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'LH (UJHEQLVVH GLHVHU $UEHLW ZXUGHQ EHUHLW

9LOODFBWVKPLGW $ 5XGROI -& 6FKZHQNH + . FKOHU - 6F

(YDOXDWLQJ WKH JO\PSKDWLF V\VWHP YLD PDJQHWLF UH)\

DORQJ WKH SHULYDVFXODU VSDFtsWQ LQSEGDRQ WXPRU SD
GRL V



7R P\ KXVEDQG DQG P\ VF
VRXUFHV RI VXSSRUW DQG L



7DEOH RI &RQWHQWYV

ILVW RI1 )LIXUHYV
/ILVW RI 7TDEOHYV

,QWURGXFWLRQ
7KH JO\PSKDWLF V\VWHP
%UDLQ PLFURVWUXFWXUH
%UDLQ WXPRUV
+2 7XPRU &ODVVLILFDWLRQ 6\WVWHP

05, DQG GLIIXVLRQ ZHLIJKWHG LPDJLQJ
%DVLFV RI 05,
'LIIXVLRQ ZHLJKWHG 05,
'LIXVLRQ WHQVRU LPDJLQJ
'LIXVLRQ WHQVRU LPDJLQJ DORQJ SHULYDVFXODU

*O\PSKDWLF V\VWHP LQ EUDLQ WXPRUYV
SHVHDUFK TXHVWLRQ DQG REMHFWLYHV

ODWHULDO DQG PHWKRGYV
6BWXG\ GHVLJIQ
05, HIDPLQDWLRQ
,PDJH SURFHVVLQJ
&DOFXODWLRQ RI WKH '7, $/36 LQGH]
6WDWLVWLFDO DQDO\VLV

SHVXOWYV
1RUPDOLW\ GHILQLWLRQ
'HPRJUDSKLFV
‘7, $/36 LQGH]



'LVFXVVLRQ
&OLQLFDO UHOHYDQFH
/ILPLWDWLRQV DQG IXWXUH ZRUN

&RQFOXVLRQ
6XPPDU\
SHIHUHQFHV

$SSHQGLFHV
$SSHQGL[ $ + 6WXG\ HWKLFDO DSSURYDO
$SSHQGL[ % + 3DWLHQW LQIRUPDWLRQ
$SSHQGL[ & + 52, SRVLWLRQLQJ 3DWLHQWYV
$SSHQGL[ ' + 52, 3BRVLWLRQLQJ +HDOWK\ FRQWUROYV
$SSHQGL[ ( + +HDOWK\ FRQWURO LQIRUPDWLRQ
$SSHQGL[ ) + ([FOXGHG SDWLHQWYV
$SSHQGL[ *+ 52, SRVLWLRQLQJ FRPSOLFDWLRQV

I+

$FNQRZOHGJHPHQWYV

&XUULFXOXP 9LWDH

LL



/I[LVW Rl )LIXUHYV

JLIXUH O9LVXDOL]DWLRQ RI JO\PSKDWLF V\VWHP
JLIXUH 'LIIXVLRQ ZHLJKWHG LPDJHV ':;, IURP D KHDOWK'
J)LIXUH 'LIIXVLRQ ZHLJKWHG LPDJLQJ ':, GHULYHG PDSV

J)LIXUH 6FKHPDWLF LOOXVWUDWLRQ RI WKH SULQFLSOH X
DQDO\VLY DORQJ WKH SHULYDVFXODU VSDFH '7, $/36 P

JLIXUBHJLRQ RI LQWHUHVW 52, SRVLWLRQLQJ DQG '7, $/.

J)LIXUH 1RUPDOLW\ GHILQLWLRQ ZLWK ER[SORW
J)LIXUH $JH GLVWULEXWLRQ RI LQFOXGHG SDWLHQWYV
JLIXUH 'LVWULEXWLRQ RI WXPRU HQWLWLHYV LQ LQFOXG

J)LIXUH %R[SORW VKRZLQJ WKH GLIITIHUHQFH EHWZHHQ W
VLGH RI WKH EUDLQ YV WKH FRQWUDODWHUDO VLGH

JLIXUH 1R OLQHDU UHODWLRQVKLS ZDV IRXQG EHWZHHQ
DJH E\ KHPLVSKHUH

J)LIXUH 1R OLQHDU FRUUHODWLRQ ZDV REVHUYHG EHWZ}
DSSDUHQW GLIIXVLRQ FRHIILFLHQW $'&

LLL



ILVW RI 7TDEOHYV

7TDEOBRPSDULVRQV RI WKH '7, $/36 LQGH[ DFFRUGLQJ WR WXPR
WXPRU

LY



' QWURGXFWLRQ

5HVHDUFKHUV ORQJ ZRQGHUHG ZK\ WKH EUDLQ ZKLFI
UDWH DQG WDNHV DERXW RQH ILIWK Rl WKIGMGRDW KRG
D O\PSKDWLF FRQQHFWLRQ RU VHHP WR KDYH D V\VWHP
\HDUV PDQ\ WKHRULHV KDYH EHHQ GHYHORSHG RQ KRZ
2QH VXFK WKHRU\ WKH LQWUDPXUDO SH U LVDXUWH\MM B ONG D |
ZDVWH SURGXFWV DUH FOHDUHG E\ WKH FHUHEURVSLQDC
FRUWH[ DORQJ WKH SLDO JOLDO EDVHPHQW PHPEUDQHYV
VSDFH DURXQG,QUMKIWLMNWWHP WKH &6) H[LWV BBBQJ Wk
EDVHPHQW PHPBOQRWMKHU WKHRU\ VXJIJHVWV WKDW O\PS
PHQLQJHDO VKHDWK DUH XVHG WR GUDLQ WKH &6) WKDYV
WLVVXB WKLUG RQH SRVLWV WKDW WKH &6) LV UHDEVR
JUDQXODWLRQYV

ORVW OLNHO\ ZDVWH PDQDJHPHQW LQ WKH EUDLQ L\
SDWKZD\V ZRUNLQJ WRJHWKHU +RZHYHU RQH WKHRU\ L
SURPLVLQJ WKH JO\PSKDWLF V\VWHP 5HVHDUFK LQWR
HISODQDWLRQ IRU D ORQJ DVNHG TXHVWLRQ ZLWK D VLI
VA\VWHP

7KH JO\PSKDWLF V\VWHP

7KH JO\PSKDWLF V\VWHP ZDV UHFHQWO\ SURSRVHG D
ZDVWH FOHDUDQFH V\VW® PNRHWKH EQ FEIRG\ IURP WKH QH
KDYH WKH O\PSKDWLF VI\VWHP 7KLV VIVWHP FDUULHV O\P:
WKURXJK WKH ODUJH YHLQV EDFN LQWR WKH ERG\ FLUF)>
PHWDEROLF ZDVWH SURGXFWV IURP WKH V\VWHP

, Q ,OLITHWH® AWZR SKRWRQ LPDJLQJ DQG IOXRUH'
EUDLQV RI PLFH ZLWK LQ YLYR PDIJQHWLF UHVRQDQFH LFP
KRZ &6) IORZV IURP WKH DUWHULDO YHVVHOV WKURXJK W
YHQRXV SHULYDVEXOHWY VYVOREEBVLY ODWHU FROOHFWHG



PHQLQJHDO O\PSK DX@I§ VWOWVHLQWURGXFHG WR WKH FHUYL
W LV WKRXJKW WKDW VROXWHY DUH GLVWULEXWHG LC
PRYHPHQW Rl &6) LQWR WKH SDUHQFK\PD
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JLIXUHOLVXDOL]DWLRQ RI JO\PSKDWLF V\VWHP 7KH IORZ RI F
PHGLDWHG WKURXJK DTXDSRULQV $4 IURP WKH DUWHULD!
LOQWR WKH SHULYHQRXV VSDFHV /LFHQVHG XQGHU &UHDWLYH

3XOVDWLRQ RI WKH DUWHULHV GULYZK\L FKR ¥FHPBQ\M V
SUHVVXUH ZDYHV DQG SXVKHV WKH LQWHUVWLWLDO 10Xl
VKRZQ LQ )LJ SHVSIODIFWPRQW RI WKH KHDG DQG WKH ¢
DUH DOVR LPSRUWDQW DVSHFWV KHUH W KDV DOVR EHLI
OHDGLQJ LQIOXHQWLDO IDFWRU DV ZHOO DV WKH SRVLW
SRVLWISR®DUDOOHO KDV EHHQ HIWHQGHG WR KXPDQV

7KLV VA\VWHP LV GHSHQGHQW RQ DTXDSRULQ $4 ZK
WKH DVWURF\WHV WKDW WRJHWKHU ZLWK WKH DUWHULR
% % % ,OLMKHRZ HHOWKDW WKH &6) IORZ VORZHG GRZQ DQC
FOHDUHG DV HIIHFWLYHO\ LQ PLFH ZLWKRXW $4 DV LQ PL

JXUWKHUPRUH LW KDV EHHQ VKRZQ WKDW D GHFUF
IXQFWLRQ FRXOG OHDG WR DFFXPXODWLRQ RI ZOXKWW SUR



FRXOG EH DQ LPSRUWDQW IDFWRU LQ WKH GHYHORSPHQV
GLVHDVHRUPDO SUHVVXUH K\GORNHQKNROQXVY Q& HODWKHU YV

,Q UHFHQW \HDUV PDQ\ VWXGLHV KDYH GHDOW ZLWH
FRQVLGHUDWLRQ WKH SUDFWLFDO OLPLWDWLRQV RI WKH
ZHUH UDWKHU LQYDVLYH UHTXLULQJ LQWUDWKHFDO LQNMN
GRHVY FRPH ZLWK FRQVLGHUDEOH SRWHQWLDO IRU FRPSOL
SRVVLELOLW\ RI ZLGHVSUHDG XVH IRU GLDJQRVWLF SXL
FRPSOLFDWLRQV KDYH EHHQ REVHUYHG DIQG KW DGWVYDLQV

6XEVHTXHQWO\ QRQLQYDVLYH PHWKRGV WR HYDOX!|
IXQFWLRQ DUH QHHGHG 7KH XVH RI LPDJLQJ EH LW FRPS
UHSUHVHQWY D QDWXUDO FKRLFH ,W LV DOUHDG\ ZLGH
SXUSRVHV 7KH UHPDLQLQJ FRQVLGHUDWLRQV DUH DVVF
LPDJHVY DQG WKH XVH RI LRQL]JLQJ UDGLDWLRQ 05, XWLO|
ZDWHU PROHFXOHYVY DQG LI QHHGHG DQ H[RJHQRXV FRQW
WR SURGXFH KLJK GHILQLWLRQ LPDJHV ZKLOH EHLQJ P
QRQLQYDVLYH WHFKQLTXH RI GLIIXVLRQ WHQVRU LPDJLQJ

7TDRND HWURBRVHG WKH '7, DORQJ SHULYDVFXODU VS|
DV D GLIIXVLYLW\ UDWLR ZKLFK UHSUHVHQWY ZDWHU GLI
XVLQJ WKH VWUDWHJILF SRVLWLRQ RI WKH PHGXOODU\ YHL
GLIIXVLYLW\ DORQJ WKH BRGLHDWERDWH WKOHFHXQFWLRQ R
VA\VWHP

7TKHUHIRUH VHYHUDO UHVHDUFKHUV KDYH LQYHVWL,
XVLQJ WKH PRYHPHQW RI ZDWHU $FKF RAKGIL DK LWRI W B W/IWJH W |
PRYHPHQW RI ZDWHU DORQJ WKH SHUSHQGLFXODU SHUL
HYDOXDWH JO\PSKDWLF IXQFWLRQ LQ WKH KXPDQ EUDLQ
‘7, $/36 LQGH[ LQ WKLV FDVH FRXOG H[WHQG IURP
QHXURGHIJHQHUDWLYH GLVHDVHV WR VFUHHQLQJ IRU
GHYHORSPHQWYV WKDW FDQQRW \HW EH VHHQ LQ QRUPDO



,Q WKH SUHVHQW WKHVLV |, XVH WKH '7, $/36 LQGH[ W
JO\PSKDWLF VA\VWHP LQ SDWLHQWYV ZLWK GLIITHUHQW NLQC
KHDOWK\ FRQWUROV +&V 7R IXUWKHU H[DPLQH WKH XQCGC
P\ FXUUHQW UHVHDUFK LW LV QHFHVVDU\ WR JLYH DQ RY

%UDLQ PLFURVWUXFWXUH

7KH QHUYRXV V\VWHP LV GLYLGHG LQWR WKH FHQV
VI\VWHP 7KH FHQWUDO QHUYRXV V\VWHP &16 LV FRPSRVI
%RWK VWUXFWXUHY FDQ EH GLYLGHG LQWR ZKLWH DQG JU
WKH FHOO ERGLHV RI WKH QHXURQV WKH ZKLWH PDWWH
WKH EUDLQ WKH JUD\ PDWWHU LV IRXQG LQ WKH RXWHU
PDWWHU OLHV LQ WKH GHHSHU OD\HUV 7KH QXFOHL HPE
HIFHSWLRQ ,Q WKH FRUWH[ DQG QXFOHL ZH ILQG WKH EF

7KH QHXURQV DUH VXSSRUWHG E\ JOLDO FHOOV +LVW
KDYH EHHQ GLYLGHG LQWR DVWURF\WHV ROLJRGHQGUR
FHOOV 7KLV PLFURVWUXFWXUH IRUPV WKH EDVLV RI WK
DVWURF\WHV FRPSRVH WKH ERUGHU WR WKH QHXURSLO

20LJIRGHQGURF\WHV EXLOG WKH P\HOLQ VKHDWK E\ Z
D[RQV 7KH PLFURJOLD FRQVWLWXWH WKH PDFURSKDJHYV
PRQRF\WLF SKDJRF\WLF VA\VWHP 7KH HSHQG\PDO FHOOV C
WKH VSLQDO FRUG

$VWURF\WHV UHSUHVHQW WKH ODUJHVW DQG PRVW FI
7KH\ DUH IRXQG LQ ERWK WKH JUD\ PDWWHU DV SURWRSO
DV ILEULOODU FHOOV :LWK WKHLU IHHW WKH\ EXLOG WK
WKHVH YHVVHOV GR QRW KDYH D WXQLFD PHGLD WKH D)
IURP WKH YHVVHOV DQG WKHLU FHOOV WKURXJK WKH EDV
MXQFWLRQV LQ WKH DVWURF\WLF IHHW DQG JLYHV WKH %
7KH LPSHUPHDELOLW\ LV PHGLDWHG E\ $4 ORFDWHG RQ \
WKH IORZ RI &6) LQWR WKH QHXURSLO 7KLV DELOLW\ DO
WKH JO\PSKDWLF V\VWHP



