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7KLV ZRUN DLPV DW ILJXULQJ RXW WKH VSDWLDO UHOD\
OXOWDFWDO ORBHRORJILFDO PRGHOV LQ D FDWHK O M B G\ FIHMANDR ) R WMRRQ F
LQWHJUDWHG ' DQDO\VLV RI IDYRU CBRRWUH KD U &BW H $ R M L* k
*HRVWDWLVWLFXYKLAEK OREQDWIHGUDQ LV VHOHFWHG IRU WKLV UHVHDUF
VXUYH\V RI GLUHFW FXUUHQW HOHFWULFDO UHVLVWLYLW
(OHFWULFDO &KHDWK DD IQMWRPHWU\ DUH SHUIRUPHG WR FREBWUXFW
UHVLVWLYLW\ FKDUJHDELOLW\ DQG PDJQHWLF VXVFHS\
(OHFWULFDO 5HYQ GWIHRWYDWLVWLFDO LQWH U S RIXDWLLRIO D U BRGMICOL |HG
PRGHO RI &X JUDGH LV JHQHUDWHG XVLQJ RUGLQQRU\ NUI
ODJQHWLF 6XVFREWKRGEXKR\GHVLIQ D ' PRGHO RI URFN W\SHV WKURXJK
UHVXOWV %ORFN PRGHOV RI JHRSK\\LGBP GE@Q/EV1RRORUL |
' PHVK WR LQYHVWLJDWH WKHLU UHODWQR 8 §MLUBD/WLLER G |
YROXPHIBRGEWDO PHWKRG LV XWLOL]JHG WHRW3L YZIGHU HDW K |
PRVW SURGXFWLYH SRUWLRQ VEHDU LMYV RPALOHWLLRAYL | 2 WW
GLVWLQJXLVKHG VHRWHRW KRS KAXEFDO PRGHONMWEUH VS
JHRORJLFDO PRGHOV RI &X JUDGH DQG URFN W\SHV 7KH
KLJK FKDUJHDELOLW\ DQG ORZ PDJQHWLF VXVFHSWLELO]
PLQHUDOL]DWLRQ LQ D GRPLQDWHG VNDUQ URFN W\SH V!

,QWURGXFWLRQ

,QWHJUDWLRQ RI VRIWWDOQWERK® HGR ZEBMWDE FD X VIR RS D VELQWOLW\ LQ
FUHDWH D UHDOLVARGHBUHRORIQBWARRQ WR WKWXEXRISDFHLWR RE
LQFRU S RALD MAUGMQWR IV ROQURHPDWRROSHEWHR S K\\PHADV\WXUHPHBM/ YV FD
7KH [SORUDMMRY\SDWUBO GEWD VXUY IDIHRBU GLOE®N QVDIWRYHUDJH DV
ERUHKROMVEBIWB FW PHDVXUHPHGKWARDZWDWRMASUHVHQWDWLRQ R
LV EHLQJ PRGWMIIRGW E¥YWHE \WKLSURSHUW\ PRGHO WRHRX@J LQYHU
HOVHM J JHRSK\VLFDO PHDV@&UHPHIHFW FRUBWOXWEBBUH XVHIXO IF
*HRORJLF D OU HPIRGIHIAHOR PHW U\ RI[SORUD W L R/GP-RW B @ O/IKFP D) GOQR B
PLQHWDODMWHTXWMRHEH FRQVLVWRMQM D & KbHEROHQ BXVIRODWLR Q

GLITHUHQW W\SHV 7RONLQURUBPDW.3RMQG UHV I5WWHYWKRD YEHFRPH

W\A\SHVJHRYV S B\WWEBROOHFWHG R YHRW HWE & SIDQ E DERSHOHDW LPSURYHP
VWOHGD UHIDQWR D FARXQWHWXFH PDGH LQ WKH SDVW WZR GHFDC
DPELJYLWLWLQJ IURP VRSRUWDWDFBDANDGAHPHQWRWRRWMUDRSS@ LFD W
WDV IDHWG HQWE & FBHO LW EHOLNWOWRKH YD U L DES U /S LRYB WHO FDHB RV L\
> @ KHREBHKERDWD XVXDGOR YIDEHPRWHQW HU S URIW BIWHR QW PRV G D\

B4 ¢ RUUHVSRQGRQIVD K IVIKIRHK VB \DIFK D U L
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FKDOOMQIKR®3PHWKREHERWLOL]HBQDO\WVLY PHWKRGV FDQ EH XWLC
DW KHD WMPRR O W RV KKHSIKR BRIQFHQWDORQRY SDWLDO UHVROXWLRQ RE
VXOILGH GIHBERSRWY DQG VNDUQGHERBBWHW DQDO\WLV WR ILQG WKF
GHSRVLSWULPKMWYRYHG WKDW PRYWURDRJIJLFDO JHRFKHPQEDO
WKNXOIFRQWHQW L@Y¥GUIBWH OIHRIFHKAVLFDO>VLJIQEKWXXNMH RI IUDF
SRODULHDWEWRTR ASD WALWRKQ VLOLFPRAGHOV KWR OHGEHWWHU XQGHU\
DQG LUR® ®IHFHYWKHOHVIUH3 UHRSKOQWLAD O S K H\W RIALFQYIRWWIR P
LQIOXH® FFRMWKHRRQFHQWU PWQRQDOUFUR ®HYH@ KLY PHWKRG LV XWI
DQG FRPSOH[ SK\VLBDDVIFRRGUEPROYHQW VXEVHWY Rl JHRSK\VLF
EDFNJURXRQIERJLFD OK MEHHWWRORU DQRPDO\ IURP EDFNJURXQG VLJIQ
WKH HOHFWKDLE OFERUHERQWIER OOHBHARPDJQHWLF SROGDULWE UDFWD O L
WKHVH FRQGLORWEVWHIOMFWULPB®KRGY FDQ KHOS WR LQYHVWL.
BHVLV\ELWINID\D QJWWQ GV W RWEKHH K IEKWERWBRSK\VLFDO IHDWXUHV DG
FKD UJHDEH VS RQ WK HVIHV KIRIKMO\ LQURDWLRQ RI DQDO\WLV RI PL
GHSHREWKH SUHV HRORFGMWRIGENKO | LIRFF XUUHQBFH GD@DDFWBQVIGR@V
7KHRSSKWRSSHU GHBHMDWYDOBGRUUHVSRQG WR YDULDWERQV LQ
UHODMRW®RFNV Rl IHOVLF DQG SR U KKXMVILFD PWWEUGLPHQVLRQV RI
ZKLOH WKHVH LQDWEBHRVWYCH MPSWIBWGEDWLRQY EULQJ KHOSIXO
LQY'ROFDQLF RMNARBPVIBOD@PWHY LQIRUPDWLRQ DERXW LGHQWLI\LQ.
LVODQG DUF RU $Q@KBQSWUHBWWERJ@

