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5HFHLY 6\ UHFHLYHG LQ UN®L VHDFIRUPWKIDG

. H\ZR $EVW
,Q WKLV SDSHU ZH TIXIDPRQ W RWDUMHIRHD @RD HOHRWLQJ WKH I
$OWHUDWLRQ ]JRQHV DQG OLWKRORJLFDO XQLWV'DQKW BMK BRIRSIKAQH ]R(
GHSRVLW 1: ,UDQ EDVHG RQ WKH GULOO FRDSS®DWD 7|
2UGLQDU\ .ULJLDYGLQDU\ .ULJLQJ 2. DR XR®FBEWDOOWRRBBO EDVHG R
JUDGHV LQ RUGHU WR D/G\8 B U D VWHKRW KR TEH. RIG R HEED0D R Q L W
6LPSOH .ULJLQIDQLVRWURS\ ZDV LQYHVWLIJDWHG DQG PRGHOHG EDVHG
YDULRJUDPV RI WKMW KK FDIOX D UBRBUIRSIKN BHUH LGHQWI
&ROFHQWROWRIKYDOXKXMBEORFN PRGHO RI WKH &X JUDGHV ZQ8 WHKMHU D\
HVWLPDWLRQ REWDLQHG IRUIDDED\D O PRIGEHHRIEHDE\M &
ODVMBEKL &aRSSEPVHG RQ WKH HVWLPDWLRQ PHWKRG UHSUHVHQWYV WKH
"HSRV LW YLD WKUHVKROG YDOXHV 7KH FRPSDULVR®&QMNYGDIQEBWH U
OLWKRORJLFDO XQULWVUBBWHD® PRGMIOHL QI SURYHG WKDYV
DFFHSWDEOH DQG FDSDEOH RI FRUUHFWO\ GHOLQHDWLC
5HIJDUGLQJ WKH FRUUHODWLRQ GHULYHG |IURPOBRUFDDWL
PRGHO ZLWKUWDKMWRBO UHVXOWY LW ZDV REVHUYHG WKDW
REWDLQHG IRU 2. RYHUODSSHG YR[HOV ZLWK WKH SK\O
DFFXUDF\ 2% RI 7KH VSDWLDO FRUUHR® WRRBVEHW.:
UHVXOWLQJ IURP D ' JHRORJLFDO PRGHOLQJ DG WKH K
IUDFWDO PRGHOQEDL\DIDMA VKH DOWHUDWLRQ JRQH FRQW
WKDQ ZLWK 2% RI $OVR XVLQJ WK LUWH PRIBVWKIRLGD HGU
IRU WKH URFN XQLWYV

, QWURGXFWLRQ

7KH ODWHUDO DQG YHUWLFDOJHR®RBH FPDU PBRRRGWU RDWREGDB K
DIIHFWHG E\ GLIIHUHQWKHBFWRDQGA QFOWBRRUDBREPDJIJHY Rl PLC
W\SH DQG DOWHUDWLRKRHBKDROUMNMNR FKHPLFDO LQYHVWLIJDWLRQV E
GHOLQHRDWRLRIORXVY DOWHUDWLRQ 58D WWWDBY DG (OHFWURQ 3UF
LQYHVWLJDWLQJ WKHLU VSDW$QRDO\WBULDIOLWEDQQLPR(OHFW L
LPSRUWDQW WDVN IROLQEBLEDDW HQILPHHUBRUWDEOH ,QIUDUHG 0
VLIQLILFDQW UROH LQ JUDGH 3GIWWUDOKXWLRQFAZXWKRQ@ VWXGL
SRUSK\U\ RUH%EMBEMUMOLFWLQGHBRNOLOQWG/ LQYHVWLIDWLRQ RI L
VSDWLDO GLVWULEXWLRQ RI WRHLDWREBR LZQ VIHIIRM M KN VERIOH V
SRUSK\U\ RUH GHSRVLW KHOSV>W® EHWWHU XQGHUVWDQG

WKHYBGHSHQGHQW S@RFHVVHV 'HVSLWH WSKIHD BWEBDBODWSOLFDELO
'Q WKH SDVW GHFMHMHWRGVHDPMEMNHOPHQWLRQHG PHWKRGYV RUH
WHFKQLTXHV KDYH EHHQ WKKMHL OQRV& PRR V& BEBHRIGD MK\ EBDYRIGL W V
DOWHUDWLRQ ]JRQHV LQFOXGE@EWKHDBBOYDULDWLRQV LQ RUH H

B4 s RUUHVSRQGDQ G BKM|KREW+HFDUN KD QL
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VKRZ JRODVELR® WKH RWEHWWEHEGIGH XQGHUO\LQJ DVVXPSWWLKRIDWR |
JHRORJLFDO LRIHO SQ HBWMRER QERWHEHDIVQ DA G FRYDULD QKHH DUH
SDWWHUQV DQG WKHLU VSDWLDOHRVWIDELOWWEDLY REWIORGR G R\ |
WDNLQJ WKH RUH HOHPHQW MWDHESN WDXORKX U XQ R ® VLW R G
FRQVLGHWIWUREM KLIK LPSRUWDYRH RIHDUV PDQ\ UHVHDUFKHU)
WKKMWDGH LQ TXDQWLWDWLYH PRIGHOLVDD WY WMWY HRVGRRIEM RIKBGW PR G
SURSHU HVWLPDWLRQ PHWKRG LQROXQIEERIE B QVEQ\FYEWQRBDO NUL.
VLQFH WKH [WDFRAWD®d PXDNEWRDFKKMWIQRUPDO NULJLQJ LQGL
HVSHFLD O®R Q WHKM\WR O XVALER®) FRRULJIX@QILYHUVDO NULJLQJ UHVI
PRGHOGASHQG RQ FRYPSHRBHDWRRDQJ ZLQGRZ UHJUHVVLRQ UF
V X L WH\EVOUHR@Q MD GD/E MMRW HU G HW HG WMNRXQQ RW IDYGHS \ULBE®DVWLF VLPX
WKUHVKRO® GIRER Q¥ HB U MESKOH DDA RQHEXHQWLDO *DXVVLDQ VLPX
DOWHUDWLR®@, QR@KW ODVW WK UWBHRXE GO BRYRRWUDWLRQ @,6

VHY PBHDVKRGY VXFK DV JHBYWDWKLWLFDWLFOH IROWRIZY WD JRD
IUDFWDO DUDFWROWNHFKRDV¥HHV6.>DUHSSOLHG WRKHVEVARBNW HRGHO
EHH@®ESORWGPRGHOLQJ WKH VSDWLD®A VYK S RD HDRGIL VRQBIJRL GV MH G
DQG GLVWWMEKWLIRGFRIUWDLQ GBWDSK\U\ GESRMLMRQG WKM UHVX
7KH 1U D BRXOCDW D FMWKIHIRQUW U REBAX FHB EW DDQHRSP SD U H G O \OMIRIR DR G
ODQGHOEURWDV EWMRQISSOLHG BQ IUDFWDOVPREWMOE QUR GHOLQHE
GLIITHUHGW GV JHRRVFLHXFHK DV DOWHIRQHM Q QGQURFMW KH K\SRJIH(
JHRFKHPLYWW@ JHRSK\VEFV @ JRQHWREB VH VWX G\

WUXFIMRORO\ @RJH UHVHUYH HV WKH D\WYRBDSIHU R U J D @ K|IHEO B\R Z

> @DQBPRWH VHQV@QYHU WKHQ 6HFWLW&H UHJLRQDO JHRORJ\
ODVW WKUHH GHPF®ID\O BUDELMREKOW W WLAE DOWHUDWHR ©D \VCHJ W/ W X C
PRGHUXFK &RQFHQWWUWIBOISREQ GHVFURBEHEWLW&ERUHKROH GDWDYV

