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SHFHLY$G XVW
L%FQLQHG JLQF RUHERG\ DW WKH &KDDEHW (O +DPUD XQ¢

5HFHLYHG LQ S5HYLVHG

6HSWHPEHU 6WDELOLW\ ZDV LQLWLDOO\ DVVHVVHG XVLQJ DQ DQDO\W
$FFHSWRGHPEHU UHVXOWY VXEVHTXHQWO\ YDOLGDWHG WKURXJK QXPHL
3XEOLVKHGLR®BERBHU FKDUDFWHUL]DWLRQ UHYHDOHG ORZ LQWHUVWLWLDO SR

FRPSUHVVLYH VWUHQJWKY UDQJLQJ IURP 03D WR 03

UHODWHG VHFRQGDDYV S RBDRWILAW\ HEFN DQG *HRORJILFDO
,QGH[ *6, YDOXHV VXJJHVW IDLU WR JRRG URFN TXDOL

2, MP H VIXDUH SLOODUV LQFOLQHG DW f ZLWK ZDOOV RULJLC
_H\ZRUGV RUHERG\ GLS PHDVXULQJ P LQ ZLGWK DQG P LQ KHLJK
D FRYHU GHSWK RI P DUH P ZLGH 7KLV FRQILJXUL
(IWUDFWLRQ UDWH H[WUDFWLRQ UDWH RI DQG D VDIHW\ IDFWRU RI
,QFOLQHG SLOODUYV FRQGLWLRQV 3HONPHQW LWXO DW LIRIDGE R QVL WKHRE WOKHDY H
6DIHW\ 1DEWRU PD[LPXP GLVSODFHPHQW RI PP VXUIDFH VXEVLGHQFH
IDFWRU RI VXJIJHVWLQJ PLQLPDO WRYPURQPEHIQWI L

$QDO\WLFDO PRGHO 6KHDU FRPSUHVVLYH VWUHVV UHVXOWYV IURP WULEXWDU\
1XPHULFDO PRGHOLQJ UHVXOWV DQG YDOLGDWLQJ ERWK DSSURDFKHV IRU LQF
ZDOOV RULJLQDOO\ SHUSHQGLFXODU WR WKH RUHERG\
UHODWLYH WR WKH KRUL]JRQWDO SODQH ZKLOH PDLQW
GLPHOVDR® FRYHU GHSWK 7KLV DGMXVWPHQW LPSURY!|
VWUHVV GLVWULEXWLRQ DQG SLOODU FRUH FRQILQHPHQW

,QWURGXFWLRQ

7KH URR®LOODU PLQLQJ PHMWERGBFWWG WR D FRPELQDWLRQ RI
W\SLFDOO\ FKRVHQ WR H[WUDFW KHDEL FMUMDIVHGHBRNYWVFRPELQHG
VXFK DV FRDO DQG ]JLQF HVSHFADDO WK GHSRNVQWOH VRKDWKH PLQHUD
GLS OHVV WKDQ GHJUHHV ,W 2Q0FXVBI G MORO DY DEYHF BP B0 DADN WD E O H
RI LQWDFW PDWHULDO EHWZHHRO ®PLYWE RRIHIMDPBNQW SLOODUV C
SURYLGLQJ WHPSRUDU\ RU SHU FIQXH@WUVXEIS RMXNEVMREHWRH > @ 3L0OO
RYHUEXUGHQ > @ 7KH REMHFRVIWHD LV HO® WHIE RWRU WKH WUDQVLW
PXFK RUH DV SRVVLEOH ZKLOH D/O\ORAL\QHVWK®WR QHK BB WD VW UHVVHYV
ZKROH WR UHPDLQ VWDEOH > @[FEHGRMIWRRPSORBGLIQUH VWUHQJIWK
HQYLURQPHQW DW XQGHUJURXQ® GPLLRDMVH ¥ V WRAKRDR/B U HI {5 RWEKKE XIF FWR W K-
SLOODUV FDQ DOVR H[SHULHQPHF&DIQHBBQWS URSHYWRHY RI FRDO
VWUHVV 9HUWLFDO SLOODUV WW\SKIED® OV W USHIUMHIKQ FBIQ\GH URRIPFSIUGI V V L Y
FRPSUHVVLYH VWUHVV ZKLOH JH@FHLDMIG IS LWIDFADAXU W M KDW FDQ C

E &RUUHVSRQGDGH O >XGWKRWHEGILVAX GY
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LQVWDELOLWLHY DQG RXWEXU\REW HDEQANBI BR X\KE V>VWX@\ VSHFLDO
6DUIDUD]L HW DO > @ DQG SPX.GHWRDBRWK @®[SHULPHQWDO WHV
GHPRQVWUDWHG WKDW ERWK \SHPX\ODWUIRDV BEDLQRWY DO > @ H]
SHUVLVWHQW MRLQWY DORQJ ZLDWPK GHM ZAKRK FHD BILIQD @IRWFK DQJC
PDWHULDO VLJQLILFDQWO\ DIIHRQ/LWKH @ KHDRDBGWQHQ PR ®IQELRQV
IDLOXUH PHFKDQLVPV Rl MRLQWHGHEH®IHGVKHRFRRWFK DQJOH |
PDVVHV &RQVHTXHQWO\ HYDOXPRPISUHSNQDB U WWDHEQDU KW\ DQG <R XC
HVVHQWLDO IRU PLQH VDIHW\ D&DGJ LDV DHTHWHNOH[WH@VLXWHG D FR
JHRORJLFDO JHRWHFKQLFDO ®[EE UKPEQRUBI®R MRIGKDXPHULFDO PHW!I
FKDUDFWHUL]DWLRQ RI WKH RUMERBW IRQ GV K K UQRKEXL @R G DQJOH R
URFN PDVVHV WR EHWWHU XQGBSUYWDQ G DLIOKWPHFRRABLBDOHVHDUFK
EHKDYLRU DQG VWUHQJWK RI WRMUBGIRIMWKHBI SYRODASHFLPHQV LQFUH
BHYHUDO HPSLULFD® KDXBWLHBRQRAOGH DQG WKH QXPEHU RI MRLQWYV
GHYHORSHG WR HVWLPDWH WK H>V\@UH@QWHKI BDWHGW HESBUKBPHG WD O
URFN SLOODUV WDNLQJ LQWRQEPHRXOWO D/Q PXODXPHRRYV WR H[DPL
ZLGWRHLJKW UDWLR DQG LQ WDWLRPRPIKRUWLSBIUDPHWHUV VXFK [
VWUHVV *KDVHPL HW DO > @ QGPYHEBBHQWHG DKXQQ O FDGDFLW)\ D
DUWLILFLDOEDYWGEG OIX]PHYFHWHRADKOXQH EHKDYVRPXRIDWEGXBRFN SLO
WKH ODPGDQL DOJRULWKP WR VXEHGLFAWHG DVR $QDDDRDO FRPSUHVVI
GLPHQVLRQWQELQRRP FRDO PLQL@QILQYWVWLIDWHG WKH HIIHFWV RI
DQDO\]HG LQ 0$7/$% DFKLHYLQNQ&S LYIPG)GHL\DVRH URRI WKLFNQHVV
DQG DFFXUDF\ IRU SLOPHRKZQGWK DIQBGFRPSUHVVLYH VWUHQ
OHQJWK UHVSHFWLYHO\ 7KH\URBHQWDQBRPODRDPLQLQJ XWLOL]LC
FRQGLWLRQV DV WKH PRVW LH[SRUWMDHW 50 MGIVFAWRDQG QXPHULFI
*KDVHPL HW DO > @ DOVR GHYHKQRSHG® KHMHG LFMMIKRGY SULPDULC
VWDELOLW\ PRGHOV EDVHG RQYMKMLFREEBQOWRRBY FRIXUUHQW UHVI
ORJLVWLF UHJUHVVLRQ DQG IX]$L OODWHNP R DIRQO\ QWREDLGIY RQ ODERUL
VWDELOLW\ LQ UHWUHDW PLYKMPDUVWHYDVLBRYG QXRBHULFDO VLPXC
GHWHUPLQHG WKDW SLOODU 2L G KFRQE X FVKHHG VARRINS U MAHWLRY) R Q
LPSRUWDQW YDULDEOH DIIHFWLOVYXBORE® VDQWDWRMHVVDPSOHV ZL
. XQN\&QDGDDUL HW DO > @ GHYROREK® ZWWRNWERHRXKWZUGWK RV
JHQHUDOL]DWLRQ PDFKLQH OHDUKHIQU BPRGHOWWARKBZHG LWWDW SLOOL
URFN SLOODU VWDELOLW\ DW WBRN 2¥EKHD \VIQFRQ G DOW QRIQ ZD@IOH LQFUH!
WKH 5DQGRPW)RANHGPRGHO \LHO@L QIHEHRWPHHIE FRPELQHKGDBRPSUH
DFFXUDF\ 7KH\ LGHQWLILHG SL GORDWEG GEB WKHY ¢ VRVQJ HEDAVD®W DQG
WKH SULPDU\ HQYLURQPHQWD O GHPRODEDHNYWILQID XD GEIRWK WKH V
VWDELOLW\ $EGROODKL HW DO PR G®& OXWR SRIV H\G K \PHH WKRENY GLPLQ
EDVHG RQ WKH G\QDPLF &RXQPPBQBDYUQSKULBEPSOH LQFOLQDWLRQ
WHFKQLTXH IRU HVWLPDWLQJ VLQRODRBDDWRRQW QFRIHD \DH)GS WKH IDLO.
FKDLQ SLOODU VWDELOLW)\ ZKLFEPZ3DWW RMSWHPHQW IR H® [URP D[LDO
WKH &&36$ VRIWZDUH 7KLV DSSRRD¥FKHUHY >HWVEG LQ @ SHUIRUPHG
PRUH FRQVLVWHQW HYDOXDWLRRRS®RY SPOIUHEGD QUR/ HWEKBIG FRQILUPH(
$/36 PHWKRG RU RWKHU WUDG LW MR \WKWHRKEGELWBIKEDNKHPWDEOH |
HW DO > @ XWLOL]JHG D ORQWRX8DUQR HILRKWDWIQREQ WKDW WKH F
FRPELQHG ZLWK QXPHULFDO PRGWQH®RUWR G HPSHDVFABOZLWK ODUJHU
HTXDWLRQV WR DVVHVV WKH VWIKPHUWF RO RKIPXD BWQRQYVWKDW H
ILQGLQJ WKDW WKH IDLOXUH SUREDHQOWWLBW ZHQFHOVYQPMWILIRD DQJO
WR WKRVH REWDLQHG XVLQJ FRRROFH XGRISK WRKOLWDWKIEDU IDLOXUH :
VWDWLVWLFV 7KHVH UHVXOWVYQEQGQFRBWSLOWBRDW DQE&HVKDW WKH
DGYDQFHG FRPSXWDWLRQDO PHBHKREYGCHEWQRBD WHIK QAQFOLQDWLRQ
DSSOLHG FDQ OHDG WR UHOLDEO®@ NGNHDLINDWSHEH &KWV WRQM QJW K
IRU FROXPQ HYDOXDWLRQ DQG.LQFOLIQMG LY OPMIUW XVLQJ D QXPHUL
HQJLQHHULQJ DXWKRUV IRXQG WKDW WKH VWUHQJW
$OWKRXJK SUHYLRXV VWXGLH\GBBHQRTH® RQEPRWE& W®H DQJOH RI L
QXPHULFDO VLPXODWLRQ LQ IZEERMRGDQKW ZDWKRWHKHWKH SLOODU
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DO > @ UHSRUWHG WKDW VKHDUKMWWKH\DVERHWY U B VXIPNW OL QL @F PLQH |
FRQVLGHUDEOH ORVV Rl FRQILQWKH Q&% R X DYINGHOWD UU HR URIY DERXW
WKHUHE\ DIIHEWRQUQI RS DFLWRXWRKBDVW RI $OJLHUV DQG NP VR
OHDGLQJ WR VWUHQJWK ORVYV >PI@HPf-RERUQGL QO RNFHIVVBHEB f 1 OD
HW DO > @ FRPELQHG FRPSUHYV\WOR@I DWGSGCHKHIWU LWROBVDWHG DSSUI
FRQWULEXWH WR VKHDU IDLOXUNRR $#l@OODQEGC NP URXWKHDNW RI W
HW DO > @ LQYHVWLIDWHBXVVYHD PRAPRUERPSGOH[ )LIJXUH
PRGHOLQJ WKH HIIHFW RI JHRORJLFDO OD\HU LQFOLQDWLRQ

