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'HOLQHRMWRB W R Q M\ EQN UG LRIGFX DDO GBIGWZ R U N
FRQFHQWRDW P R QRIHDW MW KR J HRGH R1 SRUSK\
FRSSIHRDOG GHSRVLWKLODMWMGS]BURD LQBBQ

+ 1LNRRJRIWDU DQG $ +H]DUNKDQL

'"HSDUWPHQW RI OLQLQJ DQG OHWDOOXUJ\ {®IFKDHRTHRKYD 6 BRONWHEK GIOLY HHKUWQR |U

S5HFHLY¥YBQXDU\ UHFHLYHG LQ UMNYQHVHGRBWAH)XGQH

.H\ZRI $EVW
,Q WKLvZBDBIHFUWR DFKLHYH WZRIKSBHEUMW RBGIHPWRLFRHN[ L
$OWHERWHRQ DSSOLFDELOLW\ RI WKH $UWLILFLDO 1HXUDO 1HWZRUN
HVWLPDWLRQ 'LIITHUHQW WUDLQLQJ DOJRULWKPY DQG Q>
$UWLILFLDO 1HMHYMWMALPDWH &X JUDGH RI ERUHKROH GDWD LQIRMXH K\SR.
IHWZRUNYV GHRS/LW ODYMHG(DVW $]J]HUEDLMDQ 3URYLQFH LQDQ 7K
IXQFWHPQQLQJ DQW WRWEPDWGRAQA WK RUGMXXDUNNULIQQJ
&ROQFHQWRDWPHR®JRULWKPYV VPRRWK WK H @IXKWIEU R/KHMWL Q $ SO LE D WIDO LRAL
JUDFWDO ORGHGRDO\WVLV LV QRW FRQGXFLYH $11V FDQ EH LQWURGXFH(
SUREOHP 6HFRQGO\ ZH DLP WR GHOLQHDWH WKH SRWDYV
ODVMBBKL 3RUSK\BRIJHQH JR®K BRWE.XK\U\ GHSRVLW EDVHG RQ WKH HVWI
&RSSHU 'HSRVLW11V DQG 2. PHWKRGV DQG XWIRIMDAHAKBVKRHDEFRDOFHERGD O/ L
WKLV UHJDUG ORRILUWWH@HUDWHG EDVHEHROWRWHN PIUHI
2UGLQDU\ . ULJL\QﬂfHQ XVHG WR GHWHUPLQH WKH &X WKUHVKROG YDOXH)\
KH FRUUHODWLRQ EHWZHH®Q® WKHWBRORHVYRKDW WVWRWBGKB OI
LV DSSOLHG 7KH UHVXOWY REWDLQHG VKRZ WKDW &X YI
PRUH RYHUODSSHG YR[HOV ZLWK SK\OOLF DOWHUDWLRQ
6SDWLDO FRUUHODWLRQ EHWZHHQ WKH SRWDVVLF DOWH
PRGHOLQJ DQG KLJK FRQ PRHQUDUIMMWDIOR @ RIBGIVWKRZ&WKDW
JUHDWHU WKDQ KDYH PRUH YR[HOV RYHUODSSHG ZLW
RYHUDOO DFFXUDF\ WKH UHWQHWY REWDLQHG VKRZ WKDV
$11VvV DQ®% IKDFWDO PHWKRGY FDQ EH D VXLWDEOH DQG
PRGHOLQJ RI DOWHUDWLRQ JRQHV LQVWHDG RI WKH TXDO

 QWURGXFWLRQ
3RKBU\ FRSSHU GHSRVLWYV DUH X@ XDIOH S DWQHIHZWEHEFDGHY PDQ\ |
WKH SURFHVV RI FRROLQ®G GHIEGH WKR LDBWILHRYH D UHOLDEOH |
UHDFWLRQ EHWZHHQ WKH K\G U RO\ K MUJRER WDKRHD GBVH DLADEY MQKIH W K H
ZDOO KRVW URFNV FDXVLQJ D\PWHMPKERO®W HV RF IG LDM FFRQW GULOOL
DOWHUD®WGR®RQVHG XIHOWHOQW JEKHALFDO D Q [EGH 'S S\DNZRR® GBQH Y H
GLVWULE XW IRFRQVEBORMXHU ZRUG\WRUMWDGBIGH PRGHO +RZHYHU WRR
GLVWULEXWLRQ LV UHODW®BG WRLWERKWD WRAQLEHNEQHQWKH VSE
$V HDFK DOWHUDWLRQ KDV VSIHFHQ\LYH RPRREVKPICRH 7KHUH
PLQHUDORQGFISHWURORJLFDO FKRWIWDWHUAWMADFY WHFKQLTXHV Z
WKBHOLQHDWLQJ FD @ EW DO/MNYDHUY EFDR/HG XSRQ VSDWLDO UHOD
PLQHUDO SDREHYNISP®Q@DLQJ VDPSOH ORRDWLKRQVDPSOH FRPSR
VSDFH $OVR WKH XQGHUO\LQJ

B4 ¢ RUUHVSRQGDQ G DKM KR W+ BFDUNKD QL
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JHRVWDWLVWLFV PHDQ DQG FRADWEKBQRH FKW VWEBWLEQDPHG RQ
> @8VLQJ JHRVWDWLVWLFV IRDWSOPSIWML® P R RH OSQMDWGE IRGID UW K
Rl UHVRXUFH KHWHURJHQHLWLPNQWLRQHGWRGYDQSMDWHDO DORQ.
DWW UDE)GNEVVHVVLQD XQFPHIUWBIFFPWUDFVL$1DQ DSSURSULDWH DO
IRUHFDVWLQJ KDV LQFUHDVHG WIIRQ YLHF@\WMWRIXD@L BH W KR IGHN

V> @ ,Q DGGLWLRQ |UDEDN®WWU BIPRSU LA
2YHU WKH SDVW \HDUV PDQ\EDWNG DVKEKHLDO IGBDREDIQ SURYLGE
XVHG YDULRXV JHRVWDWLVWLFDIXPEWKWROW MXHFKPREHWQPSDODHRU G
NULJLQJ 2UGLQDU\ .ULJLQJ PRQHVRIKBRUBSBOU\ \GHISIKRYVLWDFWD C
NULJLQJ LQGLFDMWRLIMNMILYHQYDEBRPHWSHFLILFMROG IDEFHU Q WKH
NULJLQJ UHVLGXDO NULJLQJ SRERYOMWHRRGWGBAZRUH JUDGHV ZLV
UHJUHVVLRQ UHVLGXDO NULJLQJ @@GKWMX® FWDYOH WNKHRIUGGIDEN RRVG
DQG VWRFKDVWLF VLPXODWLRQ VX FEEPHFD \D G HTPXSGRUMLIBEVX GWLRRIO
*DXVVLDQ 6LPXODWLRQ 6*6 ORGLQGHDIKXH @WICD O/FR PIRGH @
 QGLFDWRU 6LPXODWLRQ 6,6 LRQDURBWDUDPERWERGHRGPHOLQI KDV
,ULJLQJ DWRDJHRRAMSDWLVWLFDOSRIMKRGY WWRMPQF LIRQFHLGHQWLI\L
LQWHUSRODWLRQ WHFKQLTXH WIQRWDBREV @G HY D OKMWK QN K MV K H
GHJUHH RI YDULDWLRQ DQG WGEGHV\EUYBRDWERQ ERIVZHHREN IR PLIFD O
NQRZQ GDWD SRLQWV LQ HVWLPUDRNFIHYN MDKH R Y DADKKH WELVQH@ O L W H
XQNQRZQ DUH®V,Q > JHRVWDWLVQG FIKODUDFWHUL]JLQJ WKH SURSH!
VLPXODWLRQ UHSURG XN\ DR/Q DR QGWHDLY LNMDIOF V& SRS/ L WM SRK HU H |
YDULDELOLW\ WDNHV SUHFHGHQBBFR\HU DQEDPWRDMRRUEHWKH V X F|
> @ FROQFHQWU BIV@ F® QFHQWUBWMD @ Q
'HVSLWH WKH ZLGHVSUHDG >D® SSRZFHDW MEMFMRIRRQFHQWUDWL
JHRVWDWLVWLFDO PHWKRGV WIHPEMNIIHFRQRGCWROXPLHRPRGHO
OLPLWDWLRWH\ DUH EDVHG XSR @ KLHKWOLYH EHHRURA SRV WG W
VWDWLRQDU\ DVVXPSWLRQ\G U N EWM K QIF DH Q@ i FRQIBW D
VWDWURQDBRP ILHOG ZLWK DQ X QM QREEN RRIY\DWBQVWEHUHSSOLHG WFR
PHDQ WKH\ XVH D OLQHDU FRWLPODWAL R® KBS WEHGIKQ]RQH  $I
DQ\ WZR SRLQWV LQ VSDFH VER 1P \SOM MK REVE R IO WG9 &
GDWD WR EH SURFHVVHG ZKLFKI WHFMWRQ F ERGMOHGR OGO IQQ 9D W H
DQG HIILFLHQWDQSSOLPRDKH\R Q OTXWHH DWLRQ UHJLRQV L@ KMKH K
GHHS PDW KMPIDQWLLRDIOD QG VN LO 6R UBEEGU W R I HIQEIDS/RABLEKGILQ W U L F W
WRR PXFK WLPH WR JHW WKH SUHIWDQHG VROXWLRQ >

