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[LVRIWDEOHYV

7TDEOH 6XPPDU\ RI WKH PHDQ VKRUW DQG ORQJ WHUF
FHQWUDO ILHOG IRXQG LQ VWXGLHY RQ QRUPDO VXEMHF

7TDEOH THFKQLFDO VSHFLILFDWLRQV RI WKH +)$%$

7TDEOH SHSHDWDELOLW\ UHVXOWY FRPSDULQJ VHVVL
HI[SHULPHQWHU (O DQGH[SHULPHQWHU (

7TDEOH S5HSURGXFLELOLW\ FRPSDULQJ H[SHULPHQWHU
VHVVLRQ

7TDEOH 6DPSOH PHDQ “ 6' IRU WKH JOREDO LQGLFHV L(
WHVWYV

7TDEOH 1XPEHU RI VXEMHFWY LQ HDFK JURXS WRJHWK

RFXODU UHIUDFWLRQ DQG D[LDO OHQJWK 9DOXHV LQ SDUF
7TDEOH OHDQ YDOXH “6' RI WKH JOREDO LQGLFHV IRU V

7TDEOH 6XPPDU\ RI WKH UHVXOWY RI FRUUHODWLRQ D
JOREDO LQGLFHY DJDLQVW D[LDO OHQJWK DQG RFXODU UH

7TDEOH OHDQ VHQVLWLYLWLHV G%“6' IRU WKH ILHOG Ul

7DEOH 6XPPDU\ RI WKH RQH ZD\ $129% ZLWK WKH
GLITHUHQFH PXOWLSOH FRPSDULVRQ SURFHGXUH IRU PHDC
DQG JURXSV DQG

7TDEOH 6XPPDU\ RI WKH UHVXOWY RI FRUUHODWLRQ DQ
VHQVLWLYLW\ DIJDLQVWD[LDO OHQJWK DQG RFXODU UHIUDF

7TDEOH 6XPPDU\ RI WKH UHVXOWY RI FRUUHODWLRQ DQ
VHQVLWLYLW\ DIJDLQVW D[LDO OHQJWK DQG RFXODU UHIUD
FRUUHODWLRQ ZIBVOVLJQLILFDQW IRU

7TDEOH 1XPEHU RI VXEMHFWY LQ HDFK FDWHJRU\ DQ
JURXSYV
7TDEOH OHDQ YDOXH “6' IRU WKH JOREDO LQGLFHV

FDWHJRU\

7TDEOH OHDQ YDOXH “6' IRU WKH JOREDO LQGLFHV IR



FDWHJRU\

7TDEOH OHDQ JOREDO LQGH[ YDOXHV “ 6" LI JLYHQ IR
QRUPDO VXEMHFWYV

7TDEOH "LITHUHQFHYVY EHWZHHQ VHOHFWHG ILHOG UHJLRC
7TDEOH ((WUDFW IURP /LWWPDQQ V RZQ WDEOH /LW W F
7TDEOH OHDVXUHG RFXODU GLPHQVLRQV RI VXEMHF\

FRQVWDQWY RI WKH FRUUHVSRQGLQJ SHUVRQDOLVHG VFKI

7TDEOH &RPSDULVRQ RI GOIITHUHQW HYDOXDWLRQV R

7TDEOH ODLQ IHDWXUHV RI WKH %Y HQQHWW 5S5DEEHWWYV V
7TDEOH 2SWLFDO VSHFLILFDWLRQ RI WKH ODUN , PRGHO
7TDEOH OHDVXUHG GLPHQVLRQV DQG FDOFXODWHG RSW

PRGHO H\H

7TDEOH 3XEOLVKHG YDOXHV IRU RSWLF QHUYH KHDG
VXEMHFWY OHDQ YDOXHV “ 6' DQG UDQJH DUH JLYHQ LI DY

7TDEOH OHDQ “ 6' DQG UDQJH LQ SDUHQWKHVLV DUH J
SDUDPHWHUYVY LQ WKH IRXU JURXSYV

7TDEOH 6XPPDU\ RI WKH UHVXOWY RI FRUUHODWLRQ DC
IRU RSWLF GLVF DUHD DQG 15%$ LQ PP IRU JURXSYV DQG
DQG ORJ 15%$ IRU WKH HQWLUH VDPSOH DJDLQVW D[LDO
,Q DOO FDVHVC¢!O

7TDEOH 6XPPDU\ RI WKH UHVXOWYV RI FRUUHODWLRQ DC
Rl SHULSDSLOODU\ FUHVFHQW DUHD LQ PP DQG ORJ SH
DJDLQVW RSWLF GLVF DUHD D[LDO OHQJWK DQG RFXODU I

7DEBH (VVHQWLDO IHDWXUHV RI WKH WZR FXVWRPLVHG ¢
+)%$
7TDEOH I1XPEHU RI VXEMHFWY LQ HDFK JURXS WRJHWKI

RFXODU UHIUDFWLRQ DQG D[LDO OHQJWK 9DOXHV LQ SDUH

7TDEOH OHDQ DUHDV *“6' RI WKH RSWLF GLVF DQG DQ
SURMHFWHG WR PP RQ WR WKH +)$% VFUHHQ DQG WKH PF
IRU GLITHUHQW VHQVLWLYLW\ EDQGV



7TDEOH $

7DEOH $

SDWLHQW GDWD

2EOLTXH UD\ WUDFH

IRU 8M

f



/WWRILO OXVWUDWLRQV

J)LIXUH 6WDQGDUG SULQWRXW IURP WKH +)$% IRU WKH F
JLIXUH BURILOH SULQWRXW IURP WKH +)$

JLIXUH 2YHUYLHZ SULQWRXW IURP WKH +)$

JLIXUH SKRWRJUDSK DQG VFKHPDWLF GLDJUDP RI WKH

XOWUDVRQLF ELRPHWHU

JLIXUH D DQWHULRU FKDPEHU GHSWK IRU VHVVLRQ

VHVVLRQ $&' IRU H[SHULPHQWHU OHIW H\HV E DJL!
$;/ SORWWHG DJDLQVW VHVVLRQ RQH $;/ IRU H[SHULP
J)LIXUH "LITHUHQFHYV EHWZHHQ SDLUHG YDOXHV IRU V

DJDLQVW WKHLU PHDQ IRU D H[SHULPHQWHU ULJKW H\H)\
F H[SHULPHQWHU ULJKW H\HV G H[SHULPHQWHU OH
ULJKW H\HV | H[SHULPHQWHU OHIW H\HV

JLIXUH 'LITHUHQFHYVY EHWZHHQ SDLUHG YDOXHV RE
H[SHULPHQWHUV SORWWHG DJDLQVW WKHLU PHDQ YDOXH
H\HV E DQG G OHIW H\HV 7KH KRUL]JRQWDO OLQHV UHSU
WKH FRQILGHQFH OLPLWYV

JLIXUH 6DPSOH PHDQ RI WKH PHDQ GHIHFW 0" * 6( IRL
DIJDLQVW VXFFHVVLYH ILHOG WHVWYV

JLIXUH OHDQ GHIHFW 0' SORWWHG DJDLQVW VXFFH\
VXEMHFWYV

J)LIXUH 6DPSOH PHDQ RI WKH PHDQ VHQVLWLYLW\ 06
SORWWHG DIJDLQVW VXFFHVVLYH ILHOG WHVWYV

JLIXUH 6DPSOH PHDQ RI OHDUQLQJ SURSRUWLRQ /3
LQWHUYDOV IRU DOO VXEMHFWYVY SORWWHG IRU VXFFHV)
IRU ILHOG WHVWYV Q WR Q ZKHUH Q WR

JLIXUH SRLOQWZLVH UHSUHVHQWDWLRQ RI WKH LQFUHI
EHWZHHQ ILHOG WHVWYV DQG IRU VXEMHFWY 7KH E(
XSSHU RI ORFDWLRQV ZLWK WKH ODUJHVW LQFUHDVH L«
UHSUHVHQW WKH EOLQG VSRW ORFDWLRQV H[FOXGHG IURP



JLIXUH 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH [ VS|
FHQWUDO ORFDWLRQ ZLWK WXKURYXIQREHE ENQVIOWLYKWR XU

ORFDWLRQV

J)LIXUH 6SDWLDO UHSUHVHQWDWLRQ RI WKH LQFUHD
EHWZHHQ ILHOGVY WHVW DQG IRU VXEMHFWY DIWHU
7KH EODFN VTXDUHV UHSUHVHQW WKH XSSHU R1 ORI

LQFUHDVH LQ VHQVLWLYLW\ 7KH JUH\ FLUFOHV UHSUHYV
HIFOXGHG IURP WKH DQDO\VLV

JLIXUH 7THVW ORFDWLRQV RI SURJUDPYV DQG R
LQGLFDWH WKRVH ORFDWLRQV DVVXPHG E\ WKH +)$% WR 1D

J)LIXUH SHILRQDO PDSV GHYLVHG IRU WKH FHQWUDO |
FLUFOHY LQGLFDWH WKRVH SRLQWYV DVVXPHG WR IDOO ZL
WKHVH DUH QRW LQFRUSRUDWHG LQ WKH DQDO\VLV /R
EHWZHHQ UHJLRQV DUH LQGLFDWHG E\ R DQG DUH H[FOX(
DQDO\VLV

J)LIXUH 0' SORWWHG DJDLQVW D D[LDO OHQJWK DQG E
HOWLUH VDPSOH 2SHQ FLUFOHV UHSUHVHQW VXEMHFWYV .
DQG WKH VROLG WULDQJOHYVY UHSUHVHQW VXEMHFWYV ZLWK

JLIXUH 06 SORWWHG DJDLQVW D D[LDO OHQJWK DQG E
WKH HQWLUH VDPSOH 2SHQ FLUFOHV UHSUHVHQW VXE
FUHVFHQWY DQG WKH VROLG WULDQJOHY UHSUHVHQW VXE

)LXUH 36' SORWWHG DJDLQVW D D[LDO OHQJWK DQG E
HQWLUH VDPSOH 2SHQ FLUFOHV UHSUHVHQW VXEMHFWYV
DQG WKH VROLG WULDQJOHY UHSUHVHQW VXEMHFWY ZLWK

J)LIXUH 7KH WHOHFHQWULF SULQFLSOH LOOXVWUDWHG
VLQJOH VXUIDFH H\H

JLIXUH 7KH WHOHFHQWULF SULQFLSOH LOOXVWUDWHG |

JLIXUH &KLHI UD\V FRQWULEXWLQJ WR LPDJH IRUPDWL
IHDWXUH RIWLQHDU VL]H

J)LIXUH SKRWRJUDSK RI WKH PRGHO H\H ZLWK LWV VXSS

J)LIXUH &URVV VHFWLRQ RI WKH PRGHO H\H VKRZLQJ P!
XVHG WR PHDVXUH WKH VHSDUDWLRQV EHWZHHQ WKH YDUL



JLIXUH 7KH PRGHO H\H VHWWLQJ $IUQRG PLQXV WKH
RFXODU UHIUDFWLRQ $7DXWR SORWWHG DJDLQVW WKH IF
WKH HQWLUH UDQJH LV : '

J)LIXUH 7KH FDOFEOPWMBG=MDWOXH-RQD IXQGXV FDPHUD
DJDLQVW WKH PRGHO H\H VHWWLQJ $7QRG

JLIXUH 7KH FDOFESOPWHWG=MDOXH2EHUNRFKHQ IXQGXV
SORWWHG DJDLQVW WKH PRGHO H\H VHWWLQJ $7QRG 7K
UHODWH WR WKH XVH RI GLITHUHQW FDPHUD OHQV V\VWHP

JLIXUH , QVWUXPHQWDWLRQ SURYLGHG E\ WKH ,QVW
FRXUWHV\ RI 'U ) )LW]JNH DQG WKH 2SWLFV /DERUDWRU\ [
RlI 3URIHVVRU - %DUEXU XVHG WR GLJLWLVH DQG PHDV.

&&' FKDUJH FRXSOHG GHYLFH

JLIXUH 'LVF DUHD SORWWHG DJDLQVW D[LDO OHQJWK
FLUFOHV DUH VXEMHFWYV ZLWKRXW SHULSDSLOODU\ FUHVF|
ZLWK SHULSDSLOODU\ FUHVFHQWYV

JLIXUH &XS DUHD SORWWHG DJDLQVW REXODU UHIUD
2SHQ FLUFOHV DUH VXEMHFWYVY ZLWKRXW SHULSDSLOODU\
VXEMHFWYVY ZLWK SHULSDSLOODU\ FUHVFHQWYV

JLIXUH /IRJ RI RSWLF GLVF DUHD SORWWHG DJDLQVW
VDPSOH 2SHQ FLUFOHV DUH VXEMHFWYV ZLWKRXW SHULS
FLUFOHVY DUH VXEMHFWYVY ZLWK SHULSDSLOODU\ FUHVFHQW\

J)LXUH /IR RSWLF GLVF DUHD SORWWHG DJDLQVW RFXC(
VDPSOH 2SHQ FLUFOHV DUH VXEMHFWY ZLWKRXW SHULS
FLUFOHV DUH VXEMHFWYV ZLWK SHULSDSLOODU\ FUHVFHQW\

JLXUH /IRJ 15$ SORWWHG DJDLQVW D[LDO OHQJWK IRU
FLUFOHVY DUH VXEMHFWY ZLWKRXW SHULSDSLOODU\ FUHVF!
ZLWK SHULSDSLOODU\ FUHVFHQWYV

JLIXUH /IRJ 15$ SORWWHG DJDLQVW RFXODU UHIUDFWL
2SHQ FLUFOHVY DUH VXEMHFWYVY ZLWKRXW SHULSDSLOODU\
VXEMHFWYV ZLWK SHULSDSLOODU\ FUHVFHQWYV

JLIXUH I1HXURUHWLQDO ULP DUHD 15%$ SORWWHG DJDLI
VDPSOH

JLIXUH &XS DUHD SORWWHG DJDLQVW RSWLF GLVF DUH



JLIXUH $UHD RI WKH SHULSDSLOODU\ FUHVFHQW SORW
JLIXUH /IR RI WKH SHULSDSLOODU\ FUHVFHQW DUHD S

JLIXUH /IRJ RI WKH SHULSDSLOODU\ FUHVFHQW DUH
UHIUDFWLRQ

JLIXUH /IRJ RI WKH SHULSDSLOODU\ FUHVFHQW DUHD
DUHD
JLIXUH $ VHFWLRQ IURP WKH FRPELQHG EOLQG VSRW &

DUH IURP RQH SURJUDP DQG WKH JUH\ FLUFOHV IURP WKH
D EODFN FLUFOH DQG DQ DGMDFHQW JUH\ FLUFOH LV f

JLIXUH 6FKHPDWLF GLDJUDP RI WKH SURMHFWLRQ RI1 D
G RQWR WKH +)%$ VFUHHQ 7KH SURMHFWHG LPDJH GLDPHW
DQG VHFRQG SULQFLSDO SODQHV IRU WKH KXPDQ H\H RU
FRUUHFWLRQ FRPEL

JLIXUH $ $[LDO UD\ WUDFH WKURXJK D VFKHPDWLF H\H
DQG 3 &RUQHDO YHUWH[ LV DW $M DQG WKH IURQW DQG
OHQV DUH DW $ DQG $ UHVSHFWLYHO\ 3/ DQG 3/ DUH W
FU\WWDOOLQH

JLIXUH $ SHIUDFWLRQ DW WKH ILUVW VXUIDFH

JLIXUH $ S5HIUDFWLRQ DW WKH VHFRQG VXUIDFH
JLIXUH $ S5HIUDFWLRQ DW WKH WKLUG VXUIDFH

JLIXUH $ 7ZR REOLTXH WUDFHV LQFLGHQWIWRQ WKH UH

WKH GLDJRQDO GLVWDQFH EHWZHHQ WKHP



$SFNQRZOHGJHPHQWYV

, JUDWHIXOO\ DFNQRZOHGJH P\ VXSHUYLVRUV 0OUV -HQQLI
KDYH JLYHQ PH FRQVLGHUDEOH HQFRXUDJHPHQW DQG FR
VSHFLDO WKDQN \RX WR 'DYLG IRU KLV XQUXIIOHG ,ULVK
3ROLVK WHPSHUDPHQW KDV OHDG WR PDQ\ KRXUV RI SOI

, bOVR ZLVK WR WKDQN YDULRXV PHPEHUV RI WKH DFDG
2SWRPHWU\ "HSDUWPHQW RI &LW\ 8QLYHUVLW\ 3URIHVVF
DVSHFWV RQ SK\VLRORJLFDO RSWLFV $0Il *RRGERG\ IRU K
ODERUDWRU\ &ROLQ /RQJKXUVW DQG (UQLH &DVZHOO IRU
'DU\O "H&XQKD IRU WKHLU FRPSXWHU SURJUDPPLQJ H[SH
'RRGZDUG IRU DOzZD\V EHLQJ KHOSIXO SDUWLFXODUO\ ZLW

, bP LQGHEWHG WR WKH ODWH $UWKXU %HQQHWW ZKRVH
DQG YLVXDO RSWLFV KDV EHHQ LQYDOXDEOH ,W ZDV D JU
ZRUN ZLWK VXFK D GLVWLQJXLVKHG VFLHQWLVW LQ WKLV I

, ZRXOG DOVR OLNH WR WKDQN OU 6WHYHQ %DLOH\ IRU
SUHVHQWDWLRQV DQG KLV SKRWRJUDSKLF VNLOOV 'U )
FRPSXWHU IDFLOLWLHYVY DW WKH ,QVWLWXWH RI 2SKWKDOP
FHUWDLQ DVSHFWV RI YLVXDO ILHOG DQDO\VLV

, DP REOLJHG WR WKDQN WKH IROORZLQJ IRU WKHLU ILQ
DWWHQG FRQIHUHQFHV WKH %ULWLVK &ROOHJH RI 2SWRP
(XURSHDQ *ODXFRPD 6RFLHW\ .HHOHU /WG 7KH :HOOFRP
%ULWLVK &RXQFLO

, ZLOO DOzZD\V EH JUDWHIXO IRU WKH IULHQGVKLS RI PHPE
ZLWKLQ WKH 2SWRPHWU\ '"HSDUWPHQW HVSHFLDOO\ WR 1
ZRUNHG YHU\ FORVHO\ |, DP YHU\ JODG WR QRZ KDYH 1DQ!
DP DOVR JUHDWO\ DSSUHFLDWLYH RI WKH FRQVWDQW VXS
OLEUDU\ ORDQV DQG SKRWRFRS\LQJ RI SDSHUV E\ &KULV 2
SURMHFW KHOSHG PH WKURXJK WKH SDLQVWDNLQJ ZULWLQ
WR VHH WKLV WKHVLV ILQDOO\ FRPSOHWHG

)LQDOO\ , ZRXOG OLNH WR WKDQN P\ SDUHQWYV IRU WKHLL
PH WKH LPSHWXV WR VHH WKLY SURMHFW WR LWV HQG



"HFODUDWLRQ

, JUDQW WKH SRZHUV RI GLVFUHWLRQ WR WKH 8QLYHUVL
FRSLHG LQ ZKROH RU LQ SDUW ZLWKRXW IXUWKHU UHIHUFE
VLQJOH FRSLHV PDGH IRU VWXG\ SXUSRVHV VXEMHI

DFNQRZOHGJHPHQW



$SEVWUDFW

7KH SXUSRVH RI WKLV SURMHFW ZDV WR LQYHVWLJIJDWH Wk
SHULPHWU\ LQ D JURXS RI KHDOWK\ P\RSLF LQGLYLGXDO
WLIJURLG IXQGXV FKDQJHV RQO\ 7KH DSSHDUDQFH RI WK
VWUXFWXUHY ZHUH XVHG WR FODVVLI\ VXEMHFWYV LQWR .
DGGLWLRQ WKH GLPHQVLRQV RI IHDWXUHV RI WKH RSWLF
ZHUH HYDOXDWHG

7TKH VWXG\ SRSXODWLRQ FRPSULVHG \RXQJ KHDOWK\
\HDUV IUHH IURP DQ\ RFXODU RU V\VWHPLF FRQ
UDQJLQJ IURP " WR " $ \RXQJ VXEMHFW SRSXODWL

DYRLG FRQIRXQGLQJ WKH UHVXOWYV ZLWK DJH UHODWHG
HIDPSOH FU\VWDOOLQH OHQV RSDFLWLHYV

7KH FHQWUDO YLVXDO ILHOG ZDV H[DPLQHG XVLQJ WZR G
J)LHOG $QDO\|HU $ FRPELQDWLRQ RI WKHVH WZR SURJUDF

f ZLWKLQ WKH FHQWUDO f ILHOG 2SWLPXP H[SHULPHQ
SURFHGXUH ZDV HVWDEOLVKHG IROORZLQJ D SUHOLPLQDU\
ZLWK GXH UHJDUG WR WKH HIIHFWV RI OHDUQLQJ RQ WKH
FRQILIJIXUHG RQ WKH +XPSKUH\ )LHOG $QDO\]JHU WR H[DPLQ
SRLQW UHVROXWLRQ RI f

$ UbD\ WUDFLQJ SURJUDP ZDV GHYLVHG WR GHWHUPLQH
SHULSDSLOODU\ RSWLF QHUYH KHDG IHDWXUHV IURP SKRW
ZLWK WKH &DUO =HLVV -HQD IXQGXV FDPHUD )RU WKLV SU
FDPHUD HPSOR\HG DQG WKDW RI WKH KXPDQ H\H DUH UHT
H[SHULPHQWDOO\ XVLQJ D PRGHO H\H '"LITHULQJ PHWKRC
SUHVHQWHG

9LVXDO ILHOG DQDO\VLY VKRZHG D GHFOLQH LQ WKH GLIIH
SHULSDSLOODU\ FKDQJHV RQO\ 7KHVH ILHOG FKDQJHV EHF
LQ WKH GHJUHH RI P\RSLD D[LDO OHQJWK DQG DUHD RI V
UHJLRQ PRVW DIIHFWHG DSSHDUHG WR EH WKH VXSHULR
WHPSRUDO TXDGUDQW (QODUJHPHQW RI WKH EOLQG VSR
ODUJHU SHULSDSLOODU\ FUHVFHQWY ZKR ZHUH LQFOLQHG
P\RSLD 5HVXOWYV VXJJHVW WKDW WKH VHQVLWLYLW\ GHFO
ZLWK D[LDO OHQJWKYV DERYH PP DQG PRUH WKDQ ' RI P\
DSSHDUV WR RFFXU LQ VXEMHFWYV ZLWK D[LDO OHQJWKYV



P\RSLD

7KH DUHDV RI WKH RSWLF GLVF QHXURUHWLQDO ULP DQ
LQFUHDVLQJ D[LDO OHQJWK DQG LQFUHDVLQJ P\RSLF UHI
RSWLF GLVF SDUDPHWHUV VKRZHG WKHP WR LQFUHDVH
UHIUDFWLRQ DSDUW IURP FXS DUHD ODUNHG LQWHU LQG
WKH LQWUD DQG SHUL SDSLOODUN RSWLF GLVF VWUXFWX
GLVF DUHD DQG QHXURUHWLQDO ULP DUHD DQG EHWZHEF
DUHD

.QRZOHGJH RI WA\SLFDO VHQVLWLYLW\ YDOXHV ZLWK DXWR
KHOS LQ WKH GLITHUHQWLDO GLDJQRVLV RI GLVHDVHV LQI
DEQRUPDOLWLHY .QRZOHGJH RI WKH GLPHQVLRQV RI WKI
FUHVFHQWY PD\ DLG LQ WKH GLDJQRVLV RI SDWKRORJLFDC
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QWURGXFWLRQ

7KHUH DUH PDQ\ UHYLHZV RI WKH DHWLRORJ\ DQG SURJL

7TURQ 6RIWEHEHXO YDQ $OSKHQ "XNH (OGHU &
*URVYHQRU 7KH LQFLGHQFH RI P\RSLD LQ WKH :H’
6YHLQVVRQ H&S IDWOG X, WRLY ZHOO HVWDEOLVKHG WKDW

FDXVLQJ P\RSLD LV D[LDO OHQJWK H[WHQVLRQ ZKLFK RF
SULPDULO\ DITHFWV WKH RUDHTXDWRULDO UHJLRQ +RZHY
KDYH D[LDO OHQJWKV ZLWKLQ WKH H[SHFWHG HPPHWURSLT
OHQWLFXODU SRZHUYV

7KH UHIUDFWLRQ RI WKH H\H LV GHWHUPLQHG E\ IRXU °
FKDPEHU GHSWK OHQV SRZHU DQG D[LDO GLDPHWHU RI1 Wt
FRUQHD DQG WKH OHQV PRGLILHG E\ WKH DQWHULRU FKD
WKH WRWDO UHIUDFWLYH SRZHU RI WKH H\H 5HIUDFWLYH
WR EH EHWZHHQ " RI K\SHURSLD +RZHYHU &RRN D
*ROGVFKPLGW KDYH VKRZQ D ZLGH GLVWULEXWLRQ RI
WR ' RU PRUH LQ ERWK WKH P\RSLF DQG K\SHURSLF GLUHI

$[LDO OHQJWK LQ QHZ ERUQV LV DERXW PP DFFRUGLQJ
WZR JURZWK SKDVHV 7KH ILUVW LV D UDSLG LQIDQWLOH
ZKHQ WKH D[LDO OHQJWK LQFUHDVHV E\ PP 7KLV UHTXL
FRUQHD DQG FU\WWDOOLQH OHQV WR SUHYHQW P\RSLD R
FRUQHD UHGXFHV LWV SRZHU E\ DERXW ' DQG WKH FU\V
,Q WKH VORZHU MXYHQLOH JURZWK SKDVH WKH D[LDO OHQ
RI  WR \HDUV 1RUPDOO\ FRPSHQVDWRU\ FKDQJHV GR
HORQJDWLRQ WKXV K\SHUPHWURSLD LV UHGXFHG E\
UHDFKHV DGXOW SURSRUWLRQV XVXDBW\ EO WRH \DE\HDRIG
/HD U\ DQG FRQWLQXHG D[LDO HORQJDWLRQ EH\RQG
SURJUHVVLYH MXYH®IMOHD ®\RSKDZHBVWKDW WKH DJH RI FH
HORQJDWLRQ LQ P\RSHV ZDV VLPLODU WR WKH DJH RI FHV
VWXGLHV KDYH DOVR VKRZQ WKDW WKH DQWHULRU FKDPE
GHSWK DQG WKH FU\WWDOOLQH OHQV LWV PD[LPXP WKLFN
HW DO 6RUVE\ DQG /HDU\ -DQVVRQ

6WHQVWURP VKRZHG WKDW WKH GLVWULEXWLRQ F.



AVSRVLWLRQ DV WKDW IRU D[LDO OHQJWK [IHDWXULQJ L
VNHZQHVV WRZDUG P\RSLD G6RUVE\ DQG FR ZRUNHUYV

SURFHVYV LQ WKH GLVWULEXWLRQ FXUYHV RI UHIUDFWLRQ
SRZHU DQG D[LDO OHQJWK ,Q DPHWURSLDV RI ' RU PRL
+RZHYHU LW PXVW EH VWUHVVHG WKDW DV D[LDO OHQJW
KXPDQ H\H DQG WKH VDPH LV WUXH IRU FRUQHDO SRZHI
GHJUHH RI FRUUHODWLRQ ZLOO H[LVW EHWZHHQ WKHVF
SRSXODWLRQ VDPSOH DQG LWV VL]IH $Q H[WHQVLYH UHY
JLYHQ E\ &XUWLQ &KDSWHU ,Q D UHFHQW VWXG\
HPPHWURSLF DQG P\RSLF H\HV EHWZHHQ WR " FRUQH
GHSWK ZHUH GHPRQVWUDWHG WR EH WKH PRVW LPSRUWI
VWDWH /RQJHU H\HV WHQGHG WR KDYH IODWWHU FRUQH
P\RSLF JURXS ZHUH IRXQG WR KDYH VLIJQLILFDQWO\ VWHH
HW DO $GGLWLRQDOO\ WKH LQWHU FRUUHODWLRQ RI Wi
ZHUH QRW WKH VDPH IRU WKH HPPHWURSLF DQG P\RSLF
VXJIJHVWLQJ WKDW WKH\ FRPH IURP VWDWLVWLFDOO\ GLV
WKH FRQFHSW WKDW P\RSLF DQG HPPHWURSLF H\HV GF
+RZHYHU HMUQ@KU IRXQG D VLIJQLILFDQW GLIITHUHQFH LQ F!
QRW FRUQHDO FXUYDWXUH EHWZHHQ D JURXS RI DJH P
OF%ULHQ DQG OLOORGRW IRXQG WKH PDMRU FDXVH R
\HDUV RI DJH WR EH YLWUHRXV FKDPEHU HORQJDWLRQ

6HYHUDO WKHRULHY KDYH EHHQ VXJJHVWHG DV WR WKH FL

T 9DQ $OSKHQ SURSRVHG WKDW

WKH FKRURLG DQG FLOLDU\ ERG\ IRUP DQ HODVWLF HC
VFOHUD E\ FRXQWHUDFWLQJ D SDUW RI WKH LQWUDREF>
WKH PDFXOD VXSSOLHV LQIRUPDWLRQ UHJDUGLQJ IRF.
EDFN LQIRUPDWLRQ FRQFHUQLQJ WKH UHTXLUHG GHJI
WKLY VWUHWFK IDFWRU XOWLPDWHO\ JRYHUQV WKH U
VI\VWHP IDLOHG LW ZDV GXH WR D ORVV RI VIPSDWKHW
WR VWUHWFK WR LWV HODVWLF OLPLW DQG UHVXOWEF
VWHHSHQLQJ RI WKH FRUQHD

¥ ,W KDV EHHQ K\SRWKHVLVHG WKDW UHWLQDO LPDJH THX

IDFWRUV UHVSRQVLEOH IRU D[LDO HORQJDWLRW DBOYLR

+ROEBMWQDO 7KH\ KDYH GHPRQVWUDWHG LQ ODERUDW

RU GHJUDGDWLRQ RI UHWLQDO LPDJHU\ LQ DQHRPDODO®WLQG

DQRQG WKH HDUOLHU WKH LQVXOW WR WKH YLVXDO V
LQGXFHG P\RSLD



f $FFRPPRGDWLRQ KDV EHHQ VXJJHVWHG DV D FDXVDWL
<RXQJ JOHGHOLXV

¥ *UHHQH EHOLHYHG WKDW SURORQJHG FRQWUDFW
FDXVHG SUHVVXUH FKDQJHV LQ WKH SRVWHULRU SDUW
UHVXOWLQJ LQ D[LDO HORQJDWLRQ

f &OLQLFDO DQG H[SHULPHQWDO VWXGLHY KDYH LQGLFDW
QHDU ZRUN DQG PHV®LIDO 4RI DO <RXQJ DQG WK
VXVWDLQHG QHDU ZRUN FDQ SURGXFH VKLIWV LQ WKH
SUHFXUVRU WR LQGXFHG P\RSLD %XOOLPRUH DQG *LOPI

(EHQKROW]

+ ,QWUDRFXODU SUHVVXUH KDV DOVR EHHQ SURSRVHG |
P\RSLF SURJUHVVLRQ 7RPOLQVRQ DQG 3KLOOLSV
3DUVVLQHQ HW=DODDQ

7TKHUH LV QR JHQHUDO DJUHHPHQW DV WR WKH PRGH RI LC
FRPSRQHQWY 7KH JHQHVLV RI P\RSLD KDV EHHQ GHVFL
GRPLQDQW DQG UHFHVVLYH DQG VH[ OLQNHG SHGLJUHH

%HQMDPLQ 7DNLQJ LQKHULWDQFH LQ FRQMXQFWLRQ
GHYHORSPHQW RI P\RSLD LV FOHDUO\ FRPSOH[ O\RSLD FL
VIVWHPLF DQG RFXODU GLVRUGHUV &XUWLQ &KDSWHU

XQGX¥KDQJBWVRFLDA WEB\RSLD

,Q ORZ P\RSLD DQ\ FKDQJHVY DW WKH SRVWHULRU SROH DU
WKH P\RSLF FUHVFHQW ZKLFK KDV D SUHGRPLQDQWO\ WH
VLIH ZLWK WKH SURJUHVVLRQ RI P\RSLD 'RQGHUYV 'L
SHULSDSLOODU\ FUHVFHQWY WKH HDUOLHVW FKDQJHV PD
GHIHQHUDWLRQ SDUWLFXODUO\ DURXQG WKH PDUJLQ RI1 V
DQG SDOORU PD\ GHYHORS :LWK WLPH D YDULDEOH GHJU
IXQGXV DUHD XVXDOO\ HQVXHV OHDGLQJ WR D SRVWHUL

6WHQVWURP $WURSK\ RI WKH UHWLQDO SKRWRU
FKRURLG PD\ FDXVH VLJQLILFDQW SHULSDSLOODU\ DWURSE
PDFXODU DUHD %URZQ DQG 7DVPDQ 'LVFUHWH UHJLR

KDHPRUUKDJHY DQG ODFTXHU FUDFNV PD\ DOVR RFFXU /D
ZKLWH OLQHV RI LUUHJXODU FDOLEUH WKDW WUDYHUVH Wi
SRVWHULRU VWDSK\ORPDV DQG FKRURLGDO KDHPRUUKDJF



WRXJKW WR UHSUHVHQW ILVVXUHY LQ WKH UHWLQDO
FKRULRFDSLOODULYVY FRPSOH]

, I WKH UHWLQDO SLIJPHQW HSLWKHOLXP %UXFK V PHPEUD
PDUJLQ D VFOHUDO FUHVFHQW ZLOO EH DSSDUHQW 7KLV
GLVF PDUJLQ $ FKRURLGDO FUHVFHQW RFFXUV LI RQO\ Wk
GLVF PDUJLQ $W LWV WHUPLQDWLRQ SRLQW WKH SLJPF
DPRXQW RI SLIPHQWDWLRQ JLYLQJ ULVH WR D SLIJPHQWHG

7KH IUHTXHQMW+XO @RIXUWLQ DQG .DUOWQDOE 3RAWNRO
DQG VL]H 6WHQVWURP 2WVXND RI SHULSDSL
GHJUHH RI P\RSLD DQG D[LDO ®IMQ DVDK H PSRUHNDWHLR @V K-HX B Q@
DUHD DV D SHUFHQWDJH Rl WKH GLVF DUHD DQG IRXQG LW
DQG D[LDO OHQJWHW WO IRXPEORDOHY WR EH PRU
KDYH FUHVFHQWYV WKDQ IHPDOHV DQG D VWDWLVWLFDOC
GLDPHWHU RI WKH FUHVFHQW ZLWK LQFUHDVLQJ P\RSLD L
ZLWK D[LDO OHQJWK 7KLV LV XQH[SHFWHG VLQFH KLJKHU

D[LDO HORQJDWLRQ ,Q WKHLU VWXG\ RI VXEMHFWY WK

' ZLWK D PHDQ RI "'IRU WKH VDPSOH VXJJHVWLQ.
GHJUHHV RI P\RSLD DQG WKH PHDQ D[LDO OHQJWK IRU W
ORZ EHLQJ RQO\ PP W LV OLNHO\ WKDW WKH UDQJ

LOQVXIILFLHQW WR HOLFLW D UHODWLRQVKLS EHWZHHQ FUF
JUDGHV RI P\RSLD FDQ KDYH D[LDO OHQJWKV ZLWKLQ WKH
VDPH VWXG\ VXEMHFWYVY ZLWK ODUJHU FUHVFHQWY VKRZH(
OHQIJWK WKDQ WKRVH ZLWKRXW D P\RSLF FUHVFHQW '

-RQDV DQG FR ZRUNHUYV G EHOLHYH WKH DUHD RI SHU
LQFUHDVLQJ VL]H RI WKH RSWLF GLVF U DQG ZLWK L
VDPSOH RI P\RSHV ZLWK UHIUDFWLRQV IURP " WR W
FKRULRUHWLQDO DWURSK\ ZDV “ PP WR PP R

WKH DUHD RI WKH RSWLF GLVF ZDV FDOFXODWHG WR LQFU
LQFUHDVH LQ P\RSLD ,QWHULQGLYLGXDO YDULDWLRQ LQ
P\RSLD DQG WKH RSWLF QHUYH KHDG IRUP EHFDPH PRUH F

$JH DQG IURQW VXUIDFH NHUDWRPHWU\ GR QRW DSSHD
SUHVHQFH DEVHQFH RHIW FOH$FH/RWXS)ROR\RSHY UDQJLQJ

' ZLWK SULPDU\ RSHQ DQJOH JODXFRPD 32%* VHHPHG
SHULSDSLOODU\ DWURSK\ WKH ZLGWK RI ZKLFK ZDV ODUJH
PHULGLDQ &KLKDUD DQG 6DZDGD WKDQ QRQ P\RSLF
REVHUYDWLRQ LQ WKH P\RSLF 32$* JURXS PD\ EH WKH FR
FRQJHQLWDO P\RSLD LW LV QRW XQFRPPRQ WR KDYH D WL



JLYLQJ ULVH WR D WHPSRUDO FUHVFHQW &XUWLQ
LQIHULRU LQ ZKLFK FDVH LW LV XVXDOO\ VFOHUDO

,Q DOO WKH SDSHUV TXRWHG LQ WKLV VHFWLRQ SKRWI
GHWHUPLQH WKH WUXH VL]H RI WKH RSWLF GLVF DQG FUH
RSWLF GLVF RU SHULSDSLOODU\ FUHVFHQW LV GHSHQGHQ
PDJQLILFDWLRQ RI WKH KXPDQ H\H DQG WKH SKRWRJUDS
ZLWK LQ PRUH GHWDLO LQ &KDSWHU

$ QXPEHU RI FDXVHV RI WKH FUHVFHQW IRUPDWLRQ KDYH

¥ REOLTXH LQVHUWLRQ RI WKH RSWLF QHUYH KHDG PD\ F
VLGH RI WKH RSWLF GLVF ZKLFK PD\ UHVXOW LQ D FUHV

¥ P\RSLF FUHVFHQWY PD\ EH GXH WR SDWKRORJLFDO VW
WKH 53( DQG FKRURLG 3HUKDSV DQ HPEU\RQLF GHIHFW
53( DPQG FKRURLG 6WHQVWURP 2WVXND & XUWLC

T LW KDV EHHQ SRVWXODWHG WKDW WKHUH PD\ EH DV\P
P\RSLF H\H 7V R DQG )ULHGPDQ $ FKDQJH RI WKLYV
GLVSODFHPHQW WHPSRUDOO\ RI WKH UHWLQDO SLIJPHQW
FKRULRFDSLOODULY ZKLFK ZRXOG SURGXFH D FUHVFHC
QHUYH DQG D SLOLQJ XS RI WKH FKRURLG DQG UHWLC
GUDJJLQJ RI WKH UHWLQDO DQG FKRURLGDO WLVVXHV R
KHDG LV FDOOHG VXSHUWUDFWLRQ

¥ P\RSLF FUHVFHQWY KDYH EHHQ DWWULEXWHG WR DV
'"RQGHUV

J)DQWHYVY DQG $QGHUVRQ VWXGLHG KLVWRORJLFDO

SKRWRJUDSKHG EHIRUH HQXFOHDWLRQ $SDUW IURP PLVLEL
VFOHUD VXFK DV PLJKW EH FDXVHG E\ FRQWLQXHG JUR:
FUHVFHQWY FRXOG DOVR UHVXOW IURP WKUHH RWKHU KL
SUHVHQFH RI D WKLFNHQHG VFOHUDO OLS DW WKH HGJH R
WKH HPEU\RQLF IROG DQG WKLUGO\ K\SRSLIJPHQWDWLRC
7TKHVH FUHVFHQWY DUH QRW QHFHVVDULO\ DVVRFLDWH
GHYHORSPHQW WKH QHXURHFWRGHUP IRUPV D GRXEOH OD
DQG WKH LQQHU OD\HU IRUPLQJ WKH QHXUDO UHWLQD 71
UHWLQD DW WKH GLVF ERUGHU DV D IROG RI QHXURHFWRG
HIDFWO\ ZLWK WKH IROG RQH RI WZR WKLQJV FDQ RFFXU



IROG JLYLQJ ULVH WR D GRXEOH OD\HU RI53( DQG KHQFH
VDPH ZRXOG RFFXU ZLWK D VLQJOH OD\HU RI GHHSO\ SL
FRQWLQXHV EH\RQG WKH IROG DQG WKH 53( GRHV QRW L
GHYRLG RI SLJPHQWDWLRQ RFFXUV H[SRVLQJ WKH XQGHU:
EXW GHSLIPHQWHG WKH VDPH SLFWXUH ZRXOG UHVXOW R
WKH HGJH RI WKH 53( PD\ EH PDUNHG E\ D EDQG RI K\S
LPSRVVLEOH WR GLVWLQJXLVK RSKWKDOPRVFRSLFDOO\
PLVDOLJQPHQWY RI WKH UHWLQD 53( DQG FKRURLG DW W
H[DFW ERUGHUV RI WKH GLVF DQG SHULSDSLOODU\ FKDQJ
EHWZHHQ SLJPHQWHG DQG QRQ SLIJPHQWHG SHULSDSLOOD

8 DV VLILFBWPLR®LD

7TKHUH KDYH EHHQ PDQ\ FODVVLILFDWLRQV RI P\RSLD LQ D¢
DQG SURJUHVVLRQ &XUWLQ V FODVVLILFDWLRQ GHVFULEL
WKLY UHVHDUFK &XUWLQ $JH RI RQVHW RI P\RSLD Zz
DQEQDO\VLVY EHFDXVH RIWHQ WKH UHOLDELOLW\ RI VXFK LQIF
GLYLGHG LQWR JURXSV DFFRUGLQJ WR WKH LXQGXV DSS
VHQVLWLYLWLHY FRPSDUHG

*URXS 3K\ WVLRORJLFDO P\RSLD

,Q WKLV W\SH RI P\RSLD SRVWQDWDO GHYHORSPHQW KDYV
DUH QRUPDO DQG GHYRLG RI D GLVWLQFW FUHVFHQW DUR?
LV DSSUR[LPDWHO\ WR " DQG WKH D[LDO OHQJWK OLHV

*URXSYV , QWHUPHGLDWH P\RSLD

7TKHUH LV DQ H[SDQVLRQ RI WKH JOREH WKDW LV LQ HI[FF
LOQOYROYH WKH HQWLUH SRVWHULRU VHIJPHQW ZLWK JHQF
UHWLQDO SLIJIPHQW HSLWKHOLXP UHVXOWLQJ LQ D WLJUR

RFFXUV UDUHO\ EHORZ " EXW LW LV FRPPRQ EHWZHHQ
SUHYDOHQFH LQ H\HV ZLWK D[LDO GLDPHWHUV IURP W F
FRPPRQ W\SH XS WR PP %HFDXVH RI WKH SRVWHULRU

GLVWLQFWLYH FUHVFHQW IRUPDWLRQ ZLWK RU ZLWKRXW
WKH IXQGXV 7KH SHULSKHUDO IXQGXV VKRZV DQ LQFUHDYV
ZLWK LQFUHDVHG D[LDO GLDPHWHU LQFOXGLQJ ZKLWH ZL
SDYLQIJVWRQH GHIJHQHUDWLRQYVY 7KHUH LV DOVR DQ LQFL
DQG JODXFRPD LQ WKHVH H\HV



*URXS SDWKRORJLFDO P\RSLD

SDWKRORJLF P\RSLD LV D SRWHQWLDOO\ VLIKW WKUHDWHC
WKH SRVWHULRU IXQGXV DUH P\RSLF FUHVFHQWY SRVWH
JXFK V VSRW DQG ODFTXHU FUDFNV

9LVXDOHO-®DQJHE®W\R SLD
ODQXDO SHULPHWULF LQYHVWLJDWLRQV

,W LV ZHOO NQRZQ WKDW SDWKRORJLFDO P\RSLD FDQ JL
7UDTXDLU HYWWD®QRILVXDO ILHOG FKDQJHV DV D U
FKRURLGDO DWURSK\ SDUDOOHO WKRVH VHHQ RSKWKDOPR
GHIJHQHUDWLRQV WHQG WR SURGXFH JHQHUDO GHSUHVVLI
WN\SLFDO GHIHFWV ZLWKLQ WKH YLVXDO ILHOG GHVFULEHG

¥ FHOQWUDO SDUDFHQWUDO DQG SHULFHQWUDO GHIHF
FKDQJHV DQG KDHPRUUKDJHV

¥ HQODUJHPHQW RI WKH EOLQG VSRW IURP SHULSDSLOO

¥ DUFXDWH GHIHFWYVY ZKLFK FDQ RFFXU LI GHIHQHUDWL
WR WKH QHUYH ILEUH EXQGOH QHDU WKH RSWLF GLVF

%RWK 5HHG DQG 'UDQFH DQG +DUULQIJWRQ DJUHH W
EH PRUH SURQRXQFHG XQGHU FRQGLWLRQV RI ORZHU LOO?

6DWHRW DO GHPRQVWUDWHG D GHSUHVVLRQ RI WKH LVR
VXEMHFWY DJHG \HDUV ZLWK WLJURLG IXQGXV FKDAQ.
ORQJHU D[LDO OHQJWKV RU JUHDWHU GHJUHHV RI1 P\RSLD
ILHOG GHIHFWV SDUWLFXODUO\ LI WKH YLVXDO DFXLW\ KD
*ROGPDQQ SHULPHWHU DGDSWHG WR DOORZ VLPXOWDQHR?
D GHFUHDVH LQ WKH UHWLQDO VHQVLWLYLW\ RI WKH SDSL!
FRPSDUHG ZLWK QRUPDO QRQ P\RSLF VXEMHFWYVY 7KH DJH
\HDUV DQG WKLV GHFOLQH LQ VHQVLWLYLW\ ZDV REVHUYF

\HDUV ,Q DGGLWLRQ P\RSLF VFOHUDO FUHVFHQWYV LC
SURGXFHG FRUUHVSRQGLQJ VFRWRPDWD LQ YLVXDO VSDFF
LI WKH OHVLRQ ZDV UHVWULFWHG WR WKH 53(

(QODUJHPHQW RI WKH EOLQG VSRW KDV EHHQ UHSRUWHG L
GLUHFWHG VFOHUDO FDQDO WHPSRUDO FUHVFHQWY RI1 WK



LQ P\RSLD 1DNDVH D $Q HQODUJHPHQW RI WKH EOLC
RFFXU LI RQH FRQVLGHUV WKH UHGXFHG DQJXODU VXEW
LQFUHDVHG D[LDO OHQJWK DQG WKH PLQLILFDWLRQ SU
+RZHYHU RWKHU IDFWRUV LQIOXHQFLQJ WKH VL]JH RI WKH
GLVF ZKLFK LV EHOLHYHG WR HAMW DAGIHW QQ@ WK HBW H-\RHX
DQ\ SHULSDSLOODU\ FUHVFHQWY 1DNDVH D XVLQJ *
KLJK P\RSHYV " WR ' PHDQ DJH \HDUV WR H[KLEL
VSRW DQG PLQLPDO FKDQJHYV LQ WKH SDUDFHQWUDO UHJ
UDUH ODVXNDOID®L XVLQJ PDQXDO NLQHWLF SHULPHWU\ L
PRUH DJHG \HDUV PHDQ IRXQG DQ HQODUJHPH
LOQVWUXPHQW WKH\ XVHG DOORZHG VLPXOWDQHRXV YLHZL
WKH\ REVHUYHG WKDW WKH VL]H RI WKH EOLQG VSRW H[W
GLVF LQ ERWK QRUPDO DQG P\RSLF LQGLYLGXDOV 5HDVR

IROORZV

¥ DQJLRVFRWRPDWD SDUWLFXODUO\ DW WKH VXSHULRU
¥ D WUXH GHSUHVVLRQ RI UHWLQDO VHQVLWLYLW\ GXH W
DOWHUHG SURSHUWLHYV RI WKH UHFHSWLYH ILHOGV LQ
VHHPHG PRUH SURQRXQFHG LQ WKH LQIHULRU QDVDO U
FORVXUH RI WKH LQIHULRU SHULSDSLOODU\ DUHD LQ IRH
f SUHVHQFH RI D P\RSLF FUHVFHQW

6SHFWDFOH OHQVHYVY RI QHIJIDWLYH SRZHU SURGXFH DQ LQF
Rl YLHZ 7KH\ DOVR PLQLI\ WKH WHVW VWLPXOXV VL]H

FRQFHQWULF FRQWUDFWLRQ RI WKH ILHOG PD\ EH REVF
GLVWRUWLRQ DQG WKH OHQV ULP FDQ SURGXFH DHWLGH YI
DO IRXQG WKDW ZKHQ WKH SDWLHQW ZDV FRUUHFWHG
D FRQWDFW OHQV WKH LVRSWHUY ZHUH FRQVWULFWHG D
VSHFWDFOH OHQV ZLOO DEVRUE DQG UHIOHFW OLJKW DQ
DGPLWWHG WR WKH H\H EXW WKH FRQWUDVW WKUHVKROG

%LWHPSRUDO YLVXDO ILHOG ORVVHV SDUWLFXODUO\ VXSH
LQ P\RSLF LQGLYLGXDOV ZLWK VSHFLILF IXQGXV FKDQJHYV
6FKPLGW % HUU\ SLLVH 2G0ODQG *UDKDP
<RX@W DO +RZHYHU WKH ILHOG GHSUHVVLRQV GLG QRW
VRPH FDVHV WKH ILHOG ORVV FRXOG RQO\ EH GHPRQVWUL
SHULPHWHU 2FXODU I1XQGL RI WKHVH P\RSLF SDWLHQW
HFWDVLD GHSLIJPHQWDWLRQ ZLWK GRZQZDUG WLOWLQJ RI
LQIHULRU RU QDVDO VFOHUDO FUHVFHQW FRQXYV ,Q VRPI
ILUVW EHIRUH KHDGLQJ RIl WHPSRUDOO\ JLYLQJ WKH GLVF



VLWXV LQYHUVXV %URZQ DQG 7DVPDQ 6LWXV LQYH
LQIHULRU FRQXV DQG DQ LQIHULRUO\ WLWOHG GLVF LQIH
DQG WHPSRUDO RU DOWLWXGLQDO ILHOG ORVV G6HYHUDO
LQFOXGLQJ WLOWHG GLVF VIQGURPH QDVDO IXQGXV HFWD
DVVRFLDWLRQ RI VLWXV LQYHUVXV ZLWK D WLOWHG GLVF
IXQGXV WHPSRUDO YLVXDO ILHOG GHIHFWV PD\ FR H[LVW

QRW UHVSHFW WKH PLGOLQH DQG VKRXOG QRW EH FROQI>
FKLDVPDO OHVLRQV *UDKDP DQG :DNHILHOG %WURZQ

FDUHIXO IXQGDO H[DPLQDWLRQ LV QHFHVVDU\ LQ SDWLHQ\
)XQGXV HFWDVLD DSSHDUV DV D SDOHU UHJLRQ ZKLFK PL
DQG FKRURLG DQG WKXV |IHZHU SKRWRUHFHSWRUV 7KLV
ZKLFK GLVDSSHDU 6FKPLGW RU UHGXFH LQ VL]H 2GO
FRUUHFWLRQV DUH XVHG W LV ZHOO HVWDEOLVKHG WKD
UHODWLYH VFRWRPDV ,Q DGGLWLRQ WR WKH WHPSRUDO |
VFRWRPDV FRQFHQWULF FRQWUDFWLRQ DQG EDULQJ RI \
WLOWHG GLVFV ZLWK QDVDO RU LQIHULRU QDVDO FUHVFHQ

$XWRPDWHG SHULPHWULF LQYHVWLJDWLRQV

&KLKDUD DQG 6DZDGD LOQOYHVWLIDWHG WKH FHQWUDC
SHULPHWHU LQ D JURXS RI P\RSHV PHDQ DJH ¢ \ H

" WKH\ IRXQG WKH ILHOG VHQVLWLYLW\ DV PHDVXUHG
GHVFULEHG ODWHU WR EH DEQRUPDO LQ RI VXEMHFWYV
WKH PLG SHULSKHUDO SDUW RI WKH ILHOG +LJK SDVV UHYV
IURP WR ' DJHG \HDUV VKRZHG D VOLJKW LQFUHD
P\RSLD ZKLFK FRUUHODWHG VLJQLILFDQWO\ ZLWK WKH GH
EOLQG VSRW ODUWLQ %RJOLQG $ UHGXFWLRQ LQ Wk
DXWRPDWHG SHULPHWHU ZDV GHPRQVWUDWHG LQ VXEMF

" RlI P\RSLD DQG WLJURLG IXQGXV FKDQJHV RQO\ DV FR
JURXS +XDQJ DQG 7RNRUR 7KH XSSHU WHPSRUDO T
DITHFWHG WKDQ WKH RWKHU TXDGUDQWY LQ DJUHHPHQW .
GHVFULEHG DERYH 7KLV SUHIHUHQWLDO ORVV LQ WKH XS
HFwWDVLD DQG GHIJHQHUDWLRQ RI WKH UHWLQD ZKLFK WHC
DUHD

SDWLHQWYV ZLWK WLOWHG GLVF VIQGURPH DUH XVXDOO\ F
KDYH EHHQ UHSRUWHG XVLQJ WKHRWWREG XM SWKILP HWRXS 9
VXEMHFWY ZLWK D PHDQ DJH RI \HDUV UDQJH IURP
GHIHFW LQFUHDVHG DV WKH GHJUHH RI P\RSLD LQFUHDYV

SURQRXQFHG LQ WKH XSSHU WHPSRUDO TXDGUDQW



O\RSLDQGBODXFRPD
L, QWURGXFWLRQ

*ODXFRPD LV PRUH SUHYDOHQW LQ P\RSLF WKDQ LQ HPP]
PRUH RIWHQ LQ JODXFRPDWRXV SDWLHQWY WKDQ LQ WKH
7RPOLQVRQ DQG 3KLOOHM®N DO /HUDRWRQ DQG 7RPOLQVR
SDUWLFXODUO\ LQ VXEMHFWV ZLWK P\RSLIHWIDPQRUH WKE
3HUNLQV DQG 3HUNLQV DQG 3KHOSV UHYHDOH
ZLWK 32%$* WR EH P\RSLF ,Q WKH ODWWHU VWXG\ P\RSLD
K\SHUWHQVLYHV DQG LQ DJUHHW HIQOW +ZDNK W IEHUR/R X U D (
*HLMVVHQ DQG *UHYH LQ ORZ WHQVLRQ JODXFRPDV
SRSXODWLRQ :LOVRQ DQG FR ZRUNHUYV KRZHYHU
EHWZHHQ JODXFRPD DQG P\RSLD 7KLV PD\ KDYH UHVXOW
WKHLU VDPSOH ZKLFK ZDW WRWO VWDXWHEY WHOVREDW G L
EHWZHHQ VWXGLHV PD\ RFFXU ZKHQ GLIIHUHQW PHWKRG
ODVWURSDWTIXO H[DPLQHG 32$* SDWLHQWYV DJHG \
P\RSLD ZDV SUHVHQW LQ RI WKH JODXFRPDWRXV SDWL
PRUH WKDQ ' 7KH SUHYDOHQFH RI P\RSLD LQ MXYHQLOH
\HDUV ZDV IRXQG WR EHHW [EO® *RDGGE\Q E\ HRWXDI@
,Q WKH ODWWHU VWXG\ KDG PRUH WKDQ ' RI P\RS
RI MXYHQLOH RFXODU K\SHUWHQVLYHV WR EH P\RSLF ,Q
EODFNV ZLWK MXYHQLOH RSHQ DQJOH JODKMMRPIM LV KLIKH !

7RPOLQVRQ DQG 3KLOOLSNW DO DRGQ®WWIGH DYHUDJH LG
SUHVVXUH WR EH KLJKHU LQ P\RSHVY WKDQ LQ HPPHWURSH
D[LDO OHQJWK &DW\DORS®WARQVWUDWHG D VLJQLILFDQW
EHWZHHQ LQWUDRFXODU SUHVVXUH DQG UHIUDFWLYH HUL
HUURUV JUHDWHU WKDQ ' $ SRVLWLYH FRUUHODWLRQ EF
VKRZQ E\ &XUWLQ $V WKH D[LDO OHQJWK LQ P\RSF
PP WKH LQFLGHQFH RI 32%$* LQFUHDVHG IURP W R

IRXQG E\ /HLJKWRQ DQG 7RPOLQVRQ LQ D JURXS RI C
DOWKRXJK WKH DYHUDJH UHIUDFWLRQ IRU WKH VDPSOH :
&ULFN GLG QRW HOXFLGDWH DQ\ UHODWLRQVKLS E
UHIUDFWLRQ EXW IRXQG WKDW P\RSLD ZDV D VLJQLILFDQ
7KH\ GHWHUPLQHG WKDW P\RSHV RI PRUH WKDQ ' ZHUH

OHVV WKDQ ' WLPHV PRUH OLNHO\ WR GHYHORS JODXFR

7TRPOLQVRQ DQG 3KLOOLSV FRQFOXGHG LQ DJUHHEF
LPSUHVVLRQ WKDW P\RSHV WHQG WR KDYH ODUJHU FXSYV



WIJHVWHG WKDW WKH DEVROXWH DUHD RI WKH RSWLF G
H\HEDOO ZKHUHDV WKH YROXPH RI QHUYH ILEUHV FRQJUH
FRQVWDQW +RZHYHU WKH FRUUHODWLRQ FRHIILFLHQW

OHQJWK ZDV RQO\ LQ WKHLU VWXG\ 1DNDVH E
QHXURUHWLQDO ULP LV D GLDJQRVWLF IHDWXUH WKDW V|
FXSV EHFDXVH QRWFKLQJ LV D UDUH RFFXUUHQFH LQ KH
P\RSLD PD\ DSSHDU OHVV SLQN DQG KDYH DQ REOLTXH LQ
RI FXSSLQJ %URZQ DQG 7DVPDQ 7KLV LV IXUWKHU
DOWHULRU SRVLWLRQ RI WKH FULEULIRUP SODWH LQ P\RES
WKLV OLPLWYV WKH DPRXQW RI HI[FDYDWLRQ RI WKH RSW|
GDPDJH 7KXV LQ P\RSHV ZLWK JODXFRPD WKH FXS PD\ |
DOQDWRPLFDO YDULDWLRQ 6FOHUDO DQG FKRURLGDO FUHYV
WHQG WR EH PRUH FRPPRQ ODUJHU DQG PRUH REYLRXYV |
LQGLYLGXDOV +D\UHK :LOHQVN\ DQG .RONHU $
$QGHUVRQ DQG WKLV IXUWKHU FRPSOLFDWHV WKH

SUHVHQW KDV EHHQ UHSRUWHG WR FRUUHVSRQG ZLWK °
FXSSLQJ H[FDYDWLRQ DQG ZLWK WKH ORFDOLVHG ILHOG O
WKH QHUYH ILEUH EXQGOHV $QGHUVRQ +HLMO DQG
SHULSDSLOODU\ DWURSK\ VLJQLILHVY D UHJLRQ RI WKH RSW
VXVFHSWLEOH WR GDPDJH IURP DQ HOHYDWHG LQWUDRFXC

7KH IROORZLQJ UHDVRQV KDYH EHHQ SURSRVHG IRU WK
JODXFRPD

¥ D UDLVHG LQWUDRFXODU SUHVVXUH PD\ FDXVH D[LDO
-HQVHQ DOWKRXJK WKLV LV XQOLNHO\ LQ WKH
T DQDWRPLFDO GLIIHUHQFHVY LQ JHQHUDO WKH FXS GLV
HQODUJHG FXS PD\ SUHGLVSRVH PRUH QHUYH ILEUHV °
OHYHO RI LQWUDRFXODU SUHVVXUH 7RPOLQVRQ DQG 3K
¥ IOXRUHVFHLQ DQJLRJUDSKLF VWXGLHYV KDYH VXJJHVWE
P\RSLD $pPDWUILG $HWLVRY DQG 6DYLWVND\D ZKLF
FLUFXODWLRQ WR WKH RSWLF GLVF WR EH PRUH VXVFl!
SUHVVXUH
T LW KDV EHHQ VKRZQ WKDW P\RSHV DUH PRUH OLNHO\ V
HPPHWURSHYVY RU K\SIMUPR®H VWV KIRGWRVWIIJHVWY WKDW WKHL
JO\FRVDPLQRJO\FDQV PD\ EH DEQRUPDO *O\FRVDPLQR
HIWUDFHOOXODU VSDFHV RI WKH WUDEHFXODU PHVKZRLU
WKH RXWIORZ RI DTHXRXYV



ODQXDO SHULPHWULF LQYHVWLIJDWLRQV

S5HHG VWDWHG WKDW ILHOG ORVV LQ P\RSLD PD\ PLF
3KHOSV GHPRQVWUDWHG WKDW WKH SUHVHQFH RI P!
32$* SDWLHQWYV WR YLVXDO ILHOG ORVV DV FRPSDUHG Z
+RZHYHU P\RSHV ZLWK RFXODU K\SHUWHQVLRQ DUH PRU
GDPDJH WKDQ QRQ P\RSLF H\HV ZLWK HTXDO LQWUDRFXOI
RQFH WKH RFXODU WHQVLRQ ZzDV UHGXFHG E\ WUHDWPHQ
GHYHORSLQJ JODXFRPDWRXV YLVXDO ILHOG ORVV ,Q FRQV
GHIHFWV LQ KLJK P\RSHV ZLWK 32%$* WR SURJUHVV PRUH
P\RSLD DQG WKH GHIHFWV H[WHQGHG LQWR WKH PDFXODU

*UHYH DQG )XUXQR IRXQG LQ D JURXS RI P\RSL
IROORZLQJ YLVXDO ILHOG GHIHFWYV XVLQJ PDQXDO NLQHWL

f HQODUJHPHQW RI WKH EOLQG VSRW RI VXEMHFWYV

f VXSHULRU WHPSRUDO UHIUDFWLRQ GHIHFWYV RI VX

$+ LUUHJXODU VFRWRPDV ZKLFK SDUDOOHO DUHDV RI FK
JLYHQ

+ W\SLFDO QHUYH ILEUH EXQGOH GHIHFWV QDVDO ZHGJ
SHUFHQWDJH QRW JLYHQ
+ DW\SLFDO QHUYH ILEUH EXQGOH GHIHFWV
VHFWRU VKDSHG WHPSRUDO GHIHFWV H[WHQGLQJ IUR
HLWKHU UHVSHFWLQJ WKH KRUL]JRQWDO PHULGLDQ R
PHULGLDQ RI VXEMHFWV
FHQWURFDHFDO GHIHFWV UHVSHFWLQJ WKH KRUL]JRQV

7KH P\RSHV ZHUH GLYLGHG LQWR WKUHH JURXSV DFFRUGLC
" FROQVWLWXWHG JURXS H\HV " WR " JURXS

"' JURXS H\HV $V WKH GHJUHH RI P\RSLD LQFUHDVI
QHUYH ILEUH EXQGOH ILHOG GHIHFWYVY LQFUHDVHG EHLQJ
DQG (QODUJHPHQW RI WKH EOLQG VSRW DQG VXSHULRU
LQ IUHTXHQF\ ZLWK WKH GHJUHH RI P\RSLD 2EOLTXH RU W
RFFXUUHG PRUH IUHTXHQWO\ LQ H\HV ZLWK DW\SLFDO ILHO

7KHVH DW\SLFDO QHUYH ILEUH EXQGOH ILHOG GHIHFWYV RFF
JODXFRPD JURXS ,Q QRQ P\RSLF JODXFRPD ZKHUH W\SL
EXQGOH GHIHFWY DUH WKH QDVDO ZHGJH DUFXDWH DQG
RFFXU DW D ODWHU VWDJH LQ WKH GLVHDVH SURFHVV 1R
RQ WKHVH DW\SLFDO QHUYH ILEUH EXQGOH ILHOG GHIHFWYV



ILEUH GHIHFWVY PD\ EH UHODWHG WR WKH HFWDVLD LQ WKl
LQ VHFWLRQ 7KH FHQWURFDHFDO GHIHFW PD\ EH GX
P\RSLF FUHVFHQW WRZDUGV WKH IRYHD

W LV LOWHUHVWLQJ WKDW &KLKDUD DQG 6DZDGD IR
ILEUH OD\HU GHIHFWV DV H[DPLQHG E\ IXQGXV SKRWRJUI

' ZLWK 32%* WR EH JUHDWHU WKDQ LQ ERWK D JURXS R
D JURXS RI QRUPDO P\RSHV UDQJLQJ IURP WR " T7TKH
GHIHFWV ZHUH

¥ LQIHULRU GRPLQDQW GHIHFWYV WKH LQIHULRU UHWLQL
GHIHFWLYH WKDQ WKH VXSHULRU UHJLRQ LQ WKH P\RSLF
WR HLWKHU HFWDVLD RI WKH LQIHULRU IXQGXV RU K\SRS
¥ HFWRSLF DQG PXOWLSOH IRFDO GHIHFWYV HVSHFLDOO\

REOLTXH

7THQ RXW RI KHDOWK\ P\RSLF H\HV H[KLELWHG D WKLQ QF
DUHD )RFDO QHUYH ILEUH OD\HU GHIHFWV ZHUH QRW REV

DQG 6DZDGD

7KH DERYH OLWHUDWXUH VWURQJO\ VXJJHVWV WKDW P\RS
DILTHFW WKH GLITHUHQWLDO OLJKW VHQVLWLYLW\ RI WKH YL
YLVXDO ILHOG PD\ KHOS LQ ORQJ WHUP IROORZ XS DQG

LQFOXGLQJ JODXFRPD FDXVLQJ YLVXDO ILHOG DEQRUPDOL
LQYHVWLIDWHG WKH P\RSLF ILHOG ZLWK DXWRPDWHG VWD
WKH +XPSKUH\ )LHOG $QDO\]HU 7KLV LV SDUWLFXODUO\ L
EHFRPLQJ WKH VWDQGDUG PHWKRG RI YLVXDO ILHOG H[DPL
RI W\SLFDO WKUHVKROG YDOXHYVY DQG OLNHO\ ILHOG GHIHF\
ZRXOG EH LQYDOXDEOH $GYLFH VKRXOG EH PDGH DY
RSKWKDOPRORJLVWY RQ HIIHFWLYH VFUHHQLQJ RI P\RSLF

RSHQ DQJOH JODXFRPD

7KLY UHVHDUFK ZLOO QRW LQYHVWLJDWH IXUWKHU WKH
EHWZHHQ JODXFRPD DQG P\RSLD EXW LQIRUPDWLRQ UHJD
P\RSLD DQG H[SHFWHG YLVXDO ILHOG VHQVLWLYLW\ LV SUR



&+$37(5
SDWLRQDOH IRU WKH UHVHD

PV

7KLV UHVHDUFK ZDV LQVWLIJDWHG IROORZLQJ D SLORW V
ZKLFK LQYHVWLIJDWHG WKH FHQWUDO f RI WKH YLVXDO
JURXS RI VHYHQ \RXQJ P\RSLF VXEMHFWYV 5HVXOWYV VKRZ
DQG DQ HQODUJHPHQW RI WKH EOLQG VSRW LQ P\RSHV ZI
7KH UHJLRQ RI WKH YLVXDO ILHOG VKRZLQJ FRQVWULFWL]|
P\RSLF FUHVFHQW

, W LV ZHOO HVWDEOLVKHG WKDW IRFDO DUHDV RI FKRULI
GHIJHQHUDWLRQ VLWXDWHG SHULSKHUDO WR WKH GLVF D
ILHOG GHIHFWYV ZKLFK FRUUHVSRQG ZLWK WKH IXQGXV FKEC
LV QRW WKH LQWHQWLRQ RI WKLV UHVHDUFK WR FRUUHOLI
GHIJHQHUDWLRQ ZLWK WKHLU FRUUHVSRQGLQJ GHIHFW LQ

7KH DLP LV WR HVWDEOLVK W\SLFDO YDOXHV IRU WKH GLII
ILHOG DV GHWHUPLQHG E\ DXWRPDWHG VWDWLF SHULPHYV
RYHU D ZLGH UDQJH RI P\RSLD &RPSDULVRQV ZLOO EH PD
HPPHWURSLF H\HV 7KH H[WHQW RI SHULSDSLOODU\ P\RSL
P\RSLF VXEMHFWYV ZLOO EH GLYLGHG LQWR JURXSV GHS|
SRVWHULRU SROH DQG UHODWLYH VL]H RI WKHVH SHULSDES
HYDOXDWH WKH IROORZLQJ

GRHVY WKH GHJUHH RI P\RSLD LQIOXHQFH WKH VHQVLWL
f LV D[LDO OHQJWK UHODWHG WR WKH VHQVLWLYLW\ RI W
f W\SLFDO QRUPDO YDOXHV IRU RSWLF GLVF DUHD QH:
SHULSDSLOODU\ FUHVFHQW DUHD RYHU D ZLGH UDQJH R
¥ LV WKH VL]H RI WKH RSWLF GLVF RSWLF FXS QHXURI
UHODWHG WR
L D[LDO OHQJWK &KDSWHU
LL UHIUDFWLYH HUURU &KDSWHU "
T KRZ LV WKH VL]H RI WKH RSWLF GLVF DQG DQ\ P\RSLF
EOLQG VSRW &KDSWHU

+

<RXQJ KHDOWK\ LQGLYLGXDOV ZLWKRXW DQ\ RFXODU SDW
IURP WKH DFDGHPLF DQG XQGHUJUDGXDWH SRSXODWLRQV



WH P\RSLF SDWLHQWYVY ZHUH REWDLQHG IURP WKH &RQWDF
+RVSLWDO O\RSLF VXEMHFWYV ZLWK W\SLFDO P\RSLF 1XQ(
VXUURXQGLQJ WKH RSWLF GLVF ZHUH LQFOXGHG ©6XEMFE
SHULSDSLOODU\ FUHVFHQWY RU VOLJKW SDOORU DW WKH ¢

DPDODRRWHW[SHU LPHQW D ©

$W WKH FRPPHQFHPHQW RI WKLV UHVHDUFK LW EHFDPH
QHHGHG WR EH LQYHVWLIJDWHG DQG FRQVROLGDWHG LQWR

tf WKH RSWLPDO LQYHVWLIJDWLRQ VWUDWHI\ IRU D QHZ X
+XPSKUH\ 8OWUDVRQLF ELRPHWHU 7KLY LQVWUXPH
DQWHULRU FKDPEHU GHSWK OHQV WKLFNQHVV DQG D]
UHSHDWDELOLW\ ZDV DOVR DVVHVVHG &KDSWHU

f WKH H[WHQW RI SV\FKRSK\VLFDO OHDUQLQJ ZLWK VWI
UHSRUWYV RQ OHDUQLQJ DUH GLVFXVVHG LQ &KDSWHU
LQYROYHG WKH H[DPLQDWLRQ RI ERWK H\HV XVXDOO\
EHWZHHQ LQYHVWLJDWRUV DV WR WKH GHJUHH LI DQ\
SURMHFW RQO\ RQH H\H IURP HDFK VXEMHFW VHOHFW|
HQVXUH LQGHSHQGHQFH RI UHVXOWY IRU HDFK H\H WHYV)
WR SURYLGH W\SLFDO YDOXHV IRU WKH GLITHUHQWLDO O
DSSURSULDWH WR H[DPLQH WKH YLVXDO ILHOGV ZLWK D
DIIRUGHG E\ D VLQJOH VWDQGDUG FHQWUDO YLVXDO ILH
FRPELQLQJ WZR VHSDUDWH SURJUDPVY RQ WKH DXWRPDW
HIWHQW RI SVI\FKRSK\VLFDO OHDUQLQJ PD\ EH GLIIHUHQ
ZLWK WZR SURJUDPV ZLWKLQ RQH YLVLW 7KHUHIRUH
LQYHVWLIDWHG LQ D JURXS RI QRUPDO HPPHWURSLF VXI
HDFK RI WKUHH VHSDUDWH YLVLWYV &KDSWHU

tf WKH H[DFW FDOFXODWLRQ RI WKH WUXH VL]H RI D IXQG
SUHFLVH NQRZOHGJH RI WKH RSWLFDO FRPSRQHQWYV R
WKH PDJQLILFDWLRQ RI WKH IXQGXV LPDJLQJ VA\VWHP HP:
WR PHDVXUH DOO RI WKH RSWLFDO FRPSRQHQWYV RI WKH
PXVW EH PDGH DV WR LWV RSWLFDO FRQILIJXUDWLRQ ,Q
WHFKQLTXH LV GHVFULEHG LQ ZKLFK D VFKHPDWLF H\H F
FRPSXWH LWV LQIOXHQFH RQ WKH LPDJH VL]H RI1 D
PDJQLILFDWLRQ LI QRW DOUHDG\ NQRZQ FDQ EH H[SOR
H\H &KDSWHU VHFWLRQ



7KH PDLQ DLPV RI WKLY UHVHDUFK KDYH EHHQ RXWOLQHG
WKH UHVXOWY IURP DXWRPDWHG SHULPHWU\ LQ HPPHWUR
UHIUDFWLYH HUURUYVY ,Q WKH VDPH VXEMHFWY WKH DUHD
ULP DQG SHULSDSLOODU\ FUHVFHQWY DUH LQYHVWLJDWHG
PHDVXUHG E\ DXWRPDWHG SHULPHWU\ DQG LWV UHODWLTF
SHULSDSLOODU\ FUHVFHQW LV VWXGLHG LQ &KDSWHU



&+$37(5
$XWRPDWHG SHULPHWU\

QWURGXFWLRQ

7KH GHYHORSPHQW RI DXWRPDWHG SHULPHWU\ KDV PDGF
YLVXDO ILHOG ZLWK D SUHFLVLRQ DQG FRQVLVWHQF\ JUH
PDQXDO SHULPHWU\ 2QH RI WKH RULJLQDO EHQHILWYV HQ°®
WKH LPSURYHG GHWHFWLRQ RI SURJUHVVLYH YLVXDO ILHC
HISHULHQFH ZLWK DXWRPDWHG SHULPHWU\ KDV JURZQ LW
JHQHUDO DJUHHPHQW DV WR ZKDW FRQVWLWXWHV SURJ
SDWLHQWY DQG WKHUH LV QR GHILQLWLYH GLIITHUHQWLDMW
ILHOGYV

7KH JHQHUDO FRQVHQVXV LV WKDW ILHOG GHIHFWV FDQ
SHULPHWU\ DV FRPSDUHG ZLWK WUDGLWLRQDO PDQXDO

.RHPHW DO %HHW DCE oL®WVDO 3RVVLEOH H[SODQDWLR
VKRUWHU VWLPXOXV H[SRVXUHV DQG WKH UDQGRP QDWXlL
WKH SDWLHQW GRHV QRW EHQHILW IURP GLUHFWLQJ WKHL
DV WKH\ ZRXOG ZLWK PDQXDO SHULPHWU\ +ROPLQ DQG .U
EH PRUH HIWHQVLYH ZLWK D VKRUWHU VWLPXOXV H[SRVXU

X\WLRORJLBPW RWIVHFWYRQUXDIOHOHE DO XDW LR Q

JLIDWLRQ DQG H\H PRYHPHQWYV

(\H PRYHPHQWY OLPLW WKH DFFXUDF\ RI WKH YLVXDO ILHC

H\H PRYHPHQWY YROXQWDU\ DQG LQYROXQWDU\ 7KHUH O

VORZ GULIW DQG PLFURVDFFDGH *UHYH 7TDWH DQG /\

ZKHUHE\ WKH VWLPXOXV ORFDWLRQ LV DGMXVWHG WR F

+RZHYHU ODUJH H\H PRYHPHQWYV OLPLW LWV DSSOLFDWL!

VSRW KDV EHHQ LQWURGXFHG WR JLYH D PHDVXUH RI VW
E

2SWLFDO GHIRFXV

$ GHIRFXVHG UHWLQDO LPDJH RI D WHVW VSRW ZLOO FDX
GHFUHDVH LQ WKH OLJKW LQWHQVLW\ RI WKH VWLPXOXV



GHSHQGV XSRQ WKH UHWLQDO UHJLRQ EHLQJ VWLPXODW!]
FHQWUDO f DUH PDUNHGO\ DIIHFWHG E\ EOXU XVLQJ VWI
6O0RDQ QRWHG D FKDQJH LQ WKUHVKROGV IRU \
*ROGPDQQ SHULPHWHU EXW ZLWK ODUJHU VWLPXOXV VL]
VHHQ %HQHGHWWR DQG &\UOLQ GHPRQVWUDWHG XVl
.., VWLPXOXV WKDW LQGXFHG EOXU RI“ ' KDG QR HIIHFW
RI EOXU RU PRUH WKHUH ZDV D UDSLG ORVV RI FHQWUDO
SURGXFHG ' DQG ' RI EOXU XVLQJ WKH VDPH VWLPXOX
UHGXFWLRQ LQ VHQVLWLYLW\ SHU ORFDWLRQ IRU WKH FHQ
UHIUDFWLYH HUURU 7KLV LV FORVH WR WKH YDOXH RI
HFFHQWULFLW\ RXW WR HWFDOFRORWHMWEH+HXHRHULGLD
2WKHUV KDYH IRXQG WKH HIIHFWV Rl GHIRFXV WR EH JUI
J)DQNKDXVHU DQG (QRFK %HQHGHWWR DQG &\UOLQ
WKH DYHUDJH UHWLQDO VHQVLWLYLW\ SURILOH IRU D VHUI
$ VWHHSHU SURILOH UHVXOWHG IRU D PP SXSLO WKDQ IRL
SXSLO VL]HV D OLQHDU GHFUHDVH LQ WKH IRYHDO VHQVLYV

ZLWK LQFUHDVLQJ EOXU IURP WR ' 7KH UDWH RI GHFOI
*ROGVWLFN DQG :HLQUHE IRXQG WKH PHDQ VHQVLWL
ZLWK WKH 2FWRSXV SHULPHWHU WR GHFOLQH ZLWK "' DQ

LQGXFHG XVLQJ VRIW FREWDF® DGV MXEMHRMOWEZG UH WHV
+)$ RXW WR DQ HFFHQWULFLW\ RI f 7KH\ IRXQG WKH P
WKUHVKROGV ZLWK SRVLWLYH OHQVHV WR EH G% SHU
GLRSWUH ZLWK QHJDWLYH OHQVHYV

7KH HIIHFW RI EOXU RQ SHULPHWULF WKUHVKROGV EH\RQ!

$XOKRUQ DQG +DUPV 7KLV PD\ EH GXH WR WKH ID
LPDJH LV EOXUUHG DQG GLVWRUWHG E\ WKH REOLTXH SDV
PHGLD 7R VRPH H[WHQW WKLV LV FRXQWHUEDODQFHG E\
SHULSKHUDOO\

S5HIUDFWLYH FRUUHFWLRQ RI WKH FHQWUDO DQG SDUDFHQ
UHIUDFWLRQ VFRWRPDV G6FKPLGW J)DOQNKDXVHU 2 (
PD\ EH LQWURGXFHG XQNQRZLQJO\ E\ SK\VLRORJLFDO IDF'
VSDVP RU IDWLJXH ZKLFK DUH PRUH OLNHO\ LQ WK H ORX Q.

E VKRZHG WKDW DFFRPPRGDWLYH PLFURIOXFWXDWLRC(
VKRUW WHUP IOXFWXDWLRQ LQ SHULPHWULF VHQVLWLYLW\
DUWHIDFWYV GXH WR WKH HGJHV RI WKH OHQVHV $SSURJL
UHIOHFWLRQ DW HDFK DLU JODVV LQWHUIDFH D SUREOHP |



3XSLO VL]H

7KH SXSLO FRQWUROV WKH DPRXQW RI OLIJKW HQWHULQJ V
LPSURYH RU GHJUDGH UHWLQDO LPDJH TXDOLW\ 6XEMHFW
RQO\ DERXW RI WKDW RI FHQWUDO UD\V GXH WR WKH
FRQHY O6WLOHV DQG &UDZIRUG 7KLV LV WR VRPH HJ
FDSDFLW\ IRU VSDWLDO VXPPDWLRQ RI WKH SHULSKHUDC
'"HFUHDVLQJ WKH SXSLO VLIH UHGXFHV WKH UHWLQDO LOO
WR WKH VTXDUH RI WKH GLDPHWHU RI WKH SXSLO RU LWV

7KH LPDJH TXDOLW\ RI DQ\ RSWLFDO V\VWHP UHIOHFWV W
GLITUDFWLRQ 7KH IRUPHU PD\ LPSURYH RU GHJUDGH LPDJ
GHJUDGH WKH LPDJH S5HIUDFWLYH GHJUDGDWLRQV VXFK
ZRUVH ZLWK ODUJHU SXSLOV WKH UHYHUVH LV WUXH IRU
GLDPHWHU UHGXFHV WR PP WKH LPDJH LPSURYHV DQ\ I
HITHFW EHFRPHY VLIQLILFDQW &DPSEHOO DQG *XELVFK

EHORZ PP WKH FRPELQDWLRQ RI GHFUHDVHG UHVROYLQ
DGDSWLYH VWDWH RI WKH UHWLQD DQG WKH SRWHQWLD
FDQ PDUNHGO\ DOWHU WKH YLVXDO ILHOG 1RUPDO YDULCL
LQIOXHQFH WKH SHULPHWULF SURILOH %HGZHOO DQG 'D)
DQG 3KHOSV 7KLV LV VXSSRUWHG E\ WKH IDFW WKH +
UHWLQDO VHQVLWLYLW\ SURILOH IRU WKH FHQWUDO f WR

3KDUPDFRORJLFDOO\ LQGXFHG PLRVLV KDV EHHQ IRXQG
VHQVLWLYLW\ Rl WKH FHQWUDO ILHOG E\ ORJ XQLWV ZL
'DYLHV OF&BOWVBIK\ DQG E\ ORJ XQLWV ZLWK VWI
SHULPHWU\ )DQNKDXVHU OHDQ GHYLDWLRQ 0' D YL
GHWHULRUDWHG E\ G% LQ QRUPDO VXEMHFWV DIWH
JLQGHQRWWEKO OLNHG®BHWIO UHSRUWHG WKDW D UHGXFV
SXSLO GLDPHWHU LQGXFHG E\ WK\PR[LPLQH SURGX
FKDQJH LQ WKH YLVXDO ILHOG LQGLFHV +RZHYHU D KLJK
IRXQG EHWZHHQ WKH SURSRUWLRQDWH FKDQJH LOIWXSLO
DO D YDULHG WKH SXSLOODU\ GLDPHWHU XVLQJ ERW
SKHQ\OHSKULQH $Q LQFUHDVH LQ UHWLQDO VHQVLWLYLW\
WKLV HIITHFW ZDV PRUH SURQRXQFHG SHULSKHUDOO\ WKX!
W ZDV VXJJHVWHG WKDW WKH JUHDWHU FDSDFLW\ IRU V
FRXOG SUHIHUHQWLDOO\ XWLOLVH WKH LQFUHDVHG LQWU!
SXSLOV DQG WKXV LQFUHDVH SHULSKHUDO VHQVLWLYLW\
VXEMHFWYV ZDV GHPRQVWUDWHG DIWHU LQVWWODDWLRQ R
7KLV ZDV EHOLHYHG WR EH FDXVHG E\ FKURPDWLF DQG \



GHVFULEHG D FDVH LQ ZKLFK D SXSLO FKDQJH IURP WZR
LQIOXHQFH RQ WKH OHYHO RI WKH VHQVLWLYLW\ FXUYH X'
HW DO GHPRQVWUDWHG DQ LPSURYHPHQW LQ WKH WKU
SDWLHQWY UHFHLYLQJ PLRWLF WKHUDS\ DIWHU LQVWLOO

OHGLD RSDFLWLHYV

2SDFLWLHYVY GHJUDGH WKH LPDJH LQ WZR ZD\V RQH LV E\ C
E\ LQFUHDVLQJ WKH DPRXQW RI OLJKW VFDWWHU &DWD!
JHQHUDOLVHG UHGXFWLRQ LQ WKH VHQVLWLYLW\ RI PDQX
EHLQJ PRUH DIIHFWHG *UHYH SDGLXV SRLQW
*ROGPDQQ LVRSWHU FRXOG EH DIIHFWHG E\ WULYLDO RSD!
XQDIIHFWHG , QWUDRFXODU OLJKW VFDWWHU FDXVHV D
DXWRPDWHG SHULPHWU\ HVSHFLDOO\ DW ORZHU EDFNJUR
DQG 5DGLXV HW:DROE DQG F JRU WKH 2FWRSXV DXWRPL
PDJQLWXGH RI WKLY DWWHQXDWLRQ LQFUHBWHIGBOBY D IXQF

$JH

7KH VXSHULRU UHJLRQ RI WKH FHQWUDO YLVXDO ILHOG LV
WKH LQIHULRU ILHOG .DW] BI®GDERPHHFOLQH ZDWN DJH LV
E\ VRPH LQYHVWLIJDWRUV WR EH KRPRJHQRXV IRU WKH FH
%HELH *UHYH +RZHYHU RWKHUV KDYH GHPRQVYV
VWHHSHQLQJ RI WKH KLOO RI YLVLRQ ZLWK DJH ZKLFK LV
.DW] DQG 6RPPHUHW DOD+HHWODOMD DQG GHWDIDVMH DQG
PDQXDO SHULPHMMW\DQDQ@RKRHY GHWHULRUDWLRQ KDV EHHC
EHWZHHQ WR G %HG\H D@ H% WD@WRQ DQG 3KHOSYV
LQFUHDVH WR OG% GHFDGH DW f HFHEWQMDV@DF LUM\S RHWM G
PHDQ VHQVLWLYLW\ WR GHFOLQH E\ HW %D GH FKHORGZH LIQUQ R L
IRXQG WKH UDWH RI GHFOLQH LQ VHQVLWLYLW\ WR LQFUHEL
$Q DFFHOHUDWHG ORVV RI VHQVLWLYLW\ KDV EHHQ GHPRQ
R I \HDUV ZLWK D GHFOLQH LQ PHDQ VHQVLWLYLW\ RI
G% GHFDGH LQ VXEMHFWYV ROGM WD & KDDDH/W\HDDOJUY  9LYH
UHSRUWHG PHDQ VHQVLWLYLW\ RI WKH FHQWUDO [ ZLWK
DJH R \HDUV LQ QRUPDO VXEMHFWY DQG WKDW DERYF
GHFOLQHG E\ G% GHFDGH 7KH\ VKRZHG WKDW LQ WKH P
ZLWK DJH VWDUWHG EHWZHHQ WKH DJHW ®IO O6RWGFULHD® \
D PRUH SURQRXQFHG UHGXFWLRQ LQ WKH PHDQ VHQVLWL"
VPDOOHU VWLPXOL DUH XVHG EHLQJ DERXW OG% GHFDGFEH
IRU D VL]H 9 VWLPXOXV ,QFUHDVHG QHUYH ILEUH OD\HU G|



ZLWK DJH LQ QRUPDO WWEMG FDMWUW ERPRHYHG WR EH WKH FI
RI VHQVLWLYLW\ ,Q DGGLWLRQ WKHUH LV KLVWRSDWKRC

QHUYH DWURSK\ ZIHWWK ID(H %DOD]VL

(FFHQWULFLW\

5HWLQDO VHQVLWLYLW\ KDV EHHQ VKRZQ WR GHFOLQH ZL
$XOKRUQ DQG +DUPWW DORKQ@YFRXWRPDWHG HSWULPH\
DO DQG HRW @D O DQG D *ROGVWLFN DQG HHWLQUHE
DO )ODQBWDQO 7KH VHQVLWLYLW\ SURILOH KDV EHHQ
DXWRPDWHG SHULPHWU\ ZLWK OBWI HW VM OBBWORY VL]HV
)ODQIHW Q@O DQG ORZHU EDFNJURXQ G HW FDL@ D QIFFHUH D D ID@JID
WKH SXSLO VL]H KDV EHHQ VKRZQ WR UHGXFH WKH HIIHFW
'RRGW DOD )RU WKH FHQWUDO f WKH UHWLQDO VHQVLYV
G% GHJUHH RQ WKH 2FWRSXV E\ :HLQUHE DQG 3HUOPD
WKH FHQWUDO f RQ WKH +XPSKUH\ )LHOG $QDO\]HU +)$
G% GHJUHH )RU WKH FHQWUDO f %UHQWRQ DQG $UJX

WR GHFOLQH E\ G% GHJUHH XVLQJ WKH 2FWRSXV DQG
7KHVH DUH VLPLODU WR WKH YWD XHY U HRBWR UWMKHHG 2E\W RIS X
G% GHJUHH DQG G% GHJUHH IRU WKH +)$%$

JO XFW XD W QRKQWLYV X DLOH OG

W LV DFFHSWHG WKDW WKH PDLQ VRXUFH RI HUURU LQ
VHQVLWLYLW\ FRPHV IURP WKH VWDWLVWLFDO QDWXUH
OXPLQDQFH FDQ EH VWDWLVWLFDOO\ GHILQHG DV WKDW C
SUREDELOLW\ ,Q RUGHU WR UDLVH WKH SUREDELOLW\ RI
VWLPXOXV OXPLQDQFH KDV WR EH UDLVHG E\ D IDFWRU R
DQG %HELH 7KH DFFXUDF\ RI WKUHVKROGYV GHULYHG |
WKH URXWLQH LQ VWDWLF SURFHGXUHV PXVW QHFHVVD
VWLPXOXV WR EH GLIIHUHQWLDWHG IURP WKH EDFNJURX
OXPLQDQFH VL]H DQG GXUDWLRQ $XWRPDWHG SHULPHWU
SHULPHWULVW RQ WKH RXWFRPH RI WKH H[DPLQDWLRQ EX
ZLWK WKH GHWHUPLQDWLRQ RI DQ\ SV\FKRPHWULF IXQFW
KDYH EHHQ GLVFXVVHG ZLWK UHIHUHQFH WR PDQXDO SHUL
DQG /\QQ ZKLOVW WKH VWDWLVWLFDO QDWXUH RI1 WK
WR DXWRPDWHG SHULPHWHW @s@EK U) O D PH\# HIE QM 7KH
FOLQLFDO UHOHYDQFH RI WKHVH IOXFWXDWLRQV LV WKDW !
VLIQLILFDQFH RI GHSUHVVHG YLVXDO VHQVLWLYLWLHY W
GHIHFWY DQG IOXFWXDWLRQ



, QWUD VXEMHFW IOXFWXDWLRQV

, I WKH YLVXDO WKUHVKROG LV PHDVXUHG VHYHUDO WLPH
LGHQWLFDO 7KLV YDULDELOLW\ RI WKH WKUHVKROG KDV E
VKRUW WHUP DQG D VPDOOHU ORWJIDNMIBUPQRR ESR QKIRQWWW %
IOXFWXDWLRQ 6) LV WKH YDULDWLRQ ZLWKLQ D VLQJOH |
XQFHUWDLQ UHVSRQVHV IRU VWLPXOL QHDU WKUHVKROG

VHHLQJ FXUYH 7KH DPRXQW RI IOXFWXDWLRQ LV LQIOXH!
UHOLDELOLW\ DQG WKH VWUDWHJI\ HRAS ORDPHG E\ WKH LQVW

6) KDV EHHQ VKRZQ WR EH JUHDWHVW LQ WKH VXSHULRU
HFFHQWULFLW\ HVSHFLDOO\ IRU HWMF DOWIHGY RQHM EHAR Q C
‘DBI®W DO IRXQG 6) WR LQFUHDVH ZLWK HFFHQWULFLYV
$EQRUPDO ILHOGVY RU DEQRUPDO DUHDV RI WKH YHWXDO IL
DO JODPAMUDOD DQG E :HUQHU DQG 'UDMWHDO  6BWXL
IDQJHUKRWWOW 3LBW]DO +HHWODOF W LV QRZ DFFHSWHG
HDUO\ LQGLFDWLRQ RI YLVXDO ILHOG ORVV PD\ EH DQ LQF
D :HUQHU DQG 'UDQFHW M®EHUQHURYWLD® +HLMO
JODPRWUDOE +HMMOOF DQG :HEHU DQG 5DX FF
D VWURQJ DVVRFLDWLRQ EHWZHHQ WKH WKUHVKROG OHYF
ILHOGV ZLWK GDPDJH VKRXOG DOZD\V H[KLELW KLJKHU 10X
FRQWUDU\ WR RWKHU LQYHVWLJDWRUYV H¥R OPEQ EDQIEU LN
HW DD GLG QRW ILQG D UHODWLRQVKLS EHWZHHQ PHDQ
6) :HUBIMUDO GHPRQVWUDWHG 6) WR EH JUHDWHU IRU W
SDWLHQWYV ZLWK QRUPDO YLVXDO ILHOGV EXW HOHYDWHG
QRUPDO FRQWUROV 7KLVHDUHGN ZZWR XVBRP BUSURJUDP
HIWHQGHG f KRUL]JRQWDOO\ DQG f YHUWLFDOO\ IURP |
SXSLO VL]H H[FHSW LQ JODXFRPD SDWLHQWVY DQG VWLPX
VXVSHFWV ZDV IRXQG QRW WW DIOBFWQG6) E)OBPBHODWLR
EHWZHHQ 6) DQG WKH QXPEHU RI IDOVH SRVLWLYH DQG
UHSRUWHG HVO IDREHU: KLOVW D UHODWLRQVKLS ZDV UHYHDC
E\ $XW]HQ DQG :RUN WKLV LV DW YDWHWQBBDZLWK R
%UHQWRQ DQG 3KHOBW DCD)DQBPHUWMNMUQKWUIHOVRQ 4XLJJ
HW DO .DW] DQG 6RPPHU EHOLHYH 6) WR EH OHVV [
WHUP IOXFWXDWLRQ VHH EHORZ EXW WKDW ERWK LQFL
ORQJHU WKH WLPH LQWHUYDO EHWZHHQ WHVWV WKH PRU
 QFUHDVLQJ WKH EULJKWQHVV RI WKH ILHYWVDRXD WRGJIHW
GHFUHDVLQJ WKH EDFNJURXQG OXPLQDQFHMWVR ®PHVRSLF
&URVVHEWODO FDQ LQFUHDVH WKH YIHOX D @ B)Q Gk BHRMNHVUZ DO



DO E IRXQG WKDW EDFNJURXQG OXPLQDQFHV FRPPRC
SHULPHWHUV GR QRW LQIOXHQFH 6) VLJQLILFDQWO\ ,QF!
UHGXFHV 6) =XODX| DQG HWSWORGWLPXORPOAXUDWLRQ IUF

VHFRQGYV ZHUH IRXQG QRW WW DIOHFW 6) 3HQQHEDNHU

6) LV FDOFXODWHG DV WKH URRW PHDQ VTXDUH RI UHSHL
DQG LW KDV EHHQ IRXQG WR OLH ZLWKLQ RI WKH WUXFE
%HBEHLW D CE

6) U BBBBBBBBBBBBBBBB

5

ZKHUH
P QXPEHU RI ORFDWLRQV ZLWK PXOWLSOH GHWHUPLQDW

U SDUWLFXODU UHSHWLWLRQ RI D WKUHVKROG

5 WRWDO QXPEHU RI WKUHVKROG UHSHWLWLRQV DW D JlI
[LU PHDVXUHG WKUHVKROG DW ORFDWLRQ L DQG UHSHWLYV
[ PHDQ RI' 5 WKUHVKROGY DW ORFDWLRQ L

*HQHUDOO\ WKH WKUHVKROGY DUH RQO\ UHHWDW® G RQFH
GHPRQVWUDWHG DQ LQFUHDVH LQ WKH ORFDO 6) EXW QRW
UHSHWLWLRQV LV LQFUHDVHG IURP W R 7TKH\ FRQFOXGH
WKUHVKROG RQO\ WZLFH DW D JLYHQ ORFDWLRQ PD\ XC
O9DULDELOLW\ RI 6) KDV EHHQ VKRZQ WR GHFUHDVH DV WK
WKUHVKROGLQJ LQFWHDWOH ,&QDWKRQ +XPSKUH\ )LHOG $QD
FDOFXODWHG IURP GRXEOH WKUHVKROG GHWHUPLQDWLRQ
HFFHQWULFLWHW)ODQXEID¥XJIJHVWHG XVLQJ DOO WKH D
GHWHUPLQDWLRQV RI WKUHVKROG WR JLYH D EHWWHU HVW

$Q DOWHUQDWLYH GHWHUPLQDWLRQ IRU 6) ZDV SHRSRVHG
DO oLelow DO DQG GRHV QRW UHTXLUH UHSHDWHG WH
XWLOLVHG WR HVWLPDWH WKH YLVXDO ILHOG VXUIDFH DQG
HYWLPDWHG ILHOG ZHUH XVHG WR DVVHVV WKH YDULDQFH
: RIWKH URRW PHDQ VTXDUH FDOFXODWLRQ +RZHYHU
LW ZDV PRUH GLIILFXOW WR ILW D SRO\QRPLDO WR LW

/IRQJ WHUP IOXFWXDWLRQ /) LV DQ DGGLWLRQDO FRPSRQ
ZKHQ WHVWYV DUH SHUIRUPHGHRWKQ DXEIIHUMA QW GONMVWR HEKLMQ



WH SK\WWLRORJLFDO VWDWH RI WKH YLVXDO V\VWHP /RQ.
KRPRIJHQHRXY FRPSRQHQW LQ ZKLFK DOO WKH ORFDWLRC
XQLVRQ DQG D KHWHURJHQHRXV FRPSROQHQW ZKHUH WKH
WKH VDPH DPREKKWWD OB HEEQE )OHDWPBIO $ VWDWLVWLFDO UH
KDV EHHQ VKRZQ WR H[LVW EHWH2M HQOR ) DRHIW)LQO@DP P HU
/) KDV EHHQ UHSRUWHG WR

t+ EH KLJKHU LQ JODXFRMW SD® L j@QMPPIMUOIRARL DQG
JODXFRPD VXVSHHEWVD QRODPPHU
+ LQFUHDVH ZLWK HFFHQWULFRLW \DL®) /GRHWDD QLH®IGWO 3D
E +HHMODOD DQG G SDUWLFXODUO\ LQ WKH VXSH!
6RPPHU DQG JODXF RIRD DO OGI/HWH DNDO
+ WR LQFUHDVH ZLWK SURJUHW IDV® #HHHMD OGN \D Q:Gi U QH

% RHHW @ O

=XODHW DOD FDOFXODWHG /) GHILQHG DV WKH VWDWL
PHDVXUHPHQWY DW HDFK WHVW ORFDWLRQ WR LQFUHDYV
VHQVLWLYLW\ DQG E\ G»% IRU HDFK GHJUHH RI HFFHQW
JODXFRPD SDWLHQWYV ,QWHUHVWLQJO\ LQ WWXBQHV RI1 J
%RHIJIBWQDO WKH HIIHFW RI WHVW SRLQW ORFDWLRQ RQ
FRUUHFWLQJ IRU WKH GLIIHUHQFHYV LQ VHQVLWLYLW\ LQ
5XWLVKHDWVHO KRZHYHU GLG QRW ILQG /) WR LQFUHDVH

XQDIIHFWHG E\ VWLPXOXV GXUDWLRQV IURP WHRW  VHF
DO $FFRUGLQJ HWR DR H)ORYSHDUV WR EH XQUHODWHG
DQG 6RPPHU IRXQG D VLIJQLILFDQW HWFDOBVHD QG /) Z

‘HUQHW DO VKRZHG WKHVH LQWHUWHVW WKUHVKROG GLI
YDULDQFH RI PRUH WKDQ G% PD\ RFFXU DW D VLQJOH ORF
'LOHQVN\ DQG -RRQGHIIK DO DI®IGLEHWZHHQ RI ORFDW
GLIIHU E\ G% RU PRWB O. HOWBWUDO VXJIJHVWHG WKDW D
QHHGV WR GHWHULRUDWH E\ DW OHDVW G% WR FRQVWLYV

$ VXPPDU\ RI WKH PDJQLWXGH RI WKH PHDQ VKRUW DQG
VWXGLHVY RQ QRUPDO VXEMHFWYV LV JLYHQ LQ WDEOH

, QWHU VXEMHFW YDULDWLRAQ

,QWHU VXEMHFW YDULDELOLW)\ H[LVWV DQG KDV EHHQ GHP
%UHQWRQ DQG 3KHBWNV DO +HLO®D HWHDRD®D DQG G

5XWLVKDWVHO *XQGHMWHQO SDUWLFXODUO\ LQ WKH VXSHUL
6RPPHU &URWVEZBO®JIH %UHQWRQ DQG $UJIXV DQG



AVWXUEHG ILHOGV +ROPLQ DQGN.DHDNID X QG E)O:LPREW N\
-RRQGHSK HWDDOVMiZHW DO .DW] DQG 6RPPHU HW +RVDH
DO "HUBIMUDO ,W KDV EHHQ IRXQG WR EH RI WKH RUGI
HW DO DQG W\SLFDO YDOXHV OLH EHHW ZDHH QH[DPLR HG %N K E
YDULDELOLW\ ZLWKLQ WKH FHQWUDO f DQG IRXQG LW W
QRUPDO YLVXDO ILHOGV EXW HOHYDWHG LQWUDRFXODU
VXEMHFWY ,Q WKH VDPH VWXG\ QR UHODWLRQVKLS ZLW|
FHQWUDO f ,QWHU VXEMHFW YDULDEHOW W\OB HFUM® VIH V
ODUJH SURSRUWLRQ RI WKH LQWHU LQGLYLGXDO YDULDWL
+HLMW DOF DQG G ,I ILHOGV ZLWK JRRG UHOLDELOLW\
YDULDELOLW\ UHGDRFY «HUNMOVXEMHFW YDULDELOLW)\ GHF

VWLPXOL DUH XVHW DRQGHUVHQ

TDEOH6XPPDU\ RI WKH PHDQ VKRUW DQG ORQJ WHUP 10>

ILHOG IRXQG LQ VWXGLHY RQ QRUPDO VXEMHFWYV

,OYHVWLIJDWRUV3HULPHWIBUY( 1R RI 6) /) 1y +2 1) +(
\HDUV VXEMHFWG&% G % G % G %

% HEHW DO E 2FWRSXV

)ODPPHW DO D 2FWRSXV PHDQ B

5DELQHDX DO 2FWRSXV

%UHQWRQ $UJXW)S$

%UHQWRQ S$SUJXWVFWRSXV

% UHQWRQD O +)$

%UHQWRQ 3KHOSVYS$

.DW] 6RPPHU +)$

+HLM® DO F +)$ B

+HLM® DO G +)$

,ZDVHW DO +)$

/LQGHQPHWIKDO +)$

$XW]HQ CRUN 2FWRSXV B B

& URV V ZHHD ® O +)$

&KDXKEB® DO 2FWRSXV PHDQ ¥

)ODQDHMQ DO D +)$

6) VKRUW WHUP IOXFWXDWLRQ /) ORQJ WHUP IOXFWXDW

+ ( KHWHURJHQHRXV FRPSRQHQW

+)$ +XPSKUH\ )LHOG $



, QWHU RFXODU GLIITHUHQFHYV

%UHQMMR®O VXJIJHVWHG FRPSDULQJ D GLVHDVHG H\H ZL
7KH QRUPDO LQWHU RFXODU GLITHUHQFHYV UDQJHG IURP 2
GLITIHUHQFHVY RFFXUUHG PRUH IUHTXHQWO\ LQ WKH VXSHU
WKHVH GLIITHUHQFHVY LQFUHDVHG ZLWK HFFHQWULFLW\ 7Kl
WKH PHDQ VHQVLWLYLW\ RI WKH ILHOG VKRXOG RFFXU LQ
D G% GLIITHUHQFH VKRXOG RFFXU DW I[IHZHU WKKWQDO RI

E VWDWHG WKDW DV\PPHWU\ RI PRUH WKDQ G% LQ PF
VXVSLFLRXV RI HDUO\ GLVHDVH

/HDUQLQJ

W KDV EHHQ NQRZQ IRU VRPH WLPH WKDW WKHUH LV D
WHVWLQJ /RZ +DLGHU DQG 'L[RQ $XOKRUQ DQG
LQFUHDVH LQ VHQVLWLYLW\ Rl RQH ORJ XQLW IROORZLQJ
WKUHVKROG WHVWV LQ RQH GD\ 7KH SUHVHQFH RI D OH
DXWRPDWHG SHULPHWU\ LV ZHOO HVWDEOLVKHG *UHYH

'RRBW DO DQG LV LQGHSHQGHQW RIMVRIDV X B HHLFW \
XVXDOO\ GHPRQVWUDWHG DV DQ LPSURYHPHQW LQ WKH F
ERWK VKRUW DQG ORQJ WHUP IOXFWXDWLRQV &RQVHTXH
EH LQVXIILFLHQW DV D ODWHU UHGXFWLRQ LQ WKH ILHOG
OHDUQLQJ $ QXPEHU RI LQYHVWLIJDWRUV EHOLHYH PRVW |
SHUIRUPDQFH RI WKH ILUVW RU WHWRRQGD |LH®G QWY W\Q G)
-RRQGHSK HRVROQWHHMODOD +RZHYHU OHDUQLQJ K
VKRZQ WR FRQWLQXH EH\RQG WKH ILUVW WZR ILHOG WHV\
EDVHOLQH VHQVLWLYLW\HY\DOXB V+BHMW M &Y : LG D O
*XWWWHW JIHO .RVRIMRDO IDLOHG WR GHPRQVWUDWH D OHI
WKH +XPSKUH\ )LHOG $QDO\VHU +RZHYHU RQO\ WKH WHV!
ZHUH FRPSDUHG DV DQ LQGLFDWLRQ RI D OHDUQLQJ RU IL
DQ\ LPSURYHPHQW LQ VHQVLWLYLW\ WR EH FRXQWHUEDC
DVVRFLDWHG ZLWK D IDWLJXH HIIHFW UHVXOWLQJ IURP Wk
6RPPHU %BHMQWRQ %DXP DQG 6FKZDUW] GLG Ql
LPSURYHPHQW LQ WKH PHDQ WKUHVKROG YDOXHV IRU WKH
DQ 2FWRSXV SHULPHWHU

7KH OHDUQLQJ HIIHFW YDULHV ZLWK YLVXDO ILHOG WHVW C
HFFHQWULFLW\ SDUWLFXODUO\ EH\RQG f DQG LQ WKH \
QRUPDO VXEMHWWY/ODRRIBIW ® G- DQG E DQG JODXFRPD V



:LoBwW DO 7KLV PD\ DULVH IURP WKH SDWLHQW OHDUQLQ.
OLG $ FRQIRXQGLQJ IDFWRU LV WKDW WKH SHULSKHUDO
HQG RI WKH WHVWHWURODUDPQGLEHBN UMBID DQG E UHYHDOF
WUDQVIHU RI OHDUQLQJ IURP WKH ILUVW WR WKH VHFRC
VHQVLWLYLW\ RI WKH FHQWUDO ILHOG DQG WKH VXSHULRU
OHVV SURQRXQFHG LPSURYHPHQW RYHU WLPH DV FRPSDU
OHDUQLQJ ZDV GHPRQVWUDWHG DIWHHWD BsGDU LBGQGGRQ WQAHR
PRQWKY HWOBO ,QGHHG WKLV WUDQVIHU HIIHFW PD\ DOVI
UHVXOWLQJ IURP WKH OHQJWK RI WKH H[DPLQDWLRQ LWVF
DQG E HWLMOD DQGHWOBO VWDWH WKDW IROORZLQJ D
WKH SUHVHQFH RI D OHDUQLQJ HIIHFW DW ORQJ WHUP IR
WKH FOLQLFDO FRQWH[W

/HDUQLQJ HIIHFWV KDYH DOVR EHHQ GHPRQWMWWDWHG LQ J
$GHOMRQDO FOLQLFDOO\ VWDEOH JODXFRPD SDWLHQWV 1
UHWURVSHFWLYH VWXG\ RI JOW XIFr@ P D HSBRIWUWHMOVEY FQRRU
DJUHHPHQW ZLWW DIMPMRKXYG OLWWOH HYLGHQFH RI D OHD
JODXFRPD SDWLHQWY +RZHYHU LQ WKH IRUPHU VWXG\ D

6)

PWLIXH

,QFUHDVHG HIIRUW DQG WKH DWWHQWLRQDO GHPDQGV ¢
DGYHUVHO\ LQIOXHQFH WKH VHQVLWLYLW\ DQG UHOLDELOL
VWUDWHJILHY KDYH EHHQ GHYLVHG XQGHU WKH DVVXPSWL
UHVSRQVH HUURUV GR QRW YDU\ BWUDQD WEE HIDQMWOXWHR
DO $Q LQFUHDVH LQ WKH FRQWUDVW WKUHVKROG ZLl
GHPRQVWUDWHG IRU HWPDQXWHYJ H-UBKWRHULY OF PLQXWHYV
+HLMO D +HLMHBW @D UDQFHE HRWAIVER D QG PLQXWHYV
OLOKW DO +HLMO D HYWRKIDWROQRXQG PD[LPXP VHQVLWL)
DIWHU PLQXWHV RI WHVWLQJ WKH PDJQLWXGH RI ZKl
HFFHQWULFLW\ +RENMYBO FRKOQHDRW GHPRQVWUDWH D IL
WR KRXUV RI SURILOH DXWRPDWHG SHULPHWU\ LQ QR
VHVVLRQ RI XS WR RQH KRXU GRHV QRW VLJQLILFDQWO\ L¢
PLQXWH WHVW VKRXOG JLYH UHOLDEOH GDWD IURP D QRUI
WKHLU GDWD LQGLFDWHY D VPDOO DYHUDJH VHQVLWLYLW
FRQVLGHUDEOH LQGLYLGXDO GLIIHUHQFHV $OVR WKHLU \
\RXQJ QRUPDO LQGLYLGXDOV KDOI RI ZKRP ZHUH WUDLQH
ILQGLQJV DUH QRW QHFHVVDULO\ DW YDULDQFH ZLWK WK
D GLG QRW UHSRUW DQ\ VLJQLILFDQW GLIIHUHQFH LQ



YLVXDO ILHOG HFFHQWULFLW\ EXW WKLV VWXG\ RQ®\ H[W
DO E UHSRUWHG ORFDO IDWLJXH WR EH JUHDWHU WKE
GHSHQGHQF\HWWDRDUPIRXQG 6) WR LQFUHDVH ZLWK LQFUHI
SDWKRORJLFDO ILHOGV )DWLJXH HIIHFWV ZKLFK WHQG WR
ZKLFK DUH JUHDWHVW LQ RU DGMDFHQW WR UHODWLYH VI
+HLMO D +ROPLQ DQG .UDNDX +HLMBWO @® 'UDQF
IDQJHUKRW\DME DQG LQ FDVHV RI RSWLF QHXURSDWKLHV

7KLV PD\ H[SODLQ WR VRPH H[WHQW WKH HQKDQFHP
GHIHFWV ZLWK DXWRPDWHG SHULPHWU\ DV FRPHSWUBG ZL

7KHUH LV HYLGHQFH IRU LQWUD DQG H@QWBH O W.HNGW DIOWLJ:

+XGWHRM) DO &RPHEW DO :LB®& DO WHVWHG VXVSHFW J
SDWLHQWYVY QDLYH WR DXWRPDWHG SHULPHWU\ H[DPLQLQ
7KH OHIW H\HV GLG QRW VKRZ WKH LPSURYHPHQW LQ VHQ
GLG WKH ULJKW H\HV $W ORQJ WHUP IROORZ XS D VWDWL\
RI VWLPXOXV SUHVHQWDWLRQV 6) DQG D GHFUHDVH LQ W}t
RI WKH OHIW H\HV VHFRQG H\H WHVWHG ZMMWLR®HUSUHMW
$ FXVWRPLVHG SURJUDP FRQVLVWLQJ Rl SKDVHV HDFK
GHFOLQH LQ PHDQ VHQVLWLYLW\ DQG DQ LQFUHDVH LQ 6)
FRQWLQXHG IRU WKH UHPDLQLQJ WZR SKDVHV DQG ZDV |
WHVWHGHWHDODHDQG E HWPDQ KDYH DOVR VKRZQ EHW:?
IDWLIXH HIITHFWV

2SWLPPRQILJXUDRMWRHQOWR FDW LR QV

J)DOQNKDXVHU DQG %HELH FRQFOXGHG WKDW D JULG IR
WR SRLQWY DOLIJQHG DORQJ PHULGLDQV DQG WKDW DYHUD
VHSDUDWLRQ RI WUXH VFRWRPDWD IURP SVHXGRGHIHFWYV
SUREDELOLW\ RI LGHQWLI\LQJ f GHIHFWV XVLQJ D f JU
SUREDELOLW\ RI GHWHFWLRQ WKH GHIHFWV ZRXOG QHHG
GHWHFWLRQ SXUSRVHV D f JULG VSDFLQJ LV RSWLPDO

+HLMO JDOQNKDXVHU DQG %HELH SRLQWHC
SUREDELOLW\ RI WLQ\ VFRWRPDWD RI f UDGLXV RU OHVYV
FRQILIXUDWLRQ *UHYH GHPRQVWUDWHG WKDW WR G|
FHQWUDO ILHOG ZLWK D SUREDELOLW\ RI D WRWDO

+RZHYHU VLQFH WKH SXUSRVH RI WKH YLVXDO ILHOG H[DF
UHODWLYHO\ VKRUW WLPH D FRPSURPLVH PEKWWDBH HVWDE
GHPRQVWUDWHG WKDW D JULG UHVROXWLRQ RI f LV V
VFRWRPDWD RI WKH VL]H DQG GHSWK RI WKH SK\VLRORJLFI



DQG 'REHN XVLQJ WKH +)$ GHGXFHG WKH RSWLPDO
JODXFRPDWRXV ORVV WR EH f ZLWKLQ WKH FHQWUDO f
DQG [ IURP f WR f HFFHQWULFLW\ )RU GHWHFWLRQ S
f KDV EHHQ UHFRPPHQGHG )DQNKDXVHU DQG %HELH
DUH DQRWKHU DOWHUQDWLYH D KLJKHU UHVROXWLRQ LV
WKUHVKROGVHW DIEGI UDHL@N KW HDJOD DQG E 7KLY VDYHYV
FRPSDUHG ZLWK D ILQHU JULG RYHU WKH HQWLUH DUHD



"HVLJQ

&+$37(5

RI WKH +XPSKUH\ J)LHOG $

&R QVW U XFDWLRRMQFHSWV

7KH $OOHUJDOQ

+XPSKUH\ )LHOG $QDO\VHU +)$ LV DQ

SURMHFWLRQ SHULPHWHU SURYLGLQJ D FKRLFH RI WKUF
SURJUDPV +HLMO E 9LVXDO ILHOG WHVW UHVXOWYV FD

DV SULQWRXWYV

7KH VWLPXOXV LV SURMHFWHG RQ WR

%DFNJURXQG OXPLQDQFH LV IL[HG DW DVE FG P Zl

YDULHG RYHU D

ILOWHUV SOXV D

+)$ ZKLFK LV

ORJ XQLW UDQJH DVE WKURX
ILOWHU ZHGJH 7KH GHFLEHO G% LV WK

OG% ORJ /E $/

ZKHUH /E LV EDFNJURXQG OXPLQDQFH DQG $/ LV WKH OXP
DQG EDFNJURXQG :HEHU DQG 5DX '"HFLEHO YDOXHV LU
WKDQ WR VWLPXOXV LQWHQVLW\

TDEOH7THFKQLFDO VSHFLILFDWLRQV RI WKH +)$

6WLPXOXV VSHFRAH RWERQVHYWDWLR®QG UDQGRP

%DFNJURXQG

&RPSXWHU
,QSXW XQLW
2XWSXW XQLW
'LVF VA\VWHP

GXUDWLRQ VHFRQGYV
VRXUFH LQFDQGHVFHQW ODPS
LQWHQVLWLHYV DVE
LQWHQVLW\ UDQJHORJ XQLWYV
VL]H PP
FRORXUYV ZKLWH EOXH UHG JUHHQ
VXUIDFH VKDSHKHPLVSKHUH FP UDGLXV
OXPLQDQFH DVE

L QWHO SURFHVVRU

FDWKRGH UD\ WXEH OLJKW
,PSDFW SULQWHU &57
7ZR IORSS\ GLVF GULY'

JLIDWLRQ PRQLWRULQJ %OLQG VSRW WHOHVFRSH



6WLPXOXV SRVLWLRQLQJ LV DXWRPDWLFDOO\ FKHFNHG DQ((
(GJH GHWHFWRUV UHFKHFN FRUUHFW PLUURU SRVLWLRQ
SRVLWLRQV FRUUHVSRQGLQJ WR WKH YHUWLFDO DQG KRUI

&EXUUHQWO\ WKH XS DQG GRZQ VWDLUFDVH PHWKRG DV
WKH RSWLPDO WKUHVKROG WHVWLQJ VWUDWHJI\ &RUQVZE
D .UDNDX +HLMO +RVNLQV DQG OLJOLD]]R
OLJKW LQWHQVLW\ OHYHO GHVFHQGY DVFHQGV E\ G% XQ
VHHQ RU YLFH YHUVD DQG WKHQ DVFHQGY GHVFHQGV E\
VHHQ YDOXH LV UHFRUGHG DV WKUHVKROG 7KLV WHVWLQ
WKH H[SHULPHQWDO ZRUN UHSRUWHG LQ WKLV WKHVLYV

,QLWLDOO\ RQH SULPDU\ SRLQW L® HDORXGT XD«DUDHIW LV WH
7TKHVH IRXU SRLQWYV DUH XVHG DV VWDUWLQJ OHYHOV IRU
SRLQWYV ZKLFK DUH DVVXPHG WR GURS E\ G% IRU HDFK
VHFRQGDU\ SRLQWY DUH WKHQ XVHG DV VWDUWLQJ OHY!
QHLIJKERXULQJ SRLQWYV +HLMO E , | WKH PHDVXUHG W
WKDQ ORJ XQLWV IURP WKH H[SHFWHG YDOXH ZKLFK
QHLJKERXULQJ SRLQW WKH WKUHVKROG LV PHDVXUHG D.
ZKLFK KDV EHHQ IRXQG WR LPSURYH WKH VWDELOLW\ RI

D DQG E +HLMO DQG .UDNDX SUREDEO\ EHFDXVH W
IRU WKH SDWLHQW WR EHQHILW IURP GLUHFWLQJ WKHLU
SHULPHWU\

SHOL DELDD WD PHW H UV

$ SDWLHQW V UHVSRQVHYVY FDQ EH DIIHFWHG E\ IDFWRUV \
DJH DQG FR RSHUMWDRQ% YMHWRRO 7KH UHOLDELOLW)\ LQGI
DWWHPSW WR PHDVXUH WKH SDWLHQW V SHUIRUPDQFH

JLIDWLRQ RI WKH SDWLHQW LV PRQLWRUHG E\ UDQGRP V
VXSUDOLPLQDO VWLPXOXV WKH VL]H RI ZKLFK FDQ EH YDU
WHOHVFRSH HQDEOHV WKH SDWLHQW V H\H WR EH YLHZHG
SDWLHQW V SXSLO DW WKH FHQWUH RI WKH KHPLVSKHUH {
RI WKH SDWLHQW V EOLQG VSRW LV DVVXPHG WR EH LQ WK
VSRW LV QRW LQ LWV XVXDO SRVLWLRQ LW LV UH SORWWFE
VWLPXOXV SURMHFWHG LQWR WKH EOLQG VSRW D IL[DWL
GLVWLQFWLRQ LV QRW SRVVLEOH EHWZHHQ D ILIDWLRQ OR
)3 HUURU RFFXUV ZKHQ WKH SDWLHQW UHVSRQGV LQ WKH



UDQGRP LQWHUYDOV D VXSUDWKUHVKROG VWLPXOXV LV S
SDWLHQW IDLOV WR UHVSRQG WR WKLV VWLPXOXV D IDOVH
DUH IODJJHG DV XQUHOLDEOH LI )/ ! RU LI )3 RU )1 !

6HYHUDO VWXGLHV KDYH UHSRUWHG D ODUJHU WKDQ HJ:
UHOLDELOLW\ FULWHULD VHW E\ WKH +HW BDW ILPOW LRQGO R
6RPPHU HWVDO %LFNOHUWOD®WKRU WKH RWKHU WZR
LQGLFHVY UHSRUWY DUH YDULHG LQ WKLV UHJDUG S5HFHQW
FDQ EH VXEVWDQWLDOO\ UHGXFHG E\ SURSHU WUDLQLQJ

SHULPHWU\ BWQDEBUDRKQVRQ DQG 1HOVRQ 4XLJJ L C
VWXG\ RI QRUPDO VXEMHFWYV RFXODU K\SHUWHQVLYH DQG
ORVVHV WR EH WKH PDLQ VRXUFH RI XQUHOLDEOH ILHOGYV

,QYHVWLIJDWRUV KDYH GHPR®QVIOD G WE WM KON ).DWHDQG
6RPPHU HBWD O -RKQW QDO )3 -RKQWRDO DQG )/

+HLMO D DQG E HUURUV DUH PRUH FRPPRQ LQ JODXFI
7KLV PD\ EH GXH WR LQFUHDVHG YLVXDO IDWLJXHHMDG YD
DO JODPRWUDOD DQG E +RZHYHU WKH UDWHDVODRI )3 )C
+HLWW DCF DQG .DW] DQG 6RPPHU D Qi¢W 1D URDYH ) OD
DOVR EHHQ UHSRUWHG WR EH WKH VDPH LQ QRUPDOV DQG

&DVFMHWRODO FRPSDUHG WKH PHDQ GHYLDWLRQ GHILQHG
SHUIRUPHG D ILHOG WHVW WR WKH EHVW RI WKHLU FDSDEL
VXEMHFW PDNLQJ GHOLEHUDWH )3 )1 DQG )/ HUURUYV

LPSURYHPHQW LQ WKH WKUHVKROG OHYHO DQG WKUHVKRC
)1 HUURUV :KHQ WKH SUHYDOHQFH RI )/ DQG )3 ZDV P
WKH WKUHVKROG YDULDELOLW\ UHPDLQHG XQFKDQJHG ,Q
EH DVVRFLDWHG ZLWK DQ DSSDUHQW LQFUHDVH LQ ORFDOL
HITHFW .DW] DQG 6RPPHU ORUH GHSUHVVHG YLVXDO
JUHDWHU )3 UDMMW DOBDPEXW .DW] DQG 6RPPHU GHPHF
QRUPDOV WKDW D KLJKHU )3 UDWH ZDV IRXQG LQ ILHOG
*ODXFRPD SDWLHQWYV ZLWK KLJKHU )/ DQG )3 UDWHYV KDYH
DQG IHZHU ORFDOLVHG GHIHFWY ZKHUHDV WKH RSSRVLWH
FRPSDUHG ZLWK SDWLHQWY KDYLQJ JRRG IL[DWLRQ DQG
6RPPHU OFEMODDQ 8QUHOLDEOH ILHOGV IURP JODXFRPD
LQFUHDVHG WKUHVKROG YDULDEHWLWO E®WWHMAWWWBEHVWYV 0|
UHFRUGHG WKH GLITHUHQFH LQ PHDQ GHYLDWLRQ EHWZHHQ
LQGLFHVY $JH GRHV QRW DSSHDU WR KDYH DQ\ HIIHFW RQ
HLWKHU QRUPDO QRU GHIHFMW YDHOILOOBGRMWUD BENOHU % OXWK



67$73%&

7KLV LV WKH VWDWLVWLFDO SDFNDJH DYDLODEOH ZLWK Wk
IRUPDWY VLQJOH ILHOG DQDO\WLV RYHUYLHZ DQG FKDQJ
FHQWUDO f DQG f WKUHVKROG WHVW SURJUDPV RQO\

GHVFULEHG

*OREDO LQGLFHYV

7TKHVH ZHUH ILUVW GHYHORSHG E\ %YHELH DQG )DQNKDXVH
DQG GHVFULEHGHEA DADPPRIUWKH DQDO\WVLVY RI JODXFRPDW
LGHDV ZHUH IXUWKHUHOMHPDHOER SRG PAKHHEMIO 7KH JOREDO L
WKH +)$ DSDUW IURP PHDQ VHQVLWLYLW\ DUH ZHLJKWHC
'LYLGLQJ WKH JOREDO LQGH[ E\ WKH QRUPDO LQWHU VXEN
WKH JOREDO LQGLFHYVY LQ QRUPDOYV

OHDQ VHQVLWLYLW\

7KH PHDQ VHQVLWLYLW\ 06 LV WKH DULWKPHWLF PHDQ R
WHVWHG ORFDWLRQV LQ WKH ILHOG

a p

[LN WKUHVKROG YDOXH DW WM FWVOW KBWLRREHUUR 5 O HSDW E
QLV WKH QXPEHU RI ORFDWLRQV

06 LV PRUH VHQVLWLYH WR GLIIXVH ILHOG GDPDJH DQG G|
RQ 06 67%$73%& FDQ SHUIRUP D OLQHDU UHJUHVVLRQ DQD
VLIWHHQ FHQWUDO WKUHVKROG ILHOG WHVWY DUH DYDLOD

OHDQ GHYLDWLRQ 0

0" Lv D ZHLIJKWHG DYHUDJH GHYLDWLRQ RI WKH PHDVXUH
ILHOG W LV WKH DULWKPHWLF PHDQ RI WKH GLIITHUHQFH\
DJH FRUUHFWHG UHIHUHQFH ILHOG Y IHOK HD\CED W: MVLKI K WMLHMIW |
E\ WKH QRUPDO YDULDQFH LV DQ DWWHPSW WR WDNH LQWF
DW HDFK VWLPXOXV ORFDWLRQ



ZKHUMLYV WKH QRUPDO UHIHUMLQFWKWKPHUVKROKBGDWKUHVKR
DQG V WKH YDULDQFH RI WKH BRWEPDWHNOW KBIWX Q R LRQUAP

GHYLDWLRQ RI WKH PHDVXUHG ILHOG IURP WKH DJH FRUI
LQFUHDVLQJ ILHOG GHIHFWV 0' EHFRPHY DQ LQHFWHDWLQJ !

D IRXQG 0' WR EH D EHWWHU HVWLPDWRU RI WKH YLV
06 ,IILYH WR VLIWHHQ ILHOGY DUH DYDLODEOH D OLQHDL
RQ 0' 2QH RI WZR PHVVDJHV 0" VORSH QRW VLIQLILFDQW
EH SULQWHG EHORZ WKH UHVXOWYV

6KRUW WHUP IOXFWXDWLRQ 6)

6) LV D ZHLJKWHG PHDQ RI WKH VWDQGDUG GHYLDWLRQV
GHWHUPLQHG WZLFH

ZKHUMLV WKH ILMLW WRB VHFRQG WKUHYVKRTKGE YDOROMXAD O W
LOQWUD WHVW YDULDQFH LV GHQRWHG E\ VY GLYLGLQJ E

QRUPDOWHWHLEEO 6) LV FDOFXODWHG IURP GRXEOH GHWHU
ORFDWLRQV ZLWKLQ f HFFHQWULFLW\

SDWWHUQ VWDQGDUG GHYLDWLRQ 36'

36' LV D ZHLIJKWHG VWDQGDUG GHYLDWLRQ RI WKH SRL
PHDVXUHG DQG QRUPDO UHIHUHQFH ILHOG 36' HVWLPDYV
GHYLDWLRQ ,W LV DQ DWWHPSW WR H[SUHVV DQ\ GHYLDYV
IURP WKH VKDSH RI WKH UHIHUHQFH ILHOG 36' LV DOZCL
ORFDOLVHG ILHOG GHIHFWY GHYHORS DQG SURJUHVV :HL.

36' LQ QRUPDOV

&RUUHFWHG SDWWHUQ VWDQGDUG GHYLDWLRQ &36'

&36' HVWLPDWHYVY WKDW SDUW RI WKH QRQ XQLIRUP GHYLDYV



DLPV WR GLITHUHQWLDWH EHWZHHQ UHDO GHYLDWLRQV DQ
& 36" 36' -Fb)

$ORQJIJVLGH WKH JOREDO LQGLFHVY D SUREDELOLW\ YDOXH
RI WKH LQGH[ O\LQJ RXWVLGH QRUPDO OLPLWYV

'DWD SUHVHQWDWLRQ

7TUDGLWLRQDOO\ SHULPHWULF GDWD KDV EHHQ UHSUHVH
DXWRPDWHG SHULPHWU\ WKH QXPHULFDO GDWD FDQ EH L
VLQJOH ILHOG DQDO\VLV SULQWRXW Rl 67$73%$& LV PRVW
YDULRXVY FRPSRQHQWY RI WKLY SORW VKDOO EH GHVFULEI
QDPH SURJUDP XVHG WHVWLQJ VWUDWHIJ\ FRQGLWLRQV
DVNHG QXPEHU RI VWLPXOL SUHVHQWHG WHVW GXUDWL
+)$ SULQWYV DQ ;; DIWHU DQ\ RI WKH UHOLDELOLW\ LQGLFH"
UHOLDELOLW\

1XPHULF

,Q WKH QXPHULF IRUPDW ILJXUH WRS OHIW WKUHVKF
G% XQLWV (DFK GHFLEHO VHQVLWLYLW\ FRUUHVSRQGYV
ORFDWLRQ 7KLV IRUPDW SURYLGHV WKH PRVW DFFXUDW

LOQWHUSUHW *UHYH
*UD\ VFDOH

*UD\ VFDOH SORWYV ILJXUH WRS ULJKW LQ ZKLFK WKH
D JuD\ V\PERO DUH HDV\ WR HWWBOSUHMW VWD Q KpRK\DUXR/GIX
LOWHUSRODWLRQ IRU VWDWLF SHULPHWU\ DQG WKH JUD\ V
DQG D NH\ LV SULQWHG DW WKH ERWWRP RI HYHU\ YLVXDO
DUH GHULYHG IURP PHDVXUHG VHQVLWLYLWLHY DW QHLJK
OHVV DFFXUDWH WKDQ GLUHFW PHDVXUHPHQWY ZKHQ WHK
HI[FHHG f )DQNKDXVHU DQG %HELH +RZHYHU LW KD\
GDWD SUHVHQWDWLRQ FDQ EH LOQDFFXUDWH GHSHQGLQJ X
DQG *HLJHU



7TRWDO GHYLDWLRQ SORWYV

JLUVWO\ D QRUPDO ILHOG FRQWRXU LV FRQVWUXFWHG E\ V
YDOXH RI WKH IRXU SULPDU\ SRLQWYV RQH LQ HDFK TXDG
WKUHVKROG KDV EHHQ PHDVXUHG 'LIITHUHQFHV IURP WKL)
DUH GLVSOD\HG LQ WZR IRUPDWYV QXPHULF DQG JUD\VFDC
ILIXUH PLGGOH OHIW UHSUHVHQW WKH GHSWK LQ GH
FRUUHFWHG QRUPDO WKUHVKROG YDOXHV DW HDFK ORFEL
JUD\VFDOH V\PEROV ILJXUH ERWWRP OHIW $ NH\ LV
SUREDELOLW\ V\PEROV 7KH SUREDELOLW\ VLIJQLILFDQFH
IRU H[DPSOH D ORFDWLRQ LMWWLEBHDW\L IWHK® VZ LOMKYY WKDQ

SRSXODWLRQ GHYLDWHYV IURP WKH QRUP E\ WKH YDOXH IR
GDUNHU WKH V\PERO WKH OHVV OLNHO\ LW LV WKDW WKH
RI WKLV SORW LV WKH GHIHFW GHSWK LQ ZKLFK YDOXHYV
UHIHUHQFH ILHOG DUH GLVSOD\HG DV R DQG ODUJHU GHY

SDWWHUQ GHYLDWLRQ SORWYV

7KH ODVW WZR SORWV RQ WKH ULJKW RI ILIJXUH DUH W
VLPLODU WR WKH WRWDO GHYLDWLRQ SORWYV H[FHSW 67%$"
FKDQJH LQ WKH KHLJKW RI WKH KLOO RI YLVLRQ 7KLV LV W
FKDQJHV )RU H[DPSOH LI WKH WRWDO GHYLDWLRQ SORW
OHVV [UHTXHQW LQ WKH FRUUHVSRQGLQJ SDWWHUQ GHYLL
LV PDLQO\ GXH WR D JHQHUDO UHGXFWLRQ LQ VHQVLWLYLYV

)LQDOO\ D VKRUW OLVW ODEHOOHG JOREDO LQGBSFHV DS
YDOXHV IRU HDFK JOREDO LQGH[ JLYH WKH SUREDELOLW\ F
JRU H[DPSOH LI IRU 0' WMKWHIJYDOQ@HCCGHRNWKKDQRUPDO SRSX:
VKRZ DQ 0' ODUJHU WKDQ WKH YDOXH IRXQG LQ WKH WHVW

$ YDULDWLRQ RI WKH DERYH LV WKH WKUHH LQ RQH SULC

QXPHULF DQG WRWDO GHYLDWLRQ PDS 7KH VXPPDWLRQ RI

LV SUHVHQWHG MXVW RXWVLGH HDFK TXDGUDQW RI WKH IL
SURILOH

URILOH SULQWRXWY FDQ EH XVHG WR HYDOXDWH PHULGL

$GGLWLRQDO SULQWRXWY DUH DYDLODEOH IRU WKH UHVX(
+)$ EXW DUH QRW GHVFULEHG KHUH



2YHUYLHZ DQG FKDQJH DQDO\VLV SULQWRXWV

67$73%$& V RYHUYLHZ SULQWRXW FDQ VKRZ WKH UHVXOWYV
RUGHU ILJXUH JRXU IRUPDWY DUH SORWWHG JUD\V
SDWWHUQ GHYLDWLRQ /LNH WKH RYHUYLHZ WKH FKDQJH
RI XS WR WHVWYV 67$73%$& SUHVHQWY WKH FKDQJH DQ
DQEQDO\VLV RI WKH WHVW UHVXOWY DQG D VXPPDU\ RI WKH
LV WR WU\ WR LGHQWLI\ DQ\HWUBQG V7 RH HER [WE.® RW +DLADHD
GLVFXVVHG IXUWKHU EHFDXVH QR XVH LV PDGH RI LW KHU
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&+$37(5

&OLQLFDO HYDOXDWLRQ RI WKH $¢
SOWUDVRQLF %LRPHWHU

QWURGXFWLRAQ

$W WKH RXWVHW RI WKLV ZRUN WKH UHFHQWO\ PDUNHW
ELRPHWHU EHFDPH DYDLODEOH IRU XVH LQ WKLV VWXG\ $
UHODWLQJ WR LQVWUXPHQW DFFXUDF\ DSDUW IURP XQVX:
ELRPHWHU FRXOG EH LQFRUSRUDWHG LQWR WKLV VWXG\ L
EH HVWDEOLVKHG ,QIRUPDWLRQ UHJDUGLQJ WKH LQVWU)>
DUH YLWDO DVSHFWV RI LQVWUXPHQW DFFXUDF\ ZKLFK
DVVHVVPHQWY RI ELRPHWHUV 6XFK DQ LQYHVWLJIJDWLRC
FRQFXUUHQWO\ ZLWK FRPSDULVRQV EHWZHHQ LQVWUXPHC
Rl XVH Rl WKH ELRPHWHU ZDV DVVHVVHG E\ FRPSDULQJ D«
H[SHULPHQWHU

S8OWUDVRQLF ELRPHWU\ ZDV ILUVW SHUIRUPHG RQ WKH H\F

UHSRUWHG QR DGYHUVH HIIHFWV RQ RFXODU WL\
XOWUDVRQRJUDSK\ DV RSSRVHG WR WKH UDGLRJUDSKLF
2 &RQQRU DQG 6WHQVWURP 7KH XVH RI XOWUD\
LQ GLDIJQRVWLFVY DQG LQ PHDVXUHPHQW RI RFXODU GLPHQ

ODWHULDDQDGVHWKRGV
,QVWUXPHQWDWLRQ

7KH $OOHUJDQ +XPSKUH\ PRGHO XOWUDVRQLF ELRPHWE
PDQXIDFWXUHU V VSHFLILFDWLRQV VWDWH WKH SUREH W
IUHTXHQF\ RI 0+] ZKLFK FDQ EH KDQG KHOG RU PRXQWH
KROGHU RI WKH *ROGPDQQ DSSODQDWLRQ WRQRPHWHU 7K
9LWUHRXYVY DQG DTXHRXV P VHF

IHQV P VHF
$SKDNLF PHDQ YHORFLW\ P VHF
3VHXGR SKDNLF PHDQ YHORFLW\ P VHF

7TKHVH YDOXHYVY DUH LQ DFFRUGDQFH ZLWK -DQVVRQ DQG
.RFN



3ULQWHU 'RRU

JLIXUH 3KRWRJUDSK DQG VFKHPDWLF GLDJUDP RI WKH $00
ELRPHWHU



7KH DPSOLILFDWLRQ RI WKH UHVSRQVH VLJQDO JDLQ R
JHUR WR LQ VWHSV W LV UHFRPPHQGHG E\ WKH P
DQG DGMXVW DV QHFHVVDU\ :KHQ WKH JDLQ DQG SUREH
DUH FOHDQ DQG VKDUS ZLWK OHQV DQG UHWLQDO HFKRI
VRXQG LQGLFDWHY FRUQHDO FRQWDFW DW ZKLFK SRLC
PHDVXUHPHQW ZLOO EH PRPHQWDULO\ IUR]JHQ RQ WKH V|
WKH $ VFDQ IXOILOV WKH DERYH FULWHULD LW FDQ EH
SHGDO 6WRUHG PHDVXUHPHQWY FDQ EH UHYLHZHG DQG
RQO\ DW ILUVW FRQWDFW WR PLQLPLVH FRUQHDO LQGHC
FKDPEHU GHSWK DUH DQ LQGLFDWLRQ WKDW FRUQHDO LC

7KH PRGHO RITHUV WKUHH PHDVXUHPHQW PRGHV DXW
7TKHVH PRGHV GLIIHU LQ WKHLU FULWHULD IRU DQ DFFHS
DQG VWRUHG ,Q DOO WKUHH PRGHV RQH FDQ VWRUH WK
RI WKH IRRW SHGDO ,Q WKLV VWXG\ WKH VHPL DXWRPD
DPSOLWXGH FULWHULD DUH UHOD[HG E\ IURP WKH FUI
DQG WKH LQVWUXPHQW DQDO\WHV OHVVY GDWD EHIRUH SU

SURFHGXUH

&DOLEUDWLRQ RI WKH ELRPHWHU ZDV FKHFNHG DW WKH
WKH WHVW EORFN VXSSOLHG ZLWK WKH LQVWUXPHQW

7TKLUW\N VXEMHFWYV H\HV ITUHH IURP RSKWKDOPRORJLF
PHDQ \HDUV ZHUH H[DPLQHG RQ WZR VHSDUDWH RFFI
UHSURGXFLELOLW\ 7HQ RI WKH VXEMHFWYV H\HV UHV

DVVHVV WKH LQWHUVHVVLRQ YDULDELOLW\ OHDQ VSKHU

DQG QR VXEMHFW KDG D F\OLQGULFDO HUURU JUHDWHU

ZDV DV IROORZV

¥ NHUDWRPHWU\ ZDV SHUIRUPHG XVLQJ WKH 7RSFRQ Nt
PLUHV ZHUH H[FOXGHG

¥ FRQWDFW OHQV ZHDUHUV OHIW WKHLU OHQVHV RXW R

¥ RQH GURS RI EHQR[LQDWH K\GURFKORULGH ZDV L
SUREH ZDV KRXVHG LQ WKH KROGHU IRU WKH FRQH
WRQRPHWU\ DQG WKH SUHVVXUH VHW WR O0O1J $SSO
SHUSHQGLFXODU WR WKH FHQWUDO FRUQHD DORQJ W
FRUQHDO UHIOHFWLRQ RI WKH SUREH IL[DWLRQ OL
$FFRPPRGDWLRQ ZDV FRQWUROOHG E\ WKH QRQ WHV\
PHWUHYV



7R UHGXFH WKH QXPEHU RI SUREH DSSOLFDWLRQV RQO\

JDLQ zZzDV DOZD\V XVHG IRU VXEMHFWY ULJKW H\HV DQ
ZHUH DOZD\V PHDVXHWGDIQU\KW Y @ WHHRZK WKH HIIHFW R V
PHDVXUHG WR EH LQVLJQLILFDQW 7R DVVHVV UHSURGXFI
H[SHULPHQWHUVY RQH H[SHULHQFHG LQ WKH XVH RI WKH
LOQH[SHULHQFHG 7KH RUGHU RI WKH H[SHULPHQWHUV ZIL
DYHUDJH IURP UHDGLQJY RQ HDFK H\H $IWHU ELRPH!
SHUIRUPHG DV D SUHFDXWLRQ

6W D W LV W IQFDDOO\ V L V

SHSHDWDELOLW\

7KLV LV WKH LQWUD H[SHULPHQWHU YDULDWLRQ 5HVXO
VHSDUDWHO\ FRPSDULQJ VHVVLRQV DQG *UDSKV ZHU'L
HDFK H[SHULPHQWHU RQ WKH WZR RFFDVLRQV DQG FRI
7TKHVH PHDVXUH WKH DVVRFLDWLRQ EHWZHHQ SDLUV RI1 C
WKHP +RZHYHU WKH SUR[LPLW\ RI WKH SRLQWV WR W
LQGLFDWLRQ RI WKH DJUHHPHQW $V D SUHIHUUHG DOW!
GLITHUHQFHY EHWZHHQ SDLUHG YDOXHV REWDLQHG DW V
PHDQ IRU HDFK RFXODU GLPHQVLRQ 7KHVH SORWYVY DOC
EHWZHHQ WKH PHDVXUHPHQW HUURU DQG WKH WUXH YD!
PHDQ RI WKH PHDVXUHPHQWY LV WKH EHVW HVWLPDWH ¢
PLVWDNH WR SORW WKH GLIITHUHQFHYV DJDLQVW HLWKHU °
EH UHODWHG WR HDFK D ZHOO NQRZQ VWDWLVWLFDO DU

7KH FRHIILFLHQW RI UHSHDWDELOLW\ FDQ EH FDOFXODWI
% 6 WR EH WZLFH WKH VWDQGDUG GHYLDWLRQ 6°'

GHILQLWLRQ RI WKH YDOXHV ZLOO IDOO EHWZHHQ “ 6°'

“6' ZRXOG QRW EH FOLQLFDOO\ LPSRUWDQW RQH FDQ VD
WKH WZR PHDVXUHYV

SHSURGXFLELOLW)\

ODQ\ IDFWRUV FDQ DIIHFW D PHDVXUHPHQW VXFK DV REV!
ODERUDWRU\ XVHG HWF $ GLVWLQFWLRQ LV PDGH EHW
ZKLFK LV H[DPLQLQJ KRZ UHVXOWYV YDU\ XQGHU GLIIHUHC
YDULDWLRQ zZDV H[DPLQHG IRU VHVVLRQ RQH FRPSDULC(
HI[ISHULHQFHG (O H[SHULPHQWHU *UDSKV IRU SDLUV R
UHJUHVVLRQ OLQHV ZHUH H[DPLQHG DV IRU UHSHDWDEL



YDOXHYVY ZHUH SORWWHG DJDLQVW WKHLU PHDQ 7KH PHDC
ZLWK LWV 6' WR FRQVWUXFW WKH OLPLWY %ODQG DQ

,QWHU VHVVLRQ YDULDELOLW\

$ WZR ZD\ DQDO\VLV RI YDULDQFH ZLWK VXEMHFWV DQG
$sSDUW IURP WKH H[SHFWHG GLIIHUHQFHV EHWZHHQ VXE
GHWHFW WKH SUHVHQFH RI DQ\ VLIJQLILFDQW GLIIHUHQF
HITHFW L H D YDULDEOH ELDVY EHWZHHQ VHVVLRQV IRU
DOORZ IRU WKH IDFW WKDW WKH VDPH VXEMHFWY DUH HJ[
WKH ILYH VHVVLRQV 7KXV D WZR IDFWRU GHVLJQ ZLWK

ZDV SHUIRUPHG 7KLV PRGLILHVY WKH SDUWLWLRQ F
VWUXFWXUH DOORZLQJ XQGHU WKH FRUUHFW FRQGLW
GLITHUHQFH LQ HLWKHU WKH VHVVLRQ HIIHFW RU LQWHUL

HVXO WV

7KH UHSHDWDELOLW\ UHVXOWY DUH SUHVHQWHG LQ WD
HIDPSOHV DUH JLYHQ ZLWK HPSKDVLV SODFHG XSRQ WK
JUHDWHVW YDULDELOLW\ $OWKRXJK RQO\ WZR H[DPSOH'
VFDWWHUJUDSKY ZHUH YLUWXDOO\ LGHQWLFDO WR Wtk
LOQDGHTXDFLHV RI WKLV PHWKRG RI DQDO\VLQJ WKH GDWI

&RUUHODWLRQ FRHIILFLHQWY ZHUH KLJK LQ HYHU\ FDVH
QRW JLYH DQ\ LQGLFDWLRQ RI WKH DFWXDO DJUHHPHQ
FRQILGHQFH OLPLWV IRU WKH PHDQ RI WKH GLIIHUHQF
DVVHVVPHQW RI WKH DJUHHPHQW ,QGLYLGXDO GDWD SF
DQG EHORZ WKH YCHIXHWDWW7 8O DO H[DPSOHV DUH JLYHQ L
DQ DFFHSWDEOH VSUHDG DERXW WKH PHDQ ZLWK RQH F
VKRXOG QRW EH DQ\ IXQQHOOLQJ HIIHFW 7KHUH LV OL
H[DPSOHV LOOXVWUDWHG ZLWK WKH SRVVLEOH H[FHSWI
VOLJKW WHQGHQF\ IRU WKH SRLQWY WR DSSHDU WR VSU
ZRXOG LPSO\ WKDW WKH UHSHDWDELOLW\ GHFOLQHV DV
QRW FRQFOXVLYH GXH WR WKH IHZ GDWD SRLQWV DYDL
SRVWHULRU SROH LQ ORQJHU H\HV 6KDPPDV DQG OLC
IXQQHOOLQJ HIIHFW ,W LV DQDORJRXV WR PHDVXULQ
FRQILGHQFH OLPLWV IRU $& GHSWK DUH PP IRU
IRU D[LDO OHQJWKV IRU ULJKW H\HV PP DQG D]
PP



7TDEOH 5 HSHDWDELOLW\ UHVXOWY PRBSDHMVYQURQOHVVRRQH[SHUL
(O DQG H[SHULPHQWHU (

2FXODU GLPHQVLRRHDQ GLITHUNWYWBPHGDUG FRQILGHQFH

PP GHYLDWLRQOPPLWYV PP

$QWHULRU FKDPEHU GHSWK
5 ( (O
5 ( (
/( (O
/( (
/IHQV WKLFNQHVYV
5 ( (O
5 ( (
/( (O
/( (
$[LDO OHQJWK
5 ( (O
5( (
/( (O
/( (

f€ E

$;/ PP

JLJIXUHD DQWHULRU FKDPEHU GHSWK IRU VHVVLRQ $
$&' IRU H[SHULPHQWHU OHIW H\HV E D[LDO OHQJ\
DJDLQVW VHVVLRQ RQH $;/ IRU H[SHULPHQWHU ULJK



5HSURGXFLELOLW\ UHVXOWY DUH SUHVHQWHG LQ WDEOH
7TKHVH UHVXOWYV VKRZ WKDW UHSURGXFLELOLW\ zZDV D
GLPHQVLRQV )URP WKH UHSHDWDELOLW\ DQG UHSURG
PHDVXUHPHQW RI OHIW D[LDO OHQJWKYV VKRZ JUHDWHVW
JUHDWHU FKDQFH RI HUURU ZKHQ WKH ELRPHWHU DXWRI
ZKLFK ZLWK WKH ORZHU JDLQ VHWWLQJ WHQGVY WR EH FR
WLVVXH LQWHUIDFHY DW WKH SRVWHULRU SROH $ VLPL

9DURQHQ LWK WKH JDLQ WKH UHWLQDO HFKRYV
PRUH HDVLO\ GLVWLQJXLVKHG ,I ZH H[FOXGH DOO WKH O
OLPLWV IRU UHSHDWDELOLW\ EHFRPH PP DQG W

PP 6LPLODU UHSURGXFLELOLW\ UHVXOWY ZHUH REWDL

7KH UHVXOWY IRU WKH LQWHU VHVVLRQ DQDO\VLV VKRZ

LOQOWHUDFWLRQ HIIHFWYVY RYHU WKH VHVVLRQV )LQDOO\
HI[SHULPHQWHU DV WKH PDLQ HIIHFWV ZDV XVHG 1R VL.
WKH H[SHULPHQWHUYVY RYHU WKH ILYH VHVVLRQV )RU D¢
" a $VVXPSWLRQV XQGHUO\LQJ WKH WZR zZD\ DQDOV
&RFKUDQ V WHVW :LQHU GHWHUPLQHG WKH HTXDOLYV
RI UHVLGXDOV YHULILHG WKH LQGHSHQGHQFH DQG QRUPL
ODWWHU XVLQJ WKH 6KDSLUR :LON WHVW 'XQQ DQG &OI
LQ WKH FDVH RI D[LDO OHQJWKYV G6FKHIIH KDV VKRZ
HVSHFLDOO\ LQ FDVHV VXFK DV WKLV ZKHUH HDFK FHOO

REVHUYDWLRQV

60LW ODPS H[DPLQDWLRQ VKRZHG PLQLPDO RU LQ WKH P
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Figure 5.3. Differences between paired values for sessions 1 and 2 plotted against their
mean for a) experimenter 2, right eyes, b) experimenter 1, left eyes, c) experimenter 1,
right eyes, d) experimenter 1, left eyes, e) experimenter 2, right eyes, f) experimenter 2,
left eyes. The horizontal lines represent the mean difference and 95% confidence limits.
ACD = anterior chamber depth, LT = lens thickness, AXL = axial length.
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7TDEOH 5HSURGXFLELOLW\ FRPSDULQJ H[SHULPHQWHU Z L\

2FXODU GLPHQFHBQ GLIITHUN@YMPHQGDUG FRQILGHQFH

PP GHYLDWLRQOPPLWYV PP
$QWHULRU FKDPEHU GHSWK
5(

/(

/JHQV WKLFNQHVYV
5(

/(

$[LDO OHQJWK

5(

/(

fe E

PHDQ $&' PP

PHDQ $;/ PP PHDQ $;/ PP

JLIXUH'LITHUHQFHYVY EHWZHHQ SDLUHG YDOXHV REWDLQHG
DJDLQVW WKHLU PHDQ YDOXH IRU VHVVLRQ D DQG F
KRUL]JRQWDO OLQHV UHSUHVHQW WKH PHDQ GLIIHUHQFH
DOQWHULRU FKDPEHU GHSWK /7 OHQV WKLFNQHVV $;/



'LVFXVVLRAQ

$FFXUDWH PHDVXUHPHQW RI WKH RSWLFDO GLPHQVLRQV
RQO\ LQ WKLV VWXG\ EXW DOVR IRU H[DPSOH LQ G
FDOFXODWLRQV PRQLWRULQJ SDWLHQWYV ZLWK D[LDO HC

LQ GLIIHUHQW H\H FRQGLWLRQV 9DQ $OSKHQ IRXQC
YDULHG WKH UHIUDFWLRQ E\ ' +RZHYHU DFFRUGLQJ
WKH DYHUDJH DSKDNLF H\H ' FRUUHVSRQGV WR PP

VWDWHYV WKDW PP LV HTXLYDOHQW WR '

'LWK WKH VROLG SUREH XVHG LQ WKLV VWXG\ WKH HIIH
OHQJWK QHHGV WR EH FRQVLGHUHG ,W KDV EHHQ VKRZC
GHWHUPLQDWLRQV REWDLQHG ZLWK D FRQWDFW WHFKC
REWDLQHG ZLWK DQ LPPHUVLRQ WHFKQLTXH 6KDPPDV
.DPPDQQ 20VHQ DQG 1LHOVHQ HW DO/HGW HMOBDH D

GHPRQVWUDWHG WKH GHJUHH Rl FRUQHDO DSSODQ
WKH ELRPHWHU XVHG LQ WKLV VWXG\ 7KLV FRUUHVSRQC
FDOFXODWHG ,2/ SRZHU DQG VKRXOG EH WDNHQ LQWR I
PDGH LQ ,2/ FDOFXODWLRQ +RZHYHU 20VHQ FDOF >
SVHXGRSKDNHV DQG GHPRQVWUDWHG D EHWWHU DJUHH
DSSODQDWLRQ WHFKQLTXH WKDQ ZLWK WKH .UHW] LPPHU

-DQVVRQ REWDLQHG UHSHDWDELOLWLHV RI * PP
WKLFNQHVV DQG * PP IRU D[LDO OHQJWK XVLQJ LPPH
FDOFXODWHG WKH UHSHDWDELOLW)\ IRU WKH 6RQRPHWUL
5DELH REWDLQHG UHSHDWDELOLWLHV RI “ PP IR
WKLFNQHVV DQG * PP IRU YLWUHRXV FKDPEHU GHSWK I
OF%ULHQ DQG OLOORGRW XVLQJ WKH 6WRU] * PP
-RKQV 2VVRLQLQJ DQG +DXII VWDWH DQ

OHQJWK 7KHVH YDOXHYVY DUH VLPLODU WR WKRVH REWDL
DQEQDO\VLYVY YDULHG IRU WKH GLITHUHQW VWXGLHV WKHUHI
2WKHU DXWKRUV KDYH XVHG WKH RSWLFDO GHWHUT
DSKDNHVY SVHXGRSKDNHY DV WKH YDOXH ZLWK ZKLFK WR
%WLONKRUVW 6WRUH\ S5DELH DQG 6WRUH\ 20\
FRPSOHWHG DQG SKBHODXHIGDY¥BDIGRABRNOLVKHG UHSHDWDEL
$OOHUIDQ +XPSKUH\ ELRPHWHU LQ D JURXS RI FKLOG!
KDQG KHOG 7KH\ IRXQG UHSHDWDELOLW\ XVLQJ WKH VD
IRU $& GHSWK * PP IRU OHQV WKLFNQHVYV DQG * PP
ILIXUHV ZKLFK DUH VOLJKWO\ KLIKHU WKDQ WKH UHVXOV
ELRPHWHU LQ D KDQG KHOG IDVKLRQ ZLWK FKLOGUHQ ZR>



ODQXIDFWXUHUV FODLP DQ LQVWUXPHQW DFFXUDF\ IRU
DQG SDWLHQW PHDVXUHPHQW DFFXUDF\ RI “ PP +HC
H[SHFWHG WR EH * PP ZLWK ZKLFK RXU UHVXOWV
UHSHDWDELOLW\ DQG UHSURGXFLELOLW\ )XUWKHUPRU
VLIJQLILFDQW GLIIHUHQFH LQ DQ\ RFXODU GLPHQVLRQ RY
W LV OLNHO\ WKDW UHSHDWDELOLW)\ DQG UHSURGXFLELC
LQ DQ HOGHUO\ FDWDUDFWRXV SRSXODWLRQ

$V H[SODLQHG DERYH WKH ORZHU JDLQ DSSHDUHG OHVYV
7R DFKLHYH RSWLPXP UHVXOWY WKH JDLQ VKRXOG EH V
REWDLQ PD[LPXP SHDNV RQ WKH XOWUDVRQRJUDP 7KL\
PDLQ VWXG\ ,W ZDV REVHUYHG WKDW IRU FRUQHDO D
GLIILFXOW LQ VRPH FDVHV WR REWDLQ UHSHDWDEOH UF

KR QFO XVLRQV

2FXODU GLPHQVLRQV REWDLQHG XVLQJ WKH $O0OHUJDQ +
UHSHDWDEOH DQG UHSURGXFLEOH ZLWKLQ DFFHSWDEOH
FRPSDUDWLYHO\ HIFHOOHQW SHUIRUPDQFH RI WKH LQH[S



&+$37T5

'QYHVWLJDWLRQ RI OHDUQLQJ LQ
VXEMHFWYV

PV

7KH SULPDU\ DLP RI WKLV VWXG\ ZDV WR HVWDEOLVK WK
LOQYHVWLIDWLRQ ZKLFK H[DPLQHG WKH VHQVLWLYLW\ RI
UHVROXWLRQ RI f 7KLV UHVROXWLRQ FDQ EH REWDL
FHQWUDO SURJUDPV RI WKH +)$ 7KH LQLWLDO LQWHQW
SURJUDPVY RQ RQH H\H ZLWKLQ RQH VHVVLRQ ZLWK D \
OHDVW PLOQXWHYV 7KH H[WHQW RI WKH OHDUQLQJ SURI
RQH H\H LV H[DPLQHG DQG WZR FHQWUDO ILHOG SURJUD
HDFK YLVLW . QRZOHGJH RI WKH QXPEHU RI YLVLWYVY EHW
WKH OHDUQLQJ SURFHVV ZDV UHTXLUHG 7KH VWXG\ PH\
GHVLIQHG ZLWK WKH IROORZ XS LQYHVWLJDWLRQ LQ PLQ

$ VHFRQGDU\ DLP RI WKLV VWXG\ ZzDV WR FRPSDUH WK
DEQDO\VLV WR GHWHFW D OHDUQLQJ SURFHVV LQ QRUP
67$73%& JOREDO LQGLFHV RI WKH +)$ $Q LPDJH SURFH\
YLVXDO ILHOG GDWD WR UHGXFH WKH HIIHFW RI LQKHUI
6SDWLDO UHSUHVHQWDWLRQV RI WKH OHDUQLQJ SURFHYV
XVH RI WKH ILOWHU SURFHVV

ODWHU UDQ@GRAHW KR GV

7KH VDPSOH FRQVLVWHG RI WKLUW\ YROXQWHHUV DJH
LOQH[SHULHQFHG LQ DXWRPDWHG SHULPHWU\ DQG IUHH 11
(DFK VXEMHFW DWWHQGHG IRU WKUHH YLVLWV RQ VHS
XQGHUZHQW WZR SURJUDPV RQ RQH H\H VHOHFWHG I
$QDO\]HU 7KLV SURJUDP WHVWYV ORFDWLRQV ZLWKL
RINTVHW V\PPHWULFDOO\ I[IURP WKH KRUL]JRQWDO DQG YHU\
R WR PLQXWHYV ZDV JLYHQ EHWZHHQ ILHOGYV 7KXV LC
HDFK VXEMHFW 2QO\ RQH H\H ZDV WHVWHG WR DYRLG W
OHDUQLQJ IURP RQH H\HHW R @&@KH RWKHU :LOG



&RQYHQWLRQDO DQDO\VLYV RI VHULDO ILHOGYV

$V H[SHULHQFH ZLWK DXWRPDWHG SHULPHWU\ KDV JURZ(
QR JHQHUDO DJUHHPHQW DV WR ZKDW FRQVWLWXWHV S
SDWLHQWV RU KRZ WR GHWHFW LW 2QH PDMRU SUREC
GHIHFWV LV WKDW WKH YLVXDO ILHOG DV PHDVXUHG E
YDULDELOLW\ RU IOXFWXDWLRQV DV H[SODLQHG LQ &K
IOXFWXDWLRQ SRVHV D SUREOHP LQ GDWD DQDONW.\DOH:

DQG VPDOO FOXVWHUV RI PRGHUDWHO\ VLJQLILFDC
QRUPDO VXEMHFWYV +HLMO D QWS DD Q$ QR W KK KDXKBREO H
GHWHFWLQJ FKDQJH LQ DXWRPDWHG SHULPHWU\ LV WKH
W LV GLIILFXOW IRU WKH FOLQLFLDQ WR DQDO\VH WKH)\
UHVXOW YDULRXV W\SHV RI GDWD UHGXFWLRQ JOREDO
DSSOLHG

6WDWLVWLFDO WHVWY RQ WKH JOREDO LQGLFHV VXFK L
OLQHDU UHJUHVVLRQ +ROPLQ DQG .UDNDX H YO PROU

D +RVNMWQYWO :XHW DO KDYH EHHQ SURSRVHG WR GH\
WLPH $W OHDVW ILYH ILHOG WHVW KDYH EHHQ UHFRPPH
DQG 1DJLQ HW:BO 7KH DSSURSULDWHQHVYV RI WKHVH
WR FRPSDUH WKH VDPSOH PHDQV LV TXHVWLRQDEOH 7
LQGHSHQGHQW VDPSOH LV FHUWDLQO\ LQYDOLG $ SDLU
WKH PXOWLSOH FRPSDULVRQV LQYROYHG

7\SLFDOO\ WKH HIIHFW Rl OHDUQLQJ RQ VHQVLWLYLW\ L\
RU 6) ZLWK VXFFHVVLYH ILHOG WHVWV $ VDPSOH PHDQ
ILHOG WHVW 7KH VLJQLILFDQFH RI GLIIHUHQFHV EHWZHE
WHVWLQJ DQG WHPSRUDO WUHQGV DUH WODG W UDOWHG
DO DQG - HWQ BWE DQG HWALDM@D $XW]HQ DQG :F

$ WZR ZD\ $129% ZLWK VXEMHFWYV DQG ILHOG WHVW DV
UREXVW PHWKRG $OWKRXJIJK LW GRHV QRW UHTXLUH WK
RYHUDOO RU ZLWKLQ D JURXS WKH UHVLGXDOV DUH H
$OWPDQ 7KLY ZzDV DGRSWHG DV D VWDUWLQJ SRLQV

$OWHUQDWLYH SRLQWZLVH DQDO\VLV RI VHULDC

&RQVLGHU RQH VXEMHFW DQG WKHLU ILHOG GDWD IURP V
HDFK ORFDWLRQ LQ WHVW Q DUH VXEWUDFWHG IURP WK



@QIIHUHQFH DW HDFK ORFDWLRQ FDQ EH LGHQWLILHG DV
SRVLWLYH “DQ LQFUHDVH LQ VHQVLWLYLW\ [URP WHVW
QHJDWLYH “D GHFUHDVH LQ VHQVLWLYLW\ I[URP WHVW

RU QR FKDQJH

7KLV SURFHVYVY ZDV UHSHDWHG IRU DOO ORFDWLRQV H[FC

7KH LQGH[ /3 WKH OHDUQLQJ SURSRUWLRQ LV GHI
ORFDWLRQV ZKLFK KDYH LQFUHDVHG LQ VHQVLWLYLW\ I
QXPEHU RI ORFDWLRQV WKDW KDYH FKDQJHG LQ VHQVLW
WHVWYV WR WR WR HWF ,Q WKH DEVHQFH RI OH
WKRVH ORFDWLRQV VKRZLQJ D FKDQJH LQ VHQVLWLYLW\
IURP RQH WHVW WR WKH QH[W 7KXV /3 VKRXOG HTXDO
LQFUHDVH LQ VHQVLWLYLW\ IURP RQH WHVW WR WKH QH|
LQFUHDVH WKXV /3 ZRXOG EH JUHDWHU WKDQ $ VDP
LQWHUYDO ZHUH FRQVWUXFWHG IRU HDFK WHVW |IURP D
DQRG FRPSDUHG ZLWK WKH QXOO K\SRWKHVLV /3

HVXO0O WV

OHDQ YDOXHYVY DQG VWDQGDUG GHYLDWLRQV 6' IRU DOC
DUH JLYHQ LQ WDEOH $ SORW RI WKH VDPSOH PHDQ
VKRZV VRPH RI WKH FKDUDFWHULVWLFV RI WKH W\SLFDC
QHZ WR DXWRPDWHG SHULPHWU\ O0' LPSURYHV DV H[SH
ILHOG WHVW +RZHYHU DQ DSSDUHQWO\ JUHDWHU LPSL
WHVWYV DQG

+RZHYHU VXFK SORWY DUH OLPLWHG LQ WKHLU DELOLW\
UHVSRQVHV )RU H[DPSOH LW VKRXOG EH QRWHG WKDW
REVHUYDWLRQV REWDLQHG 7KH LQDGHTXDF\ RI VXFK S
GLVFXVVHG LQ GHWHMO E® 0DWRWKHZWKHU LOOXVWUDWH
LQGLYLGXDO UHVSRQVHYV W\SLFDO H[DPSOHV IURP QLQH

, W LV GLIILFXOW WR GUDZ ILUP FRQFOXVLRQV IURP WKH
WZR zZD\ $129% ZLWK VXEMHFWY DQG WHVW DV WKH PDL
EHWZHHQ WKH VDPSOH PHD®YV ZHUK RNQWDWWHH/WRQFO
EH WKDW EDVHG RQ DQ DQDO\VLV RI 0' WKHUH LV QR FO



TDEOH6DPSOH PHDQ “ 6' IRU WKH JOREDO LQGLFHV LQ G% DFU
*OREDO 9LVXDG W.HVW
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6DPSOH PHDQ 0' G%

JLIJIXUH 6DPSOH PHDQ RI WKH PHDQ GHIHFW 0' “ 6( IRU
VXFFHVVLYH ILHOG WHVWYV



JLIXUH OHDQ GHIHFW 0' SORWWHG DJDLQVW VXFFHVVLY

$Q\ DULWKPHWLF PHDQ VXFK DV 0' LV DGYHUVHO\ DIIH
WKHUH DUH OLNHO\ WR EH VHYHUDO LQIOXHQWLDO RXWC
UHVW RI WKH GDWD VHW LQ D ILHOG IURP DQ LQH[SHULI
WKH RSWLPXP LQGH[ WR GHVFULEH WKH JHQHUDO LPSUR
OHDUQLQJ SKHQRPHQRQ

6LPLODU UHVXOWY ZHUH REWDLQHG XVLQJ 06 ILIJXUH
ZHUH QR VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFHV E

LQGLFHY DUH VXEMHFW WR WKH VDPH FULWLFLVPV DV 0'

$ SORW RI /3 IRU WKH VDPSOH LV VKRZQ LQ ILJXUH

UHSUHVHQWLQJ WKH FRQILGHQFH LQWHUYDO IRU /3 |
HISHFWHG YDOXH R LPSOLHVY WKDW WKH UDWLR LV VL
DQG S 7TKHUH DUH QR RWKHU VLIJQLILFDQW GLII
HQFRPSDVVHG E\ WKH FRQILGHQFH LQWHUYDOV IRU V

OHDUQLQJ HIITHFW EHWZHHQ WHVWYV DQG RQO\



6DPSOH PHDQ 06 G%

JLJIXUH 6DPSOH PHDQ RI WKH PHDQ VHQVLWLYLW\ 06 ¢
DJDLQVW VXFFHVVLYH ILHOG WHVWYV

1X0

YLIXUH6DPSOH PHDQ RI OHDUREZQW IS FRRSR UGHB®BH LQWHU
DOO VXEMHFWY SORWWHG/3RY WNXEGFNUDMYHGILRO QLW A G
ZKHUH Q W R



6SDWLDWSUHVHQWDWLRQV

&RQVLGHULQJ ILHOG WHVWYV DQG RQO\ D VSDWLDC
FRQVWUXFWHG $W HDFK ORFDWLRQ WKH FKDQJH LQ V
EHWZHHQ ILHOG WHVW DQG ZDV GHWHUPLQHG IRU |
ORFDWLRQ IRU DOO VXEMHFWY ZDV FDOFXODWHG )LJX
ORFDWLRQV ZLWK WKH JUHDWHVW LQFUHDVHYV LQ VHQVL
UDQJHG IURP WR G%

JLIXUH3RLQWZLVH UHSUHVHQWDWLRQ RI WKH LQFUHDVI
ILHOG WHVWYV DQG IRU VXEMHFWY 7KH EODFN V
ORFDWLRQV ZLWK WKH ODUJHVW LQFUHDVH LQ VHQVLWLY
ORFDWLRQV H[FOXGHG IURP WKH DQDO\VLV

7KH YDULDELOLW\ RI WKUHVKROG UHVSRQVHV WHQGV WF
WKH ILHOKW +DIOM ® Q G G %UHQWRQ DQG 3KHOSV
7KLV SUHVHQWYVY GLIILFXOWLHV ZKHQ DWWHPSWLQJ
WHVW VKRUW WHUP IOXFWXDWLRQ LQWHU WHVW OR
YDULDWLRQV $Q DWWHPSW ZDV PDGH WR GHVFULEH W
SURFHVV WR UHPRYH SRVVLEOH HUURQHRXV UHVXOWV
VSDWLDO SURFHVVLQJ ILOWHU FDQ EH XVHG WR HQKDQT
LV LOOXVWUDWHG LQ ILIJXUH ZKLFK VKRZAV VX OREDQG IR
E\ QHLJKERXULQJ SRLQWV 7KH PHDQ WKUHVKROG VH



ORFDWLRQV LV FDOFXODWHGD B RGI WKKEN DENWR B &WHRYD O X

WR EH ' 7KLV SURFHVY ZDV UHSHDWHG IRU DOO ORFDWIL
RQO\ 7KLV ILOWHU LV D VLPSOH YHUVLRQ RI D WHFKQLT?
.HPS JRU ORFDWLRQV DW WKH HGJHV RI WKH ILHOG

FROQWLIXRXYVY ORFDWLRQV PDNLQJ D FRQWULEXWLRQ

: ZKHUH L WR

JLIXUH 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH [ VSD\
ORFDWLRQ ZLWK WKUHVKROG VHQVLWLYLW\ Il VXUURXQG

7KH TUHTXHQF\ GLVWULEXWLRQ IRU 'L ZDV SORWWHG $C
HI[FOXGH WKH XSSHU RI YDOXHV IRU ' JRU YDOXHV R
YDOXH LR/ UHSODFHG E\ WKH PHDQ RI WKH VXUURXQGLQ.
Gbwb zbVvV DQDO\WHG DV DERYH WR GHWHUPLQH WKH
VKRZLQJ WKH JUHDWHVW LQFUHDVHYV LQ VHQVLWLYLW\
ORFDWLRQV UDQJHG IURP WR G% 7KHVH DUH REVHU
RYHU WKH FHQWUDO ILHOG 7KH ILOWHUHG YHUVLRQ KEC
WRZDUGV WKH SHULSKHU\ RI WKH FHQWUDO ILHOG DOO
EHFRPH DSSDUHQW
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JLIXUH6SDWLDO UHSUHVHQWDWLRQ RI WKH LQFUHDVHYV |
WHVW DQG IRU VXEMHFWY DIWHU WKH VSDWLDO
UHSUHVHQW WKH XSSHU RI ORFDWLRQV ZLWK WKH O
FLUFOHVY UHSUHVHQW WKH EOLQG VSRW ORFDWLRQV HJ[FC(

"LVFXVVLRQ

$QDO\WLV RI WKH JOREDO LQGLFHVY GLG QRW UHYHDO DQ
WHVW WR +RZHYHU /3 GHPRQVWUDWHG D OHDUQLQ.
VWXGLHYVY +HLMOW DD HBOWZHHQ ILHOG WHVWYV DQG R

%HIRUH DSSO\LQJ WKH ILOWHU D VSDWLDO UHSUHVHQWL
VKRZHG WKDW WKRVH ORFDWLRQV FKDQJLQJ PRVW E
SUHGRPLQDQWO\ LQ WKH SHULSKHU\ RI WKH FHQWUDO II
ILHOG 7KLV LV LQ DJUHHPHQW ZLWK SUHNLDRODV V\XYG L H\
DO +HHWODCE $GHBWRRQO 2QH SRVVLEOH H[SODQDWLI
VXJIJHVWHG IRU WKH JUHDWHU OHDUQLQJ LQ WKHVH UH.
OHDUQ WR FRQVFLRXVO\ UDLVH WKH XSSHU OLG +RZHY}
UHPRYH SRVVLEOH RXWOLHUV LQ WKH GDWD WKH FRQI
UDQGRPO\ GLVWULEXWHG RYHU WKH FHQWUDO ILHOG ,P¢
PRUH FHQWUDO ORFDWLRQV 7KLV WHFKQLTXH RI XWLOL'
DGMDFHQW ORFDWLRQV KDV SRWHQWLDO LQ GHWHFWLQJ
ILHOG GDWD

,Q PDQ\ DQDO\WVHV Rl YLVXDO ILHOG GDWD VRPH IRUP RI
DUH H[DPSOHV RI GDWD UHGXFWLRQ ZKLFK TXDQWLI\ DQC



DUH ZLGHO\ XQGHUVWRRG DQG DUH FRQVLGHUHG VWDW
GLVDGYDQWDJHYV DV GHVFULEHG DERYH 7KH VXLWDELOI
XVHG WR FRPSDUH WKH VDPSOH PHDQV LV TXHVWLRQDEC
LQGHSHQGHQF\ RI WKH GDWD

6RPH UHVHDUFKHUV KDYH DVVXPHG WKUHVKROG YDOXH
GLVWULEXWHG DW LQGLYLGXDO WHVW ORFDWLRQV *UI
J)DQNKDXVHU DQG %HELH HWUDBKE 6FKZBBEMH DQG 1

DQG WKH UDQJH RI WKUHVKROG YDOXHYVY KDYH EHH
ILHOG 2WKHU LQYHVWLJDWRUV KDYH IRXQG SRLQWZLVH
.DW] DQG 6RPPHU +HLWW DO GHYQAHDWLRQV IURP DJ
QRUPDO WKUHVKROG YDODWADCEHDQG G DQHELNMGIYLDWLR
IURP LWV PHDQ YDOXH SDUWLFXODUO\ LQ UHODWLYH VI
HIKLELW QRQ *DXVVLDQ EHKDYLRXU

(DFK WKUHVKROG YDOXH ZLWKLQ D VLQJOH WHVW LV GHE
WHVW ORFDWLRQV DQG UHSHDWHG YLVXDO ILHOG WHYV
LQGHSHQGHQW $V SRLBWHIORXWDB\ DBDQKMLY RI1 YDULDOC
FKDQJHV DW LQGLYLGXDO ORFDWLRQV RYHU WLPH LV Y
EHFDXVH WKH ODUJH QXPEHU RI GHJUHHV RI IUHHGRP ZL
ZD\ $129% XVHG LQ WKLV VWXG\ RQ WKH JOREDO LQGLFI
$OWPDQ

7KH DGYDQWDJH RI1 /3 ZKHQ FRPSDUHG ZLWK WKH JOREL
E\ HIWUHPH YDOXHVY 9DOXHV RI1 /3 ZHUH QRUPDOO\ GLVW
RWKHU KDQG /3 MRLQV ZLWK WKH JOREDO LQGLFHV DV I
DV VXFK PXVW LQHYLWDEO\ OHDG WR VRPH ORVV RI LQIRI

, QWHUHVWLQJO\ WKH SURSRUWLRQ RI XQFKDQJHG ORFDYV
ZHOO ZLWK ERWK WKH UHOLDELOLW\ LQGLFHVY DQG QXPE
PD\ SURYLGH DQ DOWHUQDWLYH PHWKRG RI DVVHVVLQJ
FRQILUPHG WHVW WLPH FRXOG EH UHGXFHG E\ HOLPLQDV
QHJDWLYH FDWFK WULDOV

& QFO XVLRQV

7KLV VWXG\ KDV GHPRQVWUDWHG WKDW ZKHQ WZR ILHOCG
RQ RQH H\H RQ WKUHH VHSDUDWH YLVLWV D VLJQLILFDQ
WZR WHVWYV RQO\ 2Q WKLV EDVLV LQ DOO VXEVHTXHQW
WZR ILHOGY SORWWHG IRU HDFK VXEMHFW ZHUH GLVFDUC



7KH OHDUQLQJ SURSRUWLRQ /3 DQG ILOWHUHG VSDWLI
PD\ ZLWK IXUWKHU GHYHORSPHQW EH XVHG IRU WKH
YLVXDO ILHOGV EXW WKH GHFOLQH LQ VHQVLWLYLW\ 2z
FRQVLGHUDWLRQ 7KLV FRXOG IDFLOLWDWH WKH H[WUD|
ZLWKLQ VHULDO JODXFRPDWRXV YLVXDO ILHOGV 7KH DC
FOHDUO\ QRW GHILQLWLYH KRZHYHU GHYHORSPHQW RI
VHULDO YLVXDO ILHOGYV



&+$37(5

, QIOXHQFH RI P\RSLD XSRQ WKH
VHQVLWLYLW\ RI WKH FHQWUDL

fprv

7TKHUH LV OLPLWHG TXDQWLWDWLYH LQIRUPDWLRQ UHJD
FHQWUDO YLVXDO ILHOG DV PHDVXUHG E\ DXWRPDWHG
WASLFDO YDOXHV IRU WKH GLITHUHQWLDO OLJKW VHQVLW
DXWRPDWHG VWDWLF SHULPHWU\ ZLWK WKH +XPSKUH\ |
P\RSLD &RPSDULVRQV ZLOO EH PDGH ZLWK YLVXDO ILHO
HIWHQW RI SHULSDSLOODU\ P\RSLF FUHVFHQWY ZLOO EH
GLYLGHG LQWR JURXSV GHSHQGLQJ XSRQ WKH DSSHDU
VLIH RI WKHVH SHULSDSLOODU\ FUHVFHQWY 6XEMHFWYV
WKDQ SHULSDSLOODU\ FUHVFHQWY ZHUH QRW LQFOXGH
HYDOXDWH WKH IROORZLQJ

¥ LV WKH VHQVLWLYLW\ RI WKH FHQWUDO ILHOG LQIOXH
¥ LV WKH VHQVLWLYLW\ RI WKH FHQWUDO ILHOG UHODW

BUHYLRXV VWXGLHV XVLQJ DXWRPDWHG SHULPHWU\ ZHL
+RZHYHU QRQH RI WKHVH VWXGLHV XWLOLVHG WKH +)$

ODWHU LID@®HW KR GV
6XEMHFW VHOHFWLRQ DQG LQLWLDO H[DPLQDWL

6XEMHFW QXPEHUVY ZHUH VHOHFWHG IRU WKH VWXG\ DV |

¥ VXEMHFWY ZKR ZHUH HLWKHU K\SHUPpWURSHV HP
," RI P\RSLD PHDQ VSHFWDFOH UHIUDFWLYH HUURU

¥ VXEMHFWYVY ZLWK PRUH WKDQ ," RI P\RSLD EXW ZLWt

¥ VXEMHFWYVY ZLWK PRUH WKDQ ,'" RI P\RSLD ZLWK SH

VXEMHFWY KDG PRUH WKDQ ' RI P\RSLD

7KH VDPSOH FRPSULVHG KHDOWK\ VXEMHFWY DJHG



RFXODU RU V\VWHPLF PHGLFDWLRQ ZLWK D UDQJH RIl Ul
6 XEMHFWYV ZHUH RSKWKDOPRORJLFDOO\ QRUPDO DSDU
DVVRFLDWHG ZLWK P\RSLD $ \RXQJ VXEMHFW SRSXODWL
UHVXOWY EHLQJ DIIHFWHG E\ DJH UHODWHG RFXODU FKD
VHQVLWLYLW\ ,QGLYLGXDOV ZHUH UHFUXLWHG IURP WZ
ZHUH SDWLHQWYV DWWHQGLQJ IRU URXWLQH FRQWDFW C
/IHQV "HSDUWPHQW RI ORRUILHOGV (\H +RVSLWDO 7KH |
IURP WKH DFDGHPLF DQG XQGHUJUDGXDWH SRSXODWLRC(
ZHUH DV IROORZV

¥ YLVXDO DFXLW\ RU EHWWHU

T VSHFWDFOH DVWLIJPDWLVP OHVV WKDQ RU HTXDO WR

T LOWUDRFXODU SUHVVXUH OHVV WKDQ RU HTXDO Wi
WRQRPHWU\

FRQWDFW OHQV ZHDUHUYV
¥ LI FRQWDFW OHQVHV ZHUH KDELWXDOO\ ZRUQ LW Z
FRUUHFWO\ DQG EH LQ JRRG FRQGLWLRQ

¥ QR GLVWXUEDQFH RI WKH FRUQHD ZLWK RU ZLWKRXW
¥ QR VLIQV RI DQ\ SUHYLRXV FRUQHDO LQIODPPDWLRQ
¥ QR FRUQHDO RHGHPD
¥ QR GLVWRUWLRQ RI WKH NHUDWRPHWHU PLUHV
%LRPHWU\ RI WKH H\H DQG IXQGXV SKRWRJUDSK
SULRU WR LQVWLOODWLRQ RI DQ\ H\H GURSV WKH FRL
ZLWK WKH $O0O0OHUJDQ +XPSKUH\ DXWRPDWHG NHUDW|
UHDGLQJYV REWDLQHG
2QH GURS RI EHQR[LQDWH ZDV LQVWLOOHG LQWR |
VFDQ ELRPHWU\ ZzDV SHUIRUPHG XVLQJ WKH $OOHUJDQ +
WKH VHPL DXWRPDWLF PRGH ZLWK JDLQ DV D VWI

PHDVXUHPHQWY ZHUH WDNHQ DQG WKH DYHUDJH FDOFX!
WKLFNQHVY DQG D[LDO OHQJWK $IWHU XOWUDVRQRJUDS
PLFURVFRSH WR HQVXUH QR LQVXOW KDG RFFXUUHG WR
20H RU WZR GURSV RI WURSLFDPLGH ZHUH LQVW
F\FORSOHJLF UHIUDFWLRQ FDUULHG RXW
)XQGXV SKRWRJUDSK\ RI WKH RSWLF QHUYH KHDG UHJL
-HQD IXQGXV FDPHUD



'LYLVLRQ RI VXEMHFWYV LQWR JURXSYV

7KH IUHTXHQMHW+XO @XUWLQ DQG .DUBWQDOG 3RHBWVRO
DQG VL]H 6WHQVWURP HWY \DXON R | F U HAXFCHQQIW V L Q
ZLWK WKH GHJUHH RI P\RSLD DQG ZLWK D[LDO OHQJWK H
LQGLFDWH D UHJLRQ RI WKH SRVWHULRU SROH DGMDFHQ
D[LDO H[WHQVLRQ DQG WKH IXQFWLRQ RI WKH UHVSHFV
DIIHFWHG E\ WKLV D[LDO HORQJDWLRQ 7KXV P\RSHV
H[SHULHQFHG PRUH D[LDO HORQJDWLRQ WKDQ P\RSHV
UHODWLYHO\ VPDOOHU FUHVFHQWY $[LDO H[WHQVLRQ P
HOHPHQWY ZKLFK XOWLPDWHO\ ZLOO LQIOXHQFH WKHLU
WKDW WKH UHFHSWRUV DUH GLUHFWLRQDOO\ VHQVLWLYH

, W ZDV K\SRWKHVLVHG WKDW VXEMHFWYVY ZLWK UHODWLYF
WKH JUHDWHVW GHILFLW LQ YLVXDO SHUIRUPDQFH RI W
GLITHUHQWLDO OLJKW WKUHVKROG ZKHQ FRPSDUHG ZLWI
RU ZLWK VPDOOHU FUHVFHQWY 6XEMHFWY ZHUH GLYLGH
PLQG DQG WKHLU YLVXDO ILHOG UHVXOWY FRPSDUHG

JURXS K\SHUPpWURSHVY HPPHWURSHVY DQG P\RSHV ZL
ZLWKRXW SHULSDSLOODU\ FUHVFHQWYV

JURXS P\RSHV ZLWK PRUH WKDQ ," RI P\RSLD ZLWKRXW

JURXS P\RSLF H\HV ZLWK UHODWLYHO\ VPDOOHU SHULSD

JURXS P\RSLF H\HV ZLWK UHODWLYHO\ ODUJHU SHULSD S

$OORFDWLRQ RI VXEMHFWV WR JURXS ZDV ZLWKRXW
UHPDLQLQJ VXEMHFWY LQWR JURXSYV DQG ZDV WURXI
RI FUHVFHQW IRUPDWLRQ DW WKH RSWLF GLVF ERUGHU Z
VXEMHFW YDULDELOLW\ RI SHULSDSLOODU\ FKDQJHV LWt
GLIILFXOW WR GHFLGH ZKHWKHU D P\RSLF FUHVFHQW ZDYV
DORQJ WKH GLVF ERUGHU ZDV VRPH RWKHU WLVVXH LU
PDUJLQV ZHUH YHU\ LQGLVWLQFW DQG LW ZDV QRW ¢
GLIIHUHQWLDWH EHWZHHQ VFOHUDO DQG FKRURLGDO FUI
RU ZDV DFKLHYHG E\ DQ DUELWUDU\ GLYLVLRQ DFFRUC(
RUGHUHG LQ DQ DVFHQGLQJ IDVKLRQ DFFRUGLQJ WR WK
SHUFHQWDJH RI WKH GLVF DUHD 7KH ILUVW KDOI ZLWK \
DQG WKH VHFRQG KDOI WR JURXS



9LVXDO ILHOG H[DPLQDWLRQ

"LITHUHQWLDO OLJKW VHQVLWLYLW\ RI WKH FHQWUDO f
ZLWK WHVW SURJUDPYV DQG ILIXUH %RWK SU
f DQG ZKHQ FRPELQHG WKH\ \LHOG D WHVW SRLQW UHYV

$00 VXEMHFWV ZHUH LQH[SHULHQFHG LQ DXWRPDWHG
LQYHVWLIJDWHG WKH OHDUQLQJ SURFHVV ZLWK DXWRPE
SHUIRUPHG LQ FORVH VXFFHVVLRQ RQ RQH H\H RQO\

OHDUQLQJ SURFHVV LV FRPSOHWH DIWHU WKH VXEMHFW
SURFHGXUH ZDV DGRSWHG IRU WKLV VWXG\ $00 VXEMH
RQH DQG RQH RQ WKH +)$ ZLWKLQ RQH VHVVLRQ
DQG GD\V ODWHU WKH VDPH SURJUDPV ZHUH UHSH
DGDSWDWLRQ WR WKH EDFNJURXQG ZDV JLYHQ DQG WK
EHJLQQLQJ RI HDFK SURJUDP $ UHVW SHULRG ZDV JLYHC
7KH RUGHU RI ILHOG WHVWV ZDV UDQGRPLVHG B6XEMHFW
WKH H[DPLQDWLRQ LI WKH\ IHOW IDWLJXHG E\ FRQWLQ
LPPHGLDWHO\ DIWHU UHVSRQGLQJ WR D OLJKW VWLPXOX"
VXEMHFWY ZHUH JLYHQ YHUEDO HQFRXUDJHPHQW DQG DC

6 XEMHFWY ZRUH WKHLU XVXDO PRGH Rl YLVXDO FRUUH
FRQWDFW OHQVHY RU VSHFWDFOHYVY I D VSHFWDFOH FR
DQRG WKH YHUWH[ GLVWDQFH UHFRUGHG $Q RSWLFDO
UHIUDFWLYH HUURU ZDV EHWZHHQ *“ ' ,Q JURXS I
JODVVHV LQ JURXS ZRUH FRQWDFW OHQVHV DQG
ZRUH FRQWDFW OHQVHV DQG JODVVHVY 7KH KLJKHVW



ORFDWLRQV ORFDWLRQV
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JLIXUH7HVW ORFDWLRQV RI SURJUDPYV DQG RI WK

WKRVH ORFDWLRQV DVVXPHG E\ WKH +)$ WR IDOO ZLWKLQC

6WDWLVWLFDO DQDO\VLV

JURP WKH K\SRWKHVLV GHVFULEHG LQ VHFWLRQ W K
WZR IROG )LUVWO\ WR LGHQWLI\ DQ\ VLIQLILFDQW GLIIH
WKH VXEMHFW JURXSV DV PHDVXUHG E\ DXWRPDWHG
LOQYHVWLIJDWH WKH VWUHQJWK DQG QDWXUH RI DQ\ OLQ
YLVXDO SHUIRUPDQFH DQG D[LDO OHQJWK RU EHWZHI
UHIUDFWLRQ $QDO\VLV RI WKH YLVXDO ILHOG ZDV SHUII
EOLQG VSRW ORFDWLRQV 3RLQWV FRQVLGHUHG DV EHOI
VKRZQ LQ ILIJXUH DERYH

*OREDO LQGLFHYV 06 O0' 36" &36' DQG 6) ZHUH FDOFXOD
67%$73%$& SURJUDP RI WKH +)$ $ RQH ZD\ DQDO\VLV RI Y
ZLWK WKH OHDVW VLIJQLILFDQW GLIITHUHQFH PXOWLSOH F
DQ\ VLIJQLILFDQW GLIITHUHQFHYVY EHWZHHQ JURXSV PHDQ J
UREXVW PHWKRG DQG WKH OHDVW VLIJQLILFDQW GLIIH
FRQWUROV WKH RYHUDOO 7\SH , HUURU UDWH $OWPDQ
LQYHVWLIJDWH DQ\ OLQHDU DVVRFLDWLRQ EHWZHHQ WKH
UHIUDFWLRQ IROORZHG E\ OLQHDU UHJUHVVLRQ XVLQJ
UHVLGXDOV ZHUH H[DPLQHG WR DVVHVV WKH JRRGQHVV
SORWV VKRXOG VKRZ DQ HYHQ [VFDOMWHNU RO OXKKN SRU GW ¥
DERYH IURP WKH FRUUHODWLRQ DQDO\VLVY DUH FRQVLGEF



6LQJOH ILHOG DQDO\VLV SULQWRXWYV IURP WKH +)$ ZHU
7KH WZR SURJUDPV ZHUH YLHZHG LS FRQMXQFWLRQ ZLW
PHUJHG SULQWRXW RI WKH WZR SURJUDPV EHFDXVH SL
PRGH

,Q DGGLWLRQ WR WKH JOREDO LQGLFHV WKH YLVXDO IL
DQ\ UHJLRQDO GLIIHUHQFHY EHWZHHQ WKH JURXSV 3R

EHWZHHQ UHJLRQV ZHUH H[FOXGHG 7KUHH W\SHV RI1 UHJ

f WKUHH DQOQBGLXVXUH D

LQQHU ORFDWLRQV
PLGGOH ORFDWLRQV
RXWHU ORFDWLRQV

T IRXU PHULGLRQDOXTUWADGUBPQWYV
XSSHU WHPSRUDO ORFDWLRQV
XSSHU QDVDO ORFDWLRQV
ORZHU QDVDO ORFDWLRQV
ORZHU WHPSRUDO ORFDWLRQV

¥ IRXU VHFWRUYUVIRXWMWLGHF

VXSHULRU ORFDWLRQV
QDbVDO ORFDWLRQV
WHPSRUDO ORFDWLRQV
LQIHULRU ORFDWLRQV

$UHD LQ ILIXUH F LV HTXLYDOHQW WR WKH LQQHU f
,Q DGGLWLRQ WR WKHVH ILHOG UHJLRQV WKH IRYHDO V
VHQVLWLYLWLHYV IRU WKH UHJLRQV ZHUH DQDO\VHG EHW:
IRU WKH JOREDO LQGLFHYV



D f $QQXOL

E 4XDGUDQWYV

v
7 i 7 ® X iU U U u
1 i 1 i Ui

F 6HFWRUV

JLIXUH5HJLRQDO PDSV GHYLVHG IRU WKH FHQWUDO ILH
LQGLFDWH WKRVH SRLQWY DVVXPHG WR IDOO ZLWKLQ W
LOQOFRUSRUDWHG LQ WKH DQDO\VLY /RFDWLRQV DORQJ GL
E\ R DQG DUH H[FOXGHG IRU WKDW SDUWLFXODU UHJLR



SHVXOWYV

7ZR VXEMHFWYVY IDLOHG WR PHHW WKH FULWHULD VHW E
FHQWUDO WHVW SURJUDPV DQG WKH\ ZHUH H[FOXGHG
FULWHULD DQG DOO UHOLDELOLW\ LQGLFHV ZHUH ZLWKL
VWXG\ OHDYLQJ D WRWDO RI VXEMHFWY 7KH QXPI
UHIUDFWLRQ DQG D[LDO OHQJWK IRU HDFK JURXS LV JL
FDOFXODWHG DV GHVFULEHG LQ &&KDSWHU VHFWLRQ

7TDEOH1XPEHU RI VXEMHFWY LQ HDFK JURXS WRJHWKHL
UHIUDFWLRQ DQG D[LDO OHQJWK 9DOXHV LQ SDUHQWKH\

*URXSQXPEHU RHDQ DJAHDQ REFXCPMHDQ D[LDO
VXEMHFWWMWDUV UHIUDFWLROHQJWK PP

WR

,Q JURXS WKH FUHVFHQW DUHD H[SUHVVHG DV IUDFW
RI WKH RSWLF GLVF DUHD ZLWK D PD[LPXP RI [ GLVF
FUHVFHQW UDQJHG IURP WR RI WKH RSWLF GLVF DU

*OREDO LQGLFHYV

$129% UHVXOWYV

OHDQ YDOXHV “6' IRU DOO WKH JOREDO LQGLFHV IRU Wi

ZD\ $129% IROORZHG E\ WKH OHDVW VLJQLILFDQW GLIIHU

\LHOGHG WKH IROORZLQJ *

+ QR VLJQLILFDQW GLIIHUHQFHV EHWZHHQ JURXSV DQC
+ JURXS GHPRQVWUDWHG D VLJQLILFDQW GLIIHUHQFH



0' 36' DQG &36' S 6) GLIIHUHG VLJQLILFDQWO\ E}
2
+ JURXS VKRZHG D VWDWLVWLFDOO\ VLIJQLILFDQW GLII
IRU 06 DQG 0' RQO\

7TDEOH OHDQ YDOXH “6' RI WKH JOREDO LQGLFHV IRU Wtk

JURXSV6 G% 0' G% 36' G% &36' G% 6) G%
“6! “6! “6! H6l H6l

&RUUHODWLRQ DQG OLQHDU UHJUHVVLRQ UHVXOWYV

3O0RWV RI WKH UHVLGXDOV ZHUH VDWLVIDFWRU\ LQ PRVW
LQ JURXSYV DQG '"HVSLWH WKLV WKH DQDO\VLV ZDV FI
EXW UHVXOWY ZHUH WUHDWHG ZLWK FDXWLRQ DV WKH X
IRU 55DQG JUDGLHQWYV RI WKH UHJUHVVLRQ OLQH DUH S|

*URXSV DQG
$ DQDO\VLV GLG QRW UHYHDO DQ\ VLJQLILFDQW FRUUH
ZLWK HLWKHU D[LDO OHQJWK RU RFXODU UHIUDFWLRQ

*URXS

f 0' DQG 06 GHFOLQHG VLJQLILFDQWO\ DV D[LDO OHQJ
UHIUDFWLRQ EHFDPH PRUH P\RSLF KRZHYHU EHFDX\
UHVXOWVY VKRXOG EH LQWHUSUHWHG ZLWK FDXWLRQ V

t 6) 36' DQG &36' GLG QRW H[KLELW DQ\ VLIJQLILFDQW ¢
OHQJWK RU RFXODU UHIUDFWLRQ

*URXS
f 0' DQG 06 GHFOLQHG VLJQLILFDQWO\ DV D[LDO OHQJ
UHIUDFWLRQ EHFDPH PRUH P\RSLF SO®© ,Q WKLV



KLIJKHU WKDQ IRU JURXS WDEOH 0' GHWHULRUDYV
LQFUHDVLQJ D[LDO OHQJWK DQG ZLWK LQFUHDVLQJ P
GHWHULRUDWHG E\ G% PP 5 ZLWK LQFUHD
LQFUHDVLQJ P\RSLD E\ G% ' 5

+ DOWKRXJK YYDDAXHWDRMUH IRXQG IRU FRUUHODWLRQ'
&36' ZLWK D[LDO OHQJWK DQG RFXODU UHIUDFWLRQ

W R WDEOH

t 6) GLG QRW H[KLELW DQ\ VLJQLILFDQW OLQHDU UHOI

UHIUDFWLRQ

*UDSKLFDO H[DPSOHV DUH JLYHQ IRU 0" 06 DQG 36' SO

RFXODU UHIUDFWLRQ IRU DOO VXEMHFWY LQ ILIXUHYV \

7TDEOH6XPPDU\ RI WKH UHVXOWY RI FRUUHODWLRQ DQG
LQGLFHYV DJDLQVW D[LDO OHQJWK DQG RFXODU UHIUDFWL

*OREDO LQGH[ D[LDO OHQJWK RFXODU UHIUDFWLR(
5 SYDOXHUDGLHQ@W SYDOXHUDGLHQW

*URXS G% PUQ G% '

0"

06

36"

&36"

6)

*URXS

0’ © ©

06 © ©

36" © ©

&36" ©

6)



PHDQ RFXODU UHIUDFWLRQ

JLIXUH 0' SORWWHG DJDLQVW D D[LDO OHQJWK DQG E RFX
VDPSOH 2SHQ FLUFOHV UHSUHVHQW VXEMHFWV ZLWKRXW SHI
WULDQJOHY UHSUHVHQW VXEMHFWY ZLWK SHULSDSLOODU\ FUHYV



PHDQ RFXODU UHIUDFWLRQ '

JLIXUH 06 SORWWHG DJDLQVW D D[LDO OHQJWK DQG E PHC
HQWLUH VDPSOH 2SHQ FLUFOHV UHSUHVHQW VXEMHFWV ZLWK
VROLG WULDQJOHYVY UHSUHVHQW VXEMHFWY ZLWK SHULSDSLOODL



PHDQ RFXODU UHIUDFWLRQ '

JLIXUH 36' SORWWHG DJDLQVW D D[LDO OHQJWK DQG E RFX
VDPSOH 2SHQ FLUFOHV UHSUHVHQW VXEMHFWYV ZLWKRXW SHL
WULDQJOHYV UHSUHVHQW VXEMHFWYVY ZLWK SHULSDSLOODU\ FUHV



+XPSKUH\ VLQJOH ILHOG DQDO\VLV SULQWRXWYV

6LQJOH ILHOG DQDO\VLYVY SULQWRXWY ZHUH H[DPLQHG VH
,Q DOO JURXSVY LQFOXGLQJ WKH HPPHWURSLF JURXS |
VLIQLILFDQW LQ WKH WBWD M IGHKYHDWIOR QOXVRW UWRWRR U D
7TKHVH ORFDWLRQV KDYH EHHQ LIJQRUHG LQ WKH IROOR:
SULQWRXWY ZKLFK FRQFHQWUDWHY RQ WKH RWKHU WKU|
DGGLWLRQ WR WKH VLQJOH ILHOG DQDO\VLV SULQWRXW
SURJUDPVY ZDV REWDLQHG WR H[DPLQH WKH FRPELQHG JL

*URXSV DQG

7TKHUH ZDV QR HYLGHQFH RI DQ\ ILHOG GHIHFWV RQ LQV
SORWYVY RWKHU WKDQ D PLQRU GHFUHDVH LQ VHQVLWL
VXSHULRUO\ ,Q VRPH VXEMHFWYVY VPDOO FOXVWHUV RI XS
LQ WKH WRWDO GHYLDWLRQ SUREDELOLW\ SORW $SSURJI
LGHQWLIEHG RRU LQ RQH ILHOG RQO\ ,Q DOO VXEMHI
SUREDELOLW\ SORW QHYHU GLVSOD\HG PRUH WKDQ WZ
VLIQLILFDQFH OHYHOV ,Q VXPPDU\ QHLWKHU JURXS VK
ILHOG

*URXS

*UD\ VFDOH DQG GHIHFW GHSWK SORWYV VXJJHVWHG D L
ILHOG SDUWLFXODUO\ DW WKH RXWHU HGJHV RI WKH IL
LGHQWLE. HG FRHWH LQIUHTXHQW ZLWK D PD[LPXP RI WZR
+RZHYHU WXRWUIRURFFXUUHG PRUH IUHTXHQWO\ WKDQ
RFFXUUHG HLWKHU LQ LVRODWLRQ DV VPDOO FOXVWHUV
WKH\ ZHUH FOHDUO\ DVVRFLDWHG ZLWK WKH EOLQG VSR
FHUWDLQW\ DQ\ DUHD RI WKH ILHOG DV EHLQJ SUHGRPLC
DQG LQIHULRU KHPLILHOGY WKH VXSHULRU ILHOG VKRZH
DQG WKH LQIHULRU ILHOG LQ VXEMHFWY 7KHUH ZDV Q
QbVDO ZHGJH GHIHFWY 7KH SDWWHUQ GHYLDWLRQ SORMW

0'zZzDV IODJJHG DV DEQRUPDO IRU DW OHDVW . LQ \
IODJJHG DV DEQRUPDO LQ RQO\ VXEMHFWYV

%HWZHHQ DQG ORFDWLRQV LQ HDFK WRWDO GHYLDW

OHYHOV DQG EHWZHHQ DQG ORFDWLRQV LGHQWLILH
RI WKH ILHOG LQ VXEMHFWY ©67%$73%$& UHSRUWHG D JHC
IRXU FDVHV 2QO0\ RQH RI WKHVH VXEMHFWY H[KLELWHG
SDWWHUQ GHYLDWLRQ SORW ZKLFK ZHUH FOHDUO\ DVVF



WEMHFW WKH JODXFRPD KHPLILHOG WHVW ZDV ERUGH!
GHYLDWLRQ SORWY VKRZHG RQ®\ RQH GHSUHVVHG ORFD!

7KH JODXFRPD KHPLILHOG VLJQLILHYV D GLIITHUHQFH LQ
LQIHULRU KHPLILHOGV $VPDQ DQG +HLMO DQG LV RQ

*URXS

*UD\ VFDOH DQG WKH GHIHFW GHSWK SORWY DSSHDUHG
VXSHULRU KHPLILHOG SDUWLFXODUO\ WRZDUGV WKH S
HIKLELWHG HQODUJHPHQW RI WKHLU EOLQG VSRWV 21V
WHPSRUDOO\ /RFDWLRQV LGHQWLILHG DW WKH DQG
QRW LQIUHTXHQW 7KH\ RFFXUUHG HLWKHU DW VFDWWH!
LQ VPDOO FOXVWHUV 7KH VHQVLWLYLW\ GHFOLQH LQ WK
WKH JUD\ VFDOH DQG GHIHFW GHSWK SORWYV ZHUH IUHTX
WRWDO GHYLDWLRQ SUREDELOLW\ SORWYV 7KLV GLVSD
SURFHGXUH HPSOR\HG WR FRQVWUXFW WKH HPSLULFD
DFFRXQW IRU WKH LQFUHDVLQJ WKUHVKROG YDULDELOLW

0' zbV FODVVLILHG DV DEQRUPDO IRU DW OHDVW ¢!
DEQRUPDO LQ VXEMHFWY DQG &36' LQ VXEMHFWYV

67$73%$& UHSRUWHG WKH JODXFRPD KHPLILHOG WHVW WI
QRUPDO OLPLWYV LQ VXEMHFWY DQG D JHQHUDO UHGXF
VXEMHFWY VXIIHUHG WKLV GHFOLQH ZLWKLQ WKH FHQW!
GHYLDWLRQ SORW ZLWB VROHYORFYWURRXQI®AG E\ SR
DQG 7KH\ DOVR GHPRQVWUDWHG PDUNHG HQODUJHPI
FDVHV WKH EOLQG VSRW DSSHDUHG WR H[WHQG WRZDUG
WKH WRWDO SUREDELOLW\ SORW VKRZHG D PDUJLQDOO\

LQIHULRU ILHOG WKDQ LQ WKH VXSHULRU ILHOG 7KH

LGHQWLILHG VLJQLILFDQWO\ GHSUHVVHG ORFDWLRQV LQ
VXEMHFWY DURXQG WKH EOLQG VSRW LQ VXEMHFWY D!
RQH VXBMHFW,Q VXEMHFWY WKH SDWWHUQ GHYLDWLRAC
ZDV QR HYLGHQFH RI DQ\ DUFXDWH VFRWRPDV RU QDVDO

6RPH H[DPSOHV RI YLVXDO ILHOG SORWV ZLWK WKH FRUU
LQ $SSHQGL[ $0

7KHUH ZHUH QR PDMRU GLIIHUHQFHV EHWZHHQ WKH UHV
FRPSOHPHQWHG HDFK RWKHU DQG KHOSHG FRQILUP WKF
UHJLRQ LQ XQFHUWDLQ FDVHV



SHIJLRQV RI WKH FHQWUDO ILHOG

$129% UHVXOWYV

6DPSOH PHDQ VHQVLWLYLWLHYV “6' IRU WKH IRYHD DQG
8VLQJ D RQH zZD\ $129% ZLWK WKH OHDVW VLJQLILFDQW
SURFHGXUH WKH IROORZLQJ UHVXOWY ZHUH REWDLQHG

¥ PHDQ VHQVLWLYLWLHYVY IRU DOO UHJLRQV RI WKH ILH
JURXSYV DQG

¥ JURXS GLITHUHG VWDWLVWLFDOO\ VLIJQLILFDQWO\ IL
S

¥ FRPSDULVRQV EHWZHHQ JURXS DQG JURXSYV DQG
QRWHZRUWK\ WKDW EHWZHHQ JURXSYV DQG WKH RQC(

OHYHO LV WKH XSSHU WHPSRUDO TXDGUDQW

¥ PHDQ IRYHDO VHQVLWLYLW\ LQ JURXSYV DQG ZDV

JURXSYV DQG S

&RUUHODWLRQ DQG OLQHDU UHJUHVVLRQ UHVXOWYV

*URXSV DQG
f FRUUHODWLRQ DQDO\VLV GLG QRW UHYHDO D VLJQLILI
DQG HLWKHU D[LDO OHQJWK RU RFXODU UHIUDFWLRQ

*URXS

¥ FRUUHODWLRQ DQDO\VLY UHYHDOHG D VLJQLILFDQW
EHWZHHQ PHDQ VHQVLWLYLW\ DQG HLWKHU D[LDO OHQ
HI[FHSW EHWZHHQ WKH LQIHULRU VHFWRU DQG D[LDO Ol
UHIUDFWLRQ $V D[LDO OHQJWK RU GHJUHH RI P\RSLD |
ILHOG UHJLRQ GHWHULRUDWHY +RZHYHU UHVXOWYV (
EHFDXVH WKH 5 YDOXHV DSUMQGRW K BIDWDWEKHMM VRVW BQ JUDG
LQ WDEOH

*URXS
¥ FRUUHODWLRQ EHWZHHQ PHDQ VHQVLWLYLW\ DQG ERYV
KLIJKO\ VLIJQLILFDQW LQ DOO FDVHV SO $V D[LDO

P\RSLD LQFUHDVHV WKH PHDQ VHQVLWLYLW\ RI HDFK I
DQEDO\VLV JHQHUDOO\ \LHOGHG PXFK KLJKHU 5 YDOXF
HIFHSWLRQV EHLQJ PHDQ VHQVLWLYLW\ RI WKH RXWH!
RFXODU UHIUDFWLRQ ZKLFK JDYH WKH ORZHVW 5 YDOX



7TDEOHOHDQ VHQVLWLYLWLHV G%“6' IRU WKH ILHOG UHJI

JLHOG UHJLRIJRXS JURXS JURXS JURXS

IRYHD “ “ “ “
$QQXOL

LQQHU ¢ ‘ ¢ :
PLGGOH “ “ ¢ “
RXWHU “ “ “ “
4XDGUDQWYV

XSSHU WHPSRUD'O “ ¢ ¢
XSSHU QDVDO “ “ ¢ “
ORZHU WHPSRUDO “ “ ¢
ORZHU QDVDO “ “ “ “
6HFWRUYV

VXSHULRU “ : “ “
LQIHULRU “ “ “ “
QDVDO “ ¢ “ “
WHPSRUDO “ ¢ : “



7TDEOH 6XPPDU\ RI WKH RQH ZD\ $129% ZLWK WKH OHI
PXOWLSOH FRPSDULVRQ SURFHGXUH IRU PHDQ VHQVLWLY

J)LHOG UHJUR®@XS DQG JURRXSS DQG JURXS

IRYHD S S
$QQXOL

IQQHU S S
PLGGOH S S
RXWHU 16 16
AXDGUDQWYV

XSSHU WHPSRUISO S
XSSHU QDVDO S S
ORZHU WHPSRU®O S
ORZHU QDVDO S 16
6HFWRUYV

WSHULRU S S
LQIHULRU S 16
QDVDO S 16
WHPSRUDO S S



7TDEOH 6XPPDU\ RI WKH UHVXOWY RI FRUUHODWLRQ DC
VHQVLWLYLW\ DIJDLQVW D[LDO OHQJWK DQG RFXODU UHIU

$[LDO OHQJWK 2FXODU UHIUDFWLRQ

JLHOG UHJLR®Q SYDOXHUDGLHW SYDOXHUDGLHQW
G% PP G% '

IRYHD

$QQXOL

LQHU

PLGGOH

RXWHU

4XDGUDQWV

XSSHU WHPSRUDO

XSSHU QDVDO

ORZHU WHPSRUDO

ORZHU QDVDO

BHFWRUYV

WSHULRU

LQIHULRU

QDVDO

WHPSRUDO



7TDEOH 6XPPDU\ RI WKH UHVXOWVY RI FRUUHODWLRQ D
VHQVLWLYLW\ DJDLQVW D[LDO OHQJWK DQG RFXODU Ut
FRUUHODWLRQ ZDV VLJQLILFDQW IRU "O©

$[LDO OHQJWKXODU UHIUDFWLRQ

J)LHOG UHJLRXQ JUDGLHQ@W JUDGLHQW
G% PUD G% '

IRYHD
$QQXOL

QQHU

PLGGOH

RXWHU
AXDGUDQWYV
XSSHU WHPSRUDO
XSSHU QDVDO
ORZHU WHPSRUDO
ORZHU QDVDO
6HFWRUYV
WSHULRU
LQIHULRU

QDVDO
WHPSRUDO

)XUWKHU DQDO\VLYV

,QVSHFWLRQ RI WKH GDWD LQ ILJXUH FOHDUO\ VKRZYV
OHQIJWK DQG LQFUHDVLQJ P\RSLD 7KLV GHFOLQH EHJLQV
RlI P\RSLD 7R LQYHVWLJDWH WKLV IXUWKHU LQ DGGLWLF
DFFRUGLQJ WR WKH SUHVHQFH RU DEVHQFH RI D P\RSL
FODVVLILFDWLRQV ZHUH PDGH DFFRUGLQJ WR D[LDO OHC
WKH VXEMHFWYV ZHUH QRW UHFUXLWHG VSHFLILFDOO\ IRL
DFURVYVY WKH JURXSYVY DQG VPDOO LQ VRPH JURXSV OHDQ
FDWHJRU\ LV JLYHQ LQ WDEOH 7ZR VXEMHFWY KDG D
RQH VXEMHFW PRUH WKDQ "Rl P\RSLD WKHUHIRUH WK
RFXODU UHIUDFWLRQ ZDV HIWHQGHG LQ HDFK FDVH WR L



7TDEOH1XPEHU RI VXEMHFWY LQ HDFK FDWHJRU\ DQG PHDQ DJ

&DWHJRU\ JURXSQXPEHU RPHDQ DJH DJH UDQJH
ODEHO/ XEMHFWWHDUV \HDUYV

$[LDO OHQJIJWK PP
L

LL
LLL
LY
9
YL
2FXODU UHIUDFWLRQ
W R $
W R %
W R &
W R
W R (

$ RQH zD\ DQDO\VLV RI YDULDQFH $129% FRPELQHG ZLW
PXOWLSOH FRPSDULVRQ SURFHGXUH ZDV HPSOR\HG WR
EHWZHHQ WKH LQGLFHVY DFURVV WKH D[LDO OHQJWK DQG

*OREDO LQGLFHV
OHDQ YDOXHV “6' IRU WKH JOREDO LQGLFHY DUH JLYHQ
S5HVXOWYVY IURP WKH RQH ZD\ $129% IRU D[LDO OHQJWK UH]

JURXSV L DQG LL GLG QRW H[KLELW DQ\ VLJQLILFDQW

JURXSV LY Y DQG YL ZHUH DOZzZD\V VLIJQLILFDQWO\ G

0' 06 36' &36' IF.2 20

f JURXS LLL GLIITHUHG IURP JURXS L IRU 0' DQG 06 D
S

T 6) GLG QRW GLIIHU VLIQLILFDQWO\ EHWZHHQ WKH JU

S

H +H



"LITHUHQFHY EHWZHHQ JURXSV LY Y DQG YL ZHUH VLJ
WKHVH ILQGLQJY VKRXOG EH WUHDWHG ZLWK FDXWLRQ E

$

+

RQH zZzD\ $129% IRU RFXODU UHIUDFWLRQ UHYHDOHG WK

JURXSV $ DQG % GLG QRW GLIIHU IURP HDFK RWKHU I|
JURXS & GLIIHUHG IURP JURXS % IRU 06 DQG 0' S

S DQG 0" S

JURXSYV ' DQG ( ZHUH VLJIQLILFDQWO\ GLITHUHQW IURP
DQG &36' S

JURXSYVY ' DQG ( ZHUH VLJQLILFDQWO\ GLIITHUHQW IUF
S DQG &36' S

6) GLIITIHUHG VLJQLILFDQWO\ EHWZHHQ JURXSV $ DQG (

S5SHVXOWYV IURP JURXS ( VKRXOG EH UHJDUGHG ZLWK FDX\

7TDEOH OHDQ YDOXH “6' IRU WKH JOREDO LQGLFHV IRU H

$[LDO OHQAWEB% 0' G% 36' G% &36' G% 6) G%

PP “6" “6" “6" “6' “6°
L

‘18 [ “ “ [
LL
LLL
LY

YL



7TDEOH OHDQ YDOXH “6' IRU WKH JOREDO LQGLFHV IRU HDFK

2FXODU 06 G% 0' G% 36' G% &36' G% 6) G%
UHIUDFWLRQ6" “6' “6' “6' “6'
$
WR “ “ “ “ “
%
WR “ “ “ * “
F

7TKHVH ILQGLQJV VXSSRUW VWDWLVWLFDOO\ WKH YLVXDO
WKDW ZRUVHQLQJ RI WKH JOREDO LQGLFHV EHJLQV WR L
OHQJIJWKYV DERYH PP DQG LQ VXEMHFWY ZLWK PRUH WKD
ILHOG UHJLRQV XVLQJ WKH VDPH VXEMHFW FDWHJRULHYV
IRU VLIQLILFDQW GLIIHUHQFHY EHWZHHQ WKH JURXSYV
$SSHQGL[ $0 O

&RUUHODWLRQ DQG OLQHDU UHJUHVVLRQ SHUIRUPHG RQ

PP VXEMHFWYV DQG PRUH WKDQ ' RI P\RSLD VXE
SDUDPHWHUV \LHOGHG QRW VXUSULVLQJO\ YHU\ VLPLOD!
JURXS P\RSHV ZLWK UHODWLYHO\ ODUJHU SHULSDSLOO

FRQWDLQHG VXEMHFWY IURP WKH RULJLQDO JURXS
FROQWDLQHG VXEMHFWY IURP JURXS 7TKH QXPEHU RI V
DQG RFXODU UHIUDFWLRQ JURXS LV RI ZKRP FDPH 1

VXPPDU\ WDEOH RI WKH UHJUHVVLRQ DQDO\VLV LV JLYHQ



'LVFXVVLRQ

*OREDO LQGLFHYV

&HQWUDO YLVXDO ILHOG VHQVLWLYLW\ GHFOLQHV DV Wl
LQFUHDVHY 6XEMHFWY ZLWK ODUJHU DUHDV RI SHULSDS
WR EH VXEMHFWV ZLWK ORQJHU D[LDO OHQJWKV DQG
GHSUHVVLRQ RI WKHLU YLVXDO ILHOGY DV PHDVXUHG E\

JURXSYV WR 0' DQG 06 DUH LQGLFDWRUV RI JHQHUI
&36' LQGLFDWH QRQ XQLIRUPLW\ ZLWKLQ WKH ILHOG DQC
Rl ORFDOLVHG GHSUHVVLRQV )URP WDEOHYV DQG

LQFUHDVLQJ P\RSLD DSSHDUV WR EH PRUH JHQHUDOLVHC
DSSHDU PRUH PDUNHG WKDQ WKRVH RI WKH RWKHU LQGL
VXEMHFWY I|ILHOGYV LQ ZKLFK 0' LV IODJJHG DV DEQRUPE
FRPSDUHG ZLWK WKH RWKHU LQGLFHYV LQ JURXSYV DQG
DQG DUH LQ YHU\ JRRG DJUHHMHOD® ZLQVK RWUKPRH R |
“ G% IRU 36" DQG “ G% IRU &36' ZKHUHDV YDGC
LQ WKLV VWXG\ EHLQJ ¢ ‘C% BN IFBYU BRGE 7KLV VX!
WKH HYLGHQFH RI D ORFDOLVHG FRPSRQHQW RI WKH
JHQHUDOLVHG ORVV LQ JUHIWXD O F+ RZHVYPHUURPHI MO QRUPD
UHSRUWHG KLJKHU YDOXHV IRU 36' ! G % ZKLFK 1
&KLKDUD DQG 6DZDGD XVLQJ WKH 2FWRSXV DXWRPI
IRXQG 0' WR EH DEQRUPDO LQ RXW RI VXEMHFWY ZLW
PHDQ DJH \HDUV 7TKHLU P\RSHV KDG SHULSDSLOODL
GLDPHWHUYV DQG KDG QR RWKHU IXQGXV FKDQJHV

KHQ FDWHJRULVHG E\ D[LDO OHQJWK DQG RFXODU UHI

EH\RQG PP RU P\RSLD PRUH WKDQ ' VKRZHG VWDWLYV
YDOXHV IRU 06 DQG 0' ZKHQ FRPSDUHG ZLWK VXEMHFWYV .
P\RSLD OHVV WKDQ ' 7KHVH ILQGLQJV VXSSRUW WKH YL

6 XEMHFWYVY ZLWK D[LDO OHQJWKV EH\RQG PP RU P
DGGLWLRQ VWDWLVWLFDOO\ VLIQLILFDQWO\ GHSUHVVHG
ZLWK VXEMHFWYV ZLWK VKRUWHU D[LDO OHQJWKYVY DQG Ot
VHHP WKDW DV D[LDO OHQJWK DQG P\RSLD LQFUHDVH D
ZKLFK D QRQ XQLIRUP FRPSRQHQW RI| ILHOG ORVV EHFRP
IXUWKHU W LV GLIILEFXOW WR SODFH D SUHFLVH FXW RII
DERYH ZKLFK SHULPHWULF WKUHVKROGY DUH OLNHO\ WR
UHDVRQDEOH WR FRQFOXGH WKDW VXEMHFWYV ZLWK DJ[LD
VKRZ D GHWHULRUDWLRQ LQ WKHLU JOREDO LQGLFHV S
ZLWK DJH PDWFKHG QRUPDO VXEMHFWYVY ZLWK D[LDO OHQJ



JURP WDEOH Lw FDQ EH VHHQ WKDW WKH FRHIILFLH
VXIILFLHQWO\ KLJK WR VXJJHVW WKDW OLQHDU UHJUHVVI
DQG 06 IRU PHGLXP DQG KLJK P\RSHV 7R LOOXVWUDWH
$0 O LQ DSSHQGL[ $ DUH XVHG 7KHVH GDWD ZHUH REW
VXEMHFWYV ZLWK D[LDO OHQJWKV DERYH RU EHORZ PP
UHIUDFWLRQV DERYH RU EHORZ " $ P\RSH ZLWK DQ D]
ZRXOG EH SUHGLFWHG WR H[KLELW D GHFOLQH LQ 0" RI D

[ G % G %

ZKHQ FRPSDUHG ZLWK D VXEMHFW RI WKH VDPH DJH KD
6LPLODU FDOFXODWLRQV FDQ EH SHUIRUPHG LQ VXEMHF
HIDPSOH D P\RSH RI ' ZRXOG EH SUHGLFWHG WR F
DSSUR[LPDWHO\

> @ | G % G %

ZKHQ FRPSDUHG ZLWK D VXEMHFW RI WKH VDPH DJH ZLW|

9DOXHV IRU 0' LQ WKH QRQ P\RSLF FRQWURO JURXS D
SHUKDSV ORZHU WKDQ H[SHFWHG IRU QRUPDO VXEMHFW
UHVSHFWLYHO\ +RZHYHU WKHVH YDOXHV DUH VXSSRUYV
VXEMHFW SRSXODWLRQ RI WKH VDPH DJH RQ WKH VDPH
VWXG\ XVLQJ D GLIIHUHQW +)$ *XWWULGJH X (
FRPPXQLFDWLRQ 6XEMHFWV ZHUH \RXQJ QRUPDO KH
SDWKRORJ\ SDVW RU SUHVHQW DQG LW LV KLJKO\ XQC
P\RSLF DQG ORZHU P\RSLF JURXS FRQWDLQHG VXEMHF)
WKUHVKROGY GXH WR DQ XQNQRZQ FDXVH ,W LV PRUH !
GDWD VWRUHG ZLWKLQ WKH +)$ ZDV FRQVWUXFWHG IUR
OLJKW WKUHVKROGV IURP WK RWHW LR OVEK LMVVMX @R W UR®H
PDQ\ VXEMHFWYV ZHUH LQFOXGHG IURP HDFK GHFDGH WR
+RZHYHU WKH VDPSOH PHDQ 06 RI G% IRU WKH FHQMW
LQ WKLV VWXG\ LV VLPLODU WR WKDW IRXQG LQ RWKHU

0' DQG 06 IRU WKH +)$ DUH JLYHQ LQ WDEOH



7TDEOH OHDQ JOREDO LQGH[ YDOXHV “ 6" LI JLYHQ IRU
VXEMHFWYV

, QYHVWLIJDWRUNWVJH UDQQXPEHU RHDQ 06 PHDQ O’
PHDQ “6' VXEMHFWW®¥' G% “ 6' G%
%UHQWRQ 3KHOSV “

IHZWW DO

+HLWW DCF QRW VWDWHG “
&ROBWQDO “ “

,ZDWHN DO “
.DW] G6RPPHU PHDQ

/LQGHQHRMYWWEKO

) O D Q DHI\W QD OD “ “

9DOXHV IRU 6) LQ WKLV HQWLUH VDPSOH DUH LQ DJUHH
VXEMHFWWW%BEEH)ODPHPW UDOE 5DELKYWDXO %UHQWRQ D
$UIXV %BHMQWRQ%WUHQWRQ DQG 3KHOSYV .DW] D
+HLMW DOG ,ZBWW DO $XW]JHQ DQG :RUN HW&DNAVVZH/(
&KDXKIDM DO )ODQWWDROD 6) GLG LQFUHDVH VLJQLILFDQ

DQG DQG WKLV PD\ EH HLWKHU WKH UHVXOW RI DQ D
WKUHVKROG YD G \D OFO DPHPLIMWMOD OF :HEHU DQG 5DX
EHFDXVH 6) LV IRXQG WR EH KLJKHU LQ DEQRUPDO ILHOG
HW DO )ODPRWUDOD DQG E :HUQHU DQG 'UDHQ®HD O 6 W
/IDQJHUKRWDW 3LBOW]DO +HHMWOD CF

7DEOH VKRZV DQ LQFUHDVH LQ WKH VWDQGDUG GHYLI
DQG IRU WKH JURXS PHDQV RI JOREDO LQGLFHV $V WK
EHFRPHVY PRUH GLVWXUEHG DQG WKH H[WHQW RI WKLV
JLYLQJ WKHVH ODUJHU VWDQGDUG GHYLDWLRQV IRU WKF

7KLV FDQ EH LQWHUSUHWHG DV DQ LQFUHDVH LQ W
YDULDELOLW\ KDV SUHYLRXVO\ EHHQ VKRZQ WR LQFUHDYV
HW DO )ODPRWUDOD DQG E :HUQHU DQG 'UDHQ®HD O 6 W
IDQJHUKRNW VDN 3LBW] DO +HHWMO DOF DQG LQ DEQRUPDC
+ROPLQ DQG .UDNDX HW DODP®PRMUE :LOHQVN\ DQG -RR
3DUHWK DO /HZHW DO .DW] DQG 6RPPHU HW DB @ V:NHLUXQWMH U
HWDO



+)$ SULQWRXWYV

6LIJQLILFDQWO\ GHSUHVVHG SRLQWV ZHUH IRXQG LQ QRU
E\ SUHYLRXV VWXGLHV :LOHQVN\ D)W DRR GBRIPSHW DO.H
JHZHW DO +HLMO DQG $VPDQ HWED@KDMRBQWKH VLQ
ILHOG DQDO\VLYVY DQG PHUJHG SULQWRXWYV LW LV HYLGHC
GHPRQVWUDWHG D GHSUHVVLRQ RI WKH GLITHUHQWLDO ¢
67$73$& UHSRUWHG D JHQHUDOLVHG UHGXFWLRQ LQ V
WKDQ LQ JURXS ,Q DGGLWLRQ WKH JODXFRPD KHPLILH
JURXS DQG VXEMHFWV LQ JURXS ,Q WKH ODWWHU JL
RWKHU VXEMHFWV 7KLV VLJQLILHV D VLJQLILFDQW GLIIF
DQG LQIHULRU KHPLILHOGVY 7KH JUD\ VFDOH DQG GHIH
LQYROYHPHQW RI WKH VXSHULRU KHPLILHOG EXW WKH S
ORVV LQ VHQVLWLYLW\ ,Q DJUHHPHQW ZLWK SUHYLRXYV
ZDV REVHUYHBWI1D®&DVHDVXNBW PO -RGDNV DO 0DUWLQ
%RJOLQG EXW WKLV ZDV HYLGHQW LQ JURXS RQO\

JLHOG UHJLRQV

S5HVXOWY VHW RXW LQ WDEOH VKRZ D UHGXFWLRQ LQ

WKURXJK WR JURXS 7KLV GHFOLQH LQ WKH FHQWUDO
FDVHVY ZKHQ FRPSDULQJ JURXS ZLWK WKH RWKHU W
VLIQLILFDQWO\ IURP JURXSYV DQG LQ WKH PDMRULW\ |
XSSHU WHPSRUDO TXDGUDQW ZDV WKH RQO\ UHJLRQ GLI
IRU WKH IRYHDO WKUHVKROG LQ JURXSYV DQG LV LQ JF
VXEMHFWY RI D VLPLODU DJH %UHQWRY®Y D@GDRIGHO SV
+HUVH

JURP LQVSHFWLRQ RI WDEOH LW LV GLIILFXOW WR FR
DIlIHFWHG 5HJDUGLQJ HDFK UHJLRQDO PDS VHSDUDWHO'
DUH IRXQG LQ WKH RXWHU DQQXOXV WKH VXSHULRU KHP
QDVDO TXDGUDQWYV DQG VXSHULRU VHFWRU LQ DOO JUF
LV H[SHFWHG EHFDXVH LW LV ZHOO HVWDEOLVKHG WKDW
IURP ILIDWLRQ 6ORDQ $XOKRUQ DQG +DUPV , V
GLITHUHQFHY EHWZHHQ WKH PHDQ VHQVLWLYLWLHVY RI F
SDUWLFXODUO\ EHWZHHQ WKH LQQHU DQG RXWHU DQQXC
VXSHULRU DQG LQIHULRU VHFWRUV )JURP WDEOH LW
ODUJHU LQ JURXS FRPSDUHG ZLWK JURXSYV DQG DQC
+HQVRY®Y DO KDV H[SODLQHG DV\PPHWULF GHSUHVVLRC



HHODVKHV RU EURZV LQWHUIHULQJ ZLWK WKH PHDVXUHF
WKDW D ORZHU SRVLWLRQ RI WKH XSSHU OLG DV WKH VX
HITHFWV +RZHYHU WKLV GRHV QRW H[SODLQ WKH LQFU
DQG LQIHULRU KHPLILHOGYV IURP JURXS WKURXJK WR JU

7TDEOH'LITHUHQFHYVY EHWZHHQ VHOHFWHG ILHOG UHJLRQV

'LITHUHQFH *URXS *URXS *URXS *URXS
EHWZHHQ UHJGRQV G% G% G%

$QQXOL

IQQHU RXWHU
+HPLILHOGYV
LHULRU VXSHULRU
6HFWRUV

LHULRU VXSHULRU

7KLV VXJIJHVWY DQ LQFUHDVH LQ WKH QRQ KRPRJHQHLW\
LQ ILHOG VHQVLWLYLW\ LQ JURXSYV DQG SUHIHUHQWL
VXSHULRU VHFWRU DQG WKH RXWHU DQQXOXV LQ JURXS

'"HSUHVVLRQ RI WKH XSSHU WHPSRUDO TXDGUDQW LQ J
UHSRUWLQJ XSSHU WHPSRUDO ILHOG GHIHFWV ZLWK WKH
P\RSHV ZKR LQ DGGLWLRQ KDG WLOWHG GLVFV DQG LQIH
&DFFDPLVH 6FKPLGW % HUU\ SLLVH 2G(
:DNHILHOG HWRRQJ 7TKHVH VWXGLHY DOVR UHSRUWHG
ZKLFK ZHUH QRW LQYHVWLJIJDWHG LQ WKLV VWXG\ +XDQJ
DXWRPDWHG SHULPHWHU GHPRQVWUDWHG D UHGXFWLR(
VXEMHFWY DJHG \HDUV ZLWK PRUH WKDQ "Rl P\
RQO\ DV FRPSDUHG WR D QRQ P\RSLF FRQWURO JURXS

VLIQLILFDQWO\ PRUH DIIHFWHG WKDQ WKH RWKHU TXDG!
WKH 2FWRSXV IRXQG PLG SHULSKHUDO UHJLRQV RI WKH
WKLYV ZDV QRW WKH SUHGRPLQDQW ILQGLQJ LQ WKLV VWX

7KH ORZHU VHQVLWLYLW\ RI WKH XSSHU WHPSRUDO TXD
JURXSV DQG LV SUREDEO\ UHODWHG WR WKH SUHIHU
DVVRFLDWHG ZLWK D[LDO HORQJDWLRQ LQ P\RSLD &XU\
JURXS DQG VRPH LQ JURXS WKH FKRURLGDO YDVEFXO
DQG QDVDO UHWLQDO DUHDV DV FRPSDUHG ZLWK WKH Ul



DQRG RU VWUHWFKLQJ RI WKH UHWLQD RU D ODFN RI
HSLWKHOLXP

7KH FRUUHODWLRQ DQDO\WVLV SUHVHQWHG LQ WDEOHYV

DVVRFLDWLRQ IRU JURXS WKDQ IRU JURXS IRU WKH F
ERWK D[LDO OHQJWK DQG RFXODU UHIUDFWLRQ +RZHYHL
DQG RXWHU DQQXOXV IRU ZKLFK WKH 5 YDOXHV DUH SO
VHQVLWLYLW\ GHFOLQH ZLWK ERWK D[LDO OHQJWK DQG
JUDGLHQWY RI WKH UHJUHVVLRQ OLQHV LV UHPDUNDEO
DQG VXSHULRU VHFWRU 7KH GLIITHUHQFH EHWZHHQ WKH
VRPH FDVHV |IRU H[DPSOH XSSHU YHUVXV ORZHU WHPS
LQIHULRU VHFWRU )RU DOO UHJLRQV WKH UDWH RI OR\
HIFHSW IRU WKH IRYHD VXSHULRU VHFWRU DQG WKH X!
VLPLODU LQ WKHVH WZR JURXSV ,Q JURXS WKH JUDGL
DSSHDU WKDW P\RSHV ZLWK UHODWLYHO\ VPDOOHU FUH\
DQG OHVV P\RSLD VKRZ WKH PRVW UDSLG GHFOLQH LQ
VXSHULRU VHFWRUY +RZHYHU LQ VXEMHFWY ZLWK ODL
OHQIJWKYVY DQG PRUH P\RSLD WKH UDWH RI GHFOLQH VHHI
ILHOG ,Q JURXS WKH WHPSRUDO VHFWRU KDV WKH VWF
WKH ODUJHU DUHD RI WKH SHULSDSLOODU\ FUHVFHQW L
YLVXDO VHQVLWLYLW\ DW ORFDWLRQV EH\RQG WKH PDU
SULQWRXWY GHPRQVWUDWHG HQODUJHG EOLQG VSRWV L

7TKHVH UHJLRQDO PDSV DUH QRW GHILQLWLYH DQG RWKI
GLITHUHQW UHVXOWY )J)URP WKH DERYH ILQGLQJV LW LV I
ORVV LQ P\RSLD LV JHQHUDOLVHG ZLWK ORFDOLVHG FRP
JURXS VXEMHFWY WKH UDWH RI ORVV LV JUHDWHU LQ
TXDGUDQW EXW LQ JURXS WKH UDWH RI ORVV LV YHU\ \
+XDQJ XVLQJ WKH 2FWRSXV SHULPHWHU UHFHQWO!
EHWZHHQ WKH ILHOG ORVV RI WKH FHQWUDO ILHOG DQG
WKH UHJLRQV PRVW DIIHFWHG ZHUH WKH XSSHU WHPSRU
HFFHQWULFLW\

7KH GLIITHUHQFH REVHUYHG EHWZHHQ WKH VXSHULRU D
ZLWK WKH UHSRUW RI WKLQQLQJ RI LQIHULRU QHUYH ILE
DQG 6DZDGD EXW WKLV ZDV PDLQO\ VHHQ LQ WKl
FRUUHVSRQGVY WR WKH XSSHU QDVDO ILHOG UHJLRQ

*UHYH DQG )XUXQR IRXQG D YDULHW\ RI ILHOG GHI
JODXFRPD 21 WKHVH RQO\ WKH XSSHU WHPSRUDO GHIHF



LQVKLV VWXG\ 2WKHU GHIHFWV ZKLFK LQFOXGHG W\SLFD
ZHUH QRW IRXQG LQ WKLV VWXG\

5HVXOWY IURP WKH D[LDO OHQJWK DQG RFXODU UHIUDFW
YHU\ VLPLODU UHVXOWY DV IRU WKH JOREDO LQGLFHV DQ

6HYHUDO SRVVLEOH H[SODQDWLRQV IRU YLVXDO ILHOG
VXIJIJHVWHG EHORZ

¥ IXQGXV HFWDVLD PD\ JLYH ULVH WR UHIUDFWLRQ VFRYV
VWUXFWXUDO FKDQJHV LQ WKH UHWLQD FKRURLG F

RSKWKDOPRVFRSLFDOO\ PD\ LQIOXHQFH WKH SHUIRUPL

¥ D[LDO HORQJDWLRQ ZLOO FDXVH VWUHWFKLQJ RI WKH
LQFUHDVHG UHVXOWLQJ LQ IHZHU UHFHSWRUV SHU XQ
H\H )RU WKH VDPH VWLPXOXV VL]H IHZHU UHFHSWRUYV
FRPSDUHG ZLWK D QRQ P\RSLF H\H DQG DV D UHVXOW
UHVSRQVH

¥ D[LDO HORQJDWLRQ PD\ LQGXFH GLVWRUWLRQ DQG R
NQRZQ WKDW WKH UHFHSWRUV DUH YHU\ GLUHFWLR
PLVGLUHFWHG WKH\ ZLOO QRW UHVSRQG RSWLPDOO\

T PLQLILFDWLRQ RI WKH VWLPXOXV E\ WKH QHJDWLYH
WKUHVKROG

+H

$QRWKHU SRVVLEOH IDFWRU LV WKH D[LDO OHQJWK RI
LOOXPLQDQFH VXIILFLHQWO\ WR DOWHU UHWLQDO DGD:
LOOXPLQDQFH RI WKH UHWLQD LV LQYHUVHO\ SURSRUWLF
VHFRQG SULQFLSDO SRLQWNRI/AVRHDHQAE WR WK H K HWOLNQHD
HIWUHPHV LQ WKLV VDPSON IWKH VKBRQWGHWKHYDRYXHH MN

LV D IROG INQ FDOFXID NWRQRVRHRFULEHG LQ &KDSWHU

$VVXPLQJ DOO RWKHU IDFWRUV WR EH FRQVWDQW VXFK
SXSLO VLIH UHWLQDO LOOXPLQDQFH ZLOO GHFUHDVH LQ

LQ WKH VKRUWHU H\H ,I ZH OHW WKH VKRUWHU H\H KDY
UHWLQDO LOOXPLQDQFH LQ WKH ORQJHU H\H ZLOO UHGXF
7KH GHFLEHO XQLW RI PHDVXUH 02 ORJ$/ WKXYV RJ

WKH UHWLQDO LOOXPLQDQFH LV YHU\ ORZ DQG FDQ VDIHC
HW DO KDYH GHPRQVWUDWHG XVLQJ WKH +)$ LQ VXEMH
UHWLQDO DGDSWDWLRQ QHHGVY WR EH UHGXFHG E\ DW C
DITHFW WKUHVKROG ZLWKLQ WKH FHQWUDO f $OWKRX
VLIQLILFDQW FKDQJHV LQ WKUHVKROG ZLWK QHXWUDO (
2FWRSXV DXWRPDWHG SHULPHWHU ZKLFK KDV D ORZHU
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DWWHPSW ZDV PDGH WR FRQWURO SXSLO GLDPHWHU

&KDQJHV LQ WKH YLVXDO ILHOG RI QRUPDO P\RSLF LQGLY
LQ WKH FOLQLFDO VFUHHQLQJ IRU DQG GLDJQRVLV RI IL
WR RSWRPHWULVWY DQG RSKWKDOPRORJLVWY ZKHQ VF
32%$* $SDUW IURP WKH JOREDO LQGLFHV EHLQJ I10DJJF
FRPPHQWY JLYHQ RQ WKH SULQWRXW FRXOG EH LQWHUS|
RI WKH VXEMHFWY LQ WKLV VWXG\ KDG D NQRZQ SRVLWLI
\RXQJ DQG ZLWKRXW DQ\ KLVWRU\ RI RFXODU SDWKROR
GLVFV ZHUH QRUPDO LQ DSSHDUDQFH IRU D P\RSLF H\H
EHORZ PP+J W LV YHU\ XQOLNHO\ WKDW WKHUH ZHUH
*XLGHOLQHYV IRU SUDFWLWLRQHUV ZRXOG EH KHOSIXO

FRQIXVHG ZLWK RWKHU W\SHV RI ILHOG ORVV LQFOXGLQ
ILQGLQJV PXVW EH FRQVLGHUHG WRJHWKHU ZLWK WKH Y
DUH SURSRVHG DFFRUGLQJ WR WKH ILQGLQJV LQ WKLV V'

¥ P\RSHV ZLWK D[LDO OHQJWKV DERYH PP DQG PRUH
GHILFLWYV LQ WKH YLVXDO WKUHVKROG LQ FRPSDULV!
PHDVXUHG E\ WKH JOREDO LQGLFHY DQG UHJLRQDO PH|

¥ WKH UHJUHVVLRQ JUDGLHQWY GLVFXVVHG DERYH FDC
JOREDO LQGLFHV RU UHJLRQDO PHDQ VHQVLWLYLWLHV
OHQJIJWK LV NQRZQ ,W VKRXOG EH QRWHG KRZHYHU W]
DJH KDYH QRW EHHQ LQYHVWLIJDWHG EXW DV P\RSLD S
VHQVLWLYLWLHYV RI ILHOG UHJLRQV PD\ GHWHULRUDWH

f WKH ILHOG ORVV LV PDLQO\ JHQHUDOLVHG ZLWK D
LQFUHDVHY WKH GLIITHUHQFH EHWZHHQ WKH PHDQ VH
KHPLILHOGYVY EHFRPHV ODUJHU 2QFH DJDLQ WKH UHJU
HVWLPDWH WKH VHQVLWLYLW\ LQ ILHOG UHJLRQV IRU V

f VXSHULR WHPSRUDO GHIHFWV PD\ EH GXH WR IXQGD
UHIUDFWLRQ VFRWRPD 7KLV FDQ EH LQYHVWLJIJDWHG E
QHIJDWLYHO\ SRZHUHG OHQVHV &DUHIXO RSKWKDOPR\
OHYHO RI WKH UHWLQD

¥ LI DQ LQGLYLGXDO KDV D FUHVFHQW ZKLFK LV DSSURTI
PRUH DV LQ JURXS D UHGXFWLRQ LQ WKH GLIITHUHQW

1 D GLITHUHQFH EHWZHHQ WKH VXSHULRU DQG LQIHULRL
E\ WKH +XPSKUH\ 67$73%$& SURJUDP 7KLV W\SH RI ILH
JODXFRPD +RZHYHU SDUDFHQWUDO RU DUFXDWH VFF
QRW IRXQG LQ WKLV JURXS RI P\RSHV

W PXVW EH UHPHPEHUHG WKDW LVRODWHG RU DUFXD!



ROMXQFWLRQ ZLWK FKRULRUHWLQDO GHJHQHUDWLRQ
SDUDOOHO RSKWKDOPRVFRSLF ILQGLQJV (QODUJHPHQW
DQG WKLV DVSHFW LV FRYHUHG LQ &KDSWHU $ VLQJIOFG
VXIITLFLHQW IRU VFUHHQLQJ SXUSRVHYV

7KH GLVWLQFWLRQ EHWZHHQ ILHOG GHIHFWV GXH WR P\F
$V UHYLHZHG LQ &KDSWHU VHFWLRQ WKHUH LV
JODXFRPD *UHYH DQG )XUXQR XVLQJ *ROGPDQQ

ILHOG ORVV LQ P\RSHV ZLWK JODXFRPD 7KH\ UHSRUWH!
ZKLFK ZHUH IRXQG LQ WKLV VWXGIW5BOHQWQQ J3 RIKMR R)
UHSRUWHG P\RSHV ZLWK HLWKHU QRUPDO WHQVLRQ RU
GHIHFWV SUHGRPLQDQWO\ LQ WKH LQIHULRU KHPLILHOG
DEVWUDFW ZKHWKHU WKH ILHOG ORVY DVVRFLDWHG ZLW
FRQVLGHUHG $ ORQJLWXGLQDO VWXG\ RI WKH YLVXDO

EHORZ DQG DERYH WKH DJH RI \HDUV ZRXOG EH XVHI
LOQWUDRFXODU SUHVVXUHV FRXOG EH LGHQWLILHG DQC
SDWLHQWYV LW PD\ EH GLIILFXOW WR FODVVLI\ D P\RSLF
SDWLHQW EHFDXVH WKH ILHOG ORVV PD\ EH GXH WR WK
WKH GLIILFXOW\ LQ DVVHVVLQJ P\RSLF RSWLF GLVFV



&+$37(5

'LPHQVLRQDO DVVHVVPHQW RI WK
DQG SHULSDSLOODU\ UHJLI

PV
$V RXWOLQHG LQ &KDSWHU WKH DLP RI WKLV FKDSWHU

¥ D PHWKRG IRU GHWHUPLQLQJ WKH WUXH VL]H RI D U
LPDJH ([DFW FDOFXODWLRQ RI WKH WUXH VL]H RI D
UHTXLUHY SUHFLVH NQRZOHGJH RI WKH RSWLFDO FR
HIDPLQHG DQG WKH PDJQLILFDWLRQ RI WKH IXQGXV LF
LI QRW DOUHDG\ NQRZQ FDQ EH H[SORUHG H[SHULPH

+RZHYHU LW LV QRW QRUPDOO\ SRVVLEOH WR PH
RI WKH KXPDQ H\H WKXV FHUWDLQ DVVXPSWLRQV I
FRQILIXUDWLRQ 7KLV DVSHFW LV FRQVLGHUHG EHOR?Z

T WN\SLFDO QRUPDO YDOXHV IRU RSWLF GLVF DUHD (
SHULSDSLOODU\ FUHVFHQW DUHD RYHU D ZLGH UDQJH
SUHYLRXV VWXGLHVY VHFWLRQ

T ZKHWKHU WKH VL]H RI WKH RSWLF GLVF RSWLF FX.
FUHVFHQW LV UHODWHG WR D[LDO OHQJWK DQG UHIUD

JURP WKH GDWD DYDLODEOH LW ZLOO EH SRVVLEOH WR L
GLVF DUHD FXS DUHD DQG QHXURUHWLQDO ULP DUHD
LQ UHODWLRQ WR WKH DUHD RI WKH RSWLF GLVF ZLOO EF

W LV LPSRUWDQW WR NQRZ WKH GLPHQVLRQDO FKDUDF
PD\ KHOS LQ WKH GLIIHUHQWLDO GLDJQRVLV RI QRUPDO
KHDGV )RU H[DPSOH LW KDV EHHQ VKRZQ WKDW WKH Q}
GLVF UDWLR LQ GLVWLQJXLVKLQJ JODXFRPDWRXV H\HV |
K\SHUWHQVLRQH V¥ LOONVUQKWEH DQG %DOD]VL H WD BIH U
7\SLFDO GLPHQVLRQDO YDOXHV IRU D QRUPDO HPPH
WKRVH RI DQ RSWLF GLVF RI DHML.IX@\ P)\QSHIFJKON P\RGDWV
WKH RSWLF QHUYH KHDG KDV D GLVWLQFWO\ GLIIHUHQW
RI DQ\ FXSSLQJ LV KLQGHUHG E\ WKH IRUZDUG GLVSOL
P\RSHY REVHUYHG E\ 'RQGHUV DQG WKH REOLTXH |
DQG 7DVPDQ 3HULSDSLOODU\ FUHVFHQWY DUH QRMW
DWURSK\ RI WKH SHULSDSLOODU\ UHJLRQ LQ WKH IRUP



FUHVFHQWY DQG KDORHV KDV EHHQ GHVFULEHG LQ DVVR
:LOHQVN\ DQG .RONHU +HLMO DQG 6DPDQGHM DO

D &XS VL]JH GLVF VL]H DQG WKH SUHVHQFH RI SHU
LQGLFDWH LQFUHDVHG YXOQHUDELOLW\ RI DQ RSWLF
$QGHUVRQ $UPDHDW DO &KL



5D\WUDFLV(DBIFKQL[I'FXHGHWHUPLQ/LKQWUX\HL]I-RID
5(7,1%/ )($785(

, QWURGXFWLRQ

$QRPDOLHYV DQG GLVHDVHV RI WKH RSWLF QHUYH DUH RI
WKH WRSRJUDSK\ RI WKH RSWLF QHUYH KHDG 4XDQWLIL
PD\ EH KHOSIXO LQ GLDJQRVLV DQG VXEVHTXHQW IROOTJ
GDPDJH WR WKH RSWLF QHUYH KHDG DQG QHUYH ILEUH C
WR SUHFHGH PHDVXUDEOH YLVXDO HIW MG GBR\D NNV DBIWX F

F &DSHMROIO 2QH DUHD RI UHVHDUFK LQ JODXFRPD K
WKH RSWLF GLVF LQ SDUWLFXODU WKH DUHD RI WKH QF
WKH QXPEHU RI QHUYH ILEUHV LQ DQ H\H 5HONX/ODQG 3
DQG E 2SWLF GLVF DUHD DQG QHXURUHWLQDO ULP
PHDVXUHPHQWY PDGH IURP IXQGXV SKRWRJUDSKV DQG F
PDJQLILFDWLRQ RI WKH FDPHUD HPSOR\HG DQG WKH GLF
%HQJWVVRQ %HQJWVVRQ DQG .UDNDX DQG /

JLUVWO\ WKH PHWKRGV SURSRVHG E\ /LWWPDQQ W R
IHDWXUH DUH GHVFULEHG +LV WHFKQLTXH KDV EHHQ ZL(
DUH SUHVHQWHG

OHWKRGV DQG DQDO\VLV

ILWWPDQQ V SURFHGXUH

$VVXPLQJ D[LDO DPHWURSLD DQG ZLWK SDUWLFXODU |
WHOHFHQWULF IXQGXV FDPHUD /LWWPDQQ GHYLVHC
VLIH RI D JLYHQ IXQGXV IHDWXUH /LWWPDQQ V IRUPXOD

w ? TV

7KLV UHODWHVWRKEB WHWHQWIJH HDW X UHR RVIRL WYX H. PPIHIH RQ
IXQGXV FDPHUD ILDRKIZRK QCHHMRUWR EH GHWHUPLQHG L
RQ WKH RSWLFDO GLPHQVLRQV RI WKH JLYHQ H\H 2Q WHK
QRUP DQG WDNLQJ *XOOVWUDQG V VFKHPDWLF H\H DV D
HVWLPDWIRPI RQO\ WZR NQRZQ TXDQWLWLHV WKH FRUQF
$ DW WKH FRUQHDO YHUWH[ $OWKRXJK HTXDWLRQ FC
FDPHUD RI NQRZQ WHOHFHQWULF GHVLJQ WKH QXPHULF
RQO\ WR WKH :HVW *HUPDQ =HLVV LQVWUXPHQW XVHG



WHOHFHQWULF PRGHOV GLITHUHQW YDOXHV RI WKH Q)
SHUWDLQ , W VKRXOG DOVR EH QRWHG WKDW HTXDWI
PDIJQLILFDWLRASUHVHQWY D PHDVXUHG DUHDWRMKHVKH
FRUUHVSRQGLQJ DUHD RI D UHWLQDO IHDWXUH HTXDWLF

T V $
)RU H[DPSOH LI
v PP DG
W [ [ PP

ILWWPDQQ V ILUVW PHWKHRTEX RUHG WKHXNVBW I D QRPRJULIL
SULQWHG LQ WZR VHFWLRQV ILIXUHYV DQG RI KLV

GLUHFW UHDRIRQWRH JULG ORFDWLRQ UHSUWD WL @I W k
ODWHU SDSHU J/LWWPDQQ ILWWPDQQ RIIHUHG DQ D
, QVWHDG WKHDODWR EH REWDLQHG E\ FDOFXODWLRQ IUI

® E$ F
7KH UHTXLVLWH YDOXHV RI D WEXFRQAOG G EBHOREWDUW\QKPGE ZL
SURYLGHG YJUOXGYHBIIURP WR O22PP DW LQWHUYDO
UHTXLULQJ LQWHUSRODWLRW[DW LQWHUPHGLDWH YDOXH"
7KLY GHYHORSPHQW E\ /LWWPDQQ SURPSWHG WKH WKR X,
UHIHUHQFH WR WDEOHV XQQHFHVVDU\ $Q RULJLQDO V

SUHVHQWHG 7R IDFLOLWDWH H[SODQDWLRQ IRXU OLQH\
FR HIlTLFLHQWY D E DQG F DUH KHUH UHSURGXFHG ZLW|

TDEOH([WUDFW IURP /LWWPDQQ V RZQ WDEOH ILWWPDC

U PP D E F

5HSURGXFHG E\ SHUPLVVLRQ RI WKH SXEOLVKHUV RI
.OLQLVFKH ORQDWVEOIWWHU IXU $XJHQKHLONXQGH



,QVSHFWLRQ RI WKH FRPSOHWH WDEOH VKRZV WHKN W W K
GLIIHUHQW UDWHYV 1HYHUWKHOHVV LQ HDFK RQH RI Wi
QHDUO\ FRQVWD QW [HDWSHFZD &L @ KMIQH UDQJH W R
JUHDW PDMRULW)\ RI H\HV 7KLV PDNHV LW SRVVLEOH WR
W VXFK DV WKH IROORZLQJ

D ~ i
E ~8
F -7

7KH DPHWWER®LBH FDOFXODWHG IURP

LQ ZKLWWXKXV WKH VSHFWDFOH FRUUHFWLRQ DW WKH PHDV)
YHUWH[ )RU D QXPHULFDJWH][ DEP-5 O HPPWDR SIRH/ H " 5RXQ
ILJXUHV KDYH EHHQ FKRVHQ WR VLPBQKIMRAKKIH QRRR GUD/F
WKH QHLIJIKERXUKRRG R )R U HTXDWLRQV
DQG F DV LQ WKH WDEOH LWVHOI (TXDWLRQ

T [ [
ZKHQFH

7KH LQWXLWLYH SURFHGXUH ZLWK DQ)DDW LW R BWPLHD I\ HR |
WZR SULQFLSDO SRZHUV RI W&B QG HFEWD F OLH GFRRUWLUHIF W K
D[LV 7KXV

)VS 6 &
IURP ZKWLFKQ WKHQ EH FDOFXRPRWO®& E6ILWIDONCHUDO WDV WKH P
UHFRUGHG FRUQHDO UDGLL DJDLQ LUUHVSHFWLYH RI DJ

FDQ EH VDLG WKDW D WKRURXJK RSWLFDO DQDO\VLV ZRX

$ VHFRQG QRPRJUDP ZDV GHYLVHG E\ /LWWPDQQ Zk
WKH VXEMHFW LI NQRZQ &RPSXWDWLRQ RI WKLV QRPRJU



7KH WHOHFHQWULF SUEQFLSOH DQG WKH IDFWRU

%HQJWVVRQ DQG .UDNDX GHVFULEHG WKH SURFHVV
LQ IURQW RI D KXPDQ H\H WR HQVXUH WKDW LW LV LQ
SULQFLSOH WR DSSO\ $V /LWWPDQQ GLG QRW H[SODLQ
GHSHQGHQFH RQ D WHOHFHQWULF FDPHUD W\@W® PQRWK
HPHUJH

7KH HVVHQWLDO IHDWXUHYV RI WKH WHOHFHQWULF GHVL
VXEMHFW V K\SHUPHWURSLF H\H LV UHSUHVHQWHG E\ D
SULQFLSDO SRLQW 3 FRLQFLGHV ZLWK WKH FRUQHDO YHL

7KH FRPSRQHQW RI WKH FDPHUD V RSWLFDO V\VWHP QH
WKH FRQGHQVHU VKRZQ LQ ILJXUH DV D WKLQ OHQ
DQWHULRU SULQFLSDO IRFXV ) FRLQFLGHQW ZLWK 3 7
RSWLFDO D[LV ;; DQG WUDYHOOLQJ IURP OHIW WR ULJKW
DW 3 DV VKRZQ 7KH UD\ 43 IURP D UHWLQDO SRLQW 4
ZKLFK PHHWV WKH FRQGHQVHU DW ( $IWHU UHIUDFWLRZQ

EH SDUDOOHO WR WKH RSWLFDO D[LV OLNH +- $W WKLV

, WV HIDFW ORFDWLRQ LV HDVLO\ IRXQG LQ WZR VWHSV
LPDJH 4? ZLOO EH IRUPHG LQ WKH SODQH RI WKH H\H V
WKH UHWLQD $V VKRZQ LQ ILJXUH 47 OLHV RQ WKH
EDFNZDUGV WR WKH IDU SRLQW SODQH 1H[W 4 EHFR
FRQVWUXFWLRQ OLQH IURP 4 WKURXJK WKH RSWLFDO
UHIUDFWHG UD\ (* DW WKH VHFRQG LPDJH SRLQW 4

$V VKRZQ LQ ILIJXUH WKH VDPH SURFHGXUH IRU ORFD!'
P\RSLF H\H 7KLV LV QRZ UHSUHVHQWHG E\ D WKUHH V
UHGXFHG H\H LV WRR VLPSOH D PRGHO IRU FRQWLQXHG
SULQFLSDO SRLQWYV WKH ILUVW DW 3 DQG WKH VHFRQG
WKH GLNWPR Q¥KH H\H V IDU SRLQW LV PHDN XWRH @& KURWH3 D
PHDVXUHG IURP 3 2FXODU UHIUDFWLR®N 8@ OMK/N BRMALISW.
VWDWHG DOO I XVIOOWNSDUJHH HWURI EFHHWDWRHQ LQ WKH *DXVVL

| DQ LQFLGHQW UD\ LV GLUHFWHG WRZDUGV 3 WKH UHI
OHQV ZLOO DSSHDU WR KDYH RULJLQDWHG IURP 3 7KHV
RQHV DUH UHYHUVLEOH

7KH FRQMXJBWIHO®D QQOILY X UH V DQG LI VPDOO FDQ
WKH VLPSOLILHG ODZ RI UHIUDFWLRQ VR WKDW



8 80Q . €

LQ ZKQFK WKH UHIUDFWLYH LQGH[ RI WKH ILQDO RFXODU
D JHQHUDOO\ DFFHSWHG YDOXH

7KH WHOHFHQWULF RSWLFDO V\VWHP LV GHYVLYRKQGCWKXF K
FDPHUD ILOP WR WKHLELYVWBQNMWDQW DW OHDVW RYHU L
$OVR VLQFH WKH GLVWDQFH 23 FDQ EH DVVXPHG WR
JRYHUQLYIWKHSpPRBOWHEZ HHQ WKH UHIUDFWHG UD\ 3( DQC
WHOHFHQWULF GHVLIJQ WKXV JLYHV ULVH WR WKH UHODW

V 8f S
LQ ZKSEN D FRQVWDQW IRU D SDUWLFXODU PRGHO RI W|
WKH VLPSOH FDVH LQ ZKLFK WKH WL MNWLLQ\DXD WEGHRQ/ W& H |
JIWLV YHU\ VPDOO SDUD[LDO DSSUR[LPDWLR\ D QP IMKEIH X

HISUHVVHG DV

W N 8 N8Q LQ BDGLDQV

N 8f © 8LQ GHJUHHYV
' LW®DV HTXDWLRQ EHFRPHV
W
N 8f
)LQDOO\ HTXDWLRQV DQG LQ FRQMXQFWLRQ OHDG
W ]

&RPSDULVRQ RI WKLV H[SUHVVLRQ ZLWK /LWWPDQQ V H
WKH YDGXIRURWKH =HLVV IXQGXV FDPHUD LQ TXHVWLR
HTXLYDOHQW WIR7WEW YD UNLR BVDH

T N
ZKLFK VKRWR EH D FRQVWDQW IUDFWLRQ DERXW RQH

GLPHONLRMH GHWHUPN QD WIKRQ SRIREOHP WR EH VROYHG
NI DQG FDQQRW EH GHWHUPLQHG GLUHFWO\ EXW RQO\



DSSUR[LPDWLRQ

JLIXUH 7KH WHOHFHQWULF SULQFLSOH LOOXVWUDWHG 1
VXUIDFH H\H

oot et

JLIXUH7KH WHOHFHQWULF SULQFLSOH LOOXVWUDWHG IRU



$OWHUQDWLYH PHWKRGYVY RI HYDOXDWLQJ

$00 QXPHULFDO DSSURDFKHV KDYH WR EH EDVHG RQ D
*XOOVWUDQG V 1R O VFKHPDWLF H\H FKRVHQ E\ /LWWPI
IRXU VXUIDFH FU\VWDOOLQH OHQV )RU WKH PHWKRGV W|
QHZ WKUHH VXUIDFH VFKHPDWLF H\H GHWDLOHG E\ % HQC
ZRUN %YHQQHWW DQG S5DEEHWWYV W LV SURSRVH
*XOOVWUDQG (PVOH\ WKUHH VXUIDFH H\H QRZ XVHG WK
5DEEHWWY H\H LV QRW RQO\ DGHTXDWH IRU WKH SUHVHC
WR WKH GDWD QRZ DYDLODEOH ,QVWHDG RI *XOOVWUDAC
WKH HTXLYDOHQW SRZHUV RI WKH H\H DQG FU\VWDOOL
YDOXHV RI WKH %YHQQHWW 5DEEHWWYVY H\H DUH ' DQG

DV WKH UHIUDFWLYH LQGH[ RI WKH DTXHRXV DQG YL

D 7KH DGMXVWHG D[LDO OHQJWK PHWKRG

$V VKRZQ LQ ILIJXUH N FOMX HE HG LRW@® FEH VXEWUDFWLQJ §
D[LDO dHQIWKKH %HQQHWW 5DEEHWWYVY H\H WKLV GLVWEC
LQGLYLGXDO YDULDWLRQ 7KH SRVLWLRQ RI ERWK SULQF
RI ZDU EHWZHHQ WKH FRUQHD DQG FU\WVWDOOLQH OHQV

SURSRUWLRQDO WR LWV RZQ SRZHU )LJXUH LQ WKH

WKH GLIIHULQJ YDOXHV Rl $M3 RYHU D ZLGH UDQJH R
SRZHUV 7KHVH ILIXUHV VXJJHVW WKDW LI PP LV DGR
YDULDWLRQV DUH XQOLNHO\ WR H[FHHG SOXV RU PLQXYV

T ZRXOG EH RQO\ WKH IUDFWLRQ RI WKDW LV
PHWKRG LV WKDW WKH D[LDO OHQJWK RI WKH H\H LV WKH

T [

$ VLPLODU DSSURDFK ZDV UHFHQWO\ SURSRVHG E\ %HQ.
$M3 WR EH PP

E &RQVWUXFWLRQ RI' D SHUVRQDO VFKHPDWLF H\H

$ QRYHO DSSURDFK WRTWHKHWRY FERQD/'WLULRXFW | RQ SDSHU
VXUIDFH VFKHPDWLF H\H IRU WKH JLYHQ VXEMHFW 8QWL
UHTXLUHG SKDNRPHWU\ WR SURYLGH GDWD RQ WKH FU
REYLDWHG E\ D SURFHGXUH GHYLVHG E\ %HQQHWW

UHDGLQJ UM D@GWIKAHHRQBSRWKHU LQIRUPDWLRQ UHTXL



$ VFDQ XOWUDVRQRJUDSK\ WKH DQWHULRU FKDPEHU G&F
G DQG WKH YLWGBHRX¥KIGHBWKQJIJO\ VKRUW FRP&EDOWGQJ \
JHWKH HTXLYDOHQW SRZHUV RI WKH OHQV DQG H\H UHVSE
WR FDOFXOIDDNHG®WKH SDUD[LDOLYH@XE\ RMKLY PHWKRG

7KH SULQFLSOH RI % HQQHWW V SURFHGXUH LV DSSOLFDE
KLV RZQ FDOFXODWLRQV DQG QXPHULFDO H[DPSOHV ZHU
*XOOVvwubQG (PVOH\ H\H 7KH UHYLVHG FRQVWDQWYV RI
XVHG KHUH LQ SURGXFLQJ WKH UHVXOWY GLVSOD\HG L¢
FRPSOHWH FRPSXWLQJ VFKHPH DUH JLYHQ LQ $SSHQGL]J

%HQQHWW V SURFHGXUH FRQWDLQV DQ LQKHUHQW VRXU
FXUYDWXUHV RI WKH WZR VXUIDFHV Rl WKH FU\WWDOOL
SDWWHUQ 1HYHUWKHOHVV H[WHQVLYH WDEOHV LQ KLV
DUH XQOLNHO\ WR HIFBI®IG “ " IRW ) (

F 3HULSKHUDODO YDOXHV RI

R IDU GLVFXVVLRQ KDV EHHQ OLPLWHGLWIRHWEE YSDWDOH
IRXQG E\ UD\ WUDFLQJ WKURXJK WKH SHUVRQDO VFKHPE
$M3 IURP WKH FRUQHDO YHUWH[ WR WKH H\H V ILUVW S
WZR LQFLGHQW UD\V DUH GLUHFWHG WRZDUGW*WKMWHKRL:
WKH RSWLFDO D[LV DQG WRK 7R\ KIHQJ Q/H HE DM XY NHQ DA HOH
GHQRWIIE® EM\WHU UHIUDFWLRQ E\ WKH FU\WWDOOLQH Of
SURFHHGHG IURP WKH LPPHGLDWH QHLJKERXUKRRG R 3
OLQHDU BEMWRBHB WKHVH SRLQWY UHSUHVHQWYV WKH VL
EH SKRWRJUDSKHG ZLWK WKH H\H LQ LWV SULPDZDSRVL
GHILQHG E\ /LWWPDQQ DV

T W $8f

$Q\ UD\ WUDFLQJ SURJUDP IRU FR D[LDO VSKHULFDO VX
FRPSXWLQJ VFKHPH XVHG LV JLYHQ LQ $SSHQGL[ $



JLIXUH&KLHI UD\V FRQWULEXWLQJ WR LPDJH IRUPDWLRQ
OLQHDW VL]H

5HVXOWYV
&RPSDULVRQ RI GLITHUHQW HYDOXDWLRQV R

7R SURYLGH D EDVLV IRU FRPSDULQJ WKH QXPHULFDO Ut
HYDOXDWLXEMHFWY ZHUH LQFOXGHG ZKRVH RFXODU G
XOWUDVRQRJUDSK\ KDG EHHQ GHWHUPLQHG 7KH VXEMH
H\HV ZHUH LQ WKH DJH VSDQ RI \HDUV ZLWK D PHDQ
DPHWURSLD RQO\ RQH H\H RI HDFK VXEMHFW ZDV LQFOX

7KH UHOHYDQW GDWD IRU HDFK H\H DUH JLYHQ LQ WKH >
DUH GHWDLOV Rl WKH FRUUHVSRQGLQJ SHPV PQKO$WRBKH I
5HvXOWY RQ WKH VDPH VXEMHFWY IURP DOO WKH PHWKI
JRU FRQYHQLHQW UHIHUHQFH VXEVFULSW QIXMWRU GG\ RW
WKH PHWKRG RI FDOFXODWLRQ

&ROXPQ RI WDEOH JLIYGINUWKHGY DIORKHHWIRH PDWKHPD
RI /LWWPDQQ V QRPRJUDP DQG WDEOHV &ROXPQV [
DOWHUQDWLYH PHWKRGV ZKHQ WKH H\H V D[LDO OHQJW
VXSSOHPHQWDU\ SURFHGXUH /LWWPDQQ DQG D (
URXWLQH WR REWDK®M WKHARMDED ¥XRO XPQ LV GHULYHG |

7TUDQVIHUUHG IURP WDEOH WKH UHVXOWY LQ FROXF
REWDLQHG IURP WKH SHUVRQDO VFKHPDWLF H\HV )LQC
SHULSKHUDO YYDQOXXMAKLY FDOFXODWLRQ LV GHPRQVWUDW
$ 7R DUULYH DW WKHVH ILIXUHV WKUHH REOLTXHO\ L
ZHUH WUDFHG WKURXJK WKH SHUVRQBPZVWKHW E W LOF[ LHA HR



f DQG f 7KH SRLQWV DW ZKLFK WKH ILQDOO\ UHIULI
GHQRWHG E\ 4J 4 DQG 4 ZLWK 4 FRLQFLGLQJ ZLWK W
OLQHDU GMVRPAFMAR 4Iv DQWR44 WR 4 T'DROXHINDRK RI WK
UDQJHV ZHUH REWDLQHG IURP HTXBWAMRWY [ LQ7HBFE&HRDR/

6LQFH HYHU\ H\H VKRZHG D VLPLODUTSDWWKHIU®RF BH B\HIFDIL
RI & M WKH SRVVLELOLW\ RI D JHQHUDO H[SUHVVLRQ ZD\
ZDV UHSHDWHG RQ RQH RI WKHS8HDAW flR QWIHRRWY ¥ D ¥ XIKWWR
JLYLQJ YHU\ VPDWODYRLQOAMM RQ RI WKH ILUVW DQG VHFR
VXFFHVVLYHWQGOGKXHD/WRIIG D TXDGUDWLF IXQFWLRQ ZKLFK

TY T 8[
LQ ZKBFKVY WKH ODUJHU RI WKH WZR DQWOMH\KL&/H ILQLSDISW

ILWWPDQQ KDG H[SUHVVHG WKH YLHE@GCGWMIGDEA WIKWH QRIDRBL
VXIILFLHQWO\ DFFXUDWH ZLWKLQ “ f IURP WKH RSWLFDO



7TDEOH OHDVXUHG RFXODU GLPHQVLRQV R

6XEMHFW QXPEHU

*LYHQ GDWD 6\PERO
6SHFWDFOH FRUUHFWigR Q
0OHDQ OHQV SRZHU )ypg
9HUWH[ GLVWDQFH 9
$PHWURSLD $
&RUQHDO UDGLXV RU_UPGLL
$QWHULRU FKDPEHU §KSWK
$[LDO OHQV WKLFNQIBVYV
9LWUHRXV GHSWK

$[LDO OHQJWK RI H\H
&DOFXODWHG YDOXHV
(TXLYDOHQW SRZHU Ry H\H
(TXLYDOHQW SRZHU Rl FRUQHD
(TXLYDOHQW SRZHU R4 OHQV
*DXVVLINDQ

$ 3

Q .

/ILQHDU GLPHQVLRQVY LQ PLOOLPHWUHYV

VXEMHFWY DQG FDOFXODWHG RSWLFDO FRQVWDQWYV R

SRZHUV LQ GLRSWUHYV

W K



7TDEOH&RPSDULVRQ RI GLITHUHQW HYDOXDWLRQV R

$[LDO OMFNQRK @HUVRQDOLVHG VFKHPDWLF H\H
6XEMHFWWWPDQQLWWPD®@QMWXVWHIBUD[LIBM UL S RHUHR? V/
1R PHWKRG ZK[MHQGBE DO
[ XQNQRZFRHWKRGOHQJWK f ff fof
L



'LVFXVVLRQ

5HOLDELOLW\ RI WKH UHVXOWY DQG SUDFWLFDO FRQYHQ
WKH YDULRXV PHWKREG W KRR X®BWHKN OLVMHMVHG $00 WKH
HUURU ERWK H[SHULPHQWDO DQG LQKHUHQW 7KH ODW
TXDQWLWLHYVY QRW GLUHFWO\ PHDVXUDEOH

7KH DGMXVWHG D[LDO OHQJWK PHWKRG OHDGLQJ WR HT
DQG FRQYHQLHQW RI DOO ,W UHTXLUHVY QR GDWD RWKH
DPHWURSLD $V D UHVXOW WKHUH LV RQO\ RQH VRXUFH |
RI WKH UHVXOWY LQ &KDSWHU FRXOG UHDOLVWLFDOO\
WKH DVVXPSWLRQ RI D FRQVWDQW YDOXH IRU $M3 WDN
WDEOH DUH WKH FDOFXODWHG YDOXHV RI $M3 IRU W
DQG WKH KLJKHVW PP 7KHVH DUH ZHOO ZLWKLQ WK
VXJIJHVWHG :KHQ WKH H[SHULPHQWDO HUURUV DUH DC
J)LQDOO\ LI PP LV WDNHQ DV D WNSDRED 8 UWMDROX R IRl W KHP
EH H[SUHVVHG DV D SHUFHQWDJH HUURU R * ZKLFK
WREHFDIXYYW D FRQVWDNYW IUDFWLRQ RI

7KH UHVXOWY REWDLQHG IURP WKH SHUVRQDO VFKHPDW
WKRVH ITURP WKH DGMXVWHG D[LDO OHQJWK PHWKRG
H[SHFWHG EHFDXVH PRUH GDWD DQG PRUH VRXUFHV RI |
WKH FDOFXODWLQJ VFKHPH LWVHOI KDV DQ LQKHUHQW V
QRW FRPPHQG LWVHOI IRU URXWLQH FOLQLFDO XVH LW
WKH RSWLFV RI WKH JLYHQ )K\IHQG KM YDOMKMARURBIHG LQ W
REWDLQHG E\ WKLV PHWKRG ZKLFK HYLGHQWO\ KDV D X\
GLRSWULFV

ILWWPDQUHVXOWY EDVHDQ@WGEEOKHPQ\RWQDVSLUH WR WKH GH.
PDGH SRVVLEOH E\ D NQRZOHGJH RI WKH H\H V D[LDO OH(
DYRLGLQJ WKH GUDZEDFN WKDW DQ W\[BEADKQ D/ WLOKWQKB
ZLGH UDQJH RI SRVVLEOH D[LDO OHQJNWHKW HQRUMR EV H\RSJ
HW DO ZKRVH ILQGLQJV ZHUH EURDGO\ LQ OLQH ZLWK
PRVW UHIUDFWLYH VWDWHYV WKH D[LDO OHQJWK FRXOG Yl
SRVVLEOH HUURU RI PP LONWRK ®OF \XPHEHYBQWHDRSHUFI
“ WR * NDYDULHV IURP W R PP

$ VLIQLILFDQW I[MHDWXXOWY MKMWKDW WKH\ DUH LQYDULDI
HYDOXDWLRQV ODQVRMWWR JLYH RPRQ@EU YDOXHV IRU WKH
WKOQ7KH SUREDEOH H[SODQDWLRQ LV WKDW /LWWPDQQ



HILFLHQF\ RI FRUQHDO SRZHU UHODWLYH WR WKH *XOO
DVVXPHG WKH DPHWURSLD WR EH FDXVHG E\ VKRUWHQLQ
,Q HITHFW WKH XQNQRZQ SRZHU RI WKH FU\WWDOOLQH (
YDOXH RI ,' 7KLV LV PXFK ORZHU WKDQ LQ DQ\ PRGI
WKRVH LQ WDEOH %DVHG RQ WKH UHVXOWLQJ XQGHU
WKH D[LDO OHQJWK DUULYHG DW LV WRR ORQJ DQG JLYH)\

6XSSRUWLQJ WKLV H[SODQDWLRQ WK B QUDRFIFVW L@L WK R
H\HV 1RV DQG LQ ZKKRKRWXBOGHY VHBREZHGL Q J
ELJJHVW GLIIHUHQFH RI DOO LV LQ H\H 1R ZLWK D OH(
WKH OLPLW RI FUHGLELOLW\ /LWWPDQQ V QRPRJUDP

HVWLPDWHG D[LDO OHQJWK RI WKLV H\H ZKHUHDV LWV PH

I1HYHUWKHOHVY LI WKHVH IRXU H[FHSWLRQDO H\HV DUH
WKIHDQIUHVXOWYV LV IUDFWLRQDOO\ OHVV WKDQ RI WK
ORUHRYHU /LWWPDQQ V SURFHGXUH[ZRHQLRIUR DI QDOWEH
NQRZQ SURGXHHYKUHKXBWVWKH PRVW SDUW GLIIEPp RQO
YDOXHV HW@DOYD KDV VKRZQ XVLQJ WKH /LWWPDQQ PHYV
GLDPHWHU DUHD IRU QRUPDO RSWLF GLVFV ZDV QRW
VLIH RI WKH VFOHUDO FDQDO RI WKH RSWLF QHUYH DV C
H\HV ,Q DOO /LWWPDQQ PXVW EH FUHGLWHG ZLWK KDYL:
XWLOLW\



&RQVWUXFRNIDHPQGHI—D\H\NFLQYHVWLW[B(WD-IJQLILFDWLRC
3523(57,(6 2) 7+( &$5/ =(,66 -(1$ )81'86 &$0(5$

 QWURGXFWLRQ

7KH PRGHO H\H WR EH GHVFULEHG ZDV QHHGHG IRU W
SRVVLEOH FKDQJHV LQ WKH PDJQLILFDWLRQ RI WKH &DUC
RI D[LDO DPHWURSLD YDULHYV ,QIRUPDWLRQ UHJDUGL(
XQDYDLODEOH 7KH H[SHULPHQWDO SURFHGXUH EHORZ D
RI wKLY FDPHUD WR EH GHWHUPLQHG HVWDEOLVKLQJ Z
7KLV LQIRUPDWLRQ LV UHTXLUHG LQ VHFWLRQ IRU W/
RSWLF QHUYH KHDG IHDWXUHV DQG SHULSDSLOODU\ FUI
ZLWK WKLV FDPHUD $ VHFRQG FDPHUD NQRZQ WR EH W
FRPSDULVRQ

$V SRLQWHG RXW E\ YRQ 5RKU WKH ILUVW NQRZQ F
6FKHLQHU 7KH FRUQHD OHQV DQG FXUYHG IXQ
DQG WKH DQWHULRU EXW QRW WKH YLWUHRXV FKDPEHL
IHYHQH JLYHV D EULHI DFFRXQW RI RWKHU HDUO\ |
RWKHU PRGHOV IRU H[SHULPHQWDO SXUSRVHV KDYH EH}
JLQFKDP *OLGGRQ &KDOPHUV DQG 5\0
$UGHQ $UHOO DQG .RODWHW DO DR V.HHWD KD
DQG /RYDVLN FRQVWUXFWHG PRGHO H\HV LQFRUSR
WKH YLWUHRXV GHSWK WR SURGXFH D[LDO DPHWURSLD

1RUPDOO\ WKH OHQV LV D VROLG FRQVWUXFWLRQ RI JC
PRGHO LW FRQVLVWHG RI WZR WKLQ JODVV VKHOOV ILOO
REWDLQ WKH GHVLUHG UHIUDFWLYH LQGH[ +\GURSKLOLF
FRQWDFW OHQV PDQXIDFWXUH KDYH UHIUDFWLYH LQGLF
VXEVWDQFH DSSUR[LPDWHO\ EXW DUH XQVXLWDEOH

'"HVLIJQ DQG FRQVWUXFWLRQ RI WKH PRGHO H\H

7KH GHVLJQ RI WKH PRGHO H\H LV EDVHG RQ WKH PDLQ
SURSRVHG E\ W HQQHWW DQG 5DEEHWWYV 7KH\ DUH

J)LUVW PRGHO ODUN ,

JRU WKH FRUQHD DQG OHQV WKH JDV SHUPHDEOH FRQ
FKRVHQ 7KLV KDV D PHDQ UHIUDFWLYH LQGH][ RI Z



KXPDQ FRUQHD WKDQ RWKHU FXUUHQWO\ DYDLODEOH JDV
WKH YDOXH FKRVHQ E\ %HQQHWW DQG 5DEEHWWYV

VFKHPDWLF H\H 'LVWLOOHG ZDWHU ZDV XVHG IRU WKH
VXUIDFH SRZHUV WKH UDGLL RI WKH %YHQQHWW 5DEEHW
GLPHQVLRQV RI WKH ODUN , PRGHO ZHUH DFFRUGLQJO\ D'

7TDEOH ODLQ IHDWXUHV RI WKH %YHQQHWW 5DEEHWWYV VFK

5HIUDFWLYH ,QGLFHV
$TXHRXV DQG 9LWUHRXV +XPRXUV
&U\WWDOOLQH OHQV

6XUIDFH SRZHUV

&RUQHD VLQJOH VXUIDFH '
/JHQV TURQW VXUIDFH '
/IHQV EDFN VXUIDFH '
(TXLYDOHQW SRZHUV

&RUQHD

&U\WWDOOLQH /HQV '
(\H

$[LDO VHSDUDWLRQV
$QWHULRU FKDPEHU GHSWK PP
$[LDO WKLFNQHVV RI OHQV PP
$[LDO OHQJWK IRU HPPHWUR D

7TDEOH2SWLFDO VSHFLILFDWREBRHORHWKH ODUN

&RUQHDO OHQV

PP )
! PP b '
$[LDO WKLWNQHNN
(TXLYDOHQW SRZHU )F
&U\WWDOOLQH /HQV
U PP ) '
. PP )2
$[LDO WKLWNQHNFF
(TXLYDOHQW SRZHU | ;sgBBBBB



&RQYHQWLRQDO FRQWDFW OHQV PDQXIDFWXULQJ WHFKQ]I
OHQV ,Q WKLV PRGHO DOO WKH VXUIDFHV ZHUH RI VSK
VSKHULFDO VXUIDFH RI UDGLXV PP ZDV XVHG ,W ZDV
HQDEOH WKH YLWUHRXV GHSWK WR EH FRQWUROOHG E;
IXQGXV IHDWXUHV RU WHVW REMHFWV FRXOG EH PRXQWH
7KH HOHPHQWYV DUH KRXVHG LQ D ER[ FRPSRVHG RI SDQ|
ZLWK D PDWW ILQLVK WKH PDWHULDO DOVR XVHG IRU W
PRXQW IRUPV WKH IURQW HQG RI WKH ER[$DRG GQRNHH O
XVHG WR JOXH WKH SDQHOV WRJHWKHU JLYLQJ D ZDWHU

7KH ODUN ,, PRGHO

THVWYV ZLWK WKH ODUN , PRGHO UHYHDOHG WKDW D QXP
PRVW VHULRXYVY GHIHFW ZDV WKDW WKH SURFHVV RI PRX
VXUIDFHY DQG FKDQJHG WKHLU FHQWUDO FXUYDWXUH
D[LDO WKLFNQHVV WR PP VR DV WR JLYH WKH OHQV
VKRZHG WKH UHIUDFWLYH SRZHU RI WKH PRGHO H\H W
SHULSKHU\ 7R RIIVHW WKLV HIIHFW WKH IURQW VXUIDFH
DQ DUELWUDU\ GHJUHH RI DVSKHULFLW\ 3URYLVLRQ ZD\
DQ\ RQH RI D UDQJH RI SXSLOODU\ GLDSKUDJPV DQG IRX
OHQV PRXQW WR DLG WKH ZDWHU IORZ EHWZHHQ WKH WZ

OHDVXUHPHQW RI RSWLFDO GLPHQVLRQV

2SWLFDO GLPHQVLRQV RI WKH ODUN ,, H\H ZHUH FDU}
SURFHGXUHYV

IHQVHYV

5DGLL RI FXUYDWXUH ZHUH PHDVXUHG ERWK EHIRUH DQG

‘5% UDGLXVFRSH 'LDPHWHUV ZHUH PHDVXUHG ZLWK D

FRPSUHVV WKH OHQV &HQWUH WKLFNQHVVHYV ZHUH PHDYV
GLDO

$[LDO VHSDUDWLRQYV

7R VROYH WKH SUREOHP RI REWDLQLQJ UHOLDEOH PHDVX
LOOXVWUDWHG LQ ILJXUH ZDV GHYLVHG ; <[DWQG =T
DQIGUHVSHFWLYHO\ %ORFN ; ZDV FKRVHQ WR JLYH D VQ>
PRXQWY DQG WKH IXQGXV XQLW ZDV PRYHG LQZDUGV XQ



SRVLWLRQ 7KLV DUUDQJHPHQW DYRLGHG FRPSUHVVLRQ
ZDV WKHQ UHFRUGHG WKXV SURYLGLQJ D NQRZQ EDVL\

D WKLFNQHVV RI FRUQHDO OHQV PRXQW

E WKLFNQHVV RI FUIZWWDOOLQH OHQV PRXQW

F D[LDO GLVWDQFH WR IURQW YHUWH[ RI FRUQHDO OHQV
G D[LDO GLVWDQFH WR IURQW YHUWH[ RI OHQV IURP IUR
H VDJLWWD RI VSKHULFDO VXUIDFH UHSUHVHQWLQJ WKH
W LV WKHQ HYLGHQW WKDW

DQWHULRU FKDIFEFHW [HE WK

ZKHWHOVY WKH D[LDO WKLFNQHVV RI WKH FRUQHDO OHQV |
WKLV VHWWLQJ UHIHUV WR D YLWUHRXV GHSWK RI

E\]H G W

ZKHWHYV WKH D[LDO WKLFNQHVV RI WKH PRGHO V FU\VWD
ZHUH PHDVXUHG ZLWK D IODW HQGHG GHSWK PLFURPHWE
SUHVVXUH 'XULQJ WKLY SURFHVV WKH OHQV VXUIDFHYV
WKLFNQHVYVY RI ZKLFK ZDV WDNHMEQWR DFVRXIQ® Z I WH
PLFURPHWHU KDYLQJ D URXQG HQGHG SOXQJHU

J)LYH VHSDUDWH UHDGLQJV ZHUH WDNHQ RI HDFK GLPHC
WDEOH &RQYHUVLRQV IURP UDGLL WR VXUIDFH SRZ
LQGLFHV RI IRU WKH OHQV PDWHULDO DQG IRU G



JLIXUH3KRWRJUDSK RI WKH PRGHO H\H ZLWK LWV VXSSRL

JLIXUH &URVV VHFWLRQ RI WKH PRGHO H\H VKRZLQJ PH
PHDVXUH WKH VHSDUDWLRQV EHWZHHQ WKH YDULRXV FR



7DEOHOHDVXUHG GLPHQVLRQV DQG FDOFXODWHRRIS®/ LF
H\H

&RUQHDO OHQV
JURQW UDGLXV
%DFN UDGLXV
$[LDO WKLFNQHVV

'LDPHWHU
JURQW VXUIDFH SRZHU
%DFN VXUIDFH SRZHU )L

&U\WWDOOLQH OHQV
JURQW UDGLXV

%DFN UDGLXV .
$[LDO WKLFNQHVV K
'LDPHWHU

JURQW VXUIDFH SRZHU )
%DFN VXUIDFH SRZHU )

2WKHU GLPNONMLROQVUH

D WKLFNQHVV RI FRUQHDO OHQV PRXQW

E WKLFNQHVV RI FUIZWWDOOLQH OHQV PRXQW

F YHUWH[ GHSWK IURP IURQW SODQH RI FRUQHDO OHQV

G YHUWH[ GHSWK IURP IURQW SODQH RI FUI\WWDOOLQH O

H VDJLWWD RI IXQGXV VXUIDFH DW HIIHFWLYH DSHUWXU

[ WKLFNQHVV RI VSDFHU EORFN ;

\ WKLFNQHVV RI VSDFHU EORFN <

] WKLFNQHVV RI VSDFHU EORFN =

$QWHULRU FKDPEHN WS H SBVK

9LWUHRXV GHSWK DW UHIHUHQFH YHUQLHU VHWWLQJ
EV]H G WA

&DOFXODWHG YDOXHYV

(TXLYDOHQW SRZHU RI FRUQHD

(TXLYDOHQW SRZHU RI OHQV

(TXLYDOHQW SRZHU RI H\H

$[LDO OHQJWK IRU HPPHWURSLD

'LVWDQFHV Rl SULQFLSDO SRLQWV IURP FRUQHDO YHU

JLUVW $ 3

6HFRQG $ A

$OOLQHDU GLVWDQFHV LQ PLOOLPHWUHV SRZHUV LQ GLR



THVWLQJ ZLWK DQ DXWRUHIUDFWRU

7KH 7RSFRQ (\H 5HIUDFWRPHWHU 50 $ ZKLFK LV EC
SULQFLSOH ZDV XVHG WR DVVHVV WKH RSWLFDO SHUIRU
RI WKH VSHFWDFOH UHIUDFWLRQ DW PP YHUWH[ GLVWI
WKH PRGHO H\H DGMXVWHG IRU SKDNLF RFXODU UHIUDF
FRQWH[W WKH WHUP. RFRXKG@UVHGQUHQUDWWLWRWQULFW VHQVH V
RI WKH GLVWDQFH LQ PHWUHV IURP WKH H\H V ILUVW
FRPSDULVRQ WKH 7RSFRQ UHDGLQJY ZHUH FRQYHUWHG
UHFLSURFDO RI WKH GLVWDQFH LQ PHWUHV IURP WKH H\
VHFRQG VHW RI UHDGLQJYV ZDV REWDLQHG DW WKH VDPF
VDPH SURFHGXUH ZDV IROORZHG RQ D VHSDUDWH RFFDV

7KH UHODWLRQVKLS EHWZHHQ WKH PHDQV RI WKH FR(
UHIUDFWLRQ $7DXWR DQG WKH FRUUHVSRQGLQJ YDOXH"
$IQRG LV VKRZQ LQ ILJXUH JURP WKLV LW ZLOO EH V
FDQ EH FRQVLGHUHG FRQVWDQW RYHU WKH ZKROH UDQJ
RI UHVXOWY VKRZV WKH FRQILGHQFH LQWHUYDOV IRL
WR KDYH WKH VDPH VHSDUDWH YDOXHV RI * ' 7KH
DXWRUHIUDFWRU YDOXH IRU RFXODU UHIUDFWLRQ HPHUJ

LI

. PRG '

J)LIXUH 7KH PRGHO H\H VHWWLQJ $7PRG PLQXV WKI
UHIUDFWLRQ $ DXWR SORWWHG DJDLQVW WKH IRUPHU

LV “ '

, W VHHPV XQOLNHO\ WKDW DQ\ VLQJOH FDXVH LV UHVS



OFFXPXODWLRQ RI FROQWULEXWLQJ IDFWRUV LV PRUH SU
ZLWK WKRVH SHUWDLQLQJ WR WKH PRGHO H\H LWVHOI

6SKHULFDO DEHUUDWLRQ

7KH VLIJQ RI WKH GLVFUHSDQF\ LPSOLHV WKDW WKH PRC
WKHUHIRUH RI JUHDWHU SRVLWLYH SRZHU WKDQ LW L
DEHUUDWLRQ ZRXOG RSHUDWH LQ WKLY GLUHFWLRQ

22LQJ WR WKH SHULSKHUDO IODWWHQLQJ RI WKH DQWH
WKH VSKHULFDO DEHUUDWLRQ RI WKH KXPDQ H\H UDUH:
W\SLFDO VFKHPDWLF RU PRGHO H\H ZLWK LWV VSKHL
DEHUUDWLRQ DERXW ' DW PP VHPL DSHUWXUH " D\
IRU WKLV UHDVRQ WKDW LQ RXU ODUN ,, PRGHO WKH I
8QIRUWXQDWHO\ WKH H[DFW HTXDWLRQ WR WKH DVSKHI
PHDQV DW RXU GLVSRVDO IRU GHWHUPLQLQJ LW H[SHU
DEHUUDWLRQ LV VWLOO XQGHU FRUUHFWHG HYHQ ZLWKI
LQ ZKLFK DXWRUHIUDFWRUYV RSHUDWH

=HUR VHWWLQJ HUURU

7KH WKHRUHWLFDO JHUR VHWWLQJ DV UHFRUGHG E\ WI
SULQFLSDO IRFXV RI WKH OHQV V\VWHP 7KLV VHWWLQJ
WKH H\H LV DFWXDOO\ DPHWURSLF 7R FKHFN WKH JHUR
IURP D SRLQW VRXUFH ZDV SDVVHG WKURXJK WKH H\H
FKDPEHU GHSWK JLYLQJ WKH VKDUSHVW IXQGXV LPDJH

PP 6' 7KLV LV FORVH WR WKH WKHRUHWLFDO ]H
YLWUHRXV GHSWK RI PP 7R GHPRQVWUDWH WKH HI
UHVXOWLQJ DPHWURSLD OHW XV VXSSRVH WKDW WKH
DFWXDOO\ UHSUHVHQWYV "Rl S$NRSEIDQ FIOHPBN XVHI WRKPH P
WR K\SHUPHWURSLD WKH UHVXOWDQW HUURU LV QRW |

" WR "EHWZHHQ DQG '

(TXLYDOHQW SRZHU RI WKH H\H

$QRWKHU SDUWLDO H[SODQDWLRQ IRU WKH DSSDUHQW P
LV WKDW LWV HTXLYDOHQW SRZHU LV JUHDWHU WKDQ W
DULVH IURP VHYHUDO FDXVHV LQFOXGLQJ UHIUDFWLYH L
UDGLL RI FXUYDWXUH OHQV WKLFNQHVVHV DQG D[LDO V
DWWHPSWV WR GHWHUPLQH )H H[SHULPHQWDOO\ E\ YD!



PHWKRG XVHG WR LQYHVWLJDWH WKH JHUR VHWWLQJ HU
6' ZKLFK LV ZLWKLQ "Rl WKH FDOFXODWHG YDOX
FRUUHFW EXW WKH HTXLYDOHQW SWRRGXFHY H[PKD WH B KF
WKDQ SUHGLFWHGY WMQHHGEBMHURVWLPDWHG DQG WKH HUURU
GLUHFWLRQV IURP |JHUR DW HPPHWURSLD 7KLV LV FRPSC
DXWRUHIUDFWRU UHVXOWYV

&RPELQDWLRQ RI JHUR VHWWLQJ DQG HTXLYDOHQW SR

$OWKRXIK QHLWKHU HUURU DORQH UHPDLQV FRQVWDQ
FRPELQDWLRQ RI WKHVH HUURUV FRXOG UHGXFH WKH UD
UHVXOWLQJ SDWWHUQ RI HUURU ZRXOG WKHQ EH PRU
GLVFUHSDQF\ IRXQG ZLWK WKH DXWRUHIUDFWRU

SHIUDFWLYH LQGLFHV RI %RVWRQ 5;' DQG GLVWLOOHG

&RUQHDO DQG FU\WWDOOLQH OHQV UDGLL ZHUH FDOFXOI

IRU WKH PHDQ UHIUDFWLYH LQGH[ RI % RVWRQ 5;' &F
ZHUH PHDVXUHG ZLWK DQ $EEH UHIUDFWRPHWHU WKH L
WKH PDQXIDFWXUHU V ILIJXUH 1HYHUWKHOHVV D YDULDYV
HTXLYDOHQW SRZHU RI WKH H\H E\ DSSUR[LPDWHO\ '
YDOXH RI IRU WKH UHIUDFWLYH LQGH[ RI WKH GLVW
FRQILUPHG E\ WKH $EEH UHIUDFWRPHWHU WKLV LV V.
UHIUDFWLYH LQGLFHY DUH WHPSHUDWXUH GHSHQGHQW |
DVVXPHG DQG DFWXDO UHIUDFWLYH LQGLFHYVY FRXOG FRQ

&KURPDWLF DEHUUDWLRQ

7KH FRQVWULQJHQFH RU $EEH QXPEHU RI WKH %RVWRQ
OLNHO\ WR H[FHHG WKDW RI WKH RFXODU PHGLD $V D UH
ORQIJLWXGLQDO FKURPDWLF DEHUUDWLRQ WKDQ WKH
FRQWULEXWLRQ WR WKH WRWDO GLVFUHSDQF\ ,Q DGGL
IDFWRUV SHUWDLQLQJ WR WKH DXWRUHIUDFWRU

&RUUHFWLRQ IDFWRUV LQFRUSRUDWHG LQ LQIUDUHG LC

, QIUDUHG DXWRUHIUDFWRUV XVH UDGLDWLRQ KDYLQJ D
FRPSDULVRQ ZLWK WKLY UDGLDWLRQ ZLWKLQ WKH YLVLI
UHWLQDO OD\HU $OVR WKH UHIUDFWLYH SRZHU RI WKH |
UDGLDWLRQ ,QIUDUHG DXWRUHIUDFWRUV WKHUHIRUH L



WHVH GLIITHUHQFHYVY W ZRXOG EH VXUSULVLQJ LI WKHVH
WKH PRGHO H\H

$XWRUHIUDFWRU HUURU

$00 PHDVXUHPHQWYVY RI UHIUDFWLYH HUURU ZHUH WDNHC

" &RQVHTXHQWO\ URXQGLQJ HUURUV PD\ KDYH RFF
VXSSRVH WKDW DXWRUHIUDFWRUV LQ FRPPRQ ZLWK DC
HUURU ZKLFK PD\ QRW EH WKH VDPH LQ DOO UDQJHV R
LQGLFDWHG WKDW VRPH LQVWUXPHQWY WHQG WR RYHUH
WR NQRZ KRZ PDQXIDFWXUHUVY WKHPVHOYHYVY FKHFN WKH
RQ KXPDQ VXEMHFWYV ZKRVH UHIUDFWLRQ KDV EHHQ DV\
VKRXOG QRW EH UHJDUGHG DV SURYLGLQJ D EDVLF VWL
VXJIJHVWHG WKDW HUURUYV IURP WKLV VRXUFH FRXOG EH

([SHULPHQWDO XVH RI WKH ODUN ,, PRGHO

ILWWPDQQ V HTXDWLRQ H[SODLQHG LQ VHFWLRQ FL
ZKLFK GRHV QRW UHVWULFW LW WR RQH VSHFLILF LQVWL
EH UHSODFHG ES GMHKQRWIPERW KH FRUUHVSRQGLQJ IDFWR
WHOHFHQWULF FRQVWUXFWLRQ

W STV
LW IROORZV WKDW S W TV
ILWWPDQQ GHILRQHV &

IURP HTXDWLRQ DQG ILIXUHYV DQG LW IROORZV
T W Q8

ZKHQHLY WKH UHIUDFWLYH LQGH[ RI WKH ILQDO PHGLXP
DQG 8 W N UDGLDQV
8 W NGHJUHHYV

VXEVWLWXWLQJ LOQWR HTXDWLRQ

T W Q WN

T N Q

T 7
VXEVWLWKWQ®/R IR U

S W~ ?20% .V



WH GLPH@QNDREGDVUH XVXDOO\ PHDVXUHG LQ PP WKXYV
S IV $
S "WvVv . ?0

7KH QXPHULFDO UHOBWDRRQRMWKESQEEW ZGHHWVWPHUPLQHG H[SH
DQ\ JLYHQ IXQGXV FDPHUD E\ WKH IROORZLQJ PHWKRG X

¥ WKH IXQGXV WHVW REMHFW ZDV D VTXDUH RI PHDVXU
GHWHUPLQHG ZLWK D WUDYHOOLQJ PLFURWIR/SHVHGH
WKURXJIKRXW

T SKRWRJUDSKV ZHUH WDNHQ ZLWK WKH YLWUHRXV G
FRUUHVSRQGLQJ WR D UDQJHIBRRRFXODUWHIUDFWLRK
WHUP RFXODU UHIUDFWLRQ LV XVHG KHUH LQ LWV \
UHFLSURFDO RI WKH GLVWDQFH LQ PHWUHYV IURP WKH

T WKH LPVRQWKH FDPHUD ILOP ZDV WKHQ PHDVXUHG
PHDVXUHPHQW RI WKH FRUUIWMWKXRQGEDOHUDIOLBPVEZIHV
XQGHU D IL[HG PDJQLILFDWLRQ RI [ DQG PHDVXUHG

JISLV IRXQG WR UHPDLQ FRQWAVW QRD QREHDORQFDREZHG RMI
FDPHUD LV LQGHHG RI WHOHFHQWULF FRQVWUXFWLRQ 7
WKH FDOFXODWLQJ SURFHGXUH JLYHQ WKDW WKH PHDQ
ZKHQ WKH YLWUHRXV GHSWK RI WKH PRGHO H\H KDG EHH

JURP WKH EDVLE H[SUHVVLRQ

w Vv

S [
5HVXOWYV

7KK YDOXH IRU WKH &DUO =HLVV -HQD 5HWLQRSKRW FD
RFXODU UHIUDFWLRQ LV YDULHG IURP " WR "Gl
QRW WHOHFHQWULF 7KH HTXDWLRQ RI WKH UHJUHVVLRQ



a’a Ya 2l

.PRG '

JLIXUH7KH FDOFXODWHRUYDOSXHL\WM -HQD IXQGXV FDPH
WKH PRGHO H\H VHWWLQJ PRG

SKRWRJUDSKV ZHUH WDNHQ ZLWK D =HLVV 2EHUNRFKHQ
LOQWHUFKDQJHDEOH OHQVHV RU OHQV VA\VWHPV LQFRUSI
HQDEOH IRFXVLQJ RYHU D ZLGH UDQJH RI BPHWURSLD

DQG 6' ZHUH REWDLQHG ILIXSHWHPDL®V
YHU\ VOLJKW RYHU WKH HQWLUH UDQJH RI DPHWURSLD

FDPHUD LV FRQILUPHG

(UURUV DVVRFLDWHG ZLWK WKH PHNDXHUH BDN@WVRHGKHR
SKRWRJUDSK WKH VLGH OHQJWK RI WKH VTXDUH WDUJHMW
RQ DQRWKHU RFFDVLRQ JLYLQVIRMZ HD/HS BUKBW R JYDGXH V
EHWZHHQ WKH WZR YDOXHV ZHUH H[SUHVVHG DV D SHUF
XVHG EHFDXVH WKH LPDJH VL]H RQ WKH ILOP YDULHV FR
WKH PHDQ DQG VWDQGDUG GHYLDWLRQ RI WKHVH SHUFH!
EH FRQVWUXFWHG )RU WKH &DUO =HLVV -HQD FDPHUD "
DQG IRU WKH =HLVV 2EHUNRFKHQ IXQGXV FDPHUD

, I D JLYHQ IXQGXYV IHDWXUH LV SKRWRJUDSKHG XVLQJ
VHVVLRQ YDULDELOLW\ RI WKH LPDJH VL]H RQ WKH ILOP
D UDQJH RI RFXODU UHIUDFWLRQV IURP " WR " 7KLYV
VDPH FDPHUD DW D VHSDUDWH VHVVLRQ DQG WKH GLIIH!



=HLVV -HQD FDPHUD WKH FRQILGHQFH LQWHUYDO L
2EHUNRFKHQ IXQGXV FDPHUD

.PRG '

J)LIXUH 7KH FDOFEORWHWG=MDOXH2EHUNRFKHQ [IXQGX
DJDLQVW WKH PRGHO H\H VHWWLQJ $XQRG 7TKH WZR Vi
Rl GLITHUHQW FDPHUD OHQV VA\VWHPV GHVFULEHG LQ WK}

'LVFXVVLRQ

7KH UHVXOWYVY LQGLFDWH WKDW DFFXUDWHO\ DGMXVWDE
KDYH DQ LPSRUWDQW UROH WR SOD\ LQ WKH ILHOG RI R
PDIJQLILFDWLRQ SURSHUWLHV RI IXQGXV FDPHUDV FDQ
HVVHQWLDO SULRU WR DQ\ VWXG\ DWWHPSWLQJ WR GH
HI[DPSOH RSWLF GLVF RU QHXURUHWLQDO ULP DUHDV 7K
WKH RSWLFDO V\VWHPV RI IXQGXV FDPHUDV WR H[WHQG
RS DV LOOXVWUDWHG E\ WKH =HLVV 2EHUNRFKHQ FDPHUL

W LV HYLGHQW WKDW WKH WHOHFHQWULF SULQFLSOH G
WKH UHODWLRGVEQRS DBDHRPWWHHRGLD PD\ EH OLQHDU DV I|
FDPHUD )RU VXFK FDPIBUBD/Q WVEKHH SYDHIGAUHVRHG TURP WKH
UHJUHVVLRQ OLQH DV VKRZQ DERYH 7KLV YDOXH FDQ W



HT XDWLRQV WR ILQG WKH WUXH VL]H RI D IXQGXV IHDWXUH

$[LDO DPHWURSLD FDQ EH HDVLO\ YDULHG RQ WKH ODUN
QRW EHHQ LQFRUSRUDWHG LQWR WKH GHVLJQ RI WKLV P
OHQV LV UHPRYHG WR UHQGHU WKH H\H DSKDNLF



QYHVWLIDRWWKGUHBBIWKRSWOMHUYKHHD (R SW EX S
1(8525(7,1%$/ 5,0 $1' 3(5,3$3,//$5< &5(6&(176 ,1 0<23,$

,QWURGXFWLRQ

,Q FOLQLFDO UHVHDUFK IHDWXUHV RI WKH RSWLF QHUYH
DUHD QHXURUHWLQDO ULP DUHD FXS DUHD DQG FXS YR
HQWLUH UHWLQDO DVSHFW RI WKH RSWLF QHUYH DV GHO
RI (OVFKQIHW ™H® @6 U LAMWW R@D -ROWVDOE ZKLFK DSSHDU\
SDOH ]JRQH DURXQG WKH RSWLF GLVF 7KLV SDOHU DUHD
LW LV FDOOHG D KDOR RU H[LVW LQ SDUW DQG WKH GLY
DQG WKLV SDOH JRQH PD\ EHHWLDOH QMKHGF XsSL WBKIRQV DQ
LWV DUHD LV GHILQHG E\ D FKDQJH LQ WKH VORSH DORC
DQG QRW E\ D SDOORU FKDQJH 7KHUHIRUH WKH QHXURL
PDUJLQV RI WKH RSWLF GLVF DQG RSWLF FXS 7KLV WRS
GLVF VWUXFWXUHV KDV EHHQ ZLGHO\ XVHBWD@® LV JH
$LUDNW.WHDOD DQG E HUM ®FMH % ULMWFRDQOD DQG KDV EH
DGRSWHG IRU WKLV VWXG\ 2QH RI WKH PDMRU SUREOH
LQGLVWLQFW ERUGHUV EHWZHHQ WKHP ZKLFK FDQ EH
VXSHULPSRVLQJ D JULG RQWR IXQGXV SKRWRMUDBKV LV
*UHDW LQWHUVXEMHFW YDULDWLRQV LQ WKH RSKHWFD®LV
%HQJWVVRQ HW DR DWG E

2SWLF GLVF

'LVF DUHD KDV EHHQ IRXQG WR YDU\ FRQVLGHUDEO\ EHW
TXRWHG D IRXU IROG MWUDDWLBQGDRGD RI@IMH IURF
PP DSSUR[LPDWHO\ [ YDULDWHRMY DOQWNURKYWLIKQH OAF
2EHUNRFKHQ IXQGXV FDPHUD GLG QRW ILQG DQ\ VLJQLILTF
PHDVXUHG GLUHFWO\ IURP WKH VOLGH LQ DGXOWV ZLW
' 7TKH\ FRQFOXGHG WKDW QR FRUUHFWLRQ IDFW]I
DPHWURSLD ZKHQ PHDVXULQJ RSWLF GLVF VL]H IURP IX
PDIJQLILFDWLRQ R LQ KRUL]JRQWDO GLVF GLDPHWHU
P\RSLD DERYH ' ,W KDV DOUHDG\ EHHQ VKRZQ LQ WKL\
IXQGXV FDPHUD DQG KXPDQ H\H PXVW EH WDNHQ LQV
HYDOXDWLRQV

-RQBIW DOD PHDVXUHG WKH VL]H RI WKH VFOHUDO FDQL
RI HQXFOHDWHG H\HV DQG WKH RSWLF GLVF VL]H DUH
PHDVXUHG LQWUDYLWDOO\ XVLQJ /LWWPDQQ V PHWKRG |



VLIDEDQWO\ 7KH\ FRQFOXGHG WKDW WKH IRUP RI WKH
VFOHUDO FDQDO RI WKH RSWLF QHUYH

$FFRUGLQJ WHWYW A WWRO@SULROL DQG OLOOHW DOH DQG
WKHUH LV QR VLIJQLILFDQW GLIIHUHQFH LQ GAWFD®DUHD E'
DQG ODQVRXU IRXQG IHPDOHV WR KDYH VLIJQLILFDOQ\
DQG GLVF DUHDV ODQVRXU WKDQ PDOHV 2SWLF C
FKDQJH ZLWK DJH 'UDQFH DO®IGVWEIADKWALIOH\-BQOWIURZ
4XLIJAOHN DO ODQVRXU QRU GRHV GLVFHMUJ HDODZ L W K
-RQBW D™ +RZHYHU +HLMO DQG OROGHU VWDWHC
LQFUHDVH ZLWK DJH

$ VWURQJ FRUUHODWLRQ KDV EHHQ IRXQG HWWIZAGMNQ GL
&DSULROL DQG OLOOHUN DO WRXWWRAM DO KRZHYHU QI
FRUUHODWLRQ ZDV IRXQG EHWZHHQ OLQHDU QHXURUHMW
%ULWWRDOD %HQIJWVVRQ 6RPH VWXGLHV KDYH IRX
GLVF DUHD DQG D[LDO OHQJWK QRU EHWZHHQ GLVF DL
%ULWMWRDOD -RBWVDOE ODQVRXU +HLMO DQG OROGH
KDYH UHSRUWHG ZHDN FRUUHODWLRQV EHWZHHQ BWF D
DO U HW DO DQG YHUWLFDO GLVF GLDPHWHU

-DHEMUDO -DHIWUDO REVHUYHG K\SHURSLF H\HV J
VPDOOHU RSWLF GLVFV WKDQ P\RSIW BICHY WRHRDGHQJRV

RSWLF GLVF LQFUHDVHV E\ DERXW PP IRU HYHU\ GLR
,Q WKHLU JURXS RI VXEMHFWV ZLWK UHIUDFWLYH “HUURU

' WKH PHDQ GLVF DUHD ZDV PP ZKLFK LV IDU JUH
LQ QRUPDO VXEMHFWY VHH WDEOH $OVR WKH LQV

LQFUHDVLQJ P\RSLD DQG WKH RSWLF QHUYH KHDG IRUP E

9HUWLFDO GLVF GLDPHWHUV 4XLJOH\ DHWY IR D@ UPD D
HW DO KDYH EHHQ IRXQG WR EH ODUJHU LQ %ODFNV WK
PRUH RYDO RSWLF GLVFV MWDRO:KIOWQWRAXKXLIOH\ IRXQC
KRULJRQWDO GLVF GLDPHWHU DQG GLVF DUHD WR EH V
%ODFNV 2ULHQWDOV DQG QRQ $PHULFDQ ,QGLDQV

2SWLF FXS

&XS GLVF DUHD UDWLR KDV EHHQ VKRZQ WR EH UHODW
SUHVVXUH E\ 7TRPOLQVRQ DQG 3KLOOLSYV 7KH\ IHC
REVHUYHG LQ ORQJHU H\HV WR EH D UHIOHFWLRQ RI DQ
D[LDO OHQJWK ZLWK D FRQVWDQW YROXPH ROBHGY® QLREW



IL FXS DUHD WR EH UHODWHG WR WKH D[LDO OHQJWK R
EH KHDYLO\ GHSHQGHQW XSRQ GLVF DUHD VL]H ODUJHU
KLIJKHU FXS GLVFHWDW DR W HGHMOV VR Q &DSULROL DQ
% ULWWRDD® %RWWRPO +HLMO DQG OROGHU &XSV ZK
VLIH WHQG WR EH GHHSHU ZKLOH VPDOOHWWXB® WHQG
-RQBIW DOH UHSRUWHG ODUJHU RSWLF FXSV LQ GLVFV
FRPSDUHG WR GLVFV ZKRVH FXSV KDYH IODW VORSHV W
IURP WKH SURFHVV RI LGHQWLI\LQJ WKH ERUGHUV R1 WK
EHWZHHQ WKH RSWLF FXS HM]HD @Q®BULMW RIBDO 7KLV

VXSSRUWV WKH FRQWHQWLRQ WKDW DQ DSSDUHQWO\ OC
ORVV RI YLDEOH QHUYH WLVVXH &XS GLVF UDWLR KDV E
ODUJHU LQ %ODFN WKDQ LQ :KLWW QRDPRROW. Q®LYREXDO)
HW DO %ODFNV KDYH EHHQ VKRZQ WR KDYH ODHWHD OF X

IHXURUHWLQDO ULP

7KH QHXURUHWLQDO ULP DUHD 15$ LV D UHSUHVHQWDW
QHUYH ILEUHV 1HXURUHWLQDO ULP ZLGWK LQ QRUPDOV
LQIHULRU SROH Rl WKH RSWLF GLVF IROORZHG E\ WKH

WHPSRUDOBW {RDVQG | 15% LQFUHDVHV VLJQLILFDQWC
GLVF DUHDHW DION WRISULROL DQG OLOMNU DOE G RMNMYEH U
DO HDQG | DQG LW LV LQGHSHQGHQW R/ W& DRGWWH I L
DO H 3DMHWDDO DQG D[LDO OH®JWKE -RQDIK LQWHULQG
YDULDWLRQV KDYH EHHQ VKRZQ IRU WKH 15% ZKLFK D
UHIUDFWLYH HHWWRDOD% WDSWRROL DQG OLHOWHUOH 1RRQD
FRUUHODWLRQ EHWZHHQ ULP DUHD W GD PX SD Q G HBHIMAV IR
DO D $V PHQWLRQHG DERYH ODUJHU GLVFV WHQG

FRPSOLFDWH WKH GLDJQRVLV RI RSWLF FXEWH@MDUJHPF
UHFRPPHQGHG H[SUHVVLQJ WKH 1%$ DV D SHUFHQWDJH
DOOHYLDWH WKLV SUREOHP

7KH SRVLWLYH UHODWLRQVKLS EHWZHHQ GLVF DUHD DQC
ODUJHU RSWLF GLVFV FRQWDLQ PRUH QHUYH ILEUHV RLU
OLOOHU KDYH VXJJHVWHG WKDW ODUJHU GLVFV PD\
JUHDWHU YROXPH RI QRQ QHXUDO HOHPHQWYV ZLWKLQ W
FRQFOXGHG WKDW WKH ULP DUHD FDQ QRW EH DVVXPHG
FHOOV DV EHOLHYHG E\ RWKHUV G5DGLXWDRGDIBRBUK R C
$FFRUGLQJ VHRN -RQIEY QHUYH ILEUH FRXQW LV SRVLWL
LQFUHDVLQJ VL]IH RI WKH LQQHU DSHUWXUH RI WKH RS\



FRQFOXGHG WKDW ODUJHU GLVFV FRQWDLQ PRUHWHD®H
ZKR IRXQG 15$ WR EH XQUHODWHG WR VFOHUDO FD
RSWLF GLVFV VKRZHG JUHDWH U HM WDYQH 1ILE WDH WDSFDSFQLID R | 4
H\HV GHPRQVWUDWHG ODUJHU RSWLF GLVFV WR FRQWDL
KDV QRW EHHQ VKRZQ E\HRW R ®U % D OHDMAID BB UJRE B/ D O
D 5DGLXV DQG 3HGHUVRQ IRXQG D VWURQJ UHC
ULP WLVVXH DQG WKH QXPEHU RI D[RQV SUHVHQW LQ W
H[SHULPHQWDOO\ LQGXFHG JOHDWFRODLQ®V GALRBQRW KEEBQ
$V SRLQWHG RXWHEW DLNHOEBBB WRWDO D[RQ FRXQW LV
WKH SURGXFW RI QHXUDO DUHD DQG D[RQ GHQVLW\ D VV
FRXQW LV LQHYLWDEOH 7KH QXPEHU RI QHUYH ILEUHV Z
DUHD LQ PRQNHW BR®LIJORHUPDO KXPDQ H\HV H[KLELW D V
LQ WKH QXPEHU RI QHUWW DLBIJH¥XLBHWOWMDOL5HSND DQG
4XLIOH\ ZKLFK PD\ EH SDUWLDOO\ UHVSRQVLEOH IR
VWXGLHV HVSHFLDOO\ LI VDPSOH VL]HV DUH VPDOO



7TDEOH 3XEOLVKHG YDOXHV IRU RSWLF QHUYH KHDG PHDVXUHPHQWY LQ QRUPDO VXEMHFW

,QYHVWLIJDWRUYV 1R Rl OHDQ DJH RWQGXV FDPHWIQLILFDWIORH@Q GLVFOHDQ 15% OHDQ FXS9HUWLFDO GIRMWFLIRQWDO

VXEMHFWBQJH \HDUVV\VWHP HTXDWLRQ DUFD*“6" "6 DUHD“ 6' GLDPHWHGLVF GLDPHWHU
PP PP PP PP PP
7 HD OHO QRW VWDWHG=HLVV 1RQH “ - -
%D ODJWW D E “ =HLVV B6WHUHRWWPDQQ "
$LUDNVIHQWH ® O D . VWHUFRSKRWRMWWPDQQ -
%U LW WR/QD O D . VWHUHRSKRWRWWPDQQ " ‘
&DSULROL 0LOOHU “ 5RGHQVWRFN/ LWWPDQQ " “ ;

$QDO\]HU

-RQDHVW DO D HQXFOHDWHG H\HV "

-RQDHVW DO E =HLVV /ILWWPDQQ “ “ “ “ «

VWHUHRSKRWRYV

-RQDWW DO F * HLVV /ILWWPDQQ “ “ “ “ “

-RQDHVW D O G

HLVV /ILWWPDQQ “ ‘
VWHUHRSKRWRYV
-RQDHVW D H * =HLVV /ILWWPDQQ . “

VWHUHRSKRWRYV



7TDEOH FROQWLQXHG

-RQDHVW D O | “ =HLVYV /ILWWPDQQ

% RWWHRW D O " 7TRSFRQ 75& /LWWPDQQ
VWHUHRSKRWRYV

4 XLIJOH\ % URZQ LQWUDYLWDO

OLJOLRRW DO QRW VWDWHBSFRQ 75& /LWWPDQQ

VWHUHRSKRWRYV

3DFKW D QRW VWDWH=GHLVYV )) QRQH
4 XLIJOMWW D “ HQXFOHDWHG H\HV
ODQVRXU =HLVV /ILWWPDQQ

/ILWWPDQQ

% .

0DQVRXU =HLVYV /LWWPDQQ
YRQ GHU /IHSW HD O QRW JLYHQ =HLVV /LWWPDQQ
9DUPBW DO DW OHDVW 7RSFRQ /ILWWPDQQ

VWHUHRSKRWRYV

+HLMO OROGHU =HLVV % .

ILWWPDQQ DQG UHIHU WR WKH WZR PHWKRGV VXJJHVWHG E\ /LWWPDQQ VHFWLRQ

DQG %.



ODWHULDOV DQG PHWKRGYV

7KH VXEMHFW SRSXODWLRQ KDV DOUHDG\ EHHQ GHVFUL
ELRPHWULF PHDVXUHPHQWY SHUIRUPHG RQ HDFK VXEME
FRQVWUXFWHG IRU HDFK LQGLYLGXDO DV H[SODLQHG LQ
DOORZHG FDOFXODWLRRURWWH K XRERZWIMHIMWD QEQ DV f
DSSUR[LPDWHV WR WKH DQJOH RI HFFHQWULFLW\ RI WK
PDJQLILFDWLRQ RI WKH &DUO L-SAD/W GH@MHURQG NG FDKLIHWU
XVHG WR SKRWRJUDSK WKH VXEMHFW V SRVWHULRU SR
ILOP 7KH RSWLF QHUYH KHDG DQG SHULSDSLOODU\ FUF
ILHOG 6LJQLILFDQW PDJQLILFDWLRQ PD\ UHVXOW IURP
IXQGXV FDPHUD %HKUHQGWHWQBOR\OH 3DFK

JURP HTXDWLRQ $ WKH WU X HWIFWDHD ERII ® HWHHALPQE)®! GH D V

W ? T V $

ZKHWVWHUHSUHVHQWY WKH DUHD RI UHWLQDO IHDWXUH R
SKRWRJUDSKLF VOLGH 7KH GLDJUDP EHORZ LOOXVWUDW
WKH IHDWXUHYV RI LQWHUHVW GLUHFWO\ I[URP WKH VOLGH

BB IXQGXV

- \WLGH
GLIIXVHU
OLJKW VRXUFH NH\ERDUG
J)LIXUH , QVWUXPHQWDWLRQ SURYLGHG E\ WKH ,QVWL

) JLWINH DQG WKH 2SWLFV /DERUDWRU\ RI &LW\ 8QLYHL
XVHG WR GLJLWLVH DQG PHDVXUH WKH SKRWRJUDSKLF V



$IWHU GHYHORSLQJ WKH SKRWRJUDSKV IURP WKH &DUO
WKH GLDSRVLWLYHY SODFHG LQ JODVV PRXQWYV WR HQV
VOLGH ZDV LOOXPLQDWHG IURP EHORZ ZLWK D GLIIXVH
GHYLFH ZKLFK LV D EODFN DQG ZKLWH FORVHG FLUFXL'
VOLGH %RWK WKH PDJQLILFDWLRQ DSHUWXUH DQG IRFX
WR REWDLQ RSWLPDO LPDJH YLHZLQJ FRQGLWLRQV 7KH
WKH RSWLF GLVF DQG SHULSDSLOODU\ FUHVFHQWYV ILOO
&&' FDPHUD ZDV IHG LQWR D IUDPH JUDEEHU 7KH IUDPH
ERDUG ZKLFK LV FRQWUROOHG E\ DQ ,%0 3& $7 FRPSDW
YLGHR VLIJQDO LQWR DQ DUUD\ RI QXPEHUV ZKLFK WKH FI

7KLV DUUD\ RI QXPEHUV GLYLGHV WKH LPDJH XS LQWR
SLIHO LQ WKLV DUUD\ FRQWDLQV D QXPEHU WKDW UHSL
SRLQW 9DOXHV UDQJH IURP UHSUHVHQWLQJ EODFN X
FRQWUDVW RI WKH FRPSXWHU LPDJH WKH DSHUWXUH RI'
EULIJKWHVW SRLQWV LQ DQ LPDJH ZHUH DW WKH PDJ[LP
SURFHVVLQJ LV XQGHUWDNHQ E\ WKH KRVW FRPSXWHU D
RQ PRQLWRU % 'LIJLWLVHG LPDJHV FDQ EH VWRUHG RQ W
DQG PHDVXUHG DW DQ\ WLPH $ PRXVH ZDV XVHG WR F
IHDWXUHV WR EH PHDVXUHG 7R FRPSOHPHQW WKLV V\VYV
ZDV XVHG WR VLPXOWDQHRXVO\ YLHZ WKH VDPH VOLGH L
FDVHV WKH EODFN DQG ZKLWH LPDJH SURYLGHG EHWWH
ZKLOVW LQ RWKHUV WKH FRORXU RIIHUHG E\ GLUHFW VO
ERUGHUYV

2QFH WKH PDJQLILFDWLRQ DQG IRFXV RI WKH &&' FDPHULI
VOLGH FRQWDLQLQJ D JULG ZLWK D PP VSDFLQJ ZDV FD
VOLGHY ZHUH PHDVXUHG WKLY FDOLEUDWLRQ VOLGH ZD\
DUHD RI WKLV JULG LV NQRZQ DQG VR FDOLEUDWHYVY WKH
IXQGXV VOLGHV WKH VHWWLQJV RI WKH &&' FDPHUD ZHU
SURJUDP PHQX DQG DQ\ FDOFXODWLRQV SHUIRUPHG

2SWLF GLVF RSWLF FXS DQG QHXURUHWLQDO ULP PDU
VHFWLRQ DQRQG WKHLU DUHDV FDOFXODWHG O0\RSL
RXWOLQHG LI SUHVHQW DQG WKHLU DUHDV FDOFXODWHG



6WDWLVWLFDO DQDO\VLYV

6 XEMHFWY ZHUH GLYLGHG LQWR IRXU JURXSV DV LQ &KDS
UHIUDFWLRQ DQG UHODWLYH VL]H RI D P\RSLF FUHVFHQW LI ¢

JURXS K\SHUPHWURSHYVY HPPHWURSHV DQG P\RSHV ZLWK O
SHULSDSLOODU\ FUHVFHQWYV

JURXS P\RSHV ZLWK PRUH WKDQ ," RI P\RSLD ZLWKRXW SHU

JURXS P\RSLF H\HV ZLWK UHODWLYHO\ VPDOOHU SHULSDSLO

JURXS P\RSLF H\HV ZLWK UHODWLYHO\ ODUJHU SHULSDSLOO

JRU HDFK JURXS WKH PHDQ YDOXHV ZHUH FDOFXODWHG IRU
15$¢ DQG WKHVH VKDOO EH FDOOHG FROOHFWLYHO\ RSWLF C
WRIJHWKHU ZLWK WKH OHDVW VLJQLILFDQW GLITHUHQFH PXOW
LGHQWLI\ DQ\ VLIQLILFDQW GLIITHUHQFHVY EHWZHHQ JURXSV F

7KH GHSHQGHQFH RI WKH RSWLF GLVF SDUDPHWHUV RQ DJLI
LQYHVWLIDWHG

7KH UDFLDO FKDUDFWHULVWLFYVY ZLOO EH JLYHQ IRU HDFK JUF
PDGH DV QXPEHUV LQ WKH UDFH FDWHJRULHY DUH XQHYHQ L

OHDQ DUHD RI DQ\ SHULSDSLOODU\ FUHVFHQW ZDV DOVR

GHWHUPLQHG 7KH DUHD RI WKH SHULSDSLOODU\ FUHVFHQW

OHQJIJWK DQG RFXODU UHIUDFWLRQ ZDV LQYHVWLJDWHG
SHVXOWYV

2SWLF GLVF SDUDPHWHUYV

OHDQV “6' DQG UDQJHV IRU WKH RSWLF GLVF SDUDPHWHUYV L(
$ RQH ZD\ $129%$ \LHOGHG WKH IROORZLQJ %

tf JURXSYV DQG GLG QRW GLIIHU IURP HDFK RWKHU |
S!
¥ JURXS GLIITHUHG ITURP JURXSYV DQG IRU GLVF DUHD L

JURXS IRU GLVF DUHD S
T FXS DUHD GLG QRW GLIIHU VLIQLILFDQWO\ EHWZHHQ WKH



7TKH UDFLDO FRPSRVLWLRQ RI HDFK JURXS LV DV IROORZV

JURXS &DXFDVLDQ ,QGLDQ

JURXS &DXFDVLDQ ,QGLDQ &KLQHVH

JURXS &DXFDVLDQ ,QGLDQ +LVSDQLF % ODFN
JURXS &DXFDVLDQ ,QGLDQ &KLQHVH % ODFN

$ JUDSKLFDO H[DPSOH LV JLYHQ IRU RSWLF GLVF DUHD SOR\
W DSSHDUV WKDW WKH UDWH RI LQFUHDVH RI GLVF DUHD Z
OHQIJWK LQFUHDVHYV EH\RQG DSSUR[LPDWHO\ PP 7KH VD
DJDLQVW D[LDO OHQJWK EXW QRW IRU FXS DUHD ILJXUH
REWDLQHG ZKHQ RSWLF GLVF SDUDPHWHUV ZHUH SORWWHG
DQEDO\VLY IROORZHG E\ OLQHDU UHJUHVVLRQ DQDO\VLV XVL(
GLVF SDUDPHWHUV DJDLQVW D[LDO OHQJWK DQG RFXODU
IROORZLQJ UHVXOWYV

f JURXSYV DQG GLG QRW VKRZ DQ\ VLIJQLILFDQW OLQHD
RSWLF GLVF SDUDPHWHUV ZLWK HLWKHU D[LDO OHQJWK R

f JURXSYV DQG VKRZHG D VLJQLILFDQW OLQHDU FRUUHC
D[LDO OHQJWK DQG RFXODU UHIUDFWLRQ DQG EHWZHHQ
UHIUDFWLRQ ,Q DOO FDVHV "O©O %RWK GLVF DUHD DC
D[LDO OHQJWK DQG ZLWK LQFUHDVLQJ P\RSLD ,Q JURXS
WKHVH UHVXOWYV VKRXOG EH LQWHUSUHWHG FDXWLRXVO\

+RZHYHU WKH JRRGQHVYV RI ILW RI WKH OLQHDU UHJUHVVL
FDVHV EHFDXVH WKH UHVLGXDO SORWYV GLG [QRDMD XHKWRZ DQ\ +

$ ORJ WUDQVIRUPDWLRQ ZDV SHUIRUPHG RQ WKH RSWLF G
ZLWK D[LDO OHQJWK DQG RFXODU UHIUDFWLRQ UH DVVHVVHC(

7KH ORJ RI RSWLF GLVF DUHD SORWWHG DJDLQVW D[LDO OH
OLQHDU JUDSK /RJ WUDQVIRUPDWLRQ RI115% SURGXFHG D V
D[LDO OHQJWK ILJXUH *UDSKV RI ORJ RSWLF GLVF DU
RFXODU UHIUDFWLRQ DUH VKRZQ LQ ILIJXUHYV DQG )
YLVLEOH HYLGHQFH RI D OLQHDU UHODWLRQVKLS ZLWK HLWK



7TDEOH OHDQ “ 6" DQG UDQJH LQ SDUHQWKHVLYVY DUH JLY
WKH IRXU JURXSYV

*URXS 2SWLF GLVF DU&S DUHD 15%
PP PP PP

“ “ “

D[LDO OHQJWK PP

JLIXUH 'LVF DUHD SORWWHG DJDLQVW D[LDO OHQJWK IRU WKH
VXEMHFWYV ZLWKRXW SHULSDSLOODU\ FUHVFHQWY DQG JUH\ FLU
FUHVFHQWYV



o e\m. R 2
R f&t 2A¢S
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Nie
RFXODU UHIUDFWLRQ '
JLIXUH &XS DUHD SORWWHG DJDLQVW RFXODU UHII

FLUFOHV DUH VXEMHFWYV ZLWKRXW SHULSDSLOODU\ FUH’
SHULSDSLOODU\ FUHVFHQWYV

D[LDO OHQJWK PP

JLIXUH /RJ RI RSWLF GLVF DUHD SORWWHG DJDLQVW D[LDO C
2SHQ FLUFOHV DUH VXEMHFWYVY ZLWKRXW SHULSDSLOODU\ FUH\
ZLWK SHULSDSLOODU\ FUHVFHQWYV
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RFXODU UHIUDFWLRQ '
YLIXUH /JRJ RSWLF GLVF DUHD SORWWHG DJDLQVW R

2SHQ FLUFOHV DUH VXEMHFWY ZLWKRXW SHULSDSLOODU
ZLWK SHULSDSLOODU\ FUHVFHQWYV

D[LDO OHQJWK PP

JLIXUH /RJ 15% SORWWHG DJDLQVW D[LDO OHQJWK IRU WKH

DUH VXEMHFWY ZLWKRXW SHULSDSLOODU\ FUHVFHQWYV DQG

SHULSDSLOODU\ FUHVFHQWYV






7TKH JRRGQHVYV RI ILW RI WKH OLQHDU UHJUHVVLRQ PR
UHVLGXDO SORWV VKRZHG DQ HYPBQXHD WWRHWK RG LS/FFL QW
LQFUHDVH ZLWK LQFUHDVLQJ D[LDO OHQJWK DQG ZLWK
RQO\ UHJUHVVLRQ DJDLQVW D[LDO OHQJWK JLYHV YDOXH

, QWHUFRUUHODWLRQV RI WKH RSWLF GLVF SDUDPHWH

&RUUHODWLRQ DQDO\WVLY GLG QRW UHYHDO DQ\ VLJQLIL
HLWKHU GLVF DUHD RU 15% LI DOO VXEMHFWYV ZHUH LQ
RSWLF FXSV ZHUH DQDO\VHG WKHQ FXS DUHD ZDV VLJQL
GLVF DUHD 5 DQG 15%$ 5 LQ ERWK FDVHV |
EH LOWHUSUHWHG FDXWLRXVO\ DV WKH FRHIILFLHQW RI
HQWLUH VDPSOH 15% LV VLJQLILFDQWO\ FRUUHODWHG

UHJUHVVLRQ JUDGLHQW E\ WKH OHDVW VTXDUHV PHWKR
DUH JLYHQ LQ ILIXUHYV DQG

J)LIXUH 1HXURUHWLQDO ULP DUHD 15%$ SORWWHG DJ



RSWLF GLVF DUHD PP

J)LIXUH &XS DUHD SORWWHG DJDLQVW RSWLF GLVF D

SHULSDSLOODU\ FUHVFHQWYV

5HVXOWY LQ WKLY VHFWLRQ UHIHU WR JURXSYV DQG [
VXEMHFWYVY ZLWK P\RSLF SHULSDSLOODU\ FUHVFHQWYV 7k
RQH JURXS *URXSYV DQG VKRZHG YDULDEOH DPRXQW!'
GLVF LQ RQO\ VXEMHFWY 7KHVH SLIPHQWHG DUHDV (
DVVRFLDWHG ZLWK P\RSLD DQG VKDOO QRW EH FRQVLGH!

6RPH LQGLYLGXDOV KDG VFOHUDO FUHVFHQWYV RQO\ VR
KDG ERWK ,Q VRPH VXEMHFWYV DW WKH ERUGHU RI WKH
DUHD RI K\SHUSLJPHQWDWLRQ ZDV YLVLEOH +RZHYHU D
WASHV RI WLVVXH ERXQGDULHV ZDV QRW SRVVLEOH LQ
LOQGLVWLQFW DQG IUHTXHQWO\ WKHUH DSSHDUHG WR E
FUHVFHQW WR DQRWKHU W ZDV WKXV GHFLGHG WR PH
FUHVFHQW LQFOXGLQJ WKH VFOHUDO FKRURLGDO DQ
SHULSDSLOODU\ FUHVFHQW DUHD “6' IRU WKLV VDPSOH |

PP DQG D PD[LPXP RI PP 7TKHUH LV FRQVLGHI
SHULSDSLOODU\ FUHVFHQW DUHD LQ WKLV VDPSOH 3K
$SSHQGL[ $

3ORWYV RI FUHVFHQW DUHD DJDLQVW HLWKHU D[LDO OHQJ



Q@VF DUHD ZHUH YHU\ VLPLODU LQ DSSHDUDQFH ,W DSSt
DUHD LV LQFUHDVLQJ DV WKH D[LDO OHQJWK LQFUHDVH)
FUHVFHQW DUHD ZLWK RSWLF GLVF DUHD D[LDO OHQJV
IROORZHG E\ OLQHDU UHJUHVVLRQ DQDO\VLV XVLQJ WK
"© EXW WKH 5 YDOXHV DUH TXLWH ORZ VHH WDEQ
OLQHDU UHJUHVVLRQ PRGHO ZDV TXHVWLRQDEOH EHFDX)\
VFDWWHU RI[SRDL@QXHW DW DOO

$ ORJ WUDQVIRUPDWLRQ RI WKH SHULSDSLOODU\ FUHVFH
ZLWK D[LDO OHQJWK RFXODU UHIUDFWLRQ DQG RSWLF

HYLGHQW LQ HDFK FDVH ILIXUHV &RUUHO
FUHVFHQW DUHD ZLWK RSWLF GLVF DUHD D[LDO OHQJ
IROORZHG E\ OLQHDU UHJUHVVLRQ XVLQJ WKH OHDVW VT
RI WKH UHVLGXDOV VKRZHE YD® XHY\H Y XVFORMWH Q JD W KIHO OF
WKLY OLQHDU UHJUHVVLRQ PRGHO

7TDEOH 6XPPDU\ RI WKH UHVXOWYVY RI FRUUHODWLR(
SHULSDSLOODU\ FUHVFHQW DUHD LQ PP DQG ORJ SHULS
DUHD D[LDO OHQJWK DQG RFXODU UHIUDFWLRQ ,Q DOO

RSWLF GLVF DDHIDO OHQRWXODU UHIUDFWI

5 JUDGLHG@W JUDGLHGW JUDGLHQW
SHULSDSLOODU\
FUHVFHQW DUHD PP
ORJ SHULSDSLOODU\
FUHVFHQW DUHD PP

W LV QRWHZRUWK\ WKDW RQO\ UHJUHVVLRQ DJDLQVW DI



—~

D[LDO OHQJWK PP

JLIXUH $UHD Rl WKH SHULSDSLOODU\ FUHVFHQW SORWWH

JLIXUH /RJ RI WKH SHULSDSLOODU\ FUHVFHQW DUHD SOR'



JUXUH /RJ RI WKH SHULSDSLOODU\ FUHVFHQW DUHD SOR

JLIXUH /RJ RI WKH SHULSDSLOODU\ FUHVFHQW DUHD SOR

SHSHDWDELOLW\ RI PHDVXUHPHQW

5HSHDWHG WUDFLQJV RI WKH VDPH SKRWR ZHUH SHUIRU
'"LITHUHQFHYVY EHWZHHQ WKH WZR WUDFLQJV ZHUH H[SUH
SHUFHQWDJHV ZHUH XVHG EHFDXVH RI WKH YDULDWLRQ

FRQILGHQFH LQWHUYDO ZDV FRQVWUXFWHG IURP WKH



GQVF DUHD WKH FRQILGHQFH LQWHUYDO LV |
15$% DQG IRU SHULSDSLOODU\ FUHVFHQW DUHD
ZHUH DW OHDVW VXEMHFWYV

'LVFXVVLRQ

7KH YDOXHV REWDLQHG IRU GLVF DUHD LQ JURXSYV DQ ¢
% ULWIWRRQOD &DSULROL DQG OLOHOWM WD O D Q&R WMHANR IDROU
DQG WKRVH IURP JURXS DJUHH ZHOO ZLWHKWIDQQVR:
D E F H YRQ GHU /LSSHHW DODQGYBDWRHB ODUJHV
RSWLF GLVF DUHDV ZLWK D YDULDWLRQ RI DSSUR[LPDWI
WKRVH IURP JURXSYV DQG HW DRI VIKAG\K RUQ-RAPOG/H G
ZLWK P\RSLD IURP " WR " WKH PD[LPXP YDOXH IRU R
PP ZLWK FRQVLGHUDEOH LQWHUVXEMHFW YDULDWL
FXUUHQW VWXG\ JURXS VKRZV DSSUR[LPDWHO\ D IR (
DQG WKLYV YDULDWLRQ LV DERXW [ DQG LQ JURXS
$129% VKRZHG JURXS WR EH H[KLELW VLJQLILFDQWO\ O
DQG S DW OHDVW *URXS VXEMHFWY KDYH UHOD
DOVR WHQG WR KDYH ORQJHU D[LDO OHQJWKYVY DQG PRUH
DQG LQWHUVXEMHFW YDULDELOLW)\ IRU GIWW DOKSD LQFUH

$OWKRXJK D VLIJQLILFDQW OLQHDU FRUUHODWLRQ ZDV I
OHQJWK DQG UHIUDFWLRQ LQ JURXSV DQG SORWV RI \
PRGHO $ VLJQLILFDQW SRVLWLYH OLQHDU FRUUHODWLR
DUHD DQG D[LDO OHQJWK $ QHJDWLYH OLQHDU FRUUHO
DQG WKH IRUPHU LQGLFDWLQJ WKDW WKH UDWH RI LQFU
P\RSLD 6RPH LQYHVWLJDWRUV KDYH UHSRUWHG D FRUL
OHQJWK DQG GLVF DUHD DQG HVEXIDODU LLHMW COFOVL BQ G % R\
RWKHUV KDYH BWWD GpU LONMDWR @ X U HW-P@D& IRXQG D
FRUUHODWLRQ EHWZHHQ GLVF DUHD DQG UHIUDFWLRQ LC
EXW QRW LQ D JURXS RI VXEMHFWV ZLWW OHEV WX DAXK H'
IRUPHU VWXG\ WKH\ IRXQG GLVF DUHD WR LQFUHDVH ZLV
KLJKHU WKDQ WKDW IRXQG LQ WKH FXUUHQW VWXG\ WD
VDPSOH FRQWDLQHG PDQ\ PRUH KLJKHU P\RSHV WKDQ WK
GLIIHUHQFH 1RQH RI WKHVH VWXGLHV HYDOXDWHG WK
SURSRUWLRQ RI WKH YDULDWLRQ LQ ORJ GLVF DUHD LV

WKDQ YDULDWLRQV LQ RFXODU UHIUDFWLRQ WDE

,W KDV EHHQ VKRXQ EO DRQWOXKWW WKH VL]H RI WKH RSWLF



HXFOHDWHG H\HV LV JRYHUQHG E\ WKH VL]H RI WKH VFO
RI WKH VFOHUDO FDQDO LQFUHDVHV DV WKH JOREH EHF
P\RSLD 7KLV LQFUHDVH LQ VFOHUDO FDQDO DUHD LV DF
DUHD

2SWLF GLVF VL]H KDV EHHQ WKRXJKW WR LQGLFDWH WKFE

JODXFRPDWRXY GDPDJH $UPDO\ HWQOBRBUVRFEXODU &
K\SHUWHQVLYHV KDYH EHHQ IRXQG WR KDYH ODUJHU RSV
+HLMO DQG OROGHU GHPRQVWUDWHG WKDW LQ \

SKRWRJUDSKV ODUJHU GLVFV ZHUH PRUH RIWHQ FODVVLI
JODXFRPDWRXV RU QRW ZKLOH VPDOOHU GLVFV ZHUH P
7KLV FRPSDUHV ZHOW BZDW¥K ZRRDWYRWHG JODXFRPDWRXYV

RSWLF QHUYH KHDGV WR KDYH PLVOH®DWLDOO\IRPRIGFRS WBIL
GLVF DUHDV LQ H\HV ZLWK QRUPDO WHQVLRQ JODXFRPD

RFXODU K\SHUWHQVLRQ RU KLJK SUHVVXUH JODXFRPD

QRUPDOV QRUPRWHQVLYH JODXFRPD VXVSHFWV DQG

H[KLELWHG ODUJHU FXS DUHDV DOWKRXJK WKLV PD\ EH G
FXS DUHD %HQJWVVRQ W KDHWE BBQ W K DM \OMDHIG HEL
PD\ EH PRUH VXVFHSWLEOH WR JODXFRPDWRXV ILHOG O
SUHVVXUHV +RZHYHU WKH\ GLG QRW ILQG GLVF DUHD
FODVVLILHG DV KDYLQJ QRUPDO YLVXDO ILHOGV LQFO
QRUPRWHQVLYH JODXFRPD VXVSHFWV DQG RFXODU K\SH
DQG D JURXS RI H\HV ZLWK JODXFRPDWRXV ILHOG GHIHF)
DQG QRUPDO WHQVLRQ JOBIX\FPRD & DIRLVHA QML V BEXRUNQIDW V
DQG SUHODPLQDU UHJLRQ RI ODUJHU GLVFV PD\ EH

K\SRSHUIXVLRQ SUREDEO\ EHFDXVH RI ORQJHU GLIIX
FRXOG EH RQH HWLRORJLFDO IDFWRU ,Q DGGLWLRQ

PLJKW EH PRUH VXVFHSWLEOH WR PHFKDQLFDO IRUFH)\
SUHVV8MLK)J D PDWKHP DWW DIDOP RSGHPR @KW UDWHG WKDW L
WKH ODPLQD FULEURVD XQGHUZHQW JUHDWHU GLVSODF
LQWUDRFXODU SUHVVXUH DQG FRQFOXGHG WKDW WKH D
IDFWRU LQ GHYHORSLQJ JODXFRPDWRXV ILHOG ORVV DW
P\RSLF GLVFV ZKLFK KDYH EHHQ VKRZQ WR EH ODUJHU L
P\RSLF RSWLF GLVFV DUH PRUH VXVFHSWLEOH WR JODXFR
D PDWWHU IRU IXUWKHU UHVHDUFK 7KHUH LV HYLGHQFH
IDFWRU LQ GHYHORSLQJ JODXFRPD DV KDV EHHQ GLVFXV\

OHDQ FXS DUHD YDOXHV DJBIAMH OXx® O ® & WKR WWRE R U
WDEOH &XS DUHD GLG QRW YDU\ VLJQLILFDQWO\ E|



IQVSHFWLRQ GLG QRW UHYHDO DQ\ YLVLEOH OLQHDU UHOD
QRU FXS DUHD DQG RFXODU UHIUDFWLRQ 7KLV ZDV FRQIL
QRW VLJQLILFDQW LQ HLWKHUHMD\DHO BED EX W JQ RWVZ Z WK K7 RR
DQG 3KLOOLSYV &XS DUHD ZDV IRXQG WR EH LQGHSH
HQWLUH VDPSOH ZDV DQDO\WHG +RZHYHU LI RQO\ WKR
DQDO\WHG VLJQLILFDQW SRVLWLYH OLQHDU UHODWLRQVK

VWXGLHMW7BDO%HQJIJWVVRQ &DSULROL HM DO OHU
%RWMMWPDO DQG ZLWK 15%$ ZKLFK LV DW YDHWOOBEBD ZLWK
7HOHON DO EXW 5 ZDV RQO\ DQG WKLV UHVXOW PXVW

$ JHQHUDO REVHUYDWLRQ LQ WKH SUHVHQW VWXG\ ZDV V
QRW WR KDYH DQ RSWLF FXS ZKHUHDV LQ VXEMHFWV ZLW
PRUH IUHTXHQWO\ $V PHQWLRQHG EHIRUH WKH SRVLWLRQ
LQ P\RSLF H\HV WKDQ LQ QRQ P\RSLF H\HV 'RQGHUYV

&XUWLQ ZKLFK JLYHV WKH FXS D VKDOORZ DSSHDL
HI[FDYDWLRQ Rl WKH RSWLF GLVF DVVRFLDWHG ZLWK IRU
IDFWRUV VKRXOG EH ERUQH LQ PLQG LQ WKH HYDOXDWLRC

OHDQ YDOXHV IRU 15%$ LQ JURXSV DQG WDEOH

SXEOLVKHG YDOXHYV JLYHQ LQ WDEOH *URXS KDV WK
UDQJH RI1 15%$ YDOXHV 7KH PHDQ YDOXH IRU 15% LQ JURX:
SXEOLVKHG YDOXHVHWSDOWD QURRV WDOQLILFDQWO\ ODUJH
IRU HPPHWURSHY JURXS PP DQG ORZHU GHJUHHV |
FUHVFHQWY JURXS PP 7TKHUHIRUH LQ D KLJK P\RS
KDYLQJ D YDOXH IRU 15%$ VLPLODU WR WKDW RI D QRUPDO
ORVV RI YLDEOH QHXUDO WLVVXH $OWKRXJK GLYLVLRQ R
EDVHG XSRQ DQ DUELWUDU\ GLYLVLRQ RI FUHVFHQW DUHL
ZLWK ODUJHU FUHVFHQWY ZKR WHQG WR EH PRUH P\RSLF
WR KDYH ODUJHU 15% YDOXHV 7KH LPSOLFDWLRQV RI WK
UDQJH RI YDOXHV IRU 15% FDQ QRW EH XVHG DV D GLDJ(
QRUPDO RSWLF GLVFV DQG WKRVH VXIIHULQJ ORVV RI WKH

$OWKRXJIJK D VLIQLILFDQW OLQHDU FRUUHODWLRQ ZDV IR
DQG UHIUDFWLRQ LQ JURXSYV DQG SORWV RI WKH UH
TXHVWLRQ WKH YDOLGLW\ RI WKLY OLQHDU PRGHO $V ZL
OLQHDU UHODWLRQVKLS EHWZHHQ ORJ 15% DQG ERWK

S DQG WKH JRRGQHVV RI ILW RI WKLY PRGHO ZDV FI
RI WKH YDULDWLRQ LQ ORJ 15% LV H[SODLQHG E\ YDUL
UHJUHVVLRQ DJDLQVW RFXODU UHIUDFWLRQ RI WKH

UHYLRXV UHVHDUFKHUYV GLG QRW HOLFLW D UHODWLRQVK



HIUDFWLRUH W DIOY W-RBWVDOE DQG | BHDWFIDNO +RZHYHU
WKHVH VWXGLHV GLG QRW HQFRPSDVY DV ZLGH D UDQJH
VWXG\

15%$ ZzDV IRXQG WR EH VWURQJO\ FRUUHODWHG ZLWK RSW
HW DO &DSULROL DQG O lHW DUH TKROQDV QRW VXUSUL\
LV JRYHUQHG E\ WKH PDUJLQV RI WKH RSWLF GLMW BBOH

D WR JRYHUQ WKH VL]H RI WKH RSWLF GLVF )URP Wtk
WR FRUUHODWH ZLWK WKH VFOHUDO FDQDO DUHD HMRZHY
DO LQ WKHLU VDPSOH R GRQRU H\HV

W LV HYLGHQW IURP WKH OLWHUDWXUH WKDW WKHUH LV
DVVRFLDWLRQ RI RSWLF GLVF SDUDPHWHUYV ZLWK HDFK R
DGGLWLRQ WR WKH YDULRXV FRPELQDWLRQV RI RFXODU
FRQVLGHUDEOH YDULDWLRQ LQ WKH QXPEHU QHUYH
%DOMWLDOD 4XLHOH\DO 5HSND DQG 4XLJOH\ , W
WKHUHIRUH WKDW D VPDOO VDPSOH PD\ KDYH D YHU\ G
UHVSHFW WR WKHVH RFXODU SDUDPHWHUV 'LITHUHQW FI
SDUWLFXODU VDPSOH PD\ DFFRXQW IRU WKH GLVDJUHHPH

7KH PHDQ DUHD RI WKH SHULSDSLOODU\ FUHVFHQW LQ W
UHSRUWHGHBY PROD®VLQ P\RSHYV : PP 7KH OLNHO
GLVFUHSDQF\ LV WKDW -RQDV DQG FR ZRUNHUV H[DPLQHC
P\RSLD WKDQ WKLV VWXG\ ,W LV NQRZQ WKDW WKH DUF
OHQJWK DQG RFXODU UHIUDFWLRQ 6WHQW\DORP) XEBW 2WV
DO IRXQG FUHVFHQW VL]H WR LQFUHDVH ZLWK P\RSLEL
DSSHDUV WKDW WKHLU GDWD FRQWDLQHG D SUHSRQGHUI
LOQVXIILFLHQW WR HOLFLW D UHODWLRQVKLS EHWZHHQ FU

JURP ILJXUH DQ LQFUHDVH LQ WKH DUHD RI WKH SHUL
HYLGHQW SDUWLFXODUO\ EH\RQG DQ D[LDO OHQJWK RI |
P\RSHV ZLWK PRUH WKDQ ' RI P\RSLD DQG GLVF DUHDYV
,Q DOO FDVHV WKHUH LV FRQVLGHUDEOH LQWHU VXEMHF
DUHD DSSHDUHG UHDVRQDEO\ OLQHDU ZKHQ SORWWHG D
GLVF DUHD 6LJQLILFDQW OLQHDU FRUUHODWLRQV ZHUH |
REWDLQHG IRU UHJUHVVLRQ DJDLQVW D[LDO OHQJWK
LQFUHDVH LQ WKH FUHVFHQW DUHD LV EHOLHYHG WR E
DVVRFLDWHG ZLWK D[LDO HORQJDWLRQ LQ P\RSLD )DQW
&UHVFHQWY FDQ DOVR HQODUJH ZLWK DJH RU DV SDU!
5RFNZRRG DQG $QGHUVRQ



-RQMW DOG IRXQG FUHVFHQW DUHD LQ D JURXS RI KLJK
RSWLF GLVF DUHD 5 DQG UHIUDFWLRQ 5 EXW
DVVRFLDWLRQ ZLWK D[LDO OHQJWK 7KH SUHVHQFH RI Wil
JODXFRPDWRXV GLVF FKDQJHV LQ P\RSLD 3HULSDSLOOL
DVVRFLDWLRQ ZLWK JODXFRPD +D\UHK 'LOHQVN\ DG
%XXV DQG $QGHUVRQ $ KLJKHU SUHYDOHQFH RI
UHSRUWHG LQ P\RSHV ZLWK 32$%$* FRPSDUHG ZLWK QRC
6DZDGD DQG LQ QRUPDO WHQVLRQ JODXFRPD FRP
$QGHUVRQ ZLWK D ODUJHU DUHD RI DWURSK\ LQ WK
&DSULROL DQG 6SDHWK GR QRW VXSSRUW WKHVH I
WKDW SDWLHQWYV ZLWK 32$* DQG SHULSDSLOODU\ FUH
JODXFRPDWRXV ILHOG GDPDJH WKDQ WKRVH ZLWKRXW FU

%DOMWLDOE IRXQG WKH DFFXUDF\ RI WUDFLQJ WKH VDP
IURP WKRVH WDNHQ FRQVHFXWLYHMWNVBROHEHH PIHDKIXQYHG $
SKRWRYV WLPHYVY DQG WKH HUURU EHWZHHQ PHDVXUHPH
IRU 15%$ &RHIILFLHQWYV RI YDULDWLRQ KDYH EHHQ FDOF

IRU 15%$ &DOBWLROLDQG IRU FXS DUHD GLVF DUHL
6FKZDUW] BML @O LNRXQG WKH FRHIILFLHQWY RI1 YDU]
GLVF DUHD IRU 15%$ DQG IRU SHULSDSLOODU\ FUH"

VWHUHRSKRWRJUDSK\ ,Q WKH FXUUHQW VWXG\ VLPXO
DYDLODEOH ZLWK WKH =HLVV -HQD FDPHUD WKXV LW LV
VOLIKWO\ ZRUVH W LV JHQHUDOO\ DFFHSWHG WKDW VL
WR PRQR RU VHTXHQWLDO VWHWHR®KRWRIUDSK\ 5RVHQ

&RQFOXVLRQV

l1RUPDO YDOXHV IRU WKH RSWLF GLVF SDUDPHWHUV KDY
DPHWURSLD DQG FRUUHODWLRQV RI WKH RSWLF GLVF &
UHIUDFWLRQ KDYH DOVR EHHQ HOLFLWHG .QRZOHGJH RI
RSWLF QHUYH KHDGYV DQG WKHLU YDULDWLRQ ZLWK DJ[LDC
HVWDEOLVKLQJ FULWHULD IRU DEQRUPDOLW\ SDUWLFXOI
P\RSLF GLVFV 7KLV LV LPSRUWDQW EHFDXVH JODXFRPD
HPPHWURSLF H\HV DQG P\RSLD LV IRXQG PRUH RIWHQ L¢
JHQHUDO SRSXODWLRQ VHH &KDSWHU VHFWLRQ

JURP WKH DQDO\VLV SHUIRUPHG KHUH SRVVLEOH FKDQJ
P\RSLF H\HV LQ FRPSDULVRQ ZLWK QRQ P\RSLF H\HV FD
RI WKH OLQHDU UHJUHVVLRQ OLQHVY 7DNLQJ ORJ YDOXHYV



QQHDU UHODWLRQVKLS IRU WKH HQWLUH VDPSOH ZLWK
JRRGQHVV RI ILW RI WKLV PRGHO ZDV FRQILUPHG E\ WKH
RI SRLQW[VYDWXBI®O 7KH FRQYHQLHQFH DQG VLPSOLFLW)\
DSSOLHVY WR WKH HQWLUH VDPSOH DQG GRHV QRW UHTXI
JURXSV E\ D[LDO OHQJWK RU RFXODU UHIUDFWLRQ (VW
YDOXHYVY LQ ORJ XQLWV ZKLFK FDQ EH FRQYHUWHG EDFN 1

3URVSHFWLYH HYDOXDWLRQV RI RSWLF GLVF DUHD FXS |
EH LQIRUPDWLYH ,I WKH GHJUHH RI P\RSLD LV VWDWLR
D[LDO OHQJWK PHDVXUHPHQWY LW VHHPV UHDVRQDEOH

ZRXOG UHPDLQ XQFKDQJHG LQ WKH DEVHQFH RI RWKHU

SURJUHVVLRQ RI D GLVHDVH SURFHVV DIIHFWLQJ WKH R
LQFUHDVH LQ 15%$ ZLWK D[LDO HORQJDWLRQ PD\ EH PDVN|
LQ 158%

&XS VL]H GLVF VL]H DQG WKH SUHVHQFH RI SHULSDSLC
LQFUHDVHG YXOQHUDELOLW\ RI DQ RSWLF QHUYH KHDG W
$UPDO\ H&KDO $V VKRZQ DERYH P\RSLF H\HV LQ WKH
KDYH ODUJHU RSWLF GLVFV DQG SHULSDSLOODU\ FUHVF
SHULSDSLOODU\ DWURSK\ REVHUYHG LQ JODXFRPD )DQ\
WKDW ZLWK IXQGXV SKRWRJUDSK\ RU IORXUHVFHLQ DQJ
EHWZHHQ DOO WKH SRVVLEOH PLVDOLIJQPHQWY RI WKH Ul
QRU EHWZHHQ SK\VLRORJLFDO DQG DWURSKLF SHULSDS
SURJUHVVLRQ SHULSDSLOODU\ FUHVFHQWY FDQ HQODU.
UHWLQDO GLVHDVH RU JODXFRPD 5RFNZRRG DQG $Qf
HQODUJHPHQW RI D SHULSDSLOODU\ FUHVFHQW LQ P\RSL
WR GHYHORSLQJ JODXFRPD )URP WKH OLQHDU UHJUHVV
SHULSDSLOODU\ FUHVFHQW LQ D P\RSH ZLWK D SDUWLFX
FDQ EH HVWLPDWHG +RZHYHU WKH 5 YDOXHV DUH ORZ
WKLV VDPSOH 7KH VXEMHFWYVY LQ WKLV VWXG\ ZHUH QRW
UHSUHVHQWDWLRQ RI WKH SRSXODWLRQ $OVR HUURUV
PDGH IURP PRQR DV RSSRVHG WR VWHUHRVFRSLF VOLGH
WR EH VXSHULRU 7KH VXEMHFWYV ZHUH PDLQO\ &DXFDVLEC
EHHQ LQYHVWLJDWHG



&+$37(5
7RSRJUDSKLFDO LQYHVWLJIJDWLRC

QYHVWLIDRWWR @R U PIEEO LISGRBA PDQXD®HU LPHW U\

7RSRJUDSKLFDO LQYHVWLJDWLRQ RI WKH EOLQG VSRW
FRPSDUH WKH VL]H DQG SRVLWLRQ RI WKH %6 LQ HPPHW!
%6 KDV EHHQ UHSRUWHG LQ P\RSLD 5HHG DQG 'UDQFH
D ODVXNBWMBO -RMW DO EXW WKLV LV DQ LQFRQVLYV
WKLV PD\ EH GXH WR WKH YDULDEOH SUHVHQFH DQG H[W
ZLWK P\RSLD 'LIIHUHQWLDO OLJKW VHQVLWLYLW\ ZDV V¥
ERUGHUV RI WKH RSWLF GLVF LQ ERWK QRUPDOWDQ® P
$QDO\VLV Rl WKH FRHFDO DQG SHULFRHFDO DUHD PEC
GLDJQRVWLF DQG SURJQRHMWLD QP SRIPWRY AH DVRIQ® V266 H (
LQ 32$* SDWLHQWV DQG SHULFRHFDO VHQVLWLYLW\ ZD\
SDWLHQWYV ZLWK RFXODU K\SHUWHMW LR® DQG HDUO\ 32$*

7KH H[DFW ORFDWLRQ DQG VL]H RI WKH QRUPDO %6 LV P
VLIH DQG EDFNJURXQG OXPLQDQFH HPSOR\HG 7UDTXDL
PP ZKLWH VWLPXOXV RQ WKH %MHUUXP VFUHHQ DQG

f WHPSRUDOO\ DQG f EHORZ WKH KRUL]JRQWDO PHUL

f WV SRVLWLRQ KDV EHHQ VWDWHG WR EH FORVHU WF

ZLWK K\SHUPHWURSHV 5HHG DQG 'UDQFH "LVFUHSD(
LOVWUXPHQWY G6FKRHVVOHU DQG SRRU UHSURGXFLE
$UPDO\ WR FRQFOXGH WKDW PDQXDO LQYHVWLJDW

LQIRUPDWLRQ RI PXFK GLDJQRVWLF YDOXH +H GHVFULEH
VXUURXQGHG E\ D UHODWLYH VFRWRPD ZLGHU WKDQ f
KHLIJKW DQG ZLGWK RI WKH %6 REWDLQHG XVLQJ GLIIHU
*ROGPDQQ SHULPHWHU 7KH PHDQ %6 KHLJKW DQG ZLGYV

ZKLWH VWLPXOXV f DQJXODU VXEWHQVH ZHUI
*ROGPDQQ , H VWLPXOXV f DQJXODU VXEWHQVH f
R[ DOAQGYDOXHV RYHU ZKLFK WKH %6 OD\ ZzDV BMRVZMHHQ
UHVSHFWLYHO\ $UPDHODW DO 41R@DG WKH QRUPDO %6 DL
*ROGPDQQ NLQHWLF SHULPHWHU WR EH “ PP IRU V
PP IRU WKH ,,, H VWLPXOXYV

3K\ WVLRORJLFDO IDFWRUV ZLOO DIIHFW WKH GLIITHUHQWLDC
DOUHDG\ EHHQ GLVFXVVHG LQ &KDSWHU $XOKRUQ DQ:
ILIDWLRQ PRYHPHQWY KDYH D YHU\ VWURQJ HIIHFW XSR



CEUXSW JUDGLHQWYV $ ILIDWLRQ VKLIW RI RQH RU WZR G
XQLWYVY LQ WKH WKUHVKROG DW WKH %6 ERUGHUV O0DUN
FRQILIXUDWLRQ RI WKH %6 Rl QRUPDO VXEMHFWY DQG
ORJ XQLWV LQ WKH SHULFRHFDO DUHD FDQ EH H[SHFWH(
XSSHU DQG ORZHU SROHVHRW IW&H ,%/6 LV LAQQAIINKHWOQD KDW D
DUH RQH UHDVRQ IRU WKHVH LUUHJXODULWLHVHW) DMX H
IRXQG WKH VL]H RI WKH %6 WR LQFUHDVH ZLWK DJH

QYHVWLIDRWWRBO LOAGRBAD XWRPDWHIWGLPHW U\
,QWURGXFWLRQ

6XSHULRU GHILQLWLRQ DQG UHSURGXFLELOLW\ RI WKH
SHULPHWU\ DV FRPSDUHG ZLWK PDQXDW B OQ HIWFFK 56 UH

$ IHZ VWXGLHV KDYH EHHQ GHYRWHG WR WKH HYDOC
DXWRPDWHG SHULPHWU\ )DQNKD XV HW D@ }XOENHKRDXUOH U
DO D DQG E +DHIOLJHU DQG )ODPPHU W KDV EHH
6) REVHUYHG ZLWK PHDVXUHPHQWY SHUIRUPHG DW WKH
PD\ EH UHODWHG WR WKUHVKROGV WDNHQ ZLWK DQ\
GHSUHVVLRQ LQ WKH ILHOG +DHIOLJHU DQG )ODPPHU
IRU 6) ZHUH QRW UHVWULFWHG WR SRLQWV ZLWK ORZ Vt
6) DQG VHQVLWLYLW\ KDV DOUHDG\ EHHQ GLVFXVVHG LC
ZKHUH WKH VORSH Rl WKH VFRWRPD LV VWHHS DQG WK
QRW SUHFLVH VPDOO FKDQJHV LQ IL[DWLRQ FDQ PDUNE
PDUJLQ +BIEHDOLOQ

J)DQNKDXVHU DQG +DEHUOLQ GHPRQVWUDWHG WKDW
ERXQGDULHV RI WKH VWLPXOXV 7KLV VWUD\ OLJKW ZRXC
RI DQ\ VFRWRPD SDUWLFXODUO\ ZLWK WKH KLJK LQWHC
HQWRSWLF SKHQRPHQRQ ZDV SHUFHLYHG DV D ODUJH GL
PD[LPXP OXPLQDQFH ZDV SURMHFWHG DW WKH RSWLF GL
VLIH , RU ,, VWLPXOXV EXW ZDV HDVLO\ HYRNHG XVLQJ
LQFUHDVLQJ VWLPXOXV OXPLQDQFH VWUD\ OLJKW HIIHF
VLIH RlI WKH %6 )DQNKDXVHU DQG H\W EDMADO L ® W U D\ ) ® RINKKK
DOVR UHVXOW IURP VFDWWHULQJ UHIOHFWLRQ E\ WKH R
RI KLJKHU UHIOHFWDQFH DW WKH GLVF ERUGHU VXFK DV
IRU H[DPSOH

(]
%HN DQG /XQG $QGHUVRQ LOOXVWUDWHG WKDW ZL



*ROGPDQQ , RU ,, WKH %6 FRXOG EH GHOLPLWHG DV DQ
+RZHYHU ZLWK ODUJHU VWLPXOXV VL]HV ,,, WR 9 D
GHYHORSHG H[WHQGLQJ FHQWUDOO\ IURP WKH ERUGHUYV
FRPSRQHQW RI WKH %6 WRWDOO\ GLVDSSHDUHG IRU WK
DJUHHV ZLWK )DQNKDXVHU DQG +DEHUOLQ /ILIKW
UHVSRQVLEOH IRU WKLY DSSDUHQW GLVDSSHDUDOQFH RI
HQRXJK WR EH SURMHFWHG WRWDOO\ ZLWKLQ WKH PDUJL

2SWLPDO VWLPXOXV VL]H WR PLQLPLVH WKH HIIHFWV R
%6 2ZDV VXJIJHVWHHWED ©DBEMR GElHQ WKH VWDQGDUG *ROGP
JLYHV D VKDUS VHQVLWLYLW\ SURILOH DQG D JULG VHS
SXUSRVHV $ JULG VHSDUDWLRQ RI f RU HYHQ f FRPF

PD\ QRW H[SRVH WHW ®6® :LQHW DO 6WHSDQLN +
UHVROXWLRQ SURJUDPV DUH UHTXLUHG IRU UHOLDEOH
FRQVWDQWY KDYH EHHQ SURSRVHG f E\ %HN DQG /XQ

HWDO DQG f E\ =XODXI

$FFXUDWH GHOLQHDWLRQ RI WKH %6 LV FRPSOLFDWHG
GHPRQVWUDWHG DQJLRVFRWRPDWD GHIHFWV RI XS WR
8VLQJ D VWDQGDUG VL]HHWVIWOPXEBGXQG+WEHPOWR EH RI W
02G% LQ GHSWK DQG f ZLGH

,QYHVWLIJDWRUV KDYH HPSOR\HG GLIIHUHQW FXW RII
PHDVXUHPHQWY EHLQJ FRQWDPLQDWH®W B\ODQDRVFRWRI
DGRSWHG D VLQJOH OHYHO VWUDWHJI\ IRU D VLIH ,,, VW
VWLPXOL ZDV VHW DW G% EHORZ WKH QRUPDO DJH FRU!
VXUURXQGLQJ WKH %6 DUHD 7HVW SRLQWVY QRW VHHQ :
7KLV VWUDWHJ\ WRJHWKHU ZLWK D JULG VHSDUDWLRQ
LGHQWLILHG DQ DYHUDJH RI WHVW ORFDWLRQV DV O\
%6 DQ DYHUDJH GLDPHWHU EHWZHHQ f DQG f 2WK
OHYHO RI G% WX MIORX\DHIG G% )XW KROEVHLRU D VL]F
.., VWLPXOXV RU G% IRU D VLHW,DOWLRPQYOWNKH +DFEMR
SHULPHWHU 7HVW ORFDWLRQV ZLWK WKUHVKROGV EHO
ZLWKLQ WKH %6 'HVSLWH GLIITHUHQFHV LQ PHWKRGRORJ\
PHDQ %6 DUHD IRU QRUPDO VXEMHFWVY GRHV QRW YDU\ V
D VLIH ,,, VWLPXOXV $FRRUGIOQJ WKRI 808 I DQHD LV
GHJUHHV DQGHWQDNRRXPHDVXUHG LW WR EH “ GFH
DV GHWHUPLQHG ZLWK D VL]H ,, VWLPXOXV ZDVHM DUR[L
6LPLODU DJUHHPHQW H[LVWV IRU PHDQ %6 GLDPHW
RI 6DIHD/@ DO ZKLOH +DWHDOLQIRXQG WKH PHDQ GLDPF



KRULJRQWDOO\ “ f DQG YHUWLFDOO\ “ f

JLHOG WHVW VL]H PD\ LQIOXHQFH WKH VL]H DQG GHSWK F

¥ VHOHFWLYH DV RSSRVHG WR JOREDO UHWHVWLQJ RI "
UHGXFH WKH QXPEHU RI SRLQWV ZLWK GHIHFWLYH Wtk
ILHOGV 5XWLVKDXVHU DQG )ODPPHU

¥ DV ILHOG WHVW VL]H LV UHGXFHG WKH PHDQ VHQVLW
HDFK WLPH LPSURYHG DQG VKRUW WHUP IOXFWXDWL
8VDPL 7KLV PD\ EH FDXVHG E\ GLIIHUHQFHV LQ
SUHVHQWDWLRQV DQG KHQFH WHVW GXUDWLRQ )XMLF

7TKHVH IDFWRUV FRXOG UHGXFH WKH VL]H DQG H[WHQW R

8VLQJ WKH 2FWRSXV DXWRPDHYWH ® G B U ISFO-HRWVWHNH G W/IKW WoR
VWLPXOXV VXEWHQGLQJ RI DUF DQG DSRVWLOEV R
FRUUHODWLRQ U EHWZHHQ WKH VL]H RI WKH %6 DC
RI QRUPDO VXEHMWHW/ 1R WKH VL]H RI WKH %6 PHDV
DQG ,,, H VWLPXOL RQ WKH *ROGPDQQ SHULPHWHU WR F
ZLWK U YDOXHV RI DQG UHVSHFWLYHO\ 7KH\ FR
FRQVWLWXWHG SDUW RI WKH DEVROXWH VFRWRPD DQC

VFOHUDO FUHVFHQW SURGXFHG D UHODWLYH VFRWRPD 7
UHODWHG WRHMNWH GBULWWRQ

$LPV

7KH DLP LV WR FDOFXODWH WKH VL]H RI WKH %6 RYHU
FRPSDUH LW ZLWK WKH WUXH VL]H RI WKH RSWLF QHUYH

ODWHULDOV DQG PHWKRGV
*ULG FRQILIXUDWLRQ DQG VWLPXOXV VL]H

7TDNLQJ LOQOWR FRQVLGHUDWLRQ SUHYLRXV ILQGLQJV UHJ
IRU LQYHVWLIJDWLQJ WKH %6 D VL]H ,, VWLPXOXV ZDV FK
JLYH VKDUS GHILQLWLRQ RI WKH %6 7KH KLJKHVW JULG
HPSOR\HG 7ZR FXVWRPLVHG JULG SDWWHUQV ZLWK D VS
WKH +)$% ,Q FRPELQDWLRQ WKH WZR JULGV \LHOGHG D V.
GLDJRQDO GLVWDQFH EHWZHHQ ORFDWLRQV 7KH FR RUG

DQG FRQVLGHUHG DGHTXDWH WR HQFRPSDVV WKH %6



TDEOH(VVHQWLDO IHDWXUHV RI WKH WZR FXVWRPLVHG %6 SUI

6WLPXOXV VL]H ,, a f
6WUDWHJ\ IXOO WKUHVKROG
*ULG $

: fWR f

\ fWR f

1XPEHU RI VWLPXOL

*ULG %

; f WR f

\ fWR

1XPEHU RI VWLPXOL
7TRWDO QXPEHU RI VWLPXOL $ %
5HVROXWLRQ RI FRPELQHG@ JULGV $ %

6 XEMHFW VDPSOH DQG WHVWLQJ SURFHGXUH

ILQHW\ VL[ RXW RI WKH WRWDO RI VXEMHFWY GHVFU
WKH WZR EOLQG VSRW SURJUDPV (DFK VXEMHFW SHUIR
YLVLW ZLWK D UHVW SHULRG RI DW OHDVW PLOQXWHYV

EHIRUH IRU WKH FHQWUDO YLVXDO ILHOG H[DPLQDWLRQ

ZDV UDQGRPLVHG



SHVXOWYV

6 XEMHFWY ZHUH GLYLGHG LQWR WKH VDPH IRXU JURXSYV
IRU DJH UHIUDFWLRQ D[LDO OHQJWK DQG WKH QXPEHU
WDEOH

7TDEOH1XPEHU RI VXEMHFWVY LQ HDFK JURXS WRJHWKHU
UHIUDFWLRQ DQG D[LDO OHQJWK 9DOXHV LQ SDUHQWKHYV

*URXSQXPEHU RHDQ DJAHDQ RFXCHDQ D[LDO
VXEMHFWWDUV UHIUDFWLROHQJWK PP

WR

,Q JURXS WKH FUHVFHQW DUHD H[SUHVVHG DV IUDFWL
RI WKH RSWLF GLVF DUHD ZLWK D PD[LPXP RI [ GLVF
FUHVFHQW UDQJHG IURP WR RI WKH RSWLF GLVF DU|

JURP WKH DERYH UHYLHZ RI WKH OLWHUDWXUH LW LV FO
WKH VHQVLWLYLW\ OHYHO FRQVWLWXWLQJ WKH UHODWLY
VWLPXOXV RQ WKH +)$ QRU LV WKHUH DQ\ GDWD UHODW
IRU WKLV VWLPXOXV VL]H

6HQVLWLYLW\ YDOXHV IURP WKH %6 SURJUDPV ZHUH LQL
SURJUDPV FRPELQHG 'DWD IURP WKH %6 SURJUDP ZHUH
FRPSXWHU $ SURJUDP ZDV DYDLODEOH ZKLFK DOORZHG
VHQVLWLYLW\ YDOXHV FRORXU FRGHG HYHU\ G% VWDU
ORFDWLRQV KDYLQJ VHQVLWLYLWLHY OHVV WKDQ JHUR G
FRQGLWLRQV ZDV VXUURXQGHG E\ D UHODWLYH VFRWRPI

7KH SDWWHUQ RI GLVWULEXWLRQ RI VHQVLWLYLW\ OHYI
FRUUHVSRQGLQJ IXQGXV SKRWRJUDSK ,W EHFDPH DSSDU



QG G% DSSHDUHG LQ PRVW FDVHV WR IROORZ WKH FR
ZDV GHFLGHG WKDW VHQVLWLYLW\ YDOXHV LQ WKH UDQJ
YDOXHVY EHORZ G% ZHUH WDNHQ DV IRUPLQJ SDUW R
ZHUH UHSHDWHG LQ HPPHWURB MDHIOXGE MHHFDWY  WHHQAN MQL.
QbvbDO ILHOG IRU WKHVH VXEMHFWYVY ZDV ) G %

DVVXPH WKDW YDOXHV EHORZ G% FRQVWLWXWHG WKH

9DOXHV RI JHUR GHFLEHOV RU OHVV ZHUH LQWHUSUHW
9DOXHV IURP WR G% ZHUH GLYLGHG LQWR WKUHH ED

G% 7KH QXPEHU RI ORFDWLRQV LQ HDFK EDQG ZDV G
LOQWHUSUHWHG DV D FHQWUDO DEVROXWH VFRWRPD VXU

JURP NQRZOHGJH RI WKH QXPEHU RI VWLPXOXV ORFDWL
ZDV GHWHUPLQHG IRU HDFK VHQVLWLYLW\ EDQG ,Q DQ\
PXVW EH PDGH DV WR WKH VHQVLWLYLW\ EHWZHHQ QH
SURILOH DW WKH HGJH RI WKH UHJLRQ RI LOQWHUHVW
SULQFLSOHV EHKLQG WKH PHWKRG XWLOLVHG KHUH )l
ORFDWLRQV IURP WKH EOLQG VSRW SURJUDPV 7KH EOD
RQH SURJUDP DQG WKH JUH\ FLUFOHYVY DUH IURP WKH RW
VHSDUDWLRQ EHWZHHQ D EODFN DQG D JUH\ FLUFOH L\
EHWZHHQ D EODFN DQG DQ DGMDFHQW JUH\ FLUFOH LV A

JLIXUH$ VHFWLRQ IURP WKH FRPELQHG EOLQG VSRW SUR
RQH SURJUDP DQG WKH JUH\ FLUFOHV IURP WKH RWKHU
DQ DGMDFHQW JUH\ FLUFOH LV f



7KH VHQVLWLYLW\ DW HDFK VWLPXOXV ORFDWLRQ LV DV
OHQJIJWK R f DV LQGLFDWHG E\ WKH GRWWHG OLQHV L

GHJUHHV I WKH WRWDO QXPEHU RI ORFDWLRQV ZL\
WKH WRWDO DUHD IRU WKLV VHQVLWLYLW\ EDQG LV

7KLV YDOXH FDQ EH FRQYHUWHG LQWR PLOOLPBWRRHV [/}
7KH UDGLXV RI WKH +)$ KHPLVSKHULFDO VFUHHQ LV PP

WD Q f D
D WDQ f PP
D PP

,l HDFK ORFDWLRQ LV DVVXPBDG W R WHKIFRQY MWWKHQ /U@ RU HADI
D SDUWLFXODU VHQVLWLYLW\ EDQG LV GHWHUPLQHG E\ |
" ZLWKLQ WKLV VHQVLWLY LDV WHERD QIGY B Q\GK R XEDUAHLES R\ILW K H

%6 DUBI
D PP
%6 DUHD PP

,Q RUGHU WR FRPSDUH GLUHFWO\ WKH VL]H RI WKH RSWL
SURMHFWLRQ RI WKH RSWLF GLVF RQWR WKH +)% VFUHHC(
GHVFULEHG EHORZ ZLWK WKH DLG RI ILIJXUH ZKLFK VK
WR WKH +)$ VFUHHQ IRU D UHMW2 @GS | 31 DVXH AV RH G IUD. RHF W
WKH KXPDQ H\H RU RI WKH FRPELQHG RSWLFDO VHW X:¢
FRUUHFWLRQ XWLOLVHG GXULQJ %6 SHULPHWU\ VSHFWLCLC
SULQFLSDO SODQHV LQ WKHVH FRQGLWLRQVY QHHGV WR E
WKH SULQFLSDO SODQHV RI WKH KXPDQ H\H LV GHVFULE
$SSHQGL[ $ ,Q VXEMHFWY XVLQJ D VSHFWDFOH OHQV
SRVLWLRQ RI WKH SULQFLSDO SODQHV LV UHFDOFXODWH
UHWLQDO SODQH WR WKH VHFRQG SULQFLSDO SRLQW
GLVWDQFH IURP +)$ VFUHHQ WR WKH IURQW RI WKH H\H
WKH SRVLWLRQ RI WKH SULQFLSDO SODQHV WKH GLVW
SULQFLSOH)OFBRLEDW HVWDEOLVKHG



JLIXUH6FKHPDWLF GLDJUDP RI WKH SURMHFWLEBRQRWmD U
WKH +)$ VFUHHQ 7KH SURMHVFWHDQIGP BJH GH DV/P KNV HIUU VW
SULQFLSDO SODQHV IRU WKH KXPDQ H\H RU WKH KXPDQ

JURP SDUD[LDO WKHRU\ DQG DVVXPLQJ VPDOO DQJOHYV

QDQ D
Q\[Q?G W
\GQ [ OQ
©
QT

G GLDPHWHU RI WKH UHWLQDO IHDWXUH

[ GLVWDQFH IURP WKH +)$ VFUHHQ WR WKH ILUVW SULQF
GLVWDQFH IURP WKH VHFRQG SULQFLSDO SRLQW WR W

\ GLDPHWHU RI LPDJH RI WKH UHWLQDO IHDWXUH SURMEF

(TXDWLRQ EHFRPHV
\ [G O

,IGUHSUHVHQWY WKH DUHD RI WKH UHWLQDO IHDWXUH \
+)$ VFUHHQY FDOFXODWHG IURP

\ [G
,Q WKH SUHYLRXV FKDSWHU WKH DUHDV RI WKH RSWLF

FUHVFHQWY ZHUH FDOFXODWHG 7KXV WKH DUHDV RI| Wl
+)$ VFUHHQ FDQ EH GLUHFWO\ FRPSDUHG ZLWK WKH YDOX



7KH SURMHFWHG RSWLF GLVF DUHD GRHV QRW YDU\ VLJ
$129% ZLWK OHDVW VLJQLILFDQW GLIIHUHQFH PXOWLSOH
VXUSULVLQJ FRQVLGHULQJ RSWLF GLVF DUHD ZDV VKRZQG
ERWK LQFUHDVLQJ D[LDO OHQJWK DQG P\RSLD +RZHYHL
UHGXFHG E\ WZR IDFWRUV D GLPLQLVKHG DQJXODU VXE
QHJDWLYH FRUUHFWLRQ

, W LV FOHDU WKDW WDNLQJ DOO YDOXHV EHORZ G% D

WRWDO %6 DUHD WKDQ WKH DUHD RI WKH SURMHFWHG

%6 DUHD LV FRQVLGHUDEO\ ODUJHU WKDQ WKH SURMHF\

VFRWRPD LV VXUURXQGHG E\ D UHODWLYH VFRWRPD WK

DUHD RI WKH DEVROXWH VFRWRPD LQ JURXSYV DQG

LV HYLGHQW WKDW WKH %6 DUHD LV ODUJHU LQ JURXS
FRPSDUHG ZLWK JURXS

7KH PHDQ DUHD RI WKH DEVROXWH FRPSRQHQW RI WKH

RSWLF GLVF DUHD LQ JURXSYV DQG 7KLY DSSOLHV V
WKH DEVROXWH %6 ZDV ODUJHU WKDQ WKH SURMHFWHG
DQG VXEMHFWY LQ JURXS ,Q JURXS WKH DEVROXWE

WKH ERUGHUY RI WKH SURMHFWHG RSWLF GLVF DUHD LQ
KDG FKRURLGDO FUHVFHQWY RQO\ W KDV EHHQ VXJJH\
WKH DEVROXWH VFRWRPD RO WKRIZWEHURQWDKLY LV LQFRQ\
FXUUHQW ILQGLQJVY RQ WKUHH FRXQWV )LUVWO\ JUR:
SHULSDSLOODU\ FUHVFHQWY G6HFRQGO\ RI WKH VXEM
DEVROXWH VFRWRPD UHODWLYH WR WKH GLVF DUHD K
VXEMHFWY LQ JURXS ZLWKRXW VFOHUDO FUHVFHQWYV
UHODWLYH WR WKH SURMHFWHG GLVF DUHD $OVR WKH
%6 DUHDV DUH SDUWLFXODUO\ ODUJH LQ JURXS LPSO\L



/TDEOHOHDQ DUHDV “6' RI WKH RSWLF GLVF DQG DQ\ SHULSDSLOODU\ FUHVFHQW SURMHFWHG
WKH %6 IRU GLITHUHQW VHQVLWLYLW\ EDQGV

OHDQ
SURMHFEWHG
*URXS1IXPEHUOHDQ GLVF DUHD OHDQ@6 DUHD OHDQ DUHD
RI SURMHFWHG PP GHHHV
VXEMHBWWYF DEUWIBVFHQW
DUHD

PP PP 2G% G% 2G% G% 2G% G% 2G% G%



$ RQH zD\ $129% WRIJHWKHU ZLWK WKH OHDVW VLJQLILF
SURFHGXUH ZDV XVHG WR LGHQWLI\ DQ\ VLIQLILFDQW G
HDFK VHQVLWLYLW\ EDQG 1R VLJQLILFDQW GLIIHUHQFHYV
*URXS ZDV VLIQLILFDQWO\ GLIITHUHQW IURP WKH RWKH
7TKHVH UHVXOWY QHHG WR LQWHUSUHWHG FDXWLRXVO\ E

W LV LOWHUHVWLQJ WKDW LQ &KDSWHU ERWK JURXSYV
JURXSYV DQG IRU WKH VHQVLWLYLW\ RI WKH FHQWUD
KRZHYHU RQO\ JURXS WR EH VLJQLILFDQWO\ GLIIHUH
FRQWDLQV VXEMHFWY ZLWK UHODWLYHO\ ODUJHU SHULS
D[LDO OHQJWKY DQG PRUH P\RSLD 7KLV VXJIJHVWV WKDW
D VLIQLILFDQW FRQWULEXWRU WR WKH FHQWUDO ILHOG
GHVFULEHG LQ &KDSWHU 7KLV LV VXSSRUWHG E\ WKH 1
VFDOH SULQWRXWYVYV Rl WKH FHQWUDO ILHOG RI JURXS \Y,

'LVFXVVLRQ

, | YDOXHV EHORZ G% ZLWK WKH VL]H ,, VWLPXOXV DUH
RI WKH GLIITHUHQWLDO OLJKW VHQVLWLYLW\ DVVRFLDWH
WKH DQDWRPLFDO PDUJLQV RI WKH RSWLF GLVF RU SHUL
VHHPY UHDVRQDEOH DV WKH PHDQ VHQVLWLYLW\ XVLQJ
ZDV IRXQG WR EH “ BW DOVXNDDIDIKIRZQ XVLQJ
SHULPHWU\ WKDW WKH UHGXFWLRQ LQ VHQVLWLYLW\ DV
PDUJLQV RI WKH RSWLF GLVF LQ QRUPDO DQG P\RSLF
SHULSDSLOODU\ FUHVFHQWYV

$ VLIQLILFDQW HQODUJHPHQW RI WKH %6 ZDV REVHUY
UHODWLYHO\ ODUJHU SHULSDSLOODU\ FUHVFHQWY DQG
P\RSLD (QODUJHPHQW RI WKH %6 LQ P\RSLD DJUHHV ZL
7DNL]DZD DQG DXWRPDWHG SHULPHWU\ 1DNDVH

HW DO -RGIDW DO ,Q WKH VWXBWV ®IO-RQBWZDV EHOLHYHG
LQFUHDVH LQ WKH %6 VL]H ZDV GXH WR WKH LQFUHDVH |
KDV EHHQ VKRZQ DERYH WKDW WKH RSWLF GLVF DUHD S
YDU\ VLJQLILFDQWO\ LQ WKLV VDPSOH ,Q DGGLWLRQ WR
RI WKH %6 FDQ RFFXU ZLWK SDWKRORJ\ RI WKH RSWLF
GHVFULEHG LQ JODKWRBPD *RQPMWDO DOWKRXJK WKLV |
FRQVLVWHQW ILQGLQJ

-RQHW DO XVLQJ *ROGPDQQ NLQHWLF SHULPHWU\ FR



FOUHVFHQWY H[SRVLQJ WKH XQGHUO\LQJ VFOHUD FRQWU
SHULSDSLOODU\ DWURSK\ ZLWK LUUHJXODU SLIPHQWDWL
WKH %6 7KLV FRQFOXVLRQ LV QRW VXSSRUWHG E\ WKLV
GHPRQVWUDWHG WKH DEVROXWH VFRWRPD RI WKH %6 W
DUHD

9DOXHV IRU WKH %6 DUHD LQ WKLV VWXG\ DUH VRPHZKD!'
UHFRUGHG ZLWK DXWRPDWHGE 36 ULPHMNMNKIREVBIDIE DODQ G

+DEHBOW ® O +RZHYHU LQ WKH IRUPHU WZR VWXGLHV D
ZKLFK PD\ DFFRXQW IRU WKH GLIITHUHQFHY ,Q WKH ODW\
WKH 2FWRSXV SHULPHWHU EXW D GLIIHUHQW WHVWLQ
SUHVHQWHG DW G% DQG WKRVH QRW VHHQ ZHUH UH W
DGGHG WR WKH VWDUWLQJ JULG ZKHQ ORFDWLRQV ZHUH
ZHUH FRQVLGHUHG WR IDOO ZLWKLQ WKH QRUPDO %6

VWUDWHILHY ZHUH XWLOLVHG DQG WKH PHDQ %6 DUHI
QRUPDO VXEMHFW ,Q WKLV VWXG\ WKH IXO0 WKUHVKRO
WLPH FRQVXPLQJ )DWLJXH HIIHFWYV PD\ KDYH FDXVHG
VXITLFLHQW WR LQFUHDVH WKH QXPEHU RI ORFDWLRQV FF

OHDVXUHPHQW RI WKH DUHD RI WKH %6 ZLOO EH LQIOXHC
GXULQJ WHVWLQJ E\ P\RSLF VXEMHFWY OLQLILFDWLRQ
VSHFWDFOH OHQV PD\ KDYH FDXVHG D UHGXFWLRQ LQ V
HQODUJHPHQW RI WKH %6 7KLV SKHQRPHQRQ ZRXOG EH



&+$37(5
*HQHUDO '"LVEXVVLRQ

6XPPDURIUHVXO WV

,Q &KDSWHU UHSHDWDELOLW\ DQG UHSURGXFLELOLW\ R
%LRPHWHU ZDV DVVHVVHG DQG IRXQG WR EH ZLWKLQ DF
DQG LQH[SHULHQFHG H[SHULPHQWHU 2SWLPDO LQYHVWL
WKH PDQXIDFWXUHUV JXLGHOLQHY ZKLFK VWDWH WKDW
LQLWLDOO\ WR DQG DGMXVWHG DFFRUGLQJO\ WR RE
DPSOLWXGH IURP WKH FRUQHDO FU\WWDOOLQH OHQV DQC(

B3VI\FKRSK\VLFDO OHDUQLQJ DVVRFLDWHG ZLWK VHTXHQWL
GHPRQVWUDWHG RYHU WKH ILUVW WZR WHVWYV SHUIRUP!
ILUVW WZR WHVWV SHUIRUPHG RQ HDFK LQGLYLGXDO ZR:
+RZHYHU WKLV ZDV RQO\ HYLGHQW ZKHQ WKH GDWD ZD
LQGH] $QDO\VLV RI WKH VDPSOH PHDQV IRU WKH JOREDC
OHDUQLQJ HIIHFW 7KLV GLVFUHSDQF\ EHWZHHQ WKH WZF
FRQVLGHUDEOH LQWHUVXEMHFW YDULDWLRQV LQ WKH O
LQIOXHQFH RQ WKH YDOXHV RI VDPSOH PHDQV RI JOREDC
WKLV VWXG\ LV LQIOXHQFHG OHVV E\ LQWHUVXEMHFW GLI

,W LV FOHDU WKDW WKH VHQVLWLYLW\ RI WKH YLVXDO
LQFUHDVHYVY 7KLV GHFOLQH LV PRVW SURQRXQFHG LQ W
FUHVFHQWY ZKR DOVR WHQG WR KDYH ORQJHU D[LDO O
GHSUHVVLRQ RI VHQVLWLYLW\ LV REVHUYHG ZLWK ORFD(
IXUWKHU ,Q VRPH FDVHV WKH XSSHU WHPSRUDO TXDGUD
HIDPLQDWLRQ RI WKH P\RSLF IXQGXV LV QHFHVVDU\ DV \
HFWDVLD WKLQQLQJ RI WKH UHWLQD 3RVVLEOH FDXVHV |
&KDSWHU

&RUUHODWLRQ DQDO\WLYV VKRZHG D UHODWLRQVKLS EHW
WDNHQ DV HLWKHU WKH JOREDO LQGLFHV RU UHJLRQDO F
RFXODU UHIUDFWLRQ LQ VXEMHFWYVY ZLWK SHULSDSLOODL
VWURQJHU ZLWK D[LDO OHQJWK 5 DERYH S5HVXOWYV |
XWLOLVHG FOLQLFDOO\ WR REWDLQ DQ HVWLPDWH RI D J
HLWKHU WKH D[LDO OHQJWK RU GHJUHH RI P\RSLD DUH

7TKRVH VXEMHFWYV ZLWK PRUH WKDQ ' RI P\RSLD RU DJLCL



GHILFLWV LQ WKHLU YLVXDO ILHOG VHQVLWLYLW\ ZKLOH
OHQJWK DERYH PP UHGXFWLRQ LQ ILHOG VHQVLWLYLW\
+)$ VLQJOH ILHOG DQDO\VLV SULQWRXWYV WKDW WKH WR
XVHIXO WKDQ WKH FRUUHVSRQGLQJ QXPHULFDO SORWYV

ZHUH VFDWWHUHG WKURXJKRXW WKH FHQWUDO ILHOG
JODXFRPDWRXV W\SH GHIHFWV ,Q VRPH P\RSHV ZLWK S
ORVV ZDV FOHDUO\ DVVRFLDWHG ZLWK DQ HQODUJHG %
VHQVLWLYLW\ ORVV DVVRFLDWHG ZLWK WKH %6 H[WHQG
RSWLF QHUYH KHDG DQG WKDW WKH SHULSDSLOODU\ FI
DQG UHODWLYH FRPSRQHQWYV RI WKH %6

.QRZOHGJH RI WKH OLNHO\ ILHOG GHIHFWV WR EH HQFRX
LQ WKHLU WDVN RI GLVWLQJXLVKLQJ EHWZHHQ SK\VLROR
LV KRSHG WR EULQJ WKH FOLQLFDO LPSOLFDWLRQ Rl WK
VHULHY RI SXEOLFDWLRQV EDVHG RQ WKLV WKHVLV

,Q &KDSWHU PHWKRGV IRU GHWHUPLQLQJ WKH WUXH
SKRWRJUDSKLF LPDJH ZHUH SUHVHQWHG DQG FRPSDUI
SURSRVHG E\ /LWWPDQQ DQG $ UD\ WUDFLQJ
HTXLYDOHQW SRZHU DQG RSWLFDO FRQILIXUDWLRQ RI D
EH PHDVXUHG HDVLO\ ZDV GHYLVHG VHH DOVR DSSHQGL
GDWD FRQFHUQLQJ WKH RSWLFDO FRPSRQHQWYV RI KXPD
HYDOXDWLRQ RI WKHVH GDWD LV WR EH XQGHUWDNHQ
WKH PDJQLILFDWLRQ FKDUDFWHULVWLFV RI DQ\ IXQGXV F
H\H 7KLV LV UHTXLUHG LI WKH DEVROXWH GLPHQVLRQV R

7KHUH LV FRQVLGHUDEOH LQWHUVXEMHFW YDULDWLRQ L
RlI ZKLFK LQFOXGLQJ FUHVFHQW VL]IH LQFUHDVH ZLWK I
UHIUDFWLRQ $ ORJDULWKPLF WUDQVIRUPDWLRQ RI WKH
EHWZHHQ WKHVH SRVWHULRU SROH VWUXFWXUHY DQG I
HQWLUH VDPSOH ,Q DOO FDVHV FRUUHODWLRQ DQDO\VL
OHQJWK RQO\ ,QWHUFRUUHODWLRQ EHWZHHQ WKH RSW
GHJUHH EHWZHHQ GLVF DUHD DQG 15% RQO\ 5HVXOWV D
DEVROXWH YDOXHV IRU WKH RSWLF GLVF SDUDPHWHUYV
GLVF DQG PRQLWRULQJ LQGLYLGXDO FKDQJHVY RYHU WLP

)XW XZIRUN

$V DQ HIWHQVLRQ RI WKH ZRUN LQ &KDSWHU WKH XVH



WH LQKHUHQW YDULDELOLW\ LQ YLVXDO ILHOG GDWD LV
EH XVHIXO WR FRPSDUH WKH SRLQWZLVH GLITHUHQFHYV EI
GDWD RI ERWK QRUPDO DQG SDWKRORJLFDO YLVXDO ILHC
WKH YDULDELOLW\ DW GLIITHUHQW ORFDWLRQV ZLWKLQ
PHDVXUH RI YDULDELOLW\

$ PRUH FRPSOH[ IRUP RI DQDO\VLVY PXOWLYDULDWH D
DVFHUWDLQ ZKLFK RFXODU IDFWRU D[LDO OHQJWK FUH\
LPSRUWDQW LQ SUHGLFWLQJ ILHOG GHSUHVVLRQ

JURP WKH FXUUHQW VWXG\ WKH WUHQG RI SURJUHVVLY
LQGLYLGXDO FDQ QRW EH DVFHUWDLQHG $ ORQJLWXGL
ZRXOG EH PRVW XVHIXO LQ WKLV UHJDUG 7KLV W\SH R \
DERXW FKDQJHVY LQ WKH RSWLF GLVF SDUDPHWHUYV ZLWK

7R FRQILUP WKH UHVXOWY IURP &KDSWHU LW ZRXOG EH
RlI IXQGXV SHULPHWU\ I WKH DUHD RI WKH UHWLQD EF
ZRXOG EH SRVVLEOH WR GLUHFWO\ LGHQWLI\ WKRVH VWL
VFRWRPDV LQ WKH %6 UHJLRQ LQ ERWK QRQ P\RSLF DQG

2WKHU IXQGXV LPDJLQJ GHYLFHVY DUH DW SUHVHQW EHLC
ZLOO SURYLGH FOLQLFLDQV DQG UHVHDUFKHUV XVLQ.
LQIRUPDWLRQ ZKLFK LV RWKHUZLVH XQDYDLODEOH UHJL



$33(1',&(6
$33(1',; $

$ O9LVXDOHO®DO\VLV

6XSSOHPHQWDU\ UHVXOWYV IRU WKH ILHOG UHJLRQV IURF
$129% IRU WKH D[LDO OHQJWK DQG RFXODU UHIUDFWLRQ

D[LDO OHQJWK JURXSV

¥ JURXSV L DQG LL GLG QRW GLIIHU IRU DQ\ ILHOG UHJL

¥ VXEMHFWYVY LQ JURXSV LY Y DQG YL ZHUH VLJQLILFDQ
DOO ILHOG UHJLRQV S

¥ FRPSDULVRQ RI JURXS LLL ZLWK JURXSV L DQG LL
PDMRULW\ RI ILHOG UHJLRQV S

¥ GLITHUHQFHYVY EHWZHHQ JURXSV LY Y DQG YL ZHUH YD
EXW FRPSDULVRQV ZLOO EH DIIHFWHG E\ WKH VPDOO Q

REFXODU UHIUDFWLRQ JURXSV

f JURXSV $ DQG % GLG QRW GLIIHU IRU DQ\ ILHOG UHJLF

f VXEMHFWV LQ JURXSV ' DQG ( ZHUH VLJQLILFDQWO\ G
IRU DOO ILHOG UHJLRQV S

f FRPSDULVRQ RI JURXS & ZLWK JURXSV $ DQG % JDY
PDMRULW\ RI ILSHOG UHJLRQV

$ JURXSV ' DQG ( GLIIHUHG VLJQLILFDQWO\ LQ DOO FD
DQQXOXV

&RUUHODWLRQ DQG OLQHDU UHJUHVVLRQ DQDO\VLV IRU \
PRUH WKDQ ' RI P\RSLD DUH JLYHQ LQ WDEOH $



7TDEOH &XPPDU\ RI WKH UHVXOWVY RI FRUUHODWLRQ DQG
DQG UHJLRQDO PHDQ VHQVLWLYLWLHYV DJDLQVW D$LDO O
©

BXEMHFWV ZLWK6RENKFWY ZLWK RFXODU
OHQJWK JUHDWHHIWKXPWLRQ DERYH ' RI
PP P\RSLD
*OREDO LQGLFHV JUDGLHQW JUDGLHQW
G% PP G% '
06
0"
36"
&36"
JLHOG UHJLRQV
IRYHD
$QQXOL
LQHU
PLGGOH
RXWHU
AXDGUDQWYV
XSSHU WHPSRUDO
XSSHU QDVDO
ORZHU WHPSRUDO
ORZHU QDVDO
6HFWRUV
WSHULRU
LQIHULRU
QDVDO
WHPSRUDO
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7KH IROORZLQJ H[DPSOHV LOOXVWUDWH WKH SURJUL
SULQWRXW RI WKH DQG SURJUDPV WRJHWKHU

SKRWRJUDSK
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$33(1',; $

$ 5D\WUDFISQRJIJUBRPSXWDWLRQYV

$ "HWHUPLQDWLRQ RI SHUVRQDOLVHG VFKHPDWLI

7KH FDOFXODWLRQ RI WKH SHUVRQDOLVHG VFKHPDWLF
FDOFXODWH WKHSSDUD[LDO YDOXH

7TDEOH $ SDWLHQW GDWD

SHIUDFWLRQ

VSKHUH 6
F\OLQGHU &
D[LV H

YHUWH[ GLVWDQKNH

. HUDWRPHWU\

ORQJHU SULQFLS®O UDGLXV
PHULGLDQ FRQWRBLQLQJ U
VKRUWHU SULQFIYSDO UDGLXV
8OWUDVRQRJUDSK\

GHSWK RI DQWHULRU FKDPEHU
D[LDO OHQV WKLIENQHVV

GHSWK RI YLWUHRRIBEKBBEEHU

$00 GLVWDQFHY DUH LQ PP DQG SRZHUV LQ GLRSWUHYV

&RPSXWDWLRQ

BULPDULO\ WKH/TXHIQWIQMWGELM\KH HTXLYDOHQW SRZHU RI
SRZHU RI WKH FU\WWDOOLQH OHQV )/ QHHG WR EH GEH
*DXVVLDQ FRQVWUXFWLRQ RI WKH H\H DV D VLQJOH VXUI
DW WKH$SYHFRWBLQHG ZLWK D ELFRQYH[ OHQV ZLWK LWV
GLVWDQFHY H/ DQG H/IURP $ DQG $ UHVSHFWLYHO\



J)LIXUH $ $[LDO UD\ WUDFH WKURXJK D VFKHPDWLF H\}t
&RUQHDO YHUWH[ LV DW $ DQG WKH IURQW DQG EDFN Y
DQG $ UHVSHFWLYHO\ 3/ DQG 3 /DUH WKH SULQFLSDO S
H\H V IDU SRLQW SODQH DQG 0 UHSUHVHQWYV WKH UHWLC

7KH IROORZLQJ DVVXPSWLRQV DSSO\

+ UHIUDFWLYH LQGH[ Rl WKH DTXHRXV DQG YLWUHRXV k
IRU WKH FU\WWDOOLQH OHQV DV LQ WKH %HQQHWW !
SDEEHWWYV
ERWK VXUIDFHV RI WKH FU\WWDOOLQH OHQV DUH DVVX

+ WKH YDOXHV IRU H/ DQG H/ DUH WDNHQ DV FRQVWDZC
&DOFXODWLRQ RI WKHVH IUDFWLRQV LV GHPRQVWUDW
DGMXVWHG DFFRUGLQJ WR WKH QHZ FRQVWDQWV RI
%HQQHWW DQG 5DEEHWWYV

f WKH UDWLR EHWZHHQ WKH IURQW VXUIDFH SRZHU DQC
ZDV DVVXPHG WR EH D FRQVWDQW YDOXH 7KLV ZDV S|
UDWLR KDV EHHQ UHFDOFXODWHG DV DFFRUGLQ.
VFKHPDWLF H\H FRQVWDQWYV

2FXODU DVWLIJPDWLVP FUHDWHYVY FRPSOLFDWLRQV HVSH
FRLQFLGH ZLWK WKRVH RI FRUQHDO DVWLJPDWLVP 7KH
UHIHUHQFH PHULGLDQ WR GHWHUPLQH WKH QRWLRQDO
7KH SRZHU RI WKH FRUUHFWLQJ OHQV LV H[SUHVVHG DV
D[LV f DW D YHUWH[ GLVWDQFH Y IURP WKH FRUQHD 7K



RUQHDO YHUWH[ ZDV FDOFXODWHG IRU ERWK SULQFLSEC
SRZHU RI WKH YHUJHQFH ZDV WKHQ FDOFXODWHG LQ W

/Ib 6 O Y6 DORQJ D[LV PHULGLDQ
/% 6 & "~0Y 6 & SHUSHQGLFXODU W
IM  IDE //$VLQ

JRU WKH FRUQHD OHW U/ EH WKH UDGLXV RI FXUYDWXUH
WKH VKRUWHU UDGLXYVY 7KH FRUUHVSRQGLQJ VXUIDFH SF
, I Mf LV WKH GLUHFWLRQ RI WKH U/ WKHQ WKH QRWLRC
PHULGLDQ LV

YL )Z )V )Z VLQ !
5D\ WUDFH WR FDOFXODW B\S DRIOPIRYY YDOXH

/I$ 6 O 6Y

I E 6 & N & &
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TY \
QRWLRQDO UM 7T
D[LDO OHQJWK G 0G

$ '"HWHUPLQDWURRERLTXH UD\V

7KH UD\ SDWKV IRU UHIUDFWLRQ DW WKH ILUVW DQG VHF
$ DQG $ $W HDFK VXUIDFH WKH DQJOH RIDQELNGHQF
WKH SHUSHQGLFXODU GLVWDQFH IURP WKH YHUWH[ RI W
SRLQW % DW ZKLFK WKH UD\ LQWHUFHSERIW RWK W OHL V H.W/Wa
WKH VXUIDFH )RU WKH UHIUDFWHG UWDA IV H DEDTXKMDOH
SHUSHQGLFXODU IURP WKH SRLQW RI LQFLGHQFB W KMR
FDVH RI D UD\ GLUHFWHG WRZDUGV WKH SULQFLSDO S
UHIUDFWHG UD\ VKRXOG DSSHDU WR RULJLQDWH IURP WK
REWDLQHG DIWHU UHIUDFWLRQ E\ WKH ODVW VXU8GFH VI
EHFRPSHMRU WKH QH[W \WIXWUM KN HGKW®RH FD O RBX 6XEWH UNISMW
QXPHUDOV UHIHU WR WKH VXUIDFH QXPEHU LQ RUGHU V
IURQW DQG EDFN VXUIDFHV Rl WKH FU\WWDOOLQH OHQV |
LQGH[ RI WKH DTXHRXV DQG YLWUHRMAD KMPRXWY GHDRRG&
WKH FU\WWDOOLQH OHQV DV

$Q H[DPSOH LV LOOXVWUDWHG EHORZ WDEOH $ RI DQ
T\IR8&O f 7KH VDPH VXEMHFW GDWD DV LQ WDEOH $ |
$ LOOXVWUDWH WKH UD\ WUDFH
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JLIXUH $ S5SHIUDFWLRQ DW WKH ILUVW VXUIDFH

JLIXUH $ SHIUDFWLRQ DW WKH VHFRQG VXUIDFH



$ 33 % 0

JLIXUH $ SHIUDFWLRQ DW WKH WKLUG VXUIDFH

&DOFXODWLRQ RI SHULSRPFA UNDZAR YROEOXKLHN\X R IU D\ V
,Q VRPH FDVHV LW PD\ EH EHWWHU WR SHUIRUP WZR RE

UHWLQDO IHDWXUH RI TQMWHKWHVS WRKEHAWHUPR RHEOLTXH
RQ WKH UHWLQD DW 4* BWRIBWAZ HAHKQH WKLHWRV D QIFFHK LV FDOF X

$00 WKHVH TXDQWLWLHYV HPHUJH IURP WKH LQGIMWLINMGXDC
WKHQ XVHG WR XAPOQEXWBEWHHTXDWLRQ EHORZ LQWURGX

T W $0)

ZKH®BLY WKH GLIIHUHQFH EHWZHHQ WKH WZR LQFLGHQW



JLIXUH $ 7ZR REOLTXH WUDFHV LQFLGHQWWLRQWVWKH
GLDIJRQDO GLVWDQFH EHWZHHQ WKHP

$ &RPSXWDWLRQ RI /LWWPDQQ V D[LDG OHQJWK P}t

ILWWPDQQ V VHFRQG QRPRJUDP ZDV LQWHQGHG WR EH »
ILUVW QRPRJUDP LV XVHG D) ERR RWKHWRWE& HW HURPRLROHU D P
WKH D[LDO OHQJWK LV IRXQG ,I LW DJUHHV ZLWK WKH N
DOUHDG\ GHWHUPLQHG LV FRQILUPHG ,I LW GRH" QRW D
DJDLQ WR ILQG WKH DGMXY WRIGQ 8 R W LIRIDDLOX W D DIXYHH @ [E\ V
D[LDO OH@JWRHMIERSLD DW WKH FRUQHDO YHUWTH[LV)LQ]
REWDLQHG IURP WKH RULJLQDO QRPRIEIPWWRDQD WKH
SUHVHQWHG WDEOH\VI H®E OLIQIOYOPEHWKRWR EH REWDLGC
NQRZOHGJH@BXVLQJ WKH IRUPXOD

[ G HS$ $0

ZKHPHY WKH WKHRUHWLFDO D[LDO OHQJWK RQ WKH DV\
D[LDO 7KH UHTXLVLWH YDOXHV RUGFRHKODBQEHIRB®O LYQHU
WDEOH SURYLGW[GD QDIDX HV RPI WR PP DW LQWHUYDO
UHTXLULQJ LQWHUSRODWLRQ DWW LDFOW WHGMHD W IHS ©® D Q ® M
IURP WKH PLGGOH RI /LWWPDQQ V WDEOH LQ KLV SD
KHUH UHSURGXFHG



7TDEOH $ (I WUDFW IURP /LWWPDQQ V RZQ WDEOH /LWWP D Q

PP G H

QVSHFWLRQ RI WKH FRPSOHWH WDEOH VKRZV WKDW WK
GLITHUHQW UDWHYV 1HYHUWKHOHVV LQ HDFK RQH RI WK
QHDUO\ FRQVWDQW HVSHFLDOO\ ZKHQ IDOOV ZLWKLQ
JUHDW PDMRULW\ RI H\HV ,W LV SRVVLEOH WR H[SUHVV
IROORZYV

G u $
H $
| U u $
(IDPSOH
$ ' PP DQG WKH PHDVXUHG D[LDO OHQJWK L
,W IROORZV WKDW G H DQG [ EHFRPHWRP HTX
[ PP

7KLV GRHV QRW DJUHH ZLWK WKH PHDVXUHG YDOXH 7K
UHVROYLQJ HTXDWLRQV $0 % $ DQG $ XVLQJ WKH YL
DQG WKH DPHWURSLD 7KLV QRWLRQDO YDOXH LV XVH
LQ &KDSWHU VHFWLRQ WR REWDLQ D UHILQHG YD



$ 6XSSRUWSRHOLFDWLRQYV

SHIHUHBOBSHUV

5XGQLFND $ 5 6WHHOH & ) &UDEE "3 (GJDU
UHSURGXFLELOLW\ DQG LQWHUVHVVLRQ YDULDELOLW\ R
$FWD 2SKWKDOPRO

5XGQLFND $5 %HQQHWW $ * (GJDU ') &RQVW
DSSOLFRDWKWEDOPLF 3K\VLRO 2SW

5XGQLFND $ 5 &UDEE '3 (GJDU ') )LW]INH ) :
VHULDO YLVXDO ILHOGV 2BUQRUBIRDUD. BSENDINRV VEN, @ +HL N
DQG 53 0LOOV $PVWHUGDP .XJOHU 3XEOLFDWLRQV SS

*XWWULGJH 10 $OOHQ 30 B5XGQLFND $5 (GJDU
,QIOXHQFH Rl OHDUQLQJ RQ WKH SHULSKHUDO ILHOG D
SHULPHWU\ 8SGDWE E\ 53 0LOOV DQG $ +HLMO $PVW
*KHGLQL SS

%HQQHWW $ * B5XGQLFND $5 (GJDU ') PS

PHWKRG RI GHWHUPLQLQJ WKH VL]H RI UHWIDHI H W BW ¥
&OLQ ([S 2SKWKDOPRO

SHIHUHFBQIHUH@®EWWUDFWYV

5XGQLFND $ 5 6WHHOH & ) &UDEE ' 3 (GJDU ')
$OOHUJIDQ +XPSKUH\ XOWQUBWYRQ RS EWKPDHOPHRWLD 9LV 6FL \

5XGQLFND $5 %HQQHWW $ * (GJDU ') &RQVW
DSSOLFRSKRWKDOPLF 3K\WLRO 2BWR SUHVHQWHG DW $
(XURSHDQ *ODXFRPD B6RFLHW\ &RQJUHVV DQG 7K

VIPSRVLXP RQ RSKWKDOPRORJLFDO LPDJH SURFHVVLQJ -

5XGQLFND $ 552%XYNW]INH ) (GJDU ") 0DJ«
FKDUDFWHULVWLFV R I XQGXHW W 2 $KON K\DVOBEFBRV 9LV 6 F L
DOVR SUHVHQWHG DW WKH )RXUWK 6FDQQLQJ /DVHU
OLFURVFRS\ PHHWLQJ LQ +HLGHOEHUJ 0D\

5XGQLFND $ 5 &UDEE '3 (GJDU ') )LW]INH ) :



VHULDO YLVXDO ILHO@BKY QIROUPDBO 3IK\EMROWXS W

5XGQLFND $ 5 (GJbDU ') &EHQWUDO YLVXDO ILH
P\RSHV ZLWK SHULSDSQ®#EMVW EFIKWHKHPWPWRO 9LV 6FL VX!

3D SHULWQSU HVV

(GJDU ") 6WHZDUW -RQHV - + &UDEE ' 3 SXGQLF
*AWWULGJH 1 0 2 %ULHQ & (IMHFWV RI SLORF
GLDPHWHU DXWRPDWHG SHU2BKWKDORROIRIANPDU DFXLW



5()(5(1&(6

$GHOVRQ $ - :HUQHU (% .UXSLQ 7 /HDUQLQJ |
LQ RFXODU K\SHUWHQVLYH DQEQMHV® 26 KWKROPDP RDWA IH

$HWLVRY (6 6DYLWVND\D 1) 6RPH IHDWXUHYV
P\RSISIDQ 2SKWKDOPRO

$LUDNVLQHQ 3 - 'UDQFH 6 0 6FKXO]JHU O D 1H
JODXFBRPD 2SKWKDOPRO

$LUDNVLQHQ 3 - '"UDQFH 6 O 'RXJODV * 5 6FKXO]HU
DUHDV DQG YLVXDO ILHG® LQBGIKWKDQRROXFRPD

$LUDNVLQHQ 3 - 'UDQFH 6 O 'RXJODV * 5 6FKXO]H
9LVXDO ILHOG DQG UHWLQDO QHUYH II$HURK 2B KW KRG BB

$LUV * % /HWWHU WR 'U 'LRQ\VLXV /DUGQHU $SULO
+LVWRULFDO OHGLFDO /LEUDU\ UHSURGXFHG LQ /HYHQH

$OWPDQ ' * %O0DQG -0 OHDVXUHPHQW LQ PHGL
FRPSDULVRG@WWMWXGYMAMLFLDQ

$OWPDQ ' * SUDFWLFDO 6WDWLVWLFV IRU OHGLFD!
+DOO SS

$PDOULF 3 %HVVRX 3 $XEU\ - 3 4XHOTXHV Up
IOXRUHWFHQQHERF 2SKWDO)UDQF

$QGHUVRQ ' 5 &RUUHODWLRQ RI WKH SHULSDSLO«
DQG ILHOG DEQRUPDORWERHBKWKDBOBOFRPRF 6HU

$QGHUVRQ "5 SHODWLRQVKLS RI SHULSDSLOO
JODXFRPDWRXV FXBXERPD, BSEBWH ¥,, .UHLJHOVWHLQ
9HUODJ %HUOLQ +HLGHOEHUJ SS

$QGHUVRQ ' 5 &RUUHODWLRQ RI WKH SHULSDSLO(
DQG ILHOG DEQRUPDORW R2ZHB\K WK DOPRFERBUORF 6HU

$UHOO $ .RODUL 6 ([SHUREP HQ@KYVREGW PRGHO H\I

$UPDO\ 0 ) 7KH VL]H DQG ORFDWLRWQFR | 26KMW RBOF



$UPDO\ 0 2SWLF FXS LQ QRUPD® VIHBGW QSXMRKLIDOV
6FL

$UWDULD [/ * OHVVXQJ GHU %XOEXVODQJH PLW YH
ORQDWEO $XJHQKHLONG

$VPDQ 3 +HLMO $ *ODXFRPD KHPLILHOG WHVW ¢
$UFK 2SKWKDOPRO

$XOKRUQ ( +DUPV + *OR K KRKDBPRXRMHAD G
$XOKRUQ ( +DUPV + 9 LADX@® E RHRINL IRHWEUHQ VR U\ 3
YRO 9,, HG E\' -DPHVRQ DQG / 0 +XUYLFK %HUOLQ
ss

$XWJHQ 7 :RUN ) 7KH HIIHFW RI OHDUQLQJ DQG

DQG PHDQ VHQVLWLYLW\ RI DEWWRPDXWNSHKAWKWOWRPEO SHULPH

%DOD]VL $ * SRRWPDQ - '"UDQFH 6 0 6FKXO]JHU O
HITHFW RI DJH RQ WKH QHUYH ILEUH SR SPOD WV ERKY IRD VK

%»DOD]VL $ * 'UDQFH 6 O 6FKXO]JHU O 'RXJODV * 5
LQ VXVSHFWHG JODXFRPD DQG HDUO\ FKURQLF RSHQ
SDUDPHWHUV R BIWMXD Q S K YKWICRRR O

%DXP * 7KH HIITHFW Rl XOWUDVRQLF UDGLBWLRQ X
- 2SKWKDOPRO

%DXP 7' 6FKZDUW] % 7TUHQGV RI FKDQJH RI YL
RQ ORQJ WHUP VHULDO DXYWRAD VB &VVKDOPRWUILY 6FL

%HDU - & 5LFKOHU $ 9%XUNH * 1HDU ZRUN DQGC
UHIUDFWLRQ D SRSXODWLROWWXTCHQIW HZIRXQGODQG

%HELH + J)DQNKDXVHU ) 6SDKU - D $BEWDWLF
2SKWKDOPRO

%HELH + J)DQNKDXVHU ) 6SDKU - E 6WDWLF SHL
$FWD 2SKWKDOPRO

%HELH + )DQNKDXVHU ) '(/17$ PDQXDO ,QWHU]H



6ZLW]HUODQG

%WHELH + &RPSXWHULVHG WHFKQLTXH¥XRRYPLY WM
SHULPHWU\ LQ JODXFRPDH® BUOPWLFIDOFHIXLGH ' 5 $
IRQGRQ *UXxH DQG 6WUDWWRQ SS

%HFN 5 : OHVVQHU ' . OXVFK ' & ODUWRQ\L &/ ;
WKHUH D UDFLDO GLIIHUHQFBRSIKINKKD R PRAWARILFDO FXS VL]

%HFN 5 : %HUJVWURP 7 - /ILFKWHU 3 5 E $ FOLC
WHVWLQJ ZLWK D QHZ DXWRPDWHG SHULPHWHU WK H
*ROGPDQQ SEBKMHWHOP RORJ\

%HGZHOO & + '‘DYLHV 6 $ 7KH HIIHFW Rl SX:.
TXDQWLWDWLYH YLVRB Q2 SIKWDIGDWHRWRHOY BHBE 6 HU

%HKUHQGW 7 'R\OH . ( 5HOLDELOLW\ RI VL]H P
IXQGXV FPPHUDSKWKDOPRO

%HN 7 /XQG $QGHUVRQ + 7KH LQIOXHQFH R V)
GHWHFWLRQ RIUDHRWR BMWE &OLQ ([S 2SKWKDOPRO

%YHQHGHWWR 0 ' &\UOLQ 01 7KH HIIHFW RI1 E
WKUHVKRRROBYKWKDOPRO 3URF 6HU

WHQIJWVVRQ % 7KH YDULDWLRQ DQG FRWHW.DWL!
2SKWKDOPRO

%WHQIJWVVRQ % .UDNDX & (7 6RPH HVVHQWLDO
FDPHE¥BPWD 2SKWKDOPRO

WHQIJWVVRQ % .UDNDX & (7 &RUUHFWLRQ RI
IXQGXV SKRWRDHDMKWUFK &OLQ ([S 2SKWKDOPRO

%HQQHWW §$ * $ PHWKRG RI GHWHUPLQLQJ WKH HT
FU\WWDOOLQH OHQV ZLWKRSWMWIKDNEe B WFWK\YKLIRNORREW U\

%HQQHWW § * SDEEHWWYV 5 % &OLQLFDO 9LVX
N XWWHUZRUWKYV

%WHQQHWW * 5 "HUQHU (% 6HUD\GDULDQ / & F
DQG WHVW UHWHVW UHSURGXFLELOLW\ LQ QRUPDO VXEM
+XPSKUH\ 9LVXDO )LHBBULPHWHUBSQ@GDWE E\ 5 3 0LOOV
$ +HLMO $PVWHOYHHQ .XJOHU DQG *KHGLQL SS



%HUU\ + %LWHPSRUDO GHSUHVVLRQ RI WKW®WWLVX
- 2SKWKDOPRO

%HW] 3 &DPSV ) &ROOLIJIQRQ %YUDFK - %LRPHW
DQJOH JODUYUBRPHBY $UFK &OLQ ([S 2SKWKDOPRO

%LFNOHU %OXWK O TULFN */ .RONHU $ ( &RRSHU
Rl UHOLDELOLW)\ LQGLFHV IRSKHOWWROGBROBGRIYLVXDO ILHOC

%WLQANKRUVW 5 ' 7KH DFFXUDF\ RI XOWUDVRQLF P
WKH BASHKWKDOPLF 6XUJ

%ODQG -0 $OWPDQ ' * BWDWLVWLFDO PHWKRGV
WZR PHWKRGV RI FOLQDRIFHWHDVXUHPHQW

%RHJOLQ 65 - &DSULROL - =XODXI O /IRQJ WHUP
JODXFBPD 2SKWKDOPRO

%RWWRP ) * *RQQHOOD 30 3RUWD $6 &RQVDOH] *
LQ QRUPDO H\HV $ VWXG\ RQ D UDQ GFSKIW K DB OIRRXBJIRF

%UD]JLWLNRV 3 6DIUDQ $ % 6LPRQD ) =XODXIl O
WLOWHG GLWUFKQBEIRWHKDOPRO

%YUHQWRQ 5 6 3KHOSV &' 7TKH QRUPDO YLVXDC
$QDO\PFBSKWKDOPRORJLFD

WUHQWRQ 5 6 3KHOSV &' SRMDV 3 RROVRQ 5)
WKH YLVXDO ILHOG LQYHRW RGK\WERBPWRY 9LV 6FL

%UHQWRQ 56 $UJIXV : $ JOXFWXDWLRQV RQ
SHULPH@WHVW 2SKWKDOPRO 9LV 6FL

%ULWLVK 6WDQGDUGV ,QVWLWXWLRQ 3UHFLVLRQ |
GHWHUPLQDWLRQ RI UHSHDWDELOLW\ DQG UHSURGXFLEL
3DUW /RQGRQ

%ULWWRQ 5 - '"UDQFH 6 O 6FKXO]JHU O 'RXJODV * 5
DUHD RI WKH QHXURUHWLQDO ULP RISWKH2BEWKD QRROF

%ULWWRQ 5 - '"UDQFH * 5 'RXJODV * 5 6FKXO]JHU O
SK\WVLRORJLFDO EOLQG V&FW HRW KD B OVFURUFHB®H U



YWRZQ ~* 7TDVPDQ : &RQIJHQLWDO DQRPDOLHV R
*UXXH DQG 6WUDWWRQ SS

%UXVLQL 3 7TRVRQL & 7ZR \HDUV H[SHULHQFH
SHULPHWHU LQ JODXHFRFPRERWKOWROBMWRF 6HU

%UXVLQL 3 'HOOD OHD * 7RVRQL & 3HULFRHF
JODXFRPD DQG LQ HDUO\ SULPDHYZ RISHD B ¥ IDHK WOKXG RR L

%XOOLPRUH 0 $ *LOPDUWLQ % 7RQLF DFFRPPR:
FLOLDU\ PXVFOB L-@BHWWRPDWLIREYLRO 2SW

%XUN 5 2 : 5RKUVFKQHLGHU . 1RDFN + 9yOFNHU
QHUYH KHDGV VXVFHSWLEOH WR JODXFRPDWRXVDODE3DMNVIH
$UFK &OLQ ([S 2SKWKDOPRO

%XXV '5 $QGHUVRQ 'S5 3HULSDSLOODU\ FUHVFH
JODXFRPD DQG RFXOZBKWISHIO RRIQRIR Q

&DFFDPLVH BLWXV LQYKBPVXY2 FKWKHORKRWLF GLVI
&DPSEHOO ) : *XELVEFK & 2SWLFDO JIKK\VQRD R \
&DSULROL - 6SDHWK * / &RPSDULVRQ RI WKH RE

WHQVLRQ XU RBEKWKDPRO

&DSULROL - .OLQJEHLO 8 6HDUV O 3RSH %
PHDVXUHPHQWY ZLWK FRPSXWHULVHG DQDO\VRWFKRI V
2SKWKDOPRO

&DSULROL - OLOOHU -0 2SWLF GLVF ULP DUHD
VXEMBBWK 2SKWKDOPRO

&DSULROL - OLOOHU -0 6HDUV O AXDQWLWDW
KHDG LQ SDWLHQWY ZLWK XQLODWHUDO YLVXDO ILHOG
2SKWKDOPRORJ\

&DUDVVD 5 * B6FKZDUW] % 2SWLF GLVF DUHDV D
EHWZHHQ ULJKW DQG OHIW H\HV LQ QRUFPDWON D RKWRKIXDR
6FL VXSSO

&DVFDLUR 0 $ 6WHZDUW :& 6XWKHUODQG 6 (
RQ WKH YLVXDO ILHO G UIHQR VY LG K XEEMHF WS 2SKWKDOP



&DVVRQ ( 6KDSLUR / -RKQVRQ & 6KRUW WHLU
YDULDELOLW\ LQ YQYNHNW IZERY KGIDAOMVDRO 9LV 6HW

&KDOPHUV 6" 5\0DQG + 6 %QULWLVK 3DWHQW 1R
IRU GHPRQVWUDWLRQ DQG SUDFWLFH SXUSRVHYV

&KDXKDQ % & +HQVRQ ' % +REOH\ $ - &OXVW
SHULPHWBHUL@HWU\ 8SGDWB E\ $ +HLMO $PVWHUGDP
*KHGLQL SS

&KDXKDQ % & /IH %ODQF 5 3 :LMVPDQ . &UX] $ 0
WKUHVKROG GHWHUPLQDWLRQV RQ VKRUW WHUP 10X
2SKWKDOPRORJ\

&KL 7 S5LWFK &5 7VDL & SDFLDO GLIITHUHQFHV |
,QYHVW 2SKWKDOPRO 9LV 6FL VXSSO

&KL 7 5LWFK 5 6WLFNOHU ' LWPDQ % 7VDL ¢
GLIITHUHQFHV LQ RSWLF GGHIUFKH 2K5KD/GK IDUPTIRRH W H U V

&KLKDUD ( 6DZDGD $ $WA\SLFDO QHUYH ILEUH Ol
KLIJK WHQVLRQ@ UK XSKPODKDOPRO

&ROOLQ + % +DQ & .KRU 3 & $JH FKDQJHV L
+XPSKUH\ 9LVXDO )IBHOO® {OH R\FMLR P

&ROOLQ + % %DQNV 5 'LPLWUDWRY O 7TKH F
SHULPHWULF WKUHVKROGV XVLQJAWKRE {KP 2QZFKWMRPLHOG $

&RPDQ / )ODQDJDQ - * :LOG -0 4AXDQWLILFDW
LWV UHGXFWLRQ XVLQJ VWUDWNHWWV WRKWKDARKF R Oy 1911\O |

&RRN 5 & *ODVVRFEN 5 ( 5HIUDFWLYH D@® RFXOD
2SKWKDOPRO

&RUQVZHHW 7 1 7KH VWDLUFDWH PHWKRIGRIOQ SV\F

&URVVZHOO + + 6WHZDUW : & &DVFDLUR 0 $ +XQV
EDFNJURXQG LQWHQVLW\ RQ WKH FRPSRQHQWV RI IOXF
UHODWHG DXWRPLMMHGHIHIUFKWIOLQ ([S 2SKWKDOPRO

&XUWLQ % - 7KH SDWKRJHQ KBWLIAK R2SKRDK B Q P\R DO



&EXUWLQ % - O\RSLD $ UHYLHZ RI LWV DHWXRXRJ\
2SKWKDOPRO

EXUWLQ % - .DUOLQ " % $[LDO OHQIJWK PHDVXUF
P\RSLF $RH- 2SKWKDOPRO

EXUWLQ % - 7KH O\RSLDV %DVLF VFLHQFH DQG
+DUSHU DQG 5RZ

&EXUWLQ % - 3DWIBROWRDI CFEKOVKIRGPRO VXSSO

'DXEV - * &ULFN 5 3 (ITHFW RI UHIUDFWLYH H
K\SHUWHQVLRQ DQG RSHIDDYIDFKIWOWXGRRD 6RF 8.

'DYLG 5 =DQJZLOO [/ O 7THVVOHU = <DVVXU <
LQWUDRFXODU SUHVVXU$UPR R SKWIOTFWRRB VWDWXV

'"RQGHUV ) & 2Q WKH DQRPDOLHV RI DFFRPPRGDV
7UDQVODWHG E\ :'' ORRUH /RQGRQ 1HZ 6\GHQKDP 6RFLI
'UDQFH 6 0 %HUU\ 9 +XJKHV $ 6WXGLHV RI WK

DQG SHULSKHUDO LVRSWHUV RI WK#P Y-L¥Z S B® KIDHOODRGRIDQ QF

'UDQFH 60 6ZHHQH\ 93 ORUJDQ 5: )HOGPDQQ )
LQYROYHG LQ WKH SURGXFWLRBQYRK Q8K WKHIDNVRAQ JODXFF

'UDQFH 6 0 %DOD]VL * 'LH QHXURUHWLQDOH 5L
.OLQOEO$XJHQKHLON

'UDQFH 6 0 $LUDNVLQHQ 3 - 3ULFH O 6FKXO]JHU O
7KH FRUUHODWLRQ RI IXQFWLRQDO DQG VWUXFWXL
DQG QRUPDG R XEASKAWRK/DOPRO

'XNH (OGHU 6 6\WWHP RI 2SKWKDOPRORJ\ 9RO 9
$EUDKDP J/RQGRQ +HQU\ .LPSWRQ

'XQQ 2 - &ODUN 9 $ $SSOLHG 6WDWLVWLFYV 1HZ

(EHQKROW] 6 0 $FFRPPRGDWLYH K\VWHUHVLV D
,QYHVW 2SKWKDOPRO 9LV 6FL

(OHQLXV 9 6RSDQHQ 9 3RZHU RI WKH FRUUHFW



AMOFXODWHG IURP WKH NHUDWRPHWULF PHDVXUHPHQ)\
XOWUDVRQLFDOO\ PHDVXUHGWD PG IOWMRDWR RO WKH H\H

J)DQNKDXVHU ) (QRFK -0 7KH HITHEFWV RIUEFKXU X
2SKWKDOPRO

JDOQNKDXVHU ) .LQHRIKWKH OIF RL R Bl MR H

JDQNKDXVHU ) .RFK 3 5RXOLHU $ *ROQHDNH W R DK
&OLQ ([S 2SKWKDOPRO

J)DQNKDXVHU ) SUREOHPV UHODWHG WR VRKH GH\
2SKWKDOPRORJLFD

J)DQNKDXVHU ) Y%YHELH + TKUHVKROG IOXFWXD\
UHVROXWLRQ 'RF 2qBIKWKHIWOPRO3URF 6HU

J)DOQNKDXVHU ) +DEHUOLQ + '\QDPLF UDQJH DQ
IDOVLI\LQJ HITHFWV R VWR B \2GSKMW WDLEP KIDULP HW U\

JDQWHV ) ( $QGHUVRQ '5 &OLQLFDO KLVWR
SHULSDSLO O RS\KBVKIDWORPFRIO R J \

J)DVFKLQJHU & '"HILQLWLRQ RI WKH EO.LMX) VOSERAV
$XIJHQKHLON

JLQFKDP : + $ 7KH ZSWEMLIF@ H\H

JLWINH ) : .HPS & O BURELQJ YLVXDO IXQFWLR
SKRWRFKHPHLVWU\

JODPPHU - '"UDQFH 6 O 6FKXO]JHU O 7KH HVW
FRPSRQHQWY RI ORQJ WHUP IOXFWXDWLRRFR2 SKWHK® IO PH-
SURF 6HU

JODPPHU - 'UDQFH 6 O =XODXI O D "LITHUHQW LI
ORQJ WHUP IOXFWXDWLRQV LQ SDWLHQWYV ZLWK JODXEFF
VXVSHFWHG $OPK RPRSKDNKDOPR O

J)ODPPHU | 'UDQFH 6 O J)DQNKDXVHU ) $XIXVWLQN
WKUHVKROG LQ DXWRPDWLF WKUHVKROG SHULPHWU\ |IDF
$UFK 2SKWKDOPRO

JODPPHU - '"UDQFH 6 0 6FKXO]HU 0 F &RYDL



IOXFWXDWLRQV RI WKH GLEBYHBK QVEKMKOOIKRVOWKUHVKROC

JODPPHU - 'UDQFH 6 0 $XIXVWLQ\N / )XQNKRXVHU
JODXFRPDWRXV YLVXDO ILHOG GHIHRWWWZWWXS B WW B OOIPWR|

JODPPHU - =XODXIl O 7KH TUHTXHQF\ GLVWULEX
SHULPHWUR2SKWKDOPRO 3URF 6HU

)ODQDJDQ - * :LOG -0 +RYLV - . 7KH GLIIHU
IXQFWLRQ RI UHWLQDO DGDSWDWLRQ WKH :HEHU )HFKQ
,Q3HULPHWU\ 8SGDWB E\ 53 O0LOOV DQG $ +HLMO $P
DQG *KHGLQL SS

)ODQDJDQ - * ORVV ' 'LOG -0 +XGVRQ & 3URT
2 1HLOO ( & D (YDOXDWLRQ R1)$673%$& D QHZzZ VwU
ZLWK WKH +XPSKUH\* UBBLHY@URKHY &0OLQ ([S 2SKWKDO

)ODQDJDQ - * :LOG -0 7TURSH * ( E 7KH YLVXDO
DQJOH JODXFRNW 2SKWKDOPRO 9LV 6FL

JOHGHOLXV + & $FFRPPRGDW'LRRQ 2[5KGV K R OHPGRLAD B UF

)XMLPRWR 1 $GDFK 8VDPL ( (IMHFW RI1I WHVW
DXWRPDWHG SHULPHWU\ LQ QRUPDO VXEMHFWW WG
2SKWKDOPRO

)XMLPRWR 1 $GDFK 8VDPL ( (IMTHFW RI QXPEHU
SHULPSHWU\2SKWKDOPRO

)XON *: *RVV '$ &KULVWHQVHQ 07 &OLQH . % 4
2SWLF QHUYH FUHVFHQWASW/@®R® WHMIBFWLYH HUURU

)XQNKRXVHU $ 7 .ZDVQLHZVND 6 )DQNKDXVHU )
SUREOHPV UHODWHG WR WKH PHDVXUHPHQW RI WKH EC
PHDQV Rl WKH SURJUDPV 6$352 Z$E3%KD OPRGF%6e32T

JXQNKRXVHU $ 7 .ZDVQLHZVND 6 J)DQNKDXVHU )
HYDOXDWLRQ SURJUDP IRU26%3W K HQPRIFQ®XWLR QV

*DUQHU /) <DS O 6FRWW 5 &U\WVWVISWARF HIQM (
6FL



*HLMVVHQ + & *UHYH (/ O\RSLF QRUPDO SUHVYV
SURJUHMYYRQYW 2SKWKDOPRO 9LV 6HL VXSSO

*LOPDUWLQ % %XOOLPRUH 0 $ 6 XVWDLQHG Q
VIPSDWKHWLF LQQHUYDWL&KQLR)I MKHGEMHIOLDU\ PXVFOH

*OLGGRQ * + $Q RSWLFDO UHSOLFD RI WKH KXPD
LPDMUFK 2SKWKDOPRO

*ORRU % 6FKPLHG 8 )DVVOHU $ &KDQJHV R
GHJUHH RI DFFXUDF\ Rl PHDVXUHPHQWY ZLWK ,@WH D
2SKWKDOPRO

*ORRU % 6FKPLHG 8 )DVVOHU $ &KDQJHV R
DQDO\VLV RI 2FWRSXV ILHOG\R EL2SK B/KDIXWUDRO® HB UHRGWEH U

*ORRU % 6W<UPHU - O9|NW % DV KDW GLH DX
2FWRSXV I+U QHXH NHQQWQLVVH +EHU JODXNRPDW]|VH
.OLQ OEO $XJHQKHLON

*ORRU % O9RNW % /IRQJ WHUP IOXFWXDWLRQV Yl
SDWLHOYWYSKWKDOPRO

*ROGVFKPLGW ( 2Q WKH HWLRORJ\ RI PRBWD $
2SKWKDOPRORJLFD NEK VXSSO

*ROGVFKPLGW ( SHIUDFWER® 2B KWK IKDQHWRER U E K
*ROGVWLFN % - :HLQUHE 5 1 7KH HITHFW RI1 UHIL

DQDO\WLV SUWRRIUDRSKWKDOPRO

*ROGZ\Q 5 :DOWPDQ 65 %HFNHU % 3ULPDU
DGROHVFHQWV D@6 R R XZ8IKIGOCOMPR O

*RVV ' &R[ 9 ' +HUULQ /DZVRQ *$ 1LHOVHQ ('
5SHIUDFWLYH HUURU D[LDO OHQJWK DQG KHLJRWWHRPD |
9LV 6HL

*UDKDP 0 9 :DNHILHOG * - LWHPSRUDO YLVXD(
DQRPDOLHV RI WKWH -REBSHWICR®P RO

*UDPHU ( 3UROO O .UHLIJHOVWHLQ * . 7KH SFH
FRPSDULVRQ RI NLQHWLF DQG VWDRDSKWKREOBRARUIILND G






*UDPHU ( *HUODFK 5 LUHLIJHOVWHLQ * . IN\GKHFNH I
IILLKHU JODXNRPDWRVHU *HVLFKWVDXVIDO.GH QEHLE GG+
$XIJHQKHLONG

*UDPPHU ( 'H 1DWDOH 5 IH\GKHFNHU : 7UDLQ
ORQJ WHUP IROORZ XS RI JODXFRPDWRXV YLVXDO ILHOG
RI WKH 2FWRSXV $HEDLPHMQHEYV 2SKWKDOPRO

*UHHQH 35 OHFKDQLFDO FRQVLGHUDWLRQV LC
DFFRPPRGDWLRQ FRQYHUJHQFH LQWUDRFXODB8PSUHVYV X
2SWRP 3K\VLRO 2SW

*UHYH (/ 6LQJOH DQG PXOWLSOH VWLPXOXV VWD
SKDVHV RI WKH YLVXD'®RFLESKWHKDPIRROOWLRQ

*UHYH (/ 6WDVESKWHKDLPRWRBYLFD

*UHYH  (/ *URRWKX\VH 0 7 9HUGXLQ : 0 'RF$XWR
2SKWKDOPRORJLFD

*UHYH (/ )XUXQR ) 0\RSI*V DIHQBVISURKR RO L (
2SKWKDOPRO

*UHYH (/ HUIRUPDQFH RI FRPSXWIRE DVV
2SKWKDOPRORJLFD

*URVYHQRU 7 $ UHYLHZ DQG D VXJJHVWHG FODVYV
EDVLV RI DJH UHODWHG SUH¥D 0 RGEMHRP QIK DJIHRB I RIW HW

*XQGHUVHQ .* +HLMO $ $VPDQ 3 BWLPXOXV V
YDULDELOLW)\ LQ \QWIHWIW BSKWHKHVOPRO 9LV 6FL VXSSO

*XWWULGJH 10 $OOHQ 30 5XGQLFND $5 (GJDU
,QIOXHQFH Rl OHDUQLQJ RQ WKH SHULSKHUDO ILHOG D\
BHULPHWU\ 8SGDW#& E\ 53 0LOOV DQG $ +HLMO $PV\
*KHGLQL SS

*XWWULGJH 1 0 SHUVRQDO FRPPXQLFDWLRQ

+DDV $ J)ODPPHU - 6FKHLQGHU 8 ,QIOXHQFH
QRUPDO VXEMERRKWKDOPRO



+iEHUOLQ + -HQQL $ )DQNKDXVHU ) 5HVHDUF!I
SURJUDPPLQJ IRU DX W,ROPD \E 5K W K OIOPPHRAH U

+iEHUOLQ + )XQNKRXVHU $ 7 )DQNKDXVHU )
UHVXOWYV XVLQJ WKH QHZ VSDWLDRB\2BENIVDLYRROU RU BE

+DHIOLJHU | 2 J)ODPPHU ) ,QFUHDVH RI WKH
GLIIHUHQWLDO OLJKW WKUHVKROG$PURZ2QKEWKBK\RRRORJ

+DLGHU 0 'L[RQ 1) ,QIOXHQFHV RI WUDLQLQJ
UHFRUGLQJ RI D YLVXDO %UIFHINHGWRDO WKUHVKROG

+DOH\ 0 - 3DWHOOV 90 :RQJ 00 6WDWSDF
+XPSKUH\ ,QF 6DQ /HDQGUR &DOLIRUQLD

+DOH\ O - HG 7KH )LHOG $QDO\]HU 3ULPHU QG H(
6DQ /HDQGUR &DOLIRUQLD

+DUULQJIJWRQ " 2 7KH YLVXDO ILHOG D WH[WERRN
HGQ /IRQGRQ 7KH &9 ORVE\ &R

+DXII %LRPHWU\ D SUHFLVH PHWKRG IRU PHD
'HLQ .OLQ :RFKHQVFKU

+D\UHK 6 6 %ORRG VXSSO\ RI WKH RSWLF QHUYH
JODXFRPD DQG RHGHPDPOR I-WASK WS\ O ROV F

+HLMO $ .UDNDX & ( 7 D $Q DXWRPDWLF$FMUD PH\
2SKWKDOPRO

+HLMO $ .UDNDX & (7 E $Q DXWRPDWLF SHULPI
VFUHHQLQJ DQG FRQWURO *&PHV MW $EW KR ® DQ G [ 5DXSK/W

+HLMO $ D 7LPH FKDQJHV RI FRQWUDVW WE&BWDKRC
2SKWKDOPRO

+HLMO $ E &RPSXWHU WHVW ORSENA | R B8 KMKKMRPPDR

+HLMO $ .UDNDX & (7 $ QRWH REFW.DD QI RW KDXQ



+HLMO $ 'UDQFH 6 O D "HWHULRUDWLRQ RI WKU|
GXULQJ SHBIFPEASWWKDOPRO 3URF 6HU

+HLMO $ 'UDQFH 6 0 E &KDQJHV LQ GLIIHUHQWLE
JODXFRPD GXULQJ SURSAR QG IJHIK B/HDLP P RVQ \

+HLMO $ & RP S XWHWLD/GNG SHUW KBWPRO 6RF 8.

+HLMO $ D $ VLPSOH URXWLQH IRU GHPRQVWUDW
FRPSDULQJ VWRUHG FRRSXWHKWD OPMMRGWBURF 6HU

+HLMO $ E 7KH +XPSKUH\ )LHOG $QDO\H®RFFRQV
2SKWKDOPRO 3URF 6HU

+HLMO $ 6DPDQGHU & SHULSDSLOODU\ DWURSH
GHIHFR\W 2SKWKDOPRO 3URF 6HU

+HLMO $ 7KH LPSOLFDWLRQV RI WKH UHVXOWYVY R |
WKH VWDWLVWLFDO HYDOXDWLRQ *O DRORH R PSCSVEBXANEY LY
* .ULHJHOVWHLQ %HUOLQ +HLGHOEHUJ 6SULQJHU 9HL

+HLMO $ /ILQGJUHQ * 20VVRQ - D 9DULDELOI
PHDVXUHPHQWY DFURVV WKH FHQWUDO YRNXDXKWKDGPIF
SURF 6HU

+HLMO $ /LQGJUHQ * 20VVRQ - E $ SDFENDJH IR
ILHOB¥ 2SKWKDOPRO 3URF 6HU

+HLMO $ ILQGJUHQ * 20VVRQ - F SHOLDELOL
SHULPHRWU2SKWKDOPRO 3URF 6HU

+HLMO $ /LQGJUHQ * 20VVRQ - G 1RUPDO YL
WKUHVKROG YDOXHV DFUR$V MKK B SKMOKDDPRYOLY XDO ILHO

+HLMO $ THVW SRLQW GHQVLW\ DQG HDUO\ GHWHF
,QYHVW 2SKWKDOPRO 9LV 6FL VXSSO

+HLMO $ $VPDQ 3 D $ FOLQLFDO VWXGS$URFIKSHU
2SKWKDOPRO

+HLMO $ $VPDQ 3 E &OXVWHULQJ RI GHSUHVVHG
,Q3HULPHWU\ 8SGDWH E\ $ +HLMO $PVWHUGDP .XJOH



+HLMO $ /LQGJUHQ * 20VVRQ - D 7KH HIIHFW R
VXEMBBWK 2SKWKDOPRO

+HLMO $ J/LQGJUHQ * 20VVRQ - $VPDQ 3 E 9
HPSLULFDO SURSUDEKO28KWKBQOPRO

+HLMO $ J/LQGJUHQ $ /LQGJUHQ * F  7HVW UHW
YLVXDOS$IRHOBIKWKDPRO

+HLMO $ OROGHU + 2SWLF GLVF GLDPHWHU L
JODXFRPDWRXV £SHWP QSKWKDOPRO

+HQVRQ ' % 'L[ 60 2ERXPH $ & (YDOXDWLRQ F
ODUN ,, UHVXOWV IURP B QRUPHOWKITEXPR®/ LR Q
+HUVH 3 J)DFWRUV LQIOXHQFLQJ QRUPDO SHULPH

+XPSKUH\ )LHOG GYVHDWVWHRWLEKWKDOPRO 9LV 6FL

+HXHU ' . $QGHUVRQ ' 5 JHXHU : - *UHVVHO 0 *
UHIUDFWLRQ DFFXUDF\ RQ DXWRPDWHG SZSKWHK®WO PR O

+HXHU ' . $QGHUVRQ ' 5 JHXHU : - *UHVVHO 0 *
UHWLQDO LOOXPLQDWLRQ RQ DXWRPDWHQ@SKMUKDOWROR

+LUVFK - 6WDWLVWLFDO DQDO\WERROXARIRY KWH G LY
ILHOKEG/ E\ : 5 :KDOHQ DQG */ 6SDHWK 7TKRURIDUH 1-

+LUVFK O - $Q DQDO\VLV RI LQKRPREPQHRPWWRP P
$UFK $P $FDG 2SWRP

+LWFKLQJY 5% *HQLR & $QGHUWRQ 6 &ODUN 3
HYDOXDWLRQ LQ UHSURGXFLELOLWU VVW)SKIWWKDFOP RIBEH F X

+RGDSS ( &RPSXWHULVHG SHU&RR®XWH QL Y®insX Pl
JLHOB® E\ : 5 :KDOHQ DQG */ 6SDHWK 7TKRURIDUH 1-

+ROGHQ $/ +RGRV : +D\HV % 3 )LW]NH ) : C
DQG FOL®ILFDO

+ROPLQ & .UDNDX & ( 7 ODULDELOLW\ RI JODXFF
FRPSXWHULVHGUPHUHKHMWIRK &OLQ ([S 2SKWKDOPRO



+ROPLQ & .UDNDX & (7 5HJUHVVLRQ DQDO\VLV
FKURQLF JODX¥RWD RSKMWK DOPRO

+RVNLQV + ' OLJOLD]IR & '"HYHORSPHQW RI D YLV
+XPSKUH\ 9LVXDO )LRP@ $SRWEDOPRO 3URF 6HU

+RVNLQV + ' ODJHH ©6 ' "UDNH 0 9 .LGG 01 $
RI YLVXDO ILHOGV XVLQJ WKH +XPSREHASKIWKDO PRIDOBU!

+RVNLQV + ' ODJHH 6 ' '"UDNH 0 9 .LGG 01 &
FKDQJH LQ DXWRPDWHG Z2ISKAWDODIQRBR®V

+XDQJ :/ B6KHX 00 &KHQ & (7 AXDQWLWDWLY
GLVF UDWLR DPRQJ P\RSHV ZURKHH GDQ DL FRHIWMMKIH ;09 W K
&RQJUHVV RI 2SKWKBOPREARGDP .XJOHU DQG *KHGLQL

+XDQJ 6 - 7RNRUR 7 (DUO\ FKDQJH RI YLVXDC
3URFHHGLQJV Rl )RXUWK ,QWHUQDWLRQDO &R®IHUHQ
<RUN O0\RSLD ,QWHUQDWLRQDO 5HVHDUFK )RXQGDWLRQ ,

+XDQJ / =KRX : 7KH UHODWLRQVKLS Rl VWUXI
JODXFRPD DQGHP\RBLHVXHK 3DR (\H 6 FDHQGRHDFW RQO\

+XDQJ 6 - (DUO\ FKDQJH RI YLVXDO IXQFWLRQ L
DQDO\WHG E\ 2FWRSXV D XWFRSFSIR/DH G D QHNWDL PHDWBI\DL =DV |
DEVWUDFW RQO\

+XGVRQ & :LOG -0 6HDUOH $ (7 2 1HLOO ( &
VLQJOH VHVVLRQ RI DXWRPDWHG SHULPHWU\ QY IRWP I
2SKWKDOPRO 9LV 6FL VXSSO

,ZDVH $ .LWD]DZD < 2KQR < 2Q DJH UHD@WHG
- 2SKWKDOPRO

,ZDVH $ 6KLUDL + ,GR 7 6KLPL]X 8 .LWD]DZD <
DQDO\VLV RI QRUPDO ILHOGV ZLWXHWKRHWWPE S BSIB\D BWHD W
HG E\$ +HLMO $PVWHUGDP .XJOHU DQG *KHGLQL SS

-DHJHU (UPLWWOXQJ GHU ZDKUHQ 3DSLOOHQJL
'LDIJQRVH GHU O0)RURSBDEHIOD QB KWKDOPRO

-DHJHU O - 4XLIJOH\ + $ *UHHQ : 5 2SWLF QHUY
KXPDQ H\HV D PRUSKRPHWULFDO DQ¥%HRRW QSEKKORKID PIPAR (



VXSSW

-DIIH  * - $OYDUDGR - $ -XVWHU 5 3 $JH UHODYV
ILHPWBFK 2SKWKDOPRO

-DQVVRQ ) .RFN ( '"HWHUPLQDWLRQ RI WKH YHO
OHQV DQG $MAWD REXWKDOPRO

-DQVVRQ ) OHDVXUHPHQW RI LQWUDRFXODU GLVW
EHWZHHQ RSWLFDO DQG XOWUDVRQLF GHWHUPL@BWDRQV
2SKWKDOPRORJLFD

-DQVVRQ ) 6XQGPDUN ( '"HWHUPLQDWLRQ RI WKF
WLVVXHY DW GLIITHSAQYWD &R S/HDIDVPRUH V

"HQVHQ + O0\RSLD SURJUHVVLRQ LQ \RXQJ VFKF
SUHVVRBHR.SKWKDOPRO

“RKQV ( * &OLQLFDO HYDOXDWLR®P RIQWKHID RFX G
,PSODQW 6RF -

-RKQVRQ & $ .HOWQHU -/ %DODHVWUD\ ) (11THF
RQ YLVXDO GHWHFWEORY PHMG UHVROXWLRQ

"-RKQVRQ & $ .HOWQHU -/ .URKQ 0$ 3RUWQH\ */
WKH RSWLF GLVF LQ JODXFRPD DQG RFXODU K\SHUW
SKRWRJUDPBSKVW 2SKWKDOPRO 9LV 6HL

-RKQVRQ & $ $GDPV & : [HZLV 5 $ )DWLJXH
SHULPHS®OLHG 2SWLFV

-RKQVRQ & $ 1IHOVRQ 4XLJJ -0 $ SURVSHFWLYH
SURSHUWLHYV RI QRUPDO VXEMHFWY DQG 2BWWHKODWPY RIXR

-RQDV - % +DQGHO $ 1DXPDQQ * 2 + 7DWVIFKO
QHUYL RSWLFL BRHWWPHRIWF RISKCWKDPRO

“RQDV - % *XVHN * & *XJJHQPRXV +RO]JPDQQ , 1DXI
Rl WKH RSWLF QHUYH VFOHUDO FDQDO DQG FRPSDULVRQ
GLPHQVWURIHIHV $UFK &OLQ ([S 2SKWKDOPRO

-RQDV - % *XVHN * & *XJJHQPRXV +RO]JPDQQ , 1T
9DULDELOLW\ Rl WKH UHDO GLPHQVLRQ@WD HRIHYRUPHDIO &3P



2SKWKRRO

"RQDV - % *XVHN * & 1DXPDQQ * 2 + F 2SWLF G
SULPDU\ RSHQ DQJOH JODXFRPD , ORUSKRP HWUWDLHIHQW
$UFK &OLQ ([S 2SKWKDOPRO

-RQDV - % *XVHN * & 1DXPDQQ * 2 + G 2SWLF
P\RSPWDHIHV $UFK &OLQ ([S 2SKWKDOPRO

"RQDV - % *XVHN ** 1DXPDQQ * 2 + H 2SWLF GL
VLIH FRQILIJXUDWLRQ DQG F R,MUHODMW RFEEW K Q QFRRIG DI \H

-RQDV - % *XVHN * & *XJJHQPRXV +RO]JPDQQ , 1
&RUUHODWLRQV Rl WKH QHXURUHWLQDO ULP DUHD ZLWHK
H\HESKWKDOPLF 5HV

-RQDV - % 0+OOHU %HUJK -$ B6FKROW]HU 6FKUHKDU¢
+LVWRPRUSKRPHWU\ RI WKB XXPWQ2BEWKDPROYHLYV 6FL

-RQDV - % )HUQDQGH] 0 & 1DXPDQQ * 2 + E
DWURSK\ LQ VPDOO GLVFV ZISKKNERD FRORBIL\WVF UDWLRYV

-RQDV - % *XVHN * & JHUQDQGH] 0 & &RUUHOI
WKH DUHD RI WKH RSWLF GLVEP Q@ SKKWRBDLIRIAODU\ DWU

-RQDV - % JHUQDQGH] 0 & I1DXPDQQ * 2 + D *(
DWURBKRK 2SKWKDOPRO

-RQDV - % B6FKPLGW $ 0 0+0O0HU %HUJK -$ 6FKROW
* 2 4 E +XPDQ RSWLF QHUYH ILEUHQ@RKOW DRACWKD
9LV 6FL

.DW] - 7TLHOVFK . 6 6RPPHU $ SDFLDO YDULDWI
WKH %DOWLPRUGYHHMW XREKHVKDOPRO 9LV 6FL VXSSO

.DW] - 6RPPHU $ $VI\PPHWU\ DQG YDULDSWIFRKQ LQ
2SKWKDOPRO

.DW] - 6RPPHU $ $ ORQJIJLWXGLQDO VWXG\ RI V
DXWRPDWHG YWWHAK @S KMKD/O PR O

.DW] - 6RPPHU $ 5HOLDELOLW\ LQGH[HMWI RK DX\
2SKWKDOPRO



.DW] - 6RPPHU $ 6FUHHQLQJ IRU JODXFRPDWRX
SDWLHQW PREROWKHLORRORJ\

.DW] - 6RPPHU $ LWW . S5HOLDELOLW\ RI1 YLV
WHVVEEEWKDOPRORJ\

.HOWQHU - -RKQVRQ & $ JHZLV 5 4XDQW
2SKWKDOPRORJ\

.HQQHG\ 6 - B6FKZDUW] % 7DNDPRWR 7 (X - .7
IRU DEVROXWH RFXODU,IXOIBXW RS BKWKHPRR® 9LV 6FL

LP & -X]\FK 0 6 6KLQ '+ 7VDL &6 OF&DUW\ %
&RUUHODWLRQ RI D[LDO OHQQWHK VM) @ SKSMWKF OPIRG DINA [

.LQJ ' 'UDQFH 6 0 'RXJODV * 5 :LMVPDQ
SDUDFHQWUDO VFRWRPDV ZLWK YDU\BQF K ULSKWIKD ORRE

.OHLQ 50 &XUWLQ % - IDETXHU FUBSPNV LQ
2SKWKDOPRO

.OHZLQ 5 0 5DGLXV 5/ %DFNJURXQG LOOXPLQDY
$UFK 2SKWKDOPRO

.RHUQHU ) J)DQNKDXVHU ) %YHELH + 6SDKU -
RI YLVXDO ILHOG GHIHFWV LQ GHWHUPLQDWLRQR/F E\ PIL
2SKWKDOPRO3URF 6HU

.RONHU $ ( +HWKHULQJWRQ - 'LDJQRVLV DQG
IRXLV &9 ORVE\ SS

.RVRNR 2 6RPPHU $ $XHU & 'XUDWLRQ RI DX
TXDQWLWDWLYH WKUHVKROG ILHOG H[DPLQDWISRIGFK ,PS
2SKWKDOPRO

.UDNDX & (7 $VSHFWV RQ WKH GHVLIJ@FWIDDQ
2SKWKDOPRO

IDQJHUKRUVW & YDQ GHQ %HUJ 7 -7 3 YDQ 6SURQ
5HVXOWY RI D IOXFWXDWLRQ DQDO\WLVY DQG GHIHFW Y
WKUHVKROG SHULPHWU\ ZR®W R S\KKMK ©FRFSRQ L3RHRWH ®&H U

IDQJHUKRUVW & YDQ GHQ %HUJ 7 - 7 3 %RHUVPD +



DG ORQJ WHUP IOXFWXDWLRQ RI WKUHVKROGV LQ DXW
K\SHUWHQVLRQ DR 29KW KPP RO 3URF 6HU

IDQJHUKRUVW & YDQ GHQ %HUJ 7 -7 3 9HOGPDQ (
VWXG\ RI JOREDO DQG ORFDO IDWLJXH ZLWK SURORQ:
SHULPHWUR2SKWKDOPRO 3URF 6HU

IDQJHUKRUVW & 7 IDPEURQ * THPSRUHOOL ) Y D Q
$FFXUDWH HVWLPDWLRQ RI ORRBHW IGRHHNMFW V8 5@ [ MIBX FR P [
E\5 3 0OLOOV DQG $ +HLMO $PVWHOYHHQ .XJOHU DQG *

/IH %ODQF 5 3 $EQRUPDO YDOXHV LGRFRPSWWHUWY
YLVXDOHGHE@®GY5 :KDOHQ DQG */ 6SDHWK 7TKRURIDUH

/IH *UDQG < JLJKW &RORXU DQG 9LVLRQ QG HGI
+DOO SS
/JHLJKWRQ '$ 7RPOLQVRQ $ 2FXODU WHQVLRQ D

RSHQ DQJOH JODXFRPD DQGYWRZ WHQWKR@RBRRDXFRPD
IJHYHQH - 5 * 0 $LOHG PREWO H G DQG SC

IHZLV 5 $ -RKQVRQ & $ .HOWQHU -/ IDEHUPHLHU
TXDQWLWDWLYH DXWRPDWHG SESKWHKWO\PIROQRUPDO REV

ILQGHQPXWK . $ 6NXWD * / SDEEDQL 5 OXVFK ' &
FRQVWULFWLRQ RQ DXWRPDWRSKSMKDPHWO\RIQ QRUPDO |

ILQGHQPXWK . $ 6NXWD * / SDEEDQL 5 OXVFK ' &
(ITHFWV Rl SXSLOODU\ GLODWLRQ RQ DXWRPROWK DB OFHROR

ILWWPDQQ + =XU %HVWLPPXQJ GHU ZDKUHQ *U|
+LQWHUJUXQG GHV .OHEHQBO G ¥ XHBKHLON

ILWWPDQQ + =XU %YHVWLPPXQJ GHU ZDKUHQ *U]|S
+LOQWHUJUXQG HLQHVOQIDEHDG I$X BXQKWLON

IRWXIR ' S5LWFK 5 B6]P\G / %XUULV - ( -XYH
UHIUDF®ORQ

IRYDVLN -9 $ VLPSOH FRQWLQXRXVOS$SRIHFRIMERB J



IRZ ) 6RPH FKDUDFWHULVWLFV RI $RULS3KHVDROY

ODJHH 6 ' +RVNLQV + ' .LGG 0 1 /JRQJ WHUP 10
ILHOGV SRLQW E\GRHYW ROSRWWDOPRO 9LV 6FL

ODQRU 56 7THPSRUDO ILHOG GHIHFWYVY GXH W
2SKWKD PRORJLFD

ODQVRXU $ O OHDVXULQJ QX®I&XW ISKYGDORRO 9L
ODQVRXU §$ 0 5DFLDO YDULDSKW®&DRAPRFWAKVGLVF V
ODUWLQ %RJOLQG |/ +LJK SDVV UHVROXWLRQ SHU

$FWD 2SKWKDOPRO

ODVWURSDVTXD / /IREHIDOR [/ ODQFLQL % &LDQFD
SUHYDOHQFH RI P\RSLD LQ (RSHRESHD DOH 2DOW KPP RO

ODVXNDJDPL + )XUXQR ) ODWVXR + %OLQG VSF
H\HV PHDVXUHG E\ IXQGXRERBWWISBIOPRIOWIUWNRF 6HU

ODWVXPRWR & 8\DPD . 2NX\DPD 6 1DNDR < 2WRL
LQIOXHQFH RI WDUJHW VL]H RQ W3HU & R H MEW\Q BVSI®WYH. V X
HG E\' 53 0OLOOV DQG $ +HLMO $PVWHOYHHQ .XJOHU D

ODWVXQR & XUR]XPL , .DQL . &DVHV RI YLVXD
JROLD 2SKWKDOPRO -SQ

ODWWKHZV -1 6 $OWPDQ " * &DPSEHOO O - S5R\VWRQ
PHDVXUHPHQWY LQ PHGOHD3D-UHVHDUFK

OF%ULHQ 1 % OLOORGRW O $ ELRPHWULF LQYHYV
H\H¥FWD 2SKWKDOPRORJLFD

OF&OXVNH\ ' - 'RXJODV - 3 2 &8RQQRU 3 6 6WRU\
7KH HIITHFW Rl SLORFDUSLQH RQSWKHK B OWPHDMR UOV\HO G

OFOLOODQ 7 $ 6WHZDUW : & +XQW + + $VVRI
UHSURGXFLELOLW\ RI JODSFRWMD WRKW KDORR® ILHOGV

OF1HOOLV (/ &DSULROL - =XODXI O %RHJOLQ 5 -



PHWKRG IRU TXDQWLWDWLYH VWHUHRVFRSLF P HDV,XQUHPVHAN W
2SKWKDOPRO 9LV 6FL VQSSO

OLJOLRU 6 %RWWRP ) *RQQHOOD 3 %HUJDPLQL )
DQDO\VLV RI RSWLF GLVF SDUDPHWHUV ,IQQY DRWP DOK WEK®
9LV 6FL VXSSO

OLNHOEHUJ ) 6 6FKXO]JHU ©O0 'UDQFH 6 O /IDX C
RI VFRWRPDV LRPIORSKMAKIDOPRO

OLNHOEHUJ ) 6 '"RXJODV ) 6 6FKXO]JHU O $LUDNVLQH

E 7KH FRUUHODWLRQ EHWZHHQ FXS GLVF UDWLR C(
DUHD PHDVXUHG E\ WKH YLGHR RSKWKDOPRJUDSK 5R
PHDVXUKMPHQWSKWKDOPRO

OLNHOEHUJ )6 'UDQFH 60 6FKXO]JHU 0 :LMVPDQ
RQ YLVXDO ILRGG2BEMMKEBDIOPRO 3URF 6HU

OLNHOEHUJ )6 <LGHJLOLJQH + 0 :KLWH 9 $ G6FKXO]}
RSWLF QHUYH D[RQ QXPEHU DQG D[RQ@ SKWKIDWHPR Q/RJIV FC

oOoLoOOVvV 5 3 +RSS 5 + '"UDQFH ©6 0 &RPSDULVRQ
WKH 2FWRSXV +XPSKUH\ DQGF XE2ZRQKWE BGRPRMHWHUV

oOLOOV 5 3 6FKXO]JHU O +RSS 5 + '"UDQFH 6 0
YLVXDO IL'RGEG2SGBEWEKDOPRO 3URF 6HU

OLOOV 53 /DX : 6FKXOJHU 0 (VWLPDWLQJ VK
GRXEOH GHWHUPHQDRMHWQY 8SDWHG E\ 53 O0LOOV DQG ¢
$PVWHOYHHQ .XJOHU DQG *KHGLQL SS

OXQGW * + +XJKHV :) 8OWUDVRRR FV 218K W KXDWPU

1IDNDVH < D 3ULPDU\ RSHQ DQJOH JODXFRPD LQ K|
KLJK P\RSLD RQ YLVXPPOWIDHORF GFRKMKDOOPRO -BOVWUDF
RQO\

IDNDVH < E BULPDU\ RSHQ DQJOH JODXFRPD LQ KL
KLJK P\RSLD RQ JODXFRPDWRXV BXS8D GRRI2BKMW REBORR
DEVWUDFW RQO\

1D\ORU (- $UGHUQ $Q LQVWUXPHQW IRU WKH G



WEMHFWLYHWWHIBKRAWLR® 2SWLFV

I1HOVRQ 4XLJJ -0 7TZHONHU - -RKQVRQ & $
QRUPDO REVHUYHUVY DQG SDWLHQWVFEXPERWRBRA®RRODWH (

1LOHV & 5 TURSH * ( 7KH LQIOXHQFH RI H[SH!
UHOLDELOLW)\ IDFWRUV L Q YOKKWWR PIBWMWEK 36 B ROHMWM 6FL \

2GODQG 0 %LWHPSRUDO GHIHFWV RI WKH YLVXDO
GLVEFWD 1HXURO 6FDQGLQDY

2NVDOD $ 9DURQHQ ( $QDO\WLV RI HFKRHV IURP
H[SHULPHQWDO UHVHDUFK , 7KH VRXQG EHDP GEWHFWH:
2SKWKDOPRO

20VHQ 7 1LHOVHQ 3 - ,PPHUVLRQ YHUVXV FRQW
R1 D[LDO OHQJWK$EWDO WIHDWRBOQ@E R O

20VHQ 7 7KH DFFXUDF\ RI XOWUDVRQLF GHWH
SVHXGRSKDWNAW H\HYKWKDOPRO

2VVRLQLQJ . & +RZ WR REWDLQ PD[LPXP PHDV
VWDQGDUGLVWHG Z25KFMDKDOPRO 3URF 6HU

2WVXND - 5HVHDUFK RQ WKH HWLRGHIWDDGRFW
2SKWKDOPRO -SQ VXSSO

3DFK - 3HQQHOO '2 B5RPDQR 3 ( 2SWLF GLVF S
IDFWRUV IRU H\H SRVLWLRQ FHQWUDWLRQ DQG DPHW
DSSOLFDWLRQ LQ WKH GLDJQRWIQ/QR2 REWK B GRRIY H K\SRS

3DFIND -$ &RUNLG * +HUQDQGH] 4XLQWHOD ( :KHH
OHULNDQVN\ $ *LO &DUUDVFR ) -LPHQH] 5RPDQ -

Rl QRUPDO DQG JODXFRPDWRXV GRWHN WQ 2-6KAE K D DP R/O
VXSSO

3DULVK 5. 6FKLIIUQDQQ - $QGHUVRQ '35 6 W
WHVWLQJ UHSURGXFLELOSWEK Q RNRWRDO PFROXQWHHUYV

3DUVVLQHQ 2 L, QWUDRFXODU$FWD/ 28K KO O/FER BR C

SHQQHEDNHU * ( 6WHZDUW : & 6WHZDUW - $ +XQV



WLPXOXV GXUDWLRQ XSRQ WKH FRPSRQHQWYV RI(VTHBXFWX|

3HUNLQV ( 6 ORUELGLWKWIBD YLGSHIHYLHZ SS

3HUNLQV (6 3KHOSV &' 2SHQ DQJOH JODXFRP
WHQVLRQ JODXFRP®FMWOG ASK WIXKIDNDLARRO

3KHOSV &' (IMTHFW RI P\RSLD RQ SURJQRVLV LQ
JODXFBPD 2SKWKDOPRO

BLHUUR [/ O %YUDQFDWR 5 $YDQ]D 3 *DOOL [/ 3HF
FKDQJHVY DQG DQ@Q¥VEWANREEBWKDOPRO 9LV 6FL VXSSO

3LOW] -5 6WDULWD 65 - JHFKWQHU 5" 7TZHUVN\ <
DXWRPDWHG YLVXDO ILHOGV LQ JORXAFRADWEXW RKDGCPRR
VXSSO

3RGRV 6 0 %WHFEFNHU % ORUWRQ : 5 +LJK P\RSL
JODXFBPD 2SKWKDOPRO

SRLQRRVDZP\ ' X - +LWFKLQJV 5 JLWINH )
KHPLILHOG GHIHFWYV DUH DVVRFLDWHGHY WVR SK\\WKIDID R R C
VXSSO

3RO\DN 6 / 7KH 5HWLQD ,O0O0LQRLV 8QLYHUVLW\ RI
ULPURVH - (DUO\ VLIQV R% W kK H2 SENWKFIRECPR/®R XV G
SUXHWW 5 & BURJUHVVLYH P\RSLD DQG LQWUDREFX

OLWHUDWX3EFN DHR2ZYSKIWKDOPRO &RSHQK VXSSO

4XLIJOH\ + & $GGLENV (O *UHHQ @ 5 2SWLF C
JODXFRPD ,,, 4XDQWLWDWLYH FRUUHODWLRQ RI QHUYH
JODXFRPD LVFKHPLF QHXURSDWK\ SDS$06HKGHPHOWKDP® F

4XLIJOH\ + $ URZQ $ ( 6L]JH DQG FRQILIJXUDWL]I
,QYHVW 2SKWKDOPRO 9LV 6FL VXSSO

4XLIJOH\ + $ WURZQ $ ( ORUULVRQ - '"UDQFH 6 0
WKH RSWLF GLVF LQ @B BRDZS KWHKIDP A RY



4XLJOH\ + $ &ROHPDQ $, 'RUPDQ 3HDVH 0 ( /T
KDYH PRUH QHUYH ILEUHV LQ $NVUKEHK @SEMDKD PRE@®DH\ H\HV

5DELH (3 6WRUH\ - . 7KH UHOLDELOLW\ RI XOW|L
7UDQV )LUVW OQW &RQJU %&2 /RQGRQ SS

5DELQHDX 3 $ *ORRU % 3 7TREOHU + - JOXFWXELC
IDWLIJXH LQ DXWRPDWHG VWDWLF SHRREPHWWKZOWRQVRHY |

5DGLXV 5/ S3HULPHWU\S$IUF K DASIKWOK-INO BRWLHQW YV

5DGLXV 5/ SHGHUVRQ - ( IDVHU LQGXFHG
+LVWRSDWKR&RISKWKDOPRO

5DYLROD ( ‘:LHVHO 7 1 $Q DRILPHL@ MBEGHO RI P\RS

SHEROOHGD * 0XQR] ) - SLFWRULR - 0 ) 3HOOLHU 7
(IMHFWV RI SXSLOODU\ GLODWLRQ RQ DXWRPDWHG SHUL
SLORFDUSHKWHKDOPRORJ\

5HHG + 7KH HVVHQWLDOV RI SHULPHWU\ 2[IRUG

5HHG + '"UDQFH 6 0 7KH HVVHQWLDOV RI SHULPH
8QLYHUVLW\ 3UHVYV

SHSND 0 ; 4XLJOH\ + $ 7KH HIIHFW RI DJH RQ QR
QXPEHU DQG 2SIKOWKIWBBRORJ\

SLLVH ' 9LVXDO ILHOG GHIHFWV LQ RSWLF GLVF
IXQGENWD 2SKWKDOPRO

5RFNZRRG ( - $QGHUVRQ "5 $FTXLUHG SHU
SURJUHVVLRQ tQDIHM-RBBK &OLQ ([S 2SKWKDOPRO

5RVHQWKDO $ 5 .RWWOHU 0 6 '"RQDOGVRQ "' )DOFF
UHSURGXFLELOLW\ RI WKH GLJLWDO SKRWRJUDPPHWULF
VWHUHRSKRWEKHYMWSRSKWKDOPRO 9LV 6FL

5RVHQWKDO $ 5 J)DOFRQHU ' * %DUUHWW ' "LJIL
UDWIULRFK 2SKWKDOPRO

5XFNHU & : %LWHPSRUDO GHIHFWYV LQ WKH YLVXDO



DQRPDOLHV RI WKHBUFXW2BE KW KBDWPRO

5XWLVKDXVHU & )ODPPHU - W H VAW $LLOF K WRBONLIC
2SKWKDOPRO

5XWLVKDXVHU & )ODPPHU - +DDV $ 7KH GLV\V
DXWRPDWHG *SIIDHIHWWIUFK &0LQ ([S 2SKWKDOPRO

6DIUDQ $ % OHUPRXG & $ QHXUR RSKWKDOPROR
10 GHYHORSHG ZLWK WKH 2FWRSMXM PHWWX USHSPGIMWH X Q L
HG E\$ +HLMO $PVWHUGDP .XJOHU DQG *KHGLQL SS

6DIUDQ $ % $OPHLGD / OHUPRXG & '"HVDQJOHV G
, QWUDRFXODU DQG LQWHURFXODU YDULDELOLW\ RI EOLQ
DXWRPDWHG ,8HIUAHPMW U\ 8SGDWEH E\ 53 0LOOV DQG $
$PVWHUGDP .XJOHU DQG *KHGLQL SS

6DIUDQ $ % %DGHU & %UD]JLWLNRV 3" GH :HLVVF
,QFUHDVLQJ VKRUW WHUP IOXFWXDWLRQ E\ LQFUHDVLQJ
SHULPHWU\2SKWKDOPRO

6DWR < <DPDVKLWD O +D\DVKL . 7TRNRUR 7 $
SDWKRORJLFROFONP\RRIFD2SKWKDOPRO -SQ

6FKHIIH + 7KH $QDO\VLV RI 9DULDQFH &KDSWHU

BFKHLQHU & 2FXOXV KRF HVW )XQGDBEQMOXPJRS ARG
2HQRSRQWL ,QQVEUXFN

6FKHOHQ] - .DPPDQQ 7 &RPSDULVRQ RI FRQWDFV
D[LDO OHQJWK PHDVXUHPHQW DQG & B SWIDUDWF 8 RZHIW DFW |

6FKPLGW 7 SHULPHWU2 & KIMIOKDWRR O B MNFPWRP H

6FKRHVVOHU - 3 7KH LQIOXHQFH RI YLVXDO ILHOG
VSRW -V&EPH2SWRP $VVRF

6FKXO]JHU O oLoov 5 3 +RSS 5 + /IDX 'UDQFH 6 0
VKRUW WHUP IOXFWXDWLRQ IURP D VLQJQN HAWHW 23 K MRKDDN
9LV 6FL

6FKZDUW] % 1DJLQ 3 SUREDELOLW\ PDSV IRU HYI
'RF 2SKWKDOPRO 3URF 6HU



6FRWW 5 *URVYHQRU 7 6WUXFWXUDO PRGHO IRU HEF
2SKWKDOPLF 3K\WLRO 2SW

6GHDUOH $ ( 7 6KDZ ' ( :LOG - 0 2 1HLOO ( & D
OHDUQLQJ DQG IDWLJXH HIIHFWV LQ QR®HYBDPHWHMULBBW |
HG E\ 53 0OLOOV DQG $ +HLMO $PVWHOYHHQ .J

6HDUOH $ ( 7 :LOG -0 6KDZ ' ( 2 1HLOO ( & E
QRUPDO DXWRPDWH S/RWDK\VD.G PSRHUR #HW U\

6KDPPDV + - $ FRPSDULVRQ RI LPPHUVLRQ DQG |
OHQJWK PHD$RUMNQWRWVRFXO /HP ,PSODQW 6RF -

6KDPPDV + - OLONLH &) ODWXUH FDWDUDFWYV
P\RSL:-D&DWDUDFW 5HIUDFW 6XUJ

6LYDN - * %DUULH "/ HHUKHLP - $ %LODWH
FKLFAYWRP 9LV 6FL

60RDQ [/ $UHD DQG OXPLQDQFH RI WHVW REMHEFW
YLVXDO ILHOG E\ SURMNEWQRIHSYHULPHWU\

6QHDG 0 3 S5XELQVWHLQ 0 3 +DUGPDQ /HD 6 +DZRI
YHUVXV $ VFDQ UHVXOW IRU D[LDO OHQJWH XVLQJ GLIIHU

BRPPHU $ 4XLJOH\ +$ 5RELQ $/ OLOOHU 15 .D
(YDOXDWLRQ RI QHUYH [I$ENAK CHB\KW KIVOPRR QP HQW

6RPPHU $ 'XJJIJDQ & $XHU & $SEEH\ + $QDO
LOWHUSUHWDWLRQ RI DXWRPDWHG WKUHVKROG SHULP
JODXFRPDQV $P 2SKWKDOPRO 6RF

6RUVE\ § 2 &8RQQRU % OHDVXUHPHQW RI WKH G
PHDQV RILDUVDXUH

BRUVE\ $ %HQMDPLQ % 'DYH\ - % 6KHULGDQ 0 7D
DQG LWV DEHUUDWLRQV 6SHFLDO 5HSRUW 6HULHV RI 7}
+062 /RQGRQ 8.

BRUVE\ $ %HQMDPLQ % 6KHULGDQ 0 SHIUDFW
JURZWK RI WKH H\H IURP WKH DJH Rl WKUHH OHGLFDO
1R +062 /RQGRQ



6RUVE\ § /[HDU\ * § $ ORQILWXGLQDO VWXG\ RI
GXULQJ JURZWK OHGLFDO 5HVHDUFK &RXQFLO 5HSRUW 6|

BRUVE\ $ *URZWK RI WKH H\H LQORBEDWLRQ HQRS
2SKWKDOPROBRYURZ %XWWHUZRUWKV SS

6RUVE\ $ %HQMDPLQ % ORGHV RI LQKHOHWDQFF
*HQHW

6SDKU - 2SWLPL]DWLRQ RI WKH SUHVHQWDWLRQ S
9LV 5HV

6SHUGXWR 5 ' 6HLJHO ' B5REHUWV - 5RZODQG 0

WKH 8QLWIKGE BFRVREKWKDPRO

6WLLUPHU - *ORRU * 7TREOHU + - 7KH JODXFR
UHYHDOHG E\ WKH 2FWRRKS 28 KVWEKROPREOV3IURF 6HU

6WDULWD .- 3LOW] - /\QQ -5 )HOOPDQ 5/ D ;
YLVXDO ILHOGV LQ JRIFXESRWWROWPROHFURF 6HU

6WDULWD . - JHOOPDQ 5 / INQQ -5 E 6WDWLF D>
OXPLQDQFH DQG JOREDO YLVXDO ILHOG LQGLFHV LQ WK}
JODXFRPDWRXV,QMMWHK\DODW PIHOGKDOPRO 9LV 6FL VXSSO

6WHHOH & ) &UDEE ' 3 (GJbU ') (IMTHFWV RI
FRQGLWLRQV RQ $ VFDQ XOWUDVRSKO EDROPHW B KRYDR ®

BWHQVWURP 6 ,QYHVWLJDWLRQ RI WKH YDULDWLF
HOHPHQWYVY RI KXPDQ H\HV 7UMBPVODRDBWEBESUFRB® $FDG

ORQRJUDSK

BWHSDQLN - 7KH EOLQG VSRW $ FULWLFDO UHYL
NQRZQ VFRWRPD E\ DXW ORMWIE® $HKU HRHKHWO N

6WLOHV : 6 &UDZIRUG % + 7KH OLPLQDO EULJKW
GLITHUHQW FRQGLWLRQV RI WKHBURHHDHBMBEK G SDUDIRYHDC

6WRUH\ - . OHDVXUHPHQW RI2ZBKMKDOPILWK2 SWWQUD

6WRUH\ - . 5DELH (3 B8OWUDVRXQG D UHVH



DFFRPPRGRBKRMKDOPLF23KWWLRO

6XQDEUDL 2 JHXHU : - $QGHUVRQ ' 5 3VHXGR C
SHULPRES/KIWKDOPRORJ\

6YHLQVVRQ . 7KH UH I UDAFFWDR R2B RW KFDIOPRG H U V

7TDNDPRWR 7 6FKZDUW] % S5HSURGXFLELOLW\ RI
PHDVXUHRRHHNWNW 2SKWKDOPRO 9LV 6FL

7DNL]DZD ( 5HWLQDO VHQVLWLYLW\ LQ WKH SDSL
IXQGXV FRQWURO®BG SOWIALHRSKWKDOPRO

7DWH * o INQQ -5 BULQFLSOHY RI TXDQWLWD
LOWHUSUHWLQJ WKH YLVXDO ILHOG 1HZ <RUN *UXQH DC

7DWH * 7KH SK\WLRORJLFDO $XDMVR P DIW U FS 8 H UR_HPW
JODXFRI®D E\ 6 0 'UDQFH DQG ' $QGHUVRQ /RQGRQ *U

7THDO 3 . ORULQ - ' OF&XOORFK & $VUDQWPHR) W
2SKWKDOPRO 6RF

7TRNRUR 7 OXWR O +D\DVKL . $VDKDUD 1 $ VV
YLVXDO ILHOG LYRRLIX PSRMWDOPRO -SQ

7RPOLQVRQ $ 3KLOOLSV & , 5DWLR RI RSWLF FX!
OHQJWK RI WKH H\HEM UG 28 KWHKIDOPRALR Q

7RPOLQVRQ $ 3KLOOLSV &, $SSODQDWLRQ WHQV
%U - 2SKWKDPRO

7UDTXDLU + 0 &OLQLFDO 3HULPHWU\ WK HGQ
.LPSWRQ
7URQ ( - 7KH RSWLFDO HOHPHQWV RI WKRGHUIQUDF

7TUHQGV RI 2SKWB&DB\WPRGBRGOH\ $ 6RUVE\ /RQGRQ %XW

7V R 0 2 JULHGPDQ ( 7KH UHWUGKO2SKIW KD @ PHRX

TVFKHPLQJ 0 3K\ WVLRORJLFDO 2SWLFV WK HGQ
"HLODQG S3KLODGHOSKLD .H\WVWRQH 3XEOLVKLQJ &R S S

9DQ $0OSKHQ : * + 0 2Q HPPHWURSKMW KOIGP RO R WM



VXSSO %DVHO DQG 1HZ <RUN 6 .DUJHU

O9DUPD 5 +LOWRQ 6 7TLHOVFK -0 4XLIJOH\ + $
RSWLF GLVF D SRSXOQWHRY RBHKWMEKDWRRO 9LV 6FL VXS

9LYHOO 3 0 IDFKHQPD\U % - 2VWHUPDLHU 1 1F
+XPSKUH\ )LHOG GYOHDWVW HAEKWKDOPRO 9LV 6FL VXSSO

9RQ GHU /LSSH , -RQDV - % 1DXPDQQ * 2 + )
FKRULRUHWLQDO DWURSK\QLYHY®D XS RWKDRPRE\EBNVV 6FL

9RQ 5RKU ©0 =XU :XUGLJIJXQJ YRQ $BERHLYXUWQIHDL

9RURQRYD 7 % 5HVXOWV RI RSKWKDOPRSHUL:
VFRWRPHWULF H[SOFRHYWLRQIWDBP\RSHV

:DbOO O .DUGRQ 5 ORRUH 3 /I DUJH VL]H VWLPXO
ORZHU YDUQVEHNMNWVZESKWKDOPRO 9LV 6FL VXSSO

:DOOPDQ - *RWWOLHE 0 ' SDMDUDP 9 )XIJDWH :HQ]JW
UHJLRQV FRQWURO ORFDOGHWHQUFRZWK DQG P\RSLD

"HEHU - '"REHN . :KDW LV WKH PRVW VXLWDEOH
JODXFRPD 2BWMWHKDOWPRORILFD

"HEHU - &RPSXWHULVHG SHULPHWU\ LQ QHXUR F
GLIIHUHQW WHVW SDWWH U QR/F E2 SIKOVIK®I @ B R DWBLLRROF LEHEW [

"HEHU - *HLJHU 5 *UD\ VFDOH GLVSOD\V RI SHUL
GLIIHUHQW LQWHUSRODBMUR® HWRVF HBSGDNWIE , E\ $ +HLMC
$PVWHUGDP .XJOHU DQG *KHGLQL SS

"HEHU - 5DX 6 7KH SURSHUWLHV RI SHULPHW
JODXFRPDWRKYPBW®IV 2SKWKDOPRO

"HLQUHE 5 1 3HUOPDQ - 3 7KH HIIHFW RI UHIUD
SHULPHWULF$WKURBSKWEB®WO PR O

"HUQHU ( % '"UDQFH 6 O (DUO\ YLVXDO $UHFEG GL
2SKWKDOPRO

‘HUQHU ( % 6DKHE 1 7KRPDV ' 9DULDELOLW\
UHVSRQVHV LQ SDWLHQWWFXL®EKMOKD/ORRIEG ,23V



"HUQHU ( % %LVKRS ., ‘DYLV 3 .UXSLQ 7 3HWULJ
ILHOG YDULDELOLW\ LQ VVRIFEDHKIDHOXOGRRD SR EHGHLV

"HUQHU ( % %LVKRS . | .RHOOH - '"RXJODV * 5 /
6FKZDUW] % :KDOHQ : 5 :LOHQVN\ -7 D $ FRI
FOLQLFDO REVHUYHUV DQG VWDWLVWLFDO WHVWYV LQ G
JODXFRPD XVLQJ DXWHRBBKWRG KW K DRHVRIO\

‘HUQHU (% $GHOVRQ $ .UXSLQ 7 E (IIHFW RI
UHVXOWV RI DXWRPDWHG SHULPHWU\ LQ FOWEKIDF®PRO R ML

‘HUQHU ( % .UXSLQ 7 $GHOVRQ $ )HLWO 0 (
RQ WKH UHVXOWY Rl DXWRPDWHG SHULPSKWKDQ PROR IR

"HUQHU ( % *DQLIJDQ * %DOD]VL $ * (IMHFW R
PDIJIQLWXGH RI WKUHVKROG IOXFWXDWLRQV LQ JODXFF
SHULPHWWHUL®HWU\ 8SGDWE E\ 5 3 0LOOV DQG $ +HLMC
. XJOHU DQG *KHGLQL SS

'LOG -0 ‘RRG -0 )ODQDJDQ - * *RRG 3 % & U F
LQWHUSUHWDWLRQ RI WKH GLIIHUHQWLDO OLJKRF WKUL
2SKWKDOPRO

:LOG -0 "RRG -0 )ODQDJDQ - * 6SDWLDO VX
PDJQLILFDWLRQ RI SREKPRHR\DUFRIWRILEBYV

:LOG -0 'HQJOHU +DUOHV O0A 6HDUOH $ (7 2 1HLOO
LQIOXHQFH RI WKH OHDUQLQJ HIIHFW RQ DXWRPDWHG
JODXFRPWD 2SKWKDOPRO

:LOG -0 6HDUOH $ ( 7 '"HQJOHU +DUOHV O 2 1HLOO
XS RI EDVHOLQH OHDUQLQJ DQG IDWLJXH HIITHFWV LQ WK
RFXODU K\SHUWHBGEWD H SERWKBDO@WWR O

'LOGEHUJHU + SREHUW < 9LVXDO IDWLJXH GXU
QHXURSDWXURV2SKWKDOPRORJ\

:LOHQVN\ -7 .RONHU $ ( BHULSDSL®G®DU\ FKL
2SKWKDOPRO

LOHQVN\ - -RRQGHSK % 9DULDWLRQ LQ YLVXEL



XWRPDWHG SPULPSHKWMKDOPRO

:LOVRQ 05 +HUW]PDUN O $ :DONHU $0 &KLOGV 6KD
$ FDVH FRQWUROOHG VWXG\ RI ULVN IDFWRUV LQ RSF
JODXFRBBK 2SKWKDOPRO

'LQHU % - 6WDWLVWLFDO 3ULQFLSOHV LQ ([SHULPI
+LOO SS
RRG -0 :LOG -0 'UDVGR 1 &UHZV 6 - 3HULF

UHSUHVHBR0WNDOWKRQPLF 5HV

"RRG -0 'LOG -0 +XVVH\ 0 &UHZV 6 - D 6H
QRUPDO YLVXDO ILHOG XVLQJ 2FWRSXV SURMHFWLRQ SF
$FWD 2SKWKDOPRO

RRG -0 :LOG -0 6PHUGRQ '/ &UHZV 6 - E
OLJKW VFDWWHU LQ WKH DWWHQXR®W 2RKE W K V& A RH 8 URHF

'RRG -0 :LOG -0 &UHZV 6 - F ,QGXFHG LQWUL
VHQVLWLYLW\ JUDGLHQW RA1UWDKHHYRYBBERK &OWLXQD O[SLADKW

RRG -0 :LOG -0 %XOOLPRUH 0 $ *LOPDUWLQ %
QRUPDO SHULPHWULF SURILOH GHULYHG E\ DXWRPDWHG
VLIBSKWKDOPLF 3K\VLRO 2SW

:RRG -0 %XOOLPRUH 0 $ :LOG -0 *LOPDUWLQ %
QRUPDO SHULPHWULF SURILOH GHULYHG E\ DXWRPDWHC
$FFRPPRGDWLYH PLRASKNYXPVOXDLWLRKIQVLRO 2SW

X & 6FKZDUW] % 1DJLQ 3 7TUHQG DQDO\VLV
'RF 2SKWKDOPRO 3URF 6HU

<RXQJ ) $ 7KH HIIHFW Rl UHVWULFWHGS$PLVXDO
2SKWKDOPRO

<RXQJ ) $ /HDU\ * & R[ 5 % %DOGZLQ : 5 "HVW
& 7KH WUDQVPLVVLRQ RI UHIUDFWLY$P HUDBRWRPZL'
$UFK $P $FDG 2SWRP

<RXQJ ) $ 7KH GHYHORSPHQW DQG FRQWURO RI P
SULPD&RQMWDFWR



<RXQJ 6 :DWVK , .QR[ ° 7 K H$ BV L- O NGHGN & D\OFP R\Q®)
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