JMHIBT?vbB+b KQ/2HHBM; Q7 i?2 bi22HK F
LBFB2Mi u MMB+F .Q?

hQ +Bi2 i?Bb p2 ' bBQM,

LBFB2Mi u MMB+F .Q?X JmHiBT?vbB+b KQ/2HHBM; Q7 i?2 bi22HK FE
IMBp2'bBid /2 GQ " BM2- kyRkX 1M;HBb?X LLh, kyRKGP__yRje X i2H

> G A/, i2H@YRd9Njdk
?2iiTbh,ff? HXmMBp@HQ ~ BM2X7 fiZH@yYyRd9N
am#KBii2/ QM kN J ~ kyR3
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"+?Bp2 7Q i?72 /2TQbBi M/ /Bbb2KIBEBMBR MNQ@T™+B2® " H /BzmbBQM /2 /
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&H GRFXAM®YPZWH IUXLW G XQ ORQJ WUDYDL
VRXWHQDQFH HW PLV |J GLVSRVLWLRQ
FRPPXQDXWp XQLYHUVLWDLUH pODUJLH

,O HVW VRXPLV j OD SURSULpWpP LQWHO(
LPSOLTHMHREQLJDWLRQ GH FLWDWLRQ HW G
OTXWLOLVDWLRQ GH FH GRFXPHQW

' DXWUH SDUW WRXWH FRQWUHIDoORQ SC
HQFRXUW XQH SRXUVXLWH SpQDOH

&RQWDE WRKHWVIRYWRBOWYRUUDLQH

&RGH GH OD 3URSWHOWp ,UNHLAF@HHIRAN/X

&RGH GH OD 3URSULpWp QWHOOHFWXHOOH DUW
KWWS 72727 FIFRSLHV FRP 9 OHJ OHJBGURL SKS

KWWS 7727 FXOWXUH JRBUDWLEFXBDWBKURUIWYRVYURY
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3UpVHQWpH HW VRXWHQXH SXEOLTXHPHQW OH MDQ

3RXU OTREWHQWLRQ GX JUDGH GH

'RFWHXUSGHYMHIUVHRPUDLQH

6FLHQFH GHV ODWpULDX]
(FRORFWR(QMWI OpFDQLTXH HW ODWpULDX]

SDU
<DQQLFN 1LNLHQWD '2+

&RPSRVLWXBQ GX M
OU ( &/,0(17 3URIHVVHXU ,0)7 )5%$1&( 5DSSRUW
oU 0 -2//< 6HQLRU OMRM/XHHVLW\ Rl %LUPLJKDP 85DSSRUWHXU

OU 3 &+$3(//( &RGLUHFWHXU GH WKqVH &KD-UJ})56 H&Y H FXRHLLGIKW M X U

OPH 6 '(1,6 BURIHVVHXU -/ )5$1&( ([DPLQDWHXU
ouU ( ),$1, ,QJPQLHXU $'(0( $QJHUV )5%$1&( ([DPLQDWHXU
OU 3 *$5',1 ,QJpPQLHXU 5 ' $UFHORUOLWWDO ODL]LqUBWY L QTHY & KU
0U $-$5'< 'LUHFWHXU GH WKqVH &KDUJ)SEIRUHFKHDPFKEDWHKXU
OU 3(5,&/(286 3URIHVAMRWHBVIFWHHQZLFK 8. ([DPLQDWHXU

OU *-$0%$=29 6HQLRU UHVHDUFK IHOORZ 8QLYHUVLW)QRILWHHQZLFK 8
0U *+$=$/ ,QJpQLHXU 5 ' $UFHORUOLWWDO ODL]LGQUHM WH$1&(
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SFNQRZOHGJHPHQWYV

7KLV WKHVDVWW®EBVH WKUHH \HDUV Rl UHVHDUFK FRQGXFWHG L
/IDPRXU DORQDGRY WKH 8QLYHHNDRW&L K

7KDQNV *RG WKH PHUFLIXO DQG WKH SDVVLRQDWH IRU SURYLG
H[FHOOHQW ZRUOG Rl VFLHQFH 7R EH DEOH WR VWHS VWURQJ
EHHQ VXSSRUWHG DQG VXSHUYLVHG E\ PDQ\ SHRSOHPWR ZKRF
JUDWLWXGH WR WKHP LQ P\ KXPEOH DFNQRZOHGJPHQWV

JRUHPRVW OIZMRKOWR H[SUHVV P\ VLQFHUH JUDWLWXGH WR P\ DGY
‘U $O0DLQ -DUGBWBUIHMAWH &KDSHOOH DQG DW WKH 8QLYHUVLW\ R
BHULFOHRXV DQG 'U *HRUJL 'MDPED]RY IRU WKH FRQWLQXRXYV
UHVHDUFKVKHRW SDWLHQFH PRWLYDWLRQ HQWKXVLDVP DQG
JXLGDQFH KHOSHG PH LQ DOO WKH WLPH RI UHVHDUFK DQG ZUL
LPDJLQHG KDYLQJ DVEQ\GWHD W& ®L KU VWX G\

%HVLGHV P\ DGYIRVBLBIH WR VBRUBRDO'UDUGULIKDWEDQ *KD]DO DW
$UFHORUOLWWDO ODL]JLqQUHV IRU WKHLU HQFRXUDJHPHQW LQVLJ

0\ VLQFHUH WKDROWR BQ¥R JUHQFK (QYLURQPHQW DQG (QHUJ\
$JHQF\ DQG &RQVHEBRWAID R@D OMU WKH ILQDQFLDO KHOS WKH\ \
PHFRQGXFWLQJ WKLV 3K' WR LWV HQG

, WKDQN P\ IHOORZ OPECDMMHV$SDMLY-K %HQRLW *DsO ,VPDHO -
ODULH ODWKLHX ODWKLOGH OLKD 1DWDFKD 2O0LYLHU 3DRO
9LQFHQW DRGG<DOL@KH 8QLYHUVLW\ RI *UHHQZLFK %UXQR &D
'LDR\DQJ DQG =DFRXWRX DM O MEKEBQTH VKO LQ WKHDOBVW WKUHH

/IDVW EXWHQRRW , ZRWRO @&/ KOLQIM P\ IDWKIKHU PR\VBRWHU (YHO\QH D
GDXJKWHU 1ROD DQG P\ EURWKHUV /LRQHO DQG &pGULFN IRU \
XQGHUVWDQGLQJ GXULQJ WKHVH FUXFLDO \HDUV
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/[LVW RI ILIXUHYV

JLIXUH )URP LURQLRUWUM KM WHPHH®D SURGXFWYV

JLIXUH 'LIITHUHQW WWXERQV %XH& RI 2

YJLIXUH (YROXWLRQV RI WKH VSHFLHV FRQWH QWK HQBRRR INIQH
WHFKQL @ H

JLJXUH 7RS EORZQ EDVLF R[\JHQ FRQYHUWHU

JLIXUH  ([DPSOHV RI %2) VLIH>@LPHQVLRQV LQ P

JLIXUH ([DPSOH RI WKH HYROXWLRQ RI WKH VSH®LHY FRQWHQW
JLIXUH 3+<6,&$% OHYHOV Rl FRGH DEVWUDFWLRQ > @

JLIXUH 6XEVRQLF>M@WV VWUXFWXUH

JLIXUH 6XSHUVRQLF IORZ SDWWHU@ GRZQVWUHDP D QR]]JOH
YLIXUH BWUXFWXUH RI D> MXSHUVRQLF JDV MHW

YJLIXUH 6FKHPDWLF GLDJUDP RI WK& MHW GHFD\LQJ PRGHO
YJLIXUH &RPSDULVRQ RI WKH SUHGLFWLRQV REWDLQHG XVLQJ
JLIXUH 6XUIDFH GHIRYP@WLRQ PRGHYV

YJLIXUH 7KH WZR PRGHV R G@RS JHQHUDWLRQ

YJLIXUH :DYHOHQJWKOR K RHD@V]L Q

JLIXUH BRAVEXVWLRS® RRGHO

YLIXUH $UF HO RIUPR BV BR R G H O

YLIXUH ,QWHUIDFH VKDSH DV UNBEMYWRWNGKHPWKH 'RQRU
JLIXUH &RPSDULVRQ RI WKH FHQW UWH QRJIIH YW\W RF KW \HF KR S X M
GDWD IURP 6%PL@HW D

JLIXUH 3ULQFLSOH /M| DASISH) R RRID O

JLIXUH &RPSXWDWLRQDO GRPDLQ

JLIXUH *HRPHWU\ RI WKH FRPSXWDWLRQDO GRPDLQ GLPHQVLI
JLIXUH OHVK RI WKH FRPSXWDWLRQDO GRPDLQ

JLIXUH &HQWUHOLQH YHORFLW\ FRPSDULVRQ EHWZHHQ YDULF
DO H[SHULPHQWM@O GDWD ILW

JLIXUH 5DGLDO SURILOH RI WKH BRMPID YIHGRF LEHWZWHQ YI
VLPXODWLRQ UHVXOWYV DQG +XVVHEQ@W DO H[SHULPHQWDO GD
Y)LIXUH ([SHULPHQWDO DSSPUBWXV RI 4LDQ HW DO

YUXUH *HRPHWU\ DQG LQLWLDO FRQGLWLRQV LQ 4LDQ H[SHULF
YJLIXUH DYPWDJIJHG LQWHUIDFH IRU GLIIHUHQW PHVKHV
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JLIXUH DYPWDJIJHG LQWHUIDFHYV SUHGSFRMHSOV RY L\DRPK WKH DRGR
&RXQWHU 'LIIXVLRQ OHWKRG

JLIXUH ,QVWDQWDQHRXV VXUIDFH SURILOH D &'0 E '$
JLIXUH *HRPHWU\ RI WKH VWUDLJKW ODQFH

)LIXUH $[LDO YHORFLW\ DW WKH ODQFH LQOHW DQG RXWOHW
YJLIXUH 7XUEXOHQW NLQHWLF HQHUJ\ DW WKH ODQFH LQOHW D
YJLIXUH 'LVVLSDW MRQUE R HQRY WERHWKA ©QBBM LQOHW DQG R
JLIXUH &HQWUHOLQH YHORFLW\ LQ WKH JDVHRXV SKDVH
J)LIXUH PHBYHUDJHG LQWHUIDFH IRU GLITHUHQW RXWOHW SURILC
JLIXUH DYPMWDJIJHG LQWHUIDFH SUHGLFWHG XVLQBPRIGH O WDQG

JLIXUH DYPWDJHG LQWHUIDFH IRU WZR GLIITHUHQFLQJ VFKHPH\
JLIXUH DYPWDJHG LQWHUIDFH Rl WKH FDYLW\ IRU WKH  FDVH!
JLIXUH ([SHULPHQW GHYHORSHG DW -/

JLIXUH &DYLW\ GHSWK DV D IXQFWLRQ RI WKH IORZUDWH IRU ¢
JLIXUH OHVK [ FHOOV RI WKH ,-/ PRGHO UHG OLQH LV WKH
JLIXUH DYPMWDJIHG GLVWULEXWDRQLRVXVEKHLQHWRF LMDV PS KDV H
JLIXUH DYPMWDJHG LQWHUIDFH RI WKH FDYLW\ LQ WKH ,-/ PRGH

J)LIXUH OHVK RI WKH FRPSXWDWLRQDO GRPDLQ DQG LQLWLD
SKDVHV

J)LIXUH DYPIHDIHG LOWHNHMAFRAVDAHB D LY P V

J)LIXUH DYPFWDIHG LQWHUNBRERVAZDRMHWLYE P V TKH 3ZKLWH

UHIJLRQVKD@/F®HG SDUWYV UHSUHVHQW UHJLRQV ZKHUH WKH WKL

YJLIXUH DYPMWDJIHG LQWHERDOERM®RW D8 ® V

YJLIXUH DYPMWDIJHG LQWHBERDFRERMBIW D& W V 7KH *ZKLWH UHJLR
QRIODWFKHG SDUWV UHSUHVHQW UHJLRQV ZKHUH WKH WKUHH G
JLIXUH 6FKHPDWLF UHSUHWHQ®B WRRQY HRU WKW SLERWVLRQV L
YJLIXUH OHVK [ FHO OAF DROIHWRKRR S HORWH U

YJLIXUH BWUHDPOLQHYV DQG YHORFURD O VWQ Y EXWHRIQBBAL Q W K
ILYH GLIIHUHQW WLPH LQVWDQWYV

YJLIXUH DYPMWDJIJHG GHQVLW)\ GLVWBDBDXWLRQY HQY \WHWH SKEBRW
EODFN FXUYH UHSUHVHQWY WKH LVROLQH RI WKH ODFK QXPEHU |
)LIXUH \BGAIGRN FRQYHUWHU VLPXODWQR®UBDFH SURILOH DW G
LQVWDQWYV
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YLUXUH

YDOXHV

JLIXUH

YHORFLWLHYV

JLIXUH
JLIXUH
JLIXUH
JLIXUH
JLIXUH
JLIXUH
YJLIXUH
YJLIXUH
YJLIXUH
JLIXUH
JLIXUH
YJLIXUH
)LIXUH
FDVH

)LIXUH
E 2 F
JLIXUH

)LIXUH
E F
JLIXUH

JLIXUH
F
YJLIXUH
JLIXUH
Ko P
JLIXUH
)LIXUH
P D 8

PV E 8

YIFORPW FRQYHUWHU VLPXWODWORMMUBDFH SURIROH IRU
DYPMDIHG GHQVLW\ GLVWUVEPOWLRRQY® UWKH SROR®
7KH EODFN FXUYH UHSUHVHQWY WKH LVROLQH RI

\BREIDARNW FRQYHUWHU VLPXODWLRQ LQWHUIDFH SURILOH
&DYLW\ GHSWK DV D IXQFWLRQ RI WKH LQOHW YHORFL)\
%RXQGDU\ FRQGRRPLERQMRR @ PR GRU W

6 F K H PFDAMAIQPWIDMSIR Q R1 WKH 16& UHDF& LQJ WXEH DSSDL
OHVK Rl WKH 16& FDVH [ FHOOV

9HORFLW\ DQG WHPSHUDWXUH GLVWULEXWLRQV LQ WK
'LVWULEXWLRQV RI WKH PROH IUDFWLRQV RI WKH VSHF
6SHFLHVY PROH IUDFWLRQD@WH WL IURP WKH 2
6SHFLHVY PROH IUDFWLRQD@WH WL IURP WKH 2
6SHFLHVY FHQWUHOLQH PROH IUDFWLRQ

*HRPHWU\ DQG ERXQGDU\ FRQGLWLRQV RI WKH W SLOTJ
OHVK | RI WKH W SLORW VLPXODWLRQ
BWUHDPOLQHY YHORFLW\ DQG WHPSHUDWXUH GLVWU

6SHFLHY PDVV IUDFWLRQ GLVWULEXWLRQV LQ WKH W

&2

THPSHUDWXUH GLVWULEXWLRQ IRU GLITHUHQW ZDOO \

THPSHUDWXUH GLVWULEXWLRQ IRU GLITHUHQW DEVRUSZ

THPSHUDWXUH GLVWULEXWEARGRRULGELHRWHNQWD (G G\E%

RPVV I[UDFWLRQ GLVWULEXWh BEEDIRRHGILIFHH@Q@W D E

'"HIRUPHG PHVK [ FHOOV IRV W®&B RV SLORW 8
6WUHDPOLQHY YHORFLW\ DQG WHPSHUDW®XUW GLVWU

6SHFLHVY PDVV IUDFWLRQ GLVWPRPLEXWPRQV LQ WKH W
6WUHDPOLQHY DQG YHORFLW\ GLVWULEXWLBQV IRU GL
PV F8 PV




/,672) ),*85(6

J)LIXUH 7THPSHUDWXUH GLVWULEXWLRQV IRU GL)IHWPHQW LQO
D 8 PV E8 PV F8 PV
J)LIXUH 6SHFLHV PDVV IUDFWLRQ GLVWULEXWLRQV,RU GLIIHU

P b 8 PV E 8 PV F 8 PV
J)LIXUH )26 FRQYHUWHU

J)LIXUH OHVK [ FHOOV RI WKH LQGXVWULDO FRQYHUWHU
J)LIXUH 6WUHDPOLQHY YHORFLW\ DQG WHPSHUDWXUH GLVWULE
JLIXUH 6SHFLHVY PDVV IUDFWLRQ LQVLGH mVK2 )26 FRQYHUWHU
)LIXUH OHVK [ FHOOV RI D RADYHVWHOH LQGXVWULDO F
)LIXUH 'LVWULEXWLRQ RI WKH YHORFLW\ PDJQLWXGH DQG VWI

WLPH LQVWDQWV

YJLIXUH DYPMWDJIJHG GHQVLW\ GLVWULEXWLRQ

YJLIXUH 3URILO HAHRN DADK HQMDWU I D F H

JLIXUH DYPMWDEHQVLW\ GLVWULEXWLRQ IRU WKUHH GLIITHUHQYV
7KH EODFN FXUYH UHSUHVHQWY WKH LVROLQH RI WKH ODFK QXPE
Y)LIXUH SURILOAHRODNRWHDMFH IRU GLITHUHQW ODFK QXPEHU
YJLIXUH 'HSWK RI WKH FDYLW\ DV D IXQFWLRQ RI WKH LQOHW Y
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I[LVW RI

7TDEOH
7TDEOH

WDEOHYV

ODWHULDOV EDODQFH NJ W OLT VW RI WKH VWHHOPDN
$ VHOHFWLRQ RI WKH HTXDWLRQV IRU WKH WK 8BUW\XRJHL F

( H[SHULPHQW 6 VLPXODWLRQ

7TDEOH

([SHULPHQWDO VWXGLHV LQ WKH OLWHUDWXUH UHJDUG

VXUIDEFRIHUW +\DO/DJ H[SHULPHIPWLYH YDOXHV UHIHUUHG WR HJ!
LPPHUVHG ODQFH

7TDEOH
7TDEOH

JRUPXODV IRU WKH FDYLW\ GHSWK
&RPSXWDWLRQDO VWXGLHV LQ WKH OLWHUDWXUH GHD

ROQWR D IUHH VXUIDFH UHYLHZHG LQ WKLY FKDSWHU

7TDEOH

6HOHFWLRQ Rl H[SHULPHQWDO VWXGLHV LQ WKH OLWH

JDV MHW LPSLQJHPHQW RQ D OLTXLG EDWK

7TDEOH
7TDEOH
PV @
7TDEOH
7TDEOH
VWXG\
7DEOH
7DEOH

9DOXHV RI FRQVWDQWY WR FDOFXODWH &
$CGMXVRMHORMDGXHMUHQW DPELHQW, W HPBOG BWXUHYV ZLV

%RXQGDU\ FRQGLWLRQV RI WKH K\GURG\QDPLF PRGHO
9DOXHV RI WKH FRQVWDQWY LQ WKH GLITHUHQW WXU

*DV EORZLQJ FRQGLWLRQV DW WKH QR]]JOH RXWOHW
-HW FKDUDFWHULVWLF SDUDPHWHUV &KDSWHU , (T

WXUEXOHQFH PRGHOV FRQVLGHUHG &RPSDULVRQ@ZI@NK +XVVHLQ

7TDEOH

PRGHO DQG &

7TDEOH
PRGHO
7TDEOH
7TDEOH

7TDEOH
7TDEOH
7TDEOH
7TDEOH

6XPPDU\ Rl WKH
IRU WKH &'0
3URSHUWLHV Rl WRRZQRUXERYGLOGGE RQV DWS KMIKHH QR]]O|

FDVHV Y LRX ODRAHH GIHYWXKHEKXKG H\Q F H

3K\ WLFDO SURSHUWLHYV RI WKH R[\JHQ DQG OLTXLG VWt
$GCMXVWHG RWD GXHWWBRHGEW LQOKHW YHDR&LRWLHV ZLWK 7

BRXUFH DQG GLIIXVLRQ WHUPV RI WKH V\VWHP RI HTXD
%RXQGDU\ FRQGHRPLERQAMRR @/ PR GRY W

&DVHV Rl WKH W VLPXODWLRQV ZLWK ODQFH KHLJKW C
6XPPDU\ Rl WKH WHVW FDVAWRR WKH W SLORW 8
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1RPHQFODWXUH

5RPDQ
$ $UHD
D 6SHHG Rl VRXQG
D $EVRUSWLRQ LQ WKH UDGLDW
&S 6SHFLILF KHDW
' 'LDP HW H
f OL[WXUH IUDFWLRQ
)p ODVV IORZUDWH
). 9ROXPHWULF JDV IORZ UDWH
J $FFHOHUDWLRQ GXH WR JUDY
K +HLIKW
K (QWKDOS\
| 7XUEXOHQW LQWHQVLW\
- &XUYDWXUH
N 7XUEXOHQW NLQHWLF HQHUJ\
/S 3RWH QW LOH® F\R K H
0 “HW PRPHQWXP
0D ODFK QXPEHU
=N ODVV IUDFWLRQ RI WKH VSHFI
Lo %ORZLQJ QXPEHU
3 3UHVVXUH
4 9ROXPHWULF IORZUDWH
U 5DGLXV
U *DV FRQVWDQW UPRO - .
5 5D G LLRWA
5o, *HQHUDWLRQ UDWH RI PHWDC
v BFDWWHULQJ FRHIILFLHQW
VW BWRLFKLRPHWULF UHDFWLRQ
7 7HPSHUDWXUH
8 9HORFLW\
OROHFXODU ZHLJKW
‘' H 'HEHU QXPEHU
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*UHHN

ILTXLG YROXPH IUDFEWLRQ
+DALGWK RI WKH MHW
5DWH RI GLVVLSDWLRQ RI N
6SHFIKIHBRWWLR

/LTXLG VSHFLIWF ZHLJKW
7KHUPDO FRQGXFWLYLW\
'"\QDPLF YLVFRVLW\
.LQHPDWLF YLVFRVLW\
-HW H[SDQVLRQ DQJOH
'"HQV LW\

6XUIDFH WHQVLRQ

< Cc 40 T O “ <« I ® O

6 XEVFULSW

L QOHW
DPE $SPELHQW
F &DYLW\
& &RQWLQXRXV SKDVH
G 'LVSHUVHG SKDVH
HI (ITHFWLYH
H 'LVVLSDWLRQ UDWH RI N
I X )XHO
* *DV
7XUEXOHQW NLQHWLF
. ILTXLG
0 &H CHDUW Q H
Q 1R]]OH
P "\QDPLF YLVFRVLW\
R[ 2[LGDQW
su 3URGXFW
VW BWRLFKLRPHWULF
W 7KURDW

P V

NJ PV
NJ P V
NJ PV
P V
GHJUHH
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$SEEUHYLDWLRQ

%2) %DVLF 2[\JHQ )XUQDFH

&'0 &RXQWHU 'LIIXVLRQ OHWKRG
&) &RPSXWDWLRQDO )OXLG '\QC
'$ 'RQRAFFHSWRU

516 5H\QROGV $YHUDGWE&NHW LHU
92) 9ROXPH 21 )OXLG
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, QWURGXFWLRQ

'HVFULSWLRQ RI WKH SURFHVYV

BWHHO LV DQ DOOR\ RI LURQ FRQWDLQLQJ XS WR Rl FDUERQ
FDUERQ JUDGH VWHHO FDQ FRQWDLQ RQO\ SSP Rl FDUERQ
SURGXFH PROWHQLWWMHRQMW LQYROYHV WKH EODVW IXUQDFH IR
IXUQDFH %2) DQG WKH VHFRQG RQH XVHV WKH HOHFWULF DUF |
LV RXU PDLQ LQWHUHVW LQ WKLV 3K' FDQ EH VSOWWXWHNR WKU
WKH SURGXFWLRQV RI PROWHQ SLJ LQIRKK HER QW H ROV BHRH®XBOYE V
7KH SURGXFWLRQ RI PR OWDHI®I\E ISODERQLQ WKH EODVW IXUQDFH

SHOOHWHG DQG VLQWHUHG LURQ RUH DQG FUXVKHG OLPHVWRQH
DLU LV EORZQ IURP WKH ERWWRP RI WKH IXUQDFH OROWHQ SLJ
RI LURQ R[LGHV E\ FDUERQ PRQR[LGH ,W LV FROOHFWHG DW f
7KH SURGXFWLRQ RIQPWREW HER )VVRHHWEQ LV EORZQ RQWR OLTXLG

LWV FROWHQW RI FDUERQ 7KH SURFHVYV ODVWY DURXQG PLQ
WKHQ SXULILHG LQ WKH VWHHO UHILQLQJ IDFLOLW\ 7KH RSHUD
DGMXVW WKH VSHFLHY FRPSRVLWLRQ LQVLGH WKH PROWHQ VWHI
7KH SURGXFWLIRQ LRIAKWIBPYWHAOHSURIGRAWBYVPROWHQ VWHHO LV VF

WKH FRQWLQXRXV FDVWLQRIY BVYRFE WWIHHWRSVYIRBIXFWY EORRPV E

JLIXUH)URP LURQ RUH WR VHPL ILQLY&@HG VWHHO SURGXFWV
7KH HPSKDVLVH)GEIIXWHD/ IRXU DUHD RI LQWHUHVW GXULQJ WKLV .

IXUQDPFBVR FDOOHG WKH R[\JHQ FRQYHUWHU $V DIRUHPHQWLRC
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SLJ LURQ OHVV WKDQ Rl FDUERQ LV FRQYHUWH®RWEWRKDWH H
SLJ LURQ FRQWDLQV DOVR W\SLFDOO\ DSDUW IURP LURQ DQG F
SKRVSKRUXV DQG >@VKOSFKXQW R[\JHQ EORZUQXWHFKQLTX
FDQ EH XVHG WR GHFDUEXULVH WKH SLJ LURQ WRSWRGRIZQGJ EF
ERWWRRZLQJ 7KH PDLQ GLIIHUHQFH EHWZHHQ WRS DQG ERWWR
SKRVSKRUXV FRQWHQW S$YLIXWHFA®XQUEEGJVWRS EQRZLQJ WKH GHFL
SKRVSKRUXV FRQWHQW RI WKH EDWK LV LPSRUWDQW GXULQJ Wt
ERWWRP EORZLQJ WKH ORZHULQJ RI WKH SKRVSKRUXV FRQWHQ
SURFHVV $VLGH IURP WKLV PDLQ GLIIHUHQFH WKH FRQWHQWYV F
IDVWHU GXULQJ ERWWRP EORZLQJ WKDQ GXULQJ WRS EORZLQJ

JLIXUH'LITHUHQW WHFKQXISSOD® RI)RIXUH(YROXWLRQV RI WKH VSHFLHV FRQW
WKH EDWH IX@RWRKH EORZLQJ WHFKQLTXH

'H ZLOO IRFXV RQO\ RQ WKH WRS EORZLQJ FRRDYIKUWE WD L\PRW KLV
EORZQ FRQYHUWHU WKH R[\JHQ LV EORZQ DW D VXSHUVRQLF V¢

>@ WKURXJK D RHUMQWBIGOODQFH RQWR WKH PROWHQ SLJ L
IRUPDWLRQ RI D FDYLW\ DW WKH EDWK VXUIDFH DQG WKH H[SXO
EODFN SRLDWWH ZKLFK FRQWULEXWHRWD OQFWBBPWHRWKWXUIDFH D

JLIXUH7RS EORZQ EDVLF R[\JHQ)ERQYHUMPEBOHY Rl %2) VLIH GLPH®&VLRQV LQ
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7KH GLPHQVLRQV RI WKH IXUQDFH FDQ JR RYHU P LQ GLDPHWH
Rl LURQ RI WRQV DPMXGUMSOD\HG LQ

7KH R[LGDWLRQ Rl WKH FDUERQ GLVVROYHG LQ WKH EDWK OHDG
(T 1RWH WKDW WKH R[\JHQ PD\ DOVR UHDFW ZLWK LURQ DQG
EDWK SKRVSKRURXV VLOLFRQH WARD QJDTXKHWHH RM/EHV FRPELQHG
WKH OLPH DGGHG DW WKH EHJLQQLQJ RI WKH SURFHVV KHOS WR
VWHHO VXUIDFH 7KH FDUERQ PRQR[LGH H[LWV WKH EDWK DV EX
WKH JDVHRXV SKDVH PD\ EH R[LGLVHG E\ WKH(UHP D\IQH GRRWMJH (
FRPEXVWLRQ FRPESRWWRQ UHDFWLRQ LV KLJKO\FR®@WRWEMUVF DQ
WKH KHDWLQJ RI@WKH BDBSIKDO HYROXWLRQV RI WKH EDWK W
FRQFHQWUDWLRQ RI WKH YDULRED WK HPLHMQ $ UMHK/H GV RZAL QUK 8L
LOOXVWUWDWHE2Q® VKRXOG QRWH WKH LP SRDWHES HUDRWUXIDH H LR/
WKH EORZLQJ WLPH IURP f& DW WKH EHJLQQLQJ XS WR f& L

JLIXUH([DPSOH RI WKH HYROXWLRQ RI WKH VSHFLHV>"BRQWHQW ZLWK WK

7TKH HTXDWKRRBVGRFDUEXULVDWARRERQW LW RHDSRVIW IROORZYV

& 2,:8&2 (T
&2 , 2 ,:&2 (T
7KH PDLQ UHDFWLRQV LQYROYHG LQ WKH VODJ FUHDWLRQ DUH
0Q 2,: 0Q2 (T
6L 2, &D2 &D26L2 (T
3 2, &D2 (T
&D23 2
)H 2,7 )H2 (T

YH?2 20: YH?2 (T
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7DEOBUHVHQWY DQ H[DPSOH RI WKH LQSXWV DQG RXWSXWV RI V
RI OLTXLG VWHHO 7R UHF\FOH WKH VFUDS LW LV SXW DV LQS.
GLIIHULQUEODMWHYH DPBX QO \WYR®FWIERE W K HDIUHSXMR ZQ KHUH

oD[LPXP J OD[LPXP
RUH LQ$XWFUDS LPSXW

3LJ LUK
6FUDS

2UH
/ILPH &D
'RORPLYV
2 P W Ol
ILTXLG V

60DJ
2XWHYXWwWV PW O
"XVW

6SODVK
7TDEOHODWHULDOV EDODQFH NJ W OLT VW RIWKH VWHHOPDNLQJ FI

, QS Xlw.

,QGXVWULDO DQG HQYLURQPHQWDO LVVXHV

7KH R[LGDWLRQ UHDFWLRQV RFFXUULQJ LQ¥RGHXWHKH R ) SUR GX
D ORW RI KHDW 0- WRIQT PRIDY® UBMDHW RI WKLV KHDW LV ORVYV
UHDFWRU ZDOOV WKH HQWKDOS\ RI WKH H[KDXWWQJBRBYHHWRU
WKH KHDW ORVVHV ©DUM OL® ¥BMEVH ORVVHV LQFUHDVH ZKHQ GH
FRQYHUWHU VL]H QUHDFRH@YW D WRQ FRQYB@®WUPLVDWLRQ RI \
HQHUJ\ HIILFLHQF\ RIRW®H8 EHRFHMWVVDU\ WR GHFUHDVH WKH KH
LWRXOG\DROOWR LQFUHDVHDWRNKQWGHE DW WKH EHJLQQLQJ RI W
,QGHHG WKH VFUDS LV FROG DQG VRPH RI WKH KHDW RI WKH E
7KHRSWLPLRD WIKRDQ HQHUJ\FWIQLEHHGRQH LQ SDUWLFXODU E\ LQFL
FRPEXVWLRQ UDWH DQG SURW RM KGHIOM DN HAGU B'Q WIKILY RIHD FW LR Q
EDWK

7KH FDYLW\ FUHDWHG DW WKH EDWK VXUIDFH E\ WKH MHW LPSL(
UHDFWLRQV EHWZHHQ WKH PHWDO DQG R[\JHQ WDNH SODFH 7K
VWURQJO\ UHODWHG WR WKH EORZLQJ FRQGLWLRQV DW WKH OD
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WKH ODQFH QR]J]JOH HJ VLQJOH RU PXOWLSOH KROHV 8S WR Q
QR]]JOH GHVLJQ LV SUHIHUDEOH ,Q SDUWLFXODU LW LV EHOLHY
DQG D EHWWHU XQGHU\EWNEGILQW HRUDWWH RQWWZRXOG EH RI VWU
VKRUWHQLQJ WKH EORZLQJ WLPH DQG LQFUHDVLQJ WKH SURGXF
VXSHUVRQLF MHW RQWR WKH PHWDO EDWK LV DOVR UHVSRQVL
DPRXQW RI OLTXLG PHWDO DQG VODJ GURSOHWYV 3DUW RI WKH
VRPH OHDYH WKH FRQYHUWHU DV GXVW ZKLFK PD\ FDXVH VRPH |

$LPV DQG VFKHGXOH RI WKH 3K

7KH DLP RI WKLV VWXG\ LV WR PRGHO VRPH DVSHFWV RI WKH VW
WR VROYH WKH LVVXHV VWDWHG DERYH 7KLV VWXG\ FRQVLVW
ZKLFK DUH DW SUHVHQW LQGHSHQGHQW WKH ILUVW RQH GHDOV
WKH VHFRQG RQH ZRWEKXWWHRSRV®Y WKH JDVHRXV SKDVH

7KH MHW SHQHWUDWLRQ PRGHO DLPV WR EHWWHU XQGHUVWDQ

FUHDWLRQ DW WKH EDWK VXUIDFHWKW FROORIZQWHJIHDW K UHN SD U\
x 2[\JHQ MMKMH PRGHO ZLOO FRQVLGHU FRPSUHVVLELOLW\ HI
R[\JHQ MHW VLQFH WKH MHW LV VXSHUVRQLF ODFK QXPEHU DI
x JUHH VXUIDFH RW KWK if CEOLWWK FUHDWHG E\ WKKHH \LPSHQVRPHB W
RQWR WKH OLTXLG IUHH VXUIDFH ZLOO EH GHWHUPLQHG

7KH SRRWEXVWLRQ PRGHO WDUJHWV WKH GHVFULSWLRQ RI WKH
LQFRUSRUDWH LQ SDUWLFXODU WKH IROORZLQJ DVSHFWYV
X &KHPLFDO UMIKFHNURDFWLRQV FRQVLGHUHG KHUH ZLOO EH W
(T DV ERXQGDU\ FRQGLWLRREPVWLWRKWISRWRLED VROYHG E\
RXU PRGHO 2WKHU FKHPLFDY WKPBEDWRQYVHD¥MKLRQV ZLOO
FRQVLGHUHG DV D ILUVW DSSURDFK LQ WKLV VWXG\
X +tHDW WUWRMIFBQYHFWLRQ GXH WR WKH IORZ GULYHQ E\ W
UDGLDWLYH WUDQVIHU DUH WKH PDLQ KHDW WUDQVIHU PHF}
PRGHO

7KLV VAXWG\GRQH DW ,QVWLWXW -HDQ /DPRXU ,-/ LQ 1DQF\ )5%1
WKH 8QLYHUVLW\ RI *UHHQZLFK LQ /RQGRQ 8. ZKHUH , VWXGLHC
PRGHO zZDV PDLQO\ GHYHORSHG DWR P-EXAKHLURHD \R XNHDWYIPSHR V W
8QLYHUVLW\ RI *UHHQZLFK
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7KH VWXG\ ZLOO EH GRQHDXRXOQWAMLERE,&$SQFOXGLQJ &RPSXWDW
'\QDPLF&)' VRIWZDUH GHYHORSHG DW WKH 8@3¥+HJ¥EW\WRN *DHH
ILQLWH YROXPH DSSURDFK RQ VWUXFWXUHG DQG XQVWUXFWXUH
GLITHUHQW SK\VLRAV JL Q OXKIG PRGEHVROLG P H F KDOGHAW U R PID W) MAM D
FKHPLFDO UHDFWLRQV 7KH PDLQ DGYDQWDJH RI WKLV FRGH
VRIW XDV HV K DRVS HYQ® HQDEOHV WKH XVHU WR DFFHVV WKH VRXU|
RUGHU WR LPSOHPHQW V$HFLILF PRGHOV )LJXU

JLIXUH3+<6,&% OHYHOV RI FRGHRDEVWUDFWLRQ

7KLV WKHVLV LQFOXGHV ILRB H IGIHSMWHUEH WV KK H. BWWRFHVY  WKH
DQG WKH DLP RI WKLV 3K' 7KH VHFRQG FKDSWHU LV D OLWHUD\
FRQYHUWHU 7KH EHKDYLRXU RI VXEVRQLF DQG VXSHUVRQLF MH
H[SHULPHQWY GHYHORSHG WR VWXG\ WKH LPSLQJHPHQW RI D
UHYLHZHG 7KHQ D VHOHFWLRQ RI WKH VWXGLHV GHDOLQJ ZLV
SRWRPEXVWLRQ LQVLGH WKH JDVHRXV SKDVH DQG WKH GURSOF
VXUIDFH FDHMWHQWHGU7KH WKLUG DQG WKH IRUWK FKDSWHUYV
GHYHORSHG GXULQJ WKLV VWXG\ 7KH ILUVW PRGHO LV DERXW
RQWR D OLTXLG VXUIDFH $IWHU D GHVFULSWLRQ RI WKH PDWKH|
XVHG WR VLPXDDWWHVUZRQGVR[MIHED D EEDVKWBHIRVHQH FRUQ RL
ZDWHU PRGHO H[SHULPHQWV 7KH VHFRPRP PROGMICR QW DRRNVQB Y
JDVHRXV SDUW WRJHWKHU ZLWK K\GURG\QDPLF DQG KHDW V
FRQYHFWLRQ DVSHFWV 7KLV PRGHO LV DSSOLHG WR VWXG\
ODERUDWRU\ H[SHULPHQW SLORW DQG LQGXVWULDO FRQYHUYV
FRQFOXGLQJ UHPDUNV ZH ZLOO ILQLVK E\ WKH IXWXUKHZRUNV
WZR GHYHORSHG PRGHOV
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&KDSWHOLWHUDWXUH UHYLHZ

7KH OLWHUDWXUH UHYLHZ SUHVHQWHG LQ WKLV FKDSWHU LV G
VHFWLRQV IRFXV RQ YDULRXV K\GURG\QDPLF SKHQRPHQD DVVRF
JDV MHW RQWR D QDFHDG WKHIBDHNHORSPHQW RI WKH JDV MHW 'V
DW WKH OLTXLG VXUIDFH DQG WKH JHQHUDWLRQ RI GURSOHWYV
ZLWK WKH MHW 7KH ODVW VHFWLRQ GHDOV ZLWKPEKXKYWRRGQD
UHDFWLRQ RI WKH FDUERQ PRQR[LGH LQ WKH WRS VSDFH RI D FR

: JUHH JDV MHWYV

$ VXSHUVRQLF JDV MHW LV D MHW ZLWK D ODFK QXPEHU JUHDW|
ZLWK D /DYDO BRYMHUHQ@WWAQR]]OH ,Q WKH P&2)Q W KHWIOH/ RVRHOAWV b
VWHHO VXUIDFH KDV JHQHUDOO\ D ODFK QXPEHU JUHDWHU WKDC
RI D VXSHUVRQLF JDV MHW ZH ZLOO FRQVLGHU LQ WKH ILUVW
VXEVRQLF JDV MHW VLQFH PXFK RI WKH OLWHUDWXUH VWXGLHYV
SHUIRUPHG XVLQJ VXFK NLQG RI MHW

.11 6 XEVRQLF JDV MHWYV

11.1.1 '"HVFULSWLRQ

,Q D VXEWRQEXKIUHOWIKWHH PDLQ UHJLRQV DUH> J& QW UHHD LG H G
JLIXUH
Xx 3BRWHOWLDO FRUM UHJLRQ H[WHQGV IURP WKH QR]]JOH H[LW
WLPHV WKH QR]]JOH RXAVIRHWXGURKIQWBHQJ IOXLG LV HQWUDLC
RI WKH LQLWLDO YHORFLW\ LV FRQVHUYHG
X ZUDQVLWLRKKWHFHRQYUHOLQH YHORFLW\ EHJLQV WR GHFD\ 7
ERXQGDU\ FUHDWHV WXUEXOHQFH WKURXRBKROKNH YRQMLEWY R
UHVXOWYV LQ DPELHQW JDV HQWUDLQPHQW
Xx =ROH RI (VWDEOLVKRAKGLMOBBJERQ DSSHDUV DW D GRZQVWUHI
QR]]JOH W\SLFDOO\  WR WLPHV WKH @RIK & HD RODWOHMO B ED\W
WKLV UHJLRQ IRRQPREDUD*DHBYLDQ UDGLDO GLVWULEXWLRQ D
GHFUHDVHV K\SHUEROLFDOO\ ZLWK WKH GLVWDQFH IURP

7KH 5H\QROGV QXPEH@® ZKHUB 'S§DQ®@DUH WKH JDV RXWOHW YHORFLW!
GLDPHWHU DQG WKH JDV NLQHPDWLF YLVFRVLW\ UHVSHPWWLYHO\ LV FR(
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UHODWLRQVKLSV RI WKH MHW YHORFLW\ LQ WKH =() ZLOO EF
SDUDJUDSK

JLIXUHEXEVRQLF MHW V& UXFWXUH

.11.1.2 9HORFLW\ SURILOHVY DQG VSUHDG RI WKH MHW LQ

8VLQJ WKH IDFW WK DWX®W KH RDR\Y B OF RQ P W Q WM FIW)L PQ \RF WRKN M
$EUDPRYLERXQG WKH FHQWUHOLQHKH WR GERFLQ®Y HRU WHON SIBIRS B U W L
GLVWDQFH IURP WKH QR]]JOH LQ WKH @{HDFAKHE®Q ¥DKMDWDW QI

Yy, a x IURP D VLPLODULW\ DQDO\VLV RI WKH HTXDWLRQV RI |

WUDQVSRUW LHXKYBPAMKRZY WKH PDLQ SDUDPHWHUV XVHG WR GHVFL
D MHW >2$ DQG >2% UHSU MNVKH V[ MDKCH YAHAORPL WK HVHQHJOLJLEO|
FRPSDUHG WR WKH FHQWUHOLQH YHORFLW\ $ YLUWXDO RULJLC
1RWH WKDW WKH VSUHDGLWYNQRZQHVRI BHKEHWHWMHQ® f DQG f

,Q WKH =() UHJLRQ WKH D[LDO YDULDWL R QIVQRS WK HZ G @WKDH L C
DQG WKH UDGLDO YDULDWLRQ RI WKH D[LDO Y H\KRFIOLWSH [ DWRUF
(T WRT 7KHVH HTXDWLRQV LQYROYH DV SDUDPHWHUV WKH Y
WZR OHQJWK VFDOHV W KiD QR JNKRIRILGPGIWHK RI WKH YQGBW XD O
WZR GLPHQVLRQOHDD FRHKHBWHHS WNVHQWY WKH VSUHDGLQJ UDW

