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$UWLFOH ,QIR $EVWUDFW

EHE H LY AK® | ,Q 3DUW RI WKLV UHVHDUFK ZRUN ILYH WCSHS Rl OLQH
SHEHLYHG Lo sHYLvHGD R@Gp WIS DUH H[DPLQHG 7KHVH OLQHUV DOO KDYH VL|
1RYHPEHU GLITHUHQW YROXPHV 7KHLU GLIIHUHQFH LVURIWOKH ZLG Wk
$FFHSWB®RD U\ $00 WKH ILYH OLQHU W\SHV IURP WR OLIWHUV DUH V

3XEOLVKHG D@XIDYN OHWKRG '(0 ,Q WKLV UHVHDUFK ZRUN IRU WKH ILUVW V
NLQHWLF DQG SRWHQWLDO HQHUJLHV RIGL YWRLMLIEBEEKX WA HE D O
DSSURSULDWH UDQJH IRU WKH QXPEHU RI OLIWHUV ,Q R\
HQHUJLHV RI DOO SDUWLFOHV ZLWKLQ WKH VA\VWHP LQV

2, MPH GHWHUPLQLQJ WKH DSSURSULDWH QXPEHRWRWEH \ZBYN 7
_H\ZRUGV OLQHU WKH DSSURSULDWH UDQJH RI WKH QXPEHU RI OLI\
, VWHS# DQBSVRLHUV LW LV EHWZHHQDS® ®GEQH W QG IRV
LVFUHWH HOHPHQW PHMKRS HHQ  DOQG ,Q IDFW XVLQJ MEWNLODWHDQRQ JWKWY RIL ¢
,QGXVWULDO EDOO PLO®N OOV LQVLGH WKH PLOO LW LV SRVVLEOH WR GHWHUPLC
JLOHU W\SH OLIWHUV ZKLFK LV GRQH IRU WKH ILUVW WLPH LQ WKLV V

GDWD RQ WKH NLQHWLF DQEDSRW HDWLEBD XDH® JW R VG R MWW
QXPEHU RI PLOO OLIWHUV DQG XQOLNH ZKDW KDV EHHQ G
.LQHWLF DQG SRWHQW PYPHRMUJIRIVPLOO OLIWHUV VKRXOG QRW EH GHWHUPLQHG
GLPHQVLRQV RI WKH OLI\WHO®RWHOWMR QVEHUHFAWERQRRQ W k
NLQHWLF DQG SRWHQWLD®DISQHUWQIHHY LY VIWHS/ W Q BD WK

WKH VWHS#DO® WKQBUV WUDQVIHU PRUH HQHUJ\ WR WKH |
ODS OLQHUV DQCUHFWLRQ

/ILIWHU FRXQW

,QWURGXFWLRQ

*ULQGLQJ LV WKH PRVW SUHY FRQYWPHYRPERXRZWUOL]J@® G %DOO PLOC
WR OLEHUDWH WKH FRQFHQWUDW H DIQ RIPQ @/IKWHS M®\LDEQHV F:R @V W L W X H
7KLV SURFHVV FRQVXPHV D JRREOGHRRE RY WOENMDQ®LDO LQ RWKHU
FRQFHQWUDWLRQ SODQWV +RZKYMUJHIWLUHNV WRORH DFFRPSOLVKHC
HIILFLHQF\ ZUHRAHWHUHO\ DSSURFKRBIWBPOH WRFHDRLQL®LOO FDSDFLYV
RI WKH WRWDO HQHUJ\ LV XWIZELI®MHE WRQRBREFEADOWIRIY FRVWV 7K
7KH FRQFHQWUDWLRQ SODQWV RERXQG L\QDY S MIREERNAMH VX R ORIJH RQO\
WKH SRZHU LQYROYHG LQ JULQWK®JIDSSREMGYSRZHUWKRUVSDUWLFOH E
SRZHDVHGXFHG WR LWV SUDFWLEDOLNLRRPXPPE®RIZWR LPSURYH WKHP >
GUDZ > @ %DOO PLOOV KDYH EHHQ EURDGO\ X
%DOO PLOOV DUH XWLOL]HG L@ XFRRFH@WBXNWH LD®D § WKWIRUYV [RU J|
VL]IH UHGXFWLRQ 7KH FRPPLOX®DBRWLEORNHVKH\XKEDH EHHQ HPSOR\F
PLOOV E\ LWV YHU\ QDWXUH LV KQURHIRSGREWUR@DWHRWHWHDQG LQ WK
YJRU LQVWDQFH [P FR@PHHOQHQUWE D@BHPRMLA) XWLRQ SURFHVV LQ ZKLFK |

E &RUUHVSRQGQLQ D OXWHKRKDKUWRRIKROMDDRKHIHQL
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IRU WKH SDUWLFOH VL]HV IRU WK HOR WD B/ R MIEEF RAGHVXDWY DUH Q
REWD IS@HEGNKLY HYHU\ZKHUH D93DKDWXVYQ®IS5DMDPDQL ZHUH WKH Il
UHODWLYHO\ FIRPRPSOFWLRQ KDWXGEHHEQWKH WUDMHFWRU\ RI WKH E
VXEMHFWHG WR H[W HQRILW H Q®YPWWA\ DYWLRYRH\ HVWDEOLVKHG D FRI
DV \HW HQFRXNQWWH\VWRZWIRZHU WRGHLARBV [/ WIRQPRRGHO WKH EDOO P
RI WKH FRPPLQXWLRQ SURFHNQVLGE® D 2I1FPDEHROIOBRIBAODER@DWLY H
FRPPLQXWLRQ PDFKLQHV EDOOURVEDVVFRRDRKIRIH DIQIGH 5DMDPDQL FRC
PRVW HOWKHM QHUDO SURFHVVLQQXFPHYRAVWWPIXHOWDWLRQ Rl EDOO PRWLR
7KH SRZHU GUDZ XV XHHDUGHSIHQGWRXLDPHWHU EDOO PLOO ZLWK WKL
OHYWEGBILIWHU JHRRMHKMUOO DVEHHE® > + @$JUDZDOD HW DO LQYHVWL.
9DULRXV UHVHDUFKHV KDYH D GRBHHWD/QIE W R L \P HSGIRE B RF DR € W.IQU D
FRQVLGHULQJ GLIIHUHQW Y DU L DEDM®X WKEI> P@ 5 EG] MWK RXYKW FRPSDUF
WR KDYH D JUHDW LPSDFW RQ HOQKHWHM FRORGROWLRD RDSGURDFKHYV
EDPODOOV WKURXJK HPSLULFDO URSGNPBYWPBRZAHRYHWR FKDUJH PRWLR
WKH HPSLULFDO IRUPXODV GHY HOR $HG HAHWHK EROWD WLE QELOMER WK RM KW D\
DFFRPPRGDWH HDFK SDUDPHWHW\BHY RD COFX Y BN ESQUIR QVEDREND W HHUL V
SRZHU GUIXHL@O@ URWDWLRQ VSBBG 410 R @t | @EQHWDU\ WRRN DGYDQWD
WKH LPSRUWDQW SDUBFRRABDXUY M) EROIMDQWLFOSDWH FRQVXPHG HQHU.,
DIIHFWV WKH G\QDPLF PRWLRQ RIFIVEH EDIODQ FLLVKR\Q LK VW LJIDW H
PLOO ,QVKMXP®WLRQ RI WKH EDDOOHW \WDEHEMWWWR RSHUDWLQJ FRQG!
GLVWULEXWLRRQRS WKXVIRUWKAH S RZRIRS BUDWLRQ PRW IDR/QZ HDWEHEW KD Y L |
RI WKH PLOO > @ OLIWHU JHRPR® WHEDMO U\ VLPXODWHG D
7KH XVXDO SURFHGXUH LQ WKP GQBRMWHU KEDWWRPIPAOS N WIGQRFWH G
EHHQ WR FRQILGH LQ H[SHULHQS$B UM UF O HI WBIRIZ V HIOBNRIQENR [ O G L 0 O
ZKLFK FRQILQHV WKH IHDVLELOLMR\R IX\VPIS@LPREO RROMQ R\K R IG\QDPLFV |
LQQRYDWLYH ZWHFK QLOQHMWP SUR PH ORL O/QVDUW XS $ P GLDPHWHU
SHUIRUPDQFH > @ /LIWHUV LQ ED@YOHFNMOQ D WRE \R-RUE\DHDNRSOWD WY B 6 \ M
WKH PLOO VKHOO IURP WKH WRXJ® DPEXOQ DFHMHQLQHW GCHO WKBIOLGDWHG
PLOO EXW DOVR SOD\ D YLWD®LBROBWLRQWKHE\JUARPFSIDQWILQI WKHP
HIILFLHQF\ /LIWHU GHVLJQ RI| EDROMLRQOLOY DG MW B QWISIDEINY G\ OD B RO C
WKH EDOO DAQUD ¥ RBWRIKH PWOO Q@ 'MRUGMHYLF VFUXWLQL]JHG WKH
HIILFLHQF\ > @ RQ SRZHU GUDZ Rl EDO® @QOOV XVLQ
7KH SRWHQWLIRD R¥KH GHVLJDQRWE&HU ZRRHANNHVIRUFKMHY LAWVRRPSDUHG
RSWLPL]DWLRQ Rl EDOO PLOOSRZHU RQUHZX.R®REOODYI DHWKOWYV XV
DFFHSWHG E\ WKH PLQHUDO HQWHKMHHWXQQY BRIRAXYGIGNNURP WKH ZLGH(
7KH FKDOOHQJH LV WR HIIHFWLPRGHRBVRI WRHUHPXCDWLRQH PRUH W
WRRO WR LPSURYH LQGX\WDWYL D 6 DDFXPVMDMFHIG>V&HDU DQG QRUPDO VW
PDGH FRQVHTXHQWLDO LQIOXHQEBORQ MKHIESKVBWILARY KUXG UHYLHZH
GHVLJQ Rl VEBEWWEWDLD® PLOOV FRR SDQOQHIW EDRMDDWERQHRWKX® & ®V /U
DQG SDUWLFOH PRWLRQV FDQ EHO D MEIHD \WIZRYVSEBWREBZHOO DQG
BXEVHTXHQWMB®SRZHUV XV WR GHV¥®WUIL ®HGEAOOXVWUDWHG WKH JULQG
LQVSHFW PLOO LQQHU SDUWYV WSKHERX W XVIHP X SRRABQHY @ FHQWHU
7KHUH DUH VHYHUDO.LRWHIV WKAXSESQEPRWP WXRWIDF &G EDPEBNEFW W R H
DQDO\VLV RI ERBOHPLO/OPRVWPHGLD PRWLRQ LQVLO®H EDIOD PQGOV :
HITHFWLYH 7KHVH LQFOXGH DQDDR\WLY YR CPKDWHIE RMRVWHLRQHFW RI OLI\
IRU LPSURYHG SODQW RSHUDWKRQU SWRRMHOH GV MFRQHNERG ®/L F\
SUHGLFWIDRQ@GG OLQWHWU GHWADQHDPICOPLEQRE WKH PLOOLQJ WKURXJIK
PRGHOLQJ IRU FDOFXODWLRQ RR SW]H LG DWHWME QERIMVOUIRTH U | ®UAD QFH XV
7KHUH LV QR HVWDEOLVKHG W HPFRKGRLTH HT XADRJ\B H PDGVHH WLKDHD DV IHHG
VKDSH DQG FRQILIXUDWLRQ RI GURAHGEDHVRRU RSWQPRIDWYRQ RI WK
> @ OLIH RI ZRUQ OLIWHUV LQ EDOO PLOC
$ JRRG PDQ\ Rl UHVHDUFKHUV &DN RNK-DH B7Z B®ND B DEHKVKRZHG WKL
RQ VLPXODWLQJ WKH WXPEOLQLEROGHRL@®VDRKKLEYH D KLIJKHU LPS
'"(0 PHWKZXGEFK ZHUH X0 O3DLGG UHPRMHEBWLRI LPSDFW ZBKEKKADQ OHD
,@DUWRQO\ WKHLU WLWOHV DU R PHOMNOLR GHE MR QFRLBKH PLQHUDO
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HQJLQHHU PXVW LQFUHDVH W KK DKLE I/ UH WRX@Q WS UBVHMHNWHG D FRPS
KHLJKW DQG PLOO VSHHG EXW RIXWWHGHFIMHDOV HR WKBIURRE® PHGLD Vi
ILOOLQJ 3pUBPRQVR DQG 'HOFDGEBOBWR HFOLSVRLGVY FXEH ZRUQ
H[SHULPHQWDOO\ YMOEBDWHB\ PRQLSHE® JHRPHWULHV RQ WKH IXQF
DQDO\]LQJ GLJLWDO VQDSVKRWEDRIO WK BPONDDBOE DIEORGEGWADUDQL FDU
SURILOHV $0OVR WKH\ PHDVXUH® WKRDWRHXD QB WKR GCHEHKULEH WKH U
DQJOHV DQG SUHGLFWHG SRZHUVEWDIG LR ED CED © DOWV |2H GHDD W L RWK\H
,Q WKH HDUO\ V $UW 0DF3KHUUQMBUDFWKVRIQL]RG WKHVH WZR SDUI
HIITHFW Rl OLIWHU VSDFIDJ@IG WR/ UO-MHRWRUDWQBVSRZHU FRQVXPSWL
FRQFOXGHG WKDW D UDWLR Rl VFPOH. ED|®IG RURQGLQ@ .RODKL HW D
> @ <DK\DHL HW @ ®SHURBDGOKMEW HIITHFW Rl VHYHQ GLIITHUHQW W\S
GHVLJQLQJ OLIWHUV DQG IXGRWLRIFAMIFHWRURRIXVWULDO VFDO
VFUXWLQL]LQJ WKH LQIOXHQFH RDKDSBEHQHQL H) [HEW RQEIBUR/VYXFLQJ D
LQ DQ LQGXVWULDO FDVH > @ %RRSDH WI DO ZCGS-DYUDPRHINHENG WKDW L
QRYHO PHWKRGRORJ\ WR GHWHURURW, =DMES BB &/ F MROJHN BHHQ P R H G
SRZHU FRQVXPSWLRQ Rl HYHUD SQRSMUGKDQJH LR WKWFODIMWHU QX
IUDEQVIRI FKDUJH LQ ®RGIGHUL OQEDO0@PLOQN XV@QBFHFHQWO\ 6DID D
3RQWKRW H[SHULPHQWB® YDGLEDPDWGURSRVHG KHOWRBIDOOLIWHUYV
VLPXODWLRWDRHDDERUDWRU\ PDOO BHORYPOQFH > @

