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$UWLFOH ,QIR $EVWUDFW

SHFEHLYHBUXD U\ ,Q RSH® PLQLQJ EODVWLQJ RSHUDWLRQV RQH RI WKH
SHFHLYHG LOQ 5HY$S/lH|IGOIFELP§’VW EH FRQWLQXRXVO\ DQG SUHFLVHO\ PRQLWRUHG DC
EUHDN FDXVHG E\ WKH EODVWY 7KLV SKHQRPHQRQ FDC
$FFHSWBG FROODSVMRHPXQSPHQW LQFUHDVHG GLOXWLRQ UDWHYV
3XEOLVKHGORQOLQH FKDUJLQJ RSHUDWLRQV LQ VXEVHTXHQW VWDJHV 7KH RE
DQG RSWLEWUMHDEDENFRPELQLQJ VWDWLVWLFDO PRGHOV Z
)$ JRUSWA\KSRVH D GDWDEDVH FRPSULVLQJ GDWD IURP
VHFWLR@®*RKDRIO,URQ 2UH OLQH 1R ZDV FRPSLOHG S$IWH
‘2 MP H LQSXW SDUDPHWHUV LQFOXGLQJ EODVW KROH OHQJWK |

_H\ZRUGYV GHOD\ DQGRILXREHWVN LQ WKH ODVW URZ ZHUH LGHQWLI
oDVWLoo PRGHOLQJ SURFHVVE URDSIUHPRIGHO EQF DV SHUIRUPHG X\
° Q UHJUHVVLRQ DQDO\VLV $PRQJ WKH GHYHORSHG PRGHOV
%DENHDN ZLWK LQRVMHJHU FR HBIHICF IZH @ W VDBRDGMXVWHG FRHIILFLHQV
*REIRKDU PLOH ZDV LGHQWLIISH® IRV RMKH PHRGWI O DQG ZDV VXEVHTXH
REMHFWLYH IXQFWLRQ LQ WKH )LUHIO\ $OJRULWKP 7KF
FDUULHG RXW XVLQJ WKIWRDWERUILVQIGR Q$¥FRIU @/IKQY UH\

0OXOWLSOH UHJUHVVLRQ

JLUHIO\ DOJRULWKP LPSOHPHQWDWLRQ RI WKH FXUUHQW RSHUDWLRQDO SD
RSWLPL]JHG SURSRVHG SDWWHUQV UHVXOWHG LQ D UHGX
EUHDN GHFUHDVLQJ LW IURP PHWHRXY FE&HWHHVYXDW

GHPRQVWUDWH WKDW WKH )LUHIO\ $OJRULWKP LV D KLJ
PRGHO RSWLPL]DWLRQ DQG D PRAUWHDRNXU R MWH DESSARMDNF KR
WKH SRWHQWLDO WR VLIJQLILFDQWO\IHRIXWNDRIG WKB XHHLF
RSHUDWLRQDO FRVWYV

,QWURGXFWLRQ

%ODVWLQJ RSHUDWLRQV DUH FRIQN\DL GM\EH.G [DO/OR QH[WHWE&M EH\RQG

SULPDU\ SURFHVVHV LQ VXUIDFHFPYRWQR Q D@L LW H$V BDUFBKRVHTXH:
ZLGHO\ XVHG LQ WKH H[WUDFWLRB8DRIVPMWFRH VB ®HUD®RREFHHMWLRQDO F
+RZHYHU PLQHV WKDW UHO\ RQ \ERBD \V.\PVYIDIERLD HW WRD FALIQRQZDOOV S|
RIWHQ IDFH FKDO OHBUHDNMXRODNFEDENU\ LQDGHTXDWH URFN IUDJP
JRKDURWUHRPLQH 1R LQ 6LUMDQUHNGQ@RWIHRRSMWUBNO HIILFLHQF\ RI GU
ZKHUH RQH RI WKH PDMRU LVVEG®IVVWEXQ IS HQDBWRIPN D P 0 HVYDW K
RSHUDWLRQV LV WKH RFBRBNHQFFHFRUEMGENRWDUROURQ RUHJHWLQH 1R

BEJHDN UHIHUV WR WKH JRQH ORFDMRZAR BHX LIQIX WK H FIRQPRQWRZR O DQ\ S
RI EODVW KROHV ZKLFK XQGHUWMMWWHSLQWWRGOMIGRURXJIJKO\ XQGH
IUDFWXULQUJF DRIMQELESEBDWR WKPHRKHYMWPN DQG WKH IDFWRUV LG
SURSDJDWLRQ RI FUDFNV DQG RFFRKWXHBAV¥HLBEFRWGLEAJO\ QXPHURX
VKRFN ZDYHV DQG H[SORVLYH HHHY FRQ&XBWHBWEG UHVHDUFKHUYV

E&RUUHVSRQGDQBED/XWK.RRDLO FRP $ .KDMRXHL 6LUMDQL
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SDUDPHWHUV WKDW ERM® NLP BOWIVO VEDIFNG VDZGXVW BRHGAFHV WKH \
ILQGLQJV RI WKHVH VWXGLHV HBOREDMH VWK DWR YELWPLRYOW O\ ,YHUV |
IDFWRUV FRQWULEXWH VER MDA\ WRHXEBOBYWH GRDPEDIFHN UDQJH FDXVHG |
7KHVH IDFWRUV FDQ EH EURDGO\[FORVIVYHLAGDUQWR WRGHGHPRQVWUI
PDLQ FDWHJRULHYV *HRPHW U LFK S D UHD FFHRW B O Y QUHIDW BEFUHDVH WK
WR WKHRGKMAMKH EODVWLQJ SDWWHWHDN >3 @RSBUWMKHWEKLUEDWRXS %K
RI WKH H[SORVLYH PDWHULDOV IDRRR JHEK-TRMOF WRB NVWZLIEW KR IKLJK FRP
WKH URFN PDVV DQG LWV GIMWHFRQMOLHXMWUHQIWRKHIH OHVV OLNHC
PHQWLRQHG VWXGLHV HPSKDVLKHROWMYH ARPPSFROLUMIEQ MR RURFNV ZLWK  (
DQDO\]LQJ DQG RSWLPL]LQJ WK I$GH LIVE\R R DD QR FROLRWLIHI® R ILOOHG G
EDFENUHDN SKHQRMHGDRQJ D IRXQGQWLRVMEWEDMRN FRPSDUHG WR R
LPSURYLQJ EODVWLQJ SHUIRUPBQFHAR QY MKBLQWE KWW -WE8GP XWLOL]HG
VHFRQG JURXSV .RQ\D DQG :DPWRBYHOGIPRR QQ\8 UTRDHF® XGHG WKDW U
WKDW D KLJK VWLIIQHVEUWDN LIRQ UHHE XFHHDWBBNWKDQ WKH IULFWL
YXUWKHUPRUH LQFUHDVLQJ WKFRQWH®PRUBG WRHFNRQHWKH PRVW VLJ
DQG WKH OHQJWK RI WRB W W R PHRRQIWAR EXREWIDWR> E FNQ WKH UHFHQ
LQFUHDVHEUBDEDFN® *DWH HW QP NWDXWH G HW KIDNMNYKGIRISYH EDFRIGHOV
LQVXIILFLHQW GHOD\ WLPH EHW BHHH@ UFRME D\R NV IQHF SXIG PQ U \P X OWL S OH

