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SHFHLY+HD® XD U\ 7KLY UHVHDUFK ZRUN DLPV WR H[SORUH WKH LQWULFDWH
SHFHLYHG LQ 5HYLVHG SLOHV RI LURQ RUH SURFHVYVLRBD VS@D Q WHGCWRWS RIQV HRUWP D
YHEUXD U\ UHFRYHU\ 7KUHH VDPSOHV ZHUH WDNHQ IURRUBQIIHUHQW
$FFHSWH FK RUH SURFHVVLQJ SODQW 'DYLV WXEH WHVWYV ZHUH SHUIF
3XEOLVKHG ROQUFLKQ H RSHUDWLQJ FRQGLWLRQV 3URFHVV PLQHUDORJ\ VWXGLH
PLQHUDORJ\ PRGDO RI WKH IHHG DQG SURGXFW RI HDFK W
$11 PRGHO ZDV XVHG WR PDNH D PRGHO WKDW UHODWI
PDJQHWLWH LQ WKH SURGXFW WR WKH PLQHUDORJ\ PRGD

2, MPH JUDGH DQG DVVRFLDWLRQ LQGH[ RI IHHG WKH PDJQHWLF
.H\ZRUGV ZHUH WXWVL®R WKLV QHWZRUN 7KH JUDGH DQG PDJQH
FRHIILFLHQWY ZHUH DQG UHVSHFWLYHO\ 7KH JU

OLQHUDORJ\ PRGDO  ppHyJHG DV D OLPLWLQJ IDFWRU RQ WKH JUDGH DQG UHFF
JURQ WDLOLQJ UHSURFHQWQ@MDVH RIQRQH XYWWWH JUDGH LQ WKH IHHG UHVXOWH
ORGHOLOJ UHFRYHU\ 7KH DVVRFLDWLRQ LQGH|[ FKD GDHW H LWHKH W K H

. FKDQJHV LQ SUHGLFWHG PDJQHWLWH UHFRYHU\ LQ WKH FF
DYLV WXEH

,QWURGXFWLRQ

 ONKMHHFHQW \HDUV ZLWK WKHGHYHORS UHFRYHU\ DQG JUDGH F
GHPDQG DQG WKH UDSLG GHYHCGHYHORSPHQW GDWHV EDFN WR ZK
VWHHO LQGXVWULHV WKH DPR,PDQXDOO\ SHUIRUPHG WHM@ ZDV PH
IURP LURQ PLQLQJ DQG SURFPRGHO SURYLGHV LQIRUPDWLRQ DERX
LQFUKMD@KIBUHIRUH UMBUREGIWIFRQFHQWUDWH DQG WKH LURQ UHFRY]|
LURQ RUH SURFHVVLQJ SODQWJUDGH LQ W@HKH HPESLULFDO PRGHO R
HFRQRPLF DQG HQYLURQPHQ'ZHW KIQWHQVLW\ PDJQHWLF VHSDUDYV
+RZHYHU WKLV SBRPWXWPLOW VE\ 'REE\ DQG )LQFK LQGLFDWHYV
H[SHQY¥LYHFR SURYLGH RSWLPD UHFRYHU\ RI SDUWLFOHV LQWR WKH P
IRWHSURFHVRDRQWDLOLQJY LW LV GHSHQGHQW RQ WKH PDJQHWLF V
HVWDEOLVK DFFXUDWH FODVVLISDUWLFOH@ M8 DQG 6FKQMHLGHU
IXOO\ DQG DFFXUDWHO\ GHVFUIGHYHORSHG DQ HPSLULFDOOPDJQHWLI
HFRQRPLF DQG HQYLURQPHQWIWKDW FRQVLGHUV SDUWLFOH SURSHU
WKH PRGHOLQJ DQG RSWLPL]WKH EHKDYLRU RI HDPK@DUQWHWOH VH
SURFHVVLQJ SODQMKDUEBPWRQLIDQG 1DXIQHU GHYHORSHG D PRGHF
WKH RUH RU EX@N\LRX® DWWHP SUHGLFW WKH SHUFHQWDJH ORVV RI P
EHHQ PDGH VR IDU WR PRGHO [D ZHW GUXP PDJQHWLF VHSDUDWRU L
PDJQHWLF VHSDUDGLRQ FLUFXLDSSOLFDWA RQVD\LQ SURSRVHG

,Q PDJQHWLWH RUH SURFHVV VLPSOLILHG DSSURDF KO [FEDHOUTH/GL RVK H
SHFRYHU\ '75 WHVW LV WUD(DSSURDFK IRU VLPXODWLQJ WKH HIIH