3HQJ HW DO LQYHVWLJDWH]G GVKH , ESDKUDRILW K LR/| B RDIRDRM KWH B H V

LURQ RUH SDUWLFOHV DV D FKDRIJB LIQHEDL\GH HS H S EMISE L S

PLOO ZLWKZDNYEJOLQHU SURILOBDS®EHGYHUWHEBWH GOLQHUV DOO K
OLIWHUYOXVL@J %LDQWHWIDOQJ VLPLO DV FARKIGVHUYV ZLWK GLIIHUHQW
VLPXODWRWRQWLQL]HG WKH HIITHKWLWRGLOHWHQFH LV IODL@GWKW H LRI W K
JHRPHWULHV DQG PLOO URWDVILRWHUVS §UIROLRG HIREFMKODW HV W KHL!
FRQVXPSWLRQ DQG SDUWLFOH SWURIMGIFW ROX DN GMF®IGHDDIOH Q H&W HSU Bl
WRUTXH RI DVEDER UDDMORUPLOO 3HRP HOXQLAMOO\ VLPLODU DQG WKHLL
DO VWXGLHG WKH 53$6 OLQHUVPIL@ & ROV B WQL B @ DSAIGYH BOE R QV WKH M R L
HW DO LQYHYVVDFM WHI&DWK R UL BSREZGIBIR\RQEDS# OLQHUV )LUVW DOO
GLIIHUHQW FKDUJHV D QGVPRLOW HULQERQHDP X 0 B RVBIIEWRILWVKY HQ J KWK B L I W F
EDOO PLGBABGYDEHVXMMORDME. QJ 'LVFUPWRIBEWKRG 7KHQOWMH U
LQYHVWLIJDWHG IUHTXHQF\ DPSPRWX®HRUGBVFHGLERXURE\ RRXU WR ILOO
WRUTXH IMFDOSILER®O PLOO > @ R/IL VWKW CPQ. O\VDWRZX OGN GILY WMV % DVHG RQ
WKH IXQFWLRQLQJ RI D SDRAVLF>OQMWU WWSHY IURPDUWLR XODONHEHUV
EDOO PLOO ZLWK OLIWHEU V@ UXBWHKIUGD BDW RG3HR QM(Q BYGFSRWHQWLDO
3DQMLSRXU DX@G ADUPBUXWLQL]BMGHQHUJLHY DV ZHOO DV WKH VXP
WKH HIIHFW Rl EDOO VL]H GLVWQHBEIRMMI®QU RKQ REUBOX DAKCH EDO OV
PHFKDQLVP SRZHU FRQVXPSWAHRHY REYE®LED® W KURXIKRXW WKH VI
WUDMHEWRU\ RI D FP DDOOQPLIHWR WAR WRYDWHWQ VHFRKDGAR DQG LQ
HW DO DVVHVVHG WKH HIITHFW RMKGILIW FBUSUHRVERE CL@GE WEKBSKYV IRU
IDFH DQJOH DQG ZHRUDRQDERAHIGRYBYY DQG DOO OLIWHU QXPEHUV U
VFDOH LEID® @HO O DV WKH\ PHDVHDUEDIL® FRBSBIGH GV G UIGHWRKTO\
DQG EUHDNDJH UDWH > @ /HHP HQWDRQH®RDORIPBWKRIEY KDYH EHHC
JULQGLQJ NLQHWLVFWDIOH D OFPE RIDDVWMRRIG XFHG E\ YDULRXV UHVHDUFKH
PLOO ZLWK VL[ GHVLOQIMWGH OV IWFRWUJRPFRQV XP S WA RERICOPIOSRYZ H U
OLIWHUVOLFWHROLIWHUW®LIMHUWXFK DV WKH XVH RI MRRUBTVXH VW&HMR U\
FP OLIWHUV > @XWLOHJQDO LVVXHWKDW LQ QRQH RI WKH SUHYLR>
LQYHVWLIJDWHG D EDOO PLQ® ZPWWKRG QBWGF SURHAMEXUH RI FDOF
HYDOXDWHG WKH FKDUJH W UD M HRWRIER ZRQGV I I HPIK N EVHH 1 | [ B\ FXW L Q J

> @ &KLAYP®L%ZDO\D'(RWWRL]JHRU E\ XVLQJ RWIOHNUQRAYWERIBY FOHDUO
H[SORUH KRZ VKHOO OLQHUV RI H EDLFQ WIO BWPEWWH @B ¥EN UHVHDUFK
EDOO VHJUHJYWDRO]\N @&W DO RQOXGMWHBWHG \8R RRMUDY KEHH BIVY B UQ\ P L O (
LQFUHDVLQJ HQHUJ\ HIILFLHQF\ZDYGFBORBEBWHGLWY RW WKH\ KDYH
WKH FRPPLQXWLRQ SURFHVV L®QVWREQL@E PXW KVRREMR REY AXYDW H
LQGLUHFW PHDVXUHPHQWYV RI LN FQD O H@\WDIRHANNDQEEK D Y H
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EHHQ DFFXUDWHO\ FDOFXODWH® IDIF&E R WEIHQ P L\ O® WRM PWWYYVY FORFNZL)
FRRUGLQDWHY KHLOKEDDW ® YSBHU LR RI WKH OLIWHUV %XW LQ WK
WLPH VWHS D FRWADQIAWRJIK PLOO URWDWHY LQ D WULJRQRPHWULF
IRUPXZBWRIHY WKH PDVV RI WKHWVKMHOGHWLIIJQ9RI WKH OLIWHUYV
LV WKH VSHHG Rl WKH EDOO PV JLV WKH DFFHOHUDWLRQ
RI'JUDYLWDRRGNVN WKH KHLIJKW RI WKHWEDO®UORP&RQILIXUDWLRQ
WKH ERWWRPPRIL W\KW( MBI R U KLV E DOGX
D VLQJOH EDOO DUH FDOFXODW Q V}Q )&J 'ég) E ME&Q?I{H] 8 P
.( DQXYRI DOO WKH EDOOV WKH }% \9) Lt| D DY BMN SR OLQH
V
L

WRIHWKHU WR .R DWIXL&D @ KXIOW

WKH FRRUGLQDWHV KHLJKW DQ Relv @C‘S ’%lw bQ@/%VoDKODOYHHG
WLPH VWHSV DQG GXULQJ WKH V & Gl HOW YRC
WR WKLUWHHQ VHFRQGV IRU DO oRH QWY éL K o1 LW

W KOH. | W H (P HF@ W Q R/Q HIGD DEHRY\H W L P

FROQVXPLQJ BQBFWRRN DERXW g IXIY & MQ/WH&'GFRU“QM\X'DV{QV%%USHU
ZKLFK KDV EHHQ GRQH IRU WKH N @O@WS%@DU DQG WKHLL
DXWKRUV Rl WEUR W“KWLF'@'HFWP%& b L<%/D|=\',tvqxRQKG\MLLN/P;/\MHNLK\HDOVR W

SrEuLRg o imemiTmeRr % < oat 2 B Y
LIMR S5 U : W\ Jg RI OLQHUV ZHUH VLPXODW

LV ZRUWK PHQWLRQ L(QD Q&KW
DOO EDOOVO W KH BIFWR ERENOE W D L 7TKHQ OLKWHUZBR XQW

HDFK W\SH$RNVR LGHEQ&HVYWLRD VHG 'RXUVE\ ”T/Xli/ WVRH'GL%% V\X,'f(
HIITHFW RI WKH GLUHFWLRQ Rlﬁ\ \}5 Mo \%b IWE AMUH VLG
OHVND&®RSDQ\ EDOO PLOO ZKLF V{j B LRO UXQV ZHUH SH
L@DUW  RIHWHKDRIENVKBIOXHV RI | “an Uwi w DRUNDUFK

3( DQ@ RI WKH EDOOV LQ 0H\'7§vag 56&

OHVNDYDQ# PLOOV, QUMKHRPCPBDNIIYGD Q
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OLQHU IURP DQG VWHS# OLQHUYV |




.RODHW DO -RXUQDO RI OLQLQJI9RQYLURRPHQW

i and S (O OLQHUV VWXG LHDTR LY WKLH/ WUX-BWHHDFOVYE K
LQWHUDFWLRQ GLVWDQFH QHLJKER
GLVWDQFH WKDW WKH SDUWLFOHV H[F
y y 4 WZHQWLHWK UDGLXV RI WKH VPDC
f\ | % PP W LV QRWHZRUWK\ WR PHQWLRQ
= - Rl WKH EDOOV DQG ZDOOV RI WKH Pl
y v , Y - VvV VLPXODWLRQV LV VWDLQOHVV VWHHO
(Q @ f o <' LQ 7DEDMHVVXFK DV EDOO GHQVLW\ EI
» \ IULFWLRQ FRHIILFLHQW EDOO UROOLC
WKKLODS BKR®DS# OLQHUV IURP WhRVW WXWLRQ I:RHIILFLHQW EHORQJ
OLIWHUYV REWDLQHG IURP UHSXWDEOH LQWHUQ
'HWDLOHG RSHUDWLQJ DQG JHRRPOHWQUHUN ERYBYWLEBWMNGFIDR WKLV U
PDWHULDO SURSHUWLHV DQG Eif O/fMX-OXOWDIW K GIRXHDNVKINVIWKHLU YR
W LV ZRUWK QRWLQZRUDDW LYRWKPWH IRHVHOOQFKLOOV DIWHU LQVWD
EDOOV KDYH WKH VDPH GLDPHW®UIWH URERWRKWMH | UDHHD WRQHV RI OLQHUV
WKH HITHFW RI FKDQJL(QD Q&K H L UDWQIGHGRIG UHIDIWY H RI WKHLU YROXPH W
DV ZHOO DV WKH VXP RI WKHVH WOAR Gl MUOH HP\L (RO DQ BUWRMH V

DXWKRWXUH UHVHDUFWHKW SOQ U\ EBMH
()Q)Q)g@) IRUFH RQ HDFK RWKHUWRIZW FDQIFXODW
)LIXUH' JHRPHWULHV RI LQGXVWUL%B'—EVDVO%QP BBYWERWwKk<RXQJ V PRGXOX\

VKRZV WKH YROXPH RVKH MWL ®BOM SH W
LQGXVWULDO VFDOH EDOO PLO O HRIHDEHESHO DRV IUP WHIEOWKH XV H | X
IRU NHHSLQJ WKH EDOO GLDPHWHW FIERQ E W Y & WQL D MWD R GSLUBWMH-QGTARHKIWH |
EDOOV 2SWLPL]LQJ WKH EDOO VL]H GLVWULEXWLRQ IRU DOO

