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. ; ,UDQLDQ 6RFLHW\ RI
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&RPSDULVYR@® RRGYDRYBWERYHBEBEOUWYHV RI WKH
OLGXMRSSHHSRVLW KXW LPIYWERQL T X BR/QIEQ®/ LRQD O
BLPXODWLRQV

ORMWBKDKDQL -MQURIDPPDGUH]D 6KD\HVWHKIDU

'"HSDUWPHQW RI PLQAMIIKHQJhQKRQDQJSQLYHUPDW\ RUDBUPDQ

$UWLFOH ,QIR $EVWUDFW

SHEHLYMEHPEHU ,Q WKLV ZRUN YDULRXV PHWKRGV IRU HYDOXDWLQJ
SHEHLYHG LO suyLvHcH YL PDWLRQ WHFKQLTXHV DQG FRQGLWLRQDO VLPXODWL
YHEUXD U\ FRSSHU GHSRVLW XVLQJ GDWD IURP EODVW KROHV D!
$FFHSWBGFK HI[SORUDWRQJIVGUQROWKH VXSHUJHQH DQG K\SRJHQH ]JRQH
3XEOLVKHGORQBPKQH FRQVWUXFWHG IRU WKH DQDO\VLY )RXU PHWKRGYV ZHUH |

6*6 7KH FRUUHODWLRQ FRHIILFLHQWYV IRU 8& '&6%* DQG

]JRQH DV ZHOO DV HYWHDAHWXROQVNE UUBR® KROHWIH[WUDFWLF

JUDGH RI ZHUH DQG DQG WKH FRUUH
2, MPH FDOFXODWLQJ WRQQDJH DQG WKH PHWDO FRQWHQW XVLQ.
H\ZRUGV JRU WKH K\SRJHQ H PRMUR QVEKRIHFREUHQW V IRIU PUDNGHO FRQV
R ZHUH DQG IRU 8& '&6%*RIDQG 6*6 D
SHFRYHUDEOH UHVHUYKRYp G H RI WKH\ ZHUH DQG UHVSHFWLY}

&RQGLWLRQDO VLPXODMIRPHWKRG LQ WKH VXSHKDIQQH LRQ60ZIDMIG FRPSDULQJ W

'LUHFW FRQGLWLRQDR Bl i G §URP PDISH WKH SHUIRUPDQFH RI WKLV PHWKRG

ZLWK EORFN JUDGH RII JUDGHV BM WKMHGHXMQFUHDVHV LQ WKH K\SRJHQH ]RQH

8OLIRUP FRQGLWLRQL#& PHWKRG UHODWLYH W & HFLLPHKID\DHVL R/ HP HBMK RIBW KRG FD

R REVHUYH WKH LPSDFW RI WKH FRQYHUJHQFH RI UHVXO

/RFDOLIHG XQLIRUP FRRBHL\YPRRAYRIDGR2WBDKAHKW HFWLRQV KLJKOLJKWLQJ WKH QHF
WKLV JRQH LQVJUDGHHQWY GXULQJ WKH

, QW URIGRF

7R DFKLHYH D VXLWDEOH DQG RSMAPPOHMREKQD WDOWKD® LV ZLGHO)
HFRQRPLF HYDOXDWLRQ RI D PL@XQW BURMMEWU DOWOHNHRWWNKH H[SHF
PXVW IRFXV RQ HVWLPDWLQJGXIQ®J IRMMWHBAWHEBFWLYH PLQLQ
UHFRYHUDEOH PLQHUDO UHVRXUFHSYUNVKHOW R BWRIRRIKRI X@LW RU 608
VLWX UHVRXUFHV WKDW FDQ EHGHBRQRRLRIOWKH[WUDFWRHGHSRVLW
WKURXJK PI@RQIFKLHYH WKLV HMYWLEPMMW RDQG > RED ERQQEHDU
DYHUDJH JUDGHY DQG WRQQDJHWHIRKQHFRIP\R P VK FEK WORM 1 XQLIRUP FRC
JUDGHV VKRXOG EH SUHSDUHGP R QEIGIFOW W UNMEGLJIRQJ DUH FRPPR
VHOHFWLYH @L@®LWEH HDUO\ VWWWHPDWIH JUDGHV DW WKH VFDOH RI
H[SORUDWLRQ ZH RIWHQ KDYH BQWD WKDFK IUHNSDFRAMHE @KW KPLQLQJ X
DSDUW ZKLFK FR PLPMLFDRVH \5 URREKMYHWW HFK Q L TWIKY PALIQHH WAV PR VR H U
> @UGLQDU\ NULJLQJ HVWLPDWWR®QWFRP® REGOMN PFR/GIBPLFDO O\ H[WUDF!
> @LV D OLQHDU HVWLPDWRU WG&BW HROPQ GELH) X WIKGILFH® WRUEXWLRQ R
HVWLPDWLQJ JUDGHV LQ ODUJHXQSEIWNYHIOW KLYWHPBPKV SQDHQ EDVHG R
VPDOOHU SDQHOV WKDW DUH QRWWYVRDWHM GWOYNYBIRUWBGHY DQG
E\ GHQVHU GDWD PD\ OHDG WRUBWRRW K> BDRMH BLDSHBLR UHHED FXVWSPIQ H |
FRQGLWLRQD@BYWWPBWEMOV ZKUFRKSDBMLGHG ZLWKRXW SUHFLVHO\

E &RUUHVSRQGLQJ DXWKRU ®GIMKIXDIP#IPYDOPFRP
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SRVLWLRQV IRU WKLV UHFRYHUPE®HU P IWRH UDQG | DMWKHR QP RY W VX LWD
EHWWHU XQGHUVWDQGLQJ RI W KH/ W E X\ DOVED WEAD & MR NMNKR @V LW Z
RI VHOHFWLYH PLOLQJ XQLWV Z LRV VR DY HGW R D/EHG HVFLVP SAOKH\ HEFR QR P L |
WKH DSSOLFDWLRQ RI UHVXOWWKIR P LRL@UQOSURGEOWLAD SODQQLQJ
SXUSRVHV DQG ZLOO KLJKO LJKRED OF KD DWHIEWE HF PIOQ WEBOH UHVHUY H
HER Q RIPVLOFO XD W L R Q V> a7 KK R CAWORMLQFW HVWLPDWLRQ PHWKRGY DUH
LVVXH DULVHYV IURP WKH IDFW WKDWLEDQH B KRUN F VWIKIRLR/REKIEN RAGK H VE
RI GHSRVLWY GR QB WHERIJ MRLR WERAWKMDEOH GXH WR LWV ORZHU HVW
QRQLQHDU PHWKRGYV IRU LQVWIXQBEK Y\B KK CLWAXPEMEIROHG @R DFW XD (
RI GHILQLWH VWDWLRQDULW\ )RUGH RIS\ B UMQ MK FDWH RXYV PHW KR
SRUSK\U\ FRSSHU GHSRVLWY VWKKHH UHFRYWHDEDHKLUKVHUYH DUH |
JUDGH ]JRQH WKDW OHDGV WR B[SORUH®WRUDOHMWDPBOLBG DQOG JHRO
ZKLFK FDQ UHVXOW LQ LOQROVHEHM\® PWKHK REDUM VHOHFWHG IRU HDFk
UHODWLY HOD GHR YMBEW@KK®VEL UHVHUYH DPRXQW 7KH FDOFXODWLRQ
IDFHWHG SUREOHP HPHUJHYV WK DW H.QEIHE GIHR/ | WWKK-H SUHHRRNGFUD EOH U H\
RI D OVAD®H H[WHUQDO WUHQGQRBQGLD® DI UHRVOMDIWLVWLFDO PHWK
SUHIHUHQWLDO VDPSOLQJ QHWZRUWN WK UWHKGHOFWNG WEHQHUDO  E
VLWXDWLRQ GRHV QRW VLJILILAD@®GWQV D LIW KW JMIOM K WHIERE/Y HUDE O +
NULJLQJ HVWLPDWHY XQGHU JHDHMRDOU FHR\) GDW L RQUGHYHKLIKHU W
HVWLPDWHG JUDGHV ZLOO SURYLGBHGH W KO PMAYH EORFRXUDVOHD E H
ORFDO DYHUDJH WR VRPH H[WHQW. _. FDV.H

RYHUDOO DYHUDJH RI HVWLPI[DWHé( ZB&WWHH%WWW&
DYHUDJH RI WKH ZHLJKWHG GDW D x ZIEWH O BROMGEEHL J K W V

~ \NMJlked NIl \WWeeDUJUW 1T CE DHUHNN
EJI ZV\L/\}/<V|-P|< LHQVIVC\)/)L(SSVT/HHc;R?SgGHDVQ $ VHSDUDWH *DXVVLDQ PRGHO LV X\

ZJKHUHIRUH WKH SUF.@O-II—DRJ\/PZ—L\AWUDQVIRUPDWLRQ $ VWD.QGDUG *DXV
DUH TXLWH VXEWOH 7KH K\SRGHSHQGHQW RQ HDFK UDEZ DIQG SULPL
SOD\V D IXQGDPHQWDO UROH "WKH VDPSOH SRLQW YDULDEOH LV G

SUDFWLFDO WWID Q\GERQQIRUPDW K20 WKHQ D EORFN PRGHO ZLWK
LV RIWHQ DSSOLHG SULRU WR DWUDQVIRUPDWLRQ Z&Q@O-EHyGKHILQHG

D KLVWRJUDP WKDW UHSUHVH(DQG GHWHUPLQHG E\ WK IROORZ
> @ UHODWLRQVKLS

OHWKRGRORJ\ ,~:\';Li,(N\'E¥’F~()/’Z>;é:

&RQVLGHULQJ WKH SRUSK\U\ * ZKHUH WKH VXSSRUWLD GMWXNWREBQW
FRSSHU PLQH DQG WKH GLVSHU'|\URP WKH YDULDQFH RI WKH EORFLI

VXSHUJHQH DQG K\SRJHQH JRCHVWLPDWLRQ RI WRWDO UHWRXUFHV D
UHVHUQGI FDOFXODWLQJ WKH DIipv IROORZV

UHVHUYH DV ZHOO DV VHOHFW (LQHUDO )
UHVHUYH HVWLPDWLRQ LV RI JUHDW LPSRUWDQFH 'XH WR
WKH ZLGHVSUHDG GLVWULEXWLRE RILJupakv pwtcdUitHuHow
SRLQWV LQ WKH PLQH LW LV ILUVY%\RBEHMYPWMH®R FDOFXODWH
WKH 608 HRFK JRQH RU IRU WKH HQWLUH GHSRVLW LQ

BRECPAREN R S FSPIP N lhé1‘|051;é;! L+0::GC:(@

ZKHUBQ'GDUH WKH SUREDELOBWLQWMNQDNUW\KLJKOLJKWHG KHUH I
IXQFWLRQ DQG WKH FXPXODWLYH BG&MWRIL BXKH. REO REGFVRERQG HQ RW H
Rl WKH VIDNRQGIDDUE GLVWULEXWLRRUUHVSRO® WRIOMKH VH@ARMHG PLQI
DQYAV WKH *DXVVLDQ JUDGH WHWRY KRR H U O DWRABK\ONLPDWH

WRYLDL " -1Y; $V SUHVHQWHG LQ RWKHBHMYRXHOEHWWLPDWHG IXQFWLRQ
RQ QR@HDU JHRVWDWLVWLFDO WKHRUWH U RSP WK FPIHRRU UHFRYHUL
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DQGEYV WKH QXPEHU RI EORFNYV Z s )

FDVHV ZKHUH WKH QXPEHU RI E Plotting a Histogram

YHU\ ODWIJHSHVLJQDWHG DV W \ T J
UHSUHVHQW WKH RYHUDOO FRQ s ) HVH

VKRXOG EH VHOHFWHG WR ¢ Converting data to a

normal distribution
GLVFUHWL]DWLBR@ RI WKH SDQH: ( :r ton

(" Plotting a variogram

2UGL Q DU\PH W\]‘q_m using transformed

data y,

/LQHDU NULJLQJ LV D WHFKQI — ~——
UHJLRQDO YDULDEOH DW DQ\ V (Setonting somataion. D
ZHLIJKWHG DYHUDJH RI WKH YD( parameters J
VXUURXQGLQJ RU HQFRPEDQVL \ ;: /
SUDFWLFH WKH UHJLRQDO YDU oo ) IWHG
DV D UHDOL]|DWLRQUGHUDVWID M simulation path
UDQGRP ILHOG ZLWK D FRQVWD ~ d
VSDWLDO FRUUHODWLRQ VWUXF -

Simulation

DQ DXWRPDWLF FRYDULDQFH IX
6LPSOUBILILQJ DVVXPHV WKDW W

Validation
of results

E\

NQRZQ ZKLOH RUGLQDU\ NULJL!
YDOXH DV DQ XQNQRZQ SDUDPH
VWURQJHU HVWLPDWLRQ LQ FD
YDULDEOH SURYLGHV D ORFDO
YDULHV UHJLRQ &G\ \PW WEL HG
NULJLQJ UHODWLRQVKLS LV
ZKHEHV WKH HVWLBDW W& H ZHIE
DWWULEXWHG WR WKH; MYPW®H

VDPSOH>J@DGH

¢ 'LDJUDBWDJHY SOHPHAWLHIWLDO
AL E < JD X VWAL B ® O DRMLVRKR G
I <ig

s

One-time
mineral

reserve
simulation

All simulations
after obtaining N
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'LULPWODWIEHRO@ MNDXSODWLRQ

GHTXHRMWW\DIBRODWLRQ 6HTXHQWLDO VLPXODWLRQ RI D FRQ
'Q VHTXHQWLDO VLPXODWLRJHQHUDOO\ UHTXLUHY WUDQVIRUPLQJ

WUDYHUVHY DOO ORFDWLRQV RJDXVVLDQ VDULDEOH OHDEISDB&VWR W

VLQIOH LQVWDQFH ZLWK HDFK | '53 55w RG RDXVHIHE QU EBRDDWLRQ
GXULQJ WKDW VLQJOH SDVV

VLPXODWLRQ WKH UHDOL]DWLR $QGUp -RXUQHO GHPRQV HG
WKDW VHTXHQWLDO VLPXOD I D
YDOXHV DMWMVWKHWWUYH ORFDWL
. ZLWKRXW DQ\ SUHOLPLQDU\ FRQYHUV
DXVVLDQ VLPXODWLRQ DVVXP
UDOGRP ILHOG LV PXOWLYDULD\UHSURGXFWLRQ Rl WKH FRYDULDQFFE
Q SURFHVYV WKH VLPXODWHG YDRXHV I

BHIRUH DSSO\LMXVHISE oM pyo ORFDO GLVWULEXWLRQV IRFXVHG R
6 HVWLPDWHV ZLWK D YDULDOEH FRUU

LV QHFHVVDUl WR WUDQVIRUP \y 5y i'50FH RI VLPSOH NU@ITQJ HV

VWDBQGDUG QRUPDO IRUP WR oo pywxQDWHO\ WKLV SUREHVV LV X
UHTXLUHPHQW IRU WKH QRUPD(
WKH KLVWRJUDP RI WKH RULJLQDO UD
PHW 6HTXHQWLDO GLUHFW VLP
RQH RI WKH IXQGDPHQWDO? UHTXLUF
WKH DVVXPSWLRQ RI Px@&wLy g XU VHE
v Q PHWKRG 7KHUHIRUH WK
DXVVRIDWKH UDZ LQLWLDO GDW
YROH RI WKH PRVW VLJQLILFDQW IXQGE
QHHG WR WUDQVIRUP WKH UDZ
P ODWLRO LY EDUULHG Rxw IR WKH SUDFWLFDO DSSOLFDWLRQ R
e 2QH RI WKH LGHDV HPSORVG LV Wk
HVWLPDWHY VLPSOH NULJLQJ RI YDL
EXW ORW IRU GHILQLQJ WKH ORFI
GLVWULEXWLRQ IXQFWLRQ LQVWHDG
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VDPSOH IURP WKH RYHUDOO FF SQLIRRUPGLWLRQLQJ Q

IXQFWLRQ  7KH VLPXODWHG YL 40| |RUP FROGLWORQHOU LW B IRV L

YDULDEOH DUH GHULYHG IURP )
FRQGLWLRQDO GLVWULEXWLRQ WHFKQLTXH = WKDW = HVWLE %’HV W
W QESHERIBE SLY LS WERS GLVWULEXWLRQ RI PHWDO ERSWHow
e O ooty iV R Y2 VSHFLILHG JUDGH ZLWKLQ D PLQLQJ S
wbQ GRHV QRW GLUHFWO\ HVWLPDWH JUDG
VLPXODWLRQ PHWKRG LV wkH D § Y R e e s Wk HP A
(PVXVOHWQLV\?EDHOJ\DUGLLDUEHOFHV\Y ViLTvy(ﬁg‘WRQQDJH GLVWULEXWLROQ HV X OV
WR VHTXBXOWILD® VLPXODWLRQ XQLIRUP FRQGLWLRQLQJ UHVXC
FROGLWLRQLQJ DUH XVXDOO\ SUHVH¢

VWDQGDUG QRUPDO WU®@DRRN I
GLUHFW VLPXODWLRQ LV DQRw|YHVRXUFH WKDW LV UHFRW'&S’WPEEEQE

DLPV WR VLPSOLI\ WKH VLPX elvUKDD(ivHK\FWDIEDYQD%VHV%JSHsgLIHXGQLIR GDWDV
HIHEFXWLQJ LW GLUHFWO\ RQ D \

RULJLQDO QRGHV RU FRPSRV\C/;VI?IVI-\I/BG\DV$égOL\(/)VLDRVQB(F)%ITV%KLVHIlg\lgv\\;vKKl
FROOHDJXHV RULJLQDOO\ SUR

VP X0 DWLRRSG PUD O e S VLWXDWLRQV ZKHUH VXIILFLHQW GDW
FRQWLRQDO XQELDVHG HVWLPDWLRQ
VWDJHV Rl VLPXODWLRQ DQG FR
DYHUDJH JUDGH 8QLIRUP FRQGLWLR(
UHOLHV RQ XVLQJ D FRQWLQXRX\yppo |[RU FDOFXODWLQJ U YHUDEC
EDVHG RQ WKH FRQWLQXLW\