FDXVH RIEWBDIFW 7KH\ DOVR |DXQD®\WHKDW @ DUWLILFLDO QHXU
LQFUHDVLQJ WKH QXPEHU RI EOD& W JHRZHW UF VXORVW DLRMHIHW EF @ Q
KLJKHU GHJUEHHRIN EDE@N 6 XEV HTHWIQRGA > @ DQG FRPELQDWLRC

$IKMDQL DQG KLV FROOHDJXHV HPHOR 8 G B WRRUNM DIOMKKW DHDEHH FR
SUHSOLW EODVWLQJ WGEEBRHIXN KH WKW BROHR Q\ DIMEOH W KB HV H Q V@V
EODVW KROHV WRUNMBKNXE BMHHN UHVXOWYVY Rl VHYHUDO UHFHQW V
6DUFKHVKPHK FRSSHU PLQH 6LPHYDQODWILRQIKDYWE& KLY SHUIRUPDQFH
WHDP XVHG FROQWUROOHG EODVWQQGXAFHWKIRGY¥WRUMHY RSAQ WKH SUH
SLW PLQH L QLWIGDMMENY HEDNF N> @RIJDULWKPLF PRGHO DQG WKH ILUHI
%KDQGDUL LQ KLV LQYHVWLJIJEWHRKQW SO RREZG GE RWBLDHNVE RESPHRESIVF N
UHGXFLQJ WKH ERUHKROH SUHVWXUH GIRIAFUWL WHKHSDOWHRHWRUY WR
EDENUHIDNG XFHG GDPDJH :LOVRGKHIDRPRER@ LQ EODVWE*RBEKRWBHUDWLI
FRQGXFWHG H[SHULPHQWY UHYHDQIHQIRWKD®YW ®LBMDMNMXUH RI

7DEOH 6RPH VWXGLHYV KDYH SUHGLFWHG EDFN EUHDN EDVHG RC
SHIHUHQFH$XWKRUV <HDU ,QSXWYV S5HVXOWYV

7KLV VWXG\ LOQOYHVWLIDWHNFUWRN S%W%GCXNIVQRQ RI
IHHGIRUZDUG QHXUDO QHWZRUNV %311 DQG YDULF
0/ PHWKRGV LQFOXGLQJ 'HFLVLRQ 7UHH 5HJUHV)\
/ILQHDU 5HJUHVVLRQ /5 7KH %311 PRGHO ZDV LP
0$7/$% DLW UHVXOWYVY ZHUH FRPSDUHG ZLWK WKRV

o 6 B PRGHOV GHYHORSHG LQ 3\WKRQ 7KH %311 GHPRQ

> @ .DQQDYHQD HW Dl/bi- 3) SHUIRUPDQFH DFKLHYLQJ DQ 586 YDOXH RI ZKLC
WKH '75 DQG /5 PRGHOV ZHUH DQG UHV

$GGLWLRQDOOPRWKE RIXWSHUIRUPHG WKH RWKHU)

SUHGLFWLRQ DFFXUDF\ RI 7KLYV UHVHDUFK KL.

FDSDELOLW\ RI QHXUDO QHWZRUNKEUH@NDFFXUDWHC
DQG HPSKDVL]HVY WKDW WKLV DSSURDFK RIITHUV PRU
UHVXOWYV FRPESDWHER WROWDFKLQH OHDUQLQJ WHFK

,Q WKLV VWXG\GYDVYHEX\RGB®WD ZHUH HPSOR\HG WR
WKH RFFXUUHQHD R IUHKKNOWLQJ IURP EODVWLQJ DF)
JRBJRKDU LURQ RUH PLQH 7KHVH PRGHOV LQFOXGH
5HIJUHVVLRQ 0/5 DQG &RPSXWRWIMRIQIVOV, QRKHOOL J |
DV :KDOH 2SWLPL]DWLRQ $OJRULWKP :2$ OXOWLO
+ ' | % 6 092 6LQH &RVLQH $OJRULWKP 6&$ DQG $QW /L
> @ 6RUDEL HW DOG6W 3) 'H 1$/2 7KH DFFXUDF\RI WKHVH PRGHOV ZDV FRPSDUH
*6, 8&6& LQGLFHV VXFK DV 53 506( 06( 9%) VDQG 0$3( 7KF
LQGLFDWHG WKDW WKH 092 DOJRULWKP SHUIRUPHG
EDENUHDN ZLWK VXLWDEOH YDOXHV IRU ERWK W
GDWDVHWV GHPRQVWUDWLQJ LWV KLJK DFFXUDF\ |
506 ( 06( 9%) DQG
0%$3( IRU WKH WUDLQLQJ GDWD DQG 53
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SHIHUHQFH$XWKRUV <HDU ,QSXWYV 5HVXOWYV

06 ( 9%) DOG 0$3( IRU
WKH WHVWLQJ GDWD PDNLQJ LW WKH VXSHULRU
UHYHDOHG WKDW WKH EODVW KROH VSDFLQJ EXU
BWUHQJWK ,QGH[ *6, KDYH WKH PRVW VLJQLILFDQ\
EDN SKHQRPHQRQ ZKLOH WKH SRZGHU IDFWRU Gt
FRQGLWLRQ KDYH D OHVVHU HIIHFW RQ WKLV SKHQ

,Q WKLV VWXG\ D K\EULG PRGHO EDVHG RQ ;WUHP
*% LV LQWURGXFHG IEUHDUMNH&VEQL QU OE\D ARNO |
2SWLPL]DWLRQ *:2 DQG 3DUWLFOH 6ZDUP 2SWLP
$GGLWLRQDOO\ WKH K\EULG PRGHO V YDOLGDWL
FRPSDULDUWKWYDULRXV PHWKRGV VXFK DV ;*%RR
([SUHVVLRQ 3URJUDPPLQJ *(3 5DQGRP )RUHVW
0OXOWLSOH 5HJUHVVLRQQHIBU IX®@AWLBQH 5HIJUHVVLEF
% 6 67 .+1/05 7KH UHVXOWYVY GHPRQVWUDWH WKDW WKH K\