7DEOH 'LPHOVLRQV DOQG YHOWRHLOWH. HD RO WKOOLQGXVWULDO

,QGXVWULDO 9DC

OLOO LQVLG

OLOO LQVLGH

,QVLGH YROXPH RI

&ULWLFDO VS

OLOO URWDWLRQ VSFH

OLOO URWDWLZDY'WHS ‘KIODS &ORFI

OLOO URWDWLRQ GLUH ODS# &RX(FORF

7DEOH &DOFXODWLRQV MQEDWSHFLILFDWLRQV RI
%DOO GLD
9ROXPH RI D V i i
YLOOLQJ RI PLOC
9ROXPH RI D i
1IXPEHU RI EDOO i
%DOO GHC
7RWDO PDVV i

7DEOH 3D UDPHWHRXOBWLRQV
(0 PRGHO 9D (
(0 VSULQJ FRQ
%DOO VOLGLQJ |
%DOO UROOLQJ |
3RLVRQ
<RXQJ V PRG i
%DOO UHVWLW
7LPH VWHS V
3HULRG R
3DUWLFOH LQWHLU i PP i
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7DEOH 9ROXPH RI D VLQJOH OLIWVKHHWWHRU ILYH OLQHU W\SHV V

9ROXPH RI D VLQJOH OLIWHU P

ILIWHU FRXQW

'DYH
6WHS

/Lo MG WHSH

wisHBKLS
o

6KLS
ODS#

7DEOH 8VHIXO LOWHUQDO YROXPH RI DOO PLOOV DIWHU LQVWDOO
0LOO LQVLGH YROXPH P

/ILIWHU FRXQW

DY
6WHS
/ILQHU W\SMHS#
6 KLGDS

6K OD
SHVXOWY DQG 'LVFXVVLRQ EHWZHHQ WKLYV OLQHUWMQ® MUKHDEZBOOV
'(0 VLPXODWLRQV RI LQGXVW U LIDIOWEKIHONDH B UBREX/Q W R WKH XVHIXO YR

)LIXUHD OX V0 UDPHDDWLRQ OHJ\$Q%&PE

VLPXODWRQXFWHG WKURXJKRX

P L O)® K DI\ DRI OUHH D\DH W K H

Wl XVHIXO YROXPH LQV
ZRUNGOXH EDOOV KDYH WKH ORZHVW V. : ImH'B'““P“\éVgSQ W
EDOOV KDYH WKH KLJKHVW VSHH ¢S WKH PLOC
PV 7KH UHDVRQ IRU WKH VHSDUD A5 JI—I‘%

LV WR SUHVHUYH WKH V\PPHWU\ LG D s G(;(LFIV\\I/VLHRUQV
DQG WR UHGXFH W KHOML MKRIl WIDHSM]

IRU DOO WKH OLQHUV VWXGLHG L} FQ (g%‘:“‘{XUH | .-. ke
ZLWKLQ VHFRQGV DIWHU WKH PLQ Fgg VWHD W D LHGJWKD
LD %E‘% %% JOODWLRQ
UHDF KH G \DM\DWMHDEBAR H VHFRQGV 7,k HHLQD L LRP\ R F;J(\H,\?VVJEHE\)/Q
IRU FRPSDULVRQ DOO VQDSVKRWY ZHu gEQDW&&wM\?pHFKDQLVF

UHTXLUHG DQG WKH SURGXFWLRQ RI IL

,Q DOO WKH VLPXODWLRQV WKH
ZDV VHFRQGY DQG IRU PRVW R

DEM Legend SUREOHPV IRU WKH QH[W KMV OHQ HRU W K
Velocity (m/s) FDQ EH XVHG
40006400 YLIXUH GHPRQ\G B B VWA QIXW H H

=4 m/s . VLPXODWLRQ VQDSVKRWVY IURQW YLHZ

PLOOV ZLWK VWHS OLQHU IURP WR C

@ -3ms GLUHFWLRQ RI WKH PLOO LQ WKLV O
LPSRUWDQFH GXH WR LWV DV\PPHWU\

O =2ms URWDWLRQ GLUHFWLRWR WWHKH5RANQOQL V

Rl LWV OLIWHUV DQG LV FORFNZLVH

Q-1 GLUHFWLRQ RI URWDWLRQ RI WKH PLOO

LQFRUUHFWO\ 2Q WKH FRQWUDU\ LOQ
GLUHFWLRQ Rl URWP WERRURGIDWEKH ELO®
WKH GHVLJQ RI LWV OEORHFMNYLMEG LV
JLIXUHO VLPXODWLRQ OHJHQG IRUIROR 7KH UHDVRQ IRU WKLV ZRULI
VLPXODWLRQV DQG LQYHVWLJIJDWH WKH HIITHFW RI WKH

WKH PLOO RQ WKH PRWLRQV RI WKH

JLIXUBHPRQVWUDBWRPHNQWKRIMHO pyv\PPHWULF OLIWHKUM RP )EDROUEH VH®
VLPXODWLRQ VQDSVKRWV TURQWwWKLH LI WHULREEMWEXROVRDWRH EXONLQ
PLOOVZZYRMIQHU WIRRPLIWHUV $V LWYKRQVYROXPH RI D VLQJOH OKKMHU LV D
VHHQ DOO PRGHV IURP ZDWR O L@HMWHYY o WIRb X PH LQVLGH WKH PLOO KDV
GRHV QRW KDYH WKH DELOLW\ WRRPUHDWR HWKYHBEWRNRBRGWKDW LV L'
FDWDUDFWLQJ PRWIKRDQVHBVRWKIHGRHOPW v HG E\ RX¥WM RWKHU KDQG W
WKLV OLQHU LV VPRRWK DQG ZLWKRZN B¢ pW My v ewrkahPatddY wWR DERXW
WKH EDOORQ WR/ KIOUWZRUGYV WKH YOL@G WKIVLERGRQZKLFK LV DERXW ILYEH

=0 m/s
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OLIWHU PRGH N- $V D UHKDODOW 1WDWKDY PR GHAKD SSHO FBD@& HY Wt
WKH EDOOV KDYH FDXVHG WKH ZDL@XY/ IRIQW KH PQ &WOL @R XNHHDAH RQ GVKH OLIV
VRPH RI WKHP EDOOV KDYH FRKH ERPWOM WKW KRHOW PRGHY ,Q JHQHU

7TKHUHIRUH LW LV SUDFWLFDOO\ L WSRBVULREH WWR DQVMNTISW®RS/WHBDSVH OLCQC
OLQHU ZLWK OLIWHWWH LW KW KILYF ROGEFWYISDO VFDOH EDOO PLOOV EHFD
URWDWLRQ GLUHFWLRQ RI WKH PZDGW KXHVNDE OHKH$ B G RH IRWMWIGIH XQC
OLIWHUV FDVFDGLQJ DQG FDWDUOEWWHQ JFRAM MRHON WKIDH B HETHHQ HG VOLGL
FUHDWHG IRU WKH EDOQOWHUQPREHWOV DQG WKH OLIWHUYV
+RZHYHU LQ WKH WR OLIWHU PRGHV WKHVH PRWLRQV

8 lifters 12 lifters 16 lifters 20 lifters 24 lifters

28 lifters 32 lifters 36 lifters 40 lifters 44 lifters

48 lifters 52 lifters 56 lifters 60 lifters 64 lifters

JLIXUH'"' (0 VLPXODWLRQ VQDSVKRWYV I[IURQW YUIZBX HRO LQBXVWRIAR DO EDOOLRPW

J)LIXUH GHPRQWGWNRIBDQHR QXOQKPKXPEHU RI EDOOV SDVVLQJ WKURXJK V
VLPXODWLRQ VQDSVKRWY IURQWPXEKZOHRMVLRGE WKH. P OOBODIOWOLQ D VWHI
PLOOV ZLWK VWHS# OLQHU IURP DOWROLIW¥HWHWRGHWHDWDUDFW PRWLF
OLQHU LQ DOO PRGHV IURP WR DSCUIRNSHILY WKHD VKRKID GBBHD QG WRH SRI
SURILOH DV VWHS OLQHU 7KHLBUGEDMWHGH @RHG LW EQ QKBWMAR/IDL @ IWWEHE W \
GLUHFWLRQ RI URWDWLRQORD WK H FPXLQW Z U WK R SMWIPHOOIW HY WRIEHV
WKH PLOO URWDWHY LQ WKH GLEBWWURGWGEHYDLEB@FBERWRWGLWBEHSHDU DQ
OLIWHUV $V FDQ EH VHHQ IURP )IFEDMADGL@DPRWRR@YV IDJH REVHUYHG IR
WKHLIWHU PRGH GXH WR WKH EXOWR OQLWWHHLY PRGHWKHFDVFDGH PRW|
UHGXFWLRQ RI WKH PLOO Y.ROXPHGLDAD 2 85©DUD \J WXGX R DIK ZKLFK LQGLE
RI WKH EDOOV DERXW ZDOG-KDWKEBHEBRHQFH RI WKH OLIWHUV RQ WKH PF
WRUQ DQG D QXPEHU RI EDOOV KBDHHUWFRPHLQXW/ RHUWIRUH LQFUHDVLQJ
EDOOYV +RZHYHU FRPSDUHG WRRWKHWRKRQUHWVERWBUYILY QRW ORJILFD(
PRGH LQ WKH VWHRS$ WKRHEDOMWHDQG WKH
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8 lifters 12 lifters 16 lifters 20 lifters 24 lifters

28 lifters 32 lifters 36 lifters 40 lifters 44 lifters

JLIXUH'"' (0O VLPXODWLRQ VQDSVKRWYV IURQW YLHZ RI LQGXVWULDO EDOO PL

JLIXUH ""(0 VLPXODWLRQ VQDSVKRWY I|IURQW YIMNHSR IOLQGHN WWRLPD OVER O OOR L
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JLIXUHMSHPRQVW U B WHYVQWIRIGIHO WKH ZDOO RI WKH PLOO WR WHDU DQG
VLPXODWLRQ VQDSVKRWYV IURQWEDIOHZ/ RKDLYGIG KRR WH LONERIO®'KH PLOO
PLOOVERL®DRELQHU WRRP OGLWHONUSUDFWLFDOO\ LPSRY®DBOHH W R LYK WD O
WRVHS GMHQHWBWDWLRQ GLUHFWLR@IRWWKM RIQO® KIQVWKLYO 'HVSLWH WKI
OLQHU LV Rl VSHFLDO LPSRUWDQFGILGXAWLR QW DWKRPRHVOW GXH WR WKE
WLODBLQHU WKH URWDWLRQ G L FHDFAF DREQ QRID BVMKGHIFID REDLIRQ YV KDYH EHHC
RSSRVLWH WR WKH BOIE LMW FRO RIAKIZRO/MWK H URD © OVL LY HUWKE RAGKON. | W H U
,Q RWKHU ZRUGV WKH GLUHFWLRPRREHU RMKIHWK_HRLQ) RW R K MV RH OGOL IWHU V LV
GHOLEHUDWHO\ FKRVHQ LQFRUUHEFMIOV U3 GMHK R OF /WP DG WRWDWH ZL\
WLOBOLQHU WKH GLUHFWLRQ RI NRMWODALAR QS R UW K FLBDGHQNBHWICH. G UW R
LQ DFAFQAMG ZLWK WKH GHDRI®D LRI WWHN FOS\WLA D 8 OLD Y B FRIUNKQEKBHS L S
FRX QAVORENFILIWHUH 7KH UHDVRQ IRFOLQMKULWY EHWZHHQ DQG OLIWHU
ZRUN LV WR FRPSDUH DQG LQYHVGUWLU MWL G HRH | LRRWD RIL VK HR I WKH P L«
URWDWLRQ GLUHFWLRQ RI WKH PEDWL RARIXRZPIR WUR Q QWA KWMKGIL | W H U
EDO @K BYMPPHWULF OLIWHUV $V PRG HE® WHMHGL QUR P Q GP AR\ IWFDQAD FRADLYQH
JLIXUHLQ WHHWHWGRRGOMR WKH EXDNL@XIVN®O\ GLVDSSHDUHG  ZKLFK L
RI WKH @MKMWHROXPH RI D VLQJOH QCOALUWHULED DEROWOXHQFH RI WKH OLIV

P WKH XVHIXO YROXPH LQVWEH EMK®O WV LLEQOWKIHWH PRGHYV ,Q JHQHU
UHDFKHGP IURP L) WKHO BV VW NS DBLYHBLODU WR\6WBSDSSQRSULDW
PRGH 7KDW LV LW KDV GMF WHOVIOGEE WERYW. QVWDOODWLRQ LQ LQGXV
RWKHU KDQG WKHVH E.XGN\VDHHWEHURD EVWH ERWKH WV KHLIJKW DQG ZLGW!
EDOOV WR DN-RX@W WKLV PRIGERXAK LLAKVLM GJIH XOYOH NOH QHKH FUHDWHYV WKH
ILYH DQG D WRDW VRORMWHHU PRGH VOLGLQJ IULFWLRQ EHWZHHQ WKH EDOC
N- $V D UHVRRGMVKG WBROWV KDYH FDXVHG

