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J)DFXOW\ Rl (QJLQHHULQJ OLQLQJ (QJLQHHULQJ 6FKRRO 8QDYHHVKXGDG 1DFLRQDO -RUJH %DVDG

$UWLFOH ,QIR $EVWUDFW

SHEHLY$SULO 7KLV ZRUN DLPHG WR RSWLPL]JH IXHO FRQVXPSWLRQ DQG
SHEHLYHG LQ 5HYXONG WUUXFEFNV WKURXJK D VXVWDLQDELOLW\ IRFXVHG PDFKLQH ¢
/D I/LEHUWDG 3HUX 7KH PHWKRGRORJ\ FRPSULVHG WKUHI
$SFFHSVBHGX VW IURP KDXO WUXFNV UHFRUGYV RYHU PRQWKYV ZHU
3XEOLVKHG$R DO H VFRUH VFDOLQJ 6HFRQG D 5LGJH UHJUHVVLRQ PRGHO
FRQVXPSWLRQ EDVHG RQ YDULDEOHV VXFK DV WUXFN XWL(
WA\SH KDXO GLR¥HWDWIFWL@RKRXUV )LQEQDOO\ WKUHH RSHU
VLPXODWHG &RQWUROOHG 5HGXFWLRQ &56 %DODQFHG

2, MPH S8WLOL]DWLRQ 086 WR HYDOXDWH HQYLURQPHQWDO HF
H\ZRUGV UHVXOWYV LQGLFDW HBOWKDKNY HYKIKE 5AVEUR QRRSUHGLFWL YH
HVWLPDWLQJ IXHO FRQVXPSWLRQ 5 06( $FFR
(QHUJV HITLFLHQFA VFHQDULRYV HQYLURQPHQWDOO\ &56 UHGXFHG IXHO FR
&DUERQ GLR[LGH HPLVVLRQV E\ WRQV % (6 DFKLHYWRBQV OHNWDW I&QRJIV D(
5LGJH UHIUHVVLRQ (FRQRPLFDOO\ &56 VDYHG 86" LQ IXHO FRVWYV DQGC
S HUDWLRODO vxywo ORELPOO\ WKH FDUERQ FRVW GHFUHDVHG E\ 86° &5
Q 6?§€ POPUHDVHG HPLVVLRQV E\ WRQV DQG IXHO FRVW

)JXHO FRQVXPSWLRQ UHWUFK SURSRVHV D QRYHO LQWHJUDWLRQ RI PDFKLQH O
DSSOLHG WR KD)XOWBKERNQRI RDRSSHQOLDO WUDQVSRUW W D
GDWODLYHQ IUDPHZRUN IRU PLQLQJ FRPSDQLHV WR UHGXF
D@ DOLJQ WKHLU RSHUDWLRQV ZLWK VXVWDLQDELOLW\ JR

,QWURGXFWLRQ

$OWKRXJK VHYHUDO PDWHULDO® MRID/QYVKRRWW BMDIWRMLFXODUO\ FD
VIVWHPV H[LSWWLOLRERQ SXWK B2 LQVLJQLILFDQWO\ FRQWULEXWLOC
FUXVKLQJ DQG EHOW FRQYH\RUHQYMWHRRWP HQDKIDO WUXKFNMW RI WKH |
UHPDLQ WKH PRVW FRPPRQO\SHGMFEQP HNWHKRERQVXPSWLRQ LQ PLQ
SDUWLFXODUO\VAMOHPHBQEP OB [VMADWDWHILF SULRULW\ GXH WR L\
RSHUDWLRQV DQG FROQSWUWXRG @I MIRQPHEWQO LPSQAABRUWREG *LI
ERWK FDSLWDO DQG RSHUDWLR QKD VF RV L QD W VQH VIWELPHD WH B H LQ L
WKDW IXHO FRQVXPSWLRQ E\ WKMYXFWV XFRIWOGF ERIXQW®W IRQY DQ DQQX
DSSUR[LPDWHO\ RI WKH WRWDO HOMWORQJVDHAXLYDOHQW WR 86"
RSHQ SLW PLQLQJ RSHUDWLRQVSBDNHQRIWEEHP D FEMWLFD@ORQ DOR
IDFWRU IURP ERWK HFRQR®LF WDHGEXHQLYRQ RRIPHQWDHWQIGF WRQV RI
SHUVSHF@DORHWRYHU KDXO WUXFNJUQHHVSW UIUMLQJ KRXUV 7KHVH ILJ
DPRQJ WKH SULPDU\ VRXUFHV RUJHOIWHQERKEHWRVLPSOHPHQW HQH

