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'HWHUPLQLQJ WKH $SSURSULDWH 5 HIDAE PQ QW B W
XVLQJ 'HPDWLRQ OHWKRGV $ &DVH 6WXG\ Rl WK
OLQH

ODVRXG ORQADHPLORH}DQDRD .KDGHPDRMWDED 5BPKNKEDHPQIPILU %DWDUELDW

'"HSDUWPHQW RI 0LQL®F XQW\QRIHUWLQDHHULQJ 7DUELDW ORGDUHV 8QLYHUVLW\ 7HKUDQ ,UDQ
'"HSDUWPHQW RI 0LQLQJ (QJLQHHULQJ $PLUNDELU 8QLYHUVLW\ Rl 7HFKQRORJ\ 7HKUDQ ,UDQ

$UWLFOH ,QIR $EVWUDFW

5 HEF HL Y HIBO X U\ 2SH®LW PLQH UHKDELOLWDWLRQ LV HVVHQWLDO IRU PD
SHEHLYHG Lo 5Hyvaver (ROEKLHYLQJ VXVWDLQDEOH GHYHORSPHQW DIWHU PLQLQJ
VWXG\ LV WR ILQG WKH EHVW ZD\ WR IL[ XS WKH =DUVK}
$SFFHSW$ISULO GLITHUMQWRZIOL[ LW XS XVLQJ WKH )X]]\ $QDO\WLF +LHUDUF
3XEOLVKHG RQUAIOQH RSWLRQV DUH UHVWRULQJ WKH PLQH WR LWV RULJLQDO
IDUP FUHDWLQJ D UHFUHDWLRQDO DUHD VHWWLQJ XS SI
SODQW FWHDWLQJ D WRXULVW DWWUDFWLRQ $ SDQHO F
DOWHUQDWLYHV DFFRUGLQJ WR WHQ NH\ FULWHULD DLU

2, MPH GD\V VRLO FRQGLWLRQV GLVWDQFH IURP UHVLGHQWL
.H\ZRUGV YHJHWEIMRQ@W\ DYHUDJH ZLQG VSHHG ORFDO DQLPDO VS

DQG VKDSH RI WKH PLQHG DUHD 7KH UHVXOWV LQGLFD!
SHKDELOLWDWLRQ SRZHU SODQW LV LGHQWLILHG DV WKH PRVW VXLWDEOH |
2SHDLW OLQHV *ROG OLPRIQVLGHULQJ WKH UHJLRQYV FOLPDWLF FRQGL!
'HELVOBRLQJ QXPEHU Rl VXQQ\ GD\V SHU \HDU DQG LWV SRWHQWLDO

UHYHQXH FUHDWLRQ 7KLV VWXG\ HPSKDVL]JHV WKH
HQYLURQPHQWDO VWRFUDWHD QDD BHWH®RILE B REWM/QIRU PLC(
)X]]\ $QDO\WLF +LHUDUFW\BKWBEHWLWDWLRQ DQG SURYLGHV D IUDPHZRUN IRU VH
PHWKRGV LQ VLPLODU PLQLQJ FRQWH[WYV

=DUVKXUDQ *ROG OLQH

,QWURGXFWLRQ

7RGD\YV ZRUOG HFRQRP\ LWRFRREIAWHQYLURQPHQWDO GHJUD
GHSHQGHQW RQ HQHUJ\ DQG KXWD Q VS UREDHRHUHNGWKURXJK PLQH
LPSRVVLEOH WR LPDJLQH LWV FHRIQDNEL@XIWDMRQR T LRVKRXDWLRQV 6L (
PLQLQJ 2Q WKH RWKHU KDQG WHKHMHWYXHVHDYDWRAR@RIERIGH RI UHVHD
RQ (DUWK FDQQRW EH HQVXBRGGXAWHKRXRN) WKKMWDLQDEOH GHYHC
HVWDEOLVKPHQW RI XDXW DHIX QIBWWQ L F WIRR QEDRRIQRPLF  VRFLDO I
WKH HITHFWV RI PLQLQJ DQG VX SRRULW RQPH GI\Y B DUPEMRUW > @
7KH LQWHJUDWXRQ WIWDHWPLY H D VAKH/ QPIHMGWRU PLQH UHFODPDWLRQ K
PRGHOV ZLWK VWUDWHJILF P D Q DIUHRPH QWK H. VX QGFHWIHIWIL@AED®J WKDW W
EHLQJ UHFRJQL]HG DV FUXFLDO KRQWGIOH @L RHUPIOQWUIEF WRUVURMXR FHV LI
DGGUHVV WKHVH FKD QJEH QUKW RE& QL WNHQWBINHLQWHIJUDWHG LQWF
ZD\ WR FRQYHUJH WKHVH WZR VHHPLYXQWPEQW UDEGWRIWLRQ WHFKC
JRDOV HQVXULQJ WKDW ILUVWYVMWIQH | HRINO\W\ PRIEG SPRAHHEBBUDWLRQV
VXSSO\ FKDLQ ZKLFK VHUYHV DWHRXDIP RXIQRE® WLHR/QV IEW FDUULHG R
SURGXFWLRQ DQG FRQVWUXFW LRRQVQGHRIALWMMR@I VR IUHPYLQRQPHQWD
LQWDFW DQG VHFRQG QRK\DWHDWR HERERRRYF GRMYVQVLRQV WR DFKLH