JLIXUH '"(0 VLPXODWLRQ VQDSVKRWY IURQW YLHZORS LOQGEMWIWIRIPO BADRO O F
OLIWHUV
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YLIXUH GHPRQVW U DB RY Q WKRIGMA W K 1© M AVIHALQF ROKQWRP REBYH WKLV
'(0 VLPXODWLRQ VQDSVKRWV SIWREOHPYWKH WRRWDWLRQ VSHHG RI
LQGXVWULDO KRSDSBLQBY MERWPKLQFUHDRVWEH WHUQPRGH DQG

OLIVMHUSDS¥.QHU LQ DOO PRGHYIWHRBRPPR®MRY WKH JULQGLQJ SHUIRU

OLIWHUV KDV WRKLSDBHSURIQGHFDVFDGLQJ DQG FDWDUDFWLQJ P
7KHLU GLIITHUHQFH LV LQ WKH GLUHFWRIRQ RWHRMBRWORB® RDWE&HNVRH SF
PLOO ,RLWESDEQHU WKH PLOO WR\WDMWHI LW MMKISRVVLEOH WR FRQVL(
GLUHFWLRQ GHVLJQHG IRU WKHSGIUMHED Q § W LESIIBIEHORVGIHHIY EHWZHHQ
IURPLIXUHLQ WKALIWHU PRGH X@®®H VOKBWBUMVHU PRGH WKH QXPE
6KLBDS OLQHRI WKH EDOOV LV \EDRKOWIORWAVHS E\ OLIWHUV,BDV GHFUF
GRHV QRW WHDU WKH PLOO ZDOWKH WR- OD®G WKHRGE6KNVS WKH FDVFD(
ODS# OLQHU SHUIRORVWHUOP RICHF DWEBUPRWLRQV FRPSOHWRI®\LWLVDSS
WKKWLIWHU PRGH WKH EDOOV JRDXGE BMRVWEKE WHIDW QUKRIOLIWHUV GR
WKH PLOO DQG FDWDUDFW PRW LURILW B WWHK A UKHDL\E R '@ VAR DWW\ & MERD\O @ W LV
+RZHYHU SURSHU WRH SRLQWYV WDHARPRMQ EWIED WRGL (RRWI®B PRUH W]
EDOOV DQG WKH) IDOO RQ HDFK WWEBI&#LQLWKH FHQWHU RI1 WKH
PLOO RQ WKH FKDUJH SURILOH ZKLFK FDQ EH DWWULEXWHG

JLIXUH '""(0 VLPXODWLRQ VQDSVKRWY IURQW YMIIZO R$#A QGCGRVWUUBBG EW®RO P
OLIWHUV

&DOFXOOWA(RO®ER!I EDOOV IWUPH IURP |JHUR WR WKLUWHHQ VHFR(
VWXGLHG OLQHUV WASHV DQG OR UWHWOFRWORQHG DERYH

QO WKLV DRWWIPLRD U wrapuw/ KLY WDVN L H . DQEXIDM® MIDEXK WKH

HS ZDV YHU\ ODERULRXV DQ
3( DQG7( .( 3( RI DOO WKH E}%Z? v
FDOFXODWHG DQG FRPSDUHG W 3 WEH Y SRS YRE QGLQY



.RODHW DO -RXUQDO RI OLQLQJ9RQYLURRPHQW

ILYH WASHV RI OLQHUV DG IDXOND W R WHQYGYX@EKHHU PYUORPUHDE®HY 1 XOO
WRL[WRXDUH GUDZQ DQG FRPSDWHKGDRE@G GCGAHWBUCPRAGABXFWXBWLRQV DU
LIV * 7KK 3( DQGKDYH EHH®LJKHU WKDQ L ®ORWKHWRRGKIN LQFUH
DFFXUDWHO\ FDOFXODWHG DFHARUWBKHNWHUWRRIHBEWKREWWOOV KDV GHFU
FRRUGLQDWHY KHLJKW DQG VSHHGWRWIOR I WKHKHHEEDO®Y\WWQD @A\KH :DY
WLPH VWHS DEFRUBE2Q(J WRK IOXFWXDWHYV EHWZHBHIWHUDWKH VWHD
DQY .( 3(IRUPXODVP ZKNHWKH PDMVDWN ,QLJXUH DIWHU VWDUWLQJ WK
RI WKH EDOO NJ 9 LV WKH VSHHGDRIOWKRIGEN OO R P3VRIRW K B LHWHOQW
LV WKH DFFHOHUDWLMP@ ® IKJUD YARMY VR LWV PD[LPXPKHQ HDBR X W

KHLIJKW RI WKH EDOO IURP WKH WRWWRPPRQ MWAKNAQ® DE®EWO\ LQ DER
JLUVW( W& H.IRU D VLQJOH EDOO BDOWKIH PRBHQW RI IBXHFWXRM LRQV
FDOFXODWHG DQA&ZWHRAW WKHEDOOV GHPQBMVGIW UHDFKHY D UHO|
PDVV RI WKH EDO®WHKH NEFHHG RI VWWKHID 63 @R W@ M WHH U BRSIHW WH H

PV DQG WKH KHLJKW RI WKH ED@®V LLYVURPIQYKIHFDQWO\ KLIJKHU WK
ERWWRP RI WKH PLOO P . (7TKHQ7WHR FBDDVRQDADIY WHHDOWWULEXWHG W|
DQ& RI DOO WKH EDOOV WKHYVHD @00 HW KHRIHWIKG GIHE WOHPIRWK Q Y WKLV

WRJIJHWKHU DTX®WLRQV 3(IOXFWXDWLRQMVH® WRBH LV KLJKHU

. LQ RWKHU PRGHV ZKLEKI WOMILFRXWHV \

L= LQ WKLVQPRBBIHUDO V.(PRIOWKHWR WK

t EDOOV ZLWK WKG®L LW A U WIRHHUM WK H

Lt & y{w KDV GHFSOIWRKHGFORVHQHVYV RI WKH JI

WKH @WRIWHU PRGHV VKRZV WKDW LG

2 L1 OLIWHW RFPRQMW WKDIYH DQ QWKHLY QR
ORJLEQOWKH RWKHU WRQ IWBU

Lt & y{w PRGHV WKHUH LV SUDFWLFDOO\ QR IC

RI WKH EDOOV ZKLFK LQGLFDWHV WKI

=99 HIITHFW RQ WKH PRWKRQWPRX@WHREDO

T 3(RI WKH EDZDOW 10Q QHKWH IOXFWXDWH V

DQG DNWHU WKH VWHING\ VWDWH
JLIXURVKRWKH YDOXHRIRWRMHKBEDOOV

;=99 LQ WKMWR OLIWHU PRGHWSVRFPDQWR
2'L 1 24 EH VHHGQRWWHKH EDOOV KDV D FRPSOHYV
Y WUHQG ZEWHKK MKHHIRWH LW FDQ EH FRC
$IWHU WKH PLOO VWD.lQVD‘(Q@VRW ( VHKDHVEDDOPS\L;HL(ID_PVs
3(RI WKH EDOOV LQFUHDVH JUH N H HHO
VLQFH WKH PLOO VWDUWHG ZRU \N‘]\QWWWKH
WKHLU PLQLPXP YDOXH 7KHQ V\ﬂg‘ VHHQ ZLWK
FRPH WR D UHODWLYH VWHDG\ Yv H&@I}/UHDVH LQ

ZKLFK DHDHB VWHDG\ VWD WKW K@
VRPH PLOOV LW WDNHV DERXW
VWHDG\ VWDWEOHBKLYW ZBIGRE DV W

H »\w .E%P Wgﬂ@ﬁpoov KDV
i KRH |_I|—|WL D QYHUVH L
V. 7R HQVXUH WKDW DOO P
UHVHDRBKLWK GLITHUHQW W\SHY,
H

7 BV LY SURILOH RI
! pY RQ WKH PRV
GLIIHUHQW QXPEHUV RI OLIWHU 3 @WMM@%’HN =Y
VWDW/KLY ILQDO VWHDG\ VWDWH y H 9¢RH OV KK BD OOV GHFUH
J)LIXUKBHPRQVWUDWHV( VBKH YD WHU LDRNEWQBY WKHLU  VL]H
7( DQG WKHLU ZDWHUOUBWMURURP ; (WR
QVHDFW DV WKH OLIWHUV JHW
OLIWHUV GXWRIQ®WVRAXTRW F R W R_ O.L L\ DADKGH CEVD D QAH G XIG WH
EH VAHQXWIDIWHU VWDUWL Q. Phe IIERBOI%%GHQLH-IHJI]D\DHV\NKHUH L
PRGHV IURP ~ WR .( @LIWKMY VE HUVH UHODWLR3Y\RE LW KEHWZEBE W

FRPHYWARILUVW PD[LPYXPKH@ D WKH L Q PUH®DN HQE BB L Q H U
JHWVYWWRPLQLPXP VROMHERRWH WL gBéUUHVXOW LV FROWUZKHHWR WKH U

LW UHDFKHWYDLDMWWFXWHERQ (DE R’ XW |
YO i W A LV WD

)LQDOO\ LW FRPHV WR D UHOD
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3DUW ZLWK WKHOL QN KB AR QY WHKIAR RH WKH E D DOOWH LGV KW LV
YROXPH UHPDLQV FRQVWDQW DFOG WMKRLWKH GEWRONVQKEDY D FRPSOHYV
KHLJKW GR QRW FKDQJH +RZHYWUHQQ ZBIOW RKW KKLUWHGNVMFDWHY WKDW W
ZLWK WKH LQPUH®DNY VERKIGWH RORXNPWKIRQ WKRII WKH EDOOV LV PXFK Jl
GHFUHDVHV S QNDR/IWUHYV&RYYV WKMWKDQ.WKHLU

