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OLWFKHOO 7KRPDV 5DVPXVVHQ IRU WKH_GHJUHH RI 0DV

(QJLOHHULQJ SUHVHQWHG RQ 6HSWHPEHU

7LWOH &R (QFDSVXODWLRQ RI 60RZ 5HOHDVH 6XEVWI

$0JLODWH DQG *HOODQ *XP %HDGV WR 3URPRWH WKH &R

'LR[IDQH DQG &KORULQDWH $OLSKDWLF +\GURFDUERQYV

$EVWUDFW DSSURYHG BBBBBBBBBBBBBBBBBBBBBBBBBBB
/IHZLV 6HPSULQL

OHWKRGYV ZHUH GHYHORSHG IRU WKH FR HQFDSVXODWLRQ
YLDEOH PLFURELDO FHOOV LQ DOJLQDWH DQG JHOODQ JXP K\G
WUHDWPHQW RI JURXQGZDWHU FRQWDPLQDWHG ZLWK PL[WXU
K\GURFDUERQV ZKLFK ZLOO EH UHIHUUHG WR DV FRQWDPLQD
5KRGRFRFFXV S5BR&RFKURXY7 & & WKDW LV FDSDEOH RI F
WUDQVIRUPLQJ PLIWXUHV RI &R&V ZKHQ JURZQ RQ LVREXWDQ!
LVREXWDQH LQGXFLQJ FRPHWDEROLF WUDQVIRUPDWLRQ UHVFE
VKRZQ WKDW WKH JURZWK RI $7&& RQ QRQ JDVHRXV VXEN\
EXWDQRO PD\ DOVR VWLPXODWH WKH VKRUW FKDLQ DONDQH

WKDW LV UHVSRQVLEOH IRU WKH FRPHWDEROLF WUDQVIR
ZDV FRQGXFWHG LQWR WZR PRGHO VORZ UHOHDVH FRPSRXQG'
V EXW\ORUWBRYL OZKIDAMKHK\GURO\]H VORZO\ DW HVWHU ERQGYV

UHVSHFWLYHO\ DQG H[LVW LQ SXUH SKDVH DV OLJKW QRQ DT>



/11$3/ 65&V 7%262Q@GZHUH VXFFHVVIXOO\ HQFDSVXODWHG L

JXP PDWULFHV DW KLJK PDVV ORDGLQJV ! ZZ DQG FR HQI
WR EH DEOH WR FRQVXPH 65& SURGXFWYV DQG EXWDQRO
HQHUJ\ JDLQHG IURP WKH XWLOL]DWLRQ RI DQG EXWDQRO

KDYH LQFUHDVHG WKH VXUYLYDELOLW\ RYHUDOO DFWLYLW\ L
RI LQLWLDOO\ DXJPHQWHG ELRPDVV )RU H[DPSOH LQ EDWFE
HQFDSVXODWHG ZLWK 656V ZHUH DEOH WR PDLQWDLQ FRPHW
GD\V ZKHUHDV VLPLODU FHOOXODU ELRPDVV VXVSHQGHG LQ |
SRWHQWLDO DIWHU WKH ILUVW GD\V $OVR FR HQFDSVXOD\
PRUH FRQWDPLQDQWY WKDQ VXVSHQGHG FXOWXUHY RYHU WK
HQFDSVXODWHG V\VWHPV LV FRQWLQXLQJ WR EH REVHUYHG 7|
WKDW WKH GHYHORSHG FR HQFDSVXODWLRQ WHFKQRORJ\ PD\

HQFRXQWHUHG GXULQJ FXUUHQW LQ VLWX ELRUHPHGLDWLRQ
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$33529("
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+HDG RI WKH 6FKRRO RI &KHPLFDO %LRORJLFDO DQG (Q

'HDQ RI WKH *UDGXDWH 6FKRRO
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, 96 OLNH WR VWDUW E\ WKDQNLQJ DQG UHFRJQL]LQJ WKHF
'"HYHORSPHQW 3URJUDP 6(5'3 ZLWKLQ WKH "HSDUWPHQW RI "'l
UHVHDUFK SRVVLEOH *UDQW (5 , DOVR ZDQW WR WKDQN
LQLWLDO IXQGLQJ DQG RSSRUWXQLW\ WKDW DOORZHG PH WR
IDFXOW\ WKDW , KDG WKH RSSRUWXQLW\ WR OHDUQ IURP DQG
P\ ODVWHUfYV 7KHVLV LV GXH WR D EURDG JURXS RI SHRSOH Fl
RI WLPH DQG IRU FRQWLQXHG VXSSRUW WKURXJKRXW WKH SU

7KLV SURMHFW ZDV DQ HQJLQHHULQJ VWXGHQWY GUHDP
D EUDQG QHZ ODE VSDFH DQG D ORW RI WUXVW |IURP 'U G6HPE
TKURXJKRXW DOO RI WKH IDLOXUHV WKDW ZHUH DSDUW RI WK
HYHU\ ELW RI ZRUN , EURXJKW WR KLV GHVN HYHQ ZKHQ , ZD
ZURQJ ZKLFK ZDV RIWHQ 'U 6HPSULQL KDV D ZD\ RI UHDC(
SURYLGLQJ WKH SHUIHFW DPRXQW RI JXLGDQFH PRWLYDWLRC
WKDW HYHU\RQH UHPDLQV LQWHUHVWHG DQG GULYHQ , ZDQV
LQWHUHVW HQWKXVLDVP DQG WKH DPRXQW RI WLPH \RX SX
PRWLYDWHG DQG KDV LQVWLOOHG LQ PH D SDVVLRQ IRU WKH 7
\RXU LGHD DQG DOORZLQJ PH WKH IUHHGRP WR PDNH WKLQJV

'U ORKDPPDG $]L]LDQ ZzDV DOVR YHU\ LQIOXHQWLDO WKU
ORKDPPDG WKH DQDO\WLFV LQ WKLV WKHVLV ZRXOG QRW KDY
VRPH RI WKH PRVW SRVLWLYH SHRSOH , KDYH HYHU ZRUNHG
VROXWLRQ WR HYHU\ SUREOHP DQG W\SLFDOO\ DV ORKDPPDG
LQ VR PXFK WLPH KHOSLQJ PH VROYH DQ\ LVVXH , EURXJKW Wi
HYHU\WKLQJ \RX WDXJKW PH LQ WKH ODE DQG IRU DOzZD\V EH

WLPHV LQ GLITHUHQW ZD\V ZKHQ , ZDV FRQIXVHG DERXW VR



7R ERWK /HZ DQG ORKDPPDG , ZDQW WR WKDQN \RX IRU \
DYDLODEOLW\ DQG FRQVLVWHQW LQWHUHVW DQG WLPH \RX S
IRUWXDQWH WR ZRUN ZLWKLQ WKLV ODE JURXS

, ZDQW WR DOVR WKDQN WKH HQWLUH 6HPSULQL /DE JURXS
ZRUN ZLWK (PPD (KUHW +DQQDK 5ROVWRQ 5LOH\ OXUQDQH
IDXUDQFH *LOOLDQ :LOOLDPV DQG *UDQW .UHVJH <RX JX\V .
WKH WLPH VSHQW LQ WKH ODE JR E\ VR TXLFNO\ 7KDQNYV
EUDLQVWRUPLQJ LGHDV 7KDQNV HVSHFLDOO\ WR (PPD DQG +
5LOH\ IRU WKH SRWV DQG SRWV RI FRIIHH DQG FRQVWDQW IUL
LQ WKH ODE ZKLOH , ZDV ZULWLQJ

, ZDQW WR FRQFOXGH E\ WKDQNLQJ P\ IULHQGYV DQG IDPLO
WKH VXFFHVVHV WKDW , KDYH 7KDQN \RX WR P\ SDUHQWV J
&KULV &DURO %DUEDUD &DUO &ROHHQ ODWLVRQ S$EEH\ DC

DOO RI WKH JXLGDQFH ORYH DQG HQFRXUDJHPHQW RYHU WKI
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J)LIXUH 3DJH

JLIXUH &KHPLFDO VWUXFWXUH DQG FRPSOHWH K\GURO\VLV
EHORZ &KHPLFDO VWUXFWXUH JUDSKLFV REWDLQHG IURP

JLIXUH 7RS +\GUDWHG DOJLQDWH SUH JHO FKHPLFDO VWL
LRQLFDOO\ FURVV OLQNHG VWDEOH DOJLQDWH VWUXFWXUH

J)LIXUH /RZ $F\O *HOODQ *XP UHSHDWLQJ VWUXFWXUH
J)LIXUH &DOFLXP DOJLQDWH PDFUR EHDG IRUPDWLRQ E\ H[W
JLJXUH *HODWHG DOJLQDWH PDFUR EHDGV ZLWK D 9:5 UXOH!
JLIXUH ,.$ 5. GLJLWDO RYHUKHDG LPSHOOHU PL[HU VHW X:
FDQROD RLO

JLIXUH *UDSKLFDO UHSUHVHQWDWLRQ RI WKH PHWKRG GH®
PLFURVSKHUHYV WKRXJK D JHOODQ JXP HPXOVLILFDWLRQ LQWH

JLIXUH *HOODQ JXP PDFUR EHDG JHQHUDWLRQ VWHS :DUP
LOQWR WKH JUHHQ WXELQJ ZLWK D P/ VIULQJH 2UDQJH G\H Z!
FRXOG EH EHWWHU YLVXDOL]HG

JLIXUH ((WUXVLRQ RI VROLGLILHG JHOODQ JXP F\OLQGULFDC
2UDQJH G\H ZzDV DGGHG VXFK WKDW ** SUH JHO VROXWLRQ FR>

JLIXUH ODQXDO FXWWLQJ RI JHOODQ JXP VWUDQGY LQWR
2UDQJH G\H ZzDV DGGHG VXFK WKDW ** SUH JHO VROXWLRQ FR>

JLIXUH 6KRUW WHUP EDWFK VXEVWUDWH % XWLOL]DWLR
OLGGOH WZR ERWWOHY 6XVSHQGHG FHOOV S5LJKW WZR ERW!

JLIXUH /IRQJ WHUP &R& WUDQVIRUPDWLRQ UHDFWRUV $ELR
*XP (QFDSVXODWHG $7&& LQ GXSOLFDWH UHDFWRUV OHIW

JLIXUH ,VREXWDQH XWLOL]DWLRQ FXUYH PHDVXUHG IRU ¢
HQFDSVXODWHG LQ DOJLQDWH SULRU WR WKH RSWLPL]DWLRQ
WKH D[LV WKDW WLPH VHULHV FRUUHVSRQG WR

JLIXUH ,VREXWDQH XWLOL]JDWLRQ FXUYH PHDVXUHG IRU $7&
RSWLPLIDWLRQ %ODFN DUURZV VLJQLI\ ZKLFK D[LV WLPH VHU

JLIXUH $ *HOODQ JXP PDFUR EHDGV PDGH WKURXJK H[WL
DOORZLQJ VXUIDFH WHQVLRQ RI ZDWHU WR IRUP KDOI VSKHU|
EHDGVY PDGH DIWHU RSWLPL]DWLRQ RI PHWKRG SUHVHQWHG L
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JLIXUH %ULIJKW ILHOG LPDJHV RI JHOODQ JXP PLFUR EHDGV
/IHLFD 'O PLFURVFRSH *HOODQ JXP PLFURVSKHUHYV DUH F
GHWHUPLQHG IURP LPDJHV WDNHQ ZLWK D FDOLEUDWLRQ PLFL

JLIXUH ,VREXWDQH XWLOL]DWLRQ FXUYHV PHDVXUHG IRU $-
$ VSKHULFDO DOJLQDWH PDFUR EHDGYV a PP LQ GLDPHWHU
a PP[ PP DQG & VSKHULFDO JHOODQ JXP PLFUR EHDGYV a
DUH DYHUDJHV RI GXSOLFDWH UHDFWRUYV

JLIXUH &RQWDPLQDQW WUDQVIRUPDWLRQ GDWD IRU WKH L
EHHQ FOLSSHG IURP WKH HQWLUH WLPH VHULHY GDWD SUHVH
UDWHVY DQG SURYLGH D FRPSDULVRQ EHWZHHQ VXVSHQGHG DC(C
DELOLW\ WR WUDQVIRUP FRQWDPLQDQWY 'DWD SRLQWYV DUH
EDUV DUH FRQILGHQFH LQWHUYDOV

YLIXUH /JRQJ WHUP HQFDSVXODWHG FHOO FRPHWDEROLF WU
2 PHDVXUHPHQWY UHSRUWHG DV a —PRO LV DVVXPHG WR EH
UHDFWRUV VHH BHFWLRQ SJ &2 GDWD DUH SUHVHQ
FRQFHQWUDWLRQV GXH WR VSHFLDWLRQ RI &2 LQ FDUERQDW
PHDVXUHPHQWY WKURXJKRXW H[SHULPHQW & ( &RQWDPLQDC
DGGLWLRQV ZHUH PDGH WR HDFK UHDFWRU DQG EUHDNV LQ W
DGGLWLRQV 'DWD SRLQWVY DUH DYHUDJHVY EHWZHHQ WULSOLF
FRQILGHQFH LQWHUYDOV

YLIXUH $7&& LV HDVLO\ YLVXDOL]HG DV WKH RUDQJH FX
VHHQ E\ WKH PLON\ ZKLWH FXOWXUH RYHUODSSLQJ SRUWLRQV
YLIXUH /JRQJ WHUP &R& WUDQVIRUPDWLRQ UHDFWRUV 6XV!
OLGGOH DQG *HOODQ *XP (QFDSVXODWHG 5LIJKW $7&&

UHDFWRUV H[LVW EXW ZHUH H[FOXGHG WR LQFUHDVH SLFWX
GHWHULRUDWHG LQWR WKUHDGYV RI DOJLQDWH ZKLOH JHOOD
BSLFWXUH WDNHQ DIWHU GD\V Rl UHDFWRUV VWRUHG RQ U
a USP

JLIXUH 7%26 HQFDSVXODWLRQ LQ DOJLQDWH SDUDPHWHU
Z Z +LJK 65& 0DVV /RDGLQJ Z Z

JLIXUH $ +DOI VSKHUH JHOODQ JXP PDFUR EHDGV PDGH Zz
$WWHPSW WR PDNH KDOI VSKHUH JHOODQ JXP PDFUR EHDGYV
SHGXFHG VXUIDFH WHQVLRQ IURP HPXOVLILHU OHG WR WKH FL
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JLIXUH OHDVXUHG EXWDQRO PDVVHV LQ VROXWLRQ IURP V
D[LYV DQG DOJLQDWH HQFDSVXODWHG 7%26 ULJKW D[LV 7RW
PJ/ DQG EHDG PDVV ORDGLQJ a DQG ZZ %ODFN DUURZV

FRUUHVSRQGV WR ([FHO OLQHDU WUHQG OLQH IXQFWLRQV DU
UHSUHVHQW OLQHDU UHJUHVVLRQ HTXDWLRQV FDOFXODWHG |
QH[W WR FRUUHVSRQGLQJ WLPH VHULHVY 'DWD SRLQWV DUH
WULSOLFDWH HQFDSVXODWHG UHDFWRUV LQ HDFK WUHDWPH
6XVSHQGHG 7%26 UHDFWRUV ZHUH FUHDWHG DIWHU HQFDSVX
WRWDO GXUDWLRQ RI PHDVXUHPHQWYV

JLIXUH " GHSLFWLRQ RI ORZ 656 PDVV ORDGLQJ EHDGV
PDVV ORDGLQJ EHDGV

JLIXUH OHDVXUHG EXWDQRO PDVVHV LQ VROXWLRQ IURP V
D[LV DQG JHOODQ JXP HQFDSVXODWHG 7 %26 ULJKW DJ[LV 7
a PJ/ DQG EHDG PDVV ORDGLQJ a Z Z %ODFN DUURZV \
FRUUHVSRQG WR ([FHO OLQHDU WUHQG OLQH IXQFWLRQV 1LY
UHSUHVHQW OLQHDU UHJUHVVLRQ HTXDWLRQV FDOFXODWHG |
QH[W WR FRUUHVSRQGLQJ WLPH VHULHV 'DWD SRLQWYV DUH I
WUHDWPHQW DQG HUURUV EDUV DUH FRQILGHQFH LQWHUYD

JLIXUH OHDVXUHG EXWDQRO PDVVHV LQ VROXWLRQ IURP
HQFDSVXODWHG 7%26 7RWDO 7%26 VROXWLRQ FRQFHQWUDWI
a Z Z ([FHO OLQHDU WUHQG OLQH IXQFWLRQ ILW WR WLPH "
WKH OLQHDU UHJUHVVLRQ HTXDWLRQ FDOFXODWHG E\ H[FHO
EHWZHHQ GXSOLFDWH UHDFWRUV DQG HUURUV EDUV DUH F

JLIXUH &KHPLFDO VWUXFWXUH RI 7%26 DQG 7 %26 ,00XVW
7 %26 %YUDQFKHG DOFRKROV OLPLW DFFHVV WR HVWHU ERQGYV

JLIXUH ,QLWLDO FRQWDPLQDQW WUDQVIRUPDWLRQ GDWD
HQFDSVXODWHG $7&& $& +* $ELRWLF FRQWURO 6& = 6X)
&HOOV FR HQFDSVXODWHG ZLWK Z Z T%26 & (7 &HOOV

7 %26 $OSKDEHWLFDO GHVLJQDWLRQV $ % & DUH XVHG WR V
UHDFWRU 6& DQG &(7 WUHDWPHQWY KDYH GXSOLFDWH UHDFW

JLIXUH &RQWURO UHDFWRU UHVSLUDWLRQ GDWD $ DQG %
FRQWURO 6& +*+ 6XVSHQGHG FHOO FRQWURO UHDFWRUV $0¢
VLIQLI\ UHSOLFDWH UHDFWRUV $& KDV D VLQJOH UHDFWRU 6

JLIXUH 7%26 &R (QFDSVXODWHG &HOO &RPHWDEROLF 7UDC
5HYVSLUDWLRQ GDWD 2 PHDVXUHPHQWY UHSRUWHG DW a —
YDFXXP FUHDWHG ZLWKLQ UHDFWRUV VHH 6HFWLRQ SJ

%UHDNV LQ WLPH VHULHY FRQQHFWLRQ OLQHV VLIQLI\ VXFFHYV
GDWD 'DWD SRLQWV ZLWK HUURU EDUV DUH DYHUDJHV EHWZF
FRQILGHQFH LQWHUYDOV $& +* $ELRWLF FRQWURO 6& =+ 6X)\
FR HQFDSVXODWHG ZLWK Z Z 7%26 $OSKDEHWLFDO GHVL.
UHSOLFDWH UHDFWRUV $& KDV D VLQJOH UHDFWRU 6& DQG &
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JLIXUH 7 %26 &R (QFDSVXODWHG &HOO &RPHWDEROLF 7UD!
SHVSLUDWLRQ GDWD 2 PHDVXUHPHQWV UHSRUWHG DW a —
YDFXXP FUHDWHG ZLWKLQ UHDFWRUV VHH 6HFWLRQ SJ

%UHDNV LQ WLPH VHULHY FRQQHFWLRQ OLQHV VLJIQLI\ VXFFH
EXWDQRO SURGXFWLRQ GDWD 'DWD SRLQWV ZLWK HUURU EDL
HUURUV EDUV DUH FRQILGHQFH LQWHUYDOV $& * $ELRWL
UHDFWRUV &(7 &HOOV FR HQFDSVXODWHG ZLWK Z Z 7 %2

YLIXUH 7%26 DQG 7 %26 &R (QFDSVXODWHG &HOO &RPHWEL
BWXG\ &(7 &HOOV FR HQFDSVXODWHG ZLWK ZZ 7%26 &(7
ZZ 7 %26 $ 2[\JHQ GDWD FRQWUDVWLQJ &(7 DQG &(7 WU}
DQR[LF aGD\V DQG IURP GD\ RQ VHHQ LQ 2 GDWD DQG O
WR FHDVH GXULQJ WKHVH SHULRGV % ' &RQWDPLQDQW WU
ZHUH PDGH WR &(7 UHDFWRUV DQG WKUHH WR &(7 UHDFWRUYV
%UHDNV LQ WLPH VHULHY FRQQHFWLRQ OLQHV VLJQLI\ VXFFH\

JLIXUH ,ZVREXWDQH XWLOL]J]DWLRQ FXUYHV RI VLPLODU ELRP|
$7&& DIWHU VSHFLILHG GXUDWLRQV LQ VWRUDJH DW f[f& ¢
'DWD DUH DYHUDJHV RI GXSOLFDWH UHDFWRUV ERXQGHG E\

JLIXUH /JRQJ WHUP DOJLQDWH HQFDSVXODWHG DQG FR HQF!
VWXG\ $ % 5HVSLUDWLRQ GDWD 2 PHDVXUHPHQWYV UHSRUW
GXH WR YDFXXP FUHDWHG ZLWKLQ UHDFWRUV VHH 6HFWLRQ

RI PHDVXUHG KHDGVSDFH FRQFHQWUDWLRQV GXH WR VSHFLDW
SKDVH DQG ODFN RI S+ PHDVXUHPHQWY WKURXJKRXW H[SHUL
GDWD $ VLQJOH FRQWDPLQDQW DGGLWLRQ ZDV PDGH WR HDF
WULSOLFDWH UHDFWRUV LQ HDFK WUHDWPHQW DQG HUURUV E

YLIXUH /IRQJ WHUP DOJLQDWH HQFDSVXODWHG DQG FR HQF!
VWXG\ $ % 5HVSLUDWLRQ GDWD 2 PHDVXUHPHQWV UHSRUW
GXH WR YDFXXP FUHDWHG ZLWKLQ UHDFWRUV VHH 6HFWLRQ
RI PHDVXUHG KHDGVSDFH FRQFHQWUDWLRQV GXH WR VSHFLDW
SKDVH DQG ODFN RI S+ PHDVXUHPHQWY WKURXJKRXW H[SHULP
DQG &(&5 UHDFWRUV $& (& DQG &(&5 UHDFWRUV FRQWDLQ &

'DWD SRLQWY DUH DYHUDJHV EHWZHHQ WULSOLFDWH UHDF!
FRQILGHQFH LQWHUYDOV

JLIXUH /IRQJ WHUP DOJLQDWH FR HQFDSVXODWHG $7&&
GDWD $ OHDVXUHG 7%26 FRQFHQWUDWLRQV ZLWKLQ VROXW
DGGHG LQLWLDOO\ DQG —PRO ZDV REVHUYHG LQ VROXWL

DFFXPXODWLRQ GXULQJ DQR[LF SHULRG 2 DGGLWLRQ ZDV PD¢
SRLQW EXWDQRO ZDV REVHUYHG WR KDYH EHHQ FRQVXPHG
UHDFWRUV LQ HDFK WUHDWPHQW DQG HUURUV EDUV DUH FF

JLIXUH %XWDQRO SURGXFWLRQ GDWD XVHG DV D SURJ\ IR
FRQGLWLRQV 'DWD SRLQWYV DUH DYHUDJHV EHWZHHQ UHDFWR



/,67 2) 7$%/(6

7DEOH 3DJH

7DEOH6XPPDU\ RI WKH 86 (3% 13':5 IRU WKH PRVW SUHYDO!
FRQWDPLQDQWYV

7DEOH &RPSLOHG FKHPLFDO SURSHUWLHY RQ FRQWDPLQDQYV
7DEOH 6XPPDU\ RI ZHOO VWXGLHG FRPHWDEROL]JLQJ PLFU
SRWHQWLDO IRU FRPPRQ &$%$+ FRQWDPLQDQWVYV DQG WKH FF
7UDQVIRUPDWLRQ LQGLFDWHG E\ [ KRZHYHU EODQN DUHDV
ZDV QRW IRXQG VXJJHVWLQJ WKDW WKH FXOWXUH WUDQVIRUF
GR QRW LQGLFDWH WKDW WKH FXOWXUH GRHV QRW WUDQVIRU

7TDEOH /ILVW RI NQRZQ JURZWK VXEVWUDWHYV IRU $7&&
7TDEOH /ILVW RI DQDO\WLFDO JUDGH FKHPLFDOV XVHG WKURX
7TDEOH 6XPPDU\ RI JDV FKURPDWRJUDSK PHWKRGYV

7TDEOH $7&& PLQHUDO VDOWY PHGLD JURZWK VROXWLRQ
7TDEOH $OJLQDWH HQFDSVXODWHG FHOO YLDELOLW\ DVYV
RSWLPLIDWLRQ 3HUFHQW GLIIHUHQFH LV FDOFXODWHG DV WK
UDWHV WR HQFDSVXODWHG FHOO XWLOL]DWLRQ UDWHYV

7TDEOH 2SWLPL]HG DOJLQDWH HQFDSVXODWHG FHOO YLDELOI
DV WKH SHUFHQW FKDQJH IURP VXVSHQGHG FHOO XWLOL]DWLF

7TDEOH (QFDSVXODWHG FHOO YLDELOLW\ DVVHVVPHQW 3HL
FKDQJH ITURP VXVSHQGHG FHOO XWLOL]DWLRQ UDWHV WRHC
PDFUREHDGY ZHUH VSKHULFDO DQG a PP LQ GLDPHWHU *HOO
a PP LQ GLDPWHU E\ a PP WDOO *HOOD JXP PLFUR EHDGV ZHU

7TDEOH 6XPPDU\ RI WUHDWPHQWY ZLWKLQ HQFDSVXODWHG F
7TDEOH &ERQWDPLQDQW 7UDQVIRUPDWLRQ FDSDFLWLHV FL
FRQWDPLQDQWY WUDQVIRUPHG RYHU DOO WKUHH VSLNHV L
WUDQVIRUPDWLRQ FDSDFLWLHVY EHWZHHQ WULSOLFDWH UHDI
LOQOWHUYDOV

7TDEOH ORGHOHG DELRWLF K\GURO\VLVY UDWHY DQG NQRZQ
SUHGLFW WKH OLIHWLPH RI HQFDSVXODWHG 7%26

7TDEOH ORGHOHG DELRWLF K\GURO\VLY UDWHYVY XVHG WR SUF
7%26 DQ&X& LQ UHDFWRUV DW WRWDO VROXWLRQ FRQFHQWUD
a Z Z

7TDEOH 6XPPDU\ RI DOO FROOHFWHG 656 DELRWLF K\GURO\V
ILUVW URZV I1RO®OBDMND B\ Q7TURZ DQG
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7TDEOH 6XPPDU\ RI WUHDWPHQWY IRU &R (QFDSVXODWHC
IRQIJHYLW\ 6WXG\

7TDEOH XWLOL]DWLRQ UDWHV ZLWKLQ &(7 UHDFWRUV FDOFXO!
GDWD SUHVHQWHG LQ )LIXG@ELWBROHWKRG/ RIHRDFWRUV SUHVH(

7TDEOH (VWLPDWHG PDVV RI  EXWDQRO FRQVXPHG EDVHG R
R[LGDWLRQQGRZO2AVHU XVLQJ PHDWXUGIGHE R XQWXRI V2 KH SUHGL
EXWDQRO WKDW ZRXOG EH SUHGLFWHG WR EH UHOHDVHG E\

7DEOH $YHUDJHV RI OLQHDU UHJUHVVLRQ VORSHV IRU WLPF
E\ FRQILGHQFH LQW KWBDAYD WRROWMLYWH FRUUHVSRQGV WR
ZKHUHDV SRSYUWGXHAWP2RQ UDWHV FRUUHVSRQG WR D PHDVXUFH

7TDEOH $00 PDVVHV UHSRUWHG KDYH EHHQ HVWLPDWHG R)
SURGXFHG ZDV HVWLPDWHG EDVHG RQ PHDVXUHRBQYKIP\GRVQHR® F
IRU $& 6& DQEDSRWRUV ZDV EDVMN® IRXL HDWWLIRRD WBIW HV SUHVH
DQG LV DQ DYHUDJHG XN VOHHHEBEHDY X{H&® RDFWRUV 7RWDO FRC
PDVVHVY DUH DYHUDJH PHDVXUHG YDOXHV EHWZHHQ WUHDWPH

7DEOH ,VREXWDQH XWLOL]DWLRQ UDWHV FDOFXODWHG IUR
GXUDWLRQV LQ VWRUDJH DW f& 'DWD SUHVHQWRGsGP\DYHUD.
ERXQGHG E\ FRQILGHQFH LQWHUYDOV

7TDEOH $129%$ DQDO\WLV XVHG WR GHWHUPLQH LI DQ\ RQH RI
FDSDFLWLHYV ZDV VWDWLVWLFDOO\ GLITHUHQW IURP WKH RWKF

7TDEOH 7ZR VDPSOH W 7THVWYV DVVXPLQJ XQHTXDO YDULDQFH
2XWSXW GLUHFWLRQ IURP OLFURVRIW 'DWD $QDO\VLV 7RRONLV

7TDEOH 3URRI RI &RQFHSW UHDFWRU WUHDWPHQW VXPPDU
7TDEOH $ELRWLF EXWDQRO SURGXFWLRQ UDWHYV FDOFXODW
$ELRWLF 7%26 K\GURO\VLVY GDWD FROOHFWHG LQ VHFWLRQ

ZLWKLQ &R HQFDSVXODWHG FHOO VXEVWUDWH FRQWURO &(&€

7TDEOH 6WRLFKLRPHWULF FDOFXODWLRQV EDVHG RQ WRWDUC
a GD\V ZLWKLQ FR HQFDSVXODWHG FHOO UHDFWRUYV
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JLJKW 1RQ DTXHRXV 3KDVH /LTXLG
OD[LPXP &RQWDPLQDQW /HYHO
OD[LPXP &RQWDPLQDQW /HYHO *RDO

OLOOLJUDP

OLOOLOLWHU

PPRO /

OLQLPDO 6DOWV OHGLXP
1IDWLRQDO :DWHU 4XDOLW\ $VVHVVPHQW

1RUWK &DUROLQD 6WDWH 8QLYHUVLW\
1DWLRQDO 3ULPDU\ 'ULQNLQJ :DWHU 5HJXODWLRQV
2[\JHQ

3XPS DQG 7UHDW

7HWUD FKORURHWKHQH

5HVRXUFH &RQVHUYDWLRQ DQG 5HFRYHU\ $FW
SHGXFWLYH 'HKDORJHQDWLRQ

SHWHQWLRQ 7LPH

6ORZ 5SHOHDVH &RPSRXQGV

6ORZ SHOHDVH 6XEVWUDWHYV

6XUIDFH 9DSRU ([WUDFWLRQ

7HWUD VHF EXW\O 2UWKRVLOLFDWH

7HWUDEXW\O 2UWKRVLOLFDWH

7KHUPDO &RQGXFWLYLW\ '"HWHFWRU
7JULFKORURHWKHQH
W UDIQRKORURHWKHQH

7HWUD SURSR[\ 2UWKRVLOLFDWH

7RWDO 6XVSHQGHG 6ROLGYV

—PRO /

8QLWHG 6WDWHVY (QYLURQPHQWDO 3URWHFWLRQ §
9RODWLOH 2UJDQLF &DUERQ
‘RUOG +HDOWK 2UJDQL]DWLRQ
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*URXQGZDWHU FRQWDPLQDWLRQ LV D ZLGHVSUHDG LVVXH
SXEOLVKHG E\ WKH 8QLWHG 6WDWHYV 1DWLRQDO :DWHU 4XDOL
UHSRUWHG WKDW QHDUO\ SHUFHQW RI RYHU JURXQGZDW]
ZDWHU VXSSO\ DTXLIHUV IURP FRQWDLQHG DAMKLOVYHDVW
VWXG\ DOVR IRXQG WKDW YRODWLOH RUJDQLF FRPSRXQGV
FRQWDPLQDQWYV IRXQG LQ Rl WKH VDPSOHV WPREB®Q GHS
WKH WRS 92&V OLVWHG LQ WKLV VXUYH\ HLJKW ZHUH FKO
FKORURIRUP &) SHUFKORURHWK\OHQH 3&( WULFKORURHWEK
7&$ FLELFKOR URMAY KWOUHEH K O R U RMW K \@IHRKFORURPHWKDQH '&0

GLFKORURHWKDQH '&$ $00 RI ZKLFK DUH OLVWHG E\ W
EHLQJ SRWHQWLDO RU OLNHO\ KXPDQ FDUFLQRJHQV DV ZHOO
KXPDQ KHDOWKERR RHUQ¥UHDVLQJ FRQFHUQ LV WKDW WKHVH
VDPSOLQJ GDWD VXJJHVW WKDW LW LV KLJKO\ OLNHO\ IRU &S
&$+V DV ZHOO DV WKH FRPPRQ FR FRQWDPLQDQW GLR[DQH
KXPDQ FDUFL@QRWKQ@HY DUH RI LQFUHDVLQJ FRQFHUQ EHFDXVF
WKDW PL[WXUHV Rl FRQWDPLQDQWY FDQ ORZHU WKH DFFHSWD
LQFUHDVH WR[LFLW\ DQG VWUHQJWKHQ UHVLVWDQFH WR GHJ!

