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VXEPHWLGDYV D FDUUHJDP

6mR &DUORYV
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YWHKDYLRXU RI KHOLFDO DQFKRUV VXE

'RFWRUDO WKHVLV SUHVHQ
&DUORV 6FKRRO RI (
8QLYHUVLW\ RI 6mR
IXOILOOKHQWHRKXMJHP
GHJUHH RI '"RFWRU RI
SURJUDP LQ *HRWHFKQLFDO

$GYLVRU
‘U &ULVWLQD GH +ROODQGD -
8QLYHUVLW\ RI 6mR

&R DGYLVRU
'U /XF 7TKRUHC
/81%$0 8QLYHUVLW
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'"HGLFDWHG WR P\ SI






$FNQRZOHGJHPHQWYV

, ZRXOG OLNH WR H[SUHVV GHHS JUDWLWXGH WR 3URIH!
IRU JLYLQJ PH WKH RSSRUWXQLW\ WR FRQGXFW WKLV VWXC
OHDUQHG RQ ZRUN VFLHQWLILF PHWKRGRORJ\ DQDO\VLQJ
HQFRXUDJHPHQW HQWKXVLDVP DQG VXSSRUW WKLV UHVHI
WKDQN KHU IRU DOO WKH HIIRUWVY PDGH WR PDWHULDOLI]H
WKHVLV
., WKDQN 3URIHVVRU /XF 7KRUHO QRW RQO\ IRU FR \
LQYDOXDEOH H[SHULHQFH VKDUHG ZKLOH , ZDV D YLVLWLQJ
WR RUJDQL]JH WKLV UHVHDUFK , DSSUHFLDWH WKH GLVFX
UHVHDUFK DQG DOVR WKH HIIRUWV PDGH GXULQJ DOO WKH ¢
, ZRXOG OLNH WR WKDQN DOO WKH SURIHVVRUV Rl WKH
WKH 8QLYHUVLW\ RI 6mR 3DXOR HVSHFLDOO\ WR 3URI &LC
WKDQN DOO WKH WHFKQLFLDQV DQG VWDII RI WKH 'HSDU
8QLYHUVLW\ RI 6mR 3DXOR 2VFDU =p /XL] 'LWR $QWRQLR
+HULYHOWR DQG 7RQLQKR
, ZRXOG OLNH WR WKDQN WR ODWKLHX %ODQF $OEHUYV
WKH DJUHHDEOH IHOORZVKLS GXULQJ P\ VWD\ DW ,)677%$5
&HQWULIXJH 7HDP 3DWULFN $ODLQ 3KLOLSSH 6WpSKDQI
DZHVRPH
, WKDQN WR 3URI 'DQLHO 'LDV DQG 3URI ODUFLR $OPHI
RI WKLY WKHVLVY , DSSUHFLDWH WKH HYDOXDWLRQV DQG VX
OLNH WR WKDQN WKH HYDOXDWLRQ DQG VXJJHVWLRQV PDC
H[DP , DOVR DSSUHFLDWH WKH KHOS Rl 3URI &KULVWRSK
SHUIRUPHG DW WKH (FROH &HQWUDOH GH 1DQWHV
, DFNQRZOHGJH WKH ILQDQFLDO VXSSRUW SURYLGHG

1R 8FOD E\ WKH %UD]LOLDQ $JHQF\ &%$3(6 OLQLVWU\ [
, QVWLWXWH RI 6FLHQFH DQG 7HFKQRORJ\ IRU 7UDQVSRUW
JUDQFH

, WKDQN WR 9HUFRQ ,QGXVWULDO DQG 9pUWLFH (QJHQ
HTXLSPHQW WR FDUU\ RXW WKH ILHOG WHVWYV

6SHFLDO WKDQNV WR P\ IULHQGV ZKR DFFRPSDQLHG
863 %UD]J]LO HVSHFLDOO\ WR -RmR 7KDLVH 'LHJR OLOHQD
DQG LQ )UDQFH HVSHFLDOO\ WR ODWKLHX 3 &DWDOLQD 0
3HWHU

$ ORYLQJ WKDQNV WR P\ ZLIH .DUHQ P\ SDUHQWV EUR
ODZ DQG SDUHQWYV LQ ODZ ZKR DOZD\V VXSSRUWHG DQG HQ






%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

$%675%$&7

6&+,$921 YYHKDYLRXU RI KHOLFDO DQFKRUV VXEMHBWHG
'RFWRUDO 7KHVLV XQGHU MRLQW VXSHUYLVLRQ EHWZHH
$QJHUV DQG /H ODQV 8QLYHUVLW\ 6DR 3DXOR 6DR &DUOF

+HOLFDO DQFKRUV XVHG ZLGHO\ WR UHVLVW XSOLIV
LOQFOXGLQJ LQ WUDQVPLVVLRQ WRZHUV SLSHOLQHV R
HQYLURQPHQWDO F\FOLF ORDGV WKDW LQIOXHQFH WKH
IDLOXUH +RZHYHU WKH LQIOXHQFH RI F\FOLF ORDGLQJ |
FRPSUHKHQVLYH HYDOXDWLRQ RI WKH HITHFW RI F\FOLF C
VLQJOH KHOL[ DQFKRUV LQ VDQG\ VRLOV LV SUHVHQWHG
GHVLIQHUV HYDOXDWH WKH LPSDFW RI GLIITHUHQW FRQG
ZRUN RI WKLV WKHVLV LQFOXGHV JHRWHFKQLFDO FHQW
FHQWULIXJH PRGHO WHVWY ZHUH FDUULHG RXW ZLWK UH!
DW ,)677$5 1DQWHV )UDQFH 7KH ILHOG ORDG WHVWYV
LQVWDOOHG LQ D WURSLFDO UHVLGXDO VRLO RI WKH ([S
6mR &DUORV %UD]LO ,Q DGGLWLRQ QXPHULFDO PRGHC
F\FOLF UHVSRQVHV RI WKH VLQJOH KHOL[ DQFKRUV WHVW
UHVHDUFK DUH D KHOLFDO DQFKRU EHKDYLRXU LV JRYH
Rl KHOL[ EHDULQJ FDSDFLW\ ZDV REVHUYHG LQ WKH UI
GHIJUDGDWLRQ RI VKDIW UHVLVWDQFH ZDV QRWLFHG PDI
DFFXPXODWLRQ RI SHUPDQHQW GLVSODFHPHQWYVY LV PRLU
VKRZLQJ WKH GLIITHUHQW FRQGLWLRQV RI F\FOLF VWDE
HISHULPHQWDO GDWD G PRGLILHG YDOXHV RiFr VDKM EH

VXJIJHVWHG IRU WKH HVWLPDWLRQ RI SRVW F\FOLF XSOLI

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

WKH LQVWDOODWLRQ HITHFW RI WKH DQFKRU VKRXOG EH WL

RUGHU WR REWDLQ UHOLDEOH SUHGLFWLRQV RI WKH KHOLFD

.H\ :RUGYV
+HOLFDO DQFKRUV XSOLIW FDSDFLW\ VDQG F\FOLF ORDGL
QXPHULFDO PRGHOOLQJ WURSLFDO UHVLGXDO VRLO

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

5(6802

6&+,%$921 - 8RPSRUWDPHQWR GH DQFRUDJHQV KHOLF
FDUUHJDPHQWRYV FtFGBLFRAWH GH 'RXWRUDGR HP FRWXWHDC
6mR 3DXOR H D 8QLYHUVLGDGH 1DQWHYV $QJHUV H /H 0DQ\

$V HVWDFDV KHOLFRLGDLYVY VmR ODUJDPHQWH XWLOL]L
HP XPD YDULHGDGH GH DSOLFDo}HV FRPR WRUUHV GH C
HQWHUUDGRRIIHWKRAMKEEN XVDWHWYV WLSRVY GH HVWUXWXUDV V
FDUUHJDPHQWRY FtFOLFRV TXH LQIOXHQFLDP R GHVHPSFE
VXEPHWLGDV D HVIRUoORV GH WUDomR H SRGHP LQGX]LU
FDUJD &RQWXGR D LQIOXrQFLD GR FDUUHJDPHQWR Ft
KHOLFRLGDLY RX DQFRUDJHQV KHOLFRLGDLV TXDQGR V
SRXFR FRQKHFLGD 8PD DYDOLDomR DEUDQJHQWH GR HI
FRPSRUWDPHQWR GDV DQFRUDJHQV KHOLFRLGDLV p DSUI
GH LQWHUDomR SDUD DX[LOLDU QD DYDOLDomR GR LPSDI
FtFOLFR 2 WUDEDOKR H[SHULPHQWDO GHVWD WHVH LQF
HQVDLRY GH FDUUHJDPHQWR FtFOLFR HP HVWDFDV QD ¢
FHQWUtIXJD IRUDP UHDOL]DGRV FRP PRGHORV UHGX]LGEF
,)677%$5 1DQWHV )UDQoD 2V HQVDLRV GH FDPSR IRUDP L
LQVWDODGDY QR VROR UHVLGXDO WURSLFDO GR &DPSR (]
6mR 3DXOR 6mR &DUORV %UDVLO $OpP GLVVR PRGHOR
RV UHVXOWDGRY GR FRPSRUWDPHQWR GDV DQFRUDJHQ\
FRQGLo}HV SUp H SyV FLFORV 2V SULQFLSDLV UHVXOWD
FDUJD j WUDomR GD DQFRUDJHP KHOLFRLGDO p FRQWURO

GHJUDGDomR GD UHVLVWrQFLD SRU DWULWR ODWHUDO IR

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

FLFORV SHUtRGR HP TXH D DFXPXODomR GRV GHVORFDPH
F XP GLDJUDPD GH LQWHUDomR PRVWUDQGR DV GLIHUHQW
SURSRVWR D SDUWLU GRV UHVXOWDGRY H[SHULPHQWDLV HP
GH FDSDFLGDGH G H1+ /unJ®d VWP AMULOCoRMR SDUD HVWLPDWLYD GD
GH DQFRUDJHQV KHOLFRLGDLVY FRP XPD KpOLFH HP DUHLD
GHYH VHU OHYDGR HP FRQVLGHUDomR QR PRGHOR QXPpUL

FRQILIYHLY GR GHVHPSHQKR GH DQFRUDJHQV KHOLFRLGDLYV

3DODYUDV FKDYH
$QFRUDJHQVY KHOLFRLGDLV FDSDFLGDGH GH FDUJD | WU]I
PRGHODJHP ItVLFD HP FHQWUtIXJD SURYDV GH FDUJD PR

WURSLFDO

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

5(680(

6&+,$921 -&RPSRUWHPHQW GHV DQFUDJHV KHOLF|LGDX[ V
F\FOLTXHYV S 7KqVH GH 'RFWRUDW HQ FRWXWHOOH HC
Of8QLYHUVLWpP 1DQWHYV $QJHUV /H ODQV 6DR 3DXOR 6DR

/HV DQFUDJHV KpOLFRWGDX[ ODUJHPHQW XWLOLVpV SRX
YDULpWp G DSSOLFDWLRQV FRPPH OHV S\O{QHV pOHFWU
HWF VRQW VRXPLV j GHV FKDUJHPHQWY F\FOLTXHV TXL
SHXYHQW LQGXLUH XQH UXSWXUH SDU IDWLJXH &HSHQGEL
OH FRPSRUWHPHQW G DQFUDJH KpOLFRWGDO HVW PDO FF
GH FKDUJHV F\FOLTXHV VXU OD UpSRQVH HIIRUW * GpSOI
GDQV OHV VROV VDEOHX[ HVW SUpVHQWpPH LQFOXDQW XC
O LPSDFW GHV GLIIpPUHQWHY FRQGLWLRQV GH FKDUJHPHC
WKqVH FRPSUHQG GHV HVVDLV HQ FHQWULIXJHX\QHVIY/RXV H
/HV HVVDLV HQ FHQWULIXJHXVH RQW pWp HIIHFWXpV VXU
GDQV GX VDEOH | O ,)677%5 1DQWHV )UDRQWRHYX /W pH Y D
VXU GHV DQFUDJHV KpOLFRWGDX[ LQVWDOOpPV GDQV OH

O 8QLYHUVLWp GH 6mR 3DXOR 6mR &DUORV %UpVLO I
XWLOLVpH SRXU SUpGLUH OHV UpSRQVHV SUp HW SRVW |
FHQWULIXJHXVH /HV SULQFLSDOHV FRQFOXVLRQV GH FH\
DQFUDJH KpOLFRWGDO HVW UpJL SDU OD FDSDFLWp SRU!
SRUWDQWH G KpOLFH QYD pWp REVHUYpH SRXUE ODDJDP
GpJUDGDWLRQ GH OD UpVLVWDQFH SDU IURWWHPHQW OD
SHQGDQW OHYV SUHPLHUV F\FOHV ORUVTXH O DFFXPXO

LPSRUWDQWH F XQ GLDJUDPPH GYLQWHUDFWLRQ PRQW

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

F\FOLTXH HVW SURSRVp j SDUWLU GHV UpVXOWDWYV GHV G
PRGLILpPHVY GX IDFWHXU I HVRRQSD BUW S RS\RWMHW DSRXM O HVWLPD
HW SRVW F\FOLTXH GHV DQFUDJHV BY OFHXIGINV KPH LO- H QG/NMID\VC
O DQFUDJH GRLW rwWuUH SULV HQ FRPSWH GDQV OH PRGQgOH

ILDEOHY GH OD SHUIRUPDQFH GH O DQFUDJH KpOLFRwGDO

ORWV FOpV
$QFUDJHV KpOLFRWGDX[ FDSDFLWp SRUWDQWH HQ WUDFWLR
HQ FHQWULIXJHXVH HWWDMLREE pPLYDWWHFRHRWXPpULTXH  VF

UpVLGXHOV

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

7$%/( 2) &217(176
$%675$¢’BBBBBBBBBBBBBBBRBBBBBBBBBBBBBBBBBBBBBBBB
5(6802 BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
5(680( BBEBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
1IRWDWLRQV DQGBESBBBRBBBEBR3FBBBBBBBBBBBBBBBBBBB

,1752'8&7,21 BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBE
2EMHFWLYHY BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
6HFRQGDU\ REBBBB\WEBBBBBBBBBBBBBBBBBBBBBBBBBBB
-XVWLIIBBEBEBRGBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI
7KHVLV RUJDQL]DWLRQ BBBBBBBBBBBBBBBBBBBBBBBB
/,7(5$785( 5(9,(: BBBBBBBBBBBBBBBBBBBBBBBBBBBBBE
+HOLFDO DQFKRUV BBBBBBBBBBBBBBBBBBBBBBBBBBBE
%HKDYLRXU RI KHOLFDO DQFKRU IRX BBRRBRRBBBEGH

(IIHFWV Rl KHOLFDO PRFEKRRBBEGR2®BHREBEBBGBBBBE

+HOLFDO DQFKRUBBBBBRMBERPBSPERRRBBBBBBBBBBBBI

,QGLYLGXDO EHDULQJ PHWKRG KHGB[BBBBBBBBHB)QC
JRXQGDWLRQV VXEMHFWHG WR F\FOLF D[LDO ORDGLQ.
6WDELOLW\ Rl SLOH IRXQGDWL BG? BEERBEBDBB6 BED
6NLQ IULFWLRQ GHJUDGDW L REBB®G BRBEH ZBB 58 B6G BB EHH
%HKDYLRXU RI WKH SLOH EDVH UHV IB\B\B B BE BIBIB® BREXEB .
30DWH DQFKRUV LQ VDQG VXEMHFWHG F\FOLF ORDGL(
&\FOLF EHKDYLRXU RI KHOLFDO DQFKRUV LQ VDQG BBI
3K\WLFDO PRGHOOLQJ LQ FHQWULIXJH BBBBBBBBBBBB
6FDOH HEB-BBMEBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBRA

3DUWLFOH VL]H HIIHF\BY 5RB®B B EBB\E BBHB\BIB\B\VE B BB BIB B E

3DUWLFOH VL]H HIIHEFEWV REBS®BBBBEHRBBR BB BEBIEA

6FDOH HIITHFWV RQ KHOLFBEEBBBBBRBBBBBGHB BB BB B/B/

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

6$1"

0$7(5,%$/6 $1' 0(7+2'6 BBBBBBBBBBBBBBBBBBBBBBBBBBBBB
&HQWULIXJH PRGHOOLQJ) BBBBBBBBBBBBBBBBBBBBBBBBBI
6DQG VDPSOH UBBERSBBBRBE8\WBRBRQBBBBBBBBBBBBBBBBBBB
7THVW VBBWBPBEBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
SURFHGXUHYV IRU LQVWDOODWLRQ BGGBBBEBERBREBBWHOQ\
([SHULPHQWYV RQ SDBBBBEHEBBEBRBBBBEBBBBBBBBBBBBBBE

+HOLFDO DQFKRU PRGHOV IRU H[SHBBEBBBBBBERBBBDUW.IL
,QVWDOODBRHBHEKREBBBIBIEF-BMBBBBBBBBBBBBBBBBBBBBBBBBBBBI

6DQG VDPSOHBHBFEEEBBBFB(BBBEBBBEBBBBBBEBBBBBBBBBBB

7TRPRJUBBRBBBEBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
(YDOXDWLRQ RI VKDIW D QG B<BB3BH BBBMBBIB@E.B B BB/BRB B BEBBHBHE
&\FOLF ORDGLQJ WHVWYV RQ VLQJOHBIBIBBBBBBBERBRBBBRGH

&\FOLF ORBBGB@BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
7THVWV ZLWK WZR FRQVHBEKXB\BB/BB BBBBEBBBRBDERRESYBBBBBI
)LHOG WHVWYV BBEBBBBBBBBBBBBBBBBBBEBBBBBBBBBBBBBB
([SHULPHQWDO VLVBIBEBBEBEB:BBGEBBBBBBBBBBBBBBBBBBBBE
+HOLFDO DQFKRU LQVWDOODBBREBBREEGBRBEGBWBEEBEBBBRE
1XPHULFDO PRGHOOLQJ BBBBBBBBBBBBBBBBBBBBBBBBBB
([SOLFLW DQG LPSOLFLW $BBBRBB BBRBBEEBE 8B BMHIEBRBEEEBE
ORGHO JHRPHWU\ ERXQGDU\ FRQGLWLRQV BBQLWH HOHP
&RQVWLWXWBIBYBBBRE&EBEBBBBBBBBBBBBBBBBBBBBBBBBBBB

1XPHULFDO PRGHOOLQJ RI W\BIBIBEEBEBBEBBBEBIB2 Y BBG BB
, QWHUBBBHBWBBEBBBBEBEBBEBBEBEBBEBEBEBEBEBBBEBEBEBBEBBBBBBBBBBBE
1XPHULFDO DQDO\WBIBYBEBBBBBBBBBBBBBBBBBBBBBBBBBB]

5(68/76 2) 3+<6,&$/ 02'(//,1* 2) 6,1*/( +(/,; $1&+256 ,1
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

S3DUWLFOH VL]H HITHFWYV BBBBBBBBBBBBBBBBBBBBBBBBBE

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

(YDOXDWLRQ RI LQVWDOODWLRQ HIIHFW BBBBBBBBBBE
&RPSDULVRQ EHWZHHQ DQFKRUV LQB®BBBBEBEHABBBBG
,PDJHV Rl VDQG PRYHPHQW GXULQJBIB@B\E B BBDDRBBBG L
OLFUR WRPRJUDBRBB BDEABBYRYBBBEBEBBBBBBBBBBBBBB
ORQRWRQLF EHKDYLRXU Rl WKH VLQJOH KHOL[ DQFKR!
&RPSDULVRQ EHWZHHQ FHQWULIXJH \BLEPBBBBEBR G BD Q (
+HOLFDO DQFKRU UHVSRGBEBREEBIZBE BRBEBRBBBGBBBBB

/IRDG GLVWULEXWLRQ DORQJ WKH VLQJOH KHOL[ DQF
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBE

7HVWV RQ DQ LQVWUXBEBBBESB PREHEB BRERKRRBBBBBB]
7HVWV RQ PRGHOV ZLBEBBEBBRBBE®BBREBRBBBBBBBBB
&\FOLF ORDGLQJ WHVWV ZLWK )+ DQG )+L BBBBBBBI
+HOLFDO DQFKRU EHKDYLRXU R®GBBBBB\FBREBEBRDYEBDB
&\FOLF DFFXPXODWE® BB BS5BODFHFPEERE BBBBBBBBBBBB
&\FOLF D[LDBBBBBERBXRBBBBBBBBBBBBBBBBBBBBBBBI
6KDIW UHVLVWD BEB BBEBBEHRBIB-BE BEBBBBEBBBBBBBBBE
&\FOLF UHVSRQVH RI WKH EBBRPB EBDBRBIEBE B B F B B B/HER
3RVW F\FOLF PRQRAERGBRBBBEBARBEBBBBBBBBBBBBBBBBBE
&\FOLF LQWHUDFBBRBREBBERPEBBRBBBBBBBBBBBBBBBBRBE
6HTXHQFHV Rl F\BGBB BB RBBBBBRBBBBEBBBBBBBBBBBBBE
6XPPDU\ DQG FRQFOXVLRQV BBBBBBBBBBBBBBBBBBBB!
5(68/76 2) ),(/' /12$' 7(676 BBBBBBBBBBBBBBBBBBBBBBB
,QVWDOODWLRQ WRUTXH BBBBBBBBBBBBBBBBBBBBBBE
,QLWLDO PRQRWRQLF WHQVLRQ ORDG WHVW BBBBBBB
&\FOLF ORDGLQJ WHVWV RQ &+$ DQFKRU BBBBBBBBBE
5(68/76 2) 180(5,&%/ 02'(//,1* BBBBBBBBBBBBBBBBBBBBI

2YHUDOO SUH F\FOLF PRQRWRQLF UHVSRQVH BBBBBBE

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

)DLOXUH PHFKDQLVPY BBBBEBBBBBBBBBBBBBBBBBBBBBBBE
2YHUDOO SRVW F\FOLF PRQRWRQLF UHVSRQVH BBBBBBBB

352326,7,216 )25 7+( '(6,*1 2) 6,1*/( +(/,; $1&+256 81'(5
&<&/,& /2$',1* ,1 6$1' BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBE

(VWLPDWLRQ RI WKH F\FOLF DFFXPXODWHG GLVSODFHPH(
(YDOXDWLRQ RI WKH F\FOLF VWDELOLW)\ XVLQJ WKH ,QWH
(VWLPDWLRQ RI WKH SRVW F\FOLF FDSDFLW\ BBBBBBBBBI
&21&/86,216 BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI
5SHFRPPHQGDWLRQV IRU IXWXUH ZRUN BBBBBBBBBBBBBBB
5()(5(1&(6 BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBR
$33(1',; BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBE
$SSHQGLEBDUDFWHULVWLFV RI WKH +1 +RVWXQ VDQG BBBB
$SSHQGLILBHFW VKHDU WHVWV ZLWK +1 +RVWXQ VDQG BBBB
$SSHQGLYWLD[LDO FRPSUHVVLRQ WHVWV ZLWK +1 +RVWXQ V
$SSHQGLFHMVWY Rl VDPSOH UHFRQVWLWXWLRQ E\ WKH SOXYLI
$SSHQGLBHQHWURPHWULF WHVWV RQ VDQG VDPSOH BBBBBBB
$SSHQGL[DWD DFTXLVLWLRQ V\VWHP DQG VHUYR FRQWUROOH
$SSHQGLRKDUDFWHULVWLFV RI WKH KHOLFDO DQFKRU PRGHC
$SSHQGLEBOLEUDWLRQ Rl WKH )+L IRUFH JDXJH BBBBBBBBB
$SSHQGLEDOLEUDWLRQ FXUYH RI WKH ORDG FHOO XVHG LQ W

$SSHQGLEPOLEUDWLRQ FXUYHV RI WKH LQVWUXPHQWHG VHF
DOQFKRUV BBBBBEBBBBBEBBBBBEBBBBBEBBBBBBBBBBBBBBBBBBBE

$SSHQGLEXPPDU\ RI FHQWULIXJH WHVWYV ZLWK KHOLFDO SLO}
$SSHQGL[QVWDOODWLRQ WRUTXH LQ FHQWULIXJH WHVWV LQ

$SSHQGLBWH F\FOLF ORDG GLVSODFHPHQW UHVSRQVH DIWHL
EHIRUH WKH F\FOLF ORDGLQJ RQ WKH PRGHO )+L BBBBBBBBI

$SSHQGLHPHVXOWV RI WKH F\FOLF WHVWV RQ )+ DQG )+L LQ
$SSHQGLEWFOLF GHIJUDGDWLRQ BBBBBBBBBBBBBBBBBBBBBBBE

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

$SSHQGLFBOLFDO SLOH PRGHOV H[KXPDWLRQ DIWHU WHV\

$SSHQGLRRPSDULVRQ RI WKH DFFXPXODWHG GLVSODFHP!
HTXDWLRQV RI WKH FXUUHQW VWXG\ DQG WKH H[SHULPHQ

$SSHQGLPBRXVFULSW VXEPLWWHG WR WKH ,QWHUQDWLR
*HRWHFQLFY BBEBBBBBBEBBBBBBBBBBBBBBBBBBBBBBBBBBBE

$11(; BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
$QQH[ BRXIKQHVYV RI )+ KHOLFDO SLOH PRGHO BBBBBBBB

$QQH[)WDWXUHYVY RI WKH IRUFH JDXJH LQ WKH PRGHO )+L

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\
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8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

I1RWDWLRQV DQG $EEUHYLDWLRQV

((6&LV WKH 6mR &DUORYV 6FKRRO RI (QJLQHHULQJ
,)677$BV WKH J)UHQFK ,QVWLWXWH RI 6FLHQFH DQG 7THFKQRORJ)\
863 LV WKH 8QLYHUVLW\ RI 6mR 3DXOR

F LV WKH VRLO FRKHVLRQ
G LV WKH VKDIW GLDPHWHU
G LV WKH DYHUDJH JUDLQ VL]H

Ho( LV WKH PD[LPXP YRLG UDWLR
Bl LV WKH PLQLPXP YRLG UDWLR
I LV WKH F\FOLF ORDGLQJ IUHTXHQF\

LY LV WKH VNLQ IULFWLRQ UHVLVWDQFH

N LV WKH DQFKRU D[LDO VWLIIQHVYV

N1 LV WKH DQFKRU D[YBPCFOWLIIQHVYV DW WKH
S LV WKH KHOL[ SLWFK

W LV WKH KHOLFDO SODWH WKLFNQHVYV

z LV WKH HITHFWLYH KHOLFDO UDGLXYV

] LV WKH KHOL[ HPEHGPHQW GHSWK

$« LV WKH KHOL[ QHW DUHD

$v LV WKH HITHFWLYH VKDIW VXUIDFH DUHD

% LV WKH VTXDUH SODWH ZLGWK

& LV WKH FRHIILFLHQW RI XQLIRUPLW\

' LV WKH UHJXODU SODWH RU KHOLFDO SODWH GLDPHWHU
'orzHUu kdLWKH GLDPHWHU RI WKH ORZHU KHOLFDO SODWH RI D P
'xssHu KWSLWKH GLDPHWHU Rl WKH XSSHU KHOLFDO SODWH RI D P
*y LV WKH VSHFLILF JUDYLW\ RI WKH VDQG SDUWLFOHYV

