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*pUDUG &DKLH] 'LUHFWHXU GH UHFKHUFKH (16&3 3DULVWHFK 5DS:¢
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, 5HGXFWLYH YLQ\O EHQJ\O FURVV FRXSOLQJ

,, BHVXOWV DQG GLVFXVVLRQV

., 2SWLPL]DWLRQ Rl UHDFWLRQ FRQGLWLRQV

., 6FRSH RI VXEVWUDWHYV

. 6FRSH RI YLQ\O EURPLGHYV

. 6FRSH RI EHQ]\O EURPLGHYV

. 6WHUHRFKHPLFDO VWXG\

., OHFKDQLVWLF LQYHVWLJDWLRQV
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. &URVV FRXSOLQJ EHWZHHQ YLQ\O KDOLGHV DQG DOO\
. &URVV FRXSOLQJ EHWZHHQ YLQ\O KDOLGHV DQG DOO\
.., &RQFOXVLRQV DQG SHUVSHFWLYHV

&KDSWHU &REDOW &DWDO\]HG $U\O & + $FWLYDWLRQ ZLW
, ,QWURGXFWLRQ

,  (DUO\ H[SORUDWLRQ

,  +\GURDU\ODWLRQ RI DON\QHYV

,  +\GURDU\ODWLRQ RI DONHQHV

, & + $U\ODWLRQ

, & + DONHQ\ODWLRQ
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,, BHVXOWV DQG GLVFXVVLRQV

., ,QLWLDO UHVHDUFKHV
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$FNQRZOHGJHPHQW

$FNQRZOHGJHPHQW

J)LUVW |, ZRXOG OLNH WR WKDQN P\ VXSHUYLVRU 'U &RULC(
ODERUDWRU\ ,Q WKH SDVW WKUHH \HDUV VKH ZDV DOZD\\
UHVHDUFK DQG JDYH PH ORWYV RI DGYLFH ORUHRYHU KHU
ZKHQ , ZDV IDFHG ZLWK GLIILFXOWLHYV

, ZLVK WR H[SUHVV P\ JUDWLWXGH WR DOO RUIDUAGP &P EHW]V

3URI (UzZDQ /H *DOO 'U 3KLOOLSV 'DXEDQ 'U (OLVDEHW
WKDQNV WR 'U *pUDUG &DKLH] DQG 3URI (UZDQ /H *DOO IR
PDNLQJ D ORW RI FRPPHQWYV

, ZRXOG DOVR OLNH WR WKDQN WKH VHFUHWDULHV RI /&
DGPLQLVWUDWLYH ZRUN $QG VKH ZDV YHU\ NLQG ZKHQ , D\
0DQ\ WKDQNV WR WKH 3K' VWXGHQWY DQG SHUPDQHQWYV LQ
$OLFH ZH KDYH ZRUNHG WRJHWKHU DQG VWD\HG LQ WKH V
WR KDYH VXFK H[SHULHQFH <RX DUH VR NLQG DQG HDUQH
DWWLWXGH DOVR VWLPXODWHVY PH WR IXUWKHU HIIRUWYV
RUJDQL]DWLRQ RI YDULRXV DFWLYLWLHV ZKLFK PDGH WKH
$LNH WKDQNV IRU \RXU KHOS DERXW 105 ZKHQ , KDYH SURI
VXPPHU RI , ZLOO NHHS WKH RUDQJH 7 VKLUW DQG NHH
,JUHQH DQG $UQDXG \RX DUH ZDUPKHDUWHG DQG WKDQNV C
6SHFLDO WKDQNV IRU KHOSLQJ PH SUHSDULQJ WKH SRW RI
%LEL WKDQNV IRU \RXU NLQG VXJJHVWLRQV DERXW WKH U
YHU\ PXFK IRU \RXU JRRG DGYLFHV DQG SDWLHQFH IRU SUH
<DQQ ODWKLHX DQG 'HQL] WKDQNV IRU \RXU KHOS DQG DG
7KDQNV WR WKH RWKHU SHUPDQHQWV $XGUH\ *UHJ 'XQI
GLVFXVVLRQV DQG KHOS

, ZRXOG DOVR WKDQN WKH IRUPHU PHPEHUV LQ WKH ODE
'LQ \RX UHDOO\ KHOS PH D ORW DQG JLYH PH PDQ\ XVHI:
HQFRXUDJHV PH WR JR IXUWKHU

ODUWLQ \RX JDYH PH JRRG LQVWUXFWLRQV DERXW RUJDQ
\RXU NLQG JXLGDQFH LQ WKH EHJLQQLQJ

7KLEDXOW (OpRQRUH 6RSKLD ODGHO\QH 6XPDQ 6XVKRE
KDYH D JRRG WLPH LQ WKH ODE
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DEEUHYLDWLRQV

$FHW\O
DFHW\ODFHWRQDWH
DTXHRXV
DURPDWLF JURXS
ELV GLSKHQ\OSKRVSKLQR ELQDS
ELS\ULGLQH
%HQ]\O
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F\FORKH[\O
GRXEOHW
GLEHQ]\OLGHQHDFHWRQH
GLFKORUREXWDQH
GLFKORURHWKDQH
GL WULIOXRURPHWK\O SKHQ\O F\DQR LR
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GLPHWKR[\HWKDQH
11 GLPHWK\OIRUPDPLGH
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G MW HEXW\O SHUR[LGH
HQDQWLRPHULF H[FHVV
HTXLYDOHQW
HWK\O
JDV FKURPDWRJUDSK\
GLPHWKR[\HWKDQH
KLJK UHVROXWLRQ
LVR SURS\O
PHWK\O
PDVV VSHFWURPHWU\
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1 HWK\O S\UUROLGRQH
1 KHWHURF\FOLF FDUELQH
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1 PHWK\O S\UUROLGRQH
QXFOHDU PDJQHWLF UHVRQDQFH
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SKHQ\0
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SPHWK\OSKHQ\O
SDUW SHU PLOOLRQ
WULD]D SKRVSKDDGDPDQWDQH
SRO\R[\HWKDQ\O . WRFRSKHU\O VHEDF
S\ULGLQH
> GLSKHQ\OSKRVSKDQ\O HWK\O@ S\U
S\ULPLGLQH
TXLQROLQH
URRP WHPSHUDWXUH
VLQJOHW
VLQJOH HOHFWURQ WUDQVIHU
WULSOHW
WHQEW\ODPPRQLXP EURPLGH
W HEJXW\O K\GURSHUR[LGH
WHUW EXW\O
WHWUDK\GURIXUDQ
WULIOXRURDFHWLF DFLG
WUL IXU\O SKRVSKLQH
WHWUDPHWK\OHWK\OHQHGLDPLQH
WHWUDPHWK\OSLSHULQH R[\O
WULPHWK\OVLO\OFKORULGH
WROXHQH
7RV\O
GLPHWK\O ELV GLSKHQ\OSKRVSKLQF



