A\ _F ==
UNIVERSITY OF LONDON
EST 1894

" H#S% & ($ & '$ %
k- &
,011 ''11 123451
! "
# %
# &' (
) ) # $
$
n ( $




+ ((



http://openaccess.city.ac.uk/
mailto:publications@city.ac.uk
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RI D )RUPXOD 2QH 5DFLQJ &DU

6DL | '"HHQ $NDQOQL

7TKHVLV VXEPLWWHG IRU WKH GHJUHH RI
'"RFWRU RI 3KLORVRSK\
LQ WKH 6FKRRO RI (QJLQHHULQJ DQG ODWKHPDWLFDO
&LW\ 8QLYHUVLW\

&HQWUH IRU $HURQDXWLFV
6FKRRO RI (QJLQHHULQJ DQG ODWKHPDWLFDO 6FLH(
&LW\ 8QLYHUVLW\
1RUWKDPSWRQ 6TXDUH
IRQGRQ (& ,9 2+%
(QJODQG

0D\



$SFNQRZOHGJHPHQWYV

0\ WKDQNV DQG ORYH WR P\ OD OUV 9LROD 6PDOO DQG 'DL 0U &XMW
PH LQ WKH SRVLWLRQ WR DUULYH DW WKLV SRLQW LQ P\ OLIH 0D\ \|

, ZRXOG D VR OLNH WR WKDQN P\ PRWKHU (UPLQH $WZHOO IR
DQG VXSSRUW 7KH VDPH JRHV IRU -HDQHWWH (NGDKO IULHQG DQG

7R P\ GDXJKWHU 6DQQD /LY $NDQQL ZKR LQVSLUHV PH DQG DOZD\\
ZKDW LV LPSRUWDQW , ORYH \RX PXFK DQG PXFK DQG PXFK

7TKDQNV WR 1DWDOLH ODFZLOOLDP IRU EHLQJ WKHUH ZKHQ , ZDV V

7KLV HIIRUW ZRXOG QRW KDYH EHHQ SRVVLEOH ZLWKRXW WKH JXL
RI' P\ VXSHUYLVRU 'U )JUDQN +HQU\ DQG WKDQN \RX 3URIHVVRU 'DYL
VXJIJHVWLRQV RQ WKH H[SHULPHQWDO VLGH

7R :LOOHP 7RHW WKHQ +HDG RI $HURG\QDPLFV DW /D 6FXGHULD
SURYLGLQJ WKH WHFKQLFDO DQG ILQDQFLDO UHVRXUFHVY WKDW PDGF

7R WKH ODWH $OEUHFKW +RQQHFNHU ,&(0 &)' PHVKHU H[WUDRUGL
EHUO DOVR RI ,&(0 &)' IRU DOO \RXU VXSSRUW

7TKDQNV WR .HYLQ )R[ Rl 6LOLFRQ *UDSKLFV 8. DQG WR ,DQ -RQHV
IRU WKH DGYLFH DQG KDUGZDUH DQG VRIWZDUH UHVRXUFHV \RX PDG

$OVR WR 1HLO /HZLQJWRQ DQG &KULVWRSK .LLSSHU LW ZzZDV D S
ERWK



"HFODUDWLRQ

, JUDQW SRZHUV RI GLVFUHWLRQ WR WKH 8QLYHUVLW\ /LEUDUL
LQ ZKROH RU LQ SDUW ZLWKRXW IXUWKHU UHIHUHQFH WR WKH
ELQGLQJ FRQILGHQWLDOLW\ DJUHHPHQW EHWZHHQ 7KH 'HSDUW
DQG $HURQDXWLFV DW &LW\ *#HMWHRYHWBSRQ® L/KODLV )BEHUBPUVVLR
RQO\ FRYHUV VLQJOH FRSLHV PDGH IRU VWXG\ SXUSRVHV VXE

NQRZOHGJHPHQW



SEVWUDFW

1XPHULFDO DQG H[SHULPHQWDO DQG LQYHVWLIJDWLRQV KDYH EHHQ F
GRZQIRUFH UHDU ZLQJ IURP D )HUUDUL )RUPXOD 2QH UDFLQJ FDU 7K
SODQH YDQH DQG IODS HOHPHQWY LQFRUSRUDWLQJ VXEVWDQWLDO I
DLU MHW YRUWH[ JHQHUDWRUV 7KLV VWXG\ IRFXVHV RQ WKH ZLQJ €

2ULJLQDO QXPHULFDO LQYHVWLJDWLRQV ZHUH FRQGXFWHG XVLQJ
IDYLHU 6WRNHV 10XLG IORZ VROYHU XVLQJ QRQ RUWKRJRQDO ERG
PRGHOOHG DV VWHDG\ VWDWH LQFRPSUHVVLEOH DQG 3MOO\ WXUEX
WXUEXOHQFH PRGHO IRU FORVXUH RI WKH 1DYLHU 6WRNHYV HTXDWLR

7ZR GLPHQVLRQDO QXPHULFDO VWXGLHV FDSWXUH WKH SHUIRUPDC
IRUFH ZLQJ KHQ FRPSDUHG ZLWK WKH H[SHULPHQWYV WKH GRZQIF
GLFWHG E\ XS WR ,Q WKH WKUHH GLPHQVLRQDO QXPHULFDO VWX
WLRQ LV SUHGLFWHG RQ WKH VXFWLRQ VXUIDFH RI WKH PDLQSODQF
SUHGLFWHG WR UHGXFH WKH DPRXQW RI IORZ VHSDUDWLRQ WKURX:
IULFWLRQ DERYH WKDW VHHQ RQ WKH PRGHO ZLWKRXW DLU MHWYV
SUHGLFWHG IRU WKH DLU MHW HTXLSSHG ZLQJ

6RPH PRGLILFDWLRQV ZHUH PDGH WR WKH ZLQJ WR IDFLOLWDWH LW
IRZ 6SHHG 7 :LQG 7XQQHO DW DQG PV 7KHVH ZHUH WKH LQVWI
VWDWLF SUHVVXUH RULILFHY DQG WKH ILWWLQJ RI HQGSODWHV %RX
WR WKH HQGSODWHYV

,Q WKH H[SHULPHQWY DW KLJK DQJOHV RI LQFLGHQFH WKH ZLQJ
VHSDUDWLRQ RQ WKH VXFWLRQ VXUIDFH RI WKH PDLQSODQH 7TKH D
WKLV IORZ VHSDUDWLRQ DQG DOVR LQFUHDVHV WKH GRZQIRUFH JHQ
WKH ZLQJ ZLWKRXW DLU MHWYV

7KH LOWHUDFWLRQV RI WKH H[SHULPHQWDO DQG QXPHULFDO VRO:
E\ ZKLFK WKH DLU MHWV HQDEOH WKH ZLQJ WR JHQHUDWH PRUH GRZC
ZRUN LV QHHGHG WR DGGUHVV LVVXHV VXFK DV WKH GHJUHH RI WZR
LQ WKH H[SHULPHQWY DQG JULG VHQVLWLYLW\ RI WKH QXPHULFDO U



l1RPHQFODWXUH

(QJOLVK
$ 5HIHUHQFH DUHD Rl WKH KLJK GRZQIRUFH ZLQJ DVHPEO\
& &KRUG RI DHURIRLO RU KLJK GRZQIRUFH ZLQJ DVVHPEO\
&I 6NLQ IULFWLRQ >ARIKIIWFLW QVE9 ... @ [ ?

&K  +\GUDXOLF GLPRBHWKHWUH 3 LV WKH LQOHW SHULPHWHU
FL 7ZR GLPHQVLRQDO OLIWSBREIILFLHQW

&6 7ZR GLPHQVLRQDO GUDM SBHIGLFLHQW

&Q 1RUPDO IRUFH FIRH&BX&BO WS

&[ $[LDO IRUFH FRMIILESS QW

&0 7KUHH GLPHQVLRQDO ORIS®ARHIILFLHQW

& T7KUHH GLPHQVLRQDO GUAMS9RBHIILFLHQW

&S 3UHVVXUH FRHIILFRRIQWS9 QG

&? TXUEXOHQFH PRGHO FRQVWDQW VHH (TXDWLRQ

TXUEXOHQFH PRGHO FRQVWDQW VHH (TXDWLRQ
&] TXUEXOHQFH PRGHO FRQVWDQW VHH (TXDWLRQ
&S TXUEXOHQFH PRGHO FRQVWDQW VHH (TXDWLRQ
G 'LQJVSDQ RI KLIJK GRZQIRUFH PRGHO

' $HURG\QDPLF GUDJ

H (DVWHUQ IDFH RI ILQLWH YROXPH VHH )LJXUH
( &HQWUH RI HDVWHUQ ILQLWH YROXPH VHH )LJXUH
( $ FRQVWDQW XVHG LQ WKH FDOFXODWLRQ RI QHDU ZDOO

(DMYJBNLQ IULFWLRQ HQKR@FRPBIQPWIFdHDQQJ T
| %RG\ IRUFH DFWLQJ RQ D FRQWURO YROXPH

* 7TXUEXOHQW SURGXFWLRQ GXH WR ERG\ IRUFHYV
+ +HLIJKW RI IOXLG GRPDLQ
N 7TXUEXOHQW NLQHWLF HQHUJ\

NLQLHMKUEXOHQW NLQHWLF HQHUJ\ DW WKH GRPDLQ LQOHW
/ $HURG\QDPLF GRZQIRUFH

7ZR GLPHQVLRQDO OLIW WR GUDJ UDWLR

7TKUHH GLPHQVLRQDO OLIW WR GUDJ UDWLR



[ F 1RQ GLPHQVLRQDO FKRUG ZLVH SRVLWLRQ RQ DHURIRLO
[\ ] &DUWHVLDQ FRRUGLQDWH VSDFH

\'G 1RQ GLPHQVLRQDO \ FRRUGLQDWH

]G 1RQ GLPHQVLRQDO VSDQZLVH SRVLWLRQ RQ ZLQJ

Q I1RUWKHUQ IDFH RI ILQLWH YROXPH VHH )LJXUH

1 &HQWUH RI QRUWKHUQ ILQLWH YROXPH VHH )LIXUH

3 6WDWLF SUHVVXUH DV PHDVXUHG RU SUHGLFWHG DERXW WKH
3 7KH FHQWUH RI D ILQLWH YROXPH VHH )LIXUH

3DWP $WPRVSKHULF SUHVVXUH WDRHQRDVQXPHULFDO PRGHOV

3DMYJ %ORZLQJ SUHVVXUH DW DLU MHW SUHVdDWPH ERXQGDU\ UHIHUH
5H 5H\QROGV QXPEH LS

Vv 6RXWKHUQ IDFH RI ILQLWH YROXPH VHH )LIXUH

(o3}

&HQWUH RI VRXWKHUQ ILQLWH YROXPH VHH )LIXUH
6RXUFH WHUP
WLPH

~

6WUHDPZLVH IULFWRRQSYHORFLW\

1RQ GLPHQVLRQDO VWUHDPZLVH YHORFLW\
[ FRPSRQHQW RI YHORFLW\

\ FRPSRQHQW RI YHORFLW\

] FRPSRQHQW RI YHORFLW\

N N < X X X g o

HVWHUQ IDFH RI ILQLWH YROXPH VHH )LIJXUH
&HQWUH RI ZHVWHUQ ILQLWH YROXPH VHH )LJXUH
9RR )UHHVWUHDP YHORFLW\

\ 1RQ GLPHQVLRQDO GLVWDRFM IURP D ZDOO
*UHHN
D $QJOH RI LQFLGHQFH RI KLJK GRZQIRUFH V\VWHP ZLWK UHVSH

8QGHU UHOD[DWLRQ IDFWRU VHH 6HFWLRQ
6 6WUHDPZLVH ERXQGDU\ OD\HU WKLFNQHVYV
H TXUEXOHQFH NLQHWLF GLVVLSDWLRQ
HLQOHWUEXOHQFH NLQHWLF GLVVLSDWLRQ DW GRPDLQ LQOHW
..U@ &XUYLOLQHDU FRRUGLQDWH VA\VWHP



YR .DUPDQ-V FRQVWDQW VHH (TXDWLRQ

$ 6HFRQG YLVFRVLW\ FRHIILFLHQW 3_ [
0 OROHFXODU YLVFRVLW\

oL 7TXUEXOHQW YLVFRVLW\

OH (ITHFWLYH YISVFRW W\

I 6NHZ DQJOH RI DLU MHW ZLWK UHVSHFW WR WKH JO
I *HQHULF WUDQVSRUW HTXDWLRQ YDULDEOH VHH (T
3 '"HQVLW\ RI IOXLG
RES< >»< Re® 1RUPDO FRPSRQHQWY RI VKHDU VWUHVV
RS>« RS@®< > 7TDQIJHQWLDO FRPSRQHQWYV RI VKHDU VWUHVV
az :bOO VKHDU VWUHVV LQ WKH ORFDO IORZ GLUHFWLF
3LWFK DQJOH RI DLU MHW ZLWK UHVSHFW WR WKH (
6XEVFULSWYV
I SDWIPHWHU SHUWDLQLQJ WR WKH IODS
L M N 8QLW YHFWRUV LQ WKH [ \ DQG ] GLUHFWLRQV
[\ ] 6XEVFULSWY LQ RUWKRJIJRQDO GLUHFWLRQV
/IRZHU DHURIRLO VXUIDFH

P SDUDPHWHU SHUWDLQLQJ WR WKH PDLQSODQH
X 8SSHU DHURIRLO VXUIDFH
9 3DUDPHWHU SHUWDLQLQJ WR WKH YDQH

6XSHUVFULSWYV
,QLWLDO JXHVV IRU FDOFXODWLRQ RI SUHVVXUH LQ
&RUUHFWLRQ WR LQLWLDO JXHVV LQ WKH 6,03/(& D
JOXFWXDWLQJ FRPSRQHQW DV GHILQHG LQ 5H\QROG
OHDQ FRPSRQHQW DV GHILQHG LQ 5H\QROGV DYHUD

'"HILQLWLRQV

&OHDRQJ V +LJK GRZQIRUFH PRGHO ZLWK WKH DLU MHWYV DEVHC

DMYJ $-9* 4RQFHUQLQJ WKH KLJK GRZQIRUFH PRGHO ZLWK WK

69 '"HQRWHV H[SHULPHQWV XVLQJ WKH VFDQLYDOYH V\V

$0 '"HQRWHV H[SHULPHQWV XVLQJ WKH DOFRKRO PDQRP



&RQWHQWYV

$FNQRZOHGJIJHPHQWYV
'HFODUDWLRQ
$EVWUDFW
,QWURGXFWLRQ

+LVWRU\ Rl 3UREOHP

S5HYLHZ RI 3UHYLRXV :RUN
+LJK /LIW 6\WWHPV LQ $YLDWLRQ
1XPHULFDO 6WXGLHV RI +LJK /LIW B\VWHP V
9RUWH[ *HQHUDWRUYV

JRUPXOD 2 Q H
(IIHFW Rl 1HJDWLYH /LIW RQ ) O &DU 3HUIRUPDQFH
&RQWHPSRUDU\ ) O &DU DQG $LU )ORZ DERXW LW
5HDU :LQJV 5HJLRQ RI )RFXV
5HVROYLQJ $HURG\QDPLF )RUFHYV
2EMHFWLYHV

ODWKHPDWLFDO ORGHO

*ULG *HQHUDWLRQ
,&(0 &)' '""1 &RPSXWHU $LGHG 'HVLJQ6RIWZDUH
,&(0 &)' 3 &XEH OHVKLQJ 6RIWZDUH
/HR
&); OHVKLPSRUW

*RYHUQLQJ (TXDWLRQYV
7XUEXOHQFH ORGHOOLQJ



NH 7XUEXOHQFH O RGHO
%RXQGDU\ &RQGLWLRQV
JLQLWH 9ROXPH )RUPXODWLRQ
6SDFH 'LVFUHWLVDWLRQ
(TXDWLRQ 'LVFUHWLVDWLRQ
7ZR 'LPHQVLRQDO )LQLWH 9ROXPH 'LVFUHWLVDWLRQ
ORGHOOLQJ RI &RQYHFWLRQ 7HUPV
8SZLQG 'LIIHUHQFLQJ
&HQWUDO 'LITHUHQFLQJ
+\EULG 'LIIHUHQFLQJ
+LJKHU 2UGHU 8SZLQG 'LITHUHQFLQJ
4XDGUDWLF 8SVWUHDP ,QWHUSRODWLRQ RI &RQYHFW
&XUYDWXUH &RPSHQVDWHG &RQYHFWLYH 7UDQVSRU
&DOFXODWLRQ RI 3UHVVXUH
6,03/ (
&RXSOLQJ Rl 9HORFLW\ DQG 3UHVVXUH
BROXWLRQ $0JRULWKPYV
/LQHDU (TXDWLRQ 6ROYHUYV
8QGHUUHOD[DWLRQ
'HIHUUHG &RUUHFWLRQ
$OJHEUDLF 0XOWL JULG 6ROYHU
3UHFRQGLWLRQHG &RQMXJDWH *UDGLHQW B6ROYHU
&); )OXLG )ORZ 6ROYHU
&RQYHUJHQFH
&RQYHUJHQFH RI 7ZR 'LPHQVLRQDO 6ROXWLRQV
&RQYHUJHQFH RI 7KUHH 'LPHQVLRQDO 6ROXWLRQV

1XPHULFDO ORGHOV
ORGHOOLQJ 3KLORVRSK\
7ZR 'LPHQVLRQDO ORGHOV
7ZR 'LPHQVLRQDO %RXQGDU\ &RQGLWLRQV
7ZR 'LPHQVLRQDO 'LIIHUHQFLQJ 6FKHPHV
7ZR 'LPHQVLRQDL 7RSRORJLHV
7ZR 'LPHQVLRQDO *ULG 5HILQHPHQW
7ZR 'LPHQVLRQDO ORGHOV ZLWK ([WHQGHG )DU )LHOC



7TKUHH "'LPHQVLRQDO ORGHOV
7TKUHH 'LPHQVLRQDO %RXQGDU\ &RQGLWLRQV
7TKUHH "'LPHQVLRQDO 'LITHUHQFLQJ 6FKHPHYV
7KUHH 'LPHQVLRQDO 7RSRORJLHV
PP VSDQ &OHDQ :LQJORGHOV
PP &0HDQ :LQJORGHOV
$LU -HW ORGHOV

(ISHULPHQWDO OHDVXUHPHQWYV

([SHULPHQWDO 2YHUYLHZ

/IRZ 6SHHG :LQG 7XQQHO

+LJK 'RZQIRUFH : LQJ

$LU -HW 9RUWH[ *HQHUDWRU 'HVLJQ

OHDVXUHPHQW RI 6XUIDFH 6WDWLF 3UHVVXUH
&DOFXODWLRQ RI 6XUIDFH 6WDWLF 3UHVVXUH &RHIILFLHC
(OHFWURQLF 'DWD $FTXLVLWLRQ 6\WWHP
$OFRKRO ODQRPHWHU 6\VWHP

9DULDQFH DQG (UURU $VVHVVPHQW
&ORVH 5DQJH 3KRWRJUDPPHWU\
3RVLWLRQ RI +LJK 'RZQIRUFH :LQJ LQ :LQG 7XQQHO
9DULDQFHV $VVRFLDWHG ZLWK (OHFWURQLF 3UHVVXUH OH
(UURUV $VVRFLDWHG ZLWK $OFRKRO ODQRPHWHU 6\VWHP

'LVFXVVLRQ RI 5HVXOWYV

IXPHULFDO 5HVXOWYV

7ZR 'LPHQVLRQDO 3UHGLFWLRQV
7ZR 'LPHQVLRQDO )ORZ 9LVXDOLVDWLRQ
SUHGLFWHG 7ZR "'LPHQVLRQDO 3UHVVXUH 'LVWULEXWLRQ
SUHGLFWHG ' 7URISOYHQYNKFIBHQJIOH RI ,QFLGHQFH
BUHGLFWHG 1RUPDO )RUFH YHUVXV $QJOH RI ,QFLGHQFH
BUHGLFWHG $[LDO )RUFH YHUVXV $QJOH RI ,QFLGHQFH
BUHGLFWHG 'RZQIRUFH YHUVXV $QJOH RI ,QFLGHQFH IRU
SBUHGLFWHG 'UDJ YHUVXV $QJOH RI ,QFLGHQFH IRU ' 6\VYV
BUHGLFWHG 'RZQIRUFH WR 'UDJ 5DWLRV IRU ' 6\VWHP

7KUHH 'LPHQVLRQDO 3UHGLFWLRQV



PP 6SDQ &OHDQ :LQJ
3UHGLFWHG 6XUIDFH JORZ 9LVXDOLVDWLRQ RQ PP
SUHGLEWHBWULEXWLRQV DERXW &OHDQ PP 6SDQ
3UHGLFWHG /IDERXWO PP 6SDQ &OHDQ :LQJ

$LUHW ORGHOV
6XUIDFH /LPLWHG 9HORFLW\ 9HFWRUV DERXW $LU -H\
7UDQVYHUVH 9HORFLW\ )LHOGV DERXW $LU -HW O RG |
9LVXDOLVDBWIER@WRXUV RQ $LU -HW ORGHOV
3UHGLFWHG&IDUWHWDIOEXWLRQ DERXW $LU -HW ORGHO
(IIHFWLYHQHVV RI $LU -HWYV
BUHGLESHER XW $LU -HW ORGHOV
YHGLFWHG 7UD&SZQWK GLHW - HW V
3UHGLFWHG /RDGV ZLWK $LU -HWV

([SHBHQWDO 5HVXOWYV
JORZ 9LVXDOLVDWLRQ RQ &OHDQ :LQJ DW f ,QFLGH
JORZ 9LVXDOLVDWLRQ RQ :LQJ ZLWK $LU -HWV DW f
YHVVXUH 'LVWULEXWLRQ DERXW &OHDQ :LQJ DW [ |
3UHVVXUH 'LVWULEXWLRQ DERXW :LQJ ZLWK $LU -HW
&RPSDULQJ 3UHGLFWHG DQG ([SHULPHQWDO 3UHVVXL
/IRDGV *HQHUDWHG E\ :LQJ DW f ,QFLGHQFH

&RQFOXVLRQ

)XWXUH :RUN

% EOLRJUDSKN\

$SSHQGL] $ O

$GGLWLRQDO ([SHULPHQWDO 5HVXOWYV $
$ O 'LVFXVVLRQ RI $GGLWLRQDO ([SHULPHQWDO 5HVXOWYV
$ &OHDQ +LJK 'RZQIRUFH :LQJ

$ &OHDQ :LQJ 6XUIDFH )ORZ 9LVXDOLVDWLRQ
$ $GGLWLRQDO 3UHVVXUH 'LVWULEXWLRQV
$ &OHDQ :LQJ 7UDLBLYHUYEYH$QJIOH Rl ,QFLGHQFH

$ ([SHULPHQWDO ,QWHJUDWHG )RUFHV IRU &OHDQ : LQJV



$

&OHDQ :LQJ 1RUPDO )RUFHV YHUVXV $QJOH$RI ,QFLGHQFI
&OHDQ :LQJ $[LDO )RUFHV YHUVXV $QJOH RI ,QFLGHQFH
&OHDQ :LQJ 'RZQIRUFH YHUVXV $QJOH RI ,QFLGHQFH
&OHDQ :LQJ 'UDJ YHUVXV $QJOH RI ,QFLGHQFH

LB - R R

&OHDQ :LQJ 'RZQIRUFH WR 'UDJ 5DWLR YHUVXV $QJOH RI
+LJK '"RZQIRUFH :LQJ (TXLSSHG ZLWK $-9*V

$ JORZ 9LVXDOLVDWLRQ ZLWK $LU -HWYV
$ OHDVXUHG 3UHVVXUH 'LVWULEXWLRQV ZLWKs $LU -H WYV
$ :DLOLQJ &®BYHUVXV $QJOH RI ,QFLGHQFH ZL%K $LU -HWV

([SHULPHQWDO ,QWHJUDWHG )RUFHV ZLWK $LU -HWYV

$ 1RUPDO )RUFHV YHUVXV $QJOH RI ,QFLGHQFH ZLWK $LU -
$ $[LDO )RUFH YHUVXV $QJOH RI ,QFLGHQFH ZLWK $LU -HW
$ 'RZQIRUFH YHUVXV $QJOH RI ,QFLGHQFH IRW :LQJ ZLWK $
$ 'UDJ YHUVXV $QJOH RI ,QFLGHQFH IRU :LQJ ZLWK $LU -H\
$ 'RZQIRUFH WR 'UDJ 5DWLRV IRU :LQJ ZLWK $LU -HWYV
7KUHH 'LPHQVLRQDO &); &RPPDQG )LOH

&R RUGLQDWHV RI 6WDWLF 3UHVVXUH 2ULILFHV BW f ,QFLGH



I[LVWI| )LIXUHYV

9DULRXV +LJK /LIW &RQFHSWYV 6KHYHOO 5 6

+DQGOH\ 3DJH:-V HLIJKW HOHPHQW DHURIRLO 6 PLWK
6ROXWLRQ GRPDLQ ZLWK MHW H[LWLQJ IURP I1ODW SODWH
, VRPHWULF YLHZ RI DLU MHW PL[LQJ ZLWK IUHHVWUHDP
9LHZ GRZQVWUHDP RI WZR XQHTXDO VWUHQJIJWK YRUWLF}

&KDSDUUDO ( 5DFLQJ &DU 9DQ 9DONHQEXUJK

JRUFHV RQ VLQJOH W\UH

&DSDELOLWLHYV RI FRQWHPSRUDU\ ) O UDFH FDU

'LQJHG /RWXV ) O &DU .DW]

/IRW XV ILUVW UDFH FDU WR XVH JURXQG HIIHFW DHURG
&KDSDUUDO - ZLWK YDFXXP DVVLVWHG WUDFWLRQ .DW]
JURQWDO YLHZ RI IDQ DVVLVWHG %UDEKDP %7 % .DW]
%UDEKDP %7 % DQG LWV FROQWURYHUVLDO IDQ .DW]
SBHUIRUPDQFH RYHU ILIW\ \HDUYV .DW]

6RPH FRPSRQHQWY RQ FRQWHPSRUDU\ ) O FDU

JORZV DURXQG JHQHULF RSHQ ZKHHO UDFHFDU .DW]
+LJK GRZQIRUFH PRGHO GLPHQVLRQHG LQ PLOOLPHWUHYV
%DVLV IRU DHURG\QDPLF IRUFH UHVROXWLRQ

&HOO VWUXFWXUH DRG GALVWULEXWLRQ

%ORFN VWUXFWXUH FUHDWH® BQ f&(0 &)'

'RPDLQ UHEORFNHG E\ &);DOHVKLPSRUW

1HDU ZDOO UHJLRQ VKRZLQJ FHOOV DQG ERXQGDU\ OD\HU
3K\ WLFDO DQG FRPSXWDWLRQDO VSDFH &); QWHUQDWLF
7ZR GLPHQVLRQDO FRQWURO YROXPH ZLWK FRPSDVV QRW
&RQYHUJHQFH RI WZR GLPHQVLRQDO VROXWLRQ



&RQYHUJHQFH RI WZR GLPHQVLRQDO VROXWLRQ

&RPSOHWH GHIHUUHG FRUUHFWLRQDNZR fGLPHQVLRQDO VROXW|
&RQYHUJHQFH RI QXQ VSDQ UHILQHG DULGf FOHDQ ZLQJ VRC
&RQYHUJHQFH R D BDMDBBDWHDG H Of

5HSUHVHQWDWLYH WZR GLPHQVLRQDO GRPDLQ ZLWK ERXQGDUL
&ORVH XS RID JULG

&ORVH XS RI D 3JULG

" EORFN VWUXFWXWH QG JULG

'"HWHUPLQDQW VWDWLBWLFF RI " JULG
6NHZQHVYV VWDWLVWLFV RI " JULG

%ORFN VWUXFWXUH DQGDULG RI ' PRGHO
%ORFN VWUXFWXUH DQGDULE RI ' PRGHO

&ORVH XS RI UHILQHG "' JULG D f

&ORVH XS RI UHILQHG " JULG D f

&RDUVH WRS DQG UHILQH® 3 fJULG ERWWRP

4XDOLW\N PHWULFV RI DHIQHG ' JULG

&RDUVH WRS DQG UHILQHG ' JULG ERWWRP D f

4XDOLW\ PHWULFV IRU UHILQHG ' JULG D f

/IRFDWLRQ RI KLJK DVSHFW UDWLR FHOOV

%ORFN VWUXFWXUH RI IXOD VSOQ FOHDQ PRGHO

6XUIDFH JULG DQG EORFNV QHDU PRGHO

7\SLFDO JULG DURXQG DQ DLU MHW DUUD\ LQ PDLQSODQH HOHI
PP VSDQ PRGHO ZLWKDILYH DLU MHWYV

&LW\ 8QLYHUVLW\ 7 /RZ 6SHHG :LQG 7XQQHO 0($' VFKHPDWL!
+LJK GRZQIRUFH VI\VWHP PRXQWHG ILRRU WR FHLOLQJ LQ 7 ZR
$LU MHW YRUWH[ JHQHUDWRU GHVLJQ $00 GLPHQVLRQV LQ P
'RRGHQ $-9* SOXJV LQVWDOOHG LQ VXFWLRQ VXUIDFH RI PDLQ
+LJK GRZQIRUFH ZLQJ VWRRG RQ HQG VKRZLQJ DLU MHWYV

7ZR Rl IRXU LQOHWYV IRU $-9* DLU VXSSO\

6FKHPDWLF Rl HOHFWURQLF GDWD DFTXLVLWLRQ V\VWHP
7DJJHG UHWUR UHIOHFWLYH WDUJHWVY RQ VXFWLRQ VXUIDFHV F
'"HPDUFDWLRQV DQG SRVLWLRQLQJ OLQHV

6WUHDPOLQHY DERXW DHURIRLOV DW



9HORFLW\ YHFWRUV DBEBRXW DHURIRLOV DW
6WUHDPOLQHY DERXW DHURIRLOV DW D f
9HORFLW\ YHFWRUV DBERXW DHURIRLOV DW
6WUHDPOLQHY DERXW DHURIRLOV DW

9HORFLW\ YHFWRUV DBRXWfDHURIRLOV DW
SBUHGL&ESBERXW WZR GLPHQVLRQDO KLJK GRZQIRUFH
SUHGLFWBIBRXW WZR GLPHQVLRQDO KLJK GRfZQIRUFH
BUHGLEFWBIERXW WZR GLPHQVLRQDO KLJK GRfZQIRUFH
SBUHGLESVBBERXW WZR GLPHQVLRQDO KLJK GRZQIRUFH
SUHGLEWBBERXW WZR GLPHQVLRQDO KLJK GRZQIRUFH
SBUHGL&SVBEERXW WZR GLPHQVLRQDO KLJR SGRfZQIRUFH
SBUHGLEWWBBERXW WZR GLPHQVLRQDO KLJR GREZQIRUFH
SUHGL&EWBHBRXW WZR GLPHQVLRQDO KLJR GRZQIRUFH
SBUHGLESVBERXW WZR GLPHQVLRQDO KLJR GREZQIRUFH
SBUHGL&ESWBERXW WZR GLPHQVLRQDO KLJB GREQIRUFH
SUHGLEBEWHWERXW WZR GLPHQVLRQDO KLJR GREZQIRUFH
SBUHGL&ESVWBERXW WZR GLPHQVLRQDO KLJR GREQIRUFH
SBUHGL&ESVBERXW WZR GLPHQVLRQDO KLJBR GRZQIRUFH
SUHGLFWHG SHONY NYIMMNRRIQHDFK HOHPHQW
SUHGLFWHG W WKBELYHILQOXMEG&IHDFK HOHPHQW

VIV W
VAV W
VAV W
VIV W
VAV W
VIV W
VAV W
VIV W
VIV W
VAV W
VIV W
VAV W
VAV W

SUHGLEQMHUDXNRU WZR GLPHQVLRQDO KLJK GRZQIRUFH V\\

SUHGLEWHHIUDXNRU WZR GLPHQVLRQDO KLJK GRZQIRUFH V\\

BUHGLFWHG OIRBHUWZXR GLPHQVLRQDO KLJK GRZQIRUFH V\V

SBUHGLFWHG D RHUWWXAR GLPHQVLRQDO KLJK GRZQIRUFH V\\

SBUHGLFWHG PAIRHUWZXR GLPHQVLRQDO KLJK GRZQIRUFH V\V

/ILPLWLQJ YHORFLW\ YHFWRUV RYHU D PPfVSDQ FOHDQ PF

&l FRQWRXUV RYHU PP VSIDQ FOFHDQ PRGHO
SUHGL&WBER XW PP VSDQ FODHD® ZLQJ

SUHGL&WBI\® FKRUG RQ FOHDQ PP ¥SPQ PRGHOV
SUHGL&WB\® FKRUG RQ FOHDQ PP ¥SPpQ PRGHOV
SUHGL&EWDBW FKRUG RQ FOHDQ PB® VSOQ PRGHOV
SUHGL&EWHAG®Y FKRUG RQ FOHDQ PP DSDQf PRGHOV
SUHGL&EWBW FKRUG RQ FOHDQ PB® VSOQ PRGHOV

SUHGL&EWBW FKRUG RQ FOHDQ PB® VSPQ PRGHOV



SUHGLEWDBIG FKRUG RQ FOHDQ PP VSHQ PRGHOV

3UHGL&WBI\EG FKRUG RQ FOHDQ PP VSPQ PRGHOV

3UHGLE&EWDBIG FKRUG RQ FOHDQ PP VSHPQ PRGHOV

/[LPLWLQJ YHORFLW\ YHFWRUV RYHU FOHDQ

PP VSDQ PRGHO

/LPLWLQJ YHORFLW\
/LPLWLQJ YHORFLW\
/LPLWLQJ YHORFLW\

YHFWRUYDRY BODVWRW PRGHO
YHFWRU3IDRYHU S8DONWPPRGHO
YHFWRU3IDRYHU SDOMPP RGHO

/IRRNLQJ 'RZQVWUHDP 9RUWLBBMYSURGRWRGDZLW Kf

&URVV VWUHDP 9RUWLFBDMYURGIBWB ZLWK
9HORFLW\ YHFWRUV DW DI 3BWRYG
9HFWRUV DW DQG 3DM¥FKRWEOWPW f
9HORFLW\ YHFWRUV DW 3DWY * 3BWRUBWYf
9HORFLW\ YHFWRUV3DWYJ 3 FXIRRDG  f
9HFWRUV DW DQG 3DMYKRWBBWP D f
9HORFLW\ YHFWRUYV BRMBYJ FXRMBG  f
9HORFLW\ YHFWRW\DM 9 FKRD®WP D f
9HORFLW\ YHFWR WB\DM 9] PK RDMEP f
9HORFLW\ YHFWRUYDMYJFKFRIINP RWf
9HORFLW\ YHFWRUYDM 9] BKRYMDP  f

&1 FRQWRXUV RQ FOHDQ DPP YSDQ ZLQJ

&1 FRQWRXUV RQ ZLQJ BDWKJS$-BDWP f

&1 FRQWRXUV RQ ZLQJ BDWHRI®-93DWP f

&1 FRQWRXUV RQ ZLQJ 3DWKJI$:9PWP RW f
)ORZ VHSDUDWLRQ RQ ZI3QMDRQE30OWRN RO O
$WWDFKHG IORZ RQ ZLQ3DMQG UXDWW ZDNp O
/DWHUIDBLVWULEXWLRQ DDN® fFKRUG
/IDWHOUIDBLVWULEXWLRQ DW 3 f FKRUG

/IDWHUID®OLVWULEXWLRQ DDW f FKRUG
/I DWHUID®LVWULEXWLRQ DWW f FKRUG
/I DWHUID®OLVWULEXWLRQ DWW f FKRUG
/IDWHUID®LVWULEXWLRQ DW3 f FKRUG

/IDWHUID®LVWULEXWLRQ DWW f FKRUG

IDWHUIBBAOVWULEXWLRQ RQ WKH YDQHf DW FKRUG

IDWHUIBL.VWULEXWLRQ RQ WKHDIODS fDW FKRUG
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O

(DMYWHUVXV _ IRU DOO $-9* PRGHOV

5HODWLYH ORFDWLRQ RI FXW SODQHYVY DQG $-9*V
SUHGLEWBBRXW $-9* ZLQJ DW VSDQ

SUHGLEWDBBRXW $-9* ZLQJ DWD V$EDQ

SUHGLEWBBRXW $-9* ZLQJ DWD VEDQ

&RPSDULVRQ RI&GSIHEERGWROBLQSODQH WUDEOLQJ HGJH
&RPSDULVRQ RI &SIHERGWMBQH WUDLOLRQJ HGJH
&RPSDULVRQ RI &SIHEEREWHBEDS WUDLOLRQRJ HGJH

6XUIDFH IORZ YLVXDOLVDWLRQ RQ FOHD@ KLJK GRZQIRUFI
JORZV RQ FHLOLQJ WRS DQG IORRU ERWWRP ZLWK FOl
+LJK GRZQIRUFH ZLQJ ZLWK $-9*V DW f LQFLGHQFH
&0ORVH XS RI XSSHU VSDQ RI ZLQJ ZLWK $-9*V DW f LQFI
SUHVVXUH GLVWULEXWLRQV DERXW KLJK GRZQIRUFH ZLQJ

JORZ YLVXDOLVDWLRD R FOHDQ ZLQJ

JORZ YLVXDOLVDWLRQ RQ FOHDQ ZLQJ DW f $
JORZ YLVXDOLVDWLR® RI Y¥LGHZDOO DW

JORZ YLVXDOLVDWLRQ RI FOHDQ PRGHGVXFWLRQ$VXUIDFH
BUHVVXUH GLVWDLEXWLWRY IBQG f ERWWRP $ OO
SUHVVXUH GLVWULEXWLRQV IRU D f WRS DQ% f EF
BUHVVXUH GLVWDLEXWLRRS |ROWD G f ERWWRP §
SHDN V X& SMHRUNDX V

&OHDQ ZLQJ WUHEOHQ\DXHVGJIH
&QYHUWDXMRU FOHDQ ZLQJV
&[ YHUDXNRU FOHDQ ZLQJV

([SHULPHQWDO FOHDQIXLQJV F YHUVXYV
([SHULPHQWDO FOHDQ ZLQJV GUDJ FXUYH $
([SHULPHQWDO FOHDQIXLQJV A YHUVXV $
+LJK GRZQIRUFH PRGHO ZLWK $-9*V DW f LQFLGHQFH
$LU ESBWWWULEXWWLRQWRW DQG f ERWWRP

$LU &BHBWVWULEXWLRQV WR/'S DQG f ERWWRP $

$LU &BSHBWVWULEXWLRQ@V DW

$LU SBWWULEXWLR®V DW

$LU SBKBWVWULEXWLR®V DW

$LU MHW DQG FOHDQ ZLQJ ([S& SHEHUBDKDN VXFWLRQ
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$LU MHW DQG
$LU MHW DQG
$LU MHW DQG
$LU MHW DQG
$LU MHW DQG
$LU MHW DQG
$LU MHW DQG

FOHDQ
FOHDQ
FOHDQ
FOHDQ
FOHDQ
FOHDQ
FOHDQ

ZLQJ ([S&SHOHUSBXIN VXFWLRQ
([S &Y HWAENVOLQJ HGJIH

([S &SYRMWWDIMOLQJ HGJIH $
ZQUBHUESY 69

ZIQYH UDRV $0

ZLOQBUDSY 69 $
R QHUNDRV $0

T YHOD/MRMU KLIJIK GRZQIRUFH ZLQJ ZLWK DLU MHW

T YHUDXNRU KLJK GRZQIRUFH ZLQJ ZLWK DLU MHWYV

YHUWDXMRU KLIJK GRZQIRUFH ZLQJ ZLWK DLU MHWYV



ILVW| 7TDEOHYV

BUHGLFWHG §@OHPH@WHDQ DQG $-9* (TXLSSHG :LQJ

3UHGLFWHG &OHPH@WHDQ DQG $-9* (TXLSSHG :LQJ

3UHGLFWHG $VVHPEO\ /RDGV IRU &0OHDQ DQG $-9* (TXLSS
3HDN VXEBRAGHDFK HOHPHQW IRU FOHDQ DQG $-9* HTXLS
7UDLOLQA&SHR®IMDFK HOHPHQW IRU FOHDQ DQG $-9* HTXLS
1RUPDO IRUFH FRHIILFLHQWYV IRU KLJK GRZQIRUFH ZLQJ [
$[LDO IRUFH FRHIILFLHQWYV IRU KLJK GRZQIRUFH ZLQJ DW
6HFWLRQDO OLIW DQG GUDJ FRHIILFLHQWYV IRU KLJK GRZC



L QWURGXFWLRQ

7KH UHVHDUFK GLVFXVVHG LQ WKLV GRFWRUDO WKHVLV ZDV SHUIRUI
DQG 7KLY UHVHDUFK ZDV SDUW R DQ/R®@FIRLHUIL B URIULPPIH E
WKH )HUUDUL )RUPXOD 2QH ) O UDFLQJ WHDP WR LQFUHDVH WKH
UDFLQJ FDUV W LV WKH LQWHQW RI WKH UHVHDUFK SURJUDPPH WI
YRUWH[ JHQHUDWRUV RQ VRPH FRPSRQHQWY RI D )HUUDUL ) O KLJK
7KH IRFXV RI WKH LQYHVWLIJDWLRQV ZDV WKUHH FRPSRQHQWYV RI L
WLRQ ZKLFK KDV WKH )HUUDUL GHVLJQDWLRQ % $ WA\SLFDO KLJK GR
D PLQLPXP RI ILYH ZLQJ HOHPHQWY DQG VRPH KDYH VSRUWHG DV PD
DW WKH WLPH WHQGHG WR KDYH WKH KLIKHU QXPEHU &KDQJHV WR W
PDQGDWH D PD[LPXP RI WKUHH XSSHU UHDU ZLQJ HOHPHQWY DQG RQ
7TKH % FRQILIJXUDWLRQ KDV ILYH ZLQJV DV LWV PDMRU OLIWLQJ
DUUDQJHG LQ D ORZHU WLHU GRXEOH HOHPHQW V\VWHP DQG DQ X
,Q YLHZ RI WKH SUHOLPLQDU\ QDWXUH Rl WKHVH LQYHVWLJDWLRQV
ZLQG WXQQHO XVHG WKH WULSOH HOHPHQW DUUDQJHPHQW ZDV FKRYV
WLRQV 7KLV WULSOH HOHPHQW V\VWHP SRVVHVVHG WKH UHOHYDQW
VHSDUDWHG IORZ WKDW ZRXOG WHVW WKH YLDELOLW\ RI DSSO\LQJ C
7KH LVRODWHG QDWXUH RI WKH QXPHULFDO DQG H[SHULPHQWDO
DSSURDFK GHVSLWH WKH YHU\ GLIITHUHQW RQ VHW IORZ FRQGLWLRC
ZLQJ FRQILIXUDWLRQ RSHUDWLQJ EHKLQG WKH FDU 7KH UHDVRQ |
JHQHUDWRUV DFW ORFDOO\ RQ WKH ERXQGDU\ OD\HU WR GHOD\ RU
FXUVRU\ HIDPLQDWLRQ RI WKH QDWXUH RI WKH IXO0O FDU JHRPHWU\
MHW YRUWH[ JHQHUDWRUYV ZRXOG EH DQ XQQHFHVVDU\ DGGLWLRQ W
EHFDXVH WKH IORZV RQ WKH UHDU ZLQJ DUH DWWDFKHG 7KH IDFW
RI KLJKO\ FDPEHUHG PXOWL HOHPHQW VA\VWHPV FDQ EH DWWDFKHG
D .DW] DQG .DW] IF '\NVWUD 3HUVRQDO FRPPXQLFD
DHURG\QDPLFLVWY O0XOODUNH\ +DPLG\ DQG 7RHW DO\
LV SRVVLEOH RQ ) O FDUV *HQHUDOO\ ) O WHDPV DGMXVW WKH UHLC



WKRD[LPXP GRZQIRUFH ZLWK WKH FRQVWUDLQW RI DWWDFKHG
YRUWH[ JHQHUDWRUVY ZRXOG EH XVHIXO LQ H[WHQGLQJ WKH DW
GHVLJQV DW DOO \DZ DQJOHV ZKLOH LQFUHDVLQJ WKH GRZQIRU
EH VLPLODU WR WKDW IRXQG E\ /LHEHEFEN LQ KLV LQYHVWL
UHDU ZLQJVY LQFRUSRUDWLQJ *XUQH\ IODSVY DV XVHG RQ WKH (D.
FDU ,wW ZDV REVHUYHG WKDW WKH XVH RI *XUQH\ IODSV RQ WKEF
GHFUHDVHG WKH OLNHOLKRRG RI IORZ VHSDUDWLRQ RQ WKH UF
FURVVIORZYV

,QQHYV VXJIHVWY WKDW WKHUH LV HYHQ JUHDWHU SRWHQC
Rl zZLQJYV ZKHUH DLU MHW YRUWH[ JHQHUDWRUY DUH DQ LQWHJIUL
VWDJH 7KH DXWKRU HQYLVLRQV ZLQJ GHVLJQV WKDW ZRXOG HJ
DQG WKLFNQHVV WR VXFK DQ H[WHQW WKDW LW ZRXOG EH LPES
HIILFLHQWO\ ZLWKRXW WKH DSSOLFDWLRQ RI DLU MHWYV

$ VWXG\ KDV EHHQ XQGHUWDNHQ LQWR WKH DSSOLFDWLRQ RI
VW\OH PXOWL HOHPHQW KLJK GRZQIRUFH VA\VWHP 7KH PDMRUL
QDWXUH ZLWK WZR DQG WKUHH GLPHQVLRQDO 1DYLHU 6WRNHV
WKDW ZHUH UHSUHVHQWDWLYH RI WKH ZLQJV ([SHULPHQWDO L
RQ D PRGHO LQ WKH &LW\ 8QLYHUVLW\ /RZ 6SHHG 7 :LQG 7XQQ
SHUIRUPHG WR SURYLGH GDWD IRU WKH YDOLGDWLRQ RI WKH
QXPHULFDO DQG H[SHULPHQWDO UHVXOWYV DUH SURPLVLQJ GHYV
UHVXOWY DUH WKH VXEMHFW RI GLVFXVVLRQ LQ WKLV WKHVLYV



&KDSWHU

+LVWRU\ RI BUREOHP

SHYLHZ RI B3UHYLRXV :RUN

6LQFH ZLWK WKH GHEXW RI ZLQJHG FDUV WKH GHYHORSPHQW RI
KDV EHHQ LQVSLUHG WR D FHUWDLQ H[WHQW E\ WKH SURJUHVV PDGH
7KLV LV WUXH RI ERWK WKH DHURG\QDPLF GHYLFHY DQG WHFKQLTXH)
([DPSOHV RI WHFKQRORJ\ WKDW KDV EHHQ DGDSWHG IRU XVH LQ PRV
ZLQJY PDWHULDOV VXFK DV FDUERQ ILEUH HOHFWURQLF GDWD DFT)
LQ VWUXFWXUDO HQJLQHHULQJ DQG IOXLG G\QDPLFV

7KH IROORZLQJ GLVFXVVLRQ ZLOO EULHIO\ UHODWH VRPH RI WKH
ZRUN SUHYLRXVO\ GRQH RQ KLJK OLIW V\VWHPV DQG YRUWH[ JHQHU
DHURG\QDPLFV LV DOVR JLYHQ 7KH H[WHQW WR ZKLFK ) O LV DIIHFV
PHQW LQ WKH DHURVSDFH LQGXVWU\ LV DOVR GLVFXVVHG ,W LV GXH
D GLVFXVVLRQ RI DLUFUDIW KLJK OLIW VA\VWHPV LV QHFHVVDU\

+LJK /LIW 6\WWHPV LQ $YLDWLRQ

7KH RULJLQ RI DLUFUDIW KLJK OLIW V\VWHPV VHHPV WR OD\ ZLWK W
$HURQDXWLFDO 5HVHDUFK &RXQFLO 5HSRUW DQG OHPRUDQGD 1R
VHFWLRQ Rl WKLV GRFXSHQW HEWWLWQHGQJV +DYLQJ D +LQJHG 5HDU
7KH FRQFHSW RI OHDGLQJ HGJH GHYLFHV LV DWWULEXWHG WR *HUP|
DQG %ULWLVK DHURQDXWLFDO HQJLQHHU 6LU )UHGHULFN +DQGOH\
7KH IRUPHU GHYHORSHG WKH OHDGLQJ HGJH VORW LQ DQG WKH
VSRQVLEOH IRU WKH OHDGLQJ HGJH VODW LQ 7KH\ GLG FROODE
VI\VWHPV ZHUH GHYHORSHG WR HOLPLQDWH OHDGLQJ HGJH IORZ VHSI
WKXV PD[LPLVLQJ PDQRHXYUDELOLW\ GXULQJ GRJILEKWBRI$ PD[LPXP



ZDV TXRWHG IRU WKHVH GHVLJQV

5HVHDUFK DQG GHYHORSPHQW GLG FRQWLQXH RQ VXFK V\VW
SURJUHVYV ZDV DFKLHYHG GXULQJ :RUOG :DU 7ZR $Vv ZDU SOD
QHFHVVDU\ WR DGGUHVV WKH LQFUHDVHV LQ WDNHRII DQG ODC
UxXxQzb\v 7UDLOLQJ HGJH SODLQ DQG VvVSOLW IODSY PDGH WKHLU
JURP WKH VLPSOLFLW\ RI WKH GHVLJQV RI /IDFKPDQQ DQG +DQGO
ZHUH FUHDWHG E\ WKH PHFKDQLFDO DOWHUDWLRQ RI WKH ZLQJ
Ssbuw FUHDWHG OLIWLQJ VHFWLRQV ZLWK LQFUHDVHG FDPEHU
HITHFWLYH FKRUG DUH W\SLFDO IHDWXUHV RI KLJK OLIW V\VWH!]
YLUWXH RI PXOWLSOH FORVH IRUP HOHPHQWYV LV FRPPRQ DV Z
HYHU\ KHDY\ WUDQVSRUW DLUFUDIW DQG PRVW PLOLWDU\ DLUFI

VKRZV WKH HYROXWLRQ RI KLJK OLIW GHYLFHV IURP WKH VL
FRPSOH[ GHYLFHV XVHG RQ KHDY\ WUDQVSRUWYV WRGD\ )LIXU
DHURIRLO EDVHG RQ D KLJKO\ PRGLILHG 5%) ZLQJ VHFWLRQ ,\
GXULQJ WHQ \HDUV RI KLJK OLIW UHVHDUFK DQG ZDV SUHVHQWH(
RQ WKWKHEUXDU\ 7KH PRGHO LV VKRZQ DW f DQJOH RI1 LC
PD[LPXP OLIW 7KH SUHVVXUH GLVWULEXWLRQV DDH: WKHRRJHWL
FRUUHVSRQG WR WKH ORFDO DQJOH RI LQFLGHQFH RI WKH ZLQC
UDWLR $5 RI 7TKH&MKRHRWKMW IFFRDQOD LIXUDWLRQ LV 7KLV \
UHPDUNDEOH UHVHPEODQFH WR FRQWHPSRUDU\ PXOWL HOHPHQYV
WKDW WKLV GHVLJQ PDGH VXFK DQ HDUO\ DSSHDUDQFH VXJJHVW
KLJK OLIW ZLQJV ZDV ZHOO XQGHUVWRRG DW D YHU\ HDUO\ VWD

$OVWRQ DQG "'XGG\ SXEOLVKHG ZRUN WKDW GLVFXVV
KLJK OLIW IORZV DQG YDULRXV IODS VI\VWHPV LQ SDUWLFXODU
WKH 1DWLRQDO $HURQDXWLFVY DQG 6SDFH $GPLQLWVKRHUDMHR\ 1.
RI :LQJ 6HFAURF&VUHPDLQYVY D SRSXODU UHIHUHQFH IRU KLJK OLIW
GHPRQVWUDWHY WKDW WKH VROXWLRQ WR DOO KLJK OLIW SURE
FRPSOH[ VIVWHPYV DYDLODEOH RU WKRVH ZKLFK S&RPOKERIPWKH KL
RI WKH VLPSOHU VA\VWHPV PHQWLRQHG LQ WKHLU ERRN FDQ VWL
WKH PRUH FRPSOH[ PXOWL HOHPHQW GHVLJQV WKDW IRXQG WK
LW LV WKHVH WKDW DUH H[DPLQHG LQ WKLV UHYLHZ DQG ODWHU

JRVWHU ,UZLQ :LOOLDPYV DUH DPRQJ WKRVH UHVHDUFKH
HISHULPHQWYV RQ ZLQJV ZLWK VLQJOH VORWWHG IODSV 7KH\ FRC
PRUH GHSHQGHQW RQ VL]H RI WKH JDS EHWZHHQ WKH HOHPHQW\



)RZOHU )ODS 7

60ORWWHG )ODS

'RXEOH VORWWHG )ODS

JLIXUH 9DULRXV +LJK /LIW &RQFHSWYV 6KHYHOO 5 6



JLIXUH +DQGOH\ 3DJH:-V HLJKW HOHPHQW DHURIRLO



LOQWHWLRQ EHWZHHQ WKH ZDNHV DQG ERXQGDU\ OD\HUV RI WKH HOH
HITHFWV RQ WKH JDS VL]H ZHUH DOVR QRWHG 7KH UHVXOWY FRPSD
DQG VKRZHG WKDW WKH RSWLPXP IODS SRVLWLRQ RFFXUUHG ZKHQ
EHWZHHQ WKH ZDNH RI WKH PDLQSODQH DQG WKH IODS ERXQGDU\
FDUULHG RQ LQ D VLPLODU YHLQ EXW ZLWK WZR GLPHQVLRQDO HIS
KLJK OLIW PRGHO FRPSULVLQJ D OHDGLQJ HGJH VODW PDLQSODQH
WKH LPSRUWDQFH RI WKH LQWHUDFWLRQ EHWZHHQ WKH ZDNHV RI W
ERXQGDU\ OD\HUV RI WKH GRZQVWUHDP HOHPHQWY ZDV QRWHG /M
WKDW WKH VNLQ IULFWLRQ FRHIILFLHQW ERUH D GLUHFW UHODWLRQ
VODW DQG WKH PDLQSODQH DV ZHOO DV WKH DQJOH RI WKH HOHPHQ
6 PLWK FODULILHG VRPH RI WKH PRUH LPSRUWDQW PHFKDQL®
IORZV LQ KLV SDSHUJKQWWWPHLR G\PDRPQFVWKH SRLQWYVY KH HPSKDVL!
ZDV WKH LQDELOLW\ RI D VLQJOH DHURIRLO KRZHYHU ZHOO GHVLJC
DQ HTXDOO\ ZHOO GHVLJQHG PXOWL HOHPHQW V\VWHP +H ZDV LQ DJ
FRQFOXGLQJ WKDW WKH PD[LPXP OLIW LQFUHDVHG ZLWK WKH QXPEH!
RI VHPDQWLFVY DW SOD\ zZzDV DOVR GLVFXVVHG ZLWK UHJDUGV WR W
HOHPHQW V\VWHP W LV RIWHQ VDLG WKDW VORWWHG V\VWHPV ZRU
IURP WKH KLJK SUHVVXUH VLGH RI WKH PXOWL HOHPHQW DHURIRLO W
HQHUJLVLQJ WKH ERXQGDU\ OD\HU 7KLV LV QRW SRVVLEOH JLYHQ W
LQ WKH IORZ DURXQG WKH DHURIRLOV LV QR JUHDWHU WKDQ WKDW F
H[SODLQV WKDW PXOWL HOHPHQW V\VWHPV JHQHUDWH KLJKHU Ol
WKURXJK ILYH LPSRUWDQW PHFKDQLVPV 7KHVH DUH DV IROORZV

3HDN 6XFWLRQ 6XSSURHWVHRBFW RI DQ XSVWUHDP OLIWLQJ HOHP
SUHVV WKH SHDN VXFWLRQ SUHVVXUH H[SHULHQFHG RQ LWV GRZ
GXFLQJ WKH DGYHUVH SUHVVXUH JUDGLHQWYV WR ZKLFK WKH ERX
DUH VXEMHFWHG

,QFUHDVHG &LUFX®DWILRWXH RI EHLQJ DGMDFHQW WR WKH ORZ S
WKH GRZQVWUHDP HOHPHQW WKH WUDLOLQJ HGJH UHJLRQ RI W
HQFHV KLJKHU YHORFLW\ 7KH ORFDO YHORFLW\ YHFWRUV DUH

OLQH WKXV LQGXFLQJ KLIJKHU FLUFXODWLRQ DERXW WKH IRUZDU

7KH 'XPSLQJ (IIHFKMH WUDLOLQJ HGJHV RI WKH XSVWUHDP HOHPHC
UHJLRQV ZLWK YHORFLWLHYVY WKDW DUH VLJQLILFDQWO\ KLIJKHU W]
ERXQGDU\ OD\HUV IURP WKHVH X6XW®PIHE/PKHOKHFPH YW RRLNWLHY 7



GXPSLQIHGXFHV WKH HIITHFWV RI WKH RQ VXUIDFH PRPHQWXF
ERXQGDU\ OD\HUV GXH WR WKH DGYHUVH SUHVVXUH JUDGLHC
7KH UHVXOW LV WKDW IORZ VHSDUDWLRQ RQ WKHVH HOHPHC

21l 6XUIDFH 3UHVVXUH S5YHKHREFRXQGDU\ OD\HUV IURP WKH IRU.
LQ D KLJK OLIW @EXWPESHBNDYHORFLWLHYV VLIJQLILFDQWO\ KLJKI
7KH GHFHOHUDWLRQ WR WKH IUHHVWUHDP RFFXUV ZLWKRX\
7KLV SUHVVXUH UHFRYHU\ LV IDU PRUH HIILFLHQW WKDQ L'
SUHVVXUH UHFRYHU\

6HSDUDWH %RXQGDU$VDNVKHBIVIORZ ILHOG LV LQFLGHQW RQ HI
D QHZ ERXQGDU\ OD\HU LV IRUPHG DW WKH OHDGLQJ HGJH
7KHVH WKLQQHU ERXQGDU\ OD\HUV DUH PRUH WROHUDQW R
DUH OHVV OLNHO\ WR VHSDUDWH IURP WKH ZLQJ VXUIDFH 7
WKH SHDN VXFWLRQ RI WKH ILUVW HOHPHQW WR WKH WUDLC
QXPEHU RI VWDJHVY HTXDO WR WKH QXPEHU RI HOHPHQWYV LC

KLOH SURYLGLQJ D VLIJQLILFDQW DHURG\QDPLF EHQHILW LW LV
DU\ OD\HUV WKDW PDNH KLJK OLIW VA\VWHPV YHU\ GLIILFXOW WR I
WUXH LI WKH ZDNH IURP DQ XSVWUHDP HOHPHQW PHUJHV ZLWK
VWUHDP HOHPHQW WR IRUP D FRQIOXHQW ERXQGDU\ OD\HU 1DN
VKRZHG WKH FRPSOH[LW\ RI WKHVH IORZV WKURXJK PHDVXUHPH
OHQFH TXDQWLWLHY RQ D WULSOH HOHPHQW KLJK OLIW V\VWHP
IODS ,Q WKDW SDUWLFXODU VHULHV RI H[SHULPHQWYV LW ZDV ||
PHUJLQJ RU LOQOWHQVH LOQOWHUDFWLRQ EHWZHHQ WKH VODW ZDNH
+RZHYHU WKH WXUEXOHQFH GDWD GLG VKRZ WKDW WKH WXUEXC
D SURIRXQG HIIHFW RQ WKH PDLQSODQH ERXQGDU\ OD\HU 7KLV
6PLWK DQG KLV UHFRPPHQGDWLRQV IRU D ZHOO GHVLJQHG
WHP ZRXOG EH RQH ZKHUH WKH LQWHUDFWLRQ RI WKH XSVWUHI
RI WKH GRZQVWUHDP HOHPHQWYV LV PLQLPDO

1XPHULFDO 6WXGLHV RI +LJK /LIW 6\VWHPYV

+LJK OLIW IORZY DUH FKDUDFWHULVHG E\ VWURQJO\ FRXSOHG L(
KDYLQJ PXOWLSOH ERXQGDU\ OD\HUV ZKLFK DUH VRPHWLPHV FF
VRPH VRUW Rl IORZ VHSDUDWLRQ ZLWK UH DWWDFKPHQW RFFXU
EXEEOHV 7KH HIIHFWV RI XQVWHDGLQHVYVY FRPSUHVVLELOLW\ V



WXXEBHQW IORZ WUDQVLWLRQ FRPSRXQG WKH GLIILFXOW\ $00 RI WKI
ZRUN UHYLHZHG HQFRXQWHUHG WKHVH SUREOHPV

SRWHQWLDO IORZ WKHRU\ KDV EHHQ XVHG IRU VRPH WLPH QRZ LQ
96 $(52 LV RQH Rl WKH PRUH SRSXODU &)' FRGHV WR EH XVHG IRU
,W LV D ILUVW RUGHU DFFXUDWH SDQHO PHWKRG ZLWK VLQJXODULW\
ERXQGDU\ FRQGLWLRQ IRU WKLFN ERGLHVY DQG WKH 1HXPDQQ FRQGL
ERXQGDU\ OD\HU FDOFXODWLRQV DUH DGGUHVVHG E\ WKH ODJ HQWU
E\ 1DVK +LFNV ODVNHZ GHPRQVWUDWHG WKH VXLWDELO
FDOFXODWH KLJK OLIW IORZV

3DSDGDNLV OLOOHU LQ WKHLU H[SHULPHQWDO DQG FRPSXW
WKDW XVLQJ WKH PHDVXUHPHQWY PDGH GXULQJ H[SHULPHQWYV WR V
IRU WKH QXPHULFDO FDOFXODWLRQV JUHDWO\ LPSURYHG WKH FRUUHC
FRPSXWDWLRQDO UHVXOWY 7KLV HPSKDVLVHV WKH QHHG WR DFFXUD
ERXQGDU\ FRQGLWLRQV ZKHQ D GLUHFW FRPSDULVRQ LV WR EH PDG
%WHUWHOUXG DQG <LQJ 6SDLG SHUIRUPHG PRUH LQ GHSW
VI\VWHPV DQG FRQFOXGHG WKDW WKH WUDQVLWLRQ ORFDWLRQ ZDV
DFFXUDWH ERXQGDU\ OD\HU SURILOHV EHFDXVH LQDFFXUDFLHV DUH
OHDG WR LQFUHDVLQJO\ LQDFFXUDWH ZDNH SURILOH FDOFXODWLRQV
WXUEXOHQFH PRGHO LV DOVR GLVFXVVHG <LQJ 6SDLG DQG 9DC
LQGHSHQGHQWO\ FRQFOXGHG WKDW PRUH ZRUN LV QHHGHG WR LQFU}
PRGHOV

7KH OHQWHU 6SDODUW $OOPDUDYV DQG %DOGZLQ %DUWK ORZ 5H\Q
PRGHOV DUH FXUUHQWO\ WKH PRVW SRSXODU PRGHOV XVHG LQ WKH
7KHVH DUH PRUH FDSDEOH RI DGGUHVVLQJ WKH IORZV LQ WKH QHDU Z
NH PRGHO EHFDXVH WKH ODWWHU LV OLPLWHG E\ WKH XVH Rl ZDOO
RI WKH vWDQGDUG NH PRGHO LV WKH SRVVLELOLW\ RI H[FHVVLYH Q.
E\ .LP %HQVRQ LQ WKHLU ZRUN RQ FLUFXODU MHWYV LQ FURVVI
VFDOH WXUEXOHQFH PRGHO

7ZR GLPHQVLRQDO &)' FDOFXODWLRQV KDYH EHHQ VKRZQ WR SURYL
EHKDYLRXU RI PRUH FRPSOH[ WKUHH GLPHQVLRQDO KLJK GRZQIRUFH
KLJK OLIW VA\VWHPV KDYH EHHQ FDUULHG RXW E\ )ULW] RQ PXOW
V\VWHPV ZKHUH D 1DYLHU 6WRNHV VROYHU LQ FRQMXQFWLRQ ZLWK W
PRGHO DQG WKH /DP %UHPKRVW WZR HTXDWLRQ /RZ 5H\QROGV QXPE
WR SUHGLFW WKH EHKDYLRXU RI PXOWLSOH HOHPHQW KLJK OLIW V\



R LQFLGHQFH 7TKH VWXG\ FRQFOXGHG WKDW WKLV DSSURDFK
FRQILIXUDWLRQV XS WR PD[LPXP OLIW GHVSLWH WKH IDFW WKI
YHU\ DFFXUDWH

7KH 1DYLHU 6WRNHV FDOFXODWLRQV SUHVHQWHG LQ WKLV W
VWUXFWXUHG PXOWLEORFN JULGY +RZHYHU WKHUH LV D WUHQ
JULGV DQG XQVWUXFWXUHG KH[DKHGUDO DQG WHWUDKHGUDO
IRU GLVFUHWLVDWLRQ %DUWVFK 1LWVFKH %ULWVFK X
PHVKHVY LQ WKHLU LQYHVWLJDWLRQV ,Q GRLQJ VR WKH\ VKDUH
DXWKRU QDPHO\ WKH GLIILFXOW\ LQ DFKLHYLQJ DQ HFRQRP\ RI
HVYSHFLDOO\ GLIILFXOW WR DFKLHYH WKHVH WZR JULG TXDOLWLI
FHOO VL]H LQFUHDVH LQ DQ\ GLUHFWLRQ DV ODLG RXW E\ &DVWU
FDPEHUHG KLJK OLIW JHRPHWULHV ZLWK WKHLU PXOWLSOH HOH
WXQQHO WHVW VHFWLRQV PDNH LW YHU\ GLIILFXOW WR IROORZ

8QVWUXFWXUHG JULGV RIIHU DQ HDVH RI SUREOHP GLVFUHWL
LV XQPDWFKHG E\ DQ\ RWKHU PHWKRG ZLWK WKH H[FHSWLRQ RI
PHWKRGV $QGHUVRQ %RQKDXYV XVHG D WZR GLPHQVLRQD(
FRGH WR FRPSXWH WKH IORZ ILHOG DURXQG D PXOWL HOHPHQW
DQG WDNH RII FRQILIXUDWLRQV *ULG GHSHQGHQFH VWXGLHV Z
RI WKHVH LQYHVWLIJDWLRQV W ZDV IRXQG WKDW IXUWKHU UH|
YHORFLW\ SURILOHV DW WKH KLJK DQJOHV RI LQFLGHQFH 7KH\
IURP YDULDWLRQV LQ IODS SRVLWLRQV DQG 5H\QROGV QXPEHUYV
DQJOH RI LQFLGHQFH IRU PD[LPXP GRZQIRUFH ZDV RYHUSUHGLF

7KH ZRUN RI +DEDVKL 'RPSLHUUH %RXUJDXOW )RUWLQ 9DO
DGDSWLYH XQVWUXFWXUHG JULG UHILQHPHQW EDVHG RQ WKH F
REMHFWLYH ZD\ IRUZDUG WR SURGXFLQJ DFFXUDWH JULG LQGHSE
WR DFKLHYH JULG UHILQHPHQW ZLWK DQ XQVWUXFWXUHG JULG \

9RUWH[ *HQHUDWRUYV

'"HVSLWH WKH IDFW WKDW PXOWL HOHPHQW KLJK OLIW VA\VWHPV
VLQJOH HOHPHQW V\VWHPV WKH\ GR KDYH OLPLWDWLRQV DQG
VHSDUDWLRQ DQG VWDOOLQJ DV RQH RU PRUH RI WKH ERXQGDU\
FRXOG EH WKH VROXWLRQ EXW WKLV LV QRW DOZD\V SUDFWLFD
DGGLWLRQDO HOHPHQWV WKDW VHWVYV WKH VFHQH IRU OLIW HQF

*ULGGLQJ FRQILIXUDWLRQV LQ ZKLFK EORFNV RYHUODS



YRUWH[ JHQHUDWRUYV

$ VWXG\ Rl SUHYLRXV ZRUN RQ YRUWH[ JHQHUDWRUV DV D IRUP F
EHJLQV ZLWK )DJH 6DUJHQW ZKR XVHG WKH PHWKRG RI DLU |
FLUFXODU KROHV WR IL[ ERXQGDU\ OD\HU WUDQVLWLRQ LQ H[SHULPHC
HOHPHQW ZLQJV %UXQHVY DQG 7D\ORU RI WKH 8QLWHG $LUFUDIW &RU
YDQH YRUWH[ JHQHUDWRUV WR FRQWURO VHSDUDWLRQ RQ DLUFUDIW

DQG :DOOLV 6WXDUW DUH RQ UHFRUG DV EHLQJ WKH ILUVYV
SLWFKHG DQG VNHZHG WR WKH I[UHHVWUHDP IORZ WR HOLPLQDWH OD
HGJHV RI WKLQ ZLQJV 3HDUFH\ DOVR LQLWLDWHG D SDUDPHWU|I
DUUD\V ZKLFK EXLOW RQ WKLV SKLORVRSK\ W LV HYLGHQW WKDW \
WKH PL[LQJ HIIHFW RI YRUWLFHY FRXOG DLG LQ PDLQWDLQLQJ DWW
VXEMHFWHG WR DGYHUVH SUHVVXUH JUDGLHQWY +RZHYHU D UHYLH
WKLV WLPH DQG WKH SUDFWLFDO DSSOLFDWLRQV DULVLQJ IURP WKLYV
RI ERXQGDU\ OD\HU FRQWURO WKURXJK YRUWH[ JHQHUDWLRQ ZDV DQ
XVH RI YDQHV 7KH UHDVRQ IRU WKLV LV WKDW YDQHVY DUH HDV\ WR
UREXVW DQG WKHUHIRUH LQH[SHQVLYH ,W LV ZRUWK\ RI QRWH WKDYV
YRUWH[ JHQHUDWRUYVY KDYH D VWLJPD RI QRW EHLQJ SURSHUO\ GHVL
DUH YLHZHG E\ VRPH LQ WKH DYLDWLRQ LQGXVWU\ DV D :IL[- %\
DV DQ LQWHOOLJHQW VROXWLRQ WR ERXQGDU\ OD\HU FRQWURO RQ
SHUIRUPDQFH FDQ EH DFWLYHO\ DOWHUHG

9DQH YRUWH[ JHQHUDWRUV KDYH VHHQ QXPHURXVY DSSOLFDWLRQV
7KH\ KDYH EHHQ XVHG QHDU WKH EDVH RI WKH ZLQGVFUHHQ RI WKH
VXSSUHVV ODFK UXPEOH FDXVHG E\ VKRFN LQGXFHG IORZ VHSDUDWL
LQ KHDW WUDQVIHU DSSOLFDWLRQV ZKHUH WKH\ DUH XVHG WR HQKL
'UDJ UHGXFWLRQ RQ EOXII ERGLHV VXFK DV FUDVK KHOPHWY DQG D
DUHD ZKHUH YDQHYVY DUH VHHLQJ LQFUHDVHG XVH 7KH :KHHOHU ZLVK
GHVLJQHG E\ 'U *DU\ :KHHOHU LV YHU\ ZHOO NQRZQ LQ WKHVH W\S
SUREOHP RI VHSDUDWHG LQOHW DQG GLIIXVHU IORZV KDV DOVR EHHQ
YDQH YRUWH[ JHQHUDWRUYV

%\ FRQWUDVW DLU MHW YRUWH[ JHQHUDWRUV KDYH EHHQ UHOHJELC
UHVHDUFK FRQFHSW W LV SRVVLEOH WKDW WKH LQFUHDVHG FRPSO
SURKLELWLYH 7KLV DWWLWXGH LV FKDQJLQJ 3HDUFH\ FRQGXF
RQ XvLQJ DLU MHWV WR UHGXFH VKRFN LQGXFHG VHSDUDWLRQ &RP
DOVR H[DPLQHG WKH XVH RI WKH HIIHFW RI FLUFXODU DLU MHWV LVV)



SUHVVXUH JUDGLHQW ERXQGDU\ OD\HU ORUH UHFHQWO\ +HQU\
QXPHULFDO DQG H[SHULPHQWDO VWXG\ RI bLU MHWV RQ D IODW ¢
,QQpV KDV DOVR LQYHVWLIJDWHG WKH XVH RI SLWFKHG DQG
PXOWL HOHPHQW KLJK OLIW V\VWHP ZLWK YHU\ SURPLVLQJ UHVX
FRXQWHU URWDWLQJ $-9* DUUD\V ZDV RQH RI WKH IRFDO SRLQW
IULFWLRQ FRHIILFLHQWY ZHUH UHFRUGHG IRU ERWK W\SHV RI DL
IRU WKH FDVHV ZLWKRXW MHWYVY Q NHHSLQJ ZLWK SUHYLRXV IL
&l FDOFXODWHG IRU WKH FRXQWHU URWDWLQJ FDVHV ZHUH PRU}
RI WKH FR URWDWLQJ JHRPHWULHYV

,QQpV FRQFOXGHG WKDW WKH LPSURYHPHQW LQ WKH SHI
LV QRW PHUHO\ GXH WR WKH PL[LQJ HIIHFW RI WKH YRUWLFHV L
DV LV WKH FDVH ZLWK YDQHV 7TKHUH LV HYLGHQFH WR VKRZ
ZLWK WKH ZDNHV RI WKH XSVWUHDP HOHPHQWY DQG FRQVHTXH(
WKH GRZQVWUHDP HOHPHQWY LV DOVR UHVSRQVLEOH IRU WKH L
HQFRXUDJHV WKH XVH RI DLU MHWV LV WKDW WKH\ FRXOG EH D
WKH WDNH RII DQG ODQGLQJ SKDVHV RI IOLJKW EXW FRQFHDOHC
ZRXOG EH QR SDUDVLWH GUDJ SHQDOW\ DV D UHVXOW /LQ O5REI
LQ WKHLU ZRUN RQ PLFUR YRUWH[ JHQHUDWRUYVY KDYH VXJIJHVW
RI DQ DUUD\ RI YDQHYVY ,W ZRXOG EH HDVLHU WR GR WKLV ZLWK
UHDVRQV WR DUJXH WKH LQFUHDVLQJ YLDELOLW\ RI XVLQJ DLU N\

, LPSOHPHQWHG WKH ILQGLQJV RI ,QQpV FRXOWLRBYH D
WR FOIRRESDVVHQJHU DLUFUDIW $W SUHVHQW WKH FOLPE SKDVI
SRUWLRQDWH DPRXQW RI WKH IXHO FRQVXPHG EHFDXVH MHW HQ.
DOWLWXGHYVY 7KH FOLPE UDWH RI DQ DLUFUDIW LV OKPRWHG E\
$Q LQFUHRBR\LHDDDVR KDV SRVLWLYH LPSOLFDWLRQV IRU WDNHRII

&RQWHPSRUDU\ 1DYLHU 6WRNHV FRGHV DUH EHWWHU DEOH WI
KDV WKH SRWHQWLDO WR DLG LQ DFKLHYLQJ D EHWWHU XQGHUV\
WKH ODVW IHZ \HDUV VRPH VWXGLHV XVLQJ 1DYLHU 6WRNHV &)"
FRPSXWHUV KDYH DOORZHG WKH PRGHOOLN1LR/IKUHD OL\D/QIGF &0 R X\
N 9DQND DUH DPRQJ WKRVH ZKR KDYH XQGHUWDNHQ FRPSO
LQWR WKH HIITHFW RI DLU MHW SHDQG HAL[LQJ DOMQ®NDQQL +HQU\
KDYH DOVR SHUIRUPHG D VHULHV RI QXPHULFDO FDOFXODWLRQYV
DQG RWKHUZLVH XQGLVWXUEHG ERXQGDU\ OD\HU 7KLV ZRUN |

7KH WLPH WDNHQ IRU DQ DLUFUDIW WR FOLPE WR D JLYHQ DOWLWXGH



FKDDFWHULVWLFV RI WKH YRUWH[ VIVWHP SURGXFHG E\ SLWFKHG DQC
VKRZV RQH RI WKH JULGV XVHG LQ WKH VWXG\ J)LIXUH VKRZV RC
EHWZHHQ WKH YRUWH[ VI\VWHP RI DQ DLU MHW DQG D WKDW RI DY
RI WKH DLU MHW RFFXSLHV WKH LQQHU FLUFXODWRU\ UHJLRQ RI WK
DVVRFLDWHG ZLWK YDQH JHQHUDWHG YRUWLFHY EHFDXVH WKH\ DUH
VKRZV WKDW WZR YRUWLFHV RI XQHTXDO VWUHQJWK DUH SURGXFHG
WKH ULJKW VLGH RI WKH YRUWH[ VKHHW 7KH VPDOOHU YRUWH[ LV TX
VI\VWHP DV WKH IORZ GHYHORSV GRZQVWUHDP

7KH H[SHULHQFH JDLQHG IURP WKLV ZRUN VHUYHG DV WKH EDVLYV
FRPSOH[ DLU MHW YRUWH[ JHQHUDWRUV RQ DQ ) O VW\OH KLJK GRZ
VLW\N\ WKH ZRUN FDUULHG RXW E\ 3HDNH +HQU\ /XVK SHDUFH\
/IHZLQJIJWRQ DOVR SURYLGHG D PHDVXUH WR DVVHVV ZKHWKHU
FRXOG DFFXUDWHO\ FDSWXUH WKH SKHQRPHQD RI YRUWH[ JHQHUDYV
DSSUHFLDWLRQ RI WKH VRIWZDUH DQG KDUGZDUH UHTXLUHPHQWYV 7
WKH PRVW GLIILFXOW\ OD\ ZLWK ILQGLQJ D FRPSXWHU ODUJH HQRXJ}
OHVK JHQHUDWLRQ KDV DGYDQFHG WR WKH SRLQW ZKHUH FRPSOH[ L
HDVLO\ PHVKHG WKHUHE\ UHVHUYLQJ WKH JUHDWHVW HIIRUW WR DQD



JLXUH 6ROXWLRQ GRPDLQ ZLWK MHW H[LWLQJ IURP IODW S



J)LIXUH ,VRPHWULF YLHZ RI DLU MHW PL[LQJ ZLWK IUHHVWUHDP

JLIXUH 9LHZ GRZQVWUHDP RI WZR XQHTXDO VWUHQJIJWK YRUWLFHYV



JRUPXOD 2QH

7KH )RUPXOD 2QH :RUOG &KDPSLRQVKLS LV WKH ZRUOG:V SUHF
ZKHUH RSHQ ZKHHO PRWRU FDUV RSWLPLVHG IRU VSULQWV RI |
WUHV DUH UDFHG DJDLQVW HDFK RWKHU RQ FORVHG URDG FR
GULYHUV FKDPSLRQVKLS E\ WKH )pGpUDWLRQ ,QWHUQDWLRQDOH
ODWHU WKH )RUPXOD 2QH &RQVWUXFWRUV &KDPSLRQVKLS ZDV |
2QH :RUOG &KDPSLRQVKLS KDV FRPSULVHG WKH )RUPXOD 2QH
WKH )RUPXOD 2QH &RQVWUXFWRUV &KDPSLRQVKLS EHLQJ VLPX
LQWHUQDWLRQDO YHQXHV EXW PDLQO\ LQ :HVWHUQ (XURSH

'"HVSLWH WKH GXDO QDWXUH RI WKH FKDPSLRQVKLS LW LV \
FDSWXUHV PRVW RI WKH SXEOLFLW\ %H WKDW DV LW PD\ WKH
YLHZ WKH FKDPSLRQVKLS LQ D YHU\ GLIIHUHQW PDQQHU 7R Wt
WKHLU ODWHVW DXWRPRWLYH WHFKQRORJ\ DQG WKH\ DWWHPSW
2QH ) O WHDPV ZLWK WKHLU ODWHVW HQJLQH WHFKQRORJ\
SDUDPRXQW EHFDXVH LW LPSOLHV WKDW WKH FRPSDQ\ SRVVHV\
WR WKDW RI LWV ULYDOV +DYLQJ DFKLHYHG WKLV VXFFHVV LGt
WKH DXWRPRWLYH FRPSDQ\ LQ TXHVWLRQ DWWHPSWYV WR PDNH I
EHWZHHQ WKH WHFKQRORJ\ XVHG LQ LWV UDFLQJ FDUV DQG WKTE
WKH JRDO RI LQFUHDVHG VDOHV Rl WKH ODWWHU

*LYHQ WKLV VHQWLPHQW WKH RQO\ SDWK WR DQ LQFUHDVHG
LI WKLV LV GRQH FRQVLVWHQWO\ WKHQ WKH YLFWRU\ LQ WKH |
\HDUV WKLV QHHG WR ZLQ KDV EHHQ WKH PRWLYDWLRQ EHKLQ
GHYHORSPHQW SURJUDPPHV WKDW )RUPXOD 2QH WHDPV DQG W
HPSOR\HG WR H[WUDFW WKH PD[LPXP SHUIRUPDQFH IURP WKHL
WKHVLV LV D VPDOO SDUW RI WKDW HIIRUW

(ITHFW Rl 1HIJDWLYH /LIW RQ ) O &DU 3HUIRUPDQFH

8QWLO WKH DHURG\QDPLF SKLORVRSK\ ZzDV RQH RI VWUHDP
GUDJ $FFRUGLQJ WR +DUYH\ D GULYHU FDOOHG OLFKDHO O
DW WKH 1LLUEXUJULQJ .LORPHWUHY UDFH LQ ZDV WKH ILU
GRZQIRUFH RQ D UDFLQJ FDU ZLWK LQYHUWHG ZLQJV WR H[WUHF
ZDV QRW DOORZHG WR UDFH LW EHFDXVH WKH HPEDUUDVVHG 3RL
LW EDQQHG IRU XVH LQ WKH UDFH ,W LV VWUDQJH WKDW QRER
IRU RYHU D GHFDGH



,Q 3UDQN :LQFKHOO RYHUVDZ WKH LPSOHPHQWDWLRQ RI D ZLQ.
ILUVW WLPH LQ UHJXODU FRPSHWLWLRQ $ GULYHU DGMXVWDEOH L
PRXQWHG RQ WKH &KDSDUUDO &DQDGLDQ $PHULFDQ &$1%0 ( ZLWK
GRZQIRUFH VR WKDW WKH W\UHV FRXOG SURGXFH KLJKHU FRUQHULC
JLIXUH 7KH JUHDWHU WKH GRZQIRUFH WKH JUHDWHU WKH FRUQH
LQFUHDVHG YHUWLFDO IRUFHVY DOVR KDG SRVLWLYH HIIHFWV RQ WK
WKH DFFHOHUDWLRQ )LJXUH GHSLFWV WKHVH IRUFHV RQ D VLQJ
JRLQJ FDU WKH IRUFHV FRXOG EH UHSUHVHQWHG LQ WKH IRUP RI D V
RSHUDWLRQ WKH PD[LPXP DFFHOHUDWLRQ LQ DQ\ GLUHFWLRQ FRXOCG
FDUV WKH WA\UH SHUIRUPDQFH DQG GRZQIRUFH WUDQVIRUP WKLV F
FDSDELOLW\ GHSLFWHG LQ )LIJXUH ,Q LQYHUWHG ZLQJV PDGH
LQ YDULRXV JXLVHV 7KH /RWXYV ) O FDU VKRZQ LQ )LJXUH LV RQ
SDUW WKHVH ZLQJV ZHUH PRXQWHG KLJK DERYH WKH FDU LQ WKH XQf
WR WKH IURQW DQG UHDU VXVSHQVLRQ PHPEHUV 7KH\ ZHUH PRXQW|
SDUWV RI WKH IURQW DQG UHDU VXVSHQVLRQ VR DV QRW WR FKDQJI
WKH VXVSHQVLRQ DQG FKDVVLV ULGH KHLJKW DV WKH FDU:V VSHHG
LOQYROYHG ZHUH QRW ZHOO XQGHUVWRRG DQG VRPH RI WKHVH ZLQJ (
6HYHUDO VSHFWDFXODU DQG VRPHWLPHYV WUDJLF IDLOXUHV UHVXOW
E\ PDQGDWLQJ WKDW DOO ZLQJV EH PRXQWHG GLUHFWO\ WR WKH VSL
WKH IROORZLQJ \HDU

7KH SHULRG WKDW IROORZHG KDV FKDUDFWHULVHG WHFKQLFDO (
VSRQVH WR LW DV LW WKUHDWHQV ZKDW LV SHUFHLYHG WR EH WKH
WKH SHUIRUPDQFH RI WKH FDUV LV UHLJQHG LQ WKURXJK UHVWULF
DSSUHFLDWLRQ RI ZKDW FRXOG EH DFKLHYHG ZLWK GRZQIRUFH KDV |
ZLWK DQG ZLWKRXW WKH XVH RI ZLQJV

6KRUWO\ DIWHU WKH DSSHDUDQFH RI ZLQJV WKH &KDSDUUDO WHDF
UDFLQJ FDU WKH &KDSDUUDO - DOVR FDOOHG "6XFNHU &DUp 7KLYV
XVHG D IDQ V\VWHP WR HYDFXDWH WKH DLU IURP D VHDOHG IORRU
WLPH WKDW WKHUH ZDV DQ DSSUHFLDWLRQ IRU ZKDW ZDV SRVVLEOF}
SUHVVXUH GURS DFWLQJ RQ WKH ODUJH VXUIDFH DUHD XQGHU D UDF|
HUD ZDV ERUQ

7TKH /RWXV 7\SH ) O FDU VKRZQ LQ )LJXUH ZDV GHYHORSHG
PDGH XVH RI XQGHUERG\ YHQWXULY DQG IURQW DQG UHDU ZLQJV W
YHQWXULV RU WXQQHOV IXQFWLRQHG E\ DOORZLQJ WKH DLU WR IOR






5LJKW +DQG
&RUQHU J

JLIXUH &DSDELOLWLHV RI FRQWHPSRUDU\ ) O UDFH F



WURXJK D QR]JJOH WKXV ORZHULQJ WKH SUHVVXUH 7KLV UHVX(
RI GRZQIRUFH WKDW LQ FHUWDLQ FRQILIJXUDWLRQV H[FHHGHG

2QH UDGLFDO GHVLJQ ZDV WKH %UDEKDP %7 % GHVLJQ SUH
DQG GHSLFWHG LQ )LIJXUHYV DQG 7KLY FDU DQRWKHU
WUDFWLRQ XVHG D ODUJH IDQ DW WKH UHDU WR HYDFXDWH DL
TXLWH VXFFHVVIXO LQ WKH 6ZHGLVK *UDQG 3UL[ ,Q RQH ZI
ZHQW RQ WR ZLQ WKH UDFH DQG ZDV LPPHGLDWHO\ EDQQHG
WKLV SHULRG VvDZ FDUV FDSDEOH RI VWHDG\ VWDWH FRUQHULC
NP K DQG WUDQVLHQW ORDGV H[FHHGLQJ J VHF 1RW ZDQWL(
SURJUHVYVY PDGH E\ WKH W\UH FRPSDQLHV ZDV HYLGHQFHG E\ W
RI 'l ULFWLRQ JUHDWHU WKDQ 7KLY OHG WKH WHDPV LQ WKH (
GRZQIRUFH LQ RUGHU WR H[SORLW WKH FDSDELOLW\ RI WKH V
PDQXIDFWXUHUV LQ WHUPV RI LQFUHDVLQJ VSHFLILF DQG PDJ[LP
WR IRFXV RQ LQFUHDVLQJ WKH DFKLHYDEOH GRZQIRUFH ZKLOH
SURILOH DQG LQGXFHG GUDJ ZLWK LQFUHDVHG HQJLQH SRZHU

7KLV SHULRG vDZ D FODVV RI ) O FDUV WKDW ZHUH VSHFWDF
WR GULYH 7R DFKLHYH WKH SHUIRUPDQFH UHTXLUHG WR PLQ
WUDFN WKH FDU ZHUH HQJLQHHUHG ZLWK YHU\ KLJK VSULQJ D
PRGH ZLWK WKH UHVXOW WKDW WKH FDUV ZHUH RYHU GDPSHG
OLOOLNHQ OLOOLNHQ FLWH IWHDQHQFLHNV IRU WWH KHDYH
DQG UROO PRGHV UHVSHFWLYHO\ 7TKHVH PRGHYVY DUH DOVR UF
FDUV *URXQG HIIHFW DHURG\QDPLFV DQG WXUERFKDUJHG HQ.
+RUVHSRZHU ZHUH EDQQHG VLQFH WKH ODWH -V DQG WKH
IRU D VKRUW SHULRG +RZHYHU )LJXUH VKRZV ZKDW D WL
FDU SHUIRUPDQFH LQ FKHFN 7KH EDFN DQG IRUWK QDWXUH RI
GHULYHG UHVWULFWLRQ LV HQGHPLF WR WKH UDFLQJ ZRUOG
IXWXUH $HURG\QDPLFV ZLOO FRQWLQXH WR EH WDUJHWHG E\ \
SHUIRUPDQFH EHFDXVH RI WKH SRWHQWLDO VLIJQLILFDQW LPSD

&RQWHPSRUDU\ ) O &DU DQG $LU )ORZ DERXW LW

&XUUHQW ) O FDUV KDYH VLQJOH VHDWY DQG RSHQ FRFNSLWYV
/ILWUH HQJLQH ZKLFK FDQ KDYH DQ\ QXPEHU RI FA\OLQGHUV XS
PXVW KDYH IRXU ZKHHOV VRPH KDYH KDG XS WR VL[ DQG WK












MRPSRQHQWY PXVW EH XQFRYHUHG DQG WKHUHIRUH H[SRVHG W
RI WKH VLQJOH ODUJHVW VRXUFHV RI GUDJ RQ WKH FDU

7KH GRZQIRUFH LV SURYLGHG E\ D ZLQJHG KLJK QRVH D IOCLC
DQG D UHDU ZLQJ DVVHPEO\ 7KH TURQW ZLQJ SURGXFHV GRZ
IURQW ZKHHO FHQWUHOLQH 7KH KLJK QRVH DOORZV D JUHDW
7KLV DLUIORZ DFFHOHUDWHY DV LW IORZV LQWR WKH GHFUHDYV
DQRG WKH JURXQG SODQH 7KH DLU SUHVVXUH GHFUHDVHV DFFI
PRGHVW UHGXFWLRQ LQ SUHVVXUH RYHU WKH JHQHURXV VXUID
WKH GRZQIRUFH $W WKH UHDU ZKHHO FHQWUHOLQH ZKHUH WK
UXOHV WKH GLIIXVHU EHJLQV DV D VKDUS UDPS 7\SLFDO DQJO|
SODQH RI WKH IORRU DUH f WR f 7KH IORZ FDQ VHSDUDWH |
DQG WKH GLIIXVHU Il HQJLQHHUHG SURSHUO\ WKH IORZ FDQ Ut
WKDW SURGXFHV D UHJLRQ RI ORZ SUHVVXUH RQ WKH XQGHUYV
FUHDWHG E\ WKH GLIIXVHU SURYLGHVY D IDYRXUDEOH SUHVVXU
DQG WKH IORRU

7KH UHDU ZLQJ DVVHPEO\ LQ WXUQ SURYLGHV D IDYRXUDEOH
WKH GLIIXVHU $GMXVWPHQW RI WKH ZLQJV LV QRW SHUPLWWH
VKRZV D W\SLFDO ) O FDU ZLWK VRPH NH\ FRPSRQHQWY ODI

'LQG WXQQHO WHVWV E\ WKH DXWKRU DQG RWKHUV KDYH V
WKH DHURG\QDPLF FRPSRQHQWY RQ DQ ) O FDU DUH LQWLPDW
ZLQJ DQJOH RI LQFLGHQFH FDQ SURSDJDWH XSVWUHDP FDXVLQJ
WKH ITURQW ZLQJV 7KXV DQ\ LVRODWHG DHURG\QDPLFV VWXG\
FRQGXFWHG ZLWK WKLV EHKDYLRXU LQ PLQG ,Q DGGLWLRQ Wi
E\ LOWHUDFWLQJ YRUWLFHY ZDNHV DQG IORZ VHSDUDWLRQ 7K
ZLQJVY DQG RWKHU DSSHQGDJHV VXFK DV WKH WXUQLQJ YDQHV
ZKLFK DUH H[SRVHG WR WKH DLUVWUHDP DV ZHOO DV HYHU\ RV
6LIJQLILFDQW VHSDUDWHG IORZV RFFXU RQ WKH ZKHHOV )LJXU
DLUIORZ DERXW D JHQHULF RSHQ ZKHHO UDFHFDU 7KH UHDU 7
RI WKH UHDU ZLQJ DVVHPEO\ SURGXFH DQ XSZDVK ZKLFK UHGXI
RI WKH IORZ DERXW WKH XSSHU UHDU ZLQJ WLHUV 7KH ZDNHV
WRZDUGV WKH FDU-V FHQWUHOLQH 7KH EORFNDJH SURGXFHG
WKHVH ZDNHV LPSRVHV DQ XSZDVK DQJOH LOQWR WKH RQFRPLQJ
UHDU ZLQJY DSSUR[LPDWHO\ WR IRU DQ ) O WULSOH HOHF

VWURQJ YRUWLFDO IORZV ZKLFK GHVSLWH WKH SUHVHQFH RI HQ



(QLQH $LU ,QWDNH
5HDU :LQJ $VVHPEO\

,QOHW IRU +HDW ([FKDQJHU 'XFW

+LJK 1RVH $

JURQW :LQJ ODLQSODQH
DQG )ODS 'LIIXVHU

JURQW 6XVSHQVLRQ

5HDU 6XVSHQVLRQ

JLIXUH 6RPH FRPSRQHQWY RQ FRQWHPSRUDU\ ) O FDL

7KH GLIIXVHU E\ YLUWXH RI LWV SRVLWLYH DQJOH RULHQWDWLRQ D
LQGXFH DQ XSZDVK DQJOH ,W LV EHFDXVH Rl WKHVH WKUHH IDFWR
VHSDUDWLRQ RQ WKH ZLQJV LV UHGXFHG RYHU WKH DQJOH RI LQFL
WHVWHG LQ LVRODWLRQ ZRXOG GHPRQVWUDWH IORZ VHSDUDWLRQ R
SRVVLEOH WR KDYH IORZ VHSDUDWLRQ RQ VXFK ZLQJV DW WKH KLJ
XSZDVK LQGXFHG E\ WKH UHDU ZKHHOV GLIIXVHU DQG WKH ORZHU ZL
UHGXFH VHSDUDWLRQ LV QRW ZHOO GRFXPHQWHG GXH WR WKH VHFL

$ WASLFDO ) O FDU ZLWK WKH DIRUHPHQWLRQHG DBR&RG\QDPLF Gt

WR &KRI DQ ) O FDU FDQ YDU\ IUR® JUHWWHU WKDQ XQLW\ L
SRVVLEOH EHFDXVH RI WKH URWDWLQJ ZKHRKROD Gi&S VG WRUWKH DL
GHSHQGLQJ RQ ZKHWKHU ORZ KLJK RU PHGLXP GRZQIRUFH FRQILJXLU
GHSHQGVY RQ WKH WUDFN RQ ZKLFK WKH FDU LV UXQ

5HDU :LQJV O5HJLRQ RI )RFXV

:LWK WKH GHDWKV RI 5RODQG 5DWJHQEHUJHU DQG $\UWRQ 6HQQD L
D VHULHV RI UXOHV DLPHG DW UHGXFLQJ GRZQIRUFH 2QH RI WKH DI



JLIXUH JORZV DURXQG JHQHULF RSHQ ZKHHO UDF



WV OHQJWK ZDV VLJQLILFDQWO\ UHGXFHG DQG WKH VL]H RI DQ\ VH:
FUHDWHG RQ LW ORVW RI WKH GRZQIRUFH JHQHUDWHG E\ D PRYL
WKH IORRU EXW LW ZDV LPPHGLDWHO\ REYLRXV WKDW WKH UHDU .:
GHFUHDVH WKH GRZQIRUFH GHILFLW 2QH RI WKH HDUO\ VROXWLRQ
WKH UHDU ZLQJ DVVHPEO\ ZLWK VRPH WHDPV VSRUWLQJ UHDU ZLQJ
WZHOYH %XW WKLV QHZ LQQRYDWLRQ ZDV TXLFNO\ DGGUHVVHG E\ W
WKDW WKH UHDU ZLQJVY EH DEOH WR ILW LQ D YROXPRPWKDW LV Gt
OHQJWK RI PP DQG D KHLJKW RI PP 7KH KLJK GRZQIRUFH ZL!
WHDPV ILOO WKLV YROXPH W LV QRZ PRUH GLIILFXOW DQG LQ VRF
KLIJK OHYHO RI GRZQIRUFH UHTXLUHG DW WUDFNV IRU ZKLFK LW ZRXC
ZLQJ LV HVVHQWLDOO\ D WULPPLQJ GHYLFH DQG WKDW IRU WKH WLF
WKH PD[LPXP SRVVLEOH GRZQIRUFH WKH RQO\ ZD\ WR LQFUHDVH G
FROQOWULEXWLRQ RI WKH UHDU ZLQJV &RQVLGHULQJ WKH UXOHV WKL
LQFUHDVH LQ ZLQJ ORDGLQJ ,W LV IRU WKLV UHDVRQ WKDW WKH KL
LV WKH IRFDO SRLQW RI WKLY UHVHDUFK

,Q WKH H[SHULPHQWDO ZRUN RI ,QQHV DQG WKH H[SHULPHQ\
FRQGXFWHG E\ /HZLQJWRQ WKH DSSOLFDWLRQ RI DQ $-9* DUL
V\VWHPV ZDV XVHG WR LQFUHDVH OLIW DQG GHFUHDVH GUDJ ,Q W
SRZHUHG E\ SUHVVXULVHG DLU 7KH XVH Rl $-9*V RQ DQ ) O KLJK C
PRVW OLNHO\ GHSHQG RQ D UDP DLU V\VWHP W ZDV WKH LQWHQWL
ZKHWKHU D UDP $-9* VAIVWHP FRXOG SURGXFH D VLPLODU LPSURYHPH
KLIJIK GRZQIRUFH UHDU ZLQJV

$ VWXG\ RI LVRODWHG UHDU ZLQJV FRQVWLWXWHY D YDOLG DSSUR
RQ WKH ERXQGDU\ OD\HUV DERXW WKH KLJK GRZQIRUFH V\VWHP 7]
RQVHW IORZ LV LUUHOHYDQW 7KLV LQFOXGHV WKH YHU\ GLIITHUHQW
ZLQJV LQ VLWX EHKLQG WKH FDU DQG WKH VDPH ZLQJV DV XVHG LQ W
WKH ERXQGDU\ OD\HU RQ DQ\ RI WKHVH ZLQJV LV VHSDUDWHG WKHQ
ZRUN $-9*V VKRXOG EH DEOH WR GHOD\ RU HOLPLQDWH WKLV VHSD
LQFUHDVH WKH GRZQIRUFH

7KH DELOLW\ RI $-9*V WR HIIHFW LPSURYHPHQWY KDV EHHQ ZHOC
SHULPHQWY ZKHUH WKUHH GLPHQVLRQDO IORZ ILHOGYV SHUVLVWHG G
QRPLQDO WZR GLPHQVLRQDO IORZV 7KH DELOLW\ RI WKH $-9*V W|
KLIJKO\ WKUHH GLPHQVLRQDO VHSDUDWHG UHJLRQV DQG LQFUHDVH
DSSOLFDWLRQ WR WKH KLJKO\ WKUHH GLPHQVLRQDO IORZV H[SHULH!



JLIXH +LJK GRZQIRUFH PRGHO GLPHQVLRQHG LQ PL



5HVROYLQJ $HURG\QDPLF )RUFHYV

,Q RUGHU WR FRPSXWH WKH PHDVXUHG DQG SUHGLFWHG DHURG\QDP
GRZQIRUFH PRGHOV QXPHUL&BOHUMKAAHWHD WHROR'URHG EDVHG RQ WKH
SHULPHQWDO DQG SUHGLFWHG SUHVVXUHV 7KLV SURFHGXUH LQYROY
DVVHPEO\ FKRUGY DQG WKHLU RULHQWDWLRQ ZLWK UHVSHFW WR WKI
XUH VKRZV WKH LQGLYLGXDO ZLQJV ZLWK WKHLU UHVSHFWLYH FKI
D[HV $VVXPLQJ D WZR GLPHQVLRQDO SUHVVXUH GLVWULEXWLRQ ZH
D[LDO IRUFH FRRDODOQBLBDGWYQJ RQ DQ DHURIRLO WKDW DUH SHUSHQGLTH
WR LWV FKRUG OLQH 7KH\ FDQ EH H[SUHVVHG DV IROORZV

&Q - &SX &%0 G
DQG

~Xe
ZKHUEBXDQ@&SLDUH WKH XSSHU DQG ORZHU VXUIDFH SUHVVXUH FRHII
SUHGLFWHG RQ WKH DHURIRLO 7KH OLIWF DOIQUGH GJUHD B URRHI | WFR HWY WHY/
IUHHVWUHDP GLUHFWLRQ 7KH T LV SHUSHQGLFXODUFWRY WKH TUHH\

SDUDOOHO WR WKH I[UHHVWUHDP GLUHFWLRQ )LJXUH VKRZV WKDYV
GRZQIRUFH V\VWHP DV D ZKROH ZH FDQ ZULWH

FL  &FQRD/ 3 &[VLY

&G &[FRV &QLW

5HIHUULQJ WR )LJXUH ZH VXP WKH QRUPDO DQG D[LDO IRUFHV RC
IObDS HOHPHQWY WR DUULYH DW WKH OLIW DQG GUDJ IRUFHV IRU WKH
HTXDWLRQV ZKHUH WKH VXEVFULSWV "Ppu “"Ypu "Ilp DQG "Dp UHSUHVH
HOHPHQWY DQG WKH DVVHBPOMHSDHDREWMUWKH DVVHPEO\ DUHD ZKL|
WZR GLPHQVLRQDO FDVH LV VLPSO\ WKH DVVHPEO\ FKRUG

&0 3>& QP $R62/MqQ & ;PSPVLRAQUQ
& QYSFRD/Y & ;9% 9V LMY

&QI $FRVI &[I$IVLQDI" $D

&G 3 ?2&[UQ $ &B6;:P 7&QUQSHALQP
a?a& @y FRM\ l&iLy AVLAFA

&[1$1 FRVDg&Qis IVLQD\@ $D



1RWH $00 DQJOHV DUH PHDVXUHG ZLWK UHVSHFW WR JORE

*OREDO &RRUGLQDWH 6\VWHP

JLIXUH %DVLV IRU DHURG\QDPLF IRUFH UHVROX



,QWKHLU QXPHULFDO DQG H[SHULPHQWDO ZRUN RQ KLJK OLIW DHURIF
IRXQG WKDW WKH FRPSXWDWLRQ RI GUDJ WKURXJK WKH LQWHJUDWL
HUURU E\ DV PXFK DV HYHQ WKRXJK ERWK WKH SUHGLFWHG SUH\
WULEXWLRQV FDQ VKRZ H[FHOOHQW DJUHHPHQW ZLWK H[SHULPHQWYV
VPDOO HUURUV LQ WKH VXUIDFH SUHVVXUH FDQ&BDQGXFH GKDODWLYH
LV HVSHFLDOO\ WUXH Rl WKH OHDGLQJ DQG WUDLOLQJ HGJH DUHDV
KLIKHVW

OHDVXUHPHQWY ZLWK WKH ZDNH UDNH ZRXOG KDYH DOORZHG WKH
WKH LQWHJUDWLRQ Rl WKH PRPHQWXP ORVV GRZQVWUHDP RI WKH K
ZRUN RQ KLJK OLIW PRGHOV ,QQHV DQG /HZLQJWRQ VXFFt
LQWHJUDWLRQ WHFKQIKEXHXWIRQ H WK BMIFHULPHQWY FRQGXFWHG ZL)\
GRZQIRUFH ZLQJ LW ZDV QRW SRVVLEOH WR XVH WKH ZDNH UDNH SUI
WR VHYHUH EXIIHWLQJ DW PRVW DQJOHV RI LQFLGHQFH ,W LV KLJK
ZRXOG KDYH VXUYLYHG DQ\ SURORQJHG WHVWLQJ 'XH WR D ODFN
WR PDNH WKH QHFHVVDU\ PRGLILFDWLRQV UHTXLUHG WR LQFUHDVH
VWUXFWXUH

,QQHV DQG /HZLQJWRQQDV XWWBUPLQHG E\ (TXDWLRQ D
HVWLPDWH RI WKH XVHIXO DHURG\QDPLF IRUFH JHQHUDWHG E\ WKH |
&QLV OHVV DIIHFWHG E\ QXP&[U LFEIDY HIRWR XW MEBWHADRVHGHULYHG
IURP WKH LQWHJUDWLRQ RI VXUIDFH SUHVVXUHV DUH LQYROYHG LQ |
DXWKRU LQFOXGHV&WHKBABWHURKHRI SURYLGH VRPH LQVLJKW LQWR WKI
WUHQGV RI WKH KLJK GRZQIRUFH ZLQJ

2EMHFWLYHYV

7KH DLP RI WKLY UHVHDUFK ZDV WR LQYHVWLJDWH WKH XVH RI D DI
GRZQIRUFH ZLQJ DQG WR HIIHFW DQ LPSURYHPHQW LQ LWV SHUIRUPD
OLIW FRHIILFLHQW 7KH UHVHDUFK IRFXVHG RQ WKH DQJOHV RI LQFLC
EHJDQ WR GHFUHDVH GXH WR IORZ VHSDUDWLRQ 7KLV DQJOH ZDV G

f WKURXJK QXPHULFDO PRGHOV DQG H[SHULPHQWY 7KH KLJK GRZ
UHVHDUFK GLIIHUV VLIJQLILFDQWO\ IURP WKRVH GLVFXVVHG LQ PRVW
LQ WKDW LW KDV QR OHDGLQJ HGJH VODW ,W FRQVLVWY RI D PDLQS
DQG LV LOOXVWUDWHG LQ )LIXUH

7KH VHFRQGDU\ REMHFWLYHV RI WKLY UHVHDUFK ZHUH WR HVWDE
SURFHVVLQJ VRIWZDUH 1DYLHU 6WRNHV &)' FRGH DQG SRVW SURFH



WKIDRZVY DERXW WKHVH ZLQJV 6XLWDELOLW\ ZDV GHWHUPLQHG
VSHHG DQG KRZ ZHOO WKH YDULRXV VRIWZDUH SDFNDJHV KDQG
HISHULHQFH zZDV DOVR JDLQHG LQ WKH XVH RI VXSHU FRPSXWt
SURFHVVLQJ SKDVHV RI WKH QXPHULFDO HIIRUW



&KDSWHU

ODWKHPDWLFDO ORGHO

*ULG *HQHUDWLRQ

,Q RUGHU WR SHUIRUP D QXPHULFDO VLPXODWLRQ RI D IOXLG IORZ R
WKH YHORFLW\ DQG SUHVVXUH E\ VROYLQJ WKH DOJHEUDLF IRUP RI
GLVFUHWH SRLQWV ZLWKLQ WKH FRQILQHV RI WKH IORZ GRPDLQ W
JHQHUDWLRQ ZKLFK ZLOO EH WKH IRFXV RI WKLV VHFWLRQ ,W LV WK
RI WKH HIWHQW RI WKH IOXLG GRPDLQ WKH ERXQGDU\ FRQGLWLRQV
$ QXPHULFDO IOXLG IORZ VLPXODWLRQ FDQQRW EH SRVHG ZLWKRXW

,& (0 &) D *UDSKLF 8VHU ,QWHUIDFH *8, EDVHG GHGLFDWEF
JHOQHUDWRUV ZDV XVHG WR FUHDWH DOO WKH PHVKHVY SUHVHQWHG
VXSSRUWHG E\ ,&(0 6\VWHPVY 7KHUH DUH WZR PDLQ UHDVRQV IRU WKF
&)’ DV WKH SUH SURFHVVRU )LUVW ,&(0 &) FDQ SURGXFH JU
HDVH ,QLWLDOO\ WKH SDQHO PHWKRG IURP $QDO\WLFDO OHWKRGYV
WR EH XVHG LQ FRQMXQFWLRQ ZLWK D 1DYLHU 6WRNHV FRGH $IWH
&); LV ZULWWHQ DQG VXSSRUWHG E\ &); QWHUQDWLRQDO %RWK
RZQ SUH SURFHVVRUV WKH XVH RI ZKLFK ZRXOG KDYH FUHDWHG D G
YLUWXHV RI ,&(0 &) LV WKDW LW FDQ FUHDWH JULGV IRU VHYHUL
ZRUNORDG (YHQWXDOO\ LW ZDV GHFLGHG WR IRUHJR WKH XVH RI 9
PRGHO WKH DLU MHWV EXW HYHQ ZLWK MXVW RQH FRGH EHLQJ XVHG
SUH SURFHVVLQJ WRRO RI FKRLFH

JRXU PRGXOHV ZLWKLQ ,&(0 &) ZHUH XVHG WR FUHDWH WKH
FDVHV 7KH\ ZHUH "1 3 &XEH J/HR DQG WKH &); WUDQVODWRU "'
DLGHG GHVLJQ &$' SDFNDJH 3 &XEH LV DQ REMHFW RULHQWHG S
WRRO ZKLFK SHUIRUPV IXQFWLRQV RQ WKH &$%$' JHRPHWU\ VXSSOLH



VRNVZDUH /HR LV D JULG DQDO\WLVY WRRO ZKHUH WKH XVHU LV D
VWUXFWXUHG DQG XQVWUXFWXUHG JULGY SURGXFHG E\ 3 &XEH |

LQ ,&(0 &) 7KH JULGY FUHDWHG E\ 3 &XEH DQG WKRVH PRC
LQ D SURSULHWDU\ ELQDU\ IRUPDW 7KH &); WUDQVODWRU FR
WKDW LV UHDGDEOH E\ WKH &); VRIWZDUH

, & (0 &)' "1 &RPSXWHU $LGHG 'HVLJQ 6RIWZDUH

7KH JULG JHQHUDWLRQ SURFHVV RULJLQDWHYV ZLWK D GLJLWDO
,QLWLDO *UDSKLFV ([FKDQJH 6SHFLILFDWLRQ ,*(6 7TKH ,*(6 VW
SURGXFW GHILQLWLRQ GDWD VXFK DV GUDZLQJY EHWZHHQ GL
&RPSXWHU $LGHG ODQXIDFWXULQJ &%$' &%0 V\WVWHPV W LV P
6WDWHYVY 3URGXFW 'DWD $VVRFLDWLRQ 7KH ,*(6 ILOHV XVHG |
WKH ,¥(6 86352 ,32 022 VWDQGDUG 7KLV ILOH ZDV FRSLH
VRIWZDUH ZKHUH WKH DHURIRLOV WKHPVHOYHV ZHUH SUHVHQW
185%6 7TKHVH ZHUH XVHG DV WKH EDVLV IRU FUHDWLQJ DQ\ 185
WR UHSUHVHQW WKH ZLQJV 7KH ZLQJV LQ VLWX LQ WKH ZLQG
DQG WKHVH GDWD ZHUH XVHG WR FUHDWH D YLUWXDO WXUQWDE
WKH H[SHULPHQWYV 7KLV WXUQWDEOH IDFLOLWDWHIG HQRWKDQJ
5DQJH 3KRWRJUDPPHWU\ ZDV HPSOR\HG WR ORFDWH WKH VWDW
7KHVH GDWD ZHUH DOVR LQSXW IURP DQ ,*(6 ILOH )LQDOO\ ''1
RI WKH ZLQG WXQQHO WHVW VHFWLRQ $00 RI WKH DERYH ZHUH
IRXU GHFLPDO SODFHV ZLWK KLJKO\ UHILQHG 185%6 VSOLQHV DC

,& (0 &)'" 3 &XEH OHVKLQJ 6RIWZDUH

3 &XEH ZDV XVHG WR G\QDPLFDOO\ EXLOG WKH EORFN VWUXFW
JHRPHWU\ SURGXFHG E\ "1 7KH WRSRORJ\ SURGXFHG LV EDVHC
YHUWLFHV HGJHV IDFHV DQG EORFNV 7ZR YHUWLFHV FDQ EH X
RI WZR HGJHV DUH QHHGHG WR FUHDWH D IDFH DQG D PLQLPX
FUHDWH D EORFN ,Q WKH ODVW WZR LQVWDQFHV WKH UHPDLQL
VRIWZDUH WR KDYH WKH QHFHVVDU\ IRXU HGJHV IRU D IDFH DQG
7KH (ULNVVRQ RU +HUPLWH 2UWKRJRQDO WUDQVILQLWH LQWH!
3 &XEH IRU WKH FUHDWLRQ RI IDFLDO DQG GRPDLQ JULGV 7KH\
LQ 7KRPSVRQN :DDWWLQ DQG WKH :HKQHU ,Q DGGLWLR
7KRPDV OLGGOHFRII VFKHPHV DUH DYDLODEOH IRU IDFLDO DQG



WKHULG FUHDWLRQ DQG UHOD[DWLRQ RSWLRQV FDQ EH FRPELQHG :l
DXWRPDWLFDOO\ JHQHUDWHY WKH VXUIDFH PDSSHG JULGV IURP WKH
7KH XVHU KDV D VLJQLILFDQW DPRXQW RI FRQWURO RYHU WKH ILQD
QRGHYVY ZHUH FUHDWHG DFFRUGLQJ WR WKH GHIDXOW (ULNVVRQ VFK
GHIDXOW (ULNVVRQ LQWHUSRODWLRQ VFKHPH XVHG IRU WKH IDFHV

'LWK WKH H[FHSWLRQ RI SHULRGLF ERXQGDULHV DOO W\SHV RI I
FRXOG EH DVVLJQHG E\ 3 &XEH QDPHO\ LQOHWY RXWOHWY SUHVVXU
DQG ZzDOOV 7KLV VWHS ZDV DV VLPSOH DV VHOHFWLQJ WKH UHOHYDQ
ERXQGDU\ W\SH WR LW

/HR

/IHR ZzDV XVHG WR H[DPLQH WKH TXDOLW\ RI WKH JULGYVY JHQHUDWHG
FDVHV WR DFWXDOO\ LPSURYH LW )RU WKH PRVW SDUW LW ZDV X
WKURXJK WKH H[DPLQDWLRQ RI WKH GHWHUPLQDQWY DVSHFW UDWLF
/IHR ZDV XVXDOO\ XVHG WR SHUPXWRINDQGWDAMWIROWKIHWKH JULGV WR
D ULJKW KDQGHG FR RUGLQDWM YNAWHRRI VZ LSDK WKHHO WR WKH [ \ DQ
)LQDOO\ WKLV PRGXOH zZDV XVHG WR YHULI\ WKH ERXQGDU\ FRQGLW
GLVFXVV VRPH IHDWXUHV RI /HR DQG KRZ WKH\ ZHUH XVHG LQ WKHFE
7KH GHILQLWLRQV Rl WKH SDUDPHWHUV XVHG WR DQDO\WH WKH JULCG
GLVFXVVHG LQ WHUPV RI KHI[DKHGUDO HOHPHQWY DV WKH\ DUH WKH R
FDOFXODWLRQV SUHVHQWHG

(OHPHQW -DFRELDQ

,&(0 &)' XVHV D QRQ VWDQGDUG PDWKHPDWLFDO GHILQLWLRQ RI WK
PDOLVHG PHDVXUH Rl DQ HOHPHQW:V YROXPH ,W LV XVHG WR DQDO
DKHGUDO HOHPHQWY LQ VWUXFWXUHG YROXPH PHVKHV RU OLQHDU T
PHVKHV 7KH DOJRULWKP LV ¢LV IROORZV

&DOFXODWH WKH -NFRELWRM $ MDQRQLFDO SRLQWYV RI WKH WUL OLC
HOHPHQW IRU M N DQG *LYHIQ SV@&H LPDW BHWS LF$ RU LQQH
SURGXFW LV

$ PD[ 6 s$L $

PD[ DK DPDAL D?D D !f D D



7KH YDOXH P LV GHWHUPLQHG VXFK WKDW

B P8 $* M $ MBLL NP[L AP|

PG; $LMN = _$4 LAMP[L NP[& AP[ - Xe

7KH PD[LPXP LV WANHQ RYHU WKH FDQRQLFDO SRLQWV VXFK WK

77,;, $ MP[ NP[ OP][

7KH -DFRELDQ LV WKHQ GHILQHG DV 3P

(OHPHQW 'HWHUPLQDQW

,&(0 &)' XVHV D QRQ VWDQGDUG PDWKHPDWLFDO GHILQLWLRQ F
QRUPDOLVHG PHDVXUH RI DQ HOHPHQW: .V YROXPH DQG LV FRPS
GHULYHG IURP WKH HOHPHQW:V -DFRELDQ PDWUL[ )RU DQ LGHEC
RI WKH -DFRELDQ LV WKH VDPH DW DOO IRXU FRUQHUV

.l ZH FRQVLGHU WKH VXE UHJLRQ RI D EULFN HOHPHQW WR EH
VLJQ RI DQ\ LQQHU YROXPH LV GHWHUPLQHG E\ WKH VLJQ RI W
,Q WKH FDVH Rl DQ HOHPHQW ZLWK DOO VLGHV SDUDOOHO WR H
SRVLWLYH GHWHUPLQDQW FRUUHVSRQGV WR D FHOO WKDW KDV
QHJDWLYH GHWHUPLQDQW LV JLYHQ E\ D FHOO WKDW SRVVHVVH!
RFFXU ZKHQ D FXEH LV GHIRUPHG E\ PRYLQJ RQH FRUQHU WRZD
LV QR ORQJHU FRQYH[ 7KH HTXDWLRQV DQG DOJRULWKP IRU FI
IROORZV

&DOFXODWH WKH -DFRELDQ IRU FDQRQLFDO SRMEWV RRIUD WL
M N J)LQG WKH SRLQW M ®HW ZMH WCH DVFKH HYDHOVX B PD[LP X
7KH TXDQWLW\ P[ LV WRHQPEIHILGH® D¥ M, INPP @ WKHQ WKH FI
LV HPSW\ DQG WKH GHWHUPLQDQW LV JHUR DV ZHOO 7KH YDOX}

p pp[ ® MN OPI
P
7KH GHWHUPLQDQW LV JLYHQ E\ WKH TXDQWLW\ sP DQG LV

VFDOLQJ DQG URWDWLRQ RI WKH FHOO 7ZR GLPHQVLRQDO FHOC
ZKHUH P[ LV GHILQHG DV

P[ PD[ ?MN _

7TKH TXDQWLWN _ LV WKH VTXDUHG QRUP RI WKH QRUPNORAWHFWRI
M DQG N 7ZR GLPHQVLRQDO HOHPHQWY DOVR GLIIHU IUF



HIDUGYV WR WKH TXDQWLW\ LQ JLYHQ E\

1 - MP[L NIL -
P PDJ i[ [ o

7KH PD[LPXP LV WDNHQ RYHU WKH FDQRRLFDOM®PRINPWYV "NKAXFK WKDW
WZR GLPHQVLRQDO GHWHUPLQDQW LV WKHQ GHILQHG DV

(OHPHQW $VSHFW 5DWLR

7KH DVSHFW UDWLR LV GHILQHG WR EH WKH UDWLR EHWZHHQ GLDJR
KHGUDO DQG TXDGULODWHUDO HOHPHQWY W LV WKH UDWLR VKRUMW

6NHZQHVV

,Q WKH FDVH RI KHI[DKHGUDO HOHPHQWV WKH VNHZQHVV LV FDOFXODV
IDFHV DQG FRPSXWLQJ WKH QRUPDOV 7KH PD[LPXP YDOXH LV WKHQ
YDOXHV VR WKDW D YDOXH RI JHUR FRUUHVSRQGV WR SHUSHQGLFX
FRUUHVSRQGV WR SDUDOOHO IDFHV

&); OHVKLPSRUW

&); OHVKLPSRUW ZDV XVHG WR UHEORFN WKH JULGVY FUHDWHG E\ ,&
WZR GLPHQVLRQDO FDOFXODWLRQV DQG DOO RI WKH WKUHH GLPHQV
LQ SDUDOOHO 7KH SDUDOOHO FRGLQJ RI &); GHPDQGHG WKH XV
GRPDLQ RSWLPLVDWLRQ

7KH FRGH FUHDWHY WKH ODUJHVW EORFNV SRVVLEOH WR UHGXFL!
RULHQWY WKHVH EORFNV LQ VXFK D ZD\ WKDW WKH ILUVW GLUHFWI
IRU LPSURYHG FRPSXWDWLRQDO HIILFLHQF\ LQ WKH VROXWLRQ SUF
PDFKLQHYV ZLWK D YHFWRU DUFKLWHFWXUH 7KH DOJRULWKP DOVR \
VDPH QXPEHU RI FHOOV DV WKLV KHOSV LQ PDLQWDLQLQJ DQ HYHQ E
LQ D PXOWLSURFHVVRU VROXWLRQ UXQ

7KH FRQYHUVLRQ SURFHVV FUHDWHYV D FRQQHFWHG VWUXFWXUHG
DQG VKDSH RI HDFK EORFN LV PRGHO VSHFLILF DQG GHSHQGV RQ W
FUHDWHG E\ VWDUWLIQURPELWKHY%FHCFON ZMWD BHCOH DQG WKHQ FHOOV
DUH H[DPLQHG IMDW&HUHFWLRQV ,I DQ REVWUXFWLRQ LV HQFRXQWH
GLUHFWLRQ WKHQ WKH FRGH VWRSV JURZLQJ FHOOV LQ WKDW GLU
FRXOG EH WKH HQG RI D EORFN RU D ZzDOO $ QHZ EORFN LV VWDUW



GCUHFWLRQV KDV EHHQ FRPSOHWHG LQ WKH SUHYLRXV EORFN
XQDIIHFWHG E\ WKH UHEORFNLQJ SURFHGXUH

'LWK WKH FRPSOHWLRQ RI WKH EORFNLQJ SURFHGXUH WKH
DWHG WR VSHFLI\ WKH FRQQHFWLYLW\ RI WKH QHZ EORFNYV A
ERXQGDU\ FRQGLWLRQV VROLG RU SRURXV UHJLRQV DQG UHJLI
LV WKHQ WUDQVIHUUHG WR WKH UHEORFNHG PRGHO 7KLV LQIRL
EHORQJLQJ WR D VSHFLILF JURXS 7KH QHZ RSWLPLVHG JULG L
LEQDO FHOO DQG EORFN VWUXFWXUH FUHDWHG ZLWK ,&(0 &)

UHVSHFWLYHO\ IRU WKH KLJK OLIW PRGHO DW f LQFLGHQFI
UHEORFNHG JULG DV PRGLILHG E\ &); OHVKLPSRUW FRPSULVHYV
LQ )LIJXUH



JLIXH &HOO VWUXFWXUHIDQGfGLVWULEXWLRQ

J)LIXUH %ORFN VWUXFWXUH FUHDWHG fLQ ,&(0 &)






*RYHUQLQJ (TXDWLRQV

7KH IORZV FRQVLGHUHG LQ WKHVH LQYHVWLIJDWLRQV ZHUH PRGHOOI
DQG LQFRPSUHVVLEOH ZLWK DLU DV WKH I10XLG 7KH\ DUH 1HZWRQL
DQG DV VXFK FDQ EH GHVFULEHG PDWKHPDWLFDOO\ E\ WKH 1DYLHU 6
GHILQLWLRQ RI WKH 1DYLHU 6WRNHV HTXDWLRQV HQFRPSDVVHV WKH
IORZ DV ZHOO DV WKH FRQWLQXLW\ DQG HQHUJ\ HTXDWLRQV ,QLWLDC
ZHUH VR QDPHG DV GLVFXVVHG LQ $QGHUVRQ - ' -U 7KH PRUFE
WKH 1DYLHU 6WRNHV (TXDWLRQV DUH WKH YLVFRXV PRPHQWXP HTXELC
7KLV LV GRQH EHFDXVH WKH IORZV SUHVHQWHG KHUH DUH FRQVLGHU
GLPHQVLRQDO FRQVHUYDWLRQ IRUP RI WKH 1DYLHU 6WRNHV (TXDWL

WR 7KH\ GHVFULEH WKH FRQVHUYDWLRQ RI OLQHDU PRPHQW)
Y DQG Z DUH WKH [ \ DQG ] FRPSRQHQWY RI YHORFLW\ 7KH SUHV
UHSUHVHQWY WKH QRUPDO DQG VKHDU VWUHVV WHURM OGHSHQGLQJ |
DQ@;)DUH QRUPDO VWUHVVHYV U[TRBGVMHUBBWHVHQW WKH VEHDU VWUHYV
LV GHQVLW\ ID@®G] bUH WKH ERG\ IRUFHV RQ WKH IOXLG HOHPHQW
GLUHFWLRQV 7LPH LV GHQRWHG E\ W
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GW C G]
GU GU\ GU
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(TXDWLRQYV DBGDWH WKH QRUPDO VWUHVVHV LQ WKH IOXLG WR

DQG WKHUHIRUH WKH UDWH RI VKHDULQJ LQ WKH IORZ (TXDWLRQV
VKHDU VWUHVV WR WKH YLVFRVLW\ DQG WKH FURVV FRPSRQHQW YHO
H[SHULPHQWY SHUIRUPHG E\ 16V RNRHMOXQ GVRQ
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(TXDWLRQ EHORZ LV WKH FRQWLQXLW\ HTXDWLRQ ZKLFK GH
DQG LV XVHG DV D FRQVWUDLQW RQ DQ\ 1DYLHU 6WRNHV IOXLG

Y A R

7KHVH HTXDWLRQV UHSUHVHQW WKH QHFHVVDU\ WUDQVSRUW HT
VROYHG EHFDXVH WKH IORZ LV PRGHOOHG DV LVRWKHUPDO $
DYHUDJLQJ RI WKH 1DYLHU 6WRNHYV HTXDWLRQV LQWURGXFHV D
FRQFHSW RI D WXUEXOHQFH PRGHO ZKLFK LV GLVFXVVHG LQ
DGGLWLRQDO WHUPV



TXUEXOHQFH ORGHOOLQJ

,Q WKHRU\ D GLUHFW VROXWLRQ RI WKH 1DYLHU 6WRNHV HTXDWLRQ'
WR WKH OLPLWDWLRQV RI PRGHUQ FRPSXWHUV WKLV LV QRW \HW L
EHFDXVH WKH DPRXQW RI FRPSXWHU PHPRU\ DQG GLVN VSDFH LV W
OLPLWDWLRQV GLG QRW H[LVW WKH HQYLVLRQHG SUREOHP VWLOO
DSSURDFKLQJ D UHDVRQDEOH WLPH 'LUHFW QXPHULFDO VLPXODWLR
5H\QROGV QXPEHU IORZV ZLWK VLPSOH JHRPHWULHV EXW VXFK IOR:
RQO\ 7KH URRW RI WKLV LQDELOLW\ OLHVY ZLWK GLVFUHWLVDWLRQ |
EH HIWUHPHO\ GHQVH WR FDSWXUH WKH QDWXUH RI WKH IORZ LQ L\
OHQJWK VFDOHV WDh@HEMHVPDOOHU WKDQ WKH FKDUDFWHULVWLF OHQJ
7R UHVROYH WKH IHDWXUHV RI WKH WXUEXOHQW HGGLHV RI WKLV )\
UHTXLUH DW PLQUPX® SRLQWYV )RU WKH WLPH EHLQJ WXUEXOHQFH
DGGUHVV WKLV LVVXH DQG WKH\ DULVH IURP DQDO\WLFDO PHWKRGYV \
\HDUV DJR

$GRSWLQJ D VWDWLVWLFDO DSSURDFK 2VERUQH 5H\QROGV SURS
VFULELQJ WXUEXOHQW IORZV EH FRQVLGHUHG LQ WHUPV RI PHDQ DQ
PHDQ FRPSRQHQWY DUH DYHUDJKWG RYWHDDVWIMW B RMFDIKHQ FRPSDUH
WKH WXUEXOHQW IOXFWXDWLRQV EXW VPDOO UHODWLYH WR WLPH VF
WKH JHQHULF YHOSUBIEQHG LQ WHUPV RI LWV PHDQ DQGHFRX®G®W XDWLQJ
EH D YHFWRU RU VFDODU TXDQWLW\ DQG LQ VR EHLQJ LW LV UHSUH\
VFDODUV ZKLFK DSSHDU LQ WKH JRYHUQLQJ HTXDWLRQV (TXDWLRQ
5H\QROGV WLPH DYHUDJLQJ IRU WKH TXDQWLW\

ZKHUH WKH PHDQ TXDQWLW\ LV GHILQHG DV
I W
W ! U WIGW

5H\QOGYVY DYHUDJLQJ KDV WKH IROORZLQJ SURSHUWLHYV

D D ZKHUH D DQG E DUH FRQVWDQWYV

+ ZKHUH -\ ]



)RU DQ\ JHQHUDO FDVH WKH WLPH DYHUDJHG H[SUHVVLRQV IR
SUHVVXUH WHPSHUDWXUH DQG VSHFLHV ZKHQ VXEVWLWXWHG L
GLVWULEXWLRQ RI PHDQ TXDQWLWLHV LQ WKH IORZ 7KHVH DUH |
LQWHUHVW +RZHYHU E\ XVLQJ WKLV VWDWLVWLFDO DSSURDFK
FRQVWLWXWH D FORVHG V\VWHP EHFDXVH RI H[WUDSWHWMRI W D O (
UHSUHVHQW WKH WUDQVSRUW RI PHDQ PRPHQWXP GXH WR WXL
IOX[HV B X ®OVR DSSHDU 7KH\ UHSUHVHQW WKH WUDQVSRUW R
PRWLRQ

7KH 5H\QROGYV $YHUDJHG ORPHQWXP (TXDWLRQV FDQ RQO\ EH
FRUUHODWLRQYDXESAKDDY GHWHUPLQHG ([DFW HTXDWLRQV IRU W
EXW WKHVH WHUPV LQFUHDVH FRPSOH[LW\ RI WKH SUREOHP EHF]
FRUUHODWLRQV 6RPH IRUP Rl HPSLULFDO FRUUHODWLRQ LV QHF
DQG WKLV LV SURYLGHG E\ D WXUEXOHQFH PRGHO 7KH FRQFHS\
K\SRWKHVHVY DERXW WXUEXOHQW SURFHVVHV DQG WKH\ LQ WXUC
RI FRQVWDQWY RU IXQFWLRQV ,W LV DOVR QHFHVVDU\ WR QRW
SURFHVVHV GLUHFWO\ RQO\ WKHLU HIIHFWV RQ WKH PHDQ IORZ

NH 7XUEXOHQFH ORGHO

7KH NH WXUEXOHQFH PRGHO LV D WZR HTXDWLRQ WXUEXOHQFH
K\SRWKHVLV ILUVW SRVHG E\ %9RXVVLQHVT ,W SUHVXPHV WKDW
EH GHILQHG ZKLFK LV SURSRUWLRQDO WR WKH IOXFWXDWLQJ Y
WKH WASLFDO OHQJWK VFDOH RI WKLV PRWLRQ ,Q WKLV PRGHC(
YLVFRVLW\ LV JLYHQ E\

,+ &AI/ZS

7KH WUDQVSRUW HTXDWLRQV IRU WXUEXOHQW NLQHWLF HQHUJ
WXUEXOHQW HQHUJ\ H DUH

DQG

3 LV WKH VKHDU SURGXFWLRQ JLYHQ E\

3 SHII%999 93 7 S HI#AY9 SN



ZKHUH

+HII 0 ,+

3 LV WKH WXUEXOHQW SURGXFWLRQ GXH WR ERG\ IRUFHV 7KH FRQ

WR RI WKH PRGHO ZHUH OHIW DW WKHLU GHIDXOW YDOXHV IRL
DUR? & & DQG A 7TKH WXUEXOHQW 3DBQGWO QXP
3 ZKLOH WKH WXUEXOHQW 3UDH)WG WY QXPEEHU IRU H

$
A
& &L 9&Q

W LV WKH NH PRGHO GHVFULEHG E\ WKHVH HTXDWLRQV WKDW ZDV X\

%RXQGDU\ &RQGLWLRQV

,Q RUGHU IRU D QXPHULFDO SUREOHP WR EH ZHOO SRVHG WKH ERXQ(
WR WKH IOXLG GRPDLQ $PRQJ WKH FRQGLWLRQV WKDW FDQ EH LPSR
ERXQGDULHV V\PPHWU\ DQG SHULRGLF ERXQGDULHYV

:DOOV

$W VROLG ERXQGDULHV D QR VOLS FRQGLWLRQ LV LPSRVHG RQ W
IOXFWXDWLQJ YHORFLWLHYVY DUH JHUR EXW WKH UDWH RI WXUEXOHC
ERXQGDU\ FRQGLWLRQV DUH VSHFLILHG WR WKH ZDOO WKHQ WKH J
WHJUDWHG WKURXJK WKH YLVFRXV VXE OD\HU DQG WZR SUREOHPV D
WKHUH DUH YHU\ KLJK IOXLG IORZ JUDGLHQWY SUHVHQW LQ WKLV UH
UHTXLUH D GLVSURSRUWLRQDWHO\ GHQVH JULG WR UHVROYH WKH |
H[SHQVLYH DQG WKHUHIRUH SURKLELWLYH 6HFRQG WKH YLVFRXV F}
JLRQ DQG WKH N H PRGHO EHLQJ D KLJK 5H\QROGV QXPEHU WXUEXO
UHVROYLQJ WKH IORZ ILHOGYV

$Q HPSLULFDO UHODWLRQVKLS NQRZQ DV 7KH 8QLYHUVDO /DZ RI \
WKH YHORFLW\ SURILOH IURP WKH ZDOO WR WKH IXO0O\ WXUEXOHQW
JULG FHOOV DGMDFHQW WR WKH ZDOO VKRXOG KDYH WKHLU FHQWUH'
UHJLRQ )LJXUH VKRZV WKH SURSHU ORFDWLRQ RI WKH FHOO FHC
WKH WRWDO VKHDU VWUHVV LQ WKH QHDU ZDOO UHJLRQ LV FRQVWDQ
HGGLHVY LV SURSRUWLRQDO WR WKHLU GLVWDQFH IURP WKH ZDOO

7KH ZDOO VKHDRAU LWWWRHNVYYHG VXFK WKDW

7z 3 SN?L&



/LPLW RI WKH ERXQGDU\ OD\

J)LIXUH 1HDU ZDOO UHJLRQ VKRZLQJ FHOOV DQG ERX

7KH QRQ GLPHQVLRQDO YHORFLW\ SDUDOOHO WR WKH ZDOO LQ

\ IRV WMT
X
¢, Q(\ IRU ! \ ..
,Q (TXDWLRQ WKUH®BHHWVHQWY WKH QRQ GLPHQVLRQDO GLVW
FDQ EH H[SUHVVHG DV
o gud

ZKHWHLY WKH IULFWLRQ YHORFLW\ JLYHQ DV

X7 3

(TXDWLRQ VKRZV WKDW WKH VFDOHG YHORFLW\ YDULHV OLQH
DQG WKH OLPLW RI WKH YLVFRXV VXE OD\HUK HURIWDAR GO\ X® W BUL
ORJDULWKPLF IDVKLRQV MR WBUPDQ - VNFRQVWDO®EW ZDOO URXJIKC
FRQVWDQW ( PD\ EH VHW EAIRMKNPRRWK ZDOOV

7TKH YDOXH®I(TXDWLRQ LV VROYHG LQ WKH FHOOV DGMDF
VKHDU VWUH¥Y¥WEWDLQHG IURP WKLV VROXWLRQ 7KH WXUEXOH
IURP WKH WXUEXOHQW NLQHWLF HQHUJ\ XVLQJ WKH IROORZLQJ |

F A
A

7KH FRQGLWLRQV VHW RXW E\ WKHVH HPSLULFDO UHODWLRQVKL:
ZDOO UHJLRQV EXW SUREOHPV FDQ EH H[SHULHQFHG QHDU UHJL
UHDWWDFKPHQW DQG UHJLRQV ZLWK VWURQJ DGYHUVH IORZ ILH



,QOHWYV

,QOHW ERXQGDULHV DUH 'LULFKOHW ERXQGDULHYVY ZKHUH WKH YDOXH}
WKH ERXQGDU\ DUH VHW H[SOLFLWO\ 7KH YHORFLW\ LV VSHFLILHG D
FRPSRQHQW RU WKH X Y DQG Z FRPSRQHQWY 7KH UHVXOWDQW YHC
PXVW EH QRQ JHUR VR DV WR KDYH D QRQ JHUR QHW PDVV IORZ WKUR
FRPSRQHQWY DUH IL[HG UHODWLYH WR WKH JOREDO FR RUGLQDWH
VXFK DV N DQG H PXVW DOVR EH VHW RQ WKH LQOHW ERXQGDU\

SUHVVXUH %RXQGDULHV

$ LULFKOHW ERXQGDU\ FRQGLWLRQ LV LPSRVHG RQ WKH SUHVVXUH I
DULHV )RU LQFRPSUHVVLEOH IORZV WKH SUHVVXUH FDQ EH VHW WR

6\PPHWU\ 30DQHV

$00 SDUDPHWHUYVY D[H PDWKHPDWLFDOO\ VI\IPPHWULF DFURVV VXFK ¢
YHORFLW\ QRUPDO WR WKH ERXQGDU\ DQG WKH FRPSRQHQW RI WK
5H\QROGYV IOX[ LQYROYLQJ WKH QRUPDO YHORFLW\ FRPSRQHQW DUH

SHULRGLF %RXQGDULHV

7KH SDUDPHWHUV DW RSSRVLWH VLGHV RI WKH IOXLG GRPDLQ DUH V

J)LOQLWH 9ROXPH )RUPXODWLRQ

7KH ILQLWH YROXPH PHWKRG KDV LWV EDVLV LQ WKH WUDQVIRUPDYV
1IDYLHU 6WRNHV HTXDWLRQV LQWR D VI\IVWHP RQ QRQ OLQHDU DOJHE
E\ ZKLFK DUELWUDU\ VSDFH HTXDWLRQV DQG WLPH DUH GLVFUHWLYV
DUH WKHQ VROYHG LQ D VWHDG\ VWDWH RU WUDQVLHQW PDQQHU $
WKHVLY LQYROYHV VWHDG\ VWDWH VROXWLRQV DQG WKLV EHLQJ WKF
GLVFXVVLQJ WKH PDWKHPDWLFV RI WUDQVLHQW FDOFXODWLRQV

7KH GLVFUHWLVDWLRQ RI VSDFH LV SURYLGHG E\ WKH PHVK WKD\
UHJXODU FRQWURO YROXPHV DW ZKLFK WKH DOJHEUDLF HTXDWLRQYV
HIWHQW RI WKH IOXLG GRPDLQ DQG DOORZV IRU WKH LPSRVLWLRQ R

7TKH HTXDWLRQV DUH GLVFUHWLVHG E\ UHSODFLQJ WKH DQDO\WLF
HTXDWLRQV ZLWK DOJHEUDLF H[SUHVVLRQV UHODWLQJ WKH YDOXHYV |
RWKHU



7KH WLPH GLVFUHWLVDWLRQ LV IRUPHG E\ FKRRVLQJ DQ LQWt
LOQWHUYDO LQWR VHYHUDO QRW QHFHVVDULO\ HTXDO WLPH VWt
VROYHG RYHU WKLV WLPH LQWHUYDO IRU HDFK WLPH VWHSV

6SDFH "LVFUHWLVDWLRQ

,Q WKH ILQLWH YROXPH IRUPXODWLRQ HPSOR\HG IRU WKLV UH
GLVFUHWLVHG XVLQJ D QRQ RYHUODSSLQJ IX0O0\ VWUXFWXUHG
RUGLQDWHY $ EORFN LV D WRSRORJLFDO HQWLW\ FRPSULVLQJ
SDUDOOHOHSLSHG 7KH QRGHV DUH DUUDQJHG RQ WKH HGJH RI
RUGLQDWH V\VWHP ... ... VXFK WKDW WKH DGMDFHQW QRGH
YHFWRM IN) WKHDQG .. GLUHFWLRQV $ PXOWL EORFN WRSRORJ
ZD\ WKDW WKH EORFN IDFHV DUH FRLQFLGHQW DQG WKH QHLJk
HQWLUH IDFHV

7KH XVH Rl ERG\ ILWWHG FR RUGLQDWHYV SHUPLWV WKH WUHE
GLPHQVLRQDO JHRPHWULHV DFFRUGLQJ WR 5KLH &KRZ
OLQHDU FR RUGLQDWH WUDQVIRUPDWLRQ WR PDS WKH IORZ GR
GRPDLQ LQ FRPSXWDWLRQDO VSDFH DV GHSLFWHG LQ )LJXUH
WH P [ '] LQ WKH IORZ GRPDLQ LV UHSODFHG E\ D FXUYLO]
Y 3L VR WKDW WKH ERXQGDULHV RI WKH IORZ GR®DLQ DL
ZKHUH & LV D FRQVWDQW 7KH JRYHUQLQJ HTXDWLRQV LQ WKHL
LQ UHFWDQJXODU FR RUGLQDWH VSDFH DQG WKHQ WUDQVIRUPH
WHP 7KH H[DFW GLIIHUHQWLDO IRUP RI WKHVH HTXDWLRQV DQ
UHSUHVHQW LV UHSODFHG E\ GLVFUHWH DOJHEUDLF HTXDWLRQV
H[SUHVVLRQV UHODWH WKH YDOXHV RI WKH WUDQVSRUW HTXDW|I
DUH VROYHG DW WKH FHOO FHQWUHV LQ UHFWDQJXODU FRPSX\
WUDQVIRUPHG WR WKH &DUWHVLDQ FR RUGLQDWH V\VWHP IRU
$QGHUVRQ - ' -U

(TXDWLRQ 'LVFUHWLVDWLRQ

7KH ILQLWH YROXPH PHWKRG XVHV D SLHFHZLVH FRQWLQXRXV D
HTXDWLRQV WKDW LV VROYHG RYHU HDFK FRQWURO YROXPH DQ
W LV DVVXPHG WKDW WKH SDUDPHWHUV RI LQWHUHVW YDU\ OL(¢
SLHFHZLVH YDULDWLRQ RI WKH JHEHOHUBDNOAXDXWEH GDURP HMWKHHU L QW



6\PPHWU\ 30DQH

T3
N

JLIXUH 3K\ VLFDO DQG FRPSXWDWLRQDO VSDFH &); ,QWHUQ



WKHVH HTXDWLRQV 7KH SDUDPHWHU FRXOG UHSUHVHQW WKH
LV FDOFXODWHG DW WKH FRPSXWDWLRQDO QRGHV ORFDWHG D\
FRQGLWLRQV DUH LPSRVHG DW WKH FHQWUH RI WKH ERXQGDU\
SURYLGH YDOXHV R DW D JURXS RI FRPSXWDWLRQDO QRGHYV
WKH FRQVHUYDWLRQ RI PDVV PRPHQWXP DQG HQHUJ\ 7KH FRC
VDWLVILHG RYHU DQ\ QXPEHU RI FHOOV DQG DV D UHVXOW RYH
EH FODULILHG ODWHU LQ WKLV FKDSWHU ZKHQ WKH FRQFHSW
GLVFXVVHG 7KLV FRQVHUYDWLRQ LV WUXH LQ WKHRU\ IRU DQ
D ODUJH QXPEHU RI JULG SRLQWYV 7KXV HYHQ IRU FRDUVH JU
LOQWHJUDO EDODQFHV

7KH DFFXUDF\ RI WKH QXPHULFDO VROXWLRQ LV D IXQFWLRQ
RIl HUURU DQG WKH GLVFUHWLVDWLRQ HUURU )RU D JLYHQ PCLC
GRQH DERXW WKH ILUVW HUURU VDYH WKH XVH RI D GRXEOH .
VLQJOH SUHFLVLRQ 7KH DFFXUDF\ RI WKH QXPHULFDO DSSUR]
WKH VWUXFWXUH DQG QXPEHU RI JULG SRLQWYV 7KH ILQHU W
VROXWLRQ $ ILQHU JULG UHVXOWYVY LQ WKH GLVFUHWLVDWLRQ
RI JULG SRLQWYV WHQGV WR LQILQLW\ I WKLV RFFXUV WKH Q
FRQVLVWHQW +RZHYHU SUDFWLFDOLW\ GHPDQGVY WKDW WKHU
EHFDXVH RI WKH ILQLWH FDSDFLW\ RI FRPSXWHUYV

7ZR 'LPHQVLRQDO )LQLWH 9ROXPH 'LVFUHWLVDWLRQ

$ VLPSOLILHG WZR GLPHQVLRQDO H[DPSOH DV LOOXVWUDWHG LC
WKH GLVFUHWLVDWLRQ WKHRU\ DV SUHVHQWHG LQ 3DWDQNDU
$ PRUH JHQHUDO IRUP RI WKH PRPHQWXP HTXDWLRQV SUI

LV

A Y*"8$9w! 9 1 U9

ZKHUHLY WKH UHOHYDQW HIIHFWLYH GLIIXVLYLW\ RI WKH JHQH
VRXUFH WHUP ZKLFK FRPSULVHV WKH JURXSLQJ RI DOO WHUPV \
WHUPV S QWHJUDWLQJ (TXDWLRQ RYHU HDFK FRQWURO YRO:
GRPDLQ ZH JHW WKH IROORZLQJ

y 9 9yfM[119fQ$ T9 t 79 NG$ T6 QGY

JRU D WZR GLPHQVLRQDO FDVH (TXDWLRQ EHFRPHV



&RQWURO YROXPH

JLIXUH 7ZR GLPHQVLRQDO FRQWURO YROXPH ZLWK FRPSD)

- ? SOW ,Q6[GY U9AIQSB[G\ ~ BG[G)
7DNLQJ WKH WHUPV LQGHSHQGHQWO\ ZH JHW WKH IROORZLQJ
G[G\

EHFDXVH ZH DUH RQO\ FRQVLGHULQJ VWHDG\ VWDWH FDOFXODWLRQ\
WKH FRQYHFWLRQ WHUP

- - = SXIl G SYI!
A G[G\
T2S9 ,QG[G\ o1 G\ [

T“>SX S'HZ G%»SY 0&d
SXH I BXZKS$\ SYQ MYV WV $]
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DQG ILQDOO\ ZH LQWHJUDWH DQG H[SDQG

WKH GLIIXVLRQ WHUP
-M9 B! QG[G\
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o1 YBleg
G\ Q G\

U U
$[ Li( 13 $[Y;37a z $\

U
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‘H FDQ QRZ VXEVWLWXWH WKH WHUPV IURP (TXDWLRQ
WKH WZR GLPHQVLRQDO PRPHQWXP HTXDWLRQ
LQ (TXDWLRQ

DQG

%XW EHIRUH
FDQ EH VLPSOLILHG ZLWK WKH

B U U
3 vz 3
$[H Zz $ [z

IROORZLQJ H[SL

3 'V3
aQ $[Q aD$]
7KH UHVXOW LV WKH DOJHEUDLF IRUP RI WKH WZR GLPHQVLRC
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W 6$[$\
‘H FDQ VLPSOLI\ (TXDWLRQ HYHQ IXUWKHU E\ GHIR@QDQL IRXU

DVWKDW DUH WKH VXP RI WKH FRQYHFWLYH DQG GLIIXVLYH WHU

D( A'S 3 RHA $\Dz AZzZ ~ 3 §$\

D1 AQ $[ DQGDV AV
8VLQJ WKH ODZ RI

$[

FRQWLUPLW\ LW FDQ EH VKRZQ WKDW

RS D( DZ RAUDV

‘H JHW WKH ILQDO IRUP RI

WKH GLVFUHWLVHG WZR GLPHQVLRQD
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ZKHUH WKH FREIIEBIHQWHSUHVHQWY WKH VRXUFH WHUPVY 7KHVH ZRX(
WKH ERG\ IRUFHV % SUHVVXUH IRBFER&DIQEB WKMFREFGRUFHYHFWLRQ

‘H FRXOG H[SUHVV WKHVH WHUP DV

6U %[ Y[

GS
%\ O\
6\ 4, A\

ZKHUHMo[ SI[DQG%\ S\

‘H FDQ UHIHU WR (TXDWLRQV WKUX IRU D UHPLQGHU RI WKH H
IRUFHVY W LV D VIVWHP Rl QRQ OLQHDU HTXDWLRQV VXFK DV (TXDWL
DUELWUDU\ JHRPHWU\ XVLQJ EORFNHG LWHUDWLYH PHWKRGV WR LP

ORGHOOLQJ RI &RQYHFWLRQ 7HUPYV

7KH FKRLFH RI D GLIIHUHQFLQJ VFKHPH UHSUHVHQWY D FKRLFH EH
DQG DFFXUDF\ RI WKH VROXWLRQ 6RPH RI WKH VFKHPHV XVHG LQ 1
JHQHUDO DQG &); LQ SDUWLFXODU ZLOO QRZ EH SUHVHQWHG 2Q \
WKHUH DUH VLPSOH ILUVW RUGHU DFFXUDWH XSZLQG VFKHPHV 2Q
VLGH WKHUH DUH ERXQGHG WKLUG RUGHU DFFXUDWH VFKHPHV 7k
WKH WUXQFDWLRQ HUURU RI WKH 7D\ORU VHULHV DSSUR[LPDWLRQ
GLITHUHQFH GLVFUHWLVDWLRQ RI WKH HTXDWLRQV S5HIHUULQJ WR
VHULHYV H[SDQVLRQ WR DUULYH DW D aHI[SUHVVLRQ IRU WKH WHUP

$ 7D\ORU VHULHV H[SDQVLRQ'SROQEEHD FXKRYGLLQUMLW\R WKH IDPLOLDU

GLIIHUHQFH PHWKRGV VHW RXW LQ 6PLWK FRXOG EH H[SUHVVHC
Gl1? $[ G S? $]
IH IS $[
S G[ S G[ S

G[\SA ; 53T 65 0

I ZH VXEWUDFW (TXDWLRQ I[URP (TXDWLRQ ZH DUH OHIW ZLWEk
~(p £
IH 3 1Z AMAM A[9 /Ee S

5HDUUDQJLQIJ WKH WHUPV ZH DUH OHIW ZLWK

O B E rDSEB W i /K
Gl $ [ 2G]



7KH ODVW WHUP RQ WKH ULJKW KDQG VLGH LV WKH WUXQFDWL
LW LV WKLV WHUP WKDW GHWHUPLQHV WKH DFFXUDF\ (TXDWL
DSSUR[LPDWLRQ RI WKH |LULALW G WBIMSHW WY WRI[ DW WKH FRPSX'
DQG FDQ EH ZULWWHQ DV

I(  alLZ

2 %
$ [
ZKHUH $] $[#H[Z 7KH ODVW WHUP LQ (TXDWLRQ 2 $[LV ILHZUL
(TXDWLRQ WR UHIOHFW WKH RUGHU RI DFFXUDF\

8SZLQG 'LITHUHQFLQJ

7TKH XSZLQG GLIIHUHQFLQJ VFKHPH 8'6 LV DOVR NQRZQ DV WK
GRQRU FHOO PHWKRG ,W ZDV LQWURGXFHG E\ &RXUDQW ,VVDEF
UHSUHVHQWHG E\ *HQWU\ ODUWLQ 'DO\ DQG PRUH UHFHQ

7KH XSZLQG GLIIHUHQFLQJ VFKHPH SURSRVHV WKDW WKHU
IRU WKH FRQYHFWLRQ WHUPV RWKHU WKDQ WKDW RI VLPSO\ WD
WDWLRQDO SRLQWY )RU H[DPSOHIHLQVRM KVHU PRDWXW R M/ [HHDQ/\WW H U
FRQWURO YROXPH VHH )LJXUH LV WIDSDHXGBLS RQ BK W K5 DLYHG
VFKHPH WKH FRQYHEWLR@OWHUPRPHG WKHRM WKH FFIRPSXWDWLRQ
RQ WKH XSZLQG VLGH RI WKH IDFH 7KDW LV WR VD\

ILS LXH

IL( @ ©=

7KH YDOXHZROQ EH GHWHUPLQHG LQ D VLPLODU ZD\ XVLRX WKH |
DQGS 7KH UDWLRQDOH EHKLQG WKLV VFKHPH LV WKDW WKH FRPS
DIlTHFWHG E\ WKRVH XSVWUHDP VXEMHFW WR D IORZ ILHOG GRP
VFKHPH LV ILUVW RUGHU DFFXUDWH

&HQWUDO '"LITHUHQFLQJ

7KH FHQWUDO GLIIHUHQFH VFKHPH &'6 FDOFXODWHYV WKH SDU
EH WKH DULWKPHWLF PHDQ RI WKH DGMDFHQW FRPSXWDWLRQD!
IDFH WKHQ WKH FHQWUDO GLIITHUHQFH VFKHPH ZRXOG JLYH

ILH 3 IL( ILS



7TKH FHQWUDO GLIIHUHQFH VFKHPH LV VHFRQG RUGHU DFFXUDWH E.
FDOFXODWLRQ LI WKH FHOSHBHXQ ROKGM Y XPEHU

SXS$]
5&&FHOO

, I ?5HFHD? WKHQ WKH XVH RI DQRWKHU VFKHPH LV HVVHQWLDO

+\EULG 'LIITHUHQFLQJ

7KH K\EULG GLIIHUHQFLQJ VFKHPH +'6 LV D PRGLILHG GLIITHUHQFLC
E\ 6SDOGLQJ ZKHUH FHQWUDO S3iHIAU@BQFLQJ LV XVHG LI

, I ?5HFH8? | WKHQ DQ XSZLQG LQWHUSRODWLRQ VFKHPH LV HPSOR\
FRQYHFWLRQ WHUPYV DQG WKH GLIIXVLREQFMHUPWRHHXYBHQRUMXLYV,I
VFKHPH LV PDUJLQDOO\ EHWWHU WKDQ XSZLQG GLIIHUHQFLQJ EHFDX"
&HQWUDO GLIIHUHQFLQJ LV XVHG DFURVYVY VWUHDPV DQG LQ UHJLRQV

+LJKHU 2UGHU 8SZLQG 'LITHUHQFLQJ

7KH KLIJKHU RUGHU XSZLQG VFKHPH +8: LV D VHFRQG RUGHU DFF
IRUPHG E\ HHTWUDSRODWLQJ WR WKH FHOO IDFH IURP WZR XSZLQG FF
2Q WKH ZHVWHUQ IDFH RI WKH FRQWIWROVYROXRHELNQ )LIXUH

1z z

7KH KLIJKHU XSZLQG GLIIHUHQFH VFKHPH LV PRUH GLIILFXOW WR LPS
VXFK DV VLPSOH XSZLQG GLIIHUHQFLQJ DQG FHQWUDO GLIIHUHQFLQJ
RI WKH HA® UDHUP 7R UHWDLQ WKH VWUXFWXUH RI WKH VROXWLRQ P
H[SUHVVHG DV

Wiz WIZ AZ3 127

7KLY EUDFNHWHG WHUP LQ (TXDWLRQ LV LQFOXGHG LQ WKH VRX
PXODWLRQ XVLQJ D W\SH RI GM!IHUKH G IFRWHHBEWDRB LV

H 3 a A:

7TKH LQFOXVLRQ RI WKHVH EUDFNHWHG WHUPV LQ (TXDWHRQ DQG
FDUULHVY FHUWDLQ FRPSOLFDWLRQV ZLWK WKH UHWHQWLRQ RI WKH
FRPSOLFDWLRQV DUH DGGUHVVHG E\ LQFOXGLQJ WKH EUDFNHWHG W
SURFHGXUH LV SUHVHQWHG LQ &);  QWHUQDWLRQDO



4 XDGUDWLF 8SVWUHDP ,QWHUSRODWLRQ RI &RQYHFWL

7KH TXDGUDWLF XSVWUHDP LQWHUSRODWLRQ RI FRQYHFWLYH N
/IHRQDUG LV WKLUG RUGHU DFFXUDWH W DFKLHYHV WKL
FRPSXWDWLRQDO SRLQWYV XSVWUHDP DQG RQH GRZQVWUHDP %
YROXPH

3Z 433 . {FRzZ

DQRG DW WKH HDVWHUQ IDFH

H Lo WIS I

7KLYV PHWKRG FDQ EH XQVWDEOH DW KLJK FHOO 5H\QROGV QXF
GRZQVWUHDP FRPSXWDWLRQDO SRLQW 7KH SRVVLELOLW\ RI L
9HUVWHHJ ODODODVNHUD DQG LV DGGUHVVHG E\ WKH QH[

&EXUYDWXUH &RPSHQVDWHG &RQYHFWLYH 7UDQVSRUW

7KH SUHYLRXVO\ PHQWLRQHG LQVWDELOLW\ LV D QXDQFH RI W
FDXVHG E\ QRQ SK\WVLFDO RYHUVKRRWY LQ WKH VROXWLRQ 7XU
EH SRVLWLYH FDQ DVVXPH QHJDWLYH YDOXHV LQ FHUWDLQ VRC
HPSOR\HG $Q H[DPSOH RI WKLY ZRXOG EH ZKHUH WRR FRDUVH
QRW EHLQJ DGHTXDWHO\ UHVROYHG 7TKH &&&7 VFKHPH LV D P
LV ERXQGHG WKXV HOLPLQDWLQJ WKHVH RYHUVKRRWYV &&&7 1
SRLQWY DQG RQH GRZQVWUHDP SRLQW DV ZLWK WKH 48,&. VFKH
ZzD\ IRU WKH ZHVWHUQ IDFH

1z JDB 13 3D 1z D 127

ZKHUHLY UHODWHG WR WKH FXUYDWXUGLRFXWKHG' DQLHPEGHUWRC
1XPHULFDOO\ &&&7 LV WUHDWHG WKH VDPH DV WKH 48,&.

&DOFXODWLRQ RI B3UHVVXUH

BUHVVXUH FDQQRW EH FDOFXODWHG GLUHFWO\ IURP WKH 1DYLH
SUHVVXUH JUDGLHQW DSSHDUV RQ WKH ULJKW KDQG VLGH RI WKI
DQG ,Q VROYLQJ WKHVH HTXDWLRQV WKH SUHVVXUH WHUP'
RI WKH VRXUFH WHUPV 7KH SUHVVXUH GRHV QRW IHDWXUH HJS



HWKHU VR WKH FRQWLQXLW\ HTXDWLRQ FDQQRW EH FRQVLGHUHG D\
LV D FRQVWUDLQW RQ WKH PRPHQWXP HTXDWLRQV DQG WKH UHVXOW
FRQVHUYDWLRQ RI PDVV 7KLV FRQVWUDLQW FDQ RQO\ EH VDWLVILHG
7KH SUREOHP OLHV ZLWK WKH IDFW WKDW SUHVVXUH KDV QR JRYHUC
LW LV QRW FRQVWUDLQHG E\ FRQWLQXLW\

,QLWLDOO\ LW ZDV QRW REYLRXV KRZ WKLV FRUUHFWLRQ ZDV W
PHWKRGV KDYH EHHQ XVHG WR FDOFXODWH SUHVVXUH EXW WKHVH
DQG ZLOO QRW EH GLVFXVVHG KHUH 3DWDQNDU SURYLGHV Gt
PHWKRGV )RU VWHDG\ VWDWH FDOFXODWLRQV 3DWDQNDU 6SDOGL
,PSOLFLW OHWKRG IRU 3UHVVXUH /LQNHG (TXDWLRQV 6,03/( 7KH 6
YDULDWLRQV RI LW VXFK DV 6,0B/6®LWKE\'RRUPDIRUP WKH EDVLV RI \
FRUUHFWLRQ RI SUHVVXUH LQ PRVW PRGHUQ 1DYLHU 6WRNHV FDOFX(

6,03/(

7KH 6,03/( PHWKRG IRU WKH FDOFXODWLRQ RI SUHVVXUH GHILQHV WK
WKH VXPV Rl DQ L@UWRIBODIXRUWHFQYMIQUHH GLPHQVLRQV ZH H[SUHV
YHORFLWLHY DQG SUHVVXUHV DV IROORZV

X X X
Y Y Y
zZz Z 4
S S S

7KH ILUVW VWHS LQ WKLV PHWKRG LV WR PDNH DQ LQLWLDO JXHVV R
WLRQDO QRGH 7KLVLQLWLDO JXHVV IRUJ, QY KH 'SWURHXWU R QL \G RSHHMILRN H (
ZH FDQ WKHQ KDYOBPIBDWWHRE W LV XQOLNHOX WK DWGW EDWO

VDWLVI\ WKH FRQWLQXLW\ HTXDWLRQ DQG WKLV QHFHVVLWDWHYVY WKEFE
SROQHQW RI WKH YHORFLW\ :H UHIHU WR )LJXUH EXW FRQVLGHUL
HIDPLQLQJ RQO\ WKH HDVW DQG ZHVW SRLQWYV DQG IDFHV 7KH DSSL
IRU WKLV IORZ LV

DS8S DAX ( DA8Z+ S &z
3



7KH HTXDWLRQ UHIOHFWLQJ WKH DSSOLFDWLRQ RI WKH FRUUHF
DS8S DXXDA\XZ >SHSZ

,Q RUGHU WR VLPSOLI\ WKH GLVFUHWLVDWLRQ SURFHVV WKH F
QHLJKERXULQJ QRGHYV DUH QRZ RPLWWHG IURP (TXDWLRQ

D3X S a SH a 3Z

RU

L A S S

(TXDWLRQ LV WKH YHORFLW\ FRUUHFWLRQ IRUPXOD 7R IRUP
WKH HDVW DQG ZHVW IDFHV ZH LQWHJUDWH WKH ," FROQWLQXLW

Y

2YHU WKH SK\VLFDO OLPLWV RI WKH FRQWURO YROXPH LQ )LJXL
XHaXZ
'H QRZ H[SMHIN@®KZLQ WHUPV RI WKH LQLWLDO JXHVV DQG WKH F

XH @ XH XH

DQG
XZ XZXZ
([SUHVVLRQV HTXLYDOHQW WR (TXDWLRQ FDQ EH ZULWWHAQ
XHDQ®BZLQ (TXDWLRQV DQG 7KH UHVXOW LV
. |
" 3( 3S .
DQG
XL ﬁXZSS 37

ZKHUH WKH YDOXHV IRU D" DQG D" DUH WDNHQ DV WKH PHDQV
SRLQWV WR JLYH



3 o
4X A?Ds7 g X
‘H QRZ UHDUUDQJH WKH FRQWLQXLW\ HTXDWLRQ WR DUULYH DW WKI

HTXDWLRQ WKDW SURYLGH WKH FRUUHFWHG SUHVVXUH

DS3SD(3( DzZ3Z A

ZKHUHDYg 3 D 3 DQGI X(XzZ $\
3D ( 3D 3

ZKHUWH

$IWHU FDORXOMWOKWALRRUUHFWHG YDOXK LRUR®BWB LYQHMmR FUMR (TXDWLR

7KH YHORFEMWQ WKHQ EH FDOFXODWHG XVLQJ (TXDWLRQ ,

HTXDWLRQ LV QRW LVDDNVILUREG WKHDYIDOXKH RMVLIQHG WKH YDOXH |
S $QRWKHU LWHUDWLRQ LV WKHQ SHUIRUPHG ,Q D ' SUREOHP WKl
SHUIRUPHX ZLW KD Q&

7KH DSSUR[LPDWLRQV LQWURGXFHG LQ WKH GHULYDWLRQ RI WKH
RIWHQ FDXVH WISHWIRKEQWRYWHUHVWLPDWHG 7KLV OHDGV WR VORZ FR
JHQFH RI WKH VROXWLRQ 8QGHU XHOD[DWILER) WR DS&SUHWE WRLV
SUREOHP 7KH GLVFUHWLVHG PRPHQWXP HTXDWLRQ EHFRPHYV

DS IS O D SS D 7 DIKHWH ED
DQG

S 3S S ZKHUH £

6,03/( $OJRULWKP

$ VIQRSVLV RI WKH 6,03/( DOJRULWKP IROORZV $ ., IRUPXODWLRQ
SUHVHQWHG EXW WKH UHDGHU LV DVNHG WR DVVXPH WKDW WKH IRUPF
"LV EHLQJ GLVFXVVHG

*XHVV WKH LQLWLDG SUHVVXUH ILHOG
6ROYH WKH PRPHQWXP HTXDWLRQV YWBQBEWDLQ YDOXHV IRU X
6ROYH (TXDWLRXQ IRU

&DOFXODWH S IURP (TXDWLRQ



&DOFXODWH X Y DQG DQBJRPVILAMI HTXDWLRQV RI WKH IRUF
(TXDWLRQ

6ROYH WKH GLVFUHWLVDWLRQ HTXDWLRQ IRU UHOHYDQW VF
IORZ ILHOG YLD I10XLG SURSHUWLHY VRXUFH WHUPV HWF
ILHOG WKHQ LW LV EHVW WR ZDLW XQWLO D FRQYHUJHG VR

I WKH VROXWLRQ KDV QRWXFRQWHUJIMG ZWKHIE VHBAMD QG
UHWXUQ WR VWHS

&RXSOLQJ RI 9HORFLW\ DQG 3UHVVXUH

5KLH &KRZ GHYHORSHG D PHWKRG WR FRXSOH WKH YHOF
JRLQJ WKH FRPSOH[LW\ DQG GLVDGYDQWDJHV RI VWDJJHUHG JU
7KLV PHWKRG XVHV D VLQJOH JULG DQG WKH GLVFUHWLVHG TX
Z S HWF DUH VWRUHG DW WKH FHOO FHQWUHV ,PPHGLDWHO
FRPSXWHU FRGLQJ XVHG WR FDOFXODWH WKH IOXLG YDULDEOH
DGYDQWDJH Rl WKLV PHWKRG OLHV LQ WKH IDFW WKDW LW DOOTF
DOJRULWKPV VXFK DV 6,03/(& RQ QRQ VWDJJHUHG JULGV ZLWHk
FKHTXHUERDUGLQJ LQ WKH SUHVVXUH DQG YHORFLW\ ILHOGV )
YHORFLWLHY RQ HDFK FRQWURO YROXPH VR DV WR UHWDLQ DQ D
DQG SUHVVXUH B5HIHUULQJ RQFH DJDLQ WR )LJXUH WKH HTX
DOJRULWKP DUH SUHVHQWHG
$VVXPLQJ D FRQVWBQW G [WIKMIGZHVW IDFH

ZKHUH

DQG
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7KH SRVVLELOLW\ RI FKHTXHUERDUGLQJ LV HOLPLQDWHG EHFD.

SUHVVXUH JUDGLHQW DQG WKH YHORFLWLHV VHH (TXDWLRQV

6ROXWLRQ $OJRULWKPYV

7KH GLVFUHWLVDWLRQ HTXDWLRQV GHVFULEHG LQ WKH SUHYLR.
SOHG QRQ OLQHDU DOJHEUDLF HTXDWLRQV $Q LWHUDWLYH VR
VROYH WKH VA\VWHP RI HTXDWLRQV 7KH PRVW SRSXODU PHWKR
PHWKRGY 7KH VROXWLRQ SURFHGXUH LQYROYHVY OLQHDULVDWI
VROXWLRQ SURFHVV 'LUHFW VROYHUV DUH QRW HPSOR\HG LQ
H[FHVVLYH FRPSXWDWLRQDO HIIRUW UHTXLUHG WR VROYH SUDF

ORVW ILQLWH YROXPH PHWKRGYV IDYRXU DQ LWHUDWLYH VHJUH
WLRQV ,Q WKLV DSSURDFK WKHUH DUH WZR LWHUDWLRQ OHYHO
DWLRQ 7KH LQQHU LWHUDWLRQ LV XVHG WR VROYH IRU WKH VS
YDULDEOH LV WDNHQ VHTXHQWLDOO\ DQG DOO WKH RWKHUV DUH
LWHUDWLRQV RQ HDFK YDULDEOH FDQ QRUPDOO\ EH XVHU VSHFL

7KH RXWHU LWHUDWLRQ UHIHUV WR WKH VWDUW RI WKH QHJ\
YDULDEOHY DQG SUHVVXUH 7KH QRQ OLQHDULW\ RI WKH RULJLQ
LQJ WKH FRHIILFLHQWY RI WKH GLVFUHWH HTXDWLRQV XVLQJ W|
WKH YDULDEOHYV 7KH WUHDWPHQW RI SUHVVXUH ZKLFK ZDV S
WKH H[FHSWLRQ WR WKLV UXOH 7KLY SURFHVV FRQWLQXHV XC
LWHUDWLRQV LV UHDFKHG XQWLO D FRQYHUJHG VROXWLRQ LV R
XQLW &38 WLPH LV H[FHHGHG

/ILQHDU (TXDWLRQ 6ROYHUYV

JRU D WZR GLPHQVLRQDO VWHDG\ VWDWH SUREOHP VHH )LJIXU
QRQ OLQHDU HTXDWLRQV RI WKH IRUP

D3 < DA . E. 1 VI(



ZKLFK DUH DVVHPEOHG LQ D VI\VWHP RI OLQHDU DOJHEUDLF HTX
$" E

$ LVDQ 1 [ 1 PDWUL[] 7KH YHFWRU > FRQWDLQV WKH YDOXHV RI WE
1 FRPSXWDWLRQDOE SRLWKH VMRXWFH YHFWRU 7KH VROXWLRQ RI WKI
DOJHEUDLF HTXDWLRQV FDQ EH DGGUHVVHG E\ GLIIHUHQW VROYHUV
GHFLGHG E\ VXFK IDFWRUV DV WKH FRPSOH[LW\ RI WKH JHRPHWU\ W
RI IORz 0DQ\ RI WKHVH VROYHUV ZRUN E\ H[SUHVVLQJ WKH PDWUL][

$ % (
$Q LWHUDWLYH SURFHGXUH LV WKHQ IRUPHG IRU WKH VROXWLRQ IUF
A (1D K
7KLV SURFHGXUH LV
%1 NOE ( M N

ZKHUH N LV WKH QXPEHU RI LWHUDWLRQV 'H QRZ LQWURGXFH D QH
LQ WKH GHOWD RU HUURU IRUP DQG XVH (TXDWLRQ WR HOLPLQD\)
QRZ KDYH

%W E $ % "N
RUSN IN E $MN
ZKHUH WKH FRUUHFWLRQ YHFWRU LV
$MN IN I N
DQG WKH UHVLGXDO YHFWRU LV

UIH E$ IIN

7KH PDWUL[ % LV FDOOHG WKH FRQGLWLRQLQJ PDWUL[ DQG LWV SXU S
LFDO VROXWLRQ WHQGV WRZDUGV WKH H[DFW RQH ( LV FDOOHG WK
IN @GRY® NUHTXLUHV WKH LQYHUVLRQ RI WKH PDWUL[ % 7DNLQJ (TXDW
LW LQ WHUPV RI $ ZH JHW

$- %aOUN



DG WDNLQJ (TXDWLRQ DQG H[SUHVVLQJ LW LQ WHUPV |
MAN% e (1IN

W LV DGYDQWDJHRXV WR KDYH WKH LQYHUVLRQ RI % UHTXLUH
WKDW LW FUHDWHV DV IHZ QRQ JHUR HOHPHQWV DV SRVVLEOH
DSSUR[LPDWLRQ RI $ VR WKDW WKH PLQLPXP QXPEHU RI LWH
FRQYHUJHQFH RI WKH VROXWLRQ ,Q WKH EHVW FDVH VFHQDU]
VROXWLRQ ZRXOG FRQYHUJH LQ RQH LWHUDWLRQ ,Q WKLV EHV

BURYLGHG WKDW WKH PDWUL[ LV ZHOO FRQGLWLRQHG WKH
VWDEOH $V N WHQGMVNVDR 8IPIXQWWWHQG WR JHUR TKWHKBWUH
SURYLGHY DQ LQGLFDWLRQ RI FRQYHUJHQFH

7TKH WHUPV

1
RU
iFL
DUH PRQLWRUHG DQG ZKHQ WKHLU YDOXH GHFUHDVHVY RYHU D S
GHHPHG FRQYHUJHG DQG IXUWKHU FDOFXODWLRQUNPID® E B OKDHOY

UHVLGXDOV

8QGHU UHOD[DWLRQ

8QGHUUHOD[DWLRQ LV D QXPHULFDO WHFKQLTXH XVHG WR DGGU
LW\ ZKLFK LV PDLQO\ GXH WR WKH QRQ OLQHDU QDWXUH RI WKH
PDWUL[ ,I XVHG SURSHUO\ LW FDQ GHFUHDVH WKH QXPEHU RI 1
YHUJHG VROXWLRQ B8QGHUUHOD[DWLRQ ZRUNV E\ VFDOLQJ WKH
D IDFWRUZKHUHI 7KH VPDOOHU WKH YDOXH IRU " WKH PRU
HPSOR\HG

8QGHUUHOD[DWLRQ PD\ DOVR EH UHJDUGHG DV D FHOO VSHFL
Rl LV DQDORJRXV WR D VPDOO WLPH VWHY WICRI 0D ODVURHODDO
VWHS WHQGLQJ WR LQILQLW\FD® ORYXODWOXH) RHZHU LWHUDWLI
UHDFK D FRQYHUJHG VROXWLRQ EHFDXVH WKH DSSURI[LPDWLRQ
FRQGLWLRQHG 'LITHUHQW XQGHUUHOD[DWLRQ IDFWRUV FDQ EH

':LWK UHJDUGYV WR WKH VROXWLRQ PDWUL[ XQGHUUHOD[DWL
PDWUL[ $ ORZ YBBDXH RIHOG D VWURQJO\ GLDIJRQDO GRPLQDQW
DQ HDVLHU SUREOHP IRU WKH OLQHDU VROYHUV XVHG LQ WKH F



'"HIHUUHG &RUUHFWLRQ

,Q WXUEXOHQW IORZ FDOFXODWLRQV D VROXWLRQ FDQ IDLO WR FR
WHUPV RIIDRG 5H\QROGV VWUHVVHV LQWURGXFHG E\ WKH XVH RI QI
VIPSWRP RI WKLV SUREOHP LV XVXDOO\ VROXWLRQ GLYHUJHQFH FI
ORFDOLVHG UHJLRQ )XUWKHU LW LV FRPPRQ WR ILQG WKDW WKHU
UHJLRQ ZKHUH WKHUH LV D MPQGVPDIDAUJXMDORDXH RI WKH WXUEXOHC
LW WKDW LV QRW SK\VLFDO

'"HIHUUHG FRUUHFWLRQ DV H[SODLQHG LQ &); . QWHUQDWLRQDO
HWHUPV GXULQJ WKH VROXWLRQ 7KH XVHU FKRRVHV D VWDUW LWHL
RPLWWHG DQG DQ HQGLQJ LWHUDWLRQ DIWHU ZKLFK WKH\ DUH 1XO
DQG HQG LWHUDWLRQ WKH WHUPV DUH LQWURGXFHG OLQHDUO\ LQWI
,Q VRPH SUREOHPYV D VROXWLRQ LV QRW SRVVLEOH HYHQ ZLWK GHII
WKH H WHUPVY DUH JHQHUDOO\ WKH VRXUFH RI WKH SUREOHP DQG WK
WKURXJK WKH XVH RI VWDUW DQG HQG LWHUDWLRQV WKDW DUH JU
LWHUDWLRQV ,Q WKLY FDVH WKH 1DYLHU 6WRNHV HTXDWLRQV DUH (
PD\ QRW EH FUXFLDO EHFDXVH WKH HTXDWLRQ LV GRPLQDWHG E\ W
GLVVLSDWLRQ FRQYHFWLRQ DQG QRUPDO GLIIXVLRQ WHUPYV

$OJHEUDLF OXOWL JULG 6ROYHU

7KH $OJHEUDLF OXOWLJULG OHWKRG $0* DV IRUPXODWHG E\ /RQV
VROYHV WKH 1DYLHU 6WRNHYV HTXDWLRQV XVLQJ D VHULHV RI SURJUI
WKLV PHWKRG DFWXDOO\ GRHV LV PDNH WKH PDWUL[ $ LQ (TXDWLRQ
WKH FRHIILFLHQWY WKDW UHSUHVHQW FHUWDLQ FRPSXWDWLRQDO (
WKH VROXWLRQ DOJRULWKP LV QRW DZDUH RI WKH JULG RQFH WKH |
DGYDQWDJH RI WKLY PHWKRG LV WKDW WKHVH FRDUVHU JULGYV KDYH
OHVV FRPSXWHU UHVRXUFHV WR UHDFK D VROXWLRQ $QRWKHU DGY
LV WKDW LW DOORZV WKH ERXQGDU\ FRQGLWLRQV WR LQIOXHQFH \
7KH VROXWLRQ IURP WKH FRDUVHVW JULG LV WKHQ LPSRVHG RQ Wi
SURFHVVHV DUH FRQWLQXHG XQWLO D SUHGHILQHG FRQYHUJHQFH L
DQ DGYDQWDJH LQ WKDW QXPHULFDO HUURUV FDQ EH GDPSHQHG GXlI
7KLV PHWKRG LV UHFRPPHQGHG IRU WXUEXOHQW IORZV ZKHUH FRQY
DFKLHYH W ZDV WKH VROYHU XVHG IRU DOO RI WKH VHTXHQWLDO R



SUHFRQGLWLRQHG &RQMXJIJDWH *UDGLHQW 6ROYHU

7KH DLP RI SUHFRQGLWLRQLQJ LV WR FRQYHUW WKH RULJLQDO
D PXFK ORZHU FRQGLWLRQ QXPEHU 7KH FRQGLWLRQ QXPEHU
PDWUL[-V VHQVLWLYLW\ WR XQFHUWDLQW\ DQG KHQFH LWV VXL
ZRXOG VHHP WKDW WKH FKRLFH RI D SUHFRQGLWLRQHU FDQ EF
PDQFH GLIIHUHQFHY EHWZHHQ YDULRXV LWHUDWLYH VROYHUYV
LQ &); LV WKH ,QFRPSOHWH &KROHVN\ &RQMXJDWH *UDGLHQYV
'"HPLUGI]LF OX]DIHULMD

,Q RUGHU WR EH HIIHFWLYH IDVWHU FRQYHUJHQFH PXVW RIIV
RI XVLQJ WKH PHWKRG 2ZWKHU DGYDQWDJHV RI SUHFRQGLWLRC
PDWUL[ EH VSDUVH HDV\ WR FDOFXODWH DQG HDV\ WR LQYHL
EHWZHHQ PDLQWDLQLQJ VSDUVHQHVYV DQG JHWWLQJ WKH EHVW C
ZDV HPSOR\HG IRU DOO WKH WKUHH GLPHQVLRQDO SDUDOOHO
LQYHVWLIDWLRQV

&); JOXLG )ORZ 6ROYHU

7KH IXO0O 5H\QROGY DYHUDJHG 1DYLHU 6WRNHV HTXDWLRQV ZHL
IORZ VROYHU ZULWWHQ E\ WKH FRPSDQ\ &); QWHUQDWLRQDO &
FRGH EDVHG RQ WKH ILQLWH YROXPH PHWKRG DQG DV VXFK LW |
DUH LQFRPSUHVVLEOH RU FRPSUHVVLEOH DQG WLPH GHSHQGHQ
PRGHOOLQJ IORZV WKDW LQYROYH FRPEXVWLRQ KHDW WUDQV
DQG UHDFWLRQV ,W XVHV ERG\ ILWWHG FR RUGLQDWHY DQG P X(
LV DOVR FDSDEOH RI XVLQJ UHFWDQJXODU DQG F\OLQGULFDO FR
WXUEXOHQW IORZV WKHUH LV D FKRLFH RI WXUEXOHQFH PRGHO
5H\QROGYVY DYHUDJHG 1DYLHU 6WRNHY HTXDWLRQV $PRQJ WKHV
5H\QROGY QXPEHU NH N Z $OJHEUDLF 5H\QROGYV 6WUHVV DQC
PRGHOV

,Q &); DOO SUREOHPY DUH WKUHH GLPHQVLRQDO 7ZR GLPF
ZLWK RQH DFWLYH FRQWURO YROXPH LQ WKH N GLUHFWLRQ 7k
RQ WKH LQWHULRU RI WKH [0REX®RKFRIQN UYRWHYRBEXPRYV DUH DXW
DGGHG WR LPSRVH WKH ERXQGDU\ FRQGLWLRQV 7KHUHIRUH
IRUPHG E\ WKH LOQWHULRU DQG H[WHULRU FRQWURO YROXPHV 7
ZDOO DQG WKLV QHFHVVLWDWHY WKDW DOO RWKHU ERXQGDU\ V



D@ SUHVVXUH ERXQGDULHV EH VHW H[SOLFLWO\ E\ WKH XVHU 7KH
D ILUVW JXHVV LQ VWHDG\ VWDWH SUREOHPV DQG DV WKH FRQGLWL|
GHSHQGHQW SUREOHPV

7KH SUREOHP LV VXEPLWWHG WR WKH FRPSXWHU ZLWK D FRPPDQ
FRQGLWLRQV RQ WKH QRQ ZDOO ERXQGDULHV LQLWLDO FRQGLWLRC
UDPHWHUV $Q H[DPSOH RI D FRPPDQG ILOH LV SURYLGHG LQ WKH $S
VXEURXWLQHV FDQ DOVR EH VXEPLWWHG DV SDUW RI WKH SUREOHP

&RQYHUJHQFH

7KH PHWKRGRORJ\ XVHG WR VHW XS WKH QXPHULFDO SUREOHPV FDC
WKH UHVXOWY 7KH FULWHULD XVHG WR LQIOXHQFH FRQYHUJHQFH ¥
WKH GLVFXVVLRQ WR IROORZ 5HSUHVHQWDWLYH VROXWLRQ KLVWRL
GLPHQVLRQDO FDVHVY DUH DOVR SUHVHQWHG 6RPH VROXWLRQV VKDU
LQ WHUPV RI WKH DEVROXWH GHFUHDVH LQ WKH UHVLGXDOV RU WKF
GHFUHDVHG $v D VWHDG\ VWDWH VROXWLRQ LV DSSURDFKHG WKH
RI (TXDWLRQ VKRXOG DSSURDFK ]JHUR ,W LV PRUH OLNHO\ WKD
SUHFLVHO\ JHUR DQG LW LV WKHVH YDOXHV IRU HDFK YDULDEOH WKD

7KH DXWKRU KDV RQO\ GLVFXVVHG WKH FRQYHUJHQFH KLVWRULHYV
VLIQLILFDQWO\N 7KH SDUDPHWHUV SUHVHQWHG LQ WKH FRXUVH RI
PRPHQWXP >NJ P V@ WXUEXOHQW NLQHWLF HQHUJ\ UDWH N >P V @
H>P V@ DQG PDVWKORYZ WD WH

&RQYHUJHQFH RI 7ZR 'LPHQVLRQDO 6ROXWLRQV

7KH $0* VROXWLRQ DOJRULWKP ZDV XVHG IRU DOO WKH WZR GLPHQVL
DOJRULWKP ZDV DSSOLHG WR DOO WKH WUDQVSRUW HTXDWLRQV ZL\
[ a VHW DV WKH FRQYHUJHQFH FULWHULRQ 7KLY VDPH YDOXH ZC
SHUIRUPHG LQ ZRUN E\ $NDQQL +HQU\ '"HVSLWH YDULRXV DS
UHDOLVHG WKDW WKH SUREOHPV GLVFXVVHG LQ WKLV WKHVLV ZRXO
JHQFH 7KH EHVW OHYHO RI FRQYHUJHQFH DFKLHYHG IRU DQ\ WZR GL
UHVLGXDO RI [ a 'LWK WKLV UHDOLVDWLRQ WKH PDVV VRXUFH V
DQG XVHG WR IRUFH WKH FDOFXODWLRQV WR FRQWLQXH VR WKDW Wt
GLVWULEXWLRQV DERXW WKH ZLQJV ZLWK DQ LQFUHDVLQJ QXPEHU R

HUVRQDO FRPPXQLFDWLRQV ZLWK .UXV DQG -RQHV KH



SDFWLFDO SKLORVRSK\ ZLWK UHJDUGV WR WKH PDVV VRXUFH L
WKH WUDQVSRUW UHVLGXDOV LV QRW WKH PRVW LPSRUWDQW IL
KDV UHDFKHG FRQYHUJHQFH W LV PRUH LPSRUWDQW WKDW W
DW OHDVW WKUHH RUGHUV RI PDIQLWXGH DQG FRQWLQXH WR G|
7KLV GHILQLWLRQ RI FRQYHUJHQFH LV WDNHQ IURP D FRGH YD

7KH SUHGLFWHG DHURG\QDPLF IRUFHVY ZHUH DOVR PRQLW
RI VROXWLRQ FRQYHUJHQFH

6HYHUDO YD@¥HHNH RIQYHVWLIJDWHG WR GHWHUPLQH WKH HIIHF
WZR GLPHQVLRQDO VROXWLRQV $IWHU FDUHIXO FRQVLGHUDW!
ZDV GHFLGHG WKDW: D YDIDXID ®RHTXDWH WR XQGHUUHOD[ WKH H’
DQG H

JLIXUH VKRZV WKH FRQYHUJHQFH RI D WZR GLPHQVLRQDO
IRUFH ZLQJ RULHQWHG DW f DQJOH RI LQFLGHQFH 7KLV W\S]
RI DOO WZR GLPHQVLRQDO VROXWLRQV EHWZHHQ f DQG f DQ
LV FKDUDFWHULVHG E\ D VXGGHQ LQFUHDVH LQ WKH WXUEXOH(
VLSDWLRQ UHVL&XDWMUDWLRQ 7KHUH DUH DOVR VPDOO RVFLO
H UHVLGXDO LQ WKH ODWWHU SDUW RI WKH VROXWLRQ 7TKH |
LPSOHPHQWDWLRQ RI WKH GHIHUUHG FRUUHFWLRQ VFKHPH DV
DWWDLQHG E\ WKHVH WZR UHVLGXDOV LV PDLQWDLQHG XQWLO V
QRUPDO EHKDYLRXU RI UHGXFWLRQ LQ WKHVH UHVLGXDOV LV V

7KH XVH Rl GHIHUUHG FRUUHFWLRQ GRHV KDYH DQ LQIOXHQ
GRZQIRUFH ZLQJ RULHQWHG DW f DQG f DQJOHV RI LQFLGH:!
QRXQFHG DV WKDW VHHQ LQ WKH RWKHU FDVHV )LJXUH VKR
LQ DQ\ Rl WKH UHVLGXDOV +RZHYHU WKHUH LV D QRWLFHDEOH

LO LWHUDWLRQ 6PDOO RWVIYD®DMIL PYW DOWKNHHQ LQ WKH
VROXWLRQ

JLIXUH VKRZV WKH FRQYHUJHQFH DFKLHYHG ZLWK WKH XVH
,Q WKLV FDVH WKH H[WUD VRXUFH WHUPV DULVLQJ IURP WKH
RPLWWHG IURP WKH VROXWLRQ HQWLUHO\ 7KH HIIHFW RI WKLYV
Rl WKH UHVLGXDOV DV VHHQ LQ )LJXUHYV DQG KLOH WKH
D SURIRXQG HIIHFW RQ WKH WUDQVSRUW UHVLGXDOV WKHUH
SUHGLFWHG IRUFHY DW WKH ILQDO LWHUDWLRQ
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JLIXUH &RQYHUJHQFH RI WZR GRLPH@PVLRQDO VROXWLRQ
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JLIXUH &RQYHUJHQFH RI WZR GLPBQVLRQDO VROXWLRQ



8 ORPHQWXP
9 ORPHQWXP
oDVV

N

H

JLIXUH &RPSOHWH GHIHUUHG FRUUHFWLRQDWZRfGLPHQVLRC

&RQYHUJHQFH RI 7KUHH '"'LPHQVLRQDO 6ROXWLRQV

$W WKH WLPH WKHVH LQYHVWLJDWLRQV ZHUH FDUULHG RXW
DYDLODEOH LQ SDUDOOHO YHUVLRQ RI &); 7TKHUHIRUH WKH ,
VRXUFH WROHUDQFH R [ " WR VROYH DOO WKH WUDQVSRUW
SUREOHPY $V D SUHFDXWLRQ DJDLQVW ORVV RI GDWD WKH Wt
LQ VWHSV RI LWHUDWLRQV ZLWK UHVWDUWYV

7KH VDPH YDOXMM®RLQ WKH WZR GLPHQVLRQDO FDOFXODWLRQ
WKH HTXDWLRQV IRU WKH WKUHH GLPHQVLR2DWY \RGEG ON\R >$QGIHAW
XY Z NDQG H &HUWDLQ WKUHH GLPHQVLRQDO VROXWLRQV
GHIHUUHG FRUUHFWLRQ VFKHPH ZDV XVHG LQ DOO VROXWLRQV
VKRZQ LQ )LIXUHYV DQG DUH UHSUHVHQWDWLYH RI PRVW R
SHUIRUPHG LQ WKH LQYHVWLJDWLRQV

7KH VROXWLRQ IRU WKH PP VSDQ UHILQHG JULG FOHDQ <

7KLV LV WA\SLFDO RI WKH RWKHU WKUHH GLPHQVLRQDO VRC

PP IXOO VSDQ ZLQJ 6PDOO RVFLOODWLRQV LQ WKH H UHVLGXD!
RI WKH VROXWLRQ

7KH VROXWLRQ SUHVHQWHG LQ )LJXUH LV GLITHUHQW IUR
VROXWLRQ XVHG LQ WKH SUHGLFWLRQ RI WKH SHUIRUPDQFH RI
ZLWK WKH LO LWHUDWLRQ DQG XQWLO WKH WO LWHUDWLR



RR WKH UHVLGXDOVY 7KHUHDIWHU WKH VROXWLRQ SURFHHGYV QRUPDC
VPDOO RVFLOODWLRQV LQ WKH H UHVLGXDO IRU D VLIJQLILFDQW SRU!
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&KDSWHU

1XPHULFDO ORGHOV

ORGHOOLQJ 3KLORVRSK\

7ZR DQG WKUHH GLPHQVLRQDO QXPHULFDO PRGHOV ZHUH XVHG WR
KLIJK GRZQIRUFH VA\VWHP DW YDULRXYV DQJOHV RI LQFLGHQFH 7KH\ I
LQ WHUPV RI JULGY DQG ERXQGDU\ FRQGLWLRQV QXPHULFV WRSRK
FRPSXWHU UHVRXUFHV DQG WLPH ZHUH OLPLWHG DQG WKHVH WZR
PRGHOV XVHG LQ WKLV VWXG\

7ZR 'LPHQVLRQDO ORGHOV

*yLGvV ZHUH FUHDWHG IRU QXPHULFDO PRGHOV WKDW ZHUH DQDORJR?
RI WKH KLJK GRZQIRUFH VRMWHRVRHWZHBQf LQFUHPHQWY )LJXUH L
WKH VDOLHQW IHDWXUHV RI WKHVH PRGHOV

7ZR 'LPHQVLRQDO %RXQGDU\ &RQGLWLRQV

7TKH WZR GLPHQVLRQDO GRPDLQV VKRZQ LQ )LJXUH DUH PP ZLG
VI\PPHWU\ SODQHV DW ] PP DQG PP 7KLV ZDV GHFLGHG EDVHG
ZLWK PP EHWZHHQ MHW FHQWUHYV W ZDV LQWHQGHG WR UH XVH
WRSRORJ\ WR FRQVWUXFW VLPSOH WKUHH GLPHQVLRQDO GRPDLQV Z
DQ LQILQLWH DUUD\ RI FR URWDWLQJ DLU MHWV $V LQYHVWLJDWLR
PRGHO WKH DUUD\ H[SOLFLWO\ 7KLV LV GLVFXVVHG IXUWKHU LQ 6HF
WKH ERXQGDU\ FRQGLWLRQV XVHG LQ WKH WZR GLPHQVLRQDO FDVH\
ZLWK D GHQVLW\ RI NJ P DQG D YLVFRVLW\ RI [ NJ

PV ZDV VHW DW WKH LQOHW ZLWK X PV DQG Y PV 7KH W



&(,/,1* :D0OO

287 3UHVVXUH %RXQGDU\
BUHVVXUH

/+6 6\PHWU\ 30DQH

—_ 5+6 6\PPHWU\ 30DQH

JLIXUH SHSUHVHQWDWLYH WZR GLPHQVLRQDO GRPDLQ

N DQG WKH WXUEXOHQFH GLVVLSDWLRQ H ZHUH DOVR VHW DW W
DW WKH NIQQIHWFDOFXODWHG E\ WKH HTXDWLRQ

NLQLHW X

ZKHUH X LV WKH [ FRPSRQHQW RI WKH YHORFLW\ 7KHHWXU®BXOH
LV JLYHQ E\

BN;QOHW oo
LQ@H -

ZKHUWNLQUMWWSURYLGHG E\ (TXDBWKKLWRH K\BQGXOLF GLDPHWHU LV JI
& K +

ZKHUH + LV WKH LQOHW KHLJKW 7KH 5H\QROGV QXPEHU 5H RI
[ ZKHUH

SOHF &

ZKHUH S5RAQLKWLVY WDNHQ WR EH WKH PDLQSODQH FKRUG PHDV?
SUHVVXUH ZDV VHW WR 3D RQ WKH GRZQVWUHDP ERXQGDU\ (



7ZR 'LPHQVLRQDO 'LITHUHQFLQJ 6FKHPHYV

$ FRPELQDWLRQ RI GLIIHUHQFLQJ VFKHPHV ZDV XVHG WR GLVFUHWL
KLIKHU XSZLQG VFKHPH ZDV XVHG IRU WKH X DQG Y YHORFLWLHV .
VFKHPH ZDV DSSOLHG WR WKH HTXDWLRQV IRU N DQG H 7KH XVH
VFKHPHY ZHUH LQYHVWLJDWHG EXW WKH\ SURGXFHG QR FKDQJH LQ

IXUWKHU LOQYHVWLIJDWLRQV ZHUH GLVFRQWLQXHG



7ZR 'LPHQVLRQDO 7RSRORJLHYV

$ ERG\ ILWWHG JULG ZDV VHW XS IRU DOO PRGHOV XVHG &ORYV

FDVHV DLWK DQG f DUH VKRZQ LQ )LJXUHV DQG 7KH EORF
FHOO VWUXFWXUH RI WKH WZRDGLPHDRDWLNVKRZQ EDV)H J2ALWHK 7KH
PHWULFV IRU WKLV JULG DUH VKRZQ LQ )LJXUHV WR 7KH

QRW DYDLODEOH DW WKH WLPH WKHVH JULGV ZHUH FUHDWHG D
UHEORFNLQJ SURFHGXUH GHVFULEHG LQ 6HFWLRQ

$ WRWDO RI FHOOV 7ZDV XVHG LQ WKLV VHULHV RI JULGV
JLIXUH VKRZV WKDW WKH FHOOV DUH DOO RI JRRG TXDOLW\
EH D FDXVH IRU VHULRXV FRQFHUQ EHFDXVH DQ\ VXFK FHOO ZR
YROXPH PDNLQJ DQ\ VROXWLRQ ZLWK &); LPSRVVLEOH $ UHY
WKH PLQLPXP YDOXH IRU WKH GHWHUPLQDQW LV DQG D PH

$FFRUGLQJ WR WKH ,&(0 &)' GHILQLWLRQ RI DVSHFW UDWLR
WKH DVSHFW UDWLR PHWULFV RI DQ\ RI WKH WZR GLPHQVLRQDO
IDU DUH WKRVH PHDVXUHG DFURVV WKH GRPDLQ DQG ZKHQ XVHC
WKH\ SURGXFH WKH DUWLILFLDOO\ KLJK YDOXHV RI WKH FHOO LC
FOHDUO\ VKRZV WKDW WKHUH LV QRWKLQJ XQWRZDUG ZLWK UHJ
DVSHFW UDWLR FHOOV DUH QHDU WKH ZLQJYVY DQG WKH KLJKHU |
DUHDV

,Q NHHSLQJ ZLWK JRRG JULGGLQJ SUDFWLFH DV GHVFULEHG
DXWKRU WULHG WR PLQLPLVH WKH VNHZQHVV RI WKH QHDU ZDOO
GHJUHH RI VNHZQHVYVY LV GHWULPHQWDO WR D JRRG VROXWLRQ E
WKDW DUH SURGXFHG LQ IRUPLQJ WKH VROXWLRQ PDWUL[ IRU
VXFK DV GHIHUUHG FRUUHFWLRQ DUH DYDLODEOH LQ WKH &); \%
EXW LW ZDV WKRXJKW EHVW WR SUHYHQW WKH SUREOHP RFFXUL

DQG LOOXVWUDWH WKH DWWHQWLRQ SDLG WR WKH QHDU Z
DQG SDUwWLDO JULGV zZDV XVHG LQ WKHVH DUHDV WR PD[LPLYV
RI WKLV HIIRUW IRU WKH PRGHO DW f LV VKRZQ LQ )LJXUH
SRVVHVVLQJ OLWWOH RU QR VNHZ 7KH PD[LPXP VNHZQHVV LV
FHOO GHWHUPLQDQWY DUH DOVR RI D KLJK TXDOLW\ ZLWK PRVW

7KH JULG TXDOLW\ GHVFULEHG E\ )LIJXUHYV DQG LV UHS

GLPHQVLRQDO JULGY 7KH EORFNLQJ VWUXFWXUHV RI WRH YDUL
LQFUHPHQW EXW LI WKH JULGYV IRU ODUJHU DQJOHV RI LQFLGHC
WR WKH EORFNLQJ VWUXFWXUH WR LPSURYH RUWKRJRQDOLW\






JLIXUH ' EORFN VWUNXFWXUH DQG JULG



JLIXUH '"HWHUPLQDQW VWDDNLVMWLFV RI ' JULG

JLIXUH 6NHZQHVY VWIDWEVWLFV RI ' JULG



JLIXUH %ORFN VWUXFWXUHDDQG JULG RI ' PRC



J)LIXUH %ORFN VWUXFWXUHDDQG fJULG RI ' PRGHO



WUXFWXUH DQG JULGV IRU f DQG f DUH LOOXVWUDWHG

7ZR 'LPHQVLRQDO *ULG S5HILQHPHQW

9DULDWLRQV RI VRPH FRDUVH WZR GLPHQVLRQDO JULGV ZHUH F
HITHFWV RI GLITHUHQW JULGYVY 7KH DQJOHV RI LQFLGHQFH FKRVH
RQ D SHUVRQDO FRPPXQLFDWLRQ IURP 6\NHYV LQ ZKLFK |
WZR DQJOHV RI LQFLGHQFH IRU JULG UHILQHPHQW FDVHV RQH
FRPSOHWHO\ DWWDFKHG RQ WKH ZLQJYV DQG RQH ZKHUH WKHUH
ZDV SULPDULO\ FRQFHUQHG ZLWK WKRVH DQJOHV ZKHUH WKH Kl
IORZ VHSDUDWLRQ EHFDXVH WKH DLU MHWV ZRXOG RQO\ EH XV}
HDUO\ VWDJH RI WKH LQYHVWLJDWLRQV LW ZDV FRQVLGHUHG X
DW DQ DQJOH ZKLFK zZDV NQRZ WR SURGXFH D KLJKO\ XQVWHDG
&ORVH XSV RI WKHVH UHILQHG JULGVY ZLWK WKH PRGHO DW f
DQG )LJIXUH UHVSHFWLYHO\ 7KH HQWLUH RULJLQDO DQG WKH
JLIXUH 'XH WR WKH VORW JHRPHWU\ WKHUH ZDV QR UHDO V
WR WKH ZLQJ VXUIDFHV ZLWKRXW YLRODWLQR W KH RIFOXGUWP®
VPRRWKQHVYV RI WKH JULG 7KH JULG TXDOLW\ SUHVHQWHG LQ
WR PD[LPLVH FHOO RUWKRJRQDOLW\ ZDV UHDOLVHG ZLWK WKLV
7KH GRXEOLQJ RI WKH FHOOV DURXQG WKH ZLQJV DQG WKH VF
FRPSDUHG WR IRU WKH FRDUVH JULG )LJXUH VKRZV D V
WZR GLPHQVLRQDD PRGHOKBWQO\ GLIITIHUHQFH EHLQJ WKH EORF
ZHUH DOWHUHG WR PD[LPLVH RUWKRJRQDOLW\ DQG VPRRWKQHYV
7KH GLIILFXOW\ LQ PRGHOOLQJ WKLV KLJK GRZQIRUFH V\VWH
SRXQGHG E\ WKH FRQILQHVY RI WKH WHVW VHFWLRQ WKH FHLOL(
ZLQJ DVVHPEO\ FKRUG OHQJWK IURP DQ\ ZLQJ VXUIDFH 7KLV LV
JULG VNHZQHVV LQ )LIJXUHV DQGD f MO JULGPRUWKFHOOV .
OLWWOH RU QR VNHZQHVY WKDPQ KMKRUILW GRIRWKH ORZHU RI1 WKF
LQFLGHQFH DOVR KDV VOLJKWO\ EHWWHU GHWHUPLQDQW FKDUD

7ZR 'LPHQVLRQDO ORGHOV ZLWK ([WHQGHG )DU )LHOG

,Q WKHLU H[SHULPHQWDO DQG QXPHULFDO UHVHDUFK RQ KLJK G
6SDODUW ,VKLPLWVX B5RJHUV OF*KHH VKRZHG WKDW OD
ERXQGDU\ FRQGLWLRQV FDQ KDYH D SURIRXQG HIIHFW RQ WKF
PHWKRGY 7KH\ GHPRQVWUDWHG WKDW VXFK ERXQGDU\ FRQGLW



JLIXUH &ORVH XS RI UHILQHG ' JULG

JLIXUH &ORVH XS RI UHILQHG ' JULG D



J)LIXUH &RDUVH WRS DQG UWILQGHG ' JULG E



'"HWHUPLQDQW 7ZR 'LPHQVLR®DQ *ULG 5HILQH

JLIXUH 4XDOLW\ PHWULFN R UHILQHG ' JULG



J)LIXUH &RDUVH WRS DQG UHILQHG ' JULG ER



J)LIXUH 4XDOLW\N PHWULFV IRU UHILQHG ' JULG D



HUURU LQ OLIW SUHGLFWLRQ DQG XS WR D HUURU LQ GU
DOVR VKRZHG WKDW WKHVH HUURUV FDQ RFFXU LI WKH IDU ILHC(
OHQJWKYV DZD\ I[IURP D PXOWL HOHPHQW DHURIRLO LQFOLQHG DW
GHWHUPLQHG WKDW WKH HIIHFW RI LQFUHDVLQJ WKH IDU ILHOG
I[IURP WKH DHURIRLOV SURJUHVVLYHO\ GHFUHDVHG WKH HUURU
EXW DOVR RQ WKH GUDJ

*ULG UHILQHPHQWY LQFRUSRUDWLQJ WZR LQFUHDVHV LQ WK
DVVHPEO\ FKRUG OHQJWKV ZHUH XVHG WR H[DPLQH WKHLU HIIHF
EXWLRQ 7KH FDOFXODWLRQV WR SUHGLFW WKH HIIHFW RI WKI
ZHUH FRQ G XIF W HfG DODMB f KLOH WKH UHVXOWYV IURP VRPH VROX
SUREOHPVY DQG WKHUHIRUH QRW SURPLVLQJ WKH UHVXOWYV IURI
DQG H[WHQGHG HQWU\ OHQJWKY GLG SURYLGH VRPH VPDOO LPS
OHQJWK PRGHOV



7TKUHH 'LPHQVLRQDO ORGHOV

7KH H[SHULPHQW LQ WKH ZLQG WXQQHO FRXOG EH FKDUDFWHULVHG
RQ WKH OLIWLQJ VXUIDFHV DW KLJK DQJOHV RI LQFLGHQFH H[DFHUED
WXQQHO ZDOO LQWHUIDFHV 7KH XVH Rl DLU MHW PRGHOV WKDW LQF
ERXQGDULHV ZRXOG KDYH EHHQ LQDSSURSULDWH EHFDXVH VXFK ERX
RYHUSUHGLFWLRQ RI WKH GRZQIRUFH 7KH HOLPLQDWLRQ RI WKH ZDO
RU SHULRGLF ERXQGDULHV ZRXOG HOLPLQDWH WKH SRVVLELOLW\ RI
ZLQJ ZDOO MXQFWLRQV

W ZDV QRW SRVVLEOH WR FRQVWUXFW D QXPHULFDO PRGHO RI W
DOO DLU MHWV EHFDXVH Rl WKH SURKLELWLYH SUREOHP VL]H DQG
FRPSXWDWLRQDO UHVRXUFHV 7ZR IX0O0 VSDQ FOHDQ ZLQJ FDVHV DQf
ZLWK DQG ZLWKRXW DLU MHWV ZHUH XVHG LQ WKH WKUHH GLPHQVLRC

7KH DXWKRU DWWHPSWHG WR XVH PRGHOV ZKLFK FDSWXUHG WKH I
RQ WKH ZLQJV DQG DW WKH ZLQJ ZDOO LQWHUVHFWLRQV RQ WKH SHU
VIVWHP $00 PRGHOV ZHUH RULBOWEHXQ PW DV WKLV ZDV WKH DQJOH
SURGXFH WKH PRVW H[WHQVLYH IORZ VHSDUDWLRQ

7TKUHH "LPHQVLRQDO %RXQGDU\ &RQGLWLRQV

LWK D IHZ HI[FHSWLRQV WKLV VHULHV RI PRGHOV DUH PXFK WKH VDP
7KH YDOXHV RI X PV Y DQG Z ZHUH XVHG WR VHW WKH
7KLY UHGXFWLRQ LQ UHIOHFWV WKH FKDQJH PDGH LQ WKH H[SHULP
LPSRVHG RQ WKH WXQQHO FDXVHG E\ WKH DBURGAROQBLFfEXIITHWLQJ E
7KH YDOXHQRRW DOO WKH WKUHH GLPHQVLRQDO FDOFXODWLRQV ZDV
7KH K\GUDXOLF GLDPHWHU ZDV FRPSXWHG XVLQJ

&IW 9

ZKHUH $ LV WKH IURQWDO DUHD RI WKH LQOHWLQI@EBNGHUIVYQWEH LQOF
XVLQJ (TXDWLRQ 7TWHQEEMORDIONFXODWHG XVLQJ (TXDWLRQ 7KH
QXPEHU ZDV FDOFXODWHEMWHEHRQ WKH PDLQSODQH FKRUG ZLWK ,
7KH SUREOHPVY ZHUH PRGHOOHG DV VWHDG\ VWDWH [IXO0O\ WXUEXOHDQ
$Q DUUD\ RI ILYH DLU MHWV ZDV XVHG LQ DOO WKH PRGHOV LQFRUSI
IDFH DW WKH WRS RI HDFK DLU MHW GXFW ZDV VSHFLILHG DV D SUHV)
WKHVH ERXQGDULHYV ZHUH VHW WR EH WKH DPELHQW DWPRVSKHULF S
WKH MHWV ZHUH XVLQJ UDP DLU3DID@QXHV RI[3D ZHUH XVHG LQ VRPH



FDOEGDWLRQV WR H[DPLQH WKH HIIHFW RI GLIITHUHQW DLU MHW E
RI WKH KLIJK GRZQIRUFH PRGHO

7KH WRS ERWWRP OHIW DQG ULJKW ERXQGDULHV ZHUH PRC
ERXQGDU\ OD\HUV RQ WKHVH ERXQGDULHYVY ZHUH FDOFXODWHG
VHW RXWRBEPIOHWQQHWK VXEVHTXHQW FRQGLWLRQV FDOFXODWH!

$vV D PDWWHU RI FRQYHQLHQFH WKH SUHVVXUH ZDV VHW W
GRZQVWUHDP ERXQGDU\ ODEHOOHG :287- DV LOOXVWUDWHG LQ
WKDW WKH GRZQVWUHDP VLGH RI WKH ZLQG WXQQHO WHVW VHI

7TKUHH "LPHQVLRQDO 'LITHUHQFLQJ 6FKHPHV

7KH +LJKHU 8SZLQG VFKHPH ZDV XVHG WR GLVFUHWLVH WKH FR
IRU WKH X Y DQG Z YHORFLWLHYV 7KH +\EULG 'LITHUHQFLQJ VFK
WHUPV IRU WKH N DQG H HTXDWLRQV

7TKUHH 'LPHQVLRQDO 7RSRORJLHV

7KH &); OHVKLPSRUW IDFLOLW\ ZDV XVHG WR FUHDWH DOO RI1 WK
UHFRPPHQGHG IHDWXUH RI DQ\ &); SDUDOOHO UXQ 7KLV UHE
LQ 6HFWLRQ 7KH ,&(0 &)'" EORFNLQJ SKLORVRSK\ DQG PRV\
WKH IORZ GLUHFWLRQ ZDV WDNHQ IURP WKH WZR GLPHQVLRQDC

&DUHIXO DWWHQWLRQ ZDV SDLG WR WKH FHOO DVSHFW UDW
KLJK DVSHFW UDWLRV LQ WKH IDU ILHOG DQG WKRVH ZLWK DVSES
WR WKH ZLQJV JLIXUH VKRZV WKH W\SLFDO ORFDWLRQ RI
LV FRPPRQ JULGGLQJ SUDFWLFH WR HQVXUH WKDW VXFK FHOO\
EHFDXVH VXFK FHOOV ZRXOG QRW UHVXOW LQ DQ DFFXUDWH FF
LQ UHIJLRQV RI KLJK IORZ JUDGLHQWYV

PP VSDQ &OHDQ :LQJ ORGHOV

7KH PRGHOV RI WKH IXO0 VSDQ FOHDQ ZLQDV KfLZH GHR FQ HRD I
WR JDLQ IXUWKHU LQVLJKW LQWR WKH WKUHH GLPHQVLRQDO Q
JLIXUH VKRZV WKH EORFN VWUXFWXUH XVHG LQ WKLV PRGH
WZR GLPHQVLRQDO PRGHOV ZLWK DGGLWLRQDO EORFNLQJ WR J
VHFWLRQ 7KH JULGGLQJ LQ )LJIJXUH LV RPLWWHG IRU FODU!
RQ WKH ZLQJV LV SUHVHQWHG LQ )LIJXUH $ JLG UHILQHPHQ!



JLIXUH /IRFDWLRQ RI KLJK DVSHFW UDWLR FHOOV

WKLV PRGHO 7KLV ZDV DFKLHYHG E\ GRXEOLQJ RI WKH QXPEHU RI V.
JULG 7KHUH ZDV QRW PXFK VFRSH IRU JULG UHILQHPHQWY QRUPDO
YLRODWLQJ WKH UHTXLUHRHOMHRKDWGLVLQJ WKH VPRRWKQHVV RI W

PP &0OHDQ :LQJ ORGHOV

6HYHUDO PP VSDQ FOHDQ ZLQJ DW f LQFLGHQFH ZHUH XVHG LQ
WKHVH PRGHOV ZDV EDVHG RQ D FRDUVH JULG FRPSULVLQJ FHO
ZHUH FRQGXFWHG RQ WKHVH JHRPHWULHYVY 2QFH DJDLQ WKLV ZDV
QXPEHU RI VSDQZLVH FHOOV IURP WKH FRDUVH JULG 7KH UHVXOWYV
ZHUH QRW FRQFOXVLYH DQG DUH QRW LQFOXGHG LQ WKH GLVFXVVLF

$LU -HW ORGHOV

$00 QXPHULFDO PRGHOV LQFRUSRUDWLQJ DLU MHWV XVHG WKH VDP
FR URWDWLQJ DUUD\ RI ILYH DLU MHWV 7KH DLU MHW GXFWV ZHUH
ZLWK WKH ZLQJ VXUIDFH DQG VSDFHG PP EHWZHHQ WKHLU FHQWU
DQG VNHZHG UHODWLYH WR ORFDO ZLQJ NMJGCINMNMZ DIQHOH WHEFKZBQHBC

f DQG f UHVSHFWLYHO\ 7KH DLU MHWV FHQWUHYV ZHUH LQ D OLQ!
ZLWK PP EHWZHHQ WKHLU FHQWUHY $00 FKRUGZLVH SRVLWLRQV
DVVHPEO\ FKRUG

7KLV VHHPLQJO\ DUELWUDU\ FKRUGZLVH SRVLWLRQ ZDV GHWHUPL
WKH ZLQJV XVHG LQ WKH H[SHULPHQWYVY W ZDV RULJLQDOO\ LQWHC



J)LIXUH 6XUIDFH JULG DQG EORFNV QHDU P



EHWZMHKHH DQG FKRUG WR PDNH XWS5RXVEHDNDWERNML RIOEUH VSD
ZDV ORFDWHG LQ WKLV UHJLRQ RI WKH PDLQSODQH 7KH ORFDWLRQ
MHW FHQWUHY EH ORFDWHG IXUWKHU DIW RQ WKH PDLQSODQH 7DNL
GLVWULEXWLRQ DERXW WKH PDLQSODQH LQWR DFFRXQW WKH F
YLDEOH SRVLWLRQ JLIXUH VKRZV WKH VXUIDFH JULGGLQJ W\SL
WKH VXUURXQGLQJ DUHD RQ WKH PDLQSODQH HOHPHQW )LJXUH
DURXQG D KLJK GRZQIRUFH PRGHO ZLWK DLU MHWYV 7KLY WRSROR
VKRUW VSDQ PRGHOV

&DOFXODWLRQV ZHUH SHUIRUPHG RQ VHYHUDO PRGHOV EDVHG RQ
ZLQJ LQFRUSRUDWLQJ $-9*V 7TKHVH FDOFXODWLRQV ZHUH SHUIRUP
ZLQJ DW f 7KH ILUVW W\SH RI PRGHO ZDV PHVKHG ZLWK FH
ZDV D JULG UHILQHPHQW VWXG\ DQG PHVKHG ZLWK FHOOV 7
WKH UHILQHG JULGYVY RI WKHVH DLU MHW PRGHOV ZHUH QRW FRQFOX
GLVFXVVLRQ

6RPH LQYHVWLIJDWLRQV ZHUH PDGH WR H[DPLQH WKH HIIHFW RI L
SUHVVIXDMYJKLY ZRXOG SURYLGH GDWD RQ WUHQGYVY WKDW PLJKW EH |
HIKDXVW RU VRPH RWKHU VRXUFH EH XVHG WR SRZHU WKH DLU MHWYV
R DQG DERYH DWPRVSKHULF ZHUH PRGHOOHG ,Q RUGHU WR \
SURGXFHG DW WKH HQG RI LWHUDWLRQV IRU WKH UDP DLU MHW F
IRU ERWK WKHVH FDOFXODWLRQV

, 00






&KDSWHU

([SHULPHQWDO OHDVXUHPHQW)

([ SHULPHQWDO 2YHUYLHZ

$ VHULHVY RI H[SHULPHQWYV ZDV SHUIRUPHG LQ WZR VHSDUDWH VHVVI
PDQFH RI WKH KLJK GRZQIRUFH V\VWHP $00 RI WKHVH H[SHULPHQWYV
8QLYHUVLW\ /RZ 6SHHG 7 :LQG 7XQQHO 'HWDLOV RI WKH PRGHO Sl
VRPH WHFKQLFDO VSHFLILFDWLRQV RI WKH WXQQHO DQG LQVWUXPHC
FKDSWHU

JRZ 6SHHG :LQG 7XQQHO

7KH &LW\ 8QLYHUVLW\N 7 /RZ 6SHHG :LQG 7XQQHO LV D FORVHG FLUF
VHFWLRQ PHDVXULQJ PHWUHYV ORQJ PHWUHYV ZLGH DQG PH
DUH XVHG LQ WKH WHVW VHFWLRQ W LV FDSDEOH RI SURGXFLQJ U
YHORFLWLHYV EHWZHHQ PV DQG PV 7KLV FRUUHVSRQGYV WR D

WR PLOOLRQ SHU PHWUH 7KH WXUEXOHQFH OHYHO LQ WKH Z
&LW\ 8QLYHUVLW\ VWDII WR EH OHVV WKDQ 7KH GRZQVWUHDP HC
YHOQWHG WR DWPRVSKHULF SUHVVXUH 7KH WXQQHO LV HTXLSSHG ZL
IRUFH EDODQFH PRXQWHG RQ WRS RI WKH ZRUNLQJ VHFWLRQ 7KLV
HISHULPHQWY UHSRUWHG KHUH JLIXUH VKRZV D VFKHPDWLF RI
KLIJK GRZQIRUFH V\VWHP LV SLFWXUHG LQ WKH ZRUNLQJ VHFWLRQ |
GRZQVWUHDP GLUHFWLRQ LQ )LJXUH



T -~ o 00

J)LIXUH &LW\ 8QLYHUVLW\ 7 /RZ 6SHHG :LQG 7XQQHO 0($

J)LIXUH +LJK GRZQIRUFH VA\VWHP PRXQWHG IORRU WR FHLOL



+LJK 'RZQIRUFH :LQJ

7KH IXOO VFDOH UHDU ZLQJ IURP WKH JHUUDUL )RUPXOD 2QH FD
LOQYHVWLIJDWLRQV ZDV FRQVWUXFWHG ZLWK FDUERQ ILEUH FRPSRYV
YHU\ VWLII DQG DV VXFK ODUJH PRGHO GHIOHFWLRQV RI WKH PRGH
WHVWYV

7KH ZLQJ FRPSULVHG WKUHH HOHPHQWYV D WKLFN PDLQSODQH

WKLFN IODS 7KHVH HOHPHQWYV ZHUH IL[HG UHODWLYH WR HDFK
FKDQJHV LQ WKH DQJOH RI LQFLGHQFH ZHUH IDFLOLWDWHG E\ URMW
7KH GLPHQVLRQV RI WKH PRGHO LQFOXGLQJ FKRUGYV VORW JHRPHYV
JLIXUH RQ SDJH

7KH DHURG\QDPLF ORDGV RI WKH PRGHO ZHUH FDUULHG E\ WKUHH
VHFXUHG E\ WKUHH EROWY DQG ILWWHG LQ WKH ZRUNLQJ VHFWLRC
SURYLGHG E\ D DQRWKHU WXUQWDEOH WKDW ZDV ILWWHG DURXQG
FHLOLQJ ZLWK YHU\ WLJKW FOHDUDQFHVY 7KH WKLUG ORDG SDWK ZD
WR WKH ZLQG WXQQHO EDODQFH IUDPH E\ D FLUFXODU VWHHO EDU
IRUPHG D MRXUQDO EHDULQJ DOLJQHG ZLWK WKH FHQWUH RI URWD
HQRXJK ITUHHGRP RI PRYHPHQW WR DOORZ WKH PRGHO WR EH URWD\
HDVH DQG JRRG DFFXUDF\

W LV VWDQGDUG SUDFWLFH WR HPSOR\ VRPH IRUP RI ERXQGDU
DW WKH ZLQJ ZDOO LQWHUIDFHV RI D KLJK GRZQIRUFH PRGHO 7KL
QDO WZR GLPHQVLRQDO IORZ RYHU WKH ZLQJ WKURXJK UHGXFWLRQ
ZDOO ERXQGDU\ OD\HU +RZHYHU WKH XVH RI VXFK D V\VWHP ZDV
GRZQIRUFH VA\VWHP GXH WR WKH WLPH DYDLODEOH

$LU -HW 9RUWH[ *HQHUDWRU 'HVLJQ

,Q 6HFWLRQ LW ZDV H[SODLQHG WKDW WKH $-9* FHQWUHV ZHUF
RI D ZLQJ VSDU WKDW ZDV VLWXDWHG EHWZHHQ WKH W R FKR
VSDFLQJ EHWZHHQ WKH $-9*V ZDV DOVR Rl JUHDW LPSRUWDQFH EHF
WLYH LQWHUDFWLRQ EHWZHHQ DGMDFHQW YRUWLFHY ,QQHV 3HDL
PLQLPXP ODWHUDO VSDFLQJ RI IRXU WLPHV WKH MHW OHQJWK ZDV U
LQWHUDFWLRQ EHWZHHQ DGMDFHQW YRUWLFHV 7KLV ZDV DOVR LQ
VWRQ  1LVKL DQG )UHHVWRQH 7KH\ LQGHSHQGHQWO\ L
VSDFLQJ RI DLU MHWV DQG IRXQG WKDW WKHUH ZDV D PLQLPXP GL



WDLQHG EHWZHHQ WKH DLU MHWV WR DOORZ YRUWH[ VWUXFW X
GHWULPHQW RI DGMDFHQW YRUWLFHYV 7KLY GHWULPHQWDO HI
Rl ORZ HQHUJ\ DLU IURP RQH YRUWH[ LQWR DQ DGMDFHQW YRI
ZDV FKRVHQ DIWHU FRQVLGHULQJ WKH ILQGLQJV IURP WKHVH LC
UHFRPPHQGHG D PLQLPXP GLVWDQFH RI IRXU WLPHV WKH DLU |
EHFDXVH WKH LQWHUDFWLRQ EHWZHHQ WKH DLU MHW HIIOX[HV |
D VHSDUDWHG FRUQHU IORZ ,Q NHHSLQJ ZLWK WKLV UHFRPPHQ
DQRG ODVW DLU MHWYV PP IURP WKH QHDUHVW ZDOO

$ FR URWDWLQJ DLU MHW DUUD\ ZDV FKRVHQ EDVHG RQ WKH
FRPSDUHG FRXQWHU URWDWLQJ DQG FR URWDWLQJ 9* DUUD\V

SHDUFH\ DQG ,QQHV HW DO DOO IRXQG WKDW FR UF
WR FRXQWHU URWDWLQJ DUUD\V EHFDXVH VXFK YRUWH[ VA\VWHP
WHVW VXUIDFH DV UDSLGO\ DV WKRVH FUHDWHG E\ FRXQWHU UI

7KH DLU MHWV XVHG LQ WKHVH LQYHVWLIJDWLRQV ZHUH UHF
PP O6RPH LQYHVWLIJDWRUV KDYH FRQGXFWHG UHVHDUFK LQWR '
RI bLU MHW FURVV VHFWLRQV 6KL <LQJ )DQ SHUIRUPHC(
LOQYHVWLIDWHG WKH XVH RI DLU MHWV ZLWK FUHVFHQW DQG FL
7KH\ FRQFOXGHG WKDW WKH FUHVFHQW VKDSHG MHWV VKRZHG :
WKH IRUPHU UHTXLUH ORZHU PDVV IORZ UDWHV WR )MHKH\AWY R QW K
FRQGXFWHG DQ LQYLVFLG VWXG\ RI YRUWH[ LQGXFHG PL]JL
WKDW DLU MHWV ZLWK UHFWDQJXODU FURVYV VHFWLRQV ZHUH PF
GHVLJQ XVHG LQ WKLV VWXG\ LV LOOXVWUDWHG LQ )LIXUH 7t
IRU HDFK DLU MHW ZDV PDFKLQHG IURP D VROLG F\OLQGULFDC
DQG PP WKLFN ILQHWHHQ KROHV ZHUH PDFKLQHG LQ WKH PDL
ZRRGHQ SOXJV ZHUH WKHQ RULHQWHG WRGD s VWMHK! DQJOH
,QLWLDOO\ WKH GHVLIQ FDEXOHGAQRHVWLIDWLRQV FDUULHG RX
GHPRQVWUDWHG WKDW XNLQJ $ZKUWH PRVKI HIIHFWLYH DW |
HOLPLQDWLQJ IORZ VHSDUDWLRQ RQ D WHVW VXUIDFH

YJLIXUH VKRZV WKH ZRRGHQ DLU MHW SOXJV LQVWDOOHG Lt
SODQH 7KH SOXJV ZHUH VXEVHTXHQWO\ ERQGHG LQWR SODFH X
JOXH :LWK WKH H[FHSWLRQ RI WKH DUHD QHDU WKH SUHVVXU
SDLQWHG ZKLWH DV D VXLWDEOH EDFNJURXQG FRORXU WR SHU
YLVXDOLVDWLRQ )LJXUH VKRZV WKH ILQLVKHG PRGHO VWDQ
VWDOOHG LQ WKH 7 ZLQG WXQQHO 7KH LQWHUQDO PDLQSODC



JLIXUH $LU MHW YRUWH[ JHQHUDWRU GHVLJQ $00 GLPHQ

JLIXUH RRGHQ $ -9* SOXJV LQVWDOOHG LQ VXFWLRQ VXUIDFH



5RZ RI
$-9*V

/ILQH RI VWDWLF
SUHVVXUH RULILFHV

ODLQSODQH

7TXUQWDEOH ILWV WR WXQQHO IORRU

JLIXUH +LJK GRZQIRUFH ZLQJ VWRRG RQ HQG VKRZL



DQG FRYHUHG E\ WZR FDUERQ ILEUH SODWHV RQH DW HDFK WLS 7
HDFK PP LQ GLDPHWHU WKDW VHUYHG DV DQ DLU VXSSO\ IRU WK
WKH ORFDWLRQ RI WKH $-9* LQOHWY 2Q WKRVH RFFDVLRQV ZKHQ F¢
WKHVH LQOHWYV ZHUH VHDOHG ZLWK WLJKW ILWWLQJ UXEEHU SOXJV L
D WKLQ PDWW 0 6FRWFK 7DSH

OHDVXUHPHQW RI 6XUIDFH 6WDWLF 3UHVVXUH

7ZR VA\VWHPV ZHUH XVHG WR PHDVXUH WKH VWDWLF SUHVVXUH DER>
LQ WKH WZR VHSDUDWH VHULHV ,Q WKH ILUVW H[SHULPHQWDO VHV\
DFTXLVLWLRQ V\VWHP GHYHORSHG E\ ,QQpV ZDV HPSOR\HG ZKL«
RI DOFRKRO PDQRPHWHUYV ZDV HPSOR\HG 7KH XVH RI WKH DOFRKRO
VORZ WR UHDG SURYHG WR EH DFFXUDWH DQG UHSHDWDEOH
7KH ZLQJV ZHUH HTXLSSHG ZLWK SUHVVXUH RULILFHY LQ D SODQH

WHVW VHFWLRQ FHQWUH OLQH ,W ZDV QRW SRVVLEOH WR ORFDWH
EHFDXVH WKHUH ZDV D FDUERQ ILEUH VSDFHU ERQGHG WR WKH ZLQ.
7KLY VSDFHU LV D FRPPRQ SDUW RI DQ\ PXOWL HOHPHQW KLJK GRZQI
W LV XVHG WR PDLQWDLQ WKH LQWHQGHG VORW JHRPHWU\ ZKHQ V
DHURG\QDPLF ORDG 7KH PP SUHVVXUH RULILFHV ZHUH PDGH IURP
PDLQSODQH ZDV HTXLSSHG ZLWK SUHVVXUH RULILFHY DQG WKH YI
ZLWK HDFK 7KH\ ZHUH DUUDQJHG QRUPDO WR WKH ORFDO VXUIDEF
GLVWULEXWLRQ DURXQG HDFK HOHPHQW VR DV WR KDYH D KLJKHU \
KLJK IORZ ILHOG JUDGLHQWY 2QH SUHVVXUH WDSSLQJ ZDV ORFDWH
HOHPHQW

&DOFXODWLRQ RI 6XUIDFH 6WDWLF 3UHVVXUH &RHIILFLHQW'

$ SURFHGXUH ZzDV GHYHORSHG WR HOLPLQDWH WKH QHHG IRU FDOLEL
XVHG LQ WKH H[SHULPHQWY 7KLV SURFHGXUH DOVR HOLPLQDWHG W
WKH YDULRXVY DOFRKROV LQ WKH PDQRPHWHUYVY XVHG WR FDOFXODWH
EHFDXVH WKH GHQVLWLHV RI WKH I0OXLGV ZHUH QRW NQRZQ ZLWK
HISODQDWLRQ RI WKLY SURFHGXUH IROORZV

8VLQJ HUQRXOOL-V HTXDWLRQ WKH VWDQGDUG HTXDWLRQ IRU W

SVWDWLF

e 4



JLWXUH 7ZR Rl IRXU LQOHWYV IRU $-9* DLU VXSSO\

7KLY FDQ EH H[SDQGHG XVLQJ DWHrPRPWBER HIWLYH SUHVV XUH

>3 3 3DWP 3 VWDWLF a 3DWP

° 2SYWO

‘H QRZ DVVXPH WKDW
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ZKHWBR:*3 LV WKH VWDWLF SUHVVXUH GURS DORQJ WKHVZMWXaGH WX
VWDWLF SUHVVXUH LQ WKH FHOQWUH RI WKH ZLQG WXQQHO ZRUN|

~3 3DW&"3 a 3DWP .
.L "3L 3 .L

%\ RSHUDWLQJ WKH ZLQG WXQQHO DW YDULRXV VSHHGVY LW LV
VWDQWM IRUDQG ,QQHV IRXQG WKH YDOXHV RI WKHVH FR



IROORZ4V . DQG 3 (TXDWLRQ WKHQ EHFRPHYV

3 3DWP 3 a3LWP
3 3

&S

7KH XVH RI WKLV V\VWEWR E8RRAVORMDODWHG IURP UDZ YROWDJHYV DOR
WKH RXWSXW RI WKH WUDQVGXFHUV LV SURSRUWLRQDO WR WKH LQ
PHDVXUHG 7KH SUHVVXUH GLIITHUHQFHV VHW RXW LQ (TXDWLRQV
PHDVXUHG DW DOO WLPHYV 7TKXV FHUWDLQ SUHVVXUH RULILFHV ZH
TXDQWLWLHYVY RQ ERWK WKH VFDQLYDOYH DQG K\GURVWDWLF V\VWHP
ZLWK D YDULDQFH RI *

(OHFWURQLF 'DWD $FTXLVLWLRQ 6\WVWHP

JLIXUH VKRZV WKH VFKHPDWLF RI WKH GDWD DFTXLVLWLRQ V\VWHP
7KH VA\VWHP FRQWDLQHG WZR VHSDUDWH HOHFWULFDO FLUFXLWV D
SUHVVXUH PHDVXUHPHQW FLUFXLW %RWK WKHVH FLUFXLWV GHULYH
9 +HUW] +] DOWHUQDWLQJ FXUUHQW HOHFWULFDO PDLQV 7K
FRQVLVWHG RI D SHUVRQDO FRPSXWHU EDVHG RQ DQ ,QWHO PLFI
WR GLIJLWDO VLIJQDO FRQYHUWHU 7KH FRPSXWHU XVHG D EHVSRN|
WKH V\VWHP 7KURXJK WKH VRIWZDUH WKH XVHU zZDV DEOH WR HQW
SDUWLFXODU WHVW DV ZHOO DV FRQWURO SDUDPHWHUV VXFK DV WK
XVHG WKH GXUDWLRQ RI SUHVVXUH VDPSOLQJ DQG WKH UDQJH RI1 Sl

UHVVXUH OHDVXUHPHQW &LUFXLW

7KH SUHVVXUH PHDVXUHPHQW FLUFXLW XVHG WZR 'UXFN 3'&5 W U D (

PEDU DQG PEDU UHVSHFWLYHO\ 7TKHVH WUDQVGXFHUV ZHUH F
OLQHDULW\ QHJIOLJIJLEOH K\WWWHUHVLVY DQG ORZ YROXPH 7KH ODVW T
DOORZLQJ DFFXUDWH VKRUW GXUDWLRQ VFDQQLQJ 7KHVH WUDQVG)
ZLWK WKH VFDQLYDOYH PHFKDQLVP

7KH WUDQVGXFHU FRQWDLQV D VLOLFRQ FU\WWDO GLDSKUDJP RYH!
LV DSSOLHG 7KLV GLDSKUDJP LV LQWHJUDWHG ZLWK D HOHFWURQLF
RI WKH GLDSKUDJP SURGXFHVY D FKDQJH LQ WKH UHVLVWDQFH DQG W
7TKH QDWXUH RI WKH FLUFXLW LV VXFK WKDW WKH GLITHUHQFH LQ YF
WR WKH GHIOHFWLRQ RI WKH GLDSKUDJP 7KH H[FLWDWLRQ YROWD
E\ D EULGJH FRQGLWLRQLQJ XQLW 7KH VLJQDOV JHQHUDWHG E\ WK
WUDQVGXFHUV ZHUH LQ WKH PLFURYROW UDQJH DQG WKLV PDQGDWELE



EHIRUH WKHVH DQDORJXH VLJQDOV FRXOG EH FRQYHUWHG E\ W
GLIITHUHQWLDO '& SUH DPSOLILHU ZDV XVHG WR DPSOLI\ DOO VLJ

%RWK WUDQVGXFHUV ZHUH XVHG WR PRQLWRU WKH SUHVVXU
VWDWLF DQG WRWDO SUHVVXUH SRUWYV LQ WKH ZLQG WXQQHO F
ZHUH FRQQHFWHG DW DQ\ JLYHQ WLPH WR D WRWDO RI VFDQL
YLQ\O WXELQJ (DFK WXEH ZDV DSSUR[LPDWHO\ PHWUH ORQ
RULILFHV WKDQ WUDQVGXFHU SRUWV DQG WKLV PHDQW WKDW |
ILUVW SDUW RI HDFK UXQ ZDV GRQH ZLWK ERWK WUDQVGXFHU
PDLQSODQH DQG WKH VHFRQG ZDV XVHG WR PHDVXUH WKRVH R

6FDQLYDOYH &RQWURO &LUFXLW

7KH VFDQLYDOYH SUHVVXUH PHDVXUHPHQW DSSDUDWXV XVHG L
DQ HOHFWUR PHFKDQLFDO GHYLFH ZLWK SUHVVXUH SRUWV DU
SRUWYV HDFK 7KH '"UXFN 3'&5 WUDQVGXFHU LV ILWWHG DQG VH
,Q LWV SURSHU ORFDWLRQ WKH WUDQVGXFHU FDQ VDPSOH HDF
LOQWHUQDO SOXPELQJ RI WKH VFDQLYDOYH $FFHVV WR HDFK SF
GULYH ZKLFK LV FRQWUROOHG E\ D FORVHG ORRS FRQWURO V\V
SRVLWLRQ RI WKH GULYH DQG WKH SRUW QXPEHU LV NQRZQ DW
WKDW WKH VFDQQLQJ RI FHUWDLQ SRUWY FDQ EH HOLPLQDWH(
UHIHU WR )LJXUH IRU GHWDLOV RI KRZ WKLV VA\VWHP ZDV LPS¢

$OFRKRO ODQRPHWHU 6\VWHP

W ZDV QRW SRVVLEOH WR XVH WKH HOHFWULFDO GDWD DFTXI
RI HISHULPHQWY )JLYH DOFRKRO PDQRPHWHUV ZHUH FRQQHFW|
ZLQG WXQQHO SROUQMGY 33KHEYH PDQRPHWHUV XVHG DOFRKROV ZLV
JUDYLWLHY DQG WKH FROXPQV ZHUH PHDVXUHG XVLQJ LPSHULDC
DOFRKRO UHVHUYRLUV IRU DOO RI WKHVH PDQRPHWHUV KDG XC(
XVH RI (TXDWLRQ REYLDWHG WKH QHHG WR PDNH GHWDLOHG
IRU HDFK PDQRPHWHU 7KH PHWKR @G SADHGDW R GFJIRRXNO I/\R HWV\K B W
ZLWK WKH HOHFWURQLF V\VWHP ,Q WKLV FDVH RQO\ WKH GLII
FROXPQ KHLIJKWYV ZDV UHTXLU&SR WRQG HMWMHHIP SR WKRAKH XVH RI L
GLIITHUHQW VA\VWHP SURYLGHG WKH PHDQV WR DVVHVV WKH UHS}
LQ WKH ILUVW H[SHULPHQWDO VHVVLRQ



0DLQSODQKWDQH )ODS

JLIXUH 6FKHPDWLF RI HOHFWURQLF GDWD DFTXLVLWLRC(

9DULDQFH DQG (UURU $VVHVVPHQW

6RPH SURFHGXUHV ZHUH XVHG GXULQJ WKH H[SHULPHQWV LQ RUGHU
WKH YDULDQFH RI DQ\ GDWD WDNHQ ,Q WKH SUHSDUDWLRQ RI WKH
WR HVWDEOLVK ZKHWKHU WKH ZLQJ JHRPHWU\ DHURIRLOV DQG VOR
VDPH DV WKRVH RULJLQDOO\ GHILQHG E\ )HUUDUL ,W ZDV DOVR QHFlI
DQJOH FRXOG EH DFFXUDWHO\ DQG UHSHDWHGO\ VHW LQ WKH WXQQ
WHVW HTXLSPHQW WKH DPELHQW FRQGLWLRQV DQG WKH ZLQG WXQQ
WHPSHUDWXUH ZHUH FRQVWDQWO\ PRQLWRUHG DV ZHUH DOO SUHVYV
WKH ZLQJV $W WLPHV WKLV SUDFWLVH DOORZHG IRU WKH LGHQWLI
HTXLSPHQW EXW IRU WKH PRVW SDUW LW ZDV RQO\ XVHG WR PRQLW
ZDV IXQFWLRQLQJ SURSHUO\

&ORVH 5DQJH 3KRWRJUDPPHWU\

JHUUDUL SURYLGHG WKH ZLQJV ZKLFK KDG DOUHDG\ EHHQ XVHG LQ
ZLQJY ZHUH WKHQ VXEMHFWHG WR PRGLILFDWLRQV NRRXQDOQQ WKH F
VKXW SURFHVYVY ZKHUH D ILQLVKHG FRPSRVLWH FRPSRQHQW LV PRGL



AXWWLQJ WKH VWUXFWXUH IROORZHG E\ D PRGLILFDWLRQ DQG
ZDV QHFHVVDU\ WR LQVWDOO WKH SUHVVXUH RULILFHV LQ WKH

$ FXW DQ MKXWIWHQ UHVXOW LQ WKH UHOLHI RI UHVLGXDO \
LQ WXUQ FDQ UHVXOW LQ VXUIDFH GHIRUPDWLRQV "KHQ WKL\
VLIQLILFDQWODVURHAVLWREHSH 'KHQ XVHG RQ WKH UDFHWUDFI!
VXEMHFWHG WR KLJK IUHTXHQF\ VPDOO DPSOLWXGH J YLEUD\)V
IRUFHY $00 RI WKHVH IDFWRUV FDQ DIIHFW WKH VKDSH RI WK

,Q RUGHU WR YWYWWWIGNHNWYRBESH RI WKH ZLQJ DVVHPEO\ DQG V
WKH SUHVVXUH RULILFHVY WKH ZLQJY DQG SUHVVXUH RULILFHV
SKRWRJUDPPHWU\ 7KLV WHFKQLTXH XVHV KLJKO\ DFFXUDWH FD
SRVLWLRQ RI DUELWUDU\ REMHFWV LQ WKUHH GLPHQVLRQDO V.
FDQ EH XVHG 7KH UHDGHU LV UHIHUUHG WR $WNLQVRQ |
SULQFLSOHYVY JRYHUQLQJ &0ORVH 5DQJH 3KRWRJUDPPHWU\

7KH SKRWRJUDPPHWU\ ZRUN RQ WKH )HUUDUL KLJK GRZQIRU
6WXDUW 5REVRQ WKHQ RI WKH &LYLO (QJLQHHULQJ 'HSDUWPH
DFFXUDWH .RGDN OHJDSOXV L VHOI FDOLEUDWLQJ FKDUJH
WR WDNH SKRWRJUDSKV Rl VHYHUDO KXQGUHG UHWUR UHIOHFW
UHWUR UHIOHFWLYH WDUJHWY HDFK PP LQ GLDPHWHU ZHUH
DQG DW VWUDWHILF ORFDWLRQV DORQJ WKH FKRUG DQG VSDC
ZHUH WKHQ XVHG LQ FRQMXQFWLRQ ZLWK WKH &$' ILOHV SURY
ZLQJV EHLQJ WHVWHG ZHUH LQGHHG WKH SURILOHV WKDW )HUU|
WKH DQDO\WVLYVY VWHSVY WKDW WKH SKRWRJUDPPHWU\ VRIWZDUH
WDUJHW KDV EHHQ DVVLIQHG D XQLTXH QXPEHU 7KH ORFDWLRC(
WKH DHURIRLO FR RUGLQDWHYV RI HDFK ZLQJ ZHUH PHDVXUHG D
SP SP IRUWKH [ \ DQG ] FR RUGLQDWHY UHVSHFWLYHO\ 7K
VHFWLRQV RI WKH VDPH VSDQ ZIDNK RE&DD/HKURBWWLP P GH IRU D
HDV\ FRPSDULVRQ ZLWK WKH )HUUDUL &$' VXUIDFH GDWD "HYIL

PP ZHUH IRXQG IRU WKH PRGLILHG ZLQJ VWUXFWXUHYVY ZKHQ
7KH PD[LPXP GHYLDWLRQV RFFXUUHG RQ WKH YDQH DQG IODS H
SUHVVXUH RULILFHYV ZLWK WKBIUPRSWHOYDGHG LQ 6HFWLRQ $ LQ

‘$ FKDQJH LQ DHURIRLO RU WKH DQJOH RI DWWDFN Rl WKH DHURIRLO DW



JLIXH 7DJIJHG UHWUR UHIOHFWLYH WDUJHWY RQ VXFWLRQ V)

3RVLWLRQ RI +LJK 'RZQIRUFH :LQJ LQ :LQG 7XQQHO

5HIHUHQFH OLQHV WDNHQ IURP WKH &$' ILOHV ZHUH GUDZQ RQ WKH \
LQFOLQRPHWHU 7KH UHIHUHQFHV XVHG ZHUH WKH OLQHV IRUPHG E\
WKH ZLQG WXQQHO FHQWUH OLQH $ OLQH WDQJHQW ZLWK WKH OHD(
WKH XSSHU WUDLOLQJ HGJH RI WKH IODS ZHUH DOVR HPSOR\HG WR
WKH PRGHO 7KH ODVW RI WKHVH OLQHV LV ODEHOOHG LQ )LJXUH
/LQH 7UDGLWLRQDOO\ WKLV LV WKH OLQH WKDW LV XVHG WR PHD)\
ZLQJ LQ PRWRU UDFLQJ EHFDXVH LW LV HDVLO\ DFFHVVLEOH +RZHYH
WKLV VIVWHP LQ WKH H[SHULPHQWYV $ OLQH RIIVHW E\ f SDUDOOHO
WR DOLJQ WKH PRGHO IRU DOO H[SHULPHQWY 7KHVH UHIHUHQFHV Z
ZLWK DQ LQFOLQRPHWHU WKDW ZDV LQWHJUDWHG LQWR WKH ZRUNLQG
OLQH DQG WKH LQFOLQRPHWHU VKRZQ LQ )LJXUH ZHUH XVHG WR V
WKH PRGHO B5HSHDWHG UXQV ZKHUH WKH DQJOH ZDV PHDVXUHG ZLW
VKRZHG WKDW WKH PRGHO FRXOG EH SRVLWLRQHG WR ZLWKLQ * fo
WXQQHO LQFOLQRPHWHU



J)LIXUH 'HPDUFDWLRQV DQG SRVLWLRQLQJ OLQH

9DULDQFHV $VVRFLDWHG ZLWK (OHFWURQLF 3UHVVXUH

7KLV V\VWHP ZDV HVWDEOLVKHG LQ VXFK D zZD\ WKDW LW ZDV
IRXQG WKDW WKH SUHVVXUHV PHDVXUHG YDULHG E\ * 7KLV
WR VPDOO GLIITHUHQFHY LQ WKH IORZ ILHOG 7KH DXWKRU DOV
KLV LQYHVWLIJDWLRQV 7KH WUDQVGXFHU YROWDJHV ZHUH GLVSE
SURYLGLQJ WKH FDSDELOLW\ WR?PBQD®E& U$'WHKHWRWQHMED QWW KH \
DQG WKURXJK UHSHDWHG UXQV 2QFH WKH DXWKRU EHFDPH ID
SURFHGXUHV ZHUH XVHG WR LGHQWLI\ DQ\ IDXOW\ HTXLSPHQW D

, QLWLDOO\ WKH DXWKRU ZDV FRQFHUQHG ZLWK WKH OHQJWK
SUHVVXUH SRUWYV DQG WKH VFDQLYDOYH 7KH OHQJWKV RI W KHV!
, WKHLU UHVHDUFK LQWR WKH DLU IORZ VWUXFWXUH SDVW FLUFX
D VFDQLYDOYH V\VWHP VLPLODU WR WKH RQH XVHG E\ WKH DXW
FKORULGH 39& WXELQJ RI PP LQWHUQDO GLDPHWHU 7KH\ IF
RI WKH DLU LQ ORQJ WXELQJ DFWV DV D ORZ SDVV ILOWHU DQG \
WXEHV LV GHSHQGHQW RQ WKH IUHTXHQF\ RI WKH VLJQDO EHLQJ
WXELQJ ZRXOG EH WR GDPSHQ DQ\ IOXFWXDWLRQ LQ SUHVVXUH
DERXW WKH KLJK GRZQIRUFH VA\VWHP



8QVWHDG\ DHURG\QDPLF EHKDYLRXU ZDV IRXQG DW WKH KLJKHVW
DXWKRU ZDV QRW DEOH WR DGGUHVV WKLV WKURXJK DQ\ W\SH RI VL.
PLQLPLVH DQ\ XQVWHDGLQHVV ZHUH D JUDGXDO LQFUHDVH LQ WKH D
RU PV DQG DOORZLQJ WKH WXQQHO YHORFLW\ WR VHWWOH IRU L
PHDVXUHPHQWY ZHUH WDNHQ

7KH JUHDWHVW SUREOHPV ZHUH HQFRXQWHUHG DW DQJOHV RI DWYV
WHVW VHFWLRQ VSHHG R PV $Q\ UXQV DW WKHVH DQJOHV SURGX|
DLU WHPSHUDWXUH RI XS WR f & ITURP DQ LQLWLDO WHPSHUDWXUH
WR f & 6XFK UXQV UHVXOYEHG ARXEBDWRIGHRYXWKH GDWD DFTXLVLWL
$ VDPSOLQJ WLPH RI VHFRQGY SHU SRUW JUHDWO\ UHGXFHG WKLV
f & WR f & EHFDXVH D VKRUWHU VDPSOH WLPH UHGXFHG WKH WRW
WKH KHDWLQJ RI WKH DLU LQVLGH WKH WXQQHO FLUFXLW 7KH KHD
ZDV WHVWHG DW WKH KLJKHU DQJOHV RI LQFLGHQFH

(UURUV $VVRFLDWHG ZLWK $OFRKRO ODQRPHWHU 6\VWHP

7KH PLQLPLVDWLRQ RI HUURU ZLWK WKLV VA\VWHP OD\ PDLQO\ ZLWK H
KDG VHWWOHG GRZQ WR D VWHDG\ VWDWH FRQGLWLRQ DQG IXUWKH
VHWWOHG GRZQ 7KLV VA\VWHP ZDV HYHQ OHVV HTXLSSHG WR KDQGO|
WKDQ WKH HOHFWURQLF VA\VWHP EHFDXVH DQ\ PHDVXUHPHQWY ZRXOC
E\ WKH DOFRKRO FROXPQV +RZHYHU LW ZDV FOHDUO\ YLVLEOH ZK
WKH FROXPQV ZHUH FRQVWDQW KHQ WKHUH ZHUH UHJXODU RVFLO
DPSOLWXGH WKHVH OHYHOV ZHUH PDUNHG ZLWK D WKLQ WLSSHG IH
YDOXHV ZDV WDNHQ 7KH DXWKRU ZDV FDUHIXO WR HQVXUH WKDW W
YHUWLFDOO\ DQG WR UHDG DQG PDUN WKH ERWWRPV RI WKH PHQLYV
GDWD ZHUH HQWHUHG DQG YHULILHG ZLWK WKH KHOS RI D VHFRQG S

6HYHUDO SHQV ZLWK IHOW WLSV RI PP ZHUH XVHG WR PDUN W
RI WKH WLS LWVHOI LV DOVR D VRXUFH RI HUURU ,Q WKLV FDVH W
GLDPHWHU RI WKH WLS 7KH DXWKRU EHOLHYHV WKDW VXFK HUURUV
LQ KHLIKW Rl WKH DOFRKRO FROXPQV

'"HVSLWH WKH IDFW WKDW WKLV V\VWHP LV QRW YHU\ FDSDEOH RI
KDYLRXU DERXW WKH ZLQJV WKHPVHOYHV WKH DXWKRU GLG QRWH
DOFRKRO FROXPQV FRYHULQJ WKH VXFWLRQ VLGHV RI WKH PDLQSODC
RI DWWDFN 7KHVH IOXFWXDWLRQV KDG DPSOLWXGHYV LQ WKH UDQJH
SHULRG RI DSSUR[LPDWHO\ PLQXWH :LWK VXFK D ORQJ WLPH SHUL



RULQ LV WKH KLJK GRZQIRUFH VA\VWHP ,W LV PRUH OLNHO\ WKEL
WKH DLU IORZ LQWHUDFWLQJ ZLWK WKH ODUJHU GLPHQVLRQV RI

ZDV HQFRXQWHUHG WKH ZLQG WXQQHO ZDV VWRSSHG DQG WKH
DIWHU HQVXULQJ WKDW WKHUH ZHUH QR KHLJKW IOXFWXDWLRQ\



&KDSWHU

'LVFXVVLRQ RI 5SHVXOWYV

1XPHULFDO 5HVXOWYV

7KH QXPHULFDO DQG H[SHULPHQWDO UHVXOWY DUH SUHVHQWHG LQ W
RI WKH JOREDO IORZ IHDWXUHVY DQG GHWDLOHG IORZ IHDWXUHV R \
IORZ ILHOGY 7KH JOREDO IORZ IHDWXUHV FRPSULVH WZR DQG WKUHH
7KH GHWDLOHG IORZ IHDWXUHV DUH WKH SUHVVXUH GLVWULEXWLRQV

7TKH WZR GLPHQVLRQDO UHVXOWY UHSUHVHQW DQ HIIRUW WR EHWW
RI WKH KLJK GRZQIRUFH V\VWHP 7KHVH FDOFXODWLRQV ZHUH SHUIF
UDQJLQJ IURP f WR f EXW RDEWKBKHFKDMIRPRHISHULPHQWDO UHVXOV
WKRXJKW WR RFFXU DW DSSUR[LPDWHO\ f $OVR GLVFXVVHG LV WK
SHDN VXRWRRQHDFK HOHPHQW ZLWK UHVSHFW WR WKH DQJOH RI LQF
HGJMSRQ HDFK HOHPHQW ZLWK UHVSHFW WR WKH DQJOH RI LQFLGHQF

7KH WKUHH GLPHQVLRQDO FDOFXODWLRQV SHUIRUPHG LQFOXGHG |
WKH KLJK GRZQIRUFH VA\VWHP LQ WKH ZLQG WXQQHO WHVW VHFWLRQ
$00 WKH PRGHOV LQFRUSRUDWLQJ DLU MHWV DUH DOVR WKUHH GLP
KLIJK GRZQIRUFH ZLQJ RULHQWHG DW f LQFLGHQFH

7KH QXPHULFDO GDWD DUH SUHVHQWHG IURP WKH WZR GLPHQVLRQI
OXWLRQV 7KH IORZ ILHOGYVY SUHGLFWHG E\ WKHVH FDOFXODWLRQV D
VXUH GLVWULEXWLRQV LQWHJUDWHG IRUFHV YHORFLW\ YHFWRU SOR
SORWV 7KH GLIILFXOWLHYVY H[SHULHQFHG E\ WKH DXWKRU ZLWK WKHYV
FXVVHG DW WKLV WLPH

&RPSDULVRQVY DUH PDGH EHWZHHQ WKH QXPHULFDO DQG H[SHULPH
FHUWLILFDWLRQ YHULILFDWLRQ YDOLGDWLRQ DQG FUHGLELOLW\ RI
6RPH RI WKH SUREOHPV HQFRXQWHUHG GXULQJ WKH H[SHULPHQWDO



WLV GLVFXVVLRQ 7KH QXPHULFDO UQGRHOV XVHG DUH QRZ

7ZR 'LPHQVLRQDO ORIGHM\OW FRPSULVH FRDUVH DQG UHILQHG J
E\ VIPPHWU\ SODQHV RQ WKH OHIW DQG ULJKW VLGH WR JLY
ZHUH XVHG WR SUHGLFW WKH JHQHUDO EHKDYLRXU RI WKH
DQG f LQFLGHQFH

PP 6SDQ &OHDQ :L®JIWSDQ RI PP UHSUHVHQWYV WKH IX
ZLQJ ZLWKLQ FRQILQHV RI WKH ZLQG WXQQHO WHVW VHFWLF
f LOFLGHQFH &RDUVH DQG UHILQHG JULGV ZHUH XVHG DV
H[HUFLVH *LYHQ WKDW WKHVH ZHUH WKH RQO\ PRGHOV IR
FRXQWHUSDUW H[LVWH&S 2MKii SBRSDEWBGZLWK WKRVH PHD
H[SHULPHQWYV

PP 6SDQ &OHDQ :LI/®LV PP VSDQ PGRHO ZDV FUHDWHG
FOHDQ ZLQJ FRPSDULVRQ IRU WKH DLU MHW PRGHOV W ZD

PP 6SDQ :LQJV ,QFRUSRUDWLQIXBLWR HWKH OLPLWHG DYI
RI FRPSXWDWLRQDO UHVRXUFHV IRU SRVW SURFHVVLQJ WKF
PRGHO ZLWK WKH IX00 $-9* DUUD\ Rl QLQHWHHQ DLU MHWV
PRGHO RI ILYH DLU MHWV ZDV XVHG WR FDSWXUH WKH VDOLF
WKH $-9* VSDFLQJ RI PP WKH VSDQ IRU WKHVH ZDOO ERX
7KHVH PRGHOV ZHUH RULHQWHG DW f LQFLGHQFH 7KUHH G
XVHG ZLWK WKLV W\SH Rl PRGHO 7KHVH DUH SUHVHQWHG
7KH UHVXOWV IURP WKHVH DLU MHW PRGHOV ZHUH FRPSDUH!

QXQ VSDQ FOHDQ ZLQJ PRGHO

7ZR 'LPHQVLRQDO 3UHGLFWLRQV

7ZR '"LPHQVLRQDO )ORZ 9LVXDOLVDWLRQ

7KH IORZ DERXW WKH KLJK GRZQIRUFH PRGHO LV GLVFXVVHG X
OLQH YLVXDOLVDWLRQ 7KH VWUHDPOLQHV DUH VKRZQ RYHU WK
YHORFLW\ YHFWRUV DUH XVHG IRU WKH QHDU PDLQSODQH WUDLC
DUH VKRZQ LQ PHWUHYV VHFRQG 7KHVH YLVXDOLVDWLRQ WHFKQ
f 7TKHVH DQJOHYVDBIHBAUKHYBQWURDERPMYGOG PD[UHVSHFWLYHO\
JLIXUH VKRZV D VWUHDPOLQH SORW DERXW WKH KLJK GR
LQFLGHQFH 7KHUH LV D VPRRWK IORZ DERXW WKH PRGHO ZLWK



GLVEXQFHVY WR EH VHHQ LQ WKH IDU ILHOG DUHD DERXW WKH PRGHC
SRLQW LV ORFDWHG RQ WKH IRUZDUG SDUW RI LWV OHDGLQJ HGJH
WKH SUHGLFWHG ZDNH VL]H LV TXLWH VPDOO EHFDXVH WKHUH LV Y
QHDU WKH WUDLOLQJ HGJHV RI WKH HOHPHQWYV

7KH YHORFLW\ YHFWRU SORW SUHVHQWHG LQ )LIJXUH DOVR VKR:
SODQH LQ WKH YHU\ VHQVLWLYH WUDLOLQJ HGJH DUHD RQ WKH ORZ
EHKDYHG LQ WKH VORWY DQG RQ WKH YDQH DQG IODS HOHPHQWYV 7K
ZLWK D YHU\ VPDOO SUHGLFWHG ZDNH

$W f LQOFLGHQFH WKH IORZ UHPDLQV VPRRWK DQG DWWDFKHG
PRGHO E%(W WKH IORZ ILHOG DERXW WKH PRGHO KDG FKDQJHG VLJ
f 7KH HQWLUH IORZ ILHOG LV YLVXDOLVHG ZLWK VWUHDPOLQHV LC
WKH PRGHO JHQHUDWHY KLJKHU FLUFXODWLRQ DQG WKLV FDXVHV D
QHDU WKH PDLQSODQH OHDGLQJ HGJH $V D UHVXOW WKH PDLQSOLIL
WKH XSSHU OHDGLQJ HGJH ,Q WKH UHJLRQ MXVW EHKLQG WKH YDQ
QRWDEOH GLYHUJHQFH RI WKH VWUHDPOLQHY 7KH FRORXU RI WKHVI
Lv DQ DUHD RI YHU\ ORZ YHORFLW\ 7KLV GLYHUJHQFH DQG WKH IOF
ODUJHU SUHGLFWHG ZDNH $QDO\VLV RI WKH DQJOHV EHWZHHQ f DQ
ZDNH LQFUHDVHYV ZLWK DQJOH RI LQFLGHQFH

7KH YHORFLW\ YHFWRUV VKRZQ LQ )LJXUH VKRZ D VPRRWK IO}
wubDLOLQJ HGJH UHJLRQ 7KHUH LV DOVR D VPRRWK IORZ SUHGLFWH
WKH HOWLUHW\ RI WKH YDQH DQG WKH IODS HOHPHQWY 7KH YHORF
ZDNH VKRZQ LQ )LJXUH EHFDXVH WKH UHJLRQ ZKHUH WKH IORZ G|
ZDNH LV WR WKH UHDU RI WKH DUHD GHSLFWHG LQ )LJXUH

7KH IORZ ILHOG IRU WKH HQWLUH FRPSXWDWLRQDO GRPDLQ ZLWK
VKRZQ LQ )LIJXUH 7TKHUH LV D PRUH WXUQLQJ RI WKH IORZ WKDQ D
LV VLIQLILFDQW GLYHUJHQFH RI WKH VWUHDPOLQHYVY LQ WKH UHJLRQ

7KH YHORFLW\ YHFWRUV DW f LQFLGHQFH SUHVHQWHG LQ )LIJXUH
WKH ORZHU PDLQSODQH QHDU WUDLOLQJ HGJH ,Q WKH UHJLRQ FORV
LV D YLVLEOH GHFHOHUDWLRQ DV WKH IORZ DSSURDFKHV WKH WUDL
7KH IORZ DERXW WKH VORWV DQG WKH YDQH DQG IODS HOHPHQWYV
IORZ IURP DOO WKUHH HOHPHQWVY GHFHOHUDWHY LQ WKH UHJLRQ LP
ORZ YHORFLW\ 7KLV LV WKH SUHGLFWHG ZDNH UHJLRQ WKDW LV FO
YJLIXUH

7KH QHDU PRGHO YHORFLW\ YHFWRUV DERXW WKH PRGHO DW f



VRZ WKDW WKHUH LV QR VHSDUDWHG IORZ SUHGLFWHG DQ\ZKHL
7KH IDLOXUH WR SUHGLFW IORZ VHSDUDWLRQ PD\ EH GXH WR F
IXQFWLRQV WR PRGHO WKH QHDU ZDOO IORZV 7KLV SKLORVRS
WKH IORZ GHYHORSPHQWY WKDW DUH SK\VLFDOO\ SRVVLEOH EH
DSSUR[LPDWHG E\ (TXDWLRQ DQG QRW VROYHG H[SOLFLWO\

$00 WKH YHORFLW\ SURILOHV LQ WKH SUHGLFWHG ERXQGDI
ILUVW LQWHULRU SRLQW MXVW DERYH WKH EXIIHU UHJLRQ DU
LV GHWHUPLQHG E\ LWHUDWLRQ XVLQJ (TXDWLRQ 7KLV OL
DQG WKH H[FHVVLYH QXPHULFDO GLVVLSDWLRQ RI WKH N H WX
&); DUH PRVW OLNHO\ UHVSRQVLEOH IRU WKH IDLOXUH LQ S
PDLQSODQH '"HVSLWH WKH IDLOXUH WR SUHGLFW IORZ VHSDUL
EH VKRZQ WKDW WKH WZR GLPHQVLRQDO PRGHOV GR SURYLGH
IRUFH WUHQGV RI WKH KLJK GRZQIRUFH V\VWHP
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JLIXUH 9HORFLW\ YHFWRMNV DERXW DHURIRLO"



SUHGLFWHG 7ZR '"'LPHQVLRQDO 3UHVVXUH 'LVWULEXWLRQYV

6RPH SUHGLFWHG SUHVVXUH GLVWULEXWLRQV DUH SUHVHQWHG LQ )
DQJOHV RI LQFLGHQFH DW LQWHUYDOV Rl f 7KHVH WZR GLPHQVLRQ
WR SUHGLFW WKH SHUIRUPDQFH RI WKH KLJK GRZQIRUFH PRGHO
WR HVWDEOLVK LI &); FRXOG SUHGLFW UHDOLVWLF SUHVVXUH Gl
Rl LQFLGHQFH UDQJH 7ERBLGHILOHY ERQURIVUQRXOOL -V HTXDWLRQ DV
(TXDWLRQ ZKHUH 3 LV WKH SUHVVXUH RQ WKH LQOHW ERXQGDU\ XS
VAVWHP

7ZR DGGLWLRQDO HQWU\ OHQJWKVY FRPELQHG ZLWK OLPLWHG QHD
LQYHVWLIJDWHG %RWK HQWU\ OHQJWKY ZHUH ORQJHU WKDQ WKDW :
WKH ZLQG WXQQHO WHVW VHFWLRQ 7KHVH ZHUH DQG DVVHPEO
VWDQGDUG LQOHW 7KH QHDU ZLQJ JULG UHILQHPHQW LQYROYHG D J
RI FHOOV DURXQG WKH DHURIRLOV ,W ZDV QRW SRVVLEOH WR DFK
LQFUHDVH LQ WKH QXPEHU RI FHOOV QRUPDO WR WKH DHURIRLO VX
SURGXEHG IRU WKH QHDU ZDOO FHOOV

Y)LIXUH VKRZV WK B SDEHRKIMW WHKE HOHPHQWY RI WKH QXPHULFDO
PRGHO DW f 7KH SUHGLFWHG SUHVVXUHV DERXW WKH KLJK GRZQIR
DJUHHPHQW IRU ERWK WKH FRDUVH JULGYV DQG WKH UHILQHG JULGV 2
ODWWHU PRGHOV ZHUH XVHG WR HVWDEOLVK WKH HIIHFW RI WKH SUF
YLIXUH VKRZV WKDW WKHVH FKDQJHV PDGH D QHJOLJLEOH GLIIHUI
SUHVVXUH GLVWULEXWLRQ DERXW WKH KLJK GRZQIRUFH V\VWHP DW

7KH SUHVVXUH GLVWULEXWLRQ DW f DQJOH RI LQFLGHQFH LV FKD
HUDWLRQ RI WKH DLU IORZ DURXQG WKH OHDGLQJ HGJH RI WKH PDL
SHDN IRUPHG E\ WKH VXGGHQ&SBIGWFW VR® IGQDWKRQ 7KLV LV FDXVH
DFFHOHUDWLRQ Rl WKH DLU IORZ DURXQG WKH PDLQSODQH OHDGLQJ
XSSHU VXUIDFH 7KLV RFFXUV EHFDXVH WKH PDQRSI® XGMW LWX@HDQ DW
DW WKLV DQJOH RI LQFLGHQFH DQG WKH VWDJQDWLRQ OLQH LV ORF
PDLQSODQH OHDGLQJ HGJH 7KH PDJQLWXGH RI WKLV SHDN GHFUHD\
XS WR WKH PD[LPXP RI f

W LV LQ WKH UDQJH RI f WR f WKDW WKH FRPSRQHQWYV RI VXF
DUH PRVW OLNHO\ WR EH HPSOR\HG ,W LV DOVR ZLWKLQ WKLV UDQJ
W\SLRBGLVWULEXWLRQV )LIXUHV  &SMRLVWUVERDM RMKH IRU f WR
W LV VHHQ WKDW WKH KLJK SUHVVXUH SHDN DURXQG WKH PDLQSODC
LQFUHDVLQJ LQFLGHQFH B6LPXOWDQHRXVO\ WKHUH LV D GHFUHDVH



&SZLWK LQFUHDVLQJ LQFLGHQFH DV ZHOO DV D IRUZDUG PLJUL
VXFW&RBQ

7KH PDLQSODQH LV WKH GRPLQDQW HOHPHQW LQ WKH V\VWt
DQG WKH EHKDYLRXU RI LWV SUHVVXUH GLVWULEXWLRQ 7KLV L

2YHU WKH DQJOH RI LQFLGHQFH WB@®IHD I6 SR ONP DAXHEW\LRQ

SUHGLFWHG %\ FRPSDULVRQ WKH YDQH DQG WKH I1ODS HOHPH
D ZLWK WKH IODS EHLQJ WKH OHDVW VHQVLWLYH %HWZHHQ f I
SHDN VXFWSROQDSSSUR[LPDWHDO\ DQG WKH IODS KDV &®3SUHGL
RI DSSUR[LPDWHO\

7KH GHFUHDVH LQ WK&SR B DWKWHXFWIL@KO D QH 2L MVK DLFFRPHSID\VQLLGH)
E\ D IRUZDUG PLJUDWLRQ RI LWV ORFDWLRQ 7KH ORFDWLRQ
LPSRUWDQW ZLWK $-9*V EHFDXVH WKH\ UHO\ YHU\ VWURQJO\ R
IRU WKHLU PDVV IORZ

%HWZHHQ f DQG f WKHUH LV D SURJUHVVLYH GHFUHDVH
SUHVVXUHV DQG LQ SHDN VXFWLRQ 7KLV LQFUHDVH LV DFFRPSE
JUDGLHQW RQ WKH ORZHU PDLQSODQH VXUIDFH EHWZHHQ FK
HGJH DW FKRUG 7KLV VXJJHVWV WKH RQVHW RI WUDLOLQJ |
EXW WKH YHORFLW\ YHFWRUV DERXW WKH ZLQJ DV GHSLFWHG
WKLV VHSDUDWLRQ )XUWKHU LQFUHDVHV LQ WKH DQJOH RI LQ
WKH SUHVVXUH JUDGLHQW ZKLFK DUH ORFDOLVHG EHWZHHQ |
DGYHUVH SUHVVXUH JUDGLHQW UHPDLQV UHDVRQDEO\ FRQVWDQ

6LIQLILFDQW FKDQJHV LQ WKH SESBQFWKE BBIDNS¥RBWLRDQ
IRU WKH VROXWLRQ RQ WKH UHILQHG JULGV DW f GHJUHH DQ.
)LIXUH 7KH UHILQHG JULG VROXWLRQV ZLWK WKH GRPDLQ
XSVWUHDP VKRZ JRRG DJUHHPHQW 7KLV VXJIJHVWV WKDW DW V
JULG LQGHSHQGHQW VROXWLRQ $00 VROXWLRQV RQ WKH YDQ
JRRG DJUHHPHQW

3UHGLFWHG ' 7UDLO&HWBWXY $QJOH RI ,QFLGHQFH

7KH SUHGLFWHG WASR® WOKHHIGUMS ZDV XVHG DV DQ LQGLFDWLR
RQ WKH KLJK GRZQIRUFH V\VWHP LQ WKH WZR GLPHQVLR®DO FI
RQ WKH PDLQSODQH DQG YDQH ZHUH H[DPLQB&PSRYFHORFWWN RM
WKH ERXQGDU\ OD\HUV IURP WKHVH HOHPHQW$DUKHS SHWIEQ AW
YJLIXUH



JLIXH S3UH QISDVEREW WZR GLPHQVLRQDO KLJK GRZQIRUFH V\VW

JLIXUH S WIE®ERXKXMG WZR GLPHQVLRQDO KRJK GRZQIRUFH V\



JLWXUH SUH&ESPBRRIGW WZR GLPHQVLRQDO KLIJK GREZQIRUFH

JLIXUH 3 WHIS®IERMXMG WZR GLPHQVLRQDO KRJK fGRZQIRUF



J)LIXUH 3URKDBERK®Y WZR GLPHQVLRQDO KLJK GREZQIRUFH V\VWH

[ F

JLIXUH SWHE®IEERRMXKMIG WZR GLPHQVLRQDO KRDJK GRZQIRUFH V\\



JLIXUH SBUHGLESMHERXW WZR GLPHQVLRQDO KLJK GREQIRUFH

JLIXUH 3 WHE®IEFRMKMG WZR GLPHQVLRQDO KDRDJK GRZQIRUF



J)LIXUH 3URGIDERRK® WZR GLPHQVLRQDO KLJK ©SRZQIRUFH V\VW

JLIXUH 3 WBHB®IEERRMXKMG WZR GLPHQVLRQDO KRJK GRZQIRUFH V\



JLIXUH SBUHGL&ESMIHER XW WZR GLPHQVLRQDO KLJK GREZQIRUFH

JLIXUH 3SWHS®IERXXMG WZR GLPHQVLRQDO KRJK GBGRZQIRU



JLIXUH SBUHGLESMIHERXW WZR GLPHQVLRQDO KLJIJK GRZQIRUFH V\VW

7KH SUHGLFWHG V&SRIQO WXHH@IHSODQH DUH DOO QHJDWLYH VKRZ
WKBIXPSLYBORFLW\ DW WKH PDLQSODQH WUDLOLQJ HGJH LV KLJKHU W
WLRQV DOVR VKRZ WKDW WKHUH LV D GHFUHRGZILWKWKIF PBDQIS@D QH
DQJOH RI LQFLGHQFH EHWZHHQ f DQG f 7KHUHDIWHU D VWHDG\
&SHQVXHV XQWLO f VLJQLI\LQJ D SURJUHVVLYH GHFUHDVH LQ WKH
UHJLRQ

TKHESSUHGLFWHG DW WKH YDQH WUDLOLQJ HGJH DUH DOO QHJDWL
WKRVH RI WKH PDLQSODQH 7KLV DOVR GHPRQVWUDWHY D TXDOLWDYV
YDQH WUDLGQQOHGIH WKDW LVGXORGS\LRY BKODRFDW\ KLIKHU WKDQ TUHHV)\
EXW QRW DV KLJK DV WKDW RI WKH PDLQSODQH 7KXV WKH VWDJH Z
WKH PDLQSODQH DQG WKH YDQH LV FDSWXUHG LQ WKH SUHGLFWLRQ
DUH SUHGLFWHG WR LQFUHDVH JUDGXDOO\ XQWLO f ZKHUHXSRQ W

f

7TKH SUHGLFWHG EHKDYLRXU R &XKH IDDBX WBEHD\L &/KH AFHROVOWM LPSR U\
IHDWXUH RI WKLV GLVFXVVLRQ %HWZHHQ f&BDUEH SfUHGHHF WOEIBS WARU B H
SRVLWLYH LQGLFDWLQJ WKDW WKHUH LV QR IORZ VHSDUDWLRQ RQ
7TKIKRSEHFRPH QHJDWLYH D&SRIf ZKHUN BUHGLFWHG 7KH®H[W VLJIQL
SUHGLFWLRQ WKDW LQGLFDWHY IORZ VHSDUDWLRQ RQ WKH PRGHO |
HGJH SUHVVXUH EHFRPHY PRUH QHJDWLYH ZLWK LMFRRIDVEQJ DQJOH



HNXc(
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,ODLQBQ@H 3UHGLFWLRQ
L,9DQH 3UHGLFWLRQ
)ODS 3UHGLFWLRQ



JLXUH SUHGLFWHGSWUHDMARQIJHDEKHHOHPHQW



SUHGLFWHG 1RUPDO )RUFH YHUVXV $QJOH Rl ,QFLGHQ

7KH QRUPDO IRUFHV DUH GHULYHG IURP D QXPHULFDO LQWHJ
GLVWULEXWLRQV DERXW WKH DHURIRLOV LQ WKH WZR GLPHQVL
LQ )LIXUH

$W f WKH SUHGLFW&GLYPDLQSODKH SUKGWKWRBGLQFUHDVHV
UHODWLYHO\ OLQHDU PRQPBRIWR UBWFKfD $Q\ IXUWKHU LQFUH
DQJOH RI LQFLGHQFH EULQJ DERXW D U&@® XKWMLERSU HGLWWKH GP RI
WKLV HOHPHQW DW f LQFLGHQFH LV 7KXV WKH 1DYLHU 6\
UHGXFWLRQ LQ WHKHMPBRQISODQHQFLGHQFH

$W [&ORI LV SUHGLFWHG RQ WKH YDQH ,QFUHDVHV LQ \
DERXW VPDOO LQF&EDRHWVKDW WWKiH & QBRBRVHHY DDW f 7KHUHDI
D SURJUHVVLYH XQORDGLQJ RI WKLV HOHPHQW R@WXHV XQWLO
7KH.QRQ WKH YDQH VKRZV WKDW LWV UROH LQ WKH KLJK GRZQI
RQ WKH IODS WKURXJK WKH HIIHFW RI WKH VRRWLYSQ B [DRWWD
XQGHUVWDQGLQJ RI WKH UHODWLRQVKLS EHWZHHQ WKHVH WZR

7KH SUHG&BWEBGNVKH IODS LV DW f DQG LW UHPDLQV UH

f 7KH ORDGLQJ RQ WKLV HOHPHQW WKHQ EBPDRM WR ZKHWH D
D&QRI LV SUHGLFWHG

$Q H[DPLQDWLRQ RI WKH SUHGLFWHG ORDGY RQ WKH HOHPHQ
WUDLOLQISHG JH I X UH VKRZ D GLVWLQFW FRUUHODWLRQ EHW
2Q WKH PDLQSODQH DEQXGS N PQHID WHK/HDV W K H& SELHDILL@LQ W R QLI U H
2Q WKH IODS DQ LQEQHDVK DQJWKH I LQFLGHQFH LV FRLQFLGHGQ
WUDLOLQISRGJBQ LQFUHDVH LQ WKEXPBXQBORELOD\H)LJIXUH Vv
WKDW WKH SUHGLFWHG EHKDYLRXU RI WKH DVVHPEO\ LV ODUJ}
DV WKH FKDQJHV LQ WKH WZR FXUYHV RYHU WKH DQJOH RI LQF!

BUHGLFWHG $[LDO )RUFH YHUVXV $QJOH RI ,QFLGHQFF

7KH SUHGLFWHG D[LDO IRUFHV DUH SUHVHQWHG LQ ¥[DWHMKH -
ORZHU DQJOHV RI LQFLGHQFH LV FRQVLVWHQW ZLWK D WKUXVW
&[ LV 7KH SUHGLFWHG UHVXOWV VKRZ D VPDOO WKUXVW F
WR DSSUR[LPDWHO\ WKH PLGGOH [ &[QU\O I RVRLSBHGH® AH G7WF
FRQWLQXDOO\ IURP f XS W&[ LY S$M GLfF WHIGHWR EH

7KH SUHGLFWLRQG&R NVWKE YWKRBW WKH D[LDO ORDG RQ WKLV H
VLWLYH WR WKH DQJOH RI LQFLGHQFH 7KHUH LV VPDOO LQFUH



HNXC(
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EHWZHH®QG f $W &f LWKH

$W f WKH 10DS LV SUHGILFRWNHG WR 7KDY IS UH G L8 WDH®& LIKDYDHBY
D PD[LPXP RI DW [ $W &[f SWKGLFODLRQ LV 7KHUF
SUHGLFWHG UHVXOWV VKRZ WKDW WKH IODS H[SHULHQFHV D WK
HQYHORSH

7KH SUHGLFWHG& DMV HMEQ\PXFK GHWHUPLQHG &)\ DNVKFHDPDE& S
VHHQ LQ )LJXUH 7KH DVVHPEO\ H[SHULHQFH&[ BE&WDHFHG DY L
DQG f 7KHUHDIWHU &JCDQJI$ BHRO/ILFMW.NG DQG LQFUHDVLQJ XQWL
DQJOH RI LQFLGHQFH

BUHGLFWHG 'RZQIRUFH YHUVXV $QJOH RI ,QFLGHQFH 1

7KH SUHGLFWHGD TF XYUHYBHV W SUHVHQWHG LQ )LJIJXUH H[KLEL\
VORSH FKDUDFWHULVWLFV 7TKHUH LV D OLQHDU VORKIHPIMW Wtk
DQRG WKHUHDIWHU D UHGXFWLRQ LQ T ZLWK LQFUHDVLQJ LQFL
GLVWULEXWLRQVY SUHVHQWHG QR VWDOO DV VXFK LV SUHGLFW
GHPRQVWUDWH D WKH VXGGHQ ORVV RI GRZQIRUFH

$W f WKH SUHGLFWHG T LV 7KH SUH®LBWHGf TZ IRXK YH
YDOXH RI $W WKH ODVW DQG KLJKHVW DQJOH RI LQFLGHQ

SBUHGLFWHG 'UDJ YHUVXV $QJOH RI ,QFLGHQFH IRU

7KH SUHGLFWHG GUDJ RI WKH KLJK GRZQIRUFH PRGHOV DV SUFL
WK&GLQFUHDVHYV ZLWER FEHUHDYGEODR WY RUMBWXERMHUYH LV VHHQ WR LC
EHWZHHQ f DQG f 7KLV FDQ EH H[SODLQHG E\ D UHYLHZ RI W
LQ DQG 7TKHVH ILJXUHV VKRZ WKDW EHWZHHQ f DQG f

SUHVVXUH JUDGLHQW RQ WKH ORZHU VXUIDFH RI WKH PDLQSOD(

BUHGLFWHG 'RZQIRUFH WR 'UDJ 5DWLRV IRU ' 6\VWHI

7KH OLIW WR GUDJ UDWLR LV D SDUDPHWHU WKDW SOD\V ZKDW
LQ GHFLGLQJ WKH DHURG\QDPLF VHW XS RI D )RUPXOD 2QH FDU
WKH VHW XSV IRU WKH +XQJDURULQJ DQG ORQDFR UDFLQJ FLUT
HIWUHPHO\ KLJK GRZQIRUFH FRQILJXUDWLRQ LV WKH JRDO HYFE
HITLFLHQF\



"HIJUHHV

D

TNA

JLXUH SURGYHWBRBE&RU WZR GLPHQVLRQDO KLJK GRZQIRUFH



'"HIJUHHV

D

JLIXUH SUHGLFWBGRT WHRVEUYPHQVLRQDO KLJK GRZQIRUI



J)LIXUH SUBGE HEWMHMRBU WZR GLPHQVLRQDO KLJK GRZQIRUFH



7KH KLJKHVW DHURG\QDPLF HIILFLHQF\ LV SUHGLFWHG DW WKI
PRGHO LV SUHGLFWHG RDRRDFKLHIW DQ )LJXUH VKRZV WKDV
SUHGLFWHG WR GHFUHDVH DIWHU f LQFLGHQFH 7KH SUHGLFW]I
D OLQHDU PDQQHU XS WR f



'"HIUHHYV

D

JLXUH SUHHUNMXI®RULA WZR GLPHQVLRQDO KLJK GRZQIRUFH



7TKUHH "'LPHQVLRQDO 3UHGLFWLRQV

7KH ILUVW PRGHO GLVFXVVHG LV WKH PP VSDQ PRGHO WKD\
PRGHO SRVLWLRQHG LQ WKH &LW\ 8QLYHUVLW\ 7 :LQG 7XQQHC
LOQFLGHQFH 6RPH VPDOOHU PP VSDQ ZDOO ERXQGHG PRGH
DUH DOVR GLVFXVVHG 7KHVH PRGHOV DUH PP VSDQ EHFDXVH
WKDW ZHUH PDQDJHDEOH JLYHQ WKH FRPSXWDWLRQDO UHVRXUF
PRGHOV ZHUH DOVR RULHQWHG DW f DQJOH RI LQFLGHQFH

2Q0\ WKH FOHDQ ZLQJ PP VSDQ QXPHULFDO PRGHO KDV LC
PRGHO 7KH RWKHU PRGHOV KDYH QR H[SHULPHQWDO SDUDOOH
VROHO\ LQ WHUPV RI WKH HIITHFWV WKH YDULRXYV $-9* EORZLQJ S|
7KH UHVXOWY DUH GLVFXVVHG JOREDOO\ XVLQJ WKH VKHDU VWU
ORFLW\ YHFWRUV 7KH VXUIDFH OLPLWHG YHORFLW\ YHFWRUV D
RI WKH IORZ ILHOG QHDU WKH FOHDQ ZLQJV DQG WKH YDULRXV |
LQYHVWLIDWLRQV E\ +HQU\ SHDUFH\ VKRZHG WKDW WKH |
$-9* PRGHOV RQ D IODW SODWH FDQ EH YHU\ FRPSOH[ ,Q WKH FL
DGGLWLRQDO IORZ YLVXDOLVDWLRQ LV SURYLGHG LQ WKH IRUP
WUDQVYHUVH SORWYV DUH XVHG WR VKRZ WKH FUHDWLRQ DQG ¢
DERXW WKH KLJK GRZQIRUFH V\VWHP

'"HWDLOHG GDWD SUHVHQWHG LQFOXGH WKH SUHGLFWHG VSDQZ
FRHIILFLHQWY DW VHYHUDO FKRUGZLVH SRVLWLRQV 7KH SUHVYVX
WKH $-9* PRGHOV DQG FRPSDUHG WR WKH SUHVVXUH GLVWULE
FOHDQ ZLQJ LQ GLVFXVVLQJ WKH HIIHFW RI WKH $-9*V RQ WKH C
FKRUGZLVH SUHVVXUH GLVWULEXWLRQV DERXW WKHVHDRBGHOV

VSDQ DQG DORQJ WKH wWUuDLOLQJ HGJHV RI WKH WKUHH HOHPI

PP 6SDQ &OHDQ :LQJ

SBUHGLFWHG 6XUIDFH )ORZ 9LVXDOLVDWLRQ RQ PP 6S

)ORZ VHSDUDWLRQ LV RQO\ SUHGLFWHG RQ WKH PDLQSODQH RI
UHJLRQ QHDU WKH MXQFWLRQ RI WKH YLUWXDO ZLQG WXQQHO
VKRZV WKH VXUIDFH OLPLWHG[ Y4 OFRFF LWR PY WIKMRWXW IDFHV R1 WKH
WKH FOHDQ KLJK GRZQIRUFH V\VWHP& )ERRWHR X UV VK® 2V KWK H/ DP H
2Q WKH PDLQSODQH WKHUH LV D UHDVRQDEO\ VWURQJ IORZ DO
WKH UHJLRQV QHDU WKH WXQQHO ZDOOV QRW VKRZQ ZKHUH WK



FRRPSRQHQWY DQG UHYHUVDO UHODWLYH WR WKH IUHHVWUHDP

7KH UHODWLYH VL]H RI WKH YHFWRUV LQ WKH DUHD RI WKH VORW:
WKH VORWV DQG RYHU WKH YDQH DQG IODS KDYH KLJKHU NLQHWLF
PDLQSODQH LQ WKH DUHDV RI IORZ VHSDUDWLRQ )LJXUHV DQG
LQ HYLGHQFH RQ WKH YDQH DQG IODS HOHPHQWYV

SUHGLF&SHAGVWULEXWLRQV DERXW &OHDQ PP 6SDQ :LQJ

YLIXUH VKRZV WKH SUHGLFWHG SUHVVXUH GLVWULEXWLRQ DERXW
IRUFH PRGHO 7KHVH SUHGLFWHG SUHVVXUHV ZHUH GHULYHG IURP F
DQG UHILQHG JULGV RI DQG FHOOV UHVSHFWLYHO\ 7KH
LQHG DW WKH ZLQJ VXUIDFHV LQ WKH SODQH ORFDWHG PP IURP W
PP IURP WKH ORZHU ZDOO 7KLV ORFDWLRQ FRUUHVSRQGV WR WKH
VWDWLF SUHVVXUH RULILFHV RQ WKH H[SHULPHQWDO PRGHO

YLIXUH VKRZV WKDW WKHUH LV JRRG TXDQWLWDWLYH DQG TXL
SUHVVXUH GLVWULEXWLRQV GHULYHG IURP WKH FRDUVH DQG UHILQHG
DERXW DOO WKH HOHPHQWY Rl WKH KLJK GRZQIRUFH ¥\WIWHP $ FRPSI
WKH WKUHH GLPHQVLRQDO VROXWLRQ LQ )LJXUH ZLWK WKH WZR ¢

VKRZ VLIJQLILFDQW GLIIHUHQFHV LQ WKH SUHGLEW W& H MWHMVKH H V
GLPHQVLRQDO FDVHV DUH JHQHUDOO\ ORZHU WKDQ WKRVH RI WKH W?Z
H[FHSWLRQ WR WKLV WUHQG LV WEHBERSUWEHFWHIG SBDAHVXFWLRQ

7KHVH GLIIHUHQFHV FDQ EH H[SODLQHG E\ WKH IDFW WKDW WKH WZ
ZLQJ LV DQ LQILQLWH VSDQ PRGHO ZLWK QR SRVVLELOLW\ RI WKH W
WKDW DUH GHWULPHQWDO WR WKH FUHDWLRQ RI GRZQIRUFH )LJXUH
LV SUHGLFWHG DW WKH H[WUHPLWLHV RI WKH PRGHO RQ WKH PDLQS
IORZ VHSDUDWLRQ KDYH DQ LQIOXHQFH RQ WKH LQQHU UHJLRQV RI W]
IURP WKH FHQWUHOLQH RI WKH PRGHO OLHV FORVH WR RQH RI WKH I

SUHGLFWHG /& WD-BERDXON PP 6SDQ &OHDQ :LQJ

BUHGLFWHG WUDQVYHUVH VKHDU VWUHVV GLVWULEXWLRQV DUH H[DP
RQ WKH PRGHO 2Q WKH PDLQSODQH WKHVH DUH DQ
EHLQJ MXVW EHIRUH WKH PDLQSODQH WUDLOLQJ HGJH 2QH FKRUGZ]
RQ WKH YDQH DQG WKH IODS 7KHVH DUH WKH DQG UHVSHFWLYH

7KH [ FRPSRQHQW RI YHORFLW\ X LV WKH GRPLQDQW FRPSRQHQW
7KXV IRU DOO WKH IORZV WDNHQ ZKHQ X R WKH IORZ LV UHYHUVH



&HLOLQJ RI ZLQG WXQQHO WHVW VHFWLRQ

JORRU RI ZLQG WXQQHO WHVW VHFWLRQ

JLIXUH /ILPLWLQJ YHORFLW\ YHFWRUV RYIBU PP VSDQ F



&HLOLQJ RI ZLQG WXQQHO WHVW VHFWLRQ
& |

JORRU RI1 ZLQG WXQQHO WHVW VHFWLRQ

JLIXUH &I FRQWRXUV RYHU PP VSIDQ FOHDQ PRGHO



JLIXUH 3 U HSGBIDFBAREK BV PP VSDQ FODHD® ZLQJ



LV WKH IORZV QHDU WKH OHDGLQJ HGJH RI WKH HOHPHQWYV $W VR
IORZV WUDYHO LQ WKH QHJDWLYH [ GLUHFWLRQ DV WKH\ DFFHOHUDW
PDLQSODQH 7KH DXWKRU VRXJKW WR LQFOXGH WKH GLUHFWLRQ RI
RI WKH FRHIILFLHQW &KIVWKHD UQV W XIBDWWL R Q

& ?8U[ 7\ 7] 7[
239, 27[?
7KH WHUP LQ (TXDWLRQ WDNHY LQWR DFFRXQW WKDW &); U

WKDW WKH ZDOO LPSDUWV WR WKH DGMDFHQW IOXLG FHOO DQG QR
WKH 10XLG 7KH DXWKRU XVHV WKH ODWWHU LQWHUSUHWDWLRQ R!
WHUP LV DOVR XVHG WR LQFOXGH WKH G&UHRWLRQH GQ FWKIK FIXGIDXO |
VWUHVV GLVWULEXWLRQV RQ WKH PDLQSODQH DUH SUHVHQWHG LQ )
7KH GLVWULEXWLRQV VKRZ WKDW WKH VKHDU VWUHVV RQ WKH PDLQS
SURJUHVVHV GRZQVWUHDP )ORZ VHSDUDWLRQ LV SUHGLFWHG WR RF
DQG LV SUHVHQW RQ WKH PDLQSODQH E\ FKRUG DV LV VHHQ LQ )L

7KH DUHDV Rl IORZ VHSDUDWLRQ DUH OLPLWHG WR H[WUHPLWLHV
UHYLHZ RI WKH VKHDU VWUHVV DW WKH FKRUG SRVLWLRQ VKRZV \
UHJLRQ LQFUHDVHV VLJQLILFDQWO\ WR FRYHU DSSUR[LPDWHO\ RI W
VWUHVV GLVWULEXWLRQV DOVR VKRZ D UHGXFWLRQ EHORZ WKRVH RI
WKH VDPH VSDQZLVH ORFDWLRQV

YJLIXUH VKRZV WKDW WKH IORZ LV SUHGLFWHG WR EH DWWDFKF
HGJH UHJLRQ Rl WKH PDLQSODQH 7KLV LV PRVW OLNHO\ GXH WR WKF
HQHUJ\ VORW IORZ HQWUDLQLQJ WKH RWKHUZLVH HQHUJ\ GHILFLHQW
RI WKH PDLQSODQH +RZHYHU WKH SUHGLFWHG VKHDU VWUHVVHV RQ
QRWLFHDEO\ ORZHU WKDQ WKH PLG VSDQ YDOXHV 7KHVH ORZHU YDC
RI WKH IORZ VHSDUDWLRQ XSVWUHDP

7KH YDQH DQG I10DS VKHDU VWUHVV GLVWULEXWLRQV VKRZ QR VL.
YDOXHV EHLQJ JUHDWHU WKDQ ]JHUR 7KHVH GLVWULEXWLRQV DUH Vk

IRU DQG FKRUG UHVSHFWLYHO\ 7KH IORZ GHSLFWHG LQ )LJ
FRQVLVWHQW ZLWK WKH VKHDU VWUHVV SORWYV JLYHQ LQ )LIXUHV



JLIXUH UG DMWHG FKRUG RQ FOHDQ P® VSPQ PRGHO

] G

JLIXUH SUBHOMWFWHG FKRUG RQ FOHDQ DPP fSDQ PR



JLIXUH UHGLFWHG & DW FKRUG RQ FAHDQf PP VSDQ PF

JLIXUH SUBH®WWHGEKRUG RQ FOHDQ DPP V\SDQ PRGHOV



J)LIXUH SUBADAMWHG FKRUG RQ FOHDQ PBD VSHQ PRGHO!

JLIXUH SBHOMWFWHGKRUG RQ FOHDQ PP V[SDQ PRG



&l

JLIXUH

YLIXUH

3UHG L& WDHAG FKRUG RQ FOHDQ

SBHOMFWHIGRUG RQ FOHDQ

&RDUVH *ULGV
S5HILQHG *ULG

PP VSPQ PRGHOV

PP VSHQ PRGHOV



] G

JLIXUH SUBGDMIWHG FKRUG RQ FOHDQ P® VSPQ PRGHO)

$LU -HW ORGHOV

2Q D )RUPXOD 2QH UDFLQJ FDU LW LV WKHRUHWLFDOO\ SRVVI
WKH $-9*V *LYHQ WKLV SRVVLELOLW\ WKUHH KLJKHU SUHVVXU
ERXQGDULHYV LQ WKH PRGHOV WR H[DPLQH WKH HIIHFWV RI GLII
UHVXOWY IRU WKUHH IROVRDG S BB WX WHKW ILIXUHV XVHG LQ WKLYV
DUH DWPRVSKHU LBHBVsRVIDWHDQUI M R EH [ 3D DQG KIBL e DE
7KHVH DUH OILBFFOIDAVE 3DMY¥J 3SDWHD Q BDMYJ SDWRJHVSHFWLYHO!'
LQ WKH JUDSKYV SUHVHQWHG

6XUIDFH /LPLWHG 9HORFLW\ 9HFWRUV DERXW $LU -HW

,Q DGGLWLR&I MRROWRKUY WKH DXWKRU SUHVHQWYVY VRPH YLVXDO|!
OLPLWHG YHORFLW\ YHFWRUVY 7KHVH DUH SUHVHQWHG WR SUR
VXUIDFH IORZ ILHOG RQ WKH PP VSDQ FOHDQ PRGHOV DQG RC

7KH PP VSDQ FOHDQ ZLQJ YLVXDOLVDWLRQ LV SUHVHQWH (
RI IORZ VHSDUDWLRQ DUH FRQVSLFXRXV E\ WKH SDXFLW\ RI YH
DUH SUHVHQW DUH DOVR RI YHU\ ORZ PDJQLWXGH RU DUH SRL(
7TKHVH FKDUDFWHULVWLFV LQGLFDWH ORZ PRPHQWXP DQG IORZ
VHSDUDWLRQ DUH RQO\ SUHVHQW QHDU WKH ZDOOV UHLQIRUFH'
RULJLQDWHY ZLWK WKH FRUQHU IORZV 7KH YDQH DQG I10DS HOF
DWWDFKHG IORZ



7KH XVH RI WKH $-3DMO¥Y BE®BMWP SUHVHQWHG LQ )LJIJXUH 7KH UHJI
IORZ VHSDUDWLRQ DUH VWLOO SUHVHQW RQ WKH PDLQSODQH +RZHY
WKH VL]H RI WKH VHSDUDWHG UHJLRQ 7KLV LV PRVWO\ DFKLHYHG LQ
DQG IODS DUH VHHQ WR EH ZLWKRXW DQ\ VHSDUDWHG IORZ

$V VHHQ LQ )LJXUH DQ LQFUHDVH LQ WKH $-8PMEODRZLQJ SUHV

3DWP SURGXFHV D FOHDU LPSURYHPHQW LQ WKH IORZ RYHU WKH
IORZ VHSDUDWLRQ DUH IXUWKHU GHFUHDVHG LQ VL]H EXW WKHUH LV
ULJKW VLGH RI WKH PDLQSODQH WKDQ RQ WKH OHIW 7KLV LV EHFDX
FUHDWHG E\ WKH MHWV LV FRQYHFWHG WRZDUG WKH ULJKW VLGH RI
WKLV FRQYHFWLRQ LV HQKDQFHG E\ WKH LQWHUDFWLRQ ZLWK WKH Z|
SURSHQVLW\ Rl WKH IORZ WR FRQYHFW LQ WKLV GLUHFWLRQ KDV LW
I JLIXUH VKRZV WIKDW fZKMIQH DLU MHWV DUH RULHQWHG WRZDUG)
RI WKH PRGHO 7KH YDQH DQG I0ODS DUH VHHQ WR H[SHULHQFH DWWLE

$Q LQFUHBDMWYLR 3DLP SURGXFHV D IORZ ILHOG WKDW VHHV WKH
WKH UHJLRQ RI IORZ VHSDUDWLRQ RQ WKH ULJKW VLGH RI WKH PDLQSC
LV WR WKH GHWULPHQW RI WKH IORZ ILHOG RQ WKH OHIW VLGH RI W
FDWDVWURSKLF EUHDNGRZQ RI WKH IORZ ILHOG )LJXUH VKRZV W
WKH OHIW VLGH RI WKH PDLQSODQH KDV LQFUHDVHG LQ VL]H DQG PD
$ UHYLHZ RI )LIXUHV DQG VXIJIHVWYVY WKDW WKH ORZ PRPHQW)
RI WKH PDLQSODQH LV HQWUDLQHG LQ WKH KLIJKHU PRPHQWXP IORZ F
RI WKH HOQWUDLQPHQW LYDEBYRER BRMVRQPOHWRKDW WKLV LV IXUWKHU
D PLGLILFDWLRQ RI WKH IORZ SDWK GXH WR LOQWHUDFWLRQ ZLWK W
IORZVY $ SRVVLEOH VROXWLRQ WR WKLV SUREOHP ZRXOG KDYH EHHQ
JHQHUDWRUV RQ WKH YLUWXDO WHVW VHFWLRQ ZDOOV

7TKDW WKH HOLPLQDWLRQ RI WKH IORZ VHSDUDWLRQ RQH VLGH RI
ZRUVHQLQJ RQ WKH RWKHU VXJJHVWYV WKDW WKH $-9* GHVLJQ LV QR
FRQFOXGHG WKDW WKH XVH RI FR URWDWLQJ DQG FRXQWHU UR
SOLFDWLRQ GHSHQGHQW 7KHUH LV PHULW WR LQYHVWLJIJDWH WKH X
DVFHUWDLQ ZKHWKHU ERWK UHJLRQV RI IORZ VHSDUDWLRQ FDQ EH F
WKHVH SUHGLFWHG IORZV DJUHH ZLWK WKH ILQGLQJV RI 3HDUFH\
VXFFHVV RI DQ $-9* DUUD\ LQ LQKLELWLQJ IORZ VHSDUDWLRQ OD\ ZL\
DQG VXLWDEOH SRVLWLRQLQJ 7KLV ZDV GHHPHG WR EH PRUH LPSRL
ERXQGDU\ OD\HU XSVWUHDP



JLIXUH /LPLWLQJ YHORFLW\ YHFWRUV RYHU BOHDRQ PP



JLIXH /LPLWLQJ YHORFLW\ YHFWRDMYRYHIDgPO*fPRGHO



JLIXH /LPLWLQJ YHORFLW\ YHFWRADMYRYHBDW®O* PRGHO



<3 ]
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YLIXUH

/ILPLWLQJ YHORFLW\ YHFW3DVMV¥JRYBDW®-90 PRGHO



7TUDQVYHUVH 9HORFLW\ )LHOGY DERXW $LU -HW ORGHC

7KH GHYHORSPHQW RI WKH YRUWLFHYVY ZDV IXUWKHU LQYHVWLJL
YHORFLW\ YHFWRUV DERXW WKH $-9* PRGHOV 6XUYH\ SODQHYV
XVHG DW FKRUG DQG DOO WKH ORFDWLRQV SUHYLRXVO\ SUHYV
DV SDUwW RI WKH GLVFXVVLRQ RI WUDQVYHUVH VKHDU VWUHVV
FKRUG SRVLWLRQ LV DORQJ WKH FHQWUHOLQH RI WKH $-9*V 7K
FRPSOHWH GLVVLSDWLRQ RU XQWLO WKH FKRUG SRVLWLRQ
7KH WRS RI HDFK SORW FRLQFLGHV ZLWK WKH ORZHU VXUIDF
VXUYH\ SODQH 7KH\ DUH DOVR SUHVHQWHG DV LI WKH UHDGHLU
VKDUH WKH VDPH RULHQWDWLRQ DV WKH WUDQVYHUVH VKHDU VW

7KH IRUPDWLRQ RI WKH YRUWLFHYVY DERXW WKH ZLQJV LV VLPI
Rl ,QQHV HW DO DQG WKH QXPHULFDO SUHGLFWLRQV RI $
VWXGLHV IRXQG WKDW WKH $-9* HIIOX][ SRVVHVVHV D GHILQLWH \
WKURXJK WKH YRUWH[ FRUH WKXV PDNLQJ LW D PRPHQWXP ULFI
KLIKOLJKWHG E\ 3BHDNH HW DO DV RQH RI WKH PDLQ GLIIHUF
WKRVH JHQHUDWHG E\ YDQHYV 7KH YRUWLFHY JHQHUDWHG E\ Y|
FRUHV 7KH YRUWH[ GLDPHWHUYV DUH DOVR VHHQ WR LQFUHDVH

DQG VKRZ WKH IRUPDWLRQ RI WKH YRUWLFHY RYHU WKH
LQYHUWHG YLHZ DQG WKH XVH RI YHORFLW\ FRQWRXUV DV RSSR\

JLIXUH VKRZV WKH GHYHORSPHQVDMIYWEWPEWUWLFKRUZXHQ
WKH PDLQ YRUWLFHY DUH ZHDN DQG WKHUH DUH QR GHWHFWDE(
RXVO\ VKRZQ E\ $NDQQL +HQU\ WKDW D VPDOOHU VHFRQGD
UHJDUGOHVV RI WKH MHW RULHQWDWLRQ 7KH VWUHQJIJWK RI W
LQYHUVHO\ SURSRUWLRIMYG WRMNKHLWKUWLFHY SURGXFHG DUH S
IXOO\ GLVVLSDWHG E\ FKRUG 7KHLU FRYHUDJH LV QRW YHL
DELOLW\ WR HQKDQFH WKH VKHDU VWUHVV RQ WKH ORZHU PDLQ!

7TKDW WKH YRUWLFHYV GLVVLSDWH DW DMYYX DDVIR WH DXADM\L MWDV H |,
LV SRVVLEOH WKDW WKH SUHGLFWHG GLVVLSDWLRQ RFFXUV SUF
QDWXUH RI WKH NH WXUEXOHQFH PRGHO 7KLV VKRUWFRPLQJ |
WKH HGG\ YLVFRVLW\ FRQFHSW DQG LWV OLPLWDWLRQ RI XVLQ
WKH WXUEXOHQWWYKWFRWVWOWLQILWD@QXHWM R[FHVVLYHO\ KLJK Ol
KLIJKHU OHYHOV RI GLVVLSDWLRQ .LP %YHQVRQ LQ WKHLL
QRYHO PXOWLSOH WLPH VFDOH WXUEXOHQFH PRGHO WR EHWWHL



'HVSLWH WKLV OLPLWDWLRQ WKH DXWKRU EHOLHYHV WKDW WKH S
YDULRXVY YRUWLFDO IORZ ILHOGV LV FRUUHFW

$Q LQFUHBUMAW KR 3DWBURGXFHV YRUWLFHVY WKDW XSRQ H[LWLQJ
VXUIDFH DUH LPPHGLDWHO\ VWURQJHU DW FKRUG ZKHQ FRPSDUH(
3DMYJ 3D\, GHYHORSPHQW RI WKHVH YRUWLFHY LV SUHVHQWHG LQ
'LWK WKH LQFIIWDANWKIHQVSDQZLVH DQG GRZQVWUHDP GHYHORSPHQW
PHULWY FORVHU VFUXWLQ\

3DXOH\ (DWRQ SHUIRUPHG DQ H[SHULPHQWDO VWXG\ XVLQJ
WR FUHDWH ORQJLWXGLQDO FR URWDWLQJ DQG FRXQWHU URWDWLQJ
ERXQGDU% OD\HUV 7ZR W\SHV RI FRXQWHU URWDWLQJ YRUWH[ SDL
IORZ EHWZHHQ WKH DGMDFHQW YRUWH[ FRUHV ZDV GLUHFWHG WRZL
VXUIDFH 7KH EHKDYLRXU RI WKHVH YRUWH[ SDLUV KDYH FHUWDLQ VI
QHDUHVW WKH ZDOOV LQ WKH KLJK GRZQIRUFH PRGHO ZLWK $-9*V
ODEHOOHG "FRPPRQ IORZ GRZQu DQG "FRPPRQ IORZ XSpu UHVSHFW
RULHQWDWLRQ RI WKH $-9* KLJK GRZQIRUFH PRGHO WKH ODEHOV XV
DUH LQDSSURSULDWH ,QVWHDG WKH DXWKRU XVHV WKH WHUPLQRO
"FRPPRQ IORZ DzZD\p DV GLUHFW DQDORJLHV WR "FRPPRQ IORZ GRZQ

7KH OHIW DQG ULJKW ZDOOV ERXQGLQJ WKH $-9* PRGHOV DW A
WKH YRUWLFHV WR PRGLI\ WKH UDWH DW ZKLFK WKH\ FRQYHFW DZD\
PDLQSODQH 7KH UHVXOWLQJ YRUWH[ EHKDYLRXU LV VLPLODU WR WK

$W FKRUG VKRZQ LQ )LJXUH WKH ILUVW YRUWH[ KDV LW

VSDQ DQG JLYHQ LWV SUR[LPLW\ WR WKH ZDOO DW _ LW LV
EHKDYHVY DV RQH YRUWH[ IURP D "FRPPRQ IORZ WRZDUGVp SDLU ,W
VXUIDFH XQWLO LW LV HQWUDLQHG LQ WKH DGMDFHQW YRUWH[ WR
UHFXUULQJ SKHQRPHQRQ XQWLO WKH ILQDO UHPDLQLQJ YRUWH[ LV G

%\ FRQWUDVW WKH ULJKWPRVW YRUWH[ EHJLQV ZLWK LWV FRUH
WKH ZDOO DW _ ,W EHKDYHV DV RQH YRUWH[ IURP D "FRPPRQ I
FKRUG DOO RI WKH YRUWLFHV IRUP DW DSSUR[LPDWHO\ WKH VDPH A
VXUIDFH +RZHYHU DV HDUO\ DV FKRUG LW LV FOHDU WKDW WEk
DzD\ IURP WKH PDLQSODQH VXUIDFH DW GLIIHUHQW UDWHYV ZLWK WKH
KDYH WKH KLJKHVW UDWH RI FRQYHFWLRQ 7KH YHORFLW\ YHFWRU
JRRG H[DPSOH VKRZ WKDW DV ZH JR IURP A 3 WR _ HDFK YRUMW
QHJDWLYH \ YHORFLW\ FRPSRQHQW W LV WKLV YHORFLW\ FRPSRQH
RI FRQYHFWLRQ DzZD\ IURP WKH PDLQSODQH VXUIDFH



W PXVW DOVR EH WDNHQ LQWR FRQVLGHUDWLRQ WKDW HDF
SUR[LPLW\ Rl WKH PDLQSODQH VXUIDFH DQG WKDW WKLV HQKDZ
YRUWLFHV 7KLV VSDQZLVH FRQYHFWLRQ LV HYLGHQW LQ )LJXLI
QRUPDO RU VSDQZLVH FRQYHFWLRQ LV VWURQJHU

7KH RWKHU YRUWLFHV SHUVLVW FORVHU WR WKH PDLQSODQH
SDWH PRUH TXLFNO\ 7KHLU PRPHQWXP LV ORVW LQ UH HQHUJL\
DQG WKLV LV VHHQ DV DQ HQKRQFMPHQ W QRZ @ WHK DRFWRH SULP
QLVP E\ ZKLFK YRUWLFHVY ORVH WKHLU FLUFXODWLRQ LV WKUR>
KLJK FRQYHFWLRQ UDWH EURXJKW DERXW E\ LWV LQWHUDFWLI
WKH IDU ULJKW RI WKH PRGHO KDV WKH OHDVW RSSRUWXQLW\ V
DQG LQ VR GRLQJ LW ORVHV WKH OHDVW DPRXQW RI HQHUJ\ D¢
ORQJHVW XQWLO FKRUG $V )LJIXUH VKRZV WKHUH DUH Q
IURP FKRUG

7KH FKDUDFWHULVWLFV Rl WKH SEWMW L F 3 DWPRWRIG XG & &V IMUNDKN |
JLIXUHV WKURXJK 2QFH DJDIDM LIDQ SIUGFUHFIWHHG LW R LQF L
LQWHQVLW\ RI WKH YRUWLFHV ,W LV VHHQ WKDW WKH DOO DV
YRUWLFHV LV DOVR LQWHQVLILHG DW WKLV KLJKHU EORZLQJ SU
WKH KLJKHU HQHUJ\ SRVVHVVHG E\ WKHVH YRUWLFHV DQG WKHL
IRUPHG E\ WKH PDLQSODQH DQG WKH ZDOOV

$UJXDEO\ WKH PRVW VLJQLILFD@OMMNHWFWDRY LWFRHDNWEY YR
DUH PRUH UHVLOLHQW WR GLVVLSDWLRQ )LJXUH VKRZV WK
EXW WKH ULJKWPRVW RI WKH YRUWLFHVY FUHDWHG KDYH GLVDS
DOEHLW ZHDNO\ DW FKRUG KLJKOLJKBSDMYWHKH HIRKWFEWH [RF RQFK
TXLWH D ORQJ GLVWDQFH DZD\ IURP WKH PDLQSODQH VR GHVS
LW LV Rl QR XVH LQ WHUPV Rl SURPRWLQJ DWWDFKHG IORZ RQ
FDVHV WKH JUHDWHVW XWLOLW\ LV GHULYHG IURP WKRVH YRU
ZLWK WKH PDLQSODQH VXUIDFH

9LVXDOLVDWLR® RWRXUV RQ $LU -HW ORGHOV

7K1 FRQWRXUV RQ WKH FOHDQ ZLQJ DUH VKRZQ LQ )LJXUH

VSDQ RI WKH PDLQSODQH LV DWWDFKHG DV DUH WKH IORZV RYI
HOHPHQWY 7KH WZR UHJLRQV RI IORZ VHSDUDWLRQ RFFXU RQ !
LQ VKDSH DQG DUH VHHQ DV WKH DUHDV &§RYHKUHIGL EKHWWRIDDGL |
DUH VHHQ LQ WKH UHJLRQV ZKHUH WKH IORZ i IFHR@A EXUNVQ R QW



J)LIXUH /IRRNLQJ 'RZQVWUHDP 9RUIDMFHY SDRBXFHEG ZLWK



JLIXH &URVV VWUHDP 9RUWLDM¥ISURGXPHB ZLWK



JLIXUH 9HORFLW\ YHFWRUV DW 3DMDIZBW D FKRUG
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YDQH DQG IODS HOHPHQWY VKRZ FRPSOHWHO\ DWWDFKHG IORZ ZLWK
JLIXUH VKRZV WKDW WKH DGGLWLRQ RIz$m9rV WIRWRMWK/H PRGHO
QRW KDYH D VLJQLILFDQW LPSDFW RQ WKH VL]H RI WKH UHJLRQV R
WKH DWWDFKHG IORZ UHJLRQ RQ WKH FHQWUDO PDLQSODQH LV DOVF
$-9*V LV UHIOHFWHGR@WWRKHYV 7KK KDEXWW RFFXU QHDU WKH DLU
HILWV DQG WKHUH DUH ILYHJUPZEIRHIMVR I GRZIBEVWUHDP RI HDFK DLU |
HOQKDQFHPHQW B GLUHFW UHVXOW RI WKH VWURQJHIWbMRUWLFHY FUH
LQFUHDWMQEHURRBDWPW R 3DWP LQFUHDVHVY WKH HIIHFWLYHQHVV RI
WHUPV RI FRPEDWLQJ WKH IORZ VHSDUDWLRQ SUHGLFWHG RQ WKH
VKRZV WKDW WKH VL]H RI WKH VHSDUDWHG UHJLRQ RQ WKH OHIW VL
ZKLOH WKDW RQ WKH ULJKW VLGH LV VLJQLILFDQWO\ UHGXFHG ORV
VHSDUDWLRQ LV DFKLHYHG LQ W&XHFRWR2XMWWH WHQEHW 7TFR¥FK KLJKHU |
QLWXGHYVY DQG JUDGLHQWYV LQ WKH LPPHGLDWH YLFLQLW\ RI WKH $-¢
D VWURQJHU VSDQZLVH FRPSRQHQW WKDW MIHQX\WUWY QRIRE@WVE&KHV WHRZ
LQIOXHQFH RI WKH YRUWH[ LPDJHVY FUHDWHG E\ WKH PDLQSODQH DQG

ZLWK WKH ZDNHV IRUPHG E\ VSHDUDWHG IORZV LQ WKH FRUQHUYV

7TKH FRQWRXUV RQ WKH YDQH DQG IODS VKRZ WKDW WKH IORZ LV
WDFKHG 7KLY DV\PPHWU\ LV LQGXFHG RQ WKH YDQH ERXQGDU\ OD\
WKH PDLQSODQH LQ WKH GLVFXV¥RIORRDEK VWWOMHPHEW HMWHLOO EH VH
WKEBXPSLYHORFLW\ DW WKH PDLQSODQH WUDLOLQJ HGJH LV KLJKHU W
PDLQSODQH ,W ZLOO DOVR EH VHHQ WKDW WKH YDQH KDV D VLPLOD!
HITHFW RQ WKHRRQW&XUV E\ YLUWXH RI WKH GXPSLQJ YHORFLWLHV D)

JLIXUH DQG VKRZ WKDW WKH $-9*V DUH FDSDEOH RI HQKDQ|
DERYH WKH FOHDQ ZLQJ OHYHO +RZHYHU LW LV FOHDU WKDW WKH R
FDUHIXOO\ FRQVLGHUHG ZKHQ FRUQHU IORZV DUH D SRVVLELOLW\ 7K
EHWZHHQ WKH DLU MHW HIIOX[HV DQG WKH ERXQGDU\ OD\HUV RQ DQ\
GUDPDWLF HIITHFW RI VXFK LQWHUDFWLRQ FDWNRH 3WWKHRKHQHLIXUH
IORZ VHSDUDWLRQ FDQ EH VHHQ RQ WKH OHIW VLGH WKH PDLQSODQH
VKDUSO\ ZLWK )LIJXUH ZKHUH WKH PDLQSODQH DQG ULJKW ZDOO D
D IXOO\ DWWDFKHG IORZ
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JLIXUH JORZ VHSDUDWLRQ:3BW3ZLQ@DIWPP G OfHIW ZDOO



JLIXUH $WWDFKHG IORZ R@IXNMQ BQWPULDKW ZDOO



SUHGLFWHG /OWHWWOLEXWLRQ DERXW $LU -HW ORGHO

,Q WKH PRGHOV LQYHVWLIJDWHG D SHUIRUPDQFH HQKDQFHPHQ
WKH U®WMRE FOHDQ :LQJ 7KH UHDGHU FDQ GHYHORS DQ DSSUHFL
YDOXHV IRU WKLV UDWLR E\ UHYLHZLQJ )LIXUHV WKURXJK
DW YDULRXV FKRUGZLVH SRVLWLRQV DUH SUHVHQWEKGSOREMY HL
GRHV QRW DOZD\VW SURYLGH DQ XQDPELJXRXV LQGLFDWLRQ RI .
HQKDQFHG WKH WRWDO VKHDU VWUHVVY 7KH DXWKRU DWWHPSW\
VHFWLRQ

$ UHYLHZ RI WKH ODWHUDO VKHDU VWUHVVHVY SUHVHQWHG LQ
LOOXVWUDWHY WKH FRPSOH[LW\ RI WKH IORZV SUHGLFWHG LQ
ILJXUHV VKRZ WKDW D KLJKHU $-9* EORZLQJ SUHVVXUH LV EHQ!
VWUHVYV +RZHYHU WKLV WUHQG LV FRPSOLFDWHG E\ WKH SUHVF
YDOXHV RI WKH VKHDU VWUHVVHY DUH VHHQ DW HDFK FKRUG SR
HIFHSWLRQV WKH $-9*V GR HQKDQFH WKH VKHDU VWUHVVHV LQ

J)LIXUH VKRZV WKDW BUWMYJ FXRMPGSUHGLFWHG WR SURYLGH!
HOQKDQFHPHQW RI VKHDU VWUHVY RYHU WKH FOHDQ ZLQJ YDOXH\
RI VHSDUDWHG IORZ DW WKH H[WUHPLWLHV RI WKH PDLQSODQ
HOKDQFHPHRQWVRSURSRUWIBRYDPL W BH DOVR VKRZV WKDW W
LQIOXHQFHIGVWULEXWLRQYV DUH VLQXVRLGDO LQ VKDSH DFURVV W
Rl RFFXUULQJ EHWZHHQ DQG VSDQ 7KHVH WUHQGV RI HQ
RI WKIHKGLVWULEXWLRQV SHUVLVW WKURXJK WKH FKRUG SRVL
XQWLO WKH FKRUG ZKHUH VRPH VLIJQLILFDQW FKDQJHV EHJLQ

$W WKH FKRUG SRVLWLRQ UHYHUVHG IORZ RQ WKH $-9* HT
WKH ILUVW WLPH ,Q WEDM PRGHI DWRHWHKH UHJLRQ XS WR VS
WR KRYH $00 RWKHU $-9* HTXLSSHG ZLQJVY DUH SUHGLFWHG
DW WKLV ORFDWLRQ +RZHYHU DW VSDQ WK3IDMED 3DMPXLSSEH
DQG 3DLP DUH VHHQ WR EH PDUJLQDOO\ VHSDUDWHG ZKLOH W
$-9* PRGHO ZDhMWK 3DLP

JLIXUH VKRZV WKDW DW FKRUG ZDWH W K3DW PFHBONL R
RWKHU PRGHOV FOHDQ ZLQJ RU $-9*V DOLNH H[SHULHQFH VHS
LQ WKH GROWHVMIOLEXWLRQ RFFXU ZLWKDVMKBQIGL ZKKAH/ W 2ZYFD & XNV W | F
ZLWIOMY¥I3IDWHD QG 3DWP 7KLV VXGGHLQ PHRBXFRW RDERRW E\ WK
RI WKH $-9*V UHVXOWYV IURP WKH IORZ LQ WKLYV FRUQHU LQWHUI

7KH ODWHIDHVHQWHG IRU WKH $-9* PRGHOV LQ )LIXUHV W |



WKRQVHW RI IORZ VHSDUDWLRQ RQ WKH PDLQSODQH EHJLQV RQ WKI
DQG SURJUHVVHYV DFURVV WKH VSDQ DV WKH IORZ SURFHHGV DORQ
EUHDNGRZQ RI WKH IORZ RQ WKH PDLQSODQH LV&VXEEWQ LIEEXGY DR/QP P H
DW FKRUGDMWK 3DWP/HHQ LQ )LJIJXUH LV WKH EHVW H[DPSOH R
DUH VHYHUDO IDFWRUV UHVSRQVLEOH IRU WKLV WUHQG 7KH\ DUH D

7TKHUH LV WKH ZDOO LQGXFHG IORZ VHSDUDWLRQ WKDW LV SUHYV
ZLQJ 7KH SRWHQWLDO IRU WKLV VHSDUDWLRQ DOVR H[LVWV RQ

7KH GLUHFWLRQ RI WKH $-9* HIIOX[HV SRLQWY DzZD\ IURP WKH OH
WKH ULJKW zZzDOO 7KHVH HIIOX[HV LQWHUDFW ZLWK WKH IUHHVW
DzD\ IURP WKH OHIW ZDOO DQG WRZDUGV WKH ULJKW ZDOO

7KH KLJKHU YD®OXBWMWRWR H[DFHUEDWH WKH IORZ FRQGLWLRQV D

7KH HIIHFW RI WKH $-9*V KDV GLVVLSDWHG VLJQLILFDQWO\ DW WKH
VHHQ IURBRIVBKNWULEXWLRQ LQ )LIJXUH ':LWK WKH H[FHSWLRQ R
UHJLRQSDMRU t 3DWPDOO WKH&OBWWWDOEXWLRQV GHPRQVWUDWH DW\
ZLWK YHU\ ORZ & DD@EVURDVRQDEOH V\PPHWU\ 7KDW WKH IORZ LV
ZHDNO\ DWWDFKHG DW WKH PDLQSODQH WUDLOLQJ HGJH LV PRVW O
QHDU WUDLOLQJ HGJH IORZ E\ WKH KLJKHU NLQHWLF HQHUJ\ PDLQSO

7KH YDQH EHLQJ LVRODWHG IURP WKH PDLQSODQH E\ WKH VOR\
DIITHFWHG E\ WKH XVH RI WKH $&3*MUH, YHHD RIQY WKLYV HOHPHQW DV
VSDQ ZLVH ORFDWLRQV WRZDUGV WKH OHIW VLGH RI WKH HOHPHQW
LQFUHDVHYVY LQ WKLV ORFIDMYRQ RPMYUV+EREKHQYHU RQ WKH ULJKW VLGI
HOHPHAQAWY VHHQ WR GHFUHDVH EHORZ WKH OHYHO RI WKDW VHHQ R

:LWK WKH H[FHSWLRQ RI VRPH UHJLRQWQ | WIOH JIOWS\ WKRHU I8 DO*NG

GR QRW KDYH DQ\ VLIJQLILFDQW &LIPRESYDHW WRKQL W KB HPLHWQMW DTOKH PRV W C
LOQFUHD¥HLVQSURGXFH®MHEHQ3IDLP
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6 ‘063WWD

JLIXUH /DAN FHBLYOVULEXWLRQ RQ WKH DODSf DW FKRU!

(IMTHFWLYHQHVY RI $LU -HWV

7KH XQFHUWDLQW\ DERXW $-9* GHULYHG VKHDU VWUHVV HQKDQ
DERXW WKH PRGHO FDQ EH UHPRYHG E\ L&NNE IWDEVAD INV:K¢b G LI
DFURVV WKH VSDQ DW HDFK FKRUG SRVLWLRQ 7KH DXWKRU KD
HTXDWLRQ 7KH UHVXOWYVY I[URP WKHVH FDOFXODWLRQV DUH S
FDOOHG WKH DLU MHW YRUWH[ JHQHDMWRU HQKDQFHPHQW IDFYV

G
(DMYa a N& | DMaY& | FOHIDQ
‘o
JLIXUH VKRZV WKDW WKH $-9*V DUH PRVW HIIHFWLYH RQ WKI

FKRUGV WKH $-9* PRGHO ZLWK WKH KLJKHVW EORZLQJ SUHVVX
ORZHVW EORZLQJ SUHVVXUH EHLQJ WKH OHDVW3BMMIFWADMMP 7K+
RQO\ SURYLGLQJ ® RNOMIMMKHEOHDQ ZLQJ XS WR FKRUG $W
WKLV PRGHO VKRZIVGLYWWILRXIWLRQV DW WKH FKRUGV H[DPLQHG

7KHUH LV RQH H[FHSWLRQ WR WKLV WUHQG DQG LW RFFXUV
Z K H U3DM Y3 3DWP 7KHUH LV D VXGG{{MYIHFUSDVH WELV VXG
GHFUHPDMAYUHPDLQV SRVLWLYH DW WKLV ORFDW LEMYBIKQ VE N X G (
H[SODLQHG E\ )LIXUH ZKHUH D VLJQLILFDQW GHWHULRUDWLR
ORFDWLRQ LQ WKLV $-9* PRGHO

7KH YDQH HOHPHQW LQ DOO WKH $-9* PRGHOV LV SUHGLFWH(
PRGHO DV DOO(DND@M¥WHY RFKRUG DUH VHHQ WR EH OHVV WKDQ ]l
WR KDYH D YHU\ VPDOO EHQHILW IURP 3K M2MZBM KE HLIQUW X B W)
DERYH ]JHUR



JLIXH (DMYYHUVXV _ IRU DOO $-9* PRGHOV

SUHGLF&®&%SDERXW $LU -HW ORGHOV

7KH UHODWLYH ORFDWLR@QWG RI WKBQ ORFDWLRQV ZLWK UHVSHFW WHF
Rl WKH $-9*V DUH SUHVHQWHG LQ )LJXUH 7KH LQLWLDO GLUHF
DUH DOVR LOOXVWUDWHG 7KH DXWKRU KDV LQFOXGHG WKLV GLDJU
$-9*V DUH EORZLQJ WRZDUGWWK® SMOKDDQOH WWHUH LV RQH DLU MHW R
RI WKH SODQH DW VSDQ DQG WKDW WKH $-9*V DUH EORZLQJ DZD
VSDQ

$W VSDQ D FRPSDULVRQ RI WKH FOHDQ ZLQJ DQG $-9* PRGHO S
LQ )LIJXUH VKRZV WKDW WKH HIIHFW RI WKH $-9*V LV VHHQ PRVW]
WKH OHDGLQJ HGJH XS WKH FKRUG SRVLWLRSBLWKHLERBHRQ 7K
VXJJHVWYVY WKDW WKH IORZ VHSDUDWHYV &S\ EQ@DWION DR ZHUFKRU D FAKBH
UHGXFHG E\ WKH XVH RI WKH $-9*V EXW WKHUH LV RQO\ D QRWHZF
VXFW&BDKHEDM YWY DW OHDVW 3SIDWIBERFRHPSDULVR&SRI WKH $-9*V
PRGHOV ZDMWYRW DQG DEBDWPVKRZV WKDW WKH PDLQSODQH ZLWK
DQEQGDMYJ 0O23DWP LV SUHGLFWHG WR EH PRUH&SRYMHEOWKRH GREMHUBI DV
PDLQSODQH VXUIDFH DW WKLV ORFDWLRQ ZEBBMOIF&P S3IIDWHG WR WKH

7TKHUH LV QR IORZ VHSDUDWLRQ LQ HYLGHQFH RQ WKH YDQH EX
SUHGLFWHG WR KDYH RQGHMWRWER®/WVRKHDERXW WKLV HOHPHQW )L.
WKBBDMYJ 3 3DWVFUHDVHV WKH Q@EBRRBUWKHU YIDFKHH W IDMRUIYO\ ZKHQ
DERWBBWRVKDW DQ\ VLIQLILFDQW &SHR&X WWKIHRQREHWRKR/EKUIDFH RI WKH



WHWHQ $WSDQ ZKHQ FRPSDUHG WR WKH FOHDQ ZLQJ PRGHO WK
LQ WKSHGLVWULEXWLRQ DERXW WKH IODS LQ DQ\ RI WKHKS$-9* P/
GLVWULEXWLRQ DERXW WK BMYIDWMWRG AORMHNWR WKDW RI WKH
JLIXUH VKRZV WKDW WISHD FRXW QWXKIHQYDQH DQG IODS DUH P
WKDQ WKRVH SURGXFHG E\3DWUMB& BDYWWKXMWVKNKH GLVFXVVLRQ DI
SUHVVXUH GLVWULEXWLRQ DW WKLY ORFDWLRQ ZLOO IRFXV RQ

WKH YDQH
$W VSDQ LW LVIDMOYV ZLWBBEW®W ZH VHH DQ\ LPSURSMHPHQW
J)LIXUH VKRZV WKDW W&SRHWKH RPWQRRQDQH GHFUHDVHYV ZLV

SIDM$SODWR ZLWK WKH H[FHSWLRQ RI DQ LQFUHDVH&SE@ HWKZH DR Z I

DQG FKRUG DEGBCG RWMWHKIHFWHG RQ WKH PDLQSODQH RI WKHVH
VHHQ WR GHFUHDVH 2Q WKH PDLQSO&8IH AWIKAVHGCGRED @ KLH E QMO
RI WKH FR URWDWLQJ YRUWLFHY RQ HLWKHU VLG&SRURMN KD I$ID® Q
$IWHU FKRSRDOWKH ORZHU PDLQSODQH VXUIDFH UHPDLQ ZI
FOHDQ ZLQJ DQG WKH BBWYBBRWRO ZLWK

JLIXUH DOVR VKRZSDWRRW WKH YDQH DUH LPSURYHG ZLWK
SUHVVXUH EXW WKH HIIHFW LV UHVWULFWHG WR WKH YDQH:-V O
WKDQ WKDW VHHQ RQ WKH PDLQS®IRIH WKKHW 186 B RHQV WIURIQV HH Q
RQO\ ZKHQDMKH ! BDWPNVKH ORZHVW SHINWKFPWSRQQH LV SURGX
3LMYJ3W3DWUQ

TKHESDERXW WKH YDULRXV PRGHOV LQ WKH SODQH DW V S

7KH XVH RI WKH $-9*V GRHV QRW SURGXFH BRGGEWOWD UEKQWK.IR

DERXW WKH PDLQSODQH DW WKLV ORFDWLRQ 7KH PRVW SURP
WR RFFXU3DKH@DWPFQG WKH HITHRE RYWKHEXWLRQ LV EHVW G
PDUJLQDO 7KH ZRUVW UHZOOIWJILVZDWHPQ ZKHQ

TKH&ESGLVWULEXWLRQ DERXW WKH YDQH DW VSDQ LV QRW
WKH $-9*V EHFDXVH WKH ORZHU VXUIDFH SUHVVXUHYVY DUH VHHQ
WZR KLJKHVW $-9* EORZLQJ SUHVVXUHV SURGXFH YHU\ VLPLOD
WKLV HOHPHQW EXW WKH PRVW IDYRXUDEOH SUHVVXUH GLVWU
$-9*V LV SUHGLFWHG WHRDMF¥FBRWFRKHRGGLVWULEXWLRQ DERXW W
SUHGLFWHG WR EH LQVHQVLWLYH WR WKH LQWURG3PWMYRQ RI W
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SBUHGLFWHG 7UDLRISQLW&JISLU -HWV

$Q H[DPLQDWLRQ RI WKH HOH®HRWR YLLEHM DQRWEBKW LQGLFDWLRQ DE
FRPSOH[LW\ Rl WKH HIIHFW RI WKH $-9*V RQ WKH SHUIRUPDQFH RI WK
7KH WUDLOLSWJRBGWHKH PDLQSODQH DQG YDQH HOHPHQWY SURYLGH DQ
SUHGLFWHG GXPSLQJ YHORFLWLHYV RQ WKHVH HOHPHROWWEKHAKH SUHGL
IODS SURYLGHY DQ LQGLFDWLRQ RI KRZ ZHOO WKH .XWWD FRQGLWLRQ
HGJH IRU WKH ZLQJ ZKHQ WKH $-9*V DUH XVHG

7KH PDLQSODQH WRBLOR®IWKEIWDULRXY PRGHOV DUH SUHVHQWHG L¢
$ GHFUHDVH LQ WKH WUDLOLQJ HGJH GXPSLQJ YHORFLW\ DFURVV WKH
ZKH@DMY3DWRKLV ZRXOG LQFUHDVH WERIQSWBMN YRPWLRQGHHG )LIXUH\

WKURXJK VKRZ WKDW DOO WKH &SHQWHKID N SEBNDVKNFORARQ WKE
WKH $-9* PRGHGDMY.IDXWP

W LV IXUWKHU VHHQ LQ )LJXU I DMKDAK DWK H. @ HQHD VWQR | GHFUHDVLQJ
PDLQSODQH WURBOHRZHMBUH WKHVH ORZHI$GRJ QRO GJWHHEQIE DFURVV WK}
HQWLUH PDLQSODQH VSDQ :LWK WKH H[BDMWRBW MKW KNSHBQELVH LWK
HIWHQW RI WKH EHQHILWV VHHZDMYBK S\W RAEKRH W RR @/D OD WRRXKUDEOH UHV:
LV SUHGLFWHG WRRW¥FXUIIRMMRQH RI WKH $-9* HTXLSSHG PDLQSODQ
DFKLHYH WUDISLORZHGIJNKDQ WKDW RI WKH FOHDQ ZLQJ DFURVV WKH
VSDQ

7KH YDQH WUD ISBISUHWBQWHG LQ )LIXUH VKRZ D WUHQG VLPLOD!
WKH PDLQSODQH 7KHUH LV D3PMYBPXR UHG® YR RGHFUHDVH WKH YDQH V
HGJ&S ,W LV VHHBOMXEDWPR DFWXDOO\ GHWULPHQWDO WR WKH GXPSLQ
WKH YDQH EHFDXVH WK \RUDW®LQJBEDOIMY RARVW VSDQZLVH ORFDWLRQG
DUH KLJKHU WKDQ WKRVH RI WKH YDQH IURP WKH FOHDQ ZLQJ FRQILJX
HGJ&SDUH DQ LQGLFDWLRQ RI WKH ORZHU WUDLOLQJ HGJH YHORFLWLH
YDOXHYDRMSURGXFH LQFUHDVLQJO\ KLIJKHU GXPSLQJ YHORFLWLHV DW |
EXW WKHVH KLJKHU GXPSLQJ YHORFLWLHY GR QRW SHUVLVW DFURVV V
WUDLOL QUSHBUHMVKH KLJKHG DMEIXHWYMRW SUHGLFWHG WR LQGXFH DQ\ VL
FKDQJHV LQ WKH SR\ WXKKM/ LARS 7KH YD QS W DOIOQ J UH®IMHU WKDQ
WKRVH RI WKH PDLQSODQH 7KLV LV DQ LQGLFDWLRQ RI WKH VWDJHZ
HOHPHQWYVY RI KLJK GRZQIRUFH V\VWHPV DV GLVFXVVHG E\ 6PLWK

7KH 10DS WUDRKGLQRPH®XH YDULRXV PRGHOV DUH SUHVHQWHG LQ )LJ
&S LQGLFDWH WKDW DOO WKH PRGHOV DUH SUHGLFWHG WR KDYH VR
EHFDXVH QRQH Rl WKHRS\DWH CUBDWBUHWKDQ JHUR +RZHYHU DOO RI



PRGHOV GR SURGXFH VRPHSIDO¥ WHIDMHR XY OWKADWLRQV RQ WKH I
7KH PRGHOVBDMWIRBDWFURGXFH WKH PRVW FRQVLVWHQW UHVXOV
HGJ®WSEHLQJ JUHDWHU WKDQ WKRVH RI WKH FOHDQ ZLQJ IODS
JLIXUH DOVR VKRZV WKDW WKHUH LV D FOHDGIEHWHBDNGQ L (
VSDQ DQG VSDQ IRU WKH WZR KLJKHVW $-9* EORZLQJ SUH\
3SDMWKH PRUH IDYRXUDEOH .XWWD FRQGLWLRQ EHWZHHQ WKHV
WR RFFXWBDIEMPVEH 3DWPKHVH IODS WUREDURJFRQVHVWHQW ZLWK D
LQ WKH DPRXQW RI IORZ VHSDUDWLRQ EXW QRW ZLWK LWV HOL



JLIXH &RPSDULVRQ RISBORQUFRDH® SODQH WUDLOLQJ HGJH

YLIXUH &RPSDULVRXBMRORBYHEDROWHED DL FLQJ HGJIH



1 G

JLIXUH &RPSDULVRQ&IDOSRIQA LIGWBGWUDLOLQJ HGJIH

SUHGLFWHG /RDGV ZLWK $LU -HWV

7KH PRVW LPSRUWDQW LQGLFDWLRQ RI WKH HIIHFW RI WKH $-9°
IRUFH SUHGLFWHG IRU HDFK RRGEDQGKA SURIKBWKHHEBPDOOHU FC(
PRGHOV DQG WKH $-9* HTXLSSHG PRGHOV DUH OLVWHG LQ 7DEO
VSDQ ZLQJ SODQIRUP DUHDVRAVHG PV WKH UHIHUHQFH DUHD WR
WKH DHURG\QDPLF IRUFHV 7KH GHILQLWLRQ RI WKH DHURG\QDP
IROORZV WKH )RUPXOD 2QH DHURG\QDPLF FRQYHQWLRQ QDPHO
WKH OLIW 7KXV ?2MMDFWXDOO\

7KH XVH RI WKH $-9*V LV SUHGL ERWHGQWRDMWHG HED WHKW KKH. JK G
VI\VWHP W LV DOVR SUHGLFWHG WRDMWY IBDBAOBRQZ G QD O®U MM ¥ X H H XI
LQFUHDVIDMYSINRGXFH DGGLWLRQDO &QFURIGXHNGL 8\ WKKH KLJK
IRUFH V\VWHP 7DEOH VKRZV WKDW&B RBVUW CRIFWKEB EZQ WWKHDYWKH
HTXLSSHG PRGHOV LV GHULYHG IURP WKH LQFUHDVHG ORDGLQ.
PDGH EHWZHHQ WKH FOHDQ ZLQJ DQG $-9* PRGHOV VKRZ WKDW
IOD&® UHPDLQ UHODWLYHO\ VPDOO

7TKH PD[LPXP LQFRHDVMWMKLYKH XVH RI $-9*V LV SUHGIFMWHG WF
3 3DWP7KH XVH RI WKLV EORZLQJ SUHVVXUH VHHV WKH KLJK C
&0 R FRPSDUHG WR RORROHDQ ZIRUJ DQ LQFUHDVH RI 7k
WKH $-9*V DW WKLV EORZLQJ SUHVVXUH LV DBOGVRIBBRIHGLFMHG \
WKH FOHDQ ZLQJ WR IRU WKH $-9* HTXLSSHG ZLQJ&G7KLV U
RI



7DEOH VKRZV WKDW &KRQSHBBKFMOHPHQW IURP WKH FOHDQ D
HTXLSSHG ZLQJV 7KH XVH RI WKH $-9*V LV SUHGLRWHBEG® R LQFUH
HDFK VXEVHTXHQW RDMBIONWRVSURE XFHY D FRUUHVSRQGLQJ LQFUHDVH
& 7DNLQJ WKH &DEHWZARHHQ WKH FOHDQ ZLQJ D3@® ¥-9*3BWYH ZLWK
WKHUH LV D LQFUHDVH LQ WKH&SUHRBRFWHGWRDLQSODRH YDQH
DQG WKH IODS HOHPHQWY DUH S &d¢ ®/IKD/MHE KHRPRD YIS CRQKHEXW LQ W
FKDQJHV LQ GUDJ WKHVH HOHPHQWYV DUH IDLUO\ LQVHQVLWLYH WR \
LBDMYJ

7KH XVH RI $-9*V LV SUHGLFWHG WR LPSURYH WKH DHURG\QDPLF
IRUFH VIVWHP :LWK WKH H[FHSWLRQ RI WKH3®MYJHIT3OWBBHG PRGH
WKH SUHGLFWHG WUHQG LQ VKRZV WKDW3BMB& S XHGHFXWHHBW WR) F
SURGXFH DGGLWLRQM&KGFBBDNARAMMI JDWPV SUHGLFWHG WR KDY!
DQ RI ZKLFK LV ORZHU W KIDMMEBHWEDHGH ZLWK 7KH
PD[LPXP DHURG\QDPLF HIILFLHQF\ RI LV SOMEIGWHB®IRVR RFFXU
JRU FRPSDULVRQ WKH FOHDQ ZLQJ FDVH LV SUHGLFWHG WR KDYH L
LQ DUH SUHGLFWHG ZLWK 3VRKH VS EWHDWHH GUHGLFWHG LQFUHDVH\

7TDEOH SUHGLFW&HG RO HARAHDM) DQG $-9* (TXLSSHG :LQJ

I1XPHULFDO ORGHM®MDLQSODX®HIDQHK / )ODRO
&OHDQ :LQJ PP 6SDQ

$LU -VIDW ¥ 3DWP

$LU -HWDW¥J A 43DWP

$LU -H3DWYJ T0AADWUD



7TCEOH SUHGLFWHR®R IPHRIDPWQ DQG $-9* (TXLSSHG :LQJ

1XPHULFDO 0RGH®DLQSODQH R HYR)op &R
&OHDQ :LQJ PP 6SDQ

$LU -HMWMyYJ = 3DwP

$LU -HWMvyJ a ADLUD

$LU -HWMYJ a

7TEOH SBUHGLFWHG $VVHPEO\ /RDGV IRU &0HDQ DQG $-9*

1XPHULFDO ORGHO &/ &R ’5!
&OHDQ :LQJ PP 6SDQ

$LU -H@WMYJ ® 3DWP

$LU -HIDMYJ a

$LU -HWDODWY¥YJ 3DWP



([SHULPHQWDO 5HVXOWYV

7KH H[SHULPHQWY ZHUH FDUULHG RXW IRFXVHG RQ WKH SHUIRUPDQF
DW f DQJOH RI LQFLGHQFH 3URP RWKHU H[SHULPHQWY SHUIRUPHG
UHSUHVHQWHG WKHDRSSRMKADMWHIOH DW ZKLFK PD[LPXP OLIW RFFX
DXWKRU XVHG WKLY DQJOH DV D YDOLGDWLRQ FDVH IRU WKH QXPHU
WKH SHUIRUPDQFH RI ZLQJ LQFRUSRUDWLQJ WKH $-9*V

JORZ YLVXDOLVDWLRQ UHVXOWY DUH SUHVHQWHG WR VKRZ WKH
TXLHVFHQW $-9*V RQ WKH VXUIDFH IORZ ILHOGVY RYHU WKH KLJK GRZ
EODFN SLJPHQW DQG PLQHUDO RLO ZDV DSSOLHG WR WKH PRGHO D\
FDOOLJUDSKHU:V SHQ (DFK GURSOHW ZDV DSSUR[LPDWHO\ PP WR
(DFK DSSOLFDWLRQ RI WKLV PL[WXUH WRRN DSSUR[LPDWHO\ PLQX\
WLRQ WKH ZLQG WXQQHO ZDV EURXJKW XS WR D VSHHG R P V DQ
IRU DSSUR[LPDWHO\ PLOXWHYVY WR HQVXUH WKDW WKH RLO WUDFH)
WKH\ ZRXOG QRW IORZ XQGHU JUDYLW\ ZKLOH EHLQJ SKRWRJUDSKHC

+RZHYHU VRPH SUREOHPV GLG DULVH LQ WKH IORZ YLVXDOLVDWLEF
WKRU GLG QRW ILQG D UHDVRQDEOH VROXWLRQ 7KH VXUIDFH IORZ
LQFLGHQFH ZDV DIIHFWHG E\ WKH IDFW WKDW WUDQVLHQW HIIHFWYV
XS 7KH DLU MHW IORZV HVWDEOLVKHG WKHPVHOYHV RQ WKH PDLQ:
FRUQHU EHIRUH WKDW RI WKH ORFDO IUHHVWUHDP 7KLV JDYH WKH
GRZQIRUFH PRGHO zZDV H[SHULHQFLQJ PRUH VHYHUH IORZ VHSDUDWL

%ODFN ZRRO WXIWV DSSUR[LPDWHO\ PP LQ GLDPHWHU ZHUH DS
PRGHO DQG DORQJ WKH VSDQ RI WKH YDULRXV HOHPHQWY ZLWK WUD
ZHUH RQO\ XVHG DV D GLDJQRVWLF WRRO LQ WKH XSSHU FRUQHU RI
WR GLIILFXOW WR SKRWRJUDSK ZKLOH WKH ZLQG WXQQHO ZDV EHLQ

'"HWDLOHG HIIHFWV Rl WKH DFWLYH DQG TXLHVFHQW $-9*V DUH S
PHDVXUHG SUHVVXUH GLVWULEXWLRQV DERXW WKH HOHPHQWYV RI WK
WKH SUHGLFWHG SUHVVXUH GLVWULEXWLRQV WKH PHDVXUHG SUHVV
WHUPV RI WKH SHISENR Y XFWIKREOHPHQW DQG RQ WKH PDLQSODQH LQ
HITHFW RI WKH XVH RI WKH $-9*V RQ WYL \H QIORHRQ B/L WRABXD/MHE J HGJIH

7KH VHFWLRQD®GT) GHULYHG IURP WKH LQWHJUDWHG SUHVVXUH (
SUHVHQWHG WR SURYLGH DQ HVWLPDWH RI WKH HIIHFW RI WKH $-9*\
WKH ZLQJ



YORZ 9LVXDOLVDWLRQ RQ &OHDQ :LQJ DW f ,QFLGHQF

JLIXUH VKRZV WKH RLO GURS EDVHG VXUIDFH IORZ YLVXDOLYV
GRZQIRUFH V\VWHP ZLWK TXLHVFHQW $-9*V 7KH JHQHUDO VHQV
I[UHHVWUHDP IORZ GLUHFWLRQ DORQJ WKH PDLQSODQH VXUIDFH
RLO WUDFHV SRVVHVV D VPDOO VSDQZLVH FRPSRQHQW 7KLV FF
DQ bGYHUVH SUHVVXUH JUDGLHQW DFWLQJ RQ WKH IORZ ILHOG F
2WKHU UHJLRQVY DORQJ WKH PDLQSODQH VKRZ IORZ SDWWHUQ\
DORQJ WKH PDLQSODQH VXUIDFH EXW WKH RLO SDWWHUQV HQG E
HGJH GHVSLWH KDYLQJ HQRXJK RLO WR FRPSOHWH WKH SDWK 7
VHSDUDWLRQ DV LW VXJIJHVWV WKDW WKHUH LV QRW HQRXJK PRF
RLO WUDFH WR WKH PDLQSODQH WUDLOLQJ HGJH
7KH YDQH H[KLELWYV IXOO\ DWWDFKHG IORZ DORQJ WKH HQWLU
RLO WUDFHVY WKDW KDYH GHILQLWH IORZ SDWWHUQV JRLQJ IURP
GLUHFWO\ WR WKH YDQH WUDLOLQJ HGJH 7KHUH LV D VPDOO GL
LQ WKH LPPHGLDWH DUHD RI WKH VORW JDS VSDFHU EXW WKLV
WKH RLO WUDFHV DUH VHHQ WR IORZ WR WKH YDQH WUDLOLQJ H
,Q )LIXUH WKH I10ODS LV VHHQ WR EH RSHUDWLQJ ZLWK O
VRPH DUHDV RI YHU\ ORZ PRPHQWXP RQ WKH XSSHU KDOI RI LW\
DUHD LV QRW HQRXJK WR VXVWDLQ VXFK WKH RLO WUDFHV XS V
IRUFH RI JuDYLW\ 7KH\ DUH VHHQ WR DOPRVW UHDFK WKH IODS
f WR IORZ GRZQ WKH IODS DSSUR[LPDWHO\ SDUDOOHO WR LW\
RI WKH 10DS DUH VHHQ WR KDYH RLO WUDFHV WKDW KDYH OLWW
FRPSRQHQW 7KH IORZ YLVXDOLVDWLRQ LQ )LJXUH VKRZV W
FDXVH VRPH GLVWXUEDQFH WR WKH IORZ ILHOG RQ WKH I10ODS D
FRQWULEXWLQJ IDFWRU WR WKH IORZ IHDWXUHY VHHQ RQ WKH )
IORZ ILHOG LPPHGLDWHO\ GRZQVWUHDP LV VLIJQLILFDQWO\ GLVW
JLIXUH VKRZV WKH VHYHUDO WXIWV RQ WKH XSSHU ZDOO |
LQ WKH ZLQG RQ FRQGLWLRQV ,Q WKH XSSHU SKRWR RI WKLV Il
HOHPHQWY RI WKH KLJK GRZQIRUFH V\VWHP ZLWK WKH $-9*V TXL
LQ )LIXUH VKRZV WKH RLO WUDFHV RQ WKH ORZHU VSDQ RI
WKH IORRU RI WKH ZLQG WXQQHO WHVW VHFWLRQ 7KH WXIWV \
XVHG PDLQO\ IRU GLDJQRVWLF SXUSRVHV GXULQJ WHVWLQJ 7Kl
IORRU VKRZV PXFK PRUH LQIRUPDWLRQ ,Q WKH ORZHU SKRWR.
ORZ PRPHQWXP ZDNH UHJLRQ DV DQ DUHD RI OLWWOH RU QR GR



WUFHV 7KH ZDNH UHJLRQ LV LPPHGLDWHO\ GRZQVWUHDP RI WKH YD
SUHVHQFH DQG SUR[LPLW\ RI WKH ZDNH WR WKH IODS HOHPHQW LV
WUDLOLQJ HGJH LV D UHJLRQ RI ORZ PRPHQWXP ZKLFK H[SODLQV W
QXPEHU RI RLO WUDFHV WR IORZ GRZQ LWV VSDQ XQGHU WKH LQIOX



JLUXUH 6XUIDFH IORZ YLVXDOLVDWLRQ RQxPFOHDQ KLJK GR



J)LIXUH JORZV RQ FHLOLQJ WRS DQG IORBRU ERWWRP ZLWK I



JORZ 9LVXDOLVDWLRQ RQ :LQJ ZLWK $LU -HWV DW f

JLIXUH VKRZV WKH RLO EDVHG IORZ YLVXDOLVDWLRQ RQ WK
GRZQIRUFH ZLQJ ZLWK WKH $-9*V DFWLYH DQG RULHQWHG DW
WKH ZLQJ LV QRWHZRUWK\ GXH WR WKH IORZ ILHOG RQ WKH XS
YLHZ RI WKH XSSHU VHFWLRQ RI WKH ZLQJ SUHVHQWHG LQ )LJ
RQ WKLV SDUW RI WKH PDLQSODQH SRVVHVV D VWURQJ GRZQZD
SDWWHUQ ZDV FDXVHG E\ WKH DLU MHW IORZ HVWDEOLVKLQJ L
EHLQJ PRGLILHG E\ WKH SUHVHQFH RI WKH XSSHU WXQQHO ZDO(
ZDV HVWDEOLVKHG RYHU WKH PDLQSODQH 7KLV IORZ SDWWHU
WKDW WKLV UHJLRQ RI WKH ZLQJ ZDV RSHUDWLQJ ZLWK IORZ V|

JLIXUHV DQG VKRZ VRPH HYLGHQFH RI IXOO\ DWWDFI
ZKHQ WKH $-9*V DUH LQ XVH ,W FDQ EH VHHQ WKDW WKRVH RI
UHDFK WKH PDLQSODQH WUDLOLQJ HGJH $ FRPSDULVRQ RI )LJ
WKDW WKH IORZ ILHOG LQ WKH IRUPHU LV LPSURYHG LQ WHUPYV

7KH IORZ YLVXDOLVDWLRQ RYHU WKH YDQH DV VHHQ LQ )LJX
EXW WKHUH LV HQRXJK HYLGHQFH WR VKRZ WKDW WKLV HOHPH
IORZ 7KH HYLGHQFH RI IXOO\ DWWDFKHG IORZ RQ WKH YDQH
XSSHU vsSDQ RI WKLV HOHPHQW 6RPH RLO GURSYV DUH VHHQ W
VSDQ 7KLV ZDV GXH WR WKH HYDSRUDWLRQ RQ WKH RLO GURS!
YDQH VXUIDFH

JORZ YLVXDOLVDWLRQ RQ WKH IODS DOVR SURYHG WR EH SL
RI VRPH RLO GURSOHWY EHIRUH WKH\ FRXOG EH LQIOXHQFHG
LW FDQ EH VHHQ LQ )LJXUH WKDW WKH IODS LV RSHUDWLAQ.
WKH PDMRULW\ RI WKH RLO WUDFHV GR DWWDLQ WKH WUDLOL
H[FHVV RLO DIWHU WKH RLO WUDFH KDV UHDFKHG WKH IODS W
PRPHQWXP DQG JUDYLW\ DFWHG LQ FRQFHUW WR FDXVH WKH |
DORQJ WKH I1ODS WUDLOLQJ HGJH

UHVVXUH '"LVWULEXWLRQ DERXW &OHDQ :LQJ DW f

$ OLVWLQJ RI WKH SHDN VXFWE&E&BRQDADBFWUDAKRKMAWHEGYHSURYLC

DQG 7DEOH UHVSHFWLYHO\ 7KH FOHDQ ZLQJ SUHVVXUH G
XVH Rl DLU MHWV RQ WKLV SUHVVXUH GLVWULEXWLRQ DUH SUF}
SUHVVXUH GLVWULEXWLRQ DERXW WKH WZR GLPHQVLRQDO KLJK
WKLV ILJXUH DV SDUW RI WKH YDOLGDWLRQ H[HUFLVH 7KH UH



JLIXUH +LJK GRZQIRUFH ZLQJ ZLWK $-9*V DW f LQFLGHQFH



JLIMH &ORVH XS RI XSSHU VSDQ RI ZLQJ ZLWK $ -9*V DW

GHULYHG IURP WKH H[SHULPHQWDO DQG QXPHULFDO KLJK GRZQI
RI LQFLGHQFH

7TKH FOHDQ ZLQJ IORZ VKRZV D P HOWRXY AKX 1S HPIDN. YXEWQ R QR |
FORVH WR WKH PDLQSODQH OHDGLQJ HGJH DW DSSUR[LPDWHO\
SHDN VXBRWLRP@PWWDLQHG D VLIQLILFDQW GHFHOHUDWLRQ LQ WK
WKH PDLQSODQH ORZHU OHDGLQJ HGJH 7KLV GHFRSFROMWYLOX® \R I
XQWLO DSSUR[LPDWHO\ W KH FKRUG SRVLWLRQ XS WR ZKDW |
IHDWXUH RI WKH SUHVVXUH GLVWULEXWLRQ DERXW WKH FOHDQ

%HWZHHQ FKRUG DQG WKH PDLQSODQH WUDLOLQJ HGJH DW
SUHVVXUH GLVWULEXWLRQ DERXW WKLY HOHPHQW VKRZV HYLGHAC
WKH ORZHU VXUIDFH RI WKH PDLQSODQH 7KLV LV LGHQWLILDEOI
&SGLVWULEXWL?—Q&Q ZKHUH © $IWHU WKLV DGYHUVH SUHV!
H[SHULHQFHYVY D W&PRIOLQJ HGJH

7KH SUHVVXUH GLVWULEXWLRQ DERXW WKH YDQH LV FRQVLV
SUHVHQWHG LQ )LIJXUH &¥RSIHDN V2OPMMWWURRRUGHG DW DSSURJ[LP
FKRUG 7KHUHDIWHU WKHUH LV XRSX\HDIGO WEHUWDWH QLGS KIG JH
RI ZDV PHDVXUHG 7KDW WKH&BDQYHKWHBUOWED GIGMKIDW PHD



WKPDLQSODQH LV HYLGHQFH RI WKH VWDJHZLVH SUHVVXUH UHFRYH
GLVFXVVHG E\ 6PLWK

7KH 10ODS SUHVVXUH GLVWULEXWLRQ H[KLEBISRM D PHDWXWDISG SHDN
SUR[LPDWHO\ FKRUG 7KHUH LV D VWHDG\ LQFUHDVH LQ WKH SUH
&SLV DFKLHYHG XQWLO FKRUG ZKHUH D VXG GH@® E>XONGWHEB®O LQF
HUDWLRQ LQ WKH IORZ LV VHHQ ZISH RAQWH@X HRQ XIQQFIUG DWKIQ W U DL O
ZKHUH& DRI LV PHDVXUHG 7KH IDFW WKDW SAKHQIHIDSVUWUDLOLQ.
DQ LQGLFDWLRQ WKDW WKH .XWWD FRQGLWLRQ LV QRW VDWLVILHG
WKHUH LV IORZ VHSDUDWLRQ VRPHZKHUH RQ WKH V\VWHP ,W LV NQF
RQ WKH PDLQSODQH IURP UHYLHZLQJ WKH IORZ YLVXDOLVDWLRQ WK

BUHVVXUH 'LVWULEXWLRQ DERXW :LQJ ZLWK $LU -HWV DW

7KH XVH RI DLU MHWV LV UHVSRQVLEOH IRU VLIJQLILFDQW TXDOLWEL
WKH ORZHU VXUIDFH SUHVVXUH GLVWULEXWLRQV DERXW DOO RI WK
ZLQJ 7KH XSSHWYRQIDPHD WKH HOHPHQWYV LV HIIHFWLYHO\ FRQVW
WKRVH PHDVXUHG ZLWK WKH DLU MHWV TXLHVFHQW

5HIHUULQJ WR )LJXUH LW LV VHHQ WKDW WKH PDLQ IORZ ILHOG
ZLWK WKH DLU MHWV SURGXBRY D SHDW WXKAWLRQFKRUG SRVLWLRQ
WKH SHDN VXFWLRQ LV DWWDLQHG RQ WKH PDLQSODQH WKH SUHVYV
EXW WERHDVXUHG RQ WKH ORZHU PDLQSODQH VXUIDFH DUH VHHQ \
WKDQ WKRVH PHDVXUHG RQ WKH FOHDQ ZLQJ

7KH HIIHFWV RI WKH DGYHUVH SUHVVXUH JUDGLHQW DW FKRU
VXUIDFH DUH DEVHQW ZLWK WKE&YXVSHRILBQEFH A RQYWLQ WRXHY UHFRYHL
PDLQSODQH WUDLOLQ&YREIH ZKARDM AHDVXUHG 7KLV LV VRPH
WKDQ WKDW PHDVXUHG RQ WKH PDLQSODQH ZLWK WKH DLU MHWYV TXI
DV PRGLILHG E\ WKH DLU MHWV DOORZV WKH PDLQSODQH ERXQGDU\
ZLWK D KLJKHU YHORFLW\ 7KLV LV DOVR DQ LQGLFDWLRQ RI LQFUH!

7KH HIITHFW RI WKH DLU MHWV RQ WKH SUHVVXUH GLVWULEXWLRQ
JLIXUH DV WKH YDQH LV VXEMRRWMKGHW RQWLORMURI LWV ORZHU
$ SHDN VX&®RRQ LV PHDVXUHG RQ WKLV HOHPHQW DW DSSURJLF
7KHUH LV QRW DQ LPPHGLDWSDUWMHARYWKLVWVR BEMIXNH VXFWLRQ LV DWWD|
D UHODWL%SGLYOMWEXWLRQ SHUVLVWYV XQWLO FKRUG $ VWHHS L
LV VHHQ RQ WKLV HOHPHQW XQWLO&SRH WUDLQOLPRHDNVEUH EKHWH VD L\



KLIJIKHU WKDW WK SPWDWKHHDOPH ORFDWLRQ ZKHQ WKH DLU
7KLV VLIQLILFDQW LQFUHDVH &XH $DRHWAHYDWE® DRI WMIGHHYDQH LV
D JUHDWHU SURSRUWLRQ RI WKH VWDJHZLVH SUHVVXUH UHFRYHI
WKH DLU MHWYV

7KH HIIHFW RI WKH DLU MHWV RQ WKH IODS SUHVVXUH GLVW
RQ WKH PDLQSODQH DQG YDQH LQ WKDW WKHUH LV DQ LQFUHD
VXUIDFH 7KH XVH RI DLU MHW&SWHHYV D PHDN XVWWHWRRQWKH 10DS
VRPH KLIKHU WKDQ WKDW DFKLHYHG RQ WKLV HOHPHQW ZL
WKH SHDN WSHAWLBWWDLQHG DQ LPPHGLDWH UHFRYHU\ VOLJKW
ZLWKRXW WKH XVH RI DLU MHWV HQVXHV XQWLO WKK3IRDS WUI

LV UHFRUGHG 7KLY UHSUHVHQWY DQ LQFUHDVH RI1&S RY
ZLWK WKH DLU MHWV TXLHVFHQW 7KH |IBREWYVWKRDWWAKH LG WIJW
WKH . XWWD FRQGLWLRQ LV VDWLVILHG DW WKH IODS WUDLOLQJ |
WKH KLJK GRZQIRUFH V\VWHP

&RPSDULQJ 3UHGLFWHG DQG ([SHULPHQWDO 3UHVVXUH\

7KH SUHGLFWHG SUHVVXUH GLVWULEXWLRQ DW f LQFLGHQFH
LQFOXGHG LQ )LIJXUH 7KH SUHGLFWHG UHVXOWV FDQ EH FR
GHULYHG IURP WKH H[SHULPHQWDO SUHVVXUH GLVWULEXWLRQ
JLIXUH WKDW WKH SUHGLFWHG DQG H[SHULPHQWDO FOHDQ
TXDOLWDWLYHO\ YHU\ VLPLODU DQG WKHUH LV JRRG DJUHHPHQW
PHQWDO UHVXOWVY RQ WKH XSSHU VXUIDFHV Rl DOO WERISRHDHPHQ
WKH PDLQSODQH DUH VLJQLILFDQWO\ RYHUSUH&IEWHG L QIKHX G L C
SUHGLFWHG UHVXOWYV DOVR IDLO WR FDSWXUH WKH VHYHULW\ R
WKH H[SHULPHQWDO FOHDQ ZLQJ SUHVVXUH GLVWULEXWLRQ ,Q\
UHFRYHU\ WR WKH PDLQSODQH WUDLOBSRIHGJH WHUPLQDWLQJ Z

7KH SUHVVXUH GLVWULEXWLRQ RQ WKH ORZHU VXUIDFH RI WK
FRPSDUHG WR WKH FOHDQ ZLQJ H[SHULPHQ®MIO UHVKD\8VHG LFMD
DW FKRUG RQ WKLV HOHPHQW VRPH ORZHU WKDQ WKH P
WKLV SHDN VXFWLRQ LV DFKLHYHG WKHUH LV D SUHGLF&SHG SUH
RI DW WKH YDQH WUDLOLQJ HGJH 7KLV LV &SDW RZHU WDRBIQ
ORFDWLRQ

,Q FRQWUDVW WR WKH PDLQSODQH DQG YDQH HOHPHQWV DQ
VXUIDFH SUHVVXUHV DIIHFWHG E\ $-9*V LV VHHQ ZKHQ FRPSDUH



GCVWULEXWLRQ $ &8RN VXFWRBQ@HGLFWHG RQ WKLV HOHPHQW 7KLV
SHDN VXRBRWLR@SSUR[LPDWHO\ KLIKHU WKDQ WKH KSH®LPHQWDO
IODS WUDLO&®RIHGIJH LV SUHGLFWHG DW WKH HQG RI WKH SUHVVXU!

DSSUR[LPDWHO\ KLIKHU WKDQ WKH PHRSRUHG I0ODS WUDLOLQJ HG.
$ UHYLHZ RI WKH SUHVVXUH GLVWULEXWLRQV LQ )LJXUH WKH S
XUH DQG WKH SUHGLFWHG YHORFLW\ YHFWRUV LQ )LJXUH VKR Z

SUHGLFWHG RQ WKH WZR GLPHQVLRQDO PRGHO DW f LQOFLGHQFH 71
RI WKH ORZHU VXUIDFH SUHVVXUHVY RQ WKH PDLQSODQH DQG WKH YD
WLRQ RI WKH SUHVVXUH GLVWULEXWLRQ RQ WKH ORZHU I10DS VXUIDF
SHDN VXFWLRQ E\ WKH FLUFXODWLRQ GHYHORSHG DW WKH YDQH WUL
VHQVH WR WKDW JHQHUDWHG E\ WKH 10DS

7TDEOH SHDN&BRFEWHRRK HOHPHQW IRU FOHDQ DQG $-9* HTXLSS

(OHPHQW &OHDQ :L@39*V ' 3UHGLFWLRQ

ODLQSODQH 3HDMSSXFWLRQ

9DQH 3HDN 6&&EWLRQ

)ODS 3HDN 6&X8&EWLRQ

7TCEOH 7UDLOARRHEDHK HOHPHQW IRU FOHDQ DQG $-9* HTXLSS

(OHPHQW &OHDQ :L@39*V ' 3UHGLFWLRQ

ODLQSODQH 7UDL&HE.QJ (GJH

9DQH 7UDLOL&I (GJH

)ODS 7UDLOL&S (GJH

/IRDGV *HQHUDWHG E\ :LQJ DW f QFLGHQFH

7KH XVH RI WKH DLU MHWYV LV VHHQ WR KDYH D SURIRXQG HIIHFW R
KLIK GRZQIRUFH ZLQJ DW f LQFLGHQFH 7KHVH IRUFHV DUH SUHVH
7KH SRVVLELOLW\ RI LQDFFXUDF&HNQEQADW KHUHY MWROPDAWMLEBRQVRXVV H



JLIXUH SUHVVXUH GLVWULEXWLRQV DERXW KLJK GRZQIRUFH



Q 6HFWLRQ PHDQV WKDW WKH WUHQGY LQ WKHVH SDUDPHWHU
DEVROXWH YDOXHVY 7KH SUHGLFWHG IRUFHV GHULYHG IURP WKH W
FDOFXODWLRQV DUH DOVR LQFOXGHG LQ WKHVH WDEOHV VR WKDW G
WKH H[SHULPHQWDO YDOXHV

TKHEQSUHVHQWHG LQ 7DEOH DUH DUJXDEO\ WKH PRVW LPSRUW
IRUFH W LV VHHQ WKDW DW f LQFLGHQFH &VXIH XN HDRMHIEL E\MH W
WKH PDLQSODQH DQG WKH YDQH HOHPHQWYV EXW WKHLU XVH LV DFF
&QIJHQHUDWHG E\ WKH IODS 'HVSLWH 8MXWKGHFOHDQHZLQ JWKWY HPED
JHQHUDW®N ID DQG WKH XVH RI $-9*V LQFU&QWRY WKH DR/IMMHPEO\
UHSUHVHQWY DQ LQFUHDVH RI VRPH W QUR Y MHKCH VDRYWPW QM LSAU |

UHSUHVHQWY DQ RYHUSUHGLFWLRQ RI ZKHQ FRPSDUHG WR

ZLQ&Q 7KLY RYHUSUHGLFWLRQ LV QRW SXQH[WHERXVELRONQLY KHIXUH
DUH UHYLHZHG

7TDEOH VKRZV VRPH H[SHULPHQ@WDW DGGLQBHGHEGWHI G 7KH H[SHL
PHQWDO DQG SUHGLFWHG UHVXOWY DOO VKRZ WKDW&WKWHW PDLQSODQ
WKUXVW DW WKLY DQJOH W LV SRVVLEOH WKDW WKLV WKUXVW LV R
HISHULPHQWDO UHVXOWY EXW WKH SRVVLELOLW\ RI LQDFFXUDFLHV
OHYHO RI GLVFUHWLVDWLRQ DURXQG WKH OHDGLQJ DQG WUDLOLQJ F+
FRXOG DOVR EH WKH FDVR[IRQ WKH SOQELBEQYEH GWKH 10DS

7KH HVWLPDWHYV RI T DQG GHULYHG IURP WKH H[SHULPHQWDO
SUHVHQWHG LQ 7DEOH 7KH HVWLPDWHG H[SHULPHQWDO FOHD!
DFFRPSDQLHGIRE\ D 7KH XVH RI bLU MHWV LV HVWLPDWHG WR LQFU
WR ZKLOH EULQJLQJ DERXW D UHGXFWLRQ RI LQ WKH FA :K
UHGXFWERBDLCEH LQ GRXEW LW LV KLJKO\ OLNHO\ WKDW WKH XVH R
DERXW VRPH UHGEEMHIRPQ HOQNKHLU XVH ZDV VHHQ WR GHFUHDVH WK
LPPHGLDWHO\ EHKLQG WKH KLJK GRZQIRUFH ZLQJ

7KH SUHG&HAWHGYWLPDWHG WR EH 7KLV LV ORZHU WKDQ \
FOHDQ ZLQJ HVWLPDWH 7KLV VXEVWDQWLDO GLIITHUHQFH EHWZHHQ
FDQ EH SDUWO\ H[SODLQHG E\ WKH GLIITHUHQFH LQ WKH SUHVVXUH G
WKDW WKH KLJKHU OHYHO RI DHURIRLO VXUIDFH GLVFUHWLVDWLRQ L
LQ UHGXFLQJ WKH HVWLPDWG® RI WKH SUHGLFWHG



7TDEOH 1RUPDO IRUFH FRHIILFLHQWY IRU KLJK GRZQII

(OHPHQW &W&OHDQ :LQR&I$-9*V &Q ' 3UHGLFWLRQ

ODLQSODQH

9DQH
)ODS
$VVHPEO\

7EOH $[LDO IRUFH FRHIILFLHQWV IRU KLJK GRZQIRUFH
(OHPHQW & &OHDQ :L@&J$-9*V &[ ' 3UHGLFWLRQ

7TEOH

ODLQSODQH
9DQH
)ODS

$VVHPEO\

6HFWLRQDO OLIW DQG GUDJ FRHIILFLHQWY IRU KLJK

&DVH &0 &G ©

&OHDQ :LQJ
$-9*V

SUHGLFWLRQ



&RQFOXVLROQ

1XPHULFDO DQG H[SHULPHQWDO LQYHVWLJDWLRQV KDYH EHHQ FRQG X
IRUFH UHDU ZLQJ XVLQJ WKH XSSHU UHDU ZLQJ RI D FRQWHPSRUDU\
FDU 7KURXJK KHVH LQYHVWLJDWLRQV LW ZDV HVWDEOLVKHG WKDW
JHQHUDWRUV WR VXFK D UHDU ZLQJ FRXOG EULQJ DERXW DQ LQFUHL
7KH KLJK GRZQIRUFH V\VWHP FRPSULVHG D PDLQSODQH YDQH DQC
VWDQWLDO DIW FDPEHU 6RPH PRGLILFDWLRQV ZHUH PDGH WR WKLYV
LQ WKH &LW\ 8QLYHUVLW\ /RZ 6SHHG 7 :LQG 7XQQHO 7KHVH PRGL
LQVWDOODWLRQ RI WKH DLU MHW DUUD\ DW WKH FKRUG SRVLWLRC
VWDWLF SUHVVXUH RULILFHV WR DOO WKUHH HOHPHQWY DQG WKH DC
DOORZ LW WR EH SODFHG LQ WKH ZLQG WXQQHO 7KHUH ZDV QRW H
OD\HU FRQWURO GHYLFHV RQ WKHVH HQGSODWHYV 7KLV ZRXOG KDYH
D FRQVLVWHQW QRPLQDO WZR GLPHQVLRQDO IORZ ILHOG DW WKH ZL
$ 7ZR GLPHQVLRQDO QXPHULFDO VWXG\ ZDV SHUIRUPHG RQ WKH K
WZHHQ WKH f DQG f DQJOHV RI LQFLGHQFH LQ f LQFUHPHQWV 7
LQFOXGHG SUHGLFWHG IORZ YLVXDOLVDWLRQ SUHVVXUH GLVWULEXV
7KHUH ZDV QR SUHGLFWHG IORZ VHSDUDWLRQ RQ DQ\ Rl WKH HOH
ZLQJ DW DQ\ Rl WKH DQJOHV LQYHVWLIJDWHG ,QVWHDG WKH VWUHDF
f DQG f VKRZHG HYLGHQFH RI DQ LQFUHDVH LQ WKH VHYHULW\ R
DERXW WKH ZLQJ ZLWK UHVSHFW WR DQ LQFUHDVLQJ DQJOH RI LQFL
$ FRPSDULVRQ RI WKH SUHGLFWHG DQG PHDVXUHG SUHVVXUH GL
IRUFHV IRU WKH f FDVH FRQVWLWXWHG D YDOLGDWLRQ RI WKH QX
TXDOLWDWLYH DJUHHPHQW EHWZHHQ WKH SUHGLFWHG DQG PHDVXU
EXW WKH TXDQWLWDWLYH DJUHHPHQW LV FKDUDFWHULVHG E\ DQ RY!
SUHVVXUHV RQ WKH PDLQSODQH DQG YDQH HOHPHQWY 7KLV LV DFFRH
RI WKH SUHVVXUHV RQ WKH ORZHU IODS VXUIDFH ,W LV DOVR VHHQ
SUHVVXUH JUDGLHQWY RQ DOO HOHPHQWYVY LV XQGHUSUHGLFWHG
‘KLOH QR IORZ VHSDUDWLRQ LV SUHGLFWHG DERXW WKH KLJK GRZ



I0S WUDLOL&®SILMGIMIDWLYH DIWHU f DQJOH RI LQFLGHQFH 7K
HGJBSDUH VHHQ WR GHFUHDVH IXUWKHU ZLWK LQFDHDJRIQJ DQ
f $FFRUGLQJ WR 6PLWK LW FDQ EH LQIHUUBIELRDRP WKF
DSSUR[LPDWHO\ f DQJOH RI LQFLGHQFH DQG WKDW WKH SUHGL
DSSUR[LPDWHO\ f DQG f

7KH HVWLPDWHG IRUFHVY GHULYHG IURP WKH WZR GLPHQVLRQL
KLIJK GRZQIRUFH ZLQJYV 7KH SUHGLFWHG GRZQIRUFH FXUYH HJI
ZLWK UHVSHFW WR WKH DQJOH RI LQFLGHQFH 7KHUH LV D FRQV
GRZQIRUFH EHWZHHQ f DQG f 7KLY UHSUHVHQWY D f GLIII
FWFL PNM[ LQIHUUHG E\ WKH 10&SDWGODWE&HQBEVWEIRDWHG IRUFHYV
S$URJUHVVLYH GHFUHDVH LQ WKH GRZQIRUHRHPDIRQHUDWHG LV SU}

)ORZ YLVXDOLVDWLRQ VKRZV WKDW LQFUHDVLQJO\ DGYHUVH
VHSDUDWLRQ DUH UHVSRQVLEOH IRU WKLV GHFUHDVH LQ GRZQIR
RYHU WKH DQJOH RI LQFLGHQFH UDQJH LQ QRQ OLQHDU PDQQFt

f LQFLGHQFH VXJJHVWV WKDW WKHUH LV D JHQHUDO RYHUSU
XQGHUSUHGLFWLRQ RI WKH GUDJ

$00 QXPHULFDO WKUHH GLPHQVLRQDO PRGHOV RI WKH KLJK ¢

f DQJOH RI LQFLGHQFH 7KLV DQJOH RI LQFLGHQFH ZDV NQRZQ
RI IORZ VHSDUDWLRQ RQ WKH PDLQSODQH LQ WKH H[SHULPHQW
ZHUH WKH PP VSDQ FOHDQ ZLQJ PP VSDQ FOHDQ ZLQJ DQ
LQFRUSRUDWLQJ DLU MHWV

7KH PP VSDQ FOHDQ ZLQJ PRGHO ZDV XVHG DV WKH WKUHH
VWXG\ WR GHPRQVWUDWH WKDW &); ZDV FDSDEOH RI SURYL
WLRQ 7KH SUHGLFWHG SUHVVXUHV DQG VNLQ IULFWLRQ GHULY
DJUHHPHQW 1R LQFLSLHQW IORZ VHSDUDWLRQ ZDV SUHGLFWHG
RQO\ SUHGLFWHG IORZ VHSDUDWLRQ RFFXUUHG DW WKH MXQFWIL
WHVW VHFWLRQ ZDOOV RI WKH YLUWXDO ZLQG WXQQHO 7KHVH
LQWHUDFWLRQ RI WKH ERXQGDU\ OD\HUV RQ WKH PDLQSODQH D
LQIOXHQFH RI WKH DGYHUVH SUHVVXUH JUDGLHQWYVY DFWLQJ RQ

'XH WR OLPLWHG UHVRXUFHV WKH DLU MHWV ZHUH RQO\ LQ
QXPHULFDO KLJK GRZQIRUFH PRGHOV 7KH DLU MHWV ZHUH PR
EORZLQJ SUBIDMSIIKHHVH BBMMNJ 3 [ 3D [ 3D DQG [

3D 7KH UHVXOWV IURP WKH PRGHOV ZLWK $-9*V ZHUH FRPS
FOHDQ ZLQJ PRGHO ©6HSDUDWHG UHJLRQV DW WKH PDLQSODQH



WKH PP VSDQ FOHDQ ZLQJ 1R LQFLSLHQW IORZ VHSDUDWLRQ ZD

PP VSDQ ZLQJ HOHPHQWY ©6XUIDFH IORZ YLVXDOLVDWLRQ VKRZH
ZDV SUHGLFWHG WR UHGXFH EXW QRW HOLPLQDWH WKH IORZ VHSDL
PRGHOV 1R IORZ VHSDUDWLRQ ZDV SUHGLFWHG RQ WKH YDQH DQG
WKH VHSDUDWHG UHJLRQV RQ WKH PDLQSODQH LQFRUSRUDWLQJ $-9*
SURSRUWLRPIYO WR

7KH DSSOLFDWLRQ RI $-9*V WR WKH ZL Q3IDMYZDK/ GLUI HHEUHF @AM Gr ORX H
LQFUHDV& WHKGHUDWHG ZKHQ FRPSDUHG ZLWK WKDW RI WKH FOHDQ
L®0 ZHUH DFKLHYHG EHFDXVH WKH $-9*V ZHUH DEOH WR LQFUHDVH
ORZHU PDLQSODQH VXUIDFH WR OHYHOV DERYH WKRVH VHHQ RQ WKI
LQ VNLQ IULFWLRQ ZDV FDXVHG E\ HQKDQFHG PL[LQJ LQ WKH ERXQGD
VXUIDFH RI WKH PDLQSODQH 7KLV PL[LQJ KDG LWV RULJLQV LQ WK
WKH LQWHUDFWLRQ RI DLU MHW HIIOX[HV ZLWK WKH DLU IORZLQJ D
PDLQSODQH 7KH UHVXOWLQJ LQFUHDVHG NLQHWLF HQHUJ\ LQ WKLYV
VXSSUHVVLRQ RI WKH IORZ VHSDUDWLRQ RQ WKH ORZHU VXUIDFH RI
ERXQGDU\ OD\HU WR EH EHWWHU DEOH WR QHJRWLDWH WKH DGYHU)\

7KH GHJUHH RI HQKDQFHPHQW RI WKH VKHDU VWUHVV ZDV VHHQ
LQFUHDSBMMIRZHYHU GXH WR WKH LQWHUDFWLRQ RI WKH $-9* HIIOX]
OD\HUV RQ WKH PDLQSODQH DQG WKH ERXQGLQJ ZDOOV QRQH RI WKF
LQ HOLPLQDWLQJ WKH SUHGLFWHG IORZ VHSDUDWLRQ RQ WKH PDLQS
ZLWKLQ WKH FRQWH[W RI WKHVH PRGHE®VLVWKRWH X & DIRFHP BE WRR V Wk
PDLQSODQH VSDQ ,W LV VHHQ WKD®WI| RUVIGGHYHY HIGRPWILEW HLLD FW L
WKH $-9* IORZ ZLWK WKH ORFDO IORZ ILHOG WKH GRPDLQ ZDOOV DQ

7KH VROXWLRQ GHULYHG IURP WKH FOHDQ &OoMRA VSDQDODIEADJ SUHG
D& R 7KH KLIKHVW &QQMMBVH&ARIFWHG WR RFFXU RQ WKH $-9*
ZLQJ ZI3WHK YJ SDWELWK&DR I DQ&:s R 7KLY UHSUHVHQWYV D
LQFUHDVH IoQIRMK B & LQFUHDVH LQ GUDJ 'LWK WKH H[FHSWL
ZLWXDMYJ SDWALQFUHDWHDW 9gUH SUHGLFWHG WR SURJUHVVLYHO\ 1
DHURG\QDPLF HIILFLHQF\ RI WKH ZLQJ

([SHULPHQWYV ZHUH IRFXVHG RQ WKH FOHDQ ZLQJ DQG WKH ZLQJ LC
DQJOH RI LQFLGHQFH )ORZ YLVXDOLVDWLRQ ZLWK RLO GURSOHWYV U
WKH LQFLSLHQW VHSDUDWLRQ VHHQ RQ WKH PDLQSODQH ZKHQ WKH $
$-9*V ZDV DOVR VHHQ WR EULQJ DERXW VLJQLILFDQW LPSURYHPHQW\
DERXW WKH KLJK GRZQIRUFH ZLQJ 7KHVH LPSURYHPHQWV WRRN WK



RQ WKH ORZHU VXUIDFHV RI WKH PDLQSODQH DQG WKH YDQH |
VXUIDFH SUHVVXUH UHFRYHU\ RQ WKHVH WZR HOHPHQWYV 7KH X
D IODS WUDL&OERII HGIHRPSDUHG WR WKDW ZDV PHDVXUHG ZKk
TXLHVFHQW 7KLV SRVLWLY&SILFED WHYDWEIDW WG&BH$-9*V HOLPLQ
VHSDUDWLRQ RQ WKH PDLQSODQH DW WKLYV DQJOH RI LQFLGHQF

$ FRPSDULVRQ ZLWK WKH FOHDQ ZLQJ VKRZV WKDW DW f C
$-9*V LQFUHDVHY WKH T DQG7KHWGXWVHNR@WYKHVWHQW ZLWK WKH U}
YLVXDOLVDWLRQ DQG WKH PHDVXUHG SUHVVXUHV $W f DQJO

DQ&GGDUH HVWLPDWHG WR EH DQG UHVSHFWLYHO\ 7KH
WR ZKLOH UH&RGELQJ WHKHRP WR 7KLY UHVXO\
LPSURYHPHQW LQ A IURP ZLWK WKH FOHDQ ZLQJ WR ZKl

7KH QXPHULFDO DQG H[SHULPHQWDO UHVXOWYVY SUHVHQWHG V|
RI LQOFUHDVLQJ WKH GRZQIRUFH SURGXFHG E\ )RUPXOD 2QH VW\
PD\ DOVR EH WKH FDVH WKDW JUHDWHU EHQHILWY FRXOG EH Ul
DV DQ LQWHJUDO SDUW RI WKH KLJK GRZQIRUFH GHVLJQ IURP \
WKDW DQ\ ZLQJ GHVLJQHG ZLWK LQWHJIUDO $-9*V ZRXOG EH LQR



) XWXUH RUN

7KHUH LV PXFK VFRSH IRU IXWXUH QXPHULFDO DQG H[SHULPHQWDO
SOLFDWLRQ RI $-9*V WR )RUPXOD 2QH KLJK GRZQIRUFH UHDU ZLQJV
XVHIXO LQYHVWLIJDWLRQV RQ LVRODWHG PRGHOV SURYLGHG WKHUH L
HQYLURQPHQW IRU ZKLFK VXFK D ZLQJ LV LQWHQGHG

,Q DQ\ QXPHULFDO VWXG\ LQYROYLQJ KLJK OLIW DQG YRUWH[ JHQF
WKH SUHGLFWLRQ RI IORZ VHSDUDWLRQ EH DFFXUDWH DQG FRQVLVYV
VROYHUV LW ZRXOG EH EHQHILFLDO WR FDUU\ RXW QXPHULFDO LQ°
LQFRUSRUDWLQJ $-9*V XVLQJ RWKHU WXUEXOHQFH PRGHOV ,QYHVW
QXPEHU WXUEXOHQFH PRGHOV VXFK DV WKH 6SDODUW $OOPDUDV 7XU
6KHDU 6WUHVYVY 7UDQVSRUW 667 PRGHO FRXOG LPSURYH WKH DFFX
PRGHOV IRUHJR WKH XVH RI ZDOO IXQFWLRQV DQG LQ VR GRLQJ DUH
ZDOO YHORFLW\ SURILOHVY ,Q WKH QXPHULFDO LQYHVWLJDWLRQV RI
$O00OPDUDYV PRGHO LV QRWHG IRU LWV UHDOLVWLF SUHGLFWLRQV RI
KLJK OLIW DHURIRLOV D@QBPDIFEIOVHKSNKMWHR OHQWHU 667 PRGHO LV FD¢
DFFXUDWH DQG UHDOLVWDL&/BDHGLFWLRQV SDVW

7KH XVH RI KLJKHU RUGHU WXUEXOHQFH PRGHOV VXFK DV WKH G
PRGHO PLJKW EH FRQVLGHUHG LQ DQ HIIRUW WR DGGUHVV WKH H[FF
ZKLFK WKH VWPBPIPRBWH® LV NQRZQ 7KH GLVVLSDWLYH QDWXUH RI D W?
D GLUHFW LPSDFW RQ WKH SUHGLFWLRQ RI YRUWH[ SHUVLVWHQFH DC
LPSURYHPHQWY LQ WKH WKH HVWLPDWLRQ RI GUDJ PLIJKW EH UHDOLYV
RI WKH YHORFLW\ SURILOHVY LQ WKH SUHGLFWHG ZDNHV GRZQVWUHD

$Q\ LOQYHVWLIDWLRQV LQYROYLQJ D 1DYLHU 6WRNHV VROXWLRQ IR
DFFRXQW WKH HIIHFW RI VWUHDPOLQH FXUYDWXUH RQ WKH SHUIRU|
XVHG IRU FORVXUH %UDGVKDZ DQG PRUH UHFHQWO\ 5XPVH\
WKH QHHG WR PRGLI\ WXUEXOHQFH PRGHOV WR DFFRXQW IRU VLJQI
EURXJKW DERXW E\ WKH SUHVHQFH RI FRQYH[ DQG FRQFDYH VXUIDFI

7KH XVH RI XQVWUXFWXUHG JULGV ZDV QRW QHFHVVDU\ IRU WKL



WPSOLFLW\ RI WKH PRGHO +RZHYHU WKH UHFHQW LQYHVWLJDW
E\ +DEDVKL HW DO KDV VKRZQ SURPLVH DQG LW LV RQO\ S
ZLWK XQVWUXFWXUHG WHWUDKHGUDO JULGYV ©6XFK DQ DSSURDTF
JULG GHSHQGHQW VROXWLRQV

JXUWKHU H[SHULPHQWY VKRXOG EH FRQGXFWHG ZLWK ERXQGTL
PRGHO SHUKDSV ZLWK WKH IDFLOLW\ WR YDU\ WKH HQGSODWH G
W ZRXOG DOVR EH XVHIXO WR SHUIRUP VRPH VWXGLHV RI WKH H
IRU WKH $-9*V DV ZHOO DV FKDQJHV LQ SLWFK DQG VNHZ DQJOHYV
RI WKH HIIHFW RI GLITHUHQW EORZLQJ SUHVVXUHV VKRXOG EH L
WKDW DLU IURP WKH HQJLQH H[KDXVWV FRXOG EH XVHG DV EOR?Z
D$UH XVHG RQ WKH ORZHU UHDU ZLQJ RI D )RUPXOD 2QH FDU

7KH XVH RI D ZDNH UDNH WKDW LV EHWWHU VXLWHG WR WKH V|
RXW WKH DQJOH RI LQFLGHQFH UDQJH ZRXOG EH EHQHILFLDO I
PHDVXUHPHQWY RI WKH GUDJ DW DOO DQJOHV RI LQFLGHQFH XVQ
IRU WKH QXPHULFDO UHVXOWYV



%,%/,2*5%$3+<



WEOLRJUDSK\

$EERWW | + 9RQ 'RHQKRII7TKH (KHRU\ RI :LQJ '&RHYFMHWLRREOL
FDWLRQV ,QF 1HZ <RUN 1< 86%

$IJRURSRXORV ' 9 6TXLUH [/ & T.QWHUDFWLRQV EHWZHH(
DU\ OD\BU8$-RXUQDO

$NDQQL 6 +HQU\ ) 6 1XPHULFDO FDOFXODWLRQV I
WRUV LQ WXUEXOHQW E@BQE8BHM®IDQHVWRI WKH 5R\DO $HURQ
&RQIHUHQFH RQ +LJK /LIW DQG 6HSDUDWLRQ &RQWURO:- 7KI
SS 6% 1

$OGHUWRQ - + :LONHV 1 6 T6RPH DSSOLFDWLRQV IRU
IRU IOXLG IORZ $BREBOHPYV -

$OVWRQ 5 3 1T:LQJ I0ODSV DQG RWKHU GHRXIURGD/O DR/I DALIKGH
5R\DO $HURQDXWLFDO 6RFLHW\

$QGHUVRQ - ' -U&RPSXWDWLRQDO )OXLG '\QDPLFV 7KH %DVLFYV
OF*UDZ +LOO ,QF /RQGRQ 8.

$QGHUVRQ : . %RQKDXV ' / T1IDYLHU VWRNHV FRPSXW
FRPSDULVRQV IRU PXOWLHOHPHQW DLUIRLO FRQILIXUDWLRQ\

$WNLQVRQ . %&ORVH 5DQJH 3KRWRJUDPPHWU\ D:EGVWWPKIQBIXEL
OLVKLQJ &DLWKQHVYVY 6FRWODQG

%DUWVFK 3 ILWVFKH %ULWVFK O T1IDYLHU VWRNH\
IORZ DURXQG KLJK OLIW FRQILIXUDWLRQV: $*$5' &3 3DS|

%UDGVKDZ 3 T(lIITHFWV RI VWUHDPOLQH FXUYDWXUH RQ WX



&DR + 9 XVXQRVH . 6SDODUW 3 ,ZVKLPLWVX . 5RJHUV 6 (
T6WXG\ RI ZLQG WXQQHO ZDOO LQWHUIHUHQFH IRU PXOWL HOHPH(
FRGH:- $,$%$ 3DSHU

&DVWUR , 3 -RQHV - O T6WXGLHV LQ QXPHULFDO FRPSXMW
IORZMVQWHUQDWLRQDO -RXUQDO RI 1XPHULFDO OHWKRGV LQ )OXLC

&); ,QWHUQDWLRQ®&N 8VHU ODQXMO,QGXVWULDO 7HFKQRORJ\ 2[IF
VKLUH 8.
&ODXV 5 9DQND 6 3 TOXOWLJULG FDOFXOMXWLROQY RI D M

RI 3URSXOVLRQ DQG 3RRHU 9

&RPSWRQ ' $ -RKQVWRQ T6WUHDPZLVH YRUWH[ SURGXFWLR
MHWV LQ D WXUEXOHQW FR¥RBDQISM D\H U -

&RXUDQW 5 . VVDFVRQ ( SHHV 0 12Q WKH VROXWLRQ RI
GLIIHUHQWLDO HTXDWLRQV RRPRLYWH BHNUH DHGFHYDIRIHG 0DWK

'"HPLUGI]LF | OX]DIHULMDOQWURGXFWLRQ WR &RPSXWDWLRQDO )OXI
OHFKDQLFDO (QJLQHHULQJ )DFXOW\ 8QLYHUVLW\ RI 6DUDMHYR 6L

JRYLQD
'XGG\ 5 5 T+LJK OLIW GHYLFHMURQ@®XMWKHIDD X VBRI D O
)DJH $ 6DUJHQW 5 ) '"HVLJQ RI VXFWLRQ VORWYVY 7HFKQLF
+062
JHMWHN 16XPPDU\ RI FRGH YDOLGDWLRQ UHVXOWV IRU D P

FDVH- $,$$%$ 3DSHU

JRVWHU ' 1 ,UuZLQ + 3 $ + :LOOLDPV % 5 1T7KH WZR
DURXQG D VORWWHG I10ODS: $HURQDXWLFDO 5HVHDUFK &RXQFLO

JUHHVWRQH 0 O ,QYLVFLG WKHRU\ DSSOLIH® 3WR FHHDBALYI VY QG X
Rl WKH 5R\DO $HURQDXWLFDO 6RFLHW\ &RQIHUHQFH RQ +LJK /LIV
7KH 5R\DO $HURQDXWLFDO 6RFLHW\ SS ,6%1



JULW] T&DOFXODWLRQ RI PD[LPXP DQG KLJK OLIW FKDL
DLUIRLOV: $*$5' &3

*HQWU\ 5 $ ODUWLQ 5 ( 'DO\ % - 1$Q HXOHULDQ
XQVWHDG\ LQFRPSUHVVLE ORXIWORIOSRIRERPEXWDWLRQDO 3K\VI

+DEDVKL : * 'RPSLHUUH - %RXUIJDXOW < JRUWLQ O 9D
WLILDEOH FRPSXWDWLRQDO IOXLG G\QDPLFV$ WKIJRXUIQ DRH VK

+DPLG\ ( BULYDWH &RPPXQLFDWLRQ
+DUYH\ & *UHDW ODUZXWRS XV %RRNV +RQJ .RQJ

+HQU\ ) 6 9 3HDUFH\ + + T1XPHULFDO PRGHO RI ERXQ
DLU MHW JHQHUDW H& $-YRRXUWWSEDFH V -

+RUWRQ + 3 T)XQGDPHQWDO DVSHFWV RI IORZ VHSDUDW
$*$5' /6 3DSHU
LQQHV ) $Q ([SHULPHQWDO ,QYHVWLJDWLRQ LQWR WKH

,PSURYH WKH 3HUIRUPDQFH RI D +LJK /LIW 6\WWHP 3K' WKH
IRQGRQ

,QQHV ) BHDUFH\ + + 6\NHV ' 0 ,PSURYHPHQWYV LQ
WKUHH HOHPHQW KLJK OLIW VA\VWHP E\ WKH DSSOLRPIWIRQ RI
FHHGLQJY RI WKH 5R\DO $HURQDXWLFDO 6RFLHW\ &RQIHUHQ
&RQWURO:- 7KH 5R\DO $HURQDXWLFDO 6RFLHW\ SS

-RKQVWRQ - 1LVKL O S9RUWH[ JHQHUDWRU MHWYV D
WLYH FRQWURO RI ERXQGDUQTODS$HW RHUSDRHDWERKPQFHY OHHW
$PHULFDQ ,QVWLWXWH RI $HURQDXWLFV DQG $VWURQDXWLF

-RQHV BULYDWH &RPPXQLFDWLRQ

.DW] - D 1T, QWHIJUDWLRQ RI FRPSXWDWLRQDO PHWKRGV
WHVWERQJ -RXUGEB0 6$( 3IDSHU

.DW] - 5DFH &DU $HURG\QDPLFV 'HVL%EQQAQJUOHRUIBEODHBKHUYV

EULGJH 0% 86%



.DW] - “\NVWUD / T16WXG\ RI DQ RSHQ ZKHHO UDFLQJ FDU-V
LFV6$( -RXUG30 6$( 3DSHU

.LP & HQVRQ 7 T&DOFXODWLRQ RI D FLUFXODU MHW
PXOWLSOH WLPH VFDOH WRWHXOQDAOWHHREBRGHRXUQDO RI +HDW DQG
IHU

UXV o+ BULYDWH &RPPXQLFDWLRQ

.LLSSHU & $ 6WXG\ RI WKH $SSOLFDWLRQ RI $LU -HW 9RUWI
"XFWV 3K' WKHVLV 7KH &LW\ 8QLYHUVLW\ /RQGRQ

IDUVVRQ 7 $UOLQIHU % * 120 WKH SUHGLFWLRQ RI IORZ\
OLIW FRQGIRWHRWWRQ 1XPHULFDO )OXLG OHFKDQLFV

/JHRQDUG % 3 1$ VWDEOH DQG DFFXUDWH FRQYHFWLYH PRG
TXDGUDWLF XSVWUHDP &RPEXWORARYDROQOHWKRGY DQG $SSOLHG
(QILQHHULQJ

JHZLQJWRQ 1 (QKDQFLQJ /LIW RQ D 7KUHH (OHPHQW +LJK /LIW
$LU -HW 9RUWH[ *HQHUDWRUV 3K' WKHVLV 7KH &LW\ 8QLYHUVLW

ILHEHFEN 5 + T'"HVLIQ RI VXEVRQLF-ROXAWOPRICOR IIBUUKUIXIVDLIW
1R

IlLQ - & 5RELQVRQ 6 . OF*KHH &5 - 9DODUH]IR : 2 T6H:
RQ KLJK OLIW DLUIRLOV YLD PLFRIRUQROWH [ $IHIEBRDDW RU V -

IMXQIJVWURP % [ * %RXQGDU\ OD\HU VWXGLHY RQ D WZR GLF
7THFKQLFDO 5HSRUW 5HSRUW $38 JOMJWHNQLVND )RUVRNVDQVW|
IRQVGDOH * 6FKXHOOHU $ TOXOWLJULG HIILFLHQF\ IRU FRF

GLVWULEXWHG PHPRYDWPDFEHQHRPSXWLQJ

IXR 6 & *DQ 7 Tf)ORZ SDVW WZR WDQGHP FLUFXODU F
GLDPHWHURQDXWLFDOS-RXUQDO

ODVNHZ % 9VDHUR D FRPSXWHU SURJUDP IRU FDOFXODWLC
G\QDPLF FKDUDFWHULVWLFV RI DUELWUDU\ FRQILIJXUDWLRQV 7t
1$6%



OLOOLNHQ : ) OLOOLNHQ5DFH &DU 9HKLFOH BRFRPMAVRI $XWI
PRWLYH (QJLQHHUV :D[UHQGDOH 3HQV\OYDQLD 86$

OXOODUNH\ 6 O ULYDWH &RPPXQLFDWLRQ

IDND\DPD % .UHSOLQ + 3 ORUJDQ + / T([SHULPHQWD
ILHOG DERXW D PXOWLSHOHRRRWODDURLO:- 3

1DVK - ) +LFNV - % $Q LQWHJIJUDO PHWKRG LQFOXGLC
KLVWRU\ RQ WXUEXOHQW VKHDU VWUHVV 7HFKQLFDO 5HSRL
5HVHDUFK /DERUDWRU\ ODULHWWD *HRUJLD 86%

3DSDGDNLV O OLOOHU [/ 6 T([SHULPHQWDO DQG FRPS:
ZLQG WXQQHO HIIHFWV RQ DLUIRLO IORZ ILHOGV:- $,$%$ 3DSH

SDWDQNDU 6 91XPHULFDO +HDW 7UDQVIHUOD(@®GE A WORMS* YOR Z
+LOO 1HZ <RUN 1< 86%

3DWDQNDU 6 9 6SDOGLQJ ' % 9$ FDOFXODWLRQ SUR
PRPHQWXP WUDQVIHU LQ WKUHH GLPHQQWRQ RO WLRIDER GRK U
+HDW DQG 0DVV 7UDQVIHU

3DXOH\ : 5 (DWRQ - . T([SHULPHQWDO VWXG\ RI WKH
GLQDO YRUWH[ SDLUV HPEHGGHG LQ D WXMERKHQWOERXQGDL

3HDNH ' - +HQU\ ) 6 IXVK 3 % BHDUFH\ + + JORZ
YRUWH[ JHQHQPIWRFWHGLQJIJY RI WKH 5R\DO $HURQDXWLFDO
3DVVLYH DQG $FWLYH )ORZ &RQWURO:- 7KH 5R\DO $HURQDXYV

B3HDUFH\ + + 6KRFN ,QGXFHG 6HSDUDWLRQ DQG LWV B3UHYHQWLI
DU\ /D\HU &RIHNWUROBRQ 3UHVV 2[IRUG

5KLH & O &KRZ : | % T1XPHULFDO VWXG\ RI WKH W;
DLUIRLO ZLWK WUDLOLQX®» HGHRXWHEDOUDWLRQ -

5RGL : 7KH XVH RI DLUMHWYV IRU ERXQGDU\ OD\HU FRQW.L
WHFKQLFDO QRWH QR Q 7HFKQLFDO UHSRUW $HUR:
ULHV $XVWUDOLD

5XLQVH\ *DWVNL 7 % ,ZVRODWLRQ FXUYDWXUH HIIHFW
WXUEXOHQWQIPR#EN S $HURVSDFH 6FLHQFHYVY OHHWLQJ DQG ([K



5XPVH\ *DWVNL 7 % <LQJ 6 ; %HUWHOUXG $ T3UHC
IORZV XVLQJ WXUEXOHQWS FORRXUQDPRRGHOV -

5XQFKDO $ . "ROIVWHLQ O T3HUVSHFWLYH 6HOHFWHG EH
FLDO FRBKVQEDO RI OHFKDQLFDO (QJLQHHULQJ DQG 6FLHQFH

6KL <LQJ = )DQ / ([SHULPHQWY DERXW WKH DLU MHW YRUYV
BHSRUW § 1DQMLQJ $HURQDXWLFDO ,QVWLWXWH 3HRSOH:

6PLWK $ 0 2 T+LIJK OLIW-RXUWRIOQMIPEIFVERDIW

6PLWK * ' 1XPHULFDO 6ROXWLRQ RI 3DUWLDO '"LITHUHQWLDO (TXEC

HQFH OHWKRGV USODAHMQIRRY 3UHVV 2[IRUG (QJODQG

6SDOGLQJ ' % 9$ QRYHO ILQLWH GLIIHUHQFH IRUPXODWLRQ
LQYROYLQJ ERWK ILUVW DQGQMIFBQDBWLHRWQID@WRXBWYDO RI 1XPHUL
RGV (QJLQHHULQJ

6WRNHV * * 120 WKH WKHRULHV RI WKH LOWHAWDO)XY IULFWLR
&DPEU 3KLO 6RF

6\NHV ' BULYDWH &RPPXQLFDWLRQ

TKRPSVRQ - ) :buvL = 8 % ODVWLRPHMULFDO *ULG *HQHUDWLR
JRXQGDWLRQV DQG $ISRRIODWRDMRICRADQ G 1HZ <RUN 86%

TRHW BULYDWH &RPPXQLFDWLRQ

9DODUH]R : 2 obyuLsoLv ' - T1IDYLHU VWRNHYVY DSSOLFDW
DQDO\WLV: $,$$ 3DSHU

9DQ 'RRUPDO - 3 5DLWKE\ * ' T(QKDQFHPHQWYV RI WKH \
SUHGLFWLQJ LQFRPSUHVYXEBUHLFKDO GHDWZYUDQVIHU

9HUVWHHI + . ODODODVNBQD,QWURGXFWLRQ WR &RPSXWDWLRQD ¢
QDPLFV 7KH )LQLWH 9R®XQRIP DPIWKRES /LPLWHG +DUORZ 8.

:DOOLV 5 % $ SUHOLPLQDU\ QRWH RQ D PRGLILHG W\SH RI D
FROQOWURO 7HFKQLFDO 5HSRUW &3 $HURQDXWLFDO 5HVHDUFK
:DOOLV 5 % 6WXDUW & O 2Q WKH FRQWURO RI VKRFN LQ

VHSDUDWLRQ ZLWK GLVFUHWH DLUMHWY 7HFKQLFDO 5HSRUW
RUDWRULHV $XVWUDOLD



- HKQHU * 7KH 3 &XEH OD@XD@&)' +DQQRYHU *HUPDQ\

"ULJKW 3 * T7KH LQIOXHQFH RI DHURG\QDPLFV RQ WKH
FDUYQWHUQDWLRQDO -RXUQDO RI 9HKLFOH 'HVLJQ

<LQJ 6 ; 6SDLG ) T.QYHVWLIDWLRQ RI FRQIOXHQW
IORZV- $,$$ 3DSHU



$SSHQGL]



$SSHQGL[ $

$GGLWLRQDO ([SHULPHQWDC

6RPH DGGLWLRQDO H[SHULPHQWDO UHVXOWY DUH SUHVHQWHG
NQRZQ WR KDYH EHHQ FRPSURPLVHG E\ DQ DLU OHDN EHWZHHQ
ZLQG WXQQHO WHVW VHFWLRQ 7KH HIITHFW RI WKLV OHDNDJH Z
H[SHULHQFHG RQ WKH PDLQSODQH 7KLV HIIHFW ZDV VHHQ WR
LQFLGHQFH 'HVSLWH WKLV SUREOHP WKHVH DGGLWLRQDO UHV
DV WR JLYH DV FRPSOHWH D UHFRUG DV SRVVLEOH RI WKH H[SHL
QRW FRQVWLWXWH ULJRURXVO\ VFLHQWLILF GDWD WKH\ GR VKR
HIWHQW RI IORZ VHSDUDWLRQ VHHQ RQ WKH PDLQSODQH ZLWK V
JORZ YLVXDOLVDWLRQ RI WKH PRGHO DW f f DQG f DUH
DFWLYH DLU MHWYV 7KH GHWDLOHG GDWD FRPSULVH SUHVVXU]I
FDOFXODWLRQV $OVR GLVFXVVHG LV WKH YDULDWREB@@®®G SF
WKH WUDLO&QDWEHIDHFK DQJOH RI LQFLGHQFH RQ HDFK HOHPHQW
PHDVXUHPRGWODW RMKH WUDLOLQJ HGJH RI WKH PDLQSODQH
DV DQ LQGLFDWLRQ RI WKH FLUFXODWLRQ JHQHUDWHG E\ HDFK
WKH PRGHO

$ O 'LVFXVVLRQ RI $GGLWLRQDO ([SHULPHQWDC

,Q WKH ZLQG WXQQHO WHVWLQJ RI KLIK GRZQIRUFH ZLQJV IORZ
ZDOO HIIHFWV DUH VLJQLILFDQW VRPH W\SH RI ERXQGDU\ OD\HU
LV QRUPDOO\ HPSOR\HG WR HQFRXUDJH D QRPLQDO WZR GLPHQ
WKDW WZR GLPHQVLRQDO IORZ ILHOGV FDQ SURYLGH D JRRG LQ
FRPSOH[ WKUHH GLPHQVLRQDO IORZ ILHOGYVY 6XFK ZDV WKH FDVH
ZRUN RQ D KLJK GRZQIRUFH VA\VWHP FDUULHG RXW E\ $JRURSR X(

$



LQYHVWLIDWHG WKH PL[LQJ RI WXUEXOHQW ZDNHV ZLWK WKH ERXQC
FRQWURO PRGHO 7KLV PRGHO FRQVLVWHG RI DQ HOOLSWLF PDLQ H
(QGSODWHYVY ZHUH XVHG WR LQFUHDVH WKH HIIHFWLYH DVSHFW UDW
WZR GLPHQVLRQDO IORZ FRQGLWLRQV

3DSDGDNLV OLOOHU FRQGXFWHG DQ H[SHULPHQWDO DQG FRF
WR DFFRXQW IRU WKH ZLQG WXQQHO HIIHFWV RQ WKH IORZ ILHOG
7KH\ DOVR XVHG HQGSODWHV WR HQVXUH D WZR GLPHQVLRQDO IOR
WKHLU H[SHULPHQWDO ZRUN RQ VHSDUDWLRQ FRQWURO RI KLJK GRZ
JHQHUDWRUV /LQ HW DO XVHG D ERXQGDU\ OD\HU FRQWURO \
WKUHH GLPHQVLRQDO ERXQGDU\ OD\HUV WR DOORZ IRU EHWWHU DQ
JHQHUDWRUYV

$W KLIJK DQJOHV RI LQFLGHQFH I0ORZ VHSDUDWLRQ FRUQHU IORZ\
SOH[ WKUHH GLPHQVLRQDO IORZ ILHOGV 7KLV KDG D VLJQLILFDQW
FRUUHODWLRQ EHWZHHQ WKH H[SHULPHQWDO DQG WKH QXPHULFDO
ULHG RXW E\ WKH DXWKRU KDYH VKRZQ VLPLODU IORZ VHSDUDWLRQ
D )RUPXOD 2QH FDU DW KLJK DQJOHV RI LQFLGHQFH GXH WR LQFLSL}
IORZV 7KXV WKH SUHVHQFH RI VHSDUDWLRQ RQ WKH PRGHO ZDV Qf

7KH EXIIHWLQJ DVVRFLDWHG ZLWK WKLV IORZ VHSDUDWLRQ DOVF
WZR VLJQLILFDQW ZzZD\V )LUVW LW ZDV QRW SRVVLEOH WR SHUIRUF
GHVWUR\LQJ WKH ZDNH UDNH $QRWKHU HIIHFW RI WKLV EXIITHWLQJ
WHVW VHFWLRQ VSHHG IURP P V WR PV IRU WKH ODWHU H[SHU|
LPSRVHG RQ WKH ZLQG WXQQHO VWUXFWXUH

$ &OHDQ +LJK 'RZQIRUFH :LQJ

7KH UHVXOWY GLVFXVVHG LQ WKLV VHFWLRQ ZHUH REWDLQHG IURP
FOHDQ ZLQJV LQ ERWK H[SHULPHQWDO VHVVLRQV 7KH UHVXOWYV Il
$-9*V LQWR WKH KLJK GRZQIRUFH V\VWHP ZHUH SHUIRUPHG H[FOXV!
RI HISHULPHQWYV 7KH WHVWY ZHUH SHUIRUPHG ZLWK D I[UHHVWUHD
ILUVW VHULHV RI H[SHULPHQWYV DQG PV LQ WKH VHFRQG VHULHV
EXITHWLQJ WKLV PV GLITHUHQFH LQ YHORFLW\ GLG QRW SURGXFH
ILHOGV 7KLV DOORZV GLUHFW FRPSDULVRQV WR EH PDGH EHWZHHQ

$Q DQJOH RI LQFLGHQFH UDQJH RI f WR f ZDV XVHG WR HVWD
WKH LVRODWHG KLJK GRZQIRUFH VA\VWHP IRU WKH SXUSRVHV RI WK
FDPEHUHG PXOWL VORWWHG FRPSRQHQWY DV IRXQG LQ WKLV KLJIK

$



EH XVHG DW WKH ORZHVW DQJOHV RI LQFLGHQFH DW DQ\ UDFLQJ
GRZQIRUFH GHVLJQ ZRXOG EH UHTXLUHG RQ WKH UDFH FDU

$ &OHDQ :LQJ 6XUIDFH )ORZ 9LVXDOLVDWLRQ

7KH VXUIDFH IORZY DW WKUHH DQJOHV ZHUH LQYHVWLJIJDWHG DW
ZHUH FKRVHQ GXH WR WKH OLPLWHG WLPH DYDLODEOH 7KH f D¢
IORZ DWWDFKPHQW RQ DOO WKH HOHPHQWY 7KH f DQJOH RI
LW ZBW&LM@I@L —~ 9LVXDOLVDWLRQ ZDV SHUIRUPHG DW f WR Gl
ZRUVW FDVH IORZ VHSDUDWLRQ RQ WKH PDLQSODQH
7KH VXUIDFH IORZ ILHOG DW f LV LOOXVWUDWHG LQ )LJIJXUH
ZLWK FRPSOHWHO\ DWWDFKHG IORZ H[FHSW IRU D VPDOO VHFW
ZDOO MXQFWLRQ ,Q WKLV UHJLRQ D IORZ SDWWHUQ FRQVLVYV
SUHVHQW 2Q WKH ORZHVW SDUW RI WKH VSDQ WKH IORZ LV FR
7KH IORZ RQ WKH YDQH zZDV DWWDFKHG H[FHSW IRU DQ DU}
SUREDELOLW\ ZDV FDXVHG E\ D VHSDUDWLRQ EXEEOH 7KLV IOR
WKH ORZHU VSDQ 7KH XSSHU VSDQ RQ WKH YDQH DQG IODS ZHU
6HYHUDO RLO WUDFHV DUH YLVLEOH DPRQJVW WKHVH OHWWHUV
D VHSDUDWLRQ EXEEOH DQG IORZ UHDWWDFKPHQW ZKLFK SHUVL
,Q DOO OLNHOLKRRG WKH IODS 7ZDV RSHUDWLQJ ZLWK [IXOO\
DSSURDFK WKH WUDLOLQJ HGJH WR ZLWKLQ WR PP DQG Wi
WXUQ GRZQZDUGYV XQGHU WKH IRUFH RI JUDYLW\ W LV XQOLNF
VHSDUDWLRQ DW f LQFLGHQFH W LV PRUH OLNHO\ GXH WR WK
WKH IODS WUDLOLQJ HGJH 7KHUH ZHUH DUHDV RI GLVWXUEHG |
VORW JDS VSDFHU DQG XQH[SHFWHGO\ QHDU WKH XSSHU WHVW
JLIXUH $ VKRZV WKH VXUIDFH IORZ ILHOG RQ WKH ZLQJ DW
DV\PPHWULF IORZ VHSDUDWLRQ SDWWHUQ LQ HYLGHQFH RQ WK
MXQFWLRQ LW H[WHQGV IURP DSSUR[LPDWHO\ FKRUG WR WK
FKRUG +RZHYHU WKHUH LV FRPSOHWH IORZ DWWDFKPHQW E\ DS
RQ WKH PDLQSODQH DQG WKLV LV PDLOQWDLQHG XQWLO WKH OR:
JLIXUH $ DOVR VKRZV WKDW WKH YDQH DQG IODS HOHPHQW\
DWWDFKHG IORZ 7KHUH LV VRPH DV\PPHWU\ LQ WKH IORZ RQ W
D ODPLQDU VHSDUDWLRQ EXEEOH ZDV IRUPHG RQ WKH YDQH MX
wuDLOLQJ HGJH 7KLV UHJLRQ FRYHUHG E\ WKLV EXEEOH ZRXO
YHORFLWLHYV ZKHQ FRPSDUHG WR WKH ORFDO IUHHVWUHDP 7

$



JLJXUH $ O )ORZ YLVXDOLVDWLRQ RQ FOHDQ ZLQJ D



DIIHFWHQUDYLW\ DQG WHQG WR IORZ GRZQ WKH YDQH WRZDUC
LQ )LIXUH $ *HQHUDOO\ WKH IORZ UHDWWDFKHVY GRZQVWUHL
OD\HU DQG WKLV DWWDFKPHQW LV PDLQWDLQHG XQWLO WKH HC

7KH IORZ RQ WKH IODS ZDV DOVR FRPSOHWHO\ DWWDFKHG E
$ LV QRW RI JRRG TXDOLW\ 6RPH RI WKH RLO GURSV QHDU
YHUWLFDOO\ XQGHU JUDYLW\ 7KLV ZDV SUREDEO\ GXH WR WK
IODS 6RPH VPDOOHU RLO GURSV SODFHG DORQJ WKH 10DS VSI
HGJH ZKLOH RWKHU ODUJHU GURSV UHPDLQ VWDJQDQW 7KLV L
WKH YHORFLWLHV DUH GHFUHDVLQJ WRZDUGV WKH WUDLOLQJ F
QRW EH HQRXJK PRPHQWXP LQ WKH DLU IORZ WR FDUU\ WKHVH
HGJH (YLGHQFH RI FRPSOHWH 10DS IORZ DWWDFKPHQW IRU W
DORQJ WKH VSDQ

JLIXUH $ VKRZV WKH VXUIDFH IORZ YLVXDOLVDWLRQ UHVXOV

f 7KH YLVXDOLVDWLRQ QHDU WKH PDLQSODQH SUHVVXUH VL
DUHD H[SHULHQFHY YHU\ ORZ YHORFLWLHY DQG VR WKHUH LV Yl
WUDFHV 7KLV ZDV WKH FDVH IRU DOO WKH SRVLWLRQV WHVWH
ZbDV WKH GHYHORSPHQW RI WKH RLO WUDFHV LQ WKH DUHD FO
DQG WKH IODS 7KLV LV DQ DUHD RI KLJKHU YHORFLW\ DV WK&
wubDLOLQJ HGJH 3KRWRJUDSKV RI WKH SUHVVXUH VLGH RI WKF
FRPSHOOLQJ ORVW HIIRUWYVY FRQFHQWUDWHG RQ WKH VXFWLRC

JLIXUH $ VKRZV WKH VXFWLRQ VLGH RI WKH ZLQJ DW f 71
RQ WKH PDLQSODQH FDQ EH VHHQ ZLWK WKH RLO WUDFHV IORZ
FRPSRQHQW LPSDUWHG WR WKH RLO WUDFHV LV LQGXFHG E\ V
DQG WKH ZLQG WXQQHO FHLOLQJ 7KH VRXUFH RI WKH OHDND
DQG WKH WXUQWDEOH DV HQFORVHG LQ WKH GDVKHG HOOLSVH
FRYHUV WKH HQWLUH PDLQSODQH VSDQ 2Q WKH XSSHU SDUW
DSSUR[LPDWHO\ FKRUG WR WKH PDLQSODQH WUDLOLQJ HGJH
RI WKH vSDQ WKH VHSDUDWHG UHJLRQ LV VLIJQLILFDQWO\ VPD

FKRUG WR WKH WUDLOLQJ HGJH 7KH IORZ SDWWHUQ DVVXPF
DV WKH ERWWRP RI WKH PRGHO LV DSSURDFKHG

7KH FRUQHU VHSDUDWLRQ DW ERWK HQGV RI WKH PDLQSOD(
KLJK DQJOH RI LQFLGHQFH DQG WKH ODFN RI ERXQGDU\ OD\HU
DQG IORRU +RZHYHU WKH H[WHQW RI DV\PPHWU\ LQ WKH IORZ
FROQFHUQV GHVSLWH WKH IDFW WKDW ZKHQ VHSDUDWLRQ RFFXL

$



JLIXUH $ JORZ YLVXDOLVDWLRQ RQ FOHDQ ZLQJ DW



VHOGRFPFXUV LQ D VIPPHWULFDO PDQQHU 7KH PRGHO ZDV ODWH
OHDNDJH DW WKH XSSHU PRGHO WXUQWDEOH MXQFWLRQ

JLIXUH $ DOVR VKRZV WKDW GHVSLWH WKH VHSDUDWHG IOR.
WKH YDQH DQG WKH IODS DUH FRPSOHWHO\ DWWDFKHG 7TKHVH
HITHFWV Rl WKH VORWWHG IORZY 7KHVH WZR HOHPHQWYVY GLG (
LQ WKH FRUQHUV IRUPHG ZLWK WKH WXQQHO ZDOOV

$ $GGLWLRQDO 3UHVVXUH 'LVWULEXWLRQV

7KH PHDVXUHG SUHVVXUH GLVWULEXWLRQV RI WKH KLJK GRZQIR
FKDUDFWHULVWLFV DV WKH SUHGLFWHG SUHVVXUH GLVWULEXW
SUHVVXUH GLVWULEXWLRQV IRU WKH f f f f f DQG f I
LQ J)LIXUHV $ WKURXJK $ 7KH PDLQ GLIIHUHQFHV DUH WKDW °
RYHUSUHGLFWHG ZKHQ FRPSDUHG WR WKH H[SHULPHQWDO UHV>
SUHVVXUH JUDGLHQWY LV XQGHUSUHGLFWHG 7KH UHDVRQV IRU
WKH QXPHULFV RI &); LQ WKDW LW IDLOV WR FRUUHFWO\ UHV
RI DQ DGYHUVH SUHVVXUH JUDGLHQW
2YHU WKH DQJOH RI LQFLGHQFH UDQJH LW $RH S WDSISHERREHRDIV S E
%\ FRPSDULVRQ WKH YDQH DQG WKH IODS HOHPH®WYV DU}
ZLWK WKH 10DS EHLQJ WKH OHDVW VHQVLWLYH %HWZHHQ [ I
VXFWLR®R$ DSSUR[LPDWHO\ DQG WKH [0D&SRD\D DSHRDIN B WA

%YHWZHHQ f DQG f WKHUH LV D JHQHUDO GHFUHDVH LQ WKH
DQG LQ SHDN VXFWLRWKHS$WRZHU VXUIDFH SUHVVXUHV RQ WKH
LQFUHDVH 7TKH SHBNDOYKXREWRRQRZ WKLV WUHQG 7KLV LQFUHD)
D UHGXFWLRQ LQ WKH SUHVVXUH JUDGLHQW RQ WKH ORZHU PDI
DQG WKH PDLQSODQH WUDLOLQJ HGJH DW FKRUG 7KLV VXJ.
VHSDUDWLRQ RQ WKH PDLQSODQH JXUWKHU LQFUHDVHV LQ WK
UHGXFWLRQV LQ WKH SUHVVXUH JUDGLHQW ZKLFK DUH ORFDOLYV
HIWHQW RI WKH UHJLRQ ZKHUH WKLV DGYHUVH SUHVVXUH JUDGL
LQFLGHQFH VR WRDWRIE\fWKWKH VHSDUDWHG UHJLRQ RQ WKH PDL

FKRUG WR WKH WUDLOLQJ HGJH DW FKRUG



)LIXBH JORZ YLVXDOLVDWLRQ RI VLGHZDOO DW D f

$ &OHDQ :LQJ 7UDLOLLESYHGVNV $RIOMFLGHQFH

7TKH PRQLWRULQJ RI WKH HO&PHWQWP¥RDWOIQW HAHCHEG VWXG\LQJ WKH E}
RI KLJK GRZQIRUFH V\VWHPYV JLIXUH $ VKRZV &MIR WP HD¥VXKUHG WU
HOHPHQW ZLWK UHVSHFW WR DEXPFLAIHEWLCWHAFHGHEW DW WKH PDL(
DQRG YDQH WUD&®II®H HGDIB WUuD&OSDQB HQGBGHFDWLYH RI D VXFFHVVIXO .
UHFRYHU\ ZLWK DWWDFKHG IORZ RQ DOO WKH HOHPHQWYV :KHQ WKH
DW WKH IODS WUDLOLQ& W®IHXHDLSRVHMRYEGHG WKHUH $ QHJDWLYH
&S LQGLFDWHV WKDW WKH . XWWD FRQGLWLRQ LV QRW VDWLVILHG DW
VHSDUDWHG +RZ LV LQ HYLGHQFH RQ VRPH HOHPHQW LQ WKH KLJK GR

$ UHYLHZ RI WKH HOHP H&SN DIDXHVOLQ J) HHIKUHH $ VKRZV W KDW WKH F
&SYDOXHV DUH FRQVLVWHQWO\ ORZHU WKDQ WKRVH DW WKH YDQH W
WUDLOLQ&SHD®IH ORZHU WKDQ WKH |IODS DV WKH ODWWHU HOHPHQW
IRU SUHVVXUH UHFRYHU\ LQ WKH V\VWHP 7KH WBUWHQBPRWKKFUHDVLC
PDLQSODQH WR WKH YDQH WR WKH I1ODS LV DQ LQGLFDWLRQ RI WKH
VWDJHV DV GLVFXVVHG LQ &8PWH @O SIKMHLWAD'YSHA EXW GHFUHDVLQJ EH)
f LQGLFDWLQJ DWWDFKHG IORZ $W f D QHIJDWLYH IODS WUDLOL

$



JLIXUH $ JORZ YLVXDOLVDWLRQ RI FCHDQ fPRGHO VXF












D "HJUHHV
JLIXUH $ 3 HDN&EXHW MK §

IRU WKH ILUVW WLPH LQGLFDWLQJ VHSDUDWHG IORZ VRPHZKHU
IORZ VHSDUDWLRQ LV LQ HYLGHQFH RQ WKH PDLQSODQH

$00 DQJOHV RI LQFLGHQFH KLJKHU WKDQ f SURGXF&SD PRUL
LQGLFDWLQJ WKDW WKH IORZ VHSDUDWLRQ ZRUVHQV ZLWK LQFI
ZLWK WKH SUHVVXUHVY PHDVXUHG DERXW WKH DIW VXFWLRQ VL
SUHVVXUHV LQGLFDWH DQ LQFUHDVLQJ PDLQSODQH WUDLOLQJ
LOQFLGHQFH 7KH GHFUHDVH LQ WKH SUHVVXUH JUDGLHQW DQG V
HGJ&{SDUH ERWK LQGLFDWLYH RI D GHFUHDVH LQ DHURG\QDPLF
GRZQIRUFH PRGHO ZLWK LQFUHDVLQJ DQJOH RI LQFLGHQFH SDV

$ ([SHULPHQWDO ,QWHJUDWHG )RUFHV IRU &O

$ &OHDQ :LQJ 1RUPDO )RUFHV YHUVXV $QJOH RI ,QFLG

JLIXUH $ VKRZV WKH FDOFXODWHG QRUPDO IRUFHV IRU WKH F
GRPLQDQW HOHPHQW LQ WHUPV RI WKH QRUPDO IRUFHV DW DOC
YDQH JHQHUDWHV&R®AIDYHUDDKH PDLQSODQH JHQH&OQRIHV DQ DY!
7KLV LV QRW VXUSULVLQJ EHFDXVH WKLV W\SH RI PDLQSODQH Z
DQ DQJOH

7KH PDLQSODQH SRVVHVVHV WKH ODUJHVW VXUIDFH DUHD DQ
LWV SHUIRUPDQFH GRPLQDWHY WKH EHKDYLRXU RI WKH V\VWHP

$



D 'HJUHHV

JLIXUH $ &OHDQ ZLQJ asyBiuanxXyJ HGJH

LW KDV WKH ODUJHVW OHDGLQJ HGJH UDGLXV 7KHVH DUH DOVR IHD
FLUFXODWLRQ DQG WKMUHIRUH D KLJK

%HWZHHQ f DQG f WKH QRUPDO IRUFH JHQHUDWHG E\ WKH PDI
IDVKLRQ ZLWK WKH PD[&PRP DYHBBEKUULQJ DW f )XUWKHU LQFUH
DQJOH RI LQFLGHQFH UHVXOW LQ D QRQ OL®BRUWEKHB UMD AR WKF
DYHUDJH YDOXH RI DRPMRRUGHG DW

$W f DQG f ORZHU ¥RDMHWBORMXJIDWHG IRU DOO WKH HOHPHQ\
W K&QYHUWDXRXUYH LV FKDUDFWHULVHG E\ &R MOEIRYP @ HER UHDWIO DLW L Y+
FRQVWIX\S WWRQD[ 7KLV EHKDYLRXU LV REVHUYHG LQ ERWK VHULHV
PDLQSODQH DQG YDQH +RUWRQ REVHUYHG VLPLODU EHKDYLF
SRVW VWDOO DQJOHV RI LQFLGHQFH LQ KLV H[SHULPHQWDO LQYHVW

'LWK WKH H[FHSWLRQ RI f WKH YDQH LV FRQVLVWHQWO\ WKH VHF
LQ WKLV KLJK GRZQIRUFH PRGKBQJHQMUIYWHG RE\ WKGHH YDQH ZLOO VK
WKH DYHUDJH RODRPXP LV JHQHUDWHG DW DSSUR[LPDVWHO\ f 7KH
GHFUHDVHV ZLWK LQFUHDVLQJ LQFLGHQFH

,Q WHUPV RI &Q WKH 10DS LV WKH OHDVW ORDGHG HOHPHQW
HOHPHQW EHLQJ WKH ILQDO VWDJH Rl SUHVVXUH UHFRYHU\ LQ WKH |
WKH DYRQDHRHUDWHG E\ WKH IODS VKRZ D VWHDG\ ORDG LQFUHDVH
RI BAL7LFL]

,Q WHUPV RI QRUPDO IRUFHV WKH EHKDYLRXU RI WKH DVVHPEO\
PDLQSODQH 7KLV LV UHIOHFWHG LQ WKH &QYP®06 WLIRH) (R&\ DMREORRP SR
WUHQGOLQHV ,W FDQ EH VHHQ IURP )LJ2QP @G WWIH DPVDRQISID YN HP E

$



v LQWLPDWHO\ OLQNHG 7KH\ KDYH WKH VDPH JUDGLHQW DQG W
WKH VDPH DQJOHV

$ &OHDQ :LQJ $[LDO )RUFHV YHUVXV $QJOH RI ,QFLGHQ

7KH D[LDO IRUFHV IRU WKH FOHDQ ZLQJ H[SHULPHQWY DUH SUHV
VRPH QRWHZRUWK\ SHUIRUPDQFH IHDWXUHV IRU WKH V\VWHP $
EHKDYLRXU RI WKH PDLQSODQH 7K& PRIODVWKHGRDUGSORQHELAQJ
VKRZ D VWHDG\ LQFUHDVH ZLWK LQFUHDVLQJ DQJOH RI D@QFLGHC(
f LV 7KLV VKRZV WKDW WKH SUHVVXUH GLVWULEXWLRQ DE
WKUXVW 7KLV WKUXVW GHFUHDVHV ZLWK LQFUHDVLQJ LQFLGH
f ZKHUH SRVLWLY&[ DDJOIXAVOIRUODWHG[ BRISRVEZWIVYBIOVR UHFRL
DW f EXW JLYHQ WKH WUHQGOLQH LW LV PRUH OLNH®R[WKDW
RI UHFRUGHG LQ VHFRQG H[SHULPHQW LV D PRUH DFFXUDW
WKLY HOHPHQW DW f EHFDXVH LW LV PRUH FRQVLVWHQW ZLWK
$Q H[DPLQDWLRQ RI WKH D[LDO IRUFH RQ WKH YDQH VKRZV W
WKUXVW DOEHLW D GHFUHDVLQJ RQH EHWZH&QRDW DQGV f 7KI|
DQG D YDOXH RI LV UHFRUGHG DW & GHARUHDONW B W H W R/
SRVLWLYH YDOXHVY WKDW DUH LQVHQVLWLYH WR FKDQJHV LQ LQF
WKDW WKHUH LV D YHU\ VPDOO&LQFKHDR®@OLQH WK WIDRMH WR W
DQRPDORXYVY YDOXH RI WKDW ZDV PHDVXUHG DW f 7KLV LV
KLI&K[ WKDW ZDV UHFRUGHG IRU WKH PDLQSODQH DW WKLV DQJO
XQXVXDO DERXW WKH QRUPDO IRUFHVY WKDW FRXOG KHOS WR H
7KH DYHUDJH D[LDO IRUFH RQ WKH IODS DW f LV VPDOO DQC
7KH D[LDO IRUFHV RQ WKLY HOHPHQW WHQG WR GHFUHDVH XQW|
PDLQWDLQ YDOXHV FRQVLVWHQW ZLWK D VPDOO WKUXVW 7KH\
RI LOQFLGHQFH W ZRXOG DSSHDU WKDW WKLV LV DQ DFFXUDMW
EHKDYLRXU GHVSLWH DDRAERRDWO RAV DQG DW f GHULYH
HI[SHULPHQWYV
7KH D[LDO IRUFH FKDUDFWHULVWLFV RI WKH KLJK GRZQIRUFH
E\ WKH PDLQSODQH SHUIRUPDQFH $ FRPSDULVRQ RI WKH D[LDO
WKH PDLQSODQH UHYHDOV WKDW WKH FKDUDFWHULVWLFV RI WI
DQRG JUDGLHQWY WKH VDPH DV WKRVH RI WKH PDLQSODQH 7KH
WKH I10DS GR FRQWULEXWH WR WKH RYHUDOO SHUIRUPDQFH E.
VIVWHP DV D ZKROH LV QRW DV SURIRXQG DV WKDW RI WKH PDL

$






$ &OHDQ :LQJ 'RZQIRUFH YHUVXV $QJOH RI ,QFLGHQFH

7KH QRQ GLPHQVLRQDQE&REBRVLGH YDOXDEOH LQVLJKW LQWR W
LQGLYLGXDO HOHPHQWY DQG KRZ WKH\ LQWHUDFW DV D V\VWHF
WR VSHDN LQ WHUPM RFDIX\DHQ GRU WKH PRVW SDUW )RUPXOD 2C
DQDO\WVH WKHLU FDUV DQG KLJK GRZQIRUFH V\VWHPV LQ WHUPV

7KH T GDWD DUH SUHVHQWHG LQ )LIJXUH $ 7KH LQFUHDV}
EHWZHHQ f XS WR f ([S 69 DQG f ([S $0 $W WKHVH DOQ.
VIVWHP SURGRBHR/I D T DQG UHVSHFWLYHO\ 'XH WR H[SHUL
WKH PHDVXUHPHQWVY RQH FDQ RQO\ PDNHD PRPIES QRUHPOLWMEZRQJ
WKH IRUFHV GHULYHG IURP WKH GLVWULEXWHG SUHVVXUH DER>
HGJ&SLQ )LIXUH $ VKRZ WKDW WKH ODVW SRVLWLYH 10DS WUL
DW f 7KH PRGHO ZDV QRW UXQ DW f LQ WKH VHFRQG VHULH
IODS WUDLO&RRIHGJH ([S 69 LV UHFRUGHG IRU WKLV DQJOH
GRZQIRUFH PRGHO KDV H[SHULHQFHG IORZ VHSDUDWLRQ DQG |
LPSOLHV WKDW D TPD[ LV f

$IWHU f LQFLGHQFH WKHUH LV D SURJUBIFNIRYH P HG@XHWHR C
LV D VXGGHQ ORVV RI GRZQIRUFH DV WKH PDLQSODQH VWDOOV
RI GRZQIRUFH LV DOVR VHHQ DW f ([S 69 DQG ([S $0 $Q
69 T FXUYH VKRZV D VPDOO SRVW VWDOO LQBFBB[RVH LQ $WWH UG F
VWDOOLQJ WKH ([S $0 T FXUYH VKRZV VRPH IOXFWXDWLRQV E
SRLQW ZKHUH WKH\ DUH DQFLPSBURMHPRQW RWYDOO FKDUDFWHUL
FXUYH DUH VLPLODU WR WKRVH GLVFXVVHG LQ +RUWRQ

$ &OHDQ :LQJ 'UDJ YHUVXV $QJOH RI ,QFLGHQFH

7KH DXWKRU KDV VRPH UHVHUYDWLRQV DERXW WKH DFFXUDF\ RI
DQJOHV RI LQFLGHQFH 7KHVH UHVHUYDWLRQV DUH EDVHG LQ S|
DQG RQ WKH ILQGLQJV RI /DUVVRQ $UOLQJHU ,Q WKHLU
ZRUN RQ KLJK OLIW DHURIRLOV /DUVVRQ $UOLQJHU IRXQC
WKURXJK WKH LQWHJUDWLRQ RI VXUIDFH SUHVVXUHV FDQ EH LQ
ERWK WKH SUHGLFWHG SUHVVXUH DQG VNLQ IULFWLRQ GLVWUL
ZLWK H[SHULPHQWYV ,Q SHUIRUPLQJ DQ LQWHJUDWLRQ VPDOO
SURGXFH UHODWLYHO\ ODUJH HUURUV LQ WKH GUDJ 7KLV LV
WUDLOLQJ HGJH DUHDV

'XULQJ WKH H[SHULPHQWV FRQGXFWHG ZLWK WKH KLJK GRZQ

$



\\ la

t (IS 69
3 2 ([S $0

D "HJUHHYV

JLIXUH $ ([SHULPHQWDO FOHDQ ZLQJV T YHUVXV

WR XVH WKH ZDNH UDNH SURYLGHG E\ WKH ODERUDWRU\ VWDII EHFI
EXITHWLQJ EHWZHHQ f DQG f W LV KLJKO\ XQOLNHO\ WKDW W
VXUYLYHG DQ\ SURORQJHG WHVWLQJ OHDVXUHPHQWYV ZLWK WKH ZDN
FDOFXODWLRQ RI GUDJ WKURXJK WKH LQWHJUDWLRQ RI WKH PRPHQV
GRZQIRUFH PRGHO ,Q WKHLU ZRUN RQ KLJK OLIW PRGHOV ,QQpV
VXFFHVVIXOO\ XVHG WKH ZDNH LQWHJUDWLRQ WHFKQLTXH WR HVWLF

7KLEWHUWDWXAXUYH LV VKRZQ LQ )LIXUH $ IRU WKH WZR VHULHV R
RXW RQ WKH FOHDQ ZLQJ 7KLV ILJXUH V&AW B MQFHQH® \RLIQ LU QF Q HDF
RI LQFLGHQFH 7KH GDWD VKRZV UHDVRQDEO\ JRRG ROPHEPHQW EH)
R ([S 69 DQG (IS $0 EHLQJ UHFRUGHG DW f $W DQJ
JUHDWHU WKDQ f GHJUHHV WKH GDWD DUH FRQWUDGLFWRU\ ZLWHE
FRQVLVWHQWOWKDOKKHS 69 GDWD EHWZHHQ f DQG f $W f WKH
VKRZV&®PDR | FRPSDUHG WR ([S $0 7KLV GLIIHUHQFH LV
JLYHQ WKH GLIIG&SNQRHY L@ )LIXUH $

$ &OHDQ :LQJ 'RZQIRUFH WR 'UDJ 5DWLR YHUVXV $QJOH RI

'"HVSLWH WKH OLIW KDYLQJ D QHIJDWLYH VLIJQ LW LV FRQYHQWLRQ L
GHILQH WKH DHURG\QDPLF WKH HIILFLHQF\ DV A WKXV HIIHFWLYHO\ |
DXWKRU IROORZV WKLV FRQYHQWLRQ 7KH H[SHULPHQWDO OLIW WR
VKRZQ LQ )LIXUH $ 'LWK WKH H[FHSWLRQ RI WKH KLJKHVW YDOXH

$



)LIXBH ([SHULPHQWDO FOHDQ ZLQJV GUDJ FXUYH

WKHUH LV UHDVRQDEO\ JRRG DJUHHPHQW EHWZHHQ WKH GDWD
FOHDQ ZLQJ
JLIXUH $ VKRZV D WUHQG RI GHFUHDVLQJ A ZLWK LQFUHD!
ZLQJ LV PRVW HIILFLHQW DW WKH ORZHVW DQJOHV RI DWWDFN 2
(IS $0 DW f 7KH HIILFLHQF\ UHDFKHV LWV PLQLPXP DW
([S 69 DQG ([S $0

$ +LJK 'RZQIRUFH :LQJ (TXLSSHG ZLWK $-9*V

([SHULPHQWVY RQ WKH ZLQJ ZLWK $-9*V ZHUH PDGH H[FOXVLYHO'
VHULHV XVLQJ WKH DOFRKRO PDQRPHWHU V\VWHP WR PHDVXUH
PHQWY ,Q FHUWDLQ JUDSKV WKH UHDGHU ZLOO ILQG OHJHQGV
KLJK GRZQIRUFH V\VWHP 7KHVH ODEHOV DUH -ODLQSODQH ZLWHK
.)ODS ZLWK $LU -HWV.- DQG -$VVHPEO\ ZLWK $LU -HWV.- 7KH §
WR WKH PDLQSODQH HOHPHQW RI WKH PRGHO 7KLV QRWDWLR
DVVHPEO\ SHUIRUPDQFH ZHUH DIIHFWHG E\ WKH XVH RI WKH DLL
XVHG WR GHQRWH WKH KLJK GRZQIRUFH ZLQJ ZLWKRXW WKH $-9
7KH XVH RI DOFRKRO PDQRPHWHUV ZDV VLJQLILFDQWO\ OHVV H
DQG WKH HQWLUH DQJOH RI LQFLGHQFH UDQJH FRXOG QRW EH
WKH KLJK GRZQIRUFH V\VWHP HTXLSSHG ZLWK WKH $-9*V ZDV

$



D 'HJUHHV

JLIXUH $ ([SHULPHQWDO FOHDQ ZLQJV A YHUVXV D

f f f f DQG f 7TKHVH DQJOHV ZHUH FKRVHQ WR JLYH D J
SHUIRUPDQFH WKURXJKRXW WKH DQJOH RI LQFLGHQFH UDQJH

$ JORZ 9LVXDOLVDWLRQ ZLWK $LU -HWV

$ YLHZ RI WKH ORZHU VXUIDFHV RI WKH ZLQJ ZLWK $-9*V DW f LV
7KLV PRGHO FDQ EH FRPSDUHG GLUHFWO\ ZLWK D VLPLODU H[SHULI
KLIK GRZQIRUFH PRGHO LQ )LJXUH $ 7KH $-9*V KDYH D SURIRXQ(
RQ WKH PDLQSODQH ERXQGDU\ OD\HU 7KLV LV VHHQ LQ )LJXUH %
VHSDUDWLRQ RQ WKH PDLQSODQH 7KLV LV VLIQLILFDQW JLYHQ W
DGYHUVH IORZ HIIHFWYV FUHDWHG E\ WKH OHDNDJH WKURXJK WKH ZD(
HIKLELW DQ\ VLJQV RI IORZ VHSDUDWLRQ 7KH HIIHFW RI WKH OHDN
bDv bQ DV\PPHWULF VWDOO FDQ EH VHHQ DV D VWURQJ GRZQZDUGYV
IORZ SDWWHUQ GRPLQDWHV WKH XSSHU SDUW RI WKH PDLQSODQH
SUHVVXUH WDSV WKH EODFN VWULSH RQ WKH PDLQSODQH WKH H
ZHDN WR DOORZ D QRPLQDO WZR GLPHQVLRQDO IORZ WR H[LVW

W LV SRVVLEOH WKDW D QRPLQDO WZR GLPHQVLRQDO VHSDUDWH!
EHDU D FORVH UHVHPEODQFH WR WKH IORZ SDWWHUQ RQ WKH ORZHL
VHSDUDWLRQ LQ WKLV ORZHU UHJLRQ LV VLIJQLILFDQWO\ OHVV WKD(
WKLY HOHPHQW 7KH IORZ SDWWHUQV RQ WKH FOHDQ ZLQJ LQ )LJIXI
ZLWK $-9*V LQ )LIJXUH % VKRZ WKH HIIHFWV RI WKH IDXOW\ VHDO
PRUH DGYHUVH FRQGLWLRQV RQ WKH PDLQSODQH WKDW WKH $-9*V

$



LEBUHDVH WKH ORDGLQJ RQ WKH HOHPHQW W LV SURPLVLQJ WK
DQ LQFUHDVH LQ WKH GRZQIRUFH W LV SRVVLEOH WKDW IXUW
KDYH EHHQ PHDVXUHG LI WKHVH OHDNV KDG EHHQ LGHQWLILHG

$ OHDVXUHG 3UHVVXUH 'LVWULEXWLRQV ZLWK $LU -HWYV

%HWZHHQ f DQG f WKH SUHVVXUH GLVWULEXWLRQV DERXW
$-9*V DUH TXDOLWDWLYHO\ VLPLODU WR WKH FOHDQ ZLQJ SUHV\
E\ UHYLHZLQJ )LIXUHV $ DQG $ 7KH YDULDQFH LQ WKH PHIL
WKH SUHVVXUH GLVWULEXWLRQV DUH DOVR TXDQWLWDWLYHO\ V
PHQW DV DQ LQFUHDVH LQ WKH DUHD HQFORVHG E\ WKH SRLQWYV
HOHPHQW RI WKH ZLQJ $W WKH ORZHU DQJOHV RI LQFLGHQFH
LQ WKH SUHVVXUH GLVWULEXWLRQV ZKHQ $-9*V DUH HPSOR\HG |
ZLQJV 7KLV LV FRQWUDU\ WR WKH ILQGLQJV RI ,QQHYV ZK|
Rl $-9*V LQFUHDVHG WKH WRWDO QRQ PO DBOFBIQBRHMLEHB QW
LOQFLGHQFH 7KLV LP&QROYHHMHMWWLRXWHG WR D UHGXFHG GLVSO
VKHDU OD\HUV DERYH WKH PDLQ ZLQJ

,QQHV HW DO HPSOR\HG D VRXUFH RI FRPSUHVVHG DLU \
LQ KLV LQYHVWLIDWLRQV ,Q DOO H[SHULPHQWY D EORZLQJ S
VWDIJQDWLRQ SUHVVXUH ZDV XVHG $ UDP DLU MHW DUUD\ LV
SUHVVXUHVY DERXW WKH PDLQSODQH 7KLV PD\ EH WKH UHDVRQ
HITHFW DQ LQ&QBWVMWHKI) ORZHVW DQJOHV RI LQFLGHQFH IRU WHK
SUHVVXUH WKDW GULYHV WKH $-9*V LV WKH DPELHQW DWPRVSH
7KH ORZHU SUHVVXUH WKDW SURYLGHV D IDYRXUDEOH SUHVVXI
GHWHUPLQHG E\ WKH ORFDO SUHVVXUH DW FKRUG RQ WKH
WKH DQJOHV RI LOQALEWQ FILWEHRORYXG DSSHDU WKDW WKLV SUHVV
HITHFWLYH DW SURGXFLQJ D MHW HIIOX[ WKDQV LV VWURQJ HQR>

7KH ILUVW VLIJQLILFDQW VLJQ RI DQ LPSURYHPHQW LQ WKH SU
GRZQIRUFH PRGHO ZLWK $-9*V LV QRWHG DW DQ LQFLGHQFH R
IRU WKH PRGHO ZLWK $-9*V DW f RU f EXW LW LV OLNHO\ W
EHHQ VHHQ DW WKHVH DQJOHV RI LQFLGHQFH KDG WKH\ EHHQ L
UHFRUGHG IRU f DQG f

7KH SUHVVXUH GLVWULEXWLRQ IRU WKH PRGHO DW f f DQ
$ $ DQG $ UHVSHFWLYHO\ 7TKHVH ILIXUHVY VKRZ WKDW
VLIQLILFDQW UHGXFWLRQ LQ WKH SUHVVXUHV RQ WKH ORZHU P/

$a



JLIXUH $ +LJK GRZQIRUFH PRGHO ZLWK $-9*V DW f LC



ROWKH $-9*V  %HWZHHQ f DQG f WKHUH LV D GHFUHDVH LQ W
DQG WKLV LV VHHQ LQ WKH ILIXUH&SBEWVDZHHGXWWH R 9*QD\Y K& HWK |
ZLQJ FDVHV DW HDFK DQJOH RI LQFLGHQFH 'HVSLWH WKH XVH R
WKH SUHVVXUHV SURGXFHG E\ WKH XVH RI $-9*V DUH FOHDUO\ OF
DW f DQG f +RZHYHU DW f WKH PDLQSODQH ORZHU VXUID
([S 69 DQG WKH $-9* LQIOXHQFHG SUHVVXUHV ([S $0 DUH C

+RZHYHU WKH $-9* HIIHFWHG SUHVVXUHV RQ WKH PDLQSOD
ORZHU WKDQ WKRVH FOHDQ ZLQJ SUHVVXUHV ([S $0

,Q J)LIXUH $ WKH SUHVVXUH GLVWULEXWLRQ RQ WKH PDLQSC
a 7KLV LV VLPLODU WR WKH FOHDQ PDLQSODQH SUHVVXL
SUHVVXUHYV 7KH UHJLRQ ZKHUH A\ © RQ WKH PDLQSODQH
WKH PDLQSODQH WUDLOLQJ HGJH DW [ F 7TKHUH LV DQ LC
ORDG FDUULHG E\ WKH PDLQSODQH DQG LW EHDUV WKLV LQFUHI
VHSDUDWLRQ DOEHLW WR D OHVVHU H[WHQW WKDQ ZLWK WKH F(

7R DLG FODULW\ WKEYSHRNUDWWGERQ WKH $-9* HTXLSSHG KI
PRGHO DUH LOOXVWUDWHG VHSDUDWHO\ LQ )LIXUHV $ DQG $
HITHFW Rl WKH $-9*V LV WR GHFUHDVH V&KSALMIK. Q 96DBBVI QDN @ KE
+RZHYHU WKHLU DELOLW\ WR HIIHFW WKLV GHFUHDVH RQO\ VWE
UHVXOWV DQG WKH WUHQGOLQHV VKRZ WKDW WKHUH LV OLWWOH
$ WKHUH LV D FOHDU UHGXFWLRQ LQ WKH SHDN VXFWLRQ EHW
WKDWSSHRDRFUHDVHY ZLWK LQFUHDVLQJ LQFLGHQFH $W f WK
SHDN VXBWRRQ FRPSDUHG WR ([S 69 DQG ([S $0
WKH FOHDQ ZLQJV

7KH SUHVVXUHV DERXW WKH YDQH DUH QRW VLJQLILFDQWO\
$-9*V XQWLO WKH KLJKHU DQJOHV RI LQFLGHQFH )LJXUHV $ D C
RI WKH SUHVVXUH GLVWULEXWLRQ IRU WKLV HOHPHQW LV QRW X
QR UHDO FKDQJH LQ WKH PDJQLWXGH RI PHDVXUHG SUHVVXUHV
WKH SUHVHQFH RI WKH $-9*V SURGXFHV D ¥BR@L IWKBIQNQWH G M FO
VXUIDFH RI WKH YDQH )LJXUHV $ DQG $ VKRZ D@&$RI* HIIH

([S $0 FRPSDUHG WR FOHDQ YDQH SHDN VXFWLRQV RI

([s $o $W f &BMAHHIRQON VHHQ XS WR [ F 7TKHUHDIWHU
DQG WKH PHOSXWH®OO KLIKHU WKDQ ERWK WKH FOHDQ ZLQJ YD

TKURXJKRXW WKH DQJOH RI LQFLGHQ R RIIDIV KU MG 1D EORRXZW WWKX
GR QRW GHPRQVWUDWH DQ\ VLIQLILFDQW GHFUHDVH 7KLV LV Q



VWDRH SUHVVXUH UHFRYHU\ ,Q )LIXUHV $ WR $ D FRPSDULVRC
VKRZ WKDW WKHUH LV YHU\ OLWWOH GLIIHUHQFH EHWZHHQ WKH FOH
DQG WKRVH ZLWK WKH $-9*V $ FRPSDULVRQ RI WKH FOHDQ ZLQJV SL
YHU\ VPDOO LPSURYHPHQW ,Q DEVROXWH WHUPV LW FDQ EH VDLG \V
LQ WKH SUHVVXUH GLVWULEXWLRQ ILUVW DQG IRUHPRVW RQ WKH PD!
WKH 10DS
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D 'HIJUHHYV

JLIXUH $ $LU MHW DQG FOHDQ ZLQJ &BHWBXVSHDN VXF

D '"HJUHHYV

YLIXUH $ $LU MHW DQG FOHDQ ZL@BYHSDX\W0O SHDN



$ 7UDLOLQJ &SYHUVXV $QJOH RI ,QFLGHQFH ZLWK $LU -HWV

,W ZLOO EH VHHQ WKDW ZLWKRXW H[FHSWLRQ WKH $-9*V KDYH DQ
IRUPDQFH RI WKH KLJK GRZQIRUFH V\VWHP DW HYHU\ DQJOH RI LQF
SHUIRUPDQFH EHLQJ WKH PRVW DIIHFWHG 7KLV GLVFXVVLRQ LV DLC
$ DQG $ 7KHVH ILJXUHV VKRZ WKH FOHDQ ZLQJ DQ&S$-9* LQIOXI
RQ HDFK HOHPHQW WKURXJKRXW WKH DQJOH RI LQFLGHQFH UDQJH

7KH XVH RI WKH $-9*V FRQVLVWHQWO\ UHGXFH&SVKW ADHQSODQH
DQJOH RI LQFLGHQFH 7KLV LV DQ LGXRSDRBLARRF RW D R | L\@ K H HODAHQGS O D
ERXQGDU\ OD\HUV RQ WR WKH YDQH ZKHQ FRPSDUHG WR WKH FOHDQ
PDLQSODQH WURSAVMQPDHELWDOO\ JUHDWHU LQ WKH PLGGOH RI WKH
UDQJH )LIXUHV $ DQG $ VKRZ WKDW DW f RQ WKH PDLQSODQ!
WUDLOLQ&SHBJH FRPSDUHG WR ([S 69 DQG ([S $0
FOHDQ ZLQJV 7KHUH LV D JUDG&®DLW K COQRVIHDY LAY WIQUWH R1 LQFLG
WKH ZLQJ SURGXFHV JUHDWHU FLUFXODWLRQ 8VLQJ WK WUHQGOLC
RI RFFXUV DW f 7K&SPWHW®LXLQOJIOH DUH ([S 69 DQG
([S $0 %HWZHHQ f DQG f WKHUH LV D JUDGXDO LQFUHDVH LC
HGJ&S +RZHYHU WKH ILJXUHV VKRZ WKDW WKH XWBRI WKH $-9*V SU
FRPSDUHG WR ([S 69 DQG ([S $0 &IBW WHKDVYOMIIHHGI
KLJKHVW DQJOH LQGLFDWHV WKDW WKH PDLQSODQH ZLWK $-9*V KDV
FOHDQ PDLQSODQH

JLIXUHV $ DQG $ VKRZ WKDW ZLWK WKH XVH Rl 9*V WKH Y
DUH FRQVLVWHQWO\ JUHDWHU WKDQ WKRVH RI&BKHSFOBDQ ZLQJ YD
$FFRUGLQJ WR )LIJXUH $ ZKHQ $-9*V DUH XVHGS LWKHO ZMD\@H WUDI
JUHDWHU WKDQ WKDW RI WKH YDQH DV SDUW RI D FOHDQ PDLQSODQ
VKRZV WKDW WKH $-9*V GHFUHDVH WKEHWI®HQVUDDQIGQJfHGIH [ WK
$-9* DQG FOHDQ YDQH W®DUBLYIXBGJIJBW ([S $0 %HWZHHQ |
f WKH YDQH WURESOVFRFHO®WHG ZLWK WKH $-9*V DUH KLJKHU WKD
FOHDQ YDQH EXW WKHUH LV D GHFUHDVLQJ WUHQG WKDW VHHV WK|
7KH XVH RI WKH $-9*V FUHDWH ORZHU SUHVVXUHV DERXW WKH PDI
D ODUJHU SURSRUWLRQ RI WKH SUHVVXUH UHFRYHU\ KDV WR RFFX!
VIVWHP 2QH LQGLFDWLRQ RI WKLV LV W&S KRIKHHODSDQWH WKUID ILDQ RO
VWDJH RI SUHVVXUH UHFRYHU\ )LJXUH $ VKRZV WKDW WKH $-9* LG
SUHVVXUHV ZLWK WKH H[FHSWLRQ Rl f LQFLGHQFH DUH JUHDWHU
+RZHYHU )LIJXUH $ VKRZV WKDW WKLV LPSURYHG UHBPRPPHU\ RQO\ R



&OHDQ 0DLQSODQH ([S 69
&OHDQ 9DQH ([S 69

$ &OMKD)ODS ([S 69
L ODLRODQH ZLWK $LU -HWV
9D® ZLWK $LU -HWV
3 $ 3 )ODS :LWK $LU -HWV
D 'HJUHHV
JLIXUH $ $LU MHW DQG FOHDQ (E&SYH9Y\DXWWMIDLOLQJ HG
&OHDQ ODLQSODQH ([S $¢
&OHDQ 9DQH ([S $0
&OHDQ )ODS ([S $0
ODLQSODQH ZLWK $LU -HW
9DQH ZLWK $LU -HWV
)ODS ZLWK $LU MHWV
D 'HIJUHHV
JLIXUH $ $LU MHW DQG FOHDQ&FYHUPXVWUDLOLQ.



RI f $W DSSUR[LPDWHO\ f WKESDDBKWWBHOXWH RIG$HI*V LV
TKHWHSEHFRPH PRUH QHJDWLYH XS WR f ZKHUH D YDOXH RI LV
WR ([S $0 IRU WKH IODS DV SDUW RI D FOHDQ PDLQSODQH V\
$-9* WUDLOL@RSHBHKHUHDWHU WKDQ WKRVH RI WKH FOHDQ IODS VXJJH
VHSDUDWLRQ KDV QRW EHHQ HOLPLQDWHG WKH H[WHQW RI IORZ VH
WKH FOHDQ ZLQJV

$ ([SHULPHQWDO ,QWHJUDWHG )RUFHV ZLWK $LU -

$ 1RUPDO )RUFHV YHUVXV $QJOH RI ,QFLGHQFH ZLWK $LU -H

JLJXUHV $ DQG $ VKRZ WKDW WKH UHODWLRQVKLS EHWZHHQ WKF
RI LQFLGHQFH IRU KLJK GRZQIRUFH V\VWHP ZLWK WKH $-9*V 2Q FI
&QFOHDQ DQG ZLWK $-9*V EHWZHHQ f DQG f WKHUH LV QR LPSUI
ODUJH HQRXJK SUHVVXUH GLIIHUHQFH DERXW WKH PDLQSODQH WR G
DQJOHV RI LQFL&EB®RFHBYHWKRU WKH PDLQSODQH ZLWK $-9*V DOVR VK
VORSH ZLWK WKH FOBROXPIHQSDWLQHLY PRUH WKH FDVH ZKHQ D FR
PDGH EHWZHHQ WKH UHVXOWV PHDVXUHG ZLWK WKH DOFRKRO PDQR
&QFXUYH ([S 69 VKRZV WKDW WKH XVH RI $-9*&QEH WGV WKH PD
DQG DSSUR[LPDWHO\ f +RZHYHU DW WKHVH ORZHU DQJOHV WKHUH
LQ WKLV FRPSDULVRQ JLYHQ WKH WZR GLIIHUHQW VHWYV RI LQVWUXP
7KHUH DUH GHILQLWH LQFUHDY¥BDVL® KK B QPIDIH) ROD@HLGHQFH LQF
$Q LQFUHDVH LQ WKH DQJOH RI LQFLGHQFH FUHDWHV ORZHU SUHV\
EHQHILFLDO WR MHW SHUIRUPDQFH 7KH FXUYHV IURP )LIXUHV $
([S 69 DQG f ([S $0 WKHUH EHJLQV DQ $-9* UHODWHG LQFUHD
PDLQSODQH $W DQJOHV RI LQFLGHQFH EHWZHHQ f ([S 69 ol
$0 WKH $-9* PDLQSIOWOQBZD\V JUHDWHU WKDQ WKDW Rl WKH FOHDQ
WKH $-9*V WKH PDLQSOM®IRI KDV IDW&@PDRI f 7KLV FRPSDUHV WR
([S 69 DQG ([S 26QQADJFf IRU WKH FOHDQ ZLQJ FDVHYV
$W DPD[WKH ORDGLQJ IRU WKH PDLQSODQH ZLWK&®RI*V KDV GH
7KLV LV RQO\ UHOHYDQW ZLWKLQ WKH FRQWH[W RI WKLV LV
LPSRUWDQW WKDW WKH $-9* HE®EL'S SHE DPDH Q SADKIH WK HE BOHDQ PDLQ
RI ([S 69 DQG ([S $0 7KHUH LV DQ&GFYUHHDWKHQ WKH
FOHDQ ZLQJ YDQH ZLWK LQFUHDVLQJ DQJOH RI LQFLGHQFH )LJXUH
&QDV SDUW RI WKH KLJK GRZQIRUFH PRGHO ZLWK $-9*V LV DOZD\V



JLIXUH $

JLIXUH $

D 'HJUHHYV

$LU MHW

D 'HJUHHV

DQG

&OHDQ ODLQSODQH ([S 69
&OHDQ 9DQH ([S 69
&0OHDQ )ODS ([S 69
&OHDQ $VVHPEO\ ([S 69

ODLQSODQH ZLWK $LU -HWV

9DQH ZLWK $LU -HWV
a)ODS ZLWK $LU -HWV
.SVVHPEO\ ZLWK $LU -HWV

FOHRQYHUWRDXV([S 69

&OHDQ O0DLQSODQH ([S $0
&OHDQ 9DQH ([S $0
&OHDQ )ODS ([S $0

&OHDQ $VVHPEO\ ([S $0
0DLQSODQH ZLWK $LU -HWV
9DQH ZLWK $LU -HWV

)ODS ZLWK $LU -HWV
$VVHPEO\ ZLWK $LU -HWV

$LU MHW DQG FO&@MHUDKY ([S $0



FOH) PRGHO FDVHV ([S 69 JLIXUH $ ZKLFK FRPSDUHV UHVXOWYV
WKH DOFRKRO PDQRPHWHUV VXJIJHVWYVY WKDW WKLV LV QRW WKH FD
ZLQJ YB@H([S $0 LV PDUJLQDOO\ JUHDWHU WKDQ WKDW RI WKH $-
&Q ([S $0

7KHUH LV D FOHDU LQFUHDVH LQ W&GD 90 QU@IKD\K IRQ A& LYAHQHFEH JU |
WKDQ [ &EUQR[ WKH YDQH RFFXUV DW DSSUR[LPDWHO\ f IRU D
LQFLGHQFH &QRYDQH ([S $0 SURGXFHG E\ WKH XVH RI $-9*V FRPS
WKH FOHD&QQRDQH ([S 69 DQG ([S $0 7KH HIIHFW RI WKF
RQ WKLV HOHPHQW LV LQFUHDRRRJOfi SHIHA/RIRIW XS WRKH FOHDQ
ZLQJ YB@H([S 69 LV DQG ([S $0 WKH ODWWHU EHLQJ
WKH $-9* YDOXH +RZHYHU WKH EHVW ILW FXUYHV&QRRZWKKDW WKH
YDQH LV DSSUR[LPIMXHOM WKH YDOXHV RQ WKH FOHDQ ZLQJ YDQH F>
DUH ([S 69 DQG ([S $0 $V ZLWK WKH PDLQSODQH DW L
JUHDWHW #MRDP WKH ORDGLQJ RQ WKH YDQH GRHV GHFUHDVH ZLWK L
WKH ORDG JHQHUDWHG ZLWK WKH XVH RI $-9*V LV DOZD\V KLJKHU W

,Q UHODWLYH WHUPV ZKHQ WKH FOHDQ DQG $-9* DIIHFWHG ORDGYV
RI WKH 10DS LV QRW VLJQLILFDQWO\ DOWHUHG E\ WKH XVH RI $-9*V
VKRZV WKDW WKH FOHDQ ([S 69 DQG $-9* LQIOXHQFHG ORDGV RQ
VDPH WKURXJKRXW PRVW RI WKH DQJOH RI LQFLGHQFH UDQJH )LJX
&Q ([S $0 JHQHUDWHG ZLWK D FOHDQ PDLQSODQH LV KLJKHU WKDQ
WKH XVH RI $-9*V 7KH RQO\ H[FHSWLRQV EHLQJ DW f DQG [ $F
FXUYHV&@AKHVK DQG ZLWKRXW $-9*V LV HVVHQWLDOO\ HTXDO DW f
WKHQ GLYHUJH DV WKH LQFLGH®&®©RDRFFRXUDMHM DWW D DS $R[LPDWHO\
%HWZHHQ f DQG f WKH FXUYHV EHJLQ WR FRQQEUWH DXWGH DJDI
ZLWKRXW $-9*V DUH DSSUR[LPDWHO\ HTXDO DW ([S $0

7KH XVH Rl $-9*V RQ WKH PDLQSODQH QR WW KMRI GHF DD \GHH DUKGA L
DQJOHV RI LQFLGHQFH +RZHYHU WKH QHW HIIHFW RI WKH $-9*V LV
FLUFXODWLRQ DERXW WKH KLJK GRZQIRUFH &QR® OV KWHN X DQE @D QH L
DQG WKH YDQH 7KH QRGUMPNWHLYZR HOHPHQWY LV PXFK JUHDWHU V
VHHQ RQ WKH 10DS DQG WKH LPSURYHPHQW IRU WKH V\VWHP DV D .
UHIHUV WR )LJXUH $ ZKHUH WKH UHVXOWV DUH GHULYHG IURP W

VIVWHPV
JRU WKH DVVHPEO\ WKH &Q@PMMWRFUHDVYHS $0 IURP (IS
69 DQG ([S $0 7KH XVH RI $-9*V SOQOR[R Q FUHPR/MSYDUHG WR

$



f IRU WKH FOHDQ DVVHPEO\ $W f WKH DQJOH WKDW WKH K
ZRXOG XVH WKH XVH Rl $-9*V SUR@RFHV D@ RPB\DHRED \W R
69 DQG ([S $0 ,Q GLVFXVVLQJ WKH SUHVVXUH GLVWULE X
$-9*V GLG QRW FRPSOHWHO\ HOLPLQDWH WKH IORZ VHSDUDWL!
HYLGHQFH WKDW WKH\ KDYH LPSURYHG WKH ORDGLQJ RQ WKH ¥
LQ WKH IRU WKH DVVHPEO\ $ VWXG\ RI )LIXUHV $ DQG $
ZLQ&QGHFUHDVH PRUH UDSLGO\ WKDQ WKH $-9* HTXLSSHG V\VW
SURQRXQFHG LQ )LIJXUH $

$ $[LDO )RUFH YHUVXV $QJOH RI ,QFLGHQFH ZLWK $LU -

7KH D[LDO IRUFH GDWD IRU HDFK HOHPHQW DQG WKH DVVHPEO\
$ 7KH WUHQGOLQHV IRU WKH PDLQSODQH ZLWK $-9*V VKRZ WK
L&[ IURP f WR f %HWZHHQ f DQG f WKHUH LV D QHW WKU:
$ VKRZV WKDW WKLV WKUXVW LV HQKDQFHG E\ WKH XVH RI $-9°
PDLQSOD@HWK $-9*V LV FRPSDUHG WR ([S 69 DQG
W LV PRUH OLNHO\ WKDW DQ\ LQFUHDVH LQ WKUXVW LV VLPLOD
ZLWK WKH DOFRKRO PDQRPHWHUV WKDW LV WR VD\ QHJOLJLEO
WKH DXWKRU SODFHV JUHDWHU ILGHOLW\ LQ WKH FRPSDULVRQV
WKH DOFRKRO PDQRPHWHUV +RZHYHU WKH DXWKRU EHOLHYHV \
ZLQJ[ ([S 69 DQG WKH $-9* &DRIOSH@OHGDUH YDOLG EHWZHHQ
WR KLJKHVW DQJOHV RI LQFLGHQFH EHFDXVH WKH GLIIHUHQFH\
WKH PDLQSODQH ZLWK $-9*V DUH VLJQLILFDQW 7KH H[SHULPH
DPELJXRXV UHVXOWV DV FDQ EH WKH FDVH DW WKH ORZHVW DQ.

7KH WKUXVW RQ WKH PDLQSODQH GHFUHDVHW&E LWRHLDQRUHDGY L C
DW DSSUR[LPDWHO\ f 7KH WUHQGOLQHV IRU WKH FOHDQ PDLQ
VKRZ WKDW DW f QRW PHDVXUHG&DQG 7KXVHVISH FME¥YWDY H
QHJOLJLEOH LPSDFW RQ WKH D[LDO IRUFH FKDUDFWHULVWLFV E

JRU DQJOHV RI LQFLGHQFH KLJKHU WKDMWK f$ - WK/H GLYIHQUI® D QI
WKRVH Rl WKH FOHDQ PDLQSODQH DQG LV DOZD\V JUHDWHU WKD
W LV DOVR DW f DQG &QRRQHWKMW PDWQERBPQH ZLWK $-9*V VKRZV
ORDGLQJ RYHU WKH FOHDQ PDLQSODQH $F EBRUWGDLRUW WIRH WPKOH. QV
SODQH ZLWK $-9*V LV DQG RFFXUV DW &[fRI7KLV FRPSBUHV )
DQG ([S $0

7KH XVH RI $-9*V RQ WKH PDLQSODQH FDXVH&[ DF URMW FDKH

$



H@®LUH DQJOH RI LQFLGHQFH UDQJH 7KH PDJQLWXGH RI WKH FKDQJ!
PDLQSODQH LWVH®[ FXKNH DQMRFLDWHG ZLWK WKH PDLQSODQH ZLW,
UHODWLYHO\ IODW ZLWK D YHU\ VPDOO FKDQJH &HMKAHHQIRU DIQIGH |
YDQH ZLWK $-9*V LV DOZD\V JUHDWHU WKDQ WKDW RI WKH FOHDQ Y
VKRZ WKDW DW f WKH YDQH LQ WEHRH-9*V RRPWBIPHIGDZRIVK D
([S 69 DQG ([S $0 $W f WKH YDQR[ZARMWK $-9*V KDV

FRPSDUHG WR ([S 69 DQG ([S $0 7KLV VKRZV WKDW
$-9*V LQ WKH VI\VWHP WKH YDQH EHDUV YHU\ ORWEHMOLHQ R IYWW\H D[LD
FORVH WR ]JHUR

7KH 10ODS GLIIHUV IURP WKH PDLQS O BQRD [RFE XWKHDWD QH 7K MV KDDVS
&[ FXUYH KDV D YDOXH RI DSSUR[LPDWHO\ DW &f R$W [ WKH FOF
([S 69 DQG ([S $0 WKH ODWWHU EHLQJ&NRMW WD DQWKH $-
$00 FXUYHV IRU WKH 1085 GHERIH IWKDWZWWK LQFUHDVLQJ LQFLGHQFF
R I DW f %HWZHHQ [ DQG&[ FXWDXHV WKRZ@®DEPDOO LQFUHDVH
WKH 1ODS ZLWK $-®*RIKDV D 7KLV FRPSDUHV W&[ RIFOHDQ[ZLQJ
69 DQG ([S $0 7KLV ZRXOG VXJIJHVW WKDW WKH D[LDO ORDG
VOLJKWO\ KLJKHU WKDW WKRVH RI WKH FOHDQ 10DS

7KH D[LDO IRUFHV RQ WKH DVVHPEO\ VKRZ WUHQGYV WKDW DUH VW
PDLQSODQH 7KH KLJK GRZQIRUFH PRGHO HTXLSSHG ZLWK $-9*V SU
f DQG f 7KLV WKUXVW GHFUHDVHV ZLWK LQFUHDVLQJ DQJOH RI L
69 f ([S $0 DQG [ WKH $-9* HTXL[SEHOGY D \PRHPEIOQXHY WR LQFU
ZLWK LQFUHDVLQJ DQJOH RI LQFLGHQFH 7KH JUDGLHQW RI WKLV FX
WKH FOHDQ DVVHPEO\ +RZHYHU D UHYLHZ RI )LJXUHV $ DQG $ V
LQ JUDGLHQWYV LV JUHDWHU ZKHQ FRPSDUHG WR WKH FOHDQ DVVHF
WKH FOHDQ DVVHPEO\ ([S $0 :KLOH LW LV FOHDU WKDW WKLV WU
DXWKRU EHOLHYHV WKDW D FRPSDULVRQ RI WKRVH UHVXOWYV LQ )LJX
WKH GLIIHUHQFH EHWZHHQ WKH FOHDQ DVVHPEO\ ([S 69 DQG WKH
&[ ([S $0

$ 'RZQIRUFH YHUVXV $QJOH RI ,QFLGHQFH IRU :LQJ ZLWK $L

,Q WKH GLVFXVVLRQ RI WKH GRZQIRUFH SHUIRUPDQFH RI WKH $-9*
PRGHO WKH DXWKRU UHIHUV WKH UHDGHU WR )LJXUH $ KHQ FRP
FLFXUYH DQG WKDW RI WKH FOHDQ ZLQJV LW LV DSSDUHQW WKDW
$-9*V DW WKH ORZHU DQJOHV RI LQFLGHQFH ,Q IDFW WKH EHQHILW

$






DWHU WKH FOHDQ ZLQJ KDV VWDOOHG DW f

7KLV LV XQOLNH WKH EHKDYLRXU RI WKH KLJK OLIW VA\VWHP LQYH\
WKH SRZHUHG $-9*V SURGXFHG DQ LQFUHDVH LQ T DFURVV WKH HQ\
$LU MHWV XVLQJ D UDP DLU VA\VWHP DUH XQOLNHO\ WR SURGXFH D
DQJOHV EHFDXVH WKH SUHVVXUHVY JHQHUDWHG RQ WKH ORZHU PDLQ¢
WR SURGXFH D IDYRXUDEOH SUHVVXUH JUDGLHQW RI VXIILFLHQW F
HOQRXJK $-9* HIIOX[ 7KH PDLQSODQH DOVR RSHUDWHYV LQ DWWDFKH
WKHUH LV QR UHDO QHHG WR KDYH WKH $-9*V DFWLYH LQ WKLV UDQ

JLIXUH $ VKRZV WKDW WKH XVH RI WKH $-9*V GRHV QRW EULQJ D
LFO PDRYHU WKDW RI WKH F®BPSURIGXFHTGKE\TWKH FOHDQ ZLQJ LV HVV
([S 69 DQG ([S $0 7KH KLJK GRZQIRUFH PRGHO HTXLS:
SURGXFFRVPDR | 7KXV WKH PDLQ HIIHFW Rl WKH $-9*V LV WR H
DQJOH RI LQFLGHQFH UDQJH RI WKH ZLQJ PDWKLDXBPBH UYL QD RRZYFUHD
WKDW WKH XVH Rl WKH B-PIRWNRFUHDY¥MY f WKH ZLQJ H[SHULHQFH\
VXGGHQ VWDOO VLPLODU WR ZKDW LV VHHQ DW f ([S 69

$ 'UDJ YHUVXV $QJOH RI ,QFLGHQFH IRU :LQJ ZLWK $LU -HYV

7KH HVWLPDWHG GUDJ FRHIILFLHQW FA RI WKH KLJK GRZQIRUFH PI
YHU\ VLPLOD&GKMWMRNWHKIHWHY GHULYHG IURP WKH H[SHULPHQWYV ZLWK W
$ VKRZV WKDW WKH GUDJ LV FRPSDUDEOH EHWZHHQ f DQG f 7K
FRXOG KDYH HIWHQGHG WGERI| f EXWRPRWKRHKELU MBWK D@ GXHYQPMCH V
IURP WKH WUHQG

JLIXUH $ VKRZV WKDW WKH XVH RI WKH $-9*V RQ WKH KLJK GRZ
ORZHU GUDJ EHWZHHQ f DQG f ZKHQ FRPSDUHG WR WKH ([S 69
DQG f ZKHQ FRPSDUHG WR WKH ([S $0 GDWD :KHQ UHYLHZLQJ W
FOHDQ ZLQJ DQG $-9* HTXLSSHG VA\VWHP GHULYHG IURP WKH ([S $
WKH $-9*V HTXLSSHG V\VWHP KDV D KLJKHU GUDJ WKDQ WKH FOHDQ
JUHDWHU WKDQ f SGRD[LPXRU WKH KLJK GRZQIRUFH PRGHO LQFRL
$-9*V RFFXUV DW DPPDRG QRW%DVHG RQ D FRPSEBLYRQ$DLWK WKH
ZKHUH WKH GUDJ LQFUHDVHYVY PDUJLQDOO\ EHWZHHQ f DQG f WK
D VPDOO GHFUHDVH LGRDRIJ IUPRND f WR DW f +RZHYHU WK|
69 DQG ([S $0 GDWD FRQWUDGLFW HDFK RWKHU DW WKH KLIJKHVW
HISHULPHQWYV ZRXOG EH UHTXLUHG WR SURGXFH UHVXOWYV ZLWK EH

$



)LIXBH T YHODVIRW KLIJK GRZQIRUFH ZLQJ ZLWK DLU MI

D 'HIJUHHV

J)LIXUH & YHUDXRU KLJK GRZQIRUFH ZLQJ ZLWK DLU



$ 'RZQIRUFH WR 'UDJ 5DWLRV IRU :LQJ ZLWK $LU -HWYV

7KH OLIW WR GUDJ UDWLR Rl WKH $-9* HTXLSSHG ZLQJ LV SUHVHQ\
WKH FOHDQ ZLQJ KLJK GRZQIRUFH PRGHO WKH $-9* HTXLSSHG V\VW
ORZHVW DQJOHV RI LQFLGHQFH ZLWK D PD[LPXP OLIW WR GUDJ UDWI
DV SUHYLRXVO\ VWDWHG LW LV KLJKO\ XQOLNHO\ WKDW WKLV W\S]
D ORZ DQJOH RI LQFLGHQFH 7KH A RI WKH $-9* HTXLSSHG V\VWHP
LQFLGHQFH LQFUHDVHV

'LWK WKH H[FHSWLRQ RI WKH J RI DW f ZKLFK LV ORZHU WKD
WKH PRGHO HTXLSSHG ZLWK WKH $-9*V LV VHHQ WR KDYH D VOLJK
ZLQJ PRGHO 7KH DHURG\QDPLF HIILFLHQFLHV RI WKH $-9* HTXLSSH
LV VHHQ WR FRQYHUJH DV WKH DQJOH RI LQFLGHQFH LQFUHDVHV )L
DQG f DQJOHV RI LQFLGHQFH WKH $-9* HTXLSSHG ZLQJ DQG FOHE
DUH HVVHQWLDOO\ WKH VDPH 7KH V\VWHPV VKDUH VLPLODU OLIW WF
LQ GRZQIRUFH DFFRPSDQ\LQJ WKH XVH RI WKH $-9*V LV DOVR DFFR
GUDJ

*LYHQ WKH SHUIRUPDQFH RI WKH FOHDQ ZLQJ DQG $-9* HTXLSSHG
WKH DUJXPHQW IRU WKH XVH RI $-9*V ZRXOG EH EDVHG RQ WKH I
UDWLR KDV UHPDLQHG HVVHQWLDOO\ FRQVWDQW ZKLOH DQ LQFUHDV
7KH ORQDFR DQG +XQJDULDQ *UDQGV 3UL[ DUH WZR YHQXHV ZKHUH
LPSURYH WKH SHUIRUPDQFH RI VRPH )RUPXOD 2QH FDUV HYHQ ZKHQ
LQFXUV SHQDOWLHV DV KLJK DV



D 'HJUHHV

JLIXUH $ A PHRUXKLIK GRZQIRUFH ZLQJ ZLWK DLU MF



$ 7KUHH 'LPHQVLRQDO &); &RPPDQG )LOH

7KH OLVWLQJ EHORZ LV UHSUHVHQWDWLYH RI D FRPPDQG ILOH XVHG
FROQGLWLRQV IRU D WKUHH GLPHQVLRQDO SUREOHP

2&);)
ag(7 /,0,76
727%/ ,17(*(5 :25. 63%$&(
727%/ 5($/ :25. 63%$&(
727%/ &+$5%&7(5 :125. 63$&(
0$:,080 180%(5 2) %/2&.6
0$;,080 180%(5 2) 3$7&+(6
0$:,080 180%(5 2) ,17(5 %/2&. %281'$5,(6
a237,216
7+5(( ',0(16,216
%2'< ),77(" *5,'
785%8/(17 )/2:
,1&2035(66,%/( )/2:
86(5 6&$/$5 (48%$7,216
29$5,$%/( 1$0(6
86(5 6&%$/$5 T; 6+($5 675(667
86(5 6&$/$5 < 6+($5 675(667
86(5 6&$/$5 = 6+($5 675(667
86(5 6&$/$5 Y<3/867
ap2'(/ 7232/2*<
a,1387 7232/2*<
5($" *(20(75< ),/(
ap2'(/ '$7$
a'))(5(1&,1* 6&+(0(
8 9(/2&,7< f+,*+(5 83:,1'1
9 9(/2&,7< f+,*+(5 83:,1'T
9(/2&,7< f+,*+(5 83:,1'1
. +<%5,'Y
(36,/21 +<%5,'T

ag (7 ,1,7,%/ *8(66



ag(7 ,1,7,$/ *8(66
a6 (7 &2167$17 *8(66
8 9(/2&,7<
9 9(/2&,7<
1 9(/2&,7<
35(6685( (
(1
a7 7/(
352%/(0 7,7/( ! 00 63%1 -(76 $/3+% "(*5((6 3B%$-9* 3B$70
2a3+<6,&$/ 3523(57,(6
a67%$1'$5' )/8,"
)/8," 1$,51
67$1'$5' )/8," 5()(5(1&( 7(03(5$785( (
a)/8,' 3$5%$0(7(56
9,6&26,7< (
'(16,7< (
a62/9(5 '$7%
a352*5%$0 &21752/
0$:,080 180%(5 2) ,7(5%$7,216
0866 6285&( 72/(5$1&( (
,7(5$7,216 2) 785%8/(1&( (48%$7,216
a'()(55(' &255(&7,21
. 67%$57
(1
(36,/21 67$57
(36,/21 (1

ag81'(5 5(/$:$7,21 )$&7256

8 9(/2&,7< (
9 9(/2&,7< (
1 9(/2&,7< (

35(6685( 2222( 22
9,68&26,7< 2222( 22

(
(36,/21 (



ap02'(/ %281'$5< &21',7,216

a6 (7 9$5,$%/(6

&$/&

8,1/

7(,1/ 8,1/ 8,1/
&+

(36,1/ 7(,1/ &+
(1'&%/&

3$7&+ 1$0( ,19

8 9(/2&,7< 8,1/

9 9(/2&,7< 2222( 22

D 9(/2&,7< 2222( 22
7(,1/

(36,/21 (36,1/

26 (7 9$5,$%/(6
3$7&+ 130( 1-0O7
35(6685( (

26 (7 9$5,$%/(6
3$7&+ 1$0( T-!
35(6685( (

26 (7 9$5,$%/(6
3$7&+ 1%0( T1- 1
35(6685( (

26 (7 9%$5,$%/(6
3$7&+ 1$0( T-!
35(6685( (

26 (7 9$5,$%/(6
3$7&+ 1$0( T 1
35(6685( (

26 (7 9%$5,$%/(6
3$7&+ 13$0( 12877
35(6685( (

a287387 237,216

ay5217(1' 35,17,1*



12 )5217(1' 35,17,1*
a'803 ),/( )250%7
81)250$77("
26723



$

&R RUGLQDWHYV RI 6WDWLF 3UHVVXUH 2ULILFHV

ODLQSODQH
3RUW 1XPEHWR RUGLQBWHR RUGLQDWH

L



0ODLQSODQH FRQWLQXHG

SRUW 1XPEHMR RUGLQDWR RUGLQDWH



ODLQSODQH FRQWLQXHG

ODLQSODQH 3RUW 1XPEHU i FR RUGLQDWH < FR RUGLQDYV



9D QH
9DQH 3RUW 1XPERURUGLQDWR RUGLQDWH



9DQH FRQWLQXHG

9DQH 3RUW 1XPERURUGLQDWMR RUGLQDWH



)ODS
3RUW 1XPEHMR RUGLQDWR RUGLQDWH



yODS FRQWLQXHG

S3RUW 1XPEHRR RUGLQDWMR RUGLQDWH





