HVLGMKXWKHBDM\HWXGXDWHRQVKO\ LQHUWL
XVXDOO\ H[FOXGH G\QDPLF SKHQR® BB DFWKDII HYWR X WHREEMW KH DVVHVVPHC
WKHULVNRIO6'V EHFDXVHWKHLU PHDBHUWHAP IQPADWMLIRTOXR UM K H ULV N
KHDY\LQVWUXPHQWDWLRQ RI WK H®@ZHRRNQHUW &6 IO WHW RRBN. DN VRFLDWHG
LV WR FDUU\ RXW WKH DVVHVVPHQWXRIXE®G\GRRGW D O ZRUO/RPH '+0 WRF
ZKHUH PRGLILFDWLRQV DUH VLP S OYHWU \DIFG- R D QWSKEY RPBIGKDQLFDO PRGH
TXDQWLWLHY FDQ EH DFFHVVHG DWORYHWHRGWQV DQG ERQHV H J $Q\%
6HYHUDO WRROV H[LVW WKDW RIIHWHWKHSRV VL RISHM\LW R'SI®SIRWM O
HUJRQRPLF HYDOXDWLRQV RI D ZRADNSXIDAHVHQTX YQ WWW DBV VXFK DV P XV
HQYLURQPHQW E\ VLPXODWLQJ WKEB8H@UWK UZKILWK D \GH. FIORV® O\ OLQNHG V
KXPDQ PRGHO '+0 H-DENOPRWFKNHVN DO DQGVRPHWLPHVHYHQLQFC
5DPVLV 6HLGO 6DPPLH BHRAMWH @MW DOFK PRGHOV XVXDOO\UHT
7KH PDQLNLQ LV DQLPDWHG MKKDURDEIKO SPOWDPGWHUY ZKLFK FDQQR
FDSWXUH GDWD GLUHFW RU LQYHALWHKRXQH? DEWN.AFWRWSSBHILF NQRZOH (
GHILQHG SRVWXUHV DQG EHKDYLRERG 9 DAH RXVHYU WRHR/MHLWRROV SURY LG |
DVVHVVPHQW PHWKRGYV DUH LQFOKGRK PRWFRHY MW MRGWRAD HHVF ,Q RUGH L
SURGXFWV 7KH ILUVW FODVV R PHIRKORGERHEM W L VDAV MAL RVK W KHVH ORFEDC
OHYHO RIULVN GHSHQGLQJ RQ WKW RIPERQKGH. @ B Z\DK IVRDMQLYV OHIW WR W K
06' IDFWRUV 7KH PRVW ZLGHO\ NQRZY DONVBS/®LWLFLVP DOVR DSSOLHV
5DSLG 8SSHU /LPE $VVHVVPHQW Z(AFKSDSREBLGH ORFDO PHDVXUHPHQW\
WLUH %RG\ $VVHVVPHQW 2:$6 2EIRMRWRUNLQJ
BRVWXUH $QDO\VLV 6\VWHP WKH 2EBHE$ZIRQGHHE PHFFKQWHG LQ WKLV SDSHL
SDWLRQDO 5HSHWLWLYH $FWLRQ RRU QWKH '3+ IFKHE MOURWRPLF DVVHVYV
/ILDQG %XFNOH 'DYLG 7KHIMHWRQGRFOPROWODERUDWLYH URERWYV
RI PHWKRGV FRQVLVWV RI HTXDWLW®&W B H YWHIOERSPHWWIRWV BRWHK D GHGLFDV
SVVFKR SK\VLRORJLFDO OLPLWV QBMF WZARKB ¥ M\HG ALHDRM¥GHUDQG D PHDVX
WR PLQLPL]H WKH 06' ULVN GXULQ WRDRXD\OXKBQERLEK DUH VXLWDEOH IR
RSHUDWLRQV 7KHPRVW IDPRXV DUHHUW R B R P26 SIHF XM DRWIPFD® FHV RI1 G\QDPLF
‘DWHUV HW DO DQG WKH 6QWRE VD QUK RX UK MKQAR ZRUN WDUJHWYV FI
WDEOHV 6QRRN DQG &LULHOOR LWVZKEREH HWHWPLGHU DQG DFWXDOO\
DPD[LPXP DFFHSWDEOH ORDG ZHLIJKM) BHBPQFVYEHRRYI WKHWHVVLQJ HUJRQR
WDVN IHDWXUHV LQ G\QDPLF VLWXDWLRQV 7KLV SDSHU |
7KRXJKD ZLGH YDULHW\ RI PHW K R GPVXIDWDHV. RIDLROIDHEWDIHR QMRPH\F LQGLFDWRUYV
DUHQRW VXLWDEOH IRUWKH GHVLIDKIFROLFDER U ML FHWIRERWWKUHH LQ
6XFKURERWV PXVWEHRSWLPL]HG BRIQVNQBE UQRERUVGKHUZKR®HHW WKH UHTX
DFWLYLW\ DQG WKH ZKROH KXP DQRERIBN L% W RERWWBW NNQ H[SHULPHQWD
ZKLFK PD\EH DGGUHVVHG E\WKHVIBXRER®WRHQYXUHRXKDW WKH\ DUH H L
DQG RIWHQ FRPSOH[ ZKHUHDV WKMHRQRWWNRB DYVOHINN@FQRI YDULRXV ZRU
PHWKRGV DUHVSHFLILFHLWKHU WR QG\L\SHRRDFW DOXMVDLYG/ WY GLHG 7KH
WR D ERG)\SDUW 6R WKHHYDOXDW LRQRIPWKIR B Q WK DHFWXOWW\D UH SUH YV
ZLOO YHU\ OLNHO\ UHTXLUH WKH XME8RGYMFKVUDKGP HWKRBEWLRQ 6HFWLF
WKH UHVXOWYV RI ZKLFK DUH PRV W\OKHQBRMO KRN PRFHORIRKKHVH LQGLFDWR U
DQG WKHUHIRUH FDQQRW EH FRPSDOH® DRKRURKRRWUHWY YREBW SHUVSHFWLY H\
PLJKW EH WKH PDLQ GUDZEDFN R| WIKMKHQRE YVOIREDWDRYBOVPHQW PHWKR
PHWKRGV LV WKDW WKH\DUH VWDWLF PHDQLQJWKDW G\QDPLF
SKHQRPHQD DUH QRW WDNHQ LQWR D—FIEIQXWWR@I-RWLLQKBIKFDD/WRUV

