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7TDEOH RI LQLWLDO VWDWHY DQG FDOFXODW!
FDUULHG RXW RQ QDWXUDO VDPSOHV RI %RF
UHFRQVWLWXWHG DQG QDWXUDO QRUPDO FR

7TDEOH RI LQLWLDO VWDWHY DQG FDOFXODW!
FDUULHG RXW RQ UHFRQVWLWXWHG %RRP FC

6XPPDU\ RI %RRP FOD\ SDUDPHWHUV IRU WKI

6XPPDU\ RI SDUDPHWHUV XVHG IRU WKH SDU
SDUDPHWHUYV GHILQLQJ WKH EHKDYLRXU R\
6.+ PRGHO IRU %RRP FOD\

6.+ PRGHO SDUDPHWHUYV IRU /RQGRQ FOD\

O9DULDWLRQV XVHG IRU WKH SDUDPHWULF VW

2[IRUG FOD\
6.+ PRGHO SDUDPHWHUV IRU 2[IRUG FOD\
ORGLILHG &DP &OD\ SDUDPHWHUV IRU 6SHVZ

6.+ PRGHO 3DUDPHWHUV IRU 6SHVZKLWH
9LJJLDQL

%ULFN PRGHO SDUDPHWHUV IRU 6SHVZKLWH
%ULFN ORGHO VWHSZLVH FXUYH VWULQJ GD

6.+ PRGHO SDUDPHWHUV IRU 6LOLFD VDQG

6WUHVYVY VWDWHYV SULRU WR JHRWHFKQLFDO
GHILQLQJ QDWXUDO VRLO VWUXFWXUH

SDUDPHWHUV XVHG IRU WKH VRLO VWUDWD
FOD\
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JUDPHZRUN IRU WKH EHKDYLRXU RI UHFRQV
JUDPHZRUN IRU WKH EHKDYLRXU RI UHFRQV)
JUDPHZRUN IRU WKH EHKDYLRXU RI QDWXUD
JUDPHZRUN IRU WKH EHKDYLRXU RI QDWXUD

'"HVFULSWLRQ RI LQLWLDO VWDWH IRU D VWI

7KH HIIHFWV RI VHFRQGDU\ FRPSUHVVLRQ D
QRUPDO FRPSUHVVLRQ DIWHU /HURXHLO DQ

$ VFKHPDWLF UHSUHVHQWDWLRQ RI FRPS
MHGHVWUXFWXUHGY VRLOV LQ WKH RHGRPHW

PLFURJUDSK RI Ut
03D DIWHU &RWHF

QDW X

6FDQQLQJ HOHFWURQ
FRPSUHVVHG WR FU Y

6FDQQLQJ HOHFWURQ PLFURJUDSK RI
DY 03D DIWHU &RWHFFKLD

&RPSUHVVLRQ GDWD IRU UHFRQVWLWXWHG I
FRPSOH[ FOD\ DIWHU )HDURQ

1RUPDOLVLQJ FRPSUHVVLRQ GDWD E\ WKH X
, QWULQVLF FRPSUHVVLRQ OLQH ,&/ DIWHU

1RUPDOLVHG UHFRQVWLWXWHG FRPSUHVVLIE
FRPSUHVVLRQ OLQH ,&/ DIWHU %XUODQG

7KH LQWULQVLF FRPSUHVVLRQ OLQH ,&/ DG
OLQH 6&/ IRU QRUPDOO\ FRQVROLGDWHG F

7KH VHQVLWLYLW\ IUDPHZRUN VKRZLQJ VH(
IRU FOD\V RI HTXDO VHQVLWLYLWLHV DIWHL

2QH GLPHQVLRQDO FRPSUHVVLRQ RI %RRP F

2QH GLPHQVLRQDO FRPSUHVVLRQ GDWD IR
SORWWHG LQ WHUPV RI YRLG LQGH[ ,Y DIWH

&RPSDULVRQ RI QDWXUDO LQWDFW DQG L
VXUIDFHV D 3LHWUDILWWD FOD\ E 7RGL F
PDUO DIWHU %XUODQG HW DO

, VRWURSLF DQG .R FRPSUHVVLRQ DQG VZHC
QDWXUDO VDPSOHV RI 3DSSDGDL FOD\ DIWH

1RUPDOLVHG VWDWH ERXQGDU\ VXUIDFHV
VDPSOHV RI 3DSSDGDL FOD\ DIWHU &RWHFF

1RUPDOLVHG VWDWH ERXQGDU\ VXUIDFH IR
FULWLFDO VWDWH IULFWLRQ OLQHV IRU UH
&RWHFFKLD DQG &KDQGOHU

, QLWLDO VWDWHYV IRU VKHDULQJ WHVWYV FD
DQG KLJK SUHVVXUH WHVWY DIWHU $PRURYV
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1RUPDOLVHG VWUHVV SDWKV IRU PHGLXP D
DIWHU $PRURVL DQG 5DPSHOOR

1RUPDOLVHG VWUHVV SDWKV IRU
HIWHQVLRQ DIWHU &RRS HW DO

6WDWH SDWKV IRU ERXOGHU FOD\ IURP &KDS

6WDWH ERXQGDU\ VXUIDFHV IRU QDWXUDO
QRUPDOLVHG E\ WKH HTXLYDOHQW SUHVVXU

%RRP FOI

6KHDULQJ SDWKV RI UHFRQVWLWXWHG DQG
SODQH DIWHU 5DPSHOOR HW DO

6FKHPDWLF RI VWDWH ERXQGDU\ VXUIDFHV
VDPSOHV RI FOD\ VKRZLQJ ORFDWLRQ RI FU|

6FKHPDWLF RI QRUPDOLVHG VWDWH ERXQGEL
QDWXUDO VDPSOHV RI FOD\ VKRZLQJ ORFDW

6FKHPDWLF RI QRUPDOLVHG VWDWH ERXQGEL
GHVWUXFWXULQJ QDWXUDO VDPSOHV RI FOD

$Q LGHDOLVDWLRQ RI WKH YDULDWLRQ RI \
$WNLQVRQ DQG 6DOIRUYV

7ULD[LDO FHOO LQFRUSRUDWLQJ
$WNLQVRQ

. VRWURSLF VWUHVV VWDWHVY DW ZKLFK EHC
DIWHU 9LJJLDQL DQG $WNLQVRQ

O9DULDWLRAQ RI *R ZLWK VWUHVV DQG RYH
UHFRQVWLWXWHG VDPSOHV RI 6SHVZKLWH N

EHQGHU

O9DULDWLRAQ RI *R ZLWK VWUHVV DQG RYH
UHFRQVWLWXWHG VDPSOHV RI 6SHVZKLWH N

&KDUWYV VKRZLQJ WKH YDULDWLRQ RI FRHI
UHODWLRQVKLS IRU *R DIWHU 9LJJLDQL DQG

O9DULDWLRQ RI QRUPDOLVHG *R ZLWK PH
RYHUFRQVROLGDWLRQ UDWLR 5R IRUQDW
IRQGRQ FOD\ DIWHU 9LJJLDQL DQG $WNLQVF

9DULDWLRQ RI QRUPDOLVHG *R ZLWK RYHUFF
DQG UHFRQVWLWXWHG VDPSOHV RI /RQGRQ |

O9DULDWLRAQ RI QRUPDOLVHG VWLIIQHVYV ZL
UHFRQVWLWXWHG 6SHVZKLWH NDROLQ DIWH

O9DULDWLRAQ RI QRUPDOLVHG VWLIIQHVYV ZL
UHFRQVWLWXWHG %RRP FOD\ DIWHU -RYLFL

O9DULDWLRQ RI QRUPDOLVHG *R ZLWK PH
RYHUFRQVROLGDWLRQ UDWLR 5R IRUQDW
9DOOHULFFD FOD\ DIWHU 5DPSHOOR HW DO
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8QGUDLQHG VKHDU PRGXOXV RI QDWXUDO D
&RRS HW DO

1RUPDOLVHG VKHDU VWLIIQHVYVY DJDLQVW \
UHFRQVWLWXWHG VDPSOHV RI 3DSSDGDL FO

9DULDWLRQ RI *R ZLWK PHDQ HIIHFWLYH V\
%LVDFFLD FOD\ DIWHU " 2QDIULR HW DO

, QLWLDO VKHDU VWLIIQHVV *R QRUPDOLVH!
SUHVVXUH E WKH DSSURSULDWH HTXLYDO
6LOYHVWUL

6FKHPDWLF GLDJUDP LQ YROXPHWULF VSDFI
VRLO VXEMHFW WR FUHHS

7KH HITHFW RI VXVWDLQHG ORDGLQJ RQ VW
DIWHU OLWFKHOO

'HILQLWLRQ RI LQVWDQW DQG GHOD\HG FRF
DQG VHFRQGDU\ FRPSUHVVLRQ DIWHU %MHL

IDERUDWRU\ FUHHS WHVW RQ 'UDPPHQ FOD\
7KH HIITHFW RI FHPHQWDWLRQ LQ YROXPHWU
'UDLQHG FUHHS WHVWYV RQ QDWXUDO VDPS

SHVW SHULRGYV
SLFKDUGVRQ

*UDSK Rl GHYLDWRU VWUHVY DJDLQVW VKH
GLITIHUHQW UHVW SHULRGYV DQG DSSURDFK S

S5HVXOWYV IURP UHFHQW VWUHVV KLVWRU\ W
E VWLIIQHVYVY FXUYHV IRU GLITHUHQW VWUH

IRU /RQGRQ FOD\ IROORZLQ.

6WUHVYVY SUREHVY WR LQYHVWLIJDWH UHFHQW

6WLIIQHVV FXUYHV IROORZLQJ YDULRXV VW
DO

7KH WKUHH VXUIDFH NLQHPDWLF KDUGHQLQ.
6WDOOHEUDVV

7KH SULQFLSDO RI WKH WUDQVODWLRQ UXOl
6.+ PRGHO DIWHU 6WDOOHEUDVYV

1RUPDO FRPSUHVVLRQ OLQH DQG VZHOOLQJ
TDEEDD

6.+ PRGHO SUHGLFWLRQV
6WDOOHEUDVY DQG 7D\ORU

7KH V VKDSHG FXUYH RI VWLIIQHVY DJDLQVV

SHFHQW VWUHVYV KLVWRU\ WHVWY UHVXOWYV
VWLIIQHVV FXUYHV DIWHU S5LFKDUGVRQ

6WUDLQ YHFWRUV IROORZLQJ GLIIHUHQW DS
6WDOOHEUDVYV

IRU GLITHUHQW V
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$ PDQ SXOOLQJ EULFNV DWWDFKHG WR KLP E
6LPSVRQ

7TKH V VKDSHG FXUYH UHSUHVHQWHG LQ D V)
FRQFHSW DIWHU 6LPSVRQ

,VRWURSLF QRUPDO FRPSUHVVLRQ OLQHV IR
ERQGLQJ DIWHU *HQV DQG 1RYD

6 XFFHVVLYH \LHOG VXUIDFHV IRU LQFUHDVL(
VXUIDFH D UHSUHVHQWLQJ WKH XQERQGHG |

7TKH UHGXFWLRQ RI ERQGLQJ
1RYD

3UHGLFWHG LVRWURSLF QRUPDO FRPSUHVVL
GHJUHHV RI ERQGLQJ DIWHU *HQV DQG 1RYLE

OHDVXUHG DQG FRPSXWHG WULD[LDO VKHDU
YHUVXV D[LDO VWUDLQ E YROXPHWULF VWL
DQG 1RYD

ORGHO IRU GpVWUXFWXUDWLRQ RI FOD\V UH:
SRXDLQLD DQG OXLU :RRG

SUHGLFWLRQV RI RQH GLPHQVLRQDO FRPSUF
LQLWLDO VWUXFWXUH UR DIWHU S5RXDLQLD |

&RPSDULVRQ RI PRGHO SUHGLFWLRQV DQG H
XQGUDLQHG WULD[LDO WHVW RQ 1RUUNRSLQ
UHVSRQVH E VWUHVV SDWK DIWHU 5RXDLQ

&KDUDFWHULVWLF VXUIDFHV RI WKH 066 PRG

E ZLWK LQFUF

2QH GLPHQVLRQDO FRPSUHVVLRQ FXUYHV FF
YDULRXV SDUDPHWHU FRPELQDWLRQV DIWH

&RPSDULVRQ EHWZHHQ H[SHULPHQWDO UHVX
PHGLXP SUHVVXUH GUDLQHG DQG XQGUDLQH
FRQVROLGDWHG 9DOOHULFFD FOD\ DIWHU .I

&RPSDULVRQ EHWZHHQ QRUPDOLVHG VWUHV!
DQG PRGHO SUHGLFWLRQV IRU PHGLXP SUHYV
RQ DQLVRWURSLFDOO\ FRQVROLGDWHG 9DO(
$PRURVL

3URSRVHG DQLVRWURSLF ERXQGLQJ VXUIDF}
OUR] HW DO

ORGHO SUHGLFWLRQV RI .RIRU D WUDQVOD
ERXQGLQJ VXUIDFH DIWHU OUR] HW DO

B3URSRVHG \LHOG VXUIDFH FRPSDUHG ZLWK F
'‘DYLHVY DQG1HZVRQ

<LHOG VXUIDFH IRU DQLVRWURSLF PRGHO LC
<RXVHI

<LHOG IDLOXUH DQG ORDGLQJ VXUIDFHV IRL
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'"HILQLWLRQ RI DQLVRWURSLF SDUDPHWHUV

6WUHVYVY SDWKV GXULQJ XQGUDLQHG VKHDUL
PRGHO LQFRUSRUDWLQJ DQLVRWURSLF YDO}X

'"HILQLWLRQ RI SULPDU\ DQG VHFRQGDU\ FRGQ
&KRL

'"HILQLWLRQ RI HTXLYDOHQW WLPH DIWHU %
'"HILQLWLRQ RI FUHHS PRGHO LQ VWUHVYV VS|

6FKHPDWLF VKRZLQJ ORFDWLRQ RI UHFRQVW
FRPSUHVVLRQ OLQHV LQ OQY OQS VSDFH IR
DQG 6W !

6FKHPDWLF VKRZLQJ SRVVLEOH SDWK WDNHC
GHSRVLWLRQ RI D FOD\ GHSRVLW

6FKHPDWLF VKRZLQJ WKH UHODWLYH ORFDW
UHFRQVWLWXWHG DQG QDWXUDO QRUPDO FF
HITHFWLYH VWUHVV GXH WR RYHUEXUGHQ

7TKH LQFOXVLRQ RI YROXPHWULF FUHHS LQ W
VSDFH E LQ YROXPHWULF VSDFH

J)LQLWH HOHPHQW PHVK UHSUHVHQWLQJ D p\
WKH DQDO\VLV RI WULD[LDO WHVWV

2QH GLPHQVLRQDO QRUPDO FRPSUHVVLRQ O
%»RRP FOD\ DIWHU &RRS HW DO

9DULDWLRQ RI VWUHVYV UDWLR DW IDLOXUH -
FOD\ DIWHU &RRS HW DO

SHFRQVWLWXWHG LVRWURSLF QRUVPR®RZERBS |
FDOFXODWHG QRUPDO FRPSUHVVLRQ OLQH

. VRWURSLF VZHOOLQJ VWDJHV IRU WHVWV U
PRGXOXV GLYLGHG E\ PHDQ HIIHFWLYH VWUFE
QRUPDOLVHG E\ WKH SUHFRQVROLGDWLRQ S
FRPSUHVVLRQ OLQH

&KDUWY OLQNLQJ WKH SODVWLFLW\ LQGH[ Z|
DIWHU 9LJJLDQL DQG $WNLQVRQ

3UHGLFWLRQV RI *PD[ DJDLQVW PHDQ HIIHFW
GHULYHG IURP $JDK DQG IURP FKDUWV ¢
$WNLQVRQ

BUHGLFWLRQV RI *PD[ DJDLQVW RYHUFRQVRO
GHULYHG IURP $JDK DQG IURP FKDUWYV !
$WNLQVRQ

6WUHVV SDWK SUWGIEKRWERQDHARW AMHVWW YV
6KHDU VWLIIQHVYV SUXHNRIUFB/D B QKN HWYH UVHNWYV

6FKHPDWLF GLDJUDP VKRZLQJ WKH UHODWLY
DQG QDWXUDO QRUPDO FRPSUHVVLRQ OLQHY\

'UDLQHG DQG XQGUDLQHG VWUHVYV SDWKYV IR
FOD\
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6.+ PRGHO SUHGLFWLRQV RI GUDLQHG DQG
UHFRQVWLWXWHG VDPSOHV RI %RRP FOD\

'UDLQHG DQG XQGUDLQHG VWUHVYV SDWKYV IR
FOD\ QRUPDOLVHG E\ WKH FXUUHQW SUHFRQ

6.+ PRGHO SUHGLFWLRQV RI GUDLQHG DQG
UHFRQVWLWXWHG VDPSOHV RI %RRP FOD\ QF
SUHFRQVROLGDWLRQ SUHVVXUH

6KHDU VWLIIQHVY EHKDYLRXU IRU UHFRQVWI

6.+ PRGHO SUHGLFWLRQV RI VKHDU VWLIIQI
%RRP FOD\

*UDSK RI VWUHVV UDWLR DJDLQVW D[LDO VW

6.+ PRGHO SUHGLFWLRQV RI VWUHVYV UDWL|
UHFRQVWLWXWHG %RRP FOD\

*UDSK RI SRUH ZDWHU SUHVVXUH DJDLQVW C
VDPSOHV RI % RRP FOD\

*UDSK RI' 6.+ PRGHO SUHGLFWLRQV RI SRUH
GHYLDWRU VWUHVYV IRU UHFRQVWLWXWHG %|

8QGUDLQHG VWUHVYV SDWKV IRU QDWXUDO V

6.+ PRGHO SUHGLFWLRQV RI XQGUDLQHG V\
FOD\ XVLQJ DQ LQLWLDO VWDWH ERXQGDU\ \
UHFRQVWLWXWHG FRPSUHVVLRQ EHKDYLRXU

6.+ PRGHO SUHGLFWLRQV RI XQGUDLQHG V\
FOD\ XVLQJ DQ LQLWLDO VWDWH ERXQGDU\ \
FRPSUHVVLRQ EHKDYLRXU

6KHDU VWLIIQHVYV EHKDYLRXU IRU QDWXUDO

6.+ PRGHO SUHGLFWLRQV RI VKHDU VWLIIQ}!
FOD\ XVLQJ DQ LQLWLDO VWDWH ERXQGDU\ \
UHFRQVWLWXWHG FRPSUHVVLRQ EHKDYLRXU

6.+ PRGHO SUHGLFWLRQV RI VKHDU VWLIIQI
FOD\ XVLQJ DQ LQLWLDO VWDWH ERXQGDU\ V
FRPSUHVVLRQ EHKDYLRXU

*UDSK RI VWUHVYV UDWLR DJDLQVW D[LDO VW

6.+ PRGHO SUHGLFWLRQV RI VWUHVV UDWLI
%RRP FOD\ XVLQJ DQ LQLWLDO VWDWH ERXQ
UHFRQVWLWXWHG FRPSUHVVLRQ EHKDYLRXU

6.+ PRGHO SUHGLFWLRQV RI VWUHVV UDWLI
%RRP FOD\ XVLQJ DQ LQLWLDO VWDWH ERXQ
QDWXUDO FRPSUHVVLRQ EHKDYLRXU

*UDSK RI SRUH ZDWHU SUHVVXUH DJDLQVW C
UHFRQVWLWXWHG VDPSOHV RI %RRP FOD\

*UDSK RI' 6.+ PRGHO SUHGLFWLRQV RI SRUH
GHYLDWRU VWUHVYV IRU QDWXUDO %RRP FOD
VXUIDFH FRPSXWHG IURP WKH UHFRQVWLW X\
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*UDSK RI' 6.+ PRGHO SUHGLFWLRQV RI SRUH
GHYLDWRU VWUHVYV IRU QDWXUDO %RRP FOD
VXUIDFH FRPSXWHG IURP WKH QDWXUDO FRP

6FKHPDWLF GLDJUDP LQ YROXPHWULF VSDFFH
VRLO VXEMHFW WR DJHLQJ HIIHFWV GLVWLQ

6WUHVYVY SUREHV IROORZHG GXULQJ WHVW W|
VWUHVV KLVWRU\ DIWHU 6WDOOHEUDVYV

6FKHPDWLF GLDJUDPV VKRZLQJ WKH FRQILJX
6.), PRGHO DIWHU IROORZLQJ SDWKV FRUUHYV
KLVWRULHY DQG EHLQJ DOORZHG WR FUHHS

*UDSK RI VKHDU VWLIIQHVY DJDLQVW GHYLD!
URWDWLRQV ZKHUH QR FUHHS KDV EHHQ PRC

*UDSK RI VKHDU VWLIIQHVY DJDLQVW GHYLD'
URWDWLRQV ZKHUH D SHULRG RI \HDU RI Fl

*UDSK RI VKHDU VWLIIQHVY DJDLQVW GHYLD!
URWDWLRQV ZKHUH D SHULRG R \HDUV R

*UDSK RI VKHDU VWLIIQHVY DJDLQVW GHYLD!
SDWK URWDWLRQ VKRZLQJ SUHGLFWLRQV IR/

*UDSK RI GHYLDWRU VWUHVYV DJDLQVW SHUF
VWUHVYV SDWK URWDWLRQ VKRZLQJ SUHGLFW
FUHHS

*UDSK RI VKHDU VWLIIQHVY DJDLQVW GHYLD
SDWK URWDWLRQ VKRZLQJ SUHGLFWLRQV IR/

*UDSK RI GHYLDWRU VWUHVV DJDLQVW SHUF
VWUHVV SDWK URWDWLRQ VKRZLQJ SUHGLFW
FUHHS

*UDSK RI GHYLDWRU VWUHVV DJDLQVW SHUF
VWUHVV SDWK URWDWLRQ VKRZLQJ SUHGLFW
FUHHS

*UDSK RI GHYLDWRU VWUHVV DJDLQVW SHUF
VWUHVV SDWK URWDWLRQ VKRZLQJ SUHGLFW
FUHHS

*UDSK VKRZLQJ WKH HIIHFW RI FUHHS RQ VK|
VKHDULQJ

*UDSK VKRZLQJ WKH HIIHFW RI FUHHS RQ VW
VKHDU

7KH HIITHFW RI GLITHUHQW SHULRGV RI F
HOHPHQW VLPXODWLRQ RI WKH JHRORJLFDO
FOD\

7KH HIITHFW RI GLITHUHQW SHULRGV RI F
VLQJOH HOHPHQW VLPXODWLRQ RI WKH JHRC
IRQGRQ FOD\
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,VRWURSLF QRUPDO FRPSUHVVLRQ OLQH GD\
DIWHU $WNLQVRQ DQG &KHUULOO

2QH GLPHQVLRQDO QRUPDO FRPSUHVVLRQ O
VDPSOHV RI 2[IRUG FOD\

*UDSK RI. S DJDLQVW S S FIRU WKUHH FR
W RQ QDWXUDO 2[IRUG FOD\

*UDSK RI VKHDU VWLIIQHVYV DW YDULRXV VW
SLHUSRLQW

BWUHVV SUREHV
3LHUSRLQW

6WLIIQHVYV FXUYH IRU 2[IRUG FOD\ FRQVWDQ
DJDLQVW PRGHO SUHGLFWLRQV IRU YDU\LQJ

6WLIIQHVV FXUYH IRU 2[IRUG FOD\ FRQVWDQ
DJDLQVW PRGHO SUHGLFWLRQV IRU YDU\LQJ

6WLIIQHVV FXUYH IRU 2[IRUG FOD\ FRQVWDQ
DIJDLQVW PRGHO SUHGLFWLRQV IRU YDU\LQJ

8QGUDLQHG VWUHVYVY SDWKV IRU WHVWV RQ
SUHGLFWLRQV IRU LVRWURSLF SDUDPHWHUYV

8QGUDLQHG VWUHVV SDWKV IRU WHVWYV RQ =
SUHGLFWLRQV IRU ERWK LVRWURSLF DQG DQC

6WLIIQHVYV FXUYH IRU 2[IRUG &OD\ XQGUDLQ
PRGHO SUHGLFWLRQV IRU ERWK LVRWURSLF

6WLIIQHVYVY FXUYH IRU 2[IRUG &0OD\ XQGUDLQ
PRGHO SUHGLFWLRQV IRU ERWK LVRWURSLF

'"HYLDWRU VWUHVYV DJDLQVW D[LDO VWUDLQ
SORWWHG DJDLQVW PRGHO SUHGLFWLRQV IF
SDUDPHWHUYV

'"HYLDWRU VWUHVYV DJDLQVW D[LDO VWUDLQ
SORWWHG DJDLQVW PRGHO SUHGLFWLRQV IF
SDUDPHWHUYV

6WLIIQHVYV FXUYH IRU 2[IRUG FOD\ FRQVWDQ
DIJDLQVW PRGHO SUHGLFWLRQV IRU YDU\LQJ
DQLVRWURSLF PRGHO SUHGLFWLRQ

6WLIIQHVYV FXUYH IRU 2[IRUG FOD\ FRQVWDQ
DIJDLQVW PRGHO SUHGLFWLRQV IRU YDU\LQJ
DOQLVRWURSLF PRGHO SUHGLFWLRQ

6WLIIQHVV FXUYH IRU 2[IRUG FOD\ FRQVWDQ
DIJDLQVW PRGHO SUHGLFWLRQV IRU YDU\LQJ
DQLVRWURSLF PRGHO SUHGLFWLRQ

7KH FKDQJH LQ VWUHVYV GLVWULEXWLRQ LQ
SUHSDUDWLRQ DQG WHVWLQJ RI WKH FHQWU
6WDOOHEUDVY DQG 7D\ORU

IROORZHG GXULQJ WHVW W
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'LDJUDP VKRZLQJ JHQHUDO OD\RXW RI WKH F
DIWHU 6WDOOHEUDVY DQG 7D\ORU

JLOLWH HOHPHQW PHVK XVHG IRU DQDO\VHV
HOHPHQW SURJUDP IRU WKH 6.+ PRGHO DQ

/IRDG WLPH UDPSV DSSOLHG GXULQJ WKH FHC(
6.+ PRGHO DQG ORGLILHG &DP FOD\ VLPXOD

JLOLWH HOHPHQW PHVK XVHG IRU DQDO\VHV
HOHPHQW SURJUDP IRU WKH %ULFN PRGHO

/IRDG GLVSODFHPHQW FXUYHV FRPSDULQJ PH
DQG %YULFN PRGHO SUHGLFWLRQV DW WKH Fl

&RPSDULVRQ RI SUHGLFWHG VW ORDG GLVS(
WKH 6.+ PRGHO IRU FRQVROLGDWLRQ DQG

7\SLFDO VWUDLQ UDQJHV DURXQG JHRWHFKGC

6HWWOHPHQW SURILOH DW 1 ILUVW ORDGL
6.+ PRGHO DQG ORGLILHG &DP FOD\ SUHGLF

6HWWOHPHQW SURILOH DW 1 ILUVW ORDGL
6.+ PRGHO DQG ORGLILHG &DP FOD\ SUHGLF

6HWWOHPHQW SURILOH DW 1 UH ORDGLQJ
6.+ PRGHO DQG ORGLILHG &DP FOD\ SUHGLFW

6HWWOHPHQW SURILOH DW HQG RI ILUVW OR
%ULFN PRGHO SUHGLFWLRQ

6HWWOHPHQW SURILOH DW HQG RI VZHOOLQ.
%ULFN PRGHO SUHGLFWLRQ

.R SURILOHV SUHGLFWHG IURP ILQLWH HOHPI
PHWKRGY RI HVWLPDWLQJ .R I[URP WKH OLWH

7TKH FHQWULIXJH WXQQHO PRGHO DIWHU *UL

JREDWLRQ RI /9'79V DW WKH VXUIDFH RI WKH
*UDQW

6XUIDFH VHWWOHPHQW SORWWHG DJDLQVW |
IRU FHQWULIXJH WXQQHO WHVW

(QODUJHPHQW RI WKH LQLWLDO SDUW RI WK
DIJDLQVW UHGXFWLRQ LQ WXQQHO VXSSRUW

1RUPDOLVHG WXQQHO VHWWOHPHQW SURILO
YROXPH ORVV IRU FHQWULIXJH WXQQHO WHV

$SSUR[LPDWH VL]H DQG ORFDWLRQ RI WKH N
PRGHO SULRU WR WKH PRGHOOLQJ RI WKH Jt
RI VRLO DW WKH WRS RI WKH FOD\ OD\HU

.R SURILOHV SUHGLFWHG E\ WKH ILQLWH HOF
WXQQHO SUHVVXUHYV

7KH JHRPHWU\ RI WKH WXQQHO SUREOHP
JLOLWH HOHPHQW PHVK XVHG IRU WKH WXQQ
&OD\ JUDYHO LQWHUIDFH VHWWOHPHQW SUR
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SHUFHQWDJH UHGXFWLRQ LQ WXQQHO VXSSF
YROXPH ORVYV

6 XUIDFH VHWWOHPHQW DERYH WXQQHO FHQV
LQ WXQQHO VXSSRUW SUHVVXUH

JLOQLWH HOHPHQW PHVK IRU WKH IRXQGDWLR

6HWWOHPHQW SURILOHVY SUHGLFWHG DW WKI|
IRXQGDWLRQ GLVSODFHPHQW RI1 PP

&KDQJH LQ YHUWLFDO IRUFH DSSOLHG WR IR
FHQWUHOLQH

'HWDLO RI LQLWLDO SRUWLRQ RI FKDQJH LQ
DJDLQVW GLVSODFHPHQW DW FHQWUHOLQH F

6HWWOHPHQW WURXJKY DW JURXQG VXUIDFH

1RUPDOLVHG VHWWOHPHQW SURILOHV DW JU
GLVWULEXWLRQ

6FKHPDWLF VKRZLQJ ORFDWLRQ RI PRQLWRU

3UHGLFWLRQ Rl YHUWLFDO GLVSODFHPHQW I
3LHUSRLQW

SUHGLFWLRQ R
SLHUSRLQW

3UHGLFWLRQ RI
3LHUSRLQW

SUHGLFWLRQ RI
SLHUSRLQW

SUHGLFWLRQ RI KRUL]RQWDO GLVSODFHPHQ\
GLVWDQFHV IURP WKH H[FDYDWLRQ FHQWUH (

YHUWLFDO GLVSODFHPHQW I

YHUWLFDO GLVSODFHPHQW I

KRULIRQWDO GLVSODFHPHQ\

SUHGLFWLRQ RI YHUWLFDO GLVSODFHPHQW 2
IRU PRGHO 2 & DIWHU 3LHUSRLQW

J)LOLWH HOHPHQW PHVK IRU WKH (OVWRZ HI[F
.R SURILOHV SUHGLFWHG E\ WKH ILQLWH HOF
SUHGLFWHG XQORDGLQJ FXUYH IRU WKH 2[IR
$PSOLILHG GLVSODFHPHQWYVY [022 DORQJ HJ[

'LVSODFHPHQW YHFWRUV IRU WKH (OVWRZ H|
PDJQLILHG E\

'LVSODFHPHQW YHFWRUV IRU WKH (OVWRZ H|
PDJQLILHG E\

'LVSODFHPHQW YHFWRUV IRU WKH (OVWRZ H|
PDJQLILHG E\

'LVSODFHPHQW YHFWRUV IRU WKH (OVWRZ H|
PDJQLILHG E\

'LVSODFHPHQW YHFWRUV IRU WKH (OVWRZ H|
PDJQLILHG E\
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2EVHUYHG YHFWRUV RI GLVSODFHPHQW DURX

3LHUSRLQW

6HWWOHPHQW SURILOHV DW JURXQG VXUIDFF

S9HUWLFDO GLVSODFHPHQW DW

P EHORZ JU

S9HUWLFDO GLVSODFHPHQW DW P EHORZ JUR.
S9HUWLFDO GLVSODFHPHQW DW OP EHORZ JL

9HUWLFDO GLVSODFHPHQW DW

+RUL]JRQWDO GLVSODFHPHQW DW
+RUL]JRQWDO GLVSODFHPHQW DW
+RUL]JRQWDO GLVSODFHPHQW DW
+RUL]JRQWDO GLVSODFHPHQW DW
+RUL]JRQWDO GLVSODFHPHQW DW

P EHORZ JUR
H[FDYDWLR
VHFWLRQ +
VHFWLRQ |,
VHFWLRQ /
VHFWLRQ 0
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JLUVWO\ (G OLNH WR WKDQN P\ VXSHUYLVRU 'U 6D
HQFRXUDJHPHQW DQG LQSXW WKURXJKRXW P\ WLPH
WR WKDQN KHU IRU UHDGLQJ WKH HQGOHVV GUDIWYV
KHU WLPH DQG SDWLHQFH LQ JHQHUDO (G DOVR Ol
*HRWHFKQLFV IRU KLV KHOSIXO LQSXW SDUWLFXOD
DQDO\WHV DW $UXSTV

7KH *HRWHFKQLFDO (QJLQHHULQJ UHVHDUFK JURXS
IULHQGO\ HQYLURQPHQW LQ ZKLFK WR FDUU\ RXW Wk
LQVWUXPHQWDO LQ FUHDWLQJ WKLV DWPRVSKHUH R
1HLO 7D\ORU IRU KLV HQFRXUDJHPHQW DQG IRU DU
PRQWKY 3URI -RKQ $WNLQVRQ IRU KLV DOZD\V Zt
ODWWKHZ &RRS IRU KLV XVHIXO FRPPHQWY DQG GDWI

, ZRXOG DOVR OLNH WR WKDQN DOO WKH UHVHDUFKH
KDYH KHOSHG WR PDNH WKLV D PHPRUDEOH WLPH

JHDURQ 'U S5LFKDUG *UDQW 8OULFK .ORW] %HDWU
WKHLU IULHQGVKLS DQG WR DQ\RQH HOVH ZKR NHSW

, ZDV VXSSRUWHG WKURXJKRXW WKH ILUVW WKUHH \I
&$6( DZDUG SURYLGHG E\ 2YH $UXS DQG 3DUWQHUV D

, PXVW DOVR WKDQN 'U1 3LHUSRLQW IRU WKH XVHIX

J)LQDOO\ WKDQNV DUH GXH WR P\ PRWKHU DQG IDWK

SDUWLFXODUO\ WR 6DPDQWKD IRU SXWWLQJ XS ZLWEk
VXSSRUWLQJ PH LQ HYHU\WKLQJ , KDYH GRQH
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, JUDQW SRZHUV RI GLVFUHWLRQ WR WKH 8QLYHUVL\
FRSLHG LQ ZKROH RU LQ SDUW ZLWKRXW IXUWKHU U]
VLQJOH FRSLHV PDGH IRU VWXG\ SXUSRVHV VXEMHF
DFNQRZOHGJHPHQW
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7KLYV GLVVHUWDWLRQ GHVFULEHVY D VHULHV RI PHW
IHDWXUHV RI WKH VWUHVYVY VWUDLQ EHKDYLRXU RI Q
ZRUN RQ WKHVH FOD\V KDV VKRZQ WKDW QDWXUDO
FDXVHV RI WKHVH IHDWXUHV 1HYHUWKHOHVV ZRLU
&RWHFFKLD KDV GHPRQVWUDWHG WKDW WKH
UHDVRQDEO\ ZHOO LQWR WKH &ULWLFDO 6WDWH I1UD
SDUWLFXODU WKRVH FOD\V ZLWK D VWDEOH QDWXU
WKH ZRUN LQ WKLY GLVVHUWDWLRQ

7TKH PHWKRGV WKDW KDYH EHHQ GHYHORSHG WR P
DQLVRWURS\ DQG FUHHS DUH H[WHQVLRQV WR D FR
UHFRQVWLWXWHG FOD\ 7KH\ KDYH EHHQ HYDOXDWHC(
FRQGLWLRQV DUH ZHOO GHILQHG DQG ILHOG SUREOI

$ VHULHVY RI ODERUDWRU\ WHVWV FDUULHG RXW RQ
FOD\ ZHUH PRGHOOHG WR LQYHVWLJDWH WKH LQIOX
VXUIDFH RQ SUHGLFWLRQV IRU WKH QDWXUDO FOD\
ZHUH PRGHOOHG WR LQYHVWLJDWH WKH DSSOLFDW
UHVSRQVH FKDUDFWHULVHG E\ GHSRVLWLRQDO DQL)
YHUVLRQ RI WKH FRQVWLWXWLYH PRGHO DGDSWHG
ZKHWKHU WKH FRQVHTXHQFHV RI PRGHOOLQJ FUHH
ERXQGDU\ VXUIDFH DW FRQVWDQW VWUHVV ZHUH FRC

7KH PHWKRGV ZHUH DOVR XVHG LQ WKH DQDO\VLV RI
XQGHUWDNHQ WR LQYHVWLIJDWH WKH LPSRUWDQFH R
DQG DQLVRWURS\ RQ SUHGLFWHG JURXQG PRYHPHQ\
RSHQ H[FDYDWLRQ 7KHVH DQDO\VHV DOVR LQYHVW
VFHQDULRV IRU WKH IRUPDWLRQ RI QDWXUDO VWU X
GHSRVLW $QDO\VHV ZHUH DOVR FDUULHG RXW WR

SHULRGV Rl FUHHS RQ WKH SUHGLFWHG GLVSODFHPH

7KH ZRUN VKRZHG WKDW WKH PHWKRGV XVHG WR P
DIIHFWHG SUHGLFWLRQV LQ D PDQQHU FRQVLVWHQ
ODERUDWRU\ HOHPHQW WHVWV $QDO\VHV RI ILHOG
VLIQLILFDQWO\ DIIHFWV SUHGLFWLRQV RI JURXQG P
PHWKRGY GHSHQGVY RQ D GHWDLOHG XQGHUVWDQGL
JHRORJLFDO KLVWRU\ RI WKH FOD\ ZKLFK DUH LQ SU
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'LPHQVLRQOHVV FRQVWDQW LQ H[SUHVVLRQ
&RHIILFLHQW RI VHFRQGDU\ FRPSUHVVLRQ
(ODVWLEF VKHDU VWLIIQHVV LQ 6.+ PRGHO
6KHDU PRGXOXV LQ WKH KRUL]JRQWDO SODQ
9HU\ VPDOO VWUDLQ VKHDU VWLIIQHVYV

9HU\ VPDOO VWUDLQ VKHDU VWLIIQHVV
9HU\ VPDOO VWUDLQ VKHDU VWLIIQHVV IRL
8QGUDLQHG VKHDU VWLIIQHVV
6KHDU PRGXOXV LQ WKH KRUL]JRQWDO SODQ
6KHDU PRGXOXV LQ WKH KRUL]JRQWDO SODQ*F
9RLG LQGH]

%XON PRGXOXV

&RHIILFLHQW Rl HDUWK SUHVVXUH DW UHVW

BORSH Rl FULWLFDO VWDWH OLQH SURMHFWH

6SHFLILF YROXPH Rl QRUPDOO\ FRQVROLGDW

6SHFLILF YROXPH Rl QRUPDOO\ FRQVROLGDW

LQ OQYLOQS VSDFH
6SHFLILF YROXPH Rl QRUPDOO\ FRQVROLGD\

OQY OQS VSDFH
'HJUHH RI RYHUFRQVROLGDWLRQ

5DWLR EHWZHHQ WKH UDGLL RI KLVWRU\ DQG
6HQVLWLYLW)\

5DWLR EHWZHHQ WKH UDGLL RI KLVWRU\ DQG

9RLG UDWLR
IRLGWDWLRWW UHFRQVWLWXWHG VRLO R
9RLG UDWLR DW D Y IRU D UHFRQV WL
+DUGHQLQJ IXQFWLRQ IRU 6.+ PRGHO
'LPHQVLRQOHVV FRQVWDQW LQ H[SUHVVLRQ
'LPHQVLRQOHVV FRQVWDQW LQ H[SUHVVLRQ
S DW WKH LOQWHUVHFWLRQ RI WKH FXUUHQ!
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&XUUHQW PHDQ HIIHEFWLYH VWUHVV
&RRUGLQDWH RI WKH FHQWUH RI KLVWRU\ VX
&RRUGLQDWH RI WKH FHQWUH RI\LHOG VXUIL
3UHFRQVROLGDWLRQ SUHVVXUH
BUHFRQVROLGDWLRQ SUHVVXUH IRU UHERQVYV
$SSDUHQW SUHFRQVROLGDWLRQ SUHVVXUH D
3UHFRQVROLGDWLRQ SUHVVXUH IRU QDWXUD
(TXLYDOHQW SUHVVXUH RQ WKH QRUPDO ERP
(TXLYDOHQW SUHVVXUH RQ WKH UHFRQVWLW:
(TXLYDOHQW SUHVVXUH RQ WKH QDWXUDO QR
BUHYLRXV PD[LPXP PHDQ HIIHFWLYH VWUHVV
5HIHUHQFH SUHVVXUH ON3D

<LHOG VWUHVV RI QDWXUDO VDPSOH
&XUUHQW GHYLDWRU VWUHVV

&RRUGLQDWH RI WKH FHQWUH RI KLVWRU\ VX
&RRUGLQDWH RI WKH FHQWUH RI\LHOG VXUIL
OHDQ HIIHFWLYH VWUHVV LQ SODQH VWUDLQ
8QGUDLQHG VKHDU VWUHQJWK RI UHFRQVWLYV
8QGUDLQHG VKHDU VWUHQJWK Rl QDWXUDO V
'HYLDWRU VWUHVV LQ SODQH VWUDLQ
6SHELILE YROXPH

5DWLR Rl KRULJRQWDO WR YHUWLFDO VKHDU
(IITHEFW Rl RYHUFRQVROLGDWLRQ UDWLR RQ IL
(IIHEW RI RYHUFRQVROLGDWLRQ UDWLR RQ V
$[LDO VWUDLQ

(TXLYDOHQW VWUDLQ IRU JHRWHFKQLFDO VW
30DVWLF VKHDU VWUDLQ

5DGLDO VWUDLQ

6KHDU VWUDLQ

9ROXPHWULF VWUDLQ

30DVWLF YROXPHWULF VWUDLQ

+RUL]JRQWDO VWUDLQ LQ SODQH VWUDLQ
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9HUWLFDO VWUDLQ LQ SODQH VWUDLQ
JULFWLRQ DQJOH
9ROXPHWULF VWUDLQ LQ SODQH VWUDLQ
6SHFLILF YROXPH RI UHFRQVWLWXWHG VRLO
OQY GQS VSDFH
BORSH Rl VZHOOLQJ OLQH LQ Y OQS VSDFH
*UDGLHQW RI VZHOOLQJ OLQH LQ OQY 0QS V
6ORSH Rl WKH QRUPDO FRPSUHVVLRQ OLQH L
*UDGLHQW RI QRUPDO FRPSUHVVLRQ OLQH L¢
'UXEFNHU 3UDJHU PRGLILFDWLRQ IDFWRU
3RLVVRQTV UDWLR
$QJOH RI VWUHVV SDWK URWDWLRQ
+RUL]JRQWDO HIIHEWLYH VWUHVV
9HUWLFDO HIIHFWLYH VWUHVV
(TXLYDOHQW YHUWLFDO VWUHVV RQ WKH U
(TXLYDOHQW YHUWLEDO VWUHVV RQ WKH
OD[LPXP SUHYLRXV YHUWLFDO VWUHVV
+RULJRQWDO HIIHFWLYH VWUHVV LQ SODQH V
9HUWLFDO HIIHFWLYH VWUHVV LQ SODQH V\
6KHDU VWUDLQ LQ SODQH VWUDLQ
BHFRQGDU\ FRPSUHVVLRQ LQGH[ LQ WHUPV R

% U
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2YHU WKH SDVW WHQ WR ILIWHHQ \HDUV D QXPEHL
EHKDYLRXU RI VWLIIl RYHUFRQVROLGDWHG VRLOV KEC
TXDOLW\ ODERUDWRU\ WHVWLQJ DW VPDOO VWUDLQ
%XUODQG 7KH PDMRULW\ RI WKHVH PRGHOV

EHKDYLRXU RI UHFRQVWLWXWHG VRLO VDPSOHV WK
RI WKH SKHQRPHQD DVVRFLDWHG VROHO\ ZLWK VRL(
PD\ FRQWULEXWH WR WKHLU LQDELOLW\ WR SUHGLF\

WKH ILHOG $GGHQEURRNH HW DO 6HYHUDO
EHKDYLRXU WKDW DUH SDUWLFXODUO\ LPSRUWDQW
VDPSOHV RI VRLO /HURXHLO DQG 9DXJKDQ ¢

LQFOXGLQJ WKH HIIHFWV RI IDEULF ERQGLQJ DQG F
WKH VRLO LV OLNHO\ EH DIIHFWHG E\ PRUH WKI
VLPXOWDQHRXVO\ 7KH JHQHUDO DLP RI WKH ZRUN
LPSURYH FRQILGHQFH LQ WKH SUHGLFWLRQ RI JUI
SUREOHPV LQ WKH ILHOG ORUH SUHFLVHO\ WKH PDI
FOD\ EHKDYLRXU QRW DFFRXQWHG IRU LQ WKH HI[L
ZKLFK PD\ EH XVHG LQ GHVLJQ DQG WR ILQG SUDF
DQDO\VHV

%%$6,& $668037,216

7KH ZRUN ZLWKLQ WKLV GLVVHUWDWLRQ LV LQWHQG
DFFRXQWLQJ IRU WKH EHKDYLRXU RI QDWXUDO VWL
7KH DLP LV WR GHYHORS SUDFWLFDO PHWKRGV WKL
KDYH D WDQJLEOH HIIHFW RQ SUHGLFWLRQV (PSKD
EHKDYLRXU RI QDWXUDO VWLII FOD\V WKDW FDQ EH
VWUDLJKWIRUZDUG PDQQHU



&0 D\V FDQ EH H[DPLQHG DW ERWK WKH PDFUR DQG
LPDIJLQJ WHFKQLTXHVY &RWHFFKLD VWDWHG W
UHFRQVWLWXWHG FOD\V EHKDYH VLPLODUO\ DQG V
GLVWLQJXLVK IHDWXUHYVY OHDGLQJ WR FKDQJHV LQ
DUH DW SUHVHQW QRW JHQHUDOO\ VSHFLILHG LQ VL
QRW \LHOG LQSXW SDUDPHWHUV IRU GHVLJQ 7KH ¢
OHDGVY WR WKH H[DPLQDWLRQ RI FOD\ LQ WHUPV RI
RI VWUXFWXUH LQ FOD\V UDWKHU WKDQ WKH SK\VLF
VFDOH

1DWXUDO DQG UHFRQVWLWXWHG FOD\V DUH DVVXPF
VWDWH VRLO PHFKDQLFV $OWKRXJK QDWXUDO FOI
DFFRXQWHG IRU LQ PDQ\ FULWLFDO VWDWH PRGHOV
RU VKDSH RI WKH VWDWH ERXQGDU\ VXUIDFH LV VXI
7KH YDOLGLW\ RI WKLY DVVXPSWLRQ LV GLVFXVVHG

‘XH WR WKH QDWXUH RI VRLO VDPSOLQJ DQG WHVWI
WUXO\ XQGLVWXUEHG VDPSOH RI FOD\ )XWXUH DGYI
WKLY SUREOHP RU UHPRYH LW HQWLUHO\ EXW FXU!
VWUXFWXUH RI DQ pLQWDFWY VDPSOH PD\ KDYH FKD
E\ WKH EUHDNLQJ RI LQWHU SDUWLFOH ERQGV GXH V
RU PD\ QRW EH WUXO\ UHSUHVHQWDWLYH RI WKH RY
VWUXFWXUH RI D VDPSOH RI VRLO FDUHIXOO\ VDPSO
UHSUHVHQWDWLYH RI WKH LQ VLWX FOD\ WKDQ D U
WKHUHIRUH XVHG LQ SUHIHUHQFH WR pLQWDFWY ZLV
EHHQ VDPSOHG DQG WHVWHG ZLWKRXW LQWHQWLRQIL

)5$0(:25.

OXFK RI WKH PRGHOOLQJ RI FOD\ LQ WKH IROORZLQ.
6.+ PRGHO O6WDOOHEUDVYV DQRQG WKHUHIRUH W
HIDPLQHG LQ D IUDPHZRUN UHOHYDQW WR WKLV PRC
DQ HODVWR SODVWLF NLQHPDWLF KDUGHQLQJ PRGH
&DP FOD\ 5RVFRH DQG %XUODQG SHVXOWYV ZL



SUHGERWMKEH PRGHO VR DV QRWHG HDUOLHU LW ZLOC
ZLWKLQ WKH IUDPHZRUN RI FULWLFDO VWDWH VRLC
QDWXUDO FOD\V ZLOO FRPSDUH WKH EHKDYLRXUV RI
WU\ WR TXDQWLI\ DGGLWLRQDO DVSHFWV RI EHKDYLF
IUDPHZRUN LQWURGXFHG E\ &RWHFFKLD DQ H[V
DQG % XUODQG FDQ EH XVHG WR TXDQWLI\ WKH I
IROORZLQJ VHFWLRQV RXWOLQH WKH DSSURDFK WR
EHKDYLRXU RI UHFRQVWLWXWHG DQG QDWXUDO FOD\

SHFRQVWLWXWHG &OD\

7TKH VWDWH RI D UHFRQVWLWXWHG VRLO FDQ EH F

FRPSUHVVLRQ OLQH RU FULWLFDO VWDWH OLQH D

1DWXUDO VRLOV DUH PRUH FRPSOH[ DQG DUH GLVFEXYV

7KH QRUPDO FRPSUHVVLRQ OLQH IRU D UHFRQVWLW]
OLQH LQ YROXPHWULF VSDFH RI WKH IRUP

oQY ,Q1 $ 0QS a

ZKLFK FDQ EH VHHQ LQ )LJXUH 7KH UHFRQVWLWX
VWDWH ZKLFK LV GHILQHG LQ WKH YROXPHWULF VSDF

oQY , Q1Y , QS a

JLIXUH VKRZV WKH VWDWH ERXQGDU\ VXUIDFH ZKL

T 0 S 0 S S F

ZKHUH FULWLFDO VWDWH LV GHILQHG DV WKH LQWHU

T O0S



ZKLEN FRQWUROOHG E\ WKH FRHIILFLHQW RI IULFWLF

&RWHFFKLD GHVFULEHG UHFRQVWLWXWHG FOD)
VLPSO\ GLITHUHQW WR WKH VWUXFWXUH RI D QDWXI
FOD\V DUH OLNHO\ WR KDYH D PRUH VWDEOH DQGC
FRXQWHUSDUWY DQG DV VXFK PD\ IRUP D XVHIXO |
%XUODQG

1DWXUDO &OD\

7KH FRPSUHVVLRQ OLQH RI D QDWXUDO FOD\ ZLOO
FRPSUHVVLRQ OLQH IRU D UHFRQVWLWXWHG VDPSOF
DVFULEHG WR D QXPEHU RI LQIOXHQFHYV VXFK DV OD
EH HQFRPSDVVHG E\ WKH WHUP pQDWXUDO VWUXFYV
QDWXUDO FOD\V FDQ RIWHQ RQO\ EH UHDFKHG E\ FR
SUHVVXUHYV WKDQ UHTXLUHG IRU WKH UHFRQVWLWXYV
QDWXUDO FOD\ PD\ UXQ SDUDOOHO WR WKH LQWULC
GHYHORSPHQW RI D VWDEOH QDWXUDO VWUXFWXUH
FRPSUHVVLRQ OLQH LQGLFDWLQJ D PHWD VWDEOH
GHIJUDGDWLRQ RI VWUXFWXUDO ERQGV HWF 7KH DC
IRUPHU W\SH RI FRPSUHVVLRQ EHKDYLRXU DV LW LV
ZKHWKHU WKLV LV UHDVRQDEOH 7KH VHQVLWLYLW\ |
XVHG DV D PHDVXUH RI WKH DGGLWLRQDO VWUXFW X
WKDQ D PHDVXUH RI WKH VWDELOLW\ RI WKH VWUXFW

,Q VWUHVV VSDFH ILJXUH WKH VWDWH ERXQGDL
RFFXS\ D ODUJHU DUHD WKDQ WKH VWDWH ERXQGDU
VDPH FOD\

1DWXUbO FOD\V DUH RIWHQ UHIHUUHG WR DV pVW
UHFRQVWLWXWHG FOD\V &RWHFFKLD SRLQWHG
FOD\V VLPSO\ KDG D GLIITHUHQW VWUXFWXUH WR UHF
VWUXFWXUH 3URFHVVHV XQGHUJRQH OHDGLQJ WR
QXPHURXV DQG &RWHFFKLD LGHQWLILHG VWU.