5pVXPp )UDQoDLYV

5pVXPp )UDQoDLV

/ID IRUPDWLRQ GH OLDLVRQV FDUERQH FDUERQH HVW O XQ
RUJDQLTXH ODUJHPHQW XWLOLVp SRXU OD V\QWKqgqVH GH
FKLPLTXHVY DJULFROHV HW GH SURGXLWYV QDWXUHOV $X FR
OLDLVRQV FDUERQH FDUERQH FDWDO\VpH SDU XQ PpWDC
GpYHORSSpH FRPPH OH FRXSODJH GH 1HJLVKL OH FRXSOD
OL\ADXUD HW OH FRXSODJH GH +HFN

/H SDOODGLXP HW OH QLFNHO VRQW ELHQ FRQQXV FRPPH
UpDFWLRQ SRXU FRQVWUXLUH GHV OLDLVRQV FDUERQH FI
HW RX WR[LTXHV (Q RXWUH GHV OLJDQGV VRSKLVWLTXpV
REWHQLU GH ERQV UHQGHPHQWY 3DU FRQVpPpTXHQW OH Gp
GHV FDWDO\WHXUV PpWDOOLTXHV ERQV PDUFKpV VRQW HC
O XWLOLVDWLRQ GHV PpWDX[ GH WUDQVLWLRQ GH OD SUHI
FDUERQH FDUERQH VJHVW DFFUX

3DUPL OHV PpWDX[ GH WUDQVLWLRQ GH OD SUHPLqUH UDQ.
FKLPLH RUJDQLTXH 'DQV OHV SUHPLHUV WHPSV 2WWR 5F
FDSDEOH GH FDWDO\VHU OfK\GURFDUERQ\ODWLRQ GH O p
QDLVVDQFH GH OD FD3RXO\\OD KRRRIWQKFWLRQ GH OLDLVFE
FREDOW MRXH pJDOHPHQW XQ U{OH LPSRUWDQW $SUqV OH
SDU OH FREDOW GDQV OHV DQQpHV OD CRUWYRMRISEQHEHSO
FDUERQH FDUERQH SDU OD FDWDO\VH DX FREDOW D UpFHPF

'H SOXV OHV UpDFWLIV RUIJDQRPpWDOOLTXHYV RQW pJDOHEF
FHX[ FL OHV RUJDQR]JLQFLTXHV VRQW SDUPL OHV SOXV O

) +HEUDUG &XH.®D OFNY *

D 0 6 .KDUDVFK-($P )&KIORBVERF E 0 6 .KDUDVFK &P) )XFKV
&KHP 6RF

D * &DKLH] S$&KWRPHXMHY E : +HVV - 7UHXWRAMKRBVEV +LOW
6WXWWJIDUW F & *RVPLQL - 0 %HJIR&KIP $&RRBRXRPEOH
G & (, .QDSSNH 6 *UXSH ' *DUWQKHPO(XRXRUSHW & *RWPLOR
1 <RVKENBL&KHP 5HV I 0 ORVHODJH - /I1$5&6 &§BNHDWOPDQQ



5pVXPp )UDQoDLYV

FRXSODJH GH 1HJLVKL 2XWUH OHV PpWKRGRRWUIS RUWRKES W™
GpYHORSSp XQH PpWKRGH SOXV VLPSOH HW HIILFDFH SRXU
FDWDO\VH DX FREDOW ,0 HVW j QRWHU TXH OH FREDOW )
FDWDO\VHU OD UpDFWLRQ GH FRXSODJH XOWpULHXUH FH T

3RXU QRWUH SDUW QRXV DYRQV pWDEOL XQH QRXYHOOH U
FREDOW GJDU\O]JLQFLTXHV DYHF XQH VRXUBH\®RRE\DQXU
SKHGWHWK\OEHQ]HQHVXOIRQDPLGH 1&76 /[ DGGLWLRQ G
PpWDOOLTXH GDQV OD VHFRQGH pWDSH HVW QpFHVVDLUF
UpDFWLRQ &HWWH PpWKRGH PRQWUH XQH H[FHOOHQWH W
GHV FRQGLWLRQV WUqV GRXFHV (Q SDUWLFXOLHU SOXVLF
QLWULOH SHXYHQW rWUH SHUPLV HQ XWLOLVDQW OH FRP
>&RYWEWLS\ @ &THVW XQH ERQQH DOWHUQDWLYH DX[ YR
SUPFpPGHPPHQW GpFULWV (Q RXWUH XQH YDULpWp GIDXWL

/IHV UpDFWLRQV GH FRXSODJH FURLVp UpGXFWHXUV VRQW
OLDLVRQV FDUERQH FDUERQH 'HSXLV XQH GL]DLQH GIDQQ
FRXSODJHV UpGXFWHXUV L?PS 6 MW XCHYWNBH § ROMNE RODHY FH )
PPWKRGHV VRQW HIILFDFHV HW VH IRQW GDQV GHV FRQGL\
VRQW SDV QpFHVVDLUHV $LQVL QRXV FRQWLQXRQV G XWL
GH UpDFWLRQV GH FRXSODJH FURLVp

'DQV OH GHX[LgPH FKDSLWUH VXU OD EDVH GHV UpDFWL
SUpFpGHQWHY GpYHORSSpHVY GDQV QRWUH ODERUDWRLUH
& s & s SDU KRPRFRXSODJH UHGXFWHXU FDWDO\Vp DX FREDC
SULPDLUHVY HW VHFRQGDLUHV SRUWDQW GHV JURXSHPHQW
SURGXLWYV GYKRPRFRXSODJH DYHF GHV UHQGHPHQWY PRG
GRXFHV 3DU DLOOHXUV OHV LRGXUHV G DON\OH OHV FK
GIDOO\OLTXHV GRQQHQW pJDOHPHQW GH ERQV UHQGHPH
UpDFWLIV GH PRGpUpV j GH ERQV UHQGHPHQWY VRQW RE
GIDXJPHQWDWLRQ GH OD WHPSpUDWXUH HW GH WHPSV GH

D / =KX 5 0 :HKPH\HYU BUJ BKHRH E $ .UDVRYVNL\ 9 0DOD
$ *DYU\XVKLQ $B8QJBIRFRHEP ,QW (G F 3 .QRFKHO - - $ 3HUHD
7HWUDKHGURQ