B &RUUHVSRQGDEG DOWRRIMSHEGIRO ODK]D GHK
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/,06 > @OHWVR UHSRUWHG D PSDGMOLABH WWBIFNLQJ DSSURDFK LQW
/,06 WKDW FRPELQHV WKH GLVFUHW XVH@GH RHQHN PRDVUIDEGV HULVWLFV R
'(0 FRPSXWDWLRQDO IOXLG G\DOPHVFWLEPWH QWKH NLQBMW®FV RI FR
ILQLWH HOHPHQW P®WKRIGLV)(PREFPEHUJ DQG O9LDQQOWLOL]HG
HDFK SDUWLFOH LV VXSSR@HGORLQUKWDWRGLVBHSDGDWBO\VXUIDFH FR
PRVWRH SUHVHQWHGUR REAERQWBRHYWLFOH VL]H REWDVEBGLPODRA 6(0
JUDGH LQ WKH IHHG DQG PDJQHMWLGF\ WMHQVIMWHRWWRUHRGHO WKH 10
FRQVLGHUHG WKH PRVW LP SR UWDHPIWND PW R U\S R O P HRDVFF® IHF HRW 1 O
5HIJDUGLQJ WKH UHSURFHVVLQJ RI D\SS.@UHG VDLYLPURQU DSSURDFK
RUH SURFHVVLQJ SODQWWHLREB®GMWLF@ORAUHFRYHU\ LQ JUDYLW\ VH:
UHVHUYHV FKDOOHQJHV DULVH BXHQWRBEDWVMWRUVPYYIAK DYDORYLY GDW
JUDGH PLQHUDORJLFDO GLYHWKRG LQFRRRBYOH FODVVLI\LQJ SDU
PLQHUDOL]DWLRQ ORZ OLEHUDWHRY LGWHJI DI 'RIUH D@D EPSHUHVVLQJ
PLQHUDOKLJXQGRIJUMMWHUORFN BHWBRHHQR|I SDUWLFOHV LQ HDFK FO
LUREBDULQJ DQG JDQJXH PLQUHARY\HUHKHYHWK H F R@THIQXODW H S |
FKDOOHQJHV PDNH LW GLIILFXOMWWROREWDLSUWRER VGIEYDUPRGLILFDW
JUDGH DQG YHFRYEBBQVHTXHQWODFNLQJ PHWKRGV E\ LQFRUSRUDWL
FRQYHQWLRQDO PRGHOV IRU WKWRPDBQHWWH VHSQHWDDAIRG QI SUHGLFW
LURQ WDLOLQJV PD\ QRW \LHOSURDY®RM DEROMHW UGIXROWVPHFRRYHU\ SU
7KHUHIRUH WKH PRVW RSWLP DO XWSKSHIURIDREKHW R FRODSALKV BIGVL ]BIO G
RQ WDLOLQJV LV E\ GHWHID®RG X QPIN IV KWRBLIRWBFDVVLWHULWH RUH WKDW
SURJUDP EDVHG RQ PRGD@CRPLYGIMYDORNL KLWR GLVWULEXWLRQ FXUY
GHWHUPLQLQJ WKH PLQHUDORIFDODWRGIEH\DQBLOL]HG NHUQHO ¢
FRPELQLQJ LW ZLWK WKH UHVXOWD @W PN WHROOWIUQXRXY VBHWWREDBELOLW
WR GHYHORS FEIDQHHED D RS URD® K HOL PRI WIRIRDI® WHDFH GHILQHG E\ SC
SURGXFWLYH DQG RSWLPDO PDORYVHMH QM @G4REZMREGUH PHWKRG LV
WDLOLQJV NHWDWDXODUQIJSURJUDPFLWHIGH WR OHVV W3EDH) WR YDULI
PLQHUDORISBERDFKD RI JHRPHWBDRPRSXWDRRARLEQDO FRPSOH[LW\ DQG
SURJUDPV UHOLHV RQ SDUWLFO®IDRQA®'PIWQRQNMO 3K RSHHBMIFNWYRQ L D\E O
,Q WKLV DSSURDFK RIWHQ UHMHURHMV& DMR DV SURFHVYV
PLQHUDORJ\ SURFHVV PRGHOV DUHKLN WRWODWHP XKGLWR SUHGLFW W
SDUWLFOH WUDFNLQJ PHWKRGVPD-RZHHWHWH LRL QNUDRWWIKQ WKH WDL
QRWLQJ \8KBWHWKLPVRG/HOHOWYHYBWRRHVVLQJ SODQWYV GXULQJ WKH PL
OHVV GHYKGRSHTXLUHV IXUWKHSURWMAV VEIORQWKHEGSUHYLRXVO\ PHQW
UHVHDUFK IRFXVHG RQ SULPDU\ RUHV ZKLFK W
7KH VLJQLIBPDQHEFTMESDUDWLRKQIJKHU JUDBSHYHDQRL@HUDORJ\ +RZH
ORGHOV 360V VWHPV IURP WKHUH SMRFHVPWQARRIRVLFEKQJIV IURP LUR
DQG TXDQWLWDWLYH GDWD GHBUHYHGWMRFEBBAFERMWPLQHUDORJLF
PLQHUDORJ\ LQYHVWLJDWLRQWRPBOH{KWLHRSD®E ORZ JUDGHV 7R I
6FDQ QIOHF WURURVFROHUQ&D\ LPSRUWDQW WR KDYH D FOHDU XQGH
DQDO\VLV 7KHVH PRGHOV SRV\SHDWW EPG B EWDERMHHN) MWR BWHAWRD O R
VXUSDVV FRQYHQWHGEGQD®S GIMWFKHWFWYYH DSSURDFKHV IRU UHYLWDC
WKH\ FRQVLGHU PDWH U BROWKHRSBWWRKYK YDULRXV H[EBWVYHRBHQWDO
RWKHU KDQG ZLWK WKH LQFUHVDNS DU DGHMRINQ GP RFBIH WIDZJ DSSURDFKE
PDWHULDOV DQG WKH QHHG WR REHW HPIR 8 HE L WWKLHQUHF LWVFBLWBFN R1 L
PRGHOLQJ PLQHUDO SURFHVVHUHBMHG LRYJ SDOKMLLFOSWUIRUPDQFH
EHFRPHY HYHU PRUH FUXFLDO STKRFAH VR BERKQHG KURL ARKENH PV FKR [LO O
JURZLQJ FRPSOH[LW\ RI PLQHUDWMWRI\DQ EJVHRO@RAVWQIDWLQJ WKH S
RUHWFHMVLWDWLQJ WKH GHYHCGRISFEHFEW LRIQ RESMWHP® DVHBIDADHN LRQ X
IORZVKHHWY IRU HIILFLHQW H[WAULD FHNLIRQN DV FH®IOVDRQWKH IHHG D (
UHSURFHVVLQJ RI ZDVWHQ B QIR BFIRLQOAIQN VRIQRPIRU PDJQHWLF VHSDUDYV
PLQHUDO SURFHVVLQJ @CH@WAONFDOH 7R DFKLWFHQWKDWO BINRFWX G L H
360V KDYH EHHQ HPSOR\HG WRHRRGHARQERBWRI)VRQ WKH IHHG DQG
PLQHUDO SRERIFWMRIFIXGLQJ |0 RNWRE XFPDW IRXKSOHY 7KH PLQHUDOR
PDJQHWLF VHSDUDWLRQA7H) G FRRYFBLIQVLRQ RI LURQ RUH WDLOLQJV
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SURGXFWYV ZDV GHWWW PIILFHBODPLED O6DPFSOLQJ SRLQWYV ZHUWKWHWHHOHFWH
IHWZRBNY ZHUH XVHG BEDVIDAWUVEDMOMHWOQLBRREXMXAROY GLITHUHQW
PRGHOLQJ DSSURDFKHV WR SUSHUIFRRGON RAL @D IWMMKHWYBPPSOLQJ SURF
VHSDUDWLRQ RI PDIQHWLWH I[URPQWROKNVWE LDH QHV FRRIWEMRAMWRIGHHR/Q W K H
SURFHVVLQJ SODQWYV LQFOXGLQJ FKHPLFDO DQDO\WVLV WKL
OLNH ;5)JUD) IOXRUHVFHQFH DQG W
ODWHULDOV DQG OHWKRGYV SDUWLFOH VL]H DQDO\WVLV DQG PLQl
6DPSOH FKDUDFWHULVWLFV XWLOL]LQJUDS\' GL 11 UDIWLL AR H