RQ WKH VWDELOLW\ RI WKH VXUURRQGBUQREDORAFRNQGAKWHARQYV RI WKH U

GHYHORSHG SLOODU PRGHOV ZLW Dg Q
DQDO\]H WKH LQIOXHQFH RI LQI§\|/_| )—R/% (Jj:)ﬁ 99 WI-PTS\R;I\_/\&VV;DLVE
VWUHQJIJWK ILQGLQJ WKDW WKH IEW H W JHRO
SLOODU HTXDWHYV WR WKDW RI I$/|Y % SWS‘ 5\}_6-@3\/ D

Y W
FKDUDFWHULVWLFVY DQG URFN P 8 QWEF '

K

FDOFXODWH WKH UHVLVWDQFHX H gv[g(U\}VQE:% OLQH LQ Wi

YHUWLFDO SLOODUYV DU

$00 WKH SUHYLRXV VWXGLH\? [ Ué\}g LP \ RI H G

VWUHQJWK FOHDUO\ LQGLFDWH L% &lf)lll@lf:\)ggeu

SLOODU VWUHQJWK GXH WR WK L T 5< L U)H(&LW DQG

+RZHYHU  WKHVH LQYHVWLJD, LEoL FKDUDFWH
By

VDWLVIDFWRULO\ DGGUHVV WK M%ﬁ%elﬁi)}vlj #Qh%)%?ll_lgv%HHB W RI WK
N

E\ D IDFWRU OHVV WKDQ % DVH @QRUPDWL
G VWUXFW
HW DO > @ SURSRVHG D QHZ V \M DWXUHV I

VKHDU VWUHVVERRUMWXH FOBD6B
LQFOLQHG SLOODUV $GGLWLRQ v ! Klﬂ ES% B%H FRQVVLV?,/gvS/I
KRZ WKH RULHQWDWLRQ RI SLOQIXLZD o) 5 \ g % OLWH
SLOODU VWUHQJWK $Q DQDO\WL A\ % REeHA  oF p|
GHILQHG E\ 6XQ HW DO > @ DQ Vi, # W gg RPLWHY 7L
&RXORPE IDLOXUH FULWHULRQ | b Y, <§ H; DQ. XOLV
DVVHVV WKH VWUHQJWK DQG V 0 Xy w PLWk She
XQGHU FRPSHHNYLRRDGLQJ FRQ VDQGVWROQ

K&g \HU
PRGHO ZDV VXFFHVVIXOO\ XWL é W gLog%?v%M%LPHVWRQF

XQVWDEOH DQG VWDEOH LQFOL
ZLWK UHVXOWV WKDW FRUUHVSRQEQQ PWBHWEHL HYY HG
EHKDYLRUV +RZHYHU LW KDV QRW W EHHQ XWLOL]JHGTLQ
KDUG URFN SLOODUV SDUWLFXODRF\ RALRRNIED OONDWERRWREFXUV ZL°
ZLWK JLQF GHSRVLWV OD\HUV RI PDVVLYH RU EUHFFLDWHG
7KH QRYHOW\ RI WKLV ZRUN LR®RUIP Os]$H®\ LLEQIWRX &V #Rv VXSHULPSRVHC
DO V PRGHO WR LQFOLQHG JLQFVEESOUDO?Y QdOWRUHERLH W \E DSV VKRZQ
RI WKH XQGHUJURXQG &KDDEHW HGWBPbRQDRGIBYRVLEOHBWURP WR
$LQ $]JHO $OJHULD 7KH YDOLGKWSHU IXKHWPRIGWOEHLGHSRVLW ZKHUFE
HYDOXDWHG YLD QXPHULFDO VLEKRODIRIQRAODRQVRQ & MIWNHDWHG DERYH V
VRIWZDUH ,Q DGGLWLRQ WKLV VWEKGRIZIDOOUBBVRD WHWHWPEOH ,Q |
WKH HIIHFW RI SLOODU ZDOO KUEWOLROWUIRDURMKIHVDBBKN WR
EHLQJ HLWKHU SHUSHQGLFXODORWHRUWRNYWRRWRH WKRHRVLW ZKHUFL
LQFOLQHG RUHERG\ DV LV RIWH® B®OQHGH G WHOVIEHR[OBMMHQGLQJ
RU YHUWLFDO UHODWLYH WR WRRWRHWAHNOWERY BERRXWLRQP A GHSYV
SLOODU VWUHQJWK DQG VWUHVV VER vWUR EXMORD Wik KAGHRVWDWL
LPSURYH DV ZHOO DV RSWLPL]JADWHYL &P EREHUDWIVRG ZLWKLQ WKH FI

SHUIRUPDQFH DQG SLOODU VWDEKGEW\H[KLELW ITUDFWXUHG SHUPHDE
OLPHVWRQHV DQG GRORPLWHV ZKLO

*HQHUDO VHWWLQJ FRQVLVWV RI PDUO\ IRUPDWLRQ 7KH
/JREDWLRQ RI WKH VWXG\ DUHIPUH VHSDUDWHG E\ DQ LQWHUOD\HU
HLWKHU SRRUO\ PLQHUDOL]HG ZLWK ]
D WKLFNQHVV YDU\LQJ EHWZHHQ DQ
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FDVHV WKLV LQWHUOD\HU LV DEWORPLWHYXAQWDOUCLIQVWWH WBDR H[WL

RUHERGLHV PHUJLQJ LQWR D VLRR®B FRQ RILPWRBKERGLQLQJ 3URGX|
7KH DYHUDJH WKLFNQHVVHV R12WKEDORQMWDIDADG G D SXPSLQJ V\\

XSSHU RUHERGLHV DUH DSSUR[ISRIRWHIHYV P DQ& P ZKLFK JHQHUDW

UHVSHFWLYHO\ 7KH URRI Rl WEH SU$H/MNURRUMHBREKHWXUURXQGLQJ

FRPSRVHG Rl GRORPLWH ZLWK PD@O\ EHGV ZKHUHDV

WKH IORRU RI WKH ORZHU RUHERG\ FRQVLVWV RI PDVVLYH
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ODWHULDOV DQG PHWKRGV 6FKRRO RI THFKQRORJ\ DQG (QJLQHHL
*HRWHFKQLFDO FKDUDFWHUL]JRWLRGRRVHFKRLFRBON FKDUDFWHUL]DYV
PDVV IRUPDWLRQV VSHFLPHQV ZLWK D GLDPHWHU RI P

P V XVYLQJ D GULOC
7KLV VWXG\ IRFXVHV RQ WKH E Rt YRE% @HQ SROLVKH.