EHHQ HVWDEOLVKHG WKDW IDVW PR\\;/Y&% E/\q/\g—( I% L{/LKVRN(OG DEER

RI106'V HYHQ ZKHQ WKHUH LVQR%& yHVWURQJSF

URERW EHFDXVHRIWKHHIIRUWYV H[SRV:

LFDO WLVVXHYV QFROODERUDWL éK% 7KH U
G\QDPLFVWDJHVRIWKH DFWLYLW\ H LW
EHFDXVH WKRXJKGHVLIQHG WR E \’/ﬁév b I @ D SRVW

rrrXj/bX+QKf7 fT Q/m+ibf/2HKB
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ZLWKRXW PRYLQJ DUH RPLWWHG MR MWXW D @ROMNYV DQGHHEORFLWLHYV RQ PD
WKRXJK UHSHWLWLYHQHVV DQG SRAXWXHDMOWOK RO L W AMHBGHWKRAUK PRGHOV
EHH[WUDFWHGIURP WKHVLPXODWERQ BHKIRXDBELIRP WKKHDQILWBODWXUH &k
LPSDFWV RQ WKH KXPDQ ERG\ DUH RZHNYHW R/ AN DL@QWAXHQFH RI IRUFH LQ¢
SUHFLVHO\ ,W UHTXLUHV WR XQGHWWWEGHEKRDWWHDIGE WLEHLQJ FRQVWL
IUHTXHQF\ IDFWRUV DIIHFW WKH KX/ S W\KR/H FADROURTTX $HD FF IUSHDSFU AW HRQ WILRQLIQ
WLHV ZKLFK LY FORVHO\UHODWH G WRFWY MW LRSHQ SIDREOHRMBH MRLQW RI
IDWLJXH PRGHOLQJDQG LV RXW RIPERISE KNWHIHWWHKEXOW®KH IRUFH H[HU
QHYHUWKHOHVV EH QRWHG WKDW WKHHSROORVZHBEHHHURYXQRVWRQY IO Z 0D HW
DVVHVVPHQW RIWKH DEVROXWHOHYHORIULVNIRUW|§HZRUNHU
EXWWKHFRPSDULVRQRIDVVLVWLYH GHM&fHVnaZ%}é:KD RW
H[SHFWHG WR GUDPDWLFDOO\DIIHFW WKH ZRUN UDWH
7KH LQVWDQWDQHRXV SRVWXUD O AKHINHIN\Q BOPOGH\I Y\HZ R SWHINDYV VLIQHG V
QRPHQD WKH SUR[LPLW\ WR MRLQ YQd) PLLWWW KOH) @ R\PKLH) B 0 RWRWU TiXH FDSDF|
QHHGHG WR PDLQWDLQ WKH SRV W XgtH R,QHUHD G1IMPRILRIXY @)D UHV SHF
HITRUW LV QRW GXH VROHO\ WR JUDRYYLMO\ WXW WRVR XYHRFYEBIFLW\ DQG WK
G\QDPLF IRUFHV DVVRFLDWHG ZLWKRWHW WRMWHRQ DQG WR
WKH HIWHUQDO IRUFH FDXVHG E\ WRH E@WHKUWPEM MRQ GWWHKQDQHY DQG WR!
REMHFW 7KHIRUPHUDUH KDUGO\ HYRHWPW DN HGLEQMPRD QIEARRK@MWY HU\ MR L QW
LQ H[ILVWLQJ PHWKRGV ZKLOH WK VERXUHDEFM 8 UW K HEEWREIQJ WKH ZKROH EI
WKH ODWWHU LV FRQVLGHUHG Y D ULGWWDXFK DORR RVPHRMRKRGLY WLPH LQW
WR DQRWKHU ,Q RUGHU WR DFFXURWRIDHN UMB O N D WOIWLKH MKHFAX ROH DFW
RIDQ HIWHUQDO IRUFH RQ WKH PX¥RXQRMNKI® B WOOWIRY HPFWRU 7KH UH)\
WKH UHSDUWLWLRQ RI WKH HIIRUW DIRRIQN RHKN RZIKRD § FONXIVIKN-R I R LDQQVG W R U T
ORVNHOHWDO V\VWHP ZKLFK GHSHQGV RQ_WKH SRVWXUH
PXVW EH FRPSXWHG ,Q WKLV ZRUN D +qk(\'VZ)GVI-thW eutral 2
VLPXODWH WKH ZRUNHU VR XQOLNH %LVWKDUHDW%WWWH
DFWXDWLRQ IRUFHVY MRLQW WRUTXHV RU PYXVEOH IRUFHV GH
SHQGLQJRQWKHOHYHORIGHWDLO RI WKH P%p HDVLO\
EHDFFHVVHG ZLWKRXW UHTXLULQJKHDyY\.L& wupoéwo LRQ
$ VLPSOH ULJLG ERG\ PRGHO ZLWK KLQJH MR;Q)WV."IBXF(WX
DWLRQFKRVHQ EHFDXVH DV VWDW.
GHWDLOHG PRGHOV DUH TXLWH GL '!' S{MWE'VC/'DRVL,\?V
IRUFHVY FRUUHVSRQG WR MRLQW W K BT X H R 1 MR
LV DQLPDWHG ZLWKLQ D G\QDPLF YL _ﬁ‘.,%}.
¥ @ W KVHRM R IWQ I Q

WRUTXHV UHVXOW IURP WKH LQYH ReATpoN
D"
.q ;eél HTXDWLRQ
‘
Q

WKH PDQLNLQ 7KH\LQFOXGH DOO |§

G\QDPLFVY DQG H[WHUQDO IRUFH V

RULJLQV WKHVH WKUHH SKHQRPH LIiFSJQ-'\ﬁVDFEF\FiNUE
FRQVHTXHQFHRQ WKHPXVFXORVN LQLPXP V
DUHFRQVLGHUHG WRJHWKHULQW
FRQWUDU\ WKH HIITHFW RI WKH SU
LV RI' D GLITHUHQW NLQG 7KRXJK

F

VHYHUDO 06" IDFWRUV LQFUHDVHYV ﬁ«o D W QHXWUS\,%,:'UVJ
LQWHUDFW LV QRW ZHOO HVWDEOL G Y
WR HYDOXDWH WKHP VHSDUDWHO\ BRWEH ! ﬁvgf

