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1RQ DTXHRXV 'LVSHUVLRQV DV D
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30DVWLVROV FRQVWLWXWH D ODUJH SURSRUWLRQ RI WKH
FRPSULVHV D GLVSHUVLRQ RI SRO\PHU JHQHUDOO\ SRO\ YLC
HPXOVLRQ RU VXVSHQVLRQ SRO\PHULVDWLRQ SURFHVVHYV
UHGLVSHUVHG LQ DQ HVVHQWLDOO\ QRQ YRODWLOH GLOXH
SKWKDODWH 2QFH DSSOLHG WKH SODVWLFLVHU VZHOOV W
WRXJK DQG IOH[LEOH FRDWLQJ )RU HQYLURQPHQWDO UHDV!
LQ DFU\OLF SODVWLVROV +RZHYHU DFU\OLF SODVWLVROV
7KH VWDELOLW\ RI YLQ\O SODVWLVROV LV JHQHUDOO\ WKR
PLFURFU\VWDOOLQH GRPDLQV SUHVHQW LQ SRO\ YLQ\O FKOF

DFU\OLF SRO\PHUV UHWDUGLQJ WKH VZHOOLQJ DFWLRQ RI1 YV

,PSURYHG SODVWLVRO VWDELOLW\ ZDV DFKLHYHG XVLQJ DI
VLJH SUHSDUHG E\ QRQ DTXHRXV GLVSHUVLRQ DQG DTXH
WHFKQLTXHV ZLWK WKHUPDOO\ UHYHUVLEOH FURVV OLQNYV
GRPDLQV SUHVHQW LQ SRO\IYLQ\O FKORULGH 7KHUPDOO\ U
E\ K\GURJHQ ERQGLQJ DQG PHWDO LRQ FURVVOLQNLQJ 1RY!
WKH QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ RI PL[W.
SUHSDUDWLRQ RI SRO\PHUV FURVV OLQNHG E\ PHWDO LRQV
SODVWLVRO VWDELOLW\ ZHUH VHHQ RQ DSSOLFDWLRQ RI \

3ODVWLVRO VWDELOLW\ ZDV PHDVXUHG YLVFRPHWULFDOO\

30DVWLVROV EDVHG RQ FRSRO\PHUV RI PHWK\O PHWKDFU\
K\GUR[\HWK\O PHWKDFU\ODWH DQG EXW\OEHQ]\O SKWKDO
FRPSDUHG WR WKRVH EDVHG RQ SRO\ PHWK\O PHWKDFU\(
K\GURJHQ ERQGLQJ 3RO\PHUV ZHUH SUHSDUHG ZLWK KLJK ¢
K\GUR[\HWK\O PHWKDFU\ODWH UHDFKLQJ DQG E\ ZH

PHWKDFU\ODWH PHWKDFU\OLF DFLG FRSRO\PHUV ZHUH DOV
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VLYH ,W ZzDV REVHUYHG WKDW WKH VWDELOLW\ RI SODVWL
LPSURYHG ZLWK LQFUHDVLQJ SDUWLFOH VL]H 7KLV ZDV UH
RI WKH SRO\PHU SDUWLFOHV &RQFHQWUDWLQJ WKH PHW
VXUIDFH UHJLRQ RI D PHWK\O PHWKDFU\ODWH PHWKDFU\O
FRPSRVLWLRQ VHHG DQG IHHG PHWKRG RI SUHSDUDWLRQ
VXVFHSWLEOH WR VZHOOLQJ E\ SODVWLFLVHU ,PSURYHG V
EDVHG RQ FDUER[\OLF DFLG FRQWDLQLQJ SRO\PHUV ZKLF

RUJDQRPHWDOOLF FRPSRXQGV VXFK DV GLHWK\O JLQF FRPS

$ WKHRU\ IRU RVPRWLF OLPLWDWLRQ RI VZHOOLQJ RI FURV
ZDV SUHVHQWHG 7KH PHFKDQLVP UHOLHV RQ DQ RVPRWLF
D ORZ PROHFXODU ZHLJKW SRO\PHU GLVVROYHG H[FOXVLYH
GHVZHOO WKH FURVV OLQNHG SRO\PHU 7KH DSSOLFDELOL)
VWDELOLVLQJ DFU\OLF SODVWLVROV ZDV WHVWHG 30DVWL'
ORZ PROHFXODU ZHLJKW SRO\ EXW\O DFU\ODWH DQG SR
SODVWLFLVHU SKDVH ([SHULPHQWDO HYLGHQFH VXJJHVWH (
SRO\ EXW\O DFU\ODWH LQWR D ZW PHWK\O PHWKDFU\C
%YHWWHU H[FOXVLRQ RI SRO\ EXW\O DFU\ODWH IURP WKH
DFKLHYHG DQG KHQFH WKH RVPRWLF GHVZHOOLQJ LQFUH

ZHLIJKW RI WKH OLQHDU SRO\PHU
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7TKDQNV PXVW JR WR 'U . : $O0OO0OHQ IRU VXSHUYLVLRQ |
PDQDJHPHQW RI WKH 3DLQW 5HVHDUFK $VVRFLDWLRQ IRU
FROOHDJXHV ZKR RITHUHG HQFRXUDJHPHQW DQG JXLGDQFH
FROOHDJXHV 'U 5 - .HQQHG\ OU - :DWVRQ DQG OLVV -
VRPH RI WKH YLVFRPHWU\ DQG OU O 7D\ORU IRU KHOSIXO
PDWKHPDWLFV RI SRO\PHU VROXWLRQV $OVR WR 3URI % ¢
WKURXJK KLY UROH DV SURMHFW FRQVXOWDQW SURYLGHC

FRQFHSW RI WKH RVPRWLF OLPLWDWLRQ RI VZHOOLQJ RI FU

7KLV ZRUN ZDV ILQDQFLDOO\ VXSSRUWHG XQGHU WKH (QYL
VFKHPH RI WKH "HSDUWPHQW RI (QYLURQPHQW DQG D FRQVI

FRPSDQLHYV

$N]JR &RDWLQJIV %09

%HFNHUV ,QGXVWULDO &RDWLQJV
%ULWLVK 6WHHO

&DVFR 1REHO ,QGXVWULDO &RDWLQJV /WG
&RDWHV &RDWLQJV /WG
&RXUWDXOGV &RDWLQJV

&UD\ 9DOOH\ 3URGXFWYV

'60 SHVLQV %9

+DUORZ &KHPLFDO &R

+3* &RDWLQJV

,&, SHVLQV

-RWXQ
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$EVWUDFW LL
$FNQRZOHGJIJHPHQWYV LY
&GRQWHQWYV Y
$EEUHYLDWLRQV [L
&KDSWHU  QWURGXFWLRQ

7KH IRUPDWLRQ DQG FRQWURO RI R]JRQH
3DLQWY FRDWLQJY DQG YRODWLOH RUJDQLF FRPSRXQ
1HZ WHFKQRORJLHYV LQ WKH SDLQW LQGXVWU\
:DWHUERUQH FRDWLQJV
3RZGHU FRDWLQJV
SDGLDWLRQ FXUDEOH FRDWLQJV
+LJK VROLGYVY FRDWLQJV
3ODVWLVROV
SHIHUHQFHYV

&KDSWHU  $FU\OLF SODVWLVROV
7KH UKHRORJ\ Rl QRQ UHDFWLYH SODVWLVROV
30DVWLFLVHU VROYHQW SRZHU
3DUWLFOH VL]H DQG GLVWULEXWLRQ
3DUWLFOH PRUSKRORJ\
&URVV OLQNLQJ
&RSRO\PHUV FRQWDLQLQJ DFLG DQG EDVLF JUR
&RSRO\PHUV FRQWDLQLQJ PHWDOV
&RYDOHQW FURVV OLQNLQJ
7KH UKHRORJ\ Rl UHDFWLYH SODVWLVROV
$FU\ODWH FKHPLVWU\
,VRF\DQDWH FKHPLVWU\
(SR[\ FKHPLVWU\
6XPPDU\
SHIHUHQFHYV



&KDSWHU 7TKHRU\ RI DFU\OLF SODVWLVROYV
SRO\PHU GLVSHUVLRQV LQ DTXHRXV DQG QRQ DTXHRX\
7KH VWDELOLVDWLRQ RI SRO\PHU GLVSHUVLRQV LQ
QRQ DTXHRXV PHGLD
(OHFWURVWDWLF VWDELOLVDWLRQ
6WHULF VWDELOLVDWLRQ
$TXHRXV HPXOVLRQ DQG QRQ DTXHRXV GLVSHUVLR
SRO\PHULVDWLRQ
6WDELOLVHUV VXUIDFWDQWY DQG LQLWLDWRU)\
7KH PHFKDQLVP RI DTXHRXV HPXOVLRQ SRO\PH!I
7KH PHFKDQLVP RI QRQ DTXHRXV GLVSHUVLRQ
7KH UKHRORJ\ RI VROLG OLTXLG GLVSHUVLRQV
6RPH EDVLF FRQFHSWYV LQ UKHRORJ\
7KH KDUG VSKHUH PRGHO
6WHULFDOO\ DQG HOHFWURVWDWLFDOO\ VWDELOLV
3RO\PHU SODVWLFLVHU LOWHUDFWLRQYV
7KH WKHUPRG\QDPLFV RI SRO\PHU VROXWLRQV QR
DQG FU\VWDOOLQH SRO\PHUYV
'"HULYDWLRQ RI WKH HQWURS\ RI PL[LQJ
'"HULYDWLRQ RI WKH KHDW DQG IUHH HQHUJ\ RI
7KH FKHPLFDO SRWHQWLDO
7KH WKHUPRG\QDPLFV RI WKH VZHOOLQJ RI HODVW
7KH VWDWLVWLFDO WKHRU\ RI UXEEHU HODVWL
1HWZRUN VZHOOLQJ
7KH WKHUPRG\QDPLFV RI WKH RVPRWLF OLPLWDWLI
6 XPPDU\
S5HIHUHQFHYV

&KDSWHU 7DVNV DQG REMHFWLYHYV

SURMHFW WDVNYV
7KH SUHSDUDWLRQ RI SRO\PHUV ZLWK WKHUPDOO\

FURVV OLQNYV
7KH SUHSDUDWLRQ RI SODVWLVROV DQG DVVHVVPH

RI WKHLU VWDELOLW\
7KH SUHSDUDWLRQ RI SODVWLVRO ILOPV DQG DVVFH

VWDELOLW\
7KH H[SHULPHQWDO YHULILFDWLRQ RI RVPRWLF OL

YL



RIVZHOOLQJ PHFKDQLVP
SHIHUHQFHYV

&KDSWHU (ISHULPHQWDO PHWKRGV DQG PDWHULDOV
ODWHULDOV
(ISHULPHQWDO PHWKRGV
$FLG FRQWHQW GHWHUPLQDWLRQ
1RQ YRODWLOH FRQWHQW GHWHUPLQDWLRQ
OROHFXODU ZHLJKW GHWHUPLQDWLRQYV
3ULQFLSOH DQG WKHRU\
*HQHUDO PHWKRGV RI FDOLEUDWLRQ
(ISHULPHQWDO SURFHGXUHYV
3DUWLFOH VL]H PHDVXUHPHQW
S(O PHDVXUHPHQW
$VVHVVPHQW Rl SODVWLVRO VWDELOLW\
*ODVV WUDQVLWLRQ WHPSHUDWXUH PHDVXUHPHQW
*HO FRQWHQW PHDVXUHPHQW
3UHSDUDWLRQ RI SODVWLVRO FRDWLQJV
$SSHQGL[ $
$SSHQGL[ %
SHIHUHQFHYV

&KDSWHU 7TUDQVLHQWO\ FURVY OLQNHG SRO\PHUV , K\GU
GLSROH GLSROH LOQWHUDFWLRQV
7KH SUHSDUDWLRQ RI SRO\PHUV XVLQJ QRQ DTXHRXV
SRO\PHULVDWLRQ
SUHSDUDWLRQ RI VWDELOLVHUYV EDVHG RQ K\GUFR
1RQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ
7KH RQH VKRW PHWKRG
7KH VHHG DQG IHHG PHWKRG
7KH SUHSDUDWLRQ RI SRO\PHUV XVLQJ DTXHRXV HPXO
SRO\PHULVDWLRQ
3ODVWLVRO VWDELOLW\
7KH HIITHFW RI WKH SODVWLFLVHU
7KH HIITHFW R1 YDU\LQJ WKH DFLG FRQWHQW Rl SRC
SUHSDUHG E\ QRQ DTXHRXV GLVSHUVLRQ SRO\PHU



7KH HIIHFW RI YDU\LQJ WKH DFLG FRQWHQW R1 SRO
SUHSDUHG E\ DTXHRXV HPXOVLRQ SRO\PHULVDWLR
7KH HIITHFW RI1 YDU\LQJ WKH ZHLJKW IUDFWLRQ RIS
7KH HIITHFW RI YDU\LQJ WKH K\GUR[\HWK\O PHWKD|
FRQWHQW RI WKH SRO\PHUV
7KH HIITHFW RI YDU\LQJ WKH PHWKDFU\ORQLWULOH |
SRO\PHUYV

7KH HIITHFW RI YDU\LQJ WKH SDUWLFOH GLDPHWHU |
7KH HITHFW R1 YDU\LQJ WKH PROHFXODU ZHLJKW R
7KH HIIHFW RI SRO\PHUV ZLWK D FRUH VKHOO PRUS

30DVWLVRO JODVV WUDQVLWLRQ WHPSHUDWXUHYV

3ODVWLVRO FRDWLQJV

6 XPPDU\

S5HIHUHQFHYV

&K DSWHU 7TUDQVLHQWO\ FURVYVY OLQNHG SRO\PHUV ,, DFLC
3RO\PHUV FRQWDLQLQJ DFLG EDVLF LQWHUDFWLRQV

7KH SUHSDUDWLRQ RI SRO\PHUV E\ DTXHRXV HPXOVI
SRO\PHULVDWLRQ

3ODVWLVRO VWDELOLW\
SRO\PHUV FRQWDLQLQJ PHWDO LRQ FURVV OLQNYV
7KH SUHSDUDWLRQ RI SRO\PHUV E\ QRQ DTXHRXYV
SRO\PHULVDWLRQ
7KH SUHSDUDWLRQ RI SRO\PHU VWDELOLVHG E\
PHWKDFU\ODWH VWDELOLVHU SUHFXUVRU
7KH SUHSDUDWLRQ RI SRO\PHUV VWDELOLVHG E
K\GUR[\VWHDULF DFLG FRPE VWDELOLVHU

7KH SUHSDUDWLRQ SRO\PHUV E\ DTXHRXV HPXOVLR
SRO\PHULVDWLRQ

S3ODVWLVRO VWDELOLW\
7KH YLVFRVLW\ VWDELOLW\ RI SODVWLVROV FRC
SRO\PHUV VWDELOLVHG E\ D ODXU\O PHWKDFU\
VWDELOLVHU SUHFXUVRU
7KH YLVFRVLW\ VWDELOLW\ RI SODVWLVROV FRC
SRO\PHUV VWDELOLVHG E\ D K\GUR[\VWHDUL
DFLG FRPE VWDELOLVHU
7KH YLVFRVLW\ VWDELOLW\ RI SODVWLVROV FRC

YLLL



SRO\PHUV SUHSDUHG E\ DTXHRXV HPXOVLRQ
SRO\PHULVDWLRQ

3ODVWLVRO FRDWLQJV
6 XPPDU\

SHIHUHQFHV

&KDSWHU &RYDOHQWO\ FURVVY OLQNHG SRO\PHUYV

7KH SUHSDUDWLRQ RI WKH SRO\PHUV

7KH SUHSDUDWLRQ RI SRO\PHUV ZLWK LQWHUQDO F

QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ

7KH SUHSDUDWLRQ RI SRO\PHUV ZLWK VXUIDFH FU

QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ
7KH SUHSDUDWLRQ RI SRO\PHUV ZLWK LQWHUQDO
DTXHRXV HPXOVLRQ SRO\PHULVDWLRQ

"HWHUPLQDWLRQ RI WKH GHJUHH RI FURVYVY OLQNLQJ J
PHDVXUHPHQWYV

S3ODVWLVRO VWDELOLW\

7KH YLVFRVLW\ VWDELOLW\ RI SODVWLVROV FRQWD
SUHSDUHG E\ QRQ DTXHRXV GLVSHUVLRQ SRO\PHU
7KH YLVFRVLW\ VWDELOLW\ RI SODVWLVROV FRQWD
SUHSDUHG E\ DTXHRXV HPXOVLRQ SRO\PHULVDWLR

"HWHUPLQDWLRQ RI WKH GHJUHH RI SRO\PHU VZHO
30O0DVWLVRO FRDWLQJV

6XPPDU\
SHIHUHQFHV

&KDSWHU 7KH RVPRWLF OLPLWDWLRQ RI VZHOOLQJ

IRZ PROHFXODU ZHLJKW OLQHDU SRO\PHUYV
7KH SUHSDUDWLRQ RI ORZ PROHFXODU ZHLJKW

SRO\ EXW\O DFU\ODWH DQG SRO\ PHWK\O PHWKDF
&RPPHUFLDO SRO\HVWHUYV

3ODVWLVRO VWDELOLW\

IRZ PROHFXODU ZHLJKW OLQHDU SRO\PHUV LQ EXW
SKWKDODWH

7KH HIIHFW RI ORZ PROHFXODU ZHLJKW SRO\ EXW\C
SRO\ PHWK\O PHWKDFU\ODWH VROXWLRQV RQ SOD



WDELOLW\
7KH HIITHFW RI FRPPHUFLDO ORZ PROHFXODU ZHLJK
VROXWLRQV RQ SODVWLVRO YLVFRVLW\ VWDELOLW\
3ODVWLVRO FRDWLQJV
6 XPPDU\
SHIHUHQFHYV

&KDSWHU &RQFOXVLRQ
6XPPDU\ RI H{SHULPHQWDO ZRUN
)XWXUH GLUHFWLRQV

SHIHUHQFHV
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D 3DUWLFOH UDGLXV
&RQH UDGLXV

$ +DPDNHU FRQVWDQW

E &RQFHQWUDWLRQ RI DOO LRQV LQ VROXWLRQ

AP G &ERQFHQWUDWLRQ RI PRQRPHU LQ SDUWLFOHYV
| OLFHOOH SKDVH PRQRPHU FRQFHQWUDWLRQ

APLFHOOH

&7 $TXHRXV SKDVH PRQRPHU FRQFHQWUDWLRQ

G 6XUIDFH WR VXUIDFH GLVWDQFH EHWZHHQ WZF
7KLEFNQHVV RI YLVFRXV ERG\ XQGHU VKHDU

) )DUDGD\ FRQVWDQW

$*H &KDQJH LQ HODVWLF *LEEV IUHH HQHUJ\

$*P &KDQJH LQ *LEEV IUHH HQHUJ\ RQ PL[LQJ

$+1 (QWKDOS\ RI IXVLRQ

N %ROW]PDQQ FRQVWDQW

2U

5DWH FRHIILFLHQW IRU HQWU\ RI' L PHU LQWR I
3URSDJDWLRQ FRQVWDQW

5DWH FRHIILFLHQW IRU DTXHRXV SKDVH SURSTC
7HUPLQDWLRQ FRQVWDQW

BROXWH GLVWULEXWLRQ FRHIILFLHQW

L
H PLFHOOH

NS DT

P$ OROHFXODU ZHLJKW RI ELILPFWLRQDO PRQRPH
P % OROHFXODU ZHLJKW RI PRQRPHU %

PL OROHFXODU ZHLJKW RI VROYHQW

P OROHFXODU ZHLJKW RI GLVVROYHG VSHFLHYV
0 ODVV RI SRO\PHU

00Q 1XPEHU DYHUDJH PROHFXODU ZHLJKW

0S 3HDN PROHFXODU ZHLJKW

0z ‘HLJKW DYHUDJH PROHFXODU ZHLJKW

Qs OROHV RI ELIXQFWLRQDO PRQRPHU $

o % OROHV RI PRQRPHU %

QR 7RWDO QXPEHU RI FHOOV LQ ODWWLFH

1F 1XPEHU RI SDUWLFOHYV

QL 1XPEHU RI VROYHQW PROHFXOHV

o 1XPEHU RI SRO\PHU FKDLQV

5 *DV FRQVWDQW

5DWH RI LQLWLDWLRQ
U 5DWH RI SRO\PHULVDWLRQ

[L
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$EVROXWH WHPSHUDWXUH

7RUTXH

OHOWLQJ SRLQW

9HORFLW\ RI XSSHU VXUIDFH RI YLVFRXV ERG\
ORODU YROXPH RI VROYHQW

9ROXPH IUDFWLRQ RI SDUWLFOHYV
$WWUDFWLYH SRWHQWLDO HQHUJ\
3RWHQWLDO IUHH HQHUJ\ Rl HOHFWURVWDWLF
9ROXPH RI XQVZROOHQ SRO\PHU

9RODWLOH RUJDQLF FRQWHQW

OROH IUDFWLRQ RI ELIXQFWLRQDO PRQRPHU $
1XPEHU RI FURVVOLQNV

ORODU UDWLR RI VROYHQW WR VROXWH PROHF
&RXQWHULRQ FKDUJH QXPEHU

1XPEHU GHJUHH RI SRO\PHULVDWLRQ DW ZKLFlI
EHFRPHV VXUIDFH DFWLYH

&HOO FRRUGLQDWLRQ QXPEHU

&KDUJH QXPEHU RI DOO LRQV LQ VROXWLRQ
3DUWLWLRQ FRHIILFLHQW RI PRQRPHU EHWZHH
GLOXHQW

&RQH DQJOH

/JLQHDU GHIRUPDWLRQ IDFWRU IRU [ \ DQG ] GI
3HUPLWWLYLW\ RI D YDFXXP

5HODWLYH SHUPLWWLYLW\ RI D PHGLXP

J)ORU\ +XJJLQV LQWHUDFWLRQ SDUDPHWHU IRU
Y)ORU\ +XJJLQV LQWHUDFWLRQ SDUDPHWHU IRU
VSHFLHYV

$GVRUEHG OD\HU WKLFNQHVV

9ROXPH IUDFWLRQ RI VXVSHQGHG SKDVH
9ROXPH IUDFWLRQ RI VROYHQW

9ROXPH IUDFWLRQ RI SRO\PHU

9ROXPH IUDFWLRQ RI SRO\PHU LQ PRUH FRQFH
9ROXPH FRQFHQWUDWLRQ RI GLVVROYHG VSHF
&ULWLFDO SDFNLQJ IUDFWLRQ

6KHDU VWUDLQ

6KHDU YLVFRVLW\

,QWULQVLF YLVFRVLW\

[LL



u_ v 6KHDU YLVFRVLW\ RI PHGLXP

3 &KHPLFDO SRWHQWLDO
3L &KHPLFDO SRWHQWLDO RI VROYHQW LQ VROXW
3L &KHPLFDO SRWHQWLDO RI SXUH VROYHQW

3 &KHPLFDO SRWHQWLDO RI SRO\PHU LQ VROXWL
3f &KHPLFDO SRWHQWLDO RI SXUH OLTXLG SRO\P}!
Y H (ITHFWLYH QXPEHU RI FKDLQV LQ QHWZRUN

oL LWK FKDLQ

3L '"HQVLW\ Rl VROYHQW

3 'HQVLW\ Rl GLVVROYHG VSHFLHV

3D '"HQVLW)\ RI ELIXQFWLRQDO PRQRPHU $

3e '"HQVLW\ RI PRQRPHU %

; 6KHDU VWUHVYV
- SRWHQWLDO DW WKH SDUWLFOH VXUIDFH
&2 $QIJXODU YHORFLW\

$EEUHYLDWLRQV XVHG IRU PDWHULDOV DUH JLYHQ LQ &KDS

[LLL
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7KHUH KDV ORQJ EHHQ FRQFHUQ RYHU WKH HIIHFWV R1 DLLU
RQ KXPDQ KHDOWK 21 SDUWLFXODU FRQFHUQ LQ UHFHQW \
R]JRQH REVHUYHG DW JURXQG OHYHO LQ (XURSH DQG $PH
FRQFHQWUDWLRQ RI RJRQH LQ WKH 8QLWHG .LQJGRP KDV

\HDUV WR DERXW SDUWV SHU ELOOLRQ 3HDN YDOXHV IU
IRU KHDOWK DQG YHJHWDWLRQ H[SRVXUH $PRQJVW DLU SF
FRQFHQWUDWLRQV W\SLFDOO\ UHFRUGHG DQG WKRVH DW

KHDOWK FDQ EH REVHUYHG LV ORZHVW IRU R]JRQH

7KH IRUPDWLRQ DQG FRQWURO RI R]JRQH
2]RQH LV SUHVHQW DV D QDWXUDO FRPSRQHQW RI ERWK W
WKH XSSHU DWPRVSKHUH LW LV IRUPHG E\ SKRWRFKHP
DEVRUSWLRQ RI XOWUD YLROHW VRODU UDGLDWLRQ E\ R
+RZHYHU LQ WKH ORZHU DWPRVSKHUH R]JRQH LV FRQVWD
VHULHV RI FRPSOH[ SKRWRFKHPLFDO UHDFWLRQV LQYROYL
QLWURJHQ R[LGHV ZKLFK UHVXOWV LQ JHUR QHW SURGX
FRQFHQWUDWLRQ RI RIRQH IRXQG DW JURXQG OHYHO LV G

XSSHU DWPRVSKHUH

7KH VRXUFH RI WKH LQFUHDVHG OHYHO RI RJIRQH VHHQ LQ
VWHP IURP D VHULHYVY Rl SKRWRFKHPLFDO UHDFWLRQV EHWZ

FRPSRXQGV FROOHFWLYHO\ NQRZQ DV YRODWLOH RUJDQLF

W ZDV HVWLPDWHG WKDW PDQ PDGH QRQ PHWKDQH 92& HP
WHQ PLOOLRQ WRQQHV LQ RI ZKLFK RULJLQDWHG IU

WUDQVSRUW DQG IURP WKH XVH RI RUJDQLF VROYHQW



JUHDW GLVWDQFHV EHIRUH UHDFWLQJ WR IRUP RJRQH WKH
DQ XUEDQ RU IDFWRU\ VLWH LQ DQRWKHU FRXQWU\ ,W ZDV
XS WR Rl SHDN OHYHO R]JRQH LQ WKH 8QLWHG .LQJGR
FRQWLQHQWDO RULJLQ

7KH QDWXUH RI WKH SUREOHP UHTXLUHG LQWHU JRYHUQP
WKH 8QLWHG .LQJGRP JRYHUQPHQW VLJQHG WKH 8
&RPPLVVLRQ IRU (XURSH &RQYHQWLRQ RQ /RQJ 5DQJH 7U

ZKLFK VWLSXODWHY D UHGXFWLRQ LQ WKH OHYHO Rl 92«

7KH QHHG WR PHHW WKHVH VWULQJHQW HPLVVLRQ OHYHOV

OHDVW LQ WKH VHFWRU RI SDLQWYV DQG FRDWLQJV

3DLQWYV FRDWLQJVY DQG YRODWLOH RUJDQLF FRPSRXQ
$00 REMHFWV VXIIHU GHJUDGDWLRQ DW WKH VXUIDFH EH |
XOWUD YLROHW UDGLDWLRQ ITURP WKH VXQ PRLVWXUH IUF
IURP GDLO\ ZHDU %\ DSSO\LQJ D VXUIDFH FRDWLQJ GDPDJ
FRDWLQJYVY FDQ EH XVHG LQ D GHFRUDWLYH IRUPDW 7KXV W

WR SURWHFW DQ REMHFW DQG WR GHFRUDWH LW

6XUIDFH FRDWLQJV FRPH LQ PDQ\ IRUPV VXFK DV SDSHU
FRQVLGHUHG WKH PRVW YHUVDWLOH IRUP DV LW FDQ EH D:
VKDSH E\ D YDULHW\ Rl PHWKRGY 3DLQW XVXDOO\ KDV V
SLJPHQW UHVLQ DQG VROYHQW

3LIPHQWY FRPH LQ WKH IRUP RI ILQH VROLG SDUWLFOHV W
RI WKH SDLQW 7KH\ FDQ EH HLWKHU LQRUJDQLF RU RUJDQI
LQFOXGH WLWDQLXP GLR[LGH WKH LURQ R[LGHV DQG FDU

PRVW LPSRUWDQW SLJPHQWY DUH EDVHG RQ WKH FKHPLVYV



JHQHUDOO\ WR SURYLGH FRORXU DQG PHFKDQLFDO VWUHQJ
WKH DGGHG UROH RI DEVRUELQJ KDUPIXO XOWUD YLROHW
SDLQW GXUDELOLW\ &HUWDLQ SLIJPHQWYV VXFK DV ]JLQF S
VSHFLDOLVHG UROHV DV WKH\ LPSDUW HQKDQFHG UHVLV

VXEVWUDWHYV

5HVLQY DUH UHVSRQVLEOH IRU IRUPLQJ WKH ILOP DQG FDQ
JURXSY WKHUPRSODVWLF DQG WKHUPRVHWWLQJ 7TKHUPR
KHDWLQJ VWDUW WR IORZ PRUH HDVLO\ ZKLOVW UHPDLQI
PROHFXOHY 7KHUPRVHW UHVLQV UHDFW FKHPLFDOO\ RQ
PROHFXOHV FURVV OLQNHG WRJHWKHU 2QFH UHDFWHG
WKHUPRSODVWLF UHVLQY EH VRIWHQHG DJDLQ RQ KHDWLC
SRO\XUHWKDQHYVY DQG VLOLFRQHV ZKLFK FDQ EH GHVLJQH
WKHUPRVHWWLQJ $ON\G UHVLQV KRZHYHU WHQG WR UHI

URRP WHPSHUDWXUH

7KH UROH RI WKH VROYHQW LV WZR IROG )LUVWO\ LW DFWYV
DOORZLQJ WKH SDLQW WR EH DSSOLHG WR D VXUIDFH 61
DSSOLFDWLRQ FRQGLWLRQV WKURXJK DGMXVWPHQW RI W]
HYDSRUDWLRQ RI WKH VROYHQW WKDW OHDGV WR ILOP IRUF
LQ SDLQWYV LQFOXGH WKH DOLSKDWLF K\GURFDUERQV WKH

RI NHWRQHV DQG HVWHUV

,Q DGGLWLRQ WR WKH WKUHH PDLQ FRQVWLWXHQWY GHVF
YDULHW\ RI DGGLWLYHV DUH LQFOXGHG LQ W\SLFDO SDLQW
IXQFWLRQ 7KHLU UROHV PD\ LQFOXGH DGMXVWLQJ WKH

ZHWWDELOLW\ RI WKH SDLQW RQ D SDUWLFXODU VXEVWUD

LPSURYLQJ WKH UDWH RI FURVVOLQNLQJ IRU D UHVLQ VXEFK



7TKH HQYLURQPHQWDO FKDOOHQJH IRU WKH SDLQW LQGXVMW
VROYHQWY ZKLFK LQ D WA\SLFDO VROYHQW ERUQH SDLQW F

WRWDO ZHLJKW 7KLV KDV VSXUUHG WKH GHYHORSPHQW R

1HZ WHFKQRORJLHV LQ WKH SDLQW LQGXVWU\
(IMMRUWV E\ WKH SDLQW LQGXVWU\ WR GHYHORS SDLQWYV ZL

KDYH EHHQ GLUHFWHG LQWR IRXU GLVWLQFW DUHDV 7KHVFE

D :DWHUERUQH FRDWLQJV
E 3RZGHU FRDWLQJV
F 5DGLDWLRQ FXUDEOH FRDWLQJV

G +LJK VROLGV FRDWLQJV

7KH WHUP FRDWLQJV KDV EHHQ XVHG DV WKH SURGXFW\
WHFKQRORJLHV DUH GLVWLQFW IURP WKH WUDGLWLRQDO |
UHVLQ DQG RUJDQLF VROYHQW DQG PD\ LQYROYH GLIIHUHC

WKHVH DOWHUQDWLYH WHFKQRORJLHY KDYH REYLRXV DGYD

DWHUERUQH FRDWLQJV
8VH RI ZDWHU DV DQ DOWHUQDWLYH VROYHQW WR WKH WL
FRVW DGYDQWDJHYV LQ WKH IRUP RI ORZHU PDWHULDO FR\
UHGXFWLRQV LQ LQVXUDQFH SUHPLXPV :DWHU LV DOVR

DSSOLFDWLRQ RI FRDWLQJV XVLQJ FRQYHQWLRQDO WHFKQL

7KH GUDZEDFNY DUH QXPHURXV 7KH KLJK ODWHQW KHDW
FRVWYV IRU D ZDWHUERUQH FRDWLQJ DUH DERXW GRXEOH
YHUVLRQ 7KH UDQJH RI DSSOLFDWLRQ FRQGLWLRQV LV VH)
DWPRVSKHULF WHPSHUDWXUH DQG KXPLGLW\ 7KH KLJK VX

WR VXUIDFH ZHWWLQJ SUREOHPV ZLWK FHUWDLQ VXEVWUD\



EH PDGH RI PDWHULDOV UHVLVWDQW WR FRUURVLRQ VXFK
FDSLWDO FRVWYV OLFURELDO VXVFHSWLELOLW\ SRVHV D JU

SDLQWYV

0ODQ\ RI WKH SUREOHPV DVVRFLDWHG ZLWK ZDWHUERUQH FI
XVH RI DGGLWLYHV 7KHVH LQFOXGH RUJDQLF FR VROYHQ!
ELRFLGHVY WR UHQGHU WKH FRDWLQJV OHVV VXVFHSWLEO
UHJXODWRUV WR UHGXFH WKH UDWH RI FRUURVLRQ RI UHI
WKHVH PDWHULDOV FDQ EH FODVVLILHG DV YRODWLOH R
FRQVLGHUHG HYHQ PRUH WR[LF WKDQ W\SLFDO RUJDQLF "
ZDWHUERUQH FRDWLQJY OHDGYVY WR D ODUJH UHGXFWLRQ L

VWLOO DW WKH SUHVHQW WLPH FRQWDLQ D VLIHDEOH IUDF

3RZGHU FRDWLQJV
3RZGHU FRDWLQJY DUH E\ WKHLU YHU\ QDWXUH VROYHQW
WKH UHVLQ SLIJPHQWYV DQG DGGLWLYHV KHDWLQJ DQG H
JULQGLQJ WKH SURGXFW LQWR D ILQH SRZGHU 7TKH SRZG
HOHFWURVWDWLF JXQ 7KH WUDQVIHU HIILFLHQF\ LV YHU\ KI
WKH SRZGHU EHLQJ ORVW RQ DSSOLFDWLRQ :LWK DQ HIILF
ZHLJKW RI WKH FRDWLQJ LV XVHG 7KLV FRPSDUHV YHU\
VROYHQW ERUQH FRDWLQJV ZKHUH WKH WUDQVIHU UDWH L\

SRZGHU FRDWLQJ IORZV RXW WR IRUP D KRPRJHQHRXYV ILOP

$W SUHVHQW SRZGHU FRDWLQJYV DUH RQO\ DSSOLHG WR P
XQGHUZD\ WR H[WHQG WKLV WR ILEUHERDUG DQG SODVYV
DSSOLFDWLRQ FDQ OHDG WR WKH )DUDGD\ &DJH HIIHFW ZK
FDQ EH FRDWHG 7KXV VKDSHV SRVVHVVLQJ GHHS UHFHV\
WKLFNQHVVHV RI OHVV WKDQ DERXW SP DUH GLIILFXOW

TXDOLW\ DQG ILOP LQWHJULW\ &RORXU PDWFKLQJ DOVR SI



LQFRUSRUDWHG LQWR WKH ELQGHU GXULQJ WKH PDQXIDFW
SRZGHU ZLOO QRUPDOO\ UHVXOW LQ D ILOP ZLWK D VSHFN
RQO\ D OLPLWHG DELOLW\ WR IORZ )LQDOO\ FOHDQLQJ WKF
FRQVXPLQJ SDUWLFXODUO\ LI WKH VSUD\ ERRWK KDV D Ul

PXOWLSOH FRORXU FKDQJHYVY DUH WR EH DYRLGHG

SDGLDWLRQ FXUDEOH FRDWLQJV
7TKHVH FRDWLQJY DUH FXUHG ZLWK XOWUD YLROHW RU H
PHFKDQLVP LV SRO\PHULVDWLRQ LQLWLDWHG HLWKHU E\ D
WN\SLFDO IRUPXODWLRQ ZRXOG FRPSULVH PRQRPHU DQG F
RSWLRQDOO\ D G\H RU SLIJPHQW $V WKH VSHHG RI FXUH LV
RI VHFRQGY WKHVH FRDWLQJV KDYH IRXQG ZLGH VSUHDG >
LV DOVR FRQVLGHUDEOH HQHUJ\ DV ZHOO DV VSDFH VDYLC

SODFH RI FRQYHQWLRQDO RYHQV

$ PDMRU GUDZEDFN LV WKH SRRU H[WHULRU GXUDELOLW\ V]
WKLFN RU KHDYLO\ SLIJPHQWHG ILOPV DUH GLIILEXOW WR
(OHFWURQ EHDP UDGLDWLRQ FDQ EH XVHG EXW LV PXFK PI
UXQQLQJ FRVWV $W SUHVHQW RQO\ IODW VWRFN FDQ EH
GLUHFW OLQH RI VLIJKW Rl WKH UDGLDWLRQ VRXUFH )LQDO

VHQVLWLVH ZRUNHUV LI UHSHDWHGO\ LQ FRQWDFW ZLWK WK

$OWKRXIK UDGLDWLRQ FXUDEOH FRDWLQJV FRQWDLQ LQ SL
FRPSRXQGVY VRPH RI WKH SKRWRLQLWLDWRUV UHDFW WR \
,Q DGGLWLRQ VRPH SKRWRLQLWLDWRU SDFNDJHV UHTXLU
YDSRXU SUHVVXUH RI WKH PRQRPHUV PXVW DOVR EH FRC

RYHUDOO YRODWLOH RUJDQLF FRQWHQW RI WKHVH FRDWLQ.



+LJK VROLGYV FRDWLQJV
7KH GHILQLWLRQ RI ZKDW FRQVWLWXWHY D KLJK VROLGV F
YRODWLOH IUDFWLRQ PXVW EH JUHDWHU WKDQ E\ YRO
DGYDQWDJHYV +LJK ILOP WKLFNQHVVHY FDQ EH DSSOLHG ZI
FRQVLGHUDEO\ UHGXFHG DV WKHUH LV OHVV VROYHQW WR
JXUWKHUPRUH WKH DSSOLFDWLRQ HTXLSPHQW QHHGV OLWV

YLVFRVLWLHY JHQHUDOO\ HQFRXQWHUHG ZLWK WKLV W\SH F

7KH SUREOHP RI FRQWUROOLQJ WKH YLVFRVLW\ DV WKH YR
FDQ EH DGGUHVVHG E\ WKH XVH DV WKH ELQGHU RI ORZ PR
RIWHQ OHDGV WR SRRU ILOP SHUIRUPDQFH 2QH DOWHUQTL
UHDFWLYH VROYHQWV VXFK DV FDSURODFWRQH SRO\ROV
GHULYDWLYHV $QRWKHU URXWH ZKLFK DW SUHVHQW LV R(

E\ZzD\ RI WKH SODVWLVRO

3ODVWLVROV
$ SODVWLVRO FRPSULVHV D GLVSHUVLRQ RI SRO\PHU JHQH
E\ DTXHRXV HPXOVLRQ RU VXVSHQVLRQ SRO\PHULVDWLRQ
GULHG DQG UHGLVSHUVHG LQ DQ HVVHQWLDOO\ QRQ YROD
HWK\OKH[\O SKWKDODWH 7KH UKHRORJ\ RU IORZ EHKD
EHKDYLRXU IURP IOXLG PLIWXUHV WR KHDY\ SDVWHV ZKLFK
DSSOLFDWLRQV 2QFH DSSOLHG WR WKH VXEVWUDWH WKH
VROXEOH LQ WKH SODVWLFLVHU IRUPLQJ D KRPRJHQHRXYV

GU\ IOH[LEOH ILOP

'RUN RQ YLQ\O SODVWLVROV EHJDQ LQ *HUPDQ\ DW , * )l
FRPPHUFLDO SURGXFWLRQ IROORZLQJ LQ 8VH ZDV FRC
DQG WKH SURGXFWLRQ RI VKHHW IRU VKRH VROHV 7KH I

(XURSH LQ ZDV DSSUR[LPDWHO\ PLOOLRQ WRQQHV F



WULS D SURFHVV NQRZQ DV FRLO FRDWLQJ DFFRXQWHG
FRDWLQJV ZKLFK FRPSULVHG RI WKH FRLO FRDWLQJ PD

VHFRQG RQO\ WR SRO\HVWHUV LQ PDUNHW VKDUH

$ PDMRU GUDZEDFN RI XVLQJ YLQ\O SODVWLVROV LV WKH
SRO\ YLQ\O FKORULGH 7KLV OLPLWY WKH DSSOLFDWLRQV R
ZKHUH ORQJ OLIH LV QRW D SULRULW\ RU ZKHUH WKH FRDW
DUH DOVR FRQFHUQV RYHU WKH WR[LF QDWXUH RI1 YLQ\O
HPLVVLRQV RI WR[LF SRO\FKORULQDWHG GLEHQ]RGLR[LQV
LOQFLQHUDWLRQ RI SRO\ YLQ\O FKORULGH ODQXIDFWXUH

SODVWLVROV DUH QRZ VHDUFKLQJ IRU DOWHUQDWLYH SRO\F

$FU\OLF SRO\PHUV DUH ZHOO NQRZQ IRU WKHLU H[WHULR!
UHWHQWLRQ DQG GR QRW SRVH DV PDQ\ SUREOHPV LQ GL
DFU\OLF SODVWLVRO VKRXOG VROYH WKH SUREOHPV LQKH!I
FRQVHTXHQFH RI WKH LPSURYHG H[WHULRU GXUDELOLW\ Z
WHFKQRORJ\ WR WKH WKLQ ILOP PDUNHW $W SUHVHQW

DSSOLHG DV WKLFN ILOPV QRUPDOO\ VHYHUDO WHQV RU

RUGHU WR H[WHQG WKHLU VHUYLFH OLYHV

$FU\OLF SRO\PHUV GLVSHUVHG LQ SODVWLFLVHU GR QRW

VWDELOLW\ DV SRO\ YLQ\O FKORULGH DQG LQFUHDVHV LQ °
RFFXU HDVLO\ DQG TXLFNO\ W LV WKRXJKW WKDW WKH VW
WKH SUHVHQFH RI PLFURFU\VWDOOLQH GRPDLQV ZLWKLQ W
HI[FHVVLYH VZHOOLQJ Rl WKH SRO\PHU E\ WKH SODVWLFLVH
OLQNV EUHDN GRZQ DQG WKH SODVWLVRO IXVHV $FU\OLF
DQG DUH WKHUHIRUH XQDEOH WR UHVLVW WKH VROYDWLC

WHPSHUDWXUH



7KLYV WKHVLV GHVFULEHV WKH ZRUN FRQGXFWHG DW WKF
GHWHUPLQLQJ WKH WHFKQLFDO IHDVLELOLW\ RI SURGXFLQ
DSSOLFDWLRQ DW FRDWLQJ WKLFNQHVVHV RI SP 7KLYV
SDUWLFOH VZHOOLQJ WKURXJK WKH LQFRUSRUDWLRQ RI
FRYDOHQW FURVY OLQNLQJ RU D FRPELQDWLRQ RI ERWK F
SRO\ YLQ\O FKORULGH ORQRGLVSHUVH SRO\PHU GLVSHUV
ERWK FRQYHQWLRQDO HPXOVLRQ DV ZHOO DV WKH OHVV Z
SRO\PHULVDWLRQ WHFKQLTXHV 7KH ZRUN ZDV VXSSRUWHG
DQG E\ WKH "HSDUWPHQW RI WKH (QYLURQPHQW XQGHU WK

THFKQRORJ\ VFKHPH

SHIHUHQFHV

%URZQ $ HG 7KH 8. (QYLURQPHQW +062 /RQGRQ
5HGXFLQJ (PLVVLRQV RI 9RODWLOH 2UJDQLF &RPSRXQGYV
JHYHO 2]RQH $8. BWUDWHJ\ FRQVXOWDWLRQ GUDIW 1

RI (QYLURQPHQW

*UD\VRQ O HG .LUN 2WKPHU &RQFLVH (QF\FORSHGLD
:LOH\ 1HZ <RUN 3DJH
$VKHU - ,QGXVWULDO &RDWLQJV $ 7LPH RI &KDQJH" )L

,QIRUPDWLRQ /RQGRQ

7XUQHU * 3 $ , QWURGXFWLRQ WR 3DLQW &KHPLVWU\ L

7HFKQRORJ\ &KDSPDQ DQG +DOO /RQGRQ &KDSWHU

:DOGLH - 0 HG 6XUIDFH &RDWLQJV 7DIH (GXFDWLRQ
9ROXPH

.HQQHG\ 5 . )LQLVKLQJ -DQXDU\

OLOQHU 3 DQG *LQGUH $ B3RO\PHUV 3DLQW &RORXU -



6DUYHWQLFN + $ 30ODVWLVROV DQG 2UJDQRVROV 9DQ
&KDSWHU

(FRQRPLF &RPPLVVLRQ IRU (XURSH ODQDJHPHQW RI 30D

5HIJLRQ (&( &+ (0 8QLWHG 1DWLRQV 1HZ <RUN

+R\ ./ - $SSOLHG 3RO\PHU 6FL



&+$37(5

$&5</,& 3/$67,62/6

$FU\OLF SODVWLVROV DUH GLVSHUVLRQV RI GULHG DFU\OL
DTXHRXV VXVSHQVLRQ RU HPXOVLRQ SRO\PHULVDWLRQ WHF
WKH SRO\PHU GLVVROYHV LQ WKH SODVWLFLVHU WR IRUP D
IRUPV D GU\ IOH[LEOH PDWHULDO $OWKRXJK LW ZRXOG EH |
GLUHFWO\ LQ WKH SODVWLFLVHU WKH SRO\PHU ZRXOG

WHPSHUDWXUH

OHQWLRQ RI DQ DFU\OLF SODVWLVRO ZDV PDGH DV HDUC
SRO\ PHWK\O PHWKDFU\ODWH SUHSDUHG XVLQJ D QRQ DT
WHFKQLTXH 1XPHURXV DSSOLFDWLRQV IRU DFU\OLF SODVW
LQFOXGH XVH DV DQ DXWRPRWLYH XQGHUVHDODQW D QRL
FRDWLQJ D PHGLFDO DGKHVLYH D OLQLQJ IRU WKHUPRSOL

FDQ DQG FRLO FRDWLQJV ! P

&RPPHUFLDOLVDWLRQ RI DFU\OLF SODVWLVROV KDV KRZHYF
WR WKH SUREOHP RI SUHPDWXUH JHODWLRQ PHQWLRQHG L
FRPPHUFLDOO\ DYDLODEOH DFU\OLF SRO\PHU FODLPHG WR
SODVWLVRO LV RIITHUHG E\ 5RKP *PE+ W LV GHVFULEHG LC
EDVHG RQ SRO\ DON\O PHWKDFU\ODWHYV IRU XVH LQ GDI
FRPSRXQGYVY I|IORRU FRDWLQJYV DQG ILOPV OHPEHU FRPSD
$VVRFLDWLRQ KDYH VXJJHVWHG WKDW IURP H[SHULHQFH

EDVLV IRU DQ LQGXVWULDO WRS FRDW

7KH OLWHUDWXUH RQ DFU\OLF SODVWLVROV LV PDLQO\ FRQ
WKHLU LQKHUHQW LQVWDELOLW\ 7KH IROORZLQJ VXUYH\ LV

SDUW GHDOV ZLWK WKH UKHRORJ\ RI QRQ UHDFWLYH RU



@AVSHUVHG SRO\PHU SKDVH LV VLPSO\ GLVVROYHG E\ WKH S
KHDW 7KH VHFRQG SDUW LV FRQFHUQHG ZLWK WKH UKHR(
SODVWLVROV ZKHUH QRW RQO\ LV WKH GLVSHUVH SKDVH ¢
GLOXHQW EXW WKHUH LV DOVR D FKHPLFDO UHDFWLRQ EHW
SODVWLFLVHU 1RQ UHDFWLYH SODVWLVROV WUDGLWLRQDQG
SODVWLVROV ZKLFK FRQWDLQ DFWLYH FKHPLFDO JURXSV

FURVV OLQNLQJ UHDFWLRQ WKDW WDNHV SODFH RQ WKH
RWKHUZLVH DOO WKH GLVSHUVH SKDVH SRO\PHUV PHQWLR

HPXOVLRQ SRO\PHULVDWLRQ

7KH UKHRORJ\ RI QRQ UHDFWLYH SODVWLVROV
7KH UKHRORJ\ DQG VWDELOLW\ RI QRQ UHDFWLYH RU WHEK

GHSHQGHQW RQ PDQ\ IDFWRUV 5HVHDUFK KDV EHHQ IRFXV}

D 3ODVWLFLVHU VROYHQW SRZHU

E 3RO\PHU SDUWLFOH VL]H DQG GLVWULEXWLRQ

F 3RO\PHU SDUWLFOH PRUSKRORJ)\

G 7TKHUPDOO\ UHYHUVLEOH FURVY OLQNV ZLWKLQ WKH SF

30DVWLFLVHU VROYHQW SRZHU
7KH VROYHQW SRZHU RI WKH SODVWLFLVHU IRU WKH GLVS
HITHFW RQ WKH GLVSHUVLRQ UKHRORJ\ W LV WKRXJKW WK
SODVWLFLVHU OHDGV WR SDUWLDO VZHOOLQJ RI WKH SRO\P

WKHQ DFW WR VWHULFDOO\ VWDELOLVH WKH SDUWLFOHV DJ

$ FKDQJH LQ VROYHQW SRZHU FDQ EH EURXJKW DERXW LQ
Rl VXLWDEOH SRO\PHU SODVWLFLVHU SDLUV WKH DIILQLW\
EH LQFUHDVHG 7KH WHPSHUDWXUH FDQ EH UDLVHG L

SRZHU $GXOWHUDWLRQ RI WKH SODVWLFLVHU ZLWK XS



RUJDQLF VROYHQW DOVR KDV D VLPLODU HIIHFW 7TKH VRC
VRPHWLPHY EH UHPRYHG EHIRUH DSSOLFDWLRQ RI WKH SO

SHULRG RI WLPH

, W LV DOVR UHSRUWHG WKDW DGGLWLRQ RI D GLVVROYHG
FRPELQDWLRQ ZLWK D VXLWDEOH RUJDQLF VROYHQW FDQ K
UKHRORJ\ 7KH HIIHFW PD\ RULJLQDWH IURP EULGJLQJ L

SRO\PHU SDUWLFOHV WKURXJK WKH SRO\PHU FKDLQ

SDUWLFOH VL]H DQG GLVWULEXWLRQ
, W KDV EHHQ REVHUYHG WKDW WKH VZHOOLQJ RI GLVSHUV
SODVWLFLVHU LQFUHDVHYVY DV WKH SDUWLFOH VL]H GHFUHI
SDUWLFOHVY DUH WRR VPDOO WKH SODVWLVRO FDQ JHO
GHSHQGHQFH RQ SDUWLFOH VL]H PD\ EH H[SODLQHG E\ WE

VXUIDFH WR YROXPH UDWLR ZLWK GHFUHDVH LQ SDUWLFOH

7KH EOHQGLQJ RI GLIITHULQJ SDUWLFOH VL]HV LV RIWHQ XVH
GLVSHUVLRQ WR D SDUWLFXODU DSSOLFDWLRQ 7KH VKHDL
GLVSHUVLRQV FDQ EH H[SODLQHG IURP WKH FKDQJHV WR W
KHDYLHU SDUWLFOHYVY VHGLPHQW XQGHU JUDYLWDWLRQDO IF
UHGLVWULEXWH WR JLYH WKH RSWLPXP SDFNLQJ DUUDQJI
GLVSDUDWH SDUWLFOH VL]H DOVR DOORZV LQFUHDVHV LQ
FKRLFH RI WKH SDUWLFOH VL]HV LW LV IRXQG WKDW WKH \
YROXPH FUHDWHG DW WKH LQWHUVWLFHY RI WKH ODUJHU

VSKHULFDO SDUWLFOHYV FDQ KDYH YROXPH SDFNLQJ IUDFWL

%O0OHQGYV RI DFU\OLF SRO\PHUV SUHSDUHG E\ VXVSHQVLRC
WHFKQLTXHV KDYH EHHQ SURSRVHG DV VXLWDEOH IRU UHSE

FRYHULQJV 7KH GLDPHWHUV RI VXVSHQVLRQ DQG HP?>



MDP DQG JP UHVSHFWLYHO\ 7KH UDWLR Rl VXVSFH
UDQJHV IURP W R E\ ZHLJKW 7\SLFDOO\ SDUWYV |

PLIHG ZLWK SDUWV E\ ZHLJKW Rl SRO\PHU

SDUWLFOHPRUSKRORJ\
, W KDV EHHQ FODLPHG WKDW D FRUH VKHOO SDUWLFOH PRU
SODVWLVROV ZLWK LPSURYHG VWDELOLW\ ! 7TKH SDU\
FRPSDWLEOH ZLWK WKH SODVWLFLVHU DQG D VKHOO PDWH
7KH VKHOO LV DEOH WR SURYLGH SURWHFWLRQ WR WKH FRI
URRP WHPSHUDWXUH EXW DOORZV FRPSOHWH ILOP IRUPDYV
SDUWLFOHV DUH SURGXFHG XVLQJ D VWHS ZLVH HPXOVLR

FRPSDUHV WKH SHUIRUPDQFH RI D SRO\PHU ZLWK D F

PRUH FRQYHQWLRQDO SRO\PHUV ZKHQ GLVSHUVHG LQ GL F

7TDEOH 30ODVWLVROV FRPSULVLQJ SDUWV ZW SRO\P|
HWK\OKH[\O SKWKDODWH KHDWHG DW f& IRU P
6WRUDJH VWDELOLW\

3RO\PHU W\SH 3RO\PHU FRPSRVLMUZRQf& GD\XRIPSDWLELOLW\
&RSRO\PHU ZLW&RBRUH %% 00%

VKHOO PRUSKR®RHOO 3RO\ 00$ ! &RPSDWLEOH
5DQGRP FRSRO\@RISRO\PHU %$ 00% &RPSDWLEOH
+RPRSRO\PHU 3RO\ 00%$ ! ,QFRPSDWLEOH
OL[WXUH SRO\ 00$
OL[WXUH Rl SROARRBEB®\PHU %$ 00$ &RPSDWLEOH
5DQGRP FRSRO\@RSRO\PHU %$ 00$ ,QFRPSDWLEOH
D 00$ PHWK\O PHWKDFU\ODWH
% $ EXW\O DFU\ODWH

E &RPSRVLWLRQV DUH MXGJHG WR EH VWDEOH LI WKH YLVFRVLW\ GRHV

VWRUDJH DW f& IRU WKUHH ZHHNYV



H &RPSDWLELOLW\ LV WHVWHG E\ FRDWLQJ VWHHO SDQHOV WR D WKLF
SODVWLVRO IRU PLOXWHYV DW f& RU PLOXWHYVY DW f& I QR H
YLVLEOH DIWHU GD\V WKH FRPSRVLWLRQ LV GHHPHG FRPSDWLEOH

G HLJKW UDWLR RI FRUH WR VKHOO LV

7KH UHVXOWY VXPPDULVHG LQ 7DEOH VKRZ WKDW RQ
VKHOO PRUSKRORJ\ LV DEOH WR SURYLGH WKH SURSHU E

VWRUDJH VWDELOLW\

7TDEOH 7KH HITHFW RI WKH WLPH RI DGGLWLRQ RI YLQ\

HPXOVLRQ SRO\PHULVDWLRQV RQ XOWLPDWH SODV\

3RO\PHU FRPSRVLWLRQ ZHLJKW
OHWK\O PHWKDFU\ODWH
%XW\O PHWKDFU\ODWH
9LQ\O LPLGD]ROH
JHHG WLPH KRXUV
7LPH WR DGGLWLRQ RI YLQ\O LPLGD]ROH KRXUV
30DVWLVRO FRPSRVLWLRQ SDUWV E\ ZHLJKW
'UHG SRO\PHU
$GLSLF DFLG SRO\HVWHU
'L HWK\OKH[\, SKWKDODWH
7ULPHWK\OROSURSDQH WULPHWKDFU\ODWH
'LEXP\O SHUR[LGH
&KDON s

7LPH WR JHO DW URRP WHPSHUDWXUH ZHHNYV



W KDV EHHQ REVHUYHG WKDW FRSRO\PHULVDWLRQ LQYRO
RIWHQ OHDGV WR LPSURYHPHQWY LQ WKH DGKHVLRQ RI FR
WLPLQJ RI WKH DGGLWLRQ RI WKH DGKHVLRQ SURPRWLQJ F

SURFHVY PD\ DOVR LQIOXHQFH WKH ILQDO VKHOI OLIH RI WK

,Q 7TDEOH Lw FDQ EH VHHQ WKDW SODVWLVRO VWDELO!
WKH DGGLWLRQ RI YLQ\O LPLGD]J]ROH WR WKH ILQDO WKLUG
PHWKDFU\ODWH EXW\O PHWKDFU\ODWH FRSRO\PHU FRQ
LPLGD]ROH WKH VKHOI OLIH LV GRXEOHG IURP RQH ZHHN W
PRQRPHUV LQFOXGH 1 YLQ\O PHWK\O LPLGD]J]ROLQH GLPH

DQG PRUSKROLQR HWK\O PHWKDFU\ODWH

&URVV OLQNLQJ

7KH VWDELOLW\ RI YLQ\O SODVWLVROV KDV DV KDV EHH
DWWULEXWHG WR WKH SUHVHQFH RI PLFURFU\WWDOOLQH ¢
SDUWLFOHV ,W VKRXOG WKXV EH SRVVLEOH E\ DQDORJ\ |
DFU\OLF SODVWLVROV E\ GHVLJQLQJ SRO\PHUV ZLWK WUD

FURVY OLQNYV

*HOV DUH WKH UHVXOW RI WKH IRUPDWLRQ RI D WKUHH GL
,Q WKH IROORZLQJ WZR H[DPSOHV WKH VWUXFWXUH LV KI
GLSROH LQWHUDFWLRQV 3RO\ DFU\ORQLWULOH LQ GLPHWI
JHO 7KH JHO GLVVROYHV LQWR D IOXLG RQ KHDWLQJ E
(TXDOO\ WKH UHYHUVH SKHQRPHQRQ PD\ EH VHHQ DV

GLPHWK\OIRUPDPLGH ,Q WKLV FDVH JHODWLRQ RFFXUV R
Rl VXLWDEOH SRODU PRQRPHUV PD\ EH D URXWH WR LPS

SODVWLVROV



&RSRO\PHUV FRQWDLQLQJ DFLG DQG EDVLF JURXSYV
$ SODVWLVRO SUHSDUHG IURP D ZW PHWK\O PHWK

FRSRO\PHU LV FODLPHG WR VKRZ VXSHULRU VWDELOLW\ 7

FRPSULVLQJ SDUWV E\ ZHLJKW RI WKLV FRSRO\PHU GLVS!
HWK\OKH[\O SKWKDODWH DQG SDUWV E\ ZHLJKW DGLSR
FRSRO\PHULVDWLRQ RI XS WR E\ ZHLJKW RI DQ DGKHVLR

LWDFRQLF DFLG DOVR OHDGV WR VWDEOH SODVWLVROV 7
ZHLIJKW RI D PHWK\O PHWKDFU\ODWH LWDFRQLF DFLG |
RI EHQJ\O RFW\O SKWKDODWH DQG FKDON RI ZHLJKW UDWLR

D IDFWRU RI RYHU D WKUHH ZHHN SHULRG ZKHQ VWRUHG

) XUWKHU LPSURYHPHQWY WR VWDELOLW\ FDQ EH REWDLQHG
SRO\PHUV SULRU WR GLVSHUVLRQ LQWR WKH SODVWLFLVH!
ZW PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG FRSR
SRO\PHULVDWLRQ LV KHOG DW URRP WHPSHUDWXUH IRU
K\GUR[LGH 7KH SRO\PHU LV WKHQ GULHG IRU KRXUV DW
K\GUR[LGH SHOOHWY 7KH HQKDQFHG VWDELOLW\ PD\ EH
SRODULVDWLRQ RI WKH DPPRQLXP VDOW RYHU WKH XQGLV
GLSROH GLSROH LQWHUDFWLRQV EHWZHHQ QHLJKERXULQJ

WZR FDUER[\OLF DFLGY FDQ DVVRFLDWH WR IRUP D GLPHU

IHXWUDOLVDWLRQ PD\ DOVR EH FDUULHG RXW XVLQJ D
FROWDLQLQJ FKHPLFDO JURXSYV RI DQ DFLGLF RU EDVLF QD
KDYH DQ DFLG RU EDVH QXPEHU RI JUHDWHU WKDQ ILYH 6
KDYH EHHQ FODLPHG 6 XLWDEOH HPXOVLILHUV IRU DFLG
SRO\ DPLGH DPLQHYV SRO\ DPLQRLPLGD]ROLQHYV SRO\
SRO\ HWK\OHQHLPLQHYVY DQG VWHDU\ODPLQH 7KRVH IRU WK
LQFOXGH SRO\ DFU\OLF DFLG FRSRO\PHUV RI DFU\ODWHYV |

RU PHWKDFU\OLF DFLG DQG VWHDULF DFLG



&RSRO\PHUV FRQWDLQLQJ PHWDOV
,PSURYHPHQWYV WR SODVWLVRO VWDELOLW\ DUH DOVR VHHQ
DFHWDWH WR SRO\PHUV SUHSDUHG E\ HPXOVLRQ SRO\PHU
IURP WKH DTXHRXV SKDVH $OWKRXIK QRW H[SOLFLWO\ V\
DVVXPHG WKDW WKH SRO\PHUV FRQWDLQ DFLG JURXSV RU
FDQ WKHQ EH H[SODLQHG LQ WHUPV RI HLWKHU QHXWUDOLYV
SDLU IRUPDWLRQ RU K\GURO\VLV RI WKH HVWHU DQG VX
$JIJUHIDWLRQ RI LRQ SDLUV LQWR VWUXFWXUHV NQRZQ DV

NQRZQ DV FOXVWHUY FDQ WDNH SODFH

7KH XVH RI PHWDO FDWLRQV KDV EHHQ H[WHQGHG WR L
K\GUR[LGH DQG DOXPLQLXP K\GUR[LGH RQ D ZW PHW

PHWKDFU\OLF DFLG WHUSRO\PHU SUHSDUHG E\ HPXOVLR
VRXUFH LV DGGHG WR WKH SRO\PHU GLVSHUVLRQ EHIRUH
UHDFWLRQ IRU PRQR RU GLYDOHQW FDWLRQV FDQ EH FDUU
IHZ PLQXWHYV KRZHYHU WKH WULYDOHQW LRQV UHTXLUH SL
SK\VLFDO SURSHUWLHYV RI SODVWLVROV SUHSDUHG IURP HT

HWK\OKH[\O SKWKDODWH DUH VXPPDULVHG LQ 7DEOH

7KH SODVWLVROV SUHSDUHG IURP SRO\PHU QHXWUDOLVHC
VLIQLILFDQW LPSURYHPHQWY LQ VWDELOLW\ 7KLV GRHV Q
YDOHQF\ RI WKH PHWDO 7KH ZDWHU UHVLVWDQFH DOVR DS
ZLWK DPPRQLXP K\GUR[LGH LV KRZHYHU QRW DV HIIHFWLY
SODVWLVRO VWDELOLW\ LV VHHQ DQG WKH ZDWHU UHVLVW

SODVWLFLVHU GRHV QRW RFFXU WR DQ\ JUHDW H[WHQW LQ



7TDEOH 7KH HITHFW Rl QHXWUDOLVDWLRQ ZLWK PHWDO

ZW PHWK\O PHWKDFU\ODWH EXWDGLHQH

PHWKI

WHUSRO\PHU RQ SODVWLVRO VWDELOLW\ 7HVW SD

FRDWLQJ JODVY SDQHOV WR PP DQG KHDWLQJ DW

PLOQXWHY

&RPSRVLWLRQ SDUWV E\ ZHLJKW
00%

%XWDGLHQH

0%$$%

.2+

=LQF DFHWDWH

$0 2+

1+ 2+

'L HWK\OKH[\O SKWKDODWH
,QLWLDO YLVFRVLW\ 3RLVH

GD\V YLVFRVLW\ f& LQLWLDO YLVFRVLW\

%OHHGLQJE QRQHQRQHOLJKMRQHQRQH
':DWHU UHVLVWDOQFH JRRGJRRGJRRGSRRUSRRU
D ! E\ ZHLJKW QHXWUDOLVDWLRQ

E %OHHGLQJ RI FRDWLQJY DUH HYDOXDWHG YLVXDOO\ DIWHU

GD\V L

F :DWHU UHVLVWDQFH LV WHVWHG E\ GLSSLQJ WHVW SDQHOV LQWR ZL

YLVXDOO\ LQVSHFWLQJ WKHP IRU VLJQV RI GHWHULRUDWLRQ

3RO\DPLQR VSHFLHVY DUH DQ DOWHUQDWLYH WR PHWDO FD)

PD\ EH FDUULHG RXW SULRU WR GXULQJ RU DIWHU PL[LQJ

DGGLWLRQ DUH SURSRVHG LI QHXWUDOLVDWLRQ WDNHV SO

LV bOORZHG WR WDNH SODFH DW D ORZ WHPSHUDWXUH DI\



PELHQW WHPSHUDWXUH $OWHUQDWLYHO\ WKH UHDFWLRQ
RI' D ZHDNO\ JHOOLQJ SODVWLFLVHU EHIRUH DGGLWLRQ R\
UHTXLUHG IRU JRRG FRPSDWLELOLW\ 7KH SRO\PHUV PD\ EF
RU VXVSHQVLRQ SRO\PHULVDWLRQ WHFKQLTXHV 7DEOH

RI SODVWLVROV SUHSDUHG XVLQJ D ZW VW\UHQH
DFU\OLF DFLG HPXOVLRQ FRSRO\PHU QHXWUDOLVHG ZLWK

GLDPLQH

7TDEOH 30O0DVWLVROVY SUHSDUHG IURP D VW\A\UH
EXW\O DFU\ODWH DFU\OLF DFLG FRSRO\PHU QHXW

PHWDO FDWLRQV DQG D GLDPLQH

BBBBBBBBB%DVIBBBBBBBRBEBIBOLIH DW f& GD\V E

=LQF GLPHMWKK\®WGDUEDPDWH
$OXPLQLXP LVRSURSR[LGH
$OXPLQLXP DFHW\ODFHWRQDWH
ODJQHVLXP HWKR[LGH
., VRSKRURGLDPLQH

=LQF R[LGH

D 1HXWUDOLVDWLRQ LV FDUULHG RXW E\ DGGLWLRQ RI J RI PHWDO FD
RI FRSRO\PHU LQ J RI EXW\OEHQ]\O SKWKDODWH
E 7KH SODVWLVROV DUH VWRUHG IRU HLJKW GD\V DW f& DQG WKHUHE

PHDVXUHG IRU WKH LQLWLDOO\ IOXLG SODVWLVROV WR EHFRPH KLJK

'LVNV SUHSDUHG IURP WKH SODVWLVROV E\ KHDWLQJ WKH F

PLQXWHYV VKRZ LQFUHDVHG KDUGQHVYVY DQG VWUHQJIJWK



ERWWOH FRYHUV VRXQG GHDGHQLQJ FRDWLQJY DQG VHDC

VIQWKHWLF OHDWKHU

,W KDV EHHQ IRXQG DGYDQWDJHRXV WR JUDIW XQVDWXUD
SDUWLFOHY ZKLFK DUH WKHQ QHXWUDOLVHG $ UHFLSH IR

FRSRO\PHU LV JLYHQ LQ %R]

7KH YLVFRVLW\ RI D SODVWLVRO FRPSULVLQJ HTXDO TXDC(
WULFUHV\O SKRVSKDWH LV 3RLVH $IWHU VHYHQ GD\V VW

XQFKDQJHG $ VLPLODU XQJUDIWHG FRSRO\PHU JHOV DIWHU

%R SBUHSDUDWLRQ RI JUDIW FRSRO\PHU IRU SODVWLVR
VWDELOLW\
7KH IROORZLQJ LQJUHGLHQWY JLYHQ LQ SDUWV E\ ZHLJKW
WKUHH KRXUV

OHWK\O PHWKDFU\ODWH SDUWYV

'LVWLOOHG ZDWHU SDUWYV

$]RELVLVREXW\URQLWULSBUWYV

3RO\ VRGLXP DFU\ODWEDUWYV

'LVRGLXP K\GURJHQ SKBDBWNVNWH
$GGLWLRQ RI D VROXWLRQ FRPSULVLQJ SDUWV PHWKDFU\
SHUVXOSKDWH LV WKHQ PDGH DQG KHDWLQJ FRQWLQXHG |
GLVSHUVLRQ LV QHXWUDOLVHG ZLWK EDULXP K\GUR[LGH DQ

RI D JUDIW FRSRO\PHU R 1| SBRBABIBFBBH BECBEEFBB\B B BBBBB BBBBBB

&RYDOHQW FURVY OLQNLQJ
$OWKRXIK LQWURGXFLQJ D GHJUHH RI FRYDOHQW FURVV O

QRW \HW EHHQ FRQVLGHUHG DV D URXWH WR VWDEOH DFU



SURSRVHG DV D PHDQV RI LPSURYLQJ WKH PHFKDQLFDO
KDUGQHVYV 7KLY FDQ EH DFKLHYHG E\ UHDFWLQJ IXQFWLR
VXFK DV K\GURJ[\O HSR[LGH RU YLQ\O ZLWK DSSURSUL

SRO\LVRF\DQDWHV PHODPLQH UHVLQV RU SRO\DPLQHYV

7KH UKHRORJ\ RI UHDFWLYH SODVWLVROV
7KH SUHGRPLQDQW URXWHV WR LPSDUWLQJ UHDFWLYLW\
SODVWLVROV KDYH EHHQ WKURXJK LQWURGXFLQJ HLWKHU
JURXSY LQWR WKH SODVWLFLVHU 7KH SODVWLFLVHU VXE
JURXSVY LQ WKH SODVWLFLVHU SKDVH RU ZLWK JURXSV F

SRO\PHU

$FU\ODWH FKHPLVWU\
7KH LOQOWURGXFWLRQ RI PXOWLIXQFWLRQDO PHWK DFU\ODW
WKH OLTXLG SKDVH RI D SODVWLVRO DOORZV WEH SURGXI
6 XLWDEOH PRQRPHUV LQFOXGH WULPHWK\ORO SURSDQH V
JHQHUDO PRQRPHUV SRVVHVVLQJ DQ HWKHU OLQNDJH DL
GHWULPHQWDO HIIHFW RQ RYHUDOO SODVWLVRO VWDELOL
VROYHQW SRZHU IRU WKH SRO\PHU 7KH WHQGHQF\ RI HWK

SUHPDWXUHO\ SRO\PHULVH WKH UHPDLQLQJ PRQRPHU PD\ D

$Q DOWHUQDWLYH URXWH WR UHDFWLYH SODVWLVROV LV E
PHWK DFU\ODWH WHUPLQDO JURXSYV ,Q 7TDEOH DUH H
GLVSHUVLQJ E\ ZHLJKW RI SRO\ PHWK\O PHWKDFU\ODWH
7KH SODVWLFLVHU LV WKH UHDFWLRQ SURGXFW RI RQH PRC
RI D GLLVRF\DQDWH DQG WZR PROHV RI K\GUR[\HWK\O PH
RI ILYH GD\V DW f& DUH REWDLQHG 7KH SODVWLVROV DL

IHZ PLQXWHYV



6LPLODU SODVWLVROV SUHSDUHG XVLQJ FRQYHQWLRQDO SC
EXW\O EHQ]J]\O SKWKDODWH DQG YDULRXV FKORULQDWHG
QHFHVVDU\ VWDELOLW\ RU FRPSDWLELOLW\ 7KH LPSURYHC
SRO\PHULF SODVWLFLVHUV PD\ EH DWWULEXWHG WR WKHLU
WKH UDWH RI SODVWLFLVDWLRQ 7KLV HIIHFW ZRXOG EH

WHPSHUDWXUHYV

7TDEOH 7KH FRPSDWLELOLW\ DQG VWDELOLW\ RI SODVYV
ZHLJKW SRO\ PHWK\O PHWKDFU\ODWH LQ D SRO\PH
SODVWLFLVHUVY DUH WKH UHDFWLRQ SURGXFWYV RI
SRO\SURS\OHQH JO\FRO WZR PROHV RI D GLLVRF\D

PROHV RI K\GUR[\HWK\O PHWKDFU\ODWH

'LLVRF\BEBBBBHBRI SRO\SURS\OHQH JO\FRO &RPSDWLELOLW\ 6 WD

7TROXHOWRBWDQDWH FRPSDWLEOH !
7TROXHQH GLLVRF\DQDWH FRPSDWLEOH
,ZVRQDWH , H FRPSDWLEOH !

D &RPSDWLELOLW\ LV HYDOXDWHG E\ KHDWLQJ WKH SODVWLVROV DW
WKHP WR VWDQG IRU KRXUV DW URRP WHPSHUDWXUH DQG YLVXDOO
SODVWLFLVHU H[XGDWLRQ

E 'HILQLWLRQ RI VWDELOLW\ QRW JLYHQ

F ORGLILHG GL S LVRF\DQDWR GLSKHQ\O PHWKDQH 8SMRKQ

,VRF\DQDWH FKHPLVWU\
$ WKHUPRVHWWLQJ SODVWLVRO VDWLVI\LQJ WKH WZLQ GHP
JRRG DGKHVLRQ UHTXLUHG IRU VHDOLQJ VSRW ZHOGV |
WKHUPRSODVWLF SODVWLVRO RI XS WR E\ ZHLJKW RI F

SRO\LVRF\DQDWH SUHFXUVRUV DQG SRO\DPLQHV ([DPSO



SUHFXUVRUV LQFOXGH '"HVPRFDS '"HVPRFDS DQG '"HVI
7KH SRO\DPLQHV ZKLFK PD\ EH XVHG LQFOXGH /DURPLQ &
I DURPLQ & %$6) $ W\SLFDO WKHUPRSODVWLF SODYV
PHWKDFU\ODWH EXW\O PHWKDFU\ODWH FRSRO\PHU LQ G

WDNHVY SODFH RQ KHDWLQJ WKH FRPSRVLWLRQV DW f& IR

$OWHUQDWLYHO\ WKH SUHFXUVRU FDQ EH SUHSDUHG IURP
EDVHG RQ SRO\WHWUDPHWK\OHQH R[LGH RI PROHFXODU Z
GLVRF\DQDWH VXFK DV PHWD WHWUDPHWK\O [\OHQH GLLVRF
DIJIHQW VXFK DV PHWK\O HWK\O NHWRI[LPH &XUH LV HIIHI
LQFOXGH LVRSKRURQH GLDPLQH DQG F\FORKH[\O GLDPLQH
RI WKH LVRF\DQDWH DQG DPLQH WR D W\SLFDO WKHUPRSC
SODVWLVRO WKDW LV VWRUDJH VWDEOH IRU PRUH WKDQ Wtk
$GGLWLRQ RI D VXLWDEOH FDWDO\VW VXFK DV GLEXW\O WL

f& RYHU WZHQW\ PLQXWHYVY 6LPLODU UHVXOWY DUH RE\
FXULQJ DJHQW ZLWK D SRO\RO ,Q WKLV FDVH FRQYHQWLF

LVRF\DQDWH DQG SRO\RO FRPSULVH XS WR E\ ZHLJKW R/|

$QRWKHU URXWH WR D VWDEOH UHDFWLYH SODVWLVRO LQ
DFWLYH K\GURJHQ DWRPV LQWR D SODVWLFLVHU FRQWDLC
VXLWDEOH SRO\PHU LV D PHWK\O PHWKDFU\ODWH PHWKDI
LVRF\DQDWHYVY FDQ EH SUHSDUHG LQ D VLPLOLDU PDQQHU D
JLYHQ FRPSULVLQJ XS WR E\ ZHLJKW UHDFWLYH SODVW
FRSRO\PHU FRQWDLQLQJ KHWHURF\FOLF JURXSV LQWR D S

UHVLQVY DV D URXWH WR LPSURYHG DGKHVLRQ DOVR OHDG

(SR[\ FKHPLVWU\
$ WKHUPRVHWWLQJ SODVWLVRO FRPSRVLWLRQ IRU XVH |

FRPSULVHV DQ DFU\OLF SDUWLFOH ZLWK D FRUH VKHOO



SUHGRPLQDQWO\ PHWK DFU\OLF HVWHUV DQG WKH VKHOO
JURXS FRQWDLQLQJ PRQRPHU 7KH IXQFWLRQDO JURXS FR.
PHWK\ORO RU DQ HWKHULILHG PHWK\ORO JURXS 7KH FRQ
PLOOLPROHV SHU 0223 RI SRO\PHU 7KH DFU\OLF SRO\PH
FRPSULVLQJ D PLIWXUH RI FRQYHQWLRQDO SODVWLFLVHU D
DSSUR[LPDWH UDWLR RI SDUWV SRO\PHU WR SDUWYV
OLQNLQJ DIJHQW FRXOG EH D OLTXLG HSR[\ FRPSRXQG D Sk
PHWK\ORODWHG RU HWKHU PHWK\ORODWHG DPLQR UHVLQ
LV PLFURQY DQG WKH QXPEHU DYHUDJH PROHFXOL
SRO\ VW\UHQH HTXLYDOHQW 7KH SRW OLIH LV FRQVLGHU|I

YLVFRVLW\ UHDFKHV 3RLVH 3RW OLYHV LQ H[FHVV RI

6 XPPDU\
7KH Ybvw PDMRULW\ RI WKH DYDLODEOH OLWHUDWXUH UF
DWWHPSWYV DW LPSURYLQJ WKHLU LQKHUHQW LQVWDELOL
, QWURGXFWLRQ RI D FRUH VKHOO SDUWLFOH PRUSKRORJ\ |
XS WR WKUHH ZHHNYV +RZHYHU FRPSRVLWLRQV DUH RQO!'

YLVFRVLW\ KDV UHDFKHG S3RLVH RU KDV PXOWLSOLHG E\

SHDFWLYH SODVWLVROV EDVHG RQ EORFNHG LVRF\DQDWH S
WR WZR PRQWKYVY DW f& 1 7KH LVRF\DQDWH SUHFXUVR
QDWXUH DUH TXLWH YLVFRXV DQG WKH UDQJH RI DSSOLFD
XVH Rl PHWDO LRQV WR QHXWUDOLVH FRSRO\PHUV FRQWDL
VXFFHVVIXO PHWKRG 6KHOI OLYHV RI XS WR WKUHH PRQWK
XVLQJ JLQF R[LGH 2YHU WKLY SHULRG WKH SODVWLVROV
KLIKO\ YLVFRXV 7KH PHWKRG KRZHYHU UHOLHV RQ VWRUI

D ZHHN



ORVW RI WKH UHIHUHQFHV WR DFU\OLF SODVWLVROV FRPH
PXVW EH UHJDUGHG DV XQVXEVWDQWLDWHG LQ WKH DEV

SURGXFW

SHIHUHQFHV

,PSHULDO &KHPLFDO ,QGXVWULHV SLF JUHQFK 3DWHQW

%$6) )DUEHQ XQG )DVHUQ $* *HUPDQ 3DWHQW $XVOHJH

7HURVRQ *PE+ *HUPDQ 3DWHQW
7HURVRQ *PE+ (XURSHDQ 3DWHQW DSSOLFDWLRQ
7KH *RRG\HDU 7\UH DQG 5XEEHU &RPSDQ\ 8QLWHG 6WDW
5KRGHVY - DQG 'RXJODV : 8QLWHG 6WDWHYV 3DWHQW

5 *UDFH DQG &R (XURSHDQ 3DWHQW DSSOLFDWLRQ
+HUFXOHV ,QF 8QLWHG .LQJGRP 3DWHQW DSSOLFDWLRC
,PSHULDO &KHPLFDO ,QGXVWULHV SOF (XURSHDQ 3DWHC
30H[E ) 5RKP *PE+ &KHPLVFKH )DEULN 'DUPVWDGW

.UDVKHQLQQLNRY $ , DQG &KHUYLQ 9 * &ROORLG - RI

.UDVKHQLQQLNRY $, 6WDO QRY $. DQG 'HPLVKHY 9 1

$00 8QLRQ ([WHUQDO ODFKLQH &RQVWUXFWLRQ ,QVWLWX

$NWLHERODJ %RIRUV 6ZHGLVK 3DWHQW IURP

$00 8QLRQ ([WHUQDO ODFKLQH &RQVWUXFWLRQ ,QVWLWX
(, 'X 3RQW GH 1HPRXUV DQG &R 8QLWHG .LQJGRP 3DW
$00 8QLRQ ([WHUQDO ODFKLQH &RQVWUXFWLRQ ,QVWLWX
=RQRYD *, DQG 6KDNKRYVND\D /, 9,1,7,

$EVWUDFWYVY GHSRVLWHG GRFXPHQW



7HURVRQ *PE+ B8QLWHG .LQJGRP 3DWHQW
%DUUHWW . ( - DQG 7KRPSVRQ 0 : 'LVSHUVLRQ 3RO\P|
%DUUHWW . (- HG :LOH\ /RQGRQ &KDSWHU
3HIJXODQ :HUNH $* (XURSHDQ 3DWHQW DSSOLFDWLRQ
3HIJXODQ :HUNH $* *HUPDQ 3DWHQW

5RKP *PE+ (XURSHDQ 3DWHQW DSSOLFDWLRQ

5RKP *PE+ 8QLWHG .LQJGRP 3DWHQW

5RKP *PE+ 8QLWHG .LQJGRP 3DWHQW

5RKP *PE+ 8QLWHG .LQJGRP 3DWHQW DSSOLFDWLRQ
7HURVRQ *PE+ *HUPDQ 3DWHQW

+R\ ./ - $SSOLHG 3RO\PHU 6FL

ORUDZHW] + ODFURPROHFXOHV LQ 6ROXWLRQ ,QWHUVF
&KDSWHU

$00 8QLRQ ([WHUQDO ODFKLQH &RQVWUXFWLRQ ,QVWLWX
5RKP *PE+ (XURSHDQ 3DWHQW DSSOLFDWLRQ

(, 'X 3RQW GH 1HPRXUV DQG &R 8QLWHG .LQJGRP 3DW
%$6) $* B8QLWHG 6WDWHY 3DWHQW

$QRQ B5HVHDUFK 'LVFORVXUH 1RYHPEHU

%URZQ + 3 G5XEEHU &KHP 7HFKQRO

(LVHQEHUJ $ DQG :ROOPDQQ ' OXOWLFRPSRQHQW 3RO
DQG 5RVWDPL 6 HGYV JRQIJPDQ +DUORZ &KDSWH
1LSSRQ =HRQ &R /WG (XURSHDQ 3DWHQW DSSOLFDWLR
*XULW (VVH[ $* $XVWUDOLDQ 3DWHQW DSSOLFDWLRQ
BRNHQ &KHPLFDO (QJLQHHULQJ &R /WG -DSDQHVH 3DWHI
&KHPLFDO $EVWUDFWYV

,PSHULDO &KHPLFDO ,QGXVWULHV SLF B5HVHDFK 'LVFORYV

5 *UDFH DQG &R (XURSHDQ 3DWHQW DSSOLFDWLRQ



‘U $ORLV 6WDQNLHZLF] *PE+ 8QLWHG .LQJGRP 3DWHQW

5 *UDFH DQG &R (XURSHDQ 3DWHQW DSSOLFDWLRQ
5 *UDFH DQG &R (XURSHDQ 3DWHQW DSSOLFDWLRQ
5 *UDFH DQG &R (XURSHDQ 3DWHQW DSSOLFDWLRQ

7R\R 6HLNDQ .DLVKD /WG 8. SIDWHQW DSSOLFDWLRQ



&+$37(5

7+(25< 2) $&5</,& 3/$67,62/6

7KH LQVWDELOLW\ RI DFU\OLF SODVWLVROV DW URRP WHPES
WKRXJKW WR EH GXH WR WKH H[FHVVLYH VZHOOLQJ RI WKF
SODVWLFLVHU 7KLV OHDGV WR LQFUHDVHYV LQ WKH SODVWL
UHDFKHG ,Q RUGHU WR LQLWLDWH D VWXG\ LQWR SUDFWLI
SUHPDWXUH JHODWLRQ DQ DSSUHFLDWLRQ RI VRPH RI W

SODVWLVROV LV UHTXLUHG

$V VWDWHG LQ WKH LQWURGXFWLRQ WR &KDSWHU WKH
SUHSDUHG XVLQJ DTXHRXV VXVSHQVLRQ RU HPXOVLRQ SR
ZRUN SRO\PHUV ZHUH DV VWDWHG LQ 6HFWLRQ SUHSD
QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ 7KHUHIRUH
SUHSDUDWLRQ DQG VWDELOLVDWLRQ RI SRO\PHU GLVSHUVL
PXVW EH FRQVLGHUHG ,Q RUGHU WR DVVHVV SUDFWLFDO
IORZ EHKDYLRXU RI WKH SRO\PHU GLVSHUVLRQV LQ SODVWL
GHVFULELQJ WKH UHODWLRQVKLS EHWZHHQ WKH YLVFRVL!
GLVSHUVHG SRO\PHU SKDVH LQ SDUWLFXODU DUH QHHGFE
SUHPDWXUH JHODWLRQ H[SHULHQFHG E\ DFU\OLF SODVWLYV
SRO\PHU SODVWLFLVHU LQWHUDFWLRQV QHHGV WR EH XOQ
DIJUHHPHQW ZLWK WKH DLPV RI WKH ZRUN VHW RXW LQ 6

WKHUPDOO\ ODELOH RU FRYDOHQW FURVVOLQNYV ZLWKLQ WK

S3RO\PHU GLVSHUVLRQV LQ DTXHRXV DQG QRQ DTXHRXYV
7KH SRO\PHU GLVSHUVLRQV SUHSDUHG DV SDUW RI WKLV VYV

DQRG QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ WHFKQL



DUH TXLWH GLVWLQFW ERWK LQ WKHLU PHFKDQLVP IRU VWD

PHWKRG RI SUHSDUDWLRQ

7KH VWDELOLVDWLRQ RI SRO\PHU GLVSHUVLRQV LQ DT
PHGLD

8QVWDELOLVHG SRO\PHU SDUWLFOHV RI VLPLODU FKHPLFDO
IRUFH NQRZQ DV WKH /RQGRQ GLVSHUVLRQ IRUFH 7KH R
IOXFWXDWLRQV LQ WKH HOHFWURQ GHQVLW\ GLVWULEXWLF
SURGXFHV D IOXFWXDWLQJ GLSROH PRPHQW ZKLFK SRODUL
RU PROHFXOH ZKLFK LQWHUDFWV ZLWK WKH ILUVW RQH

EHWZHHQ QRQ SRODU PROHFXOHV KDV EHHQ H[SODLQHG R(
SRWHQWLDO HQHUJ\ LQILQLWH VHSDUDWLRQ GHILQLQJ JHU
WKH LQYHUVH VL[WK SRZHU RI WKH GLVWDQFH ,I WKH WZR
DERXW QP WKHQ E\ WKH WLPH WKH HOHFWULF ILHOG |
SRODULVHG DQRWKHU WKH ILUVW DWRP ZLOO KDYH FKDQJF
WZR DWRPV RU PROHFXOHV OHDGY WR D UHWDUGHG DQG

UHODWLRQVKLS ZLWK GLVWDQFH FKDQJLQJ WR DQ LQYHUVH

%YHWZHHQ WZR SDUWLFOHV WKH DWWUDFWLYH SRWHQWLD
WKH FRQWULEXWLRQV IRU WKH LQWHUDFWLRQV RI HYHU\ L
HDFK DWRP RU PROHFXOH LQ WKH RWKHU SDUWLFOH 7KL
DGGLWLYLW\ YRU WZ B WHSKDHUDHVHKS | EADIB WM IDFH WR VXUID

WKH DWWUDFWLYH SRWHQWLDO HQHUJ\ 9% LV

(TXDWLRQ

ZKHUH 6GLDQG $ LV WKH +DPDG HU WREQWDQW I

$D

(TXDWLRQ
G



7KH +DPDNHU FRQVWDQW ZDV RULJLQDOO\ EDVHG RQ WKH |
LQ YDFXXP KRZHYHU D PRGLILFDWLRQ FDQ EH PDGH WR WK
SDUWLFOHV LQ D IOXLG 7KH /RQGRQ IRUFH RI DWWUDFWI
FRPSDUHG WR WKH VKRUW UDQJH LOQWHUDFWLRQV DW FRQV

.HHVRP LQWHUDFWLRQ

SDUWLFOH VWDELOLW\ FDQ EH DFKLHYHG E\ WKH SURYLVLR
DWWUDFWLYH HQHUJ\ EHWZHHQ SDUWLFOHY 7KHUH PXVW I
JUHDWHU WKDQ WKH HQHUJ\ GXH WR %URZQLDQ PRWLRQ
HQHUJ\ RI N7 ,Q DTXHRXV PHGLD WKLV FDQ EH EURXJFk
UHSXOVLYH HOHFWURVWDWLF IRUFH WKURXJK LRQLVDWLR(

DGVRUSWLRQ

(OHFWURVWDWLF VWDELOLVDWLRQ
$ GHVFULSWLRQ RI WKH UHSXOVLYH IRUFHV JHQHUDWHG
'"HU\DJXLQ /DQGDX 9HUZH\ 2YHUEHHN '/92 WKHRU\ ! 7KH
D FKDUJHG VXUIDFH DGMDFHQW WR ZKLFK DUH DGVRUEHG
SODQH WKURXJK WKH FHQWUH R WKHWHW B WA B KIRRM|V3IOWD |
7KH SODQH WKURXJK WKH FHQWUH RI DGVRUEHG GHK\GUI
NQRZQ DQ @KU +HOPKRGBW]ODOBQYH HWZHHQ WEXWWHXU IDFH
+HOPKROW]V3OMOQHG WKH LQQHU RU 6WHP OD\HU %H\RQ(

*RX\ &KDSPDQ OD\HU 7RIJHWKHU WKH\ DUH NQRZQ DV WKH |

7KH HOHFWULF ILHOG VWUHQJIJWK SRWHQWLDO JUDGLHQW
FKDUJHG VXUIDFH GXH WR VFUHHQLQJ RI WKH FKDUJH E\ L«
Lv D VLPLODU GHFUHDVH WR JHUR LQ WKH FRQFHQWUDWLRC
ZLWK WKH VDPH FKDUJH DV WKDW RQ WKH VXUIDFH NQRZ(

VXUIDFH +RZHYHU WKHLU FRQFHQWUDWLRQ LQFUHDVHV I



HSXOVHG IDOOV RIlI ZLWK GLVWDQFH IURP WKH VXUIDFH 7

HOHFWULFDOO\ QHXWUDO

3RWHQWLDO

JLIXUH 6FKHPDWLF RI GRXEOH OD\HU D QR VSHFLILF
DGVRUSWLRQ DGDSWHG IURP D GUDZLQJ LQ /\NOHI
'LVSHUVLRQV *RRGZLQ - : HG SR\DO 6RFLHW\
IRQGRQ &KDSWHU SDJH

7KH HOHFWURVWDWLF IRUFH RI UHSXOVLRQ EHWZHHQ WZ
FRQVHTXHQFH RI WKH LQWHUDFWLRQ RI WKH WZR GLIIXVH

DSSUR[LPDWLRQ IRU WKH SRWHQWLDO IUHH HQHUJ\ RIl HC



SOUWLFOHVDRWUD GFILEXYWUH WR BHMUHDHVY GQ ¥ WEKHF HRRIV DV Y|

SRLQW FKDUJHV LV

Q___U$__T)E)< 0Q>0 H[S FI @ (TXDWLRQ
3 = F]
ZKHUH \  WDQK #)YM 2587 % 5 HU LV WKH UHODWLYH SHLI

RI WKH PHGLXP H LV WKH SHPRNWWHKMNLSRWHQIW YDE XX\W W
VXUIDFH 5 LV WKH JDV FRQVWDQW 7 LV WKH DEVROXWH W
] LV WKH FKDUJH QXPEHU RQ WKH FRXQWHULRQV DQG ] D
FRQFHQWUDWLRQV RI DOO WKH LRQV LQ VROXWLRQ $V O
E\ H[S .+ WKH SRWHQWLDO IUHH HQHUJ\ Rl HOHFWURVWD
ZLWK GLVWDQFH IURP WKH SDUW INF@HHI IMXHIG B AMUD DV LR W |

WKH GRXE@KHKHODMHBXOVLYH HQHUJ\ KDV GURSSHG E\ D IDFW

$GGLWLRQ RI WKH SRWHQWLDO IUHH HQHUJLHV RI DWW
GHSHQGHQFH RI WKH IUHH HQHUJ\ DV D IXQFWLRQ RI W

UHSUHVHQWHG JUDSKLFDOO\ LQ )LIJXUH

$V WKH SDUWLFOHV FRPH WRJHWKHU D VOLJKW DWWUDFW
ZKLFK LV NQRZQ DV D VHFRQGDU\ PLQLPXP ,I WKH HQHU.
IORFFXODWLRQ PD\ EH REVHUYHG ZKHUH %URZQLDQ PRWLR
RI SDUWLFOH FOXVWHUVY DW WKH VDPH UDWH DV WKH\ DUF
ODUJH HQHUJ\ EDUULHU LV UHDFKHG EH\RQG ZKLFK WKHUH
SULPDU\ PLQLPXP $W WKLV SRLQW FRDJXODWLRQ WDNH
VWDELOLVHG SDUWLFOHYV DUH RQO\ WKHUPRG\QDPLFDOO\ P
UHGXFHG WR WKH SRLQW ZKHUH WKHUH LV VSRQWDQHRXYV
DPRXQWY RI HOHFWURO\WH 1RW VKRZQ LQ )LIJXUH I F
GXH WR WKH LOQOWHUDFWLRQ RI WKH HOHFWURQ FORXGYV DU

JLYHV ULVH WR D UHSXOVLYH IRUFH RQ YHU\ FORVH DSSURI



&KDQJH LQ IUHH HQHUJ\

JLIXUH 7\SLFDO FKDQJH LQ IUHH HQHUJ\ GLVWDQFH F

HOHFWURVWDWLF VWDELOLVDWLRQ

(OHFWURVWDWLF VWDELOLVDWLRQ LV QRW KRZHYHU DV }
SRODULW\ DV (TXDWLRQ VKRZV WKDW WKH UHSXOVLY
GLHOHFWULF FRQVWDQW RI WKH PHGLXP )XUWKHUPRUH G.
PHGLD RI ORZ SRODULW\ WKH VXUIDFH FKDUJH DQG SRWH
OLWWOH VFUHHQLQJ RI WKH VXUIDFH FKDUJH WKH UHSXOV
DQG FRQFHQWUDWHG GLVSHUVLRQV VPDOO LQWHUSDUWLF
FKDUJH +RZHYHU LW FDQ EH D VRXUFH RI FROORLGD!
GLVSHUVLRQV $Q DOWHUQDWLYH VRXUFH RI UHSXOVLYH HC
LOWHUDFWLRQ RI RSSRVLQJ GLVVROYHG SRO\PHU FKDLQV D
VWDELOLVDWLRQ ZKLFK FDQ EH XVHG LQ DTXHRXVY DQG QRQ

LV NQRzZzQ DV VWHULF RU HQWURSLF VWDELOLVDWLRQ



6WHULF VWDELOLVDWLRQ
7KH SRO\PHULF FKDLQV DWWDFKHG WR WKH SDUWLFOH VX
FKDLQ VHIJPHQWY RI WKLFNQHVYV 2Q DSSURDFK RI WZR
J)LIXUH WKH VROYDWHG VKHDWKY RYHUODS UHVXOWL(
FROQFHQWUDWLRQ OHDGLQJ WR DQ RVPRWLF SUHVVXUH IUR
WHUP ,Q DGGLWLRQ WKH QXPEHU RI SRVVLEOH FRQILJXL
FKDLQVY FDQ DGRSW LV UHGXFHG E\ WKH SUHVHQFH RI WKH

UHVWULFWLRQ WHUP 7KH WZR WHUPV FDQ WKHQ EH DGG

UHSXOVLRQ HQHUJ\

JLIXUH 6FKHPDWLF RI WZR VWHULFDOO\ VWDELOLVHG
WR KLIJK FKDLQ VHIPHQW FRQFHQWUDWLRQ EHWZH
UHVWULFWLRQ IDFWRU GXH WR H[FOXVLRQ RI VRPF

SUHVHQFH RI RWKHU SDUWLFOH DGDSWHG IURP UL

&DOFXODWLRQ RI WKH WZR WHUPV LQYROYHV DSSOLFDW

FRQILIXUDWLRQ LQ RUGHU WR REWDLQ D VHIPHQW GHQVL'



WUIDFH ORVW WKHRULHV XVH WKH IUHHO\ MRLQWHG FKI
EDUULHUVY WR IUHH URWDWLRQ DERXW ERQGV GHWDLOV Z
PROHFXOH 7KH H[FOXGHG YROXPH PXVW DOVR EH FRQVLG|
SDFNHG ZLWK SRO\PHU FKDLQV 'XH WR WKH XVH RI VXFK
FRQILIJIXUDWLRQ WKHVH UDWKHU PDWKHPDWLFDOO\ FRPSOI

DFWXDO FKDLQ GLPHQVLRQV EXW PHUHO\ VFDOH WKHP WR F}

$ VLPSOHU DSSURDFK LV WR VWDUW ZLWK WKH VHJPHQW G
HISHULPHQWDOO\ RU E\ DVVXPLQJ D PDWKHPDWLFDO IRUP
WKLFNQHVY 1HYHUWKHOHVYV QHLWKHU DSSURDFK \LHOGV
VWHULF VWDELOLVDWLRQ

&KDQJH LQ IUHH HQHUJ\

JLIXUH 7\SLFDO FKDQJH LQ IUHH HQHUJ\ GLVWDQFH |

VWHULF VWDELOLVDWLRQ ZLWK ERWK WKLQ DQG W|



$ W\SLFDO IUHH GLVWDQFH FXUYH IRU VWHULF VWDELOLVDV
DQG WKLFN VWHULF EDUULHU Q 8QOLNH HOHFWURVWDWLFLC
RI D ILQLWH WKLFNQHVYV EH\RQG ZKLFK WKH UHSXOVLYH |
VKRZLQJ D KLJK DIILQLW\N IRU HDFK RWKHU RU SRVVHVVL
DWWUDFWLYH IRUFH RU VHFRQGDU\ PLQLPXP PD\ EH VHHQ
EH REVHUYHG 6WHULFDOO\ VWDELOLVHG SDUWLFOHV VKR
WKHUPRG\QDPLFDOO\ VWDEOH )ORFFXODWLRQ FDQ EH LQG
WKH GLVSHUVLRQ PHGLXP IRUQWKHWWDELDBHVDE®BRPBO\PHU

UDLVLQJ RU ORZHULQJ WKH WHPSHUDWXUH RU SUHVVXUH R

$TXHRXV HPXOVLRQ DQG QRQ DTXHRXV GLVSHUVLRQ S
$TXHRXV HPXOVLRQ DQG QRQ DTXHRXV GLVSHUVLRQ SRO
IROORZLQJ FRPSRQHQWY PRQRPHU GLOXHQW VWDELOLVF
FRQVLGHUDWLRQ RI WKH UROH DQG UHTXLUHPHQWY RI1 WKF
SUHFHGHYV GHVFULSWLRQV RI WKH PHFKDQLVPV RI DTXHF

GLVSHUVLRQ SRO\PHULVDWLRQ

6WDELOLVHUV VXUIDFWDQWY DQG LQLWLDWRUYV
ODQ\ SRO\PHUV LQFOXGLQJ DFU\OLFV DUH SUHSDUHG E\ IU
DQG UHTXLUH WKH SUHVHQFH RI D IUHH UDGLFDO JHC
SRO\PHULVDWLRQ ,Q ERWK DTXHRXV HPXOVLRQ DQG QRQ D
WKH LQLWLDWRU LV SUHVHQW LQ WKH GLOXHQW ([DPSOHYV
DTXHRXV HPXOVLRQ SRO\PHULVDWLRQ DUH DPPRQLXP RU S
IRU QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ LQFOXGH

SHUR[LGH $00 JHQHUDWH UDGLFDO IUDJPHQWY E\ D WKHUP

$V H[SODLQHG LQ 6HFWLRQ HOHFWURVWDWLF VWDELO
Rl VXLWDEOH VXUIDFH JURXSV RU E\ WKH DGVRUSWLRQ RI

RI WKH SRO\PHU SDUWLFOHYV 7KH ODWWHU PHWKRG LV 1U|



SRO\PHULVDWLRQV 7KH VSHFLILF LRQV DUH PRUH FRPPRC
SRVVHVV D GXDO QDWXUH 2QH SDUW RI WKH PROHFXOH FI
PD\ EH UHJDUGHG DV WKH DQFKRU JURXS ZKLFK LV DGVRUE
WKH VROXEOH LRQLF JURXS H[WHQGYVY LQWR WKH DTXHRXYV
DGVRUSWLRQ RI VXUIDFWDQWY RQWR WKH SDUWLFOH VXUI
SDUW RI WKH PROHFXOH IURP WKH K\GURJHQ ERQGHG VW

VXUIDFWDQWY LQFOXGH VRGLXP ODXU\O VXOSKDWH DQG VR

7KH VWHULF VWDELOLVHUV XVHG LQ QRQ DTXHRXV PHGLD
FKDUDFWHULVHG E\ KDYLQJ D GXDO FKDUDFWHU $V WKHUF
RI WKH DQFKRU LQ QRQ DTXHRXV PHGLD WKH PROHFXODU
VXIITLFLHQWO\ KLJK WR EH LQVROXEOH LQ WKH PHGLXP 7K
FRPSRQHQW ZKLFK GHILQHV WKH WKLFNQHVV RI WKH VWE
HQVXUH WKDW WKH VHFRQGDU\ PLQLPXP LV VKDOORZ HQRX.
LOQOWHUDFWLQJ SDUWLFOHYV ,Q SUDFWLFH WKH PROHFXODI
EH VLIJQLILFDQWO\ ODUJHU WKDQ WKH VROXEOH JURXS RW
RXW RI WKH GLVSHUVLRQ PHGLXP 7TKXV WKH PROHFXODU .
WN\SLFDOO\ DERXW ZKHQ SRO\ K\GUR[\VWHDULF DF

WKH PROHFXODU ZHLJKW RI WKH DQFKRU JURXS LV QRUPDO

6WDELOLVHUV H[KLELW D YDULHW\ RI JHRPHWULHYV 7TKHU
ZKLFK SRVVHVVHV IRXU RU ILYH VROXEOH JURXSYVY WKDW DU
$QRWKHU LV WKH VWDELOLVHU SUHFXUVRU ZKLFK FRQVLYV
UHDFWLYH HQG JURXS WKDW FDQ VXEVHTXHQWO\ UHDFW ZL
WKH SRO\PHULVDWLRQ 7KH DGYDQWDJH RI XVLQJ WKH ODW

VDPH FRPSRVLWLRQ DV WKH SDUWLFOHYVY DQG VWURQJO\ DV

6WHULF VWDELOLVDWLRQ LQ DQ DTXHRXV PHGLXP LV SUR)

VXUIDFWDQWY H[DPSOHV Rl ZKLFK LQFOXGH SRO\R[\HWK\O



KHQR[\ SRO\HWKR[\HWKDQRO 7KH DGVRUSWLRQ PHFKDQL

VXUIDFWDQWY LH UHMHFWLRQ RI WKH K\GURFDUERQ JURXS

7KH PHFKDQLVP RI DTXHRXV HPXOVLRQ SRO\PHULVDW
7KH PRGHO FRPSULVHV ZDWHU PRQRPHU D ZDWHU VROX|
VXUIDFWDQW $W FRQFHQWUDWLRQV H[FHHGLQJ WKH FULW
VXUIDFWDQW LV PDLQO\ SUHVHQW LQ DQ DJJUHJDWHG IRUP
LQ VPDOO DPRXQWY RQWR PRQRPHU GURSOHWY DQG GLVVF
PRVWO\ LQ WKH IRUP RI GURSOHWY ZLWK VPDOO DPRXQWYV

DQRQG GLVVROYHG PROHFXODUO\

$TXHRXV HPXOVLRQ SRO\PHULVDWLRQ LV FKDUDFWHULVHG
LOQOWHUYDO , WKH UDWH RI UHDFWLRQ LQFUHDVHYV SULPDUL
FRPPHQFHY RQ FHVVDWLRQ RI SDUWLFOH QXFOHDWLRQ 7K
WKH QRZ VZROOHQ SDUWLFOHYV UHPDLQV DSSUR[LPDWHO\ F
IUHH HQHUJ\ RI PL[LQJ SRO\PHU ZDQWV WR EH LQILQLWH
VXUIDFH HQHUJ\ 7KXV DV SURSDJDWLRQ FRQWLQXHV PRQI
GURSOHWYV WKURXJK WKH DTXHRXV SKDVH WR WKH JURZL
UHPDLQYVY UHODWLYHO\ FRQVWDQW GXULQJ WKLV LQWHUYDO
UDWH GHWHUPLQLQJ ,QWHUYDO ,,, LV WKH ILQDO VWDJH R
FRQWLQXHG SRO\PHULVDWLRQ WKH PRQRPHU GURSOHWYV
GLVDSSHDU 7KH FRQFHQWUDWLRQ RI PRQRPHU LQ WKH SF

GHFUHDVH ZLWK WLPH 7KH UDWH RI UHDFWLRQ LV QRZ QR

,Q RUGHU WR XQGHUVWDQG WKH SDUWLFOH QXFOHDWLRC
SURGXFHG LQ WKH DTXHRXV SKDVH PXVW ILUVW EH FRQV
DTXHRXV SKDVH WHUPLQDWLRQ FDQ HQWHU DQ H[LVWLQJ
(QWU\ FDQ RFFXU ZKHQ WKH SURSDJDWLQJ UDGLFDO UF

SRO\PHULVDWLRQ WR EHFRPH VXUIDFH DFWLYH $W WKLV



PLJUDWH WR D SDUWLFOH VXUIDFH 2Q IXUWKHU SURSDJDW
SDUWLFOH VXUIDFH LQWHUIDFH LUUHYHUVLEO\ 3DUWLFOH
VXIILFLHQW H[LVWLQJ SDUWLFOHV WR FDSWXUH DOO WKH
SDUWLFOH IRUPDWLRQ FDQ RFFXU RQ HQWU\ RI D VXUIDF

PLFHOOH RU E\ KRPRQXFOHDWLRQ

7KH SUHVHQFH RU QRW RI PLFHOOHV SOD\V D GRPLQDQW
IRUPDWLRQ %HORZ WKH FPF D FKDUJHG UDGLFDO SURGXI
SURSDIJDWHY ZLWK PRQRPHU LQ WKH DTXHRXV SKDVH XQWL
SRO\PHULVDWLRQ JUHDWHU WKDQ WKDW UHTXLUHG IRU LW
LW IRUPV D FRLOHG VWUXFWXUH H[FOXGLQJ ZDWHU 2Q EH
WUDQVLWLRQ WR D SUHFXUVRU SDUWLFOH LV FRPSOHWH

IXUWKHU SURSDJDWLRQ RU WKURXJK FRDJXODWLRQ ZLWK

PHFKDQLVP LV DOVR NQRZQ DV KRPRIJHQHRXV FRDJXODWL"
XVHG DV LQLWLDWRU IRU H[DPSOH FKDUJH VWDELOLVDWI
JURXS RI WKH RULJLQDO FROODSVHG FKDLQ IURP RWKHU I
FRDIJXODWLRQ DQG IURP FDSWXUH RI FKDUJHG ROLJRPHULT
([lLW IURP WKH SDUWLFOHV RI IUHH UDGLFDOV FDQ DOVR F
VXIILFLHQWO\ ZDWHU VROXEOH DUH PRQRPHULF UDGLFDO\
UHDFWLRQV ZLWK UDGLFDO FKDLQ HQGV 7KH WLPH WDNHQ
W\SLFDO SDUWLFOH GLDPHWHU LV IDU VKRUWHU WKDQ WKH
OHVV ZDWHU VROXEOH GLPHULF UDGLFDO +HQFH H[LW RI
VLIQLILFDQW H[WHQW $ XVHIXO TXDOLWDWLYH WUHDWPH(
UDGLFDO H[LW SDUWLFOH VL]H SRO\GLVSHUVLW\ DQG SDI

SDUWLFOH IRUPDWLRQ LQ PRODU XQLWV G&1 /\GW DV

G1lA / N3Z 09 @ (TXDWLRQ

ZKHUH NSDT WKH LV UDWH FRHIILFLHQW IRU DTXHRXYV SKD'

SKDVH PRQRPHU FRQFHQWUDWLRQ DQG >,0 -FULW@ LV WKH



RR FULWLFDO GHJUHH RI SRO\PHULVDWLRQ WR FROODSVH ,\
SDUWLFOH IRUPDWLRQ LQWHUYDO , LV OHVV WKDQ WKDW
LQVLGH WKH SRO\PHU SDUWLFOHV WDNLQJ DFFRXQW RI LU
SDUWLFOHV FRQWDLQ RQH IUHH UDGLFDO 7KLV LV D FRQ

FRPSDUWPHQWDOLVDWLRQ LVRODWLRQ RI UDGLFDOV LQ LQ

$Q DOWHUQDWLYH PHFKDQLVP IRU SDUWLFOH IRUPDWLRC
FRQFHQWUDWLRQVLRI WRMFKDEWMOQWLRY 6XUIDFH DFWLYH |
IRUPHG DV DTXHRXV SKDVH WHUPLQDWLRQ SURGXFWV FDQ
FRQVLGHUHG WR EH XQFRPPRQ DV WKH FRQFHQWUDWLRQ F

VXOSKDWH LV QRUPDOO\ WRR IDU EHORZ WKH FPF

$ PLFHOODU HQWU\ WKHRU\ IRU SDUWLFOH IRUPDWLRQ DW
+DUNLQY DQG GHYHORSHG TXDQWLWDWLYHO\ E\ 6PLWK DQ
KRZHYHU DVVXPHG LQLWLDWRU HIILFLHQF\ L H QR DT
GRHV QRW DFFRXQW IRU FRPSDUWPHQWDOL]DWLRQ DQG U
WKH SDUWLFOHYV KDYH D IUHH UDGLFDO 7KH PRGHO DOVR

WR JHUR ZLWK WKH FRQFHQWUDWLRQ RI VXUIDFWDQW

7KH PRGHP WKHRU\ RI PLFHOODU HQWU\ LV DV IROORZV

UDGLFDO WDNHV SODFH LQ WKH DTXHRXV SKDVH XQWLO LW
ZKLFK LW LV VXUIDFH DFWLYH 8S WR WKLV SRLQW DTXHR.
UHDFWLRQ 7KH VXUIDFH DFWLYH UDGLFDOV PD\ HLWKHU
VXUIDFWDQW PROHFXOHV RU SURSDJDWH IXUWKHU DQC
KRPRQXFOHDWLRQ +RPRQXFOHDWLRQ LV KRZHYHU LQVLJ
GLIIXVHV WR WKH SUHFXUVRU SDUWLFOHV ZKHUH SURSE
FROQFHQWUDWLRQ RI PRQRPHU ZLWKLQ WKH SDUWLFOHV L\
6 XUIDFWDQW PROHFXOHY DUH DGVRUEHG RQWR WKHLU VXI

FRDIJXODWLRQ FDQ WDNH SODFH DV ZHOO DV HQWU\ DQG HJ



SDUWLFOHV $V WKH SUHFXUVRU SDUWLFOHV FRQWLQXH WR
WR FDSWXUH DOO WKH QHZ IUHH UDGLFDOV WKDW ZRXOG K

QXFOHDWLRQ FHDVHYV

$ VHPL TXDQWLWDWLYH WUHDWPHQW RI WKH PHFKDQLV
FRPSDUWPHQWDOL]DWLRQ DQG VL]H GHSHQGHQW SDUDPHW

WKH RYHUDOO UDWH RI SDUWLFOH IRUPDWLRQ ,

A N s&Z> Ovmuulh @ w A N pH Emweor0 L @ (TXDWLRQ

ZKHUH ] LV WKH QXPEHU GHJUHH RI SRO\PHULVDWLRQ DW Z
DFWLYH LV WKH FRQFHQWUDWLRQ RI PRQRPHU LQ WK
FRHIILFLHQW IRU HQWU\ RI D L PHU LQWR D PLFHOOH 7KH II

KRPRIJHQHRXYVY QXFOHDWLRQ DQG WKH VHFRQG IRU PLFHOOL

$V VWDWHG DW WKH EHJLQQLQJ RI WKLV VXE VHFWLRQ R
SURSDJDWLRQ ZLWKLQ WKH SDUWLFOHY FRQWLQXHV ZLWK C
WKURXJK WKH DTXHRXV SKDVH WR WKH JURZLQJ SDUWLF
FRQVWDQW UDWH RI UHDFWLRQ GXULQJ LQWHUYDO ,, LV WK
VLIH GLVWULEXWLRQ RI WKH SDUWLFOHYV ZLWK WLPH 7UDQ
WDNH SODFH DV ZHOO DV UDGLFDO HQWU\ 7HUPLQDWLRQ
SDUWLFOH PXVW DOVR RFFXU 7HUPLQDWLRQ LV YHU\ IDVW
DQG PRELOH KDYLQJ MXVW HQWHUHG WKH SDUWLFOH DV LQ
WUDQVIHU WR PRQRPHU H[LW DQG UH HQWU\ 7KH DYHUDJI
OHVV WKDQ $

, QWHUYDO ,,, FRPPHQFHY ZKHQ DOO WKH PRQRPHU GURS(
ZHLJKW IUDFWLRQ RI WKH SRO\PHU LQ WKH SDUWLFOH LQFL
SDUWLFOHYV JURZ WKH UDWH RI H[LW RI PRQRPHULF UD(

PRQRPHU GHFUHDVHV $V UDGLFDOV DUH UHVLGHQW LQ



HQFRXQWHULQJ DQG WHUPLQDWLQJ WHUPLQDWLRQ LV QRZ
GHJUHHV RI SRO\PHULVDWLRQ 7KH QXPEHU RI UDGLFDOV ¢
PRUH DQG PRUH PRQRPHU LV FRQVXPHG DQG WKH WHUPLQD
OHDGV WR DQ DFFHOHUDWLRQ LQ WKH UDWH RI FRQYHUVLR
YHU\ KLJK FRQYHUVLRQV WKH SRO\PHU EHFRPHV JODVV\
GHFUHDVHV DV WKH UDWH DW ZKLFK PRQRPHU FDQ GLIIXVF
JURZLQJ SRO\PHU FKDLQV DV RSSRVHG WR WKH FKHPLI
GHWHUPLQLQJ 7HUPLQDWLRQ LV QRZ E\ WKH UHDFWLRQ GLI

RI WKH UDGLFDO FKDLQ HQG LV E\ SURSDJDWLRQ

7KH PHFKDQLVP RI QRQ DTXHRXV GLVSHUVLRQ SRO\PH
7KH V\VWHP IRU QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDW
GLOXHQW PRQRPHU D VROXEOH IUHH UDGLFDO LQLWLDWR
DUH VROXEOH LQ WKH GLOXHQW 2Q KHDWLQJ D SRO\PHU
GLOXHQW 'LVSHUVLRQ SRO\PHULVDWLRQ PD\ EH UHJDUGHI
SRO\PHULVDWLRQ PRGLILHG E\ WKH SUHVHQFH RI D SRO\
IORFFXODWLRQ DQG DJJUHIJDWLRQ RI WKH SUHFLSLWDWLQ
KLIJKO\ UHSURGXFLEOH DQG FRQWUROODEOH DV KHDW DQG

DQG OLTXLG SKDVHV FDQ WDNH SODFH ZLWKRXW UHVWULFW

7KHUH LV QR FRPSUHKHQVLYH WKHRU\ WKDW SUHGLFWV W|
GLVSHUVLRQ SRO\PHULVDWLRQ KRZHYHU LW LV WKRXJKW
QXFOHDWLRQ WDNHV SODFH HLWKHU E\ VHOI QXFOHDWLRQ |
PHFKDQLVPV UHTXLUH SURGXFWLRQ RI IUHH UDGLFDOV E\ W
WKHQ UHDFWYV ZLWK PRQRPHU WR IRUP JURZLQJ ROLJRPHU\
,Q VHOI QXFOHDWLRQ WKH ROLJRPHUV FRQWLQXH WR JU
PROHFXODU ZHLJKW WKDW LV GHSHQGHQW RQ WKH VROXEL(
FRQGHQVHG VWDWH $V HDFK ROLJRPHU EHKDYHV LQGHSHQ

LV IRUPHG IURP HDEFK



,Q DJJUHIJDWLYH QXFOHDWLRQ JURZLQJ ROLJRPHU FKDLQV
HDFK RWKHU DV WKHLU PROHFXODU ZHLJKW DQG FRQFHQW!I
XQVWDEOH DQG EUHDN XS DJDLQ EXW EH\RQG D FHUWDLQ
JURZ DQG ZLOO FRQVWLWXWH QHZ SDUWLFOH QXFOHL 7KH

DFWLYDWLRQ HQHUJ\ UHTXLUHG WR IRUP D VWDEOH DJJUHJ

([SHULPHQWDO HYLGHQFH IURP HOHFWURQ PLFURVFRS\ LQG
SDUWLFOHYV IDOOV RII YHU\ TXLFNO\ ZLWKLQ D IHZ VHFRQG
FDSWXUH RI PRVW RI WKH ROLJRPHUV EHLQJ IRUPHG LQ
SDUWLFOHY 7KH UDWH ZLOO EH GHSHQGHQW RQ WKH QXF
WKHRULHY KDYH EHHQ SURSRVHG WR H[SODLQ WKLV ,Q GL
JLWFK DQG 7VDL DQ ROLIJRPHU WKDW UHDFKHV D SDU\
FDSWXUHG 7KH UDWH RI FDSWXUH LV SURSRUWLRQDO WR
GLITHUHQFH EHWZHHQ WKLY DQG WKH UDWH RI LQLWLDWL
WKHRU\ LV IRUPXODWHG LQ VXFK D ZzD\ DV WR LPSO\ WKDW
UDWKHU WKDQ IROORZLQJ D UDQGRP ZDON SDWK WKXV |
QXPEHUV FDSWXUHG | WKH ROLJRPHUV DUH FDSWXUHG LI

IHZHU SDUWLFOHV WKDQ REVHUYHG H[SHULPHQWDOO\

,Q HTXLOLEULXP FDSWXUH WKH ORZHU PROHFXODU ZHLJKYV
7KH\ DUH DOVR LQYROYHG LQ WKH WHPSRUDU\ IRUPDWLRQ
RI WKH ROLJRPHUV WDNHV SODFH ZKHQ WKH ROLJRPHU I
SRO\PHULVDWLRQ ZKLOH VWLOO FDSWXUHG DQG LV WKFE
$OWHUQDWLYHO\ ROLJRPHUV DUH ORVW LI WKH\ MRLQ DJJ
JURZ 7KH IUDFWLRQ RI ROLIJRPHUV WKDW DUH FDSWXUHG
HTXLOLEULXP GLVWULEXWLRQ MXVW SULRU WR WKH SURFH

FRQWUROOHG E\ WKH WRWDO VXUIDFH DUHD RI WKH SDUWL|



7KH SUHVHQFH RI SRO\PHULF VWDELOLVHUV HQKDQFHV QX
JURZLQJ ROLJRPHUV ZKLFK LQFUHDVHV WKH SUREDELOLW\
UHGXFHV WKH OLNHOLKRRG RI FDSWXUH E\ H[LVWLQJ SDU
VWDELOLVHU LV GHSOHWHG WKHQ FRQWUROOHG DJJORPHU
WKH JURZLQJ SULPDU\ SDUWLFOHYVY KDYH LQVXIILFLHQW V\
VXUIDFH DQG DJJORPHUDWH WR IRUP ODUJHU EXW IHZHU ¢
WKDW WKH VWDELOLVHU LV DEOH WR PLJUDWH IURP WKH R
E\ D ORRVHO\ DQFKRUHG VWDELOLVHU RQ D VPDOO SDUWLF
UDWH RI FROOLVLRQ DQG IXUWKHU DJJORPHUDWLRQ EHIRU

VRIW RU PRQRPHU VZROOHQ SDUWLFOH ZRXOG DOVR HQVXU

$SSOLFDWLRQ RI WKH WKHRU\ WR H[SHULPHQW VXJJHVWYV D
D 1XFOpDWLRQ SUREDEO\ WDNHV SODFH E\ WKH DJJUHJI
E ,QFUHDVLQJ WKH VROYHQF\ RI WKH GLOXHQW UHGXFH"
ODUJHU EXW IHZHU SDUWLFOHYV
F 7KH VWDELOLVHU LV QRW GHSOHWHG EHIRUH WKH QXF
FDQ EHFRPH D IDFWRU GXULQJ WKH ODWHU VWDJHV R
G &DSWXUH RI JURZLQJ ROLJRPHUV LV WKH PDLQ IDFWR
H 20LJRPHU FDSWXUH SUREDEO\ LQYROYHV D JUDGXDO
WR WKH GLIIXVLRQ FDSWXUH PHFKDQLVPV
I 7KH WKUHVKROG GHJUHH RI SRO\PHULVDWLRQ IRU DJ.
WKDW QHDUO\ DOO WKH ROLJRPHUV IRUP QXFOHL
UDGLFDOV DUH WHUPLQDWHG 7KXV LQ DOPRVW DOO FI

WDNHYV SODFH ZLWKLQ WKH SDUWLFOHYV

([SHULPHQWDO HYLGHQFH SRLQWLQJ WR WKH ORFXV RI SRC
SDUWLFOHY LQFOXGHYVY WKH VZHOOLQJ RI SUH IRUPHG SRO
UDWH RI SRO\PHULVDWLRQ EHLQJ LQGHSHQGHQW RI WKH S

SDUWLFOH VXUIDFH DV WKH ORFXV RI SRO\PHULVDWLRQ



IRUP RI SRO\ PHWK\O PHWKDFU\ODWH LQGLFDWHYV JURZWK
HIFHSWLRQ LV SRO\ YLQ\O FKORULGH ZKRVH SDUWLFOHYV

VXIJIHVWLQJ GHSRVLWLRQ RI SRO\PHU IURP VROXWLRQ

$ FKDUDFWHULVWLF RI GLVSHUVLRQ SRO\PHULVDWLRQ D
DFFHOHUDWLRQ DOVR NQRZQ DV WKH 7URPPVGRUII HIITHFW
LQFUHDVHY UDSLGO\ DV PRUH SRO\PHU LV IRUPHG 7KLV
WHUPLQDWLRQ UDWH DV WKH YLVFRVLW\ ZLWKLQ WKH SDUW
WKH UDGLFDO FKDLQ HQGV LV VWLOO SRVVLEOH VR WKH FK
WKH UDGLFDO FKDLQV EHFRPHVY PRUH GLIILFXOW DV WKH\ F
RI WHUPLQDWLRQ E\ DGGLWLRQ RU GLVSURSRUWLRQDWLRQ
ZHLJKW DV FRQYHUVLRQ SURFHHGVY ,Q WKH FDVH RI SRO\
PROHFXODU ZHLJKWV FDQ EH DFKLHYHG +RZHYHU DW YHU\
GLIIXVLRQ LV LQKLELWHG DQG WKH SURSDJDWLRQ UDWH DO
DQ RYHUDOO SHDN UDWH RI FRQYHUVLRQ $ JHQHUDO H

SRO\PHULVDWLRQ 5S KDV EHHQ JLYHQ

5S DFPGNS 95 NW ! (TXDWLRQ

ZKHUH D LV WKH SDUWLWLRQ FRHIILFLHQW RI PRQRPHU EF
WKH FROQFHQWUDWLRQ RI PRQRPHU LQ WKH SDUWLFOHV NS
WHUPLQDWLRQ UDWH FRQVWDQW 9 LV WKH YROXPH RI WKF
50 LV WKH RYHUDOO UDWH RI LQLWLDWLRQ 7KH UDWH FR
PROQRPHU LQ WKH SDUWLFOHY FKDQJHV 7KH UDWH LV SUR:

LQLWLDWRU FRQFHQWUDWLRQ DQG WKH YROXPH RI WKH SDI

,Q FRSRO\PHULVDWLRQ WKH SDUWLWLRQ IXQFWLRQV RI1 W
SRO\PHULF DQG GLOXHQW SKDVHV PXVW EH FRQVLGHUHC

UHDFWLYLW\ RI SRODU PRQRPHUV VXFK DV PHWKDFU\OLF D



SRODU PRQRPHUV VXFK DV WKH KLJKHU DON\O PHWKDFU\OD
KRPRIJHQHRXV ZLWK WKH PRUH SRODU PRQRPHUV SRO\PH
FRPSRVLWLRQ ULFK LQ SRODU PRQRPHU $V SRO\PHULVDWL

VKLIW WR D KLIJKHU FRQWHQW RI OHVYVY SRODU PRQRPHU

7KH UKHRORJ\ Rl VROLG OLTXLG GLVSHUVLRQV
,Q RUGHU WR XQGHUVWDQG WKH IORZ EHKDYLRXU RI SODVYV
VLPSOH PRGHO 7KH VLPSOHVW LV D VXVSHQVLRQ RI QRQ L¢
H[DPSOH RI ZKLFK LV D VXVSHQVLRQ RI JODVV VSKHUHV LQ
EH UHODWHG WR WKH FRQFHQWUDWLRQ QRUPDOO\ H[SUH
VSKHUHYVY 7KH FKDQJH LQ EHKDYLRXU RI WKLV VLPSOH PRGH
VWHULF VWDELOLVHUVY RU VXUIDFWDQWY ZKLFK KDYH WKH

IUDFWLRQ RI WKH VSKHUHYV

7KXV DIWHU LQWURGXFLQJ VRPH EDVLF FRQFHSWYV LQ UKI
VSKHUH PRGHO ZLOO EH H[DPLQHG 7KHQ WKH HIIHFWV RI1 V

ZLOO EH FRQVLGHUHG LQ WKH OLJKW RI WKH KDUG VSKHUH

6RPH EDVLF FRQFHSWYV LQ UKHRORJ\
7KH WHUP UKHRORJ\ GHULYHG IURP WKH *UHHN ZRUG UK
VWXG\ RI WKH UHVSRQVH RI D ERG\ WR DQ DSSOLHG IRUFH
UHVSRQVH RU GHIRUPDWLRQ RI D ERG\ LV UHFRYHUDEOH R
WKH ERG\ LV VDLG WR H[KLELW HODVWLF EHKDYLRXU +RZH"
WKHQ WKH ERG\ VKRZV YLVFRXV EHKDYLRXU ,I WKH ERG\

HODVWLF DQG YLVFRXV WKHQ LW LV VDLG WR EH YLVFRHOD

,Q UKHRORJ\ WKH DSSOLHG IRUFH DQG FRUUHVSRQGLQJ GI
LQ WHUPV RI VWUHVYVY RU IRUFH SHU XQLW DUHD PHDVXUH

G\QHV FP 1QU G\QHV FP DQG VWUDLQ ZKLFK LV W



7TKXV LI D VKHDU VWUHVYV [ LV DSSOLHG WR WKH VXUIDFH RI

JLIXUH WKHUH LV DQ LQVWDQWDQHRXYVY GHIRUPDWLR
$%& '

\
J)LIXUH 7KH HIITHFW RI DSSOLFDWLRQ RI D VKHDU VWUF

PDWHULDO VKRZQ LQ VHFWLRQ ZKLFK GHIRUPV WHK

$%& '

7TKHUH LV QR IXUWKHU PRYHPHQW RQFH WKH GHIRUPHG VW
UHOHDVH RI WKH VWUHVV WKH ERG\ UHFRYHUV LWV RUL
GHIRUPDWLRQ LV PHDVXUHG LQ WHUPV RI WKH DQJOH
PHFKDQLFDOO\ UHSUHVHQWHG E\ D )LRRNHDQ VSULQJ L’

(TXDWLRQ

[ *\ (TXDWLRQ

ZKHUH * LV D FRQVWDQW NQRZQ DV WKH PRGXOXV RI HOD
VKHDU VWUHVYV [ LV DSSOLHG WR WKH VXUIDFH RI D YLVFR

WKH XSSHU SODQH RI WKH ERG\ RU OLTXLG ZLOO PR



QWHUYHQLQJ OD\HUV RI WKH ERG\ EHWZHHQ WKH WRS DQC

ORFDO YHORFLW\ Y[ WKH PDJQLWXGHV LQGLFDWHG E\ WKH O

J)LIXUH 7KH HIIHFW RI DSSOLFDWLRQ RI D VKHDU VWUH

VKRZQ LQ VHFWLRQ ZKLFK FUHDWHYVY D YHORFLW\ .
YHORFLWLHV Y]

7KLY PRGHO ZKLFK FDQ EH PHFKDQLFDOO\ UHSUHVHQWHG E

1HZWRQLDQ OLTXLG LV GHVFULEHG PDWKHPDWLFDOO\ E\ (T
U 76@2 (TXDWLRQ

ZKHUH 8 G LV WKH YHORFLW\ JUDGLHQW RU VKHDU UDWH X\
UHFLSURFDO VHFRQGY DQG T LV D FRQVWDQW NQRZQ DV W
LQ 3RLVH RU [ 3DV RU G\QH V FP 9LVFRHODVWLF E
FRPELQLQJ WKH VSULQJ DQG GDVKSRW PRGHOV ([DPSOHYV
D VSULQJ DQG GDVKSRW DUH LQ VHULHVY RU WKH .HOYLQ ER

SDUDOOHO



"LOXWH VROLG OLTXLG VXVSHQVLRQV H[KLELW YLVFRXV
FRQFHQWUDWLRQ RI VXVSHQGHG PDWHULDO LQFUHDVHYV
EHFRPHVY LQFUHDVLQJO\ YLVFRHODVWLF (YHQWXDOO\ DW
VXVSHQVLRQ ZLOO EHKDYH DV DQ HODVWLF VROLG 7TKH J
YHUVXV VKHDU UDWH FXUYH IRU D FRQFHQWUDWHG VROLG
, QLWLDOO\ WKH YLVFRVLW\ UHPDLQV FRQVWDQW D
EHKDYLRXU LV GHVFULEHG DV 1HZWRQLDQ $V WKH VKHD
YLVFRVLW\ GHFUHDVHYVY UDSLGO\ H[KLELWLQJ VKHDU WKLQQI
UHDFKLQJ D VHFRQG ORZHU SODWHDX )LQDOO\ DW YHU\

LQFUHDVH LQ YLVFRVLW\ 7KLV LV VKHDU WKLFNHQLQJ RU G

/IR VKHDU YLVFRVLW\

!
/IR VKHDU UDWH

JLIXUH 6FKHPDWLF RI WKH VKHDU YLVFRVLW\ YHUVXYV

VROLG OLTXLG VXVSHQVLRQ

,Q RUGHU WR H[SODLQ WKH EHKDYLRXU LOOXVWUDWHG LQ

VROLG SDUWLFOHV PXVW EH FRQVLGHUHG J)LUVWO\ WKH



YLVFRXV IRUFHV DFWLQJ RQ WKH SDUWLFOHV 7KHVH IRUF
YHORFLW\ GLITHUHQFH EHWZHHQ WKH SDUWLFOH DQG WKH
LV WKH %URZQLDQ UDQGRPLVLQJ IRUFH )LQDOO\ WKHUH
LQWHUDFWLRQ RI SDUWLFOHVY VXFK DV HOHFWURVWDWLF

IRQGRQ GLVSHUVLRQ IRUFHYV

7TKXV ZKHQ D FRQFHQWUDWHG VXVSHQVLRQ IORZV DW YH
PRYH DURXQG LQWHUDFWLQJ RIWHQ ZLWK RQH RWKHU $V L
PRYHPHQW RI WKH SDUWLFOHV WKH YLVFRVLW\ LV KLJK %
ORZ YDOXHV RI VKHDU UDWH DQG LV DEOH WR UHVWRUH
WKHUHIRUH WKH YLVFRVLW\ UHPDLQV FRQVWDQW $W KLJ
SDUWLFOHV LV QRW UHVWRUHG E\ %URZQLDQ PRWLRQ +RZt
WKH SDUWLFOHV WR PRYH SDVW HDFK RWKHU PRUH IUHHO
WKRXJKW WKDW WKH YLVFRVLW\ IDOOV WR D PLQLPXP YDOX
VHSDUDWHG E\ OD\HUV RI GLVSHUVLRQ PHGLXP 1 $W VX

OD\HUV FDQ EH GLVUXSWHG DQG WKH YLVFRVLW\ ULVHV DJCLC

7KH KDUG VSKHUH PRGHO
7KH UHODWLRQVKLS EHWZHHQ WKH FRQFHQWUDWLRQ RU Y
RlI XQLIRUP SDUWLFOHYV DQG WKH VKHDU YLVFRVLW\ LV H[SL

YLVFRVLW\ HTXDWLRQ

2 A (TXDWLRQ

ZKHWAY WKH VKHDU YLVFRVLW\ 7@V LV WKH VKHDU YLVFR
YROXPH IUDFWLRQ RI WKH VXVSHQGHG SKDVH ¢ ,Q RUG
VXVSHQVLRQ LV DVVXPHG WR EH DW LQILQLWH GLOXWLRQ

LOQWHUDFWLRQV QHHG WR EH FRQVLGHUHG DQG WKH QHHG



SXW WR RQH VLGH )XUWKHUPRUH WKH SDUWLFOHV DUH
LOQOWHUSDUWLFOH IRUFHY RI DWWUDFWLRQ RU UHSXOVLRQ
VWULFWO\ YDOLG RQO\ DW LQILQLWH GLOXWLRQ WKH UHC

YROXPH IUDFWDIORQY RI DERXW

$W KLIKHU FRQFHQWUDWLRQV WKH HIIHFW RI SDLUV RI S
FRQVLGHUHG $V WKLV HIIHFW LV D IXQFWLRQ RI WKH VTX
FRUUHFWLRQ WHUP VENMR®REHN DRE@GHG WR (TXDWLRQ &D
FRHIILFLHQW LQYROYHV FRQVLGHUDWLRQ RI QRW RQO\ K\G
IRUFHY 7KH VROXWLRQ IRU ORZ VKHDU UDWH FRQGLWLR

DPHQGHG H[SUHVVLRQ LV XVDEOH XBaWR YROXPH IUDFWLRC

2Q UDLVLQJ WKH FRQFHQWUDWLRQ IXUWKHU WKUHH ZD\ SLC
+RZHYHU GXH WR WKH PDWKHPDWLFDO FRPSOH[LW\ RI WK
FRHIILFLHQWWWRUP WMHY WM EHHQ FDOFXODWHG (YHQ OHVV
WHUPY 7KHUHIRUH UHOLDQFH LV SODFHG RQ D PXOWLWX

HTXDWLRQV IRUPXODWHG WR UHSUHVHQW WKH EHKDYLRXU

7KH FRQFHSW RI IUHH YROXPH LQ UHODWLRQ WR D VXVSHC
S5RELQVRQ 7KLV ZDV IXUWKHU GHYHORSHG E\ ORRQH\ ZKI
DGGLQJ VSKHUHV WR DQ H[LVWLQJ GLVSHUVLRQ RI LGHQWL
DPRXQW RI GLVSHUVLRQ PHGLXP .ULHJHU DQG 'RXJKHUMW

IRUP RI WKH UHODWLRQVKLS GHULYHG E\ ORRQH\ ¢ 7KLV |

=~ >QOF
-/ Z (TXDWLRQ
oV



ZKHUH >U_@ LV WKH LQWULQVLF YLVFRVLW\ DQG MF LV WK
YLVFRVLW\ LV WKH OLPLW RI &Q U_V U_V”A DV -4 7KH YDO
V\VWHP DQG DV LV WKH FDVH LQ WKH (TXDWLRQ HT
SDUWLFOHV 7KH FULWLFDO SDFNLQJ IUDFWLRQ LV WKH YRC
ZKLFK WKH SDUWLFOHYV DUH LQ FRQWLQXRXV WKUHH GLPHC
PRUH UHFHQW GHULYDWLRQ RI (TXDWLRQ ZDV DFFk

WHFKQLTXH

7KHUH DUH D KRVW RI RWKHU HTXDWLRQV WKDW KDYH
VXVSHQVLRQV KRZHYHU (TXDWLRQ LV IRXQG WR PRGI
VKHDU UDWHYV 7KLV LV DFFRPSOLVKHG E\ DOORZLQJ WKH
FULWLFDO SDFNLQJ IUDFWLRQ WR YDU\ ZLWK WKH VKHDU
DFFRXQWHG IRU E\ D IORZ WKDW EULQJY DERXW D PRUH IL

SDUWLFOHV WR JOLGH SDVW RQH DQRWKHU PRUH HDVLO\

BWHULFDOO\ DQG HOHFWURVWDWLFDOO\ VWDELOLVHG
7KH UKHRORJ\ Rl VWHULFDOO\ VWDELOLVHG GLVSHUVLRQV 1
FRQVWDQW ZKHUH WKH DGVRUEHG OD\HU LV VPDOO UHOD
WKDW RI KDUG VSKHUHV 7KH HIIHFWLYH YROXPH IUDFWLR
E\ WKH RULJLQDO SDUWLFOH DQG WKH FRQWULEXWLRQ R
(TXDWLRQ

(TXDWLRQ

ZKHUH D LV WKH SDUWLVOWKUD @IKAVNDHPHEFY RI WKH DGVFE
9LVFRHODVWLFLW\ FDQ KRZHYHU EH VHHQ DW KLJK FRQFH

RU SHQHWUDWLRQ RI WKH DGVRUEHG OD\HUYV



$Q LPSRUWDQW IDFWRU WR FRQVLGHU IRU HOHFWURVWDW
QRQ DTXHRXV GLVSHUVLRQV LV WKH HOHFWURO\WH FRQFH
KDV D GUDPDWLF HIIHFW RQ WKH UKHRORJ\ $W YHU\ KL
LOWHUSDUWLFOH FRXORPELF IRUFHV DUH ZHOO VFUHHQH

EHKDYLRXU $W YHU\ ORZ FRQFHQWUDWLRQV WKH VXVSHQV

,Q DGGLWLRQ WKUHH SKHQRPHQD DVVRFLDWHG ZLWK HOH
NQRZQ DV WKH HOHFWURYLVFRXV HIIHFWV KDYH EHHQ L
PHDVXUHG YLVFRVLW\ $SSOLFDWLRQ RI D VWUHVV WR D \
RI WKH GRXEOH OD\HU DURXQG WKH SDUWLFOHYV 7KH UH'
YLVFRVLW\ RI WKH VXVSHQVLRQ 7KLV LV WKH SULPDU\ H(
UHSXOVLYH HIIHFWYVY EHWZHHQ SDUWLFOHY LQFUHDVH WKH
LV WR DOWHU WKH YLVFRVLW\ RI WKH VXVSHQVLRQ E\ XS V
VHFRQGDU\ HOHFWURYLVFRXV HIIHFW ,Q WKH SUHVHQFH
WKLFNQHVYVY RI WKH VWDELOLVLQJ OD\HU FDQ H[SDQG DQG F
RU S+ DIIHFWLQJ WKH RYHUDOO YLVFRVLW\ RI WKH VX!

HOHFWURYLVFRXV HIIHFW

3RO\PHU SODVWLFLVHU LQWHUDFWLRQV
,Q RUGHU WR LGHQWLI\ FULWHULD IRU SUHYHQWLQJ SUF
GHVFULELQJ WKH QDWXUH DQG VWUHQJIJWK RI WKH SRO\PH
GHYHORSHG 7KH PRGHOV PXVW DFFRXQW IRU WKH SUHVHC

FURVVOLQNV ZLWKLQ WKH SRO\PHU SDUWLFOHYV

7KH ULJLGLW\ RI KDUG WKHUPRSODVWLF SRO\PHUV LV DV
YDOHQF\ IRUFHV EHWZHHQ WKH PDFURPROHFXOHV 7KH VH
IRUP RI YDQ GHU :DDOV IRUFHV DQG K\GURJHQ ERQGLQ
QHXWUDOLVHV WKH VLWHV RI VHFRQGDU\ YDOHQF\ KROGLC

VHSDUDWHY WKHP 7KLV DIIRUGY WKH FKDLQVY DQ LQFUHDYV



WH SRO\PHU EHFRPHV VRIWHU DQG PRUH IOH[LEOH 7KF

SODVWLFLVDWLRQ IDOOV ZLWKLQ WKH IUDPHZRUN RI WKH W

7KH ILUVW VWDJH RI WKH GLVFXVVLRQ FRQVLGHUV WKH W
FU\VWDOOLQH DQG FU\WVWDOOLQH SRO\PHUV 7KH WKHRU\
SRO\PHU ZLWK FRYDOHQW FURVVOLQNV )LQDOO\ D WKHU
SUHGLFWLQJ D QRYHO URXWH WR FRQWUROOLQJ SODVWLVI
SRO\PHU VZHOOLQJ

7KH WKHUPRG\QDPLFV RI SRO\PHU VROXWLRQV QRQ FI
SRO\PHUYV
KHQ D SRO\PHU LV GLVVROYHG LQ D VROYHQW WKHUH LV
ODUJH QXPEHU RI SRVVLEOH FRQILIXUDWLRQV WKDW WKH
VROXWLRQ $ TXDQWLWDWLYH GHVFULSWLRQ RI WKH EHKD"

OLTXLG ODWWLFH PRGHO ZDV GHYHORSHG E\ )ORU\ DQG +X

'"HULYDWLRQ RI WKH HQWURS\ RI PL[LQJ
,Q RUGHU WR FDOFXODWH WKH WRWDO FRQILIJXUDWLRQDO
WKH VWDUWLQJ SRLQW SXUH VROYHQW DQG D SXUH SHU
PROHFXOHY DUH DGGHG VXFFHVVLYHO\ WR HDOONWWHRH KR Q
DQ& MUH WKH QXPEHUV RI VROYHQW DQG VROXWH PROHFXC
VHIPHQWY HDFK RI HTXDO VL]H WR D VROYHQW PROHFXOH
VWUXFWXUDO XQLW \'' LV WKHUHIRUH WKH PRODU UDWLR |
HDFK FHOO FDQ DFFRPRGDWH HLWKHU RQH VROYHQW PRC
QXPEHU RI FKDLQV KDYH DOUHDG\ EHHQ DGGHG WR WKH (
YDFDQW FHOOV LQ ZKLFK WR SODFH WKH ILUVW VHIPHQW I
FRRUGLQDWLRQ QXPEHU ZKLFK FDQ UDQJH IURP VL[ WR WZ
WKLV PROHFXOH FDQ EH SODFHG LQ DQ\ RQH RI WKH ] DGM

RFFXSLHG E\ VHIPHQWY IURP WKH SUHYLRXV L PROHFXOHV



FFMOODGMDFHQW WR WKH YDFDQW FHOO WR EH RFFXSLHG E\
IM WKHQ WKH H[SHFWHG QXPEHU RI DYDLODEOH FHOOV IRU
JRU WKH WKLUG VHIJPHQW WKH QXPEHU RI YDFDQW FHOOV
FHOOV ZLOO DOUHDG\ EH RFFXSLHG E\ WKH ILUVW VHIJPHQW
QXPEHU RI YDFDQW FHOOV FDQUDOVRMEHGIWDNBRQUGNQJ] \
FRPSDUDWLYHO\ IHZ RFFDVLRQV RQ ZKLFK D FHOO ZLOO EH
WKH SUHFHHGLQJ RQH RI WKH VDPH FKDLQ +HQFH WKH QX

DYDLODEOH WR WKH PROHFXOH LV

YEU QR \2]] ! IM ! (TXDWLRQ

7TKH QXPEHU RI ZDVY\G LIQHAUKHLFW BROHFXOHV FDQ EH DUUDQJH
?2YL (TXDWLRQ
L

+RZHYHU LI WKH PROHFXOHYVY DUH LGHQWIURD O GEHG WAKRH \WRKI

ODWWLFH LV XQLPSRUWDQW

| >Y A
RU
Q
4 @ ¥ (TXDWLRQ
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ZKHUH 2 LV WKH QXPEHWRHW WU \R ILQFRIQOVFHKFQWLYHO\ DGMDF |
FKRVHQ IURP WKH ODWWLFH | IKIHDDFHHQ® JAK RIYSHF @ WQWED Q G

RFFXSLHG LV HTXDO WR WKH IUDFWLRQ RI DOO FHOOV RFFX

T Q\L QF (TXDWLRQ



7KH YDOXH RI ZLOIO (&4H OMR/ WWKDDQGGHG UHVWUDLQW WKDYV
VHIPHQW RFFXSLHVY D FHOO FDQQRW KDYH DQ DGMDFHQW
RFFXSDWLRQ RI D QHLJKERXULQJ FHOO DOUHDG\ DVFHUWD

(TXDWLRQ LV VXEVWLWXWHG IRU 4 LQ (TXDWLRQ

OM LT \L \> ] uQ @\ (TXDWLRQ

$V IRU ODUJH YDOXHV RI QR

©R \L9
OR\

Q ‘Lo

HTXDWLRQ PD\ EH DSSUR[LPDWHG E\

Y U “TQ \L T >QL @ >]eU QITX@WLRQ

BXEVWLWXWLRQ RI (TXDWLRQ LQWR (TXDWLRQ \

IROORZLQJ VWHSYV

Y T Q\>L g@\L@Q>T @® Q

KHQFH

D
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2Q FDQFHOOLQJ WHUPYV

4 01?2 0Q$QL\ (TXDWLRQ

A
Q ® \Q
7KH FRQILIXUDWLRQDO HQWURS\ RI PL[LQJ RUGHUHG SXUH
%ROW]PDQQ V HTXDWLRQ 6F N OQ 4 ZKHUH N LV WKH %RO
RI (TXDWLRQ LQWR WKH %ROW]PDQQ H[SUHVVLRQ W

LOWURGXFWLRQ RI 6WLUOLQJ V DSSUR[LPDWLRQ



BWLUOLQJ 1 L1 1H1
RU ,Q1 10Q1 1 O0Q U1
ZKLFK IRU ODUJH 1 UHGXFHV WR ,Q1 (®XDOWQRQ1

7DNLQJ QDWXUDO ORJV RI (TXDWLRQ

,Q4 OQA OQA \Q 0Q Q Q \ 0 0Q>] A@

2Q VXEVWLWXWLQJ (TXDWLRQ DQG FROOHFWLQJ WH
0Q2 QA A \Q 0Q Q 1\Q QOQ Qo 1R O\ Q
2Q VXEVWLWXWLQJ A Q \Q DQG UA 1\Q Q  LQ RUG

PXOWLSOHV RI ORJeWHM®\W HQG XVLQJ

Q4 @ ?20° Q0 Q WOQ>QOH@
o \Q . Q?\0L

+HQFH

Q

\0 O "
,QQ[\Q Q Qv ] "@

oF nrogfhy

(TXDWLRQ
7KH FRQILJXUDWLRQDO HQWURS\ RI PL[LQJ FDQ EH FRQV
GLVRULHQWDWLRQ RI WKH SRO\PHU PROHFXOHV DQG WK

PROHFXOHY 7KH IRUPHU LV JLYHQ ZKHQ QM

$6GLVRULHQWDWLRQ NQ "OQ\ \ O 0Q>] H@"



$VVXPLQJ \' LV ODUJH DOORZLQJ WKH ILUVW WHUP RQ WKH |
PLILQJ RI GLVRULHQWDWHG SRO\PHU PROHFXOHVY REWDLQH

IURP (TXDWLRQ LV JLYHQ E\

$6p 2 NWQMEPQMM @Q (TXDWLRQ

ZKHUH D@Q&%DUH WKH YROXPH IUDFWLRQV RI WKH VROYHQW
&RQWULEXWLRQV WR WKH HQWURS\ IURP VSHFLILF LQWHUDI

KDV QRW EHHQ FRQVLGHUHG

7KH IRUHPRVW DVVXPSWLRQ LPSOLFLW LQ WKLV GHULYDWL
VROYHQW DQG VROXWH 7KLV DVVXPHV WKDW WKH FRRUGL!
VSHFLHV ZKLFK LV XQOLNHO\ 7KH OLPLWDWLRQ RI WKLV WU
IRU FRQFHQWUDWHG VROXWLRQV 7KLV FRPHV RXW RI WKH
PROHFXOHV DGGHG SUHYLRXVO\ DUH UDQGRPO\ GLVWULEX
RFFXU LQ IDFW LQ VHTXHQFHV RI\ FRQVHFXWLYHO\ DGMD
WKH SRO\PHU FKDLQV ZLOO EH LQWHUWZLQHG DQG WKH D
FROQFHQWUDWLRQV WKH SRO\PHU FKDLQV ZLOO EH LVRODW

DQG WKH GLVWULEXWLRQ RI FKDLQ VHIPHQWY ZLOO EH QRQ

'"HULYDWLRQ RI WKH KHDW DQG IUHH HQHUJ\ RI PL[LQ
"HULYDWLRQ RI WKH KHDW RI HQHUJ\ RI PL[LQJ UHDOO\ LQY
EHWZHHQ WKH WRWDO HQHUJ\ RI LOQWHUDFWLRQ EHWZHHC
FRPSRQHQWY 7KH IRUFHV RI LOQOWHUDFWLRQ EHWZHHQ XQFI
ZLWK GLVWDQFH VXFK WKDW FRQVLGHUDWLRQ QHHG RQO\ E
QHLJKERXU PROHFXOHVY 7KUHH W\SHV RI ILUVW QHLJKERXL
VROYHQW PROHFXOHV DQG SRO\PHU VHIJPHQWV WKRVH E
GHVLI QDU @HGVKRVH EHWZHHQ WZR SRO\RN@ VIHIEG HRQKRNV B H\

EHWZHHQ D VROYHQW PROHFXOH DQG D SRO\PHU VHJPHQW



WROXWLRQ ZKLFK RFFXUV E\ FUHDWLRQ RI LQWHUDFWLRQV

WKH WZR IRUPHU FDQ WKHUHIRUH EH VXPPDULVHG E\ WKH |

o > @ o > @ > @ (TXDWLRAQ

1 WKH WHUPV Z@vbudl® DWAJDOHG WR UHSUHVHQW WKH HQ
HDFK LQWHUBRWOR®@® HWKWJI\ IRU IRUMBWLRQYHRIDBWLRQ XV
(TXDWLRQ LV

$Zv zZv O zZQ zZ (TXDWLRQ

, Il TRU D SDUWLFXODU DUUDQJHPHW®MNML KRV RRADPOADCHVFWR Q WIDHF

WKH KHDW RI IRUPDWLRQ IRU WKDW DUUDQJHPHQW LV

$+0 $ARV (TXDWLRQ

7KH SUREDELOLW\ WKDW DQ DGMDFHQW VLWH WR D SRO\P}
PROHFXOH LV HTXDO WR WKH VLWH IUDFWLRQ ZKLFK LV Gl
WR VROYHQW PROHFXOHV GLYLGHG E\ WKH WRWDO QXPEHU
SRO\PHU PROHFXOHV 7KH WRWDO QXPEHU RI FRQWDFWYV EI

LWV ILUVW RUGHU W&EHIKERXUY YMIJPHQW SOXV WZR PRUH

VHIPHQWY ZKLFK PDNHV D WRWDO RI ] \ TKXV WKH \
1Q "le@ >1 \ @Q° (TXDWLRQ
ZKLFK IRU ODUJH YDOXHV RI'] DSSURDFKHVY M 7KHUHIRUH

VLWH WR D SRO\PHU VHIJPHQW LV RFFXSLHG E\ D VROYHQW
QXPEHU RI FRQWDFWY EHWZHHQ D SRO\PHU PROHFXOH DQG

\ ZKLFK IRU ODUJH ] FDQ EH DSSUR[LPDWHG E\ ]\ 7KHL



3M IRU D VROXWLRQ RI D JLYHQ FIRMSRVIKWHRHDW JRQ PL[LQ.

VROYHQW DQG SRO\PHU OLTXLGV LV

$+p ]$ZAQ A (TXDWLRQ
1 (TXDWLRQ LV UHFDVW LQ DQRWKHU IRUP

$+p N7[L Q@I (TXDWLRQ
ZKHUH

: 1$Z N7 (TXDWLRQ

'Q LV D GLPHQVLRQOHVV TXDQWLW\ NQRZQ DV WKH )ORU\
UHSUHVHQWY WKH LQWHUDFWLRQ HQHUJ\ SHWVNVROYHQW
WKHUHIRUH WKH GLIIHUHQFH LQ HQHUJ\ EHWZHHQ D VRO
SRO\PHWUU MQG RQH LPPHUVHG LQ SXUH VROYHQW

'"HULYDWLRQ RI WKH FRQILIJIXUDWLRQDO HQWURS\ LV JLYHQ
DQ DGGLWLRQDO FRQWULEXWLRQ WR WKH HQWURS\ DV D U
VROYHQW DQG SRO\PHU VHIJPHQWY LQ VROXWLRQ ZKLFK GL
D UHVXOW RI ILUVW QHLJKERXU LQWHUDFWLRQYV 7KH HQW
FROQYHUWLQJ SXUH VROYHQW DQG SXUH SRO\PHU VHJIJPHQW

VHIPHQW SDLUV 7KLV LV FDOOHG WKH VWDQGDUG VWDWH

7KH VWDQGDUG VWDWH HQWURS\ FKDQJH LV OLNH WKH H
QXPEHU RI XQOLNH SDLU FRQWDFWYV > @ FUHDWHG LQ VR

IRUPDWLRQ RI DQ WRDQ NWKSNIHURIFH EH WKRXJKW WR FRPSI



WSUHVHQWLQJ WKH FKDQJH LQ HQWKDOS\ DQG RQH WKH

FKDQJH LQ HQWURS\ 7KHUHIRUH

$zuv $ZK 7872V (TXDWLRQ

7KH SDuUDPQZWOO WKHUHIRUH FRPSULVH DQ HQWURS\ FRQW
ZHOO DV DQ HQWKDOS\ FRQWULEXWLRQ GLYL®RH®M®™ E\ N7 I
VKRXOG EH FRQVLGHUHG DV D VWDQGDUG VWDWH IUHH HQF
RI PL[LQJ 7KH H[SUHVVLRQ GHULYHG IRU $+0 LV DIIHFWHG
FRQILIXUDWLRQDO FKDQJH LQ HQWURS\ LQ WKDW LW LV L
VROXWLRQV LQ SUDFWLVH WKH H[SUHVVLRQ LV YDOLG DW
VHYHUDO SHUFHQW IRU D PROHFXODU ZHLJKW R A
VLWH DGMDFHQW WR D SRO\PHU VHIJPHQW LV HTXDO WR WE

UDQGRP PL[LQJ

7KH WRWDO IUHH HQHUJ\ FKDQJH RI PL[LQJ FRQVLVWV RI

PLI[LQJ SOXV WKH VWDQGDUG VWDWH IUHH HQHUJ\ FKDQJH

$*p N7TMQMQQFMA@X Q @ (TXDWLRQ

7KH FKHPLFDO SRWHQWLDO
ORUH XVXDOO\ (TXDWLRQ LV H[SUHVVHG LQ WHUPV RI
RU FKHPLFDO SRWHQWLDOV S RI' WKH VROYHQW DQG S
GLITHUHQWLDWLQJ WKH ITUHH HQHUJ\ RI PL[LQJ ZLWK UH)\
PROHFXOHV RU SRO\PHU FKDLQV EHDULQJ LQ PLQG WKDW W
WKH QXPEHU RI VROYHQW PROHFXOHV RU SRO\PHU FKDLQV

$YRIJDGUR V QXPEHU



WIL QM ULM \Q (TXDWLRQ D

W \@ QL \0Q (TXDWLRQ E

8VLQJ WKH SURGXFW UXOH

$ oy GF D pPEE D (r1xDwWLROQ
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GJ
GQ

DQG WKHQ
GJ GQM W! 00Q O Q- (TXDWLRQ

7KXV WKH H[SUHVVLRQ IRU WKH FKDQJH LQ FKHPLFDO SRW

JLYHQ DV

oL a 0f? 5 .QI [ Il XW (TXDWLRQ

ZKHUH JL LV WKH FKHPLFDO SRWHQWLDOLWR IWKKHFYXR B IYHIO
SRWHQWLDO RI WKH SXUH VROYHQW 7KH FKHPLFDO SRWHC

VLPLODU PDQQHU DQG LV JLYHQ DV

(TXDWLRQ

ZKHUWLY WKH FKHPLFDO SRWHQWLDO RI WKH SRO\PHU LQ

FKHPLFDO SRWHQWLDO RI WKH SXUH OLTXLG SRO\PHU

JURP H[SHULPHQW LW LV IRXQG WKDW WKKBZER®VWDQF
FRQFHQWUDWLRQ LQ WKH IUHH HQHUJ\ H[SUHVVLRQ LV FRC
DV UXEEHU LQ EHQ]JHQH EXW ZLWK V\WWHPV ZKHUH HLWKH
FRQWDLQV GLSROHV WKH SDUDPHWHU YDULHV ZLWK FRQFF
GRHV JLYH D VHPL TXDQWLWDWLYH DSSUR[LPDWLRQ IRU

SDUDPHWHU



] WKH SRO\PHU DQG VROYHQW DUH QRW FRPSOHWHO\ PLVFL
WDNH SODFH 7KH FRQGLWLRQV IRU LQFRPSOHWH PLVFLELO
FDQ EH GHILQHG E\ VWLSXODWLQJ HTXDOLW\ RI WKH FKHP
(TXDWLRQ GHILQHV WKH FKHPLFDO SRWHQWLDO HQHUJ
WKH YROXPH IUDFWLRQ RI SRO\PHU $V WKLV HTXDWLRQ KD
FROQOFHQWUDWLRQVY DW ZKLFK WKH DERYH FRQGLWLRQV DU
SRWHQWLDO HQHUJ\ FKDQJH RI WKH VROYHQW YHUVXV WKH
WKHUHIRUH SDVV WKURXJK D PLQLPXP 'H[SHQE&HQBXRY HVKH
FDQ DOVR SDVV WKURXJK D PD[LPXP )RU FRPSOHWH PLVFL
LQFUHDVH LQ WKH SRO\PHU FRPSRVLWLRQ 7KHUHIRUH W
VHSDUDWLRQ RFFXUV PXVW EH DW WKH SRLQW DW ZKLFK W
LQIOHFWLRQ LQ EHWZHHQ ILUVW DSSHDU RU ZKHQ WKH\ |

SKDVH VHSDUDWLRQ DUH

GJ@ G MT 73FKDUDFWHULVWLF RI D PD[LPXP RU PLQLP:

GSMGMT 7 FKDUDFWHULVWLF RI DQ LQIOHFWLRQ

$SSOLFDWLRQ RI WKHVH FRQGLWLRQV WR (TXDWLRQ D

I vy | (TXDWLRQ D

23y V [ UV
TXDWLRQ E

2Q VXEVWLWWWWA QXY LOWR (TXDWLRQ D LOQVRUGHU WR }

X\ \j (TXDWLRQ

ZKHUH WKH VXEVFULSW F GHQRWHV WKH PRPHQW RI| SKD\

(TXDWLRQ LOQWR WKH (TXDWLRQ E



DM \ \

ZKLFK IRU ODUJH \ UHGXFHV WR

 LVF a ay \ (TXDWLRQ

TKXWN H[FHHGV E\ D VPDOO DPRXQW DW ILQLWH FKDLQ O
PROHFXODU ZHLJKW

JRU SDUWLDOO\ FU\VWDOOLQH SRO\PHUV VSRQWDQHRXV W
LOQWR D SRO\PHU VROXWLRQ UHTXLUHV WKDW WKH VXP RI W
VROXWLRQ EH HTXDO WR J]HUR RU EH QHJDWLYH 7KLV (

(TXDWLRQ

$+ 57 >QM \ [ Q 1@ ?(TXDWLRQ

ZKHUH $+1 LV WKH HQWKDOS\ RI IXVLRQ DQG 7PS LV WKH PH
OHIW KDQG VLGH RI WKH H[SUHVVLRQ UHSUHVHQWYVY WKH I
WHUP WKH IUHH HQHUJ\ RI PL[LQJ 7KH ODWWHU LV REWD

DVVXPHG WKDW WKH HQWKDOS\ RI PHOWLQJ GRHV QRW YDU

7KH WKHUPRG\QDPLFV RI WKH VZHOOLQJ RI HODVWRPH
$ WUHDWPHQW RI WKH WKHUPRG\QDPLFV RI QHWZRUN VZHC

WKHUPRG\QDPLFV RI UXEEHU HODVWLFLW\



7KH VWDWLVWLFDO WKHRU\ RI UXEEHU HODVWLFLW\
,Q D SRO\PHU QHWZRUN WKH FKDLQV FUHDWHG E\ FURVV O
FRQILIXUDWLRQ ZKLFK FDQ EH GHVFULEHG E\ D *DXVVLDQ |
RI WKH FRQILIJXUDWLRQV RI D I[UHHO\ MRLQWHG FKDLQ , (
FRQVLVWY RI Q OLQNDJHV ZKWKBVQ DVHODBOH WR QHRM DWKH
GLUHFWLRQ ,1 RQH HQG RI WKH FKDLQ LV DW WKH RULJLQ
FKDLQ LQ RQH GLPHQVLRQ IRU H[DPSOH DORQJ WKH [ D[LV
VTXDUH RI WKH ERQG YHFWRU DORQJ WKH [ D[LV DQG WKH
RU QHIJDWLYH GLUHFWLRQ 7KH FDOFXODWLRQ RI WKH SUR

HLWKHU WKH SRVLWLYH RU QHIJDWLYH GLUHFWLRQV JLYHQ

[ G[ [SYH[SWV G| (TXDWLRQ
ZKHUH " 2 7KH PRVW SUREDEOH YDOXH RI [ LV DW |
IXQFWLRQ : [ GHFUHDVHV )RU ODUJH YDOXHV RI Q DQG IF
DQG : ] DUH LQGHSHQGHQW RI HDFK RWKHU WKXV
[\] G[G\G] :[:\:]G[G\G]
W [S UB G[G\G] (TXDWLRQ

ZKHUH U LV WKH PDJQLWXGH RI WKH YHFWRWEWWZHHQ WK
\v ] [ V] UHSUHVHQWYV WKH GHQVLW\ RI GLVWULEXWLR
WKH HQG IL[HG DW WKH RULJLQ RU WKH SUREDELOLW\ SHU
HQG DW [ \ ] $OWKRXJK OLPLWHG WR VPDOO H[WHQVLRQ\
DFFHSWDEOH IRU XVH LQ WKH WUHDWPHQW RI UXEEHU H
UHVWULFWLRQV DUH DFFRPPRGDWHG E\ DOWHULQJ WKH SD

RI WKH GLVWULEXWLRQ



] D WHWUDIXQFWLRQDO SRO\PHU QHWZRUN LV GHIRUPHG
vVSDWLDO DUUDQJHPHQW RI WKH QHWZRUN MXQFWLRQV P
PDFURVFRSLF GHIRUPDWLRQ DQ DIILQH WUDQVIRUPDWLRQ
GLPHQVLRQV FDQ EH H[SUHVVHG LQ WHUPV RI WKH GHIRU
SRO\PHU FKDLQ L ZLWK FKDLQ HQG FRPSRQHQWY DIWHU GH
FKDLQ HQG ORFDWHG DW WKH RULJLQ PXVW KDYH KDG FRP
GHIRUPDWLRQ 7TKH QXPEHU RI FKDLQV ZLWK VSHFLILHG

GHIRUPDWLRQ LV JLYHQ E\

X [ A] X: [ D[\ D\] D] G[G\G] D[D\D]

2Q VXEVWLWXWLRQ RI (M XOWWRQ\>Iv PDPOQG U

X M\L= [UTH[S™"S[LED \>D |LW G[G\G] D[D\D]
(TXDWLRQ

7KH GHIRUPDWLRQ RI WKH SRO\PHU QHWZRUN ZKHQ FRQV
ZLWKRXW D VLJQLILFDQW FKDQJH LQ WKH LQWHUQDO HQHU.
WKH VXP Rl WKH WKHUPDO HQHUJ\ DGGHG DQG ZRUN GRQ}
IUHH HQHUJ\ $*HO FDQ EH HTXDWHG E\ 7$6FO ZKHUH $6
DFFRPSDQ\LQJ GHIRUPDWLRQ 7KLV HQWURS\ FKDQJH LV
FRQILJXUDWLRQDO HQWURS\ FKDQJH LQYROYHG RQ IRUPDYV
VXEWUDFWLQJ WKDW LQYROYHG RQ IRUPDWLRQ Rl WKH XQ¢
,Q RUGHU WR SHUIRUP WKH IRUPHU FDOFXODWLRQ WKH

FKDLQV FDQ DVVXPH PXVW EH NQRZQ 7KH\ DUH D IXQFWLR

E\ (TXDWLRQ DQG WKH QXPEHU RI FRPELQDWLRQV R ¢

7KH SUREDELOLW\ WKDW D JLYHQ FKDLQ KDV WKH VSDWLD¢

UDQJH G[ G\ G] LV JLYHQ E\ (TXDWLRQ



& :[\] G[G\G] (TDXWLRQ

7KH SUREDELOLW\ WKDW HDFK RI WKH Y FKDLQV LQ WKH QtF

LV WKH SURGXFW RI F2M %\ JURXSLQJ WRJIJHWKHU WKRVH Fk

6LQFH DOO WKH FKDLQV DUH LGHQWLFDO WKH QXPEHU RI F

Q YLQ9 (TXDWLRQ
LO. E

2Q WDNLQJ QDWXUDO ORJDULWKPV DQG LOQOWURGXFLQJ 6WL!

0oQ 1 10Q 1 1
,Q 4 YLYQY A Y>, FRL 00 @
,Q 2 YLQ YA ¥, &R Y OU
$V Y Y
,Q 4 ,QYY ... .>0Q0 ., QY @
2
, Q4 Y., Q (TXDWLRQ
9
2Q VXEVWLWXWLRQ RI (TXDWLRQ LQWR (TXDWLRQ

RI WKH HTXDWLRQ ZLWK (TXDWLRQ

OQFR X8M 3>M O D] \ O D\ ] O [ (

2Q VXEVWLWXWLRQ RI WKLV H[SUHVVLRQ DQG (TXDWLRQ

WKH VXPPDWLRQV ZLWK LQWHJUDWLRQV DQG RPLWWLQJ WK



@ 4M YI " ¢b [D@D> ]- -H[S" 7 \W © - \' WI\ ]

RR

;M\ >[ O D \ O D\ = O DG[G\G]1@ 0Q D
(TXDWLRQ

$IWHU LQWHJUDWLRQ
0Q4 > RO\ BV OQ D[D\D] @ (TXDWLRQ
7KH OLNHOLKRRG WKDW RQH RI WKH JLYHQ Y XQLWV VDPH

IRU FURVYV OLQNLQJ KDV D VLPLODU\9X ®IOAM DLEH QWK HW R R DW F

Y 99 ZKHUH 9 LV WKH WRWDO YROXPH 7KH OLNHOLK
VLPLODUO\ SDLUHG ITURP WKH UHPDLQLQJ Y XQLWV LV Y
WKDW DOO RI WKH XQLWY DUH SDLUHG LV

4 Y O Y —V X9 9 9 X

, QDWXUDO ORJDULWKPV RI WKH DERYH H[SUHVVLRQ DUH V

ZKHUHLY WKH YROXPH RI WKH XQGHIRUPHG VDPSOH

QN X OQ FW[2/JURW] FRQVWDXQDWLRQ

BXEVWLWXWLRQ RI (TXDWLRQ DQG (TXDWLRQ LQW

6 N ,Q 4 W ,Q 4
6 FRQVWDQWYV M\XHev >D OQ D[D\D] @



ZKHUH Y KDV EHHQ UHSODFHG E\ XH WKH HIIHFWLYH QXPE
QHWZRUN D ILQLWH QHWZRUN 7TKH HQWURS\ FKDQJH LV R

RI 'lRUPDWLRQ RI DQ XQGHIRUPHWG QHWZRUN D[ D\ D]

$6 NXHBv BD I[ev OQ DID\D @ (TXDWLRQ

7KH SDUDPHWHU 3 GRHV QRW DSSHDU LQ WKLV ILQDO HTXD'

WKLY SDUDPHWHU IRU FKDLQV WKDW DUH UHVWULFWHG GR

1HWZRUN VZHOOLQJ
, I D JRRG VROYHQW LV DGGHG WR D SRO\PHU SRVVHVVLQJ
RFFXUV DV WKH VROYHQW PL[HV ZLWK WKH SRO\PHU WR |
VZHOOV WKH SRO\PHU FKDLQV EHWZHHQ WKH QHWZRUN
VWUDLIJKWHQHG RXW SURYLGLQJ DQ HODVWLF IRUFH LQ RSES
WZR IRUFHY EDODQFH HDFK RWKHU D VWDWH RI HTXLOLEU
EHHQ GHVFULEHG WKHRUHWLFDOO\ E\ )ORU\ DQG 5HKQHU Zt

DV EHLQJ ERXQG WRJIJHWKHU DW UHSHDWLQJ SRLQWYV ZKLFK

7KH IUHH HQHUJ\ FKDQJH RQ PL[LQJ D SXUH VROYHQW ZLW
SRO\PHULF QHWZRUN FRPSULVHV WKH VXP RI WZR SDUWV
HODVWLF IUHH HQHUJ\ 7KH IUHH HQHUJ\ RI PIMOQXI@& JLYHC

DV WKH SRO\PHU FRPSULVHV D QHWZRUN UDWKHU WKDQ LQ

$*P N71QSQO" @ ;QIIL (TXDWLRQ

7KH FKHPLFDO SRWHQWLDO ZLWK UHVSHFW WR WKH VROYF
L\t



" >0Q 10 | D Q| @ (TXDWLROQ

$V WKH GHIRUPDWLRQ RI WKH SRO\PHU QHWZRUN ZKHQ FR
ZLWKRXW D VLJQLILFDQW FKDQJH LQ WKH LQWHUQDO HQHU.
$*HO FDQ EH HTXDWHG E\ 7$6HO $VVXPLQJ DQ LVRWUR
GLVSODFHPHQW RI WKH QHWZRUN MXQFWLRQV RQ GHIRUPD

WKH OLQHDU GHIRPDWLRQ IDFWRU

(TXDWLRQ

7KH FKHPLFDO SRWHQWLDO ZLWK UHVSHFW WR WKH VROYH(

(TXDWLRQ

ZKHUH 1 LV WKH $YRWGUBZEXREBYGDO DUH WKH YROXPHYV
UHOD[HG DQG VZROOHQ QHWZRUNV UHVSHFWLYHO\ $VVXPL

RQ PL[LQJ

DV 9 9 -1 9 Q9M 1 9

ZKHUH Y LV WKH PRODU YROXPH RI WKH VROYHQW 7KXV

(TXDWLRQ

*LYHQ WKDW

(TXDWLRQ

%\ VXEVWLWXWLQJ (TXDWLRQ DQG (TXDWLRQ LQW



oL o 7 "% A 57A A

9 g fYN: 9 RL- 9 bov DOQ

DQG WKHQ E\ VXEVWLWXWLQJ IRU DV WKH H[SUHVVLRQ IRU

oL a 057" (TXDWLRQ

ZLWK YH H[SUHVVHG LQ PROHVY 7KH RYHUDOO FKDQJH LQ FK

D SRO\PHU QHWZRUN LV WKHQ JLYHQ E\

oL fOL570Q @ o %A W (TxpwLRQ

7KH DFWLYLW\ RI WKH VROYHQW D LV JLYHQ E\ WKH UHC
(TXLOLEULXP VZHOOLQJ LV JLYHQ ZKHQ WKH DFWLYLW\ RI

QHWZRUN JM HTXDWHV WR WKDW RXWVLGH S f L H

«A 9
LA 1! 2 I (TXDWLRQ
9 A

7KH WKHUPRG\QDPLFV RI WKH RVPRWLF OLPLWDWLRQ
$ QRYHO PHWKRG IRU FRQWUROOLQJ WKH GHJUHH RI1 VZHOC
E\ SODVWLFLVHU WKDW OHDGV WR WKH SUHPDWXUH JHOI
GHVFULEHG 7KH PHWKRG LV DSSOLFDEOH WR SRO\PHUV ZL

FURVVOLQNYV

7KH VZHOOLQJ RI FURVVOLQNHG SRO\PHU SDUWLFOHYV LQ V
RI D FRPSRXQG VXFK DV D OLQHDU SRO\PHU WKDW LV H

SKDVH 7KH YROXPH RI VROYHQW GLIIXVLQJ LQWR WKH SR



ROQFHQWUDWLRQ RI WKH VROYHQW VROXEOH FRPSRXQG 7K
WKH )J)ORU\ +XJJLQV DQG )ORU\ 5 HKQHU WKHRULHV LQWURG

UHVSHFWLYHO\

7KH FRQFHSW RI WKH RVPRWLF OLPLWDWLRQ RI VZHOOLQJ
Rl OLQHDU SRO\PHU KDV KRZHY®UWWRNHMNWZ G HKWHARIUEHWA EMHOR
WUHDWPHQWY XVLQJ ERWK FODVVLFDO )ORU\ 5HKQHU DQG
WKH IROORZLQJ WKHRU\ DFFRXQW IRU SDUWLWLRQLQJ RI W
FURVVOLQNHG SRO\PHU SKDVH KDYH EHHQ GHULYHG IRU
LQFRPSDWLEOH ZLWK WKH FURVVOLQNHG SRO\PHUV $Q HIJI
VWXGLHG LQFOXGHV SRO\ VW\UHQH ZLWK VW\UHQH GLYLQ
ODWWHU SRO\ PHWK\O PHWKDFU\ODWH ZLWK FURVVOLQNH
VZHOOLQJ HTXLOLEULD R I VROXWLRQV R I SRO\ HWKN\(
LVRSURS\ODFU\ODPLGH ZKLFK LV DVVRFLDWLYHO\ FURVVO
WKHRUHWLFDO WUHDWPHQW HQFRPSDVVLQJ SRO\HOHFWURC
FURVVOLQNHG SRO\PHU KDV XQWLO QRZ EHHQ VWXGLHG L

VWDELOLVHG VXEPLFURQ VL]HG SDUWLFOHYV

7KH FKDQJH LQ FKHPLFDO SRWHQWLDO RI WKH VROYHQW R

JLYHQ DERYH LQ (TXDWLRQ .l WKH WHUP 0Q O M! L
VHU&HV | VW-l DOO WHUPV\EM\IRORS FADKH EM LJQRUHG IR
YDOXHVYDRIGWTXDWLRQ UHGXFHV WR

oL 57 $ . Q (TXDWLRQ

7KH FKDQJH LQ FKHPLFDO SRWHQWLDO RI WKH VROYHQW 1

FRPSRXQG GHVFULEHG DERYH XVLQJ WKH VDPH DSSURJ[LPDYV



$ $:0 L (TXDWLRQ

ZKHUH M LV WKH YROXPH IUDFWLRQ R WKH WRIKOH HQRUVR O

+XJJLQV LOQOWHUDFWLRQ SDUDPHWHU IRU WKH VROYHQW LQ

7KH HTXLOLEULXP FRQGLWLRQ LV JLYHQ E\ HTXDWLQJ (TXD

7KLV H[SUHVVLRQ LV JLYHQ DV (TXDWLRQ

P
57 9 lar$ a0 WB7 a$ =0Q M As o

9% -? P M
(TXDWLRQ
ZKHUH \ KDV EHHQ UHSODFHG E\ S SL PLP SE S P I
PROHFXODU ZHLJKWV Rl UHVSHFWLYHO\ WKH VROYHQW DQ¢

UHDUUDQJHPHQW

P K (TXDWLRQ

Z K H 94 “ [L ;1Q A Y
T K

7KH WHUP XH9 UHSUHVHQWV WKH GHQVLW\ RI HIITHFWLYH |
SRO\PHU QHWZRUN 7KH UHODWLRQVKLS EHWZHHQ XH DQG
RQ ZKHWKHU WKH FURVV OLQN EHLQJ FRQVLGHUHG LV FRY
FRPSULVLQJ Q% PROHV RI WHWUDIXQFWLRQDO PRQRPHU ¢
PROHFXODU ZHLJKW P$ DQG Q% PROHV RI ELIXQFWLRQDO
PHWKDFU\ODWH RI PROHFXODU ZHLJKW P% ZKHUH HYHU\ $

FURVVOLQN

D3 E Q$S%

5 O $P % %P % (TXDWLRQ



Q (TXDWLRQ S$ LV WKH GHQVLW\ RI PRQRPHU $ DQG
7KH GHQVLW\ RI WKH SRO\PHU LV DVVXPHG WR EH GRPLQDW

IUDFWLRQ [$ Q% Q$ Q% WR HOLPLQDWH Q% OHDGV WR (TX

Y (TXDWLRQ

I P$ P% WKHQ (TXDWLRQ VLPSOLILHVY WR WKH IROOR?Z

(TXDWLRQ

JRU D SRO\PHU ZKHUH PRQRPHU $ LV IRU H[DPSOH PHWKDF
FRQWDLQ YLD H[WHQVLYH K\GURJHQ ERQGLQJ WKHUPDOC
K\GURJHQ ERQG UHTXLUHV WZR PHWKDFU\OLFI9DRIVG PROHF

KDOI WKH YDOXH JLYHQ IRU FRYDOHQW FURVVOLQNYV

(TXDWLRQ KDV EHHQ SORWWHG LQ )LJXUH IRU YDL

ERQG W\SH FURVY OLQNLQJ 7KH YDOXHV IRU WKH RWKHU S|

PL WKH PROHFXODU ZHLJKW RI GLRFW\O SKWKD
SODVWLFLVHU LV

P % PHWK\O PHWKDFU\ODWH

3L 3 E3 JFP

L L

[$

(DFK FXUYH UHSUHVHQWYV WKH PD[LPXP PROHFXODU ZHLJK\
SRO\PHU FDQ DVVXPH IRU D JLYHQ GHJUHH RI VZHOOLQJ
HIDPSOH WKDW E\ YROXPH RI D ORZ PROHFXODU ZHLJ

SODVWLFLVHU KDV D VLJQLILFDQW HIIHFW RQ WKH GHJUHH |



PROHFXODU ZHLJKW SRO\PHU UHTXLUHG IRU D JLYHQ GHJL

PROHFXODU ZHLJKW GHFUHDVHYV

J)LIXUH 7TKHRUHWLFDO YROXPH IUDFWLRQ RI OLQHDU S
LWV PROHFXODU ZHLJKW DW D -I E ! I
&XUYHV FDOFXODWHG IURP (TXDWLRQ IRU

FURVVOLQNYV

6 XPPDU\

$ QXPEHU RI FRQFOXVLRQV FDQ EH GUDZQ IURP FRQVLGH!

UHODWLQJ WR DFU\OLF SODVWLVROV

(OHFWURVWDWLFDOO\ VWDELOLVHG SRO\PHUV ZKLFK DUH G
ORZ SRODULW\ DUH H[SHFWHG WR VKRZ SRRU GLVSHUVLEF
6HFWLRQ WKH HOHFWURVWDWLF UHSXOVLYH IRUFH

FROQOVWDQW RI WKH PHGLXP +RZHYHU LI WKH GLHOHFWUL



JLYHQ WKH ODFN RI HOHFWURO\WHV WKH GRXEOH OD\HU
SODVWLFLVHU 7KLV ZRXOG LPSO\ DQ LQFUHDVHG HIIHFWLY
DQG FRQVHTXHQW LQFUHDVH LQ YLVFRVLW\ 7KHUH LV HYL
WKH VXUIDFH RI WKH SRO\PHU SDUWLFOHV FDQ EH SDUWLD
SURYLGLQJ DQ HODVWLF RU VWHULF EDUULHU WR IORFFXC
HITHFWLYH SDUWLFOH YROXPH G6WHULFDOO\ VWDELOLVHG ¢

VWDELOLVHU LV VROXEOH VKRZ JRRG GLVSHUVLRQ VWDELO

W FDQ EH VHHQ IURP 6HFWLRQ WKDW WKHUH LV |
HISRQHQWLDO UHODWLRQVKLS EHWZHHQ YLVFRVLW\ DQG
7KXV DV FRPPHUFLDO SODVWLVROV FRQWDLQ DW OHDVW

D vPDOO SHUFHQWDJH LQFUHDVH LQ WKH SDUWLFOH YRO
SRO\PHU E\ WKH SODVWLFLVHU FDQ EH SHUPLWWHG EH
LQWUDFWDEOH IRU DSSOLFDWLRQ ,Q DGGLWLRQ WKH SU
HITHFWYVY GHVFULEHG LQ 6HFWLRQ ZLOO LQFUHDVH W

SUHSDUHG ZLWK HOHFWURVWDWLFDOO\ VWDELOLVHG SRO\P

JURP 6HFWLRQ Lw FDQ EH VHHQ WKDW LQ RUGHU IRL
VROYHQW DW URRP WHPSHUDWXUH EXW GLVVROYH DW HO
WKHUPDOO\ UHYHUVLEOH FURVVOLQNVY ([DPSOHV RI WKHUPI
FU\WVWDOOLQH SRO\PHUV 6ROXWLRQV RI KLJKO\ FU\VWDOOL
RXwW DJDLQ $SSOLHG WR WKH FDVH RI D SODVWLVRO ILOP
WKH ILOP LV VWRUHG DERYH LWV JODVV WUDQVLWLRQ WH
EDUULHU WR LQWUDPROHFXODU ERQG URWDWLRQ LV VXII
PRWLRQ WR WDNH SODFH 7KXV WKH WKHUPDOO\ UHYHUYV

FRDWLQJ OHDGLQJ WR D WZR SKDVH V\VWHP

7KH FDVH IRU SRO\PHUV ZLWK FRYDOHQW FURVVOLQNLQJ Z

KLIJK OHYHOV RI FURVVOLQNLQJ WKH SRO\PHU ZLOO EH LQV



WH SRO\PHU ZLOO VZHOO &RYDOHQWO\ FURVVOLQNLQJ SRC
QRW DUUHVW VZHOOLQJ RI WKH SRO\PHU E\ VROYHQW 7

UHGXFHG

7KH PHFKDQLVP EDVHG RQ WKH RVPRWLF OLPLWDWLRQ RI V
FDQ WKHRUHWLFDOO\ SUHYHQW VZHOOLQJ RI WKH SRO\PH
OHYHOV RI ERWK FRYDOHQW DQG WKHUPDOO\ UHYHUVLEOF

URXWH WR D VWDEOH DFU\OLF SODVWLVRO

SHIHUHQFHV

2VPRQG ' : - DQG :DLWH ) % 'LVSHUVLRQ 3RO\PHULVDW
OHGLD %DUUHWW . ( - HG :LOH\ /RQGRQ & KD S
NLMVWHUERVFK % + 6ROLG /LTXLG 'LVSHUVLRQV 7DGU]|
B3UHVV /RQGRAQ &KDSWHU

'"RURVINRZVNL $ 3DLQW DQG 6XUIDFH &RDWLQJV 7KHR'

IDPERXPH 5 HG (OOLV +RUZRRG &KLFKHVWHU (QJO

2VPRQG ' : - DQG :DLWH ) % 'LVSHUVLRQ 3RO\PHULVDW
OHGLD %DUUHWW . ( - HG :LOH\ /RQGRQ 3DJH
"HU\DJXLQ % 9 DQG /DQGDX [/ $FWD 3KVLFRFKLP 8566
9HUZH\ ( -: DQG 2YHUEHHN - 7K * 7TKHRU\ RI 6WDELOL
&ROORLGYVY (OVHYLHU $PVWHUGDP

2YHUEHHN - 7K * $GY &ROO ,QW ©6FL

(YHUHWW " + %DVLF 3ULQFLSOHY RI &4ROORLG 6FLHQFH
&KHPLVWU\ /RQGRQ 3DJH

(YHUHWW ' + %DVLF BULQFLSOHV RI &ROORLG 6FLHQFH

&KHPLVWU\ /RQGRQ 3DJH



1DSSHU ' 1 3RO\PHULF 6WDELOLVDWLRQ RI &ROORLGD

BUHVV /RQGRQ 3DJHV

:DOEULGJH ' - &RPSUHKHQVLYH 3RO\PHU 6FLHQFH $0O
HG SHUJDPRQ 3UHVV 2[IRUG 9ROXPH 3buw ,,
1DSSHU ' + &ROORLGDO 'LVSHUVLRQV *RRGZLQ - : H
1R 5R\DO 6RFLHW\ RI &KHPLVWU\ /RQGRQ &KDSW
:DOEULGJH ' - 6ROLG /LTXLG "'LVSHUVLRQV 7DGURV 7K
B3UHVV J/RQGRQ &KDSWHU

I9LQFHQW % 6ROLG /LTXLG "'LVSHUVLRQV 7DGURV 7K))

IRQGRQ &KDSWHU
‘DOEULGJH ' - 'LVSHUVLRQ 3RO\PHULVDWLRQ LQ 2UJDQ
HG ‘'LOH\ /RQGRQ &KDSWHU

*LOEBUW(PXOVLRQ 3RO\PHULVDWLRQ $ OHFKDQLVWLF $

3UHVV /RQGRQ

+DUNLQV ' - &KHP 3K\V

+DUNLQV ' - &KHP 3K\V

+DUNLQV ' - $P &KHP 6RF

6PLWK : 9 DQG (ZDUW 5 + - &KHP 3K\V

%DUUHWW . (- DQG 7KRPDV + 5 'LVSHUVLRQ 3RO\PHU
OHGLD %DUUHWW . ( - HG :LOH\ /RQGRQ & KD
JLWFK 5 0 DQG 7vDL & + 3RO PHWHEGROORALKBYXPHLWEFK
BUHVV 1HZ <RUN 3DJHV

%DUUHWW . (- DQG 7KRPDV + 5 'LVSHUVLRQ 3RO\PHU
OHGLD %DUUHWW . ( - HG :LOH\ /RQGRQ 3DJH
6HYHUV (7 3ODVWLVROV DQG 2UJDQRVROV 6DUYHWQL
5HLQKROG 1HZ <RUN &KDSWHU

*RRGZLQ - : 6ROLG /LTXLG '"'LVSHUVLRQV 7DGURV 7K)
B3UHVV J/RQGRQ &KDSWHU



7DGURV 7K ) &KHPLVWU\ DQG ,QGXVWU\

%DUQHV + $ +XWWRQ -) DQG :DOWHUV . $Q ,QWURG]
(OVHYLHU 2[IRUG &KDSWHU

+RIIPDQ 5/ 7UDQV 6RF 5KHRO

+RIIPDQ 5/ - &ROORLG ,QWHUIDFH 6FL

(LQVWHLQ $ $QQ 3K\V

(LQVWHLQ $ $QQ 3K\V

(YHUHWW ' + %DVLF BULQFLSOHYVY RI &ROORLG 6FLHQFH

&KHPLVWU\ /RQGRQ &KDSWHU

%DWFKHORU * . - )OXLG OHFK

$QGUHZ -RQHV 5 /IHDU\ % DQG %RJHU ' 9 - &ROC
SRELQVRQ -9 - 3K\V DQG &ROORLG &KHP

ORRQH\ O - &ROORLG 6FL

.ULHJHU , 0 DQG '"'RXJKHUW\ 7 - 7UDQV 6RF 5KHRO

.ULHJHU , O $GY &ROO DQG ,QWHUIDFH 6FL
%DOO 5 DQG 5LFKPRQG 3 - 3K\V &KHP /LTXLGYV

ODURQ 6 + ODGRZ % 3 DQG .ULHJHU , O - &ROORLG

*RRGZLQ - : &ROORLGDO 'LVSHUVLRQV *RRGZLQ - : H
1R 5R\DO 6RFLHW\ RI &KHPLVWU\ /RQGRQ &KDSW
+DUH & + - 3URWHFWLYH &RDWLQJV DQG /LQLQJV

ORUDZHW] + ODFURPROHFXOHY LQ 6ROXWLRQ ,QWHUVF

&KDSWHU
JORU\ 3 - BULQFLSOHV RI 3RO\PHU &KHPLVWU\ &RUQHO
<RUN &KDSWHU

&DVDVVD ( ) DQG %HUU\ * & &RPSUHKHQVLYH 3RO\PF

WHYLQIJWRQ - & HG SHUJDPRQ 3UHVV 2[IRUG 9F



JORU\ 3 - BULQFLSOHV RI 3RO\PHU &KHPLVWU\ &RUQHO
<RUN &KDSWHU
JORU\ 3 - BULQFLSOHV RI 3RO\PHU &KHPLVWU\ &RUQHO
<RUN &KDSWHU
JORU\ 3 - BULQFLSOHV RI 3RO\PHU &KHPLVWU\ &RUQHO
<RUN &KDSWHU
$FKDP 1 & . HQQHG\ 5 - DQG :DOEULGJH ' - 6ROYHQW

SRO\PHU GLVSHUVLRQV 1$'V DV D EDVLV IRU KLJK VROLC
35%$ )LQDO 5HSRUW (37 (7,6 3URMHFW ) 1RYHPEH
3RZHUV 3 2 DQG 5RELQVRQ ), $ ,QG (QJ &KHP

+LOG * JURHOLFK ' SHPSS 3 DQG %YHQRVW + ODNUF

%DVWLGH - &DQEGDX 6 DQG /HLEOHU / ODFURPROHEFX
ORPLL 7 DQG 1RVH 7 ODFURPROHFXOHYV

,VKLGDR 7 $NDJL O 6 XJLPRWR + ,ZDL < DQG $UDL

, VKLGDR 7 $NDJL O 6 XJLPRWR + 2QRXH < ,ZDL <

J)OXLG 3KDVH (TXLOLEULD
$GDFKL . IDNDPRWR 7 DQG .RWDND 7 ODFURPROHEFX

9DVLOHYVND\D 9 9 DQG .KRNKORY $ 5 ODFURPROHFX
*l[UQLW] ( DQG =HFKD + /DQJPXLU

&RZLH -0 * 3RO\PHUV &KHPLVWU\ DQG 3K\VLFV RI ORG
$\OHVEXU\ &KDSWHU

SRGULJIJXH] ) BULQFLSOHV RI 3RO\PHU 6\VWHPV OF*UDZ

&KDSWHU



&+$37(5
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$ SODVWLVRO FRPSULVHV D GLVSHUVLRQ RI SRO\PHU JHQH
E\ DTXHRXV HPXOVLRQ RU VXVSHQVLRQ SRO\PHULVDWLRQ
GULHG DQG WKHQ UHGLVSHUVHG LQ DQ HVVHQWLDOO\ QRQ °
HWK\OKH[\O SKWKDODWH 7KH SODVWLVRO FDQ YDU\ LQ FI
PDLQWDLQLQJ LWV LQLWLDO VWDWH IRU PRQWKYV 2Q KHDWL
VZHOO WKH GLVSHUVHG SRO\PHU SKDVH 7KH YLVFRVLW\

HYHQWXDOO\ JHO DQG IXVH LQWR D KRPRJHQHRXV PDVYV

30DVWLVROV SUHSDUHG IURP DFU\OLF SRO\PHUV GR QRW

VWDELOLW\ DV WKRVH IURP SRO\ YLQ\O FKORULGH DQG LQF
RFFXU HDVLO\ DQG TXLFENO\ W LV WKRXJKW WKDW WKH VW
WKH SUHVHQFH RI PLFURFU\VWDOOLQH GRPDLQV ZLWKLQ W
H[FHVVLYH VZHOOLQJ RI WKH SRO\PHU E\ WKH SODVWLFLVH!I
EUHDN GRZQ DQG WKH SODVWLVRO IXVHV $FU\OLF SRO\PH

WKHUHIRUH GR QRW UHVLVW WKH VROYDWLQJ DFWLRQ RI W

7KH REMHFWLYH RI WKH ZRUN ZDV WKH SUHSDUDWLRQ RI
LPSURYHG YLVFRVLW\ VWDELOLW\ ZKLFK ZRXOG EH VXLWDI
LQGXVWU\ 7KH SODVWLVRO FRXOG FRPSULVH XS WR E
GLVFXVVHG LQ 6HFWLRQ WKH VWUDWHJ\ IRU UHVWUL
LOWURGXFLQJ WKHUPDOO\ UHYHUVLEOH FURVVOLQNV LQWR

EH DQDORJRXV WR WKH PLFURFU\WWDOOLQLW\ IRXQG LQ SR

7TKHUPDOO\ UHYHUVLEOH FURVVOLQNV FDQ EH LQWURGXF

FRSRO\PHULVLQJ D PRQRPHU VXFK DV PHWKDFU\OLF DFLG



WURXJK K\GURJHQ ERQGYV 7KHVH K\GURJHQ ERQGV ZKLFK

DFW DV FURVVOLQNY PDNLQJ WKH SRO\PHU PRUH ULJLG DQC

JRU SXUSRVHV RI FRPSDULVRQ SRO\PHUV ZHUH DOVR SUH
7\SLFDOO\ WKLV FDQ EH DFKLHYHG E\ SRO\PHULVDWLRQ R
HWK\OHQH JO\FRO GLPHWKDFU\DWH RU GLYLQ\O EHQ]JHQH |

PRQRPHUV VXFK DV PHWK\O PHWKDFU\ODWH

7KH DSSOLFDELOLW\ RI WKH WKHRU\ RI RVPRWLF OLPLWDYV

DFU\OLF SODVWLVRO VWDELOLW\ zDV DOVR WHVWHG

SURMHFW WDVNYV

7KH SURMHFW FDQ EH GLYLGHG LQWR IRXU VHSDUDWH WDV

D 7KH SUHSDUDWLRQ RI SRO\PHUV ZLWK WKHUPDOO
FRYDOHQW FURVVOLQNYV

E 7KH SUHSDUDWLRQ RI SODVWLVROV EDVHG RQ SR
DQG DVVHVVPHQW RI WKHLU VWDELOLW\

F 7KH SUHSDUDWLRQ RI FRDWLQJV XVLQJ SODVWLVI
DVVHVVPHQW RI WKHLU VWDELOLW\

G 7KH H[SHULPHQWDO YHULILFDWLRQ RI WKH RVPRW

VZHOOLQJ PHFKDQLVP

7KH SUHSDUDWLRQ RI SRO\PHUV ZLWK WKHUPDOO\ UH)
7KH ILUVW WDVN ZDV WKH SUHSDUDWLRQ RI D UDQJH R &
FURVVOLQNV 7KH SRO\PHUV ZHUH SUHSDUHG XVLQJ DTXH

GLVSHUVLRQ SRO\PHULVDWLRQ WHFKQLTXHV



$TXHRXV HPXOVLRQ SRO\PHULVDWLRQ ZDV LQLWLDWHG X
SHUVXOSKDWH DQG WKH SRO\PHU SDUWLFOHYVY ZHUH VWDI
VXUIDFWDQW $HURVRO 27 WKH VRGLXP VDOW RI GLRFW\(
VXUIDFWDQW %ULM SRO\R[\HWK\OHQH ODXU\O HWE

SUHSDUDWLRQV

JRU WKH QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQV WK
PHWK\OEXW\URQLWULOH $,%1 ZDV XVHG 7KH VWHULF V
GLVSHUVLRQ SRO\PHULVDWLRQ DUH QRW FRPPHUFLDOO\ H
VIQWKHVLVHG 3UHSDUHG LQ WKH FRPE VWDELOLVHU IRUP

K\GUR[\VWHDULF DFLG WKRXJK VRPH ZHUH DOVR SUHSDUHC

$00 WKH SRO\PHUV SUHSDUHG E\ DTXHRXV HPXOVLRQ
SRO\PHULVDWLRQ ZHUH FRSRO\PHUV EDVHG RQ PHWK\O P}
RWKHU DFU\OLF PRQRPHUV 7KHUPDOO\ UHYHUVLEOH FURYV

SRO\PHUV LQ D YDULHW\ RI ZD\V

D +\GURJHQ ERQGLQJ
&RSRO\PHUV RI PHWK\O PHWKDFU\ODWH ZLWK PHWE
K\GUR[\HWK\O PHWKDFU\ODWH RU DFU\OLF DFLG
E 'LSROH GLSROH LQWHUDFWLRQV
&RSRO\PHUV RI PHWK\O PHWKDFU\ODWH ZLWK PHWEk
F $FLG EDVH LQWHUDFWLRQV
7HUSRO\PHUV Rl PHWK\O PHWKDFU\ODWH PHWKDFLU
GLPHWK\ODPLQR HWK\O PHWKDFU\ODWH
G OHWDO FURVVOLQNV
IHXWUDOLVDWLRQ RI PHWK\O PHWKDFU\ODWH PHYV
FRSRO\PHUV ZLWK EXW\O OLWKLXP GLHWK\O JLQF |

DOXPLQLXP K\GULGH



6RPH SRO\PHUV ZLWK FRYDOHQW FURVVOLQNV ZHUH DOV
FRPSDULVRQV WR EH PDGH ZLWK WKRVH ZLWK WKHUPDOO\ |
SUHSDUDWLRQ GLITHUHG IRU DTXHRXV HPXOVLRQ DQG QRQ
7KUHH URXWHV ZHUH XVHG WR SUHSDUH SRO\PHUV XVL(

SRO\PHULVDWLRQ WHFKQLTXH

D 7THUSRO\PHU RI PHWK\O PHWKDFU\ODWH PHWKDFL
JO\FLG\O PHWKDFU\ODWH ZLWK ULQJ RSHQLQJ UHD!

JO\FLG\O DQG DFLG JURXSV

E &RSRO\PHU RI PHWK\O PHWKDFU\ODWH DQG XUHW

F SRO\PHULF VWHULF VWDELOLVHUV SRVVHVVLQJ Ut

WR WKH SRO\PHU EDFNERQH

&RYDOHQWO\ FURVVOLQNHG FRSRO\PHUV SUHSDUHG X\
SRO\PHULVDWLRQ WHFKQLTXH ZHUH EDVHG RQ PHWK\O PI

GLPHWKDFU\ODWH

'LDPHWHUVY DQG VL]H GLVWULEXWLRQV RI WKH SRO\PHU SD|
HOHFWURQ PLFURVFRS\ DQG SKRWRQ FRUUHODWLRQ VSHF
W\SLFDOO\ PLFURQVY +RZHYHU D UDQJH RI PHWKD!
SDUWLFOH GLDPHWHU XS WR PLFURQV ZDV SUHSDUHC
SRO\PHULVDWLRQ LQ RUGHU WR LQYHVWLJDWH WKH HIIHFW

JHQHUDO WKH SRO\PHU SDUWLFOHV ZHUH PRQRGLVSHUVH |

$YHUDJH PROHFXODU ZHLJKWV ZHUH GHWHUPLQHG XVLQJ

7\SLFDO QXPEHU DYHUDJH PROHFXODU ZHLJKWV IRU WKH S



DFXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ WHFKQLTXH ZHUF
SRO\ VWAUHQH HTXLYDOHQW WKRXJK WKH HIIHFW RI LQ
LQYHVWLIDWHG 7KH YDOXH IRU SRO\PHUV SURGXFHG XVLQ

ZDV QHDUHU

7KH SUHSDUDWLRQ RI SODVWLVROV DQG DVVHVVPHQW
7KH VHFRQG WDVN ZDV WKH SUHSDUDWLRQ DQG HYDOXD)
SUHSDUHG XVLQJ WKH SRO\PHUV ZLWK WKHUPDOO\ UHYHU
SODVWLVROV ZHUH SUHSDUHG E\ UHGLVSHUVLQJ DSSURJ[LPL
UDQJH RI FRPPHUFLDOO\ DYDLODEOH GLHVWHU SODVWLFL\
FRQWDLQHG LQ 6HFWLRQ 7KH VWDELOLW\ ZDV HVWLPLEL

GLOXWH SODVWLVROV RYHU KRXUV ZLWK D FRQH DQG SOL

7KH SUHSDUDWLRQ RI SODVWLVRO ILOPVY DQG DVVHVV]
7KH WKLUG WDVN ZDV WKH SUHSDUDWLRQ DQG HYDOXDW
FRDWLQJY 7KH SODVWLVROV FRPSULVLQJ Z Z GULHG S
JODVV SDQHOV XVLQJ D GUDZ GRZQ EDU ZKLFK JDYH D ZH)\
7KH SODVWLVROV ZHUH WKHQ KHDWHG DW f& IRU PLQ?
DWWHQWLRQ ZDV SDLG WR WKH ILOP LQWHJULW\ DQG DQ\ \

GHWDLOV DUH JLYHQ LQ 6HFWLRQ

7KH H[SHULPHQWDO YHULILFDWLRQ RI RVPRWLF OLPLW
3RO\ PHWK\O PHWKDFU\ODWH DQG SRO\ EXW\O DFU\ODWH
PROHFXODU ZHLJKW ZHUH SUHSDUHG 7KH\ SOD\HG WKH
FRPSRXQGV LQVROXEOH LQ WKH GLVSHUVHG SRO\PHU SKDV
LQ 6HFWLRQ 7TKH QXPEHU DYHUDJH PROHFXODU ZHLJKW
SRO\ VWA\UHQH HTXLYDOHQW 7KH SRO\PHULVDWLRQV ZHUI
PHWK\OEXW\URQLWULOH $, %1 HLWKHU LQ EXW\OEHQ]\O SK

IUHH UDGLFDO PRGHUDWRU RU LQ LVRSURSDQRO D JRRG F



7KH HIITHFW RQ SODVWLVRO VWDELOLW\ RI DGGLQJ XS WR

LOQWR WKH SODVWLFLVHU SKDVH ZDV DVVHVVHG LQ WKH PDC

SHIHUHQFHV

+R\ ./ - $SSOLHG 3RO\PHU 6FL
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7KLV FKDSWHU SURYLGHV LQIRUPDWLRQ RQ WKH SXULW\

RXWOLQHYV WKH H[SHULPHQWDO WHFKQLTXHV XVHG GXULQJ

ODWHULDOV
7KH PDWHULDOV FDQ EH EURDGO\ GLYLGHG LQWR WKH IF
VROYHQWY LQLWLDWRUYV PRGHUDWRUV VXUIDFWDQWYV
SODVWLFLVHUV ,QIRUPDWLRQ RQ WKH SXULW\ DQG WKH
DEEUHYLDWLRQV RU WUDGHPDUNYV LV SURYLGHG LQ 7DEOH

XVHG DV UHFHLYHG

7TDEOH ORQRPHUYV
ODWHULDO $EEUHYLDWLRBRULW\ 6XSSOLHU

$FU\OLF DFLG $$ $OGULFK
$00\0 PHWKDFU\ ODWH $0% $OGULFK
% XW\O DFU\ODWH % $ $OGULFK

'LPHWK\ODPLQR HWK\O PHWKDFI®(ODWH $OGULFK
'L\LQ\O EHQJHQH 9% PL[WXUH $OGULFK
(WK\OHQH JO\FRO GLPHWKDFU\ODWH® $OGULFK
*O\FLG\O PHWKDFU\ ODWH “0$ $OGULFK

+\GUR[\HWK\O PHWKDFU\ODWH +(0% $OGULFK

+\GUR[\WWHDULF DFLG WHFKQLFD&UD\ 9DOOH\ 3U
,VRSKRURQH GL LVRF\DQDWH /3", PL[WXUH $OGULFK
/DXU\ O PHWKDFU\ ODWH /0% $OGULFK
OHWKDFU\OLF DFLG 0$F 7HFKQLFDO ,&, 3DLQWYV
OHWKDFU\ORQLWULOH 0$1 $OGULFK
OHWK\ PHWKDFU\ODWH 00$ WHFKQLFD&UD\ 9DOOH\ 3U

6XOSKRSURS\O PHWKDFU\ ODWH 6S3RWDVVLXP VDOW $OGULFK



7TDEOH 6ROYHQWYV

$EEUHYLDWLRQ

ODWHULDO RU 7UDGHPDXWN W\ 6XSSOLHU

% XW\O DFHWDWH %'+
'LPHWK\O VXOSKR[LGH '062 $OGULFK
(WK\O DFHWDWH %'+
Q +H[DQH %'+
,VRSDUDIILQ ES fé& ,ZVRSDU% ([[RQ &KHPLFDOV
,VRSDUDIILQ ES f& ,VRSDU O ([[RQ &KHPLFDOV

SURSDQRO $OGULFK
Q 3URSDQRO %'+
$OLSKDWLF VROYHQW EBKHOOVRO 6KHOO &KHPLFDOV
7ROXHQH %'+
;\OHQH %'+
7TDEOH , QLWLDWRUY PRGHUDWRUV VXUIDFWDQWYV R

RWKHU PDWHULDOYV

$EEUHYLDWLRQ RU
BBBBBBBBBBBB®BBHRERAHEEM BBBBBBBBBBJDGHPDUN3XULWY

$OXPLQILKRPSURSR[LGH
$OXPLQLXP WUL VHF EXWR[LGH
$PPRQLXP SHUVXOSKDWH
DJRELV PHWK\OEXW\URQLWULOHS$,%1
9D]R
%DULXP K\GUR[LGH PRQRK\GUDWH
%HQ]R\O SHUR[LGH D
Q %XW\ODPLQH
WHUW %XW\O FDWHFKRO
%XW\ O OLWKLXP 0 LQ KH[DQHYV
&DOFLXP K\GULGH PHVK
'LEXW\OWLQ GLODXUDWH "% 7'/
&KURPLXP ,,, RFWRDWH VROXWLR®@RUGRYD $0&
'LHWK\O JLQF PLQ KH[DQHV
'LLVREXW\O DOXPLQLXP K\GULGH
'LPHWK\O ODXU\ODPLQH
+\GUR[\HWK\OFHOOXORVH 1IDWURVRO *5 5
OHWKDQH VXOSKRQLF DFLG E
2FW\ O PHUFDSWDQ
3RO\R[\ HWK\OHQH ODXU\O HWKHU
3RWDVVLXP SHUVXOSKDWH
BRGLXP ELFDUERQDWH
BRGLXP GLRFW\OVXOSKRVXFFLQDWBHURVRO 27
BRGLXP HWKR[LGH LQ GHQDWXUHG HWKDQRO
BRGLXP K\ GUR[LGH
=LQF R[LGH

"B SUQ+KH[DQHYV

%ULM

D5HPDLQGHU LV ZDWHU

E 7THFKQLFDO JUDGH

6XSSOLHU
$OGULFK
$OGULFK
$OGULFK
-DQVVHQ &KLPLFD
"X 3RQW
$OGULFK
$OGULFK
% '+
:DUGEOHQNLQVRS
$OGULFK
$OGULFK
$OGULFK
&RUGRYD &KHPLFD
$OGULFK
$OGULFK
$OGULFK
+HUFXOHYV
$OGLFK
$OGULFK
6LJPD
$OGULFK
OD\ DQG %DNHU
$OGULFK
$OGULFK
5KRQH BRXOHQF
% '+



7TDEOH 3ODVWLFLVHUV

$EEUHYLDWLRQ RU

WUDGHPDUN ODWHULDO 6XSSOLHU

$FURQDO /5 6RIW UHVLQ %$6)

% % 3 %XW\OEHQ]\O SKWKDODWHJFURV &KHPLFDOV

&\PHO +H[DPHWKR[\PHWK\O PHODPWQR &\DQDPLG

'.'$ 5HRPRO 'LLVRGHF\O DGLSDSHED *HLJ\ ,QGXVWULDO &KHPLFD(
'LOLQHDU SKWKDODW#3 &KHPLFDOV

'23 %LVRIOH[ 'L HWK\OKH[\O SKWKDODWB &KHPLFDOV

'26 'L HWK\OKH[\O VHEDFDWHRGD 6XUIDFWDQWYV

3DLDPROL D %$6)

3DUDSOH] :3 3RO\PHULF 5RKP DQG +DDV

5HRSOH] 3RO\HVWHU &LED *HLJ\

SHRSOH[ */ 3RO\HVWHU &LED *HLJ\

7:3 5HRPRO 7UL[\OHQ\O SKRVSK®VE® *HLJ\ ,QGXVWULDO &KHPLFD

B8OWUDPRO ,,, 3RO\DGLSDWH %D\HU

B8UDSODVW 5% 3RO\DGLSDWH '60

B8UDSODVW : E '60

'LWDPRO 6WDE 3RO\HVWHU +e0V

D$ SRO\PHULF SODVWLFLVHU GHULYHG IURP DGLSLF DFLG DQG SRO\IXQ

E$ OLQHDU VDWXUDWHG SRO\PHU EDVHG RQ RUWKRSKWKDOLF DFLG

7KH SODVWLFLVHUV OLVWHG LQ 7DEOH DUH SULQFL
SRO\HVWHUV 7KH SKWKDODWHYV DUH E\ IDU WKH PRVW Z
SURYLGH D EURDG UDQJH RI SURSHUWLHY DW ORZ FRVW
SODVWLFLVH DFU\OLFV $GLSDWHV DQG VHEDFDWHY DUH J
LQ ORZ WHPSHUDWXUH DSSOLFDWLRQV EXW DOVR LPSDUW
IDEULFVY 3KRVSKDWH SODVWLFLVHUV SURYLGH IODPH UH!'
SRO\HVWHUV DUH XVHG IRU WKHLU ORZHU YRODWLOLW\

+RZHYHU WKH\ DUH OHVYV HIILFLHQW KDYH KLJK YLVFRVLW
([SHULPHQWDO PHWKRGYV
/ILVWHG EHORZ DUH WKH H[SHULPHQWDO PHWKRGV WKDW Z

FKDUDFWHULVH WKH YDULRXY PDWHULDOV XVHG WKURXJKF

D $FLG FRQWHQW GHWHUPLQDWLRQ



E 1RQ YRODWLOH FRQWHQW GHWHUPLQDWLRQ

F OROHFXODU ZHLJKW GHWHUPLQDWLRQ
G 3DUWLFOH VL]H PHDVXUHPHQW
H S+ PHDVXUHPHQW

I $VVHVVPHQW RI SODVWLVRO VWDELOLW\

J *ODVV WUDQVLWLRQ WHPSHUDWXUH PHDVXUHPHQ
K *HO FRQWHQW PHDVXUHPHQW
L UHSDUDWLRQ RI SODVWLVRO ILOPV

'"HWDLOHG GHVFULSWLRQV RI HDFK PHWKRG QRZ IROORZ

$FLG FRQWHQW GHWHUPLQDWLRQ
$SSUR[LPDWHO\ J RI VDPSOH ZDV ZHLJKHG DQG GLVVROY
HWKDQRO 7KH VROXWLRQ ZDV WKHQ WLWUDWHG DJDLQV
SKHQROSKWKDOHLQ DV WKH LQGLFDWRU 7KH DFLG YDOX
SRWDVVLXP K\GUR[LGH UHTXLUHG WR QHXWUDOL]H WKH I
OHDVXUHPHQWY ZHUH FDUULHG RXW LQ GXSOLFDWH IROOR
( %LQGHUV IRU SDLQWV DQG YDUQLVKHV  '"HWF

7TLWULPHWULF PHWKRG

1RQ YRODWLOH FRQWHQW GHWHUPLQDWLRQ
'XSOLFDWH VDPSOHV RI DSSUR[LPDWHO\ J Rl WKH WHVW
DOXPLQLXP GLVKHV DQG SODFHG LQ D YHQWHG RYHQ DW
GHWHUPLQHG SHULRG RI WLPH 7HVW FRQGLWLRQV YDULH
PDWHULDO )RU WKH VWHULF VWDELOLVHUV WKH\ ZHUH
SUHSDUHG XVLQJ DQ DTXHRXV HPXOVLRQ SRO\PHULVDWLR
UHVXOWYV DUH H[SUHVVHG DV WKH SHUFHQWDJH UHVLGXD{
WKH VSHFLILHG FRQGLWLRQV 7KH WHVW SURFHGXUH ZDV F

% '"HWHUPLQDWLRQ RI YRODWLOH PDWWHU DQG QRQ Y



$ GLITIHUHQW PHWKRG ZDV UHTXLUHG IRU WKH SRO\PHUV S
SRO\PHULVDWLRQ GXH WR WKHLU WHQGHQF\ WR GU\ TXLF
DTXHRXV GLVSHUVLRQ ZHUH SLSHWWHG LQWR VPDOO SUH
7ZR IXUWKHU PO DOLTXRWYV RI WKH QRQ DTXHRXV GLVSHI
VPDOO SUH ZHLJKHG DOXPLQLXP GLVKHYVY DQG WKH VDPSOH!
DwW URRP WHPSHUDWXUH RU LQ D YHQWHG RYHQ DW D OR.
YRODWLOH FRQWHQW FDQ WKHQ EH FDOFXODWHG IURP WK

DTXHRXV GLVSHUVLRQ LQ WKHLU RULJLQDO DQG GULHG VW

OROHFXODU ZHLJKW GHWHUPLQDWLRQ E\ JHO SHUPHD
3RO\PHU PROHFXODU ZHLJKWYV LQ HTXLYDOHQW SRO\ VW\U
GLYLVLRQ ,&, &KHPLFDOV DQG 3RO\PHUV /LPLWHG QRZ
/ILPLWHG DQG &UD\ 9DOOH\ 3URGXFWV XVLQJ JHO SHUPHD

OLTXLG FKURPDWRJUDSKLF PHWKRG WKDW VHSDUDWHY PR

BULQFLSOH DQG WKHRU\

7KH VDPSOH VROXWLRQ LV LQWURGXFHG RQWR WKH FRO>
SDFNLQJ DQG LV FDUULHG E\ D VROYHQW PRELOH SKDVH V
SHUPHDWH DV ZHOO DV VXUURXQG WKH SDFENLQJ 'XULQJ

ZKLFK DUH WRR ODUJH WR SHQHWUDWH WKH SRUHV RI WK/
SKDVH VXUURXQGLQJ WKH SDFNLQJ DQG HOXWH ILUVW |UI
HI[FOXVLRQ 6PDOO PROHFXOHV ZKLFK FDQ SHUPHDWH LQW
obvw DW WKH SRLQW RI WRWDO SHUPHDWLRQ ,QWHUPHG
SRUHV WR VRPH H[WHQW VSHQGLQJ D IUDFWLRQ RI WKHLU

RXWVLGH 7KH GHJUHH RI SHUPHDWLRQ LV D IXQFWLRQ RI"

7KH VHOHFWLYH GHJUHH RI SHUPHDWLRQ RI VROXWH PROH

YLHZHG DV D UHSHDWHG H[FKDQJH RI WKH VROXWH EHWZH



RRWKH SDFNLQJ DbQG WKH PRELOH EXON VROYHQW 7KH VRO
HTXLOLEULXP DQG WKH GLVWULEXWLRQ RI WKH PROHFXOHYV

HOQWURSLF GLITHUHQFHY )RU D GLOXWH VROXWLRQ DW HT)

$*f 57 0Q . (TXDWLRQ

$*f $+ T7$6f (TXDWLRQ

ZKHUH $*f $+ DQG $6 DUH WKH VWDQGDUG IUHH HQHU
GLITHUHQFHVY UHVSHFWLYHO\ IRU WKH VROXWH EHWZHHQ W
DQG SUHVVXUH . LV WKH VROXWH GLVWULEXWLRQ FRHIILI
DEVROXWH WHPSHUDWXUH 7KH VROXWH GLVWULEXWLRQ FF
RI WKH VROXWH LQ WKH SRUHV GLYLGHG E\ WKDW RXWVLC
IURP SHQHWUDWLQJ WKH SRUHV DQG RQH IRU WKRVH DEOF

RI RQH VXJIJHVW WKH UROH RI VRPH VRUW RI RWKHU PHFKD

7KH PRELOLW\ RI WKH VROXWH PROHFXOHV LV UHVWULFW
UHODWLYH WR WKDW LQ WKH PRELOH EXON SKDVH DQG KH(
SURFHVV $GVRUSWLRQ DQG DEVRUSWLRQ HIIHFWV DUH DE

JHUR 7KHUHIRUH

H[S $6f 5 (TXDWLRQ

$V WKHUH LV D ORVV LQ HQWURS\ DV WKH VROXWH PROHF
DQG . LV WKHUHIRUH OHVV WKDQ RQH DQG WKH VROXWH HC
DOVR VKRZV WKDW VROXWH UHWHQWLRQ LV LQ SULQFLSD
WKHUH LV RQO\ D VPDOO WHPSHUDWXUH HIIHFW LQ WKDW V
ZLWK WHPSHUDWXUH ZKLFK LQ WXUQ DIIHFWV $6 7TKH S

VROYHQWY +RZHYHU HYHQ VPDOO VKLIWV LQ WKH FDOLE



IPSDFW RQ PROHFXODU ZHLJKW YDOXHV FDOFXODWHG IURP

ZLOO DOVR KDYH DQ HIITHFW RQ SHDN EURDGHQLQJ

7TKHUH DUH YDULRXV WKHRULHV WKDW DWWHPSW WR PRGFE
JHO SHUPHDWLRQ FKURPDWRJUDSK\ 7KH PRGHOV WU\ WR
WKH VL]H DQG VKDSH RI WKH VROXWH PROHFXOHYVY DQG WKI
DSSURDFK DUH D UHVXOW RI WKH YDULRXV FRQIRUPDWLR
7KH UDQGRP FRLO PRGHO LV JHQHUDOO\ XVHG IRU VIQWKH\
WKH ULJLG URG DQG VSKHUH PRGHOV DUH FRQVLGHUF
FRQIRUPDWLRQ KDV DQ HIITHFW RQ WKH UHODWLRQVKLS EH
RI WKH VROXWH PROHFXOH 7KXV I|IURP JHRPHWU\ I|IRU U
OHQJIJWK LV SURSRUWLRQDO WR WKH PROHFXODU ZHLJKW I
WKH UDGLXV LV SURSRUWLRQDO WR WKH FXEH URRW RI

DGRSWLQJ D UDQGRP FRLO VWUXFWXUH

5J&& 0D (TXDWLRQ

ZKHUH 5J LV WKH UDGLXV RI J\UDWLRQ DQG D © 7KH
GLITHUHQW SRO\PHU VROYHQW V\VWHPV DW GLIIHUHQW V
YDULDWLRQ RI D EHWZHHQ DQG FDQ OHDG WR OD!
UHTXLULQJ FDUHIXO FDOLEUDWLRQ RI JHO SHUPHDWLRQ FEFk
VKRXOG EH FDUULHG RXW XQGHU WKH VDPH FRQGLWLRQYV >

VWUXFWXUH DV WKH VDPSOHV

$V PRVW SRO\PHU VDPSOHV FRQVLVW RI D GLVWULEXWLRQ
VLIH RI D VDPSOH LV GHVFULEHG LQ WHUPV RI DQ DYHUDJF
QXPEHU DYHUDJH PROHFXODU ZHLJKW 0Q ZKLFK LV GHILQF

JubPV , M RU, 1 0 GLYLGHG E\ WKH WRWDO QXPEHU RI I



DQG 1M DUH WKH ZHLJKW DQG QXPEHU RI PROHFXOHV R
LQFUHPHQWLQJ LQGH[ RYHU DOO PROHFXODU ZHLJKWV SUH
@) <
e 3 B (TXDWLRQ

o1 el 0

$QRWKHU W\SH RI DYHUDJH LV WKH ZHLJKW DYHUDJH PROF

DFFRUGLQJ WR WKH IROORZLQJ HTXDWLRQ

(TXDWLRQ

o

N
No®

C

7KH YDOXH RI1 0Z LV DOzZD\V ODUJHU WKDQ 0Q H[FHSW IRU I
DUH LGHQWLFDO 7KH UDWLR 0Z 0Q LV D PHDVXUH RI WKH
GLVWULEXWLRQ DQG LV NQRZQ DV WKH SRO\GLVSHUVLW\

WKH SRO\GLVSHUVLW\ DSSURDFKHV WZR )RU D FURVV OLQ

*HQHUDO PHWKRGV RI FDOLEUDWLRQ
&DOLEUDWLRQ FDQ EH FDUULHG RXW XVLQJ QDUURZ RU E
0:'" vwbQGDUGY :LWK D VHW RI QDUURZ 0:' VWDQGDUGYV
HDFK FDQ EH UHODWHG WR WKH VWDWHG PROHFXODU ZHL
KRZHYHU LV UDWKHU OLPLWHG E\ WKH UDQJH RI VWDQGDU
VWDQGDUG XVHG ZLWK D YHU\ ZLGH UDQJH RI PROHFXOD
QXPEHU RI RWKHU SRO\PHUV DUH REWDLQDEOH DQG WKH
ZHLIJKW UDQJH OROHFXODU ZHLJKWV RI VDPSOHV ZLWKRX
VWDQGDUGY DQG KHQFH FDOLEUDWHG XVLQJ SRO\ VW\UH

SRO\ VW\UHQH YDOXHYV

$Q DOWHUQDWLYH WR WKLV LV WR XVH WKH XQLYHUVDO I
FRQFHSW RI VHSDUDWLRQ RI PROHFXOHV RI GLITHUHQW V1

YROXPH 9K 7KLV LV EDVHG RQ WKH IROORZLQJ HTXDWLRQ



Q@ [ YKO (TXDWLRQ

ZKHUH >U_@ DQG 0 KDYH EHHQ SUHYLRXVO\ GHILQHG V&
DVVXPHV WKDW WKH SRO\PHU PROHFXOH LV D UDQGRP VSk
RITHUV K\GURG\QDPLF UHVLVWDQFH EXW FRQQHFWHG E\
UHDUUDQJHPHQW RI (TXDWLRQ >UW@ 0 LV SURSRUWI
DJDLQVW UHWHQWLRQ WLPH JLYHV D VLQJOH FXUYH IRU D |

HPSLULFDO UHODWLRQVKLS

>UL@ .0D (TXDWLRQ

ZKHUH . DQG D DUH FRQVWDQWY WKDW YDU\ ZLWK SRO\PI
UHODWHV WKH LQWULQVLF YLVFRVLW\ ZLWK PROHFXODU Z
+RXZLQN FRQVWDQWY DQG YDOXHV FDQ EH REWDLQHG IL
HISHULPHQWDOO\ 7KH LQWULQVLF YLVFRVLW\ LV H[SHUL
PHWKRG DOO WKDW LV UHTXLUHG LV D VHW RI QDUURZ 0:'
FRQVWDQWYV IRU WKH VWDQGDUGY DQG WKH VDPSOH ,Q W

VDPSOH WKH\ FDQ EH FDOFXODWHG XVLQJ D VLQJOH QDUUI

KHQ XVLQJ EURDG 0:' VWDQGDUGY WKH GDWD FDQ EH WU
PHWKRG WULHVY WR UHODWH WKH PROHFXODU ZHLJKW DW
NQRZQ O0:' FXUYH RI WKH VWDQGDUG WR WKH UHWHQWLRC
IUDFWLRQ IURP WKH 0:'" FXUYH RI WKH VWDQGDUG GHWEF
FKURPDWRJUDSK\ 2EWDLQLQJ WKH FRPSOHWH 0:'" RI WK
ODERULRXV WDVN LQYROYLQJ SRO\PHU IUDFWLRQDWLRQ

QHFHVVDU\ 0:' GDWD LV WR JHQHUDWH D WKHRUHWLFDO
DYHUDJH DQG WKH PROHFXODU ZHLJKW RI WKH UHSHDW X
%DVHOLQH FKRLFH DQG LQWHJUDWLRQ OLPLWY FDQ JUHDW

FDOLEUDWLRQ $ OLQHDU FDOLEUDWLRQ LH D OLQHDU UHC(



RG UHWHQWLRQ WLPH FDQ EH DWWHPSWHG ZKHQ WKH QX

ZHLJKWV RI WKH VWDQGDUG LV NQRZQ E\ DQ LWHUDWLYH F.

7KH PRVW FRPPRQ W\SH RI GHWHFWRU XVHG WR PHDVXUH
HOXWLQJ IURP WKH VHSDUDWLRQ FROXPQ PHDVXUHV WKH
GLITIHUHQFH LQ UHIUDFWLYH LQGH[ EHWZHHQ WKH VDPSOH
QRUPDOO\ WKH SXUH VROYHQW 7KXV DOWKRXJK WKH RXW:.
WKLV LV SURSRUWLRQDO WR WKH ZHLJKW FRQFHQWUDWLRC
FKURPDWRJUDSK\ WUDFH LV VKRZQ LQ )LJXUH ZLWK P

UHWHQWLRQ WLPH LQ PLQXWHV RQ WKH [ D[LV

ZY9

BB

OLQXWHYV

J)LIXUH *HO SHUPHDWLRQ FKURPDWRJUDSK\ RI SRO\
'"HWHFWRU UHVSRQVH PY YHUVXV UHWHQ\

&RQGLWLRQV VHH ,&, 3SDLQWV EHORZ



7KH 0Q DQG 0Z FDQ EH FDOFXODWHG PDQXDOO\ E\ GUDZLQ
GLVWULEXWLRQV WZHQW\ YHUWLFDO OLQHV RQWR WKH FK
DQG PHDVXULQJ WKHLU KHLJKWYVY LQ PLOOLPHWUHYV WR *

UHDG RII D PROHFXODU ZHLJKW FDOLEUDWLRQ FXUYH JHQ
ZHLJKW IUDFWLRQ 0:' REWDLQHG E\ LQWHJUDWLQJ WKH DU

DW D VHULHV RI UHWHQWLRQ WLPHV DQG GLYLGLQJ E\ WKH

JLIXUH *HO SHUPHDWLRQ FKURPDWRJUDSK\ RI SRO\
JLIXUH 2ULJLQDO GDWD UHSORWWHG LQ WHUF
ZHLIJKW IUDFWLRQ YHUVXV ORJ PROHFXODU ZHLJKYV

IUDFWLRQ YHUVXV ORJ PROHFXODU ZHLJKW

7KH UHWHQWLRQ WLPHV KDYH EHHQ FRQYHUWHG WR WK
"LITHUHQWLDWLRQ RI WKLV FXUYH JLYHV WKH GLIITHUHQWLD

JLIXUH ZKHUH $: $ORJO LV SORWWHG DJDLQVW ORJ 0 7



JLIXUH VKRZ D UHPDUNDEOH VLPLODULW\ LQ VKDSH 7Kl
EHWZHHQ WKH ORJ RI WKH PROHFXODU ZHLJKWYV DQG WKH

7KH GLITHUHQWLDO ZHLJKW IUDFWLRQ ;@ FDQ EH GHILQHG P

e

$a 8 a

] (TXDWLRQ
$ORJO $ O RA

ZKHUH $: $9 LV WKH ZHLJKW FRQFHQWUDWLRQ RI VROXWE
RXWSXW DQG $ORJO $9 LV WKH JUDGLHQW RI WKH FDOLEUL

FXUYH WKH JUDGLHQW LV D FRQVWDQW DQG (TXDWLRQ

7

a $ <

$ORA (TXDWLRQ

)XUWKHU UHSUHVHQWDWLYH WUDFHV DUH JLYHQ LQ $SSHQ
VWDELOLVHU SUHFXUVRU EDVHG RQ SRO\ K\GUR[\VWHI
SRO\ EXW\O DFU\ODWH DQG FRSRO\PHUV SUHSDUHG E\ QRC

SRO\PHULVDWLRQ

([SHULPHQWDO SURFHGXUHYV
7KH DSSDUDWXV DQG H[SHULPHQWDO SURFHGXUH XVHG WF

ZDV DV IROORZV

O ,aDLQWYV

$00 WKH DSSDUDWXV ZDV IURP :DWHUV $VVRFLDWHV DQG
GLIIHUHQWLDO UHIUDFWLYH LQGH[ GHWHFWRU DQG D ., 6
E\ D '(& 3UR FRPSXWRU ZLWK :DWHUV 9 VRIWZDUH 7k
VHULHVY FRPSULVHG WZR FP 3RO\PHU /DERUDWRULHV 3/J
SRO\ VW\UHQH GLYLQ\O EHQ]JHQH JHO 7KH FROXPQV Zt
VROYHQW WHWUDK\GURIXUDQ ZDV SXPSHG DW OPO PLQ
FRQFHQWUDWLRQ RI PJ PO LQ WHWUDK\GURIXUDQ DQG OF
WHPSHUDWXUH 7KH\ ZHUH WKHQ ILOWHUHG WKURXJK D

DQG 02250 DOLTXRWYV LQMHFWHG RQWR WKH ILUVW FROXP:



WULHV RI WHQ QDUURZ 0:' SRO\ VWA\UHQH VWDQGDUGV RI

, &, &KHPLFDOV DQG 3RO\PHUV /LPLWHG
7KH DSSDUDWXV FRPSULVHG D GLIIHUHQWLDO UHIUDFWLY
REWDLQHG IURP :DWHUV $VVRFLDWHYVY FRPSULVHG WKH IRO
/ILQHDU SbDUw QXPEHU 8OWUDVW\UDJHO E SDU
8OWUDVW\UDJHO E SDUW QXPEHU $00 WKH FRC
SRO\ VWN\UHQH GLYLQ\O EHQ]J]HQH JHOV 7KH VROYHQW W
UDWH RI OPO PLQ 7KH LQMHFWLRQ YROXPH ZDV 022S0 &

SRO\ VW\UHQH VWDQGDUGYV

,QWHUQDWLRQDO 3DLQW /LPLWHG
$00 WKH DSSDUDWXV ZDV IURP :DWHUV $VVRFLDWHV DQG
GLIIHUHQWLDO UHIUDFWLYH LQGH[ GHWHFWRU DQG D % :.
EDVHG RQ 'UHZ 6FLHQWLILF *3& 7KH FROXPQV DUUDQ
[ PP LQWHUQDO GLDPHWHU 3RO\PHU /DERUDWRULHV 3/J
SRO\ VW\UHQH GLYLQ\O EHQ]JHQH JHO 7KH FROXPQV ZHLI
GHWHFWRU DW f& 7KH VROYHQW XQVWDELOLVHG WHWUI
7KH VDPSOHV ZHUH SUHSDUHG DW D FRQFHQWUDWLRQ RI
OHIW RYHUQLJKW 7KH\ ZHUH WKHQ ILOWHUHG WKURXJK L
ILOWHU DQG 022JO DOLTXRWV LQMHFWHG RQWR WKH ILUVW
UHFHLYHG &DOLEUDWLRQ ZDV FDUULHG RXW XVLQJ D VH
QDUURZ 0:' SRO\ VW\UHQH VWDQGDUGV RI PROHFXODU ZH
DQG N 7KH FDOLEUDQWY ZHUH SUHSDUHG DV RQH VR
FRQFHQWUDWLRQ R Z Y SHU FDOLEUDQW 7KH VROXWLF
SUHSDUDWLRQ DV D SO DOLTXRW 'LEXW\O SKWKDODWH Z|

VROXWLRQV DV DQ LQWHUQDO PDUNHU 7ZR LOQMHFWLRQV R



IROORZHG E\ D VLQJOH FDOLEUDWLRQ VROXWLRQ LQMHFWL

PLOQXWHY DQG ZDV SURFHVVHG ZLWK PDQXDO VHWWLQJ RI

&UD\ 9DOOH\ BURGXFWYV
7KH DSSDUDWXV ZDV IURP 3HUNLQ (OPHU DQG FRPSULVH
GLITIHUHQWLDO UHIUDFWLYH LQGH[ GHWHFWRU 7KH FROX
IDERUDWRULHV 3/JHO SP 0% SDFNHG ZLWK D SRO\ VW\UH
FROXPQ ZDV PDLQWDLQHG DW f& 7KH VROYHQW WH)

PO PLQ 7KH VDPSOHV ZHUH SUHSDUHG DW D FRQFHQWL
RQ OLQH SP ILOWHU 7KH VDPSOH LQMHFWLRQ YROXPH Z
VDPSOHY DQG FDOLEUDQWYVY WR GHWHUPLQH WKH VROYHQYV
RXW XVLQJ D VHULHV RI IRXU ORJDULWKPLFDOO\ SODFHG

RI PROHFXODU ZHLJKW UDQJH N N

3DUWLFOH VL]H PHDVXUHPHQW

3RO\PHU SDUWLFOH GLDPHWHUV ZHUH PHDVXUHG XVLQJ E
DQG SKRWRQ FRUUHODWLRQ VSHFWURVFRS\ )RU HOH
QHFHVVDU\ WR JROG FRDW WKH GULHG VDPSOHV DW f&
FRDWHU ,Q WKLV ZD\ RYHUKHDWLQJ WKH VDPSOHV ZDV
XVLQJ DQ ,6, $ VFDQQLQJ HOHFWURQ PLFURVFRSH RSHU
RI N9 DW PDJQLILFDWLRQV RI DSSUR[LPDWHO\ |
PLFURJUDSKV Rl SRO\PHUV SUHSDUHG E\ ERWK QRQ DTX
HPXOVLRQ SRO\PHULVDWLRQ FDQ EH IRXQG LQ $SSHQGL[ %
LQFOXGH SRO\PHU GLVSHUVLRQV ZLWK VWDELOLVHUV EDVF
DQG SRO\ ODXU\O PHWKDFU\ODWH VHH FKDSWHU DQG V

DQG WZR VWDJH PHWKRG RI SUHSDUDWLRQ VHH FKDSWHU

7KH SRO\PHU GLVSHUVLRQV ZHUH VKDNHQ YLJRURXVO\ SUL

YLHZLQJ $OWKRXJIJK RQO\ RQH RU VRPHWLPHV WZR PLF



PDJQLILFDWLRQV ZHUH WDNHQ RI HDFK VDPSOH WKH KR
YHULILHG E\ YLVXDO LQVSHFWLRQ XQGHU WKH HOHFWUR
GLVWULEXWLRQ ZDV PRQRGLVSHUVH WKHQ RQO\ D IHZ PH
VDPSOHV H[KLELWLQJ D EURDGHU GLVWULEXWLRQ D ODUJH
$ PHWKRG KDV EHHQ GHVWUXEHRDWIHRZPXOWKEIOK WUD)
FRQVLGHUDEO\ UHGXFHV WKH QXPEHU R Q S5 V@ HDO/AW WH®
SDUWLFOHYV PXVW EH PHDVXUHG LQ HDFK FODVV WKDW K

PDQ\ PLFURJUDSKYVY RI WKH VDPH VDPSOH DUH UHTXLUHG IR

JRUPDO SDUWLFOH VL]H GLVWULEXWLRQV ZHUH QRW GHW
SDUWLFOHY DQG PLFURJUDSKY WR PDNH WKH GLVWULEXW!|
VDPSOHV WKDW DSSHDUHG UHDVRQDEO\ PRQRGLVSHUVH \

DQG LQ $SSHQGL[ % WKHQ RQO\ D IHZ SDUWLF
WKHUH ZDV REYLRXVO\ D VLJQLILFDQW GLVWULEXWLRQ V
$SSHQGL[ % D SDUWLFOH VL]H UDQJH ZDV HVWDEOLVKHG

DQG VPDOOHVW SDUWLFOHYV

SKRWRQ FRUUHODWLRQ VSHFWURVFRS\ ZDV FDUULHG RXW
WKH RULIJLQDO WUDFHYVY DUH QR ORQJHU DYDLODEOH 7KLV

RI OHVV WKDQ D IHZ PLFURQY VXVSHQGHG LQ D OLTXLG

KHQ D FRKHUHQW OLJKW HOHFWURPDJIJIQHWLF VRXUFH LV
VXVSHQGHG SDUWLFOHYVY VFDWWHU WKH OLJKW 7KLV LV EH
OLIJKW EHDP LQGXFHY DQ RVFLOODWLQJ HOHFWULF GLSROH
GLSROHV WKHQ VFDWWHU WKH OLJKW $V WKH VFDWWHUH
SRVLWLRQ WKH LQWHQVLW\ RI WKH VFDWWHUHG OLJKW ZI
HOHFWULF ILHOG KDV D WLPH GHSHQGHQF\ GXH WR UDQGHF
RQ WKH G\QDPLFV RI WKH SDUWLFOHV WKHLU WUDQVODWLI

WKH IOXFWXDWLRQV LQ LQWHQVLW\ DQG LV GHVFULEHG E\ \



U OLPA-RU GW L (TXDWLRQ

ZKHUH WKH LQWHQVLW\ |, KDV GLIIHUHQW YDOXHV DW WL

HISHULPHQWDO GXUDWLRQ 7KLV LV WKH IXQFWLRQ IRU DQ

7TKHUH LV D KLJK GHJUHH RI FRUUHODWLRQ EHWZHHQ WKH
SDUWLFOHVY KDYH QRW PRYHG YHU\ IDU RYHU WKLV SHULR(
HTXDO WR | 2YHU ORQJHU SHULRGVY DOO FRUUHODWLR
IXQFWLRQ HTXDOV , DWKHDQWBHDQWLWI W/IKHH DXWRFRUUHOL
GHFD\V H[SRQHQWLDOO\ ZLWK WLPH DV D IXQFWLRQ RI W
VXVSHQVLRQ RI ULJLG PRQRGLVSHUVH FRPSDFW SDUWLF

IXQFW MR QV&

& [ Q 2 Q| Q >0 E H[S (TKBWLRQ

ZKHWYH 'T DQG ¢ VLQ 2 Q LV WKH QXPEHU RI SXOVHV RU

WLPH DQG WKH EDVHOLQH Q! LV SURSRUWLRQDO WR WKH
WKH UHIUDFWLYH LQGH[ RI WKH PHGLXP ; LV WKH ZDYHOH
VFDWWHUHG DQJOH IURP WKH LQFLGHQW EHDA QWG EGWK D

GHILQHG DV WKH KDOI ZLGWK DW KDOI PD[LPXP RI WKH VFD

,Q RUGHU WR FDOFXODWH WKH GLIIXVLRQ FRHIILFLHQW DQ
SKRWRQ DXWRFRUUHODWLRQ WKH IXQFWLRQ LV ILUVW QR
VXEWUDFWHG WR OHDYH WKH IXQFWLRQ E H[S 7] 7KLV L
WHFKQLTXH WR GHWHUPL®H KMK i iYy@IDW HR/QN KIES DEXHOW ZHH Q !
FRHIILFLHQW DQG WKH SDUWLFOH GLDPHWHU G LV JLYHQ

HTXDWLRQ



' N7 (TXDWLRQ

7TM G
ZKHWWYVY WKH YLVFRVLW\ RI WKH PHGLXP N LV WKH %ROW]P
WHPSHUDWXUH ,Q FRQWUDVW WR HOHFWURQ PLFURVFRS\
LV WKH ] DYHUDJH GLDPHWHU DQG JHQHUDOO\ KLJKHU WKD
7KLV LV GXH WR D VKHDWK RI VROYHQW PROHFXOHV LRQL!
PD\ KDYH EHHQ DWWDFKHG WR WKH SDUWLFOH VXUIDFHV 7

SDUWLFXODUO\ QRWLFHDEOH IRU YHU\ VPDOO SDUWLFOHYV

KHUHDV D PRQRGLVSHUVH VDPSOH KDV RQO\ D VLQJOH F
LOQWHUSUHWDWLRQ RI GDWD IRU SRO\GLVSHUVH VDPSOHV L
WKH VL]JH GLVWULEXWLRQ PXVW EH REWDLQHG E\ GHFRQY|
H[SRQHQWLDOV FRQWULEXWLQJ WR WKH PHDVXUHG DXWR
DXWRFRUUHODWLRQ IXIQFHWLERRQVHOL@H QRUPDOLVDWLRQ DQ

LV JLYHQ E\

J"@ - * Uis 7u ui7 (TXDWLRQ

ZKHUH * 7 UHSUHVHQWYV WKH GLVWULEXWLRQ RI OLQHZLG\

SDUWLFOH VL]HV

$ W\SLFDO LQVWUXPHQW FRPSULVHV D VRXUFH RSWLFV DQ:
WKH W\SLFDO ODVHU EHDP GLDPHWHU RI PP WR DERXW

SKRWRPXOWLSOLHU WXEH DQG D FRUUHODWRU 7KH 1DQRYV
QR ORQJHU DYDLODEOH KDV DQ DSSOLFDEOH VL]H UDQJH
DV D PHDQ HTXLYDOHQW VSKHULFDO GLDPHWHU DQG D SRO
W R ZKHUH LQGLFDWHY PRQRGLVSHUVLW\ DQG SRO\GLV!
YDOXHVY RI WKH FRUUHODWLRQ FRHIILFLHQW DQG FDUULH\
ORJDULWKP RI WKH IXQFWLRQ WR REWDLQ WKH SDUWLFOH

REWDLQHG IURP WKH GHYLDWLRQ RI WKH OLQHDU UHJI



([SHULPHQWDO SDUDPHWHUV DUH WKH WHPSHUDWXUH RI W

WKH YLVFRVLW\ RI WKH PHGLXP

7KH VDPSOHY DQDO\VHG ZLWK WKLV LQVWUXPHQW ZHUH QR
FKRVHQ IRU GLOXWLRQ RI WKH RULJLQDO VDPSOHV ZDV Q K
VXFK WKDW WKHUH ZDV VXIILFLHQW WUDQVPLVVLRQ RI OLJ}
7TKH FRQFHQWUDWLRQ LV ORZ LQ RUGHU WR DYRLG PXOMW
FRHIILFLHQW LV D IXQFWLRQ RI FRQFHQWUDWLRQ LW LV SR
GLITHUHQW FRQFHQWUDWLRQV DQG H[WUDSRODWH EDFN W
WKDQ 0+] 7R DYRLG LQWHUIHUHQFH IURP FRQWDPLQDW
VDPSOHV RXJKW WR EH ILOWHUHG $V OLJKW VFDWWHULQJ
WKH SUHVHQFH RI DJJUHJDWLRQV RI SRO\PHU SDUWLFOHYV

SRO\PHU GLVSHUVLRQV PD\ KDYH LQIOXHQFHG WKH UHVXOW

S+ PHDVXUHPHQW
OHDVXUHPHQW RI WKH S+ RI WKH SRO\PHUV SUHSDUHG E\
FDUULHG RXW XVLQJ DQ (,/ S+ PHWHU DQG (,/ K\GlI

PDQXIDFWXUHG E\ (OHFWURQLF ,QVWUXPHQWYV /LPLWHG

$VVHVVPHQW RI SODVWLVRO VWDELOLW\
30DVWLVRO VWDELOLW\ ZzDV DVVHVVHG E\ PHDVXULQJ WKH
RQ D &DPPHG &6 FROQWUROOHG VWUHVYV UKHRPHWHU XV
7KH OLTXLG VDPSOH LV SODFHG EHWZHHQ D URWDWLQJ FR

YLIXUH



WRWDWLQJ FRQH

J)LIXUH 7KH FRQH DQG SODWH YLVFRPHWHU JHRPHWU\
3DLQW )ORZ DQG 3LJPHQW 'LVSHUVLRQ :LOH\ 1HZ
(GLWLRQ 3DJH

7KH YHORFLW\ Rl WKH VXUIDFH RI WKH OLTXLG LQ FRQWDF\
« ZKHUH U LV DQ DUELWUDU\ GLVWDQFH PHDVXUHG SHUSHQ
FR WKH DQJXODU YHORFLW\ LQ UDGLDQV SHU VHFRQG 7KH
EHWZHHQ WKH FRQH DQG SODWH DW DQ\ SRLQW LV JLYHQ I
FRQH RU IRU VPDOO DQJOHV URF 7KXV WKH YHORFLW\ SL

IROORZLQJ HTXDWLRQ

G\ UFR FR FR

(TXDWLRQ
GW U WDQD WDQD D



JRU D JLYHQ DQJXODU YHORFLW\ WKH VKHDU UDWH LQFUH
VKHDU UDWH LV LQGHSHQGHQW RI WKH UDGLXY DQG LV WK
VDPSOH $ OLQHDU YHORFLW\ SURILOH FDQ RQO\ EH DVVXP
VXUIDFHVY Rl WKH FRQH DQG SODWH DUH QHDUO\ SDUDOOHC
FRQVWDQW WKH VKHDU VWUHVYV PXVW DOVR EH D FRQVWD
DFWLQJ RQ WKH OD\HU RI WKH OLTXLG DGMDFHQW WR WKH
FRQH VXUIDFH FDQ EH FDOFXODWHG E\ FRQVLGHULQJ D VPI

JLYHQ E\ WKH IROORZLQJ GRXEOH LQWHJUDO
Q D
&RQH VXUIDF® U HU (TXDWLRQ
ZKHUH D LV WKH UDGLXV RI WKH FRQH 7KH IRUFH FDQ EH

PHDVXUHG LQ 1HZWRQ PHWUHY 7KXV WKH HTXDWLRQ IRU W

7 7
U Q 4 (TXDWLRQ

D
-Gll-U- GQU

JRU D JLYHQ WRUTXH WKH VKHDU VWUHVV LQFUHDVHYV '\

H[SUHVVLRQ IRUURYXH YLVFRVLW\

U D 7

(TXDWLRQ
G\OGW ° QD

$00 FRQH DQG SODWH YLVFRPHWHUY DOORZ WKH FRQH W
DOORZ IRU VDPSOH FKDQJLQJ DQG LQ RUGHU WR ILW GLIIH
HUURUV LQ FRQWDFWLQJ WKH FRQH WLS ZKLFK PLJKW EH
PLIKW EHFRPH LQGHQWHG WKH FRQHYV XVHG ZLWK WKH &I
7KH JDS EHWZHHQ WKH FRQH DQG WKH SODWH ZDV VHW VX
ZLWK WKH SODWH :LWK FRQHV SRVVHVVLQJ D VPDOO DQJ
DFFXUDWHO\ EHFRPHVY SUREOHPDWLFDO 7KHUPDO H[SDQV

HIWHQW ZKHQ WU\LQJ WR VHW D VPDOO JDS



9LVFRVLW\ PHDVXUHPHQWY DUH PDGH RQ WKH &DPPHG &6
E\ FKRRVLQJ D WRUTXH DQG KHQFH VWUHVV DQG WKHQ P
RU VKHDU UDWH 7KH PD[LPXP WRUTXH DERXW WKH FRQH LC
DQG WKH PD[LPXP DQJXODU YHORFLW\ DOORZHG LV UDG
ZDV ILWWHG ZLWK D FP f VWDLQOHVV VWHHO FRQH 7K
VXIILFLHQWO\ VHQVLWLYH WR GHWHFW VXEWOH FKDQJHV L
WRR ODUJH D VDPSOH YROXPH 7KH PD[LPXP VKHDU UDWH
WKLV FRQH ZHUH V DQG G\QHV FP UHVSHFWLYHO

FRQWUROOHG DW f& E\ D 3BHOWLHU V\VWHP

J)LIXUH JORZ FXUYH RI D PHWK\O PHWKDFU\ODWH P
EDWFK QHXWUDOLVHG ZLWK GLHWK\O JLQI
DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ GLVSHUYV

D ZHLJKW UDWLR G6HFRQG F\FOH DW WLPH ]JHU



7KH H[SHULPHQWDO SURFHGXUH IRU PHDVXULQJ WKH SODYV
RXW WZR VKHDU VWUHVV F\FOHV DQ KRXU IRU XS WR K
SHULRG GXULQJ ZKLFK WKH VWUHVV ZDV VWHDGLO\ LQFUH
YDOXH DQG WKHQ VWHDGLO\ UHGXFHG WR JHUR $ W\SLFD(
F\FOH LV VKRZQ LQ )LJXUH 7KLV VRUW Rl ILIJXUH LV
YLVFRVLW\ RI WKH VDPSOH ZDV FDOFXODWHG DV WKH JUD

VHFRQG VKHDU VWUHVV F\FOH

7TKH LQVWUXPHQW ZDV FDOLEUDWHG ZLWK D &HQWLSRL
RQ D ZHHNO\ EDVLVY 7KH VWDQGDUG ZDV FDOLEUDWHG X\
FDOLEUDWHG DJDLQVW WUDFHDEOH VWDQGDUGY 7KH HUUI

ZDV DERXW

7THVW VDPSOHY ZHUH SUHSDUHG IURP SODVWLFLVHUV DQG
XVLQJ DQ DXWRPDWLF PXOOHU 3RO\PHUV ZHUH GULHG LQ
EURNHQ XS LQWR OXPSV XVLQJ D PRUWDU DQG SHVWOH D!
"XH WR WKH H[SRQHQWLDO UHODWLRQVKLS EHWZHHQ WKH
WKH YROXPH IUDFWLRQ RI WKH GLVSHUVHG SRO\PHU SKDV
ZHUH SUHSDUHG GLOXWH W\SLFDOO\ FRPSULVLQJ Z Z GL
SDUWLFOH VZHOOLQJ FRXOG EH DFFRPRGDWHG ZLWKRXW
LPPHGLDWHO\ 'LITHUHQFHVY LQ SODVWLVRO VWDELOLW\ FR
"HLIJKLQJ HUURUYV DVVRFLDWHG ZLWK SUHSDUDWLRQ RI WK
HUURU RI DERXW LQ WKH ZHLJKW IUDFWLRQ RI GULHG S

ZLWK Z Z GULHG SRO\PHU

7KH UHvXOwY DUH H[SUHVVHG DV UHODWLYH YLVFRVLWLHV

SODVWLFLVHU YLVFRVLW\ WKXV GLVFRXQWLQJ WKH HIIHFW



*ObvvV WUDQVLWLRQ WHPSHUDWXUH PHDVXUHPHQW
*ObVV WUDQVLWLRQ WHPSHUDWXUHY 7J RI D QXPEHU RIS
JXLGDQFH RI 'U OLNH 5LFKDUGVRQ DW WKH 1DWLRQDO 3K
XVLQJ GLIITHUHQWLDO VFDQQLQJ FDORULPHWU\ '6& 7TKHUP
LV GHILQHG E\ WKH Y QWHUQDWLRQDO &RQIHGHUDWLRQ R1 71
JURXS RI WHFKQLTXHV LQ ZKLFK D SK\WLFDO SURSHUW\ RI
SURGXFW V LV PHDVXUHG DV D IXQFWLRQ RI WHPSHUDWXL
EHLQJ PHDVXUHG LV WKH FKDQJH LQ HQHUJ\ RI WKH WHVW\
WHPSHUDWXUH LV UDLVHG ,Q WKH FDVH RI SRO\PHUV
FKDUDFWHULVHG E\ D VHULHVY RI HYHQWYV PDUNLQJ FKDQJH'

DW WKH FU\VWDOOLVDWLRQ PHOWLQJ FXULQJ RU JODVV WI

([SHULPHQWY ZHUH FDUULHG RXW RQ D 3HUNLQ (OPHU '6&

DV SRZHU FRPSHQVDWLRQ ZKHUHE\ WKH GLIIHUHQFH LQ SI
VDPSOH DQG D UHIHUHQFH DW WKH SURJUDPPHG WHPSHUL
LQYROYHG ZHLJKLQJ RXW DSSUR[LPDWHO\ “ PJ RI VDI
SDQ DQG SODFLQJ LW LQWR D ZHOO ILWWHG ZLWK D KHDW
LQWR D VLPLODU ZHOO ILWWHG ZLWK D VHSDUDWH KHDWHU
KHDWHG IURP f. WR f. bW WKH UDWH RI f. PLQL $V
LGHQWLFDO WKH GLIIHUHQFH LQ SRZHU UHTXLUHG WR PL
WHPSHUDWXUH LV UHODWHG WR WKH KHDW FDSDFLW\ RI W
EHORZ WKH JODVV WUDQVLWLRQ WKH KHDW FDSDFLW\ LQFL
WUDQVLWLRQ WKH KHDW FDSDFLW\ RI WKH SRO\PHU FR
WHPSHUDWXUH EXW DW D GLIIHUHQW UDWH 7KH LQWHUVHF
WUDQVLWLRQ $ W\SLFDO '6& WUDFH RI WHPSHUDWXUH LQ

LQ XQLWV RI - J GHJUHH LV VKRZQ LQ )LJXUH

, 00



&l 8 M L 33

%
7HQUYSIDWAUH
J)LIXUH $ '6& WUDFHV IRU SODVWLVROV FRPSULVLQJ
PHWKDFU\OLF DFLG FRSRO\PHU SUHSDUHG E\ QRQ
SRO\PHULVDWLRQ GLVSHUVHG LQ EXW\OEHQ]\O SK
UDWLRY 7HPSHUDWXUH f. YHUVXV VSHFLILF KHD

SUHVVXUH &S - 1J GHJ

7KH WHPSHUDWXUH ZDV FDOLEUDWHG E\ KHDWLQJ VDPSOI
VWDQGDUGY WKURXJK WKHLU PHOWLQJ SRLQWYV LQ WHQW!
KHDW FDSDFLW\ ZDV FDUULHG RXW XVLQJ D VDSSKLUH VV
RYHU WKH PRUH FRPPRQ LQGLXP VWDQGDUG LV WKDW WKF
DQ\ WHPSHUDWXUH UDQJH DQG WKDW RQO\ WKH GLVSOL
PHDVXUHG :LWK LQGLXP WKH FDOLEUDWLRQ WHVW WHP S

SRLQW DQG WKH HQWKDOS\ FKDQJH PXVW WKHUHIRUH EH F



$00 WKH VDPSOHV ZHUH VXEMHFWHG WR DQ LGHQWLFDO K
RUGHU WR UHGXFH GLIITHUHQFHYVY EHWZHHQ WKH VDPSOHV V
WKHUPDO KLVWRULHY DQG DOVR WR LPSURYH WKHUPDO FR
RI WKH DOXPLQLXP SDQV ,Q RUGHU WR IXUWKHU UHGXI
WHPSHUDWXUH PHDVXUHPHQWY GXH WR GLIIHUHQFHV L
PHDVXUHPHQW ZDV DGRSWHG EDVHG RQ WKH GHILQLWLRQ
WKH HQWKDOS\ FXUYHV IRU WKH JODVV\ DQG OLTXLG VWDW

DQG OLTXLG SKDVHV FJDQG &M FDQ EH JLYHQ LQ WHUPV F

FJ D E7 (TXDWLRQ D

&@ 2% % 7 (TXDWLRQ E

ZKHUH D $ E DQG % DUH FRQVWDQWYV DQG 7 LV WKH WH
FRQVWDQWY FDQ EH FDOFXODWHG XVLQJ WKH PHWKRG R ¢

WR JLYH WKH HQWKDOSLHV + LQ WKH IRUP RI WKH LC

+J 7 D7 9LE7 3 (TXDWLRQ D

+ 7 $7TVO W@ 4 (TXDWLRQ E

ZKHUH 3 DQG 4 DUH LQWHJUDWLRQ FRQVWDQWV %\ VXEVW
SKDVH 7M LQWR (TXDWLRQ D DQG D WHPSHUDWXUH LQ

E DQG VXEWUDFWLQJ WR JLYH + 7 +J 7M 4 3 LV |
WHPSHUDWXUH FDQ WKHQ EH FDOFXODWHG E\ VROXWLRQ F
7J 7KH YDOXHV DUH URXWLQHO\ UHSURGXFLEOH WR *“ f.
QRW FRROLQJ UDWH 9DULDWLRQ RI WKH FRROLQJ UDWFE
JODVVHV 4XHQFKLQJ RI D OLTXLG SRO\PHU UHVXOWY LQ D

JODVV WUDQVLWLRQ WHPSHUDWXUH WKDQ RQH DOORZHG V



WDEOH VWDWH +RZHYHU LW KDV EHHQ VKRZQ WKDW IRL

WHPSHUDWXUH UDQJH f. PLQ WKH VSUHDG RI 7J LV U

7KLV PHWKRG RI 7J FDOFXODWLRQ FDQ EH GHVFULEHG JUD!:
LV WKH SRLQW DW ZKLFK WKH DUHD $ & DUHD % 7KLV |
EHLQJ PRYHG OHIW RU ULJKW VXFK WKDW WKH DUHD XQGHL

VDPH DV WKDW XQGHU WKH H[SHULPHQWDO FXUYH ) *
+HDW FDSDFLW\

. 7HPSHUDWXUH?

JLIXUH *UDSKLFDO FRQVWUXFWLRQ VKRZLQJ KRZ 7J L

& DUHD % DGDSWHG IURP UHIHUHQFH

*HO FROQWHQW PHDVXUHPHQW
7KH JHO FRQWHQW RU WKH GHJUHH RI FURVVOLQNLQJ RI

ZDV GHWHUPLQHG XVLQJ WKUHH PHWKRGV 'LIITHUHQW PHW



ZKHQ LQ LWV RULJLQDO IRUP WR DOUHDG\ GULHG %RWK
SRO\PHUV UHOLHG RQ GLVVROYLQJ WKH XQ FURVVOLQNH(
VHSDUDWLQJ LW I URP WKH FURVVOLQNHG SRUWLRQ ZLWK LC

GHVFULEHG LQ %R][

%R &HQWULIXJH PHWKRG IRU GHWHUPLQLQJ WKH JHO
$SSUR[LPDWHO\ JUbPV RI WKH WHVW GLVSHUVLRQ RLUL
VXLWDEOH FRQWDLQHU
7KH VDPSOH ZDV WKLQQHG ZLWK PO RI WKH GLVSHU'

PO RI PHWK\O HWK\O NHWRQH ZDV DGGHG WR WKH G
7ZR PO VDPSOHYVY ZHUH WKHQ SLSHWWHG LQWR WZR
7KH VDPSOHYVY ZHUH FHQWULIXJHG DW USP IRU P
GHFDQWHG
JUHVK TXDQWLWLHY RI PHWK\O HWK\O NHWRQH ZHUH D
VDPSOH WHDVHG ZLWK D JODVV URG DQG VWHS UHS|
6WHS ZDV UHSHDWHG DIWHU ZKLFK WKH VDPSOH W)
RYHQ DW f& WR FRQVWDQW ZHLJKW
7KH ILQDO ZHLJKW ZDV FRPSDUHG WR WKH RULJLQDO ¢

BBBEFBREQWHQW H[SUHVVHG DV D SHURBB@G®WBBBBEBBWEBBER B B BLE

TKHDOWHUQDWLYH PHWKRG LV LGHQWLFDO WR WKDW JLYHC
EHWZHHQ VWHSYV DQG RI EDOOPLOOLQJ D PO VDP
SUREOHP RI LQFRPSDWLELOLW\ EHWZHHQ DQ DTXHRXV SKD
WKH ODWWHU PHWKRG ZDV IRXQG WR EH EHWWHU VXLWHG

SRO\PHULVDWLRQ

$ PHWKRG EDVHG RQ WKH 6R[KOHW H[WUDFWLRQ WHFKQLT:

GULHG SRO\PHU 7KLV LV GHVFULEHG LQ %R][ W ZD\



WPSOH LQ RUGHU WR SUHYHQW ORVV RI SDUWLFXODWH PI

SDSHU
%R[ I 6R[KOHW H[WUDFWLRQ WHFKQLTXH IRU GHWHUPLC
SRO\PHUYV

7KH SRO\PHU SRZGHU ZDV KHDWHG LQWR D IXVHG PDV
JLOWHU SDSHUV :KDWPDQ ZHUH SUH GULHG LQ DQ
FDUHIXOO\ ZHLJKHG RQWR WKH SDSHU

7KH SDSHUV ZHUH WKHQ IROGHG XS DQG SODFHG LQW
7KH VDPSOH ZDV WKHQ H[WUDFWHG ZLWK PHWK\O HWHEK
DOG WKH VDPSOH UHPRYHG GULHG DQG ZHLJKHG

7KH JHO FRQWHQW ZDV H[SUHVVHG DV D SHUFHQWDJH

ZHLJKW BBEBBEEEBBBBBBBBBB Y

3UHSDUDWLRQ RI SODVWLVRO FRDWLQJV
30DVWLVROV ZHUH SUHSDUHG E\ GLVSHUVLQJ SUH GULH!:
DXWRPDWLF PXOOHU DW WKH UDWLR RI E\ ZHLJKW 7
DPRXQW RI SRO\PHU UHTXLUHG IRU DFFHSWDEOH FRDWLC
FRDWHG RQWR FOHDQ JODVV SDQHOV XVLQJ D QXPEHU VHY
D ZHW ILOP WKLFNQHVV R PLFURQV 7KH FRDWLQJ ZDV K

LQ D YHQWHG RYHQ 7KH DSSHDUDQFH RI WKH SODVWLVRO



$SSHQGL[ $ *HO SHUPHDWLRQ FKURPDWRJUDSK\ WUDFHV

JLIXUH $ 6WDELOLVHU SUHFXUVRU EDWFK D
YHUVXV UHWHQWLRQ WLPH PLQXWHYV E 2ULJLQCEL
SHUFHQWDJH FXPXODWLYH ZHLJKW IUDFWLRQ YHU
GLITHUHQWLDO ZHLJKW IUDFWLRQ YHUVXVY ORJ PRC

, &, SDLQWYV



OLQXWHYV

JLIXUH $ &RPE VWDELOLVHU EDWFK D '"HWHFYV
YHUVXV UHWHQWLRQ WLPH PLQXWHYV E 2ULJLQI
SHUFHQWDJH FXPXODWLYH ZHLJKW IUDFWLRQ YHU
GLITHUHQWLDO ZHLJKW IUDFWLRQ YHUVXYV ORJ PRC(

&, SDLQWYV



JLIXUH $ 5HVSRQVH YHUVXV WLPH PLQXWHYV D

PHWKDFU\OLF DFLG FRSRO\PHU SUHSDUHG E\ QRQ
E SRO\ EXW\O DFU

EDWFK &RQGLW

SRO\PHULVDWLRQ EDWFK
F SRO\ EXW\O DFU\ODWH

SURGXFWYV



JLIXUH $ 5HVSRQVH YHUVXV WLPH PLQXWHYV D
PHWKDFU\OLF DFLG FRSRO\PHU SUHSDUHG E\ QRQ

SRO\PHULVDWLRQ P9 IXOO VFDOH EDWEFK E

VFDOH EDWFK F DV IRU D EXW SUHSDUHG I

SRO\PHULVDWLRQ P9 IXOO VFDOH &RQGLWLRQV



$SSHQGL[ % 6FDQQLQJ HOHFWURQ PLFURJUDSKYV
J)LIXUH % VKRZVY D SRO\PHU SUHSDUHG E\ DTXHRXV HPX

% DQG % DUH RI SRO\PHUV SUHSDUHG E\ D VHHG DQ

SRO\PHULVDWLRQ PHWKRG 7KRVH LQ ILIXUHV % DQG ‘

DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ EXW LQ D VLQJOH

20

JLIXUH % PHWK\O PHWKDFU\ODWH HWK\OHQH JO\FR
EDWFK [



JLIXUH % PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DF

K\GUR[\VWHDULF DFLG VWDELOLVHU EDWFK



OUUYFRRU?2
JLIXUH % OHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG F
PHWKDFU\ODWH VWDELOLVHU D PHWK\O PHW
EDWFK [O E PHWK\O PHWKDFU\OD

DFLG EDWFK [O



JLIXUH % PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFL
K\GUR[\VWHDULF DFLG VWDELOLVHU D EDWFK
[O



JLIXUH % PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFL

K\GUR[\ VWHDULF DFLG VWDELOLVHU D EDWFK

[



SHIHUHQFHYV

OLOOHU 5 DQG :LFNVRQ ( 3ODVWLVROV DQG 2UJDQRV/
HG 9DQ 1RVWUDQG 1HZ <RUN &KDSWHU

, QWHUQDWLRQDO 2UJDQLVDWLRQ IRU 6WDQGDUGLVDWLR
SDLQWYVY DQG YDUQLVKHYV '"HWHUPLQDWLRQ RI DFLG YDO
%ULWLVK 6WDQGDUGY ,QVWLWXWLRQ %6 3DUW %

PDWWHU DQG QRQ YRODWLOH PDWWHU

'DZNLQV - 9 - 3RO\P ©6HL 3DUW %

<DX : : .LUNODQG - - DQG %O\ " ' ORGHP 6L]H H[F:
&KURPDWRJUDSK\ :LOH\ 1HZ <RUN 3DJH

JORU\ 3 - SBULQFLSOHV RI 3RO\PHU &KHPLVWU\ &RUQH
1HZ <RUN 3DJH

*UXELVLF = SHPSS 3 DQG %HQRLW + - 3RO\P ©6HL

JORU\ 3 - BULQFLSOHV RI 3RO\PHU &KHPLVWU\ &RUQH
1HZ <RUN 3DJH

JORU\ 3 - BULQFLSOHV RI 3BRO\PHU &KHPLVWU\ &RUQH
1HZ <RUN 3DJH

<DX : : .LUNODQG - - DQG %O\ " ' ORGHP 6L]JH H[F
&KURPDWRJUDSK\ :LOH\ 1HZ <RUN 3DJH

"HLQHU % % ORGHP OHWKRGV RI 3DUWLFOH 6L]H $QDO\
1HZ <RUN &KDSWHU

"RURV]NRZVNL $ 3DLQW DQG 6XUIDFH &RDWLQJV 7KHRI
5 HG (OOLV +RUZRRG /RQGRQ 3DJHV
%WXQYLOOH [ * ORGHP OHWKRGV RI 3DUWLFOH 6L]H $QD
LOH\ 1HZ <RUN 3DJH

SLFKDUGVRQ 0 - &RPSUHKHQVLYH 3RO\PHU 6FLHQFH

HG SHUJDPRQ 3UHVV 2[IRUG 9ROXPH &KDSWH



S5LFKDUGVRQ O - DQG 6DYLOO 1 = S3RO\PHU
(OOHUVWHLQ 6 O $SSL 3RO\P 6\PS

&UD\ 9DOOH\ BURGXFWYV WHFKQLFDO GHSDUWPHQW SUL



&+$37(5
75%$16,(17/< &5266/,1.(' 32/<0(56 ,

+<'52%(1 %21'6 $1' ',32/( ',32/( ,17(5%$&7,216

3RO\PHUV ZHUH SUHSDUHG ZLWK WKHUPDOO\ UHYHUVLEO
FURVVOLQNVY RQ WKH UDWH RI VZHOOLQJ RI WKH SRO\PHUYV
PHDVXUHG YLVFRPHWULFDOO\ 7KH WKHRU\ Rl WKH DFWLR
WKHUPDOO\ UHYHUVLEOH FURVVOLQNV LV GHVFULEHG LQ 6H
K\GURJHQ ERQGY DQG GLSROH GLSROH LQWHUDFWLRQV $
FURVVOLQNV ZHUH SURYLGHG E\ WKH PRQRPHUV PHWKD
K\GUR[\HWK\O PHWKDFU\ODWH DQG PHWKDFU\ORQLWULOH

PHWKDFU\ODWH DQG RQH RI WKH PRQRPHUV OLVWHG DERYF

GLVSHUVLRQ DQG DTXHRXV HPXOVLRQ SRO\PHULVDWLRQ WFE

7KH SRO\PHUV ZHUH WKHQ GULHG DQG UHGLVSHUVHG LQWI
SODVWLFLVHUV 7KH VWDELOLW\ RI WKHVH VLPSOH SODVWL
DV DQ DSSOLHG FRDWLQJ /LTXLG VWDELOLW\ ZDV GHWHUPL
PHDVXULQJ WKH FKDQJH LQ YLVFRVLW\ RYHU WLPH &RDWLC

RI YLVXDO H[DPLQDWLRQ IRU SODVWLFLVHU H[XGDWLRQ DQ¢

(DFK VWHS LV GHVFULEHG LQ GHWDLO LQ WKH IROORZLQJ V

D 7KH SUHSDUDWLRQ RI SRO\PHUV XVLQJ QRQ DTXH
SRO\PHULVDWLRQ

E 7KH SUHSDUDWLRQ RI SRO\PHUV XVLQJ DTXHRXV
SRO\PHULVDWLRQ

F 3ODVWLVRO VWDELOLW\

G 3O0DVWLVRO JODVV WUDQVLWLRQ WHPSHUDWXUHYV

H 3ODVWLVRO ILOPV



7KH SUHSDUDWLRQ RI SRO\PHUV XVLQJ QRQ DTXHRXV (
7KH QDWXUH RI QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWLR
SUHSDUDWLRQ RI SRO\PHUV E\ WKH QRQ DTXHRXV GLVSHUYV
DV H[SODLQHG LQ 6HFWLRQ VWHULF VWDELOLVHUV 7Kt
VWHULF VWDELOLVHUV UHTXLUHG WKHLU LQ KRXVH SUHSI

SUHSDUHG EDVHG RQ K\GUR[\VWHDULF DFLG IROORZLQJ D

UHSDUDWLRQ RI VWHULF VWDELOLVHUV EDVHG RQ I
7KH SUHSDUDWLRQ RI WKH FRPE VWDELOLVHUV ZDV D PX

IROORZLQJ VWHSYV

D $FLG LQLWLDWHG FRQGHQVDWLRQ SRO\PHULVDWL
E S5SHDFWLRQ RI SRO\ K\GUR[\WVWHDULF DFLG ZLWI

ULQJ RSHQLQJ PHFKDQLVP WR IRUP VWDELOLVHU S|
F S5SHDFWLRQ RI WKH SUHFXUVRU ZLWK DFU\OLF PRQ

SRO\PHULVDWLRQ PHFKDQLVP WR IRUP WKH FRPE V

3RO\ K\GUR[\VWHDULF DFLG IXQFWLRQHG DV WKH SDUW
PHGLXP XVHG IRU WKH QRQ DTXHRXV GLVSHUVLRQ SRO\PHU
IRU SURYLGLQJ VWHULF VWDELOLVDWLRQ 7KH DFU\OLF SR
VWDELOLVHU DQFKRULQJ WKH PROHFXOH WR WKH SRO\PHI

GLVSHUVLRQ SRO\PHULVDWLRQ

&RPPHUFLDOO\ DYDLODEOH K\GUR[\VWHDULF DFLG FRQWD
SDOPLWLF DFLGV ZKLFK DFW DV FKDLQ WHUPLQDWRUV OLPL
UHFLSH IRU WKH FRQGHQVDWLRQ SRO\PHULVDWLRQ RI K\ (

JLYHQ LQ %R][ 7KH UHDFWLRQ ZDV PRQLWRUHG E\ SHUI



GAHVFULEHG LQ 6HFWLRQ WR JLYH D PROHFXODU ZF

FRUUHVSRQGHG WR DQ DFLG YDOXH RI DERXW PJ .2+ J

%R &RQGHQVDWLRQ SRO\PHULVDWLRQ R K\GURIY

7KH IROORZLQJ PDWHULDOV ZHUH KHDWHG DW f& IRU

ILWWHG ZLWK D FRQGHQVHU DQG '"HDQ 6WDUN VHSDUDWRU
E\ SHULRGLFDOO\ GHWHUPLQLQJ WKH DFLG YDOXH GHFULE
7KH QXPEHU DYHUDJH PROHFXODU ZHLJKW O0Q ZDV PHDVX
GHVFULEHG LQ 6HFWLRQ 7KH QRQ YRODWLOH IUDFWLR

PHWKRG GHVFULEHG LQ 6HFWLRQ

J K\GUR[\WWHDULF DFLG
J [\OHQH

J PHWKDQH VXOSKRQLF DFLG

)LQDO DFLG YDOXH PJ .2+ J
7KHRUHWLFDO PROHFXODU ZHLJKW
(ISHULPHQWDO 0Q

1RQ YRODWLOHYV

7KH DFWXDO WKHRUHWLFDO PROHFXODU ZHLJKW R
ZHLIJKW DQG WKH H[SHULPHQWDO DFLG YDOXH RI WKH SRO\I
K\GUR[\VWHDULF DFLG PJ ZDV GLYLGHG E\ WKH |
FDOFXODWH WKH DFLG YDOXH SHU JUDP ZKLFK ZDV PJ
WKH H[SHULPHQWDOO\ REWDLQHG YDOXH DQG PXOWLSO\L
PROQORHVWHU \LHOGHG WKH WKHRUHWLFDO PROHFXODU ZHL.

PROH RI ZDWHU IURP HDFK PROH RI PRQRHVWHU DQG XVLQ



ZHLIKW WKH XSSHU OLPLW RI ZDV REWDLQHG 7Kt&t
PROHFXODU ZHLJKWYV GR QRW FRLQFLGH DV WKH IRUPHU L

FKDLQ OHQJWKYV ZKLOVW WKH ODWWHU DVVXPHV WKDW WKH

7KH VWDELOLVHU SUHFXUVRU DV GHVFULEHG LQ VWHS E
PHWKDFU\ODWH DGGXFW RI SRO\ K\GUR[\VWHDULF DFLG |
UHDFWLRQ RI WKH HSR[LGH ULQJ RI WKH PHWKDFU\ODWH D
SRO\HVWHU $ VOLJKW H[FHVV RI JO\FLG\O PHWKDFU\ODWH
LQ %R 7KH SUHFXUVRU SRVVHVVHG D UHDFWLYH PHW

KDG EHHQ UHVLGXDO FDUER[\OLF DFLG JURXSYV

%R UHSDUDWLRQ RI VWDELOLVHU SUHFXUVRU ED
DFLG EDWFK QXPEHU

7KH IROORZLQJ UHDFWLRQ PL[WXUH ZDV KHOG DW f& IR
ZDV PRQLWRUHG E\ SHULRGLFDOO\ GHWHUPLQLQJ WKH DF|

YDOXH DQG QRQ YRODWLOH IUDFWLRQ ZHUH PHDVXUHG DF

6HFWLRQ
J SRO\ K\GUR[\WWWHDULF DFLG
J [\OHQH
J WHUW EXW\O FDWHFKRO
J JO\FLG\O PHWKDFU\ODWH
J GLPHWK\O ODXU\ODPLQH
$FLG YDOXH PJ .2+ J

1RQ YRODWLOHYV



"HWDLOV RI WKH EDWFKHV RI1 SRO\ K\GUR[\VWHDULF D
HPSOR\HG LQ WKH SUHSDUDWLRQ RI WKH QRQ DTXHRXV GL'
FKDSWHU DUH VXPPDULVHG LQ 7DEOH 7KH PROHFXODU
QXPEHU DYHUDJH 0Q DQG SHDN 0S DFLG YDOXHV I
GHWHUPLQDWLRQV ZHUH FRQGXFWHG DFFRUGLQJ WR WKH P
PROHFXODU ZHLJKW SRO\GLVSHUVLWLHV IRU DOO WKH EDW
ZHUH DERXW WZR WKH YDOXH SUHGLFWHG IURP WKHRU\ IR

IRU WKH EDWFKHV RI VWDELOLVHU SUHFXUVRU ZHUH VLPLOI

7TDEOH 3RO\ K\GUR[\VWHDULF DFLG DQG VWDELOLVI

&RPSRQHQW ZHLJKWYV JLYHQ LQ JUDPV

3RO\ K\GUR[\ VWHDULF BDBAMLBELOLVHU SUHFXUVRU
%DWFK QXPEHU
K\GUR[\WVWHDULF DFLG
;\OHQH
OHWKDQHVXOSKRQLF DFLG

*O\FLG\O PHWKDFU\ ODWH
W EXW\O FDWHFKRO
'LPHWK\O ODXU\ODPLQH

5HDFWLRQ WHP&HUDWXUH
SHDFWLRQ WLPH KRXUV

OROHFXODU ZHLJKW

0z L
00Q L
0S L

$FLG YDOXH PJ .2+ J
3RO\GLVSHUVLW\ 0Z 0Q
)LQDO VROLGYV

D,&, 3DLQWV GLYLVLRQ DQG ,QWHUQDWLRQDO 3DLQW /LPLWHG L



7TKH ILQDO VWHS VWHS F ZDV WKH FRQYHUVLRQ RI WKH V
VWDELOLVHU E\ IUHH UDGLFDO VROXWLRQ SRO\PHULVDWLR
RWKHU DFU\OLF PRQRPHUV 7KH ILQDO PROHFXOH FRPSUL)\
ERWK SRO\ K\GUR[\VWHDULF DFLG DQG DFU\OLF SRO\PHU
RI FRSRO\PHU HQWLUHO\ I[IUHH Rl SUHFLSLWDWHG LQVROXEC

%R [

%R SUHSDUDWLRQEWRIZBLVWWELOLVHU SUHFXUVRU
PHWKDFUYODWH PR & K/ DVEIURLAD L EODOAFE 16 UD

7KH PL[WXUH RI MWOEVRUVHRPRGRPHUV DQG LQLWLDWRL
PHWK\OEXW\URQLWULOH ZDV IHG LQWR WKH UHIOX[LQJ VRC
UHIOX[ IRU D IXUWKHU KRXUV $W WKLV SRLQW WZR [IXLU
PDGH DW KRXU LOQOWHUYDOV WR HQVXUH FRPSOHWH FR

RI WKH ILQDO SURGXFW ZDV GHWHUPLQHG DFFRUGLQJ WR

J HWK\O DFHWDWH
J EXW\O DFHWDWH
J SUHFXUVRU
J PHWK\O PHWKDFU\ODWH
J PHWKDFU\OLF DFLG
J DIRELYV PHWK\OEXW\URQLWULOH
[ J DIRELYV PHWK\OEXW\URQLWULOH

1RQ YRODWLOHYV



'HWDLOV RI WKH EDWFKHV RI FRPE VWDELOLVHU HPSOR\H
DTXHRXV GLVSHUVLRQ SRO\PHUV GHVFULEHG LQ WKLV FKD
7KH PROHFXODU ZHLJKWYV ZHLJKW DYHUDJH 0Z QXPEHU |
DQG QRQ YRODWLOH FRQWHQW GHWHUPLQDWLRQV ZHUH F
GHVFULEHG LQ B6HFWLRQ 7KH PROHFXODU ZHLJKWV ZH
ZKLFK DUH XVLQJ JHO SHUPHDWLRQ FKURPDWRJUDSK\ LQ

DQG 0Q !

7TDEOH &RPE VWDELOLVHUV &RPSRQHQW ZHLJKWYV LQ

%DWFK QXPEHUV
(WK\O DFHWDWH
%XW\O DFHWDWH

OHWK\O PHWKDFU\ODWH

OHWKDFU\OLH DFLG

K\GUR[\HWK\O PHWKDFU\ODWH

D]JREIPHWK\OEXWYURQLWULOH

$FU\ OLF SRO\PHU FRPSRVLOWLRQ 0DW 00$ 00$
O$F O$F 0$F +(0%

5HDFWLRQ WHP&HUDWXUH

SHDFWLRQ WLPH KRXUV

OROHFXODU ZHLJKW

0z

0Q
0S

3RO\GLVSHUVLW\ 0Z 0Q
)LRO VROLGV

D,&, 3DLQWV GLYLVLRQ



1RQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ
8VLQJ WKH VWDELOLVHUYVY SUHSDUHG LQ 6HFWLRQ DY
HPSOR\LQJ WZR PHWKRGV 7KH ILUVW NQRZQ DV WKH RQH
DOO WKH LQJUHGLHQWYV QHHGHG IRU WKH SRO\PHULVDWLR!
WKHP WR WKH UHTXLUHG WHPSHUDWXUH 7KH RWKHU HPS
8VH RI D vWDQGDUG VHHG VWDJH IL[HG WKH LQLWLDO QXPI

EHWWHU FRQWURO RI WKH ILQDO SDUWLFOH VL]H

7KH RQH VKRW PHWKRG
8VLQJ WKLV VLPSOH PHWKRG D VHULHV RI ZW PHWK\O
FRSRO\PHUV RI SDUWLFOH VL]H PLFURQV ZDV SUHS
FROQWUROOHG E\ YDU\LQJ WKH WRWDO DPRXQW RI PRQRF
FROQOFHQWUDWLRQ WKH JUHDWHU WKH VROXELOLW\ RI WKH
SRO\PHU 7KH LQFUHDVHG VROYHQF\ UHTXLUHG WKH DJJU
ROLJRPHUV IRU QXFOHDWLRQ WR WDNH SODFH WKXV UHGXF
SDUWLFOHY $V WKHUH ZHUH IHZHU SDUWLFOHV FRPSHWL(

SDUWLFOHY ZHUH DEOH WR JURZ WR D ODUJHU VL]H

'"HWDLOV RI WKH PHWKRG RI SRO\PHU SUHSDUDWLRQ DUH G
VXSSUHVV WKH LQKLELWLQJ HIIHFW RI R[\JHQ WKH HDUO\ V
XQGHU QLWURJHQ 2QFH WKH VROYHQW PL[WXUH KDG VWDU
QR ORQJHU UHTXLUHG 2FW\O PHUFDSWDQ zZDV XVHG DV D
PROHFXODU ZHLJKW )RU HDVH RI KDQGOLQJ LW ZDV SUH!

,2VRSDU 0 DQ LVRSDUDIILQ RI ERLOLQJ SRLQW UDQJH f

'"HWDLOV FRQFHUQLQJ WKH ILQDO SRO\PHUV DUH JLYHQ LQ 7
ZDV GHWHUPLQHG LQ RUGHU WR LQGLFDWH WKH H[WHQYV

FRQYHUVLRQV LQ H[FHVV RI DUH VXJJHVWHG 7KLV LV ¢



WURXJK WKH JODVV MRLQWYV DQG VHDOV GXULQJ WKH FRX
SDUWLFOH GLDPHWHUY PHDVXUHG XQGHU D VFDQQLQJ HO
LQ WKH WDEOH %RWK WKH QRQ YRODWLOH FRQWHQW DQC

GHWHUPLQHG DFFRUGLQJ WR WKH PHWKRGYV GHVFULEHG LQ

%R 2QH VKRW RUHQDUDWLRQV RI EY ZHLJKW
PHWKDFUYOLF DFLG FRSROYPHUVPRFURQUWW SRIGIHR DAULHIBE EY
DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ

7KH IROORZLQJ PL[WXUH ZDV DGGHG WR WKH UHDFWLRQ 10I
UHIOX[LQJ WHPSHUDWXUH $IWHU IRXU KRXUV RI UHIOX[LQ.
DIRELV PHWK\OEXW\URQLWULOH ZHUH PDGH DW RQH KR

FRQYHUVLRQ

ORQRPHU PL]| zZ Z
6ROYHQW ZHLJKW UDWLR Q KH[DQH 6KHOOVRO '
&RPE VWDELOLVHU Z Z PRQRPHU

T $]RELV PHWK\OEXW\URQLWULOH Z Z

2FW\O PHUFDSWDQ Z Z LQ ,VRSDU 0 Z Z

$]RELV PHWK\OEXW\URQLWULOH Z Z

7KH QDWXUH RI WKH SRO\PHU SDUWLFOH VXUIDFH ZKHQ Y
PLFURVFRSH UHVHPEOHG LQ DOO FDVHV D UDVSEHUU\ 7
FRPSULVHG D QXPEHU RI VPDOOHU VSHFLHV WKDW KDG DJ.
ORVW WKHLU LQGLYLGXDO VWUXFWXUHYVY 8QGHU WKH FRQ(
SUHSDUDWLRQ WKH VWDELOLVHU FRXOG KDYH UDSLGO\ GH
WR SDUWLFOH DJJUHJDWLRQ $V SRO\PHULVDWLRQ SURFHH

WKH PRQRPHU FRQWHQW DQG KHQFH WKH VROYHQF\ &RQ



EHFRPH WRR ULJLG WR FRDOHVFH XQLIRUPO\ $Q DOWHUQ
PROQRPHU FRQFHQWUDWLRQ GHFUHDVHV D QHZ FURS RI1 SC
ZDV WKHQ VZHSW XS E\ WKH H[LVWLQJ SDUWLFOHYVY UHVXOW
,Q FRQWUDVW WKH SRO\PHUV SUHSDUHG XVLQJ D VHHG DQ!
VPRRWK VXUIDFHV 8VLQJ WKH VHHG DQG IHHG PHWKRG R

ULVN RI'IRUPDWLRQ RI D VHFRQG FURS RI SDUWLFOHYV

7TDEOH ZW PHWK\O PHWKDFU\ODWH PHWKDFU\OL
GLVSHUVLRQ FRSRO\PHUV RI SDUWLFOH VL]H

WKH RQH VKRW PHWKRG

%DWFK QXPEHU

7RWDO PRQRPHU Z Z
3DUWLFOH GLDPHWHU £LP D
7KHRUHWLFDO

QRQ YRODWLOHV Z Z
(ISHULPHQWDO

QRQ YRODWLOHV Z Z

D (OHFWURQ PLFURVFRSH

7KH VHHG DQG IHHG PHWKRG
7KH ILUVW VWDJH RI WKH VHHG DQG IHHG PHWKRG RI QRQ
FRPSULVHG SUHSDUDWLRQ RI ILQH SRO\ PHWK\O PHWKDFU
PRQRPHU FRQVWLWXWHG E\ ZHLJKW RI WKH WRWDO PR
ZHUH WKHQ JURZQ IURP WKH VHHG SDUWLFOHV E\ FDUHIXO

PL[WXUH

$ W\SLFDO VPDOO VFDOH IRUPXODWLRQ LQ WKLV FDVH D
PHWKDFU\OLF DFLG FRSRO\PHU LV JLYHQ LQ %R] 7KH
WROXHQH ,VRSDU % B6KHOOVRO ' DQG Q KH[DQH LQ WKH

ZbV ODWHU VLPSOLILHG WR DQ E\ ZHLJKW PL[WXUH R



ORQRPHU JHQHUDOO\ PDGH XS DERXW RI' WKH WRWI
FROQFHOQWUDWLRQ VSOLW EHWZHHQ WKH VHHG DQG WKH W:
SURSRUWLRQ WR WKH JURZWK LQ SDUWLFOH DUHD WRWDO
FRQFHQWUDWLRAQ 7KH IUHH UDGLFDO LQLWLDWRU I
HPSOR\HG DW RI WKH WRWDO ZHLJKW DQG WKH IUHH UDG

R I RFW\O PHUFDSWDQ LQ ,VRSDU 0 DW D OHYHO RI E\

JRU SRO\PHUV FRPSULVLQJ ODUJH DPRXQWYV RI SRODU PRQ
DFU\OLF DFLG DQG K\GUR[\HWK\O PHWKDFU\ODWH DQ DGC
ZDV QHFHVVDU\ MXVW EHIRUH FRPPHQFHPHQW RI WKH IHH
RYHUDOO VROYHQW VWUHQJWK 7KLV SUHYHQWHG SUHFLSL
ZKLFK FRXOG IRUP D VHFRQG FURS RI SDUWLFOHV PRSSLQ
IORFFXODWLQJ WKH SRO\PHU ,QFUHDVHG DPRXQWV RI V
FRQWUDVW D SUHYLRXV LQYHVWLIJDWLRQ LQWR WKH VLQ
PHWKDFU\ODWH IRXQG WKDW DW PRQRPHU FRQFHQWUDWL
SRO\PHU GLVSHUVLRQV FRDJXODWHG RU IORFFXODWHG E

FRPSOHWLRQ 7KLV ZzDV SDUWO\ DWWULEXWHG WR WKH ORz:

3DUWLFXODU FDUH ZDV DOVR WDNHQ WR HQVXUH WKDW WK
E\ WKH UHWXUQLQJ UHIOX[ WR DYRLG ORFDOLVHG FRQFHQW
FRQVHTXHQW ULVN RI FRDJXODP IRUPDWLRQ ,Q D VLPL
H[SHULPHQWY DOO WKH SRO\PHULVDWLRQV ZHUH FRQGXFW

WKH LQKLELWLQJ HIIHFW RI R[\JHQ



YR [ 7KH '"UH'DUDWLRQ RI1 D EY ZHPKW KKDHFW K YQ FP H

DFLG FRSROYPHIG BPQ® IHHG QRQ DDXHRXV GLVRHUVLRQ QF

EDWFK QXPEHU

7KH IROORZLQJ UHDFWDQWY ZHUH FKDUJHG LQWR WKH UHD|
6HHG 6WDRAWK\O PHWKDFU\ODWH J

$]RELV PHWK\OEXW\URQLWULOH

&RPE VWDELOLVHU Z Z VROXWLRQ
7ROXHQH J
VRSDU % 3
BKHOOVRO ]
Q+H[DQH 3
$IWHU P L §20WRH VD Z Z VROXWLRQ RI R/MBDURHDBEDSWD

DGGHG 7KH WZR PRQRPHU IHHGV HHUHDWWRQ P8 WXFHFG V
KRXUV
VW PRQRPHU IHHG DGGHG RYHU RQH KRXU
OHWK\O PHWKDFU\ODWH 3
OHWKDFU\OLF DFLG 3
$]JRELV PHWK\OEXW\URQLWULOH
2FW\O PHUFDSWDQ Z Z VRIOXWLRQ
&RPE VWDELOLVHU Z Z VROXWLRQ
QG PRQRPHU IHHG DGGHG RYHU RQH KRXU LGHQWLFI
IHHG H[FHSW FRQWDLQHG RQO\ J RI FRPE VWDELOL\
5HIOX[LQJ ZDV FRQWLQXHG IRU D IXUWKHU PLQXWHV DIW
FRPSOHWH FRQYHUVLRQ RI PRQRPHU
)LQDO QRQ YRODWLOH FRQWHQW

3 DUWLFOH GLDPHWHU SP SKRWRQ FRUUHODWLRQ VSHF)



7TKH UHVXOWY RI WKH FKDUDFWHULVDWLRQ RI D UDQJH RI P
FRSRO\PHUV SUHSDUHG DFFRUGLQJ WR WKH PHWKRG GHVF
LQ 7DEOH 7TKH VWDQGDUG VHHG VWDJH ZDV XVHG LQ
EDWFK ,Q WKLV FDVH E\ ZHLJKW RI WKH WRWDO PRC
PROHFXODU ZHLJKW SRO\PHUV ZHUH SUHSDUHG E\ ILUVW L
WKHQ UHGXFLQJ WR JHUR EDWFK WKH DPRXQW RI F
LOQFUHDVHG FKDLQ HQWDQJOHPHQW D KLJKHU PROHFXODU
UHGXFHG UDWH RI YHORFLW\ RI GLVVROXWLRQ LQ SODVWI
HIWHQGHG HYDOXDWLRQ ZHUH VFDOHG XS $ PHWK\O PH)

DQG D ZW PHWK\O PHWKDF\ODWH PHWKDFU\¢

ZHUH VFDOHG XS UHVSHFWLYHO\ E\ D IDFWRU RI1 IRXU

OROHFXODU ZHLJKWY DQG SDUWLFOH GLDPHWHUV ZHUH P&
GHVFULEHG LQ 6HFWLRQ ,Q VRPH FDVHVY WKH SDUWLF
ZLWK VFDQQLQJ HOHFWURQ PLFURVFRS\ DQG SKRWRQ FRUU
LQGH][ REWDLQHG IURP SKRWRQ FRUUHODWLRQ VSHFWURYV|
RI WKH GLVWULEXWLRQ RI SDUWLFOH VL]HV 7KH YDOXH

PRQRGLVSHUVLW\ WR ZKLFK LQGLFDWHYVY SRO\GLVSHUVLW\

7KH QXPEHU DYHUDJH PROHFXODU ZHLJKWV RI WKH SR
DSSUR[LPDWHO\ ULvLQJ WR DOPRVW LQ WK
JHQHUDO WKH SRO\GLVSHUVLWLHV ZHUH DERYH WKH YDC
SRO\PHULVDWLRQ +RZHYHU DV WKLV DVVXPHV D FRQVWD
WHUPLQDWLRQ RU WUDQVIHU WKH LPSOLFDWLRQ LV WKD
WKURXJKRXW WKH UHDFWLRQ B3RO\GLVSHUVLW\ DSSHDUHG

RFW\O PHUFDSWDQ



7TDEOH OHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG

XVLQJ D VHHG DQG IHHG QRQ DTXHRXV GLVSHUVLR

%DWFK ZHLIJKW 3RO\GLVSHUVADWWLFOH VSHUVLW\
QXPEHUOS$F 0ZD 0QD 0SD 0Z 0Q GLDPHWHU JPRQBH]
S
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F F F
S
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S
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F F F
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F F F

D,&, 5SHVLQV DQG &UD\ 9DOOH\ BURGXFWYV F

E(OHFWURQ PLFURVFRSH DQG SKRWRQ FRUUHODWLRQ VSHFWURVFRS\

7KH SDUWLFOH VL]H PHDVXUHPHQWY GHWHUPLQHG XVLQJ |
WKH GLVSHUVLRQV ZHUH UHDVRQDEO\ PRQRGLVSHUVH VHLI
VDPH FKDSWHU $V SUHGLFWHG LQ 6HFWLRQ WKH YDC
ZHUH KLJKHU WKDQ WKRVH REWDLQHG IURP PLFURVFRS\ $
DGYHUVHO\ DIIHFWHG E\ WKH SUHVHQFH RI DJJUHJDWLRQ

KDQGOLQJ WKH UDSLGO\ GU\LQJ SRO\PHUV PD\ KDYH LQIOXH



$ OLPLWHG VHULHV RI PHWK\O PHWKDF\ODWH PHWKDFU\OL
PRUSKRORJ\ DV GHVFULEHG LQ 6HFWLRQ ZHUH SUHSD
PHWKDFU\ODWH KRPRSRO\PHU DQG WKH VKHOO PHWK\O
FRSRO\PHU 7KH UDWLR EHWZHHQ FRUH DQG VKHOO ZDV
SUHSDUHG XVLQJ WKH VHHG DQG IHHG WHFKQLTXH WKH FI

IHHG )XUWKHU GHWDLOV FRQFHUQLQJ WKHVH SRO\PHUV DU

7TDEOH OHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG

SUHSDUHG E\ QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDW
FRUH VKHOO PRUSKRORJ\
%DWFK ZHLJKWRUH S D&KANRO O SDUW BDIJMLUIKOMWH GLDPHWHU
QXPEHUOSF E\ ZHLJKW ZHLIJKW O0O$F QUQD

00$

00%

00%

D (OHFWURQ PLFURVFRSH

&R SRO\PHUV ZHUH DOVR SUHSDUHG LQ WKH VDPH PDQQH!
PHWKDFU\OLF DFLG FRSRO\PHUV VXPPDULVHG LQ 7DEOH
UHVSHFWLYHO\ K\GUR[\HWK\O PHWKDFU\ODWH DQG DFU\OL
DFLG '"HWDLOV DUH JLYHQ LQ 7DEOH 7KH VWDELOL
PHWKDFU\ODWH ZDV XVHG LQ WKH SUHSDUDWLRQ R
ZbDV SUHSDUHG IURP WKH VWDELOLVHU SUHFXUVRU

PROHFXODU ZHLJKWYVY ZHUH VLPLODU WR WKRVH JLYHQ LQ 71



7TDEOH OHWK\O PHWKDFU\ODWH K\GUR[\HWK\O PHWK
PHWK\O PHWKDFU\ODWH DFU\OLF DFLG $$ FRSRO

QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ

%QDWFK ZHLJKW 3RO\GLVSHIDWUWINFOH GLDPHWHU
QXPEHUFRPRQRPHWZD 0QD 0S 0z 0Q WXQ E

+(0% F F F

+(0%$

+(0% F F F
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D,&, 5HVLQV DQG &UD\ 9DOOH\ BURGXFWV F

E (OHFWURQ PLFURVFRSH

7KH SUHSDUDWLRQ RI SRO\PHUV XVLQJ DTXHRXV HPXO
$IWHU WKH SUHSDUDWLRQ RI D UDQJH RI SRO\PHUV X\
SRO\PHULVDWLRQ GHVFULEHG LQ 6HFWLRQ WKH QH[W V
WR WKLV FKDSWHU ZDV WKH SUHSDUDWLRQ RI DQ HTXLYDC
HPXOVLRQ SRO\PHULVDWLRQ 7KH SURFHGXUH IRU DTXHRXV
D VHHG DQG IHHG WHFKQLTXH VLPLODU WR WKDW GHVFULE
DTXHRXV HPXOVLRQ SRO\PHULVDWLRQ LV H[SODLQHG LQ 6H
EDVHG RQ WKH DQLRQLF VXUIDFWDQW $HURVRO 27 VRGLX
IUHH UDGLFDO GLVVRFLDWLYH LQLWLDWRU DPPRQLXP SHUV
PRQRPHU ZKROO\ FRPSULVHG PHWK\O PHWKDFU\ODWH DQG

WKH WRWDO PRQRPHU FKDUJH



IR [ SUHRDUDWLRQ RI D EY ZHLDKW PHWKYO PHWI
FRSROYPHU XVLQJ DQ DDXHRXV HPXOVLRQ SRO\PHULVDWLR
'LVWLOOHG ZDWHU ZDV LQLWLDOO\ KHDWHG WR f& ZKHL
PHWK\O PHWKDFU\ODWH ZDV DGGHG FRQWDLQLQJ GLVVROY'}
XQWLO DW f& WKH LQLWLDWRU ZDV DGGHG LQ WKH IRUP F
$IWHU DERXW PLQXWHYV D EOXH VHHG ODWH[ ZDV IRUPHC
VXUIDFWDQWDYXYXDVPIHI®@QORTXRWYV RYHU KRXUV $IWHU WKH
DGGLWLRQ RI LQLWLDWRU VROXWLRQ ZDV PDGH DQG KHDWL
6HHG VWDJH
'LVWLOOHG ZDWHU J
OHWK\O PHWKDFU\ODWUH
$HURVRO 27 J
$PPRQLXP SHUVXOSKDWH
JHHG VWDJH
OHWK\O PHWKDFU\ODWH
OHWKDFU\OLF DFLG J
$HURVRO 27 J
3RVW DGGLWLRQ
'"LVWLOOHG ZDWHU J

$PPRQLXP SHUVXOSKDWH

&RQYHUVLRQ

SIDUWLFOH GLDPHWHU JP

3+
$ W\SLFDO VPDOO VFDOH IRUPXODWLRQ IRU D ZW PHWK
FRSRO\PHU LV JLYHQ LQ %R] 7KH SHUFHQWDJH FRC

FRPSDULVRQ RI WKH WKHRUHWLFDO DQG H[SHULPHQWDOO



7KH HI[SHULPHQWDO QRQ YRODWLOH FRQWHQW WKH SDUWLF
ZbDV GHWHUPLQHG DFFRUGLQJ WR WKH PHWKRGV GHVFULE
SRO\PHU ZzDV DOORZHG WR GURS IURP QHDU QHXWUDO WR
WKH UHDFWLRQ 7KLV FKDQJH LV GXH WR WKH SURGXFWLR(
SURGXFW RI SHUVXOSKDWH ZKLFK DUH WKHQ DEOH WR LR

LRQV

'"HWDLOV RQ D UDQJH RI SRO\PHUV SUHSDUHG LQ D VLPLOL
LQ %R EDVHG RQ PHWK\O PHWKDFU\ODWH FRSRO\

PHWKDFU\OLF DFLG K\GUR[\HWK\O PHWKDFU\ODWH DQG P

$PRQJVW WKH SRO\PHUV OLVWHG LQ 7DEOH DUH WZR S
,Q DGGLWLRQ WR $HURVRO 27 WKH QRQ LRQLF VXUIDFWDQW
HWKHU ZDV LQFOXGHG DW OHYHOV HTXDO WR EDWEFK

FRQFHQWUDWLRQ RI WKH DQLRQLF VXUIDFWDQW W ZDV H
ZLWK D PRGHUDWH GHJUHH RI VWHULF VWDELOLVDWLRQ Z|

HOHFWURVWDWLF VWDELOLVDWLRQ ZKHQ IRUPXODWHG DV S

7KH SRO\PHU SDUWLFOH GLDPHWHUV ZHUH W\SLFDOO\
IRUPXODWHG /DUJHU SDUWLFOHV ZHUH DOVR SUHSDUHG
SDUWLFOH GLDPHWHU R PLFURQY ZDV SUHSDUHG XVLQ
RQO\ YHU\ VPDOO TXDQWLWLHY DERXW D WHQWK RI WKH X
IHHG VWDJH O6WDELOLVDWLRQ zZDV DOPRVW HQWLUHO\ SU
GHULYHG IURP WKH SHUVXOSKDWH LQLWLDWRU" %DWFK
PLFURQVY DOVR KDG D VXUIDFWDQW IUHH VHHG VWDJH EX\
DPRXQW RI VXUIDFWDQW +RZHYHU WKH VHHG VWDJH DC

I1DWURVRO *5 5 DQ K\GUR[\HWK\OFHOOXORVH +\GUR[\HW



RORWR WKH SRO\PHU EDFNERQH DQG WKURXJK DVVRFLDWLYF
ODUJHU SDUWLFOHYV

7TDEOH 3RO\PHUV EDVHG RQ PHWK\O PHWKDFU\ODWH F
UHVSHFWLYHO\ PHWKDFU\OLF DFLG OS$F K\GUR[\HWK\
PHWKDFU\ODWH +(0%$ DQG PHWKDFU\ORQLWULOH 0$%$1
DTXHRXV HPXOVLRQ SRO\PHULVDWLRQ
%DWFK &RPSRVLWLRQ 3DUWLFOH
QXPEHU E\ ZHLJKW &ERQYHUVLIRPPHWHU SP

oD 00%
00% O$F
00% O$F
00%$ O$F
00% O$F
E 00$ OSF
00$ OS$F
00% O$F
00$ OS$F
00%$ +(0%
00%$ +(0%
00$%$ 0%1
00$ 0%1
D0z 0Q 0S 0Z 0Q &RXUWDXOGV

EOZ 0Q 0S 0Z 0Q &RXUWDXOGV

7KH PROHFXODU ZHLJKWV RI WKH SRO\PHUV ZHUH FRPSDUL
DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ IUHH RI WKH IUHH

GHVFULEHG LQ 6HFWLRQ



S3ODVWLVRO VWDELOLW\
$FU\OLF SODVWLVROV DV H[SODLQHG LQ 6HFWLRQ JHO
VZHOOLQJ RI WKH SRO\PHULF SKDVH E\ WKH SODVWLFLVHU
LQ 6HFWLRQ VXIJIIJHVWY WKDW SODVWLVROV SUHSDU
UHYHUVLEOH FURVVOLQNV DUH PRUH UHVLVWDQW WR JH
GHVFULEHG LQ 6HFWLRQV DQG ZLWK WKHUPDOO\ UHY
GLVSHUVLRQ DQG DTXHRXV HPXOVLRQ SRO\PHULVDWLRQ 7
DV SODVWLVROV DQG WKHLU VXVFHSWLELOLW\ WR JHODWL

YLVFRVLW\ RI WKH SODVWLVROV RYHU WLPH WKH OLNHOLKI

7\SLFDO FRPPHUFLDO SODVWLVROV KDYH D SRO\PHU WR S
ZHLIJKW 'XH WR WKH H[SRQHQWLDO UHODWLRQVKLS EHWZF
YROXPH IUDFWLRQ GHVFULEHG LQ 6HFWLRQ RQO\ D
SRO\PHU E\ WKH SODVWLFLVHU LV QHHGHG DW WKLV UDWLF
RUGHU WR REVHUYH DQ\ WUHQGV LQ WKH VWDELOLW\ RI
SRO\PHUV RQO\ UHODWLYHO\ GLOXWH SODVWLVROV ZHUH V

RI WKH SRO\PHU SDUWLFOHYVY LV GHVFULEHG LQ GHWDLO LQ

6HYHUDO VHULHV RI WHVWYV ZHUH FDUULHG RXW HDFK DVYV
FROQFHUQHG ZLWK WKH VWDELOLW\ RI WKH SODVWLVROV 7K

LQ WKH VXFFHHGLQJ VHFWLRQV XQGHU WKH IROORZLQJ KHEC

D 7KH HIITHFW Rl WKH SODVWLFLVHU

E 7KH HIIHFW RI1 YDU\LQJ WKH DFLG FRQWHQW R SFK
QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ

F 7KH HIIHFW R1 YDU\LQJ WKH DFLG FRQWHQW R SF
DTXHRXV HPXOVLRQ SRO\PHULVDWLRQ

G 7KH HIITHFW RI YDU\LQJ WKH ZHLJKW IUDFWLRQ R

H 7KH HIIHFW RI1 YDU\LQJ WKH K\GUR[\HWK\O PHWK

WKH SRO\PHUYV



7KH HIITHFW RI YDU\LQJ WKH PHWKDFU\ORQLWULOH

SRO\PHUV
J 7KH HIITHFW RI YDU\LQJ WKH SDUWLFOH GLDPHWHU
K 7KH HIITHFW RI YDU\LQJ WKH PROHFXODU ZHLJKW F
L 7KH HIIHFW RI SRO\PHUV ZLWK D FRUH VKHOO PRU

$OWKRXIK WKH WHVWY PHDVXUHG FKDQJHV LQ YLVFRVLW\

LQ WKH UHODWLYH YLVFRVLW\ ZKHUH WKH UHODWLYH YLVFR
WKH SODVWLFLVHU YLVFRVLW\ 7KLV DOORZV GLUHFW FRPS
SUHSDUHG ZLWK GLIITHUHQW SODVWLFLVHUYV 7KH YLVFRYV

SODVWLFLVHUVY WKDW DSSHDU LQ WKH UHPDLQGHU RI WKLV

7TDEOH 3ODVWLFLVHU YLVFRVLWLHYV DW f&

3ODVWLFLVHU 9LVFRVLW\ 3RLVH
'L HWK\OKH[\O VHEDFDWH '26
'LLVRGHF\O DGLSDWH ','$
%XW\O EHQ]\O SKWKDODWH %%3
'L HWK\OKH[\O SKWKDODWH '23

7UL[\OHQ\O SKRVSKDWH 7;3

7KH H[SHULPHQWDO GDWD UHTXLUHG IRU FDOFXODWLQJ V
GHVFULEHG LQ 6HFWLRQ REWDLQHG RQ D SURJUDPPD
7KH YLVFRVLWLHY ZHUH FDOFXODWHG IURP WKH XSZDUG V
XVLQJ (TXDWLRQ 7KH F\FOH FRPSULVHG VWHDGLO\ |
G\QH FP RYHU WZR PLQXWHV KROGLQJ IRU VHFRQGV DC

JHUR DW WKH VDPH UDWH



7KH HIITHFW Rl WKH SODVWLFLVHU

7KH VROYHQW VWUHQJWK RI WKH SODVWLFLVHUV LQ 7DEOH
FKDQJH LQ YLVFRVLW\ RI SODVWLVROV FRPSULVLQJ SDU\
PHWKDFU\ODWH PHWKDFU\OLF DFLG FRSRO\PHU EDWEFK

YLVFRVLWLHY ZHUH REWDLQHG DFFRUGLQJ WR WKH PHWKI
YLVFRPHWHU ZDV SURJUDPPHG WR FRPSOHWH WZR VKHDU
KRXUV 7KH H[SHULPHQWDO FRQGLWLRQV IRU ERWK F\FOHYV
VKHDU VWUHVV WR G\QH FP RYHU RQH PLOQXWH KROGI

DQG WKHQ GHFUHDVLQJ WKH VWUHVVY DW WKH VDPH UDWH
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7LPH KRXUV
JLIXUH 7KH FKDQJH LQ YLVFRVLW\N RYHU WLPH RI1 SOD\
ZW RI D /W PHWK\O PHWKDFU\ODWH PHW
FRSRO\PHU EDWEFK DQG SDUWV ZW SODVWLF
7KH UHVXOWYV GHSLFWHG LQ )LJXUH VKRZHG WKDW

EXW\OEHQ]J\O SKWKDODWH H[KLELWHG DQ\ GUDPDWLF Ftk



ISSUR[LPDWHO\ ILYH IROG 7KH UHPDLQLQJ SODVWLVROV

GL HWK\OKH[\O SKWKDODWH WUL[\OHQ\O SKWKDODWH GL
DGLSDWH VKRZHG YHU\ OLWWOH FKDQJH LQ YLVFRVLW\ RY
WKH EDVLV RI WKHVH UHVXOWY EXW\OEHQ]\O SKWKDODWH
PDMRULW\ RI WKH VXEVHTXHQW SODVWLVRO VWDELOLW\ HJ
SRZHUIXO DQG IDVW DFWLQJ SODVWLFLVHU ZRXOG SUHVHQ

LW ZRXOG EH DEOH WR KLJKOLJKW GLIITHUHQFHYV EHWZHHQ \

7KH HIIHFW RI YDU\LQJ WKH DFLG FRQWHQW RI SRO\PF

QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ
3ODVWLVROV ZHUH SUHSDUHG IURP EXW\OEHQ]J\O SKWKDOD!
PHWKDFU\OLF DFLG FRSRO\PHUV 7KH PHWKDFU\OLF DF
SUHYLRXVO\ SUHSDUHG E\ QRQ DTXHRXV GLVSHUVLRQ SR
RI WKH WRWDO SRO\PHU ZHLJKW $ ZW PHWK\O
FRSRO\PHU zZzDV DOVR SUHSDUHG $00 WKH SODVWLVROV |

E\ ZHLJKW

7KH SODVWLVRO YLVFRVLWLHYV ZHUH PHDVXUHG RYHU KR
FDUULHG RXW HYHU\ KRXU )RU WKH SODVWLVRO EDVHG RQ
FRSRO\PHU WKH ILUVW F\FOH FRPSULVHG LQFUHDVLQJ WK
PLOXWHVY KROGLQJ IRU WHQ VHFRQGY DQG WKHQ GHFUHI
PLQXWH 7KH VHFRQG F\FOH ZDV LGHQWLFDO H[FHSW WKH (
7KH H[SHULPHQWDO FRQGLWLRQV IRU WKH UHPDLQLQJ SO
VWUHVV F\FOHV LQFUHDVLQJ WKH VWUHVV WR G\QH FI
WR VL[ KRXUV DQG IRU WKH UHPDLQGHU RI WKH H[SHULPF

VWUHVYV IRU WZHQW\ VHFRQGY DQG WKHQ GHFUHDVLQJ WKH

7KH UHVXOWYV DUH GHSLFWHG LQ )LJXUH 7KH SOD

PHWKDFU\ODWH URVH UDSLGO\ LQ YLVFRVLW\ UHDFKLQJ D



DIWHU DERXW WHQ KRXUV $W WKLV SRLQW WKH SODVW
LQLWLDO RSDTXH DQG IOXLG GLVSHUVLRQ WR D FOHDU SR
PHWKDFU\OLF DFLG LQ WKH SRO\PHU LQFUHDVHG WR E\
SODVWLVRO YLVFRVLW\ GHFUHDVHG XQWLO DW OHYHOV RI
QHJOLJLEOH RYHU WKH GXUDWLRQ RI WKH H[SHULPHQW 7K
FRSRO\PHU GLG QRW VKRZ WKH VDPH GHJUHH RI VWDELOL
PHWKDFU\OLF DFLG DQDORJXH 7KH UHODWLYH YLVFRVLW\ R

FRQVWDQW YDOXH RI DERXW DIWHU KRXUV

2Q FORVHU H[DPLQDWLRQ RI )LIJXUH LW DSSHDUV WKD\
ZHLIJKW PHWKDFU\OLF DFLG LV OHVV VWDEOH LQ EXW\OEHQ]

+RZHYHU WKH SDUWLFOH GLDPHWHU RI WKH ODWWHU Z
UDWH RI SDUWLFOH VZHOOLQJ ZDV GLUHFWO\ SURSRUWLRQ
UHGXFHG UDWH RI VZHOOLQJ H[SHFWHG IURP D ODUJHU SI
LQFUHDVHG UDWH Rl VZHOOLQJ RI D SRO\PHU ZLWK C

GLVFXVVHG LQ GHWDLO LQ 6HFWLRQ

7KH SRRU VWDELOLW\ VKRZQ E\ WKH PHWK\O PHWKDFU\OL
EXW\OEHQ]J]\O SKWKDODWH DQG WKH DSSDUHQW LPSURYHCG
PHWKDFU\OLF DFLG FRXOG EH H[SODLQHG LQ WHUPV RI1 FKD
WHPSHUDWXUHY 7KHVH FKDQJHYVY LQ JODVV WUDQVLWLRQ W
LQ WHUPV RI WKH SUHVHQFH RI WKHUPDOO\ UHYHUVLEOH F

6HFWLRQ ZKLFK PDNH WKH SRO\PHU FKDLQV OHVV IOH[
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JLIXUH 7KH FKDQJH LQ YLVFRVLW\ RYHU WLPH RI SODV

ZW RI PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFL
DFU\OLF DFLG $$ FRSRO\PHUV SUHYLRXVO\ SUHSD
GLVSHUVLRQ SRO\PHULVDWLRQ DQG SDUWYV ZW

f& 7KH PHWKDFU\OLF DFLG FRPSULVHG ZW F

/ILWHUDWXUH YDOXHV RI WKH JODVV WUDQVLWLRQ WHPSHL
SRO\ PHWKDFU\OLF DFLG DQG SRO\ DFU\OLF DFLG DUH
UHVSHFWLYHO\ $ SRSXODU HTXDWLRQ IRU SUHGLFWLQJ Wtk

UDQGRP FRSRO\PHU ZKHUH WKH FRPRQRPHU SURSHUWLHV G

(TXDWLRQ

ZKHUH 7J LV WKH JODVV WUDQVLWLRQ WHPSHUDWXUH RI WK
JODVV WUDQVLWLRQ WHPSHUDWXUHYV RI WKH SXUH KRPRSRC
IUDFWLRQV RI WKH WZR FRPRQRPHUV 7KLYV UHODWLRQV

7J LV SORWWHG DJDLQVW Z RU Z 8VLQJ WKLY HTXDWLRQ



D E\ ZHLJKW PHWK\O PHWKDFU\ODWH PHWKDF\OLF DF

f. DERYH SRO\ PHWK\O PHWKDFU\ODWH ZKLOVW WKDYV
PHWKDFU\ODWH DFU\OLF DFLG FRSRO\PHU ZRXOG EH f
SRO\ PHWK\O PHWKDFU\ODWH 7TKXV WKH LPSURYHPHQW L
PHWKDFU\ODWH PHWKDFU\OLF DFLG FRSRO\PHUV FRXOG E
WUDQVLWLRQ WHPSHUDWXUH 7KH FRQVHTXHQW GHFUHDVI

UHGXFH WKH UDWH RI SODVWLFLVHU GLIIXVLRQ

7KH HIIHFW RI YDU\LQJ WKH DFLG FRQWHQW RI SRO\PH
DTXHRXV HPXOVLRQ SRO\PHULVDWLRQ
30DVWLVROV ZHUH SUHSDUHG FRPSDUDEOH WR WKRVH GHYV
PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG FRSRO\PHUYV
SRO\PHULVDWLRQ 6LPLODU YLVFRVLW\ VWDELOLW\ RYHU W

7KH UHVXOWY DUH VKRZQ LQ )LJXUH

7KH YLVFRPHWHU ZDV SURJUDPPHG WR FDUU\ RXW WZR VK
KRXUV )RU EDWFK ERWK F\FOHV IRU WKH ILUVW IRXU
VKHDU VWUHVV WR G\QH FP RYHU RQH PLQXWH KROG
GHFUHDVLQJ WKH VWUHVYV DW WKH VDPH UDWH )RU WKH UF
VWUHVYV ZDV G\QH FQU 7KH SURFHGXUH IRU EDWEFK
JLYHQ LQ 6HFWLRQ 7KH SURFHGXUH IRU WKH Ul
LQFUHDVLQJ WKH VWUHVV WR VRPH OLPLWLQJ YDOXH RY'
VHFRQGY DQG WKHQ GHFUHDVLQJ WKH VWUHVV WR JHUR DW
RQ EDWFKHYV DQG WKH OLPLWLQJ VWU|

DQG G\QH FP UHVSHFWLYHO\

30DVWLVROV SUHSDUHG ZLWK SRO\ PHWK\O PHWKDFU\ODWF
ZW PHWKDFU\OLF DFLG EDWFK QRW VKRZQ LQ )L

YLVFRVLW\ WR DQG 3RLVH UHVSHFWLYHO\ 7KH SRO\PH



@AVVROYHG LQ WKH SODVWLFLVHU 7KHVH YDOXHV DUH VL.
SODVWLVROV GHFULEHG LQ 6HFWLRQ EDVHG RQ SRO
GLVSHUVLRQ SRO\PHULVDWLRQ $ SODXVLEOH H[SODQDWLR

PROHFXODU ZHLJKWV EHWZHHQ WKH WZR W\SHV RI SRO\PHL

J)LIXUH 7KH FKDQJH LQ YLVFRVLW\ RYHU WLPH RI1 SOD)
ZW RI PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFI
SUHSDUHG E\ DTXHRXV HPXOVLRQ SRO\PHULVDWLR
EXW\OEHQ]\O SKWKDODWH DW f& 7TKH PHWKDFU\C

ZW RI WKH FRSRO\PHU

$V WKH PHWKDFU\OLF DFLG FRQWHQW RI WKH SRO\PHU URWV
LPSURYHG 7KH ULVH LQ YLVFRVLW\ EHFDPH QHJOLJLEOH R’
DW D PHWKDFU\OLF DFLG OHYHO RI ZW FRSRO\PHU

JDLQHG XVLQJ D QRQ LRQLF VXUIDFWDQW %ULM ZKLFK
VXLWHG WR WKH SODVWLFLVHU HQYLURQPHQW LQ FRPEL

$HURVRO 27 FRXOG QRW EH SHUFHLYHG EDWFKHYV D Q(
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J)LIXUH 7KH FKDQJH LQ YLVFRVLW\ RYHU WLPH RI1 SOD\
ZW RI PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLl
SUHSDUHG E\ DTXHRXV HPXOVLRQ SRO\PHULVDWLR!
WUL[\OHQ\O SKRVSKDWH DW f& 7TKH PHWKDFU\OLF

ZW RI WKH FRSRO\PHU

30DVWLVROV IRUPXODWHG ZLWK WUL[\OHQ\O SKRVSKDWH
EXW\OEHQ]J\O SKWKDODWH DQG WKH PHWK\O PHWKDFU\OD
VKRZHG OLWWOH ULVH LQ YLVFRVLW\ RYHU KRXUV 7KH U
HISHULPHQWDO SURFHGXUH LQYROYHG LQFUHDVLQJ WKH V\
PLOQXWH KROGLQJ IRU VHFRQGY DQG WKHQ GHFUHDVLQJ
7KH OLPLWLQJ VWUHVVHV ZHUH G\QH FP IRU WKH S
FRQWDLQLQJ ZW PHWKDFU\OLF DFLG EDWEFK DQG

RQ WKH SRO\PHUV FRQWDLQLQJ ZW DQG ZW PHWKD



7KH HIIHFW RI YDU\LQJ WKH ZHLJKW IUDFWLRQ RI SRO
30DVWLVROV ZHUH SUHSDUHG DW SRO\PHU SODVWLFLVHU
ZHLJKW 7KH SRO\PHU zZDV D ZW PHWK\O PHWKDFU
FRSRO\PHU SUHSDUHG E\ QRQ DTXHRXV GLVSHUVLRQ SRC
SODVWLFLVHU ZDV EXW\OEHQ]\O SKWKDODWH 7KH YLVFRVL

RYHU KRXUV 7KH UHVXOWY DUH VKRZQ LQ )LJXUH

ZW FRSRO\PHU
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J)LIXUH 7KH FKDQJH LQ YLVFRVLW\ RYHU WLPH RI SOD)\

PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG FRSR
E\ QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ D
f& 7KH SRO\PHU SODVWLFLVHU UDWLR ZDV LQ W

ZW

7KH YLVFRPHWHU ZDV SURJUDPPHG WR FDUU\ RXW WZR VKF
F\FOH LQYROYHG VWHDGLO\ LQFUHDVLQJ WKH VWUHVV WR
KROGLQJ LW IRU WZHQW\ VHFRQGY DQG WKHQ UHGXFLQJ

SURFHGXUH ZDV LGHQWLFDO IRU DOO WKUHH SODVWLVRO\



HSHULPHQW ZLWK WKH SODVWLVRO FRQWDLQLQJ ZW S

ZDV RQO\ G\QH FP

7KH UHVXOWY VKRZ WKDW GHVSLWH WKH DSSDUHQW VWD
SODVWLVRO YLVFRVLW\ VWDELOLW\ ZLWK WKLV SRO\PHU L
ZHLIJKW IUDFWLRQV 7KH SODVWLVRO FRQWDLQLQJ ZW
UHODWLYH YLVFRVLW\ IURP DERXW WR DIWHU KR>
SRO\PHU WKH LQFUHDVH ZDV PXFK PRUH PRGHVW EXW VW
KRXUV $W ZW SRO\PHU WKH LQFUHDVH ZDV QHJOLIJL
UHODWLRQVKLS EHWZHHQ YLVFRVLW\ DQG GLVSHUVH SKDVH
SODVWLVROV ZLWK PRGHUDWH YROXPH IUDFWLRQV

VXVFHSWLEOH WR JHOOLQJ VKRXOG WKH SRO\PHU VZHOO WHF

7KH HIIHFW RI YDU\LQJ WKH K\GUR[\HWK\O PHWKDFU\
SRO\PHUYV
9LVFRVLWLHY ZHUH PHDVXUHG RI D UDQJH RI SODVWLVROV
PHWK\O PHWKDFU\ODWH K\GUR[\HWK\O PHWKDFU\ODWH I
SUHYLRXVO\ SUHSDUHG E\ DTXHRXV HPXOVLRQ DQG QRQ DT
7KH SURSRUWLRQ RI K\GUR[\HWK\O PHWKDFU\ODWH ZDV L

7KH SRO\PHU SODVWLFLVHU UDWLR ZDV E\ ZHLJKW 7

7KH YLVFRPHWHU ZDV SURJUDPPHG WR FDUU\ RXW WZR VK
KRXUV 7KH SURFHGXUH FRPSULVHG LQFUHDVLQJ WKH VKH
RYHU RQH PLQXWH KROGLQJ WKLV VWUHVV IRU WZHQW\ VH
WR JHUR RYHU RQH PLQXWH 7KH OLPLWLQJ VWUHVV ZDV

EDVHG RQ WKH SRO\PHUV SUHSDUHG E\ QRQ DTXHRXV GLVS

G\QH FP IRU WKRVH EDVHG RQ SRO\PHUV SUHSDUHG E\ DT>
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7LPH KRXUV
JLIXUH 7KH FKDQJH LQ YLVFRVLW\ RYHU WLPH RI SOD\
ZW R|I PHWK\O PHWKDFU\ODWH K\GUR[\HWK\O P

SUHYLRXVO\ SUHSDUHG E\ DTXHRXV HPXOVLRQ ED'
QRQ DTXHRXV GLVSHUVLRQ EDWFKHYV DQG
SbDUwyvy zZw EXW\OEHQ]\O SKWKDODWH DW f& 7Kt

PHWKDFU\ODWH FRPSULVHG ZW RI WKH FRSRI(

7KH SODVWLVROV EDVHG RQ SRO\PHUV SUHSDUHG E\ QRQ I
ZLWK DQG ZW K\GUR[\HWK\O PHWKDFU\ODWH EDWEF
VKRZHG LPSURYHG VWDELOLW\ RYHU SRO\ PHWK\O PHWKDF!
ZW K\GUR[\HWK\O PHWKDFU\ODWH EDWFK DSSHDUHG
SODVWLVRO VWDELOLW\ 7KH HIITHFWLYHQHVV R K\GUR[\HV
WKDW RI PHWKDFU\OLF DFLG PROH IRU PROH *ODVV WUDQV
f. DUH JLYHQ IRU SRO\ K\GUR[\HWK\O PHWKDFU\ODWH Lf
6HFWLRQ WKH JODVV WUDQVLWLRQ WHPSHUDWXUHV R

E\ ZHLJKW K\GUR[\HWK\O PHWKDFU\ODWH DUH f.

UHVSHFWLYHO\ $00 WKH YDOXHV DUH OHVV WKDQ WKDW



WHUHIRUH WKH LPSURYHPHQWY LQ SODVWLVRO VWDELOLW\

EH H[SODLQHG VROHO\ LQ WHUPV RI WKH JODVV WUDQVLWLR

7KH SODVWLVROV EDVHG RQ WKH SRO\PHUV SUHSDUHG E\
VKRZHG D ORZHU GHJUHH RI VWDELOLW\ WKDQ WKRVH SU}
SRO\PHULVDWLRQ 7KH SODVWLVRO EDVHG RQ WKH SRO\
PHWKDFU\ODWH EDWEFK KDG DOUHDG\ UHDFKHG D YLVFI
,QFUHDVLQJ WKH FRQWHQW RI K\GUR[\HWK\O PHWKDFU\OI
EDWEFK SURGXFHG D PRUH VWDEOH SODVWLVRO $ SOD
PD\ EH D ORZHU WKDQ H[SHFWHG GHJUHH RI FRSRO\PHULYV
WKDQ WKDW GXULQJ WKH QRQ DTXHRXV GLVSHUVLRQ SRO\P

UHODWLYHO\ KLJK GHJUHH RI VROXELOLW\ LQ ZDWHU RI K\ (

7TKHUPRVHWWLQJ SODVWLVROV FRXOG EH SURGXFHG E\ G
FRQWDLQLQJ SRO\PHUV LQ D XUHD IRUPDOGHK\GH RU D PH
JHOOLQJ WKH ILOPV ZRXOG EH KDUGHU DQG OLNHO\ WR
LQFRPSDWLELOLW\ DQG VXEVHTXHQW H[XGDWLRQ RI SODVW
PDGH RI SODVWLVROV EDVHG RQ K\GUR[\HWK\O PHWKDFU\C
E\ QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ DQG KH[D!

,W DSSHDUHG WKDW LQFUHDVLQJ WKH SURSRUWLRQ

LQFUHDVHG WKH VROXELOLW\ RI WKH SRO\PHU LQ WKH UHVL

7KH UHVXOW IRU D SODVWLVRO FRQWDLQLQJ WKH ZW P
PHWKDFU\ODWH FRSRO\PHU LV VKRZQ LQ )LJXUH TKH <

E\ ZHLJKW 7KH YLVFRPHWHU ZDV SURJUDPPHG WR FDU
DQ KRXU XVLQJ D FP Of FRQH 7KH SURFHGXUH LQYROYHG
G\QH FP RYHU RQH PLQXWH KROGLQJ IRU WZHQW\ VHFRQZGC
WR JHUR RYHU RQH PLQXWH $OWKRXJK WKH UHODWLYH Y

VWDEOH ULVLQJ IURP WR RYHU KRXUV WKH DFWX



SUDFWLFDO 7KH PHDVXUHG YLVFRVLW\ RI &\PHO ZDV
SODVWLFLVHU LV VHYHUHO\ OLPLWHG )XUWKHU H[SHULPHQ
WR WKH VXSSOLHU WKLV ZDV WKH ORZHVW YLVFRVLW\

DYDLODEOH

7KH HIIHFW RI YDU\LQJ WKH PHWKDFU\ORQLWULOH FRQ

7KH YLVFRVLWLHV RI WZR SODVWLVROV EDVHG RQ PHWK\¢
FRSRO\PHUV SUHSDUHG E\ DTXHRXV HPXOVLRQ SRO\PHULVI
ZHUH PHDVXUHG RYHU KRXUV 7KH SRO\PHU SODVWLFL
7KH YLVFRPHWHU ZDV SURJUDPPHG WR FDUU\ RXW WZR VKI
SURFHGXUH FRPSULVHG LQFUHDVLQJ WKH VWUHVV XS WR
KROGLQJ WKLV VWUHVY IRU WHQ VHFRQGY DQG WKHQ GHF
UDWH 7KH OLPLWLQJ VWUHVVHYV IRU WKH SODVWLVRO ZLW
PHWKDFU\ORQLWULOH FRSRO\PHU EDWEFK ZHUH G\Q
G\QH FP IRU WKH VHFRQG 7KH OLPLWLQJ VWUHVVHYV IF
ZW PHWK\O PHWKDFU\ODWH PHWKDFU\ORQLWULOH FRS

G\QH FP DQG G\QH FP UHVSHFWLYHO\ 7KH UHVXOWYV

%RWK SODVWLVROV LQFUHDVHG UDSLGO\ LQ YLVFRVLW\ IUR
RI DERXW 3RLVH DIWHU MXVW WZR KRXUV 7KHUH ZDV
SRO\ PHWK\O PHWKDFU\ODWH ,Q IDFW LW DSSHDUHG WKI
LQFUHDVHG WKH DIILQLWN RI WKH SODVWLFLVHU IRU WE
WHPSHUDWXUH RI SRO\ PHWKDFU\ORQLWULOH LV f. DQG
PHWKDFU\ORQLWULOH FRSRO\PHU ZRXOG EH OLWWOH GLIIHI
7KXV WKLV UHVXOW VXSSRUWYV WKH K\SRWKHVLV RI DQ LQ
DQG SRO\PHU FKDLQ ULJLGLW\ OHDGLQJ WR D GHFUHDVH LC

LQ 6HFWLRQ
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7LPH KRXUV
JLIXUH 7KH FKDQJH LQ YLVFRVLW\ RYHU WLPH RI SOD\

ZW Rl PHWK\O PHWKDFU\ODWH PHWKDFU\ORQLWL
SUHSDUHG E\ DTXHRXV HPXOVLRQ SRO\PHULVDWLR:
EXWV\OEHQ]\O SKWKDODWH DW f& 7KH PHWKDFU\O

ZW RI WKH FRSRO\PHU

7KH HIITHFW RI YDU\LQJ WKH SDUWLFOH GLDPHWHU R\
7KH YLVFRVLWLHY RI D UDQJH RI SODVWLVROV EDVHG RQ |
PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG FRSRO\PHU
SUHSDUHG E\ DTXHRXV HPXOVLRQ DQG QRQ DTXHRXV GL
PHDVXUHG 7KRVH EDVHG RQ SRO\PHU REWDLQHG E\
SRO\PHULVDWLRQ WKH SUHSDUDWLRQ RI ZKLFK KDV EHHQ
SRO\PHU SODVWLFLVHU UDWLR RI E\ ZHLJKW 7KRVH
DTXHRXV HPXOVLRQ SRO\PHULVDWLRQ SUHYLRXVO\ GHVFU

E\ ZHLJKW 7KH UHVXOWYVY IURP WKH SODVWLVROV EDV
QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ DUH VKRZQ L
SURJUDPPHG WR FDUU\ RXW WZR VKHDU VWUHVV F\FOHYV

SURFHGXUH LQYROYHG LQFUHDVLQJ WKH VWUHVV WR D OLF



WLV YDOXH IRU WHQ VHFRQGY DQG WKHQ GHFUHDVLQJ WKH
7KH OLPLWLQJ VWUHVVHYV IRU WKH ILUVW DQG VHFRQG F\F

UHVSHFWLYHO\

PLFURQV
PLFURQYV
PLFURQV
PLFURQV
PLFURQV
PLFURQYV
PLFURQYV

PLFURQYV

J)LIXUH 7KH FKDQJH LQ YLVFRVLW\ RYHU WLPH RI SOD\
ZW R PHWK\O PHWKDFU\ODWH PHWKDFU\OLF
SUHYLRXVO\ SUHSDUHG E\ QRQ DTXHRXV GLVSHUVL
Sbuwv zZzw EXW\OEHQ]\O SKWKDODWH DW f& T7KI

WKH UDQJH PLFURQYV

30DVWLVRO VWDELOLW\ LPSURYHG DV WKH SDUWLFOH GLDI
PLFURQ GLDPHWHU SDUWLFOHY DUH DQ DYHUDJH RI QLQH
VWDQGDUG GHYLDWLRQ R QB RI 7KH PHDQ VWDQGD
FDOFXODWLQJ WKH VWDQGDUG GHYLDWLRQV IRU HDFK VF
SODVWLVRO FRPSRVLWLRQ DW D JLYHQ KRXU DQG FRQYH
SHUFHQWDJH 7KH SHUFHQWDJH VWDQGDUG GHYLDWLRQV |
JLYH WKH PHDQ VWDQGDUG GHYLDWLRQ LQ WHUPV RI D SH

IRU WKH H[SHULPHQWV ZLWK SRO\PHU FRPSULVLQJ



&GADPHWHU SDUWLFOHY DUH DQG DQG DQ ¢

UHVSHFWLYHO\

$ VLPLODU WUHQG EHWZHHQ YLVFRVLW\ VWDELOLW\ DQG S
SODVWLVROV EDVHG RQ EXW\OEHQ]\O SKWKDODWH DQG SRC
SRO\PHULVDWLRQ 7KH UHVXOWY DUH SUHVHQWHG LQ )L
SURJUDPPHG WR FDUU\ RXW WZR VKHDU VWUHVV F\FOHV
SURFHGXUH IRU WKH WZR SODVWLVROV EDVHG RQ WKH SRO
DQG PLFURQY FRPSULVHG LQFUHDVLQJ WKH VWUHVYV WR
KROGLQJ WKLV VWUHVV IRU WZHQW\ VHFRQGY DQG WKHQ
VDPH UDWH 7KH SURFHGXUH IRU WKH UHPDLQLQJ SODVWLYV

EHHQ GHVFULEHG LQ 6HFWLRQ
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7LPH KRXUV
JLIXUH 7KH FKDQJH LQ YLVFRVLW\ RYHU WLPH RI SODV
ZW R PHWK\O PHWKDFU\ODWH PHWKDFU\OLF

SUHYLRXVO\ SUHSDUHG E\ QRQ DTXHRXV GLVSHUVL
Sbuwyvy ZwW EXW\OEHQ]J\O SKWKDODWH DW f& T7KF

WKH UDQJH PLFURQYV



$ SORW RI WKH LQLWLDO YLVFRVLWLHY DJDLQVW WKH YROX
EXW\OEHQ]\O SKWKDODWH DQG ZW PHWK\O PHWKDFU)\
GLVSHUVLRQ SRO\PHULVDWLRQ LV VKRZQ LQ )LJXUH

FRPSULVHG LQFUHDVLQJ WKH VKHDU VWUHVY WR D OLPLWL

WZHQW\ VHFRQGY DQG WKHQ UHGXFLQJ WKH VWUHVV WR ]H

PLFURQV
R
] PLFURQV
D7 PLFURQYV
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9ROXPH IUDFWLRQ
JLIXUH ,QLWLDO YLVFRVLW\ YHUVXV YROXPH IUDFWLR(
EXW\OEHQ]J\O SKWKDODWH DQG ZW RI PHWK\O

PHWKDFU\OLF DFLG FRSRO\PHUV SUHSDUHG E\ QRQ

SRO\PHULVDWLRQ DW f& 7KH SRO\PHU SDUWLFOH

UDQJH PLFURQV

7KH OLPLWLQJ VWUHVVHV IRU WKH SODVWLVROV FRQWDLQL
DQG PLFURQV ZHUH DQG

UHVSHFWLYHO\ 7KH OLPLWLQJ VWUHVVHV IRU WKH SODVWL

PLFURQV YDULHG ZLWK WKH YROXPH FRQFHQWUDWLRQ ! )F

OLPLWLQJ VWUHVV ZDV G\QH FP IRU

G\QH FP DQG IRU M! WKH YDOXH ZDV G\QH

YROXPH IUDFWLRQV IURP WKH ZHLJKW IUDFWLRQV ZHUH FL



WH FRSRO\PHU ZDV QR GLIITHUHQW WR WKDW RI SRO\ PHWK

WKH SRO\PHU DQG WKH SODVWLFLVHU ZHUH WDNHQ DV

J)LIXUH VKRZV WKDW WKH YLVFRVLW\ IRU WKHVH SC
SRO\PHU YROXPH IUDFWLRQ EXW LQGHSHQGHQW RI WKH SI
GHVFULELQJ WKH IORZ EHKDYLRXU RI VROLG OLTXLG VXVSFH
GLG QRW SUHGLFW D UHODWLRQVKLS EHWZHHQ WKH VXVS]
7KLV UHVXOW WKHUHIRUH VXSSRUWV WKH YLHZ WKDW

DXWRPDWLF PXOOHU ZHUH PRQRGLVSHUVH GLVSHUVLRQV

J)LIXUH , QLWLDO LQFUHDVH LQ YLVFRVLW\ DJDLQVW UF
FRPSULVLQJ SDUWV ZW R ZW PHWK\O PHW|
DFLG FRSRO\PHUV REWDLQHG E\ QRQ DTXHRXV GL

EXW\OEHQ]\O SKWKDODWH DW f&

$ SODXVLEOH K\SRWKHVLV WR H[SODLQ WKH UHODWLRQYV
GLDPHWHU DQG SODVWLVRO YLVFRVLW\ VWDELOLW\ LV L

SURSRUWLRQDO WR WKH VXUIDFH WR YROXPH UDWLR 7K



QFUHDVH DJDLQVW WKH UHFLSURFDO RI WKH UDGLXV VKR

OLQHDU UHVSRQVH UHODWLRQVKLS 7KH UHVXOW EURDGO\ \

2YHUDOO WKH UHVXOWYV VXJJHVW WKDW DFU\OLF SODVWLYV
D SDUWLFOH VL]H DV LV SUDFWLFDEO\ SRVVLEOH 7KH XSS
WKH LQFUHDVHG UDWH RI VHGLPHQWDWLRQ H[KLELWHG E\
FRDWLQJV WKH SDUWLFOH VL]H FDQQRW JUHDWO\ H[FHHG \
D W\SLFDO SLJPHQW VXFK DV WLWDQLXP GLR[LGH LV DERXYV
WKLV LV WKH LQFUHDVHG WHQGDQF\ IRU SLIPHQW SDUWLF
YROXPH RI WKH SRO\PHU SDUWLFOHV OHDGLQJ WR SRRU
RSWLPLVDWLRQ 3LIJPHQW RSWLPLVDWLRQ LV LPSRUWDQW
SULFHV RI SLIPHQWY DUH JHQHUDOO\ KLJK DQG FDQ LQ W\

D KLJK SURSRUWLRQ RI WKH ILQDO FRVWYV

7KH HIIHFW RI1 YDU\LQJ WKH PROHFXODU ZHLJKW Rl WK
7KUHH SODVWLVROV ZHUH SUHSDUHG EDVHG RQ EXW\OEH
PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG FRSRO\PHUV
PROHFXODU ZHLJKW UDQJH REWDLQHG E\ (
SRO\PHULVDWLRQ 7KH SRO\PHU SODVWLFLVHU UDWLR ZD*

ZHUH PHDVXUHG RYHU KRXUV

7KH YLVFRPHWHU ZDV SURJUDPPHG WR FDUU\ RXW WZR VKI
SURFHGXUH FRPSULVHG LQFUHDVLQJ WKH VWUHVV WR G
WKLV VWUHVV IRU WZHQW\ VHFRQGY DQG WKHQ ORZHULQJ

(DFK RI WKH UHVXOWY VKRZQ LQ )LJXUH DUH DQ DYHU



JLIXUH 7KH FKDQJH LQ YLVFRVLW\ RYHU WLPH RI SODV
ZW R PHWK\O PHWKDFU\ODWH PHWKDFU\O
SUHYLRXVO\ SUHSDUHG E\ QRQ DTXHRXV GLVSHUVL
Sbuwyvy ZW EXW\OEHQ]J\O SKWKDODWH DW f& T7KF

SHDN PROHFXODU ZHLJKWY ZHUH LQ WKH UDQJH

W ZDV SUHGLFWHG LQ 6HFWLRQ WKDW KLIJKHU PROF
KDYH D UHGXFHG UDWH RI YHORFLW\ RI GLVVROXWLRQ LQ S
HQWDQJOHPHQW 7KH JODVV WUDQVLWLRQ WHPSHUDWXUF
GHJUHH RI FKDLQ HQWDQJOHPHQW W KDV EHHQ IRXQG WKL
OLQHDU SRO\PHUV LV SURSRUWLRQDO WR WKH UHFLSURFL

ZHLJIKW 7KH UHODWLRQVKLS FDQ EH UHSUHVHQWHG E\ W

71 74 X AN Z A (TXD LRQ

ZKHUH 7J LV WKH JODVV WUDQVLWLRQ WHPSHUDWXUH LQ

WUDQVLWLRQ WHPSHUDWXUH LQ .HOYLQ IRU D OLQHDU SRO\



RQVWDQW D5DQG D*DUH WKH VSHFLILF YROXPH WHPSHI
JUDP GHJUHH DQG 0Q LV WKH QXPEHU DYHUDJH PROHFXODL
IROORZVY IURP WKH GHFUHDVH LQ WKH IUHH YROXPH ZLWK
JUHDWHU QXPEHU RI FRQQHFWHG PRQRPHUV OHDGV WR D
HQGY +RZHYHU GDWD IRU SRO\ PHWK\O PHWKDFU\ODWH S
WKDW WKH LQFUHDVH LQ WKH JODVV WUDQVLWLRQ WHPSH

DYHUDJH PROHFXODU ZHLJKW RI DERXW

JLIXUH 7 GHJUHHV .HOYLQ YV 0Q JUDPV IRU SRO\

7KH UHVXOWYV LQ )LJXUH LQGLFDWH WKDW FKDQJHV |
UDQJH LQYHVWLIJDWHG KDV OLWWOH LPSDFW RQ SODVWLVR
UHJLRQ RI WKH JODVV WUDQVLWLRQ WHPSHUDWXUH ZLWK

KDV DOUHDG\ EHHQ UHDFKHG



7KH HIIHFW RI SRO\PHUV ZLWK D FRUH VKHOO PRUSKRC(
7KUHH SODVWLVROV ZHUH SUHSDUHG FRPSULVLQJ SDUW
sbuwv zZw PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLC
DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ ZLWK FRUH VKHC(

ZHUH PHDVXUHG RYHU D SHULRG R KRXUV 7KH UHVXOWYV

7KH YLVFRPHWHU ZDV SURJUDPPHG WR FDUU\ RXW WZR VKI
SURFHGXUH FRPSULVHG IRU WKH ILUVW F\FOH LQFUHDVL(
OLPLWLQJ YDOXH RI G\QH FP KROGLQJ IRU WHQ VHEFER
WR J]HUR DW WKH VDPH UDWH )RU WKH VHFRQG F\FOH W

G\QH FP RYHU WZR PLQXWHV KHOG IRU WHQ VHFRQGV DQ

PLOQXWHV $OVR LQFOXGHG LQ )LIJXUH IRU SXUSRVHYV
DQ HTXLYDOHQW SODVWLVRO FRQWDLQLQJ D ZW P
DFLG UDQGRP FRSRO\PHU EDWFK SUHSDUHG E\ ¢

SRO\PHULVDWLRQ

7KH UDWLR RI FRUH WR VKHOO PDWHULDO FRPSULVLQJ W
ZHLJKW $00 WKH PHWKDFU\OLF DFLG ZDV SRO\PHULVHG H
SRO\PHUV FRPSULVHG DQG E\ ZHLJKW PHWKDF
+RZHYHU WKH SHUFHQWDJH RI PHWKDFU\OLF DFLG LQ WK

E\ ZHLJKW UHVSHFWLYHO\ )XUWKHU GHWDLOV UHJDUG

LQ 6HFWLRQ



JLIXUH 7KH FKDQJH LQ YLVFRVLWLHY ZLWK WLPH RI SC
RI PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG FR
SUHSDUHG E\ QRQ DTXHRXV GLVSHUVLRQ SRO\PHUL
EXW\OEHQ]\O SKWKDODWH DW f& 7KH FRUH WR V

ZLWK D FRUH FRPSULVHG HQWLUHO\ RI SRO\ PHWK\

7KH UDWLR RI FRUH WR VKHOO PDWHULDO FRPSULVLQJ V
ZHLJKW $00 WKH PHWKDFU\OLF DFLG ZDV SRO\PHULVHG H
SRO\PHUV FRPSULVHG DQG E\ ZHLJKW PHWKDF
+RZHYHU WKH SHUFHQWDJH RI PHWKDFU\OLF DFLG LQ WK

E\ ZHLJKW UHVSHFWLYHO\ )XUWKHU GHWDLOV UHJDUG

LQ 6HFWLRQ

7KH FRUH VKHOO W\SH SRO\PHUV FRQWDLQLQJ DQG

FRQFHQWUDWHG LQ WKH VKHOO ZHUH VLJQLILFDQWO\ PRUH
WKH UDQGRP FRSRO\PHU 7KH SRO\PHU ZLWK RQO\ E\ Z
PXFK OHVV VWDEOH DQG WKH SODVWLVRO URVH LQ YLVFRYV

DIWHU KRXUV 7KH SHUFHQWDJH ZHLJKW RI PHWKDFU\OLF



KDYH EHHQ VLPLODU WR WKDW RI WKH UDQGRP FRSRO\PHU
HI[SHFWHG WKDW WKH SODVWLVRO KDYH DW OHDVW LQLWLD
WKH UDQGRP FRSRO\PHU 7KH UHVXOW LPSOLHV WKDW WKH
QRW KDYH EHHQ IXOO\ SURWHFWHG E\ WKH VKHOO W KD
IRUPHG ITURP WKH IXVLQJ WRIJHWKHU RI LOGHBEWEGHOW-\LVO |
LQVXIILFLHQW VKHOO PDWHULDO IRU SRO\PHULVDWLRQ WK

OHDYLQJ WKH FRUH SDUWLDOO\ H[SRVHG

30DVWLVRO JODVV WUDQVLWLRQ WHPSHUDWXUHYV
W ZDV VXJIJHVWHG WKDW FRSRO\PHULVDWLRQ RI PHWKDFU\
WKH PHWK\O PHWKDFU\ODWH EDVHG SODVWLVROV ZDV DFWL
EXW\OEHQ]\O SKWKDODWH ,Q RUGHU WR GHWHUPLQH LI W]
SKWKDODWH YDULHG ZLWK WKH FRPSRVLWLRQ RI WKH SR
WHPSHUDWXUHY RI WZR VHULHVY RI JHOOHG SODVWLVROYV

VFDQQLQJ FDORULPHWU\

7KH SODVWLVROV FRQWDLQHG HLWKHU SRO\ PHWK\O PHWKD
PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG FRSRO\PHU

QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ 7KH SRO\PHU
WKH SODVWLVRO 7KH SODVWLVROV ZHUH SUHSDUHG E\ FR
SODVWLFLVHU DQG XQGULHG SRO\PHU $00 WKH SODVWLVR
7KH H[SHULPHQWDO FRQGLWLRQV IRU WKH JODVV WUDQVLW
WKH JHOOHG SODVWLVROV IURP . WR . DW D UDWH RI

VKRZQ LQ 6HFWLRQ ZKHUH IXUWKHU GHWDLOV DUH JLY

7TDEOH



7TDEOH

*ODVVY WUDQVLWLRQ WHPSHUDWXUHYVY RI JHOOH
PHWKDFU\ODWH EDWFK RU D ZW PHWK
PHWKDFU\OLF DFLG FRSRO\PHU EDWEFK SUHSI
GLVSHUVLRQ SRO\PHULVDWLRQ DQG EXW\OEHQ]\O
ZHUH REWDLQHG XVLQJ GLIITHUHQWLDO VFDQQLQJ F

VFKHGXOH R . DW . PLQ

8QGULHG SRO\PH®%3JJ SRO\PHU LQ JHOOGBRBGVYVY WUDQVLWLRQ

SODVWLVRO ZW
ZLWK ZLWK

7KH JOWYVVQWIMWRERKPUD W X UHNWO ORMIG WBOBVWLVROV FRPSULVL

DSSUR[LPDWHO\ E\ ZHLJKW SRO\PHU FRXOG QRW EH PHD

VPHDUHG RXW RYHU WRR ZLGH D WHPSHUDWXUH UDQJH

SRO\ PHWK\O PHWKDFU\ODWH RI . LV FRQVLGHUDEO\ OR

TXRWHG LQ WKH OLWHUDWXUH ILNHZLVH WKH FRUUHVSR

PHWKDFU\ODWH PHWKDFU\OLF DFLG FRSRO\PHU DUH

GLITHUHQFHYVY PD\ EH GXH WR SODVWLFLVDWLRQ RI WKH

PRQRPHUV



J)LIXUH 7KH JODVYVY WUDQVLWLRQ WHPSHUDWXUH RI D |

EXW\OEHQ]\O SKWKDODWH DQG SRO\ PHWK\O PHWK|

PHWK\O PHWKDFU\ODWH FRSRO\PHU SUHSDUHG E\ (

SRO\PHULVDWLRQ 7KH SRO\PHU ZHLJKW IUDFWLRQ

7KH PHDVXUHPHQWY ZHUH REWDLQHG XVLQJ G
FDORULPHWU\ ZLWK D KHDWLQJ VFKHGXOH R

$ SORW RI SHUFHQWDJH SRO\PHU E\ ZHLJKW DJDLQVW W
VKRZQ LQ )LIJXUH JLYHV D OLQHDU UHODWLRQVKLS
FRPSDWDELOLW\ EHWZHHQ WKH SRO\PHUV DQG SODVWLFLV]
DSSOLHG WR WKHVH V\VWHPV DQG WKH JODVV WUDQVLWLR

XVLQJ WKH OLQHDU UHODWLRQVKLS

73 ZW7J O Z 713 (TXDWLRQ

$V WKH VORSHV DUH DSSUR[LPDWHO\ WKH VDPH LW FDQ

SKWKDODWH KDV D VLPLODU SODVWLFLVLQJ SRZHU IRU ER



PHWKDFU\OLF DFLG LQ WKH SRO\PHULF SKDVH RI WKHVH

SODVWLFLVLQJ SRZHU RI EXW\OEHQ]\O SKWKDODWH IRU WKF

3ODVWLVRO FRDWLQJV
,Q RUGHU WR GHWHUPLQH ZKHWKHU VXLWDEOH FRDWLQJV
GHVFULEHG LQ 6HFWLRQ DQG 6HFWLRQ VHOHFWHC
UHVLVWDQFH WR SODVWLFLVHU VZHOOLQJ ZKHQ IRUPXC
UHIRUPXODWHG DW D PRUH UHDOLVWLF SRO\PHU SODVWL
SODVWLVROV ZHUH WKHQ FRDWHG RQWR JODVYV SDQHOV DQ
DSSHDUDQFH RI WKH SODVWLVROV ZDV QRWHG EHIRUH DQC

SUHSDUDWLRQ RI WKH FRDWLQJV LV LQFOXGHG LQ 6HFWLRC

30DVWLVRO FRDWLQJV ZHUH SUHSDUHG IURP SRO\ PHWK\

ZW PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG F
UDQJH RI SODVWLFLVHUV %RWK SRO\PHUV ZHUH SUHSD
SRO\PHULVDWLRQ $ UHFRUG RI WKH REVHUYDWLRQV LV VX
WR GLVSHUVH SRO\ PHWK\O PHWKDFU\ODWH LQ EXW\OEHC
SKRVSKDWH 7;3 UHVXOWHG LQ LPPHGLDWH JHODWLRQ LQG
DIITLQLWY 2Q GLVSHUVLRQ LQ 3DODPROO D SRO\HVWHL
SRO\ILPFWLRQDO DOFRKROV D YLVFRXVY RSDTXH SDVWH ZLC
D PRGHUDWHO\ IOH[LEOH EXW RSDTXH FRDWLQJ 7KH FR

SODVWLFLVHU

30DVWLVROV SUHSDUHG IURP 3DODPROO ZLOO GXH WR
f& WHQG WR EH SDVWHYV 7TKH EXONLHU KLJK PROHFXODL
UDWH RI GLIIXVLRQ WKURXJK WKH SRO\PHU UHTXLUHV D KL
JHOOLQJ WLPH *HOOLQJ DW WRR ORZ D WHPSHUDWXUH ZI
SRO\PHU DQG SODVWLFLVHU DQG RSDTXH FRDWLQJV 'L H

SKWKDODWH ERWK SURGXFHG OLTXLG SODVWLVROV ZLWI|



LWwWDV REVHUYHG WKDW QHLWKHU SODVWLFLVHU ZDV VXIILFI

ERWK FRDWLQJV H[KLELWHG SODVWLFLVHU H[XGDWLRQ

7TDEOH $SSHDUDQFH RI SODVWLVROV FRPSULVLQJ E
E\ ZHLJKW SRO\PHU SUHSDUHG E\ QRQ DTXHRXV G|
EHIRUH DQG DIWHU KHDWLQJ DW f& IRU PLQXW
3RO\PHU SODVWLFLVBODVWLVRO $SSHDUDQFH RI FRDWLQJ
DSSHDUDQFH
3RO\ PHWK\O PHWKDFUYWRIWH *HO
EDWFK ‘23 ILTXLG JOH[LEOH SODVWLFLVHU H[X(

'LOLQHDU
SKWKDORRB®RXUOHVV) @H[IEIOH SODVWLFLVHU H[X(

7:3 *HO
9LVFRXV RSDEMXIIKWO\ IOH[LEOH RSDTXH
SDPROOSDVWH SODVWLFLVHU H[XGDWLRQ

ZW PHWK\O JOH[LEOH URXJK SODVWLFLYV
PHWKDFU\ODWH PHWROAY\OLKLWH SDVWHI[XGDWLRQ

DFLG FRSRO\PHU EDWEFK JOH[LEOH URXJK SODVWLFLYV
7:;3 :KLWH SDVWH[XGDWLRQ

"LVSHUVLRQ RI WKH ZW PHWK\O PHWKDFU\ODWH I

EXW\OEHQ]\O SKWKDODWH DQG WUL[\OHQ\O SKRVSKDWH ¢
+RZHYHU WKH ORZ GHJUHH RI IORZ RXW RI WKH FRDWLQJ)\

SRO\PHU DQG SODVWLFLVHU

6LPLODU SODVWLVRO FRDWLQJV ZHUH DOVR SUHSDUHG E|
WUL[\OHQ\O SKRVSKDWH DQG D UDQJH RI ZW PHWK\O
FRSRO\PHUV RI YDU\LQJ SDUWLFOH GLDPHWHU 7KH SRO\PH
GLVSHUVLRQ SRO\PHULVDWLRQ DQG KDYH EHHQ GHVFULEHC
ZHUH FOHDU DQG UXEEHU\ 7KH RQO\ SODVWLVRO ZLWK
FRPSULVLQJ WKH SRO\PHU ZLWK D SDUWLFOH GLDPHWHU F
EXW\OEHQ]\O SKWKDODWH 7KH UHPDLQLQJ SODVWLVROV

ObUJHU SDUWLFOH GLDPHWHUY ZHUH SDVWHV 7KH UHVX



7TKH\ GR QRW OHQG VXSSRUW WR WKH K\SRWKHVLV LQWUR(
YLVFRVLW\ VWDELOLW\ FRXOG EH LPSURYHG E\ LQFUHDVL

GLVSHUVHG SRO\PHULF SKDVH

7TDEOH $SSHDUDQFH RI SODVWLVROV FRPSULVLQJ E
E\ ZHLJKW ZW PHWK\O PHWKDFU\ODWH PHWKI
SUHSDUHG E\ QRQ DTXHRXV GLVSHUVLRQ SRO\PHUL

KHDWLQJ DW f& IRU PLQXWHY 7KH SDUWLFOH

PLFURQYV
3DUWLFOH GLDPHWHU WXQ B3ODVWLFLVHYLOP3OBSYMWRLYVRQFBEISSHDUDQ
%%3 /LTXLG 60LIJKWO\ VWLEN\ IOH[LEOH FC

7,3 7KLFN VWLFN' PONWHOH FOHDU
%%3 7KLFN ZKLWH S®EVMWHKWO\ VWLFEN\ IOH[LEOH FC
% %3 5XQQ\ ZKLWH SDOWH EOH FOHDU

7:;3 7KLFAKLWH SDVWBIH[LEOH FOHDU

7KHVH UHVXOWV IRU SODVWLVROV ZLWK D SRO\PHU SODYV
UHTXLUHG IRU SURGXFLQJ D FRKHUHQW FRDWLQJ UHLQIRU|
WKDW YHU\ OLWWOH SRO\PHU VZHOOLQJ E\ SODVWLFLVHU

LOQWUDFWDEOH

6 XPPDU\
7KH DELOLW\ Rl SRO\ PHWK\O PHWKDFU\ODWH WR UHVLVW
EXW\OEHQ]\O SKWKDODWH ZDV LPSURYHG RQ FRSRO\PHULV
PHWKDFU\OLF DFLG RU K\GUR[\HWK\O PHWKDFU\ODWH
LPSURYHPHQW RQ FRSRO\PHULVDWLRQ RI PHWK\O PHWKDFL
UHVXOWY PD\ EH SDUWO\ H[SODLQHG E\ DUJXLQJ WKDW WK

WKH SRO\PHU JODVV WUDQVLWLRQ WHPSHUDWXUH DQG KHQ



RR WKH SRO\PHU E\ WKH SODVWLFLVHU ,QGHHG WKLV ZRXC
GLG SURYLGH WKHUPDOO\ UHYHUVLEOH FURVVOLQNV ZLWK
PHWK\O PHWKDFU\ODWH K\GUR[\HWK\O PHWKDFU\ODWH FF
WHPSHUDWXUHYVY ORZHU WKDQ SRO\ PHWK\O PHWKDFU\ODW

DOWHUQDWLYH VWDELOLVLQJ PHFKDQLVP

"LITLFXOWLHYVY HQFRXQWHUHG SRO\PHULVLQJ PRQRPHUV ZLW]|
PD\ KDYH EHHQ UHVSRQVLEOH IRU WKH SRRUHU VWDELOLYV
SRO\PHUV SUHSDUHG XVLQJ WKH DTXHRXV HPXOVLRQ S
FRPSRVLWLRQ RI WKH ILQDO FRSRO\PHU PD\ KDYH EHHQ
WKHRUHWLFDOO\ ZLWK FRQVLGHUDEO\ OHVV RI WKH VROXE
PHWKDFU\ODWH SRO\PHULVLQJ LQWR WKH SRO\PHU SDUWLF
GLG QRW SURYLGH LQFUHDVHG VWDELOLW\ RYHU WKH UH
+RZHYHU LQFUHDVLQJ WKH SDUWLFOH VL]H VLIQLILFDQWC
WKRXJKW WKDW WKLV PD\ EH GXH WR ORZHULQJ RI WKH VX
PHWKDFU\OLF DFLG LQWR D VKHOO VXUURXQGLQJ D SRO\
LPSURYHG WKH SODVWLVRO VWDELOLW\ VXEVWDQWLDOO\

FRSRO\PHU

30DVWLVROV ZHUH SUHSDUHG DW WKH FRPPHUFLDOO\ UHEL

E\ ZHLJKW ZLWK SRO\PHUV WKDW H[KLELWHG JRRG \
+RZHYHU SODVWLVRO YLVFRVLW\ VWDELOLW\ ZDV LQVXIILF
VXFK DV WUL[\OHQ\O SKRVSKDWH 7KLV VXJIJHVWHG DV SLU
OLWWOH SRO\PHU VZHOOLQJ E\ SODVWLFLVHU LV UHTXLI

LQWUDFWDEOH



SHIHUHQFHV

:DOEULGJH ' - 'LVSHUVLRQ 3RO\PHULVDWLRQ LQ 2UJDC(
( - HG :LOH\ /RQGRQ &KDSWHU

JORU\ 3 - BULQFLSOHV RI 3RO\PHU &KHPLVWU\ &RUQH
2 WKDFD 1HZ <RUN &KDSWHU

$QWL / *RRGZLQ - : +LOO 5 2ZWWHZLOO 5 + 27

3DSZRUWK 6 &ROORLGY DQG 6XUIDFHV

%DUUHWW . (- DQG 7KRPSVRQ 0 : '"'LVSHUVLRQ 3RO\F
OHGLD %DUUHWW . ( - HG :LOH\ /RQGRQ & KD ¢
SHEHUUHLWHU . "LITXVLRQ LQ 3RO\PHUV &UDQN - DQ
$FDGHPLF 3UHVV /RQGRQ &KDSWHU

%LOOLQJKDP 1 & &RPSUHKHQVLYH 3RO\PHU 6FLHQFH
- & HG SHUJDPRQ 3UHVV 2[IRUG 9ROXPH 3DL

%ODFNOH\ ' & (PXOVLRQ 3RO\PHULVDWLRQ $SSOLHG ¢

&KDSWHU

:DOEULGJIJH ' - 3DLQW 5HVHDUFK $VVRFLDWLRQ SULYD
3H\VHU 3 S3RO\PHU +DQGERRN %UDQGUXS - DQG ,PP!
(GLWLRQ :LOH\ 1HZ <RUN &KDSWHU

)R[ 7 * %XO0O0 $P 3K\V 6RF
&RZLH - 0 * 3RO\PHUV &KHPLVWU\ DQG 3K\VLFV RI OR
,QWHUWH[W $\OHVEXU\ B6HFRQG HGLWLRQ 3DJH

&RZLH - 0 * S3RO\PHUV &KHPLVWU\ DQG 3K\VLFV RI OR

L, QWHUWH[W $\OHVEXU\ &KDSWHUO
6WDQQHWW 9 "'LIXVLRQ LQ 3RO\PHUV &UDQN - DQG
$FDGHPLF 3UHVV /RQGRQ &KDSWHU

7XUQHU * 3 $ , QWURGXFWLRQ WR 3DLQW &KHPLVWU\ LC

7HFKQRORJ\ &KDSPDQ DQG +DOO /RQGRQ & KDSWH



&RZLH 3RO\PHUV &KHPLVWU\ DQG 3K\VLFV RI ORG

,(QWHUWH[W $\OHVEXU\ &KDSWHUOO

" XQGHUOLFK S3RO\PHU +DQGERRN %UDQGUXS - DQC
HG :LOH\ 1HZ <RUN &KDSWHU

$VK 0 DQG $VK , 3O0DVWLFLVHUVY O6WDELOLVHUYV DQG

$UQROG /RQGRQ

7DGURV 7K 7 6ROLG /LTXLG 'LVSHUVLRQV 7DGURV 7K
3UHVV /RQGRQ &KDSWHU

7XUQHU * 3 $ ,QWURGXFWLRQ WR 3DLQW &KHPLVWU\ L
7HFKQRORJ\ &KDSPDQ DQG +DOO /RQGRQ & KDSWH
%UDXQ -+ ,QWURGXFWLRQ WR 3LJPHQWVYV )HGHUDWLR
7THFKQRORJ\ %OXH %HOO 3%

JORU\ 3 - DQG )R[ 7 * - $SSOLHG 3K\V

JORU\ 3 - DQG )R[ 7 * - 3RO\P 6FL

%HHYHUV 5 % DQG :KLWH () 7 7UDQV )DUDGD\ 6RF
+HUJHWK : ' G6WHLQDX 8 - %LWWULFK + - BFKPX
6 3URJU &ROORLG 3RO\P G6FL

'LQQLN 0 $ DQG =KDR & / /DQJPXLU

6SHUOLQJ [/ + , QWURGXFWLRQ WR 3K\WLFDO 3RO\PHU ¢
3DJH

SURGXFW OLWHUDWXUH %$6)
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7KLY FKDSWHU IROORZLQJ RQ IURP &KDSWHU LOQYHVW
YLVFRVLW\ VWDELOLW\ RI SRO\PHUV FRQWDLQLQJ DFLG EDV
7KH DFLG EDVH FURVVOLQNV ZHUH IRUPHG DV GHVFULE
PHWKDFU\OLF DFLG DQG GLPHWK\ODPLQR HWK\O PHWKDF
PHWKDFU\ODWH 7KH PHWDO LRQ FURVVOLQNV ZHUH IRUF
PHWKDFU\ODWH PHWKDFU\OLF DFLG FRSRO\PHUV E\ EXW\O
DOXPLQLXP K\GULGH 7KH SRO\PHUV ZHUH SUHSDUHG XVLC

DQG DTXHRXV HPXOVLRQ SRO\PHULVDWLRQ WHFKQLTXHV

7KH SUHSDUHG SRO\PHUV ZHUH GULHG DQG UHGLVSHUVHC
SKWKDODWH 7KH VWDELOLW\ RI WKHVH VLPSOH SODVWLVR(
DQ DSSOLHG FRDWLQJ /LTXLG VWDELOLW\ ZDV GHWHUPLQF
PHDVXULQJ WKH FKDQJH LQ YLVFRVLW\ RYHU WLPH &RDWLC

RlI YLVXDO H[DPLQDWLRQ IRU SODVWLFLVHU H[XGDWLRQ DQ¢

7KH FKDSWHU VWDUWYV ZLWK DQ DFFRXQW RI WKH SUHSDUL
LQWHUDFWLRQV E\ DTXHRXV HPXOVLRQ SRO\PHULVDWLRQ

LQ SODVWLVROV 7KLV LV IROORZHG E\ D GHVFULSWLRQ
FRQWDLQLQJ PHWDO LRQ FURVVOLQNV XVLQJ ERWK QRQ
HPXOVLRQ SRO\PHULVDWLRQ 7KH YLVFRVLW\ VWDELOLW\ |
SRO\PHUV DQG EXW\OEHQ]\O SKWKDODWH LV WKHQ GHVFUL

QDWXUH RI WKH FRDWLQJY REWDLQHG IURP WKH SODVWLVR



S3RO\PHUV FRQWDLQLQJ DFLG EDVH LQWHUDFWLRQV
3RO\PHUVY EDVHG RQ PHWK\O PHWKDFU\ODWH PHWKDFU\OLF
PHWKDFU\ODWH ZHUH SUHSDUHG XVLQJ DQ HPXOVLRQ S
WHFKQLTXH KDV DOUHDG\ EHHQ GHVFULEHG LQ GHWDLO LQ

GHWDLOHG H[SODQDWLRQ

7KH SUHSDUDWLRQ RI SRO\PHUV E\ DTXHRXV HPXOVLR(
7KH SRO\PHUV ZHUH SUHSDUHG XVLQJ D VHHG DQG IHHG P
ZKLFK LV WKH FDVH IRU XQEXIITHUHG SHUVXOSKDWH LQLWLD
FDWLRQLF SRO\PHULF VSHFLHV FDQ FDXVH FRDJXODWLRQ
SRO\PHULF VSHFLHV 7TKXV QRW RQO\ zDV PHWKDFU\OLF L
PHWKDFU\ODWH DGGHG LQ VHSDUDWH VHTXHQWLDO IHHGV
ZHLIJKW R1 D ZY VRGLXP ELFDUERQDWH VROXWLRQ DIWE
WKH IHHG FRQWDLQLQJ PHWKDFU\OLF DFLG ZDV QHFHVVDU
7KH S+ ZDV IXUWKHU DGMXVWHG XSZDUGV WR E\ WKH D
EXW\ODPLQH EHIRUH SRO\PHULVDWLRQ ZDV FRQWLQXHG ZLYV
IHHG FRQWDLQLQJ GLPHWK\ODPLQR HWK\O PHWKDFU\ODW
ZDV 7ZR SRO\PHUV ZHUH SUHSDUHG ZLWK FRPSRVLWLRC(
ZHLIJKW PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG G
UHVSHFWLYHO\ 7KH SDUWLFOH GLDPHWHUV ZHUH PLFUR

UDGLFDO VFDYHQJHUV WKLYV ZDV QRW UHIOHFWHG DV ORZ ¥

SODVWLVRO VWDELOLW\

30DVWLVROV ZHUH SUHSDUHG ZLWK WKH SRO\PHUV GHVFUL

SKWKDODWH DW D SRO\PHU SODVWLFLVHU UDWLR R E
GHVFULEHG LQ 6HFWLRQ 7KH YLVFRPHWHU ZDV SURJU
VWUHVYVY F\FOHV HYHU\ KRXU IRU KRXUV 7KH SURFHGXU
LQFUHDVLQJ WKH VWUHVYV WR G\QHV FP RYHU RQH PL(

DQG WKHQ DOORZLQJ WKH VWUHVV WR IDOO WR JHUR RYHU
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7PPHH KRRXYWV
YLIXUH 7KH HIIHFW RI DFLG EDVH LQWHUDFWLRQV RQ

&RPSDULVRQ EHWZHHQ D E\ ZHLJKW PHWKDFU\OL|

ZHLJIKW GLPHWK\ODPLQR HWK\O PHWKDFU\ODWH V

DQG D E\ ZHLJKW PHWKDFU\OLF DFLG FRSF
GLVSHUVLRQ 3RO\PHU EXW\OEHQ]\O SKWKDO
ZHLJKW

7KH SODVWLVRO FRQWDLQLQJ WKH SRO\PHU ZLWK WKH ORZ
GLPHWK\ODPLQR HWK\O PHWKDFU\ODWH H[KLELWHG D SURC
VWUHVYVY UHTXLUHG IRU FRQH PRYHPHQW 7TKHUHIRUH LW Z
PRGHO WR WKH H[SHULPHQWDO FXUYHV WR REWDLQ YLVFRYV
WKH RWKHU SRO\PHU ZLWK KLJKHU OHYHOV RI PHWKDFU\O
PHWKDFU\ODWH LV VKRZQ LQ )LJXUH 7KH HDUOLHU
EXW\OEHQ]\O SKWKDODWH DQG D ZW PHWK\O PHW

FRSRO\PHU EDWFK GHVFULEHG LQ &KDSWHU LV VKRZ



7KH SODVWLVRO EDVHG RQ WKH PHWK\O PHWKDFU\ODWH I
UHODWLYH YLVFRVLW\ IURP WR DIWHU KRXUV 7KI
DFLG EDVH LQWHUDFWLRQY URVH IURP DIWHU RQH KR
YLVFRVLW\ VWDELOLW\ RI WKH SODVWLVRO FRQWDLQLQJ WK
WKXV IRXQG WR EH RQO\ VOLIJKWO\ VXSHULRU WR WKDW SU

PHWKDFU\ODWH PHWKDFU\OLF DFLG FRSRO\PHU

S3RO\PHUV FRQWDLQLQJ PHWDO LRQ FURVVOLQNYV
S3RO\PHUV FRQWDLQLQJ PHWDO LRQ FURVVOLQNV ZHUH SL
GLVSHUVLRQ DQG DTXHRXV HPXOVLRQ SRO\PHULVDWLRQ V
QHXWUDOLVH WKH FDUER[\OLF DFLG JURXSV RI D PHWK\O
FRSRO\PHU ZLWK DQ RUJDQRPHWDOOLF FRPSRXQG RU D P/
PHWDO FDUER[\ODWH JURXSYVY DQG DQ LQQRFXRXV E\SURGX
FDUER[\ODWH JURXSV FRXOG WKHQ DV GHVFULEHG LQ 6HI
FOXVWHU WRJHWKHU 7KH UHVXOW LV D SRO\PHU SDUWLFOI
WKH UROH RI WKHUPDOO\ UHYHUVLEOH FURVVOLQNV OLQN
SUHSDUDWLYH WHFKQLTXHYV DQG WKH HIIHFW RQ SODVWLVF

FRQWDLQLQJ PHWDO LRQ FURVVOLQNYV DUH H[DPLQHG EHOR:2

7KH SUHSDUDWLRQ RI SRO\PHUV E\ QRQ DTXHRXV GLVSES
7KH WKHRU\ RI QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWLR
SRO\PHUV XVLQJ WKLV WHFKQLTXH DUH JLYHQ LQ 6HFWLRQ\
SUHSDULQJ D SRO\PHU FRQWDLQLQJ PHWDO LRQ FURVVOLQ
GLUHFW DGGLWLRQ RI FDOFLXP K\GULGH GXULQJ WKH SR
SUHSDUDWLRQ RI ZW PHWK\O PHWKDFU\ODWH PHWI
E\SURGXFW RI WKH UHDFWLRQ RI PHWKDFU\OLF DFLG DQG
+RZHYHU WKHUH ZDV D WHQGHQF\ WR JHQHUDWH ODUJH

UHVLGXHV $GGLWLRQ RI D E\ ZHLJKW VROXWLRQ RI VR



SUHYLRXVO\ SUHSDUHG PHWK\O PHWKDFU\ODWH PHWKDF
WHPSHUDWXUH OHG WR IORFFXODWLRQ 7KH DGGLWLRQ RI
WKH VWHULF VWDELOLVHU RU IORFFXODWLRQ E\ HIFHHGLQJ

SRLQW VHH 6HFWLRQ

,W ZzDV IHOW WKDW QHXWUDOLVDWLRQ RI WKH FDUER[\OLF L
EH OHDGLQJ WR IORFFXODWLRQ RI WKH SRO\PHU SDUWLFOH
D ZW SUHFXUVRU PHWK\O PHWKDFU\ODWH JO\FLG'
ZHUH SUHSDUHG 7KH SRO\PHU IORFFXODWHG RQ DGGLWLF
DQG DOXPLQLXP LVRSURSR[LGH 7KH E\ SURGXFWV RI QHXW
SURSDQRO ,Q RUGHU WR HOLPLQDWH DQ\ SRVVLELOLW\ RI
IRU IORFFXODWLRQ RI WKH SRO\PHU EHWZHHQ WKH RUJDQ
JURXSV RQ WKH VWDELOLVHU WKH K\GUR[\ JURXSV RQ Wtk
UHVXOWLQJ VWDELOLVHU ZDV IRXQG KRZHYHU WR EH LQV

PL[WXUH

, 7KH SUHSDUDWLRQ RI SRO\PHUV VWDELOLVHG E\ D OD>
SUHFXUVRU

$ VWDELOLVHU SUHFXUVRU IUHH RI K\GUR[\O RU FDUER[\OLF

RUJDQRPHWDOOLF FRPSRXQGV RU PHWDO K\GULGHV UHYV X(

SUHSDUHG 7KH VWDELOLVHU SUHFXUVRU FRPSULVHG E'

E\ ZHLJKW DOO\O PHWKDFU\ODWH ,W ZDV D VLQJOH VWH

%R [

7ZR SRO\PHUV EDVHG RQ WKLV VWDELOLVHU SUHFXUVRU
SUHSDUDWLRQ RI D ZW PHWK\O PHWKDFU\ODWH PHW

DUH JLYHQ LQ %R] $ ZW PHWK\O PHWKDFL
FRSRO\PHU ZDV DOVR SUHSDUHG ZLWK D SDUWLFOH GLDP

EDWFK %HQ]R\O SHUR[LGH ZDV XVHG WR LQLWLDWH



RQ WKH VWDELOLVHU SUHFXUVRU DQG WKH PRQRPHUV

K\GURJHQV DQG PD\ KDYH LQLWLDWHG JUDIW SRO\PHULVDW
7KH KDOI OLIH LV ORQJHU WKDQ WKDW R DIRELV PHW I
UHTXLUHG D RQH KRXU LQGXFWLRQ SHULRG DQG ORQJ IHHC
ZDV DGGHG WR WKH UHDFWLRQ PL[WXUH WR KHOS VROXEL
GLVWULEXWLRQ ZDV EURDGHU WKDQ ZLWK SUHYLRXV SRC

DWWULEXWHG WR XVH RI D VWDELOLVHU SUHFXUVRU LQ SOLC

%R 3UHSDUDWLRQ RI D LZWO ODXUYO PHWKFD
VWDELOLVHU SUHFXUVRU EDWFK E9

6KHOOVRO J

Q +H[DQH J

JHHG 6WDJH

/IDXU\O PHWKDFU\ODWH J
$00\O PHWKDFU\ODWH J

DIRELYV PHWK\OEXW\URQLWULOH
(WK\O DFHWDWH J

7KH VROYHQW PL[WXUH ZDV KHDWHG WR f& XQGHU QLWU
SRLQW WKH IHHG ZDV DGGHG RYHU D SHULRG R KRXUYV

E\ ZHLJKW

7KH SRO\PHUV ZHUH QHXWUDOLVHG E\ DGGLWLRQ RI VROXYV

DQG GLLVREXW\O DOXPLQLXP K\GULGH '",%$/ + 7KH RUJDC

VXSSOLHG DV 0 0 DQG 0 VROXWLRQV UHVSHFWLYH
GLOXWHG IXUWKHU WR 0 ZLWK PL[HG KH[DQHV 7KH VROX
WR WKH GLVSHUVLRQV RYHU D SHULRG R KRXUV 7KH D

GHJUHH RI QHXWUDOLVDWLRQ UHTXLUHG DQG RQ WKH EDVI

GLLVREXW\O DOXPLQLXP K\GULGH ZHUH UHVSHFWLYHO\ PR



HFHVV RI QHXWUDOLVDWLRQ ZHUH REWDLQHG XVLQJ
DOXPLQLXP K\GULGH RQ WKH EDVLV WKDW QHXWUDOLYV
HDFK JLQF LRQ zDV DVVRFLDWHG ZLWK RQH FDUERI[\OLF DFl
E\ GLLVREXW\O DOXPLQLXP K\GULGH PHDQW WKDW HDFK DC

RQH FDUER[\OLF DFLG JURXS

%R [ UHSDUDWLRQ RI D EY ZHLJKW PHWKYO PHWK
FRSRO\PHU EDBWFR QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVD
ODXUYO PHWKDFU\ODWH DOOYO PHWKDFU\ODWH VWDELOLYV

J)LUVW FKDUJH

6KHOOVRO ' O J
Q +H[DQH J
7ROXHQH J

6WDELOLVHU SUHFXUWRU

%HQ]R\O SHUR[LGH
7KH ILUVW FKDUJH ZDV KHDWHG XQGHU QLWURJHQ DW f&
FKDUJH R J RI PHWK\O PHWKDFU\ODWH ZDV PDGH 7KH
IXUWKHU KRXU 7KH IHHG ZDV WKHQ DGGHG RYHU D SHULRG

JHHG
OHWK\OPHWKDFU\ODWH J
OHWKDFU\OLF DFLG ]

7KH ILQDO SDUWLFOH GLDPHWHU GHWHUPLCBEBBEBBEBIFWUFR

7KH SUHSDUDWLRQ RI SRO\PHUV VWDELOLVHG E\ D K
VWDELOLVHU
S3RO\PHUV FRQWDLQLQJ PHWDO LRQ FURVVOLQNV ZHUH DO
ZLWK D SRO\ O K\GUR[\VWHDULF DFLG EDVHG FRPE VWLEL

PHWKDFU\ODWH PHWKDFU\OLF DFLG FRSRO\PHU EDWFK



WWRW PHWKRG GHVFULEHG LQ B6HFWLRQ ORGLILFDWL
LQFOXGHG XVLQJ D PL[WXUH RI Q KH[DQH DQG ,VRSDU
RI WKH WRWDO ZHLJKW Q SURSDQRO WR LPSURYH WKH
PHWKDFU\OLF DFLG 7KH WRWDO OHYHO RI PRQRPHU ZDV
SDUWLFOH GLDPHWHU ZDV PLFURQV 7KH SRO\PHU ZDV
GLHWK\O JLQF DQG GLLVREXW\O DOXPLQLXP K\GULGH $ PHYV
ZW PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG F
PRUSKRORJ\ EDWFK GHVFULEHG LQ B6HFWLRQ

QHXWUDOLVDWLRQ ZLWK EXW\O OLWKLXP DQG GLHWK\O JLQF

W LV FRQFHLYDEOH WKDW WKH RUJDQRPHWDOOLF FRPSRXH
SURSDQRO KRZHYHU WKH VWDELOLW\ RI SODVWLVROV SUHZE
RI ZKLFK DUH SUHVHQWHG LQ 6HFWLRQ VXIJIHVW W]
HIWHQW EHHQ QHXWUDOLVHG 7KXV LW DSSHDUV WKDW W

VWHULF VWDELOLVHUV FRQWDLQLQJ ORZ OHYHOV RI K\GURT\

7KH SUHSDUDWLRQ RI SRO\PHUV E\ DTXHRXV HPXOVLRC
7ZR SRO\PHUV FRQWDLQLQJ PHWDO LRQ FURVVOLQNV ZHUH
SRO\PHULVDWLRQ 7KH ILUVW ZDV D ZW PHWK\O PHWK
VXOSKRSURS\O PHWKDFU\ODWH 630 FRSRO\PHU EDWFK

VKRW PHWKRG 7KH GHWDLOV RI WKH SUHSDUDWLRQ DUH JL°

6RGLXP ELFDUERQDWH ZDV DGGHG WR WKH HPXOVLRQ DV
DVVRFLDWHG ZLWK WKH XVH RI SRWDVVLXP SHUVXOSKDWE
GLVVRFLDWHG VWDWH RI VXOSKRSURS\O PHWKDFU\ODWH
6HFWLRQ IORFFXODWH HOHFWURVWDWLFDOO\ VWDELOL
WKH DQLRQLF VXUIDFWDQW VRGLXP GLRFW\OVXOSKRVXFFLQ
VXUIDFWDQW %ULM SRO\R[\HWK\OHQH ODXU\O HWKHL

HQKDQFH SRO\PHU VWDELOLVDWLRQ LQ WKH SUHVHQFH RI W



%R 2QH VKRW SUHSDUDWLRQ RI D ZW PHWK\O

FRSRO\PHU EY DTXHRXV HPXOVLRQ SRO\PHULVDWLRQ EDWF

"LVWLOOHG ZDWHU J

OHWK\O PHWKDFU\ODWH J
630 . J

$HURVRO 27 J

%ULM J

6RGLXP ELFDUERQDWH J

SRWDVVLXP SHUVXOSKDWH J

SRO\PHULVDWLRQ ZDV XQGHUWDNHQ DW DSSUR[LPDWHO\

SDUWLFOHVY 7KH ILQDO S+ ZDV

7KH VHFRQG SRO\PHU EDWEK FRPSULVHG ZW PHYV

ZW VRGLXP PHWKDFU\ODWH O0$F 1D '"HWDLOV RI WKLV

8QVXFFHVVIXO DWWHPSWY ZHUH DOVR PDGH WR LQFRUSRU
DQG EDULXP LQ WKH IRUP RI EDULXP K\GUR[LGH LQWR D
PHWKDFU\OLF DFLG FRSRO\PHU LQ WKH VDPH PDQQHU DV
PHWKDFU\OLF DFLG ZDV QHXWUDOLVHG ZLWK WKH VDOW LQ
SRO\PHULVDWLRQ WKH SRO\PHU IRUPHG D VHSDUDWH DQC

SKDVH



R [ SUHSDUDWLRQ RI D lZW PHWK\O PHWKDFU\O
HPXOVLRQ FRSRO\PHU EY DTXHRXV HPXOVLRQ SRO\PHULVDW
LQLWLDO FKDUJH
"LVWLOOHG ZDWHU J
OHWKDFU\OLF DFLG J
0 1D2+ J
$IWHU WKH DGGLWLRQ RI 0 VRGLXP K\GUR[LGH VROXWLRC
W R WKH UHPDLQLQJ LQJUHGLHQWY ZHUH DGGHG
S5HPDLQLQJ FKDUJH
"LVWLOOHG ZDWHU J
OHWK\O PHWKDFU\ODWH
$HURVRO 27 J
%ULM J
SRWDVVLXP SHUVXOSKDWH
7KH SRO\PHULVDWLRQ ZDV FDUULHG RXW DW DSSUR[LPDWH!

P LQ GLDPHWHU 7KH ILQDO S+ ZDV

7KH 6FKXOW] +DUG\ UXOH VWDWHYVY WKDW WKH FULWLFDO FF
PLQLPXP FRQFHQWUDWLRQ RI D SDUWLFXODU HOHFWURC
FRDIJXODWLRQ RI WKH SRO\PHU SDUWLFOHV IRU D JLYHQ FR
RI WKH YDOHQF\ RI WKH LRQV RI RSSRVLWH FKDUJH WR Wi
FRXQWHU LRQV 7KH FULWLFDO FRDJXODWLRQ FRQFHQWUL
DQG DUH $V GLYDOHQW LRQV DUH VL[W)\
FRDIJXODWLQJ D JLYHQ ODWH[ WKDQ PRQRYDOHQW LRQV W
EDULXP LRQV PD\ KDYH SUHYHQWHG IRUPDWLRQ RI HOHF
SDUWLFOHV E\ UHGXFLQJ WKH HOHFWURVWDWLF HQHUJ\ ED
FRDJXODWLRQ , W KDV EHHQ UHSRUWHG WKDW QHXWUDOI

R[LGHV Rl JLQF DQG EDULXP UHTXLUHVY KHDWLQJ RI WKH PLJ[



3ODVWLVRO VWDELOLW\
7KH SRO\PHUV GHVFULEHG LQ 6HFWLRQV DQG ZHUH
EXW\OEHQ]\O SKWKDODWH 7KHLU YLVFRVLWHY ZHUH WKHQ |
HITHFW RI PHWDO LRQ FURVVOLQNV RQ WKH DELOLW\ RI WK
SODVWLFLVHU )XUWKHU GHWDLOV RQ WKH PHWKRG LQFOXt!

DUH GHVFULEHG LQ 6HFWLRQ

7KH YLVFRVLW\ VWDELOLW\ Rl SODVWLVROV FRQWDLQL
ODXU\O PHWKDFU\ODWH VWDELOLVHU SUHFXUVRU
30DVWLVROV ZHUH SUHSDUHG ZLWK WKH QHXWUDOLVHG OL
EDWFKHV DQG DQG EXW\OEHQ]\O SKWKDODWH 7K
ZDV E\ ZHLJKW 7KH SODVWLVRO YLVFRVLWLHV ZHUH |
YLVFRPHWHU ZDV SURJUDPPHG WR FDUU\ RXW WZR VKHD
SURFHGXUH LQYROYHG IRU WKH ILUVW F\FOH LQFUHDVLQJ
RQH PLQXWH KROGLQJ IRU WHQ VHFRQGVY DQG WKHQ ORZ}
PLQXWH 7KH VHFRQG F\FOH ZDV VLPLODU H[FHSW WKDW WK

ZDV UHDFKHG DIWHU WZR PLOQXWHYVY 7KH UHVXOWY DUH VKR.

JLIXUH VKRZV WKH UHVXOWYV XVLQJ WKH SRO\PHUV ZLW
DFLG 7KH UHVXOW IRU D SODVWLVRO EDVHG RQ DQ XQQHX)
VWDELOLVHG ZW PHWK\O PHWKDFU\ODWH PHWKDFU\O|I
EXW\OEHQ]\O SKWKDODWH DSSHDUV IRU FRPSDULVRQ 7KH F
WKH QHXWUDOLVHG SRO\PHUV GUDPDWLFDOO\ LPSURYHG Wtk
FRQWDLQLQJ WKH XQQHXWUDOLVHG SRO\PHU 7KH SODVW|
QHXWUDOLVHG ZLWK EXW\O OLWKLXP ZDV WKH PRVW VWDEO|
WR RYHU KRXUV ,Q FRPSDULVRQ WKH SODVWLVR
ODXU\O PHWKDFU\ODWH VWDELOLVHG SRO\PHU URVH IURP

$OWKRXIK QHXWUDOLVDWLRQ RI WKH SRO\PHU ZLWK GLHW|



SODVWLVROV LQFUHDVLQJ WKH GHJUHH RI QHXWUDOLVDWLF

QR VLJQLILFDQW DGYDQWDJH

‘ 3+6 VWDELOLVHG

‘ ) 2 /0$ VWDELOLVHG
‘ EXW\O OLWKLXP

R o R Y
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7LPH KRXUV

J)LIXUH 7KH VWDELOLW\ RI SODVWLVROV EDVHG RQ D C
ZW PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DF
QHXWUDOLVHG ZLWK D UDQJH RI RUJDQRPHWDOOLF
SRO\PHU EXW\OEHQ]\O SKWKDODWH UDWLR ZDV
HTXLYDOHQW SRO\ K\GUR[\VWHDULF DFLG 3+6

EDWFK LV LQFOXGHG IRU SXUSRVHV RI FRPSDU

7KH SRO\ K\GUR[\VWHDULF DFLG VWDELOLVHG FRSRO\PH
OHVV VWDEOH WKDQ WKH XQQHXWUDOLVHG ODXU\O PHWKEL
UHDVRQ PD\ EH WKH GLIITHUHQFH LQ SDUWLFOH VL]H DQG G
VWDELOLVHG FRSRO\PHU SDUWLFOHYV DUH ODUJHU DQG WK?>
VPDOOHU SRO\ K\GUR[\VWHDULF DFLG VWDELOLVHG FRSR
SDUWLFOH VL]IH WR WKH DELOLW\ RI D SRO\PHU WR UHVLVW

LQ 6HFWLRQ
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7LPH KRXUV

J)LIXUH 7KH YLVFRVLW\ VWDELOLW\ RI SODVWLVROV ED
VWDELOLVHG ZW PHWK\O PHWKDFU\ODWH |
FRSRO\PHU QHXWUDOLVHG ZLWK D UDQJH RI RUJDQ

f& 7KH SRO\PHU EXW\OEHQ]\O SKWKDODWH UDW
ZHLIJKW $Q HTXLYDOHQW SRO\ K\GUR[\ VWHDULF

FRSRO\PHU EDWEFK LV LOQFOXGHG IRU SXUSRVH

7KH YLVFRVLW\ VWDELOLW\ RI WKH SODVWLVROV IRUPXODW
ZHLJKW SRO\PHU PHWKDFU\OLF DFLG VKRZHG WKH VDPH WL
SRO\PHU ZLWK ZHLJKW SRO\PHU PHWKDFU\OLF DFLG 7K
SRO\PHUV QHXWUDOLVHG ZLWK EXW\O OLWKLXP ZHUH WKH |
QHXWUDOLVDWLRQ IURP W R EURXJKW QR EHQHILW LC
LPSOLFDWLRQ LV WKDW RQO\ FDUER[\OLF JURXSYV QHDU WKH
WKDW WKH\ FRQVWLWXWHG OHVV WKDQ RI WKH WRWDO

JURXSY ZHUH QHXWUDOLVHG WKH FKDUJHG LRQV PLIJKW ZH



IRQV IURP GLIIXVLQJ LQWR WKH FHQWUH RI WKH SRO\PHU SD
SRO\PHUV QHXWUDOLVHG ZLWK GL LVREXW\O DOXPLQLXI

HTXLYDOHQW VWDELOLWLHYV

7KH LRQLF UDGLL RI /L =Q DQG $0 DUH QP

UHVSHFWLYHO\ 7KH VWUHQJWK RI FKDLQ DVVRFLDWLRQ W
/L =Q $O0 7KLV RUGHU LV QRW UHIOHFWHG LQ WKH
FRQWDLQLQJ WKH QHXWUDOLVHG SRO\PHUV 'LLVREXW\O
UHGXFLQJ DJHQW GRHV FRQIHU VRPH GHJUHH RI VWDELOL
QRW DV JUHDW DV WKDW VHHQ ZLWK OLWKLXP LW LV SRVVL
RQO\ RQH DFLG JURXS 7KH UHPDLQLQJ LVREXW\O JURXSYV
PLJKW PDNH FOXVWHULQJ RI WKH LRQV DQG IRUPDWLRQ |
GLIILFXOW RQ VWHULF JURXQGV $ VLPLODU DUJXPHQW PD\

JLQF UHODWLYH WR OLWKLXP

7KH YLVFRVLW\ VWDELOLW\ RI SODVWLVROV FRQWDLQL!
K\GUR[\VWHDULF DFLG FRPE VWDELOLVHU
7KH YLVFRVLW\ RI SODVWLVROV FRPSULVLQJ WKH QHXWL
K\GUR[\VWHDULF DFLG VWDELOLVHG ZW PHWK\O PH
FRSRO\PHU EDWFK SUHSDUHG LQ 6HFWLRQ DQ
PHDVXUHG RYHU KRXUV 7KH SODVWLVROV ZHUH SUHSDUF
LQ 6HFWLRQ 7KH H[SHULPHQWDO FRQGLWLRQV DOVR

DUH VKRZQ LQ )LJXUH

7KH SODVWLVROV IRUPXODWHG ZLWK WKH EXW\O OLWKLXP
LQFUHDVHG LQ YLVFRVLW\ OHVV WKDQ WKH SODVWLVRO ED
WKH H[SHULPHQWDO WLPH SHULRG ,Q FRQWUDVW WKH YL
GLLVREXW\O DOXPLQLXP K\GULGH QHXWUDOLVHG SRO\PH!

IHXWUDOLVDWLRQ RI WKH SRO\PHU ZLWK GLHWK\O JLQF D



WHDWPHQW UHQGHULQJ WKH SRO\PHU OHDVW VXVFHSWLEO
EDVHG RQ WKH SRO\PHUV QHXWUDOLVHG ZLWK UHVSHFW
LQFUHDVHG LQ UHODWLYH YLVFRVLW\ IURP DIWHU RQH K
W R DIWHU KRXUV 7KH SODVWLVRO EDVHG RQ WKH X
UHODWLYH YLVFRVLW\ IURP W R RYHU KRXUV

QHXWUDOLVDWLRQ IURP W R DSSHDUHG WR UHQGHU W

LQ WHUPV RI YLVFRVLW\
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7LPH KRXUV
JLIXUH 7KH YLVFRVLW\ VWDELOLW\ RI SODVWLVROV ED

PHWKDFU\ODWH PHWKDFU\OLF DFLG FRSRO\PHU E
ZLWK D UDQJH RI RUIJDQRPHWDOOLF FRPSRXQGV DV

EXW\OEHQ]\O SKWKDODWH UDWLR E\ ZHLJKW

,Q FRQWUDVW WR WKH UHVXOWYV REWDLQHG ZLWK WKH OC
JUHDWHU LPSURYHPHQWY LQ SODVWLVRO YLVFRVLW\ VW

QHXWUDOLVHG ZLWK GLHWK\O JLQF RYHU WKRVH QHXWUDOL



W WKH KLIJKHU FKDUJH GHQVLW\ Rl =Q WKDQ /L ELQGLQJ W
DQG UHGXFLQJ WKH UDWH RI SODVWLFLVHU GLIIXVLRQ $Q
JUHDWHU WHQGHQF\ IRU EXW\O OLWKLXP WR UHDFW ZLWK
VWDELOLVHU 7KLV ZRXOG OHDYH IHZHU EXW\O OLWKLXP PF
JURXSYV UHVLGLQJ ZLWKLQ WKH SRO\PHU SDUWLFOHV $V \
YLVFRVLW\ RI WKH SODVWLVRO FRQWDLQLQJ WKH SRO\PHU

K\GULGH FDQQRW EH H[SODLQHG
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= rf R R XQQHXWUDOLVHG
‘ R
RR 1] 13 13 1]
R . ‘ EXW\O OLWKLXP
R C o Q [
R GLHWK\O JLQF
Y
‘ GLHWK\O JLQF
R 9
FG
I g ° Yoo
UR . [ 01
9 A
9
Q
UL Ua L Ua
7LPH KRXUV
JLIXUH 7KH YLVFRVLW\ VWDELOLW\ RI SODVWLVROV ED

PHWKDFU\ODWH PHWKDFU\OLF DFLG FRUH VKHOO |
QHXWUDOLVHG ZLWK D UDQJH RI RUJDQRPHWDOOLF

S3RO\PHU EXW\OEHQ]\O SKWKDODWH UDWLR E\

30DVWLVROV ZHUH SUHSDUHG EDVHG RQ QHXWUDOLVHG
PHWKDFU\OLF DFLG FRSRO\PHUV LQFRUSRUDWLQJ D FRUH V

SUHSDUHG LQ 6HFWLRQ DQG EXW\OEHQ]\O SKWKDOD



SODVWLVROV ZDV WHVWHG XQGHU WKH VDPH H[SHULPHQWDC

PHWKDFU\ODWH VWDELOLVHG SRO\PHUV LQ 6HFWLRQ

7KH GLHWK\O JLQF QHXWUDOLVHG SRO\PHUV ZHUH WKH PRV
QHXWUDOLVDWLRQ WKH SODVWLVRO LQFUHDVHG LQ UHC
KRXUV ,Q FRQWUDVW RYHU WKH VDPH SHULRG WKH U
FRQWDLQLQJ WKH XQQHXWUDOLVHG SRO\PHU URVH IURP
QHXWUDOLVDWLRQ WR OHG WR D SODVWLVRO WKDW
FRQWDLQLQJ WKH QHXWUDOLVHG SRO\PHU 1HXWUDOLVD

UHQGHU WKH SRO\PHU PRUH VXVFHSWLEOH WR SODVWLFLVH

S3RO\PHUV QHXWUDOLVHG WR DQG E\ GLHWK\O ]I
SRO\PHU ZHUH UHIRUPXODWHG DV PRUH FRQFHQWUDWHG
SRO\PHU LQ EXW\OEHQ]\O SKWKDODWH 7KH YLVFRVLWLHV
RYHU KRXUV 7KH H[SHULPHQWDO SURFHGXUH IRU WKH
QHXWUDOLVHG SRO\PHU ZDV DV GHVFULEHG IRU WKH ODXU\
6HFWLRQ 7KDW IRU WKH UHPDLQLQJ SODVWLVROV FR
W R G\QHV FP RYHU RQH PLQXWH KROGLQJ IRU WHQ °
VWUHVV WR IDOO WR ]JHUR RYHU RQH PLQXWH 7KH SODYV
SRO\PHU H[KLELWHG TXLWH VHYHUH VKHDU WKLFNHQLQJ
1HZWRQLDQ YLVFRVLW\ FRXOG QRW EH FDOFXODWHG 7KH

VKRZQ LQ )LIXUH
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7LPH KRXUV
JLIXUH 7KH YLVFRVLW\ VWDELOLW\ RI SODVWLVROV ED

PHWKDFU\ODWH PHWKDFU\OLF DFLG FRUH VKHOO |
QHXWUDOLVHG ZLWK GLHWK\O JLQF DW f& 3RO\PH

SKWKDODWH UDWLR E\ ZHLJKW

,Q DIJUHHPHQW ZLWK HDUOLHU REVHUYDWLRQV WKH SODV

LOQOFUHDVLQJ WKH GHJUHH RI QHXWUDOLVDWLRQ 7KH SODVW

FROQWDLQHG WKH SRO\PHU QHXWUDOLVHG WR ZLWK GLHW
IURP WR DIWHU KRXUV 2YHU WKH VDPH WLPH SHL
WKH SRO\PHUV QHXWUDOLVHG WR DQG URVH LQ UHO

UHVSHFWLYHO\



7KH YLVFRVLW\ VWDELOLW\ Rl SODVWLVROV FRQWDLQL*¢

HPXOVLRQ SRO\PHULVDWLRQ
7KH PHWDO LRQ FRQWDLQLQJ SRO\PHUV SUHSDUHG E\ DT:
GHVFULEHG LQ 6HFWLRQ ZHUH IRUPXODWHG ZLWK E
SODVWLVROV 7KH SRO\PHU SODVWLFLVHU UDWLR ZDV
PHDVXUHG RYHU KRXUV XVLQJ WKH VDPH H[SHULPHQWD
ODXU\O PHWKDFU\ODWH VWDELOLVHG SRO\PHUV LQ 6HFWLR

ZW PHWK\O PHWKDFU\ODWH 630 . EDWFK D (
PHWKDFU\ODWH VRGLXP PHWKDFU\ODWH EDWFK FRS
HIKLELWHG 1HZWRQLDQ EHKDYLRXU 2YHU WLPH WKH\ VWL
VKHDU WKLQQLQJ EHKDYLRXU DQG LW EHFDPH GLIILFXOW WHF
WKH GDWD WR REWDLQ YDOXHV IRU WKH YLVFRVLW\ 'LIILF
VXOSKRSURS\O PHWKDFU\ODWH DQG VRGLXP PHWKDFU\ODW
RI ZDWHU VROXELOLW\ LQ DTXHRXV PHGLD FDVW VRPH GR
PRUSKRORJLHV RI WKH WZR SRO\PHUV 7KHUHIRUH WKH

EXW\OEHQ]\O SKWKDODWH PD\ QRW EH D WUXH UHIOHFWLRQ

3ODVWLVRO FRDWLQJV
,Q RUGHU WR DVVHVV WKH FRDWLQJ SURSHUWLHV RI WKH P
LQ 6HFWLRQ SODVWLVROV ZHUH SUHSDUHG EDVHG RQ
PHWKDFU\OLF DFLG FRSRO\PHUVY DQG EXW\OEHQ]\O SKWKDO
R I E\ ZHLJKW 7KH SODVWLVROV ZHUH WKHQ DSSOLHG \
EDU DQG KHDWHG DW f& IRU PLOQXWHY 7KH DSSHDL

EHIRUH DQG DIWHU JHOOLQJ ZDV QRWHG 7KH REVHUYDWLR

7KH SODVWLVRO EDVHG RQ WKH SRO\ K\GUR[\VWHDULF
ZDV HDVLHU WR PDQLSXODWH WKDQ WKH HTXLYDOHC
PHWKDFU\ODWH VWDELOLVHG SRO\PHU EDWEFK I1HXW

GLHWK\O JLQF DQG GLLVREXW\O DOXPLQLXP K\GULGH GLG



YVFRVLWLHYV RI WKH UHVXOWLQJ SODVWLVROV 7KH FODUL
SODVWLVROV ZHUH IROO\ JHOOHG DW f& 7KH ODFN RI1 DQ
WKH FRDWLQJYVY LQGLFDWHG WKDW QHXWUDOLVDWLRQ RI WK

RQ WKHLU FRPSDWLELOLW\ ZLWK EXW\OEHQ]\O SKWKDODWH

7TDEOH $SSHDUDQFH RI SODVWLVROV FRPSULVLQJ E
SKWKDODWH DQG E\ ZHLJKW SRO\PHU EHIRUH DC

f& IRU PLOQXWHYV

BBBBBBB\PHU 8Q QHXWRBDEBREGEWLVROBBEHHHAEB)BISSHDUDQFH
PHWKDFU\OLFSDERIHXWUDOLVKGWH UXQQ\ SDWHDU VPRRWK DQG GU\
%S+ 5XQQ\ SDVWH &OHDU DQG GU\

PHWKDFU\OLF 0FQBXWUDOLVKGOH SDVWH &OHDU VPRRWK DQG GU\
ODXU\O PHWKDFU\GD®DWHK\O JLEEWH SDVWH &OHDU VPRRWK DQG GU\
VWDELOLVHG GLHWK\O JLKQLAWH SDVWH &OHDU VPRRWK DQG GU\

GLHWK\O JUQFAVH SDVWH &OHDU VPRRWK DQG GU\

7KH LQLWLDO YLVFRVLWLHV RI SODVWLVROV FRQWDLQLQJ
PHWKDFU\ODWH DSSHDU FRQVLVWHQWO\ KLIJKHU WKDQ WHE
VWDELOLVHG ZLWK SRO\ K\GUR[\VWHDULF DFLG 7TKH HI[S
FODLP IRU ERWK GLOXWH DQG FRQFHQWUDWHG SODVWLVRC
PROHFXODU ZHLJKWV RI WKH VWDELOLVHUV 7TKH VWDEL
PHWKDFU\ODWH ZDV SUHSDUHG XVLQJ D IUHH UDGLFDO LQ
JHQHUDOO\ OHDG WR KLJK PROHFXODU ZHLJKW SRO\PHUV

SUHSDUHG E\ D FRQGHQVDWLRQ UHDFWLRQ ZKLFK OHG WR

RI DERXW %RWK VWDELOLVHUV ZRXOG SUREDEO\ EH
7KH KLJKHU PROHFXODU ZHLJKW VWDELOLVHU ZRXOG JLYF
DSSDUHQW YROXPH LQ EXW\OEHQ]\O SKWKDODWH 7KLV Z

DSSDUHQW SRO\PHU YROXPH IUDFWLRQ DQG D KLJKHU YLVF



6 XPPDU\
7KH YLVFRVLW\ VWDELOLW\ RI SODVWLVROV EDVHG RQ PH)\
FRSRO\PHUV REWDLQHG E\ QRQ DTXHRXV GLVSHUVLRQ S
SKWKDODWH ZDV LPSURYHG E\ QHXWUDOLVLQJ WKH SRO\
FRPSRXQGY 7KH JUHDWHVW LPSURYHPHQW LQ SODVWLVR
VWDELOLVHG E\ SRO\ ODXU\O PHWKDFU\ODWH ZDV REWD
QHXWUDOLVLQJ DJHQW )RU WKH SODVWLVROV FRQWDLQL
K\GUR[\VWHDULF DFLG GLHWK\O JLQF ZDV IRXQG WR EH P

DIJHQW

7KH SODVWLVROV IRUPXODWHG ZLWK WKH SRO\ K\GURT\\
ZHUH PRUH IOXLG WKDQ WKRVH EDVHG RQ WKH SRO\ ODXU\
7KLV ZDV DWWULEXWHG WR WKH GLIITHUHQFHY LQ VWDELOL\

WKH DSSDUHQW SDUWLFOH YROXPH LQ EXW\OEHQ]\O SKWKD

1R IXUWKHU LPSURYHPHQWY LQ SODVWLVRO VWDELOLW\ ZH
RI QHXWUDOLVDWLRQ RI WKH SRO\PHUV EH\RQG 7KLV ZEL
WKRVH FDUER[\OLF JURXSYVY QHDUHVW WKH SDUWLFOH VXUIL
EHHQ KHDWHG WR DERYH WKHLU JODVV WUDQVLWLRQ W
GHVWDELOLVLQJ WKH GLVSHUVLRQ LW PD\ KDYH EHHQ SRV’

SURGXFH SRO\PHUVY HYHQ PRUH UHVLVWDQW WR SODVWLFL\

3RO\PHUV FRQWDLQLQJ PHWDO LRQV ZHUH DOVR SUHS
SRO\PHULVDWLRQ 7KH SODVWLVROV IRUPXODWHG ZLWK Wtk
VWDELOLW\ SRWDVVLXP VXOSKRSURS\O PHWKDFU\ODWH
SDUWLFXODUO\ GLIILFXOW WR SRO\PHULVH DV WKH\ DUH K
ZDV XQFHUWDLQW\ RYHU WKH WUXH FRPSRVLWLRQV Rl Wtk
XQZLVH WR DWWHPSW WR UHODWH WKH SHUIRUPDQFH RI W

FRPSRVLWLRQV $ PRUH LQGHSWK FKDUDFWHULVDWLRQ RI



UHJDUG WR WKHLU PRUSKRORJLHV ZRXOG KDYH DVVLVWH

YLVFRPHWU\

'"HVSLWH WKH XQGRXEWHG LPSURYHG UHVLVWDQFH FRPSD

R I

SRO\PHUV ZLWK PHWDO LRQ FURVVOLQNV WR VZHOOLQJ

IRUPXODWHG DW SRO\PHU SODVWLFLVHU UDWLRYV DSSURDFK

DFFHSWDEOH YLVFRVLW\ VWDELOLW\

SHIHUHQFHV

33* ,QGXVWULHV ,QF (XURSHDQ 3DWHQW DSSOLFDWLRQ

1DSSHU ' + SRO\PHULF 6WDELOLVDWLRQ RI &ROORLGDO

BUHVV /RQGRQ 3DJH

:DLWH ) $ - 2LO &RO &KHP $VVRF

ODVVRQ - & S3RO\PHU +DQGERRN %UDQGUXS - DQG ,PF
'LOH\ 1HZ <RUN &KDSWHU

(YHUHWW ' + %DVLF 3ULQFLSOHV RI &ROORLG 6FLHQFH
&KHPLVWU\ /RQGRQ &KDSWHU

%URZQ + 3 B5XEEHU &KHP 7HFKQRO

+DUULVRQ 5' HG %RRN RI'DWD /RQJPDQ /RQGRQ
ODUFK - $GYDQFHG 2UJDQLF &KHPLVWU\ 5HDFWLRQV 0

OF*UDZ +LOO 7RN\R 3DJHV



&+$37(5

&29$/(17/< &5266/,1.(' 32/<0(56

3RO\PHUVY ZHUH SUHSDUHG ZLWK FRYDOHQW FURVVOLQNYV

UDWH RI VZHOOLQJ RI WKH SRO\PHUV ZKHQ IRUPXODWH!
YLVFRPHWULFDOO\ $ WUHDWPHQW RI WKH WKHRU\ RI VZI
6HFWLRQ 7KH SRO\PHUV ZHUH SUHSDUHG XVLQJ QRQ D
HPXOVLRQ SRO\PHULVDWLRQ WHFKQLTXHVY 7KUHH W\SHV R

IRUPHU WHFKQLTXH 7KH\ FRPSULVHG

D D WHUSRO\PHU RI PHWK\O PHWKDFU\ODWH PHWKLE
PHWKDFU\ODWH WKH FURVVOLQNV EHLQJ IRUPHG E

EHWZHHQ WKH JO\FLG\O DQG FDUER[\OLF JURXSYV

E D FRSRO\PHU RI PHWK\O PHWKDFU\ODWH DQG D S

GLDFU\ODWH DQG

F SRO\PHUV SUHSDUHG ZLWK FRPE VWDELOLVHUV Z}
PHWKDFU\ODWH JURXSV IRUPHG FRYDOHQW ERQGYV

SRO\PHU SDUWLFOHYV

&RYDOHQWO\ FURVVOLQNHG SRO\PHUV SUHSDUHG XVLQJ WE

WHFKQLTXH ZHUH EDVHG RQ PHWK\O PHWKDFU\ODWH DQG H'

7KH SRO\PHUV ZHUH WKHQ GULHG DQG UHGLVSHUVHG LQ
UHVXOWLQJ SODVWLVROVY ZDV GHWHUPLQHG YLVFRPHWULFD
7KH FRDWLQJ SURSHUWLHV RI WKH SODVWLVROV DSSOLHG

(DFK VWHS LV QRZ FRQVLGHUHG LQ GHWDLO LQ WKH RUGHU



7KH SUHSDUDWLRQ RI WKH SRO\PHUV
3RO\PHUV ZHUH SUHSDUHG FRQWDLQLQJ FRYDOHQW FURYV
SDUWLFOH LQWHULRU DQG RQ WKH SDUWLFOH VXUIDFH E\ C
7KH VHHG DQG IHHG PHWKRG GHVFULEHG LQ 6HFWLRQ
SUHSDUHG E\ DTXHRXV HPXOVLRQ SRO\PHULVDWLRQ SRVVH\
$JDLQ WKH JHQHUDO WHFKQLTXH KDV EHHQ JLYHQ LQ 6HFYV
DTXHRXV GLVSHUVLRQ DQG DTXHRXV HPXOVLRQ SRO\PHUL\

$Q DFFRXQW RI WKH SUHSDUDWLRQ RI WKH SRO\PHU
SRO\PHULVDWLRQ ZLWK LQWHUQDO DQG WKHQ VXUIDFH FL
IROORZHG E\ D GHVFULSWLRQ RI WKH SUHSDUDWLRQ RI W

SRO\PHULVDWLRQ

7KH SUHSDUDWLRQ RI SRO\PHUV ZLWK LQWHUQDO FUR)

SRO\PHULVDWLRQ
3RO\PHUV ZLWK LQWHUQDO FURVVOLQNV REWDLQHG E\ QRC
ZHUH SUHSDUHG EDVHG RQ HSR[LGH ULQJ RSHQLQJ DQG X
LOQFRUSRUDWLQJ HSR[LGH ULQJ RSHQLQJ FKHPLVWU\ ED)
FRQYHQWLRQDO PHWK\O PHWKDFU\ODWH PHWKDFU
WHUSRO\PHU 7KH VROYHQW FRPSULVHG DQ PLIWXUH |
6HSDUDWLRQ RI JO\FLG\O PHWKDFU\ODWH DQG PHWKDFU\O
SUHYHQW VXEVHTXHQW IORFFXODWLRQ RI WKH SRO\PHU 7K
GXULQJ WKH ILUVW KDOI RI WKH IHHG DQG PHWKDFU\OLF DEF
IHHG WLPH ZDV H[WHQGHG IURP WKH XVXDO WZR KRXUV W
UHDFWLRQ ZDV FDUULHG RXW XQGHU PRQRPHU VWDUYHG F
JO\FLG\O PHWKDFU\ODWH DQG PHWKDFU\OLF DFLG PLJ[LC
IORFFXODWLRQ 2Q FRPSOHWLRQ RI WKH SRO\PHULVDWLRQ
WKH FDWDO\VHG UHDFWLRQ EHWZHHQ WKH JO\FLG\O DQG W
UHSODFHPHQW RI Q KH[DQH ZLWK 6KHOOVRO DGGLWLR(

$0& ,, D FKURPLXP ,,, RFWRDWH VROXWLRQ DQG KHDWLQJ



®WHU IRXQG SRVVLEOH WR FDUU\ RXW WKH UHDFWLRQ DW

SDUWLFOH GLDPHWHU PHDVXUHG ZLWK DQ HOHFWURQ PLFLU

%R [ SUHSDUDWLRQ RI XUHWKDQH GLDFUYODWH +(0$%$

,QLWLDO FKDUJH

3", J 2 LO PROHV
'LPHWK\O VXOSKR[LGH J
%7/ J

7KH LQLWLDO FKDUJH ZDV KHDWHG WR f& XQGHU DQ DLU
PL[WXUH ZDV DGGHG UDSLGO\
JHHG

+(0$ J PROHV

'LPHWK\O VXOSKR[LGH J

W %XW\O FDWHFKRO J
+HDWLQJ ZDV FRQWLQXHG DQG WKH SURJUHVV RI WKH UHI
UHGXFWLRQ LQ WKH LVRF\DQDWH VWUHWFKLQJ SHDN DW
$IWHU KRXUV WKH IROORZLQJ IXUWKHU DGGLWLRQ ZDV |

3RVW DGGLWLRQ

+(0$ J PROHV
'LPHWK\O VXOSKR[LGH J
"% 7"/ J

+HDWLQJ ZDV FRQWLQXHG IRU D IXUWKHU KRXUV 2Q FI

DQG H[FHVYV K\GUR[\HWK\O PHWKDFU\ODWH ZDV H[WUDF
HIWUDFWLRQ HWK\O DFHWDWH ZDV XVHG DV D VROYHQW IR
ODWHU HYDSRUDWHG RIIl WR OHDYH WKH SXUH GLDFU\ODW
SURGXFW VKRZHG WKDW DOO WKH LVRF\DQDWH KDG UHDF

XQUHDFWHG K\GUR[\HWK\O PHWKDFU\ODWH



$ SRO\PHU ZLWK XUHWKDQH FURVVOLQNV ZDV SUHSDUHG LC
WKH SUHSDUDWLRQ RI D XUHWKDQH GLDFU\ODWH SUHFXUVR
ZLWK PHWK\O PHWKDFU\ODWH IROORZLQJ WKH VHHG DQG |

7KH GLDFU\ODWH ZDV WKH UHDFWLRQ SURGXFW RI
PHWKDFU\ODWH DQG RQH PROH RI LVRSKRURQH GLLVRF\DQ
IURP WKH OLWHUDWXUH DQG GHWDLOV DUH SURYLGHG LQ %
GLDFU\ODWH ZDV DGGHG GXULQJ WKH VHFRQG KDOI RI Wt
SRO\PHU ZDV ZW PHWK\O PHWKDFU\ODWH XUHWKDQH

SDUWLFOH GLDPHWHU XVLQJ PLFURVFRS\ ZDV PLFU]

7KH SUHSDUDWLRQ RI SRO\PHUV ZLWK VXUIDFH FURV)\
GLVSHUVLRQ SRO\PHULVDWLRQ

3RO\PHUV SDUWLFOHV ZLWK VXUIDFH FURVVOLQNLQJ REW
SRO\PHULVDWLRQ ZHUH SUHSDUHG E\ FRYDOHQWO\ ERQG
VXUIDFH Rl WKH SRO\PHU SDUWLFOHV 7KLV ZDV DFFRPSOL\
LQYROYHG WKH SUHSDUDWLRQ RI D ZW PHWK\O PHWK
FRPE VWDELOLVHU EDWEFK DFFRUGLQJ WR WKH PHWKF
FRPE VWDELOLVHU ZDV XVHG WR SUHSDUH D ZW PHWK\
FRSRO\PHU EDWFK DFFRUGLQJ WR WKH VHHG DQG IHH

$W WKH HQG RI WKH IHHG VWDJH D ILQDO DGGLWL
LQLWLDWRU DIRELYV PHWK\OEXW\URQLWULOH ZDV PDC(
VWDELOLVHU ZDV ORFNHG RQ WR WKH SDUWLFOH VXUIDFH
VWDELOLVHU ZLWK WKH FDUER[\OLF JURXSV LQ WKH SRO\PH
WKH SRO\PHU WR f& DQG KROGLQJ IRU IRXU KRXUV 7

PLFURVFRS\ ZDV PLFURQV

7KH VHFRQG URXWH WR D SRO\PHU SDUWLFOH ZLWK VXU
SHQGDQW PHWKDFU\ODWH JURXSV RQ D UHDFWLYH FRPE V

SDUWLFOH GXULQJ SRO\PHULVDWLRQ $ UHDFWLYH VWDEL



IURP DQ H[LVWLQJ PHWK\O PHWKDFU\ODWH PHWKDFU\
E\ UHDFWLQJ D SRUWLRQ RI WKH IUHH FDUERJ\C

PHWKDFU\ODWH

%R [ 3UHSDUDWLRQ RI UHDFWLYH VWDELOLVHU ZLW
EDWFK
7KH OLJKW VROYHQW IUDFWLRQ ZDV UHPRYHG IURP J

DQG UHSODFHG ZLWK EXW\O DFHWDWH 7KH IROORZL

&KDUJH

(WK\O DFHWDWH J

*O\GLG\O PHWKDFU\ODWH J

'LPHWK\O ODXU\ODPLQH J
7KLV LPSOLHG D PRODU H[FHVV RI JO\FLG\O RYHU FDUEF
UHDFWDQWYVY DW f& IRU KRXUV WKH DFLG YDOXH KDG
R I PJ .2+ J WR PJ .2+ J 7KH FRPSRVLWLRQ RI WK
ZDV ZW SRO\ K\GUR[\VWHDULF DFLG SUHFXUVRU f
PHWKDFU\ODWH FRSRO\PHU FRPSULVHG ZW PHWK

DFLG JO\FLG\O PHWKDFU\ODWH 7KH ILQDO QRQ YRODWLOH

$ ZW PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG
SUHSDUHG ZLWK WKH UHDFWLYH VWDELOLVHU EDWEFK

7KH VHHG VWDJH ZDV VWDELOLVHG ZLWK D FRQYHQWLRQL
PHWKDFU\OLF DFLG FRPE VWDELOLVHU 7KH UHDFWLYH VWD
IHHG VWDJH $IWHU WKH IHHG VWDJH KDG ILQLVKHG WZR |
PHWK\OEXW\URQLWULOH WRWDOOLQJ E\ ZHLJKW ZHUH

7KH SDUWLFOH GLDPHWHU ZDV PLFURQYV



$ VWDELOLVHU zZzDV DOVR VIQWKHVLVHG XVLQJ D PHWK\O P
FRPE VWDELOLVHU DV WKH VWDUWLQJ PDWHULDO DQG DG
DSSHDUHG WR EH OHVVY SURQH WR JHODWLRQ WKDQ WKDW
PHWK\O PHWKDFU\ODWH JO\FLG\O PHWKDFU\ODWH FRPE V\
DV GHFULEHG LQ G6HFWLRQ IURP D SRO\ K\GURIJ\
$SSUR[LPDWHO\ KDOI WKH JO\FLG\O JURXSV ZHUH
DFLG 7KH VWDELOLVHU KDG D ILQDO DFLG YDOXH RI
FRQWHQW RI 7KH PROHFXODU ZHLJKWYVY &RXUWDXOGYV
PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG FRSRO\PHU
E\ ZHLJKW VWDELOLVHU RQ PRQRPHU 7KH ILQDO SDU!

PLFURQV $ VXPPDU\ RI WKH UHDFWLYH VWDELOLVHUV LV JL

7TDEOH SHDFWLYH VWHULF VWDELOLVHUYV

%DWFK QXPEHU

3UHSDUHG IURP

ORGLILFDWLRQ PRODU H[FHVV RI #0BODU H[FHVV RI 0$F
$FLG YDOXH PJ .2+ J

1RQ YRODWLOH FRQWHQW  ZW

OROHFXODU ZHLJKWA

0z

0Q

0S

3RO\GLVSHUVLW\ 0Z 0Q

W &RXUWDXOGV

‘HWDLOV RI WKH VWDELOLVHU SUHFXUVRU EDWEFK
DQG UHIHUUHG WR LQ WKLV VHFWLRQ DQG QRW

DUH VXPPDULVHG LQ 7DEOH



7TDEOH 6WDELOLVHU SUHFXUVRUV DQG FRPE VWDELOL

%DWFK QXPEHU

7\SH DQG 3UHFXUVRU

FRPSRVLWLRQ ZW 3+6 00$ *0$ 3+6 00% *0%
3UHSDUHG IURP

$FLG YDOXH PJ .2+ J

1RQ YRODWLOH FRQWHQW ZW

OROHFXODU ZHLJKWA

0z

0Q
0S
3RO\GLVSHUVLW\ 0Z 0Q

I &RXUWDXOGV

7KH SRO\GLVSHUVLW\ RI WKH SUHFXUVRU ZDV DERXW WZR
RI VWHSZLVH SRO\PHULVDWLRQV J/LNHZLVH WKH PROHFXO
DQRG UHDFWLYH VWDELOLVHUV REWDLQHG E\ JHO SHUPHDW

LQ WKH UDQJH 0Z DQG 00Q

7KH SUHSDUDWLRQ RI SRO\PHUV ZLWK LQWHUQDO FUR
SRO\PHULVDWLRQ
$ VHULHV RI SRO\PHUV ZHUH SUHSDUHG ZLWK LQWHUQDO
SRO\PHULVDWLRQ 7KH VHULHV FRPSULVHG PHWK\O PHYV
GLPHWKDFU\ODWH FRSRO\PHUV ZLWK DQG E\ -
GLPHWKDFU\ODWH 7KH SDUWLFOH GLDPHWHUV ZHUH LQ V
PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG HYV
WHUSRO\PHUV ZHUH DOVR SUHSDUHG ZLWK SDUWLFOH GL
PLFURQY 7KH SRO\PHULVDWLRQV ZHUH FDUULHG RXW DFF
6HFWLRQ H[FHSW IRU WKH ODUJH SDUWLFOH VL]H WHL

DQLRQLF VXUIDFWDQW VRGLXP GLRFW\OVXOSKRVXFFLQDW



7KH SDUWLFOH GLDPHWHUY ZHUH PHDVXUHG E\ VFDQQLQJ

WKH PHWKRG GHFULEHG LQ 6HFWLRQ 7KH UHVXOWYV DU

7TDEOH &URVVOLQNHG SRO\PHUV SUHSDUHG E\ DTXHR:

SDUWLFOH GLDPHWHU

%DWFK QXPEHU &RPSRVLWLRQ Z8%% SP
00$ (*'0
00$ (*'0
00$ (*'0

00$ OS$F (*'0
00$ O0S$F (*'0
00$ O0S$F (*'0

6FDQQLQJ HOHFWURQ PLFURVFRSH

'HWHUPLQDWLRQ RI GHJUHH RI FURVVOLQNLQJ JHO FR
,Q RUGHU WR GHWHUPLQH WKH H[WHQW RI FURVVOLQNLQJ
ZHUH XVHG WR GHWHUPLQH WKH IUDFWLRQ RI FURVVOLQN
IUDFWLRQ RI WKH SRO\PHU ZDV WKDW IUDFWLRQ ZKLFK ZD
7KH WKUHH PHWKRGV GHVFULEHG LQ 6HFWLRQ ZHUH
FHQWLIXJH DQG EDOOPLOO LQ FRPELQDWLRQ DQG B6R[KOHW

WKH UHVXOWY LV JLYHQ LQ 7DEOH

$V H[SHFWHG QRQH RI WKH WHVW PHWKRGV LQGLFDWHG W
D ZW PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG FRSES
QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ 7TKH UHPDL
SRVVHVVHG D JHO IUDFWLRQ 7KH YDOXHV REWDLQHG IRU
HWK\OHQH JO\FRO GLPHWKDFU\ODWH FRSRO\PHU SUHS
SRO\PHULVDWLRQ EDWEFK YDULHG QRW RQO\ ZLWK W

PHWKRG ,Q FRQWUDVW WKH YDOXHV REWDLQHG IRU WKH \



OFLG JO\FLG\O PHWKDFU\ODWH WHUSRO\PHUV ZHUH VLPLO|
WKH 6R[KOHW H[WUDFWLRQ PHWKRG FRQVLVWHQW YDOXH
FURVVOLQNHG WHUSRO\PHU DOWKRXJK VLJQLILFDQWO\ KL
PHWKRG 7KH ORZHU YDOXHV REWDLQHG IURP WKH EDOOP
FURVVOLQNHG SRO\PHU EHLQJ LQDGHTXDWHO\ FHQWULIX/
GLVFDUGHG ZKHQ WKH VROXEOH SRO\PHU IUDFWLRQ LV GH
UHOLHV RQ D ILOWHU SDSHU WR VHSDUDWH WKH VROXEOF

OLJKWO\ FURVVOLQNHG PDWHULDO

7TDEOH SHUFHQWDJH JHO FRQWHQW RI FURVVOLQNHG

% DWFK EHQWULIXWBIOOPLOBGR[KOHW &RPPHQWYV
QXPEHU &RPSRVLWLRQ ZWZW JHO ZW JHO ZW JHO

3
00$ OS$F
00$ (*'0

XQFDWDO\VHG
00% 0$F *0%$

FDWDO\VHG
00% OS$SF *0$

00% +(0% 3,

00$ XUHWKDQH GLDFU\ODWH

ZLWK
00$ OS$F

ZLWK
00$ OS$F LQ IHHG RQO\

S3ODVWLVRO VWDELOLW\
7KH HITHFWLYHQHVY RI LQWURGXFLQJ FRYDOHQW FURVVOLC
SRO\PHUV IRUPXODWHG DV SODVWLVROV ZDV PHDVXUHG Y

SUHSDUHG E\ GU\LQJ WKH SRO\PHUV DQG UHGLVSHUVLQJ W



YVFRVLWLHV RI WKH SODVWLVROV ZHUH WKHQ PHDVXUHG
PHWKRG LQFOXGLQJ LVRODWLRQ RI WKH SRO\PHU SDUWLFC

$Q DFFRXQW RI WKH UHVXOWYV REWDLQHG ZLWK WKH S
GLVSHUVLRQ DQG WKHQ DTXHRXV HPXOVLRQ SRO\PHULVDW

GHVFULSWLRQ RI DQ DWWHPSW WR HVWLPDWH WKH GHJUHH

7KH YLVFRVLW\ VWDELOLW\ RI SODVWLVROV FRQWDLQL
DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ
J)LIXUH GHSLFWV WKH YLVFRVLW\ VWDELOLWLHYV RI1 ILY}

SRO\PHUV REWDLQHG E\ QRQ DTXHRXV GLVSHUVLRQ SRO\I

DQG 6HFWLRQ DQG EXW\OEHQ]\O SKWKDODWH $i
FRPSDULVRQ LV D SODVWLVRO FRPSULVLQJ D ZW P
DFLG FRSRO\PHU EDWFK REWDLQHG E\ QRQ DTXHRXYV

EXW\OEHQ]\O SKWKDODWH FXUYH D 7KH SRO\PHU SODV
E\ ZHLJKW 7KH YLVFRPHWHU ZDV SURJUDPPHG WR I
F\FOHV DQ KRXU 7KH H[SHULPHQWDO SURFHGXUH IRU WKH
ZW PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG JO\FLG
WKH PHWK\O PHWKDFU\ODWH XUHWKDQH GLDFU\ODWt

ZW PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG
VWDELOLVHU EDWEFK FXUYHV E F DQG H ZDV DV |
VWHDGLO\ WR D OLPLWLQJ YDOXH RYHU WZR PLQXWHV KHO

IDOO WR JHUR RYHU RQH PLQXWH 7KH OLPLWLQJ VWUHVVH)

DQG G\QH FP UHVSHFWLYHO\ 7KH SURFHGXUH
FROQWDLQLQJ WKH ZW PHWK\O PHWKDFU\ODWH PHWK
ORFNHG RQ VWDELOLVHU EDWEFK DQG WKH ZW PH

DFLG FRSRO\PHU ZLWK D UHDFWLYH VWDELOLVHU EDWFK
VLPLODU )RU WKH IRUPHU WKH OLPLWLQJ VWUHVV IRU ER'

IRU WKH ODWWHU WKH\ ZHUH DQG G\QH FP IRU



UMSHFWLYHO\ ,Q DGGLWLRQ IRU WKH ODWWHU SODVWLVR

F\FOH RQO\ ZDV UHDFKHG LQ RQH PLQXWH

VT
2 1]
; D 0$F
R
I_E *0$ 0SF
| |’: ,3',+(0$
R 9
G 0$F
P 1V $
' [H 0$F
FH
R $ | 0S$F
' Y Yo 9° ¥
7LPH KRXUV
JLIXUH 7KH YLVFRVLW\ VWDELOLW\ RI SODVWLVROV FR
SUHSDUHG E\ QRQ DTXHRXV GLVSHUVLRQ SRO\PHUL
SKWKDODWH DW f& 7KH SRO\PHU SODVWLFLVHU
HIFHSW IRU SODVWLVROV F DQG H ZKHQ WKH UD
7KH UHVXOWY LQ )LJXUH VKRZ WKDW DOO WKH SODVWI

FURVVOLQNHG SRO\PHUV KDG SRRUHU YLVFRVLW\ VWDE

XQFURVVOLQNHG ZW PHWK\O PHWKDFU\ODWH PHW
D 7KH SODVWLVRO FRQWDLQLQJ WKH ZW PHWK\O Pl
FRSRO\PHU EDWFK LQFUHDVHG LQ UHODWLYH YLVFR
KRXUV FXUYH F 7TKH XUHWKDQH OLQNDJH PD\ KDYH L

FRPSDWLEOH ZLWK WKH SODVWLFLVHU 7KH SODVWLVRO ¢S
PHWKDFU\ODWH PHWKDFU\OLF DFLG FRSRO\PHU VWDELOL)

LQFUHDVHG LQ UHODWLYH YLVFRVLW\ WR DIWHU I
WKDQ DQ HTXLYDOHQW SODVWLVRO FRQWDLQLQJ D SRO\PH

VWDELOLVHU EDWFK 7KH SODVWLVRO SUHSDUHG Z



PHWKDFU\ODWH PHWKDFU\OLF DFLG JO\FLG\O PHWKDFU\O
KDG EHHQ FURVVOLQNHG E\ KHDWLQJ DW f& UDSLGO\ |
UHDFKLQJ DIWHU KRXUV FXUYH E 7KH YLVFRVLWLH
YHU\ KLJK DIWHU KRXUV DV WKH FURVVOLQNHG SRO\PHUYV

UHPDLQHG DV VZROOHQ SDUWLFOHYV

7KH SODVWLVRO ZLWK WKH ZW PHWK\O PHWKDFU\OD
VWDELOLVHG ZLWK D UHDFWLYH VWDELOLVHU EDWFK \
VWDELOLW\ JLYHQ WKDW WKH SODVWLVRO ZDV IRUPXODWH!¢
H +RZHYHU HYHQ WKLY GHJUHH RI VZHOOLQJ RI WKH SRC(
WKDW VWDELOLW\ ZRXOG EH LQVXIILFLHQW DW FRPPHUFLEL
SODVWLVRO FRQWDLQLQJ WKH ZW PHWK\O PHWKDFU\O
ZLWK WKH ORFNHG RQ VWDELOLVHU EDWEFK FXUYH C

VWDELOLW\ WR WKH SODVWLVRO ZLWK WKH XQFURVVOLQNHC

7KH YLVFRVLW\ VWDELOLW\ RI SODVWLVROV FRQWDLQL
HPXOVLRQ SRO\PHULVDWLRQ
7KH UHVXOWYV RI PHDVXUHPHQW RI WKH YLVFRVLW\ VWDELO
SKWKDODWH DQG SRO\PHUV FRQWDLQLQJ HWK\OHQH JO\FRO
7KH SRO\PHU SODVWLFLVHU UDWLR ZDV E\ ZHI
SURJUDPPHG WR FDUU\ RXW WZR VKHDU VWUHVV F\FOHV DQ

H[SHULPHQWDO SURFHGXUH ZDV XVHG IRU WKH SODVWLVRO

ZW DQG ZW HWK\OHQH JO\FRO GLPHWKDFU\ODWH
UHVSHFWLYHO\ DQG D ZW PHWK\O PHWKDFU\ODW
JO\FRO GLPHWKDFU\ODWH EDWEFK W FRPSULVHG LQFL

D OLPLWLQJ YDOXH RYHU WZR PLQXWHYV KROGLQJ IRU WHQ
WR IDOO WR JHUR RYHU RQH PLQXWH 7KH OLPLWLQJ VWUF
ZHUH DQG G\QH FP UHVSHFWLYHO\ )RU WKH SOL

ZW DQG DQRWKHU ZW PHWK\O PHWKDFU\ODWH



JO\FRO GLPHWKDFU\ODWH WHUBQG\PHUHVESMHW®HWKLNWO\ W K
SURFHGXUH ZDV VLPLODU H[FHSW WKDW WKH OLPLWLQJ VYV
F\FOHV Z HDJHG G\QH FP UHVSHFWLYHO\ 7KH H[SHULPHQWL
SODVWLVRO SUHSDUHG@WZLWHKWWWH PHWKDFU\ODWH H W K
GLPHWKDFU\ODWH FRSRPRPBULEBDG/VEKRFUHDVLQJ WKH VWUH
G\QH FP RYHU RQH PLQXWH KROGLQJ DW WKLV VWUHVYV IR
LW WR JHUR RYHU RQH PLQXWH dHdQVURSKXQUBRXGNGRI EF RPBOUH
LV WKH YLVFRVLW\ VWDELOLW\ UHVXOW IRW DPBWHKVWOWLVR

PHWKDFU\ODWH PHWKDFU\OLF DFLG FRSRO\PHU EDWEFK

PDF

HIGP

HIGP

HIJGP

HJGP PDF
HJGP PDF

HIJGP PDF ODUJH

JLIXUH 7KH YLVFRVLW\ VWDELOLW\ RI SODVWLVROV FRPSUI
SUHSDUHG E\ QRQ DTXHRXV GLVSHUVLRQ SRO\PHUL

SKWKDOPWHKEW RO\PHU SODVWLFEVAHLURWLR ZD\



7KH SRO\PHU FRQWDLQLQJ E\ ZHLJKW HWK\OHQH JO\FRO
OHVV VXVFHSWLEOH WR VZHOOLQJ E\ EXW\OEHQ]J\O SKWKD
PHWKDFU\OLF DFLG FRSRO\PHU +RZHYHU QR EHQHILW ZD\
RI FRPRQRPHU DQ\ IXUWKHU (WK\OHQH JO\FRO GLPHWKDI
PHWKDFU\ODWH D KLJK GHJUHH RI VROXELOLW\ LQ ZDWHU
KLJK OHYHOV PD\ UHVXOW LQ SRO\PHUV ZLWK ODUJH DPRXQ
WKH PRQRPHU PD\ DFW DV D SODVWLFLVHU IRU WKH SRO\F
SRO\PHU E\ EXW\OEHQ]J\O SKWKDODWH $OWHUQDWLYHO\

GLPHWKDFU\ODWH WR IRUP F\FOLF VWUXFWXUHYV IURP LQWI
WKH FRQFHQWUDWLRQ LQFUHDVHYV 7TKHVH VWUXFWXUHYV Z

WKH SRO\PHU ZLOO KDYH D ORZHU HIIHFWLYH GHJUHH RI FU

$ IXUWKHU GHFUHDVH LQ WKH VXVFHSWLELOLW\ RI WKH S
SKWKDODWH ZDV VKRZQ E\ D ZW PHWK\O PHWKD
HWK\OHQH JO\FRO GLPHWKDFU\ODWH WHUSRO\PHU EDWEFK
ZLWK D ODUJHU SDUWLFOH GLDPHWHU RI PLFURQV ED

EHQHILW DW WKLV SRO\PHU SODVWLFLVHU UDWLR

"HWHUPLQDWLRQ RI WKH GHJUHH RI SRO\PHU VZHOOLQ
$Q DWWHPSW zZzDV PDGH WR HVWLPDWH WKH GHJUHH RI SR
SKWKDODWH DQG EXW\OEHQ]\O SKWKDODWH RI D SRO\PHU
EXW\OEHQ]\O SKWKDODWH 7ZR VHULHV RI SODVWLVROV Z|
SKWKDODWH DQG GL HWK\OKH[\O SKWKDODWH DW GLIIHU
RI WKH SODVWLVROV ZHUH PHDVXUHG DW ILYH PLQXWH LQW
ZDV D ZW PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFL

VWDELOLVHU EDWEFK

7KH GL HWK\OKH[\O SKWKDODWH SODVWLVROV GLG QRW L

RI WKH H[SHULPHQWY )RU WKH GL HWK\OKH[\O SKWKDO!



SURJUDPPHG WR FDUU\ RXW D VLQJOH VKHDU VWUHVV F\FOH
W R G\QH FP RYHU RQH PLOXWH KROGLQJ IRU WHQ V
VWUHVVY WR JHUR RYHU RQH PLQXWH 7KH UHVXOWY DUH VI

GL HWK\OKH[\O SKWKDODWH ZDV WDNHQ DV

J)LIXUH , QLWLDO YLVFRVLW\ DJDLQVW YROXPH IUDFWLF
ZW PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DF

ORFNHG RQ VWDELOLVHU EDWFK DQG GL HWK

f& 7KH VTXDUHV GHQRWH WKH EHVW ILW IRU WKF

HTXDWLRQ 7KH VROLG OLQH LV WKH VDPH HTXDWLI

%\ ILWWLQJ WKH .ULHJHU 'RXJKHUW\ HTXDWLRQ (TXDWLRQ
FRHIILFLHQWY >T@ WKH LQWULQVLF YLVFRVLW\ DQG MF
REWDLQHG 7KH YDOXHV ZHUH DQG UHVSHFWLYHO!
YLVFRVLW\ ZDV KLJKHU WKDQ WKDW SUHGLFWHG E\ WKH (
ZKLFK DVVXPHVY WKH YDOXH RI 7KH YDOXH IRU WKH FU

FRUUHVSRQG WR DQ\ RI WKH PRUH FRPPRQ SDFNLQJ DUL



VSKHUHV ZKLFK DUH JLYHQ LQ 7DEOH 7KH UHVXOWYV |

DV\PPHWULF RU WKHUH DUH SDUWLFOH DJJUHJDWHYV LQ WK

, W LV SRVVLEOH WR FDOFXODWH WKH LQFUHDVH LQ SDUWL
(TXDWLRQ ZKLFK UHODWHYV WKH HIIHFWLYH YROXPH
WKLFNQHVY RI DQ DGVRUEHG OD\HU LQWR WKH .ULHJHU 'R
WKH DGVRUEHG OD\HU LV WKHQ UHGHILQHG DV WKH L
VZHOOLQJ +RZHYHU IRU WKH EXW\OEHQ]\O SKWKDODWH S
YLVFRVLW\ DQG WKH FULWLFDO SDFNLQJ IUDFWLRQ ZDV
VZHOOLQJ RI WKH SRO\PHU SDUWLFOHV RQ GLVSHUVLRQ LQ
IURP WKH GL HWK\OKH[\O SKWKDODWH SODVWLVROV ZH

DSSOLFDELOLW\ RI WKHVH YDOXHV WR WKH EXW\OEHQ]\O SK

7TDEOH 7KH PD[LPXP SDFNLQJ IUDFWLRQ RI YDULRXV C

PRQRGLVSHUVH VSKHUHYV

BBBBBBBBBBBRRBRBEBBBEEIGBREBBBEBBBEBBBREBEBBBBENLQ) IUDFWLRQ
6LPSXHELF

OLQLPXP WKHUPRG\QDPLFDOO\ VWDEOH FRQILIXUDWLRQ
+H[DJRQDOO\ SDFNHG VKHHWYV MXVW WRXFKLQJ

5DQGRP FORVH SDFNLQJ

%RG\ FHQWUHG FXELF SDFNLQJ

J)DFH FHQWUHG FXELF KH[DJRQDO FORVH SDFNHG

3ODVWLVRO FRDWLQJV
7KH FRDWLQJ SURSHUWLHYVY RI SODVWLVROV FRQWDLQLQJ V
GHVFULEHG LQ 6HFWLRQ DQG D YDULHW\ RI SODVWLFLYV
LQFOXGHG EXW\OEHQ]\O SKWKDODWH %%3 WUL[\OHQ\O S

SKWKDODWH '/ 3 7TKH SRO\PHU SODVWLFLVHU UDWLR



SHDUDQFH RI WKH SODVWLVROV EHIRUH DQG DIWHU KHD
QRWHG 7KH ILOPV ZHUH SUHSDUHG LQ WKH PDQQHU GHVFI

DUH VXPPDULVHG LQ 7DEOH

$00 WKH SODVWLVROV KDG WKH FRQVLVWHQF\ RI WKLFN
ZW PHWK\O PHWKFU\ODWH HWK\OHQH JO\FRO GLP
LQ EXW\OEHQ]\O SKWKDODWH RU WUL[\OHQ\O SKRVSK
YHU\ OLWWOH PHFKDQLFDO VWUHQJWK 7KH SODVWLVROV Z|
KLJK D GHJUHH RI FURVVOLQNLQJ 2Q WKH EDVLV RI FRDWL
WKH WKUHH SODVWLFLVHUV FRPSRXQGHG ZLWK WKH
PHWKDFU\OLF DFLG HWK\OHQH JO\FRO GLPHWKDFU\ODWH !
' %%3 ! '/ 3 7KH EXON RI WKH ZW PHWK\O PHWKDFU\
FRSRO\PHU ZLWK WKH ORFNHG RQ VWDELOLVHU EDWFK
EXW\OEHQ]\O SKWKDODWH EXW D VPDOO IUDFWLRQ UHPDLQ
ELWW\ DSSHDUDQFH 7KH FRDWLQJ FRPSULVLQJ D
PHWKDFU\OLF DFLG FRSRO\PHU ZLWK D UHDFWLYH VWDEL!

SKWKDODWH WKRXJK FOHDU DQG ZHOO JHOOHG KDG SRRU

7TDEOH $SSHDUDQFH RI SODVWLVROV FRPSULVLQJ E

E\ ZHLJKW SRO\PHU EHIRUH DQG DIWHU KHDWLQJ D

3RO\PHBRO\PHU FRPSRYQOWVWQFROEBVYWLVRO DSSHDYDQFHDSSHDUDQFH

00% O$F % % 3 BWLFN\ ZKLWH.GHBWH QG XQHYHQ
ZLWK
00% O$F % % 3 ‘KLWH SDVW&OHDU IOH[LEOH EXW EL!
ZLWK
% % 3 7KLFN ZKLWH SSD/TWH DQG IOH[LEOH QI
00% (*'0 PHFKDQLFDO VWUHQJWK
7:3 7KLFN ZKLWH SSDTWH DQG IOH[LEOH QI
00% (*'0 PHFKDQLFDO VWUHQJWK
% % 3 7KLFN ZKLWH GB®DMWMWO\ RSDTXH DQG IC
00$ 0$F (*'0
7:3 7KLFN ZKLWH )SDH WEHO H
00%$ 0$F (*'0
/3 7KLFN ZKLWH 6®MWB\ RSDTXH QR PHF

00% O$F (*'0 VWUHQJIJWK H[XGHV SODV



7KH SDVW\ FRQVLVWHQF\ RI WKH SODVWLVROV FRQWDLQ
PHWKDFU\OLF DFLG HWK\OHQH JO\FRO GLPHWKDFU\ODWH V
SUHGLFWHG IURP WKHLU SHUIRUPDQFH GXULQJ WKH YLV
SUHSDUHG E\ DTXHRXV HPXOVLRQ SRO\PHULVDWLRQ DQG H1
6HFWLRQ PD\ KDYH OHG WR DQ LQFUHDVH LQ WKH DS

GLVSHUVHG SKDVH DQG KHQFH YLVFRVLW\ RI WKH SODVWLV

6 XPPDU\

,Q VHHNLQJ WR UHGXFH WKH SUHPDWXUH VZHOOLQJ RI1 V
SRO\PHUV ZHUH SUHSDUHG ZLWK FRYDOHQW FURVVOLQNV \
WRIJHWKHU UHGXFLQJ WKH GHJUHH RI VZHOOLQJ 7KH OHYH
WKH SRO\PHU WR EH DGHTXDWHO\ VZROOHQ E\ WKH SODV!
SURGXFLQJ D FRKHUHQW FRDWLQJ 7KXV FRYDOHQW FUR
UHGXFH WKH UDWH RI VZHOOLQJ RI WKH SRO\PHU E\ SOI
DOWRJHWKHU 7KH WKHRU\ ZDV GLVFXVVHG LQ 6HFWLRQ

ERWK LOQWHUQDO DQG VXUIDFH FURVVOLQNV XVLQJ ERWK C(

SRO\PHULVDWLRQ WHFKQLTXHV

7ZR SRO\PHUV ZLWK FURVVOLQNV ZLWKLQ WKH LQWHULRI
SUHSDUHG E\ QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWL
PHWKDFU\ODWH DQG D XUHWKDQH GLDFU\ODWH VZHOOHG J
XUHWKDQH OLQNDJH DSSHDUHG WR KDYH LQFUHDVHG WK
SODVWLFLVHU $ FURVVOLQNHG WHUSRO\PHU RI PHWK\O P
JO\FLG\O PHWKDFU\ODWH ZDV SUHSDUHG E\ UHDFWLRQ R1 V
$ SODVWLVRO SUHSDUHG ZLWK WKLV SRO\PHU DQG EXW\OE!
YLVFRVLW\ VWDELOLW\ &KDUDFWHULVDWLRQ RI WKH SRO\

LQGLFDWHG WKH UHDVRQV IRU WKH SRRU VWDELOLW\ RI WK



7TKH QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ WHFKQ
SRO\PHUV ZLWK VXUIDFH FURVVOLQNV E\ ORFNLQJ WKH V
VXUIDFH 3RO\PHUV SUHSDUHG ZLWK UHDFWLYH VWDELOLV
JURXSV VKRZHG LQVXIILFLHQW VWDELOLW\ LQ EXW\OEHQ]
OHDVXUHPHQWY RI WKH VXUIDFH FRYHUDJH RI WKHVH \
LQWHUSUHWDWLRQ RI WKH YLVFRPHWU\ H[SHULPHQWV $
PHWKDFU\OLF DFLG FRSRO\PHU ZLWK D JO\FLG\O PHWKDFL
ORFNHG RQWR WKH SRO\PHU SDUWLFOH VXUIDFH EDWEFK
SKWKDODWH HTXLYDOHQW WR DQ XQFURVVOLQNHG
PHWKDFU\OLF DFLG FRSRO\PHU $Q DWWHPSW DW HVWLPDW
WKHVH SODVWLVROV LPSOLHG WKDW WKH SRO\PHU SDUWLF(

LOQWR WKH SODVWLFLVHU

3RO\PHUV SUHSDUHG E\ DTXHRXV HPXOVLRQ SRO\PHULVDW
ZLWK HWK\OHQH JO\FRO GLPHWKDFU\ODWH $ IXUWKHU LP
EXW\OEHQ]\O SKWKDODWH ZDV REWDLQHG ZLWK PHWK\O
GLPHWKDFU\ODWH PHWKDFU\OLF DFLG WHUSRO\PHUV +R
SODVWLFLVHU UDWLR IURP E\ ZHLJKW XVHG IRU WKH Y
PLQLPXP UHTXLUHG IRU SUHSDUDWLRQ RI D FRDWLQJ W]
FKDQJHG IURP D IOXLG WR D WKLFN SDVWH 7KLV PD\ EH G.:
DQ LQFUHDVH LQ WKH DSSDUHQW YROXPH IUDFWLRQ DQG K

HOHFWURVWDWLF GRXEOH OD\HU

5HIHUHQFHV

'LOOLDPV '+ DQG )OHPLQJ , B6SHFWURVFRSLF OHWKRG
OF*UDZ +LOO /RQGRQ 3DJH

SDMDOLQJDP 3 DQG 5DGKDNULVKQDQ * $QJHZ ODNUR



$QWL / *RRGZLQ - : +LOO 5 ' 2ZWWHZLOO 5 + 2ZHQ
6 &ROORLGYV DQG 6XUIDFHV

%%$/0 3IDLQWYV %ULWLVK 3DWHQW

JORU\ 3 - 3ULQFLSOHV RI 3RO\PHU &KHPLVWU\ &RUQHO:
<RUN &KDSWHU

'DOEULGJH ' - 'LVSHUVLRQ 3RO\PHULVDWLRQ LQ 2UJDQL
HG :LOH\ /RQGRQ &KDSWHU

&KLX < < DQG /HH /- - 3RO\P 6FL 3DUW $ 3RO\P &t
$VK 0 DQG $VK , 3ODVWLFLVHUV B6WDELOLVHUV DQG 7
IRQGRQ

%DUQHV + $ +XWWRQ -) DQG :DOWHUV . $Q ,QWURG

2[IRUG &KDSWHU
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,Q WKH WKHRUHWLFDO WUHDWPHQW RI WKH RVPRWLF OLPL

LW LV DVVXPHG WKDW WKH OLQHDU SRO\PHU LV QRW
SRO\PHU ,W ZDV VKRZQ WKDW WKH VZHOOLQJ RI D UHYHU\
LQ DJRRG VROYHQW FRXOG EH DUUHVWHG DOWRJHWKHU E\
D OLQHDU SRO\PHU LQFRPSDWLEOH ZLWK WKH FURVVOLQNF
IUDFWLRQ RI OLQHDU SRO\PHU UHTXLUHG IRU GHVZHOOL
PROHFXODU ZHLJKW 7KLV VHHPHG D SRWHQWLDOO\ SRZF
SUHPDWXUH VZHOOLQJ GHVFULEHG LQ 6HFWLRQ RI WKH
SODVWLVROV WKDW WDNHV SODFH DW DPELHQW WHPSHUI
RVPRWLF OLPLWDWLRQ RI VZHOOLQJ FURVVOLQNHG SRO\PH!I
GLVVROYHG LQ WKH VROYHQW SKDVH LV QRW QHZ WKH FU

VWXGLHG LQ EXON UDWKHU WKDQ DV GLVSHUVHG DQG VWDE

7TKH LQYHVWLIJDWLRQ RI WKH RVPRWLF OLPLWDWLRQ RI VZF
FRPSULVHG WKH SUHSDUDWLRQ RI ORZ PROHFXODU ZHLJK
EXW\O DFU\ODWH DQG PHWK\O PHWKDFU\ODWH $ UDQJH
PROHFXODU ZHLJKW SRO\HVWHUV ZDV DOVR DVVHPEOHG ¢
ORZ PROHFXODU ZHLJKW SRO\PHUV LQ EXW\OEHQ]J\O SKWKD:
VZHOOLQJ EHKDYLRXU LQ WKH SRO\PHU VROXWLRQV RI1 L
SRO\PHUV SUHSDUHG E\ DTXHRXV HPXOVLRQ DQG QRQ DTX
ZDV LQYHVWLJIJDWHG YLVFRPHWULFDOO\ 7KH FURVVOLQNH
FRYDOHQW DQG PHWDO LRQ FURVVOLQNY DQG ZHDNHU DVYV
)LQDOO\ SODVWLVRO FRDWLQJY SUHSDUHG IURP SRWHQWL
SKWKDODWH FURVVOLQNHG DQG OLQHDU SRO\PHUV ZHUH H

LQGXVWULDO HQYLURQPHQWYV



/IRZ PROHFXODU ZHLJKW OLQHDU SRO\PHUV
IRZ PROHFXODU ZHLJKW OLQHDU KRPRSRO\PHUV EDVHG R
PHWKDFU\ODWH ZHUH SUHSDUHG E\ IUHH UDGLFDO SRO\PH
SUHVHQFH RI ODUJH TXDQWLWLHY RI FKDLQ WUDQVIHU DJH
ZDV PDGH DV LW KDG EHHQ REVHUYHG WKDW PL[WXUHV RI
PHWKDFU\ODWH DQG SRO\ EXW\O DFU\ODWH LQ VROXWLR
LQFRPSDWLELOLW\ ZRXOG SUREDEO\ QRW EH DV KLJK DV I
PHWKDFU\ODWH KRZHYHU SRO\ EXW\O DFU\ODWH ZRXOG
SODVWLVRO ILOP 7KH PHWKRGV RI SUHSDUDWLRQ DUH GHYV
FRPPHUFLDO SRO\HVWHUV ZHUH DOVR REWDLQHG WR FRP
SRO\ PHWK\O PHWKDFU\ODWH 7TKH FKHPLFDO QDWXUH DQG

PDWHULDOY DUH GHVFULEHG LQ 6HFWLRQ

7KH SUHSDUDWLRQ RI ORZ PROHFXODU ZHLJKW SRO\ E
PHWKDFU\ODWH
+RPRSRO\PHUV RI EXW\O DFU\ODWH DQG PHWK\O PHWKDFU\
SKWKDODWH DQG LVRSURSDQRO 3RO\PHULVDWLRQ ZDV LQL
DIRELV PHWK\OEXW\URQLWULOH ,Q WKH SODVWLFLVH!
ZDV RFW\O PHUFDSWDQ 3RO\PHULVDWLRQV LQ LVRSURSDQ
FKDLQ WUDQVIHU DJHQW DV WKH VROYHQW LWVHOI IXOILO

DERXW RI WKH WRWDO ZHLJKW 'HWDLOV RI D W\SLFDC

IRZHU PROHFXODU ZHLJKWYV ZHUH DFKLHYHG E\ LQFUHDVLQ.
E\ ZHLJKW RI WKH WRWDO EDWEFK DQG E\ VXEVW
IRU LVRSURSDQRO EDWEFK 3RO\ PHWK\O PHWKDFU\O

WKH VDPH WHFKQLTXHV W ZDV REVHUYHG WKDW SRO\ PHW



KLIJIKHU YLVFRVLW\ WKDQ SRO\ EXW\O DFU\ODWH 7KLV ZD

URWDWLRQ IURP WKH SHQGDQW PHWK\O JURXS 7KH UHVXO

%R [ + 3BUHSDUDWLRQ RI SRO\IEXWYO DFU\ODWH LQ EXW\(
, QLWLDO FKDUJH
% XW\O DFU\ODWH J
DIRELYV PHWK\OEXW\URQLWULOH

%XWVOEHQ]J\O SKWKDODWHj

2FW\O PHUFDSWDQ J
7KH UHDFWLRQ FRQGXFWHG XQGHU D QLWURJHQ SXUJH W
DQ DGGLWLRQDO FKDUJH R J RI LQLWLDWRU ZDV PDGH |
LGHQWLFDO FKDUJH 7KH WRWDO WLPH IRU UHDFWLRQ ZD
ZHLJKWV RI WKH SRO\PHU LQ HTXLYDOHQW SRO\ VWAUHQH

DQG UHVSHFWLYHO\ ¢BBBBSBBBBEBRREBEGBBBBBBB

7TKHSRO\GLVSHUVLWLHYV RI SRO\ EXW\O DFU\ODWH ZLWK RF\
DIJHQW DUH VLJQLILFDQWO\ ORZHU WKDQ WKDW RI WKH SF
SRO\GLVSHUVLWLHYVY RI UDGLFDO FKDLQ SRO\PHULVDWLRQV

EURDG EHLQJ W\SLFDOO\ LQ WKH UDQJH



7TDEOH /IRZ PROHFXODU ZHLJKW SRO\ EXW\O DFU\ODWF

PHWKDFU\ODWH

%DWFK 'HVFULSWLRRPPHQW 0Z 0QD 0S 3RO\GLVSHUVLW\
QXPEHU 0Z 0Q

SRO\ EXW\O ZW WRWDO

DFU\ODWHRFW\O PHUFDSWDQ

SRO\ EXW\O ZW WRWDO

DFU\ODWHRFW\O PHUFDSWDQ

SRO\ EXW\O,VRSURSDQRON L L
DFU\ODWH L L L
SRO\ PHWK\OVRSURSDQRO
PHWKDFU\ODWH

SRO\ PHWK\O ZW WRWDO
PHWKDFU\O®DFAMWH O PHUFDSWDQ

D &UD\ 9DOOH\ 3URGXFWY DQG &RXUWDXOGV L

&RPPHUFLDO SRO\HVWHUYV

$ UDQJH RI FRPPHUFLDO SRO\HVWHUV ZDV DVVHPEOHG 7
PHDVXUHG DFFRUGLQJ WR WKH PHWKRG GHVFULEHG LQ 6
IURP D IHZ KXQGUHG WR D IHZ WKRXVDQG *LYHQ WKH LQFU
DQG WKH QRQ OLQHDU UHODWLRQVKLS RI UHIUDFWLYH L
SHUIRUPLQJ JHO SHUPHDWLRQ FKURPDWRJUDSK\ RI ORZ P
DYHUDJH PROHFXODU ZHLJKWYV JLYHQ LQ 7DEOH DUH F
WKH H[WLQFWLRQ FRHIILFLHQW IRU XOWUD YLROHW DEVRU E
SRO\PHULVDWLRQ



7TDEOH &RPPHUFLDO SRO\HVWHUYV

&RPPHUFLDO QIFHJLSW LRAZ D 0QD 0SD 3RO\GLVSHUVLW\
0Z 0Q
8UDSODVW : F ORZ KXQGUHGYV
8OWUDPRO 3RO\DGLSDWH

3DUDSOH[ :3 3RO\PHULFYHU\ ORZ
$FURQDO /5 6RIW UHVLQ

5HRSOH] 3RO\HVWHU
8UDSODVW 58RO\DGLSDWH

5HRSOH[ */ 3RO\HVWGIRZ KXQGUHGYV
:LWDPRO 6VBBE\HVWHU E

D &RXUWDXOGV
E +-OV OLWHUDWXUH

F/LQHDU VDWXUDWHG SRO\HVWHU EDVHG RQ RUWKRSKWKDOLF DFLG

3ODVWLVRO VWDELOLW\
7KH VWDELOLW\ RI SODVWLVROV LV GHSHQGHQW RQ WKH
SRO\PHU SKDVH 7KLV EHKDYLRXU ZDV LQYHVWLJDWHG E\
SODVWLVRO YLVFRVLW\ RYHU WLPH ,I WKH GLVSHUVHG SR
YROXPH IUDFWLRQ LQFUHDVHG DQG WKH PHDVXUHG YLVFRYV
WKH H[SHULPHQWDO SURFHGXUH LQFOXGLQJ WKH LVRODWL
6HFWLRQ

7KH ORZ PROHFXODU ZHLJKW SRO\PHUV GHVFULEHG LQ 6
EXW\OEHQ]\O SKWKDODWH LQ YDU\LQJ FRQFHQWUDWLRQV 3
D QXPEHU RI FURVVOLQNHG SRO\PHUV SUHYLRXVO\ SUHSD

QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ WHFKQLTXHV



FURVVOLQNHG SRO\PHUV KDYH DOO EHHQ GHVFULEHG LQ SL
WKH ORZ PROHFXODU ZHLJKW SRO\PHU VROXWLRQV ZHUH F
UHODWLYH FKDQJHV LQ YLVFRVLW\ RI WKH SODVWLVROV 7
7KLV LV IROORZHG E\ D GHVFULSWLRQ RI WKH VWDEI
SRO\ EXW\O DFU\ODWH DQG SRO\ PHWK\O PHWKDFU\ODWH

FRPPHUFLDO SRO\HVWHUYV

/IRZ PROHFXODU ZHLJKW OLQHDU SRO\PHUV LQ EXW\OE!
$O00 WKH ORZ PROHFXODU ZHLJKW SRO\PHUV ZHUH SUHSD
SKWKDODWH 3RO\ EXW\O DFU\ODWH DQG SRO\ PHWK\O PHW
ZHLJKW VROXWLRQV H[FHSW IRU EDWFK ZKLFK ZDV D
R I DQG E\ ZHLJKW 7KH YLVFRVLWLHV RI1 V

PHDVXUHG RQ D FRQH DQG SODWH YLVFRPHWHU DQG DUH JlI

7TDEOH 6ROXWLRQ YLVFRVLWLHYV RI SRO\ EXW\O DFU\O

PHWKDFU\ODWH LQ EXW\OEHQ]J\O SKWKDODWH DW

% DWFK 7\SH Rl SRO\PHBRO\PHU FRQFHQWUNWRRDW\
QXPEHU ZW 3RLVH D
3RO\ EXW\O DFU\ODWH
3RO\ EXW\O DFU\ODWH
3RO\ EXW\O DFU\ODWH
3RO\ EXW\O DFU\ODWH
3RO\ EXW\L DFU\ODWH
3RO\ EXW\ DHU\ODWH
3RO\ EXW\O DFU\ODWH
3RO\ PHWK\O PHWKDFU\ODWH
3RO\ PHWK\O PHWKDFU\ODWH

Df Q O LQ EUDFNHWV IRU Q



7KH YLVFRPHWHU ZDV SURJUDPPHG WR DSSO\ DQ LQFUHDVL
IURP JHUR XS WR D PD[LPXP RI G\QH FP G\QH F
FRPSULVLQJ E\ ZHLJKW SRO\ EXW\O DFU\ODWH LQ SOC
KHOG IRU WHQ VHFRQGY DQG WKHQ UHGXFHG WR JHUR RYHI
HLIKW WLPHV ZLWKRXW LQWHUYDO 7KH YLVFRVLW\ ZDV F

XSzbUuG SDUW RI WKH VKHDU VWUHVV F\FOH

7KH FRPPHUFLDO SRO\HVWHUV ZHUH SUHSDUHG DV VROXW
6ROXWLRQV RI 5HRSOH[ */ DQG 8UDSODVW : ZHUH DOVR

ZHLJKW SRO\PHU 7KH YLVFRVLWLHV RI WKH VROXWLRQV ZH

7TDEOH 6ROXWLRQ YLVFRVLWLHY RI D UDQJH RI FRPPH

SRO\HVWHUV LQ EXW\OEHQ]\O SKWKDODWH DW f&

3RO\HVWHU 3RO\HVWHU YIBRRRPHW\FRQFHQBHRIDWWWIRRY YLVFRVLW
3RLVH ZW 3RLVH
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D& Q @ LQ EUDFNHWYV IRU Q

7KH YLVFRPHWHU ZDV SURJUDPPHG WR DSSO\ DQ LQFUHDVL
IURP JHUR XS WR D OLPLWLQJ YDOXH 7KLV VWUHVV ZDV

GHFUHDVHG WR JHUR RYHU RQH PLQXWH 7KLV ZDV UHSH



QWHUYDOV 7KH OLPLWLQJ VWUHVVHV IRU WKH GLOXWH DQC(
G\QH FP UHVSHFWLYHO\ 7KH YLVFRVLW\ ZDV FDOFXOD

XSzZbuG SDUW RI WKH VKHDU VWUHVYV F\FOH

7KH YLVFRVLWLHV RI WKH SRO\HVWHUV DV GHOLYHUHG ZlI
FDOFXODWHG IURP WKH XSZDUG SDUW RI D VLQJOH VKHDU
DSSO\LQJ DQ LQFUHDVLQJ VWUHVVY RYHU RQH PLQXWH IUR
KROGLQJ WKLYV OLPLWLQJ YDOXH IRU WHQ VHFRQGYV DQG W

RYHU RQH PLQXWH

7KH HIITHFW RI ORZ PROHFXODU ZHLJKW SRO\ EXW\O DF

PHWKDFU\ODWH VROXWLRQV RQ SODVWLVRO YLVFRVLW
30DVWLVROV ZHUH SUHSDUHG FRPSULVLQJ SDUwV E\ ZH
SDUWV E\ ZHLJKW OLQHDU SRO\PHU VROXWLRQ 7KH FURVVC
LQ 6HFWLRQ ZDV D ZW PHWK\O PHWKDFU\ODWH
EDWFK SUHSDUHG E\ QRQ DTXHRXV GLVSHUVLRQ S
VROXWLRQV FRPSULVHG E\ ZHLJKW SRO\ EXW\O DFU\ODWFE
EXW\OEHQ]\O SKWKDODWH 7KH SODVWLVRO YLVFRVLWLHYV
VHYHQWHHQ KRXUV DQG WKH UHVXOWY DUH SUHVHQWHG |
SURJUDPPHG WR FDUU\ RXW WZR VKHDU VWUHVV F\FOHV D
DSSO\LQJ DQ LQFUHDVLQJ VWUHVYV IURP JHUR WR D OLPLWLC
F\FOH DQG RYHU WZR PLQXWHV IRU WKH VHFRQG KROGLC
WKHQ UHGXFLQJ LW WR JHUR DW WKH VDPH UDWH 7KH OLP

F\FOHV ZHUH DQG G\QH FP UHVSHFWLYHO\

7KH SUHVHQFH RI GLVVROYHG ORZ PROHFXODU ZHLJKW (
SRO\ PHWK\O PHWKDFU\ODWH LQ WKH SODVWLFLVHU SKDVI
VWDELOLW\ RI WKH SODVWLVROV 7KH JUHDWHVW LPSURYHI

DFU\ODWH RI KLIJIKHVW QXPEHU DYHUDJH PROHFXODU ZH



UHPDLQLQJ SODVWLVROV FRQWDLQLQJ SRO\ EXW\O DFU\OD
PHWKDFU\ODWH ZHUH FRPSDUDEOH
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7LPH KRXUV
JLIXUH 7KH YLVFRVLW\ VWDELOLW\ RI SODVWLVROV FFR

ZW PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG
DQG SDUWV ZW SRO\PHU VROXWLRQ DW f& TK
FRPSULVHG E\ ZHLJKW SRO\ EXW\O DFU\ODWH R

PHWKDFU\ODWH LQ EXW\OEHQ]\O SKWKDODWH

30DVWLVROV ZHUH SUHSDUHG FRPSULVLQJ SDUwyv ZWwW

PHWKDFU\OLF DFLG FRSRO\PHU EDWEFK DQG SDUWYV
RQ SRO\ EXW\O DFU\ODWH RI QXPEHU DYHUDJH PROHFXOI
SKWKDODWH 7KH FRQFHQWUDWLRQ RI SRO\ EXW\O DFU\ODV
UDQJH E\ ZHLJKW 7KH SODVWLVRO YLVFRVLWLHYV ZHUH

WR VHYHQWHHQ KRXUV 7KH H[SHULPHQWDO SURFHGXU



,PSURYHPHQWY LQ SODVWLVRO YLVFRVLW\ VWDELOLW\ ZHU

LOQFUHDVHG WR E\ ZHLJKW RI WKH SODVWLFLVHU SKDVH

7KH WKHRU\ RI WKH RVPRWLF OLPLWDWLRQ RI VZHOOLQJ C
WKDW WKH YROXPH IUDFWLRQ RI OLQHDU SRO\PHU GLVVRO
GHVZHOOLQJ RI WKH FURVV OLQNHG SRO\PHU SKDVH GHFUH
OLQHDU SRO\PHU IDOOV +RZHYHU )LJXUH VKRZV WKD
SURGXFHG ZLWK WKH KLIJKHVW PROHFXODU ZHLJKW OLQHDL
WKHRU\ DVVXPHV WKDW WKH OLQHDU SRO\PHU GRHV QRW S
WKLV LV QRW WKH FDVH WKHQ WKH FURVV OLQNHG SRO\
WKHRUHWLFDOO\ 6ZHOOLQJ RI WKH FURVYV OLQNHG SRO\PH
DIlHFW WKH FRQFHQWUDWLRQ RI WKH SRO\PHU VROXWLRQ

UHVXOWYV

,W KDV EHHQ VKRZQ IRU WKH FURVV OLQNHG SRO\ VW\UHQI
FRPSOHWH H[FOXVLRQ RI WKH SRO\PHUV WDNHV SODFH Zl
OLQHDU SRO\PHU LQFUHDVHV EH\RQG D FHUWDLQ OLPLW

SRUH VL]H RI WKH FURVV OLQNHG SRO\PHU 7TKXV LW L
LPSURYHPHQWY LQ SODVWLVRO YLVFRVLW\ VWDELOLW\ FRX

SRO\ EXW\O DFU\ODWH ZHUH LQFUHDVHG

7KH WKHRU\ VD\V WKDW WKH VZHOOLQJ RI WKH FURVYV OLQN
LQFUHDVLQJ WKH YROXPH IUDFWLRQ RI D OLQHDU SRO\PHU
UHIOHFWHG LQ WKH UHVXOWY JLYHQ LQ )LJXUH +RZH
YLVFRVLW\ VWDELOLW\ LV VHHQ EH\RQG Z Z OLQHDU SR
WKDW WKHUH LV SHQHWUDWLRQ RI WKH OLQHDU SRO\PHU
FRQFHQWUDWLRQ RI WKH OLQHDU SRO\PHU LQFUHDVHV WK

OLQNHG SRO\PHU LQFUHDVHYV PRUH WKDQ FRPSHQVDWLQJ IF
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7LPH KRXUV
JLIXUH 7KH YLVFRVLW\ VWDELOLW\ RI SODVWLVROV FR

ZW PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG
DQG Sbuwv zZwW SRO\PHU VROXWLRQ DW f
VROXWLRQV FRPSULVHG E\VZHLJKW SRO\ EXW\C

DYHUDJH PROHFXODU ZHLJKW LQ EXW\OEHQ]\O .

7KH HIIHFW RI FRPPHUFLDO ORZ PROHFXODU ZHLJKW S
SODVWLVRO YLVFRVLW\ VWDELOLW\
30DVWLVROV ZHUH SUHSDUHG FRPSULVLQJ SbDuUwyv ZW R
PHWKDFU\OLF DFLG FRSRO\PHU EDWEFK DQG SDUWYV
FRSRO\PHU GHVFULEHG LQ 6HFWLRQ ZDV SUHSDUHG
SRO\PHULVDWLRQ WHFKQLTXH 7KH SRO\PHU VROXWLRQV
FRPPHUFLDO ORZ PROHFXODU ZHLJKW SRO\HVWHUV GHVFU

SbuUwyvy ZW EXW\OEHQ]J\O SKWKDODWH 7KH SODVWLVRC



KRXUV XVLQJ WKH H[SHULPHQWDO SURFHGXUH GHVFULEHG

VKRZQ LQ )LIJXUH
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8UDSODVW :
:LWDPRO 6WDE

SHRSOH[ */

JLIXUH 7KH YLVFRVLW\ VWDELOLW\ RI SODVWLVROV FR
ZW PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG

SbuUwyvy ZW SRO\PHU VROXWLRQ DW f& 7KH SR

FRPSULVHG E\ ZHLJKW FRPPHUFLDO ORZ PROHFX

LQ EXW\OEHQ]\O SKWKDODWH

7KH SODVWLVRO YLVFRVLW\ ZDV LQ JHQHUDO LPSURYHG
SRO\HVWHUV WR WKH SODVWLFLVHU SKDVH 2QO\ 3DUDSOF
SODVWLVRO 7KH UHODWLYH YLVFRVLWLHY RI WKLY SODVWI
KRXUV 7KH UHODWLYH YLVFRVLW\ RI WKH SODVWLVRO ZLW|
FRPSDUDEOH SHULRG IURP W R 7KH UHPDLQLQJ SOD

DIWHU KRXUV UDQJLQJ IURP IRU 8OWUDPRO ,,, WR



WKH ZHLJKW IUDFWLRQ RI OLQHDU SRO\PHU LQ EXW\OEHQ
LUUHVSHFWLYH RI WKH PROHFXODU ZHLJKW GLUHFW FRPS

WKH SODVWLVROV LV QRW SRVVLEOH

E QR SRO\PHU
R

8UDSODVW :
L Ua

7TPH KRXUV

J)LIXUH 7KH YLVFRVLW\ VWDELOLW\ RI D SODVWLVRO F
ZW PHWK\O PHWKDFU\ODWH PHWKDFU\OL

JO\FRO GLPHWKDFU\ODWH WHUSRO\PHU EDWFK
SRO\PHU VROXWLRQ DW f& 7KH SRO\PHU VROXWL

E\ ZHLJKW 8UDSODVW : LQ EXW\OEHQ]\O SKWKDO

$ SODVWLVRO ZDV SUHSDUHG FRPSULVLQJ SDUwyv ZW
PHWKDFU\OLF DFLG HWK\OHQH JO\FRO GLPHWKDFU\ODW

SbDuwyv zZw D ZW VROXWLRQ RI 8UDSODVW : LQ |

WHUSRO\PHU SUHSDUHG XVLQJ DQ DTXHRXV HPXOVLRQ

GHVFULEHG LQ 6HFWLRQ 7KH SODVWLVRO YLVFRVLW\



YVFRPHWHU ZDV SURJUDPPHG WR FDUU\ RXW WZR VKHD
SURFHGXUH LQYROYHG DSSO\LQJ DQ LQFUHDVLQJ VWUHVYV
OLPLWLQJ YDOXH KROGLQJ WKLV IRU WHQ VHFRQGVYV DQG V
RYHU WZR PLOXWHYV 7KH OLPLWLQJ VWUHVVHYV IRU WKH ILI

G\QH FP UHVSHFWLYHO\ 7KH UHVXOWY DUH VKRZQ LQ

$GGLWLRQ RI 8UDSODVW : WR WKH SODVWLFLVHU SKDVH
LQ WHUPV RI YLVFRVLW\ VWDELOLW\ +RZHYHU WKH UHOD
RYHU WKH SHULRG RI WKH PHDVXUHPHQWY 7KH YLVFRVLWI
SKWKDODWH DUH VLPLODU DQG WKHUHIRUH WKH YLVFRVLW
WR FKDQJH E\ PXFK RYHU WKH FRXUVH RI WKH H[SHULPHQV
DUH UHDO DQG ZRXOG QRW EH JUHDWO\ DIIHFWHG E\ Ft
YLVFRVLWLHYVY 'XH WR WKH H[SRQHQWLDO UHODWLRQVKL:
YROXPH DQG UHODWLYH YLVFRVLW\ GLVFXVVHG LQ 6HFWLF
FURVV OLQNHG SRO\PHU PD\ KDYH GHFUHDVHG RQ DGGLWLF

WKLV ZRXOG UHTXLUH YDOXHV IRU WKH LQWULQVLF YLVFRYV

30DVWLVROV ZHUH SUHSDUHG FRPSULVRQJ SDUWYV ZW I
PHWKDFU\OLF DFLG FRSRO\PHU ZLWK D FRUH VKHOO PRUS
ZW SRO\PHU VROXWLRQ 7KH FRSRO\PHU SUHYLRXVO\ G
SUHSDUHG XVLQJ D QRQ DTXHRXV GLVSHUVLRQ SRO\PHU
VROXWLRQV FRPSULVHG E\ ZHLJKW 8UDSODVW : DQG
SKWKDODWH 7KH SODVWLVRO YLVFRVLWLHY ZHUH PHDVXL

FRQGLWLRQYVY ZHUH GHVFULEHG LQ 6HFWLRQ 7KH UHVX
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J)LIXUH 7KH YLVFRVLW\ VWDELOLW\ RI SODVWLVROV FR

ZW PHWK\O PHWKDFU\ODWH PHWKDFU\OLF
FRUH VKHOO PRUSKRORJ\ EDWFK DQG SDUW
DW f& 7KH SRO\PHU VROXWLRQ FRPSULVHG E\

DQG 5HRSOH[ */ LQ EXW\OEHQ]\O SKWKDODWH

3ODVWLVRO YLVFRVLW\ VWDELOLW\ ZDV QRW LPSURYHG RQ
*/ WR WKH SODVWLFLVHU SKDVH +RZHYHU WKH UHODWLYH

7KLV ZzDV VLIQLILFDQW DV WKH SODVWLVROV RQO\ LQF!

RYHU KRXUV 7KH YLVFRVLW\ RI 5HRSOH[ */ LV PX
EXW\OEHQ]\O SKWKDODWH DQG WKXV FKDQJHV LQ WKH FR
ZRXOG KDYH D VLJQLILFDQW HIIHFW RQ WKH RYHUDOO YLV
YLVFRVLW\ PD\ EH TXLWH GLIITHUHQW WR WKDW VKRZQ LQ )

WKH FURVV OLQNHG SRO\PHU VZHOOV LQVWDQWO\ RQ GL



WVHOOLQJ HYHQ PRUH RYHU D SHULRG RI WLPH ,Q WKH VRO

*/ WKH FURVV OLQNHG SRO\PHU GHVZHOOV WR VRPH H[WHQ

WLPH
; aju v
,‘; ¢l [
: 'RJRZZﬁR
[ 6, R
;gR
'R
R
R
!
R
U'F2 ‘
U

1R SRO\PHU
Q R

8UDSODVW :
A [

BHRSOH][ */

L L L , 2

7LPH KRXUV

J)LIXUH 7KH YLVFRVLW\ VWDELOLW\ RI SODVWLVROV FR
ZW PHWK\O PHWKDFU\ODWH PHWKDFU\OLF

FRUH VKHOO PRUSKRORJ\ EDWEFK QHXWUDC

DQG SbuUwyvy zZW SRO\PHU VROXWLRQ DW f& 7K
FRPSULVHG E\ ZHLJKW 8UDSODVW : DQG 5HRS

EXW\OEHQ]\O SKWKDODWH

7KH FRUH VKHOO SRO\PHU ZDV WKHQ QHXWUDOLVHG 2ZI
GHVFULEHG LQ 6HFWLRQ 7KH SODVWLVROV ZHUH WKFE
PHWDO LRQ FURVV OLQNHG SRO\PHU 7KH SODVWLVRO YLVF

WKH YLVFRPHWHU ZDV SURJUDPPHG WR FDUU\ RXW WZR V



HISHULPHQWDO SURFHGXUH IRU WKH WZR SODVWLVROV ZL\
*/ KDV EHHQ JLYHQ LQ 6HFWLRQ 7TKDW IRU WKH UHPDL
DQ LQFUHDVLQJ VWUHVV RYHU RQH PLQXWH IURP JHUR WR
KROGLQJ WKLV YDOXH IRU WHQ VHFRQGY DQG WKHQ ORZHU

RQH PLOQXWH 7KH UHVXOWY DUH VKRZQ LQ )LJXUH

7KHUH ZzDV OLWWOH GLIITHUHQFH LQ YLVFRVLW\ VWDELOLW\
GLVVROYHG OLQHDU SRO\HVWHU LQ WKH SODVWLFLVHU SKI
SODVWLVROV LQFUHDVHG IURP DSSUR[LPDWHO\ W R RYF
LV GLIILFXOW WR UHODWH WKH SHUIRUPDQFH RI WKH SOD
GHJUHH RI VZHOOLQJ RI WKH FURVV OLQNHG SRO\PHU GXt
YLVFRVLW\ $OWKRXJK FKDQJHV LQ YLVFRVLW\ DUH D PHD)

IRUPXODWLRQ LQ WKLV FDVH LW UHYHDOV YHU\ OLWWOH W

3ODVWLVRO FRDWLQJV
&URVYV OLQNHG SRO\PHUV WKDW KDG VKRZQ VLIJQLILFDQWO'
EXW\OEHQ]\O SKWKDODWH RYHU SRO\ PHWK\O PHWKDFU\OEC
DW D SRO\PHU SODVWLFLVHU UDWLR RI E\ ZHLJKW 7KL
UHTXLUHG LQ D SODVWLVRO LI LW LV WR KDYH DFFHSWDEO
EXW RQH RI WKH FURVV OLQNHG SRO\PHUV ZHUH SUHSD!
SRO\PHULVDWLRQ 7KH SODVWLFLVHU SKDVH JHQHUDOO\
PROHFXODU ZHLJKW SRO\PHU LQ EXW\OEHQ]\O SKWKDODYV
DSSO\LQJ WKH SODVWLVRO RQWR FOHDQ JODVV SDQHOV D
) XUWKHU GHWDLOV KDYH EHHQ JLYHQ LQ 6HFWLRQ 7K}
EHIRUH DQG DIWHU JHOOLQJ ZDV UHFRUGHG 1RW DOO WKH
DQG WKH UHVXOWY IRU WKHVH DUH VXPPDULVHG LQ 7DEOH

SODVWLVROV DUH SUHVHQWHG LQ 7DEOH



7TDEOH S3ODVWLVROV RI SRO\PHU S

ODVWLFLVHU UDWLR

%DWFK QXPBROW\PHU FRPSRVLWLRQ 3ODVWLFLVHU $SSHDUDQFH

0$F ZW 8UDSODVW : LQ BRALG
O20%F ZW 8UDSODVW : LQ BRALG
0$F ZW '23 LQ % %3 6ROLG

0$F FRUH VKHOOZW 8UDSODVW :

0$F FRUH VKHOQZW 8UDSODVW :

0$F FRUH VKHOO ZW 8UDSODVW :

Y O$F /0$ VWDELOLVHBW 8UDSODVW :

O$F /0$ VWDELOLVHBW 8UDSODVW :

=Q QHXWUDOLVHG
0$F /0$ VWDELOLVHG '23
=Q QHXWUDOLVHG

LI VARKV OLTXLG
LOL WPRXV OLTXLG
LOL WARKV OLTXLG
L QK%WH SDVWH
L QK%WH SDVWH

ILTXLG

O$F /0$ VWDELOLVHG ZW '23 LQ % %3 5XQQ\ SDVWH

=Q QHXWUDOLVHG
0O%$F /0$ VWDELOLVH® S%$
=Q QHXWUDOLVHG

LQ %%3WH SDVWH

0$F /0$ VWDELOLVHLBW 5HRSOH[ */ LQ %%Q@Q\ SDVWH

=Q QHXWUDOLVHG

O$F /0$ VWDELOLVMWG :LWDPRO
=Q QHXWUDOLVHG
O$F /0$ VWDELOLVHG % % 3

/L QHXWUDOLVHG
O$F /0$ VWDELOLVHG '23 LQ %%3
/L QHXWUDOLVHG

6 WDE: KQWK%IDVWH
:KLWH SDVWH

5XQQ\ ZKLWH
SDVWH

O$F /0$ VWDELOLVHG ZW 7;3 LQ % %3 :KLWH SDVWH

/L QHXWUDOLVHG

0$F /0$ VWDELOLVHGZW '/ 3 LQ %%3 5XQQ\ ZKLWH

/L QHXWUDOLVHG

O$F /0$ VWDELOLVHE® 8UDSODVW :

/L QHXWUDOLVHG
0O%$F /0$ VWDELOLVHG® 5HRSOH]
/L QHXWUDOLVHG

30ODVWLVROV FRPSULVLQJ HLWKHU
RU ZW PHWK\O PHWKDFU\ODWH
VROXWLRQ R E\ ZHLJKW 8UDSODVW

6XEVWLWXWLRQ RI WKH KRPRIJHQHRXYV

SDVWH
LOXQ®RS SDVWH

LQ %WH SDVWH

ZW PHWK\O PHWKD]
PHWKDFU\OLF DFL
LQ EXW\OEHQ]\O

PHWK\O PHWKDFU\O

E\ SRO\PHUV RI VLPLODU RYHUDOO FRPSRVLWLRQ EXW ZLWt

PRUH WUDFWDEOH SODVWLVROV



3ODVWLVROV FRPSULVLQJ SRO\ ODXU\O PHWKDFU\ODWH
PHWKDFU\OLF DFLG FRSRO\PHUV FRQWDLQLQJ PHWDO LRC
DQG D YDULHW\ RI ORZ PROHFXODU ZHLJKW HVWHL
SKWKDODWH KDG WKH FRQVLVWHQF\ RI SDVWHYV 7TKH Ul
FRSRO\PHUV LQ SODVWLFLVHU KDV EHHQ GLVFXVVHG LQ 6H
GL HWK\OKH[\O SKWKDODWH '23 UDWKHU WKDQ EXW\OE
WKDW GL HWK\OKH[\O SKWKDODWH LV D ZHDN VROYHQW

UHVXOW ZRXOG EH H[SHFWHG

*LYHQ WKH DSSHDUDQFH RI SODVWLFLVHU H[XGDWLRQ 1L
SKWKDODWH GLG QRW DSSHDU WR EH IXOO\ FRPSDWLEOLI
PHWKDFU\ODWH PHWKDFU\OLF DFLG HWK\OHQH JO\FRO

SUHSDUHG E\ DTXHRXV HPXOVLRQ SRO\PHULVDWLRQ
SUREDEO\ WRR KLJK $GGLWLRQ RI SRO\ EXW\O DFU\ODWt

FRPSDWLEOH

30DVWLVROV ZHUH SUHSDUHG FRPSULVLQJ D ZW PHWK
FRSRO\PHU EDWFK DQG VROXWLRQV RI DOO WKH FR
OLQHDU SRO\HVWHUV H[FHSW 3DUDSOH][ :3 LQ EXW\OEHC(
ZW OLQHDU SRO\PHU LQ EXW\OEHQ]\O SKWKDODWH DOO W
WKRVH FRQWDLQLQJ 8UDSODVW : DQG 5HRSOH[ */ ZKLFK
JHOOHG ZHOO H[FHSW IRU WKDW FRQWDLQLQJ $FURQDO /5
HIXGDWLRQ +RZHYHU WKHUH ZDV VRPH LQFRPSDWLELOLW
DQG SRO\PHU VROXWLRQ ZKHQ WKH OHYHO RI OLQHDU SRC

EXW\OEHQ]\O SKWKDODWH



7TDEOH 3ODVWLVROV RI SRO\PHU SODVWLFLVHU UDWLF

JHOOLQJ DW f& IRU PLQXWHYV

3RO\PHU EDWBRDVWLFLIHBWDVWLVRO DSSHDUDQPHDSSHDUDQFH

QXPEHU
D % % 3 5XQQ\ ZKLWH SDVWO®HDU GU\ DQG VPRRYV
ZW 8UDSODVWLWH OLTXLG 60LJKWO\ VRIW FOHDU
LQ %%3
ZW 8UDSODWKALFN ZKLWH SDVWOGHDU GU\ DQG URXJk
55 LQ %%3
5HRSOH] 5XQQ\ ZKLWH SDYRIW FOHDU GU\ DQG V
LQ %%3
:LWDPRO "KLWH SDVWH &OHDU GU\ DQG VPRRYV
6WDE LQ %%3
ZW 5HRSOH[ /LTXLG 6RIW FOHDU DQG GU\
I LQ %%3
ZW 8OWUDPRO 3DVWH 6OLJKWO\ VWLFN\ FOHDU
, LQ % %3
ZW $FURQDO 3DVWH &OHDU URXJK SODVWL
/5 LQ %%3 H[XGDWLRQ
ZW 5XQQ\ SDVWH &OHDU SODVWLFL]HU HJ
LQ %%3
ZW 8UDSODVW/LTXLG &OHDU VPRRWK SODVW
LQ %%3 H[XGDWLRQ
ZW $FURQDO5XQQ\ SDVWH 60LJKWO\ RSDTXH H[WF
/5 LQ % %3 SODVWLFL]JHU H[XGDW
E % % 3 ‘KLWH DQG YLWORMW VOLJKW SODVWLFI
LQ 'KLWH SDVWH 2SDTXH VOLJKW SODVW
% % 3 H[XGDWLRQ

ZW PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG FRSRO\PHU
SUHSDUHG E\ QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ

ZW PHWK\O PHWKDFU\ODWH PHWKDFU\OLF DFLG HWK\O
GLPHWKDFU\ODWH WHUSRO\PHU GHVFULEHG LQ 6HFWLRQ SUL

SRO\PHULVDWLRQ

7KH DSSHDUDQFHV RI WKH WZR SODVWLVROV EDVHG RQ
PHWKDFU\OLF DFLG FRSRO\PHUV DQG D VROXWLRQ RI

EXW\OEHQ]J]\O SKWKDODWH ZHUH TXLWH GLIITHUHQW 7KH 10
EDWEFK DV RSSRVHG WR WKH JHOOHG DSSHDUDQFH R

FRXOG EH DVFULEHG DV GLVFXVVHG LQ 6HFWLRQ W F



% DWFK KDG D SDUWLFOH GLDPHWHU R PLFURQV Z

GLDPHWHU RI RQO\ PLFURQV

*HQHUDOO\ WKH DSSHDUDQFH RI WKH SODVWLVROV VXPPD
PLUURUV WKH UHVXOWYVY IURP WKH YLVFRPHWU\ $OWKRXJK
IOXLG LQLWLDOO\ WKH YLVFRVLWLHV ULVH TXLFENO\ RQ V\

VWDELOLW\

6 XPPDU\
7KH WKHRU\ RI RVPRWLF OLPLWDWLRQ RI VZHOOLQJ LQWUR
WKH GHJUHH RI VZHOOLQJ RI D FURVV OLQNHG SRO\PHU LQ
DGGLWLRQ RI D GLVVROYHG OLQHDU SRO\PHU WR WKH VRO®
FURVV OLQNHG SRO\PHU 7KH YDOLGLW\ DQG DSSOLFDWLRC(

VWDELOLVLQJ DFU\OLF SODVWLVROV ZDV LQYHVWLJDWHG

IRZ PROHFXODU ZHLJKW OLQHDU SRO\ EXW\O DFU\ODWH DQC
SUHSDUHG E\ IUHH UDGLFDO SRO\PHULVDWLRQ &RPPHUFLD
ZHUH DVVHPEOHG 7KH SRO\PHUV ZHUH WKHQ GLVVROYHG
OLQNHG SRO\PHUV SUHSDUHG E\ QRQ DTXHRXV GLVSHU
SRO\PHULVDWLRQ WHFKQLTXHVY WKDW KDG VKRZQ JRRG UH
SKWKDODWH ZHUH GLVSHUVHG LQ WKH VROXWLRQV RI OLQ
LQ WKH YLVFRVLW\ VWDELOLW\ RI SODVWLVROV EDVHG RC
PHWKDFU\OLF DFLG FRSRO\PHU ZHUH REVHUYHG :LWK PRU

WKH LPSURYHPHQW LQ SODVWLVRO YLVFRVLW\ VWDELOLW\ Z

7KH UHVXOWY ZHUH GLIILFXOW WR LQWHUSUHWH DV WKH F|
SODVWLFLVHU SKDVH FKDQJHG GXULQJ WKH FRXUVH RI WKH

OLQNHG SRO\PHU VZHOOHG ,QWHSUHWDWLRQ ZDV IXUWKH!



WDW SRO\ EXW\O DFU\ODWH GLG SHQHWUDWH WKH FURVV (

GHVZHOOLQJ HIIHFW RI WKH RVPRWLF SUHVVXUH

, | WKHUH ZzDV VRPH FRPSDWLELOLW\ EHWZHHQ WKH FURVV (
RI WKH OLQHDU SRO\PHU IURP WKH FURVV OLQNHG SRO\
LQFUHDVLQJ WKH PROHFXODU ZHLJKW RI WKH OLQHDU SRO!
EH WRR ODUJH WR HQWHU WKH SRUHV RI WKH FURVV OLQN
VHHQ ZLWK WKH VKRUW VHULHV RI SRO\ EXW\O DFU\ODWH

WKH PRVW VWDEOH SODVWLVRO FRQWDLQHG WKH SRO\PHU
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30DVWLVROV FRQVWLWXWH D ODUJH SURSRUWLRQ RI WKH
FRPSULVHV D GLVSHUVLRQ RI SRO\PHU JHQHUDOO\ SRO\ YL
HPXOVLRQ RU VXVSHQVLRQ SRO\PHULVDWLRQ SURFHVVHV
UHGLVSHUVHG LQ DQ HVVHQWLDOO\ QRQ YRODWLOH GLOXF
SKWKDODWH 2Q WKH DSSOLFDWLRQ RI KHDW WKH SODVW

XOWLPDWHO\ IRUPLQJ D FRKHUHQW SODVWLFLVHG PDVV

7KH REMHFWLYH RI WKH ZRUN ZDV WKH SUHSDUDWLRQ RI
UHDVRQV RXWOLQHG LQ 6HFWLRQ ZLWK LPSURYHG VW
FRPPHUFLDO GHYHORSPHQW E\ LQGXVWU\ $OWKRXJK WKLYV
WKH FRXUVH RI WKH VWXG\ SURJUHVV ZDV PDGH G6HYHU

WRZDUGYVY D VWDEOH DFU\OLF SODVWLVRO ZHUH LGHQWLILH(

/IRVV LQ SODVWLVRO VWDELOLW\ PDQLIHVWY LWVHOI DV DQ
WKH SODVWLVRO FRPSOHWHO\ JHOV 2Q D PLFURVFRSLF
DWWULEXWDEOH WR XQFRQWUROOHG VZHOOLQJ RI WKH GL\
7KH VWUDWHJ\ HPSOR\HG ZDV WR LQWURGXFH LQWR DFL
UHVWULFWLQJ SDUWLFOH VZHOOLQJ ZKLFK ZDV DQDORJRX
SRO\ YLQ\O FKORULGH W LV WKH WKHUPDOO\ UHVSRQVLY}

FKORULGH WKDW LV FUHGLWHG ZLWK EHLQJ UHVSRQVLEOH

JURP FRQVLGHUDWLRQ RI WKH WKHRU\ WKHUPDOO\ UHYHU
ERQGLQJ RU PHWDO LRQ FURVYV OLQNLQJ FRXOG UHVWULFYV
E\ D SODVWLFLVHU J/LPLWHG FRYDOHQW FURVV OLQNLQJ F
UHO\LQJ RQ WKH RVPRWLF OLPLWDWLRQ RI SDUWLFOH VZHC
ZHLJKW VSHFLHV LQWR WKH SODVWLFLVHU RIIHUHG D UR?

VKRZ |JHUR VZHOOLQJ DW URRP WHPSHUDWXUH



% WUHDWLQJ SODVWLVROV DV VXVSHQVLRQV RI PRQRGLVS
ZDV SUHGLFWHG WKDW GLVSHUVLQJ SRO\PHUV SUHSDUHG
LQWR D SODVWLFLVHU Rl KLJK GLHOHFWULF FRQVWDQW F
YLVFRVLWLHYVY 7KLV ZDV DWWULEXWHG WR WKH HIIHFWLYF
YROXPH IUDFWLRQ RI WKH VXVSHQGHG SKDVH GXH WR WE
GRXEOH OD\HU 7KH H[SRQHQWLDO IRUP RI HTXDWLRQV UHC
VXVSHQVLRQV WR WKH YROXPH IUDFWLRQ RI WKH VXVSHQG
Rl VZHOOLQJ ZRXOG EH UHTXLUHG EHIRUH WKH PD[LPXP S

%YH\RQG WKH PD[LPXP SDFNLQJ IUDFWLRQ WKH VXVSHQVLR

$ SURJUDPPH RI ZRUN ZDV GHYLVHG WR V\VWHPDWLFDO
LOQFRUSRUDWLQJ FURVVOLQNY LQWR DFU\OLF SDUWLFOHYV C
RI WKH SRO\PHU WR UHVLVW VZHOOLQJ E\ SODVWLFLVHU

DTXHRXV GLVSHUVLRQ DQG DTXHRXV HPXOVLRQ SRO\PHULYV
EXW\OEHQ]\O SKWKDODWH 3ODVWLVRO VWDELOLW\ ZDV PF
DQG SODWH YLVFRPHWHU 7KH DSSOLFDELOLW\ WR DFU\OL
OLPLWDWLRQ RI VZHOOLQJ ZzDV DOVR WHVWHG $ VXPPDU\

ZRUN LV JLYHQ

6XPPDU\ RI HISHULPHQWDO ZRUN
&RSRO\PHULVDWLRQ RI PHWK\O PHWKDFU\ODWH ZLWK XS \

ZW K\GUR[\HWK\O PHWKDFU\ODWH OHG WR SRO\PHUYV
UHVSHFW WR SRO\ PHWK\O PHWKDFU\ODWH 7KLV zZDV D
EHWZHHQ QHLJKERXULQJ FDUER[\O RU K\GUR[\O JURXSV 7k
E\ HISHULPHQWDO HYLGHQFH WKDW VKRZHG WKDW IRU PH\
FRSRO\PHUV RQO\ WKH SRO\PHU JODVV WUDQVLWLRQ WHP
PHWKDFU\OLF DFLG &DOFXODWHG SRO\PHU JODVV WUDC

PHWKDFU\ODWH PHWKDFU\OLF DFLG FRSRO\PHUV ZHUH DO



BRO\PHUV FRQWDLQLQJ PHWDO LRQV VKRZHG HQKDQFHG U
7KH\ ZHUH SUHSDUHG E\ QHXWUDOLVDWLRQ RI FDUER[\OLF
RUJDQRPHWDOOLF FRPSRXQGV VXFK DV GLHWK\O JLQF 1
REVHUYHG EH\RQG QHXWUDOLVDWLRQ R RI WKH FDUER
WKH SRO\PHU JODVV WUDQVLWLRQ WHPSHUDWXUHYV ZHUH

PLIKW EH H[SHFWHG WR ULVH RQ LQFRUSRUDWLRQ RI WKH

FOXVWHU WRJHWKHU IRUPLQJ WKHUPDOO\ UHYHUVLEOH FUF

&RYDOHQW FURVV OLQNV ZHUH VXFFHVVIXOO\ LQWURGXFH!:
FRSRO\PHULVDWLRQ RI PHWK\O PHWKDFU\ODWH ZLWK WKH
JO\FRO GLPHWKDFU\ODWH 7KHVH SRO\PHUV SURYHG YHU\ |
+RZHYHU LI WKH OHYHO RI WHWUDIXQFWLRQDO PRQRPHU
LOQVROXEOH LQ WKH SODVWLFLVHU 7KH SODVWLVRO ZDV
FRDWLQJY ODFNHG PHFKDQLFDO VWUHQJWK $Q\ FRUUHOD
DQG WKH JODVV WUDQVLWLRQ WHPSHUDWXUH LV IRU KLJK

GHILQHG EXW IRU OLJKWO\ FURVVY OLQNHG SRO\PHUV WKHU

&RSRO\PHULVDWLRQ RI PHWK\O PHWKDFU\ODWH ZLWK XS W
GLPHWKDFU\ODWH IRUPLQJ FRYDOHQW FURVV OLQNV UH)
UHVLVWDQFH WR VZHOOLQJ E\ EXW\OEHQ]\O SKWKDODWH +
WKH SODVWLFLVHU FRXOG QRW IXO0O\ JHO WKH SRO\PHU D
PHFKDQLFDO VWUHQJWK $W ORZHU OHYHOV RI FURVYV OLQN

WKH SODVWLVRO ZDV XQVWDEOH

,Q RUGHU WR WHVW WKH WKHRU\ RI RVPRWLF OLPLWDWLR
PROHFXODU ZHLJKW OLQHDU SRO\ EXW\O DFU\ODWH DQG
SUHSDUHG E\ IUHH UDGLFDO SRO\PHULVDWLRQ 7KH SRO\P

SKWKDODWH 3ODVWLVROV ZHUH SUHSDUHG E\ GLVSHUVL



SRO\PHU VROXWLRQV 7KH SUHVHQFH RI WKH OLQHDU SRO\I
SODVWLVROV 7KH WKHRU\ DVVXPHV WKDW WKHUH LV QR P
SRO\PHU 7KH UHVXOWYV IURP YLVFRPHWU\ VXJJHVWHG WK
SHQHWUDWHG D ZW PHWK\O PHWKDFU\ODWH PHWKDF
WKH GHJUHH RI HIFOXVLRQ RI SRO\ EXW\O DFU\ODWH IURP

HQKDQFHG E\ LOQFUHDVLQJ WKH PROHFXODU ZHLJKW RI WKH

W ZDV SUHGLFWHG LQ 6HFWLRQ WKDW KLJKHU PROH
KDYH D UHGXFHG UDWH RI YHORFLW\ RI GLVVROXWLRQ LQ S
HOWDQJOHPHQW $SWWHPSWV DW LPSURYLQJ SODVWLVRO \
ZHLIJKW RI WKH FURVYVY OLQNHG SRO\PHU PHW ZLWK IDLOXUL
PROHFXODU ZHLJKW SHDN PROHFXODU ZHLJKW UDQJH

HTXLYDOHQW ZDV WRR QDUURZ ,QFUHDVLQJ WKH SDUWLF(
GLG KRZHYHU UHGXFHG WKH UDWH RI SDUWLFOH VZHOOLQ

LQ WKH VXUIDFH WR YROXPH UDWLR

&RQFHQWUDWLQJ IXQFWLRQDO JURXSV VXFK DV FDUER[\OL
WKH SRO\PHU SDUWLFOHV E\ YDU\LQJ WKH FRPSRVLWLRQ
SRO\PHULVDWLRQ DOVR OHDG WR LPSURYHG SODVWLVRO
PRUSKRORJ\ ZLWK PHWDO LRQ FURVV OLQNLQJ IXUWKHU Ut

FURVV OLQNHG SRO\PHU LQ SODVWLFLVHU

6WUDWHJLHV IRU IXWXUH ZRUN
$OWKRXIK WKH RULIJLQDO REMHFWLYH RI WKLV ZRUN WR
SODVWLVRO ZzZDV QRW DFKLHYHG VHYHUDO SRWHQWLDOO\

LGHQWLILHG

7KH SULQFLSDO SODVWLFLVHU XVHG WKURXJKRXW WKH ZR

FKRVHQ LQ WKH IXOO0O NQRZOHGJH WKDW LW KDG D VWURQJ



WH JUHDWHVW WHVW WR SODVWLVRO VWDELOLW\ +RZHYHL
XVH ,W ZDV REVHUYHG WKDW SODVWLVROV EDVHG RQ SRO
SRO\PHULVDWLRQ JHQHUDOO\ KDG KLJKHU YLVFRVLWLHV Wt
E\ QRQ DTXHRXV GLVSHUVLRQ SRO\PHULVDWLRQ 7KLV ZDV
HIDFHUEDWHG E\ WKH KLJK GLHOHFWULF FRQVWDQW RI E
VKRXOG LQYROYH XVLQJ D PRUH ZHDNO\ VROYDWLQJ SODV!

FRQVWDQW

6WURQJHU PHWDO LRQ FURVYV OLQNV DUH IRUPHG IURP SR
WKDQ FDUER[\ODWH JURXSVY UHDFWHG ZLWK RUJDQRPHWDC(
WKDW WKH PHWDO LRQ FOXVWHUV UHVSRQVLEOH IRU W
VXOSKRQDWHG SRO\ VW\UHQH SHUVLVW DW VRPH . KLJ
SRO\ VWNAUHQH 30O0DVWLVROV SUHSDUHG IURP WKHVH SRC
)JXUWKHUPRUH KHDWLQJ RI FDUER[\ODWH RU VXOSKRQDWI
JODVV WUDQVLWLRQ WHPSHUDWXUHV GXULQJ QHXWUDOL
QHXWUDOLVDWLRQ DQG DVVLVW LQ WKH IRUPDWLRQ RI PH
FU\VWDOOLQH SKDVHV VLPLODU WR WKDW LQ SRO\ HWK!
FRSRO\PHULVDWLRQ 3ODVWLVROV EDVHG RQ WKHVH SRO\P

WKRVH EDVHG RQ UDQGRPO\ FRSRO\PHULVHG SRO\PHUV

$SSOLFDWLRQ RI RVPRWLF OLPLWDWLRQ RI VZHOOLQJ WHEF
SODVWLVROV ZLWK HQKDQFHG VWDELOLW\ $ PRUH GHWDLC(
VZHOOLQJ XVLQJ ORZHU PROHFXODU ZHLJKW OLQHDU SRO
PHWK\O PHWKDFU\ODWH VXFK DV SRO\ VW\UHQH PLIKW O
IROORZV WKH WKHRUHWLFDO SUHGLFWLRQV $Q DOWHUQD!'
OLQHDU SRO\PHUV ZKLFK ZRXOG DOVR EH H[FOXGHG IURP V
E\ YLUWXH RI WKHLU ODUJH UDGLXV Rl J\UDWLRQ $ FROC
5HVHDUFK $VVRFLDWLRQ DQG %ULVWRO 8QLYHUVLW\ LV FX

GLVVROYHG ORZ PROHFXODU ZHLJKW SRO\PHUV RQ WKH UKI



IRFXV RQ WKH VWDELOLW\ RI WKH SRO\PHU GLVSHUVLRC

WKH PLFURJHO SDUWLFOHYV IORFFXODWH RU VZHOO

SHIHUHQFHYV
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