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&RPSDUDWLYH $QDO\VLY RI ODFKLQH /HDUQLQJ !
*HRPHWDOORGHIQAQDW KH 6 XQJXQ &RSSHU 3RUSK\

OH\VDIRNIDUMDPHYK]LWUNKDQKDG $]L]DO¥BPUGUH]D *ROFKLQ

J)DFXOW\ Rl 0LQLQS$MIQUNREHW BQLYHUVIMKUQ@EFKQRORJ\
1DWLRQDO ,UDQLDQ &RSSH U 6XQEXVVE RS % BAAPH DD E RIQ

$UWLFOH ,QIR $EVWUDFW

SHEHLYGHGS WHPEHU *HRPHWDOOXUJLFDOSPRGWHDMLEBUWXFLDO UROH LQ WKH Pl
SHEHLYHG LO SHMNHIGIII-{IUQDEOLQJ D FRPSUHKHQVLYH XQGHUVWDQGLQJ RI WKH
JHRORJLFDO DQG PHWDOOXUJLFDO IDFWRUV 7KLV VWXG\
$FFHS WO YDULEOHY DW WKH 6XQJXQ P&EHOSSHIL PLPH G B UUHBQ FEALQJ
3XEOLVKHG RQOLQH SURSHUWLHYV LDXVWOR EHQR XVHBRZHU LQGH] 63, UHFRY|
FRQFHQWUDWLRQ JUDGH 7R RYHUFRPH WKH DGGLWLYLW\
ZH XWLOL]J]HG PDFKLQH OHDUQLQWROHRPRBHKBONVQRUDHBKDJI
LPSURYH CPNLWURQQG RSWLPL]JH PLQLQJ RSHUDWLRQV L
‘2 MPH UHVHDUFK LQFRUSRUDWHY FUXFLDO GDWD LQSXWV VXFK C

.H\ZRUGYV PLQHUDOL]DWLRQ JRQHV DQG DOWHODRDWER@LWR RIVE HIVN U\

PDFKLQH OHDUQLQJ UHJUHVVLRQ PHWKRGV 7KH 5HODWL
"HRPHWDOOXUJLFDO PRGHGLSY JKkWHG DV D VLIJQLILFDQW PHWULF IRU FRPSDULQJ
3URFHVV SURSHUWLHVSURSHUWLHY (YDOXDWLRQ PHWULFV VXFKOHBDQSRRW OHC
6HFOLXWRIHORXV 3RZHOEWR@XWH (UURU 0$( DQG FRHIILFLHQW RI GHWHUPLQE
63, VXSHULRULW\ Rl VSHFLILF PRGHOLQJ PHWHRGWVWQ FHU
0DFKLOH /HDUQLOJ sosRDEWKERUV .11 PHWKRG H[KLELWV VXSHULRU DFFXUDF\ ¢
$( DQGLIKHKU 5 IRU PRGHOLQJ WKH 63, WHVW )RU PF
6XQJXQ &RSSHU PLQH FRQFHQWUDWH 6XSSRUW 9HFWRU 5HJUHVVLRQ 695 SUR
RXWSHUIRUPLQJ WKH OXOWLOD\HU 3HUFHSWURQ 0/3 PHW
KLJKHU 56' VXJJHVWAHUWBUBDVYHBQ®QYDULDELOLW\ LQ \
7KHUHIRUH 695 LV FRQVLGHUHG PRUH VXLWDEOH IRU PR
J)LQGLQJV RSWLPL]JH RSHUDWLRQV DW 6XQRERNLRESSHU PL
HIILFLHQF\ DQG SURILWDELOLW\

,QWURGXFWLRQ

*HRPHWDOOXUJLFDO PRGHOLQRZ OUUDWLBRQV LQ RUH FRPSRVL
FRPSUHKHQVLYH DSSURDFK WKDW RMWHIYUBDWH D @D WRIW KIHRJP IDFWRUV
YDULRXV GLVFLSOLQHV LQFOXGRQHUMHRO® BIUJRPLHWWDIEQOXRWINLQ@PLQLQJ
DQG PLQHUDO SURFHVVLQJ WRHRBHW.POMHX URBLGHLRDIEORADNISWRDFWLY T
RSHUDW-LR®V *0 HQFRPSDVVHV E\WRKNDQWLI\LQJ WKHVH UHODWLRQ
FRPSUHKHQVLYH FKDUDFWHUL]DSUIHR) FRV L R BPH@RGSHRWNK WV FRQWH[W R
LQWHJUDWLQJ ERWK JHRORJLFIHR PHWD OFHWDO OXKRAUHDDUH LQGHHC
DVSHFWYV 7KLV DSSURDFK HQNHFERVQEPRIG] DSSHRIDVWHKHEDVWGBDGLWLF
SUHGLFWLRQV RI SURFHVV SHUIRQU®  DRIAHDQGRUHNBRXUFKH WUDGLWL
UHFRYHU\ ZKLOH RSWLPL]JLQJIJHRPHWBEQBXUDWQ GHRWHIILFDWHY D QB
PD[LPQJL UHVRXUFH XWL@OLYDWIPRHQVDOOXUJLFDO GDWD VHSDUDWHO\
VLIJQLILFDQFH QUHWKIHQ JPOSLEHWY HHANWKRORJ\ VWUXFWXUH DQG DOW
JHRORJ\ DQG PLQHUDO SURFHVWRQXQORANYRDMEGCWKH VSDWLDO YDUL