LV LQWR DFF
WKHP WRJHWKHU FRXQWH KHWRUTXH LQG
6LQFH GLVRUGHUV PD\ DSSHDU DV'YQ? W #{}J IXH EDXVH G
H[FHHG WKH ZRUNHUfV FDSDFLWL % H %

ULVN LV WR FRPSDUH HDFK GHPDQ i JKPHWDER

X6 JSRVWXU
R R 'OERZV IOH[F

6LQFH '+0 HUJRQRPLF DVVHVVPHQ WDEROLFHQ!
JRQRPLFVWXGLHYV DUHDWD SRSX

X LUQ VRPH '+
Y Q% i EXW L
DSHUVRQDO OHYHO DYHUDJH FDS L Y R WDEOHYV
PRWLRQDQGPD[LPDO MRLQW WRU "$ g\ HG ELRPHEKD
7KH lD |
b AR

HW DO &KDIILQ HW DO Ié H WKH WRUTXH LQGL

TE"@UIC

1RWH WKDW WKLV ULJLG ERG\ PRGHO QHFHVVDULO\ OHDYHV DVLGH WKH
HIIHFWV RIDGGLWLRQDO 06'V IDFWRUV VXFK DV WHPSHUDWXUH DQG YLEUD
WLRQV
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DOUHDG\LQGLUHFWO\UHSUHVHQW W BHIHH UaD & RHIMI VKW SEBQDERRWHUV GHVF L
SDUWLFXODU LQ VWDWLF SRVW XU MWK H @HDWG @ @RW RUSSSERERM O W WHRDNDH
LOQOWR DFFRXQW WKHHQHUJ\FRQVXPAIWUL R \EKHRYIHRMPMRIBRQ RI WKH ZRUN ¢

DQRWKHULQGLFDWRU EDVHG RQ MRLAWLIIRZH U CVM\DBEGIFRRULHQWDWLRQ
W ZT orz Fp & FORVH FEULJKW
- - - 9 FORVH|| F
b=y . ja(t) i(t)jdt DU |¥P
=1 PHGLXP ||FE 0, |ip fOHIW
ZKHGBI LV WKH Y HO R PLWWRAWRLIKW| KLJK  FP f TDFH RQ

LW GRHV QRW VWULFWO\ FRUUHVSRQG WR PHWDERQLE HQHUJ\
H[SHQGLWXUH WIK® DBVIRFHOWQ RGRpH ZRUN VXUIDFH LV HCWKHU KRULJRQ\

RIWKHPDFURVFRSLF HQHUJHWLF FYFPd"\Fﬁﬁ(é’\A?‘LF‘hVQWLRQV RIWKH ZRUNHUTV
LOQHLJI “DQG 7D EORVMBHKEILKPO X HV

9DOLGDWLRQ RILQOGLFDWRUY DUHFKRVHQ WRPDWFKHUJRQRPLF IXL(
ZRUN &KDIILQ HW DO $00 FRPEL
$Q H[SHULPHQWDO YDOLGDWLRQ LW HPW H & G ERHSYMROHERIB MK HKLK K O H J\
WKDW WKH DERYH GHILQHG LQGLFEORERW ARWXHIE WOR D EBRIRMIW\R I WKH V
IRUWKH UHODWLYH H[SRVXUH OH YH®OW® N NYRIGAUSHID FKDELO LW\ UHC
QDPLF VLWXIDQVWRYWY LQFOXGLQJ PRWER +X
PDQ VXEMHFWYV SHUIRUP D PDQXDO® WDV-N LQ YDULRXV FRQ
GLWLRQV ZKLOH WKHLU PRYHPHQ
DUH UHFRUGHG (DFK FDVH LV UHS
'+0 LQ RUGHU WR FRPSXWH WKH F
FDWRUV YDOXHV 7KHLU YDULDWL
YHVWLIJDWHG WR KLIJKOLJKW WKHIL
FRQGLWLRQV

([SHULPHQWDO SURWRFRO

D 7DVN GHV$UHSMIURG PDQXDO
SHUIRUBHWGDWHG VXEMHFW PRYHY D
GLVSOD\HG SDWK ZKLOH SXVKLQJ|RQ
ZLWKLW 7KHWRROLVD JDQG FkPO
ZLWKWKHZKROHULIJKWKDQG 7KH|SD

O
~

LAY

SORQJ D
RUN VXU
QGOHKH

FPVTX

7ZRVLGHV DUHUHSODFHG UHVSHFWLYW e MIWK D VLQ GDO
OLQHDQG D VDZWRRWK OLQH WR DFFHQW EyH WKH M v%ve

QDPLFV VHH)LJ )WV VLIH LV FKRVHO AKDW W K H-WEBAN Y

GHPDQGV ZLGH MRLQW FOHD UD QF HrHW U HP DO VHHB Y EEOHE

DVHDWHG VXEMHFW 3HUIRUPLQJ lg M P YN PUDPKHHWKHRUUVLf
WKH HQWLUH SDWK RQFH 7KH VXE lei ;WEQVVPHDVXU

XVHKLV OHIWDUP QRU KLV OHJV " |yrRP WKHFHQWHURIWKHVXEMHFW{V VHDW

E 3DUDPMHRWHUUSDUDPHWHUYV YDUbfAKURNIWR WH VXEMHFEW
WKH H[SHULPHQW WKH RULHQWDWLRQ RI WKH ZRUN VXUIDEH
WKH SRVLWLRQ RI WKH VHDW UH 0Dy B YRR AR Wiy b PR G K H PDJIQL

DOORWWHG WLPH DQG WKH PDJIQL R’ WK e YL W gV RT WKH RUL
DSSOLHG LO 7DEO@HOWRDBRGHORPKW\RUFH

PDIJQLWXGH LQ WKH "IRUFH” WDVN LV V(
WKH PD[LPDO IRUFH FDSDFLW\ FDOFXO
WLFXODUPRYHPHQWDFFRUGLQJWR $)
VXEMHFW LV SURYLGHG ZLWK DQ DXGL
HIHUWHG IRUFH ORZ SLWFKHG KLJK Sl1
ZKHQ WKH IRUFH LV UHVSHFWLYHO\ WR
RU ZLWKLQ WKH LPSRVHG UDQJH 7KH |
GLVSOD\HG WKURXJK D SURJUHVV EDU R
VXEMHFWYVY DUH LQVWUXFWHG WR PRYH