JLIXUH9DOXHV( EISDF7(G WKH DYHUBJAVRH DYHUDQK RI WKH (IRY HEUDIIGIV
IREDYH OLQHU IURP WR OLIWHUYV

JLIXUKBHPRQVWUDWHV( VBKH YDIBIXWHVWRR LWV PLQNVPXRH@PRERXW. PH
7( DQG WKHLUWYISUTHWB WIRR LW UHDFKHV LWV VHFRQWD[LPXP LQ
OLIWHQV SXRXODWLRQWSNVNPHDIQ RP)LQWDFOO\ LW FRPHYWDE LD IUWMO D/ IDYE
EH VHHQ@XW@WB DIWHU VWDUWLQJ WKWMRP IDOOGVLA'BKWE®LOO UHDFKHV IXOO
PRGHV IUWR OLIWHRNVN WRNKHEDGIOW DPRXQW RFWXDWLRQV LQ DOO PR
FRPHV WR LWV ILUVW FD[KAXP LWQY WERXWLIWHUYVY LV DOPRVW WKH VDP}
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VWHI®B\DWM/RY ZKLFK LQGLFDWHOLMWHIV GXULQJ VLPXODWLRQ WLP
DSSURBULWMIHF RROWRIGHHHUDO FOWGHEH VHHQ LQ )LIXUH D DIWHU VW
YDOXBYLRIWKHS OLQHU IOXFWXDWMHOERRVZHH QURP W1 WIKH VWEHDID\O W K
DQG ,QLIJXUH DIWHU VWDUWLQJFRKHVPWAROLWY ILUVW PD[LPXP LQ DE
DOO PRGHWRURPOLIWHUW KHKEDGRNQ LW JHWV WR LWV PLQLPXP LQ DE
FRPHV WR LWV PD[LFXP KHQDERXPWRUW WLPH LW UHDFKHV LWV VHFRQG
WR LWV PLQLPXPDIQ®mG DE@X®O\ LQ DERXW YV )LQDOO\ LW FRPHV WR D |
V WKH BRPRIEXAWXDVE[LRQW K WVOKBIE R X W WR W FOLQG LKHOIDRK HW K
EDOOV GHFUHDNHMDQHD ERHY DVWBEDOUWH 7KK IDKRWXWWRIRQV LQ I
VWHDG\$VWHDQHEH VHHQ3(WXH KLR&HVWYVY DOPRVW WKH VDPH ZKLFK L
UHODWHGOLRNWKHPRGH ZKLFK IOQGWHNWAHRX@WHLY VXIILFLHQW LQ DO
SURSHU KHLJKW DQG ZLGWK RI WKW HWL WWKHHU V W.IQD\B K.lY\WW P WE&H EWR O VV
$V WOKIHWH U FRXHDNH &1 WKH ED O@XFWXDWHVY IURP N- WR N- ZKL
GHFUHDVHG TXLWH UHJXO®UO\ BPRRQWKHMH DPRXQW Rl DIWHU VWDUW
IOXFWXDWLRQV LQ DOO PRGHV PRGHW LUGPIL F DRV 3 DR GIWHEKIHE DWW & M
JUDSKV DUH DOPRVW KRUL]JRQWBRP H\K WK IL\Q G LFFD{WMHXP WIQHDERXW
FRPSOHWH VWDELOLW\ RI,@KH WRO.QV\ @ LI)Q O X P RIGHIMER X\V) D O BAR L Q V
YLIXUFMWKKHYDOXHV Rl WKH EWO O Y BRMWKRMBPRXQWKH IOXFWXDWLRQ
FDQ EH VHHQ WKDMLUWBDKEK W\ IDQBRRIWWKH EDOOV GHFUHDVHV DQG LQ
VLPLODB(WMRD®KHZLWK WKH GLIIHWHODPMLWKDWVWREB, VWDWH $V FDQ
DPRXQW RI IOXFWKDWURGDWIQUWMKRQG VWHDE\ L\YDMWCHO PRGHV IURP
WKRR/IH WKH ZKLFK LV GXH WR WRH ORUSHOXFWXBWLRQV DUH LQVL.
OXFW XDW LRRN W.KQHWSIHD)OWE DQG WKH JUDSKV DUH BORPIRWWHKRUL]R
WKH DYHEDWKH EDOOV LV GHSLEWGIGVIRQ LWKHU PRGH LV FOHDUO\ PX
WR OLIWHUSRREBMY EH VHRQWWHKMKDQ RWKHU PRGHV ZKLFK LQGLFDW
EDOOV GRHV QRW |R (MDMRZ DKWSHIEH MIK W DIQGGZLGWK RI WKH OLIWHU L
QR FOHDU UHODWLRQR/IKWSK HE HEVD DIDW@® WKL IWHU PRGHV WKH JUDSKV [
DQG QLKW H U F RIKEHSY @ K@ HURBZHVWHDFK RWKHU WHY AFKKIDQAG LBBFEUHDVLQJ \
Rl WKH EDOOV FRUUBNVISRHG\P REERXYWHURP OLIWHUV DQG DERYH LV
DERXW DQB-WKH3KERKHWWSRQGNKM RPRIE(RV WKH EDOOV DIWHU WKH V
WKHOLIWHU PRGH DURXIX®M N-+ V [IOXFWXDWHV EHWZHHQ N- |
WKBHYDOXHV Rl WKH EBPOQW FDI) GHSRFWHG N- ZKLFK LV PXFK PRUH
VHHQ ZLWK WKHOLQWYHWOREX QY WKB Q (WBKFWXDWL/RK@ YD OIXHV RI
WR DQG WKH UHGXFW(LRIQWRKHWKKHUEDO]®IV WRH)LIJXUH F KDYH D VLI
EDOOGHUMDVHG IURP DERXW WK B(QIWHKHRQO\ GLIIHUHQFH LV WKDW
OLIWHU PRGH WR DE FOXWWHUNRREHMKFWXDWLRQV LV VOL3KWO\ KLJK
DQG WKHUH LV D FRPSOHWHO\ IOKFX\OXTDUIN MRUMQ G ZIKQBEKDQYV UHODWH
LQYHUVH UHODWLR3Z\RK L\§ KEHH W/ B@XF WXBW LRRN WIQHWEJDDMWH G
DQG QLKW H \$ GREKIQMXUH WKH DYHUWXH DYHBEDWKH EDOOV IRU DOO PRGF
YDOXHV RKDWKHD FRPSOHWHO\ VIWRODOIWWHQ® MMIRLOOXVWUDWHG $V
WIBKHRI WKHWEDW QY ZLWK WKH LQFRI NBWH LIDE®D WK D W.I{ FRQ WKK.IS EBQ/AW H (
OLIWHUWRHRQWKH EDOOV KW G HRUH DNKHHGOLIWHU FRXQW LQ WKH VWH:
UHDVRQ LV WKDW ZLWK WKH GHBOHRRVW LQ GMISH &GIH QRAWVI DR HDFK RW
ZLGWK RI WKH OLIWHUV WKH\ SWXHWDBHRDEBROYRWRWKDY® WRBHV IUR
DELOLW\ WR UDLVH WKH EDOOV CLQW® HLLUQVF UW DAKHR Z\K HILW ADSHEE VHHQ
DQG SUDFWLFDOO\ WKH HIIHFWL®IWW K HO IO MW W UF\R XRQQV WEBHF UHDVH W
PRWLRQV RI WKH EDOOV ,BWHERPRN WIQNLEQQQW¥DEHFUHDVHY UHJXODU/C
ZRUWK QRWL QW MBKDWQHY WKKH PRYE UWRWDMMHNWEKR®VKQ S LEXKWBAHHIQ W
LQ WKH ZURQJ GLUHFWLRQ DQG WXM. Q VWEWRHK 8 HRDOQ\WR KWWK H VLPLOL
OLIWHUV %\ FRUUHFWLQJ WKH WRWPQOWZKR BKGL\W HF WR & IQ LRA DMK R Q WKL
PLOO DQG PDWFKLQJ LW ZLWK WK HWKIH) ERD GVORM LR MK HUWDWHU WK
WHRKIMHS OLQHU WX O WRHWK HWKH UROH R¥IWIKQHRWHDVH RI WKH OLIW

YLIXUH GHPRQVWUDWBHY WK YP YHPKRWLRQ RI WKHLU VL]H WKH
7( DQG WKHLU DYHUDJHV IRU VWil DELOLW Y YR UDWR WKH EDOOV L
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JLIXUH9DOXHV( EISDF7(G WKH DYHUBJAVRH DYHUDQK Rl WKH (IRY HUDIIGIV
IRMWHS OLQHU IURP WR  OLIWHUYV
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J)LIXUH9DOXHV( EISDF7(G WKH DYHUBJAVRH DYHUDQK Rl WKH (IRY HEUDIIGIV
IRMWHS# OLQHU IURP WR OLIWHUYV

JLIXUKBHPRQVWUDWHV( VBKH YDOXHVURDUH DERXW N- EKQWZHHQ
7( DQG WKHLUWILYSHIOR QW IRMR P )LIXUH DIWHU VWDUWLQJ WKH PLOO

OLIWHQY BGXRXODWLRQ WSMPH IURFPP WWR B IRVHWKH WRBOV FRPHV
FDQ EH YHK@BQOQDIWHU VWDUWL QUWVKFHDPLXCP LBRERXWQ LW JHWV WR
DOO PRGHV IURP WRI WKIHVEDWIBMOQW RKP LQ DERDWG ILQDOOV LQ DER
FRPH WR LWV ILUVW PD[IKXR LQVDWRXWVKH BP RXRQFMV XDWLRIQV LQ WK
JHWV WR LWV PLQNPXEHPRERXWRH EDOOV GHNUHDWHWYIDFRKGML® UHO
LW UHDFKHYV LWV VHFRQG PD[LPXWHDGL KRXBAWF R 2@\ XFWXDWLRQV LQ V
V)LQDOO\ LW FRPHV WR D UHODWILLIMNVNW PRIGGHLIWM KQIBEBXWKDQ LQ R)

WRV DQ® LWKH PLOO UHDFKHWVYX®&@XOHVWRD BLOQKWEHU RI EDOOV ULGLQ
,Q WKBILIWHU PRGH D VXGGHQ MXKRIBLW BROXGWE HN 4 D G@ VBWIRHW KH OLIWI
LQ WKRH WKH EDOOV LY RKVYAKYAD@LUYHU PRGH WKH GLVWDQFH EHWZI
EH DWWULEXWHG WR WKH VXGGRUE KHSE DUDDMIKR/Q RY WPKRHUEH D OAKWL. FK L (
PRXQWHG RQ)WKHHWVMIWHWRWKHWDSSURSULDWH KHLJKW DQG ZLGWK R
PRGHV WKH.DPRXFEIWMXBWLRQV LVPBGPRRRV W KHR OLIWHUV WKH JUDS
VDPH) JHQHUD OO XWKHEKDWILBPY IRRKORVH WR HDFK RWKHU ZKLFK LQGLFI
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WIOH I WHWRPRQWM WKDQ  OLIWHWMXVH)RMWQORNHFDWKKHUH LV D FOHD
,Q WRWDO WKH DPRXQ3NRR I W& K FUWHXDDW IRROQV KQ SV EHWZHHQ L WKHU LQF U
EDOOVWIBWEWLQHU LV DERXW FRNXQ @G WZXHH G H F3Y RD WHK H O/ 6 V

DQG N- WKDW LV DERXW WHKCHWW PHAGFRKHEDD PR X QWK HLU YROXPH
RI WKMHLOXFWXDOMUKQ¥ LW FDQ EBHUDVWLFDOO\ $V D UHVXOW WKH\ GR
VHHQ WAKERW WKHHEDOOV KDV D EMKD UYDRYH MWPK®DEDOOV ,Q JHQHUDO
WR WBKHIKH RQO\ GLIIHUHQFH LV HODMWNY RQKHLS( EHWEXHHBDDWRM DQG V
IOXFWXDW,QV JARBIWDO WKK DPRXOMWHRIFRXIQN BELGORHXUH
IOXFWXDWLRQV RI\KLISI SEDQ QW UL QP/MCKHI XWR WRHR| ECK®OIVO VR
EHWZHHQQG D NQ)LIJXUK WKH GHFUHDVHG ZLWK WIOHIWGHBURRXEW Q
UHODWLRQVKLS EHW ZRHH@KW KED @8 MBI LK) G L F B\WH-DN VDKDUWH DWKHU LPSDF
DQG QLKWHU PR EGWQ LQYRWPWLJIDMWKKRI WKH EDO.QV, WKV @ZRKWMK QRWLC
OLIWHUV WR  OLIW.HW]RY WKE HFUED W NRQBBSHOLQHU WKH PLOO URW
LV REVHUYHG 7KHQ WKHUWRILV DZYUR QB UGIDWHIFIML RVKHD QG DJDLQVW Wi
WKH EDOOV ®&IWRUWKRIGH.( $JDLQLIWKMHY %\ FRUUHFWLQJ WKH URWD
GHFUKBVRIWRHIWHUQPREGHUDO WKMHYHQG PDWFKLQJ LW ZLWK WKH Gl
LV QR VLIJQLILFDQW UH.Q RW WGV KB [FH-DVEZ BHQ HWK W X U Q B SI#Q O/IRQ WK H 6
EDOOV DQONWHIFRWKQSDS QRQHU)LIXUH

J)LIXUHODOXHVY( EI3D F/(G WKH DYHUBJAVRH DYHUDQM RI WKH (IRY HADIDI®IV
IRU VRRKILODS OLQHU IURP WR OLIWHUYV
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JLIXUHGHPRQVWUDWHM BKH YD/OKBW WKH ZLGWK DQG K HOLLIMMARI WK F
7( DQG WKHLU 6XLEDBPHYHIRUWRPRGH DUH JUHDMHU WREBVLQVR
WR OLIWHUV GXULQJ VLPXODWLRQ OLLPH UVRRVKAMVRUDWKY DUH YHU\ FO
,Q WKIHSDS# OLQHU X OQDISNOILWHKE KKEIS LQGLFDWHYV VOK DWHWQRRXQWL Q.
LV SRVVLEOH WR DQWAWDU® 6 RELH WHRWWH MK D QWK LARSWIOHL QHU LV QRW OR
WKH YROXPH RI WKH PLOO LQ W ELW HAR GAHK HV \D/EHRXEW KHW DWIHS KV D UH
P ZKLFK LV KLIKHU WRHPSH OH G HURU W]RIKD W D O DL@GDIOPG P R BAMM W WK DW WA
ZKLFK UHGXFHG WKH YROXPH RIFRKBWPY X0 LWRHOQSW PIRUIWHWB PR GH
LQ WEHWHUQPLRGEHB DIWHU VWD U WKLEOBE WEELFDWHY D VBDRIOWKOKXFW XDV
PLOO LQ DOOWRGHYLIWRAR W KWMKED O7BY DP RX3QWO RFWXDWMRLEY LQ WKH
EDOOV FRPHV WR LWV ILUVW PDREPXKPLGHDERXWWXDWHY EHWZHHQ
7KHQ LW JHWV WR LWV MRYLPXPLVQDERRKXW N- ZKLFK LV ~ WLPHV \
2QH PRUH WLPH LW UHDFKHV LWVI®XF®R®GWLIRQR XIS \ER O\OKMVH N -
DERXWR V)LQDOO\ LW FRPHV WR AU KB \OH IVQHIBIRIR X\QM UDSLG GHFUHI
VWDELOLW\ LQ DERXGWVLQVWHR PLWE®&HLU YRGXRH WWHKHEDOOV KDV GHFL
UHDANXN®O VWNEEDQWAH VHHQ LGQUBNKWDRRBOWKHUH LV DQ LQYHUVH L
OLIWHU PRGH .\WKMHXBRWROGM RRQV ENMVKZHKE@UWWKRP WKH BDDOM LQ
WKDQ RWKHU PRGHV ZKLFIKWMUEBRM WRRPKOHWBOOVLPLIBUFPKUHQG Z
FRXQ@VWRWEORI WKH EDOOWDISH WK GKESW BYRW WKW WKXGOV KDV D JUHD)
OLQHU IOXFWXDWHYV EHWZHHQ \WDKDE . WNR-B IMBKKCHD) LLIVK UEE RIX WD Q E H