7KH XQLTXH SURSHUWLHV Rl &$+V ZKLFK H[LVW LQ SXUH SK
'1$3/ ZLWK KLJK YRODWLOLW\ DQG ORZ VROXELOLW\ FRPELC
FRQWDPLQDWLRQ Rl JURXQGZDWHU KDV DOORZHG IRU &$+V W
JRQHV VXFK DV FOD\ OD\HUV ZLWKLQ DTXLIHUV 0DQ\ FRPPRQ

WUHDW DQG VRLO YDSRU HI WUDFWLRQ DUH OHVV HIIHFWLYH D



GXH WR GLIIXVLRQ OLPLWDWLRQV DQG LQDELOLW\ WR UHPRYH
FDQ EH XVHG WR UHPRYH '1$3/ EXW WKLV LQFUHDVHYV WKH DOL
FRVWV IRU WKHVH WHFKQLTXHV $OVR WKH H[ VLWX WUHDWF
SURSHUWLHV VXFK DV &$+V DQG WKHLU FRPPRQ FR FRQWDP
EXUGHQVRPH DQG GHVLJQ LQWHQVLYH WUHDWPHQW V\VWHP
UHPHGLDWLRQ VWUDWHJILHY HPSKDVL]H WKH QHHG IRU H[SORL
VWXG\ KDV EHHQ WR H[SORUH DGYDQFHPHQWYV LQ LQ VLWX EL
FRQWLQXLQJ WR JDLQ LQWHUHVW ODUJHO\ GXH WR WKH HFRQ
DQG PLWLIJDWLRQ RI VHFRQGDU\ FRQWDPLQDWLRQ FDXVHG E\
,Q WKH FRQWH[W RI WKLV VWXG\ ELRUHPHGLDWLRQ LV Uk
PHWDEROLVP WR WUDQVIRUP RU PLQHUDOL]H JURXQGZDWHU
ELRUHDFWRUV RU LQ VLWX E\ VWLPXODWLQJ JURZWK RI GHVL
6SHFLILFDOO\ WKLV WKHVLV ZLOO IRFXV RQ PLFUREHV FDSD
&$+V DQG ' $HURELF FRPHWDEROLVP UHTXLUHV D SULPDU\
VXVWDLQ FHOOXODU DFWLYLW\ DQG GULYH FRQWDPLQDQW W
XWLOL]H WKH SULPDU\ *6 IRU FHOOXODU JURZWK DQG HQHUJ\
RFFXUV GXH WR WKH VWLPXODWLRQ RI FHUWDLQ HQJ\PH V\VW}
7ZR FRPPRQ PHWKRGY WR JHQHUDWH PLFURELDO ELRPDVYV
WDUJHW FRQWDPLQDQWY ZLWKLQ WKH VXEVXUIDFH DUH WR V\
VXEVWUDWHY RU QXWULHQWY ELRVWLPXODWLRQ RU E\ LQM
DURXQG FRQWDPLQDQWY ELRDXJPHQWDWLRQ
%LRVWLPXODWLRQ WKURXJK WKH DGGLWLRQ RI VSHELILF V
SURYHQ VXFFHVVIXO DW VWLPXODWLQJ QDWLYH PLKRREKIV FD

ELRVWLPXODWLRQ KDV SURYHQ VXFFHVVIXO DW FHUWDLQ FRC



VXEVWUDWHY DQG WR[LFLW\ RI &%$+V KDV OHG WR XQVXFFHVVI
WKH FDSDFLW\ WR FRPHWDEROLFD@QEQUGHINBQWOWDEBIRWXEREY
HPHUJHG DV DQ DOWHUQDWLYH ELRUHPHGLDWLRQ WHFKQLTX
ODERUDWRU\ JURZQ PLFUREHV ZLWK GHVLUHG PHWDEROLVPV
LOQWR WKH VXEVXUIDFH DW VSHFLILF ORFDWLRQV WR GULYH W
HYHQ LQ WKH SUHVHQFH RI WR[LF RU LQKLELWRU\ FRPSRXQGYV

%LRDXJPHQWDWLRQ LV W\SLFDOO\ VXFFHVVIXO LQ WKH VK
KDYH VKRUW OLIHVSDQV GXH WR FRQWDPLQDQW WRI[LFLW\ LQL
FRQGLWLRQV SUHGDWLRQ IURP SURWR]RD RU FRPSHWLWLRQ
QDWLYH PLFUREHV 7KLV FUHDWHYV D QHHG IRU UHFXUULQJ LQ
RI WKLV VWUDWHIJ\ DQG FDQ OHDG WR LVVXHVY OLNH ZHOO FOR

2Q0H VROXWLRQ WKDW KDV EHHQ XVHG LQ WKH SDVW WR PL
LV HQFDSVXODWLRQ LQ K\GURJHO EHDGV 1DWXUDO K\GURJHQ
KDYH EHHQ XVHG WR SK\WLFDOO\ EXIIHU PLFUREHV IURP HQ°
GLIIXVLRQ OD\HU WKDW GHFUHDVHV WR[LF OHYHOV RI DPELHC
WHPSHUDWXUH FRQGLWLRQV DQG SYURWHFMYWOR A GRIHG/DX\W IDR
EHHQ LQYHVWLJDWHG IRU LWV DELOLW\ WR LQKLELW WKH Sl
FORJJLQJ DQG LQFUHDVH WUDQVSRUW GLVWPOMRH EN RKMQLOV]W
FRQWURO RYHU EHDG VLIH HQFDSVXODWLRQ PD\ SURYLGH D F
DURXQG ORZ SHUPHDELOLW\ JRQHV

(QFDSVXODWLRQ RI PLFURELDO FHOOV PD\ SURYLGH PDQ\
KRZHYHU WKH GLIIXVLRQ OD\HU SURYLGHG E\ WKH HQFDSYVX(
VXEVWUDWH OLPLWDWLRQV RU RXW FRPSHWLWLRQ E\ QDWLYH

WKH LQFOXVLRQ RI VXEVWUDWHYVY RU QXWULHQWYV ZLWKLQ WK



VXEVWUDWH RU QXWULHQW VRXUFH WRR RHQIFDVE M X 8 DW H 6 URHL FAL
DGYDQFHPHQWY LQ WKH PHGLFDO ILHOG WKDW KDYH SURYLG
FRPSRXQGV 65&V ZLWKLQ K\GURJHO EHDGV |Rb WKB FRVEWUVR
FRQFHSWV PLJKW DOORZ IRU WKH LQFOXVLRQ RI 65&V WKDW ¢
UHOHDVH VXEVWUDWHY 656 ZLWKLQ WKH HQFDSVXODWLRQ
SURORQJHG VXEVWUDWH VRXUFH HOLPLQDWLQJ WKH FRPSHW

7KH RYHUDUFKLQJ JRDOV RI WKLV UHVHDUFK ZHUH WR
WHFKQLTXHV IRU 656 ZLWK PLFURELDO FXOWXUHV WR UHVRC
ELRDXJPHQW FRQWDPLQDWHG DTXLIHUV ZLWK PLFUREHV WR
FRQWDPLQDQWYV RI FRQFHUQ &R&

7KH REMHFWLYHVY VHW WR PHHW WKLV JRDO ZHUH WR

$GDSW GHYHORS DQG RSWLPL]JH HQFDSVXODWLRQ WHFK

PLFURRUSBQGWRFRFFXV 5KAR&GERFKURXYV

$VVHVV WKH VKRUW DQG ORQJ WHUP HIIHFW RQ $7&& ‘

WUDQVIRUP PLIWXUHV RI &R&V DIWHU HQFDSVXODWLRQ XVL

$GDSW GHYHORS DQG RSWLPL]H HQFDSVXODWLRQ WHFKQL

DQG DVVHVV WKH HIITHFW RI HQFDSVXODWLRQ RQ WKH SURG

'HYHORS FR HQFDSVXODWLRQ WHFKQLTXHV IRU 656V ZLWK P
DELOLW\ Rl QRQ LQGXFLQJ DQG LQGXFLQJ 656V WR LQFUHDYV

FDSDFLW\ RI HQFDSVXODWHG PLFUREHYV
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86 *"URXQGZDWHU 8VH DQG &XUUHQW &RQWDPLQDWLRC
'‘DWD SXEOLVKHG LQ E\ WKH 8QLWHG 6WDWHV 86 1D\
1$:4%$ SURJUDP VKRZHG WKDW DERXW SHUFHQW RI WKH 86 £
GULQNLQJ ZDWHU VRXUFH DQG MXVW RYHU WZHQW\ SHUFHQW
JURXQGZDWHU7XRXVUFBFPIN SURJUDP SXEOLVKHG GDWD FROOHFV
DURXQG ZHOOV GLVWULEXWHG DFURVV PDMRU GULQNLC
DQDO\]HG IRU YDULRXV NQRZQ JURXQGZDWHU FRQWDPLQDQWYV
DV PDQ\ DV SHVWLFLGHYV YRODWLOH RUJDQLF FRPSRXQG)\
,Q D GHWDLOHG DQDO\VLV RI GDWD IURP DURXQG Rl WKH
86*6 LW ZDV IRXQG WKDW SHUFHQW RI VDPSOHV FRQWDLQH
7KLV VWXG\ DOVR QRWHG WKDW 92&V ZHUH WKH PRVW IUHT
IRXQG LQ DERXW SHUFHQW RI VDPSOHYV
JXUWKHU UHVHDUFK ZLWK WKH IRFXVHG DQDO\VLV RI 92¢
VKRZ WKDW DERXW SHUFHQW RI WKH VDPSOHV FRQWDLQHG
—J / DQG MXVW RYHU SHUFHQW DW7PRH®YWHRFWWREB @RBLW IR
IUHTXHQWO\ GHWHFWHG 92&V ZHUH FKORULQDWHG YRODWLO
WKRVH WZHOYH ZHUH FKORULQDWHG DOLSKDWLF K\GURFDUE
UHJXODWHG E\ WKH 86 (QYLURQPHQWDO 3URWHFWLRQ $JHQF\
OHYHOV 0&/ LQ WKH —J/ UDQJH DQG PDQ\ ZLWK 0&/ JRDO)

5HIXODWLRQV DQG KHDOWK FRQFHUQV DUH DGGUHVVHG LQ IX



&KORULQDWHG $OLSKDWLF +\GURFDUERQYV

22.1. 8VH DQG 5HOHDVH

&KORULQDWHG K\GURFDUERQV KDYH EHHQ SURGXFHG LPSH
VWDUWLQJ LQ WKH HDUO\ V 7KH PDMRU XVH Rl &$+V ZHUH
PDQ\ LQGXVWULHV 21 LPSRUWDQFH WR WKLV SURMHFW LV W
DHURVSDFH DQG RWKHU PLOLWDU\ LQGXVWULHYV ZKLFK OHG W

,Q DGGLWLRQ WR WKLV PDQ\ &$+V ZHUH DOVR XVHG LQ D Z|
IRRG SURFHVVLQJ HOHFWURQLFV GU\ FOHDQLQJ WH[WLOH
SURGXFWV LQFOXGLQJ SDLQWV LQNV SDLQW WKLQQHUV 0>
UHIULJHUDQWYV

JRXU RI WKH PRVW ZLGHO\ PDQXIDFWXUHG DQG XVHG &$+V
&7 WHWUDFKORURHWK\OHQH 3&( WULFKORURHWK\OHQH 7

7KH SULPDU\ XVHV RI HDFK EHLQJ YDSRU GHJUHDVLQJ DQG
WLPH RU DQRWKHU PDQ\ FKHPLFDO SURGXFWLRQ IDFLOLWLH
&$+V GHSHQGLQJ RQ FRVW GHPDQG F\FOHV DQG UHJXODWLRQ
HQG XVHWDWI RU SURGXFWLRQ SHDNHG LQ WKH V DQG V DW
SRXQGV RI HDFK FRPSRXQG SURGXFHG SHU \HDU

7KLV ZLGHVSUHDG SURGXFWLRQ DQG XVH FRPELQHG ZLWK
HPHUJLQJ FRPSRXQGV PLJKW KDYH RQ KXPDQ KHDOWK DQG W
GLVSRVDO E\ PDQXIDFWXUHV LQGXVWULHV DQG FRQVXPHUYV
GLVSRVDO WHFKQLTXHV FRPELQHG ZLWK SURGXFWLRQ DQG XV
WKH XELTXLWRXV JURXQGZDWHU FRQWDPLQDWLRQ ZLWK PDQ\

VHFWLRQ



222. +HDOWK &RQFHUQV DQG 5HIXODWLRQV

7KH HLJKW PRVW SUHYDOHQW &%$+ JURXQGZDWHU FRQWDP
UHIJXODWHG XQGHU WKH 86 &OHDQ :DWHU $FW &:$ DQG DUH C
OLVWV SXEOLVKHG E\ WKH 86(3%$ $OVR DOO EXW RQH RI WK|

UHJXODWHG E\ WKH QDWLRQDO SULPDU\ GULQNLQJ ZDWHU UH.

7TDEOBXPPDU\ RI WKH 86 (3% 13':5 IRU WKH PRVW SUHYDOHQW &$+V

*
sRPsRxQG  SEEUHYEpWLRE']  .QRzQ +HDOWK (IIHFWV
EDQFHU ULVN OLYHU NLGQF
&KORURIRUP &) 7+0 DIR® QHUYRXV VI\VWHP

FRPSOLFDWLRQV
&DQFHU ULVN OLYHU

3HUFKORURHWKHQH 3&( FRPSOLFDWLROV

&DQFHU ULVN OLYHU
7ULFKORURHWKHOQH 78 FRPSOLFDWLROV

JLYHU QHUYRXV VI\VWHP DQ
7ULFKORURHWEkDYHH FLUFXODWRU\ FRPSOLFDWLR

/LYHU QHUYRXV VI\IVWHP DQ
&KORURPHWKDQH &0 1% FLudxDDWRU\ FRPSOLFDWLR
WUDQV

/ILYHU FRPSOLFDWLRQV
'LFKORURHWKN\%% Q

OHWK\OHQH . &DQFHU ULVN OLYHU
FKORULGH &0 FRPSOLFDWLRQV

'LFKORURHWKD Q& ILYHU FRPSOLFDWLRQV
&DQFHU ULVN OLYHU NLGQF

7TRWDO
DQG HUYRXV VA\VWHP
7ULKDORPHWKB+(£HV 1s ngSgLFDWLRQV

7TULKDORPHWKDQHY 7+0 VXFK DV &) DUH QRW UHJXODWHG GLUHFW!
ODVW URZ RI WKLV WDEOH &KORURPHWKDQH LV QRW UHJXODWHG
FRPSRXQG WKDW LV OLNHO\ WR YRODWLOL]JH SULRU WR Gl

7TKHVH UHJXODWLRQV KDYH EHHQ D ZRUN LQ SURJUHVYV VLCQC

EHFRPH PRUH VWULQJHQW 7R[LFLW\ GDWD IRU PDQ\ &%$+V ZDV



DV WKH +RZHYHU WKH ILUVW UHJXODWLRQV ZHUHQYIW LPSC
UHJLRQV LQ &DOLIRUQLD EHJDQ WR OLPLW HPLVVLRQV RI 7&( |
SOD\HG LQ VPRJ IRUPDWLRQ WKRXJK BOOXROWKNHR @S +R1 ZISYW |
WR VWHDGLO\ LQFUHDVH LQ WKH 86 ZLWK WKH SDVVLQJ RI Wt
IRUPDWLRQ RI VPRJ DQG OLPLW R]JRQH GHSOHWLQJ FKHPLEDO\
WKH &OHDQ :DWHU $FW ZKLFK JDYH WKH (3$ PRUH VWUHQJW
PRQLWRULQJ Rl WR{LWHRWBEXWEQWY SDVVHG LW ZDV IRXQG Wk
IRU WKH UHOHDVH RI FRQWDPLQDQWY ZDV GLIILFXOW ZKLFK O
$FW 5&5% LQ WKH ODWH V ZKLFK SURYLGHG OHJLVODWLR
KD]JDUGRXV VXEVWDQFHV IURP 3SFUDGOH WR JUDYH" 7KH QH[W
ZDV DQ DWWHPSW WR FRQWURO DQG UHPHGLDWH &$+V WKDW
SDVVLQJ WKH &RPSUHKHQVLYH (QYLURQPHQWDO 5HVSRQVH
&(5&/$ 7KLV ELOO VHW DVLGH ODUJH DPRXQWYV RI IHGHUDO

FOHDQ XS RI DEDQGRQHG FRQWDPLQDWHG VLWHV PDQ\ RI ZKL

223. OLIWXUHY DQG &R &RQWDPLQDQWYV

,Q D VWXG\ FRQGXFWHG DW WKH 86*6 XVLQJ GDWD IURP W
VRXUFHV SUHVHQWHG LQ 6HFWLRQ LW ZDV IRXQG WKDW
RI IRXU H[DPLQHG &$+V '&0 3&( 7&( DQG 7&$% $OVR WKLUV
IRXQG WR FRQWDLQ 92&V FRQVLVWHG R{HD | B H[MKXWDH \RR IDR\L [G\HX
WKRXJKW WR EH GXH WR WKH LQWHUFKDQJHDELOLW\ RI &$+V
FRPPRQ VWHSZLVH GHJUDGDWLRQ SDWKZD\ IRU RQH &$+ WR G|
$ORQJ ZLWK &$+V H[LVWLQJ LQ FRQWDPLQDQW PL[WXUHV :

EHFRPH D FRQFHUQ WKDW GLR[DQH ' D OLNHO\ KXPDQ



&$+ FRQWDPLQDQWKBYD FRWWHODWLRQ LV H[SHFWHG EHFDXVH
DQG OLNHO\ RWKHU &$+V DV D VWR&E LFKR.QMWD MR B 8 MYVH D/\KHF KJ B B
LQFUHDVH WKH FKDOOHQJH RI UHPHGLDWLQJ FRQWDPLQDQW ¢
SURSHUWLHV 7KLV OHDGV WR UHTXLUHPHQWYV IRU D GLIIHUHQ
RI QHZ HTXLS®H\WRV PL[WXUHV RI FRQWDPLQDQWY DUH RI LQ
WR[LFRORJLFDO HIIHFWV RI &$+V KDV EHHQ IRXQG WR EH DOW
RQH DQRWKHRXJK OLWWOH LV NQRZQ DERXW WKH HIIHFW RI PL
FKHPLFDO FDQ DIIHFW WKH PHWDEROLVP RI DQRWKHU DQG LQ
FHUWDLQ PL[WXUHYV

'XH WR PL[WXUHV EHLQJ IUHTXHQWO\ REVHUYHG LQ VLWHYV
'R' WKLV WKHVLV KDV IRFXVHG RQ WKH ELRUHPHGLDWLRQ
FKORULQDWHG HWKHQH DQG RQH FRREARQ R FRQWHD\PS QDM |

$00 RI ZKLFK KDYH EHHQ OLVWHG E\ WKH 'R' DV FRQWDPLQDQ'

224, *URXQGZDWHU 5HPHGLDWLRQ RI OL[IWXUHV RI &RQWDPLQ

L OL[WXUHV RI &RQWDPLQDQWV RI &RQFHUQ

&KORULQDWHG VROYHQWYVY RU &$+V DUH KLJKO\ UHFDOFLWU
SXUH SKDVH DV GHQVH QRQ DTXHRXV SKDVH OLTXLGV '1$3/
YRODWL®RWW UHOHYDQW &$+V WR JURXQGZDWHU FRQWDPLQD
FRHIILFlkl QWMDWHU WKDQ DQG WKHUHIRUH DUH OQLRWW\ WR
&$+V KDYH VLPLODU SK\VLFDO DQG FKHPLFDO SURSHUWLHV E>
KLJKO\ YDULDEOH SURSHUWLHYV H[LVW )RU H[DPSOH 'LV D
ORZ%zDQG UHODWLYHO\ ORZ YDSRU SUHVVXUH 7KHVH GLIIHUH
LQFUHDVH WKH FRPSOH[LW\ RI UHPHGLDWLQJ3KURXDE? DWIGU

FKHPLFDO SURSHUWLH&(RD@Y®&®H ' FOQ$%¥H VHHQ LQ 7DEOH



7TDEOH &RPSLOHG FKHPLFDO SURSHUWLHY RQ FRQWDPLQDQV

2FWDQRO :DWHU

OROHFXQ :DWHU 9DSRU 30 WLWLROLOJ
&RPSRXQGHLJIKW JH%\IQLV;“RHQQVUV\\/\[/)G X E L GBIV V X U H @Q\H,,LFLHSWQ
J PRO PJ F f& NBD R 20

7&$%
F&(
- 18 OLVFLEOH

&LWDWLRQWHUQDWLRQDO &KHPLFDO 6DIHW\ &DUGV SURGEX#HG E\ WK
'LPHQVLRQOHVYV +HQU\TV /DZ &RQVWDQWY FDOFXODWHG

7KH FKDUDFWHULVWLFDOO\ ORZ VROXELOLW\ DQG VRUSW
PRELOLW\ RI WKHVH FRQWDPLQDQWY ZLWK IORZLQJ JURXQGZL
WKHVH FRQWDPLQDQWY DQG Rl LQWHUHVW WR WKLV SURMHF
GLIIXVHG LQWR ORZ SHUPHDEOH OD\HUV RYHU H[WHQGHG SHU
'1$3/ LV UHOHDVHG WR WKH VXEVXUIDFH DQG VORZO\ VLQNV W
RQ D ORZ SHUPHDEOH OD\HU VXFK DV DQ DTXLWDUG 7KLV S
VWDWLRQDU\ SRVLWLRQ DQG WUDYHOV ZLWK JURXQGZDWHU
SHULRGV RI WLPH KDV FDXVHG FRQWDPLQDQWKIHOBRMYVROR HC
FRQWDPLQDQWY WKDW KDYH PLJUDWHG GRZQ IORZ RI WKH '1$
SHUPHDEOH DTXLWDUG OD\HUV

(YHQ ZKHQ WKH '1$3/ LV GHSOHWHG RU UHPRYHG WKURXJ!
SOXPHV UHPDLQ DQG REVHUYDWLRQV KDYH EHHQ PDGH WKDW
FRQWDPLQDWLRQ FDQ FRQWLQXRAKWR RBVFHUDYWLRQGKDSUEDIEC
UHODWHG WR EDFN GLIIXVLRQ RI 3VWRUHG  &$+V WKDW KDG LG

7KHUHIRUH GHVSLWH WKH IDFW WKDW RQH PD\ EH DEOH V
FXUUHQWO\ FRQWDPLQDWHG JURXQGZDWHU WKURXJK WKH PH\

WKH ZDWHUV LQ WKHVH ORZ SHUPHDEOH OD\HUV FUHDWHV D C



FDQ EH LQ SODFH IRU HIWHQGHG GXUDWLRQV ,Q DGGLWLRQ
SURSHUWLHYV VXFK DV VROXELOLW\ RI WKH FRPPRQ FR FRQW!|
GLITHUHQFHV LQ SOXPH VL]HVY DQG ORFDWLRQV ZKLFK DOO F

UHPHGLDWLQJ JURXQGZDWHUV FRQWDPLQDWHG ZLWK PL[WXUF

LL 7JUHDWPHQW RI OL[WXUHV RI &RQWDPLQDQWYV RI &RQFHUC
&XUUHQW JURXQGZDWHU UHPHGLDWLRQ VWUDWHJLHV WDU
VLWX WHFKQLTXHV VXFK DV H[FDYDWLRQ SXPS DQG WUHDW
(IFDYDWLRQ FDQ EH XVHG WR WDUJHW '1$3/ WKRXJK DV LOOX\
FRQWDPLQDWHG ZDWHUV DQG EDFN GLIIXVLRQ FDQ FRQWLQX
FRQWDPLQDQWY PD\ QRW EH DVVRFLDWHG ZLWK '1$3/ DQG PD\
3D7 UHTXLUHV SXPSLQJ OLTXLGV WR WKH VXUIDFH XVXDC
DFWLYDWHG FDUERQ WUHDWPHQW RI VRUEHG FRQWDPLQDQ\
UHLQMHFWLRQ RI3DEZTKDFVEHHQ VXFFHVVIXOO\ XVHG WR WI
JURXQGZDWHU IRU GHFDGHV WKRXJK LVVXHV ZLWK ORQJ W
FRQWDPLQDWLRQ LQDELOLW\ WR DFFHVV JURXQGZDWHU LQ
SRWHQWLDO RI FR FRQWDPLQDQWV VXFK DV ' PD\ UHTXLUH
WHFKQLTXH®XUIDFH YDSRU H[WUDFWLRQ 69( FDQ EH XVHG W
YRODWLOLW\ Rl WKHVH FRPSRXQGV EXW 'LV QRW YRODWLC
WHFKQLTXH 69( UHTXLUHV ORQJ WHUP SXPSLQJ RI JDVVHV \
FROOHFWLRQ DQG WUHDWPHQW Rl ODUJH YROXPHV RKUBVHV S
WHFKQLTXH DOVR UHTXLUHV ODUJH RSHUDWLRQDO FRVWV DQ(
VHHSHG GHHS ZLWKLQ WKH VDWXUDWHG ]JRQH
7KRXJK WKHVH WHFKQLTXHV FDQ DQG KDYH EHHQ XVHG VXI

ZLWK &%$+V WKH\ UHTXLUH ODUJH FDSLWDO LQYHVWPHQWYV OfF



DQG PDLQWHQDQFH FRVWV DQG RIWHQ DUH QRW DV HIIHFWL®
'XH WR WKLV WKHUH LV JUHDW LQWHUHVW LQ H[SORULQ
IDYRUDEOH LQ VLWX WUHDWPHQW WHFKQLTXHV VXFK DV ELR
FRQWDPLQDQWY OLNH '
OL[WXUHV RI &$+V DQG FR FRQWDPLQDQWYV OLNH ' DUH
ELRGHJUDGDWLRQ KRZHYHU WKHUH KDYH EHHQ PDQ\ PLFUR

PHWDEROL]LQJ D YDULHW\ RI &%$+V ' DQG PDQ\ RWKHU FRP|

,Q VLWX %LRUHPHGLDWLRQ

23.1. OLFURELDO OHWDEROLF 3DWKZD\V

0DQ\ EDFWHULD ZLWK PHWDEROLF SDWKZD\V FDSDEOH R
KDYH EHHQ LVRODWHG IURP FRQWDPLQDWHG ZDWHUV DQG V
SDWKZD\V IRU WKH ELRWLF WUDQVIRUPDWLRQ RU GHJUDGDYV
DQDHURELF DQG WZR DHURELF SURFHVVHV NQRZ DV UHGXFV
R[LGDWLRQ '$2 DQG DHURELF FRPHWDEROLVP $& UHVSHFWI

8QGHU DQR[LF FRQGLWLRQV UHGXFWLYH GHKDORJHQDWLC
FDXVLQJ WKH VXFFHVVLYH FOHDYDJH RI FKORULGH LRQV DQG
FRPSRXQGV WR OHVV RU QRQ FR®RUWDQTAMNBLFRIPSRWQXGEW RI W
OHDG WR LVVXHV VXFK DV OLPLWHG HOHFWURQ GRQRU FRQF
KDOWHG DW DQ LQWHUPHGLDWH VWHS 7KLV KDV EHHQ VKRZQ
WKH EXLOGXS RI PRUH WR[LF LQWHUPHGLDWH SURGXFWYV VXFEK
Rl PRUH FRQFHUQ5MKBQW®Y &$+ FRQWDPLQDWLRQ KDV EHHC
FRUUHODWHG ZLWK HOHYDWHG GLVVROYHG R[\JHQ FRQFHQW

UHGXFWLYH GHKBRRIMRARODWWRKQYV FRUUHODWLRQ LV WKRXJKW



GHJUDGDWLRQ UDWH RI PRVW &$%+V XQGHU DQDHURELF FRQGL\
LV JUHDWHU LQ WKH SAKRMXHBFFHXBURQPWHRSSOLFDWLRQV RI 5' |
WKLY SKHQRPHQRQ LW GRHV LOOXVWUDWH WKH KLVWRULFDO
UHPHGLDWLRQ RI &$+V

'LUHFW DHURELF R[LGDWLRQ LV WKH WHUP XVHG IRU WKt
FXOWXUHV WR VXVWDLQ FHOO JURZWK DQG RWKHU PHWDERO
FRQWDPLQDQWY DV D VROH FDUERQ DQG HQHUJ\ VRXUFH L\
ELRUHPHGLDWLRQ SURFHVVHV OHVV WR[LF E\SURGXFWV DUH
SRVVLE®M KDV JUHDW SRWHQWLDO DV D YLDEOH UHPHGLDWLF
FDSDEOH RI '$2 Rl &$+V KDYH EHHQ LVRODWHG DQG WKH UDQJ*t
VPDOO 7KHVH LVVXHV FRPELQHG ZLWK NQRZOHGJH DERXW W]
KDV OHG WR TXHVWLRQV UHJDUGLQJ WKH HNXBWKHRI WHKIX\H ¥ L2
'$2 KDYH DOVR DURVH GXH WR HQYLURQPHQWDOO\ UHOHYDQW
WR VXSSRUW KHDOWK\ SRSXODWLRQV RI GLUHFW PHWDEROL]H

,Q FRQWUDVW WR '$2 DHURELF FRPHWDEROLVP UHTXLUI
VXEVWUDWH *6 WR VXVWDLQ FHOOXODU DFWLYLW\ DQG GUL)
WKH SULPDU\ VXEVWUDWH IRU FHOOXODU JURZWK DQG HQHUJ
RFFXUV GXH WR WKH SUHVHQFHV RI FHUWDLQ HQJ\PH V\V
7UDQVIRUPDWLRQ Rl FRPHWDEROLF VXEVWUDWHY H J &$+V D
RIWHQ WKH SDUHQW FRPHWDEROLF VXEVWUDWHY DQG WKHLL
DQG RU WR[LF WR WKH FR P&RWDE R PLQIDIUWF WO\U RVHRUPDW LR Q
EXW WKHVH HIIHFWV FDQ EH PLWLJDWHG DQG LW LV SRVVLEO]
FRQWUROOHG DGGLVWKMW MGHIVQWDJIHYV RI $& DUH WKH LQFU

VSHFLHVY FDSDEOH RI $& WKH SRVVLEOH UDQJH RI SULPDU\ \



FXOWXUH JURZWK DQG WKH ODUJH UDQJH Rl FRQWDPLQDQW
WUDQVIRUPHGQRZQ LVVXHV ZLWK $& LQFOXGH R[\JHQ GHPDQG |
IRU WKH VXSSO\ RI JURZWK VXEVWUDWHY QRQ VHOHEWLYLW\
DQG H[FHVVLYH JURZWK RI PLFUREHV LQ WKH VXEVXWHMWH OHD

LVVXHVY DUH DGGUHVVHG LQ GHWDLO LQ VXEVHTXHQW VHFWLR

$HURELF &RPHWDEROLVP

241. $HURELF &RPHWDEROLF ,QGXFWLRQ

W LV ZLGHO\ DFFHSWHG WKDW DHURELF FRPHWDEROLF V
FRQWDPLQDQWY LV PDGH SRVVLEOH LQ ODUJH SDUW E\ FHO!
HQJ\PH V\VWHERKWVH R[\JHQDVH HQ]J\PHV DUH WKRXJKW WR EH
XWLOL]DWLRQ RI SDUWLFXODU *6V UHIHUUHG WR KHUH DV LC
WHUP 3LQGXFLQJ VXEVWUDWH" ZLOO EH GHILQHG DV DQ\ VXE\
R[\JHQDVH HQ]J\PHV ZLWKLQ FHOOV IRU LWV RZQ FRQVXPSWLR!
FXOWXUHYV FDSDEOH RI $& DUH DEOH WR JURZ RQ EXW PD\ QR\
LQFOXGLQJ EXW QRW OLPLWHG WR DONDQHV & WR & DONH
DURPDWLF K\GURFDUERQV DQG DOFRKROV RUJDQLFONVRLGV &
WKLV GLVWLQFWLRQ LV PDGH EHFDXVH LW KDV EHHQ IRXQG WK

E\ FRPHWDEROLF VXEVWUDWHY VXFK DV 7&( DQG '

242. )LHOG $SSOLFDWLRQV

7TKHUH DUH WZR FRPPRQ DSSURDFKHV WR DFKLHYH LQGXFF&E
DHURELF FRPHWDEROLF WUDQVIRUPDWLRQ RI &R&V LQ VXEVXU

WKH JURZWK DQG LQGXFWLRQ RI QDWLYH $& PLFUREHV WKURX



RU QXWULHQWY ELRVWLPXODWLRQ RU WKH LQMHFWLRQ RI F
DURXQG FRQWDPLQDQWY ELRDXJPHQWDWLRQ

%LRVWLPXODWLRQ WKURXJK WKH DGGLWLRQ RI VSHELILF V
SURYHQ VXFFHVVIXO LQ ERWK ODE VFDOH UHDFWRUV DQG IXC
FDSDEOH Rl WUDQVIRUPHRWHREAURIV&RPH ELRVWLPXODWLRQ DW
SUREOHPV ZLWK WKH WR[LFLW\ RI VRPH &$+V LQKLBDWRQJ WK
WKH QRQ VHOHFWLYLW\ RI PDQ\ FRPPRQO\ XVHG JURZWK VXE\
FRPPXQLWLHV QRW ERSNEHTMHOQIWS@E ELRDXJPHQWDWLRQ KDV
ELRUHPHGLDWLRQ WHFKQLTXH %LRDXJPHQWDWLRQ LQYROYH\
ODERUDWRU\ WR FRQWDPLQDWHG JRQHV ZLWKLQ DTXLIHUV
VHOHFWLRQ RI SDUWLFXODU PLFURELDO FXOWXUHV DQG WDUJ
FHOOV WKDW FDQ GHJUDGH FRQWDPLQDQWY IRU D SHULRG RI
FRPSRXQGYV

%LRDXJPHQWDWLRQ LV W\SLFDOO\ VXFFHVVIXO LQ WKH VK
VKRUW OLIHVSDQV GXH WR FRQWDPLQDQW WR[LFLW\ LQDELO
FRQGLWLRQV SUHGDWLRQ IURP SURWR]JRD RU FRPSHWLWLRQ
QDWLYH PLFUREMWLY FDQ FUHDWH D QHHG IRU UHEXUULQJ L

LQFUHDVHV WKH FRVW RI WKLV VWUDWHJ\ DQG FDQ OHDG WR |

243. *URZWK 6 XEVWUDWH /LPLWDWLRQV

6RPH RI WKH PRVW FRPPRQO\ UHVHDUFKHG UHIHUHQFHG
RI &$+V DQG FR FRQWDPLQDQWY DUH NQRZQ WR EH KLJKO\
K\GURFDUERQV VXFK DV PHWKDQH SURBD QMK H S\B D yYHV HDYHU b
PDQ\ PLFURELDO FXOWXUHV KDYH EHHQ GLVFRYHUHG ZLWK W]

K\GURFDUERQV PHWKDQH SURSDQH LVREXWDQH HWF DQG



&$+V ' RWKHU FRPPRQ FRQWDPLQDQWY DQG YDULRXV PL|
SKHQRO DUH RWKHU ,*6V WKDW KDYH EHHQ GLVFRYHUHG DQC
GHJUDGDWLRQ RI &$+V DQG RW/KHWHARRQWREVQMRPMVRI WKH PRU
$& PLFUREHV BRRGRFRPFKY 58REKFKURXSBVEE DQG D OLV)
FRQWDPLQDQWY WKH\ KDYH EHHQ IRXQG WR GHJUDGH FLWDW

SXEOLVKHG ZRUN LW LV WKH SULPDU\ FXOWXUH VWXGLHG LQ

7DEOH 6XPPDU\ Rl ZHOO VWXGLHG FRPHWDEROL]JLQJ PLFURRUJDOQ!I
FRPPRQ &%$+ FRQWDPLQDQWY DQG WKH FRPPRQ FR FRQWDPLQDQW
[ KRZHYHU EODQN DUHDV RQO\ LQGLFDWH WKDW D ZHOO FLWHG
FXOWXUH WUDQVIRUPY WKH FRUUHVSRQGLQJ FRQWDPLQDQW %ODGQ
WUDQVIRUP WKH JLYHQ FRQWDPLQDQW

RGRFRFFXV

OLFURELDO%\{IE%EWHUDNWK\ORVLQ XGRPR@'&%GRFKURXV

7ULFKRV3%UE&HQGRF5QD$7&&

BULPDU\ *UR%
6XEVWUDW VYJI&SDQH OHWKDQH 7TROXHQH ,VRE
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7&% [ [
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$ VLQJOH SDSHU SXEOLVKHG VXJIJHVWHG W KDR\R WKHR W KX &R UN W HRXW & V(
WKDW WKHVH FXOWXUHY FDQ WUDQVIRUP HQYLURQPHQWDOO\ UHO
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7TKRXJK WKHVH FRPPRQO\ XVHG VXEVWUDWHY ZRUN ZHOO L
LQ ILHOG DSSOLFDWLRQV $V PHQWLRQHG DERYH ELRVWLPXOL
VXEVXUIDFH DQG PDQ\ RI WKH FRPPRQO\ XVHG ,*6V DUH JD\

SRWHQWLDOV DQG ORZ VROXELOLW\ LQ ZDWHU (YHQ ZLWK WHK



PDGH WR VWLPXODWH QDWLYH PLFURELDO SRSXODWLRQV
K\GURFDUER&RQQRQ HW DO DQG .LP HW DO VKR ZH
VSDUJLQJ Rl WKH VDWXUDWHG JRQH ZLWK D SURSDQH RU PHW
WKH QDWLYH PLFURELDO SRSXODWLRQV DQG VWLPXODWH S
GHPRQVWUDWHG WKH DELOLW\ R R&KHMH VADVOXV ¥R YWHR) G R WK
ZLWK WKLV WHFKQLTXH KDYH EHFRPH DSSDUHQW GXH WR LQI
IRUFHG JDV IORZ WKURXJK WKH YDGRVH JRQH VLPLODU WR 69
DWWHPSWV WR ELRVWLPXODWH ZLWK JDVHRXV VXEVWUDWHV F
DQG WUHDWLQJ ODUJH YROXPHV RI DLU

ILTXLG VXEVWUDWHY VXFK DV WROXHQH DQG SKHQRO K
ILHOG SLORW VFDOH WR VWLPXODWH QDWLYH PLFUREHV FDSD
R[\JHQDVH LQGLFDWRU VXEMWUEIBAM ILR@ BRAWHR@KEOH OLTXLG \
GXH WR WKH DELOLW\ WR DGG JUHDWHU FRQFHQWUDWLRQV W
&$+V DQG *6V ZKLFK ZRXOG GHFUHDVH WKH RYHUDXQIK PRV L[
VXEVWUDWHY VXFK DV WROXHQH DQG SKHQRO DUH SUHIHUDEC
KD]DUG DQG D KHDOWK FRQFHUQ ZKHQ PDNLQJ D ®GCL®/GRQVRQF
WR KHDOWK FRQFHUQV RI DSSOLFDWLRQ WROXHQH KDV D UHJ

,VVXHV ZLWK JDVHRXV DQG FRPPRQ WR[LF OLTXLG ,*6V
LQFOXGLQJ RXUV WR H[SORUH DOWHUQDWLYH QRQ WR[LF ZLC
FDSDEOH RI LQGXFLQJ PLFURELDO FXOWXUHV W\SLFDOO\ JURZ
EHHQ IRXQG WKDW VRPH NQRZQ $& PLFUREHV DUH FDSDEOH R
VRPH QRQ WR[LF OLSLG VROXEOH RUJDQLF BHERRDMU FVQILNHNC
RI GHVLUHG PRQRR[\JHQDVH HQJ\PH V\VWHPV KDV SURYHQ WR

PLFURELDO FXOWXUH *6 DQG WDUJHW FRQWDPLQDQW RU PLI\



6HOHFWLYH QRQ WR[LF OLTXLG VXEVWUDWHYV PD\ PLWLJ
ELRVWLPXODWLRQ KRZHYHU WKHUH DUH VWLOO QHFHVVDU\
DSSOLFDWLRQ RI ELRUHPHGLDWLRQ WUHDWPHQW VFKHPHV VXI
JURZWK FHOO ZDVKRXW DQG GLH RII ORZ VHOHFWLYLW\ RI V

LVVXHVY DQG SURSRVHG VROXWLRQV DUH SUHVHQWHG EHORZ

244, 5SKRGRFBRKRERFISURX YV

7KH ZRUN ZLWKLQ WKLV WKHVLV IRFXVHV RQ WKH DHURELF
FRQWDPLQDQWY FDUU LR RRMR EF>S\K B K REBEORMKXIRK F/& &
ZDV REWDLQHG IURP 'U OLFKDHO +\PDQ DW 1RUWK &DUROLQI
FRQGXFWHG WKURXJKRXW WKLV WKHVLY LV IRFXVHG RQ SXUH
GHYHORSHG DUH GHVLIQHG WR EH PRGXODU DQG WKHUHIRUF
FRPHWDEROL]LQJ FXOWXUH ZLOO EH SRVVLEOH

$7&& LV DQ LVREXWDQH XWLOL]JLQJ FXOWXUH WKDW
GHJUDGDWLRQ RI D ZLGH UDQJH RI &%$+V DQG RWKHU FRPPRQ

" WUDQVIRUPDWLRQ PRGHO IRU SXUH FXOWXUH $T8& LV KL
FXUUHQWO\ EHLQJ DGDSWHG WR WUDQVIRUPDWLRQ RI PL[WXU

,QGXFWLRQ RI $7&& E\ QRQ WR[LF OLTXLG VXEVWUDWH
SDUDOOHO SURMHFWY $V SDUW RI WKDW ZRUN LW KDV EHHQ
YDULRXV VXEVWUDWHY WKRXJK LQGXFWLRQ RI PRQR R[\JHQD
LOQYHVWLIDWLRQ *UREZOMK LV QRW LQGLFDWLYH RI LQGXFWLRQ

PD\ HISHULHQFH VRPH OHYHO RI LPPHGLDWH LQGXFWLRQ

DONDQHV VXFK DV EUDQFKHG DOFRKROV LVRSURSDQRO DQG

HWKHUV WHWUDK\GURIXUDQ 7DEOH



7TDEOH /ILVW RI NQRZQ JURZWK VXEVWUDWHYV IRU $7&&

$ONDQHYV $OFRKROV 2UJDWKHWYFLGYV
HWKDQH HWKDQRO S HH W O RAVH
SURSDQH SURSDQRO WHWHPWIGHWRIXUDQ
EXWDQH LVRSURSDQRO 6 kX ROy H
LVREXWDQH EXWDQRO

EXWDQRO

LVREXWDQRO

$SSUHFLDEOH LQGXFWLRQ RI FRPHWDEROLF HQJ\PHV ZLWKLQ $7&&
VXEVWUDWH

6ORZ 5SHOHDVH &RPSRXQGYV

6ORZ UHOHDVH FRPSRXQGV 65&V KDYH EHHQ GHYHORSHG
VXFK DV SKRVSKRUXV DQG QLWURJHQ WR WKH VXEVXUIDFH W
FHOOXODU DFWLYLW\ DQG SRWHQWLDOO\ LQFUHDVH WKH ELRL
7KHVH 65&V ZHUH GHVLJQHG WR VRUE WR DTXLIHU PDWHULDO
QXWULHQW VRXUFH 6LPLODU WR WKLV 65&V KDYH EHHQ SUR:
FRQFHQWUDWLRQV RI ,*6V WKURXJK D VLQJOH LQMHFWLRQ RI
SURGXFH DQ HIIHFWLYH K6 LRKGHHU LWLWKDW LQMHEWLRQ RI OHV
SRWHQWLDOO\ PLWLIJDWH SUREOHPV FDXVHG E\ H[FHVVLYH F|
VSHELILF VXEVWUDWHY DQG ORZHU RSHUDWLRQ FRVWV E\ UHC

6LOLFRQ EDVHG RUJDQLF FRPSRXQGV NQRZQ DV WHWUD
RUWKRVLOLFDWH 7%26 H[LVW LQ VRPH &$+ FRQWDPLQDQW
LQYHVWLIJDWHG IRU WKHLU ELRUHPHGLDWLRQ SRWHQWLDO DC
GULYH UHGXFWLYH GHFKORKHVMD YL BOHRARBHFXODU ZHLIKW FF
D VLOLFRQ FHQWHU ERXQG YLD HVWHU OLQNDJHV WR IRXU DO
VWUXFWXUH 7KHVH FRPSRXQGV DUH LQVROXEOH LQ ZDWHU D

DTXHRXV SKDVH OLTKKBWV/W$IJ OLQNDIHV KDYH EHHQ IRXQG \



YDU\LQJ UDWHV EDVHG ODUJHO\ XSRQ WKH S+ Rl VROOHWLRQ L
K\GURO\VLV Rl WKHVH FRPSRXQGV LV DFLG DQG EDVHG FDWDO

([SHULPHQWDO GDWD KDV VKRZQ WKDW WKH ODUJHU WKH |
RUWKRVLOLFDWH FRPSRXQGV WKH KIORZ¥ W WRXJK@LW RDEHKG & |
VWHULF KLQGUDQFH SUHYHQWLQJ K\GURO\VLY DW WKH FHQWL
SURMHFW LV WKDW WKHVH FRPSRXQGV FDQ EH PDGH FRQWD
PHWKDQRO EXWDQRO EXWDQRO DQG SKHQRO DOO RI ZK
YDULRXV FRPHWDEROIQVN®RJ SN BWDRMWUHVHDUFK KDV VKRZQ W
IURP WKHVH 65&V VXUURXQGLQJ PLFURELDO FXOWXUHV FI
FRQFHQWUDWLRQV

7KLV WKHVLV XWLOL]HG 7%26 D Q G%®6{ WD P\RHGFH BXWO R R UMK
FRPSRXQGV WKDW DUH GHVLJQHG WR K\GURO\]H WR SURGXFH
PLFURELDO FXOWXUHV )LJXUH 7KHVH FRPSRXQGV ZHUH FK
PRGHO FRPHWDEROL]LQJ RUJDQLVP $7&& WKHLU ORZ VR!

