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(QJOLVK DEVWUDFW

7KH FRPSOH[ WHUDDH® PORRRBERKIDDPOHQJILQJ WR IRUHF
FRQYHFWLRQ QWHWYIVDER® SR QDY LRIQLV W K&HDDYU F K
UDLQIDOO HOQRQW RBKEBXVW LQ QRUWKHUQ 7DLZDQ LV )
D QHBEYHARIMH®PHQUDRQDWRRRMOU UDGDU DVVLPLODWLR
,%0B9'5$6 ZKLFK LV FDSDEOH RI VLPXODWLQJ WKH WRS
WKHFBROHG ,PPHUVHG %RARYEDPQUBWIKRBEVHUYDWLRQV
VXUIDFH VWDWLRQ GDWD 7KH SURGXFWVI RI ,%0B9"
IUHT X BISXAADON H & WP KO R QD OLBQGW\RYHU WKH FRPSOH[ W
WKLV FD\DHWRWKXIEO R HLJ KWL ADHMB OAN QYA U DRVOHEEV ZLW K D Wt
LQWHUYDO RI PLQ RKYHU D SHULRG RI

JURP WKH VXUIDFH REVHWKY DWHPB@®W DBDQBS DWKIHD & LU H \
DQDO\VLV ILHOGYV JHQHUDWHG E\W, %0RIE' SHBL QUWOIOV SBXE
VWH@MWWKH LQLWLDWLRQ RI LQGLYLGXDO HFRQ YWHEMW LYH F
FRQYHFWLYHGEHWR\D @GRWKHU FRQGCEBE RY HOWMQ@WIPI\ W KH
ODWWHU 7KH LQWHQVLILHGKRERM U Q WHRQ WWHKERV LACH. SFHHLO
PHWURSBPODWDRUBG XFMH Rl KHDY\ SUHFLSLWDWHRQ ZLWKL
UROH SOD\HG E\ WKH WRSRJUDSKLF IRUFLQJ RQ WKH C
VIVWIWPLQYHVWLIJDWHG $ VHULHV RDB[® HFROEKFWWH®UH I
PRYLQWRIXRWDIMXUIDFH DDV L B\EFOBIWMAESEHH |R URD Q F H
,%0B9'5%$6Q VKMRHUM UDLQMVEG RHMNMDW W KRZYV WKDW 605 ¢
WKH RXWIORBDURWPLOU VRXWKZDUG DQG /.+/ DQG 07<0
RXWIORZ SURSBABWXKRFHDVZVDBLODWLRQ LPSURYHV WKH
E\ FRUUHFWLQJ WKH ZLQG VSHHG ELDV DQEBYRHRQWUROC

FRQYHUJHQFH
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/DEOH RI &RQWHQW

&KLQHVH $EVWUDFW
(QJOLVK DEVWUDFW

$FNQRZOHGJHPHQWYV

7DEOH RI &RQWHQW 9
ILVW RI 7TDEOHV 9,,
ILVW RI )LIXUHV 9,,

&KDSWHU ,QWURGXFWLRQ
%DFNJURXQG RI WKH PIWHUQRRQ WKXQGHUVWRU
%DFNJURXQG RI GDWD DVVLPLODWLRQ
5HVHDUFK JRDO DQG RXWOLQH

&KDSWHU OHWKRGRORJ\ 9DULDWLRQDO 'RSSOHU 5DGDU
OHVRVFDOH EDFNJURXQG
&ORME ROYLQJ PRGHO
&RVW IXQFWLRQ DQG WKH DGMRLQW PRGHO
6XUIDFH GDWD DVVLPLODWLRQ DQG ,PPHUVHG %R XC
7KH LPSURYHPHQW RI ,%0B9'5$6

&KDSWHU 5HDO FDVH RYHUYLHZ DQG GDWD SURFHVVLQJ
$Q RYHUYLHZ RI WKH HYHQW
6\QRSWLF VFDOH DQDO\VLV

'‘DWD SURFHVVLQJ

5DGDU GHVFULSWLRQ DQG TXDOLW\ FRQWURO 14
6 XUIDFH VWDWLRQ GHVFULSWLRQ DQG 4&

7TUHDWPHQWVRMDWXIURQFDQDO\VLYV

'RPDLQ VHWWLQJ DQG H[SHULPHQW GHVLJQ
$VVLPLODWLRQ 6WUDWHJI\



7($® YDOLGDWLRQ DQG VWDWLRQ WHPSHUDWXU
&KDSWHU 6XUIDFH VWDWLRQ DQG ,%0B9'5$6 DQDO\VLV

6XUIDFH VWDWLRQ DQDO\VHV
,%0B9'5$6 DQDO\VHV
5DLQIDOO VWUXFWXUH DQDO\VLV
&KDSWHU 4XDQWLWDWLYH 3UHFLSLWDWLRQ )RUHFDVW
,%0B9'5%$6 43)
([SHULPHQWDO GHVLJQ IRU VHQVLWLYLW\ WHVW RI
5HVXOWV IRU VHQVLWLYLW\ WHVW Rl WKH WRSRJUD
([SHULPHQWDO GHVLJQ IRU VHQVLWLYLW\ WHVW RI
5HVXOWV IRU VHQVLWLYLW\ WHVW RI VXUIDFH DVVL
JUDEFWLRQ VNLOO VFRUH )66 RI 43)V
7KH UDLQIDOO PHFKDQLVP LOOXVWUDWHG E\ ,%0B9"
6FKHPDWLRGLMKHIKHDY\ UDLQIDOO HYHQW
&KDSWHU 6XPPDU\ DQG IXWXUH ZRUN
6XPPDU\ DQG FRQFOXVLRQV
)XWXUH ZRUN
$SSHQGL[ $ 7KH DGMRLQW PRGHO DQG DGMRLQW FRGH
$ 7KHRUHWLFDO GEMRYRWLRRGRIOWKH D
$ 3UDFWLFDO GHULYDWLRQ RI WKH DGMRLQW FRGH
$ 'HULYDWLRQ RI WKH DGMRLQW YDULDEOHV IRU GLD.
$ 'HULYDWLRQ BRXPEHDVHEHWKRG ,%0 DGMRLQW
$SSHQGL[ % 6XUIDFH VWDWLRQ WUHDWPHQW DQG DVVLPL
% 6XUIDFH REVHUYDWLRQ YDULDEOHYV
% 2EVHUYDWLRQ YDULDEOHVY WUDQVIRUPDWLRQ

% 2EMHFWLYH VXUIDFH DVVLPLODWLRQ



$SSHQGL[ & ,PPHUVHG ERXQGDU\ PHWKRG ,%0

& ,GHQWLI\ WKH JKRVW FHOO

& )LQGLQJ WKH LPDJH SRLQW

& 8SGDWH WKH YDOXHV RI WKH JKRVW FHOO
$SSHQGL[ ' 7TKRIYHPSHQW RI ,%0B9'5%$6

' 3UREOHPV ZKHQ ODWHUDO ERXQGDULHV LQWHUVHF)

' 8SGDWH JKRVW FHOO WIDM@XHDIWR P W WHK KR Y HRW L F D

' ORGLILFDWLRQ RI VXUIDFH DVVLPLODWLRQ V\VWHP
$SSHQGL[ ( 2WKHUV

( 5DGDU 4&

( 6XUIDFH WHPSHEBDWRXPHQWHQWHIUSRODWLRQ
SHIHUHQFHYV
7DEOHYV

JLIXUHV



/I[LVW RI 7TDEOHYV

7DEOH HGQURUGDW LR EUDER¥EL) QWD GD U
7DEOH, %0B9'5$6 PRGHO GHVFULSWLRQV DQG VHWWLQJV

7DEOH $ OLVW RI| D @@ SRRHREMSKWIEWQ YW\WMH H[SHULPHQ
FRQGLWLRQV RI WHUUDLQ IRU HDFK H[SHULPHQW DUH VK

7TDEOH$ OLVW RI DOO PHPHEHWLY LW\ VHKBIHUHPHQWYV RI VX
DVVLPLODWLRQ 7KH FRQGLWLRQV RI WHUUDLQ IRU HDFK

/[LVW Rl J)LIXUHYV

J)LIXUH $UDNBZMW\SH VWDJJHUHG JULG V\VWHP XVHG L
9'5%6 7KH ILJXUH VKRZV WKH VSDWLDO UHODWLRQ E
YDULDEOHVLUFOHV UHSUHVHQW WKHR W ISHHKNYX URD OC XTOOLY
ZDWHU SRWHQWLDO WHPSHUDWXUH FORXG DQG WRWDC
LQGLFDWH WKH VSDWLDO UHODWLRQ EHWZHHQ GLIIHUHQ
DUUD\ LQGH[HY DUH DW WKH VDPH L M ORFDWLRQ

JLIXUH 7KH GLIIHUHQFH EHWZHHQ WWKNMH®DWILR®O DI
KRULJRQWDO D[LV VKRZV UDGDU UHIOHFWLYLW\ XQLW
UDLQZDWHU GHQVLW) WKQUW ILIXRIH WKH UHG OLQH UHS
=MNHODWLRQ DQG WKH EOXH MNHODPWDRGYV IRU WKH RUL

JLIXUH 7KH 'RSSOHU YHORFLW\ DW NP REVHUYHG
/167 LQ ,%0B9'5%$6 GRPDLQ 7KH GDWD LV LQWHUSRODWHG
30DQ 3RVLWLRQ ,QGLFDWRU &$%$33, IRUPB®:) 7KH UHG S
UbGbU 7KH VKDGHG FRORU LQ RUDQJH UHSUHVHQWYV WKI
ZKLOH WKH VKDGHG FRORU LQ EOXH VWDQGV IRU WKH Z
UHG DUURZV LQGLFDWH WKH ZLQG GLUHFWLRQV REVHUYF

JLIXUH EDQG UDGDU RQ ZKHARQ©@XKFWMHOG WKH REVHUYDW.L
WKH KHDY\ UDLQIDOO HYHQW DW 7DLSHL &LW\



YLIXUH 'DLO\ DFFXPXODWHG UDLQIDOO REVHUYHG E\ &
/677KH EODFN GDVKHG ER[ GHQRWHV WKH ORFDWLR
QRUWKHUQ 7DLZDQ

YLIXUH 7LPH VHURRIOXRQ YHUWLFE® 0&9 PDS REVHUYEH
5&:) UDGDU LQ WKH KHD YA U DDLUQH DFOED/ WY WIDWLR Q@ D
DQG /67 UHVSHFWLYHO\ 7KH KHDY)

LQGLFDWH WKH G%= YDOXH 7ZR FRQYHFWLYH FHOOV D

JLIXUH&ERQWLQXWHGSUHYLRXV IEJIXUBVREQEBBUYDWLRQV DW

DQG /67 UHVSHFWLYHO\
YLIXUH 6\QRSWLF DQDO\VLV DW /167 RQ  $XJIXVW
E K3D JHRSRWHQWLDO KHLJKVQW\D UBIQER @YW R X K bl BWEC

DUH LQ UHG GDVKHG FRQWRXU OLQHV ©6RXUFH &:%

JLIXUH ,QIUDUHG VDWHOOLWH LPDJH RYHU (DVW $VLD
6RXUFH &:%

YLIXUH (WU B WRIXQELIWRP %DQTLDR DW /67 RQ
BRXUFH 3URZD&KLQUX IURP &KLQHVH &XOWXUH 8QLYHUVL

YLIXUH 7HUUDLQ DURXQG ,%0B9'5$6 DQDO\VLY GRPDL(
RI REVHUYDXWRHR@WM VY QRUWKHUQ 7DLZDQ 7KH VKDGHG
P 7KH EODFN GDVKHG FRQWRXUV LQGLFDWH WKH ERXC
DQG WKH 7DLSHL %DVLQ 7KH EOXH OLQHV UHSUHVHQW °
5LYHU 7KH UHG OLQHVERUEBHWYXHRBURYSEBELDQG 7DR\XI
UHVSHFWLYHO\ 7KH EODFN ILOOHG GLDPRQGV UHSUHVH
WKH JUHHQ GLDPRQG VWDQGV IRU WKH ORFDWLRQ RI 7DL
GHQRWH 5&:) DQG 1&8 UDGDUV 7Z¥0® HLW O PIRE H G HD ¥ DIEJ
RUDQJH VTXDUH

JLIXUH ,%0B9'5$6 GDWD DVVLPLODWLRQ VWUDWHJI\ L
QXPEHUV DW WKH WRS RI WKH GLDJUDP DUH WKH VWDUW
DVVLPLODWLRK® B\WiDM FE®&H \HOORZQ]RIRHWWFDVWYV 7KH
XSZDIRLQWLQJ DUURZV GHQRWH WKH LQSXW UDGDU YR
UbDGDUV OLVWHG RQ WKH OHIW 5&:) LQ UHG DQG 1&8 LQ



DUH GHSLFWHG LQ SXUSOWH TKGHGHQJIJKWLPRY MVHWERRRQ L
UHFWDQJOH ZLWK /67 DUH XWLOL]JHG LQ GLVFXVVLRQV

YLIXUH &RPSDULVRQ RI WKH ZLQG ILHOG DQG UHIOHF
DQG 7(50ZLQG ILHOG LQ 5+, VFDQQLQJ V@G DEV H3J\ VISVD D \
WKH 'RSSOHU ZLQG ILHOG5ZIUWRR UHYBH W6 VDRSG ($0$0
REVHUYDWLRQ UHVSHFWLYHO\ F DQG G VKRZ WKH UH
7($305 REVHUYDWLRQ 7KH UDGDU RQ ZKHHO ORJRV LQ |
ORFDM/LP® WKH ERWWRP ULJKWS5 RORKFRM LSO @ G7 BH. FXS
DQJOH RI 5+, DUH VKRZQ LQ H ZLWK \HOORZ SRLQW DQG

JLIXUH 7LPH VHULHV Rl REVHUYHG D' ®W QDICH]HG VX
7DLSHL VWDWLRQ 7KH EOXH OLQH LQGLFDWHV WKH VXUI
HYHU\ PLQ 7KH UHG OLQH UHSUHVHQWY WKH DQDO\]H
DVVLPLODWLQJ VXUIDFH GDWD DQG UDGDU GDWD DQG W
WHPSHURW,%0DB9'5$6 RQO\ DVVLPLODWLQJ UDGDU GDWD

YLIXUH 2EMHFWLYH DQDO\VHV RI VXW DFGGVINIWELRQ W

YHFWRU DW D /167 E /167 F /167 DQG G

GDVKHG ERWHHV WKHQR®RQYHUJHQW ]JRQHV DQG GDVKHG Y
" SRVLWLRQ

J)LIXUH $V LQ )LIXUH EXW IRU WKH XRUL]JRQWDO
FDOFXODWHG IURP WKH VXUIDFH ZLQOBHGCH¥SRDOIHR®RVYQA QLI
D DQG E UHSUHVHQW WKH ERXQGDU\ RI 605 1RWH WKL
DUH WKH VDPH DV )LJ

YLIXUH 076$75VDWH @ WIQMN \/ &V IHPSHU DW X DH 167
E /6 R /67 DQG G 167

JLIXUH6 XUIDFH VWDWLRQ UDLQ DFFXPXODWLRQ PP ZLW

HYHU\ PLQ VKDGHG PP LQ D a /167 E a
a /67 DQG G /6%
JLIXUH &RQWLQEWGSUHY LR XX WL QU HN a 167

a /167 J a /167 DQG K a /167



JLIXUH 6XUIDFH VWDWQR Y KDGH)GD PPXRXKRBW 167 WE
/167 DQG E /167 7KH EODFN GDVKHG OLQH LQGL
[.+]

J)LIXUH ,%0B9'53R OMHRIBMGBLY XUIDFH DQDO\WLV RI D K

YHFWRUV DQG IERQGH UWKNGEHGE WHPSHUDWXUH SHUWX

VKDBHGE QG UKPD®ILWH K DW /167 7KH FHOO FURVV V
DUH PDUNHG ZLWK WKH EODFN GDVKHG OLQH LQ D

YLIXUH &HORW KBIRQWAKUR VY VHEWRIR® DORQU]JRQWDO
FRQYHUJHQFH VKD®HG YHUWLFDO YHORFLW\E FRQWRXU
VWUHDPOLQH DQG UDLQ PL[LQJ UDWLR VKDGHG J NJ

JLIXUHBV )LIXUH EXWQRW(FHOO

J)LIXUH $V )LIXUH EXW DW /167 7KH EODFN GD\
GHQRWHRWOQWHBMIHQFH OLQH ORFDWHG DORQJ WKH QRUWKF

JLIXUH XWH)LJ EXW DW /167 7KH EODFN GDVKF
UHSUHVHQWYV WKH ORFDWLRQ RI FHOO RXWIORZ

YJLIXUH $V )LIXUH EXW DW /67 7KH GDVKH
UHSUHVHQ@INYWRH RQYHUJHQAH BEHMHAHHQ FHOO

J)LIXUH $V )LIXUH EXW DW 167

J)LIXUH $V J)LIXUH EXW DW /167 7KH EODFN GD
WKH SHBRDWWHOMQFH FRUH IURRPG67 /167 WR

J)LIXUH $V )LIXUH EXW DW 167
J)LIXUH $V )LIXUH EXW DW 167
J)LIXUH ,%0B9'5$6 YHUWLFDO ZHYPEBO DIW DERYH JBRXQ
E 167 F /167 DQG G /167 7KH EODFN GDV

GHQRWHV WKH SHUVLVWHQW XSZDUG PRWLRQ JRQH IURP



YLIXUH &URVV VHFWLRQ RI G®%DW®W9'5$6 /b0 DK\ LRO ROHD
PL[LQJ UDWLR VKDGHG UDLQ PL[LQJ UDWLR FRQWRXU

D DQG E 7KH UHG DUURZV LQ D DQG E GHQRWH W
ERXQGDU\ LV GHWHUPLQHG E\ WKH FORXGKPEFHLQJ UDWLFR
DQG &URVV VHFW ZRHYW DIUQHG HOR/MW KEBVW UHVSHFWLYHO
WZR FURVV VHFWLRQV DUH PDUNHG ZLWK ODEHOV DQG V)

JLIXUH ' VFKHPDWLF GLDJUDP IIRWKHVKHDWW WOAW XWGIORH
7KH JUD\ VKDGHG FRORUVY UHSUHVHQW WKH WHUUDLQ KF
ZLQG IORZV DV VXUIDFH FRQYHUJHQFH QHDU ORZ OHYH(¢
DOWLWXGHY 7KH LVRVXUIDFHV Rl UDLMQHERYL¥FRWRWRILQV
5&:) GDWD VWDQG IRU WKH UDLQ EDQG VWUXFWXUH

JLIXUH 6FKHPDWLF GLDJUDP IRU ,%0B9'5%$6 43) H[SHUI
DW WKH WRS ULJKW FRUQHU UHSUHVHQWY WKH WLPLQJ F
/1677KH EOXH DUURZV GHQRWH WKH PRGHO IRUHFDVW DIV
DUHMXH DVVLPLODWLRQ F\FOH HQGLQJ WLPHV DUH VKRZQ

J)LIXUH 43) UHVXOWYV XQLW PPAOBRBSGLITKHHQW F\F
DFFXPXODWLRQ UDLQIDOO VWDUWYV IURP WKH D 167
DQG G /167 UHVSHFWLYHO\ 7KH H LV REVHUYDWLR

DV G 1RWH WKDW WKH WLPH GXUDWLRQUPRIFMHWWYQG R
IRU HDFK WLWOH

JLIXUH 43) UHVXOWYVY XQLW PP IURP WHUUDLQ VHQVI
E 12B/.+/ F 12B 07<0 G 12B605 DQG H 12B7(5 7KH
I[URP /167 DQG IRUHFDVDW KRG EPRER OLMQYAIHGE GHQRWH W

R RTL 7KH UHG ER[LQ H GHQRWHV WKH ORFDWLRQ RI U
RI /.+/

YLIXUH ,%0B9'53$IR OMHRIZMWIL Y XUIDFH DQDO\VLV DW
KRULIRQWDD GXSNKDGHGIRP D 12B605 E 12B7(5 DQG |
GLIIHUHQFH EHWZHHQ 12B605 DQG 12B7(5 7KH EODFN GL
XZLQG RXWIORZ RQ /.+/

JLIXUH 6 XUIDFH ZLQG YHFWRUVVDQGRPRYDVPHQIHQFH
HISHULPHQWYV IRU &7/ 12B605 DQG 12B7(5 DIWHU IRUHFL
DQG E G | PLQ IURP /167 7TKH EODFN GDVKHG EF



EODFN GDVKHG SRO\RQV LQ F DQG G LQGLFDWH WK
GDVKHG ER$WVHQWW WKH RXWIORZ DW WKH VRXWK RI /.-

YLIXUH 43) UHVXOWV XQLW PP IURP VXUIDFH D
H[SHULPHQWYV IRU D 5$'$5B21/< E 6)&B89 F 6)&B7
6)&B749 DQG | 6)&B8949 6)&BPY7VWRUW IURP /67 DI

IRUHFDVW |IRU PLQ 1RWH WKDW WKH 6)&B897 UHVXOW I

YLIXUH ,%0B9'53$IR OMHRIZMWIL Y XUIDFH DQDO\VLV DW
KRULIRQWDO ZLQG YHFWRUV VIKPGHERQYHUWH®FH ILHO
5$'$5B21/< E 6)&B89 DQG F ZLQGVVSGHHGHUHKQFGHG |
EHWZHHQ 5%$'$5B21/< DQG 6)&B89 7KH GDVKHG EODFEN E|
UHSUHVHQW WKH IRRWKLOOV RI 605

YLIXUH L% 0B9'K$R XWRUYY FURVV VHFWLRQ RI DQDO\VL)\
/67 RI VWUHDPOLQH DQG FORXG PL[RQJ DDWLR \
5$'$5B21/< E 6)&B89 QGGFVSHHG WKBGHBUHQFH
EHWZHHQ 5$'$5B21/< DQG 6)&B89 7KH BUHRWMARYBFWLR® SR
ZLWK WKH VROLG EODFN OLQH 7KH VROLG UHG OLQH D

VHFWLRQV XVHG LQ )LJXUH DQG )LIXUH UHVSHFW,
YJLIXUH )66 IRU 43) UHVXOWYV |UR PLRV® WUHIIML VD IQYA W X |
H[SHULPHQWYV ZLWK WKUHVKROGV RI DQG PP DC

NP 7KH 43)V VWDUW IURP /67 DQG IRUHFDVW IR

LOOXVWUDWLRQ QRW DOO VXUIDFH DVVLPLODWLRQ H[SH

JLIXUH &HOO " LVRVXUIDFH RI G%= IURP 5&:) R
/167 LQ D WRS YLHZ E J]JRRP WRS YLHZ VLGH YLHZ IUR
VRXWKHDVW UHVSHFWLYHO\ 1RWH WKDW FHOO LV QRYV

YJLIXUH ,%0B9'5%R XQRUWHVIQ FURVY VHFWLRQ DIWHU IRU

PLQ IURP /67 Rl VWUHDPOLQH DQG UHIOHFWLYLW\
DQG E 12B/.+/ 7KH FURVV VHFWLRQ SRVLWLRQ LV VKR.
VR@IHG OLQH

Y)LIXUH ,%0B9'BH&WBOQYFURVYV VHFWLRQ DIWHU IRUHF]
D E PLQ F G PLQ DQG H | PLQ IURP 167 T
PL[LQJ UDWLR VRRGHEORXBWLRLFROQWRXH VKRZQ LQ



WKH OHIW SDQHOV ZKLOH WKH ULJKW SDQBOV VKRZ WH
DQG SUHVVXUH SHUWXUEDWLRQ FRQWRXU PE 7KH U
HQKDQFHG ZHVWHUO\ ZLQG 7KH FURYYLYKMBWLRG ZRBWKW L
WKH EODFN GDVKHG OLQH

YLIXUH $V LQ )LIXUH VR XVEKKMUORDI VOIRW WRKUHFDVW LQ.
DIWHU D E PLQ F G PLQ DQG H | PLQ IURP
VHFWLRQWRKREQR@®LUHLIXUH G ZLWK WKH EODFN VROLG

JLIXUH 6FKHPDWLF GLDJUDP VKRZQRLEZQ QVHWWYI DRA HWVIK)
D a /167 E a /167 DQG F a /167
JUDLOOHG DUNBQWHMBKH WHUUDLQ RI 605 /.+/ 07<0 DQG
OLQH LQGLFDWHY WKH FRDVWOLQH RI QRUWKHUQ 7DLZL
EUHH]H ZLQGYV LQ EODFN LQGLFDWH FHOO SURSDJDW
SUHYDLOLQJ ZLQGY DQR®YLQOFEQORIYP RHWQGR IR FKH DUHD
UHSUHVHQW WKH FRQYHUJHQFH JRQH ZKLOH DUHDV LC
FRQYHUJHQFH 7KH OLJKW EOXH DUHDV ZLWK EODFN VR
FHOOV 1RWH WKDW WKH FRQYHFMWQLYH RKGQVDAMW KV &IB \Q
FRQYHFWLYH FEDOOWIRQJEDKNM EOXH UHFWDQJOHV VKRZ
FRQYHFWLYH FHOOV DQG WKH FRUUHVSRQGLQJ SKHQRPH

YLIXUH 6FKHPDWLF G LD DUWIOP VRV UNKKERV KH B YV KID IDQUUR Z
WKH GLUHFWLRQV RI WKH IORZ ZLWK UHG EOXH DV LW L
ZLWK JUHHQ UHSUHVHQWYV 07<0 7KH SXUSOH DUURZ VW
GLUHFWLRQ DQG WKH QXPEHUV VRKHWRKHG F B QrYIHFRVQ RIDF W/
GHYHORSPHQW 7KH EOXH UHFWDQJOH VKRZV WKH FRUU
LQ VHFWLRQ

JLIXUH & /RFDWLRQV RI WKUHH=W\I$HW LEEIDIU EG RO\RL @ W F\
7KH GDVKHBHOWQH WMLW VXUIDFH *ULGV LQ WKH IORZ U
ILOOHG WULDQJOHV DQG WHUUDLQ JULGV DUH SORWWH
JKRVW FHOOV ERXQGDU\ SRLQWV DQG LPDJH SRLQWV D
DQG 3,1 UHVSMAWMLKNUBIION SRHQWY DUH FRQQHFWHG ZLWK
WKH WHUUDLQ VXUIDFH 1RWH WKDW WKH SRLQW 3* L
LPPHGLDWHO\ LQVLGH WKH WHUUDLQ ZKHQ VHDUFKLQJ C
UHJLPH GLUHFWLRQV DQKGWXHH SRKBWNUMWW LJJLG SRLQW
LQVLGH WKH WHUUDLQ ZKHQ VHDUFKLQJ DORQJ YHUWLF



JLIXUH 6FKHPDWLF GLDJUDP IRU WKH GRZQZDUG S
XSGDWLGEJ YIHBWO FURVV VHFWLRQ 7KH JULGV V\PEROV
LOOXVWUDWHG LQ )LJI & 7KH UHG DUURZV VWDQG IRU
IURP WKH WRS RI WKH JKRVW FHOO 7KH SXUSOH DUURZYV
RI WKH VRXWKHUQ WD@GD@®HYKBWLJRXO JULG UHVROXWLF
ERWWRP OHIW RI WKH ILIJXUH

JLIXUH6FKHPDWLF GLDJUDP RI SODFLQJ VWDWLRQ GDWD
7KH UHG SRLQWYV VWDQG IRU WKH KW D)W GRDWURG \WHKH DR
WKH VHDUFKLQJ GLUHFWLRQ IRU SXWWLQJ VWDWLRQ G
PRGHO YHUWLFDO OD\HUV ZKHUH REMHFWLYH DQDO\VHYV

JLIXUH 5HVXOWY IURP WKHKHD ERRL]J@RW WDBOXS KOO L W H\WW'Y
RUGHUV Rl SHUWXUEDWLRQV DQG WKH YHUMWLFDO DJ[LV
GHILQHG E\ (T ' 1RWHOWOKHDMW WKIB Q' DOXHURIVXOWYV IU

OLPLWDWLRQ RI FRPSXWDWLRQ SUHFLVLRQ



&KDSWHU

' QWURGXFWLRQ

7DLZDQ LV DQ LVODQG ORFDW H G ROIMM M H WR BRI BE F D
7KH D Q Q X DXCDHDBVP X @ IFDDOLEROQ W U L XK A URR\VDRK W K ZHV W H U O\
WISKRRQ DQG DIW H U GRRIDIKK KIQIKHDWRV RKIPFK OFDG W R
WHKBRRGLQJ DQG FRP$RRQEG EKNEDHWBBRQ WKXQBNH QW R L
UHODWKB WD EUHH]HV SURGXFHG BD\QEXNRORPQIGICRW b BX O
E\ WKRIPS@®HUUDLQ R Q7 KWKKD U 6 BRH GW X WQ BMURVIKREHP V KR U
OLIHVSDQ VPDOO MFDIOGHQ ®®GV VWR\WDR-PQ W LG ILFOBAD G
UHG X BPMUR/GY RO G HWH\WKDHGF KD'Q LOPDGLQJ W R F\W KRl R\FKEEK U
DIWHUQRRQ W K X\QGHSI/RWRIPR (RWERA DNV MM 1D DWXWDHB X V' D U H

W IS L PIRFXRHW KLV VW XG\
%DFNJURNWGBEWHUQRRQRUIRXQGHUVW

$IWH U QKKQ G HUMWPMBIO H ZHDWKHU V\V VR FRRWD WP RV L
FRQYHFWLYKHE@ROQNDU LQW H U DFFAOLGY @ FDHP R GQUL\WHHIERVS WY
WBUROR @IWHRH WKH W K XI@ESHUVDARRGH U D XQ VB IRKDBW K H
UXJMBUUDLQ R IDADHEMH IPRZ | DIOGVGNL MIGRIF D W L FD@® GV FD OH
LQWHQVLW\ RI WKH SRIHHV SD GAERE\SRRGY BYKYM RR UW R BV W
FROQYHFWLRQQWHQYVDWERRIRIDWLRQ

%\ WL@RGHOXODMIRRQQG 6LPSVRQSRLQWHQRRWLWKB U
LQWHUDFWLRQ EHW ZHHRU FROQ® FREER QROHRFAQIRAQ VW K H
GRP L GXOW.FDROFIRBWOO PHUJAQRIREME WKRHOOLVLRQ EHWZ
FRGEBREULGJIJHY WKH DGMDFHQWR PRW MBHRAYEINZIR | VREWHB V D

SUHY LR XV E VOD)XOGNLHW ODONXV DQG 5LHKO 6LPS



'HVWFRWWLPSVR® HW LBG5 L F DFVHHD OHRBIWR XOG LQWHQVLI\ Wi
DOQ{SDQG WKH KRUL]RQW IVGOHE ARBHHU R U bV BN ZIWQREKAR W \W W/ P
UDLQIDOO ZRXDG HOWHRYYHVWIKBWBGEP VHDVRQ -XQH W
WKXQGHUVWRUP FRDUDBRHLWLYWYROWRYHKRZ WKDW WKH
WKXQGHUVWRUP LV PDLQO\ DW RARWHKE P@G Z® KE L\MRKGMH D OF
605ZKHQ WKH VHD EUHH]H L ASL QRUMY W H)BKQPR X BAZFERADW
RI WKH WKXQGH U %D B DIOROWNGKDH NRW IDHUGHRYOQWY. B DQIRID TUKHH
QRUWKHUO\ ZLQW\LDLWIKLS B U RHRR D PA@XRIFHROFPRSTW R G
FOLPDWRORJLFDO DYHUDJH DUH)BES®W WWR MAXLIIHMW W & HV\K |
WK WHU¥RBEROULPRUH FR QNHICG /\MWWHEWHY L Q FABE& R O
GXH WR WKH LRWOI®XY HJ FR QR® UJH QFARDBDRW O LERX Q/GIC/ IW
%HVLWHMNRQYHFW LW KHRUDIBMI W KH @QWHDFRISE RQJFDXVLQJI W
H[SDQVLRIQXRLG® K YLURQPHQW IDYR UD E O W KRHF WHDBV K HRIY
GU\ DLU HOQWUXDH@PBIQW W KIHK X Q \G HEDVRWEX IR BM G H

LQ 7DLISML XVLQJ UDGD W VDIQRQ VREMB BM DWW RGO D QG |
PHUJLQJ SWKDR¥REWOR ZKIHEDF\ UDK®IPEBOKDQLVP RI WKLV KHI
ZDVXUWKHU LQYHVWLPBWBW MRKH BIGHE/OROMVKIR LO B/R/'UW D QF

FHOO PHUJLQIWDQMGLRRDVYL SURFHVVHYV OLDR

%DFNJURKBQ®D DVVLPLODWLRQ

'RSSOHU UDIGPRNWAMIY/MWUXPHQW ZKLFK FDQ SURYLGH K
UHVROXWLRQV Rl ZHDWKHU REVRU YDWDRY R &HUBDWHIS XES (
'HDWKHU %XUHDX &:% LV DURXQG]VRRDON LIR@MG LWKH WPSE
ZHDW KHWF DO GIDS W X UFK VG HL @D FIRD Y H F W D YUMX Y WINECPHY | oL
WKXQGHUVWRRIZHYWH GER W KH VWWOWKY B X UMDGDU VEDQQLQ

UDGDU FDQQRW REVHDWHWWKHOBWKWRW REBIRVEEBD@EDU EHDP



EORFNDWKHMHRIFRPSOHEDWHWKHD ZHDWKHU V\VWHP EHKLQG
XQGHWHFWDEOH 7R VRORIHVWB/NYDSLREOEBWW KHJRYLGHYV
WKH GRMEGDUHJLRQ QHDU WKH JURXQG

7KH REVHUYDWLRQDO GDWD FROOHFWHSD EWWHRIHF K L
LQIRUPRWWK® ZHDRMWBMW\Y RD®BKDWD DVVLPLODWLRQ WR L
FRQGLWURQ QXPHULFORQPRGPOQHG E\ WKH REVHUYDWLR
DVVLPLOBIWKRQTKRPEWRBWHKRRGHADWKOGDU DQG VXUIDFH
REVHUYDWHLRRRZLQJ SURPLVLQWBHVX@®MHW V@ RB 8 URYHFD

"LILLHQW W\SHV RI DVVQRZODBWRQ DPH\WKWREPEOH .DOPD
(Q.)DUH DYDLODE OH S\SRO B YORPEEDWL P HW G DRY BEOHAD D Q G
=KDQJ 7RQJ DQG ;XH QGBYHW WIORQDO GDWD DVVLP
VIVWHPV LQFOXGLQJD USML @I B/G'YBUH ZHDMWRRUDQIBVEDQ F

&KXQJ HW DO LDRHNIVBEK® YH LWV SWRRIRDQG FR

XS ZLWK WKH FRPEL QW DRVKNEKHNYPLEOGH LG DQG\EQLG
/L HW DO 3DQ HW DO

7KH '9DU W HDRKQIPIWOKHVREVHUYDWDRYHE DM B WIL\W K LIQQ V
DVVDWL®RQ F\FOH &RQVLGHULQJ WK¥ RWEWHDG ERIL@W VPR
GHYHORSHG WR HQVXUH DOO WKH REVHUYDWLRQ GDWD L
& ,Q SUHY LR XW KWHW WIBIEHK\E DTPHNW WLKAHY HE H W W MW ORVD OV L B Q
LPSURYHKWKH. QIDO®XI®@ UHF® VIVQJ7KH '9DU V\VWHPV QRZ
LQF O&KGRXBVROYLQJ 1R QKUYPDWR $VADLVPILID DWL-RIQ' %S/ W H P
.DZDEDWD HW IN®RP -DSDQ OHWHRURORJLFDOISMBIHQF\ -
9DULDWLRQDO 'RSSOHU 5D G D U6 XQDIDQGL&URIRW A PL DAVEFR6Q D
&HQWHU RI $WSRHRAHDKUHAKH VI B $ 5

7KB'5$6 FDQ SURYASGDWHA G\FOHV HY&KNQJ HW RO OH\

&KDQJ HW BEODVVLPLODGMUWQ RBWKHIYDWLRQV LQFOXGLQJ 'F



UHIOHFWLYLW\ ZLWK '9DU WS ARQ QVWHR DEKIEBHW\WIW B B\ D (
SURPLUBGSODLAMWORGZYHO DWPRVSKHUGRQILHOE &HRRN.HY D
IRUHEFDVW GHPRQVWUDWLRQ SURMHFWYV JRUW RBOBS BR G DP
&URRN DQG 6XQ 6 X ®RHW D @ X DRUHFN B URIWIHW DR @/
43) 6XQ DQG =KDQJ 7DL HW DO D 8K DR I PHDW LIR
PHEKDQLVPV Rl KHD YARFIKLY I BI@ODYHQWVYULHGULFK HW D
+RZHYBU HW DORXQWKWWH LQDELOLW\ RI 9'5$6 WR Ul
VLJIQLILF DIGHOA IGMMURUHFEDVW LQUHUMRIIH Q QL @ R bW DILHVR
UDLQIDOO IRUHRIDADVGIVIRABIMWKHUQ 7DLZDQ 7R ILQG L
WKH FRPELQDWLRQ RI 9'5$6 DQDO\VLY DQG :HDWKHU DQC
PRGEBPR/W WD WHEBVWDQWLDO LPSWRH WK SVE HE DI VKR L
PRGHO IRULW KMXLEHMK WHIRIOLNQL QJ D E L ON KVIP S &R QIR GRHHU L (
UHVROYH WKH WHUUD L QRIRKF W Y& QWM NV F& PESHQNZR K
9'5$6 DQG :5) PRGHO FDXVLQJ PRUH WLPH LQWHJUDWLRQ
WR GHYHORSUWYXROWHQU NEEHPH IRU 9'5$6 VR WKH DVV
SURFHVVHV FDQ RSHWBMWH 05 LALMFRV G R FRSIMHEUF KWQWIY D L Q
GHYHORSHG ,%0B9'5%$6 U B GDWHBLY WIMP IDCOBW WRE CPLQ/ KWHKGH
RWKHU KDQG &KHQ ®HYCH G/R BHINGVWER PD V V L B DOIBWBIQ G
RFHDQ VXUIDFH GDWD IRU ,%0B9'58&\GX+Y BRHOR@H YODIF N R
DWPRVSKHUH 7KXV WWKRAX,L6GBG5EEMIK ROYULQDLDQG VXU IL
DVVLP LODMDERIUGY LIHIVFRPSOHWHG RWHPL OW WAKR & W V& P

XVHG LQ WKLV UHVHDUFK



SHVHDUFK JRWO LDQHG R

7KHPDLQ SXUSRVH RI W®&GWUMWIBYGUWHHRQSE PHFKDQLYV
SUHFLSBWRMMRR® \WKHD Y\ UDRFAR@OHBRYXVW ZK LR
VXPPBUNHWORRIG HUY/ WWRUW KHZQWR LERB XOWLPDWH JRDC
W KK X Q\GRHIUPY IRUHFDVWLQJ RQ QWREKFADRKADLON HVUNL QR QW U R G
,%0B9'5$6 LQFOXGLHVROY IRDIRERGHODFH GDWD BVVLPLO
,Q FKDSIHBURXY@®GEHURUHEZKH HDMDNVTXDOLW\ FRQWURO L
VI\VWHP V,iQWRKDENEH USUHKHQMDWH D QD O\V HWX WIHDYEHED O H G
,%0B9'5$6 DQDO\WHV ,Q FKDSWHU WK 03X HWHRMV BW WYDL
DVVLPLODWLRQ DUH F®RGBRPMUIBOUIL R HRRP SDHMXOWYV  7KH
SODQ IRU WKH HXWXRYHLERGNL@ESISHRGHU $ZW RH [ KALEH W

LPSURYHPHQW RI ,RPB9%R&EQGCORHWKR%BO GHULYRMNHR Q

DGMR L QW DHIX RW/LKRHQEWVHIEK\Y LR Q U



&KDSWIHIWKRGRORJ\

ODULDWLRQDO 'RSSOHU 5DGDU $QDO\

,Q WKLV VWXG\ BHPHHIDGIDI® XKRQDO 'RSSOHU 5DGDU
9'5$6 DV WHKNHWRREKLF K HWHORSHBWLRQDO $WPRVSKHUL|
1&$5 EXW ZLWK VLIQLIVWRQRD RR GIWLFR MWW R\LVQD EVDKIH | R D
LQ 7DLZEE V\VWH/F IFIDWHMKHRYRISS WHWGLDO ZLQG DQG UHI
%\XWLOWKBJ '9DU WHFKQLHEXBRVR RXRDEREKR ®VWLPDWHYV
GLIIHUHQFEPRIQHO IRUHFDVWYV D QRSE RUDNGD B BRVELRRQW KR Q H
PRGHO 6WDUWLQJ IUSRPNKMKLFVRRISW LIRIUMHFDVW FDQ EH
REVHUVYDWE RIQKLELW UHGXFHG HUURUV

7KH 9'5% LV FRPSRVHG RGDWKD ISH FBIDQRKBYROYLQJ PRGFH
DQ@WKBPIGMRLQW PRGHO 7K H Q& DW®MSHUURSFRAFMQBUGH
REVHUYDWLRQ YDULDEOBQGWRRRRGHQDWHI MDEDMKIHR UP DV
SURFHG X UHQHBDOKHRHVRVFDOH EDFNJURX'G&6 LI\K HD \G MAKAHU L

IROORZLQJ
OHVRVFDOH EDFNJURXQG

7KHPHVRVFDOH EDFNJURXQG |IFRPEVIDEHO JRRIAGXWH G
REVHUYDWLRQ GDWDO TGHHN REMPRENMEMGROS O3’ ZLQG
ILHOG DQG UDGLRVRQGH 7KH PRGHO RXWSXWV DUH IUI
(XURSHDQ &HQW 5B Q BHID WMKGILLX PRYMHFDYMNVK D VSDWLDO UH
RI  fi f $AQQWHUSRODWARQQHRNWIKR ® G RKRW R BWH. Q
WKGHRHQVLRRMBEKHMWP ILHOG ZHKLBK HIW UHHITH) GHKBO G | F
GDWRLG UHYISRIMH YLR XV ZRIRNR N XFEGDOMW®H VXUIDFH REVHU"

DUH DGRSWHG GXULQMWWHK HP I R RN NORXNQYBEDHFCH RGW KBV W



9'5$6LQ WKLYUWRRGLILHG VR WKDW LW FDQ GLUHFWO\ DV
WKH PLQLPL]DWLRQ SURFHGXUH

,Q WKH SURFHVV RI EXLOGLQJ PHVRYEDD R EBVDHANW URE (
DQDO\WLV SWR EQEGMXISRODW HEKR DD VREW IO SRUDM L[LQJ U
SUHVWWXWDHG WHPSHUDRHXEZBWHU YDSRU PL[LQJ UDWLR L

IROORZLQJ

26,78

Ty ——— A4 -

ML 4*ZAT@ iy

ZKHUH LY WKH UHODW LIYBIQIGXRLIG ISWHVVXUH K3D DQG WH
UHVSHFWLYHO\

7KH SURFHG XU HDPRIY BVYHSOMN I[EFEFHNIRIR X Q G

8VH f1 f&0:) UHDQDO\W[WUDF®NLFDO SURILOH HYF

KRULJROW WBB\H[SHULPHQW GRPDLQ

S8VHDOLQHDU OHDVW VTXDUH ILW WR LQWHUSRODWH Wt

OHYHOV

$SS@®DURHEMHFWIVY.Y SQBWRGXQUMHUSRODWH WWKH Y HUW

KRULJRQWDO JULG SRLQW

&ORKMBVROYLQJ PRGHO

7KH FORXY®OYLQJ PRGHO LQ 9'5$6 LV IRUPXODWHG LQ
WKH .HWVSHHZDUP UDLQ PLFURBKIOHRD O SURFMHMWQG &URI
KHHDIBMHWBXQ DQG &URRKLFK LRWGHWWBSUR[LPDWLRQ RI
SURARWNKH GRPLQDQW VRHPIRQ® BFPDIER B YDGR & RWR ORWQY)]
WLPEW H JVDRHLAMBIS/D #D VK IR BWHKRFHFR QG R U GWhIHIV IL QWM P H
JULG V\VWHP LVUSUWDNDZIZK&FK LV VXLWDEOH IRU FDOFX(

JUDGLHQWY DQG GLYHUJHQFH



7KH PRGHO LV FRPSRRVELRIHTXDSWRIY PREHQMLRJ \
HTXDWMRKH WKHUPRG\QDPLF HTXDW LR@®GWWHK HU DRWZDOV |
HTXDWLRRRPHKHMXRDWLRQ DQG PDVV FRQWLQXLW\ HTXD

DSSUR[LPDWLRQ DUH ZULWWHQ DV

@$Q t
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" KHUBR DQG Z DUH WKH ZLQGUYHORFMNVIHVI P QG J

NJ DUH ®L[UDWLRV IRU ZDWHU YDSRU FORXG6AGWHU D
NJ P DBQ DUMKMHHPSHUDWXUH DLU GHQVLW\ DQG WKH SUH
YDULDEOHYV WSHSUMX/HERW KRGL QLW LD O X Q S H UVDXEDENG DWW [
GHQRWHG ZLWK RYHW@WBDVWNQ G\KHRTUX VKW L W& G U W XWFERDWAL MR
SUHVVXWHGH HG E\ WDNLQJRWKH GHUZYWDW IUHHAS BRW W R

G LU H FUMLVRS®! F Wl WHXEWW W LW X W L QUKW KIIR URHA\WOMD \6 M QLROMWHRG  E-

ZH REWDLQ WKH GLDS$SORWXISEBWYXRQYHRQ IRU
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7KH WKHUPRG\QDPLF HTXDWMQRILWLIMLE WHDWHEOQ S\

WHPSH@GDPMWXUH
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ZKHGRE P V LV WKH WREPAPDY YWOEGE IIXVLY LW G RADOWLHU
SRWHQWLDO D\QHP:SHHD'WXNUH LV WKH ODWHQW KHDW RI Y
OLTXLG ZDWHU SRWHQWLDO W HPS FRDVEG KQN DLW LRRQD & G YH

SURFHVVGHILBM GV
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C KHU$I LY WREBYHUDWRHQ RIRP FIDW HU A MMRLW®H ZKLFK PH|
UDGAQRSY FROOHFW FORXG GURSOHMAMW GWKH QWU VB W HD OO
FORXG ZDWHU WHR WR LDXW R FHRIQ GKU V L R\PK HZ KEIOARKX ® HEWRISY
FROODQBRDOHWRBEBGAQR S VAZOLAGKH HYD SR UDW IGRIR $\D W H
WXUQ LQWR ZDWHU Y SIRWU WKHKH VW R VRD QJ ZD@ZDUINHU FORX
YDSRU

7KH FORXG ZDWHWQBDWHBSHD®RWXUH DUH GLDJQRVHG
YDULDEOHV E\ DVVXPLQJ WKDW LI WKH ZDWHRBKLB&RIW H[F
GLUHFMODDWHG WR WKW ERHFEGHYRHFORK G ZDWHU 7KHVH Y

UHODWHG WKURXJK
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6LIT4p agH;E I\é)El\gla &S
DQG
FMFMaEBéR'\éae
L\I\é &® ta&t;
\b EB O M
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. LWK WSMBDOMBVRIQRVWLK WD DIGEEDH ¥ D Q R BAPB HY DWKXU H
DQG FORXG ZDWHU IURPHHELDIJQRDHGDEOHY DWKH XVHG
FDOFXODVWEXRIDWAWIRHD QG PLEURBNWLFDO

7KH PLFURSK\VLFDO SURFHVVHV DOORZHG LQ WKH 9't

HYDSRUDWLRQ RI FOR %G DFIFW HRW IBREFSE.LB DWQL D XWRFRQY



FORXG WR HDDORUIBLBRQGURSYV LQ XQVSWRRMNWIHGE DL

SDUDPHWHUL]|HZ VRBORY¥LQJ
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DQG ZHIWHIW YV  Maule J NJ DQG V 7KH PBRBNNIJKWHG

WHUPLQDO YHORFLW\ RI UDLQZDWHU L¥YDEPABBXOCHRE G |

GLVWULEXWLRQ JLYHQ E\
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ZKH®WH YV WKHVWDWH SUHNVMXUMHKBD QQUHVVXUHSO®WR WWKHJIU
DFFUISWRRAVV LV SDUDPHWHUHUHBQR GBI IIFPJ
4e L ONM*E %4 t&y,

ZKHWUHY VHW WR
&RVW IXQBEWKREMRLQW PRGHO

,Q WKH '9$5 WHFKREMKHW WKHWR |L@G RD @V KFOSW LV Bk
PRGSIORGSPH® PHWHEORNVHNV W KMFHR WKH REH U@ /N 1B QW LGRX
FRVW IXQFWHKRQHVHQWLYJ BMKH PHEY W KH RPRGHY QIR QD

JLYHQ E\
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ZKHlﬂéH_V WKH PRGHO\AMG—HRE)IEJ@HWPO—WDVVLPLZ@D_WLWQHF\F(

EDFNJURXQG DORMO ® UWKHHLIKWLQJ FRHIILFLHQWY ZKLFK
SURSRUVMRIRM) GOD O ZJLHJ G HIRW/ HILW B WM RIJHVSHFWALAYWO\ DQ
WKH BDENQG HUDRE H RDIVU L [W KH 9D 55\ RLLRQSVD\LFFRRGIHZAV U X F W \

WKH IORZ GHSHSQUGHG@ERWHG E\ BMR\HZ MFBRQUDHEBOHNV VEEQ@ W LD C



FRYDULDQFH LV FRQVLGHEXG EWHD\SIHD LWQ GD 3 X UAHHJ
VHFRQG WHUP KDQYRVEKH RILIKWW D QG VG LK B UWHESHIMDFM HQ W KH
PRGEHOHGLFWHG UDGLD®@GY HHDRBIADWHU N,LJURP WDKMILR
UDREWVHUYHG FRXQQYMUSBYSHFWLYHO\
7KH PRIAMBLFWHG UDS LLD/O FRIOG R BIDWMKSE RIMIRPW LRQ  F
PRGEORGXEQGKY DQ®W WKH UIHFIWWDIGR RHRUDGD U
TFTs __UFUY __VF\
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+HUM UHSUHVHQWYV WKH GLVWDQFH EHWZHHQ D JLYHQ JUI

g L

T WV 7KH UDLQZDWHUMRIMLEDOBRWLDWHG RBEALIQUY W& H

UHIOHFWLYLWQG WEKHKYWRUPXOD LV WKH IROORZLQJ

I\gLfSAsrB%%’ tdr;

ZKHEs UHSUHVHQWY WKH DLU IG\HQEWD\L G BP H W& G LG/IBW
IURP 2FWREHU WK LFDQRV DJIOUHODWLRQ IRU KHDY\ UDLQ
QRUWKHUPLIPUBEDQ NHKRZMIWUHQOR MBI HBIROUHODWLRQ
6XQ DQG &URRN

7TKAVKLUG WHUP KRDQY®/GH RILJKWY WKH SHQD OAK\L M\KH U P
LQFOXGHV WKH VSDWLDO TXGIGSWEA P 6 RUY\DIDID &R RARIMAKR. @K O
IRUHFDVW LQ VSDFH DQG WLPH RBRBWHFX®RMWKW KHUSYMQ B T\
ZKLFKMANWRKD QG WHKHEK U V LIYHS RIQWEH W R WKH | &

7KH ODWN WHURWKHVRVEDENMHIURXQG WHUP G6LQFH Wk
FRYHUBIHP LWQHGESRRHORZ |ILHO G R QG WKHIWWORVBH HFR QVW U DL
WRZDUG PHVRVFDOH EDENGEREAG XRKWDQG REVWBHHDWLR
VHFWLRQ

,Q WKH '9DU DVVLWHBEMRIRDNFPR@HO LV GHYHORSHG E

PRGHO BRSOIRKRGREWDLQ WKH JUDGLHQWYV RI WKSRIFRVW I



WKH SUR RIRVAV Y DUKHD RGHEEMIAITEHK L WWKHER X B KF OV B@R S V
RWIHMRLQW DQG MKHZDGE I&RRRGHNPRISGROBRMENY KHQW /LQHD!
ORGHO0 ZKLENRVHO\ UHODRWHGE WRS VP R GIHHO/ X@IW HIZRIS Q
WKH IRUZD WG RRIBHEY WDWEHY K GMRDEWR BREGR@BOH HBHWDLO

GHULYDWLRQ MRR G\HKH ADGMRH. QR/X QG DW $SSHQGL[ $

6XUIDFH GDWD DY ®PHDWRELRGDHW KR G

7 KHR D H DHACP R V. B KAHRUQ G E W ILWR BBVAKY R O XFARLGRYH RWW RIQV
XVXDOO\ GLIILEFXOW IRU UDGGMH Y HBR\SRKEN WX UHD RHK @ WD D
VIVWHP WKDW LQJHVWHG WKH VXUIDFSU H E DSL QARFLSRHRUAD \
9'5$6 +RZHYHU WKHVH REWDHDY RY EREY/G D 4 M DRIJO\ XV H
VHD VXUIDFH ZLQG RHBWHNVEMHDRBIIBROVWUDLQ WKH PRGH
,%0B9'5$6 +RZHYHU $6&%7 REQEUDYNQAREBDHIBIUO\ PRUQ
WKH HYHQW GDWH VR WKH VHDWMPOEORH DVVLPLODWLRQ

7KIBHWRILUXUIDFH VWDWLRQ WUHDWPHQW DQG%DVVLPLC
ZKLFK LQFOXGHV WKH YDULDEOHV WUDQVW%HMBGMYRQ D
SUHYLRXV VWXGLHVDPWDWCREDHG ZDERWHRD W ¥R B RGRIOW L F
YDULDEOH EHIRUH LWLRNW D\GKEHBUGIVW KIGH ) RWHHAES IS U v\ WUL |
ZHUH FRPELRRH®GY MIQWHRG OLTXLG ZDWHU SR WD (BWRDQ RW MR
YDULDE®H5$6 ,QURIKHIVWUDQV IR U ADW XPGMWYHRMPYGH ZKLFF
UHVXOW LQ HUURUWH | QQW KR X VERAXKHEOHW\WR/ DVVLPLODWH
YDULDEOHV VXFK DV ZDWHU Y D\SHRAS HREIRMGEW D[\L QB WIDWVOLMR
IRXQG LQ $SSHQGL[ $

7KH ,PPHBYQPIGDHWKRG ,%0 SURBRYB® E\)H UFIDI® E&EH
DSSOLHG WR WKH &DUWHVLDQ FRRUGNRDWH HGVIWH B \Z L YO

WR DSSO\ 9'5$6 RWHW®RADQHEDPTWH HWWD IDIDPSOHPHQWHAG WKH



LOQWR 9'5$6 QDPHG ,%&®BWKBE WKH RURJUDSKLF HIIHFW L
EH WDNHQ LQWR DFFRXQW 7KH DGYDQWDJH RI WKH ,%0
G\QDPLF FRUH Rl WKH PRGHO ,QVWHDG WKH ,%0 RQO\ X
WLPH VWHSYV T7THHRBPABNUHFIRW WKH LPSOHPHQW RI1 ,%0 LC

$SSHQGLOPIBGVY DGMRLQW GHULYDWHRG L[V$DOVR SURYLGHG

7KH LPSURYHPHQW Rl ,%0B9'5%6

,%0B9'5%$6 KD VVEHRFHQVWH\ROHED G H PHEBH O I0D PHRKX QW D L Q
DQG X\@LIQMHD OVFDX/@R:0(; ,23 LQ RYWRXWKHUQ DD M Q
DO 7KH KHDY\ UDLQIDRXOWREHIDV XKEX BDXOWMWE H
VRIWKWHU HQFLYBQPHQW ,Q WKLV VWXG\ GXHWR WKt}
VR X WEKRNU@EDWK WKH WHUUDLQ DQG WKH SUNMYZWXKWKGY ZLQ
RI WKKHD Y\ UDLQIDOO HYHQ\WRIMHWQRBUWHKH G0 WFDNERHG/ R |
FKD O OHQUBKJGIL VEMHIR RWH RYRDWKH ILUVW SUREOHP LV G
VHFWEKRQHR WKHU VGZNVFRVHISSHQG L

7KARQIOLFW EHWZHHQ WKH UDGDU REVHUYDWLRQ DG
BUREOHPV Z® HE® XOQGEMIHHWHE W HU UDLQ

8SGDWH JKRVW FHOO YDOXH IURP KRUL]JRQWDO UDWHK
ORGLILFDWLRQ RI VXUIDFH DVVLPLODWLRQ V\VWHP

%DVHG RQNKBIRWBHY DGMXVWHG WR PLQLPL]JH WKH FRV!
RQO\ WKH PRBEBVYDWVLGH WKH GRPDPQ GL\W\M&HIH OO WL I
ERXQGDU\ FRIQEEAMVERQQJIHG D QGG XWIDQ JF REWWD/QWPLODWL
H[DPSOH LQ RXU VWXG\ WKH ZLQG ILHOGVPHWRYBFWEH D
EDFRXQG ILHOG ZKLFKV\EXWEWRESR/QWRXEHKBEUQ ERXQGDU\
,%0B9'5$6RPDLQ +RZHYHU WKREWRISBDB®: )YHDE&BUW)LJ

VKRZV SRVLWXWHERBR®HIVWKH VRXWKHUQ GRPIMRYZLDAGLF



RFHU WKH PRXQWDLQ D ORDUMA KW KHREGWVERMHBABRBNQ LQ W
GLIILFXOW\ IRU PLQLPL]DWLRQ 2Q WKH RWKHU KDQG zZ
IRUFHVGMOURQJ FRDRXBBAKNERIQJ WKH ERXQGDU\ SPHDGBAQJ V
RI VSXULRXV FRQYHFWLRQ DQG H[FHVVLYH YHUWLFDO Yl
LQWHJUDWLRQ

7R VROYH WKLV SUREOHP WKH ,%0B9'5$6 LV ILUVW LQ\
ODUJHU GRPDLQ IROORZHG E\ DQSURWWRIREEO DMVHIARG) VRH
KLIKHVROXWLRQEDFNGYRXQG ILHOG IRU D VPDOOMU GRPEL
REVHUYHG E\ 5&:) UDGDU MUDDY LVPKB DPRKQ VEXILQWYJI WKH C
DVVLPLODWLRQ &RQVHTXHQWO\ WK LVWKH RQFEERMUDBED UF\D (
IORZ GXULQJUMAKRIOXWIKRQ GDWD DVVLPLODWLRQ :LWK V
ERXQGDU\ FRQGLWLRQ DORQJ WKH VRXWKHUQ ERXQGDU\
ZLYGY D UHVX OBXULRXV PRQWHRBIHEF® ERY BWR MEKHDAV WK

FRVW IXQFWLRQ FDQ EH PLQLPL]JHG HIIHFWLYHO\



&KDSWHU

SHDO FDVH RYGEDWDHIURGEVVLQJ SUHSD

$ORYHURUHEZKH HYHQW

7KH VHOHFWRHG WHKLWV/QRIF-PKHIRMHRKX J X VW L @ QIGW IV D
VXPPHUUQRRI® WKXQGHUVWRUP FDMWHM/IQHYRJAMDKRBDIQH 7DL
([SHULPHQWDO $W PRSBEBWEEFS OREHIIH ZDV FRQGXFWLQ
REVHUY DIKIRE® S UR YILRGRHEEIHUHRQFHYDOLGDWLR QW DEZ®&H WX U
DFFXPXGIPFMHIRGAEB VHH WKH EODFN)IGIDVKBG & RKIHQPHF KD Q
FDXVLQKHWKLW BIYGIQHDIOH PDLQ WKRLS/L ¥ VRX G \V H U RHRQW K H
5&:) YHUVFRRIX@PIYLP X&9 U D GDOLYIDI LIVQFEH W KBIIQ \
FRQYNFMGOWY HGRSWKHY,BQWI D G WKH WFHDI\G WA BWEDVE \
RYHU7VIKSH L DAIBAVERQJPLAYE0 DQG H[S\DR) GBI\ X P BH /N G
LQLJ IRWH WKDW \8KHN HFEREBUNFRMRBRLY QRW GH¥BPXVWHG |
WKH FRQYWRESILRRVWEH GRYWESQ@@GKLY KHD Y\ UKH GHM®DM® H
ERXQGDULHV LQ WKLV UHGSH B FRQ IR K LGH RIHIE-ED JEBOO O

DUHUVW LGHQWLIHHGKHQFRR Y HF WL Y19 WHD@G | LAGEJ J H
WIRIWKHW )JLJ L IRUPLLQAl MULHQWHREQ OHBPWLRQ SURGXFLC

UDLQIDDOLG DIWE&LW WM ) LA
6\QRSWLF VFDOH DQDO\VLV

7KH KIXmDDIOW /67 )L D VRRXKIDWUZDQ IWMOGHRZXWVWUHDP
RI \WURXIEOWLXDRWWBEOH HQYLUROQPHQW EXHDW KWHKIHFKD U
UHD OVSWK Y WL\@QIRBMWDPOH IMPROA QO\ VR XW KHIUDOQHVGE B K

YDSRU WRSUDRYDRUDQG WKLV HYHQW 7 KK RZDNKHDOWO MWK U



ZDWSUHH[LVWLQJ IURQW WR WX¥J JHR/ANNAQDNHMIRRHRH VA DN Z D
IDYIREOH IRU FRIYHG RIRIPQ W7 KH.JH[WGEDQURXURILOH IURP %
DW /67)LJ VKRZVGWEDSRLQW WEHHR\SZHHUDQV X URVADYV K 3D
JUHD W HX QUGHDEDARREF X R QH-X Q H -RX H\@ DLPRWHQJ
KXPH® YLURR®G B @MK\HH U WDB VS R UW HBL B\G VRIVINEH B @A

W R K@DDGGLMWKIR@ES$3( HIFHRGHGLQG IQRD WIS RUW LY H
HQYLURRPWEW FR QAMHFECLIR QW KOHHDIFR R1 IUHH)BEDQW HFW LR

NP

'‘DWD SURFHVVLQJ

% H | ROUGHD O \RWIDMV L P L @IKWM LBODVIDLW\ QHHGV FKR{ FEMMHRED U H I
UHPRYH WKH HUURH\GBWERRIBYWD T XD O LG GIRHWYBIREOL RV V

VHFWLRQ

5DGDU GHVFULSWLRQ DQG TXDOLW\ FRQWURO 4&

,Q WBKHVHODRK RQDO &HQWUSOUBGIDWH DGV 5&:) UDGD |
DVVLPLODWHG LQWR WKH ,%0B9'5$6 V\VO\RHP 7KH IKHBL UG

P LV ORARWHIPSRQG DAWEDWGP GXRODULPHWURF UDGD
PDRXP REVHUYDWRIR QNG LAMKMHDIERFH UDG DU OGRIW KHLJK

P LV ORFDWHE@Q®WHWEDWYWGF GXIRDDULPHWUDF UDGD
PD[LPXP REVHUYDWLRQON® L VARMBEBDQ RXWSXW 4 HIOHFWL
'RSSOHUSLYSHFWUXP ZA GWWKHIBHMW HF @)Y GWNHUHQWLDO S
O, WHFLALUFHUHSWYH,Q DERBUUHCRWILRREHQZLWK QLQH
VFDQQLQJ DQJOHYV 7KH UDGDU GHWDL

7TDEOH



2Q0\ WKH ILUVW 4 DR) & DWHBYEQ FANO DWKIG ,I40BR'5$6
VI\VWHPH TXDOLVEURRAGPERRBGHYV | MOREIHIDN KR JJ QD O
JURXQWBWHOX DQG VB @R ® \WRURQGLDWD L QIKH B B RRIDQV L
EH IRXQG LQ $SBHHQGDGORIPEIBWIE$6 DUH GLVWUHEXWHG D

NP UHVROXWLRQ RQ KRUL]RQW®® HYDUNWMLIRDL D Q JIAH.\G D ORQC

6 XUIDFH VWDWLRQ GHVFULSWLRQ DQG 4&

,Q WKLV VWXG\ WG&BDWIRP WXWOIWERQV DUH XWLOL]JHG |
DVVLPLODREWRKYMED EOHY LQFOXGH SUHVVXUH ZLQG GLI
KXPLGLWFAXPXODMWHIOHIWDWLRQ GDWD DUH YOSGIRWHG HY!
UHVSHFWLYHO\ 7KH ODWWHU WZR DUH IURP WKH DXWRPD

7R UHPR XH MK X HQF\VDHRQ\VSRLDW UXQDEHO LAHHD@ R WK
WHPSRUDO UHVROXWWREA GBWOOM® G YRKW S X W

$V IRU WKH DFFXPXODMWNIG JDRW® | PDOX DMKWW XSGR QY H G
HYHU\ PLQXWH ZLWK DQ GPHPV H MN\RGIHRGM URRXEBOUR W KH DXWRP
VWDGMDLWQ DUH RIKH QX BKBWHGE X P X ODW H G UHDVLHQWKOO®R G VWARK
HYHU\ PLQXWH WBNVHBYRE QDWHKHYVWHDRRIGYHYUW WKH DFF)
UDLQIDOMWRBWRXUO\ UDLEMHQO RIDUKHY HP E XD § VIX®Q QUID W K
FRQVW D RRK | RKRPUHWL D WLFUKY BVaX IUWP B\B W\ KR F D BF X DXOGVL\R B GF
UDLQIDOO ZRQRHHQWWHKHVW LV PRUH HIILF LW QN LDOISOI® IG[D ¢

DUH DQVRM FALQDWRH, % 0B 9' DHAHEXWHG R Q OMQ RWKDQ /AW X GY

TUHDWPHQWDRHWWDWLRQ DQDO\VL

7KI®LPLWIWDLARIU REVHUY DUADLGRIQU LR/D Y KRDGAE BUIKRLEDH FWR
W KOHW PRV $ RIQGLEM LRMM¥H LQLWLDWLRQ RI FRQYHFWLRQ FDQ

UDGDU PHDWQUMWKHQRWKHU KDQG LW LV UHHNYRUWIRQVWKD



SURYLGHLRWBUWRICRQ EHIRUH WKH FRQYHFW L ¥4 HU\V VWY
% UDKD P 'DWVRQ DQG %0 WEHKIPRG HJ DW &RHD DU YIDRHL R C
DOORZW XFHWR W D QG| VEDQRIRMDW G URIXWKLY HYHQW

JRU WKH VXUIDFH ZLQG WKH VWDWLPQNUHKRMB HANH '
WKH KRUL]JRQWDO %DUQHV REMHFWLYH DQDO\VLV )RU Wi
WKH VWDWLR QB UH WHIOHH EVR IR O LIGRZ H 9 MW BB RODBM. R QH [UR
GLIITHUHQW K HEHI @ W HRESERMBWEG \W KH SGHRWBGEWHKRZQ LQ
$SSHQGL[ (

,Q VHFW LW & G DW H GRIMIWDHULYRDO REVHUYDWLR @PG@WD DL
7KH WRS DQG ERWWRP RI WKH KRXU DUH WKH FKRVHQ WL
DOO WKH VWDWLRQ O VDDIEOW K H VIHQW HRIS\R ODWLRQ UHV]

FRPSOHWH DQG UHSUHVHQWDWLYH
'RPDLQ VHWWLQJ DBHY HI[SHULPHQW

7KH DQDO\VLV. GRRPVWY PIWHGBKH DUHD LV UD®MWR IURP

"I DQGR WR ¥ 7KFRPS@WHIUUDLQ LDFIOBHIHMIDWYKRKK KLJ
ODQGH/ 07<0 DBGRZ ORXQWDEDS 57 KHDLSHL LWDWX@HB XQ
E\W KPR X QW D L QRQIEGNVE® D W DVLDWU OCHAVHY W KD Q P AWKAHHDV OKHLY K B U
7KH.+/ LV DERXW PHW H U VWR JW KIRQEKEDR 5 Bl W HEBR WL Q
07<OLVERXW PHWHUV ¥LWKYDRY @EHW K7R L SEKMH®KH UHVW R
WKH PRXQWDLQRX¥0DUHORVYM BHODHIGHLIKWHWHDEK DY G
ORFDWRHW KH \RRWK\HK AD VS O VVRIXMIL QD PV XL 5LYHUW YOHQUG QHH O
LQKH ZHWWHDQABKRH 7DLSHIHBONEQWLYHO\

7K GDWD VSDWLDO GLVWULEXWLRQ LV DOVR VKRZQ LC
WKH 5&:) UDGDU 1&8 UDGDU DQG VXUIVAKDR@EWEMRDF & D

GLDPR QW SHFYKIHY HOWS\HDLW L R & "1 PDUNHG DV D JU}



GLDPRIQ® WKH FHQWHU RY WRKH VGKI'PDWEPSHUWWRHKWHH Y H |
,%0B9'5$FKH 7 (%0 ODEHTHBUD@JH VMTVXRGHUDWHG LQ WKLV
ORFDWHG L7® LS HIRWBVW® D W5 VBIONY B ($U H Q RBW X VRGO DRAUL RV
RZLQILWRFRQVLVWHQW GDWLVZ2RWPRWQ R |V ADHIQENERIWNMRMU D!
WKH YDOLGDWAGRED' RH6WEBIO'5$6 DVVLPLODWHY WKH UDG
UHIOHEWLYLW\ IURP WKH 5&:) DQG 1&8 UDGDU WHPSHU
KXPLGEW\HUYWGUEFH VWDW LR @WLIH OHIE W WRIAHY GRWVOD W L R
VIVWHP WR FRQVW U D VKU ROKIHDW KB B BIGQRR & H O
6KRZQ7DEOH KH W8DW LD BRUHWRH PVBGCRRY MWKH DVVLPLC
VIVWHP NDRUB QG N PQWODIORDQ R Y H U W HFS 6 FOALIUYHFOM L R R H
FHQWHQMREDWHG LQMODMWLWRGHLWIXBEG WKH QXPEHU RI W
SRLOQWKMARWL]RQWDO GRPDLRQIGY VHERWHF WHEQUBEOW L\RQ W
FRYBRUWKHUQ7RBILGM®FHYWLFDO UDQJH VWDUWV IURP
NP $ WRWIDOHUJV IRU PRO®IDOHQY DRUGVSRQJH OD\HU |

DORMKIH YHUWLFDO GLUHFWLRQ

$VVLPLODWLRQ 6WUDWHJ\

7R LQYHVWLIDWH WKH FHRHQ YNPWH B @ HAYHRIDXRKAHEAY R X QG |
,%0B9'5%6 LQ FRQWLQXRXV FKFORIR OWRWL®I IRSEXIXVW

)LIXUH OO X WWHDHDWLHPY. ODW LR Q VW U D WHHYH U \ WD \EFDIQP E ® DWA
F\FOIDVRW LQERYHWKDH YROXPHWRPF58BRQRW OHDVW RQ
YROXPHWIWLREP&F DBH 5&:) DQG 1&8 UDGDU GDWDIDUHG VXU
DVVLPLODWHGE EEDMDNUWRBKH WEURMHQVLRQDO YDULDEOHV DW
F\FOH DUH WKH D QH ®\W\VP LIQGHDMMBIR/Q U MWHDIQ D 6 KV LWL JIKMO G V
JHQHUDWHG DW DQG 6XQ6DQG

=KDQJ VXJJHVW H GS WK WR UGPER B WAL RUVDVW XG\ EHWZ



DVVLPLODW IPFRAW KH CPRGG D XWHROY VLIQLILFDWKMHODEFRURFY
RI 9'5$6/KHRUHBDWWU WKLY $HIUNV/RBHKGE LQLWRIUD W KIKK HQ/W[W
DVVLPLODWLRQ F\FOH 7KXI\JHZ B MPHD WEIGSH DVQRD —BXWX/HWWKWHKLHH O

FRPSWHUWR LLQD Y HV W LJ D WHV W KIFQWSRUDHY HHFWKRIQ L V P
130 5 YDOLO@DMLBRWLRQ WHPSHUDWXUH YHULILFDWLRQ

%HIRUH LQWHUSUHMW@GVWKHR B QD\U KA VEXID, 0R@DUBS6 D
FRQGXFWHG WR H[DP LQHV ZIK H WEVHRROW KRN D0 UD G\D U
GHSORWIGHLDD L S HL.Q% DM §Q B WDV Y0 URMVKDAD k) G\HLRDWIARK X V/
FDQ EH XVHG DV DQ LQGHSHOQGH RSNYVH/ X UEF IV KIRZKHY HU LI
FRPSDWIUVRRH UDSWRQXFHGE E\ ,%0B9'5$6 DQG(BKDW REVF
5DQJH +HLJKW5QWEBIMWRU /BRH DQDO\VLV ILHOG UHYH
QR U WAIHMEXYV W \J RRYWOULIPE B VR XWEB®UWKH PLG DQG KLJK

a NPDUH FRQVLVAY$SOBWVRERHW KBWR R QM HMBUHL HYHG ZLQG VS
WDOWKDQ REVISOYBRW WRKE® | SRKH VW IRRQ® HFMWDYWHEHWKDQ G
)LJ F GDUN JUKHW KHU BIR B DBARRVW VDRHKRYPHREVHUYHG
7($05

7KAVISRIUDW XUH RERW KMKQWLRHRAD/OD WQRR YHULI\ ,%0B9"
DQDO\WHFKRRKH VWDWLRQ REVHUYDWHERID RRQFEGLSHL VWD
DQG FRPS®BUBOVWRG6 DQDO\WHV DW WKK WHDEH S BBVP HR Q
VHULHAVOBR9'5$6 D Q BVOI\R/SHH/UCIDVE X QH® DV5 §BUHG OLQH LV FO
WR WKH REOPDEVDWOIRMWLRQ M ENOGNN DOMIRH) FRPSDULQJ
,%0B9'5$RQ OV VLPLOD@INQAID E H QFIEG DV B RHOOOR Z 7T®HQ H
PD[LPXWPHRDIWHXIUHHUHQFH EHWZHHQ VXUIDF B VREPH 0 DDWL DI
R Q O\ WDKSHD[F H H&G \D W /67 ZKQDED DMWY L P L\DXDWWEBW D

GHFUHP\DHLWIGR | |H RHQRDURXQG /6 77KLV UHVXOW VXJJHVW



VADFBIVVLPLEDW URPGURY DHY KK ORZPRYV S KIHQUG FWKRQ & X WILCR
DVVLPLODMWSIRIGWEOHHYXOW LW PH®H®IUHROHRG G/ RDMWWW K H

E\ ,%0B9'5%$6 DUH LQ UHDVRQDEOH DFFXUDF\



&KDSWHU

6XUIDFH VWDWRRO$B @ AV LV

,Q WKLV FKDSWHU & BW QDX V HUALH W VR DYBIGADDN H Q WDGRD O \!
ILHOGY UHWULHYH@ ORBOVWKHE PRB IKMHRIH HDR G DIWHU WKH
LOQLWLPMWQIRHORPSOHWH GLVPXWYXKBEQSRERXW LRRHRI WKH FR

VIVWHPV OHDGLQJ W RWXKH7 R H SR QEDHIUPHD® R QW
6XUIDFH VWDWLRQ DQDO\VH

JURP VXUIDFH VWDWLRQ DQM@\VYWVLUWRXQGDWEDW VXU
LD R W DHEDS$HH F L D DIDS HLQ IQMBR@ WKW H U Q F R DW WP B K D Y XUKHH
EFKLIJKHU VBKDWHH )LD E 7KH VHEFDDOEMIKHDWLQJ FRQWU
EHWZHHQ RFHDQ DQG ODQG LV VLJQLILFDQW DORQJ WKH

RO GXUWELVKSHULRG DUH QRUWKHUO\ DQG QRUWKHDV
RSSRVLWH WR WKH V\QRSWLF VRXWKZHVWHUO\ IORZ HC
VRXWKZHVW ERXQGDU\ 7KH VIQRSWLF VR XK ZFHROOHGAV |
ZLWK WKKHHUQR DWG QRUWKHDVWHUO\ IORZ OHDGLQJ WR W
WKH IRRWKLOO LQ 6/ K H KRIWH B R RQWSQRNBHEDNS RG\JR Q V
LQLY D E 7KLV FRQYHWUHRFBIPRGH IURP IRBWKR OO WR
7DR\XD Q BODFADY ERGVLQ )LJ WKH FRQVHUJHIQEG® W@ LILHV
GXULQJ WKIV SHUGRG2Q WKH RWKHU KDQG WKHDVSIIBLEUH
%DVILQRQJ WKH 7D PWWEHHIOWDJ BQEHRUPY BQFRHQMHUH $W

DQG /67 LW FDQ EH VHHQ WKDW WKH FRQYHUJHQ
605 DSSDUHQWO\ GXH WR WKH WRSRJUDSKLF EORFNDJH
$V IRU WKH WHPSHUDXWXLEH G QDKUREKDW 7D R\KWQV KH

WHPSHUDWXXWK GQRWFMIHVWLQJO\ WKH UDGDU GDWD RQO\



QHDU WKH VIRRWKDOOE 1HYHUWRKHOHVWDW KRIPOLINE BE R HV
LQGLFDWH WKDW PW V \Il 8RR I7HDIRH GDER & ORWKIGI QLILEFDQW O\ OF
) 7KXV LW LV EHOLHYHG W KWBXUNLIQH WHKP$HUHWMRGH
PDLQO\ EORKMLQJ Rl WKH VRODU UDGLDWLRQ

%\ H[DPLQLQJ WKH VXU IDEZHWHL® MOQ. RLEDRMRY LY B Q/\E RO

/67 LW LV UHYHDOHGWWKDETLVGY LSHL &LW\ DQG WKH

7DR\XDQ &LWE )I7®R GLVWLQBWIUPQ®QIDOB LGHQWLILHG R
ZHVW VLGH RI /.+/ ZLWK WRH FPP&HUEW H UG LJQ HHDW B UHD
JURP /67 WR /67 WKH UDLQIDOO LQWHQVLW\ LQFUHI

PPK VHH WKHVIUHGBLDHHDDQG WKH UDLQIDOO ORFDWLRQ
7DLSHL %@&LEDWLQJ KHDY\ UDLQID OMK H7 KIUDREGIRERDOMWH &/ K L
DERXWP IURP W R ZB 7GLINVARIGW WD WH UDLQIDOO DUH
$W /67 DWHOXHP X DWW H® @BHSHL ROMERHG H®ZLWKLQ
DERXW )LJ E DQGUWK®IDOO LQWHQW.W\ LV DERXW PP

2Y H U D O/OX UNRKEH U DIMW DRYHKHV RRQWHUJHQFH JR®H LQ 7I
SURSHVMDWRP PRXQWDLQ WR SODLQ 5DLQ+DO® WHFROGY F
UDLQIDOO HYHQW GHYHORBNLSML B«DWMMHB GWEPRN HQY HQK
FFXPXODWE GFRPIDUDQJ WR WKDW6LQFH R\XO QVEH FRQYH
WDUW WR GHYHORDB QIS WHEHWHFWHG WKBOGBDUIDWD EHF
DYDLODEOH HBUGH VEHWHWORQ R D WRCHRHYPH.QW WIIR® V 8 QG |
FRQGLWLRQ WKH SURFHVV FDXVLQJ WKLV KHDY\ UDLQID

LQYHVWLIJDWHG E\ WKH , %085 6V B D\D DR\OHV L Q



,%0B9'5%$6 DQWO\VH

7KH ILUVW ,%0B®\8$¥ ZQD SURGXFHIGI DWQG D ®&HRU L
ZLQG VLARGYHUJWQWH P § HOHBWWWOUHD QS LRIHODWLYH KXPLGL
WKH ORZHVW ODWXU IR DO GCRBER ZV
D 167

$W /67 WKH UDGDU REVHUYDWLRQV GHWHFWEWZR GL)\
LGHQWLILHG E\ WZRVVWUR @Y H ERHUFWLKIQ\ DUH ORFDWHG
ZHVW DQG. HDYQGCRIVEHFEVG® DQG FHOO,Q )ILIKWIH FWL Y\ B
FROQYHUJHQFFHRDE@® RMUH OR RDEMNRW .14Q DQG VRXWK RI W
7DLSHL %WBIWVIS FWH WHIDRSHUDWXUH ILHOGYV UHWULHYHG E\
WKDW D7 ERWK FHOOV DUH DVVRFLDWH ® KHRVEZ KO® N HIDW |
LPSO\WEKWWH FRROLQJ HIIHFW L QIG/X HGVLLEY HH Y DBXRUD W LR

G LV SVOIBIR Q Y H UILHH@FZH U W L F D O WYUHHDRPRUINAK) DOVGH U P L[ L
UDWMR WZRVRRMMKQWHG YHUW LRKQ RAMKERWAH WHZERV [ERI@\D V
LOOXVWUDWHG W KDR\F EWMMEFRIDY E VY IDIOFHREHORZ DURXQG
GLYHUJHQFHPDOQLWRX BMKH ORZ OHYHO FRQYHUJHQFH LQ |

[ VDQG [ V UHVSHBWLYBOD)XUWKHUPRUH LI WKH
FRQWRXU OLQBWY ERXQRB\HE WKH XSGUDIW LQ FHOO G
=a NP ZLWK WKH PD[LPXP YDGXHFEBWRKLNQN WKH YI
PRWLRQ LQ FHOO LV FRQILQHG EHORZ 8VLQNP DQQLV Z
RI UDLQZOL\MH)J UDWLR DV D WKUHVKROG FHOO FDQ J
UHDFKHV RQ@V ENFE:LWK D PXFK VWHREOHEIRQRAHUJIHQFH
LV PRUH XSULJKW DQG GHHSHZHDHHOVDQWEH G QRKHN & DI
KHIKW GXH \WR WHIOHZQIR®G 7WHISBIU % DVLQ

E 167



JLIXUDGHSLFWV WKDW GXH WR W K HV RAXFUKRAH QD W/IHIGF \
FRQYHUJHQFH OLQH LV SUHVHQW DORQJ WKH QRUWKHUQ
SHUVLVWQJ \RUPBI ORBF WR /67

JURP /67 WR /67 WKHUWDGHRPGLIEW®WHY WKDW ERWK
H[SDQGLQJ DQG)LPWHQWKLRAKQBK DOVR FRQUY U PH G EE\

LQ ZKLFK WKH WHPSHUDW X UZ. W R QMK_H) XOHM BV IR | GRIHF LUDAD IV ¥
VSUHDG ZLWK WLPH &HOMKH PBWHNDYVVWBIIHO D BKEW HU W
ORFDWHRQ RI WKH PDJQLWXGHMR GWKHIDORZFH LQFUHDVHYV
WKH FROG D)UY RXOWIORBUNHG)LJ 7PH HDVWHUQ EUDQF
RXWIORRZPHOQRHY DURX@XG DUULYHVSDRYEGIO®I DGGLW
FRQYHUJH @R VDWX@YKH 7DLSH LN HHKDYLY $ ORBYHO

FRQYHUOHQWBHLY IRUPHGLBH . RIKEHWIZWWQ FHOO )LDQG FH(

D
F 167

JURP /67 WR /67 WKH UDGDYLWHIOHEWKREZW\WKDW W
FHOOV PHUJH LQWR RQHW\KIMDWSHL BIOBDQWION UDLQIDOO
DFEFXPXXOUDPBHWLFDOO\ GXWW¥QJIHW KL FROLYRI® HHQ¥H FRU

D D PDUNHG L@ )RV VR FLDWK{E ZDIWGK BSRIW VR QMAN Q &/HDW
DW WKHSHL GOWIL@I WKLV SHUMRGV )VXUURBRGHE EWHD R
AYHUJHQFH ILHOG ZKLFK LV L QOXRFE DEN HRR @G WIKL B HROXY
JLJWUH E E DOVR L @GDWW WDKWH FR O\BW B RR OWB Y B\& & H
WHPSHUDWXUH SHUWXUEDWLRQ RBMEFUH®NVHYV ZLWK WLPH W

7KH FRQNH WIHXH ORFDWHG DORQJ WKH QRUWKHUQ ERX
VLQFH /67 VHH )LJPUHOGBMERG ,W UHIP@/IK®VVDPH VEIRO/QW LF

/67 LPSO\LQJ WKH UROH SOD\HG E\ 605 GXULQJ WKH

FRQWHUEMDWH ILQDOO\ SXVKHG E\ WKH VWURQUBRXWIORZ WF



5DLQMMDWX PV BONV LV

7KH KHDY\ BBXQWO® \RKH WISFHWRRP /67 )URP WKH V
DFFXPXODWHG UDLQIDOD KREWKGOYDWRRIPWHILQ WKLV GXU

PPK 7KH 5&:) FRPSRVLWH UHIOHFWLYLW\ GDWIDQGHYHD
FHO®HUJH WRJHWKH& BQICH RBIRQ OHRMALRQ O

% HF DWWKH U CSIDQVRMWQ@H DU O\ VWD W 1L R B UW Hs HFKIRRRGY H
%0B9'5$6 DQDO\VLV /B6FADGUBE®U HV QWM DYOH@ WWRKEGAX U H
JURP RRKGIYHUJHQFH ILHOG QHDU WKWK B I @FKHWKKR FR Q'Y
7DLSHL WoD YRIRWVKLO O R IBWHRHEZXWKKRI WKH KHDY)LWIDLQIDO

D7KH HAWWMW FURVV VHFWLRQ RI VWUHBFMHG @RG FDI
NJ VHHKEOXH VKDGHG D WHM YQDRERWYKNBWIHQFH EHWZHHQ
DQG HDVWWDWOWEKBHIBR? )DIJUHG DAKHRIB(RULHQWHG YHUW
FURVV VHFWWRB OLQKWFRQY MFAVAMHIXHWIKHED U XH VKDGHG
DUHIXH ORHYHO FRQYHUJHQFH SURGXFHV WKH FORXG ZLW
WKH XSZRWLRKPM IRUPDWLRQ RI WLOWHG FRQYHFWLRQ VW
PLILQJ UWD\\NFHR @ Y HF WQ ®HREW W UHBP VILGH FRQYHW WIRRQ U

NP XVLQIOWXE PVLKUMHNVKROG RMHH XR(N\HOORZ DUHD LQ )

E ZKLOH WKH FRHO@Y MFRAHL BHR ZQVW UHD R PV L\GHHH SH D FK H V
\HOORZ DUHDETKHLYRXNDIXQG DW WKH PLGG@HHDQ&E KLJK O
UHG DDGREFOR X G QARRURNSKZINI QWKH UDLQ IRUPLOXWRBWK F
FRQYHUJHQKHY FREBADWLF UDLQIDOO VWUXFWKUH VDWU LEDROHX
FRQYHUJHQFH JRQH EHWZHHQ W KD V¥ HIVREHHIYGA\OD BIER B B ¥ W
XSZDRRGVLRQ DQG FORXG GURSOHWYV 7KH H @/RMGE GIRS\O H

WRHRXWEHQ@®\ 7KH FORXG GURSV WXUQ LQWR SDREEVRSYV



$V WKH UDLQGURSYV DUH IRUPHG DQG IDOO WR WKKHJUR X

7TDLSHL %DVLQ



&KDSWHU

4XDQWLIUBWL S HVRDMAIRQN 48 H QDVQ W/ H V MW \

,%0B9'5%$6 43)

7KH UDLQIDVQOQALWRX@W FDQ EH VHHQ6WRLYWHDUW DW
%HIRUH WKH KKDYSH®HK® I D®BOB9'5$6 KDV DOUHDG\ FRQGX
'9DU IRU IRXU DVVLRLGDEKRQIWRNFSHDWMGH. F WIDVE K QLWWAS H F W
WKH WLPBVVRIPWHXBOERROBI'5$6 PD\ IRUHFDVW6W R Q¥FKH
WKH DVVLPLODWLRQ KMFRDHVLY GIQLMKIHG L% VRREZ Q Q\QW)D Q¥
WKH ILURDW FREIGIHFD WAL QRIQG WKH VHFRQG F\FPHQPD\ IRUHI

,Q JLIXUH WKH UHVXOWYV VKRZ WKDW DOO WKH 43)
UDLQIDOO VIDIEHY BPRIHWUERR H Q V L R QFIROH M B BIMEEMOW Z H H Q
REVMDWLRQDQBGL@BYR®G LIIHBEMOMY DUH DQG
UHVSHFSWLWH®OG\DVVLPLODWLRQ F\FOH LV FORVH WR WKH V
ORFDWLRQ DQG PDJQLWXGH IURP WKH 43) DUHDBRURKARP S
PD[LPPEEXPXODMHBOO IRUHFDLVOWWURP \W\KHD 1B \DRIFP 167
ZKLFK LV FRRSW KB EROEHUMILOMMBE L JX UAZ LQB WR WXH VNL
SUHGLFWBDEH ORW O R HIQUILWERNWWALOO FRAXADRY WKMXOWYV |

DVVLPLODWLRQ/BVOH DW
([SHULPHEHW LJIQ IRU VHRMWLMR B RWY DNSHKNW HIIHFW

7R LQYHVWLIJDWH WKH LQIOXHQFH RI WKH WRSRJUDSH
GHVLJQHG DQG OLVWHSHUQ PHDEWM LQF DKIE HH [W&H FRQW UF
ZKLFK LV WKH RUWUIVEOMY HGHFWLROWK FRPSOHWH WHUU

FRQGXFWLQJ WKH DVVLPLODWLRQ ,W LV XVHG DV D EH



H[SHULPHQWY VR WKH RQMRXH QM (R D QV(H MH@RAICH DQ E
312B/.+/ 312B07<0DQ@2B605UHSUNVKHQW[SHULPHQWYV LQ Z
/.+/ 07<0 DQG 605UBIPRYHG UHWSBPWRYFRGGXEM5W KH

H[SHULPHQW LQ ZKLFK D/aX® W H W WE IQPWMLFRIHWRIRWY HEQ DQG |

DUH WKH VDPH H[FHSW WKH WHUUDLQ FRQILIJIXUDWLRQ LQ

S5HVXIRWW HQV LW MWHKMWRS RRHIMDMB KLF HITHFW

YLIXUH VKRZV WKH HD)FHJS N Y DRSO PRV LRQHG EHIR!
43) VWDUWYV /6RRQ WKH IRXUWK DEW.RHOBWHR Q@NFOH DC
ERWXB/.+/ DQBB07<0 WKH UDLQ@QG @ RPHRYPDRMQDIUM R W KH
‘H SURSRVHG WRDW+WRB®ORAD0 LDOWRDODW ERWPSDUHG WR
UDLQID VEMBLULA B LYWERSROUDSKLF HIBWFIV WUMVXIORRPR Q@H | R
DQDV\®RK QRWOXGH WKHVH WKR H[B6MOLPHQRBM[SHULPHQW
VKREKDW W KOH\HHD $ R QOEOBRIMHKINGR WKH VHH EODFN VERQVKHG (
J)LY G HDQSURGXFHDQBAVERPSWEBRG7KH ORAFRIWLRIQIDOO
PD[LPX® 12B7(5 LV DW WKH VRXWHKHRG ERH UQH)LEZKHOH
RWKHU H[SHU MPKHH WD/ B BIKH@ARINHLGERHHN ZIHPHBG 05 DQG 12B7(5
VHWW LKHWIKHEZ /.+/ DQG 07<0 DUH UHPRYH\GK/BYW QRW ZKLI
07<0FRQWWROORFDW LRI IRAXUDLQIDOO

Y)LIXUH WKRAXG ILHOG DW /67 LQ 12BBEH DQG
SRVLWALYHG KR@ LV UHODWHG WSRU RVSCHFRDIVOAY RERMY G UIJHQF H ¢
VHH )LJVE HODFN GHBVKHK®&BREGE DW /.+/ LQ 12B605 LV VWU
12B7(5 )LJ F  ZKLFK LQGLFDWHAR S\IKFD WORIE HF R GINDH/WI AL
OLQH LQ 1'XBi7 ¥BR WKSURGRZIBIVWRID) FREYGIWIHQQ 12B7(5 \
KHDY\ UBEG@KIMQV KH VR XW K ZR<IL AR WHEYRW WKH KHDY\ UDLC

DUHD LQ 12B605



JLIXUHLOOXVWUDWHY WKH VXUQGF EL DR Q@Y WEMIRIQRHH FLDH/O

PLQ DQG PLQ IURR7/ 12B&0BQG 12BH[SHUNP&RIW
WKH FRQYMHUIHRFHHDWWYDUG DORQJ WKH ERPWHNVIOWGRI ¢
ERJVLQ WJD E DQWKH QIGHO® KK 7D LS HY oD MU@\GK H
12B 605 KRB KW WHR Q Y HUJ H@HEO DEFINVKHG BSIRDWREG G
UHDFKHV WR WKH VR XW KWKHWKRW OFKER SBEBOE \D )R PRY
W KR QY H U J HGFEXWEZQN G GRPESDW ERDTOWIR 1AB7UHYHDOV WK
VLPLODU L2B\6X6 W [KH SHD WRITR XK | DIRAEKYHD OKXH KHKID

V DWKHRXWK RI VHH WKH EODFN VKD GHGO EBWHIIDQ )L J
12B60®W WKH VDPH ORFDWLRQ

,QVUXPPDUM/ DQG 0<IJOHYWKMRFDWURQQURDL.®XP PRYLQJ
VR X\W KW EDDU GH F W ISR S/ K MBMRICQFRY YHU JH @PH DOQRANV WK
FRQYHUOH@QWHSURKLELWY LWV SURSDJBW HR/® W ¥BWIKLHIU DVR

LQV L G/H WSKIH. DAJDANDL Q

([SHULPHOHW LJIQ IRU VHRN KW ILDFRALD BAM M/ RQ

7KH 43) UHVXOW LQ WKLV FDVH VWXG\ KDV DQ H[FHOOF
REVHUYDWLRQ :H IXUWKHU LQYHVWLJDWH WKH VXUIDF#F
H[SHULPHQWY LQFOXGH WKH 35%$'$5B21/<° ZKLFKHRQO\ [
DVVLPLODWH F\FOHV IRU WKH EDVHOLQH ZKHQ FRPSDULC
VXUIDFH GDWD 7DEOH SURYLGH VB39[S H6 BRIMR@/G G HV L.
36)84 977 LQGLFDWH WKH H[SHULPHQW LQ ZKLFKQRQO\ D\
UHODWLYH KXPLG LMW WKH\IPHRENABTEHEO \ 36BR949° DQG
36)897 UHSUHVHQWZKLSKUDPWORLODWH DOO WKH VWDW
ZLQG SWHBWXUH DQG WHO/BW E WH KEK®\L GIKWM\ VHW W@ JV IR L

IRUHFDVWLQJ DUH WKH VDPH H[FHSW WKH W\SHV RI DVVLF



S5HVXIRWWHQ VLW VXIUWD B¥MHPWODWLRQ

JLIXUHVKRZV WKH 43) WHDWKSWM VY LIRHRFWAZY BIWWWH D QG
GXUDDMMRKH VDPH DWW WRORLWILYKW\ &REBSPU)ILQIDZLWK
WKH PD[LPXP UDLPROK DPREPIVPMHDORFDWLRQLIKQV PRUF
5$'$5B21/<)LJ DKLV UHVXOW VKRZV WKDW RQO\ DVVI
S U R GUOEIHL ALBIIQQND O O DWRX QRVEWWRQ HUURU LV REYLRXV
LPSDFW RI WKH VXUIDFH IRVMUP IFRDW HR @ LR/QPRIL @/&H SR\
6)&B D@B&BY VKRZLPLODU SDWWHUQ W K DW/RAKRHONSKDUDY Q | D
RI WOHSHL ZBRW)L&B9 UHYHD/QY QUL KRDQOMFWLR G RUBER V LQV L
6)&B49 WKH SRRUWLRIQQRWUEH6)&B9G9 DIAERBI7 VKR Z
JRRI®SURY RPHPWQ I RQO BRAMMW H[SHULPHQWYV VXJIJHVW W
DVVLPLODW LARIDO LND P& R UFALSLWRILKPW® W FDVH VW XG\

7R IXUWKHU LQYHVWLIJDWH WKH LPSDFW RI VXUIDFH ZL
ZLQG DQDO\VLV ILHOG DW /67 EBH WEPH H/Q1 13 $) ISHBRH/< D (
7KH ZLQG GDWHRRMRKQSD D BA-D L QO \ZBRWAKKLQ 5$'$5B21/<
EXWHVWHUO\ 2ZMR WHREM.BOQVHH WKH EODPN BR[ELQ )LJ
)XUWKHUPRVKH ZLQG VSHHG PDXJUJIDWH GBIVH DX PKKN W U
5$'$5B21/<VHH )LB K4 DGGLWLRQDQGQRRRMBRMHDW IDQG V'
ZLQG VSHHG FDXNMRIQWHULIQNYEHROKH IRRWKLQ®\RI06ME LIY
VW U RFQRIGIYH EQ/ WVRIQH WARKHN KDR S A K L9 DMQID XHQFH FDQ EH L
W KHQDW\VLIHOG DW /6 7V KR.Z X UWHK DWW WR QJHULBR QY HF
5$'$5B21/ZLWK GHHS XSZDU® WRRWWK®G LERFINYG DW WKH |
DOWLWXBHY BPPG WKH VRX\RRISBQWIZANFX VPDOOHU FRPS|
6)&89 )LJ F EOXWWEKHBHORZ CHIQHVOX RBMKRAU WEHU®Y LQ

5%$'$5B21/< DUH VWURQJHU WKDQ 6)&B89 )LJ F UHG D



WKH UHVXOW PHQKMH RXHGDEHIRUBG DVVLPLODWLRQ FR!
SRVLWLYE E$TEB2IDQG PDNHV WKH FRQYHPMWMKHR @ DL HAK
%DVZIDNHWKLY ZHDNHU FRQWKHEWRQNEPPABGVZDQG KLJIK
DOWLWXGWR MMHURBHWEK RI 7DLSHL GXYGRSQMAKH W K H
QRUW® 8D UMES M/

JRU WKH FRQYHFWWRI@ SHNDBDNAXRKO B W WK @ DHI@K IRKFHY W
WKH FROG SRROV +RZHYHU WKH LAPCSHDIMWW \R IV &/ MUROOEYID W H L
W KRAK U IDXPILGIGWIDHQ DO\WVLY GRPDLQ LV QH DRIPRX\WIBW QS BIW -

W KUHD L Q | D GVOK XAV RACKVAV XRINIHK KK B R BIY CRROWPIDWQ RPL W H G

JUDFWLRQ VNLOO VFRUH )66 RI 43)V

7R DVVHVV WKH LPSDFWV Rl WHUUDLQ DQG VXUIDFH |
FKRRVH WKH )66 W R/SHHUYI R DIXFWAKRZ)Y WKH )66 RI 43) Ut
IURWHUUDLQ DQG VXUIDFH DVVLP LZQDWKLG QI INAHIGINDIWY MYKLWAH\
VHOMEM QHLIJKERUKRRG OHQJWK DV NP WR OWHKWDMW Q6W K H
ZLOO EH ORZHORWEKDQ RMKHKER UKHRG G IDHFWBUWWHYWRRGV D
OHVV WKDQ VNLRG®DHDY LMBHIWMIPHQWY DUH VLPLODU U
W R WKBKUHVKROG LV PP WKH UDQJHHRSD QGRIPVHQV |
a ZKLFK LQGLFDWHY WKH W.HWOD MWL PQ & DAXD Il ITHFFHNV GKO-
VFRUH VLJQLILFDQWO\ 7KH )66 RI &7/ 12B/.+/ DQG 12B07
UHVSHFWLYHO\ ZKLOH 12B605 DQG 12B7(5 VFRUI
GUDPDWLFDOO\ 7KLV UHVXOAM QVXSSRWRMEWXDWU OO IDOI
IRUHEDVW LQ WKLV FDVH VWXV LPLVODRGHR D8/6K MBRHH Gl
5$'$5B21/< LV %\ DVVLPLODWLQJ WKH VXUIDFH ZLQG
KLJKHU WKDQ DOO WRMVRWK®GIDWH[SH BRIEPEHIK MR VFHP Y D U

WKDW WKH VXUIDFH ZLQG DVVLPLODWLRQ FDQ LPSURYH W



7KH UDLQIDOO PHFKDQLVP LOOXVWUDWHG E\ ,%0B9'5%6

7TKHFHOGH SIDWURM+/ FDQREHV HUWYRIBE WKH ' 5&:) UMWOHFW L
6 7W KIPHAD 5 O/LWQW R W ZRHFFFODMH FW L ,Q WKH VHQVLW]

IRUHFDVWLQJ WKL Q2B UH FDKIW K H QBRI HVXSZDUG PR)
FRUWR P /67 FR QFIHOP® RMWENS D WBIW H LE

JLIXUH VKRZV WKH FHOO PHUJLQJ SURFHVV UHYHDOHC
DVVLPLODWLRQ F\FRH PORXG PIB[ALQJ UMD GRS WHVBOMED I/XH
SURYLGKIE ZWMWNVWUXFWXUH R)ILE O DX G IBRVAMM WH WHPS
SHUWXUBEDW ERIQD G LFDW HEW B IR FBHRQAE K H/ WREORFNLQJ ZLO(
SURSDJDWH WR W RHOHDW W RZFAKIHW HGW R B H HWVW/OX W L]NRH 1 FEH C
WKHORXG G QRS@MWN VMW HUO\ ZLQG LQ WKH CPQ\GR DIDQ\R\WKKHE
IDFWRU IRU FWIOKW RFUUHGIDUURZ

,Q J)LIXUM/KH FHOO PHUJDQREHLO/QIQ @ NGKHBWHRINR @LW K UW L
ZLQG DQG ORZ SUHDWXWWEHY WIH FELG$IWHU FHBOW
L QWP DW X U HDO\B DWKHEXEDENQJ SURFHVV EHJLQVFRARI® UDLQI
GUDJV WKH D LU ITKRIZ GGRZQ B DRIGURIEHR D RUXWK BB B W KQG LQ
7DLSHL DAY WU LIJIHU W K H D & QW MWKVAENCRXMWK RA WE& H
7KH QHZ ARENEGOWURZV PRUH PRG®ODRERPWRKG/ KHUO\ Z
LQ WKB KQGK DOAMKLWKGHRQVLVWHQWO\ WUDQVSRUWYV WK

SURGXFHG E\ QHZ FRIQO ®@RWBRHY WR W KH

6FKHPDWLF GLDJUDP IRU WKH KHDY\ UDLQIDOO HYHQW

,Q WKLV VHFRHIFRIRW DVEK B PV DWH R DPXBOGLYSOD\VHG LQ )L
WR LO OXKMAKDVWHWPKHD QG KUWFN VMH\Q FOIODKHY HQ W

D /67 )YLJ D



XHVR WKH VXUID KM X HEDWHEGHD WMIGRZNVD D LW K H IATRQ.D
WKH 7DPVXLVBKMHOXQIG5LYHU
605 EORFNV WKH SUHY /LA QS OWRMBMQYEG REKH 2OV EU H H ] H
FDXMLWZR FRQYHUJHGQEW MRQMKIRD®R RBFEHF OHG QXPEHU'
\HO @RUH DV
7TKRHOGFRQYHUJHGEMHQBE R SDUDRPHW KH PRXQWDLQ WR
EODRNUR Z
&HOQ QWHQWL DG YDFRHFHBKIH WR VWURQJHEHPRQYHD JHQ!
V HWM KW RZ QUB O H D

/67 )LJE
TKFHOMS\MOWR WZR FRQYHFWLRQ FHOOV E\ /.+/
&GHO®RXWIOREH EOXHOTNRYRIAN DQG DURXQG /.+/
7KHEFHOORXW IFORRZO L G AW OZRXKY IOR Z  WRIYQHQW HOQ A H
EHW ZAHHID FGIOO\HOORZ DQGVEURZQ DUHD

/67 )LJF
7KHW/HSDUFHWOFAHRPDW WKH QRUWKHPODWHKY ZRWW KLOO
07<0 FLUFOHBKLOH WKH RWKHU RQH. DROMEH VRXWK Gt
KHRQYHUJHQFH JRQH IURP WKH QRUWK RI WKH 7DLSHL
WHKH 6( RULHQWIR® YHEMWLRQ SURGXFLQJ KHDY\ UDLQIDO
$IWHU FHOO PHUJLQJ DW W K H EIRIROGKLQIOSRI IR FFHMV BHH.
. -
7TKAHOQ@RUWKHUO\ERXW IDBBIRIZHUV QHZ FRQYHFWLYH FH
WKHHOO VHH WKH EODFN \6DVKWREL GRWBRWRQDU\ UDL

VWUXFWXUH



G 5DLQIDOO VWUXFWXUH RUIJWKH KHDY\ UDLQIDOO
7KH GRZYHO FRQYHWHOGI@EH VR D B MOEHEGIGR X W HQREK H
VHD EUHMYRUREOFRQYHFWLRQ GHYHORSPHQW
7TKHFHOMIWHU PHUJLQJ S GRI®XBMIYH UDILQI®EIEIRGAD
DUURZV
7KHUBGJJHG DLUIORZ IROORZV WK® QR U WY KHIQEHKIN U QD F
FRQYHUWROH LQEKBHEZOUG PEWRRBOMDWHQW KHDW UHO!
DUURWV ULI®HZ FRQYHV\WD¥EH FHO@E’ DW WKH VRXWK R
FHOO
7KH QHZ FROQYRPWRGRQDWHOO W&E QD WAWRRXWKHUO\ ZLQ
WUDQVSRHVEQRXG D QGDWDP QG GIVRE CKHWINHD BNIHS/DXIG H V

DUURZ



&KDSWHU

6XPPDU\ DQG IXWXUH ZRUN

6XPPDU\ DQG FRQFOXVLRQV

7KLV UHVHDUFK FRQVLVWYV RIZWZRHSBRUMWR/G/L Q PDKH. R IQU
FRUUHFWLRQ RI ,%0B9'5%$6 ZKLFK LV D '9DU GDWD DVVL
WHUWBDWRYXI FDSDELOLW\ 7KH PRGLILFDWLRQ LQFOXGHV D
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LI WKH JKRVW FHOO YIXORBWWR DPERQ WWKIHQ W/L @ H URFE XDV DR (
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6LQFH IORZ UHRRPIG B RY@IKNR VW BGLO H ULUHRPWHDNF KH U
ZH FRB@QVKLIW WKH IRUPXOD DV EHIRUH 7KH JKERVW FH(
WHUUDLQ KHLJKW VORSH GLVWDQFH HWF 7KH XQLTXHC
LQ WKH XQLTXH IRUZDUG HTXDWLRQ D @& FARMMHHY RQ G L Q
JHQHUDO IRUP IRU ,%0 DGMRLQW ZH KDYH WRVHADPFXOD
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6 XUIDFH VWDWLRQ WUHDWPHQW DQG

% &XUIDFH REVHUYDWLRQ YDULDEOHYV

,Q WKLV VIANNA\PWIKBIWH. QG WHPSHUDWXUH DQG UHOD
VXUIDFH VWDWLRQV 7KH FRVW IXQFWLRQ ZLWK WKH V>
ZULWWHQ DV IROORZV

oy
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7KH VXUIDFH REVHUYDWLRQ W HURAAD @Y, DMKH DWVR/LLPE ODLWK
YDULDEOHV GHQRWLQJ WXHRB AN XRK ZRVQWDSIHERMEY HO\ 7
VXSHUKRULB®GY IRU WKH REVHUYDWDRRBDDUGDIHLIRW GQ.

FRHIILWLRQWXUIDFH DVVLPLODWLRQ ZKQ@RAKKDYVH WIXYGN\NQ W |
% 2EVHUYDWLRQ YDULDEOHV WUDQVIRUPDWLRQ

7KH VXUIDFH VW R2DAVRQR FDWH Q RWWDIFW.G\ DRK KPWHI RARRHG H
WKH LQWHUSROEDWUR VRIRWRHWR WKH PRGHO JUHGV EHF
TXDQRMEWHWUYHG E\ D VXUIDFH VWDWLRQ LV WKLHWOGIRKZK RUL
DERYH D BGRSGRDQW ZLWK WKH VPDOOHVW KRUL]JRQWDO G

FRQGXFWHG RQO\ LQ WKH YHUWLFDO 7KH GHWDLOHG SUR



D OHUWLFDO LQWHWSRDBDMWEZRQ®RI WKH V
7KH UDZ ZLQG GDWD IURP &:%DXM QW &8 Q53PDW RIOG % X U

ZLQG GLWHRFEHROHH ZKLFK D U HWWIRDWL RRU/PHIBQIWR

XVLQJ WKH IRUPXOD JLYHQ E\
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+HQQHVVH\ W R REWHHUWPDRGLIIRQE WIRHP WKH VWDWLRQ W

OHYHO E\
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FHU®L B QBraxpDUH WKHREXWIDERYGRDQG PRGHO ORZHVW
DIWHU WUDQVIRUPDW t RQD QG M $ DM LW &\ WEBTRW LRRIQ D Q(
PRGHO ORZHVW OHYH@RWRL\EKJWQWR)WHG WR WKH DWPR\
,Q WKLY UHVHDUFK ZH IROOR/ZX WVIKMHDYD OXH V X&KHI® W M/G DE

WKDW

E THPSHUDWXUH
,Q WKLV VWXG\ WKH WHPSHUDWXUH GDWD FDQ EH DVVI

DGGLWLRQDO DVVXPSWLRQV 2QO0\ WKH YHUWLFDO LQW
WHPSHUDWXQOW OUVOBGIWHUPLQHG IURP WERH PUHBDIQ OHH BW WHC
EDFNJURXQG ILHOG 2QFH WKH YHUWLFDO JUDGLHQW LV

DSSE\HWGKH HTXDWLRQ
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ZKHUWH R& LV VXUIDFH REVHUY® WW.RW KW HPIWW DMOXQ HW H
LOWBDWRRQ WR WKH DRZNXENFREHEGVIVURG WKH PRGHO OH
@w LV WKH YHUWLFDO UHVROXWLRQ RI WKH PRGMO 7KH
WR LQ WKH PRGHO 6BYH®DGKH QWUWLEDVHG RQ WKH PHLEL
WKHVH WZR OD\HUV H[FHSW IRU WKH VWDWLRQ ORZHU
FRQGLWHRQ@Q/HPSHUDWXUH LV HHIWUDSRODWHG WNERQGN KH

OD\HU RI WKH PRGHO
F SHQDW KXPLGLW\
7KH UHODWLYH KXPLGLW\ QHHGV WR EH WW> QWMRQFPHG

(T XVLQJ REVHUYHG WHPSHUDWXUH DQG SUHVVXUH

LV WKH VDPH DINQW H ® S HRMIDWK B KD
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ZKHWH JNJ LV WKH VXUIDFH ZDWHNY LYW FPRID REEYENS RDW LR
SURILOWHKEDIFNJURXQ 6 MEWOWKH ZDWHU YDSRU PL[LQJ UI

YHUWLFDOO\ WR WKH FORVHVW PRGHO JULG ZKLFK ZLOO

% 2EMHFWLYH VXUIDFH DVVLPLODWLRQ

6LQFH WKNWRERDPU LYWLREDWHG DW D VLQJOH SRLQ\
ZRXOG EH UDWKHU OLPLWHG LIWSRDYWLPDQRWH GO WK LY

WKH FRQFENMNMFWLYH LOQ%YWOMMUKIRXWKIHREG VWDWLRQ GDWD D!



LMHSUHVROWHDWIFBQH RI W K H YDHAVR RVHSAH B 18 EDUNHDIY QR Q

WKH PRXDUWBIDQREXW LW LV DWWHPSWHG WR XVH WKRVH G
D FRPELQDWLRQ RI WKH LQIRUPDWLRQR URM @QJKH EDFW KU
%DUGHEMHFWLYH DQDIOAVRERSWRFH GWRIIDVVLPLODWH VXUID

ZKLFK LV H[SUHVVHG DV
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+HUH WKH VXEVFWWWV\H.FLQ REWHE WY DWKLHR @ XS HUVFULSW
QXPEHU RI VWDW LR Q GREWVH S DWHEWD VS W IKGIWIW LLG MS ROLIGWH LY
REMHFWLYH DNOWWHLGERW DRWUWRWKH GLVWDQFH EHWZHHQ VYV
SRLQWO D®G 9.5, - DUREVHUWDMOLRQ VWDWLRQ REVHUYDW
VXPPDWLRQ RI WRW DO STHILD RMMAESIH FDAECOWICGBMIB U QY WKH V
GHQVLW\ LQ 7DLZDQ LQ WKLV UHVHDUFKDIOHG WHVD UWFKH QI
AVWDQFH DANKH WNRUL]JRQWDO LQWHUSRODWLRQ ZRXOG EH
LV DIIHFWHG E\ DW OHDVW WZR VWDWLRQV ,I WKH JULG
FRPELQH WKH EDFNJURXQG ILHOG
Oy L 95O, E:sF9;; & CH H@ . &t

+HUSIC BE AHNED Q BVEHRFW JURXQG ILHOG D QRSOEX U LIVFIHR Y WWIKW L |

QHDU WKH LQWHUSRODWLRQ JULG SRLQW
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,PPHUVHG ERXQGD%OPHWKRG

& ,GHQWLI\ WKH JKRVW FHOO

7KH PRGHO JULG SRLQWW P WK B B W MKW HBH-OOU DD.QG
UHUH )LEXUHYV DQ H[DPS QHUMKRPW QYH ORFDWLRQV RI WK
JULG SRLOQWGLRE QLR O YHUWLFDO FURVVHVHFRZLR Q
UHJLPH JULG SRLQWYV DUHWRUHWY UG HQWIKH GVBRUQWY MDDH
WHUUDLQ 7KH JKRVW FHOO JULGV DUH GHILQHG DV WK
WHUUDLQ ZKHQ VHDUFKLQJ DORQJ HLRWKMDOYH UWR PDWION
UHJLPH

7KH LU VREXMOMBESKGD V\V WHIRQ BXW WK ROQXKVLRQ WHUU
DQG LQWWWBERO®DW® LQWR WKH FR U UHN SR QG IW b VB
VPRRWKHG LI QHFHVVDU\ ARPGW KHXWHQU DLQ BADR $ /W M L
DSSOLGHGWKHJUDLQ ERXQGDU\ FRRQGLBLGRFQ! WHKH 9I5BW LR\
$UDNBZUFKHPH WKH WHUUDLQ GDWD PD\ LQWHUSRODW
ORFDW MRKH UPR GDQBP NEQHPP®HW¥ BWNUDDUHVXOW HDFK P

PD\ KDYH LWV XQLTXH WHUUDLQ GDWD WR EXLOG LWV RZ
& JLQ®AWKH LPDJH SRLQW

,Q RUECHMRWEH FRPSXWDWLRQDO LQVWDELOLW\ DQ LPD
LV ILUVW LGHQWLIRH® IDQGENEBUDIPGIXVHHU DW WKLV LPI
LQWHUSRODWLQJ WKH YDOXHV IURP QHDUE\ IORZ UHJI

FRQGLAVRIGRIHFWLQJ W KHLWRKBHHJ ISR Y WFQI® OF 5@ LW O H F W



WRSRJUDSKVFDBEEEME VR OXKDIW WKH JKRVW FHOO LV R
GHVFULEHV WKH SURFHGXUH

'"HWHUPLQLQJ WKKHLKRWW FHOO

8VLQIPHRXQWDLQ VORSH WR FDOFXODW MW B/ MKIBFBO Y

RI WKH WHUUDLQ

7DNLWHEQHU SURGXFWR BP DX N HFAMURUD D@ & WWKHH G LV W

JKRVW FPHRBM O KHLJKW DQG WHUUDLQ KHLJKW WR JH

JKRVW WHEBRX QU&RB UQ W

7KH LPDJH SRLQW YHUWLFDO SRVLWLRQ LV GHWHUPL

1IRWH WHKKHPVJH SRLQW LQ SRRMLRRULYRWWH® O/DPH DV W

SRVLWLRQ 2Q0\ WKH YHUWLFDO KHLJKW LV GLIIHUHQW E
LQ ,%0 V\WVWHP 7KH LPDJH SR LFDW FXRMXWLLTYY HWV KV E GV

ZHLJKWLQJ LQ WKH QH[W VHFWLRQ

& 8SGDWKHH YDWXHWVRRW FHOO

'KHQ WKH QXPHULFDO PRGHO ILQLVKHV WKH XSGDWH R
SRLQWYV LQ WKH IORZ UHJLPH WKH ,%0 V\VWHP EHJLQV
VHDUFKLQUBUWD ULFWHG LOQQ BGAKHD VWOHRIKHRGHA WFMHOIOQ ILY H W LF
WKKWLG VLIH LQ WKH KRULJRQWDO GLUHFWLRQ DQG RQH ¢
GDWD SRLQWYV ZLWKLQ WKLV UDQJH DUH FDQHs GGDWBWQHAR |
IURP WKH LPDDHWHKHRIWQME\ D FULWHULRQ LV VSHFLILHG W
SRLQWY DUH QHHGHG IRU XSGDWLQJ WKH JKRVW FHOO YD

,Q RUGHU WR FRQGXFW L QG\LWWIRIFIMWLRQJ W'KH PHYKI
JUDQNH LWPSOR\HG GXH WR LWV VLPSOLFLW\ DQG DFEXUI
IRU UHFRQVWUXFWLQJ WKH VPRRWKO\ YDU\LQJ YDULDEOH

PD[LPD 7KH ,': HTXDWAIRRQVWUWROD@RHALDIYHQ E\
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ZKHWHWHEKKEVRFULSSWUWHVHQWY WKH U.F\DWKISR_I@M[V[N@@VHK\HHG
IORZ UHJLPH SRLQW); LGV DMKGILWRARH WMHWKH LPDJH SRLQV
O, VWDQRBU WKH YDOXHGHPMWKHE SRLQW BQ WHKHJ HVRIZD WN JW
ZHLIKPRIQULFQ HOWNKH GLVWDQFH EHVWOZ HDH)X®E MAKHY LW B HH S|
VHOHFWHG IORZ KIHH BIRAH\B RLYRW LWREFHUUB QG RV WHW WR
LV WKH GLVWDQFH IURP WKH LPDJH SRLQW WR WKW IDUW
WKH VXPPDWARIQKNRMBOQFLHQWY DY GDMB G5 RLRORIEHQ W
UHIJLPH G WKH QXPERYZ RHYHRHHB WIHE IV @QWMD VW VL[ LQ WI

7KH ,%0B9'5%6 FRQVLVWV RI WZR W\SHV RI ERXQGDU\ F
FRQGLWLRQ DQG 'LULFKOHW EIRKBRDWGE (AR QARG RWYLR Q W
UHVXOW LQ GLIIlVBHHPQO/NVNVYVWUBDRVHILHY LQ
D IHXPRBRXQGDU\ FRQGLWLRQ

7KH 1HXPDQQ ERXQGDU\ FRQGLWLRQ LQGLFDWHY WKD)
FURVVLQJ WKH WHUUDLQ ERXQGDU\ LV JHUR ZKLFK LV HJ[S

%Lré - T

ZKHQMWDQGY IRU WKH GLVWDQFH DORQJ WKH QRUPDO YH
ERXQGDU\ 7KLV FRQGLWLRQ LV HTXLYDOHQW WR VHWWLC
DW WKH LPDJH SRLQW
E 'LULFKOHW ERXQWGRQ\ FRQG

7KH 'LULFKOHW ERXQGDU\ FRQG LW IR @ RAHWDAIDIQBAK RIUE R X

DQRWKHKWAOIRMHG YDULDEQ#%HOBYXHWLR@O\ WKHS YHUWLFD



XSGDWHG E\ WKWDY RWHBKWH HVHUUDLQ LQGXFHV WKH YHI

W HUWWOWLIQEBAMHD UHVXOW WKH YHUWLFDOQuY;HORFEWD IDONH G E A

Owp L 1/QER—/a Loan

QRVWDQGV IRU WH WQUDARDKHLIWW KRGL]IRQWDO ZLQG FRPS
UHJLPH SRLQW ZKLFK LV FORVHVW WR WKH LPDJH SRLQW
1RWH WKDW WKHNULB SR IRGMDOBIHHOG IRU XSGDWLQJ JKRV\

7KH ZHLJKWLQJ FRHIILFLHQWYVY IRU VHOHFWHG IORZ UF
FDOFXODWHG RQO\ RQPAVHBHURKW. ROKRIUPRGHB®RQ LV WKHQ \
ZKHQHWKH WRMBHEHJLQV %\ UHSHDWYQHHWKIHV HH DSAKR PHRG
LQWHIJVD/\WBRQ/KH IORZ DERYH WKH FRPSOH[ WHUUDLQ Z

DGMRLQW PRGHO VKRXQ®&LFHK RN GLEEHSHINGHHPQ
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7KH LPSRHRQ'W RI1 ,%0B9'5%$6

' SUREOHAKK®YYWHERXQGDIIWHWINVMKEWHUUDLQ

,%0B9'5%$6 IRUZDUG PRGHIQJRFNRWRKELHBDHOZLWKRXW WHUUI
7KUH DNS$H FEUWBWARWGH P L MO WHRHO@G DU\ FRQGLWLRQV Gt
ZKHWW K QG D O RIDIWRMROBQG DR MORZ RU RXWIORZ )RU LG
LQIORZ RU RXWIORUQDWHWRE BMRXWEDCOH & LODHWWHRQ ZLC
YZLQG ,IZWEE YV JUHDWHU W KOQDWERROEN OR ¥ D LDLME O H \
E\ WKH EDANHORBRBBQWERQWOJ WKH ,L QWKBHIGOW.VRQH VYV W |
RU HTXDO WRXWURRXNWHKID © FRROGIGVOLRR Q VYRW R HGD
ERXQGDWLDEOHY DUH H[WUDSRODWHG IURPIRNKK QD QWU
ZULWWHQ DV

Toacaxoh tlsegpausanBapaxodi M6ax0albam Dapaxodi @ &,

$W WKBLORIL@XH DVVLPLODW L RACKHR Wi BIRYSE B0 LR X@Q G D U
WHKRRIXWKHUO\ ZLQG L Q GDRMDAILDNY BRXDGHDIR ZVKH ,%0 PHW k
WKH PRGHO YDULDEOHYV DV JHUR XQGHU W KH RRRUHN DALKH
ODWHUDO ERPDORGE DUWH MU WHMWGEHRKW W KH DURAHD UQOETHY R X W IO R 2
7KLV SUREOHP LV VMWHILIRMGUMBEYXOWHQJ LQ XQUHDOL
HIWUDSRODWLRQ QHDU WKH FRPSOH[ WHUUDLQ 'XH WR
W H U U DQ QW MKBIOJ B R & Q5RO QW HUEUEDN. QGK EHWD E V MEBIW HU D W

ERXQGDUG QHDHWUWMKIEEVHQR YDWDEBWERI)ODG DU YDOXH XS
PLOQXV RI WKH VHFRQG QWHRMIIG O \Q HID @ BMWWKIAHF®R ER X Q C

JULE DEVHIDWEHRMGIG DU\ YDORKEREGDMOKWHYY RI WKH ILUVW



W KD WERMO@G DU\ %RWK XSGDWLQJ VWUDWHJILHV PD\ UH\
EORZLQJ XS DW WKH ODWHUDO ERXQGDU\

7R IL[ WKLV S ORERVERIOME/KY\ DUFKW BUHE VR WKDW WKH
GHWPH QHG RQO\ ZKE8 G WKERIXWRBWERP®GDU\ LV OHVV WK
)XUWKHUPRUH H[WUDSRODWLRQ LV SHUIRUPHG RQO\ ZKH
ODWERMQG DU\ DUH QRW JHUR $IWHU WKH PRGLIDRBWLRQ
UHDOLVWLF ,W VKRXOG EH SR IRFW K GQREQNU®RBDW DK HYV S
VWXG\ +RZHYHU WKH SUREOHP WRWRENRKID PH \DIK QB KWLKH
GRZQVWUHBIR VQBWDELOLW\ Rl WKH R RAGKHD PARROG HSJ RBPH B\
DQG ZRXEME DHRWLR XV SUREOHP

$QRWKHU LVVXH EWMNKHHERUBIRRWDMWOLRQ IURP WKH SUI
LQLWDPMIJURKQG Rl WKH '9DU DVVLPLODWLRQ DIWHU WKH
IRUHFDWW IRRRWSWKH SUHYLRXV F\FOH 7K6HRHRSRW R RLLFA
'DWD 9ROXPHRWPDW @DWBEXBYEH DOO WKH PRGHO YDULDEOH
WKH VDPH DUUD\ VL]¥WDXIRRKBUBED QR IWKKH DUUD\ ZRXOG |
WKHVDJJHUHG FRRUGLQDWH WKIAR A W HRRQPBIGY D H HI3EDW WA
LQLWLDO EDFNJURXQD Q& W\KNMHR)OMEGW UR\FOBXH ZRXOG EH
+HQFH OWWHEHR)XOQG DU\ YDOXH VE\RMN AU BB RIDHDEXILROW JLYHQ
7KHUG SRLQW YDOKBUDQQVKW VHW DV DQ TR CH) W DY DROKDH
ZLWKRXW FRQVLGHULQJ WK QU-HDYD QWP BT KAHD G DXGIDWY HV
ZRXOG PLVOHDG WKW HK3®I\W R 2 FRLMPBRWGWR DBRWRHPRGHO EORZ

7R VROYH WKLV SUREOHP WKH H[WUDSRODWLRQ LV SH
QHDU WXGDHERRBUH YDOUG LM WXGLGEXW WKH VHFRQG LV L

YDOXH ZRXOG HTXDO WR WHKH ILUVW JULG QHDU WKH ERXC(



' 8SGDWH JKRVW FHKRYDIRXPWXMRB WKBQ YHUWLFDO JUL

7KH%0 PHWKRG KDV EH$SBHQORKE UBRWWE EGOO LQ WKH
FDQ EH UHJDUGHG OB WHUD B [ WRIXQGHIR & HRXN SV Y PQ B M@/ U D
WKHHXPDQQ ERXQGDUM RRPIGIUVWIR QHLIKWLQJ7KH JRHWKR
UHVROXWLRQ RI WKH ,% OB '15G6KRRGHRMNWD Q@ D Y& H YHUWL
7KH QHDUHVW VHOKEBRH G HIRPEW R®D JKRVW FHODQMWSGDW
DERYH WKH DRBVIMW FHAHA JKWLQJ LV RKE K] BD@WEDHBU \GAXBIQW R
IRXWLPH IXUWKHU WKDQ WKH JULG GLVWDQFH LQ WKH Yt
XSGDWHG IURP WKH DER YIQ GO RVZK HD HOBHFBHURYFDQIDXIHW LR Q  Z L
GRZQZWKGBRXJK WKH JKRVW FHOO XSGDWLQJ

7KH VEKHPDWLF GLDYUWSUMH L\& R@RZ@HIUQQJ GRZQVORSH
GRZQVWUWBBP WKH JKRVW FHOO DW WHKEBESNBNJZLGOLEH O
WIJLPH 7KHQ JKRVW FHOO YDOXH LV WUDQVSRUWHG GF
'KHQ WUDQVSRUWLQJ WR WKH WHUUDLQ HGJH WKH VDPH
WKH ORZHU OHYHO )RU H[DPSOH WKH YHUW QRO XMW U
DQG FRQFHQWUDWH LQ WKH ORZ OHYHO 7KH ORZ PL[LQJ
ORZ OHYHONWHKORPHWKRG DQG RRHAUMPOW WKH JURXQG
WKHUPDO YDULDEOHV ZLWK ODUJW KIBHPWWIFRBOHPDGLHQW

7KH VROXWLRQ LV FKDQJLQJ WKH ,%0 SURFHGXUH IRU
WHUUDLQ HGJH JKRVW FHOO LV GHWWXYPURQEQGREREHW KH
UHJLPH JULG SRLQW LQ WKH KRUL]RQ@WRDOWG EHBPWLR GQHWNG
WKH FDQGLGDWHYV IRU XSGDWLQJ JKRVW FHOO DUH ORFI
JKRVWDRKODW OHDVW RQH IORZ UHJLPH SRWQOH BN RXWDIF E
UHJLPH SRLQWYV VKRXOGJEW KHH OKREWH @ RHBRGS ¥ BODAW LQ WK

FDVH PRGLILFDWLRQ RI ,%0 HGJHQJIKNRWD 6HADON H\W W LA |



ZDWHU SRWHQWLDO WHPSHUDWXUH KRUGA|ZDRE &O{ HQW KU
PRGHO LQVWIHERL GEL W\ KLHD 8 R BHVILIVSHWRWY HPIMWGMW DKM UDLQ|

LQFUHDPAHFRPSDWHRBUWIR QDO ,%0 VFKHPH
" ORGLILFDWLRQ RI VXUIDFH DVVLPLODWLRQ V\VWHP

7KH YHUW LF DFO, % GIR/R BOVILVAD VR WKH VX WDEFH § R\ VRIGRAD
ORWHEG LQ W K E XNUWMRGRBBHIH | L W HKHOMR G BIWH R H D2URFAERA
WKH KRWWOWREQWLRQ LQ ,%0B9'5$6 LV GHWHUPLQHG
SURYLGHG WR GHBEMOHFMMKRRKKOG SODFH VWDWERQ@XGHWD
LOOXVWURWHIG'X® WR WKH DVVLPLODWLRQ GDWD SRVLW
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JLIXUH$UDNBZW\SH VWDJJHUHG JULG V\VWHP XVHG LQ ,%
ILJXUH VKRZV WKH VSDWLDO UHODWLRQ EFHWEBHG WGV HHQUMW
WKH WKHUPDO FDOFXODWLRRBUFRRW HRW ISLJG! WWZEKRS-HUEINTXD

ZDWHUJPUDMDLR DKWRQRBSGWBWH/ SDWLDO UHODWLRQ EHWZH
YDULDEOHYV ZKLOH DOO YDULDEQHM MOREQ\ LQGH[HY DUH C
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RULQDMUHODWLRQ
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DQG UDG DUWHBWDRZ OLQH \DDD@GNH BR bl BDRNGK UBO ' 5 $ 6
RQDVVLPLODGOLY S DWD



~ (TWil >Ad  ~ » i FAWI

I I

T P

1 : E :- 1

Leed —-_——
JLIXUH  2EMHFW XYH COFGID\DWACHAY L RAG\MGHHP® 1) G DM BQEBH R U
DW D E67 /6F /67DQE®  /677KH BERKHV GHQRWH

WKH FRQYHUJHQW JRQHV DQG GDWKSFVYWURQFDO OLQHYV |



',/-‘) ”/—‘\
L ;oo
I---‘ ‘_al ,” I---‘ ‘_4, ,’
L”’le ,/' : ,”:,a’ ,'/
Ad ,/ L. ,/
V4 - 4 -
~ o fTWii >~d ~ o iowii >~d
R -
: 1 : |-}---1
I 1 1 a1 I
Lt Lt !
Lo
JLIXUH LQPHVLIXUH EXW IRU WKH KRULM QADDE XFIRCON Hid

IURP WKH VXUIDFH ZLQG KH YHIBOSHR® LIR QM LQU B S DIDGH EW
WKH ERXQGDURKNRWEOW WKH ORE B WHMRVRUHDR H GDW KL J



~ o iTwWii >~d ~ iTWii >~d

~ o ([ TWI1i1 >~d ~ fowii >~d

YLIXUH OV/TBWHD B UWHKW QHV V "eV HP B HWIDW/X U H / 6 £
167 F /67D Q& 167



~ e Z ]v pupo S]}v (E}lu ioWITi«=idVEipv>"duupo S]}v (E}lu iOWideioW

>Nd

~ o Z ]v pHupo SJ}v (E}lu ioWRO=iZWWO >pdipo S]}v (E}lu iAnWideiAWI

YJLIXUH6XUIDFH VWEFWXRROPBQRMKLQ DVVLPLQHNIHRIQ F\FO|
PLQUKDGHG PP L& DI/67E a /I67F a /167DQG
G a /167



~ o Z ]v pupo SJ}v (Elu iAnWitg(iefWdd >*dupo S]}v (ElurdiWaodeioW

~Pe Z v pupo SJ}v (E}u ioWiéZiaaW]id >Ndupo S]}v (E}lu iOWideioW

>Nd

JLIXUH&GRQWLQXWHGUHY LR EXMWAI XU HYV /1671 a
/167 J a /67 D QG a /167



~ o AWIT Pr"duapo J}E O1 ujve

~ foWidiipo "} & 01 ulve
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YJLIXUH ,%0B9'53R OMHRIZBBLYXUIDFH DQDO\VLV RI D KF
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UDLQ PL[LQJ UDWLR VKDGHG J NJ
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YLIXUH &URVV VHFWLRQ RI ,%0B9'5$6 DQDO\VLV ILHOG
UDWLR VKDGHG UDLQ PLLAW WHDDRIORH QAFRRIRXQ D QDB QMG
UHG DUURZV LQ D DQGLEHBGEQBYERRIGDMPEHUPLQHG E!
FORXG PL[LQJ UDWLR HTRHHEOL@GF& RY WV HFW ZRIQW DUQHE HE
QRUW NRKWIKHD VMO WU HNKSHMHVIWZR FURVV VHFWLRQV DUH
VWUDLJKW EODFN OLQHV LQ F
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VKDGHG FRORUV UHSUHVHQW WKH WHUUML@Q&HDRANVD WV
VXUIDFH FRQYHUJHQFH QHDU ORZ OHYHO DQG YHUWLFDO
UDLQERZ FRORU LQWHUSRODWHG E\ WKH UHIOHFWLYLW\ R
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ULJKW FRUQHU BHGU RV MDY \WKH QIGO0 DEJRHMKED X H
DUURZV GHQRWH WKH PRGHO IRUHFDVW D KWMHVWIKRHL OB WILL
F\FEBGLQJ WLPHMDWEH KRFWDQIJOH ZLWK /67
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12B/.+/ F 12B 0760 12B6M@QE 12B7(BKH 43)V VWDUW IURP

/67 DQG IRUHFDVMWH IBDVKIRGQEDFN CBLRWH\R IG HD R WHH WHIGH
ER[ LH) GHQRMRADRUKRIQPIDQO YR WKH VRXWK RI /.+/
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JLIXUH ,%0B9'5%$6 WIRWDWRIZHG VXUIDFH DQDO\VLV DW
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12B60BD QIR B{5 7KH EODFN GDVKHG ERJHYGLR®BWHFO R/H RVK H +X
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IURP l67H EODFN GDVKHG EREQDQFND GDYRHGE SIROGIRQV

G LOQGANFRWMWMHUIHQH H7 KBIDVEBRBN-Q H UHRXWBWWHN WKH
VRXWK RI /.+]/
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JLIXUH,%0B9'5$6 WIRWDWRIZHG VXUDWFH DQBPDRILKRUL]RQWD
YHFWRUV DQG FRQYHUJNQFRUILB O%$' ¥ KEPGHEBED QG F
ZLQG VSHHG WK®DIBHIHRFH EHWZHHQ )& 8% B2K K ®M\EKH G
EODFNMVERD D UM3BE MEKHIQM RWIKLOOV R 6
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DQG FELQG VSHHG VVIGILGIHH® H®FH EHW ZHH Q6588% B2KIM< D QG
FURVV VHFWLRQ SRVLWLWR &R OUG EEBHZHR @U@EHGL WG D F N
GDVKHGQO®EBLFW VHF WMLRKYWHWXYE GLUGUBHHVSHFWLYHO\
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H[SHULPHQWYVY ZLWK WKUHVKROGVQRLJKERWUKRRYE RIPPNPC
7KH 43)V VWDUW IURP /67 DQG IR UHFOX WWRRIW LCRED Q
VXUIDFH DVVLPLODWLRQ H[SHULPHQWY DUH VKRZQ
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IRWHAMIOMW QRW VKRZQ LQ WKLV ILIXUH
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JLIXUH ,%0B9'5$6 QMRXWKHUFEQFURVV VHFWLRQ DPLBU IRUF
IURP 67/RI VWUHDPOLQH DQG UHIORAWILYGWE VYEBGHG G
7KH FURV\8 RVIEWLLRQ LV VK RZDIMAVRH MIBGELH) H
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PLQ F 6L®QGI | PLQ IURP /67 7KH VWUHDPOLQH
VKDGHG DIQMBJ FORXG PL[LQJ UDWUR VAKWRGEH RWOV RIQNMIH W K H
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J)LIXUH 6FKHPDWLF GLDJUDP VKRZQ IRD QRZALRN RIX WBIFHW

a /6 7E a | E7QIS a /BRH JILBDOHG DUHD"
UHSUHVHQW WKH WHUWDKQ DRIG6WKH . EODFN VROLG OLQ]
FRDVWOLQH Rl QRKW WHW®R ZW LLZD @ H & H]\GAGE@EVAN VLHOG L F D \
FHGORSDJPPMER@XUSOH UHSUHVHQWD S BEEMAMNIDING ZL QG
FRQYHFWLRQ7RNWI@REYQARZ UHSUHVH QW Q#HKIHO A REDLY HII\I HLC
EUREZQGLWEWH WURQJHU FRQYHUJM Q@AM K7 K@ BOALN KAVR CELOGK H
IRU WKH FRQWHRMWH IV KBWOWKMZERGEY BPWKMEBLBIGGD OLQ
LQGLWEBWHHZ LFRHQWHORERN. OGLQJ 7KH VAOKRZ UMHKENY DQ FOM
RI FRQYHFWLY HF FY OOV SRQERPMWOD PHQWLRQHG LQ VHFWLR
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GLUHFWLRORZ RIILWKHUHG EOXH D \D QW KHYHDD LLRBUHHIGF @ D\B K
UHSUHVHQWYV SXY®ORKRZ VWWD R VS URL D G UGIFDIL®R GV K H
QXPEHUV RQ WKH FRQYHFWLRQ FHOO GHQRWH WKH RUG
UHFW K@YO KR UUHV SRDGRPHIQD PHQWLRQHG LQ VHFWLRQ
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GDVKHG OLQH LV WKH WHUUDLQ VXUIDFH *ULGV LQ WKH |
DG WHUUDLQ JULGYV DUH SORWWHG E\ R S/HERKIQUFIDUHVS R KGN
DQG LPDJH SRLQGXM\MKUEHWW BBV 29HVSHFWLYHO\ 7KH)\
DUH FRQQHFWHG ZLWK OLQHV SHU S\HD W KDY VK MV B R R M W
LV WKH ILUVW JULG SRLQW LPPHGLDWHO\ LQVLGH WKH WH
WKH IORZ UHJLPH GLURNFW LLRQ VY HIEQ B UMKW KSR LIQUV W JULG

LQVLGH WKH WHUUDL Q ZKWQFRDHD LK. QWKBIORRS 6RXUFH
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YHUWLFDO FURVVWREWORG GRMKHG GV QH DURKH OKMGW UL
DUURZV VWD@RPIRID YW ,%0 XSGDWH YDOXH IURP WKH WR
DUURZV UHSUHVHQW WK K KRXWREWO @ DI HFRHL R R LR R Q!
JULG UHVROXWLRQV DUH VKRZQ DW WKH ERWWRP OHIW RI



JLIXUHG6'FKHFDGWLD RUDOPMDFLQJ VWDWLRQ GDWD WR WKH YHL
SRLQWY VWDQG IRU WKH VWDWLRQV RQ WKH FRPSOH[ W|
GLUHFWDRNWNR@W LRQ GDWD 7KH EODFN KRUL]JRQWDO OLQ
REHFWLYH DQDO\WVHYVY DUH SHUIRUPHG IRU HDFK OD\HU

JLIXUH SHVXOWYV IURP W K H PGV RQXD 0N OSXIDL RHHW \R U (
SHUWXUEDWLRQV DQG WKH YHUWLFDO: D [&NIVEREV WKH

: 1RWH WBRDWHWRIFO YWV WKDQ UHVXOWY IURP W
FRPSXWSIWERGYLRQ