5pVXPp )UDQoDLYV

XWLOLVp SRXU OD GLPpULVDWLRQ GH WR\VODWHYV DON\OH
G XQ LOQOWHUPpGLDLUH UDGLFDODLUH GDQV OD UpDFWLRQ

6XLWH j FHV UpVXOWDWYV QRXV DYRQV HQVXLWH H[SORUfg
GIDON\OHV GLIIpUHQWY /fKRPRFRXSODJH FRQFXUUHQWLH
REVHUYp &HSHQGDQW DSUQqV PRGLILFDWLRQ GHV FRQGLW
DVVRFLp j OD TXLQROpPLQH FRPPH OLJDQG HW TXfHQ RSpUD
GIREWHQLU GH ERQV UHQGHPHQWY &HSHQGDQW OD PpV
KDORJpPQXUHV GYDON\OH

'DQV OH WURLVLgPH FKDSLWUH QRXV DYRQV UHSRUWp X
YLQ\OH EHQ]\OH FDWDO\VpH DX FREDOW &RQWUDLUHPH(
SUpFpGHQWY FDWDO\VpV SDU OH FREDOW UHSRUWDpV SC
WULIOXRURDFHWLTXH 7)$ QH VRQW SOXV QpFHVVDLUHV !
DFWLYHU OH PDQJDQgVH HW O LRGXUH GH VRGLXP HVW
KDORJpQXUHV GH YLQ\OHV HW GH EHQ]J\OHV SRUWDQW
HOHFWURDWWUDWHXUV SHXYHQW DLQVL rWUH FRXSOpV HI
FKDXIIHU | f& DYHEF GHV SURGXLWV GH GpSDUW SRUWD(
VWpUpRFKLPLH GH OD GRXEOH OLDLVRQ FDUERQH FDUERQ!
GIDON\OH DON\OH XQ LQWHUPpPGLDLUH UDGLEDODLUH HVW

(QVXLWH QRXV DYRQV HVVD\p G pWHQGUH FHWWH PpWKRG
KDORJpQXUHYVY HW OHV DFpWDWHYV DOO\NOLTXHV 7RXWHIRLV
] GHV UHQGHPHQWY PRGpUpV SDU FRXSODJH DYHF GHV EUR

(JDOHPHQW DX FRXUV GHV FLQT GHUQLQUHY DQQpHV OfDEF
FREDOW D pWp GpYHORSSp "S$DBWOPIPHONMOWOHYURXSBQRI
SHUPHWWHQW OfDFWLYDWLRQ GfXQH OLDLVRQ & + SDU OD
UpDFWLIV GH *ULJQDUG RQW pWp XWLOLVpV (WDQW GRC
QXFOPRSKLOHV LO HVW SOXV GLIILFLOH GH OHV HPSOR\HU

3RXU QRWUH SDUW QRXV DYRQV HVVD\p GIDFWLYHU GYXQ
GHV UpDFWLIV GJYDU\OJLQFLTXHV JUKFH j OD FDWDO\VH DX |
GHV FRQGLWLRQV GH UpDFWLRQ QRXV DYRQV REWHQX XQ
/H SULQFLSDO SUREOQPH HVW IDLEOH WDX[ GH FRQYHUVLR
UpDFWLRQ GRLW rWUH SRXUVXLYLH



5pVXPp )UDQoDLYV

(Q FRQFOXVLRQ QRXV DYRQV GpYHORSSp SOXVLHXUV UpDI
FDUERQH FDWDO\VpH SDU OH FREDOW /HV UpDFWLRQV VH I
/| XWLOLVDWLRQ GX FDWDO\VHXU DX FREDOW TXL HVW pFR
ERQQH DOWHUQDWLYH DX[ DXWUHV PpWDX[ GH WUDQVLWLR



*HQHUDO ,QWURGXFWLRQ

*HQHUDO ,QWURGXFWLRQ

&DUERQ FDUERQ ERQG IRUPDWLRQ KDV EHHQ RQH RI WKI
FKHPLVWU\ ZKLFK KDV EHHQ ZLGHO\ DSSOLHG LQ SKDUPI
QDWXUDO SIWVRIGXBRWDW HITRUWYV E\ FKHPLVWY GXULQJ WKH
GHYHORSPHQW RI WUDQVLWLRQ PHWDO FDWDO\]HG FDUERC
VXFK DV 1HJLVKL UHDFWLRQ .XPDGD UHDFWLRQ DQG 6X]XN

W LV ZHOO NQRZQ WKDW ODWH WUDQVLWLRQ PHWDOV DUF
FRQVWUXFW FDUERQ FDUERQ ERQGYV 1HYHUWKHOHVV WK
ORUHRYHU VRSKLVWLFDWHG DQG H[SHQVLYH OLJDQGV DUI
TKHUHIRUH HIILFLHQW PHWKRGV XVLQJ ORZ FRVW PHWDO I
DSSOLFDWLRQ RI WKH ILUVW URZ WUDQVLWLRQ PHWDOV L«
LQFUHDVLQJ LQWHUHVW DQG UHPDUNDEOH DGYDQFHV KDYH

$PRQJ WKRVH ILUVW URZ WUDQVLWLRQ PHWDOV FREDOW L
WLPHVY 2WWR 5RHOHQ GLVFRYHUHG WKDW FREDOW ZDV D
HWK\OHQH LQ RUJDQLF SKDVH DQG LW ZDRUWKRIQE MWIIAXKK RLF
FDUERQ FDUERQ ERQGY FREDOW DOVR SOD\V DQ LPSRUWD
FREDOW FDWDO\]|HG FRXSOLWKHUHBEWORQNDW®O\]HNG FDUE
IRUPDWLRQ KDV HPHUJHG LQFUHDVLQJO\

&URVYV FRXSOLQJ UHDFWLRQV DUH VWUDLJKWIRUZDUG DSS|
GHYHORSPHQW RI VXVWDLQDEOH FREDOW FDWDO\]HG FURYV
,Q RXU JURXS ZH KDYH HVWDEOLVKHG D/YPNUERQRSRIQBURYV
FDUFPRQ JHQHUDO WKHVH PHWKRGV DUH HIILFLHQW DQG V