i &RUUHVSRQGPEDENXNWKREGDUIBR @NFH]U
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GHYHORSPHQW DQG WHWPRJDRWH VX VOARILIQPBERHQEHBDWLVRIQFXODUO\
HQYLURQPHQWDO LPSDFWV > RRQWHMW RAIPLFRMLYHKDELOLWDWLRQ :
UHKDELOLWDWLRQ RI PLQLQJ DYHDWQMNVMBHFRDOLHKDBLOLWDWLRQ
HQYLURQPHQWDOO\ VHQVLWLYHARQGKAWRBE E\UHKRKQUBIQ]DGHK HW DC
FRPSUHKHQVLYH DVVHVVPHQWYV ,BH B Q YSLRIRQPIHRQOW®LP IDAIU LW\ 0HWKR (
VRFHRRQRPLF FULWHULDQMDE HIQ WU H HFRE QLM @& D V FRIQ W HRU LWVDK G HEX. ® WR
RI SRYQWLQJ ODQG XVH > @ 7RBINVGUMIRGRORI WR GHWHUPLQH D VXL
SROOXWLRQ GHVWUXFWLRQ RI DASKSH RIHFRVERWDMEHIAR G\DSRL AP LD R S H Q
IRUPDWLRQ RI FOLIIV FRQWDPKBDRMR®RHO RIDWVZMDBBOLHG WR D K\SR
UHVRXUFHV DQG RWKHU HQY L URKDPRMHFWDP® LHRQFEU@R THIUHDWH WR F|
DPRQJ WKH FKDOOHQJHV SRVHG FORPDWRREWROGQWWRRY EXKRUW ZDUP
KHDY\ WHKADD/OEHHQ LGHQWLILHGSBVLR G\ J@REZFDQWQIDOO KLJK VQR:
FRQFHUQ DV LW PD\ RFFXU WKHRMNUKDVERWK WDIL\BEDDY WH @ W)GD B
SURFHVVHV DQG KXPDQ DFWLYISWBENVHEFRRBWCCPEZQNVQIVHG E\ %DGWL ¢
+HDY\ PHWDOV LQFOXGLQJ OH RS VDIQRD G DUGPAXPP DVULIR O L AWH WRIRG |R U
UHOHDVHG LQWR WKH HQYLURQPH@W ORFFWHGQJLWORWXHAXOHOLWRPHU U
DQG SRWHQWLDVXKG\ IREWHBKQIDXWN@\ 7KH ILQGLQJV RI WKH SURS
3K\WRUHPHGLDWLRQ ZKLFK LQYR@YHRADWKIG XWKHD R/ IS FRWES EH XWLC
IRU KHDY\ PHWDO UHPRYDO |URPHWKHDR@QD LQW EGHOWLQJ D UHFODF
GHYHORSHG DV D VXVWDLQDEOWKDRD RWHR/(QY RSWE@PDITKVSHFLILFDWLR
DSSURDFK KDV DOVR EHHQ IR XQRR ®W DRRYW U L ERXWVOHD MRR) WKRIQV R1 OL
SUHYHQWLRQ RI RUDKOH®LY HPIHWHMIMDK@EE E\ PHWHUV LQ OHQJWK DQC
>@ ,Q0 PLQLQJ DUHDV WKH GHYWWKFWLW® RQ @ PWXEDWGHQ WKLFN
VWUXFWXUHV VXFK DV JUDYHO OBDARIWPHWIKDEY YRIBWOWIRWKUHH WR
OHDGV WR LQFUHDVHG VRLO HKHRMIKRNV RHGXFHWHIUNWHNUYH UHKDEL
TXDOLW\ DQG DFFHOHUDWHBHUHSBVYRBRVHGDRW RVKH PLQH LQFO.
KLJKOLJKWLQJ WKH QHFHVVLW)\ DRIRRUHYVW B & LRAD (RUHNVIWLQDQG UHFUF
UHKDIEWDWLRQ DQG UHVWRUDW LG RWADROHN W B V@G HQWKRRIKEHYHORSP
PLQH UHKDELOLWDWLRQ FDQQRW®ARFAPXNLIUMEG\QUMVE® U GOILYJMOWEPHQW
KDUPIXO HIIHFWV RI PLQLQJ RQ WK ® IQFD.Q RSORIDPW WIHW ML WR |1 WKH PLQ
UHJDUGHG DV WKH PRVW HIIHFV8DYH PHR\RHOU YR U XEK VBIW S RQRVLW\ S+
WKHVH LPSDFWV > @ QLWURJHQ OHYHOV ZHUH PHDVXUHG
OLQH UHKDELOLWDWLRQ LV FRQVRGRWHKGE UH VRMNGWLIDLOP)IBWALY LR Q
PLWLJDWLQJ HQYLURQPHQWDOWHPRQEWAH QIHAVHAGR BBQIXVHGE E\
HFRV\WVWHPV DQG HQVXULQJ VX 8WO WPIP®RH EDARIDGE K VHHW VO LWR GHWH
IDFLOLWDWHY WKH WUDQVIRUPDWLRWL R GRIQERANMG MG DXV HYWW K UR X
IXQFWLRQDO ODQGVFDSHV ORQJ MBIWIHIWD PHORQN FH@YHVDOJIL\DQ HW D
@ HFLVRRMQLQJ UHJDUGLQJ WKH XMW RALQWHDMKDELOLWDWLRQ DSSU
DIIHFWHG E\ PLQLQJ KDV EHHOQLQ@GRRD@IL]HIE FRYAHBSWY 7KH ILUVW F
LQWHJUDO FRPSRQHQW RI WKH FELHBR SR HQ W\ RO D FZR B/HKOWKKDW FRQV L (
SUHFLVLRQ DQG DFFXUDF\ RI VOPR@GHFENVIURQNQID YHRMUDFWHG ODQ!
VLIQLILFDOWWUPORFERQVHTXHQFHWVVRIEOMXKKHY HITHFWLYH FULWHULD °
HFRV\VWHP RI WBHDPLRHGODDWHKDELOLWDWLRQ PHWKRG IRU HDFK
VXUURXQGLQJV 7KH FRQWLQXDWRRO©HBWWHKPISPIRQHGO LXH\LVHWYV DQG |
JHQHUDOO\ FDWHJRUL]HG LQWRGRKHWRI MBEMQ WEBIFRQMDLQW\ LQ L
UHVWRUDWLRQ WR LWV RULJLQDSDVD/PNWHH PV GH @H KZIX EHLFOpLOWIHW L BXQ ]\
HVWDEOLVKPHQW RI DOWHUQDAHPLWDRERY\ WHHFKWYDLTRY ZDV XVHG
DEDQGRQPHQW $ FPDINLIQRBENFLU]IHRRLKD HW DO WR SULRULWL]H FUL!
DQG WKH VHOHFWLRQ RI DQ R SBXERDT XPIQWIORG [BUHMNLON  GHF |
UHTXLUHG DV WKH\ GLUHFWO\ UPMRXIFE WKBYRY BHBQ OXWROWMBIE\ UHV
PLQLQJ RSHUDWLRQV XIWLOMH HFIOXWYQJI>ORQELPPHUPDQ > @ $QLV |
VDIH ODQG XVH WKURXJK WKH R)BIDSUMDW L@ QDRAG BLKWHRUXV HW DO
UHVWRUDWLRQ FBWKRGF WR QABEWYRQRSWLRQ XQGHU GLIIHUHQW FUL
OX OMULWHUGHPDNR® PHWKRGWGHDMERSFHRORIRFBIO OLWHUDF\ ZLWK
LQFUHDVLQJO\ EHLQJ HPSOR\HG ALROPW K € LPALIOH\D K DY GEXWMQ\HPSKDVL]HG
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IRVWHULQJ D SHUVSHFWLYH RI \2RW/OMEL QDE® H HOASHFQROPH QWL QFH R
> @ 7KH HVWDEOLVKPHQW RIRBWGPDWWLIRRMIBRBWOV KDYH EHHQ R
UHGXFLQJ WKH ULVN Rl SUHPDWDWK HRQWLFQRYXUMHQ EDIMQ G XVWU\ H[H
DOVR EHHQ LGHQWLILHG DV HV VHRSKIDD/Q V RRIQH DO BV VY QBDMR @SW LPL]DW
WHUP VXVWDLQDELOLW\ > @ ,QKDNKH \D FFRUQW/HI[W. RW K IRUXDPI® REMHFWL"
$+3 PHWKRDV HPSOR\HG LQYRKH PRGMIOHAIHD EHQRQOLQHDU RU |
VHOHFWLRQ RI FULWHULD DQGNRR®WLFEXW VIVQU X AWKQWGGHFDGHYV U
D TXHVWLRQQDLUH IRU WKH VW XIGD \0 URKSQ 7 KRF B @S0 MRHBVERIRQW LR U
RI P XFOUM HUL P DBNHFLY DMRQWHPVHYBDIDXWWLQJ FRPSOH[ GHEMMHRIQD/ >
PXOWLSOH ILHOGV Rl NQRZOHG JGH FALMDRQKH PHHE K BIGVQ PWWH GLYLGHG
DQG WHFKQLAD®I| HWKHIU WLSH U W DIWHRXSU L R E M HPRVDMYLIR DEIH DLV DRG
FRQWULEXWLQJ VLJQLILFDQWO\PXWRWMKH EXFAIDNAPAL/CRA JRDO RI
HIITHFWLYHQHVV Rl WKH PHWKRG G$FERDBRQJIOLVWWR WBOHFPW WKH EH
H[SHUW JURXS ZDV FDWHJRUL]HG LLKWWRK WKDIMRHQ JURR®RUYV (DFK GHF
XQLYHUVLW\ SURIHVVRUV ZLW K DNH QB YADHQMK RHE SKHIDW DV SHFLILF WD
PLQLQJ SURIHVVLRQDGW WILAXF W REMKIRGW LDICPY WR ZHLJKW WKH FULW
PLQLQJ DFWLYLWLHV DQG RIILFWIROV DING WK RBMWIVR QMR PDQG DQRWK
WKH VWXGLHG PLQH 8SRQ G MVKWULFEXWWWLHRWL DRI $ WKGIDRUALWLHADLVDL R Q
TXHVWLRQQDLUHV H[SHUWV ZWFLBUREG) GMREBVSUHQHQWHG LQ )L
DSSURSULDWH VFRUHV WR HDFK>SURSRVHG FULWHULRQ EDVHG
RQ WKHLU VFLHQWLILF DQG SUDFWLFDO NQRZOHGJH 7KH
DRFUDF\ Rl WKH UHVSRQVHV Z Decison-Making
UHYLHZHG DQG YHULILHG %DVH
WKH RSWLPDO UHKDELOLWDWLR DUHD
ZDV GHWHUPLQHG XVLQJ WKH IX |
UROH RI FRUSRUDWH VRFLDO U S—
KLJKOLJKW.M® DL Q WKH FRQWH
PLQLQJ V\VWHPV DOLJQLQJ ZL\
VXVWDLQDEOH GHYHORSPHQW >