@ 7KLV DUWLFOH LYKRMIDQRENG DV
'XH WR WKH DIRUHPHQWLRQHG®HSWRRQH PYWKIGPDER VLH) YHVWLJID W F
UHVHDUFK ZRUNV KDYH EHHQ FRSGDERWH ® | WURH JLQRVQTL® HHHR O R J\
IURP QDWXUH 2QH RI WKH PHWKRGVHROWRIILEBG VHRPWLQJ $Q RY
QDWXUH LV $UWLILENVO $HIXW DDOG YIIHAWZRIJHY DQG OLPLWDWLRQV
2YHU WKH \HDUV $DDKRXW WHHGOURZ GHFWLRWHFWLRQKH ERUHKR
XVHGVK® JHRVFLHQRI$LU1LWOGH GDWDVHW DQG VMRQNLDWHFOBVFD
VKRDQUHDW LPSRUWDQFH LQ P LTKH U H\DXQ QRX\DUGPEGL QRIQQ D O O\
GXH WRASVKLHOLWAN\ WR DQDO\]H FRREMXV DRGV IDAHF S URQHQWHG
QRQLQHDU SUREOBPXUDQ WHKWZRUN
GLDJUDMV JRDGH YDULDELOWW\ LV&BRI)WMEHIAHG
QRQLQHDURXWSXWHURDSS VHW RKHUH DUH PDQ\ VWUXFWXWDO I
FRQQHFWLRRLZWIHMNMR/ ZRUN OLNRMQBY LSO @UERMWHQHWGIOQGHG LQW
SDUDPHWULFHORQIOREDO ILWW LWK HP R GRHI00 RZKIQIIH LF D WD IRIRIVH V
JHRVWDWLVWLFV DRGREORIDWP HARWBLIFQD 6 GIDWD Q LI1%D |PDKD QY &HQW
ORFDO ILWWWRDWFRGKBEWLW Rl ,WRKE Y $OERU] YL .RSH 'DJK Y
PRGHO W RS DWDREBHIOIXE RUKRRG YLL ODNUDQDBWBQLDQ VXAKKUH |R
$11V LV H[SHFWHG WR SURYISWKPILPEK\WIHG ODRRIRWHBLF [RQ}
SHUIRUPDQFH LQ WKH SUAWBQIRYUPHGDDWRQUHVXOW RI VXEGXFYV
VSDWLDO WUHQG LQ WXK®@ G DSND WD UHHIRHMWID\. ,UDQ GXULQJ
YXUWKHUBRY K QO IWKIHHR VWD W L VRVULEEDHRRYV W W KHQ®ZQ ,UDQLDQ SRL



ILNRRIJRIWIDWNKBRUQDO RI OLQLQIROQYLUMRQPHQW

FRSSHU PLQWUD® UM WH R/ ® W U DQG FISDOFIRRW LW H 7KH  SD
&KHVKPHK DQG 6XQ&Q GHSRVLWREVHUYDW WKV JRIQJXH DQG DO
7KH FRBMBOGI® GHSRVLWJKIL ODWHHEGEXUURXQGLQJ WKH YHLQV LQGLFD
ORFLDWHGEKH HDVW $]DUEDDNDQ 3 H ESLDUAH J1 H SU WK NRKKD OKYWX QM. G
7KH ODVIMIKG DUHD DV D SDUWRRWHMBERU]7KH RFFRDWHYHAH JRO
$JHUEDLMDQ JRQH LV 1MRWKRH.AOL@QHUD KOV VEHHD REVHUYHG LQ \
VKHHW > @ 7KH ROGHVW URRFQNH XO@LGV I QWKIOHV | K@ PVHR H LIQREVOW WU
EHHQ FURSSHG RXW ZLGHO\ LQ RVKMKWRXMIKQ D Q B ERXRV PLFURQV
WKH DUHD EHORQJ WR WAKH [(RENMQSKHQRPHQRQ KDV EHHQ UHS
VHGLPHQWY  7KG WRXAWAURISSHOWGR®J LQ WKLV DUHD 7KH OF
DQGHVLWH WUDFK\DQGHVLWH B RGHUOUW N WLRQWVOM [ULMWX D@ W K H
IURP WHUWLDU\ YRO¥PGLFHR@@UWWROIEP QRKH DOWHUHG JRQH ORU
DFWLYLWLHV ZKLFK KDYH DIIHBRRIGWPRID\EGHORY HD QB SUHVHQV
LQWHUVHFWHG E\ ODWH (RFHQHYHQWV XVQBHVMWRFN@ZRUNV 7KH F
PLQHUDORJUDSKLFDO VWX&UHHVWKBMW IMKRZKH \WKBW DUH SRWDVV
PLQHUDOL]DWLRQ LQ WKH DUHD SKA QRO IFFR S DHIU LNOXIOLIE G HD @GS FS U R S\ ¢
LQ WKH IRUP RI YHLQV YHLQOHMWWY®HBWGYMWWRFBKERW NW H/ H D QIEL WD
3\ULWH KDV EHHQ PRVWO\ REVHOWHIG DDOREMNMQ. ERIFWHKUWY HG DUR)
GHSWK UHODWLYH LQFUHDVLQJ MLRRXLDNW [RIG FKIDIOFR S\ U@ W H

JLIXURKWWUXFWXUDO PRSURIFWB@® DIWHU

*HRORJ\ DQG QWX ERBHEDI\ RI 9ROFDQLF DFWLYLW\ LQ WKH DU
TKVWX®IWHD LV ORFDWHG LQ WKKSHS RELH\G BVRUBEDXWIUQHD IDFLHV DQG U
JHR O RIR@EHI D W6GWRHF N O LOQLE SHDIND) WKH PLGGOH (RFOQKGZLW
FRQVLGHUHG DV :BVWDEWURI]RAQEFLHY WKHHWSERRWOQBRFHQH HU
FDOOHG$$OERDIMDQ |RQBEDNIDUBQLMRXY DFWLYLWLHVDKQIGYWCHEHHQ

DQG (IWHNKDUQFAMPUWGLQJ WHRIJHQH HUD WKHVH DFWLYLWL
WKHRORKH DWERI®R D UW Rl WIKKDOORZ LQWUXVLY HU KELRRGSLDHRL WR-
$KDU PLOHWIRDGERQILQHGKE\ WUDFRO@®GHVLWH DQG EDVDOWLF
7DEBRIOWDQLHRWKMWROWK 6DQG 7KH HIIHFWV Rl YROFDRXES LQ W
$ U G DOELLDAD H K LIQVKGIWB QEBW K H REVHUGQMIGRUP RI $QGHVLWH WUDI
IDXOW RI>0RIEPE Q ODVMBGBKL KHIZKAWMG WR WKH FUX

RWKIOGHU URFNV (RRH®H BRFIFY
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LQFOXGH DQGHVLWH WUDFE\ DQIEBWVINGH ZLTKO \$WHLVEIR /BK DIRRIQ W
TXDUW] DIOWWBWREKBGDU\ EHW ZHH @ [WE&HYV D QMUHURFRD QJDQHVH PLQHUTL
WUDRXGHVLWHY DQG WKH DQGHW.FVRWSH QDY Q GHGRRYKMWIRY R[LGHV
HDVLO\ GHWHFW D B\KHH WERRUG SBILGWRYE FKORULWBLQ IDFWHRU R
VWXGLHVH[WKWHKHRFBNVSRUSK\ULK\GURWKHUPDO DOWHUDWLRQ DQC
PLFURO\WWH DQG PLFURDUDQX®R®UHZDWKED W UERGLHW PDLQ
PLFURFU\WWDOGK®H PPRIQOHIDOVWRPELQDWLRQ RU\NRLQH OO/R AN V
LQFOXGH VKD YH® SIHEG SOPQIGR F ® B QHR @ KWMBHR O R U JLKW BANIX@VEH] W X U H
KDYH EHHQ GWJXHDW HG DBMER WRY SRUSK\ULWLFUZQW®DPLPDRVULI
DQG VHULFLWLEFAFL\QHRODDO BHMOYL PRYWHU D)@ JXWUH XD @W ]
IUDFVKPYHVEHHQ LRENHOEMSEDUYV WKDW

JLIXUHMHRORJLFDO PDi#SDRKD MMGHBEEROH > @

$OWHUDWLRQ 7KH VWXGLHG®RZBINSOHWEBHRIZL Q
7KH GRPDQ/QWIWAHRE RG®IUH® RI DQG DPRUSKRXV DONMKXQERHD UHO
WKIHU JLWWOSLHEKLFK RIWHQ DIIHFWSHWRPSBRAKGPLQW RQOMXY MY K H
HVSHFLDWODRKKPIRGGE VEUWRULWH URFAKKERMQOVLVW Rl DQGHVLWH DQC
DOWHUDWLRQV SROWWKWLPL@G®\ ODEH |HFWHGS E\ODE&W HORWHR@H U
VLOZRB PRVW LPSRUWDQW DOWSDDDWRRQDYUHRIGXFRRSODPWHO\ DOV
W R/WV X G UHBEBH J L O O L F VDZAKW IBIU B W LFRK@ RDQW W KH PDILF PLQHUDOV D
JUDG XD OONGHRQ YHUWFLWLF D O\ HHRWLYRIQ WHIG M D P&V E REW W
FRYHU D ZLGH \SDDWKDIQBWHW. WSHULPDU\ ELRWLWH LQ WKLV ]RQH
%DVH® KHWURJUDS KIDVWXBLAINUPDIOWRULWH BPRGFRYL®HM PLQHUDO
DPSKLEROH KDYH EHHQ GHFRPSRNWHIEQEEGWR [3\WHWHRQHWERE DO
RI FKORULIOIG FIDMAMDIGHMES LGRWHH YL G HRIFH\VWRQ@Y HWR RKQ GURSKLO
DQGO G SHW JL FPAMMKD OMERHQ R[LGHV DQG VHFRQGDU\ LURQ R
FRPSOHWHO\ GHFRPSRVHG LQWRDPSAHRQRHFWUBRQRWW RI FDUER
VHULWDW RFQ WEIQGHK HPD W LMWH P MOKPHD o O W KIRR KNH W F D WERFPGIDWL A H V
WKHVH VSHERBHIQOLF DOWHUDVWKDRQ ERWHQWYMWG VDD/QGY HLBL QO HW
LWHU\ VWORQRQO\ WKH VKDSH TRAHWHKHRWHD UWKLY JRQH LV GLYLG
PLOQHIKIOWHPDLQHG LQ WEKKN D GWWHUDILWLR@MG SK¥O@LF FDUERQDW F
UHVXOWYV RI ;5" VWXGLHV VKR Z6IGO MFKOH DSIUMINBWHRRIGD ¥ RX QG WK
DEXQGDQW FOD\ PLQHUDOV \WA{RBK LRQVWHKHURBPWRH YHLQOHWYV
S\URSK\OOLWP QG DR@QQDWBLWLBQHD ZKLFK LV DQ DSSURSULDWH
EDVHGWRQUHVXOWV RI PLQHUPQRBWUDNOW{DWIWE BPRRQWYV RI VL
PLOQHVRPKSDWLWH FKBSORRSWULMWHKHJIDRBRQVLGHUHGGDNDW@®U RI
DQG UWHYWHKLY BHILRQ K\GURW KHU PDDWXRIDIWWLIRRDVBR P VL
7KH 3RWDVVLF DOW HUDXRIBHD | RQ B UIRW WHKWP D O7 IO WH QBIWDRQ]D W
VKRZV D VPDOO RXWFURS LQ WKIHP SOISDAKDW KELIRAW HUHG ]JRQH
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S\ULWH FKDQFR S UUFOW IMDHP SOHEWVLF VWHSV 7KH ILUVW LV DQ
WKDWVDNHQ DQG DQDO\]HG |URPHRIKXHLRIWIDPOSNH GDWD JLYHQ
LQGLFRWIK FRQFHQWURMLER) Rl JROG
GLUHR@DWHG WR VLOLFLILFDWLRE I A1 L L
3URS\OLWLF DOWHUDWLR®@ KDV EHHQ IREV]HUYI]—|G L
DQGHVLWLF YROFDOQLEl WRPNEHRXEG PDUJILQ
YHLQYH RI WKH RFRMWEBOQOMDWRULZKRYK LV WKH HVWIDRDW K FRH MH KL
WKLY DOWHUDWLRQ LVHS/\L}GFRV%MNM@%IRE#P WkIpDLUV REVHUYHG
ZKLEK LO JUHM@QRORNOBBUKRKLN LV WKH GLVWDQFH EHWZHHQ WKH
JUHHQ EREVHURWGIGWKH HGJH RIKRyRIAFRQG LV SUHGLFWLQJ WKF
D QG HWIRIDIGY P L Q H UMDROQ B WI/E® W ¥ § O W L D@D RRRU @IKURXJK D OLQHD
KLJKIOW K$JURS\OLWLF DOWHUDWRRBHBYXXURR YWRK¥HYV VKRZQ E\
SUHVHQFH RI |LDORQLPBEWPDLWHQJ o
YHLQ® Lo yQly