FRQFHUQV KLVWRULFDO ZRUN ZLWK K\GURO\VLV UDWHV DQG

g 5
wg \ O~ _EH Hydrolysis 1-Butanol
2 5 | — 4 OH i(OH
E% He T, Reaction NN + S'(O )4
Z H.

3
}CH] 2-Butanol
CHJ .
He \)\O}(OT\CH3 Hydrolysis /ﬁ/
— :
”1‘745 " Reaction 4 + SI(OH)4
OH

JLIXUH &KHPLFDO VWUXFWXUH DQG FRPSOHWH X2RX6URPOWRZA UHDF\
&KHPLFDO VWUXFWXUH JUDSKLFVY REWDLQHG IURP

T,BOS
(2-butanol leaving group)



(QFDSVXODWLRQ

26.1. OLFURELDO (QFDSVXODWLRQ %DFNJURXQG

(QFDSVXODWLRQ RI PLFURELDO FHOOV LQ WKLV WKHVLV ZL
FHOOV LQ DQ LQVROXEOH SRO\PHULF K\GURJHO VXFK DV D.
(QFDSVXODWLRQ KDV EHHQ XVHG LQ WKH SDVW WR SURYLGHG
DFWLYLW\ SURWHFWLRQ IURP WR[LF VXEVWDQFHYV SURWHFWI
S+ SURWHFWLRQ IURP SUHGDWLRQ E\ SURWR]JRD DQ6G DELOLW

t* $OVR LW KDV EHHQ VXJJHVWHG WKDW HQFDSVXODWLRQ
EHDGV PD\ LQFUHDVH WUDQVSRUW GLVWDQFH RI FHOOV LQ
SURGXFWLRQ DQG FHOO DIIL[DW LRXF DASR/ XCOTDXW LHRWD FPIDOW HDUDL\DRO
PHFKDQLVP WR HQKDQFH DXJPHQWHG FHOO VXUYLYDO PLWI
DIIL[DWLRQ RI FHOOV DURXQG ORZ SHUPHDELOLW\ JRQHV YL
ORFDWLRQ DQG EHDG VWUDLQLQJ

7KRXJK HQFDSVXODWLRQ DIIRUGYV PLFUREHV PDQ\ DGYDQW|
VWXGLHVY KDYH VKRZQ WKDW WKH GLIIXVLRQ RI HOHFWURQ G
PDWULFHV PD\ EH D ODUJH GLVDGY,MQRDIH RR | W.HR P RIE LGOLLIT X WILF
EHDGY DUH RQ WKH PLOOLPHWHU VFDOH UHIHUUHG WR KHUH
VWXG\ GLIIXVLRQ 7KRXJK WKLV LV LPSRUWDQW DW WKHVH VFI
EHDGV WKHVH OLPLWDWIRQWHARQHE HVKIHWIILIDDMHBS SOLFDW LR G
LQIOXHQFHG WR D PXFK OHVVHU GHJUHH E\ GLIIXVLRQ OLPLW

XP $QRWKHU LPSHGLPHQW WR HQFDSVXODWLRQ LV WKH
+RZHYHU WKLV FDQ DOVR EH DYRLGHG E\ RSWLPL]LQJ PHWKR
2IWHQ WKH HQFDSVXODWLRQ SURFHVV Rl QDWXUDO JHOOLQJ S

UHFHQWO\ GLVFRYHUHG JHOODQ JXP LV PRUH VLPSOH WKDQ



FRPSRXQGV ZKLFK PLWLIJDWHYV $WXREMHAWRIY AHO O KLQ BARILW W
LQYHVWLIJDWH DQG RSWLPL]H HQFDSVXODWLRQ SURFHGXUHYV |

PLQLPL]HG

262. $0JLQDWH (QFDSVXODWLRQ

(QFDSVXODWLRQ RI FHOOV LQ DOJLQDWH VSKHUHV UDQJLQ.
RQH Rl WKH PRVW FRPPRQ PLFURELDO LPPRELO L$DWLGRMWHAHLIK
D QDWXUDOO\ RFFXUULQJ SRO\WWDFFKDULGH SURGXFHG E\ YDUI
FKDLQV RI PDQQXURQLF DQG JXOXURQLF DFL G\ IV&D W U'HD BD GG
YLD LRQLF FURVVOLQNLQJ Rl FRQQHFWHG DFLG VWURBWXUHV

EDULXP %)DJXUH
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JLIXUH 7RS +\GUDWHG DOJLQDWH SUH JHO FKHPLFDO VWUXFW XL
FURVVY OLQNHG VWDEOH DOJLQDWH VWUXFWXUH

7KHUH DUH WZR FRPPRQ PHWKRGV IRU DOJLQDWH JHODWL

GURSZLVH H[WUXVLRQ RI DOJLQDWH SUH JHO VROXWLRQ WKU



VROXWLRQV DQG HPXOVLILFDWLRQ LQ K\GURSKRELF OLTXLGYV
GLYDOHQW FDWLRQV %RWK JHODWLRQ PHWKRGVY DUH UHODW
FRQGLWLRQV UHODWLYH WR RWK K[WHQ BD®V XHDIW RRQWHRX € H'
D VLPSOH RQH VWHS PHWKRG DQG KDV EHHQ VKRZ WR SURGXF
GLIIXVLYLWLHVY WKDQ7HGWGURIHY KDOMHWERIPQ GHYHORSHG IRU
WR SURGXFH EHDGV VPDOOHU WKDQ XP

7KH PLOG SURFHVV IRU HQFDSVXODWLRQ RI PLFURELDO F|
PHWKRG IRU HQFDSVXODWLRQ RKRRIWPBIGAURLEDRE V36 PLSHH/F L
VXFFHVVIXOO\ HQFDSVXODWHG LQ DOJLQDWH LQFOXGLQJ FXO
ZLWK WKH FKHPLFDO VWDELOIL/WH RIRDQ FLEDR@GY EIRDGWG GXUL
DOJLQDWH JHOV DUH XQVWDEOH DQG UHYHUVLEOH LQ WKH SUF
DQG VRGLXP FLWUDWH W KIR@Q \DAK\N Y B FIW \DXHS/ EELDQG E&D PLW L J D
GLIIHUHQW FURVVOLQNLQJ LRQV VXFK DV EDULXP RU E\ FRDW
HIITHFWHG E\ FKHODWLQJ DJHQWWW VK[BK WDL\WP HFHEKWWR V& VWL QJ
HQFDSVXODWHG FHOOV LW LV EHVW WR DYRLG WKH XVH RI S|
FDOFLXP FKORULGH VDOWY WR PHGLD VR QRRQVROR/OF R QHIUQ F K/ Hi
DJHQWV LV SRVVLEOH LQ ODE VFHQDULRV EXW JURXQGZDWHL
QDWXUDOO\ RFFXUULQJ6MKMHELMWINQJILBDYKBWWI DOJLQDWH EH]
FKHODWLQJ FRPSRXQGY FRXOG OHDG WR DSSOLFDWLRQ LVVXH

FHOOV WR ELRDXJPHQW SDUWLFXODU JURXQGZDWHUYV

263. *HOODQ *XP (QFDSVXODWLRQ

*HOODQ JXP LV D UHODWLYHO\ QHZO\ GLVFRYHUHG QDW:.
SULPDULO\ E\ 6SKLQJRPRQDY HORGHD FRQVLVWLQJ RI FKDLQV

PROHFXOHV jLJ¥XURLODU WR DOJLQDWH WKH JHODWLRQ RI JH



FURVVOLQNLQJ KRZHYHU LQ FRQWUDVW WR DOJLQDWH FURYV
GLYDOHQW FDWLRQV 7KRXJK ** JHODWLRQ LV LRQLFDOO\ DFW
WKH WKHUPDO K\VWHUHVLV W\SH JH®DWHRDWR R Q JD b PEGIE® COA
GHSHQGHQW RQ WKH W\SH DQG FRQFHQWUDWLRQ RI FURVV(
FRQFHQWUDWLRQ RI FKHDYDHWL QX 1D JSHIMW GHFDGH ** KDV EHEF
K\GURJHO PDWUL[ UHSODFLQJ PDWULFHV OLNH DJDU DQG DOJL
UKHRORJLFDO SURSHUWLHV FKHPLFDO VWDELOLW\ WHPSHUD
ORZHU FRQFHQWUDWLRQV RI K\GURJH® VG PLIRW L F *FKRW \DO \ QF
VWUXFWXUH EXW LV PRUH GXUDEOH DQG VLPLODUO\ ELRFRPSD
SRO\WDFFKDULGHV ZKLFK PD\ GHFUHDVH RSHUDWLRQDO FRVW

EHDGV

D-glucose D-glucuronate D-glucose L-rhamnose
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a (4] oM {+] O
NI k=4
OH oH OH HO OH

- =n

JLIXUH /IRZ $F\O *HOODQ *XP UHSHDWLQJ VWUXFWXU|

OLFURELDO HQFDSVXODWLRQ ZLWK ** LV PRUH LQYROYHG V
SUHVHQWHG LQ VHFWLRQ EHFDXVH JHODWLRQ LV D IXQF\
FROQOFHQWUDWKRQ@HODWLRQ SURFHVV UHTXLUHV KHDWLQJ RI
IROORZHG E\ D GLUHFW DGGLWLRQ RI FURVVOLQNLQJ FDWLRQ

f& WR LQLWLDWH JHODWLRQ $OWKRXJK WKH EDVLF PHWKF
WHPSHUDWXUH GHSHQGHQW FURVVOLQNLQJ RI ** KDV DOOF

HPXOVLILFDWLRQ LQWHUQDDKBHNG DRHWIORSWYWRIKBIGEK LEHHHQ RSWL



XVHG WR FUHDWH KLJKO\ VWDEOH VSKHULFDO PLFUR EHDGYV
XP
**PLFUR EHDGYV SURGXFHG YLD WKLV PHWKRG KDYH EHHQ |
ELRPDVV ORDGLQJV RI XS WR JUDPV RI FHOOV PHDVXUHG DV
JHO VROXIRLEXREOLVKHG ZRUN ZDV IRXQG IRU PHWKRGV XVHG
SUHYLRXV ZRUN KDV EHHQ GRQH RQ PDFUR HQFDSVXODWLRQ

EHHQ DGDSWHG LQ WKLV WKHVLV VHH PHWKRGV VHFWLRQ

264 (QFDSVXODWHG &HOO %LRUHPHGLDWLRQ

7KH EHQHILWY RI HQFDSVXODWLQJ FHOOV IRU WKH UHPHGL
EHHQ D WRSLF RI LQWHUHVW IRU GHFDGHV WKRXJK XVLQJ HC
DTXLIHUV LV D UHODWLYHO\ QHZ UHVHDUFK WRSLF WKDW KDV
+RZHYHU WKH SRVVLEOH EHQHILWY RI HQFDSVXODWLQJ FHO
%YHWWPDQQ HW DO VKRZHG WKDW GHJUDGDWLRQ UDWHYV
DOJLODWH HQFDSVXODWHG FHOOV ZHUH JUHDWHU WKDQ VXVS
WR WROHUDWH KLJKHU FRQFHQWUDMMHR QWY \RH DWIK K HUR/[ IVEX Y IHEV
FHOO GHQVLWLHYVY FRQFHQWUDWHG DW WKH RXWHU HGJHV RI W
ORFDO FRQFHQWUDWLRQV WKURXJK KLJK FHOO GHJUDGDWLR!
EHDGV 'Z\HU HW DO DOVR LQYHVWLIJDWHG SKHQRO ELR
FXOWXUHY 7KHVH GDWD VXSSRUWHG WKH LGHD WKDW HQFDS\
LQKLELWRU\ HITHFWV Rl KLJK WR[+FRZWXEHWW UDQDWHR CRQBNQWWR'
VWXG\ GHJUDGDWLRQ UDWHV ZHUH IRXQG WR KDYH EHHQ UH
HOQFDSVXODWLRQ PHWKRG DQG PDWHULDO EHWZHHQ WKH WZR
ILUVW VXFFHVVIXO PRGHOV IRU HQFDSVXODWHG FHOO ELRUH

ORQRG NLQHWLFV PRGHO WKDW LQFOXGHG LQKLELWLRQ RI WR



RUN KDV DOVR EHHQ GRQH WR LQYHVWLJDWH WKH HII
FRPHWDEROL]LQJ FXOWXUHYV WUDQVIRUPLQJ &%$+V 8FKL\DPD
XWLOL]JLQJ FXOWXUH LQ FDOFLXP DOJLQDWH EHDGYV DQG LQY'!
FHOOV ZHUH IRXQG WR GHJUDGH 7&( LQ D VLPXODWHG JURXQG
FHOOV DW ORZ S+V DQG KLJKHU WHPSHUDWXUHYV $V PHQWLRQ
ZDV IRXQG WR EH WKH UDWH OLPLWLQJ VWHS OLNHO\ GXH WR
WKH VWRUDELOLW\ RI DOJLQDWH HQFDSVXODWHG FHOOV DQG |
KHDGVSDFH UHWDLQHG RYHU SHUFHQW RI WKHLU RULJLQDO
WKDW HQFDSVXODWHG PLFURRUJDQLVPV FRXOG EH VWRUHG I
WR DSSOLFDWLRQ LQ D ILHOG VHWWLQJ /RQJ WHUP VWRUDJF
WKHVLYV

ORVW ELRUHPHGLDWLRQ UHVHDUFK GRQH ZLWK HQFDSVXC
PDFUR VFDOH EHDGY WKRXJK DV PHWKRGVY FRQWLQXH WR EH
Rl PLFURELDO FXOWXUHY PRUH UHVHDUFK UHODWHG WR ELRD X
SXEOLVKHG ORVOHP\ HW DO E GHYHORSHG DQ HPXOVLILF
PLFUR HQFDSVXODWLRQ RI D JDVROLQH GHJUDGLQJ FRQVRUWI
GLDPHWHWMH GHYHORSHG PHWKRG VKRZHG SURPLVH IRU SUHFI
GLDPHWHU DQG DELOLW\ WR UHGXFH WKH UDQJH RI REVHUY
HQFDSVXODWHG LQ PLFUR EHDGYV ZDV IRXQG WR KDYH OLWWC
FHOO JDVROLQH GHJUDGDWLRQ DFWLYLW\ ZDV JUHDWHU WKDZC
ZHUH DOVR DEOH WR GHJUDGHG KLJKHU FRQFHQWUBWLRQV
WUDQVSRUW RI WKHVH PLFUR EHDGV LQ DTXLIHU PDWHULDO ZI
EHDGV FRXOG EH WUDQVSRUWHG RYHU WKH HQWLUH OHQJWK

DTXLIHU PDWHULDOV ZL%KD/® VW QD ISRIURVIDBNY DQ LVVXH LQ PI



DQG WRWDO EUHDNWKURXJK Rl PLFUR EHDGV ZDV QRW REVH!
ORZHULQJ EHDG LQMHFWLRQ FRQFHQWUDWLRQV DQG IOXFWXD
VWUDLQLQJ REVHUYHG LQ WKLV VWXG\

2WKHU UHVHDUFK KDV VKRZQ WKDW HQFDSVXODWLQJ FHOC
VRLO PLFURFRVPV LQFUHDVHG WKH WUDYHO GLVWDQFH DQG V
RI ITUHH VXVSHQGHKRB XIKOWKNHVH SURMHFWY ZHUH LQYHVWLJDW
VRLOV WKDW ZHUH UHOHDVHG IURP EHDGV LW GRHV SURYLG
FXOWXUHV DUH PRUH OLNHO\ WR VXFFHVVIXOO\ DGDSW WR

FRXQWHUSDUWYV



&+$37(5 + 0$7(5,$/6 $1' 0(7+2'6

&KHPLFDOV
&KHPLFDOV RI QRWH WR WKLV WKHVLY DUH OLVWHG LQ 7DE

ZHUH Rl UHDJHQW JUDGH

7TDEOH /ILVW RI DQDO\WLFDO JUDGH FKHPLFDOV XVHG WK

&RPSRXQG $EEUHYLDWLRQ 0BXXULBEWXUHU
6RGLXP $OJLQDWH $OJLQDWH 6SHFWUXP &KHPLFDO
*HOODQ *XP * % & 3 .HOFR
&DQROD 2LO &DQROD 2LO .URJHU
L, VEXWDQH % *DV ,QQRYDWLRQV

% XWDQRO EXWDQRO 6LIJPD $OGULFK

% XWDQRO EXWDQRO 6LIJPD $OGULFK
7HWUD EXW\ORUWKRVLOLFDWH 7%26 *HOHVW ,QF
7HWUD V EXW\OR%WEKRVLOLADAH W7, QF

7ULFKORURHWKDQH 7&$ 7RN\R &KHPLFDO ,QGX)
FLM.FKORURHW K& H 7RN\R &KHPLFDO ,QGXVWU\

'LR[DQH ' -7 %DNHU

$QDO\WLFDO OHWKRGV

321. 'LUHFW *DV  QMHFWLRQ *DV &KURPDWRJUDSK\

$O00 IJDVHRXV DQG YRODWLOH FRPSRXQGV R[\JHQ FDUER!

&R&V ZHUH PHDVXUHG LQ UHDFWRUV E\ VDPSOLQJ RI JDV KHI

WLIJKW +DPLOWRQ VVWWLQJH IROORZHG E\ LQMHFWLRQ RQ D +

FKURPDWRJUDSK *& $ VXPPDU\ RI WKH LQIRUPDWLRQ SUHVH(
,VREXWDQH ZDV VHSDUDWHG ZLWKLQ DQ $JLOHQW *6 4 FD:
UHVSRQVH ZDV GHWHFWHG XVLQJ D IODPH LRQL]DWLRQ GHWHF

DV WKH FDUULHU JDV IORZLQJ DW P/ PLQ DQG UDQ LVRWKHL

7KH UHWHQWLRQ WLPH 57 RI LVREXWDQH LQ WKH FROXPQ <



VHSDUDWHG ZLWK DQ $JLOHQW '% 8, FDSLOODU\ FROXPQ
GHWHFWHG XVLQJ D PLFUR HOHFWURQ FDSWXUH GHWHFWRU (
WKH FDUULHU JDV IORZLQJ DW P/ PLQ ZLWK DQ LVRWKHUPE
PHWKRG DQG 7&$ ZHUH UHVROYHG DQG HOXWHG DW D
2[\JHQ DQG FDUERQ GYRJR®WV&2HUH VHSDUDWHG XVLQJ D 6X
SDFNHG VWDLQOHVY VWHHO FROXPQ IW][ LQ DQG GHW
7&' 7KH RSHUDWLQJ PHWKRG GHHHORISE GXIFR D \VGWWH FADIUQL 12 |

P/ PLQ DQG DQ RYHQ WHPSHUDWXKWHRWLRQRUBRKNUBIIBE DARIR (

JDV DQG DQ RYHQ WHPSHUDWXUH RI f&

7TDEOH 6XPPDU\ RI JDV FKURPDWRJUDSK PHWKRGYV

&DUULHU *D¥YYHQ

&RPSRXQG *& &ROXPQ WORHE FSADRMGHH PSHUDW X UH
P/ PLQ fé&
6XSHOFR &DUER[%%
2[\JHQ 6WDLQOHVV 6WHHO 3DFENHG §H8§<f55
&DUERQ 6XSHOFR &DUER]

'LR[LGH 6WDLQOHVV 6WHHO S0FNHG £RIRPo
,vREXWDéﬁLOHQW 6 4 &DSLOQDU\

$IJLOHQW '% 8, &DSLOODU\

F&( sROXPO P PP k. YHOLXP
$JLOHQW '% 8, &DSLOODU\

783 R oXPO & YHoLXP

OHDVXUHG JDV FRQFHQWUDWLRQV ZHUH XVHG WR FDOFXODWH

VHHQ LQ HTXDWLRQ

6KPEHO @ % U E2 08, SDANA (TQ
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$Q LPSRUWDQW QRWH LV WKDW R[\JHQ PHDVXUHPHQWYV I
FRQVLGHUHG WR EH QHDU JHUR GXH WR D YDFXXP FUHDWHG L
FHOOXODU UHVSLUDWLRQ 7KH YDFXXP LQ WKH ERWWOHV FDX)\
SUHVVXUH DQG DV LW LV UHPRYHG IURP WKH UHDFWRU VRPH

7KLV FDXVHV WKH ORZAHRQ¥FHPAWVYRWHREOWR EH a —PRO

322, 'LUHFW /LTXLG QMHFEWLRQ *DV &KURPDWRJUDSK\

$OFRKROV SURGXFHG E\ /1$3/ VORZ UHOHDVH VXEVWUDWH\
VDPSOLQJ X/ Rl OLTXLG PHGLD WKURXJK UHDFWRU VHSWD I
6XSHOFR &DUERSDFN & SDFNHG FROXPQ IW [ LQ 7K}
DV WKH FDUULHU JDV DW D FRQVWDQW FROXPQ SUHVVXUH RI
LOQOMHFWLRQ DQG GHWHFWRU SRUW WHPSHUDWXUHYV ZHUH VHW

/1$3/ VORZ UHOHDVH VXEVWUDAREVZRAYHE TXBQG LDIQHEG7E\ OL
GLFKORURPHWKDQH DTXHRXYV, QHYWRPFWL RGO FW.RPUY ZH WHRY L J
IRU VHFRQGY WR HQVXUH DGHTXDWH KRPRJHQL]DWLRQ RI
OLTXLG VDPSOHY ZHUH WDNHQ WKURXJK UHDFWRU VHSWD XVL
GLUHFWO\ DGGHG WR P/ GLFKORURPHWKDQH '&0 FRQWDLQL
7326 DV DQ LOQWHUQDO VWDQGDUG 7KHVH VDPSOHV ZHUH WK
JODVV YLDOV

,PPHGLDWHO\ DIWHU YRUWH[LQJ OLTXLG '&0 ZDV VHSDU]I

WUDQVIHUUHG LQWR P/ JDV WLJKW JODVV DXWR VDPSOHU YL

D VDPSOH +HZOHWW 3DFNDUG +3 6HULHVY DXWR VDPSOHL
OLTXLG VDPSOHVY RQWR D +3 VHULHYV *& 7KH *& ZDV HTXLS
FROXPQ P [ XP DQG DQ ), GHWHFWRU 7KH GHYHORSHG P/

IORZLQJ DW P/ PLQ ZLWK DQ LQLWLDO RYHQ WHPSHUDWXUH



IRU RQH PLQXWH IROORZHG E\ D f& PLQXWH WHPSHUDWXUH |
UXQ WLPH RI ILYH PLQXWERS D&G 7%26 FHDNV ZHUH DOO UHYV
PHWKRG DW 57V RI DQG PLOQXWHV UHVSHFWLYHO\
ZHUH FRQYHUWHG WR WRWDO PDVV LQ UHDFWRUYV DQG UHSR

FRQVLVWHQF\

323. +HDWHG 3XUJH DQG 7UDS *DV &KURPDWRJUDSK\ ODVV 6S

'XH WR WKH UHODWLYHO\ ORZ YDSRU SUHVVXUH RI "D 7
DQG WUDS ZDV XVHG WR YRODWLOL]H DQG FRQFHQWUDWH OL
IURP P/ OLTXLG VDPSOHV ZDV GRQH E\ KHDWLQJ VDPSOHV W
QLWURJIJHQ WKURXJK VDPSOHV DW P/ PLQ 7KH YDSRU SKDVF
VZHSW WKURXJK D WKUHH VRUEHQW EHG WUDS ZKHUH LW LV W
KHOLXP WR GHVRUE WKH " 7KH FRQFHQWUDWHG JDV ZDV W

'"ZDV VHSDUDWHG XVLQJ D 5HVWHN 5W[ 906 FROXPQ P [
XVLQJ D ObvV 6HOHFWLYH "HWHFWRU 'HXWHUDWHG " Z
FRQFHQWUDWLRQ RI SSE DQG SHDNV ZHUH GHWHFWHG DQG
FKDUJH UDWLRV ERWK SHDNV HOXWHG DW PLQXWHYV &XOW

$7&& ZDV PDLQWDLQHG RQ PLQLPDO VDOWV PHGLD O
FXOWXUH SODWHYVY ZHUH VWRUHG DW f& LQ [/ JDV WLJKW ML
WKH MDUV ZHUH NHSW DW D VOLJKW SRVLWLYH SUHVVXUH E\ |
VRXUFH ,% ZDV UHIUHVKHG HDFK WLPH WKH FRQWDLQHUV ZF
KHDGVSDFH , OHYHOV RI YY )J)RUH[SHULPHQWDWLRQ E

P/ S+ SKRVSKDWH EXIIHUHG 060 LQ P/ JODVV :KHDWRQ EF

IURP WKH DJDU VWRUDJH SODWHYV ,QJUHGLHQWY RI SKRVSKD!'



7KH :KHDWRQ ERWWOHY ZHUH VHDOHG ZLWK D UHXVDEOH V

VHSWD 1HZ VWRUDJH SODWHYVY ZHUH FUHDWHG DIWHU DERXW

7TDEOH $78&8& PLQHUDO VDOWY PHGLD JURZWK VROXWL

3KRVSKDWH G®WUERQDWH 0 Lw
&RQFHQWUDWRREWQWUDWLRQ
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$GGLWLRQV RI ,% DV D SULPDU\ JURZWK VXEVWUDWH ZHUH
(OHFWURQ GRQRU HTXLYDOHQW PDVVHV RI ,% ZHUH DGGHG \
KHDGVSDFH FRXOG R[LGL]JH WZR WKLUGV Rl WKH DGGHG VXE)
VXEVWUDWH ULFK JURZWK HQYLURQPHQW $Q LQLWLDO DGGL
IROORZHG E\ GD\V RI VKDNLQJ DW USP RQ D URWDU\ VKDNE
URRP $IWHU LQLWLDO JURZWK WKH UHDFWRUV UHFHLYHG D k
FDS DQG DOORZLQJ WR VHW LQ D ODPLQDU IORZ KRRG IRU P
Rl ,% ZDV DGGHG $IWHU DQRWKHU KRXUV RQ WKH VKDNHU V

JURZWK SKDVH DQG UHDG\ WR EH KDUYHVWHG DQG XVHG IRU



FHQWULIXJDWLRQ DW * IRU PLQXWHYV IROORZHG E\ ZDVK
SKRVSKDWH EXIIHU $00 FHOOV ZHUH VWUHDNHG RQ D QRQ VS
SULRU WR H[SHULPHQWDO XVH &HOOV ZHUH W\SLFDOO\ XVHG

RFFDVLRQDOO\ FHOOV ZHUH XVHG GD\V DIWHU KDUYHVWLQJ

EXIITHU DW f& $00 FHOO PDVV YDOXHV UHSRUWHG LQ WKLV W
DQDO\WLV RI KDUYHVWHG FXOWXUHYV 7KH 766 RI FRQFHQWUDMW
RI D NQRZQ YROXPH RI FHOOV WKURXJK DQ $GYDQWHF XP |

DQG GU\LQJ DW f& IRU PLOQXWHYV

OLFURELDO (QFDSVXODWLRQ

33.1. $0JLQDWH (QFDSVXODWLRQ

(I WHUQDO FURVVOLQNLQJ PHWKR G V5IRRGWR KR PRXAF BK R GRF K
$7&& LQ VWDEOH DOJLQDWH PDFUR VSKHUHYV PP LQ GLDP
$ VWRFN RI DOJLQDWH SUH JHO VROXWLRQ ZDV FUHDWH
P/ 1DQRSXUH ZDWHU 1DQRSXUH ZDWHU ZDV KHDWHG WR fé
PLIHG ZLWK D PDJQHWLF VWLU EDU :KHQ WKH OLTXLG UHDFEK
SRZGHU ZDV PDGH WR DFKLHYH D ILQDO FRQFHQWUDWLRQ RI
PL[HG IRU PLQXWHV WR HQVXUH FRPSOHWH K\GUDWLRQ IR
PLOQXWHV WR GHJDV DQG HQVXUH WKH ILQDO SUH JHO VROXWL
WR FRRO WR URRP WHPSHUDWXUH SULRU WR XVH IRU HQFDSV)>
XVHG IRU H[SHULPHQWDWLRQ WKH GD\ RI FUHDWLRQ EXW RQ
JHO VROXWLRQ ZDV VWRUHG DW URRP WHPSHUDWXUH LQ D JD'
JRU PLFURELDO HQFDSVXODWLRQ D NQRZQ YROXPH RI UR
WUDQVIHUUHG WR D P/ )DOFRQ WXEH DQG WKH S+ ZDV DGMX"

E\ PDNLQJ DGGLWLRQV RI GLOXWH K\GURFKORULF DFLG +&O



SKRVSKDWH EXIIHU WR DFKLHYH D ILQDO FRQFHQWUDWLRQ
YROXPH RI OLTXLG DGGHG WR FRUUHFW IRU S+ FKDQJHG WKH
DGMXVWHG D NQRZQ YROXPH RI FRQFHQWUDWHG FHOO VOXU
DGGHG WR WKH DOJLQDWH SUH JHO VROXWLRQ DQG YRUWHI[H
REWDLQ D GHVLUHG ILQDO FHOO FRQFHQWUDWLRQ LQ EHDGV
SHU JUDP RIEHBRE PJ

JROORZLQJ WKH DGGLWLRQ RI FHOOV WKH SUH JHO VROX)
OLTXLG VV\ULQJHV ILWWHG ZLWK D JDXJH [ LQFK QHHGOH 7

P/ RI FDOFLXP FKOWRWOXGH RRDBORP D GLVWDQFH Rl FP
JLIXUH  V&RIXONLRQ ZDV FRQWLQXRXVO\ PL[HG ZLWK D PDJQF
EHDGV ZHUH DOORZHG WR FURVVOLQN IRU D WRWDO RI PLQX

ZDV IRUPHG

JLIXUH &DOFLXP DOJLQDWH PDFUR EHDG IRUPDWLRQ E\ H[WU)>



OLFURELDOO\ DFWLYH PDFUR EHDGYV ZHUH VHSDUDWHG IUR
XVLQJ D YDFXXP SXPS ILWWHG ZLWK D PP SODVWLF ILOWHU 1)
WLPHV ZLWK S+ FDUERQDWH EXIIHUHG 060 DQG GULHG D ILQLC
PDVV RI EHDGV ZDV PHDVXUHG ZLWK PLQLPDO H[RJHQRXV OLT
FHOOV DGGHG WR SUH JHO VROXWLRQ ZHUH HQFDSVXODWHG
PHDVXUHG ILQDO PDVV RI EHDGYVY FUHDWHG-& b5 PPIYVYOARD C
PLFURELDOO\ DFWLYH EHDGV ZHUH XVHG IRU H[SHULPHQWDW

RFFDVLRQ EHDGYVY ZHUH VWRUHG RYHUQLJKW LQ S+ FDUERQD)

SCIENTIFIC INSTRUMENTS & CHEMICALS

J)LIXUH *HODWHG DOJLQDWH PDFUR EHDGYV ZLWK D 9:5 U

332. *HOODQ *XP (QFDSVXODWLRQ

L OLFUR HQFDSVXODWLRQ

7KH PHWKRG XVHG IRU WKH PLFUR HQFDSVXODWLRQ RI $7&
LQ WKH HDUO\ V E\ UHVHDUFKHUV DW $@*D O/ DRBW4 X Bl ¥ PIPU
UHSOLFDWH WKH RSWLPL]JHG PHWKRG LQ IXO0 WKRXJK GXH \
DOWHUHG $ VXPPDU\ Rl WKH PHWKRG XVHG LV SUHVHQWHG Et

*HOODQ JXP SUH JHO VWRFN VROXWLRQ ZDV PDGH LQ D |

SKRVSKDWH EXIITHUHG 1DQRSXUH ZDWHU LQ D P/ 3\UH[ JODV\



LPPHGLDWHO\ DIWHU UHPRYLQJ WKH VROXWLRQ IURP WKH DX\
ZY T7TKH SUH JHO VROXWLRQ ZDV VKDNHQ YLJRURXVO\ IRU
VWLU SODWH NHHSLQJ WKH VROXWLRQ DW a f& ZKLOH PL[LQ.
K\GUDWLRQ RI JHOODQ JXP SRZGHU D NQRZQ YROXPH RI SUH
JDOFRQ WXEH 7R LQLWLDWH JHODWLRQ@ VDRFNS\SRIGR)SW LR QY H DX'\R (
PDNH D ILQDO FRQFHQWUDWLRQ RI ZY T7KH ))DOFRQ WXE
YRUWH[HG IRU VHFRQGY 7KH SUH JHO VROXWLRQ ZDV WKHC
DW ZKLFK WLPH WKH S+ ZDV DGMXVWHG WR VHYHQ ZLWK GLO)
ZbV DJDLQ OHIW DW URRP WHPSHUDWXUH WR FRRO WR a f& Et
FHOO VOXUU\ WKDW ZDV VXVSHQGHG LQ PO SKRVSKDWH EXII
ILQDOL]HG DQG UHDG\ IRU FRPSOHWH JHODWLRQ

7R IRUP JHOODQ JXP PLFURVSKHUHVY WKH SUH JHO VROXWL
DPRXQW RI KHDWHG FDQROD RLO DW a f& WR DFKLHYH D G|
LQFUHDVH HPXOVLRQ VWDELOLW\ 6SDQ ZDV DGGHG DW Y
WR D P/ ZLGH PRXWK JODVYV EHDNHU )LJXUH 6WDJH 7TKH
WKHQ PL[HG ZLWK DQ ,.$ 5: GLIJLWDO RYHUKHDG LPSHOOHU P

6WDJH 7KH LPSHOOHU EODGH ZDV a FP LQ GLDPHWHU DQC

ERWWRP RI WKH YLDO WR WKH WRS RI WKH OLTXLG PL[WXUH )



JLIXUH ,.$ 5: GLJLWDO RYHUKHDG LPSHOOHU PL[HU VHW XS IRU
RLO

7R IRUFH JHODWLRQ RI HPXOVLILHG JHOODQ JXP GURSOHW
WR DQ LFH EDWK DQG FRROHG XQWLO WKH VROXWLRQ UHDFKH
FDQROD RLO DQG PLFUR EHDG PL[WXUH ZDV VWLUUHG VORZO\
VHSDUDWLRQ RI PLFUR EHDGV IURP FDQROD RLO 7KH PL[WX
FROQWDLQLQJ P/ RI VRAXW LR WR DOORZ EHDGV WR SDUWL
DQG LQFUHDVH EHDG VWDELOLW\ )LJXUH 6WDJH $ ODUJ
DVSLUDWLRQ +RZHYHU D VHSDUDWRU\ IXQQHO ZDV QHFHVVD
6WDJH OLFUR EHDGV ZHUH VRERWHE QUKRVWFH. /KB &DERXP SXP

XP JODVV ILEHU ILOWHU DQG ZDVKHG UHSHDWHGO\ ZLWK S+



WKH ILQDO PDVV ORDGLQdJds Rdp ETHVO/XVP & LIRHD/GXYHIW\H APDGH W KD W
VROXWLRQ ZRXOG IRUP J RI EHDGY DQG WKDW DOO FHOOV DG
DFWLYH EHDGV ZHUH XVHG IRU H[SHULPHQWDWLRQ WKH GD\ W

ZHUH VWRUHG RYHUQLJKW LQ D S+ FDUERQDWH EXIITHUHG 06¢(

Stage #5:
Bead Separation

Stage #1: Stage #2: Stage #3: Stage #4:
Pregel Mixture Emulsification Bead Gelation Bead Partitioning
and Crosslinking

Canola Gellan Gum Cells CaCI2 Crosslinking
Oil Mixture Solution

2500
Surfi:tal rpm < : l

JLIXUH *UDSKLFDO UHSUHVHQWDWLRQ RI WKH PHWKRG GHYHORSH!¢
WKRXJK D JHOODQ JXP HPXOVLILFDWLRQ LQWHUQDO JHC

OLFUR EHDGYV PDGH XVLQJ WKH DERYH PHWKRG UDQJHG LQ

GHWHUPLQHG WKURXJK UHSHDWHG EULJKW ILHOG LPDJHV WDN

LL ODFUR HQFDSVXODWLRQ
OHWKRGV EH\RQG ZKDW LV FRQWDLQHG LQ WKH OLWHUDWX
WKLV WKHVLV LQ RUGHU WR HQFDSVXODWH $7&& LQ JHOOCL
IROORZV D VLPLODU SURFH@XUKILBK HFYBIQWHGE EDO PDFUR EHD(
EHFDPH QHFHVVDU\ WR GHYHORS WKLV PHWKRG WR PHHW NI
RYHUDUFKLQJ FRQFHSW 7KH GHWDLOHG PHWKRG SUHVHQWHG

JXP PDFUR HQFDSVXODWLRQ PHWKRG



7KH SUHSDUDWLRQ RI JHOODQ JXP SUH JHO VROXWLRQ IRC
VHFWLRQ L WR WKH SRLQW MXVW EHIRUH JHOODQ JXP HPX
ZY JHOODQ JXP SUH JHO VROXWLRQ ZDV SUHSDUHG LQ DXW
QDQRSXUH ZDWHU DWV&RONRWLRQ&DEYD DGGHG WR WKH SUH JI
FRQFHQWUDWLRQ RI 7KH ¥YRYOXDIRQ ZDV DOORZHG WR FRRO V
DGMXVWHG WR VHYHQ 7KH VROXWLRQ ZDV WKHQ FRROHG WR
SUH JHO VROXWLRQ ZDV ILQDOL]J]HG DQG UHDG\ IRU JHODWLRQ

7R FUHDWH PDFUR EHDGV IURP WKH ZDUP SUH JHO VROXWI
GUDZ WKH VROXWLRQ LOQOWR DQ DWWDFKHG P VHFWLRQ RI IO
a PP )LIXUH 2QFH WKH WXELQJ ZDV ILOOHG ZLWK SUH JHO
FRRO WR a f& WR ILQLVK JHODWLRQ DQG FRPSOHWHO\ VROLG
a f& WKH JHO ILOOHG WXELQJ ZDV SODFHG LQ D ODPLQDU |
WLPH IRULQWHUQDO FURVVOLQNLQJ SULRU WR H[WUXVLRQ RI
,Q WKH ODPLQDU IORZ KRRG WKH KDUGHQHG JHOODQ JXP ZDV
RlI 3DUDILOP XVLQJ WKH DWWDFKHG P/ VI\ULQJH ILOOHG ZLW
HIWUXGHG VHFWLRQV RI KDUGHQHG JHOODQ JXP ZHUH a PP LQ
EODGH ZDV XVHG WR FXW WKH ORQJ VHFWLRQV LQWR a PP VH

ZDV DSSUR[LPDWHO\ WKH VDPH DV WKH GLDPHWHU )LJXUH



J)LIXUH *HOODQ JXP PDFUR EHDG JHQHUDWLRQ VWHS :DUP JHOO
JUHHQ WXELQJ ZLWK D P/ VIULQJH 2UDQJH G\H ZDV DGGHG VXFK V
YLVXDOL]JHG

JLIXUH ([ WUXVLRQ RI VROLGLILHG JHOODQ JXP F\OLQGULFDO VHFW
G\H ZDV DGGHG VXFK WKDW ** SUH JHO VROXWLRQ FRXOG



JLIXUH ODQXDO FXWWLQJ RI JHOODQ JXP VWUDQGYV LQWR PP ULJK
ZDV DGGHG VXFK WKDW ** SUH JHO VROXWLRQ FRXOG EH |

$W WKLV SRLQW WKH F\OLQGHUV ZHUH DOORZHG WR FXUEL
EHIRUH EHLQJ WUDQVIHUUHG WR D / EHDNHUVRRXWDLRQL (RU
PLQXWHY OLFURELDOO\ DFWLYH PDFUR EHDGV ZHUH VHSDUDV
XVLQJ D YDFXXP SXPS ILWWHG ZLWK D PP SODVWLF ILOWHU 1)
WLPHV ZLWK S+ FDUERQDWH EXIIHUHG 060 DQG GULHG D ILQC
PDVV RI EHDGV ZDV PHDVXUHG ZLWK PLQLPDO H[RIJHQRXV OLT
FHOOV DGGHG WR SUH JHO VROXWLRQ ZHUH HQFDSVXODWHG

EHDGV:8\(iBEDVVXPSWLRQV ZHUH PDGH WKDW P/ RI SUH JHO V



DQG WKDW DOO FHOOV DGGHG ZHUH HQFDSVXODWHG 7\SLFD
H[SHULPHQWDWLRQ WKH GD\ WKH\ ZHUH PDGH KRZHYHU RQ R!