> @ IDEDYL HW DO 5y g %% ZLWK 53 506 ( ( 0$9%)
DQG;*¥2ZLWK YDOXHV RI DQ
VLIQLILFDQWO\ RXWSHUIRUP RWKHU PRGHOV
ZLWK YDOXHV RI DQG *(3 ZLWK
DQG5) ZLWK YDOXHV RI
DQG /05 ZLWK YDOXHV RI
DQG DQG 1/05 ZLWK YDOXHV RI

IRWDEO\ ;WKHKWEDLG PRGHO H[KLELWYV D VLJQL
RYHUDOO SHUIRWP DH) RH IDGEHVR R Gt @

,Q WKLV VWXGD\HU PPHWHSWURQ DUWLILFLDO QHX
0/3%$11 ZLWK DDUFKLWHFWXUH DYRWQIDIMNHWK VL[ PX
VWDWLVWLFDO PRGHOV ERWK OLQHDU DQG QRQO
UHGLFW WKH SKHRRPBRQRQ EOEVWNQJ RSHUDWLR(
LQGLQJY UHYHDOHG WKDW WKH DUWLILFLDO QHXU
FRHIILFLHQW Rl GHWHUPLQDWLRRQG HUURU

PHWULFV LQFOXGLQJ 0$' 06 ( 506 (

0$3( GHPRQVWUDWHG VXSHULRU SUHGLFWL"
ORZHU HUURU UDWHVY FRPSDUHG WR WKH VWDWLVW

+ % 6 3)

> @ 6LUMDNDO + 8&6

,Q WKLV VWXG\ VL[ 6ZDUP ,QWHOOLJHQFH 2SWLPL]L
(/0362 (/92$ (/0:2% (/0/2% (/062%
(/0 663 ZHUH HPSOR\HGUHPM %H%N SUHGLFWLRQ
LQWHJUDWHG ZLWK D GHHS OHDUQLQJ PRGHO 7KH
(/0 /162 PRGHIOEHYWHG WKH EHVW SHUIRUPDQFH LQ SU|
EUHDN FRPSDUHG WeR2WK H LR\VBKMRIGH® Y (/0
6' 6 % + 70 )2$ (/0:2% (/062% DQG §6G )RU WKH
3) (/0 162 PRGHO GXULQJ WKH WUDLQLQJ SKDVH WKH
5 53 9%) 03%( DQG 66(
ZKLOH LQ WKH WHVWLQJ SKDVH WKH 506( :
58 9%) 0% ( DQG 66(
7KHUHIRUH WKH DSSOLFDWLRQ RI VZDUF
RSWLPL]DWLRQ 6,2 DOJRULWKPV MURYHV WR EH
VROXWLRQ LQ HQKDQFLQJ WKH SHUIRUPDQFH RI WK

> @ /L HW DO

7KLV VWXG\ GHYHORSHG WZR 5§\DQICG 6R$PRGHOV +-
5) DORQJVLGH WKUHH FODVVLFDOHPRGRARON IRU SUH
SHUIRUPDQFH RI WKHVH PRGHOV ZDV HYDOXDWHG X
506( 9%) DQG 53 7KH K\EULG 5) PRGHOV SDUWLFX
)y PRGHO GHPRQVWUDWHG H[FHSWWRR®O SHUIRUP
UHGLFWLRQ )RU WKH WUDLQLQJ GDWDVHW WKH F
506( RI 9%) RI DQG 58 RI YRU W
WHVWLQJ GDWDVHW WKH FRUUHVSRQGLQJ YDOXH
506 ( 9%) DQG 53 7KH UHVXOWV LQ
WKDW WKH K\EULG 5) PRGH R ¥ WAL BHI® IFROLCPVHVGL MDKCH ¢
PRGHOV

> @ =KRX HW DO

7KLY VWXG\ XVHG DQ $UWLILFLDO 1HXUDO 1HWZRUN
WKURZ DEGEHIDNNDVHG RQ EODVWV DW WKH 'HO

> @ 6DJKDDOW'RURXVKJ7JW6 + 67 B)QH 7KH $11 DFKLHYHG KLJK DFFXUDF\ ZLWK (D
506 ( $ QRYHO $QW &RORQ\ 2SWLPL]DWLRQ $!
URFMRIVEU DQGEEHBBN E\

7KH VWXG\ FRPSDUHG WKH 0/5 UHJUHVVLRQ PRGHO
8VLQJ FRUUHODWLRQ FRHLIGFKHQME PRIGHG®B62
VKRZHG VWURQJHU SUHGLFWLYH SRWHQWLDO ZLWK
UHJUHVVLRQ 5

> @ +DVVDQSDQDK HWtD® 67 3)

8YHG *3 JHQHWLF SURJUEAPLIQJSUIRGLEWERQ LQ
0,
> @ 6KLUDQL HW DO% 6 67 3)6§2%JXQ &RSSHU OLQH *3 RXQWHIHW IRUPWGSORQ
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SHIHUHQFH$XWKRUV <HDU ,QSXWYV 5HVXOWV
SHJUHVVLROQ 1705 3 506( 5%) YV
1/05 506( 9%)

'"HYHORSHGV®HWNLIWH HPSLULFDO EWXHDMMLRQ IRU E
S GLFWLRQ XVLQJ PXOWLSOH UHJUHVVLRQ ORQ
[
> @ 6DUL HW DO % 6 67 3)G RQVWUDWHG HIIHFWLYHQHVY LQ PRGHOLQJ W
SDUDPHWHU YDUEDHIDONNW\ RQ EDFN

7KLV VWXG\ XVHG WKH 690 VBWWHDN WRQSUHGLFW
FRPSDUHG LWV SHUIRUPDQFH ZLWK PXOWLSOH YDUL
95$ 7R HYDOXDWH WKH PRGHOV WKH FRHIILFLH

[
> @ E'SVKBSPDGQHMDG;) * 6'6 DQG OHDQ $EVROXWH (UURU 0$( ZHUH XWLOL
) UHH\DOHG WKDW WKH 690 PRGHO 59 0$(
RXWSHUIRUPHG WKH 095%$ PRGHO 598 0% (

EUHDN SUHGLFWLRQ

% 4 3) 6 87QHZ PRGHO EDVHG RQ 5RFN (QJLQHHULQJ 6\VWHP\

15 '7 DQG HYDOXDWBNELDBK B SHUIRUPDQFH 5 506 (
> @ )DUDPDUIL HW D0505 % %DENJHDN ULVN LQGH[ RYHUEUHRRMUHODWHY WR D E
+$ % ' ZKLOH DQ LQGH] EVKRERYV D EDFN

