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$UWLFOH ,QIR $SEVWUDFW

SHEHLYBBUEK 'ULOOLQJ LV RQH RI WKH PRVW SPWRRMILQW RSHI WKL
SHEHLYHG LO sHynvHG 1RGPHQHWUDWLRQ UDWH RI GULOO ELWV LV D NH\ SHUIRUF
SFFHSWH®H UHVHDUFK RQ WKH SHQHWUDWLRQ UDWH RI GULOO ELWYV
SXEOLVKHG XQBILQH SUHVYMUBKW RQ ELW URWDWLRQDO SUHVVXUH DQG 6FK

7R DFKLHYH WKLV D GDWDVHW FRPSULVLQJ WKH GULOOL
6XQJXQ FRSSHU PLQH LQ ,UDQ ZDV SUHSDUHG DQG DQ
LQWHOOLJHQWORHWRRGOWH UHJUHVVLRQ DQDO\VLV DQG

- VP H GHYHORSHG LQ 3\WKRQ XWLOL]JLQJ RSWLPL]DWLRQ DOJ
T\ ZRUGVY VWRFKDVWLF JUDGLHQW GHVFHQW DQG DGDSWLYH PRPH

WKH SHQHW UDUNLORQEUMWHLRIWKLY VWXG\ 7KH FRHIILFLH
'uLooLQJ PHDQ DEVROXWH HUURU 0$( DQG URRW PHDQ VTXDU
5DWEBHRIHWUDWLRQ SHUIRUPDQFH LQGLFDWRUV WR HYDOXDWH WKH PHWKR
O W H ORI KRGV DGDSWLYH PRPHQW HE\DW HRD VRMBEQ WEDBPVXSHULRU SHUIR
' FRPSDUHG WR DOWHUQDWLYH PRGHOV DFKLHYLQJ YDOX
$GDSWRIH@WLPDWLRQ 506 ( )XUWKHUPRUH WKH VHQVLWLYLW\ DQDO\VLV U

BWRFKDVWLF JUDGLHQW GBW LW LV WKH PRVW LQIOXHQWLDAXILDHWRKURXRY W EH HMV
KDV WKH O

,QWURGXFWLRQ

'ULOOLQJ LV RQH RI WKH PRVVFRPSUHVVLYH VWUHQJWK RDUGQHVV
PLQLQJ DQG FLYLZK HRIQWWRURBDWDQG SRLQW ORDG LQGH] RSHUDW
KLQJHV RQ NH\ IDPWHRBHDWHVXR HJ ZHLJKW RQ ELW DQG URWDWLRQ
SHQHWUDWLRQ 523 DQG VELW PHFKDQLFV HJ W\SH GHVLJ
FRQVXPSWLRQ 6LQFH WKH VFRQGLWLRQ

SUHGLFWLRQ IODSREHHQ R IRFDH 6B6WDWLVWLFDO DSSURDFKHV LQFOX
LWV GLUHFW LPSDFW RQ PLQLQ.UHJUHVVLRQ DQG PDFKLQH @HDUQLQJ
LQYHVWLIJDWHG WKH LQIOXHQFFZLGHO\ HPSOR\HG IRU 523 BSQHGLFWL
UDWH RI SHQHWUDWLRQ DQG GH:RRGV > @ LQFRUSRUDWHG YBULDEOH)
WKURXJK H[SHULPHQWDO VWXELW URWDU\ VSHHG IRUPDWLRQ W\¢
*UDKDP DQG OXHQFBP PIEWNEHRORZKLOH %@®KUDRAG <RXQJ > @ RSWLP
PRGHO UHODWLQJ UDWH RI SHQRSHUDWLRQDO SDUDP HWHUWXYWRWD)
RQ ELW :2% GHSWK DQG UR'SUHVVXUH ELW GLDPHWHU DQG IRL
> ®HDQZKLOH HVWDEOLVKHG XVLQJ PXOWLSOH UHJUHVVLRQ RQ HJ
FRUUHODWLRRYHRLWR EONWG F)HDU > @ LQWURGXFHG QXPHULFDO FR
ELW URWDU\ VSHHG DQG® URWWKDW LQWHJUDWHG ELW FKDUDFWHU]
7HFKQLFDO VWXGLHV HPSKDVDQG PXG ORJJLQJ %LOJLQ HW DO
SHQHWUDWLRQ DVVHWKSPHHKPD U3 UHJIRENYYHG PRGHOV WR SUHGLFW
FDWHJRULHV URFN SURSHIUDWHV 35 LQ GLYHUVH URFN IRUPDW

B &RUUHVSRQGPRDMXNKREB G DUMRQ DI LU
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LQFOXGHG QXPHULFDO H[DPSCWKH PRVW HIIHFWLYH SUHGLFWRU 6K
HIITHFWV Rl LQGHSHQGHQW YDULSURSRVHG D JHQ#DNURWD O URGLMKQRV
UDWHV IRU LPSDF@LRPPPRMHILN GO ERRVWLQJ PDFKLQH FRPELQDWLRQ I
DQG ERULQJ PDFKLQHV +RVHLCLQWHOOLJHQW PRGHO IRU 523 SUHGLF
WKH SHQHWUDWLRQ UDWH RI SC 7KLV VWXG\ HYDOXDWHV UDWH RI S
XVLQJ ERODWRU\ WHVWV PXOWLYDULDWH UHJUHVVLRQ DQG

SURSHWWABEORVKH@®DWLRQV EFLPSOHPHQWHG LQ 3\WKRQ DQDO\]LQJ
DQG XQLD[LDO FRPSUHVVLYH VWGULOOLQJ PDFKLQHV $WODWIKRSFR +
HODVWLF PRGXOXV GU\ GHQVLV7DPURFN DW ,UDQYV 6XQJXQ FRSSH!
UHERXQG QXPEHU WKURXJK UVWXGLHV LGHQWIWUDPWWHNHFDSWHIRU
$GGLWLRQDO VWXGLHW KPQYWKELQIOXHQFLQJ 523 GULOO ELW FKDL
EHWZHHQ 523 DQG LQGLYLGXDO GHVLJQ ZHDU PHFKDQLFDO SDUL
RQ ELW > @ URWDU\ VSHHG > SUHVVXUH URWDWLRQDO SUHVVXUH

8QLD[LDO FRPSUHVVLYH VWUHQ KDUGQHVV DEUDVLYHQHVV IUDFWXU
DV D NH\ IDFWRU LQ GHOLW®&L SUDFWLFHV IHHGW DWH UD@MLFQP FRQ\
DSSOLFDWLRQV H[WWRQRUQBDGE ! HQYLURQPHQWDO FRQGLWLRQV GF
JHRVQHFRO HQJLQHHULQJ > SUHVVXUH DQG KXPDQ WHFKQRO
KLJKOLJKWHG WKDW DFFXUDWH RSHUDWRU VNLOO DXWRPDWLRQ >

SUHGLFWLRQ FDQ UHGXFH GUL WKUXVW SUHVVXUH URWDWLRQDO

8&6 DV D FHQWUDQHRPXWHRI U= KDPPHU UHERXQG DQG/ RLOM RQJURFN
>+ @ :KLOH PXOWLYDEHDVWGE 0505 ZHUH VHOHFWHG DV SUHGLFWRL
VWXGLHV KDYH H ARGHIBOMRMGIHRL FRPPRQ SDUDPHWHUV LQ H[LVWLQJ

SUHGLFWL®Q .KRVUDYLPDQHVK UHVHDUFK FRPELQHV HPSLULFDO IL
DGYDQFHG WKLV ILHOG E\ DSSCODERUDWRU\ DQDO\VHV HPSKDVL]LQ.