L

Q K

OLQHUDOL]DWLRQ

K H LV WKH HVWLPDWHG YD
L

ZKHU
7KH PRVYWQLIRRSPRWPLQHUDOL]DWRRE® W QLY WKH QXPEHU RI PHD
WKH O0DNWHG DUMIKIHXWLOH PDJ H_WLLIJ\/W WKH YDOXH LQYROYHG L

S\ULWH  FKDOFRS\ULWERUQR B& VR WMl W DWWDFKHG WR HE
V'S K D OFHRNIWD@EBK Bl O FIRIFQ BBV v Doy H ] L

DO
ODVW WZRKBYQHERWEW G DV VHFRQEDHYY YW HVYWLPDWRU LV DOZD\V
FU\WVW D/ORHRW HUDWLROQRQQ WKWRKPH| pxp YDULDQFH 7KHUHIRUH V
ODVMBIGKL DUHD PLQHUDOL]DW Rl IR Q&Y FHED Sv
DQG KOBMHQ |MWRHG ZLWK WKH VLOLFHRXYV

EDULWH ORHDLEGHQXP PLQHUDOL,Q]QAV\%LRL? bV
DVVRFLDW KB ZQ VBKI SRVLWW RRING F R'SSHU L

ZRUMWRQJ ZLWK WKLV PLQHUDOL]DWLRQ WKHUH DUH

DDVR WLQ DQG WXQJVWHQ WUDHEKWHUHROGGL Y LVOKHMDHIRIQ WH RBBQF W LF
LQ WKLV DREDHUIYGERMAHE LW KHUPDMFWRUQZRWIKJ IDQ QGBWH[WUHPLW\ D
DQWKIRSSHU PLQWU@OL]IDWLRQ J[ [m LV WKWDWHPIQFH IXQFEMLRQ R

ZLWK DQ RWIQEGHPW [ PR@A VW [

OHWKRGYV WKH /DJUDQJLDQ@PXOWLSOLHU >
2UGLQDU\ NULJLQJ 2. 2. LV DQ DSSURSULDWH JHRVWDW
2YHU WKHHB®WFMDGHY GLIITHUHQWHVBRWAUDOVHIXO WHF IGQ LITHXUH @\
LQWHUSRODWLRQ PHWHKRGM GKDMY L EHPR BHMIKRGV2> DV D OLQF
QXPHURXV UHVHDUFKHUV +RZHWVWLPRWY R WHWR PG HDVVLIQV Z
UHODWHG WRJHWKHU DQG KDYORFOWLREWV [SOMIQGHSWHKW HVWLP
6SDWLDO LQWHUSRODWLRQ PR&KQV¥KFDQHEHQBGHSEHORWHIWG IURP
LQWR WZR FODVVHVY D PHFKDQURBAQHGE WHIWPLRQVWERF IDQO PRYL
E VWDWLVWLFDO SUREDELOLWVBPWRXS8N GIKIMKPHEWDWILEIBDWY Rl GD
PREHOV DUH EDVHG XSRQ HMSLUUEDOVH ROESO@ Q IWSHELK@W V XH
SDUDPHWHUV ZKLFK LQFOXGH WHBK® L KWW VW®IHN H R Q BHHi WY REDVWDL FE(
'LVWDQFH :HLJKWLQJ ,': DQG 6BODUIQHYF H KRV GIR F K HDLRXI @R FH-DAMALL

QRW FRQVLGHU WKH HUURU HVWLPDALERQVWQRF RADRA-R RANONIFRU KHHY
SDUDPHWHRBMWRILVWLFDO SURED RMKOH @R WNH R QWHRRMIWIQ @ODQ G KDYH
DUH HVWLPRWHEGKEDY WE&H MFLSGIOHNHQ GHYHORSHG E\ ®RPH RWKHU?

DQG FRQVLGHU WKH HUURU HVWIPPDWLWRKQRHPQW LRFIDWK HVRR\PW 2.
LPSRUWDQW VWDWLVWLNDL ISQURIEPW HOSWD PRIBRIQVKBWLPY WRHG W
ZKLFK LV EDVHGHR® WKHHILRQMDIOH JHKBVW OLQHDU XQELBRVIBE HVW
O9DULDEOHV®@® > 7KH WHFKQLTXH VADIYW LIROQDNW\ UDQGRP ILHOG ZLWK

LOQWURGXFHG E\ .ULJXH *EXPMMDQ DV IROORZV
ODWKHURQ GHULYHG WKH IRUPXODYV IBQG IRXQGHG WKH
OLQHDU JHRVWDWLVWKHRV NiJLJ]_QJ[ Q. 1.

WHFKQLTXH ZKLFK LV FRPPRQO\ N®RZQ' DV D
HPLQLPXP YDULDQFRIQMVRWMIW@W RU
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ZKHUM[ NULJLQJ HVWLPDRSHO PBXQLYRQY RSWLPDOO\ GHWHUPLC
ORFDWLRQD [VDPSOHG YDOXH DWs ORFOP@MBYLURQ RI NQRZQ H[DPSC

DQ@ ZHLJKWLQJ IDFWRU IRU = [ RI D OHDUQLQJ UXOH 2QFH WKH F
7KH HVYWLPDWLRQ HUURU LV GHWHUPLQHG WKURXJK 11 OF

. LOWRHQUQHFWLRQ EHWZHHQ LQSXV
1AL 10 silq 1 HPEHGGHG LQ WKH G@WD LV FDSW

$Q DUFKLWHFWXUH RI $11V ZLV

ZKHUH =XQNQRZQ WUXHpomox g o L YPWLERQ IXQFWMLKQHKY SUHVH

HVWLPDWLRQ HUURU )RU DQ XQELDVHG HVWLPDWRU WKH
PHDQ RI WKH HVWLPDWLRQ HUURU PXVW HTXDO JHUR
TKHUHIRUH

("5 [
DQG

L: Q

$ PLQLPXP YDULDQFH RI HVWLPDWLRQ HUURU LV
WHWTXLUHG IRU VROYLQJ WKH LQWHUSRODWLRQ SUREOHP E\
NULJLQJ > @

$WLILFLDO 1HXUDO QHWZRUNV $11V

$ YHU\ SRZHUIXO PHWKRG WKDW KB\ gRWW WREFWRGH WKE11v zLwk
DWWHQWLRQ RI WKH UHVHDUFKHUV RY Iyl wWKDHW ISP WK QIFHEL R Q
GHFDGHV LV $11V ZKLFK KDV EHHQ XVHG IRU RUH
JUDBRGHOL@J $11V KDVOIDQHROWWRQWDLQV D@ LKISSGWH Q@ MBVWHU D
PDWKHPDWLFDO VWUXFWXUH W KXW ¥ W EOH HUR BKIUHR UPUB QRRQ Q|
FXUNM/WLQJ RSHUDWAIRRHQWL RIDAKDIMWLY DQG UHSUHVHQWHG E\
VSDFH +HQFH LW LV DEOH WR @ B\SHHN HQWKDIQ & X\F LWHIDWR O \LYV S
FRPSOH[ GDWD JHQHUDWLQJ D B®DRHKYH VY QEKWWHORXW ¥ XWKRII HDFK
LOQSXWV D®RE WKIVWEXS@RFHVV > FRUUHVSRQGLQJ HOW PHJW K L Q QM
,Q RUH JUDGH PRGHOLQJ HVWLPMNMWRERRYXWHW XBBRVAHEIKWHG
WKDW WKH DWWULEXWHG JUDGHKHRYP OXHY LARH W @ REMEEREMISRMLRAO H G
YDULHV IURP RQH ORFDWLRQ W R XEQRW WHU F DQ GPHY/\K KSHURWVOF® Q. Q/
EH UHIOHFWHG LQ D FRPSOH[ LESXW DQG RXWSXW VSDWLDO
UHODWLRQVKLS EHWZBEQ VYSD®@WHD®QDOXH

FRRUGLQDWHV LQ WKH DUHD RId @VWHUHL\'ZW @KH\%WRUH W K H
RXWSXW JUDGH LV FRQVLGHUHG MKQFWLR'Q RI

VSDWLDO FRR LQDWH LNH ;
7|§’HUH DOLEHWWUQE\H)?,FK D‘\g&MGZKHBﬂ WKHA VXEVFULSWV L DQG M

QHXUDO QHWZRUN)XGBWLBQ %Mﬂ% QSXW DQG KLGGHQ OR\HUV

QHWAR DOG .RKRYEDQOLILOJ QH BYHY WKH LQSXW WR WKH KL
> @ 7KUHHFRPMR@HQWYV DUH S QLW M DQG QHW N\

LPSRUWDQWIL LY \WYWHP D VWU LGGHQ XQLW HPLWV D
WKH QRGMRSREBRJ\ RI WKH QHW %P EXQFWLRQ RI LWV DF!
OHDUMQAIRULWKP XVHG WR ILQG '?'HLJKWV RI WKH

$11V

2Q WKH RW KHQ K QsiDIFK SURFHVV/LQJ

XQLW DFWV DV DQ LGHDOL]JHG QHXURQ UHFHLYHV LQSXW
FRPSXWHV DFWLYDWLRQ DQG WWDFRV RXW\S YVK DXQ IDW WV IY BINOLORLO \
WR RWKHU SURFHVVLQJ XQLWV [$FRMHLYIKWL K Q X0V HEH R@ MK H KL GC
WR UHSUHVHQW WKH FRQQHFWLRQ VWUHQJWK LV DVVRFLDWHG
ZLWK HDFK FRQQHFMQLRDKHVH SURFHVVLQJ

XQLWY 7KH FRQQHFWLRQ ZHLJKW RI HDFK SURFHVVLQJ
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) . ZHUH FDOFXODWHGALQ D ' VSDFH -
W|
QK Y 4 %RUHKROH GDWDVHW

KH ERUHKROH GDWDVHW SOD\V I
ZKHUH WKH VXEVFULSW N LQG%WVM%FWLLWHMMQW L

RXWSXW O.DGHQRMIGHQQXPEHU Ry BUOW LR G VYO DWDR® $ W RW
XQLWV $Q RXWSXW XQLOWQFHHDRJE WHNRWMV‘ IREQH Ve @uoHes LQ
IXQFWLRQ RI'LWV QHW DV (T zK|FK RI WKHP EHORQLO® HEGR
I, | Ok ERUHKROHV %+ VHULHV ZLWK L

P DQG ERUHKROHV ZHUH Ul
ZKHWHV] WKH N RXWSXW XQLW WVHULHHNR ZH WW KDH WRWD®) DBGIIW K |
QHWZRUN RXWSXW\HRUPRGMIOURBQ 7EKH GDWDVHW LQFOXGHG WKH

FDOFXODWHRIL@ WKI@®3RUP GRZKROH VXUYH\ DQG DVVD\ 7KH

GDWDYRQH DOWHUDWQE& QU HFLRQHHWLL

I 1 ZM z[ .2 . 2 7KH GDWDVHW IRU DVVDWKADV D
M

,&306 PHWIKRMG WKH =DUD]PD ODE
7HKUDQ %DVH®HRUDWKHFDO JHR

JHRFKHPLFDO UHVXOWV LW Z

&R QF H Q WYURDOWXLFRBR KU DFW DO PR YRUDEOH IRU WKH P
7KH ® IUDFWDO PRGHOLQJ 'tg\\/VWDOLGDWHG DOG V
SURSRVHG HW DD O IRU LGHQWL

e e Bl bol bt Mﬁ%@%&ﬁé@%&@@&ﬁ“&é?

GHSRVLWVH®BQDEXD\ H[SUHVVH% K\SRJHQH JRQH RI WKH FD

g @ L())LJXU[BIQG 7DEOH 7KH VWDWLVW
9 ud Xyl 9 & x ¢ Rl &X JUDGH EDVHG RQ WKH D¢

K\SRJHQH JRQH RI WKH FDVH VWXG
ZKHUH 9! " # DQG 9! « # UHOEMWHQW $WRRUGLQJO\ ]RGER DO

YROXPHV ZLWK FRQFHQWUDWLR @ RFBRVHNG RIOHRWDVKDE RQG SK\(
HTXDO WR DQG JUHDWHU WKDQPRUMTWEKOQVR WRH WRBWRXWD O
YDOXHV # DO®OUB MKKOHUDFWHUUWWLEQDOL]HG YDULDEOH ZDV PR
H[SRQHQWY 7KH FRQWRXU YDORWGHU IVQVIWKLR QPREGHD QGRP IXQ|
H[SODLQV WKH ERXQGDULHV WHKDMQ & HSID&X® WIRQFBQMRXVWLRQ L
PLQHUDOL]HG DOWHUDWLRQ |POBDWQ\D /& DVRVEFEKHBORRIPDHAR RY QR W
SRSXODWLRQV ,Q WKLV ZRUN WKKHFRRDQIGQBWIHYLRXUMKEH VDPS!
RXWSXWV EORFN PRGHO BHUH SRE¥HVYXHGWEQ\WRNWXPSWLRQV RI
IUDFRMMOKRG DQG 9! " # DQG WHQDBEOWKH

YROXPHV HQFORVHG E\ D FRQFHQWUDWLRQ FRQWRXU

P

®
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JLIXUPhRUHKROH ORFDWLRQ PDS RI WKH VWXGLHG &X SRUSK
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JLIXUB +LVWRJUDP RI WKB QX4BEIDFORDWDI WKH &X GDWD RQROWKMNMEKEERIHQF
GHSRVLW

TDEOBWDWLVWLFDO SDUDPHW& UVKRII BARMEHA & CHADBH P H Q W

9buL /HQJW OHL OLQLF OD[LP.: 6WG 'HY 9DUL 6NHZI
&X

/DEOCBHWDWIS\DVUDFFHOWHUV RI WKH &X JUDGH EDVHG RQ WKH DOWHUD

&.
$OWHUWWWVBEHR Q /HQJWK /HQJWK oL 0D OHT
$5*
&+
14
3+«
32°
35
6(t
6/6&

$5* SUJIJLOOLF &%/ &DOFLILHG &+/ &KORULWLF 3+< LWLF
6LOLFLILHG1BWGC$$$SOLFDEOH

JLIXUBDULDELOLW)\ RI &X FRQ RZHIYWUBMILHFQ VR COVE] RYHFKVLRQ DQG F G
WKH K\SRJHQH JR®H KR! GBSRWIGW
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5HVXOWNVBERGVLRQ 6LQFH PLQHUDOL]DWLRQ GRHV Q

2. UHVXOWYV EHKDYLRU LQ HDFK GLUHFWLRQ L
+HUW HG D IW@H FW LIRQ XVHG WWR KHHV WELRP@QWHHT X HQW O\ L Q R U G/HSWD WWLFD G5 |
&X JUDGHRZHYHU SULRU WR WHKH XRWXILKIFRUUHFWO\ LW LV Q
FDOFXODWLRQV LW LV QHFHVYVDW\QW®HF IDUID OR X W D L\QH SAHWHIRID O
GDW 3 BRFHH VIV MWIMB/WR GHWHUBPEQWLPHQWDO YDULRJUDPV VKRZ
DQG FRUUHFW WKH RXWOLHU LY GXHNMHURARMNIGLYBOWHRQV WKH
G U D P D WLLPFLDFOW WMDKWILVWLFDO D@RGHWQA W RGO G EH, QL WMQHHGU DVGR W
U HVIXIOWH U S ¥ HVKD VG R QY IROW BY HUWDRJWUDP KDV RULHQWDWLRQDO S
DUH DEOH WR WUDQVIRUP D PLQOQMKD® R BDFX Gl BEKAW LLRRVUR DY KH Y|
HFRQRPLF PLQHUDI FOH SRY IMX I ZPIMH GWUIRUPHG XS RQH UW'ONW BKR 1R
WR MXVWLI\ WKH GHYHORSPHQWVRI\EZDWH. QJ SURMHFW

@7KHUH HDYHU DO ZD\V WR GHB3Q@ RPWKJI MAH.RQDORVHPP Rl UDZ
HITHFWV RI W KHDRGNPREW UFD®M XBIHRR J DJLPXWK Rl f 30XQJH RI
WKZIRUNVKH ERJLSORNMIDSSOLRG f DQG MALQYSRI P IROORZV D
UHPRWHIKWOLHY @DQRWHKHU LPSRRRGHDVZLWK D QXJIJHW HAKHFW RI
LV VIXW KSHUSIURFHV WIKBR PISRV LW H GLHDEBEKHY D VLODWRD UDQJH RI
,Q RWKHU ZRUGRSRWWIDWQWHWR Z RIINKWDHWKR LQYHVWLIDWH DQLVRW
HTXDO YROXPH@V.QPERHBWKH GDWBMDULRJUDPY DUH WKHUHDIWH!
IRU WKH RQDDVBUGL UHVHUYRLPROGHQOHG LQ GIWILHRIHQOW ZLWK
WKH PHWHKRELYLGHGP LORPBRVLWH fKRULIRQWDO DQJXODU LQFUHP
$FFRUGLQJ WR WKH FRPSRVLWH IDMHIQXOWDK W R B HURZGRH ORYNUWLFI
OHQJWK LV ZRKEWEL@HKEGH. XD JEMQG fYHUWLFDO DQJIWRB WKW R OHiC
YDULDQFH RI &X DUH VLPLODU WR QK IR IRWKH. G R 0 SKIMWABOXH H5 IRS RN
'DWD YDULRJUDSK\ IRU 2. LV WEHIIGHHOWWB® JHWRU YD WKDRJUDP
GDWDS BRFHYVYBQ WKH VSDWLD® QIDMRWERSLWIKH PDLQ UHVXOWL
DQG UDQGRPQHVV WKH YDULRJWDLFR JIRDEMKRQWRDEH SULQFLSD
UHIOHFW WKH VWUXFWXUH RI WKWK MS B WD D DKD HHDLOS BMRE/GWRH GV K 19
URRQDO YDKHDEHWN ZD\ WR GHVFUGEH7 WH H5 L U H PWDIUR @D ODWHPR G
VSDWLDO GHSHQGHQFLHV LQ W KS$DSDRFHNWHU R | DWMHDWKLARAXD UQ LAD E O
FRYDULDQFH YDULRJUDP

JLIXURAKH ER[XSHRGWWR UHPRYH WKH RXWOLHU GDWD
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JLIXUAISHULPHQWDW WVRHIRUDP DQG DSSURSULDWRP QUVEW U IGFHNALER D DRR U /K
DQG E GLUHFWILRIQDIOQ WMWPIZLWK $JEPXWKGLUHFWYRQDRIVBPY ZLWK $]LFP
'LS G GLUHFRWURERDODAWEZLWK $ULPXWHRRAUHDLQ GLUHWWHRQV RI
VHDUFK HOOLSVRLG LQ OWKMWMBGEKEBRBHQK\PRQRURIGHSRVLW

7TDEOHUHFWGHRRIDW L R SDWLB P H R K MHH Q FAISEINOL RYYWHR D U FK HIOD WSMRL G
K\SRIJHOH WRISHRUIRBK\U\ RUH GHSRVLW
9DULRJUD $JLP> 'L QXJJHW H 5DQJH 7KUHVKF
6SKHI
6SKHI
6 SKHI

7K FURWOLGDWLRQ PHWKRG LV XVHBGERARWWHO VEDWAHYHO LQ WKI
WKH ILWWHG PRGHO WHRI\RIH B EHRDQDFRURP WRLQ WKH HDV
JRQHKH FRUUHODWLRQ FRHIILFLBQWHRW WK} DIY®/ LBBW HPGE Q WKR
YDOXHV DQG DF V&PV YDOX\H D FAMHBIMDKE OGH. U PRMBIHROL QJ LQ WKH F
DQG DERXW GHSRVLW KDV PDQKHUNMBQWDIHW
7R FRQILUP WIKWRISUDGWVAMOPDBURFHVYV LV FDUHIXODW LSRHQMRD® €
WKKHVDPSOHG ORFDW L RIY/S ON K IGM XPGWP KRGV \Z DR/Q S/D KIRV \BALK IHH GHHB\R V
LWKH K\SRJHQHSIRWDIKRI\ RUH GEEROLBWH PRUFMKB F F XRJFOGWHEHR |
7KH HVWLPDWLIR®HRIRIXPHG RQ DUDGH E\ 2. LQ WKH &X FRSSHU GF
7 P JUKG HVWLPDWLRQ DQG)LIJRRGHOLQJ
SURAHWRPPHQFHG IURP WKH HOHYDWLRQ RI WR

JLIXUH PRGHO RI &X FRQFHQWUDWLRQ HVWLPDWLRQ E\ 2.
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$11UHVXOWYV $OWKRXJK WKH QHWZRUNDXVBIG L
7KHUH ODWRA DRI W\SHWV 7RH $ARVWLPSOH VWUXFWXUH WKH OHDL
SRSXODU DQGQWEE EBNWMAHG SRZHUIXO DQG VXIILFLHQW IRU
IRUZDUG QHXUDO @MW ZR U)X Q 5 DRIREED EHWRIH HYD ®TGL 2. IRWDGHH JU
5%) QHWZRUN .RREQOBIQL]LQHOWLPDWLRQ yRBRIGLHODUQLEDN H
QHW ZIRQFBR G X@BXUDO QGHWERDOVO/3 WIRHDORZWES$Y DUH IROORZHG
WKUHH HOHPHQWY DUH SDUWLFXODUO\ LPSRUWDQW LQ HYHU
PRGHGIRVWKHNUXFWXUH RI WKH QRGRSO MIGTWDVLWLRQ
WRSRORJ\ RI W KH) GQ HMKZAR UNH DU U XQILFLHQW D PRY BT IRIBGDWD L
DOJRULWKP XVHG WR ILQG WKH WD GKWHY RN DEROW B® O D@IBWW H
7KH OHDUQLQJ DOJRULWKP LV DVWHSDSWQY HIPIHWARMN EDWD RQ
ZKLFK D QHWZRUN Rl FRPSXWLQDVN@BWY SRIIDKU\HFRSB\H E HHHES R
LWVHO! WR KH SCOHHVALHGWE WHKD Y XMH G7 K$ FF RUWGKBY.D VO EOH UHSRU
SHUIRUPHG LQ VRPH OHDUQLGHSRYLRKR RRAFRQHRXYS CHMEHESX H V
SUHVHQWLQJ VRPH H[DPSOHV L&IWKHKBHSRWILW HGJH GLYEGHG LG
LOSRKXWSXW PDWEHODHWQ@RWNKLY P 7KH BREOH FRROGLRBWXNO JU
ZRUNQVWHDG RI XVLQJ FRPSOH[Z$UIN BYWKHPBRGYEBXWSXW GDWD
DOQE1 OXOMWMHIHUFHSW8RQRLWK WUDLQUBABYSHFWUXHE\VKRZV DQ
JHYHQ®OIWUTXDUGW /0 DQG VFDOHBPSOBGRIHOWH DWUEHD IQWWBMWY W R |
GHVFHQW 6* DUMRIQAMHCGPWR HYWLPWRHGIVWLPDWH WKHRWKEWUD
WKH &X JUDGH EDVHG RQ WK H XERIRXCRILH JGEMWDY HW

JLIXUHQSX DQG RXWSXW GDWD DUUDQJHPHQW

'DWD SUHSDUDWLRQ ZKHUH [ LVWWDRREDWDEH QRUPDOL
'DWD SURFHWKDIM DSSOLHG WR W4DQG@ PQE WKH PD[LPXP DQG PL¢
YDOLGDWH WKH $11 WRSRORJLMMK H \R WGELN.RO0/ I6® WD W H gRVISHFW LY
VHOHFWUIKRRXRIFH G DWW GMKSHR ' LWWMAJ D QVIRUPHG QRUPDOL]HG GDW
VWDJH RI WKHWRKRIGBDW®J LV QRINPD/AR®IGVP DV RQH RI LWKKHRRV\
ZKKFKHOG®¥DOH WKH LQSPWE DZRBXRGWSHIWG WR LQDFFXUDMWH DQ¢
FRQVHTXOH@WY\WR D EBRWW@U S KIDGRMVERBQ FRQV L7GHU BVG BWR S H L
'LITHUHQW PHWKRGV KDYH EHH®GLYGHYH® RYMR WRUHH QURX SHD V
LPSURYH WKH QHWZRUN WUWNHYMLIR @ ED WEDOA B D W @RQ WHOLW D

QRUPDWLROWZRWWKH LQSXW D Q& RUKNYE XIWU VW &X G DRWD VZHW K

GDW®RUPDO(THG E\ DUH XVHG IRU W DML LYPO L\S B WW R

$11V DOO WKN DWMHWOBVHMGHG LQWI

;QRUP[_[PLQ GLVWLQFW VXEVHWV FRQVLVWLQ:
[eor [ pro WHVWL@IQG YDOLGDWLRQ

WUDLQLQJ WKH QHXUDO QHWZRUN
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ERFN FHQWHUV VDPSOH ZHPHH{YN X RY REVWMOUWHKG GDWBPXOD)
LQSXW WR WKH QBXUINEHQBWR

|
FRSSHU ZDV HVWLPDWHG DV WK?&‘%@/?WHlQXHQEEWRYDWLRQV

ORGHOLQJ\RI $11
3HUIR URIDSIRH V. VWDBWHGWKHUH LV QR FOHD

7KHUH DUHL@DUEBMRRBIYDOXDWHL WK "V 1'S EHW Z MHERWEW VE R
DFFXUDF\ RI WEKEH® $RERPYOHW FRUUHVSRQGLQJ JUDGHYV EXW

GHVFULSWKRYWYHRI F®IQF EWRIRK Q
> @0Q WARWKMH FRHIILFLHQW RI GH P Cj/ FVQRWWHKGH

5 D@®RRW OHDQ 6TXDUH D(JUHURqR 0 RGHO LV EDV}
DSSOIKIE GHJUHH RI FRUUHODWIR

REVHUYHG DQG SUHGLFWHG YD pg%%@@&m
VWUHQJWK WKURXJKUH(G)PE)‘W—LGRFQ (SJ% HGHQHXURQV E\

EHWZMHKBEQSXW DQG RXWSXW M\/KH EHIJLQQLQ.

PHDVXUHG7EHS5YDOXIWQRH BURP
%%%\;Yo %HIGLHQW
= @ cg %%BJDQ%% \ng

LQ ZKLFK LQGLFDWHV D SH
GDWD DQG WKH OLQH GUDZQ

OD\HIHNV SHEWKHY 9BIDUQLQJ DQG PR
1 SDUDPHWREW DMWXBHE EHVW UHVXOV

J W HVWLPDWHG WR EBHVSHB®®YHO\
5 S HDUO\ VWRSS LIS\ ONER GIONKOHI H W

LWV WKH QHWIZRAW NWHEKH PRGHO R

! WK&X JUDGWKEAL 1V PHW K RGN KRIU

ZKHWYBIQWBDWH WDUJHW DQG QHW2RYNBREKWPEG HEHRYRMLW KRZQ  LQ

X

WKHEX WS X W UHWBHWWWHU%E'E' %QDULVRQ EHWZHHQ WKH WZR
WKWMDUJIHWGY 1 LV WKH WRMOHD @XW% WKDW ERWK PHWKRG
FROQWUB®HQWYV VWLPDWH &X JURBHOSMDQWHDOE R
506( LQGLFDWHV WKH GWKHHUHQLEN/ EHWKRE QY WKDW LW GRHV (
REVHUYHG DQG FD DK ODRWZHIE YDA v HARUWR FDUU\ RXW
506( WARHUH DFFXUDWH LV WKH m@WL% 50#( DOVR FDQ EH X
LV FDOFXODWHG E\ (T ZLWKRXW DQ\SWRHFHMVA GUH-RZHY
2. DOJRULWKP VPRRWKV WKH GD
DSSOLFDWSR@®FMRVSQH RI GDWD |
DQDO\VLV LV QRW KWK LYWHEEE O/ R Q
WKH $11 UHVXOWYV DUH XVHG IRU '
DOWHUDWLRQ ]RQHNVIKIQ SRKISKADV
FRSIROG GHSRVLW

506 (

7TDEOH S5HVIREWM RMHG DQG SUHGLFWHG 6 DWH RHEWVWDRENNGA RRPRE OKCL 1

TXPEH bLoLos  TUE 7H 9DOLG
1XPEHQHX8§(§9HKULGG[§'3?JRULWH<P66( 506( 5 66( 506( 5 66( 506(

68

68
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JLIXUH ' PRGHOKRd FRQFHQWUDWLRQ MIVQVIOMDAK K'BGQ KB\ $RUS KSRV LW

5HVXOWYIRDFWDO PRGHO FRQWHQWKYRDYBHY FRUUHVSRQGLC
$IWHU JUDGHVWHYHRQRBW  IRRQHD FK 7TKAWRRN G YDOXHV RI &X DWH LGHC
L¥ D OF XIOD WWGHEH XWHIE LD FWDBOORWMXUH $FFRUGLQJ WR WKLV
PRGHOIZRB&9 ORRJ SORWV VKWREUBVKRORI YDOXH&X DQG WZR
SRZPBDZ UHODWLRQWKKBR EHWZFHRIRP X QR URENWWD LQH G

56

9ROXPH P

56

&ERQFHQWUDWLRQ
JLIXUHRJRJ SORW RIDEFWDO PRGMISHABHANNVELROQWLRQV

&RPSDULYRQQEHMVFWDO DQ&H/ SS®TRBSD ULV R QWHEHIN IZHDHQV D O
DOWHUDWLRQ PRGHOV PRGHO UHWXKM ROMRQGFDOWKRGHO
,Q RUGHU WR YDOLGDWH WKH UWHOAXBWD/WR RRCDEDHEY RARIRNXDK Q W
WKH9 &IUDFWDO PRGHOLQ@UHW KHXPERIGHRN RYHUODSSHBQBGRIHOV
FRPSDALMBKKH ' DOWHUDWLRQ ]RH PR WHKOGNREPWEHYYS , HUURU 7 |
W KO VMBI BKSRUSK\U\ FRSSHEQGHIRYHW, HUURU 7 ( DQG RYHUDOO
FRPSULVLQJ BVGBRWIOWVAFJRQHVGLITHUHQW | U D IDAUBIOWI P HXNOHDGN LRRWD

7KH PROGHHOQHUDWHG E\ DS SROQOHPBDMYWHUDWLRQ JRQHYV
'DWDPLQH VWXGLRV VRIWZDUH DFG RVIGHWIGHBAGRR D [EFADIDO GRIR @O O L Q J
FRUH GDWD $11V WKSK\OOLF DOWHWBWWRGD]RQ
7R FDORXE@SDMLDO FRUUHDON L ZQW KEYOMZHHRDG VY TWDEOH %)\

WZR ELQDU\ PR G HORAD WXKSIRBDMWWLE®®S D WIEH IUDFWDO PRGHIONWKUH
DQG JHRRAHWRBRDW LR PDE@DQL] WKH DOWHUDWLRQ ['RODHR 0ORQHRUDY
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PRGHOLDDIVRAMG WKDW WKH &X GUL@OHWIOBRVQW WR SURYLGH D
WKDQ KDBRUH RYHUODBZBISHEEKE YR[MOWLPDWLQJ WKH PLQHUDOL]DWL
HTXWR JLJXUH D ' PRGHO SUHVHQWLQJ
&RPSDULVRQ E HWZHFHIDOWRIEHBR WDRQU JHWY DUH VKRZQ ZKLFK FRXC
UHVXOWRRJ' JHRORJLFDM®REHOLWWKHU GULOOLQJ VLWHV )RU W
KLJK FRQFHQWUDWLRD ARQOV PIRGKHRO JHRFKHPLFDOVED®D B QG G& S
VKRZV WKDW WHKDY\DHOX MK VX WKHUDFWDO PHWKRG WKH DQRPDO
KLIKHVW 2$RXOBFRJIJGKHRWDVVLWKUHVKROG ZDV GHWHUPL
DOWHUDWLRQ EHWWHU 7DEOH SURVSHFWLYLW\ PDS &X !

2QH RI WKHPSRUVWDQW JRDOV$FIFRUWK®J WRUMKHPDEULOOLQJ V
H[SORUDWRU\ ZRUN LV WKH FKEHFEHRLOQMIHL®IWERX®HU RI WKH

JLIXUHFOWHUDW L KOQSJRIGHRIPIH ED WHGHRQ RJILF DG PRODMYWGFE SEKOWHMDWLRQ

7DEOH ODWUL[ IRU FDOFXODWLQJ VS DQVNP R GHRIR 0RO ILLROF WIBDW Z H H C
PRGHOLQJ DQG JHRORJLFD W IFIK®EHE U SRDVAHED WDKHRVZW LPDWB Q% RQ GH&E W O\
UHSUHVHQW WIKWRQXEOEHALWK GLIIKHUMQMBEBHOSOOMIWRKIHER ORIJLFDO PRGHH(
2YHDOO DFFXUDF\ 2% 7\SH , DQG 7\SH ,, HUURUV 7 (WRRPBGQUUWRGHFYV
EHWZHHQ WKH SK\OOLF DOWHUDWLR@HRQWW @ X' WK R B R REISOY DOBHE® D Q
PRGREWDEGHG/LQWKHSRIJHQH ]R

*HRORJLFDO PRGHO
' QVLGH WKH JRXMAVLGH WKH ]JRQH
'QVLGH WKH ARGEHOSRVLWLY)BO¥H SRVLWLYH %
2XWVLGH WKBHPRGHQHJDW (MUK H&EQHJDWL Y H
7\SHHUURU _ 7\SHHUURU
& $ & % %
2YHUDFRFQUUDHF\ © $ % &
3K\ODQWHUDWLRQ RI JHRORJLFDO P
'QVLGH WKH JREW WLGH JRQH

JUDFWDO PRGHO

_QVLGH WKH BRGHO %
JUDFWDO PRGHO RI DUHDV ZL2W KW OWRGHPARGEDOL]DWLRQ
7 ( 7 (
2%

7DEOR$ 7 (DQG MWHVXOWRWKRPSDULVRQ EHWZHHQ WKH SRWDVVLF DOWHL
PRGHO DQG WKUHYVKRW RHY DO X AW IR® BRVRIEETEE OVL QW KKHSRJHQH JRQH
*HRORJLFDO PRGHO
QVLGHR@HKH 2XWWLIGH JRQH
QVLGH WKH/BREHWRVLWLYBHOYH SRVLWLYH %
2XW WL IGH PRIMOOVH QHJIDW LUK H&QHJIDWL Y H
7\SHHUURU 7\SHHUURU
& $& % %
2YHUDOO DBFXUD¥\ % &
3RWDVVLF DOWHUDWLRQ RI JHROR.
QVLGH WKH JROMWLIGH JRQH
QVLGH WKH ®RGHO %
W .

JUDFWDO PRGHO

JUDFWDO PRGHO RI DUHDV Z 7

2%
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/IRJ $ P

IRJ &

E
JLJIXUHD RJRJ SORW RIDEFWDO PRGHO E D ' PRGHO SUHVHQWLQJ H]

&RQFOXVLRQ EDVHB® KRHQLOORRUBJI LV RIWHQ GH
2QH RI WKH PRVW LPSRUWDQWD G IF ROMLMEY FPHEIMLDDE VOLDWARIH R |
H[SORUDWLRQ WHKRKRWHWUYD WLRQSURSOMU UHF RIMHOMLIRIDWLRQ JRQF
PRGHOOLQJ $OWHUDWLRQ PRGMOBEJRIVP R GHFOPLSIL\E R \WIFGRRRXAD W DY
SURFHEWVYFK VKIRXPOREQ\ELVWHIQN RUMKIZRBUBHDY LW LV D VLIJQLILFD
JHRORJLFDO L QRIQYHOWNRWDRQPAGRBY.QRXV FR U U HOKBUDMRHU [EW MF
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SDWW HUDKRGIDYW U L EQ WEZ RIQWD > @PHU 7 ( (O $vvD\ , (  5H]N
FRPELQDWIIRDQEP IUDFWD@DAPRGHDPPDU $ 0 (O ODORQARIEHP + $
DSSOURGGHOLOHDWH WKH BOWHUPMIEEIRERAXLD BAC, Sytii
é\HSSR;\;'LQV\TDg]MVMRR“SK\U\ GHY\sw ,QW - OLQHU 3URFHVYV

HoVW $3HBEDQMBO
,UDQ ,QLWLDOO\ WKHV BDIVFLHQFVIRPUILDQG +H]DUNKDQL $
LQYHVWLJDWH‘(BWILRZLDWUEIR\QHH UHGXOAWYPLQDQW DQDO\WLV WR VHSDU
REWDLQHRZSWIWHH G . ZLKHK UHV X OA4WKLQ WKH 6XQJXQ SRUSK\U\ FRSSH
VKRIZWKDW W KBION B UJLMQKIPGWIHR R WKSOLHG 6FLHQFHYV
GDWD DQOSEBRXERBWEBRFHVVLQL RRRLVYHUW - % S5RVBRQGXWVEKULJ
GDWD IRU |UDFADDMDPRWRYPEOXFLYK 9 *HRWBOOXUJLFDO PRGHOLQJ
$11v  ZKLFK GRHV QRW UHTOQRJRALQI®H QARXWK $XVWUDOLD O0DWK
SUSURFHUWNQRZQ DV DQ DOWHUQDWLYH LQ
KDQGOLQJ VAK QRWXWRTRDUHE RX®XkQG & /DPBHUBIQGEHUJ 7
YDLRJUDP RSHUDWLRQV DQG F®HUD AWM POVWHGDANRWRUDZDQWLI\ PLQHL
GDWD ZLWKRXW DQ@URFSHYVAIDNVVBSWH DW ODOPEHUJHW #QRQ RU
6HFROQGVKH UHVXOWY RBEWID/ QHGP $BRWDWWHWRR®PHWMD OWKXUJLFDO
HVWLPDWLRQ DORQJ ZLWHKHWKHQHRQFMHWQWUDWLRQ
IUDFWDO PRGHO ZHUH XVHG WR>GH®QHDWH, WKk SRWRNMYLF 3Rz
DQG SK\OOLF DOWHWDKBERQHMWHHPRQEBODUN $ 'HYHORSPHQW RI DQ H
RWHKK$X SRUSK\U\% HSRRPGEMMKIHQIDQG SUDFWLFDO 3URFHVV $OWHUDYV
&9 IUDFWDO PR G HAOWKKKH BDDRARFHOUBDUMIGR BWLQJ PHWDOOXUJLFD® UHVSF
]JRQH JHQHUDWHRORVULFDO PRGHGRHY YRHE
ORJUDWLR PDWUL[ LW ZDV IRXQGCa¥kHRWoWKH &¥cYDQXEVHIWY &
OHVV WKEKQBRUH RYHUODSWKG YIRRHV/OMWLVWLFVY $FDGHPLF SUHVV

2% HTXORO ORUHR¥IRPSDULVRQ EHWgHK

WKH SRWDVVLF DOWHUDWLRQ mmﬁ\ﬂ&&o'»ﬁé LF‘\?NJDV(\?LRSSUIL:\Q
JHRORJLFD ODRRIKKHOIKQ FRQFHQW X oWy iR Sy o
JRQHWKSED IUDFWDO Prmu{ovwr&R(-,zXFVRQ SULIROD S5 MRKP

YDOXHV JUHDWHU WKDQ ZL WKH KLJKH 23
FRXOBFRIQIRWDVVLF DOWHLTD\@L \'K/ng R%Fgﬁg%b\ﬁlu&(

7KIRYHWHYEOWY VKRZHG WKDW g WLDO P

RI QHXUDO QHWZRUN PHWKRGYV BFES%N%%L% WFHBWKSRE&QGZDW

DUHD |UDFWFD)CB|‘BRXQ’F@VWFRCR[DO|R YLURQPHQW[QGB HH VN DSMAKH BV P HQ W
TXDQWLWDWLYHWRBRGW B UQ IV LRIQ %

L Q VW MIXGX B D L MHDMMR Gl > @&KLOHV3 -DOG 'HOILQHU 3

*
EHIHUHQEHV HRVWDWLVWLFV PRGHOLQJ VSDWLDC

> @RZHOO -' DQG *XLOEHUW -0 SRQMwHUDO Do
YHUWLFDOPDQWUWLOMDRQRQ JRQLQI I@PHWUSK\U\GLPSOH DQG RUGLQDU
RUH GHSRVLWV (FRQRPLF *HRORJ\PXOWKVVLDQ NULJLQJ IRU HVWLPD\

> @ROWDQL ) $1]DO0 3 DoG s$vJkbUIY YK "HRO

'HOLQHDWLRQ RI DOWBURW LBRIT XRQWEODBDU\ | &RLPXODWLQJ WRWD
*DXVVLDQ 6LPXODW L R£YROOX® iR QB AYMIOEWHRBORSSHU JUDGHV LQ DQ RJ[L
PRGHOLQJ LQ WKH K\SRJHQH JRQHHRIVBIXQJXQ FRSSHU

GHSRVLW 1:,UDQ -RXUQDO RI *HREKIFHEDO (J3RRBRY L hesnmukpuL 2

6LPXODWLRQ RI PLQHUDO JUDGH

> @.LONLQVRQ - -)OXLG LQFOXVLRRQWLKQHUDO UHVRXUFHV E\ XVLQJ

K\GURWKHUPDWVRIUMWGRERVL FRQGLWLRQLQJ GDWD DSSOLFDWLRC(
. x

> GEEDV]DGHK 0 +H]IQJ@R<(INQ[I1QL$FRSSHU GHSRVLW $UDE HRVFL

ORKDPPDGL 6 $Q 6¥YDVHG PDFKLQH®3\UF] OBDQGHXWVFK & 9
OHDUQLQJ PHWKRG IRU WKH VHSDUEB®RVYWOQ WL VMWW B O DWHMHY YRQBVORGHC
LQ 6XQJXQ SRUSK\U\ FRSSHU GHSRSUWVX%KHPLH GHU (UGH

"HREKHPLVWUL > @HL ; /HL ) ;LQ\H = 3HQJIHL
< ;LSXD@&Q / 2EMEFWHG



ILNRRIJRIWIDWNKBRUQDO RI OLQLQIROQYLUMRQPHQW

JHRPRGHO ZLWK PXOWLSOH FRQVW¥D@QWAN ORI HDUDQY G CBLHRFK@HQLD $
IDQ GHOWD LQ WKH VRXWK RI /DN H 63/DEBW W) BDVK I OSHIROEKEPIHO,DW BROQ L V

$IU (DUWK 6FL JUDQFH $6,( &HQWUH 1DWLRQDO 'H
> @+HQJO 7 $ SUDFWLFDO J»FGEHQWRILTXH 3

JHRVWDWLVWLFDO PDSSLQJ 9RO @-?XWVFK DRBXUQHO $ **6/,%

> @SDQ]D O $ FRPSDULVRQ*RR\WRWIBWQDYWLFDO B6RIWZDUH /LEUDU
DQG VLPSOH NULJLQJ RQ D 3*( UH\2RMRWARH 8IQQ WHKI WV WHKHV 1HZ <RUN

OLPE RI WKH %XVKYHOG FRPSOH[ 'RFWRUDO &LYMHUWRWIRR, r| «Hrvw|

3 LQ )LYH /HVVRQV $PHULFDQ *HRS
> @UPVWURQJ ODVLF OMMQHDU JHRSWHOLIFDWLRQ :DVELQJWRQ '&

6SULQJHU 6FLHQFH %XVLQHVYV OH%LQ@HQE\ % DQG BXUQHWW &
> @(PHU\ ; 6LPSOH DQG ORHUWAMARJMINJU\EDVHG WRRO IRU JUDGH

PXOWLJDXVVLDQ NULJLQJ IRU HVWWRHDMDWLROLFRYBWBROHXP RQ WK
UHVHUYHYV ODWKHPDWLFDO *HRORJARPSXWHU 2BHUDWLRQ 5HVHDUFK LQ

> @D\D $ $ 20GLODUV NULISEX Y WKy $3&420 ORQWUHDO 4XH
HWLPDWLRQ RI YHLQ W\SH FRSSHU SH®RQUWU $'FD VIHQBW.RE\GRI 5 $
WKH &KHONXUHK ,UDQ -RXUQDO RROLQUAB ®®G ZIHWD QBIXUDO QHWZRU|
$ OLQLQJ . XURNR GHSRVLWV LQ WKH +RNXUR!
*

> @KLOQV -3 DQG 'HOILQHU 3  IPWKHRRWERP Qw HRP RI

ORGHOLQJ 6SDWLDO 8QFHUWDLQW\ >: L@R—L\NJI-HZ <RQE ODWVXGD 6 &K
> @KDNHVWOU ODGDQL + +DvvDQRAUW GLGVWULEXW"QRHQXVUSC')LQPSVE%
ORDUHIYDQG 3 '"HWHUPLQLQ %f@ U\/ RHAPHE
QHLJKERXUKRRG LQ UHVHUYH A XVLQJ

JHRVWDWLVWLFDO PHWKRG $ FDVH \@\R)UZ\DID)QRPD&)DUlLRDQ$D ( DQG +DO
LURQ GHSRVLW LQ FHQWUDO ,UDQ KARMIQ@BXRRI WREHGRIRRILPDQHUDO
6RFLHW\ RI ,QGLD PDSSLQJ ODWKHPDWLFDO JHRORJ\

> @WUHEHOOH 6 &RQGLWLRQ @D KWLRPX@MBEMICRQ R ,]JDGL 0 DQG
FRPSOH[ JHRORJLFDO VWUSRWXWHY XVIBQK\EAX@GWERHWHKRG IRU JUDGH H
VWDWLVWLFY ODWKHPDWLFDO JHRORQHWLF DOJRULWKP DQG QHXUDO QI

> @HLY $ 6RXVD $ DQG )RQVHFBRYF&HQFHV

$SSOLFDWLRQ RI JHRVWDWLURWGED 0LROWKRGDQG =XR 5 SHFER.
JHRFKHPLFDO DQRPDOLHV LGHQWIHRFEWEREDOOPMQWABRUHY XVLQJ D
21RYR 3RUWXJDO _RXUQDO RIHWZHRFKHRRPBRWHUV *HRVFLHQFH\
(ISORUDWLRQ > ®XQ ; 'HQJ - *RQJ 4 :DQJ 4
> @DUDYDU]DU 6 (PHU\ ; DQG OD®WQEKDR = 'RKRQHQ QHXUD
&RPSDULQJ VHTXHQWLDO *DXVVLDIFDRG DOV QY EDQHE DSSURDFK |
DOJRULWKPV IRU FRW LRX ®OWREQWSIDGWHUQ UHFRJQLWLRQ  -RXUQDC
GHSRVLWYV &RPSWHYV 5HQGXV *HRV ELSHIGRRHD WL R Q

> @KDKEHLN 6 $I]JDO 3 ORDUMIY@Q®O3 3DQGOJKDODQGLY <) .k
AXPDUV\ 0 &RPSDULVRQ EHWRBHBI2DGEQBUDQG 2PUDQ 1 5

L,ULJLQJ 2. DQG LQYHUVH GLVWD®FH IZGHUPWHDW,LRQ JRGHSRVQWSR ES
EDVHG RQ HVWLPDWLR® HEKWRY\ DRI FWDXOG FRYRE QMU CPRIGRDLQJ -RX|
RUH GHSRVLW 1( ,UDQ $UDELDQ -RKRRHP RAD'GIRVYFQRQBWY RQ

> @DQGHOEURW % % 7KH IUDF
> @DKPDVHEL 3 DQG +H]DUNKDQQLDV$XUH $ 6DQ JUDQFLVFR &$
K\EULG QHXUDX]]Q OWARMMMF DOJRUL

IRU JUDGH HVWLPDWLRQ &RPSXWIjH FK@ﬁg&ﬁﬁ%%ﬁ%VDQDGVJ;(EDgWHG

PLQHUDOL]DWLRQ XVLQJ PXOWLIUDFV
> @H]DUNKDQL $ +\GURWKHQRW2RHWNRORWHRY LQ WKH 1LQJTLDQ
RI WKH OLGXN SRUSK\U\ FRSSHU V\\AWKHED.HRKDQDQ RQ *BRFKHPLFDO ([S
IOXLG LQFOXVLRQ LQYHVWLJDWLRQ ,QWHUQDWLRQDO *HRORJ\

SHYLHZ > @=XR 5 JGHQWLI\LQJ JHRFKF
DQRPDOLFHM WWGRZLWK +&X WDXQIEU G E
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PLQHUDOL]DWLRQ XVLQJ SULQFLSD® EBRPSRQHBEWXD@DOANWLY D@XRNJ ; DQ
VSHFWUXP® IUDFWDO PRGHOLQJ LQ WKH 6DPDQWGE B O HS BH®MW W WRQ FEIRQRALIDQ
7LEHW &KLQD -RXUQDO Rl *HRFKIPLIFDODWBEQRUDWLRQFLDO QHXUDO

NULJLQJ LQ 7LEHWDQ 30DWHDX (FRC

> @XR 5 &KHQJ 4 $JWHUEHUJ )3 DQG ;LD 4
(YDOXDWLRQ RI WKH XQFHUWBL@WD RKVH\WWLPDWERBY IRMDVWDYD 5
PHWDO UHVRXUFHV RI VNDUQ WLQ,Q® BREWKMIURY &KLRD $38BLHG *HR\

*HRORJ\ 5HYLHZV 8QLYHUVLW\ 3UHV\8 1HZ <RUN

> @LX + :DQJ 4 /L * DQG :DQ>/@ULJH ' * $ VWDWLVWLFDO
&KDUDFWHUL]DWAISRIQPRQ RMD@/IL]DW IMRPH LEDWKF PLQH YDOXDWLRQ SU
‘DQGRQJVIOMO SRROVDOOLF GHSRVLWL WZR@ADYUDQG -RXUQDO RI WK
&KLQD E\ IUDFWDO DQODO\LV - RYHWWIIDI0 RU JHHFORK MRIGEDOQLQJ 6RFLHW
(ISORUDWLRQ > @DWKHURQ * 3ULQFLSOHV R
> @DUWLQH] 3 6FKHUW]HU ' DQGRRRPLEJ¥YHROR

TH[WXUH PRGHOLVDWLRQ E\ PXOWLIUDFWDO SUREHVUHY JRU . [og 7
6$5 LPDJH VHIPHQWDWLRQ $ NULJLQJ PHWKRG RI LQWHUSR

> @SLUNQW\2HY $Q DSSOLFOWDROQDEWLRQ SRWHQWLDO RYHU DO«
PXOWLIUDEWDO DQDO\WLV WR SKRWBRUDPPHWULF LPDJH
VHIPHQWDWLRQ 'DWD B6WUHDP O0LQ +3u§§ vgﬁg\w . .
. Q LP
(EE?BSS,((( JLUVW ,QWHUQDWLRQDP, LHE 8 QD HO DOJRULWKP IR
! DFFHOHUDWLRQ RI RUGLQDU\ .ULJ
> @D\D $ $ $SSOLFDWLRQ &RP SXVBHDY) *HRVELHQFEHYV
LOGLEDWRU MNOLJWKH DQDO\WLV RI %%JLUR ,

| oLt \&9 * DO %H\R
PLQHUDOL]DWLRQ SUDELDQ RXU@BE% R FL(J?'?LQ-IEZ%%RQHQBQ HVWLPD)

3URFHHGLQJV RI D RQR GCBN\RQBSR

> @ & 0D 7 DQG 6KL - $ SBUOG EQ ML\R Q) IRI LD J

IUDFWDO PHWKRG UHODWLQJ FRQFHQ Q GLVWDQEF I
J?) %E%EYEH%%QPD%‘ HRVMWITH L v

VHSDUDWLRQ RI JHRFKHPLFDG DQR II?| )QHVBI{QQ 2[IRUG 8

-RXUQDO RI *HRFKHPLFDO ([SORUD,A_ 0 G

> @XR 5 'HFRPSRVLQJ RI PL[HG HUQ R “HRV.WDWLVWLE

DUVHQLF XVLQJ IUDFWDO PRGHO LQ ~0Q \6'% TORY Jﬁ%t' D DQG DOX
*

&KLQD $SSOLHG "HRFIBHPLVWU\ & GADBKH VHFWLRQ VHYHQ LURQ GF

> @DVVDQSRXU 6 DQG $1]DOQ 3 FPdNL*R 7KH WKHRU\ R

Rl FROFHE)XBEWIL RRXOWLIUDFWDO P ﬁ K

IRU JHRFKHPLFDO DQRPDO\ VHSDUE§§R§ %_L% é%“’?gw&vﬁgﬁ{%?#;awéﬁ%a

SRUSK\U\ V\VWHP 1: ,UDQ $UDE Y

THRVELHOFHV H DBH 6XSHULHXUH GHV
QWURG

> . \Y 3.
> @HUEHULDQ 0 DQG .LQJ * @F&WL gy ) SSOLFOWLROV Lo

SDOHRJHRJUDSK\ DRGXWLHRQN RRILF
&DQDGRPURIMDAU WK 6FLHQFHYV HUVLSWS 3UHVV
WHVVLH 1§ & 6WDWLVWL

> @NEDUSRXUPL FKRQDL + DQG 7 H\ 6HULHV LQ 3UREDELOLW
) 0 &OXVWHRGBIQI® PWRU DQD VTR L ry BISGIOW H ® B®&) REDD W L V V
VRLO JHRFKHPLFDO'DGKW DH 510 DD RKO ‘Lot BROV T oF
DUHD QRUWKZBUWEUMXU®QDQ RT : !
*HRVFLHQFHV > @ :DFNHUQDJHO  + 0XOW
*
> @UMDQGL ) )DLJLHY $ )R]LogggR\éV\({/Don\’/" 5+E—IL%?—|(5%\|!|VL[JJJRGGXSFUV\I{|(_QI?]S|
DQG 6ROHLPDQL 6 7KH so LB R |
ELRJHRFKHPLVWU\ IRU JROG H[SORUDGNHEQWHU WKH ODYGIH@OLYHU 0 $
'DJKL -XOID 1$UDEDMQ -RXUQDBIRVRWDWLVWRG W H®W D@ YSLFL HQ W LV W V
*HRVFLHQFHV 6WDWLVWLFV LQ 3UDFWLFH &KLFKHYV

> @PDHLOL 1 )Lobo uHsrRuw RI'&BoRUbwLRO
RSHUDWLRQWX (5 RUISK\EX RUH GHSRVEWDKRMDWHEL 3 DQG +H]DUNKDOQL
1DWLRQDO &RSSHU3,QGXVWU\ &R $SSOLFDWLRQ RI D ORGXODU )HHGIRU
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IRU *UDGH (VWLPDWLRQ 1DWXUDO SH@RXKZAHWBBQHDWFK 2ZHQV 0 $ DQ
$ VLPSOH PRUH JHQHUDO ERJ[S

> @ 6DPDQWD % DQG %DQGRS %\ LINLQJ RXWOLHUV &RPSXWDW]

&ERQVWUXFWLRQ RI D UDGLDO EDVL ¥\9V RQ QHWZRUN XVLQJ

DQ HYROXWLRQDU\ DOJRULWKP IRG J@DDDHSHVWLPDVERRGDIUDWLEH VW XC(

SODFHU JROG GHSRVLW &RPSXWHWY DOBRIVALAHQFGIWHWKRGY IRU VHSDU
DQRPDOLHV I1TURP EDFENJURXQG $

> @KDWWHUMHHHUGVIH%K$)WB\/EDH:D(QWDDP/P_.K§?% DQ UHJLRQ QRUWKZHVW

3D0 6 . 2UH JUDGH HVWLPDWT FROPULTRIRGHVLERQ
GHSRVLW LQ ,QGLD XVLQJ DQ DUWLI@RDMX QHGIDO GHWADLNL 3 DQC
$SSOLHG *,6 (IIHFW RI_GLIIHUHQW PDSSLQIV DQC

> @KRODPQHMDG - .DVPDHH UN&RPQRIGHHUOH\(/DFaURF;gLG
1HIDPROKRVVHLQL $ |*R;@H;H ,
VWRFNSLOHV E\ XVLQJ $UWLILFLD HWZRUNV EDVH

VWXG\ RQ &KRJIJKDUW ,URQ OLQH L® @JHDCQD , QWBQ Q@ DOMYRQPODRU-WDQFH F
-RXUQDO RI OLQLQJ DQG OLQHUDO (@I3XW H3DWD QRUPDOL]DWLRQ IRU W
QHWZRUNV WR FRPSOH[ LQGXVWULI

> @DMDVHNDUDQ 6 DQG 3DL * 7UDQVDEY—Y§(BB¥ RQ 1XFOHDU 6FLHQFHK

QHWZRUNV [1X]]\ ORJRE ID/QIGP J WQMIWE AF@EPIXWK + DQG %HDOH 0
DQG DSSOLFDWLRQV ZLWK FG 3+, IHWIRULNJIJ7RROERYG )RU 8VH HZLWK (
3 ODWK:RUNV ,QF

> @6]\PF]\N 3 DQG 6]\PF]\N 0 > @DOMRRJKL % 6 DQG +H]DUNKDQ
&ODVVLILFDWLRQ Rl JHRORJLFDO QWX ORBXRBFXVWRI LPBRRQYE SHUPHD
SHQHWUDWLQJ UDGDU DQG ODSODFHHWURQWIRRJ RJ B VMU YIRALLDO XQHIQUD Q H

QHWZRUNV 1HXURFRPSXWLQJ ZDYHOHW ZDYHQHW -RXUQDO RI 3H
> @DQ GHU %DDQ 0 DQG -xWwHQ(QZLQHHULRI 5o
QHWZRUNV LQ JHRSK\VLFDO DSSOL:FI@/\DL\R_Q{\ILVZBQSJN\XKDIQ/. +H - BXGK

3RWHQWLDO DSSOLFDWLRQ

> @HODYDU 6 7 $I1]DO 3 %RUJ *QH%%U g Q%W_‘FEXEL?SD(\SVT?IIT\L(JSHUFRDOVRV\\/]\
0 DQG 2PUDQ 15 ‘HOLSRPRPWEREH XY
PLQHUDOL]DW LRQL QR QFR QFR@YPUHD W L BURFKHPRUH / 3HUULQ & $Q¢
IUDFWDO PHW®REDUBR®DWH KRVWHCUIBWMSRBVLBHLEHUW 6 3 *DRRDOGL
"RXUQDO RI *HRFKHPLFDO ([SORUDWDRXYHO - &RPSDULQJ H[SHUW MXG

. FULWHULD IRU K\GUR
> @DHLQ / HOLQHDWLRQ RI HQH%}%E@%RB%%B'H 6FLHQFHV _RXUQDO
RI OR &X DQG 5H E\ WROQEMD WWD

PRGHO LQ 1RZHKERQSKRU\ GHSRVLW >6(@UBI®&NDQWK *HHWKDQMDOL
LUDQLDQ MRXUQDO RI HDUWK VFLHQI‘FFP-II—VG .XPDU 1 5 DQG -D\DQWKL 3

GHWHFWLRQ DQG WUHDWPHQW D U WW&&’W ROYB-HRXUbbo
Rl 3VIFKRORJLFDO 5HVHDUFK > @DUUDQID (-0 =XR 5 DQG &KH(

WDO BXOWLIUDEWDO PRGHOOLC
> @RVWD -) HGXFLRJ WKH LP%%’B \;'g _
RXWOLHUV LQ RUH UHVHUYHV H 5 PW&R%W%S\WTEBBPLFDO (1

JHRORJ\
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