D - 73DXOMADGLXP LQ 2UJDQLF 6\QWKHVLY 7RSAFY LQ @85UDQ RHYI WB B

E * YUDQFLY 2UJBQWRWUQWKHVLY ZLWK WUDQVLWLRQ PHWDO FRF

GLR[LGH DV UHDFWLRQ PHGLXP 7UDQVLWLRQ OHWDOV IRU 2UJDQLF 6\
"LOH\ 1HZ <RUSIRO F $ & 6SLYH\ & - * &WUBWRW -6\ WD QQDK

) +HEUDUG &XH.®D OFNY *

D 0 6 .KDUDVFK-($P )&KIORBVERF E 0 6 .KDUDVFK &P) )XFKV
&KHP 6RF

D * &DKLH] S$&KWRPHXMHY E : +HVV - 7UHXWRAMKRBVEV +LOW
6WXWWJIDUW F & *RVPLQL - 0 %HJIR&KIP $&RRBRXRPEOH
G & (, .QDSSNH 6 *UXSH ' *DUWQKHPO(XRXRUSHW & *RWPLOR
1 <RVKENBL&KHP 5HV I 0 ORVHODJH - /I1$5&6 &§BNHDWOPDQQ



*HQHUDO ,QIRUPDWLRQ

DQG PRUHRYHU VRSKLVWLFDWHG OLJDQGV DUH QRW QHF
FDWDO\WLF V\VWHP WR PRUH NLQGV RI FURVV FRXSOLQJ U
KRPR DQG FURVV FRXSOLQJ DV ZHOO DV YLQ\O EHQ]\O FUF

,Q WKH RWKHU KDQG RUJDQRPHWDOOLF UHDJHQWYVY KDYH
WKHVH RUJDQR]LQF FRPSRXQGV DUH RQH RI WKH PRVW .
FRXSOLQJ UHDFWLRQV $SDUW IURP WXH SURXSE BOOMG GEARHAK
PRUH VLPSOH DQG HIILFLHQW ZD\ WR SUHSDUH DU\O]JLQF
FDWDO\VW W LV QRWHZRUWK\ WKDW WKH FREDOW XVHG 1
QH[W FRXSOLQJ UHDFWLRQ ZKLFK LV PRUH HFRQRPLFDO
FDWDO\]HG FURYW FRAVFOIRIH WKH IXQFWLRQDOL]DWLRQ R
WKHVLV D F\DQDWLRQ RI DU\OJLQF FRPSRXQGV ZLOO EH GL

,Q DGGLWLRQ FREDOW FDWDO\J]HG & + DFWLYDWLRQ KDV I
ILYH \HDURMWDEO\ RUJDQRPHWDOOLF FRPSRXQGV DUH D JU
& + DFWLYDWLRQ 6R IDU *ULJQDUG UHDJHQWY DUH PRVW .
FRPSRXQGY DUH OHVV QXFOHRSKLOLF LW LV PRUH GLIILFX
7R H[SDQG WKH DSSOLFDWLRQ RI FREDOW FDWDO\WLF V\VW
FDWDO\|HG & + DFWLYDWLRQ ZLWK DU\O]JLQF UHDJHQWYV ZLC

D / =KX 5 0 :HKPH\HYU BUJ BKHRH E $ .UDVRYVNL\ 9 0DOD
$ *DYU\XVKLQ $B8QJBIRFRHEP ,QW (G F 3 .QRFKHO - - $ 3HUHD
7HWUDKHGURQ



&KDSWHU &REDOW &DWDO\JHG (OHFWURSKLOLF &\DQDWLRQ R

&KDSWHU &REDOW FDWDO\]F
&\DQDWLRQ RI $U\P\JDQRVL ZLW
SKHQ\O S PHWK\O EHQJHQHVX



&KDSWHU &REDOW &DWDO\JHG (OHFWURSKLOLF &\DQDWLRQ R

, ,OWURGXFWLROQ

%HQ]JRQLWULOHYV DUH XELTXLWRXV RUJDQLF FRPSRXQGV L
HOHFWURQLF PDWHUOBDRQZKWEBHPWKH QLWULOH JURXS SOD
RUJDQLF VI\QWKHVLVY VLQFH LW DOORZV D PXOWLWXGH RI
VXFK DV DPLQHV DPLGLQHV WHWUD]ROH®YV IO GHKX®HY W
VIQWKHVLV RI DU\O &1 KDV DWWUDFWHG JUHDW DWWHQWLR

JU & ®
O / X T X

6FKHPH (I[IDPSOHV RI SKDUPDFHXWLFDO G\HV DQG HOHFWURQLF PDW

| X
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6FKHPH 5HSUHVHQWDWLYH VIQWKHWLF DSSOLFDWLRQV R

,Q WKH HDUO\ \HDUV WKH 6DQGPH\HU UHDEMELBRYV B I\ &
YRQ %UDXQ UHDFWLERQUH WHYO VKDRO PBRNW WUDGLWLRQDO P

D $ - )DWUBISDUDWLRQ DQG 6\QWKHWLF $SS®LFDWDR Q\: R3 XS B QKRR&R
'LOH\ 1HZ <RUE 5 & /BBRBNHKHQVLYH 2UJDQL¥&FURABY I RREPFWLRQV
$ .OHHPDQQ - (QJHO % .BWUBRBEHXWLHLFEBXEVWDQFHV 6\QWKHVL\
WK HG 7KLHPH 6WXWWGDUW *GLORHA $FFROQWVREKHP 5HV
H ) ) )OHPLQJ&KHPDGHY | 0 % 6PLWKDUFKIJVFEGYDQFHG
2UJDQLF &KHPLVWU\ 5HDFWLRQV WHFHGQLYPW\ DOREBWMEFW-XUH
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&KDSWHU &REDOW &DWDO\JHG (OHFWURSKLOLF &\DQDWLRQ R

RI EHQ]R@EFWHRKOHMRZHYHU ERWK RI WKHP VXIIHUHG IURP \
VWRLFKLRPHWULF DPRXQW RI YHU\ WR[LF FRSSHU F\DQLG
VXEVWUDWHY ZDV WROHUDWHG ORUHRYHU WKH FRQGLWL
UHODWLYHO\ KDUVK VXFK DV KLJK WHPSHUDWXUH

6FKHPH D 6DQGPH\HU UHDFWLRQ E 5RVHQPXQG YRQ %UD
, OHWDO F\DQLGH V DV 3&1° VRXUFH

$Q DOWHUQDWLYH zZD\ WR REWDLQ WKH EHQ]JRQLWULOHV
F\DQDWLRQ UHDFWLRQV RI DU\O ; ; KDOLGHV 271 + X
F\DQLGHV DV 3&1° VRXUFH ,Q WKH SUHVHQFH RI WUDQVLWI
F\IDQLGH VRXUFHV V&FK1ID¥1&& &1 RU>)H &® UHDFW ZLWK
IXQFWLRQDOL]HG DU\O KDOLGHV WR SURYLGH WKH FRUUHYV
EHHQ DSSOLHG LQ ERWK DFDGHPLF UHVHDUFK DQG LQGXVW