SUHYLRXV VWOISEMH P LRM RISHK® E Multiple Objectives  Multiple Attributes
KDYH HPSOR\FHEG WHUWOLVDR NV | (Design) (Selection)
PHWKRGVY WR VHOHFW RSWLPD | ‘

Single-Criteria

FHUWDLQ OLPLWDWLRQV DUH H
O0DQ\ KDYH IRFXVHG RQ D Q T
HQYLURQPHQWDORRRFLDPWRQG | Optimaton Selection
DGGUHVVLQJ RQO\ RQH RU WZR)DMIHBOW VYV UID ADKHEWR QNI DEROGHF L VLR Q
LQWHJUDWLQJ DOO UHOHYDQW GLPHQVLR@VPN$QGPRERQDOO\ LQ
VRPH FDVHV WKH HYDOXDWLRQ RI FULWHULD KDV EHHQ
FRQGXFWHG XVLQJ FODVVLFDO P HW KR &\ HJIHEWO B@IMWHDQYTH G Ak OWLIR
DELOLW\ WR PRGHOHRQFHUWDLQRONHQHFRREHOV PD\ EH GLYLGHG LQ
,Q WKLV UHVHDUFK WKHVH ORPWWHRUIRON KBFKHHRPBH RUDWRG\ QF
PLWLJDWHG XVLQJ WKH )$+3 ROWKRELIBOHE WKHWKLQ FRPSHQVDWR
LQWHJUDWLRQ RI WHQ NH\ FULWEIHEBVLBRRBBREBWIVQ XZIHQOK QW WR WI
RSLQLRQV IURP YDULRXV ILHOG® DI HQWESFURIEBHEKPMROLY $ FKDQJIH
DSSURDFK KDYH HQKDQFHG WxQGLEPMKRIWFLY DRPSHQVDWHG IRU E
FRPSUHKHQVLYHRIWEIRNGLIQY KH BFHK/QJIJH LQ DQRWKHU LQGLFDWRU R
IRU VHOHFWLQJ WKH PRVW VXRQMWLIH W HKBKER O IGHEWY RRQ PDNHU
PHWKRG IRU WKH =DUVKXUDQ PLKRRPSHQVDWRU\ PRGHOV KDV QR VXFk
WUDGH RIl EHWZHHQ WKH AULWHULD

ODWHULDOV OHWKRGRORJ\ RQH LQGLFDWRU DUH QRW FRPSHQV
9DULRXV WKHRULHV DQG PH%& 93 EDI%/\& WKHU LQGLFDWRL

.HV

IURP WKH RWI
SURSRVHG IRPDMHFLVLEQUHVH
SUREOHPV EXW VLQFH WKH LQG BV\(JLHY\HQB§ E|§8VL5 v H
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Decisions are based on trade-offs between
criteria.

| Trade-offs between criteria exist. Comp y Models

Changes in one criterion can be
p d by changes in other criteria. — —

Methods of Multi-Criteria
Decision-Making
.