%XUGHQ % 6SDFLQJ6 6WHPPLQJ 67 3RZGHU )DFWRU 2PPHWORRK' KHABRE®WI R+ KREBH OHQJIWK
1XPEHU RI BRZ8/SHFLILF GULOOLQJ 6' XQLD[LDO FRPSUHVVLYH VWUHQGW®DB&ELPIBWLIIQHVYV UD\

505 EHQFK WORSHKR®H 3QJIJOXHWBRIROH GLDPHWHU UDWLR % ' *HRORJLFDO *QGH[ *6, -RLQW &R
&DVH BWXG\ DQ 6 RULHQWDWLRQ $00 IDXOWV GL
7KH *FRXDU PLQLQJ UHJLRQ DQ/JOd" FoWRRWHU WKDQ ~ GHJUHHYV
DSSUR[LPDWHO\  NLORPHWHUV" 7 \\)0

FLW\ LQ .HUPDQ 3URYLQFH 6WU P
HY HDFK ZL
DUHD LV VLWXDWHG RQ WKH P QJOH RI Wk

6LUMDQ ]RQH DFFRUGLQJ WR 200 R

,UDQ 7KH SUWRDUW\Q IDVK® UHJ DY
SUHGRPLQDQWO\ UHYHUVH ZKL QJE', KEVDIH
DUH DOO QRUPDO DQG DFWLYH \72LGH :
UDQJLQJ IURP D IHZ FHQWLPHW | AU
JLIXUH LOOXVWUDWHYV WKH ID Ddo|17=| WRRO Sl
ERXQGDULHV Rl SUBBLPRQDW D

RI WKLV ILJXUH UHYHDOV WKDW %)8Hvﬁ\>o %M‘%&Fﬂ(ﬁﬁ\g SRLQW |
WUHQG IBRPRVER: ZLWK D IHZ H[KL%\IN L KH" O Low Lg

OHYDWLRQ RI PHWHUV )L

?%%u%ﬁgsgmozﬁw 2
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.-;“' m _— Fault @

Wm

JLIXUH )DXOWV LQHAKKIDSURIDQRI FR O

JLIXUBH YLHZ RI WKH RYHJIRRDUSRIWMQRI IR O

'DWD &ROOHFWLRQ 7R DFFXUDWHO\EBSBHBGS LAWK HEODFRRNJUHOD
Q UHVHDUFK YDU]I

JRU WKLV ZRUN D FRPSUHKRQY Vﬁ%@ﬁ%ﬁ%%& ) SHDUVRO FRUUH
HER YN

FRPSULVLQJ NH\ SDUDPHWHUYV PUDVXUHY WKH

RSHUDWLRQV FROQGRKWH G LLQH 4 ’yl_llr\’ R R WV LY

FRPSLOHG $IWHU FROOHFWLQJ B H@Wifﬁ\w#%ﬁﬁ LDEOHV

VWDWLVWLFV ZHUH LQLWLDOO\ 1% [\_6 H g\@zlv UHODWL
Q

SUHSDUH WIQOHD G\YWY IRWY WKRZQ OFXODWHG XVLQJ (TXDWLRC

e L ENF%:2.F%
o{""Y Z;L

§2:\1?%( 2:2‘?% C

ZKHUH $IWHU FRQGXFWLQJ WKH 3HDUVRC
. &l%P LV RQ WKH FROOHFWHG YDULD

yF HYLDWLRQYRIOKXBIFIURP WKH
S aeon @ I—i;PIEQEUUHODWLRQ PDWUL[ IRU NH\ €
ERUHKROH OHQJWK EXUGHQ VSDFI

TtFT8 'HYLDWLRR YDIOROHFKURP WKH PRBQYQFHY SHU GHOD\ DQG QXPEHU RI K
YDULTBEOH
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URZ ZKLFK ZHUH VHOHFWHG DMFWRH BDGOQQXBENWRI EODVWLQJ UR
YDULDEOHVEURWDWNEDBRMNH GLFWLRQG XSHOWR RXKKLU OHVVHU LPSDFW DGG
VHYHUDO IDFWRUV LQIOXHQFH WK B PRIFAFEXW WDHQG H5 RO E\D ANRPAH EHW ZHH
EUHDN WKH VHOHFWLRQ RI LOSXWLFRUFZEBEBHYL[HDGWRMVY VWXGRHWHUYV
ZDV SXUSRVHIXOO\ IRFXVHGPLODQUHFRWKN UHVSHFWLYHO\ DFL
DIRUHPHQWLRQHG XMLODRHMGI URIWAHRIGHY ZHUH QRW FRQVL@HUHG LQ
GHYHORSPHQW ZKLOH RWKHU )DEXWRUYV WXHKORFDWRIFNQ RI VRPH EC(
PDVV SURSHUWLHY DQG H[SORZKNUH WIS RFEXGHBG LV LOOXVWUL

7DEOH 'HVFULSWLYH 6WDWLVWLFV RI WKH FROOHFWHG G

7 6\PERO OLQLPXP OD[LPXP _ OHDQ 6WDQGDUG 'HYLDWLRQ
%HQFK KF ¥
%XUGH 9
6SDFL( €
67HPPLQ 6
&KDUJH SHU 4

1XPEHU RI KROHV LQ WX#H ODVW URZ

%D EUHD %

7DEOH ODWUL[ RI 3BHDUVRQ FRUUHODWLRQ FRHIILFLHQWY IRU JHRPHW
9DULI + 9 € 6’ 6 4 12+ %

%HQFK KHLJKW
% XU

6SDI

6WHP

&KDUJH S
1XPEHU RI KROHV
% DENHDN

JLIXUH’KH ORFDWLRQV RI VRPH EOD¥WHIINVIKHOQRW A QR QHKWYX HR EPXBIUH G

OHWKRGRORJ\ DQDO\]|H WKH LQIOXHQFH RI YDULR>
6WDWLVWLFDO PRGHOV YDULDEOHVY RQ D GHSHQGHQW YDULDE

9DULRXV VWDWLVWLFDO PRGHOV Y F \
WRROV LQ VROYLQJ HQJLQHHU\}LWQO\TEEJ%;%E%&P@BE\\E@% %@DFNW)L‘QUQEDFN
GLITHUHQW ILHOGY GXH WR WKHL LIK L BSP ELOLW\ DQG