6FKHPH 7TUDQVLWLRQ PHWDO FDWDO\]HG F\DQDWLRQ UHDFWL

D . : 5RVHQPXQGOHUBMKIXHENGHU GHXWVFKHQ FKHPLVFKHQ *HVHOOVI
E ' 7 OREKHP 5HY
&KHQ < 6XQ % /LX &KHPX &R RRH® J

D . 7DNDJL 7 2NDPRWR <&KWBRDMNMVEWUD 6&E2BRQGHUPHLHU $ =DS
%HOOHU 7THWSDMKHGURQ /HWW F &ULVWDX + - 2XDOL $ 6SLQGOHL
&KHP (XU -

D - 5 'DOWRQ DQG2&J/ SKHPMQ + E $ 9 8VKNRY 9 $P *UXVKLQ
&KHP BRF

D$ /LWWNH O B6RXPHLOODQW 5 ) .DOWHQEDFK 2UJ5/HW®KHUQH\ &

E ) * %XRQR 5 &KLGDPEDUDP 5 +2UOXHOGWHWU 5 ( :DOWHUPL
F 0 6KHMON@DKHGURQ /HWW

D 7 6FKDUHLQD $ &KHFP &R PRHOD H U E 7 6FKDUHLQD 5 -DFNVWH
$ =DSI $ &RWWp 0 *RGWWDB\Q@ &CHOI U F 3 < <HXQJ & 0 B6R &
IDX ) < .ZRQHZ &KHP ,QW (G G 7 ' 6HQHFDO : 6KX 6 / %.
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6FKHPH *HQHUDO PHFKDQLVP RI WUDQVLWLRQ PHWDO FDWDO\]JHG

F\DQLGH LRQ WRZDUGV WKH PHWDO FDWDO\VWV KLJK FDWI

,Q 7DNDJL DQG FRZRUNHUV UHSRUWHG WKH ILUVW S
KDOLGHV ZLWK .&1 DV D F\DQDWH®Z HWHHDU H® WL \6 PKHIPKR GV \
KLJK WHPSHUDWXUH DQG WKH JURXS GLG QRW H[WHQG WKL
6RPH HIIRUWV ZHUH VSDUHG WR PDNH SURJUHVV RI WKLV
OLJDQGV XVLQJ GLIIHUHQW VRO YWRRX DKQ 8 RS GRR \ WEH \DHE
QHHG KDUVK UHDFWLRQ FRQGLWLRQV ,Q HPSOR\LQJ .
FRZRUNHUV GHYHORSHG D SDOODGLXP FDWDO\]HG F\DQDW
WUDFH OHYHOV RI WUL Q EXWSOWLWL WO RU LGB F WRRIKQMDHO L ]t
ZHUH ZHOO WROHUDWHG DIIRUGLQJ JRRG WR H[FHOOHQW )\
UHDFWLRQ FR@EXWAORMQMN FKDRULGH SOD\V D UROH VLPLOD
JHQHUDWH D WLQ@KLWK ERY SUR[SRVHG WR EH WKH NH\ WR W

3G &1RU 3G 2%$FPRO
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6FKHPH 3DOODGLXP FDWDO\]JHG F\DQDWLRQ UHDFWLRQ RI DL

D. 7DNDJL 7 2NDPRWR < 6DNDNLEDUD%%0QOK@RH® BRPF 1S@D\DPD
E 0 6XQGHUPHLHU $ =D3HWUDKHGOR®Q /HWWQVF 0
6XQGHUPHULHU $ =DSI 6 O0OXW\DOD : %DX&OHR (XUDQV 6 :HLVV 0

& <DQJ - 0 2100 LUHBRW
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6FKHPH 3DOODGLXP FDWDO\]JHG F\DQDWLRQ UHDFWLRQ RI DU\O KDOL

SHFHQWO\ *UXVKLQ DQG FRZRUNHUV HVWDEOLVKHG D KLJK
ZLWK 1D&1 FDWDO\]HG E\ SDHTGRBLXPWKRGGHRHKLELWHG JRR
JURXS WROHUDQFH VXFK DV QLWUR NHWRQH DPLQH DQG
DQG H[FHOOHQW \LHOGV &DWDO\XL\F D\WPHRX QW FRIPISMELEKVI
PRO RI SDOODGLXP DV WKH FDWDO\VW 7KH UROH RI WKH
SRLVRQHG FDWDO\VW LQ RUGHU WR IDFLOLWDWH WKH UHDF

6FKHPH 3DOODGLXP FDWDO\]HG F\DQDWLRQ UHDFWLRQ RI DU

&RPSDUHG ZLWK WKH VLPSOH DONDOL PHWDO F\DQLGHV ]L
RI WKH PRVW ZLGHO\ XVHG F\DQLGH VRXUFH )RU H[DPSOH

D JHQHUDO PHWKRG IRU F\DQDWLRQ RI DU\O DQG KHWHU
6FKHPHP
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6FKHPH 3DOODGLXP FDWDO\]HG F\ADQDWLRQ UHDFWLRQ RI DU\

) * %XRQR 5 &KLGDPEDUDP 5 + P2MBOMGINMWNGS ( :DOWHUPLUH



&KDSWHU &REDOW &DWDO\JHG (OHFWURSKLOLF &\DQDWLRQ R

SRWDVVLXP KH[DF\DQRIHUUDWH ,, KDV DWWUDFWHG DWWH
WR[LF F\ADQLGH LW FRXOG EH KDQGOHG ZLWKRXW DGGLWL
XWLOL]HG WKLV FRPSRXQG WR GHYHORS D SDOODGHXP FDW
:LWK DOO VL[ F\DQLGH LRQV DYDLODEOH IRU UHDFWLRQ
IXQFWLRQDOL]HG DU\O EURPLGHV ZHUH REWDLQHG XQGH
FDWDO\VW SURGXFWLYLWLHYVY ZHUH REVHUYHG GXH WR WKF
JURXS SURYHG WKDW WKLV NLQG RI UHDFWLRQ FRXOG EH S
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6FKHPH 3DOODGLXP FDWDO\]JHG F\DODWLRHBHDFWLRQ RI DU\

6HYHUDO H[WHQVLRQ RI WKH SDOODGLXP FDWDO\J]HG F\DQI
DQG RWKHU JURXSV )RU H[DPSOH %HOOHU DQG ERWRUNHL
D EXON\ OLJDQG WR XQGHUJR D F\DQDWLRQ RI DU¥O FKOR!
.ZRQAW BPBPSOR\HG DU\O WRV\ODWHYVY RU PHV\ODWHYV DV WKF