,WVKRXOGEHQRWHG WKDW WKH SUHVHQW H[SHULPHQW GRHV QRW LQFOXGH
LQWHUDFWLRQ ZLWK D URERW RU RWKHU G\QDPLF VIVWHPV +RZHYHU DV
PHQWLRQHG LQ VHFWLRQ WKH SURSRVHG PHWKRG DGGUHVVHV DQ\ VLWX
DWLRQLQFOXGLQJG\QDPLF SKHQRPHQD VWDUWLQJZLWK WDVNV UHTXLULQJ
PRWLRQ RIWKH ZRUNHU
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DV SRVVLEOHDORQJWKH SDWK KXPDQ MRLQWYV IRULQVWDQFH WKH G\
$00 WKUHB WOWVBIVPGHORFDWN DFWLYDWLRQ LV QRW UHQGHUHG +RZ
SHUIRUPHG LQ UDQGRP RUGHU | R UQERRMHKGRWK. BIY WKW ISRURS RVHG LQGLFDW
WKH ZRUN SODQH DQG IRU HDFK VRDRW B R\KDXYPIDRQE REGAHTRGBHO XVHG IRU W
DUH UHJXODUO\ DOORZHG WR SUHW KBW DIQAHTXBO @K BHWDAHNG ZLWK D PRU
IROORZLQJ WKH SDWK RQFH LV VIKIFDUID IHITRXAOIK DRIGKXRBQ PRGHO LV DXV
EUHDNV ORQJHQRXJK VR WKDW IR WA RD S BLUWLRHW KHH WWOMKAUH DQG PDV\
UHFRYHUHG DW WKH EHJLQ QW R B R IEFOG\KVOIHR AMDW NV IXUWKHU PDQXDOO\ P
IDWLIJXH PRGHO RI (T LV XVHG R QWK & MXE MM RQY H RADS/KNR O R J\

EXW QRW DFURVV WDVNV

7DEOH 9DOXHV RI WKHWLPHDQG IRUFHFRQVWUDLQWYV

7TDVNSOORWMIHGKDQ@GRUFH
NLQG WLPH YHORFLMDIQLWXGH

QHXWUDWD PV QRQH
YHORFLW\ PV QRQH
IRUEH V PVl 1 1

F 6XEMEAHPW\Q KHDOWK\ VXEMHFWY PDOHV DQG
IHPDOHV UDQJLQJIURP WR \HDUVROGSHUIRUP
WKH H[SHULPHQW IRU WKH KRUL]JROQWDE ZRUN SSODXGRQYSEMHFW SHUIRUPYV
WKUHHRIWKHP DOVRIRU WKH YHuWL#B@WPﬂmLQ/@M@%U@UE&HJKW 7KHPRWI
GHVFULEHV WKHLU SK\VLFDO IHDWRUYHYWXDO PDQLNLQ ZLWKLQ D G\QDPLF VLP
7KHLU PRYHPHQWY DUH UHFRUGHG ZLWK D &RGDO LR

PRWLRQ FDSWXUH GHYLFH 7KH VXEEAHOFQ/@\%%WW‘Wg%ﬂP@Q LV UHSOD\H
ZLWK PDUNHUV RQ WKHLU WRUVR YR&ZKWRIPE & é]'b lGRQ SUREOHP
RQ WKH WRRO 7KH VHDW LV VHW FP%WXRW#‘—R% BWYREP MVR MRLQW DFFHC
PHDVXUHWKHJURXQGFRQWDFW IR® ﬁVWK@F@%bWWWL‘JRH'@HV ZKLFKD
ZLWK WKH ZRUN VXUIDFH DUH PHD\P)&HWW\(W#)@MH[FW?FUL#MHVDWEHVW ZK
VHOVRU HPEHGGHG LQ WKH WRRO DQG ELRPHFKDQLFDO FRQVWUDLQWV 7
'XULQJWKHH[SHULPHQW WKH VXE MR RVWN HHERQOR AKX EHEDOLQL 6DC
DPDUNEHWZHHQ DQG GHSHQGll—dJXFYdj' RYBMUTH LFDO IRUPXODWLR
RXV WKHWDVNLV SHUFHLYHG YHQ '—Q HTXDWLRQ

7DEOH SK\VLFDO IHDWXUHV RI WKH KBI{’JQQQ/QElMt-kF)WV VWDWXUH
DQG ERG\PDVVLQGH[ EPL

8 ' X
EWDWXUH P <SM(T_+ T )+ IT=5S 3 (D Zs,
OLQOD[OHDOGWG|GHY vV W i
+RUL]RQWDO|SODQH " GX K
9HUWLFDO SIODQH
%0, NJ2P ZKHUHVY WKH MRLGW KHRIORQWDFW IRUFH
OLOOD[0HDGWG|GHY WKHJHQHUDOL]JHG FRRUIG NGIBWRWY R Wk
TRUL|[RQWDO|/SODOH RI MRLQW SRWKW LRI@WHUDOL]HG YHORFI
SHUWLFDO SODQOH FDWHQDWLQJ WKH IORDWLQJ EDVH WZI

ORFLWDE&® ( T;Z7; )T 7KH HTXDOLW\
 OGLFDWRUV FDOFXODWLRQ FRQVWUDLQWLVWKI-H/IHLTVXWWPHFRQPRLUWFRW

DWUL[ RI W K&HWKWWHIFEWRU RI FHQWU I
D 6LPXODWLRQ@QMHPHEZRRIWCHGC YAk By L RQUAKFRUFFAWRU RI SUDYLW\ IR

WHUHG WKH GDWD DUH LPSRUWHqNH@_'VMl,éWxﬁ\WlL%bO\PM@ﬂWRMREWMQ[

IUDPHZRUN GHYHORSHGWED®GRZITER U 1 DF V. 7KH LOHTXDOLW\ FROVYV
G\QDPLFVLPXODWLRQ DQG SURYLGHM Y \Il-\}leJ W SRVLWLROV YH
ZKLFK FDQ EHDQLPDWHG WKURXJK Yk lt,gznejg 31 W %LS R MOGES UR E O H P
ZD\V DQG W FRQ DEWHILVWHQFH FRQGLW