/[LNH DOO FHOOV JOLDO FHOOV FDQ GHIJHQHUDWH LQW
WXPRUV 'HSHQGLQJ RQ WKHLU ORFDWLRQ WKHVH WXPRU

%UDLQ WXPRUYV

%UDLQ WXPRUV DUH DPRQJ WKH PRVW FRPPRQ GLV}
IURP DQDO\]HG WKH GLIIHUHQW QHXURORJLFDO GLVI
ZHVWHUQ (XURSH DQ®UMDKIY IRXPREY DQG QHUYRXV V\VWH
WK ZLWK D SUHYDOHQFH LQ (XURSH RI LQ DQC

7KH\ DUH LQWHUHVWLQJ WR VWXG\ GXH WR WKH P
UHVXOWLQJ LQ SHU \HDUV RI OLIH ORVW DQG SH
GLVHDVH LQ

7XPRUV FDQ EH FODVVLILHG DFFRUGLQJ WR WKH RUL
ZKHUH SULPDU\ EUDLQ WXPRUV DUH GHILQHG DV WKRVH IU
FDQ EH EHQLJQ RU PDOLJQDQW ZKHUHDV VHFRQGDU\ WXF
WKH ERG\ 6HFRQGDU\ WXPRUV DUH PRUH FRPPRQ WKDQ S
IRXU WLPHV PRDR ®RIDMHHQDOZD\V PDOLJQDQW

7KH SUHGRPLQDQW SULPDU\ LQWUD D[LDO WXPRU\
*OLREODVWRPD LV WKH PRVW FRPPRQ RQH ZLWK DQ LQ
EHFRPHY PDQLIHVW DW DQ DYHWRIB HDILK) RRID WIKPRY DV V X
RI WKH IROORZLQJ FULWHULD PXVW EH IXOILOOHG PLFL
RU(57SURPRWRU PXWHDWHRG RPSOLILFDWLRQ RU * F k
FRS\ QXPEHU FKDQJHV 7KLV WXPRU LV RQH RI WKH DG X(
JUDGHG IURP WR ZLWKZRXIOGVWNEIHDOO\ EH K\SRLQWHC
ZHLIJKWHG LPDJHV DQG K\SHULQWHQVH RQ 7 ZHLJKWHG L

7KH LVRFLWUDWH GHK\GURJHQDVH ,'+ PXWDQW DVWL
GLIIXVH DVWURF\WRPD ZLWK D SUHYDOHQFH RI FDVHV
DW DQ DYHUDJH DJH RI  \HDUV 7KLV WXPRU ZRXOG W\SL
PDVV ZLWK D UHODWLYHO\ K\SRLQWHQVH VLIJQDO WKURX.
VHTXHQFHV DV FRPSDUHG WR 7 ZHLJKWHG LPDJHV H[FH
K\SHULQWHQVH VLJQDO



2ZWKHU JOLDO WXPRUV RFFXU DW D PXFK ORZHL
ROLIRGHQGURJOLRPDV 7KHLU LQFLGHQFH LV URXJKO\
DYHUDJH DJH RI 7KHDBWBQ EH ,'+ PXWDQW DQG S T FRG
ZLWKRXW FDOFLILFDWLRQVY DQG YDULDEOH HQKDQFHPHQYV

(f[WuD D[LDOO\ ZH IUHTXHQWO\ ILQG PHQLQJLRPDYV
VHFRQG PRVW FRPPRQ SULPDU\ WXPRU ZLWK DQ LQFLG
SUHVHQWLQJ DW DQ DYHUDJH DJH RI \HDUV 7KH
FDQ EH WUHDWHG KDYLQJ WKH EHVW VXXUDUYXDG UDWHR DM
FDQ RSHQ XS PRUH RSWLRQV WR WUHDW WKH WXPRU

&HUWDLQ NLQGV RI WXPRUV PHWDVWDVL]H PRVW I|U
FDQFHU EUHDVW FDQFHUDDH@®OWHORIKY RWPBRS RI WKH OLV
PHWDVWDVHV XVXDOO\ RFFXU LQ WKH FHUHEUDO KHPLYVS
2QFH D PHWDVWDVLV LV IRXQG LQ WKH EUDLQ LW XVXDOC(
ZHOO DGYDQFHG ,I PHWDVWDVLV FRQVWLWXWHYVY WKH IL
ELRSV\ ZLOO KHOS WR GHWHUPLQH WXPRU KLVWRORJ\ ¢
SULPDU\ WXPRU ZLOO EHJLQ ZKLFK LQ FDVHV RI PHODQF
HDV\

6\PSWRPV GHSHQG RQ WKH VL]H DQG ORFDWLRQ RI V
IURP IRFDO QHXURORJLFDO GHILFLWYVY VHL]XUHV DQG G
SHUVRQDOLW\ RU EHKDYLRU DPRQJ RWKHUV 2QFH V\P:
GLDIJQRVWLF VWHS DIWHU DQDPQHVLY DQG H[DPLQDWLRC
7KH JROG VWDQGDUG KHUH LV 05, ZLWK DQG ZLWKRXW FF
VIPSWRPVY DQG WKH DYDLODELOLW\ RI D 05 VFDQQHU LQ
&7 FDQ DOVR EH XVHG

) XUWKHU VWUDWHJLHY DUH WKHQ GHFLGHG LQ D PX
QHXURORJLVWYV QHXURRQFRORJLVWYV QHXURVXUJHRC
UDGLRWKHUDSLVWV IRU HDFK SDWLHQW LQGLYLGXDOO\ 7
FKHPRWKHUDS\ DQG UDGLRWKHUDS\



,Q HDUOLHU \HDUV LPDJLQJ ZDV XVHG WR GLDJQRVH '
FKDUDFWHULVWLFV IRU HIDPSOH WKH SUHVHQFH RI QHFL
7TKHVH ILQGLQJV LQ FRPELQDWLRQ ZLWK D ELRSV\ ZRX(
DSSURDFK KDV EHHQ UHYLVHG IRU EUDLQ WXPRUV LQ WK
&ODVVLILFDWLRQ 6\VWHP

'+2 7TXPRU &ODVVLILFDWLRQ 6\VWHP

7KH :+2 &ODVVLM'ABWWRRQ &16 FDWDORJV EUDLQ W
RQ WKHLU KLVWRORJLF IHDWXUH® WEGVJHGHWLRQ Xa\LB VOLH
DUH VRUWHG LQWR WKH FDWHJRULHV JOLRPDV DQG JOL
FKRURLG SOH[XV WXPRUV HPEU\RQDO WXPRUV SLQHDO
QHUYH WXPRUV PHQLQJLRPD PHVHQFK\PDO QRQPHQLQJ
WXPRUV KHPDWRO\PSKRLG WXPRUV JHUP FHOO WXPRUYV
PHWDVWDVHV WR WKH &16

7KH VXEW\SHVY DUH FODVVLILHG DFFRUGLQJ WR JHQH
JURXS )RU H[DPSOH IRU JOLRPDV JOLRQHXURQDO WXPR
ORQJHU VXIILFLHQW WR FKDUDFWHUL]H WKH WXPRU-V JH
JXUWKHU JHQHWLF PDUNHUV QHHG WR EH H[DPLQHG G
FKDUDFWHULVWLFVY DQG WKH SDWLHQW 7KLV KDV UHVXC
UDWHV WKH VWDJHV IURP WR WDNLQJ LQWR FRQV
HQFRPSDVVHV WKH WUHDWPHQW SRVVLELOLWLHV ZKLFK F
SDWLHQW QRU WKH IXOO PRUSKRORJ\ VXFK DV QHFURVL"

7KH &16 DOVR XVHV WKH DEEUHYLDWLRQV 31RW RWKI
SQRW HOVHZKHUH FODVVLILHG 1(& ° WR ODEHO WKH JORE
EH FOHDUO\ GHILQHG

,QGHHG JHQHWLF FKDUDFWHUL]DWLRQ RI WXPRUV RS
DSSURDFKHV WR WUHDWPHQW VXFK DV WXPRU WDUJHWI
JOLREODVWRPD HYHQ RQFRO\VLYV



05, DQG GLIIXVLRQ ZHLJKWHG LPDJLQJ

%DVLFV RI 05,

7KH 05, WHFKQLTXH LV EDVHG RQ WKH SK\VLFDO SUL
DOLJQ ZKHQ SODFHG LQ D PDJQHWLF ILHOG 05, WDNHV DG
LV WKH PRVW DEXQGDQW DWRP LQ KXPDQ EHLQJV 7KLV
K\GURJHQ SURWRQV KDYH D SURSHUW\ FDOOHG VSLQ ZKL
RI UHVRQDQFH

2QFH SXW LQ D PDIJQHWLF ILHOG VXFK DV LQ DQ 05, V
7KLY DOLJQPHQW LV HLWKHU SDUDOOHO RU DQWLSDUDOO
VHHN WKH ORZHU HQHUJ\ OHYHOV PRUH VSLQV DUH DOL.
WKH PDIJQHWLF ILHOG +RZ PDQ\ DOLJQ RQ HDFK GLUHFW
WKH PDJQHWLF ILHOG $GGLQJ SDUDOOHO DQG DQWL SDUL
1HW PDIJQHWL]DWLRQ LV D YHFWRU KDV D PDIJQLWXGH DQ

8VLQJ D UDGLRIUHTXHQF\ 5) LPSXOVH WKH QHW PDJ
E\ DQ DQJOH DOSKD ZKLFK LV XVXDOO\ GHJUHHV 2QF]|
SURWRQV VWULYH WR UHWXUQ WR WKHLU VWDWH RI ORZH
DQG [\ 7 UHOD[DWLRQ WLPH SODQHV 7KH\ DUH VHSDUD\
ZKLFK DOVR WDNH SODFH DW GLIITHUHQW VSHHGYV 7 LV VO
ZKLOH 7 WDNHV WHQV RI PLOOLVHFRQGV 7KLV GHSHQGYV
ZKHUH WKH SURWRQV DUH 7KH UHOD[DWLRQ SURFHVV HP
E\D FRLO DQG WUDQVGXFHG E\ WKH V\VWHP DQG WKHQ
LPDJH

7KH EDVLF FRQWUDVW RI DQ 05 LPDJH GHSHQGV RQ W
WLVVXH DQG WKH UHOD[DWLRQ WLPHV 7 DQG 7 ,Q WKH
D VKRUW 7 UHOD[DWLRQ WLPH H J IDW DSSHDU K\SHULC
ZLWK D ORQJHU 7 UHOD[DWLRQ WLPH HJ ZDWHU SURG.
WKH ILQDO LPDJH SURYLGLQJ JUHDW DQDWRPLFDO GHWD

JRU WKH 7 ZHLJKWHG FRQWUDVW VKRUW 7 WLVVXH\
ZKLOH ORQJ 7 OLNH ZDWHU DUH K\SHULQWHQVH 7KHVH



SDWKRORJLFDO SURFHVVHV KLJKOLJKWLQJ LQIODPPDWL
FRQWHQW

7TKHUHIRUH 05, LV D SRZHUIXO WRRO IRU QRQLQYDVL?
WLVVXH GLDJQRVWLF H[DPLQDWLRQV ,W LV WKH JROG V'
GXH WR WKH KLJK TXDOLW\ RI WKH VRIW WLVVXH LPDJHV

,Q WKLV WKHVLV , ZRUN ZLWK GLIIXVLRQ ZHLJKWHG L

'LIXVLRQ ZHLJKWHG 05,

'LIIXVLRQ ZHLJKWHG ': 05, LV D WHFKQLTXH EDVHG R
PRYHPHQW RI ZDWHU %QREZRHDERBRYHPHQW PHDQV WKD
GLVSHUVH UDQGRPO\ WDNHQ E\ WKH HQHUJ\ Rl WKH UHSX
RQ VROXWHYV DQG WHPSHUDWXUH :KHQ WKHUH LV D KLJK
VSDFH ZDWHU WHQGV WR JR LQ WKDW GLUHFWLRQ WR GL
7KH UDQGRP PRYHPHQW RI PROHFXOHV LV UHVWULFWHG L
WKH GLIIXVLRQ Rl PROHFXOHVY GHSHQGY RQ WKH PLFURVW

,Q ':;, WKH 05, VLIQDO GHSHQGYVY RQ WKH FKDUDFWHUL
ZKHUH GLIIXVLRQ LV KLJK WKH LPDJH ZLWK VKRZ D ORZHI
ORVV LV KLIJIKHU GXH WR GLIIXVLRQ ,Q IUHH ZDWHU IRU |
VLIQDO ZLOO EH ORZHU WKDQ ZKHQ WKH ZDWHU PRYHP
GLUHFWLRQ LQ WKH ZKLWH PDWWHU GXH WR WKH PHPE!
WKH GLUHFWLRQ RI WKH PRYHPHQW FRQWUDVW LV VWUR!
FOLQLFDO HYDOXDWLRQ WKH DYHUDJH RI WKH PRYHPHQ
ZKLFK LV NQRZQ DV PHDQ GLIIXVLYLW\ ,Q 05, LW LV DC
DSSDUHQW GLIIXVLRQ FRHIILFLHQW SHU YR[HO $'& ZK
GLIIXVLRQ LQ D YR[HO LQ WKH IRUP RI D PDS VHH )LJ

7KLY KDV LQWHUHVWLQJ FOLQLFDO DSSOLFDWLRQV |
WXPRU LQ ZKLFK LQFUHDVHG FHOOXODULW\ DQG VWUXFW
GHSHQGLQJ RQ WKH SDWKRORJLFDO SURFHVVHYV W LV DC
OHVLRQV IRU HIDPSOH WR GLIITHUHQWLDWH EHWZHHQ D F
WXPRU



JLIXUHLIIXVLRQ ZHLJKWHG LPDJHV ':, IURP D KHDOWK\ YROX
XVLQJ E VPP3 $ 1RQ GLIIXVLRQ ZHLJKWHG LPDJH E Y
ZHLIJKWLQJ HQFRGHG LQ WKH [ GLUHFWLRQ SOHDVH QRWH WK
VLIQDO LQGLFDWLQJ KLJK GLIIXVLRQ DORQJ WKH ILEHUV LQ
LQ WKH \ GLUHFWLRQ SOHDVH QRWH ORZ VLJQDO LQ ORQJLWX
'LIIXVLRQ ZHLJKWLQJ HQFRGHG LQ WKH ] GLUHFWLRQ SOHD\
UDGLDWD LQGLFDWLQJ KLJK GLIIXVLRQ DORQJ WKH ILEHUV E
D OHIW+ULJKW GLUHFWLRQ WKH \ D[LV LV DQWHULRU SRVWHL
LOQWHQVLW\ LQ ':, LQ WKH YHQWULFOHV LQ WKH WKUHH GLUHF