U X D
m b n (T

(T

(T

,Q WKH DERYH HTXDWLRQV ZH FDQ QRWLFH VDIDH) &RPKRVM DQFH
NQRZOHGJH HQDEOHV WR IXO0O\ GHVFULEH WKH YDUZIDGW.R Q@RI W
WKH =() %DLOO\ DOCGOERRWHPG WKHVH FRRIIERLBQ@NHG WKURX
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SFRPSOIWLW\" UHODWLRQVK(TS DD QGHWRIIEEFHGQIF@®XGHG ZLWKLQ
E DQG D

ab —+ | (T

7KLV UHODWLRQVKLS KDV EHHQ HVWDEOLVKHG E\ XVLQJ WKH
FHQWUHOLQH

112 6 XSHUVRQLF JDV MHWYV

.L1.2.1 1R]]JOH HTXDWLRQV

7KH PDLQ HTXDWLRQV GHVFULELQJ WKH D[LDO YDULDWLRQ RI W|
VXPPDUL]HG>E@@RDVLGHULQJ WKDWGWKHQVARDDLY BRQE LVHQWU
FRQVHUYDWLRQ HTXDWLRQV FDQ EH XVHG WR GHULWHWKGH IROC
SUHVVESUHQG WKH WHPSHQDWXWMHFWLRQ RI WKH QR]]JOH DV D
SURSHUWLHV RI WKH JDV L@ WR®® XSSO\ UHVHUYRLU

Lj § _J Ma i (T
U © 1
_J
i § _J Ma -/ (T
p © 1
T? J—Ma (T

ZKHUHYV WKH UDWLR RI WKH JDV VSHFLILF KHDWV DW FRQVWDQ!
IRU GLDWRPLF JDVHYV
,Q WKH FDVH ZKHUH WKH QR]]CHNLW KFHKK RFRNHEGGH W KURDW  WKH JD

WKH QR]JOH/VSKOURDWUH JLYHQ E\ 4RU £ r

P

J)LQDOO\ WZR RWKHU XVHIXO UHODWLR Q¥ FRRIQOFGIDQ DHNG HRAW DG
DORWEKH QR]]JOH DQG WKH ODFK QXPEHU DW WKH QR]]JOH RXWOHYV
QR]]JOH LV FKRFNHG WKHVH UHODWLRQV UHDG

J

A a § J .0
r 4 Ma (T
A Ma oJ © 1,
a _ ‘]7 1
° § P - J ° »
M aO e > ® 5 3 ( T
et «J 1@outlet E °/9>
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.11.22 6WUXFWXUH RI D VXSHUVRQLF JDV MHW

'"HSHQGLQJ RQ WKH YDOXH RI WKH UDWLR RI W KMKID 8 USHIMAXUX R |
WKH DPELHQW JDV WK UHHK X®IH RH UM WABGIVF IORZ FDQ RFFXU
GRZQVWUHDP>D@QR]]OH
X 2YHH[SDOGHGMbiBpre 7KH DGDSWDWLRQ RI WKH MHW WR Wk
RFFXUV WKURXJK D FRPSOH[ SDWWHUQ RI SHULRGLF H[SDQVLF
E\ REOLTXH VKRFNV IRUPHG DW WKH QR]JOH HGJH 3HULRGLF
FUHDWHG 7KH FHOO OHQJWK LQFUHDVHV ZKHQ GHFUHDVLQJ V
X )XOO\ H[SDQGkG¥+W7KH QR]]JOH LVODWBBWHOVH DQG WKHUF
ZDYHV
X 8QGHYSDQGHG MH®re 7KH MHW H[KLELWV D VLPLODU EHKDY!|
H[SDQGHG FDVH +RZHYHU LQ WKH ISLSH\V/QWR QF BY MV KW KM HXQ €
ILUVW H[SDQVLRQ ZDYHV WRiIGSISHDU DW WKH QR]]OH

JLIXUH6XSHUVRQLF IORZ SDWWHUQV SR@QVWUHDP D QR]]OH

,Q WKH FDVH RI D IXORH W[\SDRBWBVKMHWI HW HPHUJLQJ IURP WKH
D VXSHUVRQLF FRUH LPPHGLDWHO\ GRZQVWUHDP WKH QR]JOH R
JLIXUH 7KH VXSHUVRQLF FRUH LV GHILQHG DV WKH UHJLRQ ZK}t
HVVHQWLDOO\ JUHRWXWHWKRWHRYKDW RQH PD\ GLVWLQJXLVK L
FRUH D SRWHQWRRO RRWHHINXEVRQLF UHJLRQ WKH MHW H[KLE]
GHVFULBHBWIRQ
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JLIXUH 6WUXFWXUH RI D VXSH@VRQLF JDV MHW

JLIXUH 6FKHPDWLF GLDJUDP RI WKH MH@ GHFD\LQJ PRGHO

7KH SRWHOWLD® FROHFXCDWH WKH OHQJWK RI WKE&S 8 R B/R\OQHNGL D O

D IRUPDAOD IXQFWKRQ@RDVLW\ UWWH RV BWKNEZ@E BLHQW JDV

U

o
$OOHPDQG WPV SURSRVHG D PRUH FRPSOH[ FRUUHODWLRQ ZK
RQO\ WKH GLIITIHUHQFH EHWZHHQ WKH MHW DQG WKH DPELHQW J
DQG WKH ODFK QXPEHU RI WKH MHW LQ WKH RXWOHW VHFWLRQ D

Lp svU - ° %Vla Toutlet -©
©

Lp (T

— « 2 (T

) 5 outlet .
Dn ©I'me 1 | Tamb 11,

7KH VXSHUVRQOQLF FRUH [

7KHUH KDYH EHHQ PDQ\ DXWKRUV ZKR LQYHVWLJDWHG WKH VXSF
HJ .RUERGHQWKDO@ WQDEDUWLFXODU VHYHUDO HTXDWLRQV K
HVWLPDWH WKH OHQJWK RI WERBEWDXB MUY RRQ F WIRRIERRWHID F K

QXPEHWxw8uWKH LQOHW DQG DPEICHIGAISDEBVWKHVQR]]JOH DQG W
GLDPHWHD®G,' ,PLIXUH WKH HVWLPDWHY REWDLQHG XVLQJ WK
FRPSDUHG :H DVVXPMRI|OKOW WEHSWHLE: DG WKH ODFK QXPEHU
WKH QR]]JOH RXWOHW LY FD G0 MWKHGHTXOPVLRQY FRQVLGHUHG
VLPLODU UHVXOWV H[FHSW WKH BT@EXWERQORD @& HQRV KN ® HVD DI




[,7(5$7855(9,(:

VXSHUVRQLF FRUH OHQJWK VLJQLILFDQWO\ ORZHU WKDQ WKRVH
GLITHUHQFH EHWZHHQ 2GHQWKDO HTXDWLRQ DQG WKH HTXDWLR(
WR WKH KLJK WHPSHUDWXUH RI WKH DPELHQW JDV FRQVLGHUH!
DPELHQW WHPSHUDWXUHYVY WKH ORZ GHQVLW\ RI WKH DPELHQW .
WR WKH MHW IURP WKH DPELHQW JDV 7KH GHFUHDVH RI WKH MH

2SHUDWLQJ SDU
5HIHUHQFH <HD|U 6XSHUVRQLF FRUMH Q
3 03D]| 7ppe.
X r
.RULD@® — Ma, e + 6
Dn
X
IDLWR HWaD|O F Maoutlet Maoutlet * (
t
7DJR HW ®O X P (
Dt Pr:ltm
X
2GHQWKDG ®W DO D OR) + 6
t

7DEOH$ VHOHFWLRQ RI WKH HTXDWLRQV IRU WKH VXSHUVRQLF FRUH OHQJWk
H[SHULPHQW 6 VLPXODWLRQ

JLIXUH &RPSDULVRQ Rl WKH SUHGLFWLRQV REWDLQHG XKIWEQH WKH HTXDWL!

&HOWUHOLQH ODFK OQXPEHU DQG H[SDQVLRQ DQJOH RI WKH MHW

IDLWR BHVWWFDOULHG RXW DQ H[SHULPHQW ZLWK D /DYDO QR]]JOH |
MHW 7KH\ PHDVXUHG WKH GHFD\LQJ RI WK R LAHRW WHKELHQ Bl QO® KR X(
WR EH UHODWHG WR WKH (XSHUVRQLF FRUH OHQJWK

Max— x !Lp (T
X

2NKRWHEKDYV SURSRVHG WKH IROORZLQJ HTXDWLRQ WR GHVFULE
WKH MHW H[SDQVLRQ DV D IXQFWLRQ RI WKH RXWOHW ODFK QXPE
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WDQ Ma

outlet
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: ,PSLQJHPHQW RI D JDV MHW RQWR D OLTX

(OHWULBL@WWVIFULEHG WKH IRUFHVY HI[HUWHG RQ D OLTXLG VXUIL
TKKGHIRUPDEOH VXUIDFH LV\GNNBMHEWH® UWFR| VR XUeKLH- H PRSIL @ KHHP M B \
WKH VKHDU IRUFH DVVRFLDWHG WR WKH IORZ RI JDV DORQJ WKH
WKH SUHVVXUH IRUFH GXH WR WKH LQGXFHG UHFLUFXODWRU\
LPSLQIJHRHUW RI WKH MHW LV KLIJKHU WKDQ WKH VXUIDFH WHQV
VXUIDFH WHQVLRQ IRUFH LQFUHDVHV ZLWK WKH VXUIDFH DUHD
IRUFHV FRXQWHUEDODQFH HDFK RW®HG DRWW DN\EKCCHNV ROKYH W L IKH
YHORFLW\ WKH KLIJKHU WKH MHW SUHVVXUH IRUFH WKH KLJKHU
WKH VKHDU IRUFH

$PRQJ WKH IRUFHVY OLVWHG EHORZ LVRQNYURSKRWMNIPRPL QDR W QF
FDSLOODU\GOHHDQW® DV W KHDWH QKHIMHXYWIFAWOBQG VXUIDFEBEWAHQVLR(
RI WKH VDPH RUGHU RI PDJQLWXGH

I v (T
(o}
ZKHUWHUDQG J DUH WKH VXUIDFH WHQVLRQ WKH GHQWRWAWRQG \
UHVSHFWKMHEDSLOOD DURKXQGRK IIRMKH ZDWHW\BDQ@BPBRXQG
PP IRUKHLTXLG VWHHO R[\@HBRRQ\WHWHNPHU WKH GHIWKER DW KMKHD
OLTXLG VWHHO R[\JHQ LQWHUIDFH LV JHQHUDOO\ PXFK KLJKHU W
FUHDWLRQ LV GULYHQ PDLQO\ EMKWKWHX JUDFH WAHRVIERY IRYEHV D
> @,Q FRQWUDYYXW FIRWHK R IZDWW WL QVWEHRWRFWHHILPHY JUDYLW\ FRQ!

VXUIDFH WHQVLRQ FRQWUROOHG PD\ EH HQFRXQWHUBG GHSHQG

%DVHG RQ WKH IRUFH DQDO\VLY DIRUHPHQWLRQHG DQG H[SHULF

MHW LPSLQJHPHQW RQ D OLTXLG VXUIDRKE ®DYH EHHQ GHVFULEH
X 'LPSOLQJ PRGH D ORZ G\QDPLF SUHVVXUH RI WKH MHW DV
DQG RU D KLJK ODQFH WHWXKHWOLJEXEHWXUIDFH D VKDOORZ FD
RQ WKH OHIWLIRDBHS$SRIDQDO\WLFDO H[SUHVVLRQ RI WKH OLT
WKLV PRGH KDV EHHQ SURSRVH® E\ 20PVWHDG HW DO >
X 6SODVKLQJ PRGH ZKHQ LQFUHDVLQJ WKH JDV YHORFLW)\ DQ¢
SURGXFWLRQ RI RXWZDUGO\ GLUHFWHG GURISIXWWY WDNHV SO
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x 3BHQHWUDWLQJ PRGH ZKHQ LQFUHDVLQJ IXUWKHU WKH JDV
KHLJKW D GLPLQXWLRQ LQ WKH DPRXQW RI GURSOHWYVY JHQF
2EYLRXVO\ WKH FDYLW\ EHFRPHY GHHSHU GXH WR WKH KLJKHL
LPDJH)RIXUH ,Q WKH SHQHWUDW®@RQ GP RGRD JOROKER\ DO

GHVFULEHG WKH DSSDULWLRQ Rl WZR DGGLWLRQDO SKHQRPH
VLGH ZDOOV RVFLOODWH LQ WKH UDGLDO GLUHFWLRQ DQG V.
DSSDULWLRQ RI WKH RVFLOODWLRQ DQG VZLUO LV QRW UHOD\

GLPSOLQUSODVKLSHIQHWUDWLQJ
JLJXUH 6 XUIDFH GHIRUPDWL@®Q PRGHV

.21 &ROG DQG KRW PRGHO H[SHULPHQWYV

7TKHUH KDYH EHHQ PDQ\ H[SHULPHQWDO VWXGLHV RI JDV MHW L
ZLWK WKH¥ZRQENVRDQG &KD QS @Y HWNKHD BIDUO\ VL[WLHV XQWLO WHK
I1RUGTXLVW @OWRV® RI WKHVH ZRUNV DUH EDVHG RQ FROG PRGH
ZDWHU LV XVHG WR PRGHO PROWHQ VWHHO DQG R[\JHQ LV UHS
IHZ VWXGLHV LQYROYLQJ KRW PRGHQO HIHDHVI\PWRRDYD EOHH R[\JHC
VXPPDULVHYVY D VHOHFWLRQ RI WKH GLIITHUHQW H[SHULPHQWYV U}
MHW LPSLQJHPHQW RQWR D OLTXLG SRR®RIWKIK) RYNUHIVWLQD VB G O
QR]]JOH GLDPHWHU WKH ODQFH KHLJKW DQG WKH JDV IORZ UDWH
DW YLVXDOL]LQJ DQG FKDUDFWHULVLQJ WKH VKDSH DQG GLPHQV
WKH OLTXLG VXUIDFH
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%DQNV BWaDO

&KHVODN>H@

6KDUPD HW@D O

.RULD HW @ O

4LDQ HW@Q

6KLPDGD HWQ

DO

.XPDJDL HW@ O

I+

20LY DHIWM VB @

OHLGDQLH@

DO

1RUGTXLVW @W DO

7TDEOH([SHULPHQWDO VWXGLHY LQ WKH OLWHUDWXUH UHJDUGLQJ JDV MHW LF
,QHUWxYOD\WDJ H[SHULPHODMWYLYH YDOXHV UHIHUUHG WR H[SHULPHQWYV ZLWK |

%DQNV DQG & KDUBD@ED/WHMNL H G ZRXWH D IPRGHO H[SHULPHQWY WR VW
URXQEBFRBWLGHULQIQGDWXPEXOHQW IORGMG7WKDWRWRH WXUEXOF
QRW H[HUW WWHDIDPMLRQ SUHVVXUMHDW GRKH O:XMUMDY WKH Y
SKHQRPHQD KDYH D JUHDW LQIOXHQFH RQ WKH LQGXFHG IORZV
UHJDUGLQJ WKH FDYLW\ 7KH\ DOVR FRQFOXGHG WKDW WKH VXU
OLTXLG DUH LPSRUWDQW SDUDPHWHUYV ZKHQ FRQVLGHULQJ WKH
&KHVODN>HAF HDO/ XUHG WKH GHSWK RI WKH FDYLW\ IRUPHG RQ ZF
UHVXOW RI JDV MHW LPSDFW 7KH\ FRPSDUHG WKHLU H[SHULPH
WKHRU\ VLPLODU WR WKDW IURP %DaD Q¢ DR & K\DERHBNIRIMINEIDHY D
DIJUHHPHQW

6KDUPD BHWEEHUIRUPHG KRW H[SHULPHQWY DQG GHWHUPLQHG Wk
WHPSHUDWXUH DQG WKH SUHVHQFH RI D VODJ OD\HU DERYH WKH
GHSWK RI WKH GH$UWK\ LVKS$UHERPHLOPWV @\ WKK H KSHNHY DXWKR UV
DOVR KLJKOLJKWHG WK HRIWDH W QVK BFWRQYWHUDMQEW QR]JOHV OHDG
VDPH MHW PRPHQWXP DQG WKHUHIRUH WKH VDPH FDYLW\ GF
FRQGLWLRQV
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.RULD DQG>MRIHWULHG RXWWRHBOH[SHULPHQWYV XVR®)]UHQMBW\DQ
7KH\ LQYHVWLIJDWHG WKH LQIOXHQFH RI WKH EORZLQJ SDUDPH\
GHLQHG DV WKH UDWLR RI WKH GHSWK WR WKH GLDPHWHU RI W
ZHURMDLQO\ LQIOXHQFHG E\ R[\JHQ SUHVVXUH ODQFH GLVWDQFH
4LDQ HW@WXGLHG WKH LQIOXHQFH RQ WKH VXUIDFH FDYLW\ RI [
OLTXLG EDWK 7KH\ ILUYD\HWH\GNEGBWK VRQODO HZDWHU LQ WKH EL
OD\HUHG EDWK FRUQ RLO RU NHURVHQH DERYH ZDWHU 7KH\ S
WKH SUHGLFWLRQ RI WKH GHSUHVVLRQ GHSWK FRYHULQJ D ZL(
SDUWLFXODU ORZ ODQFH KHLJKW WR QR]]JOH GLDPHWHU UDWLR
6KLPDGD BMVBFD@ULHG RXW H[SHULPHQWYV ZLWK D PROWHQ VODJ
FRPSXWRIPERIWDSK\ WHFKQLTXH WR YLVXDOLVH WKH VODJ VKDSH
WHVWHG VHYHUDO EORZLQJ FRQGLW ISRIQM 1 X\DIQOG G DIUH B K@ W Q/HDLL
Rl ODQFH GLDPHWHU DQG JDV IORZ UDWH 7KH\ FRQFOXGHG WI
VKDSH DQG WKDW WKH SHBBWHM WMLRK SKBWRVM@RPHQWXP

. XPDJDL DQG> @KBKULHG RXW WZR GLIIHUHQW W\SHV RI H[SHULP
ODQFERYH WKH EDWK VXUIDFH DQG WKH VHFRQG RQH ZLWK WKH
FODVVLILHG WKH GHIRUPDWLRQV RI WKH OLTXLG VXUIDFH LQWR
IORZUDWH DQG ODQFH KHLJKW DQG LQYHVWLIJDWHG PRUH SDUW
PRWLRQ

20LYDUHVW WXWIBOG D RQH HADWWWY PRGHO RI D /' FRQERWMHRWP ZLW
DQG FRPED@HGQE WR FKDUDFWHULVH WKH PL[LQJ WLPH LQ WKH
7KH\ FRQGXFWHG ERWK DQ H[SHULPHQWDO DQG D QXPHULFDO V
IRU WKH MHW SHQHWUDWLRQ DV D IXQFWLRQ RI D PRGLILHG JUR>
OHLGDQL>H®VEBQOWHG D QHZ ODQFH GHVLJQ VKURXGHG VXSHUVR
$IWHU D GLPHQVLRQDO DQDO\VLV WK HW KKV X G WKG DWQIGHFR A /D § Q@
UHVXOWV ZLWK WKH SUHGLFWLRQV RI D PDWKHPDWLFDO PRGH!
EHWWHU SHUIRUPDQFHV LW LQFUHDVHV WKH SHQHWUDWLRQ GH!
1IRUGTXLVW @MW YOL®IZHG PDQ\ VWXGLHV Rl JDV MHW LPSDFWLQJ |
DOVR LQYHVWLIJDWHG WKH SHQHWUDWLRQ RI DQ LPSLQJLQJ DL
IRFXV RQ WKH HIIHFW RI VPDOO QR]]JOH GLDPHWHUV ,W ZDV VKI
SHQHWUDWLRQ GHSWK FDQQRW EH UHSUHVHQWHG VDWLVIDFWRU
FDVH Rl QR]]JOH GLDPHWHUV VPDOOHU WKDQ PP $ QHZ FRUUHO
GLDRVHU ZDV WKHQ GHULYHG
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.22 $QDO\WLFDO PRGHOV RI WKH FDYLW\ GHSWK

7DEOMXPPDULVHV WKH PDLQ HTXDWLRQV HVWDEOLVKHG LQ WKH
WKH FDYLMUPKG E\ D JDV MHW LPSISRR®J7KOWR BTEDTIRQV DL
HPSLULFDO FRUUHODWLRQVIRU H/ RWH HR IFDQJ KWHEOH EF®VLF WKHRUH
DUJXPHQWY EXW LQYROYH HPSLULFDO FRHIILFLHQWYV ,W VKR
HTXDWLRQV UHODWH WR D VLQJOH OD\HU OLTXLG EDWK H[FHSV
> @DQG DUH HVWDEOFZDMHE IRRIGH@ DH JF HEMMW\P OHP R G HKOQR1 .RULD
/IDQJH @ZLWK VXEVRQLF JDV MHW YHORFLWLHYV
7KH RSHUDWLQJ SDUDPHWHUV DSSHD UL QJOR R WHDIEUHEQXFHMINGH L Q
WKH ODQFH KHLJKW WKH MHW YHORFLW\ DW WKH QR]]JOH H[LW
DQG JDV GHQVLWLHV 7KH GLIIHUHQW DSSURDFKHV XVHG WR ¢
FODVVLILKEHGHHQMDRVWIRULHY DV LQLWLDOO\ SURSR¥HEG E\ %DQNYV
x 7TKH EDVLF DSSURDFK LV D GLPHQVLRQDO DQDO\VLV ZKLFK F
RI WKH IDFWRUV ZKLFK FDQ LQIOXHQFH WKH FDYLW\ GHSWK
Xx $ ILUVW WKHRUHWLFDO DSSURDFK LV WKH GLVSODFHG OLTX
WKDW WKH IRUFH DVVRFLDWHG WR WKH JDV MHW LPSDFW L
GLVBI®® I[URP WKH FDYLW\
X $ VHFRQG WKHRUHWLFDO DSSURDFK LV WKH VWDJQDWLRQ S
LV HVWLPDWHG E\ HTXDOL]LQJ WKH SUHVVXUH IRUFH RI WKH
K\GURVWDWLF SUHVVXUH DVVRFLDWHG WR WKH KHLJKW RI W
ZDV IXUWKHU GHYHORSH@ IER KLUIDYH W RSRVHG DQ LPSURYHG F
WKH JDV YHOWRRHEWWHIIMDWLRQ SRLQW IRU WKH FDOFXODWLRC
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'KHUKDQGDUWKH KHLJKW DQG WKH GLDPHWHUURIQ\® KU I R K®HH U H
OLTXLG DQG JDV GHQVLWLHV UHVSHFWLYHO\ 4 LV DMWKHIORZUI
LQFOLQDWLRQ DQJOBWKHVEHTEDG RS BRIALF ZHLIKW

123 ORGHOOLQJ VWXGLHYV

7KH PRGHOOLQJ DSSURDFKHV HPSOR\HG IRU VLPXODWLQJ JDV M
KDYH JDLQHG LQ FRPSOH[LW\ RYHU \HDUV ZLWK WKH GHYHORSP
VLPXODWLRQ WHFKQLTXHV 7KH ILUVW VLPXODWLRQV EHJLQQL
6]JHNHO\ DOG@YBUH GRQHKRXKWHK ERGHYV IRUD ' JHRPHWU\ ZLWK
RI WKH VXUIDFH FDYLW\ ZKLOH WKH PRVW UHFHQW RQHV LQ WK
FRGH ZLWK IUHH VXUIDFH WUDFNLQJ DO@GRULWKPYV H J 2GHQWKEL

TDEOWXPPDULVHV WKH GLIITHUHQW FRPSXWDWLRQDO VWXGLHV
SUHVHQWY WKH PDLQ IHDWXUHV RI HDFK PRGHO H J WKH JHRPH
UDQJH RI YHORFLWLHYV
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=KDQJ HW@ O
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7TDEOH&RPSXWDWLRQDO VWXGLHYVY LQ WKH OLWHUDWXUH GHDOLQJ ZLWK WKH LPSLQJHPHQW RI D JDV MHW RQWR D IU
6 VWDQGDUG YDULDQW 5 UHDOL]DEOH YDULDQW DQG 60 VWDQGDUG YDULDQW ZLWK PRGLII
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7KH ILUVW ZDYH Rl FRPSXW D@VDRGINORDWX GMKH EDWK LQWR DFFF
QRW LQFOXGHG LQ WKH FRPSXWDWLRQDO GRPDLQ ORUHRYHU V
DOORZHG WR HYROYH LQ WKH VLPXODWLRQ :H FDQ XQGHUOLQ
FROQWLQXLW\ HTXDWLRQ DQG RN KRR RH@W XS FOUNG HHXKUDEKLARHOQMW N L
ZHUH ZULWWHQ LQ WHUPV RI WKH YRUWLFLW\ DQG WKH VWUHDP
JLUVWO\ LQ WKH VHYHQW&% HaG HHHOR SN ® @G '$DWKHPDWLFDO UH
RIKM EDWK REORIMRS FRQYHUWHU ZLWK D PRUH SDUWLFXODU IRF
WKH EDWK LQGXFHG E\ WKH LPSLQJLQJ JDV MHW 7KH\ DQDO\VHC
HQHUJ\ ILHOGV FRPSXWHG LQ GLIIHUHQW OLTXLG EDWKV ZDW
FRPSXWHG YHORFLW\ SURILOHV ZHUH VKRZQ WR EH LQ DJUHH
UHSRUWHG Ex @RUWEALDDWHU V\VWHP

IDWHU =KD® JAHW O®DWHG D PREOOFROPHUWHU XVLQJ D VLPLC
WR WKDW RI 6]JHNHO\ DQG $VDODWERXEXPRIQFHGRABGOD D7KHLU PD
PRGHO DFFRXQWV IRU WKH VLPXOWDQHRXV DFWLRQ RQ WKH EDV
JDV MHW DQG D VXEPHUJHG JDV VWUHDP $ VLPLOLWXGH VWXG\
LPSRUWDQW SDUDPHWHERP SXWHGRXNBEXWKY WR EH LQ VDWLVIDF
H[SHULPHQWDO GDWD REWDLQHG E\ ODVHU 'RSSOHU DQHPRPHWU

7KH VHFRQG ZDYH Rl FRPSXWDWLRQDO VWXGLHV LV EDVHG RQ

FRQVLGHUV D GHIRUPDEOH EDWK | HaLWXOIDWH G2 WHIIULPR GH® D
RI D /' FRQYHUWHU 7KH VLPXODWLRQ ZDV GRQH IRU WKHB FDVH R
WXUEXOHQFH PRGHO DQG WKH 92) PRGHO WR GHDO ZLWK WKH

WUHDWHG DV LQFRPSUHVVLEOH GHVSLWH WKH VRQLF YHORFLW
7KH WKHUPRG\QDPLF ZDV RXW RI LQWHUHVW LQ X\OKILW LRWY XD W F
SHUIRUPHG 20LY@BRUFOWAHG RQ WKH LPSRUWDQFH RI WKH PR(
IRU WKH FKDUDFWHULVDWLRQ Rl WKH MHW SHQHWUDWLRQ GHSW
GHIRUPDWLRQ RI WKH EDWK VXUIDFH

1JX\HQ DQG XY@FQWSXWHG DQ LPSLQJLQJ JDV MHW RQWR D OLTXL
N WXUEXOHQFH DSSURDFK DQG WKH 92) PRGHO LQ D ' D[LV\PPHV
LQWHUIDFH ZDV UHFRQVWUERWQN ®/ 7 X AW VEXHFIHAV FKHPH LPSOHP
LQ WKH VRIWZDYKR YIIBHLFDOFXODWHG VWUHDPOLQHY DQG WKH F
JDV MHW ZHUH IRXQG WR EH LQ JRRG DJUHHPHQW ZLWK@VKH H[S
7KH SUHGLFWHG FDYLW\ GHSWK DJUHHG ZHOO ZLWK WHKH HVWLPI

DQG &KDQGUDVBNRDUBRYHU WKH MHW W HBRMXMH®D IEGH Z HIO@R FLWW H
WKH IROGRDMWQLRB
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Un _ K 7ZKHUH DQG .
U z D, K

(UVVRQ DRRBURNRIUV@DYH GHYHORSHG DQ RULJLQDO PRGHO ZKL
FRXSOLQJ RI IOXLG PHFKDQLFYVY DQG WKHUPRG\QDPLFV SKHQRPH
ILUVW PDVGHHS E\ (UVVRG @IDWOVR LQYHVWLIJDWH WKH SHUIRUPD
WXUEXOHQFH PRGHOV DYDLODEOH@ DKW KK WR RUADQ RW LM G WKD
VWDQGDUG WV EHWWHU UHVXOWYV IRU WKH SHQHWUDWMWRQ GHSW
HVWLPDWH WKH ULJKW ORFDWLRQ RI WKH PDLQ UHFLUFXODWLRC
WKH FRQWUDU\ WOZHD VW DEOQH WEFOEHWWHU SUHGLFW WKH SRVLWLI
ORRS LQ WKH EDWK DQG WR VDWLVIDFWRULO\ DSSUR[LPDWH W]
> @ WKH IOXLG PHFKDQLFV PRGHO ZDV FRXSOHG WR WKH WKHU]
VRIWZDH(B02&$/& @ Q RUGHU WR SUHGLFW WKH UHDFWLRQ UDW!
FRPSXWDWLRQV ZHUH EDVHG RQ D 92) PRGXWE PQIEQWH HP RIGIIDO L
VLPXODWLRQV ZHUH PDGH IRU OWKHEK IF® WNVRHO Q/ \RWHRQ 7KH FRQF
ILYH GLIIHUHQW VSHFLHV ZHUH FDOFXODWHG QDPHO\ WKH FRQF
OLTXLG DQG WKRVHQRS 8@ WKH JDV SKDVH 7KHARDP3WHWRGVWKDIYI
FRPSXWDWLRQDO UHVXOWV ZLWK WKH H[SHULPHQWDO FDUERQ |
E\ IRUGTXL¥VW® HW) DOO\ WKH@D\DWQ VRSSRYHPHQWICRISWRB FUH Y L
WR WDNH LQWR FRQV LGH WKWRLORYMWUHHHIDF WHROHFS HFWHG  WKH DXW
FRQFOXGHG WKDW WKH FRQYHFWLRQ LV WKH GRPLQDQW PDVYV
DUHD )RU WKH FRQGLWLRQV FRQVLGHUHG LQ WKH SDSHU LW
FUHDWHG

%DODE@BPORGHOOHG DQ LQFRPSUHVVLEOH JDV MHW LPSLQJLQJ RQ
VLOLFRQ RLO EDWK ,Q FRQWUDVW VR H\GK B\ CRVBKRDW KD R WKW URR P
6HW OHWKRG ZDV XVHG DV PXOWLSKDVH DSSURDFK 7KH QXPHU
FRPSDUHG WR WKH H[SHULPHQWDO GDW® R{H\PRBEONLLDIQG HDM
GHSWK SUHGERWEZR®Q MWXH HVWLPDWH SURYLGHG UBMV@®HFWLYF
IRUPXOD DQG WKDW>R® {®HWWRIEHIOMMN.POWHY WKH FDYLW\ ZLGWK
%DUUR@HAQYHVWLIDWHG QXPHULFDOO\ D QHZ EORZLQJ ODQFH
SHULSKHUDO FRQYHQWLRQDO QR]]JOHV DQG RQH YHUWLFDO FH
PRGHO GHYHORSHG IRU W KHWFHDIMCH VRV B @ PR [ XMHY OW K H E9RQ HDAFGH N
PRGHOV ZLWKRXW FRQVLGHUDWLRQ Rl FKHPLFDO UHDFWLRQV L
DVVXPSWLRQ RI LQFRPSUHVVLBOWKIMIRZ XDV RKNFHIG GHVSLWH W
YHORFLW\ Rl WKH JDV MHW 7KH VLPXODWLRQV KDYWREHHKZ) FRQC
IRU GLIIHUHQW YDOXHV RI WKH ODFK QXPEHU DQG WKH ODQFH Kt
QHZ ODQFH GHVLJQHEIW¥K DY WD WIKRHQ DQG WKH GURSOHW JHQHU
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7KH PRGHOOLQJ DSSURDFK @VHGHEWHAF@}HG WR WKH FIDVH RI D
JDV DQG GRHVY QRW LQFOXGH DQ\ WXUEXOHQFH PRGHO 2QH VSH
E\ +ZDQJ LV WKH XVH Rl WKH IX00 VWUHVV HRXQQ IVH\U FIRFHG L R
PRUH DFFXUDWH GHVFULSWLRQ RI WKH PRPHQWWKHWODDWLAEU
1XPHULFDO VLPXODWLRQV DUH SHUIRUPHG IRU WKH FDVH RI DLU
FDVH RI R[\JHQ LPSLQJLQJ RQWR D VWHHO EDWK LQ D IXOO VFD(
LQ WKH FDVHZRWWKHVDMWHP WKH FDYLW\ ZLGWK SUHGLFWHG E\
WZR WR WKUHH WLPHV JUHDWHU WKDQ LQ WKH H[SHULPHQWYV DQ
RQO\ DW ORZ JDV IORZ UDWH +H FRQFOXGHG WKDW WKH PRGH
FRPSUHVVLELOLW\ DQG WHPSHUDWXUH YDULDWLRQV WR EHWWFE
GLPHQVLRQV $QRWKHU NH\ Rl GLVFUHSDQF\ RI WKH PRGHO F
WXUEXOHQFH PRGHOOLQJ LQ KLV PRGHO

SHFHQWO\ D PDMRU VWHS IRUZD@RG\JRQ WK®YRRGHLOKQY EHHQ
2GHQWKD® @NMRDGHYHORSHG D ' PRGHO Rl WKH %2) DQG $2' FRQ
D SKDVH V\VWHPV®RPHWQSYLQJ D VHSDUDWH PRGHO WKH\ VI
FRPSUHVVLEOH IORZ RI D JDV MHW H[GCLRXWWIQQWURPYD OFRQRH
DQDO\WH WKH ZDYHV LQ DQ LPSHUIHFWO\ H[SDQGHG VXSHUVROQL
WKH VLPXODWLRQ UHVXOWVY WR GHWHUPLQH WKH OHQJWK RI W
QR]]JOH RXWOHW GLDPHWHU DQG WKH7REOHMQ7 KK 961\ FSRIGIH/ XZDH/
DSSOLHG WR WKH VLPXRQWRPEORHEABQJ FRQYHUWHU 7KH PRGHC
DFFRXQW HQHUJ\ WUDQVSRUW WXUEXOHQW IORZ SKHQRPHQD L«
EHKDYLRXU 7KH WKUHH VOWSHUVEBHAO RREHPIOHHAH WUDFNHG 2
WKH 92) PHWKRG ,Q FRQWUDVW WR WKH QR]]JOH PRGHO WKH JD\
WKH FRQYHUWHU PRGHO KRZHYHU YDOXHV RI WKH FKDUDFWHU|
DGMXVWHG LQ RUGHU WR SURGXFH D VLPLODU PRPHQWXP DORQ.
FRBUHVVLEOH QR]]OH PRGAKOHPIGGIOWURQBWORQV DQG VODJ IRI
DFFRXQWHG IRU

,QFRQFOXVLRQ LW VKRXOG EH VWUHVVHG WKDW WKH K\GURG\Q!
FRQYHUWHU GHVFULEHG VR IDU LQ WKH OLWHUDWXUH WR RXU N
WKH FRPSUHVVLEOH FKDUDFWHU RI WKH JDV MHW DW KLJK YF
VLPXODWLRQV ZHUH LVRWKHUPDO H[FHSW ZIRUNEKH @BQEV RI (L
2GHQWKD® @WRMW RI WKH UHVHDUFKHUV FRQVLGHU D ' JHRPHW
> @ZKR SUHVHQWHG D ' PRGHO 7KH PRVW XVHG PXOWLSKDVH D
HIFHSW LQ WKH ZRYNZKIR¥WBOGDEKKE® /HYHO 6HW OHWKRG $PRQJ
VLPXODWLRQV FLWHG LQ WKLV UHSRUW ZH FDQ >K@IKRLIJKW W
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GHYHORSB&DWH PRGHO LQ D " JHRPHWU\ WKHRRINHBKRY@AUVVRQ
ZKR WRRN LQWR FRQVLGHUDWLRQ WKH WKHUPRG\@GD&IKR DVSHF

LQ FRQWUDVW WR WKH RWKHU UHVHDUFKHUV WRRN LQWR DFFR
WKH ODVYXLG LQWHUIDFH

, *"HQHUDWLRQ RI OLTXLG GURSOHWYV

.31 ([SHULPHQWDO VWXGLHYV

dwnrs /IDQFH/DQFH K
SHIHUHQFH|<HDU 3KDVHV| 7 f&
1P PLQDQJOH |GHJP

RULD DQG #D@ 2[\JH@HW[DO
BWDQGLVK D Q& 1L W U RIHN,
$LDDWH
+H DQG 6WDQ@|LVK| $LUO\FHULQH
PHUF XU|\
H DQG 6WDQE|LVK SLUOAFHU
+
PHUF X U|\
$LDODWH
+LIJXFKL DQG @DJIR
2[\JHGLJ JURQ
$SLOLTXLG
/IXRPDOD HW@DO
ZDWHU
1L W U RO
6XEDJ\R HW@D D
PHWDO
+LJXFKL DQG @ $LDDWH
RRKL HW @O $LODWH W R

7TDEOH6HOHFWLRQ RI H[SHULPWMIQN DOWHIOGNXWHLRQ OLTXLG GURSOHWY UHYV X
LPSLQJHPHQW RQ D OLTXLG EDWK

7TDEOWXPPDULVHYVY D VHOHFWLRQ RI WKH H[SHULPHQWY PDGH WHF
JHQHUDWHG E\ WKH LPSLQJHPHQW RI D JDV MHW RQ D OLTXLG V
PRVW RIWHQ FROG H[SHULPHQWYV ZLWK GLIIHUHQW JDV IORZ UD!
7TKHUH DUH RQO\ IHZ ZRUNV RQ WKH SURGXFWLRQ RI GURSOHWYV
OLTXLG PHWDO EDWK ORVW VWXGLHV DUH FRQFHUQHG ZLWK
JHQHUDWLRQ UDWH $PRQJ WKDEUWRQOQHW IKBHANHD UORESIVQRI DXW
FKDUDFWHUL]HG WKH GURSOHW@M KH GLQRZDHEXMWLRQ WKLV ODW\
EHLQJ ZLWK WKDW RI WKH GURSOHW JHQHUDWLRQ UDWH RI JUHEL
RYHUDOO LQWHUIDFLDO DUHD DVVRFLDWHG WR WKH OLTXLG GUR
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+H DQG 6WHD @GGENRAWLILHG WZR PRGHV R)LGXRIS OHWGCIURBHUDW IZKQ
UHIHUV WR WKH JHQHUDWLRQ RI LQGLYLGXDO GURSOHWY DQG V
RI ODUJH WHDUV RI OLTXLG 7KH WUDQVLWLRQ EHWZHHQ GURSSIL
D :HEHU QXPEHU UDWLR RI WKHIDGWH YV DRQI RRRFHWVW R IWDKUHR X @ G

JLIXUH 7KH WZR PRGHV RI GURS@QIHQHUDWLRQ

$Q\ IDFWRU ZKLFK LV DEOH WR LQFUHDVH WKH VKHDU IRUFH DW
RI WKH OLTXLG VXUIDFH FDQ LQFUHDVH WKH UDW K RARXQRES OHW
WKH JHQHUDWR REHBUWDMOVH ZKHQ LQFUHDVLQJ WKH LQFOLQDWLR
QR]]OH /XRPDOMUIDHAKHG WKH VDPH ARIMOXRXRQ WEE JHQHUD
GURSOHWY WR EH GHFUHDVHG E\ WKH SUHVHQFH RI D IRDP\ VOI
JLNH 6WDQGLWK@DRRK t HW@DYH SRLQWHG RXW WKDW ZKHQ WKH
WR WKH EDWK WKH HMHFWHG GURSOHWY DUH HQWUD:@HG EDFN
KDYH LQWURGXFHG IURP WKHLU KRW H[SHULPHQW D QHZ GLPHQV
14y ZKLFK LV WKH UDWLR RI LQHUWLD IRUFHV GXH WR EORZLQJ
VXUIDFH WHQVLRQ DQG EXR\DQF\ IRUFHYV

K U
K U, -
J gu
ZKHWHY D FRQNWB/QWS8, WKH MHW FHQWUH ® MWXH WHKQRB E W \WHIG/ L

6 XEDJ\R BPWaAODYH VKRZQ WKDW WKH RQVHW RI VSODVKLQJ FRUUFE
WKH SDUDPHWBOD WR 7KH\ KDYH HVWDEOLVKHG DQ HPSLULFDO
JHQHUDWLRQ UDWH DQG WKH EORZLQJ QXPEHU ZKLFK ILWV ZH¢
V\VWHP DQG WKH GDWD REWD IZRHGI HEV 6 @PRO3L WKVIVHE FR

R N, .
Fs > u u Ng @
ZKHUHLY WKH JHQHUDWLRQ UDWH RI PWWDB O BQRBEW WM 3D W I AOR]

QRUPDO FRQGRDWRRIQ G 7

NB

&RQFHUQLQJ WKH GURSOHW WVWL@AWHGRDQYGEGVY K IKOBD/MGE WKH LQFUHD
PRPHQWXP DW WKH EDWK VXUIDFH LQFUHDVHV WKH SURSRUWLR
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WKH GURS VL]H GLVWULEXWLRQ FDQ EEHDVDRWUY DO VGR YV MAJLL B X\
FRQWUDVW .RUDPBD@AKR /BMUIBILHG RXW KRW H[SHULPHQWY GXULQ
ZLWR®WHQ SLJ LURQ zZDV XVHG DQG WKH GURSOHWYV IDOOLQJ RX
DQDO\WHG IRXQG WKH GURS VL]H GLY¥WRREMMAURQ QVURGIHRWOW/DOWRLZE WK
R H[2§i'ns (T
« @,
ZKHUH 5 LV WKH FXPXODWLYH ZHLJKW LQ SHUFHQW RI GURSOHW:!
DEVFLVVD GURSOHW GLDPHWHU ZKHUH WKH RUGLQDWH 5 LV
WKH H[SHULPHQWY Rl >ROQDZDYARRQGHWR EH HTXDO WR@ 6 XEI

XVHG D UHJUHVVLRQ DQDOWEGVEWR FRUUHODWH 1

SHIJDUGLQJ WKH PHDQ UHVLGHQFH WLPH RI WKH GURSOHWYV LQ
DXWKRUV H[SHULPHQWYV > @HRRQG BWDWK ULMKXFUHDVH ZLWK WRS J
KHLIJKW IURP ZKLFK WKH GURSOHWYV DUH HMHFWHG $OVR WKH
PHDQ UHVLGHQFH WLPH $ PHDQ UHVLGHQFH WLPH YDOXH RI RQF
HISHULPHQWYV

.32 OHFKDQLVPV RI GURSOHW JHQHUDWLRQ

7ZR PDLQ PHFKDQLVPV RI GURSOHW JHQHW@WWLRQ KDYH EHHQ LG
X 7TKH GLVSODFHPHQW RI WKH OLTXLG JDV DVVRFLDWHG WR W
WKH SHQHWUDWLRQ RI WKH JDV MHW LQWR WKH OLTXLG FUHI
OLTXLG /DUJH OLTXIHMEBWRSEG DQHWKKH®VHRXYV SDUW
X 7TKH .HGHOPKROW] .+ LQVWDELOLW\