SURILOH ,Q WKLV EORFN D
RUHERG\ DQG IORRU DUH LQFO Ny HJSDW\IPKWLORL\;
7KH RUH FRQVLVWYV RI JLQFLIH )

WKLENQHVV RI P 7KH RYHU u WKH'RRUUJXDQQLRDJI
QLQH VXSHULPSRVHG JHRORJLF Ejui W AN
WRWDO GHSWK RI P ZKL % LK>W@HV]W[3QGDUG
FRPSRVHG RI GRORPLWH DV LQ L Véﬂ

i L VPDOOHU F\OLQG

/IDERUDWRU\ WHVWLQJ RI LQ\@BE’\&R\&%‘}\LV%WD%@ JUHSDUHG WR D

XGLQJ ZHW GHQV
5RFN VDPSOHV PHDVXULQJ VIDIWXQDWFH@JV‘GKHQVLW\ DQG SRURVL
PP LQ ZLGWK DQG PP LOPKBVXUW PHIMWY ZHUH FRQGXFWHG DI

FROOHFWHG IURP GLIIHUHQW |RWRIMNWERBRY GDBMW WK H& PIRQH KRXUV |F

VLWH DQG WUDQVSRUWHG WR WKH 0XQEROILOHWDR@OX WBJ\
DQG ODWHULDOV /DERUDWRU\ DW WKH 1DWLRQDO +LJKHU

7TDEOHHRPHWULF FKDUDFWHULVWLEFV RI WKH URFN PDVV OD\H

/LWKRORJ\ =RQH'LSf 7KLENOQMVV
6DQGVWRQ 5R
/RZ VDQGVWRQH DQ 5R
0DUO\ OLPHVWROQH 5R
6DQGVWROQ 5R
/JLODF VI 5R

+tHPDWLWL]JHG GRORP 5R
&RPSDFW FOD\H\ DQG 5R

2UJDQRJHQL 5R
"ROR| 5R
=LQFLIHUR) 2UHE

F
JLIXUHQWDFW URFN VSHFLPHQV SUHSDUHG IRU XQLD[LDO FRPSUHWMNLRQ WHV\
DQG F RUJDQRJHQLF VDQGVWRQH

'LVFRQWLQXLWLHYV IDPLOLHV EDVHG RQ WKHLU RULHC

'XULQJ ILHOGZRUN PHDV. VR'WZDUH )R%SHHDUFV*&X':
QDWXUDO GLVFROWLOQXLWLHV }_(;LP%WHULDO
DQJOH ZHUH FROOHFWHG DOR H |9 HVXEVHTXHC
JDOOHULHV XVLQJ D JHRORJLF Eﬂé prﬁg& nTaRs
QRWHERRN 7KHVH MRLQWYV ZH Ri?
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FODVVLILFDWLRQ VXFK DV WKHURBRFNRDVDIVNVWVEDXYWAVYPEUH DV ZHOO
6\VWHP 5065 @ FROQGLWLRQV RI WKH GLVFROQWLQX
DWWULEXWHY VXFK DV URXJKQHVV
SRFN PDVV UDWLDQGS5IDHRORJILEDLA O
VWUHQJIJWK LQGH[ *6,

Q URFN HQJLQHHULQJ sURMHFWYOSPRY s LR d/gRg ! URFN POVV TXDC

FODVVLILFDWLRQ V\VWHPV DUH FR = X DO LW\
LPSURYH WKH UHOLDELOLW\ RI UR \
DVVHVVPHQW ®{URYZOWBHY D GHWDLOHGy TR
FODVVLILFDWLRQ EDVHG RQ VHYHUDOWITXDQWLWDWLYH
SDUDPHWHUV VXFK DV XQLD[LDO FRPSURMRMVLYH 3RVUHQJWK
8&6 URFN TXDOLW\ GHVLJQDWLRQ _R4'E DQiU\
K\GURJHRORJLFDO FRQGLWLRQV 1HYHUWKHOHVV WKH *6,
UHOLHV RQ TXDOLWDWLYH REVHUYD%\RWVWW&MR@HHWLP"DWV

VWUXFWXUH DQG WKH VXUIDFiKHFRGHWLR® DRYJG GHIRUPDWLRQ
GLVFRQWLQXLWLHV DOORZLQJ IRRFW KB AMMIL DMWILRRQR RYEBRKBWHG E
PDVV VWUHQJWK DQG GHIRUPDBLOWY LROUWDBHWERYHEKEN +RHN HW |
FRPSOHPHQWDU\ XVH Rl ERWK §p\WHRAWHPRORAUHRHVWLPDWHG E\ |
FURMDIOLGDWLRQ RI UHVXOWV ygQNXEbQdbpPHWHRWH XxvIQl WZR NH\
DFFXUDWH DQG UREXVW FKDUDRWHBRIPWBRQ RWURBNWK®VYQGH[ *6,
EHKDYLRU XQGHU YDULRXV JHE DWRWXUED oFFHQ - MARQ@Y * 7KH JHQH

7KLV FRPELQHG DSSURDFK LV HUMHQUALPOLVMRNUWKH GHY MELQWHG URF
R XQGHUJURXQG VWUXFWXUHV DQG QXPHpLFDO

PRGHOLQJ HQVXULQJ EHWWHU iﬁ%é VgslﬁﬁQ RlI VLWH
VSHFLILF JHRORJLFDO DQG JHRWHTF f_OFFﬂ)beo FLILFLWLHV
7KH 505 VA\VWHP HYDOXDWHYVY URFN PDVV

XVLQJ VL[ SDUDPHWHUV DVVHVV%'&H‘EBD@/‘RLQ/UUW‘W%H HWYMRU DQG Pl
IROORZV IHFWEYH SULQFLSD O NWUMKMHY DV

x QLD[LDO FRPSUHVVLYH VWUHQJWK R
t 8QLD[LDO FRPSUHVVLYH VWUH@LW @@G OHPVHEUHESLULEDO FRQVWD
LQ WKH ODERUDWRU\ ITURP UHSUKNHOWPWHEW (AR HRat/ D QWXR EDQ
LQWDFW URFN IDFWRU ' UDQJLQJ IURP IRU XQGLV\
}I5RFN TXDOLW\ GHVLIJQDWLRQ 56GLVWWUEMHGHOBGRBRPPDVYV
FRUH ORJJLQJ GDWD FROOHFWHG Ql.{fFPHWWﬂ(HHRWlI_—IGb’(QIL—FDlOULWHULRQ L
VXEVXUIDFH H[SORUDWLRQ DGGLWLRQDO URFN PDVV SURSHUWLLI
t 6SDFLQJ RI GLVFRQWLQXLWLHVXWQyHWKHup&R FDEHFWOSURJUDP DQG
IURP JDOOHU\ ZDOO VXUYH\V LQ%WRIZQRUHHMRG D’QC@ 7KH PDLQ |
HVWLPDWHG XVLQJ JHRWHFKQLFDOR S HSIDDWIDHM R WL Q MMXX G H VUK H WHQVL
RYHUEXUGHQ URFN OD\HUYV FRPSUHVVLY B:pVWGHHRUWEBWLRQ PRGXC

+ &ROQGLWLRQ RI GLVFRQWLQXLWLHNJLEWLBIRQIRRKHVLRQ F
WKURXJK ILHOG REVHUYDWLRQ RI MKH WREAYDMRKHMLYD WMLR gD QVKH URF
PDWHULDO DQG VXUIDFH URXJKQENVHVWLPDWHG XVLQJ WKH IROORZLQ.

f *URXQGZDWHU FRQGLWLRQV -Z [ fYPIQXDPWeE XVLQJ
K\GURJHRORJLFDO GDWD

t 2ULHQWDWLRQ RI GLVFRQWLQXLWAGDO\WLFDO AHMEBOKOWLRQ RI SLOC
UHODWLRQ WR WKH GLUHFWLRQ RIGHAPLYQHGELRQUHERGLHYV

(DFK SDUDPHWHU LV DVVLIQHG PRQX®RHAUQB DWKWBD FHRIDFMOHULIHD @/ L R
DQG WKH RYHUDOO 505 YDOXHRILW KD QJFRXFND \WRHGP/OIRW SRIQV L Q/HXIDQHHG
VXPPLQJ WKHVH UDWLQJV > @ B3BKBARFWN PHOYVXTULDALWR LQ KHLJKW LC
LV WKHQ FDWHJRUL]J]HG EDVHG RQUWKWH®ROSF WBIGXHD ARQJ ZLWK LQFO
GHWDLOHG LQ 7DEOH ZLGH DW DQ RYHUEXUGHQ GHSWK

,Q WKLV VWXG\ WKH *6, ZDV RNRPISRIHWMGY KV DQLG WKKHDU VWUHVVH)
FKDUW GHYHORSHG E\ +RHN DQGSLOXOLOUWWRY HUHIL FIKWVYDOO\ FDOFXODW
HVWLPDWLRQ LV EDVHG RQ ILHDGHREPHWYXRWL RAXEVHTWHKHGWO\ WKH
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SLOODUV ZDV HYDOXDWHG XVLQJ. WK R DDFXODWHG ®WKHDU
VWUHQJWK PRGHO SURSRVHG E\ 6XQ HW DO > @
RULJLQDOO\ IRUPXODWHG IRU FR ~DQG KDUG URFN
SLOODUV +RZHYHU WKLV PRGHO ZDV¥ QRW YDOLGDWHG
RQO\ LQ D OLPLWHG QXPEHU RI FREBUBLIQH W KHR BRADAVR@TV UDWLR R
DSSOLHG WR KDUG URFN VHWWLBDVV