E &RUUHVSRQGERRWXMXRW#X QL WRW HGCH SH
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VWUDWHJILHYV LQ PLQLQJ IOHHWD ®DQUBIEP HRMO JARPVIOPSWLRQ SDWW
VXVWDLQDELOLW\ SHUV@HFWVOLHGE Wh Y XQ5 WORAHE/X VR WHBXENYV ZKHUH
VXVWDLQDEOH GHYHORSPHQW DAXWPHH WAV DIMOKHD Y HB GVKRILPSDFW RI
WKH SUHVHQW ZLWKRXW FRPSURPINUQYIQWWM DELOH®XFRRJ LGOLQJ I
IXWXUH JHQHUDWLRQV WR PHHW=DKERQLRE @ DBIBIGH/G WX M IBH (0 PRGHC
FRQWH[W RI WKLV VWXG\ VXVWDWQDBBWH IKHDHEORGPXRSWLRQ LQ XU
LPSOLHV UHGXFLQJ HQYLURQP B@WDIDG HPSLEWFZBLRRGHOV FRPPHU
HQVXURSHUDWLRQDO HIILFLHQFSOD@WGR WFRYGRPKMV (FR*HVW &O0(1 D
YLDELOLW\ LQ WKH PLQLQJ VHFRDRWH %\HARGHQGAD\DQGE/HG WR DVV
VLPXODWLQJ IXHO FRQVXPSWLRRQVXPHBQOLRIRDQGAKPYVVLRQV LQ WI
UHVHDUFK DLPV WR VXSBRNMQ Q% RU BH® GHFIHQRWRQDGYDQFHPEQWYV %L
WKDW EDODQFHV SURGXFWLYLWGHRVORSBGLEY BWHGLEWDYERPRGHO X W
HPLVVLRQ UHBXEMWFRHDRW QLWK WKHWWKBIHDOJRULWKP WR HVWLPDW
SLOODUV RI VXVWDLQDELOLW\ RQYLQRQPHIDMNA RIOPVR FRPLODUO\ 3U
DQG VRFLDO +RZHYHU PLQLQJ >R SBQUDWRGHQED @ HIGHBROGHD FDOOHG )Xl
VLIJQLILFDQW HQYLURQPHQWD OGHMVLIDQFVEY WRVSFKHGR¥W IXHO FRQVX
ODQGVFDSH GHJUDGDWLRQ DLUYSRQOGRWYV RN DMIEP BV BG KLV W F
JHQHUPWLEQVKLY FRQWH[W HQSIDWWHIUIM HQRUWKHUPRUWH @ *ROEDVI
DQG HPLVVLRQ UHGXFWLRQ LIQPSROLHAKQW KB X GMYFIURNDHDWLRQ PR (
HTXLSPHQW SOD\ D FUXFLDO UR@BOWUE WMRN XXHQJIF RVKHXPSWLRQ RI P
VHFWRUYTV VXVWDLQDELOLW\ XQGHU YDU\LQJ URXWHV DQG RSHUD\
(DUO\ VWXGLHV XWLOL]HG PXD®WPULS BFRRUWIGSWWLRG $11 PRGHOV V
PRGHOV WR HVWLPDWH IXGXWFROUKXBSRWR ®HM FRIQGKXW SWLRQ LQ PLQL
YHKLFOHV LQFRUSRUDWLQJ YDUAXBEDWHVGXXAK DNVOHHHO®BWY®@ 7DGXE
DFFHOHUDWLRIQU $WMEDBIL >H& DB[SORUHG WKH XWHGRUHFDWRQLQJ &%
DSSOLHG DUWLILFLDO QHXUDOWBRWZRUMNHNN BRINQKWRFH IXHO FRQV:
SUHGLFW IXHO FRQVXPSWLRQ LQQVWSHEWRLQL QZKR SHU DVIDR Q V
7RIXQ HVEOMOOR\HG $11 PRGHOV W R RHWHV URMFW @X0 D XOHWB Q DO \]H G
WRUTXH DQG VSHFLILF IXHO FROUK¥PEWSRROWL®RIJRSROD@HRQDO FRQV
HQJLQHV 6LPLODY@QBO\]HE® DOOODQQLQJ RQ IXHO FRHPUXPSIWRORQ DQ
FRQVXPSWLRQ WUHQGYV LQ &KLQDRVSGZBG H\GU PQQERUWDIWLBOHQW VL
VHFWRU XVLEDVHEURNWKRGYV (FFOQGULOEBXWHY WR JUHHQKRXVH JDV
RQ WKHVH DSSUR®D RGHWH KDBEHBWLIIIGOXGLQJ&®212 R]JR®HSOHWLQJ
PRGHOV DV YLUWXDO VHQVRUWXRUW BQFEBYLFWLQJ KWGEBRIOXRURFDU!
FRQWUROOLQJ HPLVVLRQV LQVX®NROKBGIHD GIXORQEEMHB)OXRURFDUE
ORKDPHG HW@BHOYHORSHGEDWH&113)&\W + @ 7R PLWLJDWH WKHVH HQYLL
PRGHO WR IRUHFDVW QLQH GLIIHRSIPW W Q% LD HESMN\AGRIIDO RDGLQJ D
UHVSRQVHVGXW\ OGUKWHO HQJL®BXOLIRUHMSHUDWSILRWQ VP LIQH VR SXWQ Q J
UHFHQWO\ <RX@®QM URGXOFHG DQVRIRFKPNYWLF VLPXODWLRQV DLPLQJ
IXHO DOORFDWLRQ PRGHO IRU FRRN XPISQULGHP IDYEXR@W\6LPLODUO\ 1
XWLOL]LQJ SDUWLDO OHDVW V T\ UIHO® I NHIDRFSMGU D OV SITWDVQ RREW L P L
PRGHOLQX(03/60DFKLQH OHDUQW®J DKDWVHFWRYWH VWUDWHILHV IRLU
HPHUJHG DV DQ HIIHFWLYH WRR®* HRRIL HQKIWFLQJIWKM O UDQVSRUWD!
FRQVXPSWLRQ SUHGLFWLRIMOLQ PR QIMHIWS$ ®RDPODAHUHWRXQG @LQLQJ
> @RPSDUHG PXOWLSOH DOJRGHMWKRMGA @QFGYEGQRFWLYH PRGHO WR
PXOWLSOH OLQHDU UHJUHVVLRQHRIDWQ/GRPVREKY WY DKW LHIDALM\OV W D J|
QHXUDO QHWZRUNV DQG VXSSRUW LYHF RWKRKWUPWALKRI@WHVEWRUH WKH LI
PRGHO IXHO FRQVXPSWLRQ LQ WQOL@HHKDRRO WWIPNWHILHV@ &DUYDC
BHYHUDO UHVHDUFKHUV KDYH RQWRIRBK¥WIGEG DR®HGMKWRBRORJ\ IRU F
GULYHQ PRGHOMJL@SHUDWLREBPDVVDRG IDFWRUV DQRBLERPIERQ ORV'
VLPXODDMIR® GDWD +HCOMWAVURPRQH®J WOXFNV FRPSDUERVHGWXDO
HPSOR\HG *36 GDWD DQG URDG HBDG\HRWWVZWRKSWHKELWFWD QGDUGL]HG
IXHO FRQVXPSWLRQ LQ GLHVHO WKMNFNW HELRHHUIXRHQWIWO 3DQHO R(
DO @VHG GDLO\ DFWLYLW\ ORJV3®&R HGWLMLR D DS 8&R RIE[X FWH/G DO
FRQVXPSWLRQ LQ JDUEDJH \W@UXFRP STHODWGRHHIMQDO\VLY Rl IXHO FRQ\
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HPLVVLRQV IURP WKUHH UHSUHVMIQW DDFMWRIUW\SH\F R | KMDYRDG JUDGL
GXW\ YHKLFOHV LQ (XURSH 2WHHWULVWBRGEHV 2WKKEHKUDWSSURDFKHYV
WKRVH E\ 6XQ HW D®OH @IV GRG W WYINGL VW LFD E DWYHGVRR & 8D W MRR) HV W
> @DYH IRFXVH®P IR LERNV IURPO FRQVXPSWLRQ> 5S@BRMORSRGHW L
UHVLGHQWLDO HQHUJ\ FRQVXPSMILWRQVWLF®OFHPKRRWLRQV IRU IXHC
SURGXFWLRQ LQ &KLQD 9DULRX\R MY DA H EL HBW BDI@ MHIHEH § AU H W H
&2 HPLVVLRQV LQ WUD Q\SSHFEW W BW.IPR@ DMWLBROW WR HYDOXDWH RSHUD
HPLVVLRQ PRGHOV LPSURYH HYXWLVRRMLRRU HD F B B WFH SV RHG HOL @HD U
> @ZKLOH LQYHVWPHQWYV LQ SXSORBUDBPQYSRWWR WRHGKIERML]H IXHO F
SHUVRQDO WUBY @ HPLIW LNRQVWRQVYRBHULQJ RSHUDWLRQDO FKDQJF
KLJKZD\V WR UDLO RU ZDWHUZDPR®IRZADWHRYWLRQYLQI KDXO WUXF
WKH ORQJY» @HUFRG WD[ SROLFLMVUJIKHDNW RS H U D WSLLRW B DQRRM W PIDN RG ¥
GHPRQVWUDWHG D UHGXFWLIK® OL HIVIHFKIHROAY R2FULWLFDO IDFWR
HPLVVALR@GGLWLRQDOO\ WKH EXH&GWLHRQY IDURD HHOW URQPHQWDO LPS
SOD\V D NH\ UROH LQ VKDSLQJ BRE®PXWLQJ HPLVVLRQV
> @ 8UEDQ SODQQLQJ VLJIQLILPRQW®) LRSBIFMWLRQYV  SRVH Vi
WUDQVSRUW HIILAPHYVLRXDG &FQYILHNRQPHQWDO FKDOOHQJHV LQF(
VKRZ WKDW RSWLPL]LQJ WKH VS0WLDDGEMWLVROL EDXFLIGR PLRIHNGUDL QD JH
GHVWLQDWLRQV DQG KRXWERQ FDEVUIEGEFHIJUGWQIORXVH JDV *+* F
&2 HPLVVLRQV E\ XS@WERGLWLRQBODOWLFXODU@\ 6VEZGLHY LQGLFDWH
ZKLOHMWSHKG UDLO +65 LV FRQDSGHRBHCEP DWHOHQ RI RSHQ SLW PLQL!
WUDQVSRUW PRGH LW FDQ X®RMMFWHGO \DV\QFRLDDWHIG ZLWK PDWI
KRXVHKRO@PRYVLRQV GXH WRURRMIRUB\ELRQRQDOO\ HTXLSPHQ
FRQVXPSWLRQ OHYHOW L@7KLWLOINDGWWR6BHGXFHG KDXO WUXFN HIIL
KLJKOLJKWVY WKH QHHG IRU LQWHAUUDWHG IROWFLHRQVRPSWLRQ D
RSWLPL]JH WUDQVSRUWDWLRQ VXWPUDVQR@XBOWRRQVXPSWLRQ LQ PLQL
OLQLQJ RSHUDWLRQW QWH XLUXE\LPOBIXHQFHG E\ VHYHUDO IDFWRUYV
ZLWK DQ HVWLPDWHG HQHUJVYSHHA QHQ JERW HRRWZIHIO LGOLQJ WLPF
WKURXJK RSHUDWLRQDO >HI@ FLHQHFO® RINBORWDWRRQ ZHDWK@®U FRQGI
6LQFH PLQLQJ WUDQVSRUWDWLRQHSURRD ULIOX HDHWEKHKDRQGHPRQVW U
GLHVHO HQJLQHV LWV HIILFLHQPDVY W VS GREDGIE WDV VFHI/IRUMWQLRQDO W
WHUPV Rl IXHO FRQVXPSWL&Q >1RAZKLVWOH HDFWRUV VXFK DV UROOLQ
SURSRVHG PHWKRGRORJLHV W®H WHYDLP ARYGHWHRQV DOWR SOD\ D
FRQVXPSWLRGXMQ KHEVHO YHKLEWKMU 2ZKURGLHY KDYH KLIJKOLJKWHG
6RRIDVWDHI@HWHD®SHG D PRGH @ K\DRJ D D\BB \@IVGV GRNLYLQ 3 HRIQ FLHQF\
YDULDWLRQV LQ VSHFLILF IXHOIXRQVXFBWH R @ CBMK/RIGIKRQQXPHURXV
IDFWRUV VXFK DV SD\ORDG VSHSIGR DRNGH & PIRYGHD & LIRW DSQFHHG L FW L Q J
6LPLODUO\ 6D KGR HWVRODWHG WRH KRBBPFWHKLFOHV WKH DSSOLFD
Rl SD\ORDG RQ IXHO FRQVXPSWPR® KBGG ORDIQ-OHA®@L WWH PLQLQJ V
DO @®QWURGXFHG DSSURDFKHV OWRP IHW W& P DSADH) W RFMJIDPUOY LQ WHUP
FRQVXPSWLR@XW\ IGHHW\HO YHKRSWHRL]PWLRQ LDM\G MWD R G E DQ P V
DVVHVVLQJ GLHVHO HIILFLHQF\ DBXGIDH VR QWKHP\SIW LR RV LMK UR X JK WKH |
PLQLQJ KDXO WUXFNV LV LQIOXMHDEHBWERQRXAW)SBB® FRQVXPSWLRC
IDFWRUV LQFOXGLQJ PDVV EDODQPBFKHEHFOHDUQD®LFRRGHO 5LGJI
DQG HQJLQH F¥D@3PWIHRDEWY DR QARRUSRUDWLQJ PXOWLSOH RSHUDWL
GHWHUPLQDQW DV LW GLUHFWDQLQUHRW®XO ERWMEFNWHOWLRQ)XHO |
FRQVXPSWLRQ DQ@EBILWILLR@MYO RSWXHAD]DWLRQ WEKIRKGKVYFXQDWLR Q
HIILFLHQF\ YDULHV GHSHQGLQXRIRRS MUIAKQREDO WWGDWHJILHV DQG
RSHUDWLRQDO IDFWRUV VXFK DNV X8WLMW EP VEHEY RID DK WKUHH SLC
RSHUDWLQJ FR@EHYHIRID/ VW X G GHY HOORGPHQW HQYLURQPHQWDO HFI
H[DPLQHG WKH UHODWLRQVKLS EM®WHFHWQ WKHVH YDULDEOHYV
DQG HQHUJ\ FRQVXPSW+ REVHHRRIDVKLIVHYLVWHWNGDOHHNY WR GHYHORS D P
VWDWLVWLFDO PRGHOV WR DVEMHWHWG WRRIGHQIOWRQFBHHRILFW DQG
SD\ORDG ZKHUHDV 3L @YDOXPRY MBQDYOPSWLRQ LQ PLQLQJ KDXO WUXFU
WKH LPSDFW RI F\FOLF DFWLY LWSILLWW FELXQL Gl ® SHRUDWRRYLGKH PRGHO
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RSHUDWLRQDO YDULDEOHV DQG RGWWDDWH YHORIPKQWWILE@ W DOLGDW
ZLWK UHVXOWYVY DQDO\]HG IURP WKNHD SSIUNSHRPHWWLAI WK ROYHV QR
WKUHH SLOODUV RI VXVWDLQDEROLMEOHM VEERBWNVNEDORQJ WR HQ
VXVWDLGDEYBQW\DSSURDFK WKRWPSDUNHEDWFAK\ EHWZHHQ SUHGLFWR!
SURYLGHV NH\ WRROV IRU VWURK MI[LR SHWQD\YUR QDHHMWD BIEDEOHV VF
PDQDJHPHQB®RDQRFWSEULQW UHGXFWLRG DKM WKRVH PRVW LQIOXHC
UHPDLQGHU RI WKLV DUWLFOH EWR YWWKPSAWMDRIH @DV XNEDRPREKMG E\ WK F
BHFWLRQ GHVFULEHV WKH PHVWKPRERARIFRVHBODWIWKQVDQDO\VLY $
VWXG\ 6HFWLRQ SUHVHQWYV WKMHRGHOXQWVWKH® GEROXWULRFKWHG X VL
BHFWLRQ FRQFOXGHV ZLWK WIGHD W BV HMQ GLIQH \P REG MORID\G YFIRIGRIVG/D W H |

UHVHDUFK YDOLGMQ RSWLPL]JLQJ WKH UHJXODUL:
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2SHUDWLRQDO GDWD FROOHFWERQYLOG MWD OUGEWHRQVKRZY WKH OR
7KH VWXG\ ZDV FRQG&BW&R@/BQE:% LW PLQH VLWXDWHG LQ /D /L
oy

J
JROG PLQH ORFDWHG LQ +XDP %‘S %[%Lfgﬁwggzv WgHHQKgZ(VC\’/ \F’,"Ll
3HUX DW DQ DOWLWXGH RI A k=<| v BER HRH B
7KH PLQH KDV DQ HVWLPDWHG LRODO I H WL
ZLWK DQ DYHUDJH pQoxpo Jg° q’ Fﬁ%@ﬁgv BLWHUDWX
Q IXHO FRQVX|
RADF RISXUH JROG ~7KH g R?#SUHGLFWRU YDULDEO
FRPSULVHVGXWHNIBYWPS WUXFNV
PFDSDFLW\ PDQXIDFWXUHG E\\YDPHE KH IOHHW
LQFOXGHV XQLWYV )0;B WR )0:B +DXDORWGXEN XWLOL]DWLRQ 8
RSHUDWLRQV DUH FDUULHG RXW, XYt Q) sWaR L K\GCYPXOLF
VKRYHOV PRGHOHLES DOWBU WK &DIWW K
D EXFNHW FDSDFLW\ SRDG JUDGLHQW 65
2SHUDWLRQDO GDWD ZHUH UHFRDGWSRRWHAE PBWHULDO 07
PRQWK SHULRG -DQXDU\ WR 'HEHPE .
UHVXOWLQJ LQ D WRWDO R R Ug%/ly\f?DQQlfg uUHFRUGYV
7KHVH UHFRUGY FRQWDLQ GHWDI2GHEDWHOY XBXNPHRWY RI
NH\ RSHUDWLRQDO YDULDEOHYV UHOHYDQW WR PLQLQJ

8QOLNH WHDWHPGHWESURDFKHY WKH GI
LQ WKLV VWXG\ ZHUH FROOHFWHG WKU
UHFRUGLQJ SURWRFROV )LHOG HQJL
VWDQGDUGL]HG IRUPV DW WKH HQG
GRFXPHQWLQJ NH\ RSHUDWLRQDO YDUL
ZHUH FPRGDRVHG GDLO\ DQG YDOLGDW
VXSHUYLVRUV 7R HQVXUH GDWD FRQVL)
WKH LQIRUPDWEREFAD\G FAHRMMWO\ DJIDLQ
LQWHUQDO GLVSDWFK DQG IXHO VXSSO
WKLV SURFHGXUH ZDV PDQXDO LW HQV
WUDFWD ELHDALDELOLW\ DQARDOGIJQPHQW
RSHUDWLQJ FRQGLWLRQV 7DEOH VXPF
FRQWURO SURFHGXUHV LPSOHPHQWHG
FROOHFWLRQ SURFHVYV
ST 7R HQKDQFH GDWD WUDFHDELOLW)\ DC
JLIXUMDXO WUXFNVFOSDKELWR XVHGZBbROH SUHVHQWY WKH VWUXFWXUHG
WKH PLQLQJ RSHUDWLRQV yHFRUG KDXO WUXFN RSHUDWLRQDO Y|
VKLIW
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7TDEOBXPPDU\ RI TXDOLW\ FROWURO SURFHGXUHV DSSOLHG GDWD
&RPSR 'HVFUL O9DOLGDWLEF YJUHT X

JLHO UHSRUW\{_|DQLJOL\ UHFRUGYV FRPSO}?/&V‘IS‘IET‘EHG_BQG VLJQHGDEL\O\(KLIW

JXHO FROVXPS. G LQ UHIXHOLQJ ERLFSDDRG ZLWK LQWHYQRG, VXSSO\
8 07,7 2+ GRFOHULQMHGGE\ WKH RSHU, RQV FRQWURO
2SHUDWLRQDOL5%‘§558 ¥ e BYV

‘DWD FRQVROWLLT!?Q}OL]HG LQWHJIUDMLRQ LY R R Wk Dkw v koo D aH U

7TDEOBWDQGDUGL]JHG IRUP IRU FROOHFWLQJ ILHOG GDWD FROOHFWHG

9DULDE¢( 'HVFUL 8Q 'DWD

'D\ 5HFRU "' 00 <<k« "D\
7TUXENV ,7JUXFN LGHQWLILFDWLRQ FRGHWULQJ

6 K 'RUNLQJ VKLIW &DWH:

8 S8WLO| )OI

1 I1XPEHU | 7U , QW

6! 5RDG Jl )OI

07 ODWHULDO 7R )OI

‘7 +DXO G .P )OI

2+ 2SHUDWL b )OI

) + YXHO FRQ *D O ( )OI
2SHUDW 2SHUDWRU L 6WI
6 XSHL 6LIQDWXUH | %RR

'DWD SUHSURFHVVLQJ 7KLV QRUPDOL]DWLRQ PHWKRG ZDV

'DWD SUHSURFHVVLQJ ZDV D Fggﬁk?g&w%@%ﬁ§gg §/X>HV G@xHD\\/
WKH TXDOLW\ DQG JHOHUDOL]D \
NH\ SURFHVVHV ZHUH DSSOLHG LB’L\}V Eébb l\%/'t@! % WV WY RUWLQJ
WUDLQLQJ DQG WHVW VHWY DQG Y
RSWLPL]H PRGHO SHUIRUPDQFH 7r§)6jrﬁép\9:§juiin%wcg%jE%vﬁbm%V'\'IBQVWU
HYDXDWLRQ WKH GDWDVHW ZDV VEOIPRGHWRXHONWBRQYXKQSWLRQ LQ
DQG WHVWLQJ 7KLV UDWLRWWXZNGHD\5XE 8 UHKJUHVVLRQ DSSUR
PDFKLQH OHDUQLQJ DS®VLAMVIIRGM UHJUHVVLRQ LV D YDULDQW R
SURYLGHYV D ERODEHWBHWQDEBKHUMRGHYYYRQ WKDW LQFRUSRUDWHYV
DELOLW\ WR OHDUQ SDWWHUQWDNQGJLMWY IKIOWDBDH ] DRMUL KQ QGOL QJ
FDSDFLW\ RQ XQVHHQ GDWD  &LOQFH@ W R HF FSRPHREIFFVWHRILV WLF LQ RSF
YDULDEOHV KDYH GLIIHUHQW VFIQWHMW RQPB Q@AM XZXH-H U J PXOWL SO H
KDXO GLVWDQFH LQ NLORPHW HUVQ WHIDRRABR-UONDHGH BD W KB LDLGS 18 UHJ L
WRQV DQG WKH QXPEHU RI WULS K ®HFWHEHJIHRUYDWKHY IROORZLQJ
VFRUH QRUPDOL]DWLRQ 6WDQGOXGWEPRBAOLQHEDULIG\ORBGDIHPHQW W
7KH REMHFWLYHV RI WKLV QRBRBOLFLWORRQHYMURDWHY LWL ,PSURY
3UHYHQWLQJ YDULDEOHV ZLWK UBGXHUQRDYEOWK®HYLMWRMWR FRUUHO
GRPLQDWLQJ WKH PRGHOfV RSWQRD®MHIR QL GWREBUWWDELOLW\ PDN
PSURWWICH QXPHULEDO VWDELOLWYRI\WKMRRGHOOKHQFH RI RSHUDWL
(QKDQFLQJ WUDLQLQJ HIILFLHQFRXHDF FR QMNPWWRRIR RGIBOH UHJUHVVL

FRQYHUJHQFH DQG LPSURYEB®UWDERXUWMKHG WHFKQLTXH LQ VWL
ODWKHPDWLFDWFRWUHWWH DQVIRUBRBWWLRRSQNVFDWLRQ LQ WKLV VWXG\ 1
H[SUHVVIH®OWQRQ LOWHIJUDWLRQ ZLWK D VLPXODWLRC
- F ¢ VFHQDULRY JXLGHG E\ VXVWDLQDELOL
"JKN L— FRQWH[W SRIWRBH®ULY VWXG\ SRVLWLR
€ 5LGJH UHJUHVVLRQ ZLWKLQ D PXOWLY

:KHUH DUH I UDPHZRURXQGHG LQ WKH HQYLUR(

. *UHSUHVHQWYV WKH RULJLQDO YHIRSEORLFppoRQRG VRFLDO SLOODUV
GHYHORSPHQW 7KLV DSSURDFK WL

a+xLV WKH YDULDE®HYVWKHDRWDQRINGHQWLRQDO DSSOLFDWLRQV RI V
GHYLDWLRQ Q Q Q
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PHUHO\ IRFXVLQJ RQ IXHO FRQVXRSWLRQ SUHGLFWLRQ
EXW E\ HQDEORDU HAHE MR RQ P XODWH BOG
TXDQWLI\ WKH LPSDFW Rl RSHUDWIKRIQBDOGBKD QBHBVHVKXKRQ PRGHO ZD
WKH FRQWULEXWLRQ OLHV QRW XQL®K DYBORRADIMWLKRRQ LMSSHIRID EKW R G|
LQ LWV VWUDWHILF GHSOR\PHEWVWRVOIOLDEOSUHBILRUDWHBWLRQ S
DQDPMWILWK WKH IXQGDPHQW DB RFHIGXRLHE ORHVORIHG WKHVH VWHSYV
VXVWDLQDELOLW)\ 6WHSKH GDWDVHW ZDV VSOLW LQW!|
ODWKHPDWLFDOO\ 5LGJH UHJWHRVO/G RADRRBD WEIRYXZ L W K
WKH IROORZLQJ FRVWIKOQFVWRLRQ YWRIZRUMHDFK FIDQIBLGH WHKH PRGHO
: ZDV WUDLQHG RQ IRXU VXEVHWV DQ
LU LR CSECT (8 UHPDLQLQJ VXEVHWYV
A ST 6WHS7KH PRGHOfV SUHGLFWLYH SH
¢ T ZDV DVVHVVHG EDVHG RQ L OHDQ €
‘KHUH 06( OHDVXUHV WKH DYHUDJH VTXDU
WXDO DQG SUHGLEWHG YI
U UHSUHVHQWY WKH WRWDO FRg\fF\,\g)gH%%é)ﬂjQDWLmHv WKH SURSR!
WLV WKH DFWXDO IXHO FRQVXPSWLI;BQDYQT)FQ_}(H LQ W KH GHSHQGHQW Y

‘)0 GHQRWHV WKH PRGHOTV SUHGER\QNF?@SWLRQ H[SODLQHG E\ WKH PR
UHVXOWV LQGLFDWHG WKDW

ULV WKH UHIXODUL]DWLRQ KBHWHP&’S‘M"L]%WLRQTS(DMNQNHU ZDV
l;b DUH WKH UHJUHVVLRQ FRHIILFLIEI({WV

7KH SDUDPRI@QWMUROV WKH SHQDO%/K gg)gé% FHG YDULDQFH

WKH UHJUHVVLRQ FRHIILFILHQW

IURP WKH
UHGXFH PRGHO YDULDQFH EXW } YI'WHO\ VKUDON
SHUIRUPDQFH /RUBURWMLGXHRLRI,P, VLRO. FRHIILFELH GHFEUHD
UHJ)E@ODUL]DWLRQ LQFUHDVLQJ g H%L%WLWFF'FB§HHLW\’8’¢QLOH ORZH
> +
: \ BYEGHHG LQVXIILELHQW UHJIXODUL
7R GHWHUPLQH W KH JRS\GL\PDDU QYH WQLQJ :
FURMDOLGDWLRQ ZDV HPSOR\H B %UDPHWHU WXOL
LPSDFW RQ PRGHO SHUIRUPDQ\IIZV DO 5LGAIH UHJUNY
YDOXHV ZHUEK DWHIVRAVCH G IXHO. FRQVXPSWLRQ 0BRX DB VRRE W D L Q H
rcLv:stEvU L7ELU LOEErrul5-Eutxl/6Etz:l& EL{vI1*
KHUH H[SUHVVHG LQ WKH VDPH XQLWV DV W

7DQG KDYH WKH KLIJKHVW FRHIILEPANGRY LY HRYREY R LOWHUSUHW

WKDW WKHVH YDULDEOHYV H[HUW WKH VWURQOJHVW L IOXH FH RS
IXHO FRQVXPSWLRO S MY BRI R0 P EHG R LR P Lpx oD W

06DQIE *DOVR LPSDFW IXHO FRQVXPRWPR® O ¥ W WHKH LPSDFW RI GLIIHUI
D OHVVHU H[WHQW VWUDWHJLHV RQ IXHO FRQVXPSWLRC

54 HIKLELWY DQ LQVLJQLILFDQW Kr %H RQDO \\;FH\(/?vit
WKDW LWV YDULDELOLW\ ZLWKLQ é ﬁ H é&%%\ ZKHVE
VLIJQLILFDQWO\ DIIHFW IXHO FRQ
/oDVHOL VFHQlIJ)IHJSBHV(—IO@WV FXUU
7KH PRGHOfV SHUIRUPDQFH ZﬁgHDJ\b\K/\HLVFNQ@oXNFL@dLWLRQV VHUYLQ
WKH IROORZLQ4® PRRMUILFALHQWFRRISDULVRQ &RQWUROOHG UHGXFWL
GHWHUPLQDWLRQ SDQJHV EHWRHRK®HVY DRG VLAWK FDQW UHGXFWI
YDOXHV FORVHU WR LQGLFDWMWAJO KIDMW L ROS OPXPEWMIRURT WULSV DQ
SRZHU RI WKH PRGHO 0/B8DQ 6TXDWH®LJWURAHO FRQVXPSWORRY %DOD
OHDVXUHV WKH DYHUDJH VTXDUREBH®IDIUH ®H Qfts EHSVZAIHQY PRGHUDWH
DFWXDO DQG SUHGLFWHG YDOXRY¥WBRRW OKXBPOQ GAR®WXMESWLRQ ZKLO
(UURL' BSHSUHVHQWYV WKH VTXBWUK &RARM.RLWE(0OD[LPXP XWLOL]DWLR
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HYDOXDWHYV WKH LPSDFW RI LQFUHPRIDFEW URFMHWPBIQWWRRQ WKH S
ORDG FDSDFLW\ DQG WULS \G)LWWH»LQQF[HEOFHQGHXHORSPHQW
FRQVXPSWLRQ