N- ZKLFK LV D VLIJQLILFDQW DRRRXQMKBRP I DW K GOWK RVHUFP® OYW LQ
WKH RWKHU OLZDHIW VRIXWKHE UWBK/HH BUWFKHDVH LQ WKHLBIYWIOKPH Wk
ZRUBIQOMWNKWKILSDS OLWHKMLSIDBE# EDOOV KDV GHFUHDVHG DQG WKHU
OLQWKHHUH LV D VLIQLILFDQW UHOP®DRLW QRN Q VX [EH PG QUHNGKAUK IF RX Q W
.( Rl WKH E D OGM WHGIFR&IFZWW K MK HMUB DS # ORQHIXUH ZLWK WKH
LQFUHD\VH. LM\QHW WAHREXKQDW G HF U H DNV® BU H D VEIL L\@ HW KFHREX @W (HRU DW K H
L QLJXUE DIWHU VWDUWLQJ WKH FPROOV LIQDYO DERERIGHMIVHHIG! LV DQ LQY
IURPNR  OLIB(HRU WY KHKEDOOV FRBH®DWR RW VK L SD F HAMBHZHHY MUK HP K H
PD[LPXP LQ DERXM(HQ LW JHWWLWRFMWIRQ RI| FREKLWLHWVLR X SKHI G
PLQLPXP LQ DVERRVOWG ILQDOO\ LQQ@ERMWLY RSSRVLWH WR WKH GLUHF

WRV WKH DPRXQW RI B®RFW X DWKIHRQ WIK® \PRDXOWHW KH DYKUDJH
WKH EDOOV GHFWHDWHWH D6 KHVQOS UNIOUDPLXI®Y D FRPSOHWHO\ VLPLOEL
VWHDG\$OWBWHFDQ EH VBHQ WXDHUDNEHD JYDPXUH ZKLFK VKRZV
GLDJUDP RI WKH EDI®MW RROGWHKMEBW WKH URBMH. @ | WKHIH/UPDXT & V
VLIJQLILFDQW GLVWDQFH IURP WWWURLDIHIDP Rl WKH RWKHU
PRGHV DQG LV PXFK RKBKWHWDWRQQ WKHP
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JLIXUH9DOXHV(REXXF7( G WKH DYHUBIJHVKIH DS {H WDQYE RIWKH (RYHUDJH
EDOOWURBDS# OLQHU IURP WR OLIWHUV

JLIXUARRPSDUHVY WKH DYHUDJH YRIOW KH FRID @ XH BRDEOVHY ELQRPLDOC
( D3( E DQG RI EDOOV DIWHUDWRRUGLERIQER WKH IROORZLQJ HTXDV
VWHDG\ VWWMH DOO ILYH W\SHYV RL.ALQHUY 1
VWXGLHG LQ WXL\ WBH VIHEZOVWKH |, Q" ' °W"

OLQHUODMVWKH-RROWHDWMR [URP « 55

WKH YDOXHIRWKH .E(DOG]—VFUHDVI—FV

ELQRPDPPRVUGLQJ WR WKH IROORZLD WMHRHVOMEWUHODWLRQVKLS EHW
.( Rl WKH ED OOV VDIGEL FREMQMWD WK H

-(ovuN- 1 1 IRUP RI WK H EIROFOFRIDLMW L R Q

1 « 50 (ewrs#N - 1 1

, Q FROWUEZBNH OLWQKMOE QHU DV
WKH. IWHU1F RXQEWHD V HV Rl UARKPH
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1 « 55 ,Q WWH . @QHOKIRWK WKH LQFUHDVH L
OLIWHULFRXRRYR  3WKIHWKH EDOOV

$V FDQ EH VHHQ WKH FRHIILFIKDQGWHRUBBWHFPAIDEER URBQQJ WR WKHE
5 LQ WKLV FDVBIQG/ IYHFDQREZH VROQORZKRW HTXDWLRQ

WKHUH LV QR VSHFLDO Ummwwu\%%v%_s EHWZHHQ WKH

FRXQWDQG. WRKIHWKH ED®®W IQ s

OLQHU 1 « 50
,Q WKIHS DL QMKIH UHODWLRQVKLS EHWZHHg

WKHRI WKH ED @QVWHUGFEXAW WKHPOVIRQ WKKBDBLQHU ZLWK WKH LQFU}

IRUP RI WKH IROORZLQJ ELQRPL W W HWIFRRBRMVR SWRHWKH
EDOOGHMBVHG ELDRFRWD®DI WR WKE

. (skLmp N - 1 1 IROORZLQJ HTXDWLRQ
1 « 598 3 (skiwpN - 1 1

$V FDQ EH VHHQ RQH PRUH WLPH WKH ERHIILFLHQW
Rl GHWHUPLQODWILRIQV §DWH) GVLWRR ORZ
FDQ EH VDLG WKDW WKHUH LV QROVEHIMISAEEHL QB W L RIQWIK VEKH LQF UL
EHWZHBOQIWKHLFRRGQGWRKMWKH ED®dQLIWHULFRXRWR WXHRI WKH EDOOV
LQ WKKUB DS OLQHD QIBV/ LA OBOHS KDGFHUHDODVH® KH IRUP RI WKH IROORZL
OLQHU( RMKWKH E D O@M VWDIWB BRI XDWLRQ
DOPRVW LQIGRPHBIG RGM H U 3 (sx s N - 1

,Q WKIHSDS# OLQHWLIWWUERRXQW
LQFUHDVHV IURP WRRI WKKHEDI@IXH Rl « 58

GHFUHDVHVDPRERUGU® WR WKH IROARAI @@ wkH EDWEHMYHO DOO
HTXDWLRQ W\SHV Rl OLQHUGDUGW HRWWXDW HIGHIVHD

. (ekispssN - 1 ZRWNHUHDVHYV ZLWK W&HI'WHHRUHBRXGW. Q
DQG WKEWH HMHWMHDWLRQVKLS EHWZHH(
1 « 50 XQOWNEH. QHUYV LQ Y3IDWWIKDW HWKIHQ H

Qanorupo wKHUH LV Da Lo LaNY AHARNL TR Rab weke 5

KLJKEHWZHH@®WWHKH EZDIY D@
WLEDS# OLQHUOLD\QBU BERMwW < WKH EDOLVDHQIGPRIOPWIL YH WASHV

D s G 6 e gw t@@ﬂ%‘%@éﬁ% %ﬁ%ﬁbg?sevvﬁ
20 WKH RWKHU KDQG WKHUH LV ;QJ%E;WLL%[K%%?W% %@WK GHE

WKHRI WKH EDW®OI\S # B QE0I$S OLQHU
DQG QWKW H W KERXIQM U FR | WWKHH E D @ UHDWH VMQHWUKRRX RW. WK H

FDQQRW EH XVHG WR GH®HIWH '&@W@%GDBUGLQJ W R
B R
1 1

FRXQ@DMG. WAKHOO QRW EH D VXLW

IRU WKLV SXUSRVH 7(pynN-
,QLIXUB LQ ADKBLQHU OOLVWHKH
FRXQWLQFUHDVWR WKRH YDIEXH RIL « 58

RI WK H 3 DEHIBIVHEY QROIWDFFRUG LQJ 0 \LR) WKHEE. QLW K WKH LQFUHDVH L1
WR WKH IROORZLQJ HTXDWLRQ QoLIWHULIFRXRRY R WEKHRI WKH EDOOV

3 (ovhN- 1 1 KD\GFUHDVHG ELDRFRD®IQ] WR WKHF
HTXDWLRQ EHORZ
1 « 59 7 (st N - 1 1
$OVR LQVMEKBHU ODVWHMIIHFRXQW
LQFUHDVHWRURRBREB{R| WKH EDODV « 58

SE%%SEV\{?R\F;}L(DFS:GMGLQJ WR WKH RS Wndieos oHU ZLWK WKH LQFUHE
Q WIOH IWH UL F RXRRVR  7\WRKIHW K H

3(ewndN - 1 1 EDOOCHKBIWVHG EDERRUBQOCQY WR WKH

IROORZLQJ HTXDWLRQ
1 « 50
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7(6WHS;N' 1 1 1 « 56

1 « 55 ,Q JHQWHUWPOL@IAUWWIRRI WKH EDOOV LQ
DOVKHYH W\SHV Rl OLQBDVW. QWRHVWLJL

$OVIRQ WKHIBDBLQHU ZLWK WKH WQEV HPARHEI®FKHDVHY ZLWK WKH LQF
W KH. W H U URRPXW RV 1 7WRKWKH WIOH IWHUDRRX@WHUH LV DQ LQYHUVH
EDOOGHUMDVHG EDFRRUBQQY WRHWKHHQ WKHEH XIQW\VL. N BBVYWLIDWHG

IROORZLQJ IRUPXOD WKDW WKHUH ZDV D GLUHFW UHOL
WKHP 7KH KLJK FRHIILFLHQW RI GHW

7 (6xisoN - 1 1 EHWZHHQRWWH H E D QoL WDHAUIBRR K I W
DOKHYH W\SHV Rl OLQRURI WKRZYV WKD

1 « 58 EDOMOEBRVXLWDEOH FULWHULRQ IRU

$OVIRQ WKHIBDSHLQHU ZLWK WKITI?R%%%% HDQ"‘E/R%LEVHXQ\CVHEVD;/R%VEBB/E
LQ WKHVHUURPWRWL WKR|I WKH

A
EDOOGHUMDMHG/KH IRUP RI WKHUFé/éé)gvéLRgxlDLQHG LQ 3DUW Rl WKL
7 W EH D VXLWDEOH EDVL

SRZHU HTXDWLRQ AR

7 (6kisps#N - 1

JLIXUH&RPSDULVRQ RI WKH DYHUD3BH Bl WKIGFY ROXBDRDYV LQ DOO ILYH W\A\SHV

JLIXUHQYHVWLIJDWHY WKH HIIHFRW 8D $H GO Q) FEEW DWHIHRE RL@L MWK
GLUHFWLRQ RPQGREWH®B HSWKLS PRGHV.(WVRHHWKH EDGONS# QO WKHIU LV
ODWLODS# OL@PHWXWH WKH YDOXKNIJRHU WKBRSLQLWKN ZKLFK LQGLFD\
WKHRI WKH EDWGOGN WRIBKDLQHUWBHHLOO URWDWHY LQ WKH ULJKW G
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WKH OLIWWWHSHPREHFBEQW UDQWIRQFOXGHG W/HIMA SSHBEISXYVLQHUV LQ
PRUKW WR WKH QEDMNXKMIQG OLIWHUDOO PRGHV IURP WR OLIWHUV KD
PRGHV GXH WR WKH WRR VP DO 0OJVHDHWHRIUWKKH JKWWHYY ZWEWK WKDQ
UHVXOWYV DUH QRW ORDLEDXQ D QRR GM VH SPIEENHS 6KDLS# OLQHUV WKHL
E WKH YDGXRIVWRK HVEKNGYE'S DQ &/RHIITHFWLY HQHVAWRFFXIWMHUQ RGH V
WHS# OLQHUV BVH PRPSHD VHE Q %XWWKHLSDS KQSDS# OLQHUV WKHL
WR OLIWHUWKRGMBOXHY QR WWHKHQHIITHFWLYHQHWR REFWHWY, B® G HV
WHS# OLQHU DUH WHIK IOU QWKID RRMKKU ZRUGV LI WKH OLIWHUV GR Q
LQGLFDWHV WKH LPSRUWDQFH RKHAKKW DRSHDLG MWUIKH PMWKIR Q@ RWDW LR Q
URWDWLRQ ,IQQ WKKH PMIRUHU PRGHRHY QRW KDYH PXFK HIIHFW RQ WKHI
GXH WR WKH VPDOO VL]H RI WK H)IOILXWHABF S DWH\R VOKIAWH FRRWBWOSE O 6
IRU WKHPHMWRKWDBBODN HV K W K HD 8 HVRXE\WD ¥ Q HQVH PRWHK HWR
REWDLQHG D UH) RRW FD RAFTK RD O OLIWHU WRWH®DS# OLQHU SHUIRUP
WKH EDOOV KDV D FRPSOKWHO\ EHM.\O BMUKMLIKEEDEG CARRZHAKHU U ZLWK WKH
DQG LQ WRHOLIWHU PRA\GHB# WIKMHMKULQNLQJ RI WKH ZLGWK DQG KHLJK
LQ ZKLFK WKH GLUHFWLRQ RI URWKBIWLRR@ML RV MUK PIRFELHOWO WK L REW DL QH
DFFRUGDQFH ZLWK WK H EGNWWW BIQD RKAD O ROIDRIMDR P SD UHNR MMMKH EDOOV
SHUIRUPDD®AHE FRPSDUHRIWKKH LGKLSDS RQED M. QHUV 2QH.®RUH WLP
EDOOKLBDS WQEDS# O8QHWDWQ EHWKHWR OLIWHU PRGHV3(VMPKI®DU WR W
VHHQ LQWRKMLIWHU PRKGBBSWKHRI WKH ED®Q®DS¥ WKBHU ZKHUH WKH
OLQHU LQ ZKLFK WKH GLUHFWLR® VRDWRW DWERQ GIQWKMRP MOKH GHVL.
LV DFFRUGLQJ WR WKH GHVLKQIKHWD W KB QEMHW WEEGMK W R
SHUIRUPERZAHHY HU LQWRKGILIWHUQIWHU PRGHV WKH UHVXHDWR IMKHH QR
PRGHV WKH UHVXOWY DUH QRW \WR RL¥B D O DK W L HIRR RVEKIH OB KW B\ V Z K H
WKH OLIWHUV KDYH D DPISO®RKGIRVK M/ HDIQHEF L & W WBK B (DG MIRIRW KRHQ W K H
KDYH VXFK DQ H(IRFW RHEWMIOHOEDOOV LV UHGXFHG GXH WR WKH VPD
FRPSDULOYUHY DQGS LW FDQ WHKH GLUHFWLRQ RI URWDWLRQ RI WKF