Decisions are not based on trade-offs
between criteria.

No trade-offs between criteria exist. Non-Math
Models

The lowest score in one criterion cannot
be compensated by the higher scores of
other criteria.

Each criterion is evaluated separately, and
options are ranked accordingly.

JLIXURODVVLILFDWERIQVRIUR DOMNE QV LIRHOV KRG V

,Q WKLV VWXG\ FRPSHQVDWRU\ BOWRREGVFRDYH EHBQFK\ 3URFHVYV
LOQYHVWLIDWHG GXH WR WKHLU . XVH P W.R U\
PAWKRGV DUH GLYLGHG LQWR wm%@m@w%%@ég;mm
PHWKRGY FRPSURPLVHUDKWEKR Nf@?ﬁ KRGV WKDW FDO VROYH F
PHaVI;/RKSEVJ )PLH]\)/(Vl}J(|_R|GV 7KkH sUHIHDYH LB'E'&W,& Y JRU WKLV UF
Q }% LB RG E HLW LV SUF
b 0 TKH $+3 F
DOJRULWKPV WKH VXSHULRU W,
HV E MiHMEOVYY Do vXE
REWDLQV WKH KLJKHVW VFRUH | W NV A
&RPSURPLVLQJ PHWKRGYV 7KH§L¢€%&{£5§W%§§%§H & 5V DOD
KDV WKH KLJKHVW SUR[LPLW\ DQR, Y RBLML VB(V ANk gl Bﬁyé)UREOHP

KLJKHVW VFRUH ,Q WKHVH PH
RSWLRQ

2XWUDQNLQJ PHWKRGV 7KH S b & PR W DQW&wﬂ\a}ﬂ;\é?mg
WKH EHVW VLWXDWLRQ IURP WK wi R Jeit @%UZLVH F

FRRUGLQDWHG LQGH[ > @ FKRRVLQJ WKH RSWLPDO VROXWLROQ

— saw DELOLW\ WR FRQVLGHULWWUMBULD C
| HYDOXDWLQJ RSWLRQV DQG FUHDWI
DFKHHWKH EHVW RSWLRQ WKURXJ

— aw FRPSDULVRQV > @
O I )X]]\ $QDO\WLFDO +LHUDUFK\ 3URFH

L MOORA $+3
2 [ ToRsS 7KH 1HFHVVLW\ RI )X]]\ $QDO\WLFD(
H Compromising || — LINMAP 3URFHVV )X]]\ $+3 7KH $+3 PHWKRG
g2 Methods ZLGHO\ XVHG IRU VHOHFWLQJ DQ RSW
3 I MIKOR DOWHUQDWLYHV +RZHYHU LQ WKLV
L coras FRPSDULVRQV IRU HDFK OHYHO DUH S
| [ outranking — QLGRLQW VHIDGHFWRKH EHVW RSWLRG
Methods ‘[ WR WKH JRDO > @ 7KXV WKH DSSOL
PROMETHEE

VRPH VKRUWFRPLQJV VXFK DV
JLIXUBRRODVVLILFDWLRQ RI FRPSHQVDWRU\ PHWKRGV
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X $+3 LV HYVHQWLDOO\ Y\DING QO FULVBKEHFKYQRDV H[WHQW DQDO\VLV PHWK
X ,W H[DPLQHV MXGJPHQWV XVLQJ ™}y HRWURPH®G\)X]]\ $+3 PHWKRG
LPEDODQFHG VFDOH 7KH OLNKDLORY IX]]\ SULRULWL]DWLR

Xx ,W GRHVY QRW DFFRXQW IRU WKH )&PF\NRW\?LQW%V\SWR/H Qy\k]]\ $+3 PH
LQ LQGLYLGXDO MXGIPHQWYV H[SODLQHG EDVHG RQ &KDQJV H[V
x 7KH UDQNLQJ PHWKRG LQ $+DSSURBPROWLYHO\

LPSUHFLVH 6WHS JRUPLQJ WKH +LHUDUFKLF
x 6XEMHFWLYH MXGJPHQWV DV Qﬁ@d*%v WKH VHOHEWLRQ
DQG SHUIRUPDQFH PRNHUWHFLVRRYKLV VWHS OIWHRU LGHQWLINLQJ

VLIJQLILFDQWO\ LQIOXHQFH $+3EJLH1NW©I\NVD DQG DOWHUQDWLYHV RI

DO HDUF PRGHO PXV
ORUHRYHU LW LV ZLGHO\ DFFH}él%/ éDSV\}:IJﬁD IH%LG%(?

MA
DVVHVVPHQWYV RI TXDOLWDWLY L{J BVH &RPSE
VXEMHFWLYH DQG WKXV LPS Ug
FRQYHQWLRQDO DQG FODVVLFD h% %%bﬁ\kﬂ FUHDWHG
DQG LQHIILFLHQW IRUPEPI‘H-IHHW\X/L‘I] B DUH UHVSRQGHG WR XV
SUHFLVH UHTXLUHPHQWYV

+
7R PRGHO VXFK XQFHUWDL HX”\ ﬁnggngg,
SUHIHUHQFHV IX]]\ VHW WKHRU @G VFDOH
ZLWK SDLUZLVH FRPSDULVRQV D J WKH &RQVLYV

$+3 WHFKQLTXH 7KLV FPRORMELIQUHG
%%&Wﬁcgéﬁ/b%VWHQF\ u

WHFKQLTXH SURYLGHY D PRUH D

RI WKH GRIFNVE&REQ@Y V F SDULVR v vaw EH H DPLQHG I\
$+3 LV D WRRFOJLN\U—IBXBEH\[—LRJ_J\/ Q [ Q

DW WKH {
WKDW FDQ VWUXFWXUH FRPSOH[ (ﬁlﬂ
VLPSOLI\LQJ WKH HYDOXDWLRQ V%]?(%PDWL

WR WKH $+3

WKH GHFLVLRQ $0O DOWHUQ

VHSDUDWHO\ IRU HDFK FULWHU 8 de][]l_DléGW\lj
VFDD@G D SULRULW\ OLVW RI J'\)/ p ILQLWLYHO\
FULWHULRQ LV REWDLQHG 7KH K é)&/o I@HU PHWKRG RI
SUHIHUHQFH VAMFODKDHY WKH