,Q WKLV VWXG\ D QRYHO DSSOLFDWLRQ RI 6XQ HW DO
PRGHO > @ ZDV GLVVHPLQDWHG WR WKH &KDDEHW (O
+DPUD ]JLQF RUH GHSRVLW ZKLFK LV FKDUDFWHUL]JHG E\
KDUG URFN OLWKRORJLHV B6LPXOWDQHRXVO\ WKH
UHOLDELOLW\ RI WKH DQDO\WLFDO VROXWLRQV ZDV YDOLGDWHG
E\ FRPSDULQJ WKHP ZLWK WKRVH REWDLQHG IURP
QXPHULFDO VLPXODWLRQV WKDW LQFRUSRUDWH VLWH
VSHFLILF JHRWHFKQLFDO SDUDPHWHUYV

6WUHVV FDOFXODWLRQ RI WKH LQFOLQHG SLOODU
XVLQJ WKH WULEXWDU\ DUHD WKHRU\

7KH WULEXWDU\ DUHD PHWKRG )WXYBEWUBGGY KW BEWLRY RQ WKH LQFOL
UHJXODUO\ DUUDQJHG YHUWLFDO SLOODUV RI VLPLODU VL]HV
DVVXPHV HDFK SLOODU VXSSRUWYV 6WHhDB  MWEKHQRW K PKRHDHEO

ORDG SOXV KDOI WKH ORDG IURPgROMPFHIW URRRRRMNHG D VKHDL
LQFOLQHG RUHERGLHV  SLOODWWR YHYVY WKH BREBYVYIHEDSDFLW\ F
DFFRUGLQJ WR WKH RUHERG\ VyGENIPRNAE WRIXARPELQHG FRPSUHV
> @ 7KH DYHUDJH QRUPDIQ FRPSRHYYLYRLVYWREHWO LCEDYRBERQ WK
DQG VKHMRRQWQHWVL QHG SLOODUWWKRRO\ DQG UHOLHV RQ WKH VWUHQJ

LS okezE. Off: & DV ZHOO DV D VKHDU ORDG FRQV
p 4 7 c E- <,
€ < F 4 )

6HYHUDO NH\ SRLQWV DUH LGHQWLI
R LQ )LIXUH ZKLFK UBRDWRIVE WKH (
| Le*——— ?K&0 & icF - VWUHQJWK HQYHORSH WR ORKU V V\V

'KHUHV WKH RUHERG\ GLS DQJ&B«SM'%W {QD[\&%)E?(H\(SWEU\HVV F
Mchee o5 PRI GV

LV WKH DYHUDJH RUHERGBEXUL
WKH DYHUDJH RYHUEXUGHQ ZHW #XQUWE5ZHLIKW LQ
01 P . LV WKH KRULJRQWDO WR .YHU Fk |
VWUHVV UDWLR DQG 5 LV WKH [&%@ﬁé\%ﬁ%% L\%ﬁ@@Hﬁé@\VWUHV
WKH UDWLR RI PLQHG DUHD WR

JRU VTXDUH SLOODUV WKH HIWWDPEWARQE UBVELR 5 LV

JLYHQ E\ 'KHUH 3RLQW % UHSUHVHQWYVY WKH
S E §;¢F gt ZKHUH WKH VWUHQJWK HQYHORSH
Al—c¢ 3 PD[LPXP VWUHVV FLUFOH RI WKH YHL

3RLQ ' UHSUHVH V\é\lé WKH WDQJHQ

W
KHUH Z LV WKH SLOODU ZLGWKyBRG PcL¥ WK
ZLGWK ERWK PHDVXUHG LQ PHWHUV

%L1CO TFGL—L 0 GFGL o dFC
p R o N G i U RN

YSL#SF#)LrvE,:sFO 1;

:KHUH 3RLQW ( LV WKH LQWHUVHEWIRQ RI'WKH YHUWLFDO
OLQH SDVVLQJ WKURI(D[(LSRLQW]&LLL—\M“ FEs,

%\ VXEVWLWXWLQJ HTXDWLRQ SFPWRFHTXDWLROQ
ZH REWDLQ
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(TXDWLRQ UHSUHVHQWYV WKEOXDELOWH HAXWOIOBU IOPFK DV JLQF C
FRQGLWLRQ IRU VKHDU VWUHVVRR® XDWOHLVQEOVEBGRYL Z/EBIUFRQILQH
ZKHUH WKH OHIW VLGH GHQRW HNQW KL \H{B D H \WAMGHIVW IROVDRZY
RQ WKH SLOODU DQG WKH ULJKW VLGH UI%?UI—;VHQWV W K H
VKHDU VWUHRQWHKK BKHDU VWUHWY H[FE&EHEY WKH
VKHDU VWUHQJWK L H LI WKH ULKKWHLGHDYGVP DOmDUIH MIKSDQLFDO |
WKH OHIW WKLV LQGLFDWHY WKV WHMVYIKHODQL DYL DONFHRPSWRV VL
IDLO RI WKH LQWDFW URFN LQ 03D LV

7KH LQFOLQHG SLOODU LV FKPAVDPRWHNQEHE LE\WWKHSLOODU IULFW
SUHVHQFH RI VKHDU ORDG FRPSEDPUHG WR WKH YHUWLFDO
SLOODU 7KH FRQWULEXWLRQ IDFWRU RI_YKHDU ORDG

&)6/ GHQRWHG E\ WKH V\PEROzL)PLHf)kGFI—\AEH—@-(PG,QHG
E\' WKH UDWLR RI WK#H RKHMDKH VWUHQJIWKE %80
LQFOLQHG SLOODU WR WsKHRIFRPSUHVVLYH VWUHQJWK 6

WKH YHUWLFDO SLOODU $Q LQRU &1 YDOXH
e i G SIS,

UHVXOWYV LQ D UHGXFWLRQ RI EHDULQJ
FDSDFLW\ ‘KHUKp®&Y WKH DYHUDJH SLOODU FR

5, cFO1:0lL DQG Z K LV WRHLAK@®WKDWLR RI WKH S|
(LEuLEFO 1 F L

"KHUBLY WKH IULFWLRQ DQJOH RI WKH RUH DQG
LV WKH GLS RI D VWUDLJKW OLQH SDVVLQJ WKURXJK WKH
FHQWHU RI WKH VWUHVY FLUFOH FRUUHVSRQGLQJ WR WKH
HTXLYDOHQW LQWHUQDO IULFWLRQ DQJOH RI WKH LQFOLQHG
SLOODU

P-L’L—\|L '« F-; 0 :té;
) €, < E -, E :cF-; 2Kt
7KH VDIHW\I IRFWMKH BEQFOLQHG SLOODU LV
GHILQHG DV WKH UDWLR BHWZHHQ VKHDU VWUHQJWK 6
DQG VKHDPU ORDG
£, ( k&,
5 L_i L . O E?2kK&ic F -, JLIXUAKHHODWLRQVKLS EHWZHHQ ORKUTV
{ SF 4 FLUFOH D@BX@®RKRE VWUHQJWK HQYHORS

7KH SLOODU LV FRQVLGHUHG ngkP\F)Pd_\N%/KIy(?G(SJSL.VFXVVLRQV
> @ HFKQLFDO FKDUDFWHUL]DWLRC

WLV HVVHQWL[B’(RV\M/RD\S%(DJIFRISWLW@
wWKHY W WHY S PR R

HPSLULFDO IRUPXOD WR HVWLPD
YHUWLFDO SIIRWOWKHHGSXUSRVH RI WDHEEO/HVWXIBHVHQWY WKH SK\VLFDO
WKH FRUUHODWLRQ SURSRVHG BURSHGEMWL HDWQ R IMNDDFW. WRFNV IURP
> @ ZzbV VHOHFWHG DV LW LV GHULYHG IURP D GDWDEDVH

Rl PDVVLYH VXOILGH URFN PDVVHV FRQWDLQLQJ

7TDEOHKH SK\VLFRPHFKDQLFDO SURSHUWLHV RI LOWDFW URFNV URRI

5% 5 S/pw S IrpLo Irpp; IrPHDO
N1 N1 N1 031 03I 03l

/[LWKRORJ\

6DQGVWRQ
/RZ VDQGVWRQH DQ
0DUO\ OLPHVWRQH
6DQGVWROQ

/LODF VI

+HPDW GRORPLWH ZLV
&RPSDFW FOD\H\ DQG
2UJDQRJHQL

"RORI

=LQFLIHURXV GRORPLWH
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%DVHG RQ WKH UHVXOWV SUHXG®RQWHBOLQ TDEOHILEWWHG UHVXO!
DYHUDJH FRPSUHVVLYH VWUHQJIJWSS YRQRBW WIS RIMWRMG RBUF PHFKD G
HDFK URFN W\SH DUH FRQVLGRAKHGH WHRI QMW NEWBVDIMHFKDUDFWHUL
JLYHQ WKH VPDOO GLIIHUHQFH EH\W6BHHQWUKNHVL GHRWKPHHQ 1 f DQG 1
DQG PD[LPXP FRPSUHYYLJEGYWNIBQSWKQJIJOH RI 6:f VBWMMWLNHM EHWZHH(
ppf PHDVXUHPHQWY 7KLV OLPLWHBQ®DWULDEZLWIKND GLS DQJOH RI
LQGLFDWHV D FRQVLVWHQW PHFKI Q& FDQW EBHKBY IFRHWRAHRVN f DQG 1
WKH WHVWHG VDPSOHV 6XFK RR®IRSH@HOWM\RFDQ HEH) &/ \WHWNH V6 (
DWWULEXWHG WR WKH JHRORJLEMNWERBQLIQXFW @R G XPLIRWK D GLS
OLWKRORJLFDO SURSHUWLHV ZLWKEZRH HRRKQWD\HHW[KLELW VOLJIKWC
VXSSRUWHG E\ ERWK ILHOG ZREMWKNDMWGERQXWIIDFHY ZLWK DSHUWX
JHRORJLFDO VWXGLHYV WR PP DQG DUH W\SLFDOO\ ILOOH