> @ 1XPBHUH 61 > @ VWDWLVWLFD O D FHEGINFO DR Q V
&RQFHQW U DIWMRIXQ F H' & @ RYHUYLHZ RI WHKO®KHWKYRSWLQFLS
6SHFWIUMDS$ & @DQG9&IUDFWDDGYDQWQGHY L P DW BWALIRERABDWLR Q
PRGHOV @DYH EHHQ® % GKWE H L BHFWLWRRH URIEW O G LVFXVVH

PLQLMQIILQHHH@BH®E IUDFWDO P RIGHIDO &N FIML RRQF O X \BILR-QAH QWH G
SURSRVHG E\ $I]JDOLYVWR®K RI WKH

LPSRUWD QW LWRRI@GY WR GLVWLQJZDVM XA ULRXV
SRSXODWWROAMS HFW WR WKH WKIRYKROE FRISHY G HS/KMW \WRYVVE & "
> @ KKt9 I[UDFWDIODPWBBULGHUHGPBRUWDQW VRPRSFEHMFOXGH QHDL
D SURSHU PHWKRGWWMSDMH\NOFMK BRHUWKY RI WKH 2R® OGH FR
GLVWULEXWLRQ RI GLITHUHQW YDW WRIX\E X \WBWRFR DRRRM] WD R Q L
YDULRXER BUHYV @,Q WKH IEBDFWDM J %XWWH GOHB@WIEDMQRULWH H
PRGIHAQFHQWUDWLR QRIQH FRIQW K&BIVHIGRBY OH GHSRNMIQRGLRULWH
PRVW LPSRUWDQW FRPSRQHQW®QDQHHU HORIGIHRIVRYW] GLRULWI
DFFXUDWH HVWLPDWH LWQ@RG JOHGXWN LPREIRQWGOSRYVLW DQGHVL
HQKDQFH GHOLQHDWLRQ WKW KRRYKRRL® H DOXHWKH PRVW FRPPR
&9 IUDFW DD+ PRIEMHOHFWLQJ D WOSRSHERVWLQ®E

HVWLPDWLRQ PHWKRG LV FRQV L3&HW D EDY HHQIHWIDAIKBDWH GV K H Q  \
&9 PRGH@KQBK EHKDYHV WRZD USGNX REHRMK K WRBCLIFP(D WHL O W' 0% L Q

RI WKUHVKROG YDOXHV IRU V HSDYIDM URKR U HB OGWHAXEG XRVH. R Q |
JRQEQG URPN@QLWYV $UDELDQ SODWH X QIRDISU QAHH @W R DHX
*HRVWDWLVKRPEHHQ@ KRQVLGHUHE®DYV @0'0% KRVWKH ODUJHVW N
SRZHUIXO WHRKEBDXH ORUPRGH®B®&YJ RRI ,UDIRFOX@EXIIXQ DQG
UHVHUYRLU KHWHURJHQHLWLHGYD&KHMKPLHKY LDKLFYS P WE BEXG® U HQ
DWWULEXWHV DQG WKH 7KHJ S ROYRIF RW K@ REBUSDRROW KLY WHFWRQL
DSSOLFDWLRQ RI WKH PHQWLR®MSHRMPEKKYHT XHFE RKQRWPLF  GHSR)
LQFUHDVHG VLJQLILPDQ@WOKHVLQFPWRFIMWHG ZLWK PLG WR
NULJPABWKRW JHRVWDWLVWLFDOGLRWINUISROD®RABRQILRGL WHR VIR
WHFKQLTXH LV DQ RSWLPDO DOQ&BXUW.QHDU XQELDVHG
VSDWLDO WVKDW PBRVOR B L]H> V@KH YDULDQFH
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7KH 6XQJXQ SRUSKOBFDMWHREHL GBOLED® QG 6RXWK GHSRNDMDE H
20LJROHRAHIRFNAKH, LQWWXGHGI RXRGIXUH @
&UHWDFHRXV FDUERQDWH ODYGIBEK (RAHQEBE FDVH VWXG\ KHUF
YROPDHYRLPHQW D@ TKRANHFRQRPLEGYB HHW VHULHV LQ 1: R
GHSRVLW FRPSULVHV PRUWDWHKDQUHDOWVRUAFRBPSRVHG RI D YHU\
RI &X DQG OR &KHIVEPHKPLQHUDOL]DWLRQ EHDULQJ HSLWHK
SRU S K\ KIDRO R QUIIVR WHRUHIPW GHG WRKLFK DSSHDUV WR EH DVVRFLDW
(RFHROGHUQWHFRRNVLVW OW RUH &R V\VWHP DW GHHSHU OHYHO!
DQ DYHUDJH JUDGH RI &X H[SORBRWLR® W UHDR FKL FXU R@IH P
$J DQG SR @ORUHRYIMWKH SRUSK\U\ DQG RU HSLWKHUPDO |
FHQWUDO SDUW RI WKLV EHOWRFPWQ\G GHERWHKHY QRRUWEHUQ C
SRUSKDQG HSLWKHUPOFEBOD®MNHPV f «+ 2 DQG HDVWHUQ ORQJILWXC
*RURU RWKDQJ 6DUL 'DOOR\ f « Z LQ -XOID VKHHW 7KH
$JKDUUHK 6KDUDQ 'DAHWHKHVKN.QYHVWLJIJDWLRQV DQ® $SKIR DS HBW
KDYH VWBIUWHGS VLQ®

A Porphyry deposit

© Epilhermal deposit

% Study area
(Masjed-Daghi deposit)

YLIXUHRFDWLWERHRUSK\U\ DQG HSLWKHU®PD® RQHUDHB®RGLWKNHDWHRORJLFDO
ODVMHGKRUHD LQ VFDOH > @

*HRORPLREAGDOL]DWLRQ VXOILGDW ERRO G RBI NIV QIBGIGV V
7KH RGBHWWREQLWY LQ WKLV FD@& HHWOAWWVBEAFDOO\ WKLV GHSRVL
EHORQJ WR WKHW\BHHQHGBREEKNPYD JPDIMGRIRWKHUP®O LQ WHUP
WKH RWKHU RXWFURSV PDLQOS DIUDYIRIQWHIM\ZRELUBWHGHZLWK PLQH
YROFDQLF URFNV ZLWK DQGHYVIAKDRO MRB\WILWRK\EPRQRGIHWHW IPFD OD FK
FRPSRVLWLRQV 7KH\ DUH LQWDRGHIREG D7 KHR PO OIRZHRDXEW R
TXDUW] PRQ]JRQLWH SRUISKHU\ LAWUKPLREH VLOLFIDR&HLUQWRDQV
TKH/WX®UWUHD FRQWKSMMWQRJRILF DQGEV S HFANLMYKHLGYW RW & D J HY
4AXDWHUQDUKHIRFNVOQHWYYV IROGRAE PLQWXPRVHSWLWH FKDOFRS
(RFHQH I10\WWFK DQGHVLWH WUDFEK\PR®BGMVNW HV SKIDFRLIMUH. WH JDO |
UK\RGDFLWH 20LJRFHQH DJEORFPAUDWHIG TXBMEBW | VW) ¥ HXOW I}
4XDWHUQDU\ GHSRVLWV DV WUDWV¥HWYWRANZR UBIXQBEVVMRFEDWHG ZL
ULYHU IORRG >VHG@PHKQW®J WHKHISIRVVLEOH WR FPMWIHRUD/OWKHW LR C
3\UHQHDQ SKDVH LJQHRXWKBIRFMNW MB 8HF W HSS0 R @/ W/ IKRIQ HBU W K HU
IO\WWFK VHGLPHQWBKIH@R BSHQUE DV WINWIYPH O AR HOG S R USSR\ WA\ W@ P
SODWH ZDV EURNHQ E\ LQWHQWHMBHBR®HFHQWYVY 7KQV FODLP LV
OLRFHQH @ WKRXHKWMKH LRQ RI FRFFIPOUUHQFH RI SK\OOLF MDQYG SRV
LY OYRVV )LEDHU H ZHOO DIVEXNWXERQW HQWYV RI &X
SUHYLRXV URVNDU RIHSHR UWNKHHG ! SSP DQG*0RSSP REVHUYHG
HILVWHQFHRRIGWEKRSSHU OHDGWKHDRES QHYFIURP GULOO FRUHV D
PLQHUDOL]DWLRQ LQ WWDJKIDUKD ®KH ODVMHG
GHSRVLW DQG3'DMVVRFLDWHG ZLWK PHGLXP
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%RUHKROH GDWDVHW LQ DQ\ GLWHKREWDIRQWKDW &X FRQF!
7KH ER UGIKW DO WMWI\Q SIPB\RUVLRQW GIRRHWYHQRW GHSHQG RQ WKH FRRL
JHRVFLHQFH LQYHVWLIJDWLRQV)LIQUHIFRWR QPHONNYWPOSWDRQV F
HI[SORUDWLRQ DQG JUDGH HVW MPRHYD RQREGDMINVBOIDUERD H
E R U H KZRHQUBH L O OVHKEWLQB IUHH®R |
ZKLEHOR®/R WUHEHULEGEBHEBKROHYV X 45°56'10'E  45°5620"E 45°5630"E  45°5640"E
VHULHVDWRWEO OHQJWKDRIG gﬁ ’ ' ' '
ERUHKRHQUUMODWSH'GVWRBLHY ERUK 7
ZLWMWWRWDO OHQJWK)IRIXUH7KH .
GDWDVHW LQFOXGHG WKHRE®RDC -
VXUYH\ D QX HD \RWK HUIGDHABDU H
]JRQH DOWHUDWLR® UPIFRNBDO ! _
GDWDVHW 2BW QDVOADH/GK, B 80 6 S g O
PHWIORMG<HD UD]PD ODERUDVDRBG g o
RWHKHQHUDORJLFDIDQ G HRI®R KIHA :
UHVXOIDNRKWG WKDW WKBVFD)
IDYRUIREIOWKH PLQHUDOL]DWLR(
ZDWDOLGDWHG D Q GV KAAVE MW E WWHIGF DADR
DQDOYKEHVKLVWRIBUGBMVFULSWLYH VWDWLVWLFV
RI FRSSHU JUDGHVDPB®HV LQ WKH
K\SRJHQH WRH RDVH VWXG® DUH VKRZQ
JLIXUHYQGDQG 7DETKM VWDWLVWLFDO
SDUDPHWHUV RI &X JUDGH EDVHG RQ OLWKRORJ\ DQG
DOWHUDWLRQ LQ WMHEHR\WSHR VWQHGIRQH RI
DUMOVRRIQ 7MEDRAG UHVSHFWLYHO\
$FFRUGWZE2W KRQRRYQ V LG/IVR RIL W H

DQBQ GHN QW ARO W HUFDQNWAIRREB B V H
RSRWDVVWIKR@AOQE IRRFRRQW WKDQ

RI WKH GDWD OHQJWK 7KH &X YHXRQD QRGO bREBWKRQ PDS
ZDVRGHBBG/HFRUGEHU VWDWLRQDU\ UDQGRPGHSRVLW
IXQFWLRZDORHWHHQG RI &X FRQFHQWUDWLRQ
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JLIXUHKHLVWRJIUDP RI WKH IUH WIOD LS RGEHIGQMMB QKILRGH SRV LW

& X

IRUWKLQJ P

E
JLIXUH O9DULDELOLW\ RI &X BERVFWNM @A U BRWWRERXYEKD®IRDAWAMVLRQ DQG
ZLWKLQ WKH K\SRJHQ'® JRQ I HR$ RDIWWI H G
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OHWKRGRORJ\ DUH HVWLBR® HG RPNELOLW\ SULQ
*HRVWDWLVWLFV FRQVH@&HB HUURU.HVWICIDHWRRQ
2YHU WKH SDVW GHFDGHV GLIIHWKK W RPHW KRS R IRV VGW VWD DW LV W
LQWHUSRODWLRQ KDYH EHHQ SZKLFHQ WH & DEKMEKKHRAWRIN YR QD O L] H
UHV HD URKKHHMHY P H W KRG BOBWHGD ULDEOH® 7KH NULJLQJ WHFKQLT:
WRJIJHWKHU DQG KDY H K/H PLSDWLABIOW@RLEDWIVF V WA SN KIAKIAL FLDJW MR (
LQWHU SR O D VDILFFD WPHRIGHWBERG LRI WKHYDHRREUDPPSOH WUDLQLQJ

FOBVVD PHFKDQLFDO GBWGE U PHE QLVYHF E\

VW D /@ \OWIRETKEH. @ HW KPRGADE® D U H o «

EDVKEQ HPSLULFDOZRDRIDRIQWENEH 1 A ] | ][
WHFKQUXKKH®WHUVH 'LVWDQFH ,QWHUSR®DWLRQ
géQ\?LQstgﬁgmpruuw;tiQmm HOUK LV WKHHWRDBDWGFH Q K
SDUDPHWRBWDRILVWLFDO suRED@L’%?S\R/"?'WHE!(&P%PNVREVHUYHG >]
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LV WKH GLVWW SH TERMWZHARE S LQWHRUHYR/ D SULRUL PHDQ LV PR\
LV SUHGLFWLQJ DW XQNQRZQ EHSFDW VBDY ¥RRWGCALSIDMRHY W V L FWRIR
WKURXJK D OLQHDU FRPELQDWLRQ ®I PHDVXUHG YDOXHV
VKRZQ E\
o 2UGLQDU\ NULJLQJ 2.
11 g1, 2. LV WKH VWDPREMHIT XHHQW® O\ XV
l HVWLPDWLRQ WHFKQLTXH7K® RUH

H R LAFRK

ZKHYH LV WKH HVWLPDWHG Y UJg HL%B IﬁRPWLg%DCDJI-IMEH\OGD
ORFDVQLRY WKH QXPEHU RI PHD ‘AfR ] AWK RBWD D YD
] L LV WKH YDOXH LQYROYHKG LQuW HFj—é IGP%\{&“;B@,LQQGLQ D UHJL
LV WKH ZWMMKRKHHIBF K PHDVXUHG || Dks S O L H GWWERD IRV LIRIDIG H
7KH EHVW HVWLPDWRU LV DOZDéMG)f_%FI?LLRV@@REQ GNBPYLQJ LPSOLF
PLQLPXP YDWKHNGMRUHNULILQJI o\ Q D PRYLQJZEHPHOERUKRRG
LEHGXIFHG WKH HYQRHWU WKRUGHERQG® DWLR
o DVVXPSWL@Q

F QI e POJLL ,Q PDWKHPDWLFDO LWHWPVVSRWLEL
M

LQWHUSRODWERQ /MM RIEG
ZKHUH, [ LV WKH IVHPRQFH IXQFWIQRQ WKH EHVW OLQHR®IXRELDYV
D YHFWPUWRBDLWIKQ DW [L DQG H[WuikBRWE Hw MWDWLRQDU\ UDQGRP
J[ [[LV WKF IVWIPRQFH IXQFWLRSEX RN BRALE R W DRWOREN Q

ZLVDKRULILQD QW H[WUHPR@E\DW [O | ?Q _
WK H /DHRXOODN BS@ L H U [ L

6 LPSNOUHLJII6QJ ZKHUQI[ LWKNRULILQJ LIRDND PD W

7KH DY HWODRAHW KH HQ W.IMJ M VEIGW WP OHG ORFEDMLMR®HD PSOHG
6. 7KH GHW IKIDDWH R IHEHHDQ E\ -RX [R @ WV IKRHOL JIIOWW RU R
DQG +XLMEKWHHHWWLPDWLRQ RI ? H %WT_RQ H\HUURU LV

(T LV FDOFXODWHG E\ (T

Pl To=14! o °L =1 sl I

ZKHUHW RN/ DWLRQDKILNENRHD QV X P H KHE\:[N,E\D%VQNQRZQ WUXBDQDO)QL',
FRQVWDQW RYHU WKH ZKROH GRRANCH B WA f DORNARPEE B Y P oW L F
WKH DYHUDJH7RLW KM \WRRBLEDR |H IRUH
WRVVHMVLGXDOV IURP WKLV UHlHUWJW%?H YLil—HQ