ULGJH UHJUHVVLRQ PRGHOV ULJRU WKURXJK V\VWHPDWLF HYDOXI
YROORZLQJ WKH LQFUHDVLQJ !GLVFROGWE@RIGLWLRQV DFURVV PLQLC
OHDUQLQJ REMWKPRGHOW @ GHWHUPLQH 0505 7KH $11 PRGHO ZDV

DUWLILFLDO QHXUDO HWZRQGE XVLQJ JUDGLHQW GHVFHQW VWRFKDV
QHXIXR]\ LQIHUHQFH V¥W®HRMYHDGDSWLYH JUDGLHQW DOJRULWKP DG
EHFRPH UREXVW WRROV IRU HVWLPDWLRQ

SUHGLFWLRQ .DPUDQ > @ HPSOR\HG GHFLVLRQ WUHH

DGDSWLYH ERRVWLQJ DQWKBUBQGRP VIR WNWYG\DOJRU

ZLWK LQSXW SDUDPHWHUV VXFK PN A/ il NAINAT AL LA LN

7KH 6XQIXQ FRSSHU FRPS V VLA
%UDILOLDQ WHQVLOH VWUHQJW ¢ yEDLMDQ 3URYLQFH UD?C%N(&’LHDU 9
ORQWH &DUOR VLPXODWLRQV Z ’

PXOWLOD\HU SHUFHSWURQV V)é%wg\ggghl:.Do.. (FSIE(LQ}JGLLV(\?g H1V7KH FR
DQG UDQGRP IRUHVWYVY WR @&QK

OHEDUNLD HW DO > @ HYDOXD\SDLS]VDD(QE%ZUR[LPQD'?NUHV\Q(\ZHF\{{&'E{%,WQRUVF\{,'K
$OJHULDIV %RXNKGUD LURQ RU 75Ey | 7KH UHJLRQ H[KLELWV DQ DY
ESF??G\I{II;/\(/L\?&IlVVWDUQHGQJI\)/(V]Il\ OV\?QR' PHWHUV DERYH VHD OHYHO PD\
WRSRJUDSKLF UHOLHI UHDFKLQJ D PI

o N N S e Sy st PY tPDvaaxuH +\GURWKHUPDO DO
JHQHSB%NL]DWLRQ N 511 PRoHG FRQVWLWXWHY D GRPLQDQW JHRORJL
PLQHYV YOEQMWDOL]DWLRQ ZLWKLQ W
:4X]\/3/\USI5I\—]|L\|]:UID,((§L’I}IJDV(aﬂI\E/R???/liNFLKHJ\SRUSK\U\ GHSRVLW LV SUHGRPLQDQ
R[SWLPL]HG o PH\?VDKHXULVW(SF K\GURWKHUPDOO\ DERMHRBGWH TXD
RSWLPLIDWLRO JBBG VABDERK CLWKRORJLFDO XQLWV )HOGVSDU Pl
GHSRVLW KDYH XQGHUJRQH SHUYD\

gﬂfg%%'%\ SDI?JRULWKP ZHUH D yHyxowWLQJ LQ WKH IRNPR® BOWRH V H
Q QHWUDWLRQ UDWIZ i sy ppu\ RUH PLQHUD \3?5 LGHQW I

846 WHQVLOH VWUHQJWK MRL ormeaHEGHQLWHS\UIRBW *YHewW
VSDFLQJ DV GHSHQGHQW SDUD 5 & I c\ UL wH®8X)H 6w
K\EULG GUDJR Q#0% ROV URDMK R K
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N

A W LGS 4 ) . ‘W '
JLIXUAKH ORFDWLRQ DQG D YLZH RI 6XQJXQ FRSSHU PLQH LQ ,!I
'DWD GHVFULSWLRQ 6XQZBUG D@BODV &RSFR 52&

/ ZLWK VDPSOH VL]HV RI
7KLV VWXG\ LQWEFRGQMWHH\ DU
GHSOR\PHQW UDWH R SHQHEODVWKROHV UHVSHFWLYHO\ )LJXUH

VAVWGHPVLJOHG RU SUDEWLEDO 2SHUDWLRQDO VSHFLILFDWLRQV IF

LQFOX\GUWIVW SUHVVXUH UHSUHVHQW
LQ PLQLQJ HQJLQHHULQJ 7K

‘RQ EURWDWLRQ SUHMVXUERBEN 0DVV
FRQVXOWDWLRQV ZLWK PLQH ¢

5DWLQJ 050B5FKPQGW KDPPHU UHERX
RSHUDWRUYV FULWLF3OUDRSIN

KDUGQHVV DUH V\VWHPDWLFDOO\ WD
LQIOXHQFLQJ 523 ZHUH LGHQW

7DEOH VXWPRDKUH JWWDWLVWLFDO GLV\
SULRU UHVHDUFK IUDPHZRUNM
XOGHUSLQOLOJ WKLV DoDOVY WKH GDWDVHW  VDBDIRFGRP SDVV]H J

1 PHDRD[LPYRQLPXP VWRGGDUG

EODVVGEKIROB®®WHG DW WKH 6XQJX(
XVLQJ IR XU GLVW\KIQHFIN\RJURJFLNVGHYLD/WDR(QV IRU HDFK SDUDPHWHU

NERN 3

: g i
JLIXUHS YLHZ RI $WODV &RSFR 52&LIOXUH YLHZ RI 6%QZDUG

7TDEOHRSHUDWLRQDO VSHFLILEDWLROQV RI WKH HTXLSPHQW
1 ODFKLQHOLQOD[ URWDWIORQDD[ WKUX%&W W\g/dHW GLDPHWHU

SUHVVXUH SVSUHVVXUH LQFK
$WODV &RSFR YODW IDFH
+X \VE )ODW
6XQZ )ODW

7TDPURFEN J)ODW IDFH
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TDEOWHVFULSWLYH VWDWLVWLFV RI WKH FRQVLGHUHG SDUDP|
7TKUXVW 5RWDWLR@BOPLGW KD PP

SUHVVXUH SSWVVXUH SWHERXQG 523 P K
T
$Y
0D
oL
6WG
7TKUXVW 3UHVVXUH KDV EHHQ QRWUHHEER WM FrKDQUADXY OLWHU

ZKLOH FODVVLILFDWLRQ V\VWHPV D
SHUFHLYHG DV RYHUO\ VLPSOLVWL
DVVHVVPHQW WKH\ UHPDLQ LQGLVSH
WRROV IRU HQJL®BMNUDRQJ SHFALM RQ\
0505 PXVW EH LWHUDWLYH@KHD SSOLHC
PLQH OLIHF\FOH IURP H[SQRUDWLRQ

GHYLDWLRQV IURP LGHDO WKU
HQVXUH JHRPHFKDQLFDO DELOLW\
HITLFLHQF\ ([FHVVLYH FWQUXHIILFLHQF\ > @

IQ GXIFVXIILFLHQRW ELWORRZRROLGS ' 2R UY,
LQDGHTXDWH YDOXH SURPRWHV LQHB} B QW FHRAM3ERXx0G +DUGO]

WUDQVIHU > @
7TKBFKPLGW KDPPWHW B6RKWDEOH
SRWDWLRQDO 3UHVVXUH FRYWHFWLYH LQGH[ WHVWLQJ GF

SRWDWLRQDO SUHVVXUH 53 XWLOL]REGHERKAH Do KDUGQHVY
SDUDPHWHU LQ URWDU\ GUL O IRQKXIDMXHWHP HOQWW FLWVROEIRW K ODER
FRUUHODWRW¥N ZGW KD@AED EU DWW\ VARLIWKKWWLQJV ,WV SULPDU\ DSSOL
SHQHWUDWLRQ RSWLPL]DWLRQ HV@WREWPHDIWVHED URWKXBLRQFARPSUHV VL
VSHHG HQKDQFHV 523 E\ LPSWRWU RBY)EHXRNNYREWRPRGXWRFW URFN
UHPRYDO DQG UHGRHLAY ORVWVHRIIPOL PHQV %H\RQG PDWHULDO Fk
w%rsggt?/LFUHSEc\g)gﬁuQHVGKLS ﬁ?vu PRERPRFVWMHEEBRHWLHGOWRUP  FuLw
upsPnowbwirg zknun kiokn f SAUMECRRRO SRMREIIHLY, L0, T
VWUHVV DVELWKHQWRIRNDFH >
.DKUDPDQ > @ HVWDEOLVKHG ([FDYDWDELOLW\ 5RFN UHVLVWDQFH
URWDWIHRIQ®ODWRQH DV D UREXFXWWLQJ RU IUDJPHQWDWLRQ

YDULDEOH LQ 523 PRGHOLQJ Iy%RUHDELOLW\ 'ULOODELOLW\ LQGLFH
VHQVLWLYLW\ WR KHWHURJHQHRXSHUFXVVLYH V\VWHPV v

(PSLULFDO VWXGLHWZHIHRRQR
ELW RU WKUXVW HBRUMHWVXDH FL
LQIOXHQFH RQ UDWH RI SHQH'
GULOOEQ@ >2SWLPDO W RDXVLWYV
ZLWK OLWKRORJLFDO DQG RSH