)X]]\ $+3 HQDEO HAD BHBYVWRQD Y VLVWHQF\ U%WH &RPSE
PRUH UHDOLVWLF VFRUHV WR DO Q/ﬁ %gég\é%wv "
ZLWK PDQ\ XQFHUWDLQWLHYV & E% FRPSDULVRQ®
PRGHO LV RQH VXFK DSSUR

WR FRPELQH W
RQ WKH GHJUHH R SUREDELOLWb HIBR‘I\:’S@ULVRQQPD'
7ULDQJXODU IX]]\ QXPEHUV O

FUHDWH WKH SDLUZLVH FRPS UVW HQWULHY

SDLUZLVH FRPSDULVRQ PDWUL] qe/ %gl{”:;OQg\ HS(\DN
OHYHO LQ WKH KLHUDUFK\ 7KHQ FK UR
LQ WKH PDWUL[ DUH FDOFXOD [?O X%'B%V Vd_'JWHLJKWV 8VLC

OHPEHUVKOQEWLRKQIWK UHSUHVH [

O\V v KR
DYHUDJH ZHLJKW FRUUHVSRQGL HEQWKH vw
WKH UHOHYDQW PDWUL[ DUH FDgf hE F F w LVLR

XVLQJ WKHVH YDOXHV
7R DSSO\ WKH SURFHVV EDVHg Ii\'%%dg@%y OHPD%JLF\/l\(/K Q FULWHULD T
DFFRUGLQJ WR &KDQJfV H[WH W HWKRG
HDFK FULWHULRQ LV FRQV@WL@JD@P@ﬂW]Hm:RLVLRQ ODWUL]|

FULWHULRQ WKHLNUPWBVUXBRGILIRY XPEHU RI FULWHU
IX]]\ DQDO\WLFDO KLHUDUFK\ SURKH V\MKMXH%gv LRO RI DOO DOWH

XVHG TRUWEZ@LJBEQG UDQNLQJ Wlﬁ L WYlgW B Y W:kIB!éHFLVLRQ PDWUL[ LV
DOWHUQDWLYHV LQ WKH VWXG\

7KHUH DUH WKUHH PHWKRGV IRU FDOFXODWLQJ ZHLJKWYV
LQ WKH )X]]\ $+3 PHWKRG
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fs. &5 8 s Z 2z 3

¢ | 65 fes ? i6|j
S .| WULDQJXODU IX]]\ QXPEHUV DUH
tks fke @ FRPSRQHQWNKH ZHLJKW RI WKH FULW!

1 WULDQJIXODU IX]]N - QXPEHUY Gm"ﬁbu)é\éﬁﬁ Z , +RZHYHU LI

[iw Do & ZKHqHUHSUHVHQWVWJ’Y}@H]RLGDo IX]]\ QXPEHUV DUH
SHUIRUPDQFMKRD OWKIHU Q DWR Y H FRPSRQHQWN RLOO EH GHILQHG D
ZLWK UHVSMEW FUR WHKUHL R @ z. 7.7 .7
+RZHYHU LI WUDSH]RLGDO IX]]\ QXP\EEHVG%% \Zb\ﬁ'?ﬁURxs FRQVLVWYV
[lw DuE K ZKHYMHSUHVHQWYHWEHUYV DQG WKH IX]]\ WBONLQJ R

SHUIRUPDQPRMHKRD OWKHUQDWR YH CHFLVDR®U LV H[SUHVVHG

ZLWK UHYV SWHWFWRWWKH R Q Z un wé v RPVHG RQ WULDQJIXODU

1 WKH GPBNYDRQJURXS RRQVEYWEFHRY WKHQ WKH FRPELQHG IX]]\
PHPEHUV DQG WKH IX]]WWIQNLQYIMRYLORKH,Z FDQ EH REWDLQHG XV

GHFLWDR®U LV UHSUHVHQWHG EYTW B WL &EXODWYRIX]]\
QXPEHUY,P® i F WKHQ EDVHG RQg ¢

WKH FRPELQHG IX]]\ UDQNLQJ 'fFULWHULD
[Lw D,LE & WKH DOWHUQDWLYHV BDQ  EH

FDOFXODWHG XVLQJ HTXDWLRQ ‘WR ¢
:UL/tE,lzl“J\_ S‘_]L/f-llSY_l.

At o
sy LY 1 WKH GPIBNYDEQURXS FRQVLVWYV RI
PHPEHUV DQG WKH IX]WKDQNLQJ RI W

GHFLFDR®U LV H[SUHVVHG DV
Zuw Z wZ A Znw ERYHG RQ WUDSH]RLG

D(’QIGWWKKHH ?Qﬁ%“é%‘a\@@wu'“ﬁ%ﬁﬁmwv\}xn\ QXPEHUV WKHQ WKH FRPELQHG |
[+ RCH Ve | WK H EYLWHALEY ,Z FDQ EH

H[SUHV\VHG DV ( EDVHG R
[ VG Lk B EWDLQHG XVL%J HTXDWLRQ W R
IX]]\ WUDSH]JRLGDO QXPEHUV WKHQ WKH FRPELQHG

IX]1\ UDQN[QJI D E F IRU wkH St b/E IS
RSWLRQV FDQ EH REWDLQHG XVLQJ HIXDWLRQ WR
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VKRZO LO HTXDWLRQQQ L LODULW\ WR ,GHDO 6ROXWLRQ
WKLY VWDJH HPSOR\V OLQHDU VEDOH



O0RQMHWLD O -RXUQDO RI OLQLQJ (QYLURQPHQW 3XEOLV

FRQYHUW WKH VFDOH RI YDULRXWHUFHIIRWHUMDK H Q@WRFMOHG I1X]]\ GH

FRPSDUDEOH VFDOH LV REWDLQHG DV HTXDWLRQV DQG
.| WULDQJXODU IX]]\ QXPEHUYV DpH XVHG, WKH
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H)LQGLQJ WKH )X]]\ ,GHDO DQG )XJIKM®WSWLRQV LQ HTXDWLRQV DQG
,GHDO 6ROXWLRQ FRPSOHWHO\ EHWWHU DQG FRPSOHWH

7KH IX]]\ LGHDO DGG DX] N AW RV FWLYHOL
DUH REWDLQHG XVLQJ HTXDWLRQ&DORGODWLQJ WKH GLVWDQFH IURP

UHVSHFWLYHO\ DQG DGWDO VROXWLRQ
UL R R @ B 7KH GLVWDQFH Rl HDFK DOWHUQDW 1
LGHDO D@GE D@WROXWLRQ LV FDOFXOL
#2L B B, 8 B IROORZLQJ HTXDWLRQV
KHUH WKH E[BlN/RvQ\amDmFLSWLRQV,bQG L et

2 a .
WKH ZRUVW YDOXH RI FULWHULRQ LIDPRGX DODG RSWLRQV DUH
GHWHUPLQHG 7KHVH YDOXHV DUH REWDLQH RP WKH

G
IROORZLQJ HTXDWLRQ I Lct 3
<t &
L<t &

. Lstdl LT A TR
RLISRo ey g . o 2

:KHUH LV WKH GLVWDQFH EHWZHHQ |
NTATTRLE QXPEHUV ,1 WKH WZR IX]]\ QXPEHUV D
CEIRROe et g WKH GLVWDQFH EHWZHHQ WKH WZR Q)
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, I WZR IX]]\ QXPEHUV DUH WUDSH]RLGDO WKH
GLVWDQFH EHWZHHQ WKH WZR QXPEHUV LV HTXDO WR
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W VKRXOG EH QRWHG WKDW W
GHILQLWLYH

J &DOFXODWLQJ WKH 6LPLODULYV,
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K 5DQNLQJ WKH 2SWLRQV S

$W WKLV VWDJIJH EDVHG RQ WKH VLPLOWMDHEDWY KXY *RPIGHOLQH
RSWLRQV DUH UDQNHG VXFK WKDW RSWLRQV ZLWK KLJKHU

VLPLODULW\ LQGLFHV DUH JLYH%ﬁéggﬂp\jéJ@Lw%ldH@\vaHYuD\yVLVSSHRLIYVQ*E';XGF

&DVH 6WXG\ WKH FRQIOXHQFH RI WKH WZR VWUHDF
% BOXIOIDD KL PLQHV LV PHWHUV

DOG

7KH DUHBRKHRIJROG PLQLQJ SH% kW B8BYDWLRO DW WKH SHDN
FRQVWUXFWLRQ RI WKH =DUVKXYRQWGHCoH Iﬁ&g SPPAW W HOH:
LV ORFDWHG NLORPHWHUV QR WK ‘FdNVES?EHuﬁLJWﬁe I VOONRBEW %DOoTLY

LQ :HVW $]JHUEDLMDQ 3URYLQFH g, NLORFPHWHW ZHYW Rl ' 5REDWH-C
WMM%%@%%\’AH

=DUVKXUDQ DQG VRXWK RI WKH Y RI WKH GHSRVL)
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8SGDWLQJ WKH WRSRJUDSKI :

PLQLQJ DUHD

%DVHG RQ WKH ODWHVW VXUY
WKH JHQHUDO PDS RI WKH PLQH
VWHSY DQG DFFHVV URDGV WR C
XSGDWHG ZKLFK FDQ EH VHHQ
RUGHU WR DFFXUDWHO\ H[DPLC
VSHFIRODAMDWL WKH PLQLQJ VWHS
LPSOHPHQWDWLRQ WKH VWDWX
JLIXUH $OVR WKH JHRPHWUL
FXUUHQW WRSRJUDSK\ RI WKH
7TDEOH
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JLIXUBSGDWHG JUDGH EORFN PRGHO RI WKH =DUVKXUDQ JROG

7TDEOBRGLILFDWLRQV LQ WKH JUDGH RI HOHPHQWYV RQ WKSEPDLQ JHRORJI
7\SH 8QLWOLQLPXPOD[LPXP $YHUDJH

$. SS
$. SS
$ SS
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JLIXUHDWHVW VWDWXV RI WKH PLQH WRSRJUDSK\ DFFHVV URDGV DQG E

'‘DWD &ROOHFWLRQ DQG ,QWHUBBHHWIWLR@® WKLV ILHOG ZLWK VH’

30DQQLQJ IRU PLQH UHKDELO RO 0 & T ER SUEYE R LSS

DQ DSSURSULDWH UHKDELOLWD 8 Cyp Hé’é\‘ C kR RO,

YDULRXV IDFWRUV UHODWHG g E% v HUHILRO W
W VANALu:

VXUURXQGLQJ HQYLURQPHQW RY ZHUH
DFFHVV URDGV DQG PRUH 7KH LEDO FULWH!
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7TDEOBKDUDFWHULVWLFV RI WKH ([SHUW 3DQHO ,QYROYHG LQ W

YHDV "HVFUL
1XPEHU RI
J)LHOG RI OLQOLQJ (QJLQHHULQJ (QYLURQPHQWDO 6FLHOQF
<HDUV RI (] %HWZHHQ _WR___\HDUV RI HJ
-RE 3R 8QLYHUVLW\ 3URIHVVRU OLQH ODQDJHU (QY
(GXFL 3K _ODVWHUYV GHJUF

,Q WKLV VWXG\ ZH HPSOR\ D K\EULG DS S W,
3 Lo SRR, 8 KIS ASABSEMAY qunovi, s
KLHUDUFK\ SURFHVV )$+3 IRU GHWHUPL QIWWES ENR¥WNivy poc wkH
UHKDELOLWDWLRQ PHWKRG )LUVW (i ERLAERR HOWMURS\WEMVHPY > @
XVHG WR FDOFXODWH WKH REMHFWHFSHUEDWXKWY FRIQ WKFLW SODQW J
FULWHULQD WBWHGLRWULEXWLRQ RI SIORWRYWEWDHE\SDQHO SHUIRUPDQF
UHGXFLQJ WKH ELDV WKDW PLJKWFBQVVGHUDR/RRXIRKWOWKHVYDUVKXUD!

VXEMHFWLYH MXGJPHQVBEWHULNMG W KHRFR VHRW PR WHPSHUDWXUH YDULEL

ZHLJKWV DUH LQFRUSRUDWHG ,L@WRyxp¥KH RISERQQULWD WULWHULRQ

IUDPHZRUN ZKHUH IX]]\ SDLUZLVH IERBEPWbBYRQVHEVHY WKH SRWHQWLE
H[SHUWV SURYLGH WKH DLQ\WBUQIDQWILIMRDWLRQ D NH\ FROVLGHUDWLRC
7KLV V\QHUJ\ FDSWXUHV ERWK WKHRRBEWHRAWILYHE XOBWD @ 7KH =DUVK.
GULYHQ SHUVSHFWLYH IURP 6KDQQWRHEROWHRS\ DIXQ@ QVKGD\V SHU \HDU
VXEMHFWLYEHWDVHESHUQWLIKW IURP Y$PELOLW\ RI VRODU SRZHU

XOWLPDWHO\ HQKDQFLQJ WKH UREXYWRH WY ¢RQE WHRBEDELLQBYSELoJ 30
RI WKH GRHI-INVQRQURFHVYV 6RLO TXDOLW\ LQFOXGLQJ QXWULHQ\
WH[WXUH DQG FRQWDPLQDQW SUHVH

&ULWHULD 6HOHFWLRQ DQG -XVWGHWBDWILRQQW RI VXFFHVVIXO UHYHJ

0] J DFWLYLWLHYV RIWH GHJI
7KH VHOHFWLRPQ RL @GIHFUNVWRIQ LD L H%}'I-ﬁ}'\yLWDWL 3 DVVHVVPHQ(\?V DQG

VWXG\ ZDV EDVHG RQ D FRPSUHKH@VdW R ¥bbw RUWDEOLVKPH
SUHYLRXV VWXGLHV DQG H[SHUW RSLQLRQV LQ WKH ILHOGV R

G
PLQLQJ DQG HQYLURQPHQWDO H®J& QHHUWBIFH JURHUWKH 6LWH WR
VXFK DV DLU WHPSHUDWXUH WKH Q P\ Vel

Q—va)@ \_%\%ﬁa LBPW.VWHHDRQ
DQG ZLEHHG ZHUH LQFOXGHG GXH %ﬁ%ﬁ@ 8o VrFLoo Lps
P

LPSDFW RQ UHQHZDEOH HQHUJ\ RSWUHQVY, % & 0 riT oy
ZLQG SRZHU SODQWV 6RLO FRQGLWEREW MHEOXRWSRRU VRFLDOOY |
FRYHU DQG DQLPDO VSHFLHV ZHUHFBRQYUGGHUHG FUXFLDO

IRU HYDOXDWLQJ RSWLRQV VXFK DV _DJULFXOWXUH
SDVWXUHODQG DQ G UHH\FWQBDMI:L‘?QQ 7RSRIJUDSKLF , URSRIODS KW\
Q

$FFHVVLELOLW\ DQG GLVWDQFH IURF QY GH, %@ D VANASKS

ZHUH DOVR LQFOXGHG WR DVVHEVS [ ROY Ho UHTXLUHY

UHFUHDWLRQDO DQG WRXULVP IDFLEOUWKIRUNYGRUWKRRPRPR0 UHKDEL

FRVW DQ HVVHQWLCPR®DNDBWRIEDNQ GHFLVLRO

LQGLUHFWO\ DQDO\HG WKURXJK ULWHUHWBWYKEKHBYLWY LQ WKH §

IQDDQFLDO UHVRXUFHV DQG HFRQRP U%L ¥ \y'VWR@\H‘ Y'L*JJ';‘\’/V\%’VVLVRL

7KH VHOHFWLRQ RI DSSURSULDW ,Jr% Iﬁ, FOUXELED

IRU  HIIHEWLFWL WHNXQW P NV LR Q L G LFDO UHVA

VXUURXQGégJ YHIJHWDWLRQ GHQVLW\

0&'0 LQ PLQH UHKDELOLWDWLRQ @ NHOGKRREELRM VXFFHVVIXO HFRORJL
VWXG\ HPSOR\V W&Q FWIRVHQL DR U&

WKHLU UHOHYDQFH WR WKH HQ¥EyRDBIGWD ol QGRGHIEIEL WHULRQ LY
HFRQRPLF DQOVWHFWYPRRGRVW HYV Q\WJLDO IRU HYDOXDV&S;V\VA‘{’@ It
ODQG XVH DW WKH =DUVKXUDQ *ROG SLOH GV D YA
HVWDEOLVKHG SULQFLSOHV Rl VXVWDyRBED 5%3%69 R UET A At
7KHVH FULWHULD HQVXUH D KROLVWLF HYDOXDWLRO

FRQVLGHULQUSHRWEKFVEWBIUDFWHULGEWUIFEHYOBRIGEQLPDO 6SHFLHV SURXQG

EURDGHU VXVWDL@E\LmqmoJrRDRJU/r@E)ﬁ:RO IDXQD UHIOHFWV ELRGLYHUV
FULWHULRQ LV DV IROORZV RWHQWLDO IRU KDELWDW UHVW!
UHKDELOLWDWLRQ VKRXOG PLQLPL]H
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RQ ZLOGOLIH DQG ZKHUH IHDVHEOB® XPWHDQUH KBRIORIJWNFNDO VXVWDLQ
WKDW VXSSRUW QDWLYH VSHFLHUUVHDUFK RQFH PRUH UREXVW HFRQ

x & $FFHVV WRewWKH PEWHVVLELBEWKHYVYLEOH DQG EURDGHU VWDNHKR
FUXFLDO ORJLVWLFDO IDFWRUFR@@XHWHG) WKKH¥RVWHFRQRPLFE L
HIILFLHQF\ DQG VDIHW\ RI UHKEB@\LW\GDHNLJ_IRWLRQV PD\ EH LQFRUSRUL

X & 6L]H DQG 6KDSH RI WKH OLQ ELVWDN@H[FSB_S/URQFK

SK\WLFDO GLPHQVLRQV DQG FRsoII% €R§D-%:§/L% H(';SLRQ?DQEWOY_' RI
PLOH LQIOXHQFH WKH VFDOH \ R = Q
IHDVLEOH UHKDELOLWDWLRQ RSWLRQV
$OWKRXJK WKH VLJQLILFDQFH RI FRVW UHYHQXH
SRWHQWLDO MRE FUHBMRGRPLFQG RWKHU VRFLR
IDFWRUV LQ D FRPSUHKHQVLYH PLOQH UHKDELOLWDWLRQ SODQ
LV IXOO\ DFNQRZOHGJHG WKHVH FULWHULD ZHUH QRW
LOFOXGHG LQ WKH ILODO DQDO\VLV IRU WZR SULPDU\
UHDVRQVR JUHUWDE®H RU VXIILFLHQWO\ GHWDLOHG
GDWD ZHUH DYDLODEOH WR HVWLPDWH WKH DFWXDO FRVWYV DQG
ILODQFLDO RXWFRPHV RI HDFK UHKDELOLWDWLRQ
DOWHUQDWLYH 5RXJK HVWLPDWHV ZRXOG KDYH
LOWURGXFHG FRQVLGHUDEOH XQFHUWDLQW\ LOQWR WKH PRGHO

DQG FRXOG KDYH ELEHWHR® GVKWKBIHVXOWYV
VFRSH RI WKLV VWXG\ ZDV UHVWULFWHG WR HQYLURQPHQWDO

DQG WHFKQLFDO IHDVLELOLW\
COIRUPDWLRG QG WK RYHUDSERE BT il o« et Siw

7DEOAHKH PDLQ FRPSRQH@WW LR} IGIHRRLHYRQ@QXDWLQJ PLOH UHKDELOLWDWI

6 WUD &ULV

5HVWRULQJ WKH OD« $LU WHPSHUDWXUH L

S5HIRUHVWDW 1XPEHU RI V

&ORVLQJ WKH PLOH DQG 6RLO FRQGLWLRQV L

&UHDWLQJ UHFUHDWLRQC 'LVWDQFH IURP WKH VLWH WR GF

(VWDEOLVKLQ 7TRSRJUDSKLF

$JULFXOWXU 9HJHWDWLRQ GHQVLW\ LQ WK

OLQH FORVXUH DQG FRC $YHUDJH ZI

B AR AR B R B

'HYHORSPHQW RI V 7\SHV RI DQLPDO VSH

$FFHVV W

Ro (R0 | R0 |Ro (R0 | R0 Ro|Ro|Ro (R0

6L]H DOG VKDSH |

,Q IDFW WKH FULWHULD DQG RFPRULROASEAGH QAR WUREGRPH X DULDEOH
&RQVHTXHQWO\ WKH PLQH UHK DELREMUDMWUILRQJHQI WRHF W W XBRZ WR KL
DLPV WR DFKLHYH REMHFWLYHV ¥KH KHDYORXDWIFRQL@®J WKH SURSRVF
QHJDWLYH HQYLURQPHQWDO LPSWERQYV ZD\QEFPDYHEGI RQ WKH RSLQL
QHJDWLYH VRFLDO LPSDFWV PLRILPEH. G SHUKD\E LIDQ & DMKHR D QD O\V LV
FRVWV [RPG]LRD ILQDQFLDO LQRRWKGIURP WKH

UHKDELOLWDWLRQ VWUDWHJ\ ,Q BIKNMHUVIWEGL QW R XMO & KRK WXWKWLRQ
TXHVWLRQQDLUHV D IX]]\ VFDRISLODRRQIWRMUBHEDWRG RQ WKH IX]]\
H[SHUWV LQ WKLV ILHOG EDVHB[RQUMKLFKOQSIEF RXW/L WIGH TXHVWLRQ
RSLQLRQV UHJDUGLQJ PLQH UHBEBIHO L WWDKMHL RQS HRBMM. GV HUPLQHG
ZHUH H[SUHWDHH ZXLWKRZQ LQ MERKHFUISWHULRQ IRU HDFK RSWLRQ E
FDQ EH VERQQW VFDOH KDV EHHWFBOHSDUHG IRU

WKLV SXUSRVH ZLWK YDOXHV UDQJLQJ IURP WR 7KH
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,Q WKH ILJXUH DERYH ZKHUHHWHUWYXPEMDWHGWKH LPSRUWDQFH
ZULWWHQ IRU H[DPSOH LW PHDRY WKBWR X HVKHRSWLRDGDY KLJK
FRPPRQ RSLQLRQ )RU H[DPSOH,QLWKKM RH[WLUWWS GHMNHF DLQHGLDD P
FULWHULRQ WKH H[SHUWV VW RWHKG UWKRN QXOERHED POMDRUPDOL]HG
FROXPQ + IRU WKH IRXUWK RSW LRRU PTIXQ V] iDAUNOXBEREQY W Q 7DEOH

7DEOMXDQWLWDWLYH PDWUL[ LQ 6KDQQRQ HQWURS\ PHWKRG

4XDQWLWDWLYH
ODWUL[ & & & & & & & & & &

ARk AR AR AR AR o aR s

7

W)

EOHQHDU 1RUPDOL]JDWLRQ RI WKH ,QLWLDO ODWUL[ 9DOXH

1RGLPHQVLRQBDOAQHDY

& & & & & & & &

P A PP |B| PP P

*LYHQ WKDW WKH QXPEHU RI FURBWRVYLOG HOMHG WKH WRBXH RI WKLYV
YDOXH RI WKH . FRHIILFLHQW L VHED/OWFR®\D WHGDMWHIR QWCRRZMDFK FULWHL
c GHYLDWLRQ DQG WKH QRUPDOL]HG

— Lrvzr FULWHULRQ DUH GHWHUPLQHG LQ 7DE

L—<
Z

NI

7TDEOHOQWURS\ YDOXHV IRU HDFK FULWHULRQ GHJUHH RI GHYLDWLRQ DQG

&ULWHULRQ & & & & & & & & & &

(QWURS\ RI HDFKMQGH]

'"HYLDWLRQ GHJUGIM

1RUPDOL]HG ZHLMW

JLQDOO\ EDVHG RQ WKH UAHOADWWYRI HDHKIKWNVWHULRQ ZDV FDOF
GHWHUPLQHG IRU HDFK FULWHUEBROE\ H[SHUWV WKH ILQDO

/TDEOHRDOFXODWLQJ WKH ILODO ZHLJKW RI WKH FULWHULD
&ULW & & & & & & & & & &
5HODWLY

M

%DVHG RQ WKH UHVXOWYV REZHDU®MG ZKWKAHH WHKYHH QW RWK FULWHUL
FULWHULRQ $YHUDJH :LQG 6SHGHGVH KDWD W MK KK IOIKAHNYWN ZHLJIKW
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5DQNLQJ RI 5HFRQVWUXFWLRQR35Q/LLFR@\X/ ZHUH LQWHJUDWHG DQG Sl

$V PHQWLRQHG LQ WKLV vVwxg RZV v I>I(_]Q]\LRP(

ZDV XVHG WR VHOHFW WKH EHV gﬁ : %}&M\yl Lo
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