7KH %DODQFHG (IILFLHQF\ 6FH LQFF'G ZHVULTLHDSE
DV D K\EULG RSHUDWLRQDO VW k—?%%ﬁlYHORSP
HIILFLHQF\ DQG SURGXFWLYLW\

5HGXFWLRQ 6FHQDULR ZKLFK
FXWV DQG WKH OD[LPXP 8WL0L]|‘F>, % DO SI;agDFURQ
LQWHQREHBIWLRQV %(6 DSSOL FIQ_'QRPLF SLOO  FRS
UHGXFWLRQV DFURVV DOO N

7R IRUPDOL]H WKLV ORJLF D Z k{:& i{g%%N H, ﬁgOWFKRHQ\\//)I;
PRGHO ZDV XVHG WR GHULYH HDF }%EéK% v wkh HERG

RQ WKH IROORZLQJ HISDWYRDRQ VLRQV RQ VRFLHW\ VHH )LJIXU

$'E, L isFZ %4, EEL/TS,

'KHUH
$'5. LV WKNMDOXH IRU D JRYHQ YD “ ‘
% 45D Q/I@5, +DUH WKH YDOKHWQI® RP Em:::’em

/[ TS5VFHQDULRYVY UHVSHFWLYHO\

ADx&? LV D EOHQGLQJ FRHIILFLHC Sustainable

UHODWLYH FRQWULEXWLRQ RI HD Amm

,Q WKLV VWXGVY4ZARWHEYSRQC ' s| |z $
D FRQILJXUDWLRQ WKDW SULRL 18 |8

%43 QIOXHQFH ZKLOH UHWDLQL —

tro /75 JLIXUBXVWDLQDELOL&\ SLOODUYV
$OWKRXJK VZLWFKLQJ UXOHV ZHUH QRW LPSOHPH Q HG

LQ UHDO WLPH WKLV IRUPXODWRRQ QWXDEO DY FIRKMOUHKHQVLYH DOQ
GHYHORSPHQW RI DGDSWLYH K\EYpbQG XWNILRWHR F WWK Z RSV DWLRQDO
WKNDOXH FRXOG YDU\ G\QDPLFDPEBERsHON G PO WHP GHFLVLRQ IUDPH:
ZRUOG FRQVWUDLQWYV VXFK DV BKOKOPPVH QHPOQWBKHXHXLQFLSOHV R
OHQJWK IXHO SULFHV RU HTXLERNQWRBPHIONW EEQOMWKHUTKWKDQ IRFX
DSSURDFK HQKDQFHYV WKH suURGEOVEREWO LAW WPHOYDURRY Z2WKH
LOWHUSUHWDELOLW\ DQG RSHDPRDWHRQDPE® KUDO®ILVBEB RRMEHKHMDWLRQ
SURSRVHG K\EULG VFHQDULR HFRQRPLF DQG HQYLURQPHQWDO LQC

7KH VFHQDULRV ZHUH GHVLJRU® PRRIHHEPRIB ®RMHD® WUDGEHSHFLILFI

VWUDWHJILHV IRU LPSURYLQJ IXWQHHﬂulDCFLpHQ:\FUNLLI-QG:)@B(LG}q]V
RSHUDWLRQDO FRIWPWVVIDRIB/ &ZKL

PDLQWDLQLQJ SURGXFWLYLW\ oH‘v ‘? PIQVPH \FH\’(";LFI‘gFS’VEF?
DFFXUDF\ Rl WKH VLPXODWLRQV L %% >F§ oy Q
FRQVXPSWLRQ XQGHU GLIIHUHQW F P

HYDOXDWLRQ PHWULFV ZHUH HPS@RMHREQRPLF I:’HWULFV WRWDO FRVW
PSWLRQ DV ZHOO DV F

FROVX
$EVROXWH HUURU DQDOVVLV LQ Vh%g%%wﬂt'&\%\éOWdVLQJv UHODWLYH W
PHWULF TXDQWLILHV WKH GLIIHUHQFH

SUHGLFWHG IXHO FRQVXPSWLRQ D@(RE)LFW\D(IF@WDIOB(\HVGBQLDO &RVW Rl &
HDFK VFHQDULR UHIOHFWLQJ WKH VRFLHWDO LPSDF'

SHODWLYH LPSDFW RQ IXHO FRQVX{{%V?%é(gg S XYy @d b VWDQGDUGLIH

WKH SHUFHQWDJH YDULDWLRQ LQ XPSWLRQ

FRPSDUHG WR WKH (% 3URYLGHY/KU_Q/VDJ$8\/U|R®/H( WHIQK DROFHIMQ W KH G H

IXHO VDYLQJV RU LQFUHDVHV UHYEABAWDQF HURR AKOH) BWRSRVHG VLPXO

LQ RSHUDWLRQDO FRQGLWLRQY QWHJUDWLQJ RSHUDWLRQDO UHDOL\
REMHFWLYHV IROORZLQJ EHVW SUD
VWXGLHVY RQ HQHUJ\ HIILFLHQF\ DC
UHGXFWLRQQDDMICHWUDRQVSRUW VHFW
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6LPXODWLRQ ORJLF DQG GLVYEBDWEKFKPRIFPHKO@ODWHG VKLIW RSHUD

VWUXFWX UH QXPEHU RI WULSV KDXOLQJ GLVWDOC

7KH VLPXODWLRQ PRGHO ZDV XQV FDHF(S WRH(\SV\KHF\BFOHFQX[
$UHQD EXW ZDV HQWLUHO\ GHY [?% N s vR
D VWUXFWXUHG ORJLF EDVHG

VLPXODWLRQ SULQFLSOHV 7KH B! obtQ 6HFWLRQ

GDWD FROOHFWHG IURP KDXOL(EE[

w@ B bR o, 20
IOH[LEL

IXHO FRQVXPS®WIGRQHXBGM RS

VEHODULRY &56  %(6 086 ( v ZLWK WKH DYDLODEOF

$
X
W Vv IﬁP % Q@IY[BLDJDP R
PRGHOHG DV DQ HQWLW\ WKDW HH K L% Q@F Qt? FOHH I/ IHI Q' WHH ¢
Q

VHTXHQFH RI VWDWEB&KQX @5 QW
XQORRGH@IXUQ

Truck arrives

Queue at Shovel Yes
shovel available? Load truck Haul Dump Return
\I\Io/
Wait in

queue

JLIXUBLPSOLILHG SURFHVV ORJLFKRLMIU D P PXIOW WH RMQU RRIEH O

5HVPQEVGLVEXVVLRQV 7R EHWWHU XQGHUVWDQG WKH UHO
'"HVEULSWLYH GDWD DQDO\VLVRSHUDWLRQDO YDULDEOHV DQG IXHO
6LOFH WKH GHSHQGHQW YD @% RHQg WLRQ PDWULL ZDV
FROQVXPSWLRQ )& UHSUHVHOQ ’Lé VMH @“"K'QD'“X“'gGVbﬂ
FROVXPSWLRQ LQ JDOORQV SH oo oY
RSHUDWLRQDO FRQGLWLRQV 7?% \6@?/ S RSHUI
\C/EVI—\|I\>/(I;l<LSWLYH VWDWLVWLFV RI o vOX; H&Rb H KLyRSHo]
FROVXPSWLRQ )& WOXFINM QJ KDXO
7TDEOHHVFULSWLYH VWDWLVWLFVY RI RSHUDWLRQDO YDULDEOHV LQ
6WDW 8 17 WUL¢ 65 07 WRQ '7 NI 2+ | )& J
&R)>
OHI
6WG
oL
4 WISF
4 OHG
4 VSF
0D
9DULDQFH

SHUIRUPDQFH RI WKH ULGJH UK\BWHHNS\DLBOP RRVGMIDE OH UHSRUWV WKH
IROG WlDR)\L‘GDWBlLF\’I\QIZ\L\MSSOL% GHWHUPLQDQYGRQKHK PHDQ VTXDUHC

WR HYDOXDWH WKH SHUIRUPDQFH &I Wk BRW KyWiH WHRARRI DRG W

PRGHO WHVWLQJ GLIITHUHQW YDOXHV RI WKH UHJXODUL]DWLRQ
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0.74
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JLIXUBHDUVRQ FRUUHODWLRQ PDWUL[ RI RSHUDWLRQDO YDULDEOHYV

7DEOKLGJH UHJUHVVLRQ HYDOXD@WXR®Y IRU GLIIHUHQW
» 7UDLQLQJ 7HVW 57UDLQLQJ O06(HVW 06

7KH 5LGJH UHJUHVVLRQ PRGHEIGHY EBWEHE QRUKIKM@DLQLQJ DQG W
FRQVXPSWLRQ SUHGLFWLRQ LQFPUQHQDWLIRD PRUXAENYHQW U EHW
GHPRQVWUDWHG VWURQJ SHUIRSBEGERWHRIGWKDOXBI® XIDVLRQ LQGLFDV
PHWULFV LQGLFDWLQJ LWV H[SODRQBIRUNHDQ®& LRUHKLLEW 7KKV KLJIK F
FDSDELOLW\ SADHEWHHQWY WKH WPREG R QVLVAVHPRBHRI DG FRQILUPV
SHUIRUPDQFH RQ ERWK WKH WU DREXYIWDRDOE W H \R\R GEDON D \BHRVBWD W L R Q

FRQGLWLRQV 7KLV OHYHO RI SUHFLVL
7TDEOBDFKLOH OHDUQLQJ PRGHO HYSOKNYWRRQ PPIWUKEGH OHDUQLQJ PRGF

OHW 7UDL 7H PLQLQJ ,ALOHPRRRVD @WFPKVVIXO0O\

06| SUHGLFWHG IXHO FRQVXPSWLRQ XVLQC
506 QHWZRUNV $11V ZKLOH $@DPGDUL
05 ( HYDOXDWHG UDQGRP IRUHVWV QHXU

VXSSRUW YHFWRU PDFKLQHV 690V IR

7KH RBI LQ ERWK GDWDVHWV) G \Q'z@f{?vv % g IngKVHX';Fé\F;VSL%%L
PRGHO H[SODLQV RI WKH Y ? X IHUHOFH &
FRQVXPSWLRQ EDVHG RQ WKH 1 l@\/\WR DEEX|
YDULDEOHV )XUWKHUPRUH WKH (? HG RQ WK
506( VXJJHVW WKDW WKH PRGHO LLIHW’H: o WD X0 WUXFENY

DQG KLJIJK SDHREAUWFMNWLAYHLWK QR 5 QL
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Training set Test set