'LVFRQWLQXLW\ ZDOO VWUHQJWK 8&6
OLQBREN ODVV 5DWLQJ IUDFWXUH VXUIDFHVY LQ MRLQWHG URFN

$FFXUDWH SUHGLFWLRQ RI WKH UDWH RI SHQHWUDWLRQ
UHTXLUKF OO YH LQWNBHIFWILRFQ RHWKRGBORJ\
GULOOLQJ SDUDPHWHUWMLQQ WREWX \/QMX)G’\RLW‘HOLQHDU UHJUHVVLRQ
PDVV UDWLQVY\VOMBEAE ZDV DSSOLH 5HJUH
SUHGLFWLYH SDUDPHWHU GXH Wé?/ QEIZ%IVLV?\HISS%%\(MG WR

GLYHUWPHBKDQLFDO DQG G HOSRORWUDW LR
FRQGLWLRQV *OREDOO\ PLQL &% 'Q PSOH SQW

HPSOR\HG URFN PDVV FODVVLIL
WHIY LWKFN PDVV UDWLQJ ,505 GOUDPHWHL
HYDOXDWH MRLQWHG URFN N

H DIQBBVI—D(SOS 0/
HG RYHU QRQO
ELOLW\ DQG VX
L

v
DGYDQFHPHQWYV LQ FRPSO@] \'7v
ZRUNIORZV HJ ILQLWH HOHP

D SV LQ JHRPHF
FRPSXUBHWG GHVLJQ SDFNDJHV 6 éjld v HODWLRQ D%DO\VLV

DV D YHUVDWLOH DQG SUDFWLEPO, FULDEOHYV
SUHOLPLQDUY PLQH GHVLJQ +R EWHU %#%%%%WHG WR GF
DQDOV\WLFDO P HWRREGVH RMIYRIX W VWURQJ FRUUHODWLRQV EHWZHF
UHSODRAN PDVV RQDVWLWLHFFDW LS
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7KLV SRQDPHWULF DSSURDFK WERRRQBAPHDWWS/ WHVWLQJ GDWD 7KF
3HDUVRQ FRUUHODWLR Q CE\QBFUXKRPLROG. DAVG. QWR QURIDIBIMX WW H. WY1 SDQU® P H
UHODWLRQVKLSY DQG RUGLQDO ZKD\WH WRMXWHYW UREWDWIQHWHP SOR\H
LQ JHRPHFKDQLFDO GDWDVHWDNFF2XKHUA RQRKADSUMES LFWLYH PRGHO
DVVXPSWLRQV PD\ QRW KROG > @Q WKH FRQWH[W RI QHXUDO QHWZRL
RI WKH PRVW FUXFLDO FRPSRQHQW

$UWLILFLDO 1HXUDO 1HWZRUIDIO,$RUJLWKP IRFXVHV RQ DGMXVWLQJ [

$11V DUH FRPSXWDWLRQDO QH WSKXHWQIE\|/3V5:
WKH VI\VWHP RI EUDLQ QHXURQ WZR SULP
6XFKHWZRUNY DUH GHVLIJQHG ED PHWKRGV
VFLHQWLVWVYT FXUUHQW NQRZQ
SHQ?“L.\(

DFWLYLW\ ,Q D QHXUDO QHWZR[Y AUYIIDA\/ n||
WKH VPDOOHVW FRPSXWLQJ XQL\MOXOM\HUHG SHUFHSWUR ﬁ%@fg

DUFKLWHFWXUH WKDW ULVH‘
WR REWDLQ WKH RXWSXW $ QHXx?
FRODHFWLQJ WKH SURFHVVLQJ xQHXURQV'RQZ'EHU"C"B QHWZRU Q WH

WKRVH Rl WKH QH[W OD\HU )LJyYREXVWQHVV DQG SHUIRUPDQFH 0/3
PRVW ZLGHO\ XVHG $11 DUFKLWHFWXL
D VSHFLILF ZHLJKW WKDW FDQ E .
UHVHDUFK RU CSLFDFMLIRFD\O BH®YHG R G
LQIRURQWWUDQVPLWWHG EHwztYHYHBYEK RY CUADILAEDIO BSVHG RS
DUH RUJDQL]JHG LQ OD\Huv 119HQ ] Q Q

FRQVLGHUHG LQSXWV ODVW O[WKH HUURU FRUUHFWLRQ O%GJVRWKHVH

DQG KLGGHQ OD\HUY Z@WKLQ DWKH FDWHJRU\ RI EDWFK D ULWKP!
(GXFDWLRQDO WUDLQLQJ LV WKH QHWZRUNTV RXWSXW LV FRPSDL

QHWZRUNV DV LW VXSSOLHV wk 2 XNSHW WH FBOFIHLRA NGRS ST
DGMXVW WKH QHWZRUN V ZHLJK Q PR

OHDUQ KRZ WR HIIHFWLYHO\ ppsWKH ZHLJKWV DQG ELDVHV
SURFHVV HQFRPSDVVHV WKH sSIQUIWZIRUN V RXWSXWY DOLJR PRUH FC
SUHWHIQQ WKH WUDLQLQJ GDWDVHWY DORQJ ZLWK UXOH

EDVHG REMHFWLYHV WKDW DUH GL H, FHUQL

WKH QHWZRUNYTV SDUDPHWHUYV V\/\w\tﬁ}%&%@% 'ﬁgb'?fE@Jg\J/FHQW
WKURXJK BDPBGHR®WLPL]DWLRQ BMHRFKKDLIVIMHK JUDGLHQW GHVFHQW
DQG DLGLQJ LQ LQIRUPLQJ WKH RRB@/H O V] DBVIHEY HWURQY WO LQ ZKLFK
GHFLVLRAHWHBR ZLWKRXW DWWBEWEZRQNWRY WXHLIQHG LWV RZQ |
DSSOLFDEOH PHWKRG OHDUQIE®DFXYDDM@HUWKG\ JODGLHQW RI Wi
UHSHWLWLYH ®URFHGXUH IXQFWLRQ :KHQHYHU IRUZDUG SURFF
WKH QHWZRUNVWFPXQURW LR GRSDUDP HW
JHQHUDWHG 6XEVHTXHQWO\ D QH
HVWDEOLVKHG LQ WKH QHWZRUN E\
JUDGLHQW E\ W KA XDHDRRI®QJ UDWH

ZLEZFL ¢ 2 1% Ul
K HLi- IDQIUHSUHVHQW WKH JUDGLHQ'
DQG OHDUQLQJ UD\ ER'AISHFWLYHO\
NQRZQ DV WKH REMHFWLYH IXQFWLRC
HUURU IXQFWLRQ EDVHG RQ WUD
J)LIXUH 7KH VWUXFWXUH RI D VLREOXGLQI ID@SBXWX/WSXWV
$11V RIIHU WZR VLJQLILFDQW DGYDQWDJHV K H
ILUVW LV WKHLU DELOLW\ WR VHUYH §‘€DSJWV>‘(EIVWLWQ\@HH|@W $01J
FRPSOH[ VLPXODWLRQ VR|WZDUH$333EFNLDDGV WKDW UHTXLUH
HWHQVLYH SURFHVVLQJ WLPH FP/ m}; K? G JUDGL]
FDQ OHDUQ LWV EHKDYLRU DQ $Z§LWDG DGD
UHGXFHG) XUMRKMUPRUH $11V FD L Y WK DSSURD!
PHDQLQJIXO UHODWLRQVKLSV z ( Fb(gﬁq;,vKH SDL
SUHGLFW RXWFRPHV IRU XQIDP U % U SDUDPH
uR \/Zﬁ<§_

QHXUDO QHWZRUN LV FUHDWHG X OGIHUSURY |

Hidden Layer Output Layer
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DGMXVWPHQWYV IRU SDUDPHWHUY ~'*¥ KLIJIKHU RFFXUUHQFH
UDWHV &RQVHTXHQWO\ LW LV E|Y(L<FLAXODUO\ HITHFWLYH IRU
FRPSXWDWLRQV RQ VSDUVH GDWwv nrtUHOLDELOLW\ RI WKH
6* PHWKRG KDV EHHQ VLJQLILF“H_;J"L‘“’P(‘ HQKDQFHG E\

$GDJ|§D@ cFl‘(
~ €
dser L & F L )24%¢

"KHUBILW KOHH D UQR WV L J Q IWKHIV &>t L & F=—"71Y
VXP RI WKH VTXDUHV RI WKH RI HDFK GLB9RQDO HOHPHOQW
L RI \3KE8 WR WLP g WHBKM JUDG LHQW
Rl WKH REMHFWLYWM IXQFWLRQ DW:WHBHDQ@GDUH WZR K\SHBSDUDPHWH
DQY:DUH PRYLQJ DYHUDJHMLRI WKH JU
$GDSWLYH ORPHQHGDWWLPDWWEK® JUDGLAMDYGDW DVVPRRWKLQJ WHL