$FFRUGLQJ WR WKH )UHQFKTXRQ@HORQG LNR® R[LGH PLQHUDOV
8QGHUJURXQG 6SDFH $VVRFLDWLRQ $)7(6 > @ DOO
URFNV IURP GLIIHUHQW IRUPDWLRQV DUH FDWHJRUL]JHG DV
KDYLQJ VWURQJ WR YHU\ VWURQJ FRPSUHVVLYH VWUHQJWK

UDQJLQJ IURP 03D WR 03D DQG ORZ WR
PRGHUDWH SRURVLW\ UDQJLQJ IURP W R

7KH UHODWLYHO\ ORZ SRURVLW\ YDOXHV
LQGLFDWH WKDW WKHVH IRUPDWLRQV DUH FRPSRVHG RI
GHQVH PDVVLYH DQG FRPSDFW URFNV ZLWK OLPLWHG
LQWHUQDO YRLG VSDFH FRQWULEXWLQJ WR WKHLU RYHUDOO
VWUHQJWK DQG VWDELOLW\

'HVSLWH WKH UHODWLYHO\ ORZ LQWHUVWLWLDO SRURVLW\
UDQJLQJ IURP W R WKH SUHVHQFH RI
WKH JURXQGZDWHU WDEOH VXJJHVWV WKDW WKHVH
IRUPDWLRQV PD\ H[KLELW SHUPHDELOLW\ GXH WR
VHFRQGDU\ SRURVLW\ ZKLFK DULVHV IURP IUDFWXUHV
WKDW DOORZ ZDWHU WR IORZ WKURXJK WKH URFN > @
7KH HOHYDWHG VWUHQJWK YDOXHV DUH SULPDULO\

DWWULEXWHG WR WKH ORZ SRURVILWERRCs ERRDPF R WX Wi H mrLow

RI WKH URFNV > @ Rl WKH DQDO\]HG MRLQW VHWYV
'LVFRQWLQXLWLHV 505

$ VWUXFWXUDO DQDO\VLV FRQGXFWHG XV4d@QUVHIRRRYIWKH UHVXOWYV
Y VRIWZDUH UHYHDOV WKDMWo WMKH | URGFWLRBVYWAVIWHP IRU WKH UR

KLIKO\ IUDFWXUHG IHDWXULQJ ERX¥YUSBHGRRbG IQFY\(/IMLR\L@WLRQV DQG
VHWYVY )LIXUH WKDW DUH UDQGRPO\ ULHQWHG

7DEOBO05 &ODVVLILEFDWLRQ UHVXOWYVY IRU WKH URFN PDVV OLWK

/LWKRORJ\ 24 8&6 54 .V -F -Z -R 505

6DQGVWRQ

/RZ VDQGVWRQH DQ

ODUO\ OLPHVWRQH

6DQGVWRQ

/[LODF VI

+HPDW GRORPLWH ZLV

&RPSDFW FOD\H\ DQG

2UJDQRJHQL

'RORI

=LQFLIHUR>

/HJHQG 8&6 XQLD[LDO FRPSUHVVLYH VWUHQJWK 54" WURMNFRDELMOREHA L ZQ KWAIRD)
MRLOQW FRQGLWLRQV -R MRLOQW R
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7KH UHVXOWV SUHVHQWHG LQUDMBEH WK$HURNRIFAH PDVV LV FRQVLGH
GHWDLOHG DVVHVVPHQW RI WKH RPRPSG MHX WR AN KIIRALRDIVQURR® RYHUDOC
EDVHG RQ %LHQLDZVNLIV PHWKRWUXF@XUMKHWRBEKQK LW LQFOXGHV YL
REVHUYDWLRQV DUH DV IROORZV GLVFRQWLQXLWLHV WKDW DIIHFW LWV
$00 URFN IRUPDWLRQV UHFHLY H &HD/ W DAMWLLOXIF RIX UCR) WRMW XUHV DUH FL
8&6 SDUDPHWHU GXH WR WKHLUWHKHKURWNHRDWKVYDBXERQVH XQGHU \
UDQJLQJ IURP 03D WR 03DHJB[FGLSON IRUOXUH PHFKDQLVPV ,Q W
VDQGVWRQH GRORPLWH OLODF IMDQGMWRQHO\RUDDQRHVBEHE E\ D FRI
VDQGVWRQH DQG JLQFLIHURXV GRRRPUWWY LKL PKQ G WAKHDWHEWUHVVHYV DF
D KLJK UDWLQJ RI GXH WR WKISLO O/MHWY KLKK QW HRUSDKWHG IDLOXUH
YDOXHV UDQJLQJ IURP 03D WROXWHBOLQ$SWDODWLQJ DW WZR GLDJRQ!
URFN IRUPDWLRQV ZHUH DVVLJQHR MK B 4K IUKWL YWRHVVHG LQFOLQHG SL
LQGLFDWLQJ IDLU TXDOLW\ EHWZHMHQ@UG W@®EDUG )R FRUH
MRLQW VSDFLQJ -V DOO IRUPDWLRQV ZHUH UDWHG
LQGLFDWLQJ WKDW WKH GLVFRQWLQ %RKENHRD DV I$ URFSEI K WIL\M M O \

@%Gﬁ HVI\V/ WREL VWKW QIWK D
p Q V_IRU WKH U
"ME’ Q cg MO'LrRO 7K
"Fb é:i UPLQHG X\
b¥ EDVHG RQ V.

o E g élH_QFH RI GLVFR

I.RIS\PHS,'(PFW RI EOD

ZDV D

SRRy, 22"
@%W g,

VSDFHG EHWZHHQ DQG PP
MRLQW FRQGLWLRQV -F SDUDP
UHFHLYHG D UDWLQJ RI LQGLF

VOLJKWO\ ZHDWKHUHG DQG URXJ
IURP WR PP DQG ILOOHG ZLWKGE
DV FDOFLWH DQG LURQ R[LGH Cf
VDQGVWRQH OLPHVWRQH PDUQ\
VDQGVWRQH DQG KHPDWLWL]HG &R
D UDWLQJ RI GXH WR LQFUHDV
RULHQWDWLRQ -R DOO IRUPDW

LOGLFDWLQJ WKDW WKH RULHQ
WR WKH GLUHEWLRQ RI PLQLQJ
IRUPDWLRQV ZHUH UDWHG  IRU (! YU TEY )H[LéDRYVg'\ijL%QU
SDUDPHWHU LQGLFDWLQJ D GDPS oS0 PaY R -RQ
7KHUHIRUH WKH 505 YDOXHV & %W%F (ﬁ o A
DQDO\]HG OLWKRORJLHV IDOO ZL@ %XQ SPwWA\ OB G Y [
EHWZHHOQ DQG LOGLFDWLOT A \ VWDEOH

JHRWHFKQLFDO FRQGLWLRQV ZLWK g%ﬁ'é)\"\ﬂ@%(ylDVd\bVO\C%/{V/Ll?F?VXOWV

PLQLQJ RSHUDWLRQV
7DEOH SUHVHQWYV WKH VWDELOLW\
*6 IRU WKH SURSRVHG LQFOLQHG URRPV D

J)LIXUH LOOXVWUDWHYV D FKDU KHE/BQ 3 &g\ﬁ WN@M%WSCQJF‘,N?LE
*6, YDOXHV IRU WKH URFN PDVV S H,§) o RO UDW
YDOXHV LQGLFDWH WKDW WKH U }E VY o WkR oRI LAWY IBETHR Y o)
I[URP IDLU WR JRRG TXDOLW\ IDO HWZ B 028G, RSHUDWLRQ 2L
ZLWK D EORFN\ WR YHU\ EORFNE Y WHUf
FODVVLILFDWLRQ LV FRQVLVWHQW M1 KH 505 VIVWHP LQ
WHUPV Rl URFN TXDOLW\ DVVHVVPHQW :LWKLQ WKLV *6,

7DEOPLYDOXHV D@BX®RRPE SDUDPHWHUV IRU WKH URFN PDVV OLWKI
/LWKRORJ\ P. ' F 03D 3 f 140SD (p 03D o
6DQGVWRQH OLPHVWRQH
/RZ VDQGVWRQH DQG SRURXV GRORPLWH
0DUO\ OLPHVWRQH R[LGL]HG LQ SODFHV
6DQGVWRQH GRORPLWH
/LODF VDQGVWRQH
+HPDWIGRIORBLWH ZLWK FDOFLWH YHLQV
&RPSDFW FOD\H\ DQG VDQGVWRQH GRORPLWH
2UJDQRJHQLF VDQGVWRQH
"RORPLWH
=LQFLIHURXV GRORPLWH
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® 6, IRU VDQGVWRQH OLPHVWRQH

® 6, IRU PDUO\ OLPHVWRQH DQG KHPDWLWL]HG GRORPLWH

® *6, IRU OLODF VDQGVWRQH
*6, IRU ORZ VDQGVWRQH DQG SRURXV GRORPLWH FRPSDFW FOD\H\ DQG V
GRORPLWH

® 5, IRU GRORPLWH

® 6, IRU VDQGVWRQH GRORPLWH RUJDQRJHQ

JLIXURRKDUW IRU HVWLPDWLQJ WIDNVBEVRI MMRLQWHG URFN

7TDEOBWDELOLW\ SDUDPHWHUV RI WKH SURSRVHG LQFOLQHG S

SDUDPHWHUV 5 3 1 K Z % 5 6s 6s .
HOVe  N1p 03D P P P 03D 03D f

9DOXHYV

RUHERG\ GLDDPQUDOHH RUHERS\ EXHUBBGHGHBW K QLW ZHI JKQWRIUWR B RYIHWELXRIE BQ JO
RUHERGWXQLD[LDO FRPSUHVVLYH VWUHQJWKWKI WK VAONDIDRMEHRIOBIRING  ZUL B RFK
ZLGWKRUH H[WU BsF WWRRPG WHDWWHLYH VW UHQJVEK \RK HIDKIH VYAHIUHAQLIRDIO RELBRBLLY DeE DAHG S|
LOQWHUQDO IULFWLRQ D@IOWDRHWWKH EQYROULRHGKSHL QQPOLQHG SLOODU