DF DQG % XRARKEDIBDAVR XVHG ZDWHU DV D FR VROYHQW W
UHDFWLRQ 6FKHPH E

7 6FKDUHLQD $ =ZMHWUDKWEORGUHWW
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:

6FKHPH 3DOODGLXP FDWDO\]JHG F\DQDWLRYH &HD EQ LAROVRIIUD UVNO K

$IWHU WKH GHYHORSPHQW RYHU \HDUV PHWDO F\DQLG
VIQWKHVLV RI IXQFWLRQDOL]J]HG EHQ]JRQLWULOHYV 1HYHUWE
WKHVH F\DQLGH UHDJHQWY DUH WR[LF DQG QHHG WR EH
HTXLYDOHQW RI LQRUJDQLF VDOW ZDVWH LV SURGXFHG GX
IHUURF\DQLGH PRVW RI WKH UHDFWLRQV UHTXLUH SUHFLF
VRSKLVWLFDWHG OLJDQGY ZKLOH FKHDS PHWDO FDWDO\VW

, &RPELQHG 3&1° VRXUFH

7R DYRLG XVLQJ WR[LF PHWDO F\DQLGHV FRPELQHG 23&1° \
UHFHQW \HDUV $ YDULHW\ RI WKHVH NLQGV RI UHDFWLRQ
IHZ \HDUV ,Q WKLV NLQG RI F\DQDWLRRQUWID/R¥ LRRQH WK HNVZs
VPDOO PROHFXOHV 7KH GHWDLOHG PHFKDQLVP RI WKHVH
GXH WR WKH FRPSOH[LW\ RI WKH UHDFWLRQ PL[WXUH &K
GLIITHUHQW VLPSOH PROHFXOHV DPPRQLD DQG '0) WR JHQF
6FKHPH $Q LVRWRSH VWXG\ GLVFORVHG WKDW WKH FDL
GLPHWK\O JURXS RI '0) DQG WKH QLWURJHQ DWRP IURP L

.LP 6 &KDB®J &KHP 6RF



&KDSWHU &REDOW &DWDO\JHG (OHFWURSKLOLF &\DQDWLRQ R

SDOODGLXP ZDV RQO\ LQYROYHG LQ WKH & + DFWLYDWLRQ
WR IRUP WKH 3&1° XQLW ZLWK WKH R[LGDWLRQ RI R[\JHQ
DSSOLHG WR D ZLGH VFRSH RI VXEVWUDWHYV :LWK HOHF
SKHQ\OS\ULGLQH RQO\ PRGHUDWH \LHOG ZDV REWDLQHG

Bal l \
= /l = = =z
6FKHPH &RPELQHG 33&1° VBRGFHB)IURRPNKIH SDOODGLXP FDWDO\]HG F\

&i+ ERQGYV

6FKHPH B3URSRVDO PHFKDQLVP IRU WKH 3&1° IRUPDWLF

6XEVHTXHQWO\ &KDQJ DQG FRZRUNHUV GHPRQVWUDWHG F|
DFLG RU HOHFWURQ ULFK EHQ]JHQHV XVLQJ DPPRQLXP LRGL
6FKHPH BU\O ERURQLF FRPSRXQGV EHDULQJ HOHFWUF
GRQDWLQJ JURXSV UHDFWHG ZHOO DIIRUGLQJ JRRG WR HI[F
LRGRDUHQH ZDV FRQILUPHG WR EH WKH NH\ LOQWHUPHGLD\
PRGLILFDWLRQ RI FRQGLWLRQV WKLV PHWKRG ZDV H[WHQ((

LP - &KRL . BKL®P6 &KKIPQBRF
- LP + .LP 62l&KDEBWW
= :DQJ 6 RWDQHWW
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6FKHPH &RPELQHG 33&1° VROXQUGFHO)URPWKH FRSSHU PHGLDWH DU\O
7KH DERYH FRSSHU PHGLDWHG F\DQDWLRQ KDG D VLJQLILF
DPRXQWYV RI FRSSHU VSHFLHV ZHUH UHTXLUHG ,Q & KD

VLOYHU FDUERQDWH DQG R[\JHQ FRXOG IDFLOLWDWH FRES
LRGLGHYVY ZLWK DPPRQLXP ELFDUERQDWH DQG '0Q WKLRADQ
UHDFWLRQ VLOYHU VDOWV UHR[LGL]JHG WKH FRSSHU , VS
FDWDO\VW +RZHYHU LW ZDV OHVV HFRQRPLF RZLQJ WR WK

, &X 12 +2 PRO &1
5;\ 1+ +&2 > LS
- $J&2 HTXLY “U_
DPLQRS\ULGLQH RO
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6FKHPH FRSSHU FDWDO\]HG F\DQDWER@RGDU)NO LRGLGHV ZL\

&KHQJ DQG FRZRUNHUV HVWDEOLVKHG VLPLODU PHWKRGV
DV D FRPELQHG F\DQR VRXUFH IRU WKH F\DQDWHR Q WRKIHA (

$ % 3DZDU &KKRDRPPXQ
5HQ - &KHQ ) &EKBAP - &RIPRAD



&KDSWHU &REDOW &DWDO\JHG (OHFWURSKLOLF &\DQDWLRQ R

GHYHORSHG D SDOODGLXP IUHH SURWRFRO ZKLFK FRPELQ!
F\DQR VRXUFH DQG DOORZHG WKH F\DOQODWLROKRPB® VHULH\
E 7KHQ WKH\ XWLOL]JHG 70('$ DV WKH FDUERQ GRQDWRU Z
WR IRUP 3&1° 6FKHPH F

' LWKRXW DPPRQLD RU DPPRQLXP VDOWYV -LDR DQG FRZF
FDWDO\|HG F\DQDWLRQ ZLWK '0) DV WKH RQO\ SURYLGHU R
LQFRUSRUDWHG LQWR WKH FVIXQR SUWRX\SR FBRFEHEDY OLPLWHG
FRPSRXQGY DQG LQ VRPH FDVHV DOGHK\GH SURGXFWV ZHLI
QH[W H[WHQGHG WKLV PHWKRG WR F\DQDWLRQ RI SKF
FRQGLWDR&W DQG HMWQBBYHORSHG VLPLODU DSSURDFKHYV
UHVSHFWLYHO\