GHSRRQWO SURFHVVHV 1DWXUDO FOD\ VWUXFWXUH |
EH EHWWHU JURXSHG LQWR SURFHVVHV OHDGLQJ W
VXUIDFH DQG SURFHVVHV ZKLFK PRYH WKH VRLO V
JURXS HQFRPSDVVHV PRVW GHSRVLWLRQDO DQG
LOQWHUSDUWLFOH ERQGLQJ ZKHUH VWUXFWXUH IR
MHHQKDQFHGY VWUXFWXUH FRPSDUHG WR WKH UHFRQ
DOUHDG\ PHQWLRQHG WKLV VWUXFWXUH FDQ EH Ul
VHQVLWLYLW\ I[IUDPHZRUN &RWHFFKLD 7KH ODV
VXFK DV FUHHS O6HFWLRQ

, QLWLDO VWDWHYV

7TUDGLWLRQDOO\ RYHUFRQVROLGDWLRQ UDWLR LV F

& YPD] 291 Y

ZKHUH D YPD[ LV WKH PD[LPXP SUHYLRXV YHUWLFDO
VWUHVV 7KLV LV QRW SDUWLFXODUO\ KHOSIXO LI C
SUHYLRXV PD[LPXP YHUWLFDO VWUHVV DQG LV QR
UHODWLQJ WR FULWLFDO VWDWH PRGHOV ZKLFK DUH
IRU LVRWURSLF FRPSUHVVLRQ

,Q D FRQYHQWLRQDO &DP FOD\ W\SH PRGHO ZLWK
ERXQGDU\ VXUIDFH WKH SRVLWLRQ Rl WKH EXUUHQ
ILQLWH HOHPHQW DQDO\VLYV FDQ EH GHVFULEHG E\
GXULQJ LVRWURSLF QRUPDO FRPSUHVVLRQ S P )LJ
GHJUHH RI RYHUFRQVROLGDWLRQ 5R WR EH FDOEXOC

SR S9S

ZKHUH S LV WKH FXUUHQW PHDQ HIIHFWLYH VWUH
RYHUFRQVROLGDWHG FOD\V HYHQ LI UHFRQVWLWXWI
VWDWH ERXQGDU\ VXUIDFH PD\ EH DIIHFWHG E\ SOD



VMIDFH DQG PD\ WKHUHIRUH QR ORQJHU FRUUHVSR
ERXQGDU\ VXUIDFH ZLWK WKH FXUUHQW HODVWLF Z
SUHVVXUH S F S FQ IRU D QDWXUDO VRLO ZKLFK |
PD[LPXP VWUHVV GXULQJ GHSRVLWLRQ )RU DQ RYHL

SR S F S RU 5 S FQ S

PD\ WKHUHIRUH EH PRUH DSSURSULDWH

JRU D QDWXUDO FOD\ ILIXUH WKH SUHFRQVROL(

SFQ SP I'"

DV WKH SURFHVVHV XQGHUJRQH LQ WKH JURXQG PELC
VXUIDFH LQ UHODWLRQ WR WKH VXUIDFH GHILQHG E'
WR S P PD[LPXP VWUHVV DFKLHYHG GXULQJ LVRWU
VRLO LV DW DQ LVRWURSLFDOO\ QRUPDOO\ FRPSUH\
WKH IROORZLQJ FKDSWHUV S FRU S FQ ZLOO EH XV
VWDWH

OHWKRGRORJ\

,Q RUGHU WR IXOILO WKH VWDWHG DLP RI WKLV Z
SUREOHPYVY LW LV QHFHVVDU\ WR EH DEOH WR DVVH
EHKDYLRXU 7KH PHWKRG SURSRVHG IRU DFKLHYLQ.
ODERUDWRU\ GDWD WR FKDUDFWHULVH LPSRUWDQYV
PRGHOOLQJ 6HFRQGO\ WR XVH PHWKRGV GHYHOR
PRGHO ODERUDWRU\ WHVWV WR DVVHVV LPSURYHF
LPSURYHG PHWKRGV WR PRGHO ERXQGDU\ YDOXH S
IRU VXEVHTXHQW SUHGLFWLRQV



,(QWHUSUHWDWLRQ RI 'DWD

7ZR PDLQ W\SHV RI FRPSDULVRQV EHWZHHQ SUHGLF\
VHFWLRQV RI WKH GLVVHUWDWLRQ UHYLHZLQJ QXP!
PRGHOOLQJ SURFHGXUHYV

&RPSDULVRQV RI PRGHO SUHGLFWLRQV ZLWK OL
&RPSDULVRQV RI PRGHO SUHGLFWLRQV ZLWK ER

&RPSDULVRQV RI SUHGLFWLRQV ZLWK ODERUDWRU\ !
IDU I[URP IDLOXUH LQ SDUWLFXODU WKH SUHGLFWI
XQGUDLQHG VWUHVV SDWKV WR FKDUDFWHULVH WK
+RXOVE\ DQG 6WDOOHEUDVYV

JRU FRPSDULVRQV ZLWK RYHUFRQVROLGDWHG VWUH!'
ZLOO EH LIQRUHG DV ORFDOLVDWLRQ SKHQRPHQD J|
LV DSSURDFKHG $WNLQVRQ DQG 5LFKDUGVRQ
RYHUFRQVROLGDWHG VWDWHY GR QRW UHDFK XQLIR
RI WHVW GDWD RIWHQ DVVXPHV WKDW WKH\ GR O
XQLIRUPO\ DQG DUH WKHUHIRUH OLNHO\ WR SUHGL
VSDFH

&RPSDULVRQV RI DQDO\WHV ZLWK ERXQGDU\ YDOXH
WKH PDJQLWXGH DQG SDWWHUQ RI GHIRUPDWLRQV
LQIOXHQFH RI WKH LQLWLDO VWDWH DV WKH 6.+ P
IURP WKH VWUHVV KLVWRU\ RI WKH VRLO

J)LQLWH (OHPHQW ORGHOOLQJ RI 7ULD[LDO 7HVW

$ QXPEHU Rl ILQLWH HOHPHQW WULD[LDO VLPXODW
VLPXODWLRQV DUH JHQHUDOO\ FDUULHG RXW IRU WZ

D 7R PRGHO EHKDYLRXU RI HOHPHQW WULD[LDO
GDWD



E 7R HYDOXDWH PRGHO SDUDPHWHUYV E\ FRPSDUL)

7KH ILQLWH HOHPHQW WULD[LDO VLPXODWLRQV DUL
DQRDO\WHV DOWKRXJK VWULFWO\ VSHDNLQJ WKH\ F
HOHPHQWY RI XQLW OHQJWK 7KH WHUP VLQJOH HO
VWUHVV FRQGLWLRQV WKDW DUH DSSOLHG WR VLPX
HOHPHQW RI XQLIRUP VRLO 6LQJOH HOHPHQW SUHG
ILQLWH HOHPHQW RXWSXW XVLQJ UHODWLYHO\ OLWYV

(YDOXDWLQJ ORGHO ,QSXW 3DUDPHWHUV

‘KHUHYHU SRVVLEOH PHDVXUHG SDUDPHWHUYV ZLOO
IROORZLQJ FKDSWHUV 7KH QHHG WR PDVVDJH pPHD
RI GHILFLHQFLHY LQ WKH VRLO PRGHO LWVHOI D1
SUHGLFWLRQV IURP D JLYHQ PRGHO $00O RI WKH
SULQFLSDOO\ LQ WKLV ZRUN FDQ EH PHDVXUHG E\
SRVVLEOH SDUDPHWHUV ZLOO EH PHDVXUHG DQG CQ
UHTXLUHG WR HYDOXDWH VRPH RI WKH PRGHO SDL
DYDLODEOH LI WKH WHVWLQJ SURJUDP ZDV QRW GH
PRGHO ZKHUH WKLV LV WKH FDVH SDUDPHWHUV PD!'
QHFHVVDU\ WR FRQGXFW D SDUDPHWULF VWXG\ WR .
ZLOO EH PRGHOOHG XVLQJ VLQJOH HOHPHQW SUHC
HYDOXDWHG LQ WKLV ZD\ ZLOO WKHQ EH XVHG XQFK
RI RWKHU GDWD VHWYV IURP WKH VDPH FOD\



&+$3 7% %(+$9,285 2) 67,)) 29(5&2162/,'$"
&/$<6

,1752'8&7,21

7KH ZRUN LQ WKLV FKDSWHU KDV EHHQ EURNHQ GRZ
RI D QDWXUDO FOD\ PD\ GLIIHU IURP WKH EHKDYLR
UHYLHZ FRQFHQWUDWHY RQ DVSHFWV RI FOD\ EHI
ODERUDWRU\ GDWD DQG FDQ FRQFHSWXDOO\ EH IL
IUDPHZRUN DV RXWOLQHG LQ &KDSWHU

7KH HIITHFWV LQYHVWLJDWHG LQ WKLV UHYLHZ DUH
SURFHVVHV WKDW KDYH WDNHQ SODFH WR EULQJ D (

SHFHQW ODERUDWRU\ ZRUN LQYHVWLJDWLQJ WKH S
PDFUR OHYHO KDV EHHQ FDUULHG RXW E\ VHYHUDO
9DXJKDQ 7KH UHODWLRQVKLS EHWZHHQ WKH Ul
FOD\ LV JHQHUDOO\ HYDOXDWHG E\ FRPSDULQJ WHV'
VSDFH (YDOXDWLQJ QDWXUDO VWUXFWXUH ZLWKLQ
WR VLPXODWH WKH EHKDYLRXU ZLWKLQ FULWLFDO V
UHYLHZ RI QDWXUDO VWUXFWXUH ZLWKLQ WKLV FKD:

,Q DGGLWLRQ WKH YHU\ VPDOO VWUDLQ VWLIIQHVYV
UHYLHZ LV SDUWLFXODUO\ DLPHG DW HVWDEOLVKL(
VWUXFWXUH RQ FOD\ VWLIIQHVV RWKHU WKDQ WKDW

ILWWOH GDWD FRPSDULQJ WKH VWUHVV VWUDLQ UF
VPDOO WR PHGLXP VWUDLQV H[LVWYV DQG WKHUHIRU
LQ WHUPV RI DQLVRWURSLF FKDUDFWHULVWLFV RI
EHKDYLRXU DW WKHVH VWUDLQV

7KH UHVSRQVH RI D QDWXUDO FOD\ WR ORDGLQJ L\
GLPHQVLRQDO QDWXUH RI GHSRVLWLRQ DQG WKH V
DQLVRWURS\ DUH LGHQWLILHG DQG PHWKRGV IRU PH



7LPH HIIHFWV PD\ DOVR EH LPSRUWDQW LQ GHWHUPL
IXUWKHU ORDGLQJ 9ROXPHWULF FUHHS RU WKH FKI
IRU FOD\ LV HIDPLQHG WR VHH ZKHWKHU LW PD\ EH V

7KLV FKDSWHU KLJKOLJKWY WKH DERYH IHDWXUHV |
DVVHPEOHV HYLGHQFH IURP WKH OLWHUDWXUH UHOTL
IRU D UHFRQVWLWXWHG VWLII FOD\ ,Q RUGHU WR V.
WR KDYH D FOHDU XQGHUVWDQGLQJ RI KRZ WKHLU
UHIHUHQFH UHFRQVWLWXWHG PDWHULDO 3DUWLFXC
FRPSDUHV WKH EHKDYLRXU RI QDWXUDO DQG UHE]
IUDPHZRUN 7KLV HQDEOHV WKH LGHQWLILEDWLRQ F
PRGHOV DUH OLNHO\ WR DOUHDG\ EH DEOH WR UHSC
ODENLQJ

92/80(75,& 5(63216(

/IHURXHLO DQG 9DXJKDQ LGHQWLILHG WKH PDLC(
QDWXUDO VRLO LQ H ORJD Y VSDFH WKDW FRUUHVS
GHSRVLWLRQDO VWUXFWXUH DV D VRLO LV GHSRVLW
GHSRVLWLRQ WR D YHUWLFDO HIIHFWLYH VWUHVV R
FRPSUHVVLRQ DW D FRQVWDQW YHUWLFDO HIIHFWLY
H 7KLV FRXOG EH DVVXPHG WR JLYH ULVH WR DQ DS
IURP D YM WR D % <LHOG LV REVHUYHG DW D YHU\
GHYHORSPHQW RI LQWHUSDUWLFOH ERQGLQJ DQG R’
EHORZ WKH QRUPDO FRPSUHVVLRQ OLQH WKH SHUPL
WKH VSDFH HQYHORSHG E\ WKH QRUPDO FRPSUHVVL
WKH VWUXFWXUHG VRLO WKH VWUXFWXUH SHUPLWW
VKRZHG WKDW UHFRQVWLWXWHG VDPSOHV ZHUH QR
9DXJKDQ EXW VLPSO\ SRVVHVVHG D GLIIHUHQW VW
HOHFWURQ PLFURJUDSKV SUHVHQWHG E\ &RWHFFKL
VKRZ WKH PLFURVWUXFWXUH RI UHFRQVWLWXWHG D
UHFRQVWLWXWHG FOD\ ZKLOVW PRUH XQLIRUP LQ



FRQVLXWHQWQ DQLVRWURSLF IDEULF DOWKRXJK WK
ORZHU VWUHVVHV LQYROYHG )XUWKHU HYLGHQFH R
FOD\V ZzDV SUHVHQWHG E\ )HDURQ ZKR WHVWH
ZLWKLQ D ODQGVOLGH 7ZR PHWKRGV RI SUHSDUDW|
VDPSOHV UHFRQVWLWXWLRQ DV GHVFULEHG E\ %Xl
GHVWUR\HG WKH VWUXFWXUH RI WKH VDPSOH )LJXU
IRU WKHVH WZR pUHFRQVWLWXWHGY VDPSOHV ZKLFI
WKDW VKRXOG EH WDNHQ ZKHQ DSSO\LQJ WKLV WHL
SVWUXFWXUH SHUPLWWHG VSDFH” FRLQHG E\ /HURXH
E\ 3QDWXUDO VWUXFWXUH SHUPLWWHG VSDFH~

%XUODQG WHUPHG WKH SURSHUWLHV RI UHFRQ
WKHLU LQGHSHQGHQFH IURP WKH QDWXUDO VWDWH
VDPSOH WKDW KDV EHHQ PL[HG DW D ZDWHU FRQWH
DQG SUHIHUDEO\ FRQVROLGDWHG LQ D FRQVROLGRI
QRUPDOLVH WKH YROXPHWULF VWDWH RI WKH FOD\ :
LV GHILQHG DV IROORZV

H J

H ?RR HALRRR

'KHUH? RRQG H LRRR DUH WKH LQWULQVLF YRLG UDWL
~w  0222N3D UHVSHFWLYHO\ DV VHHQ LQ )LJXUH
XQLTXH OLQH UHSUHVHQWLQJ RQH GLPHQVLRQDO
UHFRQVWLWXWHG FOD\V LQ Y ORJD Y VSDFH )LJX
FRPSUHVVLRQ OLQH ,& %XUODQG WKHQ UH SORWW!
DQG IURP QHZ?WHWBWVHLQZKHVH GDWD SORWWHG
LQ D PPRGHUDWHO\ QDUURZ EDQGY $ UHJUHVVLRQ C
XQLTXH VHGLPHQWDWLRQ FRPSUHVVLRQ FXUYH DSSL
%XUODQG WHUPHG WKLV OLQH WKH VHGLPHQWDU\ F
WKHVH GDWD &RWHFFKLD IRXQG WKDW WKH UD\
DQG WKH HTXLYDOHQW VWUHVV RQ WKH ,& Rl WKH
FRQWHQW ZDV DQDORJRXV WR WKH VHQVLWLYLW)\ R



W 6XQ V X

DQG VX DQG VXQ DUH WKH XQGUDLQHG VWUHQJWK
UHVSHFWLYHO\ &RWHFFKLD UHFRJQLVHG WKDW WK
SORWWHG E\ %XUODQG FRUUHVSRQGHG WR F
&RWHFFKLD ZHQW RQ WR SORW D VHULHV RI \
FRUUHVSRQGLQJ WR WKH \LHOG VWUHVVHV RI FOD!
QRWHG WKDW %XUODQGYTV VHGLPHQWDU\ FRPSUHVYV
VHQVLWLYLW\ RI 7KHVH GDWD DOVR VKRZHG W
WKH ,&/ WKDQ FOD\V RI KLJKHU VHQVLWLYLW\ &RW
VHQVLWLYLW\ FRXOG DOVR EH ZULWWHQ LQ WHUPYV

6W S \Q S H

ZKHUH S \Q DQG S HDUH WKH \LHOG VWUHVV RIl WKF
WKH UHFRQVWLWXWHG QRUPDO FRPSUHVVLRQ OLQH

/I[HURXHLO DQG 9DXJKDQ VKRZHG LQ VFKHPDWLF
QRUPDO FRPSUHVVLRQ OLQH IRU WKH QDWXUDO F
FRPSUHVVLRQ OLQH DW KLJK VWUHVVHV )RU VRIW
DWWULEXWHG WR LQWHUSDUWLFOH ERQGV EUHDNL
VDPSOH EHFRPHYVY VLPLODU WR WKH VWUXFWXUH LQ
FDUULHG RXW E\ VHYHUDO DXWKRUV VKRZ FRPSUH
FROODSVH WR WKH LQWULQVLF FRPSUHVVLRQ FXUYI
SDPSHOOR DQG 6LOYHVWUL ERWK SUHVHQW GI
LOQWDFW QRUPDO FRPSUHVVLRQ OLQHV WKDW UXQ
VKRZV WKH UHVXOWY IRU RQH GLPHQVLRQDO FRPSU

RI %RRP FOD\ VHH 6HFWLRQ VKRZLQJ QR VWHI
FXUYHV 7KH VHQVLWLYLW\ RI WKLV FOD\ DV GHILQ
DSSUR[LPDWHO\ IURP WKHVH UHVXOWY 5DPSHOC

WKH QRUPDO FRPSUHVVLRQ OLQH RI QDWXUDO 9DOC
WKH QRUPDO FRPSUHVVLRQ OLQH IRU WKH UHFRQV
DWWULEXWHG WKH QRQ FRQYHUJHQFH RI WKH QDWW
WR WKH UHFRQVWLWXWHG QRUPDO FRPSUHVVLRQ C



PDBRVFRSLF IDEULF GXH WR LWV GHSRVLWLRQ 7tk
VWUXFWXUH EHLQJ FDXVHG E\ GHSRVLWLRQDO IDEL

FRPSDULQJ WHVWV RQ %RRP FOD\ DQG &DOFD
FRQYHQLHQW WR VHSDUDWH WKH PDFURVFRSLF HIIH
QDWXUDO DQG UHFRQVWLWXWHG QRUPDO FRPSUHV
FRPSUHVVLRQ OLQH FRQYHUJHV WR UHFRQVWLWXWF
FKDUDFWHULVHG E\ D FRPELQDWLRQ RI WKHVH HIIHF
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6HFWLRQ RXWOLQHG WKH YROXPHWULF UHVSRQVHE
UHFRQVWLWXWHG VDPSOH RI WKH VDPH VRLO 7KH Q
JHQHUDOO\ SORWV RQ RU WR WKH ULJKW RI WKH |
SRVLWLRQ FDQ EH FKDUDFWHULVHG E\ VHQVLWLYLW
PHDQ HIIHFWLYH VWUHVV DQG GHYLDWRU VWUHVV W
JLIXUHV DQG , W IROORZV IURP WKLV WKDW I
IUDPHZRUN D QDWXUDO QRUPDO FRPSUHVVLRQ OLC
QRUPDO FRPSUHVVLRQ OLQH LQ YROXPHWULF VSDFH
LQ VWUHVV VSDFH )LJXUH 6R IRU QDWXUDO FO
FRUUHVSRQGLQJ WR WKH FULWLFDO VWDWH PRGHO

WKH UHFRQVWLWXWHG VWDWH ERXQGDU\ VXUIDFH 7
WKH QDWXUDO VWDWH ERXQGDU\ VXUIDFH PD\ EH OI
VXUIDFH LV LW VLPLODU LQ VKDSH IRU D JLYHQ FOD
VWDWH ERXQGDU\ VXUIDFH SXUHO\ DWWULEXWDEOH
HITHFWLYH VWUHVYV WKDW WKH QDWXUDO FOD\ LV DE
OLH FRPSDUHG WR WKH UHFRQVWLWXWHG FULWLFDO

%XUODQG HW DO SUHVHQWHG GDWD IURP D V¢t
VKRZV WKH RQH GLPHQVLRQDO FRPSUHVVLRQ GD
PDQQHU SURSRVHG E\ %XUODQG $00 WKH QD

FRPSUHVVLRQ OLQH LQGLFDWLQJ VHQVLWLYLWLHV R
IRXU QDWXUDO VDPSOHV RI FOD\ ZRXOG GHILQH D V
WKH FRUUHVSRQGLQJ VWDWH ERXQGDU\ VXUIDFH IR



PWHULDOV &RULQWK PDUO LV WKH PRVW VHQVLWL)
VHGLPHQWDU\ FRPSUHVVLRQ OLQH LPSO\LQJ D VHQV
RWKHUV KDYLQJ D ORZHU VHQVLWLYLW\ )LJXUH
FOD\V SORWWHG LQ SODQH VWUDLQ VWUHVV VSDFH
WKH LQWULQVLF RQH GLPHQVLRQDO QRUPDO FRPSU!
H[KLELW QDWXUDO +YRUVOHY IDLOXUH OLQHV WKDV
VXUIDFHV DV H[SHFWHG 7KH VKDSHV Rl WKH +YRU"
FOD\V LQGLFDWLQJ WKDW DV REVHUYHG E\ RWKHU
WKH VWDWH ERXQGDU\ VXUIDFHV RI WKH QDWXUDO
VLPLODU VKDSH ,W LV LPSRVVLEOH WR VD\ ZKHWE
ERXQGDU\ VXUIDFHV RI WKH UHFRQVWLWXWHG DQG
SXUHO\ E\ WKH GLIIHUHQFH LQ WKH SRVLWLRQ RI WK
LV ZRUWK QRWLQJ KRZHYHU WKDW WKH GLIIHUHQF!
&RULQWK 0DUO WKH PRVW VHQVLWLYH FOD\ DSSHD
HYLGHQFH RI WKH OLQN EHWZHHQ VHQVLWLYLW)\ LQ |

&RWHFFKLD DQG &KDQGOHU SUHVHQW GDWD IR
3bSSDGDL FOD\ D VWLII VWUXFWXUHG ,WDOLDQ PDU
WKH QDWXUDO DQG UHFRQVWLWXWHG VDPSOHV DUH
DUH VLPLODU LQ IRUDW@WKHQWHPRWRGHG ;FORDU BWHKIHQ @D\
FOD\ EHLQJ 7KH QRUPDO FRPSUHVVLRQ OLQH IRL
RI WKH UHFRQVWLWXWHG QRUPDO FRPSUHVVLRQ OL(
SDWKV DQG \LHOG SRLQWYV IURP D VHULHV RI WHVW\
3bSSDGDL FOD\ DUH VKRZQ LQ )LJXUH SORWWH (
HTXLYDOHQW SUHVVXUH RQ WKH LQWULQVLF QRUPDC
IRU WKH QDWXUDO FOD\ GHILQH D VWDWH ERXQGDU\
VWDWH ERXQGDU\ VXUIDFH IRU WKH UHPRXOGHG F!
VXUIDFHVY GUDZQ RQ WKH JUDSK E\ &RWHFFKLD DQG

UHFRQVWLWXWHG DQG QDWXUDO VDPSOHV RI FOD\

ORGLILHG &DP FOD\ VWDWH ERXQGDU\ VXUIDFH 7KFE
QDWXUDO FOD\ IDOOLQJ ZLWKLQ WKH VWDWH ERXQ
SRLQW WR SRVVLEOH GpVWUXFWXUDWLRQ RI WKH FC
WKH ERXQGLQJ VXUIDFH WRZDUG WKH VWDWH ERXQC(
DXWKRUV DOVR GHILQHG GLIITHUHQW FULWLFDO VWD)



Qbwox© VDPSOHV /LQHV UHSUHVHQWLQJ WKHVH FRHI
LV FOHDU WKDW WKH LQWHUFHSW RI WKH OLQH IRU
ERXQGDU\ VXUIDFH ZRXOG EH D UHDVRQDEOH Ut}
UHFRQVWLWXWHG EHKDYLRXU LI WKH HPSKDVLV ZD
EHIRUH VWUDLQ VRIWHQLQJ OHDGLQJ WR IDLOXUH

(YLGHQFH RI GHJUDGDWLRQ RI VWUXFWXUH IRU D QD
E\ $PRURVL DQG 5DPSHOOR UHODWLQJ WR WH
wuLD[LDO WHVWV ZHUH FDUULHG RXW RQ QDWXUDO
DV VKRZQ LQ )LIJXUH 1RUPDOLVHG VKHDULQJ V
SUHVVXUH WHVWY DUH VKRZQ LQ )LJXUH 7TKH W
VWDWH ERXQGDU\ VXUIDFH ZHOO ZLWKLQ WKH VWDW
WHVWYV ZKLFK VKRZV WKDW GpVWUXFWXUDWLRQ RI
FRPSUHVVLRQ WR WKH LQLWLDO VWDWH IRU WKH K
WHVWYV RQ WKH ZHW VLGH RI FULWLFDO ZKLFK DUL
SUHPDWXUH IRUPDWLRQ RI VKHDU SODQHV WKH V\
FRQVLVWHQW ZLWK WKH UHVXOWV IRU WKH KLJK
VLIQLILFDQW GpVWUXFWXUDWLRQ LQ ERWK YROXP
O9DOOHULFFD FOD\ )RU WKH SXUSRVHV RI PRGHOOLQ
LV HYLGHQFH RI GpVWUXFWXUDWLRQ LW PD\ EH C
IRUPXODWLRQ RI RXU PRGHOV HVSHFLDOO\ ZKHQ F
KLOVW GpVWUXFWXUDWLRQ FHUWDLQO\ RFFXUV LQ
PDUNHG DV IRU VRIW FOD\V VR WKH XVH RI D VWDQUC
ERXQGDU\ VXUIDFHV WR UHSUHVHQW WKH GpVWUX
SUREOHPY ZKHUH PRYHPHQWY DUH UHODWLYHO\ VP
RQ vwLIlI FOD\V ZKHUH GpVWUXFWXUDWLRQ GRHV Q
ZKHWKHU WKHUH LV D GLIIHUHQFH LQ WKH VL]H R
XQDFFRXQWDEOH IRU E\ QRUPDOLVDWLRQ ZLWK UH’
ZRXOG LQGLFDWH ZKHWKHU WKH SUHVHQFH RI QDW?
EHKDYLRXU LQ GLIITHUHQW ZD\V

$ VHULHV Rl WHVWV RQ UHFRQVWLWXWHG DQG QDV

WR LQYHVWLJDWH WKH LQIOXHQFH RI VWUXFEW X
RQH GLPHQVLRQDO FRPSUHVVLRQ GDWD IRU UHFRQ
VHQVLWLYLW)\ RI IRU WKLV FOD\ )LJXUH VKF



UHFRQVWLWXWHG %RRP FOD\ QRUPDOLVHG ZLWK Ut
WKH YDOXHV RI HTXLYDOHQW SUHVVXUH XVHG WR C
DSSURSULDWH QRUPDO FRPSUHVVLRQ OLQHV IRU
1RUPDOLVLQJ WKH VKHDULQJ VWDJHV LQ WKLV ZD\ )\
FDXVLQJ WKH QRUPDO FRPSUHVVLRQ OLQH IRU WKt
YROXPHV WKDQ WKH LQWULQVLF QRUPDO FRPSUHVYV
WKH VWUHVV SDWKV L H WKH VWDWH ERXQGDU\
FRQVLGHUHG DGGLWLRQDO WR WKLV YROXPH HIIHI
UHFRQVWLWXWHG VDPSOHVY DOO OLH FORVH WR D VI
DGGLWLRQDO HIIHFW RI VWUXFWXUH RQ VKHDU EHKI
PD\ EH D VPDOO DGGLWLRQDO HIIHFW RI QDWXUDO
SURYLGHG E\ WKH VWUHVV SDWKV RI WKH QDWXU
UHFRQVWLWXWHG GDWD EXW DSSDUHQWO\ ZLWKLQ
DOWKRXJK DOO WKH QDWXUDO WHVWVYV DUH GU\ R
UHFRQVWLWXWHG VRLO GU\ RI FULWLFDO PDNH LW C
GLITIHUHQFH LQ WKH PLFUR VWUXFWXUH RI UHFRQV'
PD\ UHVXOW LQ VRPH DGGLWLRQDO VKHDULQJ UHYV
VOLIJKWO\ GLIITHUHQW VKDSH RI VWDWH ERXQGDU\ V
DQG UHFRQVWLWXWHG VWUHVYV SDWKV GU\ RI FULW
SURFHGXUHV XVHG DQG LV UHODWHG WR WKH SUHY
VLPSO\ VZHOOHG WR WKH VWDWH IURP ZKLFK WKH)\ .
ZHUH ILUVW VZHOOHG GXULQJ WKH VDPSOLQJ SURFI
PHDQ HIIHFWLYH VWUHVV 7KHVH GLIIHUHQW UHFI
VXEVHTXHQW VWUHVV SDWKV LQ WKH ZD\ REVHUYH
ZLWK IXUWKHU LQ 6HFWLRQ &RRS HW DO DC
UHFRQVWLWXWHG DQG QDWXUDO VDPSOHV RI D ERX
PD[LPXP VWUHVV XVHG LQ WKH WULD[LDO WHVWYV IR
QDWXUDO QRUPDO FRPSUHVVLRQ OLQH VR VKHDULC
QRUPDO FRPSUHVVLRQ OLQH IRU WKH UHFRQVWLWXYV

VKRZV WKH QRUPDOLVHG VKHDULQJ GDWD IURP W
VHHP WR GHILQH D VLQJOH VWDWH ERXQGDU\ VXUIL
FRPSUHVVLRQ OLQH PD\ EH WKH VDPH DV IRU WKH |
DWWULEXWHG WR KHDY\ UHPRXOGLQJ RI WKH FOD\



SRAW RXW WKH SRVVLELOLW\ WKDW VWUHVV UHOLHI
QDWXUDO VDPSOHYV

SDPSHOOR HW DO SHUIRUPHG D VHULHV RI1 \
9DOOHULFFD FOD\ WR GHWHUPLQH ZKHWKHU WKHUF
PLFURVWUXFWXUH DIWHU QRUPDOLVLQJ WR DFFRXQV
UHFRQVWLWXWHG QRUPDO FRPSUHVVLRQ OLQHV IRL
DQG UHFRQVWLWXWHG GDWD SORWWHG QRUPDOLVH
LOQWULQVLF FRPSUHVVLRQ OLQH 7KH VWDWH ERXQC
ODUJHU WKDQ IRU WKH UHFRQVWLWXWHG VWUHVV S|
E VKRZV WKH VDPH GDWD ZLWK WKH QDWXUDO WH
SUHVVXUH RQ WKH QDWXUDO QRUPDO FRPSUHVVLR
VDPSOHV RI 9DOOHULFFD FOD\ VWLOO SORW RXWYV
VDPSOHV DOWKRXJK WKH GLIIHUHQFH LV JUHDWO\
PRVW RI WKH HIIHFW RI VWUXFWXUH RQ WKH VW
UHPRYHG E\ QRUPDOLVLQJ ZLWK UHVSHFW WR WKH |
VRPH DGGLWLRQDO UHVLVWDQFH WR GHYLDWRULF
SRLQWLQJ WR VRPH SRVVLEOH H[WUD HIIHFW RI1 PLFL

7KH ORFDWLRQ RI WKH FULWLFDO VWDWH IRU QDWX!
WHVW WKH DSSOLFDELOLW\ RI RXU FXUUHQW FULWLF
SORWWHG IDLOXUH SRLQWYV IRU WKH 3DSSDGDL
ORFDWHG EHWZHHQ WKH UHFRQVWLWXWHG QRUPDO |
OLQH IRU WKH QDWXUDO FOD\ ,Q YROXPHWULF VSD
FOD\V WR KDYH GLIITHUHQW FULWLFDO VWDWHV WR
ZDV DOVR SORWWHG IRU 9DOOHULFFD FOD\ 5DPSHC
JRU WKH FULWLFDO VWDWH PRGHO WKLV ZRXOG
O\LQJ WR WKH ULJKW RI WKH FULWLFDO VWDWH SRLC
LV XQFOHDU IURP WKH OLWHUDWXUH ZKHWKHU WKH
FOD\ LV WKH VDPH DV IRU D UHFRQVWLWXWHG VDPSC
FULWLFDO VWDWHYV IRU WKH QDWXUDO DQG UHFRQV
WKH GDWD DUH QRUPDOLVHG ZLWK UHVSHFW WR WKF
6WLII FOD\V DUH RIWHQ KHDYLO\ RYHUFRQVRO
WHVWYV DUH FRQGXFWHG GU\ RI FULWLFDO ZKHUH EH



SBN VWDWHYV DQG WKH IRUPDWLRQ RI VKHDU SODQt
LGHQWLILHG 7HVWV RQ QDWXUDO DQG UHFRQVWLW
QRW KHDYLO\ RYHUFRQVROLGDWHG LQ WKH QDWXUD
ZKLFK LV FRQVLVWHQW IRU ERWK WKH QDWXUDO DC
VWDWH PRGHO VKRXOG WKHUHIRUH EH DSSURSUL
GHPRQVWUDWLQJ VLIJQLILFDQW GpVWUXFWXUDWLRC
WRZDUGY D FULWLFDO VWDWH GHILQHG E\ WKH UHF
PDQQHU LGHQWLI\ VHSDUDWH FULWLFDO VWDWH SR
HTXLYDOHQW SUHVVXUH RQ WKH DSSURSULDWH QR
UHFRQVWLWXWHG FOD\ )LJXUH 'PVWUXFWXUDW
OLQNHG DQG WKH FULWLFDO VWDWHYV IRU QDWXUDC
S HZKLFK GRHV QRW DFFRXQW IRU WKH HUDVXUH R
QRW FRUUHVSRQG WR WKH QRUPDOLVHG UHFRQVWLYV
WR DQ HTXLYDOHQW SUHVVXUH EDVHG RQ D GHVWL
VKRXOG FDXVH WKH FULWLFDO VWDWHV WR EH FRL
GLIILFXOW WR PHDVXUH W LV FOHDU WKDW IRU WK
WR SUHGLFW GpVWUXFWXUDWLRQ ZRXOG EH RI EHQH

7KH DVVXPSWLRQ WKDW QDWXUDO DQG UHFRQVWLW)
YDOXH RI FULWLFDO VWDWH IULFWLRQ DQJOH EXW
YROXPHWULF VSDFH GXH WR WKH ODUJHU ERXQGLQJ
UHDVRQDEOH DSSURDFK IRU PRGHOOLQJ LQ WKH DE
SDUWLFXODU FOD\ 7KLV DOORZV WKH XVH RI D \
GpVWUXFWXUDWLRQ 7KLV DSSURDFK LV FOHDUO\ RQ
VWUXFWXUH ,Q DGGLWLRQ LW ZRXOG VHHP UHDVR
VXUIDFH IRU WKH QDWXUDO FOD\ LV WKH VDPH VKDSI

9(5< 60$// 675%$,1 67,))1(66

W LV QRZ ZHOO HVWDEOLVKHG WKDW WKH VWLIIQH'

SDWWHUQ RI WKH W\SH LGHDOLVHG E\ $WNLQVRQ DC
7KH ILJXUH VKRZV D FRQVWDQW VKHDU VWLIIQH

PD[LPXP YDOXH * PD[ VKRZQ DV *R LQ WKH ILIJXUH



LW RI YHU\ VPDOO VWUDLQV DV EHLQJ JHQHUDO(
SUHVHQWHG VLPLODU FXUYHVY EDVHG RQ ODERUDWR
IDFWRUV DIIHFWLQJ WKH HODVWLF VWLIIQHVV * PDJ[
HODVWLF VWLIIQHVY FDQ EH PHDVXUHG ERWK LQ \
G\QDPLF PHWKRGV ZKLFK UHODWH VKHDU ZDYH YHOF
RI WKLV PHWKRG DQG WKH UHSURGXFLELOLW\ RI

GHWHUPLQDWLRQ RI VRLO SDUDPHWHUV IRU XVH LQ

$WNLQVRQ DQG 6DOIRUV VWDWHG WKDW WKH
UHODWHG WR LWV FXUUHQW VWUHVV DQG RYHUFRQ\
PRGHOOLQJ LV WKDW LW LV QRW HQRXJK VLPSO\ W
UHJDUGOHVV RI WKHVH IDFWRUV 9LJJLDQL DQG $WN
UHFRQVWLWXWHG FOD\ FRQGXFWHG LQ D VWUHVV S
FXUUHQW VWUHVV DQG RYHUFRQVROLGDWLRQ UDW
VWLIIQHVV LV GHSHQGDQW RQ VWDWH WKHQ WKDW
IRU D FOD\ DQG WKHUHIRUH WKHUH ZDV QR QHHG IRL
ZRUNHUV LQ WKH ILHOG ZKLFK LQFOXGH YROXPH
PHDVXUHPHQWY ZHUH PDGH E\ EHQGHU HOHPHQWYV L
DQ DUUDQJHPHQW VKRZQ LQ )LJXUH 6DPSOHV R
GXVW /RQGRQ FOD\ DQG 31RUWK )LHOG’ FOD\ ZHUH
WDNHQ DW D YDULHW\ RI RYHUFRQVROLGDWLRQ UL
JLIXUH HQDEOLQJ FRPSDULVRQV WR EH PDGH EH
VKRZV GDWD IRU D W\SLFDO WHVW RQ 6SHVZKLWH N
*R SORWWHG DJDLQVW PHDQ HIIHEWLYH VWUHVV S

QRUPDOLVHG E\ WKH UHIHUHQFH SUHVVXUH SU WDN
RYHUFRQVROLGDWHG VWDWHVY SORW DERYH WKRVH

ZKLFK FRLQFLGH FORVHO\ ZLWK WKH VWUDLJKW OLQ

ZKHUH $ DQG Q DUH QRQ GLPHQVLRQDO VRLO SDU
UHSUHVHQWLQJ WKH PHDVXUHPHQWY DW RYHUFRQVI
WKH OLQH IRU WKH QRUPDOO\ FRQVROLGDWHG VWD\



Dv * R * RQF DJDLQVW WKH ORJDULWKP RI RYHUFRQVR
*PD[ IRU D QRUPDOO\ FRQVROLGDWHG VDPSOH DW Wtk
VKRZHG WKDW D VWUDLJKW OLQH JLYHQ E\

ZKHUH P LV DQRWKHU QRQ GLPHQVLRQDO VRLO SDU
'DWD IURP RWKHU WHVWV RQ 6SHVZKLWH NDROLQ D
WKH VDPH UHODWLRQVKLS EXW IRU WKH RWKHU VRL

VKRZV WKH SDUDPHWHUV REWDLQHG IURP WKH W
SORWWHG DJDLQVW SODVWLFLW\ LQGH[ 7KH FKDU\
GHSHQGHQW RQ VRLO SODVWLFLW\ EXW WKDW WKH
SODVWLFLW\ (TXDWLRQ XVHG LQ FRQMXQFWLRQ Z
D UHDVRQDEOH ZD\ Rl HVWLPDWLQJ YDOXHV RI * PL
SUDFWLFDOLW\ RI GRLQJ WKLV ZLOO EH LQYHVWLJDW

9LJJLDQL DQG $WNLQVRQ DOVR FDUULHG RXW D¢
VWUXFWXUH RQ WKH DSSOLFDELOLW\ RI (TXDWLRQ

PHDVXUHPHQWY IRU D VDPSOH RI XQGLVWXUEHG /RQ
WKH QDWXUDO DQG UHFRQVWLWXWHG PHDVXUHPHQ
VKRXOG OHDG WR WKH GDWD IDOOLQJ RQ D VWUDLJK

) J \
SUS5F YSM

7KH RYHUFRQVROLGDWLRQ UDWLRV IRU WKH GDWD -
DSSURSULDWH QRUPDO FRPSUHVVLRQ OLQH IRU WKH
SUHVHQWHG IDOO RQ D VWUDLJKW OLQH GHPRQVWI
QDWXUDO VDPSOHV RI FOD\ LV GHSHQGHQW RQ EXUL
QRW RQ DQ\ DGGLWLRQDO FRPSRQHQW RI VWUXFWX
* R * RQF DJDLQVW 5R ILJXUH ZKLFK HQDEOHG W
VKRZV WKH GDWD SORWWLQJ DV D VWUDLJKW OL
RYHUFRQVROLGDWLRQ UDWLR -RYLFLF FDUULHC



FOD\V WR LQYHVWLJDWH WKH DSSOLFDELOLW\ RI (TX
RYHUFRQVROLGDWLRQ UDWLR 7KH ILUVW VHULHV 2
NDROLQ VXEMHFWHG WR RYHUFRQVROLGDWLRQ UDW
|* po; *» PObBRU WKH WHVWV SORWWHG DJDLQVW 5R ERW
WKH JUDSK LV WKH EHVW ILW OLQH IURP 9LJJLDQL I
$W RYHUFRQVROLGDWLRQ UDWLRV RI JUHDWHU WKD
DQG $WNLQVRQ QR ORQJHU KROGV ZLWK VWLIIQH\
RYHUFRQVROLGDWLRQ UDWLR DW KLJK YDOXHV RI 5F
E\ $JDK DQG UHSRUWHG E\ -RYLFLF DUH IRL
VDPH PDQQHU LQ ILJXUH JRU WKH %RRP FOD\
KLJK RYHUFRQVROLGDWLRQ UDWLRVY -RYLFLF VSHF
GLIIHUHQW SODVWLFLW\ RI WKH FOD\V ,W LV FOHDU
QHHGV LQYHVWLJIJDWLQJ IXUWKHU LQ RUGHU WKDW D
SUHVHQW VRPH FDUH PXVW EH WDNHQ LQ WKH XVH R

7KHUH LV DW SUHVHQW UHODWLYHO\ OLWWOH GDWD
QDWXUDO DQG UHFRQVWLWXWHG VWLII FOD\V RI WK
SURSRVHG E\ 9LJJLDQL DQG $WNLQVRQ 'DWD
DXWKRUV ZKR KDYH DQDO\WHG WHVWV LQ WKLV PI
HYLGHQFH WR VXSSRUW 9LJJLDQL DQG $WNLQVRQYV
UHFRQVWLWXWHG VDPSOHV Rl 9DOOHULFFD FOD\ Z
RYHUFRQVROLGDWLRQ UDWLR DQG PHDQ HIIHFWLYF
9DOOHULFFD FOD\ SORWWHG ZLWKLQ WKH VDPH IUD
DQG $WNLQVRQ W FDQ DJDLQ EH VHHQ WKDW
VDPSOHV SORW WRJHWKHU DQG DV VXFK ZRXOG VH
FRPSRQHQW Rl QDWXUDO VWUXFWXUH QRW DFFRXQV
6PDOO VWUDLQ VWLIIQHVV GDWD SUHVHQWHG E\ &RF
DQG E\ &RWHFFKLD IRU 3DSSDGDL FOD\ ILJX
HYLGHQFH WKDW WKH HIIHFW Rl VWUXFWXUH RQ W}
FOD\V FRPSDUHG WR WKH VDPH FOD\ UHFRQVWLWXW
YROXPHWULF VWDWH

"f2QDIULR HW DO UHSRUW QRWLFHDEOH LQFUH
RI 9ODOOHULFFD DQG %LVDFFLD FOD\ 7KH VWUXFWXU



LOZHUSDUWLFOH ERQGLQJ ZKHUHDV QR HYLGHQFH R
FOD\ )LJXUH VKRZV LQLWLDO VWLIIQHVV SORWMW
FOD\V DORQJ ZLWK OLQHV FRPSXWHG IURP WKH HTX

Q
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ZKLFK LV VLPLODU WR (TXDWLRQ 7TKH WHVWYV RQ
UHDVRQDEO\ FORVH WR D OLQH ZKLFK LV QRUPDO
RYHUFRQVROLGDWLRQ UDWLR GXH WR WKH QDWXUD (
ULJKW RI WKH UHFRQVWLWXWHG OLQH 7KLV LQGLF
VWUXFWXUH DSDUW IURP WKH HIIHFW RI WKH GLIIHU
LQ DIJUHHPHQW ZLWK WKH ZRUN E\ 5DPSHOOR HW DO
WKH %LVDFFLD FOD\ IDOO DERYH WKH OLQH SUHGLF
WKDW WKLV LQGLFDWHV WKDW IRU WKLV FOD\ WKE
VWLIIQHVV 7KH UHVXOWY DUH LQFRQFOXVLYH KRZH"®
IURP (TXDWLRQ IRU WKH QDWXUDO VDPSOHV XVH
WKH UHFRQVWLWXWHG WHVWY 8VLQJ D YDOXH RI
FRPSUHVVLRQ OLQH VRPHZKHUH WR WKH ULJKW RI1 V
PLIKW ZHOO DFFRXQW IRU VRPH LI QRW DOO RI WKLYV

SDPSHOOR DQG 6LOYHVWUL SUHVHQWHG GDWD
VWLII FOD\ RI ODFXVWULQH RULJLQ O6WLIIQHVV PH
VDPSOHV SOXV WZR QDWXUDO VDPSOHV ZKLFK ZHL
VDPSOHV 3QDWXUDO " ZDV WKRXJKW WR KDYH .
UHPRYLQJ WKH HIIHFW RI FHPHQWHG LQWHUSDUWL]
VWLIIQHVVHV RI WKH WHVWV SORWWHG DJDLQVW P
HTXLYDOHQW SUHVVXUH S H IRU WKH DSSURSULDW
ODEHOOHG 3QDWXUDO " ZKLFK ZHUH WKRXJKW
VWUXFWXUH WKDQ WKH VZHOOHG 3QDWXUDO Y
VWLIIQHVYVY GHVSLWH WKH GLIITHUHQFH LQ VWDWH
VWLIIQHVVHYV PHDVXUHG IRU WKH 2QDWXUDO TV
FHPHQWLQJ HYLGHQW LQ WKLV FOD\ IURP 6(0 DQDO\\



7KH HTXDWLRQ SURSRVHG E\ 9LJJLDQL DQG $WNLQVI
IRU ERWK UHFRQVWLWXWHG DQG QDWXUDO VWLII FO
VWDWH ERXQGDU\ VXUIDFH LV XVHG 7KHUH PD\ K
UHODWLRQVKLS DW KLJK RYHUFRQVROLGDWLRQ UD\
FRQILGHQFH LQ WKLY UHODWLRQVKLS

6HYHUDO DXWKRUV HJ -RYLFLF SLHUSRLQW

PHDVXUHG DQLVRWURSLF YDOXHV RI * PD[ E\ SRODU|
KRULIRQWDO DQG YHUWLFDO GLUHFWLRQV XVLQJ E
wuLD[LDO FHOO 7KHVH PHDVXUHPHQWY KLJKOLJKYV
GHSRVLWLRQDO DQG VWUDLQ KLVWRU\ DQG ZLOO EH

7+( ,1)/8(1&( 2) &5((3

, W KDV EHHQ REVHUYHG WKDW ZKHQ VRLO UHPDLQV
WLPH LW LV OLNHO\ WR GHPRQVWUDWH D VWLIIHU Ut
7TKHUH DUH PDQ\ SKHQRPHQD DVVRFLDWHG ZLWK W
EHKDYLRXU RI VRLOV 7KH PDLQ FDXVHV DUH WKRXJI
DQG FKHPLFDO IRUPV DQG VHFRQGDU\ FRPSUHVVL
DWWULEXWHG FUHHS WR WKH GLVSHUVLRQ RI FOD\
VWDEOH VWUXFWXUHYVY +H DOVR VWDWHG WKDW LW
VXIILFLHQWO\ ORQJ WR FDXVH VWUHQJWK LQFUHDVI
DQRG VXJIJHVWHG WKDW WKHVH ZHUH RQO\ OLNHO\ V
WKHUHIRUH OLNHO\ WKDW WKH REVHUYHG HIIHFWYV F
suLpDULO\ WR FUHHS 7KHUHIRUH WKLV VHFWLRQ Z
SRVVLEOH LQ UHFRQVWLWXWHG VRLOV ZLOO WDFNC(
YROXPHWULF FUHHS

9ROXPHWULF FUHHS ZKLFK ZDV GHVFULEHG E\ %MHL
UHSUHVHQWLQJ WKH UHGXFWLRQ LQ YROXPH DW XQF
WR DFFRXQW IRU VRPH RI WKH DGGLWLRQDO VWLIIQ
HITHFWLYH VWUHVV LQ WHVWV VXFK DV WKRVH E\ ¢



&UHHS FDQ EH UHSUHVHQWHG LQ YROXPHWULF VSDF
DIJDLQVW PHDQ HIIHFWLYH VWUHVV LQ )LJXUH 7
YROXPH DW D FRQVWDQW YDOXH RI HIIHFWLYH VWL
SUHFRQVROLGDWLRQ SUHVVXUH GXH WR YROXPHWU!
SUHVVXUH E\ /HRQDUGY DQG 5DPLDK OLWFKHC
XQGHU VXVWDLQHG VWUHVV RUGLQDULO\ SURGXFH\
VXEVHTXHQW VWUHVYV LQFUHDVH" DV VKRZQ LQ WKH
REVHUYDWLRQV VHHP FRQVLVWHQW ZLWK WKH GH
RYHUFRQVROLGDWLRQ UDWLR 6HFWLRQ ZKLFK C
TXDVL SUHFRQVROLGDWLRQ SUHVVXUH WR WKH RUL.
GHIRUPDWLRQV FRPPHQFHG L H KLJKHU WKDQ WKH

W LV JHQHUDOO\ DFFHSWHG WKDW FUHHS GHIRUPDW
IRUP

$Y &D 0OQ $W W

ZKHUH $Y LV WKH FKDQJH LQ VSHFLILF YROXPH G
FRPSUHVVLRQ LQGH[ $W LV WKH WLPH DW D FRQVW
WLPH ZKLFK GHQRWHV WKH RQVHW RI FUHHS RIWHQ

%MHUUXP GLVFXVVHG WKH HIIHFW RI UHVW SHI
ODUJH DPRXQWV RI VHFRQGDU\ FRPSUHVVLRQ RFFXU
FRPSUHVVLRQ FDXVHG E\ WKH DSSOLFDWLRQ RI ORD
JLIXUH UDWKHU WKDQ WKH PRUH FRQYHQWLRQ
DUJXLQJ WKDW FUHHS VWUDLQLQJ RFFXUV GXULQJ |
+H QRWHG WKDW WKH UHGXFWLRQ LQ ZDWHU FRQWH
VWDEOH VWUXFWXUH ZLWK DQ LQFUHDVHG QXPEHU F
OHDGV WR WKH GHYHORSPHQW RI ZKDW KH WHUPF
FRPSUHVVLRQ VXFK WKDW IRU DGGLWLRQDO OREL
RYHUFRQVROLGDWHG 7KH HIIHFW ZDV GHPRQVWUDW
ZKHUH D VDPSOH ZDV FRQVROLGDWHG DQG KHOG C
)JXUWKHU ORDGLQJ DOORZHG D ORDG RI WLPHV W



BH DSSOLHG EHIRUH WKH ORDGLQJ UHVXPHG LWV FR
%MHUUXP DOVR GLVFXVVHG RWKHU SRVVLEOH DJHL
SDUWLFXODU SDUWLFOH ERQGLQJ 7KLV DGGLWLRQI
EULWWOH ZLWK WKH FXUUHQW VWDWH UHWXUQLQ
GHJUDGDWLRQ RI WKH ERQGV )LJXUH , W VKRXO(
WR DFW LQ DGGLWLRQ WR FUHHS UHVXOWLQJ IURP
FRXOG EH FRQVLGHUHG DGGLWLYH

%LVKRS FRQGXFWHG D VHULHV RI FUHHS WHV
IRQGRQ FOD\ LQ D VSHFLDOO\ EXLOW DSSDUDWXYV

VXVWDLQHG FRQVWDQW ORDG RQ D VDPSOH RYHU D
DSSDUDWXV RU RWKHU WHFKQLFDO SUREOHPV RFFX
VDPSOHV EHLQJ VHW XS LQ WKH FHOO DQG ORDGHG
WR D SHUFHQWDJH RI WKHLU PHDVXUHG GUDLQHG SF
WKHQ KHOG DW WKHVH VWUHVVHYVY DQG DQ\ PRYHPHC
VWUDLQ LQFUHDVLQJ DSSUR[LPDWHO\ OLQHDUO\ ZLYV
IDLOXUH LV QHDUHG 7KLV W\SH RI VLWXDWLRQ ZKH
LPSRUWDQW ZKHUH VRLO LV ORDGHG WR QHDU LWV
PRGHO SURSRVHG LQ 6HFWLRQ GR QRW DOORZ FUI

5LEKDUGVRQ SUHVHQWHG GDWD IURP D VHULH\
/IRQGRQ FOD\ WR LQYHVWLJDWH WKH LQIOXHQFH RI
GHILQLWLRQ Rl WKUHVKROG HIIHFWV IROORZHG WKD
RI UHFHQW VWUHVV KLVWRU\ DQG UHVW SHULRGV W]
UHFHQW VWUHVV KLVWRU\ LV QRW VLPSO\ D WKUHV
DFFXUDWH 7KH DLP RI WKHVH WHVWYV ZDV WR HVWDE
DGGLWLYH RU LQGHSHQGHQW )LJXUH VKRZV FRQ
IURP WHVWV FRPSULVLQJ D QXPEHU RI GLIIHUHQW
DOORZHG DW WKH VDPH VWUHVV VWDWH EXW IROO
GLIIHUHQW GLUHFWLRQV 7KH GLUHFWLRQ RI WKH VW
LQ )LIXUH 3ULPDU\ FRQVROLGDWLRQ WDNHV SOL
IRU DOO WKH WHVWV DOWKRXJK WKH PDJQLWXGH R
DSSURDFK SDWK 6HFRQGDU\ FRPSUHVVLRQ FRQWL(
FRUUHVSRQG WR WKH UHODWLRQVKLS



W &D ,Q $W WR

ZKLFK \LHOGHG D YDOXH RI &D IRU DOO VDP!
7KLY IRUPXODWLRQ LV EDVHG RQ WKH DVVXPSWLRC
SULPDU\ FRQVROLGDWLRQ FRQWUDU\ WR WKH WKHR

&RQVWDQW S SDWKV ZHUH IROORZHG DIWHU YDU\LC
SDWKV RI f f DQG f 5HVW SHULRGV RI DQ
WHVWV ZLWK f DSSURDFK SDWKV )LJXUH VKRZ\
VWUDLQ IRU WKHVH WHVWYV 6WLIIQHVV ZDV VHHQ WF
ZLWK WKH DXWKRU QRWLQJ WKDW WKH VDPSOH VWL
6DPSOHV VXEMHFWHG WR SDWKV RI f DQG f DOVR
VLPLODU UHVW SHULRGV 7KH VLPLODULW\ EHWZHH
DSSURDFK SDWKV ZRXOG DSSHDU WR LQGLFDWH WKE
FDXVLQJ D FXPXODWLYH HIITHFW RQ VWLIIQHVV 8QIR
UHVXOWV ZLWK WKH VWLIIQHVV UHODWLRQVKLS SUF
VPDOO VWUDLQ VWLIIQHVV ,I WKLV UHODWLRQVKLS
SUHVVXUH LPSOLHG E\ WKH VHFRQGDU\ FRPSUHVVLE
VKRUW WLPH SHULRGV LQYROYHG LQ WKHVH WHVW
H[SHFWHG +RZHYHU G5LFKDUGVRQ ZDV XQDEOH WR
WKHVH WHVWV 7KH GLIIHUHQFH LQ VWLIIQHVV FDOF
PD\ DFWXDOO\ EH WKH GLIIHUHQFH LQ VHFDQW VWLII
RI D VPDOO EXW FRQVWDQW LQFUHDVH LQ WDQJHQW

-DPLRONRZVNL HW DO QRWHG WKH GHSHQGHQF
RQ YHUWLFDO HIIHFWLYH SUHFRQVROLGDWLRQ SU|
FRPELQHG ZLWK WKH VWLII FOD\V WR EH PRGHOOHG
DVVRFLDWHG ZLWK WKHVH VWLII FOD\V DUH YHU\ VPEL

$IJHLQJ SKHQRPHQD ZKLFK DUH PHDVXUHG LQ WKH Ol
E\ FUHHS 9ROXPHWULF FUHHS FDQ EH VLPSO\ UHS
UHODWLQJ YROXPHWULF VWUDLQ WR WLPH 7KH FR



LBUHDVH LQ VWLIIQHVV DQG DQ DSSDUHQW LQFUHD\
Rl FUHHS LV OHVV PDUNHG LQ VWLII RYHUFRQVROLGI

$1,627523<

7KH EHKDYLRXU RI QDWXUDO VWLII FOD\V LQ WKH
UHYLHZHG LQ WKH FRQWH[W RI DQLVRWURSLF UHVSR
LGHQWLILHG VWUXFWXUDO DQLVRWURS\ VWUHVV L
BWUXFWXUDO DQLVRWURS\ ZLOO RFFXU PRVWO\ LQ
GHSRVLWLRQ RI D FOD\ VWUDWD DOWKRXJK LW F
UHFRQVWLWXWHG VDPSOHV E\ FRPSUHVVLRQ WR KL

BWUHVV LQGXFHG DQLVRWURS\ DQG UHFHQW V
DQG QDWXUDO FOD\V DQG DUH D FRQVHTXHQFH RI W
VWUDLQ FKDQJHV OHDGLQJ WR WKH FXUUHQW VWDW
VPDOO WR PHGLXP VWUDLQV PD\ EH VWURQJO\ DII
DQLVRWURS\ RXWOLQHG DERYH

6WUXFWXUDO RU GHSRVLWLRQDO DQLVRWURS\ LV W
GHSRVLWLRQ RI D GHSRVLW RI FOD\ RYHU JHRORJL
GHSRVLWHG LQ WKLV PDQQHU DQG GLVSOD\ D[LV\F
UHVSRQVH WR VWUHVV RU VWUDLQ FKDQJHV LV GLII|
7KLV IRUP RI EHKDYLRXU LV NQRZQ DV FURVYV DQLVI
HDVLO\ IRU LQFOXVLRQ LQ FRQVWLWXWLYH PRGHOV
VWUXFWXUDO DQLVRWURS\ VKRXOG EH FDUULHG RX
HITHFW IURP VWUHVYVY LQGXFHG DQLVRWURS\ -RYLFLI
WKHUH LV QR HIIHFW Rl UHFHQW VWUHVV KLVWRU\ L
+RZHYHU G\QDPLF WHVWV ZKLFK HVVHQWLDOO\ FU
LVRODWH WKH VWUXFWXUDO DQLVRWURS\ 6HYHUDO

SHQQAQLQIJWRQ HW DO KDYH PHDVXUHG DQLVRW!I
7TKHVH PHDVXUHPHQWY FDQ EH PDGH LQ D FRQYHQW
HOHPHQWYVY )LJXUH E\ RULHQWDWLQJ WKH VDI

RULHQWDWHG KRUL]JRQWDOO\ DFURVV WKH VDPSOH
VWUXFWXUDO DQLVRWURS\ RI WKH FOD\ DQG PD\ E



PR®OLQJ RI FOD\V ZKHUH WKH EHKDYLRXU LV WKRX.
RI EHKDYLRXU

6WUHVV LQGXFHG DQLVRWURS\ LV VLPSO\ WKH FRPS
DQLVRWURSLF VWUHVV VWDWH DQG LV LQGHSHQGHQ
VRLO

5HFHQW VWUHVV KLVWRU\ GHILQHG E\ $WNLQVRQ HYV
GLUHFWLRQ RI WKH VWUHVV SDWK RU D SHULRG RI
VWUHVV VWUDLQ UHVSRQVH RI VRLOV DW VPDOO V\
$WNLQVRQ HW DO GHVFULEHG D VHULHV RI OD
5LEKDUGVRQ WR LQYHVWLJIJDWH WKH HIIHFW RC
VDPH LQLWLDO VWDWH DSSURDFKHG E\ GLIIHUHQW
LOOXVWUDWHG LQ )LIXUH VKRZLQJ VDPSOHV EUR
DSSURDFK SDWKV LQ S T VWUHVV VSDFH DQG VX
VDPSOHV ZHUH KHOG DW WKH VDPH VWDWH 2 IRU |
VWLIIQHVVHV PHDVXUHG FRXOG EH DWWULEXWHG W
VKRZV D VHULHV Rl FRQVWDQW S DQG FRQVWDQW T
FRUUHVSRQGLQJ WDQJHQW VWLIIQHVV EXUYHV ,W F

f LV PXFK KLJKHU WKDQ IRU f ZLWK “ f IDOC
DOVR FDUULHG RXW E\ 6WDOOHEUDVYV LQ RUGHL
WKLV IRUP Rl DQLVRWURS\

7KH HIIHFW RI VWUHVYVY SDWK URWDWLRQ ZDV DOVR
ODERUDWRU\ VWUHVV SDWK WULD[LDO WHVWV RQ (
FRQVROLGDWHG WR WKH LQ VLWX VWUHVV DQG D VI
ZHUH IROORZHG 1RUPDOLVHG VWLIIQHVYV FXUYHV V
GHSHQGLQJ RQ WKH SDWK WDNHQ )LJXUH TKHVI
RI VWUHVV SDWK URWDWLRQ DV FOHDUO\ DV 5LFKDU
WRRN SODFH DORQJ GLIITHUHQW SDWKV 7KHUHIRUH
EH LVRODWHG DV WKH SDWK WDNHQ FRXOG DOVR DI

7KH VWUHVYVY VWUDLQ EHKDYLRXU RI D QDWXUDO FO|
WKHVH IDFWRUV WR D JUHDWHU RU OHVVHU H[WHQW



LERUWDQFH RI WKH WKUHH W\SHV RI DQLVRWURS\ R
HQDEOH VDWLVIDFWRU\ PRGHOOLQJ RI LWV EHKDYLR

6800%$5<

7KLV FKDSWHU KDV KLJKOLJKWHG DUHDV ZKHUH WK
IURP WKH EHKDYLRXU RI UHFRQVWLWXWHG VDPSOHV
WKH SDWWHUQ RI EHKDYLRXU Rl WKH QDWXUDO VDP
LQWR WKH &ULWLFDO 6WDWH IUDPHZRUN GHYHORS
EHWZHHQ QDWXUDO DQG UHFRQVWLWXWHG VDPSOHV
XQGHUJRQH GXULQJ IRUPDWLRQ RI D GHSRVLW RU
GHSRVLW 7KH UHYLHZ KDV VKRZQ KRZ WKH HIIHFWV
Rl WKH FOD\V PDFUR DQG PLFUR EHKDYLRXU 7KH QC
DQDO\VLV Rl WKH PDFUR EHKDYLRXU LQ WHUPV RI Vt
EHWZHHQ WKH QDWXUDO DQG UHFRQVWLWXWHG VWI
VHQVLWLYLW\ DOVR VHHPV WR DFFRXQW IRU PRVW
VDPSOHV LQ VWUHVV VSDFH LQGLFDWLQJ WKDW Wk
FRPSUHVVLRQ LV OLQNHG DOWKRXJK IRU VRPH VWLI
HIITHFW RI VWUXFWXUH LQ VKHDU ORDGLQJ ZKLFK LV
PHDVXUHG E\ VHQVLWLYLW\ 6W 6RPH VWLII FOD\V
VWDEOH QDWXUDO VWUXEWXUH ZKLFK LV HYLGHQW
QRUPDO FRPSUHVVLRQ OLQHV

'XH WR WKH KLJK OHYHO RI RYHUFRQVROLGDWLRQ R
RI WKH FULWLFDO VWDWH IULFWLRQ DQJOH FDQ EH C
ORFDOLVH )RU VWDEOH QDWXUDO FOD\V DW OHDVW
RI HYLGHQFH WR WKH FRQWUDU\ WKDW WKH QDWX
YROXPHWULF VSDFH WKH ORFDWLRQ RI WKH FULWL
OLNHO\ WR FRLQFLGH ZLWK WKH FULWLFDO VWDWH
FDVH ZKHUH 6W RU LI VLIQLILFDQW GpVWUXFWXL
EH LGHQWLILHG DV VWDEOH LW LV UHDVRQDEOH Wi
VSDFH QRUPDOLVHG ZLWK UHVSHFW WR WKH HTXLY
FRPSUHVVLRQ OLQH ZLOO FRLQFLGH ZLWK FULWLFDO



7KH UHODWLRQVKLS SURSRVHG E\ 9LJJLDQL DQG $W
PHDQ HIIHFWLYH VWUHVV DQG RYHUFRQVROLGDWLR
FOD\V 7KHUH LV HYLGHQFH WKDW WKH KLJK RYHUFI
FOD\V H[LVW LQ WKH JURXQG PD\ UHQGHU WKLV UH(
ZLWK KLJK RYHUFRQVROLGDWLRQ UDWLRV LW PD\ W
UHODWLRQVKLS GHULYHG IRU D UHFRQVWLWXWHG \
PHDVXUHPHQW RI WKH VWLIIQHVV RI WKH QDWXUDO \

SURFHVVHV XQGHUJRQH E\ WKH QDWXUDO FOD\ SRV
HISHULPHQWDOO\ 9ROXPHWULF FUHHS FDQ EH PHDV
DOWKRXJK FUHHS UDWHV IRU VWLII FOD\V DUH YHU
9ROXPHWULF FUHHS LV KRZHYHU FRQFHSWXDOO\ |
PRGHOV DQG KDV EHHQ PHDVXUHG RYHU D UHODWL
VRPH VWLII FOD\V 7KH YROXPH FKDQJH DVVRFLDWH (
GUDPDWLF DV IRU VRIW FOD\V EXW GRHV KDYH VRF
UHVSRQVH 7KLV HIIHFW PD\ QRW VROHO\ EH OLQNt}
UDWLR

$QLVRWURS\ FDXVHG E\ ERWK GHSRVLWLRQDO DQG
LPSRUWDQW IHDWXUH RI WKH EHKDYLRXU RI QDWXUL
FDQ EH LGHQWLILHG IURP WKH OLWHUDWXUH VWUX
DQG UHFHQW VWUHVV KLVWRU\ $00 WKUHH FDQ EH
WKHLU HIITHFWV PHDVXUHG $ NQRZOHGJH RI WKH UH
RI DQLVRWURS\ WR D JLYHQ FOD\ LV OLNHO\ WR EH
WKH VXEVHTXHQW VWUHVYVY VWUDLQ UHVSRQVH
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7KH OLWHUDWXUH UHYLHZ LQ &KDSWHU KLIKOLJKW
FOD\V ZKHUH DGGLWLRQDO FDUH LV QHHGHG ZKHQ D:
RQ UHFRQVWLWXWHG FOD\V 7KH NH\ DUHDV ZKLFK Z
ZHUH LGHQWLILHG DV

LL

LLL

LY

,Q YROXPHWULF VSDFH WKH QRUPDO FRPSUHVV|
DW D KLIJIKHU VSHFLILF YROXPH WKDQ WKH QRUPL
VDPSOH RI WKH VDPH FOD\ 7KH VWUXFWXUH FDX
WR D FRPELQDWLRQ RI IDEULF DQG ERQGLQJ OL\
SRVLWLRQ RI WKH QDWXUDO QRUPDO FRPSUHVVI
FRPSUHVVLRQ OLQH IRU WKH UHFRQVWLWXWHG
S\QS H DIWHU &RWHFFKLD DQG &KDQGOHU
DOORZ IRU WKH HIIHFWV RI QDWXUDO VWUXFWXU
PRVW LI QRW DOO RI WKH HIIHFW RI VWUXFWXU
VSDFH

1DWXUDO FOD\ VWUXFWXUH FDQ EH HUDVHG E\
FRPSUHVVLRQ SDUWLFXODUO\ ZKHUH WKH VWU X
ERQGLQJ 'pVWUXFWXUDWLRQ LQ VWLII FOD\V LV
WKH VWUHVVHYVY UHTXLUHG DUH PXFK KLJKHU )R
IDU IURP IDLOXUH GpVWUXFWXUDWLRQ LV XQOLN

7KH VWLIIQHVYV UHODWLRQVKLS SURSRVHG E\ ¢
QDWXUDO FOD\V DV ORQJ DV WKH GLIIHUHQFH
FRPSUHVVLRQ OLQH LV DFFRXQWHG IRU &DUH
RYHUFRQVROLGDWLRQ UDWLRV DV WKH ILW FDQ

1DWXUDO FOD\V H[KLELW VLJQLILFDQW DQLVR
HLWKHU VWUXFWXUDO VWUHVV LQGXFHG RU UF



DQLWWRW LV OHVV LPSRUWDQW IRU UHFRQVWLWXYV
ODERUDWRU\ DV VKRZQ E\ -RYLFLF

Y :KHQ PRGHOOLQJ QDWXUDO GHSRVLWV LW PD
SURFHVVHV GXULQJ WKHLU IRUPDWLRQ ZKLFK PC
FUHHS

7KH ILUVW VHFWLRQ RI WKLV FKDSWHU RXWOLQHV W
IURP WHVWV RQ UHFRQVWLWXWHG FOD\V 7KH PDMI
IROORZLQJ FKDSWHUV LV FDUULHG RXW XVLQJ WKH
PRGHO XVHV NLQHPDWLE VXUIDFHV WR SUHGLFW WK
WHVWYV E\ 5LEKDUGVRQ DQG 6WDOOHEUDVV

WR SUHGLFW VWUHVV LQGXFHG DQLVRWURS\ LI VWL
PRGHOOHG LQ RUGHU WR JHQHUDWH WKH FRUUHFW
UHODWLRQVKLS SURSRVHG E\ 9LJJLDQL DQG $WNLQV
LQWR WKH IRUPXODWLRQ RI WKH PRGHO ZKLFK KDV
&UL63 ILQLWH HOHPHQW SURJUDP %ULWWR DQG *XQ
E\ 6WDOOHEUDVYV 7KH PRGHO ZDV YDOLGDWHG
KDV EHHQ XVHG WR PRGHO D VHULHV RI FHQWULIXJH
DQG 7D\ORU *UDQW HW DK *UDQW HW DK
SUHGLFWLRQV RI WKH GLVWULEXWLRQ RI PRYHPHQW
PRGHOV 7KH PRGHO LV GHVFULEHG LQ PRUH GHWDLC

$OVR GHVFULEHG EHORZ LV WKH %ULFN PRGHO ©6LP
PRGHO WKH VDPH REVHUYDWLRQV DV WKH 6.+ PRG
VLPXODWH WKH HIIHFW Rl UHFHQW VWUHVV KLVWRU
LQGXFHG DQLVRWURS\ DQG FDOFXODWHV * PD[ EDVH
RI WKH VRLO EXW QRW XVLQJ WKH HTXDWLRQ JLYH!
%ULFN PRGHO LV XVHG IRU FRPSDULVRQ IRU VRPH R
7TKHVH PRGHOV UHSUHVHQW WZR RI WKH PRVW WKRI
WKH DGYDQFHV LQ XQGHUVWDQGLQJ RI WKH VWUHYV
PDGH LQ WKH SDVW IHZ \HDUV



7/KH VHFRQG VHFWLRQ RI WKLV FKDSWHU KLJKOLJK\
OLWHUDWXUH WR PRGHO VRLO EHKDYLRXU VSHFLIL!
PRGHO QDWXUDO VWUXFWXUH DQLVRWURS\ DQG DJ
LOQFRUSRUDWLQJ VRPH DVSHFWV RI WKHVH LQWR WK
LV QRW WKH LQWHQWLRQ RI WKLV ZRUN WR SURG)
PRGLILHG PRGHO EXW UDWKHU WR LPSURYH WKH P
WR VWLII QDWXUDO FOD\V )RU WKLV ZRUN D VLPSO
KLIKOLJKW DUHDV ZKHUH LW LV SRVVLEOH WR PD
SUHGLFWLRQV ZLWK WKLV PRGHO

02'(/6 )25 67,)) &/$<6

7KH 6.+ PRGHO

7TKH 7KUHH 6XUIDFH .LQHPDWLF +DUGHQLQJ PRGHO

WKH VWDQGDUG ORGLILHG &DP FOD\ PRGHO WKDW L
WKH VWDWH ERXQGDU\ VXUIDFH WR DFFRXQW IRU WE
FOD\V REVHUYHG LQ ODERUDWRU\ WHVWYV 7KH 6.+
DV HODVWR SODVWLF GHIRUPDWLRQV FRQWUROOHG
VKRZV WKH WKUHH VXUIDFHV SORWWHG LQ S T VSDI
WR DV WKH \LHOG VXUIDFH GHILQHV WKH UHJLRQ RI
WR H[LVW IRU YHU\ VPDOO VWUDLQV 7KH ERXQGDU\
HODVWR SODVWLF EHKDYLRXU $V ORDGLQJ FRQWLQ
WRZDUGV WKH KLVWRU\ VXUIDFH ZKLFK GHILQHV W
KLVWRU\ 3ODVWLF GHIRUPDWLRQV GHSHQGDQW SX
VXUIDFH LV UHDFKHG LQ WKH VDPH ZD\ DV RWKHU

UXOH ZKLFK FRQWUROV WKH PRYHPHQW RI WKH VXU
FDXVLQJ WKH FHQWUHYV RI WKH VXUIDFHV WR PRYH
FRQMXJDWH SRLQWYV VHH )LIJXUH

,Q LWV RULJLQEDO IRUP WKH PRGHO LV GHILQHG E\
ZKLFK DUH WKH VWDQGDUG ORGLILHG &DP FOD\ SDLUL
REWDLQHG IURP WKH UHVXOWY RI UHODWLYHO\ VLP:¢



ZKLFK LQFRUSRUDWHY WKH 9LJIJLDQL DQG $WNLQVR
FRHIILFLHQWY XVHG LQ WKLV HTXDWLRQ WR EH GHIL

7KH WKUHH VXUIDFHVY DUH GHILQHG PDWKHPDWLFDO

7KH \LHOG VXUIDFH LV JLYHQ E\

KHUH S E DQG TE DUH WKH FRRUGLQDWHYV RI WKH |
EHWZHHQ WKH UDGLL RI WKH KLVWRU\ DQG ERXQGL
UDGLL RI WKH KLVWRU\ DQG \LHOG VXUIDFHV

7KH KLVWRU\ VXUIDFH LV JLYHQ E\

'KHUH S D DQG TD DUH WKH FR RUGLQDWHYV RI WKH F

7TKH ERXQGLQJ VXUIDFH LV GHILQHG E\ WKH VWDQGD

7KH QRUPDO FRPSUHVVLRQ OLQH LV GHILQHG LQ
%XWWHUILHOG ZLWK D7 KR QVMWRBGIWR V MRGHH pHIO [
ZKLFK FRUUHVSRQGVY WR WKH LQLWLDO VORSH RI W
GHIRUPDWLRQ LV HODVWLF )LJXUH $V LQ ORGL]
GHILQHG LQ S T VSDFH DV T 0S ZKHUH 0 LV WKH

$Q H[WHQVLRQ RI WKH ORGLILHG &DP FOD\ KDUGH
FRQWUDFWLRQ RI DOO WKUHH VXUIDFHV WR FKDQJF
VWLIIQHVYV IRU GLIITHUHQW VWUHVV SDWKV PDGH XV
WKH FKDQJH LQ VWUHVV SDWK EHFRPHVY PRUH DEU)
SDWK LQFUHDVHY ZLWK D FRPSOHWH UHYHUVDO JL



PRBO DOVR SUHGLFWV D YDULDWLRQ LQ VKHDU DQ
FRPSUHVVLRQ ZKLFK OHDGV WR D SDWWHUQ RI V!
REVHUYHG UHFHQW VWUHVYV KLVWRULHV )RU XQGUD
WKH DQLVRWURSLF VKDSH RI WKH HIIHFWLYH VWUH)
FKDUDFWHULVWLFV RI WKH EHKDYLRXU VHHQ LQ VW
DQG 6WDOOHEUDVYV 7KH PRGHO FDQ SUHGLFV
DQLVRWURS\ FUHDWHG E\ WKH IRUPXODWLRQ RI D G
E\ IXUWKHU VWUHVV FKDQJHV

7TKH %ULFN ORGHO

,Q KLV 5DQNLQH OHFWXUH 6LPSVRQ SUHVHQWH
SEULFNV RQ VWULQJV" 7KH PRGHO zZDV EDVHG DURX(
UHODWLRQVKLS EHWZHHQ VWLIIQHVY DQG ORJ VWUD

7KH PRGHO ZDV LQVSLUHG E\ D VHULHV RI VWUHVV S

WR LQYHVWLJDWH WKH HIIHFWV Rl UHFHQW \
VSHFELPHQV WR SRLQW $ LQ )LIXUH D DQG WKHQ
VDPSOH ZDV ORDGHG DORQJ WKH FRQVWDQW S SD!
VWDUWLQJ SRLQW 2 DORQJ GLIIHUHQW SDWKV $2;
UHVXOWV VKRZHG WKDW WKH PRUH DEUXSW WKH FK
WKH VWLIIQHVV ZLWK VWLIIQHVV KLJKHVW DIWHU D

E

6WDOOHEUDVYV GHPRQVWUDWHG IURP VLPLODU
DQ DEUXSW FKDQJH LQ VWUHVV SDWK WKH VRLO JF
VDPH GLUHFWLRQ WKDW LW KDG GXULQJ WKH SUHY
SORWWLQJ VWUDLQ YHFWRUV DV VHHQ LQ )LJXUH

$IWHU VWXG\LQJ WKHVH WHVWYV 6LPSVRQ SURS
SXOO0OLQJ D VHULHYV RI EULFNV LQVLGH D URRP WR PI
DQG WKH EULFNV DUH VKRZQ LQ )LJXUH QHIRWI

JLIXUH D WKH EULFNV FDQ EH VHHQ OLQHG XS EH



FROQWRIXY GLUHFWLRQ )LJXUH E UHSUHVHQWYVY D |
LQLWLDOO\ EHKDYHV HODVWLFDOO\ DV WKH VWULQ
VRPH RI WKH VWULQJV DUH WLJKW DQG RWKHUV \
EHKDYLRXU ZKHQ DOO vwULQJY DUH WLJKW DV LQ
EULFNV LQLWLDOO\ FRQWLQXH LQ WKH VDPH GLUHF\

6LPSVRQ XVHG WKH URRP WR UHSUHVHQW VWUDLQ
ZLWKLQ WKDW VSDFH 7KH EULFN DQDORJXH UHSU
IDVKLRQ DV VKRZQ LQ )LJXUH 7TKH OHQJWK RI HI
OHQJWK RI HDFK VWULQJ DQG WKH KHLJKW RI WKH
E\ WKH EULFNV 7KH DUHD XQGHU WKH FXUYH LV HT
WKH V VKDSHG FXUYH PHHWYV WKH VWUDLQ D[LV

6LPSVRQ IRUPXODWHG WKH PRGHO LQ SODQH VWUD
DV D[HV ZKHUH

\ H[ H\ 9\

2

7R UHSUHVHQW UHVXOWY LQ VWUHVYVY VSDFH WKH VW
PRUH IDPLOLDU S DQG T ZKHUH

V. R [ &M\
W D [D\

$ FRPSOHWH PRGHO zZDV GHYHORSHG XVLQJ VRPH R
PRGHO WRJIJHWKHU ZLWK WKH EULFN FRQFHSW

7KH PRVW UHFHQW YHUVLRQ RI WKH %ULFN PRGHO
VHULHVY RI GDWD UHSUHVHQWLQJ WKH V VKDSHG
VWUDLJKWIRUZDUG WR GHULYH DQG KDYH EHHQ RE
FOD\ 6LPSVRQ DQG 6SHVZKLWH NDROLQ ,QJUD
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7KLY VHFWLRQ UHYLHZV PRGHOV GHVFULEHG LQ WK
PRGHO DVSHFWV RI EHKDYLRXU DVVRFLDWHG ZLWK
DUH HIWHQVLRQV WR FULWLFDO VWDWH PRGHOV IRU
RI VRLO EHKDYLRXU ORGHOV VLPXODWLQJ WKH WKL
LOQYHVWLIDWHG WKDW LV QDWXUDO VWUXFWXUH D
LGHQWLI\ PHWKRGV WKDW PD\ EH XVHG WR LQFRUSR
PRGHO LQ D VLPSOH PDQQHU

ORGHOOLQJ QDWXUDO VRLO VWUXFWXUH

,Q &KDSWHU UHFHQW ZRUN RQ WKH EHKDYLRXU RI ¢
%XUODQG DQG /HURXHLO DQG 9DXJKDQ V
HIITHFW RlI QDWXUDO VWUXFWXUH VKRXOG EH FRQVLG
H[DPLQHV UHFHQWO\ SURSRVHG PRGHOV GHVLJQHG '
7KH PDMRULW\ Rl ZRUN LQ WKLV DUHD KDV FHQWUH
HIITHFW RI D GHFD\ Rl VWUXFWXUH PRGHOOLQJ IRU H
ERQGY GXH WR ORDGLQJ :KLOVW VHYHUDO DXWKRU
DQG 5DPSHOOR KDYH UHSRUWHG HOHPHQW WH'
VWUXFWXUH LQ VKHDU DQG FRPSUHVVLRQ WHVWV R
RFFXU IRU DOO VWLII FOD\V 7KLV LV LQ FRQWUDVW

VWUXFWXUH LV OLNHO\ WR EH DQ LPSRUWDQW IDFW
HQJLQHHULQJ SUREOHP DQG WKH XVH RI D GpVWU
SUHGLFWLQJ WKH FRUUHFW PHFKDQLVPV $GGLWLRQ
LV PRUH VLJQLILFDQW DQG FDQ HDVLO\ EH LGHQWLI
LW VKRXOG EH HDVLHU IRU WKHVH PRGHOV WR EH

PRYHPHQWY DUH VPDOOHU DQG ZKHUH FOD\V RIWHQ
RI D PRUH FRQYHQWLRQDO FULWLFDO VWDWH W\SH |
RI PRGHOV EHORZ LV QRW LQWHQGHG WR EH H[KDX
LQFRUSRUDWLQJ QDWXUDO VRLO VWUXFWXUH LQWR
PHWKRGV XVHG LQ WKLV GLVVHUWDWLRQ DQG RXWO



6HYHUDO DXWKRUV KDYH SURGXFHG PRGHOV UHSOLF
VWUXFWXUH *HQV DQG 1RYD HIWHQGHG WKH |
UHSUHVHQW WKH GHJUDGDWLRQ RI VWUXFWXUDO E!
ZLWK HODVWLF EHKDYLRXU ZLWKLQ 7KH HIIHFW R E
ERXQGLQJ VXUIDFH HQODUJHV GXH WR D SDUWLFX
XQERQGHG PDWHULDO 7KLV LQFUHDVH LQ WKH VL]H
YROXPHWULF VSDFH LQ )LJXUH E\ GLITHUHQW LVR

VKRZV WKH XQERQGHG ERXQGLQJ VXUIDFH GHQTF
ODUJHU GHJUHHV RI ERQGLQJ 7KH VXUIDFHV DUH F
SUHVVXUH LQFUHDVHVY DQG WKH LQWHUFHSW RI1 WK
EHFRPHY FRKHVLYH W ZDV DVVXPHG WKDW WKH F¥
ZRXOG EH FRQWUROOHG E\ ERWK FRQYHQWLRQDO ¢
'HJUDGDWLRQ ZDV DVVXPHG WR EH UHODWHG WR D
SODVWLF VWUDLQLQJ VXFK WKDW WKH ERQGHG PDYV
JLIXUH 7KH PRGHO ZDV XVHG WR VLPXODWH DQ

SUHGLFWLQJ QDWXUDO VWUXFWXUH FRQYHUJL
FRPSUHVVLRQ SUHGLFWLRQV RI VKHDULQJ )LIXU
H[ISHULPHQWDO UHVXOWYV IRU D VRIW OLPHVWRQH ZK

$ VLPLODU DSSURDFK ZDV XVHG E\ &€KD]DOORQ DQG
VRLO PLFURVWUXFWXUH )RUFHV DSSOLHG WR D PD)
IULFWLRQDO IRUFHV EHWZHHQ JUDLQV DQG WKH VW
ZDV VLPXODWHG XVLQJ DQ HODVWR SODVWLF PRGHC
GDPDJH WR WKH LQWHUSDUWLFOH ERQGV 7KH PRGF
EDVHG RQ D FRPSDUDEOH PHWKRG ZLWK VHSDUDWH
FRPSRQHQWY 7KH VWDQGDUG EHKDYLRXU ZDV PRGH
\LHOG VXUIDFH IRU ERQGLQJ EHLQJ GHILQHG E\ DQRYV

$ PHWKRG RI LQFRUSRUDWLQJ QDWXUDO VWUXFWXUH
RI D pWWUXFWXUH VXUIDFHY ZzDV SUHVHQWHG E\ 5RX
ZDV DQ H[WHQVLRQ WR WKH p»%»XEEOHY PRGHO GHY

IRU UHFRQVWLWXWHG VRLOV 7KH PRGHO LQFRL
LQ WKH VWDQGDUG peEXEEOHY PRGHO D VWUXFWXU'L
VXUIDFH IRU WKH UHFRQVWLWXWHG VRLO ZKLFK LV
VKRZV WKH WKUHH VXUIDFHV LQ VWUHVYV VSDFH ZLWt



UHO® W\ D VEDODU YDULDEOH U 7KH YDULDEOH U U
ZKLFK DEFFRXQWV IRU WKH GDPDJH FDXVHG WR Wk
YROXPHWULF VWUDLQLQJ $Q DGGLWLRQDO SDUDPHYV
DQG YROXPHWULF VWUDLQV RQ WKH QDWXUDO VWUX
LQQHU NLQHPDWLF VXUIDFH LV UHODWHG WR WKH Ut
ORGHO SUHGLFWLRQV IRU RQH GLPHQVLRQDO FRPSU
WKH FRPSUHVVLRQ FXUYHV ZKHUH QDWXUDO VWUXF\
WKH UHFRQVWLWXWHG FRPSUHVVLRQ FXUYH UR O
FRQWLQXHY 3UHGLEFWLRQV RI WKH XQGUDLQHG VKHLE
DUH VLJQLILFDQWO\ LPSURYHG FRPSDUHG WR SUHGL
,Q SDUWLEXODU WKH PRGHO SUHGLFWV WKH VWUD
ZKLFK LV QRW SUHGLFWHG E\ WKH VWDQGDUG HEX
UHSRUWHG IRU VWLII FOD\V

$ GHVWUXFWXULQJ PRGHO ZDV DOVR GHYHORSHG E\
WR PRGHO ODERUDWRU\ WHVWV RQ QDWXUDO VDPS
VLPLODU WR WKH MEXEEOHY PRGHO SURSRVHG E\ 5R
KDV DQ LQQHU \LHOG VXUIDFH HQYHORSHG E\ DQ F
VXUIDFH FDOOHG WKH ERQG VWUHQJWK HQYHORSH

WKH LQWHUQDO SODVWLF \LHOG HQYHORSH 3<( 7}
QDWXUDO VWUXFWXUH RI WKH FOD\ DQG LWV VL]H
OLQH RI WKH FOD\ 'HJUDGDWLRQ RI QDWXUDO VWU}>
VKHDU FRPSRQHQWYV RI SODVWLF VWUDLQ FRQWU]
'DVWUXFWXUDWLRQ GXULQJ RQH GLPHQVLRQDO FRP
HYDOXDWLRQ RI WKH PRGHO DJDLQVW WHVWV FDU
9DOOHULFFD FOD\ ZKLFK GHPRQVWUDWHG D GHJUD(C
VKHDU DQG YROXPHWULF FRPSUHVVLRQ ZDV FDUULH
ODERUDWRU\ GDWD SORWWHG DJDLQVW SUHGLFWHC
SUHGLFWHG GDWD UHSOLFDWHV WKH VWUDLQ VRIV
XQGUDLQHG WHVWVY DQG WKH RYHUDOO SUHGLFWLR
DQG XQGUDLQHG DQLVRWURSLFDOO\ QRUPDOO\ FRQ\
ERWK PRGHO SUHGLFWLRQV DQG ODERUDWRU\ GDW
VWUDLQ VRIWHQLQJ DVVRFLDWHG ZLWK WKH GHJUDG
IHDWXUH Rl WKHVH PRGHOV LV DQ LQFUHDVHG VL]H
VXUIDFH ,Q VRPH FDVHV WKHUH LV D FRKHVLRQ LQW



1RQRIl WKH PRGHOV IRU GpVWUXFWXUDWLRQ GLVFXV
PRGHO ERXQGDU\ YDOXH SUREOHPV )RU PXOWL VXU
SRVLWLRQ RI WKH VXUIDFHV SULRU WR D JHRWHFK
GHSRVLWLRQ ,Q FRQYHQWLRQDO DQDO\VHV WKH S
GHILQLWLRQ RI DQ LQLWLDO VWDWH LV RIWHQ FDOF
RYHUEXUGHQ HJ 3RZULH DQG /L 6LPSVRQ
SUHFRQVROLGDWLRQ SUHVVXUH GHILQLQJ WKH VWD\
SXUHO\ UHODWHG WR RYHUEXUGHQ EXW WR WKH DF
KDYH FKDQJHG WKH VL]H RI WKH VWDWH ERXQGDU\
QRUPDO FRPSUHVVLRQ OLQH )RU VWLII FOD\V ZKHU
WKDQ IRU VRIW FOD\V LW ZDV GHFLGHG WR FRQFH:
GHSRVLWLRQDO VWUXFWXUH UDWKHU WKDQ LWYV
WKHUHIRUH FRQFHQWUDWH RQ WKH DSSOLFDWLRQ F
VWUXFWXUH %XUODQG &RWHFFKLD &RWHFF
VWLII FOD\V ZKHUH WKH DGGLWLRQDO VWUXFWXUH F
E\ IDEULF RQO\ ,Q RWKHU ZRUGV LI LW LV DVVXPHG
LV SDUDOOHO WR WKH UHFRQVWLWXWHG QRUPDO F
WRZDUGV LW

ORGHOOLQJ $QLVRWURS\

7KHUH DUH VHYHUDO PHWKRGV WKDW KDYH EHHQ XV
DQLVRWURS\ RI FOD\V XVLQJ D FULWLFDO VWDWH PF
FDQ EH URXJKO\ GLYLGHG LQWR WZR PDLQ W\SHV U
VXUIDFH PRGHOV DQG PRGHOV LQFRUSRUDWLQJ DQL

5SRWDWLRQDO KDUGHQLQJ PRGHOV DOORZ WKH ERX!
FXUUHQW DQLVRWURSLF VWUHVV VWDWH :KHUHDV
VLPLODU SKHQRPHQD E\ WUDQVODWLQJ WKH RULJLQ
SUHVHQWHG D WZR VXUIDFH NLQHPDWLF KDUGHQL
ERXQGDU\ VXUIDFH ZKLFK FDQ EH VHHQ LQ )LJXUH

SRVLWLRQ RI WKH ERXQGDU\ VXUIDFH UHSUHVHQWHG
GHSRVLWLRQ $QDO\VHV XVLQJ ERWK WUDQVODWHG |



DQG FRPSDUHG ZLWK LQ VLWX .R PHDVXUHPHQW
WUDQVODWHG VXUIDFH &RQYHQWLRQDO ORGLILHG &
PHDVXUHG LQ WKH ODERUDWRU\ 'DYLHV DQG 1HZV]
URWDWHG \LHOG ORFXV RULHQWDWHG DERXW WKH .|
UHTXLUHG RQO\ RQH H[WUD SDUDPHWHU WKH JUDGL
KDV D VHSDUDWH SODVWLF SRWHQWLDO VXFK WKD
KDUGHQLQJ ODZ 7KH URWDWLRQDO KDUGHQLQJ OD?Z
VXUIDFH IRU LQFUHDVHV LQ GHYLDWRULFE VWUHVV :
GHYLDWRULF VWUHVV 6LPLODU DSSURDFKHV ZHUH
JLIXUH DQG :KLWWOH JLIXUH

7TUDQVODWHG ERXQGDU\ VXUIDFHV ZHUH SURSRVHG
WKHLU GpVWUXFWXUDWLRQ PRGHO )LJXUH VKRZ\
WKH ERXQGDU\ VXUIDFH ERQG VWUHQJWK HQYHORS
IURP DQ LVRWURSLF VWDWH 5RXDLQLD DQG O0OXLU

VLPXODWH VWUXFWXUDO DQLVRWURS\ )LJXUH I R
FOHDU IURP HLWKHU SDSHU KRZ WKH LQLWLDO SRVL
RU KRZ VWUXFWXUDO DQLVRWURS\ GHYHORSV GHFD\\

$ SUREOHP ZLWK WKHVH W\SHV RI IRUPXODWLRQ LV
GHSHQGHQW RQ WKH SDWK WDNHQ WR UHDFK LW 7K
LV D IXQGDPHQWDO FRQFHSW RI FULWLFDO VWDWH
LOQGHSHQGHQW RI WKH VWUHVV SDWK WDNHQ WR ID
WKLV LVVXH E\ IRUPXODWLQJ D URWDWLQJ \LHOG V
URWDWH VR WKDW WKH RULHQWDWLRQ RI WKH \LHO
LQLWLDO DQLVRWURS\ DQG WKH VWUHVV SDWK WDNF

ORVW FULWLFDO VWDWH PRGHOV LQFRUSRUDWH D UF
WKH LQFOXVLRQ RI DQLVRWURSLF HODVWLF SDUDPH
PRGHO LV DQ REYLRXV DSSURDFK WR PRGHOOLQJ D
GHVFULEHG D VLPSOLILHG IRUP RI HODVWLF FURVYV
RI FOD\ ODEHOOHG ZLWK WKH WKUHH FKDUDFWHULV
VWLIIQHVV LV DVVXPHG HTXDO LQ ERWK KRUL]JRQW
SDUDPCHWKHWFK LV D PHDVXUH RI WKH UDWLR RI KRUL]



D * KK * YK

-RYLFLF GHYHORSHG D YHUVLRQ RI WKH 6.+ PR
YDOXHV RI * PD[ 7KH DQLVRWURS\ LV PRGHOOHG E\ W
GHILQHG E\ *UDKDP DQG +RXOVE\ )LIXUH ‘

FDOFXODWHG E\ WKH 6.+ PRGHO IRU ERWK DQLVR
DQLVRWURS\ KDV D VPDOO HIIHFW RQ WKH GLUHFWLF
WKH DXWKRU DWWULEXWHG WKLV WR WKH HIIHFW R
VWUHVV SRLQW WR KDYH DOUHDG\ WUDYHUVHG WKH
HODVWLF DQLVRWURS\ 7KH PRGHO KDV \HW WR EH
DQLVRWURS\ LV NQRZQ WR GRPLQDWH WKH VWUHVV

$QLVRWURSLF HODVWLFLW\ ZDV DSSOLHG WR WKH P
SLHUSRLQW 7TKH PRGHO LQFRUSRUDWHG QRQ C
IURP VWUHVV SDWK WHVWYV ZKLFK YDULHG LQ FRPSL
ZHUH PRGHOOHG E\ UHVHWWLQJ WKH VWLIIQHVV EH
UHFHQW VWUHVV KLVWRU\ HITHFW ORGHO SUHGLFWL
2[IRUG FOD\ ZHUH QRWLFHDEO\ LPSURYHG E\ WKH PR
LVRWURSLF SUHGLFWLRQV XVLQJ WKLV PRGHO $G(
DSSURDFK WR PRGHO JURXQG PRYHPHQWY DURXQG \
7KH HODVWLF DQLVRWURS\ ZDV QRW IRXQG WR VL.
FRQVLVWHQW ZLWK PHDVXUHPHQWY IRU /RQGRQ FOD

%RWK URWDWLRQDO KDUGHQLQJ DQG WUDQVODWLQJ
DSSURDFKHY WR PRGHOOLQJ WKH VWUXFWXUDO DQI
RUGHU WR HYDOXDWH WKH DELOLW\ RI D PRGHO W]
IRUPHG GXULQJ GHSRVLWLRQ RI D FOD\ WKH EHKD)Y
VKHDUHG DW DQ LVRWURSLF VWDWH IROORZLQJ DQI
%RWK D WUDQVODWHG DQG D URWDWHG VWDWH ERX
DQLVRWURSLF VWUHVV VWUDLQ UHVSRQVH GXH WR W
LQ UHODWLRQ WR DQ DQLVRWURSLF ERXQGDU\ VXU
DQLVRWURS\ ZKLFK LV D PHDVXUDEOH IHDWXUH RI
H[SOLFLWO\ DOORZHG IRU LQ WKH GHILQLWLRQ RI H



LQBBRBRUDWLQJ DQLVRWURS\ LQ WKLV ZD\ PD\ DOVR
KRZHYHU :KHHOHU SUHVHQWHG D PHWKRG WR
ZKHUH VWLIIQHVV LV DQLVRWURSLF LQ WKH HODVWLI
VWDWH GHILQHG RQ DQ LVRWURSLF ERXQGDU\ VXUI
FULWLFDO VWDWH 7KH DQLVRWURS\ RI VKHDU VWLI|
DQG 3LHUSRLQW LV LQFOXGHG LQ WKHVH |
SUHGLFW VKHDU VWLIIQHVYVY DQLVRWURS\ DW DQ L
FKDUDFWHULVHG VROHO\ E\ VWUXFWXUDO DQLVRWUF
REVHUYHG LQ VWLII FOD\V DUH QRW SUHGLFWHG E\
KLVWRU\ HITHFWV DQG WKH DQLVRWURS\ RI * PD[ ZL
VXUIDFH DV QR FRPSDULVRQV KDYH EHHQ FDUULHG R

7KH WUXH DQLVRWURSLF UHVSRQVH RI D FOD\ LV OL
WKUHH PDLQ IRUPV RI DQLVRWURS\ LGHQWLILHG LQ
WKH HIIHFWV RI HDFK W\SH Rl DQLVRWURS\ VR D PR
LV OLNHO\ WR EH PRUH IOH[LEOH 7KH EHKDYLRXU
GLIIHUHQW GHSHQGHQFLHVY RQ WKH YDULRXV PRGHYV
UHVSRQVH LQ GLIIHUHQW ZD\V 7KH H[WHQGHG YHUYV
-RYLFLF ZLOO WKHUHIRUH EH XVHG WR UHSUHYVI
WKH VWDQGDUG YHUVLRQ DOUHDG\ DEFRXQWLQJ IR
DQLVRWURS\ WR VRPH GHJUHH &RPSDULVRQV PDGH
KDYH EHHQ IRU FOD\V ZKHUH UHFHQW VWUHVV KLVW
GRPLQDWH WKH VXEVHTXHQW VWUHVV VWUDLQ UHV
SUHGLFW EHKDYLRXU RI D FOD\ ZKHUH WKH VWUXFW
UHVSRQVH

ORGHOOLQJ WLPH HIIHFWV FUHHS

7KHUH DUH WKUHH PDLQ W\SHV RI PRGHO IRU FUHI
UHODWLRQVKLSV VXFK DV LQ HTXDWLRQ HODVWL
RI' hPRYHUVWUHVVT DQG HODVWLF YLVFR SODVWLF
SRWHQWLDOV %XUJKLJQROL HW DK 7KH IROOR
WKH YDULHW\ RI PRGHOV FXUUHQWO\ DYDLODEOH



OHVUL DQG &KRL XVHG FUHHS HTXDWLRQV DOR(
RI VRLO PHFKDQLFV WR GHULYH D PRGHO RI WKH IRL
HISUHVVLRQ IRU RQH GLPHQVLRQDO FRQVROLGDWLR
YRLG UDWLR ZDV WKH VXP RI WKH SULPDU\ DQG \
IROORZLQJ %YMHUUXP J)LIXUH 7TKH HTXDWI
SURJUDP WR FDOFXODWH VHWWOHPHQWY IRU IRXQGL

%RUMD DQG .DYD]DQMLDQ GHYHORSHG D PRGH
RXWOLQHG DERYH LQ RUGHU WR GHVFULEH WKH V)
GHSHQGHQW FUHHS VWUDLQLQJ ZDV LPSOHPHQWHG 1
ERXQGLQJ VXUIDFH SODVWLFLW\ &UHHS VWUDLQLC
SRVWXODWHG E\ %MHUUXP ZKHUH VWUDLQV UF
LPPHGLDWH DQG WLPH GHSHQGHQW RU GHOD\HG VW
DVVXPHG WR EH D IXQFWLRQ RI ERWK WLPH LQGHSH
UHVXOWLQJ LQ DQ LQFUHDVH LQ RYHUFRQVROLGDWL
vwubDLQV DQG WLPH ZDV LPSOHPHQWHG QXPHULFDO
WKDW WKH DGGLWLRQDO LQIOXHQFH RI FUHHS FRXOC

<LQ DQG *UDKDP SUHVHQWHG DQRWKHU PRGHC
FRQFHSW RI HVWDEOLVKLQJ pPHTXLYDOHQW WLPHV
IRUPXODWLRQ DOORZV WKH GHYHORSPHQW RI FUHH!
VWUDLQLQJ DQG DIWHU WKH HQG RI SULPDU\ FRQVR
WR 7KH PRGHO FDQ EH XVHG WR VLPXODWH D YDULH

$Q H[DPSOH RI WKH WKLUG W\SH RI FUHHS PRGHO

ZKR RXWOLQHG DQ HODVWLF YLVFR SODVWLF P
PRGHO ZDV EDVHG RQ WKH DVVXPSWLRQ WKDW WKH
GLYLGHG LQWR D WLPH LQGHSHQGHQW SODVWLF F!

FRPSRQHQW )ROORZLQJ <LQ DQG *UDKDP W K
LHTXLYDOHQW WLPHY ZKLFK LV WKH WLPH WDNHQ WF
QRUPDOO\ FRQVROLGDWHG VWDWH )LIXUH W R

LOQFUHDVH LQ RYHUFRQVROLGDWLRQ UDWLR IRU VWI
ERXQGDU\ VXUIDFH 7KH PRGHO UHODWHYV D YLVFRX
ZKLFK FRQWUROV WKH UDWH RI FUHHS GHIRUPDMW



7H PRGHOV DYDLODEOH WR SUHGLFW GHIRUPDWLRC
WKHLU FRPSOH[LW\ IURP VLPSOH HTXDWLRQV WR Ut}
FRPSOH[ FRQVWLWXWLYH UHODWLRQVKLSVY WKDW DC
UDWH HIIHFWV +RZHYHU WKH FRPSOH[ FUHHS PRGF
VLPSOH VWUHVYV VWUDLQ PRGHOV VXFK DV ORGLILHG
WKDW LW ZDV OLNHO\ WKDW WKH ZD\ IRUZDUG ZDV
NLQHPDWLF KDUGHQLQJ PRGHOV ZLWK DQ HODVWLF
YLVFRXV SKHQRPHQD ,Q 6HFWLRQ D PHWKRG RI I
FRQVWLWXWLYH PRGHO LQFRUSRUDWLQJ NLQHPDW
EHKDYLRXU LV RXWOLQHG 7KH LQWHQWLRQ ZDV WR
HPSLULFDO UHODWLRQVKLS UHODWLQJ WLPH WR DQ
GLVVLSDWLRQ RI SRUH SUHVVXUHY LQWR D PRUH FRF

6800%$5<

RUN GHVFULEHG LQ WKLV FKDSWHU KDV IRFXVHG R
EHKDYLRXU LPSRUWDQW WR QDWXUDO VWLII FOD\V

EHHQ SUHVHQWHG GHYHORSHG IURP WHVWYV RQ UHF
RI WKH QHFHVVDU\ DVSHFWV RI EHKDYLRXU %RWK F
I[IURP HTXDWLRQV LQFRUSRUDWLQJ PHDQ HIIHFWLYH

FDSDEOH RI UHSUHVHQWLQJ UHFHQW VWUHVV KLVWEF
PRGHOV WKH 6.+ PRGHO G6WDOOHEUDVYV LV V
DQDO\WVHV WR WU\ WR LPSURYH WKH TXDOLW\ RI SUF
IRU ERXQGDU\ YDOXH SUREOHPYV

ORGHOV SUHVHQWHG LQ WKH OLWHUDWXUH IRU QD\
WKHVH DUH GHVLIQHG WR WDNH DFFRXQW RI GpVW
ERQGY /LWWOH ZRUN VHHPV WR KDYH EHHQ GRQH W
WR JHRWHFKQLFDO HYHQWY 7KH GHYHORSPHQW RI
LGHQWLILHG DV DQ DUHD IRU IXUWKHU LQYHVWLJL
FRQVHTXHQFHYVY RI YDULRXV DVVXPSWLRQV DERXW
LQYHVWLIJDWHG W ZDV GHFLGHG WR UHVWULFW PF
ZKHUH WKH QDWXUDO QRUPDO FRPSUHVVLRQ OLQH
FRPSUHVVLRQ OLQH L H PRGHOOLQJ IDEULF GRPLQL



ubWwWH WKH VLIH RI WKH NLQHPDWLF VXUIDFHV LQ D P
RU QDWXUDO VWDWH ERXQGDU\ VXUIDFH ,Q WKH PR
WKH IRUPHU DSSURDFK ZDV DGRSWHG

7KH 6.+ PRGHO FDQ DOUHDG\ PRGHO UHFHQW VYV
DQLVRWURS\ VR D VXLWDEOH PHWKRG Rl UHSUHVHQ!
IRUPXODWLRQ ZDV UHVHDUFKHG 5RWDWLRQDO DQG
DQLVRWURS\ FDQ OHDG WR D QRQ XQLTXH FULWLF
DQLVRWURS\ $ YHUVLRQ RI WKH 6.+ PRGHO ZDV
DQLVRWURSLF HODVWLFELW\ -RYLFLF 7KLV IRUIJ
DQG LVRODWHV VWUXFWXUDO DQLVRWURS\ 2QH P
VWUXFWXUDO DQLVRWURS\ EXW LW LV QRW FOHDU
SUHGLFWLRQV LI VWUXFWXUDO DQLVRWURS\ GRPLQD

$ YDULHW\ RI FUHHS PRGHOV KDYH EHHQ UHYLHZHC
LQYHVWLIDWH WKH HIIHFW RI YROXPHWULF FUHHS I
ZLWK D FRPSOH[ PRGHO IRU WKH VWUHVVY VWUDLQ EH
LQFUHDVLQJ WKH VL]H RI WKH ERXQGDU\ VXUIDFH IR
VWUHVV 7KH LQFUHDVH LQ VL]H RI WKH VXUIDFH

UHODWLRQVKLS UHODWHG WR WKH DFFXPXODWLRQ R

&KDSWHU RXWOLQHV WKH SUHFLVH PHWKRGV HPSO
LQFRUSRUDWLQJ DGGLWLRQDO IHDWXUHV RI WKH
DFFRXQWHG IRU LQ WKH EDVLF IRUPXODWLRQ DQG D«
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7KH OLWHUDWXUH UHYLHZ LQ &KDSWHU KLIKOLJKW
GHVFULSWLRQ RI WKH EHKDYLRXU RI QDWXUDO VWLI
LQ &KDSWHU ZLOO EH XVHG WR GHYHORS PHWKRG)
6.+ PRGHO WR WKHVH FOD\V 7KH PDLQ DUHDV ZKHUF}
ZLOO IRFXV DUH

D $FFRXQWLQJ IRU WKH DGGLWLRQDO QDWXUDO
ZKHQ FRPSDUHG ZLWK D UHFRQVWLWXWHG VDPSC

E $FFRXQWLQJ IRU WKH HIIHFW RI DQLVRWURS\ FIL
WKH VWUXFWXUDO DQLVRWURS\ RI WKH FOD\

F LQYHVWLIDWLQJ WKH HIIHFW RI YROXPH FKDQ.
YROXPHWULF FUHHS

&KDSWHU UHYLHZHG WKH PHWKRGV XVHG WR LQFRL
YDU\LQJ FRPSOH[LW\ 7KLV FKDSWHU GHVFULEHV W]
IRUPV RI EHKDYLRXU ZLWKLQ WKH 6.+ PRGHO 7KH P
HPSOR\HG LQ WKH 6.+ PRGHO LV DOVR DVVHVVH(
UHODWLRQVKLS SURSRVHG E\ 9LJJLDQL DQG $WNLQV
WR QDWXUDO FOD\V $QDO\VHV DUH FDUULHG RXW |
SURFHGXUHV SURSRVHG KHUH LQ RUGHU WR LQYHVW
IHDWXUHV RI VRLO EHKDYLRXU RQ WKH SUHGLFWLR
HOHPHQW WHVWYV )XUWKHU DQDO\VHVY DUH FDUULHG
FKDQJHV RQ SUHGLFWLRQV RI ERXQGDU\ YDOXH SURE

7KH PHWKRGYV ZHUH LQFRUSRUDWHG LQWR 66&5,63
FKDQJHVY WR WKH SURJUDP FRGH FDQ EH VHHQ LQ $S
WR LQFRUSRUDWH QDWXUDO VWUXFWXUH DQG FUHFE



FOFXODWHYV WKH FRQILIXUDWLRQ RI WKH NLQHPDWL
YHULILHG E\ FRPSDULVRQ ZLWK KDQG FDOFXODWLR
DQLVRWURS\ RI * PD[ DUH GHWDLOHG LQ -RYLFLF

7TKH XQGHUO\LQJ SKLORVRSK\ EHKLQG WKH PHWKRG
FKDSWHU ZDV WR GHYHORS VLPSOH PHWKRGV XVL
SDUDPHWHUYVY 7KH PHWKRGV XVHG ZHUH VLPSOH VR
DQDO\WLV RI ERXQGDU\ YDOXH SUREOHPV WR LQYHV
HYHQWY DQG QRW RQO\ ODERUDWRU\ WHVW GDWD

02'(//,1* 1$785%/ 62,/ 6758&785(

,Q RUGHU WR UHSUHVHQW WKH HIIHFW RI VWUXFWXU
LW ZDV GHFLGHG WKDW LW ZDV PRVW LPSRUWDQW \
VKRXOG EH FRUUHFW IRU WKH QDWXUDO FOD\ $0OOR
HQVXUHYV WKDW VXEVHTXHQW EHKDYLRXU LV UHODWI
LH WKH VWDWH RI WKH VRLO LV GHILQHG FRUUHFW
WKDW QRUPDOLVLQJ UHDO GDWD E\ WKH FRUUHFW V\
RI WKH HIITHFW Rl VWDEOH QDWXUDO VWUXFWXUH LV
PRGHO IRU WKH UHFRQVWLWXWHG VRLO LV FRUUHFW
KDYH WKH VDPH HIIHFW ,Q WKH 6.+ PRGHO WKH VL]
YDOXH RI S F GHILQH WKH VL]H RI WKH ERXQGDU\ VXl
ERXQGDU\ VXUIDFH DQG WKH FXUUHQW HODVWLF ZD!
NLQHPDWLF VXUIDFHV DQG KHQFH WKH YDOXH RI S
UHVSRQVH RI WKH VRLO DV ZHOO DV WKH GHJUHH R
LPSDFW DV WKH VRLO DSSURDFKHV IDLOXUH DQG WK
VWDWH SRLQW EHFRPHV LPSRUWDQW $ PHWKRG Z
ERXQGDU\ VXUIDFH RI WKH PRGHO WR EH FDOFXODWI
FRPSUHVVLRQ OLQH ZKLFK ZDV UHODWHG WR WK
UHFRQVWLWXWHG VRLO E\ WKH VHQVLWLYLW\ 6W 8V
UHODWLRQVKLS IRU WKH 6.+ PRGHO GRHV QRW DOOC
EUHDNDJH RI LQWHUSDUWLFOH ERQGV WKDW FKDUD
PDQ\ QDWXUDO VWLII FOD\V GHILQH QRUPDO FRPSUH'



IRV WKH UHFRQVWLWXWHG FOD\ ZKHUH WKH VWUXFW
6HFWLRQ 7KLV DSSURDFK LV RQO\ YDOLG IRU W
VLIQLILFDQW FROODSVH RI QDWXUDO VWUXFWXUH $
ZLOO EH IRU WKHVH W\SHV RI VWLII FOD\ RQO\ 7Kt
PHWKRG XVHG WR FDOFXODWH WKH SUHFRQVROLGDMW
ERXQGDU\ VXUIDFH IRU WKH DQDO\VLV RI ODERUDWI
VKRZV KRZ WKHVH PHWKRGV FDQ EH DGDSWHG DQG
YDOXH SUREOHPV

&DOFXODWLRQ RI 3UHFRQVROLGDWLRQ 3UHVYVXI
6 XUIDFH ORGHOOLQJ (OHPHQW 7HVWYV
JLIXUH VKRZVY D VFKHPDWLF RI WKH QRUPDO FRF

UHFRQVWLWXWHG DQG QDWXUDO VDPSOHV RI WKH VI
RI WKH QDWXUDO FOD\ FDQ EH GHILQHG E\ WKH IROO

6w S HQ 3 H

7TKH UHFRQVWLWXWHG QRUPDO FRPSUHVVLRQ OLQH L

OQY ,Q1 L&OQS

\R LW IROORZV WKDW WKH HTXDWLRQ RI WKH QDWXUL

OQY ,Q1 $ 0QS ;:OQ6W

DXWLQJ WKDW WKH OLQHYVY UHPDLQ SDUDOOHO 7KH J

oOQY OQY. .O0QsS

\R IRU WKH QRUPDO FRPSUHVVLRQ DQG VZHOOLQJ OL

OQYFQ ,Q1 $IOQSFQ $ OQ6W



Q9FQOQY. . 0QS FQ
,QYLOQYOQS L

ZKLFK UHGXFH WR JLYH

s FO HQ[S:.L YLQ ,Q &6V, Q1L

ZKHUH S FQ LV WKH SUHFRQVROLGDWLRQ SUHVVXUH
GHILQHG E\ WKH VHQVLWLYLW\ RI WKH VRLO IRU D
PHDQ HIITHFWLYH VWUHVYVY 7KLV DOORZV DQ DSSURSU
GHILQLQJ WKH FXUUHQW VWDWH ERXQGDU\ VXUIDFH
VWDWH WR EH FDOFXODWHG IURP WKH UHFRQVWLW X
RI WKH FOD\ LV NQRZQ ,W LV REYLRXV WKDW S FQ
HTXDWLRQ RI WKH QDWXUDO QRUPDO FRPSUHVVLR
NQRZOHGJH RI WKH VHQVLWLYLW\ 7KLV PHWKRG KRZ
QDWXUDO SUHFRQVROLGDWLRQ SUHVVXUH LQ WKLV
UHFRQVWLWXWHG 7KH VHQVLWLYLW\ RI WKH VRLO F
&RWHFFKLD DQG &KDQGOHU VR LW PD\ QRW ElI
FRPSUHVVLRQ WHVWV WR GHILQH WKH QDWXUDO QR
PHWKRG )RU WKH SXUSRVHV RI WKH FXUUHQW ZRU
SUHGLFWLRQV PDGH DVVXPLQJ WKDW D FOD\ H[KLELYV
DVVXPLQJ WKDW WKH EHKDYLRXU LV DQDORJRXV WR

$V QRWHG LQ &KDSWHU DOO DQDO\WVHV XVLQJ WKH
ILQLWH HOHPHQW SURJUDP &UL63 %ULWWR DQG *
H66&5,637 PRGLILHG E\ 6WDOOHEUDVYV WR LQFRL
DUH QHFHVVDU\ WR WKH FRGH WR LQFRUSRUDWH WK
WKH LQSXW WR GHILQH WKH FXUUHQW VWDWH



&DOFXODWLRQ RI 3UHFRQVROLGDWLRQ 3UHVVXI
6XUIDFH ORGHOOLQJ %RXQGDU\ 9DOXH 3UREOHF

7TKH DSSOLFDWLRQ RI WKLV DSSURDFK WR WKH DQD
VRPH FRPSOLFDWLRQV QRW SUHVHQW LQ LWV DSSOL
FRQVROLGDWLRQ VWDJHV WKDW RFFXU EHIRUH VKHL
RI WKH VRLO DQG QDWXUDO VWUXFWXUH KDV EHHQ I
WKHUHIRUH RQO\ QHFHVVDU\ WR GHILQH DQ DSSUR
VLPXODWLRQ EHIRUH PRGHOOLQJ WKH UH FRQVROLC
VWUHVYV KLVWRU\ RI WKH VDPSOH ,Q WKH ILHOG WHK
JHRORJLFDO KLVWRU\ DQG KHQFH LQIOXHQFHG E\
VWUXFWXUH WKDW LV HLWKHU GXULQJ GHSRVLWLRQ
WKDW WKH UHFHQW VWUHVV KLVWRU\ RI D JHRWHI
NLQHPDWLF VXUIDFHV FDQ DOLJQ FRUUHFWO\ ZLWK V
SUREOHP WKLV PD\ EH WKH UHFHQW GHSRVLWLRQD
FRQVLGHU ZKHQ LV WKH PRVW UHDVRQDEOH VWDJH
QDWXUDO VWUXFWXUH /LWWOH LV NQRZQ DERXW Wi
FXUUHQW VRLO PRGHOV DEOH WR SUHGLFW WKLV HY
WLPH 6RPH MXGJHPHQW LV WKHUHIRUH UHTXLUHG
VKRXOG EH DIIHFWHG E\ D FKDQJH IURP LWV UHFRQV
OLQH LQFUHDVLQJ VHQVLWLYLW\ 6W 6HYHUDO PHWI
VWUXFWXUH IRU D ERXQGDU\ YDOXH SUREOHP EHORZ
&KDSWHU

$V QRWHG DERYH WKH FRPSOH[ SURFHVVHV LQYROY
PDNH LW GLIILFXOW WR GHWHUPLQH WKH RQVHW R V
LW FDQ EH PRGHOOHG FRUUHFWO\ I ZH FRQVLGH!I
GHSRVLWHG DORQJ D QRUPDO FRPSUHVVLRQ OLQH UI
% LQ )LIXUH WKH SRLQW % LV IL[HG E\ WKH PDJ[L
FOD\ $IWHU GHSRVLWLRQ HURVLRQ RI WKH RSHQ V>
WKH OLQH % & 7KH IRUPDWLRQ RI DGGLWLRQDO VWU
GHSRVLWLRQ VXFK WKDW XQGHU UHFRPSUHVVLRQ V
FRPSUHVVLRQ OLQH WR WKH ULJKW RI WKH OLQH $ %
GHYHORSHG VWUXFWXUH GXULQJ GHSRVLWLRQ FDX



HHORSH RI WKH WZR QRUPDO FRPSUHVVLRQ OLQHYV

OLNHO\ WKDW IRU PDQ\ VWLII FOD\V D FRPELQDW
GHSRVLWLRQDO HIIHFWV FRPELQH WR IRUP WKH RY}
SRVVLEOH WR UHGXFH WKH UDQJH RI SRVVLEOH KL
HITHFWLYH VWUHVV RI WKH VDPSOH DUH NQRZQ DQC(
SUDFWLFH WKLV LV GLIILFXOW SDUWLFXODUO\ DV W
OLNHO\ WKDW D QXPEHU RI SURFHVVHV VXFK DV FUH
VWUHVYVY DUH RFFXUULQJ GXULQJ DQG SRVW GHSRVL
WKHUH DUH WKUHH VLPSOH DVVXPSWLRQV WKDW FDC
VWUXFWXUH DQG WKHVH DUH LQYHVWLJDWHG EHORZ
WKH IRUPDWLRQ RI VWUXFWXUH PXVW EH DVVXPHG I
DFWXDOO\ NQRZ ZKDW KDSSHQHG LQ WKH ILHOG

7KH ILUVW DQG PRVW REYLRXV DSSURDFK LV WKDW
WKH FOD\ )LJXUH VKRZVY UHFRQVWLWXWHG DQG (
DVVXPHG GHSRVLW LQ OQYGQS VSDFH 7KH VRLO FR
OLQH XS WR WKH YDOXH RI PHDQ HIIHFWLYH VWUHVV
WKH ILJXUH )RU WKH 6.+ PRGHO ZKLFK LV IRUPXO
VSHFLILF YROXPH GRHV QRW DSSHDU LQ WKH FRQ
ZKLFKHYHU QRUPDO FRPSUHVVLRQ OLQH WKH FOD\ I
VDPH LQ ERWK FDVHV WKH VXEVHTXHQW EHKDYLRXL
WKH VWDWH ERXQGDU\ VXUIDFHV DUH GLIIHUHQW W
JRU PRGHOV IRUPXODWHG VXFK WKDW VSHFLILF YF
HTXDWLRQVY UHSUHVHQWLQJ WKH IRUPDWLRQ RI1 '\
VWUHVYVY VWUDLQ UHVSRQVH )RU WKH SXUSRVH RI FR
VWUXFWXUH LQ WKH FOD\ DQ DQDO\VLV DVVXPLQJ WEK
FRPSUHVVLRQ OLQH ZLOO EH FDUULHG RXW )RU WK
UHSUHVHQW WKH DVVXPSWLRQ RI VWUXFWXUH IRUPL

7KH VHFRQG SRVVLELOLW\ LV WR DVVXPH WKDW WK
GLUHFWO\ DIWHU GHSRVLWLRQ DQG SULRU WR HUR\
UHSUHVHQWHG LQ WKH PRGHO E\ DQ LQFUHDVH LQ W
D JLYHQ RYHUEXUGHQ VWUHVV 7KH DSSDUHQW LQFI
FDOFXODWHG IURP WKH UDWLR RI WKH SUHYLRXV PD]|



\LHOG VWUHVV RQ WKH QDWXUDO QRUPDO FRPSUHV\
E\ VHQVLWLYLW\ &RWHFFKLD 7KLV LV GLIIHUH
VLIH RI WKH ERXQGLQJ VXUIDFH LV QRW XQLTXHO\ G
RI WKH LQQHU NLQHPDWLF VXUIDFHV LV DOVR LQFUH

7TKH WKLUG RSWLRQ IRU WKH LQFOXVLRQ RI DGGLWL
LQFUHDVH WKH VL]H RI WKH ERXQGLQJ VXUIDFH DW
VLPSOH FDVH PLIJKW FRUUHVSRQG WR WKH SHULRG C
7KH VL]H Rl WKH QHZ HQODUJHG VWDWH ERXQGD
SUHFRQVROLGDWLRQ SUHVVXUH LQFUHDVHG E\ WKH
HOHPHQW DQDO\VHV WKLV FDQ EH DFKLHYHG E\ LQ
GXULQJ D VLQJOH LQFUHPHQW LQ D VLPLODU ZD\ WI

RQO\ LQ WKLV FDVH WKH DPRXQW E\ ZKLFK WK
FRUUHVSRQGVY WR WKH VHQVLWLYLW\ 6W 7KLV DSSI
WKH NLQHPDWLF VXUIDFHV LQ WKH 6.+ PRGHO LQ F
RI' YROXPHWULF FUHHS RXWOLQHG LQ 6HFWLRQ |
DQRQG KHQFH WKH FXUUHQW VWUHVV SRLQW LV WKHQ
QDWXUDO VWUXFWXUH LQ WKLV ZD\ LV WR HQVXUH
VWUDLQ EHKDYLRXU LV HODVWLF DQG FRXOG FRQF
DQG RWKHU IRUPV RI VWUXFWXUH HIIHFWLYHO\ UHC
FKDQJHV PDGH WR WKH VXEURXWLQH 9%$575, 6WDOOF

JRU DOO WKUHH PHWKRGV LW LV QHFHVVDU\ WR FDO
IRU WKH QDWXUDO FOD\ )RU WKH ILQLWH HOHPHQW
YDOXH DQDO\WVHV GHVFULEHG LQ &KDSWHU VSHF
SDUDPHWHUV GHILQLQJ VWDWH +HQFH DQ DOWHUQD
REWDLQ WKH DSSURSULDWH YDOXH RI SUHFRQVF
SUHFRQVROLGDWLRQ SUHVVXUH IURP D YDOXH EDVH
WKH RYHUEXUGHQ WR WKH FRUUHVSRQGLQJ YDOXH

EH FDOFXODWHG E\ PRGLI\LQJ (TXDWLRQ %\ VXE
(TXDWLRQ LW LV SRVVLEOH WR REWDLQ WKH H[SU
E—® Z+' =../KE87Z -
IR



ZKHWHF LV WKH SRLQW RQ WKH LVRWURSLF DJ[LV
UHFRQVWLWXWHG VWDWH ERXQGDU\ VXUIDFH 7KLV
RI WKH FOD\ RQO\ 7KLV DOORZV WKH LQFUHDVH LQ
VWUXFWXUH WR EH HVWLPDWHG IURP NQRZOHGJH R
IURP WKH RYHUEXUGHQ 7KLV LV WKH SDUDPHWHU X
WKH VRLO

02'(//,1* 6758&785%/ $1,627523< 86,1* 7+( 6.+ 02

:KLOVW WKHUH DUH VHYHUDO PHWKRGV RI LQFRUSRL
VWDWH PRGHO DV GLVEXVVHG LQ 6HFWLRQ LW
IRUPXODWLRQ SURSRVHG E\ -RYLFLF LQFRUSRUI
* PD[ 7KLV IRUPXODWLRQ ZDV XVHG IRU VHYHUDO U*t
LQ WKLV ZD\ HOLPLQDWHV WKH SUREOHP RI QRQ XQ
IHDWXUH RI URWDWLRQDO RU WUDQVODWLRQDO KI
DOUHDG\ EHHQ LPSOHPHQWHG LQ D YHUVLRQ RI W
VWLIIQHVV LV FRQVWDQW VR PRGLILFDWLRQ WR IR
9LJJLDQL DQG $WNLQVRQ LV DOO WKDW LV QHF
ZLWK WKH FXUUHQW LVRWURSLF YHUVLRQ 7KLV PH!
WKH VWUXFWXUDO DQLVRWURS\ IURP UHFHQW VWUH
DUH DOUHDG)\ DFFRXQWHG IRU LQ WKH IRUPXODWLRC
LV D PHDVXUDEOH SKHQRPHQRQ ZKLFK FKDUDFWHUL
PHDVXUHG DW DQ LVRWURSLF VWDWH WR UHPRYH W}
WKHUHIRUH SRWHQWLDOO\ D FRQYHQLHQW SDUDPHMW
VRLO )RUPXODWLQJ WKH PRGHO LQ WKLV ZD\ DOOR
SKHQRPHQD JRYHUQLQJ DQLVRWURSLF UHVSRQVH W
GDWH WKLV PHWKRG KDV RQO\ EHHQ XVHG WR PRGH
VWUHVV KLVWRU\ HIIHEFW GRPLQDWHV WKH UHVSRQV
HIITHFW RQ WKH EHKDYLRXU RI WKHVH FOD\V DV VK
6HFWLRQ RQ 2[IRUG FOD\ GHPRQVWUDWHY WKDW
DQLVRWURS\ FDQ VLJQLILFDQWO\ HQKDQFH WKH TXD



02'(//,1* 92/80(75,& &5((3 86,1* 7+( 6.+ 02'(/

SLFKDUGVRQ HQYLVDJHG FUHHS DV 33WKH VW]
ERXQGDU\ VXUIDFH DV WKH VXUIDFH FRQWLQXHV WF
HVVHQFH KRZ FUHHS EHKDYLRXU KDV EHHQ LQFRU
REMHFWLYH ZDV WR PRGHO FUHHS UDWHYV IRU ERXQ:"
SHULRGY DVVRFLDWHG ZLWK WKH IRUPDWLRQ RI D G
WKH HIITHFW RI DOORZLQJ YROXPH FKDQJH ZLWK FRC
KDUGHQLQJ PRGHO KHQFH WKH XVH RI D FRPSOH]
HTXDWLRQ KDV EHHQ XVHG DV IROORZV

9 9,0 $W WR

ZKLFK LV RI WKH IRUP SURSRVHG E\ %RUMD DQG .C
DFFXPXODWLRQ RI SODVWLF YROXPHWULF VWUDLQV
UHTXLUHV D QHZ SDUDPHWHU Y\ WKH VHFRQGDU\ F
GHVFULSWLRQ Rl WKH VRLO PRGHO 7KH VHFR®GDU!
LQVWHDG Rl WKH PRUH FRPPRQ &D EHFDXVH LW KC
QDWXUDO VWUDLQV WKDW DUH XVHG LQ WKH IRUPXC
XVHG WR PDNH WKH HTXDWLRQ QRQ GLPHQVLRQDO

HTXDO WR RQH PLQXWH 7KLV LPSOLHV WKDW WKH

RQO\ RQ YM ZKLFK LV LQGHSHQGHQW RI WKH WLPH \
FRQVLVWHQW ZLWK WKH VLPSOLILHG DSSURDFK DC
FRQVROLGDWLRQ LV QRW PRGHOOHG LQ DQ\ RI WKH
FUHHS VWUDLQLQJ $W LV D YDULDEOH GHILQHG L
PLQXWHV 30DVWLF YROXPHWULF VWUDLQ FRPSXWH
LQFUHPHQW ZKLFK PRYHV WKH VWDWH WR D QHZ VZ
Y S SORW LQ )LIXUH E 7KLV UHTXLUHV RQO\ D |
HOHPHQW SURJUDP 66&5,63 XVHG IRU WKHVH DQDO\
ZKLOVW WKH VWUHVV VWDWH UHPDLQV FRQVWDQW
VXUIDFH ZKLFK LV D SURMHFWLRQ RI WKH VWDWH ER
WKH SUHFRQVROLGDWLRQ SMREY VKIUWH SIQAERHADW HY  1GH
WKH KDUGHQLQJ UXOH IRU WKH PRGHO ZKLFK IROOF
YROXPHWULF VWUDLQ WR BVKWHE HER)XQQ GI.MUDWXW B B



LOQOQWXYXUIDFHY DOVR LQFUHDVH LQ VL]H DERXW WK
LPSOHPHQWLQJ FUHHS LQ WKLV zZzD\ DUH WZRIROG |
WKH LQQHU \LHOG VXUIDFH WKHUHIRUH WKH LQLW
FRUUHVSRQG WR WKH HODVWLF PD[LPXP YDOXH EXV
SUHVHUYHG DOWKRXJK LQ D PRGLILHG VWDWH ©6HF
UHODWHG WR RYHUFRQVROLGDWLRQ UDWLR LQ WKF
HODVWLF LQLWLDO VKHDU VWLIIQHVYVY LV LQFUHDVH:
FUHHS LQ WKLV ZD\ LV FDUULHG RXW LQ &KDSWHU

02'(//,1** Pp(86,1* 7+( 6.+ 02'(/

7TKH DSSOLFDWLRQ RI WKH UHODWLRQVKLS SURSRVH
VSHFLILF WR QDWXUDO FOD\V DV LW FDQ DOVR EH X
FOD\V 6RPH DGGLWLRQDO FRQVLGHUDWLRQV PD\ EH
FOD\V DQG WKHVH DUH H[SORUHG EHORZ

W LV FOHDU IURP WKH OLWHUDWXUH UHYLHZHG LQ
9LJJLDQL DQG $WNLQVRQ

$Y(Sl\/?
KROGV IRU D QXPEHU RI FOD\V FHUWDLQO\ WR RYH!
JRU RYHUFRQVROLGDWLRQ UDWLRV RI JUHDWHU WKD
VWLOO YDOLG DOWKRXJK WKLV ZRXOG VHHP IURP -1
FOD\ FRQFHUQHG 1RUPDOLVHG VWLIIQHVV PHDVXUH
DUH FRLQFLGHQW IRU D QXPEHU RI FOD\V ZKHQ WK
ERXQGLQJ VXUIDFH OHDGLQJ WR WKH FRQFOXVLRQ
VWUXFWXUH H[FHSW IURP WKH HIIHFW RQ 5R 7KHUH
LW LV QRW FOHDU IURP WKH OLWHUDWXUH ZKHW
PHDVXUHPHQWY PD\ EH UHODWHG WR ODUJH VWUDI
HITHFWV 7KH UHODWLRQVKLS SURSRVHG E\ 9LJJLDQ
LPSOHPHQWHG LQWR WKH 6.+ PRGHO ZKLFK DOORZ



HDVWLF VKHDU VWLIIQHVV ZLWK FXUUHQW VWUHVV D
WKH QDWXUDO FOD\ 5R FDQ EH GHILQHG DV

5R S FQ S

ZKHUH S FQ LV WKH SUHFRQVROLGDWLRQ SUHVVXUH
S LV WKH FXUUHQW PHDQ HIIHFWLYH VWUHVV 7KH \
GHILQH WKH VWLIIQHVY UHODWLRQVKLS IRU QDWXUL
WKH FOD\ LV KHDYLO\ RYHUFRQVROLGDWHG 7KH IRO

D 8VH RI WKH SDUDPHWHUYVY GHULYHG IURP G\QDP
FOD\ 7KLV PD\ EH HVSHFLDOO\ XVHIXO IRU FOD\
UHDFK WKH QRUPDO FRPSUHVVLRQ OLQH LQ WK
RYHUFRQVROLGDWLRQ UDWLR 5R GLIILFXOW

E (VWLPDWLQJ WKH FRHIILFLHQWY IURP WKH FKD!

ZKLFK OLQN $ Q DQG P WR SODVWLFLW\ LQ

IRU FOD\V ZKHUH LQVXIILELHQW RU QR G\QDPLF

PDGH &DUH VKRXOG EH WDNHQ ZKHQ IROORZI

YDOLGDWLRQ DJDLQVW VWDWLF ODERUDWRU\ PH
G\QDPLF GDWD PXVW EH FRQVLGHUHG

$ FRPSDULVRQ EHWZHHQ FRHIILFLHQWY HVWLPDWHC
FRHIILFLHQWY HVWLPDWHG IURP WKH SODVWLFLW\ F
ZKLFK VKRZV WKDW YDOXHV FRPSXWHG IRU * PD[ FDC
WZR PHWKRGYV

,W LY DOVR WKHRUHWLFDOO\ SRVVLEOH WR XVH WKH

WR HVWLPDWH 5R IRU D QDWXUDO VDPSOH JLY|
*PD[ 7KLV WHFKQLTXH FRXOG SRWHQWLDOO\ EH XV
QDWXUDO QRUPDO FRPSUHVVLRQ OLQH IRU D FOD\ z
GDWD DUH DYDLODEOH *LYHQ D PHDVXUHPHQW RI| *
UHODWLRQVKLS JLYHQ LQ HTXDWLRQ ZLWK FRHIIL
VDPSOHV RI WKH VDPH VRLO LW LTV 8WKRIRW KD WHOO \ |



RRWKH FRHIILFLHQW P DUH UHODWLYHO\ ORZ VXFK W

RQ RYHUFRQVROLGDWLRQ UDWLR &RQVHTXHQWO\

SUHFRQVROLGDWLRQ SUHVVXUH FRXOG RFFXU XVLQ.

WKH SXUSRVH RI HVYWLPDWLQJ QDWXUDO SUHFRQVRO
EXW ZDV WKRXJKW WR EH XQUHOLDEOH

6800%$5<

7KH DERYH FKDSWHU KDV GHVFULEHG D WRRONLW RI
WR WKH DSSOLFDWLRQ RI WKH 6.+ PRGHO GHVLJQ
UHSUHVHQWY WKH EHKDYLRXU RI QDWXUDO VWLII F
ZDV WR PRGHO DGGLWLRQDO IHDWXUHV RI EHKDYLR
VLPSOH PDQQHU VR WKDW WKH\ FRXOG EH VWUDLJKV
DQDO\VLV ZLWK QR IXQGDPHQWDO FKDQJHV WR WKH
IURP WKH VHFWLRQ SUHVHQWLQJ PHWKRGV RI LQI
LQFUHDVLQJ WKH VL]H Rl WKH ERXQGLQJ VXUIDFH V
VRLOV UHTXLUHV FDUHIXO WKRXJKW DV WKH HYROX\
QRW HDV\ WR PRGHO 7KH IROORZLQJ FKDSWHUV ZLO
UHSUHVHQW WKH EHKDYLRXU RI VWLII QDWXUDO FC
ODERUDWRU\ HOHPHQW WHVWV DQG ERXQGDU\ YDO}
ZKHWKHU WKHVH DGGLWLRQV VLJQLILFDQWO\ LPSURY



&+$375 02'(//,1* /1$%25%$725< (/(0(17 7(676 2
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7KH DQDO\VHV FDUULHG RXW ZLWKLQ WKLV FKDSWH
DGRSWLQJ WKH PRGHOOLQJ WHFKQLTXHV RXWOLQHC
HOHPHQW WHVWV $00 WKH DQDO\VHV LQ WKLV FKDS
XVLQJ WKH 6.+ PRGHO LPSOHPHQWHG LQ D YHUVLR:
%ULWWR DQG *XQQ 7KH XQLIRUP HOHPHQW RI
HOHPHQWY FDQ EH VHHQ LQ )LJXUH DQG LV LQ II
VWUDLQ HOHPHQWYV ZLWK ERXQGDU\ FRQGLWLRQV V
HTXDO 7KLV IRUPXODWLRQ DOORZV WULD[LDO WHVV
FRUUHFW FRPELQDWLRQ RI VWUHVVHV RU VWUDLQV
WULD[LDO WHVWV LQ WKLV ZD\ LV WKH LQDELOLW
SDUWLFXODUO\ DVVRFLDWHG ZLWK RYHUFRQVROLGD
&RPSDULVRQV ZLWK WHVW GDWD ZLOO WKHUHIRUH |
SUHGLFW WKH REVHUYHG SDWWHUQV RI EHKDYLRXU |

7KH VLPXODWLRQ RI WKH EHKDYLRXU RI WKUHH VW
FKDSWHU ZKLFK KLJKOLJKWV WKH GLIITHUHQW DSSU
UHVSRQVH 7KH ILUVW VHFWLRQ RI WKLV FKDSWHU
RYHUFRQVROLGDWHG VWLII FOD\ 7KH 6.+ PRGHO L\
ZHUH SUHVHQWHG E\ &RRS HW DO RQ ERWK UHI
WHVWYV ZHUH FKRVHQ EHFDXVH WKH QRUPDO FRPSL
UHFRQVWLWXWHG %RRP FOD\ KDG EHHQ LGHQWLILH
ZHUH VKRZQ WR EH QHDU SDUDOOHO LQGLFDWLQJ
SDUDPHWHUV IRU WKHVH DQDO\VHV ZHUH FDOFXODW
PRGHO ERWK WKH UHFRQVWLWXWHG DQG WKH QDWX
WZLFH ILUVW DVVXPLQJ WKDW WKH VWDWH ERXQ
SUHFRQVROLGDWLRQ SUHVVXUH EDVHG RQ WKH UH]
VHFRQGO\ DVVXPLQJ WKDW WKH VWDWH ERXQGD
SUHFRQVROLGDWLRQ SUHVVXUH EDVHG RQ WKH QD\
UHODWHG WR WKH UHFRQVWLWXWHG E\ VHQVLWLYLW



7KH VHFRQG VHULHV RI DQDO\WHV LQYHVWLJDWH W
FUHHS ZLWKLQ WKH 6.+ PRGHO DV RXWOLQHG LQ
ZKLFK DUH FDUULHG RXW IRU ERWK 6SHVZKLWH NDRK
ZKHWKHU WKH LQFOXVLRQ RI WKLV PRGH RI EHKDY
SUHGLFWHG UHVSRQVH DW HOHPHQW OHYHO

7KH WKLUG VHULHV RI DQDO\WHV LQYHVWLJDWH WKl
EHKDYLRXU RI 2[IRUG FOD\ 7KH 6.+ PRGHO LV XVH
QDWXUDO VDPSOHV RI 2[IRUG FOD\ ZKLFK ZHUH SUHYV
2[IRUG FOD\ LV RI PHGLXP VHQVLWLYLW\ LQ FRQWU|I
DQRG KDV EHKDYLRXU FKDUDFWHULVHG E\ GHSRVLWLR

02'(//,1* 7+( ())(&7 2) 1$785%$/ 6758&785( Y
L 1&5($6,1* 7+( 6,=( 2) 7+( 67$7( %281'$5< 685)$&(

7KH DLP Rl WKLV VHEFWLRQ LV WR DVVHVV WKH LPS
EHKDYLRXU RI QDWXUDO VDPSOHV LQ WULD[LDO W
UHFRQVWLWXWHG WHVWV DUH XVHG DQG RQO\ WKH

KLJKHU SUHFRQVROLGDWLRQ SUHVVXUH IRU WKH QD
ZLOO EH FDUULHG RXW E\ FRPSDULQJ PRGHO SUHGLF
ERWK QDWXUDO DQG UHFRQVWLWXWHG %RRP FOD\ Z
JLUVW D VHW RI SDUDPHWHUV ZDV FDOFXODWHG IUF
HW DO 6HEFWLRQ DQG D VHULHV RI VKHD
PHDVXUHG DQG SUHGLFWHG UHVXOWYV IRU WKH UHI
XQGUDLQHG VKHDULQJ WHVWV RQ QDWXUDO VDPSOF
GHVFULEHG LQ 6HFWLRQ WR UHSURGXFH WKH SUR!
WKH VWDWH ERXQGDU\ VXUIDFH IRU WKHVH VDPSOHV

2Q0H RI WKH PDLQ SUREOHPV LQ FDUU\LQJ RXW WKH
UHTXLUHV WKDW WKH SUHYLRXV VWUHVV KLVWRU\ |
VXUIDFHVY DUH FRUUHFWO\ DOLJQHG WR VLPXODWH V
VXEVHTXHQW VKHDULQJ EHKDYLRXU RI WKH VDPSOH
VWUDLJKWIRUZDUG DV WKH VWUHVV KLVWRU\ LV VLI
WULD[LDO FHOO 7KH EHKDYLRXU RI WKH QDWXUDO



PRGEHOOHG DQG LW LV PRUH GLIILEXOW WR VLPXODYV
JHRORJLFDO KLVWRU\ LV GHVFULEHG E\ D QDWXUDO
PHDVXUHG GLUHFWO\ DQG PD\ QRW EH GHILQHG SXU
DSSOLHG WR WKH VRLO EXW LV OLNHO\ WR EH GH
FRPSUHVVLRQ OLQH 7KH QDWXUDO QRUPDO FRPS
FRPSUHVVLRQ ZDV PHDVXUHG LQ D KLJK SUHVVXUH R
HW DK 7KH QDWXUDO QRUPDO FRPSUHVVLRQ OL
UHFRQVWLWXWHG QRUPDO FRPSUHVVLRQ OLQH DV
QRUPDO FRPSUHVVLRQ OLQH IRU WKH QDWXUDO WH
FRPSUHVVLRQ OLQH EXW GRHV QRW FROODSVH RQW!I
DO JURP WKH RHGRPHWHU WHVWV WKH VHQVL\
DV DQG EHFDXVH WKH FRPSUHVVLRQ FXUYHV DU
FDOFXODWLQJ D QDWXUDO SUHFRQVROLGDWLRQ SUH
SURFHGXUH WKDW ZDV FDUULHG RXW WR VHW XS WK
EXW WKH SUHFRQVROLGDWLRQ SUHVVXUH PXVW EH
SUHFRQVROLGDWLRQ SUHVVXUH EDVHG RQ WKH VHQ

LV RXWOLQHG LQ 6HFWLRQ 7KH QDWXUDO F(
WKDW WKH VWDWH ERXQGDU\ VXUIDFH ZDV GHILQHG
OLQH 7KHVH DQDO\VHV ZHUH GHVLJQHG WR KLJKOL.
QDWXUDO FOD\V EHKDYH LQ D PDQQHU FRQIRUPLQ
EHKDYLRXU

2ULJLQ RI WKH %RRP FOD\

7TKH WHVWV PRGHOOHG LQ WKLV VHFWLRQ ZHUH FDU
VDPSOHV H[FDYDWHG IURP WKH H[SHULPHQWDO WHV'
%RRP FOD\ GHSRVLW DW ORO LV P WKLFN DQG RY
vVDQGY DQG JUDYHOV %RRP FOD\ LV VLPLODU WR /F
SODVWLFLW\ LQGH[ DOWKRXJK LW LV UDWKHU OHVV [
UDWLR RI DURXQG 7KH WULD[LDO WHVWYV DUH SDI
DO HIDPLQLQJ WKH GLIIHUHQFHY EHWZHHQ UHF
RXWOLQHG LQ WDEOHYV DQG 7TKH WDEOHV VKF
VKHDULQJ DORQJ ZLWK WKH FRQVROLGDWLRQ KLV
UHFRQVWLWXWHG VDPSOHV ZHUH IRUPHG E\ UHFRQV



QXwpbo vDPSOHV ZHUH WDNHQ DV EORFN VDPSOHV IU
VHULHVY RI QRUPDOO\ FRQVROLGDWHG DQG RYHUFRC
SDWKV ZHUH IROORZHG LQ WKH WHVWYVY RQ WKH UH
DOORZHG WR VZHOO WR D PHDQ HIIHFWLYH VWUHVV
WKHLU DSSUR[LPDWH LQ VLWX VWUHVV DQG WKHQ W
DQG KLJK SUHVVXUH WULD[LDO WHVWV ZHUH FDUULI
FULWLFDO VWDWH IULFWLRQ DQJOH DORQJ ZLWK W
FRQVROLGDWHG VWDWH .RQF VHHP WR GHFUHDVH DW
FRQVWDQW YDOXH KDV EHHQ XVHG WR PRGHO WKH \
&RRS HW DO QRUPDOLVHG WKH VKHDULQJ VWD
SUHVVXUH S HDQG WKH FRHIILFLHQW RI IULFWLRQ

&DOFXODWLRQ RI VRLO SDUDPHWHUYV
$ VXPPDU\ RI WKH SDUDPHWHUYVY GHULYHG IRU %RRP
JLYHQ LQ 7DEOH 7TKH VHFWLRQV EHORZ RXWOLC(
SDUDPHWHUYV 7KH SURFHGXUHV LQYROYHG DUH VLP
6WDOOHEUDVYV

L '"HILQLWLRQ RI LVRWURSLF QRUPDO FRPSUHVVLEF

7KH LVRWURSLF QRUPDO FRPSUHVVLRQ OLQH IRU W
SDUDPHWIBQ®G 1 7KHVH SDUDPHWHUV ZHUH FDOF
FRPSUHVVLRQ GDWD IRWMWHR® VYHARQMWLWXWHG W IS\
WKH IRUP

OQY ,Q1 $10QS

ZDV SORWWHG WKURXJK WKH GDWD VXFK WKDW 1



1N (ODVWLF YROXPHWULF GHIRUPDWLRQ

(ODVWLF GHIRUPDWLRQV GXULQJ VZHOOLQJ LQ WKH
ZKHUH

DOGLY WKH JUDGLHQW RI DQ HODVWLF ZDQ ONRQEWK
HVWLPDWHG IURP WKH UHVXOWY RI LVRWURSLF VZHC
J)LIXUH VKRZV D SORW RI . S DIDLQVWHED @QGF 11
ERRP(VWLPDWLRQGRIILFXOW DV WKH VRLO RQO\ EHK
VWUDLQV ZKLFK FRXOG QRW EH UHVROYHG DFFXUDW
DQ XSSHU ERXQG WR PRVW RI WKH GDWD DQG JLYHC(
GHIRUPDWLRQVY DW VPDOO VWUDLQV LV SUREDEO\ D
GHIRUPDWLRQV +RZHYHU ZLWKRXW DQ\ PRUH DFFXI
HVWLPDWH EKLFK JLYHV

LLL (ODVWLF VKHDU GHIRUPDWLRQ

7KH HODVWLF VKHDU GHIRUPDWLRQ LQ WKH PRGHO L
9LJJLDQL DQG $WNLQVRQ WR GHILQH * PD[ 7KH
HODVWLF VWLIIQHVV RI WKH VRLO ZKLFK LV GHILC
RYHUFRQVROLGDWLRQ UDWLR UHVSHFWLYHO\ DQG

IURP D VHULHV RI EHQGHU HOHPHQW WHVW!'
RYHUFRQVROLGDWHG UHFRQVWLWXWHG %RRP FOD\

ZHUH $ Q DQG P 7KHVH ZHUH FDOFXOTC
9LJJLDQL DQG $WNLQVRQ DQG RXWOLQHG LQ 6HI
9LJIJLDQL DQG $WNLQVRQ SUHVHQWHG WKUHH F

SODVWLFLW\ LQGH[ RI WKH VRLO IRU D VHOHFWLRQ
HVWLPDWHG WKH SODVWLFLW\ LQGH[ IRU %RRP FOI
OLWHUDWXUH $VVXPLQJ WKLV YDOXH RI SODVWLFL
FDOFXODWHG E\ $JDK WR EH VXSHULPSRVHG RQ
WKH SRLQWY DOUHDG\ SORWWHG ,I WKH WUHQG OLQ



DUH XVHG WR HVWLPDWH VWLIIQHVV FRHIILEFLHQWV IR
DQG P DUH REWDLQHG )LJIJXUH VKRZV PD[LPXF
WZR VHWV RI FRHIILFLHQWYV IRU D UDQJH RI QRUPDOC
FDQ EH VHHQ WKDW WKH FDOFXODWHG VWLIIQHVVHV
VXEFK WKDW IRU D PHDQ HIIHFWLYH VWUHVV RI N
FKDUWV SUHGLFW D PD[LPXP VWLIIQHVV KLIKHU W
JLIXUH VKRZV FDOFXODWHG PD[LPXP VWLIIQHVV S
IRU D PHDQ HIIHEWLYH VWUHVV RI N3D WKH SUHG
IRU WKH FRHIILELHQWY HVWLPDWHG IURP WKH FKD
LQFUHDVLQJ RYHUFRQVROLGDWLRQ UDWLR )RU WKL
KLJKHU WKDQ WKRVH SUHGLFWHG XVLQJ WKH ERHIILF

7KH FRHIILFLHQWYV XVHG LQ WKH DQDO\VHV ZHUH WK
ZHUH GLUHFWO\ PHDVXUHG IRU D VDPSOH Rl %RRP F(
FKDUWYV SUHVHQWHG E\ 9LJJLDQL DQG $WNLQVRQ
HOHPHQW GDWD IRU D VSHFLILF VRLO ZDV QRW DYDL
WKH FKDUWYV FRXOG DOVR EH XVHG LQ FRQMXQFWLR
ZKHUH IRU H[DPSOH VWLIIQHVVHV KDYH RQO\ EHHQ F
UDWLR ,W LV FOHDU WKDW DGGLQJ PRUH VHWV RI G|
E\ 9LJJLDQL DQG $WNLQVRQ WR WKHVH FKDUWYV
ZKLFK SDUDPHWHUV FRXOG EH HVWLPDWHG

LY &ULWLFDO VWDWH IULFWLRQ FRHIILFLHQW

7KH FULWLFDO VWDWH IULFWLRQ FRHIILFLHQW 0 ZD
UDWLRV DW IDLOXUH LQ WKH FRQYHQWLRQDO SUHVV
WKH VDPSOH KDG EHHQ VKHDUHG WR IDLOXUH &RRS
IULFWLRQ FRHIILFLHQW DQG VWDWHYV IRU %RRP FOI
VWUHVYVY VXFK WKDW WKH UDWLR .R O LV DSSUR[LPD
IRUPXODWLRQ RI WKH PRGHO 0 LV DVVXPHG WR EH FR



Y SDUDPHWHUYV GHILQLQJ WKH EHKDYLRXU RI WKH

7KH UDWLRV 7 DQG 6 ZKLFK GHVFULEH WKH VL]H RI
WKH ERXQGLQJ VXUIDFH FDQ EH GHWHUPLQHG HIS
SDWWHUQ RI LVRWURSLF FRPSUHVVLRQ DQG VZHOO!
$OWKRXIJK WKH WHVWV RQ %RRP FOD\ GR QRW FRQW
WR GHWHUPLQH WKHVH YDOXHV E\ SHUIRUPLQJ D
6WDOOHEUDVYV 7KLV VWXG\ KDV DOVR EHHQ XV
7TDEOH VXPPDULVHV WKH YDULDWLRQV LQ WKH S
ZKLFK ZDV FDUULHG RXW E\ VLPXODWLQJ WHKKW®&KD"
WKH WHYKRWRWURSLF FRPSUHVVLRQ DQG VZHOOLQJ

VDPSOH ZDV VKHDUHG XQGUDLQHG IURP DQ RYHUFR
VKRZV PRGHO SUHGLFWLRQV RI XQGUDLQHG VWUHV\
7KH DQLVRWURS\ FUHDWHG E\ WKH UHFHQW VWUHVV
WKH VWUHVV FKDQJHV LPSRVHG LQ WKH ODERUDWR
I URP WKH ODERUDWRU\ GDWD DIWHU D FKDQJH LQ G
DQDO\VLV EFS GHYLDWHG OHDVW IURP WKH ODERU
WKH ORZHVW YDOXH RI UHGXFWLRQ RI FS EHORZ
WKDW ZHUH XQUHDOLVWLF $ JUDSK RI VWLIIQHVY)
SDUDPHWULF DQDO\VHV LV SORWWHG ZLWK ODERUD
VWUDLQ VWLIIQHVY IRU DOO WKH DQDO\VHYVY DUH D J
DSSOLFDELOLW\ RI WKH HODVWLF VKHDU VWLIIQHVYV
ZHUH XVHG LQ WKHVH DQDO\WVHVY WR WKLV WHVW 7K
EXW DQDO\VLV EFS DJDLQ OLHV FORVHVW WR WKF
SDUDPHWHUYV FRQWUROOLQJ WKH NLQHPDWLF VXUID
IRU DQDO\VLV EFS 7TKHUHIRUH IRU DOO IXUWKHU D

6 FS

YL &DOFXODWLRQ RI SUHFRQVROLGDWLRQ SUHVV)

,Q JHQHUDO WKH GLIITHUHQFH EHWZHHQ WKH SUHFI
DQG D UHFRQVWLWXWHG VDPSOH DW WKH VDPH PHD
EH HVWLPDWHG E\ FRPSDULVRQ RI WKHLU UHVSHF
UHFRPSUHVVLQJ WKH VDPSOH WR D VXIILFLHQWO\



FRSUHVVLRQ OLQH ,Q WKLV FDVH WKH VDPSOHV ZHU
FRPSUHVVLRQ OLQH DQG KHQFH WKH IRUPHU PHWK
VFKHPDWLF IRUP WKH LVRWURSLF UHFRQVWLWXWHC
%RRP FOD\ ZKLFK KDYH EHHQ GHULYHG IURP RHGRP
QDWXUDO FOD\ zDV FDOFXODWHG WR EH &RRS HV
DV WKH UDWLR EHWZHHQ SRLQWYVY RQ WKH QDWXUDO
FRQVWDQW VSHFLILF YROXPH 7KLV FDQ EH FDOFXOI
GDWD LQ )LIXUH

6W DYHQDYH

KLFK LV DQ HTXLYDOHQW PHWKRG RI FDOFXODWI
FRPSUHVVLRQ 7KH SUHFRQVROLGDWLRQ SUHVVXUH |
IURP WKH VHQVLWLYLW\ RI WKH QDWXUDO FOD\ LQ WI

7TKH SUHFRQVROLGDWLRQ SUHVVXUH EDVHG RQ WKH
FDOFXODWHG IRU WKH QDWXUDO VDPSOHV 7KLV ZD\
DVVXPLQJ WKDW WKH FRPSUHVVLRQ KLVWRU\ RI WKH
WHVWYV 7KH LQWHQWLRQ RI GRLQJ WKLV ZDV WR KL.
FRPSUHVVLRQ EHKDYLRXU IRU D QDWXUDO VDPSOH
XVHG LI QR QDWXUDO FOD\ FRPSUHVVLRQ RU VHQVL'
XQGHU SUHGLFWLRQ RI SUHFRQVROLGDWLRQ SUHWV)
VXEVHTXHQW SUHGLFWLRQV

7KH LQLWLDO VSHFLILF YROXPH DQG PHDQ HIIHFWL
FDOFXODWHG SUHFRQVROLGDWLRQ SUHVVXUHV IRU
7TDEOH

$QDO\WVLV SURFHGXUH

$ VHULHV RI VLPXODWLRQV XVLQJ WKH ILQLWH HOHP

WR PRGHO WKH WULD[LDO WHVWYV DV D pVLQJOH HC
UHFRQVWLWXWHG DQG QDWXUDO %RRP FOD\ WHVWYV



UHSUQWLQJ D VLQJOH HOHPHQW ZLWK XQLIRUP VWUH
RI WKH WHVWY PRGHOOHG DUH JLYHQ LQ 7DEOHYV
PRGHOOHG WR HQVXUH WKDW WKH FRQILIJXUDWLRQ |
PRGHO ZDV DSSURSULDWH IRU WKH VWUHVV KLVWRU
VWDJH XVHG IRU FRPSDULVRQ $V QRWHG SUHYLRX)
UHFRQVWLWXWHG VDPSOHV ZHUH ZHOO GHILQHG 6V
GUDLQHG RU XQGUDLQHG GHSHQGLQJ RQ WKH SDUW
DSSURDFK 7KLV VROXWLRQ SURFHGXUH UHTXLUHV |
DFFXUDF\ 7KH QXPEHU RI LQFUHPHQWYV LV LQFUHDV}
RQ WKH RXWSXW 7KH ILQLWH HOHPHQW VLPXODWLF
IDLOXUH ZKHUH GLVSODFHPHQWY ZHUH DSSOLHG 7]
SUHFRQVROLGDWLRQ SUHVVXUHV FDOFXODWHG I|URF
UHFRQVWLWXWHG DQG QDWXUDO VRLO WR LQYHVWLJ
EHKDYLRXU IRU QDWXUDO VRLOV 7KH VDPH VHW RI
VLPXODWLRQV $V GHVFULEHG LQ B6HFWLRQ WK
HVWLPDWHV SRVVLEOH XVLQJ D VWDQGDUG GHULYI
SDUDPHWHUV KDV EHHQ FDUULHG RXW

SHVXOWY IRU UHFRQVWLWXWHG WHVWYV

JLYH UHFRQVWLWXWHG WULD[LDO WHVWV ZHUH PRGH

JLIXUH VKRZV VWUHVYV SDWKV IRU WKHUIXWKLWHK VW
ZDV XVHG WR GHWHUPLQH WKH SDUDPHWHUV FRQWU|
PRGHO LQ 6HFWLRQ 7KH DGGLWLRQDO RYHUFR

ERRPURWULFORZY D VLPLODU SDWWMIKH RJRBHKDOQ R KR QA
XQGUDLERR RBOHNWHY D FULWLFDO VWDWH UDWKHU O

GDWD SUHVHQWHG E\ &RRS HW DO EXW SURYLG
PRGHO SUHGLFWLRQ IURP D QRUPDOO\ FRQVROLGDWI
DUH SUHVHQWHG LQ )LJXUH ZKLFK LQ JHQHUDO

GDWD ZHOO 7KH PRGHERRPPNEBERFAVL RVKHR VIV W QLWL
VWUHVV SDWKWK MWMRKHWMNMNWUH VLPLODU UHFHQW VWL
GHYLDWLRQ IURP WKH ODERUDWRU\ SDWK SXVKHV WK
WR D VLIJQLILFDQWO\ GLIITHUHQW VWDWH SDWK FRPE
QRUPDOO\ FRQVERRRE®WHRZ W MMWM ORGLILHG &DP &O



VXUIWRHIDLO DW FULWLFDO VWDWH ,Q UHDOLW\ LW
QRUPDOO\ FRQVROLGDWHG DW WKH VWDUW RI VKHDU
RYHUFRQVROLGDWLRQ UDWLR 5R KDV DOVR EHH
WKH FXUUHQW VWUHVV SRLQW LQVLGH WKH VWDWH I
IDLOXUH DV VHHQ LQ WKH ODERUDWRU\ WHVW 7Kl
QRUPDOLVHG E\ WKH FXUUHQW SUHFRQVROLGDWLRQ
DQG WKH PRGHO SUHGLFWLRQV LQ )LJXUH
SUHFRQVROLGDWLRQ SUHVVXUH S F IRU WKH WZR R
WKH VWDUW RI VKHDULQJ FRPSDUHG WR WKH FXUUHC
WKH VSHFLILF YROXPHV RI WKH VDPSOHV LQ WKH
FRPSUHVVLRQ DQG H[WHQVLRQ WHVWV FXUUHQW SU
WKH PRGHO SUHGLFWLRQV ORGHO SUHGLFWLRQV RI
WKH VWUHVV KLVWRU\ RI WKH WULD[LDO WHVW LV
VKHDULQJ 3UHGLFWLQJ D ORZHU S F WKDQ H[SHFV
YROXPHWULF VWUDLQV EHLQJ FRPSXWHG GXULQJ W
VDPSOHV BRBPWHFVWDUWLEXODU XQGHUSUHGLFWLR
OHDGV WR VKHDULQJ RFEXUULQJ WKH ZURQJ VLGH RI
FXUUHQW VWDWH

'UDLQHG DQG XQGUDLQHG VKHDU VWLIIQHVVHV IRU
VWUHVV IRU WKH ODERUDWRU\ GDWD LQ )LJXUH

7KH VWLIIQHVVHV FDOFXODWHG IRU WKH ODERU
OHDVW VTXDUHV PHWKRG O6WDOOHEUDVV 7Kt
FRQVROLGDWHGG&RRWPEM ) LIRE DPMANON RYHUHVWLPDWHYV
RWKHU SUHGLFWLRQV RYHU WKH HQWLUH VWUHVV
RYHUFRQVROLCGCARRHEY NW BWHGIRRUWY VWLIIQHVV XS W
NI D EXW RITHUV D UHDVRQDEOH SUHGLFWLRQ RI WKI
IRU WRNMWPXUFGHUHVWLPDWHY LQLWLDO VWLIIQHVV DC
WKH WHVW GDWD 7KH SDWWHUQ DQG PDIJQLWXGHYV F
WKH GDWD PRUH FORVHO\ $ FRPSDULVRQ EHWZHHQ
EH REWDLQHG E\ SORWWLQJ VWUHVV VWUDLQ FXUYH
vwubLQ HD IRU WKH WHVW GDWD LQ )LJXUH FI
J)LIXUH SHVXOWYV IURP WKH ILQLWH HOHPHQW D
ODERUDWRU\ GEDR\RRR BIYFAHSMVWYF K RUKH WHVW GDWD VKRZ'



WDWLR DV H[SHFWHG IURP WKH VWUHVV SDMKIKIO WL
ERRPPWKH PRGHO RYHU SUHGLFWV WKH VWUDLQV D)
DOVR RYHU SUHGLFWHG IRU VERRR F RIQY WDVMHD \8 L 1T W\
WKLV zZzD\ DJDLQ VKRZV WKH RYHU SUHGLFWLRQ R
FRQVROLGDWHG WHVW ZLWK D PRUH UHDVRQDE
RYHUFRQVROLGDWHG DQDO\WLV DOWKRXJK WKH VWU
EH H[SHFWHG )LJXUHYV DQG VKRZ WHVW GD
JHQHUDWLRQ RI H[FHVV SRUH SUHVVXUH DJDLQVW
$JDLQ WKH JHQHUDO SDWWHUQ RI WKH GDWD LV UH
ODERUDWRU\ GDWD VKRZ WKH JHQHUDWLRQ RI SRV
UHVSRQVH IRU DOO WKUHH WHYVWXW KEKRHRIFHDUHERPR &/ K 6
GHYHORSPHQW RI QHJDWLYH H[FHVV SRUH SUHVVXU
SRVLWLYH SRUH SUHVVXUHYV JHQHUDWHG LQ WKH VD
DUH DW VWDWHV GU\ RI FULWLFDO DQG LQGLFDWF
DQLVRWURS\ SRVVLEO\ D PRUH GUDPDWLF HIIHFW R
WKH PRGHO ORGHO SUHGLFWLRQV RI SRVLWLYH HJ[FI
WHVW RFFXU EHFDXVH WKH VWDWH PRYHV ZHW RI1 FU

7KH UHVXOWV IURP WKH SUHGLFWLRQV Rl WKH UHFR
SUHGLFWLRQV IRU D VWLII FOD\ ZLWK VRPH Rl WKH
QDWXUDO VWDWH UHPRYHG 7KH SUHYLRXV ORDGLQJ
RI FRQILGHQFH ZKLFK HQVXUHV WKDW WKH PRGHOOH
DQDO\VLV )RU DOO WKH UHERRPMAK I RWE 60S R DAK\S Wil
JHQHUDO GLUHFWLRQ RI WKH VWUHVV SDWK IROO
/IRFDOLVDWLRQ SKHQRPHQD $WNLQVRQ DQG 5LFKD
VDPSOHV UHDFKLQJ D WUXH XQLIRUP FULWLFDO V'
RYHUFRQVROLGDWHG WHVWV VR LW LV XQVXUSULV
VWUDLQV DVVRFLDWHG ZLWK IDLOXUH )RU WKH VLG
FRQWLQXXP VR WKDW DOO RI WKH VRLO LV XQGHUJR
PD\ EH YHU\ KLJK EXW JOREDO VWUDLQV DUH ORZHL
GDWD IURP WHVWV ZHW RI FULWLFDO LQ RUGHU WR
WHVWV RIWHQ GR QRW UHDFK WUXH FULWLFDO VWD)
WKH PRGHO DUH EDVHG RQ WKH EHQGHU HOHPHQW
JRRG DJUHHPHQW ZLWK WKH ODERUDWRU\ GDWD GH\



UHOLDWONKHVH ORZ VWUDLQ OHYHOV 7KH GHFD\ RI
GDWD UHDVRQDEO\ ZLWK WKH QRUPDOO\ FRQVROLG
EHKDYLRXU H[KLELWHG E\ WKH ODERUDWRU\ WHVWYV
D VDWLVIDFWRU\ ZD\

SHVXOWYVY IRU QDWXUDO WHVWYV

JRXU XQGUDLQHG WULD[LDO VKHDULQJ WHVWV RQ Q
PRGHOOHG XVLQJ WKH 6.+ PRGHO $00 WKH WH
RYHUFRQVROLGDWHG VWDWHY DQG IROORZHG W\SLF
VLGH RI FULWLFDO 7KH VDPH YDOXHV ZHUH XVHG IR
IRU WKH UHFRQVWLWXWHG GDWD ZLWK WKH H[FHSW
QRUPDO FRPSUHVVLRQ OLQH IRU WKH QDWXUDO FOD
UHFRQVWLWXWHG FOD\ 7KLV QRUPDO FRPSUHVYV
SUHFRQVROLGDWLRQ SUHVVXUH DVVRFLDWHG ZLWK
QDWXUDO FOD\ ZKLFK ZDV FDOFXODWHG LQ WKH PDC
ZHUH DOVR PRGHOOHG DVVXPLQJ WKDW WKHLU EHKLE
ERXQGDU\ VXUIDFH IRU FRPSDULVRQ 7KH VWUHVV
GLIIHUHQW WR WKH UHFRQVWLWXWHG FOD\ DV LW ZD
FOD\ RYHU JHRORJLFDO WLPH ZKLFK UHVXOWHG LQ V
DQG D VWDWH WKDW ZDV OLJKWO\ RYHUFRQVROLGD
QDWXUDO DQG UHFRQVWLWXWHG QRUPDO FRPSUHVYV
VRLO LV PRVWO\ UHODWHG WR LWV IDEULF )LJXUH

'XULQJ VDPSOLQJ WKH VRLO ZDV VZHOOHG WR DURX!
WR VXVWDLQ VXFWLRQV 7KH VRLO VDPSOHV ZHUH
WULD[LDO FHOO WR WKH UHTXLUHG PHDQ HIIHFWLYH
7KHUH LV WKHUHIRUH PRUH XQFHUWDLQW\ DERXW V
DOWKRXJK WKH ILQDO ORDGLQJ EHIRUH VKHDULQJ L
LPSRVHG SULRU WR WKH VKHDULQJ VWDJHV IRU WKH
VWUHVV SDWK FRPSDUHG WR WKDW RI WKH UHFRQVW
ZKLFK VKRZV WKH VWUHVV SDWKV IRU WKH QDWXUDC
IROORZHG GXULQJ WKH WHVWV RQ QDWXUDO VDPS
ERXQGDU\ VXUIDFH FDQ EH VHHQ LQ )LJXUH OR
SDWKV WKDW DUH LQLWLDWHG IURP D VWDWH O\LQJ



RYHRQVROLGDWLRQ UDWLR DVVRFLDWHG ZLWK DV
VXUIDFH ,Q DGGLWLRQ WKH UHFHQW VWUHVV KLVW
OHDGV WR D SRRU SUHGLFWLRQ RI WKH DQLVRWUR:
VKRZV PRGHO SUHGLFWLRQV PDGH XVLQJ WKH QDW
PRGHO SUHCGLFRAIR (BERERR FRPSXWH DQLVRWURSLF V
IROORZ WKH JHQHUDO WUHQG RI WKH GDWD VLJQLIL
ERXQGDU\ VXUIDFH SUHGLFWRRRPR® O @RHAVS WHKGELE6WWRDQ
EXW LV D PRUH UHDVRQDEOH SUHGLFWLRQ WKDQ W
ERXQGDU\ VXUIDFH DV LI ORFDOLVDWLRQ KDG QRW |
PRUH OLNHO\ WR EH PRYLQJ WRZDUGV D FULWLFDO
SUHGLFWLRQ XVLQJ WKH QDWXUDO VWDWH ERXQGDU
WKH FKDQJH LQ GHYLDWRU VWUHVV IRU WKH IRXU \
SUHGLFWLRQV RI WKH PDIJQLWXGH RI LQLWLDO
GDWD DUH QRW DFFXUDWH DW WKHVH VWUDLQV VR F
Gbwb DwW ODUJHU VvVWUDLQV 3UHGLFWLRQV RI VKHDI
ERXQGDU\ VXUIDFH DV D UHIHUHQFH FDQ EH VHHQ L«
QRW SRVVLEOH WR DFFXUDWHO\ DVVHVV WKH LQLWL
UHFRQFLOH WKH SUHGLFWHG PDJQLWXGHV ZLWK W
GHYLDWRULF VWUHVYV RI DSSUR[LPDWHO\ ERRWOQG SU
ERRFFRPSDUH FORVHO\ WR WKH ODERUDWRERRE&BYEGED
ERRAMIUH DSSUR[LPDWHO\ WRR ORZ 7KH SDWWHUQ
ERRPARKLFK H[I[KLELWYV JUHRRRED WKIHIQBE¥ R UDRKDRU\ GLC
WKH FRPSXWHG UHVXOWYVY 7KH VDPH JUDSK IRU WKH
VWDWH ERXQGDU\ VXUIDFH FDQ EH VHHQ LQ )LJXU
UHSURGXFHG ZLWK WKH H[FHSWLRERRPLWZXKIL FR PGEXMD
VORZO\ UHGXFLQJ WR D OHYHO EHWZHHQ DQG
SUHGLFWLRQ RI VWLIIQHVY PDGH E\ WKH UHFRQVWLW
EHWWHU DV WKH DQDO\VLV SUHGLFWV D YDOXH RI G
REVHUYHG LQ WKH ODERUDWRU\ +RZHYHU WKLV LV |
FRQWULEXWHG WR WKH EHWWHU SUHGLFWLRQ IURP V
QDWXUDO VWDWH ERXQGDU\ VXUIDFH LV WKH FRUUH!|
WKH SUHGLFWHG VWUHVV SDWK IROORZV WKH ODE
QHFHVVDU\ WR UHGXFH WKH FULWLFDO VWDWH IULFW
ERRPL UHDFKHG FULWLFDO VWDWH DW D PRUH UHDO
OLNHO\ WKDW WKH ILW RI WKH pQDWXUDOY SUHGLFW



HGIHQFH H[LVWV WR GHWHUPLQH D VHSDUDWH YDO
DGGLWLRQ WKH FXUUHQW YHUVLRQ RI WKH PRGHO
IULFWLRQ WR EH VSHFLILHG IRU H[WHQVLRQ DQG FI
XVLQJ WKH UHFRQVWLWXWHG VWDWH ERXQGDU\ V3
SUHGLFWLRQV RI LQLWLDO VWLIIQHVY EXW DJDLQ L'
WKH ODERUDWRU\ GDWD ZKLFK DUH XS WR KLJ
RYHUFRQVROLGDWLRQ 7KH ODERUDWRU\ GDWD LV S
VWUDLQ LQ )LIXUH 7KH ODERUDWRU\ WHVWV RQ
UDWLR RI XVHG IRU WKH PRGHO SUHGLFWLRQV E
WKH QDWXUDO WHVWY DUH VOLJKWO\ ORZHU DW DUR
WKH UHFRQVWLWXWHG DQG QDWXUDO VWDWH ERXQ
JLIXUHV DQG UHVSHFWLYHO\ %RWK VHWYV RI
KLJKHU D[LDO VWUDLQV WKDQ ZHUH REVHUYHG LQ W
WKH UHFRQVWLWXWHG WHVWYV LQ WKH SUHYLRXV VH
VWDWH ERXQGDU\ VXUIDFH LQ JHQHUDO UHSUHVHQW
DSSURDFKLQJ )LIXUH VKRZV WKH FKDQJH LQ S¥
VWUHVYV IRU DOO WKH WHVWYV )LJXUH DQG FR(
IRU WKH UHFRQVWLWXWHG DQG QDWXUDO VWDWH E
ILIXUHV VKRZV WKDW ZKLOVW QRW SUHGLFWLQJ WKH
FXUYHV ZKLFK DUH UHODWHG WR WKH VWUHVYV SDWI
UHSURGXFHG EHWWHU E\ WKH QDWXUDO DQDO\VHV |
FRPSUHVVLRQ SDWKV VKRZ D FKDQJH IURP FRPSUHV\
DSSURDFKHG XQOLNH WKH DQDO\VHV XVLQJ WKH UH
WKH VWDWH UHODWLYH WR WKH FULWLFDO VWDWH Sl

6 XPPDU\

7KH DQDO\VHV FDUULHG RXW LQ WKLV VHFWLRQ UHS!I
EHKDYLRXU RI D VWLII FOD\ $ VHULHV RI WHVWV RC
HQDEOLQJ D VHW RI SDUDPHWHUV WR EH REWDLQF
DYDLODEOH IRU WKH QDWXUDO VDPSOHV VR WKDW [
ERXQGDU\ VXUIDFH IRU WKH QDWXUDO WHVWYV FRX!
BHFWLRQ DQG FRQVHTXHQWO\ D QHZ YDOXH IRU
FRQWUDU\ DOO RWKHU SDUDPHWHUV ZHUH NHSW WK



(YLGHHQIURP VHYHUDO DXWKRUV 5DPSHOOR HW DO
VXJIHVWYV WKDW WKH VWLIIQHVYV UHODWLRQVK
LV YDOLG IRU ERWK UHFRQVWLWXWHG DQG QDW
WKH GLITHUHQFH LQ VWDWH LV DFFRXQWHG IRU 7H)\
WKHVH DQDO\WVHV EXW XQIRUWXQDWHO\ QR FOHDU
QDWXUDO VDPSOHV WKH VWLIIQHVVHYVY PHDVXUHG L
YHU\ VPDOO VWUDLQ UDQJH VR WKHUH ZHUH QR PH
YDOXHV RI * PD[ ,QVSHFWLRQ RI WKH GDWD IURP W
FDOFXODWHG YDOXHV RI * PD[ IRU PRVW RI WKH WHYV
WKH GDWD ,QLWLDO VWLIIQHVYV SUHGLFWLRQV IRU
DOORZHG EHWWHU FRPSDULVRQV JHQHUDOO\ FRUUH

ORGHO SUHGLFWLRQV RI VWUHVV SDWK IRU WKH QD)
VXUIDFH IROORZ DQLVRWURSLF SDWKV ZKLFK DUH
SUHGLFWLRQV PDGH XVLQJ WKH UHFRQVWLWXWHG \
QDWXUDO SUHGLFWLRQV LV FRPSDUDEOH WR WKH ¢
DELOLW\ RI WKH PRGHO WR SURGXFH DQLVRWURSLF
WHVWYVY ZRXOG VHHP WR LQGLFDWH WKDW PXFK RI| WEk
FOD\ LV DWWULEXWDEOH WR VWUHVV LQGXFHG DQL
DFFRXQWHG IRU LQ WKH PRGHO S5HIHUHQFLQJ WKH E
VWDWH ERXQGDU\ VXUIDFH XVLQJ WKH PRGHO LV W
KLVWRU\ LV PRGHOOHG DQG WKDW WKH VWDWH DW V
WKH FULWLFDO VWDWH SRLQW WR JHW WKH FRUUHFW

ODJQLWXGHV RI D[LDO VWUDLQ DW IDLOXUH DUH JHQ
LV XQVXUSULVLQJ DV ORFDOLVDWLRQ SKHQRPHQD
SUHYHQW WULD[LDO VDPSOHYVY UHDFKLQJ D WUXH XQI
QDWXUDO RYHUFRQVROLGDWHG WHVWV )RU WKH V1
FRQWLQXXP VR WKDW DOO RI WKH VRLO LV XQGHUJ
VWUDLQV PD\ EH YHU\ KLJK EXW JOREDOO\ VWUDLQ

,Q JHQHUDO WKH SUHGLFWLRQV RI ERWK UHFRQVWL'
UHFRQVWLWXWHG RU QDWXUDO VWDWH ERXQGDU\



SWWHUQV RI REVHUYHG EHKDYLRXU :KLOVW LW LV
UHVSRQVH RI HYHU\ WHVW LW LV SRVVLEOH WR PD
EHKDYLRXU $OORZLQJ IRU D VWDWH ZKLFK LV OLNHC
WHVWV E\ UHODWLQJ WKH FRPSXWDWLRQV WR D VYV
VHQVLWLYLW\ RI WKH VRLO DV GHILQHG E\ &RWHFFK
ZKLFK DUH FRPSDUDEOH LQ DFFXUDF\ WR SUHGLFWL
VWUHVYV KLVWRU\ LV PRUH FOHDUO\ GHILQHG 3UHGL
VWDWH ERXQGDU\ VXUIDFH DUH LQ JHQHUDO VLJQ
SUHGLFWLRQV PDGH QRW DOORZLQJ IRU WKH VHQVLYV

02'(//,1* 92/80(75,& &5((3

7KLY VHFWLRQ H[DPLQHV WKH LQIOXHQFH RI YROXPF
RI WKH VRLO RQ WKH VXEVHTXHQW VWUHVV VWUDI
LPSOHPHQWHG LQWR WKH H[LVWLQJ VRLO PRGHO XVI
LW KDV D PDMRU HIIHFW RQ VXEVHTXHQW SUHGLFWLI
IHDWXUHV RI WKH EHKDYLRXU RI QDWXUDO VRLOV

XQGHUJR DQ\ ERQGLQJ GXULQJ WKH SHULRG RI FU
FRPSUHVVLRQ OLQH RQ IXUWKHU ORDGLQJ UDWKHU

$ GHVFULSWLRQ RI WKH PHWKRG XVHG WR LQFRUSR
6.+ PRGHO LV FRQWDLQHG LQ 6HFWLRQ

(YDOXDWLRQ RI WKH PRGHO IRU YROXPHWULF FI

,Q RUGHU WR HYDOXDWH WKH HIIHFW RI LQFRUSRUD)
VHYHUDO pVLQJOH HOHPHQWY ILQLWH HOHPHQW DQE
ZHUH XQGHUWDNHQ 7KHVH DQDO\WHV ZHUH LQWHGC
LQFOXGLQJ FUHHS GXULQJ SHULRGV RI HUHVWY DW F
WKH PRGHO ZDV XVHG IRU PRUH FRPSOH[ ERXQGDU\
ZKLFK FUHHS ZDV DOORZHG UHSUHVHQWHG ERWK OD



(YDOXDWLRQ RI FUHHS PRGHO IRU ODERUDWRU\

7KH ILUVW DQDO\VHV ZHUH RI D VDPSOH RI 6SHVZKL)
RI D VHULHV Rl WHVWV E\ 6WDOOHEUDVV WR HI[L
RQ ODERUDWRU\ VDPSOHV 7KH VWUHVV SDWK IROOI
H[DPLQHG LQ D VLQJOH WHVW 1R PHDVXUHPHQW RI F
WKLV ZDV QRW WKH LQWHQWLRQ RI WKH WHVWV DQG
7KH SDUDPHWHUV XVHG IRU 6SHVZKLWH NDROLQ ZHU
/ILWWOH GDWD H[LVWV IRU WKH FUHHS UDWH

FRPSUHVVLRQ LQGH[ PHDVXUHG E\ 5LFKDUGVRQ
DQDO\WHV ZKLFK ZHUH LQWHQGHG RQO\ WR WHVW W
FUHHS 7KH VDPSOH ZDV LVRWURSLFDOO\ FRPSUHV\

N3D WKH VRLO ZDV WKHQ VXEMHEWHG WR D VHULI
GLDJUDPPDWLF IRUP LQ /LJXUH 7KH VWUHVV SURI
WKH VRLO WR EH PHDVXUHG DORQJ WKH VDPH GUDL
GLIIHUHQW DSSURDFK SDWKV 7KH HIIHFW Rl FUHHS R
ZDV PRGHOOHG E\ UHSHDWLQJ WKH WHVW ZLWK SHU
LQVHUWHG EHIRUH HDFK RI WKH FRQVWDQW S VWDJ
SHULRG RI FUHHS Rl \HDU ZDV WKRXJKW WR UHSUH\
WKH ODERUDWRU\ XVLQJ FDUHIXO WHVWLQJ 7KH SHL
WKH ORJDULWKPLF QDWXUH RI WKH FUHHS UHODWLRC
F\FOHYV

JLIXUH VKRZVY D VFKHPDWLF UHSUHVHQWDWLRQ R
GHILQLQJ WKH 6.+ PRGHO EHIRUH HDFK RI WKH FRQ
VKRZ WKH RULJLQDO FRQILIJXUDWLRQ RI WKH VXUIDEF
VXUIDFHV DIWHU D SHULRG RI FUHHS KDV EHHQ PRG!
GDWD IRU WKH IRXU FRQVWDQW S SDWKV DIWHU HDF
ZLWK QR FUHHS DOORZHG 7KH GDWD DUH SORWWHG

VWUHVYV |IROORZLQJ 6WDOOHEUDVYV DQG WKH SLU
RXWOLQHG LQ 6HFWLRQ JLIXUHV DQG Vv
VKHDULQJ IROORZLQJ SHULRGV RI DQG \HDUV F

VWUHVV SDWKV H[FHSW WKH GHJUHH URWDWLRQ W
VHULHV RI WHVWYV ZKHUH WKHUH ZDV QR FUHHS EX



HXDO WR * HF WKH HODVWLF VKHDU PRGXOXV ERPS
URWDWLRQ WHVWV WKH LQLWLDO VWLIIQHVV LQFUHE
5R 6HFWLRQ EXW WKH GHFD\ RI VWLIIQHVV LV PF
LQ )LIXUH ZKLFK DJDLQ VKRZV SORWV RI VKHDU
WLPH FRPSDULQJ WKH UHVXOWV IRU WKH WKUHH DQ
JUDSK 7KH VWLIIQHVV EXUYHV SUHGLFWHG IROORZL
SODWHDX DW DURXQG 03D DQG DUH DOPRVW LQC
SUHGLFWHG DIWHU QR FUHHS IURP WKHUH RQ 7KH V
FUHHS RFEXUV EHFDXVH DW WKH VWDUW RI VKHDULC
VXUIDFHV DQG WKHVH VXUIDFHV DUH FRQILJXUHG \
VKHDULQJ WR EHFRPH DOLJQHG ZLWK WKH QHZ VWU
VWUHVV DJDLQVW VKHDU VWUDLQ VKRZQ LQ )LJXUH
WKDW WKH YDULDWLRQ RI WDQJHQW VWLIIQHVV RE\
VWLIIQHVV RYHU D UDQJH RI VWUDLQV XS WR 7KH
VWUHVV IRU WKH GHJUHH VWUHVV SDWK )LJXUH
ZKHUH FUHHS KDV EHHQ DOORZHG ZKLFK DUH JUHDW
UDQJH RI WKH WHVW 7KH FRQVHTXHQFHV RI WKLV R
)LIXUH ZKHUH GHYLDWRU VWUHVV DJDLQVW VKH
VHFDQW VWLIIQHVV KDV LQFUHDVHG E\ DOPRVW D IDF

DQG GHJUHH VWUHVV SDWKV VKRZ WKH VDPH W\

GHJUHH SDWK DQG WKLV FDQ EH VHHQ LQ )LJXUF
LQFUHDVH LQ LQLWLDO VWLIIQHVV DV H[SHFWHG ZL\
SUHGLFWLQJ LQLWLDO VWLIIQHVVHV DURXQG  KLJK
FUHHS $00 SDWKV VKRZ DQ LQFUHDVH LQ RYHUDOO
FUHHS ZLWK WKH KLJKHVW VWLIIQHVVHV UHFRUGHG
WKH GHJUHH VWUHVV SDWK URWDWLRQ D IDVWHU
WKH DQDO\WHV ZKHUH FUHHS ZDV DOORZHG 7KH HIIH
LQ WKH SUHGLFWHG VWLIIQHVYV FXUYHV ZKHUH FUHHS
WKH FRQFOXVLRQV GUDZQ E\ 5LFKDUGVRQ W KD\
KLVWRU\ DUH DGGLWLYH

7KH VHFRQG DQDO\VLV FDUULHG RXW PRGHOOHG D \
N3D DQG VZHOOHG EDFN WR N3D WKH VRLO ZDV
RI ]JHUR DQG RQH WKRXVDQG \HDUV FUHHS 7KLV ZDV



GALWHG GDWD LV DYDLODEOH LQ WKH OLWHUDWXUH
WA\SLFDO XQGUDLQHG WULD[LDO WHVW 7KH SDUDPH!'
WKRVH XVHG IRU WKH ILUVW DQDO\VLY DQG FDQ EH
VWLIIQHVV FXUYHV GXULQJ XQGUDLQHG VKHDULQJ IF
DEDO\WVLV ZKHUH RQH WKRXVDQG \HDUV RI FUHHS |
LQLWLDO HODVWLF VWLIIQHVV LV KLIKHU WKDQ IRU

WKH GHJUHH VWUHVV SDWK URWDWLRQ LQ WKH SU
DW vVPDOO VWUDLQV LV JUHDWHU IRU WKH WHVW LQ
WKH VWUDLQ UDQJH 7KH VKHDU VWLIIQHVYV
ZKHUH FUHHS ZDV DOORZHG DW ODUJHU VWUDLQV
VXUIDFHV WUDQVODWH DV QRWHG LQ WKH SUHYLR
VXUIDFHV WUDQVODWH FDQ DOVR EH VHHQ LQ WKH

VPDOO FKDQJHV LQ VWUHVV $T OHVV WKDQ N3D

DQLVRWURS\ FUHDWHG E\ WKH UHFHQW VWUHVV KL\
FUHHS DV WKH VWUHVV SRLQW WUDQVODWHYV DURX
DSSUR[LPDWHO\ FRQVWDQW ZKHQ FUHHS KDV WDNH
WKURXJK WKH VXUIDFH 7KHUH LV QRW VXIILFLHQW

WKHVH IHDWXUHVY DUH REVHUYHG LQ ODERUDWRU\ \
RYHUDOO LQFUHDVH LQ VHFDQW VWLIIQHVYV

7TKH WZR DQDO\WHV DERYH VKRZ WKDW LQFRUSRUD!
PRGHO LQ WKLV VLPSOH ZD\ FDQ UHSURGXFH WKH
H[KLELWHG E\ FOD\V DOORZHG WR FUHHS LQ WKH OL
LQFUHDVH LQ LQLWLDO VKHDU VWLIIQHVYVY DVVRF
RYHUFRQVROLGDWLRQ UDWLR EXW WKLV LV VPDOO
DVVRFLDWHG ZLWK VRIW FOD\V DV WKH YDOXH RI W
VPDOO 'HWDLOHG DQDO\VLV RI WKH HIIHFW RI1 FUHI
FOD\V LV QRW SRVVLEOH DV GDWD LQ WKH OLWHL
JHQHUDOO\ SURGXFHG DQ RYHUDOO LQFUHDVH LQ VF
HYLGHQFH WKDW WLPH HIITHFWYV DQG UHFHQW VWUHV
WKLV LV SUHGLFWHG E\ WKH PRGHO IRU WKH UHF]
6WDOOHEUDVYV



(YDOXDWLRQ RI FUHHS PRGHO IRU JHRORJLFDO

7KH VHFRQG VHULHV RI DQDO\VHV LQYHVWLJDWH W
KLVWRU\ RI D GHSRVLW DQG ZHUH XVHG DV D JXLGF
Rl WKH ERXQGDU\ YDOXH SUREOHP LQ 6HFWLRQ
WKRVH GHULYHG IRU /RQGRQ FOD\ E\ 6WDOOHEUDVYV
DQG FDQ EH VHHQ LQ 7DEOH 7KH FUHHS UDWH Y_

ZDV FDOFXODWHG E\ 5LFKDUGVRQ DVVXPLQJ
VWUHVV SDWK WHVWV RQ /RQGRQ FOD\

7TKHVH DQDO\WVHVY VLPXODWH DQ HOHPHQW RI VRL
UHSUHVHQWLQJ WKH JHRORJLFDO VWUHVV KLVWRU\ .
FOD\ $IWHU GHSRVLWLRQ LQ D QRUPDOO\ FRQVROLCG
VZHOOHG EDFN GXH WR HURVLRQ RI PHWUHV RI R
WKH GHSRVLWLRQ RI PHWUHV RI WHUUDFH JUDYHO
WKH FOD\ ZzDV DOORZHG WR FUHHS IRU PLOOLRQ
ZHUH FDUULHG RXW DOORZLQJ SHULRGV RI PLOOLI
GHSRVLWLRQ RI WKH WHUUDFH JUDYHO LQ DGGLWLR
DQDO\WHV ZHUH FDUULHG RXW WR LQYHVWLJDWH ZK
ZRXOG KDYH DQ HIITHFW RQ WKH EHKDYLRXU RI WKH
FUHHS DIWHU GHSRVLWLRQ RI WKH 7HUUDFH JUDYHC
DW HQG RI VZHOOLQJ LQ DGGLWLRQ WR RQH PLOOL
SUHGLFWHG VWLIIQHVYV FXUYHV IURP XQGUDLQHG VI
WKDW WKH DGGLWLRQDO FUHHS VWDJH KDV DQ HIIHF
LQFUHDVLQJ WKH LQLWLDO VWLIIQHVY GXH WR WKH
WKH EHKDYLRXU RI WKH VRLO HOHPHQW LQ VWUHVYV
SUHFRQVROLGDWLRQ SUHVVXUH S F YDULHG VXEVWL
FUHHS DW WKH HQG RI UH GHSRVLWLRQ RQO\ WR

RI DGGLWLRQDO FUHHS DIWHU VZHOOLQJ ,W FDQ E
VLIQLILFDQW FKDQJH LQ EHKDYLRXU UHVXOWLQJ IUI
IURP RQH PLOOLRQ WR ILYH PLOOLRQ \HDUV 7KLV
HISRQHQWLDO UHODWLRQVKLS EHWZHHQ YROXPH FK
WKDW S F RQO\ LQFUHDVHG E\ N3D GXULQJ WKH DG



6 XPPDU\

7KH PHWKRG XVHG WR LQFRUSRUDWH VLPSOH YROXP
WKH 6.+ PRGHO LV DEOH WR SUHGLFW NH\ SDUWV |
KDV EHHQ VLPXODWHG WKH PRGHO SUHGLFWV DOQ
DVVRFLDWHG ZLWK DQ LQFUHDVH LQ DSSDUHQW

HQODUJHPHQW RI WKH VWDWH ERXQGDU\ VXUIDFH L
RYHUDOO LQFUHDVH LQ VHFDQW VWLIIQHVV 7KH PR
HIITHEFWV ZKLFK FRXOG EH FRQVLGHUHG DGGLWLYH Z
5LEKDUGVRQ &UHHS FDQ EH VLPXODWHG RYHU I
DOWKRXJK IRU WKH VHFRQGDU\ FRPSUHVVLRQ LQGH]
VPDOO HYHQ RYHU JHRORJLFDO WLPH SHULRGV ,W L
RI WKH SUHGLFWLRQV PDGH GXH WR WKH VFDUFLW\
VKRZ WKDW WKH PDLQ IHDWXUHV DVVRELDWHG ZLW]
FKDQJHV WR WKH DSSOLFDWLRQ RI WKH 6.+ PRGFE
QRWLFHDEOH LQ WKH VLPXODWLRQ RI HOHPHQW V
PRGLILFDWLRQV WR WKH SUHGLFWHG EHKDYLRXU ZL¢
ERXQGDU\ YDOXH SUHGLFWLRQV ,Q 6HFWLRQ WK
ZLOO WKHUHIRUH EH XVHG LQ WKH DQDO\VLV RI D VL
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7KLY VHFWLRQ FRQFHQWUDWHY RQ WKH SUHGLFWLI
2[IRUG FOD\ LV D VvVWLII FOD\ RI PHGLXP VHQVLWLYLW
E\ GHSRVLWLRQDO DQLVRWURS\ 7KH EHKDYLRXU RI
E\ UHFHQW VWUHVV KLVWRU\ 3LHUSRLQW WKH
GHYHORSPHQW RI WKH 6.+ PRGHO 7KH QDWXUH R \
6HFWLRQ ZKLFK ZDV OHVV VHQVLWLYH DQG VHH
LQGXFHG DQLVRWURS\ 7KH DLP RI WKLV ZRUN ZDV V
WKLV FOD\ FRXOG EH DFFRPPRGDWHG ZLWKLQ WKH IL
WKH ILQLWH HOHPHQW DQDO\VHV FDUULHG RXW IRU
DOVR QHFHVVDU\ WR GHILQH D VHW RI LQSXW SDUDP
WKLV FOD\



"HWHUPLQDWLRQ RI PDWHULDO SDUDPHWHUYV

L '"HILQLWLRQ RI LVRWURSLF QRUPDO FRPSUHVVLI

$WNLQVRQ DQG &KHUULOO FDUULHG RXW D VHU
RQ UHFRQVWLWXWHG 2[IRUG FOD\ 'DWD IRU LVRWL
SORWWHG DV OQY OQS LQ )LIXUH 7KH QRUPDO F
DQG &KHUULOO UH SORWWHG DV D RQH GLPHQVLRQ
ZKHUH M 3LHUSRLQW LV SORWWHG DJDLQ
WHVWV RQ QDWXUDO 2[IRUG FOD\ IURP WKH (OVWR?
JLIXUH $OVR VKRZQ RQ WKH JUDSK LV D RQH GL
SDUDOOHO WR WKH QRUPDO FRPSUHVVLRQ OLQH IRL
VHQVLWLYLW\ RI 7KH DVVXPHG QDWXUDO QRUPDO
DQG OLHV RQ D OLQH SDUDOOHO WR WKH UHFRQVW
DYDLODEOH LQ WKH RHGRPHWHU GR QRW VKRZ ZKHW
VDPSOH ZRXOG IDOO WRZDUG WKH UHFRQVWLWXWHG
KHDYLO\ OD\HUHG IDEULF RI WKH 2[IRUG FOD\ LW

VWUXFWXUH LV UHODWLYHO\ VWDEOH )DRB WWHVH G
REWDLQHG IRU WKH QDWXUDO 2[IRUG FOD\ 7KH YDO:
ZDV 1 JRU D QDWXUDO FOD\ ZKLFK LV RI VHQVL

1Q 1 L8Q6W

WKLV JLYHV 1Q

LL (ODVWLF YROXPHWULF GHIRUPDWLRQ

$V GHVFULEHG LQ FAHFWHRQVWLPDWHG IURP WKH UHV

VWDJHV IROORZLQJ LVRWURSLF FRPSUHVVLRQ )LJX

S S$9Q IRU WKH %RRP FOD\ WKH YDOXH WDNHQ IRU

XSSHU ERXQG WR WKH PDMRULW\ RI WKH GDWD GXI

PHDVXUHPHQWY DW YHU\ VPDOO VWUDLQV $ WDOXH |
IRU 2[IRUG FOD\



LI (ODVWLF VKHDU GHIRUPDWLRQ

7KH FRHIILFLHQWY GHVFULELQ JRXKH K G W DRWLORID VKIS
DQG RYHUFRQVROLGDWLRQ UDWLR WR EH XVHG LQ
$WNLQVRQ@HUH FDOFXODWHG IURP WKH FKDUWV SUH

DQG IURP GDWD SUHVHQWHG Q@ UG LD B BGE HUW SR IS
SUHVHQW VWDWLF DQG G\QDPLF VKHDU VWLIIQHVV P
VWDWLF PHDVXUHPHQWY ZHUH PDGH GXULQJ D VHULI
IRXQG WR FRUUHVSRQG:- WRSWKH ) UHODFKLIR @GKRDP L |
PHDVXUHPHQWKNRRIGHG: YRDO BB BRW SN3D 7KH YDOXH

VXJIJHVWHG E\ +LUG DQ@G V3 IDHIRSRALIQGY IRU WKHVH [
RWKHU FRHIILFLHQWY LQ WKH VWLIIQHVV UHODWLR
9LJJLDQL DQG $WHAMWYR® YDOXHV IRU WKH RWKHU FF
D SODVWLFLWRHDYXH[HBI LQ WKH (OVWRZ VLWH LQYH
DQG P 8VLQJ WKLV FRPELQDWLRQ RI| SDAUDBFPHWHUYV
IRUS N3D DW DQ RYHUFRQVROLGDWLRQ UDWLR FDC
RI WKH VWUHVV SRLQW ZLWK UHVSHFW WR WKH QDW:

LY SDUDPHWHUYV GHILQLQJ WKH EHKDYLRXU RI WKt

7KH YDOXHV Rl WKH SDUDPHWHUV S 7 DQG 6 ZHU
SDUDPHWULF VWXG\ EDVHG RQ WKH VWUHVV SDWK
LQYHVWLIJDWLRQ 3LHUSRLQW 7KH WHVWYV ZHU
(OVWRZ VLWH DQG IURP WKH .HPSVWRQ SLW RI WKH |
DQG FRQVLVWHG RI D VHULHV RI GUDLQHG FRQVWDQ
6WDOOHEUDVYV WR LQYHVWLJDWH WKH HIIHEWYV
ZDV FDUULHG RXW RQ D YHUWLFDOO\ RULHQWDWHG
ZDV FKRVHQ IRU QXPHULFDO VLPXODWLRQ DV D IX0O
RXW ZLWKRXW SUHPDWXUH VWRSSLQJ RI WKH WHVW
KLVWRU\ RI WKH WHVW WR EH PRGHOOHG VR WKH
VZHOOLQJ RI WKH VDPSOH IURP D VWDWH ZLWK D S|
WKH LQWHUFHSW RI WKH FXUUHQW HODVWLF ZDOO :
WKH PHWKRG RXWOLQHG LQ 6HFWLRQ 7KH DQD¢
SUREHV IROORZHG GXULQJ WKH WHVW ZKLFK FDQ E



YD®OX RI WKH SDUDPHWHUV 7 6 DQG FS ZHUH XVHC
SUHGLFWLRQV DQG REVHUYDWLRQV RI VWLIIQHVV D¢
DUH VXPPDULVHG LQ 7DEOH )LIXUH VKRZV
H[SHULPHQWDO GDWD IRU D FRQVWDQW S VKHDULQJ
ZHUH FKRVHQ WR UHSUHVHQW WKH 2[IRUG FOD\ Zt
FRUUHVSRQGYV WR YDOXHV RI 7 6 DQG FS

2[IRUG FOD\ DUH VPDOO LQ FRPSDULVRQ ZLWK WKF
BHEWLRQ DQG IRU /RQGRQ FOD\ 9LJJLDQL DQG
YDOXH RI 7 EXW ZHUH QHFHVVDU\ WR SUHGLFW WKH
VPDOO FKDQJH LQ VWUHVV FRPSDUHG WR WKH QDW>
FRUUHVSRQGLQJ WR WKH SDUDPHWHU VHWV S DQG
RI 7 DQG 6 ZKLFK LV WR H[WHQG WKH HODVWLF UH
GHED\ Rl VWLIIQHVYV RYHU WKH PHGLXP VWUDLQ UDQ
VDPH YDOXHV RI 7 DQG 6 DV S EXW ZLWK D UHGXF
LQFUHDVLQJ WKH VWLIIQHVYV DW PHGLXP WR ODUJH
VWLII 3UHGLFWLRQ RI LQLWLDO VWLIIQHVV ZKLFK

9LJJLDQL DQG $WNLQVRQ UHSUHVHQWY WKH YHL

JLIXUH VKRZV DQRWKHU FRQVWDQW S SDWK IUI
I URP WKH VDPH DQDO\VHYVY DV IRU WKH SUHYLRXV SD
SDWK LV WRR KLJK ZLWK WRR UDSLG D GHFD\ RI
ILQLWH HOHPHQW DQDO\VLV S LV VWLOO WKH EHVW
LQ VWUHVV

‘DWD IURP D FRQVWDQW T VZHOOLQJ SDWK WRJHWK
DQDO\WHV UHVXOWY FDQ EH VHHQ LQ )LJXUH 7K/
WKH YDIOODXGIGRWKH FXUUHQW PHDQ HIIHFWLYH VWUHVV
DQDO\WHV &RQVLVWHQW ZLWK SUHYLRXV FRPSDULV
HIWHQW RI WKH HODVWLF UHJLRQ ZLWK WKH VXEVHT
UDSLG 7KLV OHDGV WR WKH EXON PRGXOXV DW ODU
WHVWYV $QDO\WLV S RYHU SUHGLFWV VWLIIQHVV RY
GHFD\ DIWHU WKH LQLWLDO VPDOO VWUDLQ UHJLRQ



7K GDWD SUHVHQWHG LQ )LIXUHV WR VKRZ W
WKH SDUDPHWHUV DUH D UHDVRQDEOH FKRLFH IRU
7KLV PRUH H[WHQVLYH HYDOXDWLRQ RI WKH SDUDPI
YDOXHV RI 7 DQG 6 DUH PXFK VPDOOHU WKDQ XVH
PRGHOOHG XVLQJ WKH 6.+ PRGHO ZLWK 7 DQC
ODUJHU WKDQ QRUPDO DW

ORGHOOLQJ 2[IRUG FOD\ XVLQJ FRQYHQWLRQDO

,Q GHULYLQJ WKH SDUDPHWHUYV IRU 2[IRUG FOD\ PF
VWLIIQHVV UHODWLRQVKLS ,Q RUGHU WR H[DPLQH

DQLVRWURSLF VWUHVV VWUDLQ UHVSRQVH SUHGLFW
ZHUH DOVR VLPXODWHG 7KH XQGUDLQHG WHVWV Z|
LQYHVWLIJDWLRQ DQG FRQVLVWHG RI WHVWV RQ YH
WXEH VDPSOHG VSHFLPHQV 7HVW < ZDV SHUIRUPHG
< EHLQJ FDUULHG RXW RQ D VDPSOH WULPPHG IURF
FRQILQLQJ VWUHVV RI 022N3D DQG WKHQ FRQVROLG
WKH VWDUW RI VKHDULQJ 7KH WHVWV ZHUH PRGHOO
VWUHVV WR ZKLFK WKH VDPSOHV ZHUH VDWXUDWHG
SUHVVXUH FDOFXODWHG IURP WKH LQWHUFHSW RI W
ERXQGDU\ VXUIDFH LQ WKH PDQQHU GHVFULEHG LQ

DQ LVRWURSLF FRPSUHVVLRQ SDWK WR WKH UHTXLU
IDLOXUH $Q DOWHUQDWLYH PHWKRG RI VLPXODWLDQ.
WKLV DSSURDFK WKH DQDO\WHV VWDUWHG IURP D .F
ZDV IRXQG WKDW WKLV KDG QR LQIOXHQFH RQ WKH
JLIXUH VKRZV WKH XQGUDLQHG VWUHVV SDWKV |
ZLWK WKH PRGHO SUHGLFWLRQV 7KH ODERUDWRU\
SDWKV ZLWK S UHGXFLQJ 7KHVH DUH VLPLODU

RYHUFRQVROLGDWHG %RRP FOD\ 6HFWLRQ ZKHL
ZHOO GHVFULEHG E\ WKH DQLVRWURS\ FUHDWHG E\
PRGHO ,Q WKLV FDVH WKH PRGHO SUHGLFWV OLW
EHFDXVH RI WKH VPDOO VL]H RI WKH LQQHU VXUIDF
SDWK )DLOXUH IRU WKH PRGHO SUHGLFWLRQV LV Zt



W ODUJH VL]H RI WKH ERXQGLQJ VXUIDFH GHVFUL
SUHVVXUH /RFDOLVDWLRQ SKHQRPHQD DUH QRW SU
DW KLIJKHU PHDQ HIIHFWLYH VWUHVV WKDQ IRU WKH

ORGHOOLQJ 2[IRUG FOD\ XVLQJ FURVYV DQLVRWU

SLHUSRLQW PRGHOOHG 2[IRUG FOD\ XVLQJ D QR
QRWHG WKH VLIQLILFDQW VWUXFWXUDO DQLVRWURS
DQDO\WVH WKH WHVWYV XVLQJ D YHUVLRQ RI WKH 6.-
LOQFRUSRUDWH FURVYVY DQLVRWURSLF YDOXHV RI1 * HF
ZKHUH LW ZDV VKRZQ WR KDYH D VPDOO HIIHFW RQ
SDWKV RI D FOD\ ZKHUH UHFHQW VWUHVV KLVWRU\ H
OHVV LPSRUWDQW IRU WKH 2[IRUG FOD\ DV GHPRQ
GHWHUPLQHG IRU WKH 6.+ PRGHO LQ 6HFWLRQ

LQ WKLY PDQQHU PD\ EH PRUH DSSURSULDWH

7TKH XQGUDLQHG WHVWYV ZHUH PRGHOOHG LQ WKH VL
DQLVRWURS\ UHSUHVHQWHG E\ D ZKLFK LV UHDV
PHDVXUH RI WKH UDWLR RI KRULJRQWDO WR YHUWLF
7TKH SUHGLFWLRQV REWDLQHG IURP ERWK WKH FRQYF
WKH PRGHO DQG WKH ODERUDWRU\ GDWD FDQ EH VHI
VWUHVV SDWK FXUYHV SUHGLFWHG E\ WKH DQLVRW!I
GLUHFWLRQ RI WKH ODERUDWRU\ GDWD ,Q FRQWUDV

6.+ PRGHO IRUPXODWLRQ LQFRUSRUDWLQJ DQ DQLV
GLUHFWLRQ RI WKH XQGUDLQHG VWUHVYV SDWK 7KH I
LQQHU VXUIDFHY DQG WKH ODUJH VL]H RI WKH ERXQ!
IRU SODVWLF VWUDLQ LQFUHPHQWYV IRU WKH 6.+ P
JLYHQ E\ WKH HTXDWLRQ



(TXDWLRQ LPSOLHVY WKDW WKH PDJQLWXGH RI SOC
VXFK WKDW LI K LV ODUJH WKH SODVWLF FRPSRQH(
LQVLGH WKH VWDWH ERXQGDU\ VXUIDFH WKH YDULD|I
DQG 6 VHH 6WDOOHEUDVYV DQG KHQFH WKH V
GHILQHG IRU 2[IRUG FOD\ K LV VRPH RUGHUV RI PDJ
ZKLFK UHGXFHV WKH SODVWLF VWUDLQ FRPSRQHQW
RI VWUDLQ UHGXFHG LQ SURSRUWLRQ WKH HODVWLF
RI WKH HODVWLF VWUDLQ FRPSRQHQW PHDQV WKDW
FURVV DQLVRWURSLF YHUVLRQ RI WKH 6.+ PRGHO
EHKDYLRXU

JLIXUHV DQG VKRZ JUDSKV RI XQGUDLQHG VW]
WZR XQGUDLQHG WHVWYV 30RWWHG DORQJVLGH WKI
ERWK WKH VWDQGDUG LVRWURSLF DQG WKH DQLVRW!
RI LQLWLDO VWLIIQHVYV IRU WHVW < |RU ERWK YH
SUHGLFWLRQV IRU WHVW < EHLQJ DSSUR[LPDWHO\ |
KRZHYHU WKH UHJLRQ RI KLJK VWLIIQHVYV SUHGLFV
HI[FHHGV WKDW GHVFULEHG E\ WKH ODERUDWRU\ GDW
UHGXFWLRQ LQ VWLIIQHVV EHIRUH WKH LVRWURSLF
RYHU SUHGLFWHG E\ ERWK YHUVLRQV RI WKH PRGHO
ZLWK DQ LVRWURSLF * HF *UDSKV RI GHYLDWRU VW
JLIXUHV DQG IRU WKH VDPH GDWD 3UHGLFWL
SDUWLFXODU YDOXHV RI D[LDO VWUDLQ DUH KLJKHU
OHVV WKDQ IRU ERWK WHVWVYV $QLVRWURSLF HC
FORVHU WKDQ LVRWURSLF HODVWLF SUHGLFWLRQV E
vwubDLQ 3UHGLFWLRQV IRU WKHVH WHVWV FRXOG EI
RI WKH VWDWH ERXQGDU\ VXUIDFH E\ VHOHFWLQJ D
WHVWYVY W LV OLNHO\ WKDW D ODUJH IDFWRU LQ WK

OHWYV



SUHEBWLRQ RI D[LDO VWUDLQ IRU D JLYHQ GHYLDWRU
WKDW DUH FRPSXWHG IRU WKH SUHGLFWHG GDWD

JLIXUHV WR VKRZ WKH VWLIIQHVV SUHGLFWLF
WHVWV PRGHOOHG LQ WKH SDUDPHWULF VWXG\ WR

FOD\ SORWWHG DORQJ ZLWK SUHGLFWLRQV PDGH XV
PRGHO XVLQJ WKH VDPH SDUDPHWHUV DV S 3UHGL
YHUVLRQV RI WKH PRGHO SORW FORVH WRJHWKHU

VOLIJKWO\ ORZHU VWLIIQHVVHY RYHU D UDQJH RI VW
DUH FORVHU WR WKH WHVW GDWD WKDQ WKH SUHGLF
IRU WKH VDPH SDUDPHWHUYV

6 XPPDU\

7KH UHVXOWY RI WKLV VWXG\ DUH LQWHUHVWLQJ VL
RI WKH WHVW GDWD XVHG IRU WKLV ZRUN WKDW WKFE
HW DO ZHUH PLQLPDO ZLWK VLPLODU VWLIIQF
URWDWLRQV DW WKH VDPH VWUDLQ OHYHOV 7KH YD
RI WKH HIITHFW Rl UHFHQW VWUHVYV KLVWRU\ ZHUH FK
ZKLFK WKLV HIIHFW LV PRUH HYLGHQW DQG WKH VPL
HITHFW RI UHFHQW VWUHVYV KLVWRU\ 7KH NLQHPDW
WUDYHUVHG E\ D VPDOO FKDQJH LQ VWUHVYV GXULQJ
VWUHVV KLVWRU\ 7KH 6.+ PRGHO ZDV GHYHORSHG
UHDVRQDEO\ WKH VWUHVY DQG UHFHQW VWUHVV KLYV
LQFOXGLQJ %RRP FOD\ 6HFWLRQ ,W LV HQFRXUD.
HQRXJK WR EH DSSOLHG WR D FOD\ ZKHUH WKH HIII
7TKHVH DQDO\VHV Rl 2[IRUG FOD\ UHLQIRUFH WKH LG
LOQQHU VXUIDFHVY DUH PDWHULDO SURSHUWLHYV 6WD!
HYDOXDWHG ZLOO GHWHUPLQH ZKHWKHU UHFHQW V
SDUWLFXODU FOD\ ,W PD\ EH IRUWXLWRXV WKDW LC
ZDV FKDUDFWHULVHG E\ VWUXFWXUDO DQLVRWURS\
WKH GRPLQDQFH RI HODVWLF VWUDLQLQJ SUHGLFWH
DOQLVRWURSLF HODVWLF YHUVLRQ RI WKH PRGHO KDG



-RFLFLF VWDWHG WKDW WKH LQIOXHQFH RI WK
FDOFXODWHG VRLO GHIRUPDWLRQ LV FULWLFDOO\ (
DGGLWLRQ LW ZRXOG VHHP WKDW WKH LQIOXHQFH RI
UHVSRQVH LV DOVR VWURQJO\ GHSHQGHQW RQ WKH
DQLVRWURSLF EHKDYLRXU )RU WKH 2[IRUG FOD\ ZKL
E\ GHSRVLWLRQDO DQLVRWURS\ DQG QRW VWURQJO\
DQLVRWURS\ LQ WKH PDQQHU GHVFULEHG DERYH SU
SUHGLFWLRQ RI WKH VWUHVY VWUDLQ YROXPH FKDUL

*(1(5%/ 5(0$5.6

JLOLWH HOHPHQW DQDO\WHVY KDYH EHHQ FDUULHG RX
RI QDWXUDO VWLII FOD\ EHKDYLRXU LQ ODERUDWRL
2[IRUG FOD\ DQG FUHHS WHVWYV ZHUH DOO PDGH E\ [
VWUDLIJKWIRUZDUG PDQQHU 3UHGLFWLRQV PDGH IR
LPSURYHG E\ DFFRXQWLQJ IRU WKLV EHKDYLRXU LC
DERDO\VLYVY SURFHGXUH ZHUH FRQVLVWHQW ZLWK REVH

JRU ODERUDWRU\ WHVWYV ZKHUH WKH UHFHQW VWUH
GHILQHG LW LV FRQFHSWXDOO\ VLPSOH WR DFFRXQ
GHVFULEHG LQ WKLV FKDSWHU )RU ILHOG SUREOHPYV
$QDO\WHV FDUULHG RXW LQ &KDSWHU ZLOO LQYHVW
EHKDYLRXU IRU ERXQGDU\ YDOXH SUREOHPV
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SUHVHQWHG LQ WKLV FKDSWHU DUH WZR ILQLWH HOH
UHFRQVWLWXWHG FOD\ FDUULHG RXW LQ WKH $FFX\
8QLYHUVLW\ ,Q RUGHU WR EH DEOH WR PHDVXUH W
PRGHOV WR ILHOG SUREOHPV ZKHUH PDQ\ XQFHUWDL
DEOH WR HYDOXDWH SUHGLFWLRQV RI SUREOHPV Z1
SURSHUWLHYVY &HQWULIXJH WHVWYV DUH LGHDO IRU H®
WR FDUHIXOO\ FRQWURO WKH SUHFLVH JHRORJLFDO
GHVFULSWLRQ RI WKH LVVXHYV LQYROYHG LQ FHQWUL

7ZR VHWV RI DQDO\WHV KDYH EHHQ FDUULHG RXW W
7KH ILUVW VHW RI DQDO\VHV ZHUH RI D FHQWULIXJH
FLUFXODU IRXQGDWLRQ ORDGHG LQ F\FOHV DQG Zt

6WDOOHEUDVYVY DQG 7D\ORU ,Q DGGLWLRQ WR W
PRGHOV ORGLILHG &DP FOD\ 5RVFRH DQG %XUODC
6LPSVRQ ZHUH XVHG WR VKRZ WKH UHODWLYH

PRGHOV ZHUH SDUWLDOO\ FKRVHQ GXH WR WKHLU DF
6.+ PRGHO DUH DOUHDG\ LPSOHPHQWHG LQ D YHUVLR
WKH %ULFN PRGHO LV DYDLODEOH LQ WKH 6%$)( ILC
*HRWHFKQLFYVY '"HWDLOHG GHVFULSWLRQV RI WKH 6
IRXQG LQ &KDSWHU DQRQG LQ 6WDOOHEUDVYV D
IRXQGDWLRQ WHVW LV D FRPSOH[ SUREOHP DQG LV
DEDO\VLVY GXH WR WKH KLJK VWUHVVHYV DW WKH HGJI
PHFKDQLVP 1HYHUWKHOHVVY WKH DQDO\VLV SURYLGI

7KH VHFRQG VHW RI ILQLWH HOHPHQW DQDO\VHV PRC
ZKHUH LQWHUQDO WXQQHO SUHVVXUHV ZHUH UHGXF
DQRQG WKH UHVXOWLQJ PRYHPHQWY REVHUYHG 7KHVFE
6.+ PRGHO RQO\ DQG ZHUH LQWHQGHG WR DFW DV I
FRPSXWHG PRYHPHQWY DURXQG WXQQHOV WKDW FD(

LOO



VLPODWH D ZHOO FRQWUROOHG DQG PRQLWRUHG HY
ZDV WR EH XVHG DV WKH EDVLV IRU VRPH DQDO\VHV

ORGHO IRXQGDWLRQ

7KH PRGHO IRXQGDWLRQ WHVW VLPXODWHG LV RQH F
7D\ORU RQ WKH $FFXWURQLF JHRWHFKQLFD(
VRLO VDPSOH ZDV SUHSDUHG LQ D FRQVROLGRPHWI
YHUWLFDO HIIHFWLYH VWUHVV RI N3D DQG WKHQ
RI O22N3D )LJXUH VKRZV WKH HIIHFWLYH VWUHYV
YDULRXV VWDJHV RI WKH VDPSOH SUHSDUDWLRQ DQC
R PP GLDPHWHU DQG VXSSRUWHG DQ LQLWLDO O
ORDGLQJ DUUDQJHPHQW )LJXUH VKRZV WKH DUUI
GLVSODFHPHQW WUDQVGXFHUVY DQG WKH ORDG FHOC
SODFHG RQ WKH FHQWULIXJH DFFHOHUDWHG WR O2:
LOQWR HTXLOLEULXP 7KH HTXLOLEULXP ZDWHU WDE
VXUIDFH 3RUH ZDWHU HYDSRUDWLRQ ZDV SUHYHQW
VXUIDFH Rl WKH VRLO DQG WKH ZDWHU OHYHO ZDV F
EDVH VDQG OD\HU 7KH IRXQGDWLRQ ZDV ORDGHG DV
LPSRUWDQW WR NQRZ LQ GHWDLO DOO VWDJHV RI \
PRGHO DQG WKH %ULFN PRGHO EHJLQ IURP WKH ILUV

6HOHFWLRQ RI PRGHO SDUDPHWHUYV

7KH YDOXHV RI WKH ORGLILHG &DP FOD\ SDUDPHWH!

IURP D VHULHV RI ODERUDWRU\ WHVWV WR GH)
FHQWULIXJH WHVWYV 9DOXHV IRU WKH KRUL]JRQWDO C
ZHUH REWDLQHG IURP $ 7DEEDD 7TKH SDUDPHWH

7KH SDUDPHWHUYV UHTXLUHG IRU WKH 6.+ PRGHO Z
ORUULVRQ RU ZHUH REWDLQHG E\ D SDUDPH!
VLPXODWLRQV RI VWUHVY SDWK WULD[LDO GDWD 6W



REMJQHG IURP GDWD SURGXFHG E\ 9LJJLDQL 7K
PRGHO FDQ EH VHHQ LQ WDEOH

%ULFN PRGHO SDUDPHWHUV UHTXLUHG ZHUH REWD

6LPSVRQ DQG XVLQJ D SDUDPHWULF VWXG\ [(

PRGHO SDUDPHWHUV IRU 6SHVZKLWH NDROLQ DUH JL

$QDO\WLV SURFHGXUH

D &UL63 DQDO\VHV

7KH ORGLILHG &DP FOD\ DQG 6.+ PRGHO DQDO\VHV =

WKH 66&5,63 6WDOOHEUDVYV ZLWK WULDQJXOD!
RITHULQJ SRUH SUHVVXUH GHJUHHV RI IUHHGRP 7K
FRQWDLQHG HOHPHQWV ZLWK QRGHV 7KH PHV

ERXQGDU\ FRQGLWLRQV

'LBODFHPHQW 3RUH SUHVVXUH

7RS JUHH ,PSHUPHDEOH
IHIW +RUL]RQWDO ,PSHUPHDEOH
SLIJKW +RUL]JRQWDO ,PSHUPHDEOH

%RWWRP+RULIRQWDO 9HUBWRFB[FEHVYV

7TKH WHVW ZDV PRGHOOHG LQ D[LV\PPHWU\ ZLWK WK}

7KH VZHOOLQJ RI WKH VRLO LQ WKH FRQVROLGR
7KH SODFLQJ RI WKH IRXQGDWLRQ DQG LQFUHDYV
(TXDOLVDWLRQ RI SRUH SUHVVXUHV LQ WKH FHC
SHSODFLQJ WKH IRXQGDWLRQ ZLWK QRGDO ORDC
IRDGLQJ VWDJHV

7KH VRLO ZDV VZHOOHG IURP D YHUWLFDO HIIHFW
VXUFKDUJH RYHU D ORQJ SHULRG RI WLPH WR VLP’
VXUFKDUJH ZDV OHIW RQ WR HQVXUH WKH VRLO VWL



WDJH 7KH LQLWLDO ,4 ZDV DVVXPHG WR EH HT.
FRQWUROOHG E\ WKH VRLO PRGHO 7KH IRXQGDWLR
PDVV HTXDOOLQJ WKH LQLWLDO ORDG DSSOLHG E\
UHPDLQLQJ VXUFKDUJH JUDYLW\ ZDV LQFUHDVHG V
FRQVROLGDWHG IRU WKH WLPH DOORZHG LQ WKH W

HTXLOLEULXP VWDJH 7TKH IRXQGDWLRQ HOHPHQV
IRUFHV VLQFH WKH WHVW IRXQGDWLRQ ZDV VPRRW}
QRGHV ZDV QRW GHVLUDEOH VWDJH 7R HQVXUH

UHPDLQHG OHYHO WKH VRLO ZDV ORDGHG E\ DSSO\
IRDGVY ZHUH EDFN FDOFXODWHG WR JLYH WKH FKDQJ
FRUUHFW UDWH RI ORDGLQJ ZDV VLPSOH WR PRGHO
ORDGLQJ F\FOHV WRRN SODFH ZHOO ZLWKLQ WKH \
UHVSRQVH RI ORDG WR WLPH 6LQFH WKH 6.+ PRGH
ERXQGDU\ VXUIDFH LW ZDV PRUH GLIILFXOW WR HQV
WKH WLPH UDPSV IURP WKH WHVW $Q DSSUR[LPDWL
XvLQJ b ORJ WLPH VWHS UHODWLRQVKLS IRU HDFK
PRGHOOHG DUH VKRZQ LQ )LJXUH

$ IXUWKHU 6.+ DQDO\VLV ZDV UXQ IRU FRPSDULVRC
EHORZ WR H[DPLQH WKH FRQVHTXHQFHV RI SHUIRUP
VWDJHV Rl WKH WHVW ZHUH VLPLODU WR WKH VWDJH
PDGH WR DOORZ IRU WKH GLIIHUHQFHV LQ LQSXW

GLIIHUHQFH EHWZHHQ WKH GUDLQHG XQGUDLQHG DQ
WKDW LQ WKH GUDLQHG XQGUDLQHG DQDO\VLV WKH

ZDV QRW UHPRYHG XQWLO DIWHU WKH HTXLYDOHQW

UHSOLFDWH DQ REVHUYHG VWUHVV SDWK UHYHUVDO
DQDO\VLYV

E 6$)( DQDO\VHYV

7KH %9ULFN PRGHO DQDO\VLV ZDV FDUULHG RXW XVLC
WKH $UXS *HRWHFKQLFVY 6%$)( SURJUDP 7KH PHVK Z]
DV LW QHHGHG WR EH EXLOW XS RI TXDGULODWHUD

HOHPHQWY DQG QRGHY GLVSODFHPHQW ERXQ



ORGLQJ XQGHU FRQGLWLRQV RI FRXSOHG FRQVROLGI
WLPH WKHVH DQDO\VHV ZHUH FDUULHG RXW WKH SU
WKH IROORZLQJ VWDJHV

'"HSRVLWLRQ IURP D VOXUU\ DQG VZHOOLQJ LQ WI
,QFUHDVH JUDYLW\ DQG SODFH IRXQGDWLRQ GUI
SHPRYH VXUFKDUJH DQG GUDLQ WR FRUUHFW SRL
/IRDGLQJ DQG XQORDGLQJ F\FOHV XQGUDLQHG

7KH %ULFN PRGHO DV LPSOHPHQWHG LQ 6%$)( UHTXLU
VOXUU\ VR WKDW WKH .R SURILOH LV GHWHUPLQHG E
IRXQGDWLRQ ZDV SODFHG LQ WKH VDPH ZD\ DV IRU

VXUFKDUJH DIWHU VZHOOLQJ ZDV OHIW RQ LQ DQ HIIF
REVHUYHG LQ WKH FRQVROLGDWLRQ DQDO\VHV VWD
SRUH SUHVVXUHV DW DQ\ VWDJH LQ WKH DQDO\VLV I
FRUUHFW SRUH SUHVVXUH DW WKH DSSURSULDWH VW
UHPRYHG SULRU WR ORDGLQJ WR PRGHO WKH VZHOO
DW WKLV VWDJH RI WKH WHVW VWDJH /IRDGLQJ

FRQWUROOHG 7KH IRXQGDWLRQ ZDV ORDGHG VR WKE
FHQWULIXJH WHVW UDWKHU WKDQ WKH ORDGV EHLQ.
6.+ DQDO\VHV VLQFH IRU %ULFN LW ZDV LPSRVVLEO
SDUDPHWHUV XVHG $00 VWDJHV RI WKLV DQDO\VLV
ZKLFK ZHUH PRGHOOHG XQGUDLQHG VWDJH $V W
DQDO\VLV LW ZDV QRW QHFHVVDU\ WR PRGHO WKH O

SHVXOWYV

7KH UHVXOWYV RI WKH ILQLWH HOHPHQW DQDO\VHV DI
FKDSWHU DV D PHDVXUH RI WKH SHUIRUPDQFH RI

FRQVLGHUHG FRPSDULVRQ RI WKH ORDG GLVSODF
VHWWOHPHQW SURILOHV DQG WKH XQGHUO\LQJ VRLO



D /IRDG GLVSODFHPHQW UHVSRQVH

JLIXUH VKRZV ORDG GLVSODFHPHQW F\FOHV IRU D
ORDG DSSOLHG E\ WKH ORDGLQJ SLQ

W FDQ EH VHHQ WKDW WKH UHVXOWY IURP WKH O
SUHGLFWLRQ IRU WKH VHWWOHPHQW RI WKH IRXQGD"
WKLV SRLQW GLVSODFHPHQW LV RYHUHVWLPDWHG
6ZHOOLQJ RQ XQORDGLQJ LV VXEVWDQWLDOO\ RYH
UHVSRQVH $ VPDOO DPRXQW RI K\ WVWHUHVLV LV HYL
ORDG GLVSODFHPHQW FXUYH FRQWLQXHV SULPDULO
SUHGLFW GLVSODFHPHQWYV

7KH 6.+ FRQVROLGDWLRQ PRGHO TXDOLWDWLYHO\
ILUVW ORDGLQJ GRHV QRW DSSHDU WR EH LQLWLDOC
VWLIIQHVV IRU WKH IRXQGDWLRQ LV QRW UDSLG HC
EHKDYLRXU H[KLELWYV K\VWHUHVLY DQG FRPSDUHV
WKH PRGHO DJDLQ XQGHU SUHGLFWYV LQLWLDO VWLII
UDSLG DV ORDGLQJ SURJUHVVHYV

7TKH %ULFN PRGHO DJDLQ UHSUHVHQWY WKH HVVHQW
SUHGLFWV D ORZHU EHDULQJ FDSDFLW\ WKDQ WKH R
ORDGYVY EHLQJ UHDFKHG IRU HDFK ORDGLQJ VWDJH , W
D ORDGLQJ VWDJH DV WKH SRLQW ZKHUH WKH FRP
PHDVXUHG LQ WKH FHQWULIXJH WHVW LQVWHDG RI
KLIK VWLIIQHVYV WKH %ULFN PRGHO WKHQ SUHGLFW
EHDULQJ FDSDFLW\ WRR UDSLGO\ UHVXOWLQJ LQ |
UHORDG FXUYH ZRXOG EH H[SHFWHG WR H[KLELW K\V
HQG RI WKH XQORDGLQJ DQG DW WKH VWDUW RI UHO
%ULFN PRGHO VHHPV WR UHSUHVHQW WKH PDLQ FKD!
DOWKRXJK WKH SUHGLFWHG EHDULQJ FDSDFLW\ LV L

7KH GUDLQHG XQGUDLQHG 6.+ DQDO\VLV ZDV SHUIR
DVVXPSWLRQV XVHG IRU WKH %ULFN PRGHO DQDO\V
WKLY PDQQHU SURGXFHG D VOLJKWO\ KLJKHU ORDG



FRQGRWILRQ DQDO\VLYV 7KLV LV OLNHO\ WR EH GXF
SULRU WR ORDGLQJ 7KH ORDG GLVSODFHPHQW FX
XQGUDLQHG UXQV RI 6.+ PRGHO DUH FRPSDUHG LQ

(TXLYDOHQW VWUDLQV $WNLQVRQ FDQ EH XVH¢
IRU GLIITHUHQW JHRWHFKQLFDO SUREOHPV $Q HTXL
EH FDOFXODWHG IURP

V H %

ZKHUH LV WKH IRXQGDWLRQ GLVSODFHPHQW DQG ¢
HTXLYDOHQW VWUDLQ RI ZKLFK FRUUHVSRQGYV '
DURXQG W\SLFDO JHRWHFKQLFDO VWUXFWXUHV O
GLVSODFHPHQW FRPSXWHG IURP (TXDWLRQ LV
FRPSXWHG ORDGV GLIIHU IURP WKH PHDVXUHG Ut
ORGLILHG &DP FOD\ 6.+ PRGHO %ULFN PR
DUH REYLRXVO\ FORVHU RU IXUWKHU DZD\ DW RV
KLIKOLJKWYVY WKH GLIILFXOWLHYV ZKLFK FDQ EH DV
UHIHUHQFH SRLQW 1HYHUWKHOHVV WKLV SURYLGH
RI SUHGLFWLRQV

E 6HWWOHPHQW SURILOHYV

,W LV DOVR LQWHUHVWLQJ WR ORRN DW WKH VHWW
SDWK &RPSXWHG UHVXOWY IRU ORGLILHG &DP FOD)

JLIXUHV W R YJLIXUH VKRZV WKH SUHGLFWH
ORDG RI 1 GXULQJ ILUVW ORDGLQJ )LIXUH

IRXQGDWLRQ ORDG RI 1 GXULQJ XQORDGLQJ DQG
SURILOHV IRU D IRXQGDWLRQ ORDG RI 1 GXULQJ |

KHDYH DW DSSUR[LPDWHO\ PP IURP WKH HGJH RI V
QH[W WR WKH IRXQGDWLRQ DV VHHQ LQ WKH WHVW
RI WKH WHVW GDWD



7KH 6.+ PRGHO SUHGLFWV KHDYH DW D SRVLWLRQ
7KH PDJQLWXGH RI KHDYH IRU ILUVW ORDGLQJ DQG
QRW VXUSULVLQJ DV WKH VHWWOHPHQW RI WKH [IRX
ORDGLQJ DW D ORDG RI 1 ZKHUH WKH ORDG GLVS
QHDU WKH WHVW GDWD WKH PDJQLWXGH RI KHDYH
PHDVXUHG YDOXHYV

%ULFN PRGHO SUHGLFWLRQV Rl WKH VHWWOHPHQW S
&RPSDULVRQV Rl FRPSXWHG GDWD DUH PDGH DW WK
WKH HQG RI XQORDGLQJ )LJIJXUH 7KH %ULFN PR(
GLVWDQFH IURP WKH IRXQGDWLRQ EXW FOHDUO\ WK
ZLWK WKH ORDGV DSSOLHG $W HTXLYDOHQW YDOXH
SUHGLFWV WKH PD[LPXP KHDYH E\ EHWZHHQ DQ
GLIIHUHQFH LQ GUDLQDJH FRQGLWLRQV QHDU WKH IF

F 8QGHUO\LQJ VRLO EHKDYLRXU

7KH ODUJH GLIITIHUHQFH EHWZHHQ WKH ORDG GLVSOD
6.+ PRGHO FDQ SHUKDSV SDUWO\ EH H[SODLQHG
IROORZLQJ WKH UHFHQW VWUHVV KLVWRU\ MXVW SUI
VHHQ LQ )LIJXUH 7KH .R SURILOH ZLWK GHSWK IRL
WKH SUHGLFWLRQ RI $ 7DEEDD EXW LV KLIJKHI
.XOKD2Zz\ %YULFN PRGHO SUHGLFWLRQV RI .R DUH
$ 7TDEEDD DQG OD\QH DQG .XOKD2Z\ 7TKH L
ORDGLQJ FRPPHQFHV IURP D GLITHUHQW SRVLWLRQ L
%ULFN SUHGLFWLRQV UHVXOWY LQ ORDGLQJ VWDUWL
RI'S FRPSDUHG WR WKH 6.+ PRGHO 7KXV OHVV OR
WR IDLOXUH SDUWLFXODUO\ EHFDXVH LQ WKH %ULF
IDLOXUH VXUIDFH DQG GRHV QRW KDYH WR UHDFK D
VWDWH ERXQGDU\ VXUIDFH WR DFKLHYH IDLOXUH



6XPPDU\

7TKH %ULFN DQG 6.+ PRGHOV TXDOLWDWLYHO\ SUF
EHWWHU WKDQ ORGLILHG &DP FOD\ ZKHUH UHVSRQVFE
DUH LPSRUWDQW IDFWRUV GHWHUPLQLQJ WKH EHKD
$O00 RI WKH PRGHO SUHGLFWLRQV RI ORDG GLVSOD!
PHDVXUHG GDWD IRU DQ HTXLYDOHQW VWUDLQ RI
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$ ILQLWH HOHPHQW DQDO\VLV RI D WXQQHO LQ UHFR
DFFXUDF\ ZLWK ZKLFK JURXQG PRYHPHQWV LQGXFHC
SUHGLFWHG ZKHQ WKH QXPEHU RI XQNQRZQ TXDQW
FDUULHG RXW XVLQJ WKH 6.+ PRGHO DV WKLV PRC
FRPSOH[ LQ VLWX SUREOHPVY GHWDLOHG LQ &KDSWHL
LQ QDWXUDO GHSRVLWV ZDV WR EH WKH +HDWKUR?Z
DQDO\VLV LV D XVHIXO IUDPH RI UHIHUHQFH

7KH WXQQHO SUREOHP DQDO\WHG KHUH LV RQH RI F
XVLQJ WKH FHQWULIXJH DW &LW\ 8QLYHUVLW\ )LJIXU
FRQVLVWY RI D WXQQHO H[FDYDWHG LQ 6SHVZKLWH
FURZQ RI ' ZKHUH ' LV WKH GLDPHWHU RI WKH WXQ:
YHUWLFDO HIIHFWLYH VWUHVV RI N3D LQ WKH FRC

N3D 7KH PRGHO ZDV WKHQ UHPRYHG IURP WKH
H[FDYDWHG DQG D UXEEHU PHPEUDQH LQVHUWHG
SUHVVXUH FRXOG EH DSSOLHG 7KH PRGHO ZDV W
FRQVROLGDWHG WR HTXLOLEULXP FRQGLWLRQV DW
VXSSRUW SUHVVXUH ZDV VWHDGLO\ LQFUHDVHG WR
YDOXH RI N3D 7XQQHO VXSSRUW SUHVVXUH ZDV
PLQXWH ORYHPHQWY DW JURXQG VXUIDFH ZHUH PHD
DORQJ WKH VXUIDFH DV VKRZQ LQ )LJXUH



6HOHFWLRQ RI SDUDPHWHUYV

7KH SDUDPHWHUYV XVHG IRU WKH 6.+ PRGHO WR DQC
DV WKRVH XVHG IRU WKH IRXQGDWLRQ DQDO\VLV IF
6HFWLRQ

$QDO\WVLYV SURFHGXUH

7KH SUREOHP ZDV PRGHOOHG XVLQJ WKH 6.+ PRGH
&UL63 %ULWWR DQG *XQQ LQ SODQH VWUDLQ :
ZDV VZHOOHG IURP D YHUWLFDO HIIHFWLYH VWUHVV
ORQJ SHULRG RI WLPH WR VLPXODWH GUDLQHG FRQ
FRQVROLGDWHG .R Rl O VLQ M 6RPH RI WKH VXUFKI
DW D YHUWLFDO HIIHFWLYH VWUHVV RI N3D VWDJ
ZDV LQFUHDVHG WR 022]J DQG WKH UHPDLQLQJ VXU
HOHPHQWY ZHUH UHPRYHG DQG UHSODFHG ZLWK D V
DURXQG WKH FLUFXPIHUHQFH RI WKH H[FDYDWLRQ

DOORZHG WR GLVVLSDWH IRU WKH WLPH DOORZHG L

SUHVVXUHYVY ZHUH WKHQ UHGXFHG DW D UDWH RI N
SHVXOWYV
JLIXUH VKRZV WKH REVHUYHG 3:ORDG VHWWOHP

DORQJVLGH WKH PRYHPHQWY SUHGLFWHG E\ WKH 6.
SUHVVXUH 7KH SORDG VHWWOHPHQW"™ EHKDYLRXU LV
VXUIDFH DW WKH FHQWUHOLQH RI WKH WXQQHO DV
WXQQHO VXSSRUW SUHVVXUH 7KH ILIJXUH VKRZV UHL
DQRQG FRPSXWHG UHVXOWY XS WR D UHGXFWLRQ LQ W.
N3D $IWHU WKLV SRLQW WKH UHVXOWY GLYHUJH Il
XOWLPDWH VHWWOHPHQWYV OHVV WKDQ WKRVH R
UHVSRQVH WR ORDGLQJ IRU WKH ODWWHU SDUW RI1 W
VKRZV DQ HQODUJHPHQW RI WKH ORDG VHWWOHPHC



DIJUHHRH@YWH UHVXOWY LQ PDIJQLWXGH LV JRRG $V I
LQ 6HFWLRQ WKH UHVSRQVH RI WKH VRLO WR XCQC
HQRXJK ZLWK VHWWOHPHQW RYHU SUHGLFWHG E\ Wl

YLIXUH VKRZV QRUPDOLVHG VXUIDFH VHWWOHPHC
WKH PHDVXUHG DQG SUHGLFWHG UHVXOWV 7KH SUH
VRPHZKDW ZLGHU WKDQ WKH PHDVXUHG GDWD *UDQ
FHQWULIXJH WXQQHOV XVLQJ WKH 6.+ PRGHO ZHUH

,Q RUGHU WR FRPSDUH WKH DFFXUDF\ RI SUHGLFWI
IRXQGDWLRQ PRGHO WHVW HTXLYDOHQW VWUDLQV
HTXLYDOHQW VWUDLQ IRU WKH WXQQHO WHVW FRXOC

VH F

ZKHUHYV WKH VHWWOHPHQW DW JURXQG VXUIDFH D!

HTXLYDOHQW VWUDLQ RI ZKLFK FRUUHVSRQGV W
DURXQG W\SLFDO JHRWHFKQLFDO VWUXFWXUHV O0ODL
FRPSXWHG IURP (TXDWLRQ LV PP $W D GLVSC

VXSSRUW SUHVVXUH FRPSXWHG E\ WKH 6.+ PRGHO L

6XPPDU\

$V IRU WKH IRXQGDWLRQ SUREOHP WKH 6.+ PRGHO
RI PRYHPHQWY DQG EHKDYLRXU ZHOO ,Q FRPPRQ ZL
ORDG VHWWOHPHQW UHVSRQVH LV LQLWLDOO\ QRW
SURJUHVVHV ORGHO SUHGLFWLRQV IRU WKH OHYHO
ILHOG DUH ZLWKLQ RI WKH WHVW GDWD



6800%$5<

7KH 6.-+ PRGHO ORGLILHG &DP FOD\ DQG WKH %ULF
WKH EHKDYLRXU RI D VWLII FOD\ IRU UHDO ORDGL
&HQWULIXIJH WHVWYVY DQG WKHLU FRUUHVSRQGLQJ GI
WKH VWUHVV FKDQJHY DQG DVVRFLDWHG PRYHPHQW
XVHG IRU WKH WHVWYV ZDV UHFRQVWLWXWHG DQG IR
XVHG KDG EHHQ FDUHIXOO\ HYDOXDWHG 7KH 6.+ F
EHKDYLRXU ZKLFK TXDOLWDWLYHO\ UHSUHVHQWHG
SUREOHP ZKLOVW ORGLILHG &DP FOD\ ZDV XQDEOH
'HVSLWH EHLQJ GHYHORSHG WR PRGHO WKH VDPH UH
EHKDYLRXU WKH %ULFN DQG 6.+ PRGHO SUHGLF\
PRYHPHQW IRU SDUDPHWHUYVY GHULYHG IURP WKH VDF

7KH 6.+ PRGHO ZDV DEOH WR SUHGLFW D UDQJH RI
WXQQHO SUREOHP 'HVSLWH WKH IHZ XQNQRZQV LQ
WKH PRGHO ZDV VWLOO XQDEOH WR SUHGLFW WKH S
WHVWV DUH DQ H[FHOOHQW PHWKRG RI HYDOXDWLC
PHDVXUHG UHVSRQVH DUH UHODWHG WR IHZHU XQF
JHRWHFKQLFDO SUREOHPV LQ WKH ILHOG ,Q JHQHU
DERXW WKH DQDO\VHV LQ WKLV FKDSWHU

7KH .R SURILOH FRPSXWHG E\ WKH PRGHO FDQ KDYH
EHKDYLRXU DQG PD\ LQ SDUW H[SODLQ WKH GLVFUL}
PRGHO SUHGLFWLRQV LQ WKH FDVH RI WKH IRXQGDW

,Q RUGHU WR PRGHO WKH FRPSOH[ QRQ OLQHDU OREL
ZHOO LW LV LPSRUWDQW WR KDYH QRQ OLQHDU EHKE

%RWK WKH 6.+ PRGHO DQG WKH %ULFN PRGHO DUH
PRYHPHQWY DURXQG WKHVH VLPSOH ZHOO FKDUDFW
WKH VWUXFWXUH DV PHDVXUHG ORYHPHQWY KRZHY
RUGHU RI PDIJQLWXGH RI REVHUYDWLRQV



YRU WKH ZHOO FRQWUROOHG DQG ZHOO PRQLWRUHG
FKDSWHU PRGHO SUHGLFWLRQV RI RYHUDOO 30ORDG

RI WKH PHDVXUHG GDWD DW VWUDLQV UHSUHVHQWD
PRGHOV

7KH DQDO\WVHV FDUULHG RXW LQ WKLV FKDSWHU S
FRPSDULQJ WKH ERXQGDU\ YDOXH DQDO\VHV RQ QDW
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7KH ILQLWH HOHPHQW DQDO\VHV RI D VLQJOH XQLIF
&KDSWHU GHPRQVWUDWHG WKH HIIHFW RI PRGHOO
VXEVHTXHQW SUHGLFWHG UHVSRQVH WR VKHDULQ!J
FRQVHTXHQFHV RI LQFOXGLQJ D GHVFULSWLRQ RI VL
7KH DELOLW\ Rl WKH PRGHO WR SUHGLFW WKH EHK
VWUXFWXUH FKDUDFWHULVHG E\ GHSRVLWLRQDO DQ
WKH 6.+ PRGHO ZDV DOVR LQYHVWLJDWHG

6HYHUDO WHVWYVY RQ QDWXUDO VDPSOHV RI %RRP FO
WKH 6.+ PRGHO ZLWK YDOXHV IRU WKH PRGHO SDL
WHVWY 7KH VWLIIQHVV UHODWLRQVKLS SUHVHQWH
DVVXPHG WR DSSO\ WR ERWK WKH UHFRQVWLWXWHG
RI 5R D PHDVXUH RI RYHUFRQVROLGDWLRQ UDWLR
QRUPDO FRPSUHVVLRQ OLQH 7KH WHVWV RQ QDWXL
ILUVWO\ E\ DVVXPLQJ WKDW WKH GHSRVLWLRQDO Kl
QRUPDO FRPSUHVVLRQ OLQH GHILQHG E\ WKH UHEFF
VHFRQGO\ E\ DVVXPLQJ WKDW WKH EHKDYLRXU ZDV
VXUIDFH WKDW ZDV QRW QHFHVVDULO\ IROORZHG G
IXUWKHU FRPSUHVVLRQ 7KH UHODWLYH SRVLWLRQV
UHSUHVHQWHG E\ VHQVLWLYLW\ DV GHILQHG E\ &RW
VKRZHG WKDW VLIQLILFDQW LPSURYHPHQWYV LQ SU
UHVSRQVH ZHUH SRVVLEOH ZKHUH WKH VWDWH ERXC
ZDV XVHG WR GHILQH WKH GHSRVLWLRQDO KLVWRU\
HYDOXDWH DV WKH PHDVXUHPHQWY WDNHQ GXULQ.
DFFXUDF\ DW YHU\ VPDOO VWUDLQV EXW WKH JHQHU

9ROXPHWULF FUHHS ZDV PRGHOOHG IRU DQ HOHPHQ'
LQFOXVLRQ LQ WKH PRGHO RI D VLPSOH FUHHS ODZ .
YROXPHWULF vWUDLQV DW FRQVWDQW VWUHVV RYHI



VXDFH DW WKH FXUUHQW VWDWH DQG FRQVHTXHQW!
7KH SUHGLFWLRQV IRU VKHDULQJ SDWKV ZHUH IRX
EHKDYLRXU WKDW FDQ EH DWWULEXWHG WR YROXPH)

7KH 2[IRUG FOD\ 7ZDV PRGHOOHG XVLQJ D FURVV L
LPSOHPHQWHG E\ -RYLFLF XVLQJ D VWDWH ER:
REVHUYHG LQ WHVWYV RQ QDWXUDO VDPSOHV 7KH S
XVLQJ WKLV YHUVLRQ RI WKH PRGHO ZHUH VLJQLILF
WKH VWDQGDUG LVRWURSLF IRUPXODWLRQ 7KH QRW
RI VPDOO VWUDLQ VWLIIQHVV LQ WKLV FDVH ZDV DV
FOD\ ZKLFK LV QRW GRPLQDWHG E\ UHFHQW VWUHVV

7KH DQDO\WHYV GHVFULEHG ZLWKLQ WKLV FKDSWHU
DSSO\LQJ WKH FRQFHSWYVY GHYHORSHG LQ &KDSWHU
HOHPHQWYV LQ &&KDSWHU WR HQJLQHHULQJ SUREOHF
WKH FRQVHTXHQFHV RI XVLQJ D VWDWH ERXQGDU\
WXQQHO SUREOHP DQG D VKDOORZ IRXQGDWLRQ SU
KLVWRULHV 7KH VHFRQG VHW RI DQDO\VHV ZLOO LQ
YROXPHWULF FUHHS ZLWKLQ D ERXQGDU\ YDOXH SUF
WKLUG VHW RI DQDO\VHVY EDFN DQDO\VH DQ H[FDYDW
ZDV FKRVHQ DV FDUHIXO PRQLWRULQJ ZDV FDUULHG
ZDV XVHG WR LQYHVWLIJDWH ZKHWKHU LPSURYHG SU
FDQ EH PDGH XVLQJ WKH PHWKRGV GHYHORSHG

7+( ,1)/8(1&( 2) '(326,7,21%$/ +,6725< 21 %281
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7ZR VLPSOH ERXQGDU\ YDOXH SUREOHPV ZHUH PRGF
RI DVVXPLQJ D VWDWH ERXQGDU\ VXUIDFH GHILQHG I
GHVFULEH WKH GHSRVLWLRQDO KLVWRU\ RI WKH GH
GHILQHG E\ WKH UHFRQVWLWXWHG QRUPDO FRPSUF
FDUULHG RXW LQ &KDSWHU LW ZDV QRW LPSRUWDC
DV WKH UHFHQW VWUHVV KLVWRU\ RI WKH VRLO VDI
WULD[LDO WHVW DQG QRW WKH GHSRVLWLRQDO KLV



YOXH SUREOHPV ZKHUH WKH UHFHQW VWUHVYVY KLVWEF
GHSRVLWLRQDO KLVWRU\ RI WKH VRLO WKH DVVXPS!
PD\ DITHFW PRGHO SUHGLFWLRQV 7KH VHULHV RI DQ
WKH HIITHFW RI DOORZLQJ WKH VWUXFWXUH RI WKH Q
ZLWKLQ WKH GHSRVLWLRQDO KLVWRU\ 7KH WZR S
GLPHQVLRQV ZHUH ORRVHO\ EDVHG RQ WKH +HDWK
IRRWLQJ

ORGHOOLQJ WKH JHRORJLFDO KLVWRU\ DQG IRU

7KH VWLII FOD\ VWUDWD PRGHOOHG LQ WKH DQDO\V
JUDYHOV 7KH EDVLF JHRORJLFDO VWUHVV KLVWRU\
DV IROORZV

'"HSRVLWLRQ RI WKH /RQGRQ FOD\ WR D OHYHO RI R)
JURXQG OHYHO IROORZHG E\ WKH HURVLRQ RI P H
R PHWUHV RI 7THUUDFH JUDYHOV 7KH ZDWHU WDEO
FXUUHQW JURXQG VXUIDFH

7KH DQDO\WVHV ZHUH FDUULHG RXW XVLQJ WKH 66&5,
GHYHORSPHQW RI QDWXUDO VWUXFWXUH SRVW GHSR
VLPXODWH YROXPHWULF FUHHS GHVFULEHG LQ 6HFW
HOHPHQWY UHSUHVHQWLQJ WKH /RQGRQ FOD\ ZHUF
UHSUHVHQW HURVLRQ RI PHWUHV RI WKH FOD\ Ol
ZHUH WKRVH GHULYHG IRU /RQGRQ FOD\ E\ 6WDOOHE
VHHQ LQ 7DEOH 7KH UH GHSRVLWLRQ RI WKH 7HU!
OD\HU RI VDQG HOHPHQWY PRGHOOHG XVLQJ WKH

WKRVH XVHG E\ *UDQW IRU VLOLFD VDQG 7DEOF
WKH EHKDYLRXU RI WKH JUDYHO OD\HU KRZHYHU LW
E\ D OD\HU Rl GUDLQHG VRLO ZKLFK DW ORZ VWUH
UHVSRQVH *UDQW IRXQG WKDW IRU FHQWULIXJ
RI D VWLIIHU XSSHU OD\HU UHVXOWV LQ VHWWOHPH
FRPSDUHG WR WKRVH DW WKH VDPH GHSWK LQ D VL
ZHUH FDUULHG RXW IRU HDFK RI WKH WZR SUREOF}



PRGHQOW& D VWDWH ERXQGDU\ VXUIDFH EDVHG RQ !
UHFRQVWLWXWHG VRLO +LVWRU\ $ $V QRWHG LQ ¢
WKH VRLO EHKDYLRXU LI LW LV DVVXPHG WKDW WKH
VWDWH RQ WKH QDWXUDO QRUPDO FRPSUHVVLRQ OL«
YROXPH LV GLITHUHQW 7KH SUHFRQVROLGDWLRQ S|
LOWHUVHFWLRQ EHWZHHQ WKH ORGLILHG &DP &OD\
ZDOO FRUUHVSRQGLQJ WR WKH PD[LPXP YHUWLFDO I
GXULQJ RQH GLPHQVLRQDO FRPSUHVVLRQ 7KH KRUL
.R VLQWML -DN\ 7KH VHFRQG DQDO\VLV DV
VDPH VWDWH EXW WKLV WLPH RYHUFRQVROLGDWHG
HVWLPDWHG IRU WKH /RQGRQ FOD\ L H WKDW WKH
GHSRVLWLRQ +LVWRU\ % 7TKH SUHFRQVROLGDWLR
DQDO\WVLV ZHUH FDOFXODWHG E\

/] . OQ®BW

3 RQ H[3 .

ZKHUH S F LV REWDLQHG DV GHVFULEHG DERYH 7
LQYHVWLIJDWHG ZDV FKDUDFWHULVHG E\ WKH GHYHO
VLPXODWHG LQ D PDQQHU VLPLODU WR WKDW XVHG

$IWHU WKH VZHOOLQJ GXH WR HURVLRQ DQG WKH GH
LQ SUHFRQVROLGDWLRQ SUHVVXUH GXH WR WKH IRU
DJLYHQ VHQVLWLYLW\ LQ WKLV FDVH ZDV FDOFX
ERXQGLQJ VXUIDFH LQFUHDVHG LQ VL]H $V ZLWK W
WKH DGGLWLRQDO HIIHFW RI LQFUHDVLQJ WKH VL]H |
DSSURDFK WR VLPXODWLQJ WKH GHYHORSPHQW RI Q
VWUHVV KLVWRU\ ZLWKRXW HOLPLQDWLQJ LW HQWLU
DQDO\VHV )RU WKH ILUVW DQDO\VLV +LVWRU\ & D
FKDUDFWHULVH WKH QDWXUDO VWUXFWXUH WKH DQ
R +LVWRU\ ' WR LQYHVWLJDWH WKH HIIHFW RI YD
VWUHVV VWDWH IRU HDFK KLVWRU\ DQG )LJXUH Vi
WKH NLQHPDWLF VXUIDFHV RI WKH 6.+ PRGHO SULR
HYHQWY IRU DQ HOHPHQW RI VRLO DW WRKIHOW R SDRW
GLIITHUHQW GHSRVLWLRQDO KLVWRULHYVY FDQ EH VHHC



YDXHV RI .R DUH WKH VDPH IRU KLVWRULHV $ & DQ¢
HISHFWHG DV WKH DQDO\VLV XVLQJ +LVWRU\ % LV W
LV LQWURGXFHG EHIRUH VLPXODWLQJ WKH VWUHVV
VZHOOHG IURP D VWDWH ZKLFK DOWKRXJK DW WKH
RYHUFRQVROLGDWHG E\ DQ DPRXQW UHODWHG WR D

7TKHVH IRXU KLVWRULHVY DVVRFLDWHG ZLWK WKH IRl

DQDO\WH WKH WZR ERXQGDU\ YDOXH SUREOHPV ZKLF

$QDO\VLYV RI D WXQQHO ZLWK GLIIHUHQW JHROR

7KH JHRPHWU\ DQG DSSUR[LPDWH JHRORJLFDO KLVW

'HDQH DQG %DVVHWW ZHUH XVHG DV WKH ED\
DQDO\WVHYV 7KH JHRPHWU\ XVHG LV VKRZQ LQ )LJXUH
6HFWLRQ 7TKH WXQQHO FURZQ LV DW D GHSWK

GLVWLQFWLRQ ZDV PDGH EHWZHHQ WKH WKUHH FR(
([FDYDWLRQ ZDV VLPXODWHG XQGUDLQHG E\ UHPRYL
ZLWK QRGDO IRUFHV DQG UHGXFLQJ WKHVH IRUFHV
FDQ EH VHHQ LQ )LJXUH ZKLFK DOVR VKRZV WK
DQDO\VHV DVVXPHG SODQH VWUDLQ FRQGLWLRQV DC
VWUDLQ WULDQJOHV ZDV V\PPHWULF DERXW D YHU
WXQQHO 7KH JHRORJLFDO KLVWRULHV ZHUH PRGHC
PRGHOOHG XQGUDLQHG $V QRWHG DERYH IRXU DQC
IRXU GLIIHUHQW KLVWRULHV 7KH VLPXODWLRQ RI W
WKH DQDO\VHV

5HVXOWV IRU WKH DQDO\VHV FDQ EH VHHQ SORWW
EHWZHHQ WKH /RQGRQ FOD\ DQG WKH 7HUUDEH JUD

BURILOHV RI VHWWOHPHQW DW WKH JURXQG VXL
IRUP DQG VKRZ WKH VDPH SDWWHUQ RI UHVXOWV 6W
VLPLODU DQDO\VHV RI WXQQHOV LQYHVWLJDWLQJ W
WKH PDLQ HIIHFW RI LQFUHDVLQJ WKH RYHUEXUGHC
FRPSXWHG VHWWOHPHQW WURXJK EHFRPHV VKDOOR



QR VWULFWO\ WUXH DV WKH DQDO\VLV ZLWK +L)
SUHFRQVROLGDWLRQ SUHVVXUHV WKDQ WKH DQDO\VI
GHHSHU WURXJK DW WKH VDPH YROXPH ORVV 7KH LC
JLIXUH VR WKH GHHSHU WURXJK PXVW EH D FRQ
WKH GHYHORSPHQW RI QDWXUDO VWUXFWXUH ZKLF
VXUIDFH 7KH DQDO\VLV ZLWK +LVWRU\ ' ZKHUH WK
VLIQLILFDQWO\ KLJKHU SUHFRQVROLGDWLRQ SUHVV:
ZLGHU VKDOORZHU WURXJK GHVSLWH VWUXFWXUH KE
+LVWRU\ & ,Q WKLV FDVH WKH HIIHFW Rl WKH KLJK
VWDWH ERXQGDU\ VXUIDFH FOHDUO\ GRPLQDWHYV Wt
HIITHFW Rl UHFHQW VWUHVV KLVWRU\ GRPLQDWHYV
VHWWOHPHQW SURILOH GLIIHUHQW LQ IRUP WR WK
RFFXUULQJ QRW DW WKH FHQWUHOLQH EXW DW D GL
VRLO LQ WKH DQDO\WHV ZLWK +LVWRU\ % KDV WKH V
VRLO LQ WKH DQDO\VLV ZLWK +LVWRU\ & DQG VLPLO
$ ZKLFK ERWK SUHGLFW WURXJKV ZLWK PD[LPXP GL'
OLNHO\ WKDW WKLV LV D FRQVHTXHQFH RI ERWK WKH
LQ UHODWLRQ WR WKH ORFDWLRQ RI WKH NLQHPDW
UHFHQW VWUHVV KLVWRU\ DQG DGGLQJ WKH HIIHFW
+LVWRU\ % WKH SRVLWLRQ RI WKH FXUUHQW VWUH\
OLNHO\ WR OHDG WR D ODUJHU GLIIHUHQFH EHWZHH
H[WHQVLRQ )LJXUH

)LIXUH VKRZV WKH YDULDWLRQ RI SHUFHQWDJH
VXSSRUW SUHVVXUH ZKLFK FRXOG EH FRQVLGHUHG V
WKH VRLO )RU YROXPH ORVV IRU ZKLFK VHWW!
SUHYLRXV ILJXUH +LVWRU\ $ UHTXLUHG D UHGXFWL
+LVWRU\ % +LVWRU\ & DQG +LVWRU\ ' 21 SO
+LVWRU\ & OHDGV WR D VWLIIHU RYHUDOO UHVSRQ!
VHWWOHPHQW WURXJK IRU WKH VDPH YROXPH ORVYV
SUHGLFWV PRUH ORFDOLVHG GHIRUPDWLRQ +LVWRL
+LVWRU\ % ZKLFK SUHGLFWV D GLIIHUHQW IRUP RI V¢t
VWDWH ERXQGDU\ VXUIDFHV 7KH OHVV VWLII UHVSF
FRPELQDWLRQ RI WKH GLIIHUHQFH LQ LQLWLDO .R [
SUHGLFWHG UHVSRQVH IRU WKH DQDO\VLV ZLWK +LV



VX RUW SUHVVXUH WR UHDFK WKH VDPH YROXPH G
ERXQGDU\ VXUIDFHV DQG KHQFH ODUJHU YDOXHV RI
RYHUDOO VWLIIQHVVHV $ VOLJKWO\ PRGLILHG SDWYV
JLIXUH ZKLFK VKRZV SHUFHQWDJH UHGXFWLRQ LQ
FHQWUHOLQH VHWWOHPHQW 7KH SDWWHUQ RI WKH (
LQ D VWLIIHU UHVSRQVH 7KLV UHVXOW FDQ EH H[S(
SURILOH SUHGLFWHG IROORZLQJ +LVWRU\ % ZKHU
FHQWUHOLQH EXW D VPDOO GLVWDQFH DZD\

&KDQJIJLQJ WKH KLVWRU\ WR DFFRXQW IRU QDWXUDO
VLIQLILFDQW GLITHUHQFHYVY LQ WKH RYHUDOO VWLIIC
WXQQHO SUREOHP

$QDO\WLV RI D IRXQGDWLRQ ZLWK GLIITHUHQW JF

$ ULJLG VWULS IRXQGDWLRQ IRXQGHG DW D GHSW
PRGHOOHG XVLQJ WKH VDPH GHSRVLWLRQDO KLVWR
DQDO\WVHVY 7KH DQDO\VHV ZHUH DJDLQ PRGHOOHG
VIPPHWULF DERXW D YHUWLFDO D[LV WKURXJK WKH
IRRWLQJ ZDV ORDGHG XQGUDLQHG E\ DSSO\LQJ HTXD
ZLGH VHFWLRQ Rl WKH PHVK 7KH GLVSODFHPHQWYV :
DQG WKH PHVK ZKLFK FRQWDLQYV OLQHDU VWUDLQ
ZLWK WKH ORFDWLRQ RI WKH QRGHV DW ZKLFK WKH C

6HWWOHPHQW SURILOHV IRU WKH IRXU DQDO\VHV FC
GLVSODFHPHQW RI PP DSSOLHG GXULQJ WKH DQDO\\
IRUP RI VHWWOHPHQW SURILOH SUHGLFWHG E\ 6WD!
DQDO\WHV RI D VLPLODU ULJLG VWULS IRXQGDWLRQ
PRUH IDU ILHOG PRYHPHQW DQG LV FRQVLVWHQW Zl1
RYHUDOO UHVSRQVH UHVXOWLQJ IURP D FRPELQDWLF
FRQVHTXHQWO\ ODUJHU NLQHPDWLF VXUIDFHV 7KH
UHPDLQV JOREDOO\ VWLIIHU RYHU D ODUJHU UDQJH
RULHQWDWLRQV RI WKH VXUIDFHV ZKLFK DUH PRUH \
KLVWRU\ LQ D VLPLODU ZD\ SURGXFLQJ VLPLODU SU



& KDYH WKH VDPH SUHFRQVROLGDWLRQ SUHVVXUH D¢
% SUHGLFWYVY YDOXHV RI .R EHIRUH ORDGLQJ ZKLFK L
WKH RWKHU DQDO\WVHYVY 7KH HIITHFW RI UHFHQW VWUH’
WKH FXUUHQW VWUHVV SRLQW PRYHV ZLWKLQ WKH \
VLPXODWLRQ RI WKH IRUPDWLRQ RI QDWXUDO VRLO
VWUHVYV FKDQJHV PRGHOOHG WKH VLPLODU FRQIL.
EHKDYLRXU SURGXFLQJ VLPLODU VHWWOHPHQW SURI
SURILOH IRU +LVWRU\ & LV VOLIJKWO\ OHVV ORFDOLYV
D FRQVHTXHQFH RI WKH FXUUHQW VWUHVYV SRLQW EH
RI IRXQGDWLRQ ORDGLQJ SURGXFLQJ D VOLJKWO\ VW
UHVSRQVH RI WKH DQDO\VHV ZLWK +LVWRULHV % DC
ZKLFK VKRZV ORDG VHWWOHPHQW FXUYHV IRU Wk
UHVSRQVH RI WKH DQDO\VHV ZLWK +LVWRULHV % D
GLVSODFH OHVV IRU D JLYHQ ORDG WKDQ WKH UHVXC
RI WKH LQLWLDO SRUWLRQ RI WKH ORDG VHWWOHPHOC
VWLIIHU UHVSRQVH RI WKH DQDO\VLV ZLWK +LVWRU\
EHLQJ ORFDWHG ZLWKLQ WKH \LHOG VXUIDFH UDWKH
DIJUHHPHQW ZLWK WKH ZRUN FDUULHG RXW E\ 6WDOO
IRU VLPLODU DQDO\VHV RI D ULJLG VWULS IRXQGDWL
LOQLWLDO .R KDG WKH SULQFLSDO HIIHFW RQ EHKDYL/|
LQ KLVWRU\ FUHDWHG E\ WKH UHODWLYHO\ VPDOO F
GRHV QRW KDYH D ODUJH RYHUDOO HIIHFW RQ PRYF
I[IURP WKH VHWWOHPHQW SURILOHV 7KH DQDO\VLV ZL
ORDG GLVSODFHPHQW UHVSRQVH WKDQ IRU WKH RW
VHWWOHPHQW SURILOH SUHGLFWLRQV LV FRQVLVWH
DQG KHQFH ODUJHU VXUIDFHVY SUHGLFWHG IRU WKLYV

6 XPPDU\

W LV FOHDU IURP WKH DQDO\VHV LQ &KDSWHU WKL
UHVSRQVH RI QDWXUDO FOD\V LI WKH HIITHFW RI QDW
VHQVLWLYLW\ DQG KHQFH VL]H RI VWDWH ERXQGDU\
WKDW WKH PRGHOOLQJ RI QDWXUDO VWUXFWXUH LC
FRPSXWHG UHVXOWYV IRU ERXQGDU\ YDOXH SUREOHP



HITWFRQ ERWK WKH PDJQLWXGH RI RYHUDOO VWLIIQ
WKRXJK WKLV HIIHFW LV GHSHQGDQW RQ WKH W\SH R

7KH VWDJH LQ WKH KLVWRU\ RI D GHSRVLW DW ZKLF
KDV D VXEWOHU HIIHFW RQ SUHGLFWLRQV RI VXEVH
GXH WR GLIIHUHQFHV LQ WKH SUHGLFWHG .R DQG SD
WKH VWDUW RI WKH ORDGLQJ HYHQW ZLWK UHVSHF
SUREOHP WKH .R DQG WKH SRVLWLRQ RI WKH VWU
PDUNHG HIIHFW ZKHUHDV IRU WKH IRXQGDWLRQ W
GLVSODFHPHQWY LQ FRQWUDVW WR WKH IRXQGD\
BUHGLFWLRQV IRU ERWK SUREOHPV ZHUH VLJQLILFD
RI WKH VWDWH ERXQGDU\ VXUIDFH GXH WR +LVWRU\
H[SHFWHG

7+( ,1)/8(1&( 2) &5((3 21 $ %281'$5< 9%$/8( 352%/(0

7R REWDLQ DQ LGHD Rl WKH LQIOXHQFH RI PRGHOOLC
JHRPHWU\ DQG DSSUR[LPDWH JHRORJLFDO KLVWRU\
'HDQH DQG %DVVHWW ZHUH DJDLQ XVHG DV WK
7KH JHRPHWU\ XVHG LV VKRZQ LQ )LJXUH DQG DV I
JURXQG DQG WHUUDFH JUDYHO RYHUO\LQJ /RQGRQ Fi
GUDLQHG E\ ILUVW VZHOOLQJ WKH /RQGRQ FOD\ WR L
OD\HU $V IRU WKH SUHYLRXV DQDO\VHV WKH HIIHEFW
ZDV FUHDWHG E\ EXLOGLQJ D OD\HU RI VDQG HOHPHC
SURSHUWLHV VLPLODU WR WKRVH XVHG E\ *UDQW
VLPXODWHG XQGUDLQHG E\ UHPRYLQJ WKH WXQQHC
IRUFHV DQG UHGXFLQJ WKHVH IRUFHV E\ DQ HTXDO
ORVV RI DW WKH FOD\ VDQG LQWHUIDFH 7KUHH |
UXQ VLPXODWHG WKH WXQQHO H[FDYDWLRQ ZLWK Q
KDOI D PLOOLRQ \HDUV DKHDG RI WXQQHO FRQVWUX
WKH DGGLWLRQ RI RQH PLOOLRQ \HDUV FUHHS DW Wk

7KH EHKDYLRXU SUHGLFWHG E\ WKH WKUHH GLIITHUH(
VHWWOHPHQW SURILOHV LQ )LJXUH VHWWOHPHQ



WQE DQG KDYH QRW EHHQ SUHVHQWHG 7KHVH VH!
YROXPH ORVV DQG VKRZ D QDUURZLQJ RI WKH WURHX
WKH SHULRGV RYHU ZKLFK FUHHS RFEXUV LQFUHDVI
WURXJK ZLGWK LV VPDOO FRPSDUHG WR WKDW ZKLF
GLVWULEXWLRQ RI YHUWLFDO VHWWOHPHQW ZKLF
GLVSODFHPHQWYV 2Y5HLOO\ DQG 1HZ 1RUPDOL
SUHVHQWHG IRU FRPSDULVRQ LQ )LJXUH DQG LW
VWLOO VRPHZKDW ZLGHU WKDQ VHHQ LQ SUDFWLFH

W LV LOWHUHVWLQJ WR FRPSDUH WKH HIIHFW RI PR
WXQQHO VHWWOHPHQW WURXJK SUHGLFWLRQV IRU

BHFWLRQ &KDQJHV LQ SUHGLFWLRQV IRU WKH JF
UDQJH RI  WR ERWK QDUURZLQJ DQG ZLGHQLQJ
ORGHOOLQJ D ORQJ SHULRG RI FUHHBKD@ MKLQ VHRW
WURXJK FHQWUHOLQH GLVSODFHPHQW FDXVLQJ D QD

(;&$9$7,21 ,1 2;)25' &/$<

, QWURGXFWLRQ

7KLV VHFWLRQ FRQFHUQV WKH GHWDLOHG DQDO\VLYV
(OVWRZ 7KH H[FDYDWLRQ KDV EHHQ FRYHUHG LQ Gl
SLHUSRLQW DQG FRQVLVWYV RI DQ H[WHQVLYHO
RXW DV SDUW RI D VLWH LQYHVWLIJDWLRQ DW WKLV
PHWUHYVY GHHS DQG PHWUHV ZLGH FDQ EH VHHQ
ILIXUH DUH WKH PRQLWRULQJ SRLQWV ZKLFK LQFOX
DQRQG YHUWLFDO PRYHPHQW DQG SRUH SUHVVXUHV
SLHUSRLQW ERWK WR H[DPLQH WKH VHQVLWLYL
VHOHFWLRQ DQG WR PDNH D &0DVV $ SUHGLFWLRQ
WKH H[FDYDWLRQ 7KH DLP RI WKH SUHVHQW DQDO\V
GLITHUHQW JHRORJLFDO KLVWRULHYVY FRQVLVWHQW Z
DQLVRWURS\ RQ WKH SUHGLFWLRQ RI JURXQG PRY|
DQDO\WHV LQ WKLV VHFWLRQ GLIIHU IURP WKRVH L
DYDLODEOH IRU FRPSDULVRQ ZLWK SUHGLFWHG UH



VRA/QWLYH DQG OHVV LQIOXHQFHG E\ UHFHQW VWUHYV
FOD\ DQG ZRUN LQ &KDSWHU FRQFHQWUDWHG RQ L
HOHPHQW WHVWYV XVLQJ WKH 6.+ PRGHO 7KH UH\
SUHGLFWLRQV ZLWK ODERUDWRU\ HOHPHQW GDWD DL

*URXQG FRQGLWLRQV

7KH JHRORJLFDO SURIGH RI WKH VLWH RI WKH WULDC
DQG FRQVLVWY RI D GHSRVLW RI 2[IRUG FOD\ RY
SXUSRVHV RI WKH ILQLWH HOHPHQW DQDO\VLV LW ZD
WKH UHVSRQVH RI WKH VRLO WR WKH H[FDYDWLRQ Z
2[IRUG FOD\ GHSRVLW 7KH XQGHUO\LQJ VWUDWD FR«
IRU ZKLFK OLPLWHG PDWHULDO SURSHUW\ GDWD ZDV
DQRDO\VHV WKH DQLVRWURSLF HODVWLF SDUDPHWHU
WKHVH OD\HUV 7KH IXO0 VHW RI SDUDPHWHUV XVHG
$ VHW RI YDOXHV IRU WKH SDUDPHWHUV XVHG L
&KDSWHU WR GHVFULEH 2[IRUG FOD\ )URP VWUDWL
KDYH EHHQ VXEMHFWHG WR D SUHYLRXV RYHUEXUG
DQG DV D FRQVHTXHQFH LV KHDYLO\ RYHUFRQVHF
YHU\ VWLII DQG KHDYLO\ KRUL]JRQWDOO\ ODPLQDWHG

BUHYLRXV DQDO\VLV RI WKH (OVWRZ H[FDYDWLR

SLHUSRLQW FDUULHG RXW DQ DQDO\VLV RI WKH
GHYHORSHG PRGHO ORGHO 2 & 7KH PRGHO ZDV DE
EHKDYLRXU ZLWK VWUHVYV SDWK GHSHQGDQW VWLIIQ
WKH FDOFXODWHG SDUDPHWHUV DV ZHOO DV D SC
UHVSRQVH RI WKH H[FDYDWLRQ $ IXOO VHW RI UHV]
RQO\ YHUWLFDO DQG KRUL]JRQWDO PRYHPHQW GD)
GLVSODFHPHQWYV SUHGLFWHG E\ PRGHO 2 & IRU ERW
VWLIIQHVYVY SDUDPHWHUYV DUH VKRZQ LQ )LIJXUHV 7
ZLWK PRQLWRULQJ GDWD DW GHSWKYV RI P P P



GBYHO $ GHWDLOHG DQDO\WLV RI WKH PRGHO SUHGL
JHQHUDO WKH IROORZLQJ VWDWHPHQWY FDQ EH PDG

1HDU WR WKH JURXQG VXUIDFH WKH PDJQLWXGH RI
HIFDYDWLRQ ZDV XQGHU SUHGLFWHG ZLWK WKH XC
JLIXUHV DQG

+HDYH DW WKH EDVH RI WKH H[FDYDWLRQ ZDV XQGH
Gbwb 3UHGLFWLRQV ZHUH EHWWHU DW WKH EDVH R
ORZHU VWUDWD GRPLQDWHG WKH PRYHPHQWYVY )LJXU

7KH JUHDWHU KRUL]JRQWDO VWUHVV FKDQJHV QHDU
GLIIHUHQFHYV EHWZHHQ WKH DQLVRWURSLF DQG LVR
WZR DQDO\WHYV FRQYHUJLQJ DW GHSWK )LJXUH

1HDU WR WKH JURXQG VXUIDFH )LJXUH WKH SUH
ZHUH GHHSHU WKDQ IRU WKH DQLVRWURSLF DQDO\VL

7KH KRUL]JRQWDO GLVSODFHPHQW SUHGLFWLRQV IRU
GDWD DORQJ D VHULHV RI YHUWLFDO VWULQJV DQG I

7KH DQDO\VLV LQFRUSRUDWLQJ FURVV DQLVRWU
RI WKH KRUL]JRQWDO PRYHPHQW FRPSDUHG WR WKH I
DUH LQ WKH PDLQ RYHU SUHGLFWHG E\ WKH LVRW
DQLVRWURSLF DQDO\VLVY FRUUHVSRQGLQJ FORVH W
PRQLWRULQJ GDWD

7KH LQIOXHQFH RI WKH YDOXH RI .R DW WKH VWDUW |

DQG VKRZ WKH KRUL]JRQWDO DQG YHUWLFDO
SRVLWLRQV 7KH HIIHFW RI D KLJKHU .R IRU WKHVH |
LQFUHDVH KRUL]JRQWDO PRYHPHQW 7KH DXWKRU QRYV
.R ZzDV PXFK ODUJHU RQ WKH KRUL]JRQWDO PRYHPHC
VLGHV



"HWHUPLQDWLRQ RI PDWHULDO SDUDPHWHUYV

$ VHW RI PDWHULDO SDUDPHWHUV ZHUH GHULYHG W
PRGHO LQ 6HFWLRQ 3LHUSRLQW QRWHG WKD
VWUHVV KLVWRU\ ZHUH GLIILFXOW WR GHWHEW ZLWHk
7KH DQLVRWURS\ RI WKH KHDYLO\ OD\HUHG 2[IRUG
EHKDYLRXU VR D YHUVLRQ RI WKH 6.+ PRGHO LQF
-RYLFLF ZDV XVHG DORQJ ZLWK WKH VWDQGDU
HOHPHQW WHVWV PDGH XVLQJ WKH DQLVRWURSLE Y
XQGUDLQHG VWUHVV SDWKV IROORZHG GXULQJ VRP
SDUDPHWHUV ZHUH FDOFXODWHG LQ D VLPLODU ZD
QDWXUDO EHKDYLRXU EHLQJ FRPSDUHG WR D UHIH!
QDWXUDO VWUXFWXUH WR EH TXDQWLILHG E\ VHQVLYV
IRU WKH 6.+ PRGHO DUH JLYHQ LQ WDEOH

*HRPHWU\ RI WKH SUREOHP

JLIXUH VKRZV WKH PHVK XVHG IRU WKH ILQLWI
HIFDYDWLRQ 7KH SUREOHP ZDV DQDO\WVHG LQ SODQH
WULDQJOXODU HOHPHQWY 7KH SURSRUWLRQV RI Wk
XVHG E\ 3BLHUSRLQW DQG QR LQYHVWLIDWLRQ F
FDUULHG RXW 7KH OD\HUV XVHG ZLWKLQ WKH PHVK .
OHYHOV DV ZHOO DV WKH SRVLWLRQV RI WKH LQVW!
XVHG DOORZHG FRQFHQWUDWLRQV RI HOHPHQWY DU
EH DW D PD[LPXP DOWKRXJK FRPSXWLQJ WLPH ZDV 1
DQDO\WHV UHTXLUHG PDQ\ LQFUHPHQWYVY WR HQVXUH
SURYLGHV RXWSXW WKDW HQDEOHV WKH SUHFLVLRQ

OHWKRG RI DQDO\VLV

7KH H[FDYDWLRQ zZDV PRGHOOHG LQ WKUHH VWDJHV
DQDO\WHYV ZLWK WKH ILIWK DQDO\VLV UHTXLULQJ D



JHROLEFDO KLVWRU\ 7KH ILUVW VWDJH RI WKH DQDO\\
FOD\ GXH WR WKH UHPRYDO RI PHWUHV RI RYHUE X
SRUWLRQ Rl WKH DQDO\VLV ZDV FDUULHG RXW GUDL!
RI WKH LQQHU VXUIDFHV UHTXLUH VPDOO LQFUHPH
FRUUHFWO\ IURP WKH KLJK SUHFRQVROLGDWLRQ VW
WKH EXLOGLQJ Rl WKH KHDG GHSRVLWV ZKLEFK ZDV F
7KH WKLUG VWDJH RI WKH DQDO\VLV ZDV WKH UHPRY
FDUULHG RXW XQGUDLQHG LQ P OD\HUV 7KH UHPR
FRQVLGHUDEOH QXPEHU RI LQFUHPHQWY DJDLQ WR t
WKH EHKDYLRXU RI HOHPHQWY XQGHUJRLQJ ODUJH F

7KH PDLQ DQDO\VLV ZDV FDUULHG RXW LQ D QXPEHU
FRQYHQWLRQDO DQDO\VLV DVVXPLQJ WKH FOD\ EHKD
FRPSUHVVLRQ OLQH WR SUHGLFWLRQV PDGH DVVXPL
FRQVLVWHQW ZLWK D QDWXUDO QRUPDO FRPSUHVVL
EHKDYLRXU LV FKDUDEWHULVHG E\ VWUXFWXUDO D
FDUULHG RXW

(OVWRZ HSRVLWLRQDO DQG VZHOOLQJ KLVWRU\ F
FRPSUHVVLRQ OLQH IRU WKH UHFRQVWLWXW

(OVWRZ HSRVLWLRQDO KLVWRU\ FRQVLVWHQW ZLWK
UHFRQVWLWXWHG FOD\ DQG VZHOOLQJ KLV
FRPSUHVVLRQ OLQH IRU WKH QDWXUDO FOD
QDWXUDO VWUXFWXUH

(OVWRZ HHSRVLWLRQDO DQG VZHOOLQJ KLVWRU\ FR
QRUPDO FRPSUHVVLRQ OLQH ZLWK VXEVHTX|
QRUPDO FRPSUHVVLRQ OLQH SRVW HURVLRQ

(OVWRZ DKH VDPH KLVWRU\ DV IRU DQDO\VLV (OVW
DQLVRWURSLF EHKDYLRXU

(OVWRZ BKH VDPH KLVWRU\ DV IRU DQDO\VLV (OVW
DQLVRWURSLF EHKDYLRXU

7KH ILYH GLITHUHQW PHWKRGV XVHG IRU WKH PRGH(
VDPH SULQFLSOHV DV WKH PHWKRGV XVHG LQ WKH D
SUREOHPV LQ 6HFWLRQ ZLWK WKH DGGLWLRQ RI



PRGXORW WZR Rl WKH DQDO\WVHV (OVWRZ E DQG (OV
6HFWLRQ ZLWK DQDO\VHV (OVWRZ F DQG (OVWRZ
(OVWRZ H KDV D KLVWRU\ FUHDWHG LQ WKH VDPH .
DQDO\WHV ZKHUH WKH DQLVRWURSLF PRGHO ZDV XV
SDUDPHWULF VWXG\ LQ 6HFWLRQ 7KH HODVWLF
DQLVRWURSLF IURP WKH RQVHW RI WKH H[FDYDWLR
FDXVHG E\ WKH GHSRVLWLRQDO VWUXFWXUH UHVXOV
DQG HURVLRQ

,Q DOO FDVHV WKH VWDJH RI WKH DQDO\VLV UHFUHD
WKH HURVLRQ RI P RI RYHUEXUGHQ -DFNVRQ DQG
WKH EHKDYLRXU ZDV FKDUDFWHULVHG E\ WKH UHFR
GHSRVLWLRQ (OVWRZ E (OVWRZ D DQG (OVWRZ H z
IRUPHG SRVW HURVLRQ WKH FOD\ ZDV LQLWLDOO\ FF
R RI OVLQM DQG ZLWK D SUHFRQVROLGDWLRQ SUI
FXUUHQW HODVWLF ZDOO ZLWK WKH LVRWURSLE DJ[LV

7KH DQDO\WVHV ZKHUH WKH EHKDYLRXU ZDV FKDUDFW
OLQH SRVW GHSRVLWLRQ VWDUWHG DW WKH VDPH SH
DQRDO\WHV EXW ZHUH FRQVLGHUHG WR EH DW DQ RYt
SUHVVXUH IRU WKHVH DQDO\VHV ZDV EDVHG RQ WK
UHFRQVWLWXWHG QRUPDO FRPSUHVVLRQ OLQHV FKELC
I[URP

NOQS F :00Q6
3 H[3

AN
LQ WKH PDQQHU GHVFULEHG LQ 6HFWLRQ 7KH VI
DV 6HFWLRQ

$QDO\VLYVY (OVWRZ H ZDV VZHOOHG IURP D SUHFRQVI
UHFRQVWLWXWHG QRUPDO FRPSUHVVLRQ OLQH $IW!
VLIH RI WKH VWDWH ERXQGDU\ VXUIDFH ZDV LQFUHD)\
EHFDPH FRQVLVWHQW ZLWK WKH QDWXUDO QRUPDO |



VIH Rl WKH VXUIDFH zZzDV LQFUHDVHG LQ D VLPLODU
ZKLFK ZDV XVHG WR LPSOHPHQW WKH HIIHFWV RI
, QVWHDG RI WKH VXUIDFH LQFUHDVLQJ ZLWK WLPFE
YROXPHWULF VWUDLQVY VHQVLWLYLW\ ZDV XVHG LQ
WKH VL]H RI WKH VXUIDFHVY ,Q WKH VDPH zZD\ DV LQ
ERXQGLQJ VXUIDFH OHDGV WR WKH LQFUHDVH LQ VL
DV WKH WKUHH DUH OLQNHG E\ IL[HG UDWLRV 7KH F
WKH FXUUHQW VWUHVV SRLQW QRZ OLHV ZLWKLQ WK
RI UHFHQW VWUHVYV KLVWRU\ LV UHGXFHG ,W ZDV Q
HODVWLF VKHDU PRGXOXV LQ DVVRFLDWLRQ ZLWK
VWUXFWXUH DV WZR GLIIHUHQW YHUVLRQV RI WKH
PRGLILFDWLRQV 7KH 6.+ PRGHO FDOFXODWHV LWV
RI WKH JHRORJLFDO KLVWRU\ VR QR DWWHPSW ZDV
XVHG DQ DYHUDJH YDOXH RI .R WKURXJKRXW WKH GH
SUHGLFWHG E\ WKH 6.+ PRGHO ZLOO EH GLVFXVVHG

&RPSDULVRQ RI UHVXOWYV

7KH UHVXOWY RI WKH DQDO\VHV RI WKH (OVWRZ HI[F|
QXPEHU RI ZzD\V R SURILOHV IRU WKH GLIITHUHQW F
KLVWRU\ DUH GLVFXVVHG DV DUH ERWK YHUWLFDO
VHFWLRQV RI WKH PHVK )LJXUH VKRZV D VFKHPD\
ILQLWH HOHPHQW PHVK ZLWK WKH H[FDYDWHG DUHI
OLQHV VKRZ WKH ORFDWLRQV RI WKH LQFOLQRPHWH!
FRPSDULVRQ ZLWK WKH ILQLWH HOHPHQW DQDO\VH\
7KH PRQLWRULQJ VWULQJY DUH ORFDWHG RQ ERWK V
KDV EHHQ DVVXPHG LQ RUGHU WR FRPSDUH PHDVXUH
UHVSRQVH DW YDULRXV ORFDWLRQV DV WKH ILQLWH
WKH H[FDYDWLRQ 9HUWLFDO GLVSODFHPHQW GDWD
WKH KRUL]J]RQV PDUNHG DV KRUL]JRQWDO GRWWHG OL
IRU WKH YHUWLFDO GLVSODFHPHQW DW D OLPLWHC
IHYHUWKHOHVV WKHVH GDWD KDYH EHHQ FRPSDUHC
HOHPHQW DQDO\VHV 7KH VLPXODWLRQ RI WKH H[FDY
WKHUHIRUH FRPSDUHG WR WKH PHDVXUHPHQWYV WI



HI[BYDWLRQ 7KH PRQLWRULQJ GDWD XVHG IRU FRP
3LHUSRLQW DQG FDQ EH VHHQ DORQJ ZLWK WK
ZLWK WLPH IRU VHEWLRQ / LQ )LJXUH WR LQGLFI
ZLWK WLPH UHFRUGHG

D ,Q VLWX VWDWH EHIRUH H[FDYDWLRQ

JLIXUH VKRZV WKH .R SURILOHV SUHGLFWHG E\ WI
D QRUPDOO\ FRPSUHVVHG VWDWH FRQVLVWHQW ZLW
IRU WKLV VRLO (OVWRZ D (OVWRZ E (OVWRZ H DQC
EXW LQVLGH WKH QDWXUDO VWDWH ERXQGDU\ VXUID
RI R DUH SORWWHG DORQJ ZLWK D SUHGLFWLRQ R
SURSRVHG E\ OD\QH DQG .XOKD2Z\ ZKLFK LV JLYH!

'R .RQF 2&5 VLQI

.R YDOXHV IRU WKH FOD\ OD\HU SUHGLFWHG IRU ERV
ZRXOG EH H[SHFWHG IURP WKH OD\QH DQG .XOKDZ\
OLQH ZLWK WKH YDOXH RI .R DVVXPHG E\ 3LHUSRLQW
SUHGLFWHG $ PD[LPXP SUHGLFWHG .R RI IRU W
UHFRQVWLWXWHG QRUPDO FRPSUHVVLRQ OLQH QHD!I
ZLWK WKH SUHGLFWHG YDOXHV PRUH UHDVRQDEOH I
H[SHFWHG 3UHGLFWLRQV RI .R IRU WKH DQDO\VHYV
QDWXUDO VWDWH ERXQGDU\ VXUIDFH DUH KLJKHU \
YDOXHV RI .R SUHGLFWHG E\ WKH PRGHO IRU ERWK
UHVSRQVH RI WKH PRGHO WR VZHOOLQJ 7KH YDOXH)
2[IRUG FOD\ OHDG WR D RQH GLPHQVLRQDO XQORE
VRPHZKDW GLIIHUHQW WR PRGHO SUHGLFWLRQV IRU
SUHGLFWLRQV DQG WKLV LV D FRQVHTXHQFH RI W
GHIRUPDWLRQV $V D UHVXOW RI WKHVH ELJ GLIIHU
(OVWRZ H ZLOO UHSUHVHQW WKH GLIIHUHQFH LQ SUH
E\ DVVXPLQJ D QDWXUDO RU D UHFRQVWLWXWHG VWL
(OVWRZ H DQG WKH RWKHU DQDO\VHV XVLQJ D QDV
SULPDULO\ FDXVHG E\ WKH GLIIHUHQFH LQ .R DV WKt



SDPHWULF VWXG\ RI VWUHVVY SDWK WHVWYV LQ 6H
VXEVHTXHQW VWUHVYVY VWUDLQ UHVSRQVH IRU WKLV I

E 2YHUDOO SDWWHUQ RI GLVSODFHPHQWYV

Y)LIXUH VKRZV WKH GLVSODFHG SURILOH SUHGLF)
H[FDYDWLRQ LV FRPSOHWH %RWK KRULJRQWDO DQC
IDFWRU RI WR JLYH VRPH LGHD RI WKH SDWWHU
PD[LPXP SUHGLFWHG KRUL]JRQWDO PRYHPHQWV DU
DSSUR[LPDWHO\ PP 7KH ODUJHVW KHDYH DW WKH I
E\ DQDO\VLV (OVWRZ G $00 WKH PRGHO SUHGLFWLR
ZKLFK LV W\SLFDO RI WKH XQGUDLQHG EHKDYLRXU

JORUL]JRQWDO PRYHPHQWYV IRU WKH DQDO\VHV
GXULQJ FRPSUHVVLRQ DUH ODUJHU WKDQ IRU WKH R
ZDV PRGHOOHG DVVXPLQJ DQLVRWURS\ RI HODVWLF
PRYHPHQWY DUH OLNHO\ WR EH FDXVHG E\ WKH ODL
IURP WKH KLJK LQ VLWX .R YDOXHV SUHGLFWHG E\ W
(OVWRZ G $QDO\VLV (OVWRZ H VKRZV WKH OHDVW
PRYHPHQWY FRQVLVWHQW ZLWK WKH PRYHPHQWV S
UHFRQVWLWXWHG QRUPDO FRPSUHVVLRQ OLQH 7KH
NH\ HIIHFW Rl LQFUHDVLQJ WKH VL]H Rl WKH ERXQGL
VKHDU VWLIIQHVV GXH WR WKH UHODWLRQVKLS EHYV
HODVWLF GHIRUPDWLRQV GRPLQDWH WKH EHKDYLRX
H KDG SUHGLFWHG .R YDOXHV WKDW ZHUH WKH VDPF
WKHUHIRUH SUREDEO\ D EHWWHU FRPSDULVRQ RI S
VWUXFWXUH ZLWKRXW WKH .R FRPSOLFDWLRQV RI (C
LV WKDW DQDO\VHV (OVWRZ F DQG (OVWRZ G SUHGLI
WKH RWKHU DQDO\VHV ZLWK IDU ILHOG YHUWLFDO G
H[FDYDWLRQ HGJH

JLIXUHV W R VKRZ JUDSKV RI GLVSODFHPHQW
ILYH DQDO\WHV +RULJRQWDO GLVSODFHPHQWY QHD
KRULJRQWDO GLVWDQFH IRU DOO WKH DQDO\VHV DC
WKHVH SORWV DQDO\VHV (OVWRZ D DQG (OVWRZ G
DQLVRWURSLF SUHGLFW SDWWHUQV RI GLVSODFHPHC



ZLWKRWURSLF HODVWLF VKHDU PRGXOL DW GHSWK

WKH VLGHV RI WKH H[FDYDWLRQ ORYHPHQWV IRU D
VWDWH ERXQGDU\ VXUIDFH SUH VZHOOLQJ DUH Gt
DQRDO\WHV ZLWK ODUJHU PRYHPHQWY EHORZ WKH H]J
DEQDO\VLY (OVWRZ H DUH VPDOOHU WKDQ IRU WKH R\
FUHDWHG E\ WKLV JHRORJLFDO KLVWRU\ DQG WKH
XVLQJ D QDWXUDO VWDWH ERXQGDU\ VXUIDFH )LJXU
PRQLWRUHG PRYHPHQWY DURXQG WKH H[FDYDWLRC(
PRYHPHQWY LV FRPSDUDEOH ZLWK WKH PRYHPHQW
KRUL]RQWDO PRYHPHQWY GRPLQDWLQJ DORQJ WKH F
DW WKH EDVH RI WKH H[FDYDWLRQ DQG QHDU JURXC
SDWWHUQ RI WKH VXEVXUIDFH PRYHPHQWYVY LV SUR
DQRDO\WHV ZLWK SRVW GHSRVLWLRQDO DFFXPXODWLF
WKH VSUHDG RI YHUWLFDO PRYHPHQWYV LV GHHSHU

F 9HUWLFDO GLVSODFHPHQWY DW JURXQG VXUIDF

8QIRUWXQDWHO\ QR ILHOG GDWD ZDV DYDLODEOH |
SURILOHV KLJKOLJKW GLIIHUHQFHV LQ WKH FRPSXWH}
DPSOLIOHG VHWWOHPHQW SURILOHV DW JURXQG VX
PRUH FOHDUO\ VKRZ WKH JUHDWHU VHWWOHPHQW L
(OVWRZ G

7KH GLVSODFHPHQWY SUHGLFWHG E\ WKH DQDO\VHYV
(OVWRZ D DQG (OVWRZ G DUH VLPLODU DW WKH F
KLVWRULHVY EXW GLIIHU PDUNHGO\ LQ WKH IRUP RI
ILHOG PRYHPHQWY 7KH VDPH LV DOVR WUXH IRU WE
(OVWRZ F DOWKRXJK OHVV RYHUDOO QHDU H[FDYDW|
DQLVRWURSLF HODVWLF VKHDU PRGXOXV LQFUHDVH\
WKH FRPSXWHG VXUIDFH SURILOH

7KH VWUHVYVY DQLVRWURS\ FUHDWHG E\ WKH PRGHO 2
SUHGLFWHG VXUIDFH GLVSODFHPHQW SURILOH ZLWI
ZKHUH WKH EHKDYLRXU LV UHODWHG WR WKH QDWXL
IDU ILHOG PRYHPHQW 7KH WKUHH DQDO\VHV ZKHUH



ERXMUEGB VXUIDFH (OVWRZ D (OVWRZ E DQG (OVWRZ
PRYHPHQW ZLWK YHUWLFDO VHWWOHPHQW JUHDWH\
PRYHPHQWY SUHGLFWHG E\ (OVWRZ H DUH DV H[SHF

7TKH LQFUHDVHG VWLIIQHVYV FRPSXWHG E\ WKH DQD
QDWXUDO VWDWH ERXQGDU\ VXUIDFH SRVW GHSRVL)
RQ PRYHPHQWY FORVH WR WKH H[FDYDWLRQ EXW
VHWWOHPHQWY 7KH DQDO\VLV ZKHUH QDWXUDO V
LQFUHDVLQJ WKH VL]H RI WKH VXUIDFHV DERXW WKH
YHUWLFDO PRYHPHQWY GXH WR WKH ODUJH LQFUHD
VWUHVV SRLQW KDYLQJ WR WUDYHUVH WKH NLQHPDYV

G S9HUWLFDO VHWWOHPHQWY EHORZ JURXQG VXUI

7KH IROORZLQJ UHVXOWY DUH SORWWHG DJDLQVW W
VLWH 3LHUSRLQW LQ RUGHU WR FRPSDUH PH
GLVSODFHPHQW GDWD LQ SDUWLFXODU LV OLPLWHG
HIDFW IRUP RI WKH YHUWLFDO PRYHPHQWY )LHOG
YHUWLFDO REWDLQHG IURP WKH PRQLWRULQJ SRLQV
E\ OLQHV $V QRWHG SUHYLRXVO\ GDWD DUH RQO\ S
H[FDYDWLRQ zZDV FRPSOHWHG DV WKH SUHVHQW D
VKRXOG WKHUHIRUH UHIOHFW WKH VKRUW WHUP PR

KDV EHHQ SUHVHQWHG E\ 3BLHUSRLQW VKRZLQJ
FRQILUPLQJ WKDW VLPLODU SDWWHUQV RI PRYHP
PDJQLWXGHV )LJIJXUH VKRZYVY SURILOHV RI YHUWL

DQDO\VHV FRPSDUHG WR ILHOG GDWD IRU D GHSWK
WKLY GHSWK WKH VSUHDG RI PRYHPHQWY SUHGLF\
JURXQG VXUIDFH ZLWK JUHDWHU PRYHPHQWYV LQ WK
DQG (OVWRZ G

7KH GLVSODFHPHQWY SUHGLFWHG E\ WKH DQDO\VHYV
(OVWRZ D DQG (OVWRZ G DUH DJDLQ VLPLODU DW \V
KLVWRULHYV DQG DJDLQ GLIIHU LQ SURILOH ZLWK VI
VDPH LV DJDLQ DOVR WUXH IRU WKH WZR LVRWURSL|
OHVV RYHUDOO QHDU H[FDYDWLRQ GLVSODFHPHQW 1



HODVF VKHDU PRGXOXV KDV WKH HIITHFW RI LQFUHDYV
RQ WKH FRPSXWHG VXUIDFH SURILOH

7KH PRQLWRULQJ GDWD VXJJHVWYV D SDWWHUQ RI Et
SUHGLFWHG E\ WKH ORZHU .R DQDO\VHV (OVWRZ D |
PRYHPHQWY LV OHVV DIIHFWHG WKDQ E\ WKH KLJKHL
7KH ODFN RI PRQLWRULQJ SRLQWYV KRZHYHU PDNHV
GLVWULEXWLRQ RI PRYHPHQWYV

7KH EHVW SUHGLFWLRQ RI WKH PDIJQLWXGH DQG GL\
PDGH E\ (OVWRZ D UHFRQVWLWXWHG DQLVRWURS
PDJQLWXGHV 7KH LVRWURSLF DQDO\WHV (OVWRZ E
PRYHPHQW DW WKH H[FDYDWLRQ HGJH (OVWRZ H D
PRYHPHQWY WR WKH RWKHU DQDO\VHV ZLWK WKH
PRYHPHQWY E\ D VLIJQLILFDQW PDJQLWXGH

H S9HUWLFDO GLVSODFHPHQWY DW GHSWK

J)LIXUH VKRZV SUHGLFWLRQV RI YHUWLFDO GLVS(
WKH JURXQG VXUIDFH FRPSDUHG WR ILHOG GDWD 7
VPDOOHU UDQJH RI PDIJQLWXGH RI PRYHPHQWYV IRU
(OVWRZ F DQG (OVWRZ G VKRZ D VLPLODU SDWWHUQ
GHSWKYV ZLWK WKH UHFRQVWLWXWHG DQDO\VHV (O
SDWWHUQ RI EHKDYLRXU ZLWK KHDYH DW WKH HGJH
UHFRQVWLWXWHG VWDWH ERXQGDU\ VXUIDFH EHIRUH
FORVH WR WKH H[FDYDWLRQ FRPSDUHG WR WKH ID
PRYHPHQWY WR WKDW DW VKDOORZHU GHSWKV 9F
HIFDYDWLRQ DUH KLJKHU IRU WKHVH DQDO\VHV DOR
PRYHPHQWY IRU WKH RWKHU DQDO\WVHV SUREDEO\ K
KRULIRQWDO PRYHPHQWYV PRVW QRWDEO\ IRU (OVWI
SDWWHUQ RI EHKDYLRXU WR (OVWRZ D DQG E DZD\
PRYHPHQW ERWK LQ WHUPV RI KHDYH QHDU WKH HI[FI
FRQVHTXHQFH RI WKH VWLIIHU UHVSRQVH 7ZR RI WK
SUHGLFWLRQV PDGH E\ WKH PRGHO DQG OLH FORVHV'



7TKH QH[W VHW RI PRQLWRULQJ GDWD LV VLWXDWHG
HIFDYDWLRQ ORQLWRULQJ GDWD LV DYDLODEOH IF
HIFDYDWLRQ DOORZLQJ DQ DVVHVVPHQW RI SUHGLI
SUHGLFWHG YHUWLFDO GLVSODFHPHQWY DUH VKRZQ
PHWUH EHORZ IRUPDWLRQ OHYHO &HQWUHOLQH KH
(OVWRZ F ZKLFK XVHV D QDWXUDO VWDWH ERXQGDL
SUHGLFWLQJ WKH OHDVW KHDYH ZKLFK LV LQ OLQH Z
DERDO\WVLV RYHUDOO 7KH JHQHUDO SDWWHUQ RI SUF
UHSUHVHQW WKH OLPLWHG PRQLWRULQJ GDWD ZHO
DQDO\WHV DSSHDULQJ WR EH PRUH FRQYLQFLQJ

JLIXUH VKRZV WKH SUHGLFWHG DQG PHDVXUHG
GHSWK ZKLFK FRUUHVSRQGV WR WKH LQWHUIDFH EI
VDQG 7KH GLIITHUHQFH LQ EHKDYLRXU DW WKLV GHS
ZLWK DOO ILYH SUHGLFWLQJ D GHIRUPDWLRQ SURII
SDWWHUQ LV PRUH H[DJJHUDWHG IRU (OVWRZ F DQG
WKH GLITHUHQW R HYHQ ZKHQ RWKHU FKDQJHV KDY
WKHVH DQDO\VHYVY DUH ODUJHU DQG WKLV LV SURETEL
DVVRFLDWHG ZLWK WKH ODUJHU FKDQJHV LQ KRUL]R
WKH H[FDYDWLRQ FHQWUHOLQH LV DJDLQ XQGHU SU
GHSWK DUH OLNHO\ WR EH FRQWUROOHG E\ WKH .HC
QRW YDULHG JLYLQJ VLPLODU PRYHPHQWY IRU DOO

| +RUL]JRQWDO GLVSODFHPHQWYV

+RULJRQWDO PRYHPHQWY DUH FRPSDUHG ZLWK PROQ
GLVFUHHW GLVWDQFHV DZD\ IURP WKH FHQWUHOLQH
LQ )LIXUH JLIXUH LV D SORW RI KRUL]JRQWD(
H[FDYDWLRQ FHQWUHOLQH 7KH DVVXPSWLRQ RI PRC
XQLIRUP PRYHPHQWY HLWKHU VLGH RI D IL[HG FHQV
SRLQWV VKRZ PRYHPHQWY FORVH WR WKH FHQWUHO
OLQH RI JHUR KRUL]JRQWDO GLVSODFHPHQW EHLQJ
PRQLWRULQJ SRLQWV DUH QRW WDNHQ LQWR DFFR}
GLUHFWO\ XQGHU WKH IRUPDWLRQ RI WKH H[FDYD
H[EDYDWLRQ SURFHVV LWVHOI DQG VR VKRXOG QRW



WH KRUL]JRQWDO GLVSODFHPHQW SURILOHV DW VHEW
HI[EDYDWLRQ FHQWUHOLQH 3LHUSRLQW QRWHG
EHHQ DIIHFWHG E\ WKH H[FDYDWLRQ SURFHVV DQG [
DVVXPSWLRQ DQG WKHUHIRUH WKH JRRG FRUUHOD\
(OVWRZ D G LV MXVW IRUWXQDWH DV WKH KRUL]I
SUHGLFWHG (OVWRZ H LV WKH FORVHVW GDWD VHW
PRYHPHQWY E\ DSSUR[LPDWHO\ D IDFWRU RI WZR F
PRQLWRULQJ VHEFWLRQV , / DQG 0 DUH FRPSDUHG L«
SDWWHUQ RI KRULJRQWDO GLVSODFHPHQWYV IRU WK
DIJDLQ EHVW UHSUHVHQWLQJ WKH GDWD DOWKRXJK
PRQLWRULQJ ORFDWLRQV WKH KLJKHU . DQDO\VHV
VXUIDFH EHIRUH VZHOOLQJ SUHGLFW WKH JUHDWHYV
ZLWK DQ DQLVRWURSLF HODVWLF VKHDU PRGXOXV S|
WKRVH ZKHUH WKH HODVWLF VKHDU PRGXOXV LV LV
H[SHFWHG IURP H[DPLQDWLRQ RI WKH VHWWOHPHQW
PRYHPHQW ZDV SUHGLFWHG ZLWKLQ WKH .HOODZD\V
WKDQ ZDV PRQLWRUHG LQ FRPPRQ ZLWK 3LHUSRLQW
XVHG IRU WKLV VWUDWD GLG QRW SURGXFH HQRXJK |

'LVFXVVLRQ

$ VHW RI 6.+ PRGHO SDUDPHWHUV KDYH EHHQ GH
HIFDYDWLRQ DW (OVWRZ LQ 2[IRUG FOD\ 7KH SURFH
SDUDPHWHUV KDV UHVXOWHG LQ YDOXHV ZKLFK OHD
E\ UHFHQW VWUHVV KLVWRU\ DQLVRWURS\ DQG PRUF
E\ WKH DQLVRWURS\ RI HODVWLF VKHDU PRGXOXV ZL
SDUDPHWHUV DORQJ ZLWK WKH VWDWH ERXQGDU\ VX
2[IRUG FOD\ KDV HQDEOHG UHDVRQDEOH SUHGLFWLF

7KH SDUDPHWHUYVY KDYH EHHQ XVHG LQ FRQMXQF'
WKH JHRORJLFDO KLVWRU\ RI WKH FOD\ OD\HU WR
HIDPLQH WKH HIIHFW RI WKH DVVXPSWLRQV RQ WKH
DVVXPSWLRQ WKDW WKH DGGLWLRQDO VWUXFWXUH |
GXULQJ GHSRVLWLRQ (OVWRZ F DQG G SURGXFHG
YDOXHV RI .R QHDU WKH VXUIDFH FRPSDUHG WR WKH



7TKHVH KLJK YDOXHV RI .R ZHUH UHIOHFWHG LQ
GXH WR WKH FKDQJH LQ KRUL]JRQWDO VWUHVV GXULC

7TKH DQDO\WHV FDUULHG RXW DVVXPLQJ WKDW WKF
UHFRQVWLWXWHG QRUPDO FRPSUHVVLRQ OLQH DJDL
EH H[SHFWHG 7KH KRUL]JRQWDO PRYHPHQWYV FRPS
SUHGLFWHG WKH UHFRUGHG PHDVXUHPHQWY DOWKR

7KH DQDO\WVLV ZKHUH WKH QDWXUDO VRLO VWUXFWX
H SUHGLEKFWE8&®BHY LGHQWLFDO WR WKRVH IRU WKH UH!
DQG VZHOOLQJ IRU WKLV DQDO\VLV ZDV EDVHG RQ W
7KH YHUWLFDO PRYHPHQWYV IRU WKLYV DQDO\VLV ZHI
LQGLFDWLQJ WKDW WKLV DQDO\VLYV ZDV EHKDYLQJ L
WKH YHUWLFDO PRYHPHQWY REWDLQHG IURP WKH PF
RYHU SUHGLFWLRQ RI KRUL]JRQWDO PRYHPHQWYV E\ D
WKLV DQDO\VLYV ZLWK DJDLQ WKH UHVSRQVH EHLQJ V

,W LV GLIILFXOW WR FRPSDUH WKH SUHGLFWHG FR
PRQLWRULQJ PHDVXUHPHQWY ZKLFK ZHUH DW GLVFU
ZLWKLQ DQ RUGHU RI PDIQLWXGH RI REVHUYHG PRY

7KH SUHGLFWHG GDWD VHHPHG WR EH ODFNLQJ
PRYHPHQWY ZDV QRW DV ORFDOLVHG DV IRU WKH RE
LQ WKH SUHGLFWLRQ RI PHFKDQLVPV RI PRYHPHQWYV
WKH SUHGLFWLRQV LQ WKH KRUL]JRQWDO DQG YHU'
DERDO\VLV (OVWRZ H ZDV LQDFFXUDWH E\ D VLPLODU
GLUHFWLRQV EXW QRW LQ WKH VDPH PDQQHU DV
PRYHPHQWY QRW VWLII HQRXJK IRU KRUL]JRQWDO PR
PRGXOXV LQFRUSRUDWHG LQWR WKH RWKHU DQDO\V
WKH VXUIDFH DQG ODUJHU KRUL]JRQWDO PRYHPHQWYV
DQ LVRWURSLF HODVWLF VKHDU PRGXOXV LQ RWKHL
HOHPHQW SUHGLFWLRQV FDUULHG RXW LQ 6HFWLR(
VWLIIQHVYV 7KLV ZDV LQ FRQWUDVW WR 3LHUSRLQW
HIFDYDWLRQ IRU WKH DQLVRWURSLF VRLO PRGHO FR
IURP RWKHU DXWKRUV $GGHQEURRNH HW DK -F
DQDO\WVHV GHVFULEHG KHUH LQ SUHGLFWLQJ D VR



DQLWRSN IRU VHYHUDO ERXQGDU\ YDOXH SUREOHPV
HITHFW RI PRGHOOLQJ DQLVRWURS\ LQ WKLV ZD\ LV
FRQWUDVW LQ UHVXOWYV PD\ EH D VXEWOH HIIHFW R
PRUH GHWDLOHG DQDO\VLV RI WKH VWUHVV SDWKYV
SLHUSRLQW FRPSDUHG WR WKH PHWKRG DGRSYV
LQYHVWLIDWH WKH FRQWUDVWLQJ SUHGLFWLRQV

+DG LW EHHQ SRVVLEOH WR FRPELQH WKH YHUVLRQV
DQLVRWURSLF HODVWLF VKHDU PRGXOXV DQG WKH L
HURVLRQ LW LV OLNHO\ WKDW WKH SUHGLFWLRQ PCLC
EHHQ FORVHU WR WKH ILHOG GDWD IRU YHUWLFDO
GLVSODFHPHQWYV

,Q JHQHUDO WKH GLVSODFHPHQWY SUHGLFWHG DUF
PHWKRGV XVLQJ WKH 6.+ PRGHO DUH RI WKH FRUL
VLPLODU DFFXUDF\ WR SUHGLFWLRQV PDGH E\ 3LHL
HODVWLF PRGHO GHVSLWH WKH YHU\ GLITHUHQW LQL'

,Q SUDFWLFH QDWXUDO VWUXFWXUH LQ WKH 2[IRUG
YDULHW\ RI SURFHVVHV RFFXUULQJ ERWK GXULQJ |
GHSRVLWLRQDO DQG VWUHVV VWDWH DQLVRWURS\
OHVV DIIHFWHG E\ WKH HIIHFWV RI UHFHQW VWUHVYV
EH FRQVLGHUHG WR EH (OVWRZ H DV LW UHSUHVHQ
ZLWKRXW WKH DVVRFLDWHG HIIHFWV RI WKH KLJK .F
7TKH JHQHUDOO\ KLJK FRPSXWHG YDOXHV RI .R DUH D
LGHQWLILHG IRU WKH 2[IRUG FOD\ DQG PRGHO SUHGI
RWKHU FOD\V 7KH QHHG WR FKHFN WKH SUHGLFWHG
RI WKH KLJK YDOXHV RI .R SUHGLFWHG E\ WKH QDW
FRQVLGHUDEOH

7KH DLP RI WKH DQDO\VHV LQ WKLV VHFWLRQ ZDV
DOORZLQJ IRU WKH QDWXUDO VWUXFWXUH RI WKH 2
ZDV DVVXPHG WR KDYH IRUPHG ,W LV FOHDU IURP W
VWUXFWXUH RI WKH 2[IRUG FOD\ VLJQLILFDQWO\ FK
DVVXPLQJ WKDW WKH VRLO EHKDYHV LQ D PDQQHU



ORGHOWKB®JILQFUHDVHG VRLO VHQVLWLYLW)\ DIIHFWV \
KRULJRQWDO DQG YHUWLEFDO SODQHV ,W LV QRW FO
SULPDULO\ FDXVHG E\ WKH GLIIHUHQFH LQ .R EXW W
PRYHPHQWY SUHGLFWHG E\ (OVWRZ H ZKLFK ZDV PR
FRQVLVWHQW ZLWK WKH QDWXUDO EHKDYLRXU WR
UHFRQVWLWXWHG VWDWH ERXQGDU\ VXUIDFH ZKLFK
PD\ EH WKH FDVH

7KH VWDJH LQ WKH JHRORJLFDO KLVWRU\ ZKHQ VWU
KDV D VLIJQLILFDQW LQIOXHQFH RQ WKHVH SUHGLFW
ZKHQ QDWXUDO VWUXFWXUH ZDV IRUPHG SURGXFHG
GLIITHUHQW . SURILOHV 7KLV PDGH IXUWKHU FRPSDU
WKH GLIITHUHQW R SURILOHV KDYH D VLJQLILFDQW
UHVSRQVH :KHQ WKH VWUXFWXUH LV DVVXPHG WR |
GLVWULEXWLRQ RI PRYHPHQWY FRPSDUH (OVWRZ H
EH PRVWO\ DQ HIIHFW RI WKH GLIIHUHQW R W VK
JHRORJLFDO KLVWRU\ KDV EHHQ XVHG KHUH WR GHPI
IDFW WKH LQ VLWX VWDWH VSHFLILF YROXPH PHELC
UDWLR ZLOO OLPLW WKH SRVVLEOH JHRORJLFDO KL\
WR WKH KLJK YDOXHV RI .R DUH XQUHDOLVWLF

7TKHVH JHQHUDO ILQGLQJY DJUHH ZLWK WKH DQDO\V}
JHRWHFKQLFDO HYHQWYV

6800%$5<

JRU HOHPHQW WHVWV WKH PRGHO FDQ EH XVHG WR |
VWLII FOD\ DV DFFRXQWLQJ IRU WKH DGGLWLRQDO V'
D UHDO HIIHFW RQ WKH TXDOLW\ RI SUHGLFWLRQV )
QDWXUDO VRLO VWUXFWXUH FDQ EH PRGHOOHG LQ D
SUHGLFWLRQV WKDW ZKLOVW QRWLFHDEOH GRHV QF
HOHPHQW WHVWYVY 7KLV SRVHV VHYHUDO TXHVWLRQ)\
VRLO PRGHOV PLVVLQJ VRPH DVSHFW RI VRLO EHKDY



PWV" '"RHV WKH ILQLWH HOHPHQW PHWKRG SURSHUO\
DQ RYHU VLPSOLILFDWLRQ RI WKH SURFHVVHV LQYRO

J)LQLWH HOHPHQW DQDO\VHV RI D IRXQGDWLRQ DQG [
8QLYHUVLW\ ZHUH SUHVHQWHG LQ &KDSWHU 7KH\
PRQLWRUHG VXFK WKDW WKH\ UHSUHVHQW WKH PRVW
RI WKH IRUPDWLRQ RI D FOD\ GHSRVLW DQG LWV VXE
'"HVSLWH WKLV JUHDWHU NQRZOHGJH Rl WKH KLVWRU
WKH ILQLWH HOHPHQW SUHGLFWLRQ zZDV RI FRPSDU
PRYHPHQWY DURXQG WKH (OVWRZ H[FDYDWLRQ 7K
UHSUHVHQWY D NH\ SUREOHP ZKHQ PRGHOOLQJ ERXQ
DIIHFWHG E\ D FRPELQDWLRQ Rl WKH IDFWRUV KLJKO



&+37(5 6800%5< $1' &21&/86,216

7KH RYHUDOO DLP RI WKLV ZRUN ZDV WR LPSURYH
PRYHPHQWY IRU ILHOG SUREOHPV 7KH PRUH VSHFL
LQFRUSRUDWH IHDWXUHYV RI QDWXUDO VWLII FOD\
6WDOOHEUDVYV DQG HYDOXDWH WKH FRQVHTXE
HOHPHQW SUHGLFWLRQV $VSHFWV RI EHKDYLRXU ZH
KDYH VLIJQLILFDQW DQG ZLGH UDQJLQJ HIIHFWV 1RW
RI WKHVH PHWKRGYV LQYHVWLJDWHG E\ FRPSDULVRQ
QXPEHU RI ZHOO GHILQHG VWUHVV SDWKV EXW DO\
YDOXH SUREOHPYV

&+$5$&7(5,6$7,21 2) 67,)) &/$<6 )25 02'(//,1*

7TKH OLWHUDWXUH UHYLHZ LGHQWLILHG IHDWXUHV R
ZKLFK DOWKRXJK QRW FXUUHQWO\ DFFRXQWHG IRU
PRGHO ZHUH FRQFHSWXDOO\ SRVVLEOH WR LQFRUS]I
UHYLHZ FRQFHQWUDWHG RQ WKH EHKDYLRXU RI VW
SUHGRPLQDQWO\ LQ WKH 8. DQG ,WDO\

1DWXUDO FOD\ VWUXFWXUH

$ FOD\ FDQ EH WKRXJKW WR H[KLELW WKH HIIHFWV
I[IURP LWV UHFRQVWLWXWHG VWUXFWXUH ZKHQ WKH
WKH ULJKW RI WKH FRPSUHVVLRQ GDWD IRU D UHF
YROXPHWULF VSDFH 7KH VWDWH ERXQGDU\ VXUIDFH
VWUXFWXUH PD\ DOVR EH ODUJHU WKDQ WKDW GHI
6HQVLWLYLW\ 6A DV GHILQHG E\ &RWHFFKLD LV
GLITHUHQFH LQ VWUXFWXUH RI D QDWXUDO FOD\ LQ
PHDVXUH RI QDWXUDO VWUXFWXUH LQ RUGHU WR Q
6HYHUDO DXWKRUV KDYH VKRZQ WKDW DFFRXQWLC
FRPSUHVVLRQ DOVR DFFRXQWYV IRU WKH HIIHFW RI| VYV



JRU WKH SXUSRVHV RI PRGHOOLQJ LW LV XVHIXO
FRQWUROOLQJ WKH QDWXUDO VWUXFWXUH DQG WKI
VWUXFWXUH FDQ EH VSOLW ORRVHO\ LQWR D VWDEOH
D GLITHUHQW RU HQKDQFHG IDEULF FRPSDUHG WR W
FRPSRQHQW FDXVHG E\ ERQGLQJ RI WKH SDUWLFOHYV
QRUPDO FRPSUHVVLRQ OLQH SDUDOOHO WR WKH QR
FOD\ LQ OQYGQS VSDFH ZKHUHDV D PHWD VWDEOH
OLQH IRU WKH QDWXUDO FOD\ ZKLFK FROODSVHV WR.
QDWXUDO VWUXFWXUH LV OLNHO\ WR GLVSOD\ ERWHK
OHWD VWDEOH FOD\V ZKLFK H[KLELW VLJQLILFDQW G
PRGHO ZKLFK SUHGLFWV WKLV EHKDYLRXU VXFK DV V
DQG 5RXDLQLD DQG OXLU :RRG &OD\V ZKLFK
UHDVRQDEO\ ZHOO ZLWKLQ WKH FXUUHQW FULWLFDO
VWDWH LV DFFRXQWHG IRU 7KLV ZRUN KDV FRQFH
FRPSRQHQW RI VWUXFWXUH GRPLQDWHV WKH UHVS
GpVWUXFWXUDWLRQ PRGHO LV XQQHFHVVDU\ :RUN E
UHDVRQDEOH WR DVVXPH WKDW WKH VWDWH ERXQGI
VKDSH WR WKDW IRU WKH UHFRQVWLWXWHG FOD\ |
FRHIILFLHQW RI IULFWLRQ 0 VKRXOG EH WKH VDPH IF
RI WKH VDPH FOD\ 7HVWYV LQ ZKLFK RYHUFRQVROLGI|
FKDUDFWHULVHG E\ WKH UHDFKLQJ RI SHDN VWDWHYV
LGHQWLILFDWLRQ RI WKH WUXH FULWLFDO VWDWH Gl

7KH YHU\ VPDOO VWUDLQ VWLIIQHVVY RI D VDPSOH F
GHJUHH Rl RYHUFRQVROLGDWLRQ 5R RI D QDWXUD(
FRPSUHVVLRQ OLQH 7KH IRUPXOD SURSRVHG E\
LOQFRUSRUDWLQJ 5R LV DOVR YDOLG IRU QDWXUDO |
DOORZHG IRU /LPLWHG GDWD LQGLFDWH WKDW WKH
RYHUFRQVROLGDWLRQ UDWLRYV



$QLVRWURS\

oObDQ\ vwLlIl FOD\V VKRZ D UHVSRQVH WR VKHDULQJ
DQLVRWURS\ DQG WKLV LV FOHDUO\ DQ LPSRUWDQW
GHVFULEHG XVLQJ WKUHH PDLQ JURXSYVY VWUXFWXUD
UHFHQW VWUHVV KLVWRU\ DQLVRWURS\ $QLVRWURSES
FRPELOQDWLRQ RI WKHVH HITHFWV DOWKRXJK WKH UF
&DUHIXO WHVWLQJ FDQ LVRODWH HDFK RI WKH WKU
UHODWLYH LPSRUWDQFH FDQ EH DVFHUWDLQHG

$IJHLQJ HIIHFWV

IDERUDWRU\ WHVWV WR FKDUDFWHULVH DJHLQJ HIIH
RI FUHHS DV WKH GXUDWLRQ RI WKHVH WHVWYV DUH
WR RFFXU 6FKPHUWPDQQ 9ROXPHWULF FUHHS
UDWHV IRU VWLII FOD\V DUH OLNHO\ WR EH PXFK OR
KDV EHHQ FDUULHG RXW 7KH HIITHFWV RI YROXPHWUL
D FRQVWDQW VWUHVV ZKLFK OHDGV WR DQ LQFUHD\
SUHVVXUH 7KHVH IHDWXUHV RI FUHHS IDOO FRQFH
IUDPHZRUN

0(7+2'2/2*< 2) 180(5,&$/ $1$/<6(6

7KH 6.+ PRGHO 7ZDV WR EH XVHG DV D EDVH WR PR
FOD\V 7KH JHQHUDO PHWKRGRORJ\ ZDV WR PDNH PF
PRGHO WR UHSUHVHQW IHDWXUHV RI WKH REVHUYH(
ZLWK SUHGLFWLRQV XVLQJ WKH VWDQGDUG PRGHO D
FKHFEN ZKHWKHU WKH LQGLUHFW FRQVHTXHQFHV RI F
UHVSRQVH

7TKH OLWHUDWXUH UHYLHZ LGHQWLILHG WKUHH PDLQ
RI vwWLII FOD\V 7ZR RI WKHVH DVSHFWV RI EHKDYL
VWUXFWXUH DQG FUHHS FRXOG FRQFHSWXDOO\ EH F



WDWH ERXQGDU\ VXUIDFH $QDO\VHV ZHUH FDUULHG
SUREOHPV WR LQYHVWLIJDWH WKH FRQVHTXHQFHV RI

7KH 6.+ PRGHO DOUHDG\ DFFRXQWV IRU VWUHVV L
KLVWRU\ DQG KDV EHHQ YDOLGDWHG DJDLQVW WHYV
SURSRVHG E\ -RYLFLF WR LQFRUSRUDWH FURV'
PRGXOXV ZLWKLQ WKH PRGHO ZDV LQYHVWLJDWHG W
IRU D VWLII FOD\ ZKHUH VWUXFWXUDO DQLVRWURS\ .
HOHPHQW WHVWY DQG D ILHOG SUREOHP

,03/,&$7,216 2) 5(68/76 2) 180(5,&$/ 02'(//,1*

1XPHULFDO DQDO\WVHV ZHUH FDUULHG RXW IRU ERW
SUREOHPV WR LQYHVWLJDWH WKH WKUHH DUHDV RI
WKDW VLJQLILFDQW LPSURYHPHQWY FRXOG EH PDC
ODERUDWRU\ HOHPHQW WHVWV DQG ILHOG SUREOHP
FKDQJHVY PDGH WR WKH DSSOLFDWLRQ RI WKH 6.+
FRQGLWLRQV ZHUH ZHOO GHILQHG DQG OLPLWHG
FRPSOH[ )RU FRPSDULVRQ D VHULHV RI DQDO\VHV F
ZHUH DOVR XQGHUWDNHQ ,Q WKLV VHFWLRQ WKH UH
ERXQGDU\ YDOXH SUREOHPV ZLOO EH GHDOW ZLW
LQYHVWLIDWLQJ QDWXUDO VWUXFWXUH DQG DQLVRW
LOQYHVWLIDWLQJ YROXPHWULF FUHHS

ORGHOOLQJ VWDEOH VWUXFWXUH DQG DQLVRWU

7KLV VHFWLRQ GHDOV ZLWK WKH DQDO\VHV FDUULH
PRGHOOLQJ QDWXUDO VWUXFWXUH DQG DQLVRWURS\
LQFUHDVH LQ WKH VL]JH RI WKH VWDWH ERXQGDU\ VX
$QLVRWURS\ zDV PRGHOOHG ERWK H[SOLFLWO\ E\ D
LPSOLFLWO\ E\ WKH UHFHQW VWUHVV KLVWRU\ SUHGL



7KH 6.+ PRGHO ZDV XVHG WR SUHGLFW WKH EHK
RYHUFRQVROLGDWHG ORZ VHQVLWLYLW\ VWLII PDU
FDUULHG RXW WR SUHGLFW WKH EHKDYLRXU RI QDW
KLIKOLJKW WKH LPSRUWDQFH RI XVLQJ WKH FRUUHF'
LQ GHWHUPLQLQJ WKH FRUUHFW DQLVRWURSLF UHVS
WKH XQGUDLQHG VWUHVYVY SDWK DW ERWK VPDOO DQC
XVLQJ WKH QDWXUDO VWDWH ERXQGDU\ VXUIDFH ZH!
FDUULHG RXW XVLQJ WKH VWDWH ERXQGDU\ VXUIDFI
FOD\ SDUWLFXODUO\ DW ODUJHU VWUDLQV ZKHUH W
FULWLFDO VWDWH OLQH LV LPSRUWDQW 7KH WHVWYV
SDWKV WKDW ZHUH GLVWLQFW IURP WKH SDWKV IRO
SDUWLFXODUO\ DW VPDOO VWUDLQV DQG WKLV GL
DOORZLQJ IRU WKH FRUUHFW VWUHVV KLVWRU\ ZKL
SUHGLFWLRQV LQGLFDWH WKDW PXFK RI WKH DQLVR
ZDV FDXVHG E\ UHFHQW VWUHVV KLVWRU\ DQG VWU
YHUVLRQ RI WKH 6.+ PRGHO LV DEOH WR VLPXODW
GLIILFXOW WR FRPSDUH WR WKH ODERUDWRU\ GDWD
XQDEOH WR PHDVXUH VXIILFLHQWO\ VPDOO VWUDLQV
JHQHUDOO\ LPSURYHG E\ DOORZLQJ IRU WKH SUHVHC
VLIH Rl WKH VWDWH ERXQGDU\ VXUIDFH ,Q JHQHUDO
%RRP FOD\ ZKHUH WKH GLIIHUHQFH LQ VWDWH ZDV
VWDWH ERXQGDU\ VXUIDFH FRQVLVWHQW ZLWK VHQ)\
PRGHOOHG ZHUH RI FRPSDUDEOH DFFXUDF\ WR WKH
%%RRP FOD\ ZKHUH WKH HQWLUH VWUHVV KLVWRU\ ZD

,Q FRQWUDVW WR ODERUDWRU\ HOHPHQW WHVWYV ZK
FOHDUO\ GHILQHG E\ WKH SDWKV IROORZHG LQ WKH
KLVWRU\ IRU D ILHOG SUREOHP LV WKH JHRORJLFDO
IURP D ILHOG SUREOHP LQ %RRP FOD\ GDWD ZDV DY
ZKHWKHU WKH LPSURYHPHQW LQ SUHGLFWLRQ ZDV V
EHWZHHQ ORDG SDWKV 'DWD IRU 2[IRUG FOD\ DQR'
ZHUH DYDLODEOH IURP ERWK HOHPHQW WHVWYV DQG
WKHVH GDWD FRXOG EH XVHG WR FRPSDUH DQ\ LPSL
ZLWK LPSURYHPHQWY LQ WKH SUHGLFWLRQ RI JURXQ
ILHOG SUREOHPV LW ZDV ILUVW QHFHVVDU\ WR GHYV



VWUXFWXUH ZDV DVVXPHG WR IRUP GXULQJ WKH JH
LOQWHQWLRQ ZDV WR LQFRUSRUDWH WKH IRUPDWLRQ
VWDJH LQ DGGLWLRQ WR D VWDQGDUG VWUHVV KLVW

$QDO\WHV GHVFULEHG LQ 6HFWLRQ ZHUH FDUULHG
VWUXFWXUH VLPSO\ E\ LOQFUHDVLQJ LQ WKH VL]H RI
ZLWK VWDEOH VWUXFWXUH DOVR SURGXFHG VLJQL
PRYHPHQWY DURXQG WZR W\SLFDO ILHOG SUREOHPYV
SURGXFHG QRWLFHDEOH HIIHFWV RQ WKH SUHGLFW
SUREOHP ZLWK VLPLODU KLVWRULHV ,Q RUGHU WR
GXULQJ WKH JHRORJLFDO KLVWRU\ RI WKH VRLO L¢
QHFHVVDU\ WR PDNH VRPH DVVXPSWLRQV DERXW ZKI
UbQJH RI VFHQDULRY ZHUH LQYHVWLJDWHG DQG LV
QDWXUDO VWUXFWXUH IRUPHG KDG FRQVHTXHQFHYV
LQYHVWLIDWHG VKRZHG WKDW VLPXODWLQJ WKH GH’
KDG HIIHFWV RQ ERWK WKH SUHGLFWHG .R SURILOL}
NLQHPDWLF VXUIDFHV ZKLFK FRQWURO WKH DQLVR\
ORDGLQJ

,Q RUGHU WR PRGHO WKH H[FDYDWLRQ LQ 2[IRUG F

LW ZDV QHFHVVDU\ WR GHWHUPLQH 6.+ PRGF}
HYDOXDWLRQ RI D VHULHV Rl WULD[LDO WHVWV FDU
3LHUSRLQW GHILQHG D VHW RI SDUDPHWHUV G
KLVWRU\ ZKLFK ZDV LQ DJUHHPHQW ZLWK HDUOLHU
EHKDYLRXU RI WKH 2[IRUG FOD\ LV WKRXJKW WR EH \
DQG WKH VLPSOH LQFOXVLRQ RI DQ DQLVRWURSLEF
REVHUYDWLRQV RI VWLIIQHVV E\ 3LHUSRLQW DOOR?Z
SDWKV VLPLODU WR WKRVH REVHUYHG LQ XQGUDLQ
VWDQGDUG YHUVLRQ RI WKH 6.+ PRGHO ,W LV HQF
GLVWLQJXLVK EHWZHHQ WKH UHODWLYH LQIOXHQFH
DSSOLHG WR WHVW UHVXOWY LQ D FRQVLVWHQW ZD\

%RWK WKH VWDQGDUG DQG DQLVRWURSLF -RYLFLF
XVHG WR PRGHO WKH H[FDYDWLRQ LQ 2[IRUG FOD\
GHYHORSPHQW RI QDWXUDO VWUXFWXUH ZHUH HPSO



WH DQDO\VHV RI WKH WXQQHO DQG WKH IRXQGDWLR
WKH SURILOH RI SUHGLFWHG .R DV ZHOO DV WKH FR
SUHGLFWLRQV LQ JHQHUDO ZHUH UDWKHU KLJK

W ZDV QRW FOHDU IURP WKHVH DQDO\VHV ZKLFK VFF
RI VLPSO\ LOQOFRUSRUDWLQJ WKH DFFXPXODWLRQ RI Q
EXW LW LV OLNHO\ WKDW LQ SUDFWLFH LW ZLOO EH
FROQOWHQW FXUUHQW VWDWH DQG .R SURILOH WR SDL
KDYH IRUPHG IRU D SDUWLFXODU VWUDWXP

SUHGLFWLRQV PDGH E\ DQDO\VHV WKDW DVVXPHG WK
ZLWK WKH QDWXUDO VWDWH ERXQGDU\ VXUIDFH IRU
ZKLFK ZRXOG KDYH EHHQ H[SHFWHG E\ LQVSHFWLRQ
PRUH VXEWOH ZLWK FKDQJHV WR WKH GLVWULEXWLI
WKH FRQWULEXWLQJ LQIOXHQFH RI WKH GLITHUHQFH
WKLV ZDV D WUXH HIIHFW

7KH HIIHFW RI DVVXPLQJ DQLVRWURSLF YDOXHV RI *
FRPSDUHG WR WKH LVRWURSLF DQDO\WVHV ZKLFK Z|
SLHUSRLQW EXW LQ DIJUHHPHQW ZLWK ZRUN E\

-RYLFLF ,QFRUSRUDWLQJ DQLVRWURS\ LQ
GLVWULEXWLRQV RI PRYHPHQWYV

,Q JHQHUDO 6.+ PRGHO SUHGLFWLRQV ZHUH ZLWKI
PHDVXUHPHQWY EXW ZHUH XQDEOH WR UHSURGXF
PRYHPHQW REVHUYHG 7KLV ZDV WKH VDPH DV IRU W
HYHQ WKRXJK WKH VWUHVV KLVWRU\ ZDV ZHOO GHIL
SRVVLEOH SUHGLFWLRQV ,Q SUDFWLFH WKH IRUPCLC
FKDUDFWHULVHG E\ PRUH FRPSOH[ LOQWHUDFWLRQV
DQRG D PRUH FRPSOH[ DVVHVVPHQW RI OLNHO\ VFHQD
IL[ WKH SRLQW RU SRLQWV LQ WKH JHRORJLFDO KLVV



ORGHOOLQJ YROXPHWULF FUHHS

9ROXPHWULF FUHHS ZDV DFFRXQWHG IRU LQ WKH P
ERXQGDU\ VXUIDFH WR LQFUHDVH ZLWK WKH ORJDUL
KLVWRU\ Rl ERWK HOHPHQW WHVWV DQG WKH ERXQG
7KLV PHWKRG RI LQFOXGLQJ FUHHS ZLWKLQ WKH DQE
RI WKH UHVSRQVH DVVRFLDWHG ZLWK FUHHS WR EH
VLQJOH HOHPHQW VLPXODWLRQV RI W\SLFDO WULD]JL
LQLWLDO WDQJHQW VKHDU VWLIIQHVV ZKHUH FUHH
REVHUYDWLRQV 7KH PRGHO GLG SUHGLFW D GURS L(
WHVWYVY EXW JHQHUDOO\ DQ LQFUHDVH LQ VHFDQW
PHDVXUHPHQWY PDGH E\ 5LFKDUGVRQ WKH PRG
YROXPHWULF FUHHS DQG UHFHQW VWUHVV KLVWRU\
DQDO\WLV RI WKH WXQQHO SUREOHP WKH DQDO\VI
SURGXFHG WUDQVYHUVH VHWWOHPHQW WURXJKV ZI
SUHGLFWHG ZKHQ FUHHS ZDV QRW PRGHOOHG DW
LPSURYHPHQW RQ WKH SUHGLFWLRQV PDGH ZLWKR)
QDUURZ DV WKH *DXVVLDQ SURILOHV VHHQ LQ SUDFVW
ODERUDWRU\ WHVWV ZKHUH FRQGLWLRQV DUH DJDL(
DOORZLQJ IRU WKLY SKHQRPHQD ZLWKLQ ERXQGDU\
DQG SURFHVVHV XQGHUJRQH E\ QDWXUDO GHSRVLW
GHFLVLRQV DERXW ZKHQ WR DOORZ IRU SHULRGV RI
DOORZLQJ IRU DJHLQJ SKHQRPHQD LQ D PRUH HYRO
KLVWRU\ LQ WKH PDQQHU GHVFULEHG E\ VRPH DXWK]|
HW DO PD\ EH FRQFHSWXDOO\ HDVLHU WR XVH I
WKDW PRGHOOLQJ FUHHS HYHQ LQ D VLPSOH ZD\ FD(
PRYHPHQWY LQ D PDQQHU WKDW LV FRQVLVWHQW ZL\
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7KH PHWKRG XVHG WR LQFRUSRUDWH QDWXUDO VWU
ZRUN DUH OLPLWHG WR VWDEOH VWLII FOD\V RQO\ I
QDWXUDO VWUXFWXUH GHJUDGHYV VLIJQLILFDQWO\ 7K
JUHDW DV LQ WKH ILHOG GXH WR WKH LQIOXHQFH



UBIUHVHQWDWLYH WKDQ WKH UHFRQVWLWXWHG EH
LOQYHVWLIDWHG KHUH IRU WKH IRUPDWLRQ RI QDWXU
OLNHO\ WR EH PRUH FRPSOLFDWHG

,W LV FOHDU WKDW PRGHOOLQJ WKH IRUPDWLRQ RI Q
ODUJH QXPEHU RI XQNQRZQV FRQFHUQLQJ WKH JHR
FDUULHG RXW E\ &RWHFFKLD IRU 3DSSDGDL F
JHRORJLFDO KLVWRU\ RI D GHSRVLW ZRXOG EH D XVI
WR D SUREOHP ZLWK D ODUJH QXPEHU RI GHJUHHV RI

ORGHO SUHGLFWLRQV RI ERXQGDU\ YDOXH SUREOHP\
E\ SUHGLFWLRQV RI LQ VLWX PDGH E\ WKH PRGH{
SUHGLFWLRQV RI LQ VLWX VWUHVVHV IRU FHQWULIX.
OHDG WR .R YDOXHV ZKLFK DUH FRQVLVWHQW ZLWK &
DQG $ 7DEEDD 6HFWLRQ W LV KRZHYHU X
DFFXUDWHO\ UHIOHFW FRQGLWLRQV LQ WKH FHQWUL
ORGHO SUHGLFWLRQV RI .R DUH DOVR FOHDUO\ DIIHF\
D IXUWKHU FRQVWUDLQW WR SDUDPHWHU FKRLFH ZK
VLWX WHVWLQJ IRU D JLYHQ VRLO

7KH UHODWLRQVKLS SURSRVHG E\ 9LJJLDQL DQG $WN
WR FRPSXWH YDOXHV RI LQLWLDO VWLIIQHVYV IRU PF
XVHIXOQHVYV RI WKLY SDUDPHWHU DQG WKH UHODWL
ZRXOG EH KHOSIXO WR H[WHQG WKH FKDUWYV SUHVH
LQFOXGH D QXPEHU RI RWKHU PHDVXUHPHQWYVY RI RW
WKH FRQILGHQFH ZLWK ZKLFK WKLV PHWKRG FDQ EH

&21&/86,216

7KH PDLQ DLP RI WKLV ZRUN ZDV WR LPSURYH FRQI
PRYHPHQWY IRU ILHOG SUREOHPV E\ PRUH IXOO\ D
QDWXUDO FOD\ EHKDYLRXU 7KLV KDV EHHQ FDUULF
VWUDLIJKWIRUZDUG FKDQJHV WR WKH DSSOLFDWLRQ
KHUH KDV LQ SDUW KHOSHG WR LPSURYH FRQILGHQF



DRFLDWHG ZLWK WKH PRGHOOLQJ RI QDWXUDO SKH(
HOHPHQW WHVWYVYV WKDW DOORZLQJ IRU VRPH RI Wk
QDWXUDO VWLII FOD\V HYHQ LQ WKLV UHODWLYH:(
LPSURYHPHQW LQ SUHGLFWLRQV 7KH VWUHVV SDWK\)
DQG WKLV VLPSOLILHV WKHLU DQDO\VLVY 7KH DQDO)
VLPXODWLRQ RI WKH UHFHQW KLVWRU\ DV ZHOO DV )
FDQ EH LPSRUWDQW IRU SUHGLFWLQJ WKH REVHUY
SUREOHPV LV OHVV FOHDUO\ GHILQHG PDNLQJ WKH
VWUXFWXUH FRQFHSWXDOO\ GLIILFXOW W LV GLIIL
PHWKRGV RI LQFRUSRUDWLQJ QDWXUDO VWUXFWXUH
DUH VFDUFH W LV DOVR GLIILFXOW WR DVVHVV '\
YROXPHWULF FUHHS IRU ILHOG SUREOHPV IRU WKF
FRQILGHQFH LQ WKH UHVSRQVH RI WKH DQDO\VLV R
PRUH FOHDUO\ GHILQH WKHLU JHRORJLFDO KLVWRU

7TKH PRGHOOLQJ RI WKH QDWXUDO VWUXFWXUH VHHC
LPSRUWDQW IRU PRGHO SUHGLFWLRQV )RU HOHPHQ\
IRU LQ RUGHU WR EH DEOH WR PRGHO WKH VKHDU Y
VWUHVV SDWKV )RU ERXQGDU\ YDOXH SUREOHPV C
ZD\V KDV D QRWLFHDEOH LQIOXHQFH RQ SUHGLFWLRC
FOHDUO\ GHILQHG DV LW LQFRUSRUDWHYV WKH JHROF
FRPSOH[ ,W VHHPV WKDW VWXG\LQJ HYLGHQFH IRU
UDWKHU WKDQ MXVW LWV GHJUDGDWLRQ ZRXOG EH X
JURXQG PRYHPHQWY ZKHQ PRGHOOLQJ ERXQGDU\ YD
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7THVW 7HVW W\@H S N3D3 FN3D 3HON3D
%»RRP 8( ,62 2&
%RRP QB8& ,62 2&
%RRP R8& ,62 RF
%RRP T8& ,62 RF

8( 8QGUDLQHG H[WHQVLRQ WHVW

8& 8QGUDLQHG FRPSUHVVLRQ WHVW

,62 B6KHDULQJ FRPPHQFHV IURP LVRWURSLF VWI
2& B6KHDULQJ FRPPHQFHV IURP RYHUFRQVROLGI!

7TDEOH 7TDEOH RI LQLWLDO VWDWHY DQG FDOFXC
FDUULHG RXW RQ QDWXUDO VDPSOHV RI %RR
UHFRQVWLWXWHG DQG QDWXUDO QRUPDO FR

7THVW 7THVW W\SA S N3DS FN3D
% RRP 8& ,62 1&
% RRP '5& .R 2&
% RRP '5& . 2&
%RRP PUF8& ,62 2&
5 X W K 8& ,62 2&

"5( 'UDLQHG H[WHQVLRQ WHVW

'5& 'UDLQHG FRPSUHVVLRQ WHVW

8 ( 8QGUDLQHG H[WHQVLRQ WHVW

8& 8QGUDLQHG FRPSUHVVLRQ WHVW

,62 6KHDULQJ FRPPHQFHV IURP LVRWURSLF VWD
2& O6KHDULQJ FRPPHQFHV IURP RYHUFRQVROLGELC
.R 6KHDULQJ FRPPHQRHRQVRPILWLGDWHG VWDWH

7TDEOH 7DEOH RI LQLWLDO VWDWHY DQG FDOFXODWt
FDUULHG RXW RQ UHFRQVWLWXWHG %RRP FC
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SDUDPHWHUYV GHILQLQJ WKH EHKDYLRXU RI WKH
6.+ PRGHO IRU %RRP FOD\
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6.+ PRGHO SDUDPHWHUYV IRU /RQGRQ FOD\ ¢

9DULDWLRQV XVHG IRU WKH SDUDPHWULF VWXG\
IRU 2[IRUG FOD\
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9LJILDQL
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7EOH %ULFN PRGHO SDUDPHWHUV IRU 6SHVZKL\
1R /IHQJWK * * pDJ

7TEOH %ULFN PRGHO VWHSZLVH FXUYH VWULQJ
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$GGHQEURRNH 7, 3RWWV "0 DQG 3X]JULQ $ O
VWLIIQHVV RQ WKH QXPHULFDO DQDO\VLV RI W
9RO 1R SS

$JDK 6 7KH PHDVXUHPHQW RI VRLO VWLIIQHVV )
XQGHUJUDGXDWH SURMHFW UHSRUW &LW)\ 8QlL

$ 7TDEEDD $ SHUPHDELOLW\ DQG VWUHVV VWUDI
7TKHVLV 8QLYHUVLW\ RI &DPEULGJH

$ 7TDEEDD $ DQG :RRG 'O $Q H[SHULPHQWDOO\
FOD\ 3URF 7KLUG ,QW &RQI 2Q 1XPHULFDO O

$PRURVL $ ., FRPSRUWDPHQWR PHFFDQLFR GL X
3K'" WKHVLV 8QLYHUVLW\ RI 5RPH pu/D 6DSLHQ]

$PRURVL $ DQG 5DPSHOOR 6 7TKH LQIOXHQFH R
PHFKDQLFDO EHKDYLRXU RI D VWLII FOD\ 7KH
URFNV (YDQJHOLVWD DQG 3LFDUHOOL HGV

$WNLQVRQ - + 7KH GHIRUPDWLRQ RI XQGLVWXU
8QLYHUVLW\ Rl /RQGRQ

$WNLQVRQ 1RQ OLQHDU VRLO VWLIIQHVV LQ URY
SUHSDUDWLRQ

$WNLQVRQ - DQG 5LFKDUGVRQ 7KH HIIHFW RI
XQGUDLQHG VWUHQJWK RI RYHUFRQVROLGDWF
Ss

$WNLQVRQ - + DQG &KHULOO + ( 1RUPDO FRQVR

FOD\ VRLOV DW PHGLXP VWUHVYVY OHYHOV UHYV
8QLYHUVLW\

$WNLQVRQ - + O5LFKDUGVRQ ' DQG 6WDOOHEUDVV 6
RQ WKH VWLIIQHVYV RI RYHUFRQVROLGDWHG VF



$WLQVRQ - + DQG 6DOIRUV * ([SHULPHQWDO GF
FKDUDFWHULVWLFV LQ ODERUDWRU\ DQG LQ V
OHFK DQG )RXQG (QJ )ORUHQFH 9RO SS

%DQHUMHH 3. DQG <RXVLI 1 % $ SODVWLFLW\
EHKDYLRXU RI DQLVRWURSLFDOO\ FRQVROLGD
1XPHULFDO DQG $QDO\WLFDO PHWKRGV LQ *HF

%LVKRS $ : 6L[WK 5DQNLQH OHFWXUH 7KH VWU
PDWHULDOV *HRWHFKQLTXH 9RO 1R SS

%MHUUXP / (QIJILQHHULQJ JHRORJ\ RI 1IRUZHJLD
FOD\V DV UHODWHG WR WKH VHWWOHPHQW RI
SS

%RUMD 5, DQG .DYD]DQMLDQ -U ( $ FRQVWLW,
EHKDYLRXU RIPZHW FOD\VY] *HRWHFKQLTXH 9

%ULWWR $1 DQG *XQQ O - &ULWLFDO VWDWH V
+RUZRRG
%XUJKLJQROL $ HW DO ORGHOOLQJ VWUHVV VW

SLYLVWD ,wDOLDQD GL JHRWHFKQLFD SS

%XUODQG - % 2Q WKH FRPSUHVVLELOLW\ DQG V
*HRWHFKQLTXH 9RO 1R SS

%XUODQG - % 5DPSHOOR 6 *HRUJLDQQRX 91 DQG &
VWXG\ RI WKH VWUHQJWK RI IRXU VWLII FOD\V

% XWWHUILHOG 5 $ QDWXUDO FRPSUHVVLRQ OD.:
SS
&KD]DOORQ & DQG +LFKHU 3 < $Q HODVWRSOD

JHRPDWHULDOV 1XPHULFDO PRGHOV LQ *HRPI

&RRS 05 DQG &RWHFFKLD ) 7TKH FRPSUHVVLRQ
DUFKDHRORJLFDO VLWH RI 6LEHUL 3UR3FS ;, (&

&RRS 05 $WNLQVRQ -+ DQG 7D\ORU 5 1 6WUH
DOG XQVWUXFWXUHG VRLOV 3URF (&60)( 9RC



& R WKHLHF ) 7KH HITHFWV RI VWUXFWXUH RQ WKH !
FOD\ 3K' 7KHVLV 8QLYHUVLW\ RI /RQGRQ

&RWHFFKLD ) DQG &KDQGOHU 5 - 7KH LQIOXHQ
EHKDYLRXU RI D QDWXUDO FOD\ *HRWHFKQLT:

&RWHFFKLD ) DQG &KDQGOHU 5 2QH GLPHQVLR
6WUXFWXUDO FKDQJHYVY DQG PHFKDQLFDO HIIH
VRIW URFNV (YDQJHOLVWD DQG 3LFDUHOOL

'f2QIDULR $ HW DO ,QIOXHQFH RI VRLO VWUXFW
VWLII FOD\V LQ WKH SUH IDLOXUH UDQJH 7KH
URFNV (YDQJHOLVWD DQG 3LFDUHOOL HGV

'DYLHV 0 & 5 DQG 1HZVRQ 7 $ $ FULWLFDO V!
DOQLVRWURSLF VRLO 3UHGLFWLYH VRLO PHFKI
6FKRILHOG SS IRQGRQ 7KRPDV 7HOIR

'HDQH DQG %DVVHW 7KH +HDWKURZ H[SUHVV WU
*HRWHFKQLFDO (QJLQHHULQJ SS

JHDURQ 5 7KH EHKDYLRXU RI D VWUXFWXUDOO\
ODQGVOLGH 3K' WKHVLV &LW\ 8QLYHUVLW\

*HQV $ DQG 1RYD 5 &RQFHSWXDO EDVHV IRU D
DQG ZHDN URFNV 3URF &RQI RQ +DUG VRLOV

*UDKDP - DQG +RXOVE\ * 7 $QLVRWURSLF HOD
*HRWHFKQLTXH 1R SS
*UDQW 5 - ORYHPHQWY DURXQG D WXQQHO LQ W

8QLYHUVLW\

*UDQW 5 - B6WDOOHEUDVV 6 ( DQG 7D\ORU 5 1
PRYHPHQWYV 3K\VLFDO DQG QXPHULFDO WHFK
OHFKDQLFV DQG )RXQGDWLRQ (QJLQHHULQJ +

%DONHPD 5RWWHUGDP



*UDQW 5 - B6WDOOHEUDVV 6 ( DQG 7D\ORU 51
WXQQHO KHDGLQJ XVLQJ SK\WLFDO DQG QXPHL
&RQI B6RLO OHFK $QG *HR (QJ $PVWHUGDP -
%DONHPD 5RWWHUGDP

+LUG & & DQG 3LHUSRLQW 1" 6WLIITQHVYV GHWHL
IRU D WULDO HI[FDYDWLRQ LQ 2[IRUG FOD\ *HF

,QJUDP 3 %ULFN PRGHO DQDO\VLV RI D ULJLG F
*( &LW\ 8QLYHUVLW\
-DFNVRQ - DQG )RRNHV 3 7KH UHODWLRQVKLS |

RI WKH ORZHU 2[IRUG FOD\ WR VRPH VRLO SUR
(QIJILQHHULQJ *HRORJ\ 9RO SS

-DN\ - 7KH FRHIILFLHQW RI HDUWK SUHVVXUH D
+XQJDULDQ (QJLQHHUV DQG $UFKLWHFWYV SS

-DPLRONRZVNL 0O /DQFHOORWWD 5 ODUFKHWWL 6
UHSRUW 'HVLJQ SDUDPHWHUYV IRU VRIW FOD\V
SS

-DPLRONRZVNL 0O /DQFHOORWWD 5 DQG /R 3UHVWL
DW VPDOO VWUDLQV RI VL[ ,WDOLDQ FOD\V 3L
6KLEX\D OLWDFKL DQG OLXUD HGV %DONHPD

-DUGLQH 5 - 3RWWV '0 )RXULH $ % DQG %XUODQCGC
RI QRQ OLQHDU VWUHVV VWUDLQ FKDUDFWHUL
*HRWHFKQLTXH 9RO 1R SS

-RYLFLF 9 7KH PHDVXUHPHQW DQG LQWHUSUHW
3K'" 7TKHVLV &LW\ 8QLYHUVLW\

.DYYDGDV 0 DQG $PRURVL $ $ SODVWLFLW\ DS
EHKDYLRXU RI VWUXFWXUHG VRLOV 7KH *HRW
(YDQJHOLVWD DQG 3LFDUHOOL HGV % DONHF

/IHRQDUGV * $ DQG 5DPLDK % . 7LPH HIITHFWV LQ
$670 673 SS



/JHHRXHLO 6 DQG 9DXJKDQ 3 5 7KH JHQHUDO DQ¢
QDWXUDO VRLOV DQG ZHDN URFNV *HRWHFKQ

ODLU 5 - 8QZLQ PHPRULDO OHFWXUH '"HYHOR
HQJLQHHULQJ UHVHDUFK DSSOLFDWLRQ WR W
,QVWQ &LY (QJUV &LYLO (QJLQHHULQJ SS

OD\QH 3 : DQG .XOKDZ\ ) ( 'R 2&5 UHODWLRQVK
*HRWHFKQLFDO (QJ 'LY $6&S 9RO *7

OHVUL * DQG &KRL < . BHWWOHPHQW DQDO\VLV

$6&( -RXUQDO RI *HRWHFKQLFDO (QJLQHHULQJ
OLWFKHOO - . )XQGDPHQWDOV RI VRLO EHKDYLR

ORUULVRQ 3 5 - SHUIRUPDQFH RI IRXQGDWLRQV
HQYLURQPHQW 3K' 7KHVLV &LW\ 8QLYHUVLW\

OUR] = 1RUULV 9 $ DQG =LHQNLHZLF] 2 & $Q
IRU VRLOV DQG LWV DSSOLFDWLRQ WR F\FOLF
*HRPHFK Ss

OUR] = 1RUULV 9% DQG =LHQNLHZLF] 2 & $SSO
KDUGHQLQJ PRGHO LQ WKH DQDO\VLV RI HODV
*HRWHFKQLTXH 9RO 1R SsS

2Y5HLOO\ 0 3 DQG 1HZ % 0 BHWWOHPHQWY DER

WKHLU PDJQLWXGH DQG SUHGLFWLRQ 3URF
PLQLQJ DQG PHWDOOXUJ\ /RQGRQ HG 0 - -R(
3HQQLQJWRQ '6 1DVK ') 7 DQG /LQJV 0 / $QLVF

*DXOW FOD\ *HRWHFKQLTXH 9RO 1R SS
3LHUSRLQW 1 ' 7KH SUHGLFWLRQ DQG EDFN DQEC
2[IRUG FOD\ 3K' WKHVLV 8QLYHUVLW\ RI 6KHII
3RZULH : DQG /L ( 6) J)LQLWH HOHPHQW DQDO\V

IRUPDWLRQ OHYHO *HRWHFKQLTXH 9RO 1
3RZULH : &KDQGOHU 5 - &DUGHU 5 DQG :DWVRQ * !

HPEHGGHG UHWDLQLQJ ZDOO ZLWK D VWDELOL
(QJLQHHULQJ 9RO 1R SS



3X]USE@® DQG %XUODQG - % 1RQ OLQHDU PRGHO
VRLOV *HRWHFKQLTXH 9RO 1R SS

SDPSHOOR 6 6RPH UHPDUNVY RQ WKH PHFKDQLFCLC
HI[DPSOH RI 7RGL FOD\ ([SHULPHQWDO FKDUDF
DQG VRIW URFNV :RUNVKRS 1DSOHV VW 2|

5DPSHOOR 6 DQG 6LOYHVWUL ) 7KH VWUHVV VW
UHFRQVWLWXWHG VDPSOHV RI WZR RYHUFRQV|
HQJLQHHULQJ RI KDUG VRLOV VRIW URFNV $(
%DONHPD S5RWWHUGDP SS

SDPSHOOR 6 9LJJLDQL * DQG *HRUJLDQQRX 9 1
QDWXUDO DQG UHFRQVWLWXWHG 9DOOHULFFD
VRLOV VRIW URFNV $QDJQRVWRSRXORV HW L

SDPSHOOR 6 9LJJLDQL * DQG 6LOYHVWUL ) 7KH
VWLIIQHVY RQ VWUHVYV VWDWH DQG KLVWRU\ []
9DOOHULFFD FOD\ 3UH IDLOXUH GHIRUPDWLRC
DQG OLXUD HGV %DONHPD S5RWWHUGDP SS

5DPSHOOR 6 6LOYHVWUL ) DQG 9LJJLDQL * 3DQ
Rl *R RQ VWUHVV VWDWH DQG KLVWRU\ LQ FRK
RI JHRPDWHULDOV 6KLEX\D OLWDFKL DQG OLX
SSs

5DPSHOOR 6 9LJJLDQL * DQG $PRURVL $ 6PDOC
FOD\ FRPSUHVVHG DORQJ FRQVWDQW WULD[LD
*HRWHFKQLTXH 9RO 1R SS

SLFKDUGVRQ ' ,QYHVWLIDWLRQV RI WKUHVKROG
7TKHVLV &LW\ 8QLYHUVLW\

5RVFRH . + DQG %XUODQG - % 2Q WKH JHQHUDC
SZHW  FOD\ (QJLQHHULQJ 30DVWLFLW\ HG -
&DPEULGJH 8QLYHUVLW\ 3UHVYV

SRXDLQLD 0 DQG OXLU :RRG ' $ NLQHPDWLF KDU
FOD\V 7KH *HRWHFKQLFV RI KDUG VRLOV VRI
HGV %DONHPD S5RWWHUGDP SS



6FKHPUWPDQQ - + $ JHQHUDO WLPH UHODWHG VR
IDERUDWRU\ VKHDU VWUHQJWK RI VRLO $670 6

6FKRILHOG $ 1 DQG :URWK & 3 &ULWLFDO 6WDW
IRQGRQ

6LPSVRQ % SHWDLQLQJ VWUXFWXUHV GLVSOD|

1R SS

6LPSVRQ % 3HUVRQDO FRPPXQLFDWLRQ

BNHPSWRQ $ : DQG 1RUWKH\ 5 ° 7KH VHQVLWL
SS

BNHPSWRQ $ : 7KH FRQVROLGDWLRQ RI FOD\V E

4XDUWHUO\ -RXUQDO RI WKH *HRORJLFDO 6RF

6PLWK 3 5 -DUGLQH 5 - DQG +LJKW ' : 2Q WK
*HRWHFKQLTXH 1R SS
6RP 1 1 7KH HITHFW RI VWUHVYV SDWK RQ WKH G

IRQGRQ FOD\ 3K ' WKHVLV 8QLYHUVLW\ RI /R

6WDOOHEUDVYV 6 ( 7KH HITHFW RI UHFHQW VWUH
RYHUFRQVROLGDWHG VRLOV 3K' 7KHVLV &LW!

BWDOOHEUDVV 6 ( )LQDO UHSRUW IRU 6(5& SRV
%  5)+
BWDOOHEUDVV 6 ( *UDQW 5 - 7D\ORU 51 $

PRYHPHQWY PHDVXUHG LQ FHQWULIXJH PRGHO
*HRWHFKQLFDO $VSHFWV RI 8QGHUJURXQG &R
IRQGRQ %DONHPD SS

6WDOOHEUDVY 6 ( DQG 7D\ORU 5 1 SUHGLFWLR
RYHUFRQVROLGDWHG FOD\ *HRWHFKQLTXH 9R

7D\ORU 5 1 HG *HRWHFKQLFDO FHQWULIXJH W
SURIHVVLRQDO
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UDWLRQDO DSSURDFK WR PRGHO WKH EHKDYLI
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KHHOHU 6 - $ URWDWLRQDO KDUGHQLQJ HODV)
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:KLWWOH $ - (YDOXDWLRQ RI D FRQVWLWXWLYH
*HRWHFKQLTXH 9RO 1R SS
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WLPH GHSHQGHQW EHKDYLRXU RI FOD\V 