7KBUHVHQW VWXG\ IRFXVHG R Q@Q J@F Q (OHFWURC
LURQ RUH SURFHVVLQJ SODQW =) ‘ .'i( WKH FK
SURYLQFH RI ZHVW ,UDQ 7KHV Q 7DEOH
IURP WKH ORZ LQWHQVLW\ PDJ , LQJV RI WKH
PDJQHWLWH LURQ RUH XVLQJ W el Q\Q"D"“’\HW
DFFXPXOCHVIR U RI SLOHV QHDU : J
SODQW 7R REWDLQ UHSUHVHQ ‘ HU SDUWLF
WDLOLQJ SLOHV WKUHH VDPS EL'J:* 'B RWKHU W

WKH KLIJKHWV)

GLITHUHQW ORFDWLRQV LGHQW SSUR[LPDWHO

Fbé/Hl'ffJ HOWD
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6L]H IUDFWLRQ PP
JLIXUBDUWLFOH VL]H &/ WHH>XON IQRWD RBMARIPVRUH SURFHVVLQJ SODQW

%DVHG /®Q DQDO\VLV G L RHSSVLGRNDH Q DUH W K IV N\IZLRQ PIRIQH W [IRQ
&D0J 6L2KDV EHHQ LGHQWLILH ® KIHVL\MIERIHB DP RAKW Y VXJJHVWYV WKDW Wi
DEXQGDQW SKDVH LQ DOO RI WKRIWDUQHW QB SHIH\G RWDID PILWQHUDOV L
DQG JDUQHW DUH WKH QH[W PRWRAHEAQ®DQ®WOPIQYHUPIDY EH DWWU
DIWHU GLRSVLGH ZLWK WKHISWHYPDOWEWLHY WKHQBULPDU\ RUH
DSSUR[LPDWHO\ HTXDO DFURVWK®RQHHVDPGOHMVLARFKHPLFDO FRQG
PLQHUDOL]DWLRQ DGQGHYL®&HUDOEGIL\O W WXW HPG HUDDRZUH DWPRVSKHU
SULPDU\ UHVHUYH UNNBPDQ W®HODW HIDWEHWR WKH IRUPDWLRQ RI PLC
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DQG TXDUW] IURP WKH WUDQ YV IRUP® WILRQ FRRIWIHD ID@HEN FDYERQDWH JDC
S\UR[HQH LWMWMRSWWRIWXUH PLQHUWD®OWHLFGWKWLRQDOO\ WKH JDQJXH"
SULPDU\ RUH IRXQG DV LQFOXVLRQV ZLWKLQ LURQ |
8VLQJ$ DQG 6(0 LW KDV EHHQ REUBWYNGONKPRRSQBD\VQW HRIO R/ KH
WKH YROXPHWULF DEXQGDQFH FRILBWHKMWDWEZR QP IELHY RHHGRI WKH R[LGH
PLQHUDOV PDJQHWLWH DQG KHWDWQ WM VDVREKHDBOMNE BMEND VELWK D S
LURQ PLQHUDOV LQ WKH WDLONQJN VRDOQOHV DKDRVV WARKUHFURQV W]
GLIIHUHQW VL]H IUDFWLRQV RI ADGKUWDLOH{XLEDWSID KHJUHH RI OLE
WKH ODUJHUNDMRQW IWKHUH DUH LQWXWMREMWHVXOWYV RI 6(0 KDYH
EHWZHHQ LURQ R[LGHV SUHGR®PVBG QWROGHVDHQPIMIMWWK-H @VVRFLDW

m e
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JLIXUB 7KIHHQWHBORBRQ R[LGH PLQHUDOV DQG VLOLFDWH DQG FDUERQDWH
PLFURQV %6UPPHHDRVLURIRQ R[LGH WIFIHUBONUIR®Y 33/ LPDJH

THVW ZRUNYV DQ RYHUYLHZ RIHWRINWIOWLURQ WDLO

&RQGXFWLQJ PHWDOOXUJLFDCVDPS%BVHG RQ WKH GHJUHdI-é RI OLEHL
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WR WKH GLPHQRRR@WRH QHIW VWHS
IURP WKHVH WHVWV VKRXOG HQ
FKHPLFDO DQG MIQD-OKDAR
SURFHVV EHKDYLRU RIYDULRX o/ jJRUPHG RQ WKH VDPSOHV E\ FOD\
VWRFNSQOWXLY VWXG\ 'DYLV V

WURD HEED GLITHUHQW IUDFWLRQV 'DYLV WXEH W
FDUULHG RXW GH H;W_NMKSHUIRUPHG IRU VDPSOLI—bVH%LWK GLIIHU
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JLIXURKH RYHUYLHZ RM D/EE WA \W 56 K GRLERFR YW\ R IRIRRDHWR @/ H
WDLOLQJV

'DYLV WXEH WHVWY ZHUH FRQIHHG FKDUDFWHULVWLFYV ZHUH WKH
RSHUDWLRQDO FRQGLWLRQV 00 DQG DVVRFLDWEIRKE® YRGHHG $,
LQYHVWLIJDWH WKH LPSDFW RI FGHYLFH YDQEOEGH®R QH@NWHQV LW\
WXEH OU'DULBDEOHWDULDEOHY UF 0, DQG ZJORZDWH YPDEOHW LV
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LPSRUWDQW WR QRWH WKDW WFKDQJHV DORQJ ZLWK WKHDFRQWUHVSH
WHVWYV ZDV VHW DWYDRL@MXBKY LQ WKH RSHUDWLQJ FRQGLWLRQV UH
DV IHHGLQJ DQG WXEH PRYHPHQHQULFKPHQW WKH H[LVWLQJ PDWKHP
FRQVWDQW )ROORZLQJ HDFK 'PDJQHWLF VHSDUDWRUV EHFRPH
SURGXFWV DQ GZWIDIKMG JIWXEMWHHFRPSOH] &RQVHTXHQWO\ SUHGLFWL
WR FKHRQGPQA QH DDORIVEDO EHFRPHV FKDIK®IHQUQGLQJV RI FXUUEL
,Q D JHRPHWDOORBLEHD®DMQMKRUHVHDUFK FRQGXFWHG RQ WKH WDLO
' OHYHO SDUWLFOH LQIRUPDWLSURFHVVLQJ SODQW LQGLFBWH VLJQL
WKH PRGHO 7R DFKLHYH WKIIHHG FRPSRVLWLRQ DFURVV GLIIHUH
TXDQWLWDWLYH PLQHUDORJ\ ;EWDLOLQJ SLOWBHYKORISI BUMHWDOOXU
WKH SDUWLFOH OHYHO ZHUH HFPRGHO IRU WDLOLQJV SLOHW LW LV F
FKHPLFDO DQG PLQHUDORJLFDCDSSURDFK WKDW FDQ HVWIHEOLVK D F
IHHG GD@GURGXFWYVY Rl 'DYLV LQSXWV DQG RXWSXWV XQGHU FRPS(
6XEVHTXHQWO\ WKH PLQHUDCFRQGLWLRQV $UWLILFLDO 1HXUDO 1
FDOFXODWHG IRU WKH IHHG FRRQH VXFK DSSURDFK OIDSEJIH RI
HDFK 'DYLV WXEH OHPWREYHQDCPHDQLQJIXO FRPPXQLFDWLRQ LQ WK
&RQYHUVLRQ (0& PHWKHREBLVIKUGYDULDELOLW\ DQG FRPSOH[LW\ 1HXU
VRIWZDUH SDFNDJH SUWWDWM.EWECEGHVLIJQHG EDVH® HQ EDRQRWIZROUNYV D
WR LPSOHPHQW WKH (0& PMHWKFTXLFNO\ DGDSW WR SURFHVV FKDQ
PLQHUDO UDWLRV 7KH (0OBROURFFRQVLGHUHBRD DESSRRDFK IRU PRGHC
1HIDWHDMWKDUHYV 11/6 HVWLPIUHD®UOG SUREOHPVY DQG UHOLHV RQ \
FKRVHQ DQG PDQXDOO\ HQWHUWUDLQLQJ GDWD VHWV KLVWRU\ W
IURP WKH LURQ WDLOLQJV,GBLO WKURXJK DSSURSGIDDWH Z M HRKKQLTXH
DGGLWKRIQDVVRFLDWLRQ LQGH[ F$V VWDWHG LQQBIXBENDIHD B G\BKYH. V
XVHG WR TXDQWLI\ WKH WH[WXWXEH WHVWV LQFOXGH PDJQHWLWH
6(0 PLFURVFRSLF VWXGLHV RI LLQGH[ PDJQHWLF LQWHQVLW\ DQG ZC
7KH $, FDOFXODWHG EDVHG R(LQYHVWLJDWBGL RXKIMEWWH JUDGH DQ
YDOXPEQHUROWKH SDUWLFOHV UHFRYHU\ Rl PDJQHWLWTKH WIROHFRQFH
VXUIDFH DUHD EHWIZIPDHQDWEKO>FRQWDLQLQJ WKH GDWD LQ WKH IRU!
JDQIJX¥HWDEOH SUHVHQWY WKLQFOXGYQORMVHDIFKLDEGIDWD LQ
YDULPEOHDWLRQV |IRKHWKINGH HYWRW D O X8R DECHMEKIHRIWE D WHK G L R
PDJQHWLWH JUDGH FDOFXODWI,W VKRXOG EWRBWHH VGKODNWD DFFXUL
WDLOLQJ VDPSOHV 67 WRWWR HDFK WHVW ZDV SHUIRUPHG LQ WKUF
7KH $, Rl PDJQHWLWH DOVR WKHLU DYHUDJH ZDV XVHGIHRU PRGFH
LQ WKUHH VDPSOHYV SURYLGHV D YLVXDOL]DWLRQ RI WKH L
LPDJH RI WKH QHXUDO QHWZRUN WKDV
7TDEOHSHULPH@WD®BOHDWLRQ LQWWR SUHGLFW WKH JUDGH DQG UHFRYH
RI DYLV WXEH WHVWYV LURQ RUH%W PDQUQUI RXW GLIITHUHQW
9DULDEOHV 5D QHJ QHWZRUNV ZL@XPBRUYODDHAW DQG
QHXURQV WIKIQDIHONZRUN LQFOXGHV I

"
Z\L;\J/(;E\LNDLV\\I/VLHRQ Lo . OD\HU WZR KLGGHQ OD\HUV ZLWK
* QHXURQV UHYGHFWLYHRXW®DM DQ
0DJQHWLF LQWHQ + * OD\HRQVLGWKHGPRVW RSWHKIRDO VWD)
:DWHU IORZ UDWH * LQ QHWZRUN LV GHVLJQHG ZLWK IRXU LQ
WZR RXWSYWWBXWDQG\RBQWLXRVV RI
ORGHM@E@ SUHGLFWLRQ KLGGHQ@ZQW\KDW X URWQRIID L WILE®H Q

ODJQHWLF VHSDUDWLRQ Ly OD\HU DQG VOKiil BRQE GHQ MW\HU
SURFHVY WKDW FDO EH XQGHIZHOO DV ELDVHV ,Q WKH GHVLIQHG
EHKDYLRU RI LOGLYLGXDO Sbu _ !/HHGIRUZDUG DOJRULWKPV ZLWK
UHVXOW VHYHUDO H[SHULPHQILWHUDWLRQV ZHUH XVHG WR WUDLQ

GHYHORSHG WR SUHGLFwW@mriy OHDPUQLQJ UDWH ZDV VHW DW ZL
PRGHOV WHQG WR EH HIITHFWLR! DKADET XDUHIRU ~ 06( PHWKRG
EHKDYLRU RI D IHHG ZLWK D DV GHVFULEHG E\ (TXDWLRQ  ZDV

FRPSRVLWLRQ DOG SK\VLFDC(FDOFXODWH7RKBHWHURUQH WKH W\S
+RZHYHU ZKHQ WKH FRPSRVL\WEWLYDWLRQIXQFEWLRQV LQ WKH KLG

VYV LIy N IV vV aNTr o T
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OD\HU WKH SHIHRWRDQHEH /RQOHDL,Q (TXDWLRQV WR WKH YDULDEOI
5H/8 K\SHUPRGLV¥LIRRE®&LRQV :WKH QXPEHU ®RIVWODXQUOGNIRU WKH SUHC
FKHFNHRGUERIBU PPRHW KRBVHG RQ 'YDOXH \ UHSUHVHQWY WKH UHDO YD
PHDVXUHG YDOXHV IRU PLQ YDWKH LQSXW YDULDEOHV 2XW RI WKH
06( IXQFWLRQ LQ WKH ILUVW IQHXUDO QHWZRUN RI WOKWDGDWD Z
IXQFWLRQ (TXDWHHRFRQG IRUGGH IURP WHVWYVY ZDV VHOHFWHG DV W
WDQK (TXDWLRQ IRQBWIN\RKRHVR XVLQJ WKH VDPSOH IXQFWLRQ HLWKH

RXWSXWTXDWURQYH SURYLGHG GHIDXOW 7KH UHPDLQLQJ RI WKH C
VXLWDEOH RXWSXW WHVWV GLG QRW SOD\ D UROH LQ W
. EXW ZHUH FKRVHQ DV WKH EHVW GDW
/5" Lg-iUF L 7Kl WUDLQLQJ SURFHVV Rl WKH SURSF
KDOWHG DIWHU QHDUO\ WUDLQLQJ

BT Lefior T, GHPRQVWUDWHV WKH SHUIRUPDQFH
QHWZRUN LQ WHUPV RI WKH FRQYHUJ
AN ik 6 TXDUH (UURU 06( IRU WKH RULJLQD
O TRE T DQG YDOGOWWLRQ WKLV FDVH WKH
FDOFXODWHG WKH YDOXHV RI PLQ YDC
B L Efﬂ 06( DV DQG UHVSHFWLYF
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HUURU ¥ UDXHG RP Y DO L & DRDULRQWEDDAL D GDWD

SHVXOWVMIFXEVLRQ UHFRYHU\ LQWR WKH FRQFHQWUDWH
SBURFHVYV PLQWXOODIRV\ VLIHV OHVV WKDWKH PDHMBRQW\ RI W
'DYLV WXEH WHVWWRQ—MH—NWFEQFRQFHQWUDWH FRQVLVWY RI SDUWLF(
ZLWK PDIQHWLWHGRIRLQD HBPSRQH
WKH EHKDYLRU DQG PDNH SUHG$GGLWLRQDOO\ FU\WVWDOOLQH DQG
DQG UHFRYHU\ RI PDIJQHWLWH |

SLOHV LQ LURQ RUH SURFHVVLCE U\ bW b 00 LF PLOHUDGR SUHVHG
VHFWLRQ7KHVH WHVWV LQYRO'

FKHPLFDO DQDO\VLY DQ® @ okt FY'\VWDOV DUH LQWHU®RRNDIOD LZA WKL
PDWUL[ DQG OHVV IU HGVKH
FRQFHQWUDWH DQG WDLOLQJV v
ZLWK PDJQHWLWH DV, VKkBz Q )LJIXU
JUDGH DQG WH[WXUH FKDUDFWHS" o "0 " Eo Sywbow PDIOHWLETLOWHQV
GHWHUPLQHG IRU HDFK WHVW 7

25V FopEXsBwS ois il FRIBIILIY 19 i WL oty Ko,
HYLGHQW WKDW DV WKH OLEHU

LOFUHDVHG LWV JUDGH LQ wWDLOLQJV RI WKH 'DYLV WXEH WHVW

LQFUHDVHG XQGHU D FRQVWDQVG S '\ miagbioel DUH REFXUONOFHY RI
OLFURVFRSLF VWXGLHVY UHYHD &

SDUWLFOH VLIH RI WKH FROE £OuRY Wih Hoony RI PDIQHWLWH FU
LQWHUORFNLQJ EHWZHHQ PDJ

PLOHUDOV GHFUHDVHG ,w VKRUHSODFHG E\  WLWDQLXP R[LGH
VSHFLILFD®MDWXWLORRQVHTXHQWO
LQWHUORFN RI PDJQHWLWH LQ
SUHVHQFH RI PDJQRHILHWWHL E B RUKW L@ R
PDLQON DVVRELDWHG ZLWK KHP o5 e " bW WULEXWHG WR WKH PDUWL
KHPDWLWH [WHRWPXOWHKI®J PDUWIL

SKHQRPHQRQ RI PDJ/DN\NKHWHHGJIIFEQS;;?(\(SGDVQEQWWKKHH %%igaFHPHHQ\F/,VDLF}j]
PDJQHWLWH SDUWLFOHV FRQW R

KHPDWLWH LQ WKH FROFHOWULU LRI XY gxuH VKRZLQJ
SROLVKHG VHFWLRQV LQGLFD e D M g M e
WKURXJK WKH PDUWLWL]DWLRQ
IRU DSSUR[LPDMWHUFHQW BDM K
YROXPH ZKHQ WKH VL]H HIRHHG
SKHQRPHQRQ RI PDUWLWL]DWL
KHPDWLWH KDV EHH®IREN 8 U H
WKDQ PLFURQV

2[LGMKHGUR[LGH W\SHV RI LURQ
DQGR D OHVVHU H[WHQW HD
OLPRQLWH FDQ EH IRXQG LQ P e
7KHVH PHWDO PLQHUDOV HI[L /- £ ;
LOQWHUORFNHG IRUP $V D UHVXOW )LJXUH B5HFRYHU\ RI KHPDWLWH PLQF
WKH LQWHUDFWLRQ EHWZHHQ KFRQFHQWUDWH GXH WR PDUWLWL]DWLR
EHDULQJ PLQHNDYHWLIMHG OHDGY WR WKHLU
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JLIXU 5HFRYHU\ RI KHPDWLWI)LJXUH 3UHVHQFH RI WKH PDIJQHWLWH KI
DQG JRHWKLWH WR FRQFHQWUDWFKDOFRS\ULWH DQG JRHWKLWK LQ WKH W
PDJQHWLWH WXEH

SUHGLFWLIUDGHKHDQG UHFRYRI WKH GDWD REWDLQHG IURP 'DYLV
PDIJQHWLWH UHVXOWYVY RI WKH VWDWLVWLFDO DQ

7R SUHGLFW WKH JUDGH DQG YDULDEDHWRXWSXWY DUH SUHVHQWHC

IURP WDLOLQJV LQ LURQ RUH SLZKLFK LOQFOXGHYV LQIRUPD\/\\/%&/Q%l VXFK
'_i

VWHS LOYROYHY GHWHUPLQLQJ \Ijvl?«[I-HL)TJ)Ii’IF;JE’g"II:l"?)”l’_E'Z('EU DRG. .V QUG C

7TDEOSQDOARIQSXW GRWW IXWGYDULDEOH
9DULI OHL OLQLP ODJ[LP: 6 WG

ODJQHWLWH

whY VRFLDWLRQ LQGH]
0DJQHWLF LQWHQVLW\
':DWHU IORZ UDWH

vORJOQHWLWH
2XW S XN MERYHU\

yQSX

7KH JUDGH DQG UHFRYHU\ RI PL7KH VHOHFWLRQ RI WKH RSWLPDO Q
WDLOLQJV RI LURQ RUH SURFLVY EDVHG RQ WZR FULWHDWWOOH WKH |
SUHGLFWHG@GIXAWVWIRBGHDEG ZLWK W FRHIILFLHQW RI GHWHUPLQDWLRQ D¢
IRUZDUG DOJRULWKP JLIXUH YDOXH PHDQ V T7XMU HREH HADBEIRRAK W
DUFKLWHFWXUH RI WKH GHVLJLVSUHVHQWHG BQIRWJIJWWKH JUDGH RI
QHWZRUN WKWH.DE®MHWS, 0, DCPDIQHWLWH S WKRHUGU®J WRH QHXUD
)5 ODEHOHG DV ;L DUH PXOWLESQHWZRUN DFKLHYHG JRRG SHUIRUPDQ
FDOFXODWHG ZHLJKWYV "ML IRWKH JUDGH RI PDJQHWLWH IURP LU
KLGGHQ OD\HU 6XEVHTXHQWO\ WDLOLQJVY YDWXHDROG(

LV DGGHG WR WKH ELDV YDOXHIF)LJIJXUB SUHVAMKWM SUHGLFWHG UHVXO
RSHUDWLRQ LV FRQGXEWHELRXPDIJQHWLWH UHFRYHU\ IURP LURQ SUI
IXQFWLRQ (DQEBWRRQYH D PDWK7KH BSDOXH ZKLFK LQGLFDWHV WKH J
UHSUHVHQWDWLRQ RI WKHVH RESEEHWZHHQ WKH SUHGLFWHG DQG PHI

i UHSRUWHG WR EH KRUKPADJ@HKW QW H
S LE( 9y ki Eyl UHFR YO\

L O FLES (IIHFW RI IHHG YDULDEOHV RQ WKF
’ PDIJQHWLWH DQG UHFRYHU\
,QTXDWLR@GE/WKH YDULDEOHV [$_ *UDGH RI PDJQHWLWH

KDYH VSHFLILF PHDQLQJV +M U'7K'H LQIOXHQWLDO YDULDEOHV UHOTL

QRGHV ML GHQRWHV WKH ZHLJ| pSDFW WKH SUHGLFWLRQ RI PDJQH

UHIHUV WR WKH LQSXW SDUDPIyHFRYHU\ LQFOXGH WKH JUBEH RI PD.

ELDV < UHSUHVHQWYV WRHRXWEpoc WKH DVVRFLDW SR QOIOXEM[U DMIKW
RI'ZHLIJKWV DQG HUDVFWLIK®Y  \WwKH UHODWLRQVKLS EHWZHHQ WKH P
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FRQFHQWUDWH DV SUHGLFWHGWKH FRQFHQWUDWHLODXIKWHDWHY W

DQG WKH JUDGH RI PDIQHWLWHUHODWLRQVKLS EHWZHHQ PDJQHWL\

WR WKH ILQGLQJV WKH JUDGH SUHGLFWHG E\ WKH QHXUD® QHWZRUI

H[KLELWY D GLUHFW SURSRUWL PDIJQHWHWHH® WU HYHU\ X@UIKW LQFU

FROQOFHQWUDWH )RU HYHU\KIQLWJUDGH RI IHHG PDJQHWLWH WKHUH

IHHG PDIJQHWLWH WKHUH LV DGHFUHDVH RI XQLWY LQ WKH DPRX
XQLWYV LQ WKH DPRXQW RI UHFRWWUWH SUHVHQW LQ
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JLIXUH5HODWLRQVKLEDERWWHMW® JUDGH LQ FRQFHQWUDWH %UHGLFWHG E\
PDIJQHWLWH UHFRYHU\ SUHGLFWHBCEYWHXW DO QHWZRUN ZLWK

% $VVRFLDWLRQ LQGH][ LQGH[ RI PDIJQHWLWH LQFUHDVHV L(
J)LIXUKB LOOXVWUDWHYV WKH I:RPDJQHWLWH JUDGH LQ WKH FRQFHQW

WKH PDJQHWLWH JUDGH LQ WKHSE\I;;JSS\VVH VﬁwKFRDU‘LyD:KLFé%RJ B MW |
E\ WKH QHXUDO QHWZRUN DQG

PDJOHWLWH 7KH SUHGLFWLRQPD‘]QHWLWH UHFRYHU\ GHWHUPLQHC
QHWZRUN VXJJHVWV DQ LQYHU\QHWZRUN DQG WKH DVVRFLDWLRQ LQ

WKH PDJQHWEWMKHUBGEHDRO V ! ooy g w LROVKLS  ZLWK D FRH
LQGH[ LQ WKH IHHG 6SHFLILFD HIKLEQW Q

DSSUR[LPDWHO\" """ "WERY
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JLIXUH7KH UHODWLRQVEIPODEEMZHWE WMKMHGH LQ WKH FRQFHQWUDWH SUHGLF
DQ% UHFRYHU\ SUHGLFWHG E\ VWK QHIWWWEREG LY. RRUNQ G B RQ GDRH. RHH B |
PRGHO

42

7RYDOLGDWH WKH SURSRVHG,Q HDFK WHVZHLDKYQBBS @BV IHG WR
VHSDUDMWNVRCY ZHUH SHUIRUPHG WKH PDJQHWLF VHSDUDWRU ZLWK D V!
PHWKRGV RQ GLIIHUHQW VDPSODQG PDKIQHWWHQVLW\ PHQWLRQHG LQ

7TDEOBRQGLWLRQ RI PDJQHWLF VHSDUDWLRQ WHVWYV

7THVVG IHHC)H 7 ODJQHW :DWHU IO6SHHG RI
1F PP LOWHOQ UDWH GUXP

'UN\

7KH UHVXOWV RI PDJQHWLF MHSDBUDWLR G RMPENVFMRQYIDWR 7DEOH
JLYHQ LQ 7RQEGHKH PDJQHWLF GKIDQDWLRIYEWEWWIKW RI WKH IHHG :
SHUIRUPHG ZLWK D PDJQHWLF WOWHQMHWUHRG WR* WKH FRQFHQWUL
DSSUR[LPDVEM@HLJIJKW RI WKH LOSRWXOWDGLWK DDQP®GH RW ZDV
ZLWK G PP ZDV WUDQVIHUUWAGD QMRHWKHG WR WKH WDLOLQJV ZL\
FRQFHQWUDWHG S DRI PR U R DWEBILF WKH (0 QVRHWIPRRX QW R1 PDJQHYV

E\ ZHLJKW ZDV WUDQVIHUUHGLWRWKH MHE. O QEGVEWEBX FRMHD R X BB 6K
PDJQHWL%\SOEMWRMUHDVLQJ WKH SDWKHLBEMXOLWN WHH V,IQRWE H. G WHELCR X
G PP DRFUHDVLQJ WR&WHPOVOWAFMWLRQ LW ZDV VWDWRIBQMKDW ZLW
WR *DERXW E\ ZHLJKW Rl WKH IXOIGWZLY WKH PDJQHWLWH JUDGH RI I
D JUDGH RJ)H KDV EHHQ UHFRY HRHGEHQWRDWH L Q¥ HPVYHMV EQ J
FRQFHQWERMKMED G LIKW ZLWK VEBDRIMIQHWLWH JUDGH LQ WKH FRQF
RI KDV EHHQ UHFRYHY PG JQHWR WDV W VQ JVJ X UH FRQILUPV WKLV UH\
VHSDUDWLRQ WHVW RI * KDV EHHQ SHUIRUPHG IRU

7TDEOBHVXOWV RI PDJOHWLF VHSDUDWLRQ WHVWYV

THVW "HLIJKWSL?2 &D2 )YH 7 . 2 0J2 0Q2 6 &X ODJQHWLWH
1F

)JHHG
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&RQFHQWUDWH
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0oDJ

0DJ )HHG

7KH FRQFHQWUDWH DQG WDLOLQJV
VHSDUWWY RZHUH FODVVLILHG LQWR G
IUDFWRRQVRSWLFDO PLFURVFRSLF VYV
SHUIRUPHG RRQVWEHPQ WKH UHVXOWV
PDJQHWLF FRQFHQWUDWH IRU WKH IH
PP ZKHUH WKH PDJQHWLWH $, ZDV
UHFRYHU\ RI WKLV PLQHUDO LQ WKH
KLJKBU/XFK D ZD\ WKDW LQ DOO IUDFW
DEXQGDQFH SHUFHQWDJH LV PRUH Wt
YROXPH )LY»W¥W IRU WKH VDPSOH ZL!
PP DV VHHQ BQ WKKUMWHUORFNL
RI PDJQHWLWH ZIRMK KHRBWAL W E G
FKDOFRS\ULWH DVLDHHQ® ®W BDRQUNW W
UHFRYHU\ Rl WKHVH PLQHUDOV WR PD

J)LIXUH&KDQJIHV LQ JUDGH RI PDJGH W kWit H@ U HROIVE HWLWH UHFERYHU
FRQFHQWUDWH ZLWK FKDQJHV LQ P[\)NJEQHWLWH FRYERIC v v

Magnetite + Gangue

JLIJXUH,PDJH Rl FRQFHQWUDWH RI PDJQHWLF VHS8B UDQWG RQ IIRRHIGSZ I MHKGGZ L W
PP

&RQFOXVLRQ

9DULRXV HPSLULFDO PRGHOV
WR VLPXODWH PDJQHWLF VHS

7KHVH PRGHOV DUH EXLOW EDVHG

VHSDUDWLRQ WHVWY FDUULHG RXW
RSHUDWLQJ FRQGLWLRQV 7KH\ DUH X\
WKH EHKDYLRU RI IHHG ZLWK FRQVL

FRPPRQO\ XVHG PHWKRG IRU SUnRriivviLyo Luny nuiiv
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FRPSRVLWLRQ DQG SK\VLFDCWKH SUHGLFWHG UHVXOWY JHQHUDYV
+RZHYHU ZKHQ WKH IHHG FRPEQHWYRR® YDULHV WKH

H[LVWLQJ PDWKHPDWLFDO PRGHOV IRU PDJQHWLF

VHSDUDWRUV EHFRPH RYHUO\ FEASHOWHH @OFYPE SUHGLFWLQJ

WKH SURFHVV EHFRPHV KLJKO\ BKRONBRELQRY, 7| wHOVHEGDL
HPHUJHQFH RI SURFBOR®PLQAHWBORKN| goHU : 5HFRYHU\ RI UDUH HDU\

XWLOL]DWLRQ RI PRGHUQ DQDO\Mb&MPM I v/ QP ToH UM GMONUFRDB(IBILHE OF R [ W®H. O L
DQG ;5' KDV SURYLGH® HYHNDD GOM® \& D UdL BA Wa IFQHHDIMDU/D VPLUR QHH UL Q J
LQ WKH SURFHVVLQJ Rl PLQHUDO PDWHULDOV 'HVSLWH WKLV

ZHDOWK RI LQIRUPDWLRQ quuy%wgg\p&gHyv PREBAYDERI0YLURQPHO

QRW 1XOO\ OHYH U DVIHQW MHMWH SR O\WLV /(5% VDPSOH RI PLQL
XVHIXOQHVV RI WKLV HIWHQVLY H & WRYFNGQ W R P G SN MK/ MroD WL R
OLPLWDWLRQ WKH SUHVHQW UHVHDUFK DLPV WR XWLOL]H
SURFHVV PLQHUDORJ\ GDWD DW

PRGHO PDJQHWLF VHSDUDWLRQ>1‘§%§E§%L %ﬁ@?\m%}U@%%?G]DGHK

DQG UHFRYHU\ RI YDOXWE®QH PW DEMLEDHPHWKRG IRU PLC

LURQ RUH SURFHVVLQJ SODQW ¥WRFAYNRMMIQW b DIIRBWILRIHD 3URGXFWI
SDUVEDR®IHGE DSSURDFK LQ WKH PRGHOLQJ RI

PDJQHWLF VHSDUDWLRQ WKH _SU F FD
DFFRPPRGDWH YDULDEOH FRQGLWER ﬁGcf %&gﬁ DL E’%b\?fgv'wggxp
SLOHV ZKLFK W\SLFDOO\ H[KL H Wﬁ | H5 9 URBWPHOW DOG Pl
PLQHUDGRYHUNQ W\ % X W W HIUFZIRQMPIO Q O
$SSOLFDWHR@HRUMWO QHWZRUN RD@SS&L/JRDF_;RIDQVEHUJ OHFKDOLFDO
PRGHOLQJ DIQID BUHON FWH UHSLEHFH:OL $JR1 ZDVWH HOHFWULF DQG HOH
IURWDLOLQJ LYRIH & URRSFOHD/RYRAG J - U KDIDU V PDWHULD OV
SURWMMHGFWLYH LO IRUHFDVWL0J FDFREWE R RIUTERYSE &
UHFRYHKHN FRUUHODWLRQ FRHIILFIGHQREE LEQMN 2 HH HO@HKYU HO O
PHDVXUHG DQG SUHGLFWHG GDWDFTDIQM/D@E%% @\ﬁlm%vaJU%%%vQﬂHRVgLDFOV+HHSDDYl<
bac  UiERYRO! SV omn koo S oBRAEEE S bestTans ok
QyDWO@ ”QQQD OHW,DQO
FROQVLGHUHG WKH PDJQHWLWH JU &P R% AR 5B
IRXQG WR EH WKH PRVW LQIOXH®\WLDBORERGEPHWWMUDQLQIHFKRAW
SUHGLFWHG JUDGIHPDQGHWHARY HWHWRKKGRSPHQWYV LQ PDJQHWLF PHWKRG
QHXUDO QHWZRUN )RU HDFK XQUVWSPYRPYKBPPY $F I BHWIN H
JUDGH LQ WKH IHHG WKH PDJQ@WbERMXAIUDGH 'H@HWKIODWLRQ RI WK
FROQFHQWBOMEINWHGXQLWYLOH WRBJQHWLF VHSDUDWLRQ FKDUDFWHULVW
UHFRYHU\ GHF UKD\ LEA VXJIJHYIWQHW LFUIXEW $60(

WKDW WKH PDJQHWLWH JUDGH L Qg WdphIhii G KD VuPHBRPFHMY RI D
LPSDFWKRDQ UHARKYDHN HITHFW RQMHRMKWDOOXUJLFDO IUDPHZRUN IRU L
FRQFHQWUDWH V FRIGHSWKHDR BWQEWUDORJILFDO DS FDR/BIFK PRRS HSOLWDW L F
FDQ EH DWWULEXWHG WRURWEGMYWBL GRQYNUWHFWRUHHFKQRORJ\

VXFK DV WKH DVVRFLDWLRQ LQGH[g G RilpQ ok D WLRL
DQG PLQHUDO LQWHUORFENLQJ gEKWRK pRMWH EMo PRRIE RWHIHFRYHU\ RI
UHFRYHU\ $GGLWLRQDOO\ WKHHEDIYRMBEWLRE WXEHEZRWWEIKXP PDJIQH:!
VWX IDHG BEEKOHELWHG D UHYHUVHQWHOQMWALIRRQDKL IRXUQDO RI PLQHUDO
ZLWK WKH JUDGH RI PDJQHWLWH LQ WKH FRQFHQWUDWH DQG

UHFRWHFBERUGLQJ WR WKHH)R)(DN)SQ(V\@ I?l!JVVMKL Q /rRZ LOWHQVLW\ PDJQHW
QHWZWUHUINSUHGLFWHG YDOXHV IRUSW Hs W@ R OLEHUDWLRQ DS

UHFRYHU\ Rl PDJQHWLWH ZHUHoLRXQB0VWBRFRWYLOLWK G ([WUDFWLYH 0
FKDQJHV LQ W K/ FMKDD @ LDQOIWSHOHW LRQV LQ WKH

VDPSOLQJ ORFDWLRQ RI WKH WDLOLQ DQG TXHQWQ\ .
PRGLILFDWLRQ Y DUUQVDAEKGHY HHQH @&/ K ﬁgvﬁ},é\(@% yé&d);d;%%\?:fg?tgkq A UH

0
ILQGUQUVLY SRVVLEOH WR SHUIRWB \b? BWMLPERF 18L8Jv GDPV DV sLIP
DQG GHYHORS D WDLOLQJ SLOHY RQRRAUSRIBD /SO0l EPMHSUREXFWLRQ
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> @ &URVV 0 ORGHOLQJ DQG 6LPXOD@LFDYMRRH 5 0 3REHRISVIRQ

OLQHUDO 3URFHVWBIURFHHGWRIPW RHU(OGKIS1 DQDO\WLV DV D WRRO IRU L
,QVWLWXWLRQ RI OHFKDQLFDO (QJLRQEMNYVWDQGLQJ RI JUDYLW\ VHSDUDW
OLQHYUQ@DMWQHHULQJ

> @ +LOGHQ O03IRZHO® $

JHRPHWULFDO WHI[W R UGS HRFG®H O LIRHX PAQWQ Q XOBUQ 0 /XXNNDQHQ 6 5RL(
SUHGLFMWIHRUD OV (QJLQHHULQJ $ YDQ GHQ %RRJDHXWHU 0

> @ IRWWHADXP : S5HHYHV 6 suQYBSEDWARBGHODR®IVLPXODWLRQ RI PHFKD
%UDGVKDZ ' -7KH EXVLQHVV YDOX

DOV (QJLQHHULQJ

> @ 6FKDFROXFKPDQQ 0 'HRORER QD

7 .HUQ 0 YDQ GHQ %RR

LH1 % QH U
¢ QH%?NUDOLVR\’NQ\ L“%E‘”“%%&&Mﬁ'ﬁ%%ﬁ@ 0 3HXNHOX®WLGLPHQVLRQDO
Q Q @ (P LXH AN FKDUDFWHUL]DWLRQ RI +3HBDPUDWLRQ ¢

,QWURGXFLQJ NHUQHO PHWKRGV DQG HQ'
> @ J)UHQ]HOXOLF - S5HXWHU 0 RERPWOMHUDO SURFHEYVRAG XPDQH ®@DO\VL\
5DZ PDWHULDO? QYW LRLOLQHYDOV (QILQHHULQJ

QRQVH@UWHOQRI 3K\VLFV ' $SSOLHG ZK\YLEN| ) 4EGROODKI®GHK

9DORULVDWLRQ RI LURQ RUH WDLOLQJ
> @ 3ULRU 7 *LXUFR ' O0OXGG * HOMWPHBLVMPHUDO FRQYHUVLRQ DQG DVVRFL
%HKULVFK 5HVRXUFH GHSOHWLRQ EBHINGPQQOHWUREBVRDRDGHD® MRIGDID® O XU JLI
DQG WKH LPSOLFDWLRQV IRU WX\DWWMHQDEOH UHVRXUFH

PDQDJHPRIRBDO HQYLURQPHQWDO FKDQ@JIHy ypgLx 6LPXODWLQJ D ORZ LQWH

PDJQHWLF VHSDUDWRU PRGHO /,06 XVLQ
> @ 3RODW 0 &RDO IORWDWLRQ)(OL@PDWQHWLF GHVL3QRNRHEIZRUW RI
OHWKRGV IRU HVWLPDWLQJ GLVWURRRPWX W@ VRL RQIDVDHO R 8 B QW DQIV V
7KH 3HQQV\OYDQLD 6WDWH 8QLYHUYLW\35 1 po 0 mPpESRMHQNUDO]

> @ /IDPEHUJ9BDQQD 6% WHFKQLTXH 3URFHVV VLPXODWLRENVH® PLQHL
IRU WUDFNLQJ PXOWLSKDVH PLQHUB@&PSHMDNLAFHOHN ORQ HORQ/ CRURKR/EVVLQJ D
FLUFXLWV LQ OHHWLQJ Rl WKH 6RKWW)BIRM)L ¥H FOLHAMSRE 0N URQ

OLQHUDO 7HFKQRORJ\

8QLYHUVLGDGH )HGHUDO GH 2XUR 3UHWR

H IP W@EQ SURFHVVHV XVLQJ G\QDPLF
L
SUDFWLFH SURFHMWQ HUDEWD@RILQ
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