Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



7+( ())(&7 2) :($1,1* )22' 68%675%$7( 21 6(*0(17(
),/$0(17286 %$&7(5,% ,1 ,1)$17 60%$// ,17(67,1%$/ ,0081(
%$55,(5 0$785%$7,21

$ WKHVLVY SUHVHQWHG LQ SDUWLDO IXOILOPHQW RI WKH

'RFWRU RI 3KLORVRSK\
LQ
I1XWULWLRQ

DW ODVVH\ 8QLYHUVLW\ 3DOPHUVWRQ 1RUWK 1HZ =
6FKRRO RI )RRG DQG $GYDQFHG 7THFKQRORJ\

/,1'$ $.27+ $.,1<, 2(0&.(

4w MASSEY UNIVERSITY .
@" TE KUNENGA KI PUREHUROA ') R] d det

"= UNIVERSITY OF NEW ZEALAND ADVANCING FRONTIERS IN FOOD SCIENCE



7R P\ ORYLQJ KXVEDQG -DPLH
P\ PRWKHU 5LVSHU EURWKHU 3HWHU VLVWHU :LC

P\ ODWH IDWKHU 'U -RKQ 2JXWX 2QXQJD



$SEVWUDFW

$SSURSULDWH DQG FRPSOHWH PDWXUDWLRQ RI WKH JDVWURLC
FRQWULEXWHV WR RYHUDOO KHDOWK DQG ZHOOQHVV ODWXULI
EDUULHU KDV JDLQHG LQWHUHVW GXH WR *,7 DVVRFLDWHG GLV
WKRXJKW WR EH FDXVHG E\ LPSURSHU PDWXUDWLRQ

7KH WUDQVLWLRQ IURP PLON EDVHG IHHGLQJ WR FRPSOHPHQW
LQWURGXFHVY QHZ DQWLJHQV DQG PLFUREHV LQWR WKH *,7
SURGXFWLRQ DQG LV WKRXJKW WR EH WKH ILQDO VWDJHV LQ W
EDUULHU ,W LV GXULQJ WKLV PDWXUDWLRQ SURFHVV DW ZHC
6)% DUH WKRXJKW WR SOD\ D UROH 7KHVH *UDP SRVLWLYH
FRPPHQVDOV KDYH EHHQ REVHUYHG LQ WKH IDHFHV RI + PRQ
RI ZHDQOLQJ URGHQWY 7KH DEXQGDQFH RI LOHDO DQG IDHFD
GHFUHDVHV SRVW ZHDQLQJ DQG UHPDLQV DW WKDW ORZHU
DEXQGDQFH FKDQJH RI 6)% KDV DOVR EHHQ FRUUHODWHG ZLW
,J$ FRQFHQWUDWLRQ LQ IDHFHV DQG LQWHUOHXNLQ .
UHSRUWHG FRUUHODWLRQ EHWZHHQ 6)% ,J$ DQG ,/ DQG Wi
6)% FKDQJHV DW ZHDQLQJ VXJJHVWV WKDW ZHDQLQJ IRRGV P
6)% DEXQGDQFH DQG KHQFH RQ WKH LPPXQRORJLEDO EDUULHU
FDUERK\GUDWH PHWDEROLF DQG WUDQVSRUW JHQHV DQG D S:
Rl FRPSOH[ VXEVWUDWHY IURP WKH GLHW RQ 6)% DEXQGDQFH
VXSSOHPHQWHG ZLWK FRPSOH[ FDUERK\GUDWHY PD\ HQKDQFH
QRW EHHQ LQYHVWLJDWHG DW ZHDQLQJ SUHYLRXVO\

7KH DLP WKHUHIRUH Rl WKLV WKHVLV ZDV WR LQYHVWLJDWH
ZRXOG LQIOXHQFH WKH LOHDO DQG IDHFDO DEXQGDQFHV RI 6
FRQFHQWUDWLRQ RI WKH *,7 LPPXQH PDUNHUV ,J$ LQ IDHFHV
ZDV WKDW D ZHDQLQJ GLHW HQULFKHG ZLWK LQXOLQ ZRXOG L
WHUPLQDO LOHXP ZKLFK ZRXOG WKHQ HQKDQFH *,7 LPPXQH ED

, QLWLDO PHWKRG GHYHORSPHQW VKRZHG WKDW WKH WHPSRUI
WLVVXH DQG FRQWHQWYV RI ZHDQOLQJ UDWYV ZDV VLPLODU WR
FRUUHVSRQGLQJ ZHDQLQJ DJH $GGLWLRQDOO\ DQG IRU WKH
ZDV IDYRXUHG RYHU LOHDO PXFRVDO VFUDSLQJ DV WKH LGH



YDULDELOLW\ LQ ZKROH LOHDO WLVVXH GDWD 7KHVH PHWKRG
LQXOLQ ZDV VHOHFWHG EHFDXVH LW LV FRPPRQO\ IRXQG LQ ZH
DQG LV DOVR URXWLQHO\ DGGHG WR ERYLQH EDVHG PLON IF
ROLJRVDFFKDULGHV FRPSDUHG WR KXPDQ PLON B5HVXOWV U}
SHDN DEXQGDQFH RI 6)% UHJDUGOHVV RI LQXOLQ GRVLQJ

WLVVXH LOHDO FRQWHQWYV IDHFHV WKUHH GD\V SRVW ZHD¢
7KHUH ZHUH QR GLIIHUHQFHV RI LQXOLQ GRVLQJ RQ LOHDO DQ
./ DQG IDHFDO ,J$ FRQFHQWUDWLRQV QRU EHWZHHQ PDOH D

7KLV RXWFRPH I[URP WKH LQXOLQ LQWHUYHQWLRQ VXJJHVWV W
D ORQJHU SHULRG RI DGDSWDWLRQ WR WKH LQXOLQ VXSSOHP
WKHUH LV D ORQJ WHUP HIIHFW RQ LOHDO 6)% DEXQGDQFH 7K
FDUERK\GUDWHYV ZLWK SRWHQWLDO LQIOXHQFH RQ LOHDO 6)%
HQWDLO GHWHUPLQLQJ DQ\ LQWHUDFWLYH HIIHFWV DPRQJ LQ
DQG LPPXQH PDUNHUV DW EURDGHU WLPH SRLQWYV EH\RQG WKF
ZHDQLQJ ,Q DGGLWLRQ DQDO\VLV FRXOG EH FDUULHG RXW
PLFUREHV UHODWLYH WR WKH SUHGLFWHG SUH DQG SRVW ZHI

JXUWKHU LQYHVWLIJDWLRQV ZLOO DGYDQFH RXU XQGHUVWDQG
WR PDQLSXODWH 6)% DQG LPSRUWDQW PHPEHUV RI WKH *,7 F
GHYHORSPHQW RI KLJK YDOXH IRRGV IRU RYHUDOO KHDOWK EF



$FNQRZOHGJHPHQWYV

, ZRXOG OLNH WR H[SUHVV P\ VLQFHUH JUDWLWXGH WR P\ VX
SB3URIHVVRU 1LFROH 5R\ 'U 5DFKHO $QGHUVRQ DQG 'U -DVQD 5D
3K'" MRXUQH\ 7KHLU FRQVWUXFWLYH IHHGEDFN WKURXJKRXW
FRQILGHQW DV D EXGGLQJ VFLHQWLVW 7KDQN \RX IRU WKH KF
HQFRXUDJHG PH WR WKLQN EURDGO\ EXW DOVR VWD\ RQ WUD
VSHFLDO WKDQN \RX WR 5DFKHO ZKR KDV DOZD\V EHHQ WKHU
ZKHQ VKH SLFNHG PH XS DW WKH DLUSRUW (YHQ ZLWK WKH Q
\RXU SODWH \RX KDYH DOZD\V PDGH D FRQFHUWHG HIIRUW WR
UHFRJQLVHG WKH JURZWK LQ P\ DELOLWLHYVY DQG FRXUDJH WKU
JUDWHIXO 7KDQN \RX WR -DVQD GHVSLWH WKH IDFW WKDW \F
\HDU LQWR P\ VWXGLHV \RX FRQVWDQWO\ SURYLGHG SRVLW
IROORZLQJ VWHSVY LQ P\ SURMHFW <RX DOVR KDYH DOZD\V KD
HVSHFLDOO\ ZKHQ , ZDQWHG WR JLYH XS 7KDQN \RX WR WK
7THFKQRORJ\ DW ODVVH\ DV ZHOO DV $J5HVHDUFK *UDVVODQG
SLGGHW ,QVWLWXWH IRU SURYLGLQJ WKH IDFLOLWLHV WR FRQC
SURMHFW 7KLV 3K' IHOORZVKLS ZDV IXQGHG E\ WKH 7THUWLDU\
,QVWLWXWH &HQWUH RI 5HVHDUFK ([FHOOHQFH &R5(

, ZRXOG OLNH WR DFNQRZOHGJH WKH DQLPDO WHFKQLFDO VX
*LOOHVSLH 6XVDQ 'RRKDQ 'U +LODU\ '"HZKXUVW OHODQLH 9D«
ODLHU 7UHQW 20VRQ %HQ +DUYLH $J5HVHDUFK *UDVVODQG\
DQG 5LF %URDGKXUVW $J5HVHDUFK 5XDNXUD +DPLOWRQ 1=
DQG H[SHULPHQWDO SKDVH RI P\ SURMHFW 7KDQN \RX WR 5HV
DVVLVWDQFH ZLWK FXVWRPL]LQJ WKH GLHWV XVHG LQ WKH L
OF&DQQ $IJ5HVHDUFK *UDVVODQGV 7H 2KX 5DQJDKDX .DL IRU
DQG WURXEOHVKRRWLQJ ZKHQHYHU SUREOHPV DURVH LQ WKH
IRU WKH LQVWUXFWLRQ DQG FRQVWUXFWLYH IHHGEDFN RQ WI
UHYLHZ ZKLFK DOVR UHVXOWHG LQ D SXEOLVKHG SHHU UHYLF
'"HQLVH ODUWLQ 7HUUL 3DOPHU DQG $QVOH\ 7H +LZL IRU D ORYV
LQWR PDQ\ DVSHFWV RI P\ SURMHFW DQG P\ WLPH DV D VWXGH

&KHHUV WR P\ FROOHDJXHV WKDW KDYH EHHQ RQ WKH 3K' MR:
RWKHUV WKDW LGHQWLILHG ZLWK WKH KLJKV ORZV DQG RUGLC



UHSHDWHG GHFODUDWLRQV RI ORDWKLQJ VFLHQFH , FDQ VDIF
DSSUHFLDWLRQ IRU LW

$ YHU\ VSHFLDO WKDQNV WR P\ IDPLO\ P\ PRWKHU 5LVSHU P\
H[WHQGHG IDPLO\ ZKR KDYH HQFRXUDJHG PH DOO WKLV ZKLOH
GHOXGHG UHDVRQ WKLQNV , DP ZRUNLQJ RQ D FXUH IRU FDQF
PDQ\ WLPHV WKDW , DP QRW 7KDQN \RX DOVR WR P\ ZRQGHUIX
DQG HQFRXUDJHPHQW HVSHFLDOO\ GXULQJ WKH PRPHQWYV , ZL
DUH D UHDO RQH $OVR \RXU ZLIH LV EDFN WR QRUPDO , GH
2JXWX 2QXQJD ZKR DOZD\V UHPLQGHG P\ VLEOLQJV DQG , WKEC
ZDQWHG LI ZH ZRUNHG IRU LW +H KLRNBPDQ@RV DQ H[DPSOH R

ORVW LPSRUWDQWO\ , ZRXOG OLNH WR WKDQN *RG ZLWKRXW .
NQRZ , GR QRW GHVHUYH LW EXW IRU VRPH UHDVRQ <RX VDZ |
IRU WKIVRMNDWDW QR 1\DVD\H

8NLWDND NXHQGD KDUDND HQGD SHNHH \DNR XNLWDND N X
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/ILVW RI 7TDEOHYV

7TDEOH1XFOHRWLGH FKDQJHV REVHUYHG LQ KXPDQ 6)% 3&5 SUF
WHUPLQDO LOHXP RI WR \HDU ROG PDOHYV DQG IHPDOHYV ZL
WR FRGRQV IURP WKH 6)% JHQHV RI KHDOWK\ UDW DQG PLFH 7
ZLWK WKH QXFOHRWLGH EDVHV LQ EROG LQ WKH DPLQR DFLG F
VLQJOH OHWWHU DEEUHYLDWLRQV RI WKH DPLQR DFLGV



/ILVW RI )LIXUHV

JLIXUH2YHUYLHZ RI WKH VWUXFWXUH RI WKH 3K' WKHVLYV

JLIXUH'HYHORSPHQW RI WKH JDVWURLQWHVWLQDO WUDFW *,7
FRQWLQXH GHYHORSLQJ DQG PDWXULQJ SRVWQDWDOO\ XQWLO
PLFURELRWD UHVHPEOHVY WKDW RI DQ DGXOW 'XULQJ WKLV WL
LQFUHDVLQJ DQG WKHQ GHFUHDVLQJ DW ZHDQLQJ EXW 6)% DE
J)LIXUH DGDSWHG IURP -DADUHYLiU HW DO > @ &UHDWHG ZLV
6)% 6HJPHQWHG ILODPHQWRXV EDFWHULD ,J$ ,PPXQRJOREXO



/ILVW RI $SEEUHYLDWLRQV
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&KDSWHU L QWURGXFW

SHVHDUFK EDFNJURXQG DQG UDWLRQDOH RI WKH WKHVLYV

7TKH LQWHVWLQDO EDUULHU LV PDGH XS RI IRXU PDLQ FRPSRQ
FKHPLFDO DQG PLFURELRORJLFDO EDUULHUV 7KH SDUW RI W|
WKH PLFURELRORJLFDO EDUULHU LV ZKHUH WKH PDMRULW\
PLFURELRORJLFDO EDUULHU LQIOXHQFHVY HSLWKHOLDO VXU
SUROLIHUDWLRQ > @ 7KH PLFUREHV WKDW UHVLGH KHUH SU
FRPSHWLQJ IRUDGKHUHQFH WR HSLWKHOLDO VSDFHV SURGXF
LQFUHDVHG SURGXFWLRQ RI PXFLQ DQG VHFUHWLQJ FKHPLFD
DQG LQFUHDVH WKHLU QXPEHUV WKHUHE\ VXSUHVVLQJ SDWKR
PLFURELRWD LQFOXGH QXWULHQW DFTXLVLWLRQ DQG HQHUJ\ |
LQ WKLV EDUULHU DUH FRPPHQVDOV DV WKH\ UHTXLUH QXWULLH

WKH *,7

7KH FKHPLFDO EDUULHU FRQVLVWYV RI WZR PXFXV OD\HUV WK
PDLQ FRPSRQHQWYV RI WKH PXFXV OD\HUV DUH KHDYLO\ JO\FR
7KH PXFXV OXEULFDWHV WKH HSLWKHOLXP WR PLQLPLVH VKHH
DFwWV DV D EDUULHU DJDLQVW XQZDQWHG VXEVWDQFHV > @
LOQWHVWLQDO PLFUREHV FRPSDUHG WR WKH RXWHU PXFXV OD
WKH LQQHU PXFXV OD\HU KHOS SUHYHQW FRQWDFW EHWZHHQ
DUH KRZHYHU PLFUREHV ZKLFK UHVLGH LQ WKH LQQHU PXFXV (
WKH\ DUH EHOLHYHG WR KDYH EHQHILFLDO HIIHFWV RQ LPP

GHYHORSPHQW DQG PDLQWHQDQFH

7KH SK\VLFDO EDUULHU LV ORFDWHG EHORZ WKH FKHPLFDO ED
FHOOV RUJDQLVHG LQWR FU\SWV DQG YLOOL LQ WKH VPDOO

SHUPHDEOH SUHYHQWLQJ WKH SDVVDJH RI IRUHLJQ DQWLJ



&KDSWHU L QWURGXFW

LQWUDOXPLQDO VXEVWDQFHV > @ ,W DOVR VHOHFWLYHO\ L
HOHFWURO\WHV ZDWHU DQG HVVHQWLDO GLHWDU\ QXWULHQW
HSLWKHOLXP KDV VWUXFWXUDO LQWHJULW\ DQG FHOO DFWLYL
SHUIRUP VSHFLILF IXQFWLRQV VXFK DV DOORZLQJ WKH SDVVDJ
PDFURPROHFXOHVY EXW DOVR SUHYHQWLQJ WKH SDVVDJH RI

FRPSOH[HVY FRQQHFW DQG LQWHUFRQQHFW HSLWKHOLDO FHOO

7TKH LPPXQRORJLFDO EDUULHU LV WKH LQQHUPRVW OD\HU IR’
LPPXQH FHOOV DUH ORFDWHG 7KH GHIHQFH SURYLGHG E\ WKI
VXSUHVVHG VWDWH WR DYRLG UHDFWLRQV WR GLHWDU\ DQV
SDWKRJHQLF EDFWHULD VWLOO LQGXFH PLOG LPPXQH UHDEFV

LQIODPPDWLRQ > @

7KH GHYHORSPHQW DQG PDWXUDWLRQ RQ VXKBHOWERD@OR DYW HV W
QXPEHU RI SURFHVVHV 7KH SURFHVVHV GXULQJ GHYHORSPHOQ\
IRUPDWLRQ RI D FU\SW YLOOXV DUFKLWHFWXUH > @ GHWHF\
DSLFDO MXQFWLRQDO FRPSOH[ > @ PDWXUDWLRQ RI WKH DE\
PXFRVD > @ H[SUHVVLRQ RI PXFLQ > @ SURGXFWLRQ RI GH

UHFUXLWPHQW RI HSLWKHOLDO O\PSKRF\WHV > @

$SSURSULDWH DQG FRPSOHWH PDWXUDWLRQ RI WKH VPDOO LC
WR RYHUDOO JDVWURLQWHVWLQDO WUDFW *,7 KHDOWK DQG
EDUULHU LQ SDUWLFXODU KDV JDLQHG LQWHUHVW GXH WR GLV
PDWXUDWLRQ RI WKLV EDUULHU VXFK DV LQIODPPDWRU\ ERZ
XOFHUDWLYH FROLWLVY > @ ,QIDQW LPPXQRORJLFDO EDUUL
FRPSOHPHQWDU\ IHHGLQJ IURP DERXW WR PRQWKYV RI DJH

IRU VROLG IRRGV ZKLFK FRQWDLQ QHZ DQWLJHQV DQG PLFURE
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7KH ORZ OHYHO UHVSRQVHV E\ WKH *,7 LPPXQH V\VWHP LQ K
GHWULPHQWDO HIIHFWV 7KLV LQGXFWLRQ RI LPPXQH FHOO Sl
VWDJH LQ WKH PDWXUDWLRQ SURFHVV RI WKH LQIDQW LPP.
FRPSOHPHQWDU\ IHHGLQJ VWDJH WKDW WKH DEXQGDQFH RI D

SODWHDXV RYHU WLPH > @

7TKHVH EDFWHULD NQRZQ DV VHIPHQWHG ILODPHQWRXV EDFWI
DEDHURELF VSRUH IRUPLQJ FRPPHQVDOV DQG KDYH EHHQ R
YHUWHEUDWHY GXULQJ HDUO\ OLIH > @ 7KH RULJLQ RI 6)%
OLIH F\FOH VXJJHVWV WKDW 6)% PD\ EH WUDQVIHUUHG IURP Wk
VHHG WKH RUDO FDYLW\ RI LQIDQWYV GXULQJ YDJLQDO ELUWK
PRWKHU WR WKH HPEU\R YLD WKH SODFHQWD LQ LQIDQWYV ERU
SRVWQDWDO GHYHORSPHQW SUH ZHDQLQJ 6)% DUH WKRXJKW
WKH\ KDYH EHHQ LVRODWHG IURP WKH IDHFHV RI LQIDQWYV XQ
PLFUREHVY KDYH DOVR EHHQ LVRODWHG IURP WKH WHUPLQDO

FKLFNHQV > @ UDWYV > @ DQG SLIJOHWYV > @

$V WKH LQIDQW GLHW WUDQVLWLRQV IURP H[FOXVLYHO\ PLO
ZHDQLQJ WKH DEXQGDQFH RI 6)% FKDQJHV $V REVHUYHG LQ V
DQG IDHFDO 6)% LQFUHDVHV GXULQJ ZHDQLQJ WR D SHDN SRLC
'XULQJ FRPSOHPHQWDU\ IHHGLQJ QHZ VXEVWUDWHVY EHFRPH

SRSXODWLRQ FDXVLQJ WKHLU DEXQGDQFH WR VKLIW IURP RQH
UHVHPEOHV WKDW RI DQ DGXOW > @ 7KH DEVRUSWLYH IXQF)\
GXULQJ ZHDQLQJ > @ DQG VHHPV WR FRLQFLGH ZLWK WKHVH
PLFUREHV LQ WKH LOHXP 7KXV WKH FKDQJH LQ WKH DEXQGDQ
RQ 6)% E\ QRYHO VXEVWUDWHY ZKLFK DUH QRW SUHVHQW LQ E

DORQH FDQQRW FDXVH > @
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7KH GLHWDU\ FKDQJHV DW ZHDQLQJ DOVR FRLQFLGH ZLWK FKD
DQWLJHQV DQG PLFUREHV SUHVHQW LQ WKH IRRG 6WXGLHV
EHWZHHQ 6)% DQG LPPXQH PDUNHUV LPPXQRJOREXOLQ $ ,J$
v > @ ,J$ LV DQ DQWLPLFURELDO ZKLFK LQKLELWYV SDV
ZKLFK LQKLELWY 6)% DWWDFKPHQW WR WKH LOHDO PXFRVD >

DEHUUDQW H[SDQVLRQ RI 6)% UHSRUWHG LQ KHDOWK\ JHUP IU
> @ 6)% DOVR LQGXFH 7 KHOSHU 7K FHOOV WR SURGXFt
LQGLFDWLQJ D SRVLWLYH FRUUHODWLRQ 7KH SURGXFWLRQ R
ZHDQLQJ VWDJHV VXJJHVWV D PDWXUH LPPXQH V\VWHP DQG E
REVHUYHG EHWZHHQ 6)% DQG ERWK LPPXQH PDUNHUV ,J$ DQG

UROH LQ WKH PDWXUDWLRQ SURFHVV RI WKH LPPXQH EDUULHU

7KH WLPLQJ RI 6)% DEXQGDQFH FKDQJHY DURXQG ZHDQLQJ >
FRPSOHPHQWDU\ IRRGV PLJKW EH D ZD\ WR DOWHU WKHLU D
HSLWKHOLDO DQG LPPXQH FHOOV LQ WKH LOHXP 6)% DUH SUF
OXPHQ > @ DQG GLUHFWO\ IURP WKH KRVW DV WKH\ FDC
HQYLURQPHQW R@WEHILOMXPDYH HYROYHG WR DWWDFK WR WK
FRPSOHPHQWDU\ IHHGLQJ SRWHQWLDOO\ GHULYH QXWULHQW
EDFWHULD UHVLGLQJ LQ WKH LQQHU PXFXV OD\HU RI WKH FK
VXEVWUDWHY IURP WKH GLHW PLJKW PRGXODWH 6)% DEXQGDQ
EHHQ LQYHVWLJDWHG 7KHUHIRUH DQ DSSURDFK ZRXOG EH V
DEXQGDQFH DQG SHUKDSV IXQFWLRQDOLW\ WKRXJK RQO\ DW Z
DYRLG DQ\ ULVNV SRVHG E\ D VXVWDLQHG LQFUHDVH LQ WKH D
EHHQ DVVRFLDWHG ZLWK VRPH LPPXQH UHODWHG DQG LQIODP
@ WKLV FUHDWHG WKH QHFHVVLW\ WR PDLQWDLQ DQ DSSURS

DFWLYDWLRQ RI DQ\ SXWDWLYH SDWKRJHQLF JHQHV WKDW WKI
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7KHUHIRUH WKH K\SRWHKBQLQJZBVYHMKBWULFKHG ZLWK D IRRC
LQFUHDVH WKH DEXQGDQFH RI 6)% LQ WKH WHUPLQDO LOHXP
LQIOXHQFH WKH FRQFHQWUDWEKRQ RISRWKPRXYH RROE HUH/W H V\
ZHDQOLQJ PLFH D GLHW HQULFKHG ZLWK D VHOHFEWHG VXEVW !

DEXQGDQFH RI 6)% DQG WKH FRQFHQWUDWLRQ RI IDHFDO ,J$ D

7R WHVW WKH RYHUDOO K\SRWKHVLV WKH LQLWLDO VWHS ZDV
$ OLWHUDWXUH VHDUFK UHVXOWLQJ LQ D OLWHUDWXUH UHYL
ZKLFK LQYHVWLJDWHG WKH HIIHFW RI IRRG VXEVWUDWHV RQ
URGHQWY 7KHVH VWXGLHV LQGLFDWHG WKDW D EDODQFHG GL
WKH DEXQGDQFH RI 6)% :KROH JHQRPH VHTXHQFLQJ UHVXOWH
JHQRPHV ZKLFK SUHGLFWHG WKH SUHVHQFH RI D KLJK DEXQGI
&2*V IRU FDUERK\GUDWHVY 7KH SUHVHQFH Rl PXOWLSOH FDUE
HYLGHQFH WKDW D EDODQFHG GLHW HQKDQFHV 6)% DEXQGDQF

PRUH FRPSOH[ FDUERK\GUDWHY FRPSDUHG WR WKH GLVDFFKDL

7KHVH ILQGLQJVY OHG WR WKH VHDUFK IRU D VXEVWUDWH FKD
FRQVLGHUHG VDIH IRU LQIDQW FRQVXPSWLRQ DQG FDQ EH LQ
VXEVWUDWH VHOHFWHG ZDV LQXOLQ 7KLV VROXEOH ILEUH LV
LV URXWLQHO\ DGGHG WR ERYLQH EDVHG PLON IRUPXODV ZKlI
FRPSDUHG WR KXPDQ EUHDVW PLON 7KHUH DUH DOVR UHSRL
UHGXFHG LQFLGHQFHV RI IODWXOHQFH DQG EORDWLQJ > @
EDFWHULD > @ DQG VKRUW FKDLQ IDWW\ DFLGV 6&)$ DFHWD
> @ ,Q EUHDVWIHG LQIDQWV 6&)$% UHSRUWHGO\ FUHDWH D

JURZWK Rl SDWKRJHQLF EDFWHULD > @ DQG DUH WKRXJKW WR

> @
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7KH RYHUDOO JRDO RI WRALR B®FSHRWVIH MWK DEWEKEVQFH RI 6)%
LOHXP RI ZHDQOLQJ PLFH DW ZHDQLQJ ZLWK D VROLG GLHW HC
LQ WKH FRQFHQWUDWLRQ RI MKKHUH Y XPWX QZR POG NIHURUP ZK

ZHDQLQJ GLHW LQGHHG LQIOXHQFHV WKH PDWXUDWLRQ RI WKF

'"HFLSKHULQJ KRZ 6)% DVVLVW LQ WKLV SURFHVV PD\ FRQWULE
GHYHORSPHQW DQG HYHQWXDOO\ SURPRWH OLIH ORQJ KHDOW
XQGHUVWDQGLQJ RI WKH DELOLW\ RI VSHFLILF IRRG VXEVWUDV

* 7 PLFURELRWD LQ LQIDQF\ DQG LQ WXUQ VXSSRUW WKH GHY
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6SHFLILF REMHFWLYHYVY DQG K\SRWKHVHYV

,W ZDV QHFHVVDU\ WR HVWDEOLVK D ZRUNLQJ PRGHO WR TXDC
DQG LGHQWLI\ WKH LPPXQH PDUNHUV FRUUHODWHG ZLWK 6)% L
ZDV WR TXDQWLI\ 6)% DEXQGDQFH LQ WKH LOHXP DQG IDHFHYV
PRXVH PRGHO > @

+\SRWKHKEXKDWQJIHY LQ 6)% DEXQGDQFH LQ LOHXP WLVVXH LOHXI
EHIRUH DQG LPPHGLDWHO\ DIWHU ZHDQLQJ ZRXOG VKRZ D WHI

UHSRUWHG LQ RWKHU PRXVH VWXGLHYVY DQG LQIDQWYV RI D VLPI

6ZLVV 6:5 - %DJJ $OELQR F %$/% F DQG & EODFN & %/

WKH $J5HVHDUFK 6PDOO $QLPDO )DFLOLW\ )DHFDO VFUHHQLQ
KDUERXUHG 6)% 7KH VHOHFWHG PRXVH VWUDLQ ZDV WKHQ X\
6)% LQ LOHDO WLVVXH FRQWHQWY DQG IDHFDO VDPSOHV SUH
PRXVH H[SHULPHQWDO GHVLJQ DQG VDPSOH FROOHFWLRQ ZHL
'XQVWDQ &KDUORWWH +XUVW -DVRQ 3HWHUV $J5HVHDUFK *U
6PLWK 'U ODWWKHZ %DUQHWW $J5HVHDUFK 5XDNXUD W ZDV
ZDV PRVW DEXQGDQW DQG WKH PRVW DSSURSULDWH WLPH SRL
6)% ZRXOG DOVR EH FRUUHODWHG ZLWK WKH FRQFHQWUDWLRQ
KDYH EHHQ UHSRUWHG LQ WKH OLWHUDWXUH > @ 7

WKDW IXUWKHU PHWKRG GHYHORSPHQW ZDV UHTXLUHG

7TKH VHFRQG REMHFWLYH ZDV WR HVWDEOLVK D ZHDQOLQJ UDW
QRW SUHYLRXVO\ EHHQ UHSRUWHG LQ WKH OLWHUDWXUH &KD S
KRPRJHQLVDWLRQ DQG PXFRVDO VFUDSLQJ WR GHWHUPLQH Wt

VDPSOHV IRU 6)% TXDQWLILFDWLRQ > @
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+\SRWKHRIPRJHQLVDWLRQ RI ZKROH LOHDO WLVVXH IURP ZHDQC
TXDQWLILFDWLRQ RI 6)% FRPSDUHG WR PXFRVDO VFUDSLQJ L!

RYHU WLPH

JROORZLQJ WKH VHOHFWLRQ RI D IRRG VXEVWUDWH IURP WK
GHYHORSPHQWYVY RI &KDSWHUYV DQG WKH RYHUDOO K\SRWK
J)LQDOO\ WKH IRXUWK REMHFWLYH VRXJKW WR H[SORUH ZKHW

ZKDW GRVH ZRXOG LQFUHDVH RU GHFUHDVH WKH DEXQGDQFH |

+\SRWKHQXK®LQ D SUHELRWLF ILEUH ZRXOG LQFUHDVH WKH D

IDHFHV LQ D GRVH GHSHQGHQW PDQQHU LQ ZHDQHG UDW SXSV

$Q RYHUYLHZ RI WKH VWUXFWXUH RI WKLV WKHVLV LV VKRZQ L



&KDSWHU , QWURG X

What What
substrate methods
to test? to use?

PR

JLIXUH2YHUYLHZ RI WKH VWUXFWXUH RI WKH 3K" WKHVLV
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7TKHVLV VWUXFWXUH

7KLV &KDSWHU LV IROORZHG E\ WKH OLWHUDWXUH UHYLHZ &K
6)% LGHQWLI\LQJ WKHVH PLFUREHV LQ LQYHUWHEUDWHYV DQG
FDUULHG RXW RQ 6)% DQG WKHLU SHUFHLYHG UROH LQ WKH *,7
ZKHQ WKH DEXQGDQFH RI 6)% FKDQJHV DW ZHDQLQJ DQG WKH
SUHVHQFH DQG *,7 LPPXQH IDEFWRUV 7KHVH VXJJHVW WKDW 6)
RI WKH VPDOO LQWHVWLQH LPPXQRORJLFDO EDUULHU LQ LQIDH
6)% FKDQJHV LQ DEXQGDQFH DW ZHDQLQJ WKH ZHDQLQJ GLI
PLFUREHV 7KH OLWHUDWXUH UHYLHZ KLJKOLJKWY WKLV NQRZ(

LI DQ\ PRGXODWH WKH DEXQGDQFH RI 6)% DQG LQ WXUQ WKF

&KDSWHU UHSRUWV WKH VWXG\ ZKLFK DWWHPSWHG WR WHVW
DEXQGDQFH SUH DQG SRVW ZHDQLQJ $ WHPSRUDO SURILOI
GHWHUPLQHG LQFOXGLQJ WKH FRUUHODWLRQ EHWZHHQ 6)% D
KLIKOLJKWV WKH FRPSDULVRQ EHWZHHQ WZR WHFKQLTXHV Sl
6)% TXDQWLILFDWLRQ ZKROH WLVVXH KRPRJHQLVDWLRQ DQG
WR RSWLPLVH WKH LOHXP WLVVXH FROOHFWLRQ WHFKQLTXH D
WHPSRUDO SURILOH RI 6)% DEXQGDQFH RYHU WLPH 7KH FRUU

ZDV DOVR GHWHUPLQHG LQ ZHDQOLQJ UDWV 7KH DEXQGDQF
VH[HV VXJIJHVWLQJ D SRVVLEOH LQIOXHQFH RI VH[ KRUPRQHV R
7KH FKDQJH LQ 6)% DEXQGDQFH DW ZHDQLQJ VXJIJHVWHG DQ L
7KH REVHUYHG DEXQGDQFH FKDQJHV IROORZLQJ WKH ZHDQLC
&KDSWHU RQ ZKHWKHU LQXOLQ ZRXOG DIIHFW WKH DEXQG
FRQFHQWUDWLRQ RI IDHFDO ,J$ DQG SODVPD ,/ LQ SUH DQG

GLVFEXVVHV WKH QHZ NQRZOHGJH JHQHUDWHG FRQFOXVLRQ D
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&+$37(5 5(9,(: 2) /,7(5%$785(

7KLV &KDSWHU ZDV SXEOLVKHGURQ W LIHUWL H 2 HIRFAMBK_ G MARRX U Q L
$QGHUVRQ 5& $OWHUPDQQ ( 5R\ 1& DQG OF1DEE :& 7Kl
JLODPHQWRXV %DFWHULD LQ ,PPXQH %DUULHU ODWXUDWLRQ

JURQWLHUV LQ 1XWULWLRQ S GRL QXW

7TKH FRQWHQW RI WKLV &¢KDSWHU KDV EHHQ PRGLILHG WR PHH\
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$SEVWUDFW

7KH PLFURELRORJLFDO SK\VLFDO FKHPLFDO DQG LPPXQRO
GHYHORG DQBKWBRILQLVK PDWXULQJ SRVWQDWDOO\ ODWXUDWLF
IRU WKH SURSHU IXQFWLRQLQJ RI WKH *,7 ODWXUDWLRQ SDU
LQYROYHV EDFWHULD 6)% ZKLFK DUH DQDHURELF VSRUH IRU
LPPXQH DFWLYDWLRQ 7KH SUHVHQFH RI DQG FKDQJHV LQ 6)
FRUUHODWHG WR LPPXQH PDUNHUV F\WRNLQHY DQG LPPXQRJ(
VDPSOHV SUH DQG SRVW ZHDQLQJ 7KH DEXQGDQFH RI 6)% LQ
SHDNV DURXQG PRQWKY DQG SODWHDXV PRQWKV SRVW ZH
WKHVH WLPHV FRUUHODWH SRVLWLYHO\ ZLWK WKH SURGXFW
LQYROYHPHQW LQ LPPXQH IXQFWLRQ DQG PDWXUDWLRQ $GGlI
ZKHQ WKH PLON RQO\ GLHW LV FRPSOHPHQWHG E\ VROLG IRRC
DQDO\VLY UHYHDOHG JHQHV FRGLQJ IRU HQJ\PHV LQYROYHG
JURZWK DQG GHYHORSPHQW KRVW PXFRVDO DWWDFKPHQW D
UHYLHZ GLVFXVVHV WKH FXUUHQW NQRZOHGJH RI 6)% DQG W
LQWHVWLQH LPPXQH VI\VWHP 5HIHUHQFLQJ WKH SXEOLVKHG J
RI IRRG VXEVWUDWHY WR PRGXODWH 6)% DEXQGDQFH LV SURS
RWKHU PLFUREHV &KDQJHV LQ WKH LPPXQH UHVSRQVH FDXVH

ZLWK 6)% PD\ SURYLGH LQVLIJKW LQWR WKHLU UROH LQ LQIDQYV
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,QWURGXFWLRQ

,W LV ZLGHO\ DFFHSWHG WKDW DPRQJVW RWKHU IDFWRUV Wi
ERG\ FRQWULEXWH WR PDLQWDLQLQJ KRPHRVWDVLYVY DQG JRRC
VSHFLILFDOO\ RI WKH *,7 PLFUREHV FUHDWHG DQ LQWHUHVW
KRVW FHOOV ORVW RI WKH NQRZOHGJH IURP EDFWHULD LQ Wt
VWXGLHVY FDUULHG RXW ZLWK IDHFDO VDPSOHV > @ )DHFH\
RI WKH ORZHU *,7 PRVWO\ 6RPH VWXGLHY KDYH DOVR XVHG ID

@ DV WKH KXPDQ VPDOO LQWHVWLQH LV PRUH GLIILFXOW W
WHFKQLTXHV > @ 1HYHUWKHOHVV VRPH PLFUREHV SUHVI
LOQWHVWLQH KDYH FDXJKW VFLHQWLVWY DWWHQWLRQ DV HP

LOQYROYHPHQW ZLWK WKH LPPXQH V\VWHP > @

6)% ZHUH GLVFRYHUHG DWWDFKLQJ WR WKH LOHDO PXFRVD LQ
> @ 7KHVH *UDP SRVLWLYH DQDHURELF VSRUH IRU
EHHQ FODVVLILHG ZLWKLQ WKH )LUP&G R VM B ) BHERXN HDWQ/G DD U H
XQLTXH KROGIDVW VWUXFWXUH ZKLFK IDFLOLWDWHY WKHLU C
OLIHF\FOH RI 6)% WKH VHIJPHQWHG ILODPHQWYV GLYLGH DQG
RIIVSULQJ RU VSRUHV LQ DGYHUVH FRQGLWLRQV > @ 7KH FO
RI 6)% ZIORK WBDEBUNDHG DQ LQWHUHVW LQ WKHLU IXQFWLRQ EH|
WKH GLVWDO LOHXP > @ ,Q WKLV UHJLRQ 6)% PDL
RYHUO\LQJ WKH 3H\HUfV SDWFKHV ZKHUH QDwYH 7 FHOOV X
H[SDQVLRQ WR \LHOG 7 KHOSHU FHOOV > @ 6WXGLHV UH
DEXQGDQFH ZLWK WKH FRQFHQWUDWLRQ RI ,/ LQ SODVPD >

@ 7KH FRQFHQWUDWLRQ Rl WKHVH LPPXQH PDUNHUV ZHUH D

WKH LOHDO FRQWHQWYV RI ZHHN ROG PLFH > @ KR:
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HI[FOXVLYH WR 6)% > @ ,QWHUHVWLQJO\ WKHVH HIIHFW'

LQIODPPDWLRQ LQ WKH KRVW > @

$GGLWLRQDOO\ WKH SUHVHQFH RI 6)% LV YDULDEOH WKHLU D
DW ZHDQLQJ IURP PRQWKYVY SHDNV DURXQG PRQWKY DQG SO
> @ $ VLPLODU SDWWHUQ KDV EHHQ UHSRUWHG LQ %$/% F
,&5 DOELQR PLFH > @ DQG 6SUDJXH 'DZOH\ UDWV > @ ZKHL
ZHDQLQJ IURP GD\V SHDNHG DURXQG GD\V DQG SODWHI
7KLV WLPLQJ RI DEXQGDQFH FKDQJH FRUUHVSRQGYV ZLWK WKH
GLHW WR RQH ZLWK VROLG IRRGV 7KH LQFUHDVHG GLHWDU\ |
LPPXQH VI\VWHP PDWXUDWLRQ SURJUHVVLRQ DQG GULYHV FROF
PLFURELRWD LQ WKH *,7 > @ SRVVLEO\ LQFOXGLQJ 6)% )LJIX

DV VXJIJHVWHG WR EH LQYROYHG LQ LQIDQW *,7 LPPXQH PDWXI
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%LR5HQGHU FRP DQG 3RZHU3RLQW 6)% 6HJPHQWHG ILODPHQWRXV EDFWHULD ,J$ ,PF
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7KH UHSRUWV RI SRVLWLYH FRUUHODWLRQ RI SODVPD ,/ DQCGC
FKDQJHV RI 6)% LQ LOHDO FRQWHQWYV RU VWRROV DW ZHDQL
PLFUREHY DQG WKHLU LQIOXHQFH RQ WKH LQIDQW EWUIRPP XQR
VWXGLHYV ZHUH FDUULHG RXW LQLWLDOO\ DQG SURYHG FKDOOF
> @ 6)% DUH UHSRUWHGO\ DQDHURELF \HW DWWDFK WR H
DWWHPSWV WR IXUWKHU LQYHVWLJDWH WRHYHEMERWH BRI 6)% |
VLIQLILFDQW WHFKQLFDO FKDOOHQJH GXH WR WKH SRRU YLDE

VWXGLHG XVLQJ DQLPDO PRGHOV > @ DQG LOHDO RU V

> @

2KDVKL HW DO > @ LQYHVWLJDWHG ,J$ FRQFHQWUDWLRQ DQ
ZHDQOLQJ PLFH 7KHLU VWXG\ UHSRUWHG WKDW 6)% DEXQG
LQFUHDVLQJ SRVW ZHDQLQJ LPPHGLDWHO\ SHDNHG WKHQ GHI
WKH FRQFHQWUDWLRQ RI ,J$ VKRZHG D QHJDWLYH DVVRFLDW
UHSRUWHG WKDW IRRG VXEVWUDWHY IURP D EDODQFHG GLHW
WKH DEXQGDQFH RI 6)% LQ WKH LOHXP RI DQG ZHHN ROG P
JLYHQ WR VWXG\ WKH SRWHQWLDO RI YDULRXV IRRG VXEVWUD

DQG UHODWHG FKDQJHV LQ PDUNHUV RI LPPXQH PDWXUDWLRQ

JXUWKHU WR WKDW DQDO\VLV RI WKH 6)% JHQRPH UHYHDOHG
PHWDEROLF SDWKzZzD\V ZKLFK WKHVH PLFUREHV XWLOLVH IRU "

@ 'DWD VHWYV RI HQJ\PHV LQ WKH JO\FRO\WLF DQG SHQWRVH
XVH RI VRPH RI WKH E\ SURGXFWYV LQ PHWDEROLF SDWKZD\V IF
DQG FRIDFWRUV ZLWKLQ WKH JHQRPH > @ 7KH JHQRPH RI 6
WR WKDW RI WORWWNUHGDEMRLYHYXH JHQRPH UHSRUWHGO\ ODF

ELRVI\QWKHVLV RI PRVW DPLQR DFLGV $PLQR DFLG WUDQVSRU
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LPSO\ 6)% XSWDNH DPLQR DFLGV SRVVLEO\ IURP GLHWDU\ VRX
SURWHDVHY VHFUHWHG E\ 6)% 7KH DEVHQFH RI WKHVH LPS
FRPPHQVDO QDWXUH > @ DQG SRVVLEO\ UHIOHFW WKH VL]H R
LOHDO PXFRVD DQG DEXQGDQFH FKDQJH IROORZLQJ WKH LQV
JHQRPH PD\ QRW VXSSRUW DOO IXQFWLRQV UHTXLUHG WR EH

QRW GHWHUPLQH ZKHWKHU D PLFUREH FDQ EH IUHH OLYLQJ RLU

7KLV QDUUDWLYH UHYLHZ DQDO\WHV WKH VXJJHVWHG UROH R
PDWXUDWLRQ DQG ZKHWKHU PRGXODWLRQ RI 6)% DEXQGDQF
PDWXUDWLRQ RI WKH VPDOO LQWHVWLQH IRU ODWHU KHDOWK
RI URGHQW 6)% WKH XVH Rl IRRG VXEVWUDWHY WR SRWHQWLI

ZKLOH DOVR FRQVLGHULQJ WKH HIITHFWV RQ WKH LPPXQH V\VW
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'"HYHORSPHQW DQG PDWXUDWLRQ RI WKH VPDOO LQWHVWLQ

7KH VPDOO LQWHVWLQDO EDUULHU FRPSULVHV WKH PLFURELR!
OXPHQ DV ZHOO DV WKH SK\VLFDO DQG LPPXQRORJLFDO EDUUI
EDUULHU ORFDWHG DERYH WKH PXFXV OD\HUV KRXVHV PRVW
DQWLPLFURELDO SHSWLGHV WKDW LQKLELW SDWKRJHQ DWWD
PLFUREHV DUH LQYROYHG LQ QXWULHQW DFTXLVLWLRQ DQG H
PLFURELRORJLFDO EDUULHU OLHV WKH FKHPLFDO EDUULHU Wt
OD\HU IROORZHG E\ WKH LQQHU PXFXV OD\HU FRQWDLQLQJ IH

FRQWDLQV IUHH IORDWLQJ PLFUREHY DQG WKRVH VXFK DV 6)9

%HORZ WKH FKHPLFDO EDUULHU LV WKH SK\VLFDO EDUULHU
FROXPQDU HSLWKHOLDO FHOOV RUJDQLVHG LQWR FU\SWV DQG
3DQHWK FHOOV VHFUHWH DQWLPLFURELDO SHSWLGHV LQ
SKRVSKROLSDVH ZKLFK SUHYHQW WKH JURZWK Rl SDWKRJHQL
SURWHLQ FRPSOH[HV SURYLGH VWUXFWXUDO LQWHJULW\ DQG
SDVVDJH RI VXEVWDQFHV FRQWULEXWLQJ WR WKLV EDUULF
LPPXQRORJLFDO EDUULHU LV WKH LQQHUPRVW OD\HU ZKHUH
DIJDLQVW SDWKRJHQV DQG DQWLJHQV DQG H[LVWV LQ DQ L
KRPHRVWDVLV HYHQ ZLWK GLHWDU\ DQWLJHQV DQG PLFURELR

> @

2 LQWHUHVW LV WKH LPPXQRORJLFDO EDUULHU ZKHUH LPPXQt

PRQWKYV RI JHVWDWLRQ S5HFUXLWPHQW RI HSLWKHOLDO O\PS
IXQFWLRQLQJ RI DQ LPPDWXUH LPPXQRORJLFDO EDUULHU > @
HISDQVLRQ LQ WKH 3H\HUYV SDWFKHV \LHOGLQJ 7 KHOSHU FHC

F\WRNLQHV LQYROYHG LQ LPPXQH UHVSRQVHV > @ 1DwYH %
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SODVPD FHOOV WKDW SURGXFH LPPXQRJOREXOLQV ZKLFK UHF
RU YLUDO DQWLJHQV DQG DVVLVW LQ WKHLU GHVWUXFWLRQ
LPPXQH VI\VWHP PDWXUHV SRVW ELUWK SRVVLEO\ DORQJ ZLWK
RI WKH LPPXQRORJLFDO EDUULHU LV WKRXJKW WR RFEXU DW
IRRGY FRQWDLQLQJ DQWLJHQV DQG PLFUREHY DUH LQWURGXE
WKH LQIDQW *,7 W LV GXULQJ FRPSOHPHQWDU\ IHHGLQJ ZKH
LQIDQW YV PLON RQO\ GLHW WKDW WKH DEXQGDQFH RI 6)% UH
7KH VWXGLHV ZKLFK UHSRUWHG D SRVLWLYH FRUUHODWLRQ R

DQG ,J$ > @ SURGXFWLRQ OHG WR WKH VXJJHVWLRQ WKDW

LPPXQH V\VWHP PDWXUDWLRQ
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%DFNJURXQG RQ VHIPHQWHG ILODPHQWRXV EDFWHULD

5HSRUWHG LQLWLDOO\ RYHU \HDUV DJR 6)% ZHUH REVHUYF
ILUPO\ DWWDFKLQJ WR WKH HSLWKHOLDO OLQLQJ > @ 6)% Z|
&DQGLGDWXV D UG KURPHYWHY WKH ILUVW ILODPHQWRXV EDFWH!
WKRXJK PRUSKRORJLFDOO\ VLPLODU WR WKRVH LVRODWHG IUR
IDFKQRVSLODDIPHFRI®\ ZLW KIOR WKHLBRIMBOWDEQ DO\VLY Rl 6 U51$
VHTXHQFEDQGL@DWXV DKRZKHIRPOQWXYSDUHQW DEVHQFH RI 6)%
JHQH VHTXHQFHV SUHVHQW LQ YHUWHEUDWH 6)% ,W PD\ KDYH
RI 6)% ZLWKLQ WKH VDPH JHQHUD LQKDELWLQJ LQYHUWHEUD\
WD[RQRPLF FODVVLILFDWLRQ ZDV SURSRVHG DQG DFFHSWHG

YHUWHEUDWH\DQGZBYD WRHOE DZKLFK LV Z LDKYLDQY MVOKGHD IFDHPOLHD \

> @ FUHGLW WR 'ZD\QH & 6DYDJH WKH $PHULFDQ JXW PLFUR
GHVFULEHG WKHP LQ WKH LOHXP Rl URGHQWYV > @ 5RGV DQG |
PLFURVFRS\ DQGQ O/XRAXH\GAAW@W LR Q > @ DQG ODWHU 3&5 Pt

GHWHFW 6)% LQ WKH LOHXP RI PLFH DQG UDWYV > @

6)% DUH UHSRUWHG WR UHSOLFDWH LQ WKH LOHXP WKURXJK D
LQ URGHQWYV )LJXUH $ > @ 6)% H[LVW LQ WZR IRUPV D °
KROGIDVW VWUXFWXUH WKDW DOORZV WKHP WR DQFKRU WR W
DUH LQWUDFHOOXODU RIIVSULQJ HQFDSVXODWHG GXULQJ DG
GLVWLQFW LQWUDVHJPHQWDO ERGLHY LQGLFDWH WKDW 6)%

@ 7KH pKROGIDVWYT VWUXFWXUH RQ YHJHWDWLYH VHIPHQW V
FHOOV DQG OHQJWKHQ IRUPLQJ SULPDU\ DQG VHFRQGDU\ VHJI
LQ OHQJWK DQG IRUP ILODPHQWY LQ ZKLFK D PRWKHU FHOO IR
FHOO ZKLFK WKHQ GLYLGHV WR IRUP WZR YLDEOH LQWUDFHOC

HILW WKH ILODPHQW DQG ODWHU DWWDFK WR WKH KRVW HSLWt
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> @ ZKLFK PD\ WKHQ EH WUDQVIHUUHG WR DQRWKHU k
REVHUYDWLRQ ZDV [E® QML VELID®LRQ LQ 6)% JHQH GLYHL!
VSHFLILFLW\ Rl IRXU IODJHOOLQ JHQHV LQ PLFH DQG UDWYV ZKL
WZR YDULDEOH JHQHV DQG FRQILUPHG WKH SUHIHUHQWLDO DYV

RI WKHLU KRVW > @

7KH RULJLQ RI 6)% LQ WKH *,7 LV XQFHUWDLQ PDLQO\ GXH WR
D GHYHORSLQJ IRHWXV 3UHVHQFH RI 6)% LQ WKH SODFHQWD F
LW LV XQFOHDU ZKHQ DQG KRZ WKH\ FRORQLVH WKH LOHDO P
VWDJHV VXIWKNMWY RWKDBWLQJ PD\ EH WUDQVIHUUHG YLD PDWH!
GXULQJ YDJLQDO ELUWK 7KH LQIDQW PD\ DOVR LQJHVW 6)% Z
RIIVSULQJ IURP WKH KDUVK HQYLURQPHQW RI WKH XSSHU *,7

LOHDO PXFRVD 6$%GLIRIRDDPRXOG DOVR EH SDVVHG IURP WK*
YLD WKH SODFHQWD LQ LQIDQWMJIXRHO YWD &KHVHUWKBRULH
H[SODLQ WKH RULJLQ RI 6)% LQ LQIDQWYV WKRXJK WKH\ KDYH

2WKHU SRWHQWLDO VRXUFHV RI 6)% LQFOXGLQJ IRRG RU WKH

KDYH \HW WR EH LQYHVWLJDWHG DV WKH *,7 KDV VR IDU UHPD
PDWXUDWLRQ FRQWLQXHV LQ LQIDQF\ 6)% DEXQGDQFH WKHQ
SODWHDXV DW ZHDQLQJ > @ 5HSRUWHGO\ SUHVHQW LQ
OLIHWLPH WKH DEXQGDQFH RI 6)% LV WKRXJKW WR GHFUHDVH
PDWXUDWLRQ RI WKH *,7 LPPXQRORJLFDO EDUULHU 7KH GHFU
E\ FRPSHWLWLYH LQKLELWLRQ E\ ODWHU DUULYLQJ PLFUREHYV

QHZ ZHDQLQJ GLHW

7KH UHODWLYH DEXQGDQFH RI JHQHV SUHGLFWHG WR HQFRGH
ELRIJHQHVLVY DQG WUDIILFNLQJ ZDV KLJKHU LQ WKH PRXVH 6)%

PD\ UHIOHFW WKH FRPSOH[ FHOO GLIIHUHQWLDWLRQ SURFH)\
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SUHGLFWHG 1 DFHW\OPXUDPR\O / DODQLQH DPLGDVHV XQLTX
3) 3) 3) DUH DOVR K\SRWKHVLVHG DV QHFHVVDU\ L
PRUSKRW\SHV DQG PD\ EH UHVSRQVLEOH IRU UHOHDVLQJ pKR(

> @

,Q SRVWQDWDO OLIH 6)% DUH SUHVHQW LQ WKH LOHXP RI KHD
EHHQ GHWHFWHG LQ LQIDQW DQG DGXOW KXPDQV IDHFHV WKEF
DUH SUHIHUUHG > @ +RZHYHU FROOHFWLQJ LOHDO VDPSOHYV
GLDJQRVWLF WRROV VXFK DV VFRSHVY > @ 3HUIRUPLQJ WKH)
6)% VWXG\ LV FKDOOHQJLQJ GXH WR WKH HWKLFDO UHVWULFWL

DQLPDO PRGHOV DUH FXUUHQWO\ WKH PRVW DSSURSULDWH ZD
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Initiating Symmetrical Asymmetrical Intracellular Intracellular
A intracellula7r/> divisilon division offspring formation offspring release B

offspring I

qze;
T : : v.

| Engulfment of ‘
Primary Secondary daughter cell ™ Spore

segments segments " formation

Faecal SFB spores
seeding foetus at
birth

Spore

Proposed SFB life-cycle Postulated seeding of foetus with
maternal faecal SFB spores

J)LIXUH 7KH SURSRVHG OLIH F\FOH RI 6)%

$ 7TKH pKROGIDVWY VWUXFWXUH RQ YHJHWDWLYH VHIPHQWY DOORZV 6)% WR DQFKRU R
VHIPHQWY 7KHVH OHQJWKHQ WR IRUP D ILODPHQWY RU PRWKHU FHOO ZKLFK HQJXOIV
YLDEOH LQWUDFHOOXODU RIIVSULQJ ZKLFK H[LW WKH ILODPHQW DQG DWWDFK WR WKH
VDPH VSPFR)MVIDHFDO VSRUHV PD\ VHHG WKH RUDO FDYLW\ GXULQJ YDJLQDO ELUWK RLUL
YLD WKH SODFHQWD LQ LQIDQWYV ERUQ YLD &DHVDUHDQ VHFWLRQ )LJXUH $ DGDSWI

% ZLWK SHUPLVVLRQ ITKRPNE&Y 1Z Z6RHKYIEBIR GH HQ ELUWK SUHSDUDWLRQ KWPO




&KDSWHU SHYLHZ RI /LWHU

6)% LQ KXPDQV

7KH GLVFRYHU\ DQG FKDUDFWHULVDWLRQ RI 6)% LQ WKH LOHX
WKHLU UHSRUWHG LQIOXHQFH RQ PDUNHUV RI WKH *,7 LPPXQH
IDHFHV RI KHDOWK\ LQIDQWY DQG DGXOWV VXJIJHVWV WKDW 6)
DQG OLNH URGHQWV PD\ DOVR LQIOXHQFH WKH *,7 LPPXQH V'
LQ KXPDQV LV VWLOO VEDUFH DQG D WLPH FRXUVH VWXG\ HOX

FUXFLDO ZHDQLQJ VWDJH LQ LQIDQWY KDV \HW WR EH DWWHP E

$ FRPSDUDWLYH 6 U51% JHQH DQDO\VLV RI 6)% LQ KHDOWK\ KX
LOHD LQGLFDWHG VLPLODULWLHYVY LQ WKH DEXQGDQFH FKDQJ
GHYHORSPHQW > @ 7KH VLPLODU ILQGLQJV RI 6)% DEXQGDQ
FKLFNHQ LOHD LPSOLHG WKDW LOHDO 6)% LQ KXPDQV H[KLELW
SUH DQG SRVW ZHDQLQJ DQG WKHQ SHUVLVW LQWR DGXOWt
PLFURELRWD 6)% KDYH DOVR EHHQ GHWHFWHG LQ LOHRVWRP\
FROLWLY > @ WKRXJK WKH LPSOLFDWLRQV RI GLVHDVH FDXVH
LQGLFDWLQJ WKH SUHVHQFH RI 6)% LQ WKH KXPDQ *,7 WKHVH
LOQWHUDFWLRQ RI WKHVH PLFUREHV ZLWK WKH LPPXQH V\VWHP
LQ KXPDQV FRPHV IURP VWXGLHYVY FDUULHG RXW RQ DQLPDO F

PLIKW QRW QHFHVVDULO\ WUDQVODWH WR KXPDQV GXH WR G

EHWZHHQ VSHFLHV
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6)% DQG WKH LPPXQH V\VWHP

7KH GLVFRYHU\ RI 6)% LQ WKH LOHXP RI YHUWHEUDWHY SURPZ
*7 6WXGLHV RQ KRZ 6)% LQWHUDFW ZLWK WKH LPPXQH V\VWH

FDXVH LOO HIIHFWV LQ KHDOWK\ YHUWHEUDWHYV > @

,PPXQRJOREXOLQ $ DQG ,QWHUOHXNLQ

6WXGLHVY RQ 6)% KDYH LQYHVWLIJDWHG WKHLU UHODWLRQ\
LPPXQRJOREXOLQ RFFXUULQJ LQ WKH ERG\ ,J$ DFWV WR EOF
WUDQVORFDWLRQ PHGLDWHV WKH QHXWUDOLVDWLRQ RI WR
PDFURPROHFXODU VWUXFWXUHYV RQ WKH HSLWKHOLXP LQ WK
RULJLQDWHY IURP EUHDVW PLON FRQWULEXWLQJ WR KLJK OHY
PRQWK ZKLFK JUDGXDOO\ GHFUHDVH XQWLO PRQWKYV RI DJH
VWDEOH XQWLO PRQWKYVY RI DJH > @ 3RVWQDWDO PLFURELTEL

VWLPXODWH KRVW SURGXFWLRQ RI ,J$ DQG WKH OXPLQDO OH"®

7KH SUHVHQFH RI ,J$ LQ WKH *,7 LV LPSRUWDQW HVSHFLDOO\
DQ LPPDWXUH LPPXQH V\VWHP ,QWHUDFWLRQV EHWZHHQ 6)%
UHSRUWYV RI 6)% LQGXFLQJ ,J$ SURGXFWLRQ LQ 6ZLVV > @

DGXOW PLFH PRQR DVVRFLDWHG ZLWK 6)% 7KHVH ILQGLQJV VX
FHQWUHV LQ WKH 3H\HUTV SDWFKHV > @ )XUWKHU LQYHVWLJC
LQFUHDVHG ZLWK LQFUHDVLQJ 6)% DEXQGDQFH DQG FRQWLC
GHFUHDVHG IURP DERXW ZHHNV SRVWQDWDOO\ > @ $
PDLQO\ 6)% DQG RWKHU DQDHUREHV LQ WKH DEVHQFH RI K\SH

> @ SRLQWV DW WKH IXQFWLRQ RI ,J$ LQ UHJXODWLQJ WKH
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SURGXFWLRQ LV KRZHYHU QRW H[FOXVLYHO\ OLQNHG WR 6)¢
QHJDWRLYH FHROODQL@ DQG *UDP SRWALIWL &R ESUFR\EH. R F

LQGXFH WKH SURGXFWLRQ RI ,J$ % FHOOV ZKLFK DUH WKH RLU
PLFURELDO FRORQLVDWLRQ LQFOXGLQJ 6)% UHVXOWLQJ LQ
FRUUHODWLRQ RI ,J$ ZLWK 6)% > @ PD\ EH HYLGHQFH RI ,
EDODQFH ZLWKLQ WKH PLFURELRWD DQG UHPDLQV D SRLQW R

SRVWQDWDO LPPXQRORJLFDO EDUULHU PDWXUDWLRQ

7KH HIIHFW Rl 6)% RQ YDULRXV LPPXQRJOREXOLQV ZDV FRPSD!I
PDUNHU WR FRUUHODWH ZLWK WKH DEXQGDQFH RI 6)% 7KH FR
VPDOO LQWHVWLQDO VHFUHWLRQV RI + ZHHN ROG PDOH DQG
DQ HQJ\PH OLQNHG LPPXQRVRUEHQW DVVD\ (/,6% 7KH FRQFHC
6)% IUHH VSHFLILF SDWKRJHQ IUHH 63) PLFH ZHUH FRPSDUHC
VKRZHG D VLJQLILFDQW LQFUHDVH LQ WKH FRQFHQWUDWLRQ
6)% SRVLWLYH PLFH VLPLODU WR ZKDW LV REVHUYHG LQ PLFH
UHSRUWHG WKDW 6)% SURPRWHG WKH GHYHORSPHQW RI ERW

SURGXFLQJ FHOOV LQ WKH VPDOO LQWHVWLQH RI PDOH %$/% F

ODQ\ UHSRUWYV RQ 6)% KDYH IRFXVHG RQ WKHLU DELOLW\ WR
LQIODPPDWRU\ F\WRNLQH ,/ IXUWKHULQJ WKH LQWHUHVW LQ

@ ,/ LV HVVHQWLDO IRU KRVW GHIHQFH DJDLQVW LQIHF\
VXUIDFHV > @ :KHQ IDHFDO PLFUREHV ZLWKRXW 6)% IUR
LOQOWURGXFHG LQWR *) PLFH 7K FHOOV ZHUH QRW LQGXFHG X
6)% LQ WKHLU PLFURELRWD KDG IHZHU 7K FHOOV LQ WKH L
SRSXODWLRQ 6)% DOVR VSHFLILFDOO\ LQGXFHG 7K FHOOV 1

ZKHQ LQWURGXFHG LQWR *) 6ZLVV :HEVWHU PLFH > @ 7KH SUF
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PDWXUDWLRQ RI WKH LPPXQRORJLFDO EDUULHU DIWHU 6)% Z
FRORQLVHG FRQWURO *) PLFH ZHUH DOVR REVHUYHG WR KDYH

LPPXQRORJLFDO EDUULHU > @

5SHSRUWVY RI WKH LQIOXHQFH RI 6)% RQ LOHDO ,/ SURGXFWLR
PHEFKDQLVPV E\ ZKLFK 6)% DFKLHYH WKLV > @ VXJIJHVW D
,PPXQLVDWLRQ RI DGXOW PLFH ZLWK 6)% IODJHOOLQV )OL& U
LOQWHVWLQH HSLWKHOLDO FHOO IDFWRUV FRQWUROOLQJ WKH
DQG DOVR SURPRWLQJ WKH SURGXFWLRQ RI ,/ > @ )XUWKH
6)% LQ DGXOW PLFH KDV UHYHDOHG WKDW 6)% DQG LOHDO HSL
HQGRF\WLF YHVLFOHV DW WKH LQWHUIDFH RI 6)% HSLWKHOLDC
WKH HSLWKHOLDO FHOOV WULJJHUV WKH IRUPDWLRQ RI HQGR
DQG G\QDPLQ GHSHQGHQW HQGRF\WRVLV 7KHVH YHVLFOHV F
SURWHLQ 3 DQ LPPXQRGRPLQDQW 7 FHOO DQWLJHQ IRU Jt
7KH YHVLFOHYV DUH UHOHDVHG LQWR WKH LOHDO HSLWKHOLDO
SURSULD DQWLJHQ VSHFLILE 7K FHOOV DQG VXEVHTXHQWO\
REVHUYDWLRQV LQGLFDWH WKDW 6)% IODJHOOLQV DUH LQYRO"

ZKLFK LQ WXUQ LQGXFH ,/ SURGXFWLRQ

/ILNH ,J$ 7K FHOO SURGXFWLRQ LV DOVR QRW H[FOXVLYH WR
& %/ *) PLFH PRQR DVVRFLDWHG ZLWK 6)% LQGXFHG 7K FHC
PLFH FRORQLVHG E\ 6)% DQG D PRUH FRPSOH[ PLFURELRWD 6
WKH VPDOO LQWHVWLQH > @ 7KLV UHSRUWHG LQWHUDFWL

SURGXFWLRQ KLJKOLJKWV WKH VI\QHUJ\ DPRQJ FRPPHQVDOYV
VIVWHP LQFOXGLQJ 7K FHOOV $OWHUQDWLYHO\ GLIITHUHQ)

TDFRQLF % DQG -DFNVRQ % PLFH WUHDWHG ZLWK DQWLELRV
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EDFWHULD > @ 8SRQ IXUWKHU % QFWWWSR K BWIMRH B H RBHSLRW RVIH
WR EH LQYROYHG LQGLFDWLQJ WKDW 6)% PD\ QRW EH WKH RQ

SURGXFWLRQ

2YHUDOO WKH OLWHUDWXUH UHSRUWY WKDW 6)% XSUHJXODWI
SURGXFWLRQ LQ DGXOW PLFH 7KHVH REVHUYDWLRQV LPSO\

LQYHVWLIDWLQJ WKH UROH RI 6)% LQ SRVWQDWDO LPPXQRORJ

,PPXQH PHGLDWHG GLVHDVH

S5HVHDUFK LQWR 6)% KDV KLJKOLJKWHG WKHLU DVVRFLDWLRC
SURWHFWLRQ > @ 7KH ILQGLQJV VXJIJHVW WKDW KDYLQJ D

D GHOLFDWH EDODQFH EHWZHHQ WKHVH PLFUREHY DQG WKH K

7KH HITRUW WR GHFLSKHU WKH UROH RI 6)% DURVH IURP VWXG
RI 6)% LQ VHYHUDO IXQFWLRQDO *,7 DQG DXWRLPPXQH GLVHEL
LPPXQRGHILFLHQF\ 6&," DGXOW PLFH FRORQLVHG ZLWK RQO
FRPELQDWLRQ RI ERWK UHSRUWHGO\ GHYHORSHG FOLQLFDO V
RU 6&," PLFH LQRFXODWHG ZLWK 63) PLFURELRWD H[KLELWHG
RI FROLWLY LQ WKH PLFH VXJJHVWHG WKDW GHQGULWLF FHOO
LOHXP > @ 6)% ZHUH DOVR GHWHFWHG LQ LOHDO PXFRVD VI
SDWLHQWY DQG KHDOWK\ FRQWUROV LQGLFDWLQJ WKH SUHVE
QRW EH OLQNHG WR WKH GLVHDVH > @ ,W ZDV K\SRWKHVLVHG
PLIKW KDYH H[KLELWHG D KLJKHU 6)% ORDG FRPSDUHG WR WK
WKDW KLJKHU QXPEHUV RI 6)% LQGXFHG WKH SURGXFWLRQ R

WKRXJK WKLV ZDV QRW PHDVXUHG $ KLIJKHU DEXQGDQFH RI 6)
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RI DGXOW SDWLHQWV ZLWK GLDUUKRHD DVVRFLDWHG LUULYV
FRQVWLSDWLRQ DVVRFLDWHG LUULWDEOH ERZHO VI\QGURPH >
DVVRFLDWHG ZLWK 6)% ZKHUH WKH 7K FHOO SRSXODWLRQ LQ
PRXVH PRGHOV LQRFXODWHG ZLWK 6)% SURYRNHG DQ RQVHW F
KLIKOLJKW WKH FRPSOH[LWLHV RI WKH VXJJHVWHG HIIHFWV R

WR D VLQJOH W\SH RI SDWKRORJ\ QRU LQIHU FDXVDOLW\

5HSRUWV IURP WKH VHTXHQFHG UDW DQG PRXVH 6)% JHQRPH
HQFRGLQJ IRU NQRZQ WR[LQV DQG YLUXRORY MU LBEWRKULY SUHV
REVHUYDWLRQ DQG WKH ODFN RI DSSDUHQW LQIODPPDWRU\ U
VXJIJHVW WKDW 6)% PD\ VWLPXODWH ,/ SURGXFWLRQ ZLW
3K\ORJHQHWLF DQDO\VLV RI 6 U51%$ LQ GIOFRDMWMMEKKIDW 6)% L
&ORVWULGLXP WHWDQG & OSHEUHLD JHRPPRQ DQFHVWRU DOE
)LIXUH 7KHUHIRUH LW LV DOVR OLNHO\ WKDW 6)% PD\ K
SDWKREBRYWDQGLDKLFK PD\ EH DFWLYDWHG XQGHU LPPXQH SL
WKH QXPEHUV RI 6)% FURVV D WKUHVKROG 6HTXHQFLQJ RI 6
KHDOWK\ DGXOWV > @ DQG WKRVH ZLWK XOFHUDWLYH FROLWL

GLITHUHQFHY EHWZHHQ 6)% JHQRPH W\SHYV
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Clostridium-butyricum-DSM10702
Clostridium-leptum-DSM753

Clostridium-tetani-E88
= —SFB-human
———SFB-trout
Clostridium-perfringens-str.13
Clostridium-fallax-strain-DSM2631
SFB-rat-Yit
.|SFB-mouse-Japan
[ ISFB-mouse-Yit

ISFB-mouse-NL

| |

J)LIXUH SK\ORJHQHWLF WUHH UHODWLQ XS K)®%RWYWR GQHORVAWW UG HXP KRZWFWHKW UHODWLRQ

<LW 6)% UDW <LW 6)% PRXVH -DSDQ 6)% PRXVH 1/

DQG SDUWLDO 6)% KXPDQ 6)% WU
IDOOD]

& WHWDQL DQG QRQ SDWKRJHQLF & EXW\ULFXP & OHSWXP &ORVWULGLXP

(0, OXOWLSOH 6HTXHQFH $OLJQPHQW &OXVWDO 2PHJD WRRO DQG (7( WRRONLW 3K\ORJH
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&RPSDULVRQ RI VHTXHQFHV DPRQJ 6)% ILODPHQWY LVRODWHG
ZLWK SXEOLVKHG 6)% JHQRPH VHTXHQFHV UHYHDOHG WKH
SRO\PRUSKLVPV 613V > @ ,Q QDWXUH 613V RFFXU IUHTXHQ)
SRLQW PXWDWLRQV ZLWK QR HIIHFW EXW WKH\ FDQ DOVR FD)
IXQFWLRQDOLW\ RI D JHQH 3DP SGH @ RMIR P> | L ®HFIRPE L QHIX D 8 D
ILODPHQWYVY 6)% WR 6)% IURP IDHFDO PDWHULDO RI 6)% PR
DVVHPEO\ 36)% FR° $ VHFRQG FR DVVHPEO\ 36)% PRXVH 68  Z
WKHLU 6)% ZDV DOVR DVVHPEOHG XVLQJ WKH SXEOLVKHG 6)
$3 @ > @ 6RPH RI WKH ORFL H[KLELWLQJ 613V LQ WKH LC
R[DORDFHWDWH GHFDUER[\ODWH DOSKD 2DG$ S\UXYDWH NL
SURWHLQ )OL1 $ FRQVHUYHG O\VLQH UHVLGXH LQ 2DGS$

R[DORDFHWDWH ZDV VXEVWLWXWHG €\PWHKERHROHDHBHEWLPLO
2DG$ LQHIIHFWLYH )RU 3. ZKLFK FDWDO\VHV SKRVSKRHQROS\L
ZDV FKDQJHG WR DODQLQH 7KH 613 LQ )OL1 ZKLFK WRJHWKHU
FRPSOH[ WKDW FRQWUROV WKH GLUHFWLRQ RI IODJHOOD URYV
DODQLQH FKDQJH > @ 7KHVH PXWDWLRQV RI )OL1 LQ EDFWHUI
DQG URWDWLRQ > @ 7KH SRO\PRUSKLVPV REVHUYHG DP
VXJIJHVWHG WR EH PLQRU YDULDQWYV ZKLFK FRH[LVW ZLWKLQ C
OXOWLSOH JHQRPH VHTXHQFH FRPSDULVRQV RI RWKHU 6)% JHQ
ZKHUHE\ WKH KLJKHVW YDULDELOLW\ LQFOXGH &5,635 DUUD\V
SURWHLQV > @ ZKLFK LQGLFDWH KHWHURJHQHLW\ DQG HYRO

VLPLODU VSHFLHV

JLORWWL HW DO > @ DOVR VHTXHQFHG DQ 6)% 3&5 SURGXFW
WR \HDU ROG PDOHV DQG IHPDOHV ZLWK XOFHUDWLYH FROLW

JHQRPH VHTXHQFHV RI 6)% IURP KHDOWK\ PRXVH UDW WXUNH



&KDSWHU SHYLHZ RI /LWHU

LQ WKH 1&%, SHIHUHQFH 6HTXHQFH 'DWDEDVH 7DEOH 7KH
FKDQJHV LQ WKH XOFHUDWLYH FROLWLYV 6)% FRGLQJ VHTXHQFF
DPLQR DFLG GLIITHUHQFHYV IURP DURPDWLF WR EUDQFKHG FKDI
XQFKDUJHG DURPDWLF WR DOLSKDWLF DQG K\GURSKRELF WF
VHTXHQFHG FRORUHFWDO 6)% JHQHV ZHUH UHSUHVHQWDWLYH
LQIRUPDWLRQ LW LV XQFOHDU ZKHWKHU LOHDO DQG FRORUH
FRPSOHWH 6)% VHTXHQFHYV IURP KHDOWK\ KXPDQV LQ WKH GD

LQIRUPHG FRPSDULVRQV EHWZHHQ 6)% LVRODWHG IURP KHDOW
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7TDEOH 1XFOHRWLGH FKDQJHV REVHUYHG LQ KXPDQ 6)% 3&5 S
WHUPLQDO LOHXP RI WR \HDU ROG PDOHV DQG IHPDOHYV Z|
WR FRGRQV IURP WKH 6)% JHQHV RI KHDOWK\ UDW DQG PLFH

ZLWK WKH QXFOHRWLGH EDVHV LQ EROG LQ WKH DPLQR DFLG

VLQJOH OHWWHU DEEUHYLDWLRQV RI WKH DPLQR DFLGV

18&/(27,'(
326,7,21
5%$7 $7& *$7 $7% &$7
,ZVROHXFLQH $VSDUWDWH 7\URVLQH <
0286 ( T7& *$7 $7% &&7
3KHQ\ODODQLQH
$VSDUWDWH 7\URVLQH < /HXFL
)
+80%1
8/&(5%$7,9
$77 ** g *& & $$%
&2/,7,6
3$7,(176
. VROHXFLQH *O\FLQH * $ODQLQH $ /
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,Q FRQWUDVW 6)% KDYH DOVR EHHQ DVVRFLDWHG ZLWK GLVHEL
> @ DQG URWDYLUXV LQIHFWLRQ > @ LQ DGXOW PLFH 1RC
LOQRFXODWHG ZLWK 6)% ZHUH UHSRUWHG WR KM X LAIKHQH Y H (
FRPSDUHG WR 6)% QHJDWLYH 12" PLFH 7KH 6)% SRVLWLYH 12
GLDEHWHV WKRXJK OHYHOV RI LQVXOLWLY D PDUNHU IRU W\S
QHJDWLYH 12" PLFH 7KLV UHVXOW LPSOLHV WKDW 6)% FRORQ

GLDEHWHYV EXW PLJKW PRGXODWH WKH SURJUHVVLRQ RI WKH C

,Q DGGLWLRQ WKH FRPSDULVRQ RI WZR GLIIHUHQW 6)% VWUD
DGXOW PLFH ZKLFK ODFN PDWXUH % RU 7 FHOOV VKRZHG

PHFKDQLVP E\ ZKLFK WKLV HIIHFW KDSSHQHG ZDV LQGHSHQC(
DGPLQLVWUDWLRQ SURPRWHG HQWHURF\WH SUROLIHUDWLRC
URWDYLUXV LQIHFWHG FHOOV 7KH REVHUYDWLRQV KLQWHG W
WKH URWDYLUXV IURP XWLOLVLQJ D VXUIDFH FRPSRQHQW WR
HITHFW DJDLQVW URWDYLUXV LQIHFWLRQ ZDV KRZHYHU FRQIH
VWUDLQV DGPLQLVWHUHG WR URWDYLUXV VXVFHSWLEOH 5D.
SRWHQWLDO UROH RI VWUDLQ VSHFLILF SKHQRW\SHV > @ 7}
DPRQJ 6)% VWUDLQV DORQJ ZLWK RWKHU PLFUREHV FHOO VL

PHGLDWRUYV

7KH SUHVHQFH RI 6)% LQ KHDOWK\ > @ DQG GLVHDVHG > @ I
KDYH SHUVLVWHG IURP FKLOGKRRG %DVHG RQ WKH DEXQGDQ
LQFLGHQFH RI GLVHDVH SHUKDSV DQ DSSURSULDWH DQG FULYV
HITHFWV DQG EH\RQG WKLV WKUHVKROG WKHUH PLJKW EH GH

6)% DUH VSHFLILF WR DQ DJH JURXS RU ZKHWKHU WKH\ FRQWLC
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ODWHU LQ OLIH DUH XQFOHDU DQG UHPDLQ DV SRLQWYV RI LQW

GLVHDVH

,PSDFW RI HDUO\ OLIH QXWULWLRQ RQ LOHDO 6)% DEXQGDQ

7KH WLPLQJ RI 6)% DEXQGDQFH FKDQJHV DURXQG ZHDQLQJ >
FRPSOHPHQWDU\ IRRGV PLJKW EH D ZD\ WR DOWHU WKHLU DE.
HSLWKHOLDO DQG LPPXQH FHOOV LQ WKH LOHXP 7KH DEVRUSW
GXULQJ ZHDQLQJ LQ LQIDQWY > @ DQG VHHPV WR FRLQFLGH
PLFUREHV DEXQGDQFH LQ WKH LOHXP 6)% DUH SURSRVHG WR
> @ DQG GLUHFWO\ IURP WKH KRVW WKRXJK WKLV KD\
HYROYHG WR DWWDFK WR WKH LOHDO PXFRVD DQG GHULYH QX

EDFWHULD UHVLGLQJ LQ WKH LQQHU PXFXV OD\HU RI WKH FKHI

7KH DEXQGDQFH RI 6)% PLJKW LQFUHDVH ZLWK WKH LQFUHDVL
IURP ZHDQLQJ ZKLFK PLJKW KDYH VXEVHTXHQW HIIHEFWV RQ W
+RZHYHU WKH ULVNV WKDW DQ LQFUHDVH LQ 6)% DEXQGDQF
GLVFXVVHG LQ 6HFWLRQ WKHVH PLEUREHVY PD\ EH DVVR
+RZHYHU REVHUYDWLRQV IURP KHDOWK\ 6)% PRQR DVVRFLDW
KXPDQV GD\ ROG WR \HDUV ROG KDYH VKRZQ WKDW 6)% ¢
ZKLFK VXJJHVWV WKDW FKDQJHV LQ WKH SURILOH RI 6)% DE.
SDWKRORJLFDO HIIHFWV 7KHVH UHSRUWV VWURQJO\ KLQW DW
RI 6)% WR DYRLG SRVVLEOH DFWLYDWLRQ RI SXWDWLYH SDW
KDUERXU 6)% DUH WKRXJKW WR LQIOXHQFH WKMGSWRGWKFWLF
SURFHVV PD\ H[DFHUEDWH LPPXQH PHGLDWHG GLVHDVHV DQG

,PPXQH PHGLDWHG GLVHDVHV PD\ DOVR OLNHO\ KDYH D UHYH
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SDWKRJHQLFLW)\ LQ 6)% WKRXJK WKLV LV \HW WR EH LQYHVWL
LQ 6)% DEXQGDQFH FDQQRW EH LQIHUUHG IURP VWXGLHV ZLWHK
RI 6)% DEXQGDQFH GHFUHDVH SRVW ZHDQLQJ LV VWLOO XQNQ
WKH FRPSOHWLRQ RI LPPXQH EDUULHU PDWXUDWLRQ ZKLFK F
7KLV LV WKRXJKW WR RFFXU ZKHQ VROLG IRRGV LQGXFH GL
PLFURELRWD YLD JHQH UHJXODWLRQ RI OLSLG DQG FDUERK\
EDODQFH DQG ERG\ ZHLJKW LQIODPPDWRU\ UHVSRQVH LQFUFH
> @ 6)% DOVR FRH[LVW ZLWK RWKHU PLFUREHV LQ WKH F
DEXQGDQFH RI 6)% HYHQ IRU D OLPLWHG DPRXQW RI WLPH

WKHUHIRUH XQFOHDU KRZ WKHVH SRWHQWLDO LQWHUDFWLRQ\

KHDOWK

6 XEVWUDWH VHOHFWLRQ

7TKH DQDO\VLV RI WKH UDW DQG PRXVH 6)% JHQRPHV LV QHFHV'
JHQHY DQG WKHUHE\ SUHGLFW WKH XWLOLVDWLRQ RI VXEVWU
JHQHV LQ WKH 6)% JHQRPH DQG HYLGHQFH WKDW 6)% UHVLGH
LOHXP SRVVLEO\ H[SODLQV LWV UHGXFHG JHQRPH VL]H a

&ORVWULGLOEH S5HVXOWYV IURP WKH SXEOLVKHG UDW DQG PRX\
SUHVHQFH RI FDUERK\GUDWH DPLQR DFLG SURWHLQV YLWDPI
WUDQVSRUWHUY DQG $%& W\SH WUDQVSRUWHUV > @ &RQWL
RYHU WLPH PD\ KDYH FRQWULEXWHG WR WKHLU FRPPHQVDOLVF

QXWULHQWYV GLUHFWO\ IURP WKH KRVW

&RPSDUHG ZLWK VHOHFWHG FORVWULGLD DQQRWDWLRQ RI W

JHQH SURGXFWV LQYROYHG LQ DPLQR DFLG V\QWKHVLV $OWH
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IRU DPLQR DFLG WUDQVSRUWHUYVY DQG SHUPHDVHV LPSOLHV W
WKDW PD\ EH DFTXLUHG YLD DEVRUSWLRQ > @ $GGLWLR
UHTXLUHG IRU VIOQOWKHVLVLQJ DPLQR DFLGVY DQG FRIDFWRUV K
RI WKH 6)% JHQRPH KDV DOVR LQGLFDWHG WKH SUHVHQFH R
SURWHLQ $QDO\VLV RI WKH GUDIW JHQRPH RI KXPDQ 6)% IURP
RQH WHQWDWLYHO\ HIWUDFHOOXODU 1 DFHW\OJOXFRVDPLQLG]

GLITHUHQW IDPLOLHVY DV ZHOO DV VHYHUDO FHOO VXUIDFH
7KHVH HQJ\PHV WRJHWKHU PLIJKW K\GURO\VH QXWULHQWV ZLW
DUH WKHQ LPSRUWHG LQWR WKH 6)% FHOO UHIOHFWLQJ WKH U]
$QDO\WLV RI WKH KXPDQ 6)% GUDIW JHQRPH LQGLFDWHG D ODF
VLPLODU WR UDW DQG PRXVH 6)% 7KHUH ZHUH DOVR QR SURW
WDNH SDUW LQ WKH HOHFWURQ WUDQVSRUW FKDLQ VXJJHVW
REVHUYDWLRQ ZDV WKDW KXPDQ 6)% FRQWDLQV JHQHV IRU EL
7 ZKLFK DUH ODFNLQJ LQ UDW DQG PRXVH 6)% 7KLV REVHUYD
RU GLHWDU\ GLIIHUHQFHV RI WKH KRVWYV RU KRVW PLFURELD

VIQWKHVLVH ELRWLQ ZKLOH RWKHUV FDQQRW

$QDO\VLV RI WKH 6)% JHQRPH DOVR UHYHDOHG WKH SUHVHQFI
LQ WKH JO\FRO\WLF DQG SHQWRVH SKRVSKDWH SDWKZzZD\V $
HQJ\PHV IRU WKH JO\FRO\WLF SDWKZD\ ZDV UHYHDOHG )RU WKI
IRU WKH R[LGDWLYH SKDVH ZHUH QRW SUHGLFWHG WKRXJK DW
ZHUH GHWHFWHG ZKLFK PD\ FRQWULEXWH WR WKH WROHUDQF!I
RI WKH VPDOO LQWHVWLQDO OXPHQ > @ 7KH SUHGLFWHG Sl
SKRVSKDWH HQJ\PHV VXJJHVWYV WKDW FDUERK\GUDWH PDFURP

DQG XWLOLVHG E\ 6)% DV WKH PDLQ HQHUJ\ VRXUFH $QRWKH
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HI WUDFHOOXODU K\GURODVHV ZKLFK DOORZ WKHP WR PHWD

HYLGHQFH RI JHQHYVY UHVSRQVLEOH IRU WKLV KDV QRW EHHQ U

7KH SXEOLVKHG 6)% JHQRPH > @ SUHGLFWHG SHUPHDVHYV DQC
vVXJDUV ZKLFK UHIOHFW WKH PHWDEROLVP DQG WUDQVSRUW F
LQFOXGH PDQQRVH D FRPSRQHQW RI WKH JO\FRO\WLF SDWKZD\
DQG PDODWH = D VRXUFH RI FDUERQ XVHG LQ WKH WULFDUER]
VIOQOWKHVLVLQJ DGHQRVLQH WULSKRVSKDWH 6)% DUH DOVR WK
IUXFWRVH ZKRVH PHWDEROLVP UHVXOWY LQ JO\FHUDOGHK\GH
ORUHRYHU WKH SUHIHUUHG QLFKH RI 6)% LV WKH LOHXP ZKHU
PLFURYLOOL FRYHUHG VXUIDFH RQ WKH LOHDO HSLWKHOLX

GLVDFFKDULGHV LQWR VLPSOH VXJDUV WKDW DUH WKHQ DEVR!

$W ZHDQLQJ ZKHQ WKH DEXQGDQFH RI 6)% FKDQJHV WKH DGG
WKH GLHW LV WKRXJKW WR HQFRXUDJH WKHLU JURZWK > (
LOHXP > @ 7KH LQIDQW *,7 SUH ZHDQLQJ LV PDLQO\ FROF
$SFWLQREDFRWHHR B% B W\WM H U DRPWAHW HRAX W@V ,Q H[FOXVLYHO\ EUHD
LQIDQWYV WKH *,7 L%LGRPREWSMHGSIEWLQRED@®NVNHAKLBK DUH

DVVRFLDWHG ZLWK WKH SURGXFWLRQ RI 6&)$V DQG YLWDPLQV
SUHYHQWLRQ RI *,7 GLVRUGHUV > @ LIVKFHRBEDRWG K BWD RS !
VXJIJHVWYV WKHLU LQYROYHPHQW LQ FDUERK\GUDWH IHUPHQWIL
QRQ GLIHVWLEOH ROLJRVDFFKDULGHYV VXFK DV IUXFWRROLJRYV
*26 DQG LQXOLQ DUH UHSRUWHGO\ VHOHFWLYH LQ LQFUHDVL(

( QWHURIFREFKHUBFKLD @

TKURXJKRXW DOO ZHDQLQJ VWDJHV LQIDQWY DUH DEOH WR

ZHDQLQJ WKRXJK LQIDQWYVY GHYHORS WKH DELOLW\ WR IHUPHC
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RI ZHDQLQJ DUH DEOH WR IHUPHQW FRPSOH[ FDUERK\GUDWHYV >
IHHGLQJ ZKHQ FRPSOH[ IRRG VXEVWUDWHY DUH LQWURGXFHG

JLUPLFXMH\WK L GFEORVHYLGQDZMBEBK 6)% DUH FODVVLILHG DOVR

@

7KH UHFRPPHQGHG ZHDQLQJ GLHW LQFOXGHV SURWHLQ IDWYV
SUHELRWLFV > @ WR NHHS XS ZLWK LQIDQW QXWULWLRQI
GHYHORSPHQW 7KH FDUERK\GUDWH SUHELRWLFV LQ WKH FRF
ZKLFK EHQHILW WKH LQIDQW > @ $V WKH UHODWLYH DE:
%LILGREDEWHHDDHY > @ WERVDIEXSEGEDQFESRWEG SWRERFFXV

VSO Q@HLOORQBPOUR VSGBUHDVH LQ WKH 6\UHMNBWR FaR BFWYVWAKILS/ \
UHSRUWHGO\ LQYROYHG LQ VLPSOH FDUERK\GUDWH IHUPHQV
IHUPHQWDWLRQ HQG SURGXFW ZWOHLIO QR QM O @R USBYRIGFRQERC
SUHGLFWLRQV IURP WKH 6)% JHQRPH 6)% PD\ DOVR FRQWULE>
ZKLFK LQ D FURVV IHHGLEOQNUHBWRWR RDX\CAEE BIULGH FDUERQ I
9HLOORQ Q@ OLG RESFWGWR DFRFGWULEXWH LQ 6&)$ SURGXFWLRQ

ZHDQLQJ > @ DQG PD\ EH LQYROYHG LQ WKH VXJIJHVWHG FUR!'

&DUERK\GUDWHYV IURP WKH PDLQO\ PLON EDVHG GLHW SUH Z}I
QXWULHQWYV IRU 6)% WKRXJK QRW DGHTXDWH WR PRGXODWH
D UHSRUW RI ZKROH PLON EDVHG GLHWYVY FRQWDLQLQJ GDLU\ |
ROLJRVDFFKDULGHV WKDW GLG QRW LQFUHDVH LOHDO 6)% DEX
ZHUH IHG D SXULILHG ZKROH PLON SRZGHU GLHW KDG ORZHU 6
RQ D EDODQFHG PLON EDVHG GLHW 7KH EDVDO GLHW FRPSUL)
PHDO QDWLYH FRUQ VWDUFK VR\EHDQ RLO JURXQG EDUOH\

ZKHDW PLGGOLQJV FRUQ SURWHLQ FRQFHQWUDWH PRODVVHYV

FDUERQDWH DQG VRGLXP FKORULGH 7KHVH UHVXOWYV LQGLF
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FRPSOH[ QXWULHQWY HVVHQWLDO IRU RSWLPXP 6)% JURZWK >
SUHELRWLFV ZKHQ WKH DEXQGDQFH RI1 6)% LV UHSRUWHG WR F
PD\ PRGXODWH WKH DEXQGDQFH RI WKHVH PLFUREHV 6)% JH
DEXQGDQFH RI &2*V IRU FDUERK\GUDWH PHWDEROLVP DQG W
FORVWULGLDO VSHFLHV > @ 6)% PD\ XWLOLVH WKH PHWDERO

DOVR XSWDNH VRPH UHPQDQW SURGXFWV RI GLIHVWLRQ

,QYHVWLJIJDWLQJ WKH VXJJHVWHG LQIOXHQFH RI FRPSOH[ FDU
LQYROYH HQULFKLQJ D ZHDQLQJ GLHW ZLWK D FDUERK\GUDWH
GLHW 2QH Rl WKHVH FDUERK\GUDWHV LQFOXGH LQXOLQ ZKLFK
> @ JLYHQ DV ZHDQLQJ IRRGV WR LQIDQWVY ,QXOLQ EHORQJ
NQRZQ DV IUXFWDQV DQG RFFXUV QDWXUDOO\ DV D UHVHUYH F
E\ UHVLGHQWLDO EDFWHULD DQG HQFRXUDJHVY WKH JURZWK R
WV XQLTXH FKHPLFDO VWUXFWXUH LV PDGH XS RI FRPSRXQC
UHVLVWDQW WR GLJHVWLRQ E\ WKH KXPDQ *,7 > @ ,QXOLQ LV
PDLQO\ PDQXIDFWXUHG IURP ERYLQH PLON ZKLFK FRPSDUHG
ORZHU FRQFHQWUDWLRQ RI PLON ROLJRVDFFKDULGHYV > @ 7k
PLON ROLJRVDFFKDULGHV DUH GLJHVWHG E\ UHVLGHQWLDO ED

DQG EDODQFHG PLFURELDO FRPPXQLW\ LQ WKH LQIDQW *,7 >

,QXOLQ KDV DOVR EHHQ UHSRUWHG WR KDYH VHYHUDO KHDOW|
RI IODWXOHQFH DQG EORDWLQJ > @ DQG HQKDQFHG DEXQGDQ
WKH SURGXFWLRQ RI 6&)$V DFHWDWH SURSLRQDWH DQG EXW\
HQYLURQPHQW WKDW SUHYHQWY WKH JURZWK RI SDWKRJHQLF
LQYROYHG LQ LPPXQH VIVWHP DFWLYDWLRQ > @ ,QXOLQ KDV
LQWHJULW\ DQG EDUULHU IXQFWLRQ DQG LQFUHDVH WKH H[S

RFFOXGLQ PDLQO\ LQ WKH FRORQ > @ 7KH UHSRUWHG SUR
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SDWKZD\ ZLWKLQ WKH 6)% JHQRPH ZKLFK LV WKHQ FRQYHUWFE
FRQWULEXWH VRPH PRGXODWRU\ HITHEFWV WKURXJK 6&)$ SURG
RI LQXOLQ SUHVHQW LQ ZHDQLQJ IRRGV PDLQO\ RFEXUV DW W
LQ DEXQGDQFH ,I WKLV LV WKH FDVH VXSSOHPHQWDWLRQ F

LQIOXHQFH WKH DEXQGDQFH RI 6)%

,QXOLQ KDV QRW SUHYLRXVO\ EHHQ UHSRUWHG LQ 6)% VWXGL
GLHW LQ D GRVH GHSHQGHQW PDQQHU WR LQYHVWLJDWH WK
VXJIJHVWHG WR XWLOLVH QXWULHQWY LQ WKH LOHXP UHVXOW
WKRXJK WKH PHFKDQLVP WKH\ XVH LV VWLOO XQFOHDU +RZHY
H[SRUW WUDQVSRUWHUV LQ WKH FHOO ZDOO RI 6)% ILODPHQW)
SURGXFWV > @ 7KLV SURFHVV Rl QXWULHQW LPSRUW DQG H[S
IRU WKH UHSRUWHG OLIH F\FOH 7KH SUHVHQFH RI RUWKROT
VLPLODULWLHY LQ EDFWHULDO PRUSKRORJ\ GHWHUPLQHG E\ W
DQG DWWDFKPHQW DQG QXW U LRV D& FK ISRV LIRIH PHEXDQ\L WP K
VHTXHQFHG UDW 6)% JHQRPH UHYHDOHG DERXW FRGLQJ VFh
SURWHLQV RU GLG QRW PDWFK DQ\ LQ WKH SXEOLF GDWDED\
UHYHDOHG DQG K\SRWKHWLFDO SURWHLQV LQ WKH UDW

ODMRULW\ Rl WKHVH JHQHV DUH SUHGLFWHG WR EH LQYROYHG
UHODWHG WR FHOOXODU PDLQWHQDQFH DQG PDNH LW GLIILFX

6)% DEXQGDQFH DQG PRGH RI DFWLRQ RQ WKH LQIDQW LPPXQR

)XWXUH SHUVSHFWLYHYV

, QLWLDO UHVHDUFK RQ 6)% OHG WR DVVXPSWLRQV WKDW WI

ODERUDWRU\ XVLQJ WKH FRPPRQ PLFURELRORJLFDO WHFKQLT?
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WKHP LQ WKH ODERUDWRU\ UHTXLUHG DOWHUQDWLYHV WR GH
6)% VHHP WR EH WKH RQO\ JURXS RI DQDHUREHV ZKLFK UHTXI
WKH LOHXP IRU VXUYLYDO 7KHLU SDWWHUQ RI DEXQGDQFH FK
LV DOVR XQLTXH WR WKHP 7KHLU SUHIHUUHG ORFDWLRQ RI DW
DOVR UHLWHUDWHY WKH LPSRUWDQFH RI XQGHUVWDQGLQJ WK
LOHXP PD\ SRVLWLRQ WKHP WR XSWDNH QXWULHQWYV IURP GL
LPPXQH V\VWHP :KHWKHU 6)% GLUHFWO\ EHQHILW WKH LPPXC
VI\VWHP RI WKH *,7 WULJJHUV 6)% WR LQIOXHQFH LPPXQLW\ LQ

RI RWKHU PLFUREHY UHPDLQV XQNQRZQ

7KH UHSRUWHG LQIOXHQFH RI 6)% RQ WKH LPPXQH V\VWHP HQ
6)% SUHVHQFH RU DEVHQFH LQ LPPXQH PHGLDWHG GLVHDVH 3
WR WKH SURJUHVVLRQ RI WKH GLVHDVH WKRXJK WKH UHSRU\
LPSO\ WKDW 6)% PD\ LQGHHG RIITHU SURWHFWLRQ IURP GLVHEL
VWXGLHY DUH YDULHG DQG LQFRQFOXVLYH UHIOHFWLQJ WKH

LPPXQH V\VWHP

7KH ODFN RI NQRZOHGJH RI WKH FRPSOH[ UHODWLRQVKLS EHW
LPSRUWDQW IDFWRU LQ GLHWDU\ LQWHUYHQWLRQ VWXGLHV 7
PDQLSXODWH WKH DEXQGDQFH RI 6)% LV IHDVLEOH FRPSDUHC
> @ 6)% UHTXLUH DQ DWWDFKPHQW WR WKH LOHDO PXFRVD L¢
> @ +\SRWKHVHV VXUURXQGLQJ GLHW DQG 6)% KDYH EHHQ
DERXW ZKLFK GLHWDU\ VXEVWUDWHYV DIIHFW 6)% DEXQGDQF
FDUERK\GUDWHYV > @ 5HIJDUGOHVV RI WKH LPSDFW RQ 6)% L
WKH HIITHFWV RI D GLHW RQ WKH WUDQVLHQW FKDQJH LQ 6)% D

RQ WKH UROH RI 6)% LQ LPPXQH EDUULHU PDWXUDWLRQ
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)XUWKHU LQYHVWLJDWLRQ FRXOG OHDG WR LGHQWLI\LQJ KRZ
LOHXP 2QH JURXS KDV VXJJHVWHG H[SORULQJ WKH WDUJHWH
JXW PLFUREQRVPERMRERMXJIJDWLRQ 0%$*,& > @ 7KH\ SURSRVH PR
KDUQHVVLQJ QDWXUDOO\ RFEFXUULQJ KRV E KRHQ®BEWIHMIH W U D Q
DV D GRQRU WR GHOLYHU HQJLQHHUHG '1$ 7KH\ UHSRUWHG I
HQJLQHHUHG '1$ LQ WKH PLFURELRPH ,W LV XQNQRZQ KRZH
FRPSHWHQW 7KXV LW FDQQRW EH DVVXPHG WKDW 6)% ZRX
.QRZOHGJH IURP WKLY DQG PRUH ZRUN RQ 6)% PD\ FRQWULEX\
ZKLFK WKHVH FRPPHQVDOV XSWDNH XWLOLVH QXWULHQWYV D
IXQFWLRQ RI 6)% LQ WKH LOHXP PD\ JLYH PRUH LQVLJKW LQWR

VXEVWUDWHY RQ WKH LPPXQH V\VWHP

SHVHDUFK TXHVWLRQV

7KH IROORZLQJ UHVHDUFK TXHVWLRQV DURVH IURP NQRZOHGJFH

'RHV HDUO\ OLIH QXWULWLRQ ZHDQLQJ IRRG LQIOXHQFH V
LOHXP"

:KDW VSHFLILF IRRG VXEVWUDWH LQ WKH ZHDQLQJ GLHW
'RXOG WKLV LQ WXUQ LQIOXHQFH VHOHFW *,7 LPPXQH PD
&DQ WKHVH IRRG VXEVWUDWHY EH DGGHG WR DQG XVHG \
ZHDQLQJ IRRGV"

:LOO DQ LQFUHDVH LQ 6)% DEXQGDQFH OHDG WR LPSUR)
PDWXUDWLRQ"

:KDW DUH WKH PHFKDQLVPV E\ ZKLFK QXWULWLRQ LQIOXHC
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7KLV 3K' SURMHFW VRXJKW WR DQVZHU TXHVWLRQV DQG DV
OLPLWDWLRQ 7KH RYHUDOO K\SRWRBYGVZRIDWKQY S URW HFWI Z
LQXOLQ ZLWK D SDUWLFXODU IRRG VXEVWUDWH ZRXOG LQFUHEL
FROWHQWY DQG IDHFHV RI ZHDQOLQJ 6SUDJXH 'DZOH\ UDWYV ZK

EDUULHU PDWXUDWLRQ

AXDQWLILFDWLRQ RI 6)% DEXQGDQFH IURP D SUHYLRXVO\ HVW
FDUULHG RXW WR HQVXUH WKH PRXVH VWUDLQV LQ $J5HVHDU
VWXG\ DOVR VHW RXW WR GHWHUPLQH WKH PRVW DSSURSULD
ZHDQOLQJ PRXVH 7KH LOHDO DQG IDHFDO DEXQGDQFHV RI 6)%

RI LPPXQH PDUNHUV SODVPD ,/ DQG IDHFDO ,J$

$ ZHDQOLQJ UDW PRGHO IRU 6)% TXDQWLILFDWLRQ ZDV HVWD
SURYLGH HQRXJK VDPSOHV IRU DQDO\VLVY WR FRPSDUH LOHDO
KRPRJHQLVDWLRQ DQG PXFRVDO VFUDSLQJ 7KLV ZDV WR GHW

WLVVXH VDPSOHV IRU 6)% TXDQWLILFDWLRQ

,Q WKH IROORZLQJ VWXG\ LQXOLQ ZDV WKHQ DGGHG WR HQUL
DEXQGDQFH RI 6)% ZDV TXDQWLILHG 7KH GLIITHUHQFHV LQ WKH
IHG GLHWV HQULFKHG ZLWK WKH IRRG VXEVWUDWH ZHUH WKHC

EDVHG RQ WKH UHVXOWYV IURP WKH VWXGLHV LQ WKLV SURMHF
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$SEVWUDFW

7KH SURSHU GHYHORSPHQW RI WKH SK\VLFDO FKHPLFDO Pl
EDUULHUV Rl WKH *,7 LV LPSRUWDQW IRU KHDOWK DQG ZHOOE
VPDOO LQWHVWLQH LPPXQRORJLFDO EDUULHU LV WKRXJKW W
7KH DEXQGDQFH RI 6)% LQ LOHDO WLVVXH FRQWHQWYVY DQG ID
WKH SODVPD DQG IDHFDO FRQFHQWUDWLRQV RI ,/ DQG ,J$

WKDW WKH DEXQGDQFH RI 6)% LQFUHDVHG DQG GHFUHDVHG

ZKHWKHU WKH FKDQJH ZDV LQIOXHQFHG E\ ZHDQLQJ

W ZDV LQLWLDOO\ LPSRUWDQW WR HQVXUH WKH VWUDLQV RI F
DV WKH SUHVHQFH RI 6)% PD\ YDU\ DPRQJ VWUDLQV DV ZHOO D
6:5 - %$/% F DQG & %/ PLFH ZHUH VFUHHQHG WR FRQILUP
VHOHFW WKH PRXVH VWUDLQ IRU WKH VWXG\ &KDQJHV LQ LO
6:5 - PLFH ZHUH K\SRWKHVLVHG WR IROORZ D VLPLODU SDWWt
DQG %%$/% F PLFH RI D VLPLODU VWDJH 7KH SURILOH RI 6)%
LPPHGLDWHO\ SUH DQG SRVW ZHDQLQJ LQ WKH LOHDO WLVVX
ZLWK WZR LPPXQH PDUNHUV RI *,7 PDWXUDWLRQ SODVPD ,/ |

6)% EHWZHHQ PDOHYVY DQG IHPDOHV ZDV DOVR FRPSDUHG

KROH LOHDO WLVVXH DQG FRQWHQWYVY ZHUH FROOHFWHG IURF
7KH DEXQGDQFH RI 6)% ZDV TXDQWLILHG LQ GLVWDO LOHDO Wl
T3&5 XVLQJ 6)% VSHFLILF SULPHUV &RQFHQWUDWLRQV RI ,/

UHVSHFWLYHO\ ZHUH GHWHUPLQHG E\ DQWLERG\ VSHFLILF (/,¢€

6LIJQLILFDQW GLIIHUHQFHV LQ 6)% DEXQGDQFH LQ LOHDO OXPL
SHDNHG DW GD\ DQG UHPDLQHG VLPLODU DW RWKHU WLPH S|

DQG IDHFHV GLG QRW FKDQJH DFURVV WKH WLPH SRLQWV 7
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ILQGLQJV DQG PD\ KDYH EHHQ GXH WR KLJK YDULDELOLW\ LQ
LQDGHTXDWH LOHDO WLVVXH DQG IDHFDO VDPSOH VL]HV 7KH
DEXQGDQFH EHWZHHQ PDOH DQG IHPDOH PLFH LQ WKH LOHDO
7KHUH ZHUH VLJQLILFDQW GLIIHUHQFHV LQ WKH DEXQGDQFH
S RYHU WLPH WKRXJK QR GLIIHUHQFHV EHWZHHQ PDOF
VLIQLILFDQW GLIIHUHQFHV LQ SODVPD ,/ FRQFHQWUDWLRQ [
GD\V EHLQJ VLJQLILFDQWO\ KLJKHU WKDQ WKDW DW
GLIIHUHQFHV LQ IDHFDO ,J$ FRQFHQWUDWLRQ XQOLNH LQ UHS
YDULDELOLW)\ RI 6)% DEXQGDQFH LQ WKH LOHDO WLVVXH DQC
LQGLYLGXDO PLFH 7KH YDULDELOLW\ PD\ KDYH EHHQ FDXVHG
ZKLFK SURGXFHG YHU\ OLWWOH WLVVXH VDPSOHV IRU DQDO\V|
PRGHO WR SURYLGH DGHTXDWH VDPSOHV IRU DQDO\VLV PLJKW

WKH VWDWLVWLFDO SRZHU WKXV RYHUFRPLQJ WKH OLPLWDWL
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,QWURGXFWLRQ

7KH HSLWKHOLXP RI WKH *,7 LV D VHPL SHUPHDEOH PHPEUD
FRPSRQHQWYVY WKDW SDVV LQWR WKH FLUFXODWRU\ V\VWHP >
ZHOOEHLQJ 1XWULHQWV DQG ZDWHU DUH DEVRUEHG DQG WU

KDUPIXO VXEVWDQFHY DQG SDWKRJHQV KDYH OLPLWHG WUDQV

'XULQJ WKH GHYHORSPHQW RI WKH KXPD XVABK R KHROLODPQ EOD U U
VKDSHG HQWHURF\WHV DSSHDU DW ZHHNV > @ %\ ZHHN)
HOWHURF\WHV WRIJHWKHU DUH GHWHFWHG PDNLQJ WKH EDUL
FU\SW YLOOXV DUFKLWHFWXUH ZKHUH FHOOV LQYROYHG LQ K
> @ $W ZHHNV WKH LQWUDHSLWKHOLDO O\PSKRF\WHV DU}
IXQFWLRQ > @ 6HFUHWLRQ RI PXFLQ IURP JREOHW FHOOV LV
WKH SDWWHUQV RI H[SUHVVLRQ XQGHUJR PDWXUDWLRQ WKUI
PDWXUDWLRQ RI WKH *,7 LQFOXGHY GHHSHQLQJ RI WKH FU\SW\
PXFRVD DQG UHFUXLWPHQW RI LPPXQH FHOOV IURP WKH LPPXC
XQFHUWDLQ ZKHWKHU WKH PLFUREHV FRORQLVH WKH *,7 GXUL

DW ELUWK > @

$W ZHDQLQJ DQG GXULQJ *,7 PDWXUDWLRQ LQ KXPDQV VROLG
> @ 7KLV GLHWDU\ WUDQVLWLRQ SURYLGHV D PRUH GLYHU
PLFUREHV IRU JURZWK DQG PHWDEROLVP > @ DQG FUHDW
PDWXULQJ LQIDQW > @ 7KLV WUDQVLWLRQ FUHDWHV D VLJQI

XQWLO LW VWDELOLVHY DURXQG \HDUV RI DJH WR D SURILOH

7KH VHIPHQWHG ILODPHQWRXV EDFWHULD DUH RQH RI WKH F
LQLWLDOO\ GHWHFWHG LQ WKH LOHDO WLVVXH RI PLFH DQG UL

EHHQ REVHUYHG LQ RWKHU PDPPDOV > @ LQFOXGLQJ LQID
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RI 6)% KRZHYHU LV \HW WR EH GHWHUPLQHG ,WV OLIH F\FO|
VHHGHG ZLWK YHJHWDWLYH VHIJPHQWY GXULQJ WKH ELUWKLQJ
WKDW 6)% DWWDFK WR WKH WHUPLQDO LOHDO PXEFRVD RYHUO
QDWYH 7 FHOOV XQGHUJR DQWLJHQ GULYHQ DEFWLYDWLRQ DQG
LQYHVWLIJDWLRQ VKRZHG WKDW WKH DEXQGDQFH RI 6)% LQ
SRVLWLYHO\ ZLWK WKH SUHVHQFH RI IDHFDO ,J$ > @ DQG S
DVVRFLDWLRQV VXJJHVW WKDW WKHVH PLFUREHV PD\ EH LQY

LPPXQH EDUULHU DW LQIDQF\ > @

2KDVKL HW DO > @ UHSRUWHG D WHPSRUDO FKDQJH LQ 6)%
SUH DQG SRVW ZHDQLQJ 7KH\ REVHUYHG 6)% DEXQGDQFH FK
GD\ 31' WKURXJK WR 31° > @ ZLWK WKH JUHDWHVW FKDC
31 SHDNLQJ DW 31' DQG WKH GHFUHDVLQJ LQ DEXQGDQ

W UHPDLQHG XQFOHDU ZKHWKHU WKH WUDQVLWLRQ WR D F

UHODWHG WR WKH FKDQJHV LQ 6)% DEXQGDQFH

,QLWUWRXGLHY KDYH SURYHQ FKDOOHQJLQJ DV 6)% SUHIHU DQ
DQG \HW QHHG WR DWWDFK WR HSLWKHOLDO FHOOV WKDW UH
DVVRFLDWHG ZLWK REWDLQLQJ LOHDO VDPSOHV IURP LQIDQW\
LQ UHTXLULQJ DOWHUQDWLYH PRGHOV 7KHUHIRUH DQLPDOV |
VWXG\ 6)% DQG LWV UROH LQ WKH LPPXQH EDUULHU LQ LQIDQW

VWXGLHY KDYH EHHQ FDUULHG RXW XVLQJ PLFH >
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+\SRWKHVLYVY DQG DLPV

7KH K\SRWKHVLV Rl WKH UHVHDUFK GHVFULEHG LQ WKLV WK
DEXQGDQFH EHIRUH DQG LPPHGLDWHO\ DIWHU ZHDQLQJ LQ L
ZHDQOLQJ PLFH ZRXOG VKRZ D WHPSRUDO SURILOH VLPLODU W

VWXGLHY DQG LQIDQWYV RI D VLPLODU VWDJH

7KH PRVW FRPPRQ PRXVH VWUDLQV XVHG LQ 6)% VWXGLHV DL
%%$/% F PLFH > @ 7KH FRORQLVDWLRQ
YDULHY EHWZHHQ PLFH EUHHGY DQG IDFLOLWLHYVY 7KHUHIRUH
6)% ZHUH SUHVHQW LQ WKH 6ZLVV 6:5 - %$/% F DQG & %/ P
$IJ5HVHDUFK 6PDOO $QLPDO &RORQ\ LQ 5XDNXUD 5HVHDUFK

DPSOLILHG E\ SRO\PHUDVH FKDLQ UHDFWLRQ 3&5 XVLQJ 6)%

JHO HOHFWURSKRUHVLYV

7KH VHFRQG DLP ZDV WR GHWHUPLQH ZKHQ 6)% ZHUH PRVW D
WLPH SRLQWYV IRU TXDQWLI\LQJ 6)% LQ ZHDQOLQJ PLFH 7KH DE
WKH LOHDO WLVVXH DQG LOHDO OXPLQDO FRQWHQWY DQG IDH
DQG SRVW ELUWK '1$ IURP WKH VDPSOHV ZDV H[WUDFWHG D
XVLQJ 6)% VSHFLILF SULPHUV ,PPXQH PDUNHUV SODVPD ,/

> @ 7KH FRQFHQWUDWLRQV RI ,/ LQ EORRG SODVPD DQC
ZHUH DQDO\VHG E\ HQ]J]\PH OLQNHG LPPXQRVRUEHQW DVVD\ (
ZRXOG FRQWULEXWH WR IXWXUH H[SHULPHQWY LQYHVWLJDWL

PDWXUDWLRQ RI WKH LQIDQW LPPXQRORJLFDO VPDOO LQWHVW



&KDSWHU $SEXQGDQFH RI 6)% LQ ZHI

ODWHULDOV DQG PHWKRGYV

J)DHFDO VFUHHQLQJ RI PRXVH VWUDLQV IRU 6)%

7KH H[SHULPHQWDO SURFHGXUHV ZHUH FDUULHG RXW ZLWK W
*UDVVODQGY $QLPDO (WKLFV FRPPLWWHH $QLPDO (WKLFV $S

UHFRPPHQGDWLRQV RI WKH 1HZ =HDODQG $QLPDO :HOIDUH $FV

7TKHUHIRUH WR HQVXUH WKH PLFH XVHG LQ WKH VWXG\ KDUER X
RQ 6:5 - %$/% F DQG & %/ PRXVH VWUDLQV UHJXODUO\ EUF

$QLPDO &RORQ\ LQ 5XDNXUD +DPLOWRQ 1=

JRU IDHFDO VFUHHQLQJ '1$ ZDV H[WUDFWHG IURP D PLQLPXP
1XFOHR6SLQS 6RLO H[WUDFWLRQ NLW ODFKHUH\ 1DJHO DF
LQVWUXFWLRQV 7KH VDPSOHV ZHUH YLJRURXVO\ DIJLWDWHG W
DQG 6)% '1$ 7KH FRQFHQWUDWLRQ DQG SXULW\ RI "1$ IURP LO
DQG IDHFHV ZHUH PHDVXUHG XVLQJ D 1DQRGURSS 1' 6SH
7THFKQRORJLHV 7KHUPR )LVKHU 6FLHQWLILF ODVVDFKXVHWWYV
R ZDV FRQVLGHUHG DFFHSWDEOH IRU SXUH '1$ 7KH VDPSC

FULWHULD IRU 3&5

$Q RSWLPLVHG SURWRFRO EDVHG RQ WKH SURFHGXUH XVHG L
OLVVRXUL 86% ZDV XWLOLVHG IRU WKH 3&5 DQDO\VLV '1$ V
TXDQWLILHG 7KH 6)% VIQWKHWLF SURGXFW ZDV XVHG DV D SR
ZDV XVHG DV D QHIJDWLYH FRQWURO 7KH 6)% SULPHUV FRQIL

IRUZDUG SULPHU 6)% ) T 77T xR 77* 7*$ $7% $&% $7 1 UHY

"7KH IDHFDO VFUHHQLQJ PRXVH H[SHULPHQWDO GHVLJQ DQG VDPSOH FROO
'XQVWDQ &KDUORWWH +XUVW -DVRQ 3HWHUV $J5HVHDUFK *UDVVODQGV L
%DUQHWW $J5HVHDUFK 5XDNXUD SULRU WR WKH 3K' VWXGHQWTV VWDUW (
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5 1 *&* $*& 77& &&7 &$7 7$& $$* * 1 ,QWHJIUDWHG '1$ 7
6LQJDSRUH 7KH 3&5 SDUDPHWHUV LQ WKH %LRPHWUD 7$GY
6FLHQWLILF 6% 6ZLW]JHUODQG LQFOXGHG D F\FOH RI WKH /\
F\FOHV RI WKH 3&5 6WDJH GHQDWXUDWLRQ DW f& IRU Vi
VHFRQGV H[WHQVLRQ DW f& IRU VHFRQGV DQG F\FOH RI
SURGXFWV ZHUH WKHQ YLVXDOLVHG E\ SHUIRUPLQJ JHO HOHF
ZHUH UXQ RQ D DIJDURVH JHO ZKLFK ZDV UXQ DW 9 IRU

JHOV ZHUH WKHQ YLVXDOLVHG XQGHU XOWUDYLROHW OLJKW

ORXVH H[SHULPHQWDO GHVLJQ

&RQYHQWLRQDOO\ UDLVHG 6:5 - PRXVH SXSV PDOH DQG IHPD
SXSV ZHUH UDQGRPLVHG LQWR VL[ WLPH SRLQWYV
ILYH WLPH SRLQWYV KDG HLJKW SXSV HDFK DQG WKH ODVW WL
IHPDOHV DQG PDOHV ZKLFK ZHUH GLVWULEXWHG DFURVV )
Q 31' Q 31' Q 31' Q 31' Q 31' Q DQG PDOHV
Q 31' Q 31' Q@ 31' Q 31' Q 31' Q $ SRZHU D
SRZHU RI WKH H[SHULPHQWDO GHVLJQ GHWHUPLQHG EHWZ
LQWR VL[ WLPH SRLQWYV HDFK 3RZHU FDOFXODWLRQV ZHUH F
FRPSDULVRQ ZLWK GDWD IURP WKH VWXG\ Rl 2KDVKL HW DO >
RI XQLWV J RI WLVVXH DQG D PLQLPXP GLIIHUHQFH RI LQW

FDOFXODWHG WR DFKLHYH WKH GHVLUHG OHYHO RI VLIQLILFD

7KH PLFH ZHUH PDWHG DW $J5HVHDUFK 5XDNXUD DQG KRXVHG |
PDLQWDLQHG DW f& 7KH\ ZHUH IHG D UHJXODU URGHQW GL

6SHFLDOW\ )HHGV $XVWUDOLDG D@QLEAKINGPM FFKIN VG VRV ZJIDW H UE
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6DPSOHV ZHUH FROOHFWHG IURP SUH ZHDQHG SXSV DW GD\
SRLQW DW GD\V ZDV FRPSOHWHG DW 5XDNXUD WR DYRLG W
WUDQVSRUWDWLRQ WR D GLIIHUHQW VLWH 7KH UHPDLQLQJ P
WUDQVSRUWHG WR $J5HVHDUFK *UDVVODQGY 3DOPHUVWRQ 1F
SXSV ZHUH DOVR KRXVHG LQ D URRP PDLQWDLQHG DW f& 7KH

JUHH 5DW DQG ORXVH 'LHW 6SHFLDOW)\ )HHBE OLXEVLWXEXPOLD DC

7KH SXSV ZHUH UDQGRPLVHG LQWR WLPH SRLQW JURXSV OD
PDUNHU SHQV ZKLOVW UHPDLQLQJ LQ WKHLU ELUWK OLWWHU\
ZDV WR DYRLG LQWHUDFWLRQ EHWZHHQ DQLPDOV IURP GLIIH
PLFURELRWD RI WKH SXSV $00 SXSV ZHUH FKHFNHG GDLO\ ZH
ZDWHU WRSSHG XS DV UHTXLUHG 7KHLU *HQHUDO +HDOWK 6FR
WR  UHTXLUHV HXWKDQLVDWLRQ ZDV FKHFNHG GDLO\ $Q\ F
FORVHO\ PRQLWRUHG DQG LI WKHLU FRQGLWLRQ GLG QRW LPS

HXWKDQLVHG $00 PLFH KDG D *+6 RI WKURXJKRXW WKH VWX

6DPSOH FROOHFWLRQ

'XULQJ WKH VDPSOLQJ GD\V WKH SXSV ZHUH KXPDQHO\ HXWK
GLR[LGH LQ DQ LQGLYLGXDO FDJH DQG FHUYLFDO GLVORFDWL
SXQFWXUH ZLWK D QHHGOH FRDWHG ZLWK HWK\OHQHGLDPLQ
7TKHUPR )LVKHU 6FLHQWLILF ODVVDFKXVHWWYVY 86% 7KH EORR
[ J IRU PLOQXWHYV DW f& DQG WKH VXSHUQDWDQW EORRG S
VDS IUR]JHQ LQ OLTXLG QLWURJHQ DQG VWRUHG DW f& IR
FROOHFWHG GLUHFWO\ I[IURP WKH UHFWXP SRVW PRUWHP DQG

LOHDO WLVVXH DQG OXPLQDO FRQWHQWY ZHUH FROOHFWHG E
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ZHUH FROOHFWHG LQWR FU\RWXEHYV DQG VQDS IUR]JHQ LQ OLT?

f& IRU ODWHU JHQRPLF '1$ HHWUDFWLRQ

6DPSOH SUHSDUDWLRQ DQG JHQRPLF '"1$ HITWUDFWLRQ

*HQRPLF '1$ ZDV H{WUDFWHG IURP WKH LOHDO WLVVXH XVLQJ W
OLQL .LW 6KDQJKDL &KLQD DFFRUGLQJ WR WKH PDQXIDFW
HI[WUDFWLRQ WKH WLVVXH ZDV ZHLJKHG DQG WKHQ GLVUXS\
,QWHUQDWLRQDO 7+ *HRUJLD 86$% LQ WKH H[WUDFWLRQ EXIIF
WLVVXH WR EH XVHG IRU '1$ H[WUDFWLRQ LV P] > @ +RZ
FROOHFWHG YDULHG EHWZHHQ PJ 7KH KRPRJHQLVHU SUR
VROXWLRQV RI HWKDQRO HW K D Q R BHMXG 16 Q VHDLFAXO\HIGP 3 D

WR SUHYHQW FURVV FRQWDPLQDWLRQ

‘1$ zDV H[WUDFWHG IURP LOHDO OXPLQDO FRQWHQWYV DQG |
HIWUDFWLRQ NLW OCDHKQHUHHUMDEO DFFRUGLQJ WR WKH P
LOQVWUXFWLRQV 7KH VXJIHVWHG PLQLPXP ZHLJKW IRU IDHFHYV
WKRXJK WKH ZHLJKW RI WKH IDHFDO VDPSOHVY FROOHFWHG YD
OXPLQRDO FRQWHQWYV ZDV PXFK ORZHU ZLWK D VPDOOHU YDU

YLIRURXVO\ DJLWDWHG WR UHOHDVH WKH LQWUDFHOOXODU FF

7TKH FRQFHQWUDWLRQ DQG SXULW\ RI '1$ IURP LOHDO WLVVXH
PHDVXUHG XVLQJ D 1DQRGURSS 1' 6SHFWURSKRWRPHWHU {

JLVKHU 6FLHQWLILF ODVVDFKXVHWWYV 86% $Q DEVRUEDQFH

"([SHULPHQWDO ZRUN ZDV FRQWLQXHG E\ WKH 3K' VWXGHQW
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DFFHSWDEOH IRU SXUH '"1$ $00 VDPSOHV PHW WKH UHTXLUHG

E\ T3&5

AXDQWLWDWLYH SRO\PHUDVH FKDLQ UHDFWLRQ

$Q RSWLPLVHG SURWRFRO EDVHG RQ WKH SURFHGXUH XVHG L
OLVVRXUL 86% ZDV XWLOLVHG IRU WKH T3&5 DQDO\VLV $ VWD
VIQWKHWLF SURGXFW ,QWHJUDWHG '1$ WHFKQRORJLHV 6LQJI
LOHDO OXPLQDO FRQWHQWY DQG IDHFHV ZHUH WKHQ TXDQWL
DV D SRVLWLYH FRQWURO DQG QXFOHDVH IUHH ZDWHU ZDV XV
FRQILUPHG E\ 6 VHTXHQFLQJ XVHG ZHUH IRUZDUG SULPHU 6)
$7% $&%$ $7 ¥ UHYHUVH SULPHU 6)% 5 9 *&* $*& 77& &&7T &9
1 ,QWHJUDWHG '1$ WHFKQRORJLHV 6LQJDSRUH 7KH FRQGL\
3&5 WKHUPDO F\FOHU $SSOLHG %LRV\WWHPVE 7KHUPR )LVKH
LQFOXGHG D +ROG 6WDJH DW f& LQ PLQXWHV WKH 3&5 6WDJ
DQQHDOLQJ DW f& IRU VHFRQGV H[WHQVLRQ DW f& IRU

XVLQJ 6<%5 JUHHQ ZDV SHUIRUPHG WR GHWHUPLQH WKH VSHF

WKH PL[WXUHV IURP + f& IRU VHFRQG f& IRU VHFRQGYV

(Q]\PH OLQNHG LPPXQRVRUEHQW DVVD\ RI LPPXQH ELRPDU

7KH FRQFHQWUDWLRQV RI ,/ LQ SODVPD DQG ,J$ LQ IDHFHYV
VSHFLILF ORXVH ,/ (/,6$ .LWS DQG ORXVH ,J$ (/,6%$ .LWS &XV
'XKDQ &KLQD DFFRUGLQJ WR WKH PDQXIDFWXUHUYV LQVWU>

OLFURSODWH 5HDGHU OROHFXODU 'HYLFHV &DOLIRUQLD 86%
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GHQVLW\ 2' 7KH 2' ZDV PHDVXUHG DW QP ZKLFK ZHUH V
GHWHUPLQH WKH ILQDO 2' UHDGLQJVY 6WDQGDUG EXUYHV XVH
FRQFHQWUDWLRQV ZHUH FUHDWHG IRU ,/ DQG ,J$ XVLQJ &X
SORWWLQJ WKH PHDQ DEVRUEDQFH IRU HDFK VWDQGDUG D.
SRO\QRPLDO UHJUHVVLRQV ZHUH JHQHUDWHG E\ SORWWLQJ V
DIJDLQVW WKH FRQFHQWUDWLRQ RI SODVPD ,/ DQG IDHEDO ,.

IRU SODVPD ,/ DQG IDHFDO ,J%$ ZDV QJ P/ DQG QJ P/ U

6WDWLVWLFDO DQDO\VLV

$ RQH ZD\ DQDO\VLV RI YDULDQFH $129$ ZDV SHUIRUPHG LQ 0
6WDWH &ROOHJH 3HQQV\OYDQLD WR GHWHUPLQH LI WKHUH
DEXQGDQFH RI 6)% DQG FRQFHQWUDWLRQ RI ,/ DQG ,J$ EHV
ZHDQLQJ 7KH 6KDSLUR :LON WHVW ZDV XVHG WR YHULI\ WKDW
WKDW KRPRJHQHLW\ Rl YDULDQFH ZDV PHW 7KH GDWD ZHUH OF
Rl QRUPDO GLVWULEXWLRQ DQG KRPRJHQHLW\ Rl YDULDQFH

GLVWULEXWHG $ WZR ZD\ $129% ZDV DOVR SHUIRUPHG WR GF
EHWZHHQ VH[ DQG DJH LQIOXHQFHG 6)% DEXQGDQFH RYHU V
VLIQLILFDQFH D SRVW KRF 7XNH\{V WHVW ZDV SHUIRUPHG \
'LIIHUHQFHV ZHUH FRQVLGHUHG VWDWLVWLFDOO\ VLIJQLILFDQYV

S
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SHVXOWYV

J)DHFDO VFUHHQLQJ RI PRXVH VWUDLQV IRU 6)%

*HO HOHFWURSKRUHVLYV RI IDHFDO '1$ 3&5 SURGXFWYV IURP 6:5
VWUDLQV LQGLFDWHG WKDW DOO WKUHH VWUDLQV KDUERXUF
DSSHDUHG WR EH PRUH DEXQGDQW )LJXUH 7TKH 6:5 - PRXVI

I[URP WKH EUHHGLQJ FRORQ\ DQG WKXV ZDV FKRVHQ IRU WKH F

AXDQWLILFDWLRQ RI 6)%

7KH T3&5 DQDO\VLV ZDV SHUIRUPHG LQ LOHDO WLVVXH LOH
GHWHUPLQH WKH DEXQGDQFH RI 6)% LQ SUH DQG SRVW ZHDQL
6)% DEXQGDQFH LQ WKH LOHDO WLVVXH S ZHUH REVHUYF
PRUH YDULDELOLW\ LQ 6)% DEXQGDQFH LQ WKH LOHDO WLVVXH
WR 6)% DEXQGDQFH LQ WKH LOHDO OXPLQDO FRQWHQWV S
DEXQGDQFH RI 6)% LQ WKH LOHDO OXPLQDO FRQWHQWV S
6)% DEXQGDQFH LQFUHDVHG IURP ZHDQLQJ SHDNHG DW
DQG SODWHDXHG $ SRVW KRF 7XNH\TV WHVW LQGLFDWHG WKI
SRVW ELUWK FRPSDUHG WR DQG GD\V 7KHUH ZHUH QR \

6)% DEXQGDQFH LQ WKH IDHFHVY RYHU WLPH )LJXUH

'LITHUHQFHV LQ 6)% DEXQGDQFH LQ WKH LOHDO WLVVXH LOHD
EHWZHHQ VH[HV $ WZR ZD\ $129% VKRZHG QR VLJQLILFDQW G

EHWZHHQ WKH SUH DQG SRVW ZHDQLQJ PDOH DQG IHPDOH SX:¢



&KDSWHU $EXQGDQFH RI 6)% LQ ZHI

BALB/c mice C57BL/6 mice Swiss (SWR/J) mice

A A A

+ve control
-ve control

Ladder

[ LI L |
12 3 4 5 6 7 8 9 10 11 12

SFB

JLIXUH*HO HOHFWURSKRUHVLV Rl 3&5 SURGXFWV LQGLFDWLQJ
RI %%$/% F & %/ DQG 6zZLVV 6:5 - PLFH Q HDFK $ VI\QWKH
DV WKH SRVLWLYH FROQOWURO DQG QXFOHDVH IUHH ZDWHU DV W

PRXVH VWUDLQV ZLWK WKH EDQGV EHLQJ EULJKWHU LQ WKH 6



&KDSWHU SEXQGDQFH RI 6)% LQ ZHI

Mouse SFB Whole lleum Tissue
10

A

-10
-15
-20
-25
-30
-35

Log ng SFB DNA/g ileum tissue

18 20 22 24 26 28 30 32 34 36 38 40 42 44
Age (days after birth)

JLIXUH7KH DEXQGDQFH RI 6)% LQ WKH ZKROH GLVWDO LOHDO
6ZLVV 6:5 - PDOH DQG IHPDOH PRXVH SXSV 'DWD DUH SORWW
VKRZQ DV WKH PHDQ YDOXHV RI Q SXSV GD\V DQG Q

UHSUHVHQW WKH VWDQGDUG HUURU PHDQ 6(0 TKHUH ZHUF
DEXQGDQFH DPRQJ WKH WLPH SRLQWV S 9DOXHV ZLV

VLIQLILFDQWO\ S



&KDSWHU SEXQGDQFH RI 6)% LQ ZHI

Mouse SFB lleum Contents

AB B

Log ng SFB DNA/g ileal contents
oo

-10
18 20 22 24 26 28 30 32 34 36 38 40 42 44
Age (days after birth)

JLIXUH7KH DEXQGDQFH RI 6)% IURP GLVWDO LOHDO OXPLQDO F
6ZLVV 6:5 - PDOH DQG IHPDOH PRXVH SXSV 'DWD DUH SORWW
VKRZQ DV WKH PHDQ YDOXHV RI Q SXSV GD\V DQG Q

UHSUHVHQW WKH VWDQGDUG HUURU PHDQ 6(0 7KHUH ZHUH V
SRLQWV DQG D SRVW KRF 7XNH\fV WHVW LQGLFDWHG WKDW

FRPSDUHG WR DQG GD\V S 9DOXHV ZLWKRXW FRPPF



&KDSWHU SEXQGDQFH RI 6)% LQ ZHI

Mouse SFB Faeces

Log ng SFB DNA/g faeces

18 20 22 24 26 28 30 32 34 36 38 40 42 44
Age (days after birth)

JLIXUH7KH DEXQGDQFH RI 6)% IURP IDHFHV RI FRQYHQWLRQDO
DQG IHPDOH PRXVH SXSV 6DPSOHV ZHUH FROOHFWHG GLUHFW
'DWD DUH SORWWHG RQ D ORJDULWKP VFDOH DQG DUH VKRZ

GD\V DQG Q SXSV GD\V 7KH EDUV UHSUHVHQW WKH VW

ZHUH QR GLIIHUHQFHYVY DPRQJ WKH WLPH SRLQWYV S 9DO

VLIQLILFDQWO\



&KDSWHU SEXQGDQFH RI 6)% LQ ZHI

lleum tissue - Fvs M
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J)LIXUH&RPSDULVRQ RI WKH DEXQGDQFH RI 6)% LQ WKH LOHDO
PDOH 0 6ZLVV 6:5 - PRXVH SXSV 7KH UDW SXSV ZHUH ZHDQI
RQ D ORJDULWKP WHQ VFDOH DQG DUH VKRZQ DV WKH PHDQ Y
31' Q 31' Q 31' Q 31' Q 31' Q YHUVXV PDOHV
31' Q 31' Q 31' Q 31' Q 31' Q 31' O 7KH EI
UHSUHVHQW WKH VWDQGDUG HUURU PHDQ 6(0 7KHUH ZHUH G

DQG WLPH SRLQWV WLPH SRLQWYV S VH[ S WLPH SRLC



&KDSWHU SEXQGDQFH RI 6)% LQ ZHI

lleum Contents - Fvs M

0
n B

%’ A

3 A

X -6 7.78E+00 - AB . «
<Z( 2 AB
a 8 a - Sy
o A A
& 10 -8.59E+00 !

oo

< 12 B A

oo

(o]

- .14

-16

18 20 22 24 26 28 30 32 34 36 38 40 42 44
Age (days after birth)

—e—Females —e—Males

J)LIXUH&RPSDULVRQ RI WKH DEXQGDQFH RI 6)% LQ WKH LOHDO
) DQG PDOH 0 6ZLVV 6:5 - PRXVH SXSV 7KH UDW SXSV ZHU
SORWWHG RQ D ORJDULWKP WHQ VFDOH DQG DUH VKRZQ DV W
Q 31' Q 31' Q 31' Q 31' Q 31' Q YHUVXV PDOG
31' Q 31' Q 31' Q 31' Q 31' Q 31' O 7KH EI
UHSUHVHQW WKH VWDQGDUG HUURU PHDQ 6(0 7KHUH ZHUH C

DQG WLPH SRLQWV WLPH SRLQWV S VH[ S WLPH SRLC



&KDSWHU SEXQGDQFH RI 6)% LQ ZHI

Faeces-Fvs M
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J)LIXUH&RPSDULVRQ Rl WKH DEXQGDQFH RI 6)% LQ WKH IDHFHV
0 6ZLVV 6:5 - PRXVH SXSV 7KH UDW SXSV ZHUH ZHDQHG RQ
ORJDULWKP WHQ VFDOH DQG DUH VKRZQ DV WKH PHDQ YDOXHV
Q 31' Q 31' Q 31' Q 31' Q YHUVXV PDOHV Q 3
31' Q 31' Q@ 31' Q 31' Q 31' Q 7KH EDUV UHSU
VWDQGDUG HUURU PHDQ 6(0 7KHUH ZHUH QR VLJQLILFDQW Gl

WLPH S VH[ S WLPH YV VH[ S



&KDSWHU $SEXQGDQFH RI 6)% LQ ZHI

AXDQWLILFDWLRQ RI SODVPD ,/ DQG IDHFDO ,J$ FRQFHQV

$QWLERG\ VSHFLILF (/,6$V ZHUH SHUIRUPHG WR GHWHUPLQH
SODVPD DQG ,J$ LQ WKH IDHFHV 7KH GDWD ZHUH SORWWHG R
PHDQ YDOXHV RI SXSV LQ HDFK WLPH SRLQW $ RQH ZD\ $129%
LQ WKH FRQFHQWUDWLRQ RI SODVPD ,/ FRQFHQWUDWLRQ RY!
KRF 7XNH\fV WHVW LQGLFDWHG WKDW WKH FRQFHQWUDWLRC
VLIJQLILFDQWO\ KLJKHU WKDQ DW GD\V 7KHUH ZHUH DOVR G
ZLWK WKH FRQFHQWUDWLRQ DW GD\V DIWHU ELUWK EHLQJ V

, J$ LQ WKH IDHFHVY UHPDLQHG VLPLODU RYHU WLPH S )L J



&KDSWHU

$EXQGDQFH RI 6)% LQ ZH]

Mouse IL-17
3.4

A

3.2 BC

BC
3.0
2.8

2.6

Log IL-17 (ng/mL)

i—<—|ﬁ

2.4

2.2

AB AB

2.0

18 20 22 24 26 28 30 32

Age (days after birth)

34

36 38 40 42 44

JLIXUH7KH FRQFHQWUDWLRQ RI

6:5

PDOH DQG
SORWWHG RQ D ORJDULWKP

SXSV GD\V

DQG Q

A LQ WKH EORRG SODVPD R

IHPDOH PRXVH SXSV 6DPSOHV ZHUH FROOHF)
VFDOH DQG DUH VKRZQ DV WKH

7KH EDUV UHSUHVHQW WKH VWDQGI

VLIQLILFDQW GLIITHUHQFHY DPRQJ WKH WLPH SRLQWV DQG D

FRQFHQWUDWLRQ DW DQG

ZLWKRXW FRPPRQ OHWWHUV GLII

GD\V ZDV VLJQLILFDQWO\ KLJ

HU VLIQLILFDQWO\



&KDSWHU SEXQGDQFH RI 6)% LQ ZHI

Mouse IgA
3.5

3.0

A f j\ 5
2.5 I I

Log IgA (ng/mL)

2.0

1.5

1.0

18 20 22 24 26 28 30 32 34 36 38 40 42 44
Age (days after birth)

JLIXUH7KH FRQFHQWUDWLRQ RI ,J$ LQ WKH IDHFHV RI FRQYH(
PDOH DQG IHPDOH PRXVH SXSV 6DPSOHV ZHUH FROOHFWHG

SORWWHG RQ D ORJDULWKP VFDOH DQG DUH VKRZQ DV WKH
DQG Q SXSV GD\V 7KH EDUV UHSUHVHQW WKH VWDQGD

VWDWLVWLFDO GLIITHUHQFHV LQ ,J$ FRQFHQWUDWLRQ DPRQJ V

FRPPRQ OHWWHUYV GLIIHU VLIJQLILFDQWO\



&KDSWHU $SEXQGDQFH RI 6)% LQ ZHI

'LVFXVVLRQ

7KH ILQGLQJV IURP WKLV VWXG\ SDUWLDOO\ VXSSRUWHG WKH }
EHIRUH DQG LPPHGLDWHO\ DIWHU ZHDQLQJ LQ LOHDO WLVVXFH
ZRXOG VKRZ D WHPSRUDO SURILOH VLPLODU WR ZKDW KDV EHF
LQ WKH DEXQGDQFH RI 6)% LQ LOHDO FRQWHQWYV EXW QRW LQ
KRXVHG DW WKH $J5HVHDUFK 6PDOO $QLPDO &RORQ\ LQ 5XDN>
WKH\ KDUERXUHG 6)% 5HVXOWYV IURP 3&5 DQG JHO HOHFWURSHE
LQ WKH IDHFHV RI DOO PRXVH VWUDLQV 7KLV UHVXOW VXJJHV\
PLFH ZDV KLJKHU WKDQ LQ WKH %$/% F DQG & %/ PLFH 21 V

ZHUH UHDGLO\ DYDLODEOH DQG ZHUH WKXV VHOHFWHG IRU WK

7TKH DEXQGDQFH RI 6)% LQ WKH LOHDO OXPLQDO FRQWHQWYV RI
GD\V SHDNHG DW GD\V WKHQ GHFUHDVHG DQG SODWHDXHG
WKH WHPSRUDO SURILOH RI 6)% LQ WKH LOHDO OXPLQDO FRQ
VLPLODU WR ZKDW KDV EHHQ SUHYLRXVO\ UHSRUWHG > @
WHPSRUDO SURILOH RI 6)% DEXQGDQFH LQ WKH LOHDO FRQWH
YHIHWDWLYH RU GRUPDQW 6)% VHIPHQWY > @ ,W LV SODXV
GHWDFKHG IURP WKH LOHDO PXFRVD RU WUDQVIHUUHG IURP R

LOHXP

7TKH UHFRPPHQGHG ZHLJKW IRU LOHDO OXPLQDO FRQWHQWYV IF
+RZHYHU WKH DYDLODEOH VDPSOHV ZHUH RQO\ EHWZHHQ F
KDYH FRQWULEXWHG WR WKH YDULDWLRQ LQ UHSRUWHG 6)% D
ZHLIJKWV Rl WKH VDPSOHV PLJKW H[SODLQ WKH ODFN RI GLIIH
WKH IDHFHV $Q DYHUDJH RI PJ LV UHFRPPHQGHG IRU JHQRP

VWXG\ WKH ZHLJKWV Rl IDHFDO VDPSOHV FROOHFWHG YDULLI



&KDSWHU $SEXQGDQFH RI 6)% LQ ZHI

LQIOXHQFHG 6)% DEXQGDQFH 7KH ODFN RI VLIJQLILFDQFH LQ W
KDV EHHQ SUHYLRXVO\ UHSRUWHG > @ PD\ KDYH DOVR EHHQ
RI WLVVXH DYDLODEOH IURP WKH SUH ZHDQHG GD\ ROG PLFF
WLVVXH WR EH XVHG IRU '1$ H{ZWUDFWLRQ LV PJ 7KH ZHLJKW
EHWZHHQ PJ +RZHYHU WKH FRQFHQWUDWLRQ RI 6)% GHWH
ORZHU WKDQ WKH LOHDO OXPLQDO FRQWHQWY 7KH GLIIHUHQ
LOHDO WLVVXH DQG IDHFHV SRVVLEO\ LQFUHDVHG YDULDEL

DFFXUDF\ RI WKH RYHUDOO UHVXOWYV

7TKH WHFKQLTXHV XVHG LQ VDPSOH SURFHVVLQJ PD\ KDYH DOV
2KDVKL HW DO > @ UHSRUWHG WKDW WKH WHPSRUDO SURILO
KLJKHU LQ WKH GLVWDO VHFWLRQ FRPSDUHG WR WKH SURI[LPD
FRPSDULVRQ WKH UHVXOWY KHUH VKRZHG QR GLITHUHQFHYV LC
7TKHVH UHVXOWY FDOO LQWR TXHVWLRQ WKH PHWKRGRORJ\ XV}
KRPRJHQLVDWLRQ XVHG LQ WKLV VWXG\ ZDV VLPLODU WR WKD
HW DO > @ WR FROOHFW DQG SUHSDUH WKH LOHDO WLVVXH IF
PXFRVDO VFUDSLQJ KDV DOVR EHHQ XVHG WR FROOHFW WLVYV
W LV XQFOHDU ZKLFK RI WKH WZR WHFKQLTXHV LV EHWWHU

DEXQGDQFH RI 6)% ZKLFK UHTXLUHV IXUWKHU LQYHVWLJDWLR

$QRWKHU IDFWRU UHSRUWHG WR LQIOXHQFH PLFURELDO DEX
UHSRUWHG WKDW WKH DEXQGDQFH RI PLFURELDO JURXSV YDU
SXEHVFHQW DQG DGXOW PLFH > @ 7KLV REVHUYDWLRQ
JHQRW\SH DQG VH[ &RPSDUHG WR SXEHVFHQW DQG DGXOW F
ZHDQOLQJ PLFH DUH PXFK ORZHU DQG WKH UHVXOW PD\ EH
PLFURELRWD 7KLV LQGLFDWHV WKDW RWKHU GLIIHUHQFHV E

LQIOXHQFH WKH FRPSRVLWLRQ RI WKH PLFURELRWD LQ WKH *,



&KDSWHU $SEXQGDQFH RI 6)% LQ ZHI

GLPRUSKLVP ZKHUHE\ GLIIHUHQFHV LQ FKDUDFWHULVWLFV EH
LQFOXGH GLIIHUHQFHY EHWZHHQ WKH LPPXQH V\VWHP DJH GL
> @ 6)% DEXQGDQFH PD\ EH LQIOXHQFHG E\ WKHVH IDFWR
FRQVLGHULQJ WKHLU LQIOXHQFH LQFOXGLQJ VH[ RQ PLFURE
SXEHUW\ VWDJH ,Q WKLV VWXG\ KRZHYHU WKHUH ZHUH QR GL

WLVVXH FRQWHQWY DQG IDHFHVY EHWZHHQ VH[HV SUH DQG S

7KHUH ZHUH GLIIHUHQFHV LQ WKH SODVPD FRQFHQWUDWLRQ R
DQG WKHQ SODWHDXLQJ RIl DW GD\  XQWLO 7KLV SDWW
6)% DEXQGDQFH REVHUYHG LQ WKH LOHDO OXPLQDO FRQWHQW
WKH SRVLWLYH FRUUHODWLRQ EHWZHHQ ,/ FRQFHQWUDWLRQ
> @ ,Q WKLV VWXG\ WKH FRQFHQWUDWLRQ RI IDHFDO ,J$
FRQWUDU\ WR ZKDW 2KDVKL HW DO > @ REVHUYHG 7KH\ UH
ZHUH ORZ LPPHGLDWHO\ DIWHU EHLQJ ZHDQHG DW GD\V DQGC

GD\V > @ 7KH ODFN RI GLIIHUHQFHV FRXOG EH DWW
VIVWHP LQ WKH PRXVH SXSV DV WKH WLPH IUDPH RI WKH VWXG'
FRPSDUHG WR WKH UHVXOWV IURP WKH SUHYLRXV VWXG\ $O0OV

QHHGHG WR PHDVXUH ,J$ FRQFHQWUDWLRQ DFFXUDWHO\

7KLV VWXG\ SURYLGHY LQFRQVLVWHQW ILQGLQJV FRPSDUHG W
PXVW EH DGGUHVVHG WR DVVHVV WKH WHPSRUDO SURILOH RI 6
WLPH SRLQWYV SUH DQG SRVW ZHDQLQJ LQ PDOHV DQG IHPDOH
RYHUFRPH E\ XVLQJ DQ DQLPDO PRGHO WKDW ZRXOG SURYLC
TXDQWLILFDWLRQ RI 6)% LQ WKH LOHXP FRQWHQWYV DQG WL\
ZHDQLQJ DJH ,W ZRXOG DOVR EH LPSRUWDQW WR FKRRVH D
FROOHFWLQJ DQG SUHSDULQJ LOHDO WLVVXH IRU 6)% TXDQ\

YDULDELOLW\ RI UHVXOWYV



&KDSWHU $SEXQGDQFH RI 6)% LQ ZHI

,Q FRQFOXVLRQ WKH UHVXOWV VKRZHG WKDW WKH WHPSRUD
OXPLQDO FRQWHQWY EXW QRW LQ LOHDO WLVVXH DQG IDHFH)\
EHHQ SXEOLVKHG IRU PLFH DQG KXPDQ LQIDQWV RI D VLPLOD
YDULDEOH WHPSRUDO SURILOHV RI WKH DEXQGDQFH RI 6)% LC
IDHFHV VXJJHVW IXUWKHU LPSURYHPHQW RI WKH H[SHULPHQV

RSWLPDO HIWUDFWLRQ WR RYHUFRPH WKH OLPLWDWLRQV LQ



&KDSWHU 7LVVXH KRPRIJHQLVDWLRQ SUHIHUDEOH WR PXFRVDO

&+$37(5 :+2/( 7,668( +202*(1,6%$7,21
35()(5$%/( 72 08&26%/ 6&5$3,1* ,1
"(7(50,1,1* 7+( 7(0325%/ 352),/( 2)

6(*0(17(" ),/$0(17286 %$&7(5,% ,1 7+(

/(80 2) :($1/,1* 5%$76

7KLV &KDSWHU ZDV SXEOLVKHG DV DQ RIFIFHWDOLEHREDROR DL
2HPFNH / $ $QGHUVRQ 5 & O5DNRQMDF - OF1IDEE : &
KRPRJHQL]DWLRQ SUHIHUDEOH WR PXFRVDO VFUDSLQJ LQ G

VHIPHQWHG ILODPHQWRXVY EDFWH®RPHNVNY WIKHUBEHRPRI\ZHDQO

7TKH FROQOWHQW RI WKLV &KDSWHU KDV EHHQ PRGLILHG WR PHH\



&KDSWHU 7LVVXH KRPRIJHQLVDWLRQ SUHIHUDEOH WR PXFRVDO

$SEVWUDFW

7KH VWXG\ Rl 6)% LQ ZHDQOLQJ PLFH LQ &KDSWHU KDV VKRZQ
6)% DEXQGDQFH DQG SODVPD ,/ EXW QRW ZLWK IDHFDO ,J$

Rl WKH PRXVH LOHXP ZDV D OLPLWDWLRQ IRU DQDO\WLFDO DF
7KH ZHDQOLQJ PLFH SURGXFHG YHU\ VPDOO WLVVXH VDPSOH V
YDULDWLRQV LQ WKH UHVXOWLQJ 6)% DEXQGDQFH GDWD $ UL
DOWHUQDWLYH DV WKH ILUVW REVHUYDWLRQ RI 6)% SUHVHQF!
XVH PLFH $GGLWLRQDOO\ ZHDQOLQJ UDWV ZRXOG SURYLGH

ELRORJLFDO DQDO\VHYV

&KDQJHV LQ 6)% DEXQGDQFH RYHU WLPH LQ UDWV ZHUH K\SRW
UHSRUWHG LQ PLFH DQG LQIDQWYV 7KH SURILOH RI 6)% FRORC
WLVVXH LWV FRQWHQWY DQG LWV DVVRFLDWLRQ ZLWK WZR |
DQG ,J$ 7ZR SXEOLVKHG WHFKQLTXHV IRU FROOHFWLQJ LOHDC

ZKLFK ZRXOG \LHOG GDWD RQ 6)% DEXQGDQFH ZLWK WKH OHDV

:KROH LOHDO WLVVXH DQG LOHDO PXFRVDO VFUDSLQJV ZHUH F
'DZOH\ UDWV 6)% DEXQGDQFH ZDV TXDQWLILHG IURP SUR[LPDC
FROWHQWY DQG IDHFHV E\ T3&5 XVLQJ 6)% VSHFLILF SULPHUYV

IDHFDO ,J$ ZHUH GHWHUPLQHG E\ DQWLERG\ VSHFLILF (/,6%$V

6LJQLILFDQW GLIIHUHQFHV LQ 6)% DEXQGDQFH ZHUH REVHUYH
SHDNLQJ DW GD\ 7KH YDULDELOLW\ LQ ZKROH LOHDO GDWD 7Z
WHFKQLTXH $ VLPLODU SDWWHUQ RI 6)% DEXQGDQFH ZDV RE
SHDNLQJ RQ GD\ VXIJIHVWLQJ IDHFHV FDQ EH XVHG DV D SU

DEXQGDQFH DW GD\ ZDV KLJKHU LQ IHPDOHV FRPSDUHG WR |



&KDSWHU 7LVVXH KRPRIJHQLVDWLRQ SUHIHUDEOH WR PXFRVDO

VLIQLILFDQW GLIIHUHQFHYV LQ IDHFDO ,J$ FRQFHQWUDWLRQ R(

LQ SODVPD ,/ FRQFHQWUDWLRQ ZKLFK ZDV QRW VLPLODU WE



&KDSWHU 7LVVXH KRPRIJHQLVDWLRQ SUHIHUDEOH WR PXFRVDO

,QWURGXFWLRQ

6)% ZHUH LQLWLDOO\ REVHUYHG E\ PLFURVFRSH DWWDFKHG W
PRVW SXEOLVKHG VWXGLHV RQ 6)% KDYH EHHQ SHUIRUPHG LQ
OLFH KDYH EHHQ WKH PRVW IUHTXHQWO\ XVHG DQLPDO PRGHO
WKRXJK WKLV LV QRW ZLWKRXW FKDOOHQJHV IRU H[DPSOH R
VDPSOHV IRU DFFXUDWH 6)% TXDQWLILFDWLRQ DQG FRQGXFW]

HITHFWV RQ WKH KRVW

7ZR PHWKRGV IRU REWDLQLQJ LOHDO VDPSOHV IRU 6)% TXDQ\
SXEOLVKHG OLWHUDWXUH > @ (ULFVVRQ HW DO > @ DW!'
GHYHORSLQJ D FRVW HIIHFWLYH PHWKRG RI LVRODWLQJ 6)% |
8VLQJ DQ DVHSWLF WHFKQLTXH WKH\ ULQVHG WKH GLVWDO L
PLFH 7KH LOHDO WLVVXH ZDV FXW ORQJLWXGLQDOO\ H[SRVL
ZLWK D VWHULOH VFDOSHO EODGH 7KH VFUDSHV FRQWDLQH(
EDFWHULD LQFOXGLQJ 6)% ZHUH WKHQ WUDQVIHUUHG LQWR
JULQGLQJ PHWKRG > @ WR FROOHFW LOHDO WLVVXH DORQJ
PHWKRG LQYROYHYV JULQGLQJ ZKROH WLVVXH ZLWK D SHVWOH

JURXQG XS WLVVXH LQWR D EXIIHU IRU '"1$ H{IWUDFWLRQ



&KDSWHU 7LVVXH KRPRIJHQLVDWLRQ SUHIHUDEOH WR PXFRVDO

+\SRWKHVLYVY DQG DLPV

7KH K\SRWKHVLV Rl WKH UHVHDUFK GHVFULEHG LQ WKLV WK
DEXQGDQFH LQ LOHDO WLVVXH DQG FRQWHQWY RYHU WLPH LC

KDV EHHQ UHSRUWHG LQ PLFH DQG LQIDQWYV

7KH ILUVW DLP ZDV WR GHWHUPLQH WKH WHPSRUDO SURILOH R
ubwv $ ZHDQOLQJ UDW PRGHO ZDV XVHG WR HYDOXDWH WKFE
PDUNHUV RI LPPXQH PDWXUDWLRQ RI WKH LOHXP SUH DQG S|
SRVW ZHDQLQJ PLFH DUH YHU\ VPDOO ZKLFK UHVXOWYV LQ LQF
LQ &KDSWHU 7KH ODUJHU VWUDLQ RI UDW ©6SUDJXH 'DZOH\

REVHUYHG PLFURVFRSLFDOO\ DWWDFKHG WR WKH LOHDO PXFR

7KH VHFRQG DLP ZDV WR GHWHUPLQH ZKLFK WHFKQLTXH EHWZ
PXFRVDO VFUDSLQJ ZRXOG \LHOG RSWLPXP UHVXOWY DQG ZLW
LQ SXEOLVKHG VWXGLHV IRU FROOHFWLQJ LOHDO WLVVXH VDI
VFUDSLQJ > @ DQG ZKROH WLVVXH JULQGLQJ RU KRPRJHQLVD\

ZKHWKHU RQH WHFKQLTXH ZRXOG \LHOG EHWWHU UHVXOWYV ZL

JROORZLQJ WKH XVH RI WKHVH WZR WHFKQLTXHV WKH DEX
TXDQWLWDWLYH SRO\PHUDVH FKDLQ UHDFWLRQ T3&5 ,PPXQF
WKH SUHVHQFH RI 6)% LQ WKH LOHXP ZHUH DOVR DQDO\VHG >

,J$ IURP WKH LOHDO FRQWHQWY ZHUH DQDO\VHG E\ (/,6%V



&KDSWHU 7LVVXH KRPRIJHQLVDWLRQ SUHIHUDEOH WR PXFRVDO

ODWHULDOV DQG PHWKRGYV

5DW H[SHULPHQW

7KH VWXG\ ZzDV DSSURYHG E\ WKH $J5HVHDUFK /LPLWHG *UDV
$QLPDO (WKLFV $SSOLFDWLRQ 1R XQGHU WKH UHFRPP!

$QLPDO :HOIDUH $FW

&RQYHQWLRQDOO\ UDLVHG 6SUDJXH 'DZOH\ UDW SXSV PDOH D
6SUDJXH 'DZOH\ GDPV ZHUH REWDLQHG IURP $J5HVHDUFK 5
WUDQVSRUWHG WR $J5HVHDUFK *UDVVODQGY 3DOPHUVWRQ 1F
7KH\ ZHUH PDLQWDLQHG DW f& DQG SURYLGHG ZLWK D FRPPH
ORXVH 'LHW 6SHFLDOW)\ JHH®\G ©KE MO DP V DAHA H D\WQISW Y L G X
FDJHG XQGHU GDUN DQG OLJKW F\FOHV )LYH OLWWHUV ZHUH
VHFRQG GD\ DQG RQH OLWWHU RQ WKH WKLUG GD\ $00 GDPV

SXSV ZHUH ZHDQHG RQ GD\ DQG WKH GDPV ZHUH UHPRYHG |

$ SRZHU DQDO\VLYV SRZHU RI WKH H[SHULPHQWDO GHVLJC
ZRXOG EH UDQGRPLVHG LQWR VHYHQ WLPH SRLQWV HDFK W
FDOFXODWLRQV ZHUH FDUULHG RXW EDVHG RQ D VLPSOH JUF

Rl 2KDVKL HW DO > @ )URP WKDW VWXG\ D VWDQGDUG GH

PLQLPXP GLITHUHQFH RI LQWHUHVW RI XQLWV J RI WLVVXH
OHYHO RI VLIQLILFDQFH RI 7TKDW QXPEHU RI SXSV ZDV QH
FROOHFWLRQ WHFKQLTXHV 1LQHW\ WZR SXSV IHPDOHV DQ

DFURVV WLPH SRLQWV 7KH SXSV ZHUH UDQGRPLVHG LQWR VH
DQG GD\V DIWHU ELUWK Q IRU GD\ Q IRU RWKHUV
SXQFKLQJ DW GD\ WR PHHW WKH ZHOIDUH QRUPV IRU WKLV !

ELUWK OLWWHUV WKURXJKRXW WKH H[SHULPHQW WR DYRLG LQ



&KDSWHU 7LVVXH KRPRIJHQLVDWLRQ SUHIHUDEOH WR PXFRVDO

ZKLFK ZRXOG LQIOXHQFH WKH *,7 PLFURELRWD RI WKH SXSV &¢
ZHLIJKHG RQFH D ZHHN DQG IUHVK IRRG DQG ZDWHU WRSSHG
6FRUH *+6 ZKLFK UDQJHV IURP KHDOWK\ WR UHTXLUHV
DQG WKH UDWV ZLWK D *+6 RI RU ZHUH FORVHO\ PRQLWRUH
ZHUH HXWKDQLVHG E\ LQWUDSHULWRQHDO LQMHFWLRQ ZLWK

WKURXJKRXW WKH VWXG\

6DPSOH FROOHFWLRQ

$W HDFK VDPSOLQJ WLPH SRLQW WKH SXSV ZHUH HXWKDQLVH(
DQ LQGLYLGXDO FDJH IROORZHG E\ FHUYLFDO GLVORFDWLRQ ¢
D QHHGOH FRDWHG ZLWK HWK\OHQHGLDPLQHWHWUDDFHWLF L
6FLHQWLILF ODVVDFKXVHWWYV 86% 7KH EORRG VDPSOHV ZHI
PLOQXWHV DW f& DQG WKH VXSHUQDWDQW SODVPD ZDV SLSt
OLTXLG QLWURJHQ EHIRUH VWRUDJH DW f& IRU ODWHU DQD(
WKH WHUPLQDO FRORQ RU UHFWXP SRVW PRUWHP DQG VQDS |

f& IRU '1$ HIWUDFWLRQ 7KH GLVWDO SRUWLRQ RI WKH LOHX
WKUHH VHFWLRQV RI FP HDFK 7KH LOHDO FRQWHQWYV IURP HEL
LOHDO WLVVXH VHFWLRQV ZHUH WKHQ FXW RSHQ ORQJLWXGL(
7KH WRS VHFWLRQV RI WKH WLVVXH ZHUH FROOHFWHG DV ZKR
VFUDSHG WKUHH WLPHV ZLWK D SODVWLF WLVVXH VFUDSHU L
RI ' RUFH WR GHFUHDVH YDULDELOLW\ LQ WKH VDPSOH ZHLJKW
FROOHFWHG LQWR FU\RWXEHV DQG VQDS IUR]JHQ LQ OLTXLG

HI WUDFWLRQ )LJXUH
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JLIXUH6FKHPDWLF RI KRZ WKH LOHDO WLVVXH
ERUGHUV WKH WHUPLQDO HQG RI WKH LOHXP
ZHUH FROOHFWHG DV ZKROH WLVVXH VDPSOHV

JHQRPLF '"1$ HIWUDFWLRQ

SUR[LPDO VHFWLRQ

end of ileum

ZDV FXW LQWR WKUHH VHFWLRQV RI F P
7KH VHFWLRQV ZHUH FXW LQWR FP HDF
IRU KRPRIJHQLVDWLRQ 7KH ERWWRP VI

PLGGOH VHFWLRQ WHUPLQDO VHFV



&KDSWHU 7LVVXH KRPRIJHQLVDWLRQ SUHIHUDEOH WR PXFRVDO

6DPSOH SURFHVVLQJ

7KH PHWKRGV IRU VDPSOH SUHSDUDWLRQ DQG JHQRPLF '1$ H|
GHVFULEHG LQ &KDSWHU LQ 6HFWLRQV ,Q WKH

GHWHFWLRQ IRU SODVPD ,/ DQG IDHFDO ,J$ ZDV QJ P/ DQ

6WDWLVWLFDO DQDO\VLV

$ RQH ZD\ $129% ZDV SHUIRUPHG LQ OLQLWDES WR GHWHUPLC
GLIIHUHQFHV LQ WKH DEXQGDQFH RI 6)% DQG FRQFHQWUDWLR
WLPH EHWZHHQ GD\V SUH DQG SRVW ZHDQLQJ $ WZR ZD\
GHWHUPLQH ZKHWKHU WKH LQWHUDFWLRQ EHWZHHQ VH[ DQG |
7KH 5\DQ -RLQHUTV OLNH 6KDSLUR :LON WHVW DQG /HYHQHTV
ZHUH QRUPDOO\ GLVWULEXWHG DQG WKDW KRPRJHQHLW\ RI

WUDQVIRUPHG WR PHHW WKH UHTXLUHPHQWY RI QRUPDO GLVW
WUDQVIRUPHG GDWD ZHUH QRUPDOO\ GLVWULEXWHG $ RQH Z
ORJDULWKP WUDQVIRUPHG GDWD :KHUH WKHUH ZDV VWDWLVW
ZDV SHUIRUPHG WR VKRZ ZKHUH WKH GLIIHUHQFHV OD\ 'LIIHL
VLIQLILFDQW ZKHQ WKH SUREDELOLW\ YDOXH ZDV LQIHULRU W
$1&29%$ ZDV SHUIRUPHG WR GHWHUPLQH ZKHWKHU WKH VH[ R
JDLQ ZLWK PLQLPDO HIIHFWV IURP DJH :HLJKW JDLQ ZDV WKH

IDFWRU DQG DJH ZDV WKH FRYDULDWH FRQWURO YDULDEOH



&KDSWHU 7LVVXH KRPRIJHQLVDWLRQ SUHIHUDEOH WR PXFRVDO

SHVXOWYV

AXDQWLILFDWLRQ RI 6)%

7KH LQLWLDO GDWD RI WKH DEXQGDQFH RI 6)% ZHUH VNHZHC
QRUPDOLW\ WKH GDWD ZHUH WUDQVIRUPHG DQG SORWWHG R
GDWD ZHUH QRUPDOO\ GLVWULEXWHG $00 ILIJIXUHV ZLWK XQW

, JLIXUH D1 )LIXUH D G )LIXUH YLIXUH Y)LIXUH

7TKH DEXQGDQFH RI 6)% LQFUHDVHG IURP ZHDQLQJ SHDNHG DW
D I 6LIJQLILFDQW GLIIHUHQFHV ZHUH REVHUYHG LQ WKH V
SUR[LPDO S J)LIXUH D DQG GLVWDO S JLIXUH F
WLVVXH IURP GD\ SHDNLQJ DW GD\ WKHQ GHFUHDVLQJ IURI
S J)LIXUH E )RU WKH VFUDSHG LOHDO WLVVXH VLJQL
WKH WHPSRUDO DEXQGDQFH RI 6)% LQ WKH PLGGOH S )
)LIXUH | VHFWLRQV IURP GD\ SHDNLQJ DW GD\ WKHQ G
WKH SUR[LPDO VHFWLRQ S J)LIXUH G ,Q DOO FDVHYV

DQG WKHQ SODWHDXHG 7KHUH ZDV OHVV YDULDELOLW\ LQ 6;

)LIXUH DF DYHUDJH 6(0 ( FRPSDUHG WR WKDW IURP '
|l DYHUDJH 6(0 ( 7TKHUH ZHUH VLJQLILFDQW GLIIHUHQFH'
SUR[LPDO S J)LIXUH D DQG PLGGOH S J)LIXUH E

RYHU WLPH EHWZHHQ SRVWQDWDO GD\V DQG SRVWQDWDO G
VLIQLILFDQW GLIIHUHQFHV LQ 6)% DEXQGDQFH LQ LOHDO FRQV

EHWZHHQ GD\ DQG

7KHUH ZHUH VLJQLILFDQW GLIITHUHQFHYV LQ 6)% DEXQGDQFH RY

G LQFUHDVLQJ IURP GD\ SHDNLQJ DW GD\ WKHQ GHFUH



&KDSWHU 7LVVXH KRPRIJHQLVDWLRQ SUHIHUDEOH WR PXFRVDO

DEXQGDQFH SHDNHG ODWHU DW GD\ FRPSDUHG WR WKH LOH

VLIQLILFDQW GLIIHUHQFHV

'LITHUHQFHV LQ 6)% DEXQGDQFH LQ DOO VDPSOH W\SHV PHDV
VH[HV 7KHUH ZDV DQ XQH[SHFWHG GLIIHUHQFH LQ 6)% DEXQC
IHPDOH UDW SXSV ZKLFK ZDV QRW REVHUYHG LQ WKH PRXVH
PDOHV VKDUSO\ GHFUHDVHG ZKLOH LQ IHPDOHV WKHUH ZDV I
UHDFKHG DW GD\ J)LIXUH 7KH PDOH SXSV DOVR JDLQHG .
7TKHUH ZHUH VLJQLILFDQW GLIITHUHQFHV LQ ZHLJKW JDLQ

ZDV XVHG DV D FRYDULDWH S



&KDSWHU 7LVVXH KRPRJHQLVDWLRQ SUHIHUDEOH WR PXFRVDO
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JLIXUHS$SEXQGDQFH RI 6)%

H I RI FRQYHQWLRQDOO\ UHDUHG 6SUDJXH 'DZOH\ UDW SXS\

SUR[LPDO PLGGOH DQG GLVWDO LOHXP

WKH PHDQ YDOXHV RI Q

VWDQGDUG HUURU PHDQ 6(0

IURP ZKROH LOHDO WLVVXH D E F

GD\V DQG Q

9DOXHV ZLWKRXW FRPPRQ OHW\

'DWD DUH SORWWHG



&KDSWHU 7LVVXH KRPRJHQLVDWLRQ SUHIHUDEOH WR PXFRVDO

JLIXUH $EXQGDQFH RI 6)% IURP LOHDO FRQWHQWYVY D E F DQ
UHDUHG 6SUDJXH 'DZOH\ UDW SXSV 6DPSOHV ZHUH FROOHFWH
LOHXP 'DWD DUH SORWWHG RQ D ORJDULWKP VEFDOH DQG D
SXSV GD\V DQG Q SXSV GD\V 7KH EDUV UHSUHVHC

6(0 9DOXHV ZLWKRXW FRPPRQ OHWWHUV GLIIHU VLIQLILFDQ\



&KDSWHU 7LVVXH KRPRJHQLVDWLRQ SUHIHUDEOH WR PXFRVDO

JLIXUH &RPSDULVRQ RI WKH DEXQGDQFH RI 6)% LQ WKH SUR]
EHWZHHQ IHPDOH ) DQG PDOH 0O 6SUDJXH 'DZOH\ UDW SXSV
‘DWD DUH SORWWHG RQ D ORJDULWKP WHQ VFDOH DQG DUL

Q YHUVXV PDOHV Q 9DOXHV ZLWKRXW FRPPRQ OHWWHU



&KDSWHU 7LVVXH KRPRIJHQLVDWLRQ SUHIHUDEOH WR PXFRVDO

7DEOHOHDQ “ 6(0 ZHLJKW JDLQ LQ JUDPV J RI SUH DQG SRVW
6SUDJXH 'DZOH\ UDWV 7KH YDOXHV UHSUHVHQW ZHLJKW JDLG
SRVWQDWDO GD\V DQG EHIRUH VDPSOH FROOHFWLRQ |
WR IHPDOHV PDOHV JDLQHG PRUH ZHLJKW DQG PDOH SXSV Z
FROOHFWLRQ $Q $129%$ DQG SRVW KRF 7XNH\{V WHVW VKRZHC
ZHLJKW JDLQ LQ PDOHV DPRQJ WLPH SRLQWYV DQG  7KH

DYHUDJH ZHLJKW JDLQ LQ IHPDOHYVY DW DOO WLPH SRLQWYV S

7LPH SRLQW ODOHV JHPDOHV



&KDSWHU 7LVVXH KRPRIJHQLVDWLRQ SUHIHUDEOH WR PXFRVDO

AXDQWLILFDWLRQ RI SODVPD ,/ DQG IDHFDO ,J$ FRQFHQV

7KHUH ZHUH VLJQLILFDQW GLIIHUHQFHYV LQ WKH FRQFHQWUD!
GHFUHDVHG IURP GD\  WR YLIXUH $ 7XNH\fV SRVW KR
VLIQLILFDQW GLIIHUHQFHV LQ WKH IDHFDO ,J$ FRQFHQWUDWL

7KHUH ZHUH QR VLJQLILFDQW FKDQJHV LQ WKH FRQFHQWUDWL

JLIXUH



&KDSWHU 7LVVXH KRPRJHQLVDWLRQ SUHIHUDEOH WR PXFRVDO

JLIXUH&RQFHQWUDWLRQ RI ,J$ LQ IDHFHV RI FRQYHQWLRQDOO
'DZOH\ UDW SXSV 7KH UDW SXSV ZHUH ZHDQHG RQ GD\ 7KH
'DWD DUH SORWWHG RQ D ORJDULWKP WHQ VFDOH DUH VKRZQ
GD\V DQG Q SXSV GD\V 7KH EDUV UHSUHVHQW WKH VWI

ZLWKRXW FRPPRQ OHWWHUYV GLIIHU VLIJQLILFDQWO\ S



&KDSWHU 7LVVXH KRPRJHQLVDWLRQ SUHIHUDEOH WR PXFRVDO

JLIXUH &RQFHQWUDWLRQ RI ,/ LQ SODVPD RI FRQYHQWLRQI
6SUDJXH 'DZOH\ UDW SXSV 7KH UDW SXSV ZHUH ZHDQHG RQ C

QJ P/ 'DWD DUH SORWWHG RQ D ORJDULWKP WHQ VFDOH D!
SXSV GD\V DQG Q SXSV GD\V 7KH EDUV UHSUHVHC

6(0 9DOXHV ZLWKRXW FRPPRQ OHWWHUYV GLIIHU VLIJQLILFDQ\



&KDSWHU 7LVVXH KRPRIJHQLVDWLRQ SUHIHUDEOH WR PXFRVDO

'LVFXVVLRQ

7KLV VWXG\ VKRZV WKDW WKH DEXQGDQFH RI 6)% LQ LOHDO W
DQG SRVW ZHDQLQJ ZDV VLPLODU WR WKH WHPSRUDO SURIL
FRUUHVSRQGLQJ DJH > @ +HUH WKH DEXQGDQFH RI 6)% L
GD\V DQG DQG GHFUHDVHG XQWLO D SODWHDX ZDV UHDEKH!
RQ GD\ 2WKHU VWXGLHV VXJJHVW WKDW WKH DEXQGDQFH R

ZHDQLQJ WKURXJKRXW OLIH > @

7TKH UHVXOWVY DOVR VKRZHG WKDW RI WKH WZR WLVVXH F
KRPRJHQLVDWLRQ JDYH OHVV YDULDEOH WLVVXH ZHLJKWYV FI|
DEXQGDQFH GDWD ZDV VLPLODU WR ZKDW KDV EHHQ UHSRUWF
KRPRJHQLVDWLRQ ZDV OHVV YDULDEOH FRPSDUHG WR WKH VFL
GDWD ZDV OLNHO\ SDUWO\ GXH WR VFUDSHG WLVVXH VWLFNLQ
DPRXQW RI WLVVXH DYDLODEOH 7KH IUDJLOLW\ RI WKH LOHXP
FKDOOHQJLQJ UHVXOWLQJ LQ YDULDEOH ZHLJKWYV :KROH WL

VLPSOHU PHWKRG RI FROOHFWLQJ LOHDO WLVVXH VDPSOHYV IU|

7KH SDWWHUQ RI 6)% DEXQGDQFH LQ WKH LOHDO WLVVXH DQG
WKH IDHFHV VXJJHVWLQJ IDHFHV FRXOG EH XVHG DV D SURJ\
IDHFDO 6)% DEXQGDQFH SHDNHG ODWHU DW GD\ FRPSDUHG V
LQ WKH LOHXP ZRXOG WKHUHIRUH EH DVVXPHG WR SHDN HDU
IDHFHV DOLJQV ZLWK WKH 7KUHH 5V RI DQLPDO UHVHDUFK Wt
UHILQHPHQW ZKLFK XWLOLVH DOWHUQDWLYHV WR WHUPLQDC
DQLPDOV XVHG DQG IROORZ SURFHGXUHV WKDW PLQLPLVH SD

WHUPLQDO VDPSOLQJ WR REWDLQ LOHDO WLVVXH FRQWHQW FF



&KDSWHU 7LVVXH KRPRIJHQLVDWLRQ SUHIHUDEOH WR PXFRVDO

VWXGLHV DWWHPSWLQJ WR XQGHUVWDQG LQIOXHQFHV RQ 6)

PHGLFDWLRQ RU DJHLQJ > @

7KH VLJQLILFDQW GLIIHUHQFH LQ WKH LQWHUDFWLRQ RI VH[ Z
WKH SUR[LPDO LOHDO FRQWHQWY RYHU WLPH LV GLIIHUHQW L
LQWHUDFWLRQ PD\ EH SUHVHQW LQ WKH PLGGOH DQG GLVWD(
VWDWLVWLEDO SRZHU ZRXOG EH UHTXLUHG WR PDNH WKLV F
XQH[SHFWHGO\ GLIIHUHQW EHWZHHQ IHPDOHV DQG PDOHV RQ C
GLIIHUHQFH LQ WKH UDWV VDPSOHG RQ WKDW GD\ 7KH REVI
KRUPRQDO GLIIHUHQFHV PLJKW LQIOXHQFH 6)% DEXQGDQFH

GLIIHUHQFHV LQ *,7 GHYHORSPHQW EHWZHHQ VH[HV > @ DV W
%HIRUH SXEHUW\ RHVWUDGLRO FRQFHQWUDWLRQV SHDN DW ¢
GD\ ZKLOH WHVWRVWHURQH FRQFHQWUDWLRQV LQ ERWK VH
GHFUHDVH EHWZHHQ GD\V DQG > @ 5DWV UHDFK SXE
IHPDOHVY DQG GD\V  DQG LQ PDOHV > @ 6H[ KRUPRQHV Z
XQFOHDU ZKHWKHU D FKDQJH LQ WKHLU FRQFHQWUDWLRQV OF
6)% DEXQGDQFH LQ WKH VDPSOHV DQDO\WHG 7KH DEXQGDQF
UHSRUWHG LQ D VLPLODU VWXG\ ZKLFK LQYROYHG VL[ PDOH D
IDU WKH VWXG\ KHUH LV WKH RQO\ RQH WKDW KDV UHSRUWHG

RI FRQVLGHULQJ JXW PLFURELRWD FKDQJHV EHWZHHQ VH[HV

,Q WKLV VWXG\ WKHUH ZDV QR GLIITHUHQFH LQ WKH SODVPD FF
+RZHYHU WKH UHVXOWYV IURP &KDSWHU LQ PLFH VKRZHG GL
A EHWZHHQ GD\V DQG WKH FRQFHQWUDWLRQ SHDNHG D
ZLWK OLWHUDWXUH UHSRUWYVY RI D SRVLWLYH DVVRFLDWLRQ E

SURGXFWLRQ LQ DGXOW PLFH WZR WR WKUHH ZHHNV IROO!



&KDSWHU 7LVVXH KRPRIJHQLVDWLRQ SUHIHUDEOH WR PXFRVDO

6HYHUDO SODVPD VDPSOHV DFURVYV DOO WLPH SRLQWYV PHDVX
WKDQ WKH FDOFXODWHG GHWHFWLRQ WKUHVKROG LQFUHDVLC(

RI WKH UbwV KDG |JHUR UHDGLQJV DQG QR PHDVXUHPHQWYV ZH

7KH IDHFDO FRQFHQWUDWLRQ RI ,J$ ZDV YDULDEOH IURP GD\V
7KLV UHVXOW GLVDJUHHV ZLWK RWKHU VWXGLHV ZKHUH IDHFD
RQO\ ODWH SRVW ZHDQLQJ > @ 2WKHU VWXGLHV VKRZHG

FRQYHQWLRQDO DQG JHUP IUHH PLFH LQLWLDOO\ VWLPXODWH)\
LQKLELWLQJ 6)% FRORQLVDWLRQ > @ ,W LV SODXVLEOH W]
WR WKH KLJK ,J$ FRQFHQWUDWLRQV IRXQG LQ WKH IDHFDO VDI
FRQWHQWYV RI SUH ZHDQHG PLFH > @ 2WKHU PLFUREHV PD\
DEXQGDQFH DURXQG ZHDQLQJ DQG DUH DOVR NQRZQ WR VWLF
,J$ E\ LPPXQH FHOOV > @ 7KH QXPHULFDO GURS RI IDHI
PD\ KDYH UHVXOWHG IURP ZHDQLQJ RQ GD\ WKHQ WKH LQFU
LQFUHDVHG OXPLQDO ,J$ $ EURDGHU DJH UDQJH ZLWK D OD

FOHDUHU SLFWXUH RI KRZ ,J$ FRQFHQWUDWLRQ FKDQJHV > @

,Q FRQFOXVLRQ WKH UHVXOW VKRZHG WKDW WKH WHPSRUDO S
DQG FRQWHQWYV RI ZHDQOLQJ UDWV ZDV VLPLODU WR WKRYV
FRUUHVSRQGLQJ DJH /RZHU YDULDELOLW\ LQ ZKROH LOHDO W
FROOHFWLRQ WHFKQLTXH 7KH GDWD DOVR VKRZ WKDW IDHFF
DEXQGDQFH LQ WKH LOHXP 7KH LPPXQH PDUNHUV GLG QRW JL
PLFH DQG LQIDQWY PDNLQJ LW GLIILFXOW WR FRQFOXGH RQ W
IDHFDO ,J$ $ IXWXUH VWXG\ ZRXOG LQYROYH 6 U51%$ VHTXHQF
ZLWK NQRZOHGJH IURP WKH SXEOLVKHG 6)% JHQRPH FRPSDUH

6)% DEXQGDQFH RYHU WLPH ZLWK RWKHU *,7 PLFURELRWD SUH



&KDSWHU  (IIHFW RI LQXOLQ RQ 6)9
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&KDSWHU (ITHFW RI LQXOLQ RQ 6)¢9

$SEVWUDFW

7KH VWXG\ LQ WKLV &KDSWHU VRXJKW WR LQYHVWLJDWH WK
DEXQGDQFH 7KH UHSRUWHG FKDQJHV LQ WKH WHPSRUDO SUF
LPPXQH VI\VWHP LV WKRXJKW WR PDWXUH SRLQWV WR DQ LQ
DEXQGDQFH 7R GHWHUPLQH PHWDEROLVP ZLWKLQ 6)% WKI
VLPLODULWLHYV WSRO R W WEHH@UO® SRASDUDWLYH JHQRPH DQDO\V
SDWKRJHQLF DQG QRQ SDWKRJHQLF FORVWULGLDO VSHFLHV Ut
IRU FDUERK\GUDWH PHWDEROLVP L@ ®RWWIUKK\B PF QRNAVADUQLLG I
SHUIULQJHQV VWUDLQ DQG3EG \QRW FRQOIVDEIQL WEOH UHSRUWH
&2*V 7KLV DQG WKHLU SUHIHUUHG DWWDFKPHQW WR WKH

FDUERK\GUDWHYV RU PHWDEROLWHYV RI FDUERK\GUDWH IHUPHQ

7KH GLHWDU\ FDUERK\GUDWH VHOHFWHG LQXOLQ ZDV EDVHG
WR FRPPHUFLDO LQIDQW IRUPXOD DQG ZHDQLQJ GLHWV ,QXO
EHQHILFLDO FRPPHQVDOV LQ WKH *,7 DQG UHSRUWHGO\ LPSUR
LQFLGHQFHV RI IODWXOHQFH DQG EORDWLQJ ,QXOLQ UHSRUW
KHOS SUHYHQW WKH JURZWK RI SDWKRJHQLF EDFWHULD DQG
7KH 6&)$V DOVR UHSRUWHGO\ DFWLYDWH WKH LPPXQH V\VWHP

IXQFWLRQ DQG LQFUHDVH H[SUHVVLRQ RI WLIJKW MXQFWLRQV

,QXOLQ DW ZDV WKXV K\SRWKHVLVHG WR LQFUHDVI
PDOH DQG IHPDOH ZHDQOLQJ UDWV WKUHH GD\V DIWHU ZHDQL
DW RQ WKH SURILOH RI 6)% FRORQLVDWLRQ ZDV
ZHDQLQJ FRPSDUHG WR GD\ SUH ZHDQLQJ LQ WKH LOHDO WL\
EHWZHHQ 6)% DEXQGDQFH DQG WZR LPPXQH PDUNHUV RI *,7 PD

,J$ ZHUH REVHUYHG



&KDSWHU (ITHFW RI LQXOLQ RQ 6)¢9

,OXOLQ GLG QRW LQIOXHQFH WKH DEXQGDQFH RI 6)% UHJDUGC
7KHUH ZHUH QR GLIIHUHQFHV REVHUYHG LQ 6)% DEXQGDQFFH
UHJDUGOHVV RI LQXOLQ GRVLQJ RU VDPSOH W\SH 7KHUH ZHUH

SODVPD ,/ DQG IDHFDO ,J$ FRQFHQWUDWLRQ QRU EHWZHHQ

7KH UHVXOWV LQGLFDWH WKDW LQXOLQ IHG LQ D GRVH GHSHQC
GLG QRW LQIOXHQFH WKH SHDN DEXQGDQFH RI 6)% RU WKH SO
FRQFHQWUDWLRQ RI ,J$ 6)% PD\ QRW XWLOLVH LQXOLQ GLU}I
IHUPHQWDWLRQ LQ D FURVV IHHGLQJ PDQQHU ZLWK RWKHU E

KRZHYHU WKLV GLG QRW DIIHFW DQ\ SDUDPHWHUYV PHDVXUHG 1



&KDSWHU (ITHFW RI LQXOLQ RQ 6)¢9

,QWURGXFWLRQ

'XULQJ SRVWQDWDO GHYHORSPHQW SUH ZHDQLQJ EUHDVWII
QXWULWLRQ IURP WKHLU PRWKHUYY PLON :KHUH WKLV LV LP!
I[URP UXPLQDQW PRVWO\ ERYLQH PLON RU DOWHUQDWLYH IF
&RPSDUHG WR KXPDQ EUHDVWPLON ERYLQH PLON KDV D KLJKH
D ORZHU ROLJRVDFFKDULGH FRQWHQW > @ %RYLQH PLON L\
RLOV YLWDPLQV PLQHUDOV DQG SUHELRWLFV DUH DGGHG
EUHDVWPLON > @ 3UHELRWLFVY DGGHG WR LQIDQW IRUPXOD

)26 JDODFWRROLJRVDFFKDULGHV *26 ODFWXORVH DQG DFL

$V LQIDQWYVY PDWXUH WKHLU QXWULWLRQDO UHTXLUHPHQWYV
SURYLGH FUHDWLQJ WKH QHFHVVLW\ IRU D FRPSOHPHQWDU\ V
LQFOXGHYVY SURWHLQ IDWV PLQHUDOV YLWDPLQV GLJHVWLEO
> @ $V WKHVH QHZ VXEVWUDWHY EHFRPH DYDLODEOH WR WK
LV FDXVHG LQ PLFURELDO DEXQGDQFH IURP RQH WKDW LV H
UHVHPEOH WKDW RI DQ DGXOW > @ $V GLVFXVVHG LQ &KDSW|
DW ZHDQLQJ LQFOXGH DOVR 6)% > @ VXJIJHVWLQJ DQ HIIHFV

RQO\ LQ PLON > @

,QLWLDO VWXGLHV LQYHVWLJDWLQJ WKH HIIHFW RI IRRG VXEV
DGXOW URGHQWY UHSRUWHG WKDW D EDODQFHG GLHW EDVD(
DOIDOID PHDO QDWLYH FRUQ VWDUFK VR\EHDQ RLO JURX
FRQFHQWUDWH ZKHDW PLGGOLQJVY FRUQ SURWHLQ FRQFHQW
SUHPL[ FDOFLXP FDUERQDWH DQG VRGLXP FKORULGH FRPSE
GLHW LQIOXHQFHG WKH DEXQGDQFH RI LOHDO 6)% > @ /DWH

WKH SXEOLVKHG UDW DQG PRXVH 6)% JHQRPHYVY SUHGLFWHG WK



&KDSWHU (ITHFW RI LQXOLQ RQ 6)¢9

IRU FDUERK\GUDWH PHWDEROLVP DQG WUD Q& ORWW FIRPISYORI H G
WHWDQL ( & SHUIULQJHQV VWUDLQ> @ QTKK SWW GILFNEEQ GH
IURP WKLV DQDO\VLYV LQFOXGH WKRVH LQYROYHG LQ PHWDER
JO\FRO\WLF SDWKZD\ + ZKLFK LV XVHG LQ WKH FHOO ZDOO VW
DQG ULERVH * ZKLFK LV XVHG LQ FHOOXODU UHVSLUDWLRQ &t
SUHGLFWHG WR EH PHWDEROLVHG UHVXOWLQJ LQ JO\FHUDOGH
> @ 7KH SUHIHUUHG QLFKH RI 6)% LQ WKH LOHXP EUXVK ERL
DV WKLV PLFURYLOOL FRYHUHG VXUIDFH RQ WKH LOHDO HSLV
GLVDFFKDULGHY LQWR VLPSOH VXJDUV ZKLFK DUH DEVRUEHG |
RI VLPSOH VXJDUV LQ WKLV UHJLRQ DORQJ ZLWK JHQHV HQFR
W\SH WUDQVSRUWHUV IRU VXJDUV GHWHFWHG LQ WKH 6)% JH
FDUERK\GUDWHY IRU URXWLQH JURZWK DQG PDLQWHQDQFH >

VWXGLHV KDYH VXJIJHVWHG WKDW 6)% PLIJKW EHQHILW IURP PR
RQO\ VLPSOH RQHV VXFK DV WKRVH IRXQG LQ PLON > @ $QD
ODFN Rl WULFDUER[\OLF DFLG F\FOH HQJ\PHV > @ $ FRPSOHW
LQ WKH JO\FRO\WLF SDWKZD\ ZDV LGHQWLILHG > @ ,Q DGGLW
FRXOG EH DVVXPHG WR WDNH SDUW LQ WKH HOHFWURQ WUDQV

> @

3ULRU WR ZHDQLQJ LQ H[FOXMLEGREDEMHDWIDIWE WEHHD OW\> @
DQG DUH DVVRFLDWHG ZLWK WKH SURGXFWLRQ RI 6&)$V DQG
VIVWHP DQG SUHYHQWLRQ Rl *,7 GLVRALGHWREBDFWBRUL@® VXS
IHUPHQWLQJ QRQ GLJHVWLEOH ROLJRVDFFKDULGHV VXEK DV
LQFUHDVHG DEXQGDQFH > % @ L ¢ R BDFEMQEFEMIDYBIYFH R® WK
DEXQGD&QFRVRMULGLD VESWUGE SW R FRGEXD © R SBIODD IMBSUHD VH

LQ WKH LOGMXBHSWRFRIFFAE8 OOFWDWH IURP VLPSOH FDUERK\C
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ZKLFK LV D VRXUF9#HROGRQHER @O RIUSGFH 6)% DUH SUHGLFWHG
ODFWDWH > @ WKH\ PD\ DOVRYHHOD RMREKQEB MRS ™VIVUIBRIEG LR U
UHODWLRQVKLS 7KH SURIGIXBE\RERGCMM BIHSGY > @ VXIIHVW\
PD\ EH LQYROYHG LQ WKH VXJJHVWHG FURVV IHHGLQJ UHODWL
PLJKW EH LPSRUWDQW WR FRQVLGHU IRU GLHWDU\ PRGXODW

ZHDQLQJ

,QXOLQ LV D FDUERK\GUDWH VXEVWUDWH WKDW LV W\SLEDOO\
JLYHQ DV ZHDQLQJ IRRGV WR LQIDQWY DQG LV DOVR W\SLEDC
,QXOLQ EHORQJV WR D FODVV RI VROXEOH GLHWDU\ ILEUHV NC
UHVHUYH FDUERK\GUDWH LQ SODQWV > @ ,WV XQLTXH FKHPL
ORZ FKHPLFDO UHDFWLYLW\ UHVXOWYV LQ LW UHVLVWLQJ VPDO
E\ EDFWHULD LQ WKH LOHXP DQG PRVWO\ FRORQ ZKHUH LW
NQRZQ WR SURGXFH 6&)$V > @ LQFUHDVH WKH UDWLF
%DFWHURLGHWHY DW WKH SK\OXP OHYHO DQG GHFUHDVH FRO

GLDEHWLF PLFH > @

,QXOLQ LV DOVR FRQVLGHUHG VDIH IRU LQIDQW FRQVXPSWL
VXSSOHPHQWHG ZLWK LQXOLQ UHSRUWHG D VLJQLILEDQW LQ
GHFUHDVH LQ FROLIRUP EDFWHULD DV ZHOO DV VRIWHU IDHEH)
LPSURYHG ELOH SURGXFWLRQ DQG EDFWHULDO IHUPHQWDWLR
VXSSOHPHQWHG GLHWY UHSRUWHG GHFUHDVHG IODWXOHQFH
LOQXOLQ > @ HQKDQFHG DEXQGDQFH RI EHQHILFLDO EDEWHULI
> @ DQG 6&)$%$ SURGXFWLRQ LQ VRMRBRLYRREOHVGROWQ HUPH
VI\VWHP > @ VXJIJHVWV WKDW SUH ZHDQHG DQG ZHDQHG LQ
LOQXOLQ $GGLWLRQDOO\ WKH DFLGLF HQYLURQPHQW FUHDWH

RQO\ LOKLELWYVY WKH JURZWK RI SDWKRJHQLF EDFWHULD > @
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DQG DGKHUHQV MXQFWLRQV JHQHV > @ DQG DOVR DFWLYDWH

@

7R LOOXVWUDWH WKH SURWHFWLYH HIITHFWV RI LQXOLQ RQ WI
LQXOLQ RQO\ D GIZNWWPKXULWYBEWHANFRERGLY I MRUWALRQ RQO\ LQ
ZHDQHG ZHHN ROG SLJV > @ 7KH 6 U51$ DPSOLFRQ VHT
VXSSOHPHQWHG ZLWK Z Z ORQJ FKDLQ SXULILHG FKLFRU\
SLJV IRU ZHHNV LQFUHDVHG DEXQGDQFH RI EHQHILFLDO EDFV
> @ &RPSDUHG ZLWK WKH FRQWURO WKH LQXOLQ IHG SLJV
$FWLQREDFWHULD %DFWHURLGHWHY DQG 3URWHREDFWHULD
LQ WKH LOHXP > @ 7KH LQXOLQ IHG SLJV 9%l KLGER BVHGN KIUILKHAH D
$FWLQREDFM\HHMEOWHOOBBPRIH UR OGHPWESURWHREDBWHULD
'HOWDSURWEBBEWWREDB W HUX.PL ORFR MAQE&HDMKHU PHPEHUV ZLV
&ORVWULGUPQAX¥WHY > @ 7D[RQRPLF FODVVLILFDWLRQ IRO
SODFHG 6)% ZLW&QRVWKH R@E®WBWG 6)% DUH IXUWKHU FODVVL
IDPLEDYDJHO®D@HOKH LQFUHDVHG DEXQGD®NMW BRILQPMIREEHW V Z L
VWXG\ E\ 6WRO]JHQEDFK HW DO > @ PD\ LQFOXGH 6)% WKRXJ

WKHVH PLFUREHV KDV QRW EHHQ LQYHVWLJDWHG

+\SRWKHVLYVY DQG DLPV

7KH K\SRWKHVLV RI WKH UHVHDUFK GHVFULEHG LQ WKLV &KD:
LOQXOLQ ZRXOG LQFUHDVH WKH SHDN DEXQGDQFH RI LOHDO DQ
LPPXQH PDUNHUV RI *,7 PDWXUDWLRQ LQ D GRVH GHSHQGHQW

6SUDJXH 'DZOH\ UDWYV

7KH DLP RI WKLV VWXG\ ZDV WR GHWHUPLQH LI LQXOLQ DQG

DEXQGDQFH RI LOHDO DQG IDHFDO 6)% LQ ZHDQOLQJ UDWYV 7Kl



&KDSWHU (ITHFW RI LQXOLQ RQ 6)¢9

DPRXQWV RI LQXOLQ DQG 7KHVH DPRXQWV RI LQ}
<RXQJ HW DO > @ ZKHUH WKH\ IHG ZHDQOLQJ UDWV VLPLOD!

QHJDWLYH HIIHFWV RQ WKH ZHDQOLQJ UDWV DQG LQIOXHQFHG

M IURP EORRG SODVPD DQG ,J$%$ IURP IDHFDO VDPSOHV VX
SUHVHQFH RI 6)% LQ WKH LOHXP ZHUH DOVR DQDO\VHG > @
OHWKRGV

5DW H[SHULPHQW

7KH VWXG\ ZDV DSSURYHG E\ WKH $J5HVHDUFK *UDVVODQGYV ¢
(WKLFV $SSOLFDWLRQ 1R XQGHU WKH UHFRPPHQGDWLRG

1LQH SUHJQDQW FRQYHQWLRQDO 6SUDJXH 'DZOH\ GDPV Z
5XDNXUD +DPLOWRQ 1= DQG WUDQVSRUWHG WR $J5HVHDUEFK
E\ URDG DW GD\V Rl JHYWDWLRQ 7KH GDPV ZHUH LQGLYLGXI
LQ D URRP DW f& DQG SURYLGHG ZLWK D FDVHLQ EDVHG RSH
'LHWV ,QF 1HZ -HUVH'D G63LEXRHNZRSHY VWDQGDUG URGHQW

LQXOLQ DQG ZDV XVHG DV WKH FRQWURO GLHW

2QH OLWWHU ZDV ELUWKHG RQ WKH ILUVW GD\ IRXU OLWWHUYV
DQG WZR OLWWHUV RQ WKH IRXUWK GD\ $IWHU ELUWK DOO G
WKH GDPV FROQWLQXHG WR UHFHLYH WKH RSH@G VOLEQWRBG UF
GXULQJ WKH VXFNOLQJ SHULRG $00 GDPV DQG SXSV ZHUH FKI
I UHVK IRRG DQG ZDWHU WRSSHG XS DV UHTXLUHG 7KHLU *HQF
I[URP KHDOWK\ WR UHTXLUHV HXWKDQLVDWLRQ ZDV FKHF
RU ZHUH FORVHO\ PRQLWRUHG ,I WKHLU FRQGLWLRQ GLG

KXPDQHO\ HXWKDQLVHG $ WRWDO RI SXSV ZHUH ERUQ 7KLYV
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RI ZKDW ZDV UHTXLUHG IRU WKLV VWXG\ ZDV SODQQHG IRU LQ
ORVV ZRXOG WKHUHIRUH QRW DIIHFW WKH VWXG\ GHVLJQ 7KU]I
DW WZR GD\V SRVWQDWDOO\ WR UHGXFH WKH QXPEHU RI SXS°
DQLPDO VWDQGDUG RSHUDWLQJ SURFHGXUHV DW $J5HVHDUFK
H[FHVV RI SXSV SHU GDP ZKLFK PD\ OHDG WR VRPH SXSV QRW
PD\ DIITHFW JURZWK DQG GHYHORSPHQW DQG SRVVLEO\ *,7 PLF

SXSV ZHUH UHMHFWHG E\ WKHLU PRWKHUV *+6 RI DQG ZHI
ZHUH PLVVLQJ DQG SUHVXPHG WR KDYH EHHQ HDWHQ E\ WKHLL

7KH UHPDLQLQJ Ubw SXSV KDG D *+6 RI DQG ZHUH XVHG IR

$ SRZHU DQDO\VLV SRZHU RI WKH H[SHULPHQWDO GHVLJQ
EH UDQGRPLVHG LQWR WKH FRQWURO JURXS DQG HDFK LQXOL(
FDOFXODWLRQV ZHUH FDUULHG RXW EDVHG RQ D VLPSOH JUF

LQ &KDSWHU JURP WKDW VWXG\ D VWDQGDUG GHYLDWLRQ F

GLITIHUHQFH RI LQWHUHVW RI XQLWV J RI WLVVXH ZHUH FD(
VLIQLILFDQFH RI 6L[W\ ILYH SXSV IHPDOHV DQG PDOH\
SRLQWYV DQG GD\V DIWHU ELUWK 7KH SXSV ZHUH LGHQWL

WKH ZHOIDUH QRUPV IRU WKLV SURFHGXUH 7KH FRQWURO JUI
SXSV ZKLFK UHPDLQHG LQ WKHLU ELUWK OLWWHUV XQWLO V
FRQWURO JURXS ZHUH VHOHFWHG DW UDQGRP DQG HXWKDQL\
UHPDLQLQJ SXSV ZHUH VHSDUDWHG LQWR WKH IRXU LQXOLC
GLIITHUHQW FDJHV DQG VDPSOHV ZHUH FROOHFWHG RQ GD\
VXSSOHPHQWHG GLHWYVY RYHU D SHULRG RI GD\V 7DEOH

GLITHUHQW OLWWHUV ZHUH PLQLPLVHG 7KH WUHDWPHQW GLF

ZLWK LQXOLQ LQXOLQ DQG LQXOLQ EXW QR GH[WURYV
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7DEOH 6WXG\ GHVLJQ RI PDOH 0 DQG IHPDOH ) 6SUDJXH 'D
GLIIHUHQW LQXOLQ FRQFHQWUDWLRQYV DQG 6DP

7KH UHPDLQLQJ SXSV ZHUH ZHDQHG DW GD\ DQG IHG RQH RI V

DW GD\
‘LHW LQXOILQ $JH RI UDW SXSV SRVWQDWDO GD\V
0)
6DPSOL( :HDQLQJ GLI 6DPSOLQJ
&RQWURO
&RQWURO

TUHDWPHQW

TUHDWPH

TUHDWPHQW



&KDSWHU (ITHFW RI LQXOLQ RQ

7TDEOH2SHQ 6WDQGDUG 'LHW 26' ZLWK NFDO )DW J &8HOOXORVH DQG PRGLILFDWLR
ubwv ZDV PRGLILHG WR LQFOXGH EOXH \HOORZ JUHHQ DQG UHG LQXC
WKH SUHJQDQW DQG EUHDVWIHHGLQJ UDWYV DQG ODWHU GHYHORSLQJ UDW SXSV DW V

GLIITIHUHQW FRORXUHG G\HYV

2SHQ 6WD ORGLILHG . ORGLILHG . ORGLILHG ORGLILHG 26

'"LHW

J &HOOXORVH , QXOLQ 3HOOHWYV ,QXOLQ 3HOOHWYV ,
JP NFDO JP NFDO JP NFDO JP NFDO JP )

3URWHLQ
&DUERK\GUDWH
)DW

7RWDO

NFDO JP



&KDSWHU (ITHFW RI LQXOLQ RQ

,QJUHGLHQW *P .FDO *P .FDO *P NFDO *P .FDO JP NFDO
&DVHLQ

/ &\ VWLQH

&RUQ 6WDUFK

ODOWRGH[WULQ

'"HIWURVH

&HOOXORVH !

,QXOLQ

6R\EHDQ 2LO

/IDUG

OLQHUDO OLJ f



&KDSWHU  (IIHFW RI LQXOLQ RQ

'LFDOFLXP 3KRVSKDWH
&DOFLXP &DU
SRWDVVLXP &LWUDWH

+ 2

O9LWDPLQ OL[ 9

&KROLQH %LW

%OXH "\H )' &
<HOORZ "\H )' &

SHG "\H )' &

7TRWDO
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6DPSOH SURFHVVLQJ

7KH PHWKRGV IRU VDPSOH FROOHFWLRQ VDPSOH SUHSDUDWL
DQG (/,6$ ZHUH GHVFULEHG LQ &KDSWHU LQ 6HFWLRQV
WKLV VWXG\ WKH OLPLWV RI GHWHFWLRQ IRU SODVPD ,/ DQ

QJ P/ UHVSHFWLYHO\

6WDWLVWLFDO DQDO\VLV

$ JULHGPDQ WHVW ZDV SHUIRUPHG LQ OLQLWDES WR GHWHU
GLHWV VXSSOHPHQWHG ZLWK LQXOLQ LQ D GRVH GHSHQGHQ
GLIIHUHQFHV LQ WKH SHDN DEXQGDQFH RI 6)% WKH FRQFHQW
IDHFHVY DW  SRVWQDWDO GD\V 7KLV QRQSDUDPHWULF WHVW
GLVWULEXWHG DQG WKH LQIOXHQFH RI WZR IDEWRUV DJH D¢
FRPSDUHG 7KH GDWD PHW WKH UHTXLUHG IRXU DVVXPSWLRC
PHDVXUHG DW D FRQWLQXRXV OHYHO WKH LQGHSHQGHQW Y
LQGHSHQGHQW JURXSV WKHUH VKRXOG EH QR UHODWLRQVKLS
EHWZHHQ WKH JURXSV WKHPVHOYHV WKH GLVWULEXWLRQV

YDULDELOLW\

7KH DEXQGDQFH RI 6)% DQG FRQFHQWUDWLRQ RI ,/ DQG ,J$
OHYHO )RXU LQXOLQ GRVHV ZHUH UHSUHVHQWLQJ GLIIHUHQW
LQXOLQ GRVH JURXS ZHUH LQGHSHQGHQW RI HDFK RWKHU DC
JURXS KDG VLPLODU YDULDELOLW\ $ SUREDELOLW)\ YDOXH LQIt

LQ WKH PHGLDQ QXPEHU DPRQJ JURXSYV
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SHVXOWYV

AXDQWLILFDWLRQ RI 6)%

7KH LQLWLDO GDWD RQ WKH DEXQGDQFH RI 6)% ZHUH VNHZH
DVVXPSWLRQV QRUPDOLW\ DQG KRPRJHQHLW\ RI YDULDQFH

WUDQVIRUPHG DQG SORWWHG RQ D ORJDULWKP WHQ VFDOH
GLVWULEXWHG $00O ILJXUHV ZLWK XQWUDQVIRUPHG GDWD DU

Y)LIXUH

7KH )ULHGPDQ WHVW VKRZHG WKDW WKHUH ZHUH QR VLJQLILF
LOHXP WLVVXH S YJLIXUH LOHXP FRQWHQWYV S )
)LIXUH DPRQJ WKH ZHDQOLQJ UDWV IHG LQXOLQ VXSSOHP
LQXOLQ 7KH DEXQGDQFH RI 6)% LQ WKH LOHXP WLVVXH RI WKE
IHG UDWV VHHPHG ORZHU FRPSDUHG WR WKH DEXQGDQFH RI W
JLIXUH 7KH DEXQGDQFH RI1 6)% LQ WKH LOHXP FRQWHQWYV
IHG UDWV DW  GD\V VHHPHG ORZHU FRPSDUHG WR WKH DEXC

7KH DEXQGDQFH RI 6)% LQ WKH IDHFHV RI WKH DQG L C
ORZHU FRPSDUHG WR WKH DEXQGDQFH RI WKH GD\ ROG UDW)

UubwvVv )LJIXUH

7KHUH ZHUH QR VLJQLILFDQW GLIIHUHQFHV LQ 6)% DEXQGDQF#
$ YLVXDO FRPSDULVRQ EHWZHHQ VH[HV VKRZHG WK
D ORZHU DEXQGDQFH RI 6)% 7KH DQG LQXOLQ IHG P
DEXQGDQFH RI 6)% )HPDOH UDWV IHG D GLHW FRQWDLQLQJ
DEXQGDQFH RI 6)% DQG PDOH UDWYV IHG LQXOLQ H[KLELWH ¢
LOHXP WLVVXH )LJXUH 7KH PDOH UDWV IHG DQG LQX

RI 6)% )HPDOH UDWYV IHG DQG LOQXOLQ DW GD\V H[KLELYV
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WKH LOHXP FRQWHQWYV )LJXUH 7KH PDOH UDWYV IHG D

DEXQGDQFH RI 6)% LQ WKH IDHFHV )LJXUH
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JLIXUH $SEXQGDQFH RI 6)% IURP ZKROH LOHXP WLVVXH RI FRQ
'DZOH\ UDW SXSV IHG DQG LEQXOLQ GLHWYV 6DPSO
GLVWDO LOHXP 'DWD DUH SORWWHG RQ D ORJDULWKP VEDO
SXSV GD\V Q SXSV GD\V Q SXSV (
UHSUHVHQW WKH VWDQGDUG HUURU PHDQ 6(0 7TKHUH ZHUH

EHWZHHQ WKH LQXOLQ GRVHV DW GD\V S
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JLIXUH $EXQGDQFH RI 6)% IURP ZKROH LOHXP WLVVXH Rl FRQ
IHPDOH 6SUDJXH 'DZOH\ UDW SXSV IHG DQG LQ X
FROOHFWHG IURP WKH GLVWDO LOHXP 'DWD DUH SORWWHG R
PHDQ YDOXHV RI Q SXSV GD\W Q  SXSV GD\V

GD\V 7KH EDUV UHSUHVHQW WKH VWDQGDUG HUURU PHEL

LQ 6)% DEXQGDQFH EHWZHHQ PDOHYVY DQG IHPDOHV IHG GLIIHUI
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JLIXUHSEXQGDQFH RI 6)% IURP LOHXP FRQWHQWY RI FRQYHQW
ubw sSsXsv 6DPSOHV ZHUH FROOHFWHG IURP WKH GLVWDO LOI
VFDOH DQG DUH VKRZQ DV PHDQ YDOXHV RI Q SXSV GD
Q SXSV GD\V 7KH EDUV UHSUHVHQW WKH VWL

7TKHUH ZHUH QR GLIITHUHQFHV LQ 6)% DEXQGDQFH EHWZHHQ WK



&KDSWHU (ITHFW RI LQXOLQ RQ 6)9

JLIXUH$EXQGDQFH RI 6)% IURP LOHXP FRQWHQWYVY RI FRQYHQW
6SUDJXH 'DZOH\ UDW SXSV 6DPSOHV ZHUH FROOHFWHG IURP W
ORJDULWKP VFDOH DQG DUH VKRZQ DV PHDQ YDOXHV RI Q
GD\WV Q  SXSV GD\V 7KH EDUV UHSUHVHC
PHDQ 6(0 7KHUH ZHUH QR GLIIHUHQFHV LQ 6)% DEXQGDQFH

GLIIHUHQW LQXOLQ GRVHV DW GD\V S
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JLIXUH $SEXQGDQFH RI1 6)% IURP IDHFHV RI FRQYHQWLRQDOO\ Ul

6DPSOHYV ZHUH FROOHFWHG IURP WKH GLVWDO FRORQ 'DWD DL

VKRZQ DV PHDQ YDOXHV RI Q SXSV GD\V Q SXSV
GD\V 7KH EDUV UHSUHVHQW WKH VWDQGDUG HUL

GLIIHUHQFHV LQ 6)% DEXQGDQFH EHWZHHQ WKH LQXOLQ GRVH
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JLIXUH$SEXQGDQFH RI 6)% IURP IDHFHV RI FRQYHQWLRQDOO\ UF
'DZOH\ UDW SXSV 6DPSOHV ZHUH FROOHFWHG IURP WKH GLVWI

VFDOH DQG DUH VKRZQ DV PHDQ YDOXHV RI Q SXSV G
Q SXSV GD\V 7KH EDUV UHSUHVHQW WKH VWL
7TKHUH ZHUH QR GLIIHUHQFHV LQ 6)% DEXQGDQFH EHWZHHQ PL

GRVHV DW GD\V S
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AXDQWLILFDWLRQ RI SODVPD ,/ DQG IDHFDO ,J$ FRQFHQV

7KH JULHGPDQ WHVW VKRZHG WKDW WKHUH ZHUH QR VLJQLILF
IDHFDO ,J$ S Y)LIXUH DQG EORRG SODVPD ,/ S
ZHDQOLQJ UDWV IHG LQXOLQ VXSSOHPHQWHG GLHWV UHJDUG
GD\ ROG LQXOLQ JURXS KDG D FRQFHQWUDWLRQ YDOXH
OLPLW RI GHWHFWLRQ QJ P/ UHVXOWLQJ LQ WKH YDULDEQ
FRQFHQWUDWLRQ GDWD DW GD\ DQG LQXOLQ FRPSD
LQXOLQ ZDV DOVR WKH UHVXOW RI RQH UDW LQ WKH GD\

DERYH WKH FDOFXODWHG OLPLW RI GHWHFWLRQ QJ P/ )L.

7TKHUH ZHUH DOVR QR VLIJQLILFDQW GLIIHUHQFHV LQ WKH IDHF
EHWZHHQ PDOHYV DQG IHPDOHV )LJXUHV 7TKH YDULDEL
JURXS ZDV FDXVHG E\ D IHPDOH UDW ZKLFK H[KLELWHG D KLJK
J)LIXUH 7KH ORZHU ,/ FRQFHQWUDWLRQ LQ WKH VH[ FRP
D UHVXOW RI RQO\ WZR IHPDOH UDWV LQ HDFK JURXS HI[KLEL
FDOFXODWHG OLPLW RI GHWHFWLRQ QJ P/ )LIXUH 7K

FRQFHQWUDWLRQV ZHUH DOO IURP GLIITHUHQW IHPDOH UDWYV
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JLIXUH&RQFHQWUDWLRQ RI ,J$ LQ IDHFHV Rl FRQYHQWLRQDOO
7KH OLPLW RI GHWHFWLRQ IRU IDHFDO ,J$ ZDV QJ P/ /RJ YD
RQ D ORJDULWKP WHQ VFDOH DQG DUH VKRZQ DV WKH PHDQ YD
Q SXSV LQXOLQ GD\V Q SXSV LQXOLQ

UHSUHVHQW WKH VWDQGDUG HUURU PHDQ 6(0 7KHUH ZHUH

EHWZHHQ WKH LQXOLQ GRVHV DW DQG GD\V S



&KDSWHU (ITHFW RI LQXOLQ RQ 6)9

JLIXUH&RQFHQWUDWLRQ RI ,J$ LQ IDHFHV RI FRQYHQWLRQDOO
'DZOH\ UDW SXSV 7KH OLPLW RI GHWHEFWLRQ IRU IDHFDO ,J$ Z
ORJDULWKP WHQ VEFDOH DQG DUH VKRZQ DV WKH PHDQ YDOXF
Q SXSV LQXOLQ GD\V Q SXSV LQXOLQ

UHSUHVHQW WKH VWDQGDUG HUURU PHDQ 6(0 7KHUH ZHUH

EHWZHHQ PDOHV DQG IHPDOHV IHG GLITHUHQW LQXOLQ GRVHV



&KDSWHU (ITHFW RI LQXOLQ RQ 6)9

J)LJIXUH &RQFHQWUDWLRQ RI ,/ LQ SODVPD RI FRQYHQWLRQD(
SXSV 7KH OLPLW RI GHWHFWLRQ IRU SODVPD ,/ ZDV QJ P
DUH SORWWHG RQ D ORJDULWKP WHQ VFDOH DQG DUH VKRZQ
LQXOLQ GD\V Q SXSV LQXOLQ GD\V Q SXSV

7KH EDUV UHSUHVHQW WKH VWDQGDUG HUURU PHDQ 6(0 71

FRQFHQWUDWLRQ EHWZHHQ WKH LQXOLQ GRVHV DW DQG G



&KDSWHU (ITHFW RI LQXOLQ RQ 6)9

J)LIXUH &RQFHQWUDWLRQ RI ,/ LQ SODVPD RI FRQYHQWLRQ
6SUDJXH 'DZOH\ UDW SXSV 7KH OLPLW Rl GHWHFWLRQ IRU SO
SORWWHG RQ D ORJDULWKP WHQ VFDOH DQG DUH VKRZQ DV W

GD\V Q SXSV LQXOLQ GD\W Q  SXSV LQ:
EDUV UHSUHVHQW WKH VWDQGDUG HUURU PHDQ 6(0 7KHU

FRQFHOQWUDWLRQ EHWZHHQ PDOHV DQG IHPDOHV IHG GLIIHU

S



&KDSWHU (ITHFW RI LQXOLQ RQ 6)¢9

'LVFXVVLRQ

7KLV VWXG\ VKRZV WKDW WKH DEXQGDQFH RI 6)% LQ ZHDQOLQ
VDPSOLQJ W\SH RU WKHLU VH[ ZDV QRW LQIOXHQFHG E\ LQXO
ILQGLQJ GLG QRW VXSSRUW WKH VWXG\TV K\SRWKHVLV WKDW
Rl 6)% UHSRUWHG WR EH D IHZ GD\V DIWHU ZHDQLQJ GD\
DEXQGDQFH RI 6)% ZDV GHWHUPLQHG RQ SRVWQDWDO GD\V |
SXEOLVKHG LQ WKH OLWHUDWXUH > @ DQG LQ &KDSWHU

ORZHVW DW GD\V SUH ZHDQLQJ DQG ZDV KLIKHVW EHWZHH(

5HVXOWV LQ WKH FRQWURO JURXS GD\ ROG UDWYV LQXOL
FRPSDUHG WR SUHYLRXV UHSRUWYV > @ 7KH DEXQGDQFH RI
LQXOLQ IHG UDWV WKRXJK QRW VLJQLILFDQW FRPSDUHG WR
RI GLIIHUHQFHV LQ 6)% DEXQGDQFH EHWZHHQ GD\ DQG WKH
WR LQXOLQ VXSSOHPHQWHG GLHWV PD\ UHIOHFW WKH VKRUW
WHUP HIITHEWV RI LQXOLQ RQ WKH DEXQGDQFH RI 6)% LQ WKH
PD\ EH RWKHU W\SHV Rl SUHELRWLFV RU FDUERK\GUDWHYV Z
DEXQGDQFH 7KH QXPHURXV JHQHV FRGLQJ IRU FDUERK\GUDW!|
UDW DQG PRXVH 6)% JHQRPHV > @ VXJJHVW WKDW 6)% ZRXO
DYDLODELOLW\ RI FDUERK\GUDWHV LQ WKH LOHDO OXPHQ &RP
JHQRPHV > @ LQGLFDWHG D KLJK DEXQGDQFH RI &2*V IRL
WUDQVSRUW JLYLQJ LQVLJKW LQWR ZKLFK QXWULHQW UHTXLU
EH HIIHFWLYH $ ORQJHU WHUP VWXG\ ZRXOG EH WKH QH[W VW
DQ\ LQXOLQ PD\ KDYH RQ WKH DEXQGDQFH RI 6)% DQG KRZ I

FRQFHQWUDWLRQ RYHU WLPH



&KDSWHU (ITHFW RI LQXOLQ RQ 6)¢9

7KH ODFN RI HIIHFW RI LQXOLQ HQULFKHG GLHWYV IRU SODVPD
Rl WKH GDWD EHLQJ EHORZ GHWHFWLRQ OLPLW ZDV QRW VXU
HQULFKHG GLHWV RQ 6)% DEXQGDQFH $GGLWLRQDOO\ WKH FF
ROG SUH ZHDQHG UDWV ZDV QRW VLJQLILEFDQW FRPSDUHG WR
FRQFHQWUDWLRQ Rl SODVPD ,/ LQ WKH GD\ ROG SUH ZHDC
GD\ ROG LQXOLQ IHG UDWV DOVR VLPLODU WR WKH UDWYV
ORZHU FRQFHQWUDWLRQ RI ,/ LQ WKH GD\ ROG UDWYV ZDV
UHSRUWHG SRVLWLYH DVVRFLDWLRQ ZLWK 6)% DEXQGDQFH >
WKH FRQFHQWUDWLRQV RI ,/ LQ DOO EXW RQH UDW ZHUH EH

DQG PD\ KDYH FDXVHG WKH ORZHU RYHUDOO FRQFHQWUDWLRQ

'HFUHDVHG OHYHOV RI ,/ KDYH EHHQ UHSRUWHG LQ KHDOWK
DQ LQXOLQ VXSSOHPHQWHG GLHW IURP ZHDQLQJ XS WR ZH
H[SRVHG WR LQXOLQ SHULQDWDOO\ XS WR ZHHNV E\ WKH G|
> @ 7KHVH REVHUYDWLRQV PD\ LQGLFDWH D SURWHFWLYH
LQIODPPDWRU\ F\AWRNLQHV LQ DXWRLPPXQH GLVHDVH DQG SR
UHVSHFWLYHO\ 7KH GLVHDVH VWDWH Rl WKH PLFH PD\ KDYH I
WROHUDQFH LPPXQH PDUNHUV SRVVLEO\ PDVNLQJ WKH HIIHF)
LPPXQH PDUNHUV VHUXP ,J$ OHYHOV ZHUH HOHYDWHG LQ KH
SHULQDWDOO\ DQG SRVWQDWDOO\ WR GLHWV VXSSOHPHQWHG

@ (OHYDWHG VHUXP ,J$ OHYHOV LQ WKH PRXVH SXSV VXJJt
LPPDWXUH LPPXQH V\VWHP > @ 3UHELRWLFV UHSRUWHGO
EDFWHULDDFEXWXKED¥L@ORQG WKH XWLOLVDWLRQ RI SUHELRWLF
VWLPXODWHG ,J$ SURGXFWLRQ ,W LV XQFOHDU ZKHWKHU D VL
6)% )XUWKHU LQYHVWLIJDWLRQ Rl WKH UHODWLRQVKLSY EHWZ

ZLWK EURDGHU WLPH SRLQWYVY DUH UHTXLUHG (TXDOO\ XQGHI



&KDSWHU (ITHFW RI LQXOLQ RQ 6)¢9

DEXQGDQFH DQG RWKHU PLFUREH FRPPXQLWLHV PLJKW JLYH F
DQG ,/ FRQFHQWUDWLRQ EHORZ WKH OLPLW Rl GHWHFWLRQ

HITHFW RQ WKH FRQFHQWUDWLRQ RI WKHVH LPPXQH PDUNHUYV

7KLV VWXG\ XWLOLVHG ERWK PDOH DQG IHPDOH UDWV EXW VH
DEXQGDQFH DW GD\ RU GD\ SRVWQDWDOO\ ,Q &KDSWHU

6)% DEXQGDQFH EHWZHHQ PDOHYVY DQG IHPDOHV LQ WKH SURJLI
WKLV VWXG\ WKHUH ZHUH DOVR QR GLIITHUHQFHYV LQ WKH FRQ!
DW DQG GD\V EHWZHHQ ERWK PDOH DQG IHPDOH UDW SXS
V\VWHP UHSRUWHG SRVLWLYH FRUUHODWLRQV ZLWK WKH FRQI
> @ DQG ,J$ LQ IDHFHV RI ZHDQHG PLFH ZHHNV >

VXSSRUWHG E\ UHVXOWYV IURP &KDSWHU ZKLFK LQGLFDWHG \

IURP XQWLO GD\V SRVWQDWDOO\

7KLV VWXG\ KDG OLPLWDWLRQV LQFOXGLQJ VRPH EURXJKW X!
&29," ORFNGRZQ VXFK DV ROGHU GDPV OHDGLQJ WR OR:
WUDQVSRUWDWLRQ LQ EHWZHHQ IDFLOLWLHV 7KLV VWXG\ ZDV
ZHDQLQJ GD\ DQG SRVW ZHDQLQJ GD\ VSHFLILFDOO\ WR G|
ZRXOG LQIOXHQFH SHDN 6)% DEXQGDQFH DW GD\ LW ZDV WK X
WHUP HIIHFWV RI WKH LQXOLQ HQULFKHG GLHWV RQ 6)% DEXQ
./ DQG IDHFDO ,J$ )DFWRUV PD\ DOVR KDYH WULJJHUHG VW!I
DQG FRQWULEXWHG WR WKH ORVV RI SXSV LQ WKH VWXG\ 7Kt
WUDQVSRUWDWLRQ RI GDPV GLIIHUHQW VWDII KDQGOLQJ WK
$J5HVHDUFK *UDVVODQGY DQLPDO IDFLOLW\ 7KH GDPV XVHG
PRQWKY ROG WKDQ WKH UHFRPPHQGHG EUHHGLQJ DJH PRC

OLWWHUV 7KHVH ROGHU GDPV ZHUH OHVV DFFXVWRPHG WR EF



&KDSWHU (ITHFW RI LQXOLQ RQ 6)¢9

SUHJQDQF\ DQG ELUWKLQJ GHFUHDVLQJ EUHHGLQJ VXFFHVV >
DLU WUDYHO PHDQLQJ WKH UDWV FRXOG RQO\ EH WUDQVSRUYV
VWUHVVHG WKH GDPV 7UDQVSRUWDWLRQ IURP $J5HVHDUFK 5X
$QLPDO )DFLOLWLHV ZDV QHFHVVDU\ EHFDXVH EUHHGLQJ DW *

QXPEHUV UHTXLUHG DQG ELRVHFXULW\

2WKHU OLPLWLQJ IDFWRUV QRW UHODWHG WR &29," UHOD!
KDQGOLQJ $W $J5HVHDUFK *UDVVODQGVY WKH GDPV ZHUH KD
DIWHU ELUWKLQJ 7KHVH REVHUYDWLRQV WRJHWKHU ZLWK DG
VWUHVVHG WKHVH ROGHU GDPV 7KHVH IDFWRUV SRVVLEO\ FRC
E\ WKH GDP SRVW ELUWK KRZHYHU WKH ORVV RI SXSV GLG QI
ZDV PLWLJDWHG E\ RULJLQDOO\ SODQQLQJ IRU SXS QXPEHU\
5HIJDUGLQJ WKH VXFFHVV RI IXWXUH DQLPDO VWXGLHV LW ZI
KDQGOHG E\ D VLQJOH RU D OLPLWHG QXPEHU RI DQLPDO VWI
LQGXFHG LQ WKH URGHQWY SULRU WR DQG SRVW ELUWKLQJ $
DUHD PD\ DOVR DOORZ WKHP WR DFFOLPDWL]H EHWWHU WR D

DEVROXWHO\ QHFHVVDU\

,Q FRQFOXVLRQ WKH UHVXOWYV LQGLFDWH WKDW LQXOLQ HQU
DQG IHPDOH 6SUDJXH 'DZOH\ ZHDQOLQJ UDWV EHWZHHQ ZHDQ
LQIOXHQFH WKH DEXQGDQFH RI 6)% LQ LOHDO WLVVXH LOHDO
RI ,/ LQ SODVPD DQG ,J$ LQ IDHFHV %RWK LPPXQH PDUNHUYV
EHORZ GHWHFWLRQ OLPLWV 7KLV RXWFRPH VXJIJHVWYV WKDW
ORQJHU SHULRG RI DGDSWDWLRQ WR WKH LQXOLQ VXSSOHPHQ
LV D ORQJ WHUP HIIHFW RQ LOHDO 6)% DEXQGDQFH 7KH SXEO
UHSRUWHGO\ PHWDEROLVH S\UXYDWH WR SURGXFH DFHWDW

IHUPHQWDWLRQ PHWD BRQLHS BRF& k BWVRWB/RPAH WLQJO\ HDUO\



&KDSWHU (ITHFW RI LQXOLQ RQ 6)¢9

LQWHUYHQWLRQ LQ QHRQDWDO SLJV DQG GD\V UHVXOWHC
R)LUPLFX\@HAKLFK 6)% DINGIGFQG B WV HIDLHIEG LDREVX § IS DIRWFHRI L D
LQFOXGH PDLQ®GC GDWKRIBQY\ WKHUH ZDV DQ LQFUHDVHG FR

ODFWDWH LQ WKH LOHDO FRQWHQWYV > @

7KH ILQGLQJY GR QRW UXOH RXW RWKHU SUHELRWLFV ZLWK SF
JXUWKHU LQYHVWLIJDWLRQ ZRXOG HQWDLO GHWHUPLQLQJ D
VXSSOHPHQWHG GLHW ©6)% DEXQGDQFH DQG LPPXQH PDUNHU
H[SHFWHG SHDN RI 6)% DEXQGDQFH SRVW ZHDQLQJ ,Q DGGLW
GHWHUPLQH WKH DEXQGDQFH RI RWKHU PLFUREHYV UHODWLYH \

DEXQGDQFH FKDQJHYV



&KDSWHU 'LVFXVVLRQ &RQFOXVLRQ DQG

&+$37(5 29(5%$// ',6&866,21 &21&/86,21
$1' )8785( ',5(&7,216



&KDSWHU 'LVFEXVVLRQ &RQFOXVLRQ DQG

'LVFXVVLRQ

7KH UHVHDUFK FDUULHG RXW IRU WKLV 3K' GLVVHUWDWLRQ L
WKH ZHDQLQJ GLHW RQ PRGXODWLQJ WKH DEXQGDQFH RI 6)% L

LQIOXHQFH PDWXUDWLRQ RI WKH *,7 LPPXQH EDUULHU LQ LQID

2ULJLQDOO\ REVHUYHG LQ LQYHUWHEUDWHYV > @ DQG ODW*F
DWWDFKLQJ WR WKH HSLWKHOLDO PXFRVD RI WKH LOHXP SD!
ORFDWHG 7KLV REVHUYDWLRQ SLTXHG DQ LQWHUHVW DV WK
&ORVWULGL®AHRW LQGXFH LQIODPPDWRU\ UHVSRQVHV LQ WK
SDWKRJGRYWBHHEXBQFLQJ RI WKH UDW DQG PRXVH 6)% JHQRPH

ODFN WR[LQ DQG YLUXOHQFH JHQH&ORMWK L@ SUHVHQW LQ S

6WXGLHYVY LQ DGXOW DQLPDO PRGHOV LQGLFDWHG WKDW WKH
ZLWK KLIJIKHU FRQFHQWUDWLRQV RI SODVPD ,/ > @ ZKH
RI 6)% ZzDV DVVRFLDWHG ZLWK KLIJIKHU FRQFHQWUDWLRQV RI1 ID
RQ HDUO\ GHWHFWLRQ RI 6)% LQ WKH LOHXP DQG RU IDHFHV UI
ZHDQOLQJ URGHQWY > @ DQG D WHPSRUDO SURILOH ZKHUH
SHDNV DQG GHFUHDVHV WKHQ SODWHDXV SRVW ZHDQLQJ >

RULJLQDWH IURP VSRUHV IRXQG LQ PDWHUQDO IDHFHV WKDW F
EH SDVVHG IURP WKH PRWKHU WR WKH HPEU\R YLD WKH SODFH
,(QWHUHVWLQJO\ WKH DEXQGDQFH RI 6)% ZDV UHSRUWHG WF

LQGLYLGXDOYV OLIHWLPH ZLWKRXW GHWULPHQWDO HIIHFWV >

7KH LQLWLDO UHSRUWHG WHPSRUDO SURILOH RI 6)% DEXQGDC
WKH FRQFHQWUDWLRQ RI IDHFDO ,J$ SRVW ZHDQLQJ > @ 5HV.
LQGLFDWHG D SRVLWLYH DVVRFLDWLRQ EHWZHHQ WKH WHPE

SODVPD ,/ VXJIJHVWLQJ WKDW 6)% PD\ EH LQYROYHG LQ LQG



&KDSWHU 'LVFEXVVLRQ &RQFOXVLRQ DQG

SUHYLRXV UHSRUWYV > @ 7KH DVVRFLDWLRQ EHWZHHQ ¢
LPSOLHG WKDW 6)% PD\ EH LQYROYHG LQ WKH PDWXUDWLRQ |
2WKHU PLFUREHV KDYH EHHQ UHSRUWHG WR LQGXFH WKH StU
KRZHYHU ZDV WKH FRQWLQXRXV LQFUHDVH LQ ,J$ SURGXFWLR
GHFUHDVHG DQG SODWHDXHG IURP DERXW ZHHNV SRVWQDWD
DEHUUDQW H[SDQVLRQ RI PDLQO\ 6)% DQG RWKHU DQDHUREHV

DGXOW & %/ PLFH > @



&KDSWHU 'LVFEXVVLRQ &RQFOXVLRQ C

JLIXUH6FKHPDWLF RYHUYLHZ RI WKH VXJJHVWHG UROH RI 6)% LQ WKH PDWXUDWLRQ RI

LQIOXHQFH WKLV UROH



&KDSWHU 'LVFEXVVLRQ &RQFOXVLRQ DQG

,W ZDV DOVR IXUWKHU UHSRUWHG WKDW PLFH ODFNLQJ 6)% LQ
WKH LOHXP WKDQ PLFH ZLWK D QRUPDO 6)% SRSXODWLRQ DQ¢

VPDOO LQWHVWLQDO ODPLQD SURSULD RQO\ DIWHU 6)% ZHUH |

$GGLWLRQDOO\ WKH REVHUYHG FKDQJH LQ DEXQGDQFH RI 6)%
FRPSOHPHQWDU\ GLHW PD\ KDYH DQ LQIOXHQFH RQ WKH IXQFW
WKH H[FOXVLYHO\ PLON GLHW ZLWK VROLG IRRGV DW ZHDQLQJ
QRYHO DQWLJHQVY DQG PLFUREHV DVVRFLDWHG ZLWK IRRG Z
LPPXQH V\VWHP 7KLV DVSHFW ZDV D NQRZOHGJH JDS KLJKOL

OLWHUDWXUH

7KLV 3K' SURMHFW WKHUHIRUH VRXJKW WR DQVZHU WZR TXH\
NQRZOHGJH JDSV
'RHV HDUO\ OLIH QXWULWLRQ ZHDQLQJ IRRG LQIOXHQFH V
LOHXP"
:KDW VSHFLILF IRRG VXEVWUDWH ?LQ WKH ZHDQLQJ GLHW

RXOG WKLV LQ WXUQ KDYH DQ LQIOXHQFH RQ VHOHFWHG

7KLV OHG WR WKH RYHUEDQLIQS BWHKWVHYQUULKRWG ZLWK D SDUW
ZRXOG LQFUHDVH WKH DEXQGDQFH RI 6)% LQ WKH WHUPLQDO L

RI WKH *,7 LPPXQH EDUULHU PDWXUDWLRQ
6SHFLILF REMHFWLYHYV ZHUH WKHQ FDUULHG RXW LQ RUGHU W

D &4RQGXFWLQJ D OLWHUDWXUH VHDUFK ZKLFK UHVXOWHG L
KLIKOLJIKWHG WKH SXEOLVKHG UDW DQG PRXVH 6)% JHQRF
WKHVH FRPPHQVDO PLFUREHV PD\ XWLOLVH 7KLV UHYLHZ

WR EH VHOHFWHG WKDW 6)% ZHUH WKRXJKW WR XWLOLVH



&KDSWHU 'LVFEXVVLRQ &RQFOXVLRQ DQG

E $GDSWLQJ D ZHDQOLQJ PRXVH PRGHO IRU WKH TXDQWLILFE
EHHQ UHSRUWHG LQ WKH OLWHUDWXUH > @ &KDSWHU
DSSURSULDWH WLPH SRLQWYV IRU TXDQWLI\LQJ 6)% LQ WK|
DEXQGDQFH RI 6)% ZDV DOVR FRUUHODWHG ZLWK WKH FRC
LPPXQH PDUNHUV SODVPD ,/

F (VWDEOLVKLQJ D ZHDQOLQJ UDW PRGHO IRU 6)% TXDQWLIL
&KDSWHU 7KH VWXG\ DOVR FRPSDUHG EHWZHHQ ZKR(
PXFRVDO VFUDSLQJ WR GHWHUPLQH WKH EHVW PHWKRG W
TXDQWLILFDWLRQ > @

G ([SORULQJ ZKHWKHU WKH VHOHFWHG IRRG VXEVWUDWH LQ
GHFUHDVH WKH SHDN DEXQGDQFH RI 6)% LQ ZHDQOLQJ UDV
VXEVWUDWH LQXOLQ IURP WKH OLWHUDWXUH VHDUFK D

HISHULPHQWDO PHWKRGV WKH K\SRWKHVLV FRXOG WKHQ

7KH ILUVW TXHVWLRQ LQTXLUHG ZKHWKHU HDUO\ OLIH QXWUL'

WKH DEXQGDQFH RI 6)% LQ WKH LOHDO FRQWHQWYV RU DWWDFFk

SULRU WR DQVZHULQJ WKLV TXHVWLRQ WKH VWXG\ FDUULHG R
WKH REVHUYDWLRQ E\ 2KDVKL HW DO > @ LQ WKHLU REVHUY
DEXQGDQFH LQ ZHDQOLQJ PLFH 7KH\ UHSRUWHG WKH DEXQGD
DW GD\ XQWLO GD\ PRQWKV > @ 7KH JUHDWHVW FKL
SULPDULO\ DW ZHDQLQJ GD\ SHDNHG DW GD\ DQG WKHQ

7TKHLU REVHUYDWLRQ LQGLFDWHG WKDW FKDQJHV LQ WKH C

LPPHGLDWHO\ SUH DQG SRVW ZHDQLQJ

7KH ILUVW OLPLWDWLRQ RI WKH SUHYLRXV VWXG\ ZDV WKDW

%$/% F W ZDV XQFOHDU ZKHWKHU RWKHU PRXVH VWUDLQV



&KDSWHU 'LVFEXVVLRQ &RQFOXVLRQ DQG

WKHUHIRUH WR UHSHDW WKH VWXG\ WR HQVXUH LW ZDV UHSU
7KH VHFRQG OLPLWDWLRQ ZDV WKH WHPSRUDO SURILOH DQG F
RYHU D SHULRG RI PRUH WKDQ WKUHH PRQWKYV G
DJH UDQJH LW ZDV XQFOHDU ZKHQ H[DFWO\ WKH DEXQGDQFH F
WKH SRVWQDWDO GD\V 7KHUHIRUH LW ZDV LPSRUWDQW WR D
LQ 6)% DEXQGDQFH RFFXUUHG ZKLFK OHG WR WKH TXHVWLRQ V

DEXQGDQFH RI WKHVH PLFUREHV LQ WKH LOHXP

7KLV VWXG\ UHSRUWHG LQ &KDSWHU DOVR FRUUHODWHG WK
WHUPLQDO LOHXP ZLWK WKH FRQFHQWUDWLRQ RI SODVPD ,,
DEXQGDQFH RI 6)% LQ WKH LOHXP FRQWHQWY SUH DQG SRVW
LQ LOHDO WLVVXH DQG IDHFHV GLG QRW FKDQJH RYHU WLPH 7
ILQGLQJV > @ DQG PD\ KDYH EHHQ GXH WR KLJK YDULDELOLYV
UHVXOWY FDXVHG E\ LQDGHTXDWH LOHXP WLVVXH DQG IDHF
GLIIHUHQFHV REVHUYHG LQ 6)% DEXQGDQFH EHWZHHQ PDOH D

W\SH

7KH VLIJQLILFDQW GLIIHUHQFHV LQ SODVPD ,/ FRQFHQWUDWL
SRVLWLYH DVVRFLDWLRQ UHSRUWHG EHWZHHQ 6)% DQG ,/ S|
7KHUH ZHUH KRZHYHU QR GLIIHUHQFHV LQ IDHFDO ,J$ FRQF
XQH[SHFWHG DV SUHYLRXVO\ D GHFUHDVH LQ 6)% DEXQGDQF!

LQFUHDVH LQ OXPLQDO ,J$ FRQFHQWUDWLRQ SRVW ZHDQLQJ >

$ PDMRU OLPLWDWLRQ RI WKH VWXG\ LQ &KDSWHU ZDV WKH K
FDXVHG E\ LQDGHTXDWH LOHXP WLVVXH LOHXP FRQWHQWYV DQ
I[URP ZHDQOLQJ PLFH 7KH VXJJHVWLRQ ZDV WKDW WKH ODUJH 1

SRVVLEO\ LQFUHDVHG YDULDELOLW\ LQ WKH GDWD WKHUHE\ (



&KDSWHU 'LVFEXVVLRQ &RQFOXVLRQ DQG

SRVVLEOH WKDW WKH W\SH RI PRXVH VWUDLQ > @ XVHG DO\
UHSRUWHG LQ &KDSWHU XVHG D 6ZLVV PRXVH VWUDLQ ZKHUF
VWUDLQ 'LITHUHQFHV LQ WKH JHQHWLF PDNH XS PD\ FDXVH Y
KRUPRQDO UHVSRQVHYVY DQG PD\ KDYH YDU\LQJ HIIHFWV RQ *,
$QRWKHU OLPLWDWLRQ ZzDV WKH YDULDELOLW\ RI WKH UHVXOW
FDXVHG E\ WKH LOHDO WLVVXH FROOHFWLRQ PHWKRG 21 WKH
EHHQ XVHG WR LVRODWH 6)% I[IURP WKH LOHDO PXFRVD LW ZDV

LQ RUGHU WR GHFUHDVH YDULDELOLW\ LQ 6)% DEXQGDQFH GD\

7R RYHUFRPH WKHVH OLPLWDWLRQV D URGHQW PRGHO ZDV VH
IRU WKH DFFXUDWH TXDQWLILFDWLRQ RI 6)% LQ WKH LOHXP W
DQG SRVW ZHDQLQJ DJH $GGLWLRQDOO\ FKRRVLQJ D EHWWHU
WLVVXH IRU 6)% TXDQWLILFDWLRQ ZDV LPSRUWDQW DV WKHVH
7KH UHVHDUFK LQ &KDSWHU FRPSDUHG ZKROH WLVVXH KRPRJ
WZR WHFKQLTXHV XVHG IRU FROOHFWLQJ WLVVXH VDPSOHV ||
GHWHUPLQH ZKHWKHU WKH ZHDQOLQJ UDW FRXOG SURYLGH

TXDQWLILFDWLRQ

7KH IROORZLQJ PHWKRG GHYHORSPHQW VWXG\ &KDSWHU FR
DQG LOHDO PXFRVDO VFUDSLQJ 7KHVH WZR WHFKQLTXHV ZKL
PRXVH 6)% VWXGLHV ZHUH XVHG LQ 6SUDJXH 'DZOH\ UDWV LQ
ZKROH WLVVXH KRPRJHQLVDWLRQ > @ ZDV SUHIHUUDEOH WR |
WLVVXH VDPSOHV IRU 6)% TXDQWLILFDWLRQ > @ 7KH ZHDQOL

DV LW FRXOG SURYLGH DGHTXDWH VDPSOHV IRU RSWLPXP 6)%

JRU WKH ILUVW WLPH WKH DEXQGDQFH RI LOHDO DQG IDHFDO

FRPSDUHG ZKLFK UHYHDOHG DQ XQH[SHFWHG GLIIHUHQFH DW



&KDSWHU 'LVFEXVVLRQ &RQFOXVLRQ DQG

PDOHV VKDUSO\ GHFUHDVHG ZKLOH LQ IHPDOHV WKHUH ZDV D
UHDFKHG 7KDW REVHUYDWLRQ KRZHYHU ZDV RQO\ GLITHUHQ\
KDYH EHHQ VSXULRXV 7KLV ZDV VWLOO DQ LPSRUWDQW REVH

QR GDWD FRPSDULQJ WKH DEXQGDQFH RI 6)% EHWZHHQ VH[HV

1RWDEO\ WKLV VWXG\ DOVR XWLOLVHG UDWV DV WKH DQLPD
SUHYLRXVO\ UHSRUWHG 6)% ZHUH LQLWLDOO\ REVHUYHG QDW
'DZOH\ UDWV > @ EXW QR WHPSRUDO DEXQGDQFH RI 6)% ZDV
VWXGLHV ZLWK ZHDQOLQJ UDWV ORVW SXEOLVKHG VWXGLHV |
VI\VWHP HIIHFWV KDYH EHHQ SHUIRUPHG RQ PLFH >

WR WKHLU VPDOO VL]H DQG ORZ PDLQWHQDQFH FRVWV > @ $
GXH WR DQDO\WLFDO UHVRXUFHV EHLQJ UHDGLO\ DYDLODEO!
GHWHUPLQHG WKH DEXQGDQFH RI 6)% LQ ZHDQOLQJ PLFH WKF
ILYH WLPH SRLQWYV ZDV RQO\ ILYH PLFH > @ 7KLV DVSHFW ZI
LQFOXGHG VHYHQ WLPH SRLQWV ZLWK DQ DYHUDJH RI WKLUYV
YDULDELOLW\ LQ WKH UHVXOWVY 1RWLQJ WKDW 6)% DSSHDU D
WKDW OLIH VWDJH SURYHG WR EH WRR VPDOO WR SURYLGH HC
UHVXOWV IURP WKH UDW VWXG\ UHSRUWHG LQ &KDSWHU LQGlI
IRU XVH LQ 6)% VWXGLHV WKRXJK SDUWLFXODUO\ IRU 6)% VW)
7KH 6)% DEXQGDQFH SURILOH LQ ZHDQOLQJ PLFH KDV DOVR E
'HDQOLQJ UDWV DUH DOVR ODUJHU WKDQ ZHDQOLQJ PLFH DQG

ZRXOG GHFUHDVH YDULDELOLW\ LQ WKH UHVXOWYV

7KH PDLQ OLPLWDWLRQ LQ WKH &KDSWHU VWXG\ PD\ KDYH EH
&RPSDUHG WR WKH PLFH LQ &€KDSWHU ZKLFK UDQJHG IURP ‘

WR GD\V ROG 7KH VKRUWHU WLPH IUDPH ZDV XVHG DV WK
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6)% KDYH EHHQ REVHUYHG WR RFFXU LPPHGLDWHO\ SUH DQG !
WLPH IUDPH VLPLODU WR WKH RQH LQ &KDSWHU FRXOG DOOR
ZHDQOLQJ UDWV 7KHVH LPSRUWDQW FKDQJHV LQIOXHQFH W]
LOQWHUDFWLRQ EHWZHHQ VH[ DQG DJH RQ 6)% DEXQGDQFH ,
GLIIHUHQFHV LQ IDHFDO ,J$ FRQFHQWUDWLRQ RYHU WLPH EXW
UHVXOWV IURP ,/ FRQWUDVWHG WKRVH IURP &KDSWHU DQG

@ ,W ZRXOG DOVR EH LPSRUWDQW WR PHDVXUH WKH FRQFHC
SHUKDSV IRU DQ H[WUD ZHHN DIWHU SRVWQDWDO GD\V 7KH
FKDQJH LPPHGLDWHO\ ZLWK 6)% DEXQGDQFH EXW SRVVLEO\ D

DGXOW VWDJH > @

7KH PHWKRG GHYHORSHG LQ &KDSWHU DORQJ ZLWK WKH N
UHYLHZ LQ &KDSWHU ZDV WKHQ XVHG WR WHVW WKH SURMtI
&KDSWHU 7KH VHFRQG TXHVWLRQ LQ WKLV 3K' WKHVLV GLVV
WR WKH ZHDQLQJ GLHW ZRXOG LQIOXHQFH WKH DEXQGDQFH RI
6)% ZHUH UHSRUWHG LPPHGLDWHO\ SUH DQG SRVW ZHDQLQJ >
ZHDQLQJ IRRG LQWURGXFHG WR FRPSOHPHQW WKH H[FOXVLYH
LQ WKH LOHXP SUH ZHDQLQJ LW LV SRVVLEOH WKDW WKH ZHD
E\ WKH UHVLGHQW PLFURELRWD LQFOXGLQJ 6)% LQIOXHQFLQ.
Ny LQ SODVPD DQG ,J$ LQ IDHFHV ZHUH DOVR PHDVXUHG W

VXSSOHPHQWHG GLHW ZRXOG LQ WXUQ KDYH DQ LQIOXHQFH R

$Q DQEDO\WLV RI WKH SXEOLVKHG UDW DQG PRXVH 6)% JHQRP
PXOWLSOH FOXVWHUV RI RUWKRORJRXV JURXSVY DQG SDWKZD\
WKHLU SUHIHUUHG DWWDFKPHQW LQ WKH GLVWDO LOHXP VXJJ
RU PHWDEROLWHY RI FDUERK\GUDWH IHUPHQWDWLRQ IURP WK

WKH SUHVHQFH RI LQGLJHVWLEOH ROLJRVDFFKDULGHV QDWXL
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LQXOLQ ZKLFK DUH DGGHG WR ERYLQH EDVHG LQIDQW IRUP X

ROLJRVDFFKDULGHV > @

$PRQJ GLHWDU\ ILEUH LQXOLQ LV DOVR D VROXEOH ILEUH WKD
BWXGLHV LQ LQIDQWYV IHG IRUPXOD VXSSOHPHQWHG ZLWK LQ
EHQHILFLDO IDHFDO EDFWHULD DQG GHFUHDVH LQ FROLIRUP
LQFUHDVHG IDHFDO ZHLJKWV ZKLFK LPSO\ LPSURYHG ELOH Sl
> @ $GGLWLRQDO VWXGLHV RQ LQXOLQ VXSSOHPHQWHG (¢
EORDWLQJ LQ KHDOWK\ DGXOWV IHG J LQXOLQ GDLO\ IRU |
EHQHILFLDO EDFWHULD LQ LQXOLQ IHG HLJKW ZHHN ROG S|
6&)$ SURGXFWLRQ LQ \L\gRMEAQMPGORXVRD ®XQOW IHUPHQWDWL
@ VXJIJHVWV WKDW SUH ZHDQHG DQG ZHDQHG LQIDQWYV EHC
$GGLWLRQDOO\ WKH DFLGLF HQYLURQPHQW FUHDWHG E\ WK
LQKLELWY WKH JURZWK Rl SDWKRJHQLF EDFWHULD > @ EXW D
LPPXQH V\VWHP > @ )HHGLQJ ZHHN ROG SLJOHWYV DQ H[F(
LQXOLQ UHVXOWHG LQ DQ LQFUHDVHG BBPABPWUYXE LIDEXQYG D¢
ZKLFK 6)% DUH FODVVLILHG > @ )XUWKHUPRUH 0$/', 72) PDV\
LOHDO PXFRVD RI  GD\ ROG SLJOHWY UHYHDOHG WKDW PL[HG
D VROLG GLHW VXSSOHPHQWHG ZLWK LQXOLQ LQGXFHG W
WUDQVODWLRQDO IROGLQJ DQG SRVWWUDQVODWLRQDO PRGL
FHOO SUROLIHUDWLRQ > @ 7KLV ZRXOG EH EHQHILFLDO LQ S|
GXULQJ UDSLG JURZWK DQG GHYHORSPHQW RI WKH *,7 DQG LW
6)% FDQ DWWDFK YLD WKHLU KROGIDVW VWUXFWXUH > @
,Q &KDSWHU LQXOLQ ZDV XVHG WR GHWHUPLQH ZKHWKHU GL
IURP W R ZRXOG LQIOXHQFH WKH DEXQGDQFH RI 6)% LQ Lt

VDPSOHV DW GD\V +RZHYHU WKHUH ZHUH QR GLIIHUHQFHV
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EORRG SODVPD ,/ DQG IDHFDO ,J$ FRQFHQWUDWLRQ EHWZHH
LQXOLQ GRVLQJ RU VDPSOH W\SH ,QXOLQ PD\ QRW KDYH DQ\ H
WLVVXH FRQWHQWYVY DQG IDHEDO VDPSOHV .ODDVHQ HW DO
VWXG\ LQYHVWLIJDWHG WKH HIIHFWV Rl FHOOXORVH DQG SHFW

GD\V ROG SDVW WKH ZHDQLQJ DJH ,Q &KDSWHU RQO\ 6)%
DQG KLJKHVW GD\ ZHUH PHDVXUHG EDVHG RQ UHVXOWV RE
WKDW LQXOLQ UHVLVWHG WKH LQFUHDVH LQ 6)% DEXQGDQFH

FRQWHQWY DQG IDHFHV ZDV ZHOO ZLWKLQ WKH XSSHU DQG OR

7KH UHDVRQ IRU VHOHFWLQJ LQXOLQ GRVHV UDQJLQJ IURP

VWXGLHV LQ ZKLFK LQIDQWY DQG SLJOHWYV RI D VLPLODU OLIH
VLPLODU GRVDJH WKDW ZHUH IHG WR WKH LQIDQWY DQG SLJC
RYHUDOO KHDOWK 7KH VWXGLHVY DOVR UHSRUWHG EHQHILW)

VXSSOHPHQWHG GLHWYV

BHYHQ PRQWK ROG LQIDQWYV IHG J GD\ RI LQXOLQ ZHUH U]
DEXQGDQFH/RILIGREDPWBIV IZHO ®SBY UHGXFHG DEXQGDQFH RI *U
DQG FROLIRUP EDFWHULD FRPSDUHG WR LQIDQWYV IHG J GI
VWXG\ LQXOLQ FRQVXPSWLRQ DW J GD\ DQG J GD\ UHV)
FKDQJHV LQ IDHFDO ZHLJKW IDHFDO WH[WXUH DQG FRORXU
EDFWHULDO IHUPHQWDWLRQ > @ 7KDW VWXG\ FRQFOXGHG \
LQIDQWY SRVW ZHDQLQJ SRVLWLYHO\ DIIHFWHG WKH PLFURE
SURSHUWLHY > @ +HDOWK\ ZHHN ROG LQIDQWV IHG DQ DYF
WR KDYH LQFUHDVHG UH O DX Y 8 RIEEDMEIEWSRIE/D R L GVIXHRKDNO
DIIHFWLQJ WKH QXPEHU Rl %DFWHURLGHY RU WKH WRWDO DQD

WHQGHG WR EHFRPH VRIWHU DQG WKH DPRXQW RI IDHFHV SUR
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,Q DQRWKHU VWXG\ 6 U51% DPSOLFRQ VHTXHQFLQJ RI LOHD
LOQXOLQ UHSRUWHG KLJKHU WHQDBWEDRWEHBYDBRBEBFAWHRLD
3UHYRWHOO®BFRWHURIFGRAMHYURWHREDG & HOMD SURWHREDWHU I
SURWHREDEWHULD D@ &PKIQKHRFIDEXIPHHD G AW RALWHKLGLD OHV
JLUPLEXWHV > @ 7KHVH REVHUYDWLR QO ERW UDGHD® HVK D W

LQIOXHQFHG E\ LQXOLQ VXSSOHPHQWDWLRQ LQ SLIOHWV

$V 6)% DUH FOD\WOR VMGG IEKWMKAWYX G\ LQ &KDSWHU LQYHVWLJD
DUH LQIOXHQFHG E\ LQXOLQ ZKLFK KDG QHYHU EHHQ LQYHVW
DEXQGDQFH RI 6)% LW LV SRVVLEOH WKDW WKHLU DFWLYLW\ |
LQXOLQ RU XSWDNH PHWDEROLWHY SURGXFHG E\ IHUPHQWDW
LOHDO FRPPXQLW\ 7KH KLJKHU UHODWLYH DEXQGDQFH RI F
VXSSOHPHQWDWLRQ VXJJHVWV WKH DELOLW\ WR IHUPHQW LQX

SRVW ZHDQLQJ > @

6RPH RI WKH OLPLWDWLRQV RI WKH VWXG\ LQ &KDSWHU LQF
YLUXV GLVHDVH &29,' ORFNGRZQ 5DWV ZHUH PDLQWDL
DQLPDO IDFLOLW\ LQ 5XDNXUD +DPLOWRQ 1= SULRU WR WKH
RFFXUUHG DIWHU WKH UHVWULFWLRQV ZHUH OLIWHG ZKLFK P
UHFRPPHQGHG EUHHGLQJ DJH $GGLWLRQDOO\ UHVWULFWLRQ
UDWV FRXOG RQO\ EH WUDQVSRUWHG E\ URDG ZKLFK ZDV ORC
PRGH RI WUDQVSRUWDWLRQ ZHUH SRWHQWLDO VRXUFHV RI VW
WKH UDWV ZHUH PHDVXUHG 7KHVH SRWHQWLDO VWUHVV IDI
UHGXFWLRQ RI UDW SXS QXPEHUV 7KH ORVV RI SXSV GLG QR

PLWLIJDWHG E\ SODQQLQJ IRU SXS QXPEHUV LQ H[FHVV RI ZKDYV
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7KH WKLUG TXHVWLRQ ZDV UHODWHG WR WKH SRVVLEOH XVH
HIITHFWV RQ 6)% DEXQGDQFH LQ LPSURYLQJ PLON IRUPXODYV
LQGLEDWHG QR HIIHFWV E\ LQXOLQ RQ 6)% DEXQGDQFH WKLV
URXWLQHO\ DGGHG WR FRPPHUFLDO PLON IRUPXODV > @ ,W .
DSSURYHG IRU FRQVXPSWLRQ E\ SUH DQG SRVW ZHDQHG LQID
7KHUHIRUH DQ\ IXWXUH ZRUN RQ LQYHVWLJIJDWLQJ WKH HIIHFW

WKH XVH RI DSSURYHG IRRG VXEVWUDWHY GXH WR WKH VWULF

2YHUDOO WKH OLPLWDWLRQV IURP WKLV 3K' SURMHFW DQG Wi

JRFXV RQ RQH PLEUREHPBWXUDWLRQ RI WKH LQIDQW *,7 LPPXC
UHO\ RQ PRUH WKDQ RQH JURXS RI PLFUREHV 7KLV PD\ EH GX
FURVV IHHGLQJ DPRQJ WKH PLFURELDO JURXSV RI WKH LOHXP
GLHW 7KH YDOXH LQ LQYHVWLIJDWLQJ WKHVH VXJIJHVWHG F

NQRZOHGJH RQ KRZ 6)% PD\ LQIOXHQFH WKH *,7 LPPXQRORJLFI

JRFXV RQ RQH FDUERK\G UD WKH VRIXOUFIHQ L GKBWQFRQVLVWYV RI D
VXEVWUDWHYV ZKLFK PLJKW ZRUN WRJHWKHU WR PRGXODWH 6
VAVWHP 7KHUHIRUH LQYHVWLJDWLQJ WKH LQIOXHQFH RI D VLC
WKH LPPXQH VI\VWHP PLJKW ODFN WKDW FRPSOH[LW\ QHFHVVD
DPRQJ IRRG DQG PLFUREHYV DQG WKH LPPXQH VI\VWHP (YHQ W
HITHFWV RI D VLQJOH IDFWRU LW LV LPSRUWDQW WR FDUU\ R
FRQWH[W RI WKH GLHW *,7 PLFURELRWD DQG LPPXQH V\VWHP
IRU PRUH LQIRUPDWLYH FRQFOXVLRQV RQ KRZ GLHW DQG 6)%

LPPXQRORJLFDO EDUULHU PDWXUDWLRQ

$ OLPLWHG UDQJH RKLY GIDFP WRWPVYWLIDWHG E\ LQYHVWLJDWLQ

WKDW KDYH EHHQ DVVRFLDWHG ZLWK 6)% DEXQGDQFH SUH
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GHWHUPLQLQJ JHQH H[SUHVVLRQ RI WKH LPPXQH PDUNHUV I

DEXQGDQFH LQGXFHG WKHLU SURGXFWLRQ RU QRW

8VH RI D URGH W ®@HRGWO® DUH OHVYVY VLPLODU WR KXPDQV DQG V
I[IURP URGHQW VWXGLHV PD\ QRW WUDQVODWH LQ FOLQLFDO V)
REVHUYDWLRQV GLHWDU\ WLPH FRXUVH VWXGLHV FRXOG EH F

RI1 6)% FDQ EH TXDQWLILHG IURP IDHFHV ZKLFK DUH D SURI[\ IR

7KH OLPLWHG VWXG\ WLPHUDMKH SUBMHWWQW VWXG\ WKH HIIH]
LOQYHVWLIJDWHG RQ WKH SHDN DEXQGDQFH RI 6)% ZKLFK ZDV

FRPSDUHG RQO\ ZLWK 6)% DEXQGDQFH DW GD\ SUH ZHDQLQ.
DOORZ IRU IXUWKHU REVHUYDWLRQV RQ DQ\ HITHFWV Rl LQXOL
7TKHUHIRUH IXWXUH GLHWDU\ LOWHUYHQWLRQ VWXGLHV ZLOC
SURYLGH FRQFOXVLYH UHVXOWY RQ ZKHWKHU LQXOLQ RU RWKI

DQG WKXV WKH *,7 LPPXQRORJLFDO EDUULHU DW ZHDQLQJ



&KDSWHU 'LVFEXVVLRQ &RQFOXVLRQ DQG

&RQFOXVLRQ

7KH RYHUDOO JRDO RI WKLV WKHVLV ZDV WR LQYHVWLJDWH W
RQ WKH LOHDO DEXQGDQFH RI 6)% DQG LI DQ\ HIIHFWV PRG X
FRQFOXVLRQ LQXOLQ DGGHG WR D VROLG GLHW KDG QR PRG)

6)% SUH DQG SRVW ZHDQLQJ

,W LV SRVVLEOH WKDW PHWDEROLWHY IURP WKH IHUPHQWDWL
DUH XWLOLVHG E\ 6)% LQ D FURVV IHHGLQJ PDQQHU 7KH FDU
6)% JHQRPH KLQW WKDW FDUERK\GUDWHY PD\ PDLQO\ EH PHWI
DQG PDLQWHQDQFH ,W LV DOVR OLNHO\ WKDW WKH SUHVHC
SDWKzD\V PD\ EH GXH WR PHWDEROLF UHGXQGDQF\ > @ ZKL

PHWDEROLF SURFHVVHYV

7KH ZLQGRZ Rl PDUNHG LQFUHDVH DQG HYHQWXDO GHFUHDVH
UHVSRQVH WR PRUH FRPSOH[ VXEVWUDWHVY SUHVHQW LQ WKI
GLIIHUHQFHV LQ WKH DVVRFLDWLRQV EHWZHHQ LOHDO DQG ID}
WKDW WKH HIITHFWV RQ WKH LPPXQH V\VWHP PD\ REFXU ODWH
UHVHDUFK $QRWKHU ELRPDUNHU RI WKH LPPXQH V\VWHP KDV |
KDV SUR LQIODPPDWRU\ SURSHUWLHV > @ DQG HQKDQFH
IXUWKHU SURGXFWLRQ RI ,/ > @ .,/ LV DOVR VHFUHWHC
GHQGULWLF FHOOV LQ WKH *,7 PXFRVD > @ $QWLJHQ SUHVH
XSRQ UHFRJQLVLQJ 6)% WKDW DUH QRW DGKHUHG WR WKH LOH
WKDW ,/ FDQ HQKDQFH 7K FHOO H[SDQVLRQ ZLWK WKH KHC
DXWRLPPXQLW\ 7KHVH F\WRNLQHV ZKLFK DUH SURGXFHG E\ &'
H[SDQVLRQ FDQ EH HDVLO\ TXDQWLILHG E\ (/,6% 7KH FRQFHQW

EH UHODWHG ZLWK WKDW RI ,/ WR LQIHU WKH HIIHFW RI1 6)%
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7KH ILQGLQJ IURP WKLV WKHVLV DOVR KLJKOLJKWHG WKH LQIC
DQ LPSRUWDQW ELRORJLFDO IDEWRU WKDW DIIHEWV WKH PLEL
EH FRQVLGHUHG LQ IXWXUH LQYHVWLIJDWLRQV RQ 6)% VLQFH W
OLNHO\ GLIIHU EHWZHHQ PDOHV DQG IHPDOHV GXULQJ PDWXU
EHHQ GHPRQVWUDWHG LQ HDUO\ OLIH ZKHUH PDOHV UHSRUWH
FRXQWV > @ KLJKHU QDWXUDO NLOOHU FHOO IUHTXHQELHYV

UHVSRQVHV WKDQ IHPDOHV > @

'"HVSLWH WKH LQFRQFOXVLYH UHVXOW LQ UHODWLRQ WR WKHF
NQRZOHGJH ZDV GHYHORSHG GXULQJ WKH FRXUVH RI WKLV UH\
HVWDEOLVKPHQW RI UDWV DV DQ DSSURSULDWH PRGHO IRU 6)
$ VXLWDEOH WHFKQLTXH IRU FROOHFWLQJ LOHDO WLVVXH V
GHWHUPLQHG 7KH HIIHFWV RI VH[ GLITHUHQFHV RQ WKH DEXQ
LV D IDFWRU WKDW VKRXOG QRW EH LIJQRUHG LQ IXWXUH VW)

DYDLODEOH WR WHVW RWKHU VXEVWUDWHY WKDW PD\ DIITHFW
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JLIXUH7KH QHZ NQRZOHGJH FRQWULEXWHG E\ WKLV 3K' SURMHFW
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JXWXUH GLUHFWLRQV

*LYHQ WKDW WKH VWXGLHYVY GHWDLOHG LQ WKH 3K' WKHVLV GL)
RI LOXOLQ RQ WKH WHPSRUDO SURILOH RI 6)% DEXQGDQFH DW
IRRG VXEVWUDWHY LQYROYHG DUH QHFHVVDU\ $Q\ IXWXUH ZR
6)% LQ LQIDQWYV ZRXOG DOVR UHTXLUH WKH XVH RI DSSURYI
JXLGHOLQHV RI VWXG\LQJ WKLV DJH JURXS )XUWKHUPRUH FD
ZHDQLQJ LV UHFRPPHQGHG DV ZHOO DV DYRLGLQJ D VXVWDLQH

DJH SRVW ZHDQLQJ FRXOG KDYH GHWULPHQWDO HIIHFWV RQ W

JXUWKHU ZRUN ZRXOG DOVR LQFOXGH LQYHVWLJDWLQJ WKH U
LOHXP UHVLGHQW PLFUREHV G6HTXHQFLQJ WHFKQLTXHV VXFK
JHQRPLF '1$ VDPSOHV IURP WKH UDW VWXGLHV LQ WKLV SURMF
7KH DQDO\VLV ZRXOG GHWHUPLQH WKH UHODWLYH DEXQGDQF
WD[RQRPLF FODVVLILFDWLRQV LQ WKH WHUPLQDO LOHXP &RP
JURXSV ZLWK WKDW RI 6)% RYHU WLPH PD\ JLYH DQ LGHD RI WK

LPPXQH EDUULHU LV VXJJHVWHG WR PDWXUH

J)LQDOO\ IXUWKHU LQYHVWLIJDWLRQV RI WKH W\SH RI IRRG VX
LQIOXHQFH 6)% DEXQGDQFH DQG PRGXODWH *,7 LPPXQH ED
'HFLSKHULQJ WKH SHUFHLYHG UROH RI 6)% LQ WKLV SURFHVV F
RI *,7 GHYHORSPHQW DQG HYHQWXDOO\ SURPRWH OLIH ORQJ K
IXUWKHU RXU XQGHUVWDQGLQJ RQ WKH DELOLW\ Rl VSHELILF

PHPEHUV RI WKH *,7 PLFURELRWD DQG LQ WXUQ VXSSRUW WKH
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SHIHUHQFHV

1HLVKOBFBUREHYV LQ *DVWURLQWH V\B V@A H 8 /GIW R DRJG 'LV
S

3DOPHU & (0 %LN ' % 'L*LXOLR ' $HBHORBPHQWGRB 2

WKH KXPDQ LQIDQW L @WRbYILRXDRIP LU RELRWD

'HSODQFNH % D QGL FUR EXDDVON IPR\G XODWLRQ RI LQQDWH GH

DQG WKH LOQWHVWERD @ FPKFXADQDWRYEY QDO RI FOLQLFDO QX

S 6 6

9DQ 'HU )OLHU / * ®WBP+FKOBYHUNOI UHQHZDO DQG GLII

LQWHVWLQD QSR RXDIOHDHKIPHZ R1 3KBVLRORJ\

*URVFKZLW] .5 DQGWHYWHRID® EDUULHU IXQFWLRQ ORC
DQG GLVHDVH SBWK®DBQHVE®OHUJ\ DQG &OLQLFDO ,PPXQF
S

3RGROVMN\ 'QQDWH PHFKDQLVPV RI PXFRVDO GHIHQVH DQC
LV D JRRG GPHHUQF¥BQ -RXUQDO RI 3K\WLRORJ\ *DVWURLC
3K\VLRORJ\ S *  x

. XQ]JHOPDQQ . DQOGHFWUROOWH WUDQVSRUW LQ WKH P
OHFKDQLVPV DQG LPSOLFOWLRQRJILED G 5\HYRBHE V

%U|HBPBEQR DFLG WUDQVSRUW DFURVV PDPPDOLDQ LQWI
3K\WLRORJLFDO 5HYLIZV
JHUUDULNMHVBDBU\ DQG GHYHORSPHQWDO UHJXODWLRQ RI |
%LRFKHPLFDO -RXUQBO
$QGHUVRQ 5 - 'DOJLHO 3 *RSDO 76K HoDR® H VRW L § W(HD\OW I/
EDUULHU IXQFWLRQ LQ HDUO\ O LUISRIOQ WIKH GHMNHKORSPHQW
6DOYR 5RPHUR ( & $ORQVR &RWRQHU & 3DUGR &DPDFK
9LFDUKR LQWHVWLQDO EDUULHU IXQFWLRQ BBGLVNWWD L QY RC(
(VSDQROD GH (QIHUPHGDGHV 'LSHVWLYDV
5DXWDYD 6 DQGPPXQR®WNURORJI\ DQG 1XMWWUWWRRQRI W
LQ SHGLDWULFV EDVLF VFLHQFH DQG FOLQLFDO DSSOLFD)
%LELORQL 5 DQOGWHVBAKIDIWK®RVW PLFUREH LQWHUDFWLI
DQG SDWKRORJLFOWHRRXDGNIMRLRIQY MRXUQDO RI LQIODPPDW
9DQ (OEXUJ 50 :3) )HWWHU & 0 %X @QNWHWW LDQDD + 6
SHUPHDELOLW\ LQ UHODWLRQ WR ELUWK SHEBKKWHNQRS JHV\
'LVHDVH LQ &KLOGKRRG )HWDO DQGSIHRQDWDO (GLWLRQ
3DWHO 50 /6 O0\HUV $5 .XUXQGNDU $ ODKHVKZDUL
3URELRWLF EDFWHULD LQGXFH PDWXUDWLRQ RI LQWHVWL
IXQFWSLPRHQULFDQ -RXUQDO RI 3DWKRORJ\
JHEHQWKDO $ D QIGH(R/G\ER QMQADR] WKH VPDRXUQW®I VW LQ]
RI 3DUHQWHUDO DQG (QWIBYVBOSIXWSLWLRQ
%XLVLQH O / 'HYLVPH 7 6DYLGJH & *HVSDFK % *RV
$XEHUXWLQ JHQH H[SUHVVLRQ LQ KXPDQ MRWU\RQLF DQG |
S
ODOORZ (% $ +DUULV 1 6DO]JPDQ -3 5XVVHOO 5 - 'H
& | %H¥X®WQ HQWHULF GHIHQVLQV *HQH VWUXFWXUH DQ:
-RXUQDO RI %LRORJLFDO &ISHPLVWU\
5XPER 0 DQG ( 2Q8FRIMIQLA®!I LQWHVWLQDO HSLWKHOLXP
'HYHORSPHQWDO DQG HQY&HRQRBQW DA G HIRXMHRXIORDQ /L |t
S
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'HLWNDPS - + 0 - 5RVHQ = =KDR 7 .R\DPD ' *HHP

5RFN '- ORRUH 0 ' +DOS6HRIO ®QGVBHIWW@MO LQWUDHSLYV

7 O\ PSKRF\WHV DUH SUHVHQW LQ WKH SUHPDWXUH LQWHVV

QHFURWL]LQJ BQR6 BRFR O LW LW/

*ORFNHU ( DQG %QPMDPEDWRWY ERZHO GLVHDVH LV I

LPPXQRGH | BFHMM¥ODU DQG OROHFXODU /SIH 6FLHQFHYV

2KDVKL < 0 +LUDJXFKL & 6XQDED & 7DQDND 7 )X

&RORQL]DWLRQ RI VHIPHQWHG ILODPHQWRXV EDFWHULD D

OHYHO LQ FRQYHIDMIURENMO PLFH

2HPFNH /' $ 5 & $QGHUVRQ - 5DNRQMDKROK WIEMDXKE DC

KRPRJHQL]DWLRQ SUHIHUDEOH WR PXFRVDO VFUDSLQJ LQ

VHIPHQWHG ILODPHQWRXV EDFWHU$PFHY WEIHF UREBXRORIJY
S

<LQ < < :DQJ / =KX : /LX 1 /LDR 0 -LDQJ % =KX +

. :DQ&RPSDUDWLYH DQDO\VLV Rl WKH GLVWULEXWLRQ RI

LQ KXPDQV PLFH ,BQG-RXURNDHOQV S

'DYLV & 3 DQG +REBWPWIHVXFFHVVLRQ DWWDFKPHQW

VHIPHQWHG ILODPHQWRXV PLFUREHV LQGLJHQRXV WR W

,QIHFWLRQ DQG ,PPXQS& W\

%R & [/ /L < (OLWWYHVBQEH Rl ¥HIJPHQWHG ILODPHQW!

KXPDQ FKLOGUHQ DQG LWV SRWHQWLDO UROH LQ WKH P

JURQWLHUV LQ PLFURELRORJ\

7DMLPD . + 2KPRUL 0 7RKQR + 2KWVEBHJIPHQMNIKDUD

ILODPHQWRXV EDFWHULD DUH D PDMRYQDRXYBEH) WHUPLQ
S

*DUODQG &' $ /HH BEGPHOWHBNMRQOPHQWRXV EDFWHUL

VPDOO LQWHVWLQH 7KHLU FRORQL]JDWLRQ RI JURZLQJ D

UHVLVWDQFH WRBDRPLROXH B PRO RS \

-LDQJ + 4 1 $ %RV TEEQJ- ORFOWIL]DWLRQ DQG SHL

FRORQL]DWLRQ E\ VHIJPHQWHG ILODPHQWRXV EDFWHULD L

LPPXQH VWDWXV RI P,RWKHVULR D QIEQ &X.FPWPXQE W\

<DWVXQHQNR 7 ) ( 5H\ 0 - ODQDU\ , 7UHKDQ O *
&RQWUHUDVY 0 ODJULV * +LGDOJR 5 1 +%PD@GDNXWQR D
PLFURELRPH YLHZHG DFUR®QDWIHH QG JHRJUDSK\
3DUUHWW $ DQ® BLWGBRDIBEPHQWDWLRQ RI FDUERK\GUD!
IRUPXOD |HGUFKIDYHWVRI GLVHDVH LQ BKLOGKRRG
.ODDVHQ + - .RRSPDQ 0 9DQ GHQ %U|L@INDXHQAKROWHC
PDFURQXWULHQWY RQ VHJPHQWHG ILODPHQWRXV EDFWH!
OLFURELDO (FRORJ\ LQ +HDOWK DQG 'LVHDVH
BX]XNL . % OHHN < 'RL 0 OXUDPDWVX 7 &KLED 7 +
$EHUUDQW H[SDQVLRQ RI VHJPHQWHG ILODPHQWRXV E
3URFHHGLQJV Rl WKH 1DWLRQDO $FDSHP\ RI 6FLHQFHYV
.ODDVHQ + 3 9DQ GHU +HLMGHQ : 6WRN ) 3RHOPD -
0 %DNNHU : (OLQJ PIMMBNVNKRBHQHQLQWHVWLQDO VHJIPHC
EDFWHULD VWLPXODWH WKH P XPRNBW LIRRP DQIE L \PWRXHR \RY F
S
BQHO - 0 %DNNHUDDWGEIRFDMILARW RI DQWLJIJHQ VSHFLILF
DIWHU RUDO ERRVWHU LPPXQL]DWLRQ ZLWK RYDOEXPLQ



SHIHUHQFHV

VHIPHQWHG ILODPHQWRXV EDFW HPWPLOQ RO RSO ROVAWWINIBU X P L ¢
S

7DOKDP */ + 4 -LDQJ 1 $ 6HWBRRHQWBG . RIHERI@WR XV E|

DUH SRWHQW VWLPXOL RI D SK\WLRORJLFDOO\ QRUPDO VW

VIVWHAHFWLRQ DQG LPPXGLW\

8PHVDNL < < 2NDGD 6 ODWVXPRWR &HJPHD®RMBG DQG

ILODPHQWRXV EDFWHULD DUH LQGLJHQRXV LQWHVWLQDO

O\PSKRF\WHV DQG LQGXFH 0+& FODVV ,, PROHFXOHV DQG

RQ WKH VPDOO LQWHVWLQDO HSLWKHQED® EALHRO®RV\LDQW K |

LPPXQRORJ\ S

8PHVDNL < + B6HWR\DPD 6 ODWYVXPRWHRUHQWRDRONDR O\

Rl VHIJPHQWHG ILODPHQWRXV EDFWHULD DQG FORVWULGI

LPPXQH V)@WHFRLRQ DQG ,PPXQ W\

,)YDQRY ,, . $WDUDVKL 1 ODQHO (/ %URGLH 7 6KLP

*ROGIDUE & $ 6DQWHHMAXFHBRQ RQERWHVWLQDO 7K FHC

ILODPHQWRX&HBODFWHULB

)DUNDV $ 0 & 3DQHD < *RWR * 1IDNDWR 0 *DODQ 'LH]

DQG , , ,QBXEWLRQ RI 7K FHOOV E\ VHIPHQWHG ILODPHQ

LQWHVRWWPDO RI LPPXQRORJLFI3O PHWKRGYV

*RWR < & 3DQHD * 1DNDWR $ &HEXOD & /HH 0 *

, JOQDWRZLF] DQGHJIPHYWBARBYILODPHQWRXV EDFWHULD DQ\

LQWHVWLQDO GHQGULWLF FHOOV GULPRXRXNARVDO 7K FI
S

(ULFVWVRQ $ & & ( +DJDQ ' - 'DOHIWPHMWHGE ILODPE R WIR

EDFWHULD FRPPHQVDO PLFUREHV ZLWRRPBWHRWLD® HI

PHGLFLQH S

(ULFVWVRQ $ & * 7XUQHU / ORQWR\D $ :ROIH 6 OHHNH

DQG & / )UNRODMWLRQ RI VHIPHQWHG ILODPHQWRXV EDF

PLFURE%WRRMTHFKQLTXHV S

,YDQRY ,, DQG6HIPHWWPRDQLODPHQWRXVOXFRWBOLD WD
LPPXQRORJ\ S
.ODDVHQ + /% 0 -3 .RRSPDQ ) * - 3RMORDWIDDXIO $ &

VHIPHQWHG ILODPHQWRXAMUREEWRGRIL\D/HWW HYV

.ODDVHQ +/ % 0 -3 .RRSPDQ 0 ( 9DQ 'HQ %ULQN 0 + ¢
DQG $ & %KWHQEWLQDO VHJPHQWHG ILODPHQWRXV EDF
YHUWHEUDWHERSEBEWRHM $QLPD GV
BFKQXSI 3 9 *DERULDX 5RXWKLDX 0 *URV 5 )ULHGPDQ
1 &HUI %HQVXVVDQ DQ®RZWK6DQBRARWWLLQWHUDFWLR
VHIPHQWHG ILODPHQWRDXWXWDHFWHSLD LQ YLWUR
.ULHJHO 0$ ( B6HILN -$ +LOO + - :XID&XWHQRLVW
WUDQVPLWWHG VHIJPHQWHG ILODPHQWRXV EDFWHULD VH
QRQREHVH GLBEHRWHH®LFH RI WKH 1DWLRQDO $FDGHP\
S
X + - ,, ,YDQRY - 'DUFH . +DWWRUL 7 6KLPD < 8
%HQRLVW DQG *XWODMMUGLQJ VHIPHQWHG ILODPHQWRX
DXWRLPPXQH DUWKULWLWYRHXQLWKHOSIBU FHOOV
JLORWWL $ - *DVSDUHOOR , /DPSURQWL / & &RVHOQ]L
*HQWLOL ' 'L /XFD 5 *DPED3&5 BE® HFWERWHBOLVHJIPHC



SHIHUHQFHV

ILODPHQWRXV EDFWHULD LQ WKH WHUPLQ®BO-LTEHXP RI SDW

*DVWURHQWHURORJ\

BKXNOD 5 8 *KRVKDO 7 1 'KRIGB ODRLGE BR& L RKARY KOS D V

ZLWK LUULWDEOH ERZHO V\QGURPH FRPSDUHG ZLWK KH

SRO\PHUDVH FKDLQ UHDFWLRQLJMHY WY B HQ M RY HOA VTEQ ® WL
S

BWHSDQNRYD 5 ) 3RZULH 2 .RIURQRYD + .R]DNRYD

8KOLJ 6 5HDG = 5HKDNRAMHDIPBEQ®@ KRG %HITOPGIIWRXV EDF\

GHILQHG EDFWHULDO FRFNWDLO LQGXFH LQWHVWLQDO LQ

ZLWK &' 5%KLJK &',QVOMHP®OWRU\ ERZHO GLWHDVHV

%RQQHPD $/ /: .ROEHUJ : 7KRFRBA RLQGH Y WLOIDYA @R (
RI FKLFRU\ LQXMRXUSDRGIFWKH $PHULFDQ 'LHWHWLF $VVR
S

6WRO]JHQEDFK 6 /- O0\KLOO /2 % $QGHUVHQ / .U\FK -
IHMVXP & 5 6WHQVYROG '6 1LHOVH@DDQGQKOLJKDPE
7JULFKXULV VXLV LQIHFWLRQ SURPRWH EHQHILFLDO EDFV
JURQWLHUV LQ PLFURELRORIJ\

3DWWHUVRQ -. . <DVXGD 50 :HOFEKXSSO6PGIQNLD OD Q
GLHWDU\ LQXOLQ RI YDULDEOH FKDLQ OHQJWKY DOWHUV L
SLJVKH -RXUQDO Rl QXWULWLRQ

3RHNHU 6 $ $ *HLUQDHUW / %HUFKWROG $ *UHSSL
'RXWHUV DQG &QGEBBVRDQGLQJ WKH SUHELRWLF SRWHQW
ILEHUV XVLQJ DQ LQ YLWUR FRQWLQXRXV ®OFRLXQW LHWPHQ\
UHSRUWV S

ORUURZ $/ * 0 5XL] 3DODFLRV : +XPRQ FOL@®®N JO\EBQEX
WKDW LQKLELW SDWKRJHQ ELQGLQJ SURWHFW EUHDVW IHH
7KH -RXUQDO RI QXWUISWLRQ

%URZQ $- 60 *ROGVZRUWK\ $$ %DUQHV 00 (LOHUV
$, OXLU 0 - :LJJOHVZRUWK , .LTXKRWGKDQG B YR WL
FRXSOHG UHFHSWRUV *35 DQG *35 DUH DFWLYDWHG E\
FKDLQ FDUER[\RXBQDFAGM %LRORJLFDO &KBPLVWU\

/JH 3BRXO ( & /RLVRQ 6 6WUX\l - < 6SULQJDHO 9 /D
%UHJLOORQ 9 'XSULH] * 9DVYDQRMW LIR@M® O PDMUDPWHUL]C
KXPDQ UHFHSWRUV IRU VKRUW FKDLQ IDWW\ DFLGV DQG W
DFWLYPRWLRIXDO RI %LRORJLFDO &KHPLVWU\
,)YDQRY ,, 5 GH /ODQRV )UXWRV 1 0ODQHO . <RVKLQD
% % )LQOD\ DQG6'SHFILWWPDRURELRWD GLUHFW WKH GLII
SURGXFLQJ 7 KHOSHU FHOOV LQ WK#HORFRRDWRI| RIKHJREB
S
$DV -$ 3 % 6WRNHV /1 20MHQLQJIJHEKHUYRWPODO EDFWHUL
WKH RUDORRKDQIDW\ RI &OLQLFDO OLFURELRORJ\
$GOHUEHUWK , '3 6WUDFKDQ 3 0 ODWULFDUGL 6 $K
3HUNLQ 6 7ULSRGL % +HVVHOPDU 5 6DDOPDQ $ 5 &RD
DQG $ ( *R@WGPLFURELRWD DQG GHYHORSPHQW RI DWRSLF
FRKRURKW QDO Rl $OOHUJ\ DQG &OLQLFBO ,PPXQRORJ\
$OOHJUHWWHWVWRYI0QJ WKH JXW PLFURELRPH IRU WKH WU
ERZHO GLRWDWGHMVRXUQDO RI *DVWURHQWHURORJ\



SHIHUHQFHV

=RHWHQGDO (* - 5DHV % 9DQ 'HQ %RJHUW 0 $UXP’
7JURRVW 3 %RUN O :HOV :0 'H 9RVKHDREPDQ.VRBOW®EH
LQWHVWLQDO PLFURELRWD LV GULYHQ E\ UDSLG XSWDNH D
,60( -RXUQDO S

%HYLODFTXD / 0 2YLGL ( 'L ODWWLD AFUHWHRMMWHOOL
RI %LILGREDFWHULXP VWUDLQV LVRODWHG IURP KXPDQ
DIJDLQVW SRWHQWLD O 0L FEDREEN HRIOIRDIQ FIDONV B IRV Q U F K
)DJHUKR®DOSURWHFWLQ D IDHFDO PDUNHU RI RUJDQLF JI
7KH /IDQFHW S

9iVTXH] $ 6 $KUQp % -HSSVURQ@ DRLJLVORIOLWLRQ
IDFWREDFLOOXV DQG %LILGREDFWHULXP VWUDLQV RI LQW
KXPDQ IHPDOHV 5H LVRODWLRQFIWRPLDH FHR/ORQ G YD 4 HOD
'LVHDVH

<DQ : & 6XQ - =KHQJ & :HQ & -L ' =KDQJ < &KHQ
(IILFDF\ Rl IHFDO VDPSOLQJ DV D JXW SUR[\ LQ WKH VW)
JURQWLHUV LQ PLFURELRORJ\

*XR 0 0 OLDR < :DQJ 0 'XDQ ) <DQJ < &KHQ : <XD
'HYHORSPHQWDO GLIIHUHQFHYV LQ WKH LQWHVWLQDO PLFL
DQG \HDU ROGFEHDWGUHQUHSRIBWYV

"-RQVVRBJIJRPHQWHG ILODPHQWRXV EDFWHULD LQ KXPDQ LO
ILEHU LQ@WBDOILFURELRORJ\ /HWWBUYV

9DQ GHQ %RJHUW % 2 (UNXV - %RHNKRUVW 0 G *RIIC
DQG 0 .OHHUMEHW]HPW\ RI KXPDQ VPDOO LQWHVWLQDO 6WU
SRSXODWLR QVFURELRORJ\ (FRORS\

BFKQXSI 3 9 *DERULDX 5RXWKLBRVWQEWHEBBWWRIQW X
6HIJPHQWHG )LODPHQWRXV %DFWHULD $Q XQXVXDO WUD
PDWXUDWLRQ RI WKH 6K QDB XQLH V, PPXIDR O B J\

BFKQXSI 3 9 *DERULDX 5RXWKLDX 3 - 6BDIDPHR@WMMGVL DC

ILODPHQWRXV EDFWHULD 7K LQGXFRNVYWDHIEBVKHSILSH R LLQ

OLFURELRORJ\S

JHLG\2Q WKH H[LVWHQFH RI HQWRSK\WD LQ KHDOWK\ DQL

3URFHHGLQJV RI WKH $FDGHP\ Rl 1DWXUD® 6FLHQFHV RI 3

$JDFH :7:FHOO UHFUXLWPHQW W R WHIQH \ Q\@ HLVRPLXQQORAD R X\

S

JpPEX\HU ( 6 5DNRWREH + /HQJOLQp *DUQLHU & /HEUF

JULW]HQ * (EHUO .' OF&R\ D@GEJBHQWBHES KHUNVRHQ W R

EDFWHULXP XVHV VHFRQGDU\ DQG WHUWLDU\ O\PSKRLG WI

7 KHOSHU FHOQPPUBYBRQVH\S

<L - - -XQJ ' +DQ & ®KIPKH D/MHEG<)LIBPHQWRXYV %DFW

'LYHUJHQW 3RSXODWLRQV Rl $QWLJHQ 6SHFLILF &' 7 &t

OROHFXOHV DQG FHBOV

&KHQ % : /LX 6 %LH . 3HQJ : 6KX : *X : :DQJ & ;l

$GKHUHQW %DFWHULD LQ WKH 7HUPLQDO ,OHXP RI &KLOG!

&HOO $FWLYDWLRQ DQG $XPLQDE G FOUM WKL ,J$

‘'LOPRUH -5 % 7 *DXGHWWH '* $WULD 7 +DVKHPL

&ROH $ 0 OLVLF '3 %HLWARRBPIDQWBGDO POQPEPREHV LQGXFH

,J$ UHVSRQVHV WKDW SURWHFW&BIDIOL GRW WS R PPALUFRIRHE L D C
S



SHIHUHQFHV

&KHLNK\RXVVHI $ 1 3RJRUL + &KHQ ) 7LDQ : &KHQ
$QWLPLFURELDO DFWLYLW\ DQG SDUWLDO FKDUDFWHUL]
VXEVWDQFHV %/,6 SURGXFHG E\ %LILGREDGVERQMKPRIOQID
S

&ROODGR 0 $ *RQ]JDOH] 5 *RQ]JDOH] 0 +HUQDQGH] ¢
$QWLPLFURELDO SHSWLGHV DUH DPRQJ WKH DQWDJRQL
%LILGREDFWHULXP DJDLQV@WHUMIFRERG VG UM B XQURIDO R
DIJHQWYV S

7KRPSVRQ $/ $ ORQWHDJXGR OHUD 0 % &DGHQDV 0
$]FDUDWHIBBINLIDQG VROLG IHHGLQJ SUDFWLFHV DQG GD
DVVRFLDWHG ZLWK GLIIHUHQFHV LQ EDFWHULDO GLYHUYV
PHWDEROLF DQG LPPXQH IXQFWLRQURIQWK H U\Q LE)Q AH DXV CPL
LQIHFWLRQ PLFURELRORJ\

IRSHWXVR /5 ) 6FDOGDIHUUL &RBRWQWRO BOR®\WW YDSE
OHDGLQJ SOD\HUV LQ WKH PDLO®YWH DR RHFXW KRPHRV\

$PDUUL 6 ) %HQDWWL O &DOOHJIJDUL < B6KDKNKDOLO
$FKHVRQ & +DJHU - %H@BRBRIHVIRQGXW*PDRULRELRWD DQ
PDUNHUV GXULQJ WKH FRPSOHPHQWDU\ IHHGRRQUEHWLRG L
RI SHGLDWULF JDVWURHQWHUROSRJ\ DQG QXWULWLRQ
-DADUHYLU ( . ( ORUULBRQGLOMHUFAQFHM OB WKH JXW PL
EUDLQ D[LV DFURYKL®KAUDIQWVSD&ERF % S

*HUDUG (3 )5 'DYLG %LNDUG 3DULV )5 3DPHOD 6F
&HUI %HQVXVVDQ 3DULV )5 9DOHULH *DERULDX URXW
6DQVRQHWWLOHIDKRE REFXOWXULQJ VHIPHQWHG ILODPHQ
(3 2IILFH (GLWRU ,QVWLWXW 3DVWHXU 3DULV )5
)5 $VVLVWDQFH 3XEOLTXH +RSLWDX[ GH 3DULV 3DULV
3DULV )5 ,QVWLWXW 1DWLRQDO GH OD 6DQWH HW GH OD
)5

3UDNDVK 7 . 2VKLPD + ORULWD 6 )XNXGD $ ,PDRND
6: .LP 0 7DNDKDVKL 1 6DLWRX 7' 7D\ORU + 2KQR < ¢
&RPSOHWH JHQRPH VHTXHQFHV RI UDW DQG PRXVH VHIJPHQ
LQGXFHU RI 7K FH O8H G DI RN W Q BWILLFEQSR E H

6FJHVQDN $ 1 6HJDWD ; 4LQ ' *HYHUV -) 3HWURVL
ILWWPDQ DQG7KH JHR@RW RI WK FHOO LQGXFLQJ VHJIPF
EDFWHULD UHYHDOV H[WHQVLYH DX[RWURSK\ DQG DGDSW|
&HOO KRVW PLFURBH

=KDQJ / $ 5R]JHN DQGVWHUDBPWERGNI FDWLRQLF DQWLPL
ZLWK PRGHO PRREQD@HRI %LRORJLFDO &KSPLVWU\

=KDQJ / M DQG&QWLPIFAURE LOOUSHBWL BHRORJIS

5 5

JLWPDQ *: -3 5DVW 0 - BKDPEORWW 5 1 +DLUH 0 +X
.5 +LQGV )UH\ $ =LOFK DQK\ORIHGHPWPE\IGLYHUVLILED
LPPXQRJOREXOLQ JHQHV D Q G0RGHIFEQ U ER®OWRH S D@\ RH. VR

S

BQHO - 3 +HLQHQ + %ORN 5 &DUPDQ $ 'XQFDQ 3
&RPSDULVRQ RI 6 U51$%$ VHTXHQFHV RI VHIJPHQWHG ILODP
PLFH UDWV DQG FKLFNHQV DQG SURSRQIVHWRQCWDRGDGL
-RXUQDO RI 6\VWHPDWLF DQG (YROXWISRQDU\ OLFURELROR.



SHIHUHQFHV

7KRPSVRQ &/ 5 9LHU $ OLNDHO\DQ | DQBQEPWQY DC
$UWKURPLWXVY UHYLVHG VHJPHQWHG ILODPHQWRXV EDF\
RI /IDFKQRVSQUYREHRMHPHQWDO PLFURELRORJ\

OF)DOO 1JDL 0O 0 * +DGILHOG 7 & %RVFK + 9 &DUH\

'RXJODV 1 'XELOLHU * (EHUO 7 $DUPDRLY DQ® EPFWOEL
ZRUOG D QHZ LPSHUDWLYWBHWRRHHGKI) OLRI WKIHQBWYRQDO
6FLHQFHYV S

7KRPSVRQ &/ $ OLNDHORPRQEHQPRGXBDWQEJI JXW V\PELF
QRW FDQGLGDW XM ERWKWRPPWXRORJS

7KH 8QLYHUVLW)\ RIHOQRPH VDRQ®R P$ 'DWHEDVHDEOH IURP

KWWSV JWGE HFRJHQRPLF RUJ JHQRPHV"JLG *&)B

&KLOG O0: $ .HQQHG\ $: :DONHU % %DKUDPL 6 0
ODFIDUGW®BLHY RQ WKH HIIHFW RI VA\VWHP UHWHQWLRQ
FRORQL]JLQJ D WKUHH VWDJH FRQWLQXRXV FXOWXUH PRGH
WHFKQ)L(WHIVLFURELRORJ\ (FRORS\
JHUIJXVRQ '-3 DQG $ (OHEWKR® ®HBVRYFRS\ RI D )LOD
BHIPHQWHG %DFWHULXP $WWDFKHG WR WKH 6PDOO ,QWt
$QLPDO &RORQ\ $EW B @POIMKNRORJLFD OLFURELRORJLFD 6FD
OLFURELRORJW S
&KDVH '* DQG 6 (Y(BEREOBMVRQ D FRPSOH[ OLIH F\FOH I
IRUPDWLRQ LQ WKH DWWDFKHG ILODPHQWRXV VHJPHQW
"-RXUQDO RI %DFWHULRDRJ\
.XZDKDUD 7 < 2JXUD . 2VKLPD . .XURNDZD 7 2RND +
1IDND\DPD ,PDRKML 0 ,FKLPXUD . ,WRK & ,VKLIXQH < 0
+DWWRUL DQGKH ®DABVWLOH RI WKH VHIPHQWHG ILODPHQ
FXOWXUDEOH JXW DVVRFLDWHG LPPXQRVWLPXODWLQJ PL
VHTXHQESEGHVHDUFK S
BQHOOHQ - ( DQQXJHK]HEDMIFMAXUH VWXG\ Rl WKH ILODPH
PLFURRUJDQLVP DWWDFKHG W XWKHD ® XRIIL @D FPWPIDIOICR @R ZV
S
'DYLV & 3 DQG (I&HBWYIJBIHQLFLOOLQ RQ WKH VXFFHVVL
PRUSKRORJ\ Rl VHIPHQWHG ILODPHQWRXYV, @IHFAVRIERHY LQ \
DQG ,PPXQLW\ S
&KHQ + < <LQ < :DQJ : DQRVWD@GSHELILPIQN\ RI 6HJIP}
J)LODPHQWRXV %DFWHULD 6)% IODJHOOLQV DIIHFWV WKH
LOHDO PXFRVESBSGUR® BIQEV(QYLURQPHQWDO OLFURELRORJ
3DPS 6 - (' +DUULQJWRQ 65 4XDNH 6I$QBHOFEQODQC
VHTXHQFLQJ SURYLGHV FOXHV DERXW WKH KRVW LQWHL
EDFWHULPH@R®BH UHVHDUFKS
3DVIWRU / $ . =LHEDQGW 0 1HJD 0 6FKODJ 6 +DD
0DGOXQJ $ 1RUGKHLP ' ( +HAWDSRKVRARFGEDO*PBMRU DX
$WO LV LQYROYHG LQ H[FUHWRRWDQPRIOFRW RS @DWRR L F C5Q R WH
S
&DVHOOL 0 ) &DVVRO 9 *HQWPELVHXHOQFHV/RFDVHIPH
ILODPHQWRXV EDFWHULD LQ DQLPDOVXWRSGUREWMNVRQV IRU
S
ODFSKHUVRQ $ - 0 % *HXNLQJ ( 60ODFN &KHDSIHOPHL
KDELWDW GRXEOH OLIH FLWL]HQRRKXSRORELAROJIEMN KB\
S



SHIHUHQFHV

ODUX\DPD . 0 +LGD 7 .RKJRKDQSEHY¥Y LENOXOLMDU\ DQG
VHFUHWRU\ ,J$ LQ LQIDQWYV XQG HIH GLLDM U HRW , QRHEL@D W
S

'LRQ & 3 ORQWDJQH 0 & %6IBHVXDEBHOW)IRIUHDHFD

LPPXQRJOREXOLQ D OHYH®XU@DWRRYPIFOKQQELGI QQDERUDW
S

/JLQGQHU & % :DKO / )I[KVH 6 6XHUEDXP $ - ODFSKHU

$JH PLFURELRWD DQG 7 FHOOV VKDSH GLYHUVH LQGLYLG

-RXUQDO RI H[SHULPHQWDO $HGLFLQH

$XMOD 6 - 3 - 'XELTX DPKO-OV IRPDP® V¥ XFRMPIG LKFOMWN GHIHQ

LQ LPPXQRORJDVHYLHU

%HWWHOOL ( 0 2XNND +DQGHO.OVXIFKWRKH FLUFOH RI LP

DXWRLPPDOLXWUWH LPPXQROR S\

<DQJ < 0 % 7RUFKLQVN\ 0 *REHUW + ;LRQJ 0 :X -/

1J $ &KHQ DQ®REXVHG VSHFLILFLW\ RI LQWHVWLQDO 7

FRPPHQVDO EDFWHM/ROHD QWLJIHRV

‘DQJ < & :LDQJ + &KHQ < <LQ : &KHMGEXEWDRQ< :X

RI LQWHVWLQDO 7K FHOOV E\ IODJHOOLQWRIQ\WWPHUWHIRBQW

LPPXQRORJ\ S

IDGLQVN\ 06 /3 $UDXMR ; =KDQJ - 9HOWUL O *DOD

. ,ULH (< 3LQNHU DQGRF\MDRNIMKRPFERPPHQVDO DQWLJIH(C

HSLWKHOLDO FHOOV UHJXODWHWVLRQFRVDO 7 FBOO KRPHR

HDDW

*HXNLQJ 0 % - &DKHQJOL 0 $ /DZVRQ '& 1J ( 60ODEN

OF&R\ DQG $ - ODOBKHWIRIDO EDFWHULDO FRORQL]DWLR

UHJXODWRU\ 7 F,HP®® QLWAS R Q VH V

KL = - =RX = =KDQJ ; =KDR - 1RULHJD % =KDQJ &

DQG / 0 OBWWHIQWHG )LODPHQWRXV %DFWHULD 3UHYHQ

, QI HF V& HRO® S

8KOLJ + + DQEHDGBRAWLHFHOOV DQG WKH LQWHVWLQDO |

ORFDOL]HG PXFRVDO LPPXQBOURN&RQYHNDO ,QYHVWLJIDWL

S

7HQJ ) & 1 .OLQJHU .0 )HOL[ & 3 %UDGOH\ ( :X 1/

+ - - XXW PLFURELRWD GULYH DXWRLPPXQH DUWKULWLYV

DQG PLJUDWLRQ RI 3H\HUfV SDWPKQ@LURDOLFSODU KHOSHU

JHH <. -6 OHQH]HV < 8PHVDN2UMPIQE GD.P FOMWHRIQ LD BH (
UHVSRQVHVY WR JXW PLFURELRWD SURPRWH H[SHULPHQW
3URFHHGLQJV RI WKH 1DWLRQDO $6E0SHPNFRH GWLHQFHV

JULNXUD 9 0 .LKDUD 6 <DPDJXFKL 6D OFRQNHWOD DQ
WA\SKLPXULXP IOL* DQG IOL1 PXWDWLRQV FDXVLQJ GHIHF
VZLWFKLQJ Rl WK H RODDD®DO R U YPIRFMRHIU L SO R J\

%URZQ 31 0$ ODWKHZV / $ -RVV&UW\BW B DOOW DXQRBN'X)U H
WKH IODJHOODU URWRU SURWHLQ - RXWLQ DUR R |7 $%6DEF MRMW R RID

S

*LOO 65 0 3RS 57 'H%R\ 3 % (FNEXUJ 3 - 7XUQED
*RUGRQ '$ 5HOPDQ & 0 )UDVHU DHWHDWMQRRQE D Q DIHE YV
RI WKH KXPDQ GLVWINGLHQFRLFUREISRPH



SHIHUHQFHV

*UHLQHU 7 DQGINHFMZENKIHAKH JXW PLFURELRWD RQ RE
KRPHRVWMDHQE®V LQ (QGRFULQRORJ\ OSWDEROLVP

1IDXWD $ - . %HQ $PRU - .QRO - *PHIO/NWHIQMDEBI(SYBQ
DQG SRVWQDWDO QXWULWLRQ WR GHYHORSPHQW DQG LG
PHWDEROLF DQG LAKRX®RHW\VRDHPMRXUQDO RI FOLQLFDO QX
S 6 6

-RQVVRQ + [/ : +XJHUWK - B6XQGK ( FIHQRPH DQG $
VHTXHQFH RI VHJPHQWHG ILODPHQWRXV EDFWHULD SU|
&RPPXQLFDWLRQV ELR®RJ\

'DQJ : DQG 5 $QWHUWVRQO EUXVK ERUGAHDWBHEPBYDRA X
MRXUQDO RI JDVWURHQWHURORJ\

.DSLNL $ & &RVWDORV & 2LNRQRPLGRX $ 7ULDQWDI
SHUWURKHOHRIXHFW RI D IUXFWR ROLJRVDFFKDULGH VXSSOF
RI SUHWHUPDU@\DIQWADQ GHYHORSBHQW

9HHUHPDQ :DXWHUV * 6 6WDHOHQV + 9DQ GH %URHN .
$ OF&DUWQH\ DQBKBLKWVWRIPFDO DQG ELILGRJHQLF HIIH
VXSSOHPHQWYV LQ LRXDQWOIMRUPHO®UHDWULF JDVWURHQWH U

S
%IFNKHG ) - 5RVZDOO < 3HQJ 4 )HQJ + -LD 3 .RYD\
‘LD + :;LH + =KRQJ 07 .KDQ - =KDQJ - /L / :LDR - $O
/JHH ' .RWRZVND & &ROGLQJ 9 7UHPDUROL < <LQ 6 %
.ULVWLDQVHQ - 'DKOQDRQFVQQRG VWQ@ELOL]DWLRQ RI W

PLFURELRPH GXULQJ WKHO QUMW WHDQGRDICAUREH

.RHQLJ -( $ B6SRU 1 6FDOIRQH $ ' )ULFNHU - B6WRI
$QJHQHQW D@EFFHVMLRQ RI PLFURELDO FRQVRUWLD LQ W
PLFUREBRRAHHGLQJV RI WKH 1DWLRQDO $XKSGOMPRIQFLHQ
S
)DQ : * +XR : /L /| <DQRSDPW Rl XUHW LQ VKDSLQJ JXW
UHYHDOHG E\ D FRPSDUDWLYH VWXG\ LQ LRRQ@NOGRIULQJ
OLFURELRORJ\ DQG %LRWHRBKQRORJ\
5RJHU / & $ &RVWDELOH '7 +ROODQGDPLRINHRQDQG
RI IDHFDO %LILGREDFWHULXP SRSXODWLRQV LQ EUHDVW D
PRQWKVORIFORBLRORJ\ S
2 FDOODJKDQ $ DQ®LIO®REMFWNGHIUHDQODQG WKHLU UROH [
KXPDQ JXW PlBEBRBURWY LQ PLFURELRORJ\
3DUUHWW $ 0 & $ (GZDIRBWRPIFGIHUMRNHWIWLRQ FDSDF
GHYHORSPHQW GXULQJ ZHDQLQJ LQ EUHDVW IHG LQIDQWYV
WKDQ IRU7KKJIPRINWULFDQ MRXUQDO RI FOLRLFDO QXWULWLR
6HPRYD , -' &DUWHQ - 6WRPEDXJK / & ODFNH\ 5 .QL
5DZ@OVFURELRWD UHJXODWH LQWHVWLQDO DEVRUSWLRQ D
JHEUDKBW®O KRVW PLFURSH
'UDJR / O 7RVFDQR 9 5RGLJKLHUR &XOMWRMBEKH DQG °
S\URVHTXHQFHG IHFDO PLFURIORUD L QRKH@\V B QR ULMLQQL P
JDVWURHQWHUR®RE\ 6
$JRVWRQL & , $[HOVVRQ 2 *RXOHW % .ROHW]NR .)
5LJR 5 6KDPLU + 6]DMHZBWMELBQYGF ROUWRNDFFKDULGHYV
SURGXFWV IRU LQIDQWY D FRPPHQWDU\ E\ WRXH QaB0+$1 &F
Rl SHGLDWULF JDVWURHQWHUROSRRJ\ DQG QXWULWLRQ



SHIHUHQFHV

'DOO 5 6 * +XVVH\ & $ 5\DQ 0 2 QHLOO * )LW]JHUDOCG
3UHVHQFH Rl WZR /DFWREDFLOOXV DQG %LILGREDFWHULX
LOHXRH ,60( MRXUQDOS

1J 6. DQG , 5 /BPBWIDOWHRPHWDEROLVP E\RML@D®R RH O O D
EDFWHULRORJ\ S

'DQJ < (. ORUWLPHU .* .DWXQGX 1 .DODQJD [/ ( /HF
& 7 &KULVWRSKHUVHQ $ & 5LFKDUG7KH GIOISYDIFLDWR LR ID\W@ IGH
IHFDO PLFURELRWD IURP 0DODZLDQ LQIPUROW MHRIMHIUP H G
PLFURELRORJ\S

9DQ /RR - 3 &RXVVHPHQW / 'H /HHQKHRQ WKH-RHEUH.
SUHVHQFH RI LQXOLQ DQG ROLJRIUXFWRVH SWLYLWXODO L
5HYLHZV LQ )RRG 6FLHQFH 1SWULWLRQ

9LMQ , DQG 6)UFMHNHQWRUH WKDQ D UBOBWOQYWH FDUE
SK\WLRORJ\ S
+RIIPDQ -' /0 <DQFNHOOR * &KOLSDOD 7 & +DPPRC

3DULNK 6 6XQ -0 ORUJDQWL '&HWIHHIQQXXN® D OWHEQV \
PLFURELRPH HQKDQFHV V\VWHPLF PHWDEROLVP DQG UH:H
$32( PRXVH BRABH®QH S H

.OHHVVHQ % / +DUWPRQOQJRDQCFWRWIDDQQE ORQJ FKDL
LQIOXHQFH RQ WKH JXW PLFURELDO HFRORJ\ Rl UDWV DV)\
%ULWLVK -RXUQDO RI 1XSWULWLRQ

OHQVLQN 0$ +: )ULMOLQN . YDQ GHU 9RRNWL@DDUVFK|

D IOH[LEOH ROLJRVDFFKDULGH , S5HYLHZ RI LWV SK\V
&DUERK\GUDWH SRO\YHUYV
2VzZDUL + $' LGRGR ) +DQGD\DQL O -XIIULH 7 6XQC

+HIJDRVDJH 5HODWHG 3UHELRWLF (IIHFWV BHGQRWIUQ A Q )F

JDVWURHQWHURORJ\ KHSDWRORJ\ QXWULWLRQ

*XUDLIOWXUH V ILUVW @RQHFQHAHR QDO IRRG

7DR 1 ( 'H3HWHUV - *HUPDQ 5 9DULIPIPW DROEV &L @ E/RNELL

PLON ROLJRVDFFKDULGHY GXULQJ HDUO\ DQG PLGGOH OL

SHUIRUPDQFH OLTXLG FKURPDWRJURSK®Y F® LS| DV \V 'S FIENK
S

‘DONHU ,Q$8WLDO LQWHVWLQDO FRORQL]DWLRQ LQ WKH

KRPHRVB@YRYY RI IXWULWLRQ D@E DSHWDERDLVP

&KHQ . + &KHQ 00 )DDV % - GH +DDQ - /L 3 :LDR 4

9RV DQGB6SHKIJLF LQXOLQ W\SH IUXFWDQ ILEHUV SURWHFW

E\ PRGXODWLQJ JXW LPPXQLW\ EDUULHU IORIFWLXROD®UDQG |

QXWULWLRQ IRRG UHWHDUFK

9RQGHUYLV]W ) PWOXFWPPHEDIXQFWLRQ DQG DVVHPEO\

SURWHLEIMR XV 3URWHLQV S

5RQGD & 63 &KHQ 9 &DEUDO 6 -0H¥DXXHQRPQE + +

HQJLQHHULQJ RI WKH PDPPDO LW XX\W PHRMKREIRBPH LQ VLW

+X - < 1RPXUD $ %DVKLU + )HUQDQGH] +HUQDQGH] 6
+ /IRXGRQ DQGYHBWMHMG PLFURELRWD RI PHFRQLXP LV L
GLDEHW H3/ R/6VDW X V

‘DONHU 5: - & &OHPHQWH 7KIHWHKWQDWDB 6 JX)W /RIRAURE
$UH ZH FRORQL]JHG ZLWXHEDPWHUEDR ERVAWNUR"
(VFKHUZRK ZQWHVWLQDO EDFWHULD RI WBKIH IQHR/QBWH D Q
LQIHFWLRXV GLVHDYHYV



SHIHUHQFHV

)XQNKRXVHU / - DQX®ORBF . ORRAVGHRAVWHLIOH 8QLYHUVDOLW\
OLFURELDO 7UB/@®RBGP%Y RDRQ\

9DLO % 3 3UHQWLFH ' % 'XQJHU , $ +XJKHDW& / $FH
ZHDQLQJ DQG LQIDQW JURZWK SULPDUIKMHQIRXNVOD ® RE V)
SHGLDWULFV S H

5RZODQG , * *LEVRQ $ +HLQNHQ . 6FRWWXW 6ZDQQ
PLFURELRWD IXQFWLRQV PHWDEROLVP RI(RMRIHBIQWYV DC
MRXUQDO RI QXWULWLRQ

6DYDJH/RFOOL]DWLRQ Rl FHUWDLQ LQGLJHQRXV PLFURRU
UDWRXUQDO Rl %DFWHULRORJ\

&DVHOOL 0 - +ROWRQ 3 %ROIRULSKRORID RWD/ HDPRIBQ*W k
ILODPHQWRXV EDFWHULD DQG WKHLU SDWWHUQV RI FR
HSLWKHOLXP Rl WKH PRXVH WHUPLQDO LOHXP LPSOLFDW
LPPXQH VAXWHRFUREHV S

)XHQWHY 6 0 (JHUW 0 -LPHQH] 9DOHUD 0 ORQWHROLY
+ 6PLESEWWUDLQ RI /DFWREDFLOOXV SODQWDUXP DIIHEWV \
LQ WKH LQWHVWLQH RI DRPX Q@RNXBBURY R HGHFEROHR J\

S

$O03UHS '1$ 51$ 3URWHLQ OLQISYDLODE®ERRNIURP
KWWSV Z7ZZZ TLDJHQ FRP XV SURGXFWV GLVFRYHU\ DQG W

SXULILFDWLRQ PXOWLDQDO\WH DQG YLUXV DOOSUHS GQDL

*RGRQ - - ( =XPVWHLQ 3 'DEHUWROHBE®R LWL URE 5D
GLYHUVLW\ Rl DQ DQDHURELF GLJHVWRU DV GHWHUPLQH
DQDOBBISWOLHG DQG (QYLURQPHQWDO ®LFURELRORJ\
2UJ ( 0 OHKUDELDQ % : 3DUNV 3 6KLSNRYD ; /LX 7 ¢
6H[ GLIIHUHQFHV DQG KRUPRQDO HIIHFWV ROXWKW PLFUR
PLFUREHV S
(OGHUPDQ 0 ) +XJHQKROW] & %HO]JHU 0 %RHNVFKRWH
BDYHONRXO 3 GH 9RW[ DQG YWUDDLWY) GHSHQGHQW GLIIHUF
LPPXQRORJ\ DQG PLFURELRWALRRRIR RILWIH{ QG L QI HRLHFGIFHV
S
'RPLQLDQQL & 5 6LQKD - - *RHGHUW = 3&H[ / <DQJ ¢
ERG\ PDVV LQGH[ DQG GLHWDU\ ILEHU LQWDBI®RBQIOXHQF
RQH S H
%ROQLFN ', /. B6QRZEHUJ 3 ( +LUVFK &/ /DXEHU (
5 .QLJKW - * &DSRUDVR QDQ®LEXOYD GEHW KDV VH[ GHSH(
RQ YHUWHEUDW H1 DXWX B H FRIRRPEPDRQLE BW LR Q V
<XUNRYHWVNL\ / 0 %XUURZV $$ .KDQ / *UDKDP 3 ¢
$QWRQRSRXORV < 8PHVDNL *PQGHY 9 LOKWHUY RIQMWNR LP P X Q
LQIOXHQFHG E\PRXQRELRWDS
7DNDJL 7 < 1DLWR 5 ,QRXH 6 .DVKLZDJL . 8FKL\DPD
2 'RKL 1 <RVKLGD DRIGHUHRFBE®ODLQ JXW PLFURELRWD D\
DJH VH[ DQG VWRRO FRQVLVWHQF\ L@XWBDOWRL -DS
JDVWURHQWHUROFRSJ\
JHQZLFN 1 * *ULIILQ7HH GHO IDDHVRILBQLPDOV XVHG LQ \
WKH 37KUHH 5V° HWKLF JXKB H\W QPSURQHPH\@MWLQDU\ -RXL
S
$IRQVR 3HUHLUD ) / 'RX 6 - 7UHQILHOG & 0 0ODGOD 6
DQG $ : BBVGWIIHUHQFHYV LQ WKH JDVWURLQWHVWLQDO W



SHIHUHQFHV

IRU RUDO GUKKNURISBIDYHWIRXUQDO RI 3BKDUPDFBXWLFDO 6FLH

'DONHU '0 ' .LUVRQ /) 3HBOHAXP®$ SURRUMLQJ RI SR
GHYHORSPHQW RI WKH K\SRWKDORRRYRD RHPDIOSHUR Q &FRO
S
'l[KOHU . DQG &KDXWWNHZLWK DJH LQ OHYHOV RI VHUXI
SURODFWLQ DQG JRQDGDO VWHURLGV (IQG BEHISXEEBRWMD O
S
2MHGD 6 : $QGUHZV - S$5THHHQW @& B$DQ EKVWH) WKH HQG
RI SXEHQGWRFULQH UHYLHZV
.ROHW]NR % 6 %DNHU * &OHJKRUQ 8 ) 1HWR 6 *RSD(
-LUDSLQ\R % /RQQHUGDO 3 3HQFKDU] + 3]\UHPEHO - 5
7XUFN < <DPDVKLUR *DREDO 3RQDQEEDUG IRU WKH FRPSRYV
IRUPXOD 5HFRPPHQGDWLRQV RI DQ (63*+$1 FRRUGLQDWH (
-RXUQDO RI 3HGLDWULF *DVWURHQWHFURORJ\ DQG 1XWULW
%RHKP * Q D@WWUXFRUXRIDO DQG IXQFWLRQDO DVSHFWV RI
QXWUZWHRA®XUQDO Rl QXWUBWLR® 6
JHZWUHOO 0 - %URQVN\ & &DPSR\ 0 'RPHOO|lI 1 (PEO
-0 +XOVW ) ,QGULR ORRBSHHMEQWOBQHHGLQI D SRVLW
WKH (XURSHDQ B6RFLHW\ IRU 3DHGLDWULF *DVWURHQWHU
(63*+$1 &RPPLWWHH RRXURXRWOLRILBGGLDWULF JDVWURH
QXWULWLRQ S
6RRN +H . ' /HH DEXESOBRHWHPWDWLRQ RI LQIDQW IRUP:
LQXOLQ KDV D SUHELRWLF HISWEW 8DQFLRUP XORDX UH)® @& CRALF
QXWULWLRQ S
<DS :. 6 ORKDPHG 0 + -DPDO 0 'LH&GKHDQFMV DQG < $
LQIDQWYV IDHFDO FKDUDFWHULVWLFV DQGFPXBFQRELRWD E
FOLQLFDO ELRFKHPLVWU\ DGG QXWULWLRQ
B8HUOLQJV - 0 6FKUR\VHQ ( :LOOHPV 6 7DQJKH * %UX
(YHUDHIWMUHQWLDO HIITHFWV RI LQXOLQ RU LWV IHUPHQWD\
LPPXQH IXQFWLRQ RI SRUFLQH-REW®E N @ LR D)X G WRKGIIDQ D)
S
%RORWLQ $ 7 'H:RXWHUV 3 B6FKQXSI & %RXFKLHU 9
'"HUY\Q 6 %RXGHEERX]H DOGRPH WHTRWQHKUR &DQGLC
$UWKURPLWXV" VS VWUDLQ 6)% PRXVH 1/ D FRPPHQVDO
SRVWQDWDO PDWXUDWLRQHQIRKW DL@ORRE FKDHEQWRQV
<RXQJ : 1 & 5R\ - /HH % /DZOH\ ' 2WWHU * +HQGHU
%RZHO PLFURELRWD PRGHUDWH KRVW SK\VLRORJLFDO UHV
UDWKH -RXUQDO RI QXWUBWLRQ
*RXUEH\UH 3 1 'HVEXDUGV * *UpP\ 6 /H *DOO 0 &KDP
0 %RGLQ@SERVYXUH WR D JDODFWRROLJRVDFFKDULGHYV LQXO
GHYHORSPHQWDO WLPH SRLQWV GLIIHUHQW-LRXQ@\DRR G X O D
RI DJULFXOWXUDO DQG IRRGSFKHPLVWU\
*RXUEH\UH 3 1 'HVEXDUGV * *UpP\ 2 7UDQTXHW 0 &
DQG 0 % R G L3GIWH.D DW D O DQG SRVWZHDQLQJ H S
JDODFWRROLJRVDFFKDULGHY LQXOLQ SUHELRWLFV LQGXF
PHFKDQLVP LQ D PRXVH PRGHO RI VRWXIURIIIO DROIOBILUILLFX DMQ
DQG IRRG FKHPLVWUS



SHIHUHQFHV

*RXUEH\UH 3 6 'HQHU\3WDRELRW LFR/GLSUHBLRWLEY DQG
LPSDFW RQ WKH JXW LPPXQH V\VRMHFQDQRDOBKNRBREFWH BE
S
&DQDGLDQ &RXQFLO R®LEL MROWKHI K D&H DQG 8VH RI ([¢
$QLPDOV QG HG
7LDQ 6 - :DQJ + <X - &BOQDJIBYAQ EBMDO PLFURELDO F
DQG PLFURELDO PHWDEROLVP E\ DQ HDUO\ OLIH JDODFWR
QHRQDWDO SRIXW QHHRR\GH OS
6LPRQ 00 6 *UHHQDZD\ - . :KLWH + )XEKV 9 *DLOX
BRUJ . :RQJ ( %HGX (- &DUWZULJKW 5 'DFTXLQ 6 'MI
1 - ,QJKDP ,- -DFNVRQ $ /HQJHOLQJ 6 ODQGLOOR -
BUHLWQHU 2 3XN 0 5RX[ '- $GDPV 6 $WNLQV $ $\DGI
%URRNHU + &DWHU 0 ) &KDPS\ 5 &RPEH 3 'DQHFHN $
*HUGLQ ( *ROLQL -0 +DQFREFN : +DQV 6 0 +|OWHU 7
.HDQH + ORUJDQ : 0¢OOHU ) 1HIlI * 1LFKROVRQ % 3D
5R]JPDQ 0 6DQGHUVRQ / 6DQWRV 0 6HOORXP & 6KDQ
7RFFKLQL 9DOHQWLQL 9 ( 9DQFROOLH + :HVWHUEHUJ :
5DPLUH] 6ROLV .3 6WHHO $ 0 ODOORQ 0 + GH $QJHOL
%URBQFRPSDUDWLYH SKHQRW\SLF DQG JHQRPLF DQDO\VLV
PRXVH VWHPRPN %LRORJ\ S 5
%U\GD 7K® OLJKW\ ORXVH WKH LPSDFW Rl URGHQWV RQ
UHVHDWFKRXUL PHGLFLQI$
+HURVLPF]\N $ $ /HSF]\ VNL 0 2*JR 0 %DUV]F] 0 0DU
0O 7DFLDN $ ODUNXOHQURWERPHBNKPIIHY LQ LOHDO PXFI
SLJV UHVXOWLQJ IURP GLITHUHQW OH Y-RROV ®RD @ RW $ ® HPAKQ.F
DQG )HHG 6FLHQFHS
6DPEDPRRUWK\ * DO®QGHUYBMIDQGLQJ WKH HYROXWLRQ
UHGXQGDQF\ LQ PHWILRR QLR UPHDWAREYEVL L
2SSPDQQ % 5 /HVOH\ % %ORP - & 7LPDQV < ;X % +
'DQJ DQG . IRYQIX S SURWHLQ HQJDJHV ,/ S WR IRUP
ZLWK ELRORJLFDO DFWLYLWLHV VLPREOQLWY ZHOO DV GLV)
S
.RSS 7 3 /HQ] & %HOOR )HUQDQGH] 5% .DNWHOHLQ 7
SURGXFWLRQ E\ FRVHFUHWLRQ Rl HQGRJHQRXV S DQG
WUDQVJHQLF PLFH HYLGHQFH IRU HTXHDGQRHNGQEXWROQHR
,PPXQRORJ\ S
$JJDUZDO 6 1 *KLODUGL 0 + :LH ) -,@WHIDXYONHQ DQ
SURPRWHVY D GLVWLQFW &' 7 FHOO DFWLYDWLRQ VWDW|
LQWHUOHRNUQDO RI %LRORJLFDO &8HPLVWU\
OF.HQJLH % 6 5 $ .DVWHEQBHQVWQP®GELEQEXDKH ,/ +,/ LF
SDWKZDHQGY LQ LPPXQRORSJ\
6DQR 7 : +XDQJ -$ +DOO < <DQJ $ &KHQ 6 - *DY]\ -
OLUDOGL DQG $ $Q'RPLGBJRV FLUFXLW UHJXODWHV HSLW
DP\ORLG $ WR SURPRWH ORFDEBHEBOHFWRWB 7K UHVSRQVHV
*KRUHVFKL . $ /DXUHQFH : 3 <DQJ & 0 7DWR 0 - OF*}
5DPRV / :HL 7 6 'DYLGVRQ *PQBUDWLRQORIGERBEWKRJIHQLF
FHOOV LQ WKH DEVHQFHDRUXUH VLIQIBOOLQJ
%HOODP\ * 5 +LQFKOLIIH . &UDZRNDD $QE GQIIBIQEQW
OHXFRF\WH FRXQWV LQ LQIDQWYV BWLQLFDQG /DPRQDWKR |
+DHPDWRORJ\ S



SHIHUHQFHV

JHH % : + . <DS )7 &KHZ 7 & 4XDK . 3UDEKDNDUDQ

DQG & & $GHDKQG VH[ UHODWHG FKDQJHV LQ O\PSKRF\WH V
$VLDQ VXEMHFWYV )URP&EWR®KWWR IDXEXOWRKRRGO RI WKH |,
6RFLHW\ IRU $QDO\WLFDO & \WRORJ\

&DVLPLU * - ) +HOGHQEHUJK / +DQVVHQV 6 O0XOLHU
'pVLU ) &RUD]]D DQGQGHFIGAWHDKQFHY DQG LQIODPPDW
PRGHO RI EORRG FHOOV VWLPXODRXBQDIOQ RS UHXN XODHWP DM

S



$SSHQGLFHYV

$SSHQGL] ,

JLIXUHS$EXQGDQFH RI 6)% LQ WKH ZKROH LOHDO WLVVXH D E
H I RI FRQYHQWLRQDOO\ UHDUHG 6SUDJXH 'DZOH\ UDW SXS\
SUR[LPDO PLGGOH DQG GLVWDO LOHXP 'DWD DUH XQWUDQVIF
RI Q SXSV GD\V SRVWQDWDOO\ DQG Q SXSV GD\V SF

WKH VWDQGDUG HUURU PHDQ 6(0 9DOXHV ZLWKRXW FRPPRQ



$SSHQGLFHYV

JLIXUH7KH DEXQGDQFH RI 6)% LQ WKH LOHDO FRQWHQW D E F
IURP FRQYHQWLRQDOO\ UHDUHG 6SUDJXH 'DZOH\ UDW SXSV

SUR[LPDO PLGGOH DQG GLVWDO LOHXP 'DWD DUH XQWUDQVIF
RIQ SXSV GD\V SRVWQDWDOO\ DQG Q SXSV GD\V SF

WKH VWDQGDUG HUURU PHDQ 6(0 9DOXHV ZLWKRXW FRPPRQ



$SSHQGLFHYV

JLIXUH &RPSDULVRQ RI WKH DEXQGDQFH RI 6)% LQ WKH SUR]
EHWZHHQ IHPDOH DQG PDOH 6SUDJXH 'DZOH\ UDW SXSV 7KH
'DWD DUH XQWUDQVIRUPHG DQG DUH VKRZQ DV WKH PHDQ YD

Q 9DOXHV ZLWKRXW FRPPRQ OHWWHUV GLIIHU VLIJQLILFDQ



$SSHQGLFHYV

J)LJIXUH &RQFHQWUDWLRQ RI ,J$ LQ IDHFHV Rl FRQYHQWLRQI
6SUDJXH 'DZOH\ UDW SXSV 7KH UDW SXSV ZHUH ZHDQHG RQ G
DUH VKRZQ DV WKH PHDQ YDOXHV RI Q SXSV GD\V DQG
UHSUHVHQW WKH VWDQGDUG HUURU PHDQ 6(0 9DOXHV ZLWK!

S



$SSHQGLFHYV

JLIXUH &RQFHQWUDWLRQ RI ,/ LQ SODVPD Rl FRQYHQWLRQI
6SUDJXH 'DZOH\ UDW SXSV 7KH UDW SXSV ZHUH ZHDQHG RQ G|
DUH VKRZQ DV WKH PHDQ YDOXHV RI Q SXSV GD\V DQG
UHSUHVHQW WKH VWDQGDUG HUURU PHDQ 6(0 9DOXHV ZLWKI

S



$SSHQGLFHYV

$SSHQGL][ ,,

JLIXUH $EXQGDQFH RI 6)% IURP ZKROH LOHXP WLVVXH RI FRQ

'DZOH\ UDW SXSV IHG DQG LQXOLQ GLHWYV 6DPSOHV
LOHXP 'DWD DUH VKRZQ DV PHDQ YDOXHV RI Q SXSV GIL
Q SXSV GD\V 7KH EDUV UHSUHVHQW WKH VWL

7TKHUH ZHUH QR GLIIHUHQFHV LQ 6)% DEXQGDQFH EHWZHHQ W

+ S



$SSHQGLFHYV

J)LIXUH $EXQGDQFH RI 6)% IURP ZKROH LOHXP WLVVXH RI FRQ
IHPDOH 6SUDJXH 'DZOH\ UDW SXSV IHG DQG LQ X<
FROOHFWHG IURP WKH GLVWDO LOHXP 'DWD DUH SORWWHG R
PHDQ YDOXHV RI Q SXSV GD\W Q  SXSV GD\V

GD\V 7KH EDUV UHSUHVHQW WKH VWDQGDUG HUURU PHEL

LQ 6)% DEXQGDQFH EHWZHHQ PDOHYV DQG IHPDOHV IHG GLIIHLU

S



$SSHQGLFHYV

JLIXUH $SEXQGDQFH RI 6)% IURP LOHXP FRQWHQWYV RI FRQYHQW
UDW SXSV 6DPSOHV ZHUH FROOHFWHG IURP WKH GLVWDO LOH >
SXSV GD\V Q SXSV GD\V Q SXSV (
UHSUHVHQW WKH VWDQGDUG HUURU PHDQ 6(0 7KHUH ZHUH

EHWZHHQ WKH LQXOLQ GRVHV + S



$SSHQGLFHYV

J)LIXUH $EXQGDQFH RI 6)% IURP LOHXP FRQWHQWYV RI FRQYHQW
6SUDJXH 'DZOH\ UDW SXSV 6DPSOHV ZHUH FROOHFWHG IURP \
PHDQ YDOXHV RI Q SXSV GD\W Q  SXSV GD\V

GD\V 7KH EDUV UHSUHVHQW WKH VWDQGDUG HUURU PHEL
LQ 6)% DEXQGDQFH EHWZHHQ PDOHV DQG IHPDOHV IHG GLIIHL

S



$SSHQGLFHYV

JLIXUH $EXQGDQFH RI 6)% IURP IDHFHV Rl FRQYHQWLRQDOO\
SXSV 6DPSOHV ZHUH FROOHFWHG IURP WKH GLVWDO FRORQ

SXSV GD\V Q SXSV GD\WV Q SXSV (
UHSUHVHQW WKH VWDQGDUG HUURU PHDQ 6(0 7KHUH ZHUH

EHWZHHQ WKH LQXOLQ GRVHV + S



$SSHQGLFHYV

JLIXUH $EXQGDQFH RI 6)% IURP IDHFHV RI FRQYHQWLRQDOO
6SUDJXH 'DZOH\ UDW SXSV 6DPSOHV ZHUH FROOHEWHG IURP \
PHDQ YDOXHV RI Q SXSV GD\W Q SXSV GD\V

GD\V 7KH EDUV UHSUHVHQW WKH VWDQGDUG HUURU PHEL
LQ 6)% DEXQGDQFH EHWZHHQ PDOHV DQG IHPDOHV IHG GLIIHL

S



$SSHQGLFHYV

JLIXUH &RQFHQWUDWLRQ RI ,J$ LQ IDHFHV RI FRQYHQWLRQD(

SXSV 7KH OLPLW RI GHWHFWLRQ IRU IDHFDO ,J$ ZDV QJ P/
RI Q SXSV LQXOLQ GD\W Q SXSV LQXOLQ GD\V
LQXOLQ GD\V 7KH EDUV UHSUHVHQW WKH VWDQGDUG HL

RI ,J$ LQ WKH GD\ ROG UDWV IHG LQXOLQ GLHW zZDV VLJQL

GD\ ROG UDWV IHG DQG LQXOLQ GLHWV +



$SSHQGLFHYV

J)LJIXUH &RQFHQWUDWLRQ RI ,J$ LQ IDHFHV Rl FRQYHQWLRQI
6SUDJXH 'DZOH\ UDW SXSV 7KH OLPLW RI GHWHFWLRQ IRU ID
VKRZQ DV WKH PHDQ YDOXHV RI Q SXSV LQXOLQ GD\V

Q SXSV LQXOLQ GD\V 7KH EDUV UHSUHVHQW
6(0 7KHUH ZHUH QR GLIIHUHQFHV LQ ,J$ FRQFHQWUDWLRQ EH

LQRXOLQ GRVHV DW DQG GD\V S



$SSHQGLFHYV

J)LJIXUH &RQFHQWUDWLRQ RI ,/ LQ SODVPD RI FRQYHQWLRQD:
SXSV 7KH OLPLW RI GHWHFWLRQ IRU SODVPD ,/ ZDV QJ
YDOXHV RI Q SXSV LQXOLQ GD\V Q SXSV LQXOLQ

LQXOLQ GD\V 7KH EDUV UHSUHVHQW WKH VWDQG
FRQFHQWUDWLRQV RI ,/ LQ WKH DQG GD\ ROG UDWV IHG
ORZHU FRPSDUHG WR WKRVH RI WKH GD\ ROG UDWV RQ Wt

+ S



$SSHQGLFHYV

J)LJIXUH &RQFHQWUDWLRQ RI ,/ LQ SODVPD RI FRQYHQWLRQ
6SUDJXH 'DZOH\ UDW SXSV 7KH OLPLW RI GHWHFWLRQ IRU SO
VKRZQ DV WKH PHDQ YDOXHV RI Q SXSV LQXOLQ GD\V (
Q SXSV LQXOLQ GD\V 7KH EDUV UHSUHVHQW
6(0 7KHUH ZHUH QR GLIIHUHQFHV LQ ,/ FRQFHQWUDWLRQ

GLIIHUHQW LQXOLQ GRVHV DW DQG GD\V S
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$SSHQGLFHYV

$QLPDO (WKLFV $SSOLFDWLRQ 1R

$( $SSOLFDWLRQ

"HWHUPLQDWLRQ RI WKH DEXQGDQFH RI VHIPHQWHG
IDHFDO VDPSOHV RI

a 6WDWXV &/26("

PLFH SUH DQG SRVW ZHD

$SSOLFDQW 08, (5(

ILODPI
QLQJ

*URXSLQHXHVWLRQ $QVZHU
$662&,$7(' 'REXPHQWV
sionouironieo_ s |ZAaS 5L Tonron VORSIATE ELR S oS S i e oo
S(EWDWY 2 522(37C| YWD 0 boo IDHFDO YDPSOHV RI PLAH SUH DQG SRVW qHoOLQY o e 1HoPPH
Sonsnns s sus i3 5L Tnroo VORRIATE SR e bSO ST e oo
Sonseunn o sun DS 5L e VORI SR e s SE SEAT i e oo

$'0,1,675%7,9( '"HWDLOV

7LWOH

'HWHUPLQDWLRQ RI WKH DEXQGDQFH RI VHIPHQWHG IL
PLFH SUH DQG SRVW ZHDQLQJ

DDPHQWRXV EDFWHULD L

$SSOLFDQW

(YD ODLHU

,QVWLWXWLRQ

$J5HVHDUFK /LPLWHG

%XVLQHVV $GGUHVV

$J5HVHDUFK *UDVVODQGY 7THQQHQW 'ULYH 3DOPHUVWR

R 1RUWK

3KRQH

ORELOH SKRQH

(PDLO

HYD PDLHU#DJUHVHDUFK FR Q]

&RQWDFW GHWDLOV

1DPH Rl SHUVRQ UHVSR
DQLPDOV 0867 EH QDPH
WKH SHUVRQQHO SDJH

DVLEOH IRU WKH
q YRQOMQ B WLJIQ

3KRQH

ORELOH SKRQH

(PDLO

HYD PDLHU#DJUHVHDUFK FR Q]

3HUVRQ UHVSRQVLEOH I
'UXJ DQG DQLPDO PDQL
LQWR $QLPDO 7RROV GO
$J5HVHDUFK UHTXLUHP
EH QDPHG RQ DQG VLJIQ
SDJH ,1 QR $J5 IDFLOL
XVHG SOHDVH HQWHU 1§

RU HQWU\ RI 7ULDO
XODWLRQ GDWD
WDEDVH

PRI

LHV DUH EHLQJ
W $SSOLFDEOH

3URJUDP ODQDJHU 0867
DQG VLJQ WKH SHUVRQ(

EgFgg\ﬂ_'HésRB%DFKHO $QGHUVRQ

%LRPHWULFLDQ 0867 EK QDPHG RQ DQG

VLIQ WKH SHUVRQQHO §
>SDSHU@ FRS\ LI QR FR

L&k B TR e v w

)DFLOLW\ 0DQDJHU 086
DQG VLJQ WKH SHUVRQ(
>SDSHU@ FRS\ LI QR FR

EH QDPHG RQ

amﬁ%gbpw\iﬁéﬁ %URDGKXUVW

,V WKLV D QHZ H[SHULP

H QNW'

BURMHFW 'DWHV a 3/($6
LQ WKH IRUP UHTXHVWH
HQVXUH WKDW WKH VWD
RFFXUV DIWHU WKH QH[
FRPPLWWHH

HQWHU DOO GDWHYV

G >GG PP \\@ $1°'

UW GDWH \RX HQWHU
PHHWLQJ RI \RXU

6WDUW 'DWH GG PP \\

JLQLVK 'DWH GG PP \\




$SSHQGLFHYV

$UH WKHUH )22' 6$)(7< |
XQGHU WKH $QLPDO 3UR
5HJXODWRU\ DSSURYDO
WKLV SURMHFW" ,I \RX [
/DERUDWRU\ 5RGHQWYV [

VVXHV

GXFWV $FW RU
ORVRFLDWHG ZLWK
UH XVLQJ

QG RU RWKHU

VSHFLHV WKDW DUH QH
FRQVXPSWLRQ RU SHW |
DQLPDOV LQ WKH SURMH
HQWHU WKH IRRG FKDLQ
ZRUG 12 DQG WKHQ SUR
TXHVWLRQ +RZHYHU LI
DQLPDOV PXVW EH H[FO
WKH IRRG FKDLQ EHFDX
ZLOO EH JLYHQ RU EHFQ
$SSURYDO UHTXLUHPHQ
<(6 DQG WKHQ H[SODLQ

HU XVHG IRU KXPDQ
RRG RU LI WKH
FW ZLOO EH VDIH WR
SOHDVH W\SH WKH
FHHG WR WKH QH[W
VRPH RU DOO RI WKH
GHG IURP HQWHULQJ
H RI GUXJV WKH\
XVH RI 5HIJXODWRU\
V SOHDVH W\SH
ZK\ $QLPDOV

WKDW PD\ QRW HQWHU WKH IRRG FKDLQ PXVW

EH 3,1. 7$**("

0—RUL &RQVXOWDWLRQ

I WKHUH LV DQ\

XQFHUWDLQW\ LW LV WKH DSSOLFDQWTV

UHVSRQVLELOLW\ WR DY
UHSUHVHQWDWLYHV IRUY

SURDFK ORFDO 0—RUL
FODULILFDWLRQ

'R DQ\ DVSHFWV RI WKL

1 URMHFW UHTXLUH

FRQVXOWDWLRQ ZLWK O—=RUL"

$UH \RX UHTXHVWLQJ 85

*(17

FRQVLGHUDWLRQ" 30HDNVH RQO\ WLFN <(6 LI

WKH $(& QHHGV WR FRQ
$SSOLFDWLRQ EHIRUH
PHHWLQJ

1BHU WKLV
KH QH[W VFKHGXOHG

'DWDEDVH $GPLQLVWUD

LRQ

JURP WKH '"URSGRZQ $JpPHVHDUFK

XVHUV SOHDVH LQGLFD
6HFWLRQ 3DUHQWHG X
(;7(51%/ 86(5

ToY&BRBEH BB svrenruy

$(& -85,6',&7,21

:KLFK FRPPLWWHH DUH
8VH "URSGRZQ ER][

RERRRSB R WR”

6RPH DVSHFWV RI WKLV
XQGHUWDNHQ XQGHU W
WKH $J5HVHDUFK $(& D
"URSGRZQ ER]J

ZRUN ZLOO DOVR EH

Eé’\éﬁlg('UVDGLFWLRQ R1

$UH VWDII DQLPDOV R
RUJDQLVDWLRQ V LQYR

IDFLOLWLHYV RI RWKHU

OIMRHG LQ WKLV SURMHFW"

'RHV WKH (WKLFV FRPPU
LQVWLWXWLRQ V KDYH
DSSOLFDWLRQ"

WWHH RI WKDW
DLRRS\ RI WKLV

+DV WKLV DSSOLFDWLR
ODUJHO\ VLPLODU DSSO
VXEPLWWHG WR DQRWK
&RPPLWWHH RQ D SUHY

D VLPLODU RU
LFDWLRQ EHHQ
HUR(WKLFV
RXV RFFDVLRQ"

5(*8/$725< $33529%/

$Q\ UHJXODWRU\ DSSUR
REWDLQHG EHIRUH VXEH
WKDW DOO QHFHVVDU\ O
JUDQWHG PXVW EH DW

YDO PXVW EH

LVVLRQ DQG SURRI
SSURYDO V KDYH EHHQ
DFKHG

$UH DSSURYDOV UHTXLY
ERG\ LHV " 30HDVH DQV
12

HG IURP DQ RXWVLGH
FHR HLWKHU <(6 RU

,] DQ\ DVSHFWV RI WKLV
DSSURYDO IURP D UHJX
SOHDVH VHOHFW IURP O

SURSRVDO UHTXLUH
DDWRU\ ERG\ V
LVW EHORZ

/$< 68008%5<

&RQILGHQWLDOLW\

,V LQIRUPDWLRQ LQ WK
FRPPHUFLDOO\ VHQVLW

\4$VSSOLFDWLRQ

352-(&7 6800%5< a 30HD
ODQJXDJH WKDW OD\ SH

H XVH

7KH DQVZHUV RQ HDFK




$SSHQGLFHYV

OLQH PXVW FRQWDLQ IH
FKDUDFWHUV LQFOXGL
LV QRW FKHFNHG XQWL(
WKH OLPLW LV H[FHHGH
UHMHFWHG (QWHU \RXU
VPDOO LQSXWV DQG VD
DQVZHU EHFRPHV WRR (
SURPSWHG WR LQVHUW
\RXU FXUUHQW LQSXW

ZHU WKDQ

DJ VSDFHV 7KH VLIH

\RX VDYH DQG ZKHQ

G WKH FXUUHQW LQSXW LV
LQIRUPDWLRQ LQ

H UHJXODUO\ ,I \RXU
DUJH \RX ZLOO EH

pQ H[WUD OLQH WR VDYH

2EMHFWLYHYV

7KH REMHFWLYH RI WKLV VWXG\ LV WR GHWHUPLQH WK
6)% LQ LOHDO DQG IDHFDO VDPSOHV RI PLFH IURP
XQWLO ZHHNV SRVW ZHDQLQJ 7KLV ZLOO HQDEOH XV
FROOHFW 6)% IURP ZHDQOLQJ PLFH IRU IXWXUH LQ YL
LQIOXHQFH WKH PDWXUDWLRQ RI WKH LQWHVWLQDO ED

H DEXQGDQFH RI VHIPHQ\
LOO GD\V DIWHU ELUW
WR GHWHUPLQH WKH EH'
UR FR FXOWXUH H[SHULP
UULHU

. QWURGXFWLRQ

2XU LQWHVWLQDO EDUULHU LV LQVWUXPHQWDO LQ GHH
ZKLFK WR UHIXVH DGPLVVLRQ "\WWIXQFWLRQ RI WKLV EQ
OLQNHG WR LQIODPPDWRU\ DQG DXWRLPPXQH GLVHDVH
ERG\ 7KHUHIRUH LW LV HVVHQWLDO WKDW ZH XQUDYH
GXULQJ LQIDQF\ DV D VWHS WRZDUGV UHGXFLQJ WKH R

6HIPHQWHG ILODPHQWRXV EDFWHULD 6)% REOLJDWH
WKDW ILUPO\ DWWDFK WR LQWHVWLQDO HSLWKHOLDO H
WKH LOQWHVWLQDO EDUULHU GXULQJ LQIDQF\ +RZHYHU
XQNQRZQ PRVWO\ EHFDXVH XQWLO UHFHQWO\ WKH FX

1RZ PHWKRGV KDYH EHHQ GHYHORSHG WKDW DOORZ WH
PLFH > @ +RZHYHU WKLV PHWKRG UHVXOWV LQ WKH L
FXOWXUHG XQGHU PLFURDHURSKLOLF FRQGLWLRQV OR
ERWK WKH REOLJDWH DQDHURELF 6)% DQG WKH R[\JHQ
IXWXUH UHVHDUFK ZH ZLOO XVH WKH QRYHO DSLFDO D
> @ ZKLFK VHSDUDWHY DHURELF DQG DQDHURELF FRP
UHTXLULQJ PRXVH LQWHVWLQDO HSLWKHOLDO FHOOV

,Q PLFH 6)% FRORQLVH DW ZHDQLQJ DQG GLVDSSHDU R
SDWWHUQ RI 6)% FDQ YDU\ EHWZHHQ PLFH EUHHGV DQQ
ZKHWKHU WKH PLFH FRORQLHYV EUHG DW WKH $J5HVHDU
E\ 6)% DQG WKH WLPH SRLQW ZKHQ 6)% LV PRVW DEXQQ
UHTXLUHG WR GHWHUPLQH WKH PRVW DSSURSULDWH W
PLFURELRWD IRU IXWXUH LQ YLWUR H[SHULPHQWYV

LGLQJ ZKLFK FRPSRQHQW
UULHU FRPPRQO\ UHIHU!
V. QRW RQO\ LQ WKH LQW
O KRZ KHDOWK\ LQWHVWI
FFXUUHQFH RI WKHVH LO

DQDHURELF R[\JHQ LQW!|
HOOV KDYH EHHQ VKRZQ
WKH PHFKDQLVP E\ ZKLF
ODWXUH RI 6)% LQ WKH OD

H LVRODWLRQ RI 6)% IUR
RODWLRQ RI 6)% DWWDF
Z R[\JHQ FRQFHQWUDWLF
UHTXLULQJ PRXVH LQWH)
DDHURELF FR FXOWXUH F
DUWPHQWY WR FR FXOW
R VWXG\ WKHLU LQWHUD

RFH PDWXUDWLRQ LV FRF
IDFLOLWLHY WKHUHIRU
FK 6PDOO $QLPDO &RORC
DQW LQ PLFH DIWHU ZHD
LPH SRLQW IRU WKH LVRC

$GGLWLRQDO ,QWURGXH

5HIHUHQFHYV

(ULFVVRQ $& 7XUQHU * ORQWR\D / :ROIH $ OHHNHU
WURQNOLQ &/ ,VRODWLRQ RI VHIJPHQWHG ILODPHQ
PLFURELRWD %LR7HFKQLTXHV

80O0XZLVKHZD *)DHW COOOL EM MW H U LQPDRUD KVEDL W DLQDH U
LQWHVWLQDO HSLWKHOLDO EDUULHU &HOO OLFURELR

p +VX & ODJJLR 3ULFH /

RXV EDFWHULD IURP FR

RELF PRGHO RI WKH
o]

OHWKRGV a ,I \RX KDYH

SUHVHQW SOHDVH DSSH

$SSOLFDWLRQ DV D 3')

7KH PRXVH VWUDLQ XVHG IRU WKLV H[SHULPHQW ZLOO
VHYHUDO PRXVH VWUDLQV RI WKH $J5HVHDUFK 6PDOO
6)%

ZHDQOLQJ PDOH DQG IHPDOH PLFH Rl WKH FKRVHQ V
6PDOO $QLPDO &RORQ\ 5XDNXUD 7KH PLFH ZLOO EH
URGHQW WUDQVSRUW FRQWDLQHUV DQG IROORZLQJ ,$7
EH XVHG LQ RUGHU WR DVVLVW ZLWK WUDFNLQJ WKH V
WKURXJKRXW WKH WULS

$ WLPH FRXUVH VWXG\ ZLOO EH SHUIRUPHG WR GHWHU
IDHFHV VDPSOHV 7KH WLPH SRLQWYV ZLOO EH

SRLQW LOHDO VFUDSH DQG IDHFHV VDPSOHV RI PLFH
SUH ZHDQLQJ WKH VDPSOLQJ ZLOO EH SHUIRUPHG DW

Ié LOO EH ZHDQHG DW GD\V DIWHU ELUWK 7
! %%SXDNXUD WR DYRLG WKH PLFH EHLQJ V
H™PLFH WKHQ EH EURXJKW LQWR $J5HVHDUFK *

J)DFLOLW\ 7KH PLFH ZLOO EH PDLQWDLQHG XQGHU 3&
FRQVWDQW WHPSHUDWXUH RI GHJUHHV &HOVLXV ZL
OLELWXP DFFHVV WR QRUPDO URGHQW GLHW ‘'ULQNLQJ
UHTXLUHG

BURFHGXUH IRU IDHFDO VDPSOHYV
7KH EDFWHULDO '1$ ZLOO EH H[WUDFWHG IURP WKH IDH
IDHFDO VDPSOHV ZLOO EH GHWHUPLQHG E\ UHDO WLPH

BURFHGXUH IRU LOHDO VFUDSH VDPSOHYV

JROORZLQJ HXWKDQDVLD WKH WHUPLQDO LOHXP ZLOO
OHQJWK ZLVH DQG WKH LQVLGH RI WKH LOHXP ZLOO EH
WR H[WUDFW EDFWHULDO '1$ DQG WKH DEXQGDQFH RI

GHWHUPLQHG E\ UHDO WLPH 3&5

EH GHWHUPLQHG EDVHG |
QLPDO &RORQ\ 5XDNXUL

UDLQ ZLOO EH REWDLQH
UDQVSRUWHG IURP 5XDN
$ JXLGHOLQHV $ 1HZ =HI
LSPHQW DQG HQVXULQJ

PLQH WKH DEXQGDQFH RI

DQG GD\V DIWHU E|
LLOO EH FROOHFWHG 6L«
KH $J5HVHDUFK 6PDOO $
H VHFRQG WLPH SRLQW
UHVVHG E\ ERWK ZHDQLQ
PDVVODQGYV 80\DWW 5HLC
FRQWDLQPHQW DQG FRQY
K D K OLJKW GDUN F\FO
ZDWHU ZLOO EH SURYLG

FDO VDPSOHY DQG WKH I
3&5

EH UHPRYHG IOXVKHG ZlI
FDUHIXOO\ VFUDSHG 7K
)% DWWDFKHG WR WKH L




$SSHQGLFHYV

3URFHGXUH IRU ELRPDUNHUV

,Q DGGLWLRQ WR WKH GHWHUPLQDWLRQ RI 6)% DEXQGI
LPPXQRJOREXOLQ $ ,J$ LQ WKH GLJHVWD DQG WKH FR
EORRG ZLOO EH GHWHUPLQHG E\ (/,6% DV SDUDPHWHUV

QFH RYHU WLPH WKH FR
QFHQWUDWLRQ RI LQWHU
WKDW FRUUHODWH ZLWK

'"HVLJQ a ,I \RX KDYH D
GLDJUDP WR SUHVHQW

WKH $SSOLFDWLRQ DV 0 E

2Q0\ XQWUHDWHG KHDOWK\ PLFH ZLOO EH XVHG IRU WH
CREEHV Y WR,QRUPDO URGHQW GLHW 'ULQNLQJ ZDWHU Z
S%@%%Hv'%%%'é%eob\% YoHFpo vbPsoHV zLOO EH WDNHQ
o0 EH VDPSOHG SHU WLPH SRLQW

LV H[SHULPHQW $00 PLF
LOO EH SURYLGHG DG OL|

DQG  GD\V I

7LPHWDEOH RI HYHQWYV
7DEOH RU FRPSOLFDWH

SUHVHQW SOHDVH DSSHQG LW WR WKH

$SSOLFDWLRQ DV D 3')

5XDNXUD 'D\ GD\V DIWHU ELUWK SUH ZHDQLQJ &
PLFH

5XDNXUD 'D\ :HDQLQJ GD\V DIWHU ELUWK
5XDNXUD 'D\ SRVW ZHDQLQJ GD\V DIWHU ELUWK
PLFH

%HWZHHQ GD\ DQG OLFH ZLOO EH WUDQVSRUWHG |
a 5 XDIRXUKD WHRDWKH $J5HVHDUFK *UDVVODQGYV 6PDOO $(
5 GLDJUDP WR

*UDVVODQGV 'D\ GD\V DIWHU ELUWK &ROOHFWLQ
*UDVVODQGV 'D\ GD\V DIWHU ELUWK &ROOHFWLQ
*UDVVODQGV 'D\ GD\V DIWHU ELUWK &ROOHFWLQ|
*UDVVODQGV 'D\ GD\V DIWHU ELUWK &ROOHFWLQ

ROOHFWLQJ IDHFDO VDPS

RROOHFWLQJ IDHFDO VDP

RP WKH $J5HVHDUFK 6PD
LPDO )DFLOLW\

J IDHFDO VDPSOHV DQG
J IDHFDO VDPSOHV DQG
J IDHFDO VDPSOHV DQG

J IDHFDO VDPSOHV DQG

(ISHFWHG RXWFRPHV

7KLV PRXVH H[SHULPHQW ZLOO DOORZ XV WR GHWHUPL
E\ 6)% DQG LI VR DW ZKDW WLPH SRLQW DIWHU ZHDQLQ
LQIRUPDWLRQ ZH ZLOO GHWHUPLQH WKH WLPH UDQJH |
FXOWXULQJ LQ RXU IXWXUH H[SHULPHQWYV

QH ZKHWKHU WKH FKRVH(
J 6)% FRORQLVH WKH PLF
Q ZKLFK WR VDPSOH PLFI

&RQWLQJHQF\ 30DQV

$V RQO\ KHDOWK\ PLFH IHG D VWDQGDUG GLHW ZLOO E
SUREOHPV DULVLQJ GXULQJ WKLV H[SHULPHQW

H XVHG ZH GR QRW DQWL

6<1236,6 a IRU HYDOXD
(WKLFDO &RVW %HQHIL

WKH *UDGLQJ V\VWH
7KH JUDGHV QRZ EHFRP
( ,1 \RX KDYH DQ\ GRXE
0$) JXLGHOLQHV OLQN L

LRQ RI WKH

1RWH WKDW IURP
P KDV FKDQJHG

H$ % & 'DQG

V FKHFN WKH

%ULHIO\ VXPPDULVH WK
JURXSV RI DQLPDOV QX
SHU JURXS PDQLSXOD

*UDGLQJ WR EH GRQH R
JURXS GUXJV FKHPLFD(
DGPLQLVWHUHG WR HDF
PDLQ EHQHILW H[SHFWH

HG KHDOWK\ PLFH ZLOO EH XVHG

Y GD\V DW WLPH SRLQWV

Q WKH +(/3 )LOH
IRU W
N RYHU

H
L
lQQ. D FLQQOH\f)q:'ID(SOHV DQG LOHDO VFUDSH ZLOO EH

S

EDUULHU

W IURP WKLV ZRUN 7KLV VWXG\ ZLOO
P DFRPSOH[ PRXVH PLFURELRWD 7K
XUH H[SHULPHQWYV LQYHVWLJDWLQJ KR

KLV H[SHULPHQW )URP W
DQG GD\V DIWF
DNHQ IURP PLFH

DOORZ XV WR GHWHUPLQ
V ZLOO HQDEOH XV WR L\
P 6)% LQIOXHQFH WKH PD

352-(&7 7<3(

7KLV DSSOLFDWLRQ LV
"URSGRZQ ER]J

P18¥DssoLFbwLRQ

,| WKLV LV D UHQHZDO H
DSSURYDO PLQLPDO FK
DSSURYHG SURSRVDO §
IROORZLQJ RWKHUZLV
D IXOO DSSOLFDWLRQ

I D SUHYLRXV

OHDVH FRPSOHWH WKH
i \RX PXVW FRPSOHWH

6&,(1&( -XVWLILFDWLRQ

,PPHGLDWH *RDO RI WK

7KH JRDO RI WKLV VWXG\ LV WR GHWHUPLQH WKH DEXQ
VY URPR M WFIVD O GD\V DIWHU ELUWK VKRUWO\ EHIRUH Z

GDQFH RI 6)% LQ LOHDO
HDQLQJ XQWLO ZHHNV S

3XUSRVH RI \RXU H[SHU
SURJUDPPH

7KH SXUSRVH LV WR EH DEOH WR GHWHUPLQH ZKHWKHU
| BBQRVDM®D &RORQ\ 5XDNXUD QDWXUDOO\ KDUERXU 6)%
VDPSOHV IURP VHYHUDO PRXVH VWUDLQV WKH PRVW DY
LQ RUGHU WR GHWHUPLQH WKH DEXQGDQFH RI 6)% LQ I

WKH PRXVH FRORQLHV C
KURXJK D SUHOLPLQDU\ !
SURSULDWH VWUDLQ ZLO
OHDO VFUDSH DQG IDHFI

VDPSOHV RI PLFH IURP WLOO GD\V DIWHU ELUWK V|
ZHDQLQJ 7KLV H[SHULPHQW LV QHFHVVDU\ WR GHWHU
KDUYHVW 6)% IRU IXWXUH LQ YLWUR FR FXOWXUH H[SH
PRGHO

KRUWO\ EHIRUH ZHDQLQJ
PLQH WKH EHVW WLPH SR
DLPHQWYV XVLQJ WKH DSL




$SS

HQGLFHV

/IRQJHU WHUP EHQHILWYV|

SURJUDPPH

EHQHILW ZLOO EH NQRZOHGJH RQ K
RI WKH LQWHVWLQDO EDUULHU DQ

A ATV RR

RZ 6)% LQIOXHQFH LQWHYV
|PSRUWDQW SDUDPHWHU

+DV WKLV DSSOLFDWLR
\RXU SHHUV

<WQ UHYLHZHG E\

,I <(6 SOHDVH GHWDLO
EHHQ SHHU UHYLHZHG

KR Uh Y PRMME W\ KB Y5 DFKHO $QGHUVRQ DQG 3URI 1LF

ROH 5R\

$UH \RX DZDUH RI VLPL(

LQ WKLV ILHOG HLWKHU

DU SUHYLRXV ZRUN
I<@IM= RU RYHUVHDV"

,| <(6 SOHDVH GHWDLO

VLPLODU SUHYLRXV ZRU

LQ 1= RU RYHUVHDV UH
SURSRVDO

6HYHUDO VWXGLHV KDYH GHWHUPLQHG WKH DEXQGDQF
FKLFNHQV HJ <LQ HW DO -RQVVRQ HW DO

:fgfgg‘zg\g&%ggg VM dg)gH'\)O’\ﬁH(HDQ R1 6)% FDQ YDU\ EHWZHHQ P

H LV UHTXLUHG LQ RUGHU WR GHWHUPL
6PDOO $QLPDO &RORQ\
DEXQGDQW LQ PLFH DIWHU ZHDQLQJ

YH LVRODWHG 6)% IURP D FRH|

5XDNXUD DUH FRORQLVHG E\ §

H RI 6)% LQ YDULRXV VSH
2KDVKL HW DO

SOH[ PRXVH PLFURELRWL

LFH EUHHGY DQG IDFLOL\

PH ZKHWKHU WKH PLFH FF

)% DQG WKH WLPH SRLQW

$1,0%/ 86( -XVWLILFDWL

RQ

7TRWDO QXPEHU RI DQLP

DOV EHLQJ XVHG

:KDW LV WKH KLJKHVW (

PDQLSXODWLRQV WKDW
SURMHFW XVH GURSGR

PXVW UHIOHFW WKH VXH

ERWK WKH LQLWLDO VW
WKH LQGXFHG HIIHFW R

SURFHGXUH QRW WKH U

$) JUDGLQJ RI
ZLOO DSSO\ WR WKLV
¥ Q 7KH JUDGHV

% 1 17 (kRSB8P oo pao

WKH H[SHULPHQWDO
QGXFHG HIIHFW DORQH

+RZ PDQ\ DQLPDOV ZLO(

EH LQ WKLV JUDGH"

+RZ GLG \RX FKRRVH ZK
VSHFLHV EUHHG VWUDL
WKLV SURMHFW"

:H ZLOO FKRRVH WKH VWUDLQ RI PLFH XVHG IRU WKLYV
| FRPSOHV IRU WKH DEXQGDQFH RI 6)% 2QFH ZH KDYH W
DLRAIIRQR PDIOHWHRVN XY AVIFRPPLWWHH RI WKH EUHHG ZH KD
IHPDOH PLFH IRU WKLV VWXG\ VLQFH WKH GDWD XVHG |
IHPDOH PLFH

URMHFW EDVHG RQ WKH
KH UHVXOWV RI WKDW SU
H VHOHFWHG :H KDYH FlI
RU WKH SRZHU DQDO\VLYV

KV LV LW QHFHVVDU\ WH

DQLPDOV WR DFKLHYH
ZRUN"

lj@’»{‘@@é&/‘%%‘%\’}’km 6)% LQ LOHDO DQG IDHFDO VDPSOH

LQ PLFH FDQ RQO\ EH G

>5('8&7,21@ +RZ KDYH \
WKH QXPEHU RI DQLPDO
XVH WR WKH PLQLPXP F
DFKLHYLQJ WKH SXUSR

X UHGXFHG

V \RX SURSRVH WR

R%S BRLOOH Z3RZKHU DQDO\VLYV
H RI WKH ZRUN"

>5(),1(0(17@ ,Q ZKDW Z[j

VRXJKW WR PLQLPLVH
WKH SURFHGXUHV \RX S

KIHK 19 RLLARK DQHVQYRM WUHDWHG LQ DQ\ ZD\ DQG WKH KHD
URBRKAHL W DRGHDQG FHUYLFDO GLVORFDWLRQ EHIRUH L

OWK\ PLFH ZLOO EH KXPD
PDHDO VDPSOHV DUH FROC

>5(3/$&(0(17@ :KDW DO
WR XVLQJ DQLPDOV KDY
DQG ZK\ KDYH WKH\ EHH

HUQDWLYHV

g%ﬁ%%mb%%%'i\ﬁl? GR WKLV LQ KXPDQV VR UHTXLUH

DQ DQLPDO PRGHO

38%/,&%$7,21

+RZ ZLOO WKH UHVXOW

SXEOLVKHG RU GLVVHPU

ég\%vé'gb\k?ré%% BYSHHU UHYLHZHG LQWHUQDWLRQDO VF

IHQWLILF MRXUQDO

%,20(75,& (9%/8%7,21

:DV WKHUH D 3RZHU %D

WKH DGHTXDF\ RI VDPS(

HG DVVHVVPHQW RI
HPALIH V

0DLQ +\SRWKHVLV RI LQ

VWM\RAPRQLVDWLRQ LQ WKH LOHXP UHDFKHV D PD[LPXH
L

VKRUWO\ DIWHU ZHDQLQ

ODLQ YDULDEOH RI LQW

HOEXQGDQFH RI 6)%

(ISHULPHQWDO GHVLJQ

,OHDO VFUDSH DQG IDHFDO VDPSOHV ZLOO EH WDNHQ
ZLOO EH VDPSOHG SHU WLPH SRLQW

%LRPHWULFLDQV FRPPH

$ SRZHU DQDO\VLV KDV EHHQ FDUULHG RXW EDVHG RQ
7KH GLIITHUHQFHV LQ 6)% OHYHOV RYHU WKH WLPH SHUL
Qél\?\fLDELOLW\ VR WKH QXPEHU RI PLFH SURSRVHG LV
IHUHQFHV RI VWDQGDUG GHYLDWLRQV

7KH OHYHOV DQG YDULDELOLW\ RI ,/ DUH XQNQRZQ
RI WKH WULDO

'‘DWD XVHG LQ 3RZHU D(Q

‘DWD IURP WKH SXEOLFDWLRQ
DEDMKRL < HW DO &RORQLVDWLRQ RI VHIPHQWHG ILOD
OXPLQDO ,J$ OHYHO LQ FRQYHQWLRQDO PLFH $QDHUR

DQG  GD\V I

GDWD SURYLGHG LQ UHOI
RG DUH H[SHFWHG WR EH
XIILFLHQW WR JLYH S

R WKLV LV D VFUHHQLQJ

PHQWRXV EDFWHULD DQG
E H
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6WDQGDUG GHYLDWLRQ| 6" P
BWDQGDUC B PREGy x 1
'DWD IURP WKH SXEOLFDWLRQ
:KHUH ZDV WKH 6' REWD|LZKDS/ KLRR HW DO &RORQLVDWLRQ RI VHIPHQWHG ILODPHQWRXV EDFWHULD DQGC

OXPLQDO ,J$ OHYHO LQ FRQYHQWLRQDO PLFH $QDHUR

E H

OLQLPXP WUXH GLIIHUH

b FH RQ LLVQW B WAH\AW X H

'"HVLUHG SRZHU RI WKH

H[SHULPHQW

'HVLUHG OHYHO RI VLJQ

LILFDQFH

5HVXOWLQJ VDPSOH VL]

H

$1,0%/ ,1)250%7,21

$QLPDO 'HWDLOV 8VH *

RSGRZQ ER[HV

6SHFLHV a %UHHG RU V

QUDAM) a 6WUDLQ WR EH FKRVHQ EDVHG RQ SUHOLPLQDU\

VFUHHQLQJ RI IDHFDO V|

&RPPRQ QDPH a *HQGHU

6WUDLQ WR EH FKRVHQ EDVHG RQ SUHOLPLQDU\ VFUHH

QLQJ RI IDHFDO VDPSOHV

5HSURGXFWLYH VWDWX

BREFADO DQG 1RQ SUHIQDQW a 3UH DQG SRVW ZHDQLQ

1XPEHU EHLQJ XVHG a +

H D @ WK VOWD KM X V

$GGLWLRQDO $QLPDO 'H
'"URSGRZQ ER[HV

WDLOV 8VH

$GGLWLRQDO $QLPDO 'H
"URSGRZQ ER[HV

WDLOV 8VH

$GGLWLRQDO $QLPDO 'H
"URSGRZQ ER[HV

WDLOV 8VH

$GGLWLRQDO $QLPDO 'H
"URSGRZQ ER[HV

WDLOV 8VH

$GGLWLRQDO $QLPDO 'H
'"URSGRZQ ER[HV

WDLOV 8VH

BUHYLRXV XVH RI DQLPQ

ov

+DYH DQ\ Rl WKH DQLP
SUHYLRXV H[SHULPHQ
GLIIHUHQW 3URMHFW QX

POV EHHQ XVHG LQ
MR L H ZLWK D
PEHU

$1,08/ :(/)$5¢(

30HDVH GHWDLO WKH D
ZHOIDUH SULQFLSOHV
WKURXJKRXW WKH SUR

DLPDO KXVEDQGU\ DQG
KDW ZLOO EH DSSOLHG
HFW

,Q SUHSDUDWLRQ IRU W

K$IQH PHOM. ZHQ® EH REWDLQHG IURP $J5HVHDUFK 6PDOO

$QLPDO &RORQ\ 5XDNXU

:KLOH LQ WKH H[SHULPH

H PLFH ZLOO EH KRXVHG
SSOLHG DG OLELWXP

¢

PLFH SHU FDJH XQGHU FR(

YHQWLRQDO FRQGLWLRQ

$IWHU UHFRYHU\ XVH IH
RSHUDWLYH FDUH DQD(
HWF

HGLQJ SRVW
IH¥LD DQWLELRWLFV

$W WKH HQG RI WKH H[S

ZLOO EH KXPDQHO\ HXWKDQLVHG E\ &
DUH FROOHFWHG IRU DQDO\VLV

DVSK\

{8si

LDWLRQ DQG FHUYLFDO (

30HDVH GHWDLO DQ\ R
FRQVLGHUDWLRQV H J

$00 PLFH ZLOO EH FKHFNHG GDLO\
UHTXLUHG

*HQHUDO +HDOWK 6FRUH
$ PRXVH ZLWK D *+6 VFRUH RI RU ZLOO EH FORVHO
KRG IDRYMH DWKAH W IDQW® EH KXPDQHO\ HXWKDQLVHG
MUDIQMBE MKW GD\ $ PRXVH ZLWK D *+6 RI ZLOO EH LP
ZHLJKW ORVV JUHDWHU WKDQ IURP SUHYLRXV ZHLJK

ZHLJKHG RQFH D Z

,$7% JXLGHOLQHV $ 1HZ =HDODQG FRXULHU FRPSDQ\ Z

*+6 ZLOO EH FKHFNHG GDLO)\

2QFH

7KH PLFH ZLOO EH WUDQVSRUWHG IURP 5XDNXUD LQ DY

fiHN DQG IUHVK IRRG DQC
*+6 UDQJHV IURP KHD
PRQLWRUHG DQG LI WKI
D *+6 RI LV DWWDLQHG
PHGLDWHO\ HXWKDQLVHG
LQJ

SURSULDWH URGHQW WU
OO0 EH XVHG LQ RUGHU W

ZLWK WUDFNLQJ WKH VKLSPHQW DQG HQVXULQJ DQLPD

PV DUH FDUHG IRU WKUR?

ORQLWRULQJ DQ\ DQLP
GXULQJ WKH H[SHULPHQ
LPPHGLDWHO\ REYLRXV
0867 %( 3267 0257 (0('

DOV WKDW GLH
W IURP FDXVHV QRW
I6RE KOLQLFDO VLIQV

30HDVH GHWDLO KRZ W
ZHOIDUH 2SHUDWRUV H
ZLOO EH PRQLWRUHG

QLWRUHG GDLO\
V UHTXLUHG QRUPDO ZDWHU

0 S Bt le ke

ZHLIJKHG RQFH @

ZHHN DQG IHG WZLFH Z

30HDVH LQGLFDWH WKH
\RX ZLOO PRQLWRU

Brd 8 P LRXUY

%RG\ ZHLIJKW a JUHTXH(

RKHV a [ ZHHNO\
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‘HLJKW ORVV a JUHTXHQ|FRRHV a [ ZHHNO\
:DWHU LQWDNH a JUHTXHQ®WV a [ ZHHNO\
JRRG LQWDNH a JUHTXHQRHV a [ ZHHNO\
3RVWXUH a JUHTXHQF\ | <HV a [ ZHHNO\
*DLW PRYHPHQW a JUHTKKB¥\a [ ZHHNO\
&RDW FRQGLWLRQ a )UH|TXHMQE\ [ ZHHNO\

9RFDOLVDWLRQ a )UHTX

HIGRE \

5HVSLUDWLRQ a )UHTXH

QIFR

)J)DHFDO FRQVLVWHQF\ a

YUHT H QIFX HH N O\

9DFFLQDWLRQ VLWH UH
JUHTXHQF\

FWLRQ a

JLVWXOD FOHDQOLQHVV

dRUHTXHQF\

)O\ VWULNH a J)UHTXHQF

1R

3DUDVLWHYV a J)UHTXHQF

1R

+DHPRUUKDJH a J)UHTXH

RER

2HGHPD VZHOOLQJ a )UH

TRHQ F\

JQIHFWLRQ a JUHTXHQF\

1R

6HOI PXWLODWLRQ a )URTRHQF\

&16 VLIQV a JUHTXHQF\

1R

, I \RX GHWHFW DGYHUVH
WKH\ EH PDQDJHG" DQ
GLH GXULQJ WKH H[SHU
QRW LPPHGLDWHO\ REY
VLIQV 0867 %( 3267 0251

HIITHFWV KRZ ZLOO

DQLPDOV WKDW
| B HRW ZIIUR® EW XKHFNHG GDLO\ IRU VSHFLILF KHDOWK S
RIXYHWIRPHROWM. QLFDXVHY QRW LPPHGLDWHO\ REYLRXV Z
(o(

PUDPHWHUYV $Q\ DQLPDO
OO0 EH SRVW PRUWHPHG

'LVSRVDO RI DQLPDOV
DQLPDOV EH GLVSRVHG
ER[

+RZ ZLOO WKH
RI" 8VH '"URSGRZQ

(XWKDQDVHG

,] VROG RU UHWDLQHG
DQLPDOV EH ORFDWHG
FRQGLWLRQV HWF

FKHUH ZLOO WKH
R$)DFLOLW\ ORFDWLRQ

,] HXWKDQLVHG LQGLFD
HXWKDQDVLD RU VODXJ

H PHWKRG RI
WHU

(OHFWULF VWXQ DQG H|
EROW H[VDQJXLQDWH

PF@%\XfFQDWH a FDSWLYH

$QDHVWKHWLFV RYHUGH
GLVORFDWLRQ

\{ll'—:& a %ﬂVYLFDO

&2 FKDPEHU a *XLOORW

LQH a 1R

,| HXWKDQLVHG RU VOD
VXSSO\ GHWDLOV )DFL(Q
FRQGLWLRQV HWF

JKWHUHG SOHDVH

SWS5HORBDWK BQ\DWW 5HLG VPDOO DQLPDO XQLW &2 D

SK\[LDWLRQ DQG FHUYLF

‘KR ZLOO SHUIRUP WKH
H[SHULHQFH DQG 623 Q

SURFHGXUH ‘HWDLO
REWKDQDVLD ZLOO EH SHUIRUPHG E\ WUDLQHG SHUVRQ

QHO *0 623

+RZ ZLOO FDUFDVVHV E

H LQLALSRMUHDGN L R Q

RI™

7TUHDWPHQW HQGSRLQW
HQGSRLQWV WKDW ZLO(
WUHDWPHQWYV

BURYLGH GHWDLOV RI
UHVXOW LQ FHVVDWLRQ RI

1RW DSSOLFDEOH

1R

/IRVV RI ZHLJKW a '"HWDL

oﬂ)—iVa,lDPRXVH KDV ZHLJKW ORVV RU PRUH RYHU

GD\V WKH PRXVH ZLOO Et

,QWHUYHQWLRQ WULJJH

UlRHaJl & 'HWDLOV

7XPRXU VL]H a '"HWDLOV

1R als$s

JUULWDWLRQ E\ LPSODQ

V\{I.FsiHaYlLﬁH a '"HWDLOV

OHWDEROLF XSVHW a 'H

WDR. @Vl $

'HDWK a '"HWDLOV

1Ralts
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(XWKDQDVLD RI PRULEX
'HWDLOV

—‘)PRDanPSSDOV a

(XWKDQDVLD RQ FOLQLH
'HWDLOV

qu2 \gK_LUé-IVKROG a

2WKHU a '"HWDLOV

1Ralts

&217,1*(1&< 3/$16 a +RZ
\RX SODQ WR GHDO ZLW
HPHUJHQF\ XQIRUHVHHQ
WKDW PD\ DIIHFW WKH 2
DQLPDOV

GR
K DQ
FLUFXPVWDQFHV

+DYH \RX PDGH DQ\ FRQ

HOIDUH RI WKH
MERIVHR GAPETS0 1RU "6 1 DO DQLPDOV ERFRPH VL]

DW OHDVW WZLFH GDLO\ RU LPPHGLDWHO\ HXWKDQLVH

FWDEOH DIWHU KRXUV 7
FN D *+6 RI RU ORZHU
5 DV RXWOLQHG DERYH

>

30HDVH GHWDLO KRZ \R
XQH[SHFWHG HYHQWYV R
\RX WKLQN VXFK SODQV

ZLOO GHDO ZLWK
UQD W WiH FQ W LRIHOQ HZISHFWHG HYHQWYV WKDW FRPSURPL
ZUB XEE@HFHYPDODWHG DQG PLFH ZLOO EH HXWKDQLVH

121 685*,&%/ ODQLSXODW

LRQ

6$03/,1*

7LVVXH FROOHFWLRQ a
FROOHFWLRQ

b

S G

a 1R

0 WKHUH LV DQ 623 DSS
$(& IRU WKLV PDQLSXOD
WKH QDPH DQG QXPEHU
DSSURSULDWH ILOH IRX
SDJH DQG SDVWH LQ WK
DSSURYHG 623 LV DYDL(
GHVFULEH WKH PHWKRG

URYHG E\ \RXU

WLRQ SOHDVH FXW

IURP WKH

REORQWW KW X3 DaP@3EORRG VDPSOLQJ ZLOO RFFXU IROOR
HDVSRBF[H EWMIORZ DQ®R®RHUYLFDO GLVORFDWLRQ *0 623
DEOH SOHDVH

RORJ\

FLQJ KXPDQH HXWKDQDVL

'58* DGPLQLVWUDWLRQ

,QWUDPXVFXODU a ,QwWuU

ORD& GRDF

6XEFXWDQHRXV a 3HU R

IR\ &P RRWK

,QWUDSHULWRQHDO a 'U

X.I.JRLanzRDWHU ERWWOH

,QWUDYHQRXV a 2WKHU | 1R a 1R
% (+$9,285 DQG +$1'/,1* [ <HV a [ ZHHNO\
2EVHUYDWLRQ RQO\ a (QIRHFHG PFWLYLW\
3K\VLFDO UHVWUDLQW g 1 X\ YLWL RQDO UHJILPH
2WKHU 1R

(;32685( WR 1R

3DUDVLWH a OLFUR RUJDQRV# 1R

211 OLFHQFH GUXJ a 211l

)i_EHan}si FKHPLFDO

%LRORJLFDO SURGXFW

LROG@UIRVLRQ

(HOQHyFLWULFiléFPDHoQV\\//WLPXOD LRQ 2, KEQRUPDO
2WKHU 1R

/' $1,08/6 1R
+DQGOLQJ a &DSWXUH [1R a 1R
ODUNLQJ 7DJJLQJ RU %UDQGLQJ a

7UDQVPLWWHU DWWDFK

PHRW RRJ LPSODQWDWLRQ

, RWKHU XVH RI
GHVFULEH

%1,

$/6 SOHDVH

+DYH \RX PDGH FRQWLQ
PDMRU ULVN IDFWRUV

JTIQF\ SODQV IRU

685% &%/ ODQLSXODWLRQ

$QLPDOV ZLOO VXUYLYH
ZLOO 127 VXUYLYH VXUJ

HX.(LRUaJTH\ a $QLPDOV

ODQLSXODWLRQV IRU ZK
EHHQ DSSURYHG

LFK 623V KDYH




$SSHQGLFHYV

JRU DOO PDQLSXODWLR
KDV QRW EHHQ DSSURYH
IROORZLQJ LQIRUPDWLR

PV ZKHUH DQ 623
G SOHDVH HQWHU WKH
Q

$6(37,& 7(&+1,48¢(

$1$(67+(6,$ DQG $1%$/*(6

$

:LOO WKH DQLPDOV UHF
DQDOJHVLD

Hng SUH HPSWLYH

'"HSWK RI $QDHVWKHVLD
KRZ WKLV ZLOO EH WHYV

3OHDVH LQGLFDWH
HG

7KHUPDO PHWKRGV a (O

Hfa{\lngFdDO PHWKRGV

OHFKDQLFDO PHWKRGYV HPLFDO
PHWKRGV AR
OHWDEROLF PHWKRGV a lgé%olR
LQIODPPDWRU\ UHDFWL

"HHS SDLQ UHIOH[ UHVSROR/H
021,725,1*

:LOO \RX EH XVLQJ VWDOEDUG

PRQLWRULQJ VKHHWYV

3267 23(5%$7,9( VXSSRUW

1RW DSSOLFDEOH DQLP

qu2V GR QRW UHFRYHU

&RQVHUYDWLRQ RI ERG)
VKHHWYV

KHDW, 3 ORQLWRULQJ

JOXLG DGPLQLVWUDWLR
LQGLYLGXDO FDJHV

Qlﬁ %HlFFBYHU\ LQ

$GPLQLVWUDWLRQ RI D(

qué—iYhFV a 2WKHU

(1'32,176

'58*6 DQG &+(0,&%$/6

/LVW DOO GUXJV DQG &H
DGPLQLVWHUHG WR DQL]
SURMHFW

EHORZ

HPLFDOV WR EH
PDOV GXULQJ WKLV

3/($6( 127( <RX DUH UH
FRPSOHWH D VHSDUDWH
($&+ '58* &+(0,&%$/ WKDW
EH XVHG LQ WKLV SURM

[XLUHG WR
'$2 IRU
LV WR
HFw

0 \RX DUH XVLQJ GUXJV
D &29(56+((7 SOHDVH J§
RQ WKLV SDJH DQG XVH
GRZQORDG WKH WHPSOT

WKDW GR QRW KDYH
WR +(/3

WKH OLQN WR

WH VHFRQG

OLQH EHORZ WKH JUHHQ
RQH VKHHW IRU HDFK G
FKHPLFDO 6HQG WKH F
HOHFWURQLFDOO\ WR *
ZLOO EH PDGH DYDLODE
3$5a623 IXQFWLRQ IRU |
UHIHUHQFH

ER[ &RPSOHWH

UXJ DQG RU

RPSOHWHG IRUP

DQW 6KDFNHOO 7KHVH
OH LQ WKH

XW X UH

+DYH \RX KDG WR PDNH
&29(56+((7 V IRU WKLV

XS, QHZ 3$5
5 MHFW

815(*,67(5(' 'UXJV RU
&KHPLFDOV

:LOO $1< GUXJV XVHG L
RWKHU WKDQ 27& 3URG
DGPLQLVWHUHG E\ $1< §
127 D UHJLVWHUHG 9HW
"URSGRZQ@

7KLV TXHV
LV DQ LQWHUQDO wWuLJJ
FUHDWLRQ QDPHV DUH

D WKLV SURMHFW
FWV EH

(5621 ZKR LV
HULQDULDQ >8VH

12

WLRQ

HU IRU ,'$2

QRW UHTXLUHG KHUH

7,668( &2//(&7,21

, \RX DUH UHTXHVWLQJ
FROOHFW WLVVXH IROO
\RX DUH QRW PDQLSXOD
EHIRUH WKH\ DUH HXWK
FRPSOHWH WKLV SDJH

SHUPLVVLRQ WR

RZLQJ HXWKDQDVLD DQG
WLQJ WKH DQLPDOV
PQLVHG \RX PXVW
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] WKLV LV 127 DQ DSSO
DQLPDO WLVVXH RQO\ \
D IXO0 DSSOLFDWLRQ

LFDWLRQ WR FROOHFW
RX PXVW FRPSOHWH

6SHFLHV 8VH '"URSGRZQ

ERFH

+RZ PDQ\ DQLPDOV RI
EH XVHG"

H

PFK VSHFLHV ZLOO

:KDW WLVVXH V DUH WH

JFEOHRROGHFWHWGED' EORRG

,| WKH DQLPDOV DUH EH
IRU WKH SXUSRVH RI WU
SOHDVH LQGLFDWH ZKD
HXWKDQDVLD ZLOO EH

LQJ HXWKDQLVHG RQO\

Vﬁf#@@%%ﬂ{‘fﬂ?%% GLVORFDWLRQ

VHG

6285&( V DQG 75,%/ 6,7(

\

7KLV VHFWLRQ DOORZV
JDWKHUHG IRU 0%) DQG
LQIRUPDWLRQ

WDWLVWLFV WR EH
$QLPDO XVH

30HDVH HQVXUH \RX KD
FRUUHFW WULDO VLWH
WUDQVIHUUHG WR WKH
GDWDEDVH 30HDVH QR
VHOHFW PRUH WKDQ RQ
UHOHYDQW

H VHOHFWHG WKH
DV LQIRUPDWLRQ LV
EQLPDO 7RROV

H WKDW \RX PD\

H WUDLO VLWH ZKHUH

0,&(

6RXUFH $*5 5XDNXUD 6PDOO $QLPDO 8QLW

7ULDO 6LWH $*5 *UDVVODQGYV $QLPDO )DFLOLW\ 80\D

W 5HLG 1XPEHU

127(6 a 5HDG RQO\

6WDWXV &KDQJH

PDLHUH 68%0,7

&RPPLWWHH "HFLVLRQ

5(68%0,7FRVJURYHJ +L (YD

$Q\ FRPPHQW IURP WKH ELRPHWULFLDQ IRU VHFWLRQ

7KH $(& UHFRPPHQG PLFH KDYH D RQH ZHHN VWDQG G|
GLIILFXOW WR SURYLGH JLYHQ WKH WLPHOLQH RI WKL
IROORZHG FORVHO\ E\ WUDQVSRUW DIIHFW FRORQLVD
FRPSOHWHG LQ D VLQJOH ORFDWLRQ WR DYRLG WKH W
VDPSOLQJ EH FRPSOHWHG DW 5XDNXUD SULRU WR WUD
WUDQVSRUW™"

:KLFK GD\ RI VWXG\ DUH WKH\ ZHDQHG"
6HFWLRQV :KDW DUH WKH XQLWYV RI PDLQ YDUL

JRU TXHVWLRQV DQG HGLW WKH DSSOLFDWLRQ D
$SSOLFDQW 1RWH RU LQ WKH DSSOLFDWLRQ DV DSSU

RZQ DIWHU WUDQVSRUW
H[SHULPHQW &RXOG WK
LRQ DQG DEXQGDQFH RI
UDQVSRUW QHDU ZHDQLQ
RVSRUW WR LQFUHDVH W

EOH"

UHTXLUHG
RSULDWH

JRU TXHVWL

$SSOLFDQW 1RWH

PDLHUH 7R WKH DQLPDO HWKLFV FRPPLWWHH

7KDQNV D ORW IRU \RXU FRPPHQWYV , KDYH DGGUHVVH
&RPPHQW
&RPPHQW
GHFLGHG WR KDYH DQRWKHU VDPSOLQJ WLPH SRLQW E
WKH LQWHUYDO EHWZHHQ ZHDQLQJ DQG WUDQVSRUW
FRPSOHWH WKH VWXG\ FRPSOHWHO\ LQ 5XDNXUD LV QR
DEOH WR LVRODWH 6)% DW WKH GHWHUPLQHG PD[LPXP
WKH EDFWHULD LQ VXEVHTXHQW LQ YLWUR VWXGLHV
WR LQFOXGH WKLV FKDQJH

7KH ELRPHWULFLDQ &DWKHULQH /OR\G :HV
,Q RUGHU WR DYRLG WKH VWUHVV DVVRFLQ

5 WKHP DV IROORZHG

W KDV DGGHG D FRPPHQ
WHG ZLWK ZHDQLQJ IRO
H FRPSOHWHG DW 5XDNX!U
V VXJIHVWHG E\ WKH FR
W IHDVLEOH IRU XV EHFD
6)% OHYHO LQ 3DOPHUVW
KDYH XSGDWHG WKH DSS

H ZKLFK ZRXOG EH 'D\ R

&RPPHQW 7KH PLFH DUH ZHDQHG DIWHU GD\V RI DJ
&RPPHQW KDYH LQFOXGHG WKH XQLWV LQ 6HFWLRQ
6WDWXV &KDQJH PDLHUH 68%0,7




$SS

HQGLFHV

$SSOLFDQW 1RWH

FRVJURYHJ +L *HUDOG

JRU IXWXUH VWXGLHV WKHUH ZLOO QRW EH UHSHDWHG

ZH ZLOO RQO\ VDPSOH WKH PLFH DW WKH WLPH SRLQW

VWXG\
ZHHN DIWHU ZHDQLQJ

VWXG\ LV WR GHWHUPLQH WKH WLPH SRLQW IRU PDJ[LP

KDYH DFFHVV WR 5XDNXUD

,Q IXWXUH VWXGLHV WKH PLFH ZLOO EH WUDQVSRUWHG
6)% FRORQLVDWLRQ HVWLPDWHG ZHHN SRVW ZHDQL
DUULYDO IRU FXOWXULQJ

.LQG UHJDUGV

(YD

JURP &RVJURYH *HUDOG

6HQW )ULGD\ ‘"HFHPEHU 7R
0DLHU (YD

6XEMHFW 5( $( DSSOLFDWLRQ

+L (YD

QHHG WR LVRODWH 6)% DW WKH PD[LPXP OHYHOV IRU
VWXGLHV WKHUH ZRQTW EH WKH VDPH QHHG IRU WUDQ
VDPSOLQJ WKDW SUHFOXGHV WKH VWDQG GRZQ SHULR
RIl RU VHWWLQJ D SUHFHGHQW LQ WHUPV RI WKLV DUU

*HUDOG

%DVHG RQ SUHYLRXV VWXGLHV WKH PD[LPXP OH
+RZHYHU WKLV FRXOG YDU\ EH

&RXOG \RX SOHDVH FODULI\ \RXU FRPPHQW DERXW WKH

VDPSOLQJ WKDW SUHFOX
ZLWK WKH PD[LPXP 6)% O
YHOV RI 6)% RFFXU DURX
WZHHQ EUHHGV IDFLOLW
P OHYHOV RI 6)% LQ WKH

WR 3DOPHUVWRQ 1RUWK
QJ DQG WKH VDPSOHV V

VDPSOLQJ <RX UHIHU W

{Q YLWUR XVH LQ 31 &DQ
IHUULQJ PLFH VRRQ DIW
b" 7KH $(& ZDQW WR NQR:
DQJHPHQW

&RPPLWWHH '"HFLVLRQ

$33529('"FRVJURYHJ

&RPPLWWHH 1RWH

NLUNP +L (YD

t6HFWLRQ
VFUHHQLQJ

&RQILUP ZKDW VWUDLQ RI PLFH KDV EHHQ

F)RU IXWXUH WULDOV LI WKH EHVW WLPH RI VDPSOLQJ
GLIIHUHQFH DUH UHODWHG WR WUDQVSRUW

OLFKHOOH

JURXS RI QRQ WUDQVSRUW DQLPDOV WR FRPSDUH ZLWH

VHOHFWHG EDVHG RQ SL

LV DURXQG WKH ZHDQLQJ
WKH WUDQVSRUW JURXS

$SSOLFDQW 1RWH

PDLHUH +DLOH\ *LOOHVSLH $QLPDO )DFLOLW\
PLFH RQ WKH ILUVW VDPSOLQJ GD\ LQ 3DOPHUVWRQ 1R

ODQDJHU ZLOO KHOS ZL\
UWK ODUFK

&RPPLWWHH 1RWH

NLUNP
$QVZHU WR &RPPLWWHH 1RWH

$6HFWLRQ
VFUHHQLQJ

&RQILUP ZKDW VWUDLQ RI PLFH KDV EHHQ]

JURP 02 6HFWLRQ
IDHFDO VFUHHQLQJ

7KH 6:,66 PRXVH VWUDLQ K@

VHOHFWHG EDVHG RQ SL

V EHHQ VHOHFWHG EDVH

$SSOLFDQW 1RWH

PDLHUH &KDUORWWH 2 1HLOO 6PDOO $QLPDO
PLFH DQG VDPSOLQJ

7THFKQLFLDQ ZLOO KHOS

&RPPLWWHH "HFLVLRQ

$&&(37('"NLUNP 7KLV SURMHFW ILQLVKHG LQ
DFFHSWHG 7KLV DSSOLFDWLRQ ZLOO QRZ EH FORVHG

DQG DVVRFLDWHG UHSEF
OLFKHOOH

&RPPLWWHH 'HFLVLRQ

&/26('NLUNP 7KLV SURMHFW ILQLVKHG LQ
DFFHSWHG 7KLV DSSOLFDWLRQ ZLOO QRZ EH FORVHG

PQG DVVRFLDWHG UHSRU)
OLFKHOOH

3(56211(/ DQG 6LJQ RII

&RPPLWWHH

*5$66/$1'6

$1'(56215& a DSSURYHG
6FLHQFH 7HDP /HDGHU
YXQFWLRQRGHW\6\VWHP]
*UDVVODQGV $0DQ -RK

SP ORQ )UL sP

a -RE
YRRG

SV BN BE /G P Sy

%52$'+85675 a DSSURYH
&DVXDO 6HQLRU 6FLHQ
&RORQ\ /RFDWLRQ 5XD
$QLPDOV $Q 3K\V

G a -RE

VR SR SOV

'8167$%$1. a DSSURYHG a
/DERUDWRU\ 0DQDJHU
*UDVVODQGV $0DQ -RK

RE
BODWRAKXVEDQGU\
QV 5P)

*LOOHVSLH+ a -RE $Qll
0DQDJHU /RFDWLRQ
/DE $GPLQ %XLOGLQJ

PDO )DFLOLW\

QYOO QBNLOLW\ ODQDJHU UHWXUQHG IURP /HDYH $

BGHG IRU YLHZLQJ SXUSR

/12<':(67& a DSSURYHG a
6WDWLVWLFLDQ /RFDW

-RE

LRQDWULOWLEDRGV /&

5P (DVW :LQJ
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0$,(5( a DSSURYHG a -RH
0DQDJHU /RFDWLRQ *U
-RKQV *

IDE
DS/ ICFIDQ0G ¥ X 8 BDDQG U \

21(,//& a -RE 7THFKQLFLI
1IXWULWLRQ +HDOWK
*UDVVODQGV /DE $GPL
5P $

JRRG

Q
&Q&%%@%SW DQLPDO WHFKQLFLDQ

3(7(56- a DSSURYHG a -H
$VVRFLDWH /RFDWLRQ
-RKQV EXLOGLQJ 5P *

E 5HVHDUFK
*éJdDPVSVé)LDQQJG vV $0DQ

52%,1621'$ a DSSURYHG
$QLPDO 7HFKQLFLDQ /
*UDVVODQGV /DE $GPL

a -RE
REPWLR® DQLPDO IDFLOLW\ PDQDJHU
R 5P $

52<1 a DSSURYHG a -RE
/HDGHU )RRG 1XWULWLR
/IRFDWLRQ *UDVVODQG
%XLOGLQJ /HYHO

6FLHQFH 7HDP

gt R

6+(5,))* a DSSURYHG a -
7HFKQLFLDQ /RFDWLRQ
$QLPDO &RORQ\ )LUVW ¢

RE 6HQLRU

SSPATY PR L @

60,7+%* a DSSURYHG a -
$VVRFLDWH /RFDWLRQ
$QLPDOV $Q 3K\V )LUH
$LG

RE S5HVHDUFK

AR WhRARLFLDQ

60,7+) a DSSURYHG a -R
7HFKQLFLDQ /RFDWLRQ
$QLPDO $GPLQ %XLOGLQ

F S5HVHDUFK

$UPYYBRRAKoLFLbO




$SSHQGLFHYV

$SSHQGL] ,,,E

$QLPDO (WKLFV $SSOLFDWLRQ 1R

$( $SSOLFDWLRQ a 6WDWXV $33529(" $SSOLFDQW 2JXWX/
WKH DEXQGDQFH RI VHIJPHQWHG ILODPHQWRXV EDFWHULD LQ
SRVW ZHDQLQJ

*URXSLQHAXHVWLRQ $QVZHU

$662&,$7(' 'RFXPHQWYV

$WWDFKHG SGI $GGLWLRQDO ,QWURGXFWLRQ

$WWDFKHG SGI 8SGDWHG ([SHULPHQWDO OHWKRGY DQG 'HVLJQ

$'0,1,675%$7,9( '"HWDLOV

'"HWHUPLQDWLRQ RI WKH DEXQGDQFH RI VHIPHQWHG| ILODPHQWRXV

7TLWOH SUH DQG SRVW ZHDQLQJ

$SSOLFDQW /LQGD 2JXWX

LQVWLWXWLRQ $J5HVHDUFK /LPLWHG

%XVLQHVV $GGUHVYV $J5HVHDUFK *UDVVODQGYV 7THQQHQW 'ULYH 3DOPHUVMWRQ 1RUWK
3KRQH

ORELOH SKRQH

(PDLO OLQGD RIXWX#DJUHVHDUFK FR Q]

&RQWDFW GHWDLOV

1DPH Rl SHUVRQ UHVSRQVLEOH IRU WKH
DQLPDOV GXULQJ PDQLSXODWLRQV 0867 EH
QDPHG RQ DQG VLJQ WKH SHUVRQQHO

SDJH ,1 PRUH WKDQ RQH /LODKALID PWXWX EHLQJ
XVHG DOO SHUVRQV UHVSRQVLEOH IRU DQLPDOV
PXVW EH QDPHG DQG VLJQ WKLV

$SSOLFDWLRQ

3KRQH

ORELOH SKRQH

(PDLO OLQGD RIXWX#DJUHVHDUFK FR Q]

3HUVRQ UHVSRQVLEOH IRU HQWU\ RI 7ULDO
"UXJ DQG DQLPDO PDQLSXODWLRQ GDWD LQWR
$QLPDO 7RROV GDWDEDVH

$J5HVHDUFK UHTXLUHPH

0867 EH QDPHG RQ DQG VSLJ\%"{’QMBLFDEOH
SHUVRQQHO SDJH .l QR $J5 IDFLOLWLHV DUH
EHLQJ XVHG SOHDVH HQWHU 1RW $SSOLFDEOH

3URJUDP ODQDJHU 0867 E
RQ DQG VLJQ WKH SHUVRé—'b%%BgDGgﬁ\ SDFKHO $QGHUVRQ

%LRPHWULFLDQ 0867 EH QDPHG RQ DQG
VLIQ WKH SHUVRQQHO SD3HWHW -REQEGWRQH
>SDSHU@ FRS\ LI QR FRPSXWHU DFFHVV

)DFLOLW\ 0DQDJHU ,l PRUH WKDQ RQH

IDFLOLW\ LV EHLQJ XVHG DOO 0DQDJHUV

PXVW EH QDPHG DQG VLJ v

$SSOLFDWLRQ 0867 EH Q%%%‘kéLQGEVSLH SLF %URDGKXUVW
VLJQ WKH SHUVRQQHO SDJH RU KDUG

>SDSHU@ FRS\ LI QR FRPSXWHU DFFHVV

V WKLV D QHZ H[SHULPHGWY

3URMHFW 'DWHV a 3/($6( HQWHU DOO GDWHYV

LQ WKH IRUP UHTXHVWHG >GG PP \\@ $1°
HQVXUH WKDW WKH VWDUW

GDWH \RX HQWHU RFFXUV DIWHU WKH QH[W
PHHWLQJ RI \RXU FRPPLWWHH ,1 \RX GR QRW
H[SHFW WR UHQHZ WKLV $SSOLFDWLRQ SOHDVH
GR QRW HQWHU D 5HQHZDO 'DWH

6WDUW 'DWH GG PP \\
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JLQLVK 'DWH GG PP \\

$UH WKHUH )22' 6$)(7< LVYRHV XQGHU
WKH $QLPDO 3URGXFWV $FW RU 5HJXODWRU\
DSSURYDO DVVRFLDWHG ZLWK WKLV SURMHFW
3/($6( 127( 7KH )22' &+$,1

LOFOXGHV IRRG IRU HLWKHU +80$1

&2168037,21 RU 3(7 )22' " I

\RX DUH XVLQJ /DERUDWRU\ 5RGHQWYV

DQG RU RWKHU VSHFLHV WKDW DUH QHYHU XVHG
IRU KXPDQ FRQVXPSWLRQ RU SHW IRRG RU LI
WKH DQLPDOV LQ WKH SURMHFW ZLOO EH VDIH WR
HQWHU WKH IRRG

FKDLQ SOHDVH W\SH WKH ZRUG 12 DQG WKHQ
SURFHHG WR WKH QH[W TXHVWLRQ +RZHYHU LI
VRPH RU DOO RI WKH DQLPDOV PXVW EH
H[FOXGHG IURP (9(5 HQWHULQJ WKH IRRG
FKDLQ EHFDXVH Rl WKH PDQLSXODWLRQV GUXJV
WKH\ ZLOO EH JLYHQ RU EHFDXVH RI
5HIJXODWRU\ $SSURYDO UHTXLUHPHQWYV
SOHDVH W\SH <(6 DQG WKHQ H[SODLQ ZK\
$J5HVHDUFK DQLPDOV WKDW PD\ QRW
HQWHU WKH IRRG FKDLQ PXVW EH 3,1.

7 (

0—RUL &RQVXOWDWLRQ ,I WKHUH LV DQ\
XQFHUWDLQW\ LW LV WKH DSSOLFDQW¢YV
UHVSRQVLELOLW\ WR DSSURDFK ORFDO 0—RUL
UHSUHVHQWDWLYHV IRU FODULILFDWLRQ

'R DQ\ DVSHFWYV RI WK&O}Q SURMHFW UHTXLUH
FRQVXOWDWLRQ ZLWK 0—RUL"

$UH \RX UHTXHVWLQJ 85*(17
FRQVLGHUDWLRQ" 30HDVH RQO\ WLFN <(6

Ll WKH $(& QHHGY WR FRQMLGHU WKLV
$SSOLFDWLRQ EHIRUH WKH QH[W VFKHGXOHG
PHHWLQJ

'DWDEDVH $GPLQLVWUDWLRQ

JURP WKH '"URSGRZQ $J5HVHDUFK

XVHUV SOHDVH LQGLFDWH WKH QDPH RI

\RXU 6FLHQFH *URXS DQG)RRBPDQG %LR EDVHG 3URGXFWV
3DUHQWHG XVHUV SOHDVH VHOHFW (;7(518$/

86(5

JRRG 1XWULWLRQ

$(& -85,6",&7,21

:KLFK FRPPLWWHH DUH \RX
WR" 8VH 'URSGRZQ ER]| u%%@%\d‘&dv

6RPH DVSHFWV RI WKLV ZRUN ZLOO DOVR

EH XQGHUWDNHQ XQGHU %HWVGLFWLRQ
RI WKH $J5HVHDUFK $(& D

'"URSGRZQ ER]J

$UH VWDII DQLPDOV RU IDFLOLWLHV RI
DQRWKHU RUJDQLVDW BQV ZKLFK KDV DQ
$QLPDO (WKLFV &RPPLWWHH LQYROYHG LQ
WKLV SURMHFW"

'RHV WKH (WKLFV FRPPLWWHH RI WKDW
LQVWLWXWLRQ V KDYH DIFRRS\ RI WKLV
DSSOLFDWLRQ"

+DV WKLV DSSOLFDWLRQ D VLPLODU RU
ODUJHO\ VLPLODU DSSOLFQQWLRQ EHHQ
VXEPLWWHG WR DQRWKHUl(WKLFV
&RPPLWWHH RQ D SUHYLRXV RFFDVLRQ"

5(*8/$725< $33529%/

$Q\ UHIXODWRU\ DSSURYDO PXVW EH
REWDLQHG EHIRUH VXEPLVVLRQ DQG SURRI
WKDW DOO QHFHVVDU\ DSSURYDO V

KDYH EHHQ JUDQWHG PXVW EH DWWDFKHG

$UH DSSURYDOV UHTXLUHG IURP DQ
RXWVLGH ERG\ LHV " 30OHOWH DQVZHU
HLWKHU <(6 RU 12

,] DQ\ DVSHFWV RI WKLV SURSRVDO UHTXLUH
DSSURYDO IURP D UHJXODWRU\ ERG\ V
SOHDVH VHOHFW IURP OLVW EHORZ

+HDOWK
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/$< 6800%5<

&RQILGHQWLDOLW\

.,V LQIRUPDWLRQ LQ WKLV $SSOLFDWLRQ DQG
DQ\ 5HSRUWY DVVRFLDWHIRZLWK LW
FRPPHUFLDOO\ VHQVLWLYH"

352-(&7 6800$5< a 30HDVH XVH

ODQJXDJH WKDW OD\ SHRSOH FDQ XQGHUVWDQG
7KH DQVZHUV RQ HDFK OLQH PXVW FRQWDLQ
FKDUDFWHUV LQFOXGLQJ

7KH VLIH LV QRW FKHFNHG XQWLO \RX
VDYH DQG ZKHQ WKH OLPLW LV H[FHHGHG WKH
FXUUHQW LQSXW LV UHMHFWHG (QWHU \RXU
LQIRUPDWLRQ LQ VPDOO LQSXWV DQG VDYH
UHJXODUO\ ,I \RXU DQVZHU EHFRPHV WRR

IHZHU WKDQ
VSDFHV

ODUJH \RX ZLOO EH SURPSWHG WR LQVHUW DQ
H[WUD OLQH WR VDYH \RXU FXUUHQW LQSXW

2EMHFWLYHYV

7KH REMHFWLYH RI WKLV VWXG\ LV WR GHWHUPLQH
VDPSOHV RI UDW SXSV SUH DQG SRVW ZHDQLQJ 7K
WHFKQLTXH IRU HfIWUDFWLQJ VHIPHQWHG ILODPHQW
SXSV IURP XQWLO GD\V DIWHU ELUWK

'D\ ZLOO EH WKH SUH ZHDQLQJ DJH DQG WKH UDW
RQ REVHUYDWLRQV IURP WKH UHVXOWYV RI 2KDVKL H
SRSXODWLRQ RI 6)% LQ WKH LOHXP RI PRXVH SXSV I
DEXQGDQFH ZDV REVHUYHG DQG TXDQWLILHG IURP (
WULDO DOVR VXSSRUWHG WKLV DV WKH DEXQGDQFH
DQG JUDGXDOO\ LQFUHDVHG IURP ZHDQLQJ GD\
DQG UDWV DUH VLPLODU WKH DVVXPSWLRQ LV WKD
PLFH ZLOO EH VLPLODU WR WKDW LQ UDWYV
$FFRUGLQJ WR WKH FXUUHQW OLWHUDWXUH WKHUH
EHHQ FDUULHG RXW LQ UDWVY $GGLWLRQDOO\ WKH
GD\V DIWHU ELUWK

7KH LQIRUPDWLRQ RQ 6)% SUHYDOHQFH DW GLIIHUH
VWXGLHV ZKHUH HDUO\ OLIH GLHW ZLOO EH XVHG W,
LOHXP ZKLFK KDV VKRZQ WR LQIOXHQFH WKH PDWX
WKHUH DUH QR NQRZQ QHJDWLYHV RI HLWKHU QDW
RI 6)% LQ URGHQWY RU KXPDQV DV WKLV KDV QRW E

WKH DEXQGDOQ!
LV ZLOO EH GR
RXV EDFWHULL

SXSV ZLOO EH
W DO ZKH
URP WKHLU SU}
D\ RQZDUGYV
RI 6)% ZDV OR
DQG SHDNHG S|
W WKH WLPH FI

DUH QR VWXGL
UDW SXSV DW E

ODW WLPH SRLQ\
R DWWHPSW WHF
UDWLRQ RI WKI
UDOO\ KLJK RLU
HHQ H[SORUHG

. QWURGXFWLRQ

7KH LQWHVWLQDO EDUULHU LQ WKH JDVWURLQWHVV
ZKLFK DOORZV VRPH FRPSRQHQWYV WKURXJK ZKLOV|
SDVVLQJ LQWR RXU ERGLHV > @ /HDN\ JXW LV WKH
EDUULHU DQG LW KDV EHHQ OLQNHG WR DXWRLPPX
DQG WKH HQWLUH ERG\ > @

6)% DUH *UDP SRVLWLYH REOLJDWH DQDHURELF FH
LQ WKH PDWXUDWLRQ RI WKH LQWHVWLQDO EDUULH
ZRUNV WR GR WKLV UHPDLQV XQNQRZQ DV WKLV ED
YLWUR

OLFH DUH FRPPRQO\ XVHG LQ VWXGLHV RI 6)% 7KL
LQ WKH WHUPLQDO LOHXP RI UDWV > @ DQG D IHZ
IURP WKHVH URGHQWY 2QH PHWKRG LQYROYHV SHU
RU KRPRJHQLVDWLRQ RI LOHDO WLVVXH LV DQRWKH
6)% IURP WKH WHUPLQDO LOHXP > @ 7KH UHVXOWYV
WKH EHVW LVRODWLRQ WHFKQLTXH PD\ EH LQIOXHQ
EDFWHULD WR WKH LOHDO WLVVXH 7KHUHIRUH GH
EHQHILFLDO WR GHWHUPLQH WKH GLIIHUHQFH LQ 6)
SUH DQG SRVW ZHDQLQJ 7KLV ZLOO EH XVHG IRU
DWWHPSW WR VWLPXODWH DQ LQFUHDVH LQ WKH DE
VKRZQ WR LQIOXHQFH WKH PDWXUDWLRQ RI WKH LQ|

LQDO WUDFW

W SUHYHQWLQ.
WHUP JLYHQ |
bH DQG LQIODP

PPHQVDOV WKI
) GXULQJ LQIDC
FWHULXP KDV C

FRPPHQVDO K
WVHFKQLTXHV FI
IRUPLQJ LOHD (
U PHWKRG WK
EHWZHHQ WKH\
HG E\ WKH PRL
HUPLQLQJ WK
% DEXQGDQFH
XWXUH VWXGL
XQGDQFH RI 6)
WHVWLQDO ED L
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OHWKRGV a

, \RX KDYH D7 RBIELDCHWWRNUDLQ XVHG IRU WKLV H[SHULPHQW ZLOO
SUHVHQW SOHDVH DSSHQ@GIRWPWR WWMG\ E\ 'DYLV DQG 6DYDJH >

$SSOLFDWLRQ DV D 3')

@ ZKHUH
WKH WHUPLQDO LOHXP 5DWV ZHUH FKRVHQ IRU WK
VDPSOHV ZLOO EH DYDLODEOH IRU DQDO\VLYV

7KH WLPH FRXUVH VWXG\ XVHG ZLOO LQFOXGH SXSV
GD\V DIWHU ELUWK 7KHVH ZLOO FRUUHVSRQG WR

ZLOO EH HXWKDQLVHG IRU VDPSOH FROOHFWLRQ 7
ZLOO EH DW OHDVW $IWHU ZHDQLQJ
WKURXJKRXW WKH VWXG\ 7KLV LV WR HQVXUH WKH
FR KRXVLQJ ZLWK SXSV IURP RWKHU OLWWHUV 2QH
SRLQWY ZDV DJUHHG RQ WR SURGXFH HQRXJK SXSV

OLWWHUV DUH DYDLODEOH WKH\ ZLOO EH UDQGRH
SXSV WKHUH

OLWWHU VL]HV FDQ YDU\ EHWZHHQ
LQFOXGHG UHVXOWLQJ LQ D WRWDO RI
UHTXLUHG SXS OLWWHUV IRU WKH VWXG\

5DWV SURGXFH RQ DYHUDJH SXSV SHU OLWWHU
ERUQ LV OLNHO\ WR EH EHWZHHQ SXSV L H G
WKLV VWXG\ SXSV ZLOO EH UHTXLUHG DQG H[WU

GDPV (LJK

WLPH SRLQWY WR LQFUHDVH VDPSOH VL]HV $ JUHDV

DEXQGDQFH GDWD

JRU OLWWHU VL]HV RYHU SXSV H[FHVV SXSV ZLOO

SRVVLEOH PDWHUQDO LQIOXHQFH RQ WKH SXSV JXV

VXIILFLHQW DV HDFK SXS ZLOO EH DEOH WR VXFNOH
SXS VLIHV DV QRW DOO SXSV ZLOO EH DEOH WR VXF

5DWV ZLOO EH PDWHG DW WKH $J5HVHDUFK 6PDOO
EH WUDQVSRUWHG WR *UDVVODQGYV DIWHU

$QLPDO )DFLOLW\ 7KH\ ZLOO EH PDLQWDLQHG XQGH

FRQYHQWLRQDO FRQGLWLRQV DW D FRQVWDQW WHH

OLJKW GDUN F\FOH 7KH\ ZLOO EH DOORZHG DG OLE
XQWLO WKH UDW SXSV DUH ERUQ 7KH ZDWHU ZLOO
PHDW IUHH UDW DQG PRXVH GLHW FRQWDLQLQJ zZKH
YHJHWDEOH RLOV FDQROD RLO VDOW FDOFLXP FD
DQG D YLWDPLQ

DQG WUDFH PLQHUDO SUHPL]

2QFH WKH SXSV DUH ERUQ WKH\ ZLOO EH PDLQWDL(
3& FRQWDLQPHQW DQG FRQYHQWLRQDO FRQGLWLR
ZLWK D KU OLJKW GDUN F\FOH 7KH SXSV ZLOO V
OLELWXP DFFHVV WR D QRUPDO URGHQW GLHW DQG

7KH SUH ZHDQLQJ GD\ ZLOO EH DW GD\V DIWHU E

WKH SXSV zZ|

GD\\
GLDJQRVLYV 7KH GDPV ZLOO EH EURXJKW LQWR WKH

EH 6SUDJXH 'D
KH\ IRXQG QD
V VWXG\ DV Wi

DJHG

LPH SRLQWV
H QXPEHU RI €
OO EH NHSW L¢
*, 7 PLFURELRW
GDP SHU WLPH
IRU HDFK WLPI
LVHG HYHQO\ |
IRUH LW ZDV V
GDPV ZLOO W

WKHUHIRUH W
DPV SURGXFLQ
D SXSV ERUQ Z
HU VDPSOH VL

EH HXWKDQLVI
PLFURELRPHYV
ORUH WKDQ

NOH DW WKH VL

QLPDO &RORQ!
ZKLFK LV RSW
$J5HVHDUFK *
U SK\WLFDO FR
SHUDWXUH RI
LWXP DFFHVV V
EH UHSODFHG I
DW EDUOH\ O
UERQDWH GLFI

HG LQ WKH VD
bV DW D FRQVW
FNOH DQG WKI
ZDWHU

UWK ZKLFK ZL

HXWKDQDVLD DQG LOHDO VDPSOH FROOHFWLRQ 7KH SXSV ZLOO Wt

VXFFHHGLQJ GD\V DIWHU ELUWK L H D
UHVSHFWLYHO\ 7KH SXSV ZLOO UHPDLQ LQ WKHLU H
LQWR VDPSOLQJ WLPH SRLQWYV

%LUWKLQJ LV H[SHFWHG RYHU D GD\ SHULRG WK
EH GRQH EDVHG RQ SXS ZHDQLQJ WLPH $W GD\
DOORFDWLRQ WR WLPH SRLQWV LV DSSHQGHG LQ D
DVVXPH GLHW FKDQJH EUHDVWPLON SUH ZHDQLQJ {
HIIHFW RQ 6)% DEXQGDQFH LQ WKH WHUPLQDO LOH
GRQH HYHU\ RWKHU GD\ IRU ZHHNV

G ZLOO EH W
LUWK OLWWHU

H HISHFWHG V¢

ROG DOO SXS
B') 7KLV VDPSC
QG URGHQW IH
P QRW DJH 6l

"HVLJQ a I

\RX KDYH D FRPSOLFDWHG
GLDJUDP WR SUHVHQW SOQ[$BVHPIHSEMDG GMVWR) DSSHQGHG DV D 3')
WKH $SSOLFDWLRQ DV D 3')

7LPHWDEOH RI

N
HYHQWV a

7DEOH RU FRPSOLFDWHG

UD\ O
SUHVHQW SOHDVH DSSHQD % O@

$SSOLFDWLRQ DV D 3")

5XDNXUD 'D\ 5DW SDLULQJ DQG PDWLQJ
7UDQVSRUWDWLRQ RI SUHJQDQW UDWV GDPV IURP
*UDVVODQGYV ODLQWDLQ GDPV XQWLO ELUWK RI SXS|
*UDVVODQGV 'D\ ELUWK RI SXSV *UDVVODQGV
ODLQWDLQ SXSV XQWLO ZHDQLQJ WLPH

%—YDID\ DIWHU ELUWK 3UH ZHDQLQJ FR
R

Q%Y 'O\  DIWHU ELUWK 3RVW ZHDQLQJ F
opiH

*UDVVODQGV 'D\ DIWHU ELUWK &ROOHFWLQJ V

*UDVVODQGV 'D\ DIWHU ELUWK &ROOHFWLQJ V

*UDVVODQGV 'D\ DIWHU ELUWK &ROOHFWLQJ V

*UDVVODQGV 'D\ DIWHU ELUWK &ROOHFWLQJ V

*UDVVODQGV 'D\ DIWHU ELUWK &ROOHFWLQJ VDP

SXDNXUD WR
\

*L

OHFWLQJ VDP

ROOHFWLQJ VD

DPSOHV RI PRU
PSOHV RI PRU
PSOHV RI PRU
DPSOHV RI PRU
SOHV RI PRUH \

(ISHFWHG RXWFRPHYV

7KLV VWXG\ ZLOO DOORZ XV WR GHWHUPLQH WKH E
LOHDO WLVVXH RI UDW SXSV LQ RUGHU WR GHWHUP
VDPSOHV RI UDW SXSV SUH DQG SRVW ZHDQLQJ 7K
ZKHUH GLHW ZLOO EH XVHG WR DWWHPSW WR VWLP X
LOHXP RI UDW SXSV

VW WHFKQLTX
LQH WKH DEXQ
H EHVW WHFKQ]
ODWH DQ LQFU




$SSHQGLFHYV

$ FRQFHUQ LQ WKLV VWXG\ LV ORVVHV GXH WR VWUI-l-IVV RI WUDQVS

3UHFDXWLRQV ZLOO EH WDNHQ WR VWDQGDUGLVH K
EHWZHHQ 5XDNXUD DQG *UDVVODQGY WR PLQLPLVH
&RQWLQJHQF\ 30DQV JXLGHOLQHV UHTXLUH WUDQVSRUWDWLRQ RI SUHJQ

2QO0\ KHDOWK\ UDWV IHG D VWDQGDUG URGHQW GLH

RXVLQJ EHGGL
KH FKDQJHV V
DQW GDPV WR

W ZLOO EH XV&F

6<1236,6 a IRU HYDOXDWLRQ RI WKH
(WKLFDO &RVW %HQHILW 7KH JUDGHV DUH

$ % & 'DQG ( ,I \RX KDYH DQ\

GRXEWV FKHFN WKH 03, JXLGHOLQHV OLQN LQ
WKH +(/3 )LOH

2QH KXQGUHG DQG WZHOYH XQWUHDWHG KHDOWK\

SURGXFH RQ DYHUDJH SXSV WKHUHIRUH IRU WK
PDLQWDLQHG DW 3& FRQGLWLRQV
%ULHIO\ VXPPDULVH WKH XPEXUHVRELOO EH FROOHFWHG IURP  UDW SX§Y, Ry,

GD\V DIWHU ELUWK (DFKs

Rl DQLPDOV QXPEHU RI DQXLSPVDO7KH VDPSOHV WR EH FROOHFWHGHLQFOXGé(I?.C
PDQLSXODWLRQV DOQG OHV LOHDO GLJHVWD IDHFDO VDPSOH

D,P
*UDGLQJ WR EH GRQH RQ&&%&
LIDEeLQJ WR EH GRQH RQ b HG DFURVV WKH WLPH SRLQWV WR LOF

DGPLOQLVWHUHG WR HDFK Y ﬁxzé-BSGU\WRﬁFH YDULDELOLW) LQ WKH 6)% DEXQ

PDLQ EHQHILW HISHFWHE \WBE WKLY 8RYNooRrRz XV WR GHWHUPLQH WKH EHV
[URP WKH LOHDO WLVVXH RI UDW SXSV LQ RUGHU

DQG IDHFDO VDPSOHYVY SUH DQG SRVW ZHDQLQJ 7KH
EHQHILFLDO IRU IXWXUH VWXGLHYV ZKHUH HDUO\ OLI
LQFUHDVH LQ WKH DEXQGDQFH RI 6)% LQ WKH LOHX

UDWV ZLOO EH
H VWXG\ GDP

3 D GD\ SHU
ZLOO FRQVLV!
HDO WLVVXH II

V DQG EORRG
UHDVH VDPSOH

EDQFH GDWD

WHFKQLTXH \
R GHWHUPLQH
EHVW 6)% H[W
H QXWULWLRQ
b RI UDW SXSV

352-(&7 7<3(

E[F(Qlfv DSSOLFDWLRQ LV D 8MHIURSG

RARLR O

,| WKLV $SSOLFDWLRQ LV D UHQHZDO RI D
SUHYLRXV DSSURYDO SOHDVH FRPSOHWH WKLV
SDJH EHIRUH PRYLQJ WR VHFWLRQ

6&,(1&( -XVWLILFDWLRQ

,PPHGLDWH *RDO Rl WKLV7&EHRMHWDOWRI WKLV VWXG\ LV WR GHWHUPLQH WKH E
LOHDO WLVVXH RI UDW SXSV IURP XQWLO GD\V O
ZHDQLQJ

HVW WHFKQLTX
IWHU ELUWK L

3XUSRVH RI \RXU H[SHULPHQPWDAJ SRVH LV WR GHWHUPLQH ZKHWKHU LOHDO H
SURJUDPPH LV WKH EHWWHU WHFKQLTXH IRU LVRODWLQJ 6)% IU

XFRVDO VFUDS
RP WKH LOHXP

/RQJHU WHUP EHQHILWYV RIKWKHWLHVEBWEHQHILFLDO LQ WKH ORQJ WHUP DV W
SURJUDPPH LVRODWLQJ 6)% IURP WKH LOHXP RI UDW SXSV LQ V

KH EHWWHU WH
FFHVVLYH H[S

+DV WKLV DSSOLFDWL&Q{\FHHQ UHYLHZHG E\
\RXU SHHUV

,| <(6 SOHDVH GHWDLO KRAHVUKUHYULRMHGVE\ 3URI 1LFROH 5R\ DQG 'U 5DFKHO
KDV EHHQ SHHU UHYLHZHGQYROYHG LQ WKH VWXG\

BQGHUVRQ DV :

$UH \RX DZDUH RI VLPLODU SUHYLRXV
ZRUN LQ WKLV ILHOG HLWKHW LQ 1= RU
RYHUVHDV"

$ QXPEHU RI VWXGLHV H J 2KDVKL HW DO (U
1 <(6 SOHDVH GHWDLO KRRUULHG RXW ZKHUH 6)% ZDV LVRODWHG IURP WKH
VLPLODU SUHYLRXV ZRUN D@L WKQW WX®\GZDV DOVR FDUULHG RXW LQ O0DUFK
HLWKHU LQ 1= RU RYHUV HORP B BIIOQM/HDW WRQ ZDV XVHG WR LVRODWH 6)% IURP
\RXU SURSRVDO LVRODWHG XVLQJ ERWK WHFKQLTXHV +RZHYHU LW
DEXQGDQFH RI 6)% LVRODWLRQ

L FVVRQ HW DO
LOHXP RI PLFH
DW *UDVVODC
WKH WHUPLQDC
LV XQFOHDU Z

$1,08/ 86( -XVWLILFDWLRQ

7TRWDO QXPEHU RI DQLPDOV EHLQJ XVHG

:KDW LV WKH KLJKHVW 03, JUDGLQJ RI
PDQLSXODWLRQV WKDW ZLOO DSSO\ WR WKLV
SURMHFW XVH 7KWRBWGERE Q

UHIOHFW WKH VXPPHG LP é\/&/ Iéé g)\%\f \9/KH
LQLWLDO VWDWH RI WKH E 8 b I§(H LQGXFHG
HITHFW RI WKH H[SHULPHQWDO SURFHGXUH QRW
WKH LQGXFHG HIIHFW DORQH

+RZ PDQ\ DQLPDOV ZLOO EH LQ WKLV
JUDGH"




$SSHQGLFHYV

‘H FKRVH WKH 6SUDJXH 'DZOH\ UDW VWUDLQ WR XVH
+RZ GLG \RX FKRRVH LKVRODWHG IURP WKLV VWUDLQ 5DW SXSV DUH D

VSHFLHV EUHHG VWU&@H&S%%% %gmgg j—@? vilHy ZLOO EH ODUJwé)?\%gg}{

VHSERY £ W61 WY VX
WKH DQDO\VHV

IRU WKLV SUR
VR ODUJHU D

JgégWDQLP[

TKVLV LW QHFEHVVDUY WR XY VRQWEBGWH RI 6)% LQ LOHDO WLVVXH DQG IDHF

DQLPDOV WR DFKLHYH WK R
ZRUN EBRPPY oR'sYMY0J boLPDOV

WRE Y
DO VDPSOHV L

>5('8&7,21@ +RZ KDYH \RX UHGXFHG

WKH QXPEHU RI DQLPDOV \RX SURSRVH WR XVH

WR WKH PLQLPXP FRPSDWHEGRLQWEK SRZHU DQDO\VLV
DFKLHYLQJ WKH SXUSRVH RI WKH ZRUN"

7KH UDWV DUH QRW WUHDWHG LQ DQ\ ZD\ DQG WKH
>5(),1(0(17@ ,Q ZKDW ZD\\& KDWISK\[LDWLRQ DQG FHUYLFDO GLVORFDWLRQ XV
\RX VRXJKW WR PLQLPLVHFR®EHFR[HBXBAQMYDLQHG WHFKQLFLDQV
RI WKH SURFHGXUHV \RX SURSRVH WR XVH"

(IWUD SXSV ERUQ LQ H[FHVV RI SHU GDP ZLOO EH

WKH $J5HVHDUFK YHWHULQDULDQ XVLQJ *0623

KHDOWK\ UDW
[ QJ *0623 E

KXPDQHO\ HXW

>5(3/$&(0(17@ :KDW DOWHUQDWLYHV WR
XVLQJ DQLPDOV KDYH EHHE PROVQRBWUHE®H WR GR WKLV LQ KXPDQV WKHUHIH
DQG ZK\ KDYH WKH\ EHHQ UHMHFWHG"

UH DQ DQLPDO

38%/,&%7,21

+RZ ZLOO WKH UHVXOWV

SXEOLVKHG RU GLVVHPLQ léH—K/%B\L){/V IEEOO EH SXEOLVKHG LQ D SHHU UHY|

HZHG LQWHUQI

%,20(75,& (9$/8$7,21

:DV WKHUH D 3RZHU %DVHG
DVVHVVPHQW RI WKH DGHIXDF\ RI
VDPSOH VL]H V

:KROH LOHDO WLVVXH KRPRJHQLVDWLRQ PD\ EH VXL

ODLQ +\SRWKHVLV RI LQWBBHX¥WDWH REVHUYDWLRQ LQ WKH FKDQJHV LQ 6)%

WDEOH IRU LVR

OQEXQGDQFH RY}

ODLQ YDULDEOH RI LQWHWHEXWGDQFH RI 6)% RYHU WLPH SUH DQG SRVW ZHD

hLQJ

([SHULPHQWDO GHVLJQ ,W ZDV LQLWLDOO\ GHFLGHG WKDW GDPV ZLOO EH
SXSV UHTXLUHG IRU WKLV H[SHULPHQW 'DPV FRPPR
RQ DYHUDJH EXW YDU\ EHWZHHQ SXSV SHU OLW
HQVXUH VXIILFLHQW SXSV DYDLODEOH IRU WKH VWX

EHWZHHQ SXSV IRU WKH VWXG\

,OHDO WLVVXH VDPSOHV IURP PXFRVDO VFUDSLQJ O

DQG GD\V DIWHU ELUWK DQG DW OHD

SRLQW

<

UHTXLUHG WR
QO\ SURGXFH O

VHU 7KHUHIRU
G\ 7KHUHIRUH
QG IRU KRPRJF
W UDW SXSV

7R FRPSDUH WKH WHFKQLTXHV DW HDFK WLPH SRL
WLPH SRLQW DQG WLVVXH IURP HDFK SXS ZLOO EH
%LRPHWULFLDQV FRPPHQWYV
W ZRXOG EH EHWWHU WR XVH
XQIRUWXQDWH DQG JHW RQO\

SXSV EXW WKH H[S

PW ZH ZLOO FR
VHG IRU ERWK

HULPHQW LV V\

L ODPHQWRXYV E
UREH

‘DWD IURP
'DWD XVHG LQ 3RZHU DQDIZKBV¥KL < HW DO &RORQLVDWLRQ RI VHIPHQWHG |
OXPLQDO ,J$ OHYHO LQ FRQYHQWLRQDO PLFH $QDH
6WDQGDUG GHYLDWLRQ 6'
BWDQGDU REYAUY FRYQuivvxn
‘DWD IURP
KHUH ZDV WKH 6' REWDLQKBVIKIRP< HW DO &RORQLVDWLRQ RI VHIPHQWHG |
OXPLQDO ,J$ OHYHO LQ FRQYHQWLRQDO PLFH $QDH

. ODPHQWRXYV E
UREH

OLQLPXP WUXH GLIIHUHQFH RAQIOMWWHI RYWLVVXH

'"HVLUHG SRZHU Rl WKH H[SHWRPHQW

'"HVLUHG OHYHO RI VLIJQLILFDQFH

5HVXOWLQJ VDPSOH VL]H WR

$1,08$/ ,1)250%7,21

$QLPDO 'HWDLOV 8VH 'URSGRZQ ER[HV

6SHFLHVY a %YUHHG RU VWWDWY a 6SUDJXH 'DZOH\
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&RPPRQ QDPH a *HQGHU a )HPDOH

5HSURGXFWLYH VWDWXV 8BHBHQDQW

1XPEHU EHLQJ XVHG a +HD@WK D/AWDRN X V

$GGLWLRQDO $QLPDO 'HWDLOV 8VH
'URSGRZQ ER[HV

$GGLWLRQDO 6SHFLHV a %DWNGa RS WIMWXPIL'@ZOH\

$GGLWLRQDO &RPPRQ QDRHO a[HEQ\GH[U

$GGLWLRQDO 5HSURGXFWLRBPOWDDG/ 1aRKIBUHIQDQW a 3UH DQG SRVW ZHD(

LQJ

$GGLWLRQDO 1XPEHU EHLQJ_XVH
+HDOWK VWDWXV YTk

$GGLWLRQDO $QLPDO 'HWDLOV 8VH

'URSGRZQ ER[HV

$GGLWLRQDO $QLPDO 'HWDLOV
'URSGRZQ ER[HV

8VH

$GGLWLRQDO $QLPDO 'HWDLOV
'"URSGRZQ ER[HV

8VH

$GGLWLRQDO $QLPDO 'HWDLOV
'URSGRZQ ER[HV

8VH

BUHYLRXV XVH RI DQLPDOV

+DYH DQ\ RI WKH DQLPDOV EHHQ XVHG LQ
SUHYLRXV H[SHULPHQWYV 1IIRH ZLWK D
GLIIHUHQW 3URMHFW QXPEHU

$1,08/ :(/)$5¢(

30HDVH GHWDLO WKH DQLPDO KXVEDQGU\ DQG
ZHOIDUH SULQFLSOHV WKDW ZLOO EH DSSOLHG
WKURXJKRXW WKH SURMHFW

,Q SUHSDUDWLRQ IRU WK KDSBOUBLRPHIHL OO WKH DQLPDO WHFKQLFLDQ DW *U
%URDGKXUVW DQG 5REHUW 6PLWK DW 5XDNXUD RQ
ERWK FRQWLQXH WR RIIHU RQJRLQJ VXSSRUW RQFH
WKURXJKRXW WKH DQLPDO VWXG\ &KULVVLH %XWW
HPDLO WR GLVFXVV KRZ WR FDUH IRU EUHHGLQJ DQJ

(LJKW SUHJQDQW UDWV GDPV ZLOO EH REWDLQH
5XDNXUD DQG WUDQVSRUWHG WR $J5HVHDUFK 80
GDPV ZLOO EH PDLQWDLQHG XQGHU 3& FRQGLWLRQ

'DPV SURGXFH DQ DYHUDJH RI
IRU )RU WKLV VWXG\ RQO\

PRUH WKDQ
UHGXFH WKH YDULDELOLW\ RI WKH 6)% GDWD GXULQ

SXSV HDFK WKHU
SXSV DUH UHTXLUHG

7KH UDW SXSV WR EH XVHG LQ WKH H[SHULPHQW ZL(
ZHDQLQJ

WKHLU ELUWK OLWWHUV DQG WKHQ UDQGRPLVHG L

([WUD SXSV H[FHVV RI SXSV SHU GDP ERUQ ZLO(
EXW ZLOO EH HXWKDQL]JHG GD\V SRVW ELUWK XVLQ
GD\V ROG ZH ZLOO IROORZ VRGLXP SHQWREDUELWR
GHDWK $W WKLV DJH WKH SXSV DUH UHJDUGHG DV
DYRLG FURVV IRVWHULQJ ZKLFK PD\ LPSDFW WKH D
SRVVLEOH PDWHUQDO LQIOXHQFH RQ WKH JXW PLFU

JRU WKH H[WUD SXSV ERUQ L H PRUH WKDQ
JURXSV IRU H{WUD VDPSOH FROOHFWLRQ ORUH VDP
DV DGYLVHG E\ WKH %LRPHWULFLDQ

SXSV PD\ EH XVHG LI WKHUH DUH PRUHKH SXSV ERUQ

DVVODQGV KDV
FDULQJ IRU DQ
WKH GDPV DU
DW 30DQW )R
PDOV WKRXJK

G IURP $J5HVFE
DWW 5HLG $QL
XQWLO WKH LU

HIRUH WKH ELL
H SXSV HD!

(1

J DQDO\VLV

O EH OHIW ZLW

7KH\ ZLOO WKHQ EH VHSDUDWHG IURP WKHLU PRWKHUV S

QWR WKH WLF
QRW EH FURV
J *0623 *L
QH HXWKDQDVL
QHRQDWHYV DQ
EXQGDQFH RI 6.
RELRPH

VRPH PD\ EH UDQGR

SOHV ZLOO UHC

7KH GDPV ZLOO EH KRXVHG LQGLYLGXDOO\ IRU ZKH

URGHQW IHHG DQG ZDWHU EHLQJ VXSSOLHG DG OLE

"KLOH LQ WKH H[SHULPHQy\{(H UDW SXSV ZLOO EH KRXVHG ZLWK WKHLU PRWK
WLPH WKH\ ZLOO EH VHSDUDWHG IURP WKHLU PRWH

3& FRQGLWLRQV ZLWK URGHQW IHHG DQG ZDWHU EH

OSLQJ ELUWKIL

L WXP

HUV SUH ZHDQL
HUV DQG KRXV
LQJ VXSSOLHG

$IWHU UHFRYHU\ XVH IHHGLQJ SRVW RSHUDWLYH
FDUH DQDOJHVUD$HOVMRVLELRWLFV




$SSHQGLFHYV

$W WKH HQG RI WKH H[SHBQPPR® :HOIDUH 2IILFHU

7KH UDW SXSV ZLOO EH HXWKDQLVHG KXPDQHO\ E\
GLVORFDWLRQ SULRU WR WLVVXH VDPSOH FROOHFW

7KH H[WUD SXSV ERUQ ZLOO EH UDQGRPLVHG LQWR
FROOHFWLRQ 'HSHQGHQW RQ KRZ PD\ SXSV DUH ER
5HLG $QLPDO )DFLOLW\ RU IRU WUDLQLQJ SXUSRVH

7KH GDPV FDQQRW EH UHWXUQHG WR 5XDNXUD DV R
EH UHLQWURGXFHG LQWR WKDW IDFLOLW\ $IWHU W
SXUSRVHV DW WKH 80\DWW 5HLG $QLPDO )DFLOLW\
REWDLQLQJ UDW WLVVXHV 7KLV ZLOO EH FRRUGLQI

k2 DVSK\[LDWL
LRQ IRU DQDO!

WKH WLPH SRLC(
J)Q D IHZ DQLP
XQGHU 6XVDC

DQFH WKH\ OHDY
H ELUWK RI SX
$OLFLD %DUQH
WHG E\ +DLOH

* + ERYUH *+6 ZLOO EH FKHFNHG GDLO
o) TQBNRRNIRR SIS

'DPV ZLOO EH WUDQVSRUWHG IURP 5XDNXUD LQ DS
IROORZLQJ ,$7$ JXLGHOLQHV $ 1HZ =HDODQG FRXU|
ZLWK WUDFNLQJ WKH VKLSPHQW DQG HQVXULQJ DQ

URSULDWH URC(
HU FRPSDQ\ ZL
PDOV DUH FDU

$00 GDPV DQG UDW SXSV DIWHU ELUWK ZLOO EH FKHFNHG GDLO\ Z

IRRG DQG ZDWHU WRSSHG XS DV UHTXLUHG

$ UDW ZLWK D *+6 VFRUH RI RU ZLOO EH FORVHO

QRW LPSURYH WKH\ ZLOO EH KXPDQHO\ HXWKDQLVH

PRQLWRUHG KRXUO\ RU HXWKDQLVHG LPPHGLDWHO

*+6 RI ZLOO EH LPPHGLDWHO\ HXWKDQLVHG DV ZL
IURP SUHYLRXV ZHLJKLQJ

JRU WKLV WULDO RQO\ KHDOWK\ DQLPDOV ZLOO EH
SUHIHUUHG 7KHUH ZRXOG EH QR UHDVRQ WR GHOD\
DQG LI WKH\ GLG LW PD\ EH ZLWK LQWHUYHQWLRQ O

*+6 UDQJHV |

PRQLWRUHG D
5 2QFH D *+6 R
GHSHQGLQJ R
0O RQH WKDW

KVHG WKHUHIF
HXWKDQLVDWL
Q\zD\

ORQLWRULQJ

LPPHGLDWHO\ REYLRXV
0867 % ( 3267 0257(0(

DQG WKH $(& QRWLILHG LPPHGLDWHO\

DQ\ DQLPDOV WKDW GLH GXULQJ
WKH H[SHULPHQW IURP FDXVHV QRW
IURP FOLQLFDO VLJQV

30HDVH GHWDLO KRZ

ZHOIDUH ZSHUDWRUV%E/\EFQ%TT&HE(EZ;\}E%&D@WUHWDLQHG LQ WKHLU ELUWK O

ZLOO EH PRQLWRUHG

$00 UDWV GDPV DQG SXSV ZLOO EH PRQLWRUHG G
ZHHNO\ 7KH GDPV ZLOO EH KRXVHG LQ LQGLYLGXI
ZLOO EH HDVLO\ FRPSDUHG )UHVK QRUPDO ZDWHU

HiMuHQW QRQ WR[LF PDUNHU SHQ
ZHLJKWV DQG ERG\ FRQGLWLRQV )UHVK QRUPDO Z
DV UHTXLUHG

6XVDQ 'RRKDQ WKH 9HWHULQDULDQ DQG $QLPDO :H
DFFHVV WKH JUDGLQJ RI PDQLSXODWLRQV

DLO\ ZHLJKHG
O FDJHV 7KHL
DQG URGHQW

LWWHUV SRVW
FRORXUV LQ R
DWHU DQG URG

OIDUH 2I1ILFHU

30HDVH LQGLFDWH WKH VLJQV EHKDYLRXUV \RX
ZLOO PRQLWRU DQG KRZ IUHTXHQWO\ WKH\ ZLOO

EH PRQLWRUHG

%RG\ ZHLJKW a JUHTXHQFXHV a [ ZHHNO\
HLJKW ORVV a JUHTXHQFXHV a [ ZHHNO\
:DWHU LQWDNH a JUHTXHGFV a [ ZHHNO\
JRRG LQWDNH a )JUHTXHQRHV a [ ZHHNO\
3RVWXUH a JUHTXHQF\ <HV a [ GDLO\
*DLW PRYHPHQW a JUHTXHQ®RA a [ GDLO\
&RDW FRQGLWLRQ a JUHTXH®@FA [ GDLO\

9RFDOLVDWLRQ a )UHTXHQR\

5HVSLUDWLRQ a JUHTXHQHR

JDHFDO FRQVLVWHQF\ a )UHUXa QF\GDLO\

9DFFLQDWLRQ VLWH UHDFMRLRQ a JUHTXHQF\

JLVWXOD FOHDQOLQHVYV alRIHTXHQF\

YO\ VWULNH a )UHTXHQF\ 1R

B3DUDVLWHYV a )UHTXHQF\ 1R

+DHPRUUKDJH a J)UHTXHQHR

2HGHPD VZHOOLQJ a JUHTXRIQF\




$SSHQGLFHYV

,QIHFWLRQ a JUHTXHQF\ 1R

6HOI PXWLODWLRQ a JUHTXRIQF\

&16 VLIQV a JUHTXHQF\ 1R

I \RX GHWHFW DGYHUVH

EH PDQDJHG" DQ\ DQLPDOV WKDW GLH

GXULQJ WKH H[SHULPHQWS5DWRWP FIDXY IE¥ ORMFNHG GDLO\ IRU VSHFLILF KHDOW
LPPHGLDWHO\ REYLRXV |URB HFOLRHEWRVEDIVHY QRW LPPHGLDWHO\ REYLRX
0867 % ( 3267 0257(0(

K SDUDPHWHUYV
ZLOO EH SRV\

'LVSRVDO RI DQLPDOV +RZ ZLOO WKH
DQLPDOV EH GLVSRVHG R(XVBKBIQDVHG
"URSGRZQ ER]

'LVSRVDO RWKHU 'DPV ZLOO EH HXWKDQLVHG RU WUDQVIHUUHG WR D

QRWKHU WULDC

,| DQLPDOV DUH WR EH HXWKDQLVHG
LQGLFDWH PHWKRG RI HXWKDQDVLD RU

(OHFWULF VWXQ DQG HI[V

VODXJKWHU
%JX#(%DWH a
FDSWLYH EROW H[VDQJXL W

$QDHVWKHWLFV RYHUGRVH, ,a, &HU Y.L FDO
GLVORFDWLRQ AN

&2 FKDPEHU a *XLOORWL®@HV a 1R

WW 5HLG VPDOO DQLPDO XQLW *U
DQLPDOV LQ VWXG\ )RU SXSV ER
LWK VRGLXP SHQWREDUELWRQH

,| DQLPDOV DUH WR EH
VODXJKWHUHG SOHDVH
J)DFLOLW\ ORFDWLRQ FR

S

DVVODQGV &2
UQ LQ H[FHVV ¥
DQG GHFDSLWLE

(XWKDQDVLD RI SXSV GD\V SRVW ELUWK DQG RI GD
‘KR ZLOO SHUIRUP WKH S9@RMHGX QD U'HDAD LBLXVDQ 'RRKDQ IROORZLQJ *0 623
H[SHULHQFH DQG 623 QXPEMMKDQDVLD RI SXSV GXULQJ WKH VDPSOLQJ GD\V Z
IROORZLQJ *0 623

PV ZLOO EH SHI

. OO EH SHUIRU

+RZ ZLOO FDUFDVVHV EH CQIMSRMHIBGNRRQ

7UHDWPHQW HQGSRLQWYV 3URYLGH GHWDLOV RI
HQGSRLQWYV WKDW ZLOO UHVXOW LQ FHVVDWLRQ RI
WUHDWPHQWV

1RW DSSOLFDEOH 1R

/IRVV Rl ZHLJKW a 'HWDLO¥HV a ,I D UDW KDV ZHLJKW ORVV RI RU PRUH RY

H U GD\V WKH

,QWHUYHQWLRQ WULJJHUI1R J a '"HWDLOV

7XPRXU VL]H a '"HWDLOV 1R

,UULWDWLRQ E\ LPSODQWI1®HYLFH a '"HWDLOV

OHWDEROLF XSVHW a '"HWDOIROV

'HDWK a '"HWDLOV 1R

(XWKDQDVLD RI PRULEXQ(E‘“PQLPDOV a

'HWDLOV

(XWKDQDVLD RQ FOLQLFD?RWKUHVKROG a
'HWDLOV

2WKHU a "HWDLOV 1R

&217,1*(1&< 3/$16 a +RZ GR \RX
SODQ WR GHIDFMUZLMAFDRQIRUHVHHQ
FLUFXPVWEQMHPD\ DIIHFW WKH ZHOIDUH
Rl WKH DQLPDOV

$00 VWDII UHVSRQVLEOH IRU DQLPDOV ZLOO EH FR

+DYH \RX PDGH DQ\ FRQW IFEHFQHG DW OHDVW RQFH D GD\ IRU *+6 ,1 DQ\ DQL

SODQV" ORZHU WKH\ ZLOO EH FKHFNHG DW OHDVW WZLFH
DERYH

DWDFWDEOH DI
PDOV EHFRPH V
GDLO\ RU LPPF

30HDVH GHWDLO KRZ \RX ZLOO GHDO ZLWK

XQH[SHFWHG HYHQWY RULDOWHH 6DWH RHXQH[SHFWHG HYHQWY WKDW FRPSU
ZK\ \RX WKLQN VXFK SODQWKBUM[SHULPHQW ZLOO EH WHUPLQDWHG DQG UDW
XQQHFHVVDU\

RPLVH WKH KHEC
ZLOO EH HXWHK

$'9(56( (9(176

$Q\ DGYHUVH HYHQWY WKDW LPSLQJH RQ
DQLPDO ZHOIDUH DUH WR EH UHSRUWHG WR WKH
$(& LPPHGLDWHO\
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121 685*,&%/ ODQLSXODWLRQ

6$03/,1*

. \RX DUH FROOHFWLQJ VDPSOHYV
&+226( 6$03/( 7<3( )520 7LVVXH VDPSOH
'523'2:1 EHORZ

.0 WKHUH LV DQ 623 DSSURYHG E\ \RXU

$(& IRU WKH 6$03/,1* PDQLSXODWLRQ

V SOHDVH FXW WKH QDPH DQG QXPEHU

IURP WKH DSSURSULDVSI® OLW HVIRXH) 6 RE BMOKRRG VDPSOLQJ ZLOO RFFXU IROOR
590 623 SDJH DQG SDVWH&®D WKBK\[LDWLRQ DQG FHUYLFDO GLVORFDWLRQ *
VSDFH EHORZ ,I QR DSSURYHG 623 LV

DYDLODEOH SOHDVH GHVFULEH WKH

PHWKRGRORJ\

Y LQJ KXPDQH H
623

'58* DGPLQLVWUDWLRQ

,QWUDPXVFXODU a ,QWUDERWGL®F

6XEFXWDQHRXV a 3HU RV ER RRIXRVK

,QWUDSHULWRQHDO a 'UX&HWYQ DWHU ERWWOH

,QWUDYHQRXV a 2WKHU 1R a 1R

,] WKHUH LV DQ 623 DSSURYHG E\ \RXU

$(8IFWIPDQLSX SOFF; IFSX ERLH[F R WEZLEHXWK RGI SFEL IROOI
WKH QDPH D(IUFW *0623

DSSURESILIIRX R W )J)DH ZLE FROCIUIW U SX:DCPRU D(SFPRU\$Q
590 623 SDJH DLW PRU\W SX ZLE LVR(LC P/SRWIFIPD[LPR PLQ>’
VSIEHC, QDSSU 62:L IFIDHFROOI3R PRUVW IDH ZLE FROCGLU IUIW OR.
DYDLODE GHVFW FRORQ RI WKH . WU

PHWKRGRORJ\

%(+$9,285 DQG +$1'/,1*

2EVHUYDWLRQ RQO\ a (QIRBINHG IRFWLY LW\

3K\WLFDO UHVWUDLQW sHMWURWLRQDO UHJLPH

2WKHU 1R

(;32685( WR

3DUDVLWH a OLFUR RUJDQLKR R 1R

211 OLFHQFH GUXJ a 21l OLF F
FKHPLFDO legll—h

%LRORJLFDO SURGXFW a SMRGADWLRQ

(OHFWULFDO VWLPXODWLRRQ 2 $EQRUPDO
HQYLURQPHQW

2WKHU 1R

/" 1RQ 'RPHVWLFDWHG $1,0%/6

+DQGOLQJ a &DSWXUH 1R a 1R

ODUNLQJ 7DJJLQJ RU %UDQGLQJ a
7UDQVPLWWHU DWWDFKPH®@W RR&
LPSODQWDWLRQ

,] RWKHU XVH RI :,/' 1RQ
'"RPHVWLFDWHG $1,0%$/6 SOHDVH
GHVFULEH

685*, &%/ ODQLSXODWLRQ

$QLPDOV ZLOO VXUYLYH VgRU%/H N a
$QLPDOV ZLOO 127 VXUYLYH )% JHU\

ODQLSXODWLRQV IRU ZKLFK 623V KDYH
EHHQ DSSURYHG

JRU DOO PDQLSXODWLRQV ZKHUH DQ 623 KDV
QRW EHHQ DSSURYHG SOHDVH HQWHU WKH
IROORZLQJ LQIRUPDWLRQ

$6(37,& 7(&+1,48(

$1$(67+(6,%$ DQG $13%/*(6,%

:LOO WKH DQLPDOV UHFHll‘ﬁH SUH HPSWLYH
DQDOJHVLD
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'"HSWK RI $QDHVWKHVLD 3OHDVH
LQGLFDWH KRZ WKLV ZLOO EH WHVWHG

7KHUPDO PHWKRGV a (OHFWULEDQO
PHWKRGV ThV& iR

OHFKDQLFDO PHWKRGV a HPLFPO
PHWKRGYV HRIGLR

OHWDEROLF PHWKRGV a /RFDO 1R
LQIODPPDWRU\ UHDFWLR a

'HHS SDLQ UHIOH[ UHVSRQWRH

021,725,1*

:LOO \RX EH XVLQJ VWDQGRUG PRQLWRULQJ
VKHHWYV

3267 23(5$7,9( VXSSRUW

1RW DSSOLFDEOH DQLPD?X GR QRW UHFRYHU

&RQVHUYDWLRQ RI ERG\ KHDW
ORQLWRULQJ VKHHWYV 1% fr

JOXLG DGPLQLVWUDWLRQ fRSHF]_FﬁYHU\ LQ
LQGLYLGXDO FDJHV a

$GPLQLVWUDWLRQ RI DODDRHVIEYV a 2WKHU

(1'32,176

‘58%*6 DQG &+(0,&$/6

/LVW DOO GUXJV DQG &KHPLFDOV WR EH
DGPLQLVWHUHG WR DQLPDOV GXULQJ WKLV
SURMHFW

EHORZ

3/($6( 127( <RX DUH UHTXLUHG WR
FRPSOHWH D VHSDUDWH ,'$2 IRU ($&+

'58*% &+(0,&%$/ WKDW LV WR EH XVHG

LQ WKLV SURMHFW DQG LV QRW DQ 27&
FRPSRXQG RU EHLQJ DGPLQLVWHUHG E\ D
UHJLVWHUHG YHWHULQDULDQ

1 WKH GUXJV KDYH EHHQ $&&(37(' E\ WKH

$(& LQ WHUPV RI ODEHO LQIRUPDWLRQ DV
DSSURSULDWH IRU WKH URXWLQH XVH \RX

LOQWHQG SOHDVH FXW WK‘SFE%E?EF' ﬁd%’%:if

DQG LWV FRYHUVKHHW QX U EYECwraH
DSSURSULDWH ILOH V IRXQG, K, H
500 623 SDJIH DQG SDVWHﬁL‘%},V\%?HLV\géHiFTq(LUHG DV GUXJ ZLOO EH DGPLQLVWH
EHORZ ,) 12 '58%6 $5( 72 %(

$'0,1,67(5(" 3/($6('2 127

5,7( ,1 7+,6 63$&(

J\RX DUH XVLQJ GUXJV WKDW GR QRW KDYH D
&29(56+((7 SOHDVH JR WR +(/3 RQ

WKLV SDJH DQG XVH WKF

WHPSODWH VHFRQG OLQH EHORZ WKH JUHHQ
ER[ &RPSOHWH RQH VKHHW IRU HDFK GUXJ
DQG RU FKHPLFDO 6HQG

HOHFWURQLFDOO\ WR ODULHWWH .RPHQH
7KHVH ZLOO EH PDGH DYDLODEOH LQ WKH

590 623 IXQFWLRQ IRU IXWXUH

UHIHUHQFH

+DYH \RX KDG WR PDNH XS QHZ 590
&29(56+((7 V IRU WKLV SURMHFW

815(*,67(5("' 'UXJV RU &KHPLFDOV

:LOO $1< GUXJV XVHG LQ WKLV SURMHFW
RWKHU WKDQ 27& 3URGXFWV EH
DGPLQLVWHUHG E\ $1< 3(5621 ZKR LV
127 D UHJLVWHUHG 9HWHULQDULDQ SOHDVH
DQVZHU HLWKHU <(6 RU 12

7KLV TXHVWLRQ LV

DQ LQWHUQDO WULJJHU IRU ,'$2 FUHDWLRQ
QDPHV DUH QRW UHTXLUHG KHUH

7,668( &2//(&7,21

HG E\ WKH $J5
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, \RX DUH UHTXHVWLQJ SHUPLVVLRQ WR
FROOHFW WLVVXH IROORZLQJ HXWKDQDVLD HYHQ
LI \RX DUH QRW PDQLSXODWLQJ WKH DQLPDOV
EHIRUH WKH\ DUH HXWKDQLVHG \RX PXVW
FRPSOHWH WKLV SDJH

,] WKLV LV DQ DSSOLFDWLRQ SULPDULO\ WR
FROOHFW DQLPDO WLVVXH RQO\ \RX PXVW
FRPSOHWH D IXOO DSSOLFDWLRQ

6SHFLHV 8VH '"URSGRZQ BMWYV

+RZ PDQ\ DQLPDOV RI HDFKGDHEPNFLHW ZHIOWNKLQJ SXSV
EH XVHG" SXSV IRU WLVVXH FROOHFWLRQ

:KDW WLVVXH V DUH WR E®HROOCGIFIWM®D EORRG

,] WKH DQLPDOV DUH EHLQJ HXWKDQLVHG IRU
WKH SXUSRVH RI WLVVXH QC:Q%F\%LS%% %%ZH gél
LQGLFDWH ZKDW PHWKRG | I& I: LI9 FHUYLFDO GLVORFDWLRQ

EH XVHG

+DYH DQ\ RWKHU VWDII ZKR PLJKW EH
LQWHUHVWHG LQ RWKHU WRVVXHV EHHQ
DGYLVHG"

6285&( V DQG 75,%/ 6,7( V

7KLV VHFWLRQ DOORZV VWDWLVWLFV WR EH
JDWKHUHG IRU 03, $QLPDO XVH
LQIRUPDWLRQ DQG GDWD WUDQVIHU LQWR
$QLPDO 7RROV IRU $J5 DQLPDOV

30HDVH HQVXUH \RX KDYH VHOHFWHG WKH
FRUUHFW 7ULDO 6LWH DV LQIRUPDWLRQ LV
WUDQVIHUUHG WR WKH $QLPDO 7RROV
GDWDEDVH 30HDVH QRWH WKDW \RX PD\ VHOHFW
PRUH WKDQ RQH 7ULDO 6LWH ZKHUH UHOHYDQW
GHSHQGLQJ RQ WKH IDWH RI WKH DQLPDOV I
WKH HQGSRLQW LV UHWXUQLQJ WUDQVSRUWLQJ
DQLPDOV WR D $J5 )DUP HQVXUH \RX DGG

WKLV DV DQ DGGLWLRQDO 7ULDO 6LWH

6RXUFH $*5 5XDNXUD 6PDOO $QLPDO 8QLW
5%76 7ULDO 6LWH $*5 *UDVVODQGYV $QLPDO )DFLOLW\
1XPEHU

8

O\DWW 5HLG

127(6 a 5HDG RQO\

6WDWXV &KDQJH RJIJXWXO 68%0,7
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&RPPLWWHH '"HFLVLRQ

5(68%0,7FRVJURYHJ +L /LQGD
%HORZ DUH VRPH TXHVWLRQV DQG FRPPHQWYV WKDW
GLVFXVVLRQ

([SDQG WKH REMHFWLYH WR UHIOHFW WKDW PRUH
SUHSDUDWLRQ LV EHLQJ DVVHVVHG LQ WKLV DSSOL
SURWRFRO LV DOVR QHZ DQG LQIRUPDWLRQ RQ SU
GHVLJIQ IXWXUH VWXGLHV

$GG IXUWKHU VFLHQFH LQIRUPDWLRQ WR VHFWLR(
:RXOG D SUH ZHDQLQJ WLPH SRLQW 'D\ DQG RU
VHOI ZHDQ DQG HDW KDUG IRRG IURP GD\V 7R NH
FRXOG \RX UHGXFH D ODWHU WLPH SRLQW" &KHFN (

YXWXUH REMHFWLYHV LQFOXGH VWLPXODWH WKH
QHIJDWLYHV RI HLWKHU QDWXUDOO\ KLJK RU DUWLI
URGHQWYV RU LQ KXPDQV"

$V *UDVVODQGV KDV QRW GRQH EUHHGLQJ RI URGH
JRRG 5HVHDUFK WR GLVFXVV KRZ WR FDUH IRU EUH
KDQGOH FRXQW WKH SXSV RQ 'D\ DV WKLV PD\ XQV
ZLWK YLVLEO\ VPDOO ZHDN RU GLVFRORXUHG LVR

S5HFRPPHQGHG WR LQFUHDVH JUDGLQJ RI PDQLSX(
HITHFWV IURP PDQLSXODWLRQ RI OLWWHU VL]H KDQ

6XVDQ WR FRPSOHWH SHQWREDUE HXWKDQDVLD D
PDQLSXODWLRQV

&RQILUP IDWH RI GDPV &DQ WKH\ EH UH XVHG IRU
+DLOH\ IRU SRVVLEOH XVHV

&RQWDFW 6XVDQ RU P\VHOI LI \RX UHTXLUH FODULIL

KDYH DULVHQ

WKDQ MXVW W
FDWLRQ JLYHC
HYDOHQFH DW ¢

REMHFWLY
EH EHQHILFLI
HS WKH QXPEHL
LWHUDWXUH D

DEXQGDQFH RI
LFLDOO\ VWLP >

QWV UHFHQWO
HGLQJ DQLPDO)
HWWOH WKH GO
DDWHG SXSV Vi

DWLRQV WR 3&
GOLQJ DW D YX
NG PRQLWRU YL

RWKHU WULDO\

FDWLRQ RQ WK

*HUDOG
6WDWXV &KDQJH RJIJXWXO 68%0,7
&RPPLWWHH '"HFLVLRQ $33529('"FRVJURYHJ
3(56211(/ DQG 6LJQ RII
&RPPLWWHH *5$66/$1'6
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$33/,&$17 $00 SHUVRQQHO ZKR ZLOO

PDQDJH WKH DQLPDOV RU SHUIRUP
PDQLSXODWLRQV RQ WKHP 7KH 3URJUDPPH
OHDGHU )DFLOLW\ PDQDJHU %LRPHWULFLDQ
DQG WKH SHUVRQ UHVSRQVLEOH IRU HQWHULQJ
LQIR RQ WKH DQLPDO GDWDEDVH PXVW VLJQ
WKLV DSSOLFDWLRQ

3/($6( '"HVFULEH FOHDUO\ ZKDW HDFK
SHUVRQ V UROH LQ WKH SURMHFW LV

$00 SHUVRQQHO ZKR ZLOO SHUIRUP
PDQLSXODWLRQV RQ WKH VSHFLILHG
DQLPDOV PXVW

$ +DYH EHHQ WUDLQHG DQG EH
FRPSHWHQW LQ WKH PDQLSXODWLRQV
VSHFLILHG XQOHVV WKLV LV D VSHFLILHG
WUDLQLQJ SURWRFRO

% %H FRQYHUVDQW ZLWK WKH $J5HVHDUFK
&RGH RI (WKLFDO &RQGXFW

7,&.,1* 7+( $33529(
%2; ,03/,(6 7+$7 <28
+$9(

$ UHDG DQG XQGHUVWRRG WKLV
DSSOLFDWLRQ

% DJUHHG WR FRPSO\ ZLWK DOO VWDWXWRU\
UHTXLUHPHQWY UHJDUGLQJ WKH XVH RI
DQLPDOV LQ H[SHULPHQWYV

& DJUHHG WR FRPSO\ ZLWK DOO VWDWXWRU\
UHTXLUHPHQWY UHJDUGLQJ WKH XVH RI DQ\
SHVWULFWHG 9HWHULQDU\ OHGLFLQHV
VSHFLILHG IRU XVH LQ WKLV SURMHFW

$Q\ SHUVRQ ZKRVH QDPH LV 127

VHOHFWHG IURP D GURSGRZQ OLVW PD\ QRW
EH UHFRJQLVHG E\ WKH DXWR HPDLO IXQFWLRQ
LQ WKH GDWDEDVH

$1'(56215& a DSS a -RE

6HQLRU 5HVHDU HOWIRMH AR /R ERY 6HOLRU BHVHDUFK 6FLHQWLVW
*UDVVODQGV $0DQ -RKQV %XLOGLQJ

7XHV SP  O0ROQ )UL sp

URYHG
FK 6FL

%2:'(1- a -RE $VVLVWDQW
7HFKQLFLDQ /RFDWLRQ *$3/8/$§%8¥VVDQLPDO WHFKQLFLDQ

%52%$'+85675 a DSSURYHG a -RE

6HQLRU 6FLFSQLF J)DFLOLW\ 0DQDJHU 5XDNXUD 6HQLR
&RORQ\ /RFDWLRQ

$QLPDOV $Q 3K\V

'(:+8567+ a DSSURYHG a -RE
7HFKQLFLDQ /RFDWLRQ *UDV

$0DQ -RKQV )  $QLPDO )EFFQ%X%%’%%%O'—QJ
%XLOGLQJIV

'22+$16 a DSSURYHG a -RE

9HWHULQDULDQ DQG $QLPRO .HQI

2IILFHU /RFDWLRQ *UDVV Qé%%ss?éjl‘_ﬂﬁ%%QDVLD
)DFLOLWLHY 8O\DWW 5HLG )DFLOLW\

‘8167%$1. a DSSURYHG a -RE
5HVHDUFK 7HFKQLFLDQ ARFAIPBIORDHFKQLFLDQ
*UDVVODQGVY $0DQ -RKQV 5P )

* 1/(63,(+ a DSSURYHG a -RE
$QLPDO )DFLOLW)\ 0DQDJHUDMFDMWIRY $QLPDO )DFLOLW\ 0DQDJHU
*UDVVODQGYV /DE $GPLQ %XLOGLQJ

6WDWLVWLFLDQ

-2+16721(3 a DSSURYHG a -RE
6HQLRU 6WDWLVWLFLDQ /RFDWLRQ
,QYHUPD\ 5RRP &XOOHQ EXLOGLQJ
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2*878/ a DSSURYHG a -RE 3K’
BWXGHQW /RFDWLRQ *U D3R O/DANDGHH BW'
6BWXGHQW 5RRP

21(,//& a DSSURYHG a -RE_6PDOO
$QLPDO 7HFKQLFLDQ /RFDWLRQ5pYID IRU WULDO DQG GD\ WR GD\ EDUH
*UDVVODQGV /DE $GPLQ %XLOGLQJ

5P $

52<1 a DSSURYHG a -RE B6FLHQFH
7HDP /HDGHU )RRG 1XW S\s(g +HDOWK
/RFDWLRQ *UDVVODQG?“=| obc?’@'? EHCSP
%XLOGLQJ /HYHO

60,7+%* a DSSURYHG a -RE

5HVH $VVRF/RFD\
S5XDNXUD 6PDOO $Q $O1PDO 7H 5XDN

JLUH :DUGHQ )LUVW $LG

9$1.(8/(10 a DSSURYHG a -
7HFKQLFLDQ /RFDWLRQ f%V%SBE%OLQJ
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$SSHQGL][ ,,,F

$QLPDO (WKLFV $SSOLFDWLRQ 1R

$( $SSOLFDWLRQ a 6WDWXV &/26(" $SSOLFDQW 2HPFENI
WKH GRVDJH RI LQXOLQ LQ D URGHQW GLHW VXLWDEOH IRU
EDFWHULD DEXQGDQFHLQ WKH LOHXP RI SRVW ZHDQLQJ 6S!

*URXSLQHAXHVWLRQ $QVZHU

$662&,$7(" 'RFXPHQWYV

$( $33/,&%$7,21 ,QYHVWLJIDWLQJ WKH GRVDJRWI[LQXOLQ LQ D U
$'9(56( (9(17 a $8&(37(' LQIOXHQFLQJ VHIJPHQWHG ILODPHQWRXY EDFWHULD DEXQGDQFH L

6SUDJXH 'DZOH\ UDWV

$( $33/,8%7,21 ,QYHVWLJIDWLQJ WKH GRVDJRWRI|[LQXOLQ LQ D U
$( BWDWV a $&&(37(" LQIOXHQFLQJ VHIJPHQWHG ILODPHQWRXY EDFWHULD DEXQGDQFH L

6SUDJXH 'DZOH\ UDWV
$SWWDFKHG SGI ,QXOLQ GRVDJH VWXG\ ([SHULPHQWDO GHVLJQ

$( $33/,&%$7,21 ,QYHVWLJIDWLQJ WKH GRVDJRWRI[LQXOLQ LQ D U
$( 5HSRUW $ a $&&(37LQIOXHQFLQJ VHIPHQWHG ILODPHQWRXYV EDFWHULD DEXQGDQFH L

6SUDJXH 'DZOH\ UDWV

$( $33/,8%7,21 ,QYHVWLJIDWLQJ WKH GRVDJRWRI|[LQXOLQ LQ D U
$( 5HSRUW % a $&&(37L'QIOXHQFLQJ VHIJPHQWHG ILODPHQWRXV EDFWHULD DEXQGDQFH L

6SUDJXH 'DZOH\ UDWV

$'0,1,675%7,9( '(7%$,/6 30OHDVH
LQFOXGH 6SHFLHVY DQG ORGHO LQ \RXU 7LWOH

,QYHVWLIDWLQJ WKH GRVDJH RI LQXOLQ LQ D URGHQPW GLHW VXLWI

7TLWOH ILODPHQWRXYV EDFWHULD DEXQGDQFH LQ WKH LOHX®P RI SRVW ZHDQ
$SSOLFDQW /LQGD 2HPFENH

,QVWLWXWLRQ $J5HVHDUFK /LPLWHG

%XVLQHVV $GGUHVV $J5HVHDUFK *UDVVODQGY 7THQQHQW 'ULYH 3DOPHUVWRQ 1RUWK
3KRQH

ORELOH SKRQH

(PDLO /ILQGD 2HPFNH#DJUHVHDUFK FR Q]

&RQWDFW GHWDLOV

3HUVRQ UHVSRQVLEOH IRU DQLPDOV GXULQJ
PDQLSXODWLRQV 0867 EH QDPHG RQ

DQG VLJQ WKH SHUVRQQHO SDJH ,I PRUH
WKDQ RQH IDFLOLW\ LV E HL@G DX ¥ HBFNHD O
SHUVRQV UHRIS PQ@Q\LPH®N PXVW EH

QDPHG DQG VLIJQ WKLV $SSOLFDWLRQ

3KRQH

ORELOH SKRQH

(PDLO /ILQGD 2HPFNH#DJUHVHDUFK FR Q]

3HUVRQ UHVSRQVLEOH IRU HQWU\ RI 7ULDO
'UXJ DQG DQLPDO PDQLSXODWLRQ GDWD
LQWR WKH $QLPDO 8VH GDWDEDVH
$J5HVHDUFK UHTXLUHPHﬁWW@%%7 "
EH QDPHG RQ DQG VLJQ 5

SDJH ,1 QR $J5HVHDUFK IDFLOLWLHY DUH
EHLQJ XVHG SIGRMD %5 SH0Q\WB BO H

3URJUDP 0DQDJHU 3ULQFLSDO
,QYHVWLJIJDWRU 0867 EH GIDFKG & § @CHUVRQ
VLIJQ WKH SHUVRQQHO SDJH

%LRPHWULFLDQ 0867 EH %W—IH%RB'_H_'%G

VLJQ WKH SHUVRQQHO SD
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JDFLOLW\ ODQDJHU ,I PRUH WKDQ RQH
IDFLOLW\ LV EHLQJ XVHG DOO 0DQDJHUV PXVW
EH QDPHG DQG VLJQ WKL W 3ISG B\ FIDOMLHRGES L H
0867 EH QDPH & LRQ MXGI

SHUVRQQHO SDJH

B3URMHFW 'DWHV a 3/($6( HQWHU DOO GDWHYV
LQ WKH IRUP UHTXHVWHG >GG PP \\@ $1°'
HQVXUH WKDW WKH VWDUW GDWH \RX HQWHU
RFFXUV DIWHU WKH QH[W PHHWLQJ RI \RXU
FRPPLWWHH ,I \RX GRQRW H[SHFW WR UHQHZ
WKLV $SSSDHDWHR®R QRW HQWHU D

5HQHZDO 'DWH

6WDUW 'DWH GG PP \\

JLQLVK 'DWH GG PP \\

5HPLQGHU 'DWH GG PP \\ (QWHU D GDWH
WR UHFHLYH DQ HPWIKHUHPLQGHU WKDW
$SSURYDO 3HULRG LV GXH WR HQG
S5HFRPPHQG ORQWKYV

$UH WKHUH )22' 6$)(7< LVVXHV XQGHU

WKH $QLPDO 3URGXFWV $FW RU 5HJXODWRU\
DSSURYDO DV WRHALD BHRBMAHFRWK

3/($6( 127( 7KH )22 &+$,1

LQFOXGHV IRRGOIRIU HLWKHU

&2168037,21 RU 3(7

y22' " I \RX DUH XVLQJ /DERUDWRU\
5RGHQWY DQG RU RWKHU VSHFLHV WKDW DUH
QHYHU XVHG IRU KXPDQ FRQVXPSWLRQ RU
SHW IRRG RU LI WKH DQLPDOV LQ WKH SURMHFW
ZLOO EH VDIH WR HQWHU WKH IRRG FKDLQ
SOHDVH W\SH WKH ZRUG IRDQG WKHQ
SURFHHG WR WKH QH[W TXHVWLRQ

+RZHYHU LI VRPH RUDOO RI WKH DQLPDOV
PXVW EH H[FOXGHG IURP (9(5 HQWHULQJ

WKH IRRG FKDLQ EHFDXVH RI WKH
PDQLSXODWLRQV GUXJV WKH\ ZLOO EH JLYHQ
RU EHFDXVH RI 5HIXODWRU\ $SSURYDO
UHTXLUHPHQWY SOHDVH W\SH <(6 DQG WKHQ
H[SODLQ ZK\

$J5HVHDUFK DQLPDOV WKDW PXVW QRW
HQWHU WKH IRRG FKDLQ PXVW EH 3,1.
7$**(-

0—RUL &RQVXOWDWLRQ ,I WKHUH LV DQ\
XQFHUWDLQW\ LW LV WKH DSSOLFDQWTV
UHVSRQVLELOLW\ WR DSSURDFK ORFDO 0—RUL
UHSUHVHQWDWLYHV IRU FODULILFDWLRQ

'RHV WKLV SURMHFW lZIHVVXELR}JH FRQVXOWDWLRQ
0O—RUL"

,] \HV SOHDVH LQGLFDWH ZKDW DVSHFWV DUH RI
LOQOWHUHVW WR 0—RYILGHIQEHMAAVVDU\

DSSURYDO |URPPKXXWRBEHKD S X

DSSHQGHG DV D SGI

$UH \RX UHTXHVWLQJ 85*(17
FRQVLGHUDWLRQ" 2QO\ WLFN <(6 LI WKH

$(& QHHGY WR FRQVLGHU MRKLV
$SSOLFDWLRQ EHIRUH WKH QH[W VFKHGXOHG
PHHWLQJ

, 1 <(6 SOHDVH VWDWH ZK\ WKH
$SSOLFDWLRQ LV XUJHQW

'DWDEDVH $GPLQLVWUDWLRQ

JURP WKH 'URSGRZQ $J5HVHDUFK XVHUV
VHOHFW \RXU 6F|_Fnﬂgu;|=|*u®%< D§§ .

3DUHOWHG XVHUV VHOHF ﬁ;g( "G %LR EDVHG 3URGXFWV )RRG IXWULWLRQ
86(5

$(& -85,6"',&7,21

'KLFK FRPPLWWHH DWR\RX RSS2
8VH 'URSGRZQ ER| v b8&v

6RPH DVSHFWV RI WKLV ZRUN ZLOO DOVR EH
XQGHUWDNHQ XQG HRI WKL LFWLRQ
$J5HVHDUFK $(& DW 8VH yégéégq

ER]

+HDOWK



$SSHQGLFHYV

6RPH DVSHFWV RI WKLV ZRUN ZLOO DOVR EH
XQGHUWDNHQ XQGHRIWKKHMXULVGLFWLRQ
$J5HVHDUFK $(& DW 8VH 'URSGRZQ

ER]

$UH VWDIlI DQLPDOV RU IDFLOLWLHV Rl DQRWKHU
RUJDQLVDWLRQ $QERDBEK KRV DQ

(WKLFV &RPPLWWWHKLM)YROYHG LQ

SURMHFW"

,1 <(6 1DPH RWKHU RUJDQLVDWLRQ V
LQYROYHG LQ WKLV SURMHFW

'RHVY WKH (WKLFV FRPPLWWHH RI WKDW
RUJDQLVDWLRQ V KDYH D1IRRS\ RI WKLV
DSSOLFDWLRQ"

+DV WKLV DSSOLFDWLRQ RU D VLPLODU
DSSOLFDWLRQ EHHQ VXEPLWWHG WR
DQRWKHU (WKLFV &RPPL HH RQ D
SUHYLRXV RFFDVLRQ"

,| <(6 SOHDVH SURYWE®H WKH QDPH RI
FRPPLWWHH WKDW WKH DSSOLFDWLRQ ZDV
SUHYLRXVO\ VXEPLWWHG WR DQG GHWDLOV RI
WKH VXEPLVVLRQ

5(*8/$725< $33529%/

$Q\ UHJXODWRU\ DSSURYDO PXVW EH
REWDLQHG EHIRUH VXEPLVVLRQ DQG SURRI
WKDW DOO QHFHWDUW BISSQRYDO V
JUDQWHG PXVW EH DWWDFKHG

$UH DSSURYDOV UHTXLUHG IURP DQ
RXWVLGH ERG\ LHV" 30HDIMH DQVZHU
HLWKHU <(6 RU 12

,] DQ\ DVSHFWV RI WKLV SURSRVDO UHTXLUH
DSSURYDO IURP D UHJXODWRU\ ERG\ V
SOHDVH VHOHFW IURP OLVW EHORZ

$SSURYDO LV UHTXLUHG IURP 8VH
'"URSGRZQ ER]

$SSURYDO DXWKRULW\ a 30O0HDVH VXSSO\
DSSURYDO QXPEHU DRG QRWH WKDW D SGI
DSSURYDO KDV EHHQ DWWDFKHG

$SSURYDO LV DOVR UHTXLUHG IURP 8VH
'URSGRZQ ER]J

$SSURYDO DXWKRULW\ a 30OHDVH VXSSO\
DSSURYDO QXPEHU DRIG QRWH WKDW D SGI
DSSURYDO KDV EHHQ DWWDFKHG

$SSURYDO LV DOVR UHTXLUHG IURP 8VH
'"URSGRZQ ER]

$SSURYDO DXWKRULW\ a 3B0OHDVH VXSSO\
DSSURYDO QXPEHU DRIG QRWH WKDW D SGI
DSSURYDO KDV EHHQ DWWDFKHG

,| 2ZWKHU SOHDVH VSHFLI\ a 3OHDVH
VXSSO\ DSSURYDO QXREWU DQG QRWH
D SGI RI DSSURYDO KDV EHHQ DWWDFKHG

&21),'(17,$/,7<

,V LQIRUPDWLRQ LQ WKQV $SSOLFDWLRQ DQG
5HSRUWY DVVRFLDWHG ZLWK LW
&21),'(17,$/"

1 <(6 ZKLFK DVSHFWV DUH
&21),'(17,8/"

/$< 6800%$5<

127( 30HDVH XVH OMDRKODQJXDJH
OLQH PXVW EH BKINUVD¥KHQY V
6DYH UHJXODUO\




$SSHQGLFHYV

2EMHFWLYHV

7KH REMHFWLYH RI WKLV VWXG\ LV WR LQYHVWLJD
LQIOXHQFLQJ WKH DEXQGDQFH RI 6)% LQ LOHDO WL
DQG SRVW ZHDQLQJ >31' @ 6SUDJXH 'DZOH\ UDWV

31' ZKLFK LV WKH SUH ZHDQLQJ DJH JURXS ZLOO H
ZHDQLQJ ZLOO RFFXU DW 31"
LQXOLQ GRVHV DQG 6)% DEXQGDQFH ZLOO EH TXDQ
HITHFW 31' ZDV FKRVHQ DV LW LV WKH DJH ZKHQ
VWXG\

7KLV LV D SUHOLPLQDU\ VWXG\ WR KHOIS[6HE L B H QR
GHVLJQ IRU WKH PDLQ WLPH FRXUVH VWXG\

7KH SXSV DWGBILI'HU HQ\G

H WKH GRVH |
VXH LOHDO F

H WKH EDVHOL!
ZLOO EH
LILHG WR GHW
6)% DEXQGDQF!

DWKH EHVW GR)

L QWURGXFWLRQ

7KH LQWHVWLQDO EDUULHU LQ WKH JDVWURLQWHYV
ZKLFK DOORZV VRPH FRPSRQHQWYV WKURXJK ZKLOV
SDVVLQJ LQWR RXU ERGLHV > @ 'HYHORSPHQW R
WKH DSSHDUDQFH RI HQWHURF\WHV DW ZHHNV JHV
ZHHNV $W  ZHHNV WKH FU\SW YLOOXV DUFKLWHF
VLIJQDOOLQJ UHVLGH LV IRUPHG DW
DW ZHHNV JREOHW FHOOV EHJLQ WR H[SUHVV PXF
IXO0\ IRUPHG WKHUHIRUH PDWXUDWLRQ FRQWLQXH
WR FRPSWKI® HPQWN EDVHG GLHW $W ZHDQLQJ VHJIP
UHSRUWHGO\ LQFUHDVH LQ DEXQGDQFH VXJJHVWLQ
WKHVH PLFUREHV

6)% DUH *UDP SRVLWLYH REOLJDWH DQDHURELF FR
LOHXP DQG DUH UHSRUWHG WR SOD\ D UROH LQ WK
EDUULHU GXULQJ LQIDQF\ > @ 7KH PHFKDQLVPV E
XQVXFFHVVIXO LQ YLWUR FXOWXUH KDV SUHYHQWH
RQ 6)% WR LQ YLYR ZRUN LQ URGHQWY SDUWLFXODU

PLFH DQG UDWV 5HVXOWV IURP WKH $( VWXG\
6)% VWXGLHV DQG ZKROH WLVVXH KRPR FRQ@

WLVVXH VDPSOHV IRU 6)% TXDQWLILFDWLRQ 7KH V
LQIOXHQFLQJ 6)% DEXQGDQFH OHG WR WKLV PHWKR
IXUWKHU LQYHVWLJDWLRQV RQ W) DPX%QGE WQREIHDLY

SUH DQG SRVW ZHDQLQJ

2l LQWHUHVW ZRXOG WKHUHIRUH EH WR LQYHVWLJD
LQ WKH DEXQGDQFH RI 6)% DQG LI WKHVH FKDQJHV
ZHDQOLQJ UDWYV

$ ORRN DW WKH 6)% JHQRPH VKRZV PXOWLSOH PHW
PHWDEROLVP DQG WKLV DVVLVWHG LQ GHFLGLQJ Z
GLHW ZLWK > @ 7KH XVH RI HQULFKLQJ URGHQW G
VDIHW\ IRU URGHQW FRQVXPSWLRQ > @ ,QXOLQ U
FDQQRW EH GLJHVWHG E\ KXPDQV EXW LV GLJHVWH
JXW PLFURELRWD $OVR WKH DGGLWLRQ RI LQXOLQ
FRQVXPSWLRQ LQ WKDW DJM BEHRXS WKLWK LV XOWLP

7KH JRDO ZDV WKHQ WR FUHDWH D UDW GLHW WKDW
LPSRUWDQW WR FRQILUP ZKHWKHU WKH QDWXUDO F
DOORZV IRU D EDVHOLQH FRQWURO IURP ZKLFK D

GHVLUHG DPRXQW RI LQXOLQ $V LQXOLQ LV QRW S
LQXOLQ LQ WKH UDW GLHW ZRXOG DOVR QRW KDYH

FRPELQDWLRQ RI JDODFWRROLJRVDFFKDULGHV ZLW
UHSRUWHGO\ LQFUHDVHG EDFWHULDO WUDQVORFDW
WKLV REVHUYDWLRQ WKHUH KDYH EHHQ QR DGYHU
IRUPXODV ZLWK *26 LQXOLQ LQ IX0O0 DQG SUH WHUP
EUHDVWPLON > @

$GGLWLRQDOO\ ZKHQ JHUP IUHH UDWV FRORQLVHG
IUXFWRROLJRVDFFKDULGHV WKHUH ZDV DQ LQFUHD
FORVWULGLDO FOXVWHU ;,9D JURXS LQ WKH FRORQ
EH SDUW RI FORVWULGLDO FOXVWHU ;,9D WKRXJK

DEXQGDQFH KDV QRW \HW EHHQ UHSRUWHG 7KHVH
VHOHFWHG DV WKH VXEVWUDWH IRU URGHQW GLHW

VLQDO WUDFW

W SUHYHQWLQ.
| WKLY EDUULH
WDWLRQ DQG G
XUH ZKHUH Ft

ZHHNV LQWHVWLQDO HSLW

LQ $W ELUWK
V XQWLO ZHDQI
HQWHG ILODPH
J WKH UROH RI

PPHQVDOV WKL
H PDWXUDWLRQ
ZKLFK 6)% IXQ
5 LQ GHSWK LQ
o\

ERQILUPHG WKF
) DO MXEH SUHIH
JJHVWHG URO
G GHYHORSPHQ
HADKUH. FEIOHHGK 5 L H \

WH ZKDW W\SH\
PRGXODWH WK|

DPEROLF SDWKZ
KDW VXEVWUDV
HW XVLQJ LQX(
V D SUHELRWL!
G E\ SURELRWL
WR LQIDQW IR
DWHO\

HPXODWHG D 2
RPSRVLWLRQ R
UDW GLHW FDQ
JHVHQW LQ UD\
DHIDWLYH HIIH
K LQXOLQ *26 I
LRQ LQ DUWLIL
H HIIHFWV DVV
LQIDQWYV DV L

E\ KXPDQ IDHFE
HLQ QXPEHUV
> @ 7D[RQRPL
VKH HITHFW RI
REVHUYDWLRQ
HQULFKPHQW




$SSHQGLFHYV

OHWKRGV a ,I

\RX KDYH D
LW WR WKH $SSOLFDWLRQS

7KH UDW VWUDLQ IRU WKLV H[SHULPHQW ZLOO EH 6
VWXG\ E\ 'DYLV DQG 6DYDJH > @ ZKHUH WKH\ IRXQGd
LOHXP $ UDW VWXG\ DOVR FRQILUP HGY WK W BB H
SRVW ZHDQLQJ

7KH VWXG\ ZLOO LQFOXGH PDOH DQG IHPDOH BXGU HBHG

RQO\ WLPH SRLQWV L H 31' WKH SUH ZHDQHG $S
31' DV 6)% DEXQGDQFH SHDNHG LQ WKH ubDw

FRPSDUH EDVHOLQH 6)% DEXQGDRIPMKD®IG ISHIBIN &) %
REVHUYH ZKLFK GRVH SURGXFHV WKH JUHDWHVW HI
7HUPLQDO VDPSOLQJ ZLOO RFFXU DW 31' IRU WKH
&DHFXP VDPSOHV DQG FRORQ VDPSOHV ZLOO DOVR

DEXQGDQFH LQ WKHVH UHJLRQV Rl WRB VK VE H%UGRROR
LQWHUOHXNLQ DQG LPPXQRJOREXOLQ $ DQDO\VH
6)% SUHVHQFH LQ WKH LOHXP

5DWV ZLOO EH PDWHG DW WKH $J5HVHDUFK 6PDOO
EH WUDQVSRUWHG WR *UDVVODQGYV DIWHU GD\
SUHJQDQF\ GLDJQRVLYV 7KH GDPV ZLOO B IERIRX )R\
7KH\ ZLOO EH PDLQWDLQHG XQGHU SK\VLFDO FRQW
F é;é_ Lée%%fﬁ%\g; D FRQVWDQW WHPSHUDWXUH RI
7%@ , ORZHG DG OLELWXP DFFHVV WR WK
FPo %w ODFWDWLQJ UDWV D®E ZDWHU XQ®Q G W
UHTXLUHG 7KH FRQWURO GLHW LV RQH IRUPXODWH
FRQWURO GLHW FRQWDLQLQJ LQXOLQ ZKLOVW WK
GRVH JURXS

2QFH WKH SXSV DUH ERUQ WKH\ ZLOO EH PDLQWDL
3& FRQWDLQPHQW DQG FRQYHQWLRQDO FRQGLWLR
ZLWK D KU OLJKW GDUN F\FOH 7KH SXSV ZLOO VX
OLELWXP DFFHVV WR WKHLU FRQWURO GLHW DQG Z

2QH JURXS RI 31" SXSV ZLOO EH HXWKDQLVHSXBRWU

ZLOO EH ZHDQHG DW 31°' DQG VHSDUDWHG LQWR (¢
7KH SXSV ZLOO UHPDLQ LQ WKHLU ELUWK

UDQGRPLVHG EHWZHHQ WKH VDPSOLQJ GD\V

%LUWKLQJ LV H[SHFWHG RYHU D GD\ SHULR GZ LMDIOHE
GRQH EDVHG RQ SXS ZHDQLQJ WLPH $W 7KIG\DPRR
PHWKRG LV LGHDO DV ZH DVVXPH GLHHW G KRGHQ VEU
SRVW ZHDQLQJ LQIOXHQFHV 6)% DEXQGDQFH QRW
DOORZ IRU VDPSOH FROOHFWLRQ RYHU RU GD\V

UDJXH 'DZOH\
QDWXUDOO\ R
SHUQIF D R IG6) % L C

DQG G
XSV DQG EDVH!
WXG\ ,W LV W]

XN @G ® RWF Y W
IHFW
FROOHFWLRQ
EH FROOHFWHG
HEWEGPIRD QG |
UHVSHFWLYH

5QLPDO &RORQ
ZKLFK LV RSW
LIOQWR WKH 80\
DLQPHQW OHYH
SHIJUHHV &HOV |
H FRQWURO GLI
K H SO S & HIGU B VE |
G E\ 5HVHDUFK
H SXSV ZLOO EI

HG LQ WKH VDI
bV DW D FRQVW
FNOH DQG WK
DW HU

VDPSOH FROOH
LITHUHQW FDJt
OLWWHUV SRV

H[SHFWHG VSD
DEFYORS XSV Z
HB S W ~ZIDOWHS U H
DJH 7KH PDWL
PYRLGLQJ KDYL

‘"HVLJQ a
LW WR WKH $SSOLFDWLR

, I \RX KDYH D G

o

[gSS}PkELZRS-IDQ%/\?Iy&%HVLJQ DSSHQGHG DV D 3)

7LPHWDEOH RI HYHQWYV a

5XDRX KD Y \D 5DW SDLULQJ DQG PDWLQJ

7DEOH RU GLDJUDP DSSHQUDQWSWBWDWHLRQ RI GDPV IURP 5XDNXUD WR *UDV

$SSOLFDWLRQ DV D 3")

*UDVVODQGV ODLQWDLQ GDPV XQWLO ELUWK RI
*UDVVODQGV 'D\ ELUWK RI SXSV *UDVVODQGYV
ODLQWDLQ SXSV XQWLO ZHDQLQJ WLPH

S X

*UDVVODQGV 'D\ DIWHU ELUWK 3UH ZHDQLQJ FR
*UDVVODQGV 'D\ DIWHU ELUWK :HDQLQJ RI UHPD
*UDVVODQGV 'D\ DIWHU ELUWK &ROOHFWLQJ VDP

ODQGV
5 V/

'D\

DOHFWLQJ VDP
| QLQJ SXSV
SOHV RI  SXS\

(ISHFWHG RXWFRPHV

7KLV VWXG\ ZLOO DOORZ XV WR GHWHUPLQH WKH G

RVH RI LQXOLQ

DEXQGDQFH LQ WKH LOHXP FDHFXP FRORQ WRIBQEMFHY 7KH FKR\

XVHG LQ WKH IROORZLQJ H[SHULPHQW ZKHUH WKH L
SHULRG ZLOO EH LQYHVWLJDWHG

QIOXHQFH RQ 6

6800%5< 2) $1,0%/
0$1,38/$7,216

'"HVFULEH WKH JURXSV RI
R

HDFK JURXS GUXJV FRPS
DGPLQLWWHHIHRX JURXS D
EHQHILWY H[SHFWHG IUR

)& OV, 3
DQLPDOV SHU JURXS P, (PIE
*UDGLQJ $ % RI DRUPDO
L

HDQLQJ EDVHOLQH WKHUH Z)RPW F]
RVHV IRU ERWK VH[HV WKHUH ZL

H[HV GDPV ZLOO EH Q DIYH WM RU
%XSV PD\ EH SURGXFHG 2QH KXQGUHG [
XVHG IRU WKLV H[SHULPHQW 7KH VDP

H DQ DYHUDJH
0O EH  SXSV
WKSEBRVSEURG
QG HLIKW XQW
EOHV WR EH FR

Wr

E

g&g%h‘ﬁﬁ%IDHFDO X/IDPC D\O R7TK KV WRXGHWHUPLQH WKH DSSURSU
LQ™U XLUHG WR FDXVH DQ REVHUYDEOH FKDQ®JH LQ 6)% DEX

352-(&7 7<3(

7KLV DSSOLFDWLRQ LV D
ER]

BYH p$RBBERSEWLRQ

,
SUHYLRXV DSSURYDO SO

WKLV DSSOLFDWLRQ LV D UHQHZDO RI

D
HDVH FRPSOHWH WKLV

SDJH EHIRUH PRYLQJ WR VHFWLRQ

BUHYLRXV QXPEHU V

BUHYLRXV WLWOH




$SSHQGLFHYV

/D\ VXPPDU\ RI UHVXOWYV IURP
SUHYLRXV DSSURYDO

6LIJQLILFDQFH RI WKHVH UHVXOWYV

5HDVRQV IRU FRQWLQXLQJ

6&,(1&( -XVWLILFDWLRQ

7KH JRDO RI WKLV VWXG\ LV WR GHWHUPLQH ZKLFK
PPHGLDWH *RDO RI WKLV%&_&%VEY?LHW KDV DQ\ LQIOXHQFH RQ WKH DEXQGD

QLQJ UDWV 6)% DEXQGDQFH FKDQJH ZLO
7KH SXUSRVH LV WR GHWHUPLQH ZKLFK GRVH RI LQX

3XUSRVH RI \RXU H[SHULPEBXD®DQFH LQ SRVW ZHDQLQJ UDWYV
SURJUDPPH 7KH FKRVHQ GRVH RI LQXOLQ ZLOO WKHQ EH X616 L
DEXQGDQFH FKDQJH DV ZHOO DV WKH VL]H Rl WKH R

1 WKHUH DUH GLIIHUHQFHV LQ 6)% DEXQGDQFH FDX
VWXG\ WR LQYHVWLIDWH WKH VL]H RI 6)WKIRE QB
/RQJHU WHUP EHQHILWYV RS RWKM ZUHHD/GIDQUF K
SURJUDPPH
5HVXOWV IURP WKLV VWXG\ PD\ WKHQ FRQW U L EXQWDH]
JXW GHYHORSPHQW IRU OLIHORQJ KHDOWK

+DV WKLV DSSOLFDWLRQ E l-\I/Q UHYLHZHG E\\RXU

5RVH RI LQXOLC
QFH RI1 6)% LQ L
D EH REVHUYHG

OLQ ZRXOG EH

Q $(
KDQJHV

WR LQ

VHG E\ LQXOLQ
FIHFKDQJHV DQ

WR WKH GHVLJ

,| <(6 SOHDVH GHWDLO K

KDV EHHQ SHHU UHYLHZH E\ U5DFKHO $QGHUVRQ DV ZHOO D

SHHUV
R M ) SR

V WHFKQLFDO \

VIZRWNDU SUHYLRXV
RU RYHUVHDV"

$UH \RX DZDUH RI
LQ WKLV ILHOG HLWKHU LQHV=

$ QXPEHU RI VWXGLHV H J 2KDVKL HW DO (U
FDUULHG RXW ZKHUH 6)% ZDV LVRODWHG IURP WKH
PRXVH 6)% VWXG\ DW *UDVVODQGYV FRQILUPHG W

[
1 <(6 SOHDVH GHWDLO K 7KH SUHYLRXV UDW 6)% VWXG\ $( DOVR FH
ZKLFK RQH LW LV

VLPLODU SUHYLRXV ZRUN
HLWKHU LQ 1= RU RYHUVH
\RXU SURSRVDO

HG VXJIJHVWLQJ WKH UROH GLHW P
ERIOMH VWEWWHDWH V. WKDW DIIHFW

% %\ UDW SXSV RYHU WLPH 7KH FKDQJH
i

6WLOO ZLWK DOO WKH 6)% VWXGLHV FDUULHG RXW
6)% DEXQGDQFH

| FVWRQ HW DO
LOHXP RI PLFH
KH REVHUYDWI
QILUPHG WKH !
V LQ 6)% DEXQ
D\ SOD\ LQ LQIC
WKH DEXQGD

WKHUH KDYH E}

$1,0%/ 86( -XVWLILFDWLRQ

7RWDO QXPEHU RI DQLPDOV EHLQJ XVHG

:KDW LV WKH KLJKHVW 03&JOD'GLEYVY RI3$&7
PDQLSXODWLRQV WKDW ZLOO DSSO\ WR WKLV
SURMHFW XVH GURSGRZQ 7KH JUDGHYV
PXVW UHIOHFW WKH VXPPHG LPSDFWV RI ERWK
WKH LQLWLDO VWDWHKHI| WKH DQLPDO DQG
LQGXFHG HIIHFW RI WKH H[SHULPHQWDO

SURFHGXUH QRW WKH LQGXFHG HIIHFW
DORQH

+RZ PDQ\ DQLPDOV ZLOO EH LQ WKLV
JUDGH"

+RZ GLG \RX FKRRVH ZKLF R
VSHFLHV EUHHG VWUIRLQ %blﬁé% %OS\&%\S%HDDJS(FQJDZOH\ Ubw VWUDEQ @WH
WKLV SURMHFW™"

DV 6)% LV FRQ

'K\ LV LW QHFHVVDU\ WR XKH DERQGBIQMH RI 6)% LQ LOHXP WLVVXH LOHXP FH
DQLPDOV WR DFKLHYH WKHARGR® WLRYXHKIAFRORQ FRQWHQWYV D Q®/ LK FIHWLP® @
ZRUN"

QWHQWYV FDHF
VYWV FDQ RQO\

>5('8&7,21@ 'HVFULEH KRZ \RX

UHGXFHG WKH QXPEHU RI DQLPDOV

SURSRVHG WR WKH PLQLP %P @RPEHD SRZHU DQDO\VLYV
WKDW FDQ DFKLHYH WKH DLPV RI WKH

VWXG\"

>5(),1(0(17@ 'HVFULEH RAKH O HDAWW DUH QRW WUHDWHG ZLWK FKHPLFDO UHD
WKH VWXG\ \RX KDYH SXW LOG®DFHQX®OLQ 7KH KHDOWK\ UDW SXSV ZVSI\[EH
PLQLPLVH WKH LPSDFW RID@&HHUYLFDO GLVORFDWLRQ XVLQJ *0623 EHIH

JHQWYV 7KH\ ZL
WXKRQQHO\ HXW
UH LOHDO DQG

PDQLSXODWLRQV \RX KDYH\SWBBRYHG "WHFKQLFLDQV




$SSHQGLFHYV

>5(3/%$&(0(17@ 'HVFULEH WKH ZD\V
\RX FRXOG UHSODFH Z\KKHHD H g LP %V

DFKLHYLQJ WKH DLPV RI V%*p\i\% %\,W&LbeO WR WDNH LOHDO VDPSOWRGHRW
DYRLGLQJ WKH XVH RI DQ DOV (5' w

SRVVLEOH"

KXPDQ LQIDQV

$UH WKHUH OLNHO\ WR EH DQ\ DQLPDOV

VSHFLILFDOO\ EUHG RU DFTXLUHG IRU WKLV

VWXG\ DQG HXWKDQLVHG ZRWEREW EHRMAIV ZLOO EH PDQLSXODWHG 7KH GDP
PDQLSXODWHG L H 6853+/80V,VOMYGY KDYH WKHLU OLWWHU VL]HV DOWHUHG
SURYLGH GHWDLOV 5RGH®XLYXEIHDVWIHRBLQ) $GGLWLRQDOO\ DQ\ VXUS
58$.85% 6$& ZLOO KDYH WKB QXRSIOMNG DPRQJIJVW WKH LQXOLQ WUHDWPHQW
QXPEHUV FROOHFWHG E\ WKH 6%&

ZLOO EH WUD(
GD\ SXS HXV
OXV SXSV DIWEF
JURXSYV

38%/,&%7,21

7KH UHVXOWYV ZLOO EH XVHG LQ WKH IROORZLQJ ZR
+RZ ZLOO WKH UHVXOWYV RIQWKXN@ZRURIEHQ LQXOLQ HQULFKHG GLHW ZLWK W
SXEOLVKHG RU GLVVHPLQDBMHIEGDQFH RI 6)% RYHU WLPH

7KH UHVXOWY ZLOO DOVR EH LQFOXGHG LQ P\ 3K' W

N ZKLFK ZLOO
H DSSURSULDYV

HVLV

%,20(75,& (9$/8$7,21

:DV WKHUH D 3RZHU %DVHG
DVVHVVPHQW RI WKH DGHEKDF\ RI
VDPSOH VL]H V

W HQULFKHG ZLWK LQXOLQ ZLOO OHDG WR D

0DLQ +\SRWKHVLV RI LQW% QJ 6SUDJXH 'DZOH\ UDWV

Q0 LQFUHDVH LQ

DQG LQXOLQ RQ WKH DEXQGDQ

ODLQ YDULDEOH RI LQWHU(ILIMW RI

FH RI 6)% SRVW

JRU WKLV VWXG\ DQLPDOV RI PL[HG VH[ ZLOO EH X
ERWK VH[HV )RU 31° SUH ZHDQLQJ EDVSXEQHRW
VH[ )RU 31' ZLWK LQXOLQ GRVHV IRU ERWK VHI[H
SURGXFH HQRXJK SXSV RI ERWK VH[H3/D P \GHB R GDLRL
([SHULPHQWDO GHVLJQ DYHUDJH RI  SXSV WKH WRWDO QXPEHU RI SXSV P
7KH VDPSOHV WR EH FROOHFWHG RQ 31°
VDPSOHYV

DQBHFRQ

HG DQG 6)% D
KIBEK ZLOO EH
V WKHUH ZLOO
DE®Q@HTXLUHG
D\ EH SXSV

FOXGH LOHXP |

KHQ GDWD IURP WKLV VWXG\ LV DYDLODEOH WKH S

%LRPHWULFLDQV FRPPHQW. KHENHG XSGDWHG

RZHU DQDO\VL\

'DWD IURP
'DWD XVHG LQ 3RZHU DQDO\VEDBW 6)% VWXG\ 'HWHUPLQDWLRQ RI WKHEDEXWHWI
LQ LOHDO VDPSOHV RI SUH DQG SRVW ZHDQLQJ 6S{

DQFH RI VHIPHQ
DJXH 'DZOH\ Ul

6WDQGDUG GHYLDWLRQ 6
YDULDEOH

RI WKH PDLQ

‘DWD IURP
KHUH ZDV WKH 6' REWDLQHGS5IDWR)% VWXG\ 'HWHUPLQDWLRQ RI WK HEDEWQMWI
LQ LOHDO VDPSOHV RI SUH DQG SRVW ZHDQLQJ 6SU

DQFH RI VHIPHQ
DJXH 'DZOH\ Ul

OLQLPXP WUXH GLIIHUHQFH RI LQWHUHVW

'"HVLUHG SRZHU RI WKH H[SHULPHQW

'"HVLUHG OHYHO RI VLIJQLILFDQFH

5HVXOWLQJ VDPSOH VLI]H

, D SRZHU DQDO\VLV KDV QRW EHHQ
SHUIRUPHG SOHDVH H[SODLQ ZK\ KHUH

$1,0%/ ,1)250%7,21

$QLPDO 'HWDLOV 8VH 'URSGRZQ ER[HV

6SHFLHV a %UHHG RU VWUIDIWV a 6SUDJXH 'DZOH\

&RPPRQ QDPH a *HQGHU a )HPDOH

5HSURGXFWLYH VWDWXV 888 QDQW

1XPEHU EHLQJ XVHG a +HD Q@WK VW KXV

$GGLWLRQDO $QLPDO 'HWDLOV 8VH
'"URSGRZQ ER[HV

$GGLWLRQDO 6SHFLHV a %DMH/GaRes VIVIXIHL @D ZO H\

$GGLWLRQDO &RPPRQ QD PRaHO& [HHRQ @ H U

$GGLWLRQDO 5HSURGXFWLRHPDODIXY BREUISUHIQDQW a 3UH DQG SRVW ZHDQ

LQJ




$SSHQGLFHYV

$GGLWLRQDO 1XPEHU EHLQJ X 2
+HDOWK VWDWXV LYHBSwi

$GGLWLRQDO $QLPDO 'HWDLOV 8VH
'"URSGRZQ ER[HV

$GGLWLRQDO 6SHFLHV a %UHHG RU VWUDLQ

$GGLWLRQDO &RPPRQ QDPH a *HQGHU

$GGLWLRQDO 5HSURGXFWLYH VWDWXV a $JH

$GGLWLRQDO 1XPEHU EHLQJ XVHG a
+HDOWK VWDWXV

$GGLWLRQDO $QLPDO '"HWDLOV 8VH
'URSGRZQ ER[HV

$GGLWLRQDO 6SHFLHV a %UHHG RU VWUDLQ

$GGLWLRQDO &RPPRQ QDPH a *HQGHU

$GGLWLRQDO 5HSURGXFWLYH VWDWXV a $JH

$GGLWLRQDO 1XPEHU EHLQJ XVHG a
+HDOWK VWDWXV

$GGLWLRQDO $QLPDO 'HWDLOV 8VH
'"URSGRZQ ER[HV

$GGLWLRQDO 6SHFLHV a %UHHG RU VWUDLQ

$GGLWLRQDO &RPPRQ QDPH a *HQGHU

$GGLWLRQDO 5HSURGXFWLYH VWDWXV a $JH

$GGLWLRQDO 1XPEHU EHLQJ XVHG a
+HDOWK VWDWXV

$GGLWLRQDO $QLPDO '"HWDLOV 8VH
'URSGRZQ ER[HV

$GGLWLRQDO 6SHFLHV a %UHHG RU VWUDLQ

$GGLWLRQDO &RPPRQ QDPH a *HQGHU

$GGLWLRQDO 5HSURGXFWLYH VWDWXV a $JH

$GGLWLRQDO 1XPEHU EHLQJ XVHG a
+HDOWK VWDWXV

BUHYLRXV XVH RI DQLPDOV

+DYH DQ\ Rl WKH DQLPDOV EHHQ XVHG LQ
SUHYLRXV H[SHULPHQWYV 1IIRH ZLWK D
GLIIHUHQW $( $SSOLFDWLRQ QXPEHU

,1 <(6 :KDW ZHUH WKHROQLPDOV XVHG
SUHYLRXVO\"

:KHQ DQG ZKHUH GLG WKH SUHYLRXV XVH
RFEXU"

:KDW ZHUH WKH HIITHFWV RI WKH SUHYLRXV XVH"

30HDVH SUHVHQW LQURMUPDWLRQ WR MXVWLI\
XVLQJ WKHVH DQLPDOV

6853/86 $QLPDO 'HWDLOV DV
GHVFULEHG LQ 8VH 'URSGRZQ
ER[HV

6SHFLHV a %UHHG RU VWUDLQ

&RPPRQ QDPH a *HQGHU a )HPDOH

5HSURGXFWLYH VWDWXV a $JH

1XPEHU EHLQJ XVHG a +HDOWK VWDWXV

$1,08/ :(/)$5¢(




$SSHQGLFHYV

30HDVH GHWDLO WKH DQLPDO KXVEDQGU\DQG
ZHOIDUH SULQFLSOHV WKDW ZLOO EH

DSSOLHG

,Q SUHSDUDWLRQ IRU WKH RSKHUWWY HDQWZHDQLQJ RQ 31'

1LQH GDPV ZLOO EH REWDLQHG IURP $J5HVHDUFK 6
WUDQVSRUWHG WR $J5HVHDUFK 80\DWW 5HLG $QLP
PDWLQJ WKH UDWV ZLOO EH IHG D FRQWURO LGL R G
EUHHGLQJ IDFLOLWLHV 7KLV LV WR HQVXUH WKH J
GLIIHUHQFHVY LQ GLHWV EHWZHHQ KRXVLQJ IDFLOL
FRQGLWLRQV XQWLO WKH UDW SXSV DUH ERUQ

'DPV SURGXFH RQ DYHUDJH
HTXDO QXPEHUV RI HDFK VH][

SXSV HDFK WKHUHIRU
GDPV ZLOO EH UHTXY

7KH SXSV ZLOO EH OHIW ZLWK WKHLU PRWKHUVDMWR3
ZLOO WKH HXWKDQLVHG IRU VDPSOH FROOHFWLR(
EXW NHSW LQ WKHL

(IWUD SXSV H[FHVV RI SXSV SHU GDP ERUQ zZLO(
EXW ZLOO EH HXWKDQLVHG GD\V SR WK EW UWWKKH XSS
GD\V ROG ZH ZLOO IROORZ VRGLXP SHQWREDUELWR
GHDWK $W WKLV DJH WKH SXSV DUH UHJDUGHG D

DYRLG FURVV IRVWHULQJ ZKLFK PD\ LPSDFW WKH D
SRVVLEOH PDWHUQDO LQIOXHQFH RQ WKH JXW PLFU

JRU H[WUD SXSV ERUQ VRPH PD\ EH UDQGRPLVHG L
FROOHFWLRQ ORUH VDPSOHV ZLOO UHGXFH YDULDH

PDOO $QLPDO &
PO )DFLOLW\ *
HQWXOLQ ZKLF
W PLFURELRWI
LHVY 7KH GDPV

H WR SURGXFF
UHG ZKLFK PD\

UXFNOH SUH ZH
7KH SXSV ZLC
U ELUWK OLWW

QRW EH FURV

M ZDODBEH L
QH HXWKDQDVL
QHRQDWHV DQ
EXQGDQFH RI 6
RELRPH

QWR WKH WLPH
LOLW\ LQ WKH

7KH GDPV ZLOO EH KRXVHG LQGLYLGXDOO\ IRU ZKHQ
URGHQW IHHG DQG ZDWHU EHLQJ VXSSOLHG DG OLE

:KLOH LQ WKH H[SHULPHQWKH UDW SXSV ZLOO EH KRXVHG ZLWK WKHLU PRWK

WLPH WKH\ ZLOO EH VHSDUDWHG IURP WKHLU PRW
FRQGLWLRQV 7KH\ ZLOO EH GLYLGHG LQWR GLIIHUH
UHFHLYH WKURXJK WKHLU GLHW

SLQJ ELUWKLG
LWXP

HUV SUH ZHDQL
HUV DQG KRXYV
QW FDJHV EDVE

7KH UDW SXSV ZLOO EH HXWKDQLVHG KXPDQHO\ E\ &2 DVSK\[LDWLF

GLVORFDWLRQ SULRU WR WLVVXH VDPSOH FROOHFW

7KH GDPV FDQQRW EH UHWXUQHG WR 5XDNXUD DV R

$W WKH HQG RI WKH H[SHWIHLHQWRGXFHG LQWR WKDW IDFLOLW\ $XWHG MRKIHR

WUDLQLQJ SXUSRVHV DW WKH 80\DWW BBWIKG RB\QDBB 0O
RWKHUZLVH WKH\ ZLOO EH HXWKDQLVHG ZLWK &2 -
REWDLQLQJ UDW WLVVXHV 7KLV ZLOO EH FRRUGLQ

LRQ IRU DQDO\

QFH WKH\ OHDY
E\HKOHIL Q J R1 S X S
R®BDORQO\X QG|
DVRQ 3HWHUV |
DWHG E\ +DLOH

'DPV ZLOO EH WUDQVSRUWHG IURP 5XDNXUD LQ DSH
IROORZLQJ ,$7% JXLGHOLQHY $ 1HZ =HDOD QGWFRR RV
ZLWK WUDFNLQJ WKH VKLSPHQW DQG HQVXULQJ DQ

URSULDWH URC
HUWRPSDQ\ ZL
 PDOV DUH FDU

$00 GDPV DQG UDW SXSV DIWHU ELUWK ZLOOQWEHVRKHFNHG GDLO\ Z

IRRG DQG ZDWHU WRSSHG XS DV UHTXLUHG

Wi + K RYH *+6 ZLOO EH FKHFNHG GDLO
T

$ UDW ZLWK D *+6 VFRUH RI RU ZLOO EH FORVHO\

QRW LPSURYH WKH\ ZLOO EH KXPDQHO\ HXWKDEH VH

PRQLWRUHG KRXUO\ RU HXWKDQLVHG LPPHGEDWK @

*+6 RI ZLOO EH LPPHGLDWHO\ HXWKDQLVHG DV Z|
IURP SUHYLRXV ZHLJKLQJ

JRU WKLV WULDO RQO\ KHDOWK\ DQLPDOV ZLOO EH
SUHIHUUHG 7KHUH ZRXOG EH QR UHDVRQ WR GHOD\
DQG LI WKH\ GLG LW PD\ EH ZLWK LQWHUYHQWLRQ O

*+6 UDQJHV IL

PROQLWRUHG D¢
5 20QFH D *+6 R
GHSHQGLQJ R!
00 RQH WKDW

XVHG WKHUHIR
HXWKDQLVDWL
Q\zD\

ORQLWRULQJ

DQ\ DQLPDOV WKDW GLH GXULQJ

WKH H[SHULPHQW IURP FDXVHV QRW
LPPHGLDWHO\ REYLRKYQWRP FOLQLFDO

0867 %( 3267 0257 (0("

DQG WKH $(& QRWLILHG LPPHGLDWHO\

30HDVH GHVFULEH KRIZOMPBLAIP® O WD I BWHY DQG SXSV ZLOO EH PRQLWRUHG G

EH PRQLWRUHG

ZHHNO\ 7KH GDPV ZLOO EH KRXVHG LQ LQGLYLGXD

DLO\ ZHLJKHG
D FDJHV 7KHLU

ZLOO EH HDVLO\ FRPSDUHG )UHVK QRUPDO ZDWHU

DQG D FRQWU



$SSHQGLFHYV

LQXOLQ URGHQW IHHG ZLOO EH SURYLGHG DV UHTX

7KH UDW SXSV ZLOO EH PDLQWDLQHG LQ WKHLU EL
LGHQWLILHG E\ HDU SXQFKLQJ DFFRUG L QURWER] *0 B 213
\RXQJHU WKDQ 31° 7KH HDU SXQ MKW tMW6FD Q BE H
ZHHNV RI DJH DV WKLV LV ZKHQ WKH SLQQD LV FRHA
EH GRQH LQ RUGHU WR FRPSDUH WKHLU ZHLJKWYV D
URGHQW IHHG ZLOO EH SURYLGHG DV UHTXLUHG

6XVDQ 'RRKDQ WKH 9HWHULQDULDQ DQG $QLPDHMN
WKH JUDGLQJ RI PDQLSXODWLRQV

LUHG

WK OLWWHUYV

VEAROMAHVI W H U

,QGLFDWH ZKLFK Rl WIKMOIROORZLQJ \RX
PRQLWRU DQG KRARMHTXHQWO\ I
DUH XVLQJ D PRQLWRULQJ VKHHW DWWDFK LW

DV D SGI

%RG\ ZHLIJKW a JUHTXHQF\<HV a [ ZHHNO\
'HLJKW ORVV a JUHTXHQF\<HV a [ ZHHNO\
:DWHU LQWDNH a JUHTXHQFHV a [ ZHHNO\
JRRG LQWDNH a JUHTXHQFXHV a [ ZHHNO\
3RVWXUH a )JUHTXHQF\ <HV a [ ZHHNO\
*DLW PRYHPHQW a JUHTXHQHFY a [ ZHHNO\
&RDW FRQGLWLRQ a JUHTXH®FA [ ZHHNO\

9RFDOLVDWLRQ a JUHTXHQR\

5HVSLUDWLRQ a JUHTXHQEIR

JDHFDO FRQVLVWHQF\ a ) UHHNVXE QE\ZHHNO\

9DFFLQDWLRQ VLWH UHDFWR.RQ a JUHTXHQF\

JLVWXOD FOHDQOLQHVV a)RHTXHQF\

)J)O\ VWULNH a )UHTXHQF\ 1R

3DUDVLWHYVY a )UHTXHQF\ 1R

+DHPRUUKDJH a )UHTXHQFAR

2HGHPD VZHOOLQJ a )UHTXRQF\

,QIHFWLRQ a JUHTXHQF\ 1R

6HOI PXWLODWLRQ a JUHTXRQF\

&16 VLIQV a JUHTXHQF\ 1R

2WKHU

+RZ ZLOO \RX PDQDJH DGYHUVH HIIHFWV"

\1/€/v7>§GI\D?L>£F?IE|DD?<?/\Ig\>NggvV\‘; g%g/ &;ﬁ%ﬁ\"?‘MWHFNHG GDLO\ IRU VSHFLILF K H\DKHW
REYLRXV 1URP FOLOLIDO A)E@n FDXVHV QRW LPPHGLDWHO\ REYLRX
3267 0257(0(

',6326%/ 2)$1,08/6 +RZ ZLOO WKH
DQLPDOV EH GLVSRVHG R[XVBKBIQDWRISGRZQ
ER]

'DPV ZLOO EH HXWKDQLVHG RU XVHG IRU WUDLQLQJ

'LVSRVDO RWKHU SRVVLEOH

,] VROG RUUHWDLQHG ZKHUH ZLOO WKH
DQLPDOV EH PRYHG WR )DFLOLW\
ORFDWLRQ FRQGLWLRQV HWF

,| DQLPDOV ZLOO EH HXWKDQLVHG ZKDW
PHWKRG ZLOO EH XVHG

(OHFWULF VWXQ DQG H[VDQJXLQPWH a
FDSWLYH EROW H[VDQJXLE%]\)%&%D

$QDHVWKHWLFV RYHUGRYV &H FDO
GLVORFDWLRQ Fv LT 2N Y

&2 FKDPEHU a *XLOORWLG&HYV a 1R

2WKHU

J)DFLOLW\ ORFDWLRQ DQGISRIEDWER@WOWIWW 5HLG 6PDOO $QLPDO 8QLW *UD

VVODQGV &2

HXWKDQDVLD FHUYLFDO GLVORFDWLRQ IRU DQLPDOV LQ VWXG\

IRBU SOKI WK LV |
SOHWHO\ VHSD
G ERG\ FRQGLYV

DIDUH 21ILFHU .

K SDUDPHWHUYV
V ZLOO EH SRV\

RU WUDQVIHUU



$SSHQGLFHYV

KR ZLOO FDUU\ RXW WKH(HKWWRDOBVRDIR'I SXSV GXULQJ WKH VDPSOLQJ GD\V Z
'HWDLO H[SHULHQFH DQGIRTIORXEPRBUY 623

L OO EH SHUIRU

+RZ ZLOO FDUFDVVHV EH GQVSRNBGBWLRQ

678'< (1'32,176 7KHVH DUH

SODQQHG HQGSRLQWYV WKDW LI UHDFKHG ZLOO
UHVXOW LQ FHVVDWLRQ RI WUHDWPHQWYV WR DQ
DQLPDO DQG RU UHPRYDO IURP WKH VWXG\

(QGSRLQWY DUH QRW DSSgéFDEOH IRU WKLV
VWXG\ 0867 EH D YHU\ JR UHDVRQ

/IRVV RI ZHLJKW a '"HWDLOWHV a ,I D UDW KDV ZHLJKW ORVV RI RU PRUH RYH

U GD\V WKH U

,QWHUYHQWLRQ WULJJHU 1R J a 'HWDLOV

7XPRXU VL]H a '"HWDLOV 1R

,UULWDWLRQ E\ LPSODQWIRHYLFH a '"HWDLOV

OHWDEROLF XSVHW a "HWDIROV

'HDWK a '"HWDLOV 1R
(XWKDQDVLD RQ FOLQLFD?R}NKUHVKROG a
'"HWDLOV

2WKHU a '"HWDLOV 1R

&217,1*%(1&< 3/$16 a +RZ GR \RX

SODQ WR GHDO ZLWK DQ

HPHUJHQF\ XQH[SHFWHG FLUFXPVWDQFHYV
WKDW PD\ DIIHFW WKH ZHOIDUH RI WKH
DQLPDOV

+DYH \RX PDGH DQ\ FRQWLQJHQF\
SODQV DQG LI QRW ZK\"

$00 VWDII UHVSRQVLEOH IRU DQLPDOV ZLOO EH FR(Q
FKHFNHG DW OHDVW RQFH D GD\ IRU *+6 ,| D3R ZDHQL|
WKH\ ZLOO EH PRQLWRUHG DW OHDVW WRRWWO LGXHJ
30HDVH GHWDLO \RXU FROM¥RQYHIQF\ SODQV

,Q WKH FDVH RI XQH[SHFWHG HYHQWYV WKDW PRRI$ U H
H[SHULPHQW ZLOO EH WHUPLQDWHG DQG UDWYV ZL(

WDFWDEOH DIV
PDOV EHFRPH \
P\ RU LPPHGLD)\

PLVH WKH KHD
O EH HXWKDQL

$'9(56( 25 81(;3(&7(' (9(176
7+$7 &28/' $))(&7 $1,08/
((/)$5( 0867 %( 5(3257(' 72
7+( $(& ,00(',87(/<

121 685*,&%/ 0$1,38/%$7,21

6$03/,1*

. \RX DUH FROOH&W2I260 VDPSOHV
6$03/( 7<3( )520 7LVVXH VDPSOH
'523'2:1 EHORZ

I WKHUH LV DQ 623 DSSURYHG E\ \RXU

$(& IRU WKH 6$03/,1* PDQLSXODWLRQ

V SOHDVH FXW WKH QDPH DQG QXPEHU IURP

WKH DSSURSULDWH ILOH IRX® & RQ/WHIBQG EORRG VDPSOLQJ ZLOO RFFXU IRO
590 623 SDJH DQG SDVWH DOSWWHDWIIRRHDQG FHUYLFDO GLVORFDWLRQ *0 62
EHORZ ,1 QR DSSURYHG 623 LV DYDLODEOH

SOHDVH GHVFULEH WKH PHWKRGRORJ\

ORZLQJ KXPDQ}!
B

'58* DGPLQLVWUDWLRQ

,QWUDPXVFXODU a ,QWUDREBUGLRF

6XEFXWDQHRXYV a 3HU RV ER RRIXRVK

,QWUDSHULWRQHDO a 'UX1IR@ ZBWHU ERWWOH

,QWUDYHQRXV a 2WKHU 1R a 1R

,| 2WKHU '58* DGPLQLVWUDWLRQ PHWKRG

SOHDVH OLVW




$SSHQGLFHYV

1 WKHUH LV DQ 623 DSSURYHG E\ \RXU

$(& IRU WKLV PDQLSXODWLRQ SOHDVH FXW WKH
QDPH DQG QXPEHU IURP WKH DSSURSULDWH
ILOH IRXQG RQ WKH 590 623 SDJH DQG

SDVWH LQ WKH VSDFH EHORZ ,I QR DSSURYHG
623 DYDLODEOH SOHDVH GHVFULEH WKH
PHWKRGRORJ\

%(+%$9,285 DQG +$1'/,1*

2EVHUYDWLRQ RQO\ a (QIRWHNVHEG IIRFWLYLW\

3K\WWLFDO UHVWUDLQW a 1XMWBWHRQDO UHJLPH

2WKHU 1R

I 2WKHU % (+$9,285 DQG +$1'/,1*
PDQLSXODWLRQ SOHDVH OLVW

,] WKHUH LV DQ 623 DSSURYHG E\ \RXU
$(& IRU WKH % (+$9,285 DQG
+$1'/,1* PDQLSXODWLRQEW §IDV

WKH ODPH DOG OXPEHRU | LOO EH IHG D FRQWURO GLHW LQXOLQ

DSSURSULDWH 1LOH IRXQE G W-E %S 7100 EH HG D GLHW HQULFKHG 71
590 623 SDJH DQG SDVWH&ng ‘bq:H
EHORZ ,| QR DS SRIXIHIED & L

SOHDVH GHVFULEH WKH PHWKRGRORJ\

YKLV ZLOO SUH'
XSV ZLOO EH \
WK GLITHUHQW

(;32685( WR

3DUDVLWH a OLFUR RUJDQLR R 1R

211 OLFHQEH GUXJ a 211 OL F
FRPSRXQG [R 3R

%LRORJLFDO SURGXFW a 5IIRGADWLRQ

(OHFWULFDO VWLPXODWLRQ g §EQRUPDO
HQYLURQPHQW

2WKHU 1R

, 2WKHU (;32685( SOHDVH OLVW

1 WKHUH LV DQ 623 DSSURYHG E\ \RXU

$(& IRU WKH (;32685(

PDQLSXODWLRQ V SOHDVH FXW WKH QDPH DQG
QXPEHU IURP WKH D8XQRBSULDWH ILOH

RQ WKH 590 623 SDJH DQG SDVWH LQ WKH
VSDFH EHORZ ,I QR DSSURYHG 623 LV
DYDLODEOH SOHDVH GHVFULEH WKH
PHWKRGRORJ\

/" 1RQ 'RPHVWLFDWHG $1,0%/6

+DQGOLQJ a &DSWXUH 1R a 1R

ODUNLQJ 7DJJLQJ RU %UDQGLQJ a
7UDQVPLWWHU DWWDFKPH@W RE
LPSODQWDWLRQ

1 WKHUH LV DQ 623 DSSURYHG E\ \RXU

$(& IRU WKLV PDQLSXODWLRQ SOHDVH FXW WKH
QDPH DQG QXPEHU IURP WKH DSSURSULDWH
ILOH IRXQG RQ WKH 590 623 SDJH DQG

SDVWH LQ WKH VSDFH EHORZ ,I QR DSSURYHG
623 DYDLODEOH SOHDVH GHVFULEH WKH
PHWKRGRORJ\

,] RWKHU XVH RI'RPHVMWR@EDWHG
$1,0$/6 SOEBBVHULEH

,] \RX DUH SHUIRUPLQQRPWQLSXODWLRQV
OLVWHG DERYH SOHDVH GHWDLO

I WKHUH LV DQ 623 DSSURYHG E\ \RXU

$(& IRU WKH :,/' $1,0%/

PDQLSXODWLRQ V SOHDVH FXW WKH QDPH DQG
QXPEHU IURP WKH D8XQRBSULDWH ILOH

RQ WKH 590 623 SDJH DQG SDVWH LQ WKH
VSDFH EHORZ ,| QR DSSURYHG 623 LV
DYDLODEOH SOHDVH GHVFULEH WKH
PHWKRGRORJ\




$SSHQGLFHYV

+DYH \RX PDGH FRQWLQJHQF\ SODQV IRU
PDMRU ULVN IDFWRUV WR WKH :,/'
$1,0%/6

I \HV GHWDLO \RXU FRQWLQJHQF\ SODQV

685*,&%/ 0$1,38/%$7,21

$QLPDOV ZLOO VXUYLYH VXUJHU\ a
$QLPDOV ZLOO 127 VXUYLYH VXUJHU\

ODQLSXODWLRQV ZLWK $33529(' 623V

7.7/( DQG 180%(5 Rl WKH 623 ,I QR
DSSURYHG 623 LV DYDLODEOH SOHDVH
GHVFULEH WKH PHWKRGRORJ\

ODQLSXODWLRQV ZLWRRXW DQ DSSURYHG
623 3URYLGH WKH IROORZLQJ
LQIRUPDWLRQ

$6(37,& 7(&+1,48(

"HWDLOV RI DVHSWIDEVWEFKQLTXHYV WR EH
LQFOXGLQJ SUHSDUDWLRQ

$1$(67+(6,$ DQG $13%/*(6,$

:LOO DQLPDOV UHFHLYH SUH HPSWLYH
DQDOJHVLD"

, QRW ZK\ ZLOO SUH HPSWLYH DQDOJHVLD QRW
EH DGPLQLVWHUHG"

'"HWDLO KRZ WKH HIITHFWLYHQHVV RI
DQDOJHVLD ZLOO EH WHVWHG LI JLYHQ

'"HSWK RI $QDHVWKHVLD 30HDVH LQGLFDWH
KRZ WKLV ZLOO EH PRQLWRUHG

(\H 3BRVLWLRQ a %RG\ 7THPSHUDWXUH

+HDUW 5DWH a 56HVSLUDWRU\ 5DWH

%ORRG 3UHVVXUH a 3XS@UILFLDO 'HHS
5HIOH]

2WKHU PHWKRG SOHDVH VWDWH

'XUDWLRQ RI DQDHVWKHWLF PRQLWRULQJ
SHULRG

$Q\ IXUWKHU SDUDPHWHUV WR EH
PRQLWRUHG"

:LOO \RX EH XVLQJ DQ DQDHVWKHVLD
PRQLWRULQJ VKHHW"

KR ZLOO SHUIRUP WKH PRQLWRULQJ"

1 QRW XVLQJ D PRQLWRULQJ VKHHW
SOHDVH VWDWH ZK\

3267 23(5%7,9( &$5(

1RW DSSOLFDEOH DQLPDOV GR QRW
UHFRYHU

&RQVHUYDWLRQ RI ERG\ KHDW a 6SHFLILF
SRVWXUH IRU UHFRYHU\

JOXLG DGPLQLVWUDWLRQ a 5SHFRYHU\ LQ
LQGLYLGXDO FDJHV

$GPLQLVWUDWLRQ RI DQDOJHVLFV a 2WKHU

30HDVH GHWDLO DQ\ RWKHU 3267
23(5%$7,9( VXSSRUW DQG PRQLWRULQJ

(1'32,176

7KH HQGSRLQW RI WKIWH PDQLSXODWLRQV
8VH 'URSGRZQ ER]

1 (XWKDQDVLD XSRQ FRILQLFDO WKUHVKROG
2WKHU SOHDVH VSHFLI\

'568*6 DQG &203281'6




$SSHQGLFHYV

/LVW DOO GUXJV DQG &RPSRXQGV WR EH
DGPLQLVWHUHG WR DQLPDOV GXULQJ WKLV
SURMHFW EHORZ 3/($6( 127( <RX DUH
UHTXLUHG WR FRPSOHWH D VHSDUDWH ,'$2
IRU HDFK '58* WKDW LV WR EH XVHG LQ WKLV
SURMHFW WKDWRFSRRWQ ®R®Q27&

EHLQJ DGPLQLVWHUHG E\ D UHJLVWHUHG
YHWHULQDULDQ

1 WKH GUXJV KDYH EHHQ $&&(37(' E\ WKH
$(& LQ WHUPV RI ODEHO LQIRUPDWLRQ DV
DSSURSULDWH IRU WLKHVHRYGNLQH XVH \RX

FRYRUVKHHW OxPERU 1URBREER B edS B EE Pk wRreH

!‘SLDOVHW\I/-I L'SXM?ISHRVQS‘SV;(: sgg@;%y?%%H%ﬂggLUHG DV GUXJ ZLOO EH DGPLQLVWHU
$5( 72 %( $'0,1,67(5(

3/($6( '2 127 :5,7( ,1 7+,6

63$&(

0 \RX DUH XVLQJ GUXJV WKDW GR QRW KDYH D
&29(56+((7 SOHDVH JR WR +(/3 RQ

WKLV SDJH DQG XVH WKH OLQN WR GRZQORDG WKH
WHPSODWH VHFRQG OLQH EHORZ WKH JUHHQ

ER[ &RPSOHWH RQH VKHHW IRU HDFK GUXJ

DQG RU FIHMIG-WXH FRPSOHWHG

IRUP HOHFWURQLFDOO\ WR -LP :HEVWHU

7KHVH

ZLOO EH PDGH DYDLODEOH LQ WKH
590 623 IXQFWLRQ IRU IXWXUH
UHIHUHQFH

+DYH \RX KDG WR PDNH XS QHZ 590
&29(56+((7 V IRU WKLV S HFW

1 <(6 SOHDVH QDPH WKH GUXJV \RX
KDYH FUHDWHG WKH QHZ 590
&29(56+((7 V IRU

815(*,67(5(" 'UXJV RU
&RPSRXQGV

1DPH RI 'UXJ RU &RPSRXQG

&RPSRVLWLRQ

5RXWH RI $GPLQLVWUDWLRQ

:LOO $1< GUXJV XVHG LQ WKLV SURMHFW
RWKHU WKDQ 27& 3URGXFWV EH
DGPLQLVWHUHG E\ $1< 3(5621 ZKR

127 D UHJLVWHUHG 9HWHULQDULDQ SOHDVH 1R
DQVZHU HLWKHU <(6 RU 12

7KLV TXHVWLRQ LV
DQ LQWHUQDO WULJJHU IRU ,'$2 FUHDWLRQ
QDPHV DUH QRW UHTXLUHG KHUH

7,668( &2//(&7,21

,] DQLPDOV DUH EHLQJ NLOOHG VSHFLILFDOO\WR
DOORZ WLVVXHV WR EH FROOHFWHG D IXOO
$33/,&%$7,21 LV UHTXLUHG DQG

QXPEHUV UHSRUWHG LQ D 67%$7,67,&6

JRUP DV .LOOHG WR XVH ERG\ RU WLVVXHV

$QLPDOV DUH EHLQJ .LOOIiﬁ\)RU 7LVVXH
&ROOHFWLRQ

‘"KDW WLVVXH V DUH WR EE%%%F%&V#S/}QO'}L‘ +LOHXP FRQWHQWYVY FDHFXP WAR/QWH ¢

,| WKH DQLPDOV ZLOO EH PR DSHE®DWHMFLOO EH IHG D GLHW FRQWDLQLQJ GLI
SULRU WR FROOHFWLRQ@IRRWWR WLVVXH ERBOMAWLRQ WKH DQLPDOV ZLOO EH
GHWDLO WKH PDQLSXODWERQWLFDO GLVORFDWLRQ

6285&( V DQG 75,%/ 6,7( V

7KLV VHFWLRQ DOORZV VWDWLVWLFV WR EH
JDWKHUHG IRU 03, $QLPDO XVH
LQIRUPDWLRQ DQG GDWD WUDQVIHU LQWR

$QLPDO 7RROV IRU $J5 DQLPDOV

HG E\ WKH $J5¢+

FMDWHFXP FRQWH

IHUHQW GRVHV
HXWKDQLVHG



$SSHQGLFHYV

30HDVH HQVXUH \RX KDYH VHOHFWHG WKH
FRUUHFW 7ULDO 6LWH DV LQIRUPDWLRQ LV
WUDQVIHUUHG WR WKH $QLPDO 7RROV
30HDVH QRWH WKDW \RX PD\
VHOHFW PRUH WKDQ RQH 7ULDO 6LWH ZKHUH
UHOHYDQW GHSHQGLQJ RQ WKH
0 WKH HQGSRLQW LV
UHWXUQLQJ WUDQVSRUWLQJ DQLPDOV WR D
$J5 )DUP HQVXUH \RX DGG WKLV DV DQ
DGGLWLRQDO 7ULDO 6LWH

GDWDEDVH

DQLPDOV

IDWH RI WKH

5%$76

6RXUFH $*5 5XDNXUD 6PDOO $QLPDO 8QLW
7ULDO 6LWH $*5 *UDVVODQGYV $QLPDO )DFLOLW\ 8d
1XPEHU

\DWW 5HLG

127(6 a 5HDG RQO\

$SSOLFDQW 1RWH

RIXWXO &XUUHQWO\ WKHUH DUH RQOY® 1%$iH,
LQFOXGHG IRU WKH VDPSOH FROOHFWLRQ GD\V 3H
EH GRQH RQFH QHZ WHFKQLFDO VWDII DUH KLUHG

OVRQQHO /LQG
IVRQQHO PRGL

6WDWXV &KDQJH

RJIJXWXO 68%0,7

&RPPLWWHH '"HFLVLRQ

5(68%0,7NLUNP +L /LQGD

'LVFXVVHG E\ *$(& SULRU WR DSSURYDO XSGDWH

&KHFN DSSOLFDWLRQ IRU HUURUV LQ DQLPDO QXP
QXPEHUV LQ VHFWLRQV

&RQVLGHU UHGXFLQJ WR GDPV WKLV VKRXDG WK
DYHUDJH 7KH GDPV DUH QRW VXUSOXV DQLPDOV D

&RQILUP WKHUH LV HQRXJK WHFKQLFDO W UD LB
FKDQJHV LQ ORFDWLRQ SRVLWLRQV DQG VWDII ,Q
PDQLSXODWLRQV RQFH WKLV LV NQRZQ 'LVFXVV DQ
"‘RRKDQ

OLFKHOOH

FHUV OLWWHU

FH  SXSV W L
WKH\ DUH PDQ
MWWl RQ VLWH
EOXGH D GHWDL
\ VWDIlI WUDLQ

$SSOLFDQW 1RWH

RIXWXO 7KH SURFHVV RI ILQDOLVLQJ WKH
DQLPDO H[SHULHQFH LV FXUUHQWO\ RQJRLQJ 7KH\

'D\ WR GD\ FDUH RI WKH GDPV DIWHU WKH\ DUULY
HYHQWXDOO\ ERUQ

(DU SXQFKLQJ WR PDUN WKH SXSV IRU WKH VWXG\

(XWKDQDVLD &2 DVSK\[LDWLRQ DQG FDUGLDF SX(Q
FROOHFWLRQ RQ SXSV DJHG DQG GD\V ROG

KLULQJ RI WZR
ZLOO EH DVVLYV

i TURP 5XDNXUL

FWXUH RI SXS

6WDWXV &KDQJH

RIXWXO 68%0,7

$SSOLFDQW 1RWH

RIXWXO 7KH SURFHVV RI ILQDOLVLQJ WKH
DQLPDO H[SHULHQFH LV FXUUHQWO\ RQJRLQJ 7KH\

'D\ WR GD\ FDUH RI WKH GDPV DIWHU WKH\ DUULY
HYHQWXDOO\ ERUQ

(DU SXQFKLQJ WR PDUN WKH SXSV IRU WKH VWXG\

(XWKDQDVLD &2 DVSK\[LDWLRQ DQG FDUGLDF SX{
FROOHFWLRQ GD\V

LULQJ RI WZR
ZLOO EH DVVLYV

i TURP 5XDNXUL

FWXUH RI SXS

$SSOLFDQW 1RWH

RIJXWXO ,PSOLFDWLRQV RI GHOD\LQJ WKH
FXUUHQW ORFN GRZQ GXH WR FRYLG ZLOO GHOD
DV ZH DUH FXUUHQWO\ XQVXUH ZKHQ ZH ZLOO

:LOO WKH SLORW $( WULDO EH FRPSOHWHG UH
FRPSOHWHG SULRU WR VWDUWLQJ PDWLQJ DQLPDO
DQG ZLOO GHSHQG RQ ZKHQ WKH SLORW DO DL %
FRPSOHWHG LQ RUGHU WR VWDUW WULDO $(

WDUW RI WKH
DOO DQLPDO \
JHWXUQ WR FD

XOWYV DQDO\VI
IRU WKLV WUL
ZLOO EH FDL

&RPPLWWHH '"HFLVLRQ

5(68%0,7NLUNP7KDQ@NYGD
IRU WKH XSGDWHYV ODWH ODUFK

‘H XQGHUVWDQG &29,"' PD\ KDYH LPSDFWHG UHVHD
DYDLODELOLW\ VR SOHDVH UHYLVLW WKH DSSOLFD
WR RFFXU ZLWK WKH WULDO DQG WKH DQLPDOV ,Q
DOWHUDWLRQV VXFK DV WLPLQJV RQO\ PD\ EH XSGD
VXEPLWWHG YLD D PRGLILFDWLRQ $(& DSSURYDO Z

OLFKHOOH

UFK SULRULWL
LRQ DQG OHV
GGLWLRQ WR ¢
WHG YLD DSSOI
00 QHHG WR E




$SSHQGLFHYV

RIXWXO 7LPLQJV IRU LQXOLQ GRVH FRPSDUY

LVRQ UDW VWX

$SSOLFDQW 1RWH 6WDUW GDWH -XQH %UHHGLQJ RI UDWV LQ 53YDNXUD
JLQLVK GDWH $XIXVW /IDVW GD\ RI VDPSRHUIARWOHFWLRQ 'HS
SXSV
RIJIXWXO ,Q FDVH WKH DOHUW OHYHO GXH R &RYLG JRH

$SSOL1R

D(DQLVWXD VWIIFIOR(CWL SCVFRCPR VDP!{LCI
EDFN XS IRU P\ 3K' SURMHFW 7KDW ZD\ WKHUH ZLO(

7KH H[WUD VDPSOHV WLVVXH DQG FRQWHQWYV
"XRGH

-HMX

6WRF

6S0

/LY

7K\UJOI

%UDLQ

EH RWKHU WL

$SSOL 1R

RIJIXWXO ,Q FDVH WKH DOHUW OHYHO GXH
D(DQLVWXD VWIIFIOR(CWL SCVFRCPR VDP!{CI
EDFN XS IRU P\ 3K' SURMHFW 7KDW ZD\ WKHUH ZLOZ(

7KH H[WUD VDPSOHV WLVVXH DQG FRQWHQWYV
"XRGH

-HMX

6WRF

6S0

/LY

7K\UJOI

%UDLQ

R &RYLG JRH

EH RWKHU WL

6WDWXV &KDQJH

RJXWXO 68%0,7

&RPPLWWHH 1RWH

NLUNP +L /LQGD
7KH *$(& KDV JLYHQ 3UR 7HP DSSURYDKH RU EUHHGL
FRPPLWWHH ZLOO UHYLHZ WKH XSGDWHV QH[W ZHH

LWK WKH UHFHQW IDFLOLW\ VWDII FKDQJHV L% MWXH
+DUYLH QDPHG DV )DFLOLW\ 6PDOO $QLPDO 7HFK

OLFKHOOH

QJ WR FRPPHQF

UH DQ\ QHZ VW

&RPPLWWHH '"HFLVLRQ

5(68%0,7NLUNP +L /LQGD

S5HVXEPLWWHG WR DOORZ %HQ +DUYLH DV WKH )DFL

DLW\ 6PDOO $Q

EHHQ XSGDWH

OLFKHOOH

$GPLOLVWUDWRU 1RWH ERUPDQY /LQGD V PDLGHQ QDPH 2JXWX KD
2HPENH

6WDWXV &KDQJIH RHPFNHO 68%0,7

$33529('NLUNP +L /LQGD

$SSURYHG

XG\ RQ WKH GR

DOO DUH DGGL

LJQ HOHFWURQ

QDO SHUVRQQ!

&RPPLWWHH "HFLVLRQ 30HDVH FRPSOHWH UHSRUWLQJ IRU WKLV SLORW V
IROORZ RQ WULDO $(
OLFKHOOH
RHPFNHO )D\H %HQMDPLQ DQG $QQD 6KRU
SHUVRQQHO 1RWH VXSSRUW IRU GDLO\ FDUH RI WKH DQLPDOV
5(68%0,7NLUNP +L /LQGD
5HVXEPLWWHG WR DOORZ IRU QHZ SHUVRQQHO WR
&RPPLWWHH 'HFLVLRQ )D\H %HQMDPLQ DQG $QQD 6KRUWDOO DUH DGGLWLH
GDLO\ FDUH Rl WKH DQLPDOV
OLFKHOOH
OLFKHOOH
RHPFNHO 'DPV ZLOO QRZ EH WUDQVSRUWH
$SSOLFDOW 1RWH WUDQVSRUW FRQWDLQHUV E\ GLUHFW URXWH LQ D

FDUH WDNHQ WR HQVXUH DSSURSULDWRXIHMYMWUDLQ

G IURP 5XDNXU
SULYDWH YHK
V DQG WHPSHUI

6WDWXV &KDQJH

RHPFNHO 68%0,7




$SSHQGLFHYV

&RPPLWWHH 1RWH

FRVJURYHJ +L /LQGD

7KDQNV IRU WKLV FRQILUPDWLRQ RQ PRGH RI WUDQ
XQGHUVWDQG %REE\ ZLOO SUHSDUH WKH UDWV DQA
1LF WKLV DSSOLHV DOVR WR PLFH IR UEHDIWD OUB\3\D
UHFHLYH WKHP

*HUDOG

VSRUW IURP 5
ORDG IRU WUL
VIDPE\H W B HQ D

&RPPLWWHH '"HFLVLRQ

$33529('NLUNP +L /LQGD
7KDQNV IRU XSGDWHV LQ VWDII &KDQJHG EDFN WR

OLFKHOOH

DSSURYHG

&RRUGLQDWRU V QRWH

ERUPDQY 7KLV DSSOLFDWLRQ KDV EHHQ W
WR 58%$.85%$ FRPPLWWHH GXH WR WKH FORVXUH RI WH

1R DFWLRQ LV UHTXLUHG E\ WKH DSSOLFDQ
WR EH VXEPLWWHG WR WKH 58%$.85%$ FRPPLWWHH

UDQVIHUUHG R®
H *5$66/$1'6 FR
WR WKLV QRW

&RPPLWWHH '"HFLVLRQ

&/26("ZHEVWHUM

3(56211(/ 6,*1$785(6

&RPPLWWHH

58%$.85%

$33/,&$17 $00 SHUVRQQHO ZKR ZLOO
PDQDJH WKH DQLPDOV RU SHUIRUP
PDQLSXODWLRQV RQ WKHP 7KH
3URJUDPPH OHDGHU )DFLOLW\ PDQDJHU
%LRPHWULFLDQ DQG WKH SHUVRQ
UHVSRQVLEOH IRU HQWHULQJ LQIR RQ WKH
DQLPDO GDWDEDVH PXVW VLJQ WKLV

DSSOLFDWLRQ

3/($6( '"HVFULEH FOHDUO\ ZKDW HDFK
SHUVRQ V UROH LQ WKH SURMHFW LV

$00 SHUVRQQHO ZKR ZLOO SHUIRUP
PDQLSXODWLRQV RQ WKH VSHFLILHG

DQLPDOV PXVW

$ +DYH EHHQ WUDLQHG DQG EH
FRPSHWHQW LQ WKH PDQLSXODWLRQV
VSHFLILHG XQOHVV WKLV LV D VSHFLILHG

WUDLQLQJ SURWRFRO

% %H FRQYHUVDQW ZLWK WKH $J5HVHDUFK
&RGH RI (WKLFDO &RQGXFW

7,8&.,1% 7+( $33529( %2;
,03/,(6 7+$7 <28 +$9(

$ UHDG DQG XQGHUVWRRG WKLV

DSSOLFDWLRQ

% DJUHHG WR FRWDOMXIALRVWK DO O
UHTXLUHPHQWYV XMWBDRIGD QI PADKCH/

LQ H[SHULPHQWYV

& DJUHHG WR FRANIDW XW R/K\ DO O
UHTXLUHPHQWYV MWBDRIGDQY WKH
SHVWULFWHG 9HWHULQDU\ OHGLFLQHYV
VSHFLILHG IRU XVH LQ WKLV SURMHFW

$Q\ SHUVRQ ZKRVH QDPH LV 127
VHOHFWHG IURP D GURSGRZQ OLVW PD\ QRW
EH UHFRJQLVHG EV\X\QHWRRWR HPDLO

LQ WKH GDWDEDVH

$1'(56215& a DSSURYHG a -RE

6FLHQFH 7HDP /HDGHU
)XQFWLRQDOLW\ ORGHO
/IRFDWLRQ *UDVVODQGV

%XLOGLQJ 7XHV SP
SP

JRRG

LG PUELRE

0RQ )UL

%(1-$0,1) a DSSURYHG a -RE
$QLPDO )DFLOLW\ 7THFKQHHINHR G R/PBVBIRRIYW IRU GDLO\ FDUH RI DQLPDOV

*UDVVODQGV




$SSHQGLFHYV

'22+$16 a DSSURYHG a -RE
9HWHULQDULDQ DQG $QLPRO Hg\;g H
21ILFHU /RFDWLRQ *Uvao':bRQGS\/X %{fyl‘ﬁBQDVLD
)DFLOLWLHV 8O\DWW 5HLG )DFLOLW\

* 1/(63,(+ a DSSURYHG a -RE
$QLPDO )DFLOLW)\ 0DQDJHWDAMFDMWIGRQS$QLPDO )DFLOLW\ 0DQDJHU
*UDVVODQGV /DE $GPLQ %XLOGLQJ

*5((13 a DSSURYHG a -RE
BWDWLVWLFLDQ /RFDWLR@® LREBWWDLLFQGWY
/LRQHO &RUNLOO (DVW

+$59,(% a DSSURYHG a -RE 6PDOO
$QLPDO 7HFKQLFLDQ /RFDWARMR GD\ PDLQWHQDQFH RI UDWV
*UDVVODQGV

2(0&.(/ a DSSURYHG a -RE

6WXGHQW /RFDWLRQ *UD%&WQW

2/6217 a DSSURYHG a -RE ,6H
7HFKQLFLDQ /RFDWLRQ *lﬁgWgé@g(\ﬁbD VDPSOH FROOHFWLRQ

21A,//& a DSSURYHG a -R
7HFKQLFLDQ )RRG 1X

/RFDWLRQ *UDVVODQGV /DE $GPLQ
%XLOGLQJ 5P $

E
WHE R 8o PR AW X WK DQDVLD VDPSOLQJ HDU SXQFKLQJ

6+2578//%$ a -RE SVVLVWRRW $RLPE? 7HHNHQG VXSSRUW IRU GDLO\ FDUH RI D
7HFKQLFLDQ /RFDWLRQ *UDVVODQGV

OLPDOV DORQJ

60,7+%* a DSSURYHG a -RE

5HVH $VVRF/RFD' $QLI7THFKQ 5XDN
S5XDN 6PL$QLP $(3K\

JLUH :DUGHQ )LUVW $LG




$SSHQGLFHYV

$SSHQGL[ ,9

6DPSOLQJ VFKHGXOHYV
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weaning
Mouse # Cage # Colour Strain Born on Sex (days after birth)  timepoint Euthanised on

1 o\ Swiss 14/02/2017 female 2 3‘.,,.,,\.3«) 20 1 (pre-weaning) 6/03/2017

2 . \S( Swiss 14/02/2017 female mu\tj 20 1 (pre-weaning) 6/03/2017

3 e Swiss 14/02/2017 female ( > 3 20 1 (pre-weaning) 6/03/2017
4 a Swiss 14/02/2017 femate role j“hurb\) 20 1 (pre-weaning) 6/03/2017
5 (pjt Swiss 14/02/2017 waale Jemale 9 ol s 20 1 (pre-weaning) 6/03/2017

6 z W Swiss 14/02/2017 male E | 20 1 (pre-weaning) 6/03/2017
7 [\ Swiss 14/02/2017~mate- r;e.m.:u i P 20 1 (pre-weaning) 6/03/2017
8 Swiss 14/02/2017 male ~3s 20 1 (pre-weaning) 6/03/2017
9 3 BG Swiss 14/02/2017 femmate rnode Sibha$ 20 2 (post-weaning) 7/03/2017
10 5 W6 Swiss 14/02/2017 female ’f} 20 2 (post-weaning) 7/03/2017
11 H WYy Swiss 14/02/2017 female 75,.) Vira. 20 2 (post-weaning) 7/03/2017
12 h B b i Swiss 14/02/2017 fermete malz . “‘5’ 20 2 (post-weaning) 7/03/2017
13 4 W ‘,‘ Swiss 14/02/2017 mate— (\aw\aLL } Yolrad 20 2 (post-weaning) 7/03/2017
14 A BY Swiss 14/02/2017 male 20 2 (post-weaning) 7/03/2017
15 2 WY Swiss 14/02/2017 rrete (\Jymw 3 20 2 (post-weaning) 7/03/2017
16 2 DY Swiss 14/02/2017 male WS 20 2 (post-weaning) 7/03/2017
17 /} BER Swiss 14/02/2017 fermate imale 2 o\ jis, 20 3 (post-weaning) 12/03/2017
18 7 w R Swiss 14/02/2017 female % ’ j 20 3 (post-weaning) 12/03/2017
w 2 BW Swiss 14/02/2017 femete male eia 20 3 (post-weaning) 12/03/2017
g 2 W R Swiss 14/02/2017 female s Wjj 20 3 (post-weaning) 12/03/2017
21 3 QB\/ Swiss 14/02/2017 male %6(‘5\(‘-* 20 3 (post-weaning) 12/03/2017
2 3 W y Swiss 14/02/2017 rasle~ foole ) 5‘5 20 3 (post-weaning) 12/03/2017
232 5 B 7’ Swiss 14/02/2017 male o :‘;M;, .20 3 (post-weaning) 12/03/2017
24 C W Swiss 14/02/2017 mate— {c ol \‘] J’20 3 (post-weaning) 12/03/2017
25 ARC J Swiss 14/02/2017 femmale ol o 20 4 (post-weaning) 17/03/2017
2% AW O Swiss 14/02/2017 female 20 4 (post-weaning) 17/03/2017
27 3B R’ Swiss 14/02/2017 female wola 20 4 (post-weaning) 17/03/2017
28 3w R Swiss 14/02/2017 female 20 4 (post-weaning) 17/03/2017
29 YW Swiss 14/02/2017 -male- Lo 20 4 (post-weaning) 17/03/2017
30 L BR Swiss 14/02/2017 male 20 4 (post-weaning) 17/03/2017
31 SWR Swiss 14/02/2017 male Fimao) o 20 4 (post-weaning) 17/03/2017
32 gRR Swiss 14/02/2017 male 20 4 (post-weaning) 17/03/2017
33 2RO Swiss 14/02/2017 femete noed € 20 5 (post-weaning) 22/03/2017
34 Z wWO Swiss 14/02/2017 female 20 5 (post-weaning) 22/03/2017
35 ) Bo Swiss 14/02/2017female~ L 20 5 (post-weaning) 22/03/2017
36 3W0 Swiss 14/02/2017 female 20 5 (post-weaning) 22/03/2017
37 48O Swiss 14/02/2017 mate prole 20 5 (post-weaning) 22/03/2017
38 AWo Swiss 14/02/2017 male 20 5 (post-weaning) ‘ 22/03/2017
39 530 Swiss 14/02/2017 mate ol 20 5 (post-weaning) 22/03/2017
40 j’L'l/Q Swiss 14/02/2017 male 20 5 (post-weaning) 22/03/2017
41 A P) 5 Swiss 14/02/2017 femsle vemime ~nc (o 20 6 (post-weaning) 27/03/2017
42 A \M'\% Swiss 14/02/2017 female 20 6 (post-weaning) 27/03/2017
34 RE Swiss 14/02/2017 femele gmeetr (2ol 20 6 (post-weaning) 27/03/2017
44 ‘E-LWH'E Swiss 14/02/2017 female 20 6 (post-weaning) 27/03/2017
45 \‘_7) 8 ’f’_} Swiss 14/02/2017 male 20 6 (post-weaning) 27/03/2017
46 A \A'P) Swiss 14/02/2017 male— alg 20 6 (post-weaning) 27/03/2017
47 4 {9 Swiss 14/02/2017 male 20 6 (post-weaning) 27/03/2017
48 Y WD Swiss 14/02/2017 mate— &—W‘L\*L 20 6 (post-weaning) 27/03/2017
9 5 $H Swiss 14/02/2017 male 20 6 (post-weaning) 27/03/2017
50 5 WH Swiss 14/02/2017 male oo\ € 20 6 (post-weaning) 27/03/2017

B> Block hecef = m