4 &RUUHV SIRQWIDRIG HK H]#D X WHDEF UNKD QL
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OHWDOOXUJLFDO GDWD LQFOX%DQHYVLUDQ QFGHEEK REMD O DRAUELWKPV DUH
IORWDWLRQ UHVSRQVH DUH H [HD[RMLPNG YWHR \ DVR/SIOR\HEBKHQ JHRVFLH(
SURFHVVDELOLW\ Rl WKH RUH VXEWHK WXHR FRDROL FRIO>DQRRE@ O\ GHW
RSWLPL]LQJ RSHUDWLRQV WKH QLWKROMRREDO POSVRDAKDRDWLRQ IRU
PLQHUDO SURFHVVLQJ WDNHV >L@WRISDEPRKEY RRWOG@MUEDWLRQ |
JHRORJLFDO D.F® OP HBVA/ORADRBI) PLQHUDO SURVSHFW I@WWM PWD XYIDQJH
SUREDVHG DSSURDFK LQ JHRPHWQ OO XVJUH@YWDYH®\ XQFRPPRQ +RZ
XVLQJ LQGLUHFW PHDVXUHPHQSWDWNWRGHFIURHLNRP HIWRHVHDUFKHUV KL
HVWLPDWH RU SUHGLFW PHWDOQ®UWLKAD OH BRIRS B OMX H@REDO GRPD
3UR[LHV DUH HDVLO\ PHDVXUD E QMRS B WIDRHOKRIG WAL KBIW WK R G V
FRUUHODWHG ZLWK WKH MDWUIH®RFNWDY ®XVUILEDIQFDURN DGYDQWDJIH
RI LQWHUHVW 7KLV DSSURDFK WR XNHHEW ZKH®D GKDEEWH WKH DG
PHDVXUHPHQWY DUH FRDO®FARQBCLGRWLWLRN DV D PDWKHPDWLFDO SU
> @KH PLQHUDORJLFDO PBSIRWBWLRQ RI YDULDEOH PHDQV
JHRPHWDOOXUJ\ IRFXVHV RQ WKHY BUDRIQIHG&RPPQOQXNWLRRQ DQG UF
PLQHUDORJLFDO FKDUDFWHULVWLBF SDGIGH RKHHW D OLESDFAVFDRQ UHV SR Q'
H[WUDFWLYH SURFHVVHV OLQHUWRRWLF D 6 KW KES&GIMWQRER OF H
PLQHUDO LGHQWLILFDWLRQ P L OHRMHOWNDYVORBUDWWR QWD ® QQKDQFH
OLEHUDWLREHD PRQHUDORIJLFDOP RGBUORQFKFDSDELOLWLHY E\ HPSOR
SURYLGHY YDOXDEOH LQVLJKWWWRQWIRYVWIKFHD @HKBFKRUTRHY LQFOXC
PLQHUDOV GXULEXWSUWRFFANYLBHVKRKWOA VXSSRUW YHFWRU PDFKLQHV
UHVXOWLQHG LGDWIDPIDN DLODELOLRWH\DWE S5PFHRWU QHXUDO QHWZRUNYV
FKDOOHQJHV UHODWHG WR VD P S\ K HWYHIS P HW M @/ GPIR/GIHRENQ AV Y BE GG HY HC
LQWHUSUHWDW:RQ F®RSGBMWIKVWLPDWH FULWLFDO SDUDPHWHUV L
PDNH XVH Rl ERWK JUDGHV DQGC PQB KBOD@RILQH[BRBLRSWLPL]DWLRQ
UHPDUNDEOH SUHGLFWLRQ SHUIRRPOUIAMH DIQLE® H PRERRAMONH QG W KIHV LLIRHD
UHO\LQJ RQO\ RQ JUDGHV BRQGHRPHREIRD O XDED\
FKDUDFWHUL]DWLRQ FDQ VWLOO6HHFAKULBY HVHADMM DIDHFWRBPRQO\ HP S
UHVXOWV LQ WKH DEVH®FH@R| PIWXHUBIOWRIRUPDWBH Rl FRPPLQXWLRQ S
*0 LQYROYHV WKH XVH RI TXDOLWQRQAXGHDW & HT %RQ\G LRLIDWLXRIUN LQG H
SURSHUWLHV DV SUR[LHV IRU PAMWD®ZRUMNERGH[HBSIRQ¥$*WIRZHU , Q¢
ZKLFK DUH DSSOLFDEOH DFKHRW VGFUHRBLIROHE @SISUR':L DQG UHVLVV
7R SUHGLFW PHWDOOXUJLFDO WEHYIS\RLRMH W QG HIWKHIDAVLR RRH GULP DU\
PRGHOV DUH ILWWHG XVLQJ SUPPMMKRGNUKUHGHWRZIDNKHYV SURFHVYV
WKLV IUDPHZRUN 7KH ODFN RI PMVBDPDXOVYLFEHQWHWVISERQBHRXQG HLW
SURSHUW\ GDWD PDNHV LW GDIHDFKQWJ WBHHUWDEQVYVRKHVH WHVW
SUHGLFWLYH UHVSRQVH UHODWLSRSQMNRDOLFKHVHYHR MWXRXNXRWH WKH
SULPRENUWURSHUW\ GDWD LV UH{OIHWUWLHEGIQBEXQRIDEHWFRYB U\ SURFHV\
&RPSOH[ UHODWLRQVKLSYV EHWZH®G QKLWLEDUW LFXDDONW VWXG\ WKH 6:
YDULDEOHY DQG JHRPHWDO OXUJWRD DQWYHWS\RQ DMAH DVE KEHWNRRWIK 6 R X® L W \
FRPSOH[LW\ RI WKH SUHGLFWKRQGERFHAMH WIRWW ZDV FRQGXFWH
SUHGLFWLRQ SXUSRVHV LW LV QBERVDMRUNRPILAIE BRPPMWHIUDOL]HG
DOWHUQDWLRHDWR P XM IGY.DWLL ZWHF KOKQEDWBHFLILF GLPHQVLRQV DQ
UHJUHVVLRQ PRGHOV WKDW S HUWRKUP SSRIFEIRYEA, QWSHMWD WNQYROYHG JUL
UHVSRQVH UM@WLRQVKLSV VDPSOHV WR VSHFLILF SDUWLFOH VL]
ODFKIOHDUQLQJ 0/ D GLVFLS@VEB ZLRVIGHWWKPLQH WKH WLPH UHT
ILHOG RI DUWLILFLDO LQWHOO L BDURHL FX O AR QA IO VELLIVWHY ERQVLR Q  §
H[SORULQJ PDWKHPDWLFDO P R GHHDG/L P\ HVO JRYEWKIPWHER UHVLVWDQ
JHQHUDWH SUHGLFWLRQV 7KHYV HGWIHOWWIRD EBTKHEHIHRBUDBGY SHFLIL
E\ DQDO\]LQJ SDWWHUQV DQG GDQHL JFRJQYD ML RQ> EAHMIFDNRS HPE OF
ZLWKWNLQJ NQRZOHGJH DQG GISRHEBHSGEQDDISHUQXQUW WKURXJIKSXW
DOJRUEWK®VQ WKH UHDOP RI JHR/FUBPEWWUYV DV IROORZV
0/ PHWKRGV EULQJ IRUWK VHYHUDO DGYDQWDJkY RYHU
DOWHUQDWLYH DSSURDFKHYV S'Ray:mguDA\V/E-g—g-g& ILFDQW
FKDOOHQJH WR HVWDEOLVKHG JHRVWDWLEVYWLFDO DQG
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ZKHYH UHSUHVHQWY WKH PLOQ WBHHVVILR @ OMHHUWK R G RBKDWWIH IRRV
GOD P 6411 ; LV WKH SDVVLQJ VOAAXRJIDWHKIHO\ SUHGLFWLQJ VLJIQLILFIE
6$* VFUHHQ XQGHUVL]H DQG 635PUQPHGHHURWHVKWKXH VHOHFWLRQ Z
WLPH UHTXLUHG WR DFKLHYHFREWULEBSWHLWR DGYYBQFHPHQWY LQ |
GLVWULEXWLRQ SURFHVV RSWLPL]DWLRQ DQG RYHL

JORWDWLRQ UHFRYHU\ DQG FRHIFHFQWQBWH JUDGH ZHUH
DQRWKHU JHRPHWDOOXUJLFDO YDULDEOH XWLOL]JHG LQ WKLYV
VWXG\ )J)ORWDWLRQ LV D KLIJKOOHMMKHREA¥LYH PLQHUDO

VHSDUDWLRQ PHWKRG ZLGHO\ X¥HG WA yREQRHYPPDU\ FKDOOHQJIH\

SURFHVVLQJ IRU VHSDUDWLQJ?E %?WHFK%bWJ% LV WKH OLP

SDUWLFOHV IURP RD QUIKHNUEGMIY DOOXUILEDO VDPSOHV FRPSD

SK\WLFRFKHPLFDO SURSHUWLHVWGGW ;458G hRRARLBEONY  ZKLEK KL
DSSOLHG LQ SURFHVVLQJ FRSSHUCMROHOCHYRURE WEH KLIK FRVW R
HITHFWLYHQHVV Rl WKH IORWDW ROERFHM l Wk o8 QHYD
E\' ERWK IHHG FKDUDFWHULVW L WRGL \s% HWDOOXUJLF

VWAV R] RS
LA TR

W
I\ELL[L') EVuli¥xowv LQ vw

[ORWDWLRQ >S URRIRGKIMYR Q- W HIAW HROV RU VL P EDVDLR GV
FDUULHG RXW E\ SUHSDULQJ D S D

VDPSOH LQ D / FHOO ZLWK vsgﬁim?%&ﬁ%ﬂﬁ H%L%Lg\ﬁ% %ﬁéth?D&:
IURWKHUV DGGHG $IWHU DGMX\WQdh WKH S WRnc el o0 € DULOE O
IORWDWLRQ WHVWYV ZHUH FRQ V‘k%s”?ﬂ%%b% KBv LQ HVWLF

PLILQJ Rl WKH SXO SRID@® ZIKHP
DLU ZDV LOWURGXFHG LOWR WK} ﬁ%ﬁ%@@@f' L pwoL F
FRQFHQWUDWH ZDV FROOHFWH
UHFRYHU\ RHQWH DRI LV FDOFX&E@/\%SR E&%\A@ﬁ \ﬁ‘gHodgHﬁggoFRx\%%H%

SDUDPHWHUV 7KH IORWDWHRQ Kk YRE LY
R[LGH PLQHUDOV YDU\ IURP WK§ H d:{ ?/
J

PLQHUDOV OHDGLQJ WR UHGX

IROORZLQJXT®DWLRQ PRGHOLQJ RI SURFHVV SURSHUWLH\
A4A? IN 4, GRPLQDQW WHFKQLTXHV XVHG WKXV
“EF I UHJUHVVLRQ PREGHIDO JB®S WX\ WM Y D
LR Fer VWDWLVWIFV PHIWKRKGEY VWXG\ YDULI

0/ UHJUHVVLRQ DOJRULWKPV ZHUH
‘KHUH GHQRWHV WKH FRO@EHQWHPWHUBYBRHWKH PRVW DSSURSULD
WUHSUHVHQW WKH IHHG DQG WDHRPAHRBD oRBYSHFY PREHOLQI %\ HF
&RSSHU SRUSK\U\ PLQHV DUHRNQ®RIRURWKWKHWY.KH PDLQ DGYDQWD.
FRPSOH[ RUH FKDUDFWHuLVWLFVRQD%@d@ub%gLQiFy\Q\W@@\olv\pJWKHLU S
FKDOOHQJHV WR DFFXUDBWH WR sQHWE FVp 8 BSHRGHOLQJ FRPSOH[ JHRC
FHUWDLQ OLPLWDWLRQV LQ DFFHWY bO b WK FioRdU KRV (bEK DO JRU
YDOLGDWLRQ ZH SHUIRUP D FRPWRWRWWXY DEBE\VANYDRIQHVVHY DO
YDULRXV 0/ UHJUHVVLRQ PHWKRBYNsUHKLYOVRYRONYMNOXDWLRQ RI W
HYDOXDWLQJ WKHLU SHUIRUPD QGfigs X/ L@JIWH WY RiYg BN RYG RQ WWKHH P
VXFK DV UHODWLYH VWDQGDUG GHHHPWLR @ Q% ' DFEXR®WH PHWKRG
6TXDUMWGRU 06( SRRW OHDQ 6Tt WHHARWYWLFV RI WKH GDWDVHW
506 ( DQG RWKHU  SHUWLQHQWH EHRWYXYUNFHVVLQJI IRU WKH DS
IHYHUWKHOHVV WKLV VWWEGHFBE JRWY Wk BV §/¢9¥ DAOYROYHG WKUHH
UHIHUHQFH IRU VHOHFWLQJ DQ)DHBWBSULRNH RBRARWAMKPY  ZHUH
OHDUQLQJ UHJUHVVLRQ PHWKRGSWRpBR@WH®@ SHBFWMY ®RBWPPLIH WKH
RI'D SRUSK\U\ FRSSHU GHSRVLW HERH ¥ OPURRIRMEPBIVZDY FRQGXFWHC(
VDPSOHV REWDLQHG IURP WKHS¥B{OH 3 RRSE RMUWDIODUH W KIQ VRR WS R |
FRSSHU GHSRVLW ,W IRFXVHV|RR® phyY D PxPWh QJ pWKIDEFEXUDE\ DVV
LQWHJUDWNRIQ SURFKYNHSURSHUYH N UPRHEHWR HYDOXDWH WKH SHUIR
63, &RSSHU UHFRYHU\ DQG &RRBHBVIUWGH/ EZRUWK QRWLQJ WKDW
FRQFHQWUDWH LQWR D VSDWL@@@WOZNUH%JGﬁQ? G XVLQJ

OHDUQLQJ PHWKRGV 7KH SULPBUR RAWPRWYYH JYQ KLIJKOLJ
HYDOXDWLRQ RI GLIIHUHQW DOJRULWKPV LV WR SLQSR KH
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VLIJQLILFDQFH DV WKH FKRVHQ@7K®GIDEMORUP LGRID EHKLQG 5) UHJUL
LPSOHPHQWLQJ WKH PRGHOV 7R X\PKPFDWR XK KOR W [R O OD@H V
WKH SHUIRUPDQFH RI YDULRXV 0/ DOJRULWKPV LW LV

FUXFLDO WR LGHQWLI\ DSSURSU , .4 FK
PRGHEO. FDUHIX00\ VHOWRWRLQJD Y@ yte
SDUDPHWHUY UHVHDUFKHUV FI £>0 y
UHOLDEOH SUHGLFWLYH PRGHC

VSHFLILF DSSOLFOWHRAZD DG GO y— €

0/$V DUH SDUDPHWHUL]HG VLJQI
UREXVWQHVY DQG DELOLW\ W
LPSDFWLQJ WKHLU DERXUIDFMZ
UHVSRQVH YDULDEOHYV £E>0

6XSSRUW 9HFWRU 5HJUHVVLR

,Q UHJUHVVLRQ WDVNV 6XSSF x

695 VHUYHV DV D SRZHUIXO 0/ PQBLWXFoEMWALROHRT 690 UHJUHVVLRQG
Rl HIIHFWLYHO\ FDSWXULQJ WKH LQWKH BBWH DWQ & Q RQOYIHQHMDRQIVLGH
UHODWLRQVKLSY WKDW H[LVW EHWZHH QF&QWGLFWR ¥Y@Y IDWXEHETO H V
DQG UHVSRQVH YDULDEOHV 695 EXLOGV XSRQ WKH
SULQFRISEXHS/SRUW 9HFWRU ODFKLQWXL®G0L QPQGFLVLRQ 7UHHV $ ODUJ
DLPV WR ILQG D K\SHUSODQH WXHDRA VELHRWQW WIWAA MV KDHJ K5 DRARID VW U X F W
ZKLOH PLQLPL]LQJ GHYLDWLRQW XAWHNO RD WEHM WLMH®LQJ GDWD
PDUM.Q @95 LV ZLGHO\ DFNQRZOMRRWEWUDS $JIJUHIDWLRQ %DJJLQ.
WKH SUHIHUUHG DSSURDFK IRUWWHUMNG LRQ@ DVOBYNWUHQ@MW VXEVHW R
OLPLWHG VDP8@HXQLWHG JWULPRREWDOQPHG WKURXJK ERRWVWUDSSLQ
YDULRXV W\SBYQRDUQR@GODWLRMDPSBMQIE\ IURP WKH RULJLQDO G
XWLOL]JLQJ D NHUQHO IXQFWLRQ RSO FRORMQIXFW IXQFWLRQV
EDVHG RQ UHSUHVHQWDWLYH VD P BHODHWVX W) FEXE DHWWXISGR UMW HDFK QF
YHFWRUV VHOHFWHG IURP@WKH HDRMKL WHIKMBP SOHOVHW VXEVHW RI IHD)

7R VROYH WKH RSWLPL]DWLRQVHORHEFWMHGLPBBH5FRKHWLGHUHG IRU GH
IRUPXODWLRQ LQFOXGHV WKH Y8&WWMRGKHE@XRILY RFRUMHINDWLRQ EHW
YDUL2PQEXKLFK DFFRPPRGDWH HYIWHRGLFWIYQJI EN $YHUDJILQJ 7KH SUF
GHYLDWLRQV IURP WKH PDUJLQ DOO LQGLYLGXDO WUHHV DUH DYHUDJ

7R DQDO\]H HDFK GDWD SRLQW QR¥RKVE DW K FKRUTDXBEOM¥FK DV ZHLJK
®RrDQERrDUH UHTXLUHGe BSHFIPIRMRYHW) YRWLQJ WR REWDLQ WKH L

FUHSUHVHOWYV B PSRLGEW ZkHoH (KH JHQHUDO IRUPXOD IRU SUHGLF
2Pr UHSUHVHQWYV aG’;LI;?T&,‘QPV\,’(ZKI:IA)yEJUHVVLRQ LQYROYHV DJJUHJDWLQ.

7KLV LV YLVXDOO\ G RISH FRAEHVGH E ROH GHFLVLR\?HV'L\H’B?HHV SUHGLEY
\
SRR TSI LA S T e IR
SUHGHILQHG FRQVWUDLQWYV AP 5 YA
%\ VROYLQJ WKLYV RSWLPL]D\N%.L?% % Qérg FHVV KHOSV UF
b E/RJ a \HVWDELOLW\
5 S DSWXUHG E
kot | Ry W
0/3

YDULRXV WHFKQLTXHYV OLNH TX %
JUDGLHQW GHVFHQW 695 ILQGYV
5SDQGRP )RUHVW 5HJUHVVLRQ G5HJDUGHG DV D KLJKO\ VXFFHVVIX
LWLRQ WKH PXOW

(f
L
WKDW PD[LPL]HV SUHGLFWLR V?@XQ&%
HER %
S F

»
L

IXQFWLRQ DLPV WR PLQLPL]H W

DURX®G LVW®
JHQHUDWH D PRUH DFFXUDWH s

PLQLPL]LQJ HUURUV ZLWKLQ D G
5DQGRP J)RUHVW 5) 5HJUHVVL Wﬁ’\(); Q

0/ DOJRULWKP WKDW XWLOLJHV D b?v 3

WUHHV WR SHUIRUP UHJUHVVLR Py EOuVR

SUHGLFWLRQV RI PXOWLSOH LQ l;F %}@ %/& B



1LNID BIMDP O -RXUQDO RI OLQLQJI9RQYLURRPHQW

EHFDXVH WKH PRGHO LV DFW XDIK®\ WARFGSWRWHP® WRIRQ DOLJIQV ZLWK
PXOWLSOH OD\HUV RI ORJLVWIRA WKHUMHYVWERREQRPREHONELWAKR
ZKLFK H[KLELW FRQWLQXRXV OQERXGELIFDMOLOLIW MHH WIRMKCHU QXPEHU |
WKDQ PXOWLSOH SHUFHSWURQYD ZDREW BUMFREOAILD XRIXY ELDV SDUD
ORQOLQHDULWLHY ,Q PDQ\ FDV MK LW KOLDA HOUH D5GX\E WAHRT YOHBRWH WKH R XV
FRQFLVH PRQHEH VVWKRD\W XADN HG | DAQGHHW MRK DQ ROVKHU WUDQVIRUPDWLR!!
690 ZLWK FRPSDUDEOH JHDFMULYOMWDRQ RRQFWLRQ UHVXOWLQJ
SHUIRUPDQFH +RZHYHU D FRX WBXWV GWEREPWLBG WDWR OLQHDU PRG
FRPSDFWQHVYV FRPHVY DW D FRVW H@HFVOIDRQWR WRWLEODWLRQ IXQFWLF
WKH OLNHOLKRRG IXQFWLRQ XVH&LRHGQ BWWRKWNFKDDDEWHULVWLFV R
QR ORQJHU D FRQYH[ IXQFWLRBQVWULEKWLRRGRIOWDUJHW YDULDEO
SDUDPHMWHNWWWKHOHVY LQYHVWDEK RXIMEXMF DRPUBN XML QN UD QOR RILV W
FRPSXWDWLRQDO UHVRXUFHV GXULPRLEKH QFRMLRQQOUBKRUMWLQI LQ |
WR REWDLQ D FRPSDFW PRGHIHQRKOING BIVILFLHQWO\
SURFHVVHV QHZ GDWD LV RIWHQ ZRUWKZKLOH LQ SUDFWLFH
> @

7KH QHXUDO QHWZRUN PRGHO IVKRZQ L&Q:)L
IHDWXUHV WZR SURFHVVLQJ VWDJHV VLPLOD %A\N'Ez W K H
SHUFHSWURQ PRGHO OHDGLQJ WR LWV GHVLJQDWLRQ DV D
PXOWLOD\HU SHUFHSWURQ 0/3 hidden units
WKDW WKH QHXUDO QHWZRUN X o)
OQRQOLQHDUWWLHKYGGRQ XQLWV
SHUFHSWURQ UXOQREWYVRROORYDS
7KLV GLIIHUHQFH LV FUXFLDO I

QHWZRUN WR EH GLIIHUHQWLDI YK v
SDUDPHWHUV  ZKLFK LV HVVHj . : . outputs
WUDLQLQJ :
7KH VWUXFWXUH RI $UWLILFL Y1
$11V DV GHSLFWHG LQ )LIXUF a4
HVVHQWLDO HOHPHQWY DQ LQ¢ )
DQG DQ RXWSXW OD\HU $00
SUHFLVHO\ H[SUHVVHG XVLQJ P o
GHVFULEHWLERQTXD
Y
\ L yk= 0 2 Li %7 ES,S YLIXUH 7KH QHWZRUN GLMD\HIDP RI WKH
NSXW KLGGHG DQG RXWSXW YDULDEGH
ZKHUH [+ DUH LQSXWWDQUE‘EOZH JKW SDUDPHWHUY DUH LOOXVWUDWHG

IURP WR 0 QXPEHU RI OLQHDU FRBBHRWWRRRLRYHWRREQ WKH QRGHV ZK
WKH VXSHUVFULSW GHQRWHYV KB pSOMHREHSV HWWY L QVVWKB NV H[WHQC
ILUVW OD\HU RI WKH @HWARUN MGKGH. VBIDRIODROHMOBYW DQG KLGGHQ YDULL
UHIHUUHG WR DV ZHLJKAYVDWDH) G WIKQGS|D WIKPHDWMBYYV LQ WKH GLDJUDP VI
NQRZQ DV ELDVHV YBHHTRDQWEBGUHAWLRQ RI LQIRUPDWLRQ IORZ GXULC
DFWLYDWLRQV 7R REV}/DH@FWKH'W@@U@\?UMDJDWLRQ WK@ERXJIK WKH Q
DFWLYDWVRGXEMHFWHG WR D GLIIHUHOWLDEOH

QRQOLQHDU DFWLEXDWLRQ IXQFWLRQ! HVW 1HLJKERUV .11

6LIPRLGDO IXQFWRRQVWDRENHIWRHGHIJUHVVLRQ LV D KLJKO\ HIIHFW
IXQFWLRQ DUH FRPPRQO\ FKRVHRQY M WHHN\VQARQO WPHINW SDUWLFXOL
IXQFWH. R@WXLOGLQJ XSRQ HTXDVWBLRQ ULEXMKIHVD LV XQNQRZQ RU FRP
YDOXHV DUH IXUWKHU FRPELQHG kR DFRbRHOW PRIQ TROWR HULQJI W]
SURGXFH WKH DFWLYDWLRQV RI MK H KRRAXSIXW WRLWADSWXUH ORFDO
A UHODWLRQVKLSV UHWKA W LW KH @ DWPBX

6; SUHGLFWLRQV 7KH OD]\ OHDUQLQJ
UHJUHVVLRQ HQDEOHV LW WR VZLIWO

DQG DFFRPPRGDWH DQ\ PRGLILFDW

sp L1 Spy® WE Spy
\@E
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XQGHUO\LQJ WDUJH@ ,QXQFWLRQPHVWRQH DQG VKDOH LQWHUOD\H
UHJUHVVLRQ ZKHQ JLYHQ DQ LQIPSR\HGRPRWKY IYBUQLIQIJ WKH VHGL
GDWD LW FRQVLGHUV . REVHUWDKH RBQQ JZXQVIG WVSRYOWUD[UH 8SSHU (F
YDOXHV DQG FDOFXODWHV WKH EYHBPBUB DOGSRQQB \RWRUKRVEBEKLFK DL
. GDWD SRLQWYV 7KLV DYHWDJH GHRIR YWHI UDHIRRG/PRE [IRQEWR/MRN TXD UV
LV XVHG WR HVWLPDWH WKH W DV 8+ WWRX W SXKWH 16RXUQ WKMH GIHSRQLW WK
LQSXW [ DV VKRZQ LQ (TXDWLRQWRFN FRQVLVWLQJ RRILWHKDWAR] P
JUDQRGLRULWH DQG JUDQLWH GULY

GTL= 1 L DFWLYLWLHV DQG WKH IRUPDWLRQ R
Coecee: JRQHV LQFOXGLQJ SRWDVVLF SURS\(C
UJLOOLF DOW® UKWLRENXUUHQFH RI

7KH QR VEDIWWRSU HV H.Q WO/R WHHY PLQHUDCgL]DWLRQQ SUHG%PLQD
SRLQWV LQ WKH R HIRJ GEHRUHRR ULHV RI WKH
FORVHQHVV EHWZHHQ SRLQW é%%%,ﬂ,v@v WK D W
PHDVXUHV FDQ EH HPSOR\HG 'Efé PRPHWDOOXUJLEDC
GLVWDQFH LV FRPPRQO@XVHG L Q S RVIW D VSHELILE SDUV

PLQHUDOL]DWLRQ SRWHQWLDO ZDV \
EWXGLHG $UHD 1LNIDUMBP RQVWHKH JHRORJLFDO GRPD
7KH 6XQJXQ SRUSK\U\ FRSSHU GHSRWUAT KILW CPRREIDMOHGQWHJIUDWHYV YI

LQ ,UDQ V (DVW $]DUEDLMDQ SURRXQFHV VLWXPOWHL QO WKH/ D\ GDW]

QRWMKWHUQ UHJLRQ RI WKH FR¥PQWHUDOILYXDWLRQ7KRIQHV 6$* SRZHU L

GHSRVLW FRPSULVHV D VHTXHQRWRWLRQHWFRYRXM 5H RI URXJKH

VHOHFWHG FRUH VDPSOH LQWHUYDOYV

Geological Map of Sungun Copper Mine
Legend

Lithology
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Quartz diorite to granodiorite post-mincralization dykes with propypitic alteration (DK1b)  £Jimagi
- Dioritc to quartz dioritc latc-mincralization dyke with phillic and propylitic altcration(DK1a),
Pyroclastic rocks ’
Skarn Mineralization and metasomatic
[ Altered monzonite to quartz monzonite porphyry (Sungun Porphyry: SP)
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JLIXUHRFDWLRQ PDS DQG JHRORJLFDO PDS RI 6XQJXQ GHSRVLW PRGI

g

00
Meters

' JHRPHWDOOXUJLFDO FKDUDFWHULVWL

DWDVHW DQG OHWKRGRORJ VSDFHG DSSUR[LPDWHO\ WR P

7KH VWXG\ XWLOL]JHG DQ L QLVWIQDX WGEDN DY W\S DRM L D CRAMNHBEU MW UL E X W
VDPSOHV H[WUDFWHG IBRWHERS$WKRBRHVPBWDOOXUJLFDO ODERUDWR
LOQWHUYDOV HDFK VDRIRUBHDERPRMSSHU PLQH HDFK RUH VDPSOH UHIEL
7KHVH VDPSOHV ZHUH LQWHQWLRQ® DX HHEW VHRP BURFK WEWLYH JHRPHYV
PRVW PUQHRKDWHFWLRQV ZLWKLQVXWKHDRUWKERG$*Y3RZHU ,QGH[ 63, D
JHRORJLFDO GRPDLQV %\ IRFXVURWRQOWWHBD WLBRRHYXWWKHUPRUH DO
JUDGH DUHDV WKH GDWDVHWDQQDRYWWGHN WKW DWRMHGDEVRUSWLR
UHSUHVHQWDWLRQ DOORZLQJ DRBKLPDMRAXH D FFXUKOMVOH WR GHWHFW
DVVHVVPHORVG HHOQ®JP Rl WKH ROUBGERRG\7KH 7DEOH LOOXVWUDWHYV
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Rl JHRPHWDOOXUJLFDO WHVW HHXOOQG EQWHIRDMWHG EQWR WKH >
OLWKRORJ\ DOWHUDWLRQ DQGDWDEBDWBOLWKHLRXS IKHW RI WKHV
VHFRQG GDWDVHW XVHG LQ WKHLQWXIED VIR QV MWK BRBIFRPSRVLWH OHQ.
VDPSOHV FRQWDLQLQJ JHRORJLBPEG RLUMWG RD EVRF G\D WQ MUKHDEBRFN P
ZKLFK FDQ EH HDVLO\ OLQNHG WR/ WWKH\HRKPNWDDO®DUUJFNO YROXPH
UHVSROWHW DWW\ XWLOL]LQJ SUERPSRGIDMHV WKBR® WKH JHRORJLFDO
LQFOXGHV TXDQWLWDWLYH YDULDEWHNO PREUVGLEDW EY BREOR\HG W
DVVD\ DQG TXDOLWDWLYH YREMMEOHAN JHROWRKIRBDRO\GDWDEDVH RL
DOWHUDWLRQ HWF 7DEOH SORRHY W DHDLRHWBUY/ DVVXPLQJ VSI
PRGHOV DUH HPSOR\HG WR HVWKMDSSRRSBHUWHMSR QY MWKH SURFHVV
YDULDEOHV QDPRIDNWB3, DB BXFIHRBHWDOOXUJLFDO YDULDEOHV JHR
LQ FRQFHQWUDWH LQ WKH VHFRQG Hc FWDVHMG BREKWXOWLYKH QQWERUDW
FUHDWLRQ RI D QHZ XSGDWHG GBWOHDRIHRUKH/ BBSOMAHGLXPHURXV J|
GDWDEDVH FRQWDLQV FRRUGIYQNWBEOHDVIVDN GHWHLPLQHG WKUR X
JHRORJLFDO LQIRUPDWLRQ D®RQGNRWHERROQ¥DIHDO,W PD\ EH LQI
UHVSRQVHV ZKLFK FDQ EH XVM®R DRV SR XNOCDMHWKKMH YDULDEOHYV
JHRPHWDOOXUJLFDO EORFN PRGURP ¥R CE® RMNE PRIEMRU\ WHVWYV WR
XVHG LQ WKLV VWXG\ ZDV FUHDWUH GH [DPS OHS SBBR YPHD \EXUHG LQ ODER
PLQLQJ H[SHUWV IRU RSHUDWLRQDA VDEBQH\D FWLQUWLSWFLILF LQVV
PDLQ EORFN VL]JH P P P WRWQODWGLYHERRBWKRBU\ VLJQLILFE
RI EORFNV 'XULQJ WKH JHRPUDWRRBD RHDVKHMWHG LQ SODQW FRQ
JHRPHWD O OXHOL PDIOH PR[LVWLQJLPRGHG DI QDWXUH RI WKH XSVFDOL
HQULFKHG ZLWK JHRPHWDOOXUEH AD® WDIMGEIDERHN WREIGN KRY D 3K’
PDFKLQH OHDUQLQJ DOJRULWK PWH VHRD D F K RDAQAMX PIIRY WWKHW UHV SR QVH
YDU\LQJ VFDOHV Rl TXDQWLWDX®LYRP GDRNHDN MRESOHOAKEIOR FN VFD OH
LQFOXVLRQ RI TXDOLWDWLYH YDULDEOHV _WKH LOLWLDO SKDVH
RI WKH VWXG\ LQYRQYH G DAMD @ R
HQFRGLQJ ODEHO HQFRGLQJ W
7KLV LPSRUWDQW VWHS HQVXU
WUDQVIRUPHG WR D FRPPRQ VFI
YDULDEOHYV DUH DGHTXDWHO\ U
DFFXUDWH FRPSDULVRQY DHGE
FRQGXFWHG LQ VXEVHTXHQW V[
PRGHOLQJ SURFHVV HQDEOLQJ
XQGHUVWDQGLQJ RI WKH GDWD
W LV LPSRUWDQW WR QRWH
VPDOO YROXPH ZLWK HDFK
DSSUR[LPDWHO\ NJ DQG XVHC
OLPLWHG YROXPH OHDGV WR D
VSDWLDO SODQQLQJ :KHQ JHRPE : &N
DUH PRGHOHBO EDKMIG SULPDU\ )IGINWHR UH 6DPSOHV IURP VHOHFWHG EF
FRRUGLQDWHV JHRORJLFDO DQG DVVD\ GDWD RI WKH