$GDP LV DQ DOJRULWKP WKDWPREWEN LYWV AR EXBR @ & THUR

REMHFWLYH IXQFWERY W GRULENW U D W ,

RSWLPL]DWLRQ 7KLV DOJRULWKP B%L\ggé WY R G AW FEY W RR Qo
ORZRMWGHU PRPHOQW ,WHUDWLYH ZSIHKWW XS $\D \WR Q IHXYDMRER®X B QB G\V
HPSOR\HG WR WUDLQ PDFKLQHVROHYDQXPWH RQMHWIGHSHQGHQFLH\
WKURXJK ZGIFK FDQ EH YLHZHZLWX \DWQDWLVWLFDO VLJQLILFDQFH
HIWHQVLRQ RI VWRFKDVWLF JUDHMHIQR\S HEHS BHGQWFEW,IQY D PRGHOV L.
FROYHQWLRQDO DGDSWLYH JUBRUHE®DWDRQURIWK®L[ DEQHUDWHG W
ZHLJKW XSGDWHV UHO\ RQ D FR QMDNINIBM (DRBURYH®R KIDMAH H/@W FDOF X O
%\ DGDSWLYHO\ DGMXVWLQJ WKHVXD\ED?QRE HWHMEWUWKMLEDOO\  VLJ
$GDP DOJRULWKP VHHNRR@HRO HERUWDLHMD WIKRQVEHWZHHQ LQGHSHQG

WUDLQLO®J@KDVH YDULDEOHV 7KUXVW SUHVVXUH UR\
OLQLQJ URFN PDVV UDWLQJ DQG 6Fk
A e KDUGQHVYV FRQILUPLQJ WKH DE

| L Cel pe: Eie F LesC,

PXWLFROOLQHDULW\ &RQVHTXHQWO\
, o YDOLGDWHG DV VXLWDEOH IRU DGY
Fo lefoe B LesC ZRUNIORZV LQFOXGLQJ UHJUHVVLRC
OHDUQLQJ DSSOLFDWLRQV
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$ OLQHDU FRUUHODWLRQ DQDO\VLV ZDV SHUIRUPHG WR
TXDQWLI\ WKH UHODWLRQVKLS EHWZHHQ UDWH RI
SHQHWUDWLRQ DQG NH\ RSHUDWLRQDO SDUDPHWHUV 7K3
53 0505 6FK IRU HDFK GULOOLQJ PDFKLQHV
OXOWLYDULDWH UHJUHVVLRQ PRGHOV ZHUH VXEVHTXHQWO\
GHYHORSHG IRUS58WODV +&REFR U
7DPURFN DQG 6X&ZDUGLHOGLQJ
5 YDOXHV RI DQG
UHVSHFWLYHO\ 7KH UHVXOWY LOOXVWUDWHG LQ )LIJXUH
FRQILUPLQJ WKH HIILFDF\ RI PXOWLYDULDWH UHJUHVVLRQ
LQ DVVHVVLQJ 523 ZKHQ DSSOLHG WR FRPSUHKHQVLYH
RRHUDWLRQDO GDWDVHWYV

(TXDWLRQ SUHVHQWY WKH PXOWLYDULDWH
UHJUHVVLRQ RXWSXW ZLWK DQ 58 RI EDVHG RQ

Rl UDQGRPO\ VHOHFWHG GDWDJXURBRPH®@LENW HIDWQE RHDVXUHG YDOXH
GDWDEDVH ZKLFK LV QRW HQWLPKOLDRX®EWDHOBWH WHIUHVVLRQ DG
LPSUHFLVLRQ DULVHV IURP WKEBRREELRPAHSDOF\ tXVKHKH 3+ 7DPURFN
RSHUDWLQJ SDUDPHWHUV RI WKH HTXUs PP 6XQZADUG36

523 7K3 53 0505 6 FK

,Q VWXGLHG GULOOLQJ PDFKL®BIFPHW KIHERX QU BUWXUBIOXVWUDWHG |
GHPRQVWUDWHG WKH KLJK FRUSAPPWAIRI WRNKWKHBMWHLRIUHVY WKH UF
SHQHWUDWLRQ DFURVV DOO VWXOUBWLRQDBYVSUWHWHKKUMKBQG 523 LQC
H[FHSWLRTD RURFKHZKHULYLQJ URFNDUDPHWHU JHQHUDOO\ LQFUHDVHV Z
PDVV UDRMHWLJHG DV WKH PRVW SHMHE®XHEWLQ RUHMHMER QS FLWK D UL
SDUDPHWHU VH@KUROW\SDHVVXUIR3LQBURNYBMG WKH JURXQG FRQGLYV
523 WHQGV WR ULVH DV ZHOO KRRERQWWDWWLV7KHOPMHIRIWVRUSFLWHG Wk
LV LQIOXHQFHG E\ IDFWRUV VXF K [PHW\RW BIUE LW HFHBGU LDRFWKH UHDVRQ
SURSHUWLHYV DQG GULOOLQJ FREBIMLERRIMN $\R QLN VR@WLVWLFDO
DQDO\VLY SURJUHVVHG LW ZDV IRX)QXG WKHDUP B P 3HDEQ6H BEDEWY KDPPHU
ZLWK LIQFUMXWXVW SUHVVXUH LQUWERXRGHKE QBIQWWXGFRUUHODWHG ZLW
5HVHDUFK LQWR WKH FDXVH RHOMKIDWHHBKHEBRPHPRRIMQLFDO FRPSHWHQI
KLIJKOLJKWY ERWK KLJK DQG ORE+ VIVRISI@UIWKGURFHIFLTIKAH HQHUJ\ UHTXL!
UHODWLR QW \&HWIZ HHR® B /0 F\R QRQIGHURE QWDWLRQ 7KLV UHODWLRQVKL:
GULOOLQJ PDFKLQHV DQG WKUXSRP ISQUBIYNHURF N QRVIBIG I GDIDQ G MR L QW
SUHVVXUH FRQVLGHULQJ 8&6 060F WDQG BF GRIL@WDELOLW\

D 523 DQG 7KUXVW SUHVVXUH E 523 DQG 5RWDWLRQDO SUHVVXUH
JLIXUH 5HODWLRQ EHWZHHQ 523 Rl $WODV &RSFR PDFKLQHQIQG 7KUXVW
URFN PDVV UDWLQJ DQG 6FKPLGW KDPPHU UHERXQG



1HPDWL SiIBWBOQ -RXUQDO RI OLQLQJ (QYLURQPHQW 3XEOLV

F 523 DQG 0LQLQJ URF C 523 DQG 6FKPLGW KD
JLIXUH 5HODWLRQ EHWZHHQ 523 RI $WODV &RSFR PDFKLQHQIQWRFKUXVW Sl
PDVV UDWLQJ DQG 6FKPLGW KDPPHU UHERXQG

D523 DQG 7TKUXVW SUHVVXUH E523 DQG 5SRWDWLRQDO SUHVVXUH

F 523 DQG OLQLQJ URFN PDVV UDWL®J523 DQG 6FKPLGW KDPPHU UHERXQG
JLIXUWKBHODWLRQ EHWZHHQ 523 Rl +XVKHU PDFKLQH DQG 7KUXVW SUHVVXUH
PDVV UDWLQJ DQG 6FKPLGW KDPPHU UHERXQG



1HPDWL SiIBWBOQ -RXUQDO RI OLQLQJ (QYLURQPHQW 3XEOLV

D523 DQG 7TKUXVW SUHVVXUH E523 DQG 5SRWDWLRQDO SUHVVXUH

F 523 DQG OLQLQJ URFN PDVV UDWL®J523 DQG 6FKPLGW KDPPHU UHERXQG
JLIXUH 5HODWLRQ EHWZHHQ 523 RI 7DPURFN PDFKLQH DQG RERNXVW SUHVYV
PDVV UDWLQJ DQG 6FKPLGW KDPPHU UHERXQG