I1XPHULFDO PRGHOLQJ UHVXOWKWURXQGLQJ URFN LOQWHUDFWLRQV
GDU\ HIITHFWV )\

'KLOH WKH DQDO\WLFDO DS FPU U\ B%@ E X AR
UREXVW IRXQGDWLRQ IRU SLOQDY %é s IF\/@SLQ?LFDWLRQ i
PRGHOLQJ XVLQJ WKH ILQLWH H®HPY ARG WERQ R
KDV EHHQ HPSOR\HG WR YDOLG éll 0 Y (Sﬂ%Jge OXPHU]
PRUH UHDOLVWLF JHRWHFKQL 0 255 Wr
HQDEOHY WKH SUHFLVH DQG GH IH%F'LL%PEOH o

H

FRPSOH[ EHKDYLRU RI LQFOL DI %WDQGOQWQ;
L%V}fi%g VH50c wkH

DFFRXQWLQJ IRU URFN PDVV K
QRQOLQHDULW\ LQWHUDFWLRQ
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ORGHO GHYHORSPHQW DQG UKBMHWUGLVSODFHPHQWY ZHUH OHI
7KH 3KDVH ' )LQLWH (OHPHQ R Y'Ew %0 DQG KRULJRQWDO

XVHG WR FUHDWH WZR QXPHUPE H VL,‘V(\;/EV DQ%HERRVt/NHV\I’:T(E
LOFOLQHG SLOODUV 7KH ILUV

“k QLQH l

RorPLW

SLOODUV ZLWK ULEV SHUSHQGL
W é‘q % H XQI
b' Z R DOO|

$SLOODUV )LIXUH D ZKLOVJ\Q/
FRQVLVWV RIILYH SLOODUV ZL

VWUHVV GLVW
QOLQHG SLOODUYV

%SLOODUV )LIXUH F % RWK
P SLOODU ZLGWK DQG D P v P
DYHUDJH GHSWK RI P 7KH

LOWHQGHG WR YDOLGDWH WKH WERR' v &F\)VW@VWS/PHV
ZKLOH WKH VHERQG LV GHVLJ ? \6\/ VLOH e
LQIOXHQFH RI SLOODU ULE RU v
VWUHVV GLVWULEXWLRQ GLVSO v\ﬁ\ém N
JROORZLQJ /RULJ DQG &DEUHU P% e b
> @ ILYH SLOODUV ZHUH PRGH ._‘b%HHOVK Do

SLOODU WR EHWW HIL Q6 B U HEH
LQ LQFOLQHG RUHERGLHV EQES 'S*OHgHS\yV\\;VRZLHW'i/XE

5EROOHU ERXQGDU\ FRQGLWLR \%@%&Qﬁé&% Fg[ %\%\A;% HQOHF
VXIILFLHQW GLVWDQFH IURP Reke Is)

SDUWLFXODUO\ IDU IURP WKH F

ERXQGDU\ HIIHFWV DQG HUUR 9I—E\>L) %LGP)J_F]WLHGLV\%QD:
VWDELOL]H WKH QXPHULFDO PI{%@% oY LQ
VLPXODWH WKH VWUHVV GLVWU DVV

JLIXUHORGHOV RI f LQFOLQHG SLOODUV D ULEV SUQBRWHG §HBRBROGH R
PHVK JHQHUDWLRQ VKRZLQJ UHILQHG GLVFUHWL]DWLRQ QH®ZW SQDODUV DQC

OD[LPXP DQG PLQLPXP MMUUWYKXWY LQFOISQO® FUS@®GD® $RU
GLVWULEXWLRQV WKH LQFOLQHGLGCEDRDWUDIKQEY RULHC

YLIXUH LOOXVWUDWHYV WK%( @ Efi{gégllz W|KH UIS\S\F/{U GLL(\Q/\
PD[LPXP SULQFLSDO VWUHVVHV D9 IL Y
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DV\PPHWULFDO FRQFHQWUDWL@IPROWWEZRDGLOIRYDOBXWLRQ VXJJH
RSSRVLWH FRUQHUV WKH XSSHZDNQOKWHRRHWHU DW PRKHH UFRRRPISD W L E O
DQG WKH ORZHU OHIW FRUQHULDWOWEBWIORRU QBDWKBYH WR HQKTE
UHJLRQV WKH PD[LPXP SULQ F LFRIPCS DWUWMIGHW RHZID O BHBIEEEER O D U V

KLJK YDOXHV RI 03D DQG )XUWIGHUPRUH WKLV  V\PPHWULF
UHVSHFWLYHO\ KRZHYHU IDLOXUNWQLBXWYR@QH RYWIRVEXWHY  WR
FRQVLGHUHG FULWLFDO ,Q FRQWR®NW HWHGW. QROSY)EEED BPH PMDIY G U%Q
%SLOODU ULEV SRVLWLRQHG YHUWQFDOQXVIXYHIXUB ERPSDUHG WR
VKRZV UHODWLYHO\ V\PPHWULRDOWKH GISRQYDIBOP $LIXUH F 71
PD[LPXP SULQFLSDO VWUHVV GLQWUHPXWGRBORQFURNRFHDWG HB KD QFH\
IRXU FRUQHUV 7KH VWUHVVHV EWMDVUKIQXFDISDALWKWIFRURAIQHG SLC
URRI DQG ORZHU OHIW FRUQHADOI®WR RW K HBHFEAHDWGX MRQJ WKH ULVN

03D DQG 03D UHVSHFWLYHO\ 7KLYV
D E
F G

JLIXUHRRQWRXU OLQHV RI SULQFLSDO VWUHVV GLVWULEXWLRQV LQ LQFOLQ
PLQLPXP SULQFLSDO VWUHVVHVSUB®BHFWL YIH®G I1GQ PRQARPXPHBQIG PLQLPXP
VWUHVVHV UHVSHFVBILYH®ULQ LQFOLQHG %

7KH UHVXOWV SUHVHQWHG LQ IXQRRUH7KHRIQNWP HMYGSHDNV LQFUHD
YDOLGDWH WKH PDMRU SULQFLUSDOXVW WY W LOM/MREYL ERWLRIQVH DUH
SDWWHUQV REVHUYHG LQ )LJXWDISURBEKERW IO RADDMDMDUH[FHHG WKH

FRQILIXUDWLRQWLIRAIDWKH JXU$HSRWHQWLDOO\ OHDGLQJ WR WKH IRU
WKH JUDSK KLJKOLJKWV WKH TKUL\W PERAOLGDI®GVWRYHUVWUHVVLQJ F
FRQFHQWUDWLRQ DORQJ WKH VWUXFRQOMD\O LOWHDWLEYI Rl WKH SLO
ORFDOL]N® UHMVWK JRQHV LQ WKHQ XBEBAW UDNMWEMIODU )19 X UH E

FRUQHU RI WKH URRI DQG WKH GRKZIAL\GW I FFRRWH XQLRRWAKMWUHVV G



&KDRML DO -RXUQDO RI OLQLQJ (QYLURQPHQW 3XEOLV

7KLV XQLIRUPLW\ VXJIJHVWYV D ORRGRHQMVUINDRILRRVDUIKIHG FRQWULEXYV
IDLOXUH DV WKH VWUHVVHV NWDBELOHLWAI\DQGVWIUHERWRHGNKH SLOO
WKURXJKRXW WKH SLOODU DYRLGRODEOR FRQUINIHX UWDWLRWVIRU LQFO

[ GLVWDQFH IURP WKH QHWYWVERRIQBLIPIRMP® RU GLDJRQDO P

J)LJXUMDULDWLRQ RI WKH PDMRU SULQFLSDO VWUHVV DORQJ WKH WZR GLDJR
SLOODU $LOGDW

1RUPDO DQG VKHDU VWUHVVIZHLJKW DQG WDQJHQWLDO VKHDU V‘

7TDEOH VXPPDUL]HV WKE@LQBYV K D\TXULQi 6XUI|||D_|EJ|; WK
QRUPDO DQG VKHDU VWUHVVHV Q/ V}é Ebl(%J EO\ VPIL
SLOODU FDOFXODWHG XVLQJ DYPG %