7TDEOH 'HVFULSWLRQ RI GDWD W\SHV RI SULPDU\ GDWD
B3ULPDU\ Y

RUH vDPsORWYD 7\SH ' QFOXGLQJ 6LIJQLILFDQFH

— YDFLOLWDWHY SUHFLVH VSDWLDO GDWD |
6DPSOH &R R UG I@DWIHWDW Y H LGHOWL ILEDW

*UD 4XDQW &X &X2 )H $VVHVVHVY WKH RUH V TXDOL

A . . $LGV LQ FRPSUHKHQGLQJ WKH JHRORJLFI
/ILWKRORJ\4XDOLWB®LYIBD '.E LWV LQIOXHQFH RQ PHV

DFLOLWDWHYV WKH UGBQWDUFDWLURQ RI
OLQHUDOL]DwnRQQR\QlﬁWLRYWQH EXSHRIIMQML| 5| 53 SXUSRVHY DQG RSWLPL]DWLRQ R
XWLO

$OWHUDWLRQDOLWBKMAIOYX(H.F 3RWDVVLF ﬁhﬁgg\ﬁ¥tﬁﬂag%ﬁ@hhﬁ;dggg;f'OXHQFH




1LNID BIMDP O -RXUQDO RI OLQLQJI9RQYLURRPHQW

600

8900 8800 8700 8600 8500 8400 8300 820(%3(

X

D E
JLIXUHRFDWLRQ PDS RI GDWD D ;= SODQ DQG E 'YLHZ RI VDPSOHYV

7KH SHUIRUPDQFH RI UHJUHVVIRQI RPRRFOHDAH FPODQ EHH PRUH DFFXUDYV
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7TDEOH 6WDWLVWLFDO LQIRUPDWLRQ IRU JHRPHWDOOXUJUEBOCRDRG&DPSOF
FDWHJRULFDO GDWD
1XPHULFDO GDWD
; P < F = F & X &X2 )H OR S¢
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PLQ
PD[
PHGLDQ
DYHUDJH
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JHRVWDWLVWLFDO PRGHOV ZKLOHK FRREIHU LW R OH GCIDAOWMBEDMN HVKH DFFX
JUDGHYV DUH GLUHFWO\ PHDV XU HGJ HILRAFWKHNYH FROWRULERQYERIRI WKH
IDFWRU WR WKH GLIIHUHQFH EWWESBQL VR QVWORWHRARRMARRFHYHRET WK
PRGHOV IRU EORFN PRGHOV DKY:D OWKOHV LURI@® GRIRAFHDWY DUH GHSLFWH(
GDWDEDVH LV WKH YDULDWLRQ H® WK S®RUWW R HH VERWHDWV IMRI WKH PR
WKH VWSWRHYH VXFK DV WKH FRPSWRREMMMREU BSHRBMNHUWLFDO D[LV RI
VL]H UHGXFHVY YDULDQFH DQGUHSUWHYRI@X\AHW KW BYWLBBUHVVHG LQ
VPRRWKLQJ &RQVHTXHQWO\ DO6WKRXYDIKGWKH D2RYHWKIH KRULJRQWDO
YDOXHV RI SURFHVV SURSHUWL HW MW KBQWO 0/ FRRW K\REIBRAS OXWWH G TRU P
DQG PLQLQJ EORFNV PD\ EH VLPUBBBHWRO ORXUWIIDAFD@WLWDUYDEOHY DL
VPDOOHU IRUSSRIUWWU 7KHVH O1WPDL®KOIWDRQV UHSUHVHQWDWLRQ DO
KLIKOLJKW WKH LPSRUWDQFH FRFROYVGHMHLEORPEDULNRQ RI WKH 56
XQFHUWDLQW\ DQG VSDWLDO VPRBWKLQYDHIXHPMW B FURNWY YDULRXV O
XVLQJ 0/ PHWKRGV WR HVWLPDVSH RSYURAHMVIVY D OXPHEWOW LIHY/NV LIKWYV LQW
LQ EORFN PRGHOV W LV FUXFLBHORAMR DFNYRRGHGIHQWKPRAREHOLQJ (
OLPLWDWLRQV DQG XDEWUR® D/OKRHR WHKWDWO AOPUIJLFDO YDULDEOHYV
DFFXUDF\ DQG YDULDELOLW\ RI SUHGLFWHG SURFHVV
SURSHUWL H

7DEOH 6 XPPDU\ RI VWDWLVWLFV RI GLITHUHQW 0/$V IRU UHVSRC

SHVSROVH 0/3 11 5) 60!
L
WDQG VD QG GIVDQC GVDQCOUG
9DULDEOH 0HDQ0HGLD§HYL ¥ FooHaeLD v P¥SooHcLD o P¥FooHcLD o
63,

5

&X &RQFHQWUDWH

Block model of E(kWh/t) (Predicted by SVR method) Block model of E(kWh/t) (Predicted by RF method)
(Section 4950N) (Section 4950N)
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Block model of E(kWh/t) (Predicted by Multilayer Perceptron method) Block model of E(kWh/t) (Predicted by KNN method)
(Section 4950N) (Section 4950N)
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Block model of Re(%) (Predicted by SVR method)

(Section 4950N) (Section 4950N)
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Block model of Re(%) (Predicted by RF method)
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Block model of Cu grade in concentrate(%) (Predicted by SVR method)

Block model of Cu grade in concentrate(%) (Predicted by RF method)

(Section 4950N) (Section 4950N)
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,Q WKH FRQWH[W RI 56' 0/ PHWMKRGWH DUE GAHHRHGXIJIHVW WKDW WKH
VDWLVIDFWRU\ ZKHQ WKH XSSHWPERNKQISS SURISW LDIWH'IRYW WKH 63, WH'
EHORZ > @2Q WKH RWKHU KDQGVXSHYDRXHDFFXUDF\ DQG SUHGLFWLY
EHORZ LQGLFDWH WKH H[FHO QIQGHH RW MK B\PWRKKLQRIZHU HUURU PH\
OHDUQLQJ PHWKRG IRU VSDWLYDEIOXHR GAIOHQHIRIHWKRMKHP RGHOLQJ €
DVVHVVHG SURPHV&DYURSHROWWKM KRG LV UHFRPPHQGHG RYHU 695 E
LQIRUPDWLRQ SUHVHQWHGDLQ 7BDEDOGXDDQ R Q) LPIKW\HX UH V

WKH 56' RIIHUV D GLVWLQFW DBG&PDQDMD MR 2KKI) PRGHOLQJ RI &X
FRPSDULQJ WKH UHVXOWYV REWBRRHPEWRRBGNKWHRPRGMWOROHEB HITHFWLYF
SURFHVV SURSHUWLHV $FURVVUDGHK LPHRRQFEGOW WKWH :KLOH WKH
SUHGLFWLRQV IRU &X UHFRY HU LMK IREXWS/H K LR K PY DIGARNNB WRAWIKEH B OHY
& JUDGH FRQF DQG 63, ([FHOORQW6SFREBEPWHRQWRBYE 7KLV VXJJH
DFKLHYHG IRU &X UHFRYHULHV 6 TV PIHOVK RAGK H VP ARKIRGMHOLDEOH DQC
GHPRQVWUDWHG D 56' EHORZ FOS8WXUWQGILMDXWHYDDLDWLRQV DQG DI
KLJK OHYHO RI DFFXUDF\ DQG &RQVDGWHQFF RIQF HQKAHU BXWEIX HYVV SLWH
SUHGLFWHG &X UHFRYHULHV RAURYY OWEH HWMKRGHOWH KLJKHU 56
PHWKRGV HRB®MRG G KH ILQGLQJIJVUHWWBIY GHJUHH Rl XQFHUWDLQW)\ D¢
LQIHUUHG WKDW D@MHNIRUQLIQH PEHBMIRGNFWLRQV 7KHUHIRUH ZKHQ FR
WHVWHG FDQ EH XWLOL]JHG IRUDFDWDFO PRGHOHD@L RELOXL W\ WKH ¢
UHFRYHU\ +RZHYHU ZKHQ FRPSRQ\QG WKHG5PBRUH VXLWDEOH IRU PR(
0$( DQG BW EHFRPHV HYLGHQWFREBMMQ WWKBWHR VW

VXLWDEOH PHWKRGDNRN LWKA95 SDKIWWLFXODU W

ORZHU YDOXHV RI 506( DQG 0$( DORQRHRPEWWKLWRRI HYDOXDWLRQ PHW!
KLJKHUWUGGLFDWH WKDW 695 RXWSHUIRUPVOMRHL QWK H

WHVWHG PHWKRGYV LQ WHUPV W
SHUIRUPDQFH IRU PRGHOLQJ &X, UH¥?

695 LV UHFRPPHQGHG DV WKH'P RS
FKRLFH IRU VSDWLDO PRGHOLQJ RIs& X Ry EDVHG
RQ WKHVH HYDULEYWLRQ PH A —

&RQWUDU\ WR WKH UHVXOWV—REVHUYHG tRU &X
UHFRYHU\ WKH 56' IRU WKH 695 PRGHO LQO WKH 63,
WHVW LV WKH KLJKHVW DPRQJ DO O XA\ R @F HOMNADRVER G \/ 2Q WKH
RWKHU KDQG WKH .11 PHWKR66I§|JK6
Rl 506( 0%$( DQG 56' ZKLOH GHPRQVWUBWADWH
KLIKHU YDOXHW¥LRIQWKRI FRHWIHUPLQDWLRQ

mSumof MAE mSum ofRMSE  ®Sum of RSD
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Cu grade conc. CuRec
[ E
JLIXUBBRPSDULVRQ RI JHRPHWDOOXUJLFDO PRGHOV SHUIRUPDQFH IRU GLIITHUHQW 0

&RQFOXVLRQ FRPSUHKHQVLYH XQGHUVWDQGLQJ R

'QGHHG *0 UHSUHVHQWV WK Sé L\#%VVWWDKVLL\\//!VDL\
JHRPHWD GORUWDPD 7KLY PRGHO VKR VSD
LOYROYHV WKH LQWHJUDWLRQ D hWA§QEB}E P
JUDGH DQG PHWDOOXUJLFDO ch
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SURYLGH YDOXDEOH LRDW.LGW Y QDRW GHA BHRIYRQQHO RI 6XQJXQ PLQH
PLQLQJ RSHUDWLRQV UHVRXUBWYVLHAWMDL@PHHVILRQ SURYGGLQJ WKH QH
SURFHVV RSWLPL]DWLRQ WKHUFREGRPOWIRLILQWKWKH/DPSOLQJ SUR
HIILFLHQF\ DQG SURILWDELOLWRQWIULWXWLRYWUDDYH EHHQ LQVW!I
JHRPHWDOOXUJLFDO SURJUDP \KHRFHRWQIGOFMHEXWLRQ RI WKLV VWX
IRU &X SRUSK\UMNGHSRNQWYDDWNVR WDNH LQWR