FDUERQDWH EXIIHUHG 060 DW f&

60RZ 5HOHDVH &RPSRXQG (QFDSVXODWLRQ

$OJLQDWH 65& (QFDSVXODWLRQ

7KH PHWKRGV XVHG WR HQFDSVXODWH /1$3/ 65&V LQ DOJLQ
ZKR GHYHORSHG DQ HPXOVLILFDWLRQ EDVHG PHWKRG
ORDGLQJV DV KLJK DV ZZ LQ DOJLQDWH PKHURQBDIOHRIHW K B
IROORZHG WKH VDPH DSSURDFK WR PDNH ZY DOJLQDWH ¢
$OJLQDWH ZDV DGGHG WR ZDUP 1DQRSXUH ZDWHU DQG PL[HG |
ZDV WKHQ DXWRFODYHG $IWHU UHPRYLQJ WKH DOJLQDWH SL
DPRXQW W\SLFDOO\ DURXQG P/ zDV WUDQVIHUUHG WR D
WR FRRO WR a f&
$IWHU WKH VROXWLRQ FRROHG 6SDQ HPXOVLILHU ZDV D
YY $ NQRZQ YROXPH RI /1$3/ 65& ZzDV DGGHG WR WKH SUH
HPXOVLILHG XVLQJ DQ ,.$ 5: GLJLWDO RYHUKHDG LPSHOOH
JROORZLQJ HPXOVLILFDWLRQ WKH SUH JHO VROXWLRQ ZDV WI
WR FRRO WR a f& 7KH S+ ZDV WKHQ DGMXVWHG WR VHYHQ |
DFKLHYH D ILQDO FRQFHQWUDWLRQ RI PO WRWDO SKRVSKDW|
NQRZQ YROXPH RI FRQFHQWUDWHG FHOO VOXUU\ VXVSHQGHG
SRLQW WR WKH 65& FRQWDLQLQJ DOJLQDWH SUH JHO VROXWL
DGGLWLRQ RI FHOOV RU MXVW DIWHU S+ DGMXVWPHQW WKH I
P/ OLTXLG VA\ULQJHV ILWWHG ZLWK D JDXJH [ LQFK QHHGO]

LQWR P/ RI ZVRODMICRQ IURP D GLVWDQFH RI FP DERY



&D&MROXWLRQ ZDV FRQWLQXRXVO\ PL[HG ZLWK D PDJQHWLF
ZHUH DOORZHG WR FURVVOLQN IRU D WRWDO RI PLQXWHV P
IRUPHG

ODFUR EHDGV FRQWDLQLQJ 65&V ZHUH VHSDUDWHG IURP Wi
SXPS ILWWHG ZLWK D PP SODVWLF ILOWHU IXQQHO 7KH EHDG
7ZHHQ VWHULOH PLFUREH VDIH VRDS ZDVK WR ULQVH DQ\ H
ZDV IROORZHG E\ ULQVLQJ WKUHH WLPHV ZLWK S+ FDUERQD
XVLQJ WKH YDFXXP SXPS 7KH ILQDO PDVV RI EHDGV ZDV PHD
DQG DQ DVVXPSWLRQ ZDV PDGH WKDW DOO FHOOV DGGHG WR
NQRZQ PDVV Rl FHOOV DGGHG DQG WKH PHDVXUHG ILQDO PDV
FDOFXODWHGoBMSRFDOO\ PLFURELDOO\ DFWLYH EHDGV ZHUH
GD\ WKH\ ZHUH PDGH KRZHYHU RQ RFFDVLRQ EHDGV ZHUH VW
060 DW f&

7R GHWHUPLQH WKH 65& PR}%\QRQG HQIFDG \EXDBW LIRVQ JH | I L F
SURFHVV WZR a JVDPSOHV RI EHDGV ZHUH WDNHQ DQG WUD
RI PO VRGLXP FLWUDWH VROXWLRQ 7KHVH YLDOV ZHUH SODF

PLQXWHV 6RGLXP FLWUDWH VROXWLRQ ZDV XVHG WR FKHOI
VSKHUHV VXFK WKDW DQ\ HQFDSVXODWHG 65& ZDV UHOHDVHG
ZDV TXDQWLILHG XVLQJ WKH '&0 H[WUDFWLRQ PHWKRG SUHVH
PDVV Rl 65& UHOHDVHG DQG WKH NQRZQ LQLWLDO PDVV RI EH
GHWHURLQ@HG 7KH SURFHVV HQFDSVXODWLRQ HIILFLHQF\ WKH
VXEFFHVVIXOO\ HQFDSVXODWHG ZDV WKHQ GHWHILBL HGE IURP

PHDVXUHG ILQDO RbPVIVORSI WKHKBAWIRZQ PDVV RI 65& DGGHG



*HOODQ *XP 65& &R HQFDSVXODWLRQ

L OLFUR HQFDSVXODWLRQ
OHWKRGV IRU WKH PLFURHQFDSVXODWLRQ RI 65&V ZHUH |
VXFFHVV RU SURJUHVV ZDV DFKLHYHG )XWXUH ZRUN RQ WKI

PHWKRGY WR HQFDSVXODWH 65&V LQ PLFUR EHDGV UDQJLQJ L

LL ODFUR HQFDSVXODWLRQ
7KH HQFDSVXODWLRQ RI /1$3/ 65&V LQ JHOODQ JXP PDFUR
VWHS WR WKH PLFURELDO HQFDSVXODWLRQ PHWKRG SUHVHGQ
HPXOVLILFDWLRQ RI 65&Y ZLWKLQ DXWRFODYHG JHOODQ JXP
FURVVOLQNLQJ VROXWLRQ )RU FODULW\ WKH HQWLUH SURFH
*HOODQ JXP SUH JHO VWRFN VROXWLRQ ZDV PDGH LQ D
SKRVSKDWH EXIIHUHG QDQRSXUH LQ D P/ 3\UH[ JODVV ERW
LPPHGLDWHO\ DIWHU UHPRYLQJ WKH VROXWLRQ IURP WKH DX\
ZY 7KH SUH JHO VROXWLRQ ZDV VKDNHQ YLJRURXVO\ IRU
VWLU SODWH NHHSLQJ WKH VROXWLRQ DW a f& ZKLOH PL[LQ.
K\GUDWLRQ Rl JHOODQ JXP SRZGHU D NQRZQ YROXPH RI ZDU
ZDV WUDQVIHUUHG WR D P/ ZLGH PRXWK JODVV YLDO 6SDC
FRQFHQWUDWLRQ RI YY $ NQRZQ YROXPH RI /1$3/ 65&
VROXWLRQ DQG WKH PL[WXUH ZDV HPXOVLILHG XVLQJ DQ ,.$ &
USP IRU PLQXWHV )ROORZLQJ HPXOVLILFDWLRQ WKH SU|
DQG WUDQVIHUUHG WR D P/ )DOFRQ WXEH 7R LQLWLDWH JH!
VWRFN VROXWLRQ ZDV DGGHG WR PDNH D ILQDO FRQFHQWUD
UHSODFHG DQG WKH VROXWLRQ ZDV YRUWH[HG IRU VHFRQG!

WHPSHUDWXUH WR FRRO WR a f& EHIRUH WKH S+ ZDV DGMXVYV



.| FR HQFDSVXODWLRQ RI FHOOV ZDV GHVLUHG WKH SUH JHO '
FRRO WR a f& EHIRUH DGGLQJ D NQRZQ YROXPH RI FRQFHQW
PO SKRVSKDWH EXIIHU $W WKLV SRLQW WKH SUH JHO VROX

JHODWLRQ

7R FUHDWH PDFUR EHDGV IURP WKH ZDUP SUH JHO VROXW|
GUDZ WKH HPXOVLILHG 65& FRQWDLQLQJ SUH JHO VROXWLRQ
VHFWLRQ RI IOH[LEOH UXEEHU WXELQJ ZLWK DQ LQQHU GLDPH
ILOOHG ZLWK SUH JHO VROXWLRQ LW ZDV FRLOHG DQG VHW
FRPSOHWHO\ VROLGLI\ DOO JHO ZLWKLQ WKH WXELQJ $IWHU F
LQ D ODPLQDU IORZ KRRG IRU PLQXWHV WR SURYLGH H[WL
H[WUXVLRQ Rl WKLQ F\OLQGULFDO VHFWLRQV RI JHO IURP WK
WKH KDUGHQHG JHOODQ JXP ZDV SXVKHG IURP WKH WXELQJ
DWWDFKHG P/ V\ULQJH ILOOHG ZLWK DLU RU D EXIIHU VROXW
JXP ZHUH a PP LQ GLDPHWHU E\ a FP LQ OHQJWK $ UD]JRU EC
LQWR a PP VHFWLRQV VXFK WKDW WKH KHLJKW RI HDFK F\OL
GLDPHWHU )LJXUH

7KH F\OLQGHUV ZHUH DOORZHG WR EFXUH IRU PLQXWHYV L
WUDQVIHUUHG WR / EHDNHU FRQWDLQVN®DXWLRQRIRU PLYQ
OLFURELDOO\ DFWLYH PDFUR EHDGYV ZHUH VHSDUDWHG IURP
YDEXXP SXPS ILWWHG ZLWK D PP SODVWLF ILOWHU IXQQHO
VXUIDFH Rl EHDGV WKH\ ZHUH ZDVKHG WKUHH WLPHV ZLWK D
VRDS ZDVK )ROORZHG E\ ULQVLQJ WKUHH WLPHV ZLWK S+ FI
WLPH XVLQJ WKH YDFXXP SXPS 7KH ILQDO PDVV Rl EHDGV ZI

OLTXLG DQG DQ DVVXPSWLRQ zZzDV PDGH WKDW DOO FHOOV DG



FDOFXODWH WKH ILQDO PDVV QRD&6DYYV RP W DROYVL BH E)HDRSD/G b\
RI SUH JHO VROXWLRQ ZRXOG IRUP J Rl EHDGY DQG WKDW DO
PLFURELDOO\ DEFWLYH EHDGV ZHUH XVHG IRU H[SHULPHQWDW
RFFDVLRQ EHDGV ZHUH VWRUHG RYHUQLJKW LQ S+ FDUERQD)

7R GHWHUPLQH WKH 65& PR%GGROG HQFDG \EXO®BW LIRQ HIILF
SURFHVV WZR a JVDPSOHV RI EHDGV ZHUH WDNHQ DQG WUD
RI PO VRGLXP FLWUDWH VROXWLRQ 7KHVH YLDOV ZHUH KHDW
VKDNLQJ DW  USP IRU PLQXWHV 6RGLXP FLWUDWH ZDV X
DSDUW WKH JHOODQ JXP F\OLQGHUV VXFK WKDW DQ\ HQFDSVX
WKH LQFUHDVHG VWDELOLW\ RI JHOODQ JXP F\OLQGHUV RYH!
SK\VLFDO DJLWDWLRQ RI JHOODQ JXP F\OLQGHUV ZDV UHTXL
UHOHDVHG

7KH DPRXQW RI UHOHDVHG 65& ZDV TXDQWLILHG XVLQJ WK
VHFWLRQ 8VLQJ WKH PHDVXUHG PDVV RI 65& UHOHDVHG D
GRZQ D PDVV ORDGLQJ FRXOG EH GHWHUPLQHG 7KH SURFHV)\
DGGHG 65& WKDW ZDV VXFFHVVIXOO\ HQFDSVXODWHG ZDV W

ORDGQ3nnd WKH PHDVXUHG ILQRPGQ PO WKIHENMPREAQ PDVV RI 65

%DWFK .LQHWLF 6WXGLHV

(QFDSVXODWLRQ $VVHVVPHQW 6WXGLHYV

6KRUW WHUP SULPDU\ VXEVWUDWH XWLOL]DWLRQ WHVWV \
WR GHWHUPLQH WKH LPPHGLDWH HIIHFW HQFDSVXODWLRQ KDC
FRQGXFWHG DW D FRQVWDQW f& LQ JODVV P/ FULPS WRS |
JLIXUH 7THQ P/ RI S+ FDUERQDWH EXIIHUHG 060 ZDV DGGFH

DQ DGGLWLRQ RI D NQRZQ PDVV RI VXVSHQGHG HQFDSVXODWF



IURP PJ FHOOV DV 766 7KH GHWHUPLQH Ged#QFAHMX I DMWGE G |
WR FDOFXODWH WKH QHFHVVDU\ PDVV RI EHDGV WR DGG WR F
ZHUH PDGH WR NHHS WKH WRWDO VXVSHQGHG DQG HQFDSVXOI
EHWZHHQ HDFK H[SHULPHQW

JROORZLQJ DGGLWLRQ RI FHOOV VHSWD ZHUH DGGHG DQ
LVREXWDQH JDV ZDV SURYLGHG DV WKH SULPDU\ VXEVWUDWH
/IRFN VM\ULQJH 7\SLFDOO\ a —PRO RI ,% ZDV DGGHG WR HDFK
URWDU\ VKDNHU WDEOH DW USP WKURXJKRXW WKH H[SHULPI
, % 7KH DVVXPSWLRQ zZzDV PDGH WKDW FHOOXODU XWLOL]DWLI
UDWH RI ,% LOQWR VROXWLRQ VXFK WKDW HTXLOLEULXP EHWZH
PDLQWDLQHG DQG PHDVXUHG JDV FRQFHQWUDWLRQV FRXOG I

WRWDO PDVV RI , %9 LQ UHDFWRUV WKURXJK +HQU\TVY ODZ (TXI

J)LIXUH 6KRUW WHUP EDWFK VXEVWUDWH ,% XWLOL]D)
/[HIW WZR ERWWOHYV $ELRWLF OLGGOH WZR ERWWOHY 6XVSHQGHCG

,% JDV FRQFHQWUDWLRQV ZHUH PRQLWRUHG XVLQJ *& PHW
WRWDO PDVV RI , % UHPDLQLQJ LQ HDFK UHDFWRU ZDV FDOFXO
RI FHOOV DGGHG DQG WKH UDWH DW ZKLFK ,% ZDV EHLQJ FRC(

HYHU\ PLQXWHV WR GHYHORS D GHILQHG FHOOXODU ,% X\



ZHUH FDOFXODWHG WKURXJK OLQHDU UHJUHVVLRQ RI WKH FR
PDVV DGGHG WR HDFK UHDFWRU 6XEVWUDWH,GMMLL]DWLRQ
6XVSHQGHG FHOO ,% XWLOL]DWLRQ UDWHV ZHUH XVHG DV D EF
RQ FHOOXODU YLDELOLW\

,Q HDFK WHVW DELRWLF UHDFWRUV ZHUH XVHG WR HQVXU
XWLOL]DWLRQ $OVR NLQHWLF WHVWLQJ ZDV FRQGXFWHG Zl1

UHOLDEOH DQG UHSHDWDEOH GDWD VHWYV

/IRQJ 7THUP %DWFK &RPHWDEROLF WUDQVIRUPDWLRQ 6WX

L &R& OL[WXUHV 7UDQVIRUPDWLRQ

%DWFK NLQHWLF UHDFWRUV ZHUH XVHG WR HYDOXDWH WK
SHUIRUPDQFH Rl VXVSHQGHG HQFDSVXODWHG DQG FR HQFDS
FRQGXFWHG DW D FRQVWDQW f& LQ P/ JODVV :KHDWRQ
FDSV ILWWHG ZLWK JUD\ EXW\O UXEEHU VHSWD )LJXUH 5H |
FDUERQDWH EXIIHUHG 060 IROORZHG E\ DQ DGGLWLRQ RI VXV¢
FHOOV WR DFKLHYH DQ LQLWLDO FHOO PDVV FRQFHQWUDWLRC
ORDGLQs\tpFHUH XVHG WR FDOFXODWH WKH QHFHVVDU\ PDVV
HDVH RI FRPSDULVRQ DQG DWWHPSW ZDV PDGH WR NHHS DC
PJes 30D QG WKH WRWDO VXVSHQGHG DQG HQFDSVXODWHG FHO
H[SHULPHQW ZDV NHSW FRQVWDQW DW a PJ/

'XH WR PL[WXUHV EHLQJ IUHTXHQWO\ REVHUYHG DW VLWH
IRFXVHG RQ WKH ELRUHPHGLDWLRQ SRWHQWLDO RI $7&&
F&( DQG ' $00 UHDFWRUV LQ DOO Rl WKH WUDQVIRUPDWL|
LQLWLDO DQG RU VXFFHVVLYH VSLNHV Rl HQYLURQPHQWDOO\

a SSE &%$+V ZHUH DGGHG YLD DGGLWLRQV RI VDWXUDW&F



UHDFWRU VHSWD DQG ' ZDV DGGHG E\ GLOXWLRQ RI D SS
FDQ EH VHHQ LQ 7DEOH

5HDFWRUV ZHUH PRQLWRUHG RYHU D SHULRG &2 a G
VXEVWUDWH GDWD 65& DOFRKROV M) G DFR® W D P LIDMRRW GLOQN |
PHWKRGY SUHVHQWHG LQ VHFWLRQ

$ELRWLF FRQWUROV ZHUH XVHG WR HQVXUH WUDQVIRUPD\
PRQLWRU WKH SRWHQWLDO PDVV Rl VXEVWUDWH EHLQJ UHOHE
WKDW PLPLFNHG DFWLYH FR HQFDSVXODWHG FHOO UHDFWRU
VRGLXP DJLGH WR HQVXUH FHOOV ZRXOG QRW FRQVXPH WKH
DGGHG 65&V 7KHVH ERWWOHV ZHUH QRW VSLNHG ZLWK FRQW]

DQG VXEVWUDWH GDWD WR GHWHUPLQH DQ H[SHULPHQWDO K\

JLIXUH /IRQJ WHUP &R& WUDQVIRUPDWLRQ UHDFWRUV S$ELRWLF |
(QFDSVXODWHG $7&& LQ GXSOLFDWH UHDFWRUV OHIW \

$SELRWLF +\GURO\VLV ([SHULPHQWYV

%DWFK UHDFWRUV VLPLODU WR WKH &R& WUDQVIRUPDWLRQ
WR GHWHUPLQH WKH UDWH RI %26 URGW LWX\RS HAHG DIQEG VIR (

HQFDSVXODWHG DW GLIITHUHQW PDVV ORDGLQJV LQ ERWK DOJ



ZHUH FRQGXFWHG DW D FRQVWDQW f& LQ P/ JODVV :KHDWEF
FDSV ILWWHG ZLWK JUD\ EXW\O UXEEHU VHSWD )LJXUH 5
FDUERQDWH EXIIHUHG 060 IROORZHG E\ DQ DGGLWLRQ RI TUHI
WRWDO PDVV RI 65& DGGHG WR HDFK UHDFWRU ZDV GHSHQGH

PJ/ $00 K\GURO\VLV UDWHV REVHUYHG KHUH ZHUH D
HQVXUHG E\ WKH DGGLWLRQ RI ZY VRGLXP D]JLGH DV

PHDVXUHPHQWY RI UBKZSLUDWLRQ GDWD 2



&+$37(5 + 5(68/76 $1' ',6&866,21

2YHUYLHZ DQG ,QWURGXFWLRQ
7TKH ZRUN SUHVHQWHG EHORZ ZDV FRQGXFWHG ZLWK Wtk
HISHULPHQWDO WHFKQLTXHVY WR WHVW WKH IROORZLQJ K\SRW

J $7&& LV VXFFHVVIXOO\ FR HQFDSVXODWHG ZLWK 6!
SRSXODWLRQ ZLOO FRQVXPH VXEVWUDWHY DV WKH\ DUH SU
E\ FHOOV IURP WKH FRQVXPSWLRQ RI 656 SURGXFWYV ZLO
WUDQVIRUPDWLRQ DQG LQFUHDVH WKH WRWDO PDVV RI &Ré
GHJUDGH

7KH IROORZLQJ FKDSWHU KDV EHHQ VHSDUDWHG LQWR EUR

WR WHVW WKH DERYH K\SRWKHVLV

$GDSW GHYHORS DQG RSWLPL]H HQFDSVXODWLRQ
FRPHWDEROL]JLQJ PHRGRRREPXQL VB R&GR FKURXV

$VVHVV WKH VKRUW DQG ORQJ WHUP HIIHFW RI RSWLI
DELOLW\ RI $7&& WR XWLOL]H VXEVWUDWHY DQG W

$GDSW GHYHORS DQG RSWLPL]JH HQFDSVXODWLRQ W

/1$3/ 656V DQG DVVHVV WKH HIITHFW Rl HQFDSVXODWI
SURGXFWYV

'HYHORS FR HQFDSVXODWLRQ WHFKQLTXHV IRU 656V

GHWHUPLQH WKH DELOLW\ RI QRQ LQGXFLQJ DQG LQC

HIWHQG WKH VXFFHVVIXO FRPHWDEROLVP RI PL[WXUHV
PLFUREHYV

'KHQ QHFHVVDU\ EULHI H[SHULPHQWDO GHVFULSWLRQV DU}

UHVXOWV VHFWLRQ KRZHYHU H[SHULPHQWDO PHWKRGV SUH

ZKHQ SRVVLEOH 7KLV WKHVLV IRFXVHG RQ WKH HQFDSVXOD

XWLOL]JLQJ PLFURRUJDQLVP FDSDEOH Rl FRPHWDEROLF WUDQ"

K\GURJHO PDWULFHYVY DOJLQDWH DQG JHOODQ JXP %216WK WKH



DOFRKRO UHOHDVLQJ RUWKRVLOLFDWH FRPSRXQGV WKDW
UHVSHFWLYHO\

$OJLQDWH ZDV FKRVHQ DV WKH LQLWLDO HQFDSVXODWLR
6HFWLRQ +RZHYHU LVVXHV ZLWK WKH VWDELOLW\
WR WKH VHOHFWLRQ DQG LQYHVWLIJDWLRQ RI JHOODQ JXP D\
GXUDELOLW\ 6HFWLRQ 2UWKRVLOLFDWH FRPSRXQGV ZHL
VROXELOLW\ LQ ZDWHU ORZ KXPDQ KHDOWK FRQFHUQV KLVW
Rl DOFRKROV WKDW KDYH EHHQ VKRZQ WR EH LQGXFLQJ JUR:
DYDLODELOLW\ DQG ORZ FRVW ,Q DGGLWLRQ WR WKLV GDWI
LQYHVWLIDWHG DQG EXWDQRO DV ,*6V IRU $7&& W ZD
ERWK DOFRKROV KRZHYHU UHVXOWYV VXJJHVWHG WKDW QR L
RFFXUUHG ZLWK JURZWK RQ EXWDQRO EXW LQGXFWLRQ ZDV
LQGXFWLRQ RI FRPHWDEROLF PRQRR[\JHQDVH HQ]J\PHV ZDV RE
WKH EUDQFKHG DOFRKRO EXWDQRO WKH GHJUHH RI LQGXF)

WKH SULPDU\ VXEVWUDWH LVREXWDQH ,%

OLFURELDO (QFDSVXODWLRQ OHWKRG "HYHORSPHQW D

([SHULPHQWDO 2YHUYLHZ

6KRUW WHUP LVREXWDQH XWLOL]DWLRQ WHVWV SUHVHQW
LPSDFW RI HQFDSVXODWLRQ LQ K\GURJHO EHDGV RQ $7&&
VXVSHQGHG RU HQFDSVXODWHG ELRPDVV ZHUH FUHDWHG DQG
7KH GLVDSSHDUDQFH RI ;% ZDV PRQLWRUHG RYHU WLPH DQG .
UHJUHVVLRQ RI WKH PHDVXUHG GHFUHDVH LQGER\RDVV RYHU
6XVSHQGHG FHOO XWLOL]DWLRQ UDWHV ZHUH PHDVXUHG GXUL

LQ XWLOL]DWLRQ UDWHV EHWZHHQ GLIITHUHQW JURZWK EDWFK



XVHG DV D EHQFKPDUN WR DVVHVV WKH HITHFWVY RI HQFDSVXC
ZHUH FUHDWHG LQ GXSOLFDWH RU WULSOLFDWH WR HQVXUH |

HQVXUH WKH GLVDSSHDUDQFH RI LVREXWDQH ZDV UHODWHG W

$OJLODWH (QFDSVXODWLRQ RI $7&&

7KH LQLWLDO DOJLQDWH HQFDSVXODWLRQZRHMKKRG WH WW }
SUH JHO DOJLQDWH VROXWLRQ ZDV PDGH IROORZHG E\ DQ DG
VXVSHQGHG LQ SKRVSKDWH EXIIHU 7KH SUH JHO VROXWLRQ
FURVVOLQNLQJ VROXWLRQ

W ZDV IRXQG WKDW HQFDSVXODWLRQ RI $7&& LQ DOJ
PHWKRG SURGXFHG VWDEOH PDFUR EHDGV a PP LQ GLDPHW

UHGXFHG E\ a DIWHU HQFDSVXODWLRQ )LJXUH 7TDEOH

JLIXUH , VREXWDQH XWLOL]DWLRQ FXUYH PHDVXUHG IRU $7&&
DOJLQDWH SULRU WR WKH RSWLPL]DWLRQ RI HQFDSVXODWLRQ WHFK
FRUUHVSRQG WR



7TDEOH $O0JLQDWH HQFDSVXODWHG FHOO YLDELOLW\ DVVHVVPHQ\
SHUFHQW GLIIHUHQFH LV FDOFXODWHG DV WKH SHUFHQW FKDQJH IU
FHOO XWLOL]DWLRQ UDWHYV

OFXODWHG ,% 8WBMYBMWQAWJLITHUHQFH
DWH —PR&@eGD\ PJIURP 6XVSHQGHG

TUHDWPHQ

6XVSHQGHG &HOOV

$0OJLQDWH
(QFDSVXODWHG &HOOV

'HVSLWH WKH IDFW WKDW HQFDSVXODWHG FHOOV FRQVXPH
SRVLWLYH HYLGHQFH WKDW $7&& FRXOG EH HQFDSVXOD
DFWLYLW\ ,W ZDV H[SHFWHG WKDW HQFDSVXODWLRQ ZRXOG U
RI FHOO DFFHVV WR VXEVWUDWHY IURP GLIIXVLRQ OLPLWDWLF
H[SHFWHG7R LQYHVWLJDWH WKH REVHUYHG DFWLYLW\ ORVV |
SDUDPHWHUV VXFK DV WKH LRQLF VWUHQJWK DQG FRQFHQ\
FURVVOLQNLQJ FRQFHGWRDWILIRIDNL QD QGX &DWORQY ZHUH DO\
VXEVHTXHQW H[SHULPHQWYV

JURP WKLV LQFUHPHQWDO RSWLPL]DWLRQ LW ZDV GHWHUP|
SKRVSKDWH EXIIHU WR WKH DOJLQDWH SUH JHO VROXWLRQ WF
RI FHOOV ZDV HVVHQWLDO WR HQVXUH D IDYRUDEOH HQYLURQ
RI FRUUHFW S+ DQG LRQLF VWUHQJWK $OVR LW ZDV IRXQG V

&D&UXJIIHVWHBVEALNHO\ FDXVLQJ FHOO O\WLV GXH WR KLJK F
RI WKH FURVVOLQNLQJ VROXWLRQ ZDVWKRZ HIQDXO WRIWKRGZ XK
WKH ORZHU HQG RI WKH UDQJH UHFRPPHQGHG E\ 6ROLPDQ H\

SDUDPHWHUYV OHG WR D GUDVWLF LPSURYHPHQW LQ DOJLQDW



J)LIXUH ,VREXWDQH XWLOL]DWLRQ FXUYH PHDVXUHG IRU $7&&
RSWLPLIDWLRQ %ODFN DUURZV VLJQLI\ ZKLFK D[LV WLPH V

7TDEOH 2SWLPL]J]HG DOJLQDWH HQFDSVXODWHG FHOO YLDELOLW\ D\
SHUFHQW FKDQJH IURP VXVSHQGHG FHOO XWLOL]DWLRQ UDWHYV

DOFXODWHG ,% BHWIFHIQWWLRGUHQFH
DWH —PR&sGD\IRP 6XVSHQGHG

TUHDWPHQ

6XVSHQGHG &HOOV

$OJLQDWH
(QFDSVXODWHG &HOOV

,Q WKH ILQDO PHWKRG GHYHORSHG DV SDUW RI WKLV WKH\
DOJLQDWH PDFUR EHDGV LW ZDV IRXQG WKDW FHOOV UHWDLC
ZHUH KLJKO\ VWDEOH LQ FDUERQDWH EXIIHUHG 060 IRU DW
H[SHULPHQWYV SURYLGHG HYLGHQFH WKDW DOJLQDWH PDFURYVS

VKDNLQJ TXLFNO\ a USP RQ D URWDU\ VKDNHU WDEOH G6HFYV



*HOODQ *XP (QFDSVXODWLRQ RI $7&&

L ODFUR EHDGYV

'XH WR VLPLODULWLHYVY EHWZHHQ WKH K\VWHUHVLVY JHODW
LQLWLDO PHWKRGV IRU WKH HQFDSVXODWLRQ RI $7&& LQ
IURP ZKHUH PLFUREHYV ZHUH HQFDSVXODWHG LQ KDOI VSKHU
GURSOHWY RI KHDWHG SUH JHO VROXWLRQ RQWR D K\GURSK
WHPSHUDWXUH WR JHODWH )LJXUH $ 7KLV PHWKRG SURG)>
YLDEOH PLFURELDO FXOWXUHY DV GHWHUPLQHG IURP EDWFK
+RZHYHU HQFDSVXODWLRQ XVLQJ WKLV PHWKRG SURGXFHG

HQFDSVXODWLRQ RI /1$3/ 656V YLD WKLV PHWKRG ZDV QRW &

LVVXHV WKH PHWKRG SUHVHQWHG LQ VHFWLRQ ZDV GHY
$7&& ZLWK WKLY PHWKRG SURGXFHG VWDEOH DQG XQLIRL
$7&& J)LIXUH % WKDW H[SHULHQFHG PLQLPDO WR QR H
%
JLIXUH $ *HOODQ JXP PDFUR EHDGY PDGH WKURXJK H[WUXVLRQ

VXUIDFH WHQVLRQ RI ZDWHU WR IRUP KDOIl VSKHUHV SULRU WR FRF
RWLPLIDWLRQ RI PHWKRG SUHVHQWHG LQ VHWLRQ

LL OLFUR EHDGYV
8VLQJ PHWKRGV DGD&IHG IBB? VXFFHVVIXOO\ HQFDSVXOD'

UDQJLQJ LQ VL]H IURP a —P GHWHUPLQHG PDQXDOO\ IUR



LPDJHV )LJXUH $7&& HOQFDSVXODWHG LQ JHOODQ JXF
PLQLPDO WR QR ORVV RI VXEVWUDWH XWLOL]DWLRQ UDWHYV Z

&

J)LIXUH %ULIJKW ILHOG LPDJHV RI JHOODQ JXP PLFUR EHDGV WDNF
'0 PLFURVFRSH *HOODQ JXP PLFURVSKHUHY DUH FLUFOHG LQ U
LPDJHY WDNHQ ZLWK D FDOLEUDWLRQ PLFURVFRSH V

OLFURELDO (QFDSVXODWLRQ 'DWD 6XPPDU\ DQG 'LVFXVV]

$IWHU RSWLPL]IDWLRQ RI HQFDSVXODWLRQ PHWKRGV LW ZL
HQFDSVXODWHG LQ ERWK DOJLQDWH DQG JHOODQ JXP PDWULF

GHWHUPLQHG YLD FRPSDULVRQ WR VXVSHQGHG FHOO VXEVWU



7TDEOH (QFDSVXODWHG FHOO YLDELOLW\ DVVHVVPHQW 3HUFHQW
IURP VXVSHQGHG FHOO XWLOL]DWLRQ UDWHV WRHQFDSVXODWHG F
VSKHULFDO DQG a PP LQ GLDPHWHU *HOODQ JXP PDFUREHDGV ZHUH
wboOO *HOOD JXP PLFUR EHDGYV ZHUH VSKHULFDO a X1

% H PDUN 6XVSARSWEODWHG &H0Q

(QFDSVXOD! (ggswmuovem 3 bt
® BIDWH. R

ODWUL]J OH\A;%JE(_PRO 6D\ PJ —PRO GD\ p?‘ﬁp{WﬁQFH

$OJLQDWH
ODFUR EHDG

*HOODQ *XP
ODFUR EHDG

*HOODQ *XP
OLFUR EHDG

J)LIXUH ,VREXWDQH XWLOL]|DWLRQ FXUYHVY PHDVXUHG IRU $7&&
VSKHULFDO DOJLQDWH PDFUR EHDGV a PP LQ GLDPHWHU % F\OLQGC
DQG & VSKHULFDO JHOODQ JXP PLFUR EHDGYV a —P LQ GLDPH

GXSOLFDWH UHDFWRUV
7KH UHVXOWY SUHVHQWHG LQ )LIJXUH FRQWUDGLFW SUH

FHOOV H[SHULHQFH OLPLWDWLRQV LQ FRPSDULVRQ WR VXVSI



GLIIXVLRQ LQWR SRURXV K\GURJ HQSOHM® WDRQ URHMVWKH REVH
,% XWLOL]DWLRQ UDWHV EHWZHHQ HQFDSVXODWHG DQG VXVS|
ORDGLQJ RI FHOOV ZLWKLQ EHDGV LQ FRPSDULVRQINWBR PRVW
DQG ! 76RdupcUHVSHFWLYHO\ +LHPVWUD HW DO LQYHVWLJDWH
LQ DOJLQDWH PDFUR EHDGV DQG IRXQG WKDW WKH KLJKHU W
LQKLELWHG R[\JHQ XWLOL]DWLRQ ,W ZDV VXJJHVWHG WKDW W
DQG VXEVWUDWHY DW WKH RXWHU HGJHV Rl EHDGV ZKLFK OL
LQ WKH FHQWHU RI EHDGV 7KHUHIRUH DV FHOOV DUH VSUHD
XWLOL]DWLRQ UDWH DW WKH RXWHU HGJHV RI EG® G\X EVWIHN
LQWR EHDGV ZKLFK PLWLJDWHV WKH LQIOXHQFH RI GLIIXVLRQ

,Q VXPPDU\ LW ZDV GHWHUPLQHG WKDW DIWHU RSWLPL]D\

FRXOG EH VXFFHVVIXOO\ HQFDSVXODWHG LQ ERWK DOJLQ
WR QR HIIHFW RQ VXEVWUDWH XWLOL]DWLRQ UDWHV ,QIHUHQ
Rl HQFDSVXODWHG FHOOV ZDV QRW KLQGHUHG KRZHYHU WKH

WHUP HIITHFWV RI HQFDSVXODWLRQ

(QFDSVXODWHG &HOO &RPHWDEROLF 7TUDQVIRUPDWLR

([SHULPHQWDO 2YHUYLHZ

7R DFFHVV WKH ORQJ WHUP HIIHFW RI HQFDSVXODWLRQ RQ
RI HQFDSVXODWHG $7&& UHDFWRUV ZHUH VHW XS DV SUH
WUHDWPHQWY DELRWLF FRQWUROV $& VXVSHQGHG FHOO FR
DQG JHOODQ JXP HQFDSVXODWHG FHOOV **(& 7DEOH $7
DOJLQDWH DQG JHOODQ JXP EHD&\:DPBVQDB POV DFROLY IHQU HRD Faw |
DQ DGGLWLRQ RI FHOOV WRsD BRIQFMWRWY AMURQFRHOWRSG LQ W