N AN N AN
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6FKHPH 3&1° VRXUF&2IDRB 1662 '0) LQ WKH SDOODGLXP FDWDO\]JHC
* =KDQJ ; 5HQ - &KHQ20J +KHWW&KHQJ
% /LX - :DQJ % =KDQJ < 6XQ [/ &RRBAP <&RPHLK® - &KHQJ

6 'LQJ 1- -BBR&KHP B6RF

< <DQ < <XDQUJl &KBFP )JURQW

D / =KDQJ 3 /XUJ WORPRO &KHP E - :LDR 4 /L 7 &KHQ / %
7HWUDKHGURQ /HWW
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6FKHPH &RSSHU FDWDO\JHG F\DQDWLRQ XVLQJ '0) bV WKH

%KDQDJH DQG FRZRUNHUV HPSOR\HG IRUPDPLGH DV WKH \
DWRPLF HFRQRPLFDO WR IRUP EHQ]JRQLWULOHV IURP DU\O
SDOODGLXP RU FRSSHU LRGLGH®WRMAKWBOMFW UREKXKBRKDWLQJ
ZLWKGUDZLQJ JURXSV FRXOG X@GHWORHW R K9 UO WHHHEL HY2 &/Q
WZLFH WR IRUP WKH FRUUHVSRQGLQJ EHQ]JRQLWULOHYV

6FKHPH 3G RU &X FDWDO\]HG DU\O F\DQDWLRQ ZLWK IRUPDPL!

D ' 1 6DZDQW < 6 :DJK 3 - 7TDPEDGH $GY GBWQIDVWKWEDWDO %KDQDJI
E $ % .KHPQDU %66 $MKDQDJIH



&KDSWHU &REDOW &DWDO\JHG (OHFWURSKLOLF &\DQDWLRQ R

7VXEKLPRWR DQG FRZRUNHUV ILUVW GHPRQVWUDWHG WKD\
LQ WKH F\DQDWLRQ UHDFWLRQ ZLWK QLWURPHOMKIRQH DV V
KHUH QRW RQO\ VHUYHG DV D F\DQLGH VRXUFH EXW DOVR
6L + PRLHWLRIMBK HYVHQWLDO WR WKH UHDFWLRQ ZKLFK P
VLO\ODWHG FRPSOH[ IROORZHG E\ VHTXHQWAALO: K®QRPLQD\
DSSOLHG WR F\DQDWLRQ RI S\UUROHV LW KDG QR UHJLRVH

6FKHPH =LQF FDWDO\]HG F\DQDWLRQ RI LQGROHV DQG S\UUROHYV

\

7R GDWH WKH F\DQDWLRQ UHDFWLRQV XVLQJ FRPELQHG 3&
$PRQJ WKHVH VRXUFHVY '0) DQG DPPRQLD RU DPPRQLXP VD
FDVHV D QRQ QHJOLJLEOH GUDZEDFN LV WKH UHTXLUHP
FRSSHU ORUHRYHU HDUO\ WUDQVLWLRQ PHWDO KDYH E
F\DQDWLRQ UHDFWLRQV XVLQJ FRPELQHG 3&1° VRXUFHV

, 2UJDQLF FRPSRXQGV FRQWDLQLQJ D 3&1° XQLW

SHFHQWO\ D YDULHW\ RI RUJDQLF FRPSRXQGV FRQWDLQ!
HISORUHG DV HIILFLHQW F\DQR VRXUFH LQ PHWDO FDWD(
GHDFWLYDWLRQ RI FDWDO\WW GXH WR WKH KLJK F\DQLGF
JXUWKHUPRUH PHWDO ZDVWHV FRXOG EH SRVVLEO\ DYRLG

, &\DQRJHQ +DOLGHYV

&\DQRJHQ KDOLGHV ZHUH RQH RI WKH F\DQDWLQJ UHDJHQW
DJR *ULJQDUG HPSOR\HG F\DQRJHQ FKORULGH WR IRUP D

< 1DJDVH 7 6XJL\DPD 6 1RPL\DPD .$6RQHENXWIK &DWWDOFKLPRWR
9 *ULJQDUG &RPBMOBHWG



&KDSWHU &REDOW &DWDO\JHG (OHFWURSKLOLF &\DQDWLRQ R

IDWHU F\DQRJHQ EURPLGH DQG LRGLGH ZHUH GLVFORVHG W
9HU\ UHFHQWO\ 2KH DQG FRZRUNHUV UHSRUWHG D FRSSI
UHDJHQWYV ZLWK F\DQRJHQ BRGLBWY RAFKKHAFWLRQDOL]HG D!
UHDFWHG HIILFLHQWO\ DIIRUGLQJ JRRG WR H[FHOOHQW \Lt
WR[LF ZKLFK OLPLWV WKH VIQWKHWLF DSSOLFDWLRQ

(O ) - O

6FKHPH &RSSHU FDWDO\JHG F\DQDWLRQ RI DU\OERURQLF DFL:

, Q :DQJ DQG FRZRUNHUV ILUVW GHPRQVWUDWHG WKDW
F\IDQR VRXUFH WR XQGHUJR DQ LURQ FDWDO\]|HG 7TGILWHFW |
UHDFWLRQ ZDV DSSOLFDEOH WR YDULRXV HOHFWURQ GRQD
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6FKHPH ,URQ FDWDO\]HG GLUHFW F\DQDWLRQ RI DUHQHYV

, & &1 &RPSRXQGV

, Q &KHQJ DQG FRZRUNHUV HVWDEOLVKHG D SDOODGLXI
WKH SUHVHQFH RIX[HWRVWHKHALBPQDO\VLY RI WKH VLGH SURG.:
ZDV SURSRVHG WR KDYH EHHQ JHQHUDWHG /DWHU LQ [

D 9 *ULJQDUG ( %BQQHWKI®P &BRUWMRWUE 9 *ULJQDUG ( %HOOHW
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&KDSWHU &REDOW &DWDO\JHG (OHFWURSKLOLF &\DQDWLRQ R

LQGROHV GHYHORSHGBRUHKXPHQWROXS6KHQ DQG FRZRUNHU
VHTXHQWLDO LRGLQDWLRQ F\DQDWLRQ UHDFMBRRRODLWE DI
DQ LPSRUWDQW GXDO UROH LQ WKLV UHDFWLRQ )LUVW LW
FRSSHU FDWDO\WW 6HFRQG PHFKDQLVWILFZDWXGEQHHDMWMG
DQ DFWLYH F\DQDWLQJ UHDJHQW 1HYHUWKHOHVV DOO WK
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6FKHPH &RSSHU FDWDO\]JHG F\DQDWLRQ XVLQJ DFHWRQLWU