120

140

JLIXUBRRPSDULVRQ EHWZHHQ DFWXDO DQG SUHGLFWHG IXHO FRQ

6LPXODWLRQ RI IXHO FRQVXPPRRWPISDQUHG@ WRQWRB EDVH VFHQDULR (
KDXO WUXFENYV VLPXODWHY D GLIITHUHQW VWUDWHIJ

7DEOH VKRZV KRZ ILYH Nggz? %ﬂ:%\b'v Yo GRY HLEHH#SE/V'L*\'('HLFE%%
YDULDEOHV FEKDQJH XQGHU T Vol v %WHG A
7TDEORMSHUDWLRQDO VFHQDULRV IRU IXHO FRQVXPSWLRQ SUHGLFWLR(
3DUDP © %5 % ( 08¢
8
17 7U
ow WR

'7 NI
2+

Y)XHO FRQVXPSWLRQ VLPXODWIRGOGWEHQHBULRQGKRIHGEG D PRUH PRGH !
DFURVV WKH SUHYLRXVO\ GHLQHG ZRKEBHDWKR@®BE® VFHQDULR LQI
VFHQDULRYV 7R HYDOXDWH WK KR VXPFRWIDEQ B\EVROXWKGLFDWLQJ
HUURU DQDO\VLV ZDDCSMIWRDRMIEEL MY DWLRQ DQG ZRUNORDG OHDG \
YLIXUH 7KH UHVXOWYV UHYHBMG LWXUH ILFDOW.RXV VWXGLHV
GLIIHUHQFHY EHWZHHQ WKH VFISODORRG HIBCOHIKHHIEL ADYG VK\H SULP
WKH JUHDWHVW GLVSHUURRE UL @ HWHRRLQIQBL¥DRILGDHUI\ @ RQVXPS
SUHFLVLRQ LQ IXHO FRQVXPSW$BGLWVYRQPDWLRGR REDEARD N W BIDW B G
UHGXFHG RSHUDWLRQDO FRQGLWIEKDWW YB(6LEMARQWW UQWHREOOLQJ UH
WKH ORZHVW YDULDELOLW)\ DQGUW&HHQRDO QHMN | DEVGWRWHP SDFW 1.
HUURU VXJJHVWLQJ WKDW DLQ\G L7 RW IGHI WPHRWRM. QMW ZEK HWKHU GLITHUH(
DFFXUDWH VFHQDULR IRU IXHO WREQORSWVYRIHSHHOLBWLRQYLFDOO\ VL
086 DOWKRXJK OHVV GLVSHUVHBQWE&DQ \& RS IYOWRDEFE FRQGXFWHG > |
KLJKHU HUURUV FRPSDUHG WR %(LFK LV DSSURSULDWH IRU FRPSDUL
,Q WHUPV RIPSBOWW LY} UH WEEGH&S5 ®XOWLSOH FRQGLWLRQV 7DE(
VFHQDULR UHVXOWHG LQ D LUBGKEWHRBQW KQWIXWKAM GLIIHUHQFHV
FRQVXPSWLRQ FRPSDUHG WR WK HJ KD\ WIQIQMH LS B IGEAUDNIK\RMD W L VW L F
(% FRQILUPLQJ WKDW FRQWURDODHERUHGXFWLRQV LQ
RSHUDWLRQV FDQ OHDG WR VLJQLILFDQW IXHO VDYLQJV 7KH
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JLIXUHVWULEXWLRQ RI DEVROXWH)HUURBIRODW VYRXPBWERQR/I IXHO FRQVXP!
VLPXODWHG VFHQDULRYV

7DEO$1129% IRU IXHO FRQVXPSWLRQ
&RPSDUHGGRXUFH R TFIIEL
VEHO S UL axp rR1 vTXDUIIHY dHpo vixpuwwows¥poxH

L % HWZHH

%DVH &5
% (6 ose}kaﬁFQ

9HULILFDWLRQ DQG YDOLGDWICRRYIRA VOIRDELPXORWABRQJ XQORDGLC
PRGHO LQGLYLGXDOO\ WHVWHG WR HQVXUH T

7R HQVXUH VFLHQWLILF wup&% 'ﬂH%ﬁlQH Ry o B LG UL QR
UHOLDELOLW\ RI WKH VLPXODWUF VWHG WR Y
YHULILFDWLRQ LPSOHPHQWDW : 7 o wWR e E b o Losxwy

l('X D
YDOLGDWLRQ DFFXBDB\GDHBKQYV %@%W%H—yvﬁ%LQ WKH ED\
HG IB PRQWKYV F

SURFHVVHV ZHUH FRQGXFWHG 7
WKURXJK ORJLE®OGOP RGXOED Q JWH
)
S

3\WKRQ (DFK PDLQ IXQFWLRQ % :’(Vmﬁt\i; i HKXFRIRVER WYV

F V IRU WZR NH\

7TDEOSDOLGDWLRQ RI VLPXODWHG UHVXOWY DJDLQVW UHDO PLQH C
OHWULF 5HDO DYHUBIRXODWHG DYSHEWDWREXWH HHWORWLYH HUURU

)XHO FRQ
IXPEHU |

7KH GLIITHUHQFH EHWZHHQ VLKDYBWKIG] KUAHNVIKOWNG DNQHB\ IDFWRUV L
DFWXDO GDWD UHPDLQV ZLWKLQFBQVIXAFSVEMRDE M) BDHPLYMLIBQV =KD«
* ZKLFK VXSSRUWYV WKH MVMRYEWXKDW SDOQBGRDG DQG GULYLQJ
RSHUDWLRQDO YDOLGLW\ RI WKHURRGIH® WIROH SOYRECHBMHWALQLQJ HPL\
VROLG EDVLV IRU VXVWDLQDELOHW\ BQ@CGWHWLILHG WKDW LQFUHDVI

SURSRUWLRQDOO\ UDLVHV [IXHO FR
(YDOXDWLRQ RI VXVWDLQDEQHHHKREKQARSPOVMQ W+* HPLVVLRQV
SLOODUYV 7TKH GLVWULEXWLRQ RI IXHO FRQVX

7KH WRWDO IXHO FRQVXPSWLRBIFRH ! R GL?E,:(VXLVSUE;DV\\,/FHX

SHULRG VKRZHG D VLJQLILFDQ @ LRQ YDOXHVC

RSWLPL]JHG VFHQDULRV 7DEOH , ng Lf Y- ORZHU U
L L‘%@%

R
FRQ
&56 UHVXOWHG LQ WRWDO IXH k
\ WRBYHB6
JDOORQV ZKLOH WKH %( %
JDOORQV DQG WRHGO8BKH HER IQ R VKLIWV WRZDUG KLJKHU FF

FRQVXPSWLRQ DW 100 0RG T FUHERE XA WY RELRRY HQHUJV GHPD
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$ VLPLODU WUHQG ZDB\P REMHROFR® ILYR2 WKHVH ILQGLQJV ZLWK &56
7DEOH ZKHUH RSWLPL]JHG WFHMODHM P G B &6 VBRIPRQVWUDWLQJ D |
VXEVWDQWLDO UHGXFWLRQ LQKHPK(WWLRPM/VIRBV&56HIOHFWLQJ LW
UHVXOWHG LQ IHPHVVWRQWHRD®S 3UHYLRXV VWXGHWYOWASSRI
FRPSDUHG WR WKH (% 7KH % (6 ZLFMKK BHNHID XO>H V@@EO\]LQJ WKH LPSDFW
UHGXFWLRQ LQ HPLVVLRQV ZK IRSBH WDKMLRB®D @ HFR QWRVDDLQWYV RQ X}

LQFUHDVH H@LW2LRQV E&RMPLVVLRQV LQ PLQLQJ RSHUDWLRQ
GLVWULEXWLRQ RI HPLVVLRQV SHU VKLIW )LJXUH

7DEOARWDO IXHO FRQVXPSWLRQ LQ PLQLQJ KDXO WUXFNV XQGHU G
ORQ QLWLDO FRQV &56 VFHQD %(6 VFHQD 086 VFHQDU

-DQ’
JHEU
0DU
$SULO
0D
- X
-X
XJ:
6HSWI
2FW]
IRYHF
"HFHP
7R

7JDEOHRWDOHR2VVLROQV LQ PLQLQJ KDXO WUXFNV XQGHU GLIIHUHQ\
0RQ QLWL HPLVVLR _ &56 VFHQOD  %(6 VFHQD 086 VFHQDL

-DQ>
YHEU
oDU
$SI
0D
_X‘
- X
XJ.
6HSWI
2FW |
1RYHF
'HEHP
7R’

JLIXUHLVWULEXWLRQ RI IXHO FRQVXBE % WHIRQVIWLRPX RILGERBY LERQV IURP PLQLQJ
KDXO WUXFNV SHU VKLIW DFURVV DX WHIQXWW NAF 188D MKMW DFURVYV GLIITHU
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7KH HFRQRPLF DQDO\WVLVY DVGHRRUWWBWHWXBOWUHQG WRZDUGV

FRQVXPSWLRQ FRVW XQGHU GUHWXOQ®W D®DEWYDRXMVMKYXGLHY VXFK D
VFHQDULRY 7DEOH ,PSOHPHQ@WHR JUHBKRHU WHHE WKDW HOLPLQDWL
UHVXOWHG LQ WRWDO VDYLQJFRLQRUQJ IOHHWB8ERXOG UHGXFH DQQXD
FRPSDUHG WR (% 7KH %(6 DRGLHYHBLODBRVWIRYJBURSRWHBO
UHGXFWLRQ RI 86" HIGHUHDSMWWRH]D®WLRQ VWUDWHJILHYV FDSDEO
WR DQ LQFUHDVHG IXHO H[SHOQGEWRQUVYKPRBIWLRQ EBS®RYHU > Z&KLOH 7RS
7KH GLVWULEXWLRQ Rl IXHO FRWWW ISHDWWIGL WK DWJXURI PLQLQJ RSHU
VXSSRUWV WKHVH ILQGLQJYV SGKBHEYWD\VOKDWHGS5WR PDWHULDO WULI
PDLOQWDLQYV ORZHU FRVW YDOXHV ZKLOH 086

7JDEOHRWDO IXHO FRQVXPSWLRQ FRVW LQ PLQLQJ KDXO WUXFNV XQG
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JURP D VRFLDO SHUVSHFWLY&56 WKIRZ6&8 QRY¥YHU FRVWYVY DQG 086
DQDO\HG 7DEOH XVLQJ D UHKHUKKWFEH FORXIMNHW RAKHMHAK USIYEKODIVRWK \D O
86' SHU WRQ RHH&2Z56 UHVXOWHBGWIX®E IFFRW W XFK B V@K BUIRX GGV WIKOD W
VDYLQJV RI 86' DVVRFLDWG@RIKKDQEWE® GUQLYLQJ HIILFLHQF\ QRW |
SROOMWORYHG VRFLDO FRVWV FRPUOPIWLRY KK W BOVR PLWLIDWHYV
DFKLHYHG D UHGXFWLRQ RI SRGOXWKRQH WHKNHZLVH >7RORXHL |
086 OHG WR DQ LQFUHDVH RI GHP&ROQMVWQUDRFHLG OWKDW UHGXFLQJ Y|
FRVWY 7KH GLVWULEXWLRQ RI WRB WVRFLDOHVFRVWDRIFHD BBPRQ HITHFWL
SHU VKLIW )LJIJXUH UHLQIRUFHD WEHRHV HRYQYGFLQJIV ZLWK

/TDEOHRWDO VRFLDO FRVW RI FDUERQ IRU PLOLQJ KDXO WUXFNV XQC
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JLIXUHLVWULEXWLRQ RI IXHO FRVWVXSHULVWIUIME DWURQVRI VRFLDO FDUERQ
GLITHUHQW VFHQDULRWLQLQJ KDXO WUXFNV SHU VKLIW XQGHU GL

&RPSDUDWLYH DQDO\VLV RI VXDWDQOWEDGGIDOODUY 86" GHFUHDVH

7R FRQVROLGDWH WKH ILQGL R[EEQF %\%\%ﬁg Y UVHS\ WKH 0
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FRQGXFWHG 7KH WRWDO YDOXH&
WKH HYDOXDWHG VFHQDULRV DU
DQG 7K HD B/IXO/WADLRQ D O\ VLV
WKH &56 DFKLHYHG WKH JUHDW
FRQVXPSWLR@&2 HPLVVLRQV
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FDUERQ FRVW®6' .,Q FRQWUDVW QY @WR WKH % (6 VFHQDULR 6LPL
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7R SURYLGH D QRUPDOL]HG D QSURRXIDMLDEOH PHONKRLEFR RK WHKE PR M/
RI RSHUDWLRQDO FRVW HIILFLAHIW M UMDKH R WHRWIDOO IKW® KLIKHU IXH
H[SHQGLWXUH ZDV GLYLGHG E\ WKH WRW®OONRAQPDNHQRILW WKH OH
PDWHULDO WUDQVSRUWHG IRU HIIRFAVKD\EFOH Q BVIKIHR ( 58V DUK®R @ WF HQDULR)
7DEOH 7KLV PHWULF H[SUHVVHARBVMQ S8H'USRMR® RQ Rl 86' WRQ EXW
WUDQVSFRUMHHEBIDIUY D VWDQGQIRKGEHWHEG WKLY DW W K HD M/LSRH@DV®! R L
EHQFKPDUN ZLGHO\ XVHG LQ PL®XQJISRBYHUDIHIVRQ W HAKEO WY UHLQIRUF
%DODQFHG (IILFLHQF\ 6FHQDULR/FH®D DIEK LRH YHHBY WAKKHH PRVW EDODQF!
ORZHVW XQLWDU\ RSHUDWLQJ FROWHDVWDWLYIB6' WRQ

FRQILUPLQJ LWV HIILFLHQF\ LQ EDODQFLQJ FRVW DQG

7DEOHSHUDWLQJ FRVW SHU WRQ Rl WUDQVSRUWHG PDWHULDO DF
6FHQDULRRWDO IXHO FRVWD®§¥'SRUWHG PDWSHULDWL WREORVW SHU WRQ 86' WRQ
(9
(5&
% (
(08

7KH ILQDO HYDOXDWLRQ VXJJHFMWW LR RONW 7KKNO M KHK# (6 VFHQDULR
&56 VFHQDULR LV KLJKO\ HIILFLKIQW R\OW FERWDREOBG DOWHUQDWLY
HPLVVLRQV UHGXFWLRQ LW PD\EFMKRMMHQ®\ RSWRPSV\WPEVHY EHWZHHQ
LW LQYROYHV D VLIJQLILFDQW RBHUBPMH@R DDQWH G XQFW UHEQXNGDR) O L P
FRXOG LPSDFW SURGXFWLRQ FD$IVKOWLQD MXHVRWRBBUVDYLQJV RI
KDQG WKWFRO®ULR LV FOHDUOMNTXQNIYRWOWOMR DQ UHGXFWLRQ LG
OHDGLQJ WR KLJKHU IXHO FRQNRPSIMLIR® WRRWWMN (% QTDE OH

/DEOHRWDO RSHUDWLRQDO FRVW VDYLQJ LQ PLQLQJ KDXO W

)XHO FRQVXP 6RFLDO FDUER V%ELQJ FR
6FHQDUL§ VDYLQJ 86" 7TRWDO VDYLQJ

&5
% (

6HQVLELOLW\ DQDO\VLYV RG H FRSOHMUMD WO R Y OWKH PRGHO V. UHV!
SDUDPHWHUYV SURYLGHYV LQVLIKWYV LQWR KRZ

7R DVVHVV WKH UREXVWQHVIRRIEWUPVELRERPLIEFW VXVWDLQDEL
VLPXODWLRQ PRGHO XQGHU YDU
RSHUDWLRQDO SDUDPHWHUYV %gég\%/\)ygm @%M@%QEOH WUl
DQDO\VLV ZDV FRQGXFWHG 7KLV PHQWYV
WR NH\ LOSXW YDULDEOHV VXFK TXH IIQRBWOVN]RI WKRY O XG\ FRQW L
DYDLODELOHWWUDSWUBDHU VKL IWNVKBIQIRZDOG\VERG\ RI OLWHUDWXUH R

SD\ORDG 7KUHH VLPXODWLRQRSWHHQPM EBRAWRYHHKDLFOH IOHHWYV E
DQDO\]HG RITHU DQ LQWHJUDWHG SHUVSHFWLY

x (5& (IILFLHQF\ 5HGXFWLRQ &gt?@&f V&%WL'?D_IQ ZLVI;/gIL_J(BOT[IVI\éLIiQ\Ij\IfIV(
ROy e QXPERU RE WUXENV trJ %LO \/X/%FLQZIJKQL@‘D}Q\HIILFLH

ZRUN EURDGHQV WKH VFRSH LQ VHYHL

x ((% %DVHOLQH VWDQGDUG FXUUHQNHFRQQWMWIHREO®WLRQ RI 5LGJIJH UH.
x (08 (IILFLHQF\ OD[LPL]DWLRGH®ULR VLPXODWLRQ HQDEOHV WK
LQFUHDVHG XWLOL]DWLRQ GL\RND\QX:V{WIDQ@@EL\@FLW\&\LWUDBU‘DLWDWHV
RSWLPL]I

7JDEOH SUHVHQWYV WKH UHV % H,% L\ng\EDODQFHV
i LRBR
0,

DQDO\VLV FRPSDULQJ IXHO FR
HPLVVLRQV XQGHU HDFK VFHQD ||tL|L:PL?4DQFFV\V GPFLHWQL[

UHGXFHG IXHO XVH E\ ZKLOI_H Q XLOLEULXP DF
LW E\ FRPSDUHG WR EDVHO Itx IYLR Y Qg\XII‘—'RVWV ZLWKR
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RSHUDWLRQDO SHUIRUPDQFH LT OLCSLPIHD@MN QAR WEBWWK QWXWEDQ GLVWU
SULQFL S OHHIVL R LH{@aR\ QHWZRUNV ZKHUH HQHUJ\ HIILFLHQF\
,Q FRQWH[WV ZKHUH FDUER Q@ WH [lHYI O+ QCFLHPG.VEV URXWLQJ DQG HT
RU PLQLQJ HIILFLHQF\ VWDQGDU@V DUH LQ SODFH WKLV
PRGHOLQJ IUDPHZRUN SURYLGHV TXLVXDWWEWDMIQMRUFHY WKH URO
IRXQGDWLRQ IRU SODQQLQJ PDRIGLQWHJIXIODWRWDI PRGHOV LQ
FRPSOLDQFH 7KHJHEBWF\YMWLQ® X GEHWDWHMHQW 5LGJH UHJUHVVLRQ RIIt
%(6 VFHQDULR WRQV \HD UV WWRXF/EX P NRIUD/FHQDULR SURMHFWL
PHDQLQJIXO FRQWULEXWLRQ WMRSOHBXDW HD WLR QDXOWNDLQDELOLW)\
GHWHUPLQHG FRQWULEXWLRQV HID 9\HUSQG 1B® MHIWHREDBER3 VI\VWHPV X
$JUHHPHQ@YXUWKHUPRUH VFHQBUIPR Q@DORRPSDQLHV %XUQRWHANG E\ ¢
DOORZV VLPXODWLRQ Rl WKH LP&DFRAWXFXK WRRODWILR) D@QFUHDVLQJC
DGMXVWPHQWY ZLWKLQ SUHGHIIRBHWU EWXKRGQGDUYHMNLQJ ,62 FHUYV
7KH SURSRVHG PHWKRGROPILIFDXPHQWPBAZWKN(6* HQYLURQPHQW
FRPELQLQJFROGHRNHG RSHUDWRRGDQD@GIHNVMYWDQGDUGYV
SUHGLFWLYH DQDO\WLFV DQG VXNVQWH Q WKLLWVL W\H \PHHIVUFLKF VK HO SV F¢
RITHUV KLJK UHSOLFDELOLW)\ ESRMIHBQ DY LURPRBQWDO REMHFWL
DSSURDFKHV FRXOG EH DGDSWHEUDMH M UQRYVHERER® WIHEQ RUV VXFK
VIVWHPV LQ SRUYW@ 6RQMMULERBILR PLQLQJ

7DEOHHQVLWLYLW\ DQDO\VLV RI RSHUDWLRQDO SDUDPHWHUV DIIHFWLQ
"HVFUL (58 ((% %DV (08

$GMXVWHG YDU&BG@HNlOHHM/qummuQ@wquBsHMDwg%§§58%¥@G{Wk9@P““RQ

JOHHW VL
6KRYHO DYD
$YJ 7ULSV

$YJ 3D\ORDC
)XHO FRQVXPSV

[YXHO

&: HPLVVLROQO\

[ &:

&RQFOXVLRQV DOWHUQDWLYH RIIHULQJ D FRPSURP
7KLV VWXG\ LQWURGXFHEDBVRH @D 8®OLQF%W\%\?3WWLR(
DSSURDFK IRU IXHO FRQVXPSWIE AR
RSWLPLIDWLRQ LQ PLQLQJ KDX DO RBePrLWY
HQKDQFH RSHUDWLRQDO HIILF x \
HOYLURQPHQWDO DQG HFRQRPL ). DSSO\LQJ

5LGJH UHJUHVVISRIGI GDFNMLIWHD PRGH
GHYHORSIH@u HQDEOLQJ DFFXUD ﬁE%ﬁ\%LRQV DQG IXWXUH zZRUN
FRQVXPSWLRQ HVWLPDWLRQ EDVHBLRE MHKLRKSHUYGINLERBPRQVWUDWHYV
YDULDEOHV 7KH VLPXODWLRQPDFRIGGXPWREBQIDFURRWYW RSWLPL]JLQJ I
GLIIHUHQW RSHUDWLRQDO VFHQBIULRM GRIP RQI/X\OU DWUWDE NWK DWW LV
VWUDWHILF DGMXVWPHQWY FRREBQBHEHOBGWR VHYIUDIOFDQALWDWLRC
UHGXFWLRQV LQ IXHO WRIQMXRSWWIDR/QGHYBH @RSHG XVLQJ GDWD IURP D \
FRQWULEXWLQJ WR D PRUH VXV\WIHQDROH P B QWK IHHAWRGLQJIV PD\ Q
7KH DQDO\VLV Rl WKH WKUHH GLOWPWO\RIJHWRWWDOODEEOH WR RW
GHYHORSPHQW FRQILUPHG WRSHW D WRLRIQUDIOW IRRQBBIXODWRU\N FRQW
RSWLPL]DWLRQ QRW RQO\ LPSUR VIOV GMIWLRQ HIGHFRREF\ DOWKRXJIK 5
EXW DOVR UHGXFHV FRVWV DQG RILWUIV DVQMHEHOYHWRERAQWDDQG VWD
LPSDFW 1RWDEO\ WKH &56 UHWVRGWAE LK) JWKWDOBRRWVRWU RWWEHHS
UHGXFWLRORQMXARRWQR®G &2 OHDUQLQJ FRXOG LPSURYH SUHGLFW
HPLVVLRQV WRQV KRZHYHU WK ¥YH7WOLUDAPHRGDQREBQYLURQPHQWYV
FRXOG SRWHQWLDOO\ LPSDFW MDIOQN iU QPURIGHHAMWY KRWO G, &H H[SORUH
FRQWUDVW WKH %(6 HPHUJHG TV UGB KW KPRRWHYDWHRPDO VWUDWHJIL
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ZHUH GHVLJQHG IRU VLPXODWLRQJBEXH SR VW @IQ GUND YU§SBOLBEXUDO
QRW \HW EHHQ LPSOHPHQWHG(QHYID UHDHO PLQLQJ

HQYLURQPHQW B3UDFWLFDO EDUUGHUV VXEK. DL RBYHURWRY + sq )
WUDLQLQJ VFKHGXOLQJ FRQVWUDIDDWNK OoUHVLVWDFHRQWRPSWLRQ D
RSHUDWLRQDO FKDQJHV DQG SRWHQWR@O IGRZQRMOPINW QREG WUDQVSR
WR EH FRQVUWKUWGELYRKRGHO L VI>XQWRW H XWIHQGW OD Q G( GROL\FBRE®ISOLFDW
LQWHJUDWHG ZLWK GLVSDWFK V\VWHPV RU IOHHW

PDQDJHPHQW VRIWZDUH H J ORGggxbDU L QHOWRY vyRYwxDO VHQVRUV |
-LJVDZ WBIHTHO GDWD IORZ DQLWMA\VAMGVP SUHGLFWSISE® LBIGG (FRQIVUR O
FRPSDWLELOLW\ DUH HVVHQWLDO IRU+ILHOG GHSOR\PHQW

,PSOHPHQWDWLRQ ZRX@GYHOHT gWJDP o AXHEN &
LBWUDWLRQ VHQVRU FDOLEUD W @r Q W%ﬁ%d/raz,}whv&\ QHWZRUN\
SURWRFROV )LQDOO\ VRFLDQ Wi URMWK QU GD HOHIK W QJL QF

GLPHQVLRQV VXFK DV RSHUDW)RhUo 29/&@@ leqpc@/@coqamwev
VDIHW\ FXOWXUH ZFRX®G FOXMAFRWP W D O

7TKHVH KXPDQ IDFWRUV DUH FUXF @]
WUDQVIRUPDWRRHUDWPRQVQJ § iag\g—é)t %@H&B7Rﬂb[\)/\\|/¥HBVLK ° )DUU[;\)QE]OD
LVQ S

)XWXUH ZRUN VKRXOG DGGUHV gy%F@%\kwwg\LQ\y\L\éﬁgDuwwo OH

GHYHORSLQUWPXOWIX GLHW LRH VWL ©RG HOQ\Q Bl IDEBWRPGEO -RXU QI
LPSOHPHQWDWLRQ WKURXJK @m@RWHFVSFUtR@DQByHPHQW

LQFRUSRUDWLQJ XVHU HHGEDEN QB

eReno ZLwc nitvwi oy o o8 BERBN AT ARYIRR Y5k 8 &
VXVWDLQDELOLW) mG/LKVElRFD@ QLTXHV WR SUHGLFW KDXO WUXFN
LQYHVWLIDWLQJ WKH UHJXODWM @POR_IQFLQJ DQG (QYLURQ

LPSOLFDWLRQV RI HPLVVLRQ UHGXFWLR V XQGHU FDUER
SULFLQJ VFKHPHV PD\ VWUHQJIWK h@j*%k Mngglyg\‘fv%ﬁé&ﬂlRu CKVHODXY?GW

IRU DGRSWLRQ PLQLPL]H WULS WLPH DQ&ROQWHWDR GRQVXI
(QJLQHHULQJ 3UBFWLFH

SHIHUHQFHYV
> @1JX\HQ 7 LOVRQ  %XHO
> @LDPUGHPRRVD'LQGDUORR 6 LPDWLRQ IRU NHUEVL

FR LR HV
SBUHGLFWLRQ RI IXHO FRQVXPSWLR@Q@ V\Plli'Qb@‘] EQ%B MW@[FW[D..YHMH_@W
$ QHXUDO QHWZRB SV LBSS URHDEKX DQG 5HVHDUFEK

. > gl-IOJDGR 2 UN 1 7KRPSVRQ *
> @GLEVRQ - RLQJ JUHHQ ZL WKy R\EGQW\P\WQJ'XQN IXHO FRQVXPSWLRQ S|
HTXLSRHQMWQJ (QJLQHHULQJ GULYLQJ F\FOH, ®URSEDWLR®DO -RXUQD
> @UXQGWODQG * 2XU FRPPRIVIWRKQREGH s/AlPR ESRUWDWLRQ

IRU WKH :RUOG &RPPLVVLRQ RQ »(Q¥kWRAPHRW%(BPRBULFEN & /ILSPDQ 7

"HYHORSFHQWHG 1DWLRQV $QDO\VLV RI SRWHQWLDO IXHO FRQVXP S\
> @RUDQ & /IRGKLD 6+XLXDQQJK ' UHGXFWLRQV IURP IXHO FHOO DX[LOLDU\
6XVWDLQDELOLW\ LQ PLQLQJ bRQAURBOy WHIIINNG Hub\
1HZ SURFHVVHV SDWKZD\V DQG KX?D@&@%I@QDEW%WHWW@QL 6 $QGUD
FDXWLRXVO\ RSWLRXUQDP IKIWXOHDQFBLUHOOL 6 &DSREVNEWRPEQW
SBURGXFWERQ RI KHGBXW\ YHKLFOH DFWLYLWLHV IXHO F
> @BKQ . 5SDNKD + IDQ GlH UG H H[KDXVW HPLVVLR@8SIOLHBKRUA@HDUHDYV
(VWLPDWLQJ YHKLEFOH IXHO FRQVXPSWLRQ DQG
HPLVVLRQV EDVHG RQ LQVWDQWD@HRX\ WSHKWSULBRG7 )YuH\ + 5R X
DFFHOHUDWLRRXUQBDYHORNI 7UDQVSRUWQW|}B@DWLRQ Rl QXPHULFDO PRGHO\
(QJILQHHULQJ = RI UBROQOOGVWRWLOL]HG IXHO FRQVXPSW
> @GDKLPMGDGL $EEDVSRXDQGHK &PLVVLRQV RI JDERWLQHY H IOLR® MV
$UWLILFLDO QHXUDO QHWZRUN7H8 8WARNYIA W HREX oMV FK 3DUW
UDQJH UHJUHVVLRQ PHWKRGV IRU S§QHAMURQAAHROWR| WUDFWRU IXHO
FRQVXPBMRRRQUHPHQW & > @LOYD & *RQODOYHV * )DULDV 7
> @DUD 7RIXMDNVHF 6 3UHGLFWLRORRHV - WRKHHEIN DQDO\VLV WRRO
WRUTXH DQG VSHFLILE IXHO FRQVXPSWLRQ RI D JDVROLQH
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HQHUJ\ DQG HPLVVLRQV VOHKGLHAHLEQ @RED®D YHKQORBHY GH &DVWUR $ %UD\
RI WKH 7TRWDO (QYBURQPHQW 3 OHQGLEXUX&8w HPLVVLRQ IDFWRUV I

> @LEDX - 6LOYD & 6RXVD - FDUERI?LQ AU&EQ\GIRUQFR@]HWUID(I‘H:‘NV

FRVW DQG OLIH F\FOH &2w RSWLPLDWERIQ I 0XHEFAHOWO K\BEDX&EHUJHU 6
DQG $SQXH\EULG XUEBQ EXYHYHUI\&RPSDULVRQ RI IXHO FRQVXPSWLRQ DQC

+ UHSUHVHQWDWWYHY KKIDFQHV7KH) (XURSH
> @ %DRHOO /HE OIOXHOQFLWHUQDWLRQDO &RXQFLO RQ &OHDQ 7U
)DFWRUV $QDO\VLV DQG 3UHGLFWLRQ RI *DV (PLVVLRQ LQ
OLQLQJ §MVMWDLQDELOLW\ > @XQ 0|_ = =KDQJ -'ULMLQJ
- @unprkioony o srruo . OPUIYEL FOUERS HPLVVLRQV IURR K
3UDWK\XVKD . 9DLVKQDYL &R
$UWLILFLDO LQWHOOLJHQFH WRR@ @RRIG UXINEH) B R QNP S \§ R RIQEGHIM V 5
SUHGLFWLRQ LQ KHKDYX\LWKHKRKU\EO YRIDHWIFtD - %HNXQ®@RQYHUJHQFH

&RPSXWHU DQG ODWKHPDWLFDO (GXRADAMODAEY E8YW2Z2HHETY SHU FDSLWD FDUERQ
IURP IRVVLO IXHOV DQEQHHBHRAMOEBRGXFYV

> @ROEDVL 2 LQD ( +DXO WUXFN IXHO

FRQVXPSWLRQ PRGHOLQJ XQGHU > URX®DRP] RSHUERQLQJI* <X I

FRQGLWLRQV AUPDWIS RWXIBWLRQ 5HMMBORIS BDQWN BHRZIHLFKWFDOHG WUDFWLY

7UDQVSRUW DQG (QYLURQPHQW GLVWULEXWLRGXWRIWKKBXV IRU HPLVV
PDWAWBUQDWLRQDO -RXUQDO RI

L
> @DGXEDQD * 6LJZHQL % %%(%
&DVBDVHG UHDVRQLQJ V\VWHP IRU;I' ?E\Lﬁ\ﬁ’ﬂ?&”ﬁ IXHO

FRQVXPSWLRQ E\ KDXODBLW WUWRMHNA @QP RSHQ + 6XK : /HH 6 R -
,QWHUQDWLRQDO -RXUQDO RI (OHPWWRRDO GRLQELRRPSHBMAWLRQ LQ &2w
(QJLQHHULQJ = SHUVRQDO WUDYHOVHFWHBG&D® HIEQ B O RWL
> @HUPXUDX $ SDPtDHH]' 6DQPLT9W6’UQDWLRQDO "RXUQDO RI 6XVWDLQDE
/ %DVFRPSWD 0 $ FRPSDULVRQ RI WKH IXHO

FRQVXPSWLRQ DQG WUXFN PRGHOW L@LGLIIEHUHD@J SERGROWLRQ *H <
VFHQBISRM. HG 6FLHQFHYV (I'THFWV Rl UHJLRQDO IUHLJKW VWUXFWXU

@ RDWUNQWKSRUVD <DQJIW
> @RUJDWH 7 +DTXH
DVVHVVPHQW WR HYDOXDWH VRPH%I% ggﬁgﬁé’@ FBV\LLP%%Q_%V RXUQDO RI 6

JROG SUR®RXEMWPDROQRI &OHDQHU 3UR
+ > @T5LRUGDQ 9 G5RJDQ ) IY*DOODFKYy

> @HUDOWD 6 6DVPLWR $ 3 gﬁ(}w& ,PSDFW RIVSQEgY/H\g\éEBSV\ISV\[/DU[HYP
SHOLDELOLW\ HIIHFW RQ HQHUJ L%%&L 0 JRXUOGDO RI'e
JUHHQKRXVH JDV HPLVVLRQV RI B KL

WRZDUGV VXV W DLRXCEXDH PR_IQL6(ZHVWD

0LQLQJ > @VKLN 5PKPDQ 0 $QWLSRYD $ =DI
QDO\]LQJ WKH LPSDFW RI WKH EXLO

> @\DQWKDNXPDUDQ . 9HUPD 5

&2w HPLVVLRQV HQHUJ\ FRQVXPSW gvé’%%@@’g?@fﬁggg% g)l(_\llQ\EVLDGLHQDI::

$ FRPSDUDWLYH DQDO\VLYORIUEKL QDD

3ROLF\ + > @DQ 0 +nNDQVVRQ - 6YHQVVRQ 7
. . JHRUFEBEWJWUDQVSRUW L

> @%LQLDULV LURXGDNLY & &8@909 HQQJIEIH IURQPQGLIIHUI-?QW XUED%

DWLRQ SRLQWV DQG KRXVLQJ

OLQLPL]DWLRQ RI &2w SPW PLREV WLRODO -RXUQODO Rl 6XVWDLODE

XVLQJ VWRFKDVWIRRXEPXODWRRRK W
6 XVWDLQDELOLW\

<D J = <DR, P6DFWYV RI
> @RUGLQ , (ORIVVRQ . % Q KROG FDUERQ G
&ERWHWHFWLYH UHGXFWLRQV LQ JUH I& RXUQD
S5HGXFLQJ IXHO FRQVXPSWLRQ RU U Jf%) LRQ

ELRIXIQBGIVYI\ 3ROLF\

([DGDNW\ORV * 9DURXFKDNL%IT

. RV DDUVEHUJ +XDQJ)X 5RRS -

> @HQ DRI v X 1 +X < FLHQF\ LQ WKH 8 ¢
&DUERQ HPLVVLRQ SUHGLFW RO QW PBUL P S D F W
XQGHUJURXQG PLQLQJ VWDJH IQHV& (QH 'R(ILFLHQF\LQ O G XYW UL

6 XVWDLQDELOLW\



&RW BHIV) D O -RXUQDO RI OLQLQJI9RQYLURRPHQW

> @RUJDWH 7 +DTXH 1 {Q@RIORBWIG 5 7JLWKHULGJH + 9H

JUHHQKRXVH JDV LPSDFWV RI PIDQL®JGB@GHUPLQBQMWORI IXHO FRQVXPSWI

SURFHVVLQJ -RXHWQDWLRQEOHDQHU BDRGKF YL BRTRDPYSRHWDWLRQ 5HVHDUFK
7UDQVSRUW DQG (QYLURQPHQW

> @RRIDVWDHL $ $PLQRVVDGDWE @K $UHBDU® - /HH - (RP 0 'R 3D
.L]JLO © 'HYHORSPHQW RD\BUPXOWL ORGHOLQJ HIIHFWV RI YHKLFOH VSt
SHUFHSWURQ DUWLILFLDO QHXUDO IGH®W ZHRRARQRR G IEO WHRE RHOVHQ PLLQH | XHO FI
KDXO WUXFNV HQH,QW HFRQNWR KW DRIOREX YA BIOF O AUG\QDPRBEWDWLRQ 5HVHDUFK
RI OLQLQJ 6FLHQFH DQG 7THFKQRORJMUDQVSRUW DQG (QYLURQPHQW

> @DKRR / %DQG\RSDGK\D\ 6 > %@LIDRUMHH=KDR 4 .DNX , X <
%HQFKPDUNLQJ HQHUJ\ FRQVM¥PHOIRSPHRW BXPSIXHO FRQVXPSWLRQ RS
WUXFNV $G PQIOHHE (QH U &\ IRU WKH FDSDFLWDWHG ¥RRBR®HI WRXWLQ

> @®LDQQHOOL 5 1DP ( +HOPHU .2SHRYRWERQY SHVHDUFK
6ERUD * %DUWK 0 GXW\ GHHIIV¥O@RUUHD (VSLQDO $ &RJROOR )OyUH]

YHKLFOH IXHO FRQVXPSWLRQ PRGH/QB®) EDVHG RYQDOXDE LRDE&EHO HIHFWR GH
DQG SRZHU WU D5I$Q BHORKOPIHAW B UMD SHHUNFLHQWH HQ HO FRQVXPR GH FRPEXVWL

> @KDQJ . JUHV + & ﬁgé/ %{Eﬁ H FLyQFD/ULJPDSLSHVDGD XVD
HVWLPDWLR@DIRUY RRKLFOH HPLVVLROYV ﬁi&%%ﬁt

XVLQJ OLJKW GHW HFWRRDODQ@GRU VK. 6D HEDNKP R Y D 6KDWVNLNK 6

‘DVWH 0DQDJHPHQOW $*VRFLDWLR@RPSDULQJ 5LGJH DQG /$662 HVWLPDWHF
> @ORNH - %RXOWHU 3 'DyLHV QPOBUREHGLDP (QILQHHULQJ
PDQDJHPHQW DQG DLU TXDOV5W\ UHYH®DEKHRFRIUDPPH S5REXVW ULGJH HV
SHSRUW PHWKRGV IRU SUHGLFWLQJ 8 6 FRDO P
> @RRIDVWDHL $ $PLORVVDGDWERBPXQLEBWHRQVKHREWDWEVOMMWER GV

.QLIJKWV 3 HY BQWFBRWHO WR>VI@RWDW®D 0 ODUTXLQD - ODPDQL -
WKH HIITHFW Rl WUXFN EXQFKLQJ GXRQJROSJ\ORDGPMVULPRWH RQ 1RULHJD
F\FOH WLPH KDXOHG PLQH PDWHULB®ONGRE® UIXHCCP REOIVXREWQRO®DFKLQH OHD
,QWHUQDWLRQDO -RXUQDO RI OLQHQJFRGUNPSWLRWPEQ.LEB7HTXLSPHQW

7HFKQROR J\ OQWHUQDWLRQDO -RXUQDO RI OLQLQJ
> @LQGDUORR 6,UGHRRRYD ( (QILQHHULQ

'"HWHUPLQDQWYV RI IXHO FRQVXPSWLRERWYIFQADLQJ WMUXPNWQD - 1RULHJL
(QHUJ\ 3UHGLEWLQJ RSHQ' SLW PLQH SUR

- @roryDoKR (oD & e . PREKURRSHOUILEI WATIOUTXY o Tov
1HZ DSSURDFK IRU UHGXFWL Lﬁbﬂb

FRQVXPSWLRQ E\ FRPSDULQJ GLIIHUHIDV TL@IQ J- KRRWWIKHD 0 O0DPDQL -
FRQILJXURWWAGRY RI (QYLURQPHQWDBBJDD QD J HPHX W- &RSSHU RUH JUDG
XVLQJ PDFKLQH OHDUQLQJ WHFKQLTXHV L

> @DWWHUVRQ 6 5 .R]DQ ( +1BBYEPQ RIOLQLQJ DQG (Q¥LURQPHQW

(QHUJ\ HIILFLHQW VFISH®XORQD RPIE@R®BQTXLQD - &RWULQD O ODPDQL -
WUXPNM SHDQ -RXUQDO RI 2SHUDW LERRDWOD PIDVRIDUFRUWL] 6 &UX] - $

> @HFRMHYLFE 9 RPOMHQRYLF R PXOW”@%ELJSHUFHSWURQ QHXUDO Qt

J YDULDEOHV
WUXFN IXHO FRQVXPSWLRQ DQG &2 F\% Y

HQJLQH ORDG 6|7a|RQ$GQI_Q»'\)<L[mg\oHHWL(\Q6 %%}%g C%\%q“?#gb 8\5 RI(QJLQHH
(IKLELW DQG &0$ WK 1DWLRQDO :HVWHUQ 0LQLQJ

&RQIHUHQFH > @DUQHLUR 7 SRFKD 3 &DUYDOKR 3

GJH UHJUHVVLRQ HQVHPEOH RI

> @RSDO ( 5DPD]DQ 6 qJ
PRGHO IRU PLQH HTXLSPHQW VFKH/ ngb%v F%%.b—%cé] UCSIKHG WR VRODU D
PDLQWHQDQFHRSRV® -RXUQDO RI

5HVHDUFK > @QJ ; DQJ % /L 4 :DQJ &
> @RRIDVWDHL $ $PLQRVVDGDW gg PDQZ@#:RYQ%%\&LHEGOLHFVSE
3D\ORDG YDULDQFH SOD\V DE&E&‘% H PHI 4
FRQVXPSWLRQ RI PLQOL@XVWOROL
SHVRXUFHY DQG ,QYHVWPHQW > @HUD@UGRSRYV 6RULD(]FXUUIDQGR
ODEKLQH OHDUQLQJ IRU FUHGLW



&RW BHIV) D O -RXUQDO RI OLQLQJI9RQYLURRPHQW

5HDFWLYH 3HUX 3URJUDP $ FRPSDULVRQWAIBRG@NDDVVRIBA®BAJIN &RWULQD

5LGJH UHJUHVYALR@RPRBW OV 7HDWLQR 0 5 HWDRRIR 0

> @DUQHLUR 7 5RFKD 3 &DUYD O§<D b\/ Rég#wGLFWLYH PRGHOV IRU
H i RSHUDWLRQV LQ DU

5DPtUH] / B5LGJH UHJUHVVLRQ H E oy W HOOLQJ R (G

PDFKLQH OHDUQLQJ PRGHOV DSSO RS\ R HHE 2R

IRUHFDVWLQJ LQ %I9JLE D QGHEID L

> @GRWULQD 0 ODUTXLQD QJXNL\D 5 6NODUHZ $QD

. L DEOH GHYH!
BUHGLFWLRQ RI XQLW KDXODJH FR éi'p%% I!Q 'E
XVLQJ PDFKLQH OHDUGQRXQUQDMHF g%%[?iLOLVL%)J\AJ %i@@% é?W&RS&PG—ﬂQW
6XVWDLQDEOH GLQLQJ

> @UL\D 9DUVKLQL $ $QLWKD xpg HQV[B)'@P\Q\}VRU\
6RXQGDUL\D B&RPSDUDWLYH DQD,

6XVWDLQDEOH GHY
SULQFLSOHV SLOODL

PDFKLQH OHDUQLQJ DQG GHHS o bég‘VBOS)ﬁWLL\ﬁQP\/&ﬁQWm““)GR'HLDE’Y“
VRIWZDUH HIIRUWR)Q—U\QNDLCPDWILRSJ(\
&RQIHUHQFH 6HULHYV > @XUYLV % ODR < 5RELQVRQ

> @VKZDQWK 1 (YDOXDWL Hgggﬁ@ﬂé:yﬂ%ﬁ@ﬁ 'E‘EggtaLW\ ,Q VHDUEK

VHOHFWLRQ LQ OUR@BDG W HIW B \6\FIL

$SSOLF
> @QWLFRQD &XHYD - $QWLFRQ 5@&@( fé\)f %;%ERE
7HDWLQR 0 1RULHJD 9LGDO 93 &%gﬂ \ﬁ@) JHYNLIQE F H
9HUD (QFDUQDFLyZ@WLPL]DFLyQ GH OD
IUDJPHQWDFLYQ GH OD YRODGXUD>G@%ERFDV HRRRMHO EXVWQGR D ORV 2EM

PHGLDQWH PRGHGRWRFHHELFWLRR WM UWGOOR 6RVWHQLEOH (O HQIRTXF
1$&&(, ,QWHUQDWLRQDO 0X OW L BRQMMLY@®NVH RQ

,(S\\(NHUOHRSSUPHHQQHVC(U/V(KSL,S QQRYDWLRQ & BRSwHUTH BRR™ spELHOWH 3HU
’ FRPSURPLVRV DVXPLGRV HQ HO $FXHUG

LQFUHPHQWDUiI VX DPELFLYQ FOLPIWLFD
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