7KH PRGHO FRQVLVWYV Rl MRLQWgpl) 9\/ D%'ﬁﬁa ﬁ'_éBWR WKH &RXORPE IU
IUHHGRP (DFK 'R) LV D KLQJH MRLQW FRQ OH

D VROH DFWXDWRU 7KLV KLQJH MRLQW@H@AUBVQIIQWDWLRQ LV D
VLPSOLILHG PRGHO WKHUHIRUH WKH M C%XN\,!FF%{ 'EPQXH\% WK H

PRGHO GR QRW VWULFWO\FRUUHVSRQG k viQ uHDO

rrrX+Q/ KQiBQMX+QK rrrXF HBbi2QX7 fHbBf2Mf m+mM2f @T QTQb@ /2



3 0%$85,&( (UIRQRPLFLQGLFDWRUVIRUFROODERUDWLYHURERWLFYV

ZKHYH. V WKWR QWDFW®; SRKEWRUUBEHLIJKWHG LQVWHDG RI KLHUDUFKLFDO
VSRQGLQJOLQHDUL]HEGWMKHF RMRQW PRWNHUYGDVVRFLDWHG ZLWK OLPEV H|
ZUHQFK 1RWH WKDW WKH YDOXHV BHWOKH\F RQW DEYWHIQR WKHVELIQIJHVW ZHLJK
VXULQJWKHEDODQFHRIWKH V\VWER FIKHDN M\K B K@V WKBIFEARGRQ V | X UWKH
EHWZHHQ WKH VHDW DQG WKH '+0TWIWKLERVWER ) RRQWHGULO\WR LQYHU\
WR EHNQRZQEHIRUHKDQG WKH\ DUWKBX\RRMDVEMF IRUEHWRPLWK WKH VHD W |
SXWHG LQ WKH RSWLPL]DWLRQ L QERUNGHIHWXR WH UFRRPP &/ B W RESOH. PL]DWLRQ
ZLWK WKH V\VWHP G\QDPLFV DQG V&K WH R UBWQH RHUPMHNGDEWN LV WKH FRQWD
WKH KDQG RQ WKH WRRO ZKLFK QHHGVGWR IEIHHIA. YPQ O IDQJLYHQ E\ WKH IF
LQSXW RI WKHRSWLPL]DWLRQ VXUHPHQW /RZ ZHLJKW MRLQW SRVLWL
7KH REMHFEWLYH IXQFWLRQ LV D ZHR UKMKHE B/RXG\ SIDWBWNWKDW DUH QRW F
T GHILQHG DV IXQFWLRQV RI WK HVK$MWPLIPUIBWVRRRYDWLRQV VR WKDW W
DEOHV UHSUHVHQWLQJ WKH VT X DRRM LHRWQU RIUQDHVDOZ MHK@I D HEHV D MRLQW IR
VLUHG DFFHOHUDWLRQ RU ZUH Q F KD/ & MDK_HP M/ \VOWIH KOHF AVHROLKQW WRUTXHV
DWLRQ ZUMHODHFWKH ZHLIJKWLQJ FRHHLURIWWD WWYV ZKHIKW LV YHU\VPDOO VLQ
VROXWLRQ LV WKHQ D FRPSURP LV HIVEKHWRAMKIHQUWKDHVEIVI | HUH Q W

WDVNV EDVHG RQ WKHLUUHODWLYHLPSRUWDQFH 7KHIROORZ

LQJ WDVNV DUH GHILQHG WDVNV FDGHHXOMYQHG ERWK LQ

MRLQWDQGLQ RSHUDWLRQDOVSD?KHM IROORZLQJ UHVXOWY GHSLFW WKF

ZSHUDWLRQDO VSDFH DFFHOHQ@\WE‘% RPAVRHSHQGLQJI RQ WKH WDVN
DYHUDJHG RQ DOO VXEMHFWYV VLQFH W]

e e 2
L Sk=EKi_H ke Sk PHDQW WR EH VXEMHFW VSHFLILF )RU \
-RLQWVSDFH DFFHOHUDWLRQWBWNMOXHV LQ HDFK ILJXUH DUH QRUP
i LPXP DQG PD[LPXP YDOXHV RI WKH DGG
WKDW XQOHVV H[SOLFLWO\ VWDW
ZSHUDWLRQDOVSDFHZUHQF%V@\%@ N v QRWQQRUPDO[L]HG IRU WKH FR
kZ, ZKk? LQGLFDWRUYV
-RLQWWRUTXH WDVN 3RVLWLRQ ,QGLFDWRU
k K2

$ OLQHDU FRUUHODWLRQ LV REVHUYHC

ZKHUMHV WKH &DUWHVLDQ DFFRGHU fﬁ EVUVYZDKOHXH\F/F\I’DQ\?LVéETJI\_/WJl
ZIWKHZUHQFK DVVRIFLZIXWM NG & HWYX Q Q Q

UHIHUV WR WKH GHVLUHG DFFHO Wi@ﬁ %%K%%WFRUUHODC
[L)J

GHILQHG E\D SURSRUWLRQDO GHU E@*W"?WNVFRQ
VWDQFH WKHGHVLUHG RSHUDWLR LG% DQEXWUBO |

s = 8 JRBOKXI(LIRPO. )y K Xi(; 2RO DQGNRIKJWIEDVNV FRQVLGHUHG WRJHWKHU
FRHIILFLHQW GURSV WR YHGRFLWAKHQ
ZKHUHDXE DUHWKH SURSRUWLRQR OV Z&HHK LY DSSUR[LPDWHO\ WLP
WLYHJIDLQVIRUWKHFRQVLGHUHG WRWMNR WKHIY @ UH/SIDAI®ORE WHKWU Y VXIIHVW
VHW E\ WKH XVHU 97'KUH-M K 8 M W WIKSWWDWLRQ LQGLFDWRU LV RQO\UHOHYD
JHW YDOXH IRUWKHERG\ RU MRL QW [TARFOG I BKHDMD\RNY QHH G
WR EHGHVFULEHG LQ WHUPV RI WKIERBYIPLYVRYLZRQ XD Q LDDEAHY W DV N
MRLQW DFFHOHUDWLRQV MRLQW W RELHTH \6 D\DVE DFQRIQWEXSM FLEDLGALE\D IR UR.Q
IRUWKH SUREOHP WREHVROYHG SRVKWUR® RIWHYHD RFLW\ FPIHQ WKH VXE
DOVR EH FRQWUROOHG ZLWK WKH SRS RVRE WRWNZRRIGHDU HBU VHH )LJ
LQVWDQFH DQRSHUDWLRQDO VSDEKBWRWRL\EHRQDIWPY P XFKWMEREB\WKH “QHX
i DWDJLYHQ &DUWHVLDQ SRVLWLRQRIMWKURX R UHORKLWRK B GBWK :KDW L
DFFHOHUDWLRQ LV:&HHQERARR VHWIMH- QIVWDQFH IURP WKH SDWK WR WK
JHUR 6LPLODUO\ WKHGHVLUHG M KO D HYHOKHW /W RRQ LAHR WS QWIDQV Z|
- . RoO WLRQ VHHPV EHOYMHO U WHIHQ)WKH DQG
T = TERKIITOT+ KT ZK\ WEHIRWLHQWDWLRQ WKRXJK DVVRF
Z K HKPHD QK DUHWKHSURSRUWLRQDB%F@@“@-N\O R@ v VR X JKODBDNKHY DOHQV
,Q WKLV ZRUN WKH RSHUDWLRQdDd:R/%LbCFMQéWﬁ‘%WM‘E RQ MWWKWKH
WDVNV DUH GHILQHG IURP WKH PDUYRKONSRBB K 4 ¥ W R KLLRQWRZRHRQG/W K H
ZHLJKWV DUH FKRVHQ DFFRUGLQJAAUWRAREH MFHMEHHXKOWY DUH HUJR(
E\ '"HPLUFDQ 'HPLUFDQ HW DO LQ WY Kk xK R Ul R @ W 6 DXIRDR VKWW N F KR
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VHQ LQ DFFRUGDQFH ZLWK HUJRQRWDN N X L GIFROV BV DG MIKBDWHIY RIAL O ©
YHUWLFD ® EBRAHIJWWH HTXLUHY OHDS SBRRN.RDWKRQ VLQFH WKH VLPXODWH
WKH DUP UDLVHG D SRVLWLRQ GLWRMNWDR)MWGEENMUIRQRIPDY D UHDO VXEMHI
JXLGHOLQHYV VKRZ YDULDWLRQV LQ PUWKHUW IB QW XU
"RUN SODQH R U)YRHDIVDMPLHRER V L WOLRFILBAM N UHVXOWV LQ WKHVPDOOHVW Y
WKH VHDW WKHLQGLFDWRU YDOXHQ ®GUFDYWWRQLVIHHD)IWO\ KLEFRWHDO O\ WK
W WHVW S LQ WKH YHUWLF D RBMVHRWR & IRQ WMOK\M KSH WRWLY VR VKRUW WK
JRQWDO RQH VHH )LJ 7KH FHQWHRRRIWKKHGS DA KLU NHXLULQJ OHVV H[W
KLIJKHU LQ WKH YHUWLFDO FDVH VROLWKHHRW KU H\K D& 8 WX EMHDVWWWHDQF H E
WR ZRUN ZLWK WKHDUP UDLVHG % HD\QLE BAWIBWKNY LLA/'S(RR/\W & WBRQVWLFD OO\ V
RULHQWDWLRQ D[LVQRUPDO WR WWHKHRR N FSH B [HU \B RREQZ KRIOH VX EMHF W V
KDQG JUDVS OHDG WR XQXVXDO DUB R QWX W ZAXFX WHIHWZIRWWW EHFDXVH LW L
SODQHLV YHUWLFDO HOERZKLJKHROKDNQVKEBNGEHWKH LPSRVHG KDQG W

SRVLWLRQ RUEHFDXVH WKH GHPDQGH
VPDOOHQRXJKQRWWRUHTXLUHDQ\ FKI

7TRUTXH QGLFDWRU

$ JRRG FRUUHODWLRQ EHWZHHQ WKH
YDOXHV DQG WKH SHUFHLYHG VWUHQXI
ZLWKLQ D VDPH WDVN 3HDUVRQYV FRHI
VSHFWLYHO\ S S DQC
S | R UQMKKM B D EBHQYGH O RW DWN V

RU ZKH@QWKWQBOUWHD VNV DUH FRQVLGH
WRIJHWKHU 3HDUVRQYV FRHIILFLHQWH
%XWWKHFRUUHODWLRQ FRHIILFLHQW C

JLIXUH 9D ULDBMHLISFHIMGRIQJ RQ WKH SRVARHG DROIVWHK UHH WDVNVY DUH FRQVLGH
VXEMHFW{V VHDW DQG WK RWEBB® D QHHRY b WRPWKROSRVLWLRQ LQGLFDWRU
7KH QXPEHUV FRUUHVSRQG WR WKH VWHHREBWRN VY §RW U X{MDEOH WR FRP S

EHWZHHQ DQG E\WKH VXEMHFWYV GXUDWLRQV
&RPSDULVRQ ZLWKLAXB WIRRHTWB YR GLFC

WRULVKLIJKO\DIIHFWHG E\WKH SRVLWL
DWLYHWRWKHZRUNDUHD EHFDXVHRI)
RQ KLV ERG\ VHIPHQWY VHH)LJ 7KH
WKHVHDW LV IURP WKH ZRUN SODQH Wtk
PXVWGHYLDWHIURPDQ XSULJKW SRVLW
MRLQW WRUTXHV WR PDLQWDLQ WKLV S|

JLIXUH 9DUILPWHBBPGRIQJ RQ WKH SRVLWLRQ RI

WKH VXEMHFW{V VHDW QQGWRID®MLQG RI WDVN
DUWLILFLDDHYUHOIFBLAVARUN SODQH 7KH QXPEHUV FRU

UHVSRQG WR WKH SHUFHLYHG VWUHQXRXVQHVV 7KH VWUHQXRXVQHVV,
LVQRW GLVSODWIG LRUBMMXWN ROEW WKLYV WDVN

KDV QRW EHHQ SHUIRUPHG E\ KXPDQ VXEMHFWVY WKHUHIRUH LWV
VWUHQXRXVQHVV KDV QRW EHHQ HYDQXDWHG DQG QRUPDOL]LQJ WKH
SHUFHLYHG VWUHQXRXVQHVV ZRXOG EHPHDQLQJOHVYV

&RPSDULVRQ EHWZHH G VWHWHGMEWB VNV 9D UL DBHROVGRIQI RQ WKH H{WHU QI
IRUH WKH SRVLWLRQ LQGLFDWR UDRRBHVKG RWDWHHFHPY VW LRQD ElOIW KRULJRQW
WR FRPSDUH WDVNV ZKLFK GXUDW IYRIGWURPPEZRUNGSAQPRH QME\QXPEHUV FRU!
7KHUHIRUH LQ WKLV VHFWLRQ W Kt 6" DMWY R MRKIM Mv DV N v

DUH DUWLILFLDOO\HTXDOOHG VR WKDW WKH UHVXOWY RI WKH WKUHH
WDVNV FDQ EH FRPSDUH® UW W KEVMEPORAHY REQEHW ZHHQ, Q IWIKHLLWHWQIE W D\
YHORNRWN LV FUHDWHG E\ UHSOD\L & F R KRS FLMPWNQRIFHWH WKH PRWL
ZLWKWKH '+0VL[WLPHV FRQNEBRRWY Y8 EW@HVL} WG PHY FRQVHFEXWLYHOV .

LWADVNV LV VL[ WL P HYHRMRQBRGIEHY KRW kEHUHG L Q VWHHOIRE RWW KLHQ URHUIEH U
WRFRPSDUHWDVNVRIVLPLODUGXUDWIL
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WLRQHGDERYH WKHWRUTXH LQG LWDR® UWHKHHORRER WNW D EOWHR Y&H PRWLRC
WR FRPSDUH WDVNV RIVLPLODU GXJ®DMWHBQRWQO\RQFH LVFRQVLGHUHG VL
(IWHUQDOKRQFHKH ZRUN SODQH WRYHX\W DADIOH WDVNV GXUDWLRQV ZLW
WKH WRUTXH LQBUWBW R U R VWXL | L FS@IW G\R | P RERDRIKYW OREDWN OD VWV
KLIKHU S WKDQ WHKXVW®OMNOR| RKAFK OHVV WKDQ WKH WZR RWKHUV LW
ZKHUHDV WKH\DUH QRW VLJQLILFDROQM\\GLLIKWIQWRZHU VHH )LJ 7KLV
LQ WKH KRUL]JRQWDO FDVH 7KLV F IV E HDHF\S VIKIDQWH WS KEN WRHQW YHORFLWLI
IDFW WKDW LQ WKH KRUL]JRQWDO F LYW RNEDDANL W HK/EXO SW. §X V. QIQPX FK KLJKH
GRZQZDUGV RQ WKH ZRUIXSWIDAM MR MWKWHSRZHU FRPSOD GIRQARRDW K N
VXEMHFWY QHHG WR H[HUW DQ XSZBUHMNWRWWXH WRHRIXYWHQW GXULQJ W
WKH HIITHFW RI JUDYLW\DQG PDLQWDKIQUHKRUH DERXXIKWKHHINDPHLQ DOO W
LQ WRHBHDVN WKH DUP ZHLJKW L VYX\NHVEDWAMR. WDUWHV XOWV IURP D KLJK SF
WKH GRZQZDUG SXVKLQJ HITRUW D @ &RWKNH W H PRIU H GSHREWIIYRMWW K NV LW
QHHG WR EH FRPSHQVDWHG LQ WKW NDREVEDURR Y SREHU SRZHU GXULQJ
QRPHQRQ GRHV QRW H[LVW IRU WKH YFUHNULFD®R RVFWNOODQHWR WKH WRUT
VLQFHWKHGLUHFWLRQRIJUDYLW\DRWG RIHMK HB X DKL @I | RAKFHSRRIZAHU LQGL
DUHRUWKRJRQDO WDVN LV RIWHQ ORZH UQWMKIVMADIVBIH RQH |

HVSHFLDOO\ ZKHQ WKH VHDW LV IDU 71
XQH[SHFWHG EHFDXVH D VDPH DOORWW
VLPLODU SRVWXUH VHHVHFWLRQ \%
MRLQW YHORFLWLHV IRUERQ@®E WDVNV [
VKRXOG KDYHVLPLODU YDULDWLRQV

7KLY GLITHUHQFH LV SUREDEO\ GXH WR
DOORWWHG WLPH LV QRW VWULFWO\ Ut
WDVN GXUDWLRQLVQRWQRUPDOL]HGL
SXWDWLRQ %HFDXVHWKHWLPHFRQVW
RQ WKH SDWK LWVHOI WKH VXEMHFW W
VORZHU IRYWHRMN WR EHWWHU FRQWUR

LIXUH 90 ULDGHRQYGLOJ RQWKHVHPDJQLWXGH HVSHFLDOO\ZKHQ KLV KH!
IRUDOO WKH 8 RGMMAINMRY FHH UW L FD O zgg/g&“ 'PRBWURO 7KHMRLQW YHORF
SODQH 7KHQXPEHUVFRUUHVSRQG WR PO P RiPURVIY WHEKY RLQW SRZHU
QHVV 7KH VWUHQXRXVQHVWLwe RV c/§5 XY [RYRyQ B W YEIRX B RIBDILFHQ W L Q \
YHORWDWN VLQFH WKLV WDVN KDV QRW BMNY ERY WKEPHRHLIRQWDO SODQH Vi
KXPDQ VXEMHFWY WKHUHIRUH LWV VIWURQXRXVQHVV KDV QRW EHHAQ

HYDOXDWHG DQG QRUPDOL]LQJ WKH|SHUFHLYHG VWUHQXRXVQHVV
ZRXOG EH PHDQLQJOHVYV

6SHHG RI PRRMHL\WRRUTXH LQBUFDWRU RI WKH
WLILFLDWOWDPNORNIMLUQLILFDQWO\VKLIJKHU S
WKDQ WKHRBBXVWDOWBRHEHFDXVH WKHIDVWHU G\
QDPLFVRIWKHPRYHPHQWLQGXFHV KLIKHU MRLQW WRUTXHYV
VHH )LJ +RZHYHU DFFRUGLQJ WR WKH WRUTXH LQ
GLFDWRU WKLV LQFUHDVH LQ WKH MRLQW WRUTXHV LV QRW DV
LPSRUWDQW DV WKH RQH GXH WR WKH HI WHUQDO ORDG LQ WKH
IRUWIB VN