JLIXUH (IITHFW RI PLOO UR W.D VB R D QEHRMY F\NBILHSHK RDKLODS# OLQHUV
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,QYHVWLJDWIHFQY OROSRWDWLR®KH GLUHFWLRQ RI PLO@Q W DWBWLRQ
"LUHFWLBHQYIRQPDQFH RI YDHOUNDFDQHVNDYW®&H PLOO URWDWHY FOI
0OLOO DFFRUGLQJ WR WKH GHVLJQ RI WKH Ol

9DOLGRWYRRXODWLRQ UHVXOWQ/H S\‘&Pﬁ%‘ ﬁ%@ﬁuﬁﬁ\wﬁmﬁ@&%ﬁvw
HIIHFW RI WKH GLUHFWLRQ RI
JQLIJXUHWKH ' VLPXODWLRQV mw@c*vgg% YDQ PLOO GRHV QRW K

L@BDUW Rl WKIZ\RUNAKHDH XU H
WKDW WKH PLOO SHUIRUPV .
UHSHWLWLRQ KDV EB3DQWD YR VG S@EH U or
SHUIRUPDQFH RI WKH EDOO w WK Lt; NI W?('“H'“Q'SE%TLGOH
&RPSDQ\ KDV EHHQ LQYHVWLJDW
HLDQSHWRHPPIQF® FD G
WKH EDOO PLOIRRS DAV D YRBER SUDF\M.LHFWDMW—H IGHVLUHG GLUHFWLRQ

JLIXUH&RPSDULVRQYLIRPIXODWLRQ RIRCPHSDND YD O PLOO LQ WZR FDVHV D URMW
LQ WKH FORFNZLVH GLUHFWLRQ DQG E FORWRPMMOQEAIUWRKWIPR@O LQ V

,QLIXUHKH YDOXHY¥( RDQ@GRI DOPRVW WKH VDPH DOWRBRXJK VXUS
WKH EDOOV LQOMHAMNNDDNYDI)H PQGCGOY KDXYHY RI WKH EDOOV LQ WKH OHVN
EHHQ FRPLUKGBH LW FDQ EH VHNIOQIWWDW KLIKHU WKDQ LQ WKH OHV!
DIWHMNUD BWWEH PLOROWRMKHEDOOV LQGERWWHY WKDW FKDQJLQJ WKH URMW
RI WKHP KDMVMWRPHUWR PD[LPXPPLQ ®RRXWKLYV FRPSDQ\ FDQ HYHQ LPES

V 7KHQ LWH®WRRMNVY PLQLPXH WERDEFRXW OWKRXJIJK WKH DPRXQW F

V 7KHQ RQH PRUH WLWN NVWARIMSEBRMHPROQW LW YHDWQ\ VEVBREH VHHQ
PD[LPXP LQ DERXW V )LQDOO\) LHXWRAMKE/(  WRABXHY RI WKH EDOOV DL
D UHODWLYH VWDELOLW\ KDV E HHQ KUHHD AKKDED OBIEVIINDO ERWKHHVND YL
PLOOV KDYH EHFRPH AKRP I OB WKNOH WNWDDY BDQH PR DO XHYV RI WKH EDO
RI ERWK PLOOV DUH DOPRVW LGBDQWNLFORYV K \F & WKRAXKWKHO WQGLFDW I
WKH GLUHFWLRQ@WL®HOBRRWBOQWIKBHKDY D JUHDWHU (HQHMQ RWYOD & KH
JLIXUH WKH YDXXRHVWKIH EDOOVWIQHWKHY QRW PXFK GCLIDHUGHQFH LQ W
OHVNDYDQ DQG OHVNDYDQ#WLOORM DMMHHFEPSDWHGQ WKH OHVNDYDQ D
FDQ EH VHHQ DIWHU WBWRIUWK R JP WEKEBKPU B IRW HMKH EH FRQFOXGHG WKI
EDOOV LQ ERWK RI WKHP FRPHWKROHWMDPMQPAPOOC@LIWHU SURILOH
DERXW V 7KHQ LW JHMBARYWR D WHN FRMHG AWV L @HRUBBRDWRHLPSURYH

V J)LQDOO\ EHWZMHQW UBPREBKSENWUDRUPDQFH RIPALKH 0 WKMDYWDV\® PHW U
UBWLYH VWDELOVWRWW PWGEO D QUBIDWKHD OLIWHU SURILOH VKRXOG EH L
IXOO VWDEK&LWD YWDWRI ERWK PLOOV DUH
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JLIXUH&RPSDULYRQ MIGGEGYDOXHY RI WKH EDOO PLOQ @ WZR/IRON BN)ZERIR SD Q\
OHVND YID@G FRHXAR¥FHMZLVH OHVNDYDQ#

&RQFOXVLRQV RL( DUH KLJK LW L QGLWBHWWRWEDW W

QRW HQRXJK DQG WKH PRWLRQ RI WKt

,Q WKLV DRYNDVERLOMKMWR 3DUW |y QRW XQLIRUP DQGRPWWEEH $0\

3( DQCGRI DOO WKH EDOOV LQVLGH Dokk QD‘R’/\D?@?@RWHNE(MOOV LW LV SR

LQGXWWDODBIOEDOO PLOOV ZHUH FD®&WRXIQDW®W I/ & Wb KWYAHKHF & XMW LHQW RU
HQWLUH GXUDPWVYRERXRDWEKRQV IURP QRMR

V. RUWRI WKLV URUYNDUHIW\SHV Rlg) p| ogpywRr LQ WeWrBDXHV ZHUH

OLQHWND MMM HWB/ HSWKLODBQELS VLJIQLILFDQW OW KR YHOHOX MWK DZK L F K
ODS#HUH H[DBROQIANESD U W OLQHUVL%GLFDW(—IL\NVPK([FW PRUH LPSRUWDQW
ZKRVH OLIWHSVDAHAUMY KHLU YROXPH_( b&G VKRXOG EH WKHDBBVLV Rl Dt
QRW FKDQJH ZLWK WKMHQFRROYW L&) WitWK FDQ UDLVH WKH EDOOV WR |
3DUW DO@GNHFLODRY FRKGVHUYV ZLWK UH FRSBHRSULDWH

GLIIHUHQW Q8 DRk WK IHU GFFRUS{DV H x :DYH OLQHU LV QRW VXLWDEOH IRU

WKHLU YROXEB UGN MUEHBINGHEH L U LQGXVWULDO EDOO PLOOV GXH WR Wt
FRUUHVSRQGLQWHHDIS MASRY BOOLQHY VPSDFW PHFKDQLVP IRU WKH EDOC
DQG DOO OLIW HU JWORP ¥ IR MAH UHR P VRPH LQGXVWULHV VXFK DV WKH FH

GUDZQ DQG FRPSDUHG LQ GHWDLOVZKHUMWBESE REVUKNURKDIHGKDQLVP LV U
XVLQJ GDWD UHODWHG WR WKHVH Q@R G3EWYROQRRR HDBRWVESMVH SUREC
RI OLQHU WK HWRHIWRARREW DIVRH G WKH QH[W VWDJHV RI WKH SURFHVV
WKH HIIHFW Rl PLOO URWDWRHRQ GLXNH®WLRQ RQ WKH

.( 3( DQGRI EDOWMHEDEDD QG X 6WBOWLSIL HOB5SURSUVIIRWH OLQHU
OHVNDOD@HUV ZDV LQYHVWLIJDWHG LQVWDOODWLRQ LQ LQEHADXVHDO VFD

$OVWKH IROORZLQJ SUDFWLFDO EHRWEK WHUOXW EDOHG ZLGWK DUH VXLWI
UHVXOWYVY ZHUH REWDLQHG IURP W KWWK MIGIMH BUFEKWAHRUWKH UHTXLUHG V(

EHWZHHQ WKH EDOOV DQG WKH OLIWE
X 6LPLOBODMUWRHQ@ WKRH WKH EDOOV KDV

OHVV IOXFWXDWLRQV WKH QXPBEPHUQRKEDRYDK OLWHUVWKHUH ZDV DQ
VXLWDEOH 2Q WKH FRQWUDU\ ZKH{H &RW LIV MIFDRAHWIGN HEQ M\KMH DQ G W
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LQFURDWHKBIL IWHU FRAMQWHVXOW %ZDW FDQ EH FRQFOXGHG WKDW WKH D
FRQWUDU\ W R3WUKE KIHHMX &/WN URH ZDVSURILOH VKDSH RI WKH OLIWHUV LQ V
D GLUHFW UHODW L3R @V K\ISH EED\OZONH Q RMKH QRW KDYH D VLJQLILFDQW HI
DQG QLKW H U 7RKRIX Q MV KRGD U\Q SHUIRUPDQFH DQG WKH PLOO FDQ SUTC
ZLWK W K HR MOGH IFDABAFRIKIQUNY ROXPHWKH GHVLUHG GLUHFWLRQ
UHPPERQVINO@W KHLU ZLG\GK DQG KHLIKW G

QRW FKDQJH WREHMWU OL@HUV XLVvigkJHQHUDO WKHUH ZDV QRW PXFK G

WKH LQRIMHOXHVHU WRMQW YROXPH:( 3( D@ERI WKH EDOOV LQ WKH OHVNC
GHF UGNV WLED OO\ OHVNDYDQ# MUIOWMRWH FDQ EH

FRQFOXGHG WKDW P PNLIOQDY) OWK W HWB VN

X ,Q JHQHUDO WKHUH ZDV DQ LQYHUGH RIHLOBW IDRQNKH® ULWKKDY QRW D

KLIKEHWZKHQ WKWHH EKQSDS# SHUIRUPDQFH ,Q RUGHU WR LPS

OLQHUVOLQSHURBRWEW FRQWUDU\ WKHUBRHUPDQFH RI WKH OHVNDYDQ |

ZDV D GLUHFW UHODWQRMQRHHSLS EHWZHROHWU\ RI WKH OLIWHU SURILOI

OLQHU ORQIGV WUMRWRMW RWKHU KDQG L WKHNBIVH G

ZD@R UHODWLR QVIKQ SVMEHIWZ B @ G

WKLSDS OLQHUM W B G7 RRKMHHIMR U H $FNQRZOHG/JH QW

FDQQRW EH XVHG WR GHOMWHWRUQH WKH DSSU s LDWH

FRXQDMGWVRW D VXLWDEOH FULWHE HR@ WVvZRXOG OLNH WR WK

SXUSRVH 8QL UVLW\RI THFKQRORJ\ DQG OHVN

X ,Q JHQBUDRQ DOO ILYH W\SHV EEBQ/Q?&%QG 6KDKURRG IRU WKHLU V

LQYHVWIBDDWHGEHFEUHDVHG ZLW DVH
RIWKMHLIWHU FREQWKHUH ZDV DéHL%Gﬁ@EHU
UHODWLRQVKLS EHWZHHQ WKHIE RYXQQUMED GOCUHDEHOYDUDGR
LOQYHVWL3IDWHG WHXDW WKHUH 240/ DGELOR KRYW K7 6WXG\ Rl OLIWHU
UHODWLRQVKLS EHWZHHQ WKHFZHDU DQG EUHDNDJH UDWHV IRU GLIIHUHC