JLIXUHLIIXVLRQ ZHLJKWHG LPDJLQJ ':;, GHULYHG PDSV +HDO
\HDUV ROG $ ':, WUDFH ZKLFK FRUUHVSRQG WR WKH DYHUD]J
DQRG UHSUHVHQWYV WKH DYHUDJH GHJUHH RI VLIQDO ORVW GX
DQ LPDJH ZLWK D FRQWUDVW WKDW GRHVY QRW GHSHQG RQ WK

$SSDUHQW GLIIXVLRQ FRHIILFLHQW PDS FDOFXODWHG XVLQJ '



, W FDQ DOVR EH KHOSIXO LQ FKDUDFWHUL]LQJ D WX
WXPRUV WHQG WR KDYH D KLJKHU FHOOXODULW\ ZKLFK 1
RQ ':, DQG $'& 2WKHU FKDUDFWHULVWLFV VXFK DV LQILO\
QHFURWLF DUHDV YDVFXODUL]DWLRQ DQG WKH GLVSODF
ORQJHU WKH PRVW LPSRUWDQW FULWHULD IRU WKH SUF
+RZHYHU WKH GHILQLWLRQ RI WKHVH TXDOLWLHYV FDQ SU
ZKLFK WKH GLDJQRVWLF H[DPLQDWLRQ VKRXOG SURJUHVYV

'LIXVLRQ WHQVRU LPDJLQJ

,Q':, WKUHH SHUSHQGLFXODU GLUHFWLRQV DUH XVXD
WKDQ VL[ GLIIXVLRQ HQFRGLQJV DUH DSSOLHG D GLIIX\
$FFRUGLQJO\ ZH FDQ FDOFXODWH WKH GLUHFWLRQDO
DQLVRWURS\ )$ LV D SDUDPHWHU WKDW FDQ EH FDOFXO
IURP WR DQG FDQ HYDOXDWH GLUHFWLRQDOLW\ RI ZI
LVRWURSLF PROHFXODU PRYHPHQW OLNH ZDWHU LQ WKH
PRVWO\ LQ RQH GLUHFWLRQ )$ LV FORVH WR

'LIXVLRQ WHQVRU LPDJLQJ DORQJ SHULYDVF

&6) LV SUHVHQW LQ DQG FDQ PRYH DORQJ WKH SHU
DGMXVW WKH '7, PHDVXUHPHQWY WR GHWHFW DQ\ PRYHPH
RI PHWDEROLF ZDVWH PLVIROGHG SURWHLQV DQG IOXL
SHULYDVFXODU VSDFH FRXOG LQIOXHQFH DQG KLQGHU &
IXQFWLRQ RI WKH EUDLQ '7, $/36 LV D SURPLVLQJ QRQLQ"
7DRND HW WR HYDOXDWH WKH JO\PSKDWLF V\VWHP IXQF
JHQHUDWHG DV D GLIIXVLYLW\ UDWLR WKDW UHSUHVHQW V
VSDFHV RI WKH PHGXOODU\ YHLQV 7KHVH YHLQV ZHU}
DQDWRPLFDO SRVLWLRQ O\LQJ SHUSHQGLFXODU WR WKFE
RWKHU DV ZHOO DV WKHLU DQDWRPLFDO FRQVLVWHQF\ 7
WR WKH YHLQV PHDQLQJ LQ D ULJKW WR OHIW GLUHFWLF
ORQJLWXGLQDO IDVFLFOHVY DQG SURMHFWLRQ ILEHUV UXQ
YHLQV DQG WKHLU SHULYDVFXODU VSDFHV LQ WKH DQ



GLUHFWLRQV UHVSHFWLYHO\ ZKLOH WKH FRUWLFDO ILEF
)LJ

Projection Fiber [l
— Association Fiber [l

Subcortical Fiber [l

JLIXUHGFKHPDWLF LOOXVWUDWLRQ RI WKH SULQFLSOH XQGHU
DQDO\VLVY DORQJ WKH SHULYDVFXODU VSDFH '7, $/36 PHWKR
ERG\ OHYHO WKH QHXUDO ILEHUV DUHUGHWWR QDBIGPBRQ LDV RW ¥ |
HULYDVFXODU ZDWHU |IORZV SHUSHQGLFXODU WR SURMHFW
7TKHUHIRUH GLIIXVLYLW\ DORQJ WKH [ D[LV DW WKHVH DUHDV P
IORZV )LIJXUH IURP %HDWP IHWW LR REWDLQHG IURP WKH &RS\ULJ
&&& OLFHQVH QXPEHU

&DOFXODWLQJ WKH '7, $/36 LQGH[ FRXOG EH DSSOLHG
WKH IXQFWLRQ RI WKH JO\PSKDWLF V\VWHP W KDV EHHQ
Rl WKLV VA\VWHP DQG WKH DFFXPXODWLRQ RI PHWDEROLF
IRU H[DPSOH FRXOG LQIOXHQFH EUDLQ IXQFWLRQ DQG



GHYHORSPHQW RI PDQ\ GLVHDVHV 2QH FRXOG DOVR FRP
SDWLHQWYV ZLWK QHXURGHJHQHUDWLYH GLVHDVHV DQG
FRQWURO DV GHFUHDVHV LQ WKH '7, $/36 LQGH[ KDYH EH
7KLV LQGH[ KDV EHHQ XVHG LQ PDQ\ VWXGLHV DV D PHEL
IXQFWLRQ VXFK DV LQ 3BUPNISIDVR B b WP KU\ SLARMDIRN H

DQG HSIGHEKHUH D ORZHU '7, $/36 LQGH[ PLJKW EH DVVRI
JO\PSKDWLPYXOBEWURQPQWO\ LQ K\GURFHSKDOXV SDWLHQ
WR EH VLJQLILFDQWO\ UHGXFHG SRLQWLQJ WR JO\PS
GHPRQVWUDWHG E\ GHOD\HG FOHDUDQFH RI LOWUDWKHF
2WKHU ULVN IDFWRUV DUH DOVR EHLQJ VWXGLHG IRU H[D

7KHUHIRUH WKH '7, $/36 LQGH[ DSSHDUV WR EH D ¢
IXQFWLRQ %\ DQDO\]LQJ WKH '7, $/36 LQGH[ Rl SDWLHQ
GLVHDVHV ZH FRXOG GLDJQRVH WKHP EHIRUH WKH\ UHDF
LI WKHUH DUH ULVN IDFWRUV GLDJQRVH WKH GLVHDVF
GHYHORSHG RU PRQLWRU WKH SDWLHQWY WR SUHYHQW W

*O\PSKDWLF VA\VWHP LQ EUDLQ WXPRUYV

7KH JO\PSKDWLF V\VWHP DQG LWV UHODWLRQVKLS Z]
EHHQ WKH VXEMHFW Rl 05, UWWMNDBURKE WRK HRWPODWLRQ RI
EUDLQ HGHPD 37%( DQG LWV UHODWLRQVKLS WR W
PHQLQJLRPDV WKH\ IRXQG WKDW WKH '7, $/36 LQGH[ zDV
37%( ZDV QRW SUHVHQW WKDQ LQ WKRVH ZKR GLG KDYH H
WKH\ IRXQG WKDW WKH +&V DQG WKH SDWLHQWYV ZLWK W)
$/36 LQGH[ 7KH\ K\SRWKHVL]HG WKDW WKH WXPRU DQG
EDODQFH EHWZHHQ WKH &6) LQIOX[ DQG WKH SHULYHQRYX
IOXLG ZKLFK FRXOG EH D GHFLVLYH IDEFWRU LQ WKH IRUF
WKH\ VWXGLHG SDWLHQWYV ZLWK JOLRPDV +HUH WKH\ IR>
KDG D KLJKHU '7, $/36 LQGH[ WKDQ KLIKHWU DOQWDR HR RQHWY
WKDW WKH '7, $/36 LQGH[ ZDV KLJKHU LQ ,'+ PXWDQW WXP
,Q WKHLU UHVHDUFK ,'+ PXWDWLRQ DQG WKH YROXP
LQGHSHQGHQW IDFWRUV DVVRELDWHG ZLWK WKH '7, $/3



SHUWDLQLQJ WR WKH H[SUHVVLRQ RI $4 DQG LWV LQYRO
WKH DXWKRUV VSHFXODWHG WKDW FKDQJHV LQ $4 H[SU}
WKH '7, $/36 LQGH[ ,Q WKDW VWXG\ KRZHYHU WKHUH ZH!

7TRK DQG 6LRZ DOVR FRQGXFWHG UHVHDUFK RQ PF
FDOFXODWLQJ WKH '7, $/36 LQGH[ DV ZHOO DV RWKHU GLI
$'& DQG )$ 7KH\ IRXQG WKDW IRU FDVHV RI ODUJHU 37%(
DQG WKH '7, $/36 LQGH[ ORZHU 7KH\ LQWHUSUHWHG WKH
SRVVLEO\ D KLJKHU LQIOX[ RI ZDWHU LQWR WKH WLVVX
FROQWULEXWLQJ WR WKH IRUPDWLRQ RI HGHPD

7KH ZRUN UHODWHG WR WKH '7, $/36 LQGH[ KDV EHHQ
DO HIDPLQHG WKH SRVVLELOLW\ RI XVLQJ LW DV D ELRPD
VWXGLHG WKH '7, $/36 LQGH[ LQ WKH EUDLQ RI SDWLHQW\
$/36 LQGH[ EHWZHHQ WKH KHPLVSKHUHV RQH ZLWK WXPR
LQ FRPSDULVRQ WR +&V 7KH\ IRXQG ERWK D ORZHU '7, $
KHPLVSKHUH RI WKH JOLRPD DQG D VLIJQLILFDQW GHFUHD
WR +&V 7KHQ WKH\ DQDO\|HG WKH LQGLFHV EHWZHHQ W
IRU ORZHU JUDGH WXPRUV ZDV KLJKHU WKDQ IRU WKH
GHWHUPLQHG WKH GLITHUHQFH EHWZHHQ WKH ,'"+ PXWDQ
WKH IRUPHU KDG D KLJKHU LQGH[ 7KH DXWKRUV DOVR F
GLIIXVLRQ PHWULFVY DQG FRQFOXGHG WKDW WKH '7, $/36
DOUHDG\ DYDLODEOH WRROV WR FODVVLI\ WKH QDWXUH R

7DNLQJ LQWR FRQVLGHUDWLRQ WKH DYDLODEOH GDWLE
'7, $/36 LQGH[ LQ EUDLQ WXPRQWGXFIMWRHEW BORVSHFEWLYH
DQDO\]HG SDWLHQWYV ZLWK GLIIHUHQW NLQGV RI EUDLQ V
PDWFKHG +&V FDOFXODWHG WKH '7, $/36 LQGH[ DQG LQ\
$4 LQ WKH WLVVXH $FFRUGLQJ WR WKHLU UHVXOWV VKR,
WKH '7, $/36 LQGH[ DQG WKH YROXPH RI WKH WXPRU DQG [
WKH H[SUHVVLRQ Rl $4 DQG WKH YROXPH RI 37%( WKH\ k
DQG FRPSUHVVLRQ GXH WR WKH WXPRU FRXOG DIIHFW
G\QDPLFV 7KLV FRXOG SURYLGH QHZ LQVLJKW WR WKH SI



DQRG RIIHU D QHZ DSSURDFK WR VWXG\LQJ WKH JO\PSKDW
05,

SHVHDUFK TXHVWLRQ DQG REMHFWLYHYV

7KH JRDO RI WKLV UHVHDUFK ZDV WR HYDOXDWH WK
WXPRUV $W WKH WLPH WKLV UHVHDUFK EHIJDQ RWKHU V!
JOLRPDNHQLQJLRPMG HGHPD LQ EUDLEDRHAWDVYWD@®HMWEHH
SXEOLVKHG

7KHVH VWXGLHV IRFXVHG RQ WKH VLGH RI WKH EUDL
FRQVLGHU FRPSDULQJ WKH UHVXOWV ZLWK WKRVH IURP V
DLPHG WR LQYHVWLJDWH ZKHWKHU WKHUH ZDV D VLJQLIL
KHPLVSKHUHV E\ FRPSDULQJ WKH '7, $/36 LQGH[ EHWZHH
WXPRU DQG ZLWKRXW D WXPRU , DOVR FRQVLGHUHG D.
DVVHVVHG ZKHWKHU WKHUH ZHUH DQ\ UHOHYDQW GLIIHU]
ZLWK P\ SDWLHQW FRKRUW , DOVR GHHPHG LW LPSRUYV
EHWZHHQ WKH '7, $/36 LQGH[ DQG WKH RULJLQ RI WKH
VHEFRQGDU\ WXPRU HYHQW ILUVW GLDJQRVLV RU UHODS
WXPRU

%»DVHG RQ WKH DYDLODEOH OLWHUDWXUH , K\SR
LOWHUKHPLVSKHULF GLITHUHQFH LQ EUDLQ WXPRU SDWLH
LQGH[ ZRXOG EH H[SHFWHG RQ WKH WXPRU VLGH RI WKH
GHWHFW D GLIIHUHQFH LQ WKH '7, $/36 LQGH[ EHWZHHQ S

ODWHULDO DQG PHWKRGYV

6WXG\ GHVLJQ

/R EHJLQ WKH UHVHDUFK , QHHGHG WR ILQG D SDWL
DV SDWLHQWYV ZLWK DQ ,&" FRGH & PDOLJQDQW EUDLQ \
WKH EUDLQ DQG RWKHU SDUWV RI WKH &16 LQ ZKRP DQ O
EHWZHHQ 6HSWHPEHU DQG 2FWREHU $ OLVW RI D¢



UHFHLYHG DQ 05, H[DPLQDWLRQ ZDV SURYLGHG E\ WKH

6WDWLVWLFVY DQG SHYHQXH ODQDJHPHQW %HUHLFK 2UJLC
(UO|VPDQDJHPHQW RI WKH 8QLYHUVLW\ OHGLFDO &HQWH
7KLY UHVXOWHG LQ D OLVW FRQWDLQLQJ DERXW SDWLI

([FOXVLRQ FULWHULD ZHUH SDWLHQWV XQGHU SDV
DQG IXQFWLRQDO 05, H[DPLQDWLRQ LQ WKH 7 6LHPHQV 9
WKH LPDJHV ZHUH QRW IUHH RI PRYHPHQW DUWLIDEWV 7
GLIIHUHQFHV WKH VWXG\ LQLWLDOO\ LQFOXGHG FRQVF
E\ WKH HWKLFV FRPPLWWHH RI WKH 8QLYHUVLW\ RI /+EHF]
LWV DPHQGPHQW VHH DSSHQGL[ $

$IWHU UHWURVSHFEWLYHO\ UHYLHZLQJ WKH LPDJHV L
H[FOXVLRQ FULWHULD E\ DGGLQJ WKDW WKH DUHD RI WKF
DIIHFWHG E\ WKH WXPRU VL[ SDWLHQWY ZHUH H[FOXGHC
SDWLHQWYV DQDO\]HG LQ WKLV VWXG\ VHH GHWDLOV LQ
LQIRUPHG DERXW WKH SRVVLEOH ULVNV DVVRFLDWHG ZL
FOLQLFDO URXWLQH DQG WKH\ VLIQHG D JHQHUDO FRQVH
VWXG\ XVLQJ GDWD IURP SDWLHQWY REWDLQHG DV SDU\
LQIRUPHG FRQVHQW EHIRUH WKH H[DPLQDWLRQ ZDV QRW |
ZULWWHQ LQIRUPHG FRQVHQW WR SDUWLFLSDWH LQ WKLV

'HWDLOHG GHPRJUDSKLF LQIRUPDWLRQ LV VKRZQ LQ
LQFOXGHG KHDOWK\ SDUWLFLSDQWY DV FRQWUROV WR F
ZLWKLQ “ \HDUV DQG LQ ZKRP EUDLQ 05 H[DPLQDWLRQ
QHXURORJLFDO GLVRUGHUV ZDV SUHVHQW

05, HIDPLQDWLRQ

$00 05, VWXGLHYVY ZHUH SHUIRUPHG XVLQJ D 7 FOLQL
6LHPHQV +HDOWKLQHHUV (UODQJHQ *HUPDQ\ ZLWK D |
VFDQ ZDV SHUIRUPHG XVLQJ D ' VLQJOH VKRW HFKR SOD(
ZLWK WKH IROORZLQJ SDUDPHWHUV 7( 75 PV G
YDOXHV DQG ILMO@® RI YLHZ PDWWPP[ VL]H [



VOLFH WKLFNQHVYV PP DQG YRKIHMWOWIDEG LV[SOPPW RI WKH
SURWRFRO DW P\ FOLQLF DQG WDNHV PLQ 7KH $'& PDS 2
LPDJH DQG E 7KH WXPRU $'& ZDV FDOFXODWHG RYHU
SODFHG DW WKH FHQWHU RI WKH WXPRU DUHD PP

,PDJH SURFHVVLQJ

$O00 LPDJHV ZHUH DQDO\JHG LQ 0%$7/%% D 7KH 0DV
ODVVDFKXVHWWY 8QLWHG VWDWHV XVLQJ VWDWLVWLF
KWWSV ZZZ ILO LRQ XFO DF XN VSP DQG WKH G
KWWSV VRXUFHIRUJH QHW SURMHFWYV VSPWRROV 7KH
FRUUHFWLRQ EDVHG RQ WKH E LPDJH ZLWK JUDGLHQ\
GLIIXVLRQ WHQVRU DQG WHQVRU GHFRPSRVLWLRQ DUH FI
SHUIRUPHG E\ ERDUG FHUWLILHG QHXURUDGLRORJLVWYV

&DOFXODWLRQ RI WKH '7, $/36 LQGH]

7KH '7, $#3BHWKRG XVHV WZR 52,V SRVLWLRQHG RQ [
OHYHO Rl WKH ODWHUDO YHQWULFOHV ,Q WKDW UHJLRQ
LV DSSUR[LPDWHO\ SHUSHQGLFXODU WR WKH YHQWULFO
VSDFH UXQV LQ WKH VDPH GLUHFWLRQ ULJKW OHIW LQ V
FRQFHSW LV H[SODLQHG LQ )LJ 7KH '7, $/36 LQGH[ zZDV
52, R [ YR[HOV RYHU RQH VOLFH FRUUHVSPYGLBOHQQR |
LQ )LJ $V D WXPRU DIIHFWV EUDLQ V\PPHWU\ LW ZDV QI
RI WKH 52,V LQ WKH WZR KHPLVSKHUHV 7ZR QHXURUDGLF
H[SHULHQFH LQ GHGLFDWHG EUDLQ WXPRU LPDJLQJ VXS
SRVLWLRQLQJ RQ WKH SURMHFWLRQ DQG DVVRFLDWLRQ
VLGH DYRLGLQJ 37%( ZKHQ SRVVLEOH 7KLV ZDV GRQH ED\
ERG\ Rl WKH YHQWULFOH 7R VHH WKH SODFHPHQW RI WKt
KHDOWK\ FRQWUROV VHH DSSHQGL[ & DQG ' UHVSHFWLYHC
IURP WKH GLIIXVLRQ WHQVRU WKH '7,'$/36 LQGH[ ZDV FDC



. ¢, 4 Hvvnpéhhv_qq . . .
7, $/36 LQC{UHHWW”WR_MZKHUH [[ '\\ DQG ']] DUH WKH Gl

HOHPHQWYV RI WKH GLIIXVLRQ WHQVRU

JLIXUBHIJLRQ RI LQWHUHVW 52, SRVLWLRQLQJ DQG GLIIXVLR
SHULYDVFXODU VSDFHV '7, $/36 FRRQK®PKRW 8DMIAGIQ WF DSMMRLH Q
IHPDOH \HDUV ZLWK FHUHEUDO PHWDVWDVLV EURQFKLDO
WR ULJKW IUDFWLRQDO DQLVRWURS\ PDSV RYHUODLG RQ D GI
GLIIXVLRQ FRHIILFLHQW $'& PDS 6TXDUHV PDUN WKH DSSUR
EOXH SURMHFWLRQ JUHHQ DVVRFLDWLRQ DQG SLQN WXPR
LSVLODWHUDO VLGH DUH ORFDWHG LQVLGH WKH SHULWXPRUD
SURMHFWLRQ DUHD LQ EOXH L H D UHJLRQ GRPLQDWHG E\
VOLFH DQG DVVRFLDWLRQ DUHD LQ JUHHQ FRQWDLQ D[RQD:
SRVWHULRU GLUHFWLRQV UHVSHFWLYHO\ 7KH SHULYDVFXOD
ILEHUV %\ XVLQJ '7, WKH GLIIXVLYLW\ DORQJ WKH [ D[LV L«
'[[$VVRF ZRXOG SDUWLDOO\ UHSUHVHQW WKH GLIIXVLYLW\ DC
DUHD QH[W WR WKH ODWHUDO YHQWULFOHV ,Q WKH SURMHFW
WKH ] D[LV 7KHUHIRUH '[[ DQG '\\ DUH SHUSHQGLFXODU GLIIXV
DUHD WKH PDLQ GLUHFWLRQ RI WKH ILEHUV LV DORQJ WKI
SHUSHQGLFXODU GLIIXVLYLWLHYVY 7KH '7, $/36 LQGH[ LV WKH
GLIIXVLYLWLHV SHUSHQGLFXODU WR WKH SULPDU\ ILEHU R
DVVRFLDWLRQ DUHD\OLFIHIQODHFL X GIGHDORUHDWLYH &RPPRQV $W



6WDWLVWLFDO DQDO\VLV

0$7/$% TV VWDWLVWLFDO WRROER[ ZLWK . VLJIQL
VWDWLVWLFDO DQDO\VLYVY 7KH GLIIHUHQFH LQ WKH '7, $/:
FRQWUDODWHUDO VLGH DQG WKH +& PDWFKLQJ ZHUH DVV
UDQN WHVW '7, $/36 LQGH[ GLIIHUHQFHVY DFFRUGLQJ WR
PDOH YV IHPDOH DQG W\SH RI WXPRU SULPDU\ YV VHF
:LOFR[RQ UDQN VXP WHVW ,Q DGGLWLRQ , LQYHVWLJDWH
$/36 LQGH[ DQG SDWLHQW DJHV DQG WXPRU $'& XVLQJ OL(

7KH QRUPDOLW\ RI WKH GDWD GLVWULEXWLRQ ZDV D\
SORWYV

7KH GLIIHUHQFH LQ WKH '7, $/36 LQGH[ EHWZHHQ WK
VLGH DQG WKH +& PDWFKLQJ ZHUH DVVHVVHG XVLQJ WK
VLIQUDQN LQ ODWODE '7, $/36 LQGH[ GLIIHUHQFHV DEF|
\HDUV VH[ PDOH YV IHPDOH DQG W\SH RI WXPRU SU
HYDOXDWHG XVLQJ WKH 0DQQ :KLWQH\ 8 WHVW UDQNV:
LQYHVWLIJDWHG WKH UHODWLRQVKLS EHWZHHQ WKH '7, $
WXPRU $'& XVLQJ OLQHDU UHJUHVVLRQ

SHVXOWYV

1RUPDOLW\ GHILQLWLRQ

7R GHILQH QRUPDOLW\ , KDYH FDUULHG RXW D WKRUR:
VSHFLILF GDWD 0\ VDPSOH VL]H ZLWK SDWLHQWYV LV V
VWXG\ LOQFOXVLRQ DQG WKH VHYHUHO\ LOO SDWLHQWYV D
KDYH DW OHDVW VXEMHFWYVY WR EH DEOH WR WHVW IRL
GLVWULEXWHG GDWD ZDV DVVXPHG , YDOLGDWHG WKLV
6WDWLVWLFDO '"HSDUWPHQW RI P\ 8QLYHUVLW\ E\ JHQHULI
WKDW P\ DVVXPSWLRQ RI QRQ QRUPDOLW\ LV FRUUHFW V



JLIXUHLIRUPDOLW\ GHILQLWLRQ ZLW
7KLV SORW VKRZV VNHZQHVV ZLWK
QRW EHLQJ FHQWHUHG LQ WKH ER]J

'"HPRJUDSKLFV

,Q WKLV VWXG\ PDOH DQG IHPDOH SDWLHQWYV DJI
PHDQ “ ZHUH LQFOXGHG VHH )LJ $PRQJ Wik
JOLREODVWRPDYV GLIIXVH DVWURF\WRPD EURQFKLDO

PXOWLIRFDO JOLREODVWRPD UHQDO FHOO FDUFLQRPEL
FHOO O\PSKRPD FRQYH[LW\ PHQLQJLRPD DQG ZLWK X
)LJ $PRQJ WKHVH SDWLHQWYV KDG SULPDU\ WXPRL
UHFXUUHQFHY DQG ZLWK ILUVW GLDJQRVLVY DQG FHUHI
QRW KDYH 37%( )RU PRUH GHWDLOV VHH 7DEOH LQ DSS

DQG \HDUV RI DJH PDOHV IHPDOHYVY PHDQ DJH
LOQFOXGHG 'HWDLOV DUH VKRZQ LQ 7DEOH LQ DSSHQGL]



JLIXUKMJIH GLVWULEXWLRQ RI LQFOXGHG SDWLHQWYV

JLIXUH'LVWULEXWLRQ RI WXPRU HQWLWLHYV LQ LQFOXGHG SDW

'7, $/36 LQGH]

7TKH '7, $/36 LQGH[ FDOFXODWLRQV DQG FRPSDULVRQ
FRQWUDODWHUDO VLGH RI WKH WXPRUV DJH VH[ DQG
7TDEOH 'XH WR WKH SRVLWLRQ RI WKH WXPRU DQG WKH |
52,V ZHUH SODFHG LQ WKH DUHD RI WKH HGHPD LQ ILYH S



GLIIHUHQFHY ZHUH REVHUYHG ZKHQ WKH 52, ZDV ORFDWF
ODQQ :KLWQH\ 8 WHVW S

JLIXUBR[SORW VKRZLQJ WKH GLIIHUHQFH EHWZHHQ WKH GLIIX
SHULYDVFXODU VSDFHV '7, $/36 LQGH[ RI WKH WXPRU VLGH R
VLGH S JRU VSHFLILF YDOXHV VHH 7DEOH

7KH PRVW UHOHYDQW ILQGLQJ RI WKLV VWXG\ LV Wl
VLIQLILFDQWO\ ORZHU RQ WKH VLGH RI WKH EUDLQ ZLWK

WKDQ LQ WKH FRQWUDODWHUDO KHPLVSKHUH '7, $/36

VHH )LJ DQG 7DEOH :KHQ FRPSDULQJ '7, $/36 LQ
FRQWUROV , IRXQG QR VLJQLILFDQW GLIITHUHQFH EHWZHH
LSVLODWHUDO VLGH RI WXPRU SDWLHQWY DQG DJH DQG V
: S +RZHYHU WKHUH LV D VLJQLILFDQW GLII
FRPSDULQJ WKH SDWLHQWVY FRQWUDODWHUDO VLGH WR
ZKHUH WKH '7, $/36 LQGH[ RQ WKH SDWLHQWVY FRQWUDO
WKH +&V 7KHUH LV QR VLIJQLILFDQW GLITHUHQFH EHWZHF
LQ +&V

$GGLWLRQDOO\ , GLG QRW ILQG DQ\ GLIIHUHQFHV LQ
DJH VH[ RU W\SH Rl WXPRU S ! VHH 7DEOH )X UWK |
ZDV IRXQG EHWZHHQ WKH '7, $/36 LQGH[ DQG SDWLH®W DJ
5 S IRU WKH LSVL DQG FRQWUDODWHUDO VL



$'& 5 S VHH )LJ DQG 7KH DYHUDJH W3
“ PPV

'7, $/36 LQGH[ YV DJH
0O LSVLODWHUD®& FRQWUDODWHUDO
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J)LIXUH 1R OLQHDU FRUUHODWLRQ ZDV REVHUYHG EHWZHHQ
DFURVV WKH SHULYDVFXODU VSDFHV '7, $/36 LQGH[ DQG WXPF
$'&



7DEOKRPSDULVRQV RI WKH GLIIXVLRQ WHQVRU LPDJLQJ DFUR\
$/36 LQGH[ DFFRUGLQJ WR WXPRU VLGH DJH VH[ DQG W\SH R
LV PDUNHG ZLWK S ,QGLFHVY DUH SUHVHQWHG DV PHDQ
VWE X DQWETOHD QW L O H

"7, $/3 LQ(C
3DUDP 3DUWLI PHDQ “ PHGLDQ 4 ¢

+HPLVS |
7XPRU LS\ :
/XPRU FRQV !

$JH LSVL

$JH FRQWL

6H[ LSVL

0D “
YHPD “
6H[ FRQWL

0D “
JHPD “

7\SH RI WXPRU

SULPDU\ ¢
&HUHEUDO F ¢
7\SH RI WXPRU F

ULPDU\ :
&HUHEUDO F !

'LVFEXVVLRQ

6XPPDU\ RI ILQGLQJV

,Q WKH SUHVHQW VWXG\ , DQDO\]JHG UHWURVSHFWLYF
ZLWK EUDLQ WXPRUV LQFOXGLQJ ERWK SULPDU\ EUDLQ W
FRPSDUHG WKHP WR KHDOWK\ VXEMHFWY |, FRPSDUHG WHK



DIlIHFWHG KHPLVSKHUH WR WKDW RI WKH FRQWUDODWHUD!¢
GLIIHUHQFHY EHWZHHQ WKH KHPLVSKHUHV ,Q FRPSDULVR
EHWZHHQ WKH LSVLODWHUDO DQG '7, $/36 LQGH[ +RZHYH
FRQWUDODWHUDO VLGH RI WKH SDWLHQWYV ZDV ODUJHU \
FRXOG EH D FHUWDLQ GHJUHH RI FRPSHQVDWLRQ WR WU\
WKH EUDLQ

JXUWKHUPRUH |, GLG QRW VHH D VLJQLILFDQW GLIIH
LQGH[ DQG WKH W\SH RI WXPRU SULPDU\ RU EUDLQ PHWEL
VLIQLILFDQW JURXS GLIIHUHQFHYVY DFFRUGLQJ WR DJH VH
OLQHDU FRUUHODWLRQ EHWZHHQ '7, $/36 LQGH[ DQG DJH

'7, $/36 LQGH[ DQG EUDLQ WXPRUV

7R P\ NQRZOHGJH DW WKH WLPH WKLV UHVHDUFK .
SXEOLFDWLRQV VR IDU KDG XVHG WKH '7, $/36 PHWKRG WR
VXIITHULQJ IURP EUDVHRZXFRIWY RQO\ WKH VWXG\ LQ P
FRQVLGHUHG WKH WXPRUYYVY FRQWUDODWHUDO VLGH DQG

7KH '7, $/36 LQGH[ LQ EUDLQ WXPRUV KDV BB HYDC
JLUVW WKH\ DQDO\]JHG WKH IRUPDWLRQQRW R DW( \L\@ XN Q 1A
FRPSDUHG WKH '7, $/36 LQGH[ LQ SDWLHQWY ZLWK PHQLQ.
DQG +& 7KH\ IRXQG WKDW WKH '7, $/36 LQGH[ ZDV ODUJH
WKDQ LQ ERWK KHDOWK\ VXEMHFWY DQG SDWLHQWYV ZLW
EHWZHHQ WKH SDWLHQWY ZLWK HGHPD DQG WKH +& 7KH
P\ UHVXOWV ZKHUH WKHUH LV QR VLJQLILFDQW GLIIHUHQ
WKH PDWFKHG +&V DQG WKDW WKH '7, $/36 LQGH[ ZDV OL
+&V +RZHYHU FRQWUDU\ WR P\ ILQGLQJV WKH\ GLG QR
EHWZHHQ WKH LSVL DQG FRQWUDODWHUDO KHPLVSKHUH
IXUWKHU GLVEXVVLRQ , VSHEXODWH WKDW IRU WKLV UHEL
$/36 LQGH[ LQ WKH WXPRUYV QRQDIIHFWHG FRQWUDODWH!
K\SRWKHVL]H WKDW LQWUD DQG H[WUD D[LDO WXPRUV F
GLIIHUHQW PHFKDQLVPV +RZHYHU , FDQQRW GUDZ GHIL
UHVHDUFK LV OHHGHG KHUH



BHFRQGO\ 7RK'DIQG'BVRZAZJIJDWHG *6 IXQFWLRQ LQ SDW
XVLQJ '7, $/36 LQ WKH KHPLVSKHUH RI WKH WXPRU 7KH\ FF
LQ SDWLHQWYV ZLWK GLIIHUHQW VWDJHV RI JOLRPD WKH
SDWLHQWYVY 7KH\ IRXQG D VLIJQLILFDQW GLIIHUHQFH LQ WK
ZLWK D ORZHU JUDGH JOLRPD DQG WKRVH ZLWK D KLJKHL
JUDGH JOLRPD $GGLWLRQDOO\ WKH LQGH[ IRU WKH PXW
WKH ZLOG W\SH PXWDWLRQ +RZHYHU WKH DXWKRUV GLG

/IDVWO\ WKH DXWKRUV VWXGLHG SHULYDWFXODU HGH
IRXQG WKDW KLJK $'& WXPRU YDOXHV DQG ORZ '7, $/36 L
HGHPD YROXPHV 7KLV VXJJHVWV WKDW KLJK YROXPHV ¥
LQWUDWXPRUDO ZDWHU GLIIXVLYLW\ GLVWXUELQJ JO\P
VLIQLILFDQW UHODWLRQVKLS EHWZHHQ D WXPRUfV $'& D¢
WKH PDLQ IRFXVRZDRIBHWN DQG WKHUHIRUH , FDQQRW ¢
P\ FRQFOXVLRQV

,Q FRQWUDVWWRGIRK GIRMWDIQQG D OLQHDU FRUUHODW
$'& DQG '7, $/36 LQGH[ +RZHYHU GXH WR P\ VPDOO VDPS
DUH QHHGHG WR HYDOXDWH WKHVH SDUDPHWHUV 7KHVH
WR GLIIHUHQFHV LQ FDOFXODWLQJ WKH $'& LQ WKH WXP|
PLGGOH RI WKH WXPRU ZKLOH WKH\ FDOFXODWHG WKH $'¢
ZKHUH WKH WXPRU ZDV SUHVHQW +RZHYHU , GLG QRW LC
GLUHFWO\ FRPSDUH WKLY SDUDPHWHU

,Q DGGLWLRQ WKH '7, $/36 LQGH[ Rl WKH FRQWUDOD
ODUJHU WKDQ WKH RQH IURP +&V LQ P\ ZRUN FRQWUDGL
PHQLQJLURPDYV

SBUHYLRXV SXEOLFDWLRQV KDYH QRW REVHUYHG DQ\ V
SDWLHQWYV DQG FRQWUROV VXFKC°DVREQO3IBYND@GRY V
PLJUDBL@RZHYHU WR P\ NQRZOHGJH QR SXEOLFDWLRQ KL
LQ SDWLHQWYV WKDQ LQ KHDOWK\ VXEMHFWYVY 2QH FRXOG
SHULYDVFXODU VSDFHV LQ WKH FRQWUDODWHUDO VLGH L
DWWHPSW WR FRPSHQVDWH IRU WKH LQFUHDVHG DPRXQW



LQFUHDVHG PHWDEROLF DFWLYLW\ LQ WKH WXPRU WL
QHXURLQIODPPDWLRQ +RZHYHU QR GHILQLWLYH FRQFOX
UHVHDUFK LV UHTXLUHG

ORUHRYHU RQH QHHGV WR FROQNDGO\ W MDD\ LHRXK 37\
H[WUD D[LDO WXPRUV DQG LWV LQIOXHQFH RQ '7, $/36 LC
EHWZHHQ SDWLHQWYV ZLWK DQG ZLWKRXW 37%(

‘7, $/36 LOQGH[ LQWHUKHPLVSKHULF GLIIHUHQFHV

, ZRXOG DUJXH WKDW WKH FRQWUDODWHUDO KHPLYV
SDUWLFXODU ZKHQ FRQVLGHULQJ JOLRPDV DV LW PXVW LC
JUDGH JOLRPDV GR QRW RQO\ VKRZ DEQRUPDOLWLHV LQ
OHVLRQV REXW S DOVR LQ IDU PRUH HIWHQVLYH DQDWRPLF
PXVW LQFUHDVLQJO\ EH HYDOXDWHG DV D GLVHDVH RI OD
HQWLUH EUDLQ 7KHUHIRUH GHWHUPLQLQJ WKH '7, $/3
KHPLVSKHUH WRR LV VLIQLILFDQW

$GGLWLRQDOO\ WKH VWXG\ Rl ERWK KHPLVSKHUHV L\
ZLWK HSLVOHIYWU H[DPSOH WKH '7, $/36 LQGH[ RQ WKH L
ORZHU WKDQ RQ WKH FRQWUDODWHUDO VLGH VXJJHVWLQ
LQ WKH KHPLVSKHUH LSVLODWHUDO WR WKH HSLOHSWR
LVEKHPPEQG KHPRUWKDWRRH DQG WUDX®™DAKHUEHUWNKG LQM
$/36 LQGH[ RQ WKH LSVLODWHUDO VLGH ZDV UHGXFHG LQ
KHPLVSKHUH )XUWKHUPRUH FRQVLGHULQJ WKDW UHVXO
ZKHWKHU WKH GLIIHUHQFHY EHWZHHQ GRPLQDQW DQG QR
VLIQLILFDQW LQ QRUPDO VXEMHFWVY WKH ODWHUDOL]DW
SDWLHQWYV UHTXLUHV IXUWKHU VWXG\

, DOVR DQDO\]HG *6 IXQFWLRQ LQ ERWK SULPDU\ DQG
XVLQJ '7, $/36 LQ WKH LSVL DQG FRQWUDODWHUDO VLGH
UHVXOWYV ZLWK WKRVH RI +&V , K\SRWKHVL]HG WKDW *6
VLGH RI WKH EUDLQ ZLWK WKH WXPRU WKDQ RQ WKH FR



GLIITHUHQFHV LQ '7, $/36 LQGH[ EHWZHHQ VH[ DJH DQG W
EUDLQ PHWDVWDVLV

,Q DGGLWLRQ DV WKH SHULWXPRUDO HGHPD RI FHL
UHSRUWHG DV SRVLWLYHO\ FRUUHODWLQJ ZLWK WXPRU $
LQGMH] LQYHVWLIJDWHG ZKHWKHU WKHUH LV D FRUUHODWL
$/36 LQ P\ FRKRUW ,Q DGGLWLRQ D GHSHQGHQFH EHWZ}E
KDV EHHQ REVHUYHG LQKAROWKIRVMEMBFWKLY ZRUN
LOQOYHVWLIDWH ZKHWKHU WKHUH LV D FRUUHODWLRQ EHWZ
WXPRU SDWLHQWYV

$V H[SHFWHG , IRXQG WKDW WKH '7, $/36 LQGH[ LQ W
ZDV ORZHU WKDQ WKDW RQ WKH FRQWUDODWHUDO VLG
IXQFWLRQ RQ WKH VLGH Rl WKH EUDLQ ZLWK WKH WXPRL
ORFDWLRQV WKH DQDWRP\ RI WKH EUDLQ DQG SHULYHQ
PHDVXULQJ WKH GLIIXVLYLW\ DORQJ WKH SHULYDVEXODU
QRW EH WRWDOO\ IUHH IURP XQGHVLUHG LQIOXHQFHV G
7KHUHIRUH , H[FOXGHG SDWLHQWY LQ ZKRP WKH DUHD ¥
DIIHFWHG E\ WKH SRVLWLRQ RI WKH WXPRU DV VHHQ LQ [

'7, $/36 DQG GHPRJUDSKLF SDUDPHWHUV

,Q P\ FRKRUW , GLG QRW ILQG VLJQLILFDQW JHQGHU
$/36 LQGH[ UHVXOWV 7KLV LV FRQVLVWHQW ZLWK WKH IL
UHODWHGWHWBEHNYRXYV VWXGLHV LOQYHVWLIJDWLQJ WKH '7
EHWZHHQ PDOHV DQG IHPDOHYV UHDFRHE WKB W DWPHIH ERIQLAC
VLIJQLILFDQW GLIIHUHQFH EHWZHHQ VH[HV +RZHYHU FR
UHSRUWHG E\ ®\DLPR HID @D IWHO! WKH '7, $/36 LQGH[ LQ
ZDV ODUJHU WKDQ LQ PHQ 7KXV IXUWKHU LQYHVWLJDW
ODUJHU VDPSOH VL]H PLJKW VWLOO EH UHTXLUHG WR GHYV
D UROH

BUHYLRXV VWXGLHV IRXQG D QHJDWLYH FRUUHODWLF
L Q GIH{oURiItAiUGOUPPY LV D FRPPRQ ILQGLQJ LQ KHDOWK\



QHXURGHJHQHUDWLYH GLVHDVHV VXFK DV 3DUNLQVRQ
+RZHYHU LQ FDVHV RVBYBLQ WOHRHRSU \G'LVRUDGHRP\HOLWL
RSWLFDHQDO ®WYVHDWRHEDO &P @A DPLIURRQWLIQLILFDQ)
FRUUHODWLRQ KDV EHHQ IRXQG EHWZHHQ '7, $/36 DQG DJ*
EHWZHHQ SDWLHQWVY DJH DQG '7, $/36 LQGH[ LQ P\ UHVH!

7KH UHODWLRQVKLS EHWZHHQ DJH DQG '7, $/36 LQGH]
WR GHWHUPLQH ZKLFK IDFWRUV PLJKW EH LQYROYHG LC
SHULYDVFXODU VSDFHVY XQGHU RWKHU FOLQLFDO FRQGLW

SRVVLEOH GLIIHUHQFHY EHWZHHQ LQWUD DQG H[WUD DJL

$GGLWLRQDOO\ LQWUD D[LDO WXPRUV FDQ GLUHFWO
EUDLQ DQG GLUHFWO\ DIITHFW ZDWHU GLIIXVLRQ LQ WKH I
FHOO LQILOWUDWLRQ IRU H[DPSOH 2Q WKH RWKHU KDQ
HITHFW FDQ FRPSUHVV DQG H[HUW SUHVVXUH RQ DGMDFH
GLUHFWO\ LQILOWUDWH EUDLQ WLVVXH 7KLV FRXOG VXJ
ZDVWH FOHDUDQFH PHFKDQLVPV )XUWKHUPRUH DV WKH
WKH GHHS ZKLWH PDWWHU LW LV QR ZRQGHU WKDW W
KHPLVSKHUH ZLOO GLIIHU IURP WKH FRQWUDODWHUDO VL
+RZHYHU ERWK WXPRU W\SHV FRXOG FRPSUHVV WKH EUDL
LQILOWUDWH WKH SHULYDVFXODU VSDFHVY OLNH WKH SHU
WXPRU LQILOWUDWLRQ LQWR EUDLQ WLVVXH PLJKW KDYH
WKDQ WXPRUV ZKLFK GRQ*W LQILOWUDWH LW D WRSLF Wtk

&OLQLFDO UHOHYDQFH

%\ VWXG\LQJ WKH JO\PSKDWLF V\VWHP DQG FDOFXOD
DUH DEOH WR TXDQWLI\ GLIIXVLRQ LQ WKH SHULYDVFX
SHULYHQWULFXODU YHLQV 7KLV ZLOO IDFLOLWDWH D EHV
SDWKRSK\WLRORJ\ LQ WKH &16 VSHFLILFDOO\ RI WKH &6)
EUDLQ SDUHQFK\PD 2QFH RXU XQGHUVWDQGLQJ RI WK
DSSOLFDWLRQV KDV EHHQ UHILQHG WKLV NQRZOHGJH FD
GLDIJQRVH WUHDW DQG SUHYHQW QHXURORJLFDO GLVHD



7KH '7, $/36 LQGH[ FRXOG EHFRPH D ELRPDUNHU DQG
GLVHDVHV LQFOXGLQJ EUDLQ WXPRUV LQ SDWLHQWYV ZLW
UHGXFHG LQGH[ FRXOG VHUYH DV D WRRO IRU HDUO\ GHW I
FRXOG KDYH D KXJH LPSDFW RQ WUHDWPHQW SRVVLELOLW
LQ WKH FDVH RI 37%( D UHODWLRQVKLS EHWZHHQ WKH "7
KDV EHHQ REVHUYHG %\ LQFOXGLQJ LPDJLQJ DQG FDOF
SDWLHQWY SURQH WR GHYHORSLQJ 37%( RU PRUH VHYHU|
GUXJVY DGPLQLVWHUHG DW DQ HDUO\ VWDJH FRXOG LQIO
FRXOG DOVR HVWDEOLVK VWUDWHJLHY IRU SDWLHQWYV ZLV
FOHDUDQFH RI WKH EUDLQ LV VXVSHFWHG WR EH UHGXF
FOHDUDQFH V\VWHP WR UHGXFH RU SUHYHQW WKH DSSHD
SUHVVXUH DQG WKH GHYHORSPHQW DQG VHYHULW\ RI QF
DOVR DSSO\ LQ SRVWRSHUDWLYH FDUH ZKHUH SDWLHQW
SUHRSHUDWLYH LPDJHV ZRXOG UHFHLYH PRUH LQWHQVLY'}
LQ QHXURORJLFDO IXQFWLRQV O\ UHVHDUFK VKRZHG DQ L
LSVLODWHUDO VLGH LQ EUDLQ WXPRUV 7KHUHIRUH LW V
LQGH[ FRXOG EH XVHG DV D ELRPDUNHU IRU GLVHDVH SU
HDUO\ LOQOWHUYHQWLRQV FRQWULEXWLQJ WR UHGXFLQJ
WUHDWPHQW VXFFHVV ORUH UHVHDUFK LV QHHGHG WR H]

$GGLWLRQDOO\ DQ LPSDLUHG JO\PSKDWLF V\VWHP FI
WKH %9%% ZRXOG WDNH ORQJHU WR UHDFK WKH WDUJHW
FDXVLQJ FRPSOLFDWLRQV LQ WKH WUHDWPHQW RI GLVHD
FKDOOHQJHYV ,Q SDWLHQWYV LQ ZKRP LPSDLUPHQW RI WKH
D UHOHYDQW UROH QHZ WUHDWPHQWY FDQ EH GHYHORSHE
RI WKH JO\PSKDWLF V\VWHP WR GLVWULEXWH PHGLFDW
WDUJHWHG WUHDWPHQWY PD\ E\SDVV WKH DUHD ZKHUH W
SRWHQWLDOO\ EHLQJ PRUH HIIHFWLYH

7R P\ NQRZOHGJH RQO\ OLWWOH UHVHDUFK KDV EHH
DQG LWV LPSDFW RQ JO\PSKDWLF IXQFWLRQ 7KXV SRWI
ZRXOG EH H[SHFWHG RQFH WKH PHFKDQLVPV RI WKH JO\
$/36 LQGH[ DUH EHWWHU XQGHUVWRRG



, W KDV EHHQ K\SRWKHVL]HG WKDW DQ LPSDLUPHQW F
WKH DFFXPXODWLRQ RI ZDVWH PROHFXOHYV FRXOG EH WKFE
OLQNHG WR PDQ\ GLVHDVHV :LWK D EHWWHU XQGHUVWDQ
SRWHQWLDOO\ VHUYH DV D ELRPDUNHU RI WKHVH GLVHDYV
SRWHQWLDOO\ UHYHDO WKH GHJUHH RI QHXURGHJHQHUD
IXWXUH VI\PSWRPV

ILPLWDWLRQV DQG IXWXUH ZRUN

+HUH , FRPSDUH WKH '7, $/36 LQGH[ RI WKH EUDLQ W:
FRQWUDODWHUDO VLGH DV ZHOO DV GLIIHUHQFHV EHW.
$GGLWLRQDOO\ , LQFOXGHG +&V WR FRPSDUH WKH '7, $/3
DUH VHYHUDO OLPLWDWLRQV WKDW QHHG WR EH DGGUHWV)

6DPSOH VL]H

7KH VDPSOH VL]H RI WKLV VLQJOH FHQWHU UHWUR\
VPDOO )XUWKHU VWXGLHV VKRXOG FRQVLVW RI PRUH W
PDWFKHG +&V $GGLWLRQDOO\ WKH VWXG\ ODFNV GDWD
SDWLHQWY WKXV , FDQQRW FRUUHODWH *6 G\VIXQFW
SV\FKLDWULF RU QHXURORJLFDO GHILFLWYV )XUWKHU VW
'7, $/36 LQGH[ ZLWK FRUUHVSRQGLQJ QHXURSV\FKRORJLFI

52, SODQQLQJ

7KH FRUUHFW SODQQLQJ RI WKH 52,V FDQ EH GLIILFX(
WKLV VWXG\ D VHQLRU DQG MXQLRU QHXURUDGLRORJLVW
LQ FRQVHQVXV $GGLWLRQDOO\ , SODQQHG WKH 52,V »
VXVFHSWLELOLW\ ZHLJKWHG LPDJHV DUH QRW SDUW RI F(
IRUFHG PH WR DVVXPH WKDW WKH SDUDYHQWULFXODU YF
SHUSHQGLFXODU WR WKH ODWHUDO YHQWULFOH EXW D\
YHVVHOV , FDQQRW JXDUDQWHH WKDW WKHUH QR DQDWR
FRKRUW $OVR WKH PDQXDO SRVLWLRQLQJ RI WKH 52,V X\
8QGHU FHUWDLQ URWDWLRQV LQ DSSHDUHG WR EH XQHYH
VKRXOG LQFOXGH VXVFHSWLELOLW\ ZHLJKWHG LPDJHV IR



GHWHUPLQH ZKHWKHU WKH FRXUVH RI WKH SHULYHQWULF
KDV DQ HIIHFW KHUH

,VVXHV LQKHUHQW WR WKH '7, $/36 PHWKRG

7KH '7, $/36 PHWKRG HVWLPDWHY GLIIXVLYLW\ DORQJ V
VPDOO 52, SDUDOOHO WR WKH PHGXOODU\ YHLQV ZKLEFK
JO\PSKDWLF IXQFWLRQ FRXOG EH GHULYHG IURP WKLV VP
ZKLOH DP\ORLG DQG WDX SURWHLQV DUH SURGXFHG DQC
)XUWKHUPRUH WKH '7, $/36 LQGH[ GRHV QRW VROHO\
SHULYDVEXODU VSDFH EXW DOVR RWKHU SUREHNYGV VX
WKHUHIRUH FDQQRW EH GLUHFWO\ OLQNHG WR *6 IXQFWL
ORFDWLRQV WKH DQDWRP\ RI WKH EUDLQ DQG SHULYHQ
PHDVXULQJ WKH GLIIXVLYLW\ DORQJ WKH SHULYDVEXODU
QRW EH WRWDOO\ I[UHH IURP XQGHVLUHG LQIOXHQFHV GXI
SRWHQWLDOO\ QRW UHIOHFWLQJ EUDLQ ZDVWH FOHDUDQ]
$/36 LQGH[ VKRXOG EH LQWHY®UHWHG ZLWK FDXWLRQ

&RQFOXVLRQ

7KH '7, $/36 DSSHDUV WR EH DQ H[FHOOHQW QRQLQYD
*6 IXQFWLRQ 7KH ORZHU '7, $/36 LQGH[ Rl WKH LSVLODWH
WKDW *6 IXQFWLRQ LV LPSDLUHG LQ SDWLHQWV ZLWK EU|
LQGH[ ZDV ODUJHU RQ WKH FRQWUDODWHUDO VLGH ROQH
+& $V EUDLQ WXPRUV RIWHQ DIIHFW ODUJHU DUHDV LI
H[SHFW D JHQHUDO *6 GLVUXSWLRQ )XUWKHU VWXGLHV [
DQG LWV UHODWLRQVKLS EHWZHHQ WKH '7, $/36 LQGH[ C
WXPRU HQWLWLHV 7KH '7, $/36 LQGH[ PLJKW EH VXLWDEO
DQG IXQFWLRQ LQ SDWLHQWYV ZLWK WXPRUV LQ WKH EUDL

, ZbDV DOVR DZDUH WKDW FHUWDLQ DQDWRPLFDO FRI
WXPRUV DUH SUHVHQW 'XH WR WKHLU JURZWK WKH SRVV
$GGLWLRQDOO\ DV , PHDVXUHG WKH '7, $/36 LQGH[ LQ P\



LQ DQ DOUHDG\ GLVHDVHG EUDLQ WR WKH JO\PSKDWLF 1IX
FRQVLGHUHG DQ DVVXPSWLRQ , DP DZDUH WKDW IXUWKH L
P\ WKHRU\ DQG UHVHDUFK EXW DP FRQILGHQW WKDW P\ U
XQGHUVWDQGLQJ RI WKH JO\PSKDWLF V\VWHP DQG RI FKI
PROHFXODU OHYHO LQ D EUDLQ KDUERULQJ D WXPRU

$V WKH IDFWRUV LQIOXHQFLQJ WKH '7, $/36 LQGH[ DUH
RI FKDQJHV LQ WKLV LQGH[ VKRXOG QRW EH GLUHFWO\ (
GUDZLQJ FRQFOXVLRQV LV WKHUHIRUH DGYLVHG



6 XPPDU\

SHVHDUFK TXHRRWODR@GVWLIDWH JO\PSKDWLF V\VWHP |
ZLWK EUDLQ WXPRUV LQFOXGLQJ ERWK SULPDU\ DQG VH
WHQVRU LPDJLQJ DORQJ SHULYDVFXODU VSDFHV '7, $/36

OHWKRGVHWURVSHFWLYHO\ DQDO\]HG PDJQHWLF UHVI
ZLWK XQLODWHUDO EUDLQ WXPRUV DQG FRPSDUHG WKl
FROQWUROV , FRPSDUHG WKH '7, $/36 LQGH[ RI WKH LS
KHPLVSKHUHYVY 7KH UHJLRQ RI LQWHUHVW ZDV SODFHG |
DGMDFHQW WR WKH ODWHUDO YHQWULFOHV 'LIITHUHQFHYV
SULPDU\ RU EUDLQ PHWDVWDVLY ZHUH HYDOXDWHG &RU
DQG DJH DQG WKH WXPRUTV DSSDUHQW GLIIXVLRQ FRHIILF

SHVXOWM '7, $/36 LQGH[ ZDV VLJQLILFDQWO\ ORZHU S
DIIHFWHG KHPLVSKHUH PHDQ “ WKDQ RQ WKH FI

“ $ FRPSDULVRQ ZLWK KHDOWK\ FRQWUROV UHYH
RQ WKH PDWFKHG LSVLODWHUDO VLGH +RZHYHU WKH '7,
RI WKH SDWLHQWY ZDV ODUJHU WKDQ WKDW IRU KHDOWK\
VLIJQLILFDQW GLIIHUHQFHV ZHUH IRXQG ZKHQ DQDO\]LQJ V
DQG WXPRU HQWLW\ $GGLWLRQDOO\ , GLG QRW ILQG D
LQGH[ DQG SDWLHQW DJH RU WXPRU $'&

&RQFOXVLRQ DQG BKMFXNNURRVHG '7, $/36 LQGH[ LQ
DIIHFWHG KHPLVSKHUH PD\ EH UHODWHG WR LPSDLUHG
+RZHYHU FDQFHU LV RIWHQ D V\VWHPLF GLVHDVH WKXV
FRQWUDODWHUDO EUDLQ KHPLVSKHUH PD\ QRW JHQHUDOGC
<HW '7, $/36 DSSHDUV WR EH D VXLWDEOH WHFKQLTXH I
VIVWHP QRQLQYDVLYHO\



SHIHUHQFHYV

&ODUNH '" 6RNRORII / 5HJXODWLRQ RI FHUHEUDO PH
$JUDQRII %: $OEHUV 5: HW DO (GLWRUV %DVLF 1H
&HOOXODU DQG OHGLFDO $VSHFWV WK (GLWLRQ 3KLOTL
$YDLODEOH IURP KWWSV ZZZ QFEL QOP QLK JRY ERRN

=KDQJ (7 ,QPDQ & % :HOOHU 5 2 ,QWHUUHODWLRQVK
SHULYDVFXODU 9LUFKRZ S5SRELQ VSDFHV LQ WKH KX

$OEDUJRWK\ 1- -RKQVWRQ '$ ODF*UHJRU 6KDUS O

LQIOX[ JO\PSKDWLF V\VWHP WUDFHUV LQMHFWHG LQWR

DORQJ VHSDUDWH SHULDUWHULDO EDVHPHQW PHPEUDC
GRL \%

$VSHOXQG $ $QWLOD 6 3URXO[ 67 HW DO $ GXUDO O
GUDLQV EUDLQ LQWHUVWLWLDO IOXLG DQG PDFURPROH
GRL MHP

=ORNRYLF %9 1HXURYDVFXODU SDWKZD\V WR QHXUR
GLVHDVH DQG RWKHU GLVRUGHUV 1DW B5HY 1HXUR
GRL QUQ

%RKU 7 +MRUWK 3* +ROVW 6& HW DO 7KH JO\P:
XQGHUVWDQGLQJ DQG PRGHOLQJ L6FLHQFH
GRL M LVFL

,oLIl -- :DQJ 0 /LDR < HW DO $ 3DUDYDVFXODU SDV
WKURXJK WKH EUDLQ SDUHQFK\PD DQG WKH FOHDUDQFF
DP\ORLG 6FL 7UDQVO OHG GRL VFLWUD

-HVVHQ 1% O0OXQN $6) /XQGJDDUG , 1HGHUJDDUG 0 7K&F
EHILQQHUTV JXLGH IHXURFKHP SHV
GRL Vv



$QWRLQH /RXYHDX ,JRU 6PLUQRY 7LPRWK\ - .H\HV -I
5RXKDQL - 'DYLG 3HVNH 1RHO & 'HUHFNL 'DYLG &DV
_HYLQ 6 /HH 7DMLH + +DUULV -RQDWKDQ .LSQLV 6WU)
RI FHQWUDO QHUYRXV V\VWHP O\PSKDWLF YHVVHOV
GRL KWWSV GRL RUJ QDWXUH

$EVLQWD 0 +D 6. 1DLU * HW DO +XPDQ DQG QRQKXPDC
O\PSKDWLF YHVVHOV WKDW FDQ EH YLVXDOL]HG QR
H GRL H/LIH

1DJDQDzZD 6 7DRND 7 7KH JO\PSKDWLF V\VWHP $ UHY
YLVXDOL]JLQJ LWV VWUXFWXUH DQG IXQFWLRQ ZLWK 05
GRL PUPV UHY

(LGH 3. 9DWQHKRO 6%$6 (PEOHP .( 5LQJVWDG * 0DJQH)
SURYLGHYVY HYLGHQFH RI JO\PSKDWLF GUDLQDJH IURP K
QRGHV 6FL 5HS GRL \%

5HQ ; /LX 6 /LDQ & HW DO "\WIXQFWLRQ RI WKH JO\PS
PHFKDQLVP RI SHULRSHUDWLYH QHXURFRJQLWLYH GLV

GRL IQDJL
,oLit -- :bQJ 0 =HSSHQIHOG '0 HW DO &HUHEUDO
SDUDYDVFXODU &6)*LQWHUVWLWLDO I0XLG H[FKDQJH 1
GRL -1(8526 &,

<DPDGD 6 OL\D]DNL O <DPDVKLWD < HW DO ,QIlIOX!
FHUHEURVSLQDO IOXLG PRYHPHQW XVLQJ PDIJQHWLF U
%DUULHUYV &16 GRL

JHH + :LH / <X 0 HW DO 7KH HIIHFW RI ERG\ SRVW.
WUDQVSRUW - 1THXURVFL
GRL -1(8526&,

HOOHU 52 6XEDVK 0O 3UHVWRQ 6' OD]DQWL , &DUDUH '
RI DP\ORLG EHWD SHSWLGHV IURP WKH EUDLQ DQG L\



DQJLRSDWK\ DQG $O]KHLPHU V GLVHDVH %UDLQ 3D
GRL M [

/DQ & :DQJ ; :DQJ < HW DO 7KH SDWKRJHQHVLV ED
VI\VWHP GLDJQRVLV DQG WUHDWPHQW RI LGLRSDWKLF
&O0OLQ ,QWHUY $JLQJ 9ROXPH GRL &,$

<RNRWD + 9LMD\DVDUDWKL $ &HNLF O HW DO 'LDJQRY\
VIVWHP HYDOXDWLRQ XVLQJ GLIIXVLRQ WHQVRU LPDJLC
K\GURFHSKDOXV DQG PLPLFNHUV &XUU *HURQWRO *H
GRL

'LQ &DL &KHQ = +H & HW DO 'LIIXVLRQ DORQJ SHU
HYLGHQFH LQWHUOLQNLQJ FRPSURPLVHG JO\PSKDWLF I
GLVHDVH &16 1HXURVFL 7KHU GRL F
,OLIl -- /HH + <X 0 HW DO %UDLQ ZLGH SDWKZD\ IRU .
FRQWUDVW HQKDQFHG 05, - &OLQ ,QYHVW

GRL - &,

3DWHO 0 $W\DQL $ 6DODPHK -3 OF,QQHV 0 &KDNUDER
DGPLQLVWUDWLRQ RI JDGROLQLXP EDVHG FRQWUDVW I
PHWD DQDO\VLV 5DGLRORJ\ GRL UD(

9LOODFLV * 6FKPLGW $ 5XGROI -& HW DO (YDOXDWL
PDIJQHWLF UHVRQDQFH GLIIXVLRQ WHQVRU LPDJLQJ DO
EUDLQ WXPRU SDWLHQWYV -SQ - 5SDGLRO

GRL Vv

7DRND 7 ODVXWDQL < .DZDL + HW DO (YDOXDWLRQ R

ZLWK WKH GLIIXVLRQ 05 WHFKQLTXH GLIIXVLRQ WHQ\

SHULYDVFXODU VSDFH '7, $/36 LQ $O]KHLPHUYV GLVH
GRL Vv ]



7RK &+ B6LRZ 7< &DVWLOOR 0 3HULWXPRUDO EUDLQ HC
UHODWHG WR JO\PSKDWLF G\VIXQFWLRQ )JURQW 1
GRL IQLQV

*DUJRU] 6WDUN 1DWDOLH %DVLFV QHXURQDWRPLH Q¢
(OVHYLHU

'"HXVFKO * %HJKL ( )DJHNDV ) HW DO 7KH EXUGHQ RI
(XURSH DQ DQDO\VLV IRU WKH *OREDO %XUGHQ RI '"LVHI
+HDOWK H H GRL 6

%HUWROLQL ) 6SDOODQ]DQL $ )RQWDQD $ 'HSHQQL 5
DQ RYHUYLHZ &16 2QFRO GRL FQV

SLQWR ODULMD %DVLFV 1HXURORJLH $XIODJH B8UEL

2VERUQ $* /RXLV 'l 3RXVVDLQW 7< /LQVFRWW // 6DO]
KHDOWK RUJDQL]DWLRQ FODVVLILFDWLRQ RI WXPRUV R
QHXURUDGLRORJLVWY QHHG WR NQRZ $-15 $P - 1HXUR!
GRL DMQU $

JRXLV 'l 3HUU\ $ :HVVHOLQJ 3 HW DO 7KH ‘+2 FOI
RI WKH FHQWUDO QHUYRXV VIVWHP $ VXPPDU\ 1HXUR 2
GRL QHXRQF QRDE

7DQ ,/ 3HUH] $5 /HZ 5- HW DO 7DUJHWLQJ WKH QF
WHPR]J]RORPLGH VLIQDWXUH HQDEOHV &5,635 PHGLDWHG
GRL M FHOUHS

%O0OLQN (YHUW - %DVLF 05, 3K\WLFV 3XEOLVKHG RQ(
KWWSV IDFXOW\ ZDVKLQJWRQ HGX VHDWWOH SK\VLFV
SK\WLFV XN SGI

&RUUDGLQL 6 $ORQJL ) $QGUDWVFKNH 1 HW DO 05
&EXUUHQW WUHDWPHQW FKDOOHQJHV DQG [IXWXUH ¢
GRL Vv \



/IH %LKDQ ' 0DQJLQ - 3RXSRQ & HW DO 'LIIXVLRQ WHQ

DSSOLFDWLRQV -0DJQ 5HVRQ ,PDJLQJ GR
.RQR . ,QRXH . 1DND\DPD . 6KDNXGR 0O ORULQR O
<DPDGD 5 7KH UROH RI GLIIXVLRQ ZHLIJKWHG LPDJ
WXPRUV $-15 $P - ITHXURUDGLRO GRL MP
%»DVVHU 3 ODWWLHOOR - IH%LKDQ ' (VWLPDWLRQ
WHQVRU IURP WKH 105 VSLQ HFKR - 0DJQ 5HVRQ %
MPUE

7DRND 7 ,WR 5 1DNDPLFKL 5 1DNDQH 7 .DZDL + 1DJD(

LPDJH DQDO\VLV DORQJ WKH SHULYDVFXODU DSDFH

PHDQLQJ DQG VLJQLILFDQFH Rl WKH PHWKRG 0DJQ
GRL PUPV UHY

6L ; *XR 7 :DQJ = HW DO 1HXURLPDJILQJ HYLGHQFH
G\WWIXQFWLRQ LQ SRVVLEOH 5(0 VOHHS EHKDYLRU GLVR!
13- 3SDUNLQVRQV 'LV GRL \%

OD ; /L 6 /L & HW DO 'LIIXVLRQ WHQVRU LPDJLQJ DO
LQGH[ LQ GLIIHUHQW VWDJHV Rl 3DUNLQVRQYTV GLVH
GRL IQDJL

OF.QLJKW &' 7UXMLOOR 3 /RSH] $0 HW DO 'LIIXVLRQ
UHYHDOV HYLGHQFH VXSSRUWLYH RI JO\PSKDWLF IXQF
GLVHDVH SDUNLQVRQLVP SHODW 'LVRUG
GRL M SDUNUHOGLYV

5XDQ ; +XDQJ; /L < /L( /L O :HL; 'LIIXVLRQ WHQVRU
WKH SHULYDVFXODU VSDFH LQGH[ LQ SULPDU\ 3DUNLQ\
ZLWKRXW IUHH]LQJ RI JDLW 1HXURVFLHQFH
GRL M QHXURVFLHQFH

&KHQ +/ &KHQ 3& /X &+ HW DO $VVRFLDWLRQV DPR
SODVPD '"1$ DQG GLIIXVLRQ WHQVRU LPDJH DORQJ WK



$/36 LQ SDWLHQWV ZLWK 3DUNLQVRQYV GLVHDVH
GRL

%DH <- .LP -0 &KRL %6 HW DO *O\PSKDWLF IXQFWLRQ
GLVHDVH XVLQJ GLIIXVLRQ WHQVRU LPDJH DQDO\VLYV I
SDUNLQVRQLVP SHODW 'LVRUG

M SDUNUHOGLYV

6XQGDUDP 6 +XJKHV 5/ 3HWHUVRQ ( HW DO (VWDE
QHXURSDWKRORJLFDO FRUUHODWHY DQG JO\PSKDWLF \
GLVHDVH 1HXURVFL %LREHKDY SHY

M QHXELRUHY

+VX - HL < 7RK &+ HW DO ODJQHWLF UHVRQDQFH
JO\PSKDWLF DOWHUDWLRQV PHGLDWH FRJQLWLYH G\VIX
1HXURO GRL DQD

6WHZDUG &( 9HQNDWUDPDQ 9. /XL ( HW &8®/36 $VVHV)
SDUDPHWHU DORQJ WKH SHULYDVEXODU VSDFH LQ ROCG

1HXURLPDJLQJ GRL MRQ
=KDQJ ; :DQJ < -LDR % HW DO *O\PSKDWLF V\VWHP L
GLVHDVH DVVRFLDWLRQV ZLWK SHULYDVFXODU VSDFH
(XU 5DGLRO GRL V

7RK &+ 6LRZ 7< *O\PSKDWLF G\VIXQFWLRQ LQ SDWLHQ\

$JLQJ 1HXURVFL GRL IQDJL

/IHH +- /HH '$ 6KLQ .- 3DUN .0 *O\PSKDWLF VA\VWHP G\
ZLWK MXYHQLOH P\RFORQLF HSLOHSV\ - 1HXURO
GRL Vv Z

/IHH '$ 3DUN %6 .R - HW DO *O\PSKDWLF V\VWHP IXQF!
GLDJQRVHG IRFDO HSLOHSV\ %UDLQ %HKDY GF



/HH '$ /HH - 3DUN .0 *O\PSKDWLF V\VWHP LPSDLUPHQ\
HSLOHSWLFXV 1HXURUDGLRORJ\ GRL

/IHH '$ 3DUN %6 .R - HW DO *O\PSKDWLF V\VWHP G\VI
HSLOHSV\ SDWLHQWYV ZLWK KLSSRFDPSDO VFOHURVLYV
GRL HSL

5LQJVWDG * 9DWQHKRO 6%$6 (LGH 3. *O\PSKDWLF 05
SUHVVXUH K\GURFHSKDOXYV %UDLQ
GRL EUDLQ DZ][

(LGH 3. 5LQJVWDG * 'HOD\HG FOHDUDQFH RI FHUHEL

HQWRUKLQDO FRUWH[ LQ LGLRSDWKLF QRUPDO SUHVV.

PDJQHWLF UHVRQDQFH LPDJLQJ VWXG\ - &HUHE
GRL ;

%DH <- .LP -0 &KRL %6 HW DO $OWHUHG EUDLQ JO\PS
05, LQ uUDSLG H\H PRYHPHQW VOHHS EHKDYLRU
H GRL UDGLRO

7RK &+ 6LRZ 7< )DFWRUV DVVRFLDWHG ZLWK G\VIXQFV
SDWLHQWYV ZLWK JOLRPD JURQW 2QFRO
GRL IRQF

7RK &+ 6LRZ 7< &DVWLOOR 0 3HULWXPRUDO EUDLQ H
UHODWHG WR JO\PSKDWLF G\VIXQFWLRQ )JURQW
GRL IRQF

=KX + ;LH < /L / HW DO 'LIIXVLRQ DORQJ WKH SHULY
ELRPDUNHU IRU JOLRPD JUDGLQJ DQG LVRFLWUDWH GF
SUHGLFWLRQ 4XDQW ,PDJLQJ OHG 6XUJ

GRL TLPV



*DR 0 /LX = =DQJ + HW DO $ KLVWRSDWKRORJLF FF
JO\PSKDWLF IXQFWLRQ LQ EUDLQ WXPRUV E\ PXOWLS
SHV GRL & &5

OD ; /L 6 /L & HW DO 'LIIXVLRQ WHQVRU LPDJLQJ DO
LQGH[ LQ GLIIHUHQW VWDJHV RI SDUNLQVRQYV GLV}
GRL 1IQDJL

/IHH '$ /HH + 3DUN .0 1RUPDO JO\PSKDWLF V\VWHP IX
PLIJUDLQH $ SLORW VWXG\ +HDGDFKH
GRL KHDG

.HVVOHU $7 %KDWW $$ %UDLQ WXPRXU SRVW WUHDYV
UHODWHG FRPSOLFDWLRQV ,QVLIKWYV ,PDJLQJ
GRL Vv \

=KDR ; =KRX < /L < HW DO 7KH DV\PPHWU\ RI JO\PSKD
SDWLHQWYVY ZLWK WHPSRUDO OREH HSLOHSV\ $ '7, $.
GRL M QHXUDG

=KDQJ & ;X . =KDQJ + HW DO 5HFRYHU\ RI JO\PSKD
SDWLHQWYV ZLWK WHPSRUDO OREH HSLOHSV\ DIWHU VXU
GRL Vv \

7RK &+ 6LRZ 7< *O\PSKDWLF G\VIXQFWLRQ LQ SDWLHQ\
$JLQJ 1HXURVFL GRL IQDJL

4LQ < /L ; 4LDR < HW DO '7, $/36 $Q 05 ELRPDUNHU I
SDWLHQWV ZLWK VXEDFXWH LVFKHPLF VWURNH )URQ
GRL IQLQV

=KDQJ & 6KD - &DL / HW DO (YDOXDWLRQ RI WKH JO\P
$/36 LQGH[ LQ SDWLHQWYV ZLWK VSRQWDQHRXV LQWUDF
&HOO /RQJIHY GRL



3DUN -+ %DH <- .LP -6 HW DO *O\PSKDWLF V\VWHP H
WHQVRU LPDJLQJ LQ SDWLHQWV ZLWK WUDXPDWLF
GRL Vv [

4LQ < /L ; 4LDR < HW DO '7, $/36 $Q 05 ELRPDUNHU I
SDWLHQWYV ZLWK VXEDFXWH LVFKHPLF VWURNH )URQ
GRL IQLQV

DRND 7 ,WR 5 1IDNDPLFKL 5 HW DO 'LIIXVLRQ ZHLJKV

SHULYDVFXODU VSDFH ':,#$/36 IRU HYDOXDWLQJ LQV
GHSHQGHQFH LQ QRUPDO VXEMHFWYV -SQ - OS5DGLF
GRL Vv

6LRZ 7< 7RK &+ +VX -/ HW DO $VVRFLDWLRQ RI VO
SHUIRUPDQFH DQG JUuD\ PDWWHU YROXPH ZLWK JO\PSH

GZHOOLQJ ROGHU DGXOWYV 1HXURORJ\

GRL 11/

=KDQJ ; :DQJ: =KDQJ,; HW DO 1RUPDO JO\PSKDWLF V\
ZLWK QHZ GDLO\ SHUVLVWHQW KHDGDFKH XVLQJ GLIIXV
WKH SHULYDVFXODU VSDFH +HDGDFKH

GRL KHDG

OF.QLJKW &' 7UXMLOOR 3 /RSH] $0 HW DO 'LIIXVLRQ
UHYHDOV HYLGHQFH VXSSRUWLYH RI JO\PSKDWLF IXQF
GLVHDVH SDUNLQVRQLVP SHODW 'LVRUG
GRL M SDUNUHOGLYV

6L ; *XR 7 :DQJ = HW DO 1HXURLPDJIJLQJ HYLGHQFH
G\WWIXQFWLRQ LQ SRVVLEOH 5(0 VOHHS EHKDYLRU GLVR!
13- SDUNLQVRQV 'LV GRL Vv

4LQ < +H 5 &KHQ - HW DO 1HXURLPDJLQJ XQFRYHU\
JO\PSKDWLF G\WIXQFWLRQ DQG PRWRU V\PSWRPV LQ 3D
GRL v



2]VDKLQ , =KRX / :DQJ ; HW DO 'LIIXVLRQ WHQVRU L
VSDFHV '7, $/36 WR DVVHVV HIIHFWV RI DJH VH[ DQG
IOXLG G\QDPLFV LQ KHDOWK\ VXEMHFWYV - $O]KHLPHU\
GRL $'5

+VLDR :& &KDQJ +, +VX 6: HW DO $VVRFLDWLRQ RI FR
LQ DJLQJ DQG JO\PSKDWLF IXQFWLRQ XVLQJ GLIIXVL
SHULYDVEXODU VSDFH '7, $/36 1IHXURVELHQFH
GRL M QHXURVFLHQFH

=KDQJ < =KDQJ 5 <H < HW DO 7KH LQIOXHQFH RI GHPF
IDFWRUV RQ JO\PSKDWLF IXQFWLRQ PHDVXUHG E\ GLIIX
JURQW $JLQJ 1HXURVFL GRL 1QDJL

.LP - /HH '$ /HH + HW DO *O\PSKDWLF V\VWHP G\VIX

FOXVWHU KHDGDFKH %UDLQ %HKDY GRL
'DQJ - =KRX < =KDQJ . HW DO *O\PSKDWLF IXQFWLRQ
DJHLQJ UHODWHG FRJQLWLYH GHFOLQH $IJH  $J
GRL DJHLQJ DIDG

/JHH '$ /HH + 3DUN .0 *O\PSKDWLF G\VIXQFWLRQ LQ
EHKDYLRU GLVRUGHU $FWD 1HXURO 6FDQG
GRL DQH

&DFFLDJXHUUD / &DURWHQXWR $ 3DJDQL ( HW DO O
HYDOXDWLRQ RI SHULYDVFXODU VSDFH DEQRUPDOLWL
1HXURO GRL DQD

+HR &0 /HH '$ 3DUN .0 HW DO *O\PSKDWLF V\VWHP G\V
HDUO\ FKURQLF NLGQH\ GLVHDVH JURQW  1HXL
GRL IQHXU

+HR &0 /HH :+ 3DUN %6 HW DO *O\PSKDWLF G\VIXQFW
VWDJH UHQDO GLVHDVH JURQW 1HXURO
GRL IQHXU



/JHH '$ 3DUN %6 3DUN 6 /HH <- .R - 3DUN .0 *O\PSKD
LQ SDWLHQWY ZLWK WUDQVLHQW JOREDO DPQHVLD -
GRL M MLQ

7KDO '5 5¢E 8 2UDQWHV 0 %UDDN + 3KDVHV RI $ GH
EUDLQ DQG LWV UHOHYDQFH IRU WKH GHYHORSP
GRL 21/

ULJKW $0 X <& &KHQ 1. :HQ 4 ([SORULQJ uDGLDO
GLIIXVLRQ WHQVRU LPDJLQJ DQG LWV LPSDFW RQ WK
PHFKDQLVPYV - 0DJQ SHVRQ ,PDJLQJ

GRL MPUL

'"UHQWKHQ *6 9DQ 'HU 7KLHO 00 (GLWRULDO IRU 3([SC
GLIIXVLRQ WHQVRU LPDJLQJ DQG LWV LPSDFW RQ WK
PHFKDQLVPV ’ - 0DJQ SHVRQ ,PDJLQJ

GRL MPUL



$SSHQGLFHYV

$SSHQGL[ $ + 6WXG\ HWKLFDO DSSURYDO



%









$SSHQGL[ % + 3DWLHQW LQIRUPDWLRQ

7TDEOH ZLWK FRPSOHWH SDWLHQW LQIRUPDWLRQ



7TDEOHMHPRJUDSKLF LQIRUPDWLRQ

3DWLHQW QU

ZDY RHD BV UMIGD W R\PKBEQBRW R BV BQY

37%(
3DWLHKIWM| 6H] ‘7, |'7, $/36 7TXPRUFVYYHQW 7\SH'RWDLOV 7XPRU ORFDWLRQ 37
QU $/36 FRQWUDODWHUDO WXPRU
LSVLODWHUDO | ppy v
0DOH /JRFDO UHFXUUHQFH | 'LIIXVH $VWURFHW\WRPDRQWD O 1R
JHPDOH 'LVWDQWHWDVWDVLV % FHOQ O\PSKRPD JHIW KLJK
UHFXUUHQRH
JHPDOH 'LVWDQW | OHWDVWDVLY  %URQFKLDO FDUFLQRPDS52 |[HIW K
UHFXUUHQRH
JHPDOH 'LVWDQWHWDVWDVLY ODPPDU\ FDUFLQRPD | /HIW RFFL:
UHFXUUHQRH
0DOH )LUVW GLDJQRVLYV 3ULPDU\ BQFOHDU | <H¥. | /HIV
SDULHWR LQVYXODU
)HPDOH ([FOXGHG
0DOH /RFDO UHFXUUHQFH | 3ULPDU\ FOLREODVWRPD 52| /HIW
0DOH ([FOXGHG
0DOH J)LUVW GLDJQRVLV'LIIXVH $VWURFHW\WPDHPSRURLQVXODU
0DOH /JRFDO UHFXUUHQFH | 'LIIXVH $VWUR B\WWR D 1R
IURQWRWHPSRURLQVXOD
0DOH /JRFDO UHFXUUHQFH | 'LIIXVH $VWUR BWWR D 1R
IURQWRWHPSRURLQVXOD
JHPDOH )LUVW GLDJQRVLV 3ULPDU\ | /HI®RBR@YHYYW\ 1R
PHQLQJLRPD
0DOH /RFDO UHFXUUHQFH | 3ULPDU\ FOLREODVWRPD [HIV
)HPDOH ([FOXGHG




JHPDOH 'LVWDQWHWDVWDVLY  &OHDU|FHD® WHRSRUDD O <H
UHFXUUHQHH FDUFLQRPD
JHPDOH JRFDO UHFXUUHQFH | 3ULPDU\ D XHDIWWL SFORUDLGI W R RHFVE L[S LW D ¢
JOLREODVWRRBRIDQG OHIW RFFLSLWDO
JHPDOH 'LVWDQWHWDVWDVLY 5HQDO|FHOO FDUFLQRPD |[/HIW S
UHFXUUHQHRAH
ODOH 'LVWDQWOHWDVW[DVLY  %URQFKLDO FDUFLQRPD JHIW W
UHFXUUHQHRAH
JHPDOH ([FDXGHG
ODOH J)LUVW GLDJQRVLY 3ULPDU\ *OLREODVWRPD
ODOH JLUVW GLDJQRVLY 3ULPDU\ *OLREODVWRPD /
JHPDOH JRFDO UHFXUUHQFH | 3ULPDU\ D XKDIWL SFORUDLGI W RRHFL. S LW D O
JOLREODVWRRIDQG OHIW RFFLSLWDO
0ODOH JRFDO UHFXUUHQFH | 3ULPDU\ FOLREODVWRPD 52 IHIV
JHPDOH ([FDXGHG
ODOH JRFDO UHFXUUHQFH | 3ULPDU\ > OHIWR GIDQGHWDMLRPD  <h
JUDGH ,,,
ODOH ([FOXGHG
ODOH JLUVW GLDJQRVLY 3ULPDU\ | /HRW LURGMEURJIOLRPBH)
JUDGH ,,
JHPDOH 'LVWDQWHWDVWDVLY  %URQFKLDO FDUFLQRRMV [[HIW S
UHFXUUHQHRH RFFLSLWDO
JHPDOH JRFDO UHFXUUHQFH | 3ULPDU\ FOLREODVWRPD<HY IHIV
RFFLSLWDO
ODOH JLUVW GLDJQRVLY 3ULPDU\ *OLREODVWRPD /




$SSHQGL[ & + 52, SRVLWLRQLQJ 3DWLHQWYV

SHILRQV RI LQOWHUHVW SRVLWLRQLQJ LQ LQFOXGHG S



JLIXUH 9% DBDWLHQW PDOH \HDUV ROG DVWURF\WRPD
\HDUV ROG % &HOO O\PSKRPD & 3DWLHQW IHPDOF
FDUFLQRPD ' 3DWLHQW IHPDOH \HDUV ROG EUHDVYV



JLIXUH % E3DWLHQW PDOH \HDUV ROG XQFOHDU %
ROG DVWURF\WRPD & DQG ' 3DWLHQW PDOH \HDU
OHIW KHPLVSKHUH UHVSHFWLYHO\



JLIXUH % FDQG % 3DWLHQW PDOH \HDUV ROG DVW
KHPLVSKHUH UHVSHFWLYHO\ & 3DWLHQW PDOH \
SDWLHQW IHPDOH \HDUV ROG PHQLQJLRPD



JLIXUH % GDQG % 3DWLHQW PDOH \HDUV ROG JOLF
KHPLVSKHUH UHVSHFWLYHO\ & DQG ' 3DWLHQW IHPI
FHOO FDUFLQRPD ULJKW DQG OHIW KHPLVSKHUH UHVSHEF)

~



JLIXUH % HDQG % 3DWLHQW IHPDOH \HDUV ROG JOL
KHPLVSKHUH UHVSHFWLYHO\ & DQG ' 3DWLHQW | HF
FDUFLQRPD ULJKW DQG OHIW KHPLVSKHUH UHVSHFWLYH(



JLIXUH % ISDWLHQW PDOH \HDUV ROG EURQFKLDO F
PDOH \HDUV ROG JOLREODVWRPD & DQG ' 3DWLH
JOLREODVWRPD ULJKW DQG OHIW KHPLVSKHUH UHVSHFWI

=



JLIXUH % JDQG % 3DWLHQW IHPDOH \HDUV ROG JO
KHPLVSKHUH UHVSHFWLYHO\ & DQG ' 3DWLHQW PDC
ULJKW DQG OHIW KHPLVSKHUH UHVSHFWLYHO\

N



JLIXUH % KDQG % 3DWLHQW PDOH \HDUV ROG ROLJ|
OHIW KHPLVSKHUH UHVSHFWLYHO\ & DQG ' 3DWLHQ
ROLIJIRGHQGURJOLRPD ULJKW DQG OHIW KHPLVSKHUH UH?

w



JLIXUH % L3DWLHQW IHPDOH \HDUV ROG EURQFKLDC
SDWLHQW IHPDOH \HDUV ROG JOLREODVWRPD
UHVSHFWLYHO\



JLIXUH % MDQG % 3DWLHQW PDOH \HDUV ROG JOLF
KHPLVSKHUH UHVSHFWLYHO\



$SSHQGL[ ' + 52, SRVLWLRQLQJ +HDOWK\ F

S5SHILRQ RI LQWHUHVW SRVLWLRQLQJ LQ KHDOWK\ FRQW



J)LIXUH '$D ODOH \HDUV ROG % ODOH \HDUV ROG &
ODOH \HDUV ROG



J)LIXUH '"$E ODOH \HDUV ROG % ODOH \HDUV ROG &
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