JLIXUH 9DULDGHRMYGLQJ RQ WKH VHDW S|
3RZHU ,QGLFDWRU IRU DOO W K UHKDHR QDRAR QIFOU IR UL]RQW D O

&RQWUDULO\WR WKH WZR SUHYLRé\%Qi%%EE%\%%{g@ WEH RRRESYY FRUUHVSR

WLRQ EHWZHHQ WKH SRZHU LQGLF VWUHQXRXYV
QHVVLVIDLUO\JRRGZKHQDOOWKUHHWDVNVDUHFRQVLGHUHG
WRIJHWKHU 3HDUVRQTV FRHIILFLHQWIHVMEFOODWOAM. RQ S

DQG GRHV QRW LPSURYH ZKHQ HDF V.FR
VHSDUDWHO\ 3HDUVRQYV ERHIILF %gﬁlﬁéevéiﬁ&%m$I—ﬁl?élYUUHHFVVC(CC))\WI‘I
s s DQG s
W KGHH X W R DBBGH O RED WN V 7Kvax§ N PHHGV7KHLUPFDLQYDELD\\’/VLL\?V?X[
RIS U L TGS
e b eV L SL b LT
’ NAWLRO GLVSOD\RIWKH WLPH FRG
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IURP WKHLQGLFDWRUV WKHPVHOYR® WKH ZRUN SODQH ZKLFKUHTXLUHV D
+RZHYHU DOO WKH LQGLFDWRUV BXH WRW RH F R QY\DUODHQWL RS

SHQGLQJ RQ WKH IWHERDNZIKIDW KV HRAKH RPLVVLRQ RI WKH FR FRQWUDFWLR
SDUHG $FFRUGLQJ WR WKH FRUUB®WARK & RWKKW KLH) GWRIWQR U IRUPXOTL
XRXVQHVV WKH SRVLWLRQ DQG WRHODXMDWQLRIQFRMWRKN IGRPQRERG\ LQ ZK
VHHP VXLWDEOH WR FRPSDUH WDV NWRRMGLR IGIQH® B\@X X QMWDRQNFW XDWR U
2Q WKH FRQWUDU\ WKLV UHPDUN GRAM @R ARIMB R MRGHOOHG ZLWKR
SRZHU LQGLFDWRU 2Q WKH RWKHBR®D PR GHKNHEFRYVQGEG D YDULDEOH LPS
HULQJ WDVNV RI VLPLODU GXUDW LIREDQ MNKH) SEFRM)LAADISROL Q) QKSY WHIKED L Q V
WRUTXH LQGLFDWRUV JHQHUDOO\ DF FHRXQW PRQW DBEOXBUDWHON KHU VWLI
IRUWKH VWUHQXRXVQHVV SHUFHLFYRIGHED MAKH D RUINHHNVWKD® DQG FRUUH\
WKHSRZHULQGLFDWRU 7KHUHIRUHIISRWHY LR X WOWWRWVRDV\QRW EHHQ LPS
RXWDFRPSDULVRQ LWLVQHFHVVNMWTXRVHYBFRQWHRGOBYBGWIRUPLQJ
L &WKH PRVW GLVFULPLQDWLQJ LQWKHASBWRBVYMVRRQVKGIG WKHQH[HUWLRQ Z}
FRQGLWLRQV KHUH 1HYHUWKHOHVV WKH LQGLFDWF
,Q PRVW FDVHV WKHUH PD\ EH VHYHEBD® DUHB @RMM) WHELGHG IRU PHGLFDC
WRUV :KHQ DGGUHVVLQJ WKH SRVHSRRGWRH OHHUHHOW 0W'KH. VN IDFWRUV
YDULDWLRQVRIWKHSRVLWLRQ DQW® WH 6 WRIWTX RILQGVEDWRWY OGHMLFHV
PDLQO\VLPLODU WKH FORVHU W KMKERXW K HQFR O SOMKHY EIRWKWLOO D ILU
VKRZ D JRRG FRUUHODWLRQ ZLWK GIKHHFWURQXRXVQHVV VR

RQH FRXOG EH WHPSWHG WR NHHS RQO\ RQH RI WKHP IRU

WKHLU VWXG\ +RZHYHU WKHVH LQGLERQYROXVILRM) QRW UHGXQ

GDQW DQG VRPHWLPHYV EULQJ DQWNR FO X V
IRUWKH EHVW \FIODRW HG L\U WHWE A M W %355;§hf;{iaﬁivxi%\éggaEl\é
D

KHLIKWKILNRQKIHDFFRUGLQJ WR WKH \%
FDWRUZKHUHDVLWLVWKI—WCRFUZTIXEH M
' L

X

W QDQG WKHHIIRUW

LQGLFDWRU VHH)LJ DQG ULJKW % I—B RUIZLUQLJH%Vé?(\\ijF
H[SODLQ WKH GLVDJUHHPHQW EH \% H lCEI%XHQFHRIVH
HQFH BHUFHLYHG VW IOHREZKR XYW @K \I/RUFH DQG WLPH FRQVWU
7KH VXEMHFWVY PRY!

P, I(_QFDSWXUH \YAY

SXWH WKH LC

DUFRUUHOD

| L}(%\IngXEMHFWV
RQRPLF JXI

WKDW WKH ¢

UH FROODEF

LQ WIOHRRMHHY ,QGHHG WKH VWUH(
PDUL]JHV GLIIHUHQW NLQGV RI GHP
HITRUW G\QDPLFHIIRUW LQ RQH
DQ DJJUHJDWHG LQGLFDWRU :K
LQGLFDWRUV SURSRVHG LQ WKLV
NLQGV RI GHPDQGV VHSDUDWHO\
GHVLJQ RI D ZRUNVWDWLRQ RUDF
XVXDOO\UHVXOWYV IURP WUDGH RIPV S
PL[ VHYHUDO NLQGV RI GHPDQGYV ZL WK YHU HDEKL
WRU EHFDXVHFRQVLGHULQJDQWIJRQ A "év WKHLU L
VDPHWDVNLYV HDVLHU WKLV ZD\ 6HYH \%/NB( VLGHUH
XVHGLQDPXOWL FULWHULD RSWL 3 Kt%?HYHORSF
DURERW ZKLFK LV DV JRRG DV SRV\<E/1HEO 5’3%? Uhow vHW RI LOC
06' ULVN IDFWRUYV

)LQDOO\ LW VKRXOG EH QRWHG ngﬁ'&%ﬁmwﬁb%%ust%%GHUWRSHU
SRVHGLQ WKLV ZRUNOHDYH RXW V L SKHQRP
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