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$Q H[SHULPHQWDO LQYHVWLJDWL
RI YRUWH[ JHQHUDWRUV WR LF
SHUIRUPDQFH RI D KLJK OLIW

E\

JUDVHU ,QQpV

7TKHVLVY VXEPLWWHG DV SDUW RI WKH UHTXLUHPHQWYV IR
S3KLORVRSK \

&HQWUH IRU $HURQDXWLFV
6FKRRO RI OHFKDQLFDO (QJLQHHULQJ DQG

-XQH



$EVWUDFW

'LQGWXQQHO WHVWV KDYH EHHQ FRQGXFWHG RQ D WZR GLPHQVLRQ
OLIW VI\VWHP LQ D WDNH RIl FRQILIXUDWLRQ LQ &LW\ 8QLYHUVLW\ V
OLIW V\WVWHP ZDV PRXQWHG EHWZHHQ HQGSODWHV DQG FRQVLVWHC
VODW DQG D WUDLOLQJ HGJH )RZOHU IODS (QGSODWH ERXQGDU\ OD
FRQGLWLRQV XS WR DQG EH\RQG WKH VWDOO LQFLGHQFH RI WKH K|
EORZLQJ WKURXJK WZR QHDU WDQJHQWLDO VORWY ORFDWHG I0XVK
ZLQJ HOHPHQW 7KH ZLQGWXQQHO WHVWV LQYROYHG

¥ PRQLWRULQJ WKH SUHVVXUH GLVWULEXWLRQ DURXQG HDFK HOHP

¥ LQYHVWLIJDWLQJ WKH VWUXFWXUH RI WKH VKHDU OD\HUV DERYH
WKH KLJK OLIW VA\VWHP

%RXQGDU\ OD\HU VHSDUDWLRQ ZDV ILUVW VHHQ DW WKH WUDLOLQJ
VWHDGLO\ ZLWK LQFLGHQFH 7KH VWDOO RI WKH KLJK OLIW V\VWHP
RI WKH VWDWLF SUHVVXUH DW WKH WUDLOLQJ HGJH RI WKH IODS +
ORVV RI ORDG DW WKH UHDU RI WKH PDLQ ZLQJ DWWULEXWDEOH W
FRQIOXHQF\ RI WKH PDLQ ZLQJ XSSHU VXUIDFH ERXQGDU\ OD\HU D¢
VXEVWDQWLDO JURZWK LQ WKH WKLFNQHVV RI WKH VKHDU OD\HU
DSSHDUDQFH RI VHSDUDWHG IORZ RQ WKLV HOHPHQW ILUVW

9DULRXV YDQH YRUWH[ JHQHUDWRU FRQILIJXUDWLRQV ZHUH WHVWH
ZLQJ RI WKH KLJK OLIW VA\VWHP (DFK FRQILIJXUDWLRQ KDG D IDYRXU
Rl VHSDUDWLRQ DW WKH UHDU RI WKH PDLQ ZLQJ +RZHYHU IRU DO
DQ DGYHUVH HIIHFW RQ WKH QRUPDO IRUFH FRHIILFLHQW JHQHUL
LQFLGHQFHY EHORZ WKH VWDOO LQFLGHQFH RI WKH FOHDQIRLO UH\
HITHFW RI WKH VKHDU OD\HUV DERYH WKH XSSHU VXUIDFH RI WKH P

$ VIVWHP Rl FR URWDWLQJ DLUMHW YRUWH[ JHQHUDWRUV LQVWDO
FRQVWDQW EORZLQJ SUHVVXUH RI DERYH IUHHVWUHDP VWDJC
LQFUHDVHG WKH PD[LPXP WRWDO QRUPDO IRUFH FRHIILFLHQW RI V
V\VWHP DOVR H[KLELWHG DQ LQFUHDVH LQ WRWDO QRUPDO IRUFH FI
VWDOO LQFLGHQFH RI WKH FOHDQIRLO UHVXOWLQJ IURP D UHGXFHG
DERYH WKH XSSHU VXUIDFH RI WKH PDLQ ZLQJ $ UHGXFWLRQ LQ
VI\VWHP FDQ EH LQIHUUHG IURP D ORZHU YDOXH RI PRPHQWXP GHIHF
IODS DW DOO LQFLGHQFHYV

7KH LPSURYHPHQWY DFKLHYHG E\ WKH DLUMHWY ZHUH VLJQLILFDQW(
WKH YDULRXV YDQH YRUWH[ JHQHUDWRU FRQILIJIXUDWLRQV DQG F
VXSSUHVVLRQ RI ERXQGDU\ OD\HU VHSDUDWLRQ DW WKH UHDU RI
DVVRFLDWHG YRUWLFHV ZKLFK WKH\ JHQHUDWH SURPRWH HQKDQFH
DFURVV WKH FRPSOH[ VKHDU OD\HUV DERYH WKH PDLQ ZLQJ LQ ZD\V
YDQH JHQHUDWHG YRUWLFHV

W LV ITHOW WKH ORZ 5H\QROGV QXPEHU DQG ODFK QXPEHU RI WKH
IXQGDPHQWDO 10XLG SURFHVVHVY DW ZRUN DQG KHQFH WKH DSSOLFD
+RZHYHU IXUWKHU ZRUN QHHGV WR EH GRQH WR HVWDEOLVK WKt
EHQHILW DQG WKH SHUIRUPDQFH FRVW RI LQVWDOOLQJ DQG GULYLC
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GERQWHQWYV
$EVWUDFW
&RQWHQWV
/JLVW RI1 )LIXUHV
1IRPHQFODWXUH
"HFODUDWLRQ
$FNQRZOHGJHPHQWYV

L, QWURGXFWLRQ
2YHUYLHZ
5HYLHZ RI SUHYLRXV ZRUN
+LJK OLIW V\VWHPV
7KHRUHWLFDO
([SHULPHQWDO
9RUWH[ JHQHUDWRUV
2EMHFWLYHV

7KHRU\
+LJK OLIW VA\VWHPYV

6HSDUDWLRQ DQG VWDOO
9RUWH[ JHQHUDWRUYV

([SHULPHQWDO 7HFKQLTXHV
'LQGWXQQHO
7ZR GLPHQVLRQDO PRGHO
$HURIRLO
(QGSODWHYV
9DQH YRUWH[ JHQHUDWRU GHVLJQ
$LUMHW YRUWH[ JHQHUDWRU GHVLJQ
"XFWLQJ
$LUMHW YRUWH[ JHQHUDWRU
6KHDU OD\HU UDNHYV
3LWRW
6WDWLF UDNH
5DNH VXSSRUW
'DWD HUURU DVVHVVPHQW
$HURIRLO
3UHVVXUH PHDVXUHPHQW
'LQGWXQQHO FRUUHFWLRQV

'DWD DFTXLVLWLRQ V\VWHP

& ('
)XQGDPHQWDOV RI X V H
OHPRU\
+DUGZDUH VHWWLQJV

(OHFWULFDO ,QVWUXPHQWDWLRQ
3UHVVXUH PHDVXUHPHQW FLUFXLW
6FDQLYDOYH FRQWURO FLUFXLW

'DWD DFTXLVLWLRQ VRIWZDUH
6RIWZDUH SDUWLFXODUYV

&OHDQIRLO

%DFNJURXQG WR WHVWYV
&RQWDPLQDWLRQ



/HDNDJH
&RQVWUXFWLRQ
(QGSODWH ERXQGDU\ OD\HU FRQWURO
JRUPDW WR WKH GLVFXVVLRQ RI UHVXOWYV
5H\QROGY QXPEHU HIIHFWV ILJ
3UHVVXUH GLVWULEXWLRQ PHDVXUHPHQWV ILJ W R $S
6KHDU OD\HU PHDVXUHPHQWV ILJ W R $SSHQGL[ $

9DQH 9RUWH[ *HQHUDWRUYV

UHVVXUH GLVWULEXWLRQ PHDVXUHPHQWYV ILJ WR ILJ
&R URWDWLQJ YDQH YRUWH[ JHQHUDWRUV DW [ F |
ILJ ILJ $SSHQGL[ %

&QWU URWDWLQJ YDQH YRUWH[ JHQHUDWRUV DW [ F
ILJ ILJ $SSHQGL[ %
&QWU URWDWLQJ YDQH YRUWH[ JHQHUDWRUYV DW [ F
ILJ ILJ $SSHQGL[ %

6KHDU OD\HU PHDVXUHPHQWYV ILJ WR ILJ $SSHQGL]
&RQWRXU SORWYV ILJ ILJ $SSHQGL[ %
'"HWDLOHG FRPSDULVRQ RI VKHDU OD\HU SURILOHYVY DW [ F
ILJ ILJ $SSHQGL[ %

'"HWDLOHG FRPSDULVRQ RI VKHDU OD\HU SURILOHV DW [ F
ILJ ILJ $SSHQGL[ %
'"HWDLOHG FRPSDULVRQ RI VKHDU OD\HU SURILOHV DW [ F
ILJ ILJ $SSHQGL[ %

$LUMHW 9RUWH[ *HQHUDWRUYV

3UHVVXUH GLVWULEXWLRQ PHDVXUHPHQWYV ILJ WR ILJ
6KHDU OD\HU PHDVXUHPHQWYV ILJ WR ILJ $SSHQGL]
&RQWRXU SORWYV ILJ ILJ $SSHQGL[ &
'"HWDLOHG FRPSDULVRQ RI VKHDU OD\HU SURILOHYVY DW [ F
ILJ ILJ $SSHQGL[ &
'"HWDLOHG FRPSDULVRQ RI VKHDU OD\HU SURILOHV DW [ F
ILJ ILJ $SSHQGL[ &
'"HWDLOHG FRPSDULVRQ RI VKHDU OD\HU SURILOHYV DW [ F
ILJ ILJ $SSHQGL[ &

6 XPPDU\ DQG &R QFOXVLRQV
JXUWKHU @ RUN

SHIHUHQFHV

WEOLRJUDSK UuuX

$SSHQGL][ $ LQGWXQQHO WHVW UHVXOWY ZLWK WKH FOHDOQIRL
$SSHQGL[ % LQGWXQQHO WHVW UHVXOWY ZLWK YDQH YRUWH]
$SSHQGL[ & :LOQGWXQQHO WHVWY UHVXOWY ZLWK DLUMHW YRU'

$SSHQGL[ ' 'DWD $FTXLVLWLRQ 6RIWZDUH



ILVW Rl )LIXUHV

YLIXUH 9DULRXV KLJK OLIW GHYLFHYV

YLIXUH 6WUHDPOLQHV RI WKH IORZ SDVW D VODWWHG DQG IOD

YLIXUH +DQGOH\ 3DJH V HOHPHQW/MDHURIRLO

YLIXUH 9LVFRXV ERXQGDU\ OD\HU RQ DQ DHURIRLO ZLWK DWWDF

YLIXUH YORZ UHYHUVDO LQ D SRVLWLYH SUHVVXUH JUDGLHQW

YLIXUH %RXQGDU\ OD\HU VHSDUDWLRQ LQ D SRVLWLYH SUHVVX

YLIXUH ORPHQWXP WUDQVSRUW PRGHOV D ODPLQDU E WXU

YLIXUH 9HORFLW\ SURILOH RI D ERXQGDU\ OD\HU RQ D IODW SC
EHWZHHQ DQG

YLIXUH 7UDLOLQJ HGJH VWDOOV

YLIXUH /HDGLQJ HGJH WKLQ DHURIRLO VWDOOV

YLIXUH 9DULRXV W\SHV RI YRUWH[ JHQHUDWRU 3HDUFH\

YLIXUH 3LWRW SUHVVXUH FRQWRXUV IRU FR URWDWLQJ YRUWLF}!
RI JHQHUDWRUV 3HDUFH\

YLIXUH 3LWRW SUHVVXUH FRQWRXUV IRU D W\SLFDO FRXQWHU L

YLIXUH &R URWDWLQJ YRUWLFHV 3HDUFH\

YLIXUH 3LWRW SUHVVXUH FRQWRXUV IRU FRXQWHU URWDWLQJ
VSDFHG 3HDUFH\

YLIXUH &KDQJHV WR D VI\VWHP RI FR URWDWLQJ YRUWH[ JHQHL
GUDJ 3HDUFH\

YLIXUH 9RUWH[ IRUPDWLRQ E\ SLWFKHG VNHZHG UHFWDQJXO

YLIXUH 'LQGWXQQHO ZRUNLQJ VHFWLRQ

YLIXUH +LJK OLIW V\VWHP

YLIXUH /DS DQG JDS VHWWLQJV

YLIXUH OHFKDQLVP WR YDU\ 10DS SRVLWLRQ

YLIXUH ORGHO VXSSRUW VWUXFWXUH RXWVLGH ZRUNLQJ VHFWI

YLIXUH 'LPHQVLRQV Rl HQGSODWH PP

YLIXUH /IDWHUDO VORWY LQ HQGSODWH WR IDFLOLWDWH HQGSO

YLIXUH 6FKHPDWLF RI YDQH DQG DLU MHW YRUWH[ JHQHUDWRU:

YLIXUH O0DLQ ZLQJ SOHQXP FKDPEHUV IRU ORZHU VHPL VSDQ

YLIXUH 2ULILFH SODWH LQ RQH OHDGLQJ HGJH SOHQXP FKDPEH

YLIXUH &R URWDWLQJ DLU MHW YRUWH[ JHQHUDWRU V\VWHP

YLIXUH 9DULRXV UDNHV XVHG LQ VKHDU OD\HU H[SORUDWLRQ\

YLIXUH 3UHVVXUH PHDVXULQJ FLUFXLW

YLIXUH (OHFWULFDO FLUFXLW WR FRQWURO HDFK VFDQLYDOYF

YLIXUH JORZFKDUW IRU GDWD DFTXLVLWLRQ VRIWZDUH

YLIXUH 7KH HIIHFWV RI VHSDUDWHG IORZ RQ DQ HQGSODWH

YLIXUH 7KH HIIHFW RI HQGSODWH EORZLQJ RQ WRWDO QRUPDO

YLIXUH 7KH HIIHFWV RI VORW EORZLQJ RQ WKH HQGSODWH ER?

YLIXUH 9DULDWLRQ RI PDLQ ZLQJ &Q ZLWK 5H\QROGV QXPEHU

YLIXUH 3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHP

YLIXUH 7UDQVLWLRQ LQ VODW XSSHU VXUIDFH ERXQGDU\ OD\HU

YLIXUH 3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHP

YLIXUH 3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHP

YLIXUH 3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHP

YLIXUH 3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWH

YLIXUH 3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWF

YLIXUH 3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWH

YLIXUH 3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWH

YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWH

YLIXUH 3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWH

YLIXUH 3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWH]

YLIXUH 9DULDWLRQRRIHOF K LMOKHPHQW RI WKH FOHDQIRLO

YLIXUH 9DULDWLRQ RIRWRWEKG &QHEZDWKRLO

YLIXUH 9DULDWLRQ RI VODW P DIDQRZAL QX I$ HDONH R © NR [ZQ. W K

YLIXUH 9DULDWLRQ RI PDLQ ZLQJ I|0ODSRWUNKMLRIHBGIRLOS V

YLIXUH 5HODWLRQVKLS EHWZHHQ WRWDO &Q FRHIILFLHQW DQG
&S V



J)LIXUH O9DULDWLRQ RI VWDWLF &S ZLWK LQFLGHQFH DW VHYHUD
XSSHU VXUIDFH

YLIXUH 6KHDU OD\HU GHYHORSPHQW RYHU WKH PDLQ ZLQJ RI \
DW f

YLIXUH 6KHDU OD\HU GHYHORSPHQW RYHU WKH PDLQ ZLQJ RI
DW f

YLIXUH 6KHDU OD\HU GHYHORSPHQW RYHU WKH PDLQ ZLQJ RI
DW f

YLIXUH 6KHDU OD\HU GHYHORSPHQW RYHU WKH PDLQ ZLQJ RI
DW f

YLIXUH 6KHDU OD\HU GHYHORSPHQW RYHU WKH PDLQ ZLQJ RI
DW f

YLIXUH 6KHDU OD\HU GHYHORSPHQW RYHU WKH PDLQ ZLQJ RI
DW f

YLIXUH 6KHDU OD\HU GHYHORSPHQW RYHU WKH PDLQ ZLQJ RI
DwW f f [ F f [ F

YLIXUH 6KHDU OD\HUSURILOHVRYHU IODS RI WKH KLJK OLIV

YLIXUH 6KHDU OD\HUSURILOHVRYHU IODS RI WKH KLJK OLIV

YLIXUH 6KHDU OD\HUSURILOHVRYHU IODS RI WKH KLJK OLIV

YLIXUH 6KHDU OD\HUSURILOHVRYHU IODS RI WKH KLJK OLIV

YLIXUH 9DULDWQRRP RIDLDWK VHYHUDO [ F SRVLWLRQV RQ WKH F¢

JLIXUH 9DULDWQRRPRIDLWK VHYHUDO [ F SRVLWLRQV RQ WKH F

YLIXUH 9DULDMQLP® RIDLMK VHYHUDO [ F SRVLWLRQV RQ WKH F

YLIXUH 9DULDWLRQ RI D IRQ RPRYHUMK FKRUGZLVH SRVLWLR
FOHDQIRLO

YLIXUH 9DUBDWLRQ @®IPP LMK VHYHUDO FKRUGZLVH SRVLWLR
FOHDQIRLO

YLIXUH 9DULDWLRQ RI )ODS SBIWN ¥XFWLRRUZWWHK FOHDQIRLO

YLIXUH 9DULDWLRQIRWN WRWDO MRWKWKH FOHDQIRLO

YLIXUH 9DULDWIR @PPRIZLWK [ F SRVLWLRQ RQ WKH PDLQ ZLC(
LQFLGHQFHYV

YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHP
DW [ F

YLIXUH BUHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHF
DW [ F

YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHF
DW [ F

YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHF
DW [ F

YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHP
DW [ F

YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHP
DW [ F

YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHF
DW [ F

YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHP
DW [ F

YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHP
DW [ F

YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHP
DW [ F

YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHP
DW [ F

YLIXUH 3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHP
DW [ F

YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHP
DW [ F

YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHF
DUH DW [ F

YLIXUH BUHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHP

DUH DW [ F

YL



YLIXUH BUHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHP
DUH DW [ F

YLIXUH BUHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHP
DUH DW [ F

YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHF
DUH DW [ F

YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHP
DW [ F

YLIXUH &RPSDULVRQ RI SUHVVKUHfGREWDLEXWLRQWKDWQG ZLW
FR URW YDQHV DW [ F

YLIXUH &RPSDULVRQ RI SUHVVXUHfGREWDLEK®LRIQVKDIWQG ZLW
FR URW YDQHV DW [ F

YLIXUH &RPSDULVRQ RI SUHVVIXUHfGREWDLEMN®LRIQVKDWQG Z LW
FR URW YDQHV DW [ F

YLIXUH &RPSDULVRQ RI SUHVVXUH GLVWULEXWLRQV DW .. f
FRXQWHU URWDWLQJ YDQH YRUWH[ JHQHUDWRUV DW [ F

YLIXUH &RPSDULVRQ RI SUHVVXUH GLVWULEXWLRQV DW R f
FRXQWHU URWDWLQJ YDQH YRUWH[ JHQHUDWRUV DW [ F

YLIXUH &RPSDULVRQ RI SUHVVXUHfGREWDLEMN®LRIQVKDWQG Z LW
FRXQWHU URWDWLQJ YDQH YRUWH[ JHQHUDWRUV DW [ F

YLIXUH &RPSDULVRQ RI SUHVVIXUHfGREWDLEK®LRIQVKDIWQG ZLW
FRXQWHU URWDWLQJ YDQH YRUWH[ JHQHUDWRUV DW [ F

YLIXUH &RPSDULVRQ RI SUHVVXUHfGREWDLEK® LRIQVKDIWQG ZLW
FRXQWHU URWDWLQJ YDQH YRUWH[ JHQHUDWRUV DW [ F

YLIXUH &RPSDULVRQ RI SUHVVIXUHfGREWDLEMN®LRIQVKDWQG ZLW
FRXQWHU URWDWLQJ YDQH YRUWH[ JHQHUDWRUV DW [ F

YLIXUH 9DULDWLRRIRU BQFKLWROHPHQW RI WKH HOHPHQW V\V\
ZLWKRXW YDQH YRUWH[ JHQHUDWRUYV

YLIXUH 9DULDWLRQ RIZWRKN DQXIZWWRXW YDQH YRUWH[ JHQHU
RQ WKH HOHPHQW V\VWHP

YLIXUH 9DULDWLRQ RI VODW PDDLRLIVIKQD GG ZN.BER RXIMWRQH YF
JHQHUDWRUV SUHVHQW RQ WKH HOHPHQW V\VWHP

YLIXUH 9DULDWLRQ RI PDLQ ZLQJ IODBLWHKDDQ GQJ LMKIRX WS WD Z
YRUWH[ JHQHUDWRUV SUHVHQW RQ WKH HOHPHQW V\VWHP

YLIXUH 9DULDWLRQ RI VWDWLF &S ZLWK LQFLGHQFH DW VHYHUD
XSSHU VXUIDFH ZLWK DQG ZLWKRXW FR URW YDQH YRUWH[ JHQH

YLIXUH 9DULDWLRQ Rl VWDWLF &S ZLWK LQFLGHQFH DW VHYHUD
XSSHU VXUIDFH ZLWK DQG ZLWKRXW FQWU URW YDQH YRUWH[ JH

YLIXUH 9DULDWLRQ RI VWDWLF &S ZLWK LQFLGHQFH DW VHYHUD
XSSHU VXUIDFH ZLWK DQG ZLWKRXW FQWU URW YDQH YRUWH[ JH

JLIXUH &RQWRXU SORWV RI WKH VKHDU OD\HU VWUXFWXUH DER
IRU R f f ZKHQ FR URW YYJ V DUH DW [ F

YLIXUH &RQWRXU SORWYVY RI WKH VKHDU OD\HU VWUXFWXUH DER
IRU f f ZKHQ FR URW YYJ V DUH DW [ F

YLIXUH &RQWRXU SORWV RI WKH VKHDU OD\HU VWUXFWXUH DEI
IRU f f ZKHQ FR URW YYJ V DUH DW [ F

YLIXUH &RQWRXU SORWV RI WKH VKHDU OD\HU VWUXFWXUH DE|
IRU R f f ZKHQ FR URW YYJ V DUH DW [ F

YLIXUH &RQWRXU SORWV RI WKH VKHDU OD\HU VWUXFWXUH D
f f ZKHQ FR URW YYJ V DUH DW [ F

YLIXUH &RQWRXU SORWV RI WKH VKHDU OD\HU VWUXFWXUH D
R f f ZKHQ FR URW YYJ V DUH DW [ F

YLIXUH &RQWRXU SORWV RI WKH VKHDU OD\HU VWUXFWXUH D!

f f ZKHQ FR URW YYJ V DUH DW [ F

YLIXUH &RQWRXU SORW RI WKH VKHDU OD\HU VWUXFWXUH DE
T f ZKHQ FR URW YYJ V DUH DW [ F

YLIXUH &RPSDULVRQ RI PHDQ VKHDU OD\HU SURILOHV DW [ F
ZLWK DQG ZLWKRXW FR URW YDQHV DW [ F

YLIXUH 6SDQZLVH YDULDWLRQ RI VKHDU OD\HU SURILOH DW [ |

ZKHQ FR URW YDQHV DUH DW [ F



J)LIXUH &RPSDULVRQ RI PHDQ VKHDU OD\BU SfURRIEOMD/L QWG| F
ZLWK DQG ZLWKRXW FR URW YDQHV DW [ F

YLIXUH 6SDQZLVH YDULDWLRQ RI VKHDU OD\HU SURILOH DW |
ZKHQ FR URW YDQHV DUH DW [ F

YLIXUH &RPSDULVRQ RI PHDQ VKHDU OD\HU SURILOHV DW [ F
ZLWK DQG ZLWKRXW FR URW YDQHV DW [ F

YLIXUH 6SDQZLVH YDULDWLRQ RI VKHDU OD\HU SURILOH DW [
ZKHQ FR URW YDQHV DUH DW [ F

YLIXUH &RPSDULVRQ RI PHDQ VKHDU OD\HU SURILOHV DW [ F
ZLWK DQG ZLWKRXW FR URW YDQHV DW [ F

YLIXUH 6SDQZLVH YDULDWLRQ RI VKHDU OD\HU SURILOH DW [
ZKHQ FR URW YDQHV DUH DW [ F

YLIXUH &RPSDULVRQ Rl PHDQ VKHDU OD\HU SURILOHV DW [ F
DQG ZLWKRXW FR URW YDQHV DW [ F

YLIXUH 6SDQZLVH YDULDWLRQ RI VKHIDU OP\HRE S/DR QDG DKHRP F
FR URW YDQHV DUH DW [ F

YLIXUH &RPSDULVRQ RI PHDQ VKHDU OD\HUf SERHMGINRIDON D BG
D f FR URW YDQHV DW [ F

YLIXUH 6SDQZLVH YDULDWLRQ RI VKHDU OD\HU SURILOH DW [ F
FR URW YDQHV DUH DW [ F

YLIXUH &RPSDULVRQ RI PHDQ VKHDU ODWHY SHRHDMHRLDW [ F

f FR URW YDQHV DW [ F

YLIXUH 6SDQZLVH YDULDWLRQ RI VKHIDU OF\HRESWDRIQBE RWH[QF
FR URW YDQHV DUH DW [ F

YLIXUH 6SDQZLVH YDULDWLRQ RI VKHDU OD\HU SURILOH DW [
ZKHQ FR URW YDQHV DUH DW [ F

YLIXUH &RPSDULVRQ RI PHDQ VKHDU OD\HU SURILOHV DW [ F
DQG ZLWKRXW FR URW YDQHV DW [ F

YLIXUH 6SDQZLVH YDULDWLRQ RI VKHDU OD\HU SURILOH DW [ F
FR URW YDQHV DUH DW [ F

YLIXUH &RPSDULVRQ Rl PHDQ VKHDU OD\HUf SBEM.DHYHBWZ L W K
DQG ZLWKRXW FR URW YDQHV DW [ F

YLIXUH 6SDQZLVH YDULDWLRQ RI VKHDU OD\HU SURILOH DW [ F
FR URW YDQHV DUH DW [ F

YLIXUH &RPSDULVRQ Rl PHDQ VKHDU OD\HUf SREM.DHYHBWZ[L W K
DQG ZLWKRXW FR URW YDQHV DW [ F

YLIXUH 6SDQZLVH YDULDWLRQ RI VKHIDU OP\HRE %/DR QLG DKHP F
FR URW YDQHV DUH DW [ F

YLIXUH &RPSDULVRQ Rl PHDQ VKHDU OD\HU SURILOHV DW [ F
DQG ZLWKRXW FR URW YDQHV DW [ F

YLIXUH 6SDQZLVH YDULDWLRQ RI PHDQ VKHDU OD\HU SURILOHV |
ZKHQ FR URW YDQHV DUH DW [ F

YLIXUH &RPSDULVRQ RI PHDQ VKHDU OD\HU SURILOHV DW [ F

f f FR URW YDQHV DW [ F

YLIXUH 6SDQZLVH YDULDWLRQ RI VKHDU OD\HU SURILOH DW [ F
FR URW YDQHV DUH DW [ F

YLIXUH 9DULDWQRP® RDLMK FKRUGZLVH ORFDWLRQV ZLWK DQC
URW YDQH YRUWH[ JHQHUDWRUV DW [ F

YLIXUH 9DULDWQRRPREZLWK D DW FKRUGZLVH ORFDWLRQV ZLW
URW YDQH YRUWH[ JHQHUDWRUV DW [ F

YLIXUH 9DULDWQ RP® RDLDWK FKRUGZLVH ORFDWLRQV ZLWK DQC
URW YDQH YRUWH[ JHQHUDWRUV DW [ F

YLIXUH 9DULDWLRQ RI ), LQ PP ZLWK D DW FKRUGZLVH ORFD
URW YDQH YRUWH[ JHQHUDWRUV DW [ F

YLIXUH 9DULDIWLRQLRIPP ZLWK DW FKRUGZLVH ORFDWLRQ
ZLWKRXW FR URW YDQH YRUWH[ JHQHUDWRUV DW [ F

YLIXUH BUHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHI
DW [ F

YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHI
DW [ F

YLLL



YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHPF
DW [ F

YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHF
DW [ F

YLIXUH BUHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHPF
DW [ F

YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHPF
DW [ F

YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHPF
DW [ F

YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHPF
DW [ F

YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHF
DW [ F

YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHF
DW [ F

YLIXUH BUHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHF
DW [ F

YLIXUH BUHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWHF
DW [ F

YLIXUH BUHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWH
DUH DW [ F

YLIXUH B3UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V\VWH
DUH DW [ F

YLIXUH &RPSDULVRQ RI SUHVVXUH GLVWULEXWLRQV DW f RE
URW DLUMHWYV DW [ F

YLIXUH &RPSDULVRQ RI SUHVVXUH GLVWULEXWLRQV DW D f
FR URW DLUMHWV DW [ F

YLIXUH &RPSDULVRQ RI SUHVVXUH GLVWULEXWLRQV DW R f
FR URW DLUMHWV DW [ F

YLIXUH &RPSDULVRQ RI SUHVVXUHf®EWADWIQEXGN ZR K DVYG Z LWk
FR URW DLUMHWYV DW [ F

YLIXUH &RPSDULVRQ RI SUHVVXUH GLVWULEXWLRQV DW D f
FR URW DLUMHWV DW [ F

YLIXUH 9DULDWLFQRRI BMDFAKLWBHPHQW RI WKH KLJK OLIW V\VWI
DLUMHW YRUWH[ JHQHUDWRUV DUH DW [ F

YLIXUH 9DULDWLRQ RIRWRWRIE RQIKLWIKIW VIVWHP ZKHQ FR URW
JHQHUDWRUV DUH DW [ F

YLIXUH 9DULDWLRQ RI VODW DQG FDAKHRLBER SRWN RBEUMHEAWWKXR
JHQHUDWRUV DUH DW [ F

YLIXUH 9DULDWLRQ RI PDLQ ZLQJ DQG IIDDIHW UDR QIRQN HXG UHV 1.\
YRUWH[ JHQHUDWRUV DUH DW [ F

YLIXUH 9DULDWLRQ RI VWDWLF &S ZLWK LQFLGHQFH DW VHYHUD
XSSHU VXUIDFH ZLWK DQG ZLWKRXW FR URW DLUMHW YRUWH[ JH

YLIXUH &RQWRXU SORWV RI WKH VKHDU OD\HU VWUXFWXUH DER
IR D f f ZKHQ FR URW DMYJ V DUH DW [ F

YLIXUH &RQWRXU SORWV RI WKH VKHDU OD\HU VWUXFWXUH DER
IRUW  f f ZKHQ FR URW DMYJ V DUH DW [ F

YLIXUH &RQWRXU SORWV RI WKH VKHDU OD\HU VWUXFWXUH DE
IRU f f ZKHQ FR URW DMYJ V DUH DW [ F

YLIXUH &RQWRXU SORWV RI WKH VKHDU OD\HU VWUXFWXUH DE
IRU f f ZKHQ FR URW DMYJ V DUH DW [ F

YLIXUH &RQWRXU SORWYV RI WKH VKHDU OD\HU VWUXFWXUH D

f f ZKHQ FR URW DMYJ V DUH DW [ F

YLIXUH &RQWRXU SORWV RI WKH VKHDU OD\HU VWUXFWXUH D
D R f ZKHQ FR URW DMYJ V DUH DW [ F

YLIXUH &RQWRXU SORW DQG VXUIDFH SORW RI WKH VKHDU OD\
[ F IRU f ZKHQ FR URW DMYJ V DUH DW [ F

YLIXUH &RPSDULVRQ RI PHDQ VKHDU OD\HU SURILOHV DW [ F

ZLWK DQG ZLWKRXW FR URW DLUMHWYVY DW [ F



J)LIXUH 6SDQZLVH YDULDWLRQ RI VKHDU OD\HU SURILOH DW [
ZKHQ FR URW DLUMHWY DUH DW [ F

JLIXUH &RPSDULVRQ RI PHDQ VKHDU OD\HU SURILOHV DW [ F
ZLWK DQG ZLWKRXW FR URW DLUMHWY DW [ F

J)LIXUH 6SDQZLVH YDULDWLRQ RI VKHDU OD\HU SURILOH DW [
ZKHQ FR URW DLUMHWYVY DUH DW [ F

JLIXUH &RPSDULVRQ RI PHDQ VKHDU OD\HU SURILOHV DW [ F
ZLWK DQG ZLWKRXW FR URW DLUMHWYV DW [ F

JLIXUH 6SDQZLVH YDULDWLRQ RI VKHDU OD\HU RKERIDDEHDBW [
ZKHQ FR URW DLUMHWYVY DUH DW [ F

J)LIXUH &RPSDULVRQ RI PHDQ VKHDU OD\HU SURILOHV DW [ F
DQG f FR URW DLUMHWYVY DW [ F

J)LIXUH 6SDQZLVH YDULDWLRQ RI VKHDU OD\HU SURILOH DW [
ZKHQ FR URW DLUMHWY DUH DW [ F

J)LIXUH &RPSDULVRQ RI PHDQ VKHDU OD\HU SURILOHYV DW [ F
DQG ZLWKRXW FR URW DLUMHWY DW [ F

J)LIXUH 6SDQZLVH YDULDWLRQ RI VKHIDU OP\HRE®DRQAWE DKHPD F
FR URW DLUMHWY DUH DW [ F

J)LIXUH &RPSDULVRQ RI PHDQ VKHDU OD\HUf SREMDHYHBWZ L W K
DQG ZLWKRXW FR URW DLUMHWYV DW [ F

J)LIXUH 6SDQZLVH YDULDWLRQ RI VKHDU OD\HU SURILOH DW [ F
FR URW DLUMHWY DUH DW [ F

JLIXUH &RPSDULVRQ RI PHDQ VKHDU OD\HU SURILOHYV DW [ F
DQG ZLWKRXW FR URW DLUMHWY DW [ F

J)LIXUH 6SDQZLVH YDULDWLRQ RI VKHDU OD\HU SURILOH DW [ F
FR URW DLUMHWY DUH DW [ F

J)LIXUH &RPSDULVRQ RI PHDQ VKHDU OD\HU SURILOHYV DW [ F

f FR URW DLUMHWY DW [ F

J)LIXUH 6SDQZLVH YDULDWLRQ RI VKHDU OD\HU SURILOH DW [ F
FR URW DLUMHWY DUH DW [ F

JLIXUH &RPSDULVRQ RI PHDQ VKHDU ODOD\HY SRKRERWDDHWM 6 WZ I[ WK
DQG ZLWKRXW FR URW DLUMHWY DW [ F

JLIXUH 6SDQZLVH YDULDWLRQ RI VKHDU OD\HU SURILOH DW [ F
FR URW DLUMHWY DUH DW [ F

JLIXUH &RPSDULVRQ RI PHDQ VKHDU OD\HU SURILOHYVY DW [ F
DQG ZLWKRXW FR URW DLUMHWY DW [ F

JLIXUH 6SDQZLVH YDULDWLRQ RI VKHDU OP\HRE®WWDRQAKWE DKHQPD F
FR URW DLUMHWY DUH DW [ F

JLIXUH &RPSDULVRQ RI PHDQ VKHDU OD\HU SURILOHYV DW [ F
DQG ZLWKRXW FR URW DLUMHWYV DW [ F

J)LIXUH 6SDQZLVH YDULDWLRQ RI VKHDU OP\HRIE 9/DR QLG DKHPD F
FR URW DLUMHWY DUH DW [ F

JLIXUH &RPSDULVRQ RI PHDQ VKHDU OD\HUf SFWORHIDQHR/LOW [ F
DQG f FR URW DLUMHWYV DW [ F

JLIXUH 6SDQZLVH YDULDWLRQ RI VKHIDU ODF\RBEWSDURIHGHZRWQ[ F
FR URW DLUMHWY DUH DW [ F

JLIXUH 6SDQZLVH YDULDWLRQ RI VKHDU OD\HU SURILOH DW [ F
FR URW DLUMHWY DUH DW [ F

JLIXUH 9DULDWY P RDLMWK FKRUGZLVH ORFDWLRQV ZLWK DQGC
URW DLUMHW YRUWH[ JHQHUDWRUV DW [ F

JLIXUH ODULDWOQRRP RIDIDMK FKRUGZLVH ORFDWLRQV ZLWK DQC
URW DLUMHW YRUWH[ JHQHUDWRUV DW [ F

JLIXUH ODUIGDWQ RP® RZILWK D DW FKRUGZLVH ORFDWLRQV ZLW
URW DLUMHW YRUWH[ JHQHUDWRUV DW [ F

J)LIXUH O9DULDWLRQ RD#HRWQ PRRUGWKVH ORFDWLRQV ZLWK DQC
URW DLUMHW YRUWH[ JHQHUDWRUV DW [ F

J)LIXUH ODULBWLRQLRI PP ZO WWW FKRUGZLVH ORFDWLRQV ZL

ZLWKRXW FR URW DLUMHW YRUWH[ JHQHUDWRUV DW [ F



I1RPHQFODWXUH

D DQJOH RI LQFLGHQFH f
VKHDU OD\HU WKLFNQHVV PP
GLVSODFHPHQW WKLFNQHVV RI VKHDU OD\HUV PP
PRPHQWXP WKLFNQHVV RI VKHDU OD\HUV PP

S GHQVLW\ NJUUI

DMYJ DLUMHW YRUWH[ JHQHUDWRU

F UHWUDFWHG FKRUG OHQJWK PP

F VNLQ IULFWLRQ FRHIILFLHQW

&/ OLIW FRHIILFLHQW

&Q QRUPDO IRUFH FRHIILFLHQW EDVHG RQ UHWUDFWHG ZLQJ F
&S SUHVVXUH FRHIILFLHQW

G OHQJWK RI ORQJHVW VLGH RI DLUMHW PP

' GLVWDQFH EHWZHHQ DLUMHW YRUWH[ JHQHUDWRUV PP
"G , QLWLDO ODWHUDO VSDFLQJ EHWZHHQ YRUWLFHYV IURP D GLYI
I GLVWDQFH EHWZHHQ FR URWDWLQJ YDQH YRUWH[ JHQHUDWR

K KHLJKW RI YDQH YRUWH[ JHQHUDWRU PP
+ VKDSH IDFWRU RI VKHDU OD\HUV
+ WRWDO SUHVVXUH 1P

QXPHULFDO FRQVWDQW

0 JUHHVWUHDP ODFK QXPEHU

3 SUHVVXUH 1P

5H JUHHVWUHDP 5H\QROGYV QXPEHU

X VWUHDPZLVH YHORFLW\ LQ VKHDU OD\HUV PV

8 YHORFLW\ LQ IUHHVWUHDP PV

YYJ YDQH YRUWH[ JHQHUDWRU

[ F FKRUGZLVH SRVLWLRQ

\ F GLVWDQFH WKURXJK VKHDU OD\HUV SHUSHQGLFXODU WR VXU
] F VSDQZLVH GLVWDOQFH

VXEVFLSWYV
XSVWUHDP ORFDWLRQ LQ WXQQHO FRQWUDFWLRQ
GRZQVWUHDP ORFDWLRQ LQ WXQQHO FRQWUDFWLRQ
ORFDWLRQ LQ FHQWUH RI ZRUNLQJ VHFWLRQ

DWPRV DWPRVSKHUH

E SOHQXP SUHVVXUH
H YDOXH LQ IUHHVWUHDP DGMDFHQW WR VKHDU OD\HU
R IUHHVWUHDP VWDJQDWLRQ

Rf IUHHVWUHDP VWDWLF



'"HFODUDWLRQ

, JubQW SRZHUV RI GLVFUHWLRQ WR WKH XQLYHUVLW
WR DOORZ WKLV WKHVLV WR EH FRSLHG ,Q ZKROH RU
ZLWKRXW IXUWKHU UHIHUHQFH WR PH 7KLV SHUPLVVL
FRYHUV VLQJOH FRSLHV PDGH IRU VWXG\ SXUSRVHV V.
WR QRUPDO FRQGLWLRQV RI DFNQRZOHGJHPHQW



$FNQRZOHGJHPHQWYV

7KLV WKHVLV LV SURRI HQRXJK RI WKH LQILQLWH SDWLHQFH DQG F
UHFHLYHG IURP VR PDQ\ TXDUWHUV

, ZRXOG HVSHFLDOO\ OLNH WR WKDQN 3URI + + BHDUFH\ WR ZKRF
LQYDOXDEOH JXLGDQFH GXULQJ WKH FRXUVH RI WKLV ZRUN

7TKDQNV DUH GXH WR OU ' 0 6\NHV O0OU 0 6PLWK O0OU & %DUEHU DC
WKHLU DGYLFH WLPH DQG HIIRUW LQWR WKH GHVLJQ DQG PDQXIDEF

$ERYH DOO , ZRXOG OLNH WR WKDQN P\ SDUHQWYV IRU WHDFKLQJ P/
PH WR DFKLHYH VR PXFK



, QWURGXFWLRQ
2YHUYLHZ
7KH UHVHDUFK GHVFULEHG LQ WKLV WKHVLV ZDV FDUULHG R:
DQG IRU WKH HDUO\ SDUW LQ FROODERUDWLRQ ZLWK %ULWL
RULJLOQDWHG RXW RI DQ XQGHUO\LQJ LQWHUHVW IURP ZLWKLQ %UL
DLPLQJ IRU KLJK DJLOLW\ LH KLIJK UDWH RI WXUQ Dv D PDLQ
FRQVLGHUDWLRQV VXFK DV VSHHG DQG * OLPLWV WDNLQJ ORZHU SLU
%ULWLVK $HURVSDFH LV UHVSRQVLEOH IRU WKH GHVLJQ DQG P
RI WKH $LUEXV $ WKH :H\EULGJH FRQFHLYHG : ZLQJ 7KH DHI
RI WKLV ZLQJ ZDV WKH ILUVW WR EH GHYLVHG MRLQWO\ XWLOL]LQJ
H[SHULHQFH JDLQHG WKURXJK WKH 8 . I1DWLRQDO +LJK /LIW 3URJ
FRPSXWDWLRQDO I0OXLG G\QDPLF FRGH 9*. D IXOO SRWHQWLDO
LOWHUDFWLYH ERXQGDU\ OD\HU VROXWLRQ 7KH DVVRFLDWHG KLJ
FRQVWUDLQWY RI WKH KLJK VSHHG FUXLVH DQG ORZ VSHHG ODQGLQ.
WR EH KLJKO\ HIILFLHQW LQ WHUPV RI SDUDPHWHUV VXFK DV /' DQ
VSDQ OHDGLQJ HGJH RYHU ZLQJ +DQGOH\ 3DJH VODW DQG D WUDLO
SK\WWLFDO OLJKWQHVYV DQG VLPSOLFLW\ FRQWULEXWH WR WKH $LUE;
&LW\ 8QLYHUVLW\ KDV D VXFFHVVIXO KLVWRU\ RI UHVHDUFEk
VHSDUDWLRQ FRQWURO 7KLV LV EHVW VKRZQ LQ WKH ZRUN UHFHQMW
XVH RI YRUWH[ JHQHUDWRUV WR FRQWURO VKRFN LQGXFHG ERXQGD
D VWHDG\ VKRFN ZDYH RQ KDOI EXPS DHURIRLO PRGHOV RI YDU\LQJ
WUDQVRQLF ZLQGWXQQHO 9DULRXV YDQH YRUWH[ JHQHUDWRU FR(
VXUIDFH RI WKH PRGHO 7KH FULWHULRQ XVHG WR MXGJH WKHLU |
LQGXFHG ERXQGDU\ OD\HU VHSDUDWLRQ ZDV WKH LPSURYHPHQW L
WRZDUGV WKH WUDLOLQJ HGJH RI WKH PRGHO G6HYHUDO DLUMHW YRL
WHVWHG LQ WKH VDPH PDQQHU ,Q FRQFOXVLRQ 5DR IRXQG WKH E
JHQHUDWRUV WR EH DW OHDVW FRPSDUDEOH WR WKRVH VHHQ ZLWK
JHQHUDWRUYV
8VH Rl YDQH YRUWH[ JHQHUDWRUYV DV SDUW RI WKH RULJLQDC
SKLORVRSK\ DW %RHLQJ 9DQH YRUWH[ JHQHUDWRUV KDYH EHHQ
HOLPLQDWH ZLQJ URFN RQ WKH +DUULHU +RZHYHU RWKHUV ORRN
DHURG\QDPLF IL][ LQVWDOOHG RQO\ ZKHQ WKH QHHG DULVHV IR
SUREOHPV QRW VHHQ DW WKH GHVLJQ VWDJH DSSHDU GXULQJ DLUZTF
DGYDQWDJHYVY ZKHQ XVHG LQ WKLV PDQQHU 7KH\ DUH VLPSOH DQG
LOQH[SHQVLYH +RZHYHU WKH\ FDQQRW EH XVHG LQ DFWLYH VWDO
GHWULPHQWDO HIIHFWV LQ RWKHU UHJLRQV RI WKH IOLIJKW HQYHOR
IORZ VLWXDWLRQV ZKHUH VWDOO VXSSUHVVLRQ RU IORZ FRQWURDO
+RZHYHU FDUHIXO GHVLJQ RI WKH JHQHUDWRUV FDQ XVXDOO\ UHGX
$LUMHW YRUWH[ JHQHUDWRUVY REYLDWH ERWK RI WKHVH GLVD(
DLUMHWY OHQG WKHPVHOYHV ZHOO WR DFWLYH VWDOO FRQWURO



DFFRUGLQJ WR WKH GHPDQGV PDGH XSRQ WKH V\WWHP )RU IORZ V
QRW QHHGHG WKH DLUMHWY DYRLG WKH JHQHUDWLRQ RI SDUDVLWL
DVVXPLQJ FDYLWLHV ZRXOG EH UHPRYHG WKURXJK D ZHOO WKRXJ
SRWHQWLDO DSSOLFDWLRQV RI DLUMHW YRUWH[ JHQHUDWRU V\VWH
DLUFUDIW DQG PLVVLOHVY ,QWHUQDO IORZV OLNH WKRVH VHHQ LQ N\
FRXOG EH LPSURYHG LQ WHUPV RI UHGXFHG HQHUJ\ ORVVHV <HW
JHQHUDWRUV KDYH FDQ RQO\ EH H[SORLWHG LI WKH\ DUH DFFHSWHC
GHVLJQ
$FWLYH VWDOO FRQWURO LV D WHFKQRORJ\ ZKLFK LV QRZ
PDQRHXYUDEOH DLUFUDIW DQG FRPPHUFLDO DLUFUDIW )RU WKH IR
PDQRHXYUH WLPHV LQFUHDVLQJ WKH DLUFUDIW V OHYHO RI DJLOI
VXUYLYDELOLW\ ,Q WKH ODWWHU WKH SURILW PDUJLQ SHU DLUF
FDSDFLW\ DQG SHUIRUPDQFH DW WDNH RIl DQG XOWLPDWHO\ WKH PI
7KHUH DUH OLPLWDWLRQV WR WKH DELOLW\ WR HQJLQHHU YDULDEC
ZLWK FULWLFDO DUHDV RI WKH ZLQJ ,W LV KHUH WKDW DFWLYH
HIIHFWLYH ZD\ Rl GHDOLQJ ZLWK ORFDOLVHG SUREOHPV 6XFK D FR(
WKH QHHG IRU VWDOO IL[LQJ DQG LWV DVVRFLDWHG ORVV RI PD[LP
$Q H[SHULPHQWDO LQYHVWLJDWLRQ KDV EHHQ XQGHUWDNHQ |
WR FRQWURO ERXQGDU\ OD\HU VHSDUDWLRQ RQ D KLJK OLIW V\VWH
$ $ WZR GLPHQVLRQDO PRGHO ZDV LQVWDOOHG LQ &LW\ 8QLYH
PV] 9DULRXV YRUWH[ JHQHUDWRU FRQILIXUDWLRQV ZHUH WH)
PHDVXUHPHQWYV ZHUH FDUULHG RXW RQ WKH PDLQ ZLQJ DQG IODS
JHQHUDWRUV LPSURYHG WKH FKDUDFWHULVWLFV RI WKH KLJK OLIW
Rl ERXQGDU\ OD\HU VHSDUDWLRQ WKH\ VHHP WR RIIHU SRVVLELOL
LQFUHDVLQJ WKH HIILFLHQF\ RI KLJK OLIW VIVWHPV LH LQ WHUPV F
LV DQ LPSRUWDQW SDUW RI WKLV WKHVLV 7KH ZRUN QHFHVVLWDWI
VIVWHP DQG GHWDLOV RI WKLY DUH LQFOXGHG DORQJ ZLWK WKH FF



5HYLHZ RI SUHYLRXV ZRUN

7KH WLPH KRQRXUHG KLJK OLIW GHVLJQ DQG RSWLPL]DWLRQ
RQ DQ LWHUDWLYH ZLQG WXQQHO WHVWLQJ SURFHVV ZLWK H[W
FRQGLWLRQV EDVHG RQ H[SHULPHQWDO GDWD IURP SDVW DLUFUI
LQDGHTXDWH 7KH UROH RI WKH ZLQG WXQQHO KDV FKDQJHG DV FRF
SRZHU EHFRPH PRUH UHDGLO\ DYDLODEOH OXFK URXWLQH SDUDF
FRQGXFWHG V\WWHPDWLFDOO\ ZLWKRXW WKH QHHG IRU H[WHQVLYH
LV ERWK WLPH FRQVXPLQJ DQG H[SHQVLYH 7KHRUHWLFDO PHWKRG)\
QRZ VHHQ DV D QHFHVVDU\ FRPSOHPHQWDU\ SDLU

7KLV VHFWLRQ VXPPDUL]HV UHVHDUFK XQGHUWDNHQ WR GDWH
JHQHUDWRUV LQ WKHLU FDSDFLW\ DV ERXQGDU\ OD\HU FRQWURO ¢
H[KDXVWLYH UHIHUHQFH OLVW WR SXEOLFDWLRQV RQ HDFK VXEMHFYV
WR WKH PRUH LPSRUWDQW DUWLFOHV DYDLODEOH WR WKH UHDGHU

+LJK OLIW V\VWHPV

,Q DLUFUDIW GHVLJQ WKH FRQVWUDLQWY EHWZHHQ WKH KLJKk
WDNH RIl DQG ODQGLQJ FRQGLWLRQV IRUFH WKH GHVLJQHU WR LQF]
WR LPSURYH OLIW DW ORZ VSHHG ORVW DLUFUDIW EH WKH\ FLYLC
OLIW GHYLFH WKDW LV QRUPDOO\ XVHG H[FOXVLYHO\ GXULQJ WDNH
XVXDOO\ LQYROYHV VRPH IRUP RI PHFKDQLFDO DOWHUDWLRQ WR WK
Rl DQ\ KLJK OLIW GHYLFH LV ODUJHO\ JRYHUQHG E\ WKH SRVLWLRQ"
WKH ZLQJ QDPHO\ WKH IURQW DQG UHDU VSDUV ZKLFK IRUP WKH PLC
RFFXS\ WKH DUHD LQ IURQW DQG EHKLQG WKHVH VWDWLRQV ZKLFK |
FKRUG 7KH\ DFW WR LQFUHDVH WKH OLIW RI WKH ZLQJ E\ HIIHFWL)
PRUH Rl WKH IROORZLQJ FKRUG SRVLWLYH FDPEHU RU ERXC

9DULRXV H[DPSOHV RI GLIIHUHQW W\SHV RI OHDGLQJ HGJH Kl
RQ D ODUJH UDQJH R),DLUFURDWH TKWWRWDWDEOH QRVH IODS ZKLFK \
OHDGLQJ HGJH SRVLWLYH FDPEHU WR UHGXFH WLS VWDOO HIIHFWV
IODSV FDQ EH IRXQG RQ WKH LQERDURUQDGR VHE WIDRIQ PL@W WHOH/ H O L
E\ HIIHFWLYHO\ LQFUHDVLQJ ZLQJ DUHD DQG SRVLWLYH FDPEHU 7k
DOO WKUHH SDUDPHWHUV PHQWLRQHG LQ WKH SUHYLRX%V SDUDJUD:
% DQG ) )RU WKH ODWWHU DLUFUDIW IDYRXUDEOH HIIHFWV DUH I
TXDOLWLHV LQ DGGLWLRQ WR VROHO\ LQFUHDVLQJ OLIW

+LJK OLIW WUDLOLQJ HGJH GHYLFHVY PRUH FRPPRQO\ WHUPHC
GLITHUHQW GLVJXLVHV 6SOLWS|O®N\K FDRKEGHVHRIDORQ 10DSV DUH S
RQ WBKOHS KDMHW 78 IDQG@AUDISN9 7KHDULDQW RI WKH +DUULHU QRQ
ZLQJ UHOLHG XSRQ LQFUHDVHG OLIW DW ORZ VSHHG E$9XVW RI D S
VXSHUFULWLFDO ZLQJ KDV D VEGRWWGIR FODIDDV GER WKH ) O

7KHRUHWLFDO

7KH IORZ DERXW D WZR GLPHQVLRQDO PXOWL HOHPHQW DHU
PRVW FRPSOH[ IORZV WR EH PRGHOOHG E\ WKHRUHWLFDO PHWKRG
DFFXUDWHO\ DQG DV TXLFNO\ DV SRVVLEOH WKH EDVLF PHDQ IORZ



WPSHUDWXUH VNLQ I ULFWLRQ DQG RYHUDOO IRUFHV IRU H[DPSOH
LQYDULDEO\ DQ H[WUHPHO\ FRPSOLFDWHG VKDSH 7KH IORZ ILHOC
IHDWXUHVY QRW IRXQG IRU DQ LVRODWHG DHURIRLO ILJ 7KHVH
D WKH UHJLRQ RI WKH IORZ LV PXOWLSO\ FRQQHFWHG ZKLFK PD
LQYLVFLG IORZ GLIILFXOW

E WKH ZDNHV IURP XSVWUHDP HOHPHQWY LQWHUDFW ZLWK ERXQGD
IRUPLQJ FRQIOXHQW ERXQGDU\ OD\HUV

F XSVWUHDP HOHPHQWY VKHG ZDNHV ZKLFK GHYHORS LQ WKH VWU
E\ GRZQVWUHDP HOHPHQWYV



JLXUH 6WUHDPOLQHV RI WKH IORZ SDVW D VODWWHG DQG |

G WKH YLVFRXV IORZ UHJLRQ DERYH WKH IODS LV YHU\ WKLFN DQG
VWDWLF SUHVVXUH JUDGLHQWY QRUPDO WR WKH SODQH RI WKH OD\
H vODW DQG IODS GHYLFHV PXVW UHWUDFW WR IRUP WKH FUXLVH
FRYHV RQ WKH ORZHU VXUIDFHV RI DOO XSVWUHDP HOHPHQWYV +HU
VKDUS HGJH RI WKH FRYH DQG UH DWWDFK EHIRUH WKH WUDLOLQJ F
I LI WKH DQJOH RI GHIOHFWLRQ RI WKH IODS LV VXIILFLHQWO\ OC
XSSHU VXUIDFH RI WKH IODS DOWKRXJK WKH DHURIRLO DV D ZKRO|!
FRQGLWLRQ FDQ EH SUHVHQW WKURXJKRXW WKH LQFLGHQFH UDQJH
J DW KLJK LQFLGHQFHV WKH KLJK OLIW FRHIILFLHQWY JHQHUDWI
VXSHUVRQLF IORZ RQ WKH XSSHU VXUIDFH RI WKH VODW ZKLFK PD\
7KLV LQ WXUQ PD\ FDXVH WKH ODPLQDU ERXQGDU\ OD\HU WR VHSDUL
RU FDXVH PRUH VHYHUH VHSDUDWLRQ DQG HYHQ WULJIJHU WKH VWD (

6LQFH DLU LV D YLVFRXV FRPSUHVVLEOH IOXLG WKH HTXDWLR
ZKLFK FDSWXUH DOO WKH IHDWXUHYDKRILWWKH QCGR&WBINROW K RYXPEHUYV
DVVRFLDWHG ZLWK KLJK OLIW VA\VWHPV UHVXOWY LQ ODUJH UHJLRQV
Rl WXUEXOHQFH PRGHOOLQJ LV LQHYLWDEOH 7KH HTXDWLRQV DUH
PDWKHPDWLFDO WHFKQLTXHY EHFDXVH WKH ERXQGDU\ FRQGLWLRQV
DW KLJK 5H\QROGY QXPEHUV GLVWXUEDQFH VHQVLWLYH JRU IORZV
ZKLFK ZH FDQ DYHUDJH RXW WKH WXUEXOHQFH VR WKH ERXQGDU\
RI WLPH WKH 1 6 HTXDWLRQV \LHOG WKHPVHOYHY DPHQDEOH WR VRO
SUREOHPYVY DUH VWLOO IRUPLGDEOH :LWK WKH ODWHVW JHQHUDWLRK
VROXWLRQV KDYH EHHQ REWDLQHG IRU WZR GLPHQVLRQDO ODPLC
JHRPHWULHYVY LWK VXIILFLHQW ERXQGDU\ FRQGLWLRQV WKH WKUHH
FDQ DOVR EH VROYHG QXPHULFDOO\ 1XPHULFDO VROXWLRQV IRU WZ
EHHQ REWDLQHG EXW WKHVH LQYROYH HPSLULFDO PRGHOOLQJ IRL
5H\QROGY VWUHVVHVY DQG WKH IORZ IHDWXUHV PHQWLRQHG SUHYL
SURPLVH DV WKH FRPSXWDWLRQDO WLPH QHHGHG WR VROYH IRU Wtk
PXOWL HOHPHQW DHURIRLOV LV GURSSLQJ FRQWLQXRXVO\ +RZHYH
WXUEXOHQFH PRGHOOLQJ WHFKQLTXHV UHPDLQV SURKLELWLYH SD
DFFXUDWHO\ SUHGLFW &OPD][



JRUWXQDWHO\ WKH HIITHFWV RI YLVFRVLW\ DQG WXUEXOHQFH LC
LPPHGLDWH YLFLQLW\ RI HDFK HOHPHQW RI WKH KLJK OLIW VA\VWHP
(XOHU HTXDWLRQV DUH DSSOLFDEOH WR D KLJK GHJUHH RI DFFXUDF
XVH D WHFKQLTXHONQRRXQV DYYLVFLG LQWKHDHRWLR/@SDYDWH FDOFX
PHWKRGYVY IRU WKH H[WHUQDO LQYLVFLG IORZ DQG WKH YLVFRXV VKF
DQG LWHUDWLYHO\ WR SURYLGH D FRPSRVLWH VROXWLRQ WR WKH
FROQYHUJHQFH RI D VROXWLRQ ZLWKLQ 9,, WHFKQLTXHYVY KDYH EHHQ
'"LUHFW 6HPL LQYHUVH DQG 4XDVL VLPXOWDQHRXV PHWKRGYV

9,, WHFKQLTXHV IRU FDOFXODWLQJ WKH IORZ DERXW PXOWL H
GHYHORSPHQW LQ WKH 8. IRU WKH ODVW \HDUV DIWHU D JUDGXDC
RI YDULRXV SK\WLFDO IORZ SKHQRPHQD SURYLGHG WKH QHFHVVDU
DQDO\VLYV

:LOOLDPV FDOFXODWHG WKH LQYLVFLG SODQH SRWHQWLD
DHURIRLOV 7KH SRWHQWLDO IORZ DERXW WZR OLIWLQJ FLUFOHV L
7KH WZR FLUFOHV DUH WKHQ PDSSHG FRQIRUPDOO\ RQ WR WZR DH
WKHUPDQ 7TUWUWQVIRUPDWLRQ +H WKHUHE\ REWDLQV DQ H[DFW VR
DERXW WKH OLIWLQJ DHURIRLOV 7ZR SDUWLFXODU FDVHV ZHUH
FRQILIXUDWLRQV $ DQG % 7KHVH VHUYH DV LPSRUWDQW WHVW FD)
QXPHULFDO LQYLVFLG LQFRPSUHVVLEOH IORZ PHWKRGYV :LOOLDP
VROXWLRQV IRU HDFK FDVH DJDLQVW WKH VROXWLRQV REWDLQHG

ZKLFK XVHV D GLVWULEXWLRQ RI VRXUFHVY RYHU HDFK DHURIRI
EH YHU\ JRRG YDOLGDWLQJ 6PLWK V PHWKRG

7KH FRPSOH[LW\ RI WKH JHRPHWU\ RI PXOWL HOHPHQW DH
UHVHDUFKHUV WR XVH VXUIDFH VLQJXODULW\ PHWKRGV DOWKRXJK
+DOO HW DO WKURXJK VXEVHTXHQW WUDQVIRUPDWLRQV PDS W
FLUFOHVY 7KH DQQ@XODU UHJLRQ EHWZHHQ WKH FLUFOHV UHSUHVH
DHURIRLOV 6XFK D WUDQVIRUPDWLRQ ZDV ILUVW LQWURGXFHG E\
*URVVPDQ HW DO VROYHG WKH LQYLVFLG FRPSUHVVLEOH WUD
DHURIRLOV +RZHYHU D GLUHFW H[WHQVLRQ RI WKH +DOO HW DO PH
PDSSLQJ ROQOWR WKUHH FRQFHQWULF FLUFOHV LV QRW SRVVLEOH VI
IORZ LQ WKH SK\VLFDO GRPDLQ LV QRW PRGHOOHG DIWHU WUDQVIR
FRQIRUPDO PDSSLQJ SURFHVV WR RYHUFRPH WKLV ZKLFK ZDV XVI
PRGLILHG IRUP WR HQVXUH D FRUUHFW JULG GHQVLW\ LQ UHJLRQV Z
GXH WR LQFUHDVHG VKRUW FRPLQJV ZLWK D JUHDWHU QXPEHU RI
DHURIRLO DQDO\WVLV E\ WKLV PHWKRG KDV VHULRXV GUDZEDEFNYV

&DOODJKDQ HW DO DGRSWHG WKH FODVVLF SDQHO PHW

WKH VR FRRDAMILY 1HXPBWRRG WR FDOFXODWH WKH LQYLVFLG
DERXW D PXOWL HOHPHQW DHURIRLO 7KLV PHWKRG PDGH LW SRVVLE
SDVW ERGLHV RI UHDOLVWLF JHRPHWU\ DQG LV HVSHFLDOO\ ZHOO \
WKRVH VHHQ DERXW D PXOWL HOHPHQW DHURIRLO %\ VXLWDEO\ UHI
PDGH DV DFFXUDWH DV GHVLUHG DQG LV FRQVHTXHQWO\ WKRXJKW [



7TKH FKRUGZLVH SURILOH RI HDFK HOHPHQW RI WKH PXOWI
DSSUR[LPDWHG E\ D FORVHG SRO\JRQ RI 1 SODQDU SDQHOV 6RXUF
GLVWULEXWHG RYHU WKH ERG\ VXUIDFH VR DV WR PDNH WKH WRWDC
SRLQW RI HDFK SDQHO $IWHU HPSOR\LQJ WKLV IORZ FRQGLWLRQ
LI WKH FLUFXODWLRQ LV VSHFLILHG ZKLFK LV WKH QHW YRUWH[ VW
WKH VRXUFH VWUHQJWK LV WDNHQ DV FRQVWDQW RQ HDFK SDQHO
QH[W +HQFH WKHUH DUH 1 VRXUFH VWUHQJWKYVY WR EH GHWHUPLQ
LOQWHJUDO IORZ HTXDWLRQ GHILQLQJ WKH YHORFLW\ SRWHQWLDO
VLPXOWDQHRXYVY HTXDWLRQV %\ LPSRVLQJ WKH . XWWD FRQGLWLRQ
WDQJHQWLDO YHORFLW\ FRPSRQHQWY RQ WKH SDQHOV DGMDFHQW V
QHFHVVDU\ HTXDWLRQ WR VROYH IRU WKH 1 XQNQRZQV 2QFH VR
WKH PLG SRLQW RI HDFK SDQHO FDQ EH FDOFXODWHG DQG KHQFH
HVWLPDWHG E\ DVVXPLQJ &S LV FRQVWDQW RYHU HDFK SDQHO

$ GRPLQDQW IDFWRU LQ GHWHUPLQLQJ WKH DHURG\QDPLF SH
DHURIRLO LV WKH SUHVHQFH RI YLVFRXV ERXQGDU\ OD\HUV DQG PRL
LOQFUHDVLQJ LQFLGHQFH ODYULSOLYV FRQFOXGHG WKDW FRQIO:
UHVSRQVLEOH IRU WKH GLVFUHSDQFLHYVY EHWZHHQ LQYLVFLG SRWHQ
WKHRUHWLFDO FRGHV RI 6WHYHQV HW DO DQG &DOODJKDQ HW
DW PRGHOOLQJ YLVFRXV IORZ DERXW WZR GLPHQVLRQDO PXOWL HO
WKH 6WHYHQV HW DO SURJUDP KDV UHVXOWHG LQ LPSURYHG 1V
GHWDLO PRGLILFDWLRQV XQGHUWDNHQ RQ WKH RULJLQDO FRGH 7K|
RXWHU SRWHQWLDO IORZ LV DIIHFWHG E\ WKH YLVFRXV IORZ RYHU
GLVSODFHPHQW WKLFNQHVV RI WKH ERXQGDU\ OD\HU ZDV DGGHG Gl
IRUP D QHZ HTXLYDOHQW ERG\ 7KLV ZDV UHSODFHG E\ DQ HTXL"®
DORQJ WKH DHURIRLO FRQWRXUV DQG ZDNH FHQWUH OLQHV ZKLFK V
OD\HUV DQG ZDNHV 7KH PHWKRG LV FDOOHG WKH VXUIDFH WUDQV S
VWUHQJIJWKY DUH SURSRUWLRQDO WR

2 L\
GV

X LV WKH LQYLVFLG IORZ YHORFLW\ WKDW ZRXOG EH VHHQ
DEVHQFH RI YLVFRVLW\

7KH SURSHUWLHY RI WXUEXOHQW ZDNHV DUH DQDO\]HG ZLWK
*UHHQ HW DO 7KH PHWKRG LV IRUPXODWHG LQ WHUPV RI WKF
9RQ .DUPDQ WKH ODJ HQWUDLQPHQW HTXDWLRQ DQG DQ
VWUHDPZLVH UDWH RI FKDQJH Rl WKH HQWUDLQPHQW FRHIILFLHQW
IURP WKH GHILQLWLRQ Rl WKH HQWUDLQPHQW FRHIILFLHQW ZKLFK
DW ZKLFK IOXLG HQWHUV WKH ERXQGDU\ OD\HU IURP WKH H[WHUQT
DFKLHYHG XVLQJ WKH PHWKRG RI 6TXLUH <RXQJ 7KH SURJ
ERXQGDU\ OD\HU GHYHORSPHQW ZLWK WKH PRGHO RI *RUDGLD
GLYLGHG LQWR WKUHH UHJLRQV ,Q WKH ILUVW WXUEXOHQW PLJ[L



IQFRPSOHWH ,Q WKH VHFRQG WKH HIIHFW RI WKH ZDNH ,V QR ORC
SURILOH ZKLFK LV VLPLODU WR WKDW RI D ZDOO MHW )LQDOO\ WK}
LQWR DQ RUGLQDU\ ERXQGDU\ OD\HU

7KH FDOFXODWLRQ RI OLIW LV SULPDULO\ DQ LQYLVFLG SU
FRUUHFWLRQ IRU ERXQGDU\ OD\HU GLVSODFHPHQW DQG HQWUDLQPH
RI GUbJ ZLWK FRPSDUDEOH DFFXUDF\ LV PRUH IRUPLGDEOH EHFD
YLVFRXV SKHQRPHQD GHSHQGVY RQ WKH DFFXUDWH SUHGLFWLRQ R
WXUEXOHQW YLVFRXV IORZ DQG WKH LQWHUDFWLRQ RI WKH YLVFR]
HW DO IRXQG WKDW D GLUHFW H[WHQVLRQ RI WKH PHWKRG RI
RQ PXOWL HOHPHQW DHURIRLOV GRHV QRW SURGXFH DFFHSWDEOH U
XVHV D JHQHUDOLVHG SDUDPHWULF IRUPXOD IRU WKH SUHVVXUH GI
GHULYHG IURP GDWD IURP RQH VLQJOH HOHPHQW DHURIRLO

7KH DQDO\WLV RI FRQYHQWLRQDO ERXQGDU\ OD\HUV DVVXPHYV \
OD\HU LV FRQVWDQW QHJOHFWLQJ WKH HIIHFWV RI FXUYDWXUH
XSSHU HGJH RI WKH ZDNH LV QRW QHFHVVDULO\ HTXDO WR WKDW DW
SURQRXQFHG DV WKH FXUYDWXUH RI WKH ZDNH LQFUHDVHYV 20VRQ F
WKH PRPHQWXP GHIHFW LQ WKH ZDNH DW D GLVWDQFH RI W R
DHURIRLO WUDLOLQJ HGJH E\ DVVXPLQJ WKDW WKH VWDWLF SUHVVXI
IORZ SUHVVXUH DW WKH ORZHU DQG XSSHU HGJH RI WKH ZDNH 7
GHIHFWY SUHVHQW LQ WKH FRQIOXHQW ERXQGDU\ OD\HUV DQG ZDNt
HGG\ YLVFRVLW\ PRGHO IRU ERWK UHJLRQV RI WKH YLVFRXV IORZ
G&/ G FXUYH EHWZHHQ f DQG f RI D WZR HOHPHQW DHURIRLC(
VORWWHG 10DS GHIOHFWHG f DOWKRXJK GUDJ SUHGLFWLRQ ZD
FRQFOXGH WKDW IXWXUH HITRUWY VKRXOG FRQVLGHU KLJK LQFLGHQ!
ZKHUH ZDNH ERXQGDU\ OD\HU PHUJLQJ LV PRUH VLJQLILFDQW

2VNDP HW DO GHDO ZLWK WZR DVSHFWV RI WKH FRPS
SUREOHPV WKDW DUH DVVRFLDWHG ZLWK KLJK OLIW VA\VWHPV RQH Z

EHLQJ WKH FRPSXWDWLRQ RI WXUEXOHQW ZDNHV LQ DGYHUVH
SURFHVV LV XQLTXH WR PXOWL FRPSRQHQW DHURIRLOV DQG RFFX
SUHVVXUH LV OHVV WKDQ WKH IUHH VWUHDP YDOXH $ ODUJH DPS
GLVSODFHPHQW WKLFNQHVV RI WKH ZDNH GXH WR LOWHUDFWLRQ EH
,Q HIWUHPH FDVHV LW LV SRVVLEOH WR KDYH IORZ UHYHUVDO WRZD
DQDO\WLQJ D WXUEXOHQW ZDNH DQG HPSOR\LQJ FODVVLF ERXQGDU\
LQ JHQHUDO D WXUEXOHQW ERXQGDU\ OD\HU VHSDUDWHY DW DSSUF
ZDNHV H[KLELW UHYHUVHG IORZ ZKHQ + ! ORUH LPSRUWDQWO\ E\
EHKDYLRXU RI D ZLQJ ZDNH LQ DQ DGYHUVH SUHVVXUH JUDGLHQW L
GLVSODFHPHQW GHYHORSPHQW ZLWK LQFLGHQFH KDG DQ HTXLYDOHC
SUHVVXUHYV

,Q WKH 8. FROODERUDWLRQ EHWZHHQ %$H DQG B6%$9 SURGXFHC
IRU FDOFXODWLQJ WKH IORZ DERXW WZR GLPHQVLRQDO KLJK OLIW
7KH LQYLVFLG LQFRPSUHVVLEOH SRWHQWLDO IORZ VROXWLRQ DW W



B\ 1HZOLQJ DQG VROYHV WKH VWDQGDUG /DSODFH HTXDWLRQ E
ERXQGDU\ FRQGLWLRQV DV HPSOR\HG E\ 6PLWK HW DO +RZF
FKRRVLQJ HLWKHU WKH VRXUFH RU YRUWH[ GLVWULEXWLRQ RQ WKFE
VROYHV IRU ERWK DV XQNQRZQV )RU FRPSXWLQJ UHDVRQV WKH\ HP
DW HDFK SDQHO PLG SRLQW DQG D OLQHDU YRUWLFLW\ GLVWULEXWL
FRQGLWLRQ LQ LWV LPSOLFLW IRUP LV HPSOR\HG DW WKH WUDLOLQ.
RQ WKH XSSHU DQG ORZHU VXUIDFHV WR ]JHUR 7KLV LV GRQH WR SU
I[URP IRUPLQJ LI WKH JHRPHWU\ LV VXFK WKDW WKH WUDLOLQJ HGJI
LV XVHG WR VROYH IRU DOO WKH XQNQRZQV

7KH YLVFRXV FDOFXODWLRQ XVHV LQWHJUDO PHWKRGV WR S
VKHDU OD\HUV RQFH WKH LQYLVFLG SRWHQWLDO SUHVVXUH GLVW!I
PHWKRGV ZRXOG EH PRUH DFFXUDWH LI KLJKHU RUGHU WHUPV DUH
GHPDQGV VRPHWKLQJ DSSURDFKLQJ D VROXWLRQ RI WKH IXOO WLPF
ORVV LQ DFFXUDF\ LV DFFHSWHG LQ RUGHU WR REWDLQ D VXIILFLHQ
Rl WKH ERXQGDU\ OD\HU LV FDOFXODWHG E\ WKH PHWKRG GXH WR
SUHGLFWHG E\ WKH HPSLULFDO FRUUHODWLRQ RI *UDQYLOOH
XSVWUHDP RI QDWXUDO WUDQVLWLRQ WKH VHPL HPSLULFDO PHWKRC
WKH GHYHORSPHQW RI WKH VHSDUDWLRQ EXEEOH 7XUEXOHQW ERX(
WKH ODJ HQWUDLQPHQW PHWKRG RI *UHHQ HW DO ZKLFK LV
GHYHORSPHQW GRZQVWUHDP RI WKH WUDLOLQJ HGJHV RI HDFK HOH!
ZDNH DQG ERXQGDU\ OD\HU LV FDOFXODWHG E\ WKH LQWHJUDO PHMW
DQ DOJHEUDLF H[SUHVVLRQ FRQWDLQLQJ XQNQRZQV LV XVHG WR G
ERXQGDU\ OD\HU DQG D VLQJOH ZDNH 7KLV PHWKRG FDQ RQO\ PR
UHDVRQDEOH DSSUR[LPDWLRQ WR DGG WKH VODW DQG ZLQJ ZDNHYV
LQWHUDFWYVY ZLWK WKH IODS ERXQGDU\ OD\HU

$JUHHPHQW EHWZHHQ WKH WKHRUHWLFDO FRGH DQG H[SHULPI
DHURIRLOV DW LQFLGHQFHV EHORZ WKH VWDOO DOWKRXJK WKH W
VXIILFLHQW ORDG DW WKH WUDLOLQJ HGJH 7KH LQWHUHVWLQJ WHYV
PRGHUDWH LQFLGHQFH WR ZKLFK 0$9,6 ZDV DSSOLHG UHYHDOHG VHY
Rl WKH FRGH LV WKH VROXWLRQ RI WKH LQFRPSUHVVLEOH SRWHQWI
EHHQ H[WHQGHG WR SUHGLFW VXEFULWLFDO IORZV E\ XVLQJ WKH
DJDLQ WKLV LV HVYVHQWLDOO\ D VFDOLQJ IDFWRU &RQVHTXHQWO\ WK
DQG SHDN VXFWLRQV VHHQ RQ WKH XSSHU VXUIDFH RI WKH VODW H«
2Q WKH IODS 0$9,6 SUHGLFWHG D VHSDUDWLRQ DERXW RI WKH Fk
DOWKRXJK WKLV ZDV QRW VHHQ GXULQJ H[SHULPHQWYV 7KH WUDLO
HUURU JLYLQJ ULVH WR WKH LQFRUUHFWO\ SUHGLFWHG &' SDUWLFXC

7KH SHUIRUPDQFH RI D PXOWL HOHPHQW DHURIRLO DV DUH D
VWDOO $Q DHURIRLO GHVLJQHU QHHGV WR SUHGLFW ZLWK FRQILGH
WKH VWDOO RFFXUV DQG WKH OLIW DQG GUDJ FRHIILFLHQWYV DW DQC
ZRXOG OLNH WR SUHGLFW WKH YLVFRXV HIIHFWV IRU ERWK DWWDFk



LOOLDPYV HIWHQGV 9,, WHFKQLTXHV IRU XVH ZLWK VHSE
PHWKRGV DUH XVHG WR FDOFXODWH WKH VKHDU OD\HUV SUHVHQW
VHYHUDO REVWDFOHV RFFXU WR WKH PDWKHPDWLFDO SURFHVV ZK
LQWHJUDO RI WKH ERXQGDU\ OD\HU HTXDWLRQV ZLWK D VSHFLILHG
D VLQJXODULW\ DW WKH SRLQW Rl VHSDUDWLRQ 7KH VHFRQG REVWI
OD\HU HTXDWLRQV WKURXJK WKH VHSDUDWHG UHJLRQ LQ ZKLFK WK
/IH %DOOHXU KDV GHYHORSHG HPSLULFDO WZR SDUDPHWHU YH
EH XVHG WR GHVFULEH ERWK DWWDFKHG DQG VHSDUDWHG IORZV 7|
ERXQGDU\ OD\HU PHWKRG WR JLYH VDWLVIDFWRU\ SUHGLFWLRQV R
LV FRQFHUQHG ZLWK PDWFKLQJ RI WKH RXWHU LQYLVFLG IORZ DQG
QR ORQJHU REH\V FODVVLFDO DSSUR[LPDWLRQV 7KLV GLIILFXOW\ L
IORZ FDOFXODWLRQ WKURXJK WKH VKHDU OD\HU WR WKH DHURIRL
VWUHDPOLQH LQ WKH ZDNH VXEMHFW WR UHDO YLVFRXV IORZ ERX
LV FRQFHUQHG ZLWK REWDLQLQJ FRQYHUJHQFH LQ WKH PDWFKLQJ
LQQHU VKHDU OD\HU ,W LV IRXQG WKDW WKH GLUHFW VFKHPH LV JF
7KH IXO0O\ LQYHUVH PHWKRG LV VWDEOH IRU VHSDUDWHG IORZV EX
SDUDPHWHU DVVRFLDWHG ZLWK WKH FRQYHUJHQFH UDWH LQ WKH P
SURSRUWLRQDO WR WKH VL]H Rl WKH FRPSXWDWLRQDO GRPDLQ UHV
DHURG\QDPLFV 7KH VHPL LQYHUVH VFKHPH LV VWDEOH IRU VHSDUDMW
IDFWRU WR WDNH GLIIHUHQW YDOXHV DW GLIIHUHQW ORFDWLRQV D¢
WKH VWDWH RI WKH ERXQGDU\ OD\HU :LWK D VHPL LQYHUVH VFKHI
PDWFKHG LH SUHVVXUH FDOFXODWLRQ IURP VSHFLILHG VKDSH ZLV
SUHVVXUH JUDGLHQW IRXQG IURP ERXQGDU\ OD\HU GHYHORSPHQW
FDOFXODWLRQ DQ HVWLPDWH RI WKH QRUPDOLVHG WUDQVSLUDWLR
WDQJHQWLDO YHORFLW\ DW WKH VXUIDFH 8LZ LQ WKH HTXLYDOHQW
WUDQVSLUDWLRQ LV WKHQ XVHG DV D ERXQGDU\ FRQGLWLRQ LQ \
DQRWKHU HVWLPDWH RI 8LZ LQ WKH HTXLYDOHQW LQYLVFLG IORZ
HVWLPDWHYV RI 8, LV XVHG WR FRUUHFW WKH QRUPDOLVHG WUD:(¢
VLPXOWDQHRXV FDOFXODWLRQV DUH WKHQ UHSHDWHG

'"HWDLOHG PHDVXUHPHQWYVYV RI WKH VHSDUDWHG IORZ RQ D V
DHURIRLO DW WZR GLIIHUHQW 5H\QROGYV QXPEHUV DUH FRPSDUHG Z
VHPL LQYHUVH PHWKRG DQG WKH GLUHFW PHWKRG QRWLQJ KHUH W
DUH GRQH E\ WKH VDPH PHWKRGV DV HPSOR\HG LQ 0%$9,6 7KH GLL
VKRZQ WR SURGXFH UHVXOWV ZKLFK GLVDJUHH ZLWK H[SHULPHQMW
VLIQLILFDQW UHJLRQ RI VHSDUDWHG IORZ RQ WKH DHURIRLO 7KH
SUHGLFWV WKH OLIW XS WR DQG EH\RQG VWDOO DOWKRXJK WKHUH
SUHVVXUH GLVWULEXWLRQ $ JRRG HVWLPDWH RI WKH GUDJ IRU VH
WKH ERXQGDU\ OD\HU PHWKRG LQFOXGHV VHFRQG RUGHU WHUPV Z
VHSDUDWHG IORZ 1R XQLYHUVDO FRUUHODWLRQ IRU QRUPDO VWUH
WKH ERXQGDU\ OD\HU IRU VHSDUDWLQJ IORZV KDV \HW EHHQ HVWEL
HIIHFW RI ZDNH FXUYDWXUH ZKLFK ZRXOG EH VLJQLILFDQW IRU D F



/IRFN DQG :LOOLDPV UHFRJQLVHG WKDW 9,, WHFKQLTXHYV
VWDWH RI GHYHORSPHQW DQG VR XQGHUWRRN DQ H[WHQVLYH UHYLH
SURYLGHYVY D SK\VLFDO EDFNJURXQG WR WKH VXEMHFW DQG FRYHUV
LQWHUDFWLYH PHWKRGVY IRU WZR GLPHQVLRQV $Q DFFRXQW LV JLY
LQ WKUHH GLPHQVLRQVY DQG PDWKHPDWLFDO FRXSOLQJ WHFKQLTXH\
Rl UHFHQW 9,, PHWKRGYVY DUH UHYLHZHG DQG WKHLU UHVXOWV FRPS
LQWHUHVWHG UHDGHU LV JXLGHG WRZDUGV WKLV SDSHU LI PRUH L
VLQJOH DQG PXOWL HOHPHQW DHURIRLOV LQ ORZ VSHHG DQG WUDQ"

.LQJ DQG :LOOLDPV VXPPDUL]JH UHFHQW GHYHORSPHQWYV 1
IRU KLJK OLIW DHURIRLOV $V GLVFXVVHG SUHYLRXVO\ FRGHV VX
UHDVRQDEOH SUHGLFWLRQV RI OLIW IRU YLVFRXVY DWWDFKHG IORZ E
DVVRFLDWHG IORZ VHSDUDWLRQV ,PSURYHPHQWY ZLOO EH VHHQ
FRPSUHVVLEOH LQYLVFLG IORZ LL FXUYHG ZDNHV LQ DQ DGYHU\
FRQIOXHQFH ZLWK ERXQGDU\ OD\HUV DQG LLL D PHWKRG RI FRXS(
ZKLFK ZLOO DOORZ WKH FDOFXODWLRQ RI VHSDUDWHG IORZ LQ FRY

JRU LQFRPSUHVVLEOH IORZ OLQHDU VXUIDFH VLQJXODULW\ PH
SRSXODU IRU KLJK OLIW FDOFXODWLRQV LQ WZR DQG WKUHH GLPHQ
QRW UHTXLUHG LQ WKH ILHOG 6HYHUDO DWWHPSWYV KDYH EHHQ
FRPSUHVVLELOLW\ LQWR OLQHDU LQFRPSUHVVLEOH VXUIDFH VLQJXC
UHVWULFWHG WR VXEFULWLFDO IORZ 7KH FRPSOH[ JHRPHWU\ DVVRI
WKH FDOFXODWLRQ RI FRPSUHVVLEOH IORZ GLIILFXOW EXW QHFHVYV

+DOO HW DO XVH D ILQLWH GLIITHUHQFH WHFKQLTXH WR VR
SRWHQWLDO HTXDWLRQV ZLWK WKH JULG SURGXFHG E\ FRQIRUPDO P
WKLY PHWKRG LV UHVWULFWHG WR WZR HOHPHQW DHURIRLOV 2VNEL
JHQHUDWH ERXQGDU\ FRQIRUPLQJ JULGYV LQ UHJLRQV ZKHUH FRPSUI
VLIQLILFDQW 7KH IXO0 SRWHQWLDO HTXDWLRQV ZLWKLQ WKH JUL
PHWKRGV ILQLWH GLIIHUHQFH ILQLWH YROXPH ZLWK WKH ERXQGD
JULG SURYLGHG E\ OLQHDU VXUIDFH VLQJXODULW\ PHWKRGV ZKLOV\
%RWK PHWKRGV VXIIHU WKH GLVDGYDQWDJH WKDW UHJLRQV LQ Z
LPSRUWDQW PXVW EH NQRZQ LQ DGYDQFH UHODWLYHO\ HDV\ IRU \
IRU D WKUHH GLPHQVLRQDO OD\RXW

LWK GLUHFW FRXSOLQJ VFKHPHV GLVFROQWLQXLWLHYVY LQ VXUI|
VRPH FRQYHQLHQW FXUYH ZKLFK VKRXOG UHSUHVHQW WKH GLVSOCL
EXEEOH 'LUHFW FRXSOLQJ VFKHPHV DUH XQDEOH WR FDOFXODWH V
VXSHUVRQLF IORZ DW WKH VODW OHDGLQJ HGJH SURGXFHV VHSDUL
GLUHFW FRXSOLQJ VFKHPHV ZLOO EH XQDEOH WR PRGHO WKLV XQGF

, bQ LQWHJUDO PHWKRG LV XVHG WR FDOFXODWH WKH GHYHO
FDQ EH VKRZQ /RFN DQG :LOOLDPYV IRU DWWDFKHG IORZ

G6 GV



IRU VHSDUDWLQJ IORZ

GB G8
G6 GV

DQG IRU VHSDUDWHG IORZ

+HUH G8 GV ,V WKH VWUHDPZLVH YHORFLW\ JUDGLHQW DORQJ WKH
QRQ GLPHQVLRQDO VRXUFH VWUHQJWK 7TKHVH HTXDWLRQV VXPP
FKDUDFWHULVWLFV RI ERXQGDU\ OD\HUV GHYHORSLQJ LQ DGYHUVH S
WKH VORSH RI WKH YLVFRXV FXUYH LV ODUJH DQG QHJDWLYH IRU
ZKLOVW IRU VHSDUDWHG IORZ WKH VORSH LV SRVLWLYH DQG VPDOC
IORZ DQ LQLWLDO JXHVV IRU WKH QRQ GLPHQVLRQDO VRXUFH VWUH
OHDGV WR D ILUVW DSSUR[LPDWLRQ WR WKH YHORFLW\ JUDGLHQW
HTXDWLRQ 7KLV HVWLPDWH RI WKH YHORFLW\ JUDGLHQW LV XVHG
ERXQGDU\ OD\HU ZKLFK JLYHV D QHZ HVWLPDWH IRU WKH UDWH RI JI
QHZ HVWLPDWH LV XVHG WR UHFDOFXODWH WKH LQYLVFLG IORZ I
FRQYHUJHQFH LV DFKLHYHG

7KH ORFDO VKDSH RI WKH YLVFRXV DQG LQYLVFLG FXUYHV G
FKDUDFWHULVWLFVY RI D VROXWLRQ PHWKRG $Q DELOLW\ WR SUHGI
VFKHPH LV DFKLHYHG WKURXJK D WKRURXJK DQDO\VLV RI WKH FRXS!
LQYLVFLG VROXWLRQV 7KH EDVLF IHDWXUH RI WKLV PHWKRG LV W
JUDGLHQW DUH JLYHQ E\ VROXWLRQV RI WKH GLUHFW LQYLVFLG PHW
GLITHUHQFH LQ WKH YHORFLW\ JUDGLHQWYV LV XVHG LQ D FRUUHFWLF
LQYLVFLG FDOFXODWLRQV +RZHYHU WKH PHWKRG GRHV QRW LQFO)>
RI WKH ZDNH DQG ERXQGDU\ OD\HU RYHU WKH 10DS DV QR LQYHUYV
FDOFXODWLRQ +HQFH IODS VHSDUDWLRQ LV XQOLNHO\ WR EH PRGH!

7KH TXDVL VLPXOWDQHRXV FRXSOLQJ VFKHPH XVHV ERWK HVW
REWDLQHG IURP WKH YLVFRXV DQG LQYLVFLG VROXWLRQV LQ D FOR\
LQ D VFKHPH ZKLFK LV IDVWHU WR FRQYHUJH WKDQ WKH VHPL LQY
HTXDWLRQV DUH HVVHQWLDOO\ VROYHG LQ WKH GLUHFW PRGH DQG
WHFKQLTXH IRU FDOFXODWLQJ WKH ZDNH GHYHORSPHQW DERYH WK
FRPSUHKHQVLYH H[SODQDWLRQ WR FRXSOLQJ WHFKQLTXHV DQG F
9LVFRXV OQYLVFLG ,QWHUDFWLRQ PHWKRGV WKH UHDGHU LV JXLGHC

)(/0$ UHSUHVHQWY D FRPSUHVVLEOH ILQLWH HOHPHQW PHWKF
DERXW PXOWL HOHPHQW DHURIRLOV W ZDV GHYHORSHG E\ .LQJ HW
VROXWLRQ IURP WKH PHWKRG GHYHORSHG E\ %XWWHU HW DO L
IORZ HTXDWLRQV RI FRPSUHVVLEOH LQYLVFLG IORZ DUH GLVFUHWLYV|
VI\VWHP 7KLV JULG PXVW SRVVHVV FHUWDLQ SURSHUWLHV WR HQV>
DFFXUDWH DQG FRQVLVWHQW 7KH JULG PHVK VKRXOG EH RUWKRJRC



W RQH LQ UHJLRQV ZKHUH WKH YHORFLW\ JUDGLHQWY DUH OLNHO\
PRUH HDVLO\ DSSOLHG LI WKH JULG LV DOLIJQHG WR WKH JHRPHW
REWDLQHG E\ GHILQLQJ D IORZ JULG EDVHG RQ LQFRPSUHVVLEOH SF
SRWHQWLDOV IRU HDFK VHWWLQJ RI WKH VHSDUDWH KLJK OLIW HOH
EH UHSUHVHQWHG E\ WKH LQYLVFLG PHWKRG +RZHYHU VLQFH WKH
LW VKRXOG EH DGHTXDWH WR VROYH WKH WUDQVRQLF SRWHQWLD
HTXDWLRQV $ ILQLWH HOHPHQW PHWKRG GLVFUHWLVHY WKH JRYHU
LQ DQ LQWHJUDO IRUP $ FRPSUHVVLEOH YHUVLRQ RI 7KZDLWHYV ODI
IRU WKH ODPLQDU SRUWLRQ RI WKH ERXQGDU\ OD\HU 7UDQVLWLRC
PRGHOOHG LQ WKH VDPH ZD\V DV IRXQG LQ 0%$9,6 7KH VHFRQG R/
FXUYDWXUH RI WKH GLVSODFHPHQW VXUIDFH DUH LQFOXGHG EXW Q
SUHVVXUH JUDGLHQW &XUUHQWO\ WKHUH LV QR H[SOLFLW PRGHOOL
IURP RQH FRPSRQHQW DQG WKH ERXQGDU\ OD\HU RQ WKH XSSHU VX
$ VLQJOH ZDNH FDOFXODWLRQ LV SHUIRUPHG DW WKH IODS WUDL
SURSHUWLHYVY IRU WKH XSSHU DQG ORZHU VXUIDFHV DW WKH WUDLO

7TKH FRXSOLQJ EHWZHHQ WKH YLVFRXV IORZ DQG WKH RXWHU
EH SHUIRUPHG LQ D YDULHW\ RI ZD\V ZLWKLQ )(/0$ $ VHPL LQYHUVI
SUDFWLFH WKLY DSSURDFK KDV GLIILFXOWLHY RSHUDWLQJ LQ D V
7KHUHIRUH HLWKHU D PL[ RI GLUHFW DQG VHPL LQYHUVH FRXSOLQJ
VLPXOWDQHRXY DSSURDFK LV HPSOR\HG ZKLFK KDV WKH DGGHG DGY
PHWKRG DFFXUDWHO\ SUHGLFWYV &/PD[DQG JLYHV UHDVRQDEOH YDOXH
FRQILIJIXUDWLRQ ,W KDV GHPRQVWUDWHG LWV DELOLW\ WR SUHGLFW
Rl D PXOWL HOHPHQW DHURIRLO DQG VKRFN ZDYHV RQ VODWYV 'HVS
HQKDQFHPHQWY WKDW FRXOG \HW EH PDGH WR WKH YLVFRXV PHWK
IORZ SUHGLFWLRQ QRW SUHYLRXVO\ DYDLODEOH WR WKH KLJK OLIW
&ORVLQJ UHPOWMWRXIK WKH UHVXOWY DFKLHYHG E\ 9,, WHFKQLTXHYV
WKHUH DUH VRPH DUHDV RI WKH IORZ ZKLFK PD\ UHTXLUH D VROX
HTXDWLRQV LI WKH\ DUH WR EH GHVFULEHG DGHTXDWHO\ 7KLV LV
ZKHUH ZDNH ERXQGDU\ OD\HU LQWHUDFWLRQV RFFXU $ IXWXUH FU
PHWKRG ZLOO EH LWV DELOLW\ WR DGGUHVY ZDNH GHYHORSPHQW L
HOHPHQW 7KH UHVXOWLQJ ZDNH FXUYDWXUH KDV D VLIQLILFDQW F
ZLWKLQ WKH ZDNH 7KH ODUJH SUHVVXUH JUDGLHQWYV H[LVWLQJ DFL
FODVVLFDO ERXQGDU\ OD\HU DSSUR[LPDWLRQV ,QLWLDO FDOFXODW
ORQJLWXGLQRDO VWUDLQ UDWH WHUP LQ DQ\ WXUEXOHQFH PRGHO
SUHGLFWHG OLIW DQG GUDJ

(YHQ ZLWK WKH DGYHQW RI VXSHUFRPSXWHUV PRVW 16 PHWI
D H[FHVVLYHO\ ORQJ FRPSXWLQJ WLPHV DV WKH JULG LV UHILQH
LOQDGHTXDFLHYVY LQ WXUEXOHQFH PRGHOOLQJ 7KHVH SUREOHPV FDQ
LQ ZKLFK WKH 1 6 HTXDWLRQV DUH VROYHG LQ JRQHV FORVH WR WK
VROYHG LQ WKH UHPDLQLQJ IORZ ILHOG )ORUHV HW DO XVH D
D WUDQVRQLF ZLQJ 7KLV VFKHPH VXJJHVWV D PHFKDQLVP E\ ZKLFEK



RYHU WKH 10DS RI D PXOWL HOHPHQW DHURIRLO FRXOG EH FRXSOH
ERXQGDU\ OD\HU HTXDWLRQV IRU WKH UHVW Rl WKH DHURIRLO 6XFk¥
Rl SURGXFLQJ PRUH DFFXUDWH SUHGLFWLRQV RI OLIW DQG GUDJ X¢
IRU WKH DLUFUDIW GHVLJQHU

(ISHULPHQWDO

1HDUO\ DOO RI WKH EDVLF SULQFLSOHV IRU LQIOXHQFLQJ D 10
NQRZQ IURP WKH YHU\ HDUO\ GD\V RI WKH DHURSODQH 7KH DQFHV
WR $5& 5 0 ZKLFK GHWDLOV H[SHULPHQWYV FDUULHG RXW R

F SODLQ I10ODS 60ODWVY ZHUH ILUVW FRQFHLYHG WR HOLPLQDWH

ZLQJV GXULQJ WKH ILUVW ZRUOG ZDU +D Q5R0B 0 JHIBRLGD K MWL DB G V8 R
RQ )HEUXDU\ WK GHVFULEHG WHQ \HDUV RI ZRUN RQ DHURIRL
H[WUHPH DHURIRLOV ILJ LQYHVWLIJDWHY WKH HIIHFW RQ OLI
VHFWLRQ LQWR DQ HLJKW HOHPHQW DHURIRLO VHH EHORZ

JLIXUH +DQGOH\ 3DJH V HOHPHQW DHURIRLO D f &/

7KH |10ODS EHFDPH D GHYLFH RI SUDFWLFDO LPSRUWDQFH LQ V
VXFFHVVIXO FRQFHUWHG HIIRUWY ZHUH PDGH WR UHGXFH SURILOH (
ZDUWLPH DLUFUDIW $V D FRQVHTXHQFH JOLGLQJ DQJOHV GHFUHDVH



OQFUHDVHG XQWLO ODQGLQJ DQG WDNH RIl GLIILFXOWLHYVY WKUHDW
DGYDQWDJHY 7KH IODS ZDV WKHQ DGRSWHG DV WKH REYLRXV VRO
VWDOOLQJ VSHHG DQG GUDJ WR LQFUHDVH WKH JOLGH DQJOH 7K
KDVWHQHG IODS GHYHORSPHQW ZLWK LWV VWULQJHQW ODQGLQJ DQC
'XGG\ DQG <RXQJ DOO H[DPLQH WKH EDVLF FKDUDFWH
FRQILIXUDWLRQV

$EERWW HW DO TXRWH D PD[LPXP OLIW FRHIILFLHQW RI
VORWWHG I10ODS DQG D OHDGLQJ HGJH VODW 'XULQJ WKH V DQG
ZDV GRQH RQ WZR GLPHQVLRQDO KLJK OLIW UHVHDUFK DQG E\ WKH
KDG ULVHQ WR RYHU IRU D VLPLODU FRQILIXUDWLRQ +RZHYHU WK
OD\HU FRQWURO ,Q WKH IRUP RI MHW IODSV RU ERXQGDU\ OD\HU VX
ZbV SDLG WR LQFUHDVLQJ WKH HIILFLHQF\ RI PHFKDQLFDO GHYLI
HVWLPDWLRQ RI WKHLU KLJK OLIW SRWHQWLDO &RQVHTXHQWO\ KL
SURFHVY KHDYLO\ GHSHQGDQW XSRQ H[SHULPHQWDO GDWD REWDLC
WHQGLQJ WR EHSLREAO $7TKMIJK OLIW VIVWHP ZDV GHYUDORIOW LURP
V\VWHP W EHFDPH DSSDUHQW WKDW IXQGDPHQWDO ZRUN RQ KLJ
LOQGHSHQGHQW RI WKH SUHVVXUH RI SURMHFW WLPH FRQVWUDLQWYV

%HWZHHQ DQG DQ H[WHQVLYH SURJUDPPH RI KLJK OL
RQ ERWK GLPHQVLRQDO DHURIRLOV DQG GLPHQVLRQDO ZLQJV O
ODUJH QXPEHU RI GLITHUHQW KLJK OLIW GHYLFHV DN ®DRBRW ORA WKIK €
/LIW 3URJUDRRHRULJLQY RI RMKK OLIW VI\VWHP DUH WR EH IRXQG LQ

JRVWHU HW DO GHVFULEH H[SHULPHQWDO PHDVXUHPHQW
Rl WKH IORZ DURXQG D ZLQJ ZLWK D VLQJOH VORWWHG 10DS 7Kt
UHVXOWHG ,Q PXFK ODUJHU FKDQJHV RI OLIW WKDQ YDULDWLRQ RI F
E\ WKH IODS ZDV VHHQ WR YDU\ LQ D PDQQHU VLPLODU WR WKDW SU
7KLV ZzDV WKH FDVH RQO\ ,I D UHJLRQ RI IORZ ZLWK IUHHVWUHDP W
ZLQJ ZDNH DQG I10ODS XSSHU VXUIDFH ERXQGDU\ OD\HU

IMXQJVWURP FDUULHG RXW ERXQGDU\ OD\HU VWXGLHV RQ
HTXLSSHG ZLWK D OHDGLQJ HGJH VvVODW DQG D WUDLOLQJ HGJH 10O
HIILFLHQF\ RI WKH ZLQJ DQG IODS IORZ ZDV VHQVLWLYH WR WKH PL
DQG WKH PDLQ ZLQJ XSSHU VXUIDFH ERXQGDU\ OD\HU ,QFUHDVLQJ
LQFUHDVH WKH VNLQ IULFWLRQ YDOXHV VHHQ DW WKH PDLQ ZLQJ '
IRXQG LI ERXQGDU\ OD\HU VXFWLRQ ZDV DSSOLHG DW WKH WUDLOLQ
PL[LQJ VHHPHG WR FUHDWH D PRUH VWDEOH ERXQGDU\ OD\HU DQG

FDUULHG RXW VLPLODU WHVWY RQ D 1%$&$ $ DHURIRLO DFEK
ERXQGDU\ OD\HU VXFWLRQ DW FKRUG RQ WKH PDLQ ZLQJ +H DO’
R1 OHDGLQJ HGJH VODW DQG GRXEOH VORWWHG I10DS ZLWK ERXQGTE L
VFDOH HIIHFW

'XH WR WKH PXOWLSO\ FRQQHFWHG QDWXUH RI WKH IORZ DEF
wubDLOLQJ HGJH I1ODSV FDQQRW EH WUHDWHG VHSDUDWHO\ ZKHQ V
PXOwL HOHPHQW DHURIRLO 2IWHQ WKH VODW SRVLWLRQ KDV D VX



RYHU WKH PDLQ ZLQJ DQG IODS HOHPHQWYV ZKLOH WKH IODS SULPD
IORZ DERXW WKH VODW WKH GHJUHH RI WKHVH HIIHFWV REYLRXVO
EHWZHHQ WKH VHFWLRQV LQYROYHG SDUWLFXODUO\ WKH VODW .
IDYRXUDEOH LQYLVFLG LOQWHUDFWLRQ XOWLPDWHO\ OLPLWHG E\ |
YLVFRXV HIIHFWV FRQWDPLQDWLRQ RI GRZQVWUHDP ERXQGDU\ OD\
WKH H[LVWHQFH RI DQ RSWLPXP SRVLWLRQ IRU HDFK HOHPHQW RI W
LOOXVWUDWHG WKDW RQH GHYLFH GHVLJQ RSWLPLVDWLRQ H[HUFLVE
VODW I0DS DQG LI DSSURSULDWH WKH WDE DV ZHOO (DFK LQGLYLG?>
YDULDEOHYVY ZLWK IRXU RU ILYH YDOXHV RI HDFK 7KLV WRWDOV DER
FRQVLGHULQJ WKH YDULDEOHV RI 5H\QROGY QXPEHU DQG ODFK QX
PHWKRGV IRU UHGXFLQJ WKH FRVW DQG WLPHVFDOH WKDW D SURJU
MXVWLILHY RSWLPLVDWLRQ SURFHGXUHV WKURXJK WKH LPSURYH

LPSURYHPHQW LQ WDNH RII &/PD[ HQDEOHV D LQFUHDVH LQ SD!
WDNH RII /" DOORZV D LQFUHDVH LQ SD\ORDG ZKLOH D LPSURY
OHDG WR D LQFUHDVH LQ SD\ORDG /MXQJVWURP VXUPLVHV

PXowL HOHPHQW DHURIRLO LV PRUH VHQVLWLYH WR WKH RSWLPLVD!
WKH RYHUODS YDOXHV RI HDFK HOHPHQW

9DQ GHQ %HUJ XQGHUWRRN VXUIDFH SUHVVXUH PHD'
OD\HU ZDNH WUDYHUVHYVY DQG VXUIDFH IORZ YLVXDOL]DWLRQV RQ D W
DQJOHV RI DWWDFN XVLQJ WZR GLIIHUHQW IODS JDS VHWWLQJV $
WKHRUHWLFLDQ GLUHFW LQIRUPDWLRQ RQ WKH YLVFRXV HIIHFWV 7

7KH WUDQVSRUW RI HQHUJ\ DQG PRPHQWXP E\ WXUEXOHQFH
DURXQG D PXOWL HOHPHQW DHURIRLO FDQ KDYH D GRPLQDQW UROH
RSWLPLVDWLRQ RI PXOWL HOHPHQW DHURIRLOV LV GHSHQGDQW
XQGHUVWDQGLQJ RI WKHVH WXUEXOHQW WUDQVSRUW SURFHVVHV 2(
Rl WKH DWWDFKHG IORZ LQ WKH YLFLQLW\ RI D 1%$&$ DHURIRLO
VLQJOH VORWWHG IODS 'HWDLOHG PHDVXUHPHQWYV RI WKH PHDQ YH
RUGHU 5H\QROGY VWUHVVHYVY LQ WKH ERXQGDU\ OD\HUV ZDNHV DQG
RXW WR SURYLGH LQIRUPDWLRQ XVHIXO IRU WKH GHYHORSPHQW RI 1
QHHGHG IRU DQDO\VLVY RI PXOWL HOHPHQW DHURIRLO FRQILIJXUDWLF

6LPLODU PHDVXUHPHQWY E\ 1DND\DPD HW DO RQ D WKUH
FRQVLGHUDEOH VWDWLF SUHVVXUH JUDGLHQWYV H[LVW LQ WKH WKL
FRQVLGHUDEOH I10DS GHIOHFWLRQV FXUYDWXUH HIIHFWVY PD\ EH VR
ZDNH LV IHDVLEOH 2YHUDOO WKH GDWD LQGLFDWHV WKDW WKH V
FODVVLFDO VKHDU OD\HUV

$ YLVFRXV LQWHUDFWLRQ RFFXUV ZKHQ WKH ERXQGDU\ OD\HL
IODS EHFRPHYVY FRQIOXHQW ZLWK WKH PDLQ ZLQJ ZDNH SULRU WR UH|
ORVHU HW DO DOVR VKRZ WKDW ZKHUH SRWHQWLDO IORZ LV ¢
ZDNH DQG IODS ERXQGDU\ OD\HU LH YLVFRXV VWUHVVHV FDXVHG E\
DEVHQW D ORVV RI IODS OLIW VWLOO RFFXUV 7KDW LV WKH SUHV
LQYLVFLG HIIHFW RQ WKH OLIW RI WKH IODS 7KLV FDQ EH EHQHILFLLIE



RQ WKH IODS FDQ EH GHOD\HG SRVVLEO\ UHVXOWLQJ LQ D IDYRXUDE
EHWWHU PD[LPXP OLIW

%RWK )LGGHV HW DO DQG 7KDLQ LQYHVWLIDWH W
FRPSUHVVLELOLW\ RQ WKH OLIW DQG GUDJ RI KLJK OLIW DHURIRLOV
DV VRQLF IORZ RQ WKH XSSHU VXUIDFH RI WKH VODW FDQ EH Wt
ZKLFK LQ WXUQ FDQ LQGXFH ORFDO VHSDUDWLRQ RI WKH ERXQGDU\
OD\HU ZLOO WKLFNHQ UDSLGO\ DV LW SURJUHVVHV RYHU WKH ZLQJ
GHJUDGDWLRQ LQ WKH IORZ RYHU WKH I1ODS 7KH UHVXOWLQJ GHFU}
DQG RIWHQ GHWHUPLQHV &/PD[ $OOHYLDWLQJ WKLV HIIHFW HLWKHU
WKH VODW RU PRYLQJ LW DZD\ IURP WKH PDLQ ZLQJ ZLOO UHGXFH I
KHQFH UDLVH WKH VXFWLRQ SHDN RQ WKH PDLQ ZLQJ XQWLO LW LQ
RU SUHPDWXUH VHSDUDWLRQ +HQFH DW FRQVWDQW 5H\QROGV QXPE
VHQVLWLYH WR ODFK QXPEHU HIIHFWV DV VXSHUFULWLFDO IORZ LV
ZLQJ ,QFUHDVLQJ 5H\QROGV QXPEHU DW D FRQVWDQW ODFK QXPEH
PRYH QHDUHU WR WKH PDLQ ZLQJ 7KLV LV FRQVLVWHQW ZLWK WK
PRYHPHQW WRZDUGV WKH PDLQ ZLQJ EHIRUH DGYHUVH ERXQGDU\ OL
WKH HIIHFW LV QRW DV PDUNHG DV WKDW VHHQ ZLWK ODFK QXPEHL
FRQWURO D KLJK OLIW VIVWHP ZRXOG EH H[SHFWHG WR EH OHVV VH
DV WKH ERXQGDU\ OD\HU LWVHOI ZRXOG EH PRUH WROHUDQW WR
FRQILUPHG E\ 4XLQQ

% XWWHU DQG /MXQJVWURP EHOLHYH WKDW DOWKRXJ
LQ WKH XQGHUVWDQGLQJ RI KLJK OLIW IORZV WKHUH ZLOO UHPDLQ
RQO\ EH DFKLHYHG ZLWK WKH XVH RI DFWLYH ERXQGDU\ OD\HU FF
OLPLWDWLRQV RQ WKH DELOLW\ WR HQJLQHHU YDULDEOH JHRPHWU\
ZLWK DLUZRUWKLQHVY UHTXLUHPHQWY PXVW SURYLGH SURWHFWLRQ
HQJLQH IDLOXUHV &RQVHTXHQWO\ KLJK OLIW GHYLFHVY DUH GHSOR\]
DUH RIWHQ UHTXLUHG JHQHUDWLQJ XQQHFHVVDU\ GUDJ ZKLFK ZRXO(
GLG QRW KDYH WR EH SHUPDQHQWO\ SURYLGHG 7KLV FRXOG EH D
FRQWURO ZHUH DYDLODEOH ZKHQ UHTXLUHG DOORZLQJ UDSLG GHPDC
RQ HQJLQH DQG WKUXVW SHUIRUPDQFH 7DNH RII DQG ODQGLQJ PDC
WR EH FRQWUROOHG LQ WKH PRVW HIILFLHQW PDQQHU LQ SDUDOOH
OLIW GHYLFHV WR PLQLPLVH GUDJ DQG WKH GHPDQGV PDGH RQ WKH
WKLV WR FJ FRQWURO DQG UHOD[HG VWDELOLW\ UHVXOW LQ SR
SHUIRUPDQFH

9RUWH[ JHQHUDWRUV

8QWLO YHU\ UHFHQWO\ FRPSXWDWLRQDO IOXLG G\QDPLF WHF
SUHGLFW WKH HIIHFW RI D VWUHDPZLVH YRUWH[ RQ WKH FKDUDFWHU
ERXQGDU\ OD\HU LQ DQ DGYHUVH SUHVVXUH JUDGLHQW &RQVHTXH
XQGHUWDNHQ RQ YRUWH[ JHQHUDWRUV KDV EHHQ H[SHULPHQWDO LG

9DQH YRUWH[ JHQHUDWRUV KDYH IRXQG DSSOLFDWLRQV LQ DU
RI DLUFUDIW EXIIHW ERXQGDULHYV DV D UHVXOW RI SRVWSRQLQJ VKR



XPEHU DHURIRLOV LQOHWYVY DQG GLIIXVHUV DLUFUDIW VWDOO VSL
SURGXFWLRQ LQ D WXUEXOHQW ERXQGDU\ OD\HU LV DOVR RI LQWHL
DQG KHDW WUDQVIHU
7KH SULQFLSOH RI ERXQGDU\ OD\HU FRQWURO E\ YRUWH[ JHQH
NQRZ WKHP ZDV ILUVW FRQFHLYHG E\ %¥UX\QHV DQG 7D\ORU RI WKH
3HDUFH\ SUHVHQWHG DQ H[WHQVLYH UHYLHZ RI PHDVXUH]I
YRUWH[ JHQHUDWRU DUUD\V 8VLQJ PHDVXUHPHQWY RI PHDQ D[LDO
RI WKH YRUWLFHYVY DQG GHWHUPLQHG WKH H[WHQW RI ERXQGDU\
SUHVHQFH +H GHYHORSHG HPSLULFDO UXOHV IRU WKH GHVLJQ RI
IRUHVWDOO ERXQGDU\ OD\HU VHSDUDWLRQ 6SDQJOHU DQG :HOOV
VXEVWDQWLDOO\ LQFUHDVH WKH VNLQ IULFWLRQ LQ GRZQZDVK UH
WKLQQHG OHKWD SURYLGHY D GHWDLOHG VHW RI GDWD DW D V
RI WZR HPEHGGHG YRUWH[ SDLUV 7KH IRFXV RI WKH ZRUN ZDV RQ
GLVWXUEHG ERXQGDU\ OD\HU :HVWSKDO HW DO HI[DPLQHG WKH
LQ D ]JHUR DQG VPDOO DGYHUVH SUHVVXUH JUDGLHQW 3DXOH\ HW DC
GLITHUHQW YRUWH[ SDLUV DQG WZR UHJIJXODU DUUD\V HPEHGGH
WXUEXOHQW ERXQGDU\ OD\HU ,Q JHQHUDO WKH VWXG\ RI WKH GH
HPEHGGHG LQ D WXUEXOHQW ERXQGDU\ OD\HU KDV EHHQ FDUULHG F
DGYHUVH SUHVVXUH JUDGLHQW LH IODW SODWH RU ZLQGWXQQHO
JLIHG VROLG YDQH YRUWH[ JHQHUDWRUY VXIIHU IURP WKH SHQ
LQ IORZ VLWXDWLRQV ZKHUH IORZ VHSDUDWLRQ FRQWURO LV XQQH
IURP D FRPELQDWLRQ RI KLIJKHU OHYHOV RI VNLQ IULFWLRQ GUDJ D
5DR HW DO LQYHVWLIJDWH WKH DELOLW\ RI VXEPHUJHG Y
VHSDUDWLRQ LQ D WXUEXOHQW ERXQGDU\ OD\HU HQFRXQWHULQJ D
JUDGLHQW RI VXIILFLHQW VHYHULW\ WR HQVXUH FRPSOHWH VHSDUD
RI ERXQGDU\ OD\HU FRQWURO 7KH YRUWLFHY ZHUH JHQHUDWHG
F\OLQGULFDO URGV RI VHPL FLUFXODU FURVV VHFWLRQ RU IURP W
vobwyvy 7KH YRUWH[ JHQHUDWRUYV ZHUH LPPHUVHG ZLWKLQ WKH ER:
IL[HG RQ WKH SODWH REOLTXHO\ WR WKH IUHHVWUHDP DQG DUUDQJ
7KH UHVXOWY RI WKH LQYHVWLIJDWLRQ VKRZ WKDW DQ RSWLPXP DUU
JHQHUDWRU KDV WKH SRWHQWLDO WR SHUIRUP DV ZHOO DV FRQYHC
ORUHRYHU GXH WR WKHLU UHGXFHG VFDOH WKLV FDQ EH GRQH ZLWHEK
GHVLIQ FRQGLWLRQV /ILQ HW DO LOYHVWLIJIDWH WKH :KHHOH
VXEPHUJHG YRUWH[ JHQHUDWRUV 7KH\ ILQG WKDW GHYLFH GUDJ LQ
KHLIJKW ZLWK WKH ZLVKERQH YRUWH[ JHQHUDWRUV HQKDQFLQJ VHS:E
RUGHU RI IRH IXQFWLRQLQJ PRUH DV VXUIDFH URXJKQHVYVY HOHPHC
OD\HU FRQWURO GHYLFHYV $W RU DEBKYH BHEFHDPIKWIRHFWIRIH LQ FR
WKH ERXQGDU\ OD\HU VHSDUDWLRQ 7KLV ILJXUH FRLQFLGHV ZLWK
UHJLRQ RI WKH ERXQGDU\ OD\HU JLYLQJ ZKDW DSSHDUV WR EH D O
GHYLFHYV



-HWV RI DLU LVVXLQJ WKURXJK VPDOO KROHV LQ D IORZ VXUICLC
FRQWURO RI WXUEXOHQW ERXQGDU\ OD\HU VHSDUDWLRQ 7KH PHW

WR HOLPLQDWH ODPLQDU VHSDUDWLRQ DW WKH OHDGLQJ HGJ

XVHG WKH PHWKRG WR IL[ ERXQGDU\ OD\HU WUDQVLWLRQ

KHQ DQ DLUMHW LVVXHV LQWR D VWUHDP QRUPDO WR WKH IOR
YRUWLFHY DUH IRUPHG RQH RQ HDFK VSDQZLVH HGJH RI WKH MH
VNHZLQJ WKH MHW DQG WKHUHE\ LQWURGXFLQJ VRPH GHJUHH RI
SURGXFHG D VLQJOH SHUVLVWHQW YRUWH[ :DOOLV HW DO D
SRVVLELOLW\ RI XVLQJ DLUMHWYV WR DOOHYLDWH VKRFN LQGXFHG V
E\ 5DR UHYHDOHG L WKH SK\VWLFDO PHFKDQLVP RI YRUWH[ SU
WKH SHUIRUPDQFH RI DQ RSWLPXP DUUDQJHPHQW RI DLUMHWY WR |
RI FRQYHQWLRQDO YDQH YRUWH[ JHQHUDWRUYV LQ WKHLU DELOLW\

=KDQJ HW DO DQG &4RPSWRQ HW DO LOQYHVWLIJDWH V
DLUMHW RQ WKH FKDUDFWHULVWLFV RI DQ RQFRPLQJ WXUEXOHQV
SUHVVXUH JUDGLHQW

$ SDUDPHWULF VWXG\ E\ 6HOE\ HW DO IRXQG WKDW ZKHQ
FLUFXODU DLUMHW YRUWH[ JHQHUDWRUV SURYLGHG DQ HTXLYDOH
GLPHQVLRQDO UHDUZDUG IDFLQJ UDPS :LWK MHW H[LW DUHD DQG '
FLUFXODU DLUMHWY ZHUH IRXQG WR EH HIIHFWLYH RYHU D ODUJHU

-RKQVWRQ HW DO XVH DGDSWLYH ZDOO WHFKQRORJ\ W
SUHVVXUH JUDGLHQW XSRQ WKH RSSRVLWH |IODW ZDOO RI D ORZ
HPEHGGHG YDULRXV DUUD\V RI FLUFXODU DLUMHWY %\ FRPSDULQJ
WKRVH JHQHUDWHG E\ 3DXOH\ HW DO XVLQJ YDQH YRUWH[ JHQH
DLUMHWY JHQHUDWH YRUWLFHY RI VLPLODU VWUHQJWK WR WKRVH V
VSHFLILFDOO\ LW ZDV VKRZQ WKDW D VXEVWDQWLDO UHGXFWLRQ L¢(
DLUMHW YHORFLWLHYV DERYH RI ORFDO YHORFLW\ DOWKRXJK
LPSURYHPHQW LQ WKH FRQWURO RI IORZ VHSDUDWLRQ ZRXOG QRMW
DERYH

ORUH UHFHQWO\ ZRUN E\ $NDQQL HW DO KDV VKRZQ WK
QXPHULFDOO\ WKH WKUHH GLPHQVLRQDO IORZILHOG FUHDWHG E\ SL
DQ RWKHUZLVH XQGLVWXUEHG LQFRPSUHVVLEOH WXUEXOHQW ERXQ!
HDFK DLUMHW SURGXFHV D VLQJOH VWURQJ ORQJLWXGLQDO YRUWH
ZDV LQIOXHQFHG E\ SLWFK DQG VNHZ DQJOHV HI[LW YHORFLW\ DQ
ZKLFK DFFRUG ZLWK SXEOLVKHG H[SHULPHQWDO UHVXOWYV

'LWK WKH SUHVHQW LQWHUHVW LQ KLJK OLIW VA\VWHPV DQG W
SHUIRUPDQFH QHDU VWDOO WKHUH PD\ EH FRQVLGHUDEOH EHQHIL
JHQHUDWRUYV DUH DSSOLHG WR KLJK OLIW DHURIRLOV

2EMHFWLYHYV

)LUVvWO\ D UHSUHVHQWDWLYH KLJK OLIW VI\VWHP KDG WR EH F
FRQVXOWDWLRQV ZLWK %ULWLVK $HURVSDFH WKDW D V\VWHP VLPLC(
ZRXOG EH VXLWDEOH IRU WKH FXUUHQW ZRUN W ZRXOG FRQVLVW



DQG D WUDLOLQJ HGJH )RZOHU IODS 7KH IXQGDPHQWDO QDWXUH
GLPHQVLRQDO WHVWLQJ ZDV IHOW WR EH RI PRUH EHQHILW WKDQ D
ZLQJ

$OWKRXJK WKH XOWLPDWH REMHFWLYH RI WKH ZRUN ZDV W
LPSURYLQJ WKH SHUIRUPDQFH RI KLJK OLIW VI\VWHPV WKURXJK WK
HDUO\ ZRUN ZDV WR EH FRQGXFWHG XVLQJ YDQH YRUWH[ JHQHUDWR
UHDVRQV 3UHYLRXV ZRUN HVWDEOLVKHG WKDW WKH HIIHFWV RI YL
DLUMHWY DQG WKHUHIRUH D EURDG VXUYH\ RI WKH SRVVLELOLWLH
REWDLQHG E\ WKH LQLWLDO XVH RI YDQHYV

$SSURDFKLQJ WKH SUREOHP IURP WKLV SRLQW RI YLHZ ZR
FRQVWUXFWHG IURP WKUHH VROLG HOHPHQWV LH ZLWKRXW WKH SL
JHQHUDWRUV 7KLV ZRXOG PLQLPLVH WKH LQLWLDO PRGHO PDQXIDI
DVVHVVPHQW FRXOG EH PDGH RI WKH HIIHFWV RI YDULRXV YDQH YR
WKH WZR GLPHQVLRQDO VWDOOLQJ FKDUDFWHULVWLFV RI WKH KLJK
PLJKW EHFRPH DSSDUHQW GXULQJ LQLWLDO WHVWLQJ FRXOG WKHQ
PRGHO ZKLFK ZRXOG EH VSHFLILFDOO\ IRU DLUMHWYV

7KH HIIHFW Rl DLUMHW YRUWH[ JHQHUDWRUV RQ WKH VWDOO
LQYHVWLIJDWHG LQ GHWDLO DQG DQ HYDOXDWLRQ PDGH RI WKHLU S

5XQQLQJ SDUDOOHO ZLWK WKH LQLWLDO WHVWLQJ SKDVH ZRX:
GDWD DFTXLVLWLRQ VI\WWHP WR EH UHDG\ IRU XVH LQ WHVWV LQYR



7KHRU\
+LJK OLIW VA\VWHPV

7KH SUREOHP RI REWDLQLQJ KLJK OLIW LV WKDW RI GHYHORS
ERXQGDU\ OD\HUV JHWWLQJ DOO WKH OLIW SRVVLEOH ZLWKRXW
ERXQGDU\ OD\HU FRQWURO LV QRW XVHG RXU RQO\ PHDQV RI REW
JHRPHWU\ RI WKH DHURIRLO JRU D VLQJOH HOHPHQW DHURIRLO
LPSURYHPHQW FKDQJHG OHDGLQJ HGJH UDGLXVY D IODS FKDQJHG
FDPEHU OHDGLQJ HGJH DQG FKDQJHV LQ WKH GHWDLOHG VKDSH RI V

, PRUH OLIW LV WR EH JHQHUDWHG WKH FLUFXODWLRQ DURX
,QFUHDVHG RU HTXLYDOHQWO\ WKH YHORFLW\ RYHU WKH XSSHU V>
WKH YHORFLW\ RYHU WKH ORZHU VXUIDFH +RZHYHU WKH . XWWD FR
WKH XSSHU VXUIDFH DQG ORZHU VXUIDFH YHORFLWLHY DVVXPH DQ H
RYHU WKH XSSHU VXUIDFH RI WKH DHURIRLO DUH SURGXFHG LQ RUG
JUDGLHQWY DUH UHTXLUHG WR GHFHOHUDWH WKH IORZ IURP WKH P
YHORFLW\ $JDLQ ,I WKLV SURFHVV RI GHFHOHUDWLRQ LV WRR VHY

7KHUH DSSHDU WR EH ILYH SULPDU\ PHFKDQLVPV ZKLFK HQD
JHQHUDWH WKH QHFHVVDU\ OLIW ZKLOH VLPXOWDQHRXVO\ PLQLPL
JROORZLQJ WKH SLRQHHULQJ ZRUN RI 6PLWK WKHVH DUH
L '"RZQVWUHDP HIIHFW WR D ILUVW DSSUR[LPDWLRQ DQ XSVWUHD
SRLQW YRUWH[ RI VWUHQJWK . LQ LQYLVFLG IORZ 7KH IORZ ILHOG ¢
VWUHDPOLQHYV ZKLFK DUH FRQFHQWULF FLUFOHV 7KH YHORFLW\ DW
D VWUHDPOLQH DQG RI PDIJQLWXGH . U ZKHUH U LV WKH UDGLDO GL
YRUWH[ &RQVHTXHQWO\ WKH YHORFLW\ H[SHULHQFHG DW DQ\ SRLQ
EH D UHVXOW RI D YHFWRULDO VXP Rl WKH YHORFLW\ DVVRFLDWHG Z
ILHOG DVVRFLDWHG ZLWK WKH GRZQVWUHDP HOHPHQW 7KH YHORF
HGJH RI WKH GRZQVWUHDP HOHPHQW DUH FRQVLGHUDEO\ UHGXFHG
SHDN VXFWLRQ ,Q WXUQ WKH ERXQGDU\ OD\HU RQ WKH GRZQVWUHD
DGYHUVH SUHVVXUH JUDGLHQW WKDQ WKDW ZKLFK ZRXOG EH H[SHU!
YRUWH[ 7KH GRZQVWUHDP HIIHFW GHFUHDVHV LQ PDJQLWXGH DV RQ
GRZQVWUHDP HOHPHQW ZLWK WKH SUHVVXUH GLVWULEXWLRQ WHQG|
SRLQW YRUWH]
LL &LUFXODWLRQ HIIHFW WKH FRUROODU\ RI WKH GRZQVWUHDP F
XSVWUHDP HOHPHQW LV LQ D UHJLRQ RI IORZ RI FRQVLGHUDEO\ KLJ
IUHHVWUHDP 6LQFH WKH YRUWH[ FDQ QRZ EH XVHG WR PRGHO WKH
HOHPHQW LW FDQ EH SODFHG FORVH WR WKH WUDLOLQJ HGJH RI WKH
RI WKH SRLQW YRUWH[ QRZ HIIHFWLYHO\ ORFDWHYV WKH WUDLOLQJ H
DQJOH RI DWWDFN +RZHYHU UHDOLW\ GLFWDWHV WKDW WKH . XWWELC
HGJH LH WDQJHQWLDO IORZ FRQGLWLRQ DQG VR WKH FLUFXODWLR
XQWLO WKLV FRQGLWLRQ LV VDWLVILHG 8QOLNH WKH GRZQVWUHE



ORFDOLVHG WR WKH OHDGLQJ HGJH RI WKH GRZQVWUHDP HOHPHQW
WKH FLUFXODWLRQ HIIHFW ,V IHOW RYHU WKH HQWLUH VXUIDFH RI
+L 'XPSLQJ HIIHFW WKLYV LV UHODWHG WR WKH FLUFXODWLRQ HII
XWH XPD[ ZKHUH XWH ,Vv WKH YHORFLW\ DW WKH WUDLOLQJ HGJH |
WKH PD[LPXP ORFDO YHORFLW\ H[SHULHQFHG RQ WKH VDPH HOHPHQ
LPSOLHV WKH ERXQGDU\ OD\HU KDV H[SHULHQFHG D UHGXFHG SUHV)
VHSDUDWLRQ SUREOHPV ZKLFK PD\ KDYH DULVHQ RWKHUZLVH 7KL\
UHJLRQ DQG LV VWULFWO\ RQO\ DSSOLFDEOH WR LQYLVFLG IORZ

LY 21l WKH VXUIDFH SUHVVXUH UHFRYHU\ WKH XSSHU VXUIDFH EF
HOHPHQW LV VKHG LQWR WKH ZDNH DW D VWDWLF SUHVVXUH VLJQL
SUHVVXUH 7KH UHFRYHU\ WR IUHHVWUHDP VWDWLF SUHVVXUH LV DF
LH JHUR DGYHUVH VNLQ IULFWLRQ IRUFHV SUHVHQW DQG WKH GL
DVVRFLDWHG PRPHQWXP GHIHFW LV DFKLHYHG PRUH UDSLGO\ VLQT
DERYH DQG EHORZ WKH ZDNH LQLWLDOO\ DQ\ZD\

Y )J)UHVK ERXQGDU\ OD\HU HIIHFW QHZ ERXQGDU\ OD\HUV JURZ Il
VXFFHVVLYH HOHPHQW (DFK QHZ ERXQGDU\ OD\HU ZLOO KDYH DQ
KRZHYHU VPDOO DQG ZLOO EH WKLQQHU DV LW DSSURDFKHV WKH D
DVVRFLDWHG SHDN VXFWLRQ IRU WKH HOHPHQW LQ TXHVWLRQ 71
ERXQGDU\ QHIJIRWLDWHG WKH SUHYLRXV DGYHUVH SUHVVXUH JUDGLH
ERXQGDU\ OD\HUV DUH EHWWHU DEOH WR ZLWKVWDQG VWURQJ DC
LQFXUULQJ VHSDUDWLRQ SUREOHPYV



6HSDUDWLRQ DQG VWDOO
J)RU PDQ\ KLJK

5H\QROGYVY QXPEHU IORZV WKH
IORZ ILHOG PD\ EH GLYLGHG LQWR
WZR UHJLRQV L D YLVFRXYV
ERXQGDU\ OD\HU DGMDFHQW WR
WKH VXUIDFH RI WKH DHURIRLO DQG
LL WKH HVVHQWLDOO\ LQYLVFLG
IOR Z RXWVLGH WK H ElanP(;IS%DDUUS\RUWLRQ RI WKH ERXQGDU\ OD\HU
OD\HU 7KH YHORFLW\ RI WKH IOXLG
SDUWLFOHY LQFUHDVHV IURP D
YDOXH RI JHUR QR VOLS DW WKH
ZDOO ERG\ IL[HG FRRUGLQDWHYV
WR D YDOXH ZKLFK FRUUHVSRQGYV
WR WKH H[WHUQDO IULFWLRQOHVYV

IORZ RXWVLGH WKH ZEVB%QIQQIUWKH ERXQGDU\ OD\HU WKH IORZ PD\ EH DVVXPF

OD\HU ILJ $V D UHvVXxow RWR EH LQYLVFLG

WKHVH YHORFLW\ 2bp8YHioWYFRXV ERXQGDU\ OD\HU RQ DQ DHU
VKHDU IRUFHV DUH UHODWLYHO\ DWWDFKHG IORZ
ODUJH ZLWKLQ WKH ERXQGDU\ OD\HU 2XWVLGH WKH ERXQGDU\ OD\
VR VPDOO WKDW WKH VKHDU VWUHVVHY DFWLQJ RQ D IOXLG HOHPHQ
WHUPV PD\ WKHQ EH LJQRUHG IRU WKH IORZ ILHOG H[WHUQDO WR V

7KH ORVV RI OLIW GXH WR YLVFRVLW\ LV FRPSDUDWLYHO\ V]
FRQILQHG WR WKLQ DWWDFKHG ERXQGDU\ OD\HUV :KHQ D ERXQGD!I
WKH VXUIDFH ZLWKRXW UH DWWDFKPHQW RFFXUULQJ YHU\ ODUJH
FRUUHVSRQGLQJ LQFUHDVH LQ GUDJ

6KHDU IRUFHV DQG SUHVVXUH IRUFHV DFW WR UHWDUG WKH
ERXQGDU\ OD\HU &RQVHTXHQWO\ FRQWLQXLW\ RI PDVV IORZ GLFW
LQFUHDVH LQ WKLFNQHVV 7KH VORZHU SDUWV RI WKH IORZ QHDU \
WR ]JHUR VSHHG VRRQHU



LWK IXUWKHU
GHFHOHUDWLRQ X RQ
WKH GRZQVWUHDP VLGH RI
WKH ORFXV DQG WKH
VWUHDPOLQH SDWWHUQ ZLOO
EH DV LQ ILJXUH ,Q
SDUWLFXODU WKHUH PXVW
EH RQH VWUHDPOLQH
ZKLFK VHSDUDWKXUH %RXQGDU\ OD\HU VHSDUDWLRQ LQ D S
VWUHDPOLQHV WKDW UHYHUVH SUHVVXUH JUDGLHQW
WKHLU GLUHFWLRQ DW WKH X
ORFXV IURP WKRVH WKDW VWDUW IXUWKHU XSVWUHDP 7KH RUL.
WKH SRLQW RQ WKH DHURIRLO VXUIDFH DW ZKLFK X WKH VHSDU
KDYH VHSDUDWHG IURP WKH VXUIDFH DV WKH VWUHDPOLQHV QR OR
7KHUH DUH WZR GLVWLQFW W\SHV RI ERXQGDU\ OD\HU IORZ
WUDQVLWLRQ SURFHVV IURP ODPLQDU WR WXUEXOHQW IORZ RFFXUU
WUDQVLWLRQ JRQH ,Q WKH FDVH RI IORZ SDVW DQ DHURIRLO WKH
WKH VWDJQDWLRQ SRLQW ZLWK D ILQLWH WKLFNQHVV (YHQWXDOO
XQVWDEOH DQG DQ\ VPDOO GLVWXUEDQFH WULJJHUV WUDQVLWLRQ W
DV WXUEXOHQW 7UDQVLWLRQ VWDUWV DW D SDUWLFXODU YDOXH
GLVWDQFH IURP WKH RULJLQ RI WKH ERXQGDU\ OD\HU )RU D ERXQ
WKH FULWLFDO YDOXH RI WKH 5H\QROGV QXPEHU LV DSSUR[LPDWH!
WXUEXOHQFH LQ WKH RQVHW IORZ 7UDQVLWLRQ LV KDVWHQHG LH
ORZHUHG E\ PDQ\ SDUDPHWHUV VXFK DV VXUIDFH URXJKQHVV V)
SUHVVXUH JUDGLHQW DQG ODFK QXPEHU $ WXUEXOHQW ERXQGDU\ C
ERXQGDU\ OD\HU LI WKH SUHVVXUH JUDGLHQW LW H[SHULHQFHV EHF
KHQ WKH ERXQGDU\ OD\HU LV ODPLQDU D WUDQVYHUVH H[FKD
RQ D PLFURVFRSLF
VFDOH $V D UHVXOW
VORZHU PRYLQJ
SDUWLFOHV IURP WKH
ORZHU OD\HUYV
ODPLQLL RI IOXLG
PRYH XSZDUG
FRQYHUVHO\ IDVWHU
PRYLQJ SDUWLFOHYV
IURP WKH XSSHU
OD\HUV PLJUDWH
GRZQZDUG/V

WHQG W®RJ JLIXUH ORPHQWXP WUDQVSRUW PRGHOV D ODPLC

DFFHOHUDWH WKH WXUEXOHQW



IOXLG SDUWLFOHV FORVHU WR WKH VXUIDFH 7KH
ODPLQDU ERXQGDU\ OD\HU WHQGV WR EH
UHODWLYHO\ WKLQ ZLWK OLPLWHG PDVV WUDQVIHU
DQG KHQFH UHODWLYHO\ ORZ YHORFLW\ DQG
SUHVVXUH JUDGLHQWYV H[LVW QHDU WKH VXUIDFH
ZLWK ORZ VNLQ IULFWLRQ ILJ

$ WXUEXOHQW ERXQGDU\ OD\HU
H[KLELWY D PDFURVFRSLF WUDQVSRUW RI IOXLG
SDUWLFOHYVY 7KXV LQ DGGLWLRQ WR WKH ODPLQDU
VKHDU VWUHVYVY WKHUH LV DQ HIITHFWLYH WXUEXOHQW
VKHDU VWUHVYV WKDW LV GXH WR WKH WUDQVYHUVH
WUDQVSRUW RI PRPHQWXP 7KH VORZHU
PRYLQJ SDUWLFOHYVY FORVH WR WKH VXUIDFH DUH
PRYHG ZHOO XSZDUG EHLQJ UHSODFHG E\

UHODWLYHO\ KLJK YHORFLW\)U?éhG SQ%UO%LFFLQ/VF\VS|6JI§IFF_OH RI D ERXQG
WKH RXWHU ERXQGDU\ OD\Ili'bJ D7I6I'DVW

FSLa)I—bQI\MH\L/OOXVWUDWLQJ WKH |
UHODWLYHO\ KLIJKHU VKHDU VWUHVVHYV DWD%I%H ZDOO
WKDQ WKDW I|IRU D ODPLQDU ERXQGDU\ OD\HU
7KXV WKH WXUEXOHQW ERXQGDU\ OD\HU LV WKLFNHU ZLWK FRQVLGH
WKH KLIJKHU YHORFLWLHV QHDU WKH VXUIDFH RI WKH DHURIRLO JLY
$ ERXQGDU\ OD\HU LQ DQ DGYHUVH SUHVVXUH JUDGLHQW ZLOGC
WR LWV DELOLW\ WR WUDQVIHU PRPHQWXP IURP LWV RXWHU UHJLRC
FORVHU WR WKH VXUIDFH 7KXV D WXUEXOHQW ERXQGDU\ OD\HU Z
WUDQVSRUW FDQ VXUYLYH D KLJKHU DGYHUVH SUHVVXUH JUDGLHQW
ERXQGDU\ OD\HU <HW WKH WKLFNHU WKH WXUEXOHQW ERXQGDU\
HITHFWLYH PRPHQWXP WUDQVIHU DQG KHQFH WKH PRUH HDVLO\ WKH
IURP WKH VXUIDFH RI WKH DHURIRLO
6HYHUDO SDUDPHWHUV DUH XVHG WR GHVFULEH WKH VWDWH
GLVWDQFH IURP LWV RULJLQ 7KH FULWHULD XVHG WR GHILQH WKH H
LWV WKLFNYHWYXH KHLJKW DW ZKLFK X 8H $ PRUH VLJQLILF
GLVSODFHPHQW WKLFNQHVYVY RI WKH ERXQGDU\ OD\HU JLYHQ E\

8 G\ '
r 8 H

ZKHUH 8H ORFDO YHORFLW\ RXWVLGH WKH ERXQGDU\ OD\HU ZKLF
FRQVHUYDWLRQ RI PDVV 7KH VRXUFH RI WKLV QDPH LV LQ IDFW WHEK
IORZ VWUHDPOLQHVY DUH GLVSODFHG E\ WKH ERXQGDUWQ®PLNU 7KH
VKRZQ LQ ILIXUH %\ DSSO\LQJ WKH FRQVHUYDWLRQ RI PRPHQWX
DQG DW D GLVWDQFH [ GRZQVWUHDP \LHOGV D GHILQLQJ UHODW
PRPHQWXP WKLFNQHVYV JLYHQ E\



7KLV LQGLFDWHYVY WKH WKLFNQHVV WKDW D OD\HU RI H[WHUQDO LQ"
D PRPHQWXP IORZ UDWH HTXDO WR WKH GHILFLW LQ PRPHQWXP |
ERXQGDU\ OD\HU

7KHVH SDUDPHWHUV IRUP WKH NH\ WR DQ\ ERXQGDU\ OD\HU D
RQH DQRWKHU E\ WKH 9RQ .DUPDQ PRPHQWXP LQWHJUDO HTXDWLRG
FRQWLQXLW\ HTXDWLRQ DQG WKH FRQVHUYDWLRQ RI PRPHQWXP LQ
IRUP

ZKHUH

FDOHG WKH VKDSH IDFWRU DQG FI LV WKH VNLQ IULFWLRQ FRHIILFI
DQ\ VWHDG\ LQFRPSUHVVLEOH IORZ ZKHWKHU ODPLQDU RU WXUEX(
FRQVWDQW RU YDULDEOH WHPSHUDWXUH

ORGHUQ KLJK OLIW VAVWHPYV DFKLHYH KLJK OLIW FXUYH VORSH
Rl IORZ VHSDUDWLRQ LH FRYH VHSDUDWLRQ VHSDUDWLRQ EXEEOH
VHSDUDWLRQ +RZHYHU LI WKH H[WHQW RI VHSDUDWLRQ LQFUHD
FKDUDFWHU RI WKH IORZ FKDQJHV UHVWULFWLQJ WKH OLIW FRHI
WHUPHG IORZ EUHDNGRZQ %H\RQG WKLV PDVVLYH VHSDUDWLRQ
LQFUHDVLQJ LQFLGHQFH DQG WKH DHURIRLO LV VDLG WR EH KDYH \

$V D EDVLV IRU WKH GLVFXVVLRQ RI WKH PHFKDQLVP RI WKH
KLIJK OLIW GHYLFHV WKH FODVVLFDO FODVVLILFDWLRQV RI WKH VLQ
Il LUVW :KHQ WKH LQFLGHQFH RI DQ DHURIRLO LV LQFUHDVHG WRZD
VHSDUDWHG IORZ DUH IRUPHG ZKRVH SRVLWLRQ DQG GHYHORSPHQMW
VWDOO EHKDYLRXU RI WKH DHURIRLO 7KHVH UHJLRQV DUH XVXDOO
HGJHYVY DQG LW LV FRQYHQLHQW WR FDWHJRULVH WKH EHKDYLRXU R
WKUHH EDVLF WASHV ILJ
7UDLOLQJ HGXHHYWDRLOIOHG E\ PRYHPHQW RI WKH WXUEXOHQW VHSDUD
wubDLOLQJ HGJIJH ZLWK LQFUHDVLQJ LQFLGHQFH 7KLV LV FKDUDFWH
ZLWK WKH OLIW FXUYH SHDN XVXDOO\ EHLQJ URXQGHG DQG ORVV R
ZKLFK VHSDUDWLRQ PRYHV IRUZDUG IURP WKH WUDLOLQJ HGJH LV
SUHVVXUH UHFRYHU\ FXUYH $ FRQFDYH XSSHU VXUIDFH OHDGV WR
ZKLFK FDQ EH ODUJH RYHU PXFK RI WKH UHDU RI WKH DHURIRLO DC
YHU\ UDSLGO\ &RQYHUVHO\ FRQYH[ VXUIDFHVY FDQ SURGXFH ORZ YI
HGJH DQG KHQFH FDQ DFFHOHUDWH VWDOO RQVHW +RZHYHU WKH
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JLIXUH 7UDLOLQJ HGJH VWDOOV



JUDGXDOO\ DQG WKH ORVV RI OLIW ZLOO EH OHVV VXGGHQ
/HDGLQJ HGIJE D/XWHEBO E\ VXGGHQ IORZ VHSDUDWLRQ ZLWKRXW UH DW\V
ZLWK WKH H[LVWHQFH RI D VPDOO UHJLRQ RI VHSDUDWHG IORZ QHI
2IWHQ H[KLELWHG E\ PRGHUDWHO\ WKLFN VHFWLRQV OLWWOH URX!
VWDOO 7KH ODPLQDU ERXQGDU\ OD\HU VHSDUDWHYV ZLWK WUDQVLWL
OD\HU 7KH WXUEXOHQW ERXQGDU\ OD\HU UH DWWDFKHV WR IRUP
LQFLGHQFH WKH EXEEOH VKRUWHQV XQWLO DW VRPH FULWLFDO OLIV
IDLOV WR UH DWWDFK IRUPLQJ D ODUJH VHSDUDWHG UHJLRQ RYHU
WKH UHDWWDFKPHQW LV TXLFNO\ IROORZHG E\ D IXUWKHU VHSDUDV
ERWK JLYLQJ ULVH WR D VXGGHQ VWDOO
7KLQ DHURIR&®ODWPBWHULVHG E\ IORZ VHSDUDWLRQ FORVH WR OHDG!|
DW D SRLQW ZKLFK PRYHV SURJUHVVLYHO\ UHDUZDUG ZLWK LQFUHD
DOO VKDUS HGJHG DHURIRLOV DQG RQ WKLQ DHURIRLOV ZLWK URXQC
HGJHG DHURIRLOV WKH UH DWWDFKPHQW SRLQW PRYHV SURJUHVVLY
PD[LPXP OLIW LW UHDFKHV WKH WUDLOLQJ HGJH DIWHU ZKLFK WKH
HGJH DHURIRLOV WKH VKRUW EXEEOH ZKLFK IRUPV DW ORZ LQFLGHC
EXEEOH UHVXOWLQJ LQ WKH FKDUDFWHULVWLF NLQN LQ WKH OLIW F
EXEEOH DJDLQ H[WHQGYVY UHDUZDUGYV XQWLO LW UHDFKHV WKH WUDL
GHFUHDVHYV VWHDGLO\ DQG D VPRRWK PD[LPXP UHVXOWYV

$Q DHURIRLO FDQ H[KLELW GLIITHUHQW VWDOOLQJ EHKDYLRXU
DQG D FRPELQDWLRQ RI VWDOOLQJ FKDUDFWHULVWLFVY FDQ RFFXU \
QXPEHU 7KH DGGLWLRQ RI FDPEHU FDQ VLJQLILFDQWO\ DOWHU WK

:LWK D OLWWOH WKRXJKW ZH PD\ DSSO\ WKH HPSLULFDO J>
VIVWHPV DQG SRVVLEO\ DQWLFLSDWH KRZ WKHVH V\VWHPV PD\ VW
DVVXPH WKDW WKH SRVLWLRQ RI WKH VHSDUDWH HOHPHQWY LV VXFK
SHUIRUPDQFH IRU WKH V\VWHP DV D ZKROH ([SHULPHQWY KDYH VKI
D SODLQ OHDGLQJ HGJH DQG GHSOR\HG WUDLOLQJ HGJH WKH SUHV\
OLWWOH ZLWK LQFLGHQFH )RVWHU HW DO +HQFH XQGHU FRQ
WKH PDLQ ZLQJ ZDNH WKH IODS XSSHU VXUIDFH ERXQGDU\ OD\HU G
H[SHFWHG WR EH DOPRVW LQYDULDQW ZLWK LQFLGHQFH )ODS GHS
wubDLOLQJ HGJH FDPEHU RI DQ DHURIRLO 7KLV VLIJQLILFDQWO\ LQFL
MXVW GRZQVWUHDP RI WKH PDLQ ZLQJ OHDGLQJ HGJH DQG KHQFH LV
DHURIRLO VHFWLRQ LQ WKH DEVHQFH RI DQ\ OHDGLQJ HGJH GHYLFH'
XQOHVV WKH SURILOH VKDSH LV GHVLIJIQHG ZLWK SUHYHQWLRQ RI W

$ ZLQJ ZLWK D vODW PD\ VWDOO HLWKHU DV D UHVXOW RI |
VXUIDFH RI WKH VODW RU PDLQ ZLQJ 7KH VXUIDFH RQ ZKLFK WKH I
E\ WKH JHRPHWULF SRVLWLRQ RI WKH VODW UHODWLYH WR WKH PDL
IRU D KLJK DQJOH RI URWDWLRQ RI WKH VODW UHODWLYH WR WKH PI
JUDGLHQW RQ WKH VODW XSSHU VXUIDFH LV FRPSDUDWLYHO\ PLO
JUDGLHQW DW WKH PDLQ ZLQJ OHDGLQJ HGJH 7KH UHYHUVH LV WUXH
FLUFXPVWDQFHY WKH VODW ZLOO VXIIHU D OHDGLQJ HGJH VWDOO
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JLIXUH /IHDGLQJ HGJH WKLQ DHURIRLO VWDOOV
WXUQ ZRXOG SUREDEO\ FDXVH D SUHPDWXUH VHSDUDWLRQ RQ WKH
WKH PDLQ ZLQJ )RVWHU HW DO IRXQG WKDW WKH PHUH SUHYV

LQGXFH HDUO\ WUDQVLWLRQ RI D ODPLQDU ERXQGDU\ OD\HU RQ D
UHGXFH WKH SRVVLELOLW\ RI D OHDGLQJ HGJH VWDOO



9RUWH[ JHQHUDWRUV

$Q\ WHFKQLTXH WKDW FDQ HQKDQFH WKH PRPHQWXP WUDQV
QDWXUDOO\ ZLWKLQ D ERXQGDU\ OD\HU ZLOO LQHYLWDEO\ GHOD\ VH
IRU IORZ VHSDUDWLRQ FRQWURO HPSOR\V VPDOO YDQH YRUWH[ JH
ERXQGDU\ OD\HU DKHDG RI D OLQH RI IORZ VHSDUDWLRQ 7KHLU X\
EHWZHHQ WKH H[WHUQDO VWUHDP DQG WKH ERXQGDU\ OD\HU WKDW
VKHG IURP WKH YDQHV WUDLOLQJ ORQJLWXGLQDOO\ RYHU WKH VX
ERXQGDU\ OD\HU )OXLG SDUWLFOHV ZLWK KLJK VWUHDPZLVH PRPF
SDWKV WRZDUGV WKH VXUIDFH PL[LQJ ZLWK DQG WR DQ H[WHQW UH
WR WKH VXUIDFH 7KH PHDQ VWUHDPZLVH PRPHQWXP RI WKH IOXLG
LV WKHUHE\ LQFUHDVHG 7KLV SURFHVV FRQWLQXHV IRU DV ORQJ DV
WR LPSRVH D KHOLFDO PRWLRQ RQ WKH IOXLG SDUWLFOHV 7KH PRV
UH HQHUJL]DWLRQ WR WKH ERXQGDU\ OD\HU FRXQWHULQJ WKH HIIH]
VXUIDFH VNLQ IULFWLRQ

,Q WKHLU VLPSOHVW IRUP YDQH YRUWH]
JHQHUDWRUV FRQVLVW RI D URZ RI VPDOO IODW
SODWHV ZKLFK SURMHFW SHUSHQGLFXODU WR WKH
VXUIDFH RI LQWHUHVW ILJ (DFK LV VHW DW
DQ DQJOH RI LQFLGHQFH WR WKH ORFDO IORZ
GLUHFWLRQ WR SURGXFH D VLQJOH WUDLOLQJ
YRUWH[ &R URWDWLQJ YRUWLFHV DUH REWDLQHG
E\ VHWWLQJ DOO WKH YDQHV XVXDOO\ HTXDOO\
VSDFHG WR WKH VDPH DQJOH RI LQFLGHQFH
SURGXFLQJ YRUWLFHV RI VLPLODU VWUHQJWK DW
WKH VDPH KHLJKW DERYH WKH VXUIDFH
&RXQWHU URWDWLQJ YRUWLFHYV DUH JHQHUDWHG E\
DOWHUQDWHO\ VHWWLQJ WKH YDQHV DW SRVLWLYH
DQG QHJDWLYH DQJOHV 7KH\ DUH HTXDOO\
VSDFHG LQ SDLUV RQO\ EXW DJDLQ XVXDOO\ VHW
WR SURGXFH YRUWLFHV RI HTXDO VWUHQJWK DW
WKH VDPH KHLJKW 2WKHU GHYLFHV SURGXFLQJ
YRUWH[ DFWLRQ DUH OHDGLQJ HGJH DQGWYRKOLQJ
HGJH IHQFHYV DQG OHDGLQJ HGJH
GLVFRQWLQXLWLHYV

7KH PRVW LPSRUWDQW VLQJOH IDFWRU LQ HVWDEOLVKLQJ D
SDWWHUQ LV WKH QHHG WR NHHS WKH VSDFLQJ RI DGMDFHQW YRUW
$Q HIIHFWLYH FR URWDWLQJ YRUWH[ SDWWHUQ LV RQH ZKLFK FRQ\
FORVH WR WKH VXUIDFH EXW ZKLFK DUH IDU HQRXJK DSDUW WR SlU
LV EHLQJ VZHSW RXW RQ RQH VLGH RI HDFK YRUWH[ IURP EHLQJ VZt
DGMDFHQW YRUWH[ LH WR SUHYHQW PXWXDO YLVFRXV LQWHUDFWI
VSDFLQJ RI WKH YRUWLFHV LV JUHDWHU WKDQ DERXW IRXU WLPHV \



VSDFLQJ WKDQ WKLV WKH EFERLULRWDWLQJ

7 Fc

YRUWLFHV WHQG WR GDPS RQH.DRRWKHU
IDLOLQJ WR PDLQWDLQ KLJK ﬁ(ﬁf;zﬁ-sQ:\ABr%P’”fULu
DW WKH VXUIDFH DW DQ\ SRLQW tQmWI%Hi"yFURVV
VHFWLRQ RI WKH ERXQGDU\ OD\HU ILJ

8QWLO WKLV SRLQW ZDV DSSUHFLDWHG WKH
SHUIRUPDQFH RI FR URWDWLQJ YDQH YRUWH]
JHQHUDWRUV FRPSDUHG XQIDYRXUDEO\ ZLWK
WKDW RI FRXQWHU URWDWLQJ W\SHV 2QFH
WKH VSDFLQJ LV ZHOO DERYH WKLV PLQLPXP

YDOXH WKHLU HIIHFWLYHQHVYVY [IDOOV RQO\

VORZO\ ZLWK IXUWKHU LQEHM\{-IHVSLLQN\Q%\PFSWVVXUH FRQWRXUV IR

SURYLGHG WKH YRUWLFHV DYLI&F[J\)O/LKI:'—LIPVV%%YHVIL[HG GLVWDQFH GRZ¢{
VWURQJ 6\VWHPV ZLWK G K

JHBH'['JDWRUV 3HDUFH\
IUHTXHQWO\ XVHG LQ SUDFWLFH

&RXQWHU URWDWLQJ YRUWLFHY DUH HIIHFWLYH LQ GHOD\LQJ
DV VKRZQ LQ ILIJXUH 7KLV VKRZV H[WHQVLYH UHJLRQV ZKHUH V
EHWZHHQ DOWHUQDWH SDLUV RI YRUWLFHYV +RZHYHU WKLV IDYR
PDLQWDLQHG DV WKH GRZQVWUHDP GLVWDQFH LQFUHDVHV 7KH FH
WRJIJHWKHU LQ SDLUV DQG IXUWKHU DZD\ IURP WKH VXUIDFH XQW]I

GDPSHG RXW

JLIXUH SLWRW SUHVVXUH FRQWRXUV IRU D W\SLFDO FRXQWH
3HDUFH\

(DFK YRUWH[ LQ D VI\IVWHP RI YRUWLFHY FDQQRW EH FRQVLGH
LQGXFHG RQ DQ\ RQH YRUWH[ E\ LWV QHLJKERXUV ORFDWHG RQ HLW
Rl FR URWDWLQJ YRUWLFHY ZKHUH WKH LQGLYLGXDO YRUWLFHV Dl
DERYH WKH VXUIDFH ‘H FDQ VHH WKDW WKH LQGXFHG YHORFLWLI
QHLIJKERXUV FDQFHO RXW ILJ +RZHYHU WKH YRUWH[ LV GLVS
LQGXFHG E\ WKH LPDJHV LQ WKH VXUIDFH 7KLV LV WKH VDPH IRU I
WKH V\VWHP LV GLVSODFHG ERGLO\ LQ D ODWHUDO GLUHFWLRQ W
UHVSRQVLEOH IRU WKH YRUWLFHY LQ D FR URWDWLQJ V\VWHP L PD
VXUIDFH DQG LL UHWDLQLQJ WKHLU HIIHFWLYHQHVYV IRU XS WR
WKHLU RULJLQ

7KH LQGXFHG YHORFLWLHY IRU FRXQWHU URWDWLQJ VA\VWHPYV
FKDQJH VXEVWDQWLDOO\ DV LW PRYHV GRZQVWUHDP 7TKH FRQVL



EHFRPHV YLWDO LQ WKH GHVLJQ RIYWKHVH V\}yWHRV
&RQVLGHULQJ D VI\VWHP LQ ZKL%IF:%ZLVDﬁYOO WKH YRUWLFHYV
DUH HTXDOO\ VSDFHG WKH UHVX@WDQW LQGXFHG
YHORFLW\ DW WKH FHQWUH RI DQ\'RQH YRUWH[ ZLOO
EH SDUDOOHO WR WKH VXUIDFH DV LQ Dgul;R URWDWLQJ
VA\VWHP +RZHYHU  WKH ODWHUBGOXFHGL?GXFHC?l o
YHORFLW\ LV LQ RSSRVLWH GLUHFWIRTGY*Ru bDeMDFHOW
YRUWLFHV FDXVLQJ WKHP WR PRYH WRJ;WKHU'xm_@R LPDIHV
SDLUV 2QFH SDLULQJ KDV EHJXQ WR RFEXU WKH
LQGXFHG YHORFLW\ YHFWRU UDSLGO\ URWDWHYV LQ D
GLUHFWLRQ DZD\ IURP WKH VXUIDFHHUR72KLV .
PRYHPHQW RI WKH YRUWLFHV OLPLWV WKH UDJJH RI
HIIHFWLYHQHVV IRU YRUWLFHV ZKLFK DUH RULJLQDOO\
HTXDOO\ VSDFHG WR DERXW JHdRUSWRrRU §RYRWHWLQY YRUWLFHV
GRZQVWUHDP IURP WKHLU RULJLQ +RzHYRYFRkH
GRZQVWUHDP UDQJH RI HIIHFWLYHQHVY FDQ EH FRQWUROOHG WR D
RULJLQDO DUUDQJHPHQW ILJ

7KHUH LV D QHW SHQDOW\ GUDJ DVVRFLDWHG ZLWK WKH XV
DOWKRXJK WKH PDJQLWXGH RI WKLV SHQDOW\ YDULHV ZLGHO\ Z
FRQWULEXWLRQV WR WKH GUDJ LQFOXGH WKH GUDJ RI WKH EODG
SRUWLRQ LV WKH LQGXFHG GUDJ DVVRFLDWHG ZLWK WKH YRUWLFHYV
ZLQJ VXUIDFH GXH WR WKH YRUWH[ DFWLRQ 7KHVH FRQWULEXWLR
UHGXFWLRQ LQ IRUP GUDJ RI WKH ZLQJ WKDW IROORZV IURP WK
GLVSODFHPHQW WKLFNQHVV 7KH QHW SHQDOW\ GUDJ LV D EDOI
FRQWULEXWLRQV DQG LV JHQHUDOO\ YHU\ VPDOO ([DPSOHV RI WKH
WR D VIVWHP RI FR URWDWLQJ YRUWH[ JHQHUDWRUYV

WR UHGXFH LWV GUDJ FDQ EH IRXQG LQ ILIJXUH

7KH 1OXLG LVVXLQJ IURP D MHW QRUPDO WR
WKH VXUIDFH LQWR D FRQILQHG FURVV IORZ LV
FKDUDFWHULVHG E\ D KLJKO\ FRPSOH[ IORZ ILHOG
WKDW LQFOXGHV D SULPDU\ YRUWH[ ORFDWHG LQ WKH
ZDNH UHJLRQ RI WKH MHW VHFRQGDU\ FRXQWHU
URWDWLQJ YRUWLFHY ORFDWHG LQ WKH VLGH UHJLRQV RI
WKH MHW DQG D KRUVHVKRH YRUWH[ ORFDWHG DORQJ
WKH FLUFXPIHUHQFH Rl WKH MHW 7KH SULPDU\ DQG
VHFRQGDU\ YRUWLFHV DUH ERWK KHOLFDO YRUWLFHV
7KH KRUVHVKRH YRUWH[ LV D ULQJ RI UHYHUVHG
IORZ DQG LV JHQHUDWHG E\ WKHJXWHWRQ&KDOIHMYVWR D VIVWHP RI1 F
SUHVVXUH JUDGLHQW LQ WKHRWOHPLQIXSRWWHPRHQHUDWRUYV ZKLF
YLFLQLW\ RI WKH MHW 7KH VHFRQGDUYV RUW b F W DDUHEH\



JHQHUDWHG E\ WKH VHYHUH
VKHDULQJ IRUFHV H[HUWHG E\
WKH MHW IORZ

1 WKH MHW LV
LQFOLQHG WR WKH IORZ WR JLYH
ERWK VWUHDPZLVH DQG
VSDQZLVH YHORFL W\
FRPSRQHQWV RQ H[LW RQH
PHPEHU RI WKH SDLU RI
VHFRQGDU\ YRUWLFHV LV
VWUHQJWKHQHG VLJQLILFDQWO\
ILJ 7KH DFWLRQ RI
WKH YRUWH[ IURP WKH LQFOLQHG
MHW LV VLPLODU WR WKDW RI WKH
YRUWH[ IURP DQ LQFOLQHG
YDQH ZLWK WKH DGYDQWDJH
WKDW DW FUXLVH FRQGLWLRQV
ZKHQ QR VHSDUDWLRQ LV
SUHVHQW WKH MHW FDQ EH
VZLWFKHG RIIl WR DYRLG WKH
XQGHVLUDEOH GUDJ SHQDOWLHYV
DVVRFLDWHG ZLWK YDQH
YRUWH[ JHQHUDWRUYV

YRUWLFHV WKDW DUH LQLWLDOO\ HTXDOO\ VSD

JLIXUH 9RUWH[ IRUPDWLRQ E\ SLWFKHG VNHZHG UHFWDQJXOI



([ SHULPHQWDO 7THFKQLTXHV
'LQGWXQQHO
7KH ZRUN ZDV FRQGXFWHG LQ &LW\ 8QLYHUVLW\ V 7 ORZVSH
5H\QROGV QXPEHU FDSDELOLW\ RI PLOOLRQ SHU PHWUH PV
DQG KDV D ZRUNLQJ VHFWLRQ VL]H P ZLWK FRUQHU ILOOHMW
ZRUNLQJ VHFWLRQ LV YHQWHG WR DWPRVSKHUH DW WKH UHDU DQG

YLIXUH 'LQGWXQQHO ZRUNLQJ VHFWLRQ

7ZR GLPHQVLRQDO PRGHO
$HURIRLO
(DFK HOHPHQW RI WKH KLJK OLIW V\VWHP ZDV FRQVWUXFW
PDKRJDQ\ XVLQJ D JOXH RI ORZ PRLVWXUH FRQWHQW &DVFRSKHQ
FRPSOHWLRQ 7KH ZRRGHQ VODW ZDV ODWHU UHSODFHG E\ D PXFK
ZKLFK HOLPLQDWHG WKH QHHG IRU PRXQWLQJ EUDFNHWYVY WR VXSS
VHOHFWHG SRLQWY DORQJ LWV VSDQ 7KH FKRUGZLVH SURILOH RI
ILIXUH 7KH ODS DQG JDS GLVWDQFHY DQG DQJOHV IRU WKH VOL
VKRZQ LQ ILIJXUH
+DUSRRQ EROWYV VHFXUHG WKH VODW DQG PDLQ ZLQJ HOHPH(
HQGSODWHY 7KH IODS HOHPHQW ZDV VHFXUHG WR WZR PRYHDEOH
ZHUH DOVR FRXQWHUVXQN LQWR HDFK HQGSODWH $OWKRXJIJK WKH I
DOXPLQLXP SODWHYVY DOORZHG IRU FRQVLGHUDEOH YDULDWLRQ LQ
SDUDPHWHUV LQGHSHQGHQWO\ ILJ
/IRFDWHG DW WKH PLG VSDQ RI WKH VODW PDLQ ZLQJ DQG 10D
IRXUWHHQ SUHVVXUH WDSSLQJV UHVSHFWLYHO\ 1RUPDO IRUFH FR
GHULYHG IURP WKHVH WDSSLQJYV $ UHWUDFWHG FKRUG OHQJWK RI



JLXUH +LJK OLIW V\VWHP

JLIXUH /DS DQG JDS VHWWLQJV

[ F YDOXHV ZLWK WKH PRGHO KDYLQJ VSDQ DQG GHSOR\HG FKRUG O
UHVSHFWLYHO\ 7DEOHV WR LQ $SSHQGL[ " FRQWDLQ WKH VXUIDF
7KH ORDG SDWK WR FDUU\ DHURG\QDPLF IRUFHV RXW RI WKH
Rl WZR DOXPLQLXP VSLQGOHYV PP LQ GLDPHWHU VHFXUHO\ DWWD
FRXQWHUVXQN LQWR WKH PDLQ ZLQJ DW HDFK VSDQZLVH H[WUHPLW!
ZLQGWXQQHO URRI DQG IORRU WR VLW QHDWO\ LQWR WZR VHWYV RI
ORFDWHG LQ VWHHO FURVV PHPEHUVY DWWDFKHG WR WKH ZRUNLQJ
7KH RYHUDOO HIIHFW ZDV WR KDYH WKH DHURIRLO PRXQWHG YHUWL



JLXUH OHFKDQLVP WR YDU\ IODS SRVLWLRQ

LW WR URWDWH IUHHO\ DERXW DQ D[LV WKURXJK WKH VSLQGOHYV
(QGSODWHYV
7KHVH ZHUH PDQXIDFWXUHG IURP WUDQVSDUHQW SHUVSH] |
DQG OHQJWK DV VKRZQ LQ ILJXUH SUHOLPLQDU\ FDOFXODWLRQV
WKLFNQHVYV LQGLFDWHG WKDW WKH PLQLPXP GLVWDQFH UHTXLUH
HQGSODWHYVY IRU WKHVH WR EH HIIHFWLYH LQ SUHYHQWLQJ ERXQG|
DFWXDO YDOXH XVHG ZDV PP
W zZDV HVVHQWLDO WR PDLQWDLQ DQ DLUWLJKW VHDO DW WK|
DQG WKH LQGLYLGXDO HOHPHQWY RI WKH KLJK OLIW VA\VWHP 5XEEH!
HOHPHQW XVLQJ DOXPLQLXP WHPSODWHYV ‘XULQJ PRGHO DVVHPEO
EHWZHHQ WKH HQGSODWHY DQG WKH VSDQZLVH H[WUHPLWLHV RI HD
EROWYV HQVXUHG WKH UXEEHU IRDP FRPSUHVVHG VXIILFLHQWO\ WR
WKH ORZHU VXUIDFH WR WKH XSSHU VXUIDFH
BURYLVLRQ IRU ERXQGDU\ OD\HU FRQWURO RQ WKH HQGSODWLI
DOXPLQLXP SODWHV FRXQWHUVXQN LQWR HDFK HQGSODWH DW WKUH
DQG DGMDFHQW WR WKH PDLQ ZLQJ ILJ ,QWR WKHVH |
JHQHUDWRUV RU ODWHUDO VORWVYV WKURXJK ZKLFK FRPSUHVVHG |
SUHVVXUH 7KH SODWHV FRXOG EH H[WUDFWHG LQVHUWHG ZLWKRX
PRGHO IURP WKH ZRUNLQJ VHFWLRQ



JLIXUH ORGHO VXSSRUW VWUXFWXUH RXWVLGH ZRUNLQJ VH

E IORRU

9DQH YRUWH[ JHQHUDWRU GHVLJQ
7KH HPSKDVLV LQ FKRRVLQJ WKH DUUDQJHPHQW IRU YDQH Y
SURGXFLQJ DQ DUUD\ RI YRUWLFHV WKDW ZRXOG EH HIIHFWLYH IRU
WKH XSSHU VXUIDFH RI WKH PDLQ ZLQJ 7KLV ZRXOG HQDEOH SRVVI
LQ D SUHOLPLQDU\ ZzD\ DQG SURYLGH XVHIXO JXLGH OLQHV IRU WKH
DQG ILQHO\ WXQHG DLUMHW VA\VWHPYVY 7KH ILUVW UHTXLUHPHQW WK
HQVXUH WKDW WKH YRUWLFHY UHPDLQHG FORVH WR WKH VXUIDFH 7
ZKHUH WKH ORFDO YHORFLWLHV ZRXOG HQVXUH WKDW WKH YRUW



JLXUH 'LPHQVLRQV RI HQGSODWH PP

XSVWUHDP RI DQ\ OLNHO\ VHSDUDWLRQ SRVLWLRQV 2WKHU GHWDLO

UHFRPPHQGDWLRQV JLYHQ E\ 3HDUFH\ 7KH YDQHV ZHUH RI FU
OHDGLQJ HGJH VZHHS KHLJKW PP ZLWK URRW DQG WLS FKRUGYV
$ VSDFLQJ RI PP DSDUW KHLIJKW DOORZHG IRU YDQHVY DORQ

YDQHYV ZHUH VHW DW f WR WKH XQGLVWXUEHG VWUHDP ILJ

JLIXUH /IDWHUDO VORWY LQ HQGSODWH WR IDFLOLWDWH HQGSO

&RXQWHU URWDWLQJ YDQH YRUWH[ JHQHUDWRU FRQILIJXUDWLF

[ F DQG [ F XVLQJ WKH VDPH YDQH GHVLJQ 7KH YDQHV
PP DSDUW WKH YDQHV LQ HDFK SDLU EHLQJ PP DSDUW LH ' G

VHW DW f WR WKH XQGLVWXUEHG VWUHDP 7KH YDQHV ZHUH PDQXI

DQG SUHVVHG VR WKDW HDFK YDQH KDG D VPDOO IODW VXUIDFH SU!



FKRUG 7KLV DOORZHG HDFK YDQH WR EH VHFXUHG WR WKH PRGHO E
SURYHG DGHTXDWH IRU DOO WHVW FRQGLWLRQV

$LUMHW YRUWH[ JHQHUDWRU GHVLJQ
"XFWLQJ
)DFLOLWLHV ZHUH DYDLODEOH ZKLFK DOORZHG IRU WKH VWRU
D PD[LPXP SUHVVXUH RI EDU $ KLJK SUHVVXUH DLU OLQH ZDV
ILQLVKHG HQDEOHG DLU IURP WKLV VRXUFH WR EH DYDLODEOH IU!
VHFWLRQ RI WKH ZOQGWXQQHO 7KLV SULPDU\ DLU OLQH FRQVLVW
PP 2'," UHLQIRUFHG YLQ\O WXELQJ FDSDEOH RI VXSSO\LQJ DLU D\
EDU
,Q WKH YLFLQLW\ Rl WKH ZRUNLQJ VHFWLRQ WKH SULPDU\ DL
VHSDUDWH OLQHV HDFK VXSSO\LQJ DLU WR D ODUJH VWHHO SOHQXP
DOORFDWHG IRU VXSSO\LQJ DLU VROHO\ WR WKH HQGSODWH ERXQGD
SURYLGHG DLU IRU WKH DLUMHW YRUWH[ JHQHUDWRUV LQ WKH PRG
OLQHV PP FRXOG EH DWWDFKHG WR HDFK SOHQXP FKDPEHU ZKI
ZLWKLQ HDFK SOHQXP FKDPEHU HQVXUHG DQ HTXDO GLVWULEXWLRGQ
$ OHYHU RSHUDWHG EDOO YDOYH &UDQH PP ,' FRXOG
GXFWLQJ VI\VWHP IURP WKH VWRUDJH IDFLOLW\ ZKLOH D VLPLODU VH
FKDPEHU VXSSO\LQJ DLU WR WKH DLUMHW YRUWH[ JHQHUDWRUV IUR
UHJXODWLQJ YDOYH +DOH +DPLOWRQ 3/ 0 HQDEOHG WKH GHOLYHU\
WR EH YDULHG DFFRUGLQJ WR WKH GHPDQGV RI WKH V\VWHP DW DQ
'XULQJ ZLQGWXQQHO RSHUDWLRQ HQGSODWH ERXQGDU\ OD\H
D FRQVWDQW EORZLQJ SUHVVXUH ZKLFK ZDV GHWHUPLQHG IURP ¢



GLPHQVLRQDO FRQGLWLRQV XS WR DQG EH\RQG WKH VWDOO RI
LPSOHPHQWDWLRQ RI HQGSODWH ERXQGDU\ OD\HU FRQWURO DW
HQGSODWH [IXOO XVH ZDV WKHQ PDGH RI WKH PD[LPXP SRVVLEOH Q>
IURP WKH HQGSODWH VWHHO SOHQXP FKDPEHU
SUDFWLFDO OLPLWDWLRQV RQ
WKH GHVLJQ R WKH PRGHO
SUHYHQWHG HDFK DLUMHW IURP KDYLQJ
DQ LQGLYLGXDO DLU VXSSO\ $Vv D
UHVXOW FRPSUHVVHG DLU IURP WKH
VWHHO SOHQXP FKDPEHU VXSSO\LQJ
bLU WR WKH DLUMHWY SDVVHG LQWR
VXEVLGLDU\ SOHQXP FKDPEHUYV
ORFDWHG LQVLGH WKH PDLQ ZLQJ RI
WKH PRGHO ,Q WRWDO IRXU VXFK
SOHQXP FKDPEHUV WZR SHU PRGHO
VHPL VSDQ ZHUH LQWHJUDWHG LQWR
WKH GHVLJQ RI WKH PDLQ ZLQJ DW
WZR FKRUGZLVH ORFDWLRQV ILJ
7KH FKRUGZLVH H[WHQW RI
HDFK SOHQXP FKDPEHU ZDV ODUJH
HQRXJK VR WKDW D GHJUHH RI
I OH[LELOTL WEWH FR X OG
DFFRPPRGDWHG IRU LQ WKH ORFDWLRQ
RI WKH DLUMHW YRUWH[ JHQHUDWRU
FRQILIJXUDWLRQV 7KH OHDGLQJ HGJH
SOHQXP FKDPEHU H[WHQGHG IURP

L JIXUH ODLQ ZLQJ SOHQXP FKDPEHUV IR
W R [ F ZKLOH WKH UDLOLQJ

HGJH SOHQXP FKDPEHU ZDV ORZHU VHPL VSDQ
ORFDWHG EHWZHHQ DQG [ F $ VPDOOHU SOHQXP FKDPEHU VI
HGJH SOHQXP FKDPEHU ZDV LQFRUSRUDWHG LQWR WKH GHVLJQ LQ D
FRUQHU IORZ DW WKH MXQFWLRQ RI WKH PDLQ ZLQJ DQG HDFK HQG
ZDV QHYHU QHHGHG DQG UHPDLQHG VHDOHG IRU WKH HQWLUH GXUI
SOHQXP FKDPEHUV IURP DERYH DQG EHORZ WKH ZRUNLQJ VHFWLRAQ
SUHVVXUH WDSSLQJ ORFDWLRQV OLQNHG SOHQXP FKDPEHUV DGMDFFE
PRGHO FHQWUH OLQH 2ULILFH SODWHYV ZLWKLQ WKH SOHQXP FKDPEH
RlI DLU WKURXJKRXW HDFK FKDPEHU ILJ ,Q RUGHU WR LQFRUS
GXFWLQJ V\VWHP WR WKH PRGHO KDG WR EH IOH[LEOH DQG QRW LQV
ZKLFK LV SUHVHQW DERYH WKH ZRUNLQJ VHFWLRQ

7ZR VWDWLF SUHVVXUH WDSSLQJVY PRQLWRUHG WKH SUHVVXUH
WKH PRGHO 7R FRPSOHWH WKH PDLQ ZLQJ XSSHU VXUIDFH SURILOI

FKDPEHU VKDSHG WR WKH ORFDO SURILOH RI WKH PDLQ ZLQJ XSSHU



VHFXUHG WLJKWO\ XVLQJ ZRRG
VFUHZV $Q DLU WLJKW VHDO ZDV
HQVXUHG DORQJ WKH MRLQ E\
FRPSUHVVLRQ RI D UXEEHU &
ULQJ JDVNHW 7HVWLQJ ZLWK QR
ERXQGDU\ OD\HU FRQWURO ZDV
DFKLHYHG E\ PHUHO\ WHVWLQJ
ZLWK OLGV PDQXIDFWXUHG ZLWK
QR DLUMHW SURYLVLRQ 7KH PRGHO
ZDV GHVLJQHG VR WKDW DQ
H[FKDQJH RI OLGV FRXOG RFFXU
ZLWKRXW KDYLQJ WR UHPRYH WKH
PRGHO IURP WKH ZRUNLQJ
VHFWLRQ
$LUMHW YRUWH[ JHQHUDWRU
KHUHDV JXLGH OLQHV
VLPLODU WR WKRVH GHVFULEHG E\
3HDUFH\ DLG WKH
GHVLJQHU LQ WKH LQVWDOODWLRQ RI
D YDQH YRUWH[ JHQHUDWRU
VIVWHP VLPLODU HPSLULFDO UXOHV
GR QRW H[LVW IRU JXLGDQFH LQ
WKH LQVWDOODWLRQ RI DQ DLUMHW
YRUWH[ JHQHUDWRU V\VWHP 7KH
RYHU ULGLOJ FROFHUQLWRWHUQLZYLILFH SODWH LQ RQH OHDGLQJ HG
WKH FXUUHQW ZRUN ZDV WKDW WkH FKDPEHU
YRUWLFHV JHQHUDWHG E\ DLUMHWYV ZRXOG EH IDU HQRXJK DSDUW V
LV EHLQJ VZHSW RXW RQ RQH VLGH RI HDFK YRUWH[ IURP EHLQJ VZt!
DGMDFHQW YRUWH[ 7KH ZRUN GHDOV RQO\ ZLWK DLUMHWYV KDYLQ
JUHHVWRQH VKRZHG WKDW WKH YRUWLFLW\ JHQHUDWHG E\ VXF
D FLUFXODU MHW KDYLQJ D VLPLODU FURVV VHFWLRQDO DUHD
JROORZLQJ UHFRPPHQGDWLRQV E\ 5DR HDFK UHFWDQJX
UDWLR RI ILYH DQG ZDV YHFWRUHG f IURP WKH IUHHVWUHDP GLUH
WR WKH ORFDO VXUIDFH WDQJHQW ZDV FKRVHQ WR HQVXUH DGHTXDW
PXOWLSOH VKHDU OD\HUV ZKHUH YRUWH[ IRUPDWLRQ FRXOG WKHQ
PDWFKLQJ OLGV ZLWK SURYLVLRQ IRU DLUMHWYV ZHUH SURGXFHG LQ
HGJH SOHQXP FKDPEHUV 7KH UHDU SOHQXP FKDPEHUV ZHUH OHIW Z
SUHVHQW WLPH (DFK SDLU RI OLGY FRQWDLQHG D GLIIHUHQW DLUMH
HDFK VI\VWHP SRVLWLRQHG V\PPHWULFDOO\ DERXW WKH PRGHO FHQ
URWDWLQJ V\VWHP DW [ F ZLWK WKH FHQWUH RI HDFK MHW VSO
VHFRQG DQG WKLUG SDLUV FRQWDLQHG FRXQWHU URWDWLQJ V\VWH



WH LPSURYHG SHUIRUPDQFH RI
WKH KLJK OLIW V\WWHP ZLWK WKH
FR URWDWLQJ DLUMHW YRUWH]I
JHQHUDWRUV LQVWDOOHG DW
[ F PHULWHG GHWDLOHG
VWXG\ RI WKH VKHDU OD\HUV
DERYH WKH KLJK OLIW V\VWHP
'LWK WKH FR URWDWLQJ VI\VWHP LW
ZDV LQHYLWDEOH WKDW RQH DLUMHW
DGMDFHQW WR DQ HQGSODWH ZRXOG
SURGXFH YRUWLFLW\ ZKLFK ZRXOG
EH GHWULPHQWDO WR WKH FRUQHU
IORZ DQG DV D UHVXOW WKLV DLUMHW
ZDV  H[FOXGHG IURP WKH
GHVLJIQ
7KH UHFWDQJXODU VORW
IRU HDFK DLUMHW [ PP
ZDV PLOOHG LQWR D VROLG
ZRRGHQ SOXJ PP GLDPHWHU
DQG PP WKLFN (DFK DLUMHW
YRUWH[ JHQHUDWRU SOXJ ZDV
WKHQ LQVHUWHG LQWR WKH ZRRGHQ
OLG DW WKH DSSURSULDWH ORFDWLRQ
DRG JOXHG LQWR SODFLyH HVMVY URWDWLQJ DLU MHW YRUWH[ JHQF
FRQGXFWHG SULRU WR OLG
PDQXIDFWXUH UHYHDOHG WKDW VKHDULQJ IRUFHV LQ WKH UHJLRQ |
WR FDXVH IDLOXUH RI WKH SOXJV ZKHQ LQVHUWHG LQWR D ZRRGHQ
WKH OLGV VHDOLQJ WKH OHDGLQJ HGJH SOHQXP FKDPEHUV 7KH WRYV
FKDPEHU WR VXEMHFW D VLPLODU VKHDU IRUFH ZDV FDOFXODWHG W
LQ WHVWYV



6KHDU OD\HU UDNHYV
SLWRW
,Q DQWLFLSDWLRQ RI H[DPLQLQJ VKHDU OD\HUV ZKLFK PD\ KD
R Rl WKH DHURIRLO FKRUG OHQJWK LW ZDV GHFLGHG WR FRQV
DW GLIITHUHQW FKRUGZLVH ORFDWLRQV RQ WKH XSSHU VXUIDFH RI W
LQFLGHQFH 7KLV ZRXOG SUHYHQW IORZ LQIRUPDWLRQ IURP EHLQJ
WRR VPDOO D UDNH WRZDUGYV WKH WUDLOLQJ HGJH RI WKH DHURIRL
WRZDUGYV WKH OHDGLQJ HGJH RI WKH DHURIRLO DW ORZ LQFLGHQF!

JLIXUH 9DULRXV UDNHV XVHG LQ VKHDU OD\HU H[SORUD

%RWK UDNHV ZHUH FRQVWUXFWHG XVLQJ VWDLQOHVYV VWHHO W
FRQQHFWHG WR YLQ\O WXELQJ PP 2',” 7KH ODUJHU UDN
DSSUR[LPDWHO\ PP EHWZHHQ FHQWUH OLQHV ULVLQJ WR D KHLJK
VXUIDFH 7KH VPDOOHU UDNH FRQWDLQHG WXEHV DSSUR[LPDWHO
RI PP DERYH WKH PRGHO VXUIDFH $IWHU PDQXIDFWXUH D WUD
WR ORFDWH WKH SRVLWLRQ RI HDFK WXEH LQ HDFK UDNH WR ZLWKIL

([SORUDWLRQV ZLWK WKH SLWRW UDNHV ZHUH FDUULHG RXW I
$W HDFK FKRUGZLVH SRVLWLRQ D UDNH ZRXOG SURYLGH GDWD DW Q
IRU D JLYHQ LQFLGHQFH DQG FRQILJXUDWLRQ HQDEOLQJ D WKUHH
WKH VKHDU OD\HU VWUXFWXUH

6WDWLF UDNH

7KH VWDWLF UDNH ZDV PDQXIDFWXUHG IURP VOLJKWO\ ODUJ
WXELQJ PP 2'," 1LQH WXEHV ZHUH XVHG DW PP LQWH!L
OHQJWK RI PP ILJ ,Q WKH HYHQW WKLV UDNH ZDV XVHG RQO
DV WR WKH ZKHUHDERXWVY RI WKH YRUWLFHV IRUPHG E\ WKH DLUM



FDOLEUDWHG DQG WKH GDWD LW SURYLGHG FDQ RQO\ EH WUHDWH ¢
PDJQLWXGH

5DNH VXSSRUW

7ZR SRVVLELOLWLHV ZHUH DYDLODEOH IRU SURYLGLQJ D VROX
UDNHV LQ SODFH DERYH WKH DHURIRLO VXUIDFH $WWDFKLQJ WKH
H[WHQGLQJ XSVWUHDP IURP EH\RQG WKH WUDLOLQJ HGJH RI WKH DH
WR WKH H[FHVVLYH PRYHPHQW ZKLFK ZRXOG EH VHHQ DW WKH UDN
RQH RWKHU VROXWLRQ ZKHUHE\ WKH UDNHV ZRXOG EH IL[HG LQ SC
XSSHU VXUIDFH

'RYHWDLOHG VORWY ZHUH PDFKLQHG LQWR WZR DOXPLQLXP E
LQ D VSDQZLVH RULHQWDWLRQ LQWR WKH XSSHU VXUIDFHV RI WKH
UXQQHUV ZHUH DOORZHG WR WUDYHO DORQJ WKH OHQJWK RI HDFK
VWUXFWXUH ZDV VHFXUHG WR WKH WZR UXQQHUV E\ WZR VPDOO WK
LQ WXUQ ZHUH WKHQ VHFXUHG WR WKH VWUHDPOLQH VWUXFWXUH
GLDPHWHU 7KLV PHWKRG RI VHFXULQJ WKH UDNHV LQWR SODFH DO
DQG VSDQZLVH GLUHFWLRQV DQG DV ZLOO EH VHHQ ODWHU SURY
H[DPLQLQJ WKH VKHDU OD\HU VWUXFWXUH DERYH WKH DHURIRLO
EH\RQG WKH WUDLOLQJ HGJH RI WKH DHURIRLO SURYLGHG WKH PH
DVVRFLDWHG ZLWK WKH UDNHV DZD\ IURP WKH FORVH YLFLQLW\ RI \
UDNH ZLWK WKH VWUHDPZLVH GLUHFWLRQ ZDV DFKLHYHG XVLQJ D
PDGH VTXDUHV

'DWD HUURU DVVHVVPHQW

$00 GDWD DFFXPXODWHG IURP H[SHULPHQWDO VRXUFHV FDUU
VRPH GHJUHH 7KH YDOLGLW\ RI WKH GDWD PD\ EH RSHQ WR GRX
XQDFFHSWDEO\ ODUJH $00 QHFHVVDU\ VWHSV PXVW WKHQ EH WDNF

$HURIRLO

$IWHU WKH PDQXIDFWXUH RI WKH PRGHO ZDV FRPSOHWHG D °
FRQILUPHG WKH SRVLWLRQV RI WKH FKRUGZLVH VWDWLF SUHVVXUH
VSHFLILHG PRGHO GLPHQVLRQV ZHUH FRUUHFW WR ZLWKLQ PP 3
Rl WKH ZRRG XVHG WR FRQVWUXFW WKH PRGHO WKH EUDVV VWDWL
IURP WKH ZRRGHQ VXUIDFH QHFHVVLWDWLQJ UHPRYDO WKURXJK Jt

7KH PRGHO LQFLGHQFH ZDV PHDVXUHG E\ WZR VHSDUDWH PHW
FHQWUH OLQH 7KH HQGSODWH DGMDFHQW WR WKH ZLQGWXQQHO 10
VFRUHG DORQJ LWV HQWLUH OHQJWK $ EUDVV DUF UDGLXV RI FXUY!
LQFLGHQFH VFDOH EHWZHHQ f DQG f DQG FRXQWHUVXQN LQWR Wt
URWDWHG WKH OHDGLQJ HGJH RI WKH HQGSODWH SDVVHG RYHU V
LQFLGHQFH WR *“ f 7KH FKRUG OLQH PDUNHG RQ WKH ORZHU H
LQFLGHQFH VHWWLQJ WR EH UHSHDWHG WR ZLWKLQ * f $ VHFR
DWWDFKHG WR RQH RI WKH PP GLDPHWHU VSLQGOHV DERXW ZKLF
SDVVHG WKURXJK WKH ZLQGWXQQHO URRI 7KLV SRLQWHU PHDVXUH
D VHFRQG VFDOH WR DQ DFFXUDF\ RI *“ f 7KH WHVW SURFHGXUH



W VHWWOH DW WKH UHTXLUHG 5H\QROGY QXPEHU DQG WKHQ LQFUHLEL
VRXJKW 7KLV DOORZV WKH YRUWLFHY WR EH LOWHUDFWLQJ ZLWK V
VWDOO LQFLGHQFH LV UHDFKHG 7KLV LV EHQHILFLDO LQ WKDW DW
LQFLGHQFH WKH YRUWH[ JHQHUDWRUYVY ZLOO EH SUHYHQWLQJ WKH E
WKDQ ILUVW KDYLQJ WR DWWDFK LW DIWHU ZKLFK DWWDFKPHQW
SUHYHQWY PHDVXUHG SUHVVXUHV IURP VXIIHULQJ K\WWHUHVLV HIIF

BUHVVXUH PHDVXUHPHQW

'XH WR WKH W\SH RI DHURIRLO XQGHU WHVW DQG WKH QHHG
ZKHUH DFFHVV ZLWK EUDVV WXELQJ SURYHG WR EH GLIILFXOW
WUDQVGXFHUV ZDV LQLWLDOO\ IHG LQWR DQ RVFLOORVFRSH WR |
SQHXPDWLF YLQ\O WXELQJ SUHVVXUH WUDQVGXFHU FRPELQDWLRQV
RI WKH PD[LPXP SRVVLEOH VFDQQLQJ UDWH ZKLFK FRXOG EH XVHG
V\VWHP

$ SURFHGXUH ZDV GHYHORSHG ZKLFK DOORZHG WKH & V \
GHULYDWLRQ RI WKH VWDQGDUC?_fH_('I.'”XDWLRQ

&s @
9SL |
JLYLQJ o oot A e
VAR
$VVXPLQJ v 3xX 3 3
3w 3 . 3 3
¥3- . 3 3

ZKHUH 3U 3 LV WKH VWDWLF SUHVVXUH GURS DORQJ WKH WXQQHC
SUHVVXUH LQ WKH FHQWUH RI WKH ZRUNLQJ VHFWLRQ JLYHYV

3 3DWPRYV 3 3DWPR]j

&s
%\ FDOLEUDWLQJ WKH WXQQHO ZH REWDLQ . .. DQG . W Z
DQG . VR WKDW
fZetec Z f—ote
7KLV LV OLQH W R LQ WKH VRIWZDUH OLVWLQJ VKRZQ FKDSWEF

8VvVLQJ WKLV PHWKRG WR FDOFXODWH &SV HOLPLQDWHYV WKH
Rl WKH SUHVVXUH WUDQVGXFHUYV ,QVWHDG VR ORQJ DV WKHLU R}
ZLWKLQ WKH UDQJH XVHG &SV FDQ EH GHULYHG IURP YROWDJH X
FHUWDLQ SRUWV RQ HDFK VFDQLYDOYH WR EH UHVHUYHG IRU WKH S
NQRZQ 7KHVH ZHUH FKRVHQ DV SRUW ZLQGRII SU SDWPRV D
RWKHU SRUW PRQLWRULQJ 3 3DWPRV (TXDWLRQ ZDV PRGLILHG |
FKDQJHV LQ WXQQHO VSHHG ZKLFK RFFXU LQ WKH WLPH SHULRG EH
SU SDWPRVVBE®WPR/ 7KH DFFXUDF\ ZKLFK FRXOG EH DFKLHYHG LQ W
GHSHQGV RQ WKH FDSDELOLW\ RI WKH $'& V SUHVHQW LQ WKH &('
WR 9 D ELW $00 YROWDJH VLJQDOV * YROW UDQJH ZHUH KDQGO



P9 $ FRQVWDQW WXQQHO VSHHG RI PV JDYH D SUHVVXUH GLIIHL
P9 DQG KHQFH D UHVROXWLRQ ,Q H[FHVV RI * FRXOG EH DFK
BHULRGLF FKHFNLQJ RI WKH FDOLEUDWLRQ IRU HDFK $'& ZDV FDUULH
DFFXUDWH WR G SV WR HDFK DQG HQVXULQJ WKDW WKH &(' F
YROWDJH WR LWV HTXLYDOHQW ELW GHVLIJQDWLRQ

'LQGWXQQHO FRUUHFWLRQV

'LWK UHIHUHQFH WR 3DQNKXUVW +ROGHU D ZLQJ RI
VIPPHWULFDOO\ SODFHG EHWZHHQ WKH URRI DQG IORRU RI D FORVFE
FRPSOHWHO\ VSDQQLQJ WKH EUHDGWK E KDV DQ DVWRIFQ DWHRG GHJ
GLPHQVLRQDO IORZ JLYHQ E\ WKH H[SUHVVLRQ

FV UN
Q

ZKHUH

7TKH ZDNH EORFNDJH HZ LQ WZR GLPHQVLRQDO IORZ LV JLYH

K‘7

ZKHUH &7 LV WKH PHDVXUHG GUDJ FRHIILFLHQW 7KH HIIHFWLYH L
LQGXFHG XSZDVK Z DQG LQFUHWMDYHDRI VWRFLIGHQIFAKRUG SRLQW DUH

B a & /U

D) DU 2 &w & PW
8 K 17 07

ZKHUH VXEVFULSWYV 7 DQG ) UHIHU WR WKH PHDVXUHG WXQQHO YDO
YDOXHV UHVSHFWLYHO\ 7KHVH IRUPXODH DSSO\ WR WKLQ W F
PRGHUDWH FDPEHU GLVWULEXWLRQ DQG D VPDOO FKRUG OHQJWK W
TXHVWLRQ LV KLIJKO\ FDPEHUHG DQG ORDGHG DQG KDV D W K UDWLI
PDIJQLWXGH RI WKH ZDNH DQG VROLG EORFNDJH FRUUHFWLRQV ZRX
FDOFXODWHG E\ WKH DERYH IRUPXODH $SSOLFDWLRQ RI WKH DERY
XQMXVWLILDEOH RQ WKHVH JURXQGYV DQG SURGXFH LQFRUUHFW IUH
7KH RQO\ PHWKRG Rl ZKLFK WKH DXWKRU LV DZDUH ZKLFK FR
UHVXOWYV IRU LQWHUIHUHQFH HIITHFWYVY DQG SURGXFH HTXLYDOHQW |
"HHNV +RZHYHU WKH REMHFWLYH RI WKH ZRUN LV QRW WR ¢
UDWKHU LW LV WR XQGHUWDNH FRPSDUDWLYH WHVWLQJ



'DWD DFTXLVLWLRQ V\VWHP
'LWK WKH HPSKDVLV LQ FRPSXWHU WHFKQRORJ\ PRYLQJ DZ
FRPSXWHU WR ,%0 3& V KDYLQJ WKH VHULHV SURFHVVRU FKL
RSHUDWLQJ HQYLURQPHQWY LW ZDV IHOW WKDW WKH FXUUHQW Z
XSGDWH WKH 'HSDUWPHQW V GDWD DFTXLVLWLRQ WHFKQLTXHV 3L
IXWXUH GDWD WUDQVIHU SURFHVVHV EHWZHHQ %%& ODVWHU FRP S
VIVWHPV WKH ODWWHU SURYLGLQJ JUHDWHU RSSRUWXQLWLHV WR
$W WKH KHDUW RI WKH QHZ V\WVWHP LV WKH XVH RI D 3& LQ FR
(OHFWURQLF 'HVLJQ &(' 7KLV LV DQ LQWHOOLJHQW FRPSXW
& PLFURSURFHVVRU _E\WHV RI PHPRU\ VRIWZDUH LQ 520 D
FRPSXWHU DQG D ZLGH UDQJH RI LQSXW RXWSXW KDUGZDUH ,W FD
ZDYHIRUP GLJLWDO DQG WLPLQJ VLIJQDOV 8VLQJ LWV RZQ SURFH!
FRQWURO RI WKH KRVW FRPSXWHU LW PDNHV FRPSOH[ UHDO ZRUO
& ('
7KH LV D PXOWL WDVNLQJ V\VWHP 7KLV PHDQV WKDW |
GHVLJQHG WR DOORZ PRUH WKDQ RQH SURFHVV WR EH FDUULHG RXV
WKH PDLQ DFWLYLW\ RI WKH FDUULHV RQ DV QRUPDO EXW L
KDUGZDUH FDXVLQJ WKH SURFHVVRU WR H[HFXWH D GLIIHUHQW SU
WR WKH PDLQ DFWLYLW\ H[DFWO\ ZKHUH LW OHIW RIl 7KHUH DUH W
QRW XVH PXOWL WDVNLQJ EXW VLPSO\ H[HFXWH ZKHQ LQYRNHG 7
W\SH LQ ZKLFK IRU PD[LPXP VSHHG DOO RWKHU SURFHVVRU WDVNV
LV VDPSOHG DW WKH IDVWHVW SRVVLEOH UDWH 7KH VHFRQG LV |
EDFNJURXQG ZKLOH DQ LQWHUUXSW GULYHQ FRPPDQG DOVR UXQV
FRPPDQGY &RPPXQLFDWLRQ EHWZHHQ WKH 3& DQG WKH LV DFKL
LQVWDOOHG RQ WKH KRVWV PRWKHU ERDUG $ SLQ VHULDO OLQH
FDUG WR WKH

)JXQGDPHQWDOV RI XVH
7KH FRPSXWHU FRPPXQLFDWHYVY ZLWK WKH WKURXJK WKH
PXVW EH '26 RU ODWHU 7KH FDQ EH GULYHQ DV LI LW ZHUH

WKDW LV DEOH WR UHDG DQG ZULWH WH[W VWULQJV FDQ EH XVHG
PRQLWRU VRIWZDUH LQWHUSUHWY HDFK WH[W VWULQJ DQG LQYRNH
RXW WKH DFWXDO WDVN UHTXHVWHG $Q HUURU ZLOO EH JHQHUD)
FRPPDQG ZDV QRW SUHVHQW LQ WKH PHPRU\ LI WKH FRPPDQG
RU LI WKHUH zZzDV DQ HUURU GXULQJ H[HFXWLRQ

$ FRPPDQG FRQVLVWYV RI D OLVW RI $6&,, FKDUDFWHUV W
RU 5(7851 FKDUDFWHU 7KH FRPPDQG VWULQJ FDQ EH VSOLW LQWR
FRPPDV $Q LWHP FRXOG EH D QXPEHU D FKDUDFWHU D OLVW RI Q
D VWULQJ RI FKDUDFWHUYVY +RZ PDQ\ LWHPV DUH SUHVHQW GHSHQG'
FRPPDQGV DUH
(55 '$& $'&



FRPPDQGV REH\ D QXPEHU RI FRQYHQWLRQV 7KH PRVW IXQGDP
LQ WKH FRPPDQG VWULQJ LV WKH FRPPDQG QDPH D WH[W VWULQJ F
7KH UHVW RI WKH LWHPV LQ WKH FRPPDQG VWULQJ DUH FRPPDQG SD
DFWLRQ UHTXHVWHG E\ WKH XVHU
OHPRU\
7KH FRQWDLQV ERWK 520 DQG 5%$0 FKLSV 7KH VRIWZDUt
LQFOXGHY VHOIlI WHVW SURJUDPV ZKLFK DUH H[HFXWHG RQ SRZHU X!
UHG /(" RQ WKH IURQW SDQHO D VPDOO PRQLWRU RU RSHUDWLQJ V!
UHIHUUHG WR DV EXLOW LQ FRPPDQGYV 2WKHU FRPPDQGV W
DFTXLVLWLRQ WDVNV PXVW EH ORDGHG SULRU WR XVH LQ WKH 5
PHPRU\ LV RQO\ XVHG WR VWRUH FRPPDQGV WKDW DUH ZDQWHG IR
PD[LPXP DPRXQW RI PHPRU\ LV OHIW IUHH IRU GDWD VWRUDJH 7K}

XQGHU E\WHV DQG VHOGRP PRUH WKDQ FRPPDQGY DUH ORDGH
FRPPDQG LV WKH ODUJHVW DW .E\WHYV
7KH XVHU PHPRU\ VWDUWYV DW DGGUHVV JHUR DQG FRQWL

SRVLWLRQ DV FRPPDQGYV DUH ORDGHG WKH FHLOLQJ PRYHV GRZQZL
DYDLODEOH WR WKH XVHU IRU GDWD VWRUDJH LQ WKH VWDQGDUG X
DSSOLFDWLRQV QHHG WR FDSWXUH ODUJHU DPRXQWV RI GDWD DW
DYDLODEOH WR RU OE\WHV RI 5%0

+DUGZDUH VHWWLQJV

7KH VWDQGDUG KDQGOHY DOO YROWDJH VLIJQDOV WR E

6RPH DSSOLFDWLRQV GR QRW QHHG WKLV UHVROXWLRQ DQG \RX
IDVWHU SHUIRUPDQFH E\ FKRRVLQJ WR XVH RQO\ WKH WRS ELWV
$'& UHDGLQJV FDQQRW UHVROYH WIRWE N\KRWHRW WKWDWQILRQ RI D VWHDG\

IOXFWXDWH E\ RU XQLwy 7KH GDWD UHSUHVHQWDWLRQ LV M.
UDQJH DV IROORZYV

LWV LQ ZRUG YH IXOO VFDOHWWHS VL]H “YH IXOO VFDOH
YROWYV P9 YROWYV
YROWYV P9 “
7TKH VWDQGDUG KDV D IXOO VFDOH YROWDJH UDQJH IRU W
PD\ EH UHDGLO\ DOWHUHG WR * YROWY WKH VDIH OLPLW EHLQJ *
VKRXOG GLIIHU E\ PRUH WKDQ YROWYV 6LIJIQDOV VKRXOG EH DP

PD[LPXP DPSOLWXGH LV EHWZHHQ KDOI DQG IXOO VFDOH RU SRWHQW
LPSHGDQFH RI WKH $'& V LV DSSUR[LPDWHO\ ORKP 7KH IXOO VFDO
VLPLODUO\ * YROWYV RU *“ YROWY 7KH\ DUH FDSDEOH RI GULYLQJ



RW PHDQW WR EH SRZHU GULYHUV KRZHYHU DQG WKHLU VHWWC
LPSHGDQFHY EHORZ .RKPV 7KH '$& V DUH VKRUW FLUFXLW SURRI
(OHFWULFDO ,QVWUXPHQWDWLRQ

7KH GDWD DFTXLVLWLRQ V\VWHP LV FRPSRVHG RI WZR VHSD
SUHVVXUH PHDVXUHPHQW FLUFXLW DQG WKH 6FDQLYDOYH FRQWURC

UHVVXUH PHDVXUHPHQW FLUFXLW

7KH '"UXFN SUHVVXUH WUDQVGXFHU 3'&5 LV D VSHFLDO SXUS:¢
VSHFLILFDOO\ IRU VFDQQLQJ DSSOLFDWLRQV ,W IHDWXUHYV H[FHOO
D YHU\ ORZ YROXPH DOORZLQJ IDVW VFDQQLQJ UDWHV W LV GHVLJ
RI D 6FDQLYDOYH $ SUHVVXUH GLIIHUHQFH DSSOLHG DFURVV WKH
FROQOWDLQHG ZLWKLQ WKH WUDQVGXFHU FDXVHV GHIOHFWLRQ RI WK
DQ LOWHJUDO SDUW RI D VWUDLQ JDXJH EULGJH DQG WKH FRQVHTX
WKH GLDSKUDJP LV VHHQ DV D FKDQJH LQ SRWHQWLDO DFURVV WKH

7KH H[FLWDWLRQ YROWDJH IRU WKH SUHVVXUH WUDQVGXFHU L
EULGJH FRQGLWLRQLQJ XQLW 7KLV LV D FRPELQHG EULGJH GF SR
HQHUJL]DWLRQ DQG EDODQFH IDFLOLWLHV IRU RU DFWLYH DUP
IRUP )J)URQW SDQHO FRQWUROV DOORZ IRU EULGJH VXSSO\ YROWDJ|
SRWHQWLRPHWHU DQG DGMXVWPHQW RI EULGJH RIIVHW E\ WHQ W
FROQMXQFWLRQ ZLWK WKH 3'&5 SUHVVXUH WUDQVGXFHU WKH XQl
FRQVWDQW YROWDJH RSHUDWLRQ

7KH RXWSXW VLIJQDOV XVXDOO\ DVVRFLDWHG ZLWK GF EULGJH
RU PLOOLYROW UDQJH 7R DYRLG ORVLQJ UHVROXWLRQ RI WKH VLJQ

EH DPSOLILHG SULRU WR LQSXW LQWR D $'& FKDQQHO 7KH )\GOl
3UHVVXUH PEDU P9 RKP
+] +]

JLIXUH BUHVVXUH PHDVXULQJ FLUFXLW

DPSOLILHU LV XVHG IRU WKLV SXUSRVH 8VLQJ WKH DPSOLILHU ZLW



WH PD[LPXP H[SHFWHG RXWSXW IURP WKH VRXUFH VD\ P9 HQDEO!
[ WR REWDLQ D XVHIXO RXWSXW YROWV ZKLFK LQWR D ORDG
9DULDEOH JDLQ IURP [  WR | FDQ EH VHOHFWHG ZKLOH D W X U
VKLIW FDSDELOLW\ RYHU WKH IX0O0 YROWDJH RXWSXW UDQJH 'LIIH
HDFK WUDQVGXFHU DFFRUGLQJ WR WKH PDJQLWXGH RI WKH SUHVVX
WR PRQLWRU 7KH SUHVVXUH PHDVXULQJ HOHFWULFDO FLUFXLW LV

6FDQLYDOYH FRQWURO FLUFXLW

7KH FRPPRQ 6FDQLYDOYH SUHVHQW LQ PRVW $HURQDXWLFDO
VFDQQLQJ W\SH SUHVVXUH VDPSOLQJ VFDQQHU FDSDEOH RI PHDV:
6FDQLYDOYH HQDEOHV RQH LQWHJUDO SUHVVXUH WUDQVGXFHU DQG
ZRUN RI XS WR WUDQVGXFHUV VDPSOLQJ GLITHUHQW SUHVVXUH
VHYHUDO LQGLYLGXDO PRGXOHV HDFK ZLWK WKHLU RZQ SDUWLFXOD
WKH FXUUHQW ZRUN SURYLGHV VHTXHQWLDO FRQQHFWLRQ RI HDF
SUHVVXUH WUDQVGXFHU $ SRVLWLRQ WUDQVPLWWHU HOHFWULFDOC
DQG WKH VFDQQHU ZKLFK IRUPV WKH PDLQ ERG\ RI WKH 6FDQLYDO)
QHFHVVDU\ WR DOORZ HDFK SRUW DFFHVV WR WKH SUHVVXUH WU
FRQQHFWLRQ ZKLFK DWWDFKHVY WR WKH VFDQQHU DW RQH HQG !
FRQQHFWLRQ RI SUHVVXUH OLQHV WR WKH 6FDQLYDOYH

7KH VWDQGDUG KDV ELWV FRQWUROOLQJ GLIJLWDO LQS
VLWXDWHG DW WKH H[WUHPH ULJKW RQ WKH IURQW SDQHO RI W
SHUPDQHQWO\ DVVLIJQHG WR LQSXW DQG HLJKW DV RXWSXW 7KH UHI
RXWSXW SRUW PD\ EH DVVLJQHG LQGLYLGXDOO\ E\ WKH XVHU DV HLV
7KH SHUPDQHQWO\ DVVLJQHG ELWV DSSHDU WR WKH XVHU DV WKH K
ZRUG WKH XVHU DVVLJQDEOH ELWV DSSHDULQJ DV WKH ORZ E\
SRUW LV XVHG IRU WKH FXUUHQW DSSOLFDWLRQ

7ZR ELWV LH OLQHV DUH UHTXLUHG WR FRQWURO HDFK 6FD
VWHS %\ VHWWLQJ WKH GLUHFWLRQ RI WKH XVHU DVVLJQDEOH EL
SRVVLELOLW\ Rl FRQWUROOLQJ XS WR HLJKW 6FDQLYDOYHYV ELW
VRIWZDUH FDQ FRQWURO D PD[LPXP RI IRXU ,Q WKH KLJK VWDWE
DVVLIQHG RXWSXWV ZLOO VXSSO\ P$ ZKLOH WKH XVHU DVVLJQDE(
PLFUR DPSV

(DFK 6FDQLYDOYH UHTXLUHV DPSV IURP D UHJXODWHG YROW
LV QRW SRVVLEOH WR FRQQHFW WKH 6FDQLYDOYHV GLUHFWO\ WR W
UHOD\V HDFK ZLWK LWV RZQ SRZHU VXSSO\ PXVW EH LQVHUWHG EH
WKH 6FDQLYDOYH 7KLV DOORZV WKH XVHU WR FRQWURO 6FDQLYDOY|
SRZHU GHPDQGY $ VFKHPDWLF RI WKH 6FDQLYDOYH FRQWURO FLUF
VKRZQ LQ ILIXUH 7KH GLRGHV DUH SUHVHQW WR SUHYHQW EDFN
VSLNLQJ WKH FDXVLQJ D KDUGZDUH UHVHW HYHU\ WLPH DQ RXW:
YROWY 7KH UHJXODWHG YROWDJH VXSSOLHV DUH IURP WUDQVIRUPH



"LILWDO RXWSXW
SRUW  &(' 9 $ 9 $ 9 $

7TDLNR 5)72 '& RKP 56 RKP
UHOD\ UHOD\

JLIXUH (OHFWULFDO FLUFXLW WR FRQWURO HDFK VFDQ

'DWD DFTXLVLWLRQ VRIWZDUH
7KH VRIWZDUH KDV EHHQ ZULWWHQ ,Q 5\DQ OF)DUODQG 3URIH
WKH EHVW ODQJXDJH IRU ZULWLQJ XVHU IULHQGO\ VRIWZDUH +RZ}
VFLHQWLILF FRPPXQLW\ DQG LV LGHDOO\ VXLWHG IRU KDQGOLQJ OD
JRUWUDQ GRHV QRW FRQWDLQ FRGH LGLRV\QFUDVLHV ZKLFK DUH
OLFURVRIW )RUWUDQ $ GHWDLOHG GLVFXVVLRQ RI WKH VRIWZDU
UHSUHVHQWDWLYH IORZ FKDUW QRZ IROORZ
7KH VRIWZDUH FRPSULVHV OLQHV RI FRGH OLQHV IR U

OLQHV FRQWDLQ VXEURXWLQHYV
OLQHV VWDQGDUG IRUWUDQ YDULDEOH GHILQLWLRQ SURFHGXUHV ¢
SURJUDP DQG WKRVH XVHG LQ PRUH WKDQ RQH VXEURXWLQH PXVW E
VHQW WR RU IURP WKH PXVW EH LQ E\WH ELW LQWHJHU IRL

ELWV DUH XVHG )RUWUDQ FDQ KDQGOH E\WH LQWHJHU YDULDEC
5HDO YDULDEOHV DUH QHYHU SDVVHG WR WKH
OLQHV WKHVH OLQHV FOHDU WKH PRQLWRU VFUHHQ DQG LQWURGX
XVHU %\ GHIDXOW IRUWUDQ XQLW QXPEHUV IRU WKH VFUHHQ DQG
OLQHV  WKH XVHU LV SURPSWHG IRU D WLWOH WR KHDG WKH SU
VLPXOWDQHRXVO\ ZKLOH FRGH H[HFXWLRQ LV LQ KDQG 7KH WLWOH
FKDUDFWHUV 7KH XVHU LV DOVR DVNHG LI KH VKH ZLVKHV WR VWRU
WR SURYLGH D ILOHQDPH IRU WKH GDWD ILOH 7ZR GDWD ILOHV |
ILOHQDPH UDZ )LOHQDPH UDZ FRQWDLQV WKH UDZ YROWDJHV PLQ
IURQW SDQHO RI WKH 7KLV ILOH DLGV ORFDWLRQ RI £ SRVVLEOF
JR RXW RI UDQJH DQG RWKHU SUREOHPV ZKLFK ZLOO UHVXOW LQ HLU
KHOG LQ ILOHQDPH
OLQHV DOORZ WKH XVHU WR VSHFLI\ WKH QXPEHU RI 6FDQLYDOY
6XEURXWLQH 6FDQYDO DVVLJQV RGG QXPEHUHG UHOD\V DV VWHS |
DV KRPH UHOD\V )RU H[DPSOH LI RQH 6FDQLYDOYH LV WR EH XVHG
KRPH UHOD\V UHVSHFWLYHO\ IRU RQO\ WKLV 6FDQLYDOYH 7KH VRIW
6FDQLYDOYH KDYLQJ WKUHH RI LWV SRUWYV PRQLWRULQJ VSHFLILF
DWPRVSKHUH SRUW LV FRQQHFWHG WR WKH XSVWUHDP FRQWUDF'
WR WKH GRZQVWUHDP FRQWUDFWLRQ VWDWLF ,I D 6FDQLYDOYH LV



DFURVV WKH LQWHJUDO SUHV&X¥UH;WUDQME&XHHILQG WXQQHO VSHHG
VLPSOH DULWKPHWLF UHODWLRQ
OLQHV DIWHU WKH SURJUDP KDV EHHQ VXFFHVVIXOO\ FRPSLOHG I
REMHFW ILOH /$%352 2%- ZKLFK &(' VXSSO\ IRU XVHUV ZULWLQJ VRI\
7KLV ILOH DVVLVWV LQ UHDGLQJ UHVSRQVHV IURP WKH ORDGLQJ
EORFNV EHWZHHQ WKH DQG WKH KRVW ,W KROGV WKH VXEURX\
VPRRWK FRPPXQLFDWLRQ ZLWK WKH 2XWSXW FDQ EH VHQW WR
VWULQJV WR D XQLW QXPEHU RU E\ FDOOLQJ WKH VXEURXWLQH /$%6
WH[W VWULQJ DVVRFLDWHG ZLWK WKH FKDUDFWHU YDULDEOH FKDU
IDVWHU WKDQ XVLQJ :5,7( VWDWHPHQWY +RZHYHU LW KDV WKH GL\
VWULQJ FRQWDLQV DQ\ YDULDEOHV LH QXPEHUV WKHVH PXVW ILUV
/$%675 FDQ EH XVHG 7KH DXWKRU VHOHFWHG WKH IRUPHU PHWKF
HVVHQWLDO FULWHULD IRU WKH ZRUN 7R RSHQ D ILOH IRU R
23(1 ILOH /DER /IDER LV D FKDUDFWHU GHYLFH VXSSRUWLQJ DO
FRQWDLQHG LQ /$%352 2%- 7KH IXQFWLRQ /$%*2 PXVW WKHQ EH FDC
URXWLQHV LQ /$%352 2%- DUH XVHG ,W RSHQV WKH ILOH /$%, IRU
GHYLFH GULYHU WR D UHDG\ FRQGLWLRQ 7KH LQWHJHU YDOXH Ut
JHUR RWKHUZLVH DQ HUURU KDV RFFXUUHG LQ WKH SURFHGXUH
OLQHV UHFRUG WKH FXUUHQW DPELHQW WHVW FRQGLWLRQV DQG F
OLQH KRPHV DOO WKH 6FDQLYDOYHV XQGHU FRQWURO $00 WKH K
OLQHV DQG WKHVH UHOD\V DUH FRQWUROOHG E\ WKH RGG QXF
GLIJLWDO RXWSXW SRUW 6HWWLQJ WKHLU VWDWH KLJK YR
WR SRUW ]JHUR %LWYV DUH WKHQ UHWXUQHG WR WKHLU ORZ VWI
OLQHV WKH UHVSRQVH FKDUDFWHULVWLF RI HDFK WUDQVGXFHU DQG
FRQQHFWLQJ WKH SUHVVXUH PHDVXUHPHQW ORFDWLRQ WR WKH 6FD:
RI WKH SUHVVXUH WUDQVGXFHU RXWSXW YROWDJH 7KHUHIRUH WKE
PXVW EH IOH[LEOH DQG WKH VRIWZDUH LV ZULWWHQ ZLWK WKLV L
FRQWUROV WKH VFDQQLQJ UDWH LV LQFUHDVHG IURP WR WKH VF
OLQHYV WKH SUHVVXUH WUDQVGXFHU RXWSXW YROWDJHV YLD W
FRQQHFWHG WR RQH RI GLITHUHQW $'& LQSXWV RQ WKH IURQW
WKHUHIRUH DVNHG WR LQGLFDWH ZKLFK $'& LQSXWV DUH LQ XVH
OLQHYV 7 FDQ EH UXQ IRU H[WHQGHG SHULRGV RI WLPH ,W LV SRV
VHWV ZLWK HDFK XVH RI WKH WXQQHO 7KH XVHU LV DVNHG IRU WK
HDFK UXQ ZLQG RIl RU JHUR YROWDJH UHDGLQJV DUH WDNHQ IRU
PDQRPHWHU 7KHVH YDOXHV DUH HFKRHG WR WKH VFUHHQ IRU WKH
OLQH 7KH 6FDQLYDOYHV FDQ EH SOXPEHG LQ DV WKH XVHU VR ZLVKH
6XEURXWLQH 67576&%1 DOORZV WKH XVHU WR ORFDWH WKH 6FDQLYD
WKH UHPDLQLQJ SRUWV %\ SOXPELQJ EDFNZDUGV LH GRZQZ
XQQHFHVVDU\ VFDQQLQJ RI XQXVHG SRUWV 6WHS FRQWURO WR HD
VDPH ZD\ DV KRPLQJ H[FHSW WKH VWHS UHOD\V RGG QXPEHUHG Dl
EHWZHHQ LQ WKH GLJLWDO RXWSXW SRUW SLQV



OLQHYV WKH 6FDQLYDOYHV GR QRW VFDQ WKH UHPDLQLQJ SR
KH VKH LV UHDG\ WR GR VR
OLQHYV FDOO WKH 67(36&%1 VXEURXWLQH 7KLV URXWLQH LV
(DFK 6FDQLYDOYH LV GHDOW ZLWK LQ WXUQ 7KH RXWSXW YROWD.
WUDQVGXFHU DQG PDQRPHWHU DUH GLJLWLVHG VLPXOWDQHRXVO\
WKLV LV UHSHDWHG WLPHV 7KH VDPH SURFHGXUH LV UHSHDWHG
IRUZDUG RQH SRUW $IWHU WKH ILUVW 6FDQLYDOYH UHDFKHV SRU\
6FDQLYDOYH DQG WKH SURFHGXUH UHSHDWHG (YHQWXDOO\ DOO
LQGLYLGXDO JHUR QXPEHUHG SRUWV 7KH 6FDQLYDOYHV DUH WKHQ |
WR WKLV FRPPDQG DQ HUURU KDV RFFXUUHG LQ WKH UXQ SURFHG
UHFRUGHG IRU WKH SUHVVXUH WUDQVGXFHUV DQG WKH PDQRPHWHL
OLQHYV FDOO WKH VXEURXWLQH &3&$/& 7KLV URXWLQH FRQYH
SUHVVXUH FRHIILFLHQWYVY ,I D ERXQGDU\ OD\HU SURILOH LV UHTXLU!
WR UHYHDO WKH YDULDWLRQ RI X 8H VXEURXWLQH %'/<&$/& QRWLQ.
EH WKH VWDWLF SRUW LQ WKH VXUIDFH DW WKH ERXQGDU\ OD\HU U
OLQHYV FDOO WKH VXEURXWLQH &335,17 7KLV VXEURXWLQH F
WKH UHVXOWYV DUH SUHVHQWHG RQ WKH PRQLWRU DQG FRQVHTXH
ILOHQDPH LV DOVR RSHQHG DQG WKH SURFHVVHG UHVXOWV VWRUHG
OLQHV WKH VXEURXWLQH 5$:'$7$ RSHQV WKH GDWD ILOH ILOHQTE
XQSURFHVVHG YROWDJH UHDGLQJV ZKLFK DUH LQYDOXDEOH LQ GLD
OLQHYV FOHDU WKH PRQLWRU VFUHHQ UHVHW WKH DSSURSUL
WKH XVHU WR HQG WKH VHVVLRQ RU UHSHDW WKH HQWLUH SURFHG)
6RIWZDUH SDUWLFXODUV
7KH VXEURXWLQH &219(57 OLQHYV FRQWDLQV WKH DUL
FRQYHUWYV LQWHJHU YDOXHV UHSUHVHQWLQJ YROWDJHV VHHQ DW \
YROWDJH HTXLYDOHQW 7KH DULWKPHWLF HTXDWLRQ OLQH GHS
$'& V KDYLQJ D IXO0 VFDOH UDQJH RI “ YROWV ,I WKLV LV DOV
WKH HTXDWLRQ PXVW UHIOHFW WKH QHZ KDUGZDUH VHWXS EHDULC
KDOYHG
(YHU\ WLPH WKH SURJUDP LV H[HFXWHG D ILOH FDOOHG )257
GLUHFWRU\ DV WKDW FRQWDLQLQJ WKH VRIWZDUH 7KLV ILOH RSHQI
LH EODQN OLQHV ,W DULVHV IURP IRUWUDQV LQDELOLW\ WR DOOR
H[HFXWLRQ 7KLV LV RYHUFRPH E\ WKH VRIWZDUH HQWHULQJ D QXO
Rl WLPHV OLQHYV 7KLV ILOH LV KDUPOHVV DQG FDQ EH UHPR
PDQQHU
JRUWUDQ LV D ODQJXDJH VXLWHG WR SURFHVVLQJ QXPEHUV
LQHYLWDEO\ OHDG WR D UHSO\ LQ WKH IRUP RI D FKDUDFWHU VWUL
EH FRQYHUWHG WR WKHLU $6&,, HTXLYDOHQW EHIRUH WKH VRIWZD
WR WDNH 6XEURXWLQH $16:(5 OLQHV FDUULHV RXW WKLV W



2XWSXW WR WKH FRQWDLQHG LQ :5,7( VWDWHPHQWYV LV E
DQ\ FRPPDQG KDV DFWXDOO\ EHHQ VHQW WR WKH WKH RXWSXW
D 5(:,1" VWDWHPHQW $Q\ WH[W VWULQJYVY ZLOO WKHQ EH VHQW IRUF

$00 LQSXW IURP WKH LV LQ WKH IRUP RI LQWHJHUV VH!
FDUULDJH UHWXUQ DW WKH HQG RI HDFK LQSXW OLQH 7KH /$%180
WKH NQRZLQJ KRZ PDQ\ LQWHJHUV WR ORRN IRU DQG LV RQH
E\ /$%352 2% -

7KH WXQQHO FDOLEUDWLRQ IDFWRU IRU 7 LV LQFRUSRUDWHGC
VXEURXWLQH &3&%$/& 7KH VRIWZDUH FDOFXODWLRQV PXVW EH DPHC
WKH VRIWZDUH LV XVHG LQ WHVWYV ZKLFK DUH FDUULHG RXW LQ D\

7KH ERXQGDU\ OD\HU FDOFXODWLRQV LQ VXEURXWLQH %'/<&$
SRUW PRQLWRULQJ WKH VWDWLF SUHVVXUH DFWLQJ DW WKH ERXQG

6WRUL

JRUWURQ YRULREOH

JLIXUH JORZFKDUW IRU GDWD DFTXLVLWLRQ VRIWZDU'L



&OHDQIRLO
%DFNJURXQG WR WHVWYV

7KRXJK WZR GLPHQVLRQDO IORZV QHYHU UHDOO\ H[LVW RQ DL
ZLQGWXQQHO WHVWV RQ DHURIRLOV ZLWK KLJK OLIW GHYLFHV FDQ
IHDWXUHV RI WKH WKUHH GLPHQVLRQDO ZLQJ XVXDOO\ DUH ZHOO U
IORZ ZDNH ERXQGDU\ OD\HU PL[LQJ JDS DQG ODS VL]HV :LQJ IORZ
GLPHQVLRQDO LQ QDWXUH DQG KHQFH VWDOO DQG SRVW VWDOO EH
WHVWV RI KLJK OLIW VIVWHPV SUHVHQWY SUREOHPV ZKLFK DUH SDL
E\ WKH KLJK DHURG\QDPLF ORDGYV DQG VHFRQGO\ E\ WKH FRPSOHJL)
GXULQJ WKH HDUO\ SDUW RI WKH ZRUN SUREOHPV DVVRFLDWHG ZL
NLQG ZHUH VLJQLILFDQWO\ XQGHUHVWLPDWHG 7KH PDLQ SUREOH
GHWDLOHG EHORZ

&RQWDPLQDWLRQ

,Q WKH HDUO\ VWDJHV RI WKH SURMHFW LW ZDV GLVFRYHUHG
PHVK JDX]H XSVWUHDP RI WKH ZRUNLQJ VHFWLRQ ZDV GLUW\ ,Q SD!
ORZHU KDOI RI WKH VFUHHQ ZDV IRXQG WR EH FRDWHG LQ D WKLFN
H[SHULPHQWY UHQGLQJ WKLV UHJLRQ RI WKH JDX]H HIIHFWLYHO!
ZLQGWXQQHO 7KRURXJK FOHDQLQJ RI WKH PHVK JDX]H XQGHUWDNFE
SURFHVV RI GLVPDQWOLQJ UHORFDWLRQ DQG UH DVVHPEO\ ZLOO XG
OHYHO RI WXUEXOHQFH LQ WKH IUHHVWUHDP DQG KHQFH UHGXFHG E
PRGHO DQG HQGSODWHYV 7KH PRGHO FKDUDFWHULVWLFV FHUWDLQO\
PRUH SUHGLFWDEOH DQG V\PPHWULF EHKDYLRXU RI WKH IORZ RYH
PRYLQJ IRUZDUG ZLWK LQFUHDVLQJ LQFLGHQFH UDWKHU WKDQ D V3
VHHPLQJO\ UDQGRPO\ RQ HLWKHU HQGSODWH

/HDNDJH

7KLV SUREOHP FRPPRQ WR ERWK WKH ZDOO WR ZDOO PRGH
RULJLQDWHY IURP WKH KLJK DHURG\QDPLF ORDGV ZKLFK DUH FDUUL!
ZLQJ HOHPHQWV RI WKH KLJK OLIW V\VWHP $ WZR GLPHQVLRQDO W
D PRGHO RI ILQLWH VSDQ EHWZHHQ UHIOHFWLRQ SODQHV 7KHVH PI
RU HQGSODWHV 1HYHUWKHOHVV DW WKH MXQFWLRQ RI WKHVH UHIC
H[WUHPLWLHV LW LV HVYVHQWLDO WKDW QR OHDNDJH RI IORZ RFFXUYV
WR WKH XSSHU VXUIDFH G5XEEHU JDVNHWV VKDSHG WR WKH FKRUG
HOHPHQW ZHUH LQFRUSRUDWHG LQWR WKH PRGHO GHVLJQ 7KHVH .
HQGV DQG HDFK HQGSODWH WR HQVXUH WKDW DQ DLUWLJKW VHDO 2z

&RQVWUXFWLRQ

"LIILEFXOWLHV FDQ RFFXU ZLWK WKH FRQVWUXFWLRQ RI OH
HOHPHQWYVY RI KLJK OLIW V\WWHPV DUH WKLQ DQG WKH ORDGV DL
FRQVWUXFWLRQ ZLWK DQ DFFHSWDEOH VWLIIQHVV PXVW EH REWDLQ
Rl D ODPLQDWHG ZRRGHQ FRQVWUXFVWLRSD POLG/H 1OH Q/VWRK HTXRO H
SUHVVXUH WDSSLQJ 7KHVH ZHUH MRLQHG WRJHWKHU E\ JOXH WR



VWLIITQHVY FDPH LQ WKH IRUP RI WZR VODW EUDFNHWY HDFK ORFD'
DQOG WKH PRGHO FHQWUH OLQH +RZHYHU WKH FRQGLWLRQ RI WKLV
wubDLOLQJ HGJH EHJDQ WR EUHDN VLPSO\ EHFDXVH RI LWV LQKHUH
EHIJDQ WR RFFXU XQGHU ORDG GLVWRUWLQJ WKH JHRPHWU\ RI WKH
WKH OHDGLQJ HGJH VORW

, W EHFDPH FOHDU WKDW D VHFRQG VODW KDG WR EH PDQXII
$OXPLQLXP ZDV WKH PDWHULDO ILQDOO\ FKRVHQ DQG WKH HQG SU
UHVSHFWY L EHFDXVH RI LWV RQH SLHFH FRQVWUXFWLRQ DQG LQK
GHIOHFWLRQ XQGHU ORDG LL UHPRYDO RI WKH VSDQZLVH VXSSRL
XQLIRUPLW\ LQ WKH IORZ WKURXJK WKH VORW LLL JUHDWHU SUHF
IORZ VHSDUDWLRQ FHLOV ZKLFK ZHUH SUHVHQW RQ WKH ZRRGHQ
GHWHULRUDWH

7KH PDQXIDFWXUH RI WKH VODW IURP $OXPLQLXP ZDV D GHF
OLJKWO\ DV LW ZDV WKH ILUVW DHURIRLO WR EH PDGH HQWLUHO\ I
DOVR SURYHG UDWKHU FRVWO\ LQ WHUPV RI WKH QXPEHU RI FXWWH!
SURFHVYV

(QGSODWH ERXQGDU\ OD\HU FRQWURO

7KH LOQWHUIHUHQFH HIIHFWV RI UHIOHFWLRQ SODQHV SHUSHQ
HQWLUHO\ GXH WR WKH ERXQGDU\ OD\HU RQ WKHVH ZDOOV 7KH ER.
MXQFWLRQ LV VXEMHFWHG WR WKH VDPH DGYHUVH SUHVVXUH JUDGL
LW GRHV QRW EHQHILW IURP WKH IUHVK ERXQGDU\ OD\HU HIIHFW
LQHYLWDEO\ RFFXUV DW WKH PRGHO HQGSODWH MXQFWLRQV SULRU

JLIXUH 7KH HIIHFWV RI VHSDUDWHG IORZ RQ DQ HQGSO|






FKRUG Rl WKH DHURIRLO (DFK VORW ZDV PP ZLGH LQFOLQHG DW
DQG HDFK H[WHQGHG D GLVWDQFH RI [ F RXW IURP WKH HQGS(
GRZQVWUHDP IDFH ZDV IDLUHG WR SURPRWH WKHLU WDQJHQWLDO E
FKDPEHUV VOLJKWO\ OHVV GHHS WKDQ WKH WKLFNQHVV RI HDFK HQ(
OHQJWK RI VORW ZLWKRXW FUHDWLQJ DGGLWLRQDO ORFDO EORFU
DGMDFHQW WXQQHO ZDOO

YLIXUH SUHVHQWY WKH YDULDWLRQ RI WRWDO &Q ZLWK V<
JHRPHWULF LQFLGHQFHV IRU WKH KLJK OLIW V\WVWHP ,W LV DSSDUH
UDSLGO\ ZLWK ,QFUHDVLQJ EORZLQJ SUHVVXUH IRU LQFLGHQFHV
EORZLQJ SUHVVXUH RI DSSUR[LPDWHO\ SVL WKH WRWDO &Q DW DQ
FRQVWDQW ZLWKLQ WKH H[SHULPHQWDO VFDWWHU )XUWKHUPRUH
DGYHUVH SUHVVXUH JUDGLHQW DORQJ HDFK HQGSODWH LV QRW VXII
VHSDUDWHG IORZ DW WKH HQGSODWH PDLQ ZLQJ MXQFWLRQV WKt
LQVHQVLWLYH WR QHHGOHVV HQGSODWH ERXQGDU\ OD\HU FRQWURC

(YLGHQWO\ WKH HIIHFW Rl EORZLQJ RQ WKH HQGSODWHV LV
TXDQWLW\ H[FHHGY WKH DPRXQW QHHGHG WR DYRLG WKH RQVHW RI
WKH IORZ UHDFKLQJ WKH HQGSODWH WUDLOLQJ HGJH ,Q DGGLWLR
H[FHVVLYH EORZLQJ QHJDWHV WKH QHFHVVLW\ IRU DGMXVWPHQW R
DFKLHYH WKH EHVW WZR GLPHQVLRQDO VWDOO SDWWHUQ 6R ORQJ |
H[FHHGV WKH PLQLPXP YDOXH QHFHVVDU\ WR HQVXUH WKDW HDUO\
IURP WKH HQGSODWH PDLQ ZLQJ MXQFWLRQV LW FDQ EH DVVXPHG
ZLOO SUHYDLO RYHU WKH ZKROH LQFLGHQFH UDQJH &RQVHTXHQWO\
RI 9 SVL IRU HDFK VORW ZKLFK ZDV XVHG IRU DOO WHVWV XS Wi
RI WKH KLJK OLIW V\WWHP )LJIJXUH LOOXVWUDWHY WKH HIIHFW R

JLIXUH 7KH HIITHFWV RI VORW EORZLQJ RQ WKH HQGSODWH |



JRUPDW WR WKH GLVFXVVLRQ RI UHVXOWYV

7KH IROORZLQJ FKDSWHUV GLVFXVV WKRVH UHVXOWY REWDLQH
PRGHO DW YDULRXV DQJOHV RI DWWDFN ZLWK DQG ZLWKRXW WKH
SUHVHQW FKDSWHU GHDOV ZLWK WKH FOHDQIRLO FDVH ZKLOH WHVW
LQ VXEVHTXHQW FKDSWHUV 7KH WHVWV LQYROYHG
L PRQLWRULQJ WKH SUHVVXUH GLVWULEXWLRQ DURXQG HDFK HOHF
LL LQYHVWLIJDWLQJ WKH VWUXFWXUH RI WKH VKHDU OD\HUV DERYH
WKH KLJK OLIW VAVWHP

6LPSVRQVY UXOH LV XVHG WR FDOFXODWH WKH QRUPDO IRUFH
HOHPHQW RI WKH KLJK OLIW VA\VWHP )RU WKH IODS DQG PDLQ ZLQJ
WKH LQWHJUDWLRQ VWDUWY RQ WKH ORZHU VXUIDFH RI HDFK HOHF
wubDLOLQJ HGJH SURFHHGV IRUZDUG DURXQG WKH OHDGLQJ HGJH D
HOHPHQW ,Q WKLV ZD\ WKH QRUPDO IRUFH FRHIILFLHQW IRU WKH IC
XQGHUHVWLPDWHG E\ D VPDOO EXW FRQVLVWHQW DPRXQW VLQFH L
WKH IODS FRYH RQ WKH ORZHU VXUIDFH RI WKH PDLQ ZLQJ EH\RQG
WKH IODS EHWZHHQ WKH WUDLOLQJ HGJH DQG WKH ILUVW WDSSL(
QHIJOHFWHG 7KH ORDGLQJ FDUULHG E\ WKH XSSHU VXUIDFH RI WKHF
DGGHG WR WKDW FDUULHG E\ WKH ORZHU VXUIDFH 7KH VODW KDG (
[ F DQG VR D OLQHDU H[WUDSRODWLRQ RI WKH ORDGLQJ RQ Wt
DVVXPHG EH\RQG [ F 7KLV ZzDV DOVR WKH FDVH IRU WKH ORZHU
E\ WKH VODW ZLOO EH XQGHUHVWLPDWHG DV 6LPSVRQV UXOH FDQQF

VHHQ EHWZHHQ WKH WDSSLQJVY ORFDWHG DW [ F DQG [ F
SDUDJUDSK DUH VKDGHG LQ )LJXUH 1RUPDO IRUFH FRHIILFLHQMW
WKH UHIHUHQFH FKRUG OHQJWK PP

7KH YDULDWLRQ ZLWK LQFLGHQFH RI WKH SHDN VXFWLRQV RQ
KDYH EHHQ FKRVHQ DV EHLQJ UHSUHVHQWHG E\ WKH SUHVVXUH H[SI
HDFK RI WKHVH HOHPHQWYVY )RU WKH VODW WKLV LV WKH SUHVVXUH V
WKH PDLQ ZLQJ LW LV WKH SUHVVXUH WDSSLQJ DW [ F 7KH UH
ILIXUHV FRQWDLQHG LQ WKH DSSHQGLFHV DUH GHULYHG IURP DW
HQVXULQJ WKH YDOLGLW\ RI WKH UHVXOWYV

7KH VKHDU OD\HUV DGMDFHQW WR WKH XSSHU VXUIDFH RI WKH
DW YDULRXV ORFDWLRQV DORQJ WKH FKRUG RI WKH DHURIRLO ,Q W
LQYHVWLIDWLRQV WRRN SODFH DW [ F DQG
RQ WKH PDLQ ZLQJ DQG RQ WKH IODS DW MXVW EH\RQG WKH OR
THYVWYV XQGHUWDNHQ ZLWK FR URWDWLQJ YDQHY DQG DLUMHWY SRVL'
SURGXFH D VKHDU OD\HU VWUXFWXUH ZKLFK LV WKUHH GLPHQVLRQD
VSDQZLVH SHULRGLFLW\ :LWKLQ WKH OLPLWHG WLPH DYDLODEOH H]
UHVWULFWHG WR WKRVH FKRUGZLVH SRVLWLRQV ZKLFK ZHUH DQWLF
WKH XQGHUVWDQGLQJ RI WKH I0OXLG PHFKDQLFVY DW ZRUN 7TKXV \
SUHVHQFH RI FR URWDWLQJ YDQHY DQG DLUMHWY ZHUH XQGHUWDNHC
ZLQJ DQG DW [ F RQ WKH IODS 7KH VKHDU OD\HU LQIRUPDWLRQ



IRUP ZLWK WZR ILIJXUHV DW WZR GLIIHUHQW LQFLGHQFHV RQ WK
DOVR SUHVHQWHG LQ D WKUHH GLPHQVLRQDO VXUIDFH SORW IRUP L
7KH IROORZLQJ WDEOH LV LQFOXGHG DV D TXLPIS RWHIWEKGMQF B DAXIUG H
H[SORUDWLRQV ZKLFK ZHUH XQGHUWDNHQ DERYH WKH KLJK OLIW V\

.H\ &OHDQIRLO &R URW YYJ V &R URW DMYJ V

7KH SDUDPHWHWDWG + XVHG WR GHVFULEH D VKHDU OD\HU HI
FDOFXODWHG IRU HDFK VKHDU OD\HU H[SORUDWLRQ FDUULHG RXW DE
WKH UHOHYDQMDQDR®RXHY RI WKHVH SDUDPHWHUY FDOFXODWHG ZKLO
YDQH YRUWH[ JHQHUDWRUV RU FR URWDWLQJ DLUMHW YRUWH[ JHQH

WKDW LV WKH\ GR QRW LQFOXGH WKH KLJK PRPHQWXP DLU RI
VHHQ LQ WKH VKHDU OD\HU SUHVHQWDWLRQV LQFOXGHG LQ VXEVHTX
LQ WKH YRUWH[ IORZV DQWLFLSDWHG FDQ EH MXVWLILHG DV WKH |
LQGXFHG YHORFLW\ ZDV QRW H[SHFWHG WR EH JUHDWHU WKDQ DSSU
YHFWRU H[FHSW QHDU WKH YRUWH[ FRUHV DQG WKH VXUIDFH 7KH
VKRXO0OG WKHUHIRUH QRW KDYH EHHQ ODUJH LQ JHQHUDO

7KH UHVXOWY SUHVHQWHG VHHP WR LQGLFDWH WKH SULQFLSOI
E\ DLUMHW YRUWH[ JHQHUDWRUYV FDQ OHDG WR VLJQLILFDQW LPSURY
SURILOH GUDJ RI D KLJK OLIW VA\VWHP DERYH DQG EH\RQG WKDW DFI
W LV I[HOW WKH IORZ SURFHVVHV LQYROYHG DUH RI D IXQGDPHQW
LQIOXHQFHG LQ WKHLU DSSOLFDELOLW\ E\ WKH ORZ 5H QXPEHU RU |
HITHFWV RI ZLQGWXQQHO ZDOO LQWHUIHUHQFH 7KH REMHFW RI1 WK
GHVLJIQ GDWD

5H\QROGV QXPEHU HIIHFWV [ILJ

JLIXUH VKRZV WKH HIIHFW RI 5H\QROGY QXPEHU YDULDW
FRHIILFLHQW JHQHUDWHG E\ WKH PDLQ ZLQJ RI WKH KLJK OLIW V\VYV
XS WR WKH VWDOO LQFLGHQFH RI WKH FOHDQIRLO )RU LQFLGHQFHYV
5H\QROGYV QXPEHU ZLWKLQ WKH UDQJH DYDLODEOH LV QHJOLJLEOH
>D! f 5H\QROGYV QXPEHU HIIHFWYVY DUH SUHVHQW DOWKRXJK RQO\
GLVFXVVHG LQ WKLV UHSRUW ZHUH FDUULHG RXW DW D 5H\QROGV Q
WR WKH PD[LPXP IRU WKLV FRPELQDWLRQ RI PRGHO JHRPHWU\ DQG

UHVVXUH GLVWULEXWLRQ PHDVXUHPHQWYV ILJ WR $SSHQG

$W J]HUR GHJUHHV LQFLGHQFH WKH IODS QRUPDO IRUFH FRHII

WLPHVY DV ODUJH DV WKDW RI WKH VODW ILJ 7KH SHDN VXFWL



R DOO WKUHH HOHPHQWYV LV RI WKH VDPH PDJQLWXGH DW IL.
FRHIILFLHQW JHQHUDWHG E\ WKH WKUHH HOHPHQW V\VWHP LV
IODWQHVY VHHQ LQ WKH SUHVVXUH GLVWULEXWLRQ DVVRFLDWHG ZL
LV LOGLFDWLYH RI D VHSDUDWLRQ EXEEOH LQ WKLYV UHJLRQ 7KH 10O
Rl WKH FRYH DQG UH DWWDFK FORVH WR WKH WUDLOLQJ HGJH RI
DFFRUGDQFH ZLWK WKH ORFDO . XWWD FRQGLWLRQ 7KH UH FLUFXOL
ZKLFK JLYHV ULVH WR D QHDUO\ FRQVWDQW VWDWLF SUHVVXUH WKU
H[DPSOH RI WKH VPDOO DPRXQW RI VHSDUDWLRQ ZKLFK PXVW EH \
ZKLFK KDV WR KDYH EHHQ GHVLIQHG ZLWKLQ WKH FRQVWUDLQWYVY R
VR WKDW LW DFKLHYHV D KLJK OLIW FXUYH VORSH 7KH VL]H DQG V
YDU\ ZLWK LQFLGHQFH DOWKRXJK UH DWWDFKPHQW ZLOO RFFXU \
PRYHPHQW RI WKH VWDJQDWLRQ SRLQW WRZDUGV WKH VKDUS OHDC
&ORVH H[DPLQEDWLRQ RI WKH SUHVVXUH GLVWULEXWLRQV LQ IL
vVODW KDV D VWDJQDWLRQ SRLQW DW LWV PRVW QHJDWLYH FKRUGZL
Rl D OHDGLQJ HGJH VWDJQDWLRQ SRLQW DW WKLV LQFLGHQFH f
WKH OHDGLQJ RI WKH PDLQ ZLQJ LV VXEMHFW WR WKH VDPH VOLJKW
ORZHU VXUIDFH RI WKH VODW VODW FRYH $V WKH IORZ DFFHOHUL
vobw LW VHSDUDWHY IURP WKH VKDUS OHDGLQJ HGJH RI WKH VOD\V
VXUIDFH RI WKH PDLQ ZLQJ EH\RQG DSSUR[LPDWHO\ [ F 2Q WKH
IORZ OHDYHV WKH WUDLOLQJ HGJH VPRRWKO\ DQG UH DWWDFKHV RQ
DW DSSUR[LPDWHDO\ [ F 7KXV D ODUJH SURSRUWLRQ RI WKH PDL



WVHWSDUDWLRQ EXEEOH SURGXFHG E\ WKH VODW FRYH &RQVHTXHQWO)
VODW JDS DW WKLV LQFLGHQFH

JLIXUH UHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V
%\ f WKH PDLQ ZLQJ KDV D ORZHU VXUIDFH VWDJQDWLRQ SRL
FORVH SUR[LPLW\ RI WKH VODW VWLOO LQIOXHQFHYVY WKH SUHVVXUH
HGJH ILIXUH LQ D PDQQHU ZKLFK FRQWLQXHV WR LQFLGHQFH)
,QLWLDOO\ WKH IORZ DQG KHQFH WKH IORZ LQ WKH ERXQGDU\ OD\H
JUbGLHQW DV LW WUDYHOV IURP WKH PDLQ ZLQJ VWDJQDWLRQ SRL
PDLQ ZLQJ 7KH SUHVVXUH JUDGLHQW WKHQ EHFRPHV DGYHUVH IRU
WR D IDYRXUDEOH FRQGLWLRQ WR EH\RQG WKH ORFDWLRQ RI WKH P
QDWXUH RI WKH SUHVVXUH JUDGLHQW WR ZKLFK WKH PDLQ ZLQJ ER
DVVRFLDWHG ZLWK WKH VHSDUDWLRQ EXEEOH RI WKH VODW FRYH (L
ORZHU VXUIDFH LV FRQWLQXLQJ WR LPSLQJH RQ WKH OHDGLQJ HGJI
WKH WZR VWUHDPOLQHY GHILQLQJ WKH OLPLWY RI WKH VHSDUDWLR(
OHDGLQJ HGJH RI WKH PDLQ ZLQJ IRUP D FRQYHUJHQW GLYHUJHQW
WKH SRWHQWLDO IORZ RI WKH IUHHVWUHDP 7KH H[LW SODQH RI WK
EH GHILQHG E\ WKH SHUSHQGLFXODU GUDZQ IURP WKH PDLQ ZLQJ O
VODW WUDLOLQJ HGJH )URP WKLV SRLQW WKH SUHVVXUH JUDGLHQ'
XQWLO WKH ORFDWLRQ RI WKH PDLQ ZLQJ SHDN VXFWLRQ 7KH SUH
FDQQRW WHOO XV ZKDW HIIHFW WKLV KDV RQ WKH ORFDO ERXQGDU
RI DWWDFKPHQW OLQH WUDQVLWLRQ PD\ RFFXU VRRQHU WKDQ RWKH
DOVR D SRVVLELOLW\
7KH GXPSLQJ HIIHFW UHIHUUHG WR LQ VHFWLRQ FDQ EH FC
WKH VODW DQG PDLQ ZLQJ HOHPHQWYV WKURXJKRXW DOO WKH ILIJXU



Rl WKH HIIHFW LV JUHDWHU DW WKH WUDLOLQJ HGJH RI WKH VODW
YHORFLW\ H[FHHGYVY WZLFH WKH IUHHVWUHDP YHORFLW\ ILJ 7
HGJH RI WKH IODS H[KLELWYV WKH . XWWD FRQGLWLRQ LQ LWV PRUH
RQ VLQJOH HOHPHQW DHURIRLOV LQ WKDW WKH ORFDO YHORFLW\
IUHHVWUHDP

JLIXUH SUHVVXUH GLVWULEXWLRQ RYHU WKH KLJK OLIW V
7KH VODW SUHVVXUH GLVWULEXWLRQ FKDQJHV UDSLGO\ ZLWK
ILJ WR DQG SURYLGHYVY RQO\ D OLPLWHG FRQWULEXWLRQ WR

VIVWHP DW WKHVH LQFLGHQFHV %\ f KRZHYHU WKH VODW SUHV\
PRUH IDPLOLDU IRUP DQG WKH &Q Rl WKH VODW DQG IODS DUH HTXD
RI WKH VWDJQDWLRQ SRLQW DW WKH OHDGLQJ HGJH RI WKH VODW
EHFRPHV WKH ORFDWLRQ FORVH WR ZKHUH WKH VODW SHDN VXFWLR
VWDOO LQFLGHQFH RI WKH KLJK OLIW V\WVWHP LV DSSURDFKHG ILJ
JHQHUDWH D QRUPDO IRUFH FRHIILFLHQW RI 7KH VHYHUH DGYHU\
RYHU D ODUJH SURSRUWLRQ RI WKH VODW XSSHU VXUIDFH E\ f Z
ERXQGDU\ OD\HU )ORZ YLVXDOL]DWLRQ WHFKQLTXHV ZHUH HPSO
SKHQRPHQD $ WXUSHQWLQH VROXWLRQ FRQWDLQLQJ IOXRUHVFHQW
DSSOLHG WR WKH XSSHU VXUIDFH RI WKH VODW DQG WKH ZLQGWXC
5H\QROGY QXPEHU 7KH UHVXOWV GLG LQGHHG VKRZ WKDW WKH ERX
Rl WKH VODW ZDV WXUEXOHQW SULRU WR VHSDUDWLRQ IURP LWV WU
QRW EH DVFHUWDLQHG ZKHWKHU WKLV ZDV DV D FRQVHTXHQFH RI
ODPLQDU VHSDUDWLRQ EXEEOH H[LVWV RQ WKH XSSHU VXUIDFH RI
OD\HU UHDWWDFKHV LQ WXUEXOHQW IRUP 8QIRUWXQDWHO\ WKH VO
WKLV WR EH VHHQ LQ WKH SUHVVXUH GLVWULEXWLRQV UHODWLQJ



FXUYDWXUH VHHQ LQ WKH VWUHDPOLQHV ZDV SUHVHQW DV WKH SU
VHSDUDWLRQ KDG \HW WR EH VROYHG DW WKDW WLPH
7KH S UHFLVH
ORFDWLRQ RI WKH VWDJQDWLRQ
SRLQW RQ WKH ORZHU VXUIDFH RI
WKH PDLQ ZLQJ DW KLJK
LQFLGHQFHV LV XQFOHDU VLQFH
DV PXFK DV Rl WKH PDLQ
ZLQJ FKRUG RQ WKH ORZHU
VXUIDFH H[SHULHQFHV D VWDWLF
SUHVVXUH FORVH WR WKH WRWDO
SUHVVXUH RI WKH IUHHVWUHDP
ILJ W R 8QOLNH
VLQJOH HOHPHQW DHURIRLOV
ZKHUH WKH ERXQGDU\ OD\HU RQ
WKHOR ZHU VXUIDFH
H[SHULHQFHYV D ODUJH
IDYRXUDEOH SUHVVXUH JUDGLHQW
RYHU D FRQVLGHUDEOH GLVWDQFH
EHKLQG WKH OHDGLQJ HGJH
VWDJQDWLRQ SRLQW WK H
ERXQGDU\ OD\HU RQ WKH ORZHU
VXUIDFH RI WKH PDLQ ZLQJ
H[SHULHQFHV D PXFK VPDOOHU
IDYRXUDEOH JUDGLHQW ZKLFK LV
FRQWLQXRXV WR WKH VKDUS
HGJH RI WKH PDLQ ZLQJ FRYH
.l WUDQVLWLRQ RFFXUV LQ WKLV
ERXQGDU\ OD\HU BEHIRUH I7WDQVLWLRQ LQ VODW XSSHU VXUIDFH
UHDFKHV WKH PDLQ ZLQJ FRYH WKH OHQJWK RI WKH ERXQGDU\ O
VLIQLILFDQW SHUFHQWDJH RI WKH ZLQJ FKRUG
$OWKRXJK WKH VODW DQG FLUFXODWLRQ HIIHFWV VHFWLRQ
OLIW V\VWHP WKHLU HIIHFW FDQ EH PRUH HDVLO\ VHHQ LQ ILIXUHYV
VXFWLRQ LQFUHDVHV E\ EHWZHHQ f DQG f 7KURXJK WKH VD
SHDN VXFWLRQ LQFUHDVHV E\ 7KH UDWH DW ZKLFK WKH VODW ¢
DFFHOHUDWH WKURXJK WKH ORZ LQFLGHQFH UDQJH ZKHUHXSRQ DW

EHFRPHY OLQHDU 1ILJ 7KH UDWH RI LQFUHDVH VHHQ LQ WKH P
FRQVWDQW WKURXJKRXW WKH LQFLGHQFH UDQJH ILJ I WKH
VODW DW f ILJ ZDV H[SHULHQFHG DW WKH OHDGLQJ HGJH RI

PDLQ ZLQJ ZRXOG DOPRVW FHUWDLQO\ H[KLELW ODUJH UHJLRQV RI



JLIMH O9DULDWLRQ RI VODW PDLQ DURU ®HKMN F&OSH D (ZIRW®

7KH FKDUDFWHULVWLF OLQHDU LQFUHDVH ZLWK LQFLGHQFH X
FRHIILFLHQW JHQHUDWHG E\ VLQJOH HOHPHQW DHURIRLOV LV DOV
EHWZHHQ f DQG f 1LJ $ERYH f KRZHYHU WKH OLQHDULW
KLJK OLIW VA\VWHP 7KLV FRLQFLGHV ZLWK WKH ORFXV RI WKH PDL
[ F EHIJLQQLQJ WR OHYHO RXW SULRU WR GLYHUJHQFH ILJ
HIDPLQDWLRQ UHYHDOV WKDW E\ f DQG DV IDU IRUZDUG DV [ F
HGJH WKH VWDWLF SUHVVXUHY DFWLQJ RQ WKH XSSHU VXUIDFH RI \V
D PLQLPXP RU KDYH EHJXQ WR ULVH 1ILJ 7KLV IHDWXUH LV PR
E\ f WKH ORFDO VWDWLF SUHVVXUH KDV DOUHDG\ UHDFKHG D PL
SUHVHQW RQ WKH PDLQ ZLQJ DW WKLV LQFLGHQFH WKH JUDGXDO GH
UHDU RI WKLY HOHPHQW PXVW EH GXH WR WKH DGYHUVH YLVFRXV Vt}
ERXQGDU\ OD\HU E\ FRQIOXHQF\ ZLWK WKH VODW ZDNH LQFUHDVLQ
VKHDU OD\HUV DW WKH UHDU RI WKH PDLQ ZLQJ ILJ WR
ORFDWLRQ RQ WKH PDLQ ZLQJ IROORZV WKH FKDUDFWHULVWLF YDUL
ZHOO IRUZDUG RI WKH WUDLOLQJ HGJH RQ D VLQJOH HOHPHQW DH
IRUZDUG RYHU LW ,QHYLWDEO\ WKH QRUPDO IRUFH JHQHUDWHG E\
ZKLFK DFFRXQWYVY IRU WKH ORVV RI OLQHDULW\ LQ WKH YDULDWLRQ

TKURXJKRXW DOO WHVWY FRWWRQ WXIWV ZHUH SUHVHQW RQ \

%\ FRPELQLQJ WKLV WHFKQLTXH RI IORZ YLVXDOL]DWLRQ ZLWK WKF
ZH VHH WKDW WKH PDLQ ZLQJ HOHPHQW H[SHULHQFHYV IORZ VHSDUD
f ILJ 7KLV LV DFFRPSDQLHG E\ D UHGXFWLRQ LQ WKH SUHYV
HGJH RI WKH I1ODS ILJ SUHVXPDEO\ EHFDXVH RI WKH LQFUHD



9DULDWLRQ RI VWDWLF SUHVVXUH ZLWK LQFLGHQFH DW VHYHUDO PDLQ ZLQJ XSSHU VXUIDFH FKRUGZLVH ORFDWLRQV IRU

JLIXUH 9DULDWLRQ RI VWDWLF &S ZLWK LQFLGHQFH DW VHYHUD!
ZLQJ XSSHU VXUIDFH

VKHDU OD\HUV DW WKLV ORFDWLRQ ILJ 7TKH ERXQGDU\
ZLQJ GHYHORSY VORZO\ DV GRHV WKH IDOO LQ WKH SUHVVXUH DW W
WKH FODVVLF wubDLOLQJ HGJH GLYHUJHQFH EHKDYLRXU VHHQ RQ VL

DW WKH PDLQ ZLQJ WUDLOLQJ HGJH XQWLO DERYH f ILJ 7K
ZKROH UHDFKHV D PD[LPXP DW forLd ODUJHO
FRQWULEXWLRQ FRQWLQXLQJ WR LQFUHDVH EH\RQG f ILJ %\
WKH 10DS ILJ DFFRPSDQLHG E\ D VLJQLILFDQW IDOO LQ WKH

HGJH RI WKH IODS UHVXOWLQJ LQ D UHGXFWLRQ LQ WKH RYHUDOO F
&Q IDOOV DV GRHV WKH VODW SHDN VXFWLRQ DQG &Q 7KH ERXQGDU\
FRQWLQXHV WR GHYHORS VWHDGLO\ ZLWK LQFLGHQFH PRYLQJ IRUZ

7KH TXHVWLRQ UDLVHG LV ZKHWKHU WKH PHFKDQLVP RI WKH
DULVHV IURP WKH FRQWLQXDO GHYHORSPHQW RI RQH HYHQW QDPH(
ZLQJ WULJIJHULQJ WKH FROODSVH RI WKH IORZ RQ WKH IODS DQG K
WKHUH DUH WZR HYHQWY PRUH LQGHSHQGHQW QDPHO\ WKH VORZO\
PDLQ ZLQJ ZKLFK LV RYHUWDNHQ E\ WKH FROODSVH RI WKH IORZ R
WKH PHFKDQLVP RI WKH VWDOO RI WKH KLJK OLIW V\VWHP $V UHV
JHQHUDWRUV ZLOO GHPRQVWUDWH ZKHQ VHSDUDWLRQ DW WKH UH
VHSDUDWLRQ RQ WKH IODS LV DOVR GHOD\HG +HQFH WKH OHYHO
VI\IVWHP JHQHUDWHYVY XS WR DQG WKURXJK VWDOO LV GHWHUPLQHG
FRQGLWLRQ DW WKH WUDDSLQJ HGJH RI WKH

%\ ILYH GHJUHHVY LQFLGHQFH WKH SUHVVXUH GLVWULEXWLRQ R
ZKLFK FKDQJHV OLWWOH ZLWK IXUWKHU LQFUHDVHYV LQ LQFLGHQFH



KLJK OLIW VAVWHP ILJ &E&RQVHTXHQWO\ WKH QRUPDO IRUFH FI
DOVR UHPDLQV DSSUR[LPDWHO\ FRQVWDQW ZLWK LQFLGHQFH ILJ
LOWHUIHUHQFH IURP WKH ZDNH RI WKH PDLQ ZLQJ DQG VODW WKH
RQ WKH XSSHU VXUIDFH RI WKH I10ODS ZRXOG WKHQ DOVR EH H[SHF
LQFLGHQFH )JURP WKLV SRVLWLRQ ZH IFROVRIEOH WHR | /W XOG OWXKIDOND VK
DV D UHVXOW RI WKH YLVFRXVY GHYHORSPHQW RI WKH ERXQGDU\ OD\
7KLV LV LQGHHG WKH FDVH DV ZH KDYH DOUHDG\ VHHQ WKDW HYHQW
HGJH RI WKH PDLQ ZLQJ SURGXFH D ORFDOLVHG ERXQGDU\ OD\HU V
7KH EHKDYLRXU RI WKH VWDWLF SUHVVXUH DW WKH WUDLOLC
LV SDUWLFXODUO\ LQWHUHVWLQJ )RU LQFLGHQFHV XS WR DSSU
FDQ EH VHHQ LQ WKH SUHVVXUH UHFRYHU\ DFKLHYHG DW WKH IODS
f DQG f WKH VWDWLF SUHVVXUH UHPDLQV FRQVWDQW EHIRUH
LQFLGHQFHY EHWZHHQ f DQG f 7KH SUHVVXUH GLVWULEXWLRQV
FOHDUO\ VKRZ WKDW D VPDOO UHJLRQ RI VHSDUDWHG IORZ LV HV

[ F E\ f RQ WKH IODS XSSHU VXUIDFH ILJ %\ f WKH
SURPLQHQW ILJ LWK IXUWKHU LQFUHDVHYVY LQ LQFLGHQFH X¢
DWWDFK ILJ DQRG WKH SUHVVXUH UHFRYHU\ DW WKH IODS WUDL

$ GLVFRQWLQXLW\ FDQ EH VHHQ LQ WKH PDLQ ZLQJ XSSHU VX
[ F ILJ W R 7KH IHDWXUH JUDGXDOO\ GLVDSSHDUV E\ |
DQG LV DVVRFLDWHG ZLWK WKH SUHVHQFH RI WKH VODW ZDNH DER
VLPLODU IHDWXUH FDQ EH VHHQ LQ WKH SUHVVXUH GLVWULEXWLRC
EHWZHHQ [ F DQG [ F 7KH IHDWXUH LV SDUWLFXODUO\ PDI
VHYHULW\ ZLWK LQFUHDVLQJ LQFLGHQFH XS WR f $ERYH WKLV LQ
JUDGXDOO\ UHWXUQV XQWLO DW f RQO\ D YHU\ VPDOO DGYHUVH S|
RQ WKH XSSHU VXUIDFH RI WKH I10ODS ,W LV LQWHUHVWLQJ WR QI
SURPLQHQW WKH ERXQGDU\ OD\HU VHSDUDWLRQ DW WKH IODS WUDL
DOVR EHLQJ WUXH $QRWKHU SRLQW RI LQWHUHVW LV WKDW DV WKt#
LV DSSURDFKHG WKH FRQFDYH SUHVVXUH GLVWULEXWLRQ RYHU WKH
JUDGXDOO\ EHFRPHY FRQYH[ LQ QDWXUH

6KHDU OD\HU PHDVXUHPHQWYV ILJ WR $SSHQGL[ $
JLIXUH SUHVHQWYVY WKH FKDQJH LQ WKH SURILOH RI WKH VK
DQG [ F DERYH WKH XSSHU VXUIDFH RI WKH PDLQ ZLQJ DW f 7

FRQILUPY WKDW ZKLOH WKH VODW SURGXFHV OLWWOH XVDEOH OL
SURGXFHV OLWWOH GUDJ V DW 7KH WRWDO WKLFNQHVV RI WK

PP 7KH FKRUGZLVH ORFDWLRQ RI WKLV ERXQGDU\ OD\HU PHDVXU
ZLWK WKH FKRUGZLVH OLPLW RI WKH IDYRXUDEOH SUHVVXUH JUDGL
ZLQJ IRU WKLV LQFLGHQFH ILJ 7KH VOLJKW DGYHUVH SUHVVXU
[ F DQG [ F LV VHHQ WR LQFUHDVH WKH WKLFNQHVV RI V
PP ILJ +RZHYHU WKH PDJQLWXGH RI X 8HPHDVXUHG DW



LQNKH UDNH DERYH WKH PDLQ ZLQJ H[KLELWYV D ODUJH UHGXFWLRQ
HQHUJ\ OHDGLQJ WR D KLJKHU YHORFLW\ JUDGLHQW ZLWKLQ WKH
[ F PDLQ ZLQJ WUDLOLQJ HGJH WKH WKLFNQHVV RI WKH ERX

PP ZLWK WKH YHORFLW\ PHDVXUHG E\ WKH SLWRW WXEH FORVH\
EHLQJ OHVV WKDQ RI WKDW RXWVLGH WKH ERXQGDU\ OD\HU 7KH
DW WKLV LQFLGHQFH FRQILUPLQJ WKH VHSDUDWLRQ EXEEOH DVVRF
WKH PDLQ ZLQJ OHDGLQJ HGJH
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&OHDQIRLO $0I8D ODFKQR 5H\QROGV QR (
&OHDQIRLO $0ISD 0DFKQR 5H\QROGV QR (
&OHDQIRLO $GKD 0DFKQR 5H\QROGV QR (
&OHDQIRLO $0I8D O0DFKQR 5H\QROGV QR (
&OHDQIRLO $0I8D 0DFKQR 5H\QROGV QR (

JLIXUH 6KHDU OD\HU GHYHORSPHQW RYHU WKH PDLQ ZLQJ RI Wi
7KH PHDQ YHORFLW\ SURILOH RI WKH VKHDU OD\HU DERYH W

LQFLGHQFH LV SUHVHQWHG LQ ILJXUH 7KH I1ODS XSSHU VXUIDF
FRQIOXHQW ZLWK WKH ZDNH IURP WKH PDLQ ZLQJ DW WKLV LQFLGHAQ
LV QRW UHDFKHG DQ\ZKHUH LQ WKH IORZ WKURXJK WKH JDS ZKLFK
WKH ERXQGDU\ OD\HU WKLFNQHVY DW WKH WUDLOLQJ HGJH RI WKL
UHFRYHU\ ILJ ,QHYLWDEO\ WKH LQYLVFLG HIIHFW VHFWLRQ
DQG PDLQ ZLQJ HOHPHQWYVY LV UHGXFHG JLYLQJ ULVH WR WKH QRQ
WKH KLJK OLIW VAVWHP DW ORZ LQFLGHQFHV ILJ %\ f WKH IO
LV QRW FRQIOXHQW ZLWK WKH ZDNH RI WKH PDLQ ZLQJ DQG VOD
SUHVVXUH LV UHDFKHG LQ WKH IORZ WKURXJK WKH I10ODS JDS DQG
LQFUHDVH ILJ ,Q JHQHUDO WKH WRWDO OLIW RI WKH KLJK OL
LQ D PDQQHU VLPLODU WR WKDW SUHGLFWHG E\ LQYLVFLG WKHR
IUHHVWUHDP SLWRW SUHVVXUH VHSDUDWH WKH IODS XSSHU VXUIDF
VKHDU OD\HUV VKHG E\ WKH PDLQ ZLQJ

JLIXUHV W R VKRZ WKDW IURP f WR DERYH WKH VWD
ZLQJ HOHPHQW RI WKH KLJK OLIW VA\VWHP f I1LJ IORZ KDYL
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&OHDQIRLO $OSKD O0DFK QR 5H\QROGV QR (
&OHDQIRLO $OSKD O0DFK QR 5H\QROGV QR N

JLIXUH 6KHDU OD\HU SURILOHV RYHU IODS RI WKH KLJK OLIW
DOzD\V VHSDUDWHYVY WKH ERXQGDU\ OD\HU RQ WKH XSSHU VXUIDFH R
RI WKH PDLQ ZLQJ DQG VvVODW DW [ F JXUWKHU WKH KHLJKW WHF
DERYH WKH VXUIDFH RI WKH IODS QHDUO\ GRXEOHV EHWZHHQ f DQC

WR DOVR VKRZ WKDW WKH |IODS XSSHU VXUIDFH ERXQGDU\
LQFLGHQFH DV VXJIJHVWHGQEWRQIMWW LRIJ VWKOHDO IRU WKH KLJK OLIW
WRZDUGV WKH WUDLOLQJ HGJH RI WKH PDLQ ZLQJ

JLIXUH ,OO0XVWUDWHY WKH HIIHFW ZKLFK WKH PRPHQWXP '
DERYH WKH I10ODS KDV RQ WKH IODS SHDN VXFWLRQ 7KH LQLWLDO
FRQIOXHQF\ RI WKH I10DS XSSHU VXUIDFH ERXQGDU\ OD\HU DQG P
FDOFXODWLQJ WKH YDWWXVFYDOXWNHRFRQWULEXWLRQV IURP WKH F
GXH WR WKH IODS XSSHU VXUIDFH ERXQGDU\ OD\HU DORQH FDQ Et}
FRQVWDQW EHFDXVH OLWWOH FKDQJH ,V VHHQ ,Q ERWK WKH SUHVV)
LQ WKH ERXQGDU\ OD\HU RQ LWV XSSHU VXUIDFH +HQFH ILJXUH
PRPHQWXP WKLFNQHVV RI WKH FRQIOXHQW PDLQ ZLQJ DQG VODW VI
VXFWLRQ WKURXJK WKH PHFKDQLVP GLVFXVVHG E\ ORVHU DQG 6FK
QRWHG KHUH WKDW EHWZHHQ f DQG f LQFLGHQFH WKH ORFDWLRQ
SRLQW PRYHV RQO\ E\ [ F DQG LQ D PDQQHU ZKLFK ZRXOG RW|
ORDGLQJ RQ WKH I1ODS $ VPDOOHU FRQIOXHQW PDLQ ZLQJ DQG VOD
RYHU WKH 10DS DQG KHQFH ,QFUHDVH WKH |IODS ORDGLQJ 7KH DV
EHKLQG WKH IODS SHDN VXFWLRQ PD\ LQ WXUQ EH UHVSRQVLEOH IF
VHHQ DW [ F WR ILJ

$W o f (N WKH PHDQ YHORFLW\ SURILOHV WRZDUGV WK}
ZLQJ EHJLQ WR VKRZ WKH SUHVHQFH RI D VODW ZDNH %\ FRPSDUI
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&OHDQIRLO $8KD ODFKQR 5H\QROGV QR
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&OHDQIRLO $8KD ODFKQR 5H\QROGV QR
&OHDQIRLO $8KD ODFKQR 5H\QROGV QR

JLIXH 6KHDU OD\HU GHYHORSPHQW RYHU WKH PDLQ ZLQJ RI WK
VDPH ORFDWLRQ RQ WKH PDLQ ZLQJ IRU f DQG f LW FDQ EH VH
RFFXUUHG LQ WKH WKLFNQHVV RI WKH VKHDU OD\HUV DV PXFK DV
OD\HU SURILOHV PHDVXUHG EHWZHHQ [ F DQG [ F LQFC
GHJUHH RI VLPLODULW\ LQ WKHLU JHQHUDO VKDSH 7KLV LV GXH WHF
ZDNH DQG WKDW WKH VKHDU OD\HUV DW WKHVH ORFDWLRQV DW f
SUHVVXUH JUDGLHQW DV WKH ORFDWLRQ RI WKH SHDN VXFWLRQ K|
[ F WKH VODW ZDNH DQG PDLQ ZLQJ XSSHU VXUIDFH ERXQGDU\ (
WKURXJK WXUEXOHQW PL[LQJ WR IRUP D FRQIOXHQW ERXQGDU\ O
FRQFHDOV LWV PXOWL VRXUFH RULJLQ $W f ILJ WKH VWUH
VXUIDFH RI WKH PDLQ ZLQJ LV QRW VXIILFLHQW IRU WKH WZR VKHL
WKH VKHDU OD\HU SURILOH DW WKH PDLQ ZLQJ WUDLOLQJ HGJH WKF

7KH PRVW VWULNLQJ GHYHORSPHQW DW f ILJ LV WKDW
WKH PDLQ ZLQJ DQG I10ODS WKH KLJK OLIW VA\VWHP H[SHULHQFHV D U
WKH VKHDU OD\HUV RYHU WKDW VHHQ DW f ILJ ILJ
[ F DQG GHULYHV IURP WKH PRYHPHQW RI WKH OHDGLQJ HGJH
WRZDUGV WR WKH VKDUS OHDGLQJ HGJH RI WKH VODW FRYH 7KH
HOHPHQW DOORZV WKH VODW WR JHQHUDWH D QRUPDO IRUFH FRHII

ZKLOH DW WKH VDPH WLPH LWV SDUWLFXODU VKDSH DFKLHYH
DWWDFKPHQW RI WKH VHSDUDWHG IORZ LQ WKH VODW FRYH 7K
GLVDSSHDUDQFH RI WKH XQXVXDO SUHVVXUH GLVWULEXWLRQ ZKLFEk
OHDGLQJ HGJH RI WKH PDLQ ZLQJ HOHPHQW EHORZ f )YXUWKHU |
VI\IVWHP SURGXFHV LWV PD[LPXP /' UDWLR DW DSSUR[LPDWHO\ f
GHYHORSPHQWYV



JLIMH 6KHDU OD\HU GHYHORSPHQW RYHU WKH PDLQ ZLQJ RI WK
$OWKRXJIK WKH WRWDO WKLFNQHVY RI WKH VKHDU OD\HUV DW

RU IODS VKRZ OLWWOH RYHUDOO LQFUHDVH EHWZHHQ f DQG [ ¢
VWUXFWXUH RI WKH VKHDU OD\HUV GR WDNH SODFH 7KH JUDGXDO |
JDS ZLWK QHDU WRWDO SUHVVXUH FDQ EH VHHQ LQ WKH VKHDU OD\

7KH DSSHDUDQFH RI WKH VORW IORZ ZKLFK ZLWK LQFLGHQFH
FRQIOXHQF\ EHWZHHQ WKH VODW ZDNH DQG PDLQ ZLQDERBBRWGDU\ C
WKH ORFDWLRQV [ F WR [ F LQFOXVLYH ILJ DQG
DW WKHVH FKRUGZLVH SRVLWLRQV GR QRW DJDLQ UHDFK WKH SHDN
XQWLO LQFLGHQFHV LQ H[FHVV RI WKH VWDOO LQFLGHQFH RI WKH K
FRHIILFLHQWY LQ WKH FKRUGZLVH UHJLRQ EHWZHHQ [ F DQG
SUREDEO\ LQFUHDVH WKURXJK WKH GHOD\HG PHUJH RI WKH PDLQ Z|
ZDNH 7KLV LV EHFDXVH WKH SLWRW PHDVXUHPHQWY DGMDFHQW W
FRQVLVWHQW LQFUHDVH LQ WKH YDOXH RI X 8H DQG E\ DOVR GHOD\
ZKLFK RWKHUZLVH ZRXOG EH ORVW DV XQUHFRYHUDEOH WXUEXOHQF
ZLWK WKH JUDGXDO GLVDSSHDUDQFH DW WKLV ORFDWLRQ RI WKH ¢
PDLQ ZLQJ SUHVVXUH GLVWULEXWLRQYV

+RZHYHU WKH WKLFNQHVV RI WKH VKHDU OD\HUV DERYH WI
JUDGXDOO\ LQFUHDVHYV ZLWK LQFUHDVLQJ LQFLGHQFH ILJV W R
ZDNH LV GXPSHG DW YHORFLWLHY DSSUHFLDEO\ JUHDWHU WKDQ IUF
WR IUHHVWUHDP FRQGLWLRQV LV DFFRPSDQLHG E\ D ODUJH LQFUHD)
ZKLFK LQ WXUQ LV UHVSRQVLEOH IRU WKH PL[LQJ RI WKLV ZDNH ZL
$ OHYHO RI WXUEXOHQFH DVVRFLDWHG ZLWK WKH VODW ZDNH ZLO
ERXQGDU\ OD\HU ZKLFK IXUWKHU SURPRWHV WKH PL[LQJ RI WKHVH V



ZLQJ ERXQGDU\ OD\HU ZLOO WKLFNHQ VLJQLILFDQWO\ LPSHGLQJ
SUHVVXUH JUDGLHQWYV )LIJXUHV WR VKRZ WKDW X 8H PHDVX
DERYH WKH PDLQ ZLQJ WUDLOLQJ HGJH FRQVLVWHQWO\ GHFUHDVHYV
ILJ WKH SLWRW UDNH GHWHFWY VHSDUDWHG IORZ E\ UHJLVW
LOWHUFHSWLQJ WKH \ F D[LV VRPH FRQVLGHUDEOH KHLJKW DERYH
DOUHDG\ JLYHQ E\ WKH WXIWV DQG WKH SUHVVXUH GLVWULEXWLRQ

[ F "HOOD "HOWDVWDU@KHWD + X 8H
O &OHDQIRLO $0ISD ODFK QR 5H\QROGV QR
&OHDQIRLO $0ISD ODFK QR 5H\QROGV QR
&OHDQIRLO $GKD ODFK QR 5H\QROGV QR (

JLIMH 6KHDU OD\HU GHYHORSPHQW RYHU WKH PDLQ ZLQJ RI W
f f [F f [F

$OWKRXJIK ZDNHV XQGHUJRLQJ GHFHOHUDWLRQ WR IUHHVWUHTI
ZLWK D VXUIDFH HQDEOH WKH UHFRYHU\ IURP KLJK QHJDWLYH &S YD
GLVWDQFH WKDQ ZKHQ WKH GHFHOHUDWLRQ LV LQ FRQWDFW ZLWK
FDQ VWLOO RFFXU EHIRUH VHSDUDWLRQ LV SUHVHQW RQ WKH V)
XQGHUJRLQJ LWV PRVW VHYHUH GHFHOHUDWLRQ DW f ILJ LY
VXIITHU WKLY SKHQRPHQD DV X 8H !

$ FDUHIXO H[DPLQDWLRQ RI ILIJXUHYV DQG ZLOO VKRZ
LQFLGHQFH LQFUHDVHYV IURP f WR f WKH KHLJKW RI WKH OD\H|
KDV GHFUHDVHG VOLJKWO\ VLQFH FXUYH OLHV FORVHU WR \ F
LV LQ PDUNHG FRQWUDVW WR WKH EHKDYLRXU RI WKLV UHJLRQ RI I
WR VHH EHIRUH 7KH DXWKRU UHJUHWY QRW KDYLQJ UHFRUGHG
IODS DW f +RZHYHU WKH DXWKRU EHOLHYHV WKLV UHGXFWLRQ
DSSHDUDQFH RI VHSDUDWHG IORZ DW WKH PDLQ ZLQJ WUDLOLQJ HGJ
IURP WKH WUDLOLQJ HGJH ILJ LQFUHDVLQJ LQ VHYHULW\ WHK
ZDNH SUREDEO\ SHQHWUDWHY LQWR WKH IORZ DERYH WKH IODS ZKL
SHDN VXFWLRQ DW f ILJ



9DQH 9RUWH[ *HQHUDWRUYV

JRU FODULW\ WKLV VHFWLRQ GLVFXVVHV VROHO\ WKRVH PHDV
ZKHQ YDQH YRUWH[ JHQHUDWRUYV ZHUH SUHVHQW RQ WKH XSSHU V.
[ F RU [ F ,Q bOO FDVHV WKH JHQHUDWRUV ZHUH SRVLWL
FHQWUH OLQH RI WKH PRGHO WR HQVXUH WKH FHQWUH OLQH SUHVYVX
WZR DGMDFHQW JHQHUDWRUYV

7KH YDULRXV YDQH YRUWH[ JHQHUDWRU FRQILIJIXUDWLRQV WHY
VHOHFWHG IRU WKHLU ZHOO NQRZQ HIIHFWLYHQHVY DW VXSSUHVV
VHSDUDWLRQ 3HDUFH\ ,Q WKH HYHQW HDFK FRQILIXUDWLRQ
IDYRXUDEOH LQIOXHQFH RQ WKH VXSSUHVVLRQ RI VHSDUDWLRQ ZKL
ZLQJ +RZHYHU LQ DOO FDVHV WKH JHQHUDWRUV KDG DQ DGYHU
FRHIILFLHQW JHQHUDWHG E\ WKH KLJK OLIW VA\VWHP DW LQFLGHQFF

UHVVXUH GLVWULEXWLRQ PHDVXUHPHQWYV ILJ WR ILJ $S
&R URWDWLQJ YDQH YRUWH[ JHQHUDWRUV DW [ F | ILJ
,QLwLDOO\ LW ZDV EHOLHYHG WKH SUHVVXUH GLVWULEXWLF
FRPSDULQJ IRU H[DPSOH ILIJXUHYV ZLWK ILIXUHV
H[IDPLOQDWLRQ LW FDQ EH VHHQ WKDW VXEWOH FKDQJHV KDYH RFFX

GLVWULEXWLRQV JLIXUHV FRPSDUH WKH SUHVVXUH GLV
ZLWKRXW FR URW YDQH YRUWH[ JHQHUDWRUV DW [ F IRU VHO
JLIXUH &RPSDULVRQ RI SUHVVXUH GLVWULEXWLRQV DW R f RE

FR URW YDQHV DW [ F

$W f ILJ WKH FR URW YDQH YRUWH[ JHQHUDWRUV KDY
RQ DOO HOHPHQWY WR OHYHOV VOLJKWO\ EHORZ WKRVH VHHQ RQ W



RW YDQH YRUWH[ JHQHUDWRUYV KDYH UHGXFHG WKH XSSHU VXUIDFF
ZLQJ ZKLOH WKH ORZHU VXUIDFH SUHVVXUH GLVWULEXWLRQV UHPD
WKH FOHDQIRLO FDVH $V D FRQVHTXHQFH WKH &Q FRHIILFLHQW R1 V
ZKLFK LQ WXUQ UHGXFHV WKH WRWDO &Q RI WKH KLJK OLIW V\
URW YDQH YRUWH[ JHQHUDWRUV ZHUH ORFDWHG RQ WKH PDLQ ZLQJ
ORFDOO\ WKH ORDGLQJ RQ WKLV HOHPHQW WKH\ DOVR KDYH KDG D
JHQHUDWHG RQ WKH VODW 7KLV FDQ EH H[SODLQHG WKURXJK WKHLI
HITHFW VHFWLRQ ZKLFK GHWHUPLQHY LQ SDUW WKH OHYHO RI |
LWK KLQGVLIKW WKH FKRLFH RI YDQHV ZLWK D KHLJKW R
FRPSURPLVH EHWZHHQ PD[LPL]LQJ WKH SRVVLEOH VWUHQJWK RI WK}
SHQDOWLHY DVVRFLDWHG ZLWK WKH JHQHUDWRU KHLJKW $W f IL.
RI WKH VKHDU OD\HUV LV \ F VR WKH JHQHUDWRUV FRXOG EH V|
E\ f WKH wLSV RI WKH JHQHUDWRUV DUH LPPHUVHG LQ WKH ZDN
X 8H +HQFH WKH VWUHQJWK RI WKH YRUWLFHY ZLOO EH RQO\
IORZ YHORFLW\
7KH 10DS SUHVVXUH GLVWULEXWLRQ ILJ EHKLQG WKH S
UHPDLQV XQFKDQJHG E\ WKH SUHVHQFH RI YRUWH[ JHQHUDWRUV D
ZLQJ ,Q SDUWLFXODU WKH VPDOO UHJLRQ RI VHSDUDWHG IORZ SUH
IODS [ F WR SHUVLVWYV %RWK WKH PDLQ ZLQJ DQG I10DS
OLWWOH GLIIHUHQFH RYHU WKDW PHDVXUHG RQ WKH FOHDQIRLO DW

FR URW YDQHV DW [ F

%\ f WKH DGYHUVH LQIOXHQFH ZKLFK WKH FR URWDWLQJ YD
WKH WRWDO QRUPDO IRUFH FRHIILFLHQW RI WKH KLJK OLIW V\VW



FRPSDUHG ZLWK WKH FOHDQIRLO FDVH ILJ JLIXUH DOVR V
IRU ERWK WKH VODW DQG PDLQ ZLQJ DUH FRPSDUDEOH ZLWK WKDW
+RZHYHU ILIJXUH LOOXVWUDWHY WKHVH LPSURYHPHQWY GR QRW
YRUWH[ JHQHUDWRUY QR ORQJHU KDYLQJ DQ DGYHUVH LQIOXHQFH F
WRZDUGV WKH OHDGLQJ HGJH RI WKH PDLQ ZLQJ ZKHQ FRPSDUHG
LQIOXHQFH LV VWLOO SUHVHQW KRZHYHU ILIJXUH VKRZV WKH FF
UHGXFHG WKH H[WHQW RI WKH ORVV RI ORDG WRZDUGV WKH WUDI
[ F 7KH YDQH YRUWH[ JHQHUDWRUV DUH WKHUHIRUH DOOHYLDW
DUH H[HUWHG RQ WKH PDLQ ZLQJ ERXQGDU\ OD\HU WKURXJK FRQIC
RYHUDOO FLUFXODWLRQ JHQHUDWHG RQ WKH PDLQ ZLQJ HOHPHQW
JHQHUDWHY LQ WKH FOHDQIRLO FRQGLWLRQ ILJ 7KH VODW K
FLUFXODWLRQ ZKLFK H[LVWHG DW ORZHU LQFLGHQFHV ZKHQ FRPSD

7KH VXSSUHVVLRQ RI VHSDUDWLRQ DW WKH WUDLOLQJ HGJH RI
URW YDQH YRUWH[ JHQHUDWRUV KDV KDG D QRWLFHDEOH HIIHFW F
XSSHU VXUIDFH RI WKH I10DS ILJ LQ WKDW WKH JHQHUDWRUV
ORDGLQJ WR H[LVW EHKLQG WKH IODS SHDN VXFWLRQ

7KH FR URW YDQH YRUWH[ JHQHUDWRUYV LQFUHDVH WKH VWDO(
WR DERYH f E\ GHOD\LQJ WKH ERXQGDU\ OD\HU VHSDUDWLRQ ZKLI
RI WKH PDLQ ZLQJ ILJ 7KH PRVW VWULNLQJ IHDWXUH LV WKD
ERXQGDU\ OD\HU VHSDUDWLRQ DW WKH WUDLOLQJ HGJH RI WKH PDL
KDYH SUHYHQWHG WKH VXGGHQ FROODSVH RI WKH IORZ RYHU WKH IC
DEUXSW WKDQ VHHQ LQ WKH FOHDQIRLO FDVH DQG WKH PD[LPXP
LQFUHDVHV E\ IURP WR ILJ JLIXUH VKRZV WKD\
DOPRVW HQWLUHO\ IURP D VXEVWDQWLDO LQFUHDVH LQ WKH QRUPD
RI WKH KLJK OLIW VA\IVWHP $OWKRXJK WKH FR URW YDQH YRUWH][ JI
R1 ORDGLQJ ZKLFK RFFXUV WRZDUGVYV WKH WUDLOLQJ HGJH RI WKH F
ILIV ILJ WKH PDLQ ZLQJ SHDN VXFWLRQ LQFUHDVH
7KLV LQ WXUQ LV UHIOHFWHG LQ WKH UDWKHU VPDOO LQFUHDVH PHI
FRHIILFLHQW ILJ IHYHUWKHOHVY E\ GHOD\LQJ WKH DEUXSW G
SUHVVXUH ILJ WKH FR URW YDQH YRUWH[ JHQHUDWRUV HQDEO
E\ WKH KLJK OLIW VA\VWHP DQG LQ SDUWLFXODU WKH ORDG RQ WKH

ZLWK LQFUHDVLQJ LQFLGHQFH EH\RQG f ILJ 7TKH PDJQLWX(
LQFUHDVHYVY VXEVWDQWLDOO\ IURP WR LQ H[FHVV RI ILJ
WKH PDLQ ZLQJ &Q JUDGXDOO\ GHFUHDVHV ILJ WKH VODW SFH

FRHIILFLHQW FROQWLQXH WR LQFUHDVH ZLWK LQFLGHQFH ILJ

7KH IODS WUDLOLQJ HGJH SUHVVXUH GLYHUJHV IURP f 1LJ
FOHDQIRLO +RZHYHU WKH GLYHUJHQFH LV RI D PRUH JUDGXDO QDMW
VKDSH ZKLFK WKH IODS XSSHU VXUIDFH SUHVVXUH GLVWULEXWLRQ I
ILJ EHFRPHY PRUH DFFHQWXDWHG ILJ ILJ ZLWK LQFI
SHDN VXFWLRQ GRHV QRW FROODSVH DEUXSWO\ HYHQ WKRXJK E\
VHSDUDWLRQ RQ WKH PDLQ ZLQJ XSSHU VXUIDFH LV HYLGHQW IURP



JLIXUH 9DULDWLRQ RI WIRRALWMX SOPBELWKWKRXW YDQH YRUWH[ JHQF
RQ WKH HOHPHQW VA\VWHP



7KH YDULDWLRQ RI VWDWLF SUHVVXUH DW WKH PDLQ ZLQJ W
SODWHDX DV WKDW VHHQ LQ WKH FOHDQIRLO WHVWV EHWZHHQ f C
YRUWH[ JHQHUDWRUYV H[WHQG WKLV WR DSSUR[LPDWHO\ f DIWI
EHKDYLRXU RFFXUV ZKHQ FRPSDUHG ZLWK WKH FOHDQIRLO FDVH )
ZKLFK WKH FR URWDWLQJ YDQH YRUWH[ JHQHUDWRUYV KDYH RQ VHY|
DFWLQJ WRZDUGYVY WKH UHDU RI WKH PDLQ ZLQJ ,W LV FOHDU WKD\
GHOD\ WKH ORVV RI ORDGLQJ WRZDUGV WKH UHDU RI WKH PDLQ ZLQ
ERXQGDU\ OD\HU VHSDUDWLRQ ZKLFK RULJLQDWHYV IURP WKLV UHJL

&QWU URWDWLQJ YDQH YRUWH[ JHQHUDWRUV DW [ F "G
$SSHQGL[ %

YLIXUH LOOXVWUDWHY WKDW WKLV FRQILIXUDWLRQ RI Y
JUHDWHVW DGYHUVH HIIHFW RQ WKH PDLQ ZLQJ &Q DQG LQGHHG IRU
LQFLGHQFHVY EHORZ WKH VWDOO ZKHQ FRPSDUHG WR WKH FOHDQIR
LV UHGXFHG E\ EXW E\ f WKLV KDV LQFUHDVHG WR 7KHLU L
PDLQ ZLQJ DQG VODW $W f ILJ WKH YRUWH[ JHQHUDWRUV
GLVWULEXWLRQ RYHU WKH XSSHU VXUIDFH RI WKH 10DS $OWKRXJK
YRUWH[ JHQHUDWRUV LQFUHDVH WKH ORDGLQJ WRZDUGV WKH WUD
HOLPLQDWHG WKH VPDOO UHJLRQ RI VHSDUDWHG IORZ EH\RQG [ F
FR URW YDQH YRUWH[ JHQHUDWRUV ILJ 7KHLU QHW HIIHFW
QRUPDO IRUFH FRHIILFLHQW

JLIXUH O9DULDWLRQ PIRQ ADWK HOHPHQW RI WKH HOHPHQW V\\V
ZLWKRXW YDQH YRUWH[ JHQHUDWRUYV



$W f ILJ WKH PDLQ ZLQJ XSSHU VXUIDFH SUHVVXUH (
VKRZVY DQ XQFKDUDFWHULVWLF FKDQJH LQ VORSH ZKLFK LV QRW SU|

ILJ WKH IHDWXUH KDV PRYHG IRUZDUG WR [ F 7KH
FRQILIJIXUDWLRQ RI YDQHY ZLOO WHQG WR PRYH WRZDUGV HDFK R
VXUIDFH RI WKH PDLQ ZLQJ 7KH DXWKRU EHOLHYHV WKH VXGGHQ I
GLVWULEXWLRQ WRZDUGYVY WKH PDLQ ZLQJ WUDLOLQJ HGJH LV DVVR
FOWU URW YDQH YRUWH[ JHQHUDWRUV W PD\ EH WKDW DV WKH Y
ZLQJ VXUIDFH WKH GLVSODFHPHQW HIIHFW RI WKH YRUWH[ FRUHV I
JLYLQJ ULVH WR WKH VOLJKWO\ HOHYDWHG OHYHO RI ORDGLQJ EH\F

JLIXUH 9DULDWLRQ RI PDLQ ZLQJ IODS WUZDWXLQPD G EIHN &R X WZ
YDQH YRUWH[ JHQHUDWRUY SUHVHQW RQ WKH HOHPHQ\

7KH PRVW ZRUU\LQJ GHYHORSPHQW ZLWK WKLV FRQILIXUDWL
LV WKH JUDGXDO GLYHUJHQFH LH WHQGHQF\ WR EHFRPH PRUH QHJ

RI WKH IODS WUDLOLQJ HGJH SUHVVXUH IURP f ILJ f EHIRU
RU ZLWK FR URW YDQH YRUWH[ JHQHUDWRUV DW [ F &RPSDUL
ILIXUH FR URW YDQHYV f DQG ILIJXUH FQWU URW YDQHYV

SUHVVXUH DW [ F RQ WKH XSSHU VXUIDFH RI WKH IODS LV DSSL

FDVHV DV LV WKH PDLQ ZLQJ WUDLOLQJ HGJH SUHVVXUH ILJ

HDFK FDVH LV WKH VWUXFWXUH RI WKH ZDNH VKHG IURP WKH PDLQ
DQG FXUYDWXUH RI WKLV ZDNH DQG WKH GLVSODFHPHQW HIIHFW R
YDQHV ZLOO KDYH ERWK D YLVFRXV LI PHUJLQJ DQG DQ LQYLVFL
LQIOXHQFH RQ WKH SUHVVXUH GLVWULEXWLRQ RYHU WKH XSSHU °
UHFRYHU\ DFKLHYHG DW WKH IODS WUDLOLQJ HGJH GHSHQGV RQ W
HQWHULQJ WKH ZDNH DQG WKHUHIRUH SDUWO\ RQ WKH FKDUDFWHUL\



PDLQ ZLQJ ZDNH ZLOO DFW WR VXSSUHVV WKH IODS SHDN VXFWLRQ
WKH SUHVVXUH UHFRYHU\ DFKLHYHG DW WKH WUDLOLQJ HGJH RI WKL
SUHVVXUH EHJLQV WR GLYHUJH WKH SUHVVXUH GLVWULEXWLRQ RY

[ F DFTXLUHVY D FRQYH[ VKDSH ZKLFK RFFXUV UDWKHU HDUOLL
JHQHUDWRUYV DW [ F ILJ %\ YLUWXH RI WKH GLYHUJHQFH R
DOEHLW JUDGXDO ILJ IURP f WKH KLJK OLIW VM\VWHP ZLOO

IURP WKLY LQFLGHQFH RYHU WKDW ZKLFK ZRXOG RWKHUZLVH EH VH
YRUWH[ JHQHUDWRUV DW [ F
"LWKLQ WKH UDQJH RI LQFLGHQFH WHVWHG QR GHILQLWLYH V!
KLJK OLIW VA\VWHP ZKHQ FQWU URW YDQH YRUWH[ JHQHUDWRUV ZHU
WRWDO &Q LQFUHDVHG VWHDGLO\ XS WR f WKH PD[LPXP LQFLGHQF
WR ILJ 7KLV LPSURYHPHQW DOWKRXJK VPDOO
WKH HIIHFW RI LQFUHDVLQJ LQFLGHQFH XSRQ WKH VODW FLUFXODWL
GHOD\ LQ WKH FROODSVH RI WKH IORZ RYHU WKH IODS IORZ VHSDU
RQ WKLV HOHPHQW DW f 7KH PDLQ ZLQJ &Q SHDNV EHWZHHQ f
f WKH PDLQ ZLQJ LV VKRZLQJ D ODUJH UHJLRQ RI VHSDUDWHG IOR
VLIH WR WKDW VHHQ LQ WKH FOHDQIRLO FDVH ILJ DQG ILJ
[ F E\ f ILJ ILJ W LV LOQWHUHVWLQJ WR QRWH WK
LV VKRZLQJ D VLIJQLILFDQW DPRXQW RI VHSDUDWHG IORZ E\ f w
FROODSVHG DV ZDV WKH FDVH IRU WKH FOHDQIRLO 7KLV PD\ EH GXH
URWDWLQJ YRUWH[ FRUHV WR PRYH DZD\ IURP WKH PDLQ ZLQJ VXUI
ZLQJ ZDNH DQG UHGXFLQJ WKH DGYHUVH YLVFRXV LQWHUDFWLRQ Z|
, WKH FQWU URW YDQH YRUWH[ JHQHUDWRUYV DUH WR KDYH |
ZLQJ wuDLOLQJ HGJH VHSDUDWLRQ WKH\ PD\ KDYH WR EH FORVHU W

&QWU URWDWLQJ YDQH YRUWH[ JHQHUDWRUV DW [ F ' G
$SSHQGL[ %

%\ PRYLQJ WKH YDQHV WR D ORFDWLRQ IXUWKHU DIW ZH LPPI
WKH VWUHQJWK RI WKH YRUWLFHV VKHG IURP WKH YDQHV 3HDUFH\
WLSV RI WKH JHQHUDWRUV WR EH LPPHUVHG LQ D UHJLRQ RI ORZHU
EDODQFH WR EH PDGH EHWZHHQ WKH KHLJKW RI WKH YDQHV WKH WK
OD\HU DQG WKH UHGXFHG GLVWDQFH IURP WKH JHQHUDWRU ORFDWLI
WKDW WKH YRUWLFHV UHDFK WKLV EHIRUH WKH\ PLJUDWH DZD\ IUR
YDQHV WR EH PRVW HIIHFWLYH WKHLU WLSV VKRXOG SUHIHUDEO\ EH
WKH YHORFLW\ LQ WKH ERXQGDU\ OD\HU LV FRPSDUDEOH WR WKH OF
WKHVH IDFWRUV LQ PLQG WKH DXWKRU FKRVH [ F DV D VXLWDE
ZLWK KLQGVLJKW WKDW DW [ F DQG f WKH YRUWH[ JHQHUDWEF
WKHLU WLSV LQ D UHJLRQ RI WKH VODW ZDNH ZKLFK KDV X 8H DSSI
FRPSURPLVH EHWZHHQ WKH IDFWRUV GLVFXVVHG DERYH

YLIXUH LOOXVWUDWHY WKH &Q RI WKH KLJK OLIW V\VWHP F
WKH FOHDQIRLO FDVH IRU LQFLGHQFHY EHORZ WKH VWDOO LQFLGHQF



EHHQ UHGXFHG IURP W R ZKLFK UHPDLQV FRQVWDQW XS WR
FOHDQIRLO f  $V EHIRUH WKH GHILFLW LV LQ WKH PDLQ ZLQJ &Q
VPDOO FKDQJH IURP WKH FOHDQIRLO FDVH ILJ &KDQJHV KDY
VXUIDFH SUHVVXUH GLVWULEXWLRQ ZKLFK DUH VLPLODU WR WKRVH \
DW WKH IRUZDUG ORFDWLRQ RI [ F FI ILJ ILJ DOWHl
RQ WKH VPDOO UHJLRQ RI VHSDUDWHG IORZ EH\RQG [ F KDV GL

7KH SUHVVXUH GLVWULEXWLRQ RYHU WKH UHDU SRUWLRQ RI
FKDQJH RI VORSH VLPLODU WR WKDW ZKLFK RFFXUUHG ZKHQ WKH JH
ILJXUH VKRZV WKDW EHWZHHQ [ F DQG [ F DQG IURP f
LQ WKLV UHJLRQ RQ WKH PDLQ ZLQJ UHPDLQV XQXVXDOO\ FRQVWDQ'
PDLQ ZLQJ WUDLOLQJ HGJH SUHVVXUH VKRZV QR WHQGHQF\ WR GLY
HGJH SUHVVXUH ZKLFK GLYHUJHV IURP f DOEHLW PRUH VORZO\ W
ZHUH IDUWKHU IRUZDUG ILJ 7KH FRQYH[ VKDSH DVVRFLDWHG
RYHU WKH XSSHU VXUIDFH RI WKH 10DS IURP [ F LV VXVWDLQHG
ILJ WR ILJ ZKHQ WKH IODS WKHQ EHJLQV WR VKRZ VLJQV
VHSDUDWLRQ ILJ WXIW LQIRUPDWLRQ

7KH FQWU URW YDQH YRUWH[ JHQHUDWRUV DW [ F GH(
VIVWHP WR DSSUR[LPDWHO\ f LQFUHDVLQJ WKH WRWDO &Q IURP
7KH LQFUHDVH LV ODUJHO\ FRQILQHG WR WKH VODW IURP W R
D YHU\ VPDOO LQFUHDVH XS IURP W R ILJ 7KH VWDO

ZLWK WKH PDLQ ZLQJ XSSHU VXUIDFH SUHVVXUHV RQO\ VKRZ
RFFXUUHQFH IRUZDUG RI [ F E\ WKH ULVH LQ VWDWLF SUHVVX
FOHDQIRLO 6HSDUDWHG IORZ LV WKHQ SUHVHQW RQ WKH PDLQ ZLQJ
DQG ILJ

6KHDU OD\HU PHDVXUHPHQWYV ILJ WR ILJ $SSHQGL[ %
&RQWRXU SORWV ILJ ILJ $SSHQGL[ %
LWK WKH DSSOLFDWLRQ RI YDQH YRUWH[ JHQHUDWRUV WKH
KLJK OLIW VA\VWHP DFTXLUHV D SHULRGLFLW\ FRUUHVSRQGLQJ WR Wi
JHQHUDWRUV &RQVHTXHQWO\ ERWK FKRUGZLVH DQG VSDQZLVH VKF
UHYHDO WKH EHKDYLRXU RI WKH PRGLILHG VWUXFWXUH RI WKH YLV
EH DEOH WR H[SODLQ WKH DOWHUHG FKDUDFWHULVWLFV RI WKH K
LQFUHDVH LQ &QPD[ DQG UHGXFWLRQ LQ OLIW FXUYH VORSH EHORZ W
VWXG\ WKH PRGLILHG VWUXFWXUH RI WKH VKHDU ODWRUVRDW VRIFQB W H

YRUWH[ JHQIEWODWRUYV DV WKLV FRQILIXUDWLRQ SURGXFHG WKH JU

JLIXUHV DQG ILIJXUH FOHDUO\ VKRZ WKH VSDQZLVH S
EHWZHHQ fDQG f DW [ F ,Q SDUWLFXODU WKH ILJXUH
UHVHPEODQFH WR GDWD SURGXFHG E\ 3HDUFH\ $WWKLV ORFDW
R f 1Ld WKH YRUWH[ FRUHV KDYH PDLQWDLQHG WKH LQLWLD
DQG DUH ORFDWHG D GLVWDQFH RI \ F DERYH WKH VXUIDFH LH

RULJLQ WKH RULJLQ EHLQJ WKH KHLJKW RI WKH YDQHYV %\ f ILJ



JLXUH &RQWRXU SORWYV RI WKH VKHDU OD\HU VWUXFWXUH DE
[ F IRU f f ZKHQ FR URW YYJ V DUH DW [ F

E\ RQO\ D IXUWKHU \F 7KH GRZQZDVK UHJLRQ WR WKH OHIW RI
KDYH DQ DQWLFORFNZLVH VHQVH DV RQH ORRNYV DW WKH SDSHU KDV
OD\HUV LQ ILJXUH EHWZHHQ ] F DQG ] F 2YHU WKH UH
WKH VKHDU OD\HUV H[SHULHQFH DQ LQFUHDVH LQ WKLFNQHVYV ,Q S
OD\HU LQ WKH XSZDVK UHJLRQ RI WKH YRUWH[ 1 F WR ] F
LQ WKLFNQHVY 7KH UHJLRQ RI KLJK VKHDU FDQ DOVR EH FOHDUO\
FRUH 7KH FRQWRXU SORWV VXJJHVW WKDW DW [ F WKH YRUW
$W f WKH ZDNH IURP WKH VODW DOWKRXJK ZLGH KDV OL\
DOUHDG\ FRQIOXHQW ZLWK WKH PDLQ ZLQJ ERXQGDU\ OD\HU E\ [
[ F WKH VODW ZDNH KDV OLWWOH LQ WKH zZD\ RI D VHSDUDWH
DW f LW LV KDUG WR ORFDWH WKLV VKHDU OD\HU VWUXFWXUH
DW f ILJ 7KH VODW LV SURGXFLQJ D FRQVLGHUDEOH DPRXQ\
ERWK VLIQLILFDQW LQ VL]H DQG LQ PRPHQWXP GHIHFW ILJ
FRUHVY DUH ORFDWHG EHWZHHQ WKH PDLQ ZLQJ ERXQGDU\ OD\HU DQ
7KH VHIPHQW RI WKH VODW ZDNH ZKLFK ZRXOG RWKHUZLVH EH
ERXQGDU\ OD\HU DW [ F LQ WKH DEVHQFH RI WKH YRUWLFHYV KL
FRUH VWUXFWXUH XQGHU WKH LQIOXHQFH RI WKH XSZDVK YHORFLW\
VODW ZDNH LV ORFDWHG EHWZHHQ HDFK YRUWH[ FRUH DQG UHPDLQV
H[FHSW WKDW LWV KHLJKW YDULHVY DFURVV WKH VSDQ GHSHQGLQJ RC
RU GRZQZDVK UHJLRQV RI WKH DGMDFHQW YRUWLFHY 9HU\ OLWWOH
RI WKH VODW ZDNH VLQFH LWV PD[LPXP PRPHQWXP GHIHFW LV FRPS
DEVHQFH RI WKH YRUWLFHV FI ILJ ILJ ZLWK 1ILJ DQG



JLIXUH &RQWRXU SORWV RI WKH VKHDU OD\HU VWUXFWXUH DE
[ F IRU f f ZKHQ FR URW YYJ V DUH DW [ F

,Q ZKLFK WKH VKHDU OD\HU WKLFNQHVV LV OHVV WKDQ WKDW VHE
JUDGXDOO\ UHGXFHV ,Q VLIH ZLWK LQFUHDVLQJ LQFLGHQFH XQWLO E
UHJLRQ RFFXSLHV WKH UHJLRQ EHWZHHQ ] F DQG ] F R Q
FRPSDULQJ ILJXUH DQG ILIJXUH WKDW DW [ F WKH YRUYV
WKH VKHDU OD\HU VWUXFWXUH QRW DW WKH SHULSKHU\ DQG KDYH
VKHDU OD\HUV DW WKLV FKRUGZLVH SRVLWLRQ

JLIXUHV DQG UHYHDO WKH VKHDU OD\HU VWUXFWXUH D'
DQG KRZ WKLV FKDQJHV DV WKH LQFLGHQFH LV LQFUHDVHG IURP
JUDGLHQW WKURXJK ZKLFK WKH YRUWLFHV KDYH KDG WR WUDYHO
PDLQ ZLQJ WUDLOLQJ HGJH [ F KDV FDXVHG D PDUNHG LQF!
FRUUHVSRQGLQJ GLVSODFHPHQW RI WKHLU FHQWUHV WR \ F
LQFUHDVHG WR DERYH f WKH HIIHFWV RI DQ LQFUHDVLQJ DGYHUV
GLVVLSDWLRQ DFW WR GDPS RXW WKH YRUWLFHY LQ WKLV UHJLRQ F

7KH vODW ZDNH FDQ QR ORQJHU EH HDVLO\ LGHQWLILHG LQ Wl
WKDW PXFK PL[LQJ KDV RFFXUUHG EHWZHHQ [ F DQG [ F
UHJLRQ RI UHODWLYHO\ KLJK VKHDU FORVH WR WKH PDLQ ZLQJ XSSH
EHORZ WKH YRUWH[ FRUHYV

$ IHDWXUH ZKLFK ILUVW DSSHDUV DW WKH PDLQ ZLQJ WUDLOL
ZKLFK EHFRPHYVY PRUH SURPLQHQW ZLWK LQFUHDVLQJ LQFLGHQFH LV
IORZ DGMDFHQW WR WKH PDLQ ZLQJ XSSHU VXUIDFH DW ] F 71
DSSHDUV WR EH VHSDUDWHG DW DQ LQFLGHQFH EHORZ WKDW DW Zk
FDVH f ILJ JXUWKHUPRUH WKH SUHVVXUH GLVWULEXWLRQ



IRU R f f ZKHQ FR URW YYJ V DUH DW [ F

SUHVVXUH UHFRYHU\ LV DFKLHYHG WRZDUGV WKH WUDLOLQJ HGJH F
7KHUH LV QR UHDVRQ WR TXHVWLRQ WKH YDOLGLW\ RI WKH UHDGLQ
DW WKH WUDLOLQJ HGJH RI WKH PDLQ ZLQJ $Q\ VLJQLILFDQW VSD
FDXVHG E\ WKH SUHVHQFH RI WKH FR URWDWLQJ YDQH YRUWH[ JHQF
DV D SUHVVXUH GLVFRQWLQXLW\ XSVWUHDP RI WKH WUDLOLQJ HGJH |
ILJ 7KLV LV QRW REVHUYHG DQG VR WKH PHDVXUHG SUHYV
LQGLFDWLRQ RI WKH VWDWLF SUHVVXUH DW WKH WUDLOQJ HGJH RI \
PDLQ ZLQJ WUDLOLQJ HGJH GRHV QRW DSSHDU XQWLO DERYH Fl
W LV NQRZQ WKDW HUURUV JUHDWHU WKDQ RI G\QDPLF SUHVVXU
\DZHG WR D SLWRW WXEH DW DQJOHV ODUJHU WKDQ DSSUR[LPDWtE
QHJDWLYH YDOXHV RI SLWRW SUHVVXUH LQ ILIJXUH DUH WKH UL
ZKLFK PDQLIHVWY LWVHOI DV DQ DSSDUHQW UHJLRQ RI UHYHUVHG IC
WKH QHJDWLYH SLWRW UHDGLQJY DGMDFHQW WR WKH PDLQ ZLQJ
VHSDUDWHG IORZ DV WKH SUHVVXUH GLVWULEXWLRQ GDWD VXJJHVYV

$ VRPHZKDW XQXVXDO DQG LQWHUHVWLQJ VHULHVY RI FRQWRX!
XSSHU VXUIDFH RI WKH IODS DW [ F IRU LQFLGHQFHYVY EHWZHHQ

7KH GDPSHG YRUWLFHYVY JHQHUDWHG E\ WKH YDQHV FDQ EH FO
VWUXFWXUH DERYH WKH XSSHU VXUIDFH RI WKH I1ODS +RZHYHU WK
Rl ORZ VWUHDPZLVH SLWRW SUHVVXUH EHORZ DQG WR WKH ULJKW
YDQHV RQ WKH PDLQ ZLQJ 7KH VL]H RI WKLV UHJLRQ LV VPDOOHU W
JHQHUDWHG YRUWH[ W SHUVLVWYV ZLWK LQFLGHQFH DQG LV ORFDW
IORZ SDVVLQJ WKURXJK WKH VORW DQG WKH YRUWLFHY HPEHGGHG



R f f ZKHQ FR URW YYJ V DUH DW [ F

PDLQ ZLQJ XSSHU VXUIDFH ERXQGDU\ OD\HU 7KH H[FHSWLRQ WR WK
LW PXVW EH UHPHPEHUHG WKDW WKH PDLQ ZLQJ ZDNH DQG IODS XS
FRQIOXHQW E\ [ F &RQVHTXHQWO\ QR VORW IORZ FDQ EH VHHQ
VXJIHVWV WKH XQXVXDO IHDWXUH PD\ ZHOO EH D ZHDN YRUWH[ RI F
E\ WKH YDQHV RQ WKH PDLQ ZLQJ ZKLFK LV IRUPHG E\ WKH YLVF
\DZHG DQG VKHDUHG IORZ RI WKH PDLQ YRUWH[ ZLWK WKH IORZ VK
ORZHU VXUIDFH Rl WKH PDLQ ZLQJ ,WV ORFDWLRQ LV LQVHQVLWLY?H
QRW

'HWDLOHG FRPSDULVRQ RI VKHDU OD\HU SURILOHV DW [ F
$SSHQGL[ %

7KH ILJXUHV WR EH GLVFXVVHG LQ WKH IROORZLQJ VHFWLRQV
SDLUV 7KH ILUVW ILIJIXUH FRPSDUHVY WKH FOHDQIRLO VKHDU OD\H!I
LQFLGHQFH ZLWK WKHPHARGBWHRVBR ZIKHIQ FR URWDWLQJ YDQH YRUWF
DW [ F 7KH VHFRQG ILJXUH LQ HDFK SDLU DQG IROORZLQJ FRF
LQ WKH FDOFXODWLRQ RI WKH PHDQ SURILOH ZLWK WKH FOHDQIRLO
LV KDSSHQLQJ ORFDOO\ EHWZHHQ YRUWLFHV DFURVV WKH VSDQ ¢
VHOHFWLQJ VL[ VXFFHVVLYH SLWRW UDNH SURILOHV UHPHPEHULQJ
VSDQZLVH VWDWLRQV VSDFHG PP DSDUW LQ RUGHU WR FDSWXUH \
YDQHVY DOORFDWLQJ HTXDO ZHLJKW WR GDWD YDOXHV DW WKH VDP}
FDOFXODWLQJ D QXPHULFDO PHDQ SURILOH 6L[ VWDWLRQV DUH FI



HSUHVHQWDWLRQ DFURVV WKH VSDQ ZLWKRXW L SODFLQJ XQZDQW
VWDWLRQ ZKHQ PRUH WKDQ VL[ DUH XVHG RU LL LQDGHTXDWH UHSU

\ F 6KHDU OD\HU SURILOH RYHU WKH XSSHU VXUIDFH RI WKH HOHPHQW V\VWHP ZKHQ DOO YDOXHV LQ PP

[ F "HOWD '"HOWDVWDUKHWD +
&OHDQIRLO $OSKD ODFKQR 5H\QROGV QR
&R URW YDQHV 2 [ FSOSKD ODFKQR 5H\QROGV QR
&RURW YDQHV 2 [ F $OSKD O0DFKQR 5H\QROGV QR
&RURW YDQHV § [ F $OSKD O0DFKQR 5H\QROGV QR

JLIMH 6SDQZLVH YDULDWLRQ RI VKHDU OD\HU SURILOH DW [ F
ZKHQ FR URW YDQHV DUH DW [ F

$W f D FRPSDULVRQ RI WKH PHDQ VKHDU OD\HU SURILOHV D
DQG ZLWKRXW FR URW YDQH YRUWH[ JHQHUDWRUYV DW [ F VKR
WKH LQQHU UHJLRQ RI WKH VKHDU OD\HU DERYH WKH PDLQ ZLQJ IL.
PHDQ VKHDU OD\HU SURILOH DVVRFLDWHG ZLWK YDQHV D IHDWXUH ¥
WKH SUHVHQFH RI D VODW ZDNH DOWKRXJK RQH ZRXOG QRW H[SH
LQFLGHQFH 7KH IHDWXUH LV GXH WR WKH VWURQJ LQIOXHQFH ZK
SUHVVXUH UHJLRQ RI WKH YRUWH[ FRUH DOWKRXJK RQO\ PHDVXUHG
WKH ILQDO VKDSH RI WKH PHDQV3%URINWHKAH YDXHW KDYH WUDQVIHUUH
DQ\ 10XLG SDUWLFOHYVY ZLWK UHODWLYHO\ KLJK PRPHQWXP LQWR W
,QVWHDG WKH WHH¥YPXMRWERIQZRUVHQHG ZLWK EBRWE YHOXQHY KDYLQJ
LQFUHDVHG VLJQLILFDQWO\ )RUWXQDWHO\ ILIJXUH VKRZV WKLV
DW WKUHH HTXLVSDFHG VSDQZLVH ORFDWLRQV EHWZHHQ WZR DGMD
WKH FOHDQIRLO FDVH 7TKH FXUYH ODEHOOHG LOOXVWUDWHY WK/
DVVRFLDWHG ZLWK WKH VWURQJ YRUWH[ FIRQG D# B WHKRIXI HK IR KDW KLY
FOHDQIRLO FDVH DQG UHVSHFWLYHO\ WKH UHJLRQ RI KLJK
LV HDVLO\ VHHQ DQG KDV D IXOOHU SURILOH ZKHQ FRPSDUHG ZLWK
7KH YDQHVY KDYH WUDQVIHUUHG KLJK PRPHQWXP IOXLG LQWR WKH
ZKLFK PL[HV DQG WR DQ H{[WHQW UHSODFHV UHWDUGHG DLU DGMDEFF
FXUYHV ILIV



DO
9DULDWLRQ RI 'HOWD ZLWK LQFLGHQFH IRU HOHPHQW V\VWHP DW FKRUGZLVH SRVLWLRQV ZLWK DQG ZLWKRXW FR URW Y

JLIXUH O9DULDWLR@ RP ZLWK D DW FKRUGZLVH ORFDWLRQV 7
FR URW YDQH YRUWH[ JHQHUDWRUV DW [ F

$V WKH LQFLGHQFH LV LQFUHDVHG VHYHUDO SDWWHUQV HPHU.
WKLV ORFDWLRQ RQ WKH PDLQ ZLQJ ZLWK YDQHV DW [ F 7
FRPSDULVRQ ZLWK WKH FOHDQIRLO FDVH EHFRPHV LQFUHDVLQJO\
DOWKRXJK WKH DJUHHPHQW IRU WKH PHDQ X 8H DW WKH ZDOO UHP
7KH QRQ GLPHQVLRQDOLVHG YHORFLW\ UDWLR
UHPDLQV DSSUR[LPDWHO\ FRQVWDQW FRQVLGHULQJ WKH ODUJH
ZKLFK RFFXUV DW WKH ORFDWLRQ RI WKH YDQHYV DJDLQ ILJV
RI WKH YRUWH[ FRUH LQFUHDVHV VOLJKWO\ DV YLVFRXV GDPSLQJ
LQFUHDVH ZLWK LQFLGHQFH DKHDG RI [ F 7KHD\WHDR) VKHDU OD
VKRZYVY DQ LQFUHDVH RYHU WKH FOHDQIRLO FDVH WKURXJKRXW WKH
ILJ DQALJ $V WKH SHUFHQWDJH LQFUHPHQWYVY LQ WK
SURSRUWLRQDOO\ WKH VDPH + VKRZVY OLWWOH FKDQJH ZLWK DQG ZL

'HWDLOHG FRPSDULVRQ RI VKHDU OD\HU SURILOHV DW [ F IL
$SSHQGL[ %

7KH IDYRXUDEOH LQIOXHQFH ZKLFK WKH FR URWDWLQJ YRUWL

VWUXFWXUH RI WKH KLJK OLIW V\VWHP LV LPPHGLDWHO\ DSSDUHQW

WKH PHDQ VKHDU OD\HU SURILOH DW f VKRZV DQ LPSURYHPHQW L

ZKHQ FRPSDUHG ZLWK WKH FOHDQIRLO FDVH 7KH EHQHILW LV LOOX

ZKHQ LW LV UHDOLVHG WKDW WKH FRPSDULVRQV DUH QRW PDGFH

f YDQHV f f DQG f 7KH UHPDLQV RI WKH VODW ZDNH D

FOHDUO\ VHHQ LQ WKHVH ILJXUHV $W WKH H[SHQVH RI WUDQVIHUUL



OQHU VKHDU OD\HUV DGMDFHQW WR WKH PDLQ ZLQJ KRZHYHU WKH
LQFUHDVHG WKGHPHDLQQ DVVRFLDWHG ZLWK WKH RXWHU UHJLRQV RI |

DQG , ) WKH PHDQ SURILOH DVVRFLDWHG ZLWK WKH YDQHYV
LWV FRQVWLWXHQW SDUWV ILJ FXUYHYV VKRZ ODUJH LQF
ZKHQ FRPSDUHG ZLWK WKH FOHDQIRLO FDVH FXUYH 2Q0\ FXUYH
WKH FOHDQIRLO FDVH IRU \ F DOWKRXJK LQ WXUQ WKLV VDPH
\ F ! DJDLQVW WKH FOHDQIRLO FDVH OXFK FDQ EH JOHDPHG IU

\ F 6KHDU OD\HU SURILOH RYHU WKH XSSHU VXUIDFH RI WKH HOHPHQW V\VWHP ZKHQ DOO YDOXHV LQ PP
[ F "HOWD '"HOWDVWDU@KHWD + X 8H
&OHDQIRLO $OSKD :DFK QR 5H\QROGV QR (
&R URW YDQHV $OSKD O0DFK QR 5H\QROGV QR (
&R URW YDQHV $OSKD O0DFK QR 5H\QROGV QR o
&R URW YDQHV $OSKD ODFK QR 5H\QROGV QR (
JLIXUH 6SDQZLVH YDULDWLRQ RI VKHDU OD\HUf SURILOH DW

REWDLQHG ZKHQ FR URW YDQHV DUH DW [ F

7KH IORZ LQ WKH VKHDU OD\HUV LV PRYLQJ PRUH VORZO\ WK
IORZ LH WKH VWUHDPOLQHYV LQ WKH VKHDU OD\HUV DUH IXUWKH!
6WUHDPOLQHY RXWVLGH D VKHDU OD\HU DUH VKLIWHG RXWZDUGV E\
VKHDU OD\HU $V WKH WUDLOLQJ HGJH RI DQFDHDRHRVL Q DOLYL GO S WDRD
wubDLOLQJ HGJH LV HIIHFWLYHO\ WKLFNHQHG 7KH VKLIW XSZDUGYV
ZDNH FRUUHVSRQGVY WR DQ LQFUHDVH LQ WKLFNQHVV RI WKH DHU
FDPEHU $W WKH H[SHQVH RI LQFUHDVLQJ X 8H LQ WKH LQQHU UHJI
URWDWLQJ YRUWLFHVDIQREFBMBYHWKHDROSSHU VXUIDFH RI WKH PDLQ ZL
EHORZ WKH VWDOO LQFLGHQFH RI WKH FOHDQIRLO ILJ OHDGL
DQG D UHGXFWLRQ LQ G&Q GD ILJ 7KLV LQ WXUQ HIIHFWV WK
Rl WKH FLUFXODWLRQ HIIHFW VHFWLRQ DQG D VPDOO UHGXFWLI
HOHPHQW ILJ &RQVHTXHQWO\ WKH RYHUDOO G&Q GD IRU WKF
LQFLGHQFHY EHORZ WKH VWDOO LQFLGHQFH RI WKH FOHDQIRLO Il
DSSUHFLDWHG E\ H[DPLQLQJ ILJXUH 7KH GLVSODFHPHQW WKLF|
ZLWK YDQHV SUHVHQW LV JUHDWHU WKDQ IRU WKH FOHDQIRLO FDV|



DERYH WKH VWDOO ,QFLGHQFH RI WKH FOHDQIRLO EHFDXVH RI WKH C
OD\HU WKLFNQHVVHY ZKHQ VHSDUDWHG IORZ LV SUHVHQW ILJ
RQH FDQ SUREDEO\ VD\ WKH HIIHFW LV PRUH VHYHUH LQ WKH FD
JHQHUDWRUYV ZHUH SODFHG RQ WKH PDLQ ZLQJ DW [ F WKH HI
URW YRUWH[ JHQHUDWRUV DUH SODFHG IXUWKHU DIW RQ WKH PDLC
6RPH RI WKH VKHDU OD\HU SURILOHYVY VKRZ DQ DEUXSW UHGXEFW
RI WKH SURILOH LH FXUYHV ILIV 7KLV LV WKH PLYV
DQJOHVY RQ WKH ORZHVW SLWRW WXEHVY DQG RQH ZRXOG EH EHWWHU
WR WKH PDLQ ZLQJ XSSHU VXUIDFH DW \ F 7KH PHDQ VKHDU OD\}
Dw f ILJ WKH GDWD IURP ZKLFK LW ZDV REWDLQHG ILJ
DQG + DUH VXEMHFW WR HUURUV DV WKH KHLJKW RI WKH VKHDU O
RI WKH SLWRW UDNH &RQVHTXHQWO\ WKHVH YDOXHV DUH QRW L
JOXFWXDWLRQV DVVRFLDWHG ZLWK XQVWHDG\ VHSDUDWHG IORZ DU
ILIXUH ORPHQWXP WKLFNQHVV DW WKH WUDLOLQJ HGJH RI WK
ODUJH LQFUHDVH RYHU WKDW PHDVXUHG LQ WKH FOHDQIRLO FDVH |
LQFLGHQFH ILJ 7KH RQO\ SDUDPHWHU WR VKRZ D UHGXFWLR(
JHQHUDWRUV LQ XVH LV + ILJ

'HWDLOHG FRPSDULVRQ RI VKHDU OD\HU SURILDHV DW [ F
$SSHQGL[ %

$W f WKH FR URW YRUWLFHV DUH VHHQ WR KDYH UHGXFHG V
WKH VKHDU OD\HUV DERYH WKH I10DS DW KHLJKWV EHORZ \ F <
Rl LQFUHDVLQJ WKH PHDQ WKLFNQHVV VLJQLILFDQWO\ IURP PP W
YDOXH RI X 8H PHDVXUHG E\ WKH ORZHVW SLWRW WXEH DERYH WKH |
VSDQ DQG LQGLFDWHY WKH PL[LQJ SURFHVV ZKLFK WKH YRUWLFHV H
LQ WKH VKHDU OD\HUV RYHU WKH 10DS ILJ 7KLV LV IXUWKHU
ILIXUH ZKHUH WKH DSSHDUDQFH RI SRWHQWLDO IORZ WKURXJK
OD\HU RQ WKH 10DS IURP WKH YRUWH[ LQGXFHG PL[LQJ DW ZRUN L
DERYH 7KLV LV WKH UHDVRQ ZK\ WKH SUHVVXUH GLVWULEXWLRQ F
VKRZV RQO\ VPDOO FKDQJHV IURP WKH FOHDQIRLO FDVH DQG ZKLFK

7KH ODUJH YDULDWLRQ RI X 8H PLQ DFURVV WKH VSDQ ZKLFK
DW f DSSUR]J ILJ KDV JLYHQ ZD\ WR D VPDOOHU YDULDW
WKH VSDQ RI WKH 10DS LIV 7KH VHSDUDWH LGHQW
VODW ZDNHV KDYH DOO EXW EHHQ ORVW LQ WKH PL[LQJ SURFHVV D¢
VKHDU OD\HU SURILOHV E\ D UHJLRQ ZKHUH X 8HLV DSSUR[LPDWHO\ |
WKURXJK WKH VKHDU OD\HUV ILJ JLIXUH FRPSD!
PHDQ VKHDU SURILOH DERYH WKH I0ODS ZLWK LQFUHDVLQJ LQFLGHQFI
ZLWK WKH FOHDQIRLO FDVH PHDVXUHG DW f MXVW SULRU WR VWI
YDOXH RI X 8H PLQ DW \ F LQ WKH PHDQ SURILOHV WHQGV W
FOHDQIRLO FDVH ,W LV DOO WKH PRUH LQWHUHVWLQJ ZKHQ RQH UH
X 8H PLQ LV VHHQ DFURVV WKH VSDQ DERYH WKH IODS ILJ D
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[ F "HOWD 'HOWDVWDUKHWD +
, &OHDQIRLO $0I8D O0DFK QR 5H\QROGV QR (
&R URW YDQHV $OSKD 0DFK QR 5H\QROGV QR (
&RSURW YRQHF $OSKD 0DFK QR 5H\QROGV QR (
&RSURW YD QHW $OSKD 0DFK QR 5H\QROGV QR (
JLIXUH &RPSDULVRQ RI PHDQ VKHDU OD\HWD SURIEOHD QWL F
f f f FR URW YDQHV DW [ F

LQFLGHQFH ZKHQ FR URW YDQH YRUWH[ JHQHUDWRUY DUH SUHVHQW
,V WKHUH SRVVLEO\ D PLQLPXP WKUHVKROG YDOXH WR X 8H EF
vVwWDOOV 7KLV DVSHFW RI WKH VKHDU OD\HU GDWD LV QRW HDVLO\ V|
SRVLWLRQ [ F ILJ ILJ EHFDXVH RI WKH HIIHFW RI1 KL.
WKH LQQHU UHJLRQV RI VRPH VKHDU OD\HU SURHRGHVW KK HI CCsU DHN |
LQFLGHQFHY ZKHQ FRPSDUHG ZLWK WKH FOHDQIRLO FDVH ILJ

KLJK OLIW V\VWHP ZLOO EH LQFUHDVHG ZLWK WKH DGGLWLRQ RI Y
EHORZ f



$LUMHW 9RUWH[ *HQHUDWRUYV

7KLYV VHFWLRQ GLVFXVVHV WKRVH PHDVXUHPHQWY ZKLFK ZHU|
FR URWDWLQJ DLUMHW YRUWH[ JHQHUDWRUYV ZHUH SUHVHQW RQ Wi
[ F XWLOL]LQJ D FRQVWDQW EORZLQJ SUHVVXUH RI DERYH ILU
$V ZLWK YDQH YRUWH[ JHQHUDWRUV WKH DLUMHWY ZHUH SRVLWLRQ
RI WKH PRGHO WR HQVXUH WKH FHQWUH OLQH SUHVVXUH WDSSLQ
DGMDFHQW JHQHUDWRUYV

7KH FRQILIJXUDWLRQ RI DLUMHW YRUWH[ JHQHUDWRUV VHOHFW
RI WKH KLJK OLIW VA\VWHP ZDV DUULYHG DW RQ WKH EDVLV RI SUHYI
WKDW WKH SDUWLFXODU DUUD\ RI DLUMHWY SURGXFHG D GHJUHH F
ZLWK WKDW DFKLHYHG E\ DQ RSWLPLVHG DUUD\ RI YDQHV LQ WK
ERXQGDU\ OD\HU VHSDUDWLRQ , W LV SRVVLEOH DQG SUREDEOH
RSWLPXP FRQILIXUDWLRQ IRU DLUMHWY LQ XVH LQ VXSSUHVVLQJ EF
IORZ +RZHYHU QR JXLGHOLQHV H[LVW IRU WKH XVH RI DLUMHWYV LQ

,Q WKH HYHQW WKH LPSURYHPHQWY DFKLHYHG E\ WKH DLUMHYV
WKRVH SURGXFHG ZLWK WKH YDULRXV YDQH YRUWH[ JHQHUDWRL
DWWULEXWHG WR MXVW WKH VXSSUHVVLRQ RI ERXQGDU\ OD\HU VHE
7KH DLUMHWY DQG DVVRFLDWHG YRUWLFHY ZKLFK WKH\ JHQHUDW
PRPHQWXP WUDQVIHU DFURVY WKH FRPSOH[ VKHDU OD\HUV DERYH
FDQQRW EH DFKLHYHG ZLWK YDQHYV

BUHVVXUH GLVWULEXWLRQ PHDVXUHPHQWYV ILJ WR ILJ $S
7KH YDULDWLRQ RI SUHVVXUH RYHU WKH KLJK OLIW V\VWHP
[ F LV SUHVHQWHG LQ ILJXUH DQG LWV FRPSDULVRQ ZLWK
ILIXUH 7KH PRVW REYLRXV GLIIHUHQFH ZKHQ WKH DLUMHWY DU
DUHDV RI ORZHUHG SUHVVXUH RQ WKH XSSHU VXUIDFH RI WKH PDL
EURDGHU UHJLRQ DW [ F ZKHQ FRPSDUHG ZLWK WKH FOHDOQIRL
IHDWXUHYVY DUH FDXVHG E\ WKH FORVH SUR[LPLW\ WR WKH SUHVVXU
DLUMHWY GHSHQGLQJ RQ WKHLU DQJOH RI \DZ DV WKH\ SDVV RY|
%HWZHHQ WKHVH WZR SURPLQHQW IHDWXUHV WKH VWDWLF SUHVVXL
FOHDQIRLO SUHVVXUH GLVWULEXWLRQ DW WKH VDPH LQFLGHQFH |
FKRNHG VR WKH VWDWLF SUHVVXUH LQ WKH H[LW SODQH RI WKH DL
DW [ F RQ WKH PDLQ ZLQJ 5DR IRXQG WKDW WKH FRUH R
WKH FHQWUH RI WKH YRUWH[ &RQVHTXHQWO\ DW f WKH DXWKRU \
DW [ F DQG [ F UHVXOWY IURP YRUWH[ LQGXFHG YHORFLWI
SDVVHV XQGHU WKH DLUMHW UHVXOWLQJ LQ D ORZHU VWDWLF SUHYV
ZLWK D VOLJKWO\ JUHDWHU IODS SHDN VXFWLRQ ILJ DQG DQ L
PDLQ ZLQJ GRZQVWUHDP RI WKH ORFDWLRQ RI WKH DLUMHWY DOOF
LPSURYHPHQW LQ WRWDO QRUPDO IRUFH FRHIILFLHQW DW f ILJ



JLIMH &RPSDULVRQ RI SUHVVXUH GLVWULEXWLRQV DW D f R
FR URW DLUMHWYV DW [ F

7KH DLUMHWY DUH VHHQ WR KDYH D UHODWLYHO\ ODUJH IDYR
OD\HUV DERYH WKH PDLQ ZLQJ RI WKH KLJK OLIW VA\VWHP DW f
wubDLOLQJ HGJH RI WKLY HOHPHQW LV VLIJQLILFDQWO\ KLJKHU WKDQ

7KLV LV EHFDXVH WKH\ SUREDEO\ DOOHYLDWH WKH DGYHUVH 1
SUHVVXUH JUDGLHQWY ZKLFK WKH VODW KDV RQ WKH ERXQGDU\ OL
ZLQJ DW WKLV LQFLGHQFH VHH VHFWLRQ

$W f ERWK WKH SUHVVXUH SHDNV GLVFXVVHG DERYH DU
VXUIDFH SUHVVXUH GLVWULEXWLRQ IRU WKH PDLQ ZLQJ ILJ -
EXW VLIQLILFDQW LQFUHPHQW LQ ORDGLQJ ZKLFK WKH DLUMHWY SU
WKH XSSHU VXUIDFH RI WKH PDLQ ZLQJ IURP [ F WR WKH WUD

7KLY VPDOO LQFUHDVH LQ ORDGLQJ RYHU WKH XSSHU VXUIDFF
DLUMHWY DUH UHGXFLQJ WKH GLVSODFHPHQW HIIHFW RI WKH VKHDU
ZLWK WKH HIIHFW ZKLFK WKH FR URWDWLQJ YDQH YRUWH[ JHQHUD
PDLQ ZLQJ VKRZV DQ LQFUHDVHG &Q ILJ DOWKRXJK WKH SUFE
ORZHU VXUIDFH RI WKLY HOHPHQW DQG RYHU WKH VODW VKRZ QHJO
FOHDQIRLO FDVH ,Q SDUWLFXODU WKH PDLQ ZLQJ DQG VODW SHD
FOHDQIRLO FRQGLWLRQ ILJ

JLIXUH UHYHDOV WKH VWDWLF SUHVVXUH DW WKH WUDLOL
LV XQFKDQJHG IURP WKDW VHHQ LQ WKH DEVHQFH RI WKH DLUMHWYV

EXW WKH SUHVVXUH UHFRYHU\ DW WKH IODS WUDLOLQJ HGJH 1
FKDQJHG SUHVVXUH GLVWULEXWLRQ RYHU WKLV HOHPHQW ILJ

7KH VPDOO UHJLRQ RI VHSDUDWLRQ ZKLFK LV SUHVHQW WRZD



LQWVKH FOHDQIRLO WHVWYV IRU LQFLGHQFHV EHWZHHQ f DQG f
[ F ILd ILJ &RQVHTXHQWO\ WKH DLUMHWY DUH VHE
UHFRYHU\ DW WKH IODS WUDLOLQJ HGJH VWHDGLO\ EHWZHHQ f D

JLIXUH 9DULDWLRQ RI VWDWLF &S ZLWK LQFLGHQFH DW VHYHUD
ZLQJ XSSHU VXUIDFH ZLWK DQG ZLWKRXW FR URW DLUMHW YRU
7KH ORVV RI ORDGLQJ ZKLFK RFFXUUHG WRZDUGV WKH UHDU R
FRQGLWLRQ DQG ZKLFK ZDV HPSKDVLVHG QR PRUH VR WKDQ E\ WK
LQFLGHQFH DW [ F UHDFKLQJ D PLQLPXP YDOXH DW f LV GHOD
ILJ ,QVWHDG WKH VWDWLF &S DW [ F LV VHHQ WR IDOO VW
EH\RQG f DQG UHDFK D PLQLPXP DW DSSUR[LPDWHO\ f JURP
VOLJKWO\ DV VWDOO DSSURDFKHV ZKLFK LV LQ PDUNHG FRQWUDVW
7KH LQFUHDVHG ORDGLQJ DW WKH UHDU RI WKH PDLQ ZLQJ ZLW
DFFRPSDQLHG E\ D SURJUHVVLYH LQFUHDVH LQ WKH PDLQ ZLQJ &Q
$OWKRXIK WKH FR URWDWLQJ YDQH YRUWH[ JHQHUDWRUV DOVF
UHDU RI WKH PDLQ ZLQJ WKH\ ZHUH QRW DEOH WR LQFUHDVH WKH C
WKDW VHHQ LQ WKH FOHDQIRLO WHVWYV DW LQFLGHQFHV EHORZ WK
LPSURYHG IORZ RYHU WKH PDLQ ZLQJ LV DOVR UHIOHFWHG LQ WKH H
SUHVVXUH DW WKH WUDLOLQJ HGJH RI WKLV HOHPHQW ZLWK LQFLG!
7KH LPSURYHPHQW LQ WRWDO QRUPDO IRUFH FRHIILFLHQW
HPEUDFHYVY WKDW JHQHUDWHG E\ WKH VODW ILJ 7KH LQFUHDVH
ERWK IROORZ IURP WKH LQFUHDVHG RYHUDOO FLUFXODWLRQ DQG Z
SUHVVXUH UHFRYHU\ DW WKH IODS WUDLOLQJ HGJH ILJ )LJ)
LQFUHDVHG FLUFXODWLRQ JHQHUDWHG E\ WKH KLJK OLIW VAVWHP |



HITHFW ZKLFK WKLV KDV RQ WKH ORDG FDUULHG E\ ERWK WKH VOD\
ZLWK WKDW DFKLHYHG ZLWK FR URWDWLQJ YDQH YRUWH[ JHQHUDW

9DULDWLRQ RI QRUPDO IRUFH FRHIILFLHQW ZLWK LQFLGHQFH IRU HDFK HOHPHQW RI WKH HOHPHQW V\VWHP

JLIXUH 9DULDWLRQ RIRW ADWK HOHPHQW RI WKH KLJK OLIW V\V)\
DLUMHW YRUWH[ JHQHUDWRUV DUH DW [ F

7KH FR URWDWLQJ DLUMHW YRUWH[ JHQHUDWRUYV LQFUHDVH \
VI\VWHP E\ f TURP f WR f ILJ 7KH FKDUDFWHU RI WKF
WKH PD[LPXP WRWDO QRUPDO IRUFH FRHIILFLHQW LV LQFUHDVHG E
ILJXUH FRPSULVHV D VODW &Q RI DQ LQFUHDVH RI DQG D
DQ LQFUHDVH RI 7KH LQFUHDVHG LQFLGHQFH UDQJH WE
LQFUHDVHY OLQHDUO\ ZLWK LQFLGHQFH ILJ V H Y WARK B VDOUDON S
ILJ JLIXUH VKRZV KRZ W\SLFDOO\ IRU WKH FOHDRQII
VHSDUDWHG IURP [ F RQ WKH PDLQ ZLQJ DQG RYHU WKH IODS D
SUHVHQFH KDV RQ WKH ORDG FDUULHG E\ WKH VODW ,Q FRQWUDVW
DWWDFKHG IORZ WR WKH WUDLOLQJ HGJH RI WKH PDLQ ZLQJ DQG L
XS WR WKH VWDOO LQFLGHQFH 7KH VWDWLF SUHVVXUH DW WKH WUI
EHJLQV WR GLYHUJH IURP DSSUR[LPDWHO\ f QHDUO\ f HDUOLHU
WKH PDLQ ZLQJ f I1LJ BUHYLRXVO\ WKH GLYHUJHQFH R
IODS WUDLOLQJ HGJH KDV EHHQ DFFRPSDQLHG E\ WKH JUDGXDO GH’

RYHU WKH IODS XSSHU VXUIDFH EH\RQG [ F ZKLFKFOHDPRIRLI[ L
ILJV YDQH YRUWH[ JHQHUDWRUYV +RZHYHU WKLV LV
DW [ F LQVWHDG WKH FRQFDYH SUHVVXUH UHFRYHU\ EH\RQG
ILJ JLIXUH LOOXVWUDWHY WKH ORDGLQJ DW WKH WUDLOLC

LQ XVH LV PDLQWDLQHG DW DQ DOPRVW FRQVWDQW OHYHO EH\RQG
6WDWLF SUHVVXUHVY WRZDUGV WKH OHDGLQJ HGJH DKHDG RI [ F



UVH LQ SDUWLFXODU DW [ F IURP f &RQVHTXHQWO\ WKH PH
VR FOHDU DV LW ZDV RQ WKH FOHDQIRLO RU LQ WKH SUHVHQFH RI
VXFWLRQ RQ WKH PDLQ ZLQJ LV KHOG EH\RQG &QPD[ DQG WKH VODW
R1 D ORVV RI RYHUDOO FLUFXODWLRQ IROORZLQJ IURP D PXFK WKL
PDLQ ZLQJ WUDLOLQJ HGJH" 7KH GLYHUJHQFH RI WKH VWDWLF SUHV
ILJ PD\ KRZHYHU LQGLFDWH WKH VWDOO DULVHV IURP D VXGG
IODS

7KH LQFUHDVHG & PD[ RI WKH KLJK OLIW VA\VWHP ZLWK DLUMHYV
[ F RQ WKH PDLQ ZLQJ WRIJHWKHU ZLWK WKH LQFUHDVHG OLIW
VWDOO SDUWLFXODUO\ ZKHQ FRPSDUHG ZLWK WKDW REWDLQHG ZK&F
DUH LOQVWDOOHG DW WKH VDPH ORFDWLRQ VXJJHVWY WKH DLUMHW
WKDQ MXVW VXSSUHVVLRQ RI ERXQGDU\ OD\HU VHSDUDWLRQ DW WK

6KHDU OD\HU PHDVXUHPHQWYV ILJ WR ILJ $SSHQGL[ &
&RQWRXU SORWV ILJ ILJ $SSHQGL[ &
YLIXUH &RQWRXU SORWV RI WKH VKHDU OD\HU VWUXFWXUH DE
[ F IRU f f ZKHQ FR URW DMYJ V DUH DW [ F
YLIXUHV DQG SUHVHQW WKH UHVXOWV RI VSDQZLVH SL\
DW [ F IRU LQFLGHQFHV EHWZHHQ f DQG f $JDLQ WKH

SHULRGLFLW\ SURGXFHG E\ WKH DLUMHWY LV HYLGHQW LQ WKH VKH!
WKH FDVH ZLWK YDQH YRUWH[ JHQHUDWRUYV 7KH FRUH IORZ RI HDF
VKHDU OD\HUV DERYH WKH PDLQ ZLQJ WR IRUP D UHJLRQ RI KLJK YHC
IUHHVWUHDP (DFK RI WKHVH IORZ VWUXFWXUHY IRUP WKH FRUH UHJ
5DR WKH VHQVH RI HDFK YRUWH[ LV DQWLFORFNZLVH DV RQH



$W f DW [ F HDFK GLVFUHWH MHW LV VHSDUDWHG E\ D L

ZKLFK TXDGUXSOHV LQ VL]H E\ f ILJ DV WKH MHW FRUH
LQ WKH XSZDVK UHJLRQ RI WKH YRUWH[ ZLWK LQFUHDVLQJ LQFLGHC
FKDQJHV ZLWK LQFLGHQFH DwW f WKH MHW LV DSSUR[LPDWHO\ V
WKURXJK LWV FRUH EXW E\ f SUHVXPDEO\ XQGHU WKH SHUVLVWH
FURVYVY IORZ DQG KHQFH YRUWLFLW\ WKH MHW EHFRPHV PDUNHGO\ \
WKH YRUWH[ 7KH HPHUJHQFH RI WKH HQWUDLQHG FURVYV IORZ IURI
XSZbVK UHJLRQ RI WKH YRUWH[ DQG ZKLFK LV UHVSRQVLEOH IRU W
MHW SURGXFHV D PDUNHG WKLFNHQLQJ LQ WKH VKHDU OD\HUV LQ V
GRZQZDVK UHJLRQ +HUH ZH VHH WKH WKH PHFKDQLVP ZKLFK SURG
WKH VKHDU OD\HUV DERYH WKH KLJK OLIW VAVWHP KLIK PRPHQW)
VXUIDFH RI WKH PDLQ ZLQJ LQ WKH GRZQZDVK UHJLRQ RI WKH YR
VZHSW DzZD\ IURP WKH VXUIDFH LQ WKH XSZDVK UHJLRQ RI WKH YR

JLIXUH &RQWRXU SORWV RI WKH VKHDU OD\HU VWUXFWXUH DE
[ F IRU D f f ZKHQ FR URW DMYJ V DUH DW [ F

7KH KHLJKW RI WKH MHW DW WKLV FKRUGZLVH ORFDWLRQ [ F
FRQVWDQW ZLWK LQFLGHQFH DV GRHV LWV VSDQZLVH ORFDWLRQ 7k
WKHVH FRQWRXU SORWYV ILIV DQG WKH FRUUHVSRQGL
JHQHUDWRUV ILJV LV WKH GLIILFXOW\ LQ HVWDEOLVKLQJ

7KH KLJK PRPHQWXP FRUHV RI DGMDFHQW DLUMHWY KDYH HI[S
WKH PDLQ ZLQJ WUDLOLQJ HGJH [ F DWwW f ILJ 7KLV V
VLIQLILFDQWO\ ZLWK LQFLGHQFH H[FHSW RQO\ LQ WKDW WKH KHL.
ZLQJ VXUIDFH LQFUHDVHYVY IURP \ F DW f I1LJ WR \' F L
WKH DFWLRQ RI WKH LQFUHDVLQJ DGYHUVH SUHVVXUH JUDGLHQW F



JLIXH &RQWRXU SORWV RI WKH VKHDU OD\HU VWUXFWXUH DERY|
IRD f f ZKHQ FR URW DMYJ V DUH DW [ F

SUREDEOH WKH YRUWLFHV KDYH EXUVW ODUJH ,QFUHDVH ,Q FRUH VI
WKH DVVRFLDWHG YRUWLFHV ZRXOG WKHQ WHQG WR UDSGLO\ GDPS
ORFDWLRQ EXW WKHLU DFWLRQ KDV OHIW D VKHDU OD\HU VWUXFW X
VSDQZLVH GLUHFWLRQ WKURXJK PRVW RI LWV KHLJKW +RZHYHU
] F ILJ D UHJLRQ RI KLJKO\ VKHDUHG IORZ DSSHDUV ZKR
LQFLGHQFH XQWLO E\ f ILJ VHSDUDWHG IORZ DSSHDUV WR
VSDQZLVH UHJLRQ PRQLWRUHG DOWKRXJK SUHVVXUH GLVWULEXWLRC

7KLV LV GLVFXVVHG IXUWKHU LQ VHFWLRQ DQG LV EHOLH
KLJK \DZ RQ WKHVH SDUWLFXODU SLWRW WXEHV 7KH PDJQLWXGH RI
WKH FRUH UHJLRQ RI WKH MHWV DERYH WKH PDLQ ZLQJ GRHV QRW G
LQFLGHQFH EHWZHHQ f DQG f ILIV 7KLV VXJIJHVWYV
SURGXFHG E\ WKH YRUWLFHVY KDV QRW SHQHWUDWHG WR WKH FHQWV
GLVWDQFH RYHU ZKLFK WKH YRUWH[ ZDV DEOH WR SHUVLVW

$ VLPLODU VWRU\ FDQ EH WROG IRU WKH VKHDU OD\HUV DERYH
ILIV $JDLQ WKH FRUH IORZ RI WKH MHWYV PRYHV DZD\ IUF
IODS ZLWK LQFLGHQFH DQG HYHQWXDOO\ RXW RI UHDFK RI WKH SLWI
VHHPV WR EH XQDIIHFWHG E\ WKH DLUMHWYVY EXW WKH XQLIRUPLW\ L
ILJ GLPLQLVKHV ZLWK LQFLGHQFH DQG DW f ILJ D GHILC
RI WKH VKHDU OD\HUV DERYH WKH IODS LV HYLGHQW DERYH \F D
IHDWXUH LV SUHVHQW LQ WKH VKHDU OD\HUV DW WKH PDLQ ZLQJ W

\' F



JLIMH &RQWRXU SORWV RI WKH VKHDU OD\HU VWUXIRWXUH DER
R R fFKHQ FR URW DMYJ V DUH DW [ F

'HWDLOHG FRPSDULVRQ RI VKHDU OD\HU SURILOHV DW [ F
$SSHQGL]

$V H[SODLQHG ,Q WKH HTXLYDOHQW VHFWLRQ IRU YDQH YRUWFL
ILJXUHV UHIHUHQFHG LQ WKLV DQG VXEVHTXHQW VHFWLRQV DUH JU
HDFK SDLU FRPSDUHV WKH FOHDQIRLO VKHDU OD\HU SURILOH DW
LQFLGHQFH ZLWK WKH FRUUHVSRQGLQJ PHDQ SURILOH ZKHQ FR UR\
DW [ F 7KH VHFRQG ILJXUH IROORZLQJ GLUHFWO\ RQ FRPSDU
VSDQ EHWZHHQ DLUMHWYV ZLWK WKH FOHDQIRLO SURILOH )RU PR\
SURILOHV ZKLFK ZHUH FRPSDUHG ZLWK FOHDQIRLO VKHDU OD\HU
SDVVHG GLUHFWO\ WKURXJK WKH MHW FRUH RU WKURXJK WKH VKHD!
ZHUH REWDLQHG E\ VHOHFWLQJ ILYH VXFFHVVLYH SLWRW UDNH SUR

YLIXUH FRPSDUHV WKH PHDQ VKHDU OD\HU SURILOH DW [ |
FOHDQIRLO VKHDU OD\HU VWUXFWXUH DW WKH VDPH ORFDWLRQ 7KH
SURILOHV SDUWLFXODUO\ WKH VKHDU PHDVXUHG E\ WKH ORZHVW SL\
ZKHUH X 8H LV UHGXFHG E\ LQ WKH PHDQ SURILOH IRU DLUMHWYV
IORZ LQ WKH MHW DQG WKH KHLJKW WR ZKLFK WKLV UHDFKHV DW WK
OD\HU WKLFNQHVV LV XQFKDQJHG EXW ERWK PRPHQWXP WKLFNQHVV
VPDOO LQFUHDVHV ZLWK DLUMHWY LQ XVH ,I WKH PHDQ SURILOH LV
SURILOHV ILJXUH WKH VWUHQJWK RI WKH MHW IOREZWLY P\RUH D
WKH VKHDU OD\HU WKLFNQHVV 7KH WKLFNQHVV RI WKH VKHDU OD
FRPSDUDEOH ZLWK WKH FOHDQIRLO FDVH FXUYH EXW EHWZHHQ \
PXFK LPSURYHG FXUYH ,W LV DOVR QRWLFHDEOH WKDW VWUHDP



\ F 6KHDU OD\HU SURILOH RYHU WKH XSSHU VXUIDFH RI WKH HOHPHQW V\VWHP ZKHQ DOO YDOXHV LQ PP

[ F "HOWD '"HOWDVWDUKHWD + X 8H

&OHDQIRLO $OSKD 0DFK QR 5H\QROGV QR (
&R URW DLUMHWV <« $&FSKD O0DFK R 5H\QROGV QR (
&RURW DLUMHWYV 2 [$BSKD ODFK QR 5H\QROGV QR (

JLIMH 6SDQZLVH YDULDWLRQ RI VKHDU OD\HU SURREWBD LIWG F
ZKHQ FR URW DLUMHWY DUH DW [ F

D FRQVLGHUDEOH KHLJKW XQGHU WKH MHW DQG WKH VKHDU PHDVX

GURSSHG WR RQO\ IDU ORZHU WKDQ VHHQ ZLWK YDQH YRUWHI] .
FDVH ILJ
$W KLIKHU LQFLGHQFHV ILJV DQG WKH VODW ZD|

ZLWK WKH PDLQ ZLQJ ERXQGDU\ OD\HU DQG WKH UHPQDQWV RI WKH
VKHDU OD\HU SURILOH 7KH PHDQ SURILOHV ZLWK DLUMHWY QRZ VKR
DW WKH ORZHVW SLWRW VWDWLRQ DERYH WKH PDLQ ZLQJ ZKHQ FRP
FDVH EXW WKH VORW IORZ IHDWXUH DQG LWV DVVRFLDWHG UHODWL
VHHPLQJO\ GLVSHUVHG WKH PRUH VR DV LQFLGHQFH LQFUHDVHV 11U
VHSDUDWH LGHQWLW\ RI WKH VODW ZDNH LV UHGXFHG DQG LV UHSO
ZLWK MHWV E\ D UHJLRQ RI VWHDGLO\ LQFUHDVLQJ VKHDU ZKLFK KD
DQG \'F 7KLV FRQWULEXWHY WR WKH PHDQ VKHDU OD\HU SURIL
D FRQVLVWHQW UHGXFWLRQ LQ VKHDU OD\HU WKLFENQHVYV

JLIXUHV DQG DJDLQ VKRZ LQ PRUH GHWDLO WKH F
KDYH RQ WKH VKHDU OD\HUV EHWZHHQ fDQG fDW [ F 7KH
ZLWK LQFLGHQFH DQG WKH VKHDU OD\HU SURILOHY EHWZHHQ DGMDFI
RQO\ VPDOO FKDQJHV ZKHQ FRPSDUHG ZLWK FOHDQIRLO SURILOH
GHSLFWHG E\ WKH FXUYH DUH ORFDWHG LQ WKH GRZQZDUG UHJLF
HDFK DLUMHW LH QRW LQIOXHQFHG GLUHFWO\ E\ WKH MHW DQG FF
WUDQVIHU LQWR WKLV UHJLRQ LV VROHO\ DWWULEXWDEOH WR WKH Y
IXOOHU SURILOH IRU WKH VKHDU OD\HUV DW WKLV SRLQW LQ WKH V
VXUIDFH 7KH KLJK YHORFLWLHY DVVRFLDWHG ZLWK WKH VORW IORZ



VLIJQ RI D VODW ZDNH &XUYH UHSUHVHQWY SURILOHV GLUHFWO\ E}
YHORFLW\ JUDGLHQWYV H[LVW DW KHLJKWV EHORZ \ F DQG EHWZ
DJDLQ UHPDLQV FRQVWDQW 7KHUH LV QR VLIQ RI WKH VORW IORZ
KDV EHHQ SDUwWLDOO\ DEVRUEHG LQWR D UHJLRQ RI KLJKHU VKHDU I
MHW
(YLGHQWO\ WKH MHWV DUH SURGXFLQJ YHU\ KLJK FURVYV IORZ
RI WKH VKHDU OD\HU GLUHFWO\ EHORZ WKH MHW KHQFH X 8H I
URWDWLQJ YDQH YRUWH[ JHQHUDWRUYV 7KH UHJLRQ ZKHUH VKHDU L
\ F DQG \F LV WKH HQWUDLQHG FURVV IORZ GHSLFWHG E\ IL.
HQKDQFHG PL[LQJ SURGXFHG E\ WKH MHWV DQG WKHLU DVVRFLDWH
IORZ EHLQJ DEVRUEHG LQWR WKH VXUURXQGLQJ VKHDU OD\HUV DQ
ZDNH DV LW LV VZHSW XS LQ WKH PL[LQJ SURFHVV 7KLV LV LQ FRQ
VWUXFWXUH SURGXFHG E\ WKH FR URWDWLQJ YDQH YRUWH[ JHQHU
ZKHUH WKH VODW ZDNH ZDV FOHDUO\ LGHQWLILDEOH EHWZHHQ

'"HWDLOHG FRPSDULVRQ RI VKHDU OD\HU SURILOHV DW [ F IL
$SSHQGL[ &

JLIXUHV DQG FRPSDUH WKH FOHDQIRLO VKHDU
PHDQ VKHDU OD\HU SURILOH REWDLQHG ZLWK DLUMHWY DW WKH PC
LQFLGHQFHV EHWZHHQ f DQG f $W f ILJ WKH PHDQ VKHI
LQ XVH VKRZV FRQVLGHUDEOH GLIIHUHQFHV ZKHQ FRPSDUHG ZLWK
REWDLQHG DW WKH VDPH LQFLGHQFH $V LQFLGHQFH LV LQFUHDVHC
PDUNHG %\ f ILJ WKH JUDGLHQW RI WKH VKHDU OD\HU SUR
WKDW PHDVXUHG LQ WKH FOHDQIRLO FDVH $JDLQ DV ZLWK YDQHV D
HYLGHQW LQ VXUIDFH WXIWV 7KH VWURQJ FURVV IORZ JHQHUDWHG
ORZ VWUHDPZLVH YHORFLW\ DGMDFHQW WR WKH VXUIDFH Rl WKH P
ORFDOO\ DQG IDOVH UHDGLQJV LQ WKH SLWRW WXEHV DW WKHVH O]
ILJXUHV 1LJ WR ILJ WKH UHDGHU ZRXOG JDLQ D EHWWHU
SURILOH E\ WKH JUDGLHQW RI VKHDU IXUWKHU RXW DQG H[WUDSROD
IDFW WKDW WKH PLVOHDGLQJ SLWRW UHDGLQJV DUH SUHVHQW ULJK
E\  f ILJ LV LQGLFDWLYH RI WKH VWUHQJWK RI WKH FURVV IO
SURGXFHG E\ WKH FR URWDWLQJ YDQH YRUWH[ JHQHUDWRUV FRPSI

JLIXUHV W R LQFOXVLYH LOOXVWUDWH WKDW WKH DLUM
DEOH WR UHGXFH WKH WKLFNQHVV Rl WKH VKHDU OD\HUV GHILQHG E
DW WKH WUDLOLQJ HGJH RI WKH PDLQ ZLQJ E\ QHDUO\ ILJ
WKLFNQHVYV DOVR VKRZV D PDUNHG UHGXFWLRQ DW [ F ZLWK DL
SUREDEO\ EHLQJ JUHDWHU WKDQ WKDW LQGLFDWHG E\ WKH GDWD EH
ZH NQRZ WKH VKHDU DW ORZ YDOXHV RI \ F WR EH VXEMHFW WR HU!
ZH KDYH WKH UHDVRQ ZK\ ZLWK DLUMHWY DW [ F RQ WKH PDLQ
WR JHQHUDWH D VOLJKWO\ KLJKHU QRUPDO IRUFH FRHIILFLHQW DYV
GLVSODFHPHQW WKLFNQHVYV DW WKH WUDLOLQJ HGJH RI WKH PDLQ Z



\ F 6KHDU OD\HU SURILOH RYHU WKH XSSHU VXUIDFH RI WKH HOHPHQW V\VWHP ZKHQ DOO YDOXHV LQ PP

[ F "HOWD '"HOWDVWDUKHWD + X 8H
&OHDQIRLO $OSKD 0DFK QR 5H\QROGV QR
&R URW DLUMHWV  B®SKD 0DFK QR 5H\QROGV QR (
&R3URW DLUMHWYV 2 [$©SKD ODFK QR 5H\QROGV QR

JLIXUH 6SDQZLVH YDULDWLRQ RI VKHDU OD\HU SURILOH DW [ F D
ZKHQ FR URW DLUMHWYV DUH DW [ F

WKLFNQHVYV HIIHFW RI WKH ERXQGDU\ OD\HU DQG D UHGXFWLRQ RI QHJDWL
RSSRVLWH WR WKH HIIHFW ZKLFK YDQH YRUWH[ JHQHUDWRUV KDYH RQ WK
HGJH RI WKH PDLQ ZLQJ DW ORZ LQFLGHQFH VHH VHFWLRQ
JLIXUHV WR LOOXVWUDWH KRZ ZHOO WKH VODW ZDNH KDV EHH
LOQOWR D UHJLRQ RI KLJKHU VKHDU E\ [ F XQGHU WKH DFWLRQ RI WKH
YRUWLFHYV 7KLV UHPDLQV WUXH ERWK LQ D VSDQZLVH GLUHFWLRQ DQG ZL
UHPDLQV RI WKH H[SDQGHG MHW FRUHVY DUH FOHDUO\ YLVLEOH KLJK DERYH V
DQG UHYHDO KRZ VPDOO WKH YDULDWLRQ LV LQ WKH SURILOH RI W
VSDQ DW ORZ LQFLGHQFHV EXW VRPH VSDQZLVH GLIIHUHQFHV GR DSSHDU
DQG ILJ 7KH LPSURYHG VKHDU OD\HU SURILOH DW WKH WUDLOLQJ
DOO LQFLGHQFHYVY ZLWK DLUMHWY LQ XVH DW [ F PXVW EH GLUHFWO\ |
PL[LQJ SURGXFH E\ WKH DLUMHWY DQG WKHLU DVVRFLDWHG YRUWLFHYV 7KL
ILIXUHV DQG ZKHQ RQH UHDOLVHV WKH FRPSDULVRQ LV QRW PDGH
$00 WKH PHDVXUHG VKHDU OD\HU SURILOHV REWDLQHG DW WKH WUDLOLQ
UHIHUHQFHG LQ WKLV VHFWLRQ FRQYH\ D FRPPRQ PHVVDJH LW VHHPV SURI
XVHG IRU WKH DLUMHW YRUWH[ JHQHUDWRUV LV UDWKHU WRR ODUJH VLQFH
LV SUHVHQW KLJK DERYH WKH PDLQ ZLQJ 7KH HQHUJ\ LQ WKLV IORZ ZLOO Q
VKHDU DQG YRUWH[ LQGXFHG PL[LQJ WR WKH ORZHU UHJLRQV RI WKH VKHI
RI WKH PRVW EHQHILW 7KLV H[FHVV HQHUJ\ LV LQWHUSUHWDWHG DV DQ D
KLJK OLIW VA\VWHP )ORZHYHU D ORZHU EORZLQJ SUHVVXUH ZLOO ZLWK WK}
YRUWH[ JHQHUDWRUV SUREDEO\ JHQHUDWH D ORZHU VWUHQJWK RI FURV'
2EYLRXVO\ DQ RSWLPXP PXVW H[LVW



'"HWDLOHG FRPSDULVRQ RI VKHDU OD\HU SURILOHV DW [ F IL.
$SSHQGL[ &
%HDULQJ LQ PLQG WKH PDLQ ZLQJ DQG IODS VKHDU OD\HUV DU
DQ\ LPSURYHPHQW LQ VWUXFWXUH RI WKH VKHDU OD\HUV VKHG E\ V
D IDYRXUDEOH LQIOXHQFH RQ WKH VKHDU OD\HUV DERYH WKH I0DS
UHGXFH WKH DGYHUVH HIIHFWV Rl FRQIOXHQF\ LQ WKH VKHDU OD\H
DQG ILJ 7KH PHDVXUHG YDOXH RI X 8H DW WKH ORZHVW SLWR'
IODS LV LQFUHDVHG WKH IODS XSSHU VXUIDFH ERXQGDU\ OD\HU LV
WKLFNQHVV RI WKH VKHDU OD\HU VWUXFWXUH LV UHGXFHG VOLJKW(
$ERYH f WKH IODS XSSHU VXUIDFH ERXQGDU\ OD\HU LV QRW |
ZDNH DW [ F DQG VR X 8H DW WKH ORZHVW SRLQW LQ WKH SL
VXUIDFH UHPDLQV XQFKDQJHG ZLWK DLUMHW YRUWH[ JHQHUDWRUYV I
7KH VDPH ILJXUHV VKRZ KRZ DW DQ\ LQFLGHQFH WKH YHOI
WKH PDLQ ZLQJ VODW ZDNH VWUXFWXUH DERYH WKH IODS LV VLJQL
WKH FOHDQIRLO FDVH 7KHUH LV QR VLJQ RI WKH VODW ZDNH DQG
DERYH WKH IODS XSSHU VXUIDFH 7KH VSDQZLVH YDULDWLRQ LQ WK
ZDNH DERYH WKH IODS KDV DOPRVW GLVDSSHDUHG H[FHSW DERYH \
DQG 7KH H[FHSWLRQ WR WKLV LV DW f ILJ ZKLFK WK
H[SODLQ ZK\ VLQFH DW WKH PDLQ ZLQJ WUDLOLQJ HGJH OLWWOH
OD\HU VWUXFWXUH DFURVV WKH VSDQ ILJ

\ F 6KHDU OD\HU SURILOH RYHU WKH XSSHU VXUIDFH RI WKH HOHPHQW V\VWHP ZKHQ DOO YDOXHV LQ PP

[ F '"HOWD '"HOWDVWDUWKHWD +
&OHDQIRLO $0SKD 0ODFK QR 5H\QROGV QR
&R URW DLUMHWYV BESKD NDFK QR 5H\QROGV QR (
&R3URW DLUMHWYV 2 [$PSKD NDFK QR 5H\QROGV QR

JLIMH &RPSDULVRQ RI PHDQ VKHDU OD\HWD SUR I LFKOHD Q WR L| OF f
DQG f FR URW DLUMHWYV DW [ F

7KH H[WHQW RI WKH IORZ WKURXJK WKH VORW UHPDLQV XC
JHQHUDWRUV RQ WKH PDLQ ZLQJ



JLIXUH RQFH DJDLQ UDLVHV DQ LVVXH ZKLFK ZDV PHQWLF
LQ UHODWLRQ WR YDQH YRUWH[ JHQHUDWRUYVY LQ WKDW WKH P
VODW ZDNH VWUXFWXUH DERYH WKH IODS ZLWK DLUMHW YRUWH[ J
YDOXH VHHQ LQ WKH FOHDQIRLO FDVH DW f MXVW SULRU WR VWL
$W DOO LQFLGHQFHV PRPHQWXP WKLFNQHVV LV VLIQLILFDQV
DERYH WKH I10ODS ZKHQ FRPSDUHG ZLWK WKH FOHDQIRLO FDVH ILJ
VI\VWHP ZLOO H[KLELW D UHGXFWLRQ LQ SURILOH GUDJ DW DOO LQI

JLIXUH O9DULDWLRIQ RPIP ZLWK D DW FKRUGZLVH ORFDWLRQV
FR URW DLUMHW YRUWH[ JHQHUDWRUYV DW [ F



6XPPDU\ DQG &RQFOXVLRQV

'LQGWXQQHO WHVWV KDYH EHHQ FRQGXFWHG RQ D WZR GLP|
HOHPHQW KLJK OLIW V\WWHP LQ D WDNH RIl FRQILIXUDWLRQ LQ .
ZLQGWXQQHO 7KH KLJK OLIW V\VWHP ZDV PRXQWHG EHWZHHQ HQG S
HGJH +DQGOH\ 3DJH VODW DQG D WUDLOLQJ HGJH )RZOHU I0DS (C
HQVXUHG WZR GLPHQVLRQDO FRQGLWLRQV XS WR DQG EH\RQG VWD
WKURXJK WZR QHDU WDQJHQWLDO VORWY ORFDWHG IOXVK LQ HDFK
HOHPHQW 7KH ZLQGWXQQHO WHVWV LQYROYHG PRQLWRULQJ WKH
HOHPHQW RI WKH KLJK OLIW V\VWHP DQG LQYHVWLJDWLQJ WKH VWU
PDLQ ZLQJ DQG IODS HOHPHQWYV

'LWKRXW DQ\ IRUP RI DGGLWLRQDO ERXQGDU\ OD\HU FRQWU
FOHDQIRLO JHQHUDWHG D PD[LPXP WRWDO QRUPDO IRUFH FRHIILFLH
VHSDUDWLRQ ZDV ILUVW VHHQ DW WKH WUDLOLQJ HGJH RI WKH PDLQ
ZLWK LQFLGHQFH PRYLQJ IRUZDUG WR [ F E\ f 7KH VWDOO RI
ZLWK WKH UDSLG GLYHUJHQFH RI WKH VWDWLF SUHVVXUH DW WKH W
VWDOO ZDV SUHFHGHG E\ D ORVV Rl ORDG DW WKH UHDU RI WKH PDI
YLVFRXV HIIHFWV Rl WKH FRQIOXHQF\ RI WKH PDLQ ZLQJ XSSHU VXU
ZDNH UHVXOWLQJ LQ D VXEVWDQWLDO JURZWK LQ WKH WKLFNQHVV
PDLQ ZLQJ DQG WKH DSSHDUDQFH RI WKH VHSDUDWHG IORZ LQ WKL)\

9DULRXV YDQH YRUWH[ JHQHUDWRU FRQILIXUDWLRQV ZHUH OF
WKH PDLQ ZLQJ DW [ F DQG [ F JRU HYHU\ FRQILJXUDW
VIVWHP H[KLELWHG D UHGXFWLRQ LQ WRWDO QRUPDO IRUFH FRHIIL
LQFLGHQFH RI WKH FOHDQIRLO UHVXOWLQJ IURP DQ LQFUHDVHG GL\
DERYH WKH XSSHU VXUIDFH RI WKH PDLQ ZLQJ 7KH PRVW EHQHILFL
RI FR URWDWLQJ YDQH YRUWH[ JHQHUDWRUV DW [ F ZKLFK LQ
PRUH WKDQ f DQG SURGXFHG DQ LPSURYHPHQW LQ PD[LPXP WRWDO
XS WR $OWKRXJK WKH FR URWDWLQJ YDQH YRUWH[ JHQHUDW
ZKLFK ZDV VHHQ WR GHYHORS DW WKH UHDU RI WKH PDLQ ZLQJ |
DOOHYLDWLQJ WKH DGYHUVH HIIHFWV RI FRQIOXHQF\ RI WKH PDLC
PD[LPXP QRUPDO IRUFH FRHIILFLHQW RI WKH PDLQ ZLQJ GLG QRW LQ
JUHDWHU SDUW RI WKH LPSURYHPHQW LQ PD[LPXP WRWDO QRUPDO
LQFUHDVHG ORDGLQJ RI WKH VODW DW LQFLGHQFHV DERYH WKH VWD
URWDWLQJ YDQH YRUWH[ JHQHUDWRUV GHOD\ WKH VHSDUDWLRQ ZKL
ZLQJ LQ WKHLU DEVHQFH DW f LQFUHDVLQJ WKH WUDLOLQJ HGJH
KHQFH RYHUDOO FLUFXODWLRQ $ PHDQ YDOXH RI PRPHQWXP WKLFNQ
IODS DW [ F UHYHDOV WKH KLJK OLIW V\VWHP H[KLELWV DQ LQ
URWDWLQJ YDQH YRUWH[ JHQHUDWRUV DW [ F IRU DOO LQFLGH ¢

$ VIVWHP RI FR URWDWLQJ DLUMHW YRUWH[ JHQHUDWRUV LQV
ZLQJ DQG XWLOL]LQJ D FRQVWDQW EORZLQJ SUHVVXUH RI DERYH
LQFUHDVHG WKH VWDOO LQFLGHQFH RI WKH KLJK OLIW V\VWHP E\



IRUFH FRHIILFLHQW E\ WR 7KH KLJK OLIW VA\WWHP H[KLELW!
IRUFH FRHIILFLHQW DW DOO LQFLGHQFHV EHORZ WKH VWDOO LQF
LPSURYHG FKDUDFWHULVWLFV ZKLFK WKH KLJK OLIW V\VWHP H[KL
YRUWH[ JHQHUDWRUYV FDQQRW EH VROHO\ GXH WR WKH VXSSUHVVLRC(
wWubDLOLQJ HGJH RI WKH PDLQ ZLQJ )RU LQFLGHQFHV XS WR f WK
UHGXFHG GLVSODFHPHQW HIIHFW RI WKH VKHDU OD\HUV DERYH WKH
f DQG f WKH FR URWDWLQJ DLUMHW YRUWH[ JHQHUDWRUV DOO
LQFUHDVH SURJUHVVLYHO\ ZLWK LQFLGHQFH ,Q DGGLWLRQ WKH L
FRHIILFLHQW QRZ DOVR HPEUDFHV WKDW JHQHUDWHG E\ WKH VODW
OLIW VA\WWWHP ZKLFK GHULYHV IURP WKH LQFUHDVHG SUHVVXUH UHI
EHWWHU VXVWDLQHG ZLWK DLUMHWY $ERYH f DWWDFKHG IORZ
FRQWULEXWH WR GHYHORSLQJ FLUFXODWLRQ DQG LQFUHDVHG QRUT
WKH SURILOH GUDJ RI WKH KLJK OLIW VA\VWHP FDQ EH LQIHUUHG IURI
LQ WKH VKHDU OD\HUV DERYH WKH IODS DW DOO LQFLGHQFHV 7KH D
OLIW VA\VWHP ZKHQ DLUMHWY DUH LQ XVH PD\ EH GXH WR WKH DLUME
ZLQJ WR VXFK D GHJUHH WKDW WKH RQVHW RI VWDOO VKLIWV WR W
XWLOL]HG IRU WKH DLUMHWY WKLY PD\ QRW EH WKH FDVH DV WKH YI
RQVHW RI VWDOO PD\ UHWXUQ WR WKH PDLQ ZLQJ LQ ZKLFK FDVH V
DOOHYLDWHG VRPHZKDW
7KH FRUH IORZ IURP DQ DLUMHW YRUWH[ JHQHUDWRU LV FDS
VKHDU OD\HUV ZKLFK H[LVW DERYH WKH PDLQ ZLQJ RI D KLJK OLIW
SURPRWHYV HQKDQFHG PL[LQJ DQG KHQFH PRPHQWXP WUDQVIHU W
HOHPHQWY ZKLFK PDNH XS WKH VKHDU OD\HU VWUXFWXUH WKH PL
OD\HU WKH SRWHQWLDO IORZ WKURXJK WKH VORW WKH VODW Z
IUHHVWUHDP DV ZHOO DV WKH PRPHQWXP RI WKH MHW LWVHOI 8(
XQSUDFWLFDOO\ ODUJH LW LV XQDEOH WR DFKLHYH WKH VDPH GHJU
7KH UHVXOWY LQGLFDWH WKDW DLUMHW YRUWH[ JHQHUDWRUYV
GHVLJQ RI KLJK OLIW VA\VWHPV VLQFH WKH EHQHILWY WKH\ SURYLG
YDQH YRUWH[ JHQHUDWRUV EXW FDQ RQO\ EH REWDLQHG LI WKH\ D
WKH DHURG\QDPLF GHVLJQ RI WKH KLJK OLIW VA\VWHP ,Q SDUWLF
IDYRXUDEOH LQYLVFLG LQWHUDFWLRQ DQG DGYHUVH YLVFRXV HIIF
RSWLPXP SRVLWLRQ IRU HDFK HOHPHQW RI WKH KLJK OLIW VA\VWHP
RI WKH FRQWDPLQDWLRQ RI WKH PDLQ ZLQJ ERXQGDU\ OD\HU E\ WK
RITHU D IXUWKHU GHJUHH RI IOH[LELOLW\ LQ JDS VHWWLQJV EHW
DOWHUQDWLYHO\ EHWZHHQ WKH PDLQ ZLQJ DQG IODS ZKLFK ZLOO T
PXWXDO LQYLVFLG SRWHQWLDO IORZ HIIHFWV $OWHUQDWLYHO\ WK
DYRLGLQJ WKH QHHG IRU VWDOO IL[LQJ WKURXJK WKH GHOLEHUDWI
LQERDUG OHDGLQJ HGJHV



)XUWKHU :RUN

W PXVW EH HPSKDVLVHG WKDW RQO\ RQH FRQILIJXUDWLRQ R
EHHQ WHVWHG DW RQH FRQVWDQW EORZLQJ SUHVVXUH 7KH PRVW
GRQH LV WR LQYHVWLIJDWH WKH SHUIRUPDQFH RI WKH VDPH LQVWDO
EHIRUH WKH HIIHFW RI RWKHU SDUDPHWHUYV DUH H[DPLQHG VXFK DV
MHW H[LW VKDSH

$ GUDJ WKUXVW DXGLW LV DOVR UHTXLUHG WR DVFHUWDLQ ZI
SURILOH GUDJ RI WKH KLJK OLIW VA\VWHP LV PRUH WKDQ RIIVHW E\ I
,QHYLWDEO\ D SHUIRUPDQFH SHQDOW\ ZLOO EH DVVRFLDWHG ZLWK \
HQHUJ\ LQ WKH MHW IORZ ZLOO EH WUDQVIHUUHG WR WKH VKHDU OD
WR EH GRQH WR UHYHDO WKH IXQGDPHQWDO IOXLG G\QDPLF SURFH
DQ RSWLPLVHG V\VWHP DQG WKH EHVW EDODQFH EHWZHHQ SHUIF
SHQDOWLHYV



SHIHUHQFHYV
$EERWW , + DQG YRQ 'RHQRII $ (
7KHRU\ Rl ZLQJ VHFWLRQV
OF*UDZ +LOO 'RYHU 3XEOLFDWLRQV 1HZ <RUN

$NDQQL 6 DQG +HQU\ ) 6
1XPHULFDO FDOFXODWLRQV RI DLUMHW YRUWH[ JHQHUDWRUV LQ W
&($6 (XURSHDQ )RUXP RQ +LJK /LIW 6HSDUDWLRQ &RQWURO SDSH!

$OVWRQ 5 3
:LQJ IODSV DQG RWKHU GHYLFHV DV DLGV WR ODQGLQJ
-RXUQDO RI WKH 5R\DO $HURQDXWLFDO 6RFLHW\ Ss

$VKLOO 35 DQG :HHNV ' -

$ PHWKRG IRU GHWHUPLQLQJ ZDOO LQWHUIHUHQFH FRUUHFWLR
PHDVXUHPHQWY RI VWDWLF SUHVVXUH DW WKH ZDOOV

$*$5" &3 SDSHU

%HUJ % YDQ GHQ
%RXQGDU\ OD\HU PHDVXUHPHQWY RQ D WZR GLPHQVLRQDO ZLQJ ZI
1/5 75 8

%UXQH *: DQG ODQNH -
8SJUDGHG YLVFRXV IORZ DQDO\VLV RI PXOWL HOHPHQW DHURIRLO\
$,$$ WK )OXLG DQG 30DVPD '\QDPLFV &RQIHUHQFH $,$$

%UX\QHV + DQG 7D\ORU + '
6XPPDU\ UHSRUW RQ YRUWH[ JHQHUDWRUYV
8QLWHG $LUFUDIW 5HVHDUFK 'HSDUWPHQW 5

% XWWHU ' - DQG :LOOLDPV % 5

7KH GHYHORSPHQW DQG DSSOLFDWLRQ RI D PHWKRG IRU FDOFXODW
DHURIRLOV

$*$5" &3 SDSHU

% XWWHU ' -
SHFHQW SURJUHVV RQ GHYHORSPHQW DQG XQGHUVWDQGLQJ RI KLJ
$*$5' &3 SDSHU



&DOODJKDQ - * DQG %HDWW\ 7'
$ WKHRUHWLFDO PHWKRG IRU WKH DQDO\VLVY DQG GHVLJQ RI PXOW
-RXUQDO RI $LUFUDIW QR SS

&RPSWRQ '$ DQG -RKQVWRQ - 3
6WUHDPZOVH YRUWH[ SURGXFWLRQ E\ SLWFKHG DQG VNHZHG MHW
$,.$9% QR O0DUFK

'XGG\ 55
+LJK OLIW GHYLFHVY DQG WKHLU XVHV
$HURQDXWLFDO -RXUQDO SS

)DJH $ DQG 6DUJHQW 5)
7KH DLU LQMHFWLRQ PHWKRG RI IL[LQJ WUDQVLWLRQ IRU ODPLQDU
$5& 5 0

JLGGHV 6 3 .LUE\ " & :RRGzZzDUG '6 DQG 3HFNKDP ' +
,QYHVWLIDWLRQV LQWR WKH HIIHFWYV RI VFDOH DQG FRPSUHVVLELC
SUHVVXULVHG ORZ VSHHG ZLQG WXQQHO

$*$5"' &3 SDSHU

JORUHV - +ROVW 7/ *XQG\ ./ DQG &KDGHUMLQ 1
7TUDQVRQLF 1DYLHU 6WRNHV ZLQJ VROXWLRQ XVLQJ D JRQDO DSSUF
$*$5' &3 SDSHU

JRVWHU ' 1
7KH IORZ DURXQG ZLQJ VHFWLRQV ZLWK KLJK OLIW GHYLFHYV

$,$8%

JRVWHU ' 1 ,UZLQ + 3 $ + DQG :LOOLDPV % 5
7KH WZR GLPHQVLRQDO IORZ DURXQG D VORWWHG I10DS
$5& 5 0

JRVWHU ' 1
6RPH FRPPHQWY RQ FKDUDFWHULVWLFV RI KLJK OLIW ZLQJV
$*$5' /6 SDSHU

JUHHVWRQH 0 O
SUHOLPLQDU\ WHVWY DW ORZ VSHHG RQ YRUWLFLW\ SURGXFHG E\
50 &LW\ 8QLYHUVLWY /RQGRQ



JUHHVWRQH 0 O
,QYLVFLG WKHRU\ DSSOLHG WR YRUWH[ LQGXFHG PL[LQJ
&($6 (XURSHDQ )RUXP RQ +LJK /LIW 6HSDUDWLRQ &RQWURO SDSHL

*RUDGLD 6 +
&RQIOXHQW ERXQGDU\ OD\HUV IORZ GHYHORSPHQW ZLWK DUELWUL
3K'" 7KHVLVY *HRUJLD ,QVWLWXWH RI 7THFKQRORJ\

*UDQYLOOH 3 6
7TKH FDOFXODWLRQ RI YLVFRXV GUDJ RI ERGLHV RI UHYROXWLRQ
'DYLG 7D\ORU ORGHO %DVLQ 5HSRUW

*UHHQ - ( HHNV ' * DQG %URRPDQ - :)

SUHGLFWLRQ RI WXUEXOHQW ERXQGDU\ OD\HUV DQG ZDNHV LQ FRPE
PHWKRG

$5& 5 0

*URVVPDQ % DQG OHOQLN 5 (
7TKH QXPHULFDO FRPSXWDWLRQ RI WKH WUDQVRQLF IORZ RYHU WZ
J)LIWK FRQIHUHQFH RQ 1XPHULFDO OHWKRGYV LQ )OXLG '"\QDPLFV (Q\

+DOO , 0 DQG 6XGGKRR %
,QYLVFLG FRPSUHVVLEOH IORZ SDVW D PXOWL HOHPHQW DHURIRLO
$*$5" &3 SDSHU

+DOVH\ 1°
SRWHQWLDO IORZ DQDO\WLV RI PXOWL HOHPHQW DHURIRLOV XVLQJ
$.88% QR SS

+HQU\ )6 DQG 3HDUFH\ + +
1XPHULFDO PRGHO RI ERXQGDU\ OD\HU FRQWURO XVLQJ DLUMHW Jt
$.$% QR SS

+LOO 0 * DQG 5LOH\ 1 %
$ K\EULG PHWKRG IRU WUDQVRQLF IORZ SDVW PXOWL HOHPHQW DH
-RXUQDO RI )OXLG OHFKDQLFV SS

+RUWRQ + 3
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$ FDOFXODWLRQ PHWKRG IRU WKH WZR GLPHQVLRQDO WXUEXOHQW

$5& &3

,2YHV " &
$ PRGHUQ ORRN DW FRQIRUPDO PDSSLQJ LQFOXGLQJ PXOWLSO\ FR
$.88% SS

-RKQVWRQ - DQG 1LVKL O
9RUWH[ JHQHUDWRU MHWV D PHDQV IRU SDVVLYH DQG DFWLYH FRC
$.$%

.LQJ ' $ DQG :LOOLDPV % 5
"HYHORSPHQWYV LQ FRPSXWDWLRQDO PHWKRGV IRU KLJK OLIW DHU
$HURQDXWLFDO -RXUQDO $XJ 6HSW SS

/H %DOOHXU - &

6WURQJ PDWFKLQJ PHWKRG IRU FRPSXWLQJ WUDQVRQLF YLVFRX
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, QYHVWLIJDWLRQ RI VHYHUDO SDVVLYH DQG DFWLYH PHWKRGV IRU |
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OHKWD 5" 6KDEDND , 0 0 $ 6KLEO $ DQG %UDGVKDZ 3
/IRQIJLWXGLQDO YRUWLFHV LPEHGGHG LQ WXUEXOHQW ERXQGDU\ OI
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$,88%
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OD\HU FRQWURO E\ VXFWLRQ

1$&% 71

5bR "0 DQG .DUL\D 7 7
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TKZDLWHV %
,QFRPSUHVVLEOH DHURG\QDPLFV
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6RPH QRWHV RQ WZR GLPHQVLRQDO KLJK OLIW WHVWV LQ ZLQGWX
$*$5' /6 SDSHU

%HUWLQ - - DQG 6PLWK 0 /
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S5HPDUNV RQ IOXLG PHFKDQLFVY RI WKH VWDOO
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