KLIKIHRSK\VPPODQHWLF UHKISRQYHE SXUSRVHERUAWIRYGLVWLKH XLV
SUR S\ (MLQOASIKR O MLOMLIFUMWDR @R FLDWHRRSK\VLFD O IRPVREDEGNHYRXQG GD
ZLWK BVRNOGE\U\ &X GHYRMLX\EYWLOL]L®DIPXOOW LIUD FWDKHWPKHW K R G
PDJQHWLWHHYRORD @IKAFRD\ SK\VLFDRSRB®NOV DUH GLYLGHG
VXEVHTRERWBRZ PDJQHWLEYHHYV YREVHWY WR ILQG WKHLU UHODW
PDJPDMQW WXMURD WKOWLP SRUSKKDWUDFWHKHVMRIMPHQWERGHG P
WDUMWVXDOO\ | HYQEGPHDHYHRHW RIJIJHVEWHE |HW DO DQG VZD
VKDUS ORFDOL]JHG PDJQHWLF KLEIRKQFDRGKDISSHDVLRQWKSSURSULDW
FHQWHYVXRRDJIJQHWLF7KQRIVWHP VSDWLDO GLVWULEXWLRQ RI GLII
JHQHWYWHY RI SRUSK\U\ WRISSH UWEKHS BLLMUHQW RUBLERGLADQFH |
LQGLUHFWO\ UHODWHG WR WKMWKPRQANQW UJDWILRG KEH®R SURIIFHVQ DO |
GHSRRPUBOYVRQHUPWHBSODFHPH@WDR\VLY PDNHV WKH HVWLPDW
FDUERQDWHYV GXULDKHRFHWNDIMRPBERRAFRQWUDWLRQ DKXKWRRKLDIQI DV V
URFNVUHHQHUDOO\ IRWXBIRSQWEBW SRUR SN W L PRHNWALRRICH TXL UFHR® UMAE W O \
LJQHRXV SOXWRQV DQG> V@G LRHIRVDRNOWRF WD O>D@DO\VLV
ZKLFKDYELIITHWPHDQWHWLF VXVFHSQWHJIJODMLHRMRSKRVLFDO PRGHOL
VRPHWLPHV UHPQDQW PDJQHWIHRWWR@\ VWLFRDV L DXHHQCRARD G W L
FRPSDUWKH KRVW HQYEKRQPHRUMVDFNOH SURIRORBRERH®LQJIHVBEHG L
PDJQHWLF DQRPDO\ FDQ ZRUN W D KRY@SBEUSRDBYWHWLF GDWD
VNDIRU SK\U'S R X LGH/ VHFRQGIOWI\U LD E QW DISRIG/KOILQJ RI L
7KH HRORJDRIO JHRSK\VLFDO PBEERVLWI 7KMKBSSWOLHBULDWH N
VNDIRUSK\U\ W\SH GHSRVLWYV FPEWHKRGLWIERGHGWKHWSRODWH DQ X
VRPH VXEVHWV LQ WHUPV RI DOWRQ OWR B GE RWARIKNR GMHEBMHO DU R Q
DQG SK\WLFDO SURSHUWLHV ZEKWDGHHDRKG VRBOVBWWRED YMXVFHSV
SK\WLFDO PRGHOV FDQ EH FRQWRRONMHEOBH OBRERIASKDRIS KD W \
FKDUDFWQURVRMBY MGH HDFK PREHEXWQWRIHB GHQVH VRIMWDE@DHLD
LWV VXEWHRQ¥HQYWOBRMELRBEXOWL HVWLPDWLRQRWWDRXMWNL F@ Q@ PRGF
IUDFR\RIBBHO FDQ EH DQ DSSURSDIGIBAWLRRROSWQHIUL H[DPLQHG
VWXGUBY¥WDO F VK HH [FSROFBLOHKH WP X QWLYDULDWH JH RV WHDOMIPWWAULLFAD
GLVWUREXGDIMVRR E\ HVWLPDWLRQS BR SHUMMWWDFDWORQ RI WRSSHU
GLPHQVLRQV 'LITHUHQFHV LQ |U®DHFRMMIBNEPLHRDMUBRRBY) BHXQ F HU W D L
GHVFULEHY SSIOVBMDRFHVVHNUD FWB GKLY PHWKREHPBIQZ EHDOD VSRUDG
WKHRU\ ZDV HVWDEOLVKHG DSIGN WGGHYGE@RRMSPUEY EDVWKIEY VXOILG
ODQGHOEURMQG DDV HWHKYH® IDFWRY D UDWLR RI HOHFWULFDC
YDULRXV EUDQFKHW RKHYDBWR OVEHFAQEH F D @ DKWL HELWAFRQ G D
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FRUUHODWHG Y D UN KBE @ W WRE XHWIMRIP DVOH MHIDBANR B VG LI THUHQFHYV LQ
&X JUDGBKH UHREVODWBIMGMKBW WUHDW WKH ORFDO RU VWDWLRQI
LQFRU S RERDWY UQULEHMMRRIGHV X OWV VIKRZQ DV FRQGLWLRQV REHNKH \
FRPSDULVRQ ZLWK RAUHIL QXQQNQRUGQQD U\ 2N IPHW@&RE R@WKH EDVLV
VLQJOH YDULDEO@ HVWLPDWLRQRIWKH PLQLPXP OY.IUAIDOUQ FHHV W LP D\
7KLARURF XRAVKKDODQGD D\GIBSRYRMOWLRQV ZKHUH WKH DFWXDO
&XVXOILGH PLQHUDWY LORWEQRRIGW kD @

(DVW $]HUBRYNDGWDQ@KH PDLQ7KHQGLFDWRU NULJLQJ ,D HVW
PRWLYWKRRUADYV WR ORFDOL]H DIRKDH[VRIDBWURPHD QLPEDW WKL\
DQRPDBORSSHU JRQHV WKURXJIK PHWHKERG GRIMGW HQRWVROLNPID WHG GLV
PDJQHWRFMNWYHNIK\VLFDO PRGHGWLRKH ,. PHWKRG FDQ PDQDJH
HOHFWULFDO UHVLVIVQG LMD JGHW DRJH D E DGIL WD W X U D O DRK HRIRPH.@D
VXVFHSWLELOLW\ ZHUH FRQVWUWXWWHRYOGOQOQXMH Y VEKUIDRYERIK WUD QV IR L
LQYHUVH PRGHOLQJ DQ® DWR RQD VEL VKN VF [BEDW RERVIHRIGEHRGF R P SO H [
7KHVH PRGHOV ZHUH FODVVLILHG QHIVDR LY R WH RYDCEWHIMIKQ QWRWQU X F
JRQHV WKURXRXOWKFHWE O DSSURDFHKHIGHR/ MW VWUXFWXUHV LQFOXC
VHDUFWKHLU UHODWLRQVKLSV XISDKVMKH FRIQWRQXEDO RFKH JK D
FKDUDFWHUWHLWPRGFHWOV Rl &X JUD GH DEIRQR UF D /U RDEBWWD LQWR T
ZLWK URFN W\SH ZHUH SUHSDUHGHBHRGGQDHRO WERBS\DK FRIWLRQ
LQGURD NULJLQJ UHVSHFWLYH®DOXKHR LS DHMYG\GHED O X H

WKDW DQRPDORXV SK\WLFDO PRGHOV ZHUH LOQ FORVH
DVVRFLDWLHRIDL QLMRIQHV RI PLQHULD%&]D%}NLI}?b U

7KH UHPDLQGHU RI WKLV ZRUN KDV EHHQLSEUH$DUHG DV
ZKDWROORZHHWRQG VHFWLRQ FRQFLVHO\
SUHVWRMWVRUPXODWLRQ RI RUGLQDUYKIPQ RN 88 Tt RGN L RXB@ XM

NULIJD@GE WKHQ H[SOPXQWIWWIB G ww U HZXe G, 7KLV LVODR @QHOU
DSSURKHKRORYIHWWLQJ RI WKH

*
VNDIRUSK\U\ &X GHSRVLW LV %EEH@%L{)@%B&' WKH GDWD
WKLUG VHFWEKRRXUWX VWKW L TR FADUDRY IR U P H (
;: WD SURYLGHV D SURGXFW YDOX

