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/[HWWHU IURP WKH (GLWRUY

‘XULQJ WKHVH WU\LQJ WLPHYV ZH DUH GHOLJKWHG W
HGLWLRQ RI WKH $%&7 &RXSOHV 6,* ITHZVOHWWHD :H
ODEV ZKR VXEPLWWHG XSGDWHV DQG DUH KDSS| WR \
WKH 6,* :H KRSH WKDW WKLY QHZVOHWWHU SURYLGH\
QHZV LQ D WLPH ZKHUHLQ PDQ\ Rl XVQBIZHQRWBRHPIOLQ

,Q DGGLWLRQ WR ODE XK\ VRHN WKMGROHRNBWAL ROV Zt
SOHDVHG WR VKDUH ZLWK \RXRWKK P HDMXVIH G @RIMIIKFE O
LQWHUVHFWLRQ RI DGXOW DWWDFKPHQW LQWLP|DWH '
WLRGJ E\ GRFWRUDGDPWRBKOWDIXHWEHU WHDP| 7KL
FHQWO\ SXEOLVKHG SLHFH LV D VDPSOH RI WKH JUHD\
XH WR GR DQG KLJKOLJKWV VRPHWKLQJ WKDW D|OO RI
SK\WLFDO WRXFK *LYHQ WKH FXUUHQWBIGUFERVWQGQH
VKHOMBMODFH RUGHUV WKLV SLHFH UHDOO\ EULQpPV XV
FLUFXPVWDQFH :H KRSH \RX HQMR\ WKLV DUWLFOH D\

$GGLWLRQDOO\ WKH QHZVOHWWHU |HDWXUMYHERPPH
'"UV &KULVWLQD 20DEGIQUDQ@E MLNKLOD ZIOR IB\L \SHX V V

ODVW 1RWHPEGWHUHQFH DQG SURYLGH VHYHUDO PHOH
6,* $OVR LQFOXGHG DUH XBSSRIUBW HER®, QGDGHQW F
.DUHQD /HR DQG -HVVLFD ZX®R/NQVWURGXFH WKHPVHO"
YLGH LQIRUPDWLRQ RQ WKH XSFRPV @R Q¥ HOWAIQRDY LIW.
GHOSKLD DQG JHWWLQJ LQYROYHG LQ WKH 6,*

$V ZH DUH DOVR QHZ ZH ZRXOG OLNH WR WDNH| D PR
DV WKHGARVRUV IRU WKH 6,* &ROHD $GDPR XHWH | WX\E
WKH 8QLYHUVLW\ RI 8WDK ZRUNLQJ ZLWK ‘U %ULDQ %
PRELOH WHFKQRORJ\ LQ FRXSOHV UHVHDUFK DQ¢ LQW
WKLHMBU JUDGXDWH VWXGHQW DW %LQJKDPWRQ gQLYH
5LFKDUG ODWWVRQ +HU UHVHDUFK LQWHUHVWYV [LQFO
YLROHQFH DV ZHOO DV EHWWHU XQGHUVWDQGL®J IDF
WLYH IXQFWLRQLQJ LQ G\DGV

‘H ZRXOG DOVR OLNH WR WKDQN DQG H[SUHVV KRZ JI
WUDQVLWLRQ WHKBWWRIHY LROOHAR %DUGHQ DQG BOHI[C
HG XV <RXU H[SHUWLVH LV DSSUHFLDWHG

‘H KRSH HYHU\RQH LV VWD\LQJ KHDOWK\ DQG z#ooO
\RX ZLWK DQRWKHU URXQG RI XSGDWHV SULRU WR WK
WKHQ

7KDON \RX IRU PDNLQJ WKH &RXSOHV 6,* THEVOH)\

&ROLQ $GDPR 0 6
8QLYHUVLW\ RI 8WDK
FROLQ DGDPR#XWDK HGX

0DJJLH O 3DUNHU 0 6
%LQIJKDPWRQ 8QLYHUVLW\ 681<
PSDUNH #ELQJKDPWRQ HGX
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/[HWWHU IURP WKIIB GHU&R
&KULVWLQD $¥ROBIHYUDP®KLOD :LO

*UHHWLQJV &RXSOHV 6,* OHPEHUV :KHQ ZH ZHUH
$WODQWD ZH FRXOG QRW KDYH DQWLFLSDWHG KRZ
PRQWKY ODWHU 7KLV KDV EHHQ VXFK D GLIILFXOW
WKHUH IRU \RX 30OHDVH NQRZ \RX FDQ UHDFK RXW

/DVW \HBBQIHUHQFH EHIBRUHWK @FBUH HQW WKD
TXHQW WWDON.EKDHO 1HZFRPE $VVLVWDQW 3URIHVYV
DQG D PHPEHU RI WKH 6H[XDO DQG *HQGHU OLQRUL
“5RPDQWLF 5SHODWLRQVKLSY LQ <RXQJ ODOH &RXSO

G H\

VRJIHV
PXFK
WLPH
VR XV

NV LQF
RU DV
WLHV
HV 8¢

WLRQLQJ DQG ,PSOLFDWLRQKLIFW tHOWMG KBII B R SDIRWI X C

UHVHDUFK FDSLWDOL]JLQJ RQ LPSURYLQJ FRXSOH IX
RXWFRPHV :H DOVR KRVWHG D FDUHHU PHQWRUVK
GLIITHUHQW FDUHHU WUDMHFWRULHY LQFOXGLQJ 9%
KLJK UHVHDUFK SURWXBDWNY LW\ WHOQUHDXFRP OL
WHQWWHWFN 'U OLNKLOD :LOGH\ DQG SULYDWHZEKR
HQJDJHG LQVDP$IDEWLYDWH SUDFW®H D G $\GHGYLWULIR® B
GLVFXVVLRQV GXULQJ WKH EXVLQHVV PHHWLQJ WK
RI' LQ WKIBWOBBWWWONH D PRPHQW WRZHHNYUHZVWK B
VRPH KHOS RQ VRPH RI WKHVH LWHPV

QFWL
S SDC
PHGL
FHUD:
FAW L F
DQLC
W ZH
X DRI

&ROQIJUDWXODWLROV WR RXU OHZRXOXGBOMHOMR FHO¥HU

RXU RXWJRLQJ RIILFHUV IRU WKHLU KDUG ZRUN DQ
EHHQ UXQQLQJ VPRRWKO\ WKDQNV WR WKHLU PDQ\
$OH[ :DQJ IRU VHUYLQ-JHDI/GHW X G WRW LERHHQ %DUGH
:RMGD RXU RXWJRL QJGALNZRADH WWQIBUWER -HVVLFD )H

L GHG
HIIRU
D DQG
UHLL

PRXU RXU RXWJRLQJ OHGLD &RRUGLQDWRUV IRU \RXU R

WR LQFRPLQJ-VMDXHUQYW- HFRVLFD .DQVN\ DQG .DUHQI
&R(GLWRUV &ROLQ $GDPR DQG O0DJJLH 3DUNHU DQG

O\ &DUULQR DQG &RUH\ BHWWLW :H DSSUHFLDWH \xXU G

&ROJUDWXODWBREMUMR/WHKHH VY 6WXGHQW H|
&RQJIJUDWXODWLRQV WR WKH 8QGHUJUD GROUNID @ W %
EHUW DV ZHOO DV *UDGXDWH 6WXGHQW 5HVHDUFK
DQG 'DQLHOOH :HEHU VHFRQG SUL]H IRU WKHLU H
\RX WR 'UV 6FRWW %UDLWKZDLWH OLFKHOOH /HRQ
IXO UHYLHZV

8OGHUUHSUHVHOWHG 6FKRODKIW)RGGE LLGLQRHKDAMLH
%ULDQ %DXFRP DQG -DVDUD +RJDQ ZDV GHYLVHG (g
VFKRODUO\ DFWLYLWLHV RI VWXGHQWY IURP XQGHU
IXQG LV D PHFKDQLVP IRU IRVWHULQJ PHQWRUVKLS
DV ZHOO 7ZR DZDUGV ZHUH JUDQWHG WKLV \HDU D
ZKR FRPH IURP XQGHUUHSUHVHQWHG EDFNJURXQGWV
YDOXDEOH PHPEHUV

'XHV .QFUHDVH IRU 3URIHVVHRQRVOHEHB WHWKH 6, *
LQJ WR UDLVH GXHV IRU SURIHVVLRQDGEXHMARKUWVKE
SURIHVVLRQDO PHPEKHUDNGERWLRQDO ZLOO JR WR
VHQWHG 6FKRODUV )XQG HVHMQGM DHUKLIVE\GID WR S
GHQWV IURP XQGHUUHSUHVHQWHG EDFNJURXQGV Z
RSPHQW JRDOV DQG ZH KRSH WR FRQWLQXH KDYLQ
\HDWHV FDQ EH SDLG WR -DPLH MRV KTV O OP BRK3B
FKHFN WR -DPLH :LQWHUV 3K' 9% $QQ $UERU +HDO

$ $QQ $SUERU O, 6WXGHQW GXHV ZLOO VWD\
ZRXOG OLNH WR FRQWULEXWH PRUH WR VXSSRUW W
DUH ZHOFRPH WR SURYLGH DGGLWLRQDO PDNH D Q

(VWDEOLVKPHOW RI DQ (DUON ¥RWHH3J WRDWGG DQ
$ZDUG WR RXU 6,* DQG +RZDUG ODUNPDQ DQG 'RQ
GUDIW WKH GHWDLOV RI WKLV DZDUG ZKLFK ZLOO E|

SUBRQIHUHQFH JHBGEDNM FRPSOHWH WKLV YHU\
SUHRQIHUHQFH HYHQW IRU WKLV SDVW \HDU DV ZHQ
LQJ '\NDRRQIHUHQFH LQ 3KLODGHOSKLD 3OHDVH FR
\HDW HYHQW KRRWWERW JYVX FR TXDOWULFV FRP MIH

)LQDOO\ ZH DOVR ZDQW WR WDNH WKLV RSSRUWX
Rl VHUYLQJ DMHITRGHWUW &R RU WKLV SDVW \HDU DQG D
IXO IRU \RXU PHPEHUVKLS DQG KDYH HQMR\HG VHU
WLRQV IRU WKH QHZ 7UHDVXUHU DQG /HDGHU V SR
‘H KRSH \RX ZLOO FRQVLGHU QRPLQDWLQJ \RXUVHO
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WKHVH SRVLWLRQV /HW XV NQRZ LI \RX KDVY4HZ D @\ OROHEHV

HPDLOLQJ D UHTXHVW IRU QRPLQDWLRQV ODWHU W
WD\ KHDOWK\ DQG VDIH
.LQGO\
&KULVWLQD OLNKLOD

LV \F
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/[HWWHU IURP WKH 6+3 BMWX.GHIQW \

-HVVLFD .DQBNHQD /HR
8QLYHUVLW\ REQUYHUW QLW RI 8WD

+HOOR IURP \RXU QHZ 6WXGHQW /HDGHUV

‘H DUH YHU\ H[FLWHG\WRUEW BIU® PXU\RXU VWXGH
ERWK WKULOOHG WR JLYH EDFN WR WKH &RXSOH
IHOORZ JUDGXDWH VWXGHQWY DV EHVW DV SRVYV
ZHOO DQG VWD\LQJ VDIH DQG KHDOWK\ GXULQJ W

6LOFH ZH DUH QHZ ZH WKRXJKW ZH PLJKW WHOO|

-HVV LVY§BDU FOLQLFDO SV\FKRORJ\ JUDGXDWH
JLQLD ZRUNLQJ ZLWK -RVHSK $OOHQ +HU UHVHD
SUHGLFWRUV DQG RXWFRPHV RI KHDOWK\ URPDQ
WKURXJK \RXQJ DGXOWKRRG DV ZHOO DV WKH-U
EHLQJ DFURVV WKH OLIHVSDQ ,Q KHU IUHH WLPH
LQJ WR EDODQFH LW RXW 1H[W \HDU -GRAWRLID
VKLS DW WKH OHGLFDO 8QLYHUVLW\ Rl 6RXWK &D,
IFDC& HOMJ

.DUHQD YSHDU FOLQLFDO SV\FKRORJ\ JUDGXDWH
8WDK ZRUNLQJ ZLWK %ULDQ %DXFRP 3K ' 6KH U
RI .DQVDV OHGLFDO &HQWHU IRU LQWHUQVKLS +
FXVHG RQ H[DPLQLQJ FRPPXQLFDWLRQ EHKDYLRJ{
FRQIOLFW DQG LQ FRXSOHV FRSLQJ ZLWK D FKUR
UXQQLQJ ZLWK KHU FKRFRODWH ODE VXUILQJ D

&RXSOHV 6,* &REFNWDLO 3DUW\

"XH WR WKH SRSXODULW\ Rl WKH &RXSOHV 6,* &
DUH FXUUHQWO\ ZRUNLQJ RQ RUJDQL]LQJ WKH FH
EHU LQ 3KLOMGHIOBKINHHS HYHU\RQH XSGDWHG W
SHQGLQJ DQG WKH IDOO QHZVOHWWHU

&RXSOHV 6,* BWXGHQW 6\PSRVLXP

‘H ZDQW WR WKDQN DOO RI WKH VWXGHQWYVY ZKH
WLRQ WR UHSUHVHQW WKH &RXSORWVJI®,® L0 WG BHA
SRVLXP :H KDG PDQ\ IDQWDVWLF VXEPLVVLRQV I
WKH DPDJLQJ UHVHDUFK RXU SHHUV DUH GRLQJ
ILQDO VI\PSRVLXP SURSRVDO WKDW LV IRFXVHG R
DFURVV GLYHUVH FRXSOHV :H KRSH WKH UHYLHZ
PXFK DV ZH GR

*HW ,QYROYHG

‘H DUH ORRNLQJ IRUZDUG WR ZRUNLQJ ZLWK \R
UROH DV VWXGHQW OHDGHUV LQ WKH &RXSOHV 6
VXJIHVWLRQV FRQFHUQV TXHVWLRQV DQG IHH(
WDFW XV DW D@\ I WUBHW RMR MRLQ WKH &RXSOHV
FRXSOHY#VIX FID\RX KD YGHR@H VR DOUHDG\ :H DUH
PHHWLQJ \RX RU VHHLQJ \RX DJDLQ LQ 3KLODGH

-HVVLFD .DUHQD
MN JP#YLUJLQLD HGX
NDUHQD OHR#XWDK HGX
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7KH  QWHUVHFWLRQ RI $GXOW $WWDFKPHQW

6DWLVIDFWLRQ

6DPDQWKD :DIIQAKWD UG ( °0 DRADVD\DRIQ' DOCLVD W K
-RKQVRQLLFROH 0 &DPHURQ
%HLQJKDPWRQ 8QLYHUVLW\
t6WRQ\ %URRN 8QLYHUVLW\

)XOO DUWLFOHQHWDW SRQIDWWVRQ 5 (

VRQ 0 ' &DPHURQ 1 O 7TRXFK PH
LOQWHUVHFWLRQ RI DGXOW DWWDFKPHQW
WLRRXUQDO RI 6RFLDO DQG 3HUVRQDO 5H

HZ '

'DYL
M XV
LQW
DD W L
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,QWURGXFWLRQ
,QWLPDWH W RWXHF[KX DROUWIIRFQVLOH DIIHFWLRQ FRQVW
GDWLRQDO FRPSRQHQW RI FORVH UHODWLRQVKLSV
"HVSLWH D ORQJ KLVWRU\ Rl WRXFK UH YV HBPRKAK]
$LQVZRUWK %HOO WKHUH LV D GHDUWK RI L
UHODWLRQVKLSY :H GR NQRZ WKDW JUHDWHU HQJO
ZLWK KLJKHU VDWLVIDFWLRQ LQ LQWLPDWH UHODW
DQG PD\ VH-WWHHXOPRVRU\ IXQFWLRQ IRVWHULQJ
SDUWQHUV &RDQ 6FKDHIHU 'DYLGVRQ 6EDU
DOO LQGLYLGXDOV DUH VDWLVILHG ZLWK WKH WRXH
H[WHQW WKLY FRXOG UHODWH WR YDULDWLRQV LQ
SODFH EHKDYLRUDO H[SUHVVLRQ RI DIIHFWLRQV H|
QLJKW %XW DV ZLWK UHODWHG DUHDV VXFK DV VH
WLRQ ZLWK LQWLPDWH WRXFK PD\ QRW VROHO\ UHQ
WKH PRUH FULWLFDO YDULDEOH LQ GHWHUPLQLQJ |

%DOWHYV OF1XOW\ :HQQHU )LVKHU
$OWKRXJK WKH GHWHUPLQDQWYV RI WRXFK VDWLVI
PDQ\ DUJXH WKDW DGXOW DWWDFKPHQW WKHRU\ S|
VWDQG KRZ WRXFK RSHUDWHV LQ LQWLPDWH G\DGV|
6DQGEHUJ $WWDFKPHQW RULHQWDWLRQV DUH

LW X W
%UH
GQ LC
IRUP
JHPH
| RQVF
SRVL
D+
K WK
HQJD
EKDQJ
[XDO
DWH
HODYV

DFWLI

RYLG
-DND

QRW

SUR[LPLW\ ZKLFK DUH SUHUHTXLVLWHYV IRU LQWLPDWH W

RWKHU UHODWLRQDO SKHQRPHQD ZLWK IXQFWLRQD
YHHQH\ ,Q WKHRU\ DWWDFKPHQW RULHQWDW
DVMRQV R URP DQUF UHDMRQUKLS EHKDYIRUEHFDXVH WH. IRUP \WH EDVIY |RUIQUP DR\
QHHGY DQG H[SHFWDWLRQV DQG LQIRUP WKH H[SH
RWKHUV &ROOLQV $00DUG ,Q WKH SUHVHQW
WDFKPHQW LQVHFXULWLHY QHJDWLYHO\ DVVRFLDW
H[SORUH GLIIHUHQW WKHRUHWLFDO PHFKDQLVPV E
DOVR H[DPLQH ZKHWKHU WRXFK VDWLVIDFWLRQ DV
JDJHPHQW LQ DIIHFWLRQDWH EHKDYLRU DQG WHYV
IXQFWLRQV DV DQ LQWHUPHGLDU\ EHWZHHQ DWWDH
RI PDUULDJH
,QWLPDWH 7RXFK LQ 5RPDQWLF 5HODWLRQVKLSV

O WLF
LRQV

ULHQF
PDQ:
H ZLW
ZKLF
RFLD
WK H
KPHQ

5HVHDUFK KDV VKRZQ WKDW WRXFK LV SDUWLFXODUO\ L

URPDQWLF UHODWLRQVKLSY DQG LQ SDUW LV D sU
JXLVKHV URPDQWLF UHODWLRQVKLSV IURP IULHQG
WXUHV WRXFK DQ\ZKHUH RQ WKH ERG\ LV PRUH DF
SDUHG WR DQ\ RWKHU FORVH UHODWLRQVKLS 6XYL
VKLS IRUPDWLRQ VWDJH FRXSOHV ZKR KDYH VLPLO
RIWHQ FKRRVH WR HVFDODWH WKH VHULRXVQHVV R

$QGHUVHQ DQG WKURXJKRXW URPDQWLF UH(
EDO FXH WKDW LQFUHDVHV SVI\FKRORJLFDO FORVH(
OHKUDELDQ ,QWLPDWH WRXFK EHKDYLRUV VX
"XQEDU DOMHBRVIWFWLRQ OXLVH *LDQJ ,PSH
JUHDWHU UHODWLRQVKLS VDWLVIDFWLRQ DQG VLP
FUHDVH ZLOOLQJQHVV WR WDNH RQ FKDOOHQJLQJ

LPDU
KLSV
FHSWI
OHKW
DU SL
WKH
DWLR
HVV I
FK DV
vV W

50\ LF
LWXD

ORUHRYHU LQWLPDWH WRXFK LV D FRQVLVWHQW SWHGLF

ZLWK LQFUHDVHY LQ WRXFK UHODWLQJ WR JUHDWH
'DLQWRQ 6WDIIRUG &DQDU\ D S B VLQ\FLUYHD

W\ 'HEURW 6FKRHEL 3HUUH] +RUQ
,QWLPDWH WRXFK DOVR-VHUXE D WPERW XRE VL ERYV
SDUWQHUV )RU H[DPSOH ERWK JLYLQJ DQG UHFHL
YDWH PRRG LUUHVSHFWLYH RI RWKHU HPRWLRQ UH
EL 3HUUH] +RUQ DQG WRXFKLQJ D SDUWQH U
'"HEURW HW DO IRU ERWK WKH WRXFKHU DQG
JDJHG LQ WRXFK EHIRUH D VRFLDO VWUHVV WDVN V
ZRPHQ ZKR UHFHLYHG QR VXSSRUW RU YHUEDO VRF
JHVWLQJ WKDW WKH LPSDFWV RI WRXFK JR EH\RQG

U UHO
UHWHR

HWZF
LQJ ¢
JXOD
LPSL
UHFLS
KRZH!
LDO V
PHUH

7RXFK IURP D URPDQWLF SDUWQHU DOVR DFWV DV I SK\V

KHDOWK LPSDFWV )RU H[DPSOH EHLQJ WRXFKHG E
DWHG KHDUW UDWHV 7ULVFROL &UR\ 20DX\S\DR®@

*ROGVWHLQ78RBBED\<HOOLQHN)RJHAVVPDQKHQ FRH
FRQGLWLRQV LQFOXGLQJ QRW EHLQJ WRXFKHG RU §
PDQWLF SDUWQHU /LNHZLVH LQGLYLGXDOV WRXFK

D UR
6DLO
SDUH
HLQJ
HG E\

LQFUHDVHG QHXUDO PFAMWODWWGRIHWIZWBXFKH J RWELWEL

FLQJXODWH DQG VRPDWRVHQVRU\ FRUWLFHV ZKH(
WRXFK IURP DQ H[SHULPHQWHU .UHXGHU HW DO
LQ QHXUDO VIVWHPV WKDW UHVSRQG WR'WKDIQGW &
DO 7KH DYDLODEOH HYLGHQFH WKXV VXSSRU
SRUWDQW UROH LQ URPDQWLF UHODWLRQVKLS IXQH
$SWWDFKPHQW DQG ,QWLPDWH 7RXFK

,QWLPDWH WRXFK LV LQWHJUDO WR DWWDFKP
H[LVW EHFDXVH WKH\ DUH OLQNHG WR VXUYLYDO E

GHIHQVHOHVV WLPH $LQVZRUWK %HOO %RZO
LV D EHKDYLRUDO KDOOPDUN RI JDLQLQJ DQG PDLQ
LH FOLQJLQJ $LQVZRUWK %HOO YXUWKHU

DFURVYV D ZLGH UDQJ}HRRIPDWWYDH KRMMW DFWLRQV H
&KLOGKRRG YLHZV RI FDUHJLYHUV IRUP WKH EXLOG

5HDG 7KHUH LV HYLGHQFH WR VXSSRUW WKDW
DFWLYDWLRQ RI VLPLODU RYHUODSSLQJ QHXURELR
'XTXH 9DOHJJLD OHQGR]D JLVKHU DQG H

DU\ SURFHVVHV )UDOH\ %UXPEDXJK ODUNYV
DWWDFKPHQW PD\ KDYH SDUDOOHO IXQFWLRQV -Q
FKLOG LQWHUDFWLRQV RIWHQ DSSHDU"EQ BJRBRG\S [
DQG VHHNLQJ FORVHQHVV %RPEDUD /LWWLJ
7TKRXJK ZD\V RI REWDLQLQJ FRQWDFW DV D FKLOG
ZD\V IURP WKRVH XVHG DV DQ DGXOW H J KDYLQJ
SURYLGHY UHDVVXUDQFH LQ WKH IRUP RI SV\FKROR
HPRWLRQDO DYDLODELOLW\ DQG RSSRUWXQLWLHYV
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*LYHQ WKDW LQWLPDWH WRXFK LV LQKHUHQW WR PWWD
KRRG LW VWDQGV WR UHDVRQ WKDW DWWDFKPHQ LQVE
GLIITHUHQFHYV LQ SUHIHUHQFHV IRU DQG SURFOLYLW\ WRZ

,QGLYLGXDOV ZLWK DQ[LRXV WHQGHQFLHYVY DUH PRUL

RI D VDIH SODFH FRQWLQXDOO\ GHVLULQJ PRUH WRXFK \
D FI 2]JROLQV 6DQGEHUJ $OWRIHWKHU KHVF
IHUHQW DWWDFKPHQW WHQGHQFLHYV PD\ XQLTXHO\ LQIOX

&XUUHQW 6WXG\
(YDOXDWLQJ WRXFK ZLWKLQ D URPDQWLF DGXOW DbWWD

LHVY H[DPLQLQJ DGXOW DWWDFKPHQW DQG LQWLPDWH WR
JDJHPHQW LQ URXWLQH DITHFWLRQ H J 'HEURW H DO

JLQJ RU FKHFENOLVWYV RI DIlTHFWLRQDWH EHKDYLRU ZKL
LQWLPDWH WRXFK ZLWKLQ WKH UHODWLRQVKLS :KWEOH LI

VXJIJHVWLQJ WKDW PDULWDO VWDWXV DQG QR PHL
WKH IXQFWLRQ RI WRXFK

LQWHUGHSHQGHQFH IUDPHZRUN .HQQ\ .DVK\ &RHN
OLWWOH UHVHDUFK RQ WKH GHWHUPLQDQWYV RI VXBMHFW

WKDW VKDSH KRZUBW WYDIFEWHEHKDYLRUY DUH HYDOXYDWHC

'\NDV &DVVLG\ ZLWK LQVHFXUH VW\OHV DVVRFLDW
SUHWDWLRQV RI EHKDYLRU HYHQ ZKHQ FRQWUROOUQJ IR
&ROOLQV )HHQH\ 3URYLGHG WKH JHQHUDO GLVFRP

DPRXQW RI URXWLQH DIIHFWLRQ + D %DVHG RQ ILJQGLQ
XVH LQWLPDWH WRXFK DV D PHDQV Rl UHDVVXUDQFH VHH
%UHQQDQ HW DO D ZH K\SRWKHVL]HG DQ DFW|RU HI
DQ[LHW\ DVVRFLDWLQJ ZLWK OHVV VDWLVIDFWLRQ FLWK
WUROOLQJ IRU HQJDJHPHQW LQ URXWLQH DIIHFWLRQ E\
HG + WKDW WKH DFWRU HIIHFWV Rl DWWDFKPHQW RQ W
E\ HQJDJHPHQW LQ URXWLQH DIIHFWLRQ IRU ERWK PQILR
VSHFXODWHG WKDW PRUH DQ[LRXV WHQGHQFLHV ZRXOG !
WLRQV Rl ORZ OHYHOV RI URXWLQH DIIHFWLRQ zKUFK zZR
DVVRFLDWLRQ ZLWK WRXFK VDWLVIDFWLRQ DV HQJBJHPH
GRZQ+ D ,QGLYLGXDOV ZLWK JUHDWHU DWWDFKPH®W DY
IRUWDEOH ZLWK DQG DYRLGDQW RI WRXFK %UHQQIDQ HW
7KHUHIRUH ZH K\SRWKHVL]JHG + E WKDW LQGLYLGKDOV
IHUULQJ LQWHUSHUVRQDO GLVWDQFH ZLOO EH OH\JV DQ¢
WLQH DIIHFWLRQ IURP WKH SDUWQHU LQFUHDVHYV
‘H DOVR SRVHG SDUWQHU HIIHFWV IRU ERWK DQ[LRXV D
FLHVY RQ WRXFK VDWLVIDFWLRQ + ,W LV XQFOHDU KRZ
DVVRFLDWH ZLWK SDUWQHUV WRXFK VDWLVIDFWLR® EHFI
PHQW DQ[LHW\ HQJD-IH RQGIDSEFURPWK DWHJILHY VRPHWLP!
ZD\ WR REWDLQ FORVHQHVV HJ 'HZLWWH +RXZHU %X\
HU WLPHV ZLWKGUDZLQJ IURP WKHLU SDUWQHU WR |DYRL!
$V VXFK ZH SUHGLFWHG + D DQ HIIHFW EXW QRW D
PHQW DQ[LHW\ RQWRSBKWOQWUVIDFWLRQ ,Q FRQWUpVW
OHYHOV RI DWWDFKPHQW DYRLGDQFH WHQG WR EH [PRUH
%UHQQDQ HW DO D %UHQQDQ HW DO E ZKLFK L
WKDW LQGLYLGXDOV ZLWK JUHDWHU DWWDFKPHQW [DYRL(
VDWLVILHG ZLWK WRXFK
2XU VHFRQGDU\ DLP LV WR H[DPLQH ZKHWKHU LQWLPDW
XQLTXHO\ ZLWK JOREDO UHODWLRQVKLS IXQFWLRQIQJ LG
K\SRWKHVL]LQJ + WKDW ORZ VDWLVIDFWLRQ ZLWH LQW
JOREDO HYDOXDWLRQV Rl WKH PDUULDJH 6LQFH LQWLPD
ZLWKLQ D UHODWLRQVKLS LW LV SRVVLEOH WKDW p UHO
LQGLYLGXDO RU UHODWLRQVKLSVLUXNENMSRAWWY M H R D|@XDBIW
VXFK ZH SUHGLFWHG + WKDW HQJDJHPHQW LQ URXWLQ
XQLTXH QHIJDWLYH DVVRFLDWLRQ ZLWK JOREDO HYDOXDV
2XU ILQDO DLP ZDV WR UXQ H[SORUDWRU\ PHGLDWLRQ V
+ LQWLPDWH WRXFK VDWLVIDFWLRQ H[SODLQV WHKH DV\
ULWLHV DQG PDULWDO TXDOLW\ DW OHDVW LQ SDU 7K
VWIOHV WR LQWLPDWH WRXFK H J %UHQQDQ HW D§
DVVRFLDWH ZLWK KLJKHU UHODWLRQVKLS VDWLVIDFWLRC(
IRU D-PQWD\VLY VHH &DQGHO 7XUOLF 7HRHUH |
VXSSRUWLQJ WKDW DWWDFKPHQW DQ[LHW\ SUHGLFWV OR
VKRUMHWP \HDUV DQEWGIR@JHPRUH WKDQ \HDUV RDUUL
.l RXU K\SRWKHVLYV WKDW LQWLPDWH WRXFK VDWLVI
PDULWDO TXDOLW\ UHFHLYHY FRUURERUDWLRQ WKHVH I
ZRUN ZKHUHE\ DWWDFKPHQW WHQGHQFLHYV LQWLPOWH W
VDWLVIDFWLRQ DVVRFLDWH PHFKDQLVWLFDOO\ +RZHYHU
XD \KLY SRMEIDNV 7KRXIK ZHDANGRZBIGJIHD SULRUL WKDW RWKHU FRQ
LVW ZH FXUUHQWO\ WHVW D PRGHO ZKHUHLQ LQWLJPDWH
EHWZHHQ DWWDFKPHQW LQVHFXULWLHYV DQG PDULWDO T.
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OHWKRG
3DUWLFLSDQWYV

ODUULHG FRXSOHV IURP DQ XSVWDWH 1HZ <RUN FRPPXQ
VRFLDO PHGLD DQG EXV DGYHUWLVHPHQWV-%RHL@XKIH ,QG
BWXG\ ,0:6 ,QFOXVLRQ FULWHULD UHTXLUHG FRXYOHV \
HQW LQ (QJOLVK OHQ DQG ZRPHQ ZHUH UHTXLUHG WR EH
KRUPRQDO WKHUDS\ DQG ZRPRHHQ®H B &WBOWRQEHQRWH S U H
EUHDVWIHHGLQJ DV WKH VWXG\ SURWRFRO LQFOXQHG KI
DQDO\VHV &RXSOHV FXUUHQWO\ LQ WUHDWPHQW IRU UH!
SURFHVV Rl VHSDUDWLRQ ZHUH H[FOXGHG IURP WKH VWX
FRXSOHV ZHUH H[FOXGHG IURP WKH FXUUHQW VvWXxd\ DQC
VH[ UHVXOWLQJ LQ D VDPBHIHFRXSOBYIIHUHQW

LWKLQ FRXSOHYV RI ZLYHV DQG RI KXVEDQGV Z
DJH KXVEDQGV ZHUMHROG UIDMUW6' DQG ZLYHV |ZHUH
\HDBWOG UDQJH 6°' :LYHV UHSRUWHG D PH&LDQ

HGXFDWLRQ-UDRDHYV DQG KXVEDQGV UHSRUWHG D|PHGL
FDWLRQ UDQHDUY )RU ZLYHV PHGLDQ LQFRPHD DMV
PRGDO LQFRPH zZDV ZKHUHDV PHGLDQ DQG PRGDO LRFRP}
ZDV - $00 FRXSOHV LQGLFDWHG WKDW WKH\ ZH!
DQ DYHUDJH OHQJWK RI PDUULDJH RI- \NBDVV U®RJH
\HDUV DQG D PHGLDQ RI- FKLOG UDQJH
3URFHGXUH
3DUWLFLSDQWYV ZHUH ILUVW LOQWURGXFHG WR WKH VWX
IRUPHG FRQVHQW 3DUWLFLSDQWY ZHUH VHSDUDWHG DQ¢
DGPLQLVWHUHG VXUYH\V 6XUYH\V LQFOXGHG TXHVWLRQ'
UHODWLRQVKLS LQIRUPDWLRQ DQG SHUVRQDOLW\ [7KH I
D VRFLDO VXSSRUW WDVN DQG VDOLYD VDPSOLQJ IRU KR
JUDSKLF LQIRUPDWLRQ ZDV FROOHFWHG DW WKH EHJLQQ
PHDVXUHV ZHUH DGPLQLVWHUHGVIRIERRIA QUDW K H D BV BRY
DQG UHODWLRQVKLS VDWLVIDFWLRQ PHDVXUHV ZHUH DGI
FLO®SSRUW WDVN )LQDOO\ SDUWLFLSDQWYV ZHUH $HEUL
WKHLU UHPXQHUDWLRQ IRU WKH IX0O0 VWXG\ 7A\SLFD
KRXUV 7KH XDIUYEUNVWWG ,QVWLWXWLRQDO 5HYLHZ [%¥RDU

OHDVXUHYV
$GXOW DWWDFKPHQMHWHYGWIQE LHOXOW $WWDFKPHQW 6FI
5HDG LV FRPSRVHG RI TXHVWLRQV-S® ZKWFK N GW*

VFDOH KRZ WKH\ JHQHUDOO\ IHHO D'BRXWDWKB OO BKD D/
WRHU\ FKDUDFWH WBSSWIFRQWDLQV WZR VXEVFDOHV|WKDW
PHQW RI DQ LQGLYLGXD O -V VDRMPWDYFRIPGH @ WE VKBIOH PHDV XL
RI LQOWLPDFLWRRHSQ[LHW\ VXEVFDOH PHDVXUHV WKH GHJ
UHMHFWHG RU XQORYHG ,WHPV ZHUH DYHUDJHG WR FRP
VHFXUH DQG D-®QRRKQRMHQGHQFLHY DQ[LHWkS8PHQVLE
IRU KXVBBE@EVRU ZLYHV DYRLG 2@ 88 GR B HQ\WIERIBE V
IRU ZLYHV
OWLPDWHHKMRXEWLFDO $IIHFWLRQ 6FDOH 3$6 'BLQWRQ
UHSRUW PHDVXUH ZKHUHR<S B DQWMAISHDPFDO H D WRIZ | W K H\
DERXW WKH SK\VLFDO DIIHFWLRY WQ ROION LGALRADY @\
DJUHHKH 3$6 LV WUDGLWLRQDOO\ FRPSRVHG RI D SH\VLFL
DQG D URXWLQH DIIHFWLRQ VFD QM SRAUW KR P HQV R U HfY HROW
RI SK\VLFDO DIIHFWLRQ UHFHLYHG IURP D SDUWQHY 2QH
WLRQ VFDOH DVVHVVHV VH{XD®D YW IDFWEL R@ QU H LQ
WLRQV DW WKH NHUMJ & HZ®F UIDRRHYHG IURP WKDW VXEVFDO
XVHG LQ RXU PRGHO DV D FRQWURO SWHGXBW RU | WRWRH R
LQWLPDWH WRXFK VSHFLILFDOO\ DV RSSRVHG WR HHLQJ
ZHUH DYHUDJHG WR FRPSXWH VFDOH VFRUHV IRU WRXFK
URXWLQH DIITHFWLRQ WRXF Ki ¥ DM RWI XKW BR-Q@ESURAUH VLR Q
ZLYHV URXWLQH DIIHEWE RRUGK RHRNBEQRU ZLYHV
5HODWLROVKLS VDWLVIDFWLKRH 3RYE VELLY/Y DY GV 1 B8 WR @ H
"LIIHUHQWLDO66FDODMWVBYRQ 5RJJH -RKQVRQ 'DYLG|VRQ
LV DLWHP TXHVWLRQQDLUH ZKH USRI WOEISHUNE DO UKCRZ
ZHOO WKH\ IHHO FHUWDLQ ZRUGV GHYEW FBWRIVEE LUl UHOL
“FRPSOMWHDS60' LV FRPSRVHG Rl WZR VHSDUDWH VXEVFD
VDWLVIDFWLRQ VFDOH L H SRVLWLYH VHPDQWLF GLPHGC
VLGHU RQO\ SRVLWLYH DVSHFWV RI WKHLU UHODWL|RQVK
HYDOXDWHV WKM BRODWILRQTVKD®LWLHY 7KH UHOOQWLRQ
LH QHJDWLYH VHPDQWLF GLPHQVLRQ SURPSWV WKH S
DWYH DVSHRW R \WH UHDMRQUKLS Z KIB! LI QRUQ) \WWH SRMYH RGHV DQG HYDODWMY \WH
UHODWNMRQNKDWLYH TXDOLWLHY ,WHPV ZHUH DYHUDJHG
VDWLVIDFWLRQ DQG GLVVDWLVIDEWERIR UVOXWMBEEEW LR Q
IRU ZLYHV GLVVDWLVaER% LR IGU\PHEPEWRYU ZLYHV [$00
LWHPV IRU PHDVXUHV FDQ EH IRXQG LQ VXSSOHPHQWDO
30DQQHG $QDO\VLV
“H XWLOL]H G 3K RHVWROWHUGHSHQGHQFH ORGHO| $3,0
WD[ DGDSWHG IURP .HQQ\ HW DO DOORZLQJ XV WR
DO DWWDFKPHQW WHQGHQFLHY RQ WKHLU RZQ RXW|FRPH"
RI WKHLU VSRXVH L H SDUWQHU HIIHFW + 7KH DPSSUR
LQWHUFHSW EXWROGMHY BXPR\DQG IHPDOH YDULDEOJHV ZI
LQWHUFHSWYV WR VSHFLI\ VHSDUDWH HTXDWLRQV IRU KX
7KH UHVLGXDGRWDWLD@FAH LQ WKH PRGHO KDV WKUMNH FR
VHSDUDWH HUURU Y D U LDDQG- B LFREWIE RWPENQISYG WKHLD FRY
ZKLFK PRGHOV QRQLQGHSHQGHQFH EHWZHHQ SDUW|QHUV
GHJUHHV RI IUHHGRP IRU WKH QHVWLQJ RFR®IEGE YIHINDHOL/
YDULDEOHY DOORZV IRU WKH HIITHFW RI HDFK YDULBEOH °
EDQGV DQGSFMYRIY DQG SDUWQHU HIIHFWV DUH DGGHG LQ
ZH GLG QRW VSHFLI\ D SULRUL JHQGHU HIIHFWV ZH|DVVF
HITHFWV HPHUJH DFURY® KXWEWD/QGMNFLVLRQ ZDV EDJHG R
VXSSRUWLQJ WKDW WKH LPSDFWV RI WRXFK PD\ YDU\ DFL
*XOOHGJH HW DO ZLWK SHUFHSWLRQV RI {SHFL
GHSHQGHQW *XOOHGJH BWDKPDQQ :LOVRQ YXUW
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ZLYHV DUH PRUH LPSDFWHG E\ PDUULD JH HDWHH UL QJ S0 DWL
LOQWHUGHSHQBSIQNMWMB®IDWLRQV DQG VRFLDO VXERPGLQEL
IRU UHYLHZ ZKLFK OLNHO\ UHODWHV WR SHUFHSWLR
$3,0 PRGHOV WR WHVW IRU VWDWLVWLFDO GLIIHUH®FHV
‘H ILUVW UDQ PRQDQWEHVABEQWH PRGHO WR SURYLGH LQL
UHVLGXDO RXWFRPH YDULDQFHY DQG WKHLU FRYDULDQFI
3VXHERDOXHV WR SURYLGH D URXJK JDXJH RI YDULIDQFH
ILUVW EORFN LQFOXGHG FRQWURO YDULDEOHV L H| DJH
WLRQ IROORZHG E\ WHVWV Rl WKH DFWRU DQG SDUWQH
WHQGHQFLHYV 5HOHYDQW UHVXOWYV DUH UHSRUWHG LQ W
XQVWDQGDUGL]HG FRHIILFLHQWY VWDQGDUG HUURJUV D
SOD\HG LQ 7DEOHVY DQG DQG 6XSSOHPHQWDO 7D|EOH
WLRQ LQWR WKH PRGHO + 7KLV DOORZHG XV WR PVVH\
DWWDFKPHQW LQVHFXULWLHY DQG WRXFK VDWLVIDFWLR(
JDJHPHQW LQ URXWLQH DIIHFWLRQ 7KH LQWHUDFW|LRQ W
WHVW WKH K\SRWKHVL]HG + PRGHUDWLRQ HIIHFW) IRU
DW OHYHOV RI URXWLQH DIIHFWLRQ
‘H UDQ WZR DGGLGM RQPISWZRRGHOV HYDOXDWLQJ WKH
WRXFK DA WDO VDWLVIDFWLRQ DQG GLVVDWLVIDFWLRQ
HYDOXDWLRQV RI WKH PDUULDJH ZH FRQWUROOHG [RU W
ZKLFK DOORZHG XV WR VHH LI WRXFK DVVRFLDWHG [ZLWK
YHUVXV GLVVDWLVIDFWLRQ :H DOVR LQFOXGHG WKH VDP
VFKHPH IRU WKH DFWRU DQG SDUWQHU HIIHFWV RI PWWD
WLRQ DQDO\VHV :H XVHG WKH HVWLPDWHYV IURP WHLV PF
DVVRFLDWLRQ EHWZHHQ DWWDFKPHQW DQG WRXFK|vDWL
+ XVLQJ WKH 352'&/,1 PHWKRG ZKLFK SURYLGHV B PRU
WLRQ E\ DFFRXQWLQJ IRU WKH DV\PPHWULF GLVWUIREXWL
ZLWK FRQILGHQFH EDQGY QRW RYHUODSSLQJ JHUI
DWLRQ HIIHFW /DVWO\ ZH HQWHUHG URXWLQH DIIHFWLR
HYDOXDWLRQV LQGHSHQGHQW IURP WRXFK VDWLVIDFWLR
ULHVY DQ LQGHSHQGHQW DVVRFLDWLRQ ZLWK PDULWDO T.
5HVXOWYV
3UHOLPLQDU\ $QDO\VHYV
'DWD FOHDQLQJ DQG PR G@HODDANXP FWHPQWG SULRUl WR D
GDWD IRU VSHFLILF LWHPV ZHUH GHULYHG E\ PHDQ [LPSX\
EDVHG RQ LQGLYLGXDOV PHDQV IRU HDFK VXEVFDOH ,QC
WKHLU GDWD IRU D VXEVFDOH DQG QVK HALRIX SIDHMIK@NWL @ B W
DQ DQDO\]HG VDPSOH-RH[ FRELSIHHNH QW UHGXFHG WKH UD:
XQLYDULDWH RXWOLHU ]! VR WKDW LW PDLQWPLQHC
QRUPDO ERXQGV 7KH PHDVXUH RI GLVVDWLVIDFWLRQ IR!
RXWOLHUV HPHUJH HYHQ DIWHU H[FOXGLQJ WKH ILYVw V
DQG NXUWRVLV $V VXFK ZH DSSOLHG D VTXDUH URRW W
OLHUV DQG LPSURYHG QRUPDOLW\ :H VFUHHQHG IRJU PXC
ELV GLVWDQFH DQG LQIOXH§VGL D@ RISV DWH Q@J 6&RR NU F
KXVEDQGYV DQG ZLYHV DQG UDQ WKH ILQDO PRGHOYVY H[FC
UHSRUWLQJ WKH UHVXOWYV LQFOXGLQJ RIIHQGLQJ FpVvHV
SDWWHUQ RI UHVXOWYV )RU WKH PXOWLOHYHO PRGHOV Z
KRPRVFHGDVWLFLW\
'"HVFULSWLYH+OWEWQBW LIF9G ZLYHV GLG QRW VLJQLJLFDQ
LQJV IRU WKH PDMRULW\ RI YDULDEOHV H[FHSW WRKFK V
FDO DIIHFWLRQ &RPSDUHG WR KXVEDQGV ZLYHV ZHUH P
s 6 ( G DQG UHSRUWHG WKDW WKHLU SI
URXWLQH DIIHFWLRQ W S 6 ( G 5R X
VDWLVIDFWLRQ VH[XDO VDWLVIDFWLRQ DQG PDULWDO V
HG ZLWK PDULWDO GLVVDWLVIDFWLRQ FRUUHODWL|QJ QH
WDFKPHQW WHQGHQFLHY ZHUH QHJDWLYHO\ FRUUHDPDWH
IDFWLRQ VH[XDO VDWLVIDFWLRQ DQG PDULWDO TXpPOLW)
ZDV FRUUHODWHG ZLWK UHODWLRQVKLS VDWLVIDFWLRQ
ZLWK UHODWLRQVKLS DQG VH[XDO VDWLVIDFWLRQ IfRU ZL
RI HDFK YDULDEOH FDQ EH IRXQG LQ 7DEOH
'R DWWDFKPHQW LQVHEXULWLHY DVVRFLDWH ZLWK QWL
WLQH DIIHFWLRQ PRGHUDWH WKLY UHODWLRQVKLS"
YROORZLQJ WKH EDVHOLQH DQDO\VLY ZH HQWHUH|c LQV
VH[XDO VDWLVIDFWLRQ DV FRQWURO YDULDEOHV IROOR:
WKH $Q[LHW\ DQG $YRLGDQFH VXEVFDOHV RI WKH 5B$6 V
SUHGLFWHG WKDW DQ[LHW\ DQG DYRLGDQFH ZRXOG| DVVF
+ :H DOVR SUHGLFWHG ZLWKRXW GLUHFWLRQ WKpW
QHU WRXFK VDWLVIDFWLRQ + D DQG WKDW LQGLYLG:
SDUWQHUV ZLWK OHVV WRXFK VDWLVIDFWLRQ + E |7KHV
HG :KHQ FRQWUROOLQJ IRU DJH PDULWDO OHQJWK DQG
DQG ZLY®MHW\ DVVRFLDWHG QHJDWLYROV.ZE, WK WRKFK V
D QB>=-0.24, S UHVSHFWLYHO\ ,Q DGGLWLRQ KXVEDQG"
DYRLGDQFH HQGRUVHG OHF¥-0MRXSFK VD Wl WEKFHWLR@W UR O
EOHV VH[XDO VDWLVIDBWILI®SIRU KXVEB ERWK VH[YDO VI
WLRQ DQG DJHARIY PIQYHY  UHVSHFWLYHO\ SV DVV
WLYHO\ ZLWK WRXFK VDWLVIDFWLRQ /HQJWK RI PDPULDJ
VDWLVIDFWLRQ IRBERIVKSKXVEDQQG BEYHMY S
(VWLPDWHV IRU KXVEDQGY DQG ZLYHV ZHUH QRW VLJQLIL
VDWLVIDFWLRQ KDG D ZHDNHU HIITHFW FRRQUIBRXFK VOWLVII
‘H WKHQ HQWHUHG URXWLQH DIIHFWLRQ LQWR WKH PRG
UHQGHUHG WKH HDNAFME RQ EHYRIYVKRXE® YOGWLVIDFWLRQ Q
VLJQLIRED@WS 5RXWLQH DIIHFWLRQ DFFRXQWHG IRU
DQ[LHW\ RQ KHU RZQ WRXFK VDWLVIDFWLRQ DV ZHpO DV
KXVED/QRBZQ WRXFK VDWLVIDFWLRQ ZKLFK ZHUH ERWK QR
JUHDWHU URXWLQH DIIHFWLRQ DVVRFLDWHG ZLWK KLJKH
DQG ZIB¥-=H¥5 DQG SV ZLWK D PDUJLQDO HIIHFW Vv
HVWLPDWH IRU ZLYHV ZDV VWDWLVW LFDOD\SYPDOOBY WK
K\SRWKHVL]HG EXW FRQILUPHG IRU PHQDRQICRXW PMWIDHAK'
PHQW UHPDLQHG VLJQLILFDQW ZKHQ FRE0B8 BOOLQJ IRU L
‘H DOVR K\SRWKHVL]HG WKDW URXWLQH DIIHFWLRQ|ZRXO
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DYRLGDQW DQG DQ[LRXV WHQGHQFLHY RQ WRXFK VDWLVI
SDUWLDOO\ VXSSRUWHG VHH 7DEOH %ORFN HJIRXQ
IHFWLRQ PRGHUDWHG WKH DVVRFLDWLRQ RI DQ[LRXYV WH
H[SHFWHG GLUHFWLRQ $V VKRZQ LQ )LIXUH KXV EDQG
WRXFK VDWLVIDFWLRQ DW KLJK OHYHOV RI DQ[LHWY DV W
DIIHFWLRQ $GGLWLYRQDOQFH ZPNVPRGHUDWHG EA URXWL!

S WKRXJK QRW DV VWURQJO\ DV RULJLQDOJO\ K\¢&
OHYHOV RI URXWLQH DIIHFWLRQ ZLYHV ZLWK KLJKHU DYI
WRXFK VDWLVIDFWLRQ WKDQ WKHLU OHVV DYRLGDQW FR:
ORZHU WRXFK VDWLVIDFWLRQ WKDQ DW KLJK OHYH®V RI
RSSRVHG WR EHLQJ LQFUHDVLQJO\ OHVV VDWLVILH® DV \
FUHDVHG
'RHY 7RXFK 6DWLVIDFWLRQ OHGLDWH WKH $VVRFLDYWLRQ

DOG 5SHODWLRQVKLS 6DWLVIDFWLRQ DQG 'LVVDWLVIDFWL

2XU K\SRWKHVLV WKDW KLJKHU WRXFK VDWLVIDFWLRQ z
DQG ORZHU GLVVDWLVIDFWLRQ ZLWK WKH UHODWLRQVKL
GLFWHG WRXFK VDWLVIDFWLRQ DVVRFLDWHG SRVLWLYH(

EDQ@G¥0.38=0.25, S DQG BEWRBYS EXW ZDV QRW VLI
FDQWO\ UHODWHG WR PDULWDOBELO02DSVLVIDFRUL BBRNMRY K

S ‘H WKHQ DGGHG URXWLQH DIIHFWLRQ WR WK}
IRXQG WKDW LW XQLTXHO\ DVVRFLDWHG ZLWK KXVEDQGYV
GLUHBWOLRIQS FRQWUROOLQJ IRU WRXFK VDWLYIDFW
FD@WwO0.22, S JRU ZLYHV ORZ URXWLQH DIIHFWLRQ DV
MICGWDWIDRIRQB = -0.19, S ZKLFK ZDV VLJQLILFDQWO\VWUF

IHFW REVHUYI8G-0R8) PHQ DQG WKH DVVRFLDWLRQ|EHW:
IDFWLRQ DQG PDULWDO VDWLYVIPFORLRYQ UHP DAKHVE [ LOGL
LQJV VXJIJHVW WKDW HYDOXDWLRQV RI WRXFK KDYH HIIHI
HQW RI URXWLQH DIIHFWLRQ DQG WKDW URXWLQH 'OIIHFW
PDULWDO VDWLVIDFWULRWDIDOGLIYMDMWLY IDFWLRQ LQHSHQ
IDFWLRQ )LQDO SDUDPHWHU HVWLPDWHYVY IRU WKH [X00 I
/IDVWO\ ZH FRQGXFWHG H[SORUDWRU\ DQDO\VHV WR VH
IDFWLRQ LV D SRWHQWLDO SDWKZD\ EHWZHHQ DWW|DFKP!
GLVVDWLVIDFWLRQ + 7HVWLQJ DOO YLDEOH DFWRU PH
VXSSRUW IRU WKLV K\SRWKHVLV 6SHFLILFDOO\ WRIXFK V
SDWKZD\ EHWZHHQ DQ[LHW\ DQG PDULWD@&.V-DWL\DIQEWLR
ZLYHY-E 1RWDEO\ WKHUH ZHUH QR GLUHFW HIIHEWV R
PDULWDO TXDOLW\ PHDQLQJ WKDW WKH REVHUYHG|HIIHF
SDWKZD\V ZHUH VLJQLILFDQW (VWLPDWHYVY IRU DOO|SDWEk
7DEOH
"LVFXVVLRQ
2XU SULPDU\ DLP ZDV WR HYDOXDWH SRWHQWLDO |[LQUR
ZLWK LQWLPDWH WRXFK VDWLWHFWRROOHV P RXWU LLH B0 W
KLJKOLJKW WKDW DWWDFKPHQW ZDV UHOHYDQW WH WRX
VHDUFK %UHQQDQ HW DO D .XQFH G6KDYHU 21R
EXW IXUWKHU HVWDEOLVKHG WKDW DWWDFKPHQW UYQVHF
ZLWK KRZ WRXFK LV HYDOXDWHG LQ VRPH FDVHV ORUH V
RXU K\SRWKHVHV WKDW JUHDWHU DWWDFKPHQW DQ|[LHW\
LVIDFWLRQ ZKHQ FRQWUROOLQJ IRU URXWLQH DIIHFWLRC
KXVEDQGY 7KLV LV FRQVLVWHQW ZLWK %UHQQDQ QG FI
LRXVO\ DWWDFKHG LQGLYLGXDOV UHSRUW ZDQWLQJ PRUI
ILQGLQJV WKDW ORZHU WRXFK VDWLVIDFWLRQ PD\ §RW E
FKDQJHG EXW PD\ VWHP IURP GHILFLWV LQ GHFRGL{J FRI
SUHWLQJ SDUWQHU EHKDYLRU 7XFNHU $QGHUV ZK
SDUWLFXODUO\ VDOLHQW IRU KXVEDQGV +RZHYHU |RYHU
RI URXWLQH DIIHFRHBBEH RWLRQHRI KRZ WKHLU SDUWQHU
JUHDWHVW DVVRFLDWLRQ ZLWK WRXFK VDWLVIDFWIRQ D
WLHV
2XU PRGHUDWLRQ DQDO\VLY UHYHDOHG DQ LQWHUDFWL
URXWLQH DIIHFWLRQ EXW IRU KXVEDQGVY RQO\ $ UHODW
PRVW NHHQO\ E\ PRUH DQ[LRXVO\ DWWDFKHG KXVE}QGV
1RWDEO\ ZKHQ URXWLQH DIIHFWLRQ ZDV KLJK PRUN DQIL
DEOH LQ WRXFK VDWLVIDFWLRQ IURP WKHLU OHVV PQ[LR.
EHHQ REVHUYHG ZLWK VRFLDO VXSSRUW &ROOLQV| YHH¢
PDWH WRXPKQWROD® %LUPLQJKDP /LIJKW 3HUKDSV
JDJHPHQW LQ D EHKDYLRU LV KDUGHU WR GLVFRXQW RU
DPELJXRXV UHDVVXUDQFH DUH OLNHOLHU WR EH FRlQvwuU
PHQW RU UHMHFWLRQ IRU WKRVH KLJK LQ DWWDFKHHQW
‘H DOVR IRXQG WKDW PRUH DYRLGDQW ZLYHV VKREHG O
OHYHOV RI URXWLQH DIIHFWLRQ FRPSDUHG WR WKRVH Z
KLJKHU LQ DYRLGDQW WHQGHQFLHV PD\ EH OHVV LRSDFW
FDXVH WKH\ DUH OHVV OLNHO\ WR XVH WRXFK DV D|PHDQ

%UHQQDQ HW DO D UHFHLYH OHVV EHQHILWV |IURP
DQG QHHG OHVV GLVSOD\V RI DIITHFWLRQ WR GHILQ®K D U}
JOQHWWHYV +XGVRQ )UDOH\ 7KH\ PD\ EH FRUUHVSRC

DEVHQFH Rl WRXFK DQG PD\ QRW LQWHUSUHW ZKDW WKH
DOO DGG FUHGHQFH WR WKH QRWLRQ WKDW KRZ WHXFK L
LQIOXHQFHG E\ DWWDFKPHQW LQVHFXULW\
7KH K\SRWKHVL]HG DVVRFLDWLRQV EHWZWR & FIX\VPINFLKVA |
WLRQ HPHUJHG IRU ZLYHV ZLWK PRUH LQVHFXUH QGHC
KROG ZKHQ URXWLQH DIIHFWLRQ LV DFFRXQWHG IRy 7KL
LQ ZKLFK HQJDJHPHQW LQ URXWLQH DIIHFWLRQ PD\|LQIO:
PHQW LPSDFWV WRXFK VDWLVIDFWLRQ WKRXJK WKLV LV
EDVHG RQ D SULRUL K\SRWKHVHV IRU WKLV DQUXIBW\)RY H
VRFLDWHG QHJDWLYHO\ ZLWK WRXFK VDWLVIDFWLRR WK
HQJDJHPHQW LQ URXWLQH DIIHFWLRQ 2QH LQWHUHVWLQ
LPSHOOHG ZLYHV WR XVH WRXFK LQ FRQWUROOLQJ|RU PL
RU WR H[FHVVLYHO\ VHHN SURJ[LPLMAR IOGDGAK) I VO BI
'"HZLWWH HW DO ILNHZLVH ZH QR ORQJHU'IRXQG I
DYRLGDQFH DQG W MHIXF K XADEMIQBUFWLRQ ZKHQ DFFRXQW
WLRQ 7KLV PD\ VXJJHVW WKDW KXVEDQGV RI PRUH|DYRL
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WRXFK EHFDXVH WKH\ ZHUH EHLQJ WRXFKHG LQIUHTXHQYV
ZLWK OHVV DYRLGDQW ZLYHV 7KLV VTXDUHV ZLWK JUHVHI
XDO SUHHUI UDMUIQMSHYRCDOGMEIGRH . DWW %DuU+DIP / HKUU  * IRWP DQ
DQG DUH PRUH WRXFK DYRLGDQW H J %UHQQD|Q HW
ZRPHQ 6LPSVRQ 5KROHV 1HOOLJDQ 7TKXV KHVE
WDFKPHQW PD\ DVVRFLDWH ZLWK WRXFK VDWLVIDFWLRQ
H[DFW PHFKDQLVPV YDU\LQJ E\ JHQGHU DQG W\SH RI DWV
2XU VHFRQG DLP ZDV WR EHWWHU XQGHUVWDQG KRZ WF
WLRQ DVVRFLDWHG ZLWK HYDOXDWLRQV RI WKH PDPULDJ
WKDW WRXFK VDWLVIDFWLRQ DVVRFLDWHG ZLWK POULWD
VXJIJHVWLQJ WKDW LW ZDV YLHZHG DV WKH SUHVHQJFH RI
RI D QHJDWLYH 7KHVH ILQGLQJV DOVR VXSSRUW WKDW S
DWWDFRKPIOGWDQW EHKDYLRUV HJ VRFLDO VXSSRPW k
PDULWDO TXDOLW\ EH\RQG MXVW EHKDYLRUDO HQJPJIHPH
URXWLQH DIIHFWLRQ QRW RQO\ H[SODLQHG WKH PRlVW YL
DVVRFLDWHG LQGHSHQGHQWO\ ZLWK EHWWHU RYHUDOO
WKPMW)GHSHQGHQW RI KRZ LW LV DSSUD LVHGI B UHP WY FLK
URXWLQH DIIHFWLRQ DSSHDUV WR PDWWHU 5HJDUGLQJ F
SRVLWLYHO\ LPSDF\RY W ISRHQRRHEBD RXWVLGH RI|FRQV
VXFK DV R[\WRFLQ UHOHDVH HJ *DOODFH B6SHQHAH
PDULWDO SURFHVVHV H J-/X\RPANDG VHPIIRK VWo DHR +DUI
SKHQVRQ DQG TXDOLW\ *RXLQ HW DO $OWHUQ
FRXOG EH GLDJQRVWLF RI GLVWUHVV RU VRPHKRZ QIILOL
FDVH LW LV QRWDEOH WKDW IRU KXWEDIQGWH DR DRX
VHQFH RI VRPHWKLQJ SRVLWLYH ZKHUHDV IRU ZLYHV LW
PDULWDO GLVWUHVV DQG PD\ VXJJHVW GLIIHUHQWL[pO IX
JHQGHUV 7KLV FRLQFLGHV ZLWK RWKHU UHVHDUFK|LQGL
IRUPV RI LQWLPDWH WRXFK PD\ YDU\ FRQVLGHUDEOj DFU
*XOOHGJH HW DO IHYHUWKHOHVV WKH QKPEHL
HQFHV ZDV SUHVHQWO\ VPDOO VXJJHVWLQJ WKDW BURFt
VDWLVIDFWLRQ PD\ EH EURDGO\ FRPSDUDEOH DFURfV JH
JLQDOO\ WKH UHVXOWYV RI RXU PHGLDWLRQ DQDOYVHV \
LQIOXHQFHG PDULWDO TXDOLW\ EHFDXVH DWWDFKPHQW |
WRXFK VDWLVIDFWLRQ ,QWHUSUHWDWLRQ RI WKHVH HIIF
WHQGHQFLHYV FDQ GULIW GXULQJ PDUULDJH EHLQJ|ERWK
WUHVV RYHU WLPH 'DYLOD .DUQH\ %UDGEXU\ /LN
DWWDFKPHQW VHFXULW\ -DNXELDN )HHQH\ goOwRJ
VLEOH FDXVDO SDWKZD\V E\ ZKLFK RXU VWXG\ YDULDEOH
PHGLDWLRQ HIIHFWV ZHUH HQWLUHO\RHGLDM H® DLV[WR FWI
EHWZHHQ DQ[LHW\ DQG PDULWDO TXDOLW\ ZKLFK PD\ Ut
PHGLDWLRQ VHH ODF.LQQRQ )DLUFKLOG 7KHUHIRL
HITHFWV KLJKOLJKW DYHQXHV E\ ZKLFK DWWDFKPHQW Wi
FRQQHFW PHFKDQLVWLFDOO\ EXW VKRXOG EH LQWHUSUF
H[DFW FDXVDO VWUXFWXUH ZLOO UHTXLUH D ORQJLwWXGL
OHWKRGRORJLFDO &RQVLGHUDWLRQV
2XU VDPSOH RI HYWDEOLVKHG FRXSOHV KDG D EURDG U
WKDW RXU ILQGLQJV HPHUJHG DFURVYV PDUULDJHV PW YD
PD\ KDYH OHVV LQIOXHQFH ODWHU LQ PDUULDJH +ROOLV
WKDW DWWKHWEH. OHYHO DWWDFKPHQW WHQGHQFLUHV DC
FRUUHODWHG DQG WKDW VXEMHFWLYH H[SHULHQFHYV PD'
DIWHU \HDUV Rl PDUULDJH 7KLV LV LPSRUWDQW EH[FDXVI
WRXFK KDV IRFXVHG SULPDULO\ RQ FROOHJH VDPSHV H
VSLWH WKDW LQFUHDVHG VWDELOLW\ DQG FRPPLWHHQW
FKDQJH RIWHQ EHFRPH PRUH VHFXUH RQFH PDUULH[G &UI
‘DYLOD HW DO VXJIJHVWLQJ WKDW WKRVH LQ RXU V
LQVHFXUH WHQGHQFLHYV PD\ EH REMHFWLYHO\ GLIITHUHQW
LQ PHUFXULDO FROOHJH UHODWLRQVKLSY +RZHYHJy RXU
HUDOL]DELOLW\ $V LW SUHGRPLQD-GWOWBRYYV HGWHIKX RD \(
LQGLYLGXD®RLBGORZLQFRPH RXU ILQGLQJV PD\ QRW wWUI
GLYHUVH FRXSOHV )RU LQVWDQFH LQWLPDWH WRXFK PO
GLIIHUHQW LQ GLVWUHVVHG FRXSOHV ZLWK WKH LESDFW
WUDXPDWLF H[SHULHQFHV H J VH[XDO DVVDXOW RU EH
$GGLWLRQDOO\ WRXFK LQ WLPHV RIWNMOLCHVNG SDNWHMAKF
HJ DSSDRREGDQFH VWUDWHJILHV VHH 'HZLWWH HwW DO
OLQNHG WR DWWDFKPHQW KRZHYHU RXU ILQGLQJV DUH
IHYHUWKHOHVV LW LV XQOLNHO\ WKDW SUR[LPLW\|PDLQ
WKUHDWV ,QVWHDG LW PD\ EH D ZD\ WR SURDFWLYHO\ L
OLNHOLKRRG Rl VH[ DQG SURFUHDWLRQ $V VXFK XIQGHU
WDFKPHQW LQ URPDQWLF UHODWLRQVKLSV ZLWKRXW DQ
VWDQG KRZ WRXFK DVVRFLDWHV ZLWK GDLO\ IXQFWLRQL!
2XU PHDVXUHV ZDUUDQW IXUWKHU GLVFXVVLRQ )luvw
DIIHFWLRQ WKDW HQFRPSDVVHV D UDQJH RI WRXFK|EHKD
VHVVHG SDUWLFXODU EHKDYLRUV HJ NLVVLQJ )QR\G F
EH VSHFLILF WR WKDW EHKDYLRU DV ZHOO DV JHQGHU G
6WDKPDQQ :LOVRQ ZKHUHDV RXU FXUUHQW RSHUL
HUDOO\ ,W LV LPSRUWDQW WR QRWH WKDW WKH PHDVXU
ZKHWKHU WKHLU SDUWQHU HQJDJHG LQ D EHKDYLRU ,Q ¢
DVVRFLDWHV ZLWK SHUFHSWLRQV LW LV DOVR SRV|VLEO}
LQJ Rl SDUWQHU EHKDYLRUYV DQG WKDW SHUFHSWXPO LQ
HQJDJHPHQW LQ URXWLQH DIIHFWLRQ
‘H DOVR FRQWUROOHG IRU VH[XDO VDWLVIDFWLRQ $Ww
WLRQ PDQ@EWDO TXDOLW\ DUH GHPRQVWUDEO\ LQWHUWZL
DQG WKHUH LV HYLGHQFH WR VXJJHVW WKDW WRXFK DQG
WLFDOO\ RYHUODS 9DQ $QGHUV (BWEBWWHLQ :DGH|YH®6 I
OHVV UHVHDUFK RQ LQWLPDWH WRXFK KDV QRW FRQWUR
&KRSLN HW DO DQG RIWHQ GRHV QRW VHSDUDWH W
DQG VH[XDOLW\ VHH OXLVH HW DO YXWXUH VWXGLF
ERWK WRXFK DQG VH[ DV RXU UHVXOWV VXJJHVW WKDW °
VH[XDO VDWLVIDFWLRQ ZLWK RWKHU YDULDEOHV PO\ EH 1
JRRG VH[ RQ UHODWLRQVKLS TXDOLW\ LV RYHUVWDWHG
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RQW SDUWQHU LV DV LPSRUWDQW
JLQDOO\ ZH PHDVXUHG PDULWDO TXDOLW\ XV
GHQFH RI WKHLU LQFUHP HGWMHQYDR QG DWEQREHIIR R
PDULWDO TXDOLW\ PHDVXUHV DUH VWLOO LQIUHTXH
FRPSULVH ERWK SRVLWLYH DQG QHJDWLYH IDFHWV
WKHUHRI FRQIH U\ MXHRLGW LRDRORDWLRQ 3UHVHQ
YLHZHG LQIUHTXHQW WRXFK DV WKH DEVHQFH RI VH
EXW IRU ZLYHV LW ZDV SHUFHLYHG DV D QHJDWLYH
URXWLQH DIIHFWLRQ KDV GLIIHUH QWG Z'SRMEFDWDRQ Q)
DQG LV FRQVLVWHQW ZLWK UHVHDUFK LQGLFDWLQJ
DFURVY JHQGHU HJ *XOOHGJH HW DO ([SOR
HV OLQNLQJ URXWLQH D MB RW I RIF W RRIG{ VB W HD/H
SURYH WR EH D IUXLWIXO OLQH RI LQTXLU\ IRU IXW
&RQFOXVLRQV
$GXOW DWWDFKPHQW SURYLGHYV D XVHIXO IUDPHZ
YLGXDO GLIIHUHQFHV LQ SUR[LPLW\ VHHNLQJ EHKD
VXOWV VXSSRUW WKLV QRWLRQ DQG FRQYHUJH RQ
LQWHUIDFH ZLWK LQWLPDWH WRXFK LQ D YDULHW\
JHQGHU 2XU UHVXOWVY DOVR GHPRQVWUDWHG WKD
WRXFK XQLTXHO\ DVVRFLDWHG ZLWK PDULWDO TXD
FRQWUROOLQJ IRU VH[XDO VDWLVIDFWLRQ VXV BH¥XH
WDFWLOH DITHFWLRQ DQG LWV DSSUDLVDO 7KHVH I
PDUULHG FRXSOHV ZKLOH FRQWUROOLQJ IRU DJH D
PHQW DQG WRXFK DUH DVVRFLDWHG ZLWK HDFK RW
EOH XQLRQV 1HYHUWKHOHVYV -DNFRWIR G B &L WK BDAD
DVVRFLDWLRQVY SOD\ RXW DW WKH FDXVDO OHYHO L
DERXW FDXVDO GLUHFWLRQDOLW\ VKRXOG EH WUHO
RXU IRFXV WR URXWLQH DIIHFWLRQ DQG RXU SUHV
IRUPV RI RU FRQWH[WV IRU LQWLPDWH WRXFK $V V
IRU IXWXUH UHVHDUFK ZKLFK VKRXOG HQGHDYRU W
PDWH WRXFK DQG PDULWDO TXDOLW\ UHODWH PHF
ZRUN DV ZHOO DV H[WHQG WKH GRPDLQ RI LQWLPD
VLWXDWLRQVY DQG EHKDYLRUV

.8'26
‘H'G OLNH WR FHOHEUDWH WKHVH VSHFLD
ORZLQJ 6,* PHRERQUWDWXODWLRQV \|

QJ W
\@ DR

QWO\
DQG
WO\

PHWk
7KLV
\K DR
WKDV
uLQJ
WLROQ
UH U

RUN W
LRU
VKH L
R1 ZD\
V ERW
DLW\ L
M QJ |
LQGL!
DG PD
KHU D
W RVZ
V FXL
WHG
HQW |
XFK |
R PD!
DQLV
WH WI

D HY
R \R

'U &KULVWLOD-"YDEVRRXBPOM $GMXVWPHQW WR 6WWHVYV

IDE

F6HLIJLH HQQHG EH KHDGHG WR WKH 6\UDFRXWRIUDEO | RQV

VKLS QHHDW UM JRLQJ WRtPKWVLKHWRLQJ WR FRQWLQ

F&RQJUDWXOMLWHRQWNBEHID (URQ SDVVLQJI WKHLU
VLYH H[DPV ZLWK 10\LQJ FRORUV

F&RQJUDWXOHDWLIR QVRIHBDUQLQJ WKH %LQJINDR\DR
DWW XGHQW ([FHOOHQFH $ZDUG IRU KHU GHGLFDWL

'UvV._%ULDQ .DW\ K ROCSXFHRWY /DERUDWRU\ IRU 2EVHU

r-DvDUD +RJDOFFHBSWHG D 1DWLRQDO ,QVWLWXWH
KROLVP 1,$$%$ 3RVWGRFWRUDO )HOORZVKLS DW WK
&RQJUDWYV -DVDUD

H WR
FRP¢
@ 8QL
RQ WI

DWLI

RQ $
H OHC

I $OH[ &UHQVKRPVOBFFHSWHG D SBRVWGRFWRUDO )HOOR

ORQVRQO03%$&7 /DE DW 5\HUVRQ 8QLYHUVLW\ &RQJUIL

f . DUHQD /HRRL@®$O EH VWDUWLQJ KHU FOLQLFDO L
.DQVDV OHGLFDMNKEWQYWPRRHU

'U 'RODOG WDEXERRRXSOHV /DE

r.LP BHQWHDFPBSWHG D 3BRVWGRFWRUDO )HOORZ
+HDOWK DW WKH 6HDWWOH 9% +RVSLWDO &RQJUDW,

F'DQLHOOH :HEJMFHI$YHG D 'HSDUWPHQWDO 8QGHU
PHQGDWLRQ IRU )DOO LQ UHFRJQLWLRQ RI H[FH
VXFFHVVIXOO\ SURSRVHG KHU GLVVHUWDWLRQ &R(

F $OH[DQGUDURMBDYHG D 'HSDUWPHQWDO 8QGHUJ
PHQGDWLRQ IRU )DOO LQ UHFRJQLWLRQ RI H[FH

' 'RQDOG %DKFRIRYHG D 8QLYHUVLW\ WHDFKLQ
WHDFKLQJ DW WKH JUDGXDWH OHYHO

'UV 6 WHYHQ %HDFK "VX3V¥ IR XBOGHWOQG )DPLO\ /LIH

F7RQ\ 3HWUXPMORICHG IRU KLV FOLQLFDO LQWHUQ
YORULGD

WV ¢

DPWHU

KLS
vV .LP

JUDG
BWLR(
JUDW

UDGX
PWLR(

DzD

VSDOQ
VKLS
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'U SHEHFFDV®%DRER®\ 'HYHORSPHQW /DE

F (ULQ 5DPVGMIO®HDU JUDGXDWH VWXGHQW U HKEH L
,PSDFW RI WKH (DUO\ )DPLO\ (QYLURQPHQEW WRHEQ
W\ Rl 1HEALIFRODQ %HKDYLRUDO 3URJUDP RI ([FHOO
WKH 5REHUW / :HLVV 6WXGHQW 5HVHDUFK $ZDUG IF
3UHVHQWDWLRQ DW $VVRFLDWLRQ IRU %HKDYLRUD
$%&7$ KHDOWK\ LQWHUSDUHQWDO UHODWLRQVKLS
DGDSWLYH IDPLO\ IXQFWLRQLQJ SRVWSDUWXP

F)UDQQLH &DQBLQMWMU JUDGXDWH VWXGHQW ZDV I
RI+<3(5/,1. KWWSV QHZV XQO HGX QHZVUR®SG R WK
G D-WN-GMB D U WQXI$I$ RIMEUDVND 7RGD\

IF5HEHFFD %UREFR, ZDV DZDUGHG WHQXUH DQG SU
BURIHVVRU HIIHFWLYH $XJXVW DW VDR B QL Y H

F:H QRZ KDYH ILYH 3K' VWXGHQWY LQ RXU ODE LQ
IHU )UDQQLH &DONLQV DQG RXU QHZHVW DGGLWLH

F7ZR Rl RXU RXWVWDQGLQJ XQGHUJUDRG®X Y WM DR
6DJH 9ROKFFHVVIXOO\ GHIHQGHG WKHLU VHQLRU W

'U $QQPDULH &DxR

F'U &DxR ZLOO EH PRYLQJ WR :DVKLQJWRQ VWDWH
Rl WKH &ROOHJH RI /LEHUDO $UWV DQG 6FLHQFHV DO

'U SHEHFFDVE&REPRQ JUDVHU 8QLYHUVLW\ &RXSOHV

I &RQJUDW X OTKW VRVQVG MMRW. FD )H ZKHRLUBFHLYHG WKH
PDQ *UDGXDWH 6FKRODUVKLS LQ 3V\FKRORJ\"TRU KH

F&RQJIJUDWXODIWMWREBMORH Q O0A@E KHU KXVEDQG Z
LQJ 7:,16 WKLV FRPLQJ VXPPHU

'U -DPHV 9 &RWARMDHU IRU &RXSOHYV DQG )DPLOLH

r(pPLolV FROOHFWLQJ GDWD IRU KHU GLVVHUWDW
PLQGIXOQHVV SURJUDP GHVLJQHG IRU SRVWSDUWX
DW WKH ODGLVRQ 9% +RVSLWDO LQ WKH IDOO

I 7D\ORY SUHSDULQJ WR GHIHQG KHU GLV-\DHILWPDV
DGDSWDWLRQ RI WKH 5HODWLRQVKLS &KHFNXS 6KH
LQWHUQVKLS DW 8&/$ &RXQVHOLQJ DQG 3V\FKRORJ

F1LFN &DQEVLQLVKLQJ KLV FOLQLFDO HVBBUQVRI
SURJUDP DW %XWOHU KRVSLWDO DQG LV LQ WKH S
WLRQ

F6HWDUHK 5RAVR/@WWQQXHY WR HQMR\ KHU FOLQLFD|
6FKRRO V FRXQVHOLQJ FHQWHU DQG &ODUN 8QLYHU
IRUZDUG WR VWDUWLQJ WUDLQLQJ DW WKH %HGIRU
VHDUFK VWXG\ H[DPLQLQJ WKH G\DGLF UHODWLRQV
IDFWLRQ

IrF$v D VHERRRG FOLQLFDO SV\FRRIOKDM VWRG WS KL
UHVHDUFK H[DPLQLQJ ZKHWKHU D YXOQHUDEOH FR(

YHG I
D GHIY N
HQFH
U 2X\
DQG
GXUL

HDW X
elnligsse

RPRW
UV LW\

FOXG
Qv (

MD U F K
HVHV

LQ -X
W *R(

DE

oODUL
U RX)\

R DU

vV DW

LRQ
b ZRP

L IRYCQH |
Lv O
FDO |

SKBRW
RFHV

O SuUl
VLW\
G 9% (
EHWZ

LQW
YHUV

DQG WKHLU SDUHQWY ZRXOG OHDG WR LQWLPDF\ ERRWZH}

FRQQHFWHGQHVV

F-HQQD 5LVFHEHJLQQLQJ KHU UHVHDUFK H[DPLQLQ
UHODWLRQVKLS SDWWHUQV RQ LQWLPDF\ DFFHSWO

'U %ULDQY '&RXSOHYV /DE DW WKH 8QLYHUVLW\ RI OL

FOF.HQ]BRMRGAXDYV DFFHSWHG D SRVWGRFWRUDO IH
IDLUV 4XDOLW\S&RKROPWW WKH 1IDVKYLOOH 9% OHG
VLRQDO IHOORZVKLS IRFXVHV RQ GHYHORSLQJ OHD
PHQW LPSOHPHQWDWLRQ VFLHQFH KHDOWK VHUYL
LQFOXGLQJ WHOHKHDOWK

I .DUHQ 5RWKRPRHVVIXOO\ PDWFKHG DW WKH 3KL(
VKLS DQG LV ORRNLQJ IRUZDUG WR VWDUWLQJ LQ $

'U 6WHIIDO\NWRBEODBWDWH &RXSOH DQG )DPLO\ $G

WKH 1DWLRQDO ,QVWLWXWH RQ OLQRULW\ +HDOWK

WKH
QFH
DP L

DORZ
L FDO

CHUV
FHV U

DGHC(C
XJIXVV

DSWCLC

QG +

F$XJXVW -HEBVQEHHQ DZDUGHG DQ ) SUHGRFWR%DOII

DVVRFLDWLRQV EHWZHHQ PHQWDO KHDOWK DQG UH
$PHULFDQV XQGHU WKH VSRQVRUVKLS RI 6WHIIDQ\
6WDWH

ODWL
UHGP
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'U . ULVWLOD &RRERRIBGRWOOS5HVHDUFK /DE

rfr.DWLH /HRDWWFKHG DW WKH :DUUHQ $OSHUW OHG
VLW\ IRU-BREWSRMIHDO LQWHUQVKLS WUDLQLQJ

I - *DURLDWFKHG DQG ZLOO EH-FRPG GBWQIORDD R
WKH 8QLYHUVLW\ RI .DQVDY OHGLFDO &HQWHU

FODWW OREDDAOOEH MRLQLQJ WKH *RIHBOR GOD@LED @)
ZHOFRPH ODWW

I =DKUD $RBY EHIJXQ GDWD FROOHFWUIZRRBVIRWH{ BB
JHQHUDWLRQ 6RXWK'$\VOWW®W LULWRGHYDWRZDUG DUUDQ
HV

'U S5LFKDUG' VYDRVAWWRIQ IRU 7FUDQVGLVFLSOLQDU\ 5H
VKLSV

F6DPDQWKD :ZDYHDFFHSWHG WR DQ $3% DFFUHGL
ZKLFK VKH ZLOO EHJLQ WKLV VXPPHU 6KH DOVR VX
GLVVHUWDWLRQ H[SDQGLQJ KHU ZRUN UHODWHG W

FODJJLH 3SDUDNHWZDUGHG WKH .DVFKDN ,QVWLWXW
:RPHQ DQG *LUOV *UDGXDWH )HOORZVKLS

IDE 8SGDWHYV
30HDVH WDNH VRPH WLPH WR UHDG DE
IXORXSOHV /DEV DLW XBOWRRXU QHZ UHV
JUDQW SURSRVDOV EUHZLQJ SOHDVH VWI
WKIBOO 1HZVOHWWHWRYH WR KHDU IU

&KULVWLQD %-DXOUWGEH QU BKD
"'LUHFWRU &RXSOH $GMXVWPHQW WR 6WUHVV DQG
$VVLVWDQW 3URIHVVRU LQ '"HSDUWPHQW RI 3V\FKR(
%LQJKDPWRQ 8608YHUVLW\

7KH &$67 /DE KDV IRFXVHG LWV HIIRUWV WKLV \HD
FRXSOHV DQG VH[XDO PLQRULW\ FRXSOHV WR EHW
DGYHUVLWLHV-UQ WKKBIQH RDIKILQDOL]HG SRSXODWL

FDO

QW H U

VHDUI

HG L
FEHV\
R DW\

H IRL

R XW
HDUF
uw
RP \

UDXP
RJ\

) RQ
WHU
RQV

D ODUJH DQG SURGXFWLYH WHDP FRQVLVWLQJ RI IRXU G

'DQD (UJDV 6HLJLH .HQQHG\ DQG %LQJKDXQJ $OH
JUDGXDWH DQG SRVWEDFFDODXUHDWH UHVHDUFK D

(LOHHQ %DUGHQ LV LQ KHU WKLUG \HDU RI WKH JU
FRXSOH IXQFWLRQLQJ LQFOXGLQJ FRXSOH FRUHJX
(UJDV -WHKDWAIUDGXDWH VWXGHQW LV GLOLJHQWO
SRVDO 6KH DLPV WR-HHDAOAWHGYWRZWK DQG UHOD

:DQ
VVLV\

DGXD
ODWL
SUH

WLRQ

FRPPXQLW\ VDPSOH RI VH[XDOO\ PDUVHRQWD QU]HGXBRIXS U W

GHQW $OH[ :DQJ LV DOVR SUHSDULQJ KLV GLVVHU
LQH WKH PRGHUDWLQJ HITHFWV RI DWWDFKPHQW R
VWUHVV 6HLJLH .HQABG\JDDIRXDWHK VWXGHQW LV
WDWLRQ GDWD H[DPLQLQJ WKH LPSDFW RI VH[XDO
LQJ DV D PHDVXUH RI DWWHQWLRQ ELDV

WDWIL
D FRX
FROO
DVVD:

$ ELJ WKDQN \RX WR RXU HRI¥BJIBWERNVHDP :H ORRN IRUZ

SXEOLVKLQJ RXU ILQGLQJV DQG ZHOFRPLQJ OHOL
DOXPQL DQG RXU LQFRPLQJ JUDGXDWH VWXGHQW I

VD *
QWR
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'RQDOG %DXFRP 3K

'LUHFWRU 81& &RXSOHV /DE

5LFKDUG /HH 6LPSVRQ 'LVWLQJXLVKHG 3URIHVVRU H
8QLYHUVLW\ RI 1IRUWK &DUROLQD DW &KDSHO +LOO

2XU ODE FRQWLQXHV ERWK LWV WUHDWPHQW RXWF
RXV FRXSOH SURFHVVHV :H EHOLHYH WKDW ERWK H
WKHPVHOYHY DQG LQWHUDFW LQ D VIQHUJLVWLF P
ILHOG RI LQWLPDWH UHODWLRQVKLS IXQFWLRQLQJ

7TUHDWPHOW UHVHDUFK

I 3V\I

RPH U
I WKFH
QQHL

(DWLQJ GLVRUGBEXKNVRP DQG WKH ODE FRQWLQXH WKHLU Ft

%XOLN DW 81& HYDOXDWLQJ WKHEBM H 6 W.IOWHQUBWH/QR|
HDWLQJ GLVRUGHU LQ RXU FRPPXQLW\ FOLQLF 7R |
RXU HPSLUXEOROWHG LQWHUYHQWLRQV LQ HDWLQJ
& )DPLO\ 6HUYLFHV DQG WKH 81& &HQWHU IRU ([FHQ
WKHUDSLVW WUDLQLQ J}FRIDMHGE W URID \WRH PR XRO HD Q
&RXSOHV LQ WKH WUHDWPHQ8&RI $MERE HRX OE DR ¥ BA
YHQWLRQ IRU ELQJH HDWLQJ GLVRUGHU 81LWLQJ F
GH4®1,7( DQ 5&7 FRPSDULQIQIQEREXBB®HOG ONVUHDWPH
JRLQJ

OVRPQ@XD ODE LV FROODERUDWLQJ ZLWK 'U 6HDQ '
OHOLVVD -HQNLQV D IRUPHU 81& GRFWRUDO VWXGH
WUHDW LQVRPQLIEZVWE& DQRFRKISOHQWLRQ H[SDQGL(
SDWKRORJ\ ZRUN WR D QHZ GLVRUGHU 7KH 5&7 LV

6DPH VH[ UHODWLRQVKLS GLVWUHVV 7KH HQWLUH

SHQWHXLVVHUWDWLRQ SURMHFW ZKLFK LV D WUHDW
3URJUDP $IILUPLQJ &RXSOHV &R X Q8/H{ CBLOQUVWOR! Y@ J O
WKHUDS\ WDLORUWMH] GRRSO/MPHGUDZLQJ XSRQ WKH &
DO PLQRULW\ VWUHVV -@LUABODIORW VKWK BSHQ FRP
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"HSUHVWIXRQODE FRQWL\QXBYALQREBROODERUDWLRQ
6HUYLFH LQ (QJODQG WR RIIHU WUDLQLQJ DQG-ERXS
LOWHUYHQWLRQV IRU FRXSOHV LQ ZKLFK RQH SDUW
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2XU ODE FRQWLQKBIWHIGNN[EORDBWLRQ RI LQWHUSHWVRQECL

H[DPLQLQJ FRXSOH FRQYHUVDWLRQV XVLQJ G\QDPL
VLYH WLPH VHULHV PHWKRGYV :H KDYH EHHQ LQWH U
DURXVDO ZLWKLQ PXOWLSOH SRSXODWLRQV RI FRX
KDV VLJQLILFDQW SV\FKRSDWKRORJ\ RU D PHGLFDO
JDJH LQ SV\FKRORJLFDO YLROHQFH FRXSOHV LQ D
WLRQLQJ -BQ@WIRXFH FRXSOHV :H DUH FXUUHQWO\
YDULRXV VWDJHV 7KH PDQXVFULSW EDVHG RQ WKH
WLRQLQJ OHG E\ 'DQLHOOH :HEHU WK \HDU VWXGH
UHVXEPLVVLRQ 2WKHU PDQXVFULSWV RQ LQWHUSH
HQJDJH LQ SK\WLFDO DQG RU SV\FKRORJLFDO YLRO
VWXGHQW DUH LQ SUHSDUDWLRQ

‘U %DXFRP DQG 'U OHODQBWLQ¥ERHO DQMHFR/LIDW
WR H[SORUH KRZ V\PSWRPV RI DQ[LHW\ DQG GHSUH
HPRWLRQ G\QDPLFV LQ FRXSOHV 7KLV HIIRUW XVH
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DQ %DXFRP DORQJ ZLWK VHYHUDO RWKHU FRXSOH
EOH GDWD VHWYVY 'DWD DQDO\VLV LV RQJRLQJ

2XU ODE LV FROODERUDWLQJ ZLWK 'U 6KHOE\ /DQJ
WLIJDWLRQ RI FRPPXQLFDWLRQ DPRQJ FRXSOHV H[S
%DXFRP LV LQYROYHG LQ SURFHGXUHV IRU REVHUY
HPRWLRQDO DURXVDO 'U OHODQLH )MYWBRHWWRGHQ
SURYLGHG FRQVXOWDWLRQ UHJDUGLQJ SURFHGXUH
WLRQDO DURXVDO ZLWKLQ FRXSOH LQWHUDFWLRQV
SUHKHQVLYH EHKDYLRUDO FRGLQJ HIIRUWV 'DWD F
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'U 7DPDUD *ROGPDQ 6KHU RXU VWG WDQFRPPRRE U
SDULVRQ WR JHROBNSKERR®O®NY LV QHDU WKH HQG
VRRQ EHJLQ H[DPLQLQJ GDWD WR EHWWHU XQGHUV
FRXSOHV WKDW LV ZKHQ SDUWQHUV WUDQVLWLRQ
WKH FRXSOH LV WRJHWKHU (PLO\ &DUULQR VW \H
PL[HEBHWKRGV TXDOLWDWLYH DQG TXDQWLWDWLYH
SHUVRQ FRPPXQLFDWLRQ LQ WKHVH SRSXODWLRQV
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BWHYHQ 5 + %HDFK 3K ' DQG -XVWLQ $ /DYQHU 3
'"LUHFWRUV 8*$ &RXSOH DQG )DPLO\ /LIHVSDQ +HDO
8QLYHUVLW\ RI *HRUJLD

7KH ODE FRQWLQXHV WR ZRUN RQ VHYHUDO SURMH
KHDOWK DPRQJ UXUDO $IULFDQ $PHULFDQ IDPLOLH
ZUDSSLQJ XS XIS N WKGO RD PHG EF®RKXSOHYV ZKR SDUW
3UR6$$) LQWHUYHQWLRQWHUHA[DPSDQFHWORQ JHUO D WL
KHDOWK 3, %HDFK -5 $*DWD FROOHFWLRQ LV HQW
5&7 H[DPLQLQJ D UHVSRQVLYH SDUHWUWRIKPRYWHUY
LQIDQWV 3, /DYQHU 5 .
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,Q DGGLWLRQ 'U %HDFK LV FRQWLQXLQJ WR H[DPLRH EL
$IULFDQ $PHULFDQV 5 &$ DQG 5 + DQG 'y /DY
FROQWLQXLQJ WR SXUVXH KLV LOWHUHVWYV LQ KRZ D|QG Zk
RYHU WLPH DQG LQ /*% IDPLO\ IXQFWLRQLQJ 0DQ\ RI RXL
XQGHUVWDQGLQJ LQWHUYHQWLRQ HIIHFWV DQG RU|WKH |
IDPLO\ IXQFWLRQLQJ

&XUUHQW JUDGXDWH VWXGHQWY DUH 7RVLQ $GHVRJDQ |
\HDU DQG 7RQ\ 3HWUX]]JHOOD ILIWK \HDU $OVR ZHUNLQ
SOLQDU\ JURXS RI UHVHDUFKHUV DW 8*$ LQFOXGLQP 0DQ
RI 6RFLRORJ\ 9LFWEREWRILU@O SPVW OHL /LQJ 2QJ [swDW
DOVR ZRUN FORVHO\ ZLWK $OOHQ %DUWRQ IRUPHU|8*$ 5
WDQW 3URIHVVRU RI +')6 DW ,00ELRPRRYX\D @& O/MLY ERIIDIDWHRW
2222222222222222222222222222222222222
5HEHFFD %URFN 3K '

"LUHFWRU )DPLO\ 'HYHORSPHQW /DE
$VVLVWDQW 3URIHVVRU LQ '"HSDUWPHQW RI 3V\FKRQ@RJ\
8QLYHUVLW\ Rt /LIERDN D

‘H KDYH VHYHUDO R Q JRIH JDPURMHFWNMORSPHQW 3URMHFW
XQGHUVWDQGLQJ KRZ IXQFWLRQLQJ LQ WKH LQWHU[BDUH
QDQF\ VHWYV WKH VWDJH IRU IXQFWLRQLQJ LQ WKH |DPLO
WKH KHDOWEHL@G RHGOUHQWY DQG FKLOGUHQ 7KXV IDU
VL[ ZDYHV Rl GDWD FROOHFWLRQ VSDQQLQJ SUHJQDQF\ Vv
SOHY 3URMHFW LV DLPHG DW XQGHUVWDQGLQJ UHV|SHFW
VKLSY KRZ FRXSOHV EDODQFH DXWRQRP\ QHHGV DQG SI
PDQL]DWLRQ H[SHULHQFHV DQG WKHLU FRQVHTXHQFHV 7
*HQGHU OLQRULW\ &RXSOHV SURMHFW LV DLPHG DW H[DP
FULPLQDWLRQ DQG KDUDVVPHQW RI VH[XDO DQG JHQGHU
1HEUDVND WKH LPSDFW RI PDUJLQDOL]DWLRQ YVWUHVV R
EHLQJ DQG WKH SURWHFWLYH UROH RI SDUWQHU VXSSRL
2222222222222222222222222222222222222
5HEHFFD &REE 3K '
'LUHFWRU 6)8 &RXSOH /DE
$VVRFLDWH 3URIHVVRU LQ 'HSDUWPHQW RI 3V\FKROJRJ\
6LPRQ JUDVHU 8QLYHUVLW\

‘H DUH ZUDSSLQJ XS D 6)8 IXQGHG UDQGRPL]JHG FRQWURC
ZLWK 'U -RDQQH 'DYLOD IURP 6WRQ\ %URRN 8QLYHWVLW\
IHFWV RI D UHODWLRQVKLS HGXFDWLRQ ZRUNVKRS RQ LQ
8QIRUWXQDWHO\ RXU GDWD FROOHFWERQY ZWH RQXXROE G.
VXPH DV VRRQ DV LW LV VDIH WR GR VR

2XU ODE ZDV UHFHQWO\ DZDUGHG IXQGLQJ IURP WK|H 6RF
5HVHDUFK &RXQFLO RI &DQDGD ZKLFK ZH ZLOO XVH WR M
6WD\ WXQHG IRU PRUH GHWDLOV
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-DPHV 9 &RUGRYD 3K '
'LUHFWRU &HQWHU IRU &RXSOHV DQG )DPLOLHV DW &OD!
B3URIHVVRU DQG &KDLU LQ '"HSDUWPHQW RI 3V\FKRORJ\
&ODUN 8QLYHUVLW\

2XU ODE LV FRQWLQXLQJ WR FRQGXFW WUDQVODWL|RQDO
VWUHVV )ROORZLQJ WKH VXFFHVV RI RXU SLORW VWXG\
PXOPRIXSOH JURXS YHUVER®DRILRRIQL WROMRLQW WKHUDS
$,08%&7 IRU 376UH Z#XUUHQWO\ SUHSDULQJ D SURSRVDO
WR HYDOXDWH WKH®WREZARE\ R716$,0HODWLYH WR WKH 3UH
5HODWLRQVKLS (QKDQFHPHQW 3URJUDP 35(3 LQ PlOLWEL
7KLV ZRUN LV EHLQJ FRQGXFWHG LQ FROODERUDWL|RQ ZL
HV &DQGLFH ORQVRQ DQG WKH &RQV R UMIL BB WRRHS ® OM M €
DERXW RXU FROODERUDWLRQ ZLWK OHODQLH )LVFKHU IUF
'RQ %DXFRP IURRBIKO +LOO DQG $P\ ODUVKDOO IURP 3H
YHVWLIDWH KRZ FRXSOHV ZLWK 376" UHEBEXOROPMIQ WP RWLRC
2WKHU ODE SURMHFWV LQF@XGR WKWRGDDO\LRQEG PRWIHH
KHDOWK DQG UHE®IDQILRQDKI WH®® $PHULFDQV ZLWKLQ D
WH[W ZKLFK LV EHLQJ OHG E\ JUDGXDWH VWXGHQW $XJX
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BWHIIDQ\ )UHGPDQ 3K '

'LUHFWRU 3HQQ 6WDWH &RXSOH DQG )DPLO\ $GDSWDWLR
.DUO 5 )LQN 'LDQH :HQGOH )LQN (DUO\ &DUHHU 3YRIHV\
$VVLVWDQW 3URIHVVRU 'HSDUWPHQW RI +XPDQ 'HYJHORS
3HQQ 6WDWH 8QLYHUVLW\

2XU ODE LV FRQWLQXLQJ WR FRQGXFW WUDQVODWL|RQDO
VWUHVY )ROORZLQJ WKH VXFFHVV RI RXU SLORW VWXG\
PXCARIXSOH JURXS YHUVER®DRMLRRIIQL WRYMRLQW WKHUDS
&%&7 IRU 376UH ZIKUUHQWO\ SUHSDULQJ D SURSRVD|O WR
DWH WKH HIILRRFA7RIRY, B76' UHODWLYH WR WKH 3U>L\V(HQ\A
(QKDQFHPHQW 3URJUDP 35(3 LQ PLOLWRUY ZRGNYHWHHD
FRQGXFWHG LQ FROODERUDWLRQ ZLWK 6FRWW 6WDROH\
DQG WKH &RQVRUWLXP WR $OOHYLDWH 376"

‘HUH DOVR H[FLWHG DERXW RXU FROODERUDWLRQ ZLWK
RI +HLGHOEHUJ 'RQ %DXZRRBHORFA 8D& DQG $P\ 0DUYKDOC
6WDWH WR LQYHVWLJIDWH KRZ FRXSOHV ZLWKEB\76' YHIXO
PRPHQW

2WKHU ODE SURMHFWYV LQF®KGR WKWRGDDO\LBQ® BDHRWIHH
KHDOWK DQG UHGIDQILRQDKI WHO@ $PHULFDQV ZLWKLQ \
ZKLFK LV EHLQJ OHG E\ JUDGXDWH VWXGHQW $XJXV|W -HC
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5LFKDUG ( ODWWVRQ 3K '
'LUHFWRU &HQWHU IRU ,QWHUGLVFLSOLQDU\ 5HVHI

UFK

$VVRFLDWH 3URIHVVRU LQ '"HSDUWPHQW RI 3V\FKROQOJRJ\

%LQJKDPWRQ 8QLYHUVLW\

7KHUH DUH PDQ\ H[FLWLQJ SURMHFWV KDSSHQLQJ L
WRSLFV RI LQWLPDWH SDUWQHU YLROHQFH VH[XDO
QHZ SURMHFW RQ VH[XDO HGXFDWLRQ LV XQGHUZD
JUDQW 2QH JUDGXDWH VWXGHQW UHFHQWO\ SURSR
SODQV WR GHIHQGWKHYLODWWHWYSULQJ 6HYHUDO Q
GHUJUDGXDWHV ZHUH DFFHSWHG WR DQG KDYH SO
LQ /RQGRQ QRZ UHVFKHGXOHG WR SUHVHQW V

+RW RIl WKH 3UHVV
,Q 3UHVV DQG 5HFHQWO\ 3XEOLVK
%DXFRP ' + )LVFKHU 0 6 &RUULH/RZ 6RUUHEBOLER 6 6 6KRUWW

%RHGLQJ 6 (7TUHDWH@DWLRQVKLS 6LYWUKBDEDOGL ' 0 ,QWHUJHQH
DQG SVI\FKRSDWKRORJ\ LQ FRXSOHV BLVRIRIQVRYMLROHQFH 7KH PHGLDWLQ
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EHKDYLRXUDO DSSURDFK SVI\FKRSDWHKRMRPRSPHQW DQG 3VI\FKRSIDWKROR

$ELQJGRQ (QJODQG 5RXWOHGIH - GRL 6

%HDFK 6 5 + 2QJ 0. /.OREDBN ( ODVVH\ 6 * ODWWVRQ 5 ( OHUULZH
&DUWHU 6 ( 6LPRQV 5 / *LEERQV3DUNHUDYWQBU &KHQLBLQLVKLQJ ([FOX
$ 3KLOLEHUW 5 $ <H . LQ SUHVKH &KD®GKGRGPSDFW RI &RPSXOVRU\
DGYHUVLW\ LV OLQNHG WR DGXOW KHQOWKHDEHR®DGLW\FDQG (PHUJLQJ $GXJ
$PHULFDQV YLD DGROHVFHQW ZHLJK\[IRPUQ DBGLHNHFQ (PBUHBLQJ $GXOWKR
JHQHWLFDOO\ 'MRGBBRSWHGW DQG 3V\MKR3UHVV 2[IRUG (QJODQG
SDWKRORJ\
ODWWVRQ 5 ( &DPHURQ 1 OLGGOH
%URFN 5/ )UDQ] 05 5DPVGHOO 5 /'DYLODSQ -RKQVRQ 0 ' 2\
LQWHJUDWHG UHODWLRQDO IUDPHZRWNRBIJEBSURYWHG PIRRNS/ WR PDULWDO
DQG DQKHGRQLD GXULQJ SUHJQDQF\ EHRKYQRY AIQ® SHUFHLYHG SDRMQHU
DQG )DPLO\ GRL MRPI QDO RI )DPLO\ 3V\FKRORBRL
IDP
%URFN 5/ 5DPVGHOO ( )UDQ] 0 9RON 6 LQ
SUHVV 9DOLGDWLRQ RI D EHKDYLRUOR LRRBRQJNV\UWHPWRWRQ 5 ( -RK(
PHDVXULQJ PXWXDOO\ UHVSRQVLYH RULHQ WD \§RR QWIQr HQ/QLG W BDWLYH TX
UHODWLREVKIBWYRILFDO $VVHVVPHQWFDOH ,Q - / /HERZ $ / &KDPEHUV
(GV  (QF\FORSHGLD RI &RXSOH DQG )
&DONLQV ) %URFN 5/ 7KH GBUWNQIHAH RI
KHOSLQJ EHKDYLRUV 3DUWQHU VXSSRUW LQFUHDVHV GDLO\
DOFRKRO XVH LQ RXWSDWLHQWYV ZLWKRRQ KRGW&R UQ R) DHGRKRO6 - 'HNHO §
GHSHQGHRFWQDO Rl 6RFLDO DQG 3HUVRRM®ROQBDIMED WLRIQQY SUHVV )DPLO\ PR
VKLSV GRL PDWLF VWUHVV GLVRUGHU ,Q - * %
(GV 2[IRUG KDQGERRN RI WUDXPDWLF
&DSDOGL ' 0 /RZ 6 7LEHULR 6 6 QGKRAMWWRQ : 1HZ <RUN 1< 2[IRUG
,QWLPDWH SDUWQHU YLROHQFH DFURVV WKH OLIHVSDQ
'\DGLF WKHRU\ DQG ULVN DQG SURW HFWIWHUIDBWRWEDXR) 5 .RVWHFNL $
*HIIQHU 9 9ULWK(GH@D$JKRYHQEDXBUHVV +RZ GR , KHOS P\ SDUWQHU L(
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. +DPEHUJHU - :KLWH (GV +DQGERANLRIJLENWKDYLRUV DUH OLQNHG WR
SHUVRQDO YLROHQFH DFURVV WKH O SHWSHLY HEK BB BZEDMHRQ GXULQJ DQ H[SHULPF
ODQG 6SULQJHU 1DWXUH $GYDQFH RQQIEH SHEWHKDWLRQDO 0HGLFLQH
GRL -- - B
3HWUX]JHOOD $ )HLQVWHLQ % $ 'DlyLOD -
&DSDOGL ' 0 7LEHULR 6 6 6KRUWW - : *BEO®WHG DQG JHQHUDO VWUHVVRUV
2ZHQ / ' LQ SUHVV $VVRFLDWLRQVRIAMYORVWKROWRILFDO IXQFBULRIQLYGIVRYHU WL
LQWLPDWH SDUWQHU W RIOHGF B JDQ 6 ¥IDAHE /O % H K D GIRRU V- oo-
VLRQ ZLWK FKLOG FRPSHWHQFH DQG SV\FKRSDWKRORJ\
VIPSWRPV LQ WZR 8KRGIG BWKRBY 1HIOHFW
3HWUX]JHOOD $ )HLQVWHLQ % $ DYQHU
'RVV % QRSS . 5RGG\ 0 . SRWHPX)EQO RULHQOMMHE Y WLJIPD DQG UHJDWLRQV
+DWFK 6 * 5KRDGHV * 2 QIXIQFW SR AL QJ DP R QY HH FFIRXIS RWEFQD O R
JUDPV LPSURYH UHODWLRQVKLS IXQFAMVEQDQJIEMXYGEHYWW UHVVHG
OREQFRPH FRXSOHV 5HVXOWYV IURP GRIDWLRQZLGH
UDQGRPLJHG FRQ\RNEQDERWHRQVXOWLQJ DQG
&OLQLFDO 3V\FKRORJ\KWWS 5HQVKDZ . ' $OOHQ ( 6 )UHGPDQ - kLI
G[ GRL RUJ FFS LHUQ & JHEUXDU\’ PRWDYMWQHRQ
IRU DFFRPPRGDWLQJ SRVWWUDXPDWLH VWUHV)
'RVV % ' B5RGG\ 0 . /ODEUH 0 0 VYIARWRIPY LQ VHUYLFH PHPEHUV 7KH 3HDVRQV
6DOLYDU ( -'RWQVHQ ,PSURYHPH@®WFRGDWLRQ RI 3RKUFDO@ R $Q[LHW\|'LVRU
LQ FRSDUHQWLQJ FRQIOLFW DQG FKLOBUYGMRQWIRHRIND LRE REMIFDWLRQ GRL
DQ RQOLQH SURJUDP IRU URRD@RAQJIKLS GLVWUHVV
)DPLO\ 3V\FKRORJ\KWWS 5RGG\ 0 . 5KRDGHV * 'RVV %
G[ GRL RUJ IDP (IIHFWV Rl H35(3 DQG 2XU5HOQRRRIQVKLS RQ O
FRXS®HQWDO KHDOWK DQG KHDOWK EHKDYLRU
*HRUJLD 6DOLYDU ( - 5RWKPDQ . bREGFRRWURDDYIEQWURROE FKWQFH
'RVV % 5HODWLYH FRVW HITHEWYHQHYY ri LQY " -
SHUVRQ DQG LQWHUQHW LQWHUYHQWEJMNPIEFQJ UH%ME@MK%S 5RGG\ 0. RDWFK
GLVWYMRMO\ 3URFHVV  KWWS 6H[XDO DVVDXOW DPRQJ
G[ GRL RUJ \DPS ZRPHQ LQ FROOHJH ,PPWE UPWH DRFEL DR QJ
WLRQV ZLWK PHQWDO KHDOWK SV\FKRIVRFLDO
LDWEK 6 * B5RGG\ 0 . ‘RVV % URPDQWLF UHQFD)WJLQ{Q)/IRL[SQWHUSHUV QDO 9LF
(VSOLQH & 5 %UDLWKZDLWH 6 5 Gbeggm[wv
URPDQWLF UHODWDRGRIPLING FRQWUROOHG WULDO
-RXUQDO RI &RXSOH 5HODWLWWEL55|7§6'¢ND<§S\ 6WDPDWLV & $ S5RWKPDP . ‘R
G[ GRL RUJ OHFKDQLVPV RI FKDQJH LQ D EQLHI RQ!
HODWLRQVKL [ m® VI\RKROR
/DYQHU -8 6WDQVILHOG % . wHORK & 5 3 SRQ\W QPORIDA 3V ORI
%LUFK 60HHS 6$%) &WW\SSR@ gﬁhl_ \DP
SDUHQWLQJ LQWHUYHQWLRQ WR SUHYHQW H[F VULVEY 2L akw
JDLQ DQG REHVLW\ DPRQJ $IULFDQ SPIHYNAOR LQIREVRY $ 'LOODARZ + Ld SUHVV
%0& 3HGLDWULFV KDYH KFESHEXLOGLQJ UHODWLRQVKLSV
- DIIHFWHG E\ FK)DRPQIORBDLR\VWHPV DQG
+HDOWK
/DYQHU - $ :LOOLDPVRQ + & .DUQH\ % 5
%UDGEXU\ 7 1 3UHPDULWDO sﬁBQ&WR‘ESD §6$0 &LRQUSJ'.:V%OS;'533ESD\ +
QHZO\ZROULWDO WURNKMEMR BLHDPLOREY ony & LQWHUYHQWLRQ IRU FKURQLF SDLQ
3VAFKRORJ\ - GRL IDP VKLS GLVWUHVV &REEORW @ ¥BRLO\ 3y\FKRO
R\ 5 HVHDUAK DQG 3 WDFUFH
/HL 0 . %HDFK 6 5 + &DQ ZH)( RXSOH
QHLJKERUKRRG GLVDGYDQWDJH DQ r@% tiDSDOGL ''OIIHFW &RXSOHV
H[SHULPHQWDO WHVW RI IDPLO\ UHVL@\Q-PQP ﬁVJ ‘(5‘(—|R3F DWKRQV ZLWK WUDLEV KRVWL
VRFLDO GLVRUJDQL]DWLRQ)WRHCR‘U\ RY @W HHUDWERBEWF[HQG 3VIFKR
3URFHVV GRL DPS SDWKR RJ\
/HL 0 . %HUJ 0 7 6LPRQV 5 / G6LPRQV / *
%HDFK 6 5 + &KLOGKRRG DGYHURHW 608& ODWWVRQ 5 ( LQ SUHVV +RZ
FDUGLRYDVFXODU GLVHDVH ULVN $QP@§§’UD‘:L§ 6 Y LRRFHYIE )XQFWLRQLQJIDQG
PHWKRGV ZLWK D IFERX MR Q QUWSILHRAH \ LV ,QIOXHQFHG E\ 2[\WRFLQ BHVHDUF
FKLOGKRRG DQ(};mnmmemm@FH DQGD()QH%IZX XUH "LUHFWLRQV 2[\WRFLQ 9JLRFKHPL
FLQH WLRQV DQG (IIHFWV RQ 6RFLDO &RJQLJVLRQ
M VRFVFLPHG
DJQHU 6 $ ODWWVRQ 5 ( 'DYLOD |- -RKQ'
/RUHQ] 7 . B5DPVGHOO (/ %URFN: 5 /g Fﬁ% 7RXFK PH MXVIW HQRXJ
FORVH DQG VXSSRUWLYH LQWHUSDU
QDQF\ SUHGLFWYV JUHDWHU GHFOLQH E%?B’g J&mﬁlﬂé’xow DWWDFKPHQW
SUHJQDQF\ WR SRVWSDUWXP $SSO\L Q@@)(ﬁ’ W IR X Qv MRYHQN DFRVLERFLDO DQ@ 3HUVRC

SHUVSHFWRQWLHUV LQ 3VI\FKRORJ\ S5HODWLRQVKGRY