7KH .+ LQVWDELOLW\ RFFXUV ZKHQ WZR VWUDWLILHG I10OXLGV D
UHVXOWYV IURP WKH FRPR&EHWIKWLYGHRIMHPWRUFHY DQG WKH SUHV
FDQ EH DGGHG GHSHQGLQJ RQ WKH FDVH WKH JUDYLWDWLRQLCL
J)LIXUH ZH GHQRWKIHEYHORFLW\ RI WKH FRQWLQXRXV SKDVH JDV
8WKH YHORFLW\ RI WKH GLVSHUVHG SKDVH PROWHQ VWHHO LQ

JLIXUH :DYHOHQJWK Rl .HOY+Q@HOPKROW]
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7KH YHORFLWLHV RI WKH GLVSHUVHG DQG FRQWLQXRXV SKDV
GHVWDELOLVH WKH VXUIDFH RI WKH GLVSHUVHG SKDVH 7KH L
GLIIHUHQFH EHWZHHQ WKH WZR YHORFLWLHV LV(KLJKHU WKDQ D
| S Y U~
8 |82 841U > U Yoy @ 7 < (T
:KHQ WKH LQWHUIDFH LV XQVWDEOH WKH PRVW XQVWDEOH ZDYF
LV JLYHQ E\ WKH HTXDWLRQ

S Y ¥
Gl S0y, v

JRU LQVWLRQFHP 8 DQG / PP IRUZDWWHU V\VWHP

7R DQDO\VH WKH .+ LQVWDELOLW\ LW LV RI FRPPRQ SUDFWLFH \
GLVSHUVHG SKDVH ZKLFK LV GHILQHG DV WKH UDWLR RI WKH VK

(T ,Q RWKHUV ZRUGV WKLYV QXPEHU LV WKH UDWLR RI WKH IF
WKH IRUFHY DFWLQJ WR UHWDLQ WKH GURSOHW IRUP
DU
ij q d~ Cd (T
Vi

7TKH .+ LQVWDELOLW\ BPFEXEY ZKHRVW RI WKH H[SHULPHQWDO
UHSRUWHG YDOXH RI WKH FUIWLEYD G HMEZHHH @ X PIEH® :H$ YDOXH
JHQHUDOO\ BPRFHSWHG

: SRVMRPEXVWLRQ

7KH R[\JHQ IURP WKH ODQFH UHDFWV ZLWK WKH VSHFLHV FRQWD
ZLWK WKH FDUERQ OHDGV WR FDUERQ PRQR[LGH &2 ZKLFK HVFD
WKH JDVHRXV SKDW i LWX WHOH W[\J HHR ARKR & X MWHMKBIV L R Q
&2 2: &2 (T

7KH FRPEXVWLRQ RI &2 E\ WKH R[\JHQ LV KLJKO\ H[RWKHUPLF
HQHUJ\ WKDQ WKH R[LGDWLR® @I, 8 HERQ JIDQVWKGVEDWK SHUIRUP|
WKH WUDQVIHU WR WKH EDWK RI WKH KHDW SURGXFHG E\ WKLV |
WKH PHOWLQJ RI D ODUJHU DPRXQW RI VFUDS DGGLWLRQ LQ
FRPEXVWHG E\ R[\JHQ WKH KLJKHU WKH KHDW PFYDX\D\WER® UMW A
3&5 LV GHILQHG DV WKH UDWLR EHWZHHQ WKH FRQFHQWUDW!]
FROQFHQWUDWILR® & &2

PCR co u (T
CO CcO
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2QH Rl WKH HDUOLHVW PRBEXOWWRRQ K PRFRQYHUWHU LV WKH F
> @7KH SKHQRPHQD WDNHQ GIQ#PRHBABRXYG®W D UKHRPEKWWLRQ
RFFXUV DW WKH ERXQGDULHV RI WKH MHW EHWZHHQ R[\JHQ L
ORUHRYHU W®&HW&H MHW SHULSKHU\ FDQ EH LQ FRQWDFW ZLWK
'KHQ LQ FRQWDFW ZLWK WKH PHWDO LW PD\ EH UHGXFHG WR &
VODJ LW ZLOO QRW EH UHGXFHG

JLIXUH3RVW FRPEXVWLR®@ PRGHO

+LUDL BW@KOOYH GHYHORSHG PRUH SDUWLFXOBSUBG LIFW HMK R | SRV
FRPEXVWLRQ UDWLR 7KH\ DOVR FRQGMNKF\R B & HUWHUM @@WQHDQ C
DQG LQYHVWLIJDWHG WKH HIIHFW RI FKDQJLQJ YDULRXV SDUDPH\
WKH XVH Rl GLIIHUHQW QXPEHU RI QR]]JOHV WKH R[\JHQ IORZUD
> @RXQG WKHRBRYXWWLRQ UDWLR WR EH D IXQFWLRQ RI WKH R[\
GLDPHWHU DQG WKH ODIQIHE KHLJIKW

' PCR ug uQ,,

PCR ! T (T
Q,

ZKHUAHLYV WKH LQWHUIHUHQFH IDFER U \EHWREH RV WKKH MR{WW Q
IORZUDWHKLIURP WKH QR]]JOH L

POR | 2n, on
1 & 1

ZKHBDQGDUH WKH ODQFH KHLJKW DQG WKH QR]J]JOH WKURDW GLLEL

(T
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7KH DERYH HTXDWLRQV IRU WKH 3&5 ZHUH IRXQG WR ILW ZHOO
KLIKOLJKWHG WKDW WKLV PRGHO QHJOHFWV WKHK HGMFFMW\R QIEW K
WKH GXVW

$QRWKHU VWXG\FR® BXK/NVSRYWKLFK VKRXOG EH KLJKOLJKWHG L
FRQGXFWHG DW $UFHORUOLWWDO O0DL]L@U® V KOLQ GH USHSWRLLPM QG E\L
FDUULHGWGLIDRW ZLWK KRW PHWDO FRQWDLQLQJ DURXQG  FDL
6 DQG 6L 7KH R[\JHQ LQ WKLV H[SHULPHQW @ DW |BQAR ZO) \OLWQ J OMR
ODQFH YHUWLFDOO\ ORFDWHG DW WR P DERYH WKH EDWK
FRQGXFWHG ZLWK D JDV VDPSOLQJ ODQF®BZLOKL G HJ WK 1D G DO HRX/
WKHJIDIVHY 8QOLNH WKH SUHYLRXV H{S® WIKRNQWW K G ¥ LLQLIYIH WL DE
HITHRWWKH DGGLWLRQ RNJVWUDSV ZDV REVHUYHG WKDW WKH 3&5
LQFUHDVLQJ WKH VFUDS DGGLWLRQ $QRWKHU SDUDPHWHU QRW
WKH LQIOXHQFH RI WKH ERWWRP VWLUULQJ 7KH YDULDWLRQ RI
DQG 1IPLQ W LQIRUPV XV WKDW WKH 3&5 LV SURPRWHG E\ D OF

JURP WKH GLIIHUHQW PHDVXUHPHQWY GHVFU@EH B@DRNW SHUIRL
> GRQYHUWHUV LW HPHUJHV WKDW WKH 3&5 FDQ EH LQFUHDVHC
X $ GHFUHDVH_RI WKH WRWDO R[\JHQ IORZ UDWH 7KH 3&5 L
EHFDXVH WKH ODWWHU SURPRWHWWHKHRHOMUBMHWHQW RI &2 |
X $Q LQFUHDVH RI WKH ODQFH KHLJKW ,QGHHG LQFUHDVLQ.
YROXPH Rl &2 ZKLFK FDQ EH HQWUDLQHG DQG FRPEXVWHG
X $ GHFUHDVNGRDJWRBPLQJ KHLIKW
x $ GHFUHDVH_RI WKH EDWK WHPSHUDW XU HX L$V IDIRZH EW R KW ¥
SURGXFWLRQ RI VODJ
x $ GHFUHDVH Rl WKH FDUERQ FRQWHQW ,Q WKLV FDVH PRU}
FRPEXVWLRQ VR LW LQFUHDVHV WKH 3&5
X $Q LQFUHDVH RI WK®WRE WKH UFRQYB UWHU ZKLFK GHFUHDVH)
WKH EDWK
X $ GHUHDVH ERWWRP IORZUDWH ,QGHHG ZKHQ LQFUHDVLQJ
LQFUHDVH WHGIXEWLRQ E\ WKH EDWK

,W LV LPSRUWDQW WR KDYH D UHDOLVWLF PRGHO WR NQRZ WKI
YDULDWLRQ RI WKH 3&5 WR RSWLPL]H WKH SURFHVV 2QH VKRXC
WKH HDUO\ VWDJH RI EORZLQJ GXH WR WKH RSHUDWLQJ SDUDPH
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IRDPLQJ EDWK WHPSHUDWXUH HWF GHFUHDVHV ZLWK DQ LQF
DIJDLQ DW WKH>I@QDO VWDJH

JURP +XLQ HWNRO1IDND]RQR @WHHNEBUDO PRGHOV RI WKH JDVHRX
FRQYHUWHU KDYH EHHQ GHYHORBRBEWRWAHOQWIKHGRERABQBPW $SRN U
WKHVH PDWKHPDWLFDO PRGHOV LV GHVFULEHG EHORZ

$W $UFHORUOLMRWPEX VW LRRVWRGHO KDV ILUVW EHH® @GHORSH
KDV EHHQ ODWHU XVHS @\Q+XBEMREMODOQDPLF PRGHO RI WKH FR
WKH R[LGDWLMRIQLRIPRGHO WDNHV LQWR DFFRXQW WKH UHFLUFXC
SRWVWRPEXVWLRQ IODPH $VIZIXKFE®PQ VWKHR ODWR W IURIDFAMQ QJ ZLWK
EDWK WKH LPSDFW KDV EHHQ WDNHQ LQWR FRQVLGHUDWLRQ WR
IRU WKH BREMWWLRQ ORUHRYHU WKH HQWUDLQPHQW RI WKH FD
MHW KDV EHHQ WDFNOHG 7KH UHDFWLRQ EHWZHHQ WKH FDUERC
LQ WKH EDWK KDV DOVR EHHQ PRGHOOHG ,W VKRXOG EH VWUH)\
K\SRWKHVLVY WKDW WKH MHW KDV D FRQVWDQW RSHQLQJ ZKLOH
ZHDNQHVVHV Rl WKH PRGHO DUH WKH FRQVWDQW SUHVVXUH

HVWLPDWLRG IROWLKH KHDW IOX] DQG WKH YHORFLW\ HVWLPDWLF
SDUDPHWHUV WKH YHORFLW\ Rl R[\JHQ WKH WHPSHUDWXUH RI

KHLJKW DQG WKH GLDPHWHUV Rl WKH QR]]JOH DQG FRQYHUWHU
WHPSHUDWXUH DQG WKH FRPSRVLWLRQ LQVLGH WKH JDV MHW

HQHUJ\ FRQVHUYDWLRQ HTXDWLRQV

JLIXUH $UFHORUOLWRPEXSRVLWR Q@ RBRGHO
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7KH $UFHORUOLWWDO PRGHO VKRZV YHU\ JRRG DJUHHMPBQOR MM W
DW ODL]:q@HV

=KDQJ DQG 2HW@EHWYHORSHIGRBEYHLERGH PRGHO PRUH VRSKLVWLF
RQH RI +XL® @WIINAQJ LQWR DFFRXQW WKH IROORZLQJ SKHQRPH:
Xx SHDFWLRQV Rl GHFDUEXULVDDWLRQD QGK (SHRPIEKX2WLRQ 7KH
GLVVRFLDWLRKD\WID®¥R EHHQ WDNHQ LQWR FRQVLGHUDWLR
XQLPSRUWDQW IRU WHPSHUDWXUHVY ORZHU WKDQ LV f& DW
GLVVRFLDWHG
X +HDW WUDQVIHU
f ODFUR NLQHWLFV SRSXODWLRQ Rl GURSOHWYV LQ WKH J
WR WKH PHOW WKURXJK GURSOHWY IDOOLQJ EDFN WR WK|
f OLFUR NLQHWLFV VLQJOH GURSOHW ZLWK UDGLDWLRQ
f ITHJOHFWLQJ RI KHDW ORVVHV YLD WKH ZDOOV
x /DJUDQJLDQ GURSOHW EHKDYLRXU
7KH PRGHO ZDV WHVWHG R@MRZQ RWJBHRW\RRFN H OW BB HZ DWE R YTH WWRKS-
PHOW $FFRUGLQJ WR WKH PRGHO WKH KHDW WUDQVIHU YLD PH
Rl &2DW WKH GURSOHW VXUIDFH HQGRWKHUPLF UHDFWLRQ ,Q
VODJ GURSOHWYV LV PRUH HIILFLHQW VLQFH WKHVH GURSOHWYV I
Rl &2 ORUHRYHU WKH UDGLDWLYH KHDW ZDV IRXQG WR UHSUHYV
WUDQVIHU LQ WKH JDVHRXV SKDVH

IDWHU *RX HBWHYBIORSHG D ' &)' W\SH PRGHO Rl WKH WXUEXOH(
FRQYHUWHU ZLWK UDGRMPNWZRRE WHPOUPRLRQ IOX[ PRGHO DQG
WUDQVIHU 8QOLNH WKH PRGHO E®@ WKILYJPRGGE @ H/RHWVQRW VW X ¢
RI D ERBOWRZQ FRQYHUWHU 7 KR ¥ KKEHIPYLIF CEH WO DBFWIFULEHG WKUR
FKHPLFDO UHDFWLRQ UDWH PRGHO ZLWK WKH UHDFWLRQ UD
H[SUHVVEKRQR[\JHQ JHWV LQWR WKH EDWK DW WKH MHW LPSLQJH
WKH EDWK LV VHW WR IROORZ DQ H[SRQHQWLDO SURILOH RYHU
WKLV PRGHO WKH DXWKRUV KDYH LQYHVWLJDWHG WKH SDUDPH
DQG WKH\ KDYH GHPRQVWUDWHG WKH LPSRUWDQFH Rl UDGLDWL
WKH\ IRXQG E\ FRPSDULQJ WKH SUHGLFWLRQV RI WKHLU PRGHC
WKH KHDW UHFRYHUHG E\ WKH EDWK LW RYHSDIYMLPDW B@ \EU L E X
WKH IDFW WKDW WKH PRGHO GRHV QRW WDNH LQWR DFFRXQW V
ZDOOV )LQDOO\ *RX HW DO KDYH VKRZQ FWREXW WIKRIQ OFRF® VEL
FRQWUROOHG XS WR D FHUWDD®Q BHR ISQW FW\LPIEMXVWLQJ WKH
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1IDND]JRQR H@& DOH PRGHOOHG D M¥XMHUFRBRRQQFLDI D KRW . oL
VXUIDFH DQG VWXGLHG WKH VSHFLHV GLVWULEXWLRQV %HVLGH
PDVWRPHQWXP HOKIWIWPRGHO FRQVLGHUV WKH FDYLW\ JHRPHW!
IURP D EDODQFH EHWZHHQ SUHVVXUH VKHDU VWUHWRUPBRHW IDFH
5HIJDWGW®H UHDFWLRQV WKH IRUZDUG DQG WKH EDFNZDUG UHD
&2 2DQG 2 DUH DOO WDNHQ LQWR DFFRXQW 7KH SUREDELOLW
GHILQHG DV WKH SUREDELOLW\ RI D VSHFLH WR UKD FWK DM AH F H
KDV EHHQ IRXQG XVLQJ WKH 3DUN DEODWLRQ PRGHO RU KDV EH
WKH R[\JHQ LV EORZQ DW ODFK IURP D QR]JOH ORFDWHG FP
IRXQG WKDHWXIQREULXP HIIHFWV G LYILHRMWHKDR §/D OV UIDAG/ O D MELLRDQN
WHPSHUDWXUHV DUH LPSRKWISQWEPEQOLRW B2 VXUIDFH UHDFWL
WKH PDVV IUDFWLRQ RI R[\JHQ DW WKH FDYLW\ VXUIDFH 2XWVL
DUH DFWLYH DQG WKH GRPLQDQW VSHFLHV LV &2 ZKHQ WKH 3I
VKRXOG DOVR QRWH WKDW LQ WKHLU UHVXOWY 1DND]JRQR HW D
FKDQJHG GHSHQGLQJ RQ WKH SUREDELOLW\ PRGHO XVHG

., &RQFOXVLRQV

7KLV OLWHUDWXUH UHYLHZ FKDSWHU ZDV GHYRWHG WR IRXU P
FRQYHUWHU WKH EHKDYLRXU RI WKH JDV MHW WKH LPSLQJHPHC
WKH JHQHUDWLRQ RI OLTXLG GURSOHWRNPBMXRPVMRKH WEHDMNFRV IDRXT
JDVHRXV SKDVH

$IWHU GHVFULELQJ WKH EHKDYLRXU RI VXEVRQLF DQG VXSHUVR
VWXGLHV LQYHVWLJIJDWLQJ WKH FDYLW\ FUHDWHG DWKDWLTXLG
EHHQ SUHVHQWHG ORVW RI WKHVHZDWXGLH S BUHP HRWHWGDRE LBl
VRPH LPSRUWDQW IHDWXUHV RI WKH %2) VXFK DV WKH VXSHU"
SUHVHQFH RI D VODJ OD\HU DERYRG MXKGIL@D WK KH2®RWWHFRPPR
DSSURDFK WR GHVFULEH WKH VXUIDFH GHIRUPDWLRQ LV WKH 92
LQFRRBVLEOH DQG WKH FRQVLGHUDWLRQ RI WKH FRPSUHVVLEO
YHORFLWILHV IOV VWLOO WR EH JF RO BWHEBU MEWQPRGHOV UHYLH
KLIKOLJKW WKH ZRUN R@G2GRH GWKBDORBKWINEG PRGHO LQ D ' JHRPH
WKH RQH RI (UVYRQNMUY @XKR WRRN LQWR FRQVLGHUDWLRQ WKI
DVSHFWV DQG RMKHZIMXMEEKR LQ FRQWUDVW WR WKH RWKHU UH\
DFFRXQW WKH IXO0 VWUHVV ERXQGDYL\ G R Q@&BWRKRNH DOM WLIRH QB
LQYHVWLIJDWLRQV DERXW WKH SURGXFWLRQ RI OLTXLG GURSOH
UHSRUWHG ,W ZDV VKRZQ WKDW WKH :HEHU QXPEHU DQG WKH




/,7(5$785( 5(9,(:

SDUDPHWHUYV IRU DQDO\VLQJ WKLY SKKFRRSREKWRQ RHHIQUWKH JD\
SKDVH D QXPEHU RI H[SHULPHQWDO VWXGLHV KDYH VKRZQ WKD
LQFUHDVH Rl WKH ODQFH KHLJKW DQG WKH VFUDS UDWLR RU E\
ERWWRP IORZUDWHV WKKH BDOMDK WHPBHWDWXUH DQG WKH FDUE
PRGHOV KDYH DOVR EHHQ UHSRUWHG JRLQJ IURP>WaWR WLRISOLIL
PRUH FRPSOH[ PRGHO RI 3 BNZIK R LWWWIK® RQO\ RQH WR WDNH L
FDYLW\ JHRPHWU\ 7KH PRGHO R| =VBERXD®® G 2 KWHUNVLIKWHG DO
WDNHV LQWR DFFRXQW WKH GURSOHWYV RI PHWDO MQGW VB R XQC
PHQWLRQHG WKDW WR RXU NQRZOHGJH WKHUH DUH QR SDSHUV
WKH LPSLQJLQJ MHW BRREXWW LIRQGS KR\ PHE®R QQHD @/ H U
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&EKDSWHWPSLQIJHPHQW RI D MHW RQW
VXUIDFH QXPHULFDO PRGHO

ODWKHPDWLFDO PRGHO

7KH PDWKHPDWLFDO PRGHO SUHVHQWHG LQ WKLV FKDSWHU DLP
JDV MHW RQWR D OLTXLG VXUIDFH ,W GHFHVIFWUH BHMNG WKKH GO RDXPLLE \
DQG WKH GHIRUPDWULRQYLIRKEd WEKWHIDYWFH 7KH PRGHO FDQ GHDO ZL
DQG FRPSUHVVLEOH JDV IORZV $ ' D[LV\PPHWULF JHRPHWU\ L\
EDVHG RQ D WUDQVLHQW IRUPXODWLRQ

1.1 )OXLG IORZ HTXDWLRQV

$ VLQJOH VHWG6WIRNBYLHUXDWLRQV ZLWK YDU\LQJ IOXLG SURSH
SKDVHV SUHVHQW ORFDOO\ LV VROYHG

a 0]
_ Sw W, -

i t
w W, ! wooW « oL W 1y,

e Y5
ZKHUYH @ oY 5, ZLVWDRVKH YROXPH |UDFWRR QB8R0 UM TWLHE GHQV LW
S 2
WKH G\QDPWKWEXDHQW UHWFRFMVWYHO\ 3 LV, DVXG GEHDHRWWE UMK HX
FRPSRQHQWWGILYMFRHLRQ RI WKH IOXLG YHORFLW\ YHFWRU DQG W
7KH FRQWLQXLMA HTYXDWER Q
wWowid (T
wooWw

11.2 7XUEXOHQFH PRGHOOLQJ

11.11.2.1 7KH VWDQGPRGHN 0

7KH VWDQBPR&HN LV D FODVVLFDO 5%$16 5H\QROGVEBYHGDJIHG
WXUEXOHQFH PRGHO ZKLFK LQYROWHWYQMWKH WBDIWIRDPWRH WMKDRN
WXUEXOHQW NLQHWLF HQHUJ\ 0 DQG LWV UDWH RI GLVVLSDWLRQC

a . )
Wy WS R sy r

W w o Kaivay,
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a .
WH Wy WEp R o pe e (T
/A" w o Viiw oy, k k

QT DQET * LV WKH SURGXFWLRQ Rl WXUEXOHQW NLQHWLF H¢
JUDGLHQWYV ,Q WKLV LPSOHPHQ@WDQ@GR® MM H\RORRIRBRY WK
YLVFRVLW\ LV XVHG

k
£ Ly 7
Iv 1l &¢ &0DQGBRUH DOO WDNHQ WR EH FRQVWDQW DQG DUH JLYH
DQG 1RWH WKDW DV H[SODLQHG ODWHU LQ W

& LV XVHG LQ WKH FDVH RI FRPSUHVVLEOH IORZV

11.1.2.2 7KH ILOWHWRHKEH ® 0

7KLV PRGHRLEHSURDFK KDV EHHQ GHYHORSH@ B\ - R KDOLQWKH @/ KW DOL.@
WR SDUWLDOO\ FRPSHQVDWHWRK WKBQGRIAB ONOKHE VWRIHDWLQJ
GHSHQGHQW |IORZV W XWLOLVHV WKH VBWKDWQUWRRYR UWYHTIXD R
+RZHYHU D QHZ H[SUHVVLRQ RI WKH WXUEXOHQW YLVFRVLW\ L\
YLVFRVLW\ GHILQHG L@P REROMKDRIGDMGRUUHFWHG E\ D IDFWRL
(T 7KH SXUSRVH RI WKH FRUUHFWLRQ IDFWRU LV WR UHGXFH V

a | HO
P OPLEC ' 7 Ry 5
& LV D FRQVWDQW ZKRVH YDOXH OLHV LQ WKH BDAQQUHV>WKH @
ILOWHUMHWLKY QRWH WKDW D ODUJH ILOWHU VL]H YDOXH KDV QR |
WR WKH 3PLQ" RSHUDWRU 3K\VLFDOO\ VSHDNLQJ WKH UHGXFWLI
PL[LQJ RI WKH IOXLG )RU LQVWDQFH IRU D MHW LW UHGXFHV V
LQVLGH WKH MHOWHU VL]H YDOXH VKRXOG EH FKRVHQ ODUJHU
FRPSDWLELOLW\ ZLWK WKH ILOWHULQJ FRQFHSW W KDV WKHUH

UHVSHFW WBRHWRBXWLERQ

t PD[r d Zpig) ' 1'Z pig (T

KHUHJ DQIGDUH WKH FHOO OHQJWK LQ WKH UDGLDO DQG D[LDO G

N13 'LITHUHQFLQJ VFKHPHYV

,Q WKH SUHVHQW VWXG\ ZH KDYH XVHG WZR GLIIHUHQW GLIIHUI
RI WKH FRQYHFWLYH IOX[HV DW WKH FHOO IDFHV
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11.11.3.1 7KH +\EULG VFKHPH > @

7KH +\EULG VFKHPH XVHV D FRPELQDWLRQ RI WKH &HQWUDO 'LII
"KHQ WKH ORFDO YDOXH RI WKH 3WKGHWD WXRERIUWGHIEQR ®HIFW L
WKH GLIIXVLRQ IRUFHV MWRLQ WKH WEQLE VFKHPH UHGXFHV W
"LITHUHQFKIHPH 2XWVLGH WKLV UDQJH WKH IORZ LV GRPLQDWH
8SZLQG VFKHPH LV XVHG ZLWK WKH GLIIXVLRQ WHUPV VHW WR ]I
WKH 8SZLQG VFKHPH DUH QRW VKDUHG E\ WKH +\EULG VFKHPH

11.1.3.2 7KH 6PDUW VFKHPH > @

6PDUW LV D WKLUG RUGHU GLIITHUHQFLQJ VFKHPH ZKLFK LV D VW
7KH FHOO IDFH YDOXNHWHPBYBVYVEBOHLQJ

f) lr), )i (T

ZKHMH% DQGr PDP PLQ r 1

i i
NN NL. DS, DUH WKH YDOXHV RI WKHNIHS WKHARDW RDWIKIHEGRZQZI
XSZLQG DQG XSZLQG XSZLQG FHOOV UHVSHFWLYHO\

1.4 )UHH VXUIDFH GHIRUPDWLRQ PRGHO

7R GHILQH DQG ORFDWH WKH PRYLQJ LOQOWHUIDFH EHWZHHQ WKH
WKH 92) PBPW®&RE IROORZ WKH LQWHUIDFH WKLV PHWKRG XVHV V
WKH YROXPH IUDFWLRQ RI HDFK IOXLG LQ HDFK FRPSXWDWLRQDC
IUDFWRR® JLYHQ IOXLG LV FRPSXWHG WKURXJK WKH VROXWLRQ |
WD, w
W w

)OXLG SURSHUWLHV GHQVLW\ YLVFRVLW\ LQ HDFK FHOO DUH
SURSHUWLHSKRVHDFK

(T

v Dy

PP DR
6XUIDFH WHQVLRQ HIIHFWV DW WKH IUHH VXUIDFH DGVMARDNFHRR X QW

HTXDWLRQV E\ DGGLQJ ORFDOO\ DQ DGGLWLRQDO@RXUFH WHUP
oL oL
F, W'D (T

oL
k)
1

(T

ZKHWHV WKH VXUIDFH WHQVLRQ Q LV WKH IUI-n%IA\&QLDQBH-RXWZ[

.

WKH FXUYDWXUH
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7ZR GLIIHUHQW QXPHULFDO PHWKRGV ZHUH WHVWMRG WWKGLVFUH
ZHOIQRZQ 'RRERHSWRU '$ VFKHPH DQG WKH &RXQWHU 'LIIXVLRQ I

11.1.4.1 'RQRU $FFHSWRU

7R DGYHFW WKH YROXPH IUDFWLRQ RY H US$RKHS WHRWK V BPKWR A HF B (6
XVHS @ ,Q WKLV VFKHPH WKH FROGURFMVLMBFKOXDARA RI LQWHUID
FDOFXODWHG E\ LGHQWLI\LQJ DFFRUGLQJ WR WKH GLUHFWLRQ |
FHOO DV D GRQRU RI DQ DPRXQW RI OLTXLG D QGRW KWK I FIDIKHE R X
DPRXQW RI OLTXLG ORUHRYHU LW LV FRQVLGHUHG WKDW WKH L
RQH RI WKH PHOXUH FHV

JLIXUH ,QWHUIDFH VKDSHVBI\G WIQSW KMHRHBRUR U VFKHPH

11.1.4.2 &RXQWHU 'LIIXVLRQ OHWKRG

&'0 LV D WLPH LPSOLFLW VFKHPH ZKLFK KDV EHH Q@Q@HRRHORBR G E
DYRLG WKH XVH RI VPDOO WLPH VWHSVY RQ UHILQHG PHVKHV LQ
'RQRGFFHSWRU ZKLOH SUHVHUYLQJ WKH LQWHUIDFH VKDUSQH
PHWKRG DOORZV WKH XVH RI ODUJHU WLPH VWKZXEV WHKGRFIZQW)
FRPSXWDWLRQDO WLPH ,Q WKLV PHWJKRRD OFKB DARIQE HFWL QYHDI OF
ILUVW RUGHU XSZLQG VFKHPH EXW D FRUUHFWLRQ IOX[ FRXQ!
FRXQWHUEDODQFH WKH QXPHULFDO GLIIXVLRQ RI WKH LQWHUID
7KH LGHD EHKLGG!I PRALGREHWQOW WKH QXPHULFDO SEXEEOHV " EDEN
QXPHULFDO 3GURSOHWYVY" EDFN WR WKH OLTXLG 7KH FRXQWHU Gl

F c(ﬁﬁ‘ p 0 (T
ZKHWHD QB DH WKH IOXLG YHORFLW\ DQG WKH QRUPDO XQLW YHF
DQG DUH UHVSHFWLYHO\ WKH YDOXH RI . LQ W&H \DEFNSWAUQD G
IDFWRU GHSHQGHQW RQ WKH SUREOHP 7KH DERYH HTXDWLR

FRQVHUYDWLRQ DV WKH PDVV WDNHQ IURP WKH pGRQRAH] LV W

MDFFHSWRUY )J)URP WKH UHVXOWY RI VHYHUDO SUHYLRXV VWXGI
KDV EHHQ IRXQG
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115 &RPSUHVVLELOLW\ PRGHOOLQJ

7KH RULJLQDO YHUVLRQ RI WKH 3+<6,&8% FRGH ZDV GHYHORS
VLPXODWLRQV %HFDXVH WKH SUHVHQW VWXG\ LV FRQFHUQHG
DFFRXQW RI FRPSUHVVLELOLW\ HIIHFWV LV LPSRUWDQW WK
FRPSUHVVLEOH IORZV 'HWDLOV RQ WKH PRGLILFDWLRQV LPSOHI
DUH JLYHQ LQ WKLV VHFWLRQ 1RWH WKDW DOO WKH WUDQVI
FRPSUHVVLELOLW\ HITHFWV DQG WR HQDEOH WKH FRPSXWDWLRQ
GHIRUPDWLRQV ZLWKLQ WKH VDPH IUDPHZRUN KDYH EHHQ PDGH
LQ SDUDOOHO WR WKH SUHVHQW VWXG\ D@EG@UH GHVFULEHG LQ

11.1.5.1 (QHUJ\ FRQVHUYDWLRQ HTXDWLRQ

:KHQ WKH JDV LV FRQVLGHUHG DV FRPSUHVVLEOH WKH VHW RI
Rl WKH JDV SKDVH LV VXSSOHPHQWHG E\ WKH HQHUJ\ FRQVHUYD
HTXDWLRQ RI VWDWH DFFRXQWLQJ IRU WKH GHSHQGHQF\ RI WK
FRQVHUYDWLR@GHTXDHGLRY LV
whi w w80 P -wm°

— > (T

W g
:KHUH K LV WKH HOQ\WEKDSE0 D) @ KH WKHUPDO FRQGXFWLYLW\ WHK

WKH KHDW WXUEXOHQW 3UDQGW @& KX FFPWW WRH VISHRWPISYUHHOAV LE O |
WHPSHUDWXUH LV GHULYHETIURPZKIQWKIM §Q XWKQJFDVH RI FRP

IORZV WKyI/lXNHU‘P LQFOXGHG WR WDNH LQWR DFFRXQW WKH NLQH'
WET

h
Cp

r /2 / (T
Cp

T (T

11.1.5.2 SUHVVXUH FRUUHFWLRQ HTXDWLRQ

7KH IORZ HTXDWLRQV DUH VROYHG LQEBWVN4KG&YROWHU KWKV
WKH VROXWLRQ RI D SUHVVXUH FRUUHFWLRQ HTXDWLRQ GHUL"
JHQHUDO IRUP RI WKH SUHVVXUH FRUUHFWLRQ HTXDWLRQ LQFO
DFFRXQW RI FRPSUHVVLELOLW\ HIITHFWV UHDGYV

agRCc | akcm, (T
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ZKHUH A Yd, PDEuMmA & & %LV WKH FHOODI®®HWKHHD

PDVV FRQWLQXLW\ LPEDODQF H QK K SZX BHWRWRVBMW WKH FHOO IDFH
DQG WKH REBDIOQBHQWUH UHVSHFWLYHO\ DQG WKH VXSHUVFULSW
RI D YDULDEOH DQG LWV FRUUHFWLRQ UHVSHFWLYHO\

11.1.5.3 ORGLILFDWLRQ WR WKH WXUEXOHQFH PRGHO IR

"KHQ PRGHOOLQJ D VXSHUHWRQEXOBIREHWKRGNO LV QRW DFFXUDW
FRPSUHVVLELOLW\ HIIHFWV QGHHG WKH HPSLULFDO FRQVWD(
.ROPRIRBWAYYQ GWO H[SUHVVLRQ IRU WHKH™W X U BXOOHHQ BVH M QV WR\QLHVEG\ |
VXEVRQLF IORZV 'LIITHUHQW PRGLILFDWLRQV RI WKH FRHIILFLHQ
GHYHORSHG LQ WKH OLWHUDWXUH IRU WKH GBYHRUQBILIYRIY RI FR
D YDOXHDRIEIXQFWKRQWBRDGLHQW ODFK QXPEHU DV IROORZV

C, H[S M, (T

Z L WIK

@ ZKHUH 6 LV WKH PHDQW KWHMHUWODUEKOHQFH OHQJWK VF
a

VSHHG RI VRXQG

7KLY FRUUHFWLRQ ZDV HVWDEOLVKHG DQG DSSOLHG ZLWK VXFF
VLPLODU WR WKDW RI WKH VXUURXQGLQJ JDV <HW WKLV PRGHO
RI WKH MHW DQG WKH DPELHQW JDV GLIIHU VLIQLILFDQWO\ 7K
$EGRDPLG HW@Q@G $ODP SHWIWRO WRRN LQWRKBIFFRXWMRQV RI W
WXUEXOHQW YLVFRVLW\ DW KLJK WHRSRUBWIOWMH ¥R QKHUALRIGN Rl
KLIJK WHPSHUDWXUH MHW H[LWLQJ LQ D ORZ WHPSHUDWXUH DPE
FRQFHUQHG ZLWK D ORZ WHPSHUDWXUH MHW H[LWLQJ LQ D KLJK
KDYH SURSRVHG D PRGLILFDWLRQ RI WKH WXUEXOHQW YLVFRVLYV
RI' D SDUDRRWHW@J WKH IROORZLQJ UHODWLRQ

C, C; (T
ZKHUHL ¥
CT,
CfM,
75 LWKH WRWDO WHPSHUDWXUH JUDGLHQW QRUPDOLWW®&HE\ WKH
WXUEXOHQW ODFK QXPEHU

C, (T

s, - k

T , ———
o 1+ HT,

g
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Mw =~ "

fM, M M, HM ,M,

ZKHUH + [ LV WKH +HDYLVLGBQ®RQFMW WRRNDO WHPSHUDWXUH 7KF
SDUDPHWHUV GHWHWYPPQE D QG $P®GROVWXGLHYV TWEM N XPPDUL]JHG

P & & Q

$EGRDPLG HW(

$ODP HW @O
7TDEOHODOXHV RI FRQVWDQ&V WR FDOFXODWH

/IHW XV QRWH WKDW LQ DGGLWLRQ WR @¥KDQ JMREG WK R DY\DLARCH $RI!
WXUEXOHQW 3UBQIGRP QXWRHU RPRHQHHG E\ > L@RR[IUHH VKHDU
IORZV DQG KLJK KHDW WUDQVIHU SUREOHPV 7KLV YDOXH ZDV Fl
IURP WKH VXVUWR G QIH W

,Q 3+<6,&8% DQRWKHU PHWKRG KDV EHHQ XVHG WR KDQGOH WKH
MHW 7KH YPDWH/HRW &/R D FRQVWDQW YDOXH IRU WKWKHWLUH
DPELHQW WHPSHUDWXUH ,Q @KDW GHWHNUPIHER® IRU YDULRX
WHPSHUDWXUHV DG MpOAW MGDED®X R RS EULQJ WKH PRGHO SUHGL
WKH H[SHULPHQWDO GDWD UH @R WM HIEP & &FRXED BIMY ®@ PDGH RQ V
FHQWUHOLQH YHORF)JWXBEQ EH VHHQ LQ

THPSHUDW] &p

7TDEOH$GMXVWHG YPIRAHEBIIRIKRUHQW DPELHQW WHW S HIU®A & U HV VAL WeK 7
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JLIXUH &RPSDULVRQ RI WKH FHERRSXOWEE@AIADRFYW\WKH H[SHULPHQWDO GDW
6XPL HW @O >

JURP WKH PRGHO SUHGLFWLRQV DQ HTXDWLRQ KDV EHHQ HVWD
&p

8§ h,,-
C, AH[SB-*™, (T
© hjet 1
ZKHUH $ % ppeDQ&KUH WKH DPELHQW JDV DQG WKH MHW HQ
1.1.5.4 =RQDO *$/$%

,Q WKH RULJLQDO YHUVLRQ RI 3+<6,&% WKH VROXWLR®ISRFHG X
SUHVHQFH RI D IUHH VXUIDFH FDOOHG WKH *DV $QG /LTXLG $QI
RQ D IRUPXODWLRQ LQ ZKLFK WKH FRQWLQXLW\ HTXDWLRQ LV =
YROXPH UDWKHU WKDQ WKH PDVV ,Q WKH SARRPSHIHW WLMVE X G L WAKIHY
JDV SKDVH WKH FRQWLQXLW\ HTXDWLRQ LQ LWV PDVV FRQVHU)
FRQVHUYDWLRQ IRUP QHHGV WR EH VROYHG 7R DYRLG DQ\ LQW
VSHFLILF WHFKQLTXH GHYHORSH® EKL% WHERKQLNVXKHVHBOOHG =R
JLIXUHFRQVLVWY LQ GLYLGLQJ WKH FRPSXWDWLRQDO GRPDLQ |1
LVROLQH RI WKH ODFK QXPEHU HTXDO WR ,Q WKH UHJLRQ Z
QR]J]JOH H[LW FRPSUHVVLELOLW\ HIIHFWV DUH IXOO\ WDNHQ LQW
IRUP RI WKH FRQWLQXLW\ HTXDWLRQ ZKLOH LQ WKH UHPDLQLQJ
ZKLFK LQFOXGBYTWKE IQWHUIDFH WKH IOXLGV FDQ EH FRQVLGH
WKH FRQWLQXLW\ HTXDWLRQ LV VROYHG LQ LWV YROXPH FRQV
EHWZHHQ WKH WZR UHJLRQV LV QRW DQ LQSXW SDUDPHWHU EX\
WKH VROXWLRQ SURFHGXUH
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JLIXUH 3ULQFLSOH RI*WISHDSBQRO F K

1116 % RXQGDU\ FRQGLWLRQV RI WKH PRGHO

7KH FRPSXWDWLRQDO GRPDOL®RLIWH BRIGHWKHNVERBXQGDU\ FRQG
HPSOR\HG DUHDHEHOMNWHG LQ

JLIXUH &RPSXWDWLRQDO GRPDLQ
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7\SH 3UHVVDOHW RFLW\ N D®G K
*DV | BXEVR(
8 NDQB K
LQOH®KSHUV 3
w
3UHVVXUH RXWOHW u
‘DOO /RJ ODZ ZDOO | Koo
w
6\PPHWU\ —
W

7TDEOH®»RXQGDU\ FRQGLWLRQV RI WRKGHR\GURG\QDPLF P

7TKH WXUEXOHQIFHVL QWIHQWIGNVD V

e — k
I —4/—-ux U u —,— (T
U\/ g U\

$Q HPSLULFDO FRUUHODMQ RQ | WAROH\GWMIYHIDWRISHG SLSH IORZ Qt

I S5H > @ &RPELQLQJ WKLV FROUHOZWLEBHGXEFWKWKH IROOR
HISUHVVLRQ IRU N

k — 5H U (T

7KH WXUEXOHQW GLVVLSDWLRQ UDWH LV GHILQHG WKURXJK WKH

ioo, ko :

ZKHUH WKH WXUEXOHQW OHQJWR, ¥ EW&\NM KIH/ OADBNFHHQGRL® PHW HU D C
FRQVWDQW IRULQFRPSUHVVLEOH IORZ

,, O6LPXODWLRQ RI D IUHH MHW

7KH FRUUHFW GHVFULSWLRQ Rl WXUEXOHQFH ZLWKLQ WKH MHW
MHW VSUHDGLQJ DQG WKXV WKH VL]H RI WKH FDYLWHFDUIHDWH G
Rl WKH SUHVHQW VHFWLRQ LV WR DVVHVV WKH EFDSDELOLW\ RI Y
GHYHORSPHQW RI D VXEVRQLF IUHH MHW 7R SHUIRUP WKLV VW;
WHVW FDVH WKH FRQILIJIXUDWLRQ DQG 900UDH[S\W UBHRWHG LQ -+
YDULDQWY RV XWENOMQFH PRGHO KDYH EHHQ WHVWHG LQ WKLYV
51* YDULDQWY DV ZHOO DV WKH PRGLILH® PRGHA RSUR RR VWG |
UHVSHFWLYHO* ®D BRSHDODEHONH WKDW WKH VWDQGDMUG YHUV
WXUEXOHQFH PRGHO KDVGXOYRJEWHKEXMWAWRAGNG IRXQG WR JLYH
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SUHGLFWLRQV ZKURBRDWHH@QRW WKH SUSHVG QMK KB\RF XFPRIGMO V G

HVVHQWLDOO\ LQ WKH YDOXHV Rl WKH PRGHO FRQVWDQWYV XVH
PRGHO WKH WUDQVGRLADXIKD WORRGRKELWLRQDO VRXUFH WHUP

C, K KK H

& K

(T

ZKHUKVGK F K DQ&

7R EHWWHU SUHGLFW WKH VSU®%D G D& ESOUIRS IR \VRH D GHPUHD WILHWN W
YDOXH IURP WR LQ WKH GLVVLSDWLRQ UDWH HTXDWLRQ Z
YLVFRVLW\RZBL@HBRPPHQGHG LQFUHDMANHRPAVKH &R ZKLFK
OHDGV WR D UHGXFHG HIIHFWLYH YL VFRWOWR R G/H®IVVZHIPHG D O G HII
SUHVHQW LQ WKH FRPSXWDWLRQDO VRIWZDUH 3+<6,&% ZKLOH \
%DODEHO FRXOG HDVLO\ EH LPSOHPHQWHG LQ 349OROHE\ PRGLI
VXPPDULWHW DWKHY RI WKH FRQVWDQWY IRU WKH GLITHUHQW WXU
VWXG\