PHWKRG HTXDWLRQV DQG @ec.
PRGHOLQJ WHFKQLTXH 7KH ILQ \&[gWH QHJOLJU
SUMLOLQJ QRUPQG VRHBWUHVYV

REWDLQHG IURP ERWK PHWKRG §¢| wﬁﬁmKﬁﬁYHUDoo VWUXF
03D DQG 03D UHVSHFWLYHOYOPR

DJUHHPHQW YDOLGDWHY WKH " PO DQG
HITHFWLYHQHVV RI ERWK DSSURDE?@%%{Q %W@%R QFOLSHG -

VWUHVV FRQGLWLRQV ZLWKLQ WK HToFotore oL
SWUHVV® DQDO\V k%g[gm;
7TRWDO GLVSODFHPHQWYV 7ULEXWDU\DUHD WKHRU\

7KH WRWDO GLVSODFHPHQW DQ G LOQ
YLIXUH UHYHDOV VLPLODU SDWWE%LE@%WSJJ E \Q SLOODU
FRQILIXUDWLRQV ZLWK PD[LPXP B Wg
RFFXUULQJ DW WKH FHQWHU RI| $VERUGLONUDN®R HKDPEMU  WKH VD
URRIV 7KH URRPV VXSSRUWHGDBDBNUSHGBRRRYWWDWHY VWDELOL
ZDOOHG SISOODDWY $ VKRZ D FBRRIRIRUDWLRQV 7KH LQFOLQHG SL
GLVSODFHPHQW R PP )LIXBHUSHQGLEKIODH WR WKH IORRU )LJ)
WKRVH VXSSRUWZADE EN GY 15U \WOEMMOWH DO SLOODU VDIHW\ IDEWRU R
SLOODUV H[KLELW D VOLJKWO\WKRIZ D) 050 WEICFIDRHP\H ENORKODWHG V|
PP )LIJXUH E 7KHVH YDSK®YDDWH ZZMXO YHUWLFDO ZDOOV )
ZLWKLQ DFFHSWDEOH OLPLWYV DBFRMGIUDEWRR SQORYHRXWY WR |
VWXGLHV > @ GHVSLWH EHBQ®ODE MHAMK OMR GEIRWRP WKH KLJKH
QRUPDO FRPSUHVVLYH VWUHV®LOOPR \RFRUBXZGHBOK HOKDQFHV LW\
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C E
JLIXUHRWDO GLVSODFHPHQW FRQWRXUV IRU ERWK GQO 0D U E FSRQERUBHEL RoQ \

JLIXUHBWUHQJWK IDFWRU FRQSWROXADMU VD H SEQRMHEHE %
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& R Q FLARLY OHFKDQLFV *HRPHFKDQLFV S 6\PSRV

' 6. 5 I£$50$
7KLY VWXG\ SUHVHQWV WKH JHRPHFKDQLFDO

FKDUDFWHUL]DWLRQ RI URFN PO VHARGCHRBORZHG E\ 6WDELOLW\ DQC
DQDO\WLFDO DQG QXPHULFDO DE@@@NW\PW&H%@Q@@H%Q@\I}%&(&V@ URRP DQG
SLOODUV VXEMHFWHG WR FRPELOUHZFSEREEBHTVIRY D os
VKHDU ORDGV DW WKH &KDDEHW @O &DPRIOXQBIF $LQH $UUR\R 2UWL]
7KH PDLQ RXWFRPHV Rl WKH VW RBYJDWHGHVGIR OIORDV - (ITHFW RI "\
B3URGXFHG E\ 5RFN %O0ODVWLQJ RQ W
&RPSUHKHQVLYH JHRPHFKDQLFP@HQ‘MUN%E— J AQGRRP DQG 3LOODUV L

FODVVLILFDWLRQ HVWDEOLVKHG HHARBRED LIQ SDYOWHWHIA,  6FLHC
IRU WKH PLQH V URFN PDVV (QJLOHHULQJ

7KH LQWHJUDWLRQ RI HPSLULED® HRAQWHLEFDOs DQG 'yyiLJQ $QDO\VL

QXPHULFDO DSSURDFKHV LQ XQ@gH QHQKQ\‘F BGURENe 3UHVV %RFD 5D
SLOODU GHVLJQ SURYHG FUXFLDO IRU HOVXULQJ WKH VDIHW\
\

VWDELOLW\ DQG HFRQRPLF YLPDE@LOXW\ “R| <PLFLQUL < [/XR - &KHQ
RSHUDWLRQV 6DIHW\ IDFWRU PHWKRG IRU VWDELOLW\

X\ﬁG ORXORPE FULWHULR - &KLQD &R
7KH DQDO\WLFDO VKHDU VWUHQJWK G w

S LH@MQIQ'LI—F\HWHV WK
WKH GHVLJQ ZKLFK LQFRUSRUDWHYV LQFOLQHG SLOODUV

ZLWK ZDOOV SHUSHQGLFXODU WR @KKRUHERGAQGLS zR@WKk = &KHQ 7

SLOODUV P ZLGH DQG P KLIJK-BRRWKLQ P +XL GH $ UHYLHZ RI PRQL
URRPV DFKLHYHV DQ H[WUDFWLRRPOBXWAIDWLRQ PDPQE DVLPXODWLRQ PHW)
VDIHW\ IDFWRU RI GHPRQVWVUPBWLGH OF B wbES@XF I @ GEW HRURIDOV IRQR Q J
VHFXUH PLQLQJ RSHUDWLRQ ZLWWMRXURDPOM RBRQUMERNRBH WHFKQRORJ

1XPHULFDO PRGHOLQJ YDOLGDWHAGWKHPSHOLBFELOYWRI®D wH )ORUHV *
DQDO\WLFDO PRGHO VKRZLQJFDYWQIPPWPXPTHQLHQWH OLQH &KLOH 7

HU
PR
f

GLVSODFHPHQW RI PP QHJIJOLWDEO®PH 6WXWI DEHALY 7HFKQRO
VXEVLGHQFH PP DQG D VDIK I DFWRLK Rb o L $ SWDHL 0 6 H
FRQILUPLQJ VWUXFWXUDO VWDEL@|L bJKRUEDQ[?OL é $IL] 1 ([DPI

7KH VHOHFWLRQ RI DSSURSULDWH OHP IRJ LERDO | R XBIDWLRQV RQ WKH 6
IRU HVWLPDWLQJ WKH VWUHQJIJWRIRIRPQUN-IOFDU B LD & U WXKAEDD VNWHUDW X
FULWLFDO IRU REWDLQLQJ UHOLBHEBARINWXIWERERRPSDUHG WR

RWKHU HPSLULFDO IRUPXODV WKHg/X QG ksl BDNDOQLVgwpHL o 6H

IRUPXOD XVHG LQ WKLV VWXG)\ (SH R/,kgﬁgq Y Hg $JL] 1 P
FRQVHUYDWLYH DQDO\WLFDO FDOFX @dvd—%\(NKDQH DGVRUSWLRQ DQG H

7KH FORVH DOLJQPHQW EHWZHHPYH FKPWHRHO D BEREKIYWIEIHY DQG SLOODU \
VWUHVV UHVXOWVY FDOFXODWHG MW Q&% 0 L QD u& 2D U M BAHWRMYDWLRQ
DQG QXPHULFDO PHWKRG YDOLGDWHVY ERWK DSSURDFKHYV

IRU DVVHVVLQJ SLOODU VWDELOLWlLQPLRFOBRH® RYHEBELHY KDORR 3
g@frwbw

7KLV LQVLIJKW LV FUXFLDO IRU HQYXWLRH LOWV RQ VOLGL
SUDFWLFHV DQG RSWLPLILQJ SLOQRINGIBREEMW &ROFUHWH

&RPSDULQJ SLOODU RULHQWDWLR®@V #KLOH BBBQ[WJEbIgQLQJJ +DHUL + =
LGHQWLFDO SLOODU DQG URRP HBRRHEYLRQY DRGOFRYHU opumL o )
GHSWK UHYHDOHBD WD SYIOWOWD 73 'DOG 1XPHULFDO $QDO\VHY

PHOWDO_ D
SLOODUV GHPRQVWUDWHG VXS HUIRY |\RUFP|D§§HNR%|§%W 6XUURXOQG H

SHUSHQ&D PX®IBU ssoooowwm%u%BFg\QWHugDWLR DO -RXUQDO RI *HRPHF
SURYLGHG PRUH XQLIRUP DQG V\PPHWULFDO VWUHVV

GLVWULEXWLRQ LQFUHDVLQJ FRQILQHPHQW DW WKH SLOODU

FRUH DQG LPSURYLQJ WKH VDIHWA I@FWROGONWR ' * 7’KHVHUDQWQQG 6w
UHVXOWV XQGHUVFRUH WKH VBSI®QAPUD®RMLIR IR QVKBHU(OOLRW /DNH 8U
JHRPHWU\ DQSUBBPU GHVLIQ IRU,HEKDQF¥8doc 1 6RGHU 3 ( ‘N
VDIHW\ DWBUPRQWDELOL W\ SLOODU IWWRBHRUMIDU IDL@XUYH REVHUYD\
JLQHHULQJ DQG OLQLQJ -RXUQDO

5HIHUHQFHV (QJLQ Q Q eLe Q
' > @ [/XQGHU 3 - 3DNDOQLV 5 &
> @ 'ILPXQ\B JXMLL < $ SHRFRMWILODWLRQ RI WKHRENWWPH@HVK RI

IUDPHZRUN WR HVWLPDWH $3QGOD & \O\aoih@X\W & v ¢) RRP
SLOODU KDUG UR¥N$ PBOHBRFN
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> @ *KDVHPL ( $WDHL 0 BKDKXQBHU. FRPELRQHG FRPSUHVVLRQ DQG
LQWHOOLJHQW DSSURDFK WR SUHGWKW RX.JKO D W DM RGN FEMHEHEMIDIGWIIQ G 5RF
URRP DQG SLOODU FRDO PLQHV ,QQNHQBBWLRDDO -RXUQDO RI

5RFN OHFKDQLFV DQG 0LQLQJ 6FLHQFHY

‘X 6 +XDQJ - :DQJ 3 =KDQJ &
> @ *KDVHPL ( $WDHL 0 BKDKUXDB . ,QYHVWLJDWLRQ RI URFN PI
BUHGLFWLRQ RI JOREDO VWDELOLWRRELQREBPFRPSUBNOORQY BABOVKHDU G\Q
PLQHPWXUDO KD]DUGYV H[SHULPHQWDO WHFKQLTXH ,QWHUQDWLF
> @ .X@WREDDUL ) 2IIHL - % EREL IRV QY
$JDG]JLH 9 . JRUVRQ , $ > QF HWWIVIOWLQJ 6SHDULQJI $ - 6