OXOWLYDULDWH UHJUHVVLRQ PRTGHEXPIEDH® H3 \§ R XOFKQWYMODKLGGHQ
WKH GHVLUHG SUHGLFWLYHFUDWERDDFK\SIX$DUDPHWHU LQ $11
WIRH W H U R J FMQHIDWAWL IBQGRW B WH RQ@I@ XHQFLQJ SUHGLFWLYH DFFXUDF\
SUHVVYNVSIPEURYY GULOOLQJ ULHVI IRFIHH@IWKIQW VW XG\ LWHUDWLYH H[.
URFN PDVVHV RI YDULDEOH VWADHQ JMRQ GXFEXV WMGR WIRIKLGHQWLI\ RS\
8&6 7R DGGUHVV WKLEDWDHSLRADWLRQUDMRRYLRUUDWH Rl SHQHW!
SUHGLFWLYHUMRGP®OYHPHQWHG KWHKERRIHD H R XV, QXA NL PLDHVQAM VQ H X U R
SURJUDPPLQJ ODQJXDJH ZLGHO\FD®R SWSIEGIH) WEAKQ®KNZRUN V FDSDF
OHDUQLQJ 0/ ZRUNMOREWHGZDNERPISOWH[ SUREOHPV DQG JHQHUDMW
HIWHQVLYH HFRV\VWHP Rl VFLW@WLDMWL.RQVEURRQNWUVHO\ HPSOR
LQFOXGLQJ QXPEHU RI QHXURQV FDQ PDNH WKH
1XP3\)DFLOLWDWHY HIILFLHQWDFRNSEWIB WLRQDRBURDGHU VWDWLV
PXOWLGLPHQVLRQDO DUUD\V DORBZAPWWLFHKLVHYWEOMAI\ UHTXLUH
KLJXHUIRUPDQFH OLQHDU DOJHEUQGRYHGBRWOQR®WQG GHPDQGYV JUHDWH
3DQGDYURYLGHV GDWD VWUXKWRKHDQ HHVXOW LQ RYHUILWWLQJ
'DWD)UDPHV IRU SUHSURFHVVE@DVX¥PSHWORQJ7KHYE IRUH LW LV SRV
IHDWXUH HQJLQHHULQJ RI GULO@IUPL G DAZRNVRWQ G DWWDLQ VDWLVIDF
ODWSORWEHQEHUDWHY BXEOLWXWIROQL]LQJ DQ DSSURSULDWH QXPEH!
YLVXDOL]DWLRQV WKUXVH23SYMYWXURIQV > @
VFDWWHUSORWY ORVV FXUYHV |IRU H[SORUDWRU\ GDWD
DQDO\VLVY DQG PRGHO GLDJQRVWLFV



1HPDWL SiIBWBOQ -RXUQDO RI OLQLQJ (QYLURQPHQW 3XEOLV

D523 DQG 7KUXV E523 DQG 5RWDWL

F 523 DQG OLQLQJ URFN PDVV UDWL®J523 DQG 6FKPLGW KDPPHU UHERXQG
YLIXUH 5HODWLRQ EHWZHHQ 523 RI 6XQZDUG PDFKLQH DQGURFWXVW SUHV
PDVV UDWLQJ DQG 6FKPLGW KDPPHU UHERXQG

, Q WKLV VWRAHAE HUL UNDDVGHGE QW 6 WRFKDVWLF JUDGLHQW GHVFHQW 6°
RSWLPZHMH GBIV LQWHJUDWHG ZQ YRK LW KP
WHHFNSURSDJDWLRUR  DOUHRUIDWIGPHOQM, pGDSwWIYH JUDGLHQW PHWKRG
XSGDWH V\QDSWLF ZHLJKWV DQG P[L@CLPL]H WKH ORVV
IXQFWLRQ .Q WKLV IUDPHZRUN
EDFNSURFRISXMRHY WKH JUDGLHQW K BRRHWG K VORPHQWHWKWREPDWLRQ
IXQFWLRLHYSWKW WR HDFK QHWZRUN $bUDPHWHU
HQDEOLQJ HUURU VLJQDO SURSDJMEORMXABBBLIMWH WXWSKHWDOXDWHG
OD\HU EDFNZDUG WKURXJK KLG @MY UPDIDHUYHWRRHRYHNUFKLWHFWXUH
RSWLPL]DW LR Q GIMXJR\ LS\DKIIDW H WOHONR ILWALIOBY DQG FRUUHVSRQGLQJ
WKHVH JUDGLHQWVY WR FRQYHRHWUWRZEDGEHG RIRMIKMH FRHIILFLHQV
PLQLPXP RI WKH ORVV ODQGVFDSH IRU UDWH RI SHQHWUWHDIQRQ SUHG
7KH IROORZLQJ DOJRULWKPV VZHUMUHEBSABURG VWWRVYV IXQFWLRQ ZL
EDODQFH FRPSXWDWLRQDO HIILFXHDQ@M LDQ G ERRIHIDE BIEHY EHWZHHQ
VWDELOLW)\ LQ 523 SUHGLFWLRQREVHUYHG 523 YDOXHV RRWRNYQ HW ZF

x *UDGLHQW GHVFHQW *' RSWLPL]%RNEI#&%BQRQP\)\/‘*HV



1HPDWL SiIBWBOQ -RXUQDO RI OLQLQJ (QYLURQPHQW 3XEOLV

7DEOH KH EHVW DWWDLQHG QHWZRUNV ZLWK 'LIIHUHQW $UFKLWHFWX
1R $UFKLWHFWXHRHO ~LOSSHO ZXWSX%EWbPLHUDLQHHVW 5
—

L Y D VDIERVQ. Y D WDLFR/DL Y D
PC 6 H 6 H /LQ
PC 6 H 6 H /LQ 6+
PC 6 H 6 H /LQ $GDJ
PC 6 H 6 H /LQ $GI
PC (C 6 H /LQ *
PC (C 6 H /LQ 6+
PC (C 6 H /LQ $GDJ
PC (C 6 H /LQ $GI
PC 5H 7D /LQ *
PC 5H 7D /ILQ 6+
PC 5H 7D /LQ $GDJ
PC 5H 7D /LQ $GI
PC ([SRQF 7D 5H *
PC ([SRQF 7D 5H 6+
PC ([SRQF 7D 5H $GI

7KH UHVXIDBMOH LQ ZKLFK FRPSIDQ®WDGLHQW GHVFHQW DOJRULWKPV
QHWZRUN DUFKLWHFWXUHVY DQGUREXVW SUHGLFWLYH DFPRXUDF\ $
UHYHDO$SGIWKED® HG PHWKRGY WKKEDP RSWLPKUIHYHG WKH KLJKH
VXERSWLPDO SHUIRUPDQFH LQ SHUIRUPDQFH ZLWRUBKLWHFWXUH
SHQHWUDWLRQ 523 LQ KHWHUILQSXWYV DQG QHXURQV LQ KLG(
$GDJUDGTV GARDQQRYROUQUDWHY RXWSXW \LHBGL@Q DWOYWGDWD
LWV LQDELOLW\ WR DGDSW WI$GDPJV DGDSWLYH OHDUQLQJ UDWHYV
GDWDVHWYV UHVXOWHG LQ SRR LQWHJUDWLRQ HQDEOHG UDSLG FRQ
DQG IDLOHG WR DGGUHVV WKHHSRFKV DQG SUHFLVH PLQMPL]DWLR
EHWZHHQ GULOOLQJ SDUDPHVIXQFWLRQ GXULQJ WUDLQLQJ DV HYL
FRQWIEDBWRFKDVWLF JAHD@WHHUURU UHEXKWHRQ LIMQG

JLIXUH &RQYHUJIJHQFH FKDUW)LEXNUMUDL®@VOD BMOWMHBIHQFH FKDUW IRU W
$GDPYV P PHWI
JLIXUHV LM@QOGVWUDWH WKIRHRWVIUHODVVBPBRQYDOXHY IURP ILHOG

EHWZHHQ SPBWW®IF-XHGGHULYHG 7TKWIRPHWEKBWWHUSORWY KLIKOLJKW Wk
RSWLPL]J]HG DUWLILFLDO QHXURIO HPHW ZROUN R BSR3DHRV X DIHW K

XVLI"QUQDGLHQW O6WRYKBYWLF JGBBRIOWUDWLQIJ WKH VWURQJIJHVW D(
GHVFHQGDRYWLPLIDWLRQ@ QG JREHWEXIPNQ PRGHO RXWIBXWR ®MQWDIUR X (