, LV WKH VDQG GHQVLW)\ LQGH]

X LV WKH ODWHUDO HDUWK SUHVVXUH FRHIILFLHQW LQ XSOl
1 LV WKH QXPEHU RI F\FOHV

1 LV WKH QXPEHU RI F\FOHV WR IDLOXUH

1r LV WKH EHDULQJ FDSDFLW\ IDFWRU

1rsf LV WKH SRVW F\FOLF KHOL[ EHDULQJ FDSDFLW\ IDFWRU

4 LV WKH WHQVLOH ORDG RQ WKH DQFKRU KHDG

4pssolb WKH WHQVLRQ IRUFH DSSOLHG RQ WKH DQFKRU KHDG
4rvfoLrLV WKH D[LDO F\FOLF ORDG DPSOLWXGH

4oLV WKH WHQVLRQ IRUFH UHJLVWHUHG E\ WKH IRUFH JDXJH
4ppf LV WKH PD[LPXP F\FOLF ORDG

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\
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4pripoLV WKH PHDQ D[LDO F\FOLF ORDG

4pio LV WKH PLQLPXP F\FOLF ORDG

4sun LV WKH WHQVLRQ IRUFH DSSOLHG RQ WKH DQFKRU KHDG WKDYV

4ykpiwlV WKH VKDIW IULFWLRQ UHVLVWDQFH

4; LV WKH XOWLPDWH WHQVLOH ORDG

4; LV WKH XOWLPDWH WHQV V%R @RW’EQR EWDH QWICR U RR DK WH VW

477, LV WKH XOWLPDWH WHQV IW6PHR QR R RIEFVWY HQ M GRIQ FOFRR V& W H V W

47sf LV WKH SRVW F\FOLF XOWLPDWH WHQVLOH ORDG

4; LV WKH DVVXPHG WHQVLOH FDSDFLW)\ IRU DQ XSOLIW GLVSOD!|

47 suphV WKH SHDN WHQVLOH FDSDFLW\

50 LV WKH PD[LPXP VXUIDFH URXJKQHVV

7 LV WKH SHULRG RI WKH F\FOLF ORDGLQJ

7Tov; 'LV WKH DYHUDJH WRUTXH IRU WKH ILQDO GLVWDQFH RI SHC
GLDPHWHU

7 LV WKH ILQDO LQVWDOODWLRQ WRUTXH

Turnorf LV WKH UHVLVWDQW WRUTXH DFWLQJ RQ WKH KHOLFDO SODW

Zvkoow LV WKH WRUTXH JHQHUDWHG E\ WKH FRQWDFW EHWZHHQ VRL

8 LV WKH YHUWLFDO GLVSODFHPHQW

8orr LV WKH DFFXPXODWHG YHUWLFDO GLVSODFHPHQW

8 sionLV WKH YHUWLFDO GLVSODFHPHQW DW WKH SHDN IRUFH YDOX

G LV WKH LQWHUIDFH IULFWLRQ DQJOH

/ LV WKH VRLO IULFWLRQ DQJOH

J LV WKH VRLO XQLW\ ZHLJKW

J LV WKH VRLO HITHFWLYH XQLW\ ZHLJKW

& LV WKH GU\ XQLW\ ZHLJKW

&pof LV WKH PD[LPXP GU\ XQLW\ ZHLJKW

Zpig LV WKH PLQLPXP GU\ XQLW\ ZHLJKW

&opoys LV WKH DYHUDJH XQLW\ ZHLJKW Rl WKH VDQG VDPSOHYV

4 pof LV WKH PD[LPXP GU\ GHQVLW\

4 poLV WKH PLQLPXP GU\ GHQVLW\

4 oy; LV WKH DYHUDJH GU\ GHQVLW\ Rl VDQG VDPSOHYV

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

,1752'8&7,21

+HOLFDO DQFKRUV KDYH EHHQ ZLGHO\ XVHG DV IRXQC
PDQ\ FRXQWULHV ,Q %UD]JLO WKH XVH Rl KHOLFDO DQF
LQFUHDVHG PDUNHGO\ LQ UHFHQW \HDUV

7KLV W\SH RI IRXQGDWLRQ LV QRUPDOO\ XVHG WR V.
WRZHUV VXEPHUJHG SLSHOLQHV GHFENV RIIVKRUH FRQV
WKH KHOLFDO DQFKRUV DUH VXEMHFWHG WR D VHULHYV
VHUYLFH OLIH 7KHVH F\FOLF ORDGLQJV FKDQJH WKH V
FRQVHTXHQWO\ DIIHFW WKH KHOLFDO DQFKRU EHKDYLRXU

+RZHYHU GHVSLWH WKH LQFUHDVLQJ XVH RI KHOLF
DSSOLFDWLRQV WKHUH DUH QR VWXGLHV WKDW LQYHVV
LQIOXHQFH RI F\FOLF ORDGLQJV RQ KHOLFDO DQFKRU E
LOQVWUXFWLRQ IRU WKH SUHGLFWLRQ RI KHOLFDO IRXQGD

,Q LQYHVWLJIJDWLRQV DERXW WKH EHKDYLRXU RI FRQY
WKH F\FOLF UHVSRQVH KDV EHHQ FODVVLILHG EDVHG RQ
GHJUDGDWLRQ RI VKDIW UHVLVWDQFH )RU KLJK DPSOLW
VXIILFLHQW WR FDXVH FRPSOHWH SLOH VNLQ IULFWLRQ
2Q WKH RWKHU KDQG LQ FDVHV RI FRPSUHVVLRQ F\FOLI
GHQVLILFDWLRQ RI WKH VRLO EHORZ WKH SLOH WLS LV R
PDLQO\ GXH WR D JDLQ LQ EDVH UHVLVWDQFH

7KH F\FOLF UHVSRQVH RI IRXQGDWLRQV RU DQFKRUYV
F\FOLF ORDGLQJ VRLO W\SH DQG LQVWDOODWLRQ SURFH)

,Q WKH FDVH RI KHOLFDO DQFKRUV WKH F\FOLF UHVS
VKDIW UHVLVWDQFH UHVSRQVH DQG KHOL[ EHDULQJ UHVS

DQG GLVSODFHG ORRVHQHG GXULQJ LQVWDOODWLRQ D

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\
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GHQVLILFDWLRQ Rl WKH VRLO DERYH WKH KHOL[ FRQVHTXH
GXULQJ VWDWLF ORDGLQJ +RZHYHU WKH VKDIW UHVLVWE
FRQYHQWLRQDO SLOHV VLQFH WKH VRLO DURXQG WKH DQF
SURFHVV DQG LV LQ D OHVV GHQVH FRQGLWLRQ 7KHUHIRU
UHSRUWHG KHUH LV IRFXVHG RQ WKH EHKDYLRXU RI VLQJOF
ORDGLQJV

7KH PDLQ PRWLYDWLRQV Rl WKLV WKHVLV DUH WR FRQ
XQGHUVWDQGLQJ RI KHOLFDO IRXQGDWLRQV EHKDYLRXU DC
KHOLFDO DQFKRUV F\FOLF UHVSRQVH DV WKH FRQVWUXFW

WUDQVPLVVLRQ OLQHV LV LQFUHDVLQJ UDSLGO\

2EMHFWLYHV

&RQVLGHULQJ WKH QHHG IRU D EHWWHU XQGHUVWDQGLC(
XQGHU F\FOLF ORDGLQJ WKH PDLQ REMHFWLYH RI WKH UHVH
RI GLIIHUHQW FRPELQDWLRQV RI F\FOLF ORDGLQJV DQG RI W

RI DQFKRU GLVSODFHPHQW DQG RQ WKH XSOLIW FDSDFLW\ RI

6HFRQGDU\ REMHFWLYHYV

(YDOXDWH WKH VFDOH HIIHFWV RQ WKH SURWRW\SH UH\
DQFKRUV LQ VDQG

(YDOXDWH WKH FRQWULEXWLRQ RI VKDIW UHVLVWDQFF
DQFKRUV

9HULI\ WKH LQIOXHQFH RI WKH VRLO GLVWXUEDQFH FDX

F\FOLF EHKDYLRXU RI KHOLFDO DQFKRUV LQ VDQG DQG LQ UF

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

'"HYHORSPHQW RI QXPHULFDO PRGHOOLQJ WR VLPXC

DOQOFKRU UHVSRQVH FRQVLGHULQJ WKH VRLO GLVWXUEDQF

-XVWLILFDWLRQ

7KH IDFW WKDW D ODUJH DPRXQW RI KHOLFDO IRXQGD
ORDGLQJV RI SRZHU WUDQVPLVVLRQ WRZHUV DGGHG WR
DQFKRUV FDXVHV VRLO GLVWXUEDQFH ZKLFK GLUHFWO\
LQGLFDWHYVY WKDW LW LV QHFHVVDU\ WR XQGHUVWDQG L

XQGHU F\FOLF ORDGLQJV

7TKHVLV RUJDQL]DWLRQ

x &¢KDSWHU VKRZV WKH PRWLYDWLRQV DQG WKH REMHF\

x &KDSWHU SURYLGHV EDFNJURXQG LQIRUPDWLRQ RQ
UHVHDUFK 7KH IDLOXUH PHFKDQLVP RI VLQJOH KHOI
GLVFXVVHG DV ZHOO DV WKH HIITHFWV RI WKH KHOLFDGOC
7KH SK\WLFDO SKHQRPHQD WKDW LQIOXHQFHV WKH E
ORDGLQJ LV DOVR LQFOXGHG LQ D OLWHUDWXUH UHYL
XQGHU F\FOLF ORDGLQJ $GGLWLRQDOO\ D EULHI GHVI
DQG WKH VFDOH HIITHFWYV WKDW FDQ DIIHFW WKH PRGHC

X &KDSWHU SUHVHQWY WKH PDWHULDOV DQG PHWKRG\)
VXEGLYLGHG LQWR WKUHH VHFWLRQV FHQWULIXJH PF
PRGHOOLQJ

x &KDSWHU SUHVHQWY DQG GLVFXVVHV WKH H[SHULPH

VXEGLYLGHG LQWR WKUHH VHFWLRQV

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

x &KDSWHU RITHUV SURSRVLWLRQV WR JXLGH WKH SUHGLF

X

VLQJOH KHOL[ DQFKRUV LQ VDQG ,Q WKLV FKDSWHU ,Q\
FRQFHUQLQJ WKH QXPHULFDO PRGHOOLQJ Rl KHOLFDO DQF
DFFXPXODWHG GLVSODFHPHQW LQ VDQG DUH SUHVHQWH
EHDULQJ IiDsFWBHVSURSRVHG IRU WKH FDOFXODWLRQ RI WK
KHOLFDO DQFKRUV LQ VDQG $OVR WKH UHY¥XDWH RI S
FRPSDUHG WR WKH SUH F\FOLF EHDULQJ IDFWRUYV

&KDSWHU SUHVHQWYV WKH PDLQ FRQFOXVLRQV RI WKH Wt

RQ WKLV VXEMHFW

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

/,7(5$785( 5(9,(:

+HOLFDO DQFKRUYV

+HOLFDO DQFKRUV KDYH EHHQ HPSOR\HG DV IRXQGDW
DQG KRUL]JRQWDO DFWLRQV )LIJXUH E WR H ,Q %UD]LO
XVHG DV D IRXQGDWLRQ IRU WRZHUV IRU SRZHU WUDQV

VXSSRUWLQJ WRZHUYV

JLIXUH D KHOLFDO DQFKRU FRQILIJXUDWLRQ E F G DQG H

$ KHOLFDO DQFKRU FRQVLVWY RI D VWHHO VKDIW ZLW|
RU PRUH KHOLFDO SODWHV ZHOGHG DORQJ WKH VKDIW
GHSHQGV RQ WKH VRLO FRQGLWLRQV DQG RQ WKH UHTXL
WKH VRLO E\ PHDQV RI WRUTXH DSSOLFDWLRQ WR WKH X
J)LIXUH , QLWLDOO\ WRJIJHWKHU ZLWK WRUTXH HIIRUW
DGYDQFHPHQW RI LQVWDOODWLRQ 7KLV GRZQZDUG IRUFF

DGYDQFHV LQWR WKH JURXQG ZLWK D IHHG UDWH RI W

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\
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OHDGY WR D ORZHU DGYDQFH UDWH ZKLFK FDQ FDXVH DXJHL

SHUNR +

JLIXUH D LQVWDOODWLR®WTXQ S P HEQ W RIJITAKHHP 18 WHALLD YIRIQY HU $% & KD Q1
F FRXSOLQJ EHWZHHQ H[WHQVLRQ VHJPHQWYV DIWHU 6DQWRV )LOKR

$FFRUGLQJ WR YDULRXV UHVHDUFKHUV +RHW D&OHPHQ
*KDO\ +DQQD HW DKDOBHUNR 7VXKD $RNL
WKH XSOLIW FDSDFLW\ Rl KHOLFDO DQFKRUV FDQ EH
WRUTXH 7KH WRUTXH PHDVXUHG DW WKH HQG RI LQVWDOOI
KHOL[ GLDPHWHUV UHSUHVHQWY DQ LQGLUHFW VWUHQJWK
&OHPHQFH 7KH LQVWDOODWLRQ RI WKH KHOLFDO DQI
LQVWDOODWLRQ WRUTXH UHDFKHY WKH GHVLJQ YDOXH
3HUNW DO OLVW WKH PDLQ DGYDQWDJHV RI KHOLFDO DC
RI IRXQGDWLRQ
X 7KH XSOLIW FDSDFLW\ FDQ EH HVWLPDWHG XVLQJ WKt
x 7KH DQFKRUV DUH UHPRYDEOH DQG FDQ EH UHXVHG

x (DV\ WUDQVSRUWDWLRQ WR SODFHV GLIILFXOW WR DF

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

X &DQ EH LQVWDOOHG XQGHU WKH ZDWHU WDEOH

x /HVV WLPH WR EH LQVWDOOHG FRPSDUHG WR RWKH
X &DQ EH LQVWDOOHG ZLWK VPDOO HTXLSPHQW LQ L
x 1RLVH DQG YLEUDWLRQ GXULQJ LQVWDOODWLRQ D
x &DQ EH JDOYDQL]HG WR UHVLVW FRUURVLRQ

x 7TKHUH LV QR QHHG IRU FRQFUHWH PRXOGYV

X 7KLV SLOH FDQ EH ORDGHG LPPHGLDWHO\ DIWHU L
x 7TKHUH LV QR VRLO UHVLGXH

Xx ,W LV OHVV KDUPIXO WR WKH HQYLURQPHQW

3HUNR UHSRUWHG WKDW WKHUH DUH RYHU KHO
DW OHDVW WZHOYH FRXQWULHV RQ IRXU FRQWLQHQWYV
LQVWDOODWLRQ FRQWUDFWRUV %UD]JLO LV DPRQJ VXFK F
EHHQ LQVWDOOLQJ KHOLFDO DQFKRUV IRU QHDUO\ \HL
DQFKRUV RI JX\HG PDVWV DQG IRXQGDWLRQV RI VHOI VX!
W\SHV RI VWUXFWXUHV DUH VXEMHEW WR D VHULHV RI C
DPSOLWXGHV PDLQO\ GXH WR HQYLURQPHQWDO FKDQJH
VXSSRUW F\FOLF ORDGLQJV ZKLFK ODUJHO\ GHSHQG RQ Y
JX\HG WRZHUV WKH F\FOHV Rl WHPSHUDWXUH YDULDWL
FRQGXFWRUV DQG JX\ FDEOHV DQG FRQVHTXHQWO\ EDX\
ORDGLQJV PRGLI\ WKH VWUHVV FRQGLWLRQ LQ WKH VRL

FKDQJH WKH KHOLFDO DQFKRU WHQVLOH DQG FRPSUHVVL’

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\
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%HKDYLRXU RI KHOLFDO DQFKRU IRXQGDWLRQV XQGFH

‘KHQ FRQYHQWLRQDO SLOHV DUH VXEMHFWHG WR WHQVLC
VKHDU UHVLVWDQFH DW WKH LQWHUIDFH SLOH VRLO VKDIW |
KHOLFDO DQFKRUV XQGHU WHQVLOH ORDGLQJ GLIIHUV IUR
F\OLQGULFDO VKDSH PDLQO\ EHFEDXVH JHQHUDOO\ WKH K
WKDQ WKH VKDIW UHVLVWDQFH WKH VRLO DURXQG WKH \

SHQHWUDWLRQ GXULQJ LQVWDOODWLRQ

(ITHFWV RI KHOLFDO DQFKRU LQVWDOODWLRQ

'XULQJ KHOLFDO DQFKRU LQVWDOODWLRQ WKH VRLO DUR
WKH SDVVDJH RI WKH KHOLFHV VKHDULQJ DQG GLVSODFLQ
FRQVHTXHQWO\ VRPH FKDUDFWHULVWLFV RI WKH VRLO DUH P

+HOLFDO DQFKRU LQVWDOODWLRQ GLVWXUEV WKH VRLO \
PDVV DERYH WKH KHBW-DO POMRENHUUTYWECKD FRQVLGHUDEOH
GLITHUHQW GHJUHHV RI GLVWXUEDQFH RI VDQG SHQHWUDWH (
+RZHYHU |IRU WKH DQFKRU LQVWDOOHG LQ ORRVH VDQG WK
WKH WKUHH KHOLFHV ZDV VLPLODU 7KH K\SRWKHVLV H[SC
LOOXVWUDWHG LQ )LIJXUH

7KH GLIITIHUHQW VKDGHV RI JUH\ LQ )LJXUH LGHQWLI\ WZ|
LOQLWLDO VWDWH RI XQGLVWXUEHG VDQG DQG WKH ILQDO VW
J)LIXUH E WKH GLIITHUHQW VKDGHV RI JUH\ FRUUHVSRQG WR

ZKLFK YDU\ ZLWK WKH QXPEHU RI KHOLFDO SODWHYV WKDW SF

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

JLIXUH +\SRWKHVLV IRU VDQG GLVWXUEDQFH DIWHU LQVWDOODW|
VDQG 7VXKD & $RNL 5DXOW 7KRUHO *DUQLHU

7KH PRYHPHQW RI VRLO SDUWLFOHYV DURXQG D KHOLFI
DQFKRU ZDV YHULILHG ZLWK D YLGHR E\ .DQDL 7KH
ORZHU HGJH RI WKH KHOLFDO SODWH VWDUWYV PRYLQJ \

DQFKRU SHQHWUDWLRQ )LJXUH LOOXVWUDWHY WKH PHF

J)LIXUH ORGHO IRU WKH PRYHPHQW RI VRLO SDUWLFOHY DURXQG D

.RPDWYVX FDUULHG RXW PRGHO WHVWYV RQ D VPDO
GLDPHWHU DQG PP RI KHOL[ GLDPHWHU LQ D F\OLQGUL

WKH DQFKRU LQVWDOODWLRQ RQ VRLO ,Q )LJXUH  WKH

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\
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DIWHU WKH LQVWDOODWLRQ RI D VLQJOH KHOL[ PRGHO DQFI
WKH VRLO DERYH WKH EODGH RI WKH SLOH ULVHV XSZDUGV

GRZQ GXH WR WKH VKDIW IULFWLRQ DQG LLL WKH VRLO EH(

JLIXUH ORGHO DQFKRU RQH KHOL[ LQVWDOOHG LQ VDQG DIWH

.XOKD2Z\ PHQWLRQHG WKDW VLJQLILFDQW GLVWXU
F\OLQGULFDO LQVWDOODWLRQ ]JRQH RI WKH KHOLFDO DQF
DSSUR[LPDWHG E\ UHODWLQJ WKH GLVWXUEHG SURSHUWLH
SUHGLFWLRQ RI WKH DQFKRU XSOLIW FDSDFLW\ .XOKDZ\ UH
HITHFW RQ WKH VKHDULQJ UHVLVWDQFH DORQJ WKH GLVWXUE

$ ODUJH LQFUHDVH LQ ODWHUDO VWUHVV DURXQG D KF
&OHPHQFH DQG 3HSH DIWHU LQVWDOODWLRQV LQ GHQV
IDLOXUH WKH ODWHUDO VWUHVV LQFUHDVHG IXUWKHU 7KH
VWUHVVHY DQG VRLO GLODWDQW EHKDYLRXU GHYHORSHG ZK

&RQFHUQLQJ WKH HIIHFW RI LQVWDOODWLRQ RQ WKH V
REVHUYHG D UHGXFWLRQ LQ WKH VKHDU VWUHVVHV PRELOL

JURXQG DV WKH SLOH WLS SHQHWUDWHYV IXUWKHU 7KLV Et

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

IDWLIJXH" +HHUHPD "XULQJ SLOH GULYLQJ WKH IlUL
SUHVXPHG DV ODUJH LQ WKH EHJLQQLQJ DQG GHFUHDVH\
VRLO JUDLQV DQG VKDIW VXUIDFH ZKLOH WKH SLOH PRY
GHFUHDVH RI VKDIW VNLQ IULFWLRQ LV D FRQVHTXHQTF
VXUURXQGLQJ VRLO :KLWH DQG %ROWRAQ REVHUYH!
LOQWHUIDFH ][RQH DGMDFHQW WR WKH SLOH VKDIW PRGHO
PRGHO EDVH FDXVLQJ KLJK LUUHWULHYDEOH YROXPH UH
VRLO LQWHUIDFH SURFHHGYVY WKLV JRQH WHQGV WR H[KLE

Rl VKDIW I ULFWLRQ GHJUDGDWLRQ

+HOLFDO DQFKRU XSOLIW FDSDFLW\

7KH EHKDYLRXU RI VLQJOH KHOL[ DQFKRUV LV GHSHC
'KHQ WKH KHOLFDO DQFKRUV DUH LQVWDOOHG ZLWK WK
PRYHPHQW DW WKH JURXQG VXUIDFH LV REVHUYHG DW IDI

J)LIXUH SUHVHQWYV WKH VFKHPHV RI WKH IDLOXUH
DQFKRUV REVHUYHG E\ OLWVFK DQG &OHPHQFH $0\
FDUULHG RXW RQ PXOWL KHOL[ DQFKRUV WKH PHFKDQL
LOOXVWUDWHG LQ WKH JRQH DERYH WKH WRS KHOL[ LQ )L
GHSHQGV FRQVLGHUDEO\ RQ WKH GHSWK RI WKH WRS KH:
HIFOXVLYHO\ E\ WKH KHOLFHV 7URILPHQMN Y &ODUHPHERRH
HW DO 7TKH VKDOORZ DQFKRU EHKDYLRXU RFFXUV XQW
GHSWK :KHQ WKH KHOL[ GHSW KriH [ WHKHHGWRW® LP/R ¥ Bl P\M QD O
VXUIDFH LV QRW REVHUYHG GHHS DQFKRU EHKDYLRXU

WKH JRQH DURXQG WKH KHOL[ )LJXUH E 7TKH XSOLIW FL

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\
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WKH KHOL[ GHSWK DQG WKH ORDG LV WUDQVPLWWHG WR WE

ODULXSROVNLLHW DOKD&AHPMQP A 7VXKD $RNL

J)LIXUH J)DLOXUH VXUIDFH LQ PXOWL KHOL[ PRGHO DQFKRUV DIWHU OLW
E GHHS WRS KHOL]

7KH PHWKRGV IRU WKH SUHGLFWLRQ RI WKH KHOLFDO DQF
DSSURDFKHV RU HPSLULFDO UHODWLRQVKLSY 7KH PRVW FF
OLPLW VWDWH DQDO\WLV VXFK PHWKRGV DVVXPH WKH LQGL
7KHRUHWLFDO PHWKRGV EDVHG RQ WKH F\OLQGULFDO VKHD
IDLOXUH VXUIDFH LV PRELOL]JHG EHWZHHQ WKH WRS DQG V
GLVEXVVHG LQ WKLV GRFXPHQW VLQFH WKH FXUUHQW VWXG
DQFKRUV

,Q SUDFWLFH WKHVH WKHRUHWLFDO PHWKRGV DUH XViI

DQFKRUV VXFK DV WKH TXDQWLW\ DQG GLDPHWHU RI KHOLF

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

SHUNW DO VXJIJHVW WKDW ZKHQ SRVVLEOH HQJLQHHUV!

PHWKRGV LQ FRQMXQFWLRQ ZLWK LQVWDOODWLRQ WRUTX

,QGLYLGXDO EHDULQJ PHWKRG KHOL[ EHDULC

$FFRUGLQJ WR 7URILPHQNRY DQG ODULXSROVNLL
+fu IRU WKH FKDUDFWHUL]DWLRQ Rl VKDOORZ DQG GHHS
KHOL[ GLDPHWBO\ IRXQG YDOXHV RI WKH FJUMRYED C
DXWKRUV KDYH HYDOXDWHG WKH YDOXH Rl WKH FULWLED!
OLWVFK DQG &OHPHQFH UHSRUWHG D AR UWLHF®ICF B
DQFKRUV LQ VDQG ZLWK EHOWMIWHQH GH@WGLW\ 7URILPE
ODULXSROVNLL DQG 9HVLEF DUJXH WKDW WKH FU

VRLO VKHDU VWUHQJWK )LJXUH SUHVHQWYVY WKH YDOX|

JLIXUH &ULWLFDO HPEHGPHQW GHSWK D IXQFWLRQ RI WKH DQJO

*KDGIW DO SURSRVHG YDOXHV IRU WKH FULWLFDO KH

Rl IULFWLRQ DQG RQ WKHHKH®L GEDRISWWHG ADIQMH[LV

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

WUDQVLWLRQ JRQH EHWZHHQ GHHISWO QO VKUBOG REKIEMHYY LR X
FULWHULRQ WR GHOLQHDWH WKH ORZHU ERXQG IRU GHF
REVHUYHG LQ )LIJXUH 7KH OHWLDW/ SR R SGHE W HBQIQD (T

(T

+ 4oy IRU VKDOORZ DQFKRUV (T
+1 IRU GHHS DQFKRUYV (T

JLIXUH O9DULDWLRQ RI FULWLFDO GHSWK ZLWK DQJOHHNVRDOULFWLRQ DQ

TURILPHQNRY DQG ODULXSROVNLL ZHUH WKH ILUVW D
HISUHVVLQJ WKH XSOLIW KHOL[ EHDULQJ FDSDFLW\ RI D KHO

FDSDFLW\ IDFWRUV VLPLODU WR 7HU]DJKLYTVY EHDULQJ FDSDF

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

TowSF % ] (T

ZKHUH
TxowV WKH XOWLPDWH EHDULQJ SUHVVXUH

FLV WKH VRLO FRKHVLRQ

$DQ®UH EHDULQJ FDSDFLW\ GLPHQVLRQOHVV IDFWRU\

J LV WKH VRLO XQLW\ ZHLJKW

] LV WKH KHOL[ HPEHGPHQW GHSWK

J)LIXUH %HDULQJ FDSDFLW\ IDFWRUV IRU KHOLFDO DQFKRUV DI

OLWVFK DQG &OHPHQFH JURXSHG H[SHULPHQWD
DOQOFKRUV DQG KHOLFDO DQFKRUV [IURP YDULRXV DXWKR

IDFWIRURU KHOLFDO DQFKRUV LQ vVDQG )LJXUH 7TKXV

JLYHQ E\ (T

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

TowJul ul; (T

J)LIXUH %HDULQJ FDSDFLW\ IDFWRUV IRU KHOLFDO DQFKRUV LQ VDQG

JRU GHHS EHKDYLRXU KHOLFDO DQFKRUV OLWVFK DQ

GHWHUPLQH WKH VKDIW IULFWLRQ UHVLVWDQFH EDVHG RQ

7RPOLQVRQ IRU VKDIW UHVLVWDQFH RI SLOHV LQ VDQG

&OHPHQFH SUHVHQWHG YDOXHV IRU WKH ODWHUDO HDU'
I, T. WIDQ (T

ZKHUH

T LV WKH HIITHFWLYH DYHUDJH ®URRL & KKHH IHIAKMP HYHA R L FADk

OHQIYWK
JLV HITHFWLYH XQLW ZHLJKW Rl VRLO

LLY WKH JURXQG GHSWK

.xLV WKH ODWHUDO HDUWK SUHVVXUH FRHIILFLHQW LQ XS

GLV WKH LQWHUIDFH IULFWLRQ DQJOH

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

7TDEOHK YDOXHV UHFRPPHQGHG E\ OLWVFK DQG &OHPHQF

$QJOH RI LQWHWHTRPPHQGHG YDOXHV IRU
IULFWLRC KHOLFD(

7TKHUHIRUH WKH XSOLIW FDSDFLW\ RI D VLQJOH KH
FRPELQDWLRQ RI WKH KHOL[ EHDULQJ UHVLVWDQFH ZLWK

X (T
4'7 1;(0"0‘/$r< | IV u $/

ZKHUH
% LV WKH KHOLE®QWHSN DUHD
$v LV HIITHFWLYH VKDIW VXUIDFH DUHDHRUW R ARKOQVRMU AK \

DOQBLY WKH QXPEHU RI VKDIW VHIPHQWYV

JRXQGDWLRQV VXEMHFWHG WR F\FOLF D[LDO ORDGLQ

2YHU WLPH VRPH VWUXFWXUHV DUH VXEMHFWHG WF
PDJQLWXGH 7UDQVPLVVLRQ WRZHUV FKLPQH\V DQG RWK
RI ORDGLQJ DQG XQORDGLQJ F\FOHV GXH WR ZLQG DFV
VXEMHFWHG WR ZDYH DFWLRQ FKDUDFWHUL]HG DV D O
VHUYLFH OLIH 7KXV IRXQGDWLRQV DUH UHTXLUHG WR
IRXQGDWLRQ EHKDYLRXU XQGHU F\FOLF ORDGLQJV GLIIHU

$ TXDVL VWDWLF F\FOLF ORDGLQJ LV FKDUDFWHUL]HG
JHQHUDWHG E\ ORZ ORDGLQJ IUHTXHQF\ FDQ EH DVVXF

IUHTXHQFLHY WKH LQHUWLD IRUFHV DUH UHOHYDQW DQ

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

<RXG REVHUYHG QR LQIOXHQFH RI WKH ORDGLQJ IUHTXE
W R +] 7KH OLPLW EHWZHHQ TXDVL VWDWLF DQG G\QDPLF
ORDGLQJ DPSOLWXGH +RZHYHU DFFRUGLQJ WR :LFKWPD
GHSHQGHQFH LV GLVUHJDUGHG DQG WKH OLPLW EHWZHHQ
FRQVLGHUHG WR EH ZLWKLQ DERXW  +]

JRU WKH DQDO\VLV RI IRXQGDWLRQV XQGHU F\FOLF ORD(
F\FOLF ORDGLQJ DUH WK K QKRB H U X QFR\MRXHF PHBHDAO R D G

DQG WKH F\FO4FKFORNIOKWEKGHLOOXVWUDWHY WKHVH SDUDPHW

J)LIXUH &\FOLF ORDGLQJ $DVW DRHEWH DG DB3WHHG 7V XKD

,Q WKH FDVH RI DQFKRU JX\HG FDEOHV RI FHOO RU WUD(
DSSOLHG XQGHU 3QR ZLQG  FRQGLWLRQ: F,RU YHWKIRQ GV WHRL\
PLQLPXP YDOXH RI WKH WHQVLOH ORDG WKBRW PDKIQ WRERR U
WKH JX\ FDEOH VWUHWFKHG GXULQJ WKH WRZHU VHUYLFH OL

7KH D[LDO F\FOLF ORDGLQJ FDQ LQYROYH RQH RU WZR C
2: F\FOLQJ WKH ORDG LV DSSOLHG LQ RQO\ RQH ZD\ FRPS
7: F\FOLF ORDGLQJV WHQVLRQ DQG FRPSUHVVLRQ ORDG L

ORDG PD\ IROORZ GLIITHUHQW IXQFWLRQV H[KLELWLQJ OLQHLEL

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

BUHYLRXV LQYHVWLJDWLRQV KDYH GHPRQVWUDWHG \
GHJUDGDWLRQ LQ VKDIW UHVLVWDQFH DQG LQ VRPH VL
. XOKDZ\ $0 'KRXUL 3RXORW DO /H$JRRXMDWO /L
HW DO 7VHMWDDO E 7KRPDVVHQ (YHQ LQ VPDOO O
IDLOXUH KDV EHHQ REVHUYHG LQ RQH DQG WZR zZD\ F\FOL
&KDQ DQG +DQQD UHODWH WKDW IDLOXUH EDQ
PD[LPXP GRDRI RI WKH XOWLPDWH VWDWLF YDOXH
SUHVHQWY WKH UHVXOWV Rl PRGHO WHVWYV LQ VDQG LQG
WKH XOWLPDWH VWDWLF ORDG FDQ OHDG WR SI4@H IDLC
IDLOXUH RFEXUV ZLWKLQ DERXW  F\FOHV ,Q WKHVH H[S}
IDLOXUH ZDV FKDUDFWHUL]JHG E\ DQ LQFUHDVLQJ D
ZLWK LQFUHDVLQJ QXPEHUV RI F\FOHV 9DQ :HHOH
DFFXPXODWLRQ LV GXH WR FRQWLQXRXV UH DUUDQJHPH
3RXORYV WZR SKHQRPHQD UHODWHG WR F\FOLF D[LD
SLOH IRXQGDWLRQ D F\FOLF GHJUDGDWLRQ RU UHGXFW
E DFFXPXODWLRQ RI SHUPDQHQW GLVSODFHPHQW ZLWK L
$ GHVFULSWLRQ RI WKH VWUHVV VWUDLQ UHVSRQVH
]JRQHV ZDV SURSRVHG E\ -DUGLQH DV LOOXVWUDWE
SHUIHFWO\ OLQHDU SODVWLF EHKDYLRXU GHOIKQNDWHGG
VXUIBFIHDOOV ZLWKL Q/ XU DFWIAKHUH WKH VWUHVV VWUDL
WKRXJK IXOO UHFRYHUDEOH EHKDYLRXU LV REVHUYHG IR
-DUGLQH WKH VWUHVV VWUDLQ ORRSV W\SLFDOO\ |
HQHUJ\ LV WKRXJKW WR EH D UHVXOW Rl ORFDO \LHOGL(
$FFRUGLQJ WW DWKXKDORDG F\FOLQ< ZXWIOIEQ \BRHY QRW

VLIQLILFDQW VWUDLQ DFFXPXODWLRQ ,I WKH F\FOLF VKt

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

HIFHHGVY D FHUWDLQ WKYHAKKRDIGH YIDWO XIQ JDIHG WWKHH VRLO F
LUUHYHUVLEO\ DOWHUHG UHVXOWLQJ LQ VWLIIQHVYV DQG VI
VWUHVYV SDWKV PRYH RXW WVRZDWG W WK E Fa& DULIW KV WIKGIHVR I

LQFUHDVLQJO\ SODVWLF DQG LUUHFRYHUDEOH EHKDYLRXU 7

J)LIXUH OXOWLSOH \LHOGHWXDI®EH DIWHU 7DWVXRND

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

6WDELOLW\ RI SLOH IRXQGDWLRQV XQGHU D[LDO [

7KH QXPEHU RI F\FOHV RI ORDGLQJ QHHGHG WR SURY
PHDQ F\FOLF ORDG WKH F\FOLF ORDG DPSOLWXGH DQG V
RI WKH LQIOXHQFH RI F\FOLF ORDGLQJ HIIHFWV RQ VKDI
FRXOG EH UHSUHVHQWHG E\ DQ LQWHUDFWLRQ GLDJUDP

.DUO VWX GD O DQG 3RXORYV ZHUH SLRQHHUV LQ
GLDJUDPV )LJXUH LQ ZKLFK IRXQGDWLRQ F\FOLF VWD|
WKH PHDQ DQG F\FOLF D[LDO ORDGYVY RQ D SLOH ZHUH SO
VSHFLILHG QXPEBEHU RIDFFRPGIVFDOO\ VWDEOH JRQH $ LQ Z}
FDSDFLW\FDFWHWY LV REVHUYHG D PHWDVWDEOH JRQH
VRPH OLPLWHG UHGXFWLRGEWIOBRDOGF® SDFDL/ XDMWDEOH

F\FOLF ORDGLQJ UHVXOWYV 1LG\FIDLHOVXBH RHWWXH SLOH ZLWK

J)LIXUH ODLQ IHDWXUHV RI F\FOLF VWDELOLW\ GLDJUDP =

7KH UHVXOWYVY RI F\FOLF ORDG*FRQWUROOHG WHVWYV ¢
E\ $O0 'RXUL DQG 3RXORV VKRZHG IURP WKH WHVW\
SUHYLRXVO\ IDLOHG WKDW WKH F\FOLF UHVSRQVH LV EH

IDLOHG SLOHV WKH F\FOLF ORDGLQJ OHG WR IDLOXUH LQ

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

-DUGLQH DQG 6WDQGLQJ UHSRUW UHVXOWYV RI ILHOG
IXOO VFDOH SLOHV LQ VDQG IRFXVLQJ PDLQO\ RQ D[LDO VI
DQDO\WHVY UHSRUWHG E\ WKHVH DXWKRUV H[SORUHG WKH FR

F\FOLF ORDGL Q3ub&®RU GRAB YWY vwpoMe daX UH

JLIXUH , QWHUDFWLRQ GLDJUDP SUHVHQWHG E\ -DUGLQH DQG 6WDQGLC
GHJUDGDWLRQ RI SLOHV LQ VDQG XQGHU WHQVLOH F\FOLF ORDGLQJ DGD

$Q HYDOXDWLRQ RI WKH EHKDYLRXU RI GLVSODFHPHQW F
ORDGLQJ ZzDV SUHWHWHWWBGEE\LQVRROBGHO WHVWYV LQ D FDOLEL
F\FOLF LQWHUDFWLRQ GLDJUDP ZDV XVHG E\ WKHVH DXWKRL
UHVSRQVHVY 6WDEOH OHWD 6WDEOH DQG 8QVWDEOH F\FOLF
WKH QXPEHU RI F\FOHV QHFHVVDU\ WR SLOH IDLOXUH XQGH!
F\FOLF IDLOXUH RFFXUV ZKHQ

D DFFXPXODWHG Gb¥MSXODO+FHMAXQW®WU JUHDWHU WKDQ R

RU

E WKHUH LV D VKDUS LQFUHDBH LQ WKH GLVSODFHPHQW Ul

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

'LVSODFHPHQW UDWHYV DUH FRQVLGHUHG VORZ\FAOHY WU
DUH FRQVLGHUHG IDVW ZLWK D[LDO GLVSODFHPHQWYV RI
UHVSRQVHYV DUH
6WDEOH QR IDLOXUH RFFXUV EHIRUH F\FOHV -
GLVSODFHPHQW DFFXPXODWLRQ
8QVWDEOH IDLOXUH GHYHORSV ZLWK OHVV WKDQ f
OHWD 6WDEOH IDLOXUH LV REVHUYHG EHWZHHQ

GLVSODFHPHQWY GR QRW VWDELOL]JH DW VORZ UDWH\

J)LIXUH &\FOLF LQWHUDFWW @ GEDJUDP DIWHU 7VXKD

, QWHUDFWLRQ GLDJUDPV REWDLQHG IURP F\FOLF WH’
GULYHQ SLOHV WHQVLRQ LQVWDOGMGDIOR VDKV B UMHX WK
SHUIRUPHG F\FOLF WHVWYV LQ FHQWU YV IXO NFBFO DEHUDYYW V R/
GULYHQ SLOHV VXEMHFWHG WRHWH®@VLOB R MHG \WRID &DF

FULWHULD XMVWHG EO 7VKKDD WKH LQWHUSUHWDWLRQ RI VKD

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

$FFRUGLQJ WR DXHFK WKH IDLOXUH FULWHULD GHILQLWLRC
FRPSUHVVLRQ ORDGV LV PRUH FRPSOLFDWHG

$FFRUGLQJ WHRW%DQ]DGUMSODFHPHQWY DUH DFFRPSDQLHG
PRELOL]DWLRQ RI WKH SLOH WRH FDSDFLW\ WKHUHIRUH WKk
7KHUHIRUH WKH IDLOXUH FULWHULD VKRXOG EH GHILQHG L
DGGLWLRQ WKH FULWHULD FDQ EH DWWDLQHG LQ ERWK LQF
DFFXPXODWLRQ )LJXUH SUHVHQWY WKH GLVSODFHPHQW

UHSRUWHGIBA BRHFK

JLIXUH 'LVSODFHPHQW UDWH RI F\FOLF FRPSUHVVLRQ WHVWYV LQ F
3XHHAK DO DGDSWHG

6NLQ IULFWLRQ GHJUDGDWLRQ LQ RQH ZD\ F\FOLF OR

$FFRUGLQJ WR WKH ILQGLQJV RI PDQ\ UHVHDUFKHUV %R
/IHKDIKQW DO $O0 'KRXUL 3RXORW DO )RWRMINDYDQWH IHK
HW DO 0 R UMWY WDBO WKH VNLQ IULFWLRQ UHVSRQVH RI S|

LQIOXHQFHG E\

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

D WKH LQWHUIDFH IULFWLRQ DQJOH
E WKH YDULDWLRQ RI ODWHUDO VWUHVV ZKLFK LV JR®
LOQWHUIDFH YROXPHWULF EHKDYLRXU DQG WKH GHII
VKDIW
F WKH VWLIIQHVY LPSRVHG E\ WKH VRLO RQ WKH LQW
DQG GHIRUPDELOLW\ RI WKH VRLO
G WKH LQLWLDO VWUHVYV OHYHO ZKLFK LQIOXHQFHV W
H WKH W\SH RI ORDGLQJ PRQRWRQLF RI F\FOLF ZKLF
RI WKH vDQG DW WKH LQWHUIDFH
7KH VKDIW UHVLVWDQFH LV UHODWHG WR WKH VRLO °
IXQFWLRQ RI VRLO PLQHUDORJ\ VRLO GHQVLW\ VWUHVV
URXJKQHVYV )RUD\ 7KH UDWLR RI WKH GLODWDQW
UHVSRQVLEOH IRU WKH ODUJH VKDIW UHVLVWDQFH REVI

UHODWLYHO\ VPRRWK VWHHO SLOHV WKH GLODWDQW SUR

5HJDUGLQJ F\FOLF FRQGLWLRQV LQ VDQG %RZPDQ C
SHUWXUEDWLRQV PD\ DOORZ IULFWLRQ VOLSSDJH RI SDI
RQVHW RI YROXPHWULF GLODWLRQ GXULQJ VRLO FUHHS
WKDW ORZ OHYHO F\FOLQJ DFFHOHUDWHY WKH SURJUHVV
ORQJHU UHYHUVHG

'LWK UHVSHFW WR VDQG WWHBO L QREM H LDFAHS/ DO R D UWNDH
RI WKH VWP HW\Y WREZLRPSOLWXGH F\FOLQJ LQ FRQVWDQW
VKHDU WHVWV 7KHVH REVHUYDWLRQV DUH VLPLODU WR
BHVXUW DO DQG 'MiMR@O <RVKLPL DQG .LVKLGDHW DODQ

REVHUYHG KRPRJHQHRXV GHIRUPDWLRQV RI WKH

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

GLVSODFHPHQWY )RU KLJKHU YDOXHV RI VKHDU GLVSODFHPI
WKH LQWHUIDFH ZHUH REVHUYHG $00 RI WKHVH FLWHG DXW
DW ORZ DPSOLWXGHV OHDGLQJ WR D VWUHVV UDWLR LQFU
VWUHVV DQG UHVXOWYVY LQ D ORZHU GHJUDGDWLRQ UDWH

([SHULPHQWYV SHUIRUPHG RQ SLOH PRGHOV LQ FOD\ KDYH
UHVLVWDQFH RFFXUV ZKHQ WKH F\FOLF GLVSODFHPHQW H[FH

,QFUHDVLQJ F\FOLF GLVSODFHPHQW JHQHUDWHYV GHJUL

UHDFKLQJ D OLPLWLQJ YDOXH IRU FXPXODWLYH GLVSODFHPF
WKH ILUVW RU F\FOHV 3RXORV +

8UDHW DO UHSRUWHG WKURXJK FHQWULIXJH WHVWLQJ \
DQ XOWLPDWH YDOXH ZKHQ WKH SLOH KHDG GLVSODFHPHQW
PRGHO SLOH DQG UHGXFHG VLJQLILFDQMWW\DDLWKHUQ FLUHHD VL
WKDW WKH PDMRULW\ RI VNLQ IULFWLRQ UHGXFWLRQ RFFXU\
MDFNHG PRGHO SLOHV +RZHYHU 3RXORYV PHQWLRQV W!
FRQVLGHUDEO\ $FFRUGLQJ WR 3RXORYV WKH VKDIW UH
F\FOLF DPSOLWXGH GLVSODFHPHQW H[FHHGV WKH GLVSODFH
WHVW

%DVHG RQ WKH UHVXOWYV RI ILHO GiW HOW\R BWH WXHG' NN
SURJUHVVLYH GHQVLILFDWLRQ RI WKH VRLO DURXQG WKH Sl
DPSOLWXGH JUHDWHU WKDQ Rl WKH VKDIW UHVLVWDQFH
HITHFWLYH UDGLDO VWUHVVHV RQ WKH SLOH VRLO LQWHUID
QRUPDO VWUHVV RQ WKH SLOH VRLO LQWHUIDFH DV ZHOO DV

7TKH UHGXFWLRQ RI UDGLDO VWUHVYV GXULQJ SLOH LQVWI
FKDQJHV DQG VWUHVYV OHYHO ' $JXLDU ORGDUHVVL 6DQWR®

/IHKDQH DQG *DYLQ DQG 2Y.HOO\ UHODWH WKH IUL

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

QXPEHU RI VKHDULQJ F\FOHV GXULQJ WKH SLOH SHQHWU
FRPSDULQJ MDFNHG DQG GULYHQ SLOHV WKH UDWH RI
GULYHQ SLOHV H[SHULHQFLQJ KLJK EORZ FRXQWV 2Q WK
WKH UDWH RI GHJUDGDWLRQ VKRXOG EH FRQVLGHUDEO\ O
*DYLQ DQG 29.HOO\ UHSRUWHG WKDW F\FOLF ORD
UHVLVWDQFH RU EDVH VWLIIQHVV RI GLVSODFHPHQW SL:
UHVLVWDQFH RI PRQRWRQLFDOO\ LQVWDOOHG MDFNHG SL
UHVLVWDQFH VKRZHG ODUJH GHJUDGDWLRQ GXULQJ WKF
OHYHOV )XUWKHUPRUH WKH KRUL]JRQWDO HIIHFWLYH V
F\FOLFDOO\ ZHUH LQGLVWLQJXLVKDEOH DIWHU D UHODWL
SUDHWNY DO REVHUYHG WKDW WKH VKDIW UHVLVWDQ
ORDGLQJV H[KLELWHG JUHDWHU GHJUDGDWLRQ WKDQ LC
WKHVH DXWKRUV WKH VKHDU GHIRUPDWLRQ GXULQJ WKH
VWUHVYVY DURXQG WKH SLOH ZKLOH WKH XSOLIW PRYHPHQ
7KH F\FOLF ORDG DPSOLWXGH FDXVHV VLIJQLILFDQW L
UHVLVWDQFHHWHD®RXKREVHUYHG WKDW IULFWLRQ GHJUDG
GLVSODFHPHQW DPSOLWXGHV WHVWV FRQGXFWHG ZLWK
LQFUHDVH LQ VKDIW UHVLVWDQFH ZDV REVHUYHG DIWHI
6LPLODU REVHUYDWLRQVHAH DK PDGH E\ ' $JXLDU
7KH LQLWLDO VWUHVYVY OHYHO GRHV QRW LQIOXHQFH
VDQG ZLWKLQ WKH VKHDU J]RQH VXHWRRQGLQ@KHWVKHDSXMCK
UHSRUWHG WKDW WKH VNLQ I[ULFWLRQ GHJUDGDWLRQ H[FK
GLIIHUHQW PDQQHUV SUH MDFNHG PRQRWRQAHAD®O\ MDI
FRQFOXGHG WKDW LQGHSHQGHQWO\ RI WKH LQVWDOODWI

WHQG WR SURYRNH D VLPLODU GHFUHDVH LQ UDGLDO VWL

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

%YHKDYLRXU RI WKH SLOH EDVH UHVLVWDQFH LQ RQH

6WXGLHVY RQ SLOH EDVH UHVLVWDQFH XQGHU F\FOLF ORD
RI WKH EHKDYLRXU RI KHOLFDO DQFKRUV 7KH ODUJHVW FRQ
JLYHQ E\ WKH KHOL[ EHDULQJ UHVLVWDQFH VLPLODU WR V
REVHUYDWLRQV DERXW WKH GHJUDGDWLRQ RI SLOH EDVH
UHVLVWDQFH RI IRRWLQJVY FDQ EH XVHIXO LQ WKH VWXG\ RI

SRXORV DQG &KXD UHSRUWHG DQ HIIHFWLYH UHGXF)
IRRWLQJY WHVWYVY RQ VDQG DV D UHVXOW RI ODUJH DFFXPXO
VWUHVY OHYHOV 'XH WR WKH VFDQWO\ DYDLODEOH GDWD D\
WKH F\FOLF GHJUDGDWLRQ RI EDVH UHVLVWDQFH LQ F\FOLF I

ILHW DO REVHUYHG WKDW DOWKRXJK MDFNLQJ LQVWDOC
XQGHU WKH SLOH WLS D VRIWHQLQJ EHKDYLRXU RI WKH O]
GXULQJ GLVSODFHPHQW FRQWUROOHG F\FOLF ORDGLQJ RQ
VRIWHQLQJ LV FRPPRQO\ H[SHFWHG IRU SUH MDFNHG PRGHO
LQVWDOODWLRQ RI WKLV W\SH RI SLOH GRHV QRW LQGXFH VI
SUH MDFNHG SLOHV WKH VRIWHQLQJ LQ WKH SLOH EDVH UL
PRGHO EDVH DQG WKH VRLO GHYHORSHG GXULQJ WKH F\FOLT
PRGHO SLOHV WKH VRIWHQLQJ SKHQRPHQRQ RFFXUUHG DI\

PP IRU MDFNHG SLOHV DQG PP IRU SUH MDFNHG SLO
GLDPHWHU LQ SURWRW\SHV LQGLFDWLQJ WKDW WKH ODU.
IXUWKHU GHQVLILFDWLRQ RI WKH JRQH RI VDQG DW WKH ED\
LQGLFDWHG WKDW WKH VDQG VXEMHFWHG WR F\FOLF VKHDU
WKH QXPEHU RI F\FOHV XQWLO UHDFKLQJ D PD[DRRX GG QVLYV

$QVHOO %URZQHW DGSLUH\
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%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

'KHQ WKH VHWWOHPHQW LV ODUJHU WKDQ WPW IRU
DO REVHUYHG WKDW WKH SLOH EDVH UHVLVWDQFH LQ
REVHUYDWLRQV ZHUH HPWGHOE\DE G RXHEQ]DULD $FFR
.RXEHW DO WKH VRLO DURXQG WKH SLOH LV QRW UHPRX
7KHUHIRUH WKH F\FOLF ORDGLQJ FDXVHV VRLO GHQVLILF
VDQG SDUWLFOHY FRQWDFW DQG FRQVHTXHQWO\ D GHFU

,Q WZR ZD\ FHQWULIXJH W\P®MLF RENVWHWWY HBUDEH QFUHD \
UHVLVWDQFH ZKHQ D ZLQJ SLOH PRGHO VLPLODU WR D
SRVVLEO\ EHFDXVH WKH VDQG PRYHV EHQHDWK WKH EDV

GHQVLILHG GXULQJ WKH FRPSUHVVLRQ ORDG

3ODWH DQFKRUV LQ VDQG VXEMHFWHG F\FOLF ORDGL

30DWH DQFKRUV DUH XVHG WR VXSSRUW VWUXFWXUH)\
GRFN IORRUV WUDQVPLVVLRQ WRZHUV DQG RIIVKRUH VW
FRPSULVHG RI D KLJK VWUHQJWK URG IL[HG WR D SODWH
WKH UHTXLUHG GHSWK IROORZHG E\ EDFN ILOOLQJ DQG F
IURP KHOLFDO DQFKRUV IRU ZKLFK WKH VRLO DURXQG W
LQVWDOODWLRQ 7KH DQFKRUJV LQLWLDO FRQGLWLRQ ED
IRU SUH VWUHVVLQJ WKH DQFKRUV OLHV LQ WKH EHOLHI
DGYHUVH HIIHEFWV Rl UHSHDWHG ORDGLQJV +DQQD 6LYD
F\FOLF ORDGLQJV GHDG DQFKRUV H[KLELW QRQ UHFRYH
ZLOO GHSHQG SULPDULO\ RQ WKH ORDG UDQJH IRU D SDL
ORDGV DUH DSSOLHG D SURJUHVVLYH PRGLILFDWLRQ RI

UHVXOWLQJ LQ D FKDQJH LQ WKH DQFKRU EHKDYLRXU +D

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

&\FOLF WHVWYV FDURWHIBOR XR\Q AR BGHDG DQFKRUV LQ
WKDW WKH DQFKRU H[SHULHQFHV ODUJH GLVSODFHPHQWYV
SHUPDQHQW GLVSODFHPHQWY ,Q D EL ORJDULWXKHU¥XSORW Z
WKH QXPEHU RI F\FOHV WKH DXWKRUV REVHUYHG D GHFUH
DEFXPXODWLRQ :LWK DQ LQFUHDVH LQ WKH QXPEHU RI
DEFXPXODWLRQ GHFUHDVHV EXW GRHVY QRW FHDVH DQG IDL
REFXUV 7KH F\FOLF ODERUDWRU\ WHVWV FRQGXFWHG E\ 3H
ILQH VDWXUDWHG VDQG VKRZHG D FRQWLQXRXV DQFKRU GL\
RI 47

7KH DQFKRU SUH VWUHVVLQJ GXULQJ WKH SURRI ORDGLQ.
VWLIIHQ WKH DQFKHRRW BO/WBIOVRO@YBVWLIDWHG WKH HIITHFW
DQFKRU ZLWK RI WKH DQFKRW® WEELIREYEESPAGWWKDW SU
QRW SURGXFH DQ\ SHUPDQHQW VWLIIHQLQJ HIIHFW ,Q FRQV

F\FOHV ZLWK WKH DSSOLHG ORE®G LIV IYIQU\ILED QUR R WH U

ZDV QRWLFHG LQ WKH IROORZLQWFE\HMR ORDGLQJ IURP 4
+DQQD DQG $0 ORVDZH VKRZHG WKDW WKH XVH RI |
UHGXFHV WKH GLVSODFHPHQWY XQGHU WKH ILUVW F\FOLF
GXUDWLRQ E\ GHFUHDVLQJ WKH SHUPDQHQW GLVSODFHPHQ
GHDG DQFKRUV +DQQD DQG $0 ORVDZH DOVR QRWLFHG
ORD&HSNogWHQG WR EH PRUH VHYHUH L H D F\FOLFLORDGLQJ
JHQHUDWH JUHDWHU DFFXPXODWHG\BQ VS ORMDHGAHIWY WKDQ |

%HDUG SURSRVHG FRQWRXUV OLPLWLQJ WKH QXPEHL
SUHYHQW IDLOXUH GXH WR F\FOLF FUHHS DIQEBRXBDHVY Wi
F\FOLF DPSOLWXGH; BBQHEHWKDRUHG %DVHG RQ H[SHULPF

$QGUHDGLY DQG +DUYH\ SURSRVHG D K\SHUEROLF HTXD

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

XQGHU F\FOLF ORDGLQJV ,Q WKH FDVH LQ ZKLFK WKH S
SUHYLRXV F\FOLF ORDGLQJ LV NQRZQ WKHVH DXWKRUV I
F\FOLF PRYHPHQW UHODWLRQVKLS

SHIDUGLQJ WKH XSOLIW UHVLVWDQFH RI ZLQJ SODWE
ORDGLQIJMWBDODEHIHSRUWHG D VLIJQLILFDQW GHFUHDVH LC(
SLOHV ZLWK VPDOO ULQJ DUHD XQGHU F\FOLARPRKLVQODF
SURWRW\SH YDOXHYV 7KLV GHFUHDVH ZDV FDXVHG E\ WEK
subew DO DOVR VKRZ WKDW WKH VKDIW UHVLVWDQFH F
WKH PRGHO SLOH IRU F\FOL&F @®@PVSKARZHYRHHUQ WRUOBGINVYVIWH D
DPSOLWXGHV WKH ZLQJ SODWH FRQWUROV WKH F\FOLF W

&KRHAW DO HPSOR\HG D PDFUR HOHPHQW PRGHOOLC
EHKDYLRXU REVHUYHG LQ F\FOLF WHVWV RQ SODWH DQ
DOORZDEOH FRPELQDWLRQ RI KRUL]JRQWDO ORDG + YHU
DQFKRU LV UHSUHVHQWHG E\ D VXUIDFH LQ WKH +9 97 C
HITHFWV RI F\FOLF ORDGLQJV DGGLWLRQDO IHDWXUHV V
H[SHULHQFHV F\FOLF ORDGLQJ WKH GHQVLW\ DQG IDEUL
\LHOG VXUIDFH 7DWVXRND -DUGLQH /R 3UHVWL 'L %F
EHKDYLRXU ZDV GHYMWUD®OHG ELWKRZKH DQFKRUV H[KLELW
GHQVLW\ DQG IDEULF FDXVLQJ DQ H[SDQVLRQ RI WKH ER.
HITHFWV RI GHQVLW\ DQG IDEULF FKDQJHV WHQG WR GLV
VLWXDWLRQ LQ ZKLFK ERWK ERXQGLQJ DQG PHPRU\ VXUII

&KRZ 2 /RXJKOLQ &RUWL *DXGLQ 'LDPEUD
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J)LIXUH 'LVSODFHPHQW UDWH RI F\AFOLF FRPSUHVVLRQ WHVWYV RQ ERI
VXUIDFH LQ WKH + 9 0 VBWMHBD DIWEBDXIWHBGHU

&\FOLF EHKDYLRXU RI KHOLFDO DQFKRUV LQ VDQG

7KH LQIOXHQFH RI F\FOLF ORDGLQJV RQ WKH VNLQ IULF
DGGUHVVHG E\ PDQ\ VWXGLHV LQ WKH OLWHUDWXUH $OVR V
HYDOXDWHG E\ WULD[LDO WHVWV RQ XGHWRDP VDPBQEV $F
UHVSRQVHV WR PRQRWRQLF DQG F\FOLF VKHDULQJ GHSHQG |
VWUHVVHVY DQG GHJUHH RI VKHDULQJ

)RU KHOLFDO SLOHV WKH F\FOLF IDLOXUH Rl WKH VRLO
FRPSUHVVLYH F\FOLF ORDGLQJ FRXOG EH HYDOXDWHG ZLWK
XQGHU WKH ERWWRP SODWH +RZHYHU WKH F\FOLF UHVSRC
RQ WKH VKHDU UHVLVWDQFH RI D VRLO GLVWXUEHG DERYH W

(O 6KDUQRXE\ DQG (O 1DJJDU SUHVHQW UHVXOWV RI
KHOLFDO SLOH $FFRUGLQJ WR WKH DXWKRUV WKH SLOH VW
ORDG DQG D PD[LPXP ORDG UHVSHFWLYHO\ HTXDOV WR
,PSURYHPHQW RI WKH PRQRWRQLF ORDG GLVSODFHPHQW L
SHUIRUPHG ORDG F\FOHV RFFXUULQJ DQ LQFUHDVH LQ VWLII

7KH PRVW SURPLQHQW IHDWXUH RI KHOLFDO DQFKRU XS

WKH GLVWXUEHG VRLO LQ WKH F\OLQGHU DERYH WKH SODWI!

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

F\FOLF ORDGLQJV WKH UHVLVWLQJ IRUFHV DUH FRQFHQV
GLVWXUEHG VRLO 7KHUHIRUH WKH F\FOLF UHVSRQVH RI
UHVLVWDQFH EHWZHHQ GLVWXUEHG VRLO DQG LQWDFW VI

BUREDEO\ DIWHU D FHUWDLQ QXPEHU RI ORDGLQJ F
DPSOLWXGH LQ RQH ZD\ F\FOLF LQ WHQVLRQ WKH GL
GHQVLILHG ,Q WZR ZD\ F\FOLF WHQVLRQ DQG FRPSUHV\
GHQVLILEFDWLRQ RI WKH VRLO GLVWXUEHG DERYH WKH St
SODWH ,Q WKDW ZD\ WKH EHKDYLRXU RI KHOLFDO DQFKR

BUHYLRXV VWXGLHV RQ KHOLFDO DQFKRUV KDYH U
GHJUDGDWLRQ RQ ERWK FRDUVH JUDLQ DQG ILQH JUDLQ \
KRULJRQWDO VWUHVV REFXUV GXULQJ WKH F\FOLF ORDG
IURP WKH HGJH Rl WKH KHOL[ WR EHORZ WKH KHOL[ GXU
VLIJQLILFDQW UHGXFWLRQ LQ WKH DQFKRUfV FDSDFLW\ R
FDVH RI DQ H[SHFWHG LQIORZ Rl VRLO LQWR WKH FDYL)
PHQWLRQHG WKDW WKH OLPLWLQJ YDOXH RI WKH DSSOLE
EHWZHHQ DQG RI WKH DQFKRUYTV XSOLIW FDSDFLW\ L

RI WKH XSOLIW FDSDFLW\ LQ WZR ZD\ F\FOLF ORDGLQ

LQFUHDVHG WKH VWLIIQHVYV RI WKH VRLO DQFKRU V\VWHP

$FFRUGLQJ WR &HUDWR DQG 9LFWRU F\FOLF ORD
ORDG UDWLR PD\ VLIJQLILFDQWO\ LQFUHDVH XSOLIW FDSD
ORDGLQJ LV SHUIRUPHG WKH DQFKRUV FRXOG SUHVHQW |
$ JHQHUDO UHFRPPHQGDWLRQ LV WR NHHS F\FOLF ORDGV

DQFKRU WR PLQLPL]H ORQJ WHUP FUHHS &HUDWR 9LFWHF

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\
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&\FOLF ORDGLQJ zZzDV REVHUYHG WR LPSURYH WKH XOW
SUHVHQWHG E\ %XKOHU DQG &HUDWR 7TKH KHOLFDO DC
VHULHV RI WZR F\FOLF ORDGLQJV ZLWK DQG RI 'V
$FFRUGLQJ WR WKHVH DXWKRUV WKH GHQVLILFDWLRQ RI W
ORDGLQJ LV WKH PRVW OLNHO\ HITHFW WR H[SODLQ WKH FD:
DPSOLWXGH ZDV REVHUYHG WR FDXVH PRUH LQIOXHQFH RQ
PD[LPXP ORDG 'HJUDGDWLRQ RI VNLQ IULFWLRQ LV EHOLHYF

RI EDVH UHVLVWDQFH KRZHYHU OLWWOH FRQFOXVLYH GDWL

3K\ VLFDO PRGHOOLQJ LQ FHQWULIXJH

)XOO VFDOH ILHOG WHVWV DUH H[SHQVLYH DQG JHQHUDO
W LV GLIILFXOW WR UHSURGXFH FORVHO\ FRQWUROOHG W
7KHUHIRUH SDUDPHWULF DQDO\VHV RI IRXQGDWLRQV DQG D
UHGXFHG VFDOH PRGHOV 6RPH H[SHULPHQWDO WHFKQLTXHV

D H[SHULPHQWYV XQGHU QRWXD & KKHDYPBOH UHGXFWLRQ R

E H[SHULPHQWY LQ D FDOLEUDWLRQ FKDPEHU

F HISHULPHQWY LQ D JHRWHFKQLFDO FHQWULIXJH

$FFRUGLQJ WR +HWWROBHO WHVWVY DUH D XVHIXO WRI
PHEKDQLVPV DQG VOLS VXWDEFHNOHR PRGHO VWKBIQQRW UH
EHKDYLRXU LQ JHRWHFKQLFDO SUREOHPV WKDW DUH KLJKO\
WKH OHYHO RI JHRVWDWLF VWUWHYWBX PMIGD AR BHB W B 8 HR\GLXF
OHVV WKDQ WKH ILHOG VWUHVV FRQGLWLRQV .LPuJ .LP
PRGHOV JHRWHFKQLFDO FHQWULIXJHV DUH FRPPRQO\ XVHG

OHYHO 7VXKD 7KRUHO SDXOW

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

$ FHQWULIXJH LV HVVHQWLDOO\ D VRSKLVWLFDWHG OF
7D\ORU ([SHULPHQWYV ZLWK VPDOO VFDOH PRGHOV
DV WKH SURWRW\SH DQG UHSURGXFH WKH VDPH ILHOG F
*DUQLHU ,Q FHQWULIXJH PRGHOOLQJ WKH LQWHQV
FHQWULIXJDO DFFHOHUDWLRQ PXVW EH LQYHUVHO\ SU|
PDOQXIDFWXUHG PRGHO &RUWPD $FFRVEDQ B GV R RGH
DSSOLHG FHQWULIXJH DMAHGHNUW WH RH® VWRX® G WEHY LW\ *LC
7KH VFDOLQR@PWRUV,LFDO SDUDPHWHU ;p 1NQ WWKKHH WPIRVGLHRC
WKH YDOQXHNKH SURWRW\SBK\WVLFDO V\VWHPV PXVW VDWL)\
Rl G\QDPLFV WKXV WKH GLPHQVLRQDO DQDO\VLV RI SK

VLPLODULWLHYV

(T
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[/ UW (T
ZKHUH

VLV WKH VFDOLQJ IDFWRU IRU VWUHVVHYV
ULV WKH VFDOLQJ IDFWRU IRU EXON GHQVLW\

JLV WKH VFDOLQJ IDFWRU IRU PDVV IRUFHYV

oLV WKH VFDOLQJ IDFWRU IRU GLVWDQFH PHDVXUHYV
[/ LV WKH VFDOLQJ IDFWRU IRU GLVSODFHPHQWYV

WLV WKH VFDOLQJ IDFWRU IRU WLPH

7KH UHODWLRQVKLSY SUHVHQWHG LQ (T DQG (T F
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) W
U o

(T

$V VRLO EHKDYLRXU GHSHQGV RQ WKH VWUHVYV KLVWRU\
PRGHOV PXVW EH VXEMHFWHG WR WKH VDPH VWUHVV VWDWF

OHDGV WR WKH IROORZLQJ FRQGLWLRQ 7D\ORU

% (T

7TDEOH SUHVHQWYV WKH VFDOLQJ ODZV GHULYHG IURP W

7TDEOH 6FDOLQJ ODZ )XJOVDQJ 2YHVHQ
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6FDOH HIIHFWYV

&HQWULIXJH PRGHOOLQJ DOORZV IRU SDUDPHWULF VWXG|
FRVW FRPSDUHG WR IXOO VFDOH WHVWYV )RU WKLV UHDVRC
VXFFHVVIXOO\ WR LQYHVWLJDWH WKH SHUIRUPDQFH RI SODW

7DJB\W DO DQG KHOLFDO DQFKRUW WHD® V TXHHI/Q 7V X
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%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

DO :DQW DO +RZHYHU WKH RFFXUUHQFH RI VFDO}
UHVXOWYVY RI PRGHO H[SHULPHQWYV RI JHRWHFKQLFDO SUR
7KH UHGXFHG VFDOH RI PRGHOV FDQ LQGXFH VFDOH
%DODFKRZVNL 'LODWLRQ URXJKQHVV DQG JUDLQ
JUDQXODU VRLOV DQG WKH VPDOOHU WKH PRGHO LV WK
PRGHO FDSDFLW\ .OLQNYRUW +HGHGDO 6SULQJPDQ
FDSDFLW\ RI D GHHS VLQJOH KHOL[ DQFKRU LV WKH VXP
EHDULQJ FDSDFLW\ IRU WKH FHQWULIXJH VLPXODWLRQ R

YHULI\ WKH RFFXUUHQFH RI VFDOH HIITHFWV RQ WKH UHVX

SDUWLFOH VL]H HIITHFWV RQ VKDIW UHVLVWD(

7KH SDUWLFOH VL]H HIITHFW RQ WKH VKDIW UHVLVWD (
IRUPDWLRQ DORQJ WKH VKDIW 7KH VKHDU ORFDOL]DWLTF
WULD[LDO WHVWV 'HVUXHYV DQG LQ GLUHFW VKHDU
WKLFNQHVYV RI WK VKHDMMKEBDIDZ HRIRI VDQG SLOH LQWHUI
GLODWDQW ]JRQIB LYVQEBHYKBQBWHWQW RI WKH VKDIW GLDPHW
<RVKLGD DQG 7DWVXRND REVHUYH WKDW WKH VKHDI
VLIH DQG LV FRPSULVHG RI EHWZHHQ DQG WLPHV WK
PHOQWLRQ WKDW WKH VKHDU EDQG WKLENQHVYV LV XV

$Q DGHTXDWH PRGHO VLPXODWLRQ RI SLOH VDQG LQ'
PLQLPXP UDWLR EHWZHHQ SLOH VKDIBGGLPWHYW.HRX\D § &/ DG
VFDOLQJ HIIHFW RQ VKDIW IULFWLRQ KD Y& G YRVBNW VDIDG
UHSRUW WKDW SDUWLFOH VBG]i& LM | HEFMDMWBHBWHWXHID L J

DQG .|QLJ DIILUP QR VLJQLILF® GWVJO D UQHWL MKHDIQH F\
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PRGHOV ZLWK D URXJK VKDIW )LRUDYDQWH FRPPHQWYV
IRG GJUHDWHU WKDQ  WR GHVSLWH WKH GLVSHUVLRQ RE

7KH UHFRPPHQGDWLRQV Rl WKH DIRUHPHQWLRQHG VWX
PRGHOOLQJ SLOH VKDIW UHVLVWDQFH LQ VDQG PD\ QRW EH
KHOLFDO DQFKRU PRGHOV GXH WR LQVWDOODWLRQ HIIHFWV
DQFKRU LV SHQHWUDWHG LQWR WKH VRLO E\ URWDWLRQ DQ
ZLWKLQ WKH F\OLQGULFDO LQVWDOODWLRQ JRQH DURXQG \

HITHFWYV

SDUWLFOH VL]H HIITHFWV RQ SODWH EHDULQJ FDS

6LQFH WKHUH LV QR VWXG\ DYDLODEOH RQ SDUWLFOH VL
RI KHOLFDO DQFKRU PRGHOV WKH UHFRPPHQGDWLRQV R
LQYHVWLIJDWLRQV RQ IRRWLQJV DQG RQ S®GIWBODQWNRRUV LG
GHILQH WKH PLQ@PXPVUPOWIWH GLDPHWHU WR SURYLGH D VI
KHOLFDO SODWH EHDULQJ UHVLVWDQFH

,Q WKH H[SHULPHQWMV RDO<DRDPRIXFKILHUHQFH ZDV REVHU>
EHDULQJ FDSDFLW\ IDFWRU DQG ORDG VHWWOHPHQW UHVSR:
IRXQGDWLRQ ZLGWK WR DQ DYHUDJH JUDLQ VL]H JUHDWHU W
HITHFWV LQ FHQWULIXJH WHVWV RQ IRRWLQJ PRGHOV LQ VD
IRRWLQJ PRGHO GDDBHWGWRBQVFDOH HIIHFW ZDV REVHUYHC(
SUHVHQWHG H@ TOONMXRKBZHG VLPLODU UHVXOWV EHWZHHC
' G D UDWLR RI DQG /D X REVHUYHG QR HYLGHQFH F

IRRWLQJ PRGHO¥GLQDMIORY 2AULMNMKILQJ IURP WR
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%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

7KUHH GLIIHUHQW VFDOHV RI VITXDUH SODWH DQFKRU
VDQGOHYHOV UDQULWRIIURP WKLV FLWHG ZRUN QR VEDOF
PRGHOV ZLWK D UDWLR % HDWQGHBQ P RiG b ON A QMDA HU VW KD Q

JURP WKH DIRUHPHQWAGR QD& LVRWX GU H D W HUJ WK D Q Q
DQFKRU RU IRRWLQJ UHVSRQVH ZDV R&GVRIWEHGD WRR HY F
DYRLG VFDOH HIIHEWV LV VWLOO XQNQRZQ DV WKHUH LV
DQFKRUWWXWIQULRY VPDOOHU WKDQ

,Q WKH FDVH RI SODWH DQFKRU PRGHOV WHVWHG LQ
SODFHG LQ WKH FRQWDLQHU DIWHU WKH SODWH LQVWDO
RQ KHOLFDO DQFKRUV WKH KHOLFDO SODWH LV SHQHWUL
DQG FRQVHTXHQWO\ VLJQLILFDQW GLVWXUEDQFH RFFXUV
DQFKRU $OVR WKH UDQJH RI WKH UDWLR EHWZHHQ SOD
XVXDOO\ ORZHU WKDQ WKH UDWLRV XVHG IRU SODWH DQF
FRXOG UHVXOW LQ GLIIHUHQW & DECHHHW RD WIKWMRP D@ RP &PV B

KHOLFDO DQFKRU WHVWY FRPSDUHG WR WKH FDVH RI SOD

6FDOH HIIHFWV RQ KHOLFDO DQFKRU PRGHO W

7KH YDOXHV IR'UGW KK DIWMDMW LR\DPHWHU DY BU®G YHK DJIWD L C
GLDPHWHU DYHUDJH JUDLQ VL]H REVHUYHG LQ SUHYLRX
EHDULQJ SODWH UHVLVWDQFH DQG VKDIW UHVLVWDQFH I
WKH KHOLFDO DQFKRU PRG Q@ W PRQ VLR VW XJ UHBWHI® FR
+RZHYHU WKH VKDIW I[ULFWLRQ UHVLVWDQFH FRUUHVSRQ
Rl D KHOLFDO DQFKRU LQ VDQG 7KHUHIRUH VFDOH HIIHF

FRPSDUHG WR WKH VFDOH HIITHFWV RQ WKH KHOL[ EHDULQ
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&HQWULIXJH PRGHO LQYHVWLJDWLRQV RQ KHOLFDO DQ
VLPXODWLRQV RI DQFKRU EHKDYLRXU ZLWKRXW LQIOXHQF
UHODWLRQVKLSY EHWZHHQ JUDLQ DQG PRGHO VL]H VKRXOC
DFFXUDWH UHSURGXFWLRQ RI SURWRW\SH DQFKRU VRLO LQV
KHOL[ VKDIW VRLO LQWHUDFWLRQ LV LQIOXHQFHG E\ WKH JU|

7KH VFDOH HIIHFWV RQ VKDIW IULFWLRQ RI KHG@LFDO DQF
VLPLODUO\ WR WKH FDVH RI UHJXODU SLOHV +RZHYHU WKH
DQG UHFRPPHQGHG WR SUHYHQW VFDOH HIIHEFWV RQ PRGHC
VLPXODWLRQ RI VKDIW UHVLVWDQFH RI KHOLFDO DQFKRUYV
GLODWDQW JRQH LV LQIOXHQFHG E\ WKH SUHYLRXV LQVWDO

,Q WKH FDVH RI KHOL[ EHDULQJ UHVLVWDQFH LW LV Q
FRPSRQHQW VXFK DV WKH KHOLFDO SODWH GLDPHWHU RU
UHODWHG WR SDUWLFOH VL]H HIIHFWV ,Q WKH FDVH RI SODYV
DQG WKH DYHUDBJHVIXDXQ OQJHKKVHG WR HYDOXDWH VFDOH H
EHWZHHQ SODWH DQG VKDIW GLDPHWHUV LV PXFK EHWWHU |
DQFKRUV ,Q WKH FDVH RI KHOLFDO DQFKRUV WKH QHW S
WKHUHIRUH WKH UDWLR BHB2ZFDH® RWOHRH UK EWWW SDUDPF
WKH SDUWLFOH VL]H HIIHFWV RQ KHOL[ EHDULQJ UHVLVWDQF

7KHUHIRUH WR DGGUHVV WKH QHHG WR H[DPLQH WKH VF
PRGHOOLQJ RI KHOLFDO DQFKRUV LQ VDQG LQ WKH FXUUHQ
LQYHVWLIJDWH WKLV SUREOHP 7KHVH WHVWV ZHUH SHUIRUPI
GHFLVLRQ UHJDUGLQJ WKH RSWLPDO GLPHQVLRQV RI WKH LC

GLDPHWHU WR EH IDEULFDWHG IRU F\FOLF WHVWYV

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

0$7(5,$/6 $1' 0(7+2'6

7KLY FKDSWHU SUHVHQWY WKH PDWHULDOV DQG PHW
KHOLFDO DQFKRU EHKDYLRXU XQGHU F\FOLF ORDGLQJ )F
SHUIRUPHG ODERUDWRU\ PRGHO WHVWV LQ FHQWULIXJH
PRGHO ZzDV GHYHORSHG LQ RUGHU WR VLPXODWH WKH SU
DOQFKRUV WHVWHG LQ FHQWULIXJHYV 7KHUHIRUH WKLV

FHQWULIXJH PRGHOOLQJ ILHOG WHVWYV DQG QXPHULFDO

&HQWULIXJH PRGHOOLQJ

7KH FHQWULIXJH PRGHOOLQJ WHFKQLTXH ZDV XVHG W
ZLWK GLIIHUHQW DPSOLWXGHV RQ WKH KHOLFDO DQFKR!
SDUWLFOH VL]H HIIHFWV LQ SK\WLFDO PRGHOOLQJ RI K
LQYHVWLIJDWLRQV WKH VDQG VDPSOH UHFRQVWLWXWLRGC
XQFHUWDLQWLHY UHODWHG WR WKH VDQG VDPSOH FKI
UHFRQVWLWXWHG WKURXJK WKH VDQG UDLQLQJ PHWKRG |
WKH YDULRXV WHVWHG VDPSOHYV

,QVWDOODWLRQ DQG ORDGLQJ WHVWV RQ WKH KHOLFD
FRQWUROOHG K\GUDXOLF DFWXDWRU WKDW DOORZV FDUL
UDWH RU WKH GLVSODFHPHQW UDWH

7KH FHQWULIXJH H[SHULPHQWY ZHUH SHUIRUPHG LQ V

7KLV FHQWULIXJH KDV D PD[LPXP UDGLXV RI P D¢
LQVWDOODWLRQ RI D FRQWDLQHU ZLWK PLQ OHQJWK
ZLWK SD\ORDG RI N1 IRU HTBH UH[SHQWRHDRDW Y IRU WKLV

WK FHOQWULIXJH DFFHOHUDWLRQ DSSOLHG WR WKH KHOI

WKH GLVWDQFH EHWZHHQ WKH FHQWULIXJH VSLQ D[LV D

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

ubGLXV RI WKH FHQWULIXJH DFFHOHUDWLRQ DV SUHVHQW

,)677%$5 JHRWHFKQLFDO FHQWULHWH 6DQ EH IRXQG LQ 7KRUH

JLIXUH ,)677%$5 JHRWHFKQLFDO FHQWULIXJH

JLIXUH &HQWULIXJH DFFHOHUDWLRQ UDGLXV DIWHU 7V XKL

6DQG VDPSOH UHFRQVWLWXWLRQ

7KH FHQWULIXJH H[SHULPHQWY ZHUH FDUULHG RXW LQ |

WKURXJK WKH UDLQLQJ GHSRVLWLRQ WHFKQLTXH LQVLGH

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

WHEKQLTXH WKH VDQG LV SODFHG LQ DQ DXWRPDWLF Ki
XQLIRUP VDQG UDLQ RYHU WKH VWURQJER[ )LJXUH 7K
VDQG LV GHSRVHG LQ WKLQ OD\HUV RQ WKH ERWWRP RI V
FRQVWDQW ZKLOH WKH KRSSHU SDVVHV RYHU WKH VWURGC
ZHOO DV WKH UDWH RI IORZ E\ VHWWLQJ WKH KRUL]JRQW
SURFHVV LV NQRZQ IRU SURYLGLQJ KRPRJHQRXV VSHELI

eV OLXUD 7RNL 7KH ILQDO GLPHQVLRQV
PP LQ OHQJWK PP LQ ZLGWK DQG PP LQ GHSWK 7R

WZR FDOLEUDWHG ER[HV ZHUH SODFHG RQ WKH ERWWRP F

KRSSHU

GHWW%:RUV\»

VWURQJER]

JLIXUH 6DPSOH UHFRQVWLWXWLRQ

7KH FHQWULIXJH WHVWYV ZHUH SHUIRUPHG LQ GU\ +1
LQGH[ UDQJLQJ IURP W R +1 +RVWXQ VDQG LV D Il
DQJXODU SDUWLFOHV VDQG H[WUDFWHG LQ +RVWXQ )UD
LQYHVWLIJDWLRQV DQG LWV SK\VLFDO SURSHUWLHV DUH

7TDEOH OLVWYV WKH PDLQ FKDUDFWHULVWLFV RI +1

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

QR GLVWLQFWLRQ ZLOO EH PDGH EHWZHHQ WRWDO DQG HIIH
XVHG WR DFKLHYH D VDQG VDPSOH ZLWK VXFK UHODWLYH ¢
KHLIJKW PP KRULJRQWDO VSHHG FP V FRUUHVSIH
IUHTXHQF\ URXQG WULS PRYHPHQWYV $ YHULILFDWLRQ

DFFRUGLQJ WR WKH SOXYLDWLRQ SDUDPHWHUY DUH SUHVHQ

7TDEOH +1 +RVWXQ VDQG PDLQ FKDUDFWHULVWLFV

6SHFLILF JUDYLW\ RI WKH WDQG SDUWLFOHV
OD[LPXP GU\ XQLW\ ZHLJKW g\NobP

OLQLPXP GU\ XQLW\ ZHLJKW gNlo P

OD[LPXP YRLG UDWLR Ho|

OLQLPXP YRLG UDWLR HLo

$YHUDJH JUDLQ VL]H PP G

&RHIILFLHQW RI XQLIRUPLWS&s

7HUQHW LGHQWLILHG LQKRPRJHQHRXV ]JRQHV LQ |
,)677%$5 FDXVHG E\ ERXQGDU\ HIIHFWV 7KH GHQVLW\ RI WK
SOXYLDWLRQ LV DIIHFWHG E\ WKH VWURQJER[ ZDOOV LQ D

FP ZLGH VWULS DORQJ WKH VKRUWHU VLGH )LJXUH

J)LIXUH 6DQG VDPSOH XVDEOH ]JRQH GLPHQVLRQV LQ PP DIWHU

'LUHFW VKHDU DQG WULD[LDO WHVWV ZHUH SHUIRUPHG
, 7KH vDQG VSHFLPHQV IRU WKH GLUHFW VKHDU WHVWYV

WKH vDQG VSHFLPHQV XVHG LQ WKH WULD[LDO WHVWYV ZHU]I

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

LQWHUQDO |WBAFREWDLRDEGOHRP GLUHFW VKHDU WHVWYV Z
YDOXHV ,Q WKH WULD[LDO WHVWVY WKH LQWHUQDO IULFV

7TKHVH WHVWYV DUH GLVFXVVHG LQ PRUH GHWDLO LQ WKH

THVW V\VWHP

,Q FHQWULIXJH LQVWDOODWLRQ DQG ORDGLQJ ZHUH
IL[HG RYHU D VDQG FRQWDLQHU $V LOOXVWUDWHG LQ )L
FRQWUROOHG V\VWHP WR URWDWH WKH KHOLFDO DQFKR
OLVWHG LQ WKH $SSHQGL[ . D WRUTXHPHWHU ZDV XVHC
D 7KH YHUWLFDO GLVSODFHPHQW DQG WKH YHUWLFDQ
IRUFH WUDQVGXFHUV UHVSHFWLYHO\ 7KH UHJLVWUDWLR
ZDV FRPSOHWHG WKURXJK DQ DXWRPDWLF GDWD DFTXL
VZLQJLQJ EDVNHW 7KH GDWD DFTXLVLWLRQ IUHTXHQF\ Z

WKH PHDVXUHPHQW V\VWHP DUH SURMWGBIG LQ $SSHQGL][ |

J)LIXUH D WHVW VA\VWHP E VHUYR FRQWUROOHG

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

7KH PDLQ FKDUDFWHULVWLFV RI WKH VHQVRUV XVHG LQ
7KH PHDVXUHPHQWY RI WRUTXH GLVSODFHPHQW DQG IRUFH

DQ DXWRPDWLF GDWD DFTXLVLWLRQ V\VWHP SODFHG LQ WKH

7TDEOH 6HQVRUV IHDWXUHYV

7RUTXH )RUFH 'LVSODFHPHQW

JHD) 6HQVRE VHQVF VHQVRL

SDQJH 1P 1 PP VWURNH
5HVROXWLRQ 1P 1 PP

/LQHDULW\ GHYLDWLRQ

+\WWWHUHVLV PP
ODQXIDFWXUHU )*3 70( 7.

e ERIENNE

SURFHGXUHY IRU LQVWDOODWLRQ DQG PRQRWRQLF W

7TKH PRQRWRQLF ORDGLQJ WHVWYV RI WKH FXUUHQW UHVFE
SURFHGXUHVY GHVFULEHG LQ WKLV VHFWLRQ

7TKH LQVWDOODWLRQ RI WKH KHOLFDO DQFKRU PRGHOV 1
IOLJKW E\ DSSO\LQJ D FRQVWDQW URWDWLRQ WR WKH PRGH
QRUPDOO\ YDULHV IURP WR USP 'XULQJ WKH PRGHO DQ
ZDV VHW WR SHUPLW WKH KHOL[ LQVWDOODWLRQ DGYDQFHYV
SLWFK SHU UHYROXWLRQ ,Q HDFK FRQWDLQHU D PLQLPXP L
GLDPHWHU ZDV NHSW EHWZHHQ DQFKRUV WR HQVXUH QR LQI

THQVLOH ORDGLQJ WHVWYV ZHUH SHUIRUPHG PLOQXWHYV D
DQFKRU PRGHOV ZHUH ORDGHG DW D YHUWLFDO GLVSODFHPF
ZDV FRPSOHWHG WKH FHQWULIXJH ZDV VWRSSHG WR PRYH

DQFKRU PRGHO IRU WHVWLQJ

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

7KH VHTXHQFH RI WKH WHVW SURFHGXUH IURP VDPSOH
GHVFULEHG EHORZ
D 7KH VDQG VDPSOH LV UHFRQVWLWXWHG E\ VDQG S
E 7KH VDQG VDPSOH LV SODFHG LQ WKH FHQWULIXJH
F 7KH VHUYR FRQWUROOHG V\VWHP LV LQVWDOOHG R
G 7KUHH FRQVHFXWLYH VWDELOL]DWLRQ F\FOHV RI |
ZLWK WKH PDHYEXK® SODQQHG IRU WKH WHVWYV LQ HDFI
H 7KH PRGHO DQFKRU LV LQVWDOOHG LQ IOLJKW
I TKUHH PLQXWHYV RI ZDLW WLPH DIWHU PRGHO LQ
J 7KH DQFKRU SXOO RXW WHVW LV FDUULHG RXW ZLW
K 7KH FHQWULIXJH LV VWRSSHG IRU UHSRVLWLRQLQJ
DQFKRU WHVW

L 6WHSV H WKURXJK K DUH UHSHDWHG IRU WKH QHJ"

([SHULPHQWYV RQ SDUWLFOH VL]H HIIHFWV

JRU FHQWULIXJH PRGHOOLQJ VWXGLHV LW LV QHFHYV
LQIOXHQFLQJ WKH UHVXOWV $Q DSSURSULDWH UHODWLR
WR EH HVWDEOLVKHG LQ RUGHU WR SURSHUO\ VLPXODW
VWXGLHV RQ WKH VRLO SDUWLFOH VL]H HIIHFW RQ SODW
XVHG DV D VFDOH HIIHFW UHIHUHQFH IRU PRGHOOLQJ KHC
OLPLWLQJ'Y® WXBRBRWHG LQ SUHYLRXV VWXGLHV DUH YDO
IRRWLQJ DQG SODWH PRGHOV H[SHULHQFH QR UHGXFWLRC
DGGLWLRQ WKH LQVWDOODWLRQ DQG WKH KHOL[ VKDIW

GLITHUHQWO\ WKDQ WKH VFDOH HIIHFWV RQ WKH VKDIW D1

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

*LYHQ WKH VFHQDULR DERYH DQ LQYHVWLJDWLRQ DERX
FHQWULIXJH PRGHO RQ KHOLFDO DQFKRUV LQ VDQG ZDV FDL
WHVWV WR DVVLVW LQ WKH GHFLVLRQ DERXW WKH GLPHC
IDEULFDWHG IRU WKH F\FOLF WHVWV

7KH 3PRGHOOLQJ RI PRGHOV" WHFKQLTXH ZDV XVHG LQ W
VEDOLQJ HIIHFWV RQ KHOLFDO DQFKRU PRGHOV ,Q WKLV WH
EH SUDFWLFDOO\ LQGHSHQGHQW RI VEDOH HI GHEYNO V LZ HHUUHH G
XVHG WR VLPXODWH WKH VDB P B QQQURIDRW FB\H AHMBR® VUHH G E X
UDWLR ZDV FRQVWDQW )XOO VLPLODULW\ EHWZHHQ PRGHO
QRQ GLPHQVLRQDO UHVSRQVH LV REVHUYHG EHWZHHQ WKHP

7KUHH UHFRQVWLWXWHG +RVWX@R@YQDLYBRYOH/ ZLWHBQ/C
ZHUH SUHSDUHG IRU WKHVH WHVWV XQGHU DF$6 0 HPRIBMIOR/Q (
ZHUH LQVWDOOHG DW WKH VDRH RIHOBMQANH WM R H HGPHLGWD OG |
PRGHOV ZHUH IDEULFDWHG ZLWK GLIIHUHQW KHOL[ GLDPHW|
ZDV DGMXVWHG WR SURYLGH WKH 'VDP KHUWB DX\H.QFH HPI EIHEB\PMI

DQG ORDGLQJ WHVWYV VWDUWHG IURP WKH VPDOOHVW WR WK

+HOLFDO DQFKRU PRGHOV IRU H[SHULPHQWYV RQ

JRXU VLQJOH KHOL[ DQFKRU PRGHOV ZLWK GLIITHUHQW V
DQFKRU SURWRW\SH ZLWK PP VKDIW GLDPHWHU [IXOO FU|I
GLDPHWHWWLR HTXDOV WR 7TKH DQFKRU PRGHOV ZHUH F
ZHOGHG WR D URXQG VWHHO VKDIW ERWK IDEUSDHDPRWHG ZLWE

P 7KH UHVXOWY RI WKH VWHHO URXJKQHVY DQDO\VLV DL

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

7KH KHOLFDO SODWH HPEHGPHQW GHSWK ZDV HTXDO
GHSWK LQ SURWRW\SH VFDOH 7KH GLPHQVLRQV RI W
FRUUHVSROQH'HDOYY DUH SUHVHQWHG LQ 7DEOH

J)LIXUH VKRZV WKH IRXU GLIITHUHQW VLQJOH KHO
LQYHVWLIDWLRQ 7KH )+ PRGHO GLIIHUV IURP WKH RWKH
XVHG LQ 7VXKDTV UHVHDUFK 7KH RWKHU PRGHOV

LQ%HVWLJDWLRQ RQ SDUWLFOH VL]H HIIHFWYV

7TDEOH 0 HO SLOHVY FKDUDFWHULVWLFV

SO0R W H

LQ PP

6KDIW GLDPPHWHU
BURWRW\SH

G LQ PP

BURWRW\SH
+HOL[ GLOPHWHU

WKLFNQHYV W

3URWRMWAQHP

+HOL[ S WF

LQ PP

3URWRW\SH
HPEHGPHQW

+HOLFDO
3URWRWIsHQ PP

+HOL[

ORGHO DQFKRU GHVLJQDW
uJ
G

* OHYHO

ORGHO
ORGHO
ORGHO
ORGHO
ORGHO

JLIXUH+HOLFDO PRGHO DQFKRUV ZLWK IL[HG KHOL]

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

JLIXUH LOOXVWUDWHYV WKH HIITHFWLYH FRQWDFW DUHD
IRU FDVHV RI PRGHO DQFKRUV ZLWK GLITHUHQW SODWH GLDP

WR VLPXODWH WKH VDPH DQFKRU SURWRW\SH

J)LIXUH +HOLFDO DQFKRU SURWRW\SH VLPXODWHG E\ DQFKRU PRGHO\

,Q WKH FDVH RI DQFKRU PRGHOV RI VIP®MOHNWU B DHW HVE& L
QXPEHU RI JUDLQV DW WKH SODWH LQWHUIDFH LV UHGXFH
DQFKRUYV

,Q WKH FXUUHQW ZRUN WKH SDUWLFOH VL]H HIIHFW RQ

DQFKRUV LV SURSRVHG WR EH FRUWHODWHG WR WKH KHOLJ[ H

Z G (T
ZKHUH

ZLV WKH HITHFWLYH KHOLFDO UDGLXV

"' LV WKH KHOL[ GLDPHWHU

GLV WKH VKDIW GLDPHWHU

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

, QVWDOODWLRQ HIIHFW

7KH LQVWDOODWLRQ HIIHFW RQ WKH VDQG SHQHWUL
EHKDYLRXU Rl KHOLFDO DQFKRUV 7KHUHIRUH IRU D EHW
KHOLFDO DQFKRUV LQ WKLV VWXG\ GLIIHUHQW WHFKQLT
DQFKRU LQVWDOODWLRQ RQ WKH XSOLIW FDSDFLW\ DQG
PHEKDQLVP

7KH LQIOXHQFH RI WKH LQVWDOODWLRQ HIIHFW RQ
LQYHVWLIJDWHG E\ FRPSDULQJ WKH PRGHO DQFKRU UHVS
ZHUH SODFHG GXULQJ WKH VDQG VDPSOH UHFRQVWLWX\
LQVWDOOHG LQ IOLJKW 7KH SXOO RXW WHVW SURFHGXUH

7KUHH VLQJOH KHOL[ DQFKRU PRGHOV ZHUH XVHG LQ
KHOL[ HPEHGGHG GHSWK IRU WKH WKUHH DQFKRU PRGHO
SODFLQJ WKH PRGHO DQFKRUV GXULQJ SOXYLDWLRQ ZDV

7KH VDQG SOXYLDWLRQ LQ WKH VWURQJER[ ZDV VWRS.
HPEHGPHQW OHYHO $IWHU WKDW WKH PRGHO DQFKRU Z
GHSRVLWLRQ FRQWLQXHG 7ZR SDUDOOHO Q\ORQ OLQHYV
PDLQWDLQ WKH DQFKRU PRGHOV LQ D YHUWLFDO SRVLW
FDOLEUDWHG ER[HV DQG WZR KHOLFDO DQFKRU PRGHO\

UHFRQVWLWXWLRQ )LIJXUH VKRZV WKH VDQG VDPSOH ZI

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

J)LIXUH ,QVWDOODWLRQ RI WKH KHOLFDO DQFKRU PRGHOV

JLIXUH 6DQG VDPSOH UHFRQVWLWXWHG ZLWK KHOLFDO DQFKRU

6DQG VDPSOH H[FDYDWLRQ

7ZR VDQG VDPSOHV ZHUH H[FDYDWHG DIWHU DQFKRU LQV
GLVWXUEDQFH FDXVHG E\ WKH DQFKRU PRGHO LQVWDOODWI|
WKLQ OD\HUV RI DUWLILFLDOO\ FRORXUHG GDUN VDQG ZHUH
KHOLFDO DQFKRU PRGHOV ZRXOG EH LQVWDOOHGE@HUKH IROO

XVHG LQ WKLV LQYHVWLIJDWLRQ

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

D &RQWDLQHU 1R WKH PRGHO )+ ZDV LQVWDOOHG
GHSWK HTXDOOHG WRBIWHBPWKH LQVWDOODWLRQ W
GLVFRQQHFWHG IURP WKH VHUYR FRQWUROOLQJ V\
RQO\ LQVWDOODWLRQ

E &RQWDLQHU 1R PRGHOV )+ DQG )+ ZHUH LQVWD

WR D YHUWLFDO GLVSODFHPHQW RI WKH DQFKRU KHI

$ VSHFLDO GHYLFH )LJXUH ZDV IDEULFDWHG WR
FRQWUROOHG V\WVWHP WR SUHYHQW DQ\ DQFKRU PRYHPH:
)+ FDQ PRYH IUHHO\ ZLWKLQ WKLV GHYLFH WKXV D SLQ
WKH LQVWDOODWLRQ DQG SXOOLQJ $IWHU VWRSSLQJ WK
FRQWUROOHG DFWXDWRU FDQ EH HOHYDWHG ZLWKRXW P
VLPSO\ XQVFUHZHG IURP WKH K\GUDXOLF DFWXDWRU DIW

FRQWUROOHG V\VWHP URWDWHY LQ WKH RSSRVLWH GLUHI

KROHV WR ORFN WKH
PRC

VFUHZ IRU WKH
VV' Ul 7KUHDGHG KROH IRU

\ 44— WKH PRGHO VFUHZ

JLIXUH '"HYLFH IRU +) FRQQHFWLRQ

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

JRU WKH VDPSOH H[FDYDWLRQ DIWHU WKH DQFKRU LQVWI
WR PRLVWHQ WKH VDQG VDPSOH 7KH ZDWHU FRQWHQW ZD
VWURQJER[ WR SURYLGH VRPH WHPSRUDU\ FRKHVLRQ GXH W
SURWHFWHG E\ D JHRWH[WLOH WR DYRLG HURVLRQ RI WKH

J)LIXUEDV GRQH DW OHDVW KRXUV DIWHU WKH DGGLWLRQ R

J)LIXUH 6DPSOH H[FDYDWLRQ IRU WKH YLVXDOLVDWLRQ RI LQVWLEL

7TRPRJUDSK\

$ KHOLFDO DQFKRU PRGHO IDEULFDWHG LQ SODVWLF +)!
FKDQJHV LQ D VDQG VDPSOH DIWHU WKH LQVWDOODWLRQ )L.
UD\ &7 VFDQQHU DUH PP LQ WKH WKUHH D[HV WKH KHOLFI

VLIH FRUUHVSRQGLQJ WR WKH )+ PRGHO

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

JLIXUH )+S SODVWLF PRGHO GLPHQVLRQV LQ PP

7KH +)S ZDV LQVWDOOHG LQ IOLJKW ZLWK WIRKNHH K HC
LOQVWDOODWLRQ WKH SODVWLF DQFKRD @P®R GHOM Z DNVK & Xk
ZDV VWRSSHG WR GLVFRQQHFW WKH PRGHO $ VWHHO FRX

GLVFRQQHFWLRQ EHWZHHQ WKH PRGHO DQG WKH VHUYR F

JLIXUH &RXSOLQJ GHYLFH

7KH vDQG VDPSOH ZDV PRLVWHQHG DV GHVFULEHG L
HIWHUQDO GLDPHWHU PP DQG OHQJWK PP WR
J)LIXUH 2QH 39& WXEH ZDV XVHG WR UHFRYHU WKH SO

39& WXEH ZDV XVHG WR H[WUDFW D QRQ GLVWXUEHG VDQ

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

J)LIXUH (IWUDFWLRQ RI VSHFLPHQV ZLWK DQG ZLWKRXW D |

7KH ; UD\ PLFUR WRPRJUDSK\ DQDO\VLV ZDV NLQGO\ SHU
ZLWK WKH PLFUR WRPRJUDSK\ DSSDUDWXV RI WKH (FROH &

SURFHVVLQJ ZzDV DOVR SHUIRUPHG E\ 'U 'DQR

(YDOXDWLRQ RI VKDIW DQG KHOL[ EHDULQJ UHVLVWD

7TKH HYDOXDWLRQ RI WKH LQGLYLGXDO FRQWULEXWLRQ
UHVLVWDQFH WR WKH WRWDO KHOLFDO DQFKRU XSOLIW FDS|
FRPSDULVRQ EHWZHHQ WKH XSOLIW FDSDFLW\ UHVXOWYV RI
DQFKRUV E XSOLIW WHVWV RQ DQ LQVWUXPHQWHG KHOLFDC
7KH UHPRYDEOH KHOL[ PRGHOV )LJXUH ZHUH FRQV
FRQQHFWLRQ ZLWK D VTXDUH FURVV VHFWLRQ GHVLIJQHG W

DOORZ WKH VHSDUDWLRQ RI WKH DQFKRU VKDIW IURP WKH KI

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

J)LIXUH 5HPRYDEOH 5+ DQG IL[HG )+ KHOL[ PRGHO LC

7TKH LOQVWUXPHQWHG DQFKRU PRGHO +)L ZDV IDEULF]
MXVW DERYH WKH KHOL[ bQG RWKHU DW WKH WRS VKDIW
WR SHUPLW WKH GDWD DFTXLVLWLRQ RI ERWK VWUDLQ

LQVWDOODWLRQ )LJIJXUH VKRZV WKH LQVWUXPHQWHG

JDXJH DUH SUHVHQWHG LQ $QQH[ %

J)LIXUH )*L LQVWUXPHQWHG PRGHO

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

7TDEOH SUHVHQWY WKH PRGHO DQFKRU FKDUDFWHULVWI
WKH UHPRYDEOH KHOL[ PRGHOV ZHUH FDUULHG RXW LQ FR
LOQVWUXPHQWHG DQFKRU PRGHO )*tL ZHUH FDUULHG RXW L(

ORDGLQJ WHVW SURFHGXUHV ZHUH FRQGXFWHG DV GHVFULEL!I

7DEOH ORGHOV FKDUDFWHULVWLFV PRGHO YDOXHV
ORGHO 7\SH G PP " PP \ﬁﬁwg’\lli(g%%s]oDWﬁ OHYHO

SURW I IL[HG I YDUL
5+ UHPRYDEOH KHOL]
5+ UHPRYDEOH KHOL]
5+ UHPRYDEOH KHOL[

)+ IL[HG KHOL][
)+ IL[HG KHOL][
)+ IL[HG KHOL][
)+L LQVWUXPHQWHG

&\FOLF ORDGLQJ WHVWV RQ VLQJOH KHOL[ DQFKRU P

&\FOLF WHQVLOH ORDGLQJ WHVWV ZHUH FRQGXFWHG LQ
FRPELQDWLRQ RI PHDQ ORDG DQG ORDG DPSOLWXGH DQG F
KHOLFDO DQFKRU UHVSRQVH

&\FOLF ORDGLQJ WHVWV ZLWK GLIIHUHQW FRPELQDWLRC
QXPEHU RI F\FOHVY ZHUH SHUIRUPHG LQ HLJKW VDQG VDPSOH
VDQG ZLWK D GHQ\DL QML QQGUHIR P WR

ORGHO )+ SUHYLRXVO\ GHVFULEHG LQ VHFWLRQ
&RQWDLQHUV 1R DQG ORGHO )*L SUHYLRXVO\ GHV
LQ &RQWDLQHUV 1R DQG %YRWK PRGHOV KDG KHO

VKDIW GLDPHWHUV HTXDO WR PP

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

&\FOLF ORDGLQJV

2QH RI WKH REMHFWLYHV RI WKH F\FOLF ORDGLQJ WH
VLQJOH KHOL[ DQFKRUV LQ VDQG XVLQJ ,QWHUDFWLRQ
SHUIRUPHG LQ D UDQJHsRJWSRJ W MSHIR\GDOFHH NRCHG FRPPRQ UL
7KH DSSOLFDWLRQ RI D SUH WHQVLOH ORDG LQWHQGV \
DQFKRU XVHG WR VXSSRUW JX\HG DQFKRU WRZHUV HYHQ
WHQVLOH ORDG LV HTXLYDOH®@MWoWR WKH PLQLPXP F\FOLF

7KH F\FOLF ORDGL QbHE5®DUBD6 WHRULADVOUAW G E\ WKH DG
FDSDFLW\ EHIRUJHDUROSQRWWHG LQ )LIJXUH ZKLFK SU
SHUIRUPHG IRU WKLV UHVHDUFK 7KH QXPEHU RI F\FOHV \
SORW 7KH FRQWRXUV Rl WKH QXPEHU RI F\FOHV WR IDL
JRQHV ,Q WKH FXUUHQW UHVHDUFK WKH QXPEHU RI F\FC
DQG JRU F\FOLF ORDGLQJV ZI4¥pK DUBBWHIW @DOPERIUP R

ZHUH SHUIRUPHG 7DEOH SUHVHQWY WKH PDLQ FKDUDFW

J)LIXUH BRLQWV RI H[SHULPHQWYV RQ WKH ,QWHUDFW|

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

7KH LQVWDOODWLRQ RI WKH KHOLFDO DQFKRU PRGHO ZD
WKH VHUYR FRQWUROOHG V\WWHP ZKLFK RURYLGH® D KHOL]|
LQ PRGHO VFDOH $IWHU WKH LQVWDOODWLRQ WKH V\WVWHP
PLQXWHV DQG WKHQ W4sHx3DW WSHSOWHGI ORDGLQJ

7KH SUH WHQVLOH ORDG UDQJHG IURP W R RI WKH D¢
PDMRULW\ RI WKH WHVWV ZHUH SHUIRUPHG ZLWK SUH WHQVL
7DEOH $IWHU WKH DSSOLFDWLRQ RI WKH SUH WHQVLOH O
DQRWKHU WKUHH PLQXWH SDXVH ZDV WDNHQ $IWHU WKH F\F
SHUIRUPHG PLQXWHV RU PRUH DIWHU WKH HQG RI WKH

FRPSOHWH SURFHGXUH RI WKH F\FOLF ORDG WHVWYV

JLIXUH '"HVFULSWLRQ RI WKH F\FOLF ORDGLQJ WHVW SURFH!

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

7TDEOH &KDUDFWHULVWLFV RI WKH F\FOLF ORDG WHYV

6DP ORGH 4oy 45 4\ ¢4 3lOR|:7 &\IH

+)

+)
+)
+)
+)
+)
+)
+)
+)

+)

+)
+)

+)

+)

+)L

+)L
+)L
+)L
+)L
+)L
+)L
+)L
+)L
+)L
+)L
+)L
+)L

+)L

+)L

+)L
WHVW UHVXOWY QRW FRQVLGHUHG LQ WKH DQDO\VLV EHFDXVH RI S

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

$ VRIWZDUH SURGXFHG E\ ORRJ ,QF LV XVHG LQ WKH ,)6
VHUYR FRQWUROOHG DFWXDWRU LQ IRUFH RU LQ GLVSODFH
FXUUHQW UHVHDUFK ZHUH IRUFH FRQWUROOHGHIMNRREDWLVI\
4r\FoLW SHFLILHG IRU HDFK WHVW ,Q VRPH F\FOLF ORDGLQJV
SURSHUO\ IROORZ WKH VHW SRLQW GXH WR D EDG FRQILJXUL
FRQWURO SDUDPHWHUV LQ IRUFH JRU D JRRG DJUHHPHQW =
DGMXVWHG WR 3 : DQG ' JLIXUH LOOXVWUDYV

ORDGLQJV ZLWK FRDUVH DQG ILQH 3 ," DGMXVWPHQWYV

J)LIXUH &\FOLF ORDGLQJ ZLWK D FRDUVH DQG E ILQH 3,

7THVWV ZLWK WZR FRQVHFXWLYH F\FOLF ORDGLQJV

7HVW VHULHV Rl WZR FRQVHFXWLY4 . E{F@RFoPABGLQJIV Z
GLIIHUHQW QXPEHU RI F\FOHV ZHUH SHUIRUPHG WR HYDOXE
ORDGLQJ RQ WKH DQFKRU F\FOLF SHUIRUPDQFH ,Q DGGLYV
FRPSDUHG WR HYDOXDWH ZKLEFK VHTXHQFH RI F\FOLF ORDGL
GHJUDGDWLRQ

)RU WKH ILUVW WHVW D F\FOLF ORDGLQJ ZLWK D ODUJH

F\FOHV RI VPDOO DPSOLWXGH ZDV SHUIRUPHG RQ WKH DQF

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

F\FOLF ORDGLQJ ZLWK D ODUJHU DPSOLWXGH DQG IHZHU
RXwW $IWHU WKH VHFRQG F\FOLF ORDGLQJ D PRQRWRQLF

JRU D VHFRQG WHVW WKH LQYHUVH VHTXHQFH Rl F\FC
IHZ ORDG F\FOHV ZLWK ODUJH DPSOLWXGHV ZHUH FDUUL
ZLWK VPDOOHU DPSOLWXGHV ZDV DSSOLHG DQG WKHQ
FRQGXFWHG RQ WKH DQFKRU PRGHO 7KH LQVWDOODWL

SHUIRUPHG LQ WKH VDPH PDQQHU DV IRU WKH VLQJOH F\F

J)LIXUH 7ZR GLIITHUHQW F\FOLF ORDGLQJV RQ WKH VDPH |

J)LHOG WHVWYV

7ZR VLQJOH KHOL[ DQFKRUV ZLWK DQ LQVWUXPHQWHC
FDUU\ RXW PRQRWRQLF DQG F\FOLF WHVWYVY DW WKH ([SHU
6mR 3DXOR DW 6mR &DUORV 7KHVH DQFKRUV ZHUH PDQX
WHUPHG DV 0+$ PRQRWRQLFDOO\ WHVWHG KHOLFDO DQ

DOQFKRU PROQORWRQLF WHVWY ZHUH DOVR SHUIRUPHG DIW

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

7KH OHDG VHFWLRQ RI WKHVH VLQJOH KHOL[ DQFKRUV ZD

ZLWK D PP HIWHUQDO GLDPHWHU DQG D PP ZDOO WKL
ZLWK D PP GLDPHWHU D PP SODWH WKLFNQHVY DQG D
JLIXUH , QVWUXPHQWHG OHDG VHFWLRQ RI WKH KHOLFDO DQFKF

7KH KHOLFDO DQFKRUV ZHUH LQVWUXPHQWHG ZLWK VWU
EULGJH WR PHDVXUH WKH D[LDO IRUFH LQ D VKDIW VHFWLRQ
FRYHUHG WKH LQVWUXPHQWDWLRQ WR SUHYHQW GDPDJH GXI

7KH VWUDLQ JDXJHV XVHG ZHUH WKH 3% % $ /(1 VLI
SRO\DPLGH EDVHG GHVLIJQHG VWHHO ERQGDEOH W\SH ZLW
vwuDLQ JDXJHV ZHUH ERQGHG LQ SDLUV DW RSSRVLWH TXD
SbLU WKH vwuDLQ JDXJHV ZHUH ERQGHG SHUSHQGLFXODL
SHUSHQGLFXODU WR WKH VKDIWTV ORQJLWXGLQDO DJ[LV

7KH FLUFXLW ZDV FRQQHFWHG XVLQJ D WKUHH ZLUH FDE
9LVKD\ 3UHFLVLRQ *URXS 7KH FDEOH FRPSULVHV WKUHH WZ

PP GLDPHWHU HDFK ZLUH $:*

7KH VWHHO VXUIDFH SUHSDUDWLRQ IRU WKH VWUDLQ JD.
IROORZLQJ SURFHVVY L VROYHQW FOHDQLQJ LL VDQGLQJ
FOHDQLQJ ZLWK LVRSURSDQRO LY DSSOLFDWLRQ RI FRQGI

IL[LQJ ZLWK F\DQRDFU\ODWH DGKHVLYH

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

7KH FDEOHV FRQQHFWLQJ WKH LQVWUXPHQWHG VHFW
SODFHG LQVLGH WKH DQFKRU VKDIW 7KH KROH WR SDVYV
WKH H[WHUQDO SURWHFWLRQ RI WKH FLUFXLW ZDV DVVXU

7KH LQVWUXPHQWHG VHEWLRQV RI ERWK DQFKRUV ZHL
FHOO ZLWK N1 UHVROXWLRQ D K\GUDXOLF DFWXDWRU
VWHHO UHDFWLRQ IUDPH )LJXUH 'DWD DFTXLVLWLRQ
OHDVXUHPHQWY GDWD DFTXLVLWLRQ V\VWWHP 9LVKD\ 3L

HOHFWULFDO VLIJQDOV RI WKH ORDG FHOO DQG RI WKH VW

/IRDG FHOO
i DGGD\ /GWHHO SURWHFWLRQ VOHHYH

!

+\GUDXOLF MDFN

JLIXUH &DOLEUDWLRQ RI WKH LQVWUXPHQWHG VH

([SHULPHQWDO VLWH DW ((6& 863

7KH I XOO VFDOH ORDGLQJ WHVWV ZHUH FRQGXFWHG D
6mR 3DXOR DW 6mR &DUORV 7KLV VLWH LV ORFDWHG LQ

VRXWK HDVWHUQ %UD]LO 6mR &DUORV LV DSSUR[LPDWHC

$FFRUGLQJ WR WKH 5HVHDUFK &HQWHU IRU $SSOLHG
&(3%$*5, 81,&%$03 WKH .|[SSHQ &OLPDWH &ODVVLILFDWLEF
SUHVHQWLQJ D WURSLFDO KLJK DOWLWXGH FOLPDWH Z
WHPSHUDWXUH RI f& DQG D PD[LPXP RI f& &HSHD

GDWD RQ WKH FOLPDWH RI 6mR &DUORYV

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

JLIXUH 6mR 3DXOR VWDWH E\ GH $EUHX DGDSWH

7TDEOH &OLPDWH RI 6mR &DUORV &HSHDJUL

ORQW-OQ JHE ODUWD$SKQ-XO $RBHS2FW 1RY '"HF <HDU

$YJ OD[ 7HPS Z &
$YJ 0OLQ 7HPS f &
5DLQIDOO PP

7KH FLW\ RI 6mR &DUORV LV EDVHG RQ URFNV RI WKH 3
VDQGVWRQHV RI WKH 3*%RWXFDWX )RUPDWLRQ™ DQG PLJPDV
$ERYH WKHVH URFNV FRQJORPHUDWHY DQG VDQGVWRQHV R
6HGLPHQWY DSSHDU FRYHULQJ WKH ZKROH UHJLRQ

7KH W\SLFDO JHRWHFKQLFDO JHRORJLF SURILOH RI Wk
FRPSULVHV D VXSHUILFLDO OD\HU RI &HQR]JRLF VHGLPHQW |
WKLFN RYHUO\LQJ D UHGGLVK FOD\H\ VDQG RULJLQDWHG
JLIXUH7KH DFWLRQ RI ZHDWKHULQJ XQGHU ORFDO FRQGLWI
ZKLFK UHVXOWY LQ D YHU\ SRURXYVY DQG FROODSVLEOH PDWEF
TXDUW] SHEEOHVY DQG OLPRQLWH VHSDUDWHV WKH WZR VRL
VRLOYYV JUDQXORPHWULF FKDUDFWHULVWLFV DW GLITHUHQ\

P GHSWK

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

J)LIXUH 6RLO SURILOH DW H[SHULPHQWDO VLWH RI WKH 8QHYWUVLW
DO DQG ODFKDGR

7KH OHYHO RI WKH JURXQGZDWHU WDEOH YDULHV I[UF
VHDVRQ RI WKH \HDU )LJXUH LOOXVWUDWHYV WKH KRU
REVHUYHG LQ WKH UHVIXOWWWW\ SU B QIEEWHGBOL QD QG HKH \
ODFKDGR 7KH KHOLFDO SODWHV RI ERWK DQFKRUV

HPEHGGHG LQ WKH UHVLGXDO VRLO OD\HU EHORZ WKH ZD

J)LIXUH 6RLO JUDQXORPHWULF GLVWULEXWLRQ RI WKH ((6& 863 ([SF

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

7TDEOH *UDQXORPHWULF IUDFWLRQV RI VRLOV DFFRUGLQJ WR 1%5

'"HSWK P 6DQG 6LOW &OD\
7DEOH 6RLO FKDUDFWHULVWLFYV REWDLQHG ZLWK XQGLVWXUEHC
3URI P
‘DWHU FRQWHQW
-k N1 P
J N1 P

9RLG UDWLR

|4

F N3D
REWDLQHG IURP VDWXUDWHG WULD[LDO WHVWYV

+HOLFDO DQFKRU LQVWDOODWLRQ DQG ORDG WHVW ¢

7KH KHOLFDO DQFKRUV ZYWUH LQMMKDDQFIGRRQZDM\VFUHZHCG
JURXQG ZLWK D K\GUDXOLF WRUTXH PRWRU PRXQWHG RQ D
WRUTXH LQGLFDWRU 7KH LQVWDOODWLRQ WRUTXH YDOXHYV
SHOQHWUDWLRQ WKURXJK WKH REVHUYDWLRQ RI WKH WRU"
HTXLSPHQW XVHG IRU WKH KHOLFDO DQFKRU LQVWDOODWLRC

7KH DQFKRU &+$ ZzDV WHVWHG PRQRWRQLFDOO\ DQG F\F
ZDV VXEPLWWHG WR D PROQRWRQLF WHQVLOH ORDG WHVW D
SHUIRUPHG LQ DQ DOWHUQDWH IDVKLRQ )LYH PRQRWRQLF
UHIHUHQFH DQFKRU 0+$%$ DIWHU WKH PRQRWRQLF WHVWYV RC

VXPPDUL]J]HVY WKH ORDGLQJ WHVWYV FDUULHG RXW ZLWK ERWK

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

JLIXUH ,QVWDOODWLRQ RI DQ LQVWUXPHQWHG KHOLFD(

7TDEOH JLHOG WHVWYV RQ 0+$ DQG &+$ DQFKRUV

7HVWHG DQFKRU 0+$ &+$
VMV HVWVYYPRQRWRMAEQRWRQLF
QGWHVWRSPRQRWRQMRFOLF
UGWHVWUSPRQRWRORRQRWRQLF
WKV HVWWYPRQRWR@EF\FOLF
WKV HVWYPRQRWREGRFQRWRQLF

WY H VW UGE\FOLF
WY H VW WP RQRWRQLF
WA H VW WKE\FOLF
WA H VW WP RQRWRQLF

7KH PRQRWRQLF DQG F\FOLF WHQVLOH ORDG WHVWV
MDEN ZLWK N1 FDSDFLW\ DQG D UHDFWLRQ EHDP FRF
T FHQWUHG RYHU WKH DQFKRU DQG UHVWLQJ RQ ZRR
FRQQHFW WKH K\GUDXOLF MDFN WR WKH DQFKRU 7KH D

FDSDFLW\ ORDG FHOO 7KH 3 9LVKD\ OLFUR OHDVXUHPHQ

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

UHJLVWHU WKH DSSOLHG ORDG 7KH DQFKRU KHDG GLVSOD|
JDXJHV ZLWK D UHVROXWLRQ RI PP DWWDFKHG WR WZR L
VKRZV WKH ORDG WHVW VHWXS
7KH D[LDO ORDG WHVWYV ZHUH FRQGXFWHG DFFRUGLQJ W
$%17 7KH ORDG 7ZDV DSSOLHG LQ LQFUHPHQWYV R
XSOLIW FDSDFLW\ ZLWK PLQXWHYV RI PDLQWDLQHG ORDG IR
XQWLO DQ DQFKRU KHDG GLVSODFHPBW W HDIPXHIG R UKKL XIQHDUR
ZDV SHUIRUPHG LQ VWHSV RI PLQ XQWLO D ORDG RI R

UHDFKHG 7KH ODVW XQORDG VWHS ZDV PDLQWDLQHG IRU I

J)LIXUH IRDG WHVW VHWXS

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

7KH XOWLPDWH WHQVLRQ FDSDFLW\ ZDV HVWLPDWHG |
ORDG WHVW SUHVHQWHG LQ 7VXKD RQ D GRXEOH KH(
([SHULPHQWIR & 6l W H PP xssHu koL PP QG PP 7KLV KHOL
DQFKRU ZDV LQVWDOOHG ZLWK WKH ORZHU KHOL[ DW
FDSDFLW\ RI N1

$ SUHORDG RI N1 ZzDV DSSOLHG WR WKH DQFKRUV WR
VKDIW HIWHQVLRQ VHIJPHQWYV $IWHU WKLV SURFHGXUH W
WHVW FRPPHQFHG

7KH F\FOLF ORDG WHVWYV ZHUH FDUUL HeuyROQNDZAAV R | VWA
WHVWV FRUUHVSRQGLQJ WR RI WKH XOWRRQRWRWQH D W
RQ WKH DQFKIRU 7&+H FKDUDFWHULVWLFV RI WKH F\FOLF
7TDEOH 7KH DSSOLHG ORDGLQJ ZDV UHJLVWHUHG HY
GLVSODFHPHQWY ZHUH UHJLVWHUHG WLPHV 3HUDRAGOH

4p oY DOXHYV

7TDEOH &KDUDFWHULVWLFV RI WKH F\FOLF ORDG WHVW

&\FOLF AVtbMW 4r\rodr 1>|§\PFEHU %IﬂULRG \Y

VWA H VW
QEWH VW
USWHVW
WKV HV W

I1XPHULFDO PRGHOOLQJ

1XPHULFDO DQDO\WHV XVLQJ WKH ILQLWH HOHPHQW
$EDTXV ([SOLFLW )(0 VXLWH WR VLPXODWH WKH SUH DQC

DOQFKRU WHVWHG LQ FHQWULIXJH

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

SDUDPHWULF DQDO\VHV RI GLIIHUHQW SURSHUWLHV RI
LOQVWDOODWLRQ ZHUH FDUULHG RXW WR HYDOXDWH WKH PRC
KHOLFDO DQFKRU SURWRW\SH VLPXODWHG LQ WKH QXPHULFCL
FKDUDFWHULVWLFV DV WKH SURWRW\SH VLPXODWHG LQ WK

QXPHULFDO UHVXOWY DUH FRPSDUHEOH LQ WKLV VWXG\

([SOLFLW DQG LPSOLFLW $EDTXV 6WDQGDUG DQDO\

$Q H[SOLFLW )(0 DQDO\VLV SHUIRUPVY WKH LQFUHPHQWDO
WKH LQFUHPHQW XSGDWHV WKH VWLIIQHVV PDWUL[ FKDQJF
FKDQJHYV 7TKHQ D QHZ VWLIIQHVYV PDWUL[ LV FRQVWUXFWHOC
RXW ,Q WKLV W\SH RI DQDO\WVLV WKH LQFUHPHQWY DUH VPCLC
SUREOHP OLHV LQ WKH QHHG IRU D ODUJH QXPEHU RI YHU\
FDXVHV D ODUJH FRPSXWDWLRQDO FRVW DORQJ ZLWK LW E
LOQFUHPHQWY LV QRW VXIILFLHQW WKH FDOFXODWLRQV WHQ
GXH WR WKH IDFW WKDW IRUFH EDODQFH LV QRW VWULFWO!
IRUFH EDODQFH RI WKH LQWHUQDO VWUXFWXUH UHDFWLRQ II

$Q H[SOLFLW DQDO\VLV LV D IXQFWLRQ RI WLPH 7KXV W}
WKH PDVV DQG GDPSLQJ KDYH WR EH FRQVLGHUHG ,Q DQ H|
, QWHJUDWLRQ &'7, LV XVHG WR FDOFXODWH ILHOG YDULDE(
QXPHULFDO VROXWLRQ LV SRVVLEOH IRU D QRQ OLQHDU RLU
PHWKRG LV SDUWLFXODUO\ VXLWHG IRU QRQ OLQHDU SUREC
WKH LQYHUVLRQ RI WKH OXPSHG PDVV PDWUL[ DV RSSRVHG
WKH LPSOLFLW PHWKRGV ,Q WKH &'7, WKH HTXDWLRQ RI PF

VWNS ZKMULN WKH FXUUHQW WLPH VWHS

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

$Q LPSOLFLW )(0 DQDO\VLV LV DQDORJRXV WR WKH H
DIWHU HDFK LQFUHPHQW 1HZWRQ 5DSKVRQ LWHUDWLRQV
WKH LQWHUQDO VWUXFWXUH IRUFHV ZLWK WKH H[WHUQD
VSHFLILHG WROHUDQFH 2QH GUDZEDFN RI WKH PHWKR
LWHUDWLRQV RQH PXVW XSGDWH DQG UHFRQVWUXFW WK
EH FRPSXWDWLRQDOO\ FRVWO\ +RZHYHU ODUJHU LQFU
WA\SLFDOO\ KLIJKHU WKDQ LQ WKH H[SOLFLW FDVH

,Q DQ LPSOLFLW VFKHPH GLVSODFHPHQW LV QRW D I>
DFFHOHUDWLRQV ZKLFK DUH WLPH GHULYDWLYHV RI GLVS
GDPSLQJ IDFWRUV FDQ EH QHJOHFWHG ,Q RUGHU WR V
PHWKRG LQYHUVLRQ RI VWLIIQHVYVY PDWUL[ LV UHTXLUHG
FUDVK DQDO\VLVY FDQ UHVXOW LQ PLOOLRQV RI GHJUHHYV
RI WKH VWLIIQHVY PDWUL[ 7KH ODUJHU WKH VWLIIQHVV |
WLPH IRU LWV LQYHUVLRQ +HQFH WKHUH LV D QHHG IR
LQYHUVLRQ RI WKH VWLIIQHVYVY PDWUL]

$FFRUGLQJ WR +HOZDOQ\ LPSOLFLW VWDWLF D
QXPHULFDO VLPXODWLRQV RI IRRWLQJYVY VLQFH WKH ORD!
HITHFWYV LQ WKH PRGHO +RZHYHU LQ VLWXDWLRQV ZLWK
PD\ WHUPLQDWH ZKHQ D IHZ VRLO HOHPHQWYV QHDU D
GLVWRUWHG )RU WKLV W\SH RI VLWXDWLRQ SURJUHVVLY
EH DQDO\JHG LI H[SOLFLW G\QDPLF IRUPXODWLRQV DUH
VFKHPH LV HPSOR\HG WKH YHORFLW\ RI ORDGLQJ DSSOLT
WKH ¢QLWH HOHPHQW PRGHO

,Q WKH FXUUHQW UHVHDUFK WKH 6WDQGDUG ,PSOL

PRGHOOLQJ WKH KHOLFDO DQFKRU UHVSRQVH +RZHYHU

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

FDXVHG WKH WHUPLQDWLRQ RI WKH DQDO\VLYVY DIWHU D IHZ F
PP 7TKHUHIRUH H[SOLFLW G\QDPLF DQDO\VLV ZDV FKRVHQ

RI WKH KHOLFDO DQFKRU PRGHO XQGHU WHQVLOH ORDGLQJ

ORGHO JHRPHWU\ ERXQGDU\ FRQGLWLRQV ILQLWH H

7KH QXPHULFDO PRGHO ZDV FRQVWUXFWHG ZLWK VLPLOI
SURWRW\SH VLPXODWHG E\ WKH FHQWULIXJH PRGHOOLQJ D
RI' PP DQG D IXO0O FURVV VHFRWWLRQPRKDKW ®XPRHHMRADC
VLPXODWLRQV FRPSULVHG D XQLTXH KHWKD WP EW G\PKH) WHOH B
DGRSWHG IRU WKH F\FOLF WHVWV DQG VRPH PRQRWRQLF V
FHQWULIXJH

,Q WKH FXUUHQW LQYHVWLJDWLRQ WKH LQVWDOODWLRQ
VLPSOLILHG PDQQHU DVVXPLQJ D F\OLQGHU RI GLVWXUEH
FRPSDUHG ZLWK WKH XQGLVWXUEHG VRLO DURXQG WKH DQ
ZDV FRQVWUXFWHG FRQVLGHULQJ WKDW WKH KHOLFDO DQFK
JHRPHWULFDO FKDUDFWHULVWLEVY DQG WKH PRGHO PHVK DU

$ GLVWLQFW F\OLQGULFDO ]JRQH RI GLVWXUEHG VRLO E\
DFFRUGLQJ WR H[SHULPHQWDO REVHUYDWLRQV DERXW WKH
GLVWXUEHG VRLO ZDV FRQVLGHUHG ZLWK D UDGLXV FP Ol
$EDTXV VRIWZDUH UHTXLUHV WKDW DQ\ PRGHO SDUW PXVW
VIPPHWU\ 7KHUHIRUH WKH GLVWXUEHG VRLO DERYH WKH K
FRQVLGHUHG DV WKH VDPH PDWHULDO DQG WKHUHIRUH DSS
FP JRQH ZDV FUHDWHG WR WKH ULJKW RI WKH KHOL[ WR MR

KHOL]J

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

J)LIXUH *HRPHWULF DQG PHVK FKDUDFWHULVWLFV GLVWDQFHV LQ
QXPEHU RI HOHPHQWY WKH OLQH ZDV GLYLGHG

,Q WKH $EDTXV VRIWZDUH WKH D[LV RI V\PPHWU\ LV F
PRGHO 9HUWLFDO DQG KRUL]JRQWDO GLVSODFHPHQWYV ZH
ERXQGDU\ KDG WKH GLVSODFHPHQWYVY UHVWUDLQHG LQ WHK

7KH PRGHO LQFOXGHG WKUHH SULQFLSDO JRQHV 7KH

HOHPHQWYVY DQG QRGHV XVLQJ &%$; 5 HOHPHQWYV
D[LV\PPHWULF TXDGULODWHUDO HOHPHQWYVY ZLWK UHGXF
7KH GLVWXUEHG VRLO F\OLQGHU ZDV PRGHOOHG ZLWK
ZDV PRGHOOHG ZLWK HOHPHQWYV DQG QRGHV ERW
PRGHO ZDV FRPSULVHG RI HOHPHQWY DQG QRGHYV
GXULQJ WKH ORDGLQJ VWDJH PRGHO UH PHVKLQJ ZDV DG

LQ WKH GLVWXUEHG VRLO J]RQH 7KH DUELWUDW)\ /DJUDQJ

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

DQRDO\WWHV 7KLV WHFKQLTXH FRPELQHV WKH IHDWXUHV RI W

LOOXVWUDWHG LQ )LIJXUH

JLIXUH ORWLRQ RI PHVK DQG PDWHULDO ZLWK /DJUDQJLDQ $/( DQG

&RQVWLWXWLYH PRGHOV

7KH QXPHULFDO PRGHO EDVLFDOO\ LQYROYHV WZR PDWH
IRU WKH VRLO 7KH PDWHULDO EHKDYLRXU IRU WKH KHOLFD(
ZLWK QR PDWHULDO \LHOGLQJ JLYHQ WKH ORZ VWUHVVH)\
7KH PDWHULDO SURSHUWLHYV XVHG LQ WKH KHOLFDO DQFKRU
IRU WKH DQFKRU ZDV FKRVHQ HTXDOV WR WKH VRLO GHQVL'

JUDYLW\ ORDGLQJ VWHS

7TDEOH ODWHULDO SURSHUWLHV FRQVLGHUHG IRU WKH KH

<RXQJ PRGXOXV ( 03D
3RLVVRQ UDWLR
'"HQVLW\ ! NJ Pd

JRU PRGHOOLQJ WKH VRLO PDWHULDO VDQG WKH $EDT
SODVWLF FRQVWLWXWLYH PRGHOV VXLWDEOH IRU PRGHOOLC

SODVWLFLW\ H[WHQGHG 'UXFNHU 3UDJHU PRGLILHG 'UXFNEF

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

VWDWH FOD\ SODVWLFLW\ PRGHO ,Q DGGLWLRQ WKH V
FRQVWLWXWLYH PRGHOV

7KH VRLO PDWHULDO VDQG ZDV PRGHOOHG ZLWK Wi
ZLWK OLQHDU HODVWLFLW\ 7KH ORKU &RXORPE FULWHUL
VWUHVV RQ DQ\ SRLQW LQ D PDWHULDO UHDFKHV D YDOX
WKH VDPH SODQH 7KH IORZ SRWHQWLDO IRU WKH ORKL
K\SHUEROLF IXQFWLRQ RQ WKH PHULGLRQDO VWUHVV SOl
E\ OHQpWUH\ DQG :LOODP RQ WKH GHYLDWRULF VWUF

7KH PHFKDQLFDO SURSHUWLHV Rl WKH XQGLVWXUEHG
VHH $SSHQGL[ & DQG WKH EXON GHQVLW\ ZDV REWDLQH
RI WKH VWURQJER[HV 7DEOH ,Q DGGLWLRQ D QXPHU
FRQILQLQJ VWUHVVHV ZDV FDUULHG RXW WR FRPSDUH WK

$ SDUDPHWULF DQDO\VLV ZDV FDUULHG RXW IRU WKH
DQG VKDIW E\ YDU\LQJ WKH <RXQJ PRGXOXV DQG WKH LQ
DJUHHPHQW EHWZHHQ WKH QXPHULFDO DQG H[SHULPHC

HYDOXDWHG 7KHVH UHVXOWY DUH SUHVHQWHG LQ VHFWL

7TDEOH ODWHULDO SURSHUWLHV FRQVLGHUHG IRU WKH

<RXQJ PRGXOXV ( 03D
3RLVVRQ UDWLR
$QJOH RI LQWHUQDO IULFWLRQ ¥ 4
&RKHVLRQ F
OHULGLRQDO HEFHQWW®RIWADWUH GHIDXOW

'"HYLDWRULF HFFHQWULFLW\ H VLQ¥ VLC
&RHIILFLHQW RI ODW®RIUD@ SUHVVXUH
%XON GHQVLW\ ! NJ PA

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

I1XPHULFDO PRGHOOLQJ RI WULD[LDO FRPSUHVVL

7KH WULD[LDO FRPSUHVVLRQ WHVWV RQ +1 +RVWXQ VDC
VLPXODWHG ZLWK $EDTXV ([SOLFLW 7KH F\OLQGULFDO VDQC

PP KLJK ZDV PRGHOOHG LQ WKH D[LV\PPHWULF FRQGLW
GLVSODFHPHQWY ZHUH UHVWUDLQHG DW WKH EDVH DQG W
VIPPHWU\ $ FRQILQLQJ VWUHVV ZDV DSSOLHG DW WKH WHF
VSHFLPHQ DQG WKH GHYLDWRULF VWUHVV ZDV DSSOLHG W
GLVSODFHPHQW ZLWK D PPV GLVSODFHPHQW UDWH 7KH
ZHUH XVHG WR FRPSRVH WKH ILQLWH HOHPHQW PHVK ZLWK
PP VLGH

JLIXUH SUHVHQWYV WKH QXPHULFDO PRGHOOLQJ UHVXO'
JUHDWHU DQJOH RI LQWHUQDO IULFWLRQ ZDV IRXQG IRU Wi

1 N3D = )LIXUH D LQ FRPSDULVRQ WR WKH RWKHU WZR

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



(@]

%HKDYLRXU RI KWOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

'"HYLDWRULF VWUHVYVY N3BYLDWRULF VWUHVYV

[

"
2
<

"ENODFPENY RN O

JLIXUH ([SHULPHQWDO DQG QXPHULFDO UHVXONBD RIEWWLD[LDO
N3D F 1 N3D

,(QWHUIDFHV

7KH FRQVLGHUDWLRQ RI GLITHUHQW ]JRQHV LQ WKH

LOWHUDFWLRQ PRGHOV IRU WKH DQFKRU GLVWXUEHG VR|

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

GLVWXUEHG VRLO DQG WKH XQGLVWXUEHG VRLO 7TKH LQWE
DQG WKH GLVWXUEHG VRLO ZDV PRGHOOHG DV D VXUIDFH WR
PHFKDQLFDO EHKDYLRXUV DWWULEXWHG 1RUPDO VXUIDFH
SUHVVXUH RYHUFORVXUH UHODWLRQVKLS QR FRQWDFW SUF
FRQWDFW SUHVVXUH RQFH FRQWDFW KDV EHHQ HVWDEOLVKE
GHILQHG XVLQJ WKH SHQDOW\ IULFWLRQ IRBLUPXODWLRQ ZLWK

7TKH QRGHV LQ WKH GLVWXUEHG VRLO XQGLVWXUEHG VRL
LOWHUDFWLRQ 7KLV RSWLRQ LPSRVHV FRXSOHG LQWHUDFW
YHULILFDWLRQ ZDV SHUIRUPHG XVLQJ WKH VXUIDFH WR VXL
LOWHUDFWLRQ ,Q WKLV YHULILFDWLRQ WKH DWRPVNDQEXWHG
WKH WDQJHQWLDO EHKDYLRXU FRQVLGHUHG DQ LQWHUIDFH
DQJOH RI IULFWLRQ 1R GLIIHUHQFH ZDV QRWLFHG FRPSDUL(

WKH GLVWXUEHG VRLO XQGLVWXUEHG VRLO LQWHUIDFH

1XPHULFDO DQDO\WVHYV SDUDPHWHUYV

7KH DQDO\VLV RI WKH QXPHULFDO PRGHO ZDV FRPSULVI
GHIDXOW LL JuDYLW\ ORDGLQJ LLL WHQVLOH ORDGLQJ
GHILQHG ILHOG ZDV DWWULEXWHG WR HOLPLQDWH PDWHUL
JUDYLW\ ORDG LQ WKH VXEVHTXHQW VWHS 7KLV SUH GHILQF
WKH FRHIILFLHQW RI ODWHUDO SUHVVXUH EHIRUH WKH DSSO
7KH JUDYLW\ ZDV DSSOLHG XQLIRUPO\ RQ WKH ZKROH PRGHO

7KH WKLUG VWHS LQYROYHG WKH DSSOLFDWLRQ RI WKH W
DFWLQJ RQ WKH VKDIW WRS VXUIDFH $IWHU WHVWLQJ GLIII

UHVXOWY ZDV REVHUYHG IRU YHORFLWLHYV OHVV WKDQ RU HT

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

5(68/76 2) 3+<6,&$/ 02'(//,1* 2) 6,1*/( +(/,; $1&+256 ,1

6$1"

SDUWLFOH VL]H HIIHFWV

JRU WKH YHULILFDWLRQ RI VFDOH HIIHFWV IRU PRGHO
XSOLIW B SRFMWWWH DQFKRU PRGHOV ZDV DVVXPHG WR EH
GXULQJ WKH SXOO0O RXW WHVWYV )LJ%UdhpnLV7XKHUS HDNR KI5 C
WHQVLOH ORDG UHODWHG WR D GLVSOL FHPHDW VKIRZ Q RU!
7TDEOH 7KLV WDEG@G@HUHROWWKDWH WKRALODU LQ WKH UD
YDULDELOLW\ LQ WKH UHVXOWY RI FRQWDLQHU 1R LV

WKH RWKHU WZR VDPSOHYV SURYLGHG XQLIRUP UHVXOWYV |

7THQVLOH IRUFH N1

8 SHDN
-l ~ = - - - - ————— -

1RUPDOL]HG GLVSODFHPHQW 8 '

JLIXUH ,GHQWLILFDWLRQ RI WKH SHDN WHQVLOH IRUFH IRU WKH |

7TDEOH VKRZV WKDW WKH XOWLPDWH ORDG ZDV UHD
IlURP WR RI WKH KHOLFDO SODWH GLDPHWHU 7KH

VPDOOHU GLVSODFHPHQWY WR DWWDLQ WKH XOWLPDWH C

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\
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7TDEOH 5HVXOWY RI WKH LQYHVWLJDWLRQ RQ WKH SDUWLF
6DQG , 7 yy © .w 47 47 sHon 8 sHDN .
VDPSOI(-)iRGHO GGG z G N 1P N 1P P N1 N1 PP 8
)+D
&RQWDLQHE
1R )+D
)+E
)+D
)+E
&RQWDLQHL
1R
)+E
)+
)+
&RQWDLQHUY
1R )+
)+
OHDQ

BWDQGDUG GHYLDWLRQ
&RHIILFLHQW RI YDULDWLRQ

YJLIXUH FRPSDUHV WKH XOWLPDWHZXGODWL FE DB D FIEW\L D
KHOLFD@ URIGWXW PRGHO DQFKRUV ZLWK GLIIHUHQW VL]HV 7
WHVWV LV N1 ZLWK DQ FRHIILFLHQW RU;YDDHNLDOWLRQ
SUREDEO\ RFFXUUHG GXH WR WKH YDULDELOLW\ LQ WKH VD
SDUWLFOH VL]H HIITHFWV
BUHYLRXV VWXGLHV RQ VEFDOH HIIHFWV LQGLEFDWH WKDW
UHVLVWDQFH LQFUHDVH DV WKH PRGHO VL]H GHFUMWDVHY H
*DUQLHU  .|QLJ 7KH SDUWLFOH VL]H LQYHVWLJDWL
PRGHO DQFRRUVDILMRY UDQJLQJ IURP  WR ,Q WKLV UDQ
WKLY LQYHVWLIJDWLRQ WKH DOPRVW KRULJRQWDO WUHQG

SDUWLFOH VL]H HIITHEWtZDV REVHUYHG IRU

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

JLIXUH 8OWLPDWH WHQVLOH ORDG RI KHOLFDO DQFKRU PRGH

7KH XSOLIW FDSDFLW\ RI WKH SURWRW\SH VLPXODWH:¢
FDOFXODWHG E\ XVLQJ 7HU]DJKL V HTXDWLRQ DV SURSR
KHOL[ DQFKRUV DQG XVYARUHEHDWHGE LRFWMRWVFK DQG &C
VLQJOH KHOL[ DQFKRUV LQ VDQG 7KH SUHGLFWHG YDOXt
WKH PHDVXUHG PHDQ YDOXH RI XSOLIW FDSDFLW\ N 1

*DYLHQN DO REVHUYHG D VLPLODU GLIIHUHQFH EHWZ
VLPXODWLRQ DQG ILHOG H[SHULPHQWY RQ D VLQJOH KH{
GLIIHUHQFHV EHWZHHQ WKH HVWLPDWHY DQG WKH PHDV)
WKH DQFKRU LQVWDOODWLRQ LV QRW FRQVLGHUHG LQ WK

7KH UHVXOWV Rl LQVWDOODWLRQ WRUTXH QHFHVVDL

FRQWDLQHUV 1R DQG DUH VKRZQ LQ )LJXUH

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\
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JLIXUH 7TRUTXH UHDGLQJV GXULQJ WKH LQVWDOODWLRQ D PRGHO
PRGHO )+ LQ SURWRW\SH YDOXHYV

JLIXUH VKRZV WKDW WKH ILQDO LQVWDOODWLRQ WRUT:
JUHDWHU WKDQ WKH UHVXOWY IRXQG IRU WKH RWKHU PRGH
ZLWK D WKLFNHU KHOLFDO SODWH DQG PP WKLFNQ
FRPSDUHG WR PRGHOV )+ DQG )+ DQG PP WKLFEFNQHYV
SODWH EHQGLQJ GXULQJ LQVWDOODWLRQ $FFRUGLQJ WR 6D
KHOL[ WKLFNQHVY VLQFH RQH RI WKH WRUVLRQDO PRPHQW
E\ WKH PRPHQW DFWLQJ RQ VLGH VXUIDFH RI RXWHU SHULPFE
WKH KHOLFDO SODWH WKH JUHDWHU WKH YROXPH RI WKH G
7TKXV WKH WRUTXH JDLQ REVHUYHG LQ PRGHOV )+ DQG ) +
WKH UHVXOWYV RI WRUTXH PHDVXUHPHQWYV $FFRUGLQJO\
WRUTXH ZDV QRW LQIOXHQFHG E\ VFDOH HIIHFWV 7KLV YHI
PRGHOOLQJ WHFKQLTXH FDQ EH XVHG VXFFHVVIXOO\ IRU LQ°

KHOLFDO IRXQGDWLRQV XVLQD ® QFKBW HPR @/HKOW ZLWK D UDWI

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

JLIXUH JLQDO LQVWDOODWLRQ WRUTXH LQ SURWR

+R\W DQG &OHPHQFH SURSRVHG DQ HPSLULFDO U
WRUTXH DQG WKH D[LDO XSOLIW FDSDFLW\ RI KHOLFDO SL
4, . MUilsyy (T
ZKHUH
/ys - DYHUDJH RI WKH WRUTXH PHDVXUHG DORQJ WKH ILC
KHOL[ GLDPHWHU
.w WRUTXH FRUUHODWLRQ IDFWRU WKDW YDULHV ZLWK W]
7R YHULI\ LI WKH SK\WLFDO PRGHOOLQJ ZHOO UHSUF
DQFKRUV GXULQJ LQVWDOODWLRQ DIDXHWIEHH WHOWUP
LQYHVWLIJDWLRQ DV SUHVHQWHG LQ 7DR¥BOXHVKRI RPH®)
PDIJQLWXGH WR WKH ILHOG PHDVXWH® O D ORH B UHMHOQW I
DQFKRU ZLWK VLPLODU GLPHQVLRQV LQVWDO®HBOKXE® B&H
P DQG WKH FXUUHQW FHQWULWXYIHO YWHH \RW V KIHWRNM RG H G (

VFEDOH HIIHFW ZDV REVHUYHG L QwWK-HW RIUPXQ@ MWKIHR QDRIJHE €&

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\
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WHVWHG 2Q WKH RWKHU KDQG WKH FRHIILFLHQWNWRHRUYDUL
LQGLFDWH WKDW WKH UHVLVWLQJ IRUFHV DFWLQJ RQ WKH

YDULDEOH WKDQ WKH IRUFHY DFWLQJ RQ WKH DQFKRU XQGH!I

(YDOXDWLRQ RI LQVWDOODWLRQ HIIHFW

7KH HYDOXDWLRQ RI WKH LQVWDOODWLRQ HIITHFWV RQ Wi

VDQG ZDV GRQH LQ WKLV VWXG\ XVLQJ WKH WKUHH GLIITHUHQ

&RPSDULVRQ EHWZHHQ DQFKRUV LQ GLVWXUEHG DQG

)RU D FRPSDULVRQ EHWZHHQ KHOLFDO DQFKRUV LQ GLV)\
WHVWYV ZHUH FDUULHG RXW RQ KHOLFDO DQFKRW®RBEBHOV ZlI
WZR GLIIHUHQW FRQGLWLRQV
D PRGHO DQFKRUV SODFHG LQ WKH VDQG VDPSOH GXULQ
GLVWXUEDQFH FDXVHG E\ DQFKRU LQVWDOODWLRQ

E PRGHO DQFKRUV LQVWDOOHG LQ IOLJKW WR VLPXODW
ILHOG LQVWDOODWLRQ

7KH UHVXOWV RI WKH VL[ XSOLIW WHVWV FRQGXFWHG ZL\

GLVWXUEDQFH DUH SUHVHQWHG LQ 7DEOH DQG LQ )LIJXUH

7DEOH 5HVXOWV RI WKH XSOLIW WHVWV ZLWK PRGHO DQFKRUV
THVW &RQGLWLRQNL1] s8onPP  &ioh
)+ &RQW 1R 30DFHG EHIRUH
)+ &RQW 1R ,QVWDOOHG LQ IOLIKW
)+ &RQW 1R 30DFHG EHIRUH
)+ &RQW 1R ,QVWDOOHG LQ IOLIKW
)+ &RQW 1R 30DFHG EHIRUH
)+ &RQW 1R ,QVWDOOHG LQ IOLIKW

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

J)LIXUH 5HVXOWYV RI WKH SXOO0O RXW WHVWYV ZLWK DQFKRU PRGHOV
LQVWDOOHG LQ IOLJKW LQ SURWRW\SH VFDOH

7KH XSOLIW FDSDFLW\ ZDV ORZHU IRU WKH DQFKRU F
VXSSRVHGO\ QR VDQG GLVWXUEDQFH 7KLV REVHUYDWI
SHUIRUPLQJ FRPSUHVVLRQ DQG WHQVLRQ ORDGLQJ WHVW
LOQVWDOODWLRQ HIITHFW FDXVHV VRLO ORRVHQLQJ ZLWKL:
FDSDFLW\ ,Q WKH SUHVHQW LQYHVWLJDWLRQ WKH ORZH
LQ XQGLVWXUEHG VDQG PD\ EH UHODWHG WR D OLPLWD\
DOQFKRUV ZHUH SODFHG GXULQJ VDPSOH SUHSDUDWLRQ W
WKH VDQG SOXYLDWLRQ SURFHVV 7KH FROOLVLRQ RI WKI
PD\ KDYH FDXVHG UHGXFWLRQ RI WKH NLQHWLF HQHUJ\ F
UHFRQVWLWXWLRQ DURXQG WKH PRGHO DQFKRU 7KH ]JRQ
OHVV GHQVH WKDQ WKH UHVW Rl WKH VDPSOH DQG FRQ\

UHGXFHG

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\
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,PDJHV RI VDQG PRYHPHQW GXULQJ LQVWDOODWLRQ

JRU WKLV WKHVLY DQRWKHU YHULILEFDWLRQ RI WKH LQVW
E\ HLFDYDWLQJ WZR VDQG VDPSOHV WKH ILUVW H[FDYDWLRQ
WKH PRGHO DQFKRU DIWHU WKH PRGHO LQVWDOODWLRQ LQ F
FRQWDLQHU 1R ZHUH PRGHOV )+ DQG )+ ZHUH LQVWDO!
YHUWLFDO GLVSODFHPHQW RI WKH DIQXFK R B MPHRFGWHLOY KW RG W W/
ZHUH L XQGHUVWDQG VDQG PRYHPHQW GXULQJ WKH KHOL
WKH IDLOXUH ]JRQH DIWHU WHQVLOH ORDGLQJ

'XULQJ WKH VDPSOH UHFRQVWLWXWLRQ LQ ERWK FRQWD
KRULJRQWDO WKLQ OD\HUV RI G\HG GDUN VDQG VSDFLQJ §
PRGHO )+ LQ VDLG JRQH LQ IOLJKW

J)LIXUH D VKRZV D SKRWRJUDSK Rl WKH VDQG VDPSOH D
ILJXUH WKH GLVWXUEHG VDQG DURXQG WKH DQFKRU LV FOl
QHDU WKH VKDIW DQG WKH VRLO DERYH WKH KHOL[ ULVHV

J)LIXUH LOOXVWUDWHY WKH PRYHPHQW RI WKH VDQG JUDLQ

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

JLIXUH 3BKRWRJUDSKV RI WKH vDQG VDPSOH DIWHU H[FDYDWLRQ DURX
DQG E DIWHU XSOLIW ORDGLQJ

JLIXUH ,QVWDOODWLRQ HIIHFW YHUWLFDO DQG KRUL]JRQWDO PRYHP
EHIRUH WKH LOQVWDOODWLRQ

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\
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J)LIXUH E VKRZV WKH VDQG VDPSOH DIWHU' WKKILFRGHO |
ILIXUH LQGLFDWHYVY WKH VRLO GLUHFWO\ DERYH WKH KHOL][ F
WKH DQFKRU ORDG GLVSODFHPHQW UHVSRQVH LV FRQWURO
EHFDXVH WKH VKHDU VXUIDFH ZDV ORFDWHG ZLWKLQ WKH

SKRWRJUDSKVY DUH SUHVHQWHG LQ $SSHQGL][ 3

OLFUR WRPRJUDSKLF DQDO\VLV

$GGLWLRQDOO\ IRU WKH LQYHVWLJDWLRQ RI LQVWDOOL
KHOLFDO DQFKRU LQ VDQG PLFUR WRPRJUDSKLF DQDO\VHYV .
D SODVWLF DQFKRU PRGHO LQVWDOOHG LQVLGH WKH VDQG
E\ WKH SOXYLDWLRQ WHFKQLTXH
/KH SODVWLF PRGHO DQFKRU ZDV LQVWDOOHG LQ FRQWI
' DQG VXEPLWWHG WR DQ XSOLIW ORDGLQJ ZLWK D PDJ[LP
" LQ SURWRW\SH VFDOH 7KH WZR VDPSOHV ZHUH REWDLQ
GLVWXUEHG DQG XQGLVWXUEHG $ YHUWLFDOLW\ GHYLDWI
GLIILFXOW\ LQ PDLQWDLQLQJ D YHUWLFDO JXLGH GXULQJ WK
J)LIXUH VKRZVY WKH PLFUR WRPRJUDSKLF LPDJHV RI W
VKDGHV RI JUH\ LQGLFDWH KRUL]JRQWDO WKLQ OD\HUV ZLWK
WKH VDQG VDPSOH UHFRQVWLWXWLRQ E\ SOXYLDWLRQ $V W
JUH\ WKH vDQG EHFRPHV OHVV GHQVH 1HYHUWKHOHVV WK
OD\HUV LQGLFDWH XQLIRUP GHSRVLWLRQ RI VDQG DQG WKH!
DVVXPHG DV XQLIRUP LQ WKH VFDOH RI WKH FXUUHQW H[SHL

LI WKH vDQG LV DQDO\VHG ZLWK JUHDWHU GHWDLO

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

JLIXUH OLFUR WRPRJUDSKLF LPDJHV RI WKH LQWDFW VDQG VSHFLI

/7KH PLFUR WRPRJUDSKLF LPDJH RI WKH VDQG VSHFLI
LQVLGH VKRZQ LQ )LJXUH LOOXVWUDWHY GDUNHU VKD
JRQH RI GLVWXUEHG VDQG DURXQG WKH VKDIW SHQHWUD
GHQVH VDQG ]JRQH DUH QRWHG EHORZ WKH KHOL[ FDXV
DQFKRU $V WKH PRGHO PRYHG XS WKH VDQG SDUWLFOH"

WKH JDS

JLIXUH OLFUR WRPRJUDSKLF ORQJLWXGLQDO VHFWLRQ RI WKH VDQG
DIWHU D YHUWLFDO XSOLIW RI

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

JLIXUHV D DbQG E VKRZ WKDW WKH VDQG DURXQG WKH
GLITHUHQW GHQVLWLHV FRPSDUHG WR WKH UHVW RI WKH VL
JRQHV RI ERWK OLJKW DQG GDUN JUH\ FRUUHVSRQGLQJ WR
JLIXUH D 7KLY REVHUYDWLRQ VXJIJHVWV WKDW WKH VDQ
F\OLQGULFDO J]RQH DERYH WKH KHOL[ DQG WKDW WKH FRQ|
GHSHQGVY RQ WKH SDWFK IROORZHG E\ WKH KHOL[ 7KH VDPtE
DURXQG WKH KHOL[ LOOXVWUDWHG LQ )LJXUH E 7KLV ILJX
JUH\ FRORXU LV PRUH QRWLFHDEOH LQ RQH TXDGUDQW RI Wtk
VXSSRUW WKH K\SRWKHVLV WKDW GXULQJ WKH PRGHO DQFK
VDQG E\ VKDIW DQG KHOL[ GXULQJ LQVWDOODWLRQ H[SHUL
S3RVVLEO\ GXULQJ WKH LQVWDOODWLRQ WKH KHOL[ SXVKHV
SDVVDJH WKH VDQG PRYHV GRZQ WR ILOO WKH JDS FUHDWH
vDQG OD\HUV DUH RQO\ VOLJKWO\ DIIHFWHG E\ WKH KHOLTJ

VDQG UHPDLQ GHQVH

JLIXUH OLFUR WRPRJUDSKLF LPDJHV RI WKH VDQG VSHFLPHQ ZLWK WKH
VHFWLRQ DW WKH VKDIW OHYHO E FURVV VHFWLRQ DW KHOL[ OHYHO

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

ORQRWRQLF EHKDYLRXU RI WKH VLQJOH KHOL[ DQFKR

&RPSDULVRQ EHWZHHQ FHQWULIXJH VLPXODWLRQ

Y)LIXUH FRPSDUHV WKH UHVXOWV RI XSOLIW ORDG

)+L ZLWK WKH UHVXOWV RI WKH ILHOG WHVW RI WKH k

WHQVLRQ ORDGLQJ WHVW RQ D VLQJOH KHOL[ DQFKRU LC
%RWK DQFKRU PRGHOV KDG D K'HOIQGHWEHGIXKIO@W BHIGM KL
KHOL[ HPEHGPHQW GDMHPK RO $OWKRXJK WKH PHDQ IUL

UHVLVWDQFH REWDLQHG IURP WHVWV RQ WKH LQVWUXP

FDSDFLW\ )LJXUH WKH UHVXOWY VKRZ WKDW WKH FHQ
JLIXUH &RPSDULVRQ EHWZHHNQ DMK H LGIT WOMAWVR | SIDYIIRUPHG RQ )
] ' FRQWDLQHU 1R DQG

7KH VDQG GHQVLW\ LQGH[ LQ WKH VHWHDIOV QR® *DOrHRUDQ @ HIS R D @VHH ¢
,JJRHW DO DQG LQ HRKBOW\ $ LV UHSRUWHG IRU UHFRQVWLWXV
WULD[LDO WHVWV IRU WKH VLWH FKDUDFWHUL]DWLRQ (KRZHDHWLL RAQK
SHUIRUPHG E\ WKH SUHVHQW DXWKRU XVLQJ WKHDRRUUZHOBKWLRI &3
UHVXOWYV SUHVHWWKG EDYBYLQG YPMWHGDRXQG

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

+HOLFDO DQFKRU UHVSRQVH XQGHU UHORDGLQJ

7ZR ORDGLQJ XQORDGLQJ UHORDGLQJ WHVWV RQ DQFKF
HYDOXDWH WKH PRQRWRQLF DQFKRU UHVSRQVH DIWHU GLIIH
)+ LQ FRQWDLQHU 1R WKH DQFKRU PRGHO ZDV ORDGHG
RI DURXQG7KH VHFRQG WHQVLOH ORDGLQJ WHVW )+ LQ F|
WR D YHUWLFDO GLVSODFHPHQW RI WKH JXQ@FHKR W KRDG \RK DWW
ORDG GLVSODFHPHQW UHVSRQVHV RI ERWK WHVWV DUH VLPL
GXULQJ WKH UHORDGLQJ VWDJH WKH DQFKRU PRGHO WKDW
GXULQJ WKH ILUVW ORDGLQJ H[KLELWHG D VXEVWDQWLDO U
EHEFDXVH WKH ODUJH GLVSODFHPHQW RI WKH KHOL[ DIWHU
EHORZ WKH KHOL[ DQG D SRUWLRQ RI VDQG PRYHG WR WKH

DURXQG WKH KHOL[] DQG D FRQVHTXHQW UHGXFWLRQ LQ XSO

JLIXUH 5HVXOWY LQ SURWRW\SH YDOXHV RI WKH SXOO RXW WHVWV )
1R

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

/IRDG GLVWULEXWLRQ DORQJ WKH VLQJOH KHOL[ DQFK

THVWV RQ DQ LQVWUXPHQWHG PRGHO DQFKRU

7ZR PRQRWRQLF SXO0O RXW WHVWV ZHUH SHUIRUPHG
FRQWDLQHU 1R +RZHYHU WKH ORDGV UHJLVWHUHG L
LQIOXHQFHG E\ WKH WRUTXH DV H[SODLQHG LQ $SSHQG
PRQRWRQLF WHVWYV ZHUH FRQGXFWHG DIWHU FRUUHFWL
VXEVHTXHQW FRQWDLQHUV WKH SUH F\FOLF ORDG GLVSO
VWDJH DIWHU WKH PRGHO LQVWDOOOMDRQVEQG EHURBE W
IRUFH SDVVHV IURP FRPSUHVVLRQ PHDVXUHG IRUFHV DW
WHKE,IYDOXH DQG WKHQ WR WKH PHDO FYFWKEVORDBFHG
LQFUHDVLQJ IRUFH LQ WHQVLRQ LV PRQLWRUHG WKH SH
WKH VKDIW FDQ EH TXDQWLILHG

JURP WKH UHVXOWV RI WKH WHVWV RQ WKH )+L PRG
EHDULQJ FRUUHVSRQGHG WR D PHDQ YDOXH RI RI W
YDULDWLRQ RI JLIXUH VKRZV WKH UDWLR RI WKH OF

ORDB G ApssoLZE WKLQ WKH DQDO\WHG WHVW SHULRG

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF
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JLIXUH5HJLVWHUHG ORDG LQ WKH VKDIW VHFWLRQ MXVW DERYH WKH KHO
KHDG

7THVWV RQ PRGHOV ZLWK UHPRYDEOH KHOL]

7KUHH KHOLFDO DQFKRU PRGHOV 5+ 5+ DQG 5+ ZHUF
KHOL[ WR PHDVXUH RQO\ WKH VKDIW UHVLVWDQFH ZKHQ WKtE
HPEHGGHG LQ WKH VDQG VDPSOH 7KH H[SHULPHQWYV ZHUH
KHOL[ HPEHGAHQW IBHSRRKGHOV 5+ DQG 5+ DQG LQ FRQWL
] ' IRUPRGHO 5+

YJLIXUH VKRZV WKH UHVXOWV RI WKH XSOLIW WHVWV R
KHOL[ 7KH WKUHH FXUYHV H[KLELW D SHDN IROORZHG E\ D \
UHGXFWLRQ FRQVWLWXWH DQ XQ H[SHFWHG EHKDYLRXU ZK
GLVSODFHPHQW UHVSRQVH RI UHJXODU SLOHV VXEMHFWHG
SRUWLRQ RI WKH FXUYHV ZDV FDXVHG E\ DQ DGGLWLRQDO Il
EHKDYLRXU RFFXUHG EHFDXVH WKH DSSOLHG WRUTXH DW W
FRPSOHWHO\ GLVVLSDWHG FRQVHTXHQWO\ WKH DQFKRU PF

ORQJLWXGLQDO D[LV 7KLV WRUTXH FDXVHG DQ DGGLWLRQ

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

EHWZHHQ WKH SLQ DQG WKH KROH RI WKH KHOL[ VKDIW
UHVLVWDQFH WR WKH URG SXOO RXW ZDV JHQHUDWHG F
ORDGLQJ XQWLO WKH GLVFRQQHFWLRQ RFEXUUHG $IWH!
PRGHO YDOXHV ZKHQ WKH KHOL[ ZDV FRPSOHWHO\ GL
GLVSODFHPHQW FXUYHV LQGLFDWHG D VWDELOL]DWLRQ F
YDOXH RI UHVLGXDO VKDIW UHVLVWDQFH RI DURXQG N1

Y)LIXUH SUHVHQWY D VFKHPH RI WKH KHOL[ URG FR

UHPRYDEOH KHOL[ ZKHQ WKHUH LV D UHPDLQLQJ WRUTXH

J)LIXUH /IRDG GLVSODFHPHQW UHVSRQVHVY RI WKH PRGHO DQFKRU

JLIXUH 6FKHPH RI WKH DGGLWLRQDO FRQWDFW LQ WKH KHO

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

&\FOLF ORDGLQJ WHVWV ZLWK )+ DQG )+ L

7KH F\FOLF ORDGLQJ LQYHVWLJDWLRQ ZDV FRQGXFWHG Z
LQVWUXPHQWHG )+ VLQJOH KHOL[ PRGHOV ZLWK D KHOL[ Gl
Rl PP 7KH F\FOLF ORDGLQJ WHVWV ZHUH FDUWLHG: RXW ZL
DQG GLIIHUHQW S4kdnWHK®IVECHOIORBBYDPHWHUY DUH LOOXVYV
VHFWLRQ

7KH EDVLF SDUDPHWHUV UHTXLUHG WR G#hMFJJEEHO DFF\FOL
ORDIG\roLrIUHTXHQF\ DQG QXPEHU4RbJPFERHBFUBVRBOPDOL]HG
WKURXJK WKH PRQRWRQLF FDSDFLW\ LQ WHQVLRQ RU FRPS
F\FOLF WHVWV PRQRWRQLF XSOLIW WHVWVY ZHUH FRQGXEFEV
LQVWDOOHG DW WKH VDPH HPEHIGPHQW 7HS @/K DBV GW K B OFD F 8
UHVSRQVHV RI WKH PRQRWRQLF ORDGLQJ WHVWYV IRU PRGHO

7KHVH UHVXOWY DUH XWLOL]HG WR GHILQH WKH XOWLPD)

4pp® A& FOYDOXHV IRU WKH F\FOLF ORDGLQJ WHVWYV

JLIXUH ORQRWRQLF ORDG GLVSODFHPHQW UHVSRQVHV RI XSOLIW WH
YDOXHV

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

7KH PRQRWRQLF FDSBFLADVLEVWPEQOLRRHG DV WKH
LQGHSHQGHQW RI GLVSODFHPHQW 7KH XOWLPDWH ORDG
YDOXH IRU WKH )+ PRGHO WHVWH G $IEQR FR QWDH. 1D B HL R
IRXQG LQ WKH SXO00 RXW WHVWV RI WKH )+L PRGHO
VHFRQG WHVW ERWK FDUULHG R X\NH.UDH FRRQH DAIQH P R@R W

LQ WH®VIZRY DGRSWHG DV WKH DYHUDIJH YDOAXH RI WKH W

+HOLFDO DQFKRU EHKDYLRXU XQGHU F\FOLF WHQ"

$IWHU LQVWDOODWLRQ WKH PRGHO DQFKRUV ZHUH ¥
4sy¥DU\LQJ IURWR 4; VHH 7DEOH &KDSWHU  WR VLPXO
VHUYLFH ORDG

JURP D WRWDO RI F\FOLF WHVWV RQO\ WHVWV K
PRGHO )+ DQG WHVWV ZLWK DQFKRU PRGHO )+L 5HV
QRW EHHQ XVHG GXH WR SUREOHPV LQ PDLQWDLQLQJ WI
DSSURSULDWH UDQJH Rl ORDG YDULDWLRQ ,Q DGGLWLRQ
WKH VHUYR FRQWUROOLQJ VIVWHP VRPH WHVWV LQLWLD
FRPSOHWHO\ DSSOLHG 1HYHUWKHOHVV WKH UHVXOWYV
SUHPDWXUHO\ ZHUH XVHG LQ WKH DQDO\VHYV

JLIXUH D SUHVHQWY WKH SLOH KHDG UHVSRQVHV W
VLPLODU SUH WHQV4Qk DQBD @ KWUHBXHGLIIHUHQW ORDG
4rvroLr 47 PHGL&Rolr 47 DQG OGIBHolH 47 7KLV ILIJXUH VK
WKDW WKH DFEXPXODWHG GLVSODFHPHI@®W IVIKMHB\FOLF\MK
WKH ODUJHU DPSOLWXGHRU WRA RDVH RI LQWHUPHGLDW
DFFXPXODWHG GLVSODFHPHQWQEBDMRU WRPA ORZHU DPSOL

PP ' LQ SURWRW\SH YDOXHV

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

,Q RQH zZD\ F\FOLF ORDGLQJV RQ UHJXODU SLOHV ZLWK
JUHDWHU WBDPB® EHHQ FRPP R Qo DRZHWY W&DI @UH U F\FOHYV
7VXKI DOE 3XHWKDO ,Q WKH SUHVHQW UHVHDUFK WKH
KHOLFDO DQFKRU PRGHO BIFSHBXOQMHMG GLVSODFHPHQW DIV
F\FOLF ORDGHLQINRPUNWRAL;, GHSHQGLQJ RQ WKHIFBPELQDWL
+RZHYHU WKH F\FOLF UHVSRQVH RI D KHOLFDO DQFKRU L\
FRQYHQWLRQDO SLOHV XQGHU F\FOLF WHQVLOH ORDGLQJ D

F\FOLF EHKDYLRXU RI WKLV W\SH RI IRXQGDWLRQ

JLIXUH /IRDG GLVSODFHPHQW EHKDYLRXU RI4seMFOLE&E WOHMAWVE ZLWK
47 "4sur 44

7KH UHVXOWY SUHVHQWHG LQ )LJXUH E ZHUdh REWDLC
EHWZHHQ PQGQ WKLV ILIJXUH WKH F\FOLF WHVWV ZLWK
4rvFoLr 47 UHVXOWHG LQ' RIPPFFXPXODWHG GLVSODFHPHQW
WKH HQG RI WKH WHVW $Q HVWLPDWH XVLQJ D ORJDULW

DFFXPXODWHG GLVSODFHPHJUWORIDG FPPOHR 1R

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

JLIXUHV D DQG E VKRZ WKDW WKH ILUVW ORDG F\FO
WKH IROORZLQJ RQHV 7KH SHUPDQHQW GLVSODFHPHQW
FRPSDUHG WR WKH VXEVHTXHQW F\FOHV 7KH ILUVW F\F
GLVWXUEHG VDQG DERYH WKH KHOL[ WKHUHIRUH WKH V>
DERYH WKH KHOL]J

':LFKWPDQQ DQG 7ULDQWDI\OOLGLYV GLG QRW FR
ILUVW F\FOH LQ WKH DQDO\VLV RI DFEXPXODWLRQ RI GH
DQDO\WLYV SHUIRUPHG E\ WKHVH DXWKRUV LQWHQGHG W
DFFXPXODWLRQ LQ VDQG VSHFLPHQV &RQFHUQLQJ WKFE
'LFKWPDQQ DQG 7ULDQWDI\OOLGLV DUJXHV WKDW W
TXDUWHUV RI WKH ILUVW F\FOH LV QHJOLJLEOH LQ FRPSI
ODUJH QXPEHU RI VXEVHTXHQW F\FOHV ,Q F\FOLF VWDEL
WKH ILUVW F\FOHV PD\ EH FRQVLGHUHG VLQFH WKH LQL
QRW LQYROYH WKH DSSOLFDWLRQ RI D SUH F\F@dof ORDG

7KH UHVXOWMR RO LWKMHVW FDUULHG RXW LQ FRQWDLQH
SUHVHQWHG LQ )LIJXUH LOOXVWUDWH WKH HIIHFW RI W
JUHDWHU WKDQ MKMW HYRMOLB+WHOR\QW 1R JRU WKLV FI
LQVWDOODWLRQ D GHOD\ EHWZHHQ VWRSSLQJ WKH YHUW
REVHUYHG 7KLV PLVPDWFK FDXVHG DQ DGGLWLRQDO WHC
ZKLFK SUH ORDGHG WKH DQFKRU Zp3VRI DV BEUW DRNFQL K D/O
RFFXUUHQFH RI D ODUJH WHQVLOH ORDG EHIRUH WKH F\¥
UHGXFHG WKH GLVSODFHPHQWYV RI WKH ILUVW F\FOH +RZ
RI WHQVLOH ORDGLQJ WHVWV )+L DQG )+L LQ FRQWI

GXULQJ WKH ILUVW F\FOH )LJXUH

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

J)LIXUH /IRDG GLVSODFHPHQW EHKDYLRXU RU4FIELQLEF WHVWY ZLWK )-

7KH PHDVXUHPHQWY Rl WKH DSSOLHG ORDG RQ WKH DQFk
IRUFH JDXJH DERYH WKH KHOL[ DUH SUHVHQWHG LQ )LJXUH
FRQWDLQHU 1R DQG IRU WHVW )+L LQ FRQWDLQHU 1R
ZLWK D ORZHU PHDQ ORDG DQG D ORZHU F\FOLF DPSOLWXG
GLVSODFHPHOQW I IHWU F\FOH\D W@ G F\FOHV ,Q WKH WF
LOQWHUPHGLDWH FRQGLWLRQ RI PHDQ ORDG DQG F\FOLF D
GLVSODFHPHQW DFKIDHWH® ZDVORDG F\FOHV 7KH UHVXOWYV
JUHDWHU PHDQ ORDG DQG F\FOLF DPSOLWXGH )LJXUH F
GLVSODFHPHQWWRWKH QDVW F\FOH

,Q JLIXUH WKH SHUPDQHQW GLVSODFHPHQW ZDV PXFK
WKDQ LQ WKH IROORZLQJ F\FOHV Rl WKH WKUHH WHVWV $V
LQFOXGHV WKH ILUVW ORDGLQJ RQ WKH VDQG DERYH WKH KF
GXH WR WKH DQFKRU LQVWDOODWLRQ WKHUHIRUH WKH

GHQVLILFDWLRQ DERYH WKH KHOL]

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

)LIXUH 1RUPDOL]JHG ORDG GLVSODFHP4#@W F\BODRQGHNSRQMHY D
Edpupo 4; DA roLr 47 Hophbpo 4; D Q&FroLr 47

$IWHU D IHZ F\FOHV GXULQJ WKH XQORDGLQJ VWDJH)\
JLIXUH LQGLFDWH WKDW WKH IRUFH UHJLVWHUHG E\ WK
WKDQ WKH DSSOLHG IRUFH $OVR WKH PLQLPXP WHQVLRC
HQG RI WKH XQORDGLQJ VWDJH LQFUHDVHV ZLWK WKH Q.
EHJLQQLQJ Rl WKH XQORDGLQJ VWDJHV WKH DQFKRU PR
PRYH GRZQ &RQVHTXHQWO\ DW WKH HQG Rl WKH XQORI
SXVKHV XS WKH KHOLFDO DQFKRU :KHQ WKH DSSOLHG W
WKH DQFKRU WLS KHOL[ DQG WKH VRLO EHORZ WKH WLS
WKH VDPH WLPH WKH VDQG JUDLQV PRYH WRZDUG WKH 3
$IWHU WKDW LQ WKH QH[W XQORDGLQJ VWDJH WKH VRLC
WKH UHJLVWHUHG SXVKLQJ XS IRUFH ZKHQ WKH DQFKRU |
DV GLVEXVVHG LQ VHFWLRQ 7KLV SXVKLQJ XS IRUFH R
LQFUHDVHG RYHU WKH F\FOHV DQG ZDV JUHDWHU WHVW!
SUREDEO\ EHFDXVH WKH JDS IRUPHG EHQHDWK WKH KHOL|

7KH DVVXPSWLRQV LOOXVWUDWHG LQ )LIXUH DUH FFR

LOQVWDOODWLRQ HIITHFWV LQ VHFWLRQ DQG IURP )LIXU

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

JLIXUH *DS IRUPDWLRQ DQG VDQG SDUWLFOHY PRYHPHQW GXL

&\FOLF DFFXPXODWHG GLVSODFHPHQW

J)LIXUH SUHVHQWY WKH DFFXPXODWHG GLVSODFHPHC
FRPELQDWR@PQWIREFoLF KH GLVSODFHPHQWY DFFEXPXODWHG ID)
KLIKHU F\FOLRBRrRESOLWOUGH D DQG E VKRZ WKDW WKH GLVS
LV PRUH QRWLFHDEOH LQ WKH LQLWLDO F\FOHV )RU
UHGXFWLRQ LQ WKH VIWIW MQSDFPOIONV XXXRWEEWE® LQ WKH FRX
F\FOHV ZKLFK FRLQFLGHV ZLWK REVHW DWLR QU RIHSERQWWE
DFFXPXODWHG GLVSODFHPHQWY ZLWK WKH ORJ RI F\FOHV DQ
LQ )LIXUHV F DQG G 7KHVH ILIJXUHV VKRZ WKDW IRU KLJKH
Rl F\AFOHV LV QHFHVVDU\ WR FKDQJH WKH VORSH RI WKH FXU"

J)LIXUH SUHVHQWYVY WKH DFFXPXODWHG GLVSODFHPHQ

ORJDULWISR) RIQIOHFWLRQ SRLQW FDQ EH REVHUYHG LQ DOO

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

EHJLQQLQJ RI WKH WHVW DQG WKH LQIOHFWLRQ SRLQW I
GLVSODFHPHQW DFFXPXODWLRQ UXOH IRGORZWBLELILEIY

VWUDLJKW OLQH FDQ EH ILWWHG DIWHU WKH LQIOHFWLRQ

J)LIXUH OD[LPXP DQG PLQLPXP YDOXHV RI YHUWLFDO GLVSODFHPHC
VFDOH DQG F DQG G ORJ VFDOH

7KH UHVXOWYV RI YDULRXV WHVWV LQ )LJXUH LQG
SODFHG DORQJ D VWUDLJKW OLQH VHSDUDWLQJ QRQ O

VXJIJIHVWYV WKDW DIWHU D QXPEHU RI F\FOHV WKH DFFXI

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

ORD IXQFWLRQ DFFRUGLQJ WR WKH FRPELQDWLRQ RI F\FOLF
DPSOLWXGH

JLIXUH SUHVHQWY W\SLFDO FXUYHV RI WKH GLVSODFH
RI DFFXPXODWHG GLVSODFHPHQW SHU F\FOH 7TKH GLVSODF!
F\FOLF DPSOLWXGH DQG PHDQ ORDG +RZHYHU DIWHU D GR]F

DERXW RI WKH LQLWLDO UDWH

JLIXUH $FFXPXODWHG GLVSODFHPHQWY DQDO\WHG LQ IXQFWLRQ RI WI

7KH F\FOLF UHVXOWYV LQ )LJXUH D LQGLFDWH WKDW WK

IURP PP F\FOHV LQ F\FOH 1R WR DERXW PP F\FOI
)+ &RQW 1R WKH FDVH RI ORZ F\FOLF DPSOLWXGH SUH
ZLWK KLJKHU DPSOLWXGH SUHVHQWHG LQ )LJXUH ) +

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

DFFXPXODWLRQ UDWH GHFUHDVHG IURP PP F\FOH WR DU
DIWHU F\FOHV SDVVHG WR PP F\FOHV

/IDUJH GLVSODFHPHQW DFFXPXODWLRQ UDWHYV DUH RE
VDQG GHQVLILFDWLRQ DERYH WKH KHOL[ WKURXJKRXW \
GHJUDGDWLRQ +RZHYHU QR VXGGHQ F\FOLF IDLOXUH

LQFUHDVHYVY RYHU WKH ORDGLQJ F\FOHV GXH WR WKH GHQ

J)LIXUH 'LVSODFHPHQW DFFXPXODWLRQ UDWHYV LQ F\FOLF WHVWYV
SURWRW\SH YDOXHV

J)LIXUH E SUHVHQWYV WKH GLVSODFHPHQW DFFXP X(
LOQVWUXPHQWHG PRGHO DQFKRU )+L ZLWK KLJKHU F\FOL
)* PRGHO )LJXUH D 7KH UHVXOWYVY RI WKH WKUHH WH

WKH GLVSODFHPHQW UDWH BHAWAHHQ F\FRWYV |RY

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

(YHQ DW ODUJH 4rbFOLF4ORD®VYIQLILFDQW GHFUHDVH RI Wk
DFFXPXODWLRQ UDWH LV REVHUYHG DIWHU D QXPEHU RI F\FC

JRU JX\HG WRZHU DQFKRUV D IHZ F\FOHV RI BYFOLF ORD
ZRXOG FDXVH WKH DQFKRU WR IDLO F\FOLFDOO\ GXH WR H]J
KHOL[ EHDULQJ UHVLVWDQFH LQFUHDVHG GXH WR WKH VRL(
F\FOLF ORDGLQJ OLWWOH RU QR ORVV LQ XSOLIW FDSDFLW
WHVW UHVXOWYV 7KHUHIRUH WKH DGMXVWPHQW RI WKH SU
VROXWLRQ IRU H[FHVVLYH F\FOLF GLVSODFHPHQWYV RI WKH D

JLIXUH VKRZV WKDW QR LQGLFDWLRQ RI GLVSODFHPH
GLVSODFHPHQWYV RKBDEBERXWODFHPHQW DFFXPXODWLRQ WHQG
DW D JLYHQ UDWH YDOXH GHSHQGLQJ RQ WKH F\FOLF ORDG

GLVSODFHPHQW DFFXPXODWLRQ UDWHYV RI WKH WKUHH WHVW

7TDEOH 'LVSODFHPHQW DFFXPXODWLRQ UDWHV LQ WHVWV ZLWK W
'LVSODFHPHQW DFFXPXODWLRQ UDWH PP
THVW po[% &\FOHYV, 1 ,QLWLDO 1 F\FOHV JLQDO
)+L &RQW 1R DFF " 8 bBF ' pB8F
)+L &RQW 1R DFF "8 b ¥ ' D FF
)+L &RQW 1R DFF ' 8 B ' b BF
JLIXUH 'LVSODFHPHQW DEWXFXCRODRWA W IYWHWLFDO GLVSODFHPHQWYV

ZLWK )+L PRGHO LQ SURWRW\SH YDOXHYV

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

&\FOLF D[LDO VWLIIQHVV

7KH F\FOLF VWLIIQHVYVY UHVSRQVH LV HYDOXDWHG LQ W

J)LIXUH EDVHG RQ WKW BRRUN RI 5LPR\

JLIXUH 6WLIIQHVYVY DQG GLVSODFHPHQW HWODL® SDUDPHWHUYV

J)LIXUH VKRZV WKDW WKH DQFKRU D[LDO VWLIIQHV
VWLIIQHVY ZLWK PRUH VLJQLILFDQW JURZWK LQ WKH ILU
J)LIXUH D JRU WKH WHVWYV FDUULHG RXW RQ )+L PR

DFKLHYHV D YDOXH IURP WR WLPHV WKH LQLWLDO V

ILUVW F\FOHV )LJXUH E

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

YJLIXUH 7\SLFDO UHVXOWV RI QRUPDOL]JHG D[LDO F\FOLF VWLIIQHVV C
PRGHOV D )+ DQG E )+L

7TDEOH SUHVHQWYV WKH UHVXOWYV RI WK D'PRRBUTV F\F
WKE\FOH RU IRU D ILQDO F\FOH LI 1 7KLV WDEOH LQGL
GHSHQGHQW RQ WKH F\FOLF ORDGLQJ DPSOLWXGH DQG RQ
REVHUYDWLRQV ZHUH PDGH E\ 5LPR\ WKDW UHSRUWHC
PDLQO\ EDVHG RQ WKH F\FOLF DPSOLWXGH LQ F\FOLF WHVWYV
JRU F\FOLF ¥WHMWADWWUIQVNKIURP 47 WKRH VWLIIQHVY JDLQ ZDV
LQ WKH F\FOLBFWIRMWYV RPOWK BDRZHYHU WZR F\H#*HoBEWHVWYV |
DERXW?7 VKRZHG VLIQLILFDQW GLITHUHQFH LQ VWLIIQHVYV JDL

WHVW DJDLQVW N1 PP IRU WKH WHVW RQ PRGHO )+L LG

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV

SUREDEO\ GXH WR WKH G L4dHURIQWK IHY MV WHI \PWM D QJORD &/ H L
WHVW RQ WKH PRGHO )+ &RPSDULQJ RQO\ WKH UHVXOW
WKH LQIOXHQFH RI WKH F\FOLF DPSOLWXGH LV FOHDU )
4rvfoLr DQG 47 H[KLELWHG D VWLIIQHVV LQFUHDVH JUH

F\FOLF DP&Q-bWX@GH

7TDEOH $[LDO DQFKRU VWLIIQHVV LQ F\FOLF WHVWYV RQ PRGHO

$[LDO DQFKRU VWLIIQHVYVY N1 I
THVWehpdky 4rirodre 4ppi4 &\FOHV

"LITHUHOFH
,Q|_W|_D]'[g>\F oo, HIRY

)+
&RQW
)+
&RQW
)+
&RQW
)+L
&RQW
)+L
&RQW
)+L
&RQW

JLIXUH FRPSDUHV WKH DQFKRUVY D[LDO VWLIIQHVV
)+ DQG )+L 7KLV ILJXUH GHPRQVWUDWHYVY WKDW IRU
VWDELOL]H DIWHU DURXQG F\FOHV $OVR DW EHWZHH
VWLIIQHVY DUH FRPSDUDEOH IRU DOO F\FOLF WHVWYV SUI
dovp® QIS FoLF
JRU WKH ILUVW F\FOHV WKH VWLIIQHVYVY LQFUHDVH |
JLIXUH D WKDQ LQ WHVWV RQ PRGHO )+L )LIXUH E
)+ ZLWK F\FOLF DPSCQEWXIGHW X@GGWIRERYH WKH KHOL[ LV
WR DQ RYHUFRQVROLGDWHG VWDWH )RU WKH WHNWV ZL

DIWHU D GR]J]HQ F\FOHV D ODUJHU ]JRQH RI VDQG DERY

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\



6&+,$921 -RVp $QWRQLR %HKDYLRXU RI KHOLFDO DQFKEF

GLVSODFHPHQW DQG WKH VDQG GHQVLILFDWLRQ FRQWLQXH

VWLIIQHVYV JDLQ LQ WKH WHVWV RQ WKH )+L PRGHO LQ FRQ\

JLIXUH 7\SLFDO UHVXOWYV RI D[LDO F\FOLF VWLIIQHVV IRU WHVWV FR

6KDIW UHVLVWDQFH GHJUDGDWLRQ

J)LJIXUH SUHVHQWYV WKH VKDIW UHVLVWDQFH PRELOL]H ¢
WKH LQVWUXPHQWHG DQFKRU PRGHO )+L &KKHMIUMIDO YI
IURP N1 WR N1 LQ SURWRW\SH YDOXHV ZKLFK FRUUHV:
XSOLIW FOSDFMWSHFWLYHO\ 7HVWVY SUHVHQWLQZHUHDWHU
W\SLFDOO\ FRQGXFMW/HG7ELWKRBVEDYDAMULRQ LQGLFDWHY WKD
LQGXFHYV D JUHDWHU PRELOL]JDWLRQ RI WKH VKDIW UHVLVV
ORDGLQJ ZLWK 40D B EXWKHRVKDIW UHVLVWDQFH FDQQRW E
WKH RWKHU KDQG LQ WKH F\FOLF ORDGLQJV ZLWK KLJKHU

FRPSOHWHO\ PRELOLI]HG DQG DOVR H[KLELWV WKH GHJUDGD

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%$0 8Q



%HKDYLRXU RI KHOLFDO DQFKRUV VXEMHFWHG WR F\FOLF ORDGLQJV
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JLIXUH 6NLQ IULFWLRQ GHJUDGDWLRQ D DQG E F\FOLF WHVWV |
FRQWDLQHUV 1R DQG

6NLQ IULFWLRQ GHIJUDGDWLRQ RFFXUUHG LQ DOO F\F
F\FOHV ,Q FRQWUDVW VRPH WHVWV H[KLELWHG D VLJQ
F\FOHV 'XULQJ WKH ILUVW F\FOHV WKH UHGXFWLRQ RI \

IULFWLRQ GHIJUDGDWLRQ REVHUYHG IRU WKH HQWLUH WH

8QLYHUVLW\ RI 6mR 3DXOR DQG /81%0 8QLYHUVLW\


















































































































































































































































































































































































































































































