WKH $SSOLFDELOLW\ Rl 6WDFNHG *GIQH BROS [ D\® RRQ\IBIBHRILWIKHH 6 R XWKH U Q
IRU WKH 3UHGLFWLRQ RI +DUG 5RFNQ 8 MWALOXW BIWRD EOLLADLLVY\) EDADIBWOMAN D O O X U J\

-RXUQDO RI OLQLQJ DQG (QYLURQPHQW py 5 ; - & D E3LHOUTD Us VW UH Q JW K
> @ $EGROODKL 0 6 1DMDIL 0 HYBVUPIOMAHOAL IRDIJROLDWHG DQG LQFOLQF
$ 5DILHH 5 $ QHZ PHWKREDWRHUNVMDELQLWURFHHGLQJV RI WKH |

DQDO\VLV RI FKDLQ SLOODU LQ ORBEZDOOVWSR\AXE\ XVQQKRX &KLQD S
FRXOPDQQ JUDSKRKN@DFHWKRGQLQJ DQG

(QYLURQPHQW > @ 0D 7 :DQJ / 6XRULQHQL ) 7

> @ 1DMDIL 0 -DODOL 6 0 6HUHWRMIULEDO DQDO\VLV RQ IDLOXUH
<DUDKPDGL % $ 3UREDE L OR WRKLIFQ ID\GDVO RV LV RH SL O O BKIRFXQGHU VK
VWDELOLW\ RI FKDLQ SLOODUV LOQDOIEBVEBRWQRMLOH LQ ,UDQ

XVLQJ ORQWH &DUOR VLPXODWLRQ _

@ *’BUM 7 LHUFH O %RDUG O
> @ 5H]DHL $ 6bulbDU0]L 2P L CADEMHERXWKI VKHDU VWUHVVHV RQ SLOODU
ODQHVK 0 -DKDQPLU)MDLOXUHDQDO\VLY RI WKH WUR\ PLQH H[SHULHQF

OHFKDQLVP RI 5RFN 3LOODU &RQWBUIRWAIDGER D®/JBRFWN DOHREKD QLW DQ G
1IRWFKHV ([SHULPHQWDO 7HVW DQGRKWY HQLEQ®HELLRXIODWLRQ

-RXUQDO RI 0LQLQJ DQG (QYLURQPHQW 4syryLQHQL ) 7 O0JXPEZD - - .DL

> @ 6DUIDUDIJL 9 .DULPL -DYLG7KLERG$MIOUL . OLQLQJ RI RUHERGLH\
BWXG\ RI' URFN SLOODU IDLOXRD GRQ¥BDWINDH RR ®RWY DOICQPEFKDQLVP
SHUVLVWHQW MRLQW XVLQJ H[SHUUPAHKDRDRIJWHVW DQG IUDFWXUH

DQDO\WLV FRGH LQ-WXBQ(DIOPPFRQ\DLLI@Q_%J 5DVKHG * 60DNHU % 6HDUV 0

DQG (QYLURQPHQW $ SDUDPHWULF VWXG\ IRU WKH

> @ 6DUIDUD]L 9 )X - +DHUL R@ VWIRIQD-IUEIDQH &LOODU VWDELOLW\ XVL

SDVHNK + %HK]DGLQDVDE O JEWPHKAMWDQMLOHWDOO XUJ\ ([SORUDWLE
OHFKDQLFDO FKDUDFWHULVWLFV DQG FUDFEN

SURSDJDWLRQ PHFKDQLVP LQ UHFWD CPEUJ QG W é) LGDO
VSHFLPHQV RI H[FDYDWHG SLOODU¢ ijb ﬁ%( & @ H?/ SR\%KDV&WD
H[SHULPHQWDO DQG QXPHULFD

&RPSXWDWLRQDO 3DUWLFOH OHFKD L@EQ/ \X’ ELOLWA RI XQGHUJU
RLWDWLRQ RI DQ LQFOLQHG FRDO VF
> @ )X - +DHUL + 6DUIDUD]L MRL @D EIRGRHHJL,QWHUQDWLRQDO -RXUQD
5H]DHL $ ODQHVK 0 2 )D\DQK—)LODQU@IJ_ BPLHQFHV

(IITHFWV Rl D[LDO ORDGLQJ Z LPP g)l.@
URRI WKLFNQHVV RQ WKH IDLOXUHIsP HO d4Q3v3X|3| \?;VKGH

v
URRI LQ URRP DQG SLOODU PLQLQ Q(g WB8 W \%(DY&@ WKURXIK X

(QQXJPL%UHLHFUDLOQJ“5'“'”0'30“’EK@QLFV DQ H RQ WKH XELT%IRWF R XOH MKRLQMF \P R G |
DQG 5RFN (QJLQHHULQJ
> @ -HVVX . 9 6SHDULQJ $ - 6 GHK
/DERUDWRU\ DQG QXPHULFDO® éQYHV“ BGS DQbO\?\)/\?LXFODog PGR(
VWUHQIWK SHUIRUPDQFHQRIULIROLQHE oSl 6’ H LQFOLQHG voFDO SRS
XVLQJ URFN PDVV ECRIFONX O H FRWDIQA F U LIRDG

> @ +H 4 /L < 6KH 6 5BRFNKOQPLRHAI UL QJ
SURSHUWLHYVY RI EDVDOW VSHFLPHQ@ GHU FRPEL G X 1 TR
FRPSUHVVLRQ DQG VKHDU LQJ; HR8 Vlil\b% 58 UCP\ \YIRU 6WDELOLW\

OHFKDQLFV DQG 5REN (QJILQHHULQJI, (QJLQHHULQJ BWUXFWXUH XQGH
> @ +H 4 /L < X - =KDQ&RBSUHV¥NHBQ /RDGLQJ $ &DVH 6WXG\ RI
BUHGLFWLRQ Rl PHFKDQLFDO SURSHOWHRU LRIG LAIFLHHRYEH W RF NV
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> @ (12) *HRORJLFDO UHSRUOWFRD @K/ &KRPHAKMD SSF\$H0PSRVLXP
(O +DPUD ]JLQF GHSRVLW $0JLHUV $50%

> @ $)125 1) 3HWHUPLQDWLRQ@RI.XPDU 5 0DQGDO 3 . *KRVK 1
XQLD[LDO FRPSUHSNALRHL IVWIUR® JW R @OIHWHMHH - * '"HVLIJQ RI VWDEOH ¢
GH 1RUPDOLVDWLRQ FRDO SLOODUV FRQVLGHULQJ J

> @ $)125 1) 3 6RLOV LQYHVVKE{?L;%\/@LFQ\WLHVHFKDQLFV DQG SRF
DQG WHVWLQJ 'HQVLW\ RI D GHK l9 FN VDPSOH

+\GURVWDWLF ZHISMMURFLPWWRKERGQUDBQE@DLMWDIIHUL - &KDUDFWHULVI
GH 1RUPDOLVDWLRQ PDVVHV XVHIXO IRU WKH GHVLJQ DQG W

LOH \
> @ ORXHUUL $ +DGML 5 DK HUJEJ §($ Y {6 UXOFVBEX WHY 7XQQHO

6HUKDQH % OXOWLGLVFLSO HRP Y

JHRORJLFDO JHRWHFKQLEDO  JHR®HFKRKY¥QBU DQG: 3RHWHU  (
K\GURJHRORJLFDO SDUDPHWHUV IRU +OBAVRMAMRILFORSRSHUWLHY RI HDL
VWDELOLW\ LQ WKH $XWHRPDRAGWDQ® SXDQBLSOHV RI JHRXQGEDOWHHIU | O R
/DQGPDQDJHPHQW DQG /DQGVFDSH 3URMHEW

> @ %LHQLDZVNIQILQHHULQJ URFN BDWFK|SIHU 0 3 $EH 6 &KLOGV &

FODVVLILFDWLRQV D FRPSOHWH PDQXDODKHRUPSREMQRHBRURYEGW\ DQG FUDF
JHRORJLVWYV LQ PLQLQJ FLYLO DQHOBNW URIOMXPVWQYH@MHKULDQIG IULFWLRQ
-RKQ :LOH\ BRQV PDWHULDOV ,QVLJKWV,Q\RRUQDRWREBOOL

> @ +RHN ( ODULQRV 3 R Q%QR/?QRJ'VVQ‘SBFP&FKDQLFV DQG PLQLC

VTXHH]LQJ SUREOHPV LQ ZHDN KHWHURJHQHRXV URFN
PDVVEKQQHOV DQG WXQQHOOLQJ LQWHUGQDBRRDOW 1 %RXNHOORXO 0
BWDELOLW\ DQDO\VLV RI XQGHUJUR

U DSSOLFDWLRQ RQ WKH OLQH &K
> @ +RHN ( 7RDUHDQI® &RUN\%%T{J %%BFHGLD (DUWK DQG 30DQHWDU\

+RWNRZQ IDLOXUH FUL
HGLVMURGHHGLQJVZBF 1$506
0,
> @ $\GDQ g $NDJIL 7 DZDP RQVDOYH 9DOHQFLD/oDVHG $

7KH VIXHH]LQJ SRWHQWLDO RI URF % é* 8 W%HWLRQPSQULRUT]LL
DQG SUHGLFWLRQ ZLWK H[BRFOIHV '\é\ M}% o D os Swawh
PHFKDQLFV DQG URFN HQILQHHULQY [ oL b

> @ 3DULVHDX : * 6KHDU VWDELOLW)\ RI PLQH
SLOODUV LQ GLSSH5Q$ YHDBRFEN,Q
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