&p 1y 1 &g &o

6WDQGDU |
3RSH PRG®@
%DODEH O P
51* NO
7TDEOH9DOXHV RI WKH FRQVWDQWY LQ WKH GLITHUHQW WXUEXOHQFH PRGH(

7KH PRGHO LV IRUPXODWHG IRU WKH VWHDG\ VWDWH UHJILPH
LQFRPSUHVVLEOH VLQFH WKH ODFK QXPEHU RI WKH MHW DW WKt

122 * HRPHWU\ DQG ERXQGDU\ FRQGLWLRQV

7KH JHRPHWU\ RI WKH FRPSXWDWLRQDO GRPDLQ WBNMHE IURP
SUHVHQWHGGUH) 7TKH UHG OLQHYV UHSUHVHQW WKH RXWOHW ERXQ
ZDOO RI WKH QR]J]JOH DQG WKH EOXH OLQH LV WKH JDV LQOHW L
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JLIXUH *HRPHWU\ RI WKH FRPSXWDWLRQDO GRPDLQ GLPHQVLRQV L

7KH PHVK XVHG LQ WKH VLPXODWLRQVYX WK LFFKQMIDQ EH VHHRHOD
7KLV PHVK KDV EHHQ UHILQHG DURXQG DNEHWWRHRHGEMHV YL 8 WLR
FHOWUHOLQH YHORFLW\ 1RWH WKDW WKH LQWHULRU RI WKH QR]

JLIXUH OHVK RI WKH FRPSXWDWLRQDO GRPDLQ
7KH VLPXODWLRQV KDYH EHHQ SHUIRUPHG IRU D YRXOWE&HRN WIKH

PV LGHQWLFDO WR WKDW X¥I®G7EM JDWVHORZHWIDIRQGLWLR
QR]J]JOH RXWOHW XVHG LQ RXU VLPXDBDWH R Q VWWDUCHGR KWPDL Q H\GH GJ R
(T DQGr UHVSHFWLYHO\

8 PV 5H N PV 0PV

7DEOH*DV EORZLQJ FRQGLWLRQV DW WKH QR]]JOH RXWOHW

122 5HVXOWYV

,Q WKLV VHFWLRQ WKH FHQWUHOLQH YHORFLW\ DQG WKH UDGL
XVLQJ IRXU GLITHUHQW VXKW FER®ISQEPH P REWBVWKH H[SHULPHQWD
HW P@)LIXUHUHSUHVHQWY WKH YDULDWLRQV RI WKH MHW FHQWL
QLQHW\ WLPHV WKH QR]]JOH GLDPHWHU &RPSDUILO®@ R GHAMNH S WHG L F
WKRVH RI 3BRSH DQG %DODEHO PRGHOV RQKB,ERWIUERNH®KD WHN Q@
LQ D ODUJHU YDOXH RI WKH FH®MWUWHD LKL W HO RFR KWH UDHTGN YA LIFW K
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DQ LQFUH&HHWIHWRXOWY LQ D JUMH MWIKBUWKDO/XHQRD UHGXFHG HIITHFW
DQG WIHWHWVBHQFRPSDUHG WR WKH H[SWH{IRESHQMROGEHGHRMOL PDWHV
WKH FHQWUHOLQW K¥HDOPMEIHND\ PRGHO XQGHUHV WL PFCR/GHHIO LDAD VRK F
XQGHUHVWLPDWHY WKH FHQWUHOLQH YHORFLW\ RI WKH MHW 7tk
PRGHOV WHVWHG LVOWRE IWWHLQ GIDYHE RKE WB KW KENQWUHOLQH YHCOC
VOLIKWOS UHE{HWHG WKH DYHUDJH HUURWXWHBERXEBH |ILWD/\NMD
XVLEU 7KH ILWWHG YDOXHV RI WKH HTXDWLRQ FRHIILFLHQWYV D
WKH SRWHQWLDO FRE®HUH JLYHQ LQ

JLIXUH &HQWUHOLQH YHORFLW\ FRPSDULVRQ EHWZHHQ YDULRXV VLPXODWL
H[SHULPHQWD®O @bWD ILW

+XVVHLQ H@® BORUWHG H[SHULPHQWDO GDWD IRU WKH UDGLDO ¢
GLVWDQFH GRZQVWUHDP WKH QR]]JOH RI VHYHQWHNWKIRFZHN WKKH QF
FRPSDULVRQ EHWZHHQ WKH H[SHULPHQWDO DQG WKH VLPXODYV
DSSUR[LPDWHO\ D *DXVVLDQ GLVWULEXWLBQHGKRAWHGEEK RO OW
WXUEXOHQFH PRGHOV H[FHSW WKH 3RSH PRGHO ZKLFK XQGHUHYV
WKH UHVXOWV REWDLQHG ZLWK WKH GLIIHUHQW WXUEXOHQFH P
WK, FRHIILFLHQW GHFUHDVHV WHKHWDHW KAL\G WAK ORI/ YL WH QW Z LV
DQ LQFUH®MHHRXOWY DV PHQWLRQHG SUHYLRXVO\ LQ D UHGX
YLAHHUVD $ MHW ZLWK D UHGXFHG HIIHFWLLYHQYLVPRML VZL VZK OV
DPELHQW JDV OHDGLQJ WR D VORZHU VSUHDGLQJ UDWH RI WKH
WHK H[SHULPHQWDO GDWIXHLWRPSDUALWKQYHLQ WKH VWDQGDUG
IHYHUWKHOHYNGWMKHRIDOKH MHW SUHG LBR\RHGGH @\ LW KRHY M W/D\O\WE DRIV
7DEOH
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J)LIXUH 5DGLDO SURILOH RI WKH DyLPROPSHORVRW\EHW ZHHQ Y DWH RX® WAL DX W L
+XVVHLQ HW DO H[SHUXRHQWDO GDWD ILW

E D [ o] / o] /S o
> @
%D ODEHO> P
3RSH PRG®@®
51* NO
6WDQG D U (
7TDEOH-HW FKDUDFWHULVWK®D SWUD P,HW HDUMT IRU WKH GLITHUHQW WXUEXOI

PRGHOV FRQVLGHUHG &RPSDULVRQ ZLWK +XVV@WL,Q HW DO H[SHULPH

$V FDQ EH VBPHOQHQ WKH WXUEXOHQFH PRGHO XVHG IRU VLPXOD
D VLIQLILFDQW LQIOXHQFH RQ WKH GLVWULEXWLRQ RI WKH M|
VSUHDGRQH RI WKH IRXU PRGHOV WHVWHG KHUH LV FRPSOHWHC(
DEOH WR UHSURGXFH DFFXUDWHO\ WKH H[SH® &§PR QW WX Hz DR\XDJ R
PRGHOV WKH YWRQBORIKEY WKH VPDOOHVW GLITHUHQFH MWK +XV
SUHGLFWYV DZ INGHAK HKIDDQEN WKDQ WKDW REVHUY$VG DH[SHUL
FRQVHTXHQFH LW PD\ EH DQWLFLSDWHG WMWBWE XMXHIQ KMHP R G MK
VLPXODWH WKH LPSDFW RI D JDV MHW RQWR D EDWK VXUIDFH ZI
GHHS WKH MHW FHQWUHOLQH YHORFLW\ EHLQJ XQGHUHVWLPD
RYHUHVWLPDWHG WKDQ LQ UHDOLW\

7TKH RSHHBGLFWLRQ RI URXQG MHRRGHO WKARHARZQDQLGDONDQNVY RI W
PRGHVMHH HLUOFR[@,Q WKH SUHVHQW VWXG\ LW ZDV IRXQG WKDW
GHVFULEHG E\ 3RSH DQG %DODEHO ZKLFK DUH EDVHG RQ WKH
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WXUEXOHQFH&RBLGEEBYWRYH WKH PRGHO SUHGLFWLRQV G6HYHUI
WKH VWDERGBEON KDYH EHHQ SURSRVHG LQ WKH OLWHUDWXUI
SUHGLFWLRQV RI URXQG MHWW®W ¥KH SRUIRIDPPCEEDAHY RI WKHVH RV
ZHUH QRW HYDOXDWHG LQ WKH SUHVHQW SURMHFW DQG LW LV
DGGUHVVHG LQ D IXWXUH ZRUN

,, 6LPXODWLRQ RI 4BBQ VWWHD®OHULPHQW

4LDQ HW@OUULHG RXW H[SHULPHQWY LQ D FROG PRGHO WR YL\
ZKHQ DQ DLU MHW LPSLQJHV WKH VXUIDFH RI D ZDWHU EDWK 1
VLQJOZADWHU D Q®@D RUHEL ZPWHWRLIDQG EBEWRWHQMHLTXLG EDWK
DSSDUDWXV FRQVLVWHG RI D VIXDUH YHVVHO FRQWDLQLQJ D
F\OLQGULFDO JODVV YHVVIQQOLDXUHW FO®HEBRWHMQRQ RI WKH LG
PHDVXWHK®& RXJK DQ H\OIHAWLYR SUREH DQG WKH LPDJWSHEMUH UH
SKRWRJUDSKLF ILOPV

JLIXUH ([SHULPHQWDO ®IS&IDI® W W@D O

7KH RSHUDWLQJ UDQJH RI WKH JDWRORZ[ PDWHLAIDK D ODQFH KHL
YDU\LQJ IURR FP ORUHRYHU WKUHH ODQFHV RI GLDPHWHUYV

XVHG ,Q WKLV VHFWLRQ ZBDVHBMNGDWIHT LG/ LEDWK H[SHULPHGQC
FRQGXFWHG ZLWK D ODQFH GLDPHWHU RI PFP D&B DLIFXRYDWDW
RI BHULPHQWYV LQYROYLQJ SKDVHWRLDRQKEKHSUHRPBWUG DIQG
FRQGLWLRQV FRQVLGHUHG)KHUHHDUH GHVFULEHG LQ
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$LU

:DWHL

JLIXUH *HRPHWU\ DQG LQLWLDO FRQGLWLRQV LQ 4LDQ H[SHULPHQW GL

7KH DFFXUDF\ RI WKH PRGHO LV RI GRPLQDQW LPWRIWWBIQFW K HQ
LQIOXHQFH RI WKH JULG VL]H DQG RWKHU PRGHOV DQG PHWK|]
SUHGLFWLRQ RI WKH FDYLW\ VKDSH

1.3.1 ,QIOXHQFH RI JULG VL]H

,Q WKLV VHFWLRQ ZH FRPSDUH WKH XVH Rl GLIIHUHQW PHVKH"
YDULRXV VL]HV 7KH VLPXODWLRQ SDUDPHWHUY DUH DV IROORZV

X JRXU GLIIHUHQW PHVKHV ZLWK [ [ RU |

FHOOV FRQVLGHUHG

X 8QLIRUP SURINDDQHBY RHFLILHG DW WKH QR]]JOH RXWOHW

X 6WDQGBWE&WEXOHQFH PRGHO

X '$ IRU WKH 92) VFKHPH

x +\EULG GLIIHUHQFLQJ VFKHPH

JLIXUHUHSUHWHKHNVNWIYPKH DIHG FRPSXWHGKHQWHUWQEHEPHQW RI WKF
VOLIJKWO\ FKDQJHV WKH FDYLW\ VKDSH :KHQ LQFUHDVLQJ WKH
LQFUHDVH WKH FDYLW\ GHSWK 7KH FDYLW\ GHSWK GLIITHUHQFH L
LOQWR DFFRXQW DOO WKH PHVKHVZRIRG BHOWKGULKDIQWKMPFRDUVHV
FDQ DOVR VHH RQ WKH WZR ILQHVW PHVKHV WKDW WKH LQFUHI
FDYLW\ LV FDSWXUHG XQOLNH WKH WZR FRDUVHVWFR@HW\ LKLV |
OHVV ZLGH IRU WKH WZR ILQHVW PHVKHV )RU WKH SDUDPHWU!
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VHFWLRQV D PHVK FRQVLVWLQJ RI [ FHOOV ZLOO EH XVHG VL

DURXQG WHQ WLPHV IDVWHU WZXID/QK ARIWEH QF KIHOIH QW WWK PO VKPP L G
RI FDYLW\ GHSWK

JLIXUH 7LPBYHUDJHG LROHUIBBHQW PHVKHYV

1.3.2 &RPSDULVRQ RI WZR 92) PRGHOV

7KH VLPXODWLRQ SDUDPHWHUV WR FRPSDUH WKH WZR 92) VF¥
'RQRU $FFHSWQRG WKH &RXQWHU 'L&I'RV LIRWGH OBIW KRROBO R Z V

x OHVK RI [ FHOOV

X 8QLIRUP SURINDDQHBY RHFLILHG DW WKH QR]JOH RXWOHW

X 6WDQGBWE&WEXOHQFH PRGHO

x '$ RU &'0 IRU WKH 92) VFKHPH

x +\EULG GLIIHUHQFLQJ VFKHPH

JRU ERWK 92) VAKHPHVYKRZYV WKH FRP®PXYWHOG IWGPHQWHUIDFH 6LQ
UHOLHVY RQ DQ DGMXVWDEOH FRHIILFLHQW & ZH WHVWHG D UD
SUHGLFWHG FDYLW\ GLPHQVLRQV ZHUH IRXQG QRW WR EH YHU\ V
UDQJH & KHQ FRPSDULQJ WKH &'0 DQG '$ VROXWLRQV LW
DYHUDJHG UHVXOWY DUH YHU\ VLPLODU WKH GLIITHUHQFH LV D
+RZHYHU WKH FRPSXWHG G\WRRLFQBHKODERXW RRADUNHBO\DGLIITHI
DQQLJXUH EZLWK WKH '$ UHVXOWYVY SURGXFLQJ D VLJQLILFD
IUDJPHQWDWLRQ 7KH YROXPH ORVW LQ IUDJPHQWDWLRQ PD\ HJ[S
FDYLW\ GLPHQVLRQV $QRWKHU PDMRU GLIITHUHQFH EHWZHHQ
FRPSXWDWLRQDO WLPH %HIFDPXVIH W RPNWKRE&EPHW LV SRVVLEOH
DERXW WHQ WLPHNRUWMKOMWKHPMKDQ WKHVH VLPXODWLRQV WKH F
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ZDV OHVV WKDQ WZR KRXUV WRU WKRH BQQGFDVRXQG WZHQW\ KRXU
VFKHP MW PV

JLIXUH 7LPBYHUDJHG L QVUHGIDAFMNG XVL QJ$SWKHSWRB VFKHPH DQG WKH &RXQ
'LIIXVLRQ OHWKRG

JLIXUH ,QVWDQWDQHRXV VXW&DMEH SURILOH D

1.3.3 ,QIOXHQFH RI WKH ERXQGDU\ FRQGLWLRQV DW

,Q WKH SUHVHQW VHFWLRQ WKH LQIOXHQFH RI WKH VSDWLDO GL
WXUEXOHQW NLQHWLF HQHUJ\ DQG LWV GLVVLSDWLRQ UDWH D!
FKDUDFWHULVWLFV L HV MSTBHHDEHS XOBW/WKREWDLQHG ZLWK XQl
XQLIRUP GLVIDW IFRAEDRIGIVG )RU WKHXRLRLVRIUPLWWKRQIROHY LW LV F
WKDW WKH MHW H[KDXVWV IURP D VWUDLJKW ODQFH 7KH ODQFt}
WKH JDV IORZ LV IXOO\ GHYHORSHG DW WKH ODQFH RXWOHW 8V
WKH JDV IORZ LQ WKH VWUDLJKW ODQFH 7KHQ WKH IORZ SURIL
WKLY PRGHO DUH DSSOLHG DV LQOHWDERXNQGIRBHRQGLWLRQV LC
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11331 1RQ XQLIRUP SURILOWBWIDXVWUDQRGKW ODQFH RX

7KH DLP RI WKLV VLPXODWLRQ LV WR GHWHUPLQH WKH ODQFH |
1RWH WKDW WKH DQDO\WLFDO SURILOH RI WKH YHORFLW\ RI D I
NQRZQ LQ WKH @GLMHOUHDWKXHHHDUH QR DQDO\WLFDO)BWRUHOHV D

UHSUHVHQWYV WKH ' D[LV\PPHWULF JHRPHWU\ RI WKH VWUDLJK

JLIXUH *HRPHWU\ RI WKH VWUDLJKW ODQFH

7KH VLPXODWLRQ zZzDV PDGH LQ VWHDG\ VWDWH ZLWK D PHVK FF
VWDQGDUWXNEXOHQFH PRGHO 7KH IORZ SDUDPHWHUV DW WKH
XQLIRUP DUH

x 8 PV 5H

X N PV |

x 0 PV
7KH D[LDO YHORFLW\ RI WKH JDV LV SORWWHG DJDLQVW WKH UD
LQLJIJXUH 7KH YHORFLW\ SURILOH FRPSXWHG IURP WKH DQDC

SRZIOWD Z JLYHQ UL DOVR VKRZQ LQ WKLV ILIXUH

JLIXUH $[LDO YHORFLW\ DOM W ) ® RYMHD HY/

5 r T
Upp; © Rn;‘
ZKHUK,, U
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$V EEHWHH@WKH RQH VHYIOQWKHBREZWURQ UHSURGXFHY VDWLVIDF
SURILOH DW WKH ODQFH RXWOHW 7KH SURILOH RILWWKH WXUEXC

DJDLQVW WKH UDGLDO GLVWDQFH DW WKH ODQFH LQOHW DQG
UHDVRQDEO\ ZHO ORIMWVESRIB QRMIKDD OV JLYHQ LQ

JLIXUH 7XUEXOHQW NLQHWLF HQHUJ\ DW WKH ODQFH LQOHW DQG

k o R r (T
$V VKRZQLIXQUH WKH SURW. QHKIRIODQFH RXWOHWYfRU®G HEWB | LW
SRO\QRPLDO OV JLYHQ LQ

JLIXUH'LVVLSDWLRQ UDWH RI WWLH W RIMI QDK WDNQFHH LQOHW DQG RXWOH

1332 ,QIOXHQFH RI WKH GLVWULEHEWLRRN GDQFH BX
RQ WKH FDYLW\ SUHGLFWLRQ

7KH VLPXODWLRQ SDUDPHWHUV WR FRPSDUH WKH LQIOXHQFH RI
HDW WKH ODQFH RXWOHW DUH DV IROORZV
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x OHVK RI' [ FHOOV ORUH FHOOV KDYH EHHQ DGGHG WR W
XQLIRUP SURILOMY RI X N DQG

X 8QLIRUP RAQQIRQP SURNDIHY SHFLILHG DW WKH QR]]JOH RXWO
X 6WIDGDUMWNXNUEXOHQFH PRGHO

X '$ IRU WKH 92) VFKHPH

x +\EULG GLIIHUHQFLQJ VFKHPH

,Q WKLV VHFWLRQ WKH DERYHTHTRRWLRQMUH KKVHG WR VSHFLI\
QRRQLIRUP SURILOHMWIVBKN ORGEHX B XWKREZW WKDW WKH MHW FF
YHORFLW\ LV VLIJQLILFDQWO\ KLIRH LR BRHSH\R RIDMNEH QLLQVL D 8 QO H
WKLV YHORFLW\ LV HTX DOR W R KH DQG IRQPI DY SUIRRQLOHYV UHVSH
7KH FDYLW\ FUHDWHG E\ WKH LPSLQJHPHQW KIQMRK PMBWR LIQO M/
VKRXOG WKHUHIRUH EH GHHSHU WKDQ WKH FDYLW\ REWDLQHG L«

IDQFH RXW

%DWK LQLWLDO OHYHO

JLIXUH & HQWUHOLQH YHORFLW\ LQ WKH JDVHRXV SKDVH
7KLV UHVXOW LV FRQILUPHG ZBN& UHRRSD UQYH WIKDHARW E®IH V H Q W H (

IRV WKH WZR FDVHV 7KH FDYLW\ GHEWRUPDOFRIADW M G \Z LDVEIS WARR[Q |
KLIJIKHU WKDQ WKDW ZLWK XQLIRUP SURILOHV 7KH FDYLW\ ZLGWt

JLIXUH 7LPBYHUDJHG LQWHIHDRWRRX&IOHW SURILOHV RI X N DQG O
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134 &RPSDULVRQ RI WZRAGKUBXEBRAYFN PRGHOV

,Q WKLV VHFWLRQ WKH SHUIRUPDQFH R0 WR & NONCRPGBDWHKD QG W
WKH IROORZLQJ VLPXODWLRQV SDUDPHWHUYV
x OHVK RI [ FHOOV
X 8QLIRUP 8 RRINDDQHBV SHFLILHG DW WKH QR]]JOH RXWOHW
Xx 6WDQGDUG RU ILOWHUHG W KHWKXUEXIOHQHFGW RIGCHOHU VL]HV
X &0 IRU WKH 92) VFKHPH
x +\EULG GLIIHUHQFLQJ VFKHPH
7KH WRDPFHUDJHG LQWHUIDFHV RI WKH FDYLW\ SUHGLFWRG IRU \
JLIXUH

JLIXUH 7LPBYHUDJHG LQWHUIDFH SUHGLFWHG XVLQJ WKRIGHWDQGDUG DQG

2YHUDOO WKH UHVXOWYV REWDLQHG ZLWK WKH WZR GLIITHUHQW
GLPHQVLRQV RI WKH FDYLW\ DUH UHODWLYHO\ VW LUIREVHH HE
WKDW WKH MHW SHQHWUDWLRQ LQFUHDVHV ZKHQ WKH ILOWHU \
ILOWHU VL]H UHGXFHV WKH WXUEXOHQW YLVFRVLW\ VR WKH
WKHUHIRUH WKH FDYLW\ GHSWK LQFUHDVHV 1RWH WKDW ZKHQ
FDYLW\ REWDLQHG LV WKH VDP®H W X UAXDOK QFKHF B/RMAEHDE B GLKO W H U
QR HIIHFW

135 &RPSDULVRQ RI WZR GLIITHUHQW GLITHUHQFLQJ

7ZR GLIITHUHQW GLIIHUHQFLQJ VFKHPHDWRIFRK&SDBERIGY HAFKH YWHK ML
6PDUW DQG +\EULG VFKHPHVY 7KH VLPXODWLRQV SDUDPHWHUYV D
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x OHVK RI [ FHOOV

X 8QLIRUP SURINDDQHBY RHFLILHG DW WKH QR]]JOH RXWOHW

X 6WDQGBWE&WEXOHQFH PRGHO

Xx &0 IRU WKH 92) VFKHPH

x +\EULG RU 6PDUW GLIIHUHQFLQJ VFKHPH
JURPLIXUH LW FDQ EH VHHQ WKDW WKH GHSWKV Rl WKH FDYLW\ S
DUH Rl WKH VDPH RUGHU RI PDJQLWXGH 7KH SUHGLFWLRQ XV
GHHSHU E\ 7KH ZLGWK RI WKH FDYLW\ LV DOPRVW LGHQW
FRPSXWDWLRQDO WLPH RI WKH UXQ XVLQJ 6PDUW LV KLIJKHU
GXH WR WKH IDFW WKDW 6PDUW LV D KLJKHU RUGHU GLIIHUHQFL

JLIXUH 7LPBYHUDJHG LQWHUIDFH IRU WZR GLIITHUHQFLQJ VFKHPHYV

136 2SWLPDO LQSXW DQG PRGHO YDOLGDWLRQ

$V SUHVHQWHG DERYH GLIIHUHQW VLPXODWLRQV KDYH EHHQ SH
LQIOXHQFH RI YDULRXYVY PRGHOV DQG LQSXW GDWD RQ WKH SUHC
VHFWWK® PRGHO SUHGLFWLRQV IRU GLIITHUHQW FRPELQDWLRQV
DIDLQKW PHDVXUHPHQWV4E8HQIRWR® BGKE\ SDUDPHWHUV RI WKH

VLPXODWHG DUH @M BEGHDXHEKHQVLPXODWLRQ UHVXOWY DUH FR
HISHULPHQWDIOXADWD L2@QH VKRXO0OG QRWH WKDW WKH H[SHULPHQ
DG @UH SURYLGHG ZLWK D VWDQGDUG GHYLDWLRQ RI PP F
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7TDEOH6XPPDU\ RI WKH FDVHYV VLPXORPWMWEH |ILBWXHWEMONQFH PRGHO DQG &
IRU WKH &'0

JLIXUH 7LPBYHUDJHG LQWHUIDFH RI WKH FDYLW\ IRU WKH FDVH

7KH GHSWK RI WKH FDYL®AD\NVHE WK H'UDXQGGRDRH VR EH Y, D QG

- SUHGLFWHG E\ WKH PRGHO ZK L CBHU WKIHF WIHEW K KV DOHD \N QRGY M/
RI WKH FDYLW\ DUH V\S WH®DFLIFG EQ\WRMHHBPRGHO H[FHSW IRU W
&DVH ( JLYHV WKH EHVW UHVXOWV GLVFUHBDQFKHRIDUHRUD @& H
IRU WIRMDXPH DPRQJ DOO WKH FRWENQHAKLWKHADWRIOORZLQJ PR
SDUDPHWHUV D [ MDOGVDBWEYMEXOHQFH PHEGHSRUERKXRW H U
"LITXVOARWKRIKHPH XQLIRUP SURILOHV IRU WKH YHORFLW\ N DQ
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GLITIHUHQFLQJ VFKHPH 1RWH WKDW WKH FDVH ( ZKW\BKH RQO\ G|
SURILOHY RGOHDGY WR EHWWHU UHVXOWY WKDQ FXWHIRUPHVSL)
SURILOHV DUH H[SHFWHG WR EH D PRUH SK\VWLFDOO\ UHDOLV\
SDUDPHWHUV WKDQ WKH XQLIRUP SURILOHY 7KH SDUBPRHWHUYV
UHIHUUHG LQ WKH IROORZLQJ DV WKH RSWLPDO LQSXW SDUDPHYV
DOO WKH VLPXODWLRQV SUHVHQWHG LQ WKH UHPDLQLQJ RI WK
WKHVH RSWLPDO LQSXW SDUDPHWHUV PD\ LQFOXGH VRPH FRPS
FRPELQDWLRQV RI SDUDPHWHUV KDYH QRW EHHQ WHVWHG

W VHHPV FOHDU WKDW WKH GLIILFXOWLHY LQ UHSURGXFLQJ DFI
Ssbuw UHODWHG WRRWWHHANUEXEBROEHVPRGHO ZKLFK DV LOOXV
RYHUHVWLPDWHYV WKH VSUHDGLQJ RI WKH MHW ,Q RUGHU WR J
KHOSIXO LQ WKH IXWXUH WR UHVROYH WKLY WXUEXOHQFH PRGH«
WKH HIITHFWV RI WKH ' HVSHFLDOO\ WKH URWDWLRQ RI WKH FDY
EH SDUW Rl WKH GLVFUHSDQF\ EHWZHHQ RXU PRGHO DQG WKH HJ

,, 6LPXODWLRQ/RMADKHMWSHULPHQW

4.1 ([SHULPHQWY PDGH DW ,-/

7KH H[SHULPHQW GHYHORSHG DW-/, @KWKV R VQ- i B VHHER X U

DLPV DW YLVXDOL]LQJ WKH LPSLQJHPHQW RI D I[UHH JDV MHW R
FRQVLVWY RI DQ LQWHULRU F\OLQGULFDO ZDWHU EDWK RI GLDP
ILOOHGDZLMXK IRU PHFKDQLFDO VXSSRUW DQG GLIIUDFWLRQ LVVX
FRPSUHVVHG DLU WKURXJK D YHUWLFDO ODQFH ZLWK D P
DSSDUDWXV WKH ODQFH FDQ EH LQFOLQHG DW YDULRXV DQJO|
([SHULPHQWYV DUH UHFRUGSIBHR®VERBPHNDKLIKH UHFRUGHG LPDJI
SURFHVVHG LQ RUGHU WR GHWHUPLQH WKH SURILOH RI WKH FI
DGGLWLRQ WR WKH FDYLW\ FUHDWHG E\ WKH JDV MNHW WKH
PHDVXUHPHQW RI WKH DPRXQW Rl ZDWHU HMHFWHG KDYH EHHQ
SRLQW ZLOO QRW EH GLVFXVVHG KHUH 7KH SUHVHQW H[SHULTI
XQGHUJUDGXDWH VWXGHQW IURP WKH 8QLYHUVLW\@I| $OEHUWD
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JLIXUH ([SHULPHQW GHYHORSHG DW ,-/

1.4.2 5HVAOW

421 ([DPSOH RI H[SHULPHQWDO UHVXOWYV

6HYHUDO H[SHULPHQWYV ZHUH FRQGXFWHG DW JDV IORZ UDWH
P V DQG ODQFH KHLJKWYV DQG PP 7TKH FDYLW)
REWDLQHG KDYH EHHQJIJXWBEBRUWHNG LMD FRXOG EH H[SHFWHG W
LQFUHDVHYV ZLWK DQ LQFUHDLRWK B &HHUHDRVH BWWKRHUODQFH KHL.

JLIXUH &DYLW\ O IWIKQFWIRHD IRRZUDWH IRWQGE HI IKHHJLHIEW V

1422 6LPXODWLRQ UHVXOWYV

7KH H[SHULPHQW ZKLFK KDV EHHQ VLPXODWHG KHUH ZDV FRQ
[ PV DQG D ODQFH PP DERYH WKH LQLWLDO OHYHO RI W|

VHW RI SDUDPHWHUV GHWHUPLQHGERIDQY WHK R HIAKH YWERKBEIR GRHLIFGY INR G

SURILOHV IRMDYW WKHHQGDQFH RXWOHW DQG +\EULG D QXX® DHBNVWHFKHP
WKH H[SHULPHQW 7KH FRDUVH PHVK FRQVLOVYWAWHZRHUKH WAHKHOOV
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UHG OLQH LV WKH LQLWLDO OLTXLG OHYHO $ UHILQHPHQW RI
RXWOHW

JLIXUH OHVK [ FHOOV RI WKH ,-/ PRGHO UHG OLQH LV WKH LQLWLTEL

7KH YHORFLW\ GLVWULEXWEGERQLEQYMKME@DV BKB\SURWPLW\ RI WK
WR WKH EDWK VXUIDFH SUHYHQWYV WKH JDV WR JR RXWVLGH WKF
JDV LMQOQWUDLQHG LQVLGH WKH MHW DIWHU HVFDSLQJ WKH FDYLYV

JLIXUH 7LPBYBUHG GLVWULEXWLRQ B I QURMXE MOKRHF LN SKDVH

7KH WDFWHUDJHG SURILOHV RI WKH LOQWHUIDFH EHWZHHQ DLU
HISHULPHQW DQG SUHGLFWHG E\ WKHLPRGH O6 LDPUW KD DRRIRAIS W/BRH G
VLPXODWLRQ RI WKH H[SHULPHQW RI 4LDQ HW DO SUHVHQWHG L
LV ZHOO UHSURGXFHG ZLWK D PP SUHFLVLRQ +RZHYHU WK
DURXQG LQ RXU VLPXODWLRQ FRPSDUHG WR WKH H[SHULPHQ
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JLIXUH 7LPBYBUHG LQWHUIDFH RI WKHFD®HW\ LQ WKH

6LPXODWLRQ RI 4ABBQVWHWHD®OHULPHQW

7KH PRGHO RI WKH VWHHOPDNLQJ FRQYHUWHU VKRXOG GHDO ZL
WKH OLTXLG VODJ DQG WKH JDVHBXW KIKDL I$ K DY WV K IENS WHHFMQ\R
OLTXLG OD\HU RQ WR & W WWILKMNEP LHXQ &L EBIWURHW XRQV VI REWDLQHG 2
QHZ PRODUH® FRPSDUHG BIJBHQVWHQYWHBO PHDVXUHPHQWY SHUIRUP
> @RU D WZR OD\HU OLTXLG EDWK FRQILIJXUDWLRQ

151 7TKUHIKDVH KDQGOLQJ

7R GHDO ZLWK WKUHH W\SHVT RUIGLAOXADBY IDEB ADNVXLG  WKH 92)
PRGHO WZR PDUNBDQEBQFWIRQWR G XFHGDLAKW PIDDWHG E\ PHDQV F
&RXQWHU 'LIIXVLRQ OHWKRBELYKWO H DMKHG PYOVUSEHUHE KR UR @ RKIH P H
7ZR GLIIHUHQW PHWKRGV IRU WKH 92) KDYH EHHQ XVHG VLQFH
PDUNHUV DLW® WKH FXUUHQW YHUVLRQ RI 3K\VLFD 7KH WZR PI
IROORZLQJ FRQGLWLRQV

Xx D ZKHQ WKH FHOO GRHV QRW FRQWDLQ OLTXLG

x D ZKHQ WKH FHOO GRHV QRW FRQWDLQ JDV

x E ZKHQ WKH FHOO GRHV QRW FRQWDLQ OLTXLG

x E ZKHQ WKH FHOQTALGXOO R
8VLQJ WKHVH WZR IXQFWLRQV I10XLG SURSHUWLHV GHQVLW\ YL

/| El EDI E DI, (T

liquid liquid
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152 (([SHULPHQW DQG ERXQGDU\ FRQGLWLRQV

6LPXODWLRQV KDYH EHHQ SHUIRUPHG NHU R\ZAQEH U HFRD W LW\ V W |
RIZDWHU EDVHG RQ WKH H[SHULPHQWD@WVN RRIKL FKRW K4 D/Q PK\® D
UHVXOWYV DUH FRPSDUHG 7KH JDV EORZLQJ FRQGLWLRQV DQG W
RI WKH YDULRXV OLTXLGV FRQVLGBE®GIKE DURZRXBPDOHUMEGWLQLT
YLVFRVLW\ DQG WLPHV WKH ZDWHU YLVFR YV DOW\JKMNHSH 6 WILX -
OD\HU RQ WRS RI WKH EDWK 7ZR GLIIHUHQW ODQFH RXWOHW I
VIVWHP UHVSHFWLYHO\ FRQGLWRR@ZBEMBIQGY %W WRHP WIQK FIRWQ G L\
DQG ' IRU WKHRIVHDMHU V\VWHP 7KH PHVK XVHG LQ WKH VLPXO
VHHQ LLIXXUH FRQWDLQV [ FHOOV 7KLV PHVK KDV EHHQ UHIL
KDYH D EHWWHU GHVFULSWLRQ Rl WKH LQWHUIDFH GHIRUPDWLF
OD\HU LV VHW WR PP 1RWH WKDW DOO WKH VLPXODWLRQV SUH
WKH RSWLPDO LQSXW SDUDPHWHUV RI WKH PRGHPWILHRWLYHG LQ
6LQFH WKH FXUUHQW YHUVLRQ RI 3+<6,&$% FDQ GHDO ZLWK VXL
LQWHUIDFH RQO\ WKH VXUIDFH WHQVLRQ DVVRFLDWHG WR WKH
RLO RU NHURVHQH KDV EHHQ WDNHQ LQWR DFFRXQW ,W ZRXOG
H[WHQG WKH FRGH WR WDNH LQWR FRQVLGHUDWLRQ WKH VXU
LQWHUIDFHOLUTKLGDWDM G DQGLOXIBLG

ILTXUGoirxiebB] ottxiR V |'otrxNd P[5H|8 P YN PV|[HP Vv
$

&RUQ|RLO
%
&

.HURVHQH ‘

"DW H

7EEOH 3URSHUWLHYV RI WKH OLTXLGY DQG JDV EORZLQJIJSKBRQGELMRRPY DW WKFE
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JLIXUH OHVK RI WKH FRPSXWDWLRQDO GRPDLQ DQG LQLWLDO UHJLRQV RFF;

53 HURVHQWKDOV VHFRQG OLTXLG

JLIXUHDQGLIJXUH VKRZ WKH QXPHULFDO DQG H[SHULPHQWDO Ul
NHURVHQH IRU RXWOHW JDV YHORFLWLHV,WD@H BEGRP WKM UH)\
ILJXUHV WKDW QDWXUDOO\ WKH KLJKHU WKH YHORFLW\ WKH GH
WKH NHUFOMIQW UHPDLQV OLWWOH DIIHFW GV ZKKQVWHKH GXHO R/RL \
IDFW WKDW WKH VKHDU H[BEDNWHIGY EQ R\WA WR V & QIR FROEHILX® € H

WKDW WKH H[SHULPHQW DQG WKH VLPXODWLRRBURWHIQWHILQ \¥ B BN
LV SHUIHFWO\ SUHGLFWHG E\ WK RAVRIGHO LR IOBI DFKHLBLBUHG
SUHFLVLRQ OHVV WKDQ PP 1RWH WKDW DW KLJKHU JDV YHOR
DUH OHVV DFFXUDWH SUHFLVLRQ OHVV WKDQ PP

JLIXUH 7LPBYHUDJHG LQWHUNBIRHRWAHBNAHU US P V
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,QLJXUH ZH FDQ QRWLFH WKDW DFFRUGLQJ WR WKH PRGHO Wi
QR]]JOH D[LV DQG LV LQ FRQWDFW ZLWK WKH DLU MHW 7KLV S|
NHURVHQH IORZWIQK DFMA EQ Rl WKH JDV MHW ZKLFK LQ WXUQ L
ZDWHU LQ WKH ERSKSKAKQRPHQARW LV QRW REVHUYHIXLMQ WKFE
GLVFUHSDQF\ FRXOG BE\HR SW KM O KA BX®MG GRHY QRW WDNH LQW

VXUIDFH VIDMQ WIKRHQZHDMR MBQWH U | D F H

JLIXUH 7LPBYHUDJHG LQWHUNBRHRWAHBMAHDL U8 P V  7KH 3ZKLWH UHJLRQV™ QRQ
KDWFKHG SDUwyvY UHSUHVHQW UHJLRQV ZKHUH WKH WKUHH GLIITHUHQV

154 &RUQ RMWXKBWHFRQG OLTXLG

$V VKRZQ DQUHDQELIXUH W IO MUIPHHG LQWHUIDFHY FDOFXODW
XVHG DV WKH FRYHULQJ OLTXLG OD\HU DUH LQ UHODWLYH JRRG
ZLWK WKRVH REWDLQHG H[SHULPHQWDOO\ IRU ERWK YHORFLWLH
DURXQG PP QHDU WKH MHW D[LV FRPSDUHG DALRPHR&/N WEIDWLDQ ¢
WKH FDVH Rl NHURVHQH GXH WR WKH KLJKHU YLVFRVLW\ Rl FRUC
RLO HQKDQFHV WKH WUDQVPLVVLRQ RI WKH VKHDU WR WKH FRUQ

JLIXUH 7LPBYHUDJHG LQWHUFBEIQYRIROH D LY P V
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KHQ LQFUHDVLQJ WKH MHW YHORFLW\ IURP PX® WRG WHKHYV

ZDWHU OD\HU LV QRZ LQ FRQWDFW ZLWK WKKUMLU L Q@ LWKHW.IRIS LKF
RLO SXVKHG ODWHUDOO\ DzD\ 7KLV EHKDYLRXU PD\ EH DWWUL
YHORFLW\ WKH KLJKHU WKH VKHOLW ¥ D W@ YPILLQWHHG DNFRI W/KHH ARQU
YLVFRVLW\ RI WKH XSSHUHIUONYE QVONBUKHWHEH®W LW ZDV VKRZQ
NHURVHQH OD\HU L H ORZ YLVFRVLW\ WKH WUDQVPLVVLRQ RI
LQWHUIDFH LV OHVV WKDQ LQ WKH FDVH RI D FRUQ RLO OD\HU L

JLIXUH 7LPBYHUDJHG LQWHUFBRPIQYRMROH D LY P V 7KH 3ZKLWH UHJLRQV™ QRQ
KDWFKHG SDUwyvy UHSUHVHQW UHJLRQV ZKHUH WKH WKUHH GLIITHUHQV

,, 6LPXODWLRQ RI D VXSHUVRQLF R[\JHQ 1
OLTXLG VWHHO EDWK

7KH PRGHO LV XVHG LQ WKLV VHFWLRQ WR WMPHKIO® \E B WKK K QG3H B
LPSDFW RI D VXSHUVRQLF RRADBA FMRIQY HQ VDHIL (ZXWMKL @ DUW/H 6 R © D/
DW $UFHORUOLWWDO ODL]JLqQUHV 6LPLODU FDOFXODWLRQV FDUU
FRQYHUWHU DUH $SSHDMQ YKPKEG SLQRW UHSUHXHBMWMHG LR KLJIK

ZLWK DQ LQQHU GLDPHWHU RI P 7KH OLTXLG VWHHWOWDWK LV
RI PHWDO RI DURXQG WRQV $ YHUWLFDOOWRMK L[BDQWKHEXSB Q EH \
R[\JHQ 7KH SK\VLFDO SURSHUWLHV Rl WKH RP\DEQHDQG OLTXLG V

UNJP | P3DV[O :P. | &S -NJ [ 11FP
2[\JHQ | ,GHDO JCO
ILTXLG
DW fl&

7DEOH3K\VLFDO SURSHUWLHV RI WKH R[\JHQ DQPFRXODWAIRQVWHHO XVHG
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JLIXUHBFKHPDWLF UHSUHVHQWDWDRRHA RRQEHPROBIRRQV LQ PP

7KH SLORW KRWQDHHQ VLPXODWEGRZQGQH IF RVKGLWLRQV
x 2[\JHQ DW WKH QR]]JOH RXWOHW YHORPLR/ \DRADFKPQWXPERWUR
WHPSHUDWXUH RI . GHQVLW\ RI NJ P
x $PELHQW JDV WHPSHUDWXUH HTXDO WR . ZDOO IXUQDFH
DQG ODQFH ZDOO WHPSHUDWXUH HTXDO WR
x 1R]JOH GLDPHWHU PP

JLIXUH OHVK [ FHOOV RVADIOH FIRARWUWHU

7KH VLPXODWLRQV SDUDPHWHUV DUH DV IROORZV
x OHVK [ FHOIXWH
X 8QLIRUP SURINIDHBN RHFLILHG DW WKH QR]]JOH RXWOHW
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X ORGLILHG VWWEDHW® NH PRGBY BHWKORG LQ
X &0 IRU WKH 92) VFKHPH

x +\EULG GLIIHUHQFLQJ VFKHPH

x =RQDO *$/$ ZLWK D FULWHULRQ RI 0D

JLIXUHVKRZV WKH WUDQVLHQW HYROXWLRQ RI WKH YHORFLW\ G
LPSLQJHG E\ WKH VXSHUVRQLF R[\JHQ MHW $V ZH FDQ VHH RQ W
VXUIDFH DQG JRHV XS QH[W WR WKH ZDOO DIWHU VZHHSLQJ WKI
HQWUDLQHG LQVLGH WKH MHW ZKLOH WKH UHVW RI LW OHDY'}
FRPSRVHG RI D VLQJOH UHFLUFXODWLRQ ORRS FUHDWHG E\ WKI
LEQVLGH WKH MHW 7KH YHORFLW\ GLVWULEXWLRQ LQWDVLWHUWKH

DSSUR[LPDWHOTXDNHDG\ VWDWH UHJLPH 7KH MHW LV VWURQJO\
WKH QR]J]JOH H[LW DQG WKH R[\JHQ YHORFLW\ QHDU WKH EDWK
WKH RUGHU RI PV ZKLFK FRUUHVSRQGNVWRED KD RUIKIXEMRQLF

LQGLFDWHY WKDW WKH LQGXFHG PRWLRQ RI OLTXLG VWHHO LQ \
RI PV 7KH VWUHDPOLQHY LQVLGH WKH EDWK UHYHDQV WKH |
VHH LW WDNHV PRUH WLPH IRU WKH IORZ LQVLGH WKH EDWK
UHFLUFXODMHQRWUERWHG DW WKH HGJIJH RI WKH FDYLW\ DW WKH
PRYHY DORQJ WKH IUHH VXUIDFH WR WK HHDWOWRIH QY KGH MHMW\HA
ORFDWHG DW WKH VDPH RIHDGWRWLWE KDWKW KD VOHRRSY SKDVH P