1HPDWL SiIBWBOQ -RXUQDO RI OLQLQJ (QYLURQPHQW 3XEOLV

JLIXUH &RPSDULQJ SUHGLFWHBLDXQUEH P HDYXRIFIUERNI SUHGLFWHG DQG PHE
E\ WKH ** PRGHO E\ WKH 6* PRGHO

&RHIILFLHQW RI '"HWHUPLQDWLRQ

5 LQGLFDWHY WKH GHJUHH WR ZKLI
RXWSXWV DOLJQ ZLWK WKH DFWXDO Y
RI GDWD G({VMSHWNVRRQ

‘IE 9,20

U L
i g1 ?H

© KH >y DCIBUHSUHVHQW WKH HVWL
YDOXH WKH UHDO YDOXH DQG WKH D
VDPSOH UHVSHFWLYHO\ > @

5RRW PHDQ VTXDUH HUURU 506 (

506( UHSUHVHQWY WKH VTXDUH U
GLIITIHUHQFH RI WKH DYHUDJH VTXDUH

JLIXUH &RPSDULQJ SUHGLFWHG DX PWRWQG 523
E\ WKH $GDP PRGHO S

L AgF e
1IHWZRUN SHUIRUPDQFH HYDOX‘D/W'LRQ—lHa-I—%—KRGV

BHYHUDO PHWKRGY KDYH EHHQ SURSRVHG WR DVVHVV
WKH SHUIRUPDQFH RI QHXUDO QHWZRUNV DFK PHWK
HYDOXDWHVY DQG DQDO\]HV D VSHF@HEQPHF \R)QNWHNWW(%U 08(

QHWZRUNfV SHUIRUPDQFH )RU HRIPEEIFXORMHWRWKH PHDQ DEVRO X
WKHVH PHWKRGV FDOFXODWH WKHRWUERYHUR QHEUWEIRPW WHIPQ WKH DF
YDOXHV FRPSDOHGDWRHNFWX | RAJFOVYOLVRH G TWDOWHR &V E@Q J
PRGHOV HPSKDVL]H WKH DFFXUDF\ RI WKH.PRGHO 7DEOH

FRPSDUHV WKH DSSOLHG PRGHOV éﬂée RQ WKH
HYDOXDWLRQ FULWHULD FRQVLGHUHG L@ SUHVHQW VWXG\

7DEOHRPSDULVRQ RI WKH EHVW $11 EDVHG RQ YDULRXV FULW
$OJRULWKRDLQI5QIHVWO6( 7UDLEB( 7UDLROG( 7THVWS( 7THVW
$11 *
$11 6*'
$11  $GI




1HPDWL SiIBWBOQ -RXUQDO RI OLQLQJ (QYLURQPHQW 3XEOLV

6HQVLWLYLW\ $QDO\WVLV WDUJHW YDULDEOH 523 UHIOHFWLQJ

6HQVLWLYLW\ DQDO\VLV FRQ l_P R PWWE GDLOFV(\SLI—|R\NQZVRI
FRPSRQHQW RI SUHGLFWLYH PR ,
A v W DOO HYDO>Y

RXWSXWYV 7KLY DQDO\VLV ZD
(TXDWLRQ $ KLJKHU UHOHYD
UVLJQLILHY D VWURQJHU DVVRF
SDUDPHWHU H J TKUXVW SUHYV

TXDQWLILFDWLRQ RI D PRGHO f - D0
YDULDWLRQV LQ LQSXW SDUDP H Wéu?@\)ﬁ’

)&VYQLE v Cy% uH

R

VV UDWLQJ D

A& . — ‘
8| |@E:£|'F§;E| |@53#|/|F#\F$,f

'KHWHDQHDUHBMYKHD QG DYHUDJWDNDW XHIYWLQJ 6FKPLGW KDPPHU UFL
RI WBWHK LQSXW SDUDPHWHU UHVSEHWXMAHD\DQREHARWRAWLRQDO SUHVYV
#RMP QEWAVLIQLILBVK WKHDO YDO X SX®G SDUDPHWHUV )XUWKHUPRUH
DYHUDJH YDOXH Rl WKH SUHGLFWHWAREYN\ BRGHAEHBOHUH GHYHORSH

UHVSHFWLYHO\ > @ HPSOR\LQRUGBHWWWRSWLPL]DWLRQ DO.
$GDP 6* *' $GDKHBGREPWLPL]IHG
$11 DUFKLWHFWXUH GHPRQ\
VXSHULRU SHUIRUPDQFH DFKLHYLQ.
WUDL@Q@E 598 WHVWLQJ z
FRUUHVSRQGLQJ URRW PHDQ VTXDUH
DQG UHVSHFWLYHO\

6HQVLWLYLW\ DQDO\WLV UHYHDOH(
HIKLELWHG WKH KLJKHVW LQIOXHQFF
WKUXRVWVVXUH H[HUWHG WKH OHD\)
XQGHUVFRULQJ WKH GRPLQDQFH RI UF
RYHU RSHUDWLRQDO SDUDPHWHUV LQ

[LPLWDWLRQV DQG )XWXUH 5HFRPPH

)LIXUH ,QSXW SDUDPHWHUVT H||§EW%§3%%v§éRSRVHG IUDPHZRUN
RQ WKH GHVLJQHBK®XN W KUHV VX X Qit\s UPWILRQ@YV VHYH
0505 OLQLQJ URFN PDV UDWLQJ 5% LFRWERW RBREY ZDUUDQW DWWHQWLRQ

SUHVVXUH 6FK 6FKPLGW KDPPHU UKRERNRFDQW %LW 'LDPHWHU 7KH VW

XQLIRUP GULOO ELW GLDPHWHUV X\
&RQFOXVLRQ HYDOXDWH GLDPHWHU YDULDELOLW\Y

7KLV VWXG\ LQYHVWLIJDWHG WKH UBWBHVR WS eFRIEW UPMIL RRGPYW zDV WU
WKH 6XQJXQ FRSSHU PLQH XVLQJ |LWOFE @GDMWDRRBP/LQIOH SRUSK\U\ FR
EODVWKROHV GULOOHG E\ IRXU GULGIQHQD (PDFKIL@MW SWIGDWHY H[SDQ
&RSFR 52& /| +XVKHE:U( 6XQZDUG OLWKRORJILHV DQG K\EULG GHHS
DQG 7DPURFS FRPSUHKHQVLYH GDWUE®BWHHFWXUHYV

LQWHJUDWLQJIXUHRBQWYHDH J WKH XYY 9DOLGDWLRQWIPHHIMQWRRBRQ R
SUHVVXUH URWDWLRQDO SUHVVXWbwD QFRxOBERYBORY\ PRGHO DGE
GHULYHG SDUDPHWHUV H J 6FKPLGNQWPPPIBULDHERIX@EQGLWLRQV
KDUGQHVV 0505 ZDV FRPSLOHG WR DVVHVV

FRUUHODWLRQV EHWZHHQ JHRPHFWDQLFDIOOPEUODWOHY DQG

523 OXOWLYDULDWH UHJUHVVLR Vi) GH
FRIILFLHQW RI GHWHUPLQDWLR PREDWBY Wk BRCVes Pruw wkH 1LG

FROILUPLQJ WKH LOVXIILFLHOW DEPRUDRV PEOEFRE FRRQMHTXHVW
WHKHWH RI SEQARQVMEHRULQJ PLQLQJ URFN



1HPDWL BIDWDBOQ -RXUQDO RI OLQLQJ (QYLURQPHQW 3XEOLV

5HIHUHQFHV VRQLF YHRRFNIOMFKDQLFV DQG 5RFN (QJLQ

> @ *UDKDPOXHQFK 1 / $QDO\WLFDO

GHWHUPLQDWLRQ RI RSWLPXP ELW>ZH2 JORUDGE DURWQIYD VGHHG 3UHGLFWL

FRPELQBW(LRDY( * WKH XQLD[LDO FRPSUHVVLYH VWUHQJWK

. &OH&QB@MWWPRG OXV RI LQWDFW VHGLPHQWDU\ URFN\
: 'rQ/WHu DWLRQDO -RXUQDO RI *HRPHFK

RI URWD U\ RUL@DQ ®] 3SHWUROHXP (WS\% UDWI(_QRQ bR%2 Q

BURGXFWLRQ 7THFKQRORJ\
> &RUUHODWLRQ EH\V

<DJL 6
> @ *DOOHRR®V + % %HVW " URFN SURSHUWLHYV IRU
'"HLJKW DQG 5RWDU\ 6SHHG $BU 5R L) L OHHULOJ *HRORJ\ DOG
'ULOOLQJ DQG 3URGXF® KRQ N3 UBF WL