UHOLDEOH DQG UHSHDWDEOH GDWD



7KH WZR PDLQ SDUDPHWHUV XQGHU LQYHVWLJDWLRQ ZHUHI
HQFDSVXODWHG FHOOV FRQWDPLQDQW WUDQVIRUPDWLRQ UDW
LV WUDQVIRUPHG LV LPSRUWDQW DQG FDQ LQGLFDWH OHYHOV
WRWDO PDVV RI D FRQWDPLQDQW WKDW FDQ EH WUDQVIRUP!
WUDQVIRUPDWLRQ LQKLELWLQJ FHOOV LV DOVR LPSRUWDQW
6XVSHQGHG FHOO WUDQVIRUPDWLRQ UDWHY DQG FDSDFLW!|
RI HQFDSVXODWLRQ RQ FHOOV $00 UHDFWRUV ZHUH VSLNHG \
PL[WXUH DQG HQYLURQPHQWDOO\ UHOHYDQW DTRERXV FRQF
a SSE DQG ' a SSE BRVOIQUDWRREWREROLF DFWLYL\
PL[WXUH ZHUH PRQLWRUHG HYHU\ GD\V RQ DYHUDJH

7TDEOH 6XPPDU\ RI WUHDWPHQWYV ZLWKLQ HQFDSVXODWHG

b E H.U—f 5HDFWRU &RQWHQWYV
7JUHDWPHQW 1DPH $%E%%WFPWD%Q&HOOV &R&YV
J P 3es

SELRWLF &RQWURO $& 7
6XVSHQGHG &HO

&RQWURO 3 7 7
$OJLQDWH

(oFpsvxobpwHe % oov 7 7 7
*HOODQ *XP ., , , ,

(QFDSVXODWHG éﬁOOV

,LQLWLDO &HOOXODU 9LDELOLW\

JLIXUH LV D FOLSSHG DQG PDJQLILHG SUHVHQWDWLRQ R
UHVSLUDWLRQ GDWD FROOHFWHG RYHU WKH ILUVW DGGLWLI
WUDQVIRUPDWLRQ UDWHYVY RI DOO FRQWDPLQDQWY ZHUH VLP

YLVLEO\ )LJXUH



J)LIXUH &SRQWDPLQDQW WUDQVIRUPDWLRQ GDWD IRU WKH LQLWLTE

FOLSSHG IURP WKH HQWLUH WLPH VHULHY GDWD SUHVHQWHG EHORZ

D FRPSDULVRQ EHWZHHQ VXVSHQGHG DQG HQFDSVXODWHG FHOO U

FRQWDPLQDQWYV 'DWD SRLQWYV DUH DYHUDJHV EHWZHHQ WULSOLFL
LOQWHUYDOV

7KHVH GDWD FRQILUP WKDW $7&& KDV WKH DELOLW\ W
RI FKORULQDWHG FRQWDPLQDQWYV DQG ' DW HQYLURQPHQWI
KDV FKDQJHG PLQLPDOO\ RYHU WKH ILUVW GD\V RI WKLV H[S
D SULPDU\ VXEVWUDWH RU FDUERQ VRXUFH DQG WKH ORZ PDV\
UHTXLULQJ PHDVXUHIVRORI[IDPIRKQ W\ ¥EIBW D $ QRE SUHVHQWHG |

WKH VDPH KRUL]RQWDO WUBQBGXRKWZR@J PLQLPDO &2

6XFFHVVLYH &RQWDPLQDQW $GGLWLRQV

$FWLYH UHDFWRUV UHFHLYHG VXFFHVVLYH DGGLWLRQV R

SUHYLRXV DGGLWLRQ KDG EHHQ WUDQVIRUPHG 8SRQ LQMHF



FRQWDPLQDQWY D GHFUHDVH LQ FHOOXODU WUDQVIRUPDWLR
JLIXUH & (  7KH GHFUHDVH ZDV H[SHFWHG GXH WR FHOO SR
VXEVWUDWH FRPELQHG ZLWK WKH WR[LF HIITHFW IURP WUDQVI

FDSDFLW\ RI DGGHG ELRPDVV ZDV OLNHO\ PHW DW a GD\V

JLIXUH /IRQJ WHUP HQFDSVXODWHG FHOO FRPHWDEROLF WUDQVI
PHDVXUHPHQWY UHSRUWHG DV a —PRO LV DVVXPHG WR EH QHDU ]H
6HFWLRQ S@bwb&RUH SUHVHQWHG LQ WHUPV RI PHDVXUHG KHI
VSHFLDWLRQ RDGERQDWH VA\VWHP LQ WKH DTXHRXV SKDVH DQG OD
HI[SHULPHQW & ( &RQWDPLQDQW WUDQVIRUPDWLRQ GDWD 7KUHH
UHDFWRU DQG EUHDNV LQ WLPH VHULHVY FRQQHFWLRQ OLQHYV VLJIQL
EHWZHHQ WULSOLFDWH UHDFWRUV LQ HDFK WUHDWPHQW DQG H



JLIXUH & ( LOOXVWUDWHYV WKDW $7&& HYHQ LQ VX
VRPH FRPHWDEROLF DFWLYLW\ IRU RYHU GD\V 7KLV ILQGI
FDSDELOLW\ XQGHU FHUWDLQ JURZWK FRQGLWLRQV WR VWRU
RYHU HIWHQGHG GXUDWLRQV WR SURGXFH RU PDLQWDLQ C
UHVSRQVLEOH IRU FRPHWDEROLVP 7KH SURGXFWLRQ RI SDUV
DQG VWRUH GLYHUVH FRPSRXQGV IRU ODWHU XVH DV HQHUJ

5 KRGRFRFPAHALHY LQ SUHYLRXV VWXGLHYVY DQG PD\ H[SODLQ WK

$OVR VXUSULVLQJO\ DOJLQDWH HQFDSVXODWHG FHOOV Z
VXFFHVVLYH VSLNHVY DW D IDVWHU UDWH WKDQ VXVSHQGHG RU

'DWD EHFDPH YDULDEOH ZLWKLQ UHDFWRUV RI WKH VDPH V
DQG FRPHWDEROLF DFWLYLW\ LQ RQH JHOODQ JXP UHDFWRU
JHOODQ JXP WLPH VHULHV IURP WKR&(XDRIBEQWKIE ©0Q W HDHIMIR
WKH UHSOLFDWH WUHDWPHQWY 7R H[DPLQH DQ\ VWDWLVWLFD
EHWZHHQ WUHDWPHQWY DYHUDJH WUDQVIRUPDWLRQ FDSDFLV
RQ WKH PDVV RI HDFK FRQWDPLQDQW WUDQVIRUPHG SHU PDVYV

7TDEOH



7TDEOH &RQWDPLQDQW 7UDQVIRUPDWLRQ FDSDFLWLHY FDOFXOD\
WUDQVIRUPHG RYHU DOO WKUHH VSLNHVY DGGHG WR HDFK UHDFWRU

WULSOLFDWH UHDFWRUV ERXQGHG E\ FDOFXODWHG FR
A 7UDQVIRUPDWLR QePS@FLW\ PJ
7JUHDWPHQW YRS ,
Q - 78&% °  F&( LR[DQH

6XVSHQGHG &H%g p “ “
&RQWURO

$0OJLQDWH . . )
(QFDSVXODWHE &Hoov

*HOODQ *XP ,, ) ) «
(QFDSVXODWHG &Hoov

7UDQVIRUPDWLRQ FDSDFLW\ GDWD LQ 7DEOH VXJIHVW
VWDWLVWLFDO GLIIHUHQFH EHWZHHQ WUHDWPHQWYVY GXH WR
IXUWKHU VWDWLVWLFDO DQDO\VLV RI 7&$% WUDQVIRUPDWL
HQFDSVXODWHG FHOO WUDQVIRUPDWLRQ FDSDFLWLHV ZHUH
JHOODQ JXP HQFDSVXODWHG FHOOV $SSHQGL[ % ,Q DGGLWL
UDWH DW ZKLFK DOJLQDWH HQFDSVXODWHG FHOOV WUDQVIRU
DOVR VKRZQ WKDW VXVSHQGHG DQG JHOODQ HQFDSVXODWHG
VWDWLVWLFDOO\ VLIJQLILFDQW GLIIHUHQFHV $SSHQGL[ % 7
KLIKHU WKDQ SUHYLRXVO\ REVHUYHG FDSDFLWLHV IRU $7&&
WHUP DQG GLG QRW DOORZ VORZ ORQJ WHUP WUDQVIRUPDWLF
5HVSLUDWLRQ GDWD IRU VXVSHQGHG DQG JHOODQ JXP HQ
H[SHFWHG GXH WR QR SULPDU\ VXEVWUDWH DGGLWLRQ DQG
DGGHG —PRO WRWDO +RZHYHU FRHDNOPISMILRGH BIFRERMRQ R
EHJDQ LQ DOJLQDWH ERWWOHV DURXQG GD\ JLIXUH  $ %

QHJDWLYH OLQHDU WUHQG RXPW WIRHG LY HDK HGH SVKHHWH G 6 H F



KHDGVSDFH LQ WKH $(& UHDFWR WRWQ Z®\ UHWHRWYIONGE WZH WKU BQRQV
&R&V SURFHHGHG

7KH GHSOHWORRRPORLQRDWH HQFDSVXODWHG FHOO UHDFWRU)
XWLOL]DWLRQ RI WKH DOJLQDWH HQFDSVXODWLRQ PDWUL][ EI
UHDFWRUV RWKHU WKDQ ELRPDVV (QHUJ\ JDLQHG E\ WKH FR(
HOHYDWHG FHOOXODU DFWLYLW\ DQG FRUUHVSRQGLQJ UDWH
ZLWKLQ WKHVH UHDFWRUV

&RQVHUYDWLYH VWRLFKLRPHWULF DQDO\VLVY EDVHG RQ HT
FRQVXPHG RYHU WKH HQWLUH GXUDWLRQ RI WKLV H[SHULPHC
FRQVXPHG a RI WKH DGGHG DOJLQDWH &RQVHUYDWLYHO\ L
$7&& JURZQ RQ DOJLQDWH LV DW OHDVW Rl WKH \LHC
HVWLPDWHG DPRXQW RI DOJLQDWH FRQVXPSWLRQ ZRXOG FRUL

FRPSDUHG WR WKH ELRPDVV LQLWLDOO\ DGGHG WR $(& UHDFW
fe'c<f-
CH.O + 50— 4H,0 + 6CO, (70
7TUDQVIRUPDWLRQ UDWHYV DQG FDSDFLWLHY LQ DOJLQDWE
VXVSHQGHG FHOOV WKRXJK QRW LQ SURSRUWLRQ WR WKH |
REVHUYHG GHFUHDVH LQ WUDQVIRUPDWLRQ UDWH LQ VXFFHV)
+RZHYHU LW FRXOG EH WKDW DOJLQDWH LV D QRQ LQGXFLQJ
VORZ JURZWK RI $7&& ZKLOH QRW LQGXFLQJ WKH SURGXFYV
,VVXHV ZLWK WKLV WKHRU\ DURVH GXH WR VKRUW WHUP \
&DUROLQD 6WDWH 8QLYHUVLW\ 1&68 WKDW VXJIJHVWHG $7&&
WR EUHDN LQWR WKH DOJLQDWH VWUXFWXUHRDO @&/ KM K\LYH WO

GLIIHUHQFHV LQ DOJLQDWH SUHSDUDWLRQ DQG IRUPDWLRQ F



WKHVH VWXGLHV H J DOJLQEQDWH SUH JHO VROXWLRQ ZLWK
IRUPDWLRQ ZKLFK PD\ KDYH IDFLOLWDWHG EUHDNGRZQ RI WK

$QRWKHU WKHRU\ IRERWKNPBEVMHRUWQY)YHGQG POJLQDWH UHDFWRU
Rl WKLV ORQJ WHUP H[SHULPHQW ZKLOH VDPSOLQJ WKURXJK
UHDFWRUV EHFDPH FRQWDPLQDWHG ZLWK D PLFURELDO VSHFL
FDSDEOH RI FRPHWDEROLVP WKHPVHOYHV 7R LQYHVWLJDWH V

H[SHULPHQW ZDV VWUHDN SODWHG RQ QRQ VSHFLILF WU\SWLF

,Q bOO UHDFWRUV LW ZDV REVHUYHG WKDW WKH JURZWK
EXW SODWHV ZHUH DOVR FRQWDPLQDWHG ZLWK D PLFURE}
GRHV QRW FRQILUP WKH DERYH WKHRU\ RQO\ OHQGV WR WKH L
VSHFLHV VXJIJHVWLQJ LW LV SRVVLEOH WKDW DQRWKHU PLFUR

PDWULJ

J)LIXUH $7&& LV HDVLO\ YLVXDOL]J]HG DV WKH RUDQJH FXOWXU|
WKH PLON\ ZKLWH FXOWXUH RYHUODSSLQJ SRUWLRQV F



, QWHUHVWLQJ WR WKH JRDOV RI WKLY SURMHFW ZDV WKH
DOJLODWH FRUUHODWHG ZLWK DQ LQFUHDVH LQ FHOOXODU D
LQGLFDWLQJ WKDW WKH HQFDSVXODWLRQ PDWUL[ PD\ KDYH EI
+RZHYHU WKH REVHUYHG UHVSLUDWLRQ RI DOJLQDWH LQ FRP
EHLQJ VWRUHG RQ D URWDU\ VKDNHU WDEOH VKDNLQJ DW a
DOJLQDWH EHDGV YLVLEO\ REVHUYHG VWDUWLQJ DW a GD\V
WHFKQRORJ\ EHLQJ GHYHORSHG ZLWKLQ WKLV WKHVLV WKHU
WKHUHIRUH KLJKHU UHVLVWDQFH WR HQ]J\PDWLF GHJUDGDWLF
DXJPHQWHG EHDGV 8QIRUWXQDWHO\ QR UKHRORJLFDO DQDO
WKRXJK SKRWRJUDSKV ZHUH WDNHQ LQ ZKLFK WKH GHWHULRU
$V H[SHFWHG JHOODQ JXP PDFUR EHDGV ZHUH REVHUYHG YL\

WKH a GD\ SHULRG

JLIXUH /IRQJ WHUP &R & WUDQVIRUPDWLRQ UHDFWRUV 6XVSHQGHC
DQG *HOODQ *XP (QFDSVXODWHG 5LJKW $7&& LQ GXSOLFDWH
ZHUH H[FOXGHG WR LQFUHDVH SLFWXUH TXDOLW\ DQG VFDOH $0J|
DOJLQDWH ZKLOH JHOODQ JXP EHDGV KDYH PDLQWDLQHG RULJLQI
UHDFWRUV VWRUHG RQ URWDU\ VKDNHU WDEOH FRQWLQXR



/IRQJ WHUP (QFDSVXODWHG &HOO &RPHWDEROLVP 6XPPD!

7KH GDWD FROOHFWHG SURYLGH HYLGHQFH WKDW ERWK VX
PDLQWDLQ FRPHWDEROLF WUDQVIRUPDWLRQ SRWHQWLDO IRU
FRQILUPHG WKDW DOJLQDWH EHDGV ZHUH OHVV UHVLVWDQW V

7KH REVHUYHG FHOOXODU XWLOL]DWLRQ RI DOJLQDWH ZD\
SURYLGH HYLGHQFH WKDW D VORZO\ DFFHVVLEOH FDUERQ VR
FXOWXUHV FRPHWDEROLF WUDQVIRUPDWLRQ SRWHQWLDO +R
SURORQJHG FHOOXODU DQG 65& HQFDSVXODWLRQ LQ RUGHU
WUDQVSRUW FHOOXODU UHOHDVH DQG WUDQVSRUW DQG SRV
LQGXFLQJ JURZWK VXEVWUDWH ,PSRUWDQW WR WKLV SRLQW
REVHUYHG ZLWK JHOODQ JXP LQ FRPSDULVRQ WR VXVSHQGHG
PLFUREH DQG JHOODQ JXP HQFDSVXODWHG FHOOV ZHUH DO
FRPHWDEROLF DFWLYLW\ ZKHQ FRPSDUHG WR VXVSHQGHG F
$SSHQGL[ %

7KH ILQGLQJV RI WKLV H[SHULPHQW VKLIWHG WKH PDMRU

WKHVLV WR LQYHVWLJDWLQJ *HOODQ *XP ** DV WKH SULPDU\

656 (QFDSVXODWLRQ OHWKRG '"HYHORSPHQW DQG 2SWI
2YHUYLHZ

7KH 656V WKDW ZHUH DQDO\]JHG IRU WKHLU SRWHQWLDO WR

7%26 DQ&2G H[LVW LQ SXUH SKDVH DV OLJKW QRQ DTXHRXV ¢

ZRUN FRQGXFWHG WR HQWUDS 1%$3/V HVVHQWLDO RLOV LQ D

SRVVLEOH WR ORDG EHDGV ZLWKSRIGAHW IF'H KWIKLOWHRFD ZVXOD\

WKH GHYHORSHG PHWKRGV ZHUH IRXQG WR EH KLJKO\ HIILFLH

DGGHG 8VLQJ WKH RSWLPL]JHG PHWKRGV IRU HQFDSVXODWL



FRPELQDWLRQ ZLWK RLO HQFDSVXODWLRQ PHWKRGY GHYHOR

GHYHORSHG IRU WKH VXFFHVVIXO HQFDSVXODWLRQ RI 656V ZL

$0JLODWH (QFDSVXODWLRQ RI 656V

7%26 ZDV XVHG DV WKH PRGHO /1$3/ 656 IRU HQFDSVXODWL
DYDLODELOLW\ DQG ORZ FRVW ,QLWLDO DWWHPSWV ZHUH DLF
PDVV ORDGLQJV RQ WKH ORZ DQG KLJK HQG RI ZKDW 6ROLPDQ
UHVSHFWLYHO\ 7R GR VR 7%26 ZDV DGGHG WR DOJLQDWH S|
PL[WXUH ZDV HPXOVLILHG ZLWK WKH DLG RI 6SDQ HPXOVLILI
VHFWLRQ

7KURXJK WKH LQLWLDO PHWKRG GHYHORSHG 7%26 FRXOG I

DQG  7%28Zwnpc )LIXUH $SSUR[LPDWHO\ a RI WKH DGGHG

ZLWKLQ EHDGV LQ ERWK FDVHV )LJXUH

J)LIXUH 7%26 HQFDSVXODWLRQ LQ DOJLQDWH SDUDPHWHU VXPPDU
65& 0DVV /RDGLQJ Z Z



*HOODQ *XP (QFDSVXODWLRQ RI 656V

'XH WR VLPLODULWLHYVY EHWZHHQ WKH K\VWHUHVLVY JHODW
LQLWLDO DWWHPSWYVY WR HQFDSVXODWH 656§ ZIQLFHOKDO) VYSKI
DIJDURVH PDFUR EHDGV ZHUH PDGH E\ HIWUXGLQJ GURSV RI KF
VXUIDFH DQG DOORZLQJ WR FRRO DW URRP WHPSHUDWXUH WR

JURP WKH VXFFHVVIXO HQFDSVXODWLRQ WHFKQLTXHYVY GHY!
LQFOXVLRQ RI /1$3/ 656V ZLWKLQ D K\GURJHO PDWUL[ UHTXLL
656 K\GURJHO VROXWLRQ 7R FUHDWH D VWDEOH HPXOVLRQ W
QHFHVVDU\ KRZHYHU WKH HPXOVLILHU UHGXFHG WKH VXUIDF
$IWHU HWUXVLRQ RI WKH KHDWHG SUH JHO GURSV RQWR WK

WHQVLRQ FDXVHG WKH GURSOHWYV WR IODWWHQ LQWR RQH DQ

J)LIXUH $ +DOI VSKHUH JHOODQ JXP PDFUR EHDGYV PDGH ZLWKRXYV
PDNH KDOI VSKHUH JHOODQ JXP PDFUR EHDGV ZLWK DQ DGGLWLRQ R
I[IURP HPXOVLILHU OHG WR WKH FUHDWLRQ RI IODW IUDJLC

7KH WKLQ GLVF VKDSHG EHDGV ZHUH IUDJLOH DQG GLIILF
ZLWKRXW WHDULQJ OHDVXUHPHQWYV RI 656 PDVV ORDGLQJ ZH!
WKRXJK LW ZDV REVHUYHG YLVLEO\ WKDW EHDGV GLG FRQWDL

ZLWK WKLY PHWKRG OHG WR WKH GHYHORSPHQW RI WKH PHWEK



F\OLQGULFDO JHOODQ JXP PDFUR EHDGV WKDW FRQWDLQHG 6
HQFDSVXODWLRQ HIILFLHQFLHV RI a ZHUH FUHDWHG 2QO\ D
PDGH WR HQFDSVXODWBRGERWKKL®2HDOQOGF JXP WKRXJK LW LV
FRXOG EH IXUWKHU RSWLPL]HG DQG KLJKHU PDVV ORDGLQJV F

OHWKRGV IRU WKH PLFUR HQFDSVXODWLRQ RI /1$3/ 656V ZH
OLWWOH VXFFHVV RU SURJUHVYV ZDV DFKLHYHG )XWXUH ZRUN

RI PHWKRGV WR HQFDSVXODWH 656V LQ PLFUR EHDGV UDQJLQ.

/1$3/ 656 (QFDSVXODWLRQ 6XPPDU\ DQG 'LVFXVVLRQ

JURP GLUHFW DQDO\VLV RI 656V HQWUDSSHG ZLWKLQ DOJL
GHWHUPLQHG WKDW /1$3/V%¥& FRRX\D G %E25 \DXFE HVVIXOO\ HQFD
DOJLQDWH DQG JHOODQ JXP PDWULFHV DW PDVV ORDGLQJV D
DGGLWLRQ WR WKLV VXFFHVV HQFDSVXODWLRQ HIILFLHQFLHYV

JURP WKHVH UHVXOWV LW ZDV FRQVHUYDWLYHO\ HVWLPD\
a PdsRI ELRPDVV SHU JUDP RI EHDG 7KLV ZDV EDVHG RQ W
HQFDSVXODWHG 7%26 WR EXWDQRO DQG WKH DVVXPSWLRQ W

JURZQ RQ EXWDQRO ZDV RI WKH NQ@RHBQF DLOHFX® D R/
a PdssdnokV VHYHUDO WLPHV PRUH ELRPDVV SHU JUDP RI EHDG
PDFUR EHDGV LQ DOO RI WKH VWXGLHV UHIHUHQ@KH® HZLWK
FDOFXODWLRQV SURYLGH SRVLWLYH HYLGHQFH WKDW LI HQ
VXEVWUDWHY DQG HQFDSVXODWHG FXOWXUHY FDQ XWLOL]H W

HIWHQG WKH FRPHWDEROLF UHPHGLDWLRQ SRWHQWLDO RI LQI



$ELRWLF +\GURO\VLV RI (QFDSVXODWHG 60RZ 5HOHDV
2YHUYLHZ

7%26 DO&X2F ZHUH HQFDSVXODWHG LQ DOJLQDWH DQG JHOO
LQ VROXWLRQ DV SUHVHQWHG LQ VHFWLRQ WR LQYHVWLJ
UHVSHFWLYHO\ DIWHU HQFDSVXODWLRQ ,W ZDV LPSRUWDQW
K\GURO\]H DQG SURGXFH VXEVWUDWHY LQ RUGHU WR XQGHUV\
VXEVWUDWH SURGXFWLRQ DQG FHOOXODU JURZWK R[\JHQ GH
EH DEOH WR GLVWLQJXLVK SRVVLEOH ELRWLF K\GURO\VLV ZKH
ZLWK PLFUREHYV

SHDFWRUV ZLWK%2%2EQDQUHH VXVSHQVLRQ DW FRQFHQW
HQFDSVXODWHG 656 UHDFWRUV ZHUH FUHDWHG WR GHWHUPLQ
6XEVWUDWH SURGXFWLRQ UDWHV ZHUH XVHG DV D SURJ[\ IRU
VXEVWUDWH DQDO\VLV 'LUHFW PHDVXUHPHQWV RI DQG E.
GHWHUPLQH VXEVWUDWH SURGXFWLRQ UDWHV DQG PHDVXUHI
EDVLV +\GURO\VLV RI RUWKRVLOLFDWH FRPSRXQGV LV DFLG
K\GURO\VLY UDWHV DUH RQ WKH ORZ HQG RI ZKDW LV SRVVLEC

BUHYLRXV UHVHDUFK VXJJHVWV WKD%28 K& FRQKMWQWQ CHVIH
UDWH RI K\GDR® WKWUHIRUH FRQFHQWUDWLRQV RI 656V LQ DE
WKH FRQFHQWUDWLRQ RI 656V LQ ELRWLF FR HQFDSVXODWHG
UHDFWRUV ZHUH FUHDWHG LQ XQLVRQ DQG PRQLWRUHG DORQJ
VHSDUDWHG DQG DUH SUHVHQWHG EHORZ 7R SUHYHQW FRQWTE

RI WKHVH H[SHULPHQWY DQ DGGLWLRQ RI VRGLXP D]JLGH J



$O0OJLQODWH (QFDSVXODWHG 656V

‘XH WR WKH HDVH RI HQFDSVXODWLRQ RI 656V ZLWKLQ D¢
K\GURO\VLV ZRUN ZDV FRQGXFWHG XVLQJ DOJLQDWH HQFDSV
DELRWLF DOJLQDWH PDFUR EHDGY DW D PDVV ORDGLQJ RI a D
WR WULSOLFDWH UHDFWRUYVY DV SUHVHQWHG LQ VHFWLRQ
FDUERQDWH EXIIHUHG PHGLD ZDV NHSW FRQVWDQW DW a f
JUDPV RI EHDGVY ZHUH DGGHG WR P/ PHGLD VROXWLRQ 7K
LQ UHDFWRUV Rl a PJRUa —PRO DQG WR PD[LPXP EXWDQF
a —PRO 7R LOOXVWUDWH WKH HIIHFW RI HQFDSVXODWLRQ
FROQWDLQLQJ VLPLODU FRQFHQWUDWLRQV RI VXVSHQGHG 7%:
HQFDSVXODWHG 7%26 UHDFWRUV

$00 UHDFWRUV ZHUH PRQLWRUHG IRU EXWDQRO SURGXF

EXWDQRO SURGXFWLRQ UDWHY ZHUH PRGHOHG YLD OLQHDU
FROOHFWLRQ DQG FRPSDULVRQV ZHUH PDGH EHWZHHQ WKH W

ORDGHG EHDGYV 7%26 ZZ DQG KLJK PDVV ORDGHG EHDGV



JLIXUH OHDVXUHG EXWDQRO PDVVHV LQ VROXWLRQ IURP WKH DE
DOJLQDWH HQFDSVXODWHG 7%26 ULJKW D[LV 7RWDO 7%26 VROXW
PDVV ORDGLQJ a DQG ZZ %ODFN DUURZV VLJIQLI\ ZKLFK D[LV H
OLQHDU WUHQG OLQH IXQFWLRQV DUH ILW WR WKH WLPH VHULHV D
HTXDWLRQV FDOFXODWHG E\ HIFHO OLQHDU WUHQG OLQH WRRO %F
'DWD SRLQWY DUH DYHUDJHV EHWZHHQ GXSOLFDWH VXVSHQGHG
WUHDWPHQW DQG HUURUV EDUV DUH FRQILGHQFH LQWHUYDOV
HQFDSVXODWHG UHDFWRUY DQG WKHUHIRUH KDYH D VKRUWH

%XWDQRO ZDV SURGXFHG DW DQ RUGHU RI PDJQLWXGH
VXVSHQVLRQ WKDQ ZKHQ HQFDSVXODWHG )LJXUH 7DEOHI
SKHQRPHQRQ LV WKDW ZKLOH UHDFWRUV DUH VWRUHG RQ D V
VXVSHQVLRQ IRUPV D TXDVL HPXOVLRQ ZLWKLQ WKH DTXHRXYV
VROXWLRQ SURYLGH D ODUJH VXUIDFH DUHD IRU K\GURO\VLV
/1$3/ UHDFWRUV EHFDXVH /1$3/ GURSOHWY DUH KHOG ZLWKL
WKURXJKRXW VROXWLRQ 'XH WR WKLV LW LV VXJIJHVWHG WKD

RXW RI EHDGV DQG ZDWHU H[FKDQJH WR K\GURO\VLV VLWHYV



7TDEOH ORGHOHG DELRWLF K\GURO\VLY UDWHV DQG NQRZQ PDVV R
OLIHWLPH RI HQFDSVXODWHG 7%26

OHDVXUHGD[LPXP 3RVVLE®XWDQRO (VWLPDWHG
7UHDWPHQWLWLDO 7%X8VDQRO 5HIHRIBMF W LR Q(EMWNWLRQ RI
0DVV —PRO —PRO —PRO GD\ 7%26 \HDUV

6XVSHQGHG 7%26
(QFDSVXODWHG

7T%26 Z Z
(QFDSVXODWHG
7T%26 Z Z

7%26 HQFDSVXODWHG DW a Z Z K\GURO\]HG DW KDOI WKI
Z Z 7KLV REVHUYDWLRQ PD\ EH GXH WR D GLIIHUHQFH LQ
K\GURO\VLV )RU H[DPSOH )LJIXUH VFHQDULR GHSLFWYV D
PDVV ORDGHG EHDGV DUH VLPLODU LQ VL]H WR /1%$3/ GUR
WKRXJK WKHUH DUH WLPHV DV PDQ\ GURSOHWYV ,Q VFHQDUL
VLIH WKDQ WKH GURSOHWY WKRXJK WKHUH DUH D VLPLODU
/1$3/ VXUIDFH DUHD LV JUHDWHU LQ EHDGV KRZHYHU WKH
656V LQ WKH FHQWHU RI WKH EHDGV LV UHVWULFWHG E\ 656V
UHVWULFWHG ZDWHU H[FKDQJH DQG EXWDQRO GLIIXVLRQ RX
K\GURO\VLY 7KHUHIRUH WKH PRUH 7%26 HQFDSVXODWHG ZLYV
SDWK IRU EXWDQRO GLIIXVLRQ RXW RI EHDGY DQG ZDWHU L

VXUIDFH DUHD WR EH UHGXFHG )LJXUH

J)LIXUH '"GHSLFWLRQ RI ORZ 656 PDVV ORDGLQJ EHDGYV YHUV
ORDGLQJ EHDGYV



*HOODQ *XP (QFDSVXODWHG 656V

7KH DELRWLF K\GURO\VLV W28 HH RF BRWXO DYW2HG DLQQG JHO O D
LQYHVWLIJDWHG %RWK 656V ZHUH HQFDSVXODWHG LQ F\OLQGL
Rla ZZ )RU WKLV ZRUN $7&& ZDV DOVR FR HQFDSVXOD
DW LQLWLDO FRQFHQW DIGLRQWRBGAWIPRQ RI ZY VRGLXP
D FHOOXODU SRLVRQ WR HQVXUH FHOOV ZHUH QRW DOLYH Z
EHFDXVH SULRU WR WKLV H[SHULPHQW LW KDG EHHQ GHWHU
PRUH TXLFNO\ ZLWK FHOOV SUHVHQW ZLWKLQ WKH HQFDSVX!
LQFUHDVH LQ K\GURO\VLV UDWH ZDV QRW SURYHQ WR EH IURP
GXH WR WKH SUHVHQFH RI ELRPDVV ZLWKLQ WKH PDWUL[ DOOF
RXW Rl EHDGV 7KHUHIRUH SRLVRQHG ELRPDVV ZDV LQFOXGH
656 DELRWLF K\GURO\VLV UDWHV ZRXOG EH GLUHFWO\ FRPSDU
DFWLYH ELRPDVV VHFWLRQ

7ZR JUDPV Rl EHDGY ZHUH DGGHG WR HDFK DELRWLF UHDI
a PJ/ 7%26 BQ6 ZDV DFKLHYHG RU D WRWDO PDVV Rl a PJ
5HDFWRUV FRQWD L9QABQDW XaVSHBBHGEHUH FUHDWHG IRU FRPSD!

$QDORJRXV WR DOJLQDWH HQFDSVXODWHG DQG VXVSHQGH:

7%26 K\GURO\]HG DQ RUGHU RI PDIJQLWX®%BR6PRUIKVIB R ZO V DVKDF



JLIXUH OHDVXUHG EXWDQRO PDVVHV LQ VROXWLRQ IURP WKH DE
JHOODQ JXP HQ® P& VXOIXWHG [ #0026 YRWRY I/RQ FRQFHQWUDWLRQV RI a
PDVV ORDGLQJ a ZZ %ODFN DUURZV VLJIQLI\ WKH D[LV WKDW WLF
OLQH IXQFWLRQV ILW WR WLPH VHULHY DQG WKH EODFN GDVKHG ER]
E\ HIFHO OLQHDU WUHQG OLQH WRRO %R[HV DUH SODFHG QH[W WR F

EHWZHHQ GXSOLFDWH UHDFWRUV LQ HDFK WUHDWPHQW DQG HU

7KH K\GURO\VLV UDWH IRU 7%26 HQFDSVXODWHG LQ JHOOD
FRQFHQWUDWLRQV Rla PJ/ SUHVHQWHG LQ )LJXUH —P
IRU 7%26 DW a PJ/ SUHVHQWHG LQ VHFWLRQ
+RZHYHU JHOODQ JXP HQFDSVXODWHG 7%26 K\GURO\]HG a
HQFDSVXODWHG 7%26 7DEOH 7KLV LV OLNHO\ EH GXH WR K
JHOODQ JXP UHDFWRUV WKDQ LQ DOJLQDWH UHDFWRUV KRZH
WKH LQFOXVLRQ RI $7&& ELRPDVV ZLWKLQ JHOODQ JXP EH

DOVR SOD\HG D UROH LQ WKH REVHUYHG GLIIHUHQFH



J)LIXUH OHDVXUHG EXWDQRO PDVVHV LQ VROXWLRQ IURP WKH DE
7%26 7TRWDO 7%26 VROXWLRQ FRQFHQWUDWLRQ RI a PJ / DQG EHL
WUHQG OLQH IXQFWLRQ ILW WR WLPH VHULHY DQG WKH EODFN GDV
FDOFXODWHG E\ HIFHO OLQHDU WUHQG OLQH WRRO 'DWD SRLQWYV [

EDUV DUH FRQILGHQFH LQWHUYDOV

7DEOH ORGHOHG DELRWLF K\GURO\VLY UDWHV XVHG WR SUHGLFW

DQG%26 LQ UHDFWRUV DW WRWDO VROXWLRQ FRQFHQWUDWLRQ a
OHDVXUHG OD[LPXP %XWDQRO(VWLPDWHG

7JUHDWPHQWLWLDO BR&/VLEOH %RURGBARY LRQKIDWMWLRQ RI
0ODVV —PRGHOHDVH —PR®RO GDV%26 \HDUV

6XVSHQGHG
7%26

** (QFDSVXODWHG
7%26 Z Z

** (QFDSVXODWHG
7%26 Z Z

W FDQ EH VHHQ IURP GLUHFW FRPSDULVRQV EHWZHHQ VX
JXP HQFDSVXODW @ 67 Y%EFSWIKQIEQFDSVXODWHG DW PDVV ORDGL
DW a PJ/ WKDW 7%26 K\GURO\]JHV a WLPHY PRUH TXLFNC
H[SHFWHG UHVXOW GXH WR SUHYLRXV UHVHDUFK VKRZLQJ W

VLOLFDWH LV E\ WKH OHDYLQJ JURXSV WKH QHMMWBFFHVV ZDV



JLIXUH &KHPLFDO VWU XFVS X UBIOKXKIVMAUIIOWDL.QGE WKH JWBWHU VWHU
%YUDQFKHG DOFRKROV OLPLW DFFHVV WR HVWHU ERQGV D

([SHULPHQWDO 6XPPDU\ DQG &RQFOXVLRQV

JRU FRPSDULVRQ 7DEOH EHORZ VXPPDUL]HVY DOO DELRYV
DERYH VHFWLRQV 7KH REVHUYHG RUGHU RI PDJQLWXGH UHGX
RI ERWK 7%2626 Q8 DQ LPSRUWDQW ILQGLQJ WKDW PD\ DOORZ
EH PDGH IRU WKH VHOHFWLRQ RI 656V LQ IXWXUH DSSOLFDWL
LQ K\GURO\VLVY UDWHV ZKHQ 656V ZHUH HQFDSVXODWHG DW G|
7TDEOH PD\ DOVR SURYLGH D XVHIXO FRQWURO RYHU WKH U
PLIJKW DOORZ IRU WKH PLWLIJDWLRQ RI H[FHVV VXEVWUDWH U
LVVXHV OLNH ZHOO FORJJLQJ RU R[\JHQ GHSOHWLRQ $OVR DV
DWWDFKHG WR RUWKRVLOLFDWH FRPSRXQGYV RU EXWDQRO

VORZHU IRU EUDQFKHG DOFRKROV 7DEOH



7TDEOH 6XPPDU\ RI bOO FROOHFWHG 656 DELRWLF K\GURO\VLV UD
URZV IROORBZHGGBPWMD LQ URZ DQG

,QLWLDO &RLVqumDvxuﬁ “Cigéaégfgﬁ?VWLPDWHG
7UHDWPHQWROXWLRQ&HOOV,QLWLDO %v (FREXVWLRQ RI

- % DQRGDWH 656 \HDUV
&RQF PJ /BUHVHQW—PRO """ 5o  "5rg cpi

6XVSHQGHG 7%26 1R

$0JLQDWH
(QFDSVXODWHG 1R
7%26 zZz

$0JLQDWH
(QFDSVXODWHG 1R
7%26 zZz

*HOODQ *XP
HQFDSVXODWHG <HV
7%26 zZz

6XVSHQ®BRG 7 1R

** (QFDSVXODWHG

7%26 7 Z <HV

$QRWKHU LPSRUWDQW ILQGLQJ LV WKH H[WHQGHG GXUDWLI
VHYHUDO WR KXQGUHGV RI \HDUV 7DEOH 7KH REVHUYHG
GXUDWLRQ SURYLGH VXSSRUWLQJ HYLGHQFH WKDW D VLQJO
VXEVXUIDFH FRXOG SURGXFH ORZ DPRXQWV Rl VXEVWUDWHYV
SRWHQWLDOO\ GULYH FRQWDPLQDQW UHPHGLDWLRQ IRU D
ELRVWLPXODWLRQ RU ELRDXJPHQWDWLRQ DSSOLFDWLRQV +
K\GURO\VLY FHOO VXEVWUDWH XWLOL]DWLRQ FHOO UHVSLUL
ZLOO EH QHFHVVDU\ WR EHWWHU XQGHUVWDQG WKH GHVLUHG