:DQJ DQG FRZRUNHUV GHYHORSHG D SDOODGLXP FDWDO\]JH
EHQ]J\O F\DQLGH DV WKH F\DQDWL® R W& D@0/ % B KHHPUHH
HVVHQWLDO 1R HOHFWURQ ZLWKGUDZLQJ JURXS VXEVWLW

& 3DQ + -LQ 3 ;X ; /LX -<2@KH&KHR =KX
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&KDSWHU &REDOW &DWDO\JHG (OHFWURSKLOLF &\DQDWLRQ R

7TKHQ WKH JURXS GHPRQVWUDWHG FRSSHU PHD®QDOWHG F
SKHQ\OS\ULGLQHV ZLWK EHQ]\O F\DQLGH 6FKHPH E
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6FKHPH &\DQDWLRQ RI DU\O KDOLGHYV DQG SKHQVOS\ULGLQH XVL

(WK\O F\ADQRDFHWDWH ZKLFK LV PRUH UHDFWLYH WKDQ DF
VRXUFH BHWKBEKHPH D®G +KMMWQBOAKHPH UHVSHFWLYHO\
YDULHW\ RI HOHFWURQ ULFK RU HOHFWURQ GHILFLHQW D
FRUUHVSRQGLQJ EHQ]JRQLWULOHYV

4 'HQ - -LQ < OHL 3(XWX- <2UDQ&KHP +
LQ 4 :HQ 3 /ZKHP:DEBRPPXQ

6 =KHQJ & <XUJ 6HW

6 / =KDQJ /2UdD®LRPRO &KHP



&KDSWHU &REDOW &DWDO\JHG (OHFWURSKLOLF &\DQDWLRQ R
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6FKHPH &\DQDWLRQ RI DU\O KDOLGHY DQG DU\O KDOLGHV SVHXGRK
VRXUFH
, Q =KRX DQG FRZRUNHUV GLVFORVHG D WUDQVQLWULC

WKH SUHVHQFH RI FRSSHU FDWOHOD\NMA L6GFWHRIRHGLIDWH FI
>&X SKHQ@ &2DV JHQROUNMWRIEGORZHG E\ WUDQVQLWULODWL
6HQDQD\DNH DQG FRZRUNHUV WKHQ FKRVH GLPHWK\OPDOR
UHDFWHG ZLWK DU\O *ULJQDUG OLWKLXP DQG ERURQLF UH
E 1R FDWDO\VWV ZHUH QHFHVVDU\ ZKHQ DU\O *ULJQDUG F
ZKLOH ODUJH VFRSH RI VXEVWUDWHY FRXOG EH ZHOO WRC
YDULDWLRQV RI PDORQRQLWULOHY FRXOG JLYH H[FHOOHQV

o - -

6FKHPH WUDQVQLWULODWLRQ IURP PDORQRQLWULOHYV WR DU\O

, 2 &1 DQG 6 &1 FRPSRXQGYV

80= _LDQJ 4 +XDQJ 6 &KHGG/ /IBQQWK =KRMXDO
D - 7 5HHYHV & $ ODODSLW ) * %XRQR . 3 B6LGKX 0 $ 0ODUVLOQL
%XVDFFD & + 6HRMQEKBRHG6RF i E & $ ODODSLW - 7 5HHYHV
%XVDFFD $ 5 +RZHOO $QJHZ6KEBOD\QMWH (G *



&KDSWHU &REDOW &DWDO\JHG (OHFWURSKLOLF &\DQDWLRQ R

, Q .QRFKHO DQG FRZRUNHUV GHYHORSHG DQ HIILFLHQ
UDQJH RI RUJDQR]LQFS WRRBRXDIHOAMX QIIRMKO F\DQMEH V6B KHTI
WUDQVLWLRQ PHWDO IUHH SURFHGXUH +RZHYHU WKH VFR:
ORUHRYHU WKH SUHSDUDWLRQ RI WKLV RUJDQR]JLQF FRPSI
XVHG 7V&l1 ZKLFK LV GDQJHURXV WR SUHSDUH RU VKLS

o——0 T

6FKHPH &\DQDWLRQ UHDFWLRQ RI DU\OJLQF FRPSRXQG Z

Q /JHH IRXQG RXW WKDW S\ULG\O F\DQDWH ZDV D X\
EHQJRQLWULOHV ZHUH V\QWKHVUDMVEHW BRPWELG® I H G RUSHHIE] |
V\QW K HRULWARIQ R DYUHBQLWMH FWHG OLWKLDWLRQ IROORZHG E\ F
F\DQDWREHQ]JHQH 6FKIWHHWKRGRORJ\ UHTXLUHV WKH SU
PHWDODWLRQ JURXS '0* 1RWH WKDW WKH ILQH FRQWU]
QHFHVVDU\ WR HQVXUH JRRG \LHOGV 7KLV PHWKRG LV D
RUWKRFWLRQDO F\DQRDUHQHV +RZHYHU WKH VI\QWKHVLV
ZKLFK LV KLJKO\ WRJ[LF

o o Y
[
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6FKHPH &\DQDWLRQ UHDFWLRQ RI DU\O OLWKLXP UHD

ILHEHVNLQG DQG FRZRUNHU UHSRUWHG WKH ILUVW 3G FD
WKLRSKHQH FDDEBWOR®/HRI ERURQLF DFLG ZLWK EHQ]\OW
8VLQJ WKLV SURWRFRO D YDULHW)\ RI IXQFWLRQDOL]JHG DL

.OHPHQW . /HQQLFN & (7HWBBRKHGB8 R RHFWMWO
6 .RR -6)\QMIKI &RPPXQ
D 1 6DWR7HIWKYRKHGURQ E 1 76DMWMRDKHGURQ /HWW

= =KDQJ [/ 6 /2HEHWHNW G



&KDSWHU &REDOW &DWDO\JHG (OHFWURSKLOLF &\DQDWLRQ R

XVHIXO FRPSOHPHQWDU\ PHWKRG FRPSDUHG WR WKDW HPS
F\DQLGH VRXUFHV LQ WKH SUHVHQFH RI D WUDQVLWLRQ PH

Jeq¥egv i egion

6FKHPH 3DOODGLXP FDWDO\]|JHG FRSSHU , PHGLDWHG FRXSOLQJ RI

, 1 &1 FRPSRXQGYV

+DPLOWRQ DQG FRZRUNHUV GLVFORVHG WKDW F\DQRLPLG
F\DQDWLQJ DIJHQW ZLWK GLIITHUHQW QXFOHRSKLOLF UHