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.DUVW VXVFHSWLELOLW\ DVVHVVPHQW DW OLQH
* 6 DQG 5HPRWH 6HQVLQJ LQ WKH 90DGLPLU UH.

(OHQD 'URELDUQMD . L$WHIMHYFD CLYEML]DYHWD 5RPDQRYD

*HRORJ\ )DFXOW\ 3HUP 6WDWH 8QLYHUVLW\ 3HUP 5XVVLDQ )HGHUDWLRQ
6HUJHHY ,QVWLWXWH Rl (QYLURQPHQWDO *HRVFLHQFH 5XVVLDQ $FDGHP\ Rl 6FLHQFH ORVFRZ ¢
ORVFRZ 6WDWH 8QLYHUVLW\ RI &LYLO (QJLQHHULQJ 0*68 1®MULRWDROQSHVHDUFK 8QLYHUVLW\ OF

$UWLFOH ,QIR $EVWUDFW

S HEHLYMGVREHU _ 7KH VWXG\ SUHVHQWV DQ LOWHJUDWHG DSSURDFK WR |
SHFHLYHG LQ sHyYLvHG 1RGP RIUDSKLF ,QIRUPDWLRQ 6\WWHPV *,6 DQG 5HPRWH 6H
HEHPEHU PDSSLQJ DQG VSDWLDO DQDO\VLV 7KH DSSURDFK HQD
SFFHSWHEBHPEHU VXVFHSWLIHM\CAWMQW Y@ DUHDV ZKHUH OLQHDU LQIUDVWU

3XEOLVKHG 'REBREHU ZLWKLQ WKH 3LYRYDURYR NDUVW DUHD 90ODGLPLU 5HJLR
WKH DGYDQWDJHYV RI DXWRPDWHG J]RQLQJ DORQJ WKH F
VLOQNKROH GLVWWRWEXMQAWDODREBQBQWILRQY $ VLIQLILFDC
FRQWULEXWLRQ WR WKH DVVHVVPHQW RI NDUVW VXVFHS
‘2 MPH S\WKIRBQVHG WRRO IRU WKH DXWRPDWHG PRUSKRPHWULF [

.H\ZRUGYV GLDPHWHU PHDVXUHPH®WHDWORH WL HEWD WLRSURDFK SU

HITHFWLYH VROXWLRQ IRU NDUVW VXVFHSWLELOLW\ DVV
SURFHVVLQJ RI ODUJH GDTWDHWA UHWRXE®IFY QW KW K F D
.DUVW HQJLQHHULQJ GHVLJQ GHFLVLRQV

.DUVW VXVFHSWLELOLW\
5HPRWH VHQVLQJ GDWD
6LQNKROH

*,6

,QWURGXFWLRQ

7KH SUHVHQFH RI GDQJHURXVQNKR®HIF KHE@HUDG HQ SWROLPRWMW R
SURFHVVHV XS DEXLDW VL0LJQLZKFHMNGWRRQGLWLRQV FRQGXFLYH WR V
FRPSOLFDWHY HQJLQHHULQJ VXDYH\WDO,WHNGBHYLW SHEWWRHIN XQGHUVFF
LW LV LPSHUDWLYH WR DFF XU D WHO0 HDAWD/FH/ \RWD)GCAMARUDEDEFGG N DUR/ W | R |
HQVXUH WKH VDIH RSHUDWLRE®PRUHKQIVQHH KIDYQDUG SUHGLFWLRQ
LQIUDVW LDAUFYWK O QGVFDSHV DUH BK\BUW H® LPPHWKBPHY IRU HQJLQHH
SHUYDVLYH SUHVHQFH RI FORV HEH GXSEWIRQRIQFRZEKQANH XQGHUVWI
YDU\ LQ VL]JH > @ 'HSHQGLQJ RQIDVKHYLUGIBQPANVEY 2WWHREHF HIURMH F\
GHSUHVVLRQV DUH FODVVLILHG AFRQWROBEQHDRU WSDWKROHDQDO\VLYV
$ GROLQH LV GHILQHG DV DQ\ WRSIRJUDSKILFDQ GRSIPBWLIRRY 6\VWHPV
LQ NDWDMW WHDRQVXQFW IXQQHGRWKKQWFBALRQ ZLWK WSKIHP ROWFHFHV VLE
FKDQQHOLQJ UDLQIDOO DQG VX BHFWSEEI EOWDPHDRGE FID FAP BMRHKHQ VLY
UHFKDUJH WKH NDUVW DTXLIHUVSRQLIHA VBOW DV KBIQWBWRY WRROV
/LQNKROWHHQHUDOO\ HPSOR\H®[WIRG GWDRXWHDRG H[KDXVWLYH NDUV\
FROODSVHG RU FRYHUHG GROLQH 7ZK® SRWH Q WQIB0I [RMHQEV IDU EH\RQC

&ROODSVHG VLQNKROHV RIWH@KRWPFRSR QW DNQMHRYWOW XGLHV ZLWK
SRVLQJ VLJQLILFDQW HFRQRPLFA QHQWKH RRPWIQWWIPHHQWWQ@&RI D ZLGH
VRFLDO$ UNWWNVYHDWXUH RI NDUVWQIYV URIQPW QWO ULVNV $ FRPSHOOL

Eﬂ&RuuHvsRQGDQHQ&WMRBLQLQD@REQQHQDx
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LV ZLOGILUH PDQDJHPHQW ZKHUHRWEBWH DMOHBRQRORM HRU LQIUDVWU
DUH LQGLVSHQVDEOH IRU PRGHGAVON WHY SUREDEHGRDWVWYQ PRXQW
GHPRQVWUDWHG LQ D VWXG\ RI WKH GD®VFRPWHGOLQHDNO@XVWUDWLF
OD\XUEKDQM 'LVWULFW ,QGLDDSSDQFDEQWHWYRNVKHBRVSDWLDO WHFk
DSSURDFK X\WFLQIW HPXIOOW IGHFLVLWRH PFROGHDOWPHQW RI XUEDQ DLU TXD
$+3 )$+3 ZYDMKLDEOHV VXFK DVHOKIHWDWLRQVHG ED¥HG .ULJLQJ
W\SH FOLPDWH WRSRJUDSK\ LOQRBGSEADWUR@P®G VWDWLVWLFDO
KLVWRULFDO 02',6 ILUH GDWD F D3 DWHWBPBER®D G HEOQQRDMHRI PDMRU
KLJKLVN JRQHV > @ HITHFWLYHO\ TXDQWLI\LQJ WKH GUD\
*HRVSDWLDO WHFKQRORJLHV ®BRMRQVS\RIDOKHW EQUWWHEGXDODQJ WKH OR
DSSOLFDELOLW\ DFURVV GLYM®R/MWKH QOREP@PBERYB®KWPLF NQRZQ [
GRPDLQV )RU LQVWDQFH D 3XQMBPEDVRXQG 2D WE&RYVRAEXG\DSSURDFK
XVHGHDU GDWD WR UHYHDO D GIDBPRDWWP VZB® HWKMDBERGN BDWWR @ QR |
GHFOLQH IURP W R PHWHUWL VIKODEQPRVYIRSURFISRROOXWLRQ SDWW
GURXJKWLQEU@ ]RQ FRUUHODWLQJ HPLVVLRQ VRXUFHV :
,Q WKH VFLHQWLILF FRPPXQLWLPBOG FWY FHEGGV SWGRMLXEWID BRIDGE®DIWDL R Q
DQG PDFKLQH OHDUOLQFOWBERQPHAXEMYHORSPHQW RI SXEOLF KHDC
IUHTXHQF\ UDWLR ORJLVWLF UHJUWDVLRRQ) WKQGS PUHWKRERM®RI\ LQ D
QHXUDO QHDWEHRQRY FRQVLGHUHX YMWRRDEPHOW XQGHUVFRUHV D FULW
SUDFWLFH IRU PRGHOOLQJ ODQGWGUGHWYRQFHRIWLED WV EOLHQWHUS
7KHVH PHOMKRGDJIJH JHRVSDWLDODGD®D/ LVQ FIDXE MQNDWLVWIFDO YDOL®
GLJLWDO HOHYDWLRQ PRGHOV OUBKHRIRIN DR DOPG XBRZWRIXO W L
HITHFWLYHO\ UGN §WIUIN KV JKD V H G RRQ HFQN.MULRFF@ROH GW®@ DKD V VIHVIMPIIRQWH V
FRQGLWLRQLQJ IDFWRUV VXFK \NKHVRORGHU BWSNESWFWIQXG WKDW DG Y
JHRORJ\ > @ 7R LOOXVWUDWH W& DV \SWRAFRYW KFHRIQ VL ESHL MK HWR DWP
H[DPSOMH RDQGVOLGH ULVN DVVHHRPHMLRQ /DKDXIQUHWSOBEQRBYWLGH
DQG 6SLWL ,QGLD ZKLFK HPSORHGQRXIOHGL DA}GPDERLYPSHQVDEOH WR
OHDUQLQJ PRGHOV ,Q WKLV LE&QWDQE®PHQKWD GDQIGRP DVVHVVPHQW
YRUHVW PRGHO ZDV LGHQWLILHGVIBYUWWIR PLRDONSIOIDIQRM QY H
PRG H® & 7KH VWXG\ UHYHDORIGHKRUMLFOH LV WR DGGUHVV VLJIQ
ULVN ]JRQHV SULPDULO\ GXH WRKDQRBE&JDWGAIDEWHNDUVW LQYHVW
SUR[LPLW\ SURYLGLQJ FULWLFDZKBOMW D LRY RQ IU@NW VWM EWKUH GH\
SURWHFWLRQ > @ 7R IXUWKHU REMHAMWMLYHWH WKLY \S/RXGWLVDWR DXV
ODQGVOLGH VXVFHSWLELOLW)\ VWXG\DEG® 6HUNIWIDQDBE\V|QGADVK D YLF
GHPRQVWUDWHG WEBKWL QI YOCHDFUIAKR D D QI NDUVW VXVFHSWLELOLW\
QHZ VDPSOLQJ SURFHRB®H H\D | Bb SREWWPL]LQJ WKH WLPH UHTXLUHG IRU
DQG 60RSH %XIIHU 6DIH 3RLQWEHPPQVWBEDRYRQVK¥W SURYLGHG RI W
DFFXUDF\ Rl ODQGVOLGH VXVFHSWLELDL WD WDS SIQE PRGHUQ VSDWLI
UHOLDELOUMMNLDRRHM ,Q RUGHULWROX®EGLQILWDXWHRPDWHG SURFHGXUH
FRPSUHKHQVLYH FRPSDULVRQ BYWWRELURLS UASBIRMR. WHKH TXDOLW\
FDSDELOLWLHV GHWDLOHEL ODWQGVIOHEGH RXVNBISYW UHVHDUFK 7
JRQDWLRQ PDSV ZHUH JHQHUDWSGRDFPK QDF VOKWHIHWHY UDSLG DQG
DGYDQFHG PDFKLQH OHDUQLQWKWHNBQVWXISWRFHMW/ HQDEOLQJ WK
IROORZLQJ PDFKLQH OHDUQLQDB DD®WR URWKPNHIBHERBRILGHT X HQW O\ L\
HPSOR\HG H[WUHPH JUDGLHQW \PRSFORUMM VWBRRWWLF SODQQLQJ DQ
UDQGRP IRUHVW QBEPUHMMNG QHLHRERQMHULQJ SURMHFWY LQ NDUVW W
11 > @ $QRWHKHIYDPRBWE LV AMKDWHVHDUFK IRFXVHV RQ WKH 3L
RI ODQGVOLGH VXVFHSWLELOLDVAHCPDISEL\WKH LOODBKRLU 5HIJLRQ RI
+LPDOD\DV  ZKHUH )UHTXHQFSLYFOVDIURY P QWY UGWYWUBDXKLVKHG E\
,QIRUPDWLRQ 9DOXH PRGHOV DFKLHYHIGRAOLQW S GHYHOMRISPHHQW R1 VL
DFFXUDF\ $8& 8§ 7KH VWX®RFFXKIWAKQEBVRI VLQNKROHV LQ WKLYV
YDOLGDWHG DJDLQVW RYHU WKRBDRBMOA\GER FAXPIQOQWHG DQG YHULI
VXFFHVVDAOWMLAG WHUUDLQ LOQWWHDOU¥K UKYN SULRU YDOLGDWLRG
FDWHJRULHV 7KLV GHPRQVWUDWMVHVKIP ISQ\WFRILWRBD SDRIMBVRIG PHWK
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IRU GLUHFW FRPSDULVRQ EHWZISHE®WHPWRWRIQVIRQHWIRMWEHOOV DQG
* BEDVHG HYDOXDWLRQV DQG HVPRIEHILVIKMHG RUHOBO®DWLRQ SDWKZD!
VLIJQLILFDQW PHWKRGRORJLFDO DGYI

6LQNKROH LGHQWLILFDWLRQ D@® PWRBLE®IGURORJILFDIODV FRWUHFWLR

V. L FOOWLRQ ZKHUHL
$ FROYHQWLRQDO PHWKRGRORY 'V@ A Wik
RI VXUIDFH NDUVW W\SLFDOO\ H g/ ky FOWR %ég@%ﬁﬁ&&@ UHO
LPDJHU\ IRU WKH LGHQWLILFD pol é\%‘ég g v 2 WLFD

VLOQNKROHYVY IROORZHG E\ WK

KHVH DGYDQFHPH
FRPSUHKHQVLYH6XHXW DO REXW D \DFNGH & HIPHLW K R C

2 N
FRQWDLQV SDUDPHWHUV IRU Ré’gPKQL L WHEWLRO X\
VSDWLDO ORFDWLRQ GLPHQVLREY NIy KL SN U'%_VQWHUIHQURP
UDGLXV GHSWK WHPSRUDO F ¥ i 5SSURDEKHY
GDWD DUH DYDLODEOH GDWH GURGCRILEDO
DQG RWKHU SDUDPHWHUVFK/SH = QL EHV D b S S oL
REMHFWLYHV 7KH PDWBRQJRD QI® N GHSUHV
VLQNKROHV XVLQJ SDQFKURPD I% %‘ %&gﬁgﬁ@ \ﬁéﬁl& N GHSW
\ng\(’gv)':'gooét’vf %@PDJHU\ LV VWLOO SFERRAR URT IRV How o\
7KH XVH RI UHPRWH VHQVLQ % B"%%LQ%@S;VRSSBHF‘Z’&%\W%V%
LGHQWLILFDWLRQ RI VLQNKROH 0> Hy MUWKA & Q
SUDFWLFH )RU LQVWDQFH D vw&d\ x@

W H %Dvw) X
RI VLOQONKROHV DFURVV DQ DUH %B«EH \g\)v ho ORsHkaDv\\// FE|HE
KHEFWDUHV XVLQJ UHPRWH VH v% o Q

UHVHDUFK S\RWY HRWAND @ HNUH L JLH RDIU R WV

RQ D VHFWLRQ RI WKH &HQWUD i Hi Slf% R/@UDQJH RI
7XUNH\ 7KH LGHQWLILFDWLRQ S '% %54( >§<HHV WKDW
RI KIWHKVROXWLRQ VDWHOOLW \j% b \GSLGD-\ﬁJ LILFUDWLS”LRFIDNFDLS
SKRWRJUDSKW JLMD® DOHYDWL Q

0 8 IXUWKHU ND UV W \ VSDWLDO UHVROMMWLRQ DQG

GRRPHQWHG RQ WKH EDVLV RI D H
SXEOLVKHG OLWHUDWXUH 7KH S
WKHVH IRUPV ZHUH VXEVHTXHQ

iﬁaéﬁY RAS R X0
PDQXDO GL
VI RGN JR YWRVHDUFKHU
5 f 0 YLVXD

DQG WRWDO VWDWLRQV FRQILU : 8&5

1 W R | WKUHH
VWXG\ DUHD 7KH GHYHORSPH N RSB
DSSOLFDWLRQG RHULILFDWLRQ B w RV A QQH o

WKURXJK VDWHOOLWH LPDJHU\ W 'ﬂ(%f,’@%\’
U L k' HOVY 7KH Lo

0

EEWE’KRKGLQSS}\ED%XDEOH PGGL KB 7xONLTVR ™ 'LUHFWRUL
SRR e R vouto) PRGN URELSIBEEERAB T UDS)
KDV H[SDQGHWBGKEHRR QB QBGLRILF X XU 'Qo oy,
VDWHOOLWH LPDJHU\ DQDO\VL @ﬁﬁl’fg%gu[%?m ot QRS(HQQH\
URXWLQHO\ HPSOR\ '(0V WR %\ﬁf T SRV LS aers L6 pos uxE

GHSUHVVLRQV H Q DX GLRPID W
LOQWHUSUHWDWLRQ RI VDWHOG& hC; Iﬁ/L R(%FL XVH WKH 5LGJH L
HOQYLURQPHQWY ,Q NDUVW WHU '%ﬁv % A E Ch%é 3|§JCNQDLV\V/LII?\’-I(IQI
E GDWD ZKHUH

O R

'%'?ﬁ”%: VWV LRQV U
7KLV UHODWLRQVKLS KDV IDFL 1% H
DTXLIHHUD¥EQQLW@ PPBYHS RQ IH\/ \& éo I\ *f% PWQRDORLG

LQWHUDFWYV FO RAFH QAD W HW K

DQG VXUIDFH NDUVW GLVW D%’ LiPG S V?gng Sﬁ\\L/JF\fZ'g?(LgQGJDL/t

XUWKHUPRUH '(0V SURYLGH E

) ( % RE :}J)E D RDFK ZDV DSSO!
E BRI

IHDWXUHV '(0OV KDYH SURYHQ S

VSHFLILF K\GURORJLFDO DQG
K\GURORJLFDO PRGHOOLQJ RI V3>
JURXQGZDWHU UHFKDUJH > @/Ef N \OVWQGJLUPDDLUQ\ PIF;(
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YLVXDOL]DWLRQ RI GLJLWDO MDWHUBRPSDWREMOYLWKUPRELOH GHYL
DUFKDHRORJLFDO IHDWXUH PDSSWHP LW QR WDXKMWKFRRXW LWV OLPLWI
HPSKDVL]HG LWV HIILFDF\ L@KIELDBVHOQFVWMNESHOYWRU VDYLQJ UH
WRSRJUDSKLF HOHPHQWVYV LQFQRGEQDLMOHWRNLISRQMRDOGVWDWLVWL
GHSUHVVLRQV > @ LPSUDFWLFDOLWUHDRUPHDD/XIHHPHQW!
,Q DGGLWLRQ WR WKH PDQXMR®RJTHIWWKWLIDW IRRHUWRI HQKDQFHG 1XQ
VLQNKROHY WKH GHOLQHDWLR QM ®DB/XIFEHWROWHRYQFDPDEH YLHZLQJ
HQKDQFHG E\ WKH XVH R)JRUQG MLHAVKRAHGGHIMWRHBWLRQ DQG VDYLQ
LQVWDQFH WKH XVH Rl VSHFWUD® WHIEBW®RDWRBREODMQG LFHV KDV IRU VX
EHHQ GHPRQVWUDWHG WR EH HEIB\WFAG WH ] HQP MIX\L XU H R HDWGV
SDUWLFXODUO\ ZKHQ FDSLWDOL]LDKHR @$\% WHR FEWYHGF WHW KRG LF KLV D!
VKUXE FRYHU W\SLFDOO\ IRXQG{FRS® RYKHVWDRSIHDU® QG6 VRIWZDUH
ERWWRPV Rl NDUVW VLQNKROHVS$SYF@DS 1H[W*,6 ENQWBISYWBIGQHU WR
7KH UHVXOWLQJ VLQNKROH GDWDWHW HIGL WK\DH)GS BUVXDOL]H JHRV
IXQGDPHQWDO LQSXW IRU YDUIZKX¥V VRIWWDDB BQROLGHY H[WHQVLY!
7KHVH LQFOX®H HGH GMHWAL W R U LOORFRHYMALR JDR | E RMDK WHHEF WEFDUWV D Q GK |
ZHOO DV WKH FRQVWUXFWLRQ RPHWKERBIJUQFPRORHW WVOKIHK RI®GIY HUDW LR
GLDPHWHUV RU HQYLURQPHQWIERXQEWRU VEUVYWUH EXKRHWR WKH ZLGW
7KHVH DQDO\WVHV DUH RI FUXFLW®&HL PO RIUPXPQY¥HQN®ROKHGLDPHWHU
GHYHORSPHQW DQG YDOLGDWLRRURH\BIRIGEY WLRHWKBURMQLPXP VLQ
PRGHOV > SH@VLQHQW H[DPSOH KN DXWWXEH MQSLFDOO\ IRUPV D UHI
ZKLFK D NDUVW KD]DUG PDS ZD\Q\EHGHEDUFXG DXV IRQUE MD@NERQ@HADO V
VXEVXUIDFH NDUVW GDWD FRPE LIQHIH Z LWKL W K B HWKKLRFAI Q HW V HITLFLH Q\
DQG OLWKRORJ\LRNRYKH WW®GEG WVRHIBDY ZONPHQW RI PXOWLSOH VLQNKR
FODVVLILHG LQWR WKUHH KD]DUGFFEDD¥HVDWY QBEKWXBWAWDHQIWH V RUI
YDOLGDWLRQ DJDLQVW NQRZQDWLINERWHK WIRFDOWQRRKROH V PDMRU
UHYHDOHG DQ DEVHQFHKR]DVGQNKRDIHKORQOODRZKDSHG IHDWXUHV 1
FODVV WHUULWRU\ WKXV FRQILOPFIQIW W RN QERAXE D FF WIDWKGH PD\ VHI
NDUVW KD]DUG GHO®@QHDWLRQ FUQ®HAROWRU RI VLQNKROH RULHQWD\
7KH SUDFWLFDO XWLOLW\ RI WXUFIFPHHY NKODUOAWE LRIFXPLYHIQW Y WKH OLP
WKXV OLHV LQ LWV GXDO HIILFLBSBU RROWAREIRWEH N QUN WH K B/IDYHEO\ HP SO
DVVHVVPHQW DQG HQYLURQP H QMW PRFHQ JL Q7 RIERDQL X URKNY BHSDHVR X
SDUWLFXODU FRQFHUQ JLYHQ WWDMQNDLY/ WKHRSPDIKIR@V3IODLQ %U
IUHTXHQWO\ DFW DV GLUHFW FRQ @KHVSX WREP S\ B0 XM BMIQR'E WRQFRH Q W V
XQG@HBXQG DTXLIHUV > @ PXOWLSOH DQDO\WLFDO VWHSV FDQ |
FRPPDQG FKDLQ XVLQJ ORGHO %XLOGH
6LQNKROH GLDPHWHU PHDVXUHPHRXWLRQ ZLWK GLIIHUHQW LQSXW

7KH PHDVXUHPHQW RI VLQNKR W%’g \\//v FW L RAyWKH FRPSOHILW
W

DEKLHYHG WKURXJK D YDULHW #BlggFHVY|LRRUQV\\//zDKVLgr
LOQFOXGLQJ PDRWER®DWHHGL DQG ?48 PRGBS 29l
DSSURDFKHV 7KH X\NLUED\LI]QIID\MLAR% o

VDWHOOLWH LPDJHU\ RU GLJL ol mw\gggpg%%ﬁ@(%vgw&
IDFLOLWDW H W MRKH RIGHLIMIKIR B Bl Q Q

Q
R8DHULQDOH UHT)
7KH 0DQXDO OHWKRG 3RSXOD Pﬁ%%/%%?éﬁ! Q(/?IQ'[%HB)ROHV DV LOSXW

VXFK DV <DQGH[ ODSV *,6 DOQ
SURYLGH DFFRHWR®RWLIREG VDWH HFHLYH RXWSXW ZLWK
ZLWK EGLOMWIDFH GLVWDQFH PH & yRU PDMRU PLQRU
7KHVH SODWIRUPV KDYH EHHQ | & éﬁﬂ@h}’ SURFHVYV
SUHOLPLOBH\NDUMW DQDO\VLYV ‘BWOORIAPYSAUNRTY RFHVV DV D
WR GHWHUPLQH VLQNKROH GLDP%ygéugﬁxbwa FHV IURP

REMHFWV RI LQWHUHVW DQG P Wi%kov 7kH

SULPDU\ EHQHILWV RI WKHVH W RRIK\H D/AVHX &\Z RR RXO\GH I LRI WXBAH BWM B Y D

WKH\ FDQ EH DFFHVVHG ZLWKRXW KMKEOREHBLURWHILRQ RI 5XVVL
DGGLWLRQDO VRQVZDQUG \LIQFVRIGIBRRWKGNMUDEOH GHSWK RI WKH URRI R
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NDUVW SURFHVVHV DUH VWLOO IVEWNXIR OIQ\G PWH DR¥RBSOQRIHNVEHG VRF
E\ WKH IRUPDWLRQ Rl VLQNKROHYLRN Y D H YIHQUWXLHDPPHHWWH WK H SUHYDOH
7KH UHVHDUFK DUHD LV FKDUD FMOHWX UHE/ EKDDY FRNHMQHGHPRQVWUDW |
VXOADVUERQDWH NDUVW W\SH DWNRGNWGHPREEBE EFRWEEBH[LW\ ZLWK L
OLWKRORJLFDO FRPSRVLWLRQ RHFRRRPLEOXBON HORFFMNPH Q@G RI WK
WHK WKLFNQHVY DQG OLWKRORJ\ &R @A\KHIT R M B W@\\L QLIRV BB QB F Bl VO/LDQH D

2QH RI WKH ODUJHVW GRFXPMHQWWEUXEYNKROHRXWH WKDW E\SD\
FROODSVH HYHQWV RFFXUUHGDUMD WR RYPRWEKWXEVWDQWLDO GDF
QRUWKHDVWHHQLVWGE B RDQ FLHQ WRALONKRWMLRQ DQG RSHUDWLRQ
7KH LQLWLDO GLDPHWHU RI WKH VOQWKROW RD\'\WHNPWW & XFW\SRIDW LR Q
JLIXUHLW KDV VLQFH H[SDQGHGNVWRULWRWHIUW VQWXDWHG ZLWKLQ \
GLDPHWHU DQG PHWHUV LQ GHIWR G @ O)DMMWLKIHHBRDIMU DW HR XWURWQK F
UHDFWLYDWLRQ RI NDUVW DW WYXW SHULSKHUD @ G WWKKH MRNIERZVS\QF O L
VLQNKROH ZDV DOVR )REXHHYH® MORWIGBHU WHFWRQLF VWUXFWXUH 7
$QRWKHU VLQNKROH IRUPHG L QN B/KWHWIMWRDIDW R DD FMEDHY S2INEAKNNR\
NDUVW ILHOG LQ DSSUR[VEBHWEOD UHJNRQ FKDUDFWHUL]JHG E\
QRUWKZHVW RI WKH SWHYNRRKOBWVRSRYBDEEHG2YHUO\LQJ WKLV ODQG\
JLIXUH7KH UHFHQW VLQNKROH VHG\L\WHDMS\H DWRIFG WIKH 'QLHSHU JODFL
1RYHPEHU WV GLPHQVLRQVEMNH® VXEVHTRHQWO\ PRGLILHG WKUI
LQ GLDPHWHU DQG LW LV P GHUBFHKWHVYIRFKKNEINS PDYW DVVRFLDWH
SUHFLSLWRXV XQGUDLQHG VORXNRURKEWKHIERNH REBDFK IORZV QR
IURP WKH 8U]JKXPLDQ VWDJH Rl WKMWB6LDQBLD®WGELMEFXRWDOLHVKH 6 XN
3HUPLDQ V\VWHP 5LYHU

7KH 3LYRYDURDVUMBHORBDWWMG LQ D
VSDUVHO\ SRSXODWHG DUHD WKHUHIRUH WKH IRUPDWLRQ RI

JLIXUH $UFKLYH LPDJH Rl WKIHIXURNKRBOBIFWL&DWLRQ RI NDUVW DW WK
DQFLHQW VLQNKROH

=
Clay

 ——

=
Dolomite

Siltstone
B
="
Gypsum, |——————]
anhydrite | T 1 Il

JLIXUHDUVW VLOQNKROH D DQG W\SLHRDHOVHIDRIGIRILEDO VHFWLRQ RI1 V
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7KH JHRORJLFDO VWUXFWXUH FR?FKS—UV\XHVDLF)HDIWD-UJ\Q/!DU])\VVHVVPHQW

7TULDVVLF DQG 3HUPLDQ GHSRYV §I Q

VWUDWLJUDSKLF VA\VWHP LQFOX 17 N é% T)GVDK%WLWJ
OLPHVWRQH DQG GRORPLWH Z BWKRWLF
DQG VLOWVWRQH GLSSLQJ QR UN GXULQJ

DUH 7ULDJ\L\AI:|FQFNXN’UVHGLPHQW
ZLGHVSUHDG LQ WKH QRUWKHD

L\{\&/& S K LV GH:
DUHD 7KH XSSHUPRVW SDUW RI L%X%i‘f,’E“Hl
FRQVLVWV RI 4XDWHUQDU\ GHS Q ,JUDPH
IOXYLRJODFLDO JODFLDO DQG g(g \lﬁk \'//V HQWV R
FRPPRQ ERJ GG SRDMWY PRLQO\ F Q WUDWH DOG LOGHSHQGHQW:
RI VDQGV DQG ORDPV H LW\ PRIGHO LV
.DUVW DUH DFWLYH ZLWKLQ fﬁ"gﬁ% Hﬁ‘}@qa\@ﬁZKLFK GHWHU
GHSRVLWYV 7KN/)<PLDMH‘{[W\IRUP PHG SHU XOLW DUF
FRYFHRIOODSVH VLQNKROHV ZLW \(#L}JSH FH%SKDVLVHG WKE
RI FRYXEVLGHQFH DQG VXIIXVLR WKH VHUYLEH OLII
IRUPDWLREROGRSWH VLQNKROH WKLV
WKH UHVXOW RI WKH VXGGHQ JUD §|§|ﬁ|:"o¢lsé\b'§é"wrww

*R‘U{DIleQNR DQG <X <

RI' RYHUO\LQJ WHUULW—RQHFK)VLW—&Q-I[W
ZLWKLQ WKH 3HUPLDQ J\SVXP OW XSRQ WKLV IR

H
ORUSKRPHWULF DQDO\VLV KD ﬁ
FKDUDFWHULVWLFV IRU GLIIHU%{%@ ljj‘ggg/(g) WSQDGSSCR)
DJHV $QFLHQWOMBWHIU VLQNKRO K WR oL Qs R

GLDPHWHU IURP WR PHWH
SURE ELOLWLHV > @
ZLWK GHSWKPHWRMHUY ZKLOH \R;JS}' %\Q/\t}:
|
FROODSVH FRHDWXB®OHVPHWHUYV XD LL{NDWLYH HODD NS WRBRQOR | N D

GLDPHWHU DYHUDJH P ZL I\gvg? HHV\I/DU,E;\Al}/LXFFLKHgy\, ZLQ@NK;
PHWHUV VERYH®HQFH VLQNK 0 bUH
FKDUDFWHUL]HG E\ VPDOOHU G @KV @é LHRY i D e
IHDWXUHV UDQJLQJ IURP

GLDPHWHU DYHUDJH P DQ H\/\PK 'V“@W'HFE’@”HK ZLw
PHWHUV ,Q FRQWUDVW \RXQJ | \& u FEy

PHWHUV LQ GLDPHWHU DYHUD PRV %%{7%&';&55:5 ;’,HY,V[(QF
GHSWKY¥ RHWHUV 6XIIXVLRQ VL

DUH OHVV FRPPRQ DSSHDU DV é—i ?/X\é Hv\v,h%‘:,\,\/\(,f,vng
UDQJLQJ IURP KDOI D PHWHU V\E Qv Q $SUFODS
GLDPHWHU H 6 EKQLTXH  ZKLF¥
7KH YHFWRU GDWDVHW RI )é H: MILHG LQ OLWFH
FRPSLOHG IURP PXOWLSOH \EULG PHWKRG >
LGHQWLILFIPWBI(IQIDQGQNKROHV RXQG HDFK FHOO RI DQ R.
IDFLOLWDWHG E\ UWMHR/HR OVWMLRQ }f!L\H |

LPDJHU\ FRPSOHPHQWHG E\ P lHI 0 UDGLXLVWKVF\,/K::
DQDO\WLYV ,Q WKLV DQDO\VLYV YROY
LOVWUXPHQWDO LQ WKH GHWHF lSJH VIH RC
Rl VLONKROH GLVWUL E2DW L XQ | KR V ZLWKLC
HQULFKHG E\ WKH LQFRUSRUDWIL lIJ h%mgwﬁgmem(

NDUVW VXUYH\ GDWD DQG WKH QRUPDOL]DWLRQ RI WKH UH’

HDFK FHOO WR SURGXFH D FRQWLQXR
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JLIXUH '"HQVLW\ PDS RI VLQNKROHYV

7ZR W\SHV Rl JRQLQJ RI GWRNLWLEDNVUEHHQ VKRZQ WR GHFUL
FROQVWUXFWLRQ WHUULWRU\ DQGURWY HDIXWWREDWLYDWNRROHY LQFUHD

7KH IRQLQI RI oLaHDU FRQVWIHERERR "B EIFITUR Y Lo DUk
NDUVW UHJE®POWWHFRQWHRONZR SU \( H > DV RQFH LOF
WASHKH ILUVW W\SH LV SUHGLF K@}Ff
UHODWLRQVKLS EHWZHHQ WKH

6_5
NDUVW VLQNKROHV 7KLV ]JRQLQ %ng gﬁ&\s\/@lw LP S
\a

©DXWRPDWHG JRQLQJ EDVHG RQ < QﬁU l% WHGIIFUURF}R\?FS/|
7KH VHFRQG W\SH LV FRQFH i@ K X11HU UDGLL DUH JF

DUHDV ZKHUH NDUVDF H PYQLLY RW
DQG VLQNKROHV IRUP WKURXJK U%ﬂgﬁg\@/ﬁp\%Dﬂ\é&VWKHD\/]D)g\s
V"“YKH WRRO XQG

Q
7KLV ]JRQLQJ W\SH LV GHVLJQD
IRQLQJ EDVHG RQ HQYLURQPHQ (EIYHé' FRQVWUXXHW EXIIHU

$XWRPDWHG JRQLQJ EDVHC?*RGSJ@S’J\/L&%W IDFLOLWDWLQJ WKH

J WKH K3 SJHHY/ IX@HWY ULR/X W K
SUR[LPLWA LGHQWLILFDWLRQ RI YDULRXV FDWHJI
$ UHYLHZ RI KLVWRULFDO REVEHYDMHWRRY NRQUW\WDHOHMUR DV GHPRC
WHQGHQF\ IRU VLQNKROHVY WR FOXVWHU LQ VSHFLILF DUHDYV
NQRZQ DV NDUVW I[ILHOGV )XUWKHUPRUH VLQNKROH

HQYLURQPHQWDRY WR®G MNHLLRUQL

LQIOXHQFH NDUVW SURFHVV G \&P S{\PH | P ,%\%?DSUUHGVLHV(

DSSURDFK GHOLQHDWHV FRQG 8 @ﬁ Ry PR SUHVH
M=
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J)LIXUHDUVW KD]DUG JRQLQJ PDS Rl WKH OLQHDWKRQN VBURFMPLLRAQ VLW H

7KH ]RQLQJ FDWHJRULHV ZHUBOGBVWDLRXILVKEOWHIRUN 9 LQGLFDW
DFFRUGDQFH ZLWK WKH FODVVLVROFHISMRERODQEDWAERQQYHA VLQNKRO
6DYDUHQVN\ > @ &RQVHTXHOQMR@QW UOIVWHJIRDWHJRULHY ,9 WKURXJ
GHVLIJQDWHYV DUHDV ZKHUH WKHIBRRQAWROQXFWLRQJIJKRXWHMDUVW VX'
GLUHFWO\ LQWHUVHFWYV VLQNKROHG HKHH ¢ HEE\R W& H- D WHHDRKIQW GHY H (
LV FRPSULVHG RO DUHMDGEXIMVRNVNLQNKROHV INKRKIYQFRQLUVD\ RI NDUVW
PHWHIRPLOQNKROHYV ZKLFK FRUUKYSRIXGHQOWRRPHEKROQ LV LQGLFDWLYH R
PLQLPXP GLDPHWHU RI VLQNKR®W®OW ROCAHWMM DG AROMKILWQYLRQV IRU VLC
WKH KLIJKHVW UWVLVR&BWWBRRU\WKHVH J]RQHVY ZKHUH NDUVW IRUPV |
HQFRPSDVVHV GLVWHDWHRHY RIDWAHDWHYYU SHUPHDELOLW\ DQG SURPRWH
,9 PHWHUV DQG &DWHJRU\ 9GH MWWWHWLEWK W H RREQ®EY WWKHF &WILR RDQH Q J W K

PHWHUV IURP VLQNKROHYV WKHVH NDUVW VXVFHSWLELOLW\ FDW

$SSOLFDWLRQ RI WKH JRQLQJ WRR@HUHYHDOHG WKDW WKH
PDMRULW\ RI WKH SODQQHG OLQHDU FRQVWUXFWLRQ URXWH

7JDEOH $UHDV RI WKH OLQHDU FRQVW.DNKRIRD SURPIUAMWRU\ GHSHQ
DUVW VXVFHSWLELOLW\ THQJWKV RI OLQHDU ¢
EDWHJR U\ &DWHIRU\ GHVFULSWLRQ '"Q FRQVWUXSWLRQ PHWHU

WKH OLOHDU FROQVWUXFWLRQ FURVVHV D VLONKROH
WKH OLQHDU FR QRMAMUNEW DZO\LMJRP D VLONKROH

WKH OLQHDU FRQ\PWUMFUVLBDDAMURP D VLQNKROH

9 WKH OLQHDU FRQVMHMXAWY MZDVIURP D VLQONKROH

9 WKH OLQHDU FRQVWUXFWLRQ LV _ PHWHUV DQG PRUH DZD\ IURP D VLQN
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7KH LOWHJUDWLRQ RI VSDWLD®UBGQGDPDWHGDR@ BKRIFHEWQWLILFDWL
DXWRPDWLRQ IDFLOLWDWHY UDSHWWNDRUVWENMXWEBHSRVL ESOEHWRPLQDAQ

JRQLQJ ZKLOH PLQLPL]LQJ HUURHROMRJVRBDODWIHGWXWKY ZKLOH PL
PDQXDO PHWKRGV )XUWKHUPRUH FW K 8RDDNCH\E BVDHRPG GRWY R1 ERWK D
UHPRWH VHQVLQJ GDWD LOQWHUSNHWRWURRURU D FHKNER®SDW DYWH. Y H
DQDO\WLVWEXUIS@DQQLQJ SKDVPSSQRBEOKVLY HPSOR\HG WDNLQJ |
SUHOLPLQDU\ NDUVW DVVHVVPH®DWLUERFYHGWOD FERFIGIONLRQY  DQ
LQVLIKWV |RB GBIR WHIOMLIFDZY WR WRH BHRMHFEW XQLWY 7KH FODVVLILE
UHSUHVHQWY D VSHFLDOL]HG W\SH RI
$XWRPDWHG ]JRQLQJ EDNKHD® H{OHHGV WK HF ROQ PH Q\B WR QDY
HQYLURQPHQWDO FRQGLWLRQV FODVVLILFDWLRQ VFKHPHV :KLOVW W
,Q WKH FRQWH[W RI ODUJH d1FHpiP) >§E "% Y XBIWER FIS D
SURMHFWYV LW LV LPSHUDWLYH | W)ﬂWCOHPH
DVVHVVPHQW RI NDUVW VXVFH 3&/ dRQL KLV FRQ\
DFFRXQW WKH LQKHUHQW KHWHURY %@? @@WSWG’S
7KH GHOLQHDWLRQ RI KRPRJHQ vw P'TES( WLI\D?:\\/NVRHUVLVDF
HOYPHWRQWDO FRQGLWLRQV ZLW };’X’f/\ Q‘\g é
LQIOXHQFLQJ NDUVW GHYHO&&%Q@' HQ ox@LRYSRUDWLQJ WKH
JHRPRUSKRORJLFDO DQG JHRORJLF D OF SR AIGMRIN DRFGOY B ¥ K
7KLV DSSURDFK HQDEOHV WKH DYQDEEDPHROW D GG Q\DILVQHDPHQW
GHWHUPLQDWLRQ RI WKH SUHY DL O LIQ@WH.QWHKRADIR KFAY RIDEVHHR® L G HQ W L
PHFKDQLVPV ZLWKLQ HDFK GHOLQHDWEGFIRORIUV RI [RQHV ZLWK HQKD
7KH LPSOHPHQWDWLRQ RI HQYLURG@PHQWDO IDEWRU
EDVHG NDUVW JRQLQJ KDV EHHQ ¢ P
VELHQWLVWYV DV KDYLR 1 E6XOWW %@& Fbo Q/%\N\M’mﬂi\lg%%%ggQ
WKLV SRLQW RQH PD\ FRQVLGHU f@&%%&%‘ﬁ%’“%b
PDFKLQH OHDUQLQJ DOJRULWKPV L J pgyR\LQI VRLO
VXVFHSWLELOLW\ PDS IRU QRUWKH *NBQJI[L &KLQD D
PDS ZKLFK LQFRUSRUDWHY 9 *HROERWISKRIORILFDO WHKMHWWLQJ
JHRPRUSKRORJLFDO DQG JHRORJLFBRDDE PRHYNREH BD ERHDW WR VSHF
VLPLODQH®DQ® NDUVW JURXQG VXERPBHKRORJILEDO HOHPHQWV
VXVFHSWLELOLW\ PDS IRU :XKDQ \ H O ,
XVLQJ WHKERBSBHKHQVLYH ,QGH Y HBHiK d?lf@f,:ZD%VD\S/\SVUV\é'BFI’:?(
LQWHJUDDMLQN FKDUDFWHULVW[EV] YHE\J’;&? @iw WKH P HWKRGR
SURSHUWLHV DQG K\GURG\QD v, L BvYLILED
&RPSDUDEOH PHWKRGRORJLFD VWE@ oV
HITHFWLYHO\ DSSOLHG LQ DVVH MMRBRYLERYG
KD]DUGV VXFK DV ODQGVOLGH \oX§H HSRUXEBIWOH &/ RHZWHBW R QLF X QLW
VSHFLILF FRPELQDWAWRQV 8HWBWRUQ@MWRMWHFWRQLFV IDFWRUV
KD]DUG GLVWULEXWLRQ > @ .
7KH FRQFHSWXDO IUDPHZRUN ngng\l,\élvﬁu}i%%wL%'}% KEMRORJLFDO
NDUVW ]JRQLQJ PHWKRGRORJ\ GUDZV Q WKH
WKHRUHWLFDO IUDPHZRUNYV RI HQ@JBQHB UWEDEHWRIDERP L © Bl GV K HE \
JRQLQJ WKDW ZHUH HVWDEKLVKHG HRP RUIBK RDIRILFDO VHWWLQJ
FHOWDQU\5XVYKE FRQYHQWLRQDO ?’kfﬂ[\ﬁq:&%)\wwm IROLOJ VIVWHP HQOD
UHFRJQL]JHV ~WKUHH JRQLQJ MRsHY  WolVLERQTH/ vHYVPHQW RI NDL
WI\SRORJLFDO DQG PL[HG 7KH FRQF {3 | HYORWW QP<Hhw L DO VEDOH\
JRQLQJ LQYROYHV WKH DSSOLF it o
WD[RQRPLF XQLWV ZKLFK DUH FPWHIRYBIAPHACNREDO JRQLQJ
UHILRQV GLVWULFWV DQG VLWHY® 3KHV R XQ& VW, B owb o 1DEw
AVWLQJIXLVKHG & WHFWRQKFWXUPRIMIGELPR G L UHFWO\ LQ WKH GHWHU
FKDUDFWHMKH GREP\RIJHQHLW RIVINEQRMFEOD | w\ UpwWKHU WKH\ ZH!

VWUXFWXUHV DQG WKH LQWHLQ;\%%N’L'FDW RBYOHRXWL DUHDV  \

SURFHVVHV UHVSHFWLYHO\ > @ RIGPYQ QALREHSWLELOL W\

Ehk HOPWRKRLVREBRUHWLEDO



"URELQIMD DO -RXUQDO RI OLQLQJ (QYLURQPHQW 3XEOLV

VXEVHTXHQWO\ DVVHVVHG 7KH YBHGHILF BERUYVUBRQARRWWDONDUVW WH
IDFWRUV DSSOLHG LQ WKH GHODNRPIRVHRGBRRY WHKMMH UHVSHFW
KRPRIJHQHRXVY NDUVW WHUUDLQHRYLWRQPHR VWX MRMEYWYIKYF HUH LGHC

yLIXuUuBDS RI NDUVW WHUUDLQ DQG DVVRFLDWHG HQYLURQPHQWD
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7DEOH J)DFWRUV IRU LGHQWLILFDWLRQ RI KRPRIJHQHRXV NDUVW WHUUDLQ X

u (QOYLURQIFRQGI

THEWROQLF +\GURJHRGRQIGIDIOLRQV

v C0J *HRORKWWLQJ "HSWK WR WKH ZDWHU WDEOH PHWHU
z VVEW '"HSWK RI ZDWHU WDEO}
1 > 1
> o> .DUVW
X I3 Lyhuo1L2HYO\LRH G URFD *HRP RU S K ROHRWMFLDQY WHUUDLQ
2 EE VRLOV VRLOV LQG XU DWRIGXERMNAK D W H U QiME URGDI\ . D UV W
L Ino oLWKROV)%%FNQHWMLFNQH\D\LWKRORDWXUHU DTXLIHUDTXLIHU
T S WHU PHWHU

2NVNRQLQVN\ 6ZHOO

:DWHUVKHG EHWZHHQ WKH 6XYRURVKFK DQG 7DUI

ORZ /LPHVWRQH WULEXWDULHV RI WKH .O\D]PD 5LYHULRND 5LYHU
1R DTXLIHU
DQG GRORPLWH SUHVHOWR GDwo—FHY
PHGLXEDOG ZLWK 33 SD00H\ RI WKIH MHWOMNK WULEXWDU\,RI WKH .ROS
Q 2ND 5LYHU EDVLQ  PHV

ORDP 'DWHUVKHG EHWZH F5Q WWHOH DEXE R RN BERKK W

ORZ '-Q4WHUEHGV WULEXWDU\ WKH 6XNKRC PHV
S5LJKW EDQON Rl WKH 6XYRURVKFK 5LY XSVWUHI
KLJK ’FQOGDKUQWHG 5LYHU FROQIOXHQF PHV I
CHGLxp 1R DTXLIHU 5LIKW EDQN RI WKH 6XYRURVKFK 5LY[{J GRZQVW
LpHywRroSUHVHQW 6XNKRGRO 5LYHU FRQIC PHV
LIk e GROFSPLWH 5LIKW EDQN RI WKH 6XNKRGRO 5LYHU ;GRZQVWUH
2 5LYHU FROIOXHQFH (OHWEWYRQV
of /HIW EDON RI WKH 7THWUX| PHV 1R
—OF  QGXUDWHG A\SVXP 3 1R DTXLIHU /
CHGLxEoo 3 SUHVHOWR GD HI;I;JV\CIFHGPER/WZHHQ WKBLYHMWUXNK DQG 6XNKRG
RDP ZLWK S5LJKW EDQON RI WKH 6XYRURVKFK 5LYHU XSVWUHI
PHGLXR o 7\XU\DRIKHU FRQIOXHQFH OHIW WULERWDU\ RI Wi
VDQG —
LopRc 5LYHU (OHY PHV
oF Q4 9DOOH\ RI WKH 6XYRURVKI ¥ 1R
. 5LJKW EDON RI WKH 6XYRURVKFK 5LYHU ZDWHU V|
QGXUDWHG RORPLWH 3 1R DTXL :
PHGLXP YD ROnESWH 3 SR COWE LNV \F(QILDJ\SQVVKFPKH\SILYHU DQG LWV WULEXWRU\ WKH 7\}
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7KH GHOINDHDIWH ® FKULEDWQ G L VAKLFKW SURYLGHY QDWXUDO GUDLQD
OHYHOV RI NDUVW VXVFHSWLEL®XWRURMK KK JHKHHW YDQ@MKIR OH
GHQVLW\ SHU NP ZDW IGIHP R Q¥ WRUUGMHWIG WR IDFLOLWDWH WKH ]I
NDUVW WHUUDLQ 1R ZKLOH WKG@I ORVZWYWFW X ISH UWNKPH DXWKRUV GH)Y
ZDV GHPRQLWHDYWH® WHUUDKHQ WRRO WKDW UDSLGO\ LGHQWLILHV
RFFXUUHQFH RI FRQFAHMWWUDMMWHVEYSVEQNKRO HWK XYV HOLPLQDWLQJ KXPD(
WHUUDLQ 1R LV DWWULEXWPRE®HUWRH\D DOXRPEFHUWHIRHQVLYH WDEOF
LOWHUDFWLQJ IDFWRUV 7KHVH NQU DR GHHHWY K BFIRSUHMBRKHG RQJ OLQHDL
ZHGBIYHORSHG KRUL]JRQWDO D@QBJPHHUMW PG WHKELHIUHVSHFWLYH
GLVVHFWLRQ LQ WKH VRXWKZHVVDHEO@E YDXEWVVHEMIEAR QRAWHKMHIPHQ'
VWUXFWXUDO HOHPHQW D 8 KHQWRRMKQRLEF 2K W\ | DALIPGIONDIVWNY  WKH G|
NDUVW DTXLIHU UHFKDUJH 7KLSURWHRNIROP HOR\RH/& ERRVW DQG VS
WKH QRUWKHDVWHUQ GLS RI VWIUDNMFIVR®I GRORBPEHQPHEF MYQYLURQPH

FROQOGLWLRQV DORQJ WKH URXWH

7TDEOKUHDYV RI WKH OLQHDU FROQVWUXFWLRQ WHUULWRU\ GHSHQGLQJ

.DUWHU /HQJWKV RI OLQHDU s
QXPI FROQVWUXF\

.DUVW VLOQNKR®RHWNFHQV BWNHWYV

$XWRPDWLRQ RI VLONKROH GZIDPKWHQ HYRH@WWRLRQO JRQHV 7KH\
7KH GLDPHWHMYRW@@SKRORJL YDWHG'UDFWXULQJDQG SHUPHDE

SDUDPHWHU RI VLQNKROHV QW@%bEWﬁ?&bB%@HMXWWVVU

EHHQ PHDVXUHG PDQXDOO\ SDU &k %\ [m% WRrPowHG Vi
RUV GHYHOI

LUUHJXODUO\ VKDSHG IHDWXU
R;\'A} &\g LOQWHJUD\

DXWKRUV HPSOR\HG DQ DXWR
PHDVXUH FLUFXODU VLQNKROH
DOQBLQRU D[HV RI HORQJDWHG VI7 }k{%
GHWHUPLQLQJ WKH RULHQWDWL

SURJUDF
‘ .w UPLQJ
HORQJDWHG RQHYV L" o XWK ;ﬁgﬁng
7KH IRFXV RQ HORQJDWHG VL@ oy
PHWKRGRORJLFDOO\ MXVWLILH WJ VXUHV ¥
VWUXFWXUDOO\ FRQWUROOHG

FRQFHQWUDWHG ZLWKLQ ®LQH .‘BURH)HJRQ H

SUHGRPLQDQW RULHQWDWLRQ

L Jk KH PDJ
WKH JHQHUDO IUDFWXULQJ GLU W VH#QH& ) Ujésgﬁ
PDVVLI WR EH LQIHUUHG F

ILQHDPHQW DQDO\VLV LQ WKH F H%@é%é;_\i%o\f/i\é E
+ HQFRPSDVVLQJ ERWK VXOIDW D KDV EHHQ
VHWWOHPHQW DQG FDUERQDW . r‘FﬁL URFHVVLQJ

\8/\/|IEE\JVN\S)TUSISEI\-?V%%KG%\‘;‘[JW}Wllwilllalg\lgy PHQW DFFXUDF\ DQG VXSS
DEOH DQDO\WLV RI ODUJH VLQ
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JLIXUAKIDOJRULWKP RSHUDRDWHWRRQHGR DJUPDXRP U D G L X+ 0 UM DADKERMWH YDO XH R
VLONKROHJUDGBVWPHDVXUHG YDOXH RNKH GNKREW LROGWR/ WKH QRUWK 1]
PHDVXUHBPBQBAMD IPHDVXUHG VLOQNKROH UDGLL

7TKH DXWRPDWHG VLONKROH GPBRRIBWRRHGLWUAWULEXWLRQ ZLWKLQ D
DVVHVVPHQW JHQHUDWHY D GHWDEOHG WHEWDGRWHHIMUWPDWIREG RI
VLONKROBOORZLQJ WKH LPSOHPHQWIWHRQ RIKRQHQDUH GHILQHG DV
EDVHG RQ HQYLURQPHQWDO FRJHGIWWANVRMQW DKMIVVWHRIVD@NKROH GLDP
GHSLFWLQJ WKH GLVWULEXWLRRKBUDHAWNKRWOWL E IRD PHRMHMU NS DUW LF XC
JLIXUHDQG URVH GLDJUDPV LOGXKWWLDOMNAL\YILVWKIHFKDUW GDWD LQC
RULHQWDWLRQ RI)MDPDONKROHI DHBEMRULW\ RI VLQNKROHV#DUH ORFDWF
JHQHUDWHG IRU NDUVW WHUUDLRWWHU GLDPHWHU UDQJH $GGLWLRC

7KH WRRO GHPRQVWUDWHV DRRWDKOHKBIUHMHOQFEH BRI RFHWNKROHYV |
DFFXUDF\ DV HYLGHQFHG E\ D FRR@GD URRW\R | UZ IGW R Pl H&/®® QUHUIIB VW K H
NDUVW VXUYH\ GDWD 7KH FDORLOWHEXWRLERHSDMWHWRHRUHENDUVW
PDMRU D[LV GHPRQVWDWWKEZLDME LV VLPLODU WR WKDW RI WKH HQ
ILHOG PHDVXUHPHQWY ZKLOH WNKBUR/LVY RN EPL VI KELKLEYWEHGED XVH LW FI

DQ PDWFK GHMYWLDWLRQ ITURRVKHHHOGBUJHVW QXPEHU RI VLQNKROHYV
PHDVXUHG YDOXHV GLG QRW H[WFHH® MWXKHH HC PWIWWHWHW LULQU FRQVWUX
WRWDO KLVWRJUDRWY BIQRWRIMMAAW W XG\ DUHD +R

7KH GLVWULEXWLRQ RI VLQNKRGHWYDEWDOHWUVWIHHYHDOV DQ DV
GLDPHWHU VHUYHV DV D KLWROADUQVRUFDDNIGFHU GLDPHWHUV

FKDUDFWHULVWLF IRU HDFK N D3} Wk WHHIRMNEQ\ N B URQY WWHHHD DV D 2
LQIOXHQFH RI PXOWLSUH]HWKWMRUV RQ VLQNKROH
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JLIXUHLVWULEXWLRQ RI VLQNKREHWKHWHKH RY BU B VW NRRHNDD M WINR U B D
E

7KH XVH RI DXWRPDWHG FDOPDLYIVWILRE HVHIFKFEOLA\XRIVURVH GLDJUDF
RITHUV PDQ\ DGYDQWDJHV LQFGXGHGWMRQD @ EEDWWWHW®RY KDV EHHC
HVWLPDWH GLDPHWHU ZLWK JUHDW XSWHFDLWHRSQ IRQ ERWHKHBKH HQWLL
XS WKH SURFHVVLQJ RI ODUJH UWHD DKRKEOW KE DNVDRIWKMMWW HUUDLQ 1R
$QDO\WLV RI WKH 3LYRYDURYVN\ MDUWWRMHZRUMULRYKKDW WKH RULH
FRPSULVHV HVVIUHNKIDOHG D PRUQKRMDWRIWFWEUUDLQ 1R LV DOLJQHC
FODVVLILFDWLRQWRDYRG RLWVWDIMRMHRE6XYRURVKFK 5LYHU ZKLFK LV
6LQNKROHYV ZLWK UDWLRYVY EHORZULPEZHVUHA DADMHIRWU YJKIGY FRUUHODWL
DV URXQG DSSUR[LPDWHO\ I[UREWHKUHKBDMWWHWRY LQIOXHQFLQJ
UDWLRYV RI RU JUHDWHU ZHUHPPBO CVINUD DHGU R FVWRXYWIDO IHDWXUHV HJ[¢

7KLY DXWRPDWHG PHWKRGRORDQOUPRZN )RUWKKIWPRUH WKH QRU)
LOFRUSRUDWLRQ RI D QRYHO SDWRREXMCH) URFWXYWUWFHWNDD BRWO G UHYH
DVVHVVPHQW VLQNKROH RULHQRWDWMWICROHG KB HUWHHQEB HR)XYW BU WR WK
PDMRU D[HV KDV EHHQ GHPRQVWOQDWRGRWR WA HPYWWHWMNRLIQWY FRPP
GLUHFWLRQ RI VLQNKROH HORQ FEVIHRY HAXK L BKRFRIRHRHNOHDIEND H \
WKH SDIOQRIDFWXULQJ RULHQWDWLRQ ZLWKLQ WKH NDUVW

D E
JLIXUBRVH GLDJUDP RI NDUVW VRQ NKKD BLR RIYHDQ\R DWNERID DM WUR U B D

E
'LVEXVVLRQ DSSOLFDWLRQ Rl WKLV PHWKRGRC(

7KH REMHFWLYH RI WKLV VWXGR leGlg?'v D\C\:N 2 ' VE;' HLUQDﬁDNUHV\V\',:%Q\
DXWRPDWHG DSSURDFK IRU N E N OLPLWDWLI
DVVHVVPHQW ZLWK D YLHZ WR g\é‘ H ' KLQGHU W
FKDOOHQIHV LQ WKH ILHOG RI HL) I 3 b@x KH SUHVHO

NDUVW KD]DUG IRUHFDVWLQJ V
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WKLV LVVXH E\UKVROXWUIR® VD/RWGIRYWH WKH JRQLQJ RI WKH WHU
LPDJHU\ ZKLFK DOORZV IRU WKMRLGHOQUWILILRDWHRQY DI G FRQGLWLRQ
PDSSLQJ Rl HYHQ PLQRU NDUKRPRHBB@RXWHWDUHDNKZKHUH NDUVW DF
VXIILFLHQW DFFXUDF\ IRU UHJLRQIORD@DO\NQE VLQNKROHV DUH IRUP
YXUWKHUWPFEXW DWH NDUVW KOFBEIGDQRQPQJ7KH DFFXUDF\ RI SUHGL
DORQJ OLQHDU LQIUDVWUXFWXXWFHSMIDEURHEW \| ZQWKIMH HQKDQFHG
JHRORFDWLRQ RI DOO PDSBRGVL&HQNWREBAVRI WKH KHWHURJHC
&RQVHTXHQWO\ WKH MXGLFLRRDVWHORBRWVROXHRQWDQ® QRUPDWLYH |
DSSURSULDWH FRRUGLQDWH V\VIMHWYKRQHLPBHHWDWUNHPRYH UHOLDEOH
FRPPRQ PHWKRGRORJLFDO FKDZOW®IB WXKHRB LNDHLEM L] RIQIDXWDIR @ DU
HQYLURWQPEB FRQGLWLRQV LV WWKHWDISRWHQWLDO
LQWURGXFWLRQ RI VXEMHFWLYH MX®HHQWKHQHRVGAINKREHY DUH ¢
PLWLIJDWH WKH SRWHQWLDO RR@EHTUNHQEDYXMRO MHKRVXUWHPHQW RI
SKHQRPHQRQ D VWULFW VHW RIKHRQUHQU FFRIQ G BGZDELWLWX RU IU
HVWDEOLVKHG DQG DGKHUHG W RO IZHRUKL RIKWH VFRR®® XK WIIH@HD SEHRFHVY 7
WDLORHUHGMRLMKE HQYLURQPHQ WROVEREWWUNMORWWXKPHQW KDV EHHQ G|
UHJLRQ 7KH LPSOHPHQWDWLRGXBSRWKLR|I RPGER®BWHQY WKHOO N
IUDPHZRUN ZDV LQVWUXPHQWDWL QINKRFRDHWX U ZELFWKIBUH LGHQWLIL}
UHSURGXFLELOLW\ Rl WKH ]RQARRPE UGIVWDORKY R WEKHRREH VHQVLQJ L
PLQLPL]LQJ WKH LPSDFW Rl DQDQRWOGEREWHUYDWLRQV 7KH LQVWU}
$ VLIJQLILFDQW FRQFHUQ ZKH®ROGWSOBWIE WR DFKLHYH WKLV ZI
DXWRPDWHG PRUSKRPHWULF F DIDFFROQUIDW L RIDYGR@ DHARWMDIPAD Q WO\ U
VHQWMULYHG GDWD LV WKH QH#%GE \RRUG UREX¥WHQAVX®XYWRPDWLRQ |
YDOLGDWLRQ 7KLV FKDOOHQJHUHPW LRIQVRQ YGL® PE\WHU HVWLPDWL
HPSOR\LQJ D VW)X3&Y FOWHBRYWWHDSLG SURFHVVLQJ RI ODUJH GDWDVH
UHJLRQ ZHWHK \NLSMHULHICHES FDWDGRIAXNMKHU VLIQLILFDQW RXWFRPH R
RI NDUVW IRUPV 7KLV IDFLOLW DWHGL®\UWHRWE RRPSIPUOQHR Y KH RULHQ
GXULQJ ZKLFK RXU WRRO H[KLELDHES KRIJKVDBORXKRIDAMY ZL¥WKKI SUHYDLOL
FDOFXODWHG YDOXHV IRU WKH SDDMRHUR QDL WKQ® W FIRYGLWLRQDO O
GHPRQVWUDWD@GDQ PDWFWKL FDQ EH XVHG WR LQIHU WKH GLUHFW]I
ILHOG PHDVXUHPHQWYV RYHMYSE OMWHYRDVYVMIQGV LV LPSHUDWLYH WR FI
GHYLDWLRQV QRW H[FHHGLQJ WRHHRAKDRHWRUVIRYHUQLQJ WKLV VWUXF
7KH LPSOHPHQWDWLRQ RI DQ DUDNFRPOUMHIR QISBURBFXHQWO\ GHOLQH!
KDV EHHQ GHPRQVWUDWHG WRI QHZOWG QWKROMYQ WHKDWXQGHUVWDQ
DGYDQWDJHV 7KH DXWRPDWHGLRQQWQUIIRADWKRQLRHDWHILRQV H[KL
FRQVWUXFWLRQ FRUULGRU LQ VXMPDSWRRELQNRR WHQRKROMW LRQ
SUR[LBURYLGHY DQ LPPHGLDWH YZKMNDPHMWXRGPBMRRQIRU VXUIDFH ND
RI VHFWRUV VXVFHSWLEOH WR INDVUNIW DSQLII\VHWVHRRWH LW HQVLQJ
QDWXUH FRQGXFWHG DW WKH SOHDYIUGP VGV H Q6 ALDLWIDMOHD Q DO\
WKH H[SHGLWLRXV LPSOHPHQWRM LR R7AFRRIMIHK/H JQLDIJUDP GHOLQH]
PRGLILFDWLRQV )RU LQVWDQFHWKH HN I?D\ SWHRPHEW LMOW KW HSV  [UR
UHFRPPHQGDWRRWLRU WHR FLUFXROHMHWWLRIQ WR WKH ILQDO NDUVW K
PRVW KD]DUGRXV NDUVW DUHDVSURYLGLQJ D FOHDU RYHUYLHZ RI WK
ZRUNIORZ
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YLIXUH 5HVHDUFK ZRUNIORZ IORZFKDUW

&RQFOXVLRQV $FNQRZOHGJHPHQWV

7KH VWXG\ GHPRQVWUDWHYV w % F&{HV X8PRUWHG E\

VWDQGDUG JHRLQIRUPDWLRQ V H'Jﬁv
ZLWK FXVWRP RQHV VLJQLILF DGL{(\bd

VXVFHSWLELOLW\ DVVHVVPHQ LQIUDVWUXFWXUH
7KH DSSURDFK LV FH@\MUHGRFS@#C%H_IEQH%ER%V

3\WKRQ DOIRRMLIWKRVKDW DXWRP @NKISY\DQ WHK]D\DQBKDVHW\R
PRUSKRPHWULF DQDO\VLV RI NDRUMW | iglﬂ?@% WY WRR@HUDELOLWY DQ

HIILFLHQWO\ FDOFXODWHYV NH\\;&% & D%@’#*%%@%@QV‘F?HRQ'V\;SSXGQFJL\

PD[LPXP DQG PLQLPXP GLDPH
RULHQWDWLRQ RI VLQNKROHV SURFHVVL @H%gcge Hlonkrony sy
QXPEHU RI LQSXW REMHFWV z v

[FFXUDF\ DV YDOLGDWHG E\ ILH X LQFD_SD OHREWRI  FODV!

7KH LQWHJUDWLRQ RI UHPRWH VH J GDWD D
JHRLQIRUPDWLRQ WRROV FUHDV\PH@”SH U’l*ko U FRE % RlI FLUFXOI
IRU DGYDQFHG NDUVW VXVFH )y’ g\% ULJDL]%YJGDSSW\I’:
HQDEOLQJ UDSLG DQG SUHFLV RUPDWLRQ
UHODWLYH WR VLQNKROH ORFD%@%@W@O@—Q@W@@@Q DQEF RMPHOW R

WR HQYLURGRRQWDRQV 7KH GHMWNGORSGWG

PHWKRGRORJ\ LV GHVLJQHG IR U KWWBY V | BIRIDEWD L W\ DSQNBQED(QL

EH LPSOHPHQWHG HITHFWLYHO\s 1R D@\ahpti\bW eléikd RQ OXOWL
ZKHUH FOHDUO\ LGHQWLILDEOHFYIL@NKROFHELD URD SHENGIQWI IRU IRUH)
7KH LQWHJUDWLRQ RI UHPRWH vwwqy\aHemwmw@Gou\NowDQM ‘LVWUL
UHVHDUFK JHROR AYWHGH GISE D HPEQE JHRPRUSKRORJLFDOO\ GLY
RI WKH DSSURDFK LQ UHJLRQY Qﬁ@ﬁ?@fﬂ\ﬂ/%QE]HG %;'VW'—*RQV
YDULDEOH GDWD DYDLODELOLWS'BYHTE vEENRROH vL] 7KH
DSSURDFK HQDEOEULYJHD(SLGQIIEJ@/LD\)SLQJK . 6KDUPD $ 7LZDU\ $ . .DX
IDFLOLWDW PQN LGCHF IGKULR@ J WKI—FD%/B@/D *XSWK%; : GE;?Q@GBZ\GDOHP $
DQG GHVLJQ VWDJHV RI I-LQ’JLLQQHE b

WXUQ IDFLOLWDWHV WKH RSWL %%@%‘%Wﬂ;@g:;s\?w
DQG WKH PLWLUJ[HWDW\Q—!BIU\LD’[N\WV%FLHQFHV vawsv GRL RUJ

'"HFODUDWLRQ RI FRPSHWLQJ LQWBU%\SWDWBLYDVWDYDQGH\ 6

7KHUH DUH QR DQ\ FRPSHWQ§|:!JU|D_ Q FRBWLIQRLVERR® RU /DQGVOL

SURIHVVLRQDO RU SHUVRQDO SEOMIITWHEARYWYURRRHR @WGHY QI QVLIKW
+LPDFKDO BSIB)KB[BIWIKRQV S5HVHDUFK )RUXP

SDUWLHYV KWWSV GRL RUJ



"URELQIMD DO -RXUQDO RI OLQLQJ (QYLURQPHQW 3XEOLV

> @ 'KDNDO ' 6LQJWHUPDXU '$OVDEK®®OGVFKHLGHU 1 '"HOLQHDWLRQ
$ + $ODP BDUSML 2 - 5DQIOMM S SURWHFWLRQ ]JRQHV ,Q 1 .UHVLU =
IDQGVIOQG¥FHG YXOQHUDELOLW\ Rl URDERREGZBWNY KQGURGRBI\ *R1 VSULQJIV
/IDKDXO DQG 6SLWL ,QGL®X@OBMRDS RWIOD/G! KIWMAMSY GRL RUJ %
(QJILQHHULQJ *HRORJ\ DQG WKH (QYLURQPHQW

KWWSV  GRL RUJ v > @ROGVFKHLGHIRD BURQNSPDUW &K

> @ 'KDNDO ' 6LQJK . 2Q\HORZH . & &DJBRFH® 6 WHVWV LQ NDUVW K\GUR.
6KDUPD $ $ODULIL 1 ,VODP ) 5DWGHBS RPRNYQPMOIGMMO -RXUQDO RI 6SHOHF

.3 <RXVVHI O < (QKDQFLQJ ODQGVOLGKWIALSDV\ERU RUJ :

SUHGLFWLRQ E\ HYDOXDWLQJ QRQ ODQGVOLGH DU P

PDFKLQH OHDUQLQJ PRGHO&FURQVGSILL?N%@%@%S}/&%&%gSQLE(SR]QLR%]O‘ 7HVWD

5HSRUWV KWWSV GRL RUJ v, ¢ LOOR ) *\GURORJLFDO |
RI ODWBWNW O0DVVLI IRFXVHG RQ HQGRUK
GROLQHV DQG K\GURHORRWQDO RISORLW

> @ %LIGHOL $ OTKIH\HROEDL K 5 0$SV

FRPSDUDWLYH VWXG\ RI WKH :*%RRVWW/DSAHPB®RH @HDUQLQJ DQG

PXOWLOD\HU SHUFHSWURQ LQ PLQHUD VSH YLW\ PR J D

FDVH VWXG\ R&K\MKHK?LRJLL)SGE%B&J/WQKl(>®%H8\§N£WDL EYY PROAQYRY L oonmy
& WER%D % HOH QR ¥ DF K 8VLQJ WKH

ﬁl\:NLvl\/_'g\fHGRL RL’J?IRUPD\V/\/LFV $67(5 *'(0 Y JOREDO GLJLWDO HOHYDWLF
LGHQWLI\ DUHDV RI SRVVLEOH DFWLYDWLRC(

> @ %LIJGHOL $ ODKKMROEDLVE 5 WKH $UNKDQJHOVN 8@FKHRMH SRSVYNL

5HFRJQL]JLQJ JHRFKHPLFDO DQRPDODHVQUDNRRELDWEIGY HALW.RN HW D 6HUL\D

PLQHUDO UHVRXUFHV XVLQJ VLQJXODDXKWL DQDO\VLKWINSY UBRERPUJ
IRUHVW PRGHOV&KOQKWKHUZRU%BOW 1RUWKHDVW

,UDQLQHUDOV > @ &DUYDOKR 2-$QIGRU *XLPDYmMHV

KWWSV  GRL RUJ PLQ ORQWJRPHU\ *LOOISVESLH*RPEG 7

> @ 'KDND®LQJK . $ *HRVSDWLDO $EBUWRO@EK6WR O Y D& .DUVW GHSUHVVLR
/IDQGVOLGH 6XVFHSWLELOLWRXWDGBO@WHRIHES\LVRI) ,OGL®I $67(5 $/26 35,60 DQG
RI OLQLQJ DQG (QYLURQPHQW -0( '"HULYHG GLJLWDO HOHYDWLRQ PRGHOV LQ
KWWSV GRL RUJ MPH % UDFH® RWH LBHQV

> @ 7KDNXU 6 7DQJUL $ e&D@mP0O . &{%J¥ . GRL RUJ uv

6 $VVHVVLQJ 'HOKL 5HJLRQYV >D@W UMD\ OQ VG UXLY D®J $3RW &DQODYV

JHRVSDWLDO WHFKQRORJLHY D FRP&SDUDWREH QRQODO\VLV .RUVW GHSUHVVLR
SROOXWLRQ WUHQGV GXULQJ*WKH G&20HFBHRQR® LOQJIJWREFEG IRU VXEVLGHQFH K
(QYLURQPHQWDO ORQLWRULQJ DDWGVIVVPNYWHRW &DQVEBDRJIFMKRIOQLFD

KWWSV GRL RUJ v

> @URELQLQD (9 .LWDRPMQRYWD ( 5> @+RILHUNDDO®D\%DQGBGXUBDADN
ORQLWRULQJ RI KD]JDUGRXV JHRWHFKEHEWO! LSADRFIHR/QY HRY NDUVW VLQNKROH

XVLQJ WKH JHRLQIRUPDWLRQ V\VW H P® DDQQE ADSKV K WIHPR W HUERQWIH DDVHU VFDQ

GDWRMOOHWLQ RI 3HUP 8QLYHUVLW\ IMHRORJI\ DQTHRFRUSKRORJ\

KWWSV GRL RUJ SVX JHRO KWWSV GRL RUJ M JHRPRUSK

> @UKRQ <DNDU .OUWOORJOX 2 6 > @REDO %HUWRQHAHRMVIMN.Y NREOHU

ZHE EDVHG VHUYLFH DSSOLFDWLRQ IRYWYQIVM DO VE&QINKR OH GQY HEDMRU\WR DQDOV
LQIRUPDWLRQ V\VWHP FDVH VWXGKIRRUDFRADLVAMORFWHGHOHYDQW IRU XQGHU
EDVGKOOXN hQLYHUVLWHVL 0°*KHQGLVIRIUNH Vot BIRWHIM WXEG QRIOBRMILIK NDUVW DUHD

"HUJLVL PRXQWIRGV 2QH DUWLFOH H

KWWSV GRL RUJ 6FLWHFK KWWSV GRL RUJ MRXUQDO SRQH

> @OOLYLHU & .&KDOLIOINDYDNLY 1 > @X % =KDQJ 7 =KHQJ . =XR 6 +DOQ
/JHFRPWH 'DQTX&KQ\ (PEOD @KK 6 &KHQ 6 (QFORVHG NDUVW G
&KDOOHQJHV DQG OLPLWDWLRQV RI INDHQWL RFRMWHR QY R QQ HUPEQ OLUW\ IRU WKH
PDSSLQJ EDVHG RQ WK:#D SBGE F DWLHRQKWBWL R Q UHVHUYRLU FRQVWUXFWI
/DUJH (XURSHDQ .DUVW S$TXLIHU )R'QOVD H@HO BHGEIFOHD X VH
YUDQE®YLURQPHQWV KWWSV GRL RUJ

KWWSV GRL RUJ HQYLURQPHQWVy, 0 ko0 D sxWLHUYHDN RUXP

> @LRUDOCGB®IQR]]LOIHQWDIULGGD 6LQNKROH GHYHORSPHQW LQ WKH 6LY
$ PRGHO WR VLPXODWH UHFKD UJH? XSJNRIRRIR/R H K FRO R BI\D UV W
PDVVHIWURORJLFDO 3URFHVVHYV KWWSV GRL RUJ M JHRPRUSK

KWWSV  GRL RUJ KAS > @ 'ROQHXY 2SHQQHVV DV YLVXDOL]L

WHFKQLTXH IRU LQWHUSUHWDWLYH PDSSL
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GHULYHG GLJLWDGHRRWUHDBHR QRRGH®\KH NDUVW FRQWH[W HOWL@LQ D PRDWVFKRQH

KWWSV GRL RUJ uv oOD[(QW (*8VSKHUH BUHS@LQW
> @URELQLRD $XWRPDWLRQ RI VMWI—SA/ NIS; \}'V\PUJ HIXVSKHUH
DVVHVVPHQW XVLQJ 6BIWWOQQHW®BH6DYDUHQVNY |,  $ JRUHFDVWLQJ
LPDIJHBBRYUHPHQQ\H SUREOHP\ G WWIEERQWVWRQQRVRQJ IURGHD NIBYUWWDQFH
JRQGLURYDQL\D =HPOL L] NRVPRNDQLIHVWDWLRQ)RRMHWRR® RQ FKDQJHV L
KWWSV GRL RUJ HQIJLOQHHWRIARIJLFDO FRQGLWLRQV GXULQJ
> @URIHHY .DWDHY ,GHQWLILF%%\H_%%FWLRQ RIBBLEQWLIDXNMBUNY
R1 VXUIDFH NDUVW IRURV &RQOVBWWORQERH FKBIWEDNRY 6 9 =RORWDUHY ' ¢
6FLHQWLILFHRODWRUF OMNG OLQHUDO 5HWRMHGAHWRR@RHVWDELOLW\ RI NDUVW WHUU
"HVWHUQ s8uDOV XQJIXU FLAWWRFHHGLQJV RI WKH &RQIHUE
KWWS G[ GRL RUJ SVX JHRO G6WXGHQWV 3RVWJUDGXDWHYV DQG <RXQJ

' * * .
> @IDNKUXWKHYXORY .XQRY HSDUWPHQW RI *HRORJ\ HRORJ\ LQ WKH C

8VLQJ WKH PHWKRG RI GHFRGLQJ VD\/\?I—%O&LWHBUHIS)J%WDL HR%—YL‘?W&W\
PDS VXUIDFH NDUVW IRUPV DQG VXEVHB®RHRWXVFS\OWODDD@ BAWHDURK ,QVWLWXW

WKH QDWXUH RI VeRHHQWIODF HPRVWQM/XRYHIV, LQ &RQVWUXFWLRQ >31,,,6@ *RV
9HUQDGVN\ &ULPHDQ IHBRUDMSKXQLYHYYIWQHHULQJ JHRORJLFDO VLWH LQYI

*HRORJ\ FRQVWUXR@MH RRQ 5XOHV

> @2RVWKXL]H®DQ 5RR\ +D]DUG R4 @6RVBN _DUVW SURFHMNREBRJIRYG WLPH

VLOQNKROH IRUPDWLRQ LQ WKH &HQWXULRQ &%' XVLQJ WKH

6LPSOLILHG OHWKRG R| 6RXQDQDIORRIXS QE ,

BRXWK $IULFDQ ,QVWLXWLRQ RI &LYL @}Eg EL8£4LQJP'—DR TRQJIKL <

ey aRL Ry Y oD wiELE8PwW\ JRQLQJ RI NDUVW JHROR
PDFKLQH OHDUQLQJ DQGOXN®RNG PR

> @(GXDUGBRODQFRRODRUDLYV &RPSXWLQJ 6XSSO +6 6

ORUSKRPHWULF FKDUDFWHUL]DWLRQ KRAMGROLGRIRHEBJIHDWXUHV LQ

WKH $UDJXDILSIRFRBOGDG H 1DWXUH]D B

sy eRl B oL IP@ DR 6KL 41X 0B =KRX

7KH DQDO\VHV Rl ODQG XVHGBQGLWUWHYHQW
> @DQWRY % BRQLWRULQJ RI WKH DPBDQRXDEWQYBUHDV XQGHU WKH FRQVWUD
NDUVW IRUPDWLRQ QHDU WKH YLOODWHGHRIFHBLYRWRGRYRI X&IB@G FLW\ &
9\D]QLNRYVN\ GLVWULFW 59SRGWPLQWHHIDRQRQDO -RXROMDWLRQ *HR
'JHUJKL@XNVLD $UFKLYDO PDWHULD&WWSY GRL RUJ LMJL

> @(URIHHY .DWDBI Y1 8VLQJ > @<DQ& 0D 'LQJ :HQ+ 6XQ
SUREDELOLVWLF DQG VWDWLVWLFDO PHWKRBY H® WG BW WV A WULIDS OMDMU VWP HQW V
KD]DUG DVVHVVPHQW XQGHU FRQGLMIRRHULHRM D@YKURBRUHQLFHG ODQGVOLGH
LQIOXHQFH RQ(QULQWWURQHDAHRORJ\ PRBOGQJ LQ NDUMWHUHILRQV

KWWSV GRL RUJ z

> @ ROPDFKWHY 9 3UREDELOLVWLF DSS@QRBSRWR WKH ,QJKHQHUQD\D JHRORJL\L
DVVHVVPHQW RI NDUVW DUHD VWDEL@L(WJ\LIIQC&I(B{@&Q/JLJQRQRR\I@DQ)\RVNBZ\B\)WDWH 8C

* .
FRQVWUEFMORIGWLQJ "HRORJ\ :RUOG - 5 u gy 0 ,Q]KHQHUQD\D JHRORJL\L
> @*RUGLH®NR 6DYHOKH¥YD >(QJLQHHULQJ JHRORJ\@ ORVFRZ 6WDWH 8¢

3UREDELOLVWLFDOO\ VWDWLVWLFDO IRU VI RV m ROLRQJI\tI§§OHVSUDNWL

IRUPDWLRQ LQ WKH GUDLQDJH ]RQ H

LLIKHIRURGVND\D K\GIURERZHLQWMD 1R NDUVWRYRJR UD\R

o KRGRORJ\ DQG SUDFWLFH RI FRPSDUDYV
. ]RQLQJ@ 3HUP 6WDWH 8QLYHUVLW\

> @HOE®D .RYDOHYD 3UREDELOLW)

IRUPDWLRQ RI QHZ NDUVW |IRUPV Q}%ﬁig \ﬁﬂ‘ﬁ;}Qﬁ%‘:ﬁ% WKI—E[SSI_UQLI:'I(DDSHFRQ\;

&ROOHFWLRQ RI 6PHRDRUILD QG \VOL
5HVRXUFHV RI WKH :HVWHUQ 8UDOV RURORJ\ DQG VSHOHRVWRORJ\

> @ RVWDUBY 20 TXDQWLWDWLYH TKH UHVXOWV RI IOLSQH|_L|JDF
NDUVW DQG WKHLU XVH LQ HQJLQHH Fﬁ F@ﬁ%g&’@%@)ﬂwm
NDUVW WHUUQWRULBY FRQVWUXFWL Q

> @:RORWDHJHYDWDEHY /LQHDPHQW
» @ROWDOSRMWUKLQD®E )XEKV WHFWRQLF LQIOXHQFH RQ GHYHORSPHQW R

ORKDG@®MHU O0X®WRUG VXVFHSWLELO LR FPS ORY H\OY
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