> @ _.DKUDPDQ 6 7KH GHWHUPL
> @ %RXUJR\QRIX@J7) 6 $ OXCWE$HPHD 0 FRPSUHVVLYH VWUHQJWK IURP
5HJUHVVLRQ $SSURDFK WR 2SWLPD O Qk@éw BRHR OHR O R\
3UHVVXUH 'BRVHAWMLRRI 3HWUROHXP (QJLQHHU

MRXUQDO > @ .DKUDPDQ 6 *X@DWLQ 2
VWLPDWLQJ WKH XOLD[LDO FRPSUHVVI
> @ )HDU 0 - +RZ WR vPSéJ\'t?J‘é'F‘oWM\QHFR'URFNV IURP WKH VODNH

SHQHWUDWLRQ LQ )3 O QJLDSHUDIW y
&RPSOHWLRO = 63( 3% BREBBHWLQ RI (QILQHHULQJ *HRORJ\ DQG

>@ %LOJLQ 1 &RBABL +& > %DVDULU + ox |/
OHFKDQLFDO H[FDYDWLRQ LQ PLQLQ mgbvﬁ#b MMW FWLRQ IRU G
&5& SUHVYV DGDSWLYIK]IQRHXQIRUHQFH V\VWHP DQG P
> @ +RVVHLQL 6 SYKBBMABLH + UHJUHYQURQMHULQJ *HRORJ\

$ ODERUDWRU\ VWXG\ RI URFN SURSHUWIHVGPIHFWA QD eV ke wep PEWD HL 0
SHQHWUDWLRQ UDWH RI SQRXPODQF V\@RS$K@W5'H_HDCV%L ¥YHOHWUDWLRO UDW
RI' PLQLQJ DQG HQYLURQPHQW GULOOLQJ LQ VW HURD RILRIPD O -RXUQDO
> @ ORWDKKDUL + 5 +DUHODQGOHFKRPQDBPPMIBQG OLQLQJ 6FLHQFHYV

%RQG % OHWKRG RI ZSWLPL];QEOR_VVB%HD(%G ‘%’LWD(UUG\A«DQ&-B

I RO E R IR OBIIPAFOSRS &DQRG BRPHQWDO LQYHVWLIDWLRQV RQ St
SHWURGIRKRRORJ\3(762& 7% SHUFXVVBYURRHALIDO (DUWK DQG 30DQHWD!

> @ 5LWWR 7 * &8RBEDWRDQ 6

5REXVW RSWLPL]DWLRQ RI WKH UDWH%EI—E%I@\@CE%\;V RQ RI B UéQIQGLFWLRQ

VWULQJ XVLQJ D VWRFKDVWLF QRQ@ RQ VAR 00V TURP L¢
&RPSXWDWLRQDO OHFKDQLFV DUWLILFLDO QHXR)QUM DXHWRIRWKM 6RXWK|

> @ <L 3 .XBDPX$HO 5 SHD®OWLPPQ ,QVWLWXWH RI OLQLQJ DQG OHWD
5DWH Rl 3BHQHWUDWLRQ 2SWLPL]DWLRQ 8VLQJ WKH B6KXIIOHG

JURJ /HDSLQJ $RARQDWKRI (QHUJ\ SHVRXURRBYyUDYLPDQHVK 6K (VPDHLO]DGH

7THFKQRORJ\ 0 OLNDHLORMKWDULDQ $VO 0 $FFX
> @ <DUDOBR\RU ( $VVHVVEBHOMELEWLRQ RI GULOO ELW SHQHWUDWL
UHODWLRQVKLSY EHWZHHQ GULOO LYXYSUHDMW MR HR DRKE @ FRBIOVED-®JI WHFEK
SURSHUWLHX@®QIHRFINYJ DQG 8QGHUWDERRYBVWRB K FDVWRBDRODIR QL JERUQLN
7HFKQRORJ\

> @ 1D]JLU 5 ORPHQL ( $SRIPQ@JIKDQL@ ' *RNFHRIRNOX . $ IX]]\ PRGHO
0 o &RUUHODWLRQ EHWZMHRQ SHBEREWM W31 XQLD[LDO FRPSUHVVL
FRPSUHVVLYH VWUHQJIJWK DQG LQGALRGXxWXWRQKO®N WLFUWQRRHERWREBAHPD YV
OLPHVWRQH UREGHPWPEBQHN -RXUWPEHBOLRPWLRQV RI $UWLILFLDO ,QWHOOLJ

*HRWHFKQLFDO (QJLQHHULQJ > @ OLVKUD%DWX $ (VWLPDWLRQ
> @ 7LU\DNL % BUHGLFWLQXQOMM b @ RSN M WUHGUIWWUHQJIWK RI UR
IRU PHFKDQLFDO H[FDYDWLRQ XVLHNMYOW XY¥b QU DWHHI ¥ MAOMAL RRQw DRAD O\VLV D
DUWLILFLDO QHXUDO QHWZRUNV VVOWORWRHIHMAIRGI RWBHHYV

(QILQHHULQJ *HRORJ\ > @ +DVKPL . *UDKIDIPOV, %
> @ .DUDNXWXWPH] % )X]]\)BHEOFEDW¥HG GDWD VHOHFWLRQ IRU WKH

PXOWLSOH UHJUHVVLRQ PRGHOOLQRXKRQ MY iRd XOPWIHRYG ROV WRFRNWVLQJI 7HF
URFN VWUHQJWK EDVHG RQ SRLQW ORDG 6FKPLGW KDPPHU DQG



1HPDWL BIDWDBOQ -RXUQDO RI OLQLQJ (QYLURQPHQW 3XEOLV

> @ 1DQGL 'BYLP- 3 $ VWXGY R®@ 3DFLV ) - $PEUXV $ $O\DHY $

GULOOLQJ SHUIRUPDQFHV ZLWK PBLQLRXFWLODYWOWNWRUVNL 7

OXEULFDQW XVLQJOIKFKDORUIRELFEXOHSURYLQJ SUHGLFWLYH PRGHOV IRU UDV
UHDO GULOOLQJ RSHUDWLRQV WKURXJk

> @ B6XMDWKD 7HWDWNE 1DLU 1 -RXUQDO RI &RPSXWDWLRQDO 6FLHQFH

$SSOLFDWIHRQK QRUIQ]]J\ 3, FRQWUROC> @ +H\GDUL 6 +RVWHUXHUSRXY 5

GULOOLQJ&BYRFHYGLD BUHGLFWLRQ RI MXPER GULOO SHQ
XQGHUJURXQG PLQHV XVLQJ YDULRXV P

> @ %LOJHVX + 7HWULFN / $0O

. $PHUL 6 $ OHz DSSURDSSURDFKHV ~ DQG  WUBRILWQWRQDE P

'V NI
SUHGLFWLRQ RI UDWH RI SHEB{WUDW SIWY s ypboxHV .0

(DVWHUQ S5HJLRQ®RFLMHIHWWRQI3IHWUR@HYMEDUNLD 0 $EGHOPDOHN $ $RXC
(QJLQHHUYV 7DEHW %HQVHOKRXE $ 6\QHUJL

0
> @ 6KDG + . 8§ GHUHVKNL )sulbg/ FWLRQ Rl SHQHWUDWLRQ UDWH LC
G
>

H
HV Vv HVLJQ RI H[SHULP!
.DUDPRR]LDQ © 3UHGLFWLR : ﬁF%QW@HWMWDQi
FYE6 Qo U

SHQHWUDWLRQ UDWH LQ LURQ
HQJLQHHULQQWRNVWWBWLRQDO -RXU
@ .DJHPL 0 0 . BDPDYKD®L ' -

6FLHQFH DQG 7THFKQRORJ\
ULG :*%RRVW PHWKR!

> @ %DUERVD / ) 1DVFLPHQWR Bk Fg\
&DUYDOKR - $ ODFKLQH O q‘égg L,JJ/ UDWLRQDQ%WWTRFS o
DSSOLHG WR GULOOLQJ UDWH RI (5-{&?_ i REYWYEHCROG
RSWLPL]DWLR®RX&QB®LRZ 3HWUROHXP6
DQG (QJLQHHBLQJ > @ 6KL ) /LDR + :DQJ4% )$OIDULVL
> @ =KDR < 1RRUEDNKVK $ .RR 2S5y PHSV\%B&%E;LUHESOL%J SowWR
$ 7DKLU 0 0 $ QHZ PHWK%E%%S:W VIRRAY: QHHR HPRUQIN Q J O R
H Q
RSWLPL]DWLRQ DQG SUHGLFWLRQ RIT HRPES SRV DWIRRE xuL oy
GULOOLQJ RGHUIHMILR@VY ZLWK &RPSX&HUDZDO $ , 20RQDGH 0
3UHGLFWLRQ RI URFN SHQHWUDWLRQ UDW
. @ (ONDWBBE®X06DEHPEG80Ip2zo@SWLPLIHG $11 DQG VWDRAWQLG DRI PRG!