D SUDRWKHUHWIUHMHUUHG WR DV(SNULJLQJ

ZLWK NQRZQ PHDQ" 7KH QXPEdiyg Rl VDPSOHG

SRLQWV XVHG WR PDNH WKH HVWLPDWLRQ LQ (T

GHWHUPLQH GUEQJIJWKRI LQIOXHQEH RI WKH
VHP(LDULRJ\ND_PV QRW QHFHVVDULQ\* DV WKH ODFN

RIELDYV FRQGlrW{LFLQ 6. WKH JUHDWHUVROYLQJ WKH LQWHUSRODWLF
WKHQLPXP YDUWNBHMAHLRDWLRQ HU

WK H YDQXHQRIWKH PRUH WKH HYWIPBATEY

ZLOO EH GUDZQ W R ZIDHUEH WK |UD FRFHDADK R G
TKH®IUDFWD @ PREN® GHYHORSHC

YDOXH F{lq LOFUHDVHVOMSRRWODWAY HUDFRFRDEHO VER $1]DO HW DC
7KLV  PRGIHS®WUDWMD ULRXV
VDPSOHG DKNHFRYG HU VWUBWLRQOHUDOL]DWLRQ JRQHV LQ RUGH
DVVXPHGZIKQ BN FRQVWDQW PHD @G LYWWLEQAMHRQ FIQEDWRD F HP LKQGRH
DQG FRYDULDQFH R ¥YWH{H WHKH LRRIPIBQ OH BWILLD WILIHRGDWLRQ WR WKH
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SRUSK\U\ GHERMLWNQHUDO IRUPXQG MWUBDWUWEGH KDIDKXHV GHVLJ

IROORIZV RXWOLHUV 7KHVH YDORSIDNFWGUL
VWDWLVWLFDO DQDO\WRXWDQBU L
9 ud XxvU 9 & x ¥ KLIXWDGH YDOXHV PD\ WUDQVIRLI

ZKHOH# DQGH#UHSUHVHQW WKHR'\:( %HQFH FQWR DQ NFRQAPLFE
(0 1J
Q

4 W, WK H

ZLWK FROFHOWUDWLRQ YD XHV N & %\1
QFHQWU Q YDO \g,,‘," D%Eb WK
‘1, 1 N WURO

DQG JUHDWHU WKDQ RU HTXDO
e:. j HVWLPDWL
; E D

-,

DQGD.QGD.UH WKH FKDUDFW]—QJLV
WKHORIISORWV RI FRQFHQWUD 3

YROXPHV FHUWDLQ FRQFHQ % ‘i _;;,._’v SH?FE:
UHSUHVHQWLQJ EUHDNSRLQWYV 0 1
FROQVLGWKMXKUHVKROG YDOXHVDQQ%% AU QJ LH?xoW\F/D;nggb%
HREKHPLED RSXODW V L

J O SRSXGDWERQV LQ DM@AGHNIW L P DBOWR & K \

WKH BDWRPSRVLWHG WR>HFXDO C
5HV X OG\. DRYG/ VLR Q
5HV XRIW\D Q6. +HUWMKH GDWWYMBREKULHVRXUFH DQDC

\2. ZDWDNHQ IURP P ARPSRVL
7KH GDWD GHOWHFMERIPXNGG WRE
HVWLPDWH WKH &X SIUIDFGWW‘HRQ@%ﬁI—Sg W ORADARBWOQUWBIBUGLQJ W

NULJLQJ FDOERQHEWHWRDNU\LWR LW HKOBBRAWKDGH DQG YDUI
D VHULHV RI GDWD SUHSURFHVUYL&HWYHKRLARRYWBLEPR EEWD

GHDOLQJ ZLWK GDWD SWHIWPRBHVYVLQJI LV WR G

JLIXUBPBR[ SORW OHIW DQG SUREDELOLW\ SORW ULJKW XVHG

9DULRJUDSK\ 6RIWZDUH

7KH GDWD YDULRJUD SKA WRAH 2Q HHQ/GRBQLGLUHFWLRLRJO DWPHRIL UDZ
VWHS'HU SWDWMSH RFERYVQGWKHQIDORQJ DJLPXWK RI f 30XQJH RI
UDQGRSDWLDO YDULDWLRQ DQG fUIDIGRPOHWSPWR@DREZYV D VSKH
YDULRJU D PUIKIQWEBROW UXFWXUHPRGWODIWDIO D QXJIJHW BAKIHFWN R
YDULDELOLW\ RI D U HD RIQRIWID ARG DYFIKWHMD BPOWLO ®VRID UDQFH RI
LW K WGE H PWW IOR'® L WREFOHAWIKE! )LIXUB ,Q RUGHQYWWRWQLYRWURS\
VSDWLDO GHSB QFERY@ALLDQ B V \G D WH RWY DRY®IQ RVBBEOFXODWHG |
SURFHVYV PRGHBOREGLGHUIHYHQW GLUHFWLR
OLQHUDOL]DWLRQ LV FRXOMR&H U HK® WL RORWDWOR DLFIXODU LQFUHPHC
GLITHUHQW V EIHKD YLRHWU\ GLUHFQUXRP®U WROHUDQFH f YHUWLF
&RQVHTXH@WAQV QHFHVVDU\ WRQGFROGXEWLFDO DQJXODQHWROH
LQGLYLGXDO DQDO\WHV LWRPXROUHS ®RH SRWSKAWLRQMH GHSRVLW
GHWHUP LFRW WHEBMWV LD O $WWUKKHFWRR @W DLW RWURS\ EHFDXVH PR\
H[SHULPHQWDO G DWI®DINWPPRXVYDULRIDDPAIJIHUHQW UDQJHV 7
EHKDWIL@UGLIITHUHQW GLUHFWLRGY U HRWHDRIMDWRAIIFOSLIFR JUD SK\ IRU
YDULRJUDPVPREBMERHHGWWHG W R MUKHRWI RAHD RFK HOOLSVRLG DUH
Q JHQHUIPK YDUK®DMDEBLUHFWLIRIXD@VG 7SHU D P HW KWW HRF WMKRHD T
SURSHU@/LMRUH WKDQ RGQ@HKHGLRHEPVMLRIQRIJUDP PRGHO DUH VKRZQ |
YDULRJUDPSKDUULKG. OBYM PLQH
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JLIXUH[SHULPHQWDOLR®YABDP DQG DSSURSUL B YL G MMARHBPEBRBDRD URDI P \D
DQG E GLUHFWILRIQDIOQ VMW IZLWK $JEPXWKF GLUHFYWUR@ERIODMPEZLWK $]LFP
'LS G GLUHFWUR@ERDODAMWEZLWK $LFP XWKIRU PDLQ GLMKMHBWERQV |
HOOLSVRLG LQ WKH BVS\WREBGIQHGRQRIVR W
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7TDEOBDUDPHWHGWRFWHKRIDOLRIJUDP IRU P D VOKEHIHAFKWH R QY SRARL G L C
K\SRIJHOH DYMWMIBEKL GHSRVLW
9DULRJUD $JLP> 'L QXJJHW H 5DQJH 7KUHVKF
6SKH
6SKH
6 SKH

,Q RUGHU WR YDOLGDWH WKHDQWWRG PWRE®HO WRUMWKHIFWLYHC
K\SRJHREH YDULRJUDFD O\LIGHD WIDRGHW WLRQ WR I IRUXFRQFHQWUDWLR
PHWER®SSOIZKE FRUUHODWLRQ BRHHUFIHDOWRHYDWLRQV \DKERROYCH V
WKH HVWLPDWHG DT OF®/ X\ORO LIPO XXHWHQY D G GWWHA\RMDL PD2V LIRQ R

ZKLFK LV DFFHSWDEOH &X FRQFHQWUDWLRQ LQ VGDION®RH C
VKRZQLIRUH
5HVXOW WD RE 2. $ ' PRGHOLQJ RI WKH JUDGH LQ D¢

7KH WKHRU\ REZDPAWEKRIGMBKAMVRORWY Rl DGYDQWDWKH URHEXNM
ODVMBGKL FRSSHUQGRESBWWHWLI\HYDOXDWLRQV DQG MXGJPHQWV D
WKH SUBIRWAEFR\OD Q& WRVWLPDWMKH RUH GHSRDEDUEHSH GIGHRRW L
XQYDPSOHG ORFDWLRQ YDOXHV WRHEWRPEWH &XH WKRHREGKKHY RI &X
2. DQG 6. PHAMKRIGNG WR JHRMQWVIDQBDW. PHW KRGHBVMBEGKL FRSSHU
DW SRLQWV RQI D BULGP 7KH GHSRDUW VKRZQ LQ QNQBUHV
HVWLPDWLRQ D Q%UR FRBNWO UQWHEGH V S H F WKLHHHO \P RGIWBWQ HUDWHG E
IURP WKH HOHRWR WL PERMH WKH' VWD PLQH 6RIWZDUH 3DFNDJH
OHYHO LQ AMKKHVRWLOWHY WKWHODVW DQG

QRUWK GEZUHEWPRQW R P

D E
F G
YLIXUB. HVWLPIREXRER QF HQ WHUITHYIDRV). RQ E | A DQG]G P LQ

ODVMBGKERSSHU GHSRVLW
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JLIXUR. HYWLPDWLRQ IRU &X FRQFHQWUDEBWURQ Q] H DH)® WL RP® IDQ ]

ODVMBGKL FRSSHU GHSRVLW

YJLIXUH

" PRGHOKRMWLRRW &X FROQFHQB UMW NVRMBEKL FRSSHU GHSRVLW

YJLIXUH

" PRGHOKRMWLRRW &X FRQFHQN UDWVALRWYMEHKL. FRSSHU GHSRVLW



1ILNRRJGDWBH]DUNKBRRUQDO RI OLQLQIRQQYLURQPHQW

7KH VWDWLVW LFDWU E B © RESOWDHWN. BHW HUPLQD'WERQ ZDV FDOFXODW
WH PHDQ FRQFHQWUDWLRQ RI &XYDOKQWHKHVRUL HIQDFON RI OLQH
G D WV 7KH PHD®RXIE. ZDV  UHJUHVVZR®VOIDEDLLY KHEAVM X VWL Q J
LQ FRPSBUWKRK) PHDQ YDOXAKIRHYH WKH ODUJHVW FRHIILFLI
2. WKDW ZDV 7KHHVXBWWIDROW &RQVHTXRQWHXWUHVKROG WERXH I
E\ WK6l. PHWKRIWBHDU WKH DYSIR®NEDMARHMREWDLQHG 7DEOH
FRQFHQWUDWLRQ RI &X LQ WKHORUHUDYRABQGDWOG QDRWKRORJILF
DGGLWLRQ WKHIRWRHPHKWPW.POXNBEREA ]JRQH GHOLQHDWLRQ DQG DO
ZDV DV DIJDLQVW.Q WKH FDVIHRORJLFDO PRGHOV 3RWIDNWVLF
WKH PHWKRGMH PD[LPXWPIRMDOXH /RZHO O XL@®PHREMO LV WKH KRVW R
DQES ZHUH DQG UHVSHFWLYHDGH &X PLQBQIOLMWREQWHG
W PHDQV W KDWRY HRISH/W NBDGR@EH QW U D OWKEK WS RRUSK\U\ GHSRVL\
WUXH Y DOXGHD 8GWK P BREIHOX KHOR UHRY R BWX/F KGR R D IUW HD ORFRY W K H
2Q WKH RWI6HW WKMH/GID W WHKW DRIO WKH KLJK JUDGH &X PLQHUDOC
HVWLRQWHDU WKHYPOHOWKRXWHRORJLFDO PRGHO RI DOWHUL
FRQVLGHULQJ WKH VS DW WKRXFEKWRO RWMUFDRYXQBEWWEB RORILFDO Gl
WHUH LV VRRUBDULW\WERWZHHRUH GDWD LQ WKH 'DWDDRLHQH Y
HVWILRAD QEU X HVY HNO DHUBH L X OMHVW KR ZQLURW HD QG UHVSHFWLYHO\
DFFXUDW2. VWRDYHTXHQWRGHWK® RURHFDWFWEBBSMWLDO FRUUH
REWDLQ@HGVEWPRUH DFFRUODWKWUHE®® ZHHQ WZR ELQDU\ PRIGHOV
HFRQRPLF GHWNMARIREMH UHOLDERDMWKHPDWLFDO D Q GW KBHR OWRD WAIRC
PDWULEDD®SOLHG R®EFDWINHQ W
5HVXO&S IRDFWDO PRGHO &9 IUDFWDO PRGHO UHVXOWV WKIH
7KH+® IUDFWDDFRRGHGHUHG DV WKHUBOWWHUDWLRQ JRQHVZEQB WK}
PHWKRG WRWEWSBWLD GLVWUEBXWLRGR RRAEBWDLQ WKH QXPEHU F
GLIIHUHQW DWWULEXWHV RUH N@®HPON VD WU®R W KL HVFHQDRUR 7 (
ZLWKLQ WKH YDULRXV RUH ERGLHVHWBYRQJ WKH D@BGRIOHUROO DF
RI &BLVWULEXWLRQ REWDLQHGGLURP HRQ WL QU DVFREHD BHVS/RISPXEOVD MG RIC
SRUSK\U\SRWHWGHAWE BRI FIORW HDFK DOWHXDWRERB RE@SOREHGY
FDOFXQDJWW® 7KH GDWD SDLUY R WKH BEWOD@®ME WDERODWH
FRQFHQWUDW L RDHUSBURGM M RIKKHB HWIRE O H V
ORORJ JUDSEVOLQHD Z WBSSENVNGRQ
WR LW VWUDLJKW OLQHV 7KH FRHIILFLHQW RI

58

58

9ROXPH P

&ERQFHQWUDWLRQ
JLIXUH & 1UWP OORRIJYBIRWOWRR PRGHALYWXKLQ WKH K\SRIJHQH JRQH

7TDEOMX WKUHVKROG YDOXHV IBGHQWWIDG ¢ REHEH Ul AHHR @ V
3RSXO &X WKUHVKRO
3RSXOI C&X
3RSXOI (&X
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E
JLIXUHFOWHU DWHRRUE QH DDYMBGKEDVRG WKRORJLFDBOSRR/®WOEF DQG
SK\OOLF

E
JLIXUH5RFN XQURMSROHQH JRQH'RJ IOID ¥ BIGVBIGHRR O R J L F DBO LARRUGEH
$QGHVLWH
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7DEOH 2$DQG WHVXOWRWKH F R P SDHM X R IB® WEAYW F UD W WVRIOH]RQH L Q
JHRORJLF DO VPRWKHG! DIQRED G Y DVOKR:HOV | B D RW D @EFPRGLRIMAIBHS RIHQH JRQH

SRWDVVLF DOWHUDWL

QVLG 2XW IR
YUDFWD ,QVLG 7UXH SRV )DOVH SR
2XWVLC )DOVH QH. 7UXH QHJ
7\SH , (L 7\SH ,, (

& $& % %

2YHUDOO | $ ' $ % .

3RW DOWHUDWLRQ RI
,QVLGF 2XWVLG

LGF $ 0

&9 IUDFWDO PR%B\%

"8 X VLG & '

7DEOH 2$DQG WHVXOWRWDKHR P S D ULW\R QH HX WBEWHUDW VRIOHIRQH LQ
JHRORJLF DO VP RWKHIG! \DIQRED ISR KDLIKEHY | U D F W D @ BRRIGURIMIBH SRIHQH JRQH

3K\OOLF DOWHUDWLI
,QVLG}H 2XWVLG
VLGFH $ 9
WVLG & '

&9 IUDFWDO PRGE
o R

7TDEOH 28D Q@G WHVXOWRWIKH FRPSEDHMLYRIPQ WKH 'MRAUHIWIR XRIVFDLQ PRGH
DQWKWHKUHYVY KR ORBEKDIXHY |UDFWD 8 ERRGIMIBRCGKHS RIHQH JRQH

"LRULWH OLWKRORJ\

QVLGHFH 2XWVLG
,QVLGH}H $ 0
2XWVLG & '

&+9 |UD BR®KO
" &X

7TDEOH 28D Q@GE WHVXOWRWIKH FRPSEHM Y RIGQ GCHKHOW W KQYIHRORJIJLFDO PRGH
DQWKHKUHYV KR ORBEKDIXHY |UDFWD 8 ERRBGIMIBRCGKHS RIHQH JRQH

$QGHVLWH OLWKROR.

QVLGF 2XWVLG
&9 I[UDFWDO PRGHRHVLCH $ 9
AN VLG §
7 7«
24
&RQFOXVLRQ TXDQWLWDWLYHED BRRIGE FWEDMO W

,Q RUGGNOWRHKDIWHSDWLDO VW UXSRVRFUBINY RUHRAKIDWHG LQ D TXDC
JRQHVY WKH JHRORJLFDO PR ®OOAH DUMRRE@WNWEDHRUGHU WR FRC
FRQVWUXFWHG EDVHG RQ WKHWERVY HIRREHD GEDX\ODWL3OH PDWKHPI
JUDGHV DUH QRW XVXDOO\ FRWNKIHGHNWHGL QLIQ H VHKED D VUIDRFQV DAY
FRQYHQRHWRHEEBVOH YDUQBMILMR PRGHOV FDQ EW KHPHDGR RBIFE DV
SDUDPHWHU DUH WKH PRVW RENHRXYED QED FDDQ APRBISIDVL HG
IHDW X UFHUWBIL QW\ RFFXUV LQ WRJBMWXHDZBQMWRKXMHSDUDWH GL
FRUH D OWVIG® DMVREROKRIW.WLRQ BOWHQDWLEG URGEMQPX®W KW VK\SRJIH (
WKH JHRORJLFDO VWXG\ DQG]R@H WKKBIDFRIBLEK BDX$FWKL RER U S K\ U\
GHWHFWHG EHWZHHQ WKH JU [BGIH RIS L VDN EIX WY R'Q WIXGIGD SSOLFL
DOWHDRGLRROED \WMOHW QY 7KLV URYHBOM W WD ®HZ DHM J\DLPALOOWKIGR Q
RUH JUDGHV WRQ® & HVXWHGS D W L DROX W RIRWRPXSIDHUHG BLVBK RRGXFHG D
RI DOWHUDWDRG JRRFHWV 7XKH WV HV X OAD WWPKRIRW K MUUHD\QREEW B L Q H G
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VKRIZVKDW VLPSRMEEUDHWQWI DFFX@IRMBGHU ( )OXLG LQFOXVLRQ VWX
WKDQ RUGLQDU\ NULJLQJ 7KH SRREKMOEHREBRWE LEHPRVEWY DW %LQJK
RUGLQDU\ZNV LIFRDQI® RWRI DHFFXUBRAHWVDQD DQG &OLPD[ &RORUDGR (
DQBG IXWXUH HFRQRPLF GHFLVLRQ E\ RUGLQDU\

NULJLQJ UHVXOWYV ZOXHBPRWKHIGIOVREOR )OXIQFEOXVLRQ SHWURO]
HVWLPDWLRIR®RENDDLHGY WEKH IURP SRUSK\U\ FRSSHU GHSRVLWV D
&9 IUDFWDQPRBRGHG Q& RQLU WAWDBD[SORUDWLRQ D VXPPDU\ RI QHZ
PRGHOLWBURQXOWYV GHUDHG WEBRPVFULSWLRQV RI IOXLG LQFOXVLRC(
WKHSDUDWLRQ RI GLIIHUBQW®W Jﬁ%%ﬁﬁ%l@@)@@ﬁw\ﬁ&ge GLVEXVVLRQ
FRQVHT>GHOWOHQW DOWGAG DURARMHRIRIFYFRERVERQ CRABRVLWY 86 *RYW
XQL$WFRUG VWOKRHRWRJHODWLRQ GHY@¥HZBOIURP $O0JKDODQGLV <) ORI
WKHRJ UDWLR PRWWVHGZWIRFKRP8PWI 15 DQG +DURQL + $ $
WKHHRORJLFDO PRGHO DQG TXD M S HDRARA BRIX BpHR YHRTIWPI0 PHWKRG
REWDLQHBKHIRIRIDFWDO PRGHO K HQH VXSHUJHQH HQULFKPHQW

VKRZMIGDW &X YDOXHV OHVRUWKBOY Y RE Wi IRAG4AHSRYEW &HQWY

2. KBRYHUODSSHG WR{EROW aalrvktY QP HPLFDO ([SORUDWLI

DOWHUDWLBQ®RYRQBOE, DFFXUDF% @$/DRI 3 0DGDQL 1 6KDKEHLN 6
7K BSODWIRUVQWHODWLRQ EHWZH¥® WKH SRWEWYLODQ NULJLQJ D SU
DOWHUDW UR@QAMRH ' JHRORJIIEKRKXPQRFH GHOLQHDWLRQ RI PLQHLU
PRGHOL QR QIG FRQFHQWUWWHLR(?R(PQ g WR R QRIFDG-RMD @ Q %&GHEH\
&9 IUDFWDO PRGHO EDVHG RQ 2 égg D %‘é’ wixpw! B -RXUQDO
DOWHUDWRRWGRQMINOXHDWHU w
ZLWK 2% RISV H[SHFWHG WKHR @RBHWYYV ; DQG *RQ]DOH] . (
R E W D\LDQSSRUKH CRXHOBHU W @ ,QFRQUGSSG’\LMmBQFHLUQWWDRLQW\OLLQQHUS(H)R
PRGHO RI DOWHWISKRIRSK |RQARS "
GHSR$DWR WUXVWZRHWHE\WIDIHQXI@% XDWLRQ, QHEQSHRUWVLQW) LQ *HR
H

GDULHVY LQWR OLQHUDO 5HVR
IRURFN XQLWYV XVLQJ WKLYV PHWKO QRJLFDO 6RF?_HW\ RI QQGLD

SHIHUHQFHYV > @&KLOHVQEDILQHU 3*HRVWDWLVWL
> @RZHOO - ' DQG *XLOEHUW -0 PRGHMWRHUMPWHRBO XQFHUWDLQW\ -

YHUWLFDOPDOMHUDWDRQRQ JRQLQJ HORPRY SN XWVFK & 9 0LQHUDO
RUH GHSRVLWYV (FRQRPLF *HRORJ\ yHyRXUFH HVWLPDWLRQ 6SULQJHU

>@+H]DUNKDQL $ DRGQGH\YO®IDPYV OHGLD

&RQWUROV RI DOWHUDW LR @ X00QI& @ L Qdl&/OPd JDWLR Qyb@uWE VN (

SRUSK\U\ FRSSHU GHSRVLW ,UDQ b SHRAFHG I URBDWXDE DQG  VSHE

LQFOXVLRQV DQG VWDEOH LVRWRSHYRERKRRRPHE *BIRPRIO. VHSDUDWLRQ
5HVHDUFK

>@$VIKDUL 2 +H | DQERIODNOQ I$ ) > =XR 5 & KH 5L D 4
7KH FRPSDULVRQ RI DOWHUDWLRQyd @HWDWQRWKM%% Do PRGHOV
SRUSK\U\ FRSSBQ GHBRVEWQ,UOXLG LR ¥XBORQGLVWULEXWLRQ Rl JH

VWXGLHV $FWD *HRORJLFD 3RORQERBFHQWUDWLRQ -RXUQDO RI *HRF
>@6ROWDQL ) $I]DO 3 DQG $VJIKDUL 2

'"HOLQHDWLRQ RI DOWHUDWLRQ ]RQ Ha} pRRMHSE Ridw 6 Bt QYEP0 0 JHRP |
*DXVVLDQ 6LPXODWLRLY RIOX® HRQBA RE® BR) U0 F

PRGHOLQJ LQ WKRQUHSRUHAQIXQ FRSSHU

GHSRVLW 1: ,UDQ -RXUQDO RI *HRPK@ﬁFD_LFLE)@Qg’J@G(%@@\ﬁ@IQQQJ 4
JUDFWDO PXOWLIUDFWDO PRGHOOLQ

WSORUDWLR% GDWD -RXUQDO RI *HF
>@6FKzZDUW] * 0O +\GURWKHUPDO DOWHUDWLRQ L

WKBRUSK\U\ FRSSHU GHSRVLWV (FRQRPLF *HRORJ\
> @=XR 5 DQG :DQJ - JUDFWDC

PRGHOLQJ RI JHRFKHPLFDO GDWD D
>@%HDQH 5 +\GURWKHUPDDQ DOWHMDWIERRpo ([SORUDWLRQ
FVR

VLOLFDWH URFNV 8QLYHUVL®S RI $UL]JRQD 3UHVV " 7X
> @7XUFRWWH ' $ IUDFWDO

SUREDELOLVWLF VHLVPLF KD]DU
THFWRQRSK\VLFV
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> @$EHGL 0 7RUDBGRBGRIXFL+ DQRPDO\ VHSDUDWLRQ -RXUQDO
$SSOLFDWLRQ RI IX]]\ $+3 PH\MKRE®UDRVLR® HJUDWH

JHRSK\WWLFDO GDWD LQ D SURVSHEW_YV D FDVH G
eI, e o AELERS S84
6HULGXQH FRSSHU GHSRVLW % R KRHFﬁ_LFD(.J)_'QLQ Iﬁ' O\ VHSDUT

7HRULFD HG $SSOLFDWD *HRFKHPLFDO H[SORUDWLRQ
> @:DQJ =KDR - DQG &KHQJ _4 ORDUHIYDQG 3 $1]C

%

$SSOLFDWIRQDRLWLQQGH[ PDSSLO JHER DL 51y T SOLEDW
QHWLF GDWD DQDO\VL H% 3%%@ OL]HG ]

PLQHUDO GLVWULFW &KLQD -RXUQ SROLHC g YoV Ubo  Rx.

(ISORUDWLRQ
> @LPUL39DQG 6ULY®VWDYD)UDFWDO _ . ,
PRGHOLQJ Rl FRPSOH] vwmmmwawf¢ﬁ§&depﬁ.%Qa 4 :DQ / <DQJ /

|

T S LX + VLPLODBHOUDFW
,Q )UDFWDO %HKDYLRXU RI WKH (DH O?\\/\(W OG PLQHUDOL]DWLR

6SULQIHU %HUOLQ +HLGHOEHUJ YORIIL e et @S PeRviw O Wi

> @&KHQ * &KHQJ 4 J/LX 7 DGGRYDQFH<&KLQD -RXUQDO RI *HRFK
0DSSLQJ ORFDO VLQJXODULWLHYV XVLQJ PDJQHWLE

GDWD WR LQYHVWLIJDWH WKH YROFD RI WKH 4L

GHSWRVVIDIDQJ RLOILHOG HDVWHU V@éz{ﬁpgﬁloﬂﬁ\%OL HDU YBBrFwoov

SURFHVVHV LQ JHRSK\VLFV

> @RUYLG * JUDFWDO PRGHr%%/év@gW@%vU?}?&Péﬁ'gHeo%wiQJ FRQ$FSHSQC‘

VFLHQFHV (OVHYLHU 6FLHQFH /WGVHSDUDWLRQ RI JHRFKHPLFDO DQRPD
> @3pUHISH])S DQG 3DUHGHV & -RXZ2QMHIRRKHPLFDO ([SORUDWLRQ
PHDVXULQJ WKH IUDFWDORBJWURWD

VHWYV $SSOLFDWLRQ WR WKH VSDMEL?Ekézm@wm%gWW@&@V VLLFé

*
HRGHUPD IUHTXHQELIBER®DLQYV 1RQOLQHDU 3U
> @+RGNLHZLF] 3 :HLQEHUJ 5 *BHRGROWFY DQG

*URYHV &RPSOH[LW\ JUDGLHQWY LOQ < U
&UDWRQ IXQGDPHQWDOVFRQWUAR % %yévé(\gagg(ﬂb% 4 wpo IsowEBL
Q VAL SURFHVVLQJ UHJLRO
IORZ DQG WKH IRUFDWY R QRERG ) HESQRUDWLRD "HREKH
GHSRVLWV $XVWUDOLDQ -RXUQDO WHL\&?&%F@W E% Y
. . o ] > @3DQDPKL $ &KHQJ 4&DDOVG % RQKD
> @DQJ 4 "HQJ ~KDR JLX 7 'DDQQ?RéHOOLQJ ODNH VHGLPHQW

DY U S?Sz\;@wéa HPRGFH%W?RQ&—EPSFSAEEN%Q(?{%%E% S e B oD & BB
2UH *HRORJ\ 5HYLHZV R ¥

FDVH VWXG\ IURP *RZJDQGD 2QWDU

> @)RUG DBQ@OHQNLQVRS 7 * ([SOSRUDWLRQ (QYLURQPHQW $QDO\V

H[SDQGHG GH :LMV PRGHO IRU PXOQ FWDO D \

PLQHUDO SURGXFWLRQ GDWD O0LQ ﬁ%ﬁ%ﬁ@ésﬁ gi\é&w 'H<o)LQH'E
RI PLQHUDOL]DWLRQ JRQHV LQ SRUS

> @DUWLQH] 3 6FKHUW]HU ' DQGBJBRI®O. FROEBGRMH DARGHDLQJI -RX|

THIWXUH PRGHOLVDWLRQ E\ PXOWHRMBKMPDLEGDOUREBDRVYBW LIRQ

6$5 LPDJH VHIPHQWDWLRQ > @DVUHEL $ % $I1]DO 3 :HWKHUH
> @6SLULQWVHYD 2 9 $Q DSSOLADWKBQLBRXUSRIUHODWLRQ EF
PXOWLIUDFWDO DQDO\WLV WR SHKRR®RUD FORHW LFLFR O HIDWERM O P F
VHIPHQWDWLRQ 'DWD 6WUHDP OMQUQULILFBQURFHVRUQ&X DQG OR PLQ
‘603 . ((( JLUVW ,QW HULQMW HRR® O(@RYDUDWLRQ LQ WKH .DKDQJ SRUSK
SS 'UDQ *HRORJLFD &DUSDWKLFD

> @&KHQJ 4 $IWHUEHUJ ) DQG> %EDHDYPW\QH 736 $¥PO®J * 5DVD
7KH VHSDUDWLRQ RI JHRFKHPQFDDQBGQ RPUDICHYV 1URP '"HOLQH!

EDFNJURXQG E\ IUDFWDO PHWKRIGM U DBX[DAMLRQ RIRQHV xYRVOIXPH FR

*HRFKHPLFDO ([SORUDWLRQ IUDFWDO PHWRREDUER®DOHWH KRVWHG

- *
> @KHQJ 4 $IWHUEHURDWBQG *%REKGPPO RI "HRFKHPLFDO ([SORUDWLI

$ VSDWLDO DQDO\WLYV PHWKRG2IRUV JBRFERRYBDWBFDQG &RQ
$SSOLFDWLRQ RI JHRVWDWLVWLFDC



1ILNRRJGDWBH]DUNKBRRUQDO RI OLQLQIRQQYLURQPHQW

JHRFKHPLFDO DQRPDOLHV LBHQW L LE@EIKWKRE S RRQ W-HPRAUY RBIVBOWHUDW
1RYR 3RUWXJDO -RXUQDO RI *HRPKERUPDQ |OWQ R Q DANINVE PAHKH FEROBLS H |
PRO\EGHQXP GHSRVLW 8QLYHUVLW\ R

> @WHQQGRUI - DQG 'LPLWUDNRSREHORIVGL + 9RQFNHQ - . KQHO 5
6WRFKDVWHBROBQRGXFWLRQ VFKHGXOLQ3IHWURRMOODBKH PLQHUDORJ\ DQG
GHSRVLWYV | QWHJUDOMWHFHQ WMRILIPROWRIFE DU VK XWUIINH dROGL G SR WL W D@QR |
XQFHUWDLQW\ -RXUQDO RI OLQLQJOBRAHQEFELXP '"HSRVLWD

> @ 3\UF] 0 - DQG 'HXWVFK & 9 @DIJKLSRXU 1 $IWDEL $ DQG 0DV
*HRVWDWLVWLFDO UHVBUXQLYHPRGWRQRJ\ BAYBUSRFKURQRORJ\ RI OLQH!
SUHVYV RI WKH OLGXN 3RUSK\U\ &RSSHU '"HSR)

*
> @ O0DULQRQL 2 ,PSURYLQJ JHROH?‘PIﬁjJé
PRGHOV XVLQJ D FRPEGQACWRWGNED@ABQBKDUGY - 3Q ! LONQGV&ROOULFK
DSSURDFK (QJLQHHULQJ *HRORJ\ *HRORJ\ RI WKH 6DUL *XQD\ HS

> @6DGHO 0 $QJRUDQL 6 DQG 300DV lVe QRUWKZHVW ,UDQ (FRQRPL

7KH DSSOLFDWLRQ RI P8 G DG LQXFEDW RU NULJ
QHWZRUN LQ PRGHOLQJ PL[HG SRSX GARRPHULQ DQ LDRO@VWKUIRD . DQG
GHSRVLW &RPSXWHUV JHRVFLHQFHV 7KH OLGXN SRUSK\U\ &X GHSRVL!

JHRFKHPLF WEBIOSRMWDVVLF JRQH
> @7DKPDVHEL 3 DQG +H]DUNKDQ Q H{[)]EPH%W V\VWHPDV\]/LSV
K\EULG QHXUDX]Q IOW HRMHNM.-F DOJR I?_ LRQ SURFHVVHYV “RXU
IRU JUDGH HVWLPDWLRQ—|Q&:H%IP?/SXWIZ|[LL§ RUE)[S%S/Eg

. *KRODPL 1 LL
> @6LOOLWRH 5 + 3RUSK\U\ fé@gﬁgu\ﬁé%o%ﬂ/%meaQ?erRu D%]D]O\\
(FRQRPLF JHRORJ\ VRL JHRFKHPLEDO GDWOL RH[ DORMBEGL
> @DUWRQ 0' 6WDXGH - =+UFKBWHD DQRWWEZAVWHUQ ,UDQ $UD
3 3RUSK\U\ FRSSHU DQG RWRWRLH@WHWXVLRQ

UHODWHG PLQHUDOL]DWLRQ LQ OH]J W\

GHSRVLWY RI WKH $PHULFDQ & Lbél_ggégﬁﬁ 'I'(D$(5JL$§@ WY s )RrjLORY

*HRORJLFDO 6RFLHW\ 'LIJHVW LPDQL DSSOLFDWLRQ
ELRJHRFKHPLVWU\ IRU JROG H[SORUL

> @-RKQ ' S$\XVR 5 %DUWRQ O0'DIODNHOID5 1: ,UDQ $UDELDQ

%RGQDU 5 'LOOHV - *UD\ ) *UB\EWBLHQFHUDUV -

DQG OF3KHH ° 3RUSK\U\ FRSS, W o _

PRGHO FKDESQBURO GHSRVLW PRGH%@W#i Fh /Y = DQJ ; DQ

HS|
DVVHVVPHQW 86 *HRORJLFDO Qﬁwm%%?i #l'ﬁgtgc\nggaxRulovoRLgH

QYHVWLIDWLRRV SHSRUW NULJLQJ LQ 7LEHWDQ 30DWHDX (FRC
> @5XVN % * SHHG 0 + DQG 'LOOHV - +

JOXLG LQFOXVLRQ HYLIG\HQRW KRIW P R
OXL8, AYRGxwiRg Lo mmciEsmieel ,..@ég%% DQe euLYDYWDYD 5
GHSRVLW DW %XWWH ORQWDQD ( \% RG \%%JR\Q WR

> @6LOOLWRH 5+ 7ROPDQ - DQG\>/
*HRORJ\ RI WKH &DVSFLHFKSB!HS;JRB{L{

GHSRVLW ODULFXQJD %HOW QRU

g \_ﬁug\?(ﬁﬁ%l\jhpasvi;e}(xL(ﬁFRUSF
BURATIRI Y Lo gREKHPLFDO v

*HRORJ\

> @HHUEHULDQ 0 DQG .LQJ * EQ@7\ BV Bl $SSL%'-FV[\’/\|SHLR%Q%
SDOHRJHRJUDSK\ DQG WHFWRQLF H_)?\HLRI% @mLDQ XU D
&DQDGLDQ MRXUQDO RI HDUWK VFLHQER

> @3RXUKRVVHLQL ) SHWURJH , DQ

SOXWRQV D VWXG\ RI 1DWDQ] D@ﬁ%%}}pﬁ\%%%[’wgﬁgxﬂvH'mDQ ‘ 6D

FRPSOBHSBY ,UDQ *HRO VXUYH\ u 0YDQ 6SDWLDO 9DU
: 'HSWK 8VLQJ 6LPSOH .ULJLQJ 2UGLQI

> @+H]DUNKDQL $ $OWHUDW DR FIBQE UDHRWHFKRQFDO DQIGQYHROR

DQG FRQWUROV RI FKDOFRS\ULWH GLVVROXWLRQ GHSRVLWLRQ LQ

WKH 5DLJDQ SRUSK\UHUPW®HPUDRDE, oo . poG *XLEDO % H\R
*
QWHUQDWLRQDO *HRORJV SHYLHZ "\ 54eyy RYHUYLHZ ORQHRBQ HVWLP D)



1ILNRRJGDWBH]DUNKBRRUQDO RI OLQLQIRQQYLURQPHQW

B3URFHHGLQJVY RI D RQH GD\ V\PSRERPWD%H\RQG SHGXFLQJ WKH
2UGLQDU\ .ULJLQJ RXWOLHUM LWHVHUYHVY HVWLPDWLRQ
> @3RNKUHO 50 .xzDQR - Doc YBP&Rbop 6

$ NUPHWKRG RI LOWHUSRODWL RQFXZHGWPRDRD3 & 2ZHQV 0 $ DQ
OLTXHIDFWLRQ SRWHQWLDO RYHU DOOXYEDWLRBREABHMQEBRUAGIIREHUDQJERI[S

JHRORJ\ LGHOWLI\LQJ RXWOLHUV &RPSXWDW|I
> @X + DQG 6KX + $0 LpsURRSEFRDUVH

JUDLQHG SDUDOOHO DOJRULWKP> @RUD § RSP SOKOMED WILR© D O $ FRPSD
DFFHOHUDWLRQ RI RUGLORQ\ .UMWXG) EHQMHHGQRVOIABOH NULJLQJ DQ
&RPSXWHUV *HRVELHQFEHYV HVWLPDWLQJ DQG PRGHOLQJ WKH &
> @&RXVLQHDAEKDUWLHU 6 f‘&ﬂ@fﬁ'ﬁ HEK GHSRVLW 6( .UDQ sU
GHWHFWLRQ DQG WUHDWPHQW D UHNIHZ "®WHUuobwLRrRQDO -RXUQDO

RI 3V\FKRORJLFDO 5HVHDUFK > @&DUUDQ]D ( - O IESA\WLV D

Rl JHRFKHPLFDO DQRPDOLHV XVLQJ
VWUHDP VHGLPHQW GDWD ZLWK FHQV
*HRFKHPLFDO ([SORUDWLRQ
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