X 7TKH KLJK FRHIILFLHQW RI m ??%MO%BWL Sgﬁ&;a'g\%\évq%%(;%%y&
EHWZHIPQG GLKWH U G RXO@WILYH .
Rl OLQH GW RKAKIR\VZ I VXLWDEOH FULWHULRQ IRU
FKRRVLQJ WE&HI\RBW EREDEIVR X O G>E@HGUD)H V1R U QL-H O O®H O HIUR
XVHG DV D EDVLV IRU GHFLVLR@W@;NQ@]HQDG(R —XDQ GHO &B]-

X 7TKH KLJK FRHIILFLHQW RI GHW Héj;@é G T?)IE)?/ ;f/?g[jF\(’\gH;JRLEBDHV\C’)L(
EHWZHIBPQG (W_KWHLUQ:HZ))O@WILYH gHDGHMQKWWR
RI OLQHUYV N(HLRZD/OWR[DNVXLWDE b‘EWH%{FPd*
IRU FKRRVL QJOWKMHRSHELP@WO G EH
XVHG DV D EDVLV IRU GHFLVLR® BONK@D 7KLWD BHUKFWHZ RI FRPSXWHU
LV FRQWUDU\ WR WKH UHVXOW RIERVIOLIMIGR QQRIDWWP ERILWKIPLOOV E\ WK
UHVHDUFRK(FRMOLHQRW EH D VXPWIVKRIG EBBRVWDFW P HAKIDQ@BWLRQD
IRU GHFLVLRQ PDNLQJ -RXUQDO RI OLQHUDO+3URFHVVLQJ

X ,I WKH OLIWHUV GR QRW KDYH WE&HOBORSEHU KEHORKGW DI ®QJ FRPPLQXWLR
ZLGWK WKH URWDWLRQ GLUHFWHRQFRIVW KN IRQQDMOHERBWIQRAD O -RXUQDC
KDYH PXFK HIITHFW RQ ,@W KRM KHSR ¥ PRUATFQOHWQEDIQPHWKRGY LQ JHRPHFK
ZRUGYV ZKHQ WKH HIIHFWB(RI WKH OLIWHUV RQ WKH

DQG WIRH WKH EDOOV LV UHGXEI—@
VPDOOQHVV RI WKH OLIWHUV WK E(&ZHV ?,gJRLIHg’ﬁ%yﬁ MW G \(H(LQF\ poG
RI'WKH PLOO LV QRW LPSRUWD Vf’ WKH FRPPLQXWLRQ SURFHVV LQ WXF

X ,W ZDV VKRZQ WKDW B®%#H &4 QIR 6K USIFW PHDVXUHPHQWWV IR LQWHUQ
WUDQVIHU PRUH HQHUJ\ WR WKRYHDMOWUNKIBY 6WHS DQG

6KLBDS OLQHUV DQG KDG D VXLWREQHpBEUHR¥LRAR R (0
URWDWLRQ PRGHOOLQJ RI WKH G\QDPLENURIORPLOO V
X %\ XVLQJ GDWD BKODWHG KR (QILQHHULQJ

RSWIORDWHDDARREWDLQHG $FFRUGIRIONK® O0R\Y + %ZDO\D

WR OLIWHUV ZHUH UHFRPPHQ( ﬂ)%u WXhhSBYRDEK WKRI ROSIWH. FOLQYG Q J
OLQHU WR OLIWHUV IRU WdGH, PN pH oW HR |#zr1?l§?(§’ OLQHUV LQ EDOO |
6KLBDS OLQHUV DQG WR  OLJWKREYV d)'b@ WtHH AdRFODQWR DR QDO -RX U QL
ODS# OLQHU OLQHUDO 3URFHAVLQJ



.RODHW DO -RXUQDO RI OLQLQJ9RQYLURRPHQW

> @DK\DHL3RZB6® 7RRBRU7X[IRUG > @MRUGMHYLF F 'LVFUHWH HOHPHQW

/LP SXV 5HOLQLQJ HIILFLHQF\ DQRRGHDMW GHRLIQLIWHU VWUBWYBY LQ WX

IRU LPSURYHG SO DQ@HIMHWIR YO DIQFHEHREGN VLQI DQG ([WUDFWLYH OHWDOOX!
+

> @LVKUD E $ UHYLHZ Rl FRPSXWHRZHO®® OF % UL$GH $ WKUHH
VLPXODWLRQ Rl WXPEOLQJ PLOOV &LPWMRN LKRIQLFQ HD/QHD (MO HP HRIWPHGLD PRWL
PHWKRG 2 3NDWW,LFDO DG WGIURIDWIRRBDIORQV LIQQAUDOW (QJLQHHULQJ
‘RXUQDO RI OLQHUDO#3URFHVVLQI | onicnam 0RO + TRZDUGY

> ®DMDPDQIL5DVIBLG'K D ZDIQ RSWLPLVRQODXOFDSDFLW\ (IIHFW RI OL
$GYDQFHV LQ GLVFUHWH HOHPHQWLRHWPRRE CBEISQHEIDULOQRQ WR

JULQGLQJOLPQIDONOV \BIURF HD Q G ([WUQF\&IH\TSHL]DGI—)RRO(DGBRZH)CBO

OHWDOOXUJi ODQVREBYL ([SHULPHQWDO REVHUYDWLRQ)\
> @LVKUOD 5DMDPB.QL 7KH SDUDPHWHUV DQG PLOO RSHUDWLRQ RQ ¢
GLVFUHWH HOHPHQW PHWKRG IRU WIRIS IVE R XOBMELRLD R | (DD D@HMHILA. @\
$SSOLHG ODWKHPDWLFDO*ORGHOOLQJ o yunRO¥R 'HOJDGLOOR

> @OLVKUR 5DMDPBQL (ISHULPHQWDO YDOLGDWLRQ RI ' '(0 FR«
1XPHULFDO VLPXODWLRQ RI FKDUJH FPIRWLER@DIOQVE N A @LRYMOEEO VYD BLQIONULQ.
/LIWHU EDUQLQHFWHWDOOXUJ\ ([SORUDWLRQ

* > @ERYDP *RYHQGHWDLQ$D

> @ OLVKUA 5DMDPBQL D '"HYHORSPHQW RI D QRYHO PHWKRGRORJ\
6LPXODWLRQ RI FKDUJH PRWLRQ ISR ZEHLO OG,BM-OMPDIRRYDDO RI OLQHUD(
H[SHULPHQWDO , QKWH.U @DDARIRRIPD O RURFHV VL QY

OLQHUDO 3URFH&VLQJ > @HRHPHU 3ROWKRW (0
> @O0LVKUD 5DMDPBQL E PRGHOLQJ RI EDOO PLOOV ZLWK H[SHULI
6LPXODWLRQ RI FKDUJH PRWLRQ LQIERBQOFRALRPIONR @BDMV SDUDPHWHUV RC
QXPHULFDO VQRX-ODPDAMRIKRIQD O RI OLEIR—ZLH—IDJO@EBZXWDWLRQDO 3DUWLFOH OHFK
3URFHVVLQY

> @$JUDZBOBDMDBDQLERQJIBDFN > @HQJ /17 =KX =R& <L@

OLVK®D OHFKDQLFV Rl PHGLD PIRAFURIQVHQHOHPHQW PHWKRG VLPXODWLR
WXPEOLQJ PLOOV ZLWK G GLVFUHWHK HREKPRE QMU RRH VRIURIG SDUWLFOHV LQ
OLQHUDOV (QJLQHHULQJ $GIYQFHV LQ OHFKDQLFDO (QJLQHHUL

> @5DG]LV]HZVNL &RPSDULQJ WKUHH '(0
FKDUJH PRWLRQPRBCOWVVQJIJLQHHUL®IJ@®LDQ :DQY :DQY :DQE /Y:
+ (IIHFW RI OLIWHUV DQG PLOO VSHH

> @& OHDBBU\ BUHGLFWLQJ FKDUJ IE WRUTXFC') DQGH?JTE’:%WITDROQ\'
SRZHU GUDZ VHJUHJDWLRQ DQG z&yﬁyx 8@(85%( gKIIH%‘f
GLVFUHWH H O H®HDIW POIW R B\VQ H H

+ > @XQE /LDQJ -LQ -13 6KDQ
> @&OHDAUN D &KDUJH EHKDYLR (é%HULPHQWDOQDQG PRGHOQI)'RQRJMG\)S(\]/;\EG\
SRZHU FROVXPSWLRG Lo D00 rLOBELIINARING, S I HABE®
RSHUDWLQJ PRQGIUUWLURGPHW U\
FRPSRVLWIRHDUQDWLRQDO -RXUQD® @1@: 0AH@HUBIGX <X /L7
BURFHVVL@J ,PSDFW ORDG EHKDYLRU EHWZHHQ GLIIHU

> @OXQIZDOALNKRWRRS OR\V LQ D OD BAEDDWRINHQLDOV

0+ )XUWKHU YDOLGDWLRQ RI '(0 PRG@IO+ QIDRIPLUOOLQAD 7RQ]

HITHFWV Rl OLQHU SURIDD®HDRGV PLO®WXGHRGQG WKH SHUIRUPDQFH RI EDOO
(QJLQHHULQJ VWUXFWXUH EDWRK® QDD 'RHYQQUQ

> @MRUGMHYLF D 'LVFUHWH HOHYPFLIFMRORJLFDO 6FLHQFHV
PRGHOOLQJ RI WKH LQIOXHQFH RI OLIGZMHQUWLRRXARIPDQIGUDRHRHIIHFW RI

WXPEOLQ@LOHOOOV (QJLQMHULQJ EDOO VL]H GLVWULEXWLRQ RQ SRZHU GUL
> @MRUGMHYLFE E 'LVFUHWH HOH DJH PHFKDQLVP RI WXPEOLQJ EDOC

Q WKRG 8K\ WLLFFRFEKDHW L RQO
PRGHOOLQJ RI SRZHU GUIZQFHIUW \|7 YLOHUDO 3UREHVVLQJ
3URFHVVLQJ DQG ([WUDFWLYH OHW
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> @HH- .LP.  /HH + $QDO\VLV Rl JWLQRQRBL -DKDQL &KHJBBLISDQDKL

NLQHWLFV LQ D ODERUDWRU\ EDOGKPEDOL XVLQIYISRWXODWILRQ@ RI WKH HII
EDODPQRFAHO D QGiGH VFHDMMRBBY DQFHGLQGXVWULDO EDOO PLOO OLQHU W\SH R
3RZHU 7THFKQRORY\ PHFKDQLVP XVLQWHUQDWLRQRO -RXUQD

> @L* 5RXBDLOHMWQ=KRX .XPD3U OLQLQJ DQ@®ILRRIHULQZ

6X@& .RX <X/ ,QYHVWLIJDWLRQY FRIQDWREL &KHJHQRODKL

FKDUJH PRWLRQ DQG EUHDNDJH HIIHAWHR P WKIH) P D@ H\§ § B FOSQIHDUNVH UDQJH I

PLOO XVLQUQL®J OHWDOOXUJ\ ([SERERWGRRDIWHUV LQ %DORXWADOWIKXVLQJ
+ OLQLQJ DQG (QYLUR@PHQW

> @&KLPZDQL %ZDO0MD 8VLQJ > @DIB 6DKUDRXL ([SORULQJ WKH

'(0 WR LQYHVWLJIJDWH KRZ VKHOO BLERWWRQ D QGXFKWLEWEO GHVLJQ DQG I

VHJUHJDWLRQ DDRQB ED®\O (MUQQHHWWIRGLQJ SHUIRUPDQFH DQG SDUWLFO
FRPSDUDWLYHQDIQDHHVULQYJ DQG 7HFKQRC

> @KDKE®]LDIDUL3DUGDGBRVHQNUDGRXYRDPO
- &KHKUHK &KHOJB@IXG\ RQ WKH LP%%FHVéV
RI PHGLD VKDSHV RQ WKH SHWRUPBOPH RPWkrPEOLQJ PLOOV
$ UHYDH@HUDOV (QJLQHHULQJ 'XH WR WKH ILOH XSORDG VL]H OLPLYV
> @PDQ1HMDG%DUDQL (IIHFwv RI0% FOLFN RQ WKH OLQNV EHORZ W|
%DOO 6L]H 'LVWULEXWLRQ DQG OUGIYRIBKWEROQIGPDEHVUDQG YLGHRYV RI
,QWHUDFWLRQV RQ %DOLQWODQKVEWISQI ' SLFRILOH FRP ILOH
BURFHVVLQJ DQG Q@XWRWAHY. WEWHSDUWB B-0( UDU KWPO

+ KWWSV V SLFRILOH FRP ILOH

DUWB B-0( UDU KWPO
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