$ QHZ PRGHO IRU SUHGLEWEBRIQRUBWWKEFLHQFHY

SHQHWUDWLRQ XVLQJ DQ ®HJQWIR UNLD C@Q HXDN® R HW ZREIXNUDN 7 1\JDDUG 5
.ULVWLDQVH®PHU 0 +\EULG 523
PRGHOLQJ &RPELQLQJ DGQGDQVWIQFDO D¢

> @ /DzZDO $ , 2ZRQDGH 0

3UHGLFWLRQ RI URFN SHQHWUDWIﬁ@i@W@Y(gﬁJFBH(S{QQ#SGBLQ%FOLLWQ%FH DQG

RSWLPL]HG $11 DQG VW DRWYQ\OLF B RS )

$IULFDQ (DUWK 6FLHQFHYV > @®PLQL + *KRODPL 5 ORQMH]L 0 7RI
~DGKHVK - (YDOXDWLRQ RI

> @ $\RXE 0 6KLHQ S$KPHMBE4' o, oD QR G W VWLQJ RSHUDWI
@cHoLoy R GuLooLoy uDwH b SEGRRERWERE SRR Dot sssoLrp
DGDSWLYIKX]QHXWIRIUHQFEBWHVUWEWLRBD
-RXUQDO RI $SSOLHG (QJLQHHULQJ B5HVHDUFK
> @ .DUSX] & HW DO 'ULOODELOL

> @ <DYDUL + B6DEDK O0:RR®VUD [Edﬂ E DVQV\E%R?A';XGUUQLDOOO"RQlJV'f('UI%"FJHQL
' $SSOLFDWLRQ RI DI]BGDS ébo ms .;’Fg b1
,QIHUHQFH 6\WWHP DQG ODWKHPDWLFDO 2HBWwubwLRrQ

ORGHOV WR 3UHGLFWIMQLNQROBKQI> @RKUDPDQ 6 HW DO SUHGLFW

2LO *DV 6FLHQFH DQG 7THFKQRORJSHQHWUDWLRQ UDWH RI URWDU\ EODVW |

GU LOJQWHUQOM[LRQDO -RXUQDO R
> @ +DPGL = +DOGDYQHNDU $%|—éb%%q£ V. DQ LQQLQ[J 6QFLHQFHV Q
%DWDHH 0 PSURYLOJ 'ULHBIRPEDPWHRRP

SHQHWUDWLRQ ORGHOOLQJ 3HUIRI> @RBQIVLEJI:BGDSWLYH 7KH

IHXPR]]\ ,QIHUHQFH $EXWHRBEL PHFKDQLFV Rl GLDPRQG FRUH GULOOL

,QWHUQDWLRQDO 3HWUROHXB(([KL EIQWHRUQ DARRIGNGI QRKUQDO RI 5RFN OHFK
06 6FLHQFHV

> @ .DPUDQ O $ BUREDELOLYWAF %$OSHRDBK IRU 2SHQ SLW GULOOLQ
BUHGLFWLRQ RI 'ULOOLQJ 5DWH ,REH[QDULRIIJWIQVEBREWKHUQ $IULFDQ ,QVW
/HDUQLQJ 7HFRRUDO® RI OLQLQOHWRGO XU J\

(QYLURQPHQW



1HPDWL BIDWDBOQ -RXUQDO RI OLQLQJ (QYLURQPHQW 3XEOLV

> @ .DKUDPDQ 6 5RWDU\ \DH)GH M E XWR PNV - RRUIIDE URD 7THFKQROR.
GULOOLQJ SUHGLFWLRQ XVLQJ UHJUHVVLRQ DQDO\VLV

QWHUQDWLRQDO -RXUQDO RI 5RFN> O&FKBQLL(SI\_/ %%9K%&&8J+ 6KDNHUL -

FLHQFHV %DVFRPSWD ODVVDQHV 0 '"HYHOR

@ ODXUHU : 7KH VWDWH RRGREN PRIFKIDQUR¥N GLVWDSQAAMH DVVHV\
NQRZOHGJH LQ G$H030LE6] 5RFN PLQHRXUQDO RI OLQLQJ DQG (QYLURQPHQ\
OHFKDQLFV *HRPHFKD®AO 6\PSRVLXP

> @ 3UDVDG % 6 3DMIACWK\6 % > @ *KDVHPL ( S$PWOQHL +0
,QYHVWLJDWLRQV RQ DSSFNHG UMPEEEIFDIMWMARQ RI DUWLILFLDO LQWHOOL.
XQGHUJURXQG PLQH GHYIGORSPHOHBMEBLRYLQJ IO\ URFN GLVWDQFH FDXVHG
,Q5HFHQW $GYDQFHV LQBSRFN (QJLQHHIHEIPIQ -RXUQDO RI *HRVFLHQFHV

$WODQWLV 3UHVV > @ ODGKX * .DXWLVK 6 $OQRZLEHW
> @DNXEHF /DXEVFKHU ' + +7KH ORKDPHG $ 1,381%$ $ 1RYHO
0505 URFN PDVV UDWLQJ FODVVLILFDSWLIRRL MV WSHPWLY PWQRQJ )XQFWLRQ IRU
SUDFWLBMREBHGLQJV RI WKH UGlHWWRWKRPWLRQDO

v O

FRQIHUHQFH DQG H[KLELWLRQ/EROQRRDYV P J

$XVWUDOLD > é —IQE%JQ&- <LQ < HWDO $SSOL
Rl DUWLILFLDO QHXUDO QHWZRUNV LQ P

> @ $\GLQ $ ,650 6XJIJHVWBG DFCHWIK\RGDIFBRPSUHKHQVLYH UHYLHZ IU

GHWHUPLQDWLRQ Rl WKH B6FKPLAPWOWDPPMWUU SHERMOWURQ WR SRSXODU
KDUGQHVV B5HYLYWGE ULWQDUWILR@DO -RXWQRRONRDQG SRWHQRHBWNIYILFXDO WU
5RFN OHFKDQLFV DQG OLQLQJ 6FLHQ@WWOOLJHQFH 5HYLHZ

> @ $0L $PEH$G . 6SHDWPIAD VLDQ < =KOmMJJ <+ SHFHQW
FRUUHODWLRQ FRHIILFLHQW LQ D G/Y\DDQ¥HWWLE YO R DKPD/AUVEVMUDGLHQW GH
,QWHUQDWLRQDO -RXUQDO RI 1RQDWEHBPDW$BDO\VLV DQG

$SSOLFDWLRQV

> @ 'XFKL - +@Q@IHU < $GDSWLYF
> @ *XSWD 1 $UWLIULFHVDD QWXE DO BPGHWKRRM IRU RQOLQH OHDUQLQJ I
FRPSOH[ VIVWHPV RSWLPL}RWURQO RI ODFKLQH /HDUQLQJ 5
> @ +D\NLQ 6 1HXUDO 1HWZRUNV $

FRPSUHKHQVLYH IRXQGDWLRQ 3HBDU@RQLQGRB®BWBRQ ,QF $GDP $ PHWKRG
6LQJDSRUH IRU VWRFKDVW LG VRISWQ P W]IDRMLIRA &R Q| HUH
> @ .RRSLDOLSRRU 0 )DKLFHM/DU/QDqugﬁfé'ﬁsu(HleQWDW"RQv &15

DO 'HYHORSPHQW RI D QHZ KVEU®@G+$DGRRQRBEKOHU $ % $QRWKF

VROYLQJ D JHRWHFKQLFDO SUREOH®RERHODW HEH D/\RX W X @ GRH,@ RERHIRIDIMW. PE B ® U
PDFKLQH SHYQRURPBEFEHQJ ZLWK &RR8XWED® RI )RUHFDVWLQJ

> @ 6KLUDQL )DUDR®RQEHK 05
> @ $GHED\R % 2SBINDYRH =- 203UHGLFWLRQ DQG PLQOBXPMA R RIQEO D
'ULOODELOLW\ DQG VWUHQJWKE UKD UG WL D\ K\ KR LERVELEY W OB R WIDW K
(QJILQHHULQJ ZLWK &RPSXWHUV
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