,Q VXPPDU\ LW ZLOO EH LPSRUWDQW WR FRQVLGHU 656 VHC

RI FR HQFDSVXODWHG EHDGV WR WKH VXEVXUIDFH GXH WR OL



EHD VWURQJ GHVLUH WR XWLOL]JH R[\JHQ DV HIILFLHQWO\ DV &
WUDQVIRUPHG SHU PDVV RI R[\JHQ XWLOL]J]HG 7KH GLIIHUHQFF
WZR H[DPLQHG 656V DIWHU HQFDSVXODWLRQ RI WKH WZR 656
DW GLIITHUHQW PDVV ORDGLQJY VKRXOG EH LQYHVWLJIJDWHG LC

2SWLPL]DWLRQ ZDV QRW WKH SULPDU\ REMHFWLYH RI WKLYV
H[SHULPHQWDO DQDO\VLV WR PHHW WKH SURMHFW REMHFWLY
LQFUHDVH DQG HIWHQG FRPHWDEROLF SRWHQWLDO RI FR HQF
IXWXUH ZRUN VKRXOG EH FRQGXFWHG ZLWK WKH DLP RI GHY

DERYH K\GURO\VLV SURFHVV

B3URRI RI §RQFHSW &R (QFDSVXODWHG &HOO &RPHWDI
/IRQIJHYLW\ 6WXG\

2YHUYLHZ
7KLV H[SHULPHQW ZDV FUHDWHG XQGHU WKH PRVW RSWLP)
Ll $78&& FR HQFDSVXODWHGWAOW K B%6G EPh2@QBNFHG E\ RU
IURP 656 SURGXFWYV DQG EXWDQRO VXFK WKDW WUDQVI
HQFDSVXODWHG ELRPDVV ZDV JUHDWHU WKDQ VLPLODU ELRPD
RU VXEVWUDWHYV
*HOODQ JXP ZDV VHOHFWHG DV WKH HQFDSVXODWLRQ PDWL
LQ UHVLVWDQFH WR HQ]\PDWLF GHJUDGDWLRQ DQG ORQJ WHU
SUHYLRXV H[SHULPHQWY PLFURELDO FRQVXPSWLRQ RI DOJLC
GHWHUPLQLQJ LI FHOOXODU UHVSLUDWLRQ ZDV GXH WR FRQV:
656 SURGXFWV DQG FDXVHG HQFDSVXODWHG 656V WR EH UHO

WR WKLV $7&& ZDV QRW REVHUYHG WR KDYH WKH DELOLW



REVHUYHG WKDW JHOODQ JXP PDFUR EHDGY UHPDLQHG VWDEO
RQ D VKDNHU WDEOH ZKHUHDV DOJLQDWH PDFUR EHDGV GLG

JRU WKLV H[SHULPHQW F\OLQGULFDO JHOODQ JXP PDFUR
7%26 %26 ZHUH FUHDWHG ZLWK ELRPEVY QERPEL @DW \RIOKRD B Q
a Z2Z 656 %RWK 656V ZHUH H[DPLQHG ZLWKLQ WKLV H[SH!
EHWZHHQ 656V SURGXFLQJ D QRQ LQGXFLQJ JURZWK VXEVWU
VXEVWUDWH EXWDQRO DQG WKH HIIHFW RI GLIIHUHQW VXE
DQG R[\JHQ FRQVXPSWLRQ

7ZR JUDPV RI EHDGV ZHUH DGGHG WR UHDFWRUV FUHDWHC
ILQDO FHOO FRQFHQM WWDQ/GL BRE/ FRRQFHRIWUDWLRQV RI a PJ .
FRQFHQWUDWLRQ ZLWKLQ UHDFWRUV ZDV GHVLJQHG WR GLU
H[SHULPHQWY 6HFWLRQ $SSHQGL[ & DQG WKH LQLWLD
HQFDSVXODWHG DELRWLF K\GURO\VLV %ZRUNS FRQGKEWHG ZIW
DELRWLF K\GURO\VLV ZRUN SUHVHQWHG ZLWKLQ VHFWLRQ
EHDGV FUHDWHG ZLWKLQ WKLV H[SHULPHQW EXW ZLWK DQ DC
DGGHG $7&& GLG QRW VXUYLYH 'DWD IURP DELRWLF K\G
EDWFKHV Rl EHDGYV DUH SUHVHQWHG ZLWK DFWLYH UHDFWRU
UHVSLUDWLRQ LQ DFWLYH ERWWOHV DQG REVHUYHG VXEVWL
ERWWOHYV

$Q DELRWLF FRQWURO ZLWK QR DGGLWLRQ RI EHDGV HQV
ELRWLF 6XVSHQGHG FHOO FRQWUROV LOOXVWUDWHG WKH H|
FHOO YLDELOLW\ DV PHDVXUHG YLD &R& WUDQVIRUPDWLRQ U
GXSOLFDWH RU WULSOLFDWH $ VXPPDU\ Rl WKH WUHDWPHQW\

LQ 7DEOH



$00 UHDFWRUV ZHUH VSLNHG LQLWLDOO\ ZLWK WKH FKRVF
DTXHRXV FRQFHQWUDWLR®@®( a S5 ®HQSSE 'a SSE $00 G
SUHVHQWHG RQ D WRWDO PDVV EDVLV ZLWKLQ UHDFWRUV EDO
VSLNHV Rl FRQWDPLQDQWY ZHUH PDGH WR UHDFWRUV RYHU
ZHUH WUDQVIRUPHG 7KH FRQFHQWUDWLRQ RI VXEVHTXHQW V¢
FHOO WUDQVIRUPDWLRQ FDSD&2W IVKE VEWH\DS\ K DADLVRDY G D WX \
FRQWDPLQDQW GM&D ' ZH&H PRQLWRUHG DV QHFHVVDU\ DF

SUHVHQWHG LQ VHFWLRQ

7TDEOH 6XPPDU\ RI WUHDWPHQWY IRU &R (QFDSVXODWHG &HOO &F

IXPEHU 5SHDFWRU &RQWHQWYV
7UHDWPHQW $EEIUHY % HDGY 656 &HOOVgppey
5HDFWRUV 7%26 %26 P3es
$ELRWLF &RQWURDO $& 7
6XVSHQGHG &HOO
5HPHGLDWLR&& 7 7 7
&RQWURO

&R HQFDSVXODWHG
7%26 $7&& &(7 7 7 7 7

&R HQFDSVXODWHG
7%26 $78&8& &(7 7 7 7 7

7KH GDWD FROOHFWHG RYHU WKH GXUDWLRQ RI WKLV H[SHL
EHORZ EDVHG RQ WKH PRGHO 656 WKDW ZDV HQFDSVXODWH
SUHVHQWHG LQLWLDOO\ ZLWK DQDO\VLV RI FHOOXODU YLDELC
E\D FRPSDULVRQ WR UHDFWRUV FRQWDLQLQJ FHOOV FR HQFCLC

UHDFWRUV FRQWDLQLQJ FHO2®BV &K B @CHDEY MXPWB G\ AMWFRVE R Q



GDWD SUHVHQWDWLRQ DQG ILQDOO\ D VXPPDU\ DQG FRQFOX"

FRQFOXGH WKH UHVXOWY FKDSWHU ZLWKLQ WKLV WKHVLYV

([SHULPHQWDO 6HW XS DQG &RQWURO
L ,QLWLDO &HOOXODU 9LDELOLW\
7R XQGHUVWDQG WKH HIITHFW RI FR HQFDSVXODWLRQ RQ FH
IURP WKH ILUVW DGGLWLRQ RI FRQWDPLQDQWYV ZHUH FRPSDU
HQFDSVXODWHG WUHDWPHQWYVY )LJXUH W EHFDPH QHFHVYV

DV GXSOLFDWHV GLYHUJH DW WLPHV IRU UHDVRQV H[SODLQHG

JLIXUH ,QLWLDO FRQWDPLQDQW WUDQVIRUPDWLRQ GDWD FRPSDI
$78&8& $& + $ELRWLF FRQWURO 6& + 6XVSHQGHG FHOO FRQWUI
ZLWK Z Z 7%26&H&OHAYV FR HQFDSVXODMHG FSKKDEHW IZFDFO GHVLJC

$ % & DUH XVHG WR VLJQLI\ UHSOLFDWH UHDFWRUV $& KDV D VL(
GXSOLFDWH UHDEW\R WU LBQGFROWH UHDFWRUYV

8VLQJ WKH LQLWLDO WUDQVIRUPDWLRQ UDWHV RI FRQWDP

WKDW HQFDSVXODWHG FHOOV DUH PLQLPDOO\ HIIHFWHG E\ W



ODJIJHG WUDQVIRUPQW®W LIVRR® RIOHVVHU H[WHQW 7&% LQ UHEL

FR HQFDSVXODWHG ZLWK 7%26 &(7 LQ FRPSDULVRQ WR V>
KDYH EHHQ VOLJKWO\ LPSDLUHG LQLWLDOO\ 7UDQW2RUPDWLR
FRPSDUH ZHOO ZLWK VXVSHQGHG FHOOV 7KHVH GDWD LQ FRP
$SSHQGL[ & LOOXVWUDWH DGYDQFHPHQWY PDGH WR HQFDSVX
VKRZ PLQLPDO GHFUHDVH LQ FRQWDPLQDQW PDVVHV LQGLFDYV
WKH DGGLWLRQ RI $7&& DQG PLFURELDO FRQWDPLQDWLR

LQFHSWLRQ RI WKLV H[SHULPHQW

LL &RPSOHWH &RQWURO 'DWD 7LPH VHULHYV
$ELRWLF FRQWURO UHDFWRUY UHFHLYHG D VLQJOH DGGLW
a GD\V $W a GD\V FRQWDPLQDQW PDVVHV ZHUH GRXEOHG 1
WR WUDQVIRUP KLJKHU PDVVHV RI FRQWDPLQDQWY 7R IROOR
FRQWURO UHDFWRUV ZHUH DOVR GRXEOHG DW a GD\V )LJXUFL
FRQWURO UHDFWRUV 6& ZHUH XVHG DV D FRQWURO WR SURYL
DQG FDSDFLW\ Rl &4R& WUDQVIRUPDWLRQ E\ D PLFURELDO ELREF

EHDGV WKRXJK ZLWK QR DFFHVV WR VXEVWUDWHYV



JLIXUH &RQWURO UHDFWRU UHVSLUDWLRQ GDWD $ DQG % DQG F
6& + 6XVSHQGHG FHOO FRQWURO UHDFWRUV $OSKDEHWLFDO GHV
UHDFWRUV $& KDV D VLQJOH UHDFWRU 6& KDYH GXSOL

$V VHHQ LQ ILJXUH & ( VXVSHQGHG FHOOV UDSLGO\ V
FRQWDPLQDQWY ZLWKLQ WKH LQLWLDO VSLNH KRZHYHU WUL
ZDV QRW REVHUYHG IRU 7&%$ RU F HQ G XOASIHQIGLH®D G 60O
WUDQVIRUPHG D PLQLPDO SHUFHQW RI FRQWDPLQDQWYV LQ ER\

$ELRWLF UHDFWRUV EHKDYHG DV H[SHFWHG VKRZLQJ QR FKD(



DGGLWLRQ RI PRUH FRQWDPLQDQWY DW a GD\V PDVVHV 10>
YDOXHV

7TKHVH GDWD LOOXVWUDWH WKH WUDQVIRUPDWLRQ FDSDFL\
FHOO UHDFWRUV ZDV OLNHO\ PHW DIWHU WKH ILUVW DGGLWLR
RU DQ LQGXFLQJ FRPSRXQG ZLWKLQ UHDFWRUV WKH FHOOV
WUDQVIRUPDWLRQ DFWLYLW\ 7KHVH UHDFWRUV GLUHFWO\ Ul
SUHVHQWHG LQ VHFWLRQ 7KH FRQWUDVW EHWZHHQ VXVSH(
REVHUYHG ZLWKLQ WKH WZR GDWD VHWYV LV VXJIJHVWHG WR I
JURZWK FRQGLWLRQV ZKHUH VOLJKW GLIITHUHQFHY LQ JURZWk
PRUH RU OHVV HQHUJ\ SHU7KHVJRDM EHBARRDUVWWHDVRQ IRU KLJK
FDSDFLWLHVY REVHUYHG ZLWKLQ VXVSHQGHG FHOO UHDFWRUYV
SUHVHQWHG DERYH SURYLGH D EHQFKPDUN IRU FRPSDULVRQ

&(7 WUHDWPHQWY LQ WKH IROORZLQJ VHFWLRQV

$7&& &R HOFDSVXODWHG ZLWK 7%26

L 'DWD 3UHVHQWDWLRQ 2YHUYLHZ

JLIXUH SUHVHQWY UKYSLERRHWREBOWD WYDQVIRUPDWL
7&$F & ( ' DQG VXEVWUDWH GDWD EXWDQRO FROOHFWHG
FRQWURO UHDFWRU GDWD FROOHFWHG GXULQJ WKH VDPH SHU
LQ SUHYLRXV H[SHUZIDPHGMWS/OHKMHG2 GXH WR FHOOXODU UHVSL
ZDV UHIUHVKHG WR HQVXUH FRPHWDEROLVP SURFHHGHG %U!
WLPHV DWDXEGEWERRQV ZHUH PDGH WR UHDFWRUV ,W LV DSSDL
DQG FRQVWDQW ZIQFKH® CH7LQHOFWRUV LQ FRPSDULVRQ WR VX
FHOOXODU UHVSLUDWLRQ LV RFFXUULQJ ZLWHKUEB EBRQVHDFWE

PDGH WR &(7 UHDFWRUV WR PDLQWDLQ DHURELF FRQGLWLRQV



DQG DIWHU GD\ J)LIXUH FBXVH®HWODBNIRURDWLRQ WR F
SHULRGV )LIXUH & ( ,GDPWBRWUIH SWHW2QWHG LQ WHUPV R
FRQFHQWUDWLRQV GXHL® RVKBHFLOMRORQ SKID&H DV FDUERQDW
PHDVXUHPHQWY WKURXJKRXW WKH H[SHULPHQW )RXU DGGLWL
&(7 UHDFWRUV WKUHH DW VWDQGDUG DTXHRXV FRQFHQWUD
FRQFHQWUDWLRQV PDGH RQ GD\V DQG UHVSHFWLYH:¢
DELRWLF EXWDQRO SURGXFWLRQ GDWD FROOHFWHG IRU SRL
LQ VHFWLRQ VLIQLILHG E\ RSHQ GDWD SRLQWV ZLWK L

PHDVXUHPHQWYV RI EXWDQRO ZLWKLQ DFWLYH &(7 UHDFWRUV



J)LIXUH 7%26 &R (QFDSVXODWHG &HOO &RPHWDEROLF 7UDQVIRUPEL

GDWDPHDVXUHPHQWY UHSRUWHG DW a —PRO DUH DVVXPHG WR EH
UHDFWRUV VHH 6HFWLRQ SJ & ( SRQWDPLQDQW WUDQVIRUP
OLQHV VLIQLI\ VXFFHVVLYH DGGLWLRQV ) 7%26 EXWDQRO SURG)

DYHUDJHVY EHWZHHQ GXSOLFDWH UHDFWRUV DQG HUURUV EDUV DUH

6& * 6XVSHQGHG FHOO FRQWURO UHDFWRUV &(7 &HOOV FR HQFD

GHVLIJQDWLRQV $ % & DUH XVHG WR VLJQLI\ UHSOLFDWH UHDFWRUYV
KDYH GXSOLFDWH UHDFWRUV

LL SHYVSLUDWLRQ 'DWD
5HVSLUDWLRQ GDWD FROOHFWHG IRU &(7 UHDFWRUV VXJ.

FRPSDULVRQ WR VXVSHQGHG FHOO GCHBPEWWURQDR/Y MKRWRHE\LL



IROORZHG E\ FRQWLQXHG XWLOL]|DWRLEBKY RQ\GCRARNHVVLYB®@&GLVY
$ % 7KH ILUVW DQG VHRRQQGDDGGLWQRQYV RHRBH PDGH YLD L
2 WR &(7 UHDFWRU KHDGVSDFHV WKURXJK VHSWD )RU WKH OL
LQFOXGLQJ FRQWUROV ZHUH RSHQHG WR DOOHYLDWH DQ\ YDF
UHGXFH KHDGVRRDFHQ 2UDWLRQV ZLWKLQ &(7 UKBF®\RID/FHD
FRQFHQWUDWLRQ LQ &(7 UHDFWRUV FDQ EH VHHQ DW a GD\V
7KH UDWH DWODYKXWK@L]HG ZLWKLQ &(7 UHDFWRUV LQFUHDYV
REVHUYHG UDWH WR WKH UDWH REWRIZHHGE W | WE W/ XVEMH TIXUWQW
WKH UDWH UHPDLQHG IDLUO\ FRQVWD QW RTID/E®ISWLRTKHIREN HL
WKDW PLFURELDO JURZWK OLNHO\ RFFXUUHG ZLWKLQ &(7 UHD
VXEVHTXHQW DGGLWLRQV VXJJHVWYVY D SVHXGR VWHDG\ VWDW
UHDFWRUV :LWKXSSIO\PWWH®PQHDU VXEVWUDWH SURGXFWLR(
FRQWURO WKH PLFURELDO SRSXODWLRQ DQG R[\JHQ FRQVXP:

VRXUFH RI VXEVWUDWH

7DEOH XWLOL]DWLRQ UDWHV ZLWKLQ &(7 UHDFWRUYVY FDOFXODWHG
SUHVHQWHG LQ )LIXUHDGGLWHREPRERRI(2Z UHDFWRUV SUHVHC

(VWLPDWHG 2
) 7LPH Rl gWLOL]DWLRQ 5DWH
$GGLWLRO OHWKRG $GGLWLRQ —pPRO GD\

GDV &(7 $ &(7 %

,QLWLDO 2
SXUH$BGLWLRQ

SXUH$BGLWLRQ

$WPRVSKHUH +HDGVSDFH
(TXLOLEUDWLRQ

7KH REVHYWH®LRIDWLRQ LQ &(7 UHDFWRUV LV GXH WR FHOO

IURP WKH K\GURO\VLVY RI HQFDSVXODWIHEB VRS VILRRWB WM WRI



IRU &(7 UHDFWRU % LQ FRPSDULVRQ WR &(7 $ 7KLV LV DVV:
UHOHDVH UDWH ZLWKLQ UHDFWRU % 7KLV LV GLIILEXOW WR FF
DFWLYH UHDFWRUV ZHUH W\SLFDOO\ EHORZ WKH GHWHEWLRGC
FRPPXQLWLHY LPPHGLDWHO\ FRQVXPLQJ UHOHDVHG EXWDQR
2QH OLQH RI HYLGHQFH FRQILUPLQJ WKDW WKH SURGXFEWLF
GULYL®WPRPOL]DWLRQ ZLWKLQ &(7 UHDFWRUV LV WKH FRPSDULYV
YJLIXUH $ DQG ) ZKHUH MXVW DIWHU a GD\V UHDFWRU &(
UHDFWRU &(7 + % FDQ EH \GLH/QDED W/ ltH &/DMD JZBR QMK ZDV DOVR F
WUDQVIRUPDWLRQ RI FRQWDPLQDQWY LQ WKLV UHDFWRU DW
EXWDQRO ZDV PHDVXUHG DQG GHWHFWHG DXD WD Q HIQHYKWE G
EXWDQRO GHFUHDVHG EDFN EHORZ WKH GHWWE®LFOW DR LIV
WKHVH UHDEWRUV LV GXH WR FHOOXODU R[LGDWLRQ RI EXW
$ DQG )

BWRLFKLRPHWULF DQDO\VLV ZHUH XVHG WR SURYLGH DQR
FRQVXPSWLRRUBRGGF2LRQ ZDV GXH WR FHOOXODU XWLOL]DWLE
8VLQJ WKH PHDVXBRQVXPHG RALWVKLQ &(7 UHDFWRUV DW a GD
RI WKH DPRXQW RI EXWDQRO WK DWDPRXDIBWKIUY B FEEHRHGE IRQ I G

7KH HVYWLPDWHG PDVV RI EXWDQRO R[LGL]HG ZDV FRPSDUH
SUHGLFWHG WR DFFXPXODWH LQ UHDFWRUV EDVHG RQ PHDV)
HQFDSVXODWHG 7%26 GHWHUPLQHG LQ VHFWLRQ DQG SU

) 7DEOH



7TDEOH (VWLPDWHG PDVV RI EXWDQRO FRQVXPHG EDVHG RQ VW
RILGDWLRDQWBGRZO2AVHU XVLQJ PHDWXUMNGHFP R KHQWXRIVEKH SUHGLFW!
EXWDQRO WKDW ZRXOG EH SUHGLFWHG WR EH UHOHDVHG E\ F

SUHGLFWHG %XWDQRQ ARIFW P &%V DQrRO 3URGXFWLRQ

—PRO U PRO
&(7 $ &(7 %

7KH SUHGLFWHG DPRXQW RI EXWDQRO FRQVXPHG ZLWKLQ
WKH DPRXRWLRILPHG DW GD\V DUH RQ DYHUDJH a WLPHV JU
WKDW ZRXOG EH SUHGLFWHG WR KDYH K\GURO\]HG DW  GD\\
7DEOH

7KH HOHYDWHG R[\JHQ XWLOL]DWLRQ ZLWKLQ WKHVH UHDF
EXWDQRO IURP PLFURELDO HQJ\PDWLF K\GURO\VLV RI HQFDSV)
WKDW FHUWDLQ PLFUREHV DUH FDSDEOH RI ELRWLFDOO\ K\G
DFFHVV WKH DWWDFKHG DOFRKROV PRUH TMMH® O\ WkRE DEL
K\GURO\]LQJ DW GRXEOH WKH UDWH HVWLPDWHG LQ DELRWLF
HQFDSVXODWHG 7%26 FRXOG VWLOO SURYLGH VXEVWUDWHV IF

$ FRPSHWLQJ WKHRU\ XRVL QMK B VHIGRHDREIBA B BI2RQ LQ &(7 UHD
UHODWLRQ WR DPRXQW RI EXWDQRO WKDW LV SUHGLFWHG W
LV WKDW HQFDSVXODWHG FXOWXUHV UHVSLUH PRUH R[\JHQ St
+RZHYHU LQ HLWKHU FDVH R[\JHQ LV EHLQJ FRQVXPHG UDSLC
WHFKQRORJ\ WR EH VXFFHVVIXO VKRXOG WUDQVODWH WR JU

WUDQVIRUPLQJ ODUJH TXDQWLWLHV RI FRQWDPLQDQWV

LLL&ERQWDPLQDQW 7UDQVIRUPDWLRQ 2ZEVHUYDWLRQV
JURP UHVSLUDWLRQ GDWD LQ &(7 UHDFWRUV LW LV DSSDU

K\GURO\VLV LV VXSSRUWLQJ HOHYDWHG PLFURELDO SRSXODW



PLFURELDO DFWLYLW\ WUDQVODWHG LQWR KLJK OHYHOV RI FF
( 7R GDWH &(7 UHDFWRUV KDYH UHFHLYHG DQG WUDQVIRUPH(
DQG RQH GRXEOH PDVV DGGLWLRQ LQ FRQWUDVW VXVSHQGH
LQLWLDO ELRPDVV KDYH WUDQVIRUPHG RQO\ D VLQJOH DGGLW
$V VHHQ LQ )LJXUH & ( WUDQVIRUPDWLRQ BRWHV ZLWK
DQG ' KDYH QRW VORZHG DSSUHFLDEO\ LQ FRPSDULVRQ WR
,Q FRPSDULVRQ WR VXVSHQGHG FHOOV $7&& XWLOL]LQJ
7%26 KDV PDLQWDLQHG PXFK JUHDWHU FRPHWDEROLF DFWLYL
ODJ LQ WUDQVIRUPDWLRQ Rl FRQWDPLQDQWY REVHUYHG LQ U
DGGLWLRQ a GD\V $V QRWHG DERYH WKLV LV ZKHRQVWKLV L
FRQVLVWHQW ZLWK WKH REVHUYHG ODFN RI WUDQ\WGIRWPDWLR
&R& WUDQVIRUPDWLRQ SURFHHGY DW UDWHYV VLPLODU WR UHLE
7KH REVHUYDWLRQV RI UHWDLQHG WUDQVIRUPDWLRQ UDW*#
FR HQFDSVXODWHG FXOWXUHV XWLOL]LQJ EXWDQRO UHOHDYV
FHOOXODU SRSXODWLRQV VLPLODU WR RU JUHDWHU WKDQ ZK
RQ ORZ FRQFHQWUDWLRQV RI EXWDQRO DUH DEOH WR SUR
BUHYLRXV GDWD KDYH VXJJHVWHG WKDW JURZWK RI $7&&
FRPHWDEROLF MWRIWHWU VLPLODU VWXGLHV KDYH SURYLGHG
HQJ\PHV PD\ EH LQGXFHG E\ WKH SUHVHQFH Rl FRQWDPLQDC
VWDUYDWLRQ PHFKDQLVPGXEWKR® FHOUIRXJIK VWDUYDWLRQ LV
FHOOXODU XSUHJXODWLRQ RI QRQ VSHFLILF PRQRR[\JHQDVH
DYDLODEOH FDUERQ 7KH GDWD FROOHFWHG LQ &(7 UHDFWRUYV
DUH NHSW ORZ E\ LPPHGLDWH FHOOXODU XWLOL]DWLRQ DQG

FRPHWDEROLF DFWLYLW\ RI $7&& LV PDLQWDLQHG ZKLOH \



DUH ORZ 7KLV PD\ VXJJHVW WKDW FHOOV DUH LQGXFHG E\ L
LQGXFWLRQ PD\ DOVR EH RFFXUULQJ IURP WKH SUHVHQFH RI F

7KLV H[SHULPHQW VXJJHVWYV WKDW FHOOXODU XWLOL]DWLF
FHOO VXUYLYDELOLW\ RYHUDOO DFWLYLW\ DQG FRQWDPLQDC
ELRPDVV RYHU D SHULRG Rl a GD\V ,Q FRQFOXVLRQ WKHVH
HQFDSVXODWLRQ RI FRPHWDEROL]JLQJ FXOWXUHYV DQG /1%$3/ 65

ORQJ WHUP FRPHWDEROLF DFWLYLW\

$7&& &R HOFDSVXROIBWHG ZLWK 7

L 'DWD 3UHVHQWDWLRQ 2YHUYLHZ

JLIXUH SUHVHQWY UKYSLERRMH\WRRQERBOWD WYDQVIRUPDWL
7 &$F & ( ' DQG VXEVWUDWH GDWD EXWBQ®RO YV FR OO HFQG &
ZLWK FRQWURO UHDFWRU GDWD FROOHFWHG GXULQJ WKH VDP]
8QOLNH &(7 UHDFMIRUWRWE(7GR QRW DSSHDU WR EH PRUH DFWL
DQG WKHUHIRUH QRIDB GIVGIER YR MKH KHDIGFWSPEW YV, @ 1)RJXUH
&2 GDWD DUH SUHVHQWHG LQ WHUPV RI PHDVXUHG KHQGVSDFI
FDUERQDWH V\VWHP LQ WKH DTXHRXV SKDVH DQG ODFN RI S+ F
UHDFWRUV UHFHLYHG WKUHH DGGLWLRQV Rl WKH FKRVHQ &RE&
&(7 UHDFWRUV RQ GD\V DQG YJLIXUH & ( )LIXUH
SURGXFWLRQ GDWD FROOHFWHG IRU SRLVRQHG FR HQFDSVXO
VLIJQLILHG E\ RSHQ GDWD SRLQWV ZLWK UHG FRQQHFWLQJ OL

EXWDQRO LQ VROXWLRGOZEWRUY DFWLYH &(7



JLIXUH %2& &R (QFDSVXODWHG &HOO &RPHWDEROLF 7UDQVIRUPDWLR
GDWDPHDVXUHPHQWY UHSRUWHG DW a —PRO DUH DVVXPHG WR EH
UHDFWRUV VHH 6HFWLRQ SJ & ( SRQWDPLQDQW WUDQVIRUP
OLQHV VLIQLIVVXFFHVVLYH DGQREW LEHRXQWD Q)R @ QDR XV MRHG G/D W D
HUURU EDUVY DUH DYHUDJHVY EHWZHHQ GXSOLFDWH UHDFWRUV DQG
$ELRWLF FRQWURO ©6& = 6XVSHQGKE GG\ 6R-RQWLRWOX 0O B /HWRALW

7%26

LL SHVSLUDWLRQ 'DWD
9LVXDO REVHUYDWLRQ RI WKH UHV3HDIPWIRRLQYY KWD 6RWWO
HYLGHQFH RI LQFUHDVHG FHOOXODU DFWLYLW\ LQ UHODWLRQ

a GD\ SHULRG )LJXUH $ % +RZHYHU E\ FDOFXODWLQJ VO



GDWD SRLQWYV LQ HDFK WLPH VHULHV DQG DYHUDJLQJ WKH
GHWHUPLQHG WKDW UHODWLYH WRZVX\KS @® A & BDUNG KIDBEAL B\W EE

DQG &V DFFXPXODWHG 7DEOH

7TDEOH $YHUDJHV RI OLQHDU UHJUHVVLRQ VORSHV IRU WLPH VHUL
FRQILGHQFH LQWHNWDLOV]BWVR Y WMHVH FRUUHV SR QAXK\HWHRDY PHDVX
SRVLWLBSHREXFWLRQ UDWHYV FRUUHVSRQG WR D PHDVXUHG

7UHDWPHQW $EEﬁﬂ%ﬂ5@t%@%%@$RE§;g%ig

$ELRWLF &RQWURO $& “ 18

6 XVSHQGHG &HOO
SHPHGLDWLRQ &R%‘%NURO

& HQFDSVXODWH%(7
7%26 $7&&

7TKRXJK LW GLG QRW DSSHHMHWDFWRULEQTHUHKPRUKB(DFWLYH W
WUHDWPHQWY WKH GDWD SUHVHQWHG LQ 7DEOH SURYLGHYV
& (7 UHDFWRUV 7KH FRQWUDVWHEBWIMHWMOR(GDWO ERXOG KDY
WKH GUDVWLF GLITHUHQFH LQ DELRWLF K\GURG\VAID/EOBWHYV RE

7R VXSSRUW WKHVH ILQGLQJV )LJIJXUH ) VKRZV WKDW E
7%26 LV SUHGLFWHG WR KDYH SURGXFHG a —PRO RI EXWDQ
WR R[LGL]H DFFRUGLQJ WR HTXDWWRIQL]DWRRQWHKBWSU HE WA
a —PRO RI R[\JHQ KDV EHHQ HRERWRBM DO WQ &GD\V 7KH VLPLOI
PHDVXUHRQY XPSWLRQ DQG EXWDQRO SURGXFWLRQ HVWLPDW
RI 2FRXOG EH GXH WR PLFURELDO FRQVXPSWLRQ RI EXWQ
HQFDSVX®DBNHG 7

:KLOH WKLV DQDO\WVLV LQGLFDWHV WKDW VRPH FHOOXODL

UHDFWRUV LQ FRPSDULVRQ WR VXVSHQGHG FHOO FRQWUROV



& (7 UHDFWRUV FRQVXPLQJ EXWDQRO UHOHDVHG IURP FR HC
LQGLFDWH WKDW FHOO ELRPDVV KBLNFWIRNHO EXQWR VW L\ QKD WD \GHG

WR HQGRJHQRXV GHFD\ H[FHHGLQJ FHOO JURZWK ZLWK SUROR

LLL aRQWDPLQDQW 7UDQVIRUPDWLRQ 2EVHUYDWLRQV

5HVSLUDWLRQ GDW DN BHWWHEG WKH RWRUV LQGLFDWH WKDV
DFWLYLW\ +RZHYHU WKUHH FRQVHFXWLYH DGGLWLRQV RI WK
WUDQVIRUPHEHBFWRUY DOO DW OHYHOV UHPEWBRUWRDYEH ®HI
WKH PDMRULW\ Rl DOO FRQWDPLQDQWY DGGHG ZLWK WKH H[F
WKH ORZHVW WUDQVIRUPDWLRQ UDWH RI WKH PL[WXUH )LJIXU

,Q FRQWUDVW WR VXVSHQGHG FHOOV XSRQ DGGLWLRQ RI
UHDFWRUV FRQWLQXHG WR WUDQVIRUP DOO &R&V DW DSSUHF
WUDQVIRUP PHDVXUHDEOH DPRXQWV RI 7&$ RU ' ZKHQ
WKRXJK VORZ WUD&VRPRYUEBVWARFXRULQJ LQ VXVSHQGHG FHOO L

7KHVH GDWD LQGLBBWYHWRKINW W KHESU B QIBQFHNRIOT WKH VOR
DQG FRQVXPSWLRQ RI EXWDQRO KDV LQFUHDVHG HQFDSVXC
FDSDFLW\ LQ FRPSDULVRQ WR VXVSHQGHG FHOOV 7KLV LV O
LQGXFLQJ SULPDU\ JURZWK VXEVWUDWH SURYLGLQJ VRPH HQ]
DQG HQJ]\PH PDLQWHQDQFH ,Q HLWKHU FDVH WKH HQFDSVXC
SRWHQWLDO KDV EHHQ PDLQWDLQHG IRU RYHU GD\V ZLWK
FRPSDUHG ZLWK IUHH VXVSHQGHG FHOOV WKDW ORVW WKH PLC
SULRU WR GD\ 7KH ORZ R[\JHQ UHDFWFUREVE IPRPG D QL& (RQ
FRQWDPLQDQWY WUDQVIRUPHG LV ZL & W LSRMLWAH KV RN VOERE |

FRQWDPLQDWHG DTXLIHUYV



&R HOQOFDSVXODWER 67 %WAeDD &BEPEDULVRQ

$7&& FR HQFDSVXODWHG ZLWK 7%26 VKRZHG KLJKO\
UHVSLUDWLRQ ZKLFK FRUUHVSRQGHG GLUHFWO\ WR D ODUJH
RI WKH LQLWLDOO\ DXJPHQWHG ELRPDVV 7UDQVIRUPDWLRQ FI
WLPHV JUHDWHU WKDQ FHOOV VXVSHQGHG GLUHFWO\ LQ PHG
&(7 UHDFWRUV GLG QRW H[SHULHQFH DQ\ DSSUHFLDEOH GHF!
FRQWDPLQDQW VSLNHV DV ZDV VHHQ LQ VXVSHQGHG DQG +
SUHVHQWHG LQ VHFWLRQ Y)LIXUH

$ SHULRG RI DQR[LF FRQGLWLRQV LQ UHDFWRU &(7 % SURY
ZDV GXH WR PLFURELDO FRQVXPSWLRQ EXWDQRO SURGXFH
7%26 $OVR WKH LQFUHDVH LQ UDWH DW ZKLFK R[\JHQ ZDV FR«
PLFURELDO ELRPDXWLOUWRZWIKR@ UDWHYV GLG YLV LEDGLS\OLRWQH D
ZKLFK ZDV OLNHO\ FRQWUROOHG E\ WKH K\GURO\VLY UDWH RI
VKRZQ WKDW 7%26 ZDV OLNHO\ K\GURO\]LQJ PRUH TXLFNO\ Z
UHDFWRUV DQG DV VXFK WKH FRQFOXVLRQ ZDV GUDZQ WKDW
K\GURO\]H 7%26

$7&& FR HQFDSVX®DBNVHMIGRZHWBKRQ O\ YHU\ VOLJKW LQFL
UHVSLUDWLRQ LQ FRPSDULVRQ WR VXVSHQGHG FHOOV DQG
HQFDSVXODWHG FHOOV 7DEOH 7KLV UHVXOWY6IERPQUKH K
a WLPHV OHVV LQ FRPSDULVRQ WR HQFDSVXODWHG 7%26 7|
HVWLPDWHG VXEVWUDWH SUXR/GREHGG DALOHBIEWEPINO PXFK KL
WUDQVIRUPDWLRQ UDWHVYHDF® RD 8 DFAHWH. RE LIQUYHG ZKHQ FRF
FXOWXUHV RYHU WKH GXUDWLRQ RI WKLV H[SHULPHQW 7DEO

FHOOV LQH®HWRUV ZHUH DW OHDVW WLPHV JUHDWHU WKDQ



WUDQVIRUPDWLRUHDBWRUY\VLQH&(H VORZHU WKDQ LQ &(7 UHDFW
VORZHU WUDQVIRUPDWUR Q FIDRWH/V DAL RHY & GHVLUDEOH WKDC
UDWHV LQ &(7 UHDFWRUV KRZHYHU DQ LPSRUWDQW FRQVLC
WHFKQRORJ\ ZLOO EH R[\JHQ PDVV FRQVXPHG SHU PDVV RI FR

J)LJXUH DQG 7DEOH LOOXVWUDWH WKH FRQWUDVW EHW
FDSDFLWLHV DQG R[\JHQ FRQVXPSWLRQHPEWRINH G& ZL W K DG &R
DEOH WR WUDQVIRUP a WLPHV WKH DHRKWWQRUR | ZHRHVDW L&) D G By
&(7 UHDFWRUV FRQVXPHG a WLPHVY WKH DPRXQW RI R[\JHQ +
IURP JHUR VORZLQJ LQ WUDQVIRUPDWLRQ UDWHV RYHU WKH a
WUDQVIRUPHG PRUH FRQWDPLQDQWY WKDQ ZHUH DGGHG 7K
DPRXQW RI FRQWDPLQDQWYV WU X@ALIRW]| P EGE W W AWK IBEROBIME R
PD\ QRW EH UHSUHVHQWDWLYHFRQYXFHG DQIGH FIRFORKIMPN. RD QW

DUH SUHVHQWHG LQ 7DEOH WR LOOXVWUDWH WKH FRQWUDYV



YLIXUH 7% 262B Q@R TQFDSVXODWHG &HOO &RPHWDEROLF 7UDQVIRUPD

&(7 &HOOV FR HQFDSVXODWHG ZRWROV ERZHD% DGV XQDMBG BLWRKIHQZ Z 7
GDWD FRQWUDVW LVQU HOW PHGW&(75HDFWRU &(7 % ZHQW DQR[LF aGD\V D
GDWD DQG DOWR RD2VHG WUDQVIRUPDWLRQ WR FHDVH GXULQJ WKHVH SHUL
JRXU DGGLWLRQV RI &R&V ZHUH PDGH WR ERKWRHD F (R UW UDRG/ MR KB B MW MRRQ &
JUHDWHU %UHDNV LQ WLPH VHULHV FRQQHFWLRQ OLQHV VLJQL

7DEOH $00 PDVVHVY UHSRUWHG KDYH EHHQ HVWLPDWHG RYHU D GD\ SH
EDVHG RQ PHDVXUHG SRLVRQHG HRRBRIYXPSOOWRJ RS 6S@HBEWRWY 2PV EDVHG
HVYWLPDXYWHIGO2]DWLRQ UDWHYV SUHVHQWHG LQ 7DEGMW ILODHGE LL\WQ D&F 7DY H D BWH

7TRWDO FRQWDPLQDQW WUDQVIRUPDWLRQ PDVVHV DUH DYHUDJH PHD

7RWDO 0DVV Rl &RQWDPLQDQW
VWLPDWHG UAXWDRRWHG 2[\JHQ7UDQVIRUPHG —PRO

7UHDWPHQ
URGXFHG —&R@VXPHG PR
78&% F&( 'LR[DQH

$& S$ELRWLF &RQWURO 13 1%

6& 6XVSHQGHG &HPQ
&RQWUROV

&(7 &HOOV &R
HQFDSVXODWHG ZLWK
7%26

&(7 &HOOV &R
HQFDSVXODWHG ZLWK
7%26




*HOODQ *XP &R HQFDSVXODWHG $7&& 6XPPDU\ DQG &

$7&& FR HQFDSVXODWHG ZLWK ERWK PRGHO 656V ZDV
WUDQVIRUP JUHDWHU PDVVHV RI FRQWDPLQDQWY WKDQ VXVSH
7DEOH &HOOV LQ &(7 UHDFWRUV WUDQVIRUPHG a WLPHV
ZKLOH &EDFWRUV WUDQVIRUPHG a WLPH WKH PDVV RI FRQWD!
WUDQVIRUPDWLRQ FDSDFLWLHV ZDV VKRZQ WR EH GXH WR HQF
K\GURO\VLYV RI VXEVWUDWHY IURP FR HQFDSVXODWHG 656V
FRQWLQXH WR SURPRWH ORQJHU WHUP FRQWDPLQDQW WUDQV

7KRXJK ERWK FR HQFDSVXODWHG WUHDWPHQWY ZHUH RE
FRPHWDEROLF WUDQVIRUPDWLRQ SRWHQWLDO WKDQ VXVSHQ
HQFDSVXODWHG ZLWK 7%26 PDLQWDLQHG KLJKHU FRPHWDERO
WLPHV WKH WRWDO PDVV RI &R&VW2E FHRYMW HBR HQIOISW R R HVQH
ZLWK 7%26 UHTXLUHG a WLPHV PRUH R[\JH®2WKDQ FHOOV FR

7KHVH GDWD LOOXVWUDWH WKH WUDGHRII DQG EDODQFH
VXEVWUDWH K\GURO\VLV R[\JHQ FRQVXPSWLRQ DQG FRQWDPI
EH KHDYLO\ LQIOXHQFHG E\ WKH UDWH RI 656 K\GURO\VLV RU
DQG WKH GHJUHH RI FRPHWDEROLF HQ]\PH LQGXFWLRQ 7KHU
IRFXVHG RQ XQGHUVWDQGLQJ WKH NLQHWLFV EHKLQG WKH GH
WKDW LQFOXGHV K\GURO\VLVY UDWHV FHOOXODU JURZWK DQG
DQG FRQWDPLQDQW WUDQVIRUPDWLRQ 7KLV PRGHO PLJKW E
EH XVHG WR DGGUHVV DQG PLWLJDWH LVVXHV LQFOXGLQJ H[F}t

VXEVXUIDFH SULRU WR DSSOLFDWLRQ
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,QLWLDOO\ LW ZDV VXJJHVWHG WKDW HQFDSVXODWLRQ |
FRQWDPLQDWHG DTXLIHUV PD\ LPSURYH FXUUHQW ELRUHPHGI
DXJPHQWHG FXOWXUHV LQFOXGLQJ SURWHFWLRQ IURP WRJ[LF '
DQG S+ DQG SUHGDWLRQ E\ SURWR]JRD $OVR HQFDSVXODWLF
ORFDOL]JHG KLJK FHOO GHQVLWLHV PLWLJDWH ELRILOP SUR
WUDQVSRUW GLVWDQFH RI FHOOV WKURXJK VXEVXUIDFH SRU
SURYLGH VWURQJ HYLGHQFH WKDW HQFDSVXODWtR® RI PLFUF
+RZHYHU WKH RYHUDUFKLQJ K\SRWKHVLV RI WKLV WKHVLV Z|
ZLWKLQ DQ HQFDSVXODWLRQ PDWUL[ ZLWK FRPHWDEROLFDOC
ZRXOG EH DIIRUGHG DGGLWLRQ EHQHILWY DQG PDQ\ LVVXHV
FRXOG EH PLWLJDWHG

W ZDV K\SRWKHVL]HG WKDW FR HQFDSVXODWHG 656V FRXC
RI LQGXFLQJ JURZWK VXEVWUDWH WKDW ZRXOG VXSSRUW WKH
WKH UHPHGLDWLRQ GXUDWLRQ DQG LQFUHDVH WKH WUDQVIR!
,Q DGGLWLRQ WR VXSSRUWLQJ D WDUJHWHG PLFURELDO VSHFL
ZRXOG PLWLJDWHG LVVXHV ZLWK FXUUHQW ELRDXJPHQWDWLR
R[\JHQ GHSOHWLRQ DQG WKH QHHG IRU UHFXUULQJ ORZ FRQF
ODUJH SRUWLRQ RI WKH ZRUN FRQGXFWHG DQG SUHVHQWHG L
WKDW WKH SURSRVHG FR HQFDSVXODWLRQ WHFKQRORJ\ FRXO

7KLV ZRUN VWDUWHG E\ GHYHORSLQJ PHWKRGV IRU WKH
FRPHWDEROLJAKQRGRFRWKX\H 5BRGERFKURKY DOJLQDWH DQG JH

K\GURJHO EHDGV ,QLWLDOO\ HQFDSVXODWHG FXOWXUHV H



XWLOL]DWLRQ UDWHV ZKLFK ZDV VKRZQ WR WUDQVODWH LQW
&R&V RYHU H[WHQGHG SHULRGV RI WLPH $SSHQGL[ & +RZHY
ZDV VXFEFHVVIXOO\ HQFDSVXODWHG LQ VSKHULFDO DOJL
F\OLQGULFDO JHOODQ JXP PDFUR EHDGV a PP LQ KHLJKW E\ a
JXP PLFUR EHDGV a —P LQ GLDPHWHU ZLWK OLWWOH HIIH
ORQJ WHUP FHOOXODU FRPHWDEROLF WUDQVIRUPDWLRQ SRW
BHEFWLRQ
JURP ORQJ WHUP H[SHULPHQWY LW ZDV GLVFRYHUHG WKI
FRXOG PDLQWDLQ FRPHWDEROLF WUDQVIRUPDWLRQ SRWH
GD\V ,Q DGGLWLRQ WR WKLV LW ZDV FRQILUPHG WKDW DOJLQ
JHOODQ JIX¥7&& KDG WKH DELOLW\ WR R[LGL]H D SRUWLR
HQHUJ\ JDLQHG E\ FRQVXPSWLRQ RI DOJLQDWH UHVXOWHG LQ |
DQG JHOODQ JXP HQFDSVXODWHG FHOOV +RZHYHU WKH REVH
DVVRFLDWHG ZLWK D ODUJH R[\JHQ GHPDQG DQG DOVR OHG V
FRQWUDVW WR DOJLQDWH JHOODQ JXP ZDV QRW DFFHVVLEO
FRQWDPLQDQW PLFUREH 7KLV SURYLGHV HYLGHQFH WKDW XS
VIVWHP JHOODQ JXP ZLOO EH PRUH VXFFHVVIXO GXH WR LQF
ZLOO EH DVVRFLDWHG ZLWK WKH HQFDSVXODWLRQ PDWUL[ 6H
$IWHU PLFURELDO HQFDSVXODWLRQ ZDV RSWLPL]HG PHWK
PRGHO /1$3/ 656V 7%26 DQGERWK DOJLQDWH DQG JHOODQ JXF
ORDGLQJV ZHUH DFKLHYHG DERYH ZKDW KDG EHHQ REVHUYHG
ZZ DQG a ZZ IRU DOJLQDWH DQG JHR®A DQH URP H[SHWSI IR FH
SURYLGHG HYLGHQFH WKDW HQFDSVXODWHG 656V FRXOG EH k

a GD\V DQG DELRWLF K\GURO\VLVY H[SHULPHQWY FRQGXFWHG



HQFDSVXODWLRQ K\GURO\VL % PO WHYHR U HE&XKH G%E2\6 DOYQ B UG H U
LQ FRPSDULVRQ WR VXVSHQGHG 656V ,Q DGGLWLRQ WR WKH
HQFDSVXODWLRQ LW ZDV VKRZQ WKDW WKH PDVV ORDGLQJ R
UDWH DW ZKLFK HQFDSVXODWHG 656V K\GURO\]H DQG SURG X
HQFDSVXODWHG DW Z Z K\GURO\]HG DW WZLFH WKH UDWH F

LQGLFDWLQJ WKDW LW PD\ EH SRVVLEOH WR WXQH WKH K\G
WKH DPRXQW RI 656 HQWUDSSHG ZLWKLQ EHDGV

7KH DERYH SKHQRPHQD GHPRQVWUDWHG ZLWKLQ WKLV W
GLIIHUHQFH LQ K\GURO\VLV UDWHV EHWZHHQ 656 FRPSRXQG
VXEVWUDWH SURGXFWLRQ UDWHV (QJLQHHUHG FRQWUROV RY
ELRUHPHGLDWLRQ WHFKQLTXHV WKURXJK WKH DELOLW\ WR PD
WKDW ZRXOG SURYLGH D ORQJ WHUP WLPHG SURGXFWLRQ RI
PHDVXUHG K\GURO\VLV UDWHV DQG DQ DVVXPHG EHDG PDVV O
RI FHOOV FRXOG EH JHQHUDWHG DQG 656V FRXOG SURYLGH VX
GHPRQVWUDWHY WKH SRWHQWLDO IRU WKLY WHFKQRORJ\ WR
VXEVWUDWHY VXFK DV WKH QHHG IRU UHFXUULQJ LQMHFWLR
VROXELOLW\ H[FHVV FHOOXODU JURZWK IURP LQMHFWLRQ RI
GHSOHWLRQ GXH WR H[FHVV FHOOXODU XWLOL]DWLRQ RI VXEV

7KH FDSVWRQH ZRUN Rl WKLV WKHVLV XWLOL]JHG PHWKRGV
HQFDSVXODWH $7&& ZLWK /1$3/ 656V LQ JHOODQ JXP PDJ
FHOOXODU YLDELOLW\ ,W ZDV GHWHUPLQHG IURP ORQJ WHU
FRXOG XWLOL]JH 656 SURGXFWV ZLWKLQ EHDGV SULRU WR DQ\
XWLOL]DWLRQ UDWHV ZHUH JUHDWHU WKDQ VXEVWUDWH SURG

XWLOL]HG E\ WKH WDUJHW HQFDSVXODWHG FXOWXUH 5HVXOW



HQHUJ\ JDLQHG E\ FRPHWDEROL]LQJ FXOWXUHV IURP 656 SURG
PLFURELDO SRSXODWLRQV IRU HIWHQGHG GXUDWLRQV RYHU
7KH SXUSRVH RI WKLV WKHVLY ZDV UHDOL]HG ZKHQ LW ZDV
DQG EXWDQRO IURP FR HQ®%D 8 VIXQDMUWMHIDE HG6 3K BEQ\GXJYLYD |
DFWLYLW\ DQG FRQWDPLQDQW WUDQVIRUPDWLRQ UDWH DQ
+RZHYHU GLIIHUHQFHYV LQ K\GURO\VLV UDWHV RI WKH H[DPL
REVHUYDWLRQ RI D PDMRU WUDGHRII EHWZHHQ WKH VXEVWU
GHPDQG DQG FHOOXODU FRQWDPLQDQW WUDQVIRUPDWLRQ FI
VXEVWUDWH SURGXFWLRQ UDWHV FRXOG VXSSRUW JUHDWHL
WUDQVIRUP FRQWDPLQDQWY DW KLJKHU UDWHV WKRXJK LQF
R[\JHQ GHPDQG 2[\JHQ LV QHFHVVDU\ EXW OLPLWHG UHVRXUF
RI WKLY WHFKQRORJ\ PD\ EH WKH OLPLWLQJ IDFWRU DQG WKH
SURYH WR EH PRUH HIILFLHQW LQ WKH ORQJ WHUP WUDQVIRU
KLIJKOLJKW WKH LPSRUWDQW GLVFRYHULHVY PDGH GXULQJ ORQ
x *HOODQ JXP LV PRUH GXUDEOH DQG UHVLVWDQW WR EUHD
VXJIJHVW WKDW JHOODQ JXP ZLOO EH D PRUH VXFFHVVIXO
WKH GHYHORSHG WHFKQRORJ\ $OVR FUHDWLRQ RI JHO
GLDPHWHU SURYLGH SRVLWLYH HYLGHQFH WKDW WKLV WH
Xx &HOOV FR HQFDSVXODWHG ZLWK 7%26 ZHUH REVHUYHG WR
RI 7&%( DQG ' DW UDWHV VLPLODU WR LQLWLDOO\ |
DV a GD\WV ZKHUHDV VXVSHQGHG FHOOV FRPHWDEROLF V
UHGXFHG EHIRUH a GD\V $OVR FHOOV FR HQFDSVXODWHC
FRQWDPLQDQWY WKDW VXVSHQGHG FHOOV DIWHU RYHU
KLJKHU PDVV RI &R&YV
Xx &HOOV FR HQFDS%26 WMMMHE RENKUYHG WR WUDQVIRUP HD
PLIWXUH RI F&(7&8QG ' DW DSSUHFLDEOH UDWHV IRU
7UDQVIRUPDWLRQ UDWHV REVHUYH@ & Q WO QR \WRP B QG VDV
ZHOO DV FHOOV FR HQFDSVXOB\6 G HQOK G & 6W KRG W NRHLF

PRUH FRQWDPLQDQWY WKDQ VXVSHQGHG FHOOV DIWHU
FRQWDPLQDQWY ZLWK FRQWLQXHG LQFXEDWLRQ



X $OWKRXJK FRQWDPLQDQW WUDQVIRUPDWLRQ UDWHV ZHL
FRQWDLQLQJ $7&& FR HQF DSV ¥%QBWHXS ZLWRKX @ G 2\§ 2W R
WRWDO PDVV RI FRQWDPLQDQWY ZHUH WUDQWWRUPHPBIGQ
RYHU D GD\ SHULRG ZLWKLQ 7%26 UH D F®WRU NV HIDAW &R U W |
7KLV LOOXVWUDWHY WKH WUDGHRII EHWZHHQ WUDQVIRUP
7KHVH GDWD VXJJHVW WKDW WKH FR HQFDSVXODWHG V\VW
LQGXFLQJ VXEVWUDWH DW D YHU\ VORZ UDWH PD\ EH PXFK

,Q VXPPDU\ LW ZDV GHWHUPLQHG WKDW

/11$3/ 65&V WKDW K\GURO\]H WR SURGXFH VXEVWUDWHYV

FXOWXUHV FDQ EH VXFFHVVIXOO\ HQFDSVXODWHG IRU

IURP WKH QDWXUDO SRO\WDFFKDULGH K\GURJHOV DOJL(

(QFDSVXODWHG /1%$3/ 656 SURGXFWV FDQ EH FRQVXPH
DQG XWLOL]J]HG IRU FHOOXODU JURZWK DQG FRPHW

GLIIXVLRQ IURP EHDGYV

(QFDSVXODWHG FHOOXODU XWLOL]DWLRQ RI 656 SURGX

DQG FRPHWDEROLF WUDQVIRUPDWLRQ UDWHYV DQG FDSL

7KH VXPPDUL]HG UHVXOWY DERYH FRQILUP WKH RYHUDUFK
WKLV WKHVLY DQG SURYLGH VWURQJ HYLGHQFH WKDW WKH G
WR SURYLGH DQ H[FOXVLYH FRQWUROOHG VRXUFH RI ,*6 WKD'
VXSSRUW HQFDSVXODWHG PLFURELDO SRSXODWLRQV DQG H[W
WUDQVIRUPDWLRQ FDSDFLW\ RI LQLWLDOO\ DXJPHQWHG FXOW
WKLV WKHVLV SULRU WR FRQFOXGLQJ GLVFXVVLRQ RI SRVVL

WKLV WHFKQRORJ\ EHIRUH DSSOLFDWLRQ LV SUHVHQWHG EH



&+$37(5 )8785( :25.

7KH WHFKQRORJ\ ZLWKLQ WKLV WKHVLV ZDV GHYHORSHG I
WKHUHIRUH LW LV VXJJHVWHG WKDW IXWXUH ZRUN EH FRQG)
NLQHWLFV Rl WKH RYHUDUFKLQJ VIVWHP )XWXUH ZRUN VKRXO
SDUDPHWHUV VXFK DV 656 K\GURO\VLY UDWH FHOO VXEVWUD\
DQG GHFD\ DQG FRQWDPLQDQW WUDQVIRUPDWLRQ LQ RUGHU
SULRU WR DSSOLFDWLRQ
7KH GLVFRYHULHV PDGH ZLWKLQ WKLV WKHVLV ZHUH PDGH
SURSRVHG WHFKQRORJ\ LV VXJJHVWHG WR EH RQ WKH PLFUR
WKURXJK SRURXV PHGLD 7KH VXFFHVVHV ZLWK PDFUR EHDGV
VFDOH VXFK DV LQ UHDFWLYH EDUULHU V\VWHPV RU DERYH JU
IXWXUH ZRUN +RZHYHU PLFURQ VFDOH EHDGV a —P LQ G
GHVLUHG DSSOLFDWLRQ RI FR HQFDSVXODWHG PLFUR EHDGYV
HQFDSVXODWLRQ RI $7&& LQ PLFUR EHDGV UDQJLQJ LQ VL
WKH GHYHORSHG WHFKQRORJ\ FDQ EH GRZQVFDOHG VXFK WKI
WKURXJK SRURXV DRZHMWHUP HAIMDWOH VXFFHVV ZDV DFKLHYHG
EHDGV FRQWDLQLQJ ERWK 656V DQG PLFUREHV ,W LV WKHUF
GHYHORSLQJ WHFKQLTXHV IRU PLFUR HQFDSVXODWLRQ RI /1$3
PD\ EH SRVVLEOH WKURXJK GHYHORSPHQW Rl GRXEQ@B® HPXOV
ZKLFK RLOV ZHUH VXFFHVVIXOO\ HQFDSVXODWHG LQ PLFURQ V
7KLV WKHVLV DOVR IRFXVHG RQ D VLQJOH JURXS RI SF
FRPSRXQGV WKRXJK DOO REVHUYDWLRQV PDGH ZLWK WKHVH

DV WKH SKHQRPHQD RI VORZHU K\GURO\VLVY UDWHV ZKHQ 7%



KLIJKHU PDVV ORDGLQJV 6HFWLRQ 7KLY REVHUYHG SKHQR!
VXEVWUDWH SURGXFWLRQ UDWHYVY DQG VKRXOG EH D IRFXV RI
LQYHVWLIDWLQJ RWKHU SRWHQWLDO 656 FRPSRXQGV WKDW PI
IDYRUDEOH VXEVWUDWHY VXFK DV RUJDQLF HVWHUYV RWKHU /
WKDW KDYH EHHQ VKRZQ WR LQGXFH FRPHWDEROL]LQJ FXOWX

$QRWKHU LPSRUWDQW FRQVLGHUDWLRQ LV WKDW DOO RI
SFOHDQ V\VWHPV" RU SXUH FXOWXUH V\VWHPV ,QYHVWLJDWL
SHUIRUP LQ PLFURFRVP RU FROXPQ VWXGLHV ZLWK QDWLYH F
IXUWKHU SUHGLFWLRQV DERXW WKH VXFFHVVIXO DSSOLFDWLR
WKLV WKHVLV IRFXVHG RQ D VLQJOH PL[WXUH RI FRQWDPLQDC(
WKRXJK LW LV NQRZQ WKDW $7&& LV PXFK OHVV FDSDEO
VXJIJHVWHG WKDW IXWXUH ZRUN EH IRFXVHG RQ DGDSWLQJ WK
FRPHWDEROL]LQJ PLFURELDO VSHFLHV FDSDEOH RI WUDQVIF
FRQWDPLQDQWY OLNH 7&( FDQ EH HQFDSVXODWHG DQG FF

DSSURSULDWH 656V
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6TXLOODFH 3 - G6FRWW - & ORUDQ O - 1RODQ % 7
QLWUDWH DQG WKHLU PL[WXUHV LQ JURXQGZDWHU XVHG Il
(QYLURQ 6FL 7HFKQRO

=RJRUVNKH-4%DOLW\ Rl RXU QDWLRQYV ZDWHUV YRODWLO
QDWLRQTV JURXQG ZDWHU DQG @ UWL QNR®R ZDMDHOU 6\KXIYSHQ\ Z
1,26+ &'& 2UJDQLF 6ROYHQWYV 1,26+ :RUNSODFH 6DIHW\
$YDLODEOH DW KWWSV ZZZ FGF JRY QLRVK WRSLFV RUJD
$XIXVW

$QGHUVRQ 5 + $QGHUVRQ - . %RZHU 3 $ &R RFFXUL
WULFKORURHWK\OHQH LQ FKORULQDWHG VROYHQW JURXQG
)DFW RU,QWWIBQ(QYLURQ $VVHVV 0DQDJ
$76'57R[LFRORJLFDO 3URILO$IHREF\ IR'WR[PQA 6 XEVWDQFHYV
SHIJLVWU\ $67'5

+DQG 6 :DQJ % &KX . + %LRGHJUDGDWLRQ RI GLR]
LQGXFHUV DQG WEREEKDRWBRE WEYQHQ D
JUDVFDUL ' =DQDUROL * 'DQNR $ 6 ,Q VLWX DHURELF

VROYHQWV- $+DHYWEZ 0D W HY

BHPSULQL / 6WUDWHJILHV IRU WKH DHURE&XURR PSIMDERO
%LRWHFKQRO

$JL]LDQ O ) ,VWRN - ' 6HPSULQL / (YDOXDWLRQ RI W
RI FKORULQDWHG HWKHQHV E\ WROXHQH XWLOL]JLQJ PLFUR
&RQWDP +\GURO

&RQQRMHW BDFWHULDO FRPPXQLW\ FRPSRVLWLRQ GHWHUP
DQG GHSHQGHQW PHWKRGV GXULQJ SURSDQH VWLPXODWH
FRQWDPLQDWH GQYWLR)R®G DR WHIRE L R O

BHPSULQL / (O\ 5 / /DQJ 0 0 ORGHOLQJ RI &RPHWDEF
%LRGHJUDGDWLRQ RI 7TULFKORURHWK\OHQH DQG 2WKHU &K
)XQGDPHQWDOV DQG $SSOLFDWLRGRLRI %LRUHPHGLDWLRQ

ORVOHP\ 3 1HXIHOG 5 - *XLRW 6 5 %LRGHJUDGDWLR
HQFDSVXODWH GWERMHH KIQIR® FHORNQJ
SHWULFK & 5 G6WRUPR . ( 5DOVWRQ " 5 &UDZIRUG !

%LRUHPHGLDWLRQ (YDOXDWLRQ RQ*WKXQGZDMWMHERI 3DUWLF
&DVVLG\ 0 (QYLURQPHQWDO $SSOLFDWLRQV RI ,PPRELOL]
ORVOHP\ 3 1HXIHOG 5 - OLOOHWWH ' *XLRW 6 5 7U

PLFUREHDGY WKURXJK VDQG DQ H[SHULPHQWDO HYDOXDW
ELRDXJPHQWOQWLIRRQ 0DQD:JH

XU] 0 ' 20VEBXEWDEYN 6ORZ 5HOHDVH %LRUHPHGLDW!/
8QLYHUVLW)\ 21 1IRUWK 'DNRWD
/JLQ & : :X & + 7DQJ & 7 &KDQJ 6 + 1RYHO R[\JHQ

FHOO EHDGV IRU ELRUHPHGLDWL RQ RUHA/R X B R QMAKRLRM W H (



7JUHYRUV - 7 (OVDV - ' YDQ /HH + :ROWHUV $ & 6X
(PSKDVLV 7\SH ,WDOLF I3VHXGRPRQDV IOXFBHVFHQV (PS|
OLFURELRO %LRWHFKQRO

IXR < =KDQJ % :KHQW 0 <X / J/XF\ :DQJ 4 3UHSDU
RI JHLQ FKLWRVDQ FRPSOH[ IRU HQFDSVXODWLRQ RI . WRFF
UHOHDV&RODWREGY 6XUI % %LRLQWHUIDFHYV

+RVVHLQL 6 ) =DQGL 0 5H]DHL 0 )DUDKPDQGJKDYL
HQFDSVXODWLRQ RI RUHJDQR HVVHQWLDO RLO LQ FKLWRVE
FKDUDFWHUL]DWLRQ DQ&DUERKWEUR AREADVH VWXG\

0$ ODMSN@WLPDWHG 8VH RI :DWHU LQ WBKH68QLWHG 6WDW
13'":51DWLRQDO 3ULPDU\ 'ULQNL@& BI'\WB UWWMH & /DRI LR RN |, Q
86 *HRORJLFDO 6XUYH\

'RKHUW\ 5 ( $ +LVWRU\ Rl WKH 3URGXFWLRQ DQG 8VH RI
7HWUDFKORURHWK\OHQH 7ULFKORURHWK\OHQH DQG 71
2+LVWRULFDO %DFNJURXQG &DUERQ 7THWUDBEKRAULGH DQC
YRUHQVLF¥

*DEULHO & / LQIOXHQFH RI 1HZ 6ROYHQWY R{ZWH{YGORSPI
$P &KHP 6RF %

(3% 7KH 30DLQ (QJLOLVK *XLGH WR WKH &OHDQ $LU $FW
/JLVW &R@WDPLQDQWY DW &(5&/8®QBWKE MMMV HY (QYLURQF
SURWHFWLRQ $JHQF\ 86(3$%

ORKU 7 . * (QYLURQPHQWDO ,QYHVWLJDWLRQ DQG 5HPHC
BROYHQW G&BREROHVWUVBYDLODEOH DW

KWWSV ZZZ FUFSUHVV FRP (QYLURQPHQWDO ,QYHVWLJDW|
RWKHU 6ROYHQW ORKU 6WLFNQH\ 'L*XLVHSSL S ERRN

%UDXWEDU 1 :LOOLDPV - ,QGXVWULDO VROYHQWY DQG
IDFWRUV DQG BDMFKDQGLYPMYLURQ #HDOWK
+XDQJ % /HL & :HL & =HQJ * &KORULQDWHG YRODW

LQ HQYLURQPHQW 2 VRXUFHV SRWHQWLDO KXPDQ KHDOWK
WHFKQRQRLUURQ ,QW

/JLX & %DOO : 3 %DFN GLIIXVLRQ Rl FKORULQDWHG VRC
DTXLWDUG WR D UHPHGLDWHG DTXLIHU XQGHU ZHOO FRQW!
PHDVXUHRHRQQWE :DWHH

=KDQJ 6 ODR * &ULWWHQGHQ - /LX : 'X + *URXQG:
WR WKH IXWXUH $ ELBWIHRPBHMMILE DQDO\VLV

*RVVHWW - 0 OHDVXUHPHQW RI +HQU\fV ODZ FRQVWDQW\
K\GURFDUERQV (QYLURQPHQWDO 6FLHQFH 7HFKQRORJ\
$YDLODEOH DW KWWSV SXEV DFV RUJ GRL DEV HV

+RUYDWK & / *HW]HQ ) : ODF]J\QVND = ,83%$& 1,67 6RO
+DORJHQDWHG (WKDQHV DQGBK\WKERHF AlHV K'HIWDH U

6HPSULQL / ,Q VLWX ELRUHPHGLODOW UR@ R+HXOW K LIHMUW S 8
+

ODFND\ HWOPOBRQWUROOHG ILHOG HYDOXDWLRQ RI FRQWLC

UHPHGLDWLRQ RI D 92& FRQWDPLQDWHG DTXLIHU VLWH FK

RYHUYLHZ RI RIQWOWV+\GHERO



%DQNVWRQ - / 6ROD ' / .RPRU $ 7 'Z\HU ' ) 'HJUD
LQ ZHWODQG PLFURFRVPV FRQWDLQLQJ EUR:ID® BHBHYG FD'
+

$QGHUVRQ - ( OF&DUW\ 3 / 7UDQVIRUPDWLRQ \LHOGV

PHWKDQRWURSKLF PL[HG FXOWXUH H[SUHVWIS3OSDUWLFXO

(QYLURQ OLFURELRO

ODKHQGUD 6 $OYDUH] &RKHQ / .LQHWLFV RI 'LR[DQH

ORQRR[\VJHQDVH ([SUHQWLQR@DEMHUTHFKQRO

$US ' - <HDJHU & 0O +\PDQ 0 5 OROHFXODU DQG FHO

FRPHWDEROLVP RI Wl RFEKHIR D RSHWHK \FOH Q H

.LP 6 +ZDQJ - &KXQJ - %DH : (QKDQFLQJ WULFKORU

QRQ DURPDWLF FRPSRXQGV PV]DUBZ\WBWHKEVWUDWHV
ORURQR < B8QQR + +RUL . &RUUHODWLRQ RI 7&( FRPH!

FKDUDFWHULVWLFV RQ DURPDWLF VXBM\WBRMWMHV(QD WROXH
+

(QVLJQ 6 $ +\PDQ 0 5 $US ' - &RPHWDEROLF GHJUD

E\ DONHQH PRQRR[\JHQDVH LQ D SURS$SGISQH (JQURAR QD QWKF

OLFURELRO =

7\DJL 0 GD )RQVHFD 0 0 5 GH &DUYDOKR & & & 5

ELRVWLPXODWLRQ VWUDWHJILHY WR LPSURYH WKH HIITHFWL

%LRGHJUDGDWLRQ

(ODQJR 9 .XUW] + ' )JUHHGPDQ ' / $HURELF FRPHWDE

FLV GLFKORURHWKHQH ZLWK EHQ]JHQH DQG FKORULQDWHG

&KHPRVSKHUH

<HDJHU & 0 $UWKXU . 0 %RWWRPOH\ 3 - $US ' - 7

E\ WROXHQH R[LGL]LQJ EDFWHULD JY¥RRGHIQ DNGRIMDBRPDW L

-RKQVRQ ( / 6PLWK & $ 2f5HLOO\ . 7 +\PDQ 0 5 ,C

%XW\O0 (WKHU 07%( 2[LGL]LQJ $FWLYLW\ LQ 0\§REDFWHULX

(QYLURQ OLFURE+RO

OF&DUW\ 3 / ,Q VLWX ELRUHPHG&RWUWRDSRQ F B6Q R WIHFXY R (
+

OF&DUW\ 3 / %LRWLF DQG $ELRWLF 7UDQVIRUPDWLRQ RI

‘DWHU ,Q 5HPHGLDWLRQ WHFKQRORJ\ GHYHORSPHQW IRU X

'RYHU $LU )RUFH % D6AHRP SRNOLXPDRE® 1IDWXUDO $WWHQXDWLRC

2UJDQLFV LQ *URXQG :DWHU

3DQW 3 3DQW 6 $ UHYLHZ $GYDQFHV LQ PLFURELDO Ul

7&(- (QYLURQ 6Fid

/L BW PIOQGUDQFH RI GLR[DQH ELRGHJUDGDWLRQ LQ PLI

LQGXFLQJ RU QRQ LQGXFLQWBM[EBYDHW\ VXEVWUDWHYV

3HUVRQDO &RPPXQLFDWLRQ +\PDQ 0 3HUVRQDO &RPPXQL

OF&OD\ . B6WUHJHU 6 + B6WHIIDQ 5 - ,QGXFWLRQ RI W

3VHXGRPRQDV PHQGRFLQD .5 DQG 3VHXGRPRQDV VS VWUL

VROYHQWYV B3SSODOND @HYUREL RO

+RSNLQV * ' OF&DUW\ 3 / )LHOG (YDOXDWLRQ RI LQ 6L

7ULFKORURHWK\OHQH DQG 7KUHH 'LFKORURHWK\OHQH ,VRP

3ULPDU\ 6XEQW.URWHEFL 7HFKQRO



ODKHQGUD 6 *URVWHUQ $ $OYDUH] &RKHQ / 7KH LPSE
FRQWDPLQDQWY RQ WKH ELRGHJWKGPWYBRQHNHQHWLFV RI

6WURR + ) /HHVRQ %L RDXOIPHQWDEBDWLRQ IRU *URXQGZDWH

6SULQJHU 6FLHQFH % XVLQHVV OHGLD

6HPSULQL / 'RODQ O ODWKLDV 0O +RSNLQV * OF&DU\

EXWDQH XWLOL]JLQJ PLFURRUJDQLVPV IRU WKH LQ VLWX FR
GLFKORURHWKDQH DQG WULFKORURHWKDQH G6FLHC

KwwSsyvy 72z7zZ VFLHQFHGLUHFW FRP VFLHQFH DUWLFOH SLL ¢

6HSWHPEHU

"HVWPHLHU ) 5HKP + - %LRGHJUDGDWLRQ RI FKORUR

7\SH ,WDOLF !$OFDOLJHQHV$S(PCKDVREVREISRG %LRWHFKQR

+DPDPXUD 1 3DJH & /RQJ 7 B6HPSULQL / $US ' - &
%XWDQH *URZQ &) 3VHXGRPRQDV EXWDQRYRUD DQG O\FR
OHWKDQH *URZQ OHWK\ORVLOQXYSW UDRNKRVERBEXRQ% E

%XUEDFN % / 3HUU\ - - %LRGHJUDGDWLRQ DQG ELRWL
SROOXWDQW PL[WXUHV E$68S®REMAWHB DX P lYFDERFFBLIHR O

9DQGHUEHUJ / $ 3HUU\ - - 'HKDORJHQDWLRQ E\ 0\FRE
WKH SURSDQH PRQRR [\JBIQIME LR O

&KX . + ODKHQGUD 6 6RQJ ' &RQUDG 0 $OYDUH] &F
,VRWRSH JUDFWLRQDWLRQ GXULQJ $HURELF %LRGHJUDGDW
(QYLURQPHQWDO 6FLHQFH 7HFKQRORJ\ $&6 3XEOLFDWLRC
KWWSV SXEV DFV RUJ GRL DEV HV F $FFHVVHG

‘DEFNHWW / 3 %UXVVHDX * $ +RXVHKROGHU 6 5 +DC
R[\JHQDVHV WULFKORURHWK\OHQH GHJUSGDWIQR'Q E\ SURS
OLFURELRO #

&DSSHOOHWWL 0 )UDVFDUL ' =DQQRQL ' )HGL 6 OLF
$SSO OLFURELRO %LRWHFKQRO
20GHQKXLV 5 O9LQN 5 / -DQVVHQ ' % :LWKROW % '}

DOLSKDWLF K\GURFDUERQV E\ OHWK\ORVLQXV WULFKRVSRU
PRQRR[\JMGB®H (QYLURQ OLFWRELRO

+\OFNDPD 9 - 9 .RQLQJ : ' -DQVVHQ ' % (IIHFW RI &
&RQYHUVLRQ RQ 9LDELOLW\ DQG $FWLYLWSASRIO0 HQWK\ORVLQ
OLFURELRO %

7VLHQ + & %UXVVHDX * $ +DQVRQ 5 6 :DFOHWW /
WULFKORURHWK\OHQH E\ OHW K $SBWL QXY WIULFERERVB®RULXP

+DW]JLQJHU 3 % )UHOSLQHFROWWUDWLRQ RI 3URSDQH %LR
SHPHGLDWLRQ RI 1 1LWURVRGLPHWK\O®® LIQPG 1'P$SGHQ DOR X
BHUYLFHV /DZUHQFHYLOOH 8QLWHG 6WDWHV &% DQG , )JHG
6WDWHYV

6PLWK & $ +\PDQ 0 5 2[LGDWLRQ RI JDVROLQH R[\JHQ]
KDHP LURQ DONDQH K\GUR[\ODVHV LQ 3VHXGRPRQDV PHQGH
XWLOL]LQJ 3VHXGRPRQDV VWUDLQV (WKHU R[\JHQDWH ELR
(QYLURQ OLFURELRO 5HS



5ROVWRQ + 0 ([SHULPHQWDO GHPRQVWUDWLRQ DQG PRG
GLR[DQH E\ LVREXWDQH XWLOL]JLQJ PLFURRUJDQLVPV LQ DT
&KHQ : $FWLYLW\ %DVHG 3URWHLQ 3URILOLQJ RI $ONDQH
5KRGRFRFFXV UKRGRFKURXV $7&&

7KDQNLWNXO 6 .LQHWLF $QDO\VLYV DQG ORGHOLQJ &RPHW
5KRGRFKURXV $7&&

5ROVWRQ + 0 6HPSULQL / 7KDQNLWNXO 6 $]L]LDQ O
RI WKH &RPHWDEROLVP R '2:$1( DQG &KORULQDWHG $0
E\ 5KRGRFRFFXV 5KRGRFKUR$VY8* RZ® R{H W REBEMDO H

.LP < ,VWRN - ' G6HPSULQL / 6LQJOH ZHOO JDV VSDU.