JHRSK\VLFDO DQG PRGIHROWRJILPE

FRQVWUXFWHG ZKHUH LQYHU FKLP Wb ;QWHV&;ZBQ
JHRVWDWLVWLFDO LQWHUSROD F%’/é\gp If FEPH RI
PXOWDFWDO LY WRHAYRYM/LRQ V a

LW\%%%/_<

WR IMKWHSDWLDO UHODW MRKH K QGéC/\\,NV\bJULLEEXyV\hFERQQ QT\[/)
SK\WLFDO PREFHDUDQLG]RQHV )L

DO FXPXODWLYH GLVW
SEH,%VHL';HQQWV DUH WKHHRRUFOKELRR G WL RQHG GLVWULEXWLRQ RI YD

PDQ\ ORD LQ DGGLWLRQ WR VLPS
H[SHFWHG YDOXH 5HOXW D®MHRU L\
OHWKRGRORJ\ KH HVWLPDWH UHTXLU

7KH IROORZWNGFWVRKEYV GHVFU(%%B bY K WK ORIDO GLYWULES
IRUPXODWLRQ RI WX NOWIEYD @ IELIF%WBURJUDP FDDQ KU RDMAHR C

PHWKRGV UHVSHFWLYHO\ DERWWHSDWLDO GLVWULEXWLRQ F

Y D OHDYRYQ RIVWMHRHE SUREDE L
2UGLQDDQG LQGLFDWRU V{}@ﬁ F
PHWKRGRORJ\ ﬁépfmmoowmv YDULRJUDP Y

7KH KLJKO\ QRR/‘HI'V\G@R((E!H:_K[LQI.DRZQPHDVXUHV KRZ RIWHQ WZR GLVWL

DV WKH EHVW XQELDYB&WL@mHBEL LW LRy RYWHIRULHVGHDERNE R
Lo WARWNQ DG G LWIRRDY WIRDLQL Q) )
YDULDQFH WKLV PHWKRG FDXp ¥

LQFHQWLY HIHRF DAQRH
IRUPXODWLRQ IWKHIHDRZBIDWLAY | P ®D UDPHWULF
HVWLPDWLRQV WR EH WKERKHBYV IHF‘N\{\\/{ﬁﬂﬂHG GDWD
VHOHFWHG UHJLRQDO YDULDEO

WWWH X VI
> @KH RXWFRPEMURIILQJ PHWK L L&q\z W :((?'UD(

<
D
IRPLOWK P
PLQLPLIDWLRQ RI DQ DQWLFLS a—ﬁ(@ww bGNS/?VEE)Vl\\/”

EDVHG RQDOHAXGWWHRBRER YDULHW)\
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DQDO\WBHAOO®G GLVWULEXWLRQ@KRRGHO IRYQ VWY ROXPH ZLWK

GDWD@RWH WRIRHIDLW RI WKLV K
LV VWKIDHAOHR LQYHH GE DRMUD QIR U P FROFRRWUDWLRQ voexHai@anHy

FDQ EH DSSOLHG HTXDO®QW®WR IERWY EHRIRIPRW KHPF XU YRHUWDLQ
FRQWLQXRXV YDQGREODWWBURBFAKRQFHOQWUDWVRAZEQ QD BERDQAINY L Q
OHQGV LWVHOI WR WK HW KoL D W KR QSRR W/y DIEHRAERIGIWIKERHNGR G D O
GLVFUHWH YDOXHV VXFK DV URMAUWIOMULBESNW RWERRY |
WKH PHQWLRQHG FDVHVHEBWMHYRULEDO ,. ZLOO
WKH SUREDELOLW\ RI DFRanng U RERO RAHPOWLR I *KRODQGDU
RFFXUULQJFHUWDRED WK HIRUKNDBRUSKI\UBKRIRVLW
SUREDEISOLRIN PD¥HQ OLWKRORJLAYRHIYESN Q) HNE G X FWLIERK W1 W
EDVHG RQ URFN FRGH G6D@®D FD(%FE*HW@O[PQ%‘WkWéH QRVRMEH ,UDQLD
ODWHDX @SRQ PDWXULQJ WKH V
&9PXOWDFWDO PHWKRGRORJ\IRQH DQG WKH RYHUO\LQJ FRQWLC
7KH IUDFWDO PBROPHOYWRDWLREQ QHRXV DFMADWWKHKWN EHOW RI
VXIJIHEWSHKGHPIW DO LQ RUGHU SR RIRLF 3REAR@UA XQHWUD RHGD
VHSD UBRKMIQRPDORXV IURBWREYV LQ ,UDQ DV WKRNKSUXPLIROIPDW
EDFNJURXQG WR FKDUDFWHUL]RVWRRAE @D YRy IR @KiwB |U H
PDMRU PQGRWUDFH HOHPHQW FRGHYBRLDAM WHO U HOQWVUXKWILLYYHH
RUGBHSRMLHWHQHUDO IRUP D@ KLVWRBRE@HDb ORFDWHG EHWZHHQ DQ

VLPSO\ EH GHVFULEHG DV IROORAQRDAGLMDQ PHWDPRUSKLF JRQH
FHOQWWD®M GRRBPBERUUH®@ 7KH

$ udy vy $ wyw U $JKDUDBXURV3REWY WKH RHJILRQ
LQWHUHVARURY WKRFDWHG DW WK]|
,Q WKLV H¥XM@WLR@S Ut Y DUH |JRQH 8'0%$ LV LQGHHG WKH PDLQ K

OWPKHIQWDO FRQFHQW DWLSQQ PREXH\SLWKHUPDO PHWDO
DURDVH QWDO FRQFHQWUDWLRD ¥PFxHY BRDWRRY HFRQRPL

WKDWOBWKDQ DQG JUHDWHU WKBQ \%KEDRNRIWENEER Lo >UDO
YDOKHY LQGLFDWHY WKH WKDWVKE SR VDR WK HEIHIOD D DERMNWRI
RXW GMKER X Q\D LHEHWZHHQ GLIIHUHQW NRQHAMKLFK PRVWQRI FR@ VLYV
DQB DQB DUMKHKDUDFWHULVWLF$BGEHRRSGQWD IJPDWLF DUF LQ DGM
&HUWDLQ FRQFHQWUDWLRQ FRQ@WRMWI QQGCRRMWWQUMH EWR BNO& 8
SRLQWV LQORVMKISOBRW RI FRQIPH@EWDDWAQRRH LYMG XFWXUDO JHR!
FRQWRXUV DJDLQVW DUHDV D UH DERQ@WIQRAR HG HMWKUXVKRD® QG L (
YDOXHV GLVWRRKIKRVKLQJIJRIUHIJHRBRRIMMMBEDMOHUQDU\  DJH DQG [
SRSXODWIEGRWDV EFHHRSRVHG WK RORKGRFODVIVRWH U RFNNAD WR F
&$ PHWKRMOLG IRU YROXPHW ULGWHBLENDMVERW WO\ ER P LWV H G
EHFDXVH GLVWULEXW LDRRHU \RD LIWXERBEWYLE GRUSK\ULWLF JUDQLYV
GLUHFWLREFRUGDL@HHIZEWRO PRBUHIDYRGLRULWH GBRULWAH DQG WI
> @RQVHTXH@MOD AWDFED BRGHIOH VLPSOLILHG JHRORJWHOHO \
EH H[SUHVVHG LQ WKH IROORZL GJKIPQHLKD O URWMQWHEB UK WKH
ZHVWHUQ SRUWLRQV RI WKH DUHE
9 udy vV 9 ww ¥ JUDQRGLRULWH PDVVHV WKHUH
WXIIV DQG YROFDQLF DVKHV LQ
Q WKLV HIMUAWLRQE Ut Y DUH 5y yRFELDWHG ZLWKQ&WHKW DIR HRIX W H
WZR YROXPHV ZLWK HOHPHQWD ®DKNRRIES Q WIHD WALIRIQU MDIOX HV VHG L P