J)LIXUH 6WUHDPOLQHY DQG YHORFLW)\ GV¥WORMEXMWLREY A8 WKH ISYGIRGLIITHUHQW
WLPH LQVWDQWYV
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7KH WDFHUDJHG GLVWULEXWLRQ RI)WIKH ISZKQHVILHW WKW SO R W\ IGGV
OLTXLG DUH UHSUHVHQWHG E\ WKH EOXH DQG WKH UHG UHJLRQV
WKH ERXQGDU\ ZKLFK VHSDUDWHY WKH LQQHU UHJLRQ RI WKH M
EH DFFRXQWHG IRU ODFK QXPEHU JUHDWHU WKDQ DQG WKH |
LV QHJOLJLEOH ¥PPK QKB BMKID Q DQG WKH JDV PD\ EH WUHDW
7KH ORFDWLRQ RI WKLV ERXQ®RBGHIOV FRE IX WM IGHEQ YKV R1 WKH
DSSURDFK HPSOR\HG LQ WKH SUHVHQW FDOFXODWLRQV ,W FD
FRQGLWLRQV WKH FRPSUHVVLEOH UHJLRQ LV VXIIDFRHGWD\IDU
LOQWHUIHUHQFH EHWZHHQ WKH FRPSUHVVLEOH PRGHO DQG WKH
UHJLRQ

JLIXUH 7LPBYHUDJHG GHQVLW\ GLVW WEDERORMHUY WKRHBVSLORMW EODFN FXUYH
UHSUHVHQWYVY WKH LVROLQH RI WKH ODFK QXPEHU UHODWLYH WR D

7KH LQWHUIDFH EHWZHHQ WKH JDV DIQ& WHE K HAUH XIHGFIDVQ G/HHSL WK
WKLV LQWHUIDFH LV VOLJKWO\ IORFWNDW®IGZFEPWREVWROM RIKW k
FUHDWHG E\ WKH R[\JHQ MHW DUH PP IRU LWV GHSWK DQG P

JLIXUH L ORWDPRIQYHVWRHMODWLRQP V LQWHUIDFBW GRILDBHQW WLPH LQVWDQ
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LW ILR/SRUW D QGHV WK VO RWKH Y R GRH | RIFWHK@W&E& KDY DQ LPSRUWDQW
FHQWUHOLQH YHORFLW\ DQG WKHUHIRUH RQ WKH FDYLW\ GHSW
XVLQJ WKH VWDQGPUKBFRBPPNKEGRIR&’ LQFRPSUHVVLEOH IORZ L t
FRPSXWHG XVLQJ WKH FRURJHFRPSUHNVOXHECH BORZT L HKDV  XVLC
EHHQ SORWWHEHLQ $V ZH FDQ VHH WKH,GRFAUHKBYHQRM MR T
VLIJQLILFDQWO\ E\ DERXW WKH FDYLW\,GREWKFLBGWH G KWK i
WKH VXUURXQGLQJ HQWUDLQPHQW DQG WKH OHVV BV ISH FESIW U H
SUHGLFWLRQ RI WKH VXUIDFH FDYLW\ U HATKH ERRIN | ID. FELDHUGHWX QWG B RY
EH KLJKO\ GHVLUDEOH WR KDYH WKH FRUUHFWHG YDOXHV XVH
IXUWKHU YHULILFDWLRQV DJDLQVW D ZLGHU VHW RI H[SHULPHQ\
VLPXODWLRQ Rl WKH VWHHOPDNLQJ FRQYHUW HURWMRD®G B IWHUW L C
WHPSHUDWXUHV JUHDWHU WKDQ

JLIXUH LORWDPRIQYHUWHU VLPXOPWLRQQW HUIDFRUSE RIINHUHDONX K.V

$Q LQYHVWLIJDWLRQ KDV EHHQ PDGH RQ WKH HIIHFW RI WKH MH
FDYLW\ VL]JH 7KH DGMXV\WHBRNDDXKHWQW| IRKHWKH GLIITHUHQW
FRQVLGHUHG DUH OLVWHG LQ 7DEOH

8 PV &

7TDEOH $GMXVWHG YRPORHHGIRIB’UHQW LQOHWHWHQRFQ®&EHY ZLWK 7

)LIXUH VKREN WYPMWDIJHG GHQVLW\ GLVWULEXWLRQ IRU W|
LWWLIDWHG 7KH VL]H RI WKH FRPSUHVVLEOH UHJXR® PDUNHC(
REYLRXVO\ LQFUHDVHV ZLWK WKH MHW RXWOHW YHORFLW\ ,Q W
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FDYLW\ GLPHQVLRQV LQFUHDVH 2LWXUWKH Y,MO RV LLWQ\W N bl HVINO\QR
WKH HYROXWLRQ RI WKH WKLRNQRBYN RR®BBHHLAIMKHHU SDAH HQ W

UHVXOWYV VXJJHVW WKDW DV WKH YHORFLW\ LV LQFUHDVHG D I
PLILQJ RI WKH JDV DQG WKH OLTXLG SKDVHV ZKLFK UHVXOWYV L

JLIXUH 7LPBYHUDJHG GHQVLW\ GLVW W EDERORIMWHY \WMKH GLIORWM QW YHORFLWL
EODFN FXUYH UHSUHVHQWYV WKH LVROLQH RI WKH ODFK QXPEHU UHOD\

,QLIXUH WKH DMHWDJIHG LQWMKHDIFHVHRW MHW RXWOHW YHORFL
(YHQ LI WKH FDYLW\ GHSWK LQFUHDVHV ZLWK WKH YHORFLW\
UHPDLQV EHWZHHQ DQG PP ZKDWHYHU WKH YHORFLW\ %H)
FDYLW\ GHIRUPDWLRQ PRGHY @ HWRWWMHGWE\ DIROIOM\ VKDOORZ FD
DQG HYROYHVGHRIADBPGYLW\ DW PV

JLIXUH LORWDOPRIQYHUWHU RQPXKQI/WUIDRN SURILHOHQW YHORFLWLHYV
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TKIBUHGLEMWIMEK RI WKH FDYLW\ KD¥X@EHMHICR Q ORI WWKHHG) IQMXBW YHOR

7KH GDWD PD\ EH ILWWHG XVLQJ D OLQHOU UHXUHHVRLRKY PRC
EHHQ FRPSDUHG XVLQJ WiKHHRDED HFRUDNGIODWLRQ IRU D VXSHL
LPSLQJHV D I[UHHKNXARGHMHORSHG LV TXLWH DFFXUDWHQRQ WKF
FRPSDULQJ WR WKH .RULD H[SHULPRQWDIO-O P BHW RPQAHDG HWX GW &
GLIIHUHQZHHEHWU FDOFXODWHG GHSWK DQG MXAHU HDYIHRX Z KRIQH
LQFUHDVLQJ WKH LQOHW YHBERRLWQQRURBVLMNRWKH YHORFLW\ Zt}
PLILQJ EHWZHHQ WKH JDV DQG WKH OLTXLG OBQG LDQ & DAYR VID\ JRURHD:
GLLFXOW WR EH FDSWXUHG 7KLV FDQ EH RQH UHDVRQ RI WKH LQ
/IHW QRWH MWIKOCODVMWKWHE WR ILWKRBXUEHXWQYHVWDEOLVKRMGDRH WKH
FRQYHUWHU ZLWK WKH DOQPHKRMNDIXWHDXWHG FDERBYXKOO\ LQ DQ\

h. mm U (T

cav

JLIXUH &DYLW\ OH DVIKQ FWMIRH LRRKIOHW YHORFLW\

., &RQFOXVLRQV

7KLV FKDSWHU ZDV DERXW WKH QXPHULFDO PRGHOOLQJ RI WKF
VXDFH 7KH PRGHO SUHVHQWHG WDNHV LQWR DFFRXQW IOXLG 10
SKHQRPHQD DQG WKH G\QDPLF EHKDYLRXU RI WKH OLTXLG IUHH
FRPSUHVVLELOLW\ HIIHFWV $IWHU D GHVFULSWLRQ RI WKH HTXI
FROG PRGHO H[SHULMFQW HD DREQLY 5L W RW

)LUDW HYDOXDWLRQ RI WKH SHUIRUPDQHXRE XRXWQ FHD WPIRDIBHODV | R
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GHVFULSWLRQ RI WKH EHKDYLRRVY RISBE VHEOVKNEMPXIOD WHR/Q UH\
ZHH FRPSDUHG WR H[SHULPHQWDO GDWI® UR &R URN H/GK B P +ZDAV HIEC
WR UHSURGXFH BHDVXMMORFUR RO MWKH MHW $PRQJ WKH PRGHOV
VWDQGBRRBGNO VKRZV WKH VPDOOHVW GLVFUHSDQFWEHWKD WIKH |
ZLGWK RI WKH MHW LV RYSHHUBV\GLPDWHKG A DOFXODWLRQ RI WKH
EDWMKHH VXUIDFH WKH LQIOXHQFH Rl GHWHUBR®HQEH PAKGIHG
GLIIHUHQFLQJ VFKHPHV DQG ERXQGDU\ FRQGLWLRQV DW WKH C
VXUIDFH KDY BMHQ H[DPLQHG :KHQ FRPSDULQJ WKH WZR GLIIHUF
&0 RU WKH WZR GLIIHUHQW GLIIHUHQFLQJ VFKHPH @WXHUW DQ
FDYLW\ GLPHQVLRQV UHPDLQ RI WKH VDPH RUGHU RI PDJQLWXZ
IRXQG WR EH VXIILFLHQW WR SUHYHQW DQ\ VLJQLILFDQW LQIO!
UHVXOWVY $W WKH ODQFH RXWOXG®LIRUKH SASRIIEOIH¥DRYLW®&HR M BWR
OHDGVY WR D GHHSHU FDYLW\ WKDQ ZKHQ XVH®RXHQ | K]UR GXFRIV
VOLJKWO\ GHHSHU FDYLWH WK BUBKOHFRWBDIQGIDWIGRRY RI SDUDPH
WHVWHG DQG WKH UHVXOWV RI WKHVH WHVWV KDYH EHHQ FF
REWDLQHWKH SUHDOGW4ZIRQNEWIBRO WKH FDVH RI D VXEVRQLF Mt
DIJUHHPNIQW QRW FRPSOHWHO\ VDWLVIDEWRU\ ZDV IRXQG ZKHQ |
N DHOW WKH QR]JOH RXWOHW WKH '$ DQG +\E UHW XWAEKGOPHHQF B Q
PRGHERPH UHVXOWYV REWSKXDMHG VARW WP ZHUH DOVR SUHVHQWHG
UHODWLYH JRRG DJUHHPHQW ZLWK PHDYEHR PEREGW CP KON EHHD
XVHG WR VLPXODWH WKH LPSDFW RI D VXSHUVRQLF R[\JHQ MHW
GHSWK IRU GLIIHUHQW LQOHW YHORFLWLHY KDV EHHQ FRPSDUHG
E\ .RULD H@7REFDYLW\ GUISBAKRIQD FUASTHREBX F H G
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&EKDSWHBRVWRPEXVWLRQ QXPHULFDO PF

,,, ODWKHPDWLFDO PRGHO

3RVWRPEXVWLRQ LV WKH UHDFWLRQ LQ WKH JDVRRXNKHS RDQH HE H
DQG WKH &2 IURP WKH GHFDUEXULVDWLRQ SURFHVV $V LQGLF
H[RWMUPLF DQG WKH UHNVROBHL@QUEBBPWUWVHG WR EH EDWK ,W L
LPSRUWDQFH WR PRGHO WKH SURFHVV WRVK B R R \8 DR Q PDHYWCH
WKH KHDW FUHDWHG

7KH UFAPPEXVWLRQ SKHQRPROQD\FIROVHVWHRILDWH UHDFWLRQV 7
WKH FRPEXVWLRQ GRHV QRW QHHG WR WDNH LQWR DFFRXQW D¢
DURIQO\ LQWHWHKMWHIDEMBH VSBEWLWKH HQG RI WHKR UFHRPPEKXKY WWR QV
VLPSOLILFDWLRQ K\HOHS VY HOHRRMADIVRIQ WLPH RI WKH FRPEXVWLRQ
6LPSOH &KHPLFDO 5HDFWLRQ 6FKHPH ZKHUH D VPDOO QXPEHU F
VROXWLRQ

7KLPSOH &KHPLFDO 5HDFWLRAD\6 FKHPHIO B&B 6 B\ @ SIDMKG MQKIL V
PRGHO WKH NLQHWLFDOO\ FRQWUROOHG WHW KR GGLD/Q XN B Q G 2ZW K F
FDQ FRH[LVW LQ DQ HOHPHQW IRU D FHUWDLQ WLPH GXH WR WXL
7KH PRGHO KDV EHHQ WRWQWH&UDPW MRQXABRO YD DLRXWRPSDUHG W
H[SHULPHQWDOO\ REWDLQHG GDWD

M.1.1 0DLQ DVVXPSWLRQV

7KH PDLQ DVVXPSWLRQV XVHG IRV RPEXVWRRQDNWILHR QV RR GQRF/ W

x 7TKH EDWK VXUIDFH LV DVVXPHG WR EH VWHDG\

X 7TKH JHRPHWU\ LV D[LV\PPHWULF

x $vV D ILUVW DSSUR[LPDWLRQ VODJ FDQ EH QHJOHFWHG

Xx 7KH JDV GHQVLW\ REH\V WKH LGHDO JDV ODZ DQG LV FRPSR
ORUHRYHU LW LV DVVXPHG WKDW DV WKH R[\JHQ HQWHUV WKH
&2 DV WKH RQO\ JDV UHVXOWLQJ IURP WKH GHFDUEXULYDWQRQ S
WKH JDVHRXV SDUW LV

&2 2: &2 (T

6R WKH JDVBMWFHR® VYD RXU VWXG\ DM R{2 ®IVQIW HIQ SURG X FW
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Mm.1.2 *RYHUQLQJ HTXDWLRQV

M.1.21 7UDQVSRUW HTXDWLRQV

7KH FRQVHUYDWLRQ HTXDADNREH RH[ &UTHVD/GWE L DW

w/ w wa w?°
— — W/ — & —» R, (T
wooow W o Wy,

7KGLIIHUHQW VRXUFH DQG GLIIXVLRQ WHUPV |RUFWREXVXDLRQL W
PRGHO FDQ ERDEOHQ LQ

/ * 5/
&RQWLQXLW
WP
ORPHQWXP Xu P Ry w g,
]
R
LQHWLF WXHENDMNQW P—E iU
'LVVLSDWLRQ UDWH [RI
H Ly c,retc,
NLQHWLF WXUEXDHQW HQWKUJ\ k k
0ODVV IUDFWLR
P 2 * RCO
UHPDLQLQJ IXH
OL[WXUH IUDF]| f *
o P .8 8 .
— — | aR E div>a rad'(%
(QWKDOS\ <1 e % 9 Cp i1

7TDEOH6RXUFH DQG GLIIXVLRQ WHUPV RI WKH VA\VWHP RI HTXDWLR

1 R WMWK D W R\GKHHO L QFFFORXS3UHHW VLEL GXW\WRIBSEWVV XUH YDULDWLRQV

J)LUVW RI DOO FRQVLGHU WKH WUDQVSRUW HTXDWLRQ RI WKH Ut
w .
g Un +divm U *gradm R (T

'LWK WKH VXP RI WKH: mMDVV IUDFWLRQ

W,
I ZH LQWURGXFH /DstYpUIMREQMHUE —>* — LV WKH

fu

VWRLFKLRPHWWKIH WHDMNWMWRLRD WKHQ
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\—XIVU/+div /4 *grad / st"R, R, (T

:LWKRXW DQ\ VRXBHHRWHWED SDVVLYH VFDODU

/ILNH LQ WKMKH2YDPH DS URMMEERP L[WXUH 1UDFWDNR QOYWWR G X PBHIG D (
GHILQHG DV{; fl, ZKHUK, DQG GHQRWH WKH LQOHW RI &2
UHVSHFWLYHO\

/-1 VH = St Mo~ mo St Meo-Mmo o DQG:StNmCO'mo

+HQHH — —
leo- 1o St Meo-Mo o St Mco-Mo o st

7KH HQWKDOS\ LV FKRVHQ DV WKH FRQVHUYHG YDULDERH ZKHQ
WKH WHPSHUDWXUH E\

h CpT mCOHreact /U (T
7KH Wv/ﬂP LYV LQFOXGHG RQO\ LI WKH IORZ UHJLPH LV VXSHUVR

tuHDFW 0- N3 @
$QG WKH FKHPLFDO UHDFWLRQ LV
NI &2 WYJ 2< W N&?2 (T

2U E\ GLYLGLWJ E\ V
fas NJ &2 fq¢ NJ 2 N &2 (T

"KHUKFLVY WKH VWRLFKLRPHngLF—P—tL[WXUH IUDFWLRQ
S

7KH GLVVLSDWLRQ UDWH Rl &2 LV FDORSODWE& @GP RGLUAKIL MKKH (GG
DVVXPHYVY WKDW WKH OLPLWLQJ IDRHWRHQLE\ WKKH WLRUNERIO H{CHOD R
VSHFLHYV
a 0
m, °F
C UPL —_— = T
Reo esu EBU _@co st 1}3 (
ZKHUH;s&V WKH (%8 FRQNVWE GWKH PDVV IUDFWOBQVHRISEFWLYHO\

7KH UDGLDWLRQ SOD\V DQ LPSRUWDQW UROH LQ WKH KHDW

VFDWWHULQJ [PHG IHEDWWGQUIHUHQW UDGLDWLRQ PRGHOV VROY
DORQJ D GHWHUPLQHG GLUHFWLRQ 7KLV LV QRW DSSOIQFDEOH 7
XQVWUXFWXUHG PHVK RQH PHWKRG LV WKH FRPSRVUWEB LRVE WR
EHLQJ WKH DYHUDJH RI WKH LQFRPLQJ DQG RXWJRLQJ UDGLDWLF
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a [0}
div £ gradR,, aE R (T
- Y

7KH WHQPWKH HQWKDOS\ WWDRV SR UXW HG XDIMIR WKH UDGLDWLR
DFWLYDWHG ZLWK ( WKH EODFNVER®\ HPDMIBUMHWERZBEVRUSWL
FRHIILFLHQW WKH UDG L®RROW!Y FDIXE WRH) BWHBE DM UHVSHFWLYHO\

$GGLWLRQDO VRXUFHV RU VLQNV PD\ EH DVVRFLDGRFDLZQWK G
7KHVH DUH XVHG WR LPSOHPHQW WKH QHFHVVDU\ ERXQGDU\ FR(
FDVH WR FDVH

122 'HULYHG SDUDPHWHUYV

JURP WKH HQWKDOS\ WKH WHPSHUDWXUH LV GHULYHG IROORZLQ

h MeoH e /U
Cp
7KH PDVVHV RI WKH R[LGDQW DQG WKH SURGXFW DUH GHULYHG |

IUDFWLRQDQGT

T (T

st

a
m, st &, (T

—h
v

Mo M Mo (T
7KH GHQVLW\ LV FRPSXWHG IUHPRX’\—/KIZLMG-Q-ISE@— J—'BQV 51@2
rT W W, W, W,

KHUH LV WIRDHFXODU ZHLJKW BQ &/ WBEWESHRONVNMDQW BRO - .

11.1.2.3 SHQHWUDWLRQ RI WKH R[\JHQ LQ WKH EDWK

,Q WKH LQGXVWULDO SURFHVV WKH R[\JHQ UHDFWV ZLWK WKH V
WDNH LQWR DFFRXQW WKHVH UHDFWLRQV E\ VLPXODBDWE WKH ¢
6LQFH WKH RQO\ HTXDWLRQV Rl VSHFLHV WUDQVSRUW VROYHC
IUDFWLRQ ZH QHHG WR PRGLI\ WKHLU VRXUFH WHUPV WR UHSU
VSDFH LQ DGGLWLRQ WR WERKHURR &L ULHF® \P DREWH RMLEWRPHKYR EHHQ
DSSOLHG RMHORMWKWKH JDVHRXV SKDYHBWOUWDEHH GHQRWHV WKH

PRGLILFDWLRQ DSSOLHG WR WKH MRXDWHRMYHUP Rl WKH FRQWLQ X

Ianass v %) Coefnb i A (T
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KHUM, $ DQG DH WKH PD\GHQMXWWKH R[\JHQ WHKQHV BW WEKJID UHD

DQG WKH RRWMXBHVHQW FHOO UHVSHFWLYHO\ &RHI LV FDOFXODW
WKH FDYLWDWXUIDFH

A
J

:A”bj

J
7KH &RHI WHUP SUHWYSQRMVPRWHKH WIDWWHWKDQ WKH PDVWRKIHR[\JHQ
3JDVHRXV FHOOV® DW WKH LQWHUIDFH EHWKZH IPQ[W KHH) DWDEF @G R
WKH &2 WUDQVSRUW HTXDWLRQ DUH XSGDWHG DV D IXQFWLRQ R
PLIWXUH RPD2Q&2 WKH ABRY2 DQG HVHXVKHG EDFN LQ WKH GRPDL

Coef (T

.1.3 %RXQGDU\ FRQGLWLRQV

7KH FRPSXWDWLRQDO GRPDLQLIXW H PRGHWKHWHEBXQRGDU\ FRQG
HPSOR\HG DUH 7OEVOWMH®RPHNLPHY DW WKH RXWOHW UHIHUUHG
FRQGLWLRQ VRPN HQWHUQIQ WK H/ IYRV/OU/PVKIRG WEBWHUHG LQ W
YHVANO/VXPHG WKRHEHURGXFW L H &2

JLIXUH %RXQGDU\ FRQGLWLRFERPEXKWKHRRFRG HO
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7\SH '"HQVLWOHORFKFLW\ D GG K Pco f
6XSHUVRQLF
U 8 NDQB K
2 LQOHW
SUHVV] w/
RXWO|HW Wi
/IRJ ODZ
:DOO pDo|o
IXQFWLRQ
w/
6\PPHWU\ —
W
&2 LQC P 8g2 N> DQR:| Ker
/IRJ ODZ
2 RXWOHW Kepwk
IXQFWLRQ

7TDEOH %RXQGDU\ FRQ G WKHRERNEXVWLEROPR

vy, IXPHULFDO UHVXOWYV

m2.1 1LSSRQ 6WHHO &RUS &DVH

211 ([SHULPHQW DQG ERXQGDU\ FRQGLWLRQV

1LSSRQ 6WHKDV&BRH IS I PQPHGHUEBERM @WFQOAULFDO UHDREWXIQPHR WXEH
WR EHWWHU XQGHWRWERGWWKE PBRAMWULQJ LQ WKH JDVHF

VWHHOPDNLQJ FRQYHUWHU

7KH R[\JHQ DQG WKH &2 LQOB@MY MRIGIL DIPRBADHIFFHY O RFREM WR D W

DQG DW WKH ERMXWIRNFN SHFWKRN HO\ 7 KBQJ D Q@ GXXOWOIHRWHEWH R Q PP

IURP WKMWREBIRWWKH GRPDLQ LQ WKH VLPXODWLRQ ZKLOH LQ W

GLDPHWHU SLSH

7KH RSHIBDWDPHWHUY DUH

X & PV
X 8& 2 PV
X b T2

Xx 7TKH ZDOOV DUH FRQVLQHVUKH \DLE& XBOEDWMLLRFQ

7KH PHVK XVHG LQ RXU 3+<6,&% PRBAUAH LV GHSLFWHG LQ
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JLIXUH 6FKHPDWLF UHSUHVHI@WDWLREL RAUMKHHVK RI WKH 16& FDVH [ FHOO
UHDFWLQJ WXEH>D@SDUDWXV

2QH VKRXOG QRWH WKDW FRPSUHVVLELOLW\ HIIHFWV DUH QRW
VLQFH WKH MHWV DUH SXUHO\ VXEVRQLF

[11.2.1.2 5 HVXOWYV
6LOQFH LQ 3+<6,&% ZH XVHG WKH PDVV IUDFWLRQ RI WKH VSHFLH
PROH IUDFWLRQ IRU FRPSDULVRQ DJDLQVW WKH H[SHULPHQW
FRQYHUVLRQ KDV EHH® GRQH WKURXJK
w
n mW (T

ZKHUH LY WKH PROH IUDFWLRQ RI WKH VSHFLHV L

TKHFRPSXWHGRFLW\ DQG WNWSHEXWKBRMIDOWLQJ WXEH KDYH EH
LQLJIJXUH ‘H FDQ VHH IURP WKH WHKG®REXWN FJRWIOH GRPDW Q

VWDJQDQW ZLWK YHORFLW\ ORHQWWIRQFAYV PUH WKH MR VSRW
YHORFLW\ LV WKH KLJKHVW 7KHVH MHWV GULYH WKH PRWLRQ

WHPSHUDWXUHY DUH LQ WKH VDPH RUGHU RI PDIJQLWXGH LQVLG
ZKHUH WKHHPDVYQV FROG DQG DURXQG WKH RNXEMY IMHW X& HS.DHJ
UHDFWLRQ WDNHV SODFH , Q&HMHRK RCOWH] W R UMKLKHF HNO WIKH &2 LV H
WKH R[\JHQ MHW VXUURXQGLQJ DQG UHDFWV ZLWK LW 7KHUF
WHPSHUDWXUH HQKDQFHG E\ WIGHVIKRR)POEV DRY RIQRIWH WKDW DW
WKH GRPDLQ WKH WHPSHUDWXUH LV DW LWV PDMPXPDWLERY Rk
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WKWSHFLHY PROH IUDFWLRQ DW WKH FHQWUHOLQH ZKHUH ZH FDC(
LQ WKH UHIJLRQ WHPSHIPPMIXUH

JLIXUH 9HORFLW\ DQG WHFS\HUEWWER QUQHDEWLQJ WXEH

JLIXUHGHSLFWV WKH VSHFLHW PRIOH IDUDGF WWRE® R[LGDQW DQG W
UHJLRQV ULFK RI IXHO DQG R[LGDQW DUH DW WKHLU HQWUDQFH)
UHDFWV ZLWK WKH &2 DW WKH HGJH RI LWV MEWUH KIKHFDQ EH
WKH UHJLRQ ULEX ERBEDWEEKFMWMWV WKH R[\JHQ MHW ERXQGDU\

JLIXUH 'LVWULERWWKRUYH IUDRWMRCH VSHFLHV

7KH PROH IUDFWLRQVY @R N WKWMLREPWDRWPDDMHEGG  |IWPRP WKH ODQFH
WIKDYH EHHQ SORWWHG DJDLQVWJKUSHIULFEHRWHIOH G SMANVLIPH O\
7KH H[SHULPHQWDO GDWD DUH VKRZQ RQ D FRQWLQXRXV OLQH L
$W P IURP WKH R[\JHQ HQWUDSKW |REBRZLWKH V DIPHHWOHY}H Q F
DFFXUDWHKHL®HW UHJLR@®P ,QVLGH WKH R[\JHQ MHW UHJLRQ
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SUHGLFWV PRUH R[\JHQ DQG OHVV SURGXFW WKDQ LQ WKH H[SH
WKH VDPH DQG IRXQG WR EH ORZ LQVLGH WKLV R[\JHQ MHW UHJ
WKH XVH RI WKH LQFRPSUHVVLELOLW\ LQ WKH H@WKRIAH G\RADLQ
LQIOXHQFH RI WKH FRPSUHVVLELOLW\ HIIHFWV RQ WKLV FDVH
FRUH MHW WR EH KLJKHU DQG WR P L§Q®RNMWMWH ELM[IS ODIGHD W KR Q RFM
UHWBG WR WKH XVH MZKH ARWBYHEWDHAMNNP DWHY W K 2 XVASULIHEHS WMKXH R
R[\JHQ MHW WKH SUHFLVLRQ LV EHWWHU ZKHQ JRLQJ WRD\ IURF
OHVV WKD®I PROH IUDFWLRQ 7KEVWKR WR g FHRH WNHMNR BIWS DVQ VLR Q
QRW ZHOO UHSURGXFHG

$W P WKH VLPXODWLRQ PRGHO UHSURGXFHV WKH H[SHULP
SUHFLVLRR@®G WKH WHQGHQFLHY DUH WKHRNMHH FHIRWHOW KBIWHIC
WKH ZDOO RI WKH UHDFWLRYHWXESSHBUHVFIORNY LWHEKHUH LV PRUFE
IXHO ,Q H[SHULPHQW BRBVDH WW WESHHY XU ZPDR®HO WKHUFURVYV
SRLQW LV QRW YLVLEOH

JLIXUH 6SHFLHVY PROH IUDFNVILRRP DWLIJXUH 6SHFLHVY PROH IUDFAWILRRP DW
WKH Q@QDQFH WLS WKH @DQFH WLS

7KH VSHFLHV PROH IUDFWLRQ DW )WXHJ AH Q WKHOIQHIY LR YS\O B WRVH.
EH EHWWHU VHMQUIHD MWKH WSHFLHY PROH IUDFWLRQ ,Q IDFW WK
WKH H[SHULPHQWPEHVRUWHR[\JHQ DQRRWHKH WBRFWLRQQ ® X RNH U

HVWLPDWHG UHVSHFWLYHO\ E\ WKH PRGHO $V DIRUHPHQWLRQH
H[SDQVIMRQV DOVR LPSRUWDQW W RVQ R YWoIDWHHR @ 0LV@ HWRKIHWSKUHH U H G
KDV EHHQ PRGHOOHG XVL@B WRIG HG GAKWIKI DN VXPHY WKDW WK
GULYHQ E\ WKH WXUEXOHQFH 6LQFH KHUHW KK MW RRZVLF RGO HQ
TXHVWLRQDEOH DQG PD\ FRQWULEXWH WMR/ MUK H REWHREPYW & HG R AR
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LQOHW WKH PRGHO LV LQ JRRG DJUHHPHQW ZLWK WKH H[SHULP]
YDULHV IURP WR Z K PQWIKRH. ®R]\DHQ\HQW UDQFH

&2
&2
(Is ([s

([s (Is

JLIXUH 6SHFLHVY FHQWUHOLQH PROH IUDFWLRQ

m22 W SLORW FDVH

221 ([SHULPHQW DQG ERXQGDU\ FRQGLWLRQV

$UFHORUOLWWDO ODL]JLQUHV KDV FDUULHG RXW H[SHULPHQWYV
FRPEXVWLRQ PHFKKPH HESHULPHQWW\L QRIDXGKMEYZD 22$U DQG

1 DQGVBPSHUDWXUH PHDVXUHPHQW LQVLGH WKH SLORW 7KH G|
ZHUH PP DQG P UHVSHFWLYHO\

7TKH FRPSXWDWLRQDO JHRPHWU\ LV FRQVLGHUHG WRJIKKHH[LV\P

7KH RXWOHW LV WRBEDRIHW KHWGCGWRBIL (D RREIWWE&HDBRDWKH ERWWF
GRPDLQ LV GLYLGHG LQWR WZR SDUWV WKH ILUVW SDUW XQGH
2 FDOQHW LQWR WKH EDWK ZKHUHDV WKH VHFRQG RQH IXUWKHU
JHW RXW RI WKH EDWK 7KHVH WZR JRQHV RFFXS\ WZR VHYHQWK)
WKHRHIJLRQ DQG &2 UHIJLRQ UHVSHFBHNEQ GRKRKIBQEHWBRRXR Q@2 DV
UXQV VKRZLQJ WKDW WKH FDYLWP Z4REWE®HOWDOBRRKE KHLIKW)\
YHORFLWLHV
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JLIXUH*HRPHW®Q\G ERXQGDU\ FRQGLWLRQV RI WKH W SLORW

7KH H[SHULPHQWDO YDOXHV JLYHQ IRU WKH W SLORW E\ $UFHOF
X 'XUDWRIRWKH SURFHVV V PLQ
Xx ODVV RI FDUERQ FRPEXVWHG LQ WKH EDWK NJ
X SBRVARPEXVWLREDPWHB , RI WKHDRMHV
X OHDVXWPGHUDWXUHV LQVLGOGHWVKW KFR® YH UWHU
6LQFH VRPH GDWD DUH PIWKHBJIURR WHUHLSHBFHGXUH H[SODLQHC
7KH GHFDUEXULVDW IFRR@ D)XQCGVWKG SRYVYMWWLRQV DUH DV IROORZYV

NJ & NJ 2 NJ &2 (T
NJ 2 NJ &2 NJ &2 (T

7KH GHFDUEXULVDWLRQVKREZVWLRDW WR RI LFKODLWER Q NJ RI R[\J
LV QHHGHG NDIQRI &2 LV FUHDWHG 7KDW PHDQV NJ RI R[\JHQ
PLQ WR FRPEXVW NJ RI FDUERQ 7KHUJH RUHQWHGEWIRHDUEDWKR Z U

DQG RI &2 UHOHDVHG IURP WKH EDWKHRRUH NIUHWODRHFWLYHC

eabw k NJ

7KH QH[W VWHS LV WR GHWHUPLQH WKH WRWDO R[\JHQ WKDW H(
LWV YHORFLW\ ,Q WKLV VWHS LW LV DVVXPHG WKDW DOO WK
FRQVXPHG LQ WKH JDVHRXV SKDVH ([SHULPHQWDO DQG LQGXV'
WKLV DVVXPSWLRQ E\ VKRZLQJ QR R[\JHQ LQ WKH RIlI JDVHV DQI
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R[\JHQ JHWWLQJ )J_CQFOWhKHDQIIB‘{NK\NKH PDVV UDWLR RI R[\JHQ XVHG

r.nOtotaxI
FRPEXVWLRQ :H KDYH WKHQ
[ & [2 [ &2 (T
[ 2 [ NJ &2 [ &2 [ &2 (T
5HZULWLQJ MREPHE S RWRWER KDSHU VR
— =X =X — X
SFU
—SFU [ zDV GHWHUPLQHG DV WKH PDVV UDWLR RI RJ\
mO bath mO bath
YmOttI —— Mo ol NJ
mOtotaI e X =

7KH YHORFLW\ FDQ EH IRXWE&HD DY VXIQREZUPWRI GHQVLW\ DQG Q
DV

M o o R
PV, R,
7KH UHODWLRQ EHWZHHQ WKH WHPSHUDWXUHT DQGUWRRHVELRFK Q X
ZH GHULYHG WKH UHODWLRQ EHWZHHQ WKH WHPSHUDWXUH DQG

J
TO T —RWO UO (T

o (T

, WHUDWLYH PHWKRG LYTDS®P@QIHGC BMRVAHRYZ WKH WHPSHUDWXUL
YHORFLW\ RI WKH R[\JHQ DW WKH QR]]JOH RXWOHW

8QLIRUP YDOXHV RI WKH YHORFLW\ DQBQW KAH WH WEX®H QLAHG YIDW |
QR]]JOH RXWOHW 7KH WHPSHUDWXUH RI WKH QRQFOH LAWD Q@Y KDW I
FRROHG

111.2.2.2 SHVXOWYV

7ZR ODQFH KHLPKMWQGRKDYH EHHQ VWXGLHG 7KH ILUVW RQH OHD
OLTXLG VXUIDFH ZKLOH WKH ODWWHU WR D FDYLW\ %RXQGDU\ |
WKH H[SHULPHQWDO FRQGLWLRQV
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Mm.2.221 )ODW VXUIDFH

7KH EDWK VXUIDFHWR/ HHMNDWKXPBGODQFH KHLJKW RI P VLQFH
GHSUHVVLRQ LV H[SHFWHG ZLWK WKH ODQFH EHLQJ VR GLVWDQ!
ZH GR QRW WDNH LQWR DFFRXQW WKH R[\JHQ DEVRUEHG E\ WKH
WKH EDWK VKMQODWHKH ODQFH LV VR IDU DZD\WKR PGWKMU E BXWIKV 12 X
SURFHVV RFFXUV PDIWRG ZXEMIKCWWHWR WKH GHSUHVVLRQ ]JRQH
ZKHUH &Q DOVR UHDFW ZLWK WKH FDUERQ DW WKH EDWK VXUID

7KH ERXQGDU\ FRQGLWLRQV IRU WKLY FDVH DUH DV IROORZV
X mO bath N‘] VRnOtotaI N‘J

X & PV VBMHUPLQHG IURP WKH (WHDDQWILYH PHWKRG
X h . GHWHUPLQHG IURP WKH LWHQ@EBWLYH PHWKRG

7KH PHVK XVHG IRU WKLV VHW RI| MLPMXHDW GRERQWDG@ % L F[W H 6 HA
$V XVXODO PWVK KDV EHHQ WHH QIHG HIQDWMUDQFH DIPEHQHDU WKH EI

JLIXUH OHVK [ RI WKH W SLORW VLPXODWLRQ

'LITHUHQW FDVHV KDYH WRHR WHRIMIMHOHGE F ONOH O R QVWHHHU WROKHV
SDUDPHRVHWYXH PRGHO 3DBBLFWLRQV
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$EVRUSWLR (%8
7ZD0OO
VFDWWHULQJ |FRAR HIFLFIQVQW
SHIHUH
&DVH . DQG
&DVH . DQG
&DVH . DQG

7TDEOH&DVRY WKH W VLPXODWLRQV ZLWK ODQFH KHLJKW DW P

JLIXUHUHSUHVHQWY WKH YHORFLW\ DQG WKH WHPSHUDWXUH LC
FDVH :H FDQ VHH WKDW WKH IORZ GHFD\V UDSLGO\ DZD\ IURP |
VXUIDFH DQG WKHQ LW IROORZV WKH EDWK VXUIDFH DQG WKH F|
WKURXJK WKH RXWOHW $ VLQJOH UHFLUFXODWLRQ JRQH LV F
VWUHDPOLQHYVY VKRZ VWURQJ HOQOWUDLQPHQW RI WKH MHWURP Wk
5HIDUGLQJ WKH WHPSHUDWXUHV ZD EL IKUMP IV HHBK WVOKLDAMW MAK H E

RXWVLGH WKH MHW SRWHQWLDO FRUH ORUHRYHU Wi
JRLQJ DzZzD\ IURP WKH EDWK ,QGHHG WKH KLJKHVW WHPSHUDW X
WKH &&UJHDWHG LV SXVKHG E\ WKH MHW $QRWKHU LPSRKMNVDQW I
ODWHPSHUDMNOXDHBMR QJ WKH 1CEDPIHF NURXIMIWKHUHQ@KLFK LV GHILQHG D
WKH OLQH ZKHUH WKH PL[WXUH IUDFWLRQ LV DW LWV VWRLFKLRF

JLIXUH6WUHDPOLQHYVY YHORFLWE DWW UW EXNWSKHR QW RUBGIRW VLPXODWLRQ 5HI F

JLIXUHUHBVHQWY WKH PDVV IUDFWLRQ RI WKH VSHFLHV 2QH VK
2 EHLQJ HQWLUHO\ FRQVXPHG WKHUH LV VRPH &2 OHIW LQVLGH
&2 FUHDWHG LV SXVKHG WR WKH EDWK VXULOKRKHHE\ WKH MHW DV
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2QH H[SODQDWLRQ IRU WKH SRVLWLRQ R)LYWUH | OBW HWVKUR QWM W |
ERXQGDU\ DQG QHDU WR WKH EDWK VXUIDFH PD\ EH GHBWR WK
E\ WKH IORZ RI R[LGDQW FRPLQJ IURP WKH MHW DW D KLJK YHOR

ZKHQ WKH &2 LQ HQWUDLQHG LQVLGH WKH VXUURXQGLQJV RI W]
WKH PRGHO SURSRVHG@\ +LUDL HW DO

JLIXUH 6SHFLHV PDVVGUODWWILRXWKRQW ISQORW VLPXODWLRQ S5HIRFDVH
&2

7TKH SRRRWEXVWLR® WDKHHLRRQ YHUWNHBHRXWDABW®\ IRXQG WR EH

JRRG DJUHHPHQW ZLWK WKH H[SHULPHQWDO GDWD IRU WKLV F
DURXQG

,QIOXHQFH Rl WKH ZDOO WHPSHUDWXUH FDVH
7KH ZDOO WHPSHUDWXUH KDV EHHQXW VWQLMDXWHHGBHDW SURFHVV
VXEVWDQWLDOO\ EHWZHHQ WKH EHJLQQLQJ DQG WKH HQG RI W
PDGH ZLWK ZDOO WHPSHUDW®UH RI 7KH YHORFLW\ DQG WKH VS
IUDFWLRQ GR QRWQEKEQWWOWKH ZDOO WHPSHUDWXUH VR RQC
GLVWUIKEXWEREQ GHSLFWHG LQ7KH WHPSHUDWXUH GLVWULEXWL
PD[LPXP YDOXH LQFUHDVHV ZLWK WKH LQFUHDVH RI WKH ZDOO
ZDOO WHPSHUDWXUH ZH LQFUHDVH WKH UDGLDWHG KHDW 1OX][ |
PRUH WKH UDGLDWHG IOX[ WKH KLJKHU WKH JDVHRXV WHPSHUD)\
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JLIXUH 7THPSHUDWXUH GLVWULBRXAMKRQ WHP/SHWIBIW K QHE . F

,OIOXHQOFH Rl WKH DEVRUSWLRQ DQG VFDWWHULQJ FRHIILFLHQ
7KH VFDWWHULQJ DQG WKH DEVRUSWLRQ FRHIILFLHQWY DUH LPS
D VRXUFH IRU WKHUPDO HQHUJ\ UHGLVWULEXWLRQ 7KHLU YDO
FRPSRVLWLRQ GXVW VRRW JDV FRPSRVLWLRQ HWF 7KH DFWXI
QR H[SHULPHQWDO PHDVXUHPHQW RI OLJKWLBXW HQAWLRWVOWNRHW
RQOMLIQLIGADIW HQFH EHW ZHHRGW K H YUBQWKKHOMW BIE WRKIHSWLRQ D QG
VFDWWHULBGIHRRMI WKH WHPSHUDWXUH GLVWULEXWLRQ 7KH \
GHFUHDVH ZLWK WKH LQFUHDVH RI W KH HEMRHMLR Q, @GHH & F
FRHIILFLHQWY LQFUHDVH WKH SURSRUWLRQ Rl WKH KHDW DEVRLU
GHFUHDVH WKH WHPSHUDWXUHV LQ WKH JDVHRXV SKDVH

JLIXUH THPSHUDWXUH GLVWULEXWLRQ IRU GLITHUHQW DEVRUSWLRQ DQG VFD
F
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,OIOXHOFH RI WKHNYGR\Q¥ WHDMN FDVH
,Q WKH VLQN WHUP RI WKH HTXDWILR Q VRK HV (GG U BUIARIN. QLF LXKV
KDV WRD GEMXWRHWRAEXVWLRQ FDVH VRDXVGILHIE) JH) RV KRIVOUXKH W
FRHIILFURBWVKH OrWHUBWXUH WR/ WHVWHRBOFXGMHPISEUDWXUH
GLVWULEBRWH EGHQ GLYISIXW\MHG LYKH WHRASHUDM.GH WKH YHVVHO
ZLWKKH LQFUHDVH RI WSSHRH3 Q\F %EWMD VL QJ W KIH) FB HIVKRINVH QW
UHDFWLRQ UDWH DQ& H B URGXHBDUBUNEW LIRRR XQW RI KHDW UHOH
FKHPLFDO UHMDRKWHRQ® FRKHUHQW ZLWK WKHVH UHPDUNV VLQFH
SURGIXFMUHDVHYV ZLWK W88 HF RG1G \L% UHH@\WN

JLIXUH 7THPSHUDWXUH GLVWULEXWLRQ IS8SUFRLIUHIUHPWWV (EG\ %R HDN

JLIXUH &2 PDVV IUDBWYWQLEXWLRQ IRU GLIISSUHRHNI (G EN QW EDN F
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6XPPDU\

7KH GLIIHUHQW FDVHV WHVWHG KDYEOHDHEG \PRPEDWLHG R Q QN K
PD[LPXP WHPSHUDW ¥®RP EXY® ISRYWDWLR %HVLGHV WKH FRQFO!
HDUOLHU LQ WKLV VK®MIKRQ WXHH A D BWK MIKDX\H D W WV KE W&5H VDPF
Rl PDJQLWXGH 7KH ZDOO WHPSHUDWXUH WKH DEVRUSWLRQ DQ
(GG\ %UBSDWRHIILERHQRW VRO@IHURKPWEOK\VLFV GULYHQ E\ WKH
UHDFWLRQ LQVLGH WKH JDVHRXV SDUW ,Q ER¥HHDWHKH ZR MK PW
ZDOO WHPSHUDWXUH VLQFH ZH LQFUHDVH WKH UDGLDWHG 10X]
EURXJKW GRZQ ZKHQ LQFUHDVLQJ WKH DEVRUSWLRQ DQG WKF
UDGLDWHG IOX[ DUH OHVV DEVRUEHG DV LW FDQ EH VHHQ LQ
WHPSHUDWXUH L@KWHOAVHVRHIWMKELHQW VLQFH ZH HQKDQFH WKH
DQG WKH DVVRFLDWHG KHDW UHOHDVHG

&DVH
&DVH zpob DEVRUSWLRR %QGVH (%E&
SHI VFDWWHULQJ H
OD[LPXP
WHPSHUDWXUH
3&5

7TDEOH6®PDU\ RI WKH WHVW FDVHV RQ RFVKRKW BLORW 8

m.2.2.22 3UHVFULEHG FDYLW\

7KH EDWK VXUIDFH ZDV DVVXPHG IODW LQ WKH BQHHURRY WHKMW
EDWK VXUIDFH ZDV KLJK HQRXJK QRW WR FUHDWH D FDYLW\ ,Q
IRUPHG DW WKH OLTXLG PHWIF® F/EXNV WA @ KREFFAX UWMGEHEB RAKW, QD V H |
WKLV VMWHKWLERWVPEXVMW.RRGCGHEZOOK&EDWHR DIHG LQWHUIDFH FRPSXYV
WKH FOHWR\GHODQFH KHLJKW DW P $ VLPSOH FRXSOLQJ LV |
GHSHQGHQW FDVH ZLWK D VXSHUVRQLF R[\JHQ MHW LPSLQJLQ
FRPSXWHG DQ@®HNWMKBFH SURILCPHD YA WDKHGQG WKHQ WKH PHVK LV (
DFFRUGLQJ WIRYWHKBIWGPHDY LW\ VKIFRP DRGLWKRIQSRMWH LV UXQ

7KH ERXQGDU\ FRQGLWLRQV IRU WKLY FDVH DUH DV IROORZV
X 1My otal NJ DQG, ek NJ

X & PV GHWHURPOQWKH LWHUDRWLYMHOBHWKRG
X b . GHWHUPLQHG IURP WKHTLWBIQGWLYH PHWKRG
X Tpoo

x

&»s DQG DEVRUSWLRQ DQG VFDWWHULQJ FRHIILFLHQWYV DU}
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$V PHQWLRQHG DERYH WKH PHVK XVHG IRU WKHVH VLPXODWLR
VKDSH RQ WKH OLTXLG VXUIDEHXDRG LGDEOHSKRWHGIVLIQ ZDV UHIL
QHDWKH MUMNQHABWQG QHDU WKH EDWK VXUIDFH ,W LV DVVXPHG \
E\ WKH MHW LQ WKH IRUP RI GURSOHWY LQWR WKH WRS VSDFH

JLIXUH '"HRUPHG PHVK [ FHOOV IRU WKHV \U (E IRW 8

7TKH FRPSXWHG YHORFLWLHYV DQG WHRSHUDPUW D KN WHRYIH W H
ZLWK WKH IODW VXUIDFH WKH VWIR¥YEROWRHVI OVKIRZ WX RV ISIDW K D
FDYLW\ VOLIJKWO\ FKDQJHV WKH |10 RED WIKQIFUHH WEHBI BUMNHE KV DA H S V
WKH ODWHUDO ZDOO 7KH UHSRUWHG WHPSHUDWXUHYV RQ WKH V
WR WKH EDWK VXUIDFH 7KH WHPSHUDWXUHY DUH LQ WKH VDPH
JDVHRXV SKDVH 6SRWV DUH UHSRUWHG DW WKH LQOHW ZKHUH
EDWKUIDFH

JLIXUH 6WUHDPOLQHYV YHORFLWA LD/QVGJ) MEBXEOWSKRUDW SUBIRW V8K P
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7KH R[\JHQ LV DEVHQW LQ WKH JDVHRXV SKDVH H[FHSW LQ WK}
JLIXUH ‘H FDQ DOVR VHH WKDW WKH &2 PDVV IUDFWLRQ LV ¢
JDVHRXV SKDVH PHDQLQJ WKDW DOPRVW DOO RI LW LV FRPEXV
PDVV IUDFWLRQ$@RWARHU LQWHUHVWLQJ REVHUYDWLRQ LV LQ
LPSLQJHPHQW $\R WBVDMQNGRE HRWJIW®H FDYLW\ VXPSDAHP KQW HEG HQ

JLIXUH 6SHFLHV PDVVGUDWWILRXWKRQW ISQORW V8K P

6LPXODWLRQV KDYH EHHQ PDGH IRU GLIIHUHQW YHORFLWLHYV

UHIHUMGRFIKMQ LQFURMIKH. QHORFLW\ ZH LQFUHDVH WKH R[\JHQ
EDWK DQG WKHUHIRUH ZH LQFUHDVH WKH &2 UHOHDVHG IURP
ERXQGDU\ FRQGLWLRQV DV D IXQFWLRQ RI WKH 3&5 WKH PDVV
LQFUHDVLQJY WEKRFPWKHDWDQFH KRIXWRPSXWHG YHORFIDUWH GLVWU
UHSRUWHXWEZKHUH ZH FDQ VHH WKDW WKH YHPREDW \LQWLUHD FO
7KH VSRWV RI ORZ YH O R FALMQ WUH-BURHINEVMKGIDIW. RADR) I8l RARKSH DADOSQ F H

ZDOWHDWKH VDPH ZKDWHNOIRFWNH ZRBOHWFUHDVH LQ FDYLW\ GH ¢
HQRXJK WR FUHDWH D GHHS FDYLW\ ZKLFK ZLOO FRPSOHWHO\ FK
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JLIXUH6WUHDP OLQH®RFRIBAW U L EDRW LARIIW QW LQOHW KHORFSMNOR\Y K
D 8 PV E8 PV F8 PV

7KH FRP SDUWKRWHRIS H GD WW U HE @ WILRIQNW KRZW KDW WKH WHPSHUDV
LQVLGH WKH YHVVHO LQFUHDVH ZLWK WKH HIQERBIPMY KK HIQE Uk
SURSRUWLRQ Rl WKHZRHSKG EHOVFK VKUQFFHIYKH &URGXFWLRQ
DQG WKHUHIRUH WKH WHPSHUDWXUH 7KH IODPH IURQW LV VWLO
LKLY FKDSWHU

JLIXUH 7THPSHUMWXWH LERRWLKRIQYHUHQW LO@/KW YW GR BIRWD K8 PV
E 8 PV F8 PV

7KH SUHYLRXV UHPDUNV)DUHUFRIQHUWP BEIE EDQ VHH WKDW WKH LQF
YHORFLW\ LQFUHDVHV WKH PQMDUUDKMW EPQVRI KK &¥ PRUH REY
LQOHW YHORFLW\ LV DW PV 7KH 3&5 FDOFXOPMWMHBOURU WKH
DQG IRU LQOHW YHORFLW\ RI DQG PV UHVSHFWL
OHDYLQJ WKH WHVQHO ROMQBMG ZKHQ LQFUHDVLQJ WKH YHORFLW
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JLIXUH 6SHFLHV PDVVGUDWWILERW LRIQVHUHQW LQWKW YN Gk © RW/\ OKQ
8 PV B PV B P Vv
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.2.3 ,QGXVWEBRNYBIUWHU

11.2.3.1 %WRXQGDU\ FRQGLWLRQV

2XU PRGHO KDV EHHQ WHVWHG RQ DQ LQGXXWHULDQ KLRQ ¥R Q WHHU\
LV D BM\RBZQ FRQYHUWHU ZLWK D ODQFH FRQWDLQLQJ QR]]JOHV Z
7KH ERXQGDU\ FRQGLWLRQV WDNHQ IURP WKH LQGXVWULDO GDW
x IDQFH GH /DYDO QR]]JOHV ZLWK RXWOHW GLDPHWHU RI
X ,QOHWHORFLW\ ODPKVQXPEHU RI

X h . FRUUHVSRQGLQJ WR D GHQVLW\ RI NJ P
X fpwk

X $PELHSQUWVVXUH EDU

x IDQFH KHLJKW P

x ODVV IORZUDWH RI R[\JHQ LQ WKH EDWK NJ V

PP

A
v

JLIXUH )26 FRQYHUWHU

6LQFH RXU PRGHO LV ' D[LRQPPKWR]DH RIQOW LED ORR GRIDICHIBN H
%HFDXVH Rl WKH ODWWHU LW ZDV GHFLGHG W R URMBMRGHDUWLI
DQG KHLJKW RI W KH H FPGIWHKU WD E HH Q R®IDIRZLFGHIG BWKHHU BVILHPGH
LQWHUIDFH IURP D 92K IV I$SESOIMWB IR Y GHSLFWHG LQ
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JLIXUH OHVK [ FHOOV RI WKRIQLYGI® YMHWU LD O

111.2.3.2 SHVXOWYV

7KH YHORFLW\ DQG WKH WHPSHUDWXUH GLVWULEXWDRHLQ WKH
7KH VWUHDPOLQHYV LQGLFDWH WKH SDWK IROORZHG E\ WKH 10X
IOXLG YHORFLW\ GHFRLYD Z K\LKOHH EDS/SR REXEMB X FK 2QJ WKHKEDWK VX
JDYV GHYLDWHG DQG VZHHS®HDRIPUHE EDWKH RRI@FH EHIRUH EH
DIJDLQ LQVLGH WKH MHW FUH D:W LBDQD RENHLUNAX QBI\WL RQROWR RIS M|
WKDW WKHQWUWDLYHG LQ WKH MHW IROORZLQJ ZDYHG VWUHDPOL(
$V XVXDO WKH ORZHVW WHPSHUDWXUH LQVLGH WKH YHVVHO LV
MHW D JUDGLHQW RI WHPSHUDW X WH FHHU B W RUENWRZFOHBRI WK W
ZDOO 7KH PD[LPXP WHPSHQRWXDWM LVRPRWBWH® OO ZKHUH WKH
IUDFWLRQFBR&H REVHUYHG 7KH UHSRUWHG WHPSHUDWQUHV DU
WKH EXON RI WKH YHVVHO 7KHVH WHPSHUDWXUHY DUH KLJKHU
OLWKHHUHDWH ORZHU WKRQ LV SDUWO\ GXH WR WKH DEVHQFH RI V
&2 DERYH . DQG WKH FKDQJHV LQ WKH GLPHTQKXWH REDD RN WXBIY M
UHSUHVHQWY WKH IODPH IURQW $V UHSRUWHG LQMMKHVEMWHUD \
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JLIXUH6WUHDPOHQRIWLW\ DQG WEPSWUDRXWKR QY6 FRQYHUWHU

7KH PDVV IUDFWLRQV RG MK WEBFUE VD2 LV DW LWVUPD[LPXP
WKH ZDOO RI WKH YHVVHO ,QGHHG WKH &2 OHDYHV WKH EDWK
EDWK DQG LV VZHSW E\ WKH R[\JHQFIRIFREPX WKHGORD FRO ORHEVQW & H
SDUW RI LW LV HQWUDLQHG LQVLGH WKH RYHWOH® HDW 2 K 8 HR W
ORFDWHG DW WKH WRKS$ RI[\WHKE@RWDQODEHFRQVXPHG E&2WRHKH[LGDW
3ZDYHV" PHQWLRQHG HDUOLHU DUHVRRWU B UL \OLRERIDHV K B XEMVBOLIQ\F +
EHWZHHQ WKH R[LGDQW R[\JHQ DPSRWWBQWHWR &2RW,MW WKH DE
R[\VJHQ LQVLGH WKH FIDNMWKH GRHP BRDQWKEHFHWWHO H[FHSW LQ W
DQG DW WKH ORZ FRUQHU RI WKH YHVVHO ,Q WKH FHQWUH RI W
,QGHHG WKH IORY HEULRRHM.WKIQHZ SURGXFW FUHDWHG DW WKH
7KH 3&5 KDV EHHQ QXPHULFDOO\RRRRGIJROMU WKDKLWKW RQH LQC
UHSRUWHG IRU WKLV FDVH 7KH DVVXPSWLRQV PDGH PLJKW
ZKHQ QHJOHFWLQJ WKH GIZHWRGEDWDRE WKE2PDVOHDPEQLRK R
YHVVHO DQG WKHUHIRUH WWKH 3¥&H5V VO-RQ HERIPHHMD \ELHRHIY FKDQJHG \
DFFRXQW IRU WKH IDFW WKDW RQBFWRMQ®R]]WH H W RQ R R & DRV H/GI
UHGXFHWRWKMO YROXPH RI WKH JDV PDLQO\ WKH &2 LQ WKH JDV
&2 OHDGV WR WKH LQF $MDUBWN WHKHFREBVLGHUHG WKDW WKH JD
E\ WKH RXWOHW ZK/LBEKUFHDM BQFUHDVH W K HOW R WD) WABKEH/ YRH V& 2
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JLIXUH 6SHFLHV PDVV IUDFWLRQ LQVLGH WKH F268ERQYHUWHU D &2 E

v, GRQFOXVLRQV

$ PDWKHPDWLFDO PRGHO KDV EHHQ GHFRPRSWELRKQ REFXO D W
JDVHRXV SKDVH RI WKH VWHHOPDNLQJ FRQYHUWHU $IWHU D GH
KDV EHHQ WHVWHG RQ WK IOH BR MBWE B W ['8 FDQ AR DIQYEG

WRQ FRQYHUWHUYV

$W WKH ODERMNOMWKRIUPRGHO KDV EHHQ FRPSIHHGV DIUIRRQ VL WS & R$X
6WHHO® &RKWH FRPSXWHG PROH IUDFWLRQV DUH LQ JRRG DJUHHE
UHVXOWYVY HVSHFLDOO\ RXWVLGH WKH R[\JHQ MHW +RZHYHU WK}
RYHUSUHGLFWHG E\ WKH PRGHO SRVVLEO\ GXH WHNDWEXRYHOQEH I L
PRGHKH (GG\ WBHPRGHO KDV EHHRD XNX®E W RRWMERYV W
FRPEXVWHRRWLRQ LQ WKLV FDVHV ZKBIWHODYV WKKHE XORBDPAR UHKH XV
DSSURSULDWH PRGHO HJ WRRXOGUKHREPEURNRRGWEBH SUHGLFYV
HVSHFLDOO\ RXWVLGH WKH MHW

'LITHUHQW WHVWYV KDYH EHH®QS H DORSWRKEMRQ WWK HIRIFDELBQUVHANG W K H
WHPHOWXUHY LQVLGH WK$SHRFBRWEXDVYWERWKUDWLR 7ZR GLITHUHQW

ZHUH DQDO\VHG ZLWK WKHPOD@GH B ODR P GXRUA/CETHN K

'LWK WKH ODQFH DW P ZWYHR G\DWVGK] WEXG@ | DFIW ORUHRYHU Wi
R\ JHQ LQVLGWKWEKBWEWD WDNHQ LQWR DFFRXQW 7KH UHVXOW\
WHPSHUDWXUHUMBE FRQVWDQW DQG WKH DEVRUSWLRQ DQG VF
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QRW KDYH D GUDVWLF ARPHERKW WRIRYKIDWRRW+RZHYHU WKHVH SD
WKH PD[LPXP WHPSHUDWXUH LQVLGH WKH YHVVHO

7KH VXUIDFH LV GHIRUPHG E\ WKH FUHDWLRQ RI DPHADRIPNWEKHQ
EDWK VXUIDFH 7KH FDYLW\ VKDSHFBRPWXW R G\HXIDIE @) DVIKHS MHOG
XVHG WR GHIRUP WKH FRPEXRW WKHPFRROHO $W WKH FDYLW\ VXI
RI R[\JHQ KDV EHHQ DSSOLHG WR VLPXODWH LWV SHQHWUDWLRQ
LQFUHDVHV WKH FDYLW\ GHSWK BI@8 QVKIHWRWAR SHFHNERQ YRIIUS2H U |
LV QRW DIIHFWHG 7KH IODPH IURQW LV ORFDWHG DW WKH HGJH
WKH OLWHUDWXUH

$Q L QG XNWRQUHKMVHONERIHQ VLPXODWHG FRQVLGHULQJ D GHIRUPH
7KH FRPSWMSHAW DWXUHYV DUHRRDEL W KH JK@HYV XVXDOO\ UHSRUWHC
7KH 3&5 FDOFXODWHG DUH KLIJIKHU WKDQ WKH RQH UHSRUWHG
YNVNOQPXODMWKHGODFN RI GLVVPRPRL® WKRQIRV FERQVLGHUHG HQWHU
E\ WKH RXWOHW
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&21&/86,216 $1' 353836

&RQFOXVLRQVY DQG SURVSHFWYV

7KLV 3K'" ZRUN ZDV DERXW WKH PRGHOOLQJ RI VRPH DVSHFWYV R/
VHSDUDWH PRGHOV ZHUH GHYHORSHG XVLQJ WKH &)' FRGH 3+<6,
RI WKH PHWDO EDWK IUHH VXUIDFH XQGHU WKMERMWH® M RWF XRIJO
LQ WKH JDVHRXV SKDVH UHVSHFWLYHO\ :H SUHVHQW KHUH WKH
VWXG\ DOQXWKBRUMYMNYV ZKLFK FRXOG EH GRQH IROORZLQJ WKLV SU

&RQFOXVLRQV

7KH ILUVW PRGHO GHVFULEHV WKH LPSLQJHPHQW RI D JDV MHW
PDWKHPDWLFDO PRGHO ZDV SUHVHQWHG ZKLFK GHDOV ZLWK ER
IOXLG I6REWJI\ WUDQVSRUW DQG WXUEXOHQFH SKHQRPHQD 7KH
IUHH VXUIDFH ZDV VROYHG XVLQJ WKH 92) PHWKRG $Q DSSURJ[LF
ZDV XV HIEF AMRX QWKHR UDV FRPSEKNOHEROVYR/\FRPSXWLQJ WHKH GHIR
IUHH VXS VDWHGHVFULSWLRQ RI WKH JDV MHW GHYHORSPHQW LV
FRQVLGHULQJ WKH LPSLQJHPHQW RI D JDV M HWYRRESMDR HDG Ol IRTXML G
GLIIHUHWWUEXOHQFH PRGHOV IRU WKH VLPXODWLRQ RI WKH JD\
LQYHVWLIJDWHG H[SHULPHQW BB®\RE\ X KMHLRGHWVDWHVWHG WK
HWXUEXOHQFH PRGHO KDV VKRZQ WKH VPDOOHVW GLVFUHSDQF\
WKH MHW KDOI| Z$GNGKL EIVW & EN U 7KH PRGHO ZDV WKHXGXVHG V
WKUWKDVH FROG PRGHO H[SHULPHQW\* @H)SRYVYWH G HE K B IY BI QWHHW WDk
LQIOXHQFH RI GLIIHUHQW SDUDPHWHUV RQ $V K H OFCDNVILY\H OG LFPROQ.
PHVKDURXQG ZIHO OR’XQG WR EH VXIILFLHQW WR SUHYHQW DQ
WKH PHVK VL]H RQ WKH PRGHO UHVXOWYV :KHQ FRPSDULQJ WZR
$FFHSWRU DQG &RXQWHU 'LIIXVLRQ OHWKRG RU WZR GLIIHUH
FRQYHFWLYH IOX[HV 6PDUW DQG +\EULG LW ZDV IRXQG WKDW
VDPH RUGHU RI PDJQLWXGH $W WKH OD QFXQR KRUWPH SW RWIK®H V SRIIF
MHW SDUDPHWHUV OHDGV WRHQGHHSHUXPLYRWR WHRIQOHYV )LQD
NHPRGHO SURGXFHV VOLJKWO\ GHHSH HPRIGHBK\H VEKHD/QV VDK B HHNPHIQ
EHWZHHQ WKH QXPHULFDO SUHGLFWLRQV DQG WKH H[SHULPH
FRPSOHWHO\ VDWLVIDFWRU\ WKH GLVFUHSDQF\ LV RI IRU W
FRPELQLQJ WKH IROORZLQJ SDUDPHWHUV DQG RRWHOKH Q@L]BHF
RXWOHW WHKWHBWRU DQG +\EULG VFKHPHW\DRGE W& H QYW DRORATH.
6RPH UHVXOWYV REWODQH G\NRWHP L H DQ DWEZEWKNMU LPISTDNLVEL B D Wi
VKRZ D UHORRG YVHOHHPHQW ZLWK PHDVXUHPHQWY PDGH E\ 4LDQ
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PRGHO KDV EHHQ XVHG WR VLPXODWH WKH GHIRUPDWLRQ RI

VXSHUVRQLF R[\JHQ MHW ZLWK D ODFK QXPEHU UDQJLQJ IURF
FRQYHUWHU ,Q WKLV ODWWHU FDVH WKH FDYLW\ GHSWK ZDV
YHORFLW\ DW WKHKODRQFGFHRWWOHWH LQ UHDVRQDEOH DJUHHPH
WKH H[SHUHLPXDQWIDRDQ UHSRUWBRG@E\ .RULD HW DO

$ VHFRQG PDWKHPDWLFDO PRGHO KDV EHHQ GHYHORSHG WR VLP
SKDVH LQ D VWHHOPDNLQJ FRQYHUWHU FRQVLGHARREIVAKNGR® G\
UHDFWLRQ DQG KHDW WUDQVIHU FRQYHFWLRQ DQG UDGLDWLR
FRPEXVWLRQ UHDFWLRQ LV GULYHQ E\ WKH WXUEXOHQW PL[LQJ
FDOFXODWH@GS GLWHKISIKRMRGHO 7KH SHQHWUDWLRQ RI D FHUWDLQ
WKH EDWK ZKLFK LV HPSOR\HG IRU WKH GHFDUEXULVDWLRQ RI
WKH DGGLWLRQ RI D VLQN WHUP DW WKH FDYLW\ VXUIDFH 7Kt
JDNRXV SKDVH WKURGKHKRWRKHIGQRIWHUIDFH $IWHU D GHVFULSW
UHODWHG WR WKH SKHQRPHQD VWDWHG DERYH WKH PRGHO KDV
D ODERUDWRU\ H[SWBRPBQWRMQERQYHUWHUV 2Q WKH ODERUDWR
FRPEXVWLRQ PRGHO KDV EHHQ FRPSDUHG DJDLQVW WKH H[SHULTF
BWHHO &RUS $V IDU DV WKH JDV &R PRREV LBRIGRFG QRVGHD VAL V
FRQFHUQHG D WHDWROHBHBWHKDV EHWR WWRKHQ ® H D V XQHHREH QWWKH
GLVFUHSDQF\ EHWZHHQ H[SHULPHQWDO DQG QXPHULFDO UHVXO
W R ZKHQ JRLQJ DZD\ IURP WKH R[\JHQ MHW 7KH VSUHDG
IRXQG WR BHHOGWHFWHG E\ RXU PRGHO VLQFHIWXEXVHQWKHP R@PDQ
5SHIDUGLQWW®H RQYHUWHU WZR GLIIHUHQW IUHH VXUIDFH GHIR
VXUIDFH FRUUHVSRQGLQJ WR D ODQFH KHLJKW RI P DQG D
ZLWK D GHHS FDYLW\ FRUUHVSRQGLQJ WR D ODQFH KHLJKW RI
WHVWV ZHUH FRQGXFWHG UHJDUGLQJ WKH HIIHFWV RI WKH VSH
WKH DEVRUSWLRQ DQG VFDWWHULQJ FRHIILFLHQWV LQ WKH UDG
8S PRGHO FRQVWDRW WHKH BRO6YHADWNKRR2OQVORW WR EH DIIHFWH
SDUDPHWHUV LQ RSSRVLWH WR WKH PD[LPXP WHPSHUDWXUH F
GHIRUPHG VXUID PN HWEHHW LPBIY LW\ VKDSH ZDV GHWHUPLQHG LQ
XVLQJ WACHY MRIBWHO 7KLV UHVXOW ZDV WKHQ XVHG DV EDVLV WR (
SRVWRPEXVWLRQ VLPXODWLRQ 6LPXODWLRQV ZHUH FRQGXFWHGC
YDU\LQJ EHWZHHQ DQG PV ,QFUHDVLQJ WKH YHORFLW\ LQ
SEGXFWLRQLRI WRH JDVHRXV SKDVH VLQFH WKH HQWUDLQPHQW
KLIKHU 1HYHUWKHOHVV W KK &SI IBDYHXO0 DW R BQISQ LV QRW
DIIHFWHG E\ WKH YHORFLW\ LQFUHDVH 7KH IODPH IURQW LQ DO
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ORFDWHG DW WKH HGJH RI WKH MHW DV UHSRUWHG LQ WKH OL\
YDOXHV SUHGLFWHG E\ WKH PRGHO DUH LQ WKH VDPH UDQJH WK
$W ODVW WKH PRGHO \KIPX GPHRE-E VIR PEXWWLRQ GRVINQYLDO FRQYH
$ SDUW Rl WKH FRQYHUWHU KDV EHHQ XVHG LQ RXU PRGHO 7K
EHHQ IRXQG WR EH KLJKHU WKDQ W KRML \HEDAIWE PN QWRD GVAK\H U F
GLVVRFLDWLRQRK &Y QRW WDNHQ LQWR DBRRXWW W®& W KHWY WK
DFWXDO GLPHQVLRQV RI WKH YHVVHO DUH QRW LGHQWLILHG WR

SURVSHFWYV

9DULRXV DSSUR[LPDWLRQV KDYH EHHQ PDGH WR GHYHORS WKH

WR DYRLG VRPH RI WKHVH DSSUR[LPDWLRQV DQG WR FRQVLGHU |

MHWYLW\ PRGHO WKH IROORZLQJ GHYHORSPHQWY ZRXOG EH QHTF
x 7KH VXUIDFH WHQVLRQ KDV EHHQ FRQVLGHUHG FRQVWDQW L
HW @ KRZV WKDW WKH OLTXLG PHWDO VXUIDFH WHQVLRQ L\
DQG WKH R[\JHQ DFWLYLW\SKRBVHRPRWHOQ QWRMHUVXUIDFH WHQ)
LQWHUIDFH EHWZHHQ WKH WKUHH IOXLGV DLU OLTXLG DQG :
X $Q DSSUR[LPDWH PHS$W&RBDVRQLHG WR KDQGOH WKH FRPSUH
JDV MHW DQG WKH GHIRUPDWLRQ RI WKH OLTXLG VXUIDFH )Xl
IXO0 FRXSOLQJJIJDHWZRIHSU MAKHLEOH PRGHO DQG WKH FDOFXOD
RI WKH IUHH VXUIDFH LQ RUGHU WR DYRLG WKH QHHG WR WUF
IUHH VXUIDFH

7KH SRRWEXVWLRQ PRGHO FDQ EH LPSURYHG RQ WKH IROORZLQJ
x 7TKH SRRREXVAR® EH GULYHQ E\ WXUEXOHQFH RU WHPSHUD'
VXSSRVHG WKDW LW ZDV RQO\ GULYHQ E\ WXUEXOHQFH DQG .
8S PRGHO WR FDOFXODWH WKH VLQN WHUP ERREXWWH RQRZ/ L
GULYHQ E\ WKH WHPSHUDWXUH 7R DFFRXQW IRU WKLV FDVH
XVHG 7KH FRXSOLQJ RI WKH (GG\ %UHDN 8S DQG WKH $UUKH
ZLWK DOO FDVHV ODPLQDU WR WXUEXOHQW
X $W KLJK WHPSHUDWXUH DERWWRFLDWH&2LQWR &2 DQG R[\JF}
LQWR DFFRXQW WKLV SKHQRPHQRQ D OLPLWLQJ IDFWRU FRXC
DW KLJK WHPSHUDWXUHYV

5HIJDUGLQJ ERWK PRGHOV WXUEXOHQFH PRGHOOLQJ QHHGV WR |
X $SSURSULDWH FRUUHFWLRQW WRX UBX®H WM PRIBHD N HHGV
LPSOHPHQWHG WR SHWWHPIWWRE RYMWKH VSUHDGLQJ RI WKH N\
X ,W ZRXOG EH GHVLUDEOH WR LPSURYH WKH FRRSUHMYQ®LDQ
WKH WXUEXOHQW YLVFRVLW\ HTXDWLRQ W® DW/KMAVK MW KB H | IZH
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UHPDLQV XQLIRUP DOO RYHU WKH GRPDLQ 7KLV QHHGV WR
IXQFWLRQ RI WKH ORFDO YDOXHV RI WKH WHPSHUDWXUH DQG

(YHQWXDOO\ LW ZRXOG EH GHVLUDEOH WR IXO0O\ FERXSOAWVKH
VWXG\ ZKLFK ZLOO DOORZ WR EHWWHU XQGHUVWDQG WKH FRX
FRXSOH WKH WZR PDLQ SKDVHV JDV DQ@RXIKKLIGP D DLRRGH @ XPH/
392) FKHPLVWU\" PRGHO 7KH WULFNLHVW SDUW RI WKLV PRGHO
WUDQVFDNYWQG KHDW WUDQVIHU EHWZHHQ WKH WZR SKDVHV VL
WLPH

$V D ILQDO SRLQW WKUHH PDLQ GLUHFWLRQV PD\ EH HQYLVDJ

PRGHO RI WKH FRQYHUWHU
X ,Q WKH UHD ® )S®W EHWNIWVY. QDWLQJ KIRROFHDOPROWILPSLQJH JHQ
WKH VXUIDFH RI WKH OLTXLG VWHHO 2XU PRGHO FRQVLGHUYV
ODQFH ,W VKRXOG EH LQWHUHVWLQJ WR DFFRXQW IRU PXOWL
H[WHQVLRQ ZLOO KHOS XV WR EHWWHU XQGHUVWDQG WKH LQ)\
QHZ ODQFHV WR ERRVW WKH GHFRPEXWIWIDDRMLRQ DQG WKH SR\
Xx TKHHOHUDWLRQ RWGWRSOMMW LPSDFW KDV EHHQ GLVFXVYV
UHYLHZ EXW QRW \HW WRIQVARBGHWGI G6LQFH WKH GURSOHWYV PI
GHFDUEXULVDWLRQ SURFHVV DQG LQ WKH WUDQVIHU RI KHDW
WKH PRGHOOLQJ RI WKH GURSOHW EHKDYLRXU ERWK LQ V
HYROXWLRQ ZRXOGSRW\RD®RAP RQWVKM |XWXUH
Xx 7TKH UHSUHVHQWDAMDRQORKRWMRIE EH LPSURYHG 7KH VODJ
FRQVLGHYHMWEKH VDPH ZDLDM GVRKMVHHO VLQFH LW LV SRURXV
FKDQJH ZLWK WKH EORZLQJ SDUDPHWHUYV
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SHIHUHQFHYV

> @*+RZ 6WHHO LV ODGH G6WHHOPDNLQJ )ORZOLQH =~ KWWS Z
IORZOLQH LQGH[ KWP 2BWFI®NVVHG RQ

> @ * 'HQLHU 3 RQUHHYV®WMFWY RSpUDWLRQQHOV pTXLSHPHQW
JHV WHFKQLTXHV GH O LQJpQLHXU

> @3$Q ,QWURGXFWLRQ WR ,URQ DQG 6WNWO RBW RPHVYGE] K\WKWR
>$FFHVVH@RW @

> @ $ %HUWEKDHW LARQ HQWUH OHV SURFpGpV GH FRQYHUVLRQ j
VRXIIODJH SDBHYK GRIQBGHWDOOXUJLH &DKLHUV ' ,QMROPDWQRQV

SS

>@ 6 & .RULD 3*3ULQFLSOHV DQG DSSOLFDWLRQV RI JDV LQ
6FDQGLQDYLDQ -RXUQDR®| OHQ@R O 08I\

> @ DZD 3*%HLWUDJ ]XU 'LPHQVLRQLHUXQJ YRQ 6DXHUVWRIINR
VWHHOPDNLQJ FRQ YHWWOIE Y4WMIHQPIQQLVFKH ORQDWVKHIWH Y]
> @39DGpPpPpFXP $UFHORUOLWWDO ~ ,QWHUQDO GRFXPHQW ,56," {
>@ 1 &URIW . 3HULFOHRXV DQG 0 &URVV 33+<6,&% $ PXC
FRPSOH[ IORZ SURPHVYADO OHWKRGV LQ /DPLQDUYRQG 7XBEXO|
> @ 1 5DMDUOVEXDM QW VHWIMHU VFLHQFH /WG

> @ *1 $EUDRRMLWKHRU\ RI WXEERBDUIQ HVHMDY VD FKXVHWW YV
35(66

> @ 3 &KDVXDEQXDHQFH HQ PpFDQLTXH GHV IOXLGHV DQDO\VH
VD PRGPOLVDWLRQ j O X&D S GXGOWIQRIQQLHXU
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> @ & %DLOO\ DDHECORRPXOHQFH &156 (GLWLRQV
> @ 0+ *D]]JDK 0O 6DVVL % 6DUK DQG , *RNDOS 36LPXOD
WXUEXOHQWY VXEVRQLTXHV j PDVVH YROXRSVXE RWIU D D WH RIDOL

-RXUQDO RI TKHUPMB®BFLHQRHYV SS

> @ + < +ZDQJ 3% VWXG\ RI LPSLQJLQJ JDV MHWV RQ OLTXLG \
8QLYHUVLW\

> @ % &XBRPUDQ (QYLURQQHPHQWDBRKI@ XILGHR H FBOQL F,\0 F

> @ ( .UDBXHG PHFKDQLFV ZLWK SURBGHP®INOD Y ROGHIMILRQ D C
+HLGHOEHUJ *PE+ &R

> @ 6 &DOPEBQLTXH GHV IOXLGHV &RXUV QG HGLWLRQ 'XQRG

> @ : - 'HYHQSRUW 3)ORZ SDWWHKMWWRI GZ¥Z ZDH@JID QRPHOWV" Y W T
&'QR]]JOH FGLQIR KWPO

> @ . 1DLWR < 2JDZD 7 ,QRPRWR 6 .LWDPXUD DQG 0 <DQR
WREORZQ ODQFH LQ FRQYHUWHRO ,6,- QRWHWSDWLRQDO

> @ 9 2NWKRLL S6WUXFWX8MWHRD JIDY WIRHR@665 QR SS

> @ % $OOHPDQG 3 %HUXFKHW & &KDPSLQRW 6 OHOHQ DQG

HISHULPHQWDO VWXG\ RI VXSHUVRQLF R[\JHQ MBWWH, G&XVWU

OHWDOOXUJLH &DKLHUV ' ,QIRUFPOWLR@QF 7THBERQLTXHYV

> @ + 2GHQWKDO - .HPSNHQ - B6FKOX"WHU DQG : (POLQJ

VLPXODWLRQ Rl WKH FRQY HUVRKU DEXER B WQHH 6 UIRRFBFKWQROR J\ SS

> @ <XNDUL 7$*2 DQG <RVKLKLNR +,*8&+, 3)OXLG YORZ $QDO\VL\
%ORZQ 3URFHVPWHUQDRW RQDOR SS2FW
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> @ 6 (OHWULEL '. OXNKHUMHH DQG 9 3UDVDG 3([SHULPHQMW
XSRQ LPSLQJHPHQW ES$PMWIAD MHWFLHW\ RI OHFKDQLFDO (QJl
(QJLQHHULQJ 'LYLVLRQ 3E®DLFDVBISRQ ("

> @ 6. 6KDUPD -: +OLQND DQG ': .HUQ 37KH EDWK FLUFXOD
WHPSHUDWXUH UHDFWLRQ ]RGN HEO OFD NGB RRFDNUBDFH 3URFHI
YRO SsS

> @ 5% %DQNV DQG '9 &KDQGUDVHNKDUD 3([SHULPHQWDO LQ
D KLYKORFLW\ JDV MHW WK UR>R)XU DR DO TR{ LD XIXEY ®RHBFHK D QQ RV
SS

> @ 1% OROOR\ 3, PSLQJLQSKWNW VYOWRWHR) DKWZRDVLF,URR)Z SDW
6WHHO YROW QR SS

> @ : ( 20PVWHDG DQG 6 5D\QRU °3'HSUHVVLRQ RI DQ LQI
LQFRPSUHVVLEORXUQWOW MHRW )OXLG OHFKDQLFV 'LJLWDO $UFKLYH

> @ 7 .XPDJDL DQG 0 ,JXFKL 3 QVWDELOLW\ SKHQRPHQD DW E|
JDV LQREFW ,QWHUQDRW RQD®S

> @ $ %DODEHO 35$16 PRGHOLQJ RI JDV MHW LPSLQJLQJ RQW
(PLUDWHV -RXUQDO IRU (QJY®B®HULQIR5HVEBUFK

> @ $ 1RUGTXLVW 1 .XPEKDW / -RQVVRQ DQG 3 -RQVVRQ 37
ODQFH KHLJKW DQG IORZ UDWH R GRRQ® ¥ D I/\M BRRGH SW K HIDQY PK\
,QWHUQDWR®QDOQR Ss

> @ 6 & .RULD DQG .: /DQJH 3*3HQHWUDELOLW)\ RI LPSLQJLQJ
BWHHO 5HVHROQFK QR Ss

> @ 7 6KLPDGD 7 $NL\DPD , (<DDVDE2BHUYDWLRQ RI PROWHQ
XQGHU JDV LPSLQUHRHRRP SAWHG 7RPRIUQBKI\UQDPRARQDQR
Ss
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> @ )5 &KHVODN -$ 1LFKROOV DQG 0 6LFKHO 3&DYLWLHV
LPSLQJLQJ JDVHRXWOWMIOWM )OXLGY ROFKD QEV SS

> @) 4LDQ 5 OXWKDUDVDQ DQG % )DURXN 36WXGLBIQGRI LQW
PXOOWLHUHG OLTXLG EDWKV GXH WR 0B ® DIOFSXQULRDIO JD @ GNMH Dy
7UDQVDFWYRQV % QR Ss

> @ 2 20LYDUHV $ (OLDV 5&WBDQAK®G B ORDDOHNQG3IK\VLF
PDWKHPDWLFDO PRIGTHKQB ROX D& G\QDPLF V6IMH HOF RIQWHIDWAKU W R O
QR SS

> @ $51 OHLGDQL O ,vVDF $ S5LFKDUGVRQ $ &DPHURQ DQC
VKURXGHG VXSHUVRQLF MHWYV LQ PHWDOOX
YHVVHOVMV ' QWHUQDPRW RQDOR SS

> @ ' +XLQ 3*3URIRQGHXU GH SpQpWUDWLRQ G XQ ,QWWMURBPJIq
UHSRUW ,56," $UFHORUOLWWDO ODL]JLQUHV

> @ - 6]HNHO\ DQG 6 $VDL 37XUEXOHQW IOXLG IORZ SKHQ
RSHUDWLRQV ODWKHPDWLFDO GHVFULSWLRQ RI WKH IOXLG IOR:
JDV MHHWDOOXUJLFDO YROQVDFRVLR G

> @' + :DNHOLQ 3K'WKHVLV ,PSHULDO &ROOHJH 8QLYHUVLW\
> @ - =KDQJ 6 'X DQG 6 :HL 2)ORZ ILHOG LQ EDWK DJLWD
LPSLQJLQJ JDV MHW DQG VXERRQPDNUQY V& HBMHHOPDNLQJ YF
Ss

> @ $9 1JX\HQ DQG * 0 (YDQV 3&RPSXWDWLRQDO IOXLG G\Q!
LPSLQJLQJ RQWR $HSXLEGSRRWKNHPDWLFDO ORGHOOLQJ YRO '
> @$16<6 )OXHQW )ORZ ORGHOLQJ 6LPXODWLRQ 6RIWZDUH ~ KW

6LPXODWLRQ 7HFKQRORJ\ )OXLG '\@GBPERV \$H 6XR\QY O®H QW

> @ 0 (UVWRQ $ 7LOOLDQGHU / -RQVVRQ DQG 3 -RQVVRQ
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LPSLQJLQJ DLU MHW RQ6D ZOWHWQWDRKD R B BOR Ss

> @ 0 VRY $ 7LOOLDQGHU DQG 3 -RQVVRQ 3&RXSOHG WKHUPR
RI D WARZQ EDWK ~ 3URFHHGLQJV RI 6RKQ ,QWHUQDWLRQDO 6\
PHWDOV DQG PDWHULDOV 7KHUPR DQG 3K\VLFRFKHPLFDO 3ULQ
YRO SS

> @ 0 (UVVRQ / +RJOXQG $ 7LOOLDQGHU / -RQVVRQ DQG 3
FRPSXWDWLRQDO IOXLG G\QDPLFV DQG WKHUPRG\QDPLFV VRI\
FRQYHU® HUQWHUQDRWL R QDQR SS

> @37KHRWDROF 6RIWZRPH ~ KWWS ZzZ7Z WKHUSFRHANY R G RPY
@

> @ 0 %DUURQ & /RSH] DQG , +LOHULR 31XPHULFDO HYDOXD
VWHHOPDNLQJ ODQFH ~ SS

> @ 6 .RULD DQG . /DQJH 3% QHZ DSSURDFK WR LQYHVWLJDWH
R[\JHQ VWHHQPIDMDL@QAXUJLFDO 7TYRQVDFWRRQVS%

> @ 1 6WDQGLVK DQG 4/ +H 3*URS JHQHUDWLRQ GXH WR DQ
ERWWRP EOWERKHQVWIQHOPDN/6QJ , DHWVHH®DWLRQDO YRO QR

> @ 4/ +H DQG 1 6WDQGLVK 30RGHO VWXG\ RI GURSOHW JHQ}
,6,- ,QWHUQDRWQ RQDQR Ss

> @ 4LQJ /LQ +H DQG 1 6WDQGLVK 30RGHO VWXG\ RI UHVLGHQ
VODJ LQ %2) VWHEHOPOPWHQDDR R QDQR Ss

> @ < +LJXFKL DQG < 7DJR 3(IIHFW RI ODQFH GHVLJQ RQ MHW
EORZQ SURFHWQMWHUQLNYWRDORQD®@R SS

> @ 0 /XRPDOD 7 )DEULWLXV ( 9LUWWDNML %S 6DMKROQD [DXGS \

EHKDYLRXU LQ WKH FRPELQHG EORZ®, -V VOMHIURDINAMR QFORMR H U W H
Ss
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> @ 6XEDJ\R *$ %URRNV . &ROH\ DQG * ,URQV PHWOQOUDWL
HPXOVLRQV WKURXJK WRS , DDWHEQREORIQDOR Ss

> @ < +LJXFKL DQG < 7DJR 3:(IIHFW RI QR]]JOH WZLVWHG ODQFF
LQ WRS EORZQ6SURAHNYJDRA RQDQR SS

> @ $ .RRKL 0 +DODOL 0 $VNDUL DQG 0O ODQ]JDUL 3 QYHVWLJ
LQ WKH 3HLUFH 6P B K FFLRFQYOHBWRGBXFW DQG 3URFHVYV ORGHOLQJ

> @ 1, .&OMHWLSKDVH )ORZ "\QDPLFYV 7TKHUPDO DQGBIBGHFKDQL
YRO 6SULQJIJHU

> @ + *RX * ,URQV : [/X DQG = 'X 3:FRWEBVQRPRQW @ QRE\ RN\
XQGHU VWHHOPDNLQJ DQG VPHOWIBQJYRHGXFWARQ FREGLWLRQV

> @ 0 +LUDL 5 7VXMLQR 7 OXNDL 7 +DUDGD DQG 0 2PRUL 3
LQ WKH FRQYBQWBRWLRQV RI WKH ,URQ DQGYRWHHO Q®RVW LWS)SW

> @ ' +XLQ - /DQGU\ - B5HERXO DQG < =EDF]\QLDN 36W)
PHFKDQLVPV LQ D W SLORWHRNXHHGHFRQWBOWKUJILH &DKLHUV '
7HFKQLTXRU QR SS

> @' +XLQ + *D\H -3 5HERXO DQG < =EDF]\QLPMNEXVWGRQLVI
DX FRQYHUWLVVHXU =~ ,QWHUQDO UHSRUW ,56," $UFHORUOLWWD!

> @ ' 1DNDJRQR . $EH 0 1LVKLGD DQG MHWULRDLFBKXBHQWR
OLTXLG LURQ ZLWK VXUIDFH FKHPROWU\ QR6,- ,Q9WHUQDWLRQDO

> @ - +XEHU - /HKPDQQ DQG 5 &DGHW 32&RPSUHKHQVLYH G\Q
$ JOLPSVH LQWR WKHUPDO HIILFHLYQHF\ GHHFEKDQRYPXUJILH &
' QIRUPDWLRQV 7HR@QLTXON SS,,,9

> @ / =KDQJ DQG ) 2HWHU\FRPEXVMA RE BRNMWIRQFWRUV SDL
WKHRUHWLBWO HEQD\BHWHDUFK YRO QR SS
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> @/ =KDQJ DQG ) 2HWHUPRPBHRGWMDORRDEKYWRQFWRUV SDUW
IRU FRPEXVWLRQ BUMK RBEHNGDUFK YRO QR Ss

> @ + *RX * ,URQV DQG : /X SODWKHPDWLFDO PRGHOLQJ RI
FRQYHOWWDOOXUJLFDO 7TYRQVDFWRRQVS%

> @ 67 -RKDQVHQ - :X DQGEDVG6IGO\XOMOMWME\ 5$16 FRPSXWI
,QWHUQDWLRQDO -RXUQDO RROHDW @R G )OKLG )ORZ

> @3%3+<6,&% 'RFXPHQWDWLRQ ~ KWWS VWDIIZHE FPV JUH DF XN
$XJ @

> @' % 6SDOGLQJ 3*$ QRYHO ILQLWH GLIITHUHQFH IRUPXODWLRC
ERWK ILUVW DQG VHFRQG HWEKDMWIDROIDAV-RXUQDO IRU 1XPHU
(QJLQHHULQJ YRO QR Ss

> @ 3+ *DVNHOO DQG $ . &FRPEHQOIWHV KBRYHFWLYH WUDQV S
QHZ ERXQGHSOHWNUYLQJ WUDQVSRWWUQDWRRIQWDIOP - RXUQDO IR
OHWKRGV LQYRIXLGWR SS

> @ & : +LUW DQG % ' 1LFKROV 29ROXPH RI IOXLG 92) PHWK
ERXQGDURXWQDO RI &RPSXMIBWLRR®O 3KQR SS

> @ . 3HULFOHRXV * 'MDPED]RYRWN IRERIQQ 7DQG 3 *DUGLQ 37l
GHSHQGHQW PRGHOOLQJ DQG H[SHULPHQWDO YDOLGDWLRQ RI W
FDVWLQJ BRX®B GH OHWDOOXUJLH &DKLHUV ' YRIRUPDWARQV 7t
Ss

> @ *6 % /HERQ S38QVWUXFWXUHG ILQLWH YROXPH DOJRULWKP
8QLYHUVLW\ RI *UHHQZLFK

> @ 6 +HLQ] 3$ PRGHO IRU WKH UHGXFWLRQ RI WKH WXUE
FRPSUHVVBELOLAW\ Rl )YORKQA GV QR SS

> @ . $EOGRDG 6 3DXO 3DR 6 ODVVH\ DQG $ (OPLOLJXL 37l
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WXUEXOHQFH PRGHO IRU KLJKRXMPDHURW MM GNH\WQUQREHULQJ
RI WKH $6RO QR Ss

> @ 0 $O0DP - 1DVHU DQG * %URRNV 3&RPSXWDWLRQDO |

VXSHUVRQLF R[\JHQ MHW EHKDYLRU DWHWWBOB®EDNLA WHE DHL

7TUDQVDFWLRQV % 3URFHVV OHWDOOXUJ\ DQG ODWHULDOV 3URF

> @' K LORBREXOHQFH PRGHO&QQIRUWS)ULHV

> @, 6XPL < .LVKLPRWR < .LNXFKL DQG® HPSBHDEIIMXEHRQIIHF
VXSHUVRQLF R[\JHQ ,dHWQBHHKDYDRM R Q DOR SS

> @ + - +XVVHLQ 6 3 &DSS DQG : . *HRUJH 39HGRFQWO®WDVXL
QXPEHU PRPHRQWHRIYLQJ D[LV\PP HWURLFU QDROEX GHMQHF WRHQNL F V
Ss

> @ 6 % 3RSH 3$Q H[SODQDWLRQRW VOKHNOWX Q B RIBE RX WRXD G
YRO QR SS

> @ 7 6KLK : /LRX $ 6KDEELU = <DQ@ HDBGG ¥L\EKXVLEW\QHRZGH

KLIK UH\QROGV QXPEHU &RRS K MNWHHYWD (OARXY XLGCQR SS

> @ % ( /IDXQGHPRPAHHFWF®RVXUH SUHVHQWHU QDWW LIKQDXW HR XU

+HDW DQG )OX¥IR®D)ORMR Ss

> @ 3% 'XUELQ 36HSDUDWHG IORZOFRPRGWDHMELRRXYADOK WKH N
QR SS

> @' 5XWOWMEGHRI D JDV MHW LPSLQJLQJ D OLTXLG VXUIDFH ¢
-HDQ /DPRXU )YUDI@HRH

> @' % 6SBEBBERYWLRQ DQG ODWV HEGD OMHNYLHU

> @, *ODYRPBEQVWLRQ 7KLUG (GLWLRQ $FDGHPLF 3UHVV
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> @/ +MHUWDJHU % +MHUWDJHU DQG 7 B6ROEHUJ 32&)' PRGHC
WUEXOHQW OLZRRSXMOHRRZY DQG & KHPLFDO (QJLQHHULQJ YRO

> @ $ .DL]DzZzD 1 6DVDNL 7 ,QRPRWR DQG < 2JDZD 3,QIOXH
FKDUDFWHULVWLFV RI R[\JHQ MHW LQ %2) " 3URFHHGLQJV RI WK
2LO *DV OHWDOOXUJLFDO DQG 3URFHVV ,QGXVWULHYV 6,17() 171

> @ 7KLHUU\ 3RLQVRW DQUTKHRYUHWEARDDD QWE QXPHULFDO FRPE
HGLWLRQ 5 7 (GZDUGV ,QF

> @ ) $ LBRHAEPMRW WKHRU\ 7KH IXQGDPHQWDO WKHRU\ RI FK
VA\VWHPV HG &HRPMRPBV@XEOLVKLQJ &RPSDQ\

> @ . ORURKRVKL 0 8FKLNRVKL 0 ,VVKLNL DQG + )XNX\DPD
DV IXQFWLRQV RI R[\JH G HFBM,X L\, \QBVHE QWHRFQ. R Q DOR Ss







$SSHQGL] $QGXVWBRRDIHUWHB/D Y LW\
VLPXODWLRQ

,Q&KDSWHWKH LPSLQJHPHQW RI D VXSHUVRQLF R[\JHQ MHW RQW
WRQ FRQYHUWHU KDV6BERWQRQ PX OVKW M DB EBH PARIGHO RQ D IX0O
LQGXVWULDO FRQILJNBRDWARQYMUWHWYWHG FKDUDFWHUL]JHG E\
FRQGLWLRQV

X %WK GLDPHWHU P
X %ORZLQJ FRQGLWLRQVP 8 ODFK QXPEHU RI .7
FRUUHVSRQGLQJ RI D GHQVLW\ RI NJ P
X IDQFH KHLJKW =
x 1R]JOH GLDPHWHU PP
JRU WKH VLPXODWLRQ D PHVK FRQVLYMWKXQ@HRI [ FHOOV LV XV
JLIXUH OHVK [ FHOOV RI D IXOO VFDOH LQGXVWULDO FRQYHU

JLIXUHVKRZV WKH WUDQVLHQW HYROXWLRQ RI WKHHDHPOR BIHW\ LG
WKH JDV SKDVH ZKHQ WKH OLTXLG PHWDO LV LPSLQJHG E\ WKH
WKH W SLORW FDVH WKH MHW LV VWURQJO\ GHFHOHUDWHG ZK
KLWWLQJ WKH EDWK FUHDWLQJ D FDYLW\ +RZHYHU LQ WKH SUH
IORZ RXW RI WKH FDYLW\ GRHV QRW HQWLUHO\ VZHHS WKH EDW
UHFLUFXODWLRQ ORRSY REVHUYHG LQ WKH JDVHRXV SKDVH 7Kt
WKH FDYLW\ DQG WKH VHFRQG RQH LV FORVH WR WKH ODWHUDO
WKH HQWUDLQPHQW RI WKH VXUURXQGLQJ JDV FQWRWNKH MHW
ORRS




JLIXUH 'LVWULEXWLRQ RI WKH YHORFLW\ ¥ OLXD WKXGID B G& IVWAHI B VP@LLIQHU H Q V
LQVWDQWYV

7KH WDPHUDJHG GHQVLW\ GLVWULEXWHRQ ZENHGECGDFWH3A QR LQ V
UHSUHVHQWARNVRWRXW®LQH RI WKH ODFK QXMREHU UKOGDGEHYW KWY
FRQWRXU WKH IORZ LV FRQVLGHUHG FRPSUHVVLEOH DQG RXWYV
VHHQ WKH MHW LV VWLOO FRPSUHVVLEOH DW WKH LQLWLDO EDYV

JLIXUH 7LPBYHUDJHG GHQVLW\ GLVWULEXWLRQ

TKHOVWDQWDQHRXO/WBQBIMWEPFHURILOHV RI WKH)IRDXWHNVY DUKHSOR
LOQVWDQWDQHRXYV SURILOHV DUH REVHUDHGE WDR H®G XFQHX DAKH  DWL
DYHUDJHG FDYLW\ LV PP GHHS DQG PP ZLGH 7KHVH GLP
KLIKHU WKDQ WKH RQHVY UHSRUWHG LQ WKH VLPXODWLRQV RI WE




JLIXUH 3URILOH RIPMIKHD@OWY UIDFH

7KHRSHUDWLQJ YDOXHV RI WKH WEZFK @XMEHE DUKRU WKH R[\JHQ
QR]]O® & PXODWDRB\EHH® WKKQLV UDQJH

JLIXUHVKRZV WKH GHQVLW\ PDS IRU WKUHH GLITHUHQW ODFK QXP
WKH REYLRXV LQFUHDVH RI WKH FDYLW\ DQG FRPSUHVVLEOH UHJ

JLIXUH 7LPEYHUDJHG GGIQMWMI WL ERKW WK HH WLODHRKHQXPEHUV DWHWODEQOHW
FXUYH UHSUHVHQWY WKH LVROLQH RI WKH ODFK QXPEHU UHODWLYH




7TKH WLPHUDJIJH® UDXLG LPFWRBKMFHHE IRU BIDAKGE D 8 PIDAXIGEGHL Q

JLIXUH 3URILOH RIPMKMD ODVQWHUIDFH IRU GLIIHUHQW ODFK QXPEHU

7KH FDYLW\ GHSWKVJIJYXHSRDWH E&EHIQQ FRPSDUHG DJDLQWW WKH L
JLIXUH W LV LQWHUHVWDMLP VOB WHHWRKDKDW ZDV WRE @ HILYHREW I R
VLPXODWLRQ WKH FDYDWQ CO WBKHDIUQBINW YHORFLW)\

h:av m U (T

JLIXUH "HSWK WKH FDW DWMX Q F WLKRHD LKIOHW YHORFLW\




5pVXPp pWHQGX HQ IUDQoDLYV




JQWURGXFWLRQ

/H FRQYHUWLVVHXU GYDFLpULH HVW OH SURFpGp TXL SHUI
IRXUQHDX[ HQ DFLHU OLTXLGH &HWWH FRQYHUVLRQ HVW ID
OD IRQWH OLTXLGH SHUPHWWDQW VD GpFDUEXUDWLRQ 'L
FRQYHUWHU OYR[\JgQH HVW LQWURGXLW j YLWHVWEK VXSHL
GHVVXV GX EDLQ HQWUDLQDQW OD FUpPDWLRQLGXXEGHHEDYLW
GLPHQVLRQV HW OD IRUPH GH OD FDYLWp VRQW GHV SDUDP
O LQWHUIDFH UPpBFW RRQJIQEB O-HVHQM PpWDO /D UpDFWLRQ
PRQR[\GH GH FDUERQH &2 TXL SHXW DXVVL UpDJLU DYHF O
DLQVL GX GLR[\GH G i HFWWEHRQHMD REZLRQ HVW OD SRVWFRPEX
GHX[ IRLV SOXV TXH FHOOH GH GpFDUEXUDWLRQ $PpOLR
QpFHVVDLUH DILQ GH SRXYRLU DXJPHQWHU OH WDX[ GH IHU
SHXW rWUH UpDOLVp HQ IDYRULVDQW OD SRVWFRPEXVWLRQ
UpDFWLRQ YHUV OH EDLQ GH PpWDO OLTXLGH /H WUDYDLO
GDQV XQ SURMHW GH UHFKHUFKH YLVDQW j GpYHORSSHU X
'DQV FH GRFXPHQW DMHIXXUN VG X FVRD Y H U W LY HXpU RWRPQWY LORECR
VXUIDFH OLEUH GX EDLQ GH PpWDO GXH j OJLPSDFW GX MHMW
SRVWFRPEXVWLRQ GDQV OD SKDVH JD]JHXVH

JLIXUHG6FKpPD GXIPMRVAHXHUGNDFLpULH




'H QRPEUHXVHV pWXGHV GH OD ELEOLRJUDSKLH WUDLWHQW
GpIRUPDEOH /HV H[SPULHQFHV GHSXLV FHOOHV GH %DQNV
VRL[DQWHYV j FHOOHV UpFHPPHQW>I|@L WHQMWSDPWp1RU B FWX\PW Vi
GHV UDLVRQV SUDWLTXHV GHV PDTXHWWHYV IURLGHV GDQV
O DFLHU OLTXLGH SDU GH O HDX &HV H[SPULHQFHV RQW H.
FDYLWp HW PHWWUH HQ SODFH GHV FRUUpODWLRQV SHUP]
VIQWKqVH GHV UpVXOWDWYV GH FHV GLIIpUHQWHY H[SPULHC
1IRUGTXLVW HW DO > @ 'TXQ SRLQW GH YXH WKpRULTXH
GpIRUPDWLRQ GH OD VXUIDFH OLEUH G XQ EDLQ OLTXLGH C
PWp UDSSRUWPpPHV / DSSURFKH OD SOXV FRXUDPPHQW XWLO
VXUIDFH OLEUH GX EDLQ HVW OD®2PpWHKRGR 3BRGIXH K H2 IW)ROXX
PRGqQOHV WUDLWHQW OH MHW JD]HX[ FRPPH XQ IOXLGH L
G DSSOLFDWLRQ j GHV MHWV VXEVRQLTXHV j IDLEOHV YLWH
HQ FRPSWH GH PDQLqUH DSSUR[LPDWLYH OHV HIIHWV GH F

/D ELEOLRJUDSKLH H[LVWDQWH VXU OHV SKpQRPgQHV SK\VL
FRQYHUWLVVHXU HQ SDUWLFXOLHU VXU OD UpDFWLRQ Gt
QXPpULTXHV RQW pWp UDSSRUWPpPHV SDU H[HPSOH SDU =KDC
DO > @ ,0 D pWp pWDEOL TXH OH WDX[ GH SRVWERPEX
FRQYHUWLVVHXU GpILQL FRPPH OH UDSSRUW & KUOPHBROMRH
&2 HW &RXJPHQWH DYHF OD KDXWHXU GH OD ODQFH GH VF
' DXWUH SDUW XQH DXJPHQWDWLRQ GH OD WHPSpUDWXUH
GHV YDOHXUV GX 3&5 SOXV SHWLWHV

1RXV SUpVHQWRQV GDQV FHWWH WKgqVH OH GpYHORSSHPHQ
j O DYHQLU /H SUHPLHU PRGqOH FRQFHUQH O LQWHUDEWLF
EDLQ GH PpWDO HW SOXV SDUWLFXOLQUHPHQWIDIH S[U pBaL FW
PRGGQOH SUHQG HQ FRPSWH OHV HIIHWV GH FRPSUHVVLELO
FHSHQGDQW UHPDUTXHU TXH OH JD] HVW WUDLWp FRPPH L
OLEUH FDU OD FRPSUHVVLELOLWPX®X HDUGOR\GEHWW.HR Q 1J;
OfLQWHUIDFH HQWUH OH JD] OpJHU HW FRPSUHVVLEOH H
DSSUR[LPDWLRQ UHVWUHLQW O pYHQWDLO GHV FRQILJXUDW
G DERUG OHV FDOFXOV RQW pWp HIIHFWXpV SRXU GHV FRQ




RX WURLV SKDVHV GDQV OHVTXHOOHYV OHV YLWHVVHV GX J
HITHW XQH JUDQGH TXDQWLWp GH GRQQpHV H[SpIRRHY QDD O
YDOLGDWLRQ GX PRGgOH &RQWUDLUHPHQW DX[ SUpFpGHQW
PRGqQOH HVW pJDOHPHQW XWLOLVp SRXU WHVWHU O LQIOXH
OHVTXHOV OHV FRQGLWLRQ®H XF OAPL VGHN GE HHROMLBREH G3HX vt
PRGgQOH GH WXUEXOHQFH (QILQ QRXV PRQWURQV XQ H[H
G R[\JgQH j JUDQGH YLWHVVH GDQV OH UpJLPH VXSHUVRQL
VHFRQG PRGgOKpQGRPUOWNVOBW 3WUDQVSRUW GH TXDQWLWp G
PDVVH HW OD UpDFWLRQ GH SRVWFRPEXVWLRQ GDQV OD ¢
SRVWFRPEXVWLRQ HW OfYLGHQWLILFDWLRQ GHV UpJLRQV I
REMMF®MH.FH PRGQqOH




&KDSWHORGqOH PDWKpPDWLTXH

'DQV OH SUpPVHQW WUDYDLO QRXV FRQVLGpPUHURQV XQH
DSSURFKH WUDQVLWRLUH %LHQ TXH OHV PRGgOHV GH SpQC
LQGPSHQGDQWY LOV GpFULYHQW WRGMVIVKY G XE DO G\EVDL
/HV FDUDFWpPULVWLTXHV FRPPXQHV DX[ GHX[ PRGqOHV VRQW
FKDSLWUH (QVXLWH QRXV GpFULYRQV OHV K\SRWKQqVHV
SURSUFKYDWTXH PRGqOH 7RXWHV OHV VLPXODWLRQV SUpVHQV
DYHF 3+<6,&$% XQ ORJLFLHO GH &)' &RPSXWDWLRQDO )OXLC
GH *UHHQZLFK > @

, O6LPXODWLRQ GH OD G\QDPLTXH GH OD SKLC
/HV UpJLPRPSUHYWREOH HW FRPSUHVVLEOH VRQW SULV HQ FF

GH FRQVHUYDWLRQ GH OD PDVVH GH OD TXDQWLWp GH PRX
GRQQ pBINVMR X V
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'‘DQV OHV pTXDWLERAVWVWIHWWUVYREIW BID YLVFRVLWpPp WXUEXOHC(
3UDQGWO WXUEXOHQW GH OD FKDOHWMQWKMAY/SOW ph XADWL RR
YDULDEOH SULQFLSDOH (OOH HWNWWT UHOL ®DH HFO O HWW R 8 PWD \

LQFOXV VHXOHPHQW VL OH UpJLPH HVW VXSHUVRQLTXH 'DQ
OTRWRGH OfpTXDWLRQ GHV JD] SDUIDLWV DILQ GH SUHQGUI
SUHVVLRQ

PwW
RT
$YHF : HYW OD PDVVH PRODLUH GX JD]

(T

/ID YLVFRVLWp WXUEXOHQWH HVW FDO FBNONBIQ GIOUBN L&H PR B ¢
WXUEXOHQFH UpVRXW OHV pTXDWLRQV GH WUPQNGSRUIHNFG g pf




WXUEXOHQWH N HW VRQ&WUXJTE D VELRQVYSDRMIVR GRQQPHV S
/ID YLVFRVLWp WXUEXOHQWH GDQV FHWWH DSSURFKH HVW

Kk
P ('CP_/_/ (T

$YHF OD FRQNMW D) WRIX& YDOHXU

'HV PRGLILEDWLRQV GRLYHQWHWMMDH G B 8 B UMRMHNV VD)X QRLRIG K M
FRPSUHVVLELOLWDp VXUQ® KXW XIUEXDRIMF IO 10 FDWTEHXQ MHW |
HITHWV OHV SOXV LPSRUWDQWY SRXU OHV MHWV VXSHUVRQ|
GX MHW DYHF OD FRPSUHVVLELOLWpP 3O0XVLHXUV PRGQqOHYV
TXH FHX[ GBEIGRBW DO > @ HW GI$ODP HW DO > @ TXL V
VXSHUVRQLTXH SRXU GLIIpUHQWHY WHPSpUDWXUHV DPELI
PRGLILFDWLRQ GX TPRHQ LW @AM \& SULV XQLIRUPH PDLV TXL
YDOHXUV ORFDOHV GX JUDGLHQW GH OD WHPSpUDWXUH GF
'DQV FHWWH pWXGH XQH DSSURFKH VL PLODY BH PD IX\Q V ILFPLSRY
WRXW OH GRPDLQH GH FDOFXO PDLV VD YDOHXU HVW UpG X
LQFRPSUHVVLEOH 'HV ¥R QWXAW pDHPWMPPHVOEHVE&GDQYV OH PL
/HERQ > @ HQ FRPSDUDQW OHV UpVXOWDWY QXPpULTXHV D
6XPL HW DO > @ SRXU XQ MHW FRPSUHVVLEOH IURLG HQW!
DMXVWpHVGEWHGIPLQPHY SRXU GLIIpUHQWHY WHPSpUDWXUH
7DEOHDM FHV YDOHXUV XQH FRUYHYDNWLIRGF KO iV HRE \WRHQPHL |
GH O HQWKDOSLHp@XVXL] O RREQWRIMO KLH GX MW j OD VRUWLI

C, AH[SBMm’ (T

© jet 1
$YHF $ HW %

$PELHQW WHPSHWDOWXUH

7TDEOHDXOOHXUV GX RERNXUFGHQWEQWHY WHPSHUDWXUHY DPELDQWHYV :
OH MHW D XQH WHPSpUDWXUH GH . HW XQH YLWHVVH G

(QILQ FHUWDLQHV VLPXODWLRQV SUpVHQWpPHY GDQV FH GR
NHK\EULGH FRQQX VRXV WHOMRPp GEHPREBGOOBIHN TXL D pWp SU




HW DO > @ D SRXU EXW GH FRPSHQVHU H/DWMQLGIDWGH FSHRQEW
PFRXOHPHQWY LQVWDWLRQQDLUHYV &RQWUDLUHPHQW j O D
NHYWDQGDUG OHV SHWLWV WRXUELOORQV WXUEXOHQWYV VR
UpVROXV QXPpULTXHPHQWW U KXRAQAN HS B HW UDTOMBIRIURNQ G +
LGHQWLTXHV | FHO BWW D®G PIRG qiYHM WRXWHIRLY XQH QR

YLVFRVLWp WXUEXOHQWH
Ho

P PLE R (T
$YHM V@D YLVFRVLWpP WXUEXOHQWW I5QGLOYUGH GRQW @ BIQR\R G R
HQWUH HWGDQW QRV VLRERXXO/DWODORQWDHWOH GX ILOWUH

VpSDUHU OHV SHWLWV WRXUELOORQV TXL VHURQW PRGpO
PLQLPXP GX ILOWUH HVW GRQF OLPLWpH SDU OH PDLOODJH

t Py Zeial T2 pio (T
SYHRA HWp . OHV WDLOOHYV PLQLPDOHYV GHV FHOOXOHV GX PI
DILDOH(TDQWRXV SRXYRQV YRLU TXH OD YLVFRVLWp WXUE)>
FHOOH FDOFXOpHH\BSWDQWEDBRGHYM MV BNLOOH GX ILOWUH HVW FF
GX GRPDLQH SRXU QRV FDOFXOV

: +\SRWKgVHV HW pTXDWLRQV VSpFLILTXHV
LPSDFWDQW XQH VXUIDFH GpIRUPDEOH

&H PRGgOH D SRXU EXW GH ADXQHRRBOH UW DBUHR GPXIQGEDDQ OL"
OfLPSDFW GT1XQ MHW JD]JHX[ &THVW XQ PRGqOH PXOWLSKD\
OfLOWHWDFXLGBH] O pFRXOHPHQW GX IOXLGH HW OH WUDQ
SKDVHV JDQHRXHGHW ,0 HVW SRVVLEOH GH SUHQGUH HQ FF
PRGqOH DILQ GH UHSUpVHQWHU OD SUpVHQFH pYHQWXHOOH
OH EDLQ ODLWLHU GDQV OH FRQYHUWLVVHXUGHWWW\WWqPH
j (T HVW UpVROX GDQV OHV SKDVHV JD]JHXVH HW OLT)
VSpFLILTXHV SRXU FKDFXQH GHV SKDVHV 5DSSHORQV TXH C
LQFRPSUHVVLEOH




8QH YDULDQWH GH OD PpWKRGH 92) HVW XWLOLVpH SRXU V.
OLTXLGH > @ /H VXLYL GH OYfLQWHUIDFH HVW IDLW YLD C
IUDFWLRQV YROXPLTXHY GH SKDVH TXL SHXYHQW rWUH pFU
wD  wD
—_— ui_
W M

$YHF . OD IUDFWLRQ YROXPLTXH GH SKDVH

(T

'XUDQW FHWWH WKgVH GHX[ VFKpPDV GLIIpUHQWY RQW pW
OfpTXDWLRQ GH WUDQVSRUW VGHHUP B JDQ®FWH REH WROXELWX R
VFKpPD H[SOLFRAMHEWRRARUS > @ HW XQH QRXYHOOH PpWKRC
OHWKRG &'0 VBRNYPOHS$ OH IOX[DF RMQUYIHYVFNAVUM GB IDFH GH FK
G LOQWHUIDFH HVW FDOFXOpH HQ GpILQLVVDQW XQH FHOOXC
OD FHOOXOH YRLVLQH FRPPH DFFHSWHXU GH OD PrPH TXI
O LQWHUIDFH GDQV XQH FHOOXOH HVW VWULFWHPHQW SDU
TXDQW j OXL HVW XQ VFKpPD LPSOLFLWH GpYHORSSp SDU 3
G XWLOLVHU GHV SHWLWYV SDV GH WHPSV VXU GHV PDLOO
OfLOQWHUIPHMW WH PPWKRGH OH IOX[ FRQYHFWLI GH . HVW
GpFHQWUp GH SUHPLHU RUGUH DYHF XQ IOX[] GH FRUUHFWLF
SRXU FRQWUHEDODQFHU OD GLIIXVLRQ QXPpULTXHOXH O L
FRUUHFWLI SHUPHW DX[ JRXWWHOHWWHYVY HW DX[ EXOOHV
OH EDLQ HW GDQV OD SKDVH JD]JHXVH &H IOX[ SDU XQLWp G
Fodul 23 (T

DYAdHWOD YLWHVVH GX IOXLGH HW OD QRUPLRGAVENR GW COWHYH
YDOHXDSD®RH OHV FHOOXOHV GRQQHXVHV HW DFFHSWHXVH
DMXVWDEOH GpSHQGDQW GX SUREOgPH 3OXVLHXUV pWXGFH
SBURIHVVHXU . 3HULFOHRXV j ORQ\L YGRXYQ pV D [ H DFRIPHH @ZH. FYK
VXLYDQWH & GHWXDVDWXRI@XLJDUDQWLW OD FRQVHU"
TXH OD PDVVH SULVH GX GRQQHXU HVW OD PrPH TXH FHOO|!

/IHV HIITHWV GH WHQVLRQIVRKBHULERUIHGXHED O WRKQW SULV
UpVROXWLRQ GHV pToVDRWHRW VHQ@HDMRXWDQW j FHV pTXDW
VXSSOpPHQWDLUH GpSHQGDQW GH OD YDOHXU GH OD WHQYV
> @




/IH PRGQOH GpYHORSSp HVW FDSDEOH GH SUHQGUH HQ FR
LQFRPSUHVVLEOH HW IRUWH YLWHVVH L H FRPSUHVVLEO}
ORUV GH OD VLPXODWLRQ G XQ MHW j IRUWH Y DMMHOMWH EOH
XQLTXHPHQW GDQV OHV FDV Re OD ODQFH GH VRXIIODJH HV
MHW DLW XQH YLWHVVH VXEVRQLTXH SUqV GH OD VXUIDFH |
FHWWH UpJLRQ 8QH WHOOH HR QG VWLIRQX B WWRBR/P $ DQ\bLLEDOCH
GDQV XQ FRQYHUWLVVHXU LQGXVWULHO /D UDLVRQ SULQF
GDQV OD YHUVLRQ RULJLQDOH GH 3K\VWLEFD OH FKDPS GH Y
UpVROX HQ RRQOHUVDPRWLEBR GX YROXPH SOXW{W TXH FHOOH
OD FRPSUHVVLELOLWpP GDQV OD SKDVH JDJHXVH QpFHVVLW
H[SULPpH VRXV IRUPH GH FRQVHUYDWLRQ GH OD PBXVH S
YROXPH /D SULVH HQ FRPSWH SUpFLVH GH OD FRPSUHVVLE
WKFKH GLIILFLOH (Q HIIHW PrPH OD SOXV SHWLWH 3FRQWD
UpVXOWDQW SDU H[HPSOH GH OD GLIIXVLRQ QXPpULTXH
FRPSUHVVLEOH LQH[DFW &HFL HVW G€ DX IDLW TXH OHV FK
GH SKDVH SHXYHQW rWUH EHDXFRXS SOXV LPSRUWDQWYV T;
DFWXHO QRWUH PRGgOH Q HVW SDV HQ PHVXUH GH UpV]
VXSSOpPHQWDLUHY VRQW QpFHVVDLUHV SRXU OH IDLUH 'DC
XWLOLVpH > @ (OOH GLYLVH OH GRPDLQH GH FDOFXO HQ
QRPEUH GHUWD-PKSRRGDQW j XQH YDOHXU GH 'DQV OD S|
VLWXpH HQ DYDO GH OD VRUWLH GH OD EXVH GH VRXIIODJH
SULV HQ FRPSWH HQ XWLOLVDQW OD FRQVHUYDWLRQ GH OTC
GDQV OD SDUWLH UHVWBQWHOGXJ®R BBIXWHrVRIHDIFRQVLGpUDp
O pTXDWLRQ GH FRQWLQXLWp HVW UpVROXH VRXV VD IRUP
OLPLWH HQWUH OHV GHX[ UpJLRQV Q HVW SDV XQ SDUDPqWL
SDU OH PRGqOH SHQGDQW OH FDOFXO

/IDYLIXUBHSUpVHQWH OHV FRQGLWLRQV DX[ OLPLWHV SRXU
XQH VXUIDFH GpIRUPDEOH /TLQWpUKBXU S&H R QELGAHR @
JOLVVHPHQW DYHF GHV IRQFWLRQV GH SDURLY VWDQGDUGYV
VRQW LPSRVpHYV . SRXU OHV SDURLV UpIUDFWDLUHV HW
VRUWLH GX FRQYHUWLVVHXU XQH SUHVVLRQ FRQVWDQWH H




YDULDEOHV /HV FRQGLWLRQV DX[ OLPLWHYV j OD VRUWLH ¢
YLWHVVH OD WHP/&RUMMKUBGIHW YW HVVHYV VRQW VXSHUVRQ
VRMWLH GH EXVH HVW pBDOB PHRQUW LH @GH EX3MWM VRQW FDOFXOp

k — 11U (T
HCPKT "
$YHF , OfTLQWHQVLWp WXUEXOHQMR WpNDNUR.@ pHiP $LED U X

I 5H > @ W@WWpFKHOOH GH WXXUEXOHQFH

JLIXUH&RQGLWLRQV DX[ OLPLWHYV GX PREJOH B IXHQI MHAMYD E®EHD FW D

: +\SRWKqVHV HW pTXDWLRQV VSpFLILTXHYV
GHVY WUDQVIHUWY FRXSOpV GDQV OD SKDVH .

/| REMHFWLI GH FH PRGgOH HVW OD GHVFULSWHR §X&HGXDEB®K
GH PpWDO 2Q VXSSRVEDIRHHUW VIX[HI BIFH TGKHQ GHKRUV GH C
LO\D XQH pPLVVLRQ GTXQ IOX[ GH &2 UpVXOWDQW GH OD
FRPSWH GX ODLWLHU TXL SHXW DYRLU XQH LQIOXHQFH LI
WKHXHY HQWUH OH JD] HW OH PpWDO QYTHVW SDV IDLWH G
XQH pWXGH IXWXUH GH PrPH TXH OD SUpVHQFH GH JRXWW
SDUWLFXOHV VROLGHYVY HQ VXVSHQVLRQ GBYVG) B UISK\DAAH LIAL]
&2 2HW &2 /D VHXOH UpDFWLRQ WUDLWpH SDU OH PRGQqOH |
&2 20 &2




3RXU OD GHVFULSWLRQ GH O K\GURG\QDPLTXH GH OD SKD
G pTXDWLRQV GRQQpHWXG BQWO®® WO FRPEH OH FDUDFWqUH

6LPSOH &KHPLFDO 5HDFWLRQ 6FKHPH 6&56

/IH WUDQVSRUW GHV HVSqFHV FKLPLTXHV HVW WUDLWp HQ X
6FKHPH > @ GDQV OHTXHO VRQW UpVROXHV GHX[ pTXDWLR
&2 HW OD IUDFWLRQ GH PpODQJH DSSHOpH |
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$YHF VWU OH UDSSRUW PDVVLTXH VW°FKLRPpWULTXH SRXU

1IRWRQV TXH O pTXDWLRQ GH ®/H D\GHWSRU WREH AHQMHH FR
FRQYHUJHQFH QXPpULTXH SOXV UDSLGH /H FRHIIEFLHQW
DSSDUDLVVDQW GDQV OHV pTXDWLRQV  HW HVW FRQVL
H[SULPp SDU OD UHODWLRQ VXLYDQWH

o

c, L

DYHFHMyOH QRPEUH GH /HZLV HW OH QRPEUH GH 3UDQGWO W
i JRUVI®HH&W SDV FRQVWDQW GDQV WRXW OH GRPDLQH
WHUPK® WWDRPIBINUG GH GHW XIQRWHUWAHF DGGLWLRQQHO UHV

GH PpODQJH | GpSIBRIG&E HHWI OBIFAVD. RIGIYD PW VY R QT
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'DQV O pTXDWHR® OHSWDX[ GH GLVSDULWLRQ GH &2 (Q VXS
HVW FRQWU{OpH SOUHQK FPO\D GV JFXVEUpDFWLYHV FH WH L
PRGqOH (GG3S%HWHBN> @ SDU O LQWHUPPGLDLUH GH O H[SU

a XO (o] /_
C UPL —
Rco EBU <Qo Str IE (T

-

$YHFR%&OD FRQVWDQWH GX RBEBGHOHVHGCEIDWUHHIDN GDQV OH S|
/| DSSURFKH DFWXHOOH HVW XQ FDV OLPLWH HW XQ PRGqO}l




SOXV GHV HIIHWV GH PpODQJH GXV j OD WXUEXOHQFH OHV
G $UUKHQLXV
IRWRQV TXHDGUIHQBXOARKGgOH 6&56 OD GHQVLWpPp GX JD] HVW
JD] SDUIDLWYV
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$YHF : OD PDVVH PRODLUH GX PpODQJH FDOFXOpH FRPPH
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$ID GH UHSUpVHQWHU OD SpQpWUDWLRQ G R[\JgQH GDQV OH
XQ SXLWV GH PDVVH HVW DMRXWp FRPPH WHUPH VRXUFH VX

SRXU OHV PDLOOHY DGMDFHQWHY j OD FDYLWp FUppH SDU
OD PDQLqUH VXLYDQWH

l Rnass mO C()EFXO iVﬁ (T

DYWMFOD GHQVLWpP GH IOX[ PDVVLTXH GH GIYRPRQ YHOH Q WWHD G

IDFH GH OD FHOOXOH HQ FRQWDFW DYHF OH PpWDO HW OH

GplLQL IEEEIPP:HA,/:ijoj HW HVW XWLOLVp SRXU pYLWHU GH SU
j J

PDVVH GTR[\JgQH SUpVHQWH GDQV OD FHOOXOH /RBW XH O
&2 XQ WHUPH VRXUFH HVW DgS SO X |j OO 0T SHWULIRRQH G/MV |
JDJHXVH OHV PDVVIEWGHHE&?2] MR &%

/TUDQVIHUW GH FKDOHXU

/H PRGqQOH HVW EDVp VXU OD UpVROXWLRQ GH O pFXDRVQL R Q
, SRXU OHV WUDQVIHUWY GH FKDOHXU PDLV DYHF GHX[ Pl
PDLQWHQDQW GplILQLH SBU4TOxEH.SUHW V IDRGIFRLN QWWBIOSLH G
UpDFWLRQ GH SRVYMERPEXUWNBQ (@VXLWH OH WUDQVSRL
UD\RQQHPHQW HVW SULV HQ FRPSWH SDU O DMRXWxGDQV ¢
UHSUpVHQWDQW OD SXLVVDQFH UD\RQQpH j SDUWLU GX JD]
S R E (T

DYHF T @TpPLVVLYLWp GT¥QDFRDSY RRMIP HWXE UHSUpPpVHQWH
UD\RQQDQWY HQWUDQWY HW VRUWDQWYV LQWpJUpV VXU WRX




5¢ HVW REWHQXH HQ UpVROYDQW OfpTXDWLRQ GH WUDQVSR!

. aswy ER (T

'DQV FHWWH pTXDWLRQ D HVW OH FRHIILFLHQW G DEVRUSW
GH FHV FRHIILFLHQWY GDQV OD SKDVH JD]JHXVH GX FRQY
FRPSRVLWLRQ HW GH DL QWHLPBXYH IGWMXOB SXpVBIQFH GH JRXW
VROLGHY HQ VXVSHQVLRQ QH VRQW SDV FRQQXHV j O KHXU

GRFXPHQW RQW pWp UpDOLVpHY DYHF GHV YDOHXUV GHV GH

/ID)LIXUMRQWUH OHV FRQGLWLRQV DX[ OLPLWHV DVVRFLpPHV I
HVW PDLQWHQX IL[H GXUDQW OD VLPXODWLRQ / pPLVVLRQ
XQH FRQGLWLRQ j OD OLPLWH GH W\SH IOX[ LPSRVp 4XDQ
WKHUPLTXHV QRXV XWLOLVRQV GHV FRQGLWLRQV DX[ OLF
PRGGQOH GX MHW LPSDFWDQW XQH VXUIDFH OLTXLGH WRXW
FKDTXH SDURL

JLIXUH&RQGLWLRQV DX[ OLPLWHYVY GX PRGgQOH GH SRVWFRP




&KDSWHBV,SHFWV H[SPpULPHQWDX]

'DQV FH FKDSLWUH QRXV SUpVHQWRQV EULGQYHPHQW OHV G|
PRGQOHYV

,, ODTXHWWH IURLGH GH 4LDQ
4LDQ HW DO > @ RQW HIIHFWXp GHV H[SpPULHQFHV GDQV X

IRUPH GH OD FDYLWp FUppH ORUV GH OYLPSDFW G{XQ MHW (
IDLWHYV DYHF XQH RX SOXWVXHXW NHORUBEHREHKAVWEH OLTXL
DSSDUMHLWHO OFRPSRVH G XQ FRQWHQHXU GH VHFWLRQ FDUL
F\OLQGULTXH HQ YHUUH D\DQW XQ GLDPqQWUH GH FP H)
SRXYRQV OH YRIXUH/OUSBVMLWLRQ GH O LQWHUIDFH D pWp
HOHFWURUpVLVWLYH HW OHV LPDJHV RQW pWp HQUHJILVWU
pWDLW FRPSULVHMWUHP V PYHF XQH KDXWHXU GH ODQFH Y
FP 'H SOXV WURLV ODQFHV GH GLDPqQWUHYV HW FP

JLIXUHODTXHWWH H[SpULPHQWDOH GH 4LDQ HW DO > @

., ([SPULHQFH GH .DL]DZD
.DL]DZD HW DO > @ RQW PHQp GHV H[S)PUXHGQIIHY &RORL XQ

FRPSUHQGUH OD UpDFWLRQ HQWUH XQ MHW GH PRQR[\GH G
GLDPQWUH LQWpPULHXU GH FP HW XQHHKAD %@ HROQUN GHN p  LIPW
JUKFH j GHX[ ODQFHV GH VRXIIODJH GH UHVSHFWLYHPHQV
UHVSHFWLYHPHQW HQ KDXW HW HQ EDV GX WXEH GH UpDEW
GH OD FRPSRVLWLRQ GX JD] RQW pWp PHVXUpV HQ XWLO




LOQWURGXLWH GDQV OD FXYH j WUDYHUV GHV WURXV SODF|
GYIR[\JgQH

JLIXUHG6FKpPD GHVFULSWLI GH OfH[SPpULHQFH PHQpH SDU .DL]J]

,, &RQYHUWLVVHXU SLORWH GT$UFHORUOLW
'DQV OHV DQQPHVW XBWRHORUOLWWDO D PHQp GHV H[SpULH

WDLOOH SLORWH DILQ GIpWXGLHU OfLQIOXHQFH GH GLIIpU
&HV H[SPpULHQFHV RQW pWp UpDOLVpHV GDQV XQ UpDFWHXU
FP GH GLDPgWUH LQWB U@ K QWb @DLJ WL B)@ JX HHY DLOBQF HW
GH VRXIIODJH SODFpGHYNMWIGPDEBPA QW X KDXWHXUV YDU|
D pWp pTXLSpH G XQH EXVH j WURX XQLTX3H GHHV HWRDE&N C
PHVXUHV GH OD WHPSpUDWXUH GX JD] GDQV OD SKDVH JD]H]

JLIXUH6FKpPD GX FRQYHUWLVVHXU SLORWH GT$UFHORUOLWWDO




&EKDSWHBpVXOWDWY GX PRGgOH GTXQ
XQH VXUGPFRHUPDEOH

/JHV UpVXOWDWYV SUpVHQWpPV GDQV FHWWH VHFWLRQ VRQW C
VRQW HIITHFWXpV SRXU GHV MHWV LQFRPSUHVVLEOHV j IDL
FRQGLWLRQV H[SPULPHQWDOH\D G H8QBI FRPSHW IVIH RUIR HRQHV G|
GH QRWUH PRGgOH HW OHV GRQQpHV REWHQXHV SDU 4LDC
SUpPpVHQWpPH HW O HIIHW GH GLIIpUHQWY SDUDPgqWUHV HW I
VHFRQGH SDUW L$IU pIVXDIMH j GHHO/OBMpVXOWDWYV SRXU XQ MHW
XWLOLVDQW OD JpRPpWULH HW OHV FRQGLWLRQV H[SpULPH«

.y, ~-HW LQFRPSUHVVLEOH j IDLEOH YLWHVVH
.12 6\VWqPH j GHX[ SKDVHYV

/H PRGGQOH HVW XWLOLVp SRXU VLPXOHU XQH H[SPULHQFH G
VXLYDQWHVY GLDPqQWUH GH ODQFH GH FP GLVWDQFH HQW
HW YLWHVVH GX JD] j OD VRUWLH GH EXVH GH GHV VO/BNUS
HW O HDX VRQW GRQQpHV GDQV OH 7DEOHDX

lortxtcRBLE

' NJ P| P 3D V

(DX

+XLOH GH PDwV [

.pURVQgQH [
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7TDEOHDXURSULpWIPYHIKGWHY GLIIpUHQWY IOXLGHYV XWLOLVpV GDQ\

R ,QIOXHQFH GX PDLOODJH
/IHV SURILOV PR\HQQpY GDQV OH WHPSV GH OD FDYLWp SUp

JLIXUBRXU TXDWUH PDLOODJHV GLIHWHQWWHOOXOHYV 1RW




QRXV XWLOLVRQV XQ PDLOODJH LUUpPJXOLHU ORFDOHPHQW
UpVXOWDWY SUpVHQWpPV LFL RQW pWpDREWSWQRNY BRXXWQLE |
92) /H UDIILQHPHIHWQGXFRDQIBDTXH OpJqUHPHQW OD IRUPH
GLPHQVLRQV QRXV SRXYRQV YRLU TXH OD FDYLWp HVW VH(
PDLOODJHV HW TXH OD SURIRQGHXU D WHQGDQFH j DXJPHQ
UpVDXVOW SUpVHRWEYHRQUSBIXW FRQFOXUH TX XQ PDLOODJH |
O RUGUH GH FHOOXOHV HVW VXIILVDQW SRXU PLQLPL)
REWHQXYV

JLIXUH, QWHUIDFH PR\HQQpH GDQV OH WHPSV SRXU GLIIpUHQWH

. ,QIOXHQFH GHVY SDUDPgWUHYV j OD VRUWLH GX M
/IHV FRQGLWLRQV DX[ OLPLWHV LPSRVpHV j OD VRUWRMWGH

EDVPHWY KXIRWKgVH VHORQ ODTXHOOH OHV GLVWULEXWLRC
VHEWLRQ GH VRUWLHGNRQRWX X QQIFRXUWP WMWHVEBLRQV XQ D XWUH
OLPLWHYV EDVp VXU GHYL BRUWRHWYL 5 XSVLLARQY. S8RV QLEDW EDW HQ
FRQVLGPURQV TXH OH IOX[ GH JD] GDQV OD ODQFH HVW pW]
REpLW DX SURILO DQDO\WLTXH GH YLWHVVH HQ ORL GH S.
YDULDEOHV GH MRIEX Q RIERKE RIRMMWpWp FDOFXOpV HQ XWLOL)\
' D[LV\PpWULTXH WUDLWDQW GH O pFRXOHPHQW GX JD] j O |
GHV SDURLV AURUMMWY X UMRQWUHQW OHV SURIFIDO/FXO B\ O XJ |
VRUWLH GH OD EXVH HW OHV FRXUEHV GH WHQGDQFH SRO\C
/JHV SRO\Q{PHV TXL RQW pWp XWLOLVpVY HQ SOXV GX SURI
FRQGLWLRQV DX[ OLPLWHV GDQV OH PRGgOH GJLPSDFW GT}
IRUPH




_§r- . S8r - . 8r -

k - = = (T

& i & i & i
yooo- 8o o8 s s
&, i &, i &R, i R, i (
.
. §L N 5[" . sL
&, i &, i &R, i

DYHFO®H UD\RQ GH VRUWLH GH OD EXVH

JLIXUH(QHUJLH FLOQpWLTXH WXUEXOHQWH j OTHQWUpH HW j OI

JLIXUH 'LVVLSDWLRQ GH OTpQHUJLH FLQpPWLTXH WXUEXOHQWH j O

/D GpIRUPDWLRQ GH OD VXUIDFH OLEUH GX EDLQ VRXV O LI
XQLIRUPHXWRQRAY GHVY SDUDPQWUHYV j OD VRUMUWH/ KX MHYV
VEFKpPD BREHRIWRU D pWp XWLOLVp SRXU OH PR®POB DOR2IH LR
GH OD FDYLWp HVW SUHVTXH LGHQWLTXH GDQV OHV GHXJ[ |
TXDQG HOOH HVW FDOFXOGH IBURFH\GHWY SURHWOVWORRQWHV VI
VXUIDFH GX EDLQ HVW SOXV pO HYQPH RRRHN GFHR ER N LG KUVHS Q /|

8QH SOXV JUDQGH YLWHVVH VLJQLILH QDWXUHOOHPHQW
FRQVPTXHQW XQH FDYLWp SOXV SURIRQGH




JLIXUH  QWHUIDFRHhIPRBQY OH WHPSV SRXU GLHpUHQWY SURILO)

JLIXUHO9LWHVVH j OfD[H GH V\PPpWULH PR\HQQpH GDQV OH WHPSV SR

,QIOXHQFH GX VFKpPD 92)
'DQV FHWWH VHFWLRQ GHW[VV BRGNS \& R)UGH W pfORDQQWHU G L|

VRQW FRPSDUpV SRXU OH FDOFXO GH OD GpLRYPHPRDRVQ I H
OD FDYLWp PR\HQQpH GDQV OH WHPSV GRQQpH SDU OHV GH
FRHIILFLHQW & DMXVWDEOH QRXV DYRQV WHVWp XQH JD
GLPHQVLRQV GH OD FDYLWp SUpGLWHV VH VRQW UpYpOpH
FRHIILFLHQW GDQV O LQWHUYDOOH & VFKpRDWTX'H GRIX\S F
LO SHXW rWUH YX TXH OHV UpVXOWDWYVY PR\HQQpV GDQV OH
FRQVWDWp TXH OH FRPSRUWHPHQW G\QDPLTXH)GHXOH. QWHU
DYHF XQGHJWDIPHQWDWLRQ GILQWHUIDEFH ORUVTXH QRXYV
SHUGX GDQV OD IUDJPHQWDWLRQ SHXW H[SOLTXHU OHV GLI




(QILQ LO FRQYLHQW GH PHQWLRQQHU TXH OHV HQWX®WBW\
RQW pWp REWHQXV DYHF XQ SDV GH WHPSV EHDXFRXS SOX
UHTXLV SDU OH FDOFXO HIIHFWXp DYHF OH VFKpPD '$ FH TX
HVW FRQVLGPUDEOHPHQW U pGXQ W UsNOMWWHIDGF W LYW LOLVDV

JLIXUH ,QWHUIDFH PR\HQQpH GDQV OH WHFF¥SRRU BWVERKIQI/PBDY "RIQ
OHWKRG SOXVLHXUV YDOHXUV GX FRHIILFLHQW & VRQW

JLIXUH ,QWHUIDFH LQVWDWDQpH SRXU OHV VFKHPDV &'0 JDXFK

,QIOXHQFH GX PRGqOH GH WXUEXOHQFH

/JHV SUPGLFWLRQV REWHQXHV j SDUWVW OXHG/D BB Gid @H M. GGV
FRPSDUpHV &RPPH GpFULW SU® HAp®MRAH (DU GIOLNG B/BEYEHHBINU |
UpJODEOH 'LIIpUHQWHY YDOHXUV GH OD WDLOOH GX ILOWU'
SUpGLFWLRQ GHV GLPHQVLRQV GH OD FDYLWp ,O0 IDXW QR
WDLOOH GHV FHOOXOHV HW HVW XQLIRUPH VXU WRXW OH G




DYHF OH VFKpPD &'0 8QH FRPSDUDLVRQ GHV SURILOV GH FL
GLYHUV FDV FRQVLGpUpPNVNIXHMW SUpVHQWPH VXU OD

JLIXUH,QWHUIDFH PR\HQQpH G D Qi \U B Q/GHRISVHOMOB ONH N

/IHV SURILOV GH FDYLWpV FDOFXOpHV QH VRQW TXH SHX DII
'DQV O HQVHPEOH OHV UpVXOWDWY REWHQXVY DYHF OHV GH
HW GH GLPHQVLRQV GH OD FDYLWp VRQW UHODWLYHPHQW V
REVHUYp TXH OD SpQpWUDWLRQ GX MHW DXJPHQWH ORUVT
GLPLQXWLRQ GH OD WDLOOH GX ILOWUH UpGXLW OD YLVEFR
YLWHVVH D[LDOH GX MHW HW SDU FRQVpTXHQW DXJPHQWH (
FDOFXOpH DYHF OD SOXV JUP (TN VEDIHVONHGHGIHQWNMHEXH | F
OH PRGHOWDNQGDUG &HFL HVW G€j OD FRQVWUXFWLRQ G)>
PDQLgUH TXH OH PRGqOHHYMWDIMIHU G XV P RGRIXOWH AW LOLVRQV
ILOWUH RSpUDWHXU PLQ GDQV (T

v &RPSDUDLVRQ DX[ GR@@pHV GH
ID)LIXUWPPRQWUH XQH FRPSDUDLVRQ HQWUH OHV SUpGLFWLF

4LDQ HW DO > @ 3RXU FHWWH FRPSDUDLVRQ GLIIpUHQW
GLYHUVHV FRPELQDLVRRYGGW LU PXW OHPLWHY G HQWUpH
HW PRGgOH GH WXUEXOHQFH /HV UpVXOMDWWR QWPEHKT X
SUpVHQWDQW OH PHLOOHXU DFFRUG DYHF OHV XaRLQOQPHNQ W[
VFKpPD &'0 HW OMHVRRIBY®BUES HW HQ VXSSRVDQW GHV GL
SDUDPGQWUHVY GX MHW j OD VRUWLH GH OD EXVH ,0 FRQYL!
SRVVLEOHV GH SDUDPgQWUHV HW GIHUPRRE\OHNK DQR\Q W. C5 MV HOM
GH SUPpWHQGUH TXH FKDFXQ GHV SDUDPqQWUHV PRGqOHV UH




SUREDEOH TXH OH MHX RSWLPDO GH SDUDPgQWUHV GpWHUF
GTHUUHXUV 1RWREV VXAXWRWWRYYVY SUpVHQWpPHYVY GDQV O
HITHFWXpHVY HQ XWLOLVDQW FHW HQVHPEOH GH SDUDPgWURH?

J)LIXUH &RPSDUDLVRQ GHV LQWHUIDFHV PR\HQQpHV GDQV OH WHPSV FD(
4LDQ HW @O

/| DFFRUG HQWUH OH PRGQGOH HW OHV PHVXUHV HVW DVVH]
J)LIXUHOD SURIRQGHXU GH OD FDYLWp HVW WUQgV ELHQ SUjy
VXUHVWLPpH G HQYILXRQHQ WHRWRQ@H YROXPH GH OD FDYL
SURQRQFpPH DYHF XQ pFDUW GYHQYLURQ ,O VHPEOH FHU
OD FDYLWp SUPpGLWH SDU OH PRGgOH HVW OHVYMVPRGBU®G L EC
HIMMi FH PRGgOH HVW FRQQX SRXU VXUHVWLPHU OfpODUJ
FRQWULEXH j pODUJLU OD FDYLWp j OD VXUIDFH GX EDLQ 3
VWDQGDUG FI HJ /DXQGHU > @ RQW Il\W@p GSDRESBVRUN L
SUPGLFWLRQ GH MHWV URQGV &HV FRUUHFWLRQV Q RQW ST
rWUH DERUGpP GDQV XQ WUDYDLO IXWXU

.12 6\WWqgqPH ] WURLYVY SKDVHYV
4LDQ HW DO > @ RQW HIIHFWXp GHV H[SpULHQPK®D HU HOMD

SUpVHQFH GX ODLWLHU UHFRXYUDQW OH EDLQ G DFLHU GDQ
ODLWLHU D pWp UHSUpVHQWp j O DLGH GH NpURVgQH RX G K
OLTXLGHV XWLOLVpV G DUPW XPYHM FSBEQWIRMAR YR TWH OH Np!
HW O KXLOH GH PDwV RQW GHV YDOHXUV GH YLVFRVLWp WU
/| pSDLVVHXU GH OD FRXFKH GH NpURVgQH RX G KXLOH GH P




VRUWLH GH EXVH GH FP GH GLDPgWUH HW OD VXUIDFH C
PDLOODJH XWLOLVp SRXU VLPXOHU FHV H[SpPpULHQFHV FRQWIL

/IHV GpIRUPDWLRQV GHV WURLV LQWHUIDFHV GX V\VWqgPH RC
GH GHX[ PDURAXHXUVYQ XWLOLVDQW FHV GHX[ SDUDPqQWUHYV

YLVFRVLWp GDQV FKDTXH FHOOXOH GX PDLOODJH RQW pWp
SURSULpWpV GHV GLIIpUHQWHY SKDVHV SUpVHQWHY GDQV F

/ DI DE/\ yionco D E/

water air (T

/H PDUTXHXU D pWp FDOFXOp HQ XWLOLVDQW OH VFKpPD
PDUTXHXU . D pWp FDOFXO p$ DFYHHFW®RK VEKPRD ORORWHV G X
XWLOLVRQ¥VH YWHXFODH VOOSHUILFLHOOH HQWUH OYDLU HW OH VI

HQ FRPSWH

.pURVgOH FRPPH VHFRQG OLTXLGH

/IHYLIXUHHWIXUHPRQWUHQW XQH FRPSDUDLVRQ GGHWIBSRRVYLC
FDOFXOpV HW PHVXUpV GDQV OH FDV GX NpURVgQH XWLOLYV
VRUWLH GX JD] GH HW PV /HV)UIXUWLRRYVURKG KDEKFE WP
UpJLRQV Re OHV WURLYVY SKDVHV VRQW SUpVHQWHYV

JLIXUH ,QWHUIDFHYVY PR\HQQpPHY GDQV ONpWRHAEMISRXH FOKQH VW §HH D H UC
PV




JLIXUH ,QWHUIDFHYVY PR\HQQpPHYV GDQV ONpPWRHPEBIX S R X B FO K QH VWL AV 1D H UC
PV

(YLGHPPHQW SOXV OD YLWHVVH GX JD] HVW JUDQGH SO>
LPSRUWDQWH 1RXV 9RINBRPXHY RHY WYV XDWDWYV H[OPULPHC
VLPXODWLRQ VRQW WUQVNPURVFEEM BHRWHIWDRHEHBIX HVW
SDU OH PRGqOH WDQGLMWRXHQ® HOMMHB UPFBH. WHUDYHF XQH S
PP 3RXU OD SOXV JUDQGH YLWHVVH GH JD] PV OHV Up
SPQPWUDWLRQ GX MHW GDQV O H[SPULHQFH HVW VXSpULHX
H[SPULPHQWDX[ O HDX HVW GLUHFWHPHQW HQ FRQWDFW D"
O D[H GH V\PQMAU URHVBEOWDWY GH OD VLPXODWLRQ RQ SHXW
SOXV pOHYp SUQV GH O D[H GH V\PpWULH &H SKpQRPQgQH S
FRXFKH GH NpURVgQH LQGXLW SDU O DFWLRQ GX MHW TXL
SKpPQRPgQH GH VXUpOpYDWLRQ Q HVW SDV REVHUYp GDQV C
IDLW TXH QRWUH VLPXODWLRQ QH WLHQW SDV FRPSWH GH O

+XLOH GH PDwV FRPPH VHFRQG OLTXLGH

8QH FRPSDUDLVRQ GHV LQWHUIDFHV PR\HQQpHV GDQV O]
HISpPULPHQWDOHPHQW GDQV OH FDV GH O KXLOH GH PDwV
JD] GH HW PV HVW)UIKSJIH)WH R WH'BD YK O KW HPEOH OH\
GX PRGqOH PRQWUHQW XQ DFFRUG VDWLVIDLVDQW SUpFL
GRQQpHV H[SPpULPHQWDOHV &HW DFFRUG HVW XQ SHX PLHX]|




JLIXUH ,QWHUIDFHY PR\HQQpPHYVY GDQV OKXW® R SOHBRDVMIWAHH K\ YRMW DV Y
MHW GH PV

JLIXUH ,QWHUIDFHY PR\HQQpPHY GDQV OKXW® R SOH SHRRDVXMHHF YL WW § R [BIXU
MHW GH PV

6XU)ODXUHOH QLYHDX GH O HDX SUqV GH OfYD[H GH V\PpWUl
QLYHDX LQLWLDO ,0 HVW LQWpUHVVDQW GH QRWHU TXH O
NRVqQH FRPPH VHFRQG OLTXLGH &HFL HVW G€ j OD YLVFR
HITHW OD YLVFRVLWp pOHYpH GH O KXLOH GH PDwV DXJPHQ)
O LQWHUIDFH HQWUH OfKXLOH HW HDX TXL HVW UHVSRQ\
O DXJPHQWDWLRQ GH OD YLWHVVH GX JD] GH ] PV C
LPSRUWDQWH HW O HDX HVW PDLQWHQDQW HQ FRQWDFW C
MXVTX j XQ UD\RQ GLHARVHURKXL®H® HVW SRXVVpH ODWpUDOF}
UpJLRQ G LPSDFW GX MHW (Q HIITHW SOXV OD YLWHVVH GX
SOXV OD IRUFH GH FLVDLOOHPHQW WGBQVPLVH j O LQWHUI




,,, ~-HW FRPSUHVVLEOH j IRUWH YLWHVVH
/IH PRGQOH HVWXWLOLVp GDQV FHWWH VHFWLRQ SRXU VLPX(

O HITHW G XQ MHW VXSHUVRQLTXH G R[\JqQH GDQV OB FRQY
ODQFH HVW VLGHPWHXY GXIEOLQ G DFLHU OLTXLGH TXL D XQt
HVW DGDSWpH SRXU TXH OD SUHVVLRQ GX MHW j OD VRU
WHPSpUDWXUH GH O R[\JgQH HQ VRUWLH GH EXVH HVW IL[pH

XQ PDLOODJH GH FHOOXOHVY SRXU WURLYVY YDOHXUV GLIIp
&HV YLWHVVHV VRQW GH HW PV FRUUHVSRQGDQW
GH HW SURSHBNVNpWpPV SK\WLTXHV GH O R[\JgqQH HW GH

GDQYDEH HD X

/D GpIRUPDWLRQ GH OD VXUIDFH OLEUH GX EDLQ SHXW rwu
WHPSV GH OD GHQVLW0 XX IGHMR QO MHWNFEHVFRRUDQW GDQV
GLIIpUHQWYV FDV) VDPXHIHW ©XKUQEBID HQ WIIXIUW IpS D pVHMWHQD
IURQWLQUH TXL VpSDUH MDHWURJILRIDVLOWHWNVHKRPSEMVVLEO F
0D ! GH OD UpJLRQ H[WPULHXUH Re OHV IOXLGHV SHXYH

&HWWH OLPLWH HVW FDOFXOpH SDU OH PRGQOH HW HV
QRV FDOFRWRQV TXH SRXU WRXWHV OHV FRQGLWLRQV GH F
FRPPH LQFRPSUHVVLEOH SUQV GH OD VXUIDFH GX EDLQ 8Q
OH WHPSV FDOFXOpV SRXU OHV GLIIpUHQWHXUHLRY HYRXW G
SRXYRQV YRLU FRPPH SUpYX TXH OD WDLOOH GH OD FDYL
DYHF OD YLWHVVH GX MHW /f{DXJPHQWDWLRQ GH OD YLW!
DXJPHQWDWLRQ GH OD SURIRQGHXU GH OD FDYLWp GTIXQ I
FDYLWp YDULH G XQH FDYLWp SHX SURIRQGH SRXU XQH IDLE
JUDQGH YLWHVVH PV 30XV SUpPFLVpPHQW OH HIDSSRL
UDSSRUW GHDODHBBPLXU OD SURIRQGHXU GH OD FDYLWp
ORUVTXH OD YLWHVVH YDULH GH j PV




JLIXUH 'LVWULEXWLRQV LQVWDWDQpHY DSUqV V GIpFRXOHPHQW GH
HW GH OD GHQVLWp FDOFXOpH SRXU GLIIpUHQWHY YLWHVVHYV GfHQWU
OfLVROLIJQH R OH QRPEUH GH ODFK YDXW

JLIXUH &RPSDUDLVRQ GHV LQWHUIDFHYVY PR\HQQpHY GDQV OH WHPSV HC
MHW

/H7TDEOHPRKQWUH XQH FRPSDUDLVRQ HQWUH OHV SURIRQGH X
PRGGQOH HW FHOOHV REWHQXHV HQ XWLOLVDQWRO D pPRWWLHRX
GRQQEHWYRXV D pWp pODERUpPH j SDUWLU G XQH pWXGH H
OfLPSDFW GfXQ MHW VXU XQ EDLQ G DFLHU OLTXLGH

h a D 8 P - °
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'‘DQV FHWWH H\VAHW MW LROQRIR FOMRW GHVYWDQFH HQWUHBOOD ODC
GHQVLWp G3OB GEDRYWUH GH O bpEXY I (GHHYV ¥ DRQDIEU EBY) WLHR C
GY{DOLPHQWDWLRQ HQ R[\JgQH HW . O DQJOH G LQFOLQDLYV
.RULD HW /DQJH IRXUQLW OD YDOHXU PD[LPDOH GH OD SU




PRGGOH LQGLTXPEOBORYQHOW XQH SURIRQGHXU PR\HQQpH
O HQVHPEOH OHV UpVXOWDWYV GH OD SUpVHQWH pWXGH VF
FRUUpPODWLRQ GH .RULD HW /DQJH ,0 IDXW FHSHQGDQW QR!
GH GRQQpHV DXJPHQWH DYHF OD YLWHVVH GX MHW 8QH Wi
O DPSOLWKRIGHOGMNL RYY GH OD SURIRQGHXU HW GRQF OD GL
GDQV OH WHPSV HW OH PD[LPXP GH OD SURIRQGHXU DXJPH

SURIRQGHXU3URIRQGHXU PD[LPDOH
8 PV PR\HQQpH $86pPOGEWE8pH DYHF OD FRUUpODWLI
SDU QRWUH PRBUYDB DQG /DQJH > @

FP FP
FP FP
FP FP

7TDEOHDRPSDUDLVRQ HQWUH OHV SURIRQGHXUV PR\HQQpPpHYV SUpGLWH\
PD[LDPOHV REWHQXHY DYHF OD FRUUpODWLRQ GH .RUDL HW /DQJH

'DQV OD SKDVH JD]JHXVH XQH VHXOH ERXFOH GH UHFLUFXOT

PV DORUV TXH GDQV OH FDV GH O D)LSIXXWD RX QFERHQ WLHH
SUPpVHQFH GH GHX[ ERXFOHV GH UHFLUFXODWLRQ /D SUHPL
OD SKDVH JD]JHXVH HVW LQGXLWH SDU O pFRXOGHHQW GX M
EDLQ j SUR[LPLWp GH ODSSRYRIHH/DWHUWOHO BMW\EHHVW OH
O pFRXOHPHQW GX MHW G R[\JgQH LVVX GH OD FDYLWp HQ
FDYLWp




&EKDSWHBpWXOWDWYV GH oD PRGpOL)\
WUDQVIHUWY FRXSOpV GDQV OD SKDVHE

,9 6LPXODWLRQ GH OfH[SpULHQFH GH .DL]DZ
/IHV FRQGLWLRQV H[SpULPHQWDOHY VLPXOpHV DYHF QRWUH

2 PV YLWHVVH G HQWUpH GH &2  PHW \8HP&UDW XAHIA
SDURLV ODWpPUDOHV GX W X HY ®i LDpDIFWILLTRH V R W \F ROV Y GF
pWp FRQVLGpUp FRPPH LQFRPSUHVVLEOH GX IDLW GHV ID
UpDFWLRQ FRQWHQDQW FHOOXOHV GDQV OD GLUHFWLRG
UDIILQp j SUR[HP GWMpVERPWULH HW GHV IURQWLQUHV G HQWU|

/JHV GLVWULEXWLRQV GH YLWHVVH HW GH WHPSpUDWXUH
UHSUpPVHQWIPHWMIBXWDSRXYRQV YRLU VXU OD B LR/DWMHEXMV L
SDUWLH GX GRPDLQH HVW DVVH] VWDJQDQWH DYHF XQH YI
FURLVH@WHjPRQ GDQV OH WXEH HW LO Q \ D TXH WUQV SHX
VRQW GX PrPH RUGUH GH JUDQGHX® HQWUQ W pGH W XMHGEX W
IDLEOHV a . HW DXWRXU GX MHW G R[\JgQH R+ OD PDMHX
GPpFRXOH GHV UpV X0 WDWRK\S UpMH @R pWpBILW DYHF O R[\Jq(
QLYHDX GHV IUR@GWR[QUHYH GXRMHMWSRXYRQV SDU FRQVpTX
DXJPHQWDWLRQ GH OD WHPSpUDWXUH GDQV,®HIXWH pQR O
QRWHU TXH OD YDOHXU PD[LPDOH GH OD WHPISPKYWWXU HG X
WXEH j QURHLBLOMH GH V\PpWULH

JLIXUH 'LVWULEXWLRQV GH OD YLWHVVH HW GH OD WHPSHUDWXU




/HV GLVWULEXWLRQV GHV |&DRFNW ROQRYFXRO B Y UHY IGHWD U L H X
UpDFWLRQ VRQW SUKVHRRPAM BXWWBQGX OHMW ELPDEGWRIRENH C
HQ VIpORLJQDQW GH OHXUV SRLQWV G LQMHFWLRQ UHVSH}H
SULQFLSDOHPHQW OH ORQJ GH HM XU R GWD&BBL[RGEXX M W QOH
FHWWH UpJLRQ ,0 FRQYHWOWHOMW LQRWPIHQWXHRDVRPPp SI
FRPEXVWLRQ HW VD FRQFHQWUDWLRQ HVW GH | O H[WpULH

JLIXUH 'LVWULEXWLRQV GH GBE E2DRWHRQ&2R GMIQMOH WXEH GH UH|

/JHV GLVWULEXWLRQV GHV |USFWMMRENPOFPROPHYVYHVDGW GHX]
WUDQVYHUVDOHYV GX WXEH VLWXpHV | HW FP GH OD E
H[SPULPHQWDOHY REWHQXHV SDUJXOUHDDXHW\WN /BU GR @Q VKW
H[SPULPHQWDOHY VRQW UHSUpPVHQWpPHY HQ OLJQH FRQWLQX
MHW G R[\JqQH FP GOIHODOEXVBLE VRPWEXWLRQV VXLYH
JOREDOH ' XQ SRLQW GH YXH TXDQWLWDWLI OHV UpVXOW
PHVXUHV H[SpULPHQWDOHY GDQV OH YRLVLQDJH GH O D[H G
QRWUKWDWERQ SUpGLW SOXV G R[\JgQH HW GH FDUEXUDQW
REVHUYp H[SPULPHQWDOHPHQW 8QH UDLVRQ SRVVLEOH G
FDOFXOpHV HW PHVXUpHV HVW OH IDLW TXH GHWVHU PF-BVR U V& B
GH OD WHPSpUDWXUH GX JD] Q RQW SDV pWp SULV HQ FRP
FHWWH VLPXODWLRQ (Q V pORLJQDQW GH OD UpJLRQ D[LDC
OHV PHVXUHV 'DQV OD VHFW LFRK® RLQD B Y WRIBY O BItMV NIONY R PH \]

FP GH OD EXVH G R[\JgQH OHV FRQFHQWUDWLRQV FI
GRQQpPHV H[SPULPHQWDOHY SUpPFLVLRQ LQIPULHXUH | 1
HW GHREVHUYp GDH)YFE BUWGH OD SDURL ODWpPUDOH Q HVV




JLIXUH 3URILOV UDGLDX[ GHV IUDFWLRQV PRODLUHV JEDOFPOGHVOBW Pp
ODQFH

JLIXUH 3URILOV WOGILDBRFWLRQVY PRODLUHYVY FDOFXONW 2V HWPP BWHXOPHV G
ODQFH

, 9 6LPXODWLRQ GX FROQYHUWLVVHXU SLORWI
'DQV FHWWH VHFWLRQ OH PRGQOH HVW XWLOLVp SRXU VLP)>

OH FRQYHUWLVVHXU SLORWH G $UFHORUOLWWDO 3XLVTXH
JDJHXVH HW FHOXL GH OfLPSDFW GTXQ MHW VXU XQH VXUID
DFWXHOOH OD VLPXODWLRQ SUpVHQWpPH LFL D pWp HIIHFW;
EDLQ | SDUWLU GX UpVXOWDW G XQ FDOFXO SUpOLPLQDLU
VXUIDFH 'DQV OD VLPXODWLRQ GHV WUDQVIHUWY FRXSOpV
GpIRUPpH UHVWH IL[H HW HVW GLYLVpH HQ GHX[ UpJURQV /L

P HW HVW O3HR®WHSXpRoWUHU GDQV OH EDLQ WDQGLV TX
PjU P HVW OD JRQH R+ &2 SHXW HQWUHU GDQV OD SKI
DFWHEQMWUDLUH /D WUDQVLWLRQ UpHOOH HQWUH XQ SXLW




QH SHXW rWUH SUpGLWH TXIDYHF XQ PRGqOH HQWLqQUHPHCQ
OLTXLGH

/ID ODQFH VLWGE&pPNVXVPGBHXOD VXUIDFH OLTXLGH $ROQHYRLW

WHPSpUDWXUH GH . /H G AL WDRIMW GDTQM GEGHEDLQ HVW pJ
GX &2 VRUWDQW GX EDLQ HVW IL[p ] NJV /D WHPSpUDW
GX EDLQ GYDFLHU OLTXLGH L H . &RPPH GpMj PHQWL

XWLOLVp SRXU FHWWH VLPXODWLRQ D pWp GplIRUPp SRXU V
OH WHPSV GpWHUPLQpPH j SDUWLU G XQ FDOFXO SU@GBLPLQL
VXUIDFH

/HV GLVWULEXWLRQV GH OD YLWHVVH HW GH OD WHPSpUL
UHSUPpVHQWRIHXUHXU ODRXV SRXYRQV YRLU TXH OD YLWHV)
UDSLGHPHQW HQ V pCGRLOQREGW GH MBPWRBPSDLFHWH OH EDLQ ¢
GX EDLQ HW OD SDURL GX FRQYHUWLVVHXU /fpFRXOHPHQW
DYHF XQ IRUW HQWUDVQHPHQW GDQV OH MHW JD]JHX[ GX JL
GD@QH PDUJH UpDOLVWH HW YDULHQW HQWUH . HW

/JHV YDOHXUV OHV SOXV pOHYpHVY GH WHPSpUDWXUH VRQW V
IURQWLQUH GX MHW G R[\JgQH TXL FRUUHVSRQGHQW j GHV
SULQFLSDOHPHQW OLHX

JLIXUH '"'LVWULEXWLRQ GHVY OLJQHV GH FRXUDQW GH OD YLWHVVH HW |
FROQYHUWLVVHXU SLORWH FDYLWp SUHVFULWH j OD VXUI




/ID)LIXUWHSUpVHQWH OHV GLVWULEXWLRQV GH OD IUDFWLR!
TXH BVW HQWLQUHPHQW FRQVRPPp HW TXH OD IUDFWLRQ PI
UpJLRQ ULFKH GDQV OH FRXQH Q EDEDjQE URD WH MIHXIg H LD L
JDJHXVH FH T XL VLJQMXRVHD DX MMRD BHI WHEBDXEOpH SDU O R[\Jq
IUDFWLRQ PDVYDHXYH G H HAURQW GH IODPPH GplLQL FRPPH
PpODQJH HVW pJDOH j VD YDOHXU VW°FKLRPpWULTXH HW
UpDFWLRQ GH SRVWFRPEXVWLRQ VH SURGXLW VXLW j SHX !
GH OD VXUIDFH GX EDLQ &H UpVXOWDW HVW FRKp@HQMW DY
WDX[ GH SRVWFRPEXVWLRQ j OD VRUWLH GX FRQYHUWLVVH X

JLIXUH 'LVWULEXWLRQV GH OD IUDFWIW QDP@W OIDT RKDG/H D IBXVH GX FRC
SLORWH FDYLWpPp SUHVFULWH j OD VXUIDFH GX EDLQ /D OLJQH QR




&RQFOXVLRQV

'HX[ PRGQOHV GLVWLQFWV RQW pWp GpYHORSSpV SRXU p
FRQYHUWLVVHXU GYDFLpULH

/H SUHPLHU PRGQOH GpFULW OD GpIRUPDWLRQ GRSOB W YGX DV
GH JD] ,0 SUHQG HQ FRPSWH OHV HIIHWV GH FRPSUHVVLE
1pDQPRLQV GDQV OD YHUVLRQ DFWXHOOH GX PRGqOH OH

VXUIDFH OLEUH FH TXL HVW XQH DSSUR[LPDWLRQ UDLVRQ
FHWWH pWXGH / DGYHFWLRQ GH OD VXUIDFH OLEUH SDU ¢
QRXYHDX VFKpPD DSSHOp &RXQWHU 'LIIXVLRQ OHWKRG F
VLPXODWLRQ EHDXFHR¥»PRGOXY GHWLHWW LRSDFWDQW D pW p

H[SPULPHQWDOHY GH OD OLWWpPUDWXUH REWHQXHV GDQV
HW WURLV SKDVHV /D SURIRQGHXU GH SpQpWUDWLRQ GX M
FRQFHUQDQW OD ODUJHXU GH OD FDYLWp OD FRQIURQWDWL
&HFL SHXW V H[SOLTXHU SDU OD VXUHVWLPDWLRQ GH OfpC
PRGGOH GH WHWEBQEREB NDQV FHV V&R XILDM URQW VOSIVUIDIR
PWp DQDO\VpV /RUVTXH O RQ FRPSDUH GBIKEHSEAVKRE DH/WI ER |
GLIIXVLRQ PHWKRG LO D pWp FRQVWDWp TXH OHV GLPHQV
JUDQGHXU - OD VRUWLHVGR QO 0 8 FHQAJ BOWSHNRIG HRY SDUDP g W
FRQGXLW j XQH FDYLWp SOXV SURIRQGH TXH ORUVTXH QRX)
NHILOWUp SURGXLW XQH FDYLWp OpJqUHRWWYIQSDOX\G SUR LK
PRGqOH ®®WIPRRAUGH OD VXUIDFH GX EDLQ D pWp XWLOLVp S
G R[\JgQH j IRUWH YLWHVVH GDQV XQ FRQYHUWLVVHXU SLO
VRQW LPSRUWDQWYV

/H VHFRQG PRGQOH UHQG FRPSWH W& HOWH pFFIRK\OHH PIRNQ &N F& B D
UpDFWLRQ GH SRVWFRPEXVWLRQ GDQV OD SKDVH JD]JHXVH ¢
SRXU GpFULUH OH WUDQVSRUW GHV HVSgFHV FKLPLTXHV H
SDU OH EDLQ HWHORVTWHY QMIEUBWLWK 'HV VLPXODWLRQV

H[SPULHQFHV UpDOLVpHV j OfpFKHOOH GX ODERUDWRLUH

UpVXOWDWY FRKpUHQWY HQ PRQWUDQW GH ERQQHV WHQG
SDEXQLqUHY FRQVLGpUpHV LFL OD UpDFWLRQ GH SRVWFRPE
GH OD IURQWLQUH GX MHW HW j SUR[LPLWp GH OD VXUIDFH




POHYpPHV GX WDX[ GH SRVWFRPEXVWLRQ j OD VRUWLH GX FI
XQ FRQYHUWLVVHXU GH WDLOOH SLORWH

IJHV GHX[ PRGQOHV GpYHORSSpV GDQV FHWWH pWXGH VRQV
VHFWLRQ SUpPFpGHQWH QRXV DYRQV SUpVHQWpP XQH PpWKR
VLPXODWLRQ GH OD SKDVH JDJHXVH HQ XWLOLVDQW OHV U
WUDYDLO IXWXU LO VHUDLW VRXKDLWDEOH GH FRXSOHU O
FRPSUpKHQVLRQ GHV LQWHUDFWLRQR/QHIQW WGH GBHRW W F R P& X R
TXH OHV PpFDQLVPHV GH SpQpWUDWLRQ GH O R[\JgQH GDQV
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OXOWLSK\VLFV PRGHOOLQJ RI WKH VWHHOPD

$SEVWUDFW

7KH SUHVHQWUMBMMWL\GLIIHUHQW SKHQRPHQD WDNLQJ SODFH L
WKURXJK WKH GHYHORSPHQWRGROWHZRLVMSDBR®HOPGHVFULEHYV

SURGXFHG DW WKH IUHH VXUIDFH RI WKH PHWDO EDWK E\ WKH k
PRGHO LV EDVHG RQ D ]JRQDO DSSURDFRKV\ ZHKIHKFHWYD D UAR PABDINHHY
DFFRXQW RQO\ LQ WKH KLJK YHORFLW\ MHW UHJLRQ ZKLOH

LQFRPSUHVVLEOH 7KH 9ROXPH 21 J)OXLG 92) PHWKRG LV HPSOR
WKH EDWK IUHH VXUIDFH &DOFXORWME® WSRKBIHE UHWRIQVPN GD RG
FRPSDUHG DJDLQVW H[SHULPHOQWDNQ RERMDEDPREWO L ¥FSGAKIHP HQ W
LQIOXHQFH RQ WKH VL]H DQG VKDSH RI WKH FDYLW\ RI YDULRX)
WKH MHW LQOHW ERXQGDU\ FRQGEWHRR VD QGK W KO ) WDXGINERKFOM LORFQH
VWXGLHG 1H[W WKH PRGHO LV XVHG WR VLPXODWH WKH LQWH!
WKH VXUIDFH RI D OLTXLGV¥WOIH G EQWKUWHD SKOIRWHFRQG PRGH!
RQ IOXLG IORZ KHDW WUBRPHKUWRLEG WHBFBRWREY® LQ WKH JDV S
PHWDO EDWK 7KH PRGHO XVHV WKH 6LPSOH &KHPLFDO 5HDFWL
WKH WUDQVSRUW RI WKH FKHPLFDO VSHFLHV DQG WDNHV LQWR
WKH EDWK DQG WKHUPDO UDGLDWLYH WUDQVIHU 7KH PRGHO SL
ZLWK PHDVXUHPHQWY FROOHFWHG LQ D OIEROHWMRUQBFIHULPHQ

.H\ :RUGWDVLF 2[\JHQ IXUQDFH %2) PDWKHPDWLFDO PRGHOC
FRPSUHVVLEOHHIGOBEBHNXIRBRPAESRWIWRQ UHDFWLRQ

ORGpPpOLVDWLRQ PXOWLSK\VLTXH GX FRQYHU\

SpVXPp

/H SUp\PHD@WVFULW V@BIDWWdVEH GLIIpUHQWYV SKpQRP®RIDF GHDWYV X
i WUDYHUV OH GpYHORSSHPHQW GH GHX[ PRGQOHV GLVWLQFWYV
SURGXLWH j OD VXUIDFH OLEUH GX ENDHW GHRPNW@KVEQUTXHLP SLC
PRGgqOH HVW EDVp VXU XQ GpFRXSDJH GX GRPDLQHI IGM \FDEOF XO
FRSUHVVLELOLWp GHKQJBR R&WW XHEBQW OD UpJRR Q 05 X LNWAW V H
POHYPBRUV TXH SDUWRXW DLOOHXUV OH JD] HVW FRQVLGpUp F
9ROXPH@XL92) HXWLOLVNYMNLSRMUOD G BIR OMDWARIQFH OHBUH GX E
FDOFXOV VRQW SWHVHQWPANERHRWWLSKDVpPY HW FRBRIUQPHY GHV
H[SPULPHQWDOHV REWRIDIXHWWBEQMURLGHVQFH VXU OD WDLOOH |
OD FDYMVGAL I IpUHQW YV SFORIDFEEHDNMUMLY OHNEY A X HFR\D G LIMQLNRHBRWM R QY
OMFKpRDDGYHEWLRM PpWKRGH 92) HW OH PRGQOH GHQWXIMENKOHQ
OH PRGQOH HVW XWLOLVp SRXU VLPXOHU O LQWHUDFWLRQ HQV
VXUIDFHE® KQ EDLQ G DFLHU OLTXLGH GIDQVSXQ®NRID Y HU W HF\RI
PRGgJOUH IRFDOLWARX®UWRO PO OH WUDQVIHUW GH FKDOHXU HW
SRVWFRPEXVWLRQ GDQV ODGBSXDXW GH|HDOLEY X PpWDO /H PR
O DOJRULWKPH 6LPSOH &KHPLRXUWHIPFWLRE OFKMPHDQVSRUW
FKLPLTHWVUHQG HQ FRVBWSBVRR\QqQH SDU OHVEDIQANHM WPL T X H
UDGVDMVNI SUpGLFWLRQV GX PRGGOH VRQW HQ DFFRUG UDLVRQQI
GDQV XQH H[SpPULHQFH GH ODERUDWRLUH HW GDQV XQ IRXU j O p

ORWYV FEROQYHUWLVVHXU GYDFLpULH PRGpPOLVDWLRQ PDWKpPCLC
UpJLPH G pFRXOHPHQW FRPSUHVVLEOH VXUIDFH OLEUH UpDFWL
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