DHURELF FRPHWDEROLVP RI FLV G LEKIDRRNRSHKMKHHQH DQ G
+

/LSSLQARWBDRDXJPHQWDWLRQ DQG SURSDQH ELRVSDUJLQ
GLRMU@RKQGZ ORQLW S5HPHGLDW

$76'57R[LFRORJLFDO SURHLOGF\RIR S KROPIRFO6XEVWDQFHV DQ(

SHJLVWU\ $67'5

$76'57R[LFRORJLFDO 3URISIHQFRURMR ORHEH6 XEVWDQFHV DQ

SHIJLVWU\ $67'5

BXWWLQXQ 2 0¢00HU 5 [/XHSURPFKDL ( 7ULFKORURHMW

5KRGRFRFFXV VS / LQGXFHG %LRGHSODQWWHL\RGHQWLDO RL

3HUVRQDO &RPPXQLFDWLRQ 0OXUQDQH 5 3HUVRQDO &RPP)>

ORVOHP\ 3 *XLRW 6 5 1HXIHOG 5 - 3URGXFWLRQ RI \

PLFUREHDGY HQFDSVXODWLQJ(QDWROQLQAHUBREIJUBEKQREDFW

9DQFKHHVZDUDQ 6 +DOGHQ 5 8 :LOOLDPVRQ . - ,QJ¢
DQG %LRORJLFDO 7UDQVIRUPDWLRQ Rl 7HWUDDONR[\VLODQ
'LFKORURHWKHQH &RPHWDEROLVP 'ULYHQ E\ 7THWUDEXWR]J\"
(QYLURQ B6FL 7HFKQRO

<X 6 .LQHWLF DQG PRGHOLQJ LQYHVWLJDWLRQV RI WKH C
FKORULQDWHG HWK\OHQHV XVLQJ VLQJOH DQG ELQDU\ PL[F
FRPSRXQGV DV VORZ UHOHDVH VXEVWUDWHYV

$UNOHV % B6WHLQPHW] - 5 =D]\F]Q\ - OHKWD 3 )DFW
DONR[\WWLODQHV LQ-DSBHKRXV 6/ ROXWERQR O
2VWHUKROW] ) ' 3RKO ( 5 .LQHWLFV Rl WKH K\GURO\V

RUJDQRIXQFWLRQDO DONRPKH®DQFHY 7H BKQYRE Z

7HWUD VHF EXW\O RUWKRVLOLFDWH _ & + 2 6L _ &KHPG6SL
KWWS ZZZ FKHPVSLGHU FRP &KHPLFDO 6WUXFWXUH K\
7DQ 6 0 +HQJ 3 : 6 &KDQ / : 'HYHORSPHQW RI 5H 8\
OLFUR %LRUHDFWRUV IRU 3BRWHQWLDO $SSOLFDWLRQ LQ &R
(WKDBWRIDUPDFHXWEFV

'Z\HU ' ) .UXPPH O / %R\G 6 $ 7LHGMH - 0 .LQHWL
%LRGHJUDGDWLRQ E\ DQ ,PPRELOL}ISG @ HVQKD QR QH QL F WBREL

+
0DQGDO 6 3XQL\D $ . 6LQJK . (IIHFW RI DOJLQDWH F|

PLFURHQFDSVXODWHG /IDFWRWFLDDXWV-FBVHL 1&'&



+DOO % 0 OF/RXJKOLQ $ - /HXQJ . 7 7UHYRUV - 7
VXUYLYDO RI DOJLQDWH HQFDSVXODWHG DQG IUHH OX[ ODF
FHOOV (Q6VRIFUJRELRO (RO

*RVPDQQ % 5HKP + - 2[\JHQ XSWDNH RI PLFURRUJDQLYV
$SSO OLFURELRO %LERWHFKQRO
+LHPVWUD + 'LMNKXL]JHQ / +DUGHU : 'LIIXVLRQ RI RJ[\.

WKH NLQHWLFV RI PHWKDQRO R[LGDWLRQ E\(XRPRELOL]HG -

$SSO OLFURELRO %LRWHFKQRO

215HLOO\ . 7 .DGDNLD 5 .RUXV 5 $ &UDZIRUG 5 [

%DFWHULD WR 'HJUDGH $URPDWLF &RPSRXQGV &RPPRQ WR

:DWHU 6FL 7HFKQRO

&KDQ / : [/HH + < +HQJ 3 : 6 OHFKDQLVPV RI H[WHU«

WKHLU LPSDFW RQ WKH IXQFWLRQV RI RDUWE®RKWGHJ D ¥R FR D
+

6PLGVURG 2 $0JLQDWH DV LPPRELOL]DWLRQ PDWUL[ IRU

%DMSDL 6 . 6KDUPD 6 ,QYHVWLJDWLRQ RI VZHOOLQJ G

EHDGV FURVVOLQNHG ZLWHKDEW XIG \% D3 RIORP V

*KEHFNW O OXDWLRQ RI WKH QLWURDOGRO UHDFWLRQ L

FURVVOLQNHG DOJ&RBRVH ¥

/IXSR % ODHVWUR $ 3RUUDV 0 *XWLpUUH] - 0 *RQ]i

PLFURVSKHUHV E\ HPXOVLILFDWLRQ LQWHUQD®RBODWLRQ

+\GURFROOt

6DQGHUVRQ * 5 .HOFR' RI 0 DQG & %HOO 9 / 2UWH

JXP DJDU . FDUUDJHKHQBIQOD)RE®®WDIRQYOG 86%

6XJLXHW @QH FRQWURO RI FDOFLXP DOJLQDWH EHDGV FRQ

QR]]OH BURPDWHULD®V

8FKL\DPD + 2JXUL . 1LVKLED\DVKL 0 .RNXIXWD (  <I

GHJUDGDWLRQ E\ FHOOV RI D PHWKDQH XWLOL]LQJ EDFWHL

FDOFLXP DOWHQMMHN %LRHQJ

3DMH 0 / ODUNV 3 &RXSHUZKLWH , 'HJUDGDWLRQ RI
XVLQJ LPPRELOL]HBURH®O© YWLWFWREVYRO %+RWHFKQRO
6HUS ' &DQWDQD ( +HLQ]JHQ & B6WRFNDU 8 9 0DUL\

HQFDSVXODWLRQ GHYLFH IRU WKH SURGXFWLRQ RI PRQRGL
LPPRELOI%DRMWREOKQRO %LRHQJ

*NnVHU{G 2 6DQQHV $ 6B6NMnN %U N * OLFURFDSVXOHYV |
RI FDSVXOH VWDELORMRPRW HSUHIEOMD EL O L W\

ORO]DKQ 3 %DWFK DQG &RQWLQXRXV )ORZ &ROXPQ 6WXG
OHWKDQRO 3URGXFWLRQ E\ OHWK\ORVLQXV 7ULFKRVSRULXF
%XU\DWHQVH *% ,PPRELOL]HG ,Q &D $OJLQDWH DQG $JDUF

1RZDFN %  %ULHVHQ - 0 9 &KHODW %QR DHRBRRHP L QWUK |
FKHODWLQJ DIHQWRHULFDQ &KHPLFDO 6RFLHW\

*LDYDVLV , +DUYH\ / 0 ORIHIVD 34 Y*HW®IODVQHAMQ R O
'RQHU / : %pFDUG * 6ROXELOL]DWLRQ R LIR\DBBQQRHO V
THFK  +

2VPDAHN 7 )JURHOLFK $ 7DVDUHN 6 $SSOLFDWLRQ RI
PHGLFQ@H - 3KDUP =



1RUWRQ 6 *HOODQ *XP *HO $V (QWUDSPHQW ODWUL[ IRU +
SURFHVVHV $ 5KHRORJLFDO 6WXG\
*UDVGDOHQ + 6PLGVU|G 2 &MHOERKAEBQ RBIREHOODQ JXP

&DPHOHM OHFW RI FKHODWDQWY RQ JHOODQ JHO UKHRORJ
WHPSHUDWXUH IRU LPPRELOLIDW RRVHRKQROULQUEILILGREDF

%HWWPDQQ + 5HKP + - 'HJUDGDWLRQ RI SKHQRO E\ SR
$SSO OLFURELRO %LRWHFKQRO

/L 5 + $OWUHXWHU ' + *HQWLOH ) 7 7UDQVSRUW FK
IRU FHOO HQ%DBWXOGRQYRRQ %t RHQJ

+DPLG 6 %DH : .LP 6 $PLQ 0 7 (QKDQFLQJ FR PHWD
WULFKORURHWK\O HQ@4X @ NW R ONGRIQN IDOHHQWIR®BIP X 8 Q WIHNG L Q

SRO\HWK\OHQH J@\FIRUOR HR @ HFKWQR O

6ROLPDQ ( $ (O ORJKD]\ $ < (O'LQ 0O 6 0 ODVVRXG
OLFURHQFDSVXODWLRQ RI (VVHQWLDO 2LOV ZLWKLQ $0OJLQ]
9LWUR OW L JW (YDOXDWLRQ(QF 38W{LOPDQWILRD $FEMRALSWW 6

+HUQIQGHIWOBBRV\QWKHVLYV RI VWRUDJH FRPSRXQGV E\ 5K
DQG JOREDO LGHQWLILFDWLRQ Rl JH®QHVYHIQRPREYHG LQ WKHI

3UDGKDQ 0 B5RXVVHDX ' $ RQH VWHS SURFHVV IRU RLO
IRUPDWLRQ XVLQJ D V&EROOR L\ UQDVAHNUDERMH 6 FL

/LX HW DWDHSDUDWLRQ RI PRQRGLVSHUVH FDOFLXP DOJLQD\
JHODWLRQ LQ PLFURIOXLGLF JH&RQDRLIEG, GW K E®DF H POFQV L F

*XJH\ ' OF&OHPHQWYV ' - RUPDWLRQ VWDELOLW\ DQG ¢
IRU DSSOLFDWLRQ L¥GW K&RIRRBL GQEWUIDREH 6FL

3XEFKHP B6RGLXP DOJLQDWH $YDLODEOH DW

KWWSV SXEFKHP QFEL QOP QLK JRY FRPSRXQG $FF



&+$37(5 $33(1',&,(6

$ (QFDSVXODWHG &HOO 6 XEVWUDWH 8WLOL]DW|

7KLV H[SHULPHQW ZDV FUHDWHG LQ DQ DWWHPSW WR GHWI
PLFURRUJDQLVPV LQ DQWLFLSDWLRQ RI WKH QHFHVVDU\ VWR

ZDV HQFDSVXODWHG LQ DOJLQDWH PDFUR EHDGV YLD L

SUHVHQWHG LQ VHFWLRQ WKDW ZDV IRXQG WR KDYH UHC
UDWHYV E\ a 7KLY VWXG\ IRFXVHG RQ WKH UHWHQWLRQ RI |
VWRUHG LQ D P/ JODVV :KHDWRQ ERWWOH ILOOHG DV IX0OO0O

ZLWK FDUERQDWH EXIIHUHG 1DQRSXUH ZDWHU DW f&

$ VLQJOH EDWFK RI EHDGV ZzDV PDGH DQG VWRUHG IURP ZK
XWLOL]DWLRQ WHVWY ZHUH FRQGXFWHG DV SUHVHQWHG LQ VI
DIWHU VWRUDJH IRU DQG ZHHNV | VREXWDQH XWLOL]DWL
RI WKH LQLWLDO GLVDSSHDUDQFH RI LVREXWDQH DQG QRUPI
—PR®JsGD\ 7KH FDOFXODWHG VXEVWUDWH XWLOL]DWLRQ UD\)
XWLOL]DWLRQ UDWH RI HQFDSVXODWHG FHOOV WR GHWHUPI
6XVSHQGHG FHOOV ZHUH DOVR VWRUHG WKRXJK DV D FRQFF
EXITHUHG 1DQRSXUH ZKLFK ZDV KDUYHVWHG ZHHNO\ WR GHW|
FHOOV LQ FRPSDULVRQ WR HQFDSVXODWHG $ELRWLF FRQWUR

ZDV IURP FRQVXPSWLRQ E\ WKH DGGLWLRQ RI $7&&



7TDEOH ,VREXWDQH XWLOL]DWLRQ UDWHY FDOFXODWHG IURP GDWI
VWRUDJH DW f& 'DWD SUHVHQWHG DV D¥HR#PAB\XBARCAQLGBIW LIRQ UDW
FRQILGHQFH LQWHUYDOV

6WRUDJH "XUDWLRQ 6XQEBPQGBXGDWHG
$7&& $7&&
,QLWLDO “
"HHNYV “ “
"HHNYV “ “
"HHNV : “
JLIXUH ,VREXWDQH XWLOL]DWLRQ FXUYHV RI VLPLODU ELRPDVVHYV

DIWHU VSHFLILHG GXUDWLRQV LQ VWRUDJH DW f& 6WRUDJH GXl
Rl GXSOLFDWH UHDFWRUV ERXQGHG E\ FRQILGHQFH LQW

$V VHHQ IURP )LIXUH $ DOJLQDWH HQFDSVXODWHG FHO
UDWHYV MXVW DIWHU HQFDSVXODWLRQ GXH WR WKH HQFDSVXC
WKDW HQFDSVXODWHG FHOOV UHWDLQHG a RI WKHLU LQLWLI

IRU DV ORQJ DV ZHHNV ZKHUHDV VXVSHQGHG FHOOV VXEVW!I



YDOXHVY 7KHVH GDWD LOOXVWUDWH WKDW HQFDSVXODWHG F>
DQG UHWDLQ D PDMRULW\ RI WKHLU RULJLQDO VXEVWUDWH X!
PRUH FOHDU SLFWXUH RI WKH SDWK IRUZDUG IRU WKH WHFKQ'
WKDW EHDG FUHDWLRQ FDQ EH FRQGXFWHG LQ D VLQJOH OR

WUDQVSRUWHG WR VLWHYVY RYHU VHYHUDO ZHHNV



% (QFDSVXODWHG &HOO &RQWDPLQDQW 7UDQVI

7KH DPRXQW RI FRQWDPLQDQWY WUDQVIRUPHG E\ VXVSHQ
JXP HQFDSVXODWHG FHOOV ZLWKLQ VHFWLRQ DSSHDU V
WUDQVIRUPDWLRQ FDSDFLWLHV IRU WKH WKUHH WUHDWPHQW)\
GHWHUPLQH LI WKH WUDQVIRUPDWLRQ FDSDFLW\ EHWZHHQ °
OLFURVRIW 'DWD $QDO\WLVY WRRO NLW ZDV XVHG WR SHUIRUP I

WHVW RQ FDOFXODWHG 7&% WUDQVIRUPDWLRQ FDSDFLWLF

7TDEOH $129%$ DQDO\VLV XVHG WR GHWHUPLQH LI DQ\ RQH RI WKF
FDSDFLWLHYVY ZDV VWDWLVWLFDOO\ GLITHUHQW IURP WKH

$QRYD 6LQJOH )DFWRU

*URXSV &RXQW 6 XP $YHUDJH 9DULDQFH

6XVSHQGHG
$0OJLQDWH
*HOODQ *XP

$129%

6RXUFH RI 9DULDWLRQ 6 6 Gl 06 ) 3 YDOXH

Y%HWZHHQ *URXSYV
LWKLQ *URXSYV

7TRWDO

7TDEOH SUHVHQWYV WKH $129%$ WHVW RXWSXW DQG WK
WUDQVIRUPDWLRQ FDSDFLW\ REVHUYHG ZLWKLQ WKRuWUHDWP
DQG WKH ORZ 3 YDOXH 7ZR 6DPSOH W 7THVWV ZHUH WKHQ FRC
DOJLODWH HQFDSVXODWHG RU JHOODQ JXP HQFDSVXODWHG
GLITHUHQW IURP RQH DQRWKHU 7DEOH $V VWDWHG LQ VH
DQEQDO\VLV WKDW WKH WUDQVIRUPDWLRQ FDSDFLW\ IRU DOJLQ

WKDQ WKDW Rl ERWK VXVSHQGHG DQG JHOODQ JXP HQFDSVXO



$OVR IURP 7DEOH LW FDQ EH VHHQ WKDW WUDQVIRUPL

JXP HQFDSVXODWHG FHOOV GR QRW GLIIHU VLIJQLILFDQWO\ S

7TDEOH 7ZR VDPSOH W 7THVWYVY DVVXPLQJ XQHTXDO YDULDQFHYV EHW
GLUHFWLRQ IURP OLFURVRIW 'DWD $QDO\VLV 7RRONL

6XVSHQGHG $OJLQDWH 6XVSHQGHG *HOODQ *XP $0JLQEC
OHDQ OHDQ OHDQ
9DULDQFH 9DULDQFH 9DULDQFH
2EVHUYDWLRQV 2EVHUYDWLRQV 2EVHUYDWLRQV
+\SRWKHVL]HG +\SRWKHVL]HG +\SRWKHVL]HG
OHDQ 'LIITHUHQFH OHDQ 'LIIHUHQFH OHDQ 'LIIHUHQFH
Gl Gl Gl
W 6WDW W 6WDW W 6WDW
37 W RQH WDLO 37 W RQH WDLO 37 W RQH WDLO
W &ULWLFDO RQH WDLO W &ULWLFDO RQH WDLO W &ULWLFC
37 W WZR WDLO 37 W WZR WDLO 37 W WZR WDLO

W &ULWLFDO WZR WDLO W &ULWLFDO WZR WDLO W &ULWLFI




& 3URRI Rl &RQFHSW $O0OJLQDWH &R (QFDSVXOD)
7UDQVIRUPDWLRQ /RQJHYLW\ 6WXG\

& 2YHUYLHZ

7KLV H[SHULPHQW ZDV FUHDWHG LQ DQ DWWHPSW WR SURY
FXOWXUHV FRXOG EH LQGXFHG E\ RU JDLQ HQHUJ\ IURP SURGX
ZDV HQFDSVXODWHG LQ DOJLQDWH PDFUR EHDGV YLD WKH UX¢
VHFWLRQ WKDW ZDV IRXQG WR KDYH UHGXFHG HQFDSVXO
7ZR EDWFKHV Rl DOJLQDWH PDFUR EHDGV ZHUH FUHDWHG R(
ORDGLQJ Rbs@#noDRIRQH DQG RQH FRQWDLQLQJ $7&& FR HQF
ELRPDVV ORDGLQIBPQ@G 7P@26 PDVV ORDGLQJ Rl a Z Z

)RXU JUDPV Rl EHDGV ZHUH DGGHG WR HDFK UHDFWRU WR
PJss/ DQG ZKHQ DSSOLFDEOH 7%26 FRQFHQWUDWLRQ RI a
GHVLJQHG WR EH FRPSDUDEOH WR WKH HQFDSVXODWHG FH
K\GURO\VLV VWXG\ SUHVHQWHG LQ VHFWLRQV DQG $
FRQWDPLQDQW WUDQVIRUPDWLRQ ZDV GXH WR WKH DGGLWLR
JUDPV Rl DOJLQDWH EHDGYV WKDW ZHUH FUHDWHG ZLWKRXW
DELRWLF FRQWUROV WR HQVXUH WKH FUHDWLRQ RI EHDGV ZD
ZHUH VSLNHG ZLWK WKH FKRVHQ &R&FRI[WAXUSISE DD&S a ¢
'a SSE DQG ZHUH PRQLWRUHG RYHU D SHULRG&RI a  GD!
VXEVWUDWH GDWD 656 DOFRKROV &I G OFRR® W D P L IDRRN GLDQVI
PHWKRGY SUHVHQWHG LQ VHFWLRQ

$ VXPPDU\ RI WKH WUHDWPHQWY H[DPLQHG ZLWKLQ WKLV
(QFDSVXODWHG FHOO UHPHGLDWLRQ FRQWUROV (& ZHUH FU

VXEVWUDWHY SURGXFHG E\ FR HQFDSVXODWHG 7%26 LQ WKH F



LQFUHDVHG FHOOV UHPHGLDWLRQ SRWHQWLDO LQ UHODWLR
VXEVWUDWH FRQWURO UHDFWRUV &(&6 ZHUH FUHDWHG VXFK

LI WKH PDVV RI FRQWDPLQDQWY DGGHG ZHUH WR LQKLELW HQ

7TDEOH BURRI RI &RQFHSW UHDFWRU WUHDWPHQW

1IXPEHU SHDFWRU &RQWHQWYV

7TUHDWPHQW 1DPH  SEERHYTPWERYeHOOV 7%26 &R&V
5HDFWRUY PJes —PRO

$ELRWLF &RQWURO $& 7 7

(QFDSVXODWHG oo 7 7 7
SHPHGLDWLRQ & WURO

&R HQFDSVXOD\%(I@\}%P&HOO 7 7 7
6 XEVWUDWH &R RO

&R HQFDSVXOD &HOO
SHPHGLDWLRQ V&'Z'g%

& EROQWDPLQDQW 7UDQVIRUPDWLRQ 2EVHUYDWLRQV

$00 UHDFWRUV UHFHLYHG RQO\ D VLQJOH DGGLWLRQ RI F
WUDQVIRUPDWLRQ RYHU WKH GXUDWLRQ RI WKLV H[SHULPHQV
WKH FRPHWDEROLVP GDWD SUHVHQWHG LQ )LJXUH DQG GELC
HQFDSVXODWHG FXOWXUHV LV OLNHO\ GXH WR WKH IODZHG
KDYLQJ FDXVHG FHOO GHDWK SULRU WR UHDFWRU FUHDWLRQ
WKDW FHOOV JURZQ XS XQGHU VOLJKWO\ GLITHUHQW JURZWK

GXUDWLRQV DQG RU FDSDFLWLHY GXH WR WKH OHYHO RI HQHL



JLIXUH /IRQJ WHUP DOJLQDWH HQFDSVXODWHG DQG FR HQFDSVXOL
% SHVSLUDWPR@ \GOIHP HODWY UHSRUWHG DV a —PRO LV DVVXPHG !
FUHDWHG ZLWKLQ UHDFWRUV GDWDEBEWLROHVHQ®BHG LQ2WHUPV R |

FRQFHQWUDWLRQV GXH QVRDWEHRFKLDWH R/QVRMHE2 LQ WKH DTXHRXV S|
PHDVXUHPHQWY WKURXJKRXW H[SHULPHQW & ( &RQWDPLQDQW W
DGGLWLRQ zDV PDGH WR HDFK UHDFWRU 'DWD SRLQWY DUH DYHUD.
DQG HUURUV EDUV DUH FRQILGHQFH LQWHUYDOV

([DPLQLQJ FRQWDPLQDQW WUDQVIRUPDWLRQ GDWD IURP W
ERWWOHVY WR WKH ILQDO GDWD SRLQW WDNHQ DW a GD\V V]
DV GHWHUPLQHG E\ RYHUODSSLQJ FRQILGHQFH LQWHUYDOV
(& &(&5 DQG WKH DELRWLF FRQWURO RWKHU WKDQ Gl

WUDQVIRUPDWLRQ REVHUYHG LQ DFWLYH WUHDWPHQWYVY RF



GLVDSSHDUDQFH RI FRQWDPLQDQWY ZLWKLQ WKH DELRWLF FF
7KLV VXJIJHVWYV WKDW ORZ DPRXQWYV $7&& ZHUH DFWLYH X¢
RI WUDQVIRUPDWLRQ DIWHU GD\V VXJIJHVWV WKDW FRPHWI
LQGXFHG ,QLWLDO LQDFWLYDWLRQ RFFXUUHG GXULQJ WKH H
KDOWHG GXH WR WUDQVIRUPDWLRQ FDSDFLWLHV RI LPSDLUH
HQJ\PHV RYHU WKH ORQJ WHUP H[SHULPHQW 7KH OLPLWHG FR
H[SHULPHQW KLJKOLJKWV WKH LPSRUWDQFH RI WKH ZRUN FRC
SUHVHQWHG LQ VHFWLRQ VXFK WKDW FHOOV PDLQWDLQ YL

UHPHGLDWLRQ SRWHQWLDO REVHUYHG KHUH LV PLWLJIJDWHG

& &HOOXODU 5HVSLUDWLRQ DQG 656 2ZEVHUYDWLRQV

7KH DERYH FRQWDPLQDQW WUDQVIRUPDWLRQ GDWD SURY
LQGXFWLRQ RI $7&& E\ VORZO\ UHOHDVLQJ VXEVWUDWHYV
SURYLGH HYLGHQFH WKDW DQ DHURELF PLFDREHSRW KIEQ QAN KSH\
DQG WKHUHIRUH FRQVXPLQJ VXEVWUDWHYV )LJIXUH )LIXUF
JLIXUH WKRXJK UHVSLUDWLRQ WLPH VHULHY GDWD IRU FR H

DQ DGGLWLRQ RI FRQWDPLQDQWY LV LQFOXIGHGQBOXBHGGHQW



JLIXUH /IRQJ WHUP DOJLQDWH HQFDSVXODWHG DQG FR HQFDSVXOL
% SHVSLUDWPR@ \GOIHP HODWY UHSRUWHG DV a —PRO LV DVVXPHG !
FUHDWHG ZLWKLQ UHDFWRUV GDWDEBDEWLROHVHQ®BYHG LQ2WHUPV R |

FRQFHQWUDWLRQV GXH QVRDWEHRFKLDWH. R/QVRMHEP2 LQ WKH DTXHRXV S|

PHDVXUHPHQWY WKURXZPORXWHHJBEMKHBHODW a2 GD\V LQ (& DQG &(&5

DQG & (&5 UHDFWRUV FRQWDLQ &R& PLIWXUH GDWD SUHVHQWHG LQ
WULSOLFDWH UHDFWRUV LQ HDFK WUHDWPHQW DQG HUURUYV

W FDQ EH VHHQ IURP )LIJXUH WKDW LQ DOO UHDFWRUV W
EHDGV (& &(&6  &(&5 WX\WDWHABDYWRQRBXEWI2RQ EHIDQ LPPFH
5HVSLUDWLRQ GDWD ZLWKLQ DOJLQDWH HQFDSVXODWHG DQG
XQWLO a GD\V DW ZKLFK SRLQW R[\JHQ FRQVXPSWLRQ UDWH
HQFDSVXODWHG UHDFWRUV &(&6 &(&5

2[\JHQ FRQVXPSWLRQ ZLWKLQ UHDFWRUV FRQWDLQLQJ $7&!¢
KDV EHHQ REVHUYHG LQ SUHYLRXV H[SHULPHQWY 6HFWLRQ
WR EH GXH WR HQ]\PDWLF EUHDNGRZQ Rl WKH DOJLQDWH PDW
FDUERQ VRXUFH 'XH WR LVVXHV ZLWK PLFURELDO FRQWDPL
FRQVXPSWLRQ LQ DELRWLF FRQWUROV a GD\V DQG VWUHDN S
ZKHWKHU $7&& RU DQRWKHU PLFURELDO VSHFLHV LV UHVS
+RZHYHU UHVSLUDWLRQ GDWD ZDV VWDJQDQW LQ WKH DELRW
UHDFWRUV UHFHLYHG DQ DGGLWLRQ RI DOJLQDWH EHDGV 7

PHWKRG ZDV VWHULOH DQG WKDW WKH FRQWDPLQDWLRQ ZLV



ODJJHG R[\JHQ FRQVXPSWLRQ ZLWKLQ DELRWLF DOJLQDWH FF
WKDW LPPHGLDWH DOJLQDWH FRQVXPSWLRQ LV FRUUHODWHG
VXSSRUWLQJ HYLGHQFH WKDW $7&& PD\ KDYH WKH DELOLYV
PDWUL[ DV D JURZWK VXEVWUDWH
7KH LQFUHDARQYRPBSWLRQ ZLWKLQ &(&6 DQG &(&5 UHDFWR
UHDFWRUV LV VXJJHVWHG WR EH GXH WR LQFUHDVHG R[\JHQ G
EXWDQRO IURP HQFDSVXODWHG 7%26 7KH VHSDUDWLRQ LQ U
HQFDSVXODWHG $7&& (& DQG FR HQFDSVXODWHG $7&&
R[\JHQ ZDV GHSOHWHG EHIRUH VLJQLILFDQW VHSDUDWLRQ RFF
*HQHUDOO\ R[\JHQ GHSOHWLRQ LV QRW GHVLUHG EHEDXV
VXEVWUDWH XWLOL]DWLRQ DQG FRQWDPLQDQW WUDQVIRUPDW
WKDW UHDFWRUV ZRXOG LQPRFPM ELHD WHHIO\H TKH® ZDWKGRQH LQ DQ
EXWDQRO WR DFFXPXODWH ZLWKLQ UHDFWRUV E\ PDLQWDLC

FRQGLWLRQ LQ ZKLFK FHOOV FRXOG QRW R[LGL]H UHOHDVHG

JLIXUH /IRQJ WHUP DOJLQDWH FR HQFDSVXODWHG $7&& DQG 7

OHDVXUHG 7%26 FRQFHQWUDWLRQV ZLWKLQ VROXWLRQ a —PRO H

—PRO ZDV REVHUYHG LQ VROXWLRQ DW DOO WLPHV % OHDVXU

SHULRBGGLWLRQ zZDV PDGH WR &(&5 UHDFWRUV DW a GD\V DW ZKI|

KDYH EHHQ FRQVXPHG 'DWD SRLQWY DUH DYHUDJHV EHWZHHQ WULS
DUH FRQILGHQFH LQWHUYDOV



YJLIXUH SUHVHQWY 7%26 DQG EXWDQRO VXEVWUDWH G|
UHDFWRUV 'XULQJ WKH DQR[LF FRQGLWLRQ PDLQWDLQHG LQ
GD\V )LJIXUH LOOXVWUDWHG E\ WKH EODFN GDVKHG ERJ[ L¢
DFFXPXODWLQJ RYHU WLPH ZLWKLQ VROXWLRQ $Q DGGLWLRQ
GD\V DQG EXWDQRO FRQFHQWUDWLRQV ZHUH REVHUYHG WR ¥
ZKLFK ZDV DWWULEXWHG WR FHOOXOD Z IRJLIE®AH R @/ R 1&Y&® U B Y
DQG EXWDQRO UHOHDVH UDWHV ZHUH WUDFNHG RYHU DQ H
LOOXVWUDWHY WKDW OHVV WKDQ ! —PRO 7%26 RI WKH DGGH
DQ\ WLPH ZLWKLQ DOO UHDFWRUV 7KHVH GDWD SURYLGH VW
HQWUDSSHG ZLWKLQ WKH DOJLQDWH PDWUL[ IRU DW OHDVW a

JLJIXUH SUHVHQWY DQ HQODUJHG JUDSKLF RI &(&6 UHDF
UDWH RYHU WKH DQR[LF SRUWLRQ Rl WKH GDWD 7DEOH SUH
DQG DOJLQDWH HQFDSVXODWHG 7%26 K\GURO\VLY UDWHV SU

REVHUYHG GXULQJ WKH DQR[LF SRUWLRQ RI WKLV H[SHULPHQ\

JLIXUH %XWDQRO SURGXFWLRQ GDWD XVHG DV D SUR[\ IRU 7%26
'DWD SRLQWY DUH DYHUDJHVY EHWZHHQ UHDFWRUV DQG HUURU\



7TDEOH $ELRWLF EXWDQRO SURGXFWLRQ UDWHV FDOFXODWHG IU
7%26 K\GURO\VLY GDWD FROOHFWHG LQ VHFWLRQ SUHVHQWHG I
HQFDSVXODWHG FHOO VXEVWUDWH FRQWURO &(&6 UHDFWR!

/v]$] o d}s OHDVXUH WDQROWLPDWHG
V%“ “}ous]}OE]L OOQLWLDO(@% 3V55/(\2/;%.C6'£GXFW(|IRQXVWLRQ

7UHDWPHQ VEE S]}VWG Lo oDVV EHOHDVH —Pséng RI 7%26
~uPI>- VS _PRO O GD\\HDUV

6XVSHQGHG 7%idb E}

$0JLQDWH
(QFDSVXODWHGII E}
7%26 zZz

$O0JLQDWH &R
HQFDSVXODWHG <HV
7%26 Z Z

$V H[SHFWHG WKH REVHUYHG HQFDSVXODWHG 7%26 K\G

—PRO GD\ ZDV EHORZ K\GURO\VLVY UDWHV WKDW KDYH EHH
7%26 VXVSHQGHG GLUHFWO\ LQ PHGLD —PRO GD\ 7DEOH
UDWH FDOFXODWHG IURP WKH ORQJ WHUP GEZI/\D & B SR W@ BDAL
KLJKHU WKDQ YDOXHV GHWHUPLQHG IRU DELRWLF HQFDSVXOL
VROXWLRQ FRQFHQWUDWLRQV DQG —PRO GD\ UHVSHF

7KLV PD\ EH GXH WR VHYHUDO IDFWRUV LQFOXGLQJ HQ
HQFDSVXODWLRQ PDWUL[ FDXVLQJ 7%26 WR EH UHOHDVHG WHR
HQFDSVXODWLRQ PDWUL[ DOWHULQJ RU LQFUHDVLQJ WKH GLI
IRU JUHDWHU DFFHVV DW K\GURO\VLV VLWHV RU VLPSO\ WR ¢
EHWZHHQ WKH WZR H[SHULPHQWY 1RQHWKHOHVV LW LV VWLC
a FDQ SURYLGH VXEVWUDWHY IRU VHYHUDO \HDUV HYHQ DW

WKLV H[SHULPHQW 7DEOH



& &RQILUPDWLRQ RI FHOOXODU XWLOL]DWLRQ RI 656 SURG

-XVW DIWHU WKH DGGLWLRQ RI R[\JHQ WR DOJLQDWH HQT
UHPHGLDWLRQ (& DQG & (&5 UHDFWRUV DAL WKL Q R\(\& % W HIDRAWF
ZDV TXLFNO\ XWLOLLRB@VEZXHUWMXWLQ2(& UHDFWRUV UHPDLQHG
ZHUH DGGHG )LJXUH 7KIHWXW QO&L(&PWURQFRYRUV FRUUHV SR
FRQVXPSWLRQ RI EXWDQRO ZLWKLQ WKHVH UHDFWRUYV

6WRLFKLRPHWULF DQDO\VLV ZDV XVHG WRWKDW ZIRW 8 GNEKF
UHTXLUHG WR R[LGL]H WKH PHDVXUHG PDVV RI EXWDQRO FF
DGGLWLAEWRI 26D\V 7KHVH FDOFXODWLRQV ZHUH EDWHG RQ W
ZDWHU (TXDWLRQ DQG ZHUH FRPSDKHH & WWR. PBIY YA X6 UW K HARKLDH,
ZHUH ZLWKLQ RI WKH PHDVXUHG YDOXHV SURYLGLQJ IXUW!

UHOHDVHG EXWDQRO 7DEOH

(TQ

7TDEOH 6WRLFKLRPHWULF FDOFXODWLRQVY EDVHG RQ WRWDO E
a GD\V ZLWKLQ FR HQFDSVXODWHG FHOO UHDFWRU

%XWDQRO &ROVXPMEQ 'HPDQG —PRGBHUFHQW
—PRO 7KHRUHWLEDO 2evVHOVHEFH

,Q FRQWUDVW WR PRGNV KPBWERMWREYHUYHG ZLWKLQ &(&5 L
GLG QRW FRQVXPH D PHDVBIUMDE QK D PARKQWVRIPW a GD\V
REVHUYHG VORRQYXRSW2ZRQ LQ DOJLQDWH HQFDSVXODWHG FF
KDG XWLOL]JHG WKH UHDGLO\ DYDLODEOH SHUFHQWDJH RI W]
FRQVXPSWLRQ ZDV REVHUYHG LQ DOJLQDWH HQFDSVXODWHG F

WKDW WKLV VORZLQJ RFFXUUHG ZKHQ a RI WKH DGGHG DOJI



VDPH DQDO\VLY ZHUH XVHG WR HVWLPDWH WKH WKHRUHWLFD
WKH PHDVXUHG BHVFHHYMB ZQWKLQ (& UHDFWRUV LQ WKLV H[S
EDVHG RQ HTXDWLRQ ZKLFK DVVXPHG DQ DYWUDDW HYXWEP DD\
WKDW RQ DYHUDJH a RI WKH WRWDO PDVV RI DOJLQDWH
FRQVXPHG 7KH VLPLODULWLHYVY EHWZHHQ WKH HVWLPDWHG SH
UDWHV XWLODL]DWLRQ EHWZHHQ WKH VHSDUDWH H[SHULPHQW
DOJLQDWH PDWUL[ LV UHDGLO\ R[LGL]HG E\ FHOOV RU WKDW

DQ LPSXULW\ RI a E\ PDVV

& J3URRI Rl &RQFHSW $0JLQODWH &R HQFDSVXODWLRQ 6XPP
7KH GDWD SUHVHQWHG DV SDUW RI WKLV H[SHULPHQW SU
HQFDSVXODWHG ZLWK 7%26 DUH DEOH WR XWLOL]JH EXWDQRC
RI EXWDQRO E\ HQFDSVXODWHG PLFUREHV ZDV JUHDWHU W
HQFDSVXODWHG 7%26 DV LQGLFDWHG E\ PHDVXUHG EXWDQR
WKH GHWHFWLRQ OLPLW RI a SSP +RZHYHU WKLV H[SHULPHC
FRQVXPSWLRQ RI WKH DOJLQDWH PDWUL[ DQG OLNHO\ UHOHD
DFWLYLW\ 7KH REVHUYHG GLIIHUHQFH EHWZHHQ WKLV H[SHU|
VXJJHVWHG WR EH GXH WR VHYHUDO IDFWRUV LQFOXGLQJ L
FUHDWLRQ LQIOXHQFH RI DOJLQDWH PDWUL[ FRQVXPSWLRQ
JURZWK VXEVWUDWH EXWDQRO EHLQJ D QRQ LQGXFLQJ JURZ)
FDSDEOH Rl FRPHWDEROLVP XWLOL]LQJ EXWDQRO DQG DOJLC
,Q DGGLWLRQ WR GLVFRYHULQJ WKDW PLFUREHV FDQ XWLC
DOJLQDWH PDWUL[ ZDV DEOH WR FRQWDLQ HQFDSVXODWHG 7
a GD\V 7KH DELOLW\ WR HQWUDS 656V DQG NHHS WKHP LQ D

VWURQJ HYLGHQFH LQ VXSSRUW RI WKH RYHUDUFKLQJ K\SR)



DSSHQGL[ KRZHYHU WKH DELOLW\ IRU UHOHDVHG VXEVWUDW|
FRPHWDEROLVP ZDV QRW VKRZQ

W ZDV DOVR PDGH DSSDUHQW WKDW 7%26 FR HQFDSVXODYV
HOHYDWHG UDWHYV FRPSDUHG ZLWK DELRWLF HQFDSVXODWHG
DW WKLV SRLQW KRZHYHU WKURXJK HVWLPDWLRQ RI EXWEL
7%26 SUHVHQW ZLWKLQ EHDGYV LW LV VXJIJHVWHG WKDW EHDG
FRXOG VXVWDLQ PLFURELDO FXOWXUHYV ZLWKLQ WKHVH UHDF)
SURMHFWHG WR EH R[\JHQ DV ELRORJLFDO R[\JHQ GHPDQG C
FRQFHUQ GXH WR OLPLWHG R[\JHQ ZLWKLQ WKH VXEVXUIDFH
ZLOO PD[LPL]H WKH UDWLR RI FRQWDPLQDQWY WUDQVIRUPHG
WKURXJK 656 VHOHFWLRQ FRQWURO RYHU PDVV ORDGLQJ ZLW

Rl EHDGV