U WKDWOBWMDQ DQG JUHDWHBROWKD R WKKH-V XD DBV H\EDUDND OU

FRQWRXU YRQBEHFDWHY WkH wK{IRYRRS iY@@%@ﬁDOHMﬁSHGUOHLOPDwg

WKDW RXWOLQH ERXQGDULHV ww#%L@LﬂMHQ WRRHYk Lynu G

DQB DQB DWHKHKDUDFWHULVWLF) bR @YY WHKLFK LQFOXGHV S
7KLV HTXDWERQYFDQVEBSWR IRUR/RPHWLPHYV ZLWK JUDLQV ELJJHL

DV IROORZV VRPH SRUWLRQV WKH VXUIDFH RI
9 Uy P KDV EHHQ VHYHUH®m WHDWYXHRH
PLQHUDORJ\ FRQVWLWXHQWYV
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SODJLRFODVH DONDOL IHOGYRDODGEBRBVUMW DWHEQ WKH IRUF
K RLE O HA@HNV HU QD U\ VHGLPHQW VDIQEG WHKIHD W&D IKHRISRUSK\U\ V\VWH
FRQJORPHUDWH KDYH FRYHUHGW® K I$ RUNDKRMK HP RMIVOQ V\VWHP O
IRUPLQJ DJULFXO@ XUDO ODQGVWKH ZHVWHUQ U BLUK QWK RIDAK H
*KDODQGDU GHSRVLWWWHKD$UBQRRRKRMDOHVIHRORJIJLFDO' DPDIK RI
*ROL DR¥E PDQHUD QL] DVREER¥\E SURVSHFWKLROWMW GHWDLOHG JHR
NPDZD\ IURP WKH QRIWMK (RIVBKHDW W WOKHKBIO D Q G)IHU S&RX YRADU Q
$]HUEDBUMNQQFH 1: ,UDQ 7KLV DUSBEVERQWIMNNEUEH 7KH OD\RXW
RI (RFHQH DQG 20LJRFHQH OHWKRWRLIFFODD UGIVHUNLYLW\ WRPF
FUHDWHG E\ LQWUXVLRQ RI PDWXU YR WRUFIDRS)AET ERHRNY D GGLWLR
LQWR D FDUERQDWHGRKPDWILREDBLRYU WRGWRHQJ JHRSK\VLFDO GD
&X)H VNWUSH PIRQWURQXUBVDQG ZHUH GULOOHG WR FUHDWH WK
E BUHYLRXV KI/YWXIGSRIWWHG RUQMWDOL]DWLRQ IRU LQYHVWL.
IDYRUDELOJMWVPLRBWXOL]IDWLRQ SRWHYQWHR® LQ
WKLV UHJLRQ ZKHUH WKH PDLQ JHQHWLF PRGHOV RI
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JLIXUH VFDOH JHRORJ\ PDSDRKVEKIRRWSKFW JRQH D GHWDKI®HG JHF

*KDODQGIHJ SBRUSKNDW Q GHSRVLW E

'"PRGHOLI®D ®D @EBRYV LW “H
7KH IROORYHGWNVRE@YV GHVFULEH
RI' ' JHRORJLFDO DQG JHRSK\VLE %
GHSRVLW WKURXJK JHRVWDWLV
DQG JHRSK\VLFDO GDWD LQYHU\)E,L LéO
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FRYHU D WRWDO OHQPWK'RI PRRWWQXLW\ EBDVH G/ RQHBESWWIER D O

YLVXDOL]DWLRQ RI DOO GULOOMXHYV WXIS® WIHPYS-RMHIG GH\U WKWLRQV

VXUIDFH W R SRIGAHASIN HCU H K H 7KH ILWWHG YD ULRE WXR PR GXON

VWDWLVWLFDRO&EHMFNESWAHRWIWHGDEBGR OLVWV WKH YIDULIRRYW P L
ERUHKBONMXPPDULIHG7’DEOH PRGHOIWHU ILQGLQJ WKH UHTXLLI
KLVWRDQBGP ERRW RI WKEZWUHD ULPDE@OHPHQWLQJ WKH NULJLQJ '
LOOXVMWWPUDWHIEU RZ2%6HIRUH JHQHUDYDUQGH JUDGH ZIMQ® BRHAD WHSH )L
WKRVHIHRORPIRF®HOWUHT X WRG D DQG 7EH SRLQW WKDW VKRXOG
SURGXEGIRFRGISUVXPLQJ DHQPMXWKH ' PRGHO RI &X JUDGH ZDV Fl
DQG ZLGWKDREBKHLRAW FRU HDFKEXW WKH ,ZPWVBHRIEBR GHVLJQ D

YR[HWKH EORFPNRGHOV JHQHUDWIREGWA RI UREHNUW\BHUH VHYHUDO |
VXUURXQG DORHGIPOIQVARRWDY LQ WKH VWXGLHG DUHDWWRKDWIRZF
FKRWWDHHGRUGLQJ WR WKH DYHUDJJDGQWMBAV¥H GEHRMAHHSRUSK\U\ DQ
WKH ERUHIQFBIHWFRYDULDQHRN PRWKB ERUHKROH DQDO\VLV RI W
QHFHVVDU\UXIRULIHRV W DEADLWHGL FIRPLQDWHG E\ WKH VN DWQ VWAISFD ¢
LQWHU SRHODWRAREH UHFWDRQRIOUDBDWD DQDO\WLY WKH YDULDQFH

PRGH®HTXWERHE SORWM HAUHFWIWRKPDOQGLFDWRU GDWD LV HTXDO
YDULRJUDP RRE&MAVDBBIRPRSH WKH SHUFHQWDJH RI WKH LQGLFD!
Y D U L DZEHUHHV V H DRSS/ H T XWIQMV O)LIXUH D WKDW WKH VLOO Rl LQC
YDULRJIJRAPHOV ZLWK WKH KLIKHYMKHGSD®IDROLPDWBO\ WR WKL

.| 2200 EleV

|_2100 EleY

Cu Sulfide (%)

[ABSENT]
B 003
(0.3,0.6]
[0.6,0.8]
[0.8,2)
B 235

JLIXUHRFDWLRQ PDS RI ERUHKROHY ZLWK WRSRJUDSK\ VXUIDFH |
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JLXUHGBWDWLVWLFDO FKDUWYV R ISIOIRVW RRBHU IDE HSFOWRW. ADQOG UBHRfL VW LY L W\
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6DODHWDRO -RXUQDO RI OLORQJ (DRLURQPHQW