WHFKQLTXH WR FRQYHUW WKH SIRU D VSHFLILHG EORFN)%&\;\??LSRUW

VXSSRUW  7KH®J FRIFOWNLREY Vo k| 01 W RIHFRE HUDE OB FRQGD UL v
VXSSRUW @MY EORFN GLUHFW

FRPSXWHU SURJUDP LV D PHDQ\FDQ EH FRPSXWHG ZLWK WKH FXWRII

YDOXHRKLOH VHOHFWLYHO\ GHVWlé/OHHISRUULHPDHU[L?:)?VL\;IEBEOXHQLI UP FRQGL
YDOXHV ZLWKLQ HDFK EORFN X(

PRGHO IUDPHZRUN 7KH ERPSO QHFHVVDU\ WR ILUVW HVWLPDWH WKH

DFKLHYLQJ EORFN GLUHFW VLPIXVLQJ NULJLQJ DQG WR R/DOFXODW
IROORZV SDUDPHWHU YV

D .ULJHG JUDGH HVWLPDWH
ORGHOLQ@IDWRMSKIRWIKH UDZ LQL

VDPSOHV DQG FDOMXODMWDQJ E 9DULDQFH RI WK HDNUWDIHG =D O XHV

WUDQVIRUPDWLRQ GDWD F )RU PXOWLYDULDWH HVWLPDWLROQ
ORGHOLQJ WKH YDULRJUDP RI Wi EHWZHHQ WKH SULPDU\ YDULDEOH D

5HIXODULJIDRVW/ERR YDULRJUDP I-'ru\_u/ﬂ\FJRr(?\?DU\ HVWLPDWHYVY

EORFN VXSSRUW $GGLWLRQDOO\ WK H FDOFXOD\
ORGHOLQJ WKHDXNINODUYpUGR WUDQVIRUPDWLRQ LV DOVR QHFHVVE
PHWKRG 7KHQ XVLQJ WKHVH YDO:
&DOFXODWLQJ WKH FKDQJHV LWUDQVIRUPDWLRQ RQ EORFN VXSS
3\‘/?\/‘[3) Vé*é*g%myg;ggong‘g;&ggsFRQGLWLRQLQJ FDQ EH DSSOLHG WR
Q Q R SDUDPHWHUV WRQQDJWYRHWIDHD FRQ
&DOFXODWLQJ EORFN GLUHFW JUDGHV IRU HDFK YDULDEOH DW HDFK
PRGLILHG EORFN YDDXRVUDE 7R PDNH YDULRXV PHWKRGV FRPS
RDPRUSKRVLV VXSSRUW WUDCUHDOLW\ LW LV ILUVW QHFHVVDU\ W
7KH GLUHFW EORFN vLPXODWL470 YDULDEOHV RQ WKH SDQHO VXS
WKUHH PDLQ VWDJHV D &RQF\FXWRH JUDGH PXVW EH VHOHFWHG [
RXWSXW QHWZRUN EORFNV VKRXOG EH ORFDOO\ FRPSDUHG WR
DX[LOLDU\ ILOH LV FUHDWHG REWDLQHG IURP EDDN® IRQY WROWH ¥ X W
&RQGLWLRQDO VLPXODWLRQV JUDGK
EDQGV RI EORFN YDOXHV XvL( 8QLIRUP FRQGLWLRQLQJ ZLWK WKH
YDULRJUDP BIROHA D@ GDWD XVHG WR HVWLPDWH UHFRYHUDEOH |
/Kt 11900 vwoa1 L Do Homry VHOHFWRENGQ b 0DUJHY E0REN o
SHUIRUPLQUDE®RENQ wuDQVvI FRQ Q Q WKI Q
XVLQJ EORFN VKDSH RU vxssHVWLPDWHG SDQHG:8BDGH GHQRWHG
> @
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7KH LGHD EHKLQG XQLIRUP F W LV DVVXPHG WKDMKVWKBEQVWDQ
DSSO\ WKH JUDGH RI WKH SDCYDULDEOB®DUH MRDQWOLDQ DQG
HVWLPDWHG XVLQJ RUGLQDU\ NGHQRWH | e e o 3
WKH XVH RI WKH DYHUDJH YDOXH. WDW PR) EH JHQHUDWHG
e “C - ]
E\ FHUWDLQ WHFKQLTXHV LQ EDVH RI GHYI NWI ROV IIIRP

VWDWLRGDRUNVWLPDR/LRQ Rl PHW +Q SUDEMLEHULYHG IURP WKH YDULL
JHUR EXWRIlI JUDGH PXVW EH SDQHO HVWLPDWH 7KH SUHYLRXV UHC

's<R <8072 <:8:0 gv ORQRL\DV FDOFXODWH WKH FRUUHODWLRQ EHWZ

XQLIRUPO\ GLVW& LEXWMHGL v w SPRHO HVWLPDWH
DVVXPHV WWKDWMVWLPDWHG JUD%HK: Rl WKHL « -

HBX( ,P Nnv/udr
SDS<<8 t.\é.oFfL%GSITUW?LKRHQ?/ggl\?égE\' 7TKHUHIRUH WKH WRQQDJH RI WKH |
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/IRPQQIRERQGLWLRQLQJ x (VWLPDWLQJ 608 JUDGHV XVLQJ DQ L
HVWLPDWLRQ WHFKQLTXBGNH RUGL

,Q ODUDW $E]JDORYREDRSR\ gy ypQNLQJ 608V ZLWKLQ HDFK SDQ
8QLIRUP &RQGIBWLRAWBRG ZKLF

IRUHEDVWYV HFRQRPLFDOO\ H[WX ([HFXWLQJ WKH /8& SKDVH WR ORF
EORFN RI VL]H 608 7KH /8& PHWKFR o WRRBE |, Lo
LPSURYHV XSRQ WKH ORFDO P 7KH FRQYHQWLRQDO 8& PHWKRG |
REWDLQHQLIRRRQGLWLRQLQJ 8WRQQDJH DQG JUDGH RI PLQHUDOL]D
608 JUDGHV DUH LQIHUUHG IURFUHFRYHUHG XVLQJ WKH 6PDOOHVW OL
WRQQDJH UHODWLRQVKL® REWRI V¥PW DQ\ VHOHFWHG FXWRIlI JUDGI
7KH NH\ VWDJHV LQYROYHG JUDWRQQDJH GLVWULEXWLRQV LV FUF
LPSOHPHRWI&QJHVWLPDWH LQFVHYHUDO FXYWRIU HDF&® SDQHO XQGHU
IROORZLQJ 7KHQ WKH /8& DOJRULWKP HVWLPDV
" JUDGHV RI WKH JUDGH FODVVHV ZLWHK
x (VWLPDWLQJ SDQHO JUDGHV X p\\" GHILQHG %@ WXSBBSRGM FODVV LV
X J)LWWLQJ DDEGVVEDRWHRGHO WR SRUWLRQ RI WKH SDQHO ZKHUH WKH J
x 'HWHUPLQLQJ VXSSRUW wupD VSHFLILHG FRWRIWJQBBGH WKDQ WKH
GLVFUHWH *DXVVLDQ PRGHO L' FXWRII PUDGHKH QH[W VWHS LQYROYHV
VXSSRUW WUDQVIRUPDWLRQ WKH 608 EORFNV GLVWULEXWHG ZLWEk
RUGHU RI LQFUHDVLQJ JUDGHV )LQD
X fDRXQVYVHL%VéLSSL%VDVQHO HVWLPDW 3ypGHV RI HDFK JUDGH FODVV LQIHLU
PRGHO DUH DVVLJQHG WR WKH 608
X ([HFXWLQJ XQLIRUP FRQGLWLRUDQNY FRUUHVSRDWWR WKH JUDGH F
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&DVH VWXG\ SODJLRFODVH SRWDVVLXP IHOGVSI
7KHOLGXKRSSHU PLQH LV O[ELRWLWH DQG TXDUW] ZKLOH VHULFL

NLORPHWHUY ORUWKHDYVW RI wiDQG PDIQHWLWH DUH DOVRLVHFRQGD
NLORPHWHUV ORUWKRHAWK PYVYHPEODJH . Q ~WHUPV = RI =~ JHR
'FKDUDFWHULVWLFV WKH JUDQRGLRL
FRSSHU PL@UGXMHD HQFRPSDV
OLGXN SRUSK\WR BMIORR @DNDOLQH DQG
VKDOORZ SRUSK\U\ FRSSHU LQW
DONDOLQH PDJPDWLF VHULHV DQG DI
KDV LWV RZQ ORFDO QDEBXEQ o\/\ynoxPLQRXV JUDQLWHWVEWSH FOD
/DFKMKQG WKH RWKHU LV 6DUD Q Q

JUDQLWHYV 7HFWRQLF VWXGLHV LQGL
ROLGAN VLWXDWHG DERXW NI'GHSRVLW KDV FKDUDFWHULVWLFV W

RI WKH YLOIGEDIRKFRIOLGXN SRU L DU E bw DO DFWLYLHOSFREO WL O HOW
FRSSHU GHSRVLW DJHG PLC

$GGLWLRQDOO\ WKH OLGXN FRSSHU G
ZLWKLQ (RFHQH YROFDQLF DQ

UHSODFHG LQ D WHFWRQLF YLURQ
FRQVLVWLQJ RI DQGHVLWH EDV

FROOLVLRQ Rl WKH &HQWU UDQLDC
PLFURVFRSLF SHWURJUDSKLF V\
ERG\ LV FRPSRVHG Rl JUDQRGL GXULQJ WKH ILQDO VWDJH RURJH

WHFWRQLF UHJLPH DIWHU WKH VXEG

DQG GBR@MWEHUDORJLEDOO\ V
PLQHUDOV RI WKH OLGXN SwHWK\Y RFHDQLE FUXV® KDG FRQFOXC

=)
<

B
\ “( *
:'8 4 OsN N
0 200km
if
I\
% S
™
M.
° e O
& %

32°
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Zagros fold-and-thrust belt
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*LYHQ WKH VLJQLILFDQW H[WKDV EHHQ OLPLWHG WR WKH OHYHOV
OHDFK DQG VXSHUJHQH ]JRQHVY KDV EHHQ DYDLODEOH LQ HDFK ]JRQ
DQG H[WUDFWLRQ GDWD IURP LOOXVWUDWH DQ RYHUYLHZ RI WKH OF
K\SRJHQH ]RQHV KDYH EHHQ XDQG WKH H[SORUDWRU\ GDWD SHUWDL
PLQHUDOL]DWLRQ ]JRQHV LQ V‘$JKD]DKWWKDO TXRWH D UHVRXUFH DW
$GGLWLRQDOO\ EAMWDXVEBCEEBHWRI WWK &XQG OR> @

FRPSDUH GLIIHUHQW PHWKRGYV WKH H[SORUDWRU\ GDWD
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)LIXUH ' PRGHO RI WKH VXSHUJHQH UHG DQG K\SRJHQH EOXH PLQHUDOL!
EHORZ DQG WKH GLVWULEXWLRQ RI HITSORUDWRU\ G DWIDQL QVHKBIF KO VWK I® J R
GDWD IRU HDFK DUHD

7KH OLGXN SRUSK\U\ FRSSHUSRMUSKRYLVEHBRW L WK\ S\RIH /K SRQHH Q H
IRUPHG GXH WR WKH LQMHFWLR@RHDOIXDW ¥ | \8 KRYR WD \BKRMREND W LR Q
LQWR (RFHQH YROFDQLF DQG SVHKRFIO\S\WRWHD HJRFEQNN LQKWKH OLGXN SR
SRUSK\W\OH PLQHUDOL]DWLRQ JH@HWHKBO\WLBANIQV SELMXKL.FSPWBV VL
SRUSK\U\ VWRFN KDV FUHDWHG PRWIVVBIO¥P ]RQBWHUWWFKRQ JRQHV
IURP WKH VXKIDBFONXR I MVSWW OHBBKEGBIVRYH LQ WKLV ]JRQH LQFOXC
R[LGH ]JRQH VXSHUJHQH ]JRQH FEROOFBRIUHQMHH]RERUQLWH DQG WR
$GGLWLRQDOOR[L@XS HUNG QHUX SHRREB@EGHQLWH DQG PDJQHWLWH &KDC
K\SRJHQH WUDQVLWLRQ JRQHV DOUUHH REWR GYN® LQJXDVNDEBHVWULQJH
ZLWKLQ WKLV GHSRVLW 7KH OHDFEWME JRQH RI WKH OLGXN
SRUSK\U\ ERG\ KDV IRUPMGRIXDQGR DOW
OHDFKLQJ E\ IHUUXJLQRXV VRC ‘DWD GHVFULSWLRQ

PLQHUDOL]DWLRQ UHVXOWLQJ IUR \é” lcDWD IUR
VXOILGHV ZKLFK FDQ EH HDVLO gﬁ%ﬁ DWHG 'RU H
7KH R[LGH ]JRQH KDV D OLPLWH QV,RUPHG e
OLGXN SRUSK\U\ GHSRVLW ZLWV VI 0LOJ DQG ZH
XD\ 7KH PLQHUDOV REVHUYHG 'Jl—LQHDU POWKRC
ODODFKLWH  $]XULWH  7HQRU HU Rl EOREN

JRHWKLWH DQG &DOFDQWLWH QHOV W KDW

GLVVHPLQDWHG DQG YHLR[LBHP URP WKH D
ﬁ@?ﬁw%bm

JRQH LV D WUDQVLWLRQDO ]RQH, H

R[LGH FKDUERWHUL]SDUDJIHQH YV f_5|
]JRQH PLQHUDOV DORQJVLGH S\ i ’épgp %Béﬁ’lﬁ Fg)f(lJR%FH\VR'ORHF
7KH VXSHUJHQH JRQH LV H[SRVH [k/ LdDLé»bQJ VSDFHV VLPL
OLGXN SRUSK\U\ FB&SHKD® HBHRWH. {é DY H IDEW XV
LQ WKH SK\OOLF DOWHUDWLRQ ?RQH FDQ ¢
ERG\ ZLWK PLQHUDOL]DWLRQ REF WKRXVDQCg
DQG GLVVHPLQDWHG IRUPV ,Q % B  PDWHG UHVX
VXSHUJHQH JRQH FKDOFRS\UL Q UWV DQG VF
FRQVWLWXWHV WKH SULRDBU\ R \95 \)3 HWUDFWLRQ K
L

K\SRJHQH ]JRQH LV D JUDGXDO
ORFDWHG EHWZHHQ WKH VXSH
JRQHV PDUNHG E\&R DE®HRSH DM \M
DQ LOQFURIVHWE DQG FKDOFRS\
ERWWRP OLQHUDOL]DWLRQ

GLVVHPLQDWHG DQG YHLQ IRUP
&KDOFRS\ULWH WR &RRYVHF®RSL
IUHTXHQWO\ REVHUYHG LQ WKL

KLOH WKH

\K?I%Jdﬁ-k ﬁ"sfgdh/mu HYHU\ Pt

X FFXUDF\ RI VDPS(
PSOLQJ IURP HDFK
gﬁﬁ %W RURG I RES T RY"
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I LeachedOxide
B superzene )LJXU H
7KH JRQLQJ RI PLQHUDOL]DWLRQ LQ WKH OLGXN FRSSHU GISRVHWHIURP WR
DQG K\SRJHQH ]RQH

7DEOHDWDH G | BRIPV WR.GH VHBO® U ERVIRKK R O H V
=RQH 4XDQWS$WNUDJH *9DGHD QEQLP YPDGBD[LPXR DGH

6XSHL

+\SRJ

6XSHL ERUH
+\SRIJHQH ERUHKROHYV

7KH PHWKRGV H[DPLQHG LQ WFRQGXFWHG RYHU WKUHH \HDUYV
OLQHDU NULJLQJ VLPXODWLRQ VLPXODWLRQ PHWKRGYV DQENVHTXHQ
VLPXODWLRQ XQLIRUP FRQGLVLPXODWLRQ DORQQHDLW K RI) GIRWLR C
FRQGLWLRQLQJ XQLIRUP NULJLQJ HVWLPDWLRQ PHW
XQLIRUP FRQGLWLRQLQJ KDYH EHHQ
9DULRJUDSAHSRRUDWLRQ 'DWOLGXN GHBRVLWSOHPHQW WKH XQL
WSHUJHQMSBQRBHV FRQGLWLRQLQJ PHWKRGV WKH FRPSR

7KLIZRUM[SORU W @AY JHRvwHISORUDWRU\ ERUHKROHV ZHUH GL'
VXSHUJHQH DQG K\SRJHQH ]JRQHV 6
HVWLPDWLRQ PHWKRGV DQG F
WKHVH GDWD ZHUH PRGRIURZ E\ UHSC
WHFKQLTXHV DSSOLFDEOH WR |
YDOXHV DQG ZHUH XVHG IRU YDUL
PHWKRGYV DUH DSSOLHG WR WK
HEHULPHQWDO YDULRJUDP IRU HDF
SRUSK\U\ GHSRVLW IRU FRPSDU
FDOFXODWHG DQG D VXLWDEOH WKH
WKH PRVW HIIHFWKMHHDSBUR®@ATDOFXODIWAGC DOG D VXLWDEO <!
WKHVH PHWKRGV LV HYDOXDW! Q LQ )

ZLWK WKH DEWXDO GDWD REWDﬁEXi%ggﬁm”“iYDULRJUDP RRFHOV RI
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)LIXUBRGHQODRILRJUDRPZHBO R U W B RK SHKHJRQM S DKOSRIJHRBERWWRP

7KH VXSSRUW FKDQJH KDV EHYDULRJUDSKLHY ZHUH SHUIRUPHG RQ
WKH SRLQW VXSSRUW RI WKH L(IGDWD 7KH YDULRJUDP PRGRIFN DQG
VXSSRUW ZLWK GRPHQMUIR@DARGDWD ZHUH WKHQ XVHG IRU WKH VH
608 7KLV ZDV GRQH WR LPSCVLPXODWLRQ RI HDFK ]JRQH )RU G
FRQGLWLRQLQJ DQG VXEVHTXH VLPXODWLRQ WKH H[SHULPHQWDO JC
ORFDO XQLIRUP FRQGLWLRQLQ ZDV FDOFXO DX IOV @ BOHIFN YDULR.
UHVXOWLQJ RXWFRPHV IRU HDF6XEVHTXHQWO\ DQ DSSURSULDWH W
7DEOH ZDV ILWWHG WR LW DQG XVHG IRU Wt
VWUXFWXUHG EORFN JDXVVLDQ YDULR

TDEOHHVXOWY RI VXSSRUW FKDQJ VHHQ LQ )LJXUH
WKH VXSHUJHQH JRQH WRS DQC 7KH VLPXODWLRQV ERWK VHTXHQW
ERWWRP GLUHFW EORFN VLPXODWLRQV DUH
%ORFN VXSSRUW FRUUHFWIBRQ FDOF 608 VXSSRUW WKHLU UHVKENMG KDY H
3XQFWXDO YDULDQFH $QDPRUSKRVL LQWR D SDQHO VXS3SRUW IRRUPDW RI

9DULRJUDP VLOO FRPSDUDELOLW\ ZLWK WKH XQLIRUF
“DPPD Y v PHWKRG $W WKLV VWDJH WKUHVKRO
5HDO EORFN YDULDOQFH WKRVH GHILQHG IRU XQLIRUP FRQGLW

5HDO EORFN VXSSRUW FRUUHFWLRQ HVWDEOLVKHG WR HQDEOH D FRPSDU

ULJHG EORFN VXSSRUW FRUUHFwWLR(FRPSDUH WKH UHVXOWV DJDLQVW

.ULJHEDO EORFN VXSSRUW FRUUHFWVLJQL\NLFCD)(JDEHU RI EODVW KROH GD

XWLOL]JHG $ JULG VLPLODU WR WKD)

=PLQ EORFN GHILQHG DQG WKH GDWD ORFDWHG Z|

=PD[ EORFN DYHUDJHG DQG DVVLJQHG WR HDFK
%ORFN VXSSRUW FRUUHFW&RQ FDOF)GHILQLQJ HDFK R W K H WKUHVKRO

SXQFWXDO YDULDQFH $QDPRUSKRVL EDOFXODWLQJ WKH QXPEHU SO @8V ZL

9DULRJUDP VLOO WKDW H[FHHG WKH GHILQHG WKUHVKI
*DPPD Y Y WKH PLQHUDO FDQ EH REWDLQHG DV C
5HDO EORFN YDULDQFH RI WKH WRWDO WRQQDJH RI WKH SDQF

SHDO EORFN VXSSRUW FRUUHFWLRQ R| HDFK SDQHO DQG LWV DYHUDJH JU

.ULJHG EORFN VXSSRUW FRUUHFWLR(FRQWHQW Rl HDFK SD®HKOHNRKRWEH (

.ULJHBDO EORFN VXSSRUW FRUUHFwW JUDGH FDQ DOVR EH GHWHUPLQHG |

=PLQ EORFN JUDGH RI HDFK SDQHO DW WKH GHILQI

—PD[ EORFN WKH DYHUDJHV RI WKH 608V ZLWKLQ

H[FHHG WKH WKUHVKROG JUDGH DUH
9DULRJBDSWUDQVIRUPHG JHDFK WKUHVKROG JUDGH WKH DFWX
GDWD LQ WKH VXSHUJHQH DQG WRQDJH DQG PHWDOOLF FRQWHQW IR
REWDLQHG ZKLFK FDQ EH XVHG WR FF

/R LPSOHPHQW VHTXHQWLDO p| 0@QQHDU PHWKRGYV DQG VLPXODWL]

DRG GLUHFW EORFEN VLPXODWL \wkH DFFXUDF\ RI WKH FRPSHRULVRQV
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VSHFLILHG WKUHVKROG IRU H[CPHWKRGV 7KLY FRPSDULVRQ ZDV P
GLVUHIJDUGHG DQG QRW FRQVL(VFDWWHU SORWY DQG FRUUHODWLRQ
DFWXDO GDWD ZLWK SDQHO VX UHVXOWYV IRU WKH VXSHUJHQH JRQH L

DQG K\SRJHQH ]JRQHV ZLWK W $v FDQ EH VHHQ IURP WKHVH
DYHUDJH JUDGH IRU HDFK SDQFRUUHODWLRQ FRHIILFLHQW RI WKH X
JLIXUH PHWKRGKXOWW 2DV EHWWHU WKDQ WKR

WZR VLPXODWLRQ PHWKRGV 7KH FRF

8QLIRUP FRQGLWLRQLQJ PHVUHVXOWY Rl XQLIRUP FRQGLWLRQLC
VLPXODWLRQ DQG VHTXHQWLD(VLPXODWLRQ DQG VHTXHQWLDO JDX
IRU WKH VXSHUJHQH J]RQH ZLWK WKH DFWXDO GDWD IURP EOD'

7KH UHVXOWYV RI DOO WkuFRUUHODWLRQ FRHIILFLBIQW YV RI

UHVSHFWLYHO\
PHWKRGV DIWHU WEHBROH¥WVQ.
HODEOH FRPSDUDELOLW\ zLwk $V WKH UHVXOWV RI WKH XQLIRUF
DODOVIHG DW D FXWRII JUDGH FPHWKRG SHUIRUPHG EHWWHU IRU WKH

ZKHVH UHVXOWY ZHUH FRPSDU|SDQHO VXSSRUW WKH VFDWWHU SOF

DS R e W LR oWy 180 Wik b EwB oo F e o
FDOFXODWLQJ WKH PHWDOOLF Q QQ P

WRQQDJH RQ SDQHO VXSSRUW DEE%&%%D(“;’“DEVEE’QZWJRU Wg“ 3 UHVUXH?
WKRVH XVHG LQ WKH UHVXOWV I\ 1 YV IN 11 VV IN 1111 Vvvl\ul—llg
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7R PRUH FRPSUHKHQVLYHO\ IKROH GDWD LV OLPLWHG GXH WR WKH
PHWKRGV DJDLQVW DFWXRQQ®I\ ROGHU GDWD FRXOG QRW EH XVHG
GLDJUDPV ZHUH SUHSDUHG WPRGHO RI WKH RUH ERG\ DQG WRSRJU
SDUDPHWHUV RI UHFRYHUDEOH PRGHOLQJ WKBGKLJKXKHHDY WKDW Z
YLIXUH JURP WKH FRPSDULVFSUHYLRXVO\ H[WUDFWHG DQG ORFLC
LW LV HYMEHWQWIRIMWW FRQGLW HOHYDWLP@HO KQWOWLODEOH LQ WKF
SHUIRUPV EHWWHU WKDQ WKHVWXG\ ,Q IDFW WKH JUDGH UDQJH R
PHWKRGV LQ PRVW FXWRIlI JUD(IRU WKH VXSHUJHQH JRQH KDV QRW Y
JRQH +RZHYHU ERWK VLPXODWZKLFK KDV OHG WR SRRU UHVXOWV G X
UHODWLYHO\ VLPLODU UHVXOWV\VHIIHFWY RI NULJLQJ ,Q HARRIWUDVW
WKH XQLIRUP FREGLMOLQR EHQDWNVPRRWKLQJ LQLREYW KDFWXQBRW EHH:(
WR WKH VSDUVH GDWD GHQVLW\SURPLQHQW IRU WKLV JRQHULQUMIDH F>
RI WKH VXSHUJHQH =RQH DQG ,Q DGGLWLRQ WR WKH DIRUHPHQV
UDQJH RI WKH JUDGH GDWD IRISUHIHUHQWLDO VDPBBGHQUHIEQ KR QK/HKIL
GXULQJ WKH FXUUHQW VWXG\ SDOVR LQIOXHQFHG WKH REWDLQHG UF
FRQVLGHULQJ WKDWWDRLRQLYGHQVH GULOOLQJ DQG VDBBGHQJ IURF
VXSHUJHQH ]JRQH KDV EHHQ H[VDUHDV KDYH LQFUHDVHG WKH GHQVL\
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WKHVH VHFWLRQV ZKLFK KDV HUHFRUGHG ZLWK JUHDWHU FDUH DQG ¢
WKH N8DMHGE HVWLPDWRU 7KL YHU\ KUDXGH VHFWLRQV GXULQJ WKH
VHHQ LQ WKH JUHDWHU GLVFLVWXG\ RI HISORUDWRU\ GULOO KROHYV
VLPXODWLRQ UHVXOWY DQG DF'E\ RXWOLHU YDOXHV WKURXGKWKH SU
FXWRIlI JUDGHV H[FHHGLQJ W VXEVWLWRWID®RII HRXWDO XHV <HW LQ
OHDQZKHOBHWKOWY RI WKH XQLISUVFRVY RI DVVLIQLQJ WKH JUDGH GDW
PHWKRG KDYH VKRZQ UHODWLY WR 608 EORFNV DQG VXEVHTXHQWO\
LQ KLJKBIGH DUHDV IRU WKH SDUDPHWHUV RI JUDGH WRQQDJH DQ
UHFRYHUDEOH WRQQDJH DQGIRU WKH SDQHOV WKLV SURFHVYV

FRPSDUHG WR WKH VLPXODWLR UHSODFLQJ RXWOLHU YDOXHV YHU\ I
DQG DVVHVVPHQWYV DUSIORRQ@® X IDFWRU IMLVEDILFDQWO\ DIIHFWYV
GDWD DQG WKH FRPSDULVRQV XQGHUHVWLPDWLRQ RI WKH UHVXOW
EDVHG RQ GDWD REWDLQHG I[IURUHVRXUFH DVVHVVPHQWY FRPSDUHG
DQDO\]HG DIWHU HISORUDWF6LQFH WKH VXSHUJHQH ]J]RQH LQ WKI
XQGHUVWDQGLQJ WKH RYHUDOCHQFRPSDVVHV WZR DSSURRWVRWH VFE
WKH RUH V JUDGH 7KXV GXWLCORXYUDGH DUHDV ZLWK IHZBHW[SORUD
KROHVY WKHUH LV DQ DZDUHQHDQG VPDOAQWWGKLIKUHDY ZLWK PR
GLVWULEXWLRD RH KIHARAWIURQY H[SORUDWRU\ GULOO KROHV WKH UH
PRUH VDPSOLQJ IURP WKHVH DLQRQLQHDU PHWKRGYV DQG VLPXODW
UHVXOWYVY RI JUDGH DQDO\WHV VXSHUJHQH JRQH DUH WKHUHIRUH PRL

)LIXURKU IEHP H Q V LYRHDD @ IQWKAHU L E XRW. REDEBIWAR S S H USDRGKS S RIBBL J X UH V
DQBORMMSSRUW RU 60BSRUJNQM JKW KDSRGHR B B W
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JLIXUHBFDWWHU SORW EHWZHH Q) DPWBFD @ MDD BOQBW RI WKH XQLIRUP FR
HVWLPDWHG UHFRYHUDEOH UHVRRH®AHK R GDWGHV X 6 WXORRP SPW MAMWR DFWXDO
VXSHUJHQH JRQH XVLQJ WKH XQLIRIDFGFHRRIGLW ISRIQEMDW IRU WKH VXSHUJH
PHWKRG ERWWRP GLUHFW EORFRMNRPNODBQRQWRQ PEHWDOOLF FRQWHQW
DQG VHTXHQWLDO JDXV ERW

SOQLIRRRRRGLWPRIQMKRBRI®HPOWFN UHVXOWY RI HDFK PHWKRG DW D FXW
MVMPXODWLMJI XBEQWXDNPFODWLFSHUFHQW ZHUH FRPSDUHG ZLWK WKL
IRU WAERJHQRHV UHVXOWY DUH SUHVHQWHG DV VFDWW

6LPLODU DQDOWHY ZHUH FRQ " TN R Vb aH WKH FRPSOULVRC
REWDLQHG IURP DOO WKUHH P

UHFRYHUDEOH UHVHUYHV LQ WKPHWDOOLF FROQWHQW UHYV WV [URP
HYDOXDWH WKH UHFRYHUD H UHVHU
QHFHVVDSURFRIWWLQJ ,Q WKH K
7KH FRPSDULVRQ ZDV PDGH RQ PHW
WKH VHOHFWHG FXWRII JUDGH IZKLFK XQOLNH WKH VXSHUJHQH JRQH
SHUFHSBMUFRZLWK DFWXDO GDW

FRQWHQW DQG WRQQDIH SUH p\iyilhcy SURYLGHG EHWWHU UHVXO!
IRU WKLV FXWRII ZLWKLQ WKH niorRuvmyn Ryl 1 r~n
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FRQGLWLRQLQJ PHWKRG )XUWKDFWXDO GDWD DFURVYVY DOO FXWRII JU
FXWRIlI JUDGHV YDULRXV JUD7KH UHVXOWYV RI WKLV DQDO\VLV DUL
UHVHUYHYV ZHUH SUHSDUHG ZK

SHUIRUPDQFH RI DOO WKUHH PHWKRGY FRPSDUHG WR WKH

JLIXUHKUDSKV RI UHFRYHUDEOH UHVHUYHV IRU WKH VXSHUJHQH WRQH XVLQJ
EORFN VLPXODWLRQ VHTXHQWLDO JDXVVLDQ VLPXODWLRQ DQG DFW

$v FDQ EH VHHQ IURP WKH FR UHODWHV WR WKH SUHUHTXLVLWH\
JUDWRQQDJH GLDJUDPV IRU DVVUHOLDELOLW\ RI WKH GDWD XVHG
UHVHUYHYV LQ WKH K\SRJHQH ]JIVLPXODWLRQ ZKLFK PD\ KDYH ORZHU
VLPXOWDQHRXVO\ DW ORZ FK\SRJHQH ]JRQH GXH WR WKH SUHVHQI
SHUIRUPDQFH RI WKH XQLIRUP JUDGH GDWD DORIGNLGBWDRZ7KLV L
H[FHSW IRU WRWH@W GOIUDPHVUHIOHFWHG 0 AWM BAD ILIHKKWK OWYV RI1
VLPLODU WR WKDW RI WKH VLPXEORFN VLPXODWLRQ FRPSDUHG WR V&
DW KLJKHU FXWRII JUDGHV WEkKVLPXODWLRQ 2YHUDOO WKH UHVXO
VLPXODWLRQ PHWKRGVY KDV EHFPHWKRGY DUH FORVH DQGVWHKH\ DUH
XQLIRUP FRQGLWLRQLQJ PHWKORZUDGH DQGIPBIGHXVWHFWLRQV SURY
JDXVVLDQ VLPXODWAHRWWSEHHUMRKQHDUO\ LGHQWLFDO UWRXOWKWH ,Q
RWKHU VLPXODWLRQ PHWKRG JVLPXODWLRQ PHWKRGYV DWWWJKHU F;
I URP GLUHFW EORFN VLPXODVWKH DYHUDJH JUDGH WKH XQLIRUF
LOWHUPHGLDWH FXWRII JUDGHVPHWKRG VKRZV JUHDWHU GHYHUJHQF!
RI WKH XQLIRUP FRQGLWLRQLQGDWD 7KLV LV DWWULEXWHG WR WKH
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WKH LQLWLDO UDZ GDWD ZKLFJUDGH RI SHUFHQW IRU WKH FRUUI
NULJEQVMHG PHWKRGV 1R@HMWHOHLQ WKH K\SRJHQH ]JRQH ,Q RWKHU
PHWKRGV OLNH XQLIRUP FRQGLUHODWLYHO\ KLJK FXWRII JUDGH RI
WKLV LVVXH DUH UHGXFHG 7KH FRUUHODWLRQ RI UHVXOWVOURP WKH
LOOXVWUDWHG LQ WKH VFDW\ZLWK WKH DFWXDO GDWD KDNVEHHQ J
UHFRYEHOH WRQQDJH REWDLQHWKRWHXQRIRUP FRQGLWLRQLQJ DV G|
XVHG LQ WKH FXUUHQW VWX(LQ )LIXUH

UHFRYHUDEOH WRQQDJH IURP DFWXDO GDWD DW D FXWRII

)LIXUH6 FDWSHVRIW E HIR\EMBQ D Y @G P B MM DFRB Q WAH (I\W RRYIH UDB-OUY HYV L Q WKH
KSRJHREBH BYWRUIDGH R$H U F FRB/S ML Q J X KIRIRR) G L W PR @/LKERGV W BRJ H F W
EO R KNP X O D RILR@O H\H DXQHSIX VWL DQ 6LMWSODWLRQ
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JLIXUHUDSKWRRYHUDEBOH HWKESRIMRBH |RXDWRERR G LW PR QKRG HF W
EORHMN XODWIRE QWX \VWVLBROD W LEFQ XD@® HEORRREE W D

$V LQGLFDWHG E\ WKH UHVXO'GLVFUHSDQF\ EHWZHHQ WKBW DUHD
D FXWRII JUDGH RI SHUFH(GDPWIHHQ LQ WKH UHVXOWY IRU ERWK
PHWKRGVY SURYLGHG EHWWHU LK\SRIJHQH FRPQHEVMH DWWULEXWHG WR W
XQLIRUP FRQGLWLRQLQJ PHWKEFRI WKH GHILQHG VHDUFK UDGLXV LQ \
ZLWK WKH UHVXOWY REWDLQHCVLPXODWLRQ SURFHVVHV J)»XHKHQ HVW
UHVHUDHWD®Y ,Q IDFW WKH EORFNYDODAEH®YV ORFDWHXH LDQUKDMK GDW
FRQVLVWY RI WZIRCBC®BHWHFWLARRIURP DYBQGJBWRIZIGH VHFWLRQV DUH LQ
SHULSKHU\ DQGJODDGHUVHKAWKR(LQ WKH HVWLPDWH GXH WR WKH GHI
FHQWUDO SDUW RIUVWKGHR@HWL GHULYHG IURP WKH YDULRJUDP PRGH
WKH PDUJLQ KDYH D ODUJHU H|IDQG WKH QXPEHU RI SRLQWV SDUWI
DQG VDPSOHNQLYWKOGXBWWLPDWL HVWLPDWLRWXOAMY FKQUXQGHUHVWLPD)
YDULDQFH RI WKH DVVD\ GDWD JUDGH 7KLV LVVXH DIIHFWV WKH HVW]
ORZ ZKLFK LQFUHDVHV WKH DFFRQWHQW DQG UHFRYHUDEOH WRQQD.
HYHQ ZLWKNMHGCLBPIWKRGY ,Q SDQHOV RI HDFK JRQH ,Q FRQWUDVW
WKH FHQWUDO SDUWV WKDW [GDWD RU WR DVVLJQ EODVW KROH GI
YDULDQFH RI WKH WWMDQMDPEVXEVHTXHQWQV¥DORRODWWKH VDPSO
KLIKHU GXH WR WKH VLPXOWD(FRQWDLQHG ZLWKLQ HDFK 608 DUH
JUDGH DVYBDWGHIHDQUGD&GHIKWDPS DYHUDJLQJ SURFHVY DQG DVVLIJQPHQ
&RQVHTXHQWO\ WKLV DUHD X(FRUUHVSRQGLQJ EORFN RU 608 7KXV
VPRRWKLQJ LQ HVWLPDBADIMVHGLGY JUDGH WRQQDJH DQG PHWDOOLF FRQ
PHWKRGYVY +RZHYHU WKH VLPXCWKH 608V HQFRPSDVVL@LHDFKREIDQHO
OHVRRMWKLQJ DQG WKHLU UHVXFDOFXODWLQJ WKH SDUDPHWHUV $V I
UHDOLW\ $QRWKHU UHDVRQ IRIDYHUDQKG ORZGH VHFWLRQVIGRHV QRW
REVHUYHGIJUDGKLIDXUHDY DQG WKLJKUDGH DUHDYV



'"HKJKDQL DQEXIIP\HVWHKIDU -RXUQDO RI OLQLQJI9RQYLURRPHQW

)LIXUWFDWOHRW EHMEZMNBQD QWG P CHFIRG H WOEDH H KORWKRBH BAWRI I
JUDGH RS$HUF B\QWD J XY KIFRIRR) G L W PRI @VIKERGN W B.RJ HFOW RN X OD RLR®OH DQG
\H T XH QX DL B RO D WISR Q



'"HKJKDQL DQEEXJIP\HVWHKIDU -RXUQDO RI OLQLQJI9RQYLURRPHQW

7KH QRWDEO\ KLJK YDOXHV RI /RFRQAIRBRRQ G LW PRIGMKEBRI® HF W
I URP DFWXDO GDWD FRPSDUHG EORFWPXODWLRGHTXOHXBWOOVE D Q
I[URP PHWKRGV IRU HVWLPDWLQMPXODWLRRSR U VWKG@H

DW PHGLXP WR KLJK FXWRII J ' GREDO XOLIRUP FRQGLWLROLC
RYHUHVWLPDWLRQ RI DYHUDJH
GHVLIQH®OLRHDRBMVWLPDWLRQ LQ PL
VLIQLILAMOQA@WGLVFUHSDQF\ DUL
GHULYHG ISBRRFERVWQJ WKH_UHVXOWYV
JUHDWHU DEXQGDQFH RI DYHUD
IURP XQLIRUP FRQGLWLRQLQJ 7KH S
GHULYHG IURP EODVW KROH |
JUDGH PHWDOOLF FRQWHQW DQG C
H[SORUDWRU\ GDWD ,Q RWKHU
FDOFXODWHG XVLQJ WKH DO XQL
SUHYDOHQFH RI DYHUDJH JUDGH!
PHWKRG IRU YDUIHR/XVZEWW HUDUD G
RQO\ FRPSHQVDQMM | 8 H | WKLINVWFF
GLVWULEXWLRQ IRU HDFK EORFN JXLG
WKH ORZHU DYHUDJH JUDGH UF
HVWLPDWHG JUGP®HRA QR BQ
PHWKRGV XVHG EXW DOVR OH
608V 7R LPSOHPHQW WKLV PHWKRG
UHFRYHUDEOH WRQQDJH DW PH
JUDGH SDUDPHWHUV IRU HDFK EORF
WKH REWDLQHG UHVXOWV WKI
FRQWHQW DUH DSSOLHG RYHU D SDQ
DFWXDO GDWD LV DOVR KLJKHU
RSWLRQV IRU FRQVWUDLQLQJ WKH HV
JUDGHV WKDQ WKH UHVXOWV I )
EORFN JULG RU 608V GHILFQHG IRU
PHWKRGV 7ZR IDFWRUV LQIOXH
SHUIHFWOZX DMK WKH SDQHO LG LQ F
ILUVW LV WKH KLJKHU DYHUDJH
D EORFN LV SDOQWVRKHDSBBRHOW VWXG
DWRZ FXWRII JUDGHV DQG W
ORFDO XQLIRUP FRQGLWLRQLQJ PHYV
VLIJQLILFDQWO\ KLJKHU WRQQD.
LPSOHPHQWHG IRU HDFK RIWKH JRQF
PHGLXP FXWRII JUDGHV 7KLV \
GHSRVLW XVLQJ WKH DIRUHPHQWLR
FRPSHQVDWLQJ IRU WKH ORZ}
UHOHYDQW WR HDFK JRQH .ZKH UHVX
UHVXOWLQJ IURP WKH ORZHU DY )
FRPSDUHG ZLWK WKH DFWXDO GDWD
GDWD DW FRHGUXP GKW KDV FRC
EORFNV Rl WKH EORFN JUL FK D
WKH LQFUHDVH LQ WKHLU PHWD
GLPHQVLRQV DV WKH 608V WLF
LQ WKH $VWBIKWLRXVO\ PHQWLR
"DOVR H[HFXWHG LQ D EORFN VXSSRUW
LV ORJLFDOO\ FRQVLVWHQW G
FRQGXFWHG FRPSD ULSARRRAH GZ B WH
DYHUDJH JUDGHV LQ WKH DFWX|
WKLV VWDJISURKHVIRWQW RI VLPX
QXPEHU RI GDWD SRLQWV REWD
UHVXOSNHMUZ®PWPHG E\ DYHUD J WKH L
DW OHDVW IRXU WLPHV WKDW I
IURP LWHUDWLRQV MQSHSIRHBDULQ
ZLWKLQ WHSISRPHWHJILRQV RI W
HDFK PHWKRWKH7RXWFRPHV RI WKHVH
LQ ERWK WKH VXSHUJHQHKMQG
SURFHVVHG UHVXOWV ZHUH XWLOL]HG
KLJKHU DYHUDJH JUDGH RI WK
WKH UHVXOWV IURP WKH ORFDO XQL
FXWRII JUDGHV LV DOVR DWW
PHWKRG DJDLQVW LWXHHNFW SIDPAMD
DFFXUDF\ Rl DVVD\ DQG UHJLVW
YDULRXV GLDJUDPV HYDOX LQJ UHF
FRPSDUHG WR H[SORUDW®IRUAHE D
IRU WKH UHVXOWYV RI HDFK PHWKRG D¢
DUH VDPSOHG DQDO\]HG DQG
VXSHUJHQH JRQH $V FDQ EH VHHQ IUF
SUHFLD/QBQFDUH FRPSDWBHEGH WRY
WKH ORFDO XQLIRUP FRQGLWLRQLGQ
DYHWRJIHGH VHFWLRQV ZKLFK
SURYLGHG EHWWHU WXMVRIO WWDIRKVD O C
GHQVLW\ RI VDPSOLQJ $GGLWI
7KH UHVXOWV REWDLQHG IRU WKH VX
FRQGLWLRQV VXSSRUWLQJ WKH )
QHDUO\ VLPLODU WR WKH UHVXOWV
EODVW KROHV FRPSDUHG WR
PDGH LQ WKH SDQHO VXSSRUW ZKLFK
H[SORUDWRU\ GUL GO WRD IE\L | | B
VDPSOH 20H@HMWKUY IRU EoDVwERQVLGHULQJI WKDW WKH ORFDO XQlI
@ PHWKRG LV HVVHQRFIHD/Y/QQD BRWWR P H

PHWHUV PRVW FRPPRQ OHQJWK
VDPSOHWFW WKHVH GLVFUHSDGWKH, XQLIRUP FRQGLWLRQLQJ PHWKRG
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JLIXUHBHFR YUHUH OWYIHS KV | RS MKIRQH DR@ U HPH W K REGAB@L | RFIRR) GLWLRQLQJ
QA UHPWHN XODWIRE QX D\OLB RO D W LEEQ XI@@ U L Y H GEQ DIRRWIEE W D

/RFEQQ. IRBRRQ GLW PRIQMKRI®HFW ZLWK WKH DFWXDO GDWD +RZHYHL
EORFWPXODWLRGH T XORQE@WLOWO/LDCFRQGLWLRQV Rl WKH VLPXODWLRQV Z|
\LPXODW L RS RJ HGH FRQGLWLRQLQJ EBWKHEGRQ TKKH UHV X

JRU WKH K\SRJHQH JRQH VLIREWDLQHG WKH VPRRWED@HGIIIHFW
PHWKRGV FDQ EH FOHDUO\ REVHUYHG

KDYH EHHQ FDUULHG RXW XVLQ
ZHUH XVHG WR HVWLPDWH UHFRYHUL

SDUDPHWHUV IRU WKDW ]JRQH W
UHVXOWV ZRXOG IDFH VLJQLJLFDQWO\

FRQGLWLRQLQJ 7KH UHVXOWYV
6LQFH WKH ORFDO XQLIRUP FRQGLW

VLPXODWLRQ UHVXOWV IRU WK
XQOLNH XQLIRUP FRQGLWLRQLQJ VKR

VXSSRUWH Y¥YMNEMHRWMHABVWDRI\ ¢
RYHUHVWLPDWLRQ LQ WKH DYHUDJH
SURFHVVLQJ IRU FRPSDULVRQ rjpyy pRVW EXWRII JUDGHYV DQG R

JLIXUHVVKRZ WKH UHVXOWYV RI

UHVHUYH HYDOX®WORQ FIWs&VI o 1L e (T URE JQLIRLE FROGLWLROL
JUDSKV IRU FXWRII JUDGHV OF RINOX W& Q Q.

oo wrh Uhvsowsy 2ERY OFZKRVH UHVXOWV JXLGHG W qH GLVWUL
HDFK EORFN YLD UDQNLQJ HVWLPD

WKDQ WKRVH IURP ORFDO FRQC " hso ) \wi RO WR WKH DIRUHPHOWLR

PHGLXP FXWRIlI JUDGHV WKH 2 Q Q Q

LPSURYHG LQ FRPSDULMROXWRI \/\ LW | FpwHY DFURVY DOO WKUHF
JUDGHV KLJKHU WKDJU DEF H UDXIW

YDOXRWK PHWKRGV H[KLELWHG YKH ORFDO FRQGLWLRQLQJ PHWKRG
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QHFHVVLW\DIRIW UBJ WKH UDZ LCDOORZIMVQAP XPWDQHRXY PRGHOLQJ RI H

GLVWLQIXLMKL®H DRUDIGIHW HFWIRU HDFK JRQH
LQ WKH HVWLPDWLRUD SGHRFOEFW 7KH UHVXOWY RI WKH FRUUHODW
JUDGH VHFWLRQV DUH FRQFHQDVVHVVPHQW XVLQJ GLIITHUHQW PHWK

VHSDUDEOH VHFWLRQV WKH\ LQ WKH WDEOH EHORZ

JLIXUHBHFRYWHYHUYH *UD SKSRRURWE K HR@ U HPH W K REGAB@L | RFIRR) GLWLRQLQJ
QA UHPWHN XODWIRE QX DOLB RO D W LEEQ XI@@ U L Y H GEQ DIRRWIEE W D

7TDEOHKH UHVXOWYV RI WKH FRUUHODWLRQ FRHIILFLHQW DVVHVVPHQW XVLQ

VXSHUJHQH JRQRIV JUIDAEK WV XRW DQG
'LPHQVLROQY "UDGH &&

OHWKRG 5| gog O6XSHUJHQH ABWEHQH ZEWSRIHQH ZLAMRKQQDJIH &HWDO FRQWHQW &&
EXWRII EXWRII EXWRII

8&

/8&

&6 %* ;

6*6 ? 7

&RQFOXVLRQ PLQHUDO UHVRXUFHV RI WKH SRUSK\L
Q0 WARWNVKH IRFXV LV RQ LQY LQ WKH DFWLYH OLGXN PLQH XWLOL]
ORFDO FROQGLWLRQLQJ PHWKRGV
OLQHDU JHRVWDWLVWLFDO H\
FROGLWLRQDO VLPXODWLROQ vVLPXODWLRQ D IDX VIWVH DXQH QY WR. D@D W L F
7KH GDWD FRPSULVHV VDPSOHYV
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ERUHKROHV DQG VDPSOH DOORZV IRU REVHUYLQJ WKH FRQYHL
H[SORUDWLRQ GULOO KROHV 7 IURP OBREZGH WRDKGHKGDWD HHPSKDVL]
PHWKRGV LV HYDOXDWHG E\ FRIWKH QHFHVVLW\ Rl GLVWLQNEHVKLQJ
IURP EODVWLQJ ERUHKROHV LQDQG KUIXGH VHFWLRQV LQ WKH HVWLF
DQG K\SRJHQH RYHU WKUHH '7KH UHVXOWV REWDLQHG IRU WKH V;
&RPSRVLWLQJIRURIWLHQO ERUHKFQHDUOD WLWROWKH RXWFRPHV REVHUY
FRQGXFWHG DORQJ ZLWK YDULVXSSRUW FRPSDULVRQV ZKLFK LV QF
VXSHUJHQH DQG K\SRJHQH JRQHORFDO XQLIRUP FRQGLWLRQLQJ LV H
UHVXOWV IURP WKH XQLIRUP FRSURFHVVLQJ RI WKH XQLIRUR FRQGLW
VLPXODWLRQ D@OXVWHDHYWREVKLIW LQ FRQGLWLRQV FRQYHUJHQF}
PHWKRGV DJDLQVW DFWXDO LQ DOO WK®HH SPHWKRXODUO\ WKH
ERUHKROHV VKRZV FRUUHODWL FRQGLWLRQLQJ PHWKRG KLJKOLJKWYV
DQG UHVSHFWLYHO\ IXUWKHU H[DPLEPWQRQWLR® BRH WKH
VXSHUJHQH ]JRQH WKH UHVXO'GDWD DV ZHOO DV WEBDGHSDQBWLR (
FRQGLWLRQLQJ PHWKRG SHUIR KLIWDGH VHFWLRQV LQ WKH HVWLPDV
VXSSRWWH FRUUHODWLRQ FRHI
FRQWHQW DQG WKH WRQQDJH I$FNQRZOHGJPHQWYV

FRPSUHKH VL\L(JI—H|VI—S|\|(_|I'D:¥)V)I(_I\D(\|/_|V?I\? ! | ZRXOG OLNH WR WKDQN 'U 6KD\H
Q Q FRQVLGHUDEOH HIIRUWY DQG WKH 6K|

DIJDLQVW WKH DFWXDOWBQWYMDJ!
FXUYHV ZHUH SWUH\SD GH G FURH O W &RPSOH[ IRU WKHLU VLQFHUH FRRSHU

RI UHFRYHUDEOH UHVHUYHV g iyHoFHY

FRQGXFWHG RQ PHWDO FRQWH!( N H
WKH VXSHUJHQHRRQMDI®W I FX> @SWRQ ., *DJH 5 .KRWWRZYKDKL 6
VLPXODWLRQ PHWKRGYV \LHOC SUDFWLFDO DSSOLFDWLRQ RI PXOWLS

DQG FRQGLWLRQDO VLPXODWLRQ WR UH

FRPSDUHG WR WKH XQLIRUP FR'\yy\Ww | ppWLRQ IRU WKH +DOOH\QV ODWHUL\
D UHODWLYHRN KUIDXGH XRWKH  3yRFHHGLQJV RI'$ 'D\ 6\PSRVL)\(/P 3HUWK

FRUUHODWLRQ RI UHVXOWYV IUR

JUHDWHU FRPSDUHG WR WKD> @IHQL 7 % $NHMXO®HMDUH $ (

FRQGLWLRQLQJ PHWKRG ZLWK $ FRPSDUDWLYH VWXG\ RI JHRPHWULF DC

PHWKRGVY IRU TXDOLWDWLYH U HUYH HVV

FRUUHODWLR FRHIILFLHQWYV I} &

PHWDO FRQW(I?IQW XVLQJ V%KH 8éGHSRW;‘IIRWFLHQFH JURQWLHUYV 5
UHWSHRAWEZKHUHIRUH WKH > @HU]JRXU 2 *DGUL / +DGML 5 OHEU

WKH VXSHUJHQH J]RQH LV PRUH +DPHG < YDOWHPRIJUDPY DQG NULJLC

VLIQLILFDQW H[WHGWM RHFOQ/REWHFKQLTXHV LQ LURQ RUH UHVHUYH FDWHJI

H[SORUDWLRQ ERUHKROHV 7KH -HEHO :HQ]D$(EJI-E)SEFRDQW-RXUQDOMR/I *HRVFLH

IRU PHWDO FRQWHQW XVLQJ WK

PHWKRGV LQ WKH R\ERWHIQUMD GRQ > @¢1]po 3 *KRODPL + O0DGDQL 1 <DVU

DUH DQG UHB6DGHJIKL % OLQHUDO 5HVRXUFH &0ODV
DQG DWRID FXMGH RI WKH\ *HRVWDWLVWLFDO DQG )UDFWDO 6LPXODWL
DQG $W RIRZHID GXW &XOR 3RUSK\U\ 'HSR\WLW HU:D,OW Q

SHUIRUPDQFH RI WKH 8& PHWKF> DGHORYD < 0 SSOLEDWLR RI
FRQWHQW LV EHWWHU \AQ«:DLQ\”'ROL(([DWXUHQ ORGHO DQG M—LFS\XWDWLRWLIF%@ &
WKH VLPXODWLRQ PHWKRIM GH5HVRXUFH ORGHOLQJ RI *HRPHMWD OOXUJLFL
WKDQ WKH DYHUDJH JUDGH FKR5HVRXU 5HV+

SHUIRUPDQFH RI WKH 8& PHWK|

WKH FRUUHODWLRQ FRHIILFLH' > @RX * < X % =KRX < =KHQJ < & A

=KRX /| 0<X - *HRORJ\ DQG
SDUWLFXODUO\ 6*6 LQFUHDVH oy RIHQHVLY RI WKH 6XQJXQ GHSRVLWV

PHWKRG LSHWHKHONXRQH ZKLOH j40HvLYVY RI WOBHSKRWQAHUDOLVDWLRQ LQ W
608 DQG FRPSDULQJ WKH/WBHHV X({8UXP+¥RKKWDU PDJPDWLFU K UFHR QM

PDS WKH HIITHFWLYHQHVY RI WkSEHYLHZV

EH KLIJIKHU DRURYWDIEOHY FXRVZHY | @PDU 3 5DR % %XUPDGDBXL.XPDU 6
FXmMI JUDGH LQFUHDVHY LQ WKI> 0 0 :
SHUIRUPDQFH RIWKRIG /BEFUHDV | 6SDWLDO YDULDWLRQ Rl = SHUP

FRQVROLGDWLR EHKDYLRUV RI VRLO XVL
WR WKH VLPXODWLRQ PHWKRGV Q(I\I‘I /18 & HSVVKHU
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PHWKRIKRXQGZDWHU IRU 6XVWDLQDE'ORFDOL]J]HG XQLIRUP FRQGLWLRQLQJ LQ WHK
*HRVWDWLVWLFV 2VOR

> @DEHWL ORUDGSRXUL ) $ > @DULW] ( $ WHVW RI WKH DSSURSU
&RPSDULVRQ EHWZHHQ *DXVVLDQ [/8& WHFKQLTXH)XUQHWLPKLWLPHD QRO G
6LPXODWLRQ $OJRULWKPV XVLQJ DGHSRVRWWQDO RI WKH BRXWKHUQ $IULFDQ
-RXUQDO RI OLQLQJ DQG (QYLURQPH(OLQLQJ DQG OHWDOOXUJ\
RI 7THFKQRORJ\
> @RXUQHO $ OLQLQJ JHRYRDMRY WLFV
> @UPVWURQ&KDPSLJQ\ 1 $ VV$FDGHPLF SUHVV 9RO
NULJLQJ VP BOOYESI R F NIV
> @DGHQKRUVW & BRAM/QQHOO 6
> @HU\ 1 ODUFRWWH ' $VVH 1HZ $SSURDFK WR 5HFRYHUDEOH 5HVRXUFH
UHFRYHUDEOH UHVRXUFH XQFHUWDLOXOWLYDULDWH &DVH ,DQW*HFOXWBNFL VIV F V
WKURXJK D VLPSOH PDFKLQH OHDUQ 9DOHQFLD
JHRVWDWLVWLEDW \SLHPKROOW 5RIQV
> @ODULW] ( 7KH DSSURSULDWHQHVV RI
> @HUO\ * 7KH PXOWLJDXVVLI/RFDOLVHG 8QLIRUP &RQGLWQRIUHMN WHFKQI
DSSOLFDWLRQV WR WKH HOMDMLKE DAMRR %LULRMDQH JRORKBBHIGRMVEXUJ 6RXWK $1UL
8QLYHUVLW\ Rl WKH :LWZDWHUVUDQG

> @LPLWUDNRSRXRRR\ 50 *UD > @VVLEHRQVX : 'HUDLVPH - *DUFLD (

FROWURO EDVHG RQ HFRQRPLF R 3 5LRV + BURGXFWLRQ UHFRQFLO

IXQFWLRQV DQG VWRFKDVWLF V PXOWLYDULDWH XQLIRUP FRQGLWLRQLQJ W

FRPSDULVRQV D Q@G QISEOTHBMQARQRI\ UHVRXUFH PRGHOOLQJ RI D SRUSK\U\ FRS!
-RXUQDO RI WKH 6RXWKHUQ $IULFDQ ,QVWI
OHWDOOXUJ\

> @Q$UPVWURQJ O *DOOL $ WHXF

5HQDUG ' 'ROLJHFHIURN ) > @$VVLEHRQV X 6HDWEBDJ\H O
30XULJDXVVLDQ 6LPXODWHRQ¥RUQ * 7KH XVH RI LOQGLUHFW GLVWULEXWLRQ
6SULQJIJHUDEREEAANQAFRIHVY OHGLD XQLWV IRU DVVHVVPHQW RI UHFRYHUDEOF

GHVLJQHG IRU PLQH SODQQLQJ DW *ROG )LI
> @DVDQL 3DN @G SORUDWLRQ 'DWD *KDQRXUQDO RI WKH 6RXWKHUQ $IULFDQ ,Q!
7HKUDQ 7HKUDQ 8QLYHUVLW\ 3IXEOIDQG OHWDOOXUJ\
3HUVLDQ
> @F,QQHV % , $ (YDQV 1 - %HORXVRY
> @HRUJHV 9 *UDGH FRQWUR: 7 $QGUHZ 5 /7LPLQJ RI PLQHUDOL]DWL
RUH DQG ZDVWH $ FULWLFDO UHYDQG H[KXPDWLRQ SURFHVVHV DW WKH 6D
VLPXODWLRQ EDVYB® KBHWRFWEXKWBIVHROHLGXN SRUSK\U\ &X GHSRVLWV .HUPDQ EH
H[SORUDWLRQ DQG VXVWRV)WHOBDBHYHO
6RFLHW\ IRU *HRORJ\ $SSOLHG WR 0LQHUDO
> @DLWKDQNRKDWWHUMHH 6
WRQQDJH XQFHUWDLQW\ DQDO\VLV F> @+DVVDQ]DGHK -OHWDOORJHQLF DQG
XVLQJ PXRWQHOMHRVWDWLVWLFY DQ'WHFWRQRPDJPDWLF HYHQWY LQ WKH 6( VHI
VLPXODWWR®BGHVRXU 5HYV DFWLYH FRQWLQHQWDO PDUJLQ RI FHQWUD

DUHD .HUPDQ /RMWQIHOHY 8QLYHUVLW)\
> @5LYRLUDUG ;QWURGXFWLRQ WR g@DOLIRUQLD

NULJLQJ) MQG@HDPRIQIJHRVWDWLVWLFV

VIVWRPNRUG 2[IRUG 8QLYHUVLW\ 3UF> @1DVU (VIDKDQ®%D3SKEDQDQ $
*HRORJLFDO VXUYH\ RI OLGXN SRUSK\U\ FR¢

> @&KLOHV -“HQOILQHU 3*HRVWDWLVY HUPDQ@DQLDQ *HRORJILFDO 6RIFLAD/D

ES(QB\?OLQJ VSDWLBD HQUPHIWIRQ@/ALC UDQ WK ,UDQLDQ *HRORJLFDO 6RFLHW\ &F
> @SJKD]DGHK 0 +RX = %ORU]DGHK =

> @ $E]J[DORY 0 = /IRFDOL]F 7HPSRIDWLDO GLVWULEXWLRQ DQG W

FRQGLWLRQLQJ /8& PHWKRG DQG LR| SRUSK\U\ FRSSHU GHSRVLWV LQ ,UDQ

-RXUQDO RI WKH 6RXWKHUQ $IULFD(]JLUFRIESDQG PRO\EX3HODHRWHK BRQRORJ\

OHWDOOXUJ\ *HRORJ\ 5HYLHZV

> @ 'HUDLVPH - % RQWLDE H \:
&RPSDUDWLYH VWXG\ RI ORFDOL]JHG EORFN VLPXODWLRQV DQG
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