DFFRXQW D UDQJH RI LPSRUWIDHQMUHK@PRHWEOHY DQG

SDUDPHWHUV  7KHVH LQFOXGH, RUHFRHASRYEMLARRAvLvwLFDO PRGHO
PLQHUDORJ\ SK\VLFDO SURSHUWkpYWwDPBE eu HG-HENIMRE BE@E VWROXWLF
UHFRYHU\ DOO RI ZKLFK H[HUW $b ¥XE& 6 DRYHDL Lo ORHQEERFHHGLO I
RQ WKH EHKDYLRU RI WKH RWHRPEHXNMDLADIX URLQRYOMO HQFH %ULVEDQH

SEFHVVLQJ RSHUDWLRQV %\ QVLYHO
FRQVLGHULQJ WKHVH IDFWRUYV éu%{% R EX LD %{/LPL (UDORILEDS

HIITHFWLYH XQGHUVWDQGLQJ RI Wd‘dip%% ‘@OQMQ Wb é!\hkﬂ\év DQG L'
DQRG UHVSRQVH WR SURFHVVLQJ_RQLFDWRJHYHBU 6IMRE®E M@BROWEKI \
$Q WKLV SDSHU WKH PDLQ RE Msh\FHVOIOYHH) ZRWE KV BORR R 8 1 1IUWH\
0/$V WR ILQG DQ HIILFLHQW ZD)\ F XFWLQJ
VSDWLDO PRGHOV IRU PHWDOOX L% 5| S, R D R OO
6XQJIXQ &RSSHU PLQH LQ ,UDQ Y]
DVVHVVPHQW RI WKH PHWDOOXUJLFDO SHUIRUPD FH ZDV
FRQGXFWHG EQJPHMHWHWUDO §-OYHGD FREHGR 0
SURSHUWLHV 7KHVH SURSHUW \?QL%‘ii E?BdeﬁHgi FHUWDLQW\ RI
0LOO 3RZHU ,QGH[ &RSSHU UHFRVYH Ifz’ DQQLQJ RSWLPLV
JUDGH LQ FRQFHQWUDWH 7R SUI—@-}LMQNKHVHFSMIR@HUV\KLR—IZ\DUG 6 |
VDPSOH FRRUGLQDWHYV JUBGHV olWKRJcb*r%ﬁ’xtDW PREBIYOH IRU
PLQHUDOL]DWLRQ JRQH DQG DO WIPPHRRYONLRR xj L GVRPEWHRO0 XU I\
SULPDU\ GDWD LQSXWV %\ LQFR@W&@\BW@GWP@H\W#@W QXA I
YDULDEOHV D KROLVWLF XQ6@8UVWDQHELQJ 6RI WKRMRYLF 7
PHWDOOXUJLFDO EHKDYLRU DQG HRAHRDPOQUFH ADW 6RDIXRPRI DQG PLC
&RSSHU PLQH ZDV DFKLHYHG |IDHPLOLWKIWAD) R IL ¢ KRIUIXME UH
GHFLVDRQQJ DQG RSWLPL]IDWLRQgRI. Wi pPQ Q5 5LFKDUGVRQ -
DQG SURFRHMVMIWHIRRD\HPSOR\LQJ BHRPHWDOOXUJLFDO 0DSSLQJ $ QHZ D!
IRU VSDWLDO PRGHOLQJ LW LV WUMSHKE BW LW HFRE®LFHILD ODUDNKHOQRNE D W
RQO\ WKH HUURU PHWULFV EXW3DBNRH®IKQI\E6' WKR SWQYHXQUHOHHWLQJ RI
DFFXUDWH DQG UHOLDEOH UHVH®X@WYDO QURAHMVRWDAH WKH
SUHGLFWLRQV IRU &X UHFRYHULHV Y WORKNR & W/ BB\ HW K HA IXQG &
FRQVLVWHQWS®' EHKQEZW MFURWWODPWQILFDWLRQ RI JHRPHWDOOXUJLFDO
PHWKRGY LQGLFDWLQJ H[FHODO$QMDAKFBXYEDSNUDEYEHVHQWHG DW WK
UHOLDELOLW\ &RQWUDU\ WR WKH UHVXOWV REVHUYHG IRU &X
UHFRYHU\ WKH 56' IRU WKH 695.BRGH® 4Q VKE 3K\ “UD\ $

WHVW LV WKH KLIJKHVW DPRQJ '%L BUWKWHROWHKAR®RY RR WK Lw\ DPHQE
RWKHU KDQG WKH .11 AHWKRX HEAFIIWYHOBRYVHQWLY LW\ BOGHIHWHUPLC
RI 506( 0$( DQG 56' ZKLOH GHPROQMWYWBWLQ@W WKH 3URFHHGLQJV
KLIJKHU YDOXHYXKHRYIWIKKG6LQJV VXdRRYWDWRREBWI\ &RQIHUHQFH 7KH $XVWL
WKH .11 PHWKRG LV PRUH DSSURISQUQD\WH DRG WMWHP @@XUJ\ OHOERXUQH
WHVW LQ WHUPV RI LWV VXSHULBUDRRXBREN DQG SHUHEHFWANRYL o

SHUIRUPDQFH DV LQGLFDWHG pHFYOHVEORZRYDdHEWRUKGIQ DSSO\LQJ
PHWRY DQG KUD®KH 5 JHRPHWDOOXUJLFDO DSSURDFK WR WKH

OLQHUDO (FRQRPLFV

$FNQRZOHGJPHQWYV > @ 'RPLQ\ 6 & 27T&RQQRUYR[ 3DUEKDN
7KLV UHVHDUFK IRUPV DQ LOWHJIUDX®OHOUW Ri D 3K3XUHYJHUHO 6

SURMHFW ZKLFK KDV UHFHLYH®RZRYSRBOWRNWRIP WiRK P RUH  UHVLOLHC

1IDWLRQDO ,UDQLDQ &RSSHU ,QcR&HY BWIHIMROV 1 g &2

7KH DXWKRUV ZRXOG OLNH WR H[SUHVV WKHLU JUDWLWXGH WR
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> @ *DUULGR 0 6HS~OYHGD ( >2@WS$EEDV]DGHK 0 +H]DUNKDQL $ €
1IDYDUUR ) 7RZQGHRHWKRGRORJORRDPPDGL 6 EPWHEIOPDFKLQH
WKH VLPXODWLRQ RI V\QWKHWLF QH{RPGIMODIORHW K RIED R UEWRFINVHS DUDWLR Q
PRGHOV Rl SRUSKBD\SRUHSBREZHBW X @W QVERUSK\U\ FRIKRFH B FLH/SARUAL W
3URFHPLQ WK ,QWHUQDWLRQDO OLQHUDO 3URFHVVLQJ

&RQIHUHQFH 352&(0,1 W K QWHUQ W%‘%%%ﬁ | BHPLQDY
3 ) H]DUNKDQL $
RQ *HRPHWDOOXUJ\ *(20(7 GDQWL YH VWXG\ RI GHFLVLRQ WUHH

> @ +XQW - %HUU\ 5 %UDGVKDPDFKIZQHIITRWWKRGY IRU JROG SURVSHF)
:DOWHUV 6 '"HYHORSPHQWL@RHUDBERYHOLRYDFD

GRPDLQV ([DPSOHV IURP WKH 3URPLOKQW.ALOR 385KvRXGL $ +RVHLO|D
GHSRVLW GXYMUDDLDQILQHHULQJ (o NkwpUL $ 5 GULYHDWID3 $ QRYHO

> @ +XQW - .RMRYLF 7 %HUBHWKRG IRU SRUSK\U\ FRSSHU SURVSHFW
(VWLPDWLQJ FRPPLQXWLRQ LQGLFHWVKH R R]DH KDL@ HUDWEIVFWK 6 F LHU@RH
FKHPLVWU\ DQG GULOO FRUH ORJJL@IRUPDWLFV

> @ /DPEHUJ 3 S3DUWWKOMHVEULGIH@ 6DOMRXJKL % 6 +H]DUNKDQL $
EHWZHHQ JHRORJ\3DGGE P ISWBOOIWIREK FDSD WIKMLYH $QDO\VLV RI $UWLILFLDO
.RQIHUHQV L PLQHUDOWHNQLN $11 DQG *HQH ([SUHVVLRQ 3URJUDPPLQJ

GULYHQ ORGHOV IRU 3URVSHFWLQJ 3
> @ 6HSXOYHGD ( 'RZG 3 :X &

OLQ LIDWLRQ &DVYitDE®XGS$ URID6KDK L
OXOWLYDULDWH PRGHOOL 5& \%ﬁl\b@)ﬁﬁ?}( O RIOLQLQJ DQC
YDULDEOHV E\ SURM(H[F\WKIREDDV\/EL)F( )J'L

*HRVFLHQFHYV > @ 5DMDELQDVDE % $VIKDUL 2
*
> @ 3DWQDLN 66 <D@HWKL |, HRPHWDOOXUJLFDO GRPDLQLQJ E\ FOXV

$GYDQFHV LQ ODFKLQH /HDUQLQJ DHECHRRYXWRIPMBBYHERXUFHV SHVHDL

,QWHOOLJHQFH 3URFHHGURBWHGL Q0W&,
RI ,&0/&, > @ /LVKFKXN 9 /XQG & *KRUEDQL <

o G FRPSDULVRQ RI GLIII
> @ 6XWKDKDUDQ 6 ODFK% 6%%95%@&% - LQWHJ%DWH s
PRGHOV DQG DOJRULWKPV |QW KLU B Py 3 %& RPGW DOLOOULH U LG,
6HU ,Ql 6\VW
> @ 20LYHU 6 :LOOLQORPLPLVH

RUHERG\ YDOXH WKURXJK WKH DXW P%\Ngt% Dkﬂ Lél—ﬁ\ﬁﬁ%gl VHG?F@E?E:ZR?UN ?;
GHYHORSPHQW XVLQ3PTHK ISQHH \DHH@ R UBEBEWHG DW
WKH 3URFHHGLQJV RI WKH 7KLUG y Mg@g@%’gﬁ DO PLOLQJ JHRO
*HRPHWDOOXUJ\ &RQIHUHQFH 3HU 3

> @ 6DJDU ' &KHQJ 4 $JWHUEﬁL@| DUUV\[/)VFR 33&KL@C‘C])\2;(<%§'I\_’VFD2 SHFR
+DQGERRN Rl PDWKHPDWLFDO JHR\E 9%% bﬂ@’\v H—bDlLl)

,$0* 6SULQJHU 1DWXUH w KH WK LQWHUC

&RQJIJUHVYV

> @ $1]DO 3 )DUKDGL 6 %RYHLU
6KDPVHGGLQ OHLJRRQL 0 DQHl> w‘%} DOWPHHUV\\//D$O?)XUJLFDO
*HRFKHPLFDO DQRPDO\ GHWH % &%g}bgf WHG DW. WKH

LVWULFW XVLQJ +\EULG ODFKLQH JS&D LRQDO *HRP
&RQIHUHQFH

IUDFWDO PHRSSHOWL\QLID
> @ JDUKDGL 6  $I]DO 3 %RYH 5@&?&“13[HQ 3 7KHD S'S O L RDMKLFR Q
° - \WW RR RGKDUGQHVV

'DQHVKYDU 6DHLQ / 6DGHJK %
&RPELQDWLRQ RI PDFKLQH OHDU L}Qg hia b b LPLROWLRQ
YHUVLW\

FROFHQUWWLBRFWDO PHWKRG IR R !
DORPDO\ GHWHFWKRQWIHG V HEMMNKX ORQ\ZU%WHU OF*L.,
GHSRVLVD &BMWWD OV

> @ )DUKDGL 6 7DWXOOR 6 .RQ W UN 9 REEH\U LOGH| gﬁvS?LLYFHD
3 (YDOXDWLQJ 6WDFNLQJ& D \'f 5 %gg@é DQEVEHPL
IRU HOKDQFHG OLWKRORJLFDO FO SHIREIYYH

PDSSL-®RXUQDO RI *HRFKHPLFDO ([S
%DKUDPL *KRUEDQL < 6KDUL]I
D]HPL $EGROODKL 0 6DODKVKXU %
$ JHRPHWDOOXUJLFDO VWXG\ R
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SHUIRUPDQFH LQ VXSHUJHQH DQGSKUSKJIHQHR SF5® MMGRBURD/Q MX P, IBIHEG RV L W D
6XQJXQ FRSSHUOLGQGHOBRULWURFHVVLQJ DQG
(IWUDFWLYH OHWDOOXUJ\

> @ +H]DUNKDQL $ 3K\WWLFRFKH
> @ $PDOQNZMMHPHK % OF&DPOHRQ&UROV RQ DOWHUDWLRQ DQG FRSSHIL
-DQLQ 0 *UHHW & (KULJ . $XQBROKSRESK\U\ FRSSHU GHSRVLW ,UDQ
3UHGLFWLRQ DQG 2SWLPLVD LR&% \;['y RSGHY SWDEOH LVRWH
SHEFRYHU\ LQ WKH 5RXJKHUQ)—DR:W)D/@L%Q& P VF\]/)?(IG HV RI WKHSSKODOEF D06
DOWHUDWLRQ JROQHV RI WKH SRUSK\U\ F
> @ %RLVYHUW - % 5RVVL 0 (6XQKIXIQ (DVW $]DUEDUGHD @RI SML®Q (DUW
'HXWVFK & 9 *HRPHWDOOXUSREEM@FARGHOLQJ DW
EI-IOI\Rl:\)/?ZII__IIZ-iQGF?-iF\)/ PLQH 6RBWKHPOMMUDQLD:\ jx by 2 +H]DUNKDOL $ $
GLVFULPLQDQW DQDO\VLY WR VHSDUDWH
> @ ODFPLOODQ ( (KULJ . /LHEH]HWWL® WHMWWOMIKXQ SRUBKUQDFRKRIHU G|

3 /RZHU & 8VH RI JHRPHWDOOXUJ$SB® LHHGEEMQFH YV
WDLOLQJVY OHDFK DFLG FRQUBBRBEWLR

DW \ P 'DP
Somv G S Wik T ED T S o AR SRR RO o
* 0
HRPHWDOOXUJ\ &RQIHUHQFH bULVG%(%g Q SRUSK\U\ FRSSHU GHSRVLW ,UD((

> @ %LVKRS & 0 1DVUDEDGL H0OXLG LQFOXVLRQV (FR® R'RLIFE'0HR ORRWR S
3DWWHUQ UHFRJQLWLRQ DR PDFKLQH OHDUQLQJ

6SULQJHU > @ 1LNIDUMDP 0 +H]DUNKDQL $
> @ +DVWLH 7 7LEVKLUDQL 5 )BIWKORODQ )- + *HRORJLFDO GRPDLQLQ
JULHGPDQ - +#KH HOHPHQWV RI B\RDWKMWVLFFOSBSHU GHSRVLWOREDX FOXVW

OHDUQLQJ GDWD PLQLQJ L@RBUHQRKUROQOG RURRPPXMRHU 6FLHQFHV 7KHRU
6SULQJHU

> @ O0HQJ 0 =KDR & $SSOL D WHRQ Rl HMRDWDWLVWLFDO PRGHOLQC
VXSSRUW YHFWRU PDBRSQHVSWRGD AWRIBRILFDO XQFHUWDLQW\ 2lUH DQ LURQ
$GYDQFHV LQ 3HWUROHXP ([SOR U DWWRIR D\QFH YHHZGRSPHQW

>@ 'DYLG ' *HRPHWDOOXUJLFDO JXLGH
> @ %UHLPDQ |/ 5D QIEAREL QRYU HRW FLQHUV JHRORJLVWAMGDQERYBIREHVV H
OHDUQLQJ WR GH\DSIKU SUHVHQWHG DW WKH 7KH 6H

QDWLRQDO *HRPHWDOOXUJ\ &RQI}

> @ O0XUSK\ . 3 ODFKLQH OHDUQE;%\‘{'V$I?|§VWUDOLD

SUREDELOLVWLF SHUMSMFWLYH

> @ *UXEEV ) ( BURFHGXUHV IRU 'l
> @ +H]DUNKDQL $ -ROHVOLISPV

*DPPRQV & YDFWRUV FRQV@éW(S)e)LL\%‘IJ% FREEY P W LAHE K QIRP HIDPISTOH V
VROXELOLW\ DQG FKDOFRS\ULWH GHSRVLWELRO LQ WKH 6XQJXQ
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