DELOLW\ WR JHQHUDOL]H HIIHFWKNHWXGLQOHPY WHRQEGHNYEHOR O P B b
QRQOLQHDU PXOWLSOH UHJUHVNQRQQRRBBOWWDWEWWYHOD® PRGHOV

EDENUHDN SKHQRPHQRQ DQG VHOHFW
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PRGHO WR RSWLPL]H WKH EODVWR®DYRWFHID@ XVURJIUGBBYLRWHJIHAUWK
VRIWZDUH 7R FRQVWUXFW WKH PRIGHIOM HQWM WEBRGGHVYPRQHQWLDO
ZDV UDQGRPO\ VHOHFWHG IRU PREEGIDOWUDPHQHQEIHDIQJ®@ MKW R WKH PHQ
UHPDLQLQJ ZDV XVHG IRU PREAHOUWHGO KXGWHRE@ARKIEDNNEDVHG RQ
VWDWLVWLFDO PRGHOV LQFOXGXQWLREWHDU UHJUHVVLRQ
SRO\@RPIUHIJUHVVLRQ ZLWK LQWHJIJHU FRHIILFLHQWYV

7DEOH 7KH UHODWLRQVKLSV EHWZHHQ WKH GHYHORSHG PF

ORGHO (TXDWLRQ

/ 5 $IL:Fsyx Ersy:*;Frus :§;Ervti:f;Erzr (5 Evxt:" Fv:3,Errxi:01*;

3 = $SL:tyz Ersw:*;*Frrs ‘$*Errrt 5 Errri:5fEvzw ' Ftu:8; Fzzy' Fsi:01*;"

360 $IL Fw ux Etzw' Fr* ;89 Ftiy{::$;“4° Es  wt: 555 Errrrs :51;¢8 Erst:3;46<

1,& ExIx::01%;“45%"

/IRJ $SL:Fs'ss EszwZ:*; Fex{iH:$;EtyrZ:GELtu Z:5;ErxuH:3;EsusH:01*;

([S $IL":2 Fevx Eexti:* 4 Frrry:$5<C Ertvi 5% ' Errz :550  Ecu 3?7 Errw:01*;“%%"

/LQHDU S5HJUHVVLRQZLWK3RWMARPEDOQWY 3 = 3RO\QR P LD QQWWWHI\W UVFRHIDIORP R GRAID 3600 K PLR Q
/IRJ ([SRQHQWLDO (;3

(YDOXDWLRQ RI 339 BUHGLFWLRGQ WRCHWNJIH (UURU 0$3( DFFRUGLQ.

7R HYDOXDWH DQG FRPSDUH WKH FQQ&’#B'\\/F&'WWSUHVHQW
WUDLQLQJ DQG WHVWLQJ skDWUKH RBYHRXV CvRB W M FOVHG Y DI
PHWULFV ZHUH XWLOL]JHG 7KHVAKPwel @%a6-GHERGVH Wk PHDQ R
&RHIILFLHQW RI 'HWHUPLQODWLRBVHEY HEDVOIG SUHGLFWHG YDOXHYV

(TXDWLRQ WKH 5RRW OHDQ 6 THDHHV(WIR W KFHOB(RWDO QXPEHU RI GC
DV GHILQHGQE\ (TRRWLWRKH OHDQ $EVROXWH
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(YDOXDWLRQ RI 6WDWLVWLFDOWRK IPEGHQVIGKGLRW WVOKH WUDLQLQJ
%DMAENUJHDN $FFRUGLQJ WR WKH UHVXOWY VXPPDU

,Q WKLV UHVEHDMEK SED—FCNLFW[{% '@%QRPLDE ywDWLYWHBHD PRG
'%vi@ Ve WKH FI
HITHFWLYHQHVV Rl WKH PRGHOYV, Hﬁ ]yf VFEA,QE)RL\GV;UFV?/UE
VXLWDEOH PRGHO IRU RSWLPL] I
RY S H é GPBQFNTRI WKH 3RO\
ke

FRQGXFWHG XVLQJ PXOWLYDUL @
@ H
PLQLPLIHEBMBMTXDWLRQV W m %%\'/:\/RHH%H:WQWV Vv
H \Hk RWKHU VWL

VWDWLVWLFDO PRGHOV 7R DV
XWLOL]HG 7DEOH SUHVHQWYV @g



.KDMR X H LHA LDMDD Q L -RXUQDO RI OLQLQJ (QYLURQPHQW 3XEOLV

7DEOH (YDOXDWLRQ LQGLFDWRUV RI VWDWLVWLEDO PRGHOV SHUIRUI

7UDL 7HV\
12 ORGHO 5 506 ( 03$3( 5 506 ( 03$3(
|t
36(1,¢
/R
‘
/LQHDU 5HJUHVVLRQZUWK 3 RBQIRFEICHOWY 3 = 3RO\QRPLDOQQAWDIWUVWLFDO ORGHO

&RHIILFLH 1,& /RJDULWKPLF /RJ

D /LQHDU VWDWLVWLFDO PRGHO

E 3RO\QRPLDO VWDWLVWLFDO PRGHO ZLWK LQWHJHU FRHIILFLH
JLIXUBHDVXUHG DQG SUWEHGAFNWMBOEOHWIRU WKH WUDLQLQJ DQG WHV W]
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F 3RO\QRPLDO VWDWL LQWHJIHU F

G ([SRQHQWLDO VWDWLVWLFDO PRGHO

H ORJDULWKPLF VWDWLVWLFDO PRGHO
JLIXUBRQW

JLUHIO\ $OJRULWKP 8QLYHUVLW\ RI &DPEULGJH 7KLV D
ﬁ VRFLDO EHKDYLRU

7KH )JLUHIO\ $OJRULWKP g%g%gw H%%@ V GHSLFWHG LO

PHWKRG UHFHQWO\ GHYHORSH UFK SURFHVV L\



.KDMR X H LH6/A LDVOD Q L -RXUQDO RI OLQLQJ (QYLURQPHQW 3XEOLV

LQWHQVLW\ , RI WKH ILUHIOLHYD WAL WIXF YOG W RHDOILHM EPHLDUWK D KL

DWWUDFWHG WR WKRVHQALMMKD O@H BIWCHWADFWVDLIRAVH@H VY RI HDFK PHPE!

WKH QXPEHU RI ILUHIOLHV Q D\WZXHOIOIPW WEW HOOXHY RQG WKH IDU
LQLWLDO DWVWWDW WL FWQREY W ROKWHVROYWHUY WKH ORZHU LWV OLJKW

D SDUDPHWHU LQIOXHQFLQJ WK®@RQEKEBEHUNRIULM HHDON LIRQM® EG1 WKH

WKH PD[LPXP QXPEHU Rl JHQHUBWWRQWON UDQGRPKH7KH OLJKW LQW

REMHFWLYH IXQFWLHRQPLQOH® XVMWPMEREEHW. Y GHWHUPLQHG E\ WKH REM

VHFRQG VWHS D ORRS LV GHMMD®)XGH WRQOBVWHYV DQWHQVLW\ LV S

FRPSDUH OLJKW LQWHQVLWLHREMHEBDWHSBH IKQFWKHD V YDOXH

DWWUDFWLYHQR@VHYXEBRM O\ Q IZKHIGLNWDQFH EHWZHHQ WZR PHPI

UHSHDWHGO\ VROYH WKH:RSWLPRPMRGQ SWG B@EBR WM FDOFXODWHG

UHSUHVHQWY WKW I RVMLMOR® WIWKRRNGLQJ WR HTXDWLRQV

JHQHUDWLRQ LWHUDWLRQ DQG  LWY [FRUUHVSRQGLQJ

REMHFWLYH IXQFWLRDFKDOMHIDY KbV F o

D VSHFLILF YDKLFHK UHSUHVHQWWHLWWZ SRVLWLRQ RI HDFK PHP

DWWUDFWLYHQHVYV DQG GHVFU LGEHW HIUW V QBIEL ® V WO JWRK B W WULHITFDWV L R ¢

RWKHU ILUHIOLHV > @ 7R HVWDEOQLVK B UHODWLRQVKLS

IRU D IXQFWLRQ RI WKH GLVWDOFH " EHWZHHD WM2R

PHPEHN Vg iy PXVW EH GHILQHG J4RUFKRR\WNESDV@&VDQG DQG WKH

LQYHUVHO\ SURSRUWLRQDO WRpWwWYDEI SRR ¥ R@HEOEWMHEEMW H YV HQ W V

IROORZLQJ H[SRQHQW LWHID DVWIRMI R EFRXWUHQW SRK LIWUWURIQD \R I WKKIH VIH F F

L Ly (P SDUW RI WKH HTXDWLRQ UHSUHVHQW

( DQG WKH WKLUG SDUW GHVFULEHV Wk

,Q WKLV HTXDOWABRQH SUHGHIIRQHMGKH ILUHIO\ LLVKEHWZEXK® RIDQG

FRPSRQHQWY LQ WKH DOJRULWKPGUHISSHNVOQWLQJYWRKBWRQYGRRQWDL

PD[LPXP DWWUDFWLYHQHVV YD @XXH DHUGIWE&HUDWWGDEWRPRQ@XVVLDQ |

FRHIILFLHQW UHVSHFWLYHO\ (DFK ILUHIO\ LQ WKH JURXS

LV GHVFULEHG E\ LWV OLJKW LQWHQVLW\ DQG WKH SDUDPHWHU

OL ZKLBNHWVHO\ UHODWH WR WKH IXQFWLRQ |

,QLWLDOO\ DOO ILUHIOLHV DUH UDQGRPO\ GLVWULEXWHG LQ WKH

VHDUFK VSDFH 6 )RU DQ HIIHFWLYH VHDUFK LQ WKH VHDUFK

VSDFH 6 LW LV DVVXPHG WKDW HDFK SDUWLFOH L

FRQWLQXRXVO\ FKDQJHV LWV SRVLWLRQ DQG DOO SDUWLFOHV

PRYH WRZDUGV WKH RQHLANWKI KLJKHU OLJKW LQWHQV

QR EULJKWHU ILUHIO\ LV IRXQG WKH QH[W PRYHPHQW RI

WKH SDUWLFOH ZLOO EH UDQGRP 7KLV DOJRULWKP

LQFRUSRUDWHVY WKUBEBGZRPERQHQWYV

FRQWURO WKH SRVLWLRQ RI HDFK ILUHIO\ 7KH PD[LPXP

DWWUDFWLYHQHNWW ADMOKLIHQ @ KH UDQJH >

DQG LQGLFDWHV WKH DWWUDFWLYHQHVV ZKHQ U 7KH

DWWUDFWLRQ FRRMWILROWQWKH FKDQJHV LQ

DWWUDFWLYHQHVV DV WKH GLVWDQFH EHWZHHQ WZR UHODWHG

PHPEHUV LQFUHDVHVWKKHAB LV QR

FKDQJH LPSO\LQJ WKDW LW UHPDLQV FRQVWDQW

&RQYHUVHO\: ZKMRH VHDUFK EHFRPHV

FRPSOHWHO\ UDQGRP ZLWKLQ WKH VROXWLRQ VSDFH

$FFRUGLQJ WR <DQJ V VWXGLHV WKH SHUIRUPDQFH RI

WKLV DOJRULWKP KDV EHHQ HYDOXDWHG RQ D VHW RI

FRQWLQXRXV RSWLPL]DWLRQ SUREOHPV $00 SUREOHPYV

ZHUH WHVWHG ZLWK DUR[HG RABEHU RI LWHUDW

WKH UHVXOWYV VKRZHG.WKDW WKH EHVW YDOXH IRU

ZKLFK SURYLGHV WKH EHVW SHUIRUPDQFH 7KH

DOJRULWKP IROORZV WKUHH JHQHUDO UXOHV $00 ILUHIOLHV

DUH RI WKH VDPH JHQGHU 7KHUYHIRWIDR W KBV WDRIHWKH ILUHIO\ DOJRL
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2SWLPL]DWLRQ RI ORVW $FFXBR®@H\GMDWENWLY¥DROU 8OWLPDWHO\
ORGHO IRU 3UHGLFWLQJ %DFNOOWEK XXWMIRQIV )DOQKIO\ LWHUDWLRQV SF
$OJRULWKP ILQDO YDOXHV RI WKHVH SDUDPHWHU\

7R RSWLPL]JH WKH EODVW SDVEE \)/NKR'z%LQfg]L@% AN QE;(\;

EDFENJHDN L QH¥RHKHD WRIGJRQ RUH PL
WKH )LUHIO\ $OJRULWKP GHIL HYKH QXPVEHHDUUFRK
IXQFWLRQ LV HVVHQWLDO |, ’Q](}/ g(( DPHWHL
PRGHOV DUH XWLOL]JHG WR SWLPL]DW
IXQFWLRQ \ * VQHDWDIOWN L F D O L Ié& UDWLROY W
UHVSRQVLEOH IRU DQDO\]LQJ Rb8 DoWER QY W

R KLHYHG E\ WK

REMHFWLYH IXQFWLRQ ZLWK
SURYLGLQJ DQ DSSURSULDWH ! V\ﬁéy([Q_PJWFEEVHUYH
WKH RSWLPL

RSWLPL]DWLRQ 2QFH WKH RENME 'TE

GHILOHG ZLWKLQ WKH )LUHIO

RSWDRMLRQ SURFHVV EHJLQV 7K WHRXWFRP'E';XLFQHG\'
LQFOXGHV D VHW RI FRQWURO Hio&R% &

WKH RSWLPL]DWLRQ SURFHVV ZKLEPE'E¥o EH DGMXVWHG WR

7DEOH SDUDPHWHUV XVHG LQ WKH ILUHIO\ DOJRULWKP

3DUDP 6\PE 9D C
OD[LPXP 1XPEHU | 0D][
1XPEHU RI 1St

/LJKW DEVRUSYV

$SWWUDFWLYHQH\

&RQYHUJHQFF .

6SDFH /

3RZHU RI $EVRUSWLRQ &RHIILFLHQW

7DEOH 7KH RSWLPDO H[SORVLRQ SDWWHUQ REWDLQHG E\ WKH )LUHIO\ L

_ QLWLE
1R 6\PERO o 0D 2SWLPL]JHG YDOXHV
%HQFK P "
%XUGt 9
6SDFL( ¢
BWHPPL 6
FKDUJH SHLU 4
1XPEHU RI KROHV 12-
%DFN %L %

&RQFOXVLRQ

,Q WKLV ZRUN WKH SUHGLFWLRQ DQ
EORQWXFHGUHDAN ZHUH LQYHVWLJIDWHE
YDULRXV DSSURDFKHV LQFOXGLQJ P>
QRQLQHDU UHJUHVVLRQ DV ZHOO D
$OJRULWKP )$ RSWLPL]DWLRQ WHF
SULPDU\ REMHFWLYH ZDV WR DVVHV
GLIITHUHQW S DU DEPUHIDHNUVQR@L € B FINR
RI WKH*RMDU FRPSOH[ 7R DFKLHYH
FRPSUHKHQVLYH GDWDEDVH ZDV
LQFRUSRUDWEQ ¥ UNEGEPHFK DQG WKH
NH\ LQIOXHQFLQJ SDUDPHWMWV IURP
FRQGXFWHG DW WKH PLQH ,QLWLDOO)
DQDO\VLYV ZDV HPSOR\HG WR GHYH
LIXUH &RQYHUJHQFH RI WKH R LA % P FQ?IJ“'D'PRUSLEW[NFWLR(
&HVXOMH/XV?QJ\NKSILUHIO\DOJEM%%&%F%iJ&%QNPL Kdy PRVW VXLWDE

EDEN EUHDN LPSOHPHQWHG KLQ WKH )LUHIC
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I[IUDPHZRUN WR UHILQH WKH DHIFUDFRHWRI WKH

SUHGLFWLRQV 7KH IROORZLQJI, NHV . dyQG LRIV, (ZHY Hop )7 JORUH] 50
REWDLQHG $QDO\VLV RI 5RFENIDO & DIIBNIBUREWHP Y % C

9DULDEOH VHOHFWLRQ IRU3URREBH@OUQXIIR!I BMKE $PHULFDQ URFN PHFK
SUHGLFWLRQ

> @RRPLYD®G 6ROWDQDOLQHMDG 6
268 Véﬁﬁlu‘glylxve‘SCVDRVHH[SEES\H/F'HYHORSPHQW RI D QRYHO HPSLULFDO DS

RYHUEUHDN VXUIDFH TXDOLW\ DQG VOR
EHWZHHQ WKH FROOHFWHG LQS |RoORZLQJ EQDYWGODQ *HRWHFKQLFI
EHQFK KHLJKW EODVW KROH O-RXUQ DO

VWHPPLQJ WRWDO FKDUJH VSHF DUJH VWLQJ DQG |
GULOOLQJ QXPEHU RI EODVW P%&Ié) +LJKZD\ QVW
URZV URFN GHQVLW\ XQLD[LDO H ’

MRLQW VSDFLQJ 1XPEHU RI KRD@‘J’KIP(D"WH %%VWD@NB G+ (EUDKLF
WKHIRORJLFDO 6W UHQDWHKG , QQH% $SSOLFDWLRQ RI FRQW
kévkvé 1R

FRUUHODWLRQ VWUHQJWK DQG %(&ﬂ:ée/aué%%%)upg\bv GRIIDV\I/D;QN

BJHDN VL[ NWHBEQPRHWAUEWQ QoWHUQDWLRQDO 6\PSRVLXP RQ 5RFN )U
6SDFB@HPPLQJ FKD UJGIGSHEHGH@DDVWLQJ
RI KROHV LQ WZHKIH HO DVMO WRWH G RVKL 8 3

SULPDU\ LQSXW YDULDEOHYV IR@ %%%9§85R\&§)§WWLMEQ RSH

RSWLPLIDWLRQ PLQH LQ,QQBWRFHHGLQJIV RI WKH WK ,QW
2SWLPL]DWLRQ DQG PRGHO SHUPRB¥PXFFRQ 5RFN JUDJPHQWDWLRQ E\ -

$PRQJ WKH GHYHORSHG HPSLUL WK H
3RO\QRPLDO VWDWLVWLLKJ)/YDI—IJFHR%CS %%gp@zi Oqé@,[) SR\(NQV%%E'E)LF’,LQJ SRE
FRHIILFLHQWYV VVZDWL\M—V‘III—FFD\KDHBRBVI(W

REMHFWLYH IXQFWLRQ IRU RS ﬂ/%%& \/\L%HUJ\ D7P*;HR ™~
JLUHIO\ $O0JRULWKP 7KLV PR ﬁw @ e $XVWUQDO[
RWKHUV DFKLHYLQJ D FRUUHEWH ILFLHQ WO 17

VXSHULRU SUHGLEFWLYH SHUIR
GHWHUPLQ®IWLRQDRG DQ DEVRO%(@MHIHNB 6 5 +XVWUX0LG ©$  -RK(

SHUFHQWDJH HUURU RI 7KH F{/\4-PLHJLH\'\%E' WLUDL d§Lr—<D IRV S
WKH PRGHOTV KLJK DFFXUDF\ [%,‘3 QQ\NHUQDWLR[C
SUDFWLFDO DSSOLFDWLREDLQ 0L WLRQ E\ %ODVWLOJ

3URSRVHG RSWLPL]HG EODVWL>Q@|_§DWW§_I|J(J|_QQXDQJ 6 &RPSXWHU
7KH ILQDO RSWLPL]HG EODVWLV%FWLR? FO P HRWH W EHQFK EODVW
ZHUH GHWHUPLQHG DV IROORZzVPPVRW - SRFEN OHFK 0LQ 6FL

. > @RQMH]L 0 S5H]PHIGLDQ $
HHQFK KHLJKW PHWHUV BUHGLFWLRBURDNDLBLWSHQDVWLQJ XVLQ

%XUGHQ PHWHUV IX]]\ VHW \@WHIRLO 6\VW $SSO

6SDFLQJ PHWHUYV > @VPDHLOL 0 2VBRORIRGLQHMDG )
$JKDMDQL %D]]BDIMLS$ O OXOWLSOH

EWHPPLQJ PHWHUV UHJUHVVLRQ $11 DQG $1),6 PRGHOV IRU

&KDUJH SHU GHOD\ NJ EDFNEUHDN LQ WKH RSHQJ SLW EO

1XPEHU RI KROHV LQ WKH obpvw BRZSXW ¢
LDQ 9DUMDQL

8VLQJ WKLV RSWLPLJHG SDWV\k'%) Sh Ve %}%@HEWH SUHGLFWLRQ
EDEUHDN ZDV PHWHUYV 75KMGR\UT|3Y)|C}) FURQ PLQH XVLQJ DUWLILFI
KLIJKOLJKWV WKDW K\EULG UHJUlkh\é(\lJlDIbQ&Q@gs(\NIM;BQQ(WLRQDU\

RSWLPLIDWLRQ PHWKRGYV VXFKM] Eﬁ}tlyd‘HO\ (YDOXDWLI

$OJRULWKP FDQ SURY LGH HPRWU N WL O ) SDWWIUQ SDUD®

SUHGLFWLRQV DQG VLJQ'-'LFDQWQQQLJP@HRMMOWM Rl bARK 0LQ 6FL
RSWLPL]DWLRQ LQ PLQLQJ RSHUDWLRQV
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> @UDGRQEHK 5 6 PROMKIRQOD ' %DFNEUHDN3LY %SHIPWKQDO 5HVRXUFHV
*HQHWLF SURJUDIPQDUDQBIJQBRVHRQFK +

WHFKOQLTXHY WR SUHGLFW EDFNEUHD EODYV LOJ R
(03 aRPSXWe HDN U EODYWLQI REBURWEBB0 o oro

=KL <X = 4LX < 3HUIRUPDQFH R
> @RQMH]L 0 $PLQL .KRVKDODQ 6&$5) <DQGLD&2 ORGHOV IRU 3UHGLFWL
9DUMDQL $ 2SWLPL]DWLRQ °RDFREW® DIILIL QE DRPH %ODVWLQJ 2SHUD
SDUDPHWHUV XVLQJ JBQWHWERFDNOJRBKWXKI® O 5HVRXUFHV S#HVHDUFK

OLQ 6FL > @6DJKDWIRURXVK $ ORQMH]L ©

> @RQMH]L 0 $PLQL .KRVKDODQ)BUDGRQEHEKQ 5 $UPDJKDQL ' -
9DUMDQL $ BUHGLFWLRQ RI IORPEER DQIGREDRNEQHXNDO QHWZRUN D¢
LQ RSHQ SLW EODVWLUEDHRWH B DG SRBRDW KPH XDWRLRQ DOJRULWKPV IRU SUHGLF\
$UDE - *HRVFL RI IO\URFN DQG EDFN)EUHDMLQGXFHG E
> @EUDKLPL ( ORQOMHIL o .kp&BUC*Y st

$UPDJKDQL ' - 3UHGLFWLRQ PQ@RIDMLEODWKRQ REAKDKQD]DU $ $UDE

EDENUHDN DQG URFN IUDJPHQWDWLRQ@]PVLQE DQ$SPUWLHFHDAESLQJ D QHZ
QHXUDO QHWZRUN DQG D% HFRORFPEUDRGJRUPR&PO WR SUHGLFW EODVW)L

*HRO (QYLURQ (QJ &RPSXWt
> @DJKDWIRURXVKOS$ )DBRGIRIQEEHK >5 @6KLUDQL )DUDGRQEHK 5 ORQMH]L
$UPDJKDQL ' - &RPELQDW I$RI® DRKDIHXUDM QHWLF SURJUDPLQJ DC

QHWZRUN DQG DQW FRORQ\ RSWLMIR QNLRYH MW JARUQ W IKF® DRI HWH WRL RSQ H G
SUHGLFWLRQ DQG RSWLPL]EWHRBR FEIDFO\ERHDNNDIQE EEOMBMMELRRISK $WHUDW LR Q

LQGXFHG E\ (X3 D&/R\PLSXW

> @DQQDYHQD 6. 3UDGHHS 7 &KD@OUDKDMV tKOVPL ( $WDHL O
3UDVDG '8 9" 3UHGLFWLR®VRR RPKDFVNY AU PIRGHOLQJ DSSURDFK IRU
8VLQJ 6HQVLWLYLW\ $QDO\VLV D@EOGFI$EWHDIN IGX® WRXEMIVWLQJ RSHUDWL

IHWZRUN@VW (QJ ,QGLD B6HU 5RFN OHFK 5RFN £Q1J
> @RUDEL 3 $WDHL 0 $OLPRUPG@RKDOPPMGEHMDG 0 *KRODPL 5 6HUL}
'"HKJKDQL + 6KDNHUL - +DELEDPYKLGL $$ QHZ PHWKRGRORJ\ WR SUF

S8WLOLJLQJ KHXULVWLF VWUDWH JEHWV N ERW D B UHG ERRMMIL: QSIRRHS HUHIFW LIRLQ
EDFNEUHDN RFFXBULMQPHEPHM RSO @RIKD Ut

OLQH FRDW &RPSXWLQJ > @DUDPDU]JL ) (EUDKLPL )DUVDQJL
> @DEDYL = OLUJHKL 0 'HKJKDQIDBVRXSMKWDUL ED¥HG(BRGHO IRU ULV
3 $ +\EULG ORGH® URIDN6BBNGLPWYRYVPHQW DQG SUHGLFWLRQ RI EDF
XVLQJ ;*%RRVW ODFKLQH OHDUQLGE D SR WDKK X B EXW QP

$OJRULWKPV LQ &KDGRUPDOX ’URQ>OL&”3IIR % 5HJUHVVLRQ ORGHOV

6FLHQFH LQ 5 $ FRPSDQLRQ ERRN IRU
> @LUMDQL $ . B6HUHVKMNYVVHLIMBPHILUBVVLRQ ORHDHB\KEODV YV

0 $ 3UHGLFWLRQ RI %DFNEUHD L(g WKH %ODVW
H él@g 1O\ DOJRULWKP It

2SHUDWLRQV XVLQJ $UWLILFLDO 1 ‘&}5% '
N Q DQG HYHORSPH
ORGHO DQG 6WDWLVWLFDO (RFK(E}HJOVL&, Q WwHPV

,URQ 2UH OL®H BR +

_ ) @ 6 6LQKD 6 OROX®HO .KDQU
;Rg,\ﬁmﬁ O’KRX4LX '<KDQGHO§LD[01 ‘qﬁ%%%g\gw DQDO\WLF DWWDFN RQ WKF
%w bCxVLQJ ELQDAKHILEBHEIRG @ O JR U

(IWUHPH /HDUQL@&ZDOBFKIQHHOOL

WLRQDO &RQIHUHQFH R &F
2SWLPL]DWL®Q® @&GHOV IRU 3U MQ@%DWSRQ 7HFI£8RORJ? " Q
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