JLXUH([SHULPHQWDO GLYBBWRROJDFO RREBHOV DQG QXRERHMNBH IDQ® VEIRU
&X JUDGH

JLXUH ' YLVXDOL|WWHRQMRILFDO PRGHOV RI D URFN W\SHV DQG

7TDEOH SDUDPHWHUV REWDRRGIGEONR RIWKKIHY®&X URRDUWGEHP DQG URFN
$JLP> 'L 5DQ P Vv QXJ PRC
&X 6X VSKFE
5RFN VSKFE




6DODHWDRO -RXUQDO RI OLORQJ (DRLURQPHQW

*HRSK\VREGBOV PDJQHWLF VXVFHSWLELBMW\D®RG!
$FFRUGLQJ WR WKH GLUHFWLRQ RDWG SUBWHNQWH®RIWKH SURFH
PLQHUDOL]DWLROQWOHGED UMXH WKMKHOHFWULFDO GDWD LQ WKH.V U
JHRHOHFWULFDO VXWZYMAKZW¥XH DHPBHAFVEURRIVO UPRNGMWVYYIRW\ DQG
RIORFDOWLXIOQIGH FRSSHU ,®LQHBROD|DWYD&QRQ
RUGHD FWRWKH @BWDQWUH[ ,357KH VWDWLVWLFDO |IHPWXQYHIW LRI
HTXLSPBRWHNGR FRQGXWYFXGLUHFW XEAHSW TEWMYWQ 7DEGKH KLVWRJIUL
HOHBPWUWRPRJUDSKKHAXHW YYHAUH \DHQYHGRRW RI WKHVH JHRBWMVLFD
HOHFWURFID@HY WR REWDLWKHQ | R ¥ RBED) IRIX WDHE R W DQ&°URZ
HOHFWULFDBVODRBERGWEMGWSROD WHUSHRWIWHO\VHOHFWLQJ WKH El
,3 WUDLWW RUIDKIE PLQIXUBIOV YDULRJUDP IRU LPSOHPHQWLQJ
7KH SURZIHOBWVLIRERQY 1B PRGHONORFWULF D DH BIHR/S H U S\R.GIY W
GLUHFWLRGL3RW ERQHLIXIDWLRIQ ' EORFN\ PRGHOV VLPLODU W
FKRVIHRRGDWD DFTXANRWGER@) WRHWEKRJILFDO PRGHIYHQRILRXKH
PLQHDIWWQRIQ W\SH VL®XPQRQ PDJQHWLF VXVFHSWLELOLRD\OPIKG H
VXUYH\LQJ FRIQIGLWIURIPM FDQ DBWMLHNMHFK EORFN\ PRGHO WKURXJ}
JUHDWH R | GRI'BMWKV DIFRVUIEHR IWLFLARLY RSHUDWLRQ ZDYLRDDOODOHG F
ILHOG RSEHQBWRRYR D KLJK UDPRMEHRIKBDWDNWHG YDULRRUDP |
FR O O HFMLRSU BHYKHORSHG E® /RNAWHUSRODWLQJ JHRBWKRIZRD O SU
ZDVUXQ W RWIKHHOHWWULFDO SURIVOIKWHDEOKLWWWKWH SDUDPHWHUV |
,Q DGGLWLRQ WR HOWHMWMB UFDO WIXWLYRIAKMP ' HVWLPDWRB®&W LFID O
ZDVRYHUHGVEW DO P D MX-UANRIR HWBIU R S HDUWAL\HX/DIOQL]HGU H
GHWHUPLQH WKH WUHQGKIRI BDQHNWPRGHOMSERXFH GDWD +RZF
PDJQHWLF VXUYH\ ZDVXVERQUURHGWKR®PWDUH QRW DSSOLFDEOH
6FLQWQUMIY PDIQHW RRMHDWHILRQ VSDBS@LFDWLRQ 'HFUHDVLQJ WKH C
ZDV FKRERXPNVZKLOHD WHKIHDJH GLVWP®HBYV LV QHFHVVDU\ W LV
Rl SURAIDOHDERXWSDRPRILOHWM UHTXLUHPHQW WREMWD L\WKIB GUR\PD
VXUN®ORQIGGLUHAWKRY 7KH UHFRYHUHGYWREBHOXUMH\ GDWD ZlI
(DUWRBYQHWLF IDHEHFOKROWWLRQ@FB®WDEOH HUURU UDQJH 7KH
L Q F O L QIDQ\ (BRHQ DQG GHJVWHH UHTXLUHPHQW LV WKDW WKH UHF
UHVSHFWALYWMIO\D EDFNJURXQG ERMSDQVIEWOH RALWK WKH JHRORJLF

Q77KHDSSURDFK SURSRQIBG VEKEXUIDFH HTKMWKHVPRGHO WR EH
20GHQEXUZDXWLOWRHEHQHKHDWH LQ DOO VSDWLDO GLUHFWLRQV 7t
PRGHWKRWDIQHWLF VXVFHSWH LOQWW SRIRBEKMIMIHG GDWD FRPSOHW
PHVK ¥DMW GHWQQMFFRUGDWXAH HILWHKHU LV LQDFFXUDWH WKH UH
VWOHBUHD DQG WKH VSDFLQJ RI AURKYK D WL PD RD VOIOHE Q) YHUVLRQ |
LQ WKH UKHLRBVK KHLJKW XVXORB\WUXRZBDWD 7UXH GDWD PHD
VOLIJKWO\ ZLW KV&HKIWKFH KMRSRBHD PKH\DVXUHG LI PHBEVXERW BHQW YV
RIWKHUMY SUKYV MW VKDOORZ UHJDRUH W MKMAWH R E GBWMHAEK H
UDWLR RI KHLJKW WR ZLGWK RISDHBXWWHG LW ¥ XQ MMVMDEPHHW UR R G D V/
+RZHYBMOHSWK D PHVK KHLJKW PDQHHPHQWVHALWR HDFK RWKHU
WKH PHVK> Z@GKMHK PRGHO GRPDE®XKRG® DOVR SUHGLFW DSSUR:
LQYHWWBRJQHWLF GDWD ZDV GREMHUW DWBRPFWRIVWHG UHDGHUV
SULVPDWLF FHOOV VXFKDWKD®WOW RHWRKRHU A RWHNJHER QERDS B U 1@y & H
FRYHUHG WKH HQWLUH VRXEYLH\ FURAMU ZHWRWLRQ SORW EHWZHHC
FHOOWKHQHDVW \ QRUWK D@E®HGLEMHAGK PDJQHWERRH\WWD\HG D W
GLUHFWLRQV 3DGGLQJ FHOOV HPWHEGIZ®H EXHBQGR@H OLQHDU
SURVSHFW UHJLRQ DUH GHVLJ@HRG IMRLPQWREHMRIHHID@\WKH REVF
SUREDEOH UHJLRQDO HIIHFW WHRDMN (PLWK W KHI[ LV WH G QF WW& EB WD
DUHD &HA®YM WKH WRSRVYBDSKHTXBIOHNM®O
UHPRYHG IURP WKH FRGHWVBQFPMR WKH



6DODHWDRO -RXUQDO RI OLORQJ (DRLURQPHQW

JLIXUAISHULPHQWDO GLYBBWRROJDFO RRBHOV DQG QXPEHU RI SDLUV IRU
LQGXFHG SRODUL]DWLRQVBERS&SWEE POUWHWLF



6DODHWDRO -RXUQDO RI OLORQJ (DRLURQPHQW

JLXUH ' YLVXDOL]DWLRQ RI JHRSK\VLFDO PRGHOV RI D HOHF@HJWEBO UH
VXVFHSWLELOLW\

7TDEOBWDWLVWLFDO VXPPDU\ RI JHRSK\VLFDO YDULDEOF
1XPE OHLC 9DUL ODJ[LP; 8SSHU T. OHGI /RZHU TXx OLQLFPF

5V 2KF (
3 F
6XVFHS




6DODHWDRO -RXUQDO RI OLORQJ (DRLURQPHQW

7TDEOH SDUDPHWHUV REWDRRGIKONR R IWKKUHHUILRRRBRW LFDO YDUI

$JLP>» 'L 5DQ P (L 1XJ. ORG

¥ ESKHI

5 ESKHI
6XVFHS *D XV

JLXUHODSVY RI D WKH REVHUYHG PDSQH®UFVGEHDHBWRDIMDG E WKF

JLIXUHGFDWWRWEBREVHUYHG PDDQWWWRGB®WIDFWHG GDWD
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'LVFXVVLRQ E\ PXOWLSO\LQJ DVX® GHQVWHEGRI
7KV VHFWLRQ QYHV W WIDHN IMBD WEROH KPS OHY  7OKGH QRUPDOL]H
FRUUHODWLRQ RI DOO FRQVWUXREMNEWPRGMOWDRIXHVKHRU HDFK
HOHFWUHWDWWLYLW\ FKDUJHDHRQHW\UDPRRQRWISURGXFWLYLW\ R
WVFHSWRLEGO&XWWHKDBNBPKPX@WL EORFNV SHU HRRE VKCSHRIQ PSRV G
IUDFWDO PQPEQMYRQMEEDBRB® LWIEVHW )JIRIXHW HT® EOHV DQG .
PRGHDHUHVWLPDIVMMIGH, DQG ,. WHKHRGXFWLYLW\ VFRUHVDIFK GLIII
PHWYXRGIHUHQW RARFOOSRHB G| IENUH QWWHR SK\VLFD DK IRREEMMORXY IUDFWD !
YDORHRQFHQWUDWLRQ YHBOMNHMVRRI WREKIGWGKHIOIKOEFRWBGQJ WR
FDOFXROMOHFX JHRORJLFDO DQGYDERRIYRVPHIDA]HG SURGXFWLYLW)\
PRGHOHQFH WKUHVKROGYV ZHUHWVKHFRUIXHMER VWPPRH]IHG FDRGXFW
ORJRJ SRIRWKMX QWD FW D O) LIXUWH FKR\DHQWKH DQRPDORXV IUDFWDO

7KHVH ILIXUBRZVMKURHODWLRQYKHSYLVXDOLDIWLRR PXOWD [RQHV
EHWZWHKERQFHQWUDWURQ EWKN DMKBH R S K\V L F DIDU P R\GKEDAMX U H V
YROXPH RFFXSIRICQ WHKRDN.FWHG ZKHUH HDER VWPRGBH\OWIQWHRG QH Z
OLQHV LQ WKHVWKHKXHWKROIGR IDRSKHODWLRQV EDVHG RQ WKH IUL
7KH ESRRY§WY VHSDUDWH GLIIHOMQWHGLQE VBEPHQWVSFFRUGLQJ
LQ WKW BOQBWGLYLGH HDFK PR GH®D XHW R] RORPHZ H UHHDGIB W HGK H
VXEVHWXUBVKRZV WHEHEEDM) RPDORXNMQRPDORXV ]JRQHV IRU 5V 3
JRQH LV GHILQHG E\ &X JUDGH MXNVIFWEWLEKOQW\ UHVSHRWLY HO\
JRU WENFRQFHQWWRM LR@QRSH RDQRRMHORXV JRQHV IRU HDFK ' JH
VWUDLJKW OLQW KHWWILL\F FIOKAVGH) QWR VHHPVW KMKDW QDO PRGHO RI

ILUFWRAMIRI WKH SORW LV PAKQHFKD QV]DWLRQ KDVL@® NOWRMHH
LQWHUSUHWHG DV WKH WKUHVKRRQ VRV B/MHWUKMPZRARRHND W RIFINIVX RWH G
EDFNJURXQG IRU WKH RUH HOBRRKAVLFIOHD UBIURHUWLHYV 7K

EHWZWHK@UD ¢HF RQGIDRL QWY IURRUUHODWLRQ FDQ ORFDOL]H
WKH OHIW RI ORKHSI®RMORIDGH PLQHUDOL]DWLRQ JRQHV IRU IXUW
EHWZHH@ QG FDQ LEHVHUBSWHKWMHGIQYLRLRQY PBERWHQWLDO
SRUSK\U\ §W@HK JUBTGXDO WR 7KH SURSRUMWHRDYQRDQG SRUSK\U
HQULFKHG &X P LVQN-DUDQOM\RIDWRR\Q W \ SEHNVUFHD O F XIRWHHIBF K JHRSK\VLFD
EXLOG XS 7KLSKDRRHPLQHADOL]D@ HROFK IUDFWDO JRQRBEWBEYEWG
VHSDUDWHGKISRR B KUHJ L RQKH DUH VXPPDQLTI®E&OH 7KH DOQRI
WUHVKFOOOXHY WKB® PXOWLFWDQRQBWH VHRGHED\ LQ WKLV WDEO
PRGHROWDFK YD BQ@WMEOHW LOOXVWUDWHY WKDW WKH KLJK U
FDQ EH VHHQ WKDW WKHWYXSDWOQDDVVRBLDERRDWXQRKDWRKY UHJ
HOHPFRHIGQW HUHV W E HIKDYHWD DVOPXMBRMILY WLYLW\ ORZ DQRPDORXV |
7KHNDWHILRQ EHJXQ IURP &SXRERWLIDQ@LRQ DQG KLJK DQRP
HQULFKHG S DKB\D JRJIDGMD WWH D W HRID WKDMLF VXVFHSWLELOLW\ 7KH
VKRZ D UHYHUVH WUHQGWIK® FRF
,Q RUGHU WR W.IQAXBEMHWYDWRI BRBEK\U\ PLQHUDOL]DWLRQ ZKHU
JHRSK\VLFDO PRGHO DQG PLQH WD ONKHGY NDQHY DRIH&IXQ DVVRFLDWL
EHDULQJ RFFXUUHQFH WKH SURRMPWEWUNF YDQKBEWECHAE PI/M0A D U L ]
XWLOL]HG 7KH SUREBNHWHRYQWX CMQMBHKGIR'Z YDOXHV RI PDIJQHWLF VX'
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JLXUH 7KH K OPRJ SORWV RI D HOHMFWDUBBOBLKOVIWAW LFY LRMDIJQEHWLF VXVF
&X JUDGH 7KH QRUPDOL]JHG SURGXFWLYLW\ YDOXHV IRU HDFK JRQH |

7TDEOH 6 XPPDU\ RI WKUHVKRORXJ DKWY OURRFPGWRM BRU WKH HOHFWU
FKDHDELOLW\ PDJQHWLEGYEXXRFHIVGLELOLW\

:RQ :RQ :RQ :RQ

5V RK
,3 F

6 XVFHS

&X 6 XOlII
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JLXUH ' YLVXDOL]DWLRQURFWBERP RCMAEW U L F Z&HUHV HDWK YAR\GHO KDV E}
FODVVLILHG LQWR QHZ SRS EKWDW L\R R Y HEIK\RHOGS WD WDKFHE DB FRRIHS IUDFW D O
F WKLUG IUDPWDG |RROHJWK IUDFWDO ]RQH

JLXUH ' YLVXDOL]DWLRWRFWBE PROWQV RKH KB UIDDPKE PRIGHIOOBDYV LHHHG |
LQWR QHZ SRSXODWLRQV EDVHG R @ IMUKHNI UDEFMEDIDOMIFRRIHY K & BFEVWNDRIOKSQ/MH
IUDFWDOQBQB IRXUWK IUDFWDO JRQH



6DODHWDRO -RXUQDO RI OLORQJ (DRLURQPHQW

JLIXUH' YLVXDOL]DWLRQURFWEE PRGWQV RI PDJAKHWHFHDAKF RBEHDLIOD W E
FODVVLILHG LQWR QHZ SRSXODWLRQV EDVHG/WQ VDKM DB FRRIHS  WOKDUFRWEKAR
F WKLUG IUDRWDG JRRHIWK IUDFWDO ]RQH

JLXUH ' YLVXDOL]DWLRQURFWRE PEOWOWEGHUH HDFK PRGHEORDMVIHHH®@ U
QHZ SRSXODWLRQV EDVHG RQ WRH UV WFWDE BMROHIFRREIRC0 GJ BFB W\EK I IEQ H
IUDFWDOQRQB IRXUWK IUDFWDO J]RQH
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JLXUH ' YLVXDOL]DWLRQ RI IROURPBORKWURRBI® UHVLVWLYLW\ E FKDU.
VXVFHSWLELOLW\ DQG G &X JUDGH

TDEOBHHVXOWY RI GULOOHG ERUHKROHYV

%RUHK ; FROO < FROO = FROC %RUHKROH SURGXFWLY
% +
% +
% +
% +
% +
% +
% +
% +
% +
% +
% +
% +
% +
% +
% +
% +

7TDEOBURGXFWLYLW\ VFRUHV LQ GLIIHUHQW ]JRQHV RI WKH HOHF\
:RQ :RQ :RQ :RQ

SURGXFWL
1XPEHU R
1RUPDOL]JHG 3UR!

7TDEOBURGXFWLYLW\ VFRUHV LQ GLIIHUHQW ]JRQHV RI WKH HOHFW
:RQ :RQ :RQ :RQ

SURGXFWL
1XPEHU R
1RUPDOL]JHG 3UR!
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7TDEOBURGXFWLYLW\ VFRUHV LQ GLIIHUHQW JRQHV RI WKH PDJQH\
:RQ :RQ :RQ :RQ

SURGXFWL
1XPEHU R
1RUPDOL]JHG 3UR!

7TDEOH KH SURSRUWLRQ RI HDHRQRMAN WHRISKHRMLFDO PRGHO 7KH PRVW SL
PRGHO KDV EHHQ KLJKOLJKWHG E\ D VKDGHG JUD\ FROI

:RQ :RQ :RQ :RQ
5 3RUS 3RUS 3RUS 3RUS
! 6NDUQ 6NDU 6NDUQ 6NDUQ
iy 3RUS 3RUS 3RUS 3RUS
6NDUQ 6NDUQ 6NDUQ 6NDUQ
3RUS 3RUS 3RUS 3RUS
6XVFHSY 6NDUQ 6NDUQ 6NDUQ 6NDUQ
&RQFO/XVLRQ $SFNQRZOHGJPHQW

7KH SHUIRUPDXQRWHD RWDO PRGHOKMHXDRKRRXOG OLNH WR H[SUHVV
JHRORJLFDO DQG JHRSK\XDL¥D O WKKIRUWND/FWHULWKMH FFFKRRO RI 0OLC
GLVFX\WHKE (DVW SHUHRMEIDMWHDQ 8QLYHUVLW\ RI 7THKUDQ IRU DOO \
IRU D SRUMKUW\ &X PLQHMUIDILIGDWLRQ

WKHHSORUDWLRQ GRUQBEEHWWBUWIHWWHQFHYV

XQGHUVWRRG WKBMRGK\RIWHCFAVD @ @DHUV ORGHOLQJ XQFHUWDLQW\
PRGHOLQ#HR\$W DEADLWHGL FIDSDS U RD FKFLHRWFHY -RKQ :LOH\  6RQV
XWLOWRIGIHQWKBWIHHRSK\VLFDO SD@POLg3UH2OGHQEXUDQGOOLDPYV
JHRORJLFDO PRGHOV 7KH ' PRG&OV RIQWRENDWL®HY JHRORJLFDO D
&X JUDGH DQRG WKUHH JHRSGDWEFD®KYDXXIKDBXBGHYWQFHG FRQVW
HOHFWULFDPBKDH YH EDAQGEY IR Q HWISP RUDWLRQ *HRSK\VLFV

PHWKRIGH % PXOWDFWDO PRGHO oJdt4kiW @R -i{UJHQVHQ 6) DQG\HU !
IRXU GLIITHUHQW JHRSK\VLFDO S$RSX®DWLRQV VIDWHHIREKHOLQJI E\
JHRSK\VARFGEKRRVWEHHRSK\VLFRLQWHIJUDWLRQ RI UHVLVWLYLW\ PRG
DQRPDORXV JRQHV IURP EDFNJUYURYRGIKIRIGHWUXYXDRQ +\GURORJ\ D!
GRQH EDW KRB GOQ$W ARG X FPW LYW WAL R HQFH

GHULYHG IURP H[SORUBFWBDO\ |& QHEXL QR oG v $Q LOWURGXFWLRQ W|

ZLWK WKH KLIJIKHVW VFRUH RI S WRE&SXHEGMIYURD\P 4D W D/O1 OHI-ESKING. FV - F
DV WKH DQRPDORXV JRQH

7K|E)QRPDIP)FRG(I-VOXRFPL&QHUDIGII;DDWLR?NHO%KQDPESH?:{'FNVC'U(;(#EF?ODSSPHQW
GLVWLQWWU(LNH LQ FORVH FRQVE Wﬁ%%h@wwﬁmw &5 VP BIMFKOROG L RR X U
DQRPDORXYV JHRBBMOWDOBPXFK pSSOLHG JHRSK\VLEV

PHDQLQJIXO FRUUHODWLRQ FRXOG ORFDOL]H WKH. SUREDEQH
DQRPDORXV ]JRQHV RI PLQHUD%E%%%W%%@%’ﬁgb\@g@wwmﬂ 50G
H[SORUDWRU\ GULOOLQJ WR vV o FE R LR E Dwi RO RI BN

SURVEIHRWWKH GHVLUHG UHJLRQg ¢pyH 6wxG\ §Q LW R H DI®OKDUR $IOH D

) L Q D @/G&\H uHODWLR\Q}«JWL{%SPE\NWIZ@Q\SQYLURQPHQWDO (QJLQHHULQJ *F
YDULDE OHMREQGW\SHYV ZDVRIUQYHVWLIJDWHG

HDFK 1UDFWIK® VHEEKMBIWORG
WKINW KISIKRSRWRW LRRN SRWSK\uT @HOIRUG *HOGDUMQG 6KEULII

ZHUHQ DVVRFLDWLRQ ZLWK m”%bﬁ%@ gﬁb%%Péﬂﬁﬁ%“%ﬁﬂhﬁ? neQ
UHJLRQV RI UHVLVWLYLW\ ORZ DORPDORXV' UHJLRQV “RI
LQGXFHG SRODUL]DWLRQ DQG Wﬁ%@%@%@DQ%§8ﬁ$%@@§L%B?gLQDw
RI P DJQHWWLEH S WHREAHOMLHMA AN D U

PLQHUDOL]DW ER® SR H @ sigeHA /DD B EQEXFWLYH FRXSOLQJ 2L
LQ FRPSDIUMMERU S K\RRKN W\S H
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> @DQKPOD@BOWR@QLHPL6SHFWUDO V3IQLILFDQFH IRU &X DQG OR PLQ
VWXGLHV RI )LQQLVK RUH SURVSHPVW\S DULRSKRWOLEWY WKH .DKDQJ SRUSK
,UDQ *HRORJLFD &DUSDWKLFD

> @PHUVRQ 3K\WLFDO SURSHUWILBH®U $VIKDWQRBRURXH
VNDUQV ([SORUDWLRQ *HRSK\WLFV&ROORFDWHG FRNULJLQJ RI LURQ GH

| F VFHSWLELOLW\ D FC
> @®DZNLQV OHWDO GHSRVLWYV L%Uga‘?‘b% gd( - h
SODWH WHFWRQLFV 6SULQJHU 6FLHbD 9% VL QEVREFREL pRXV QDO R
> @XQQ3 DQ®WIOWK ODJQHWLF LKA LNK P RKD PODIEEL

U
UHVSRQVIBDWH VRAMK PLQHUDO G d%? I%\}\)
-RXUQDO RI $XVWUDOLDQ *HRORJ\ ; RX]L OXOWLYDULDWH JHRV
EDVHG RQ D PROGHOFVRULFIDRO SURSH!

> @ROQFD@YHVODWHXVDRDMmLYHLUD FRSSHU JUDGH HVWLPDWLRQ D FDVH
*HRFKHPLFDO DQRPDO\ VHBROOWMWQLQE\GL *HRILVLFD 7HRULFD

PXOWLIUDFWDO PRGHOOLQJ -RXYQRO, R JHRESHELTRG:

([SORUDWLRQ *HRVWDWLVWQPFMQRWD HYFLURWLVWYV
> @L& =KD@QJ&KHQ <D® DQIG< SUDFWLFH

0DSSLQJ WKH 6SDWLDO 'LVW |§ R OLQHUDO
&KDUDFWHULVWLFV RI /LQHDPHQWV \YA ) P \ﬁ/'%@ 6SULQJIHU
OXOWLIUDFWDO ORGHOV $ &DVH 6 35‘ }: FJ_|1 UW H W Q
L

<XQQDQ 3URYLQFH &KLQD B6FLHQ UHSRUWV
> @RXU®HO 1RQSDUDPHWULF HVW

> @KR DQD@QGHO’/EURWGSHFLDORI VSDWLDO GLVWULEXWLRRUDOGRXUC

LVVXH RQ IUDFWDOV LQ JHRORJ\ DOEVRHRASNVRR 'BY AP W&IFOWLFDO

*HRSK\V

. * NHQ D@®DFN®H\ $
> @XUFRWWH JUDFWDOV DQG F% %)%g) V HPHQWDWLRQ
JHRORJ\ DQG JHRSK\VLFV &DPEULG g—iR g\fh LMMF‘b[EégQH &D\ VPSR

> @LP WL JUDFWDO EHKDYLRXU RJIGAKRHB HD.UWXKLQJ

VAIVWHP 6SULQJHU > @RRYDHUWVY *HRVWDWLVWLEV IRU
> @DODPXG DJGUFRWWH 6HOI UHVRXUFHV HYDOXDWLRQ 2[IRUG 8
DIILOH WLPH VHULHYV , *HQHUDWHP@QEQG DQDO\WHV ,Q

$GYDQFHV LQ *HRSK\VLF/S 9RO (QV@&N&U $JW H U)E H)@ED 0 O D @ W\Q H
> @DQHVKYDU/ 6DFOMD 5DVKLGQHMDG 7KH VHSDUDWLRQ RI JHRFKHPLFD

2PUDQ ORDUHISDOQGG]DG EDFNJURXQG E\ IUDFWDO PHWKRC
$SSOLFDWLRQ RNYRR®PHQWDPWDLA PHRRREGPLEDO ([SORUDWLRQ
LQGXFHG SRODUL]DWLRQ DQG UHVLVWLY LW\ %ﬁy%fLWB§UHWDWLRQ
IRU @K SRUSK\U\ GHSRVLWYV H[SOR = WX

| FWDO PRGHOV \
IRZFKXQORXGHSRVLW 6( ,UDQ %%F é)[')% GLVWULEXWLRQ RI JH

*
SURVVHV LQ *HRSKIVLFV FROFHOQWUDWLRQ -RXUQDO RI *HRFI
> @XUFRWWH 7KH UHODWLRQVKLS RI IUDFWDOV

LQ JHRSK\VLFV WR *WKH QHZ VFLHQFE v &KRRY SRAWMAW X UDO KLVWH
JUDFWDOV WHFWRQLFV RI ,UDQ

> @I]D3 $OJKDODQGLKDN]BG

0ROUNIDQQEUDDS | HoLaHDWL EgEHUEIUORBIUEILOQ THENEOR
RI PLQHUDOL]DWLRQ ]JRQHV LQ SR B%B%\W*EH%LB%%F %\{(-RO)’(WLRQ
IUDFWDO FRQRERMUDPRGRHDLQJ -RX B'PRi

*HRFKHPLFDO ([SORUDWLRQ > @RXUL ) $JLIL + SWDBHKIUDS <

.KRGDSDUDVW 6 OM&D RDBRWWR 6
9
> @HODYWDOU$IIEBO %RYUIJSDYD/RWIL _LUFBE@ &DWLQJ JHREKHPLV\

0 DQBPUDQS 'HOLQHDWLRQ
PLOHUDOL]DWLRQ ]ROHVYROXPH E X % WOKHU[Q%V%’;M&'?QFHH&@;'D
IUDFWDO PHWRREDUBR®DOWH KRVW LY E PDOWON DORO PDIPI
-RXUQDO RI *HRFKHPLFDO ([SORUD V| v

R
> @DVUS®BL $11BO0 . HWKHKHUHRWS/ HU

DQGVIDKDQISSRXU &RWDHVLRQ EHWZ U E HQJ IDDQE Q /RZDUGV D
JHRORJ\ DQG FRQONOW UD\WER®D O yIRJUDSKY DQG WHFWRQLF
g 1>Q MRXUQDO RI HDUWK VFLHC



6DODHWDRO -RXUQDO RI OLORQJ (DRLURQPHQW

> @H]DIL /RWIOL $1]D3D -DI|DDUL > @D]HP $OBOBEHGL 1RURX]IDQG

OHLJRR®® DQGKDEMBDVREPL 'RZODWL $SSOLFDWLRQ RI PDJQH\
,QYHVWLJIJDWLRQ RI FRSSHU DQG JR\WS3H BIURY S HFHWM/@EXEIA QBRGDUL]DW
RYHUOD\ LQWHJUDWLRQ PHWKRG DI[G CPRIOMNLRQFRIDIOURRGH@E QFIRSSHU

LQ 6DYHK VKHHW &HQWUDOWX®WQ *KRODPRGDWNBKDU ,Q WK QD
6XURZFDPL OLQHUDOQ\PL H[SORUDWLRQ HQJLQHHULQJ 8QLYHU
> @KDKDESRXU 7THFWRQLF HYROXW+ R@$ 8L O&H $SSOLFDWLRQ RI )»

RURJHQLF EHOW LQ WKH UHJLRQ GRIFLWIHREQ ERMYIHHIY DESBRQFK LQ ' |
DQG 1H\UL] -RXUQDO RI $VLDQ (DPWESERLIH@FHY LWV FRPSDULVRQ ZL
JHRSK\WLFDO SUHVHQWDWLRQ LQ *K

> @D]HPL .DQDQ$DQLDR DQG $]HUEDLMDQ SURYLQFH RI ,UDQ ,Q ¢

6DUMRXJKLD@HWURJHQHV[RFRIQH GG o KYPQ 7THKUDQ .UDQ
JUDQLWRLHAW MQGELWRLFURJUDQXODU @RNAEO DY HW XMQR U'LDQG HOHFWULFDC
FHQWUD®BKWDD 0DJPDWLF $UF ,ULDRD J LML G KQ ¥ H\V

IRU LQWHUDFWLRQ EHWZHHQ IHOVLFPQG RAJLE FAIEPY .

*
HRVFLHQFH JURQWLHUV LOQYHUVLRQ RI PDJQHWLF GDWD *HR:
> @GLFKDUGV:LONLQOVRQ&OOULFK
*HRORJ\ RI WKH 6DUL *XQD\ HSL
GHSRVLW OQRUWKZHVW ,UDQ (FRQ P@Mﬁ \jEBLC’j‘T’EH“BLD(@;G’LORX
. 4 DWDVWGEFIHRSK\VLFDO P
HOHFWULFDO UHVLVWLYLW\ DQG FKE
> @HKUDEL ODVRXGL-DPDOIDQG PLOHUDOL]DWLRQ LQ *KDODQGDU GHS

$VIKDU]PGHK 3HWURJUDSK\ DOWHARXWDRP® QG QIO L @HHED KSR H V V
PLQHUDOL]DWLRQDR BHHILRQ ,Q

R W URatn Rl T00auB G hRor: Ead@NRRETIN | pMRVARS, ERSNO0LS:

UbQ RI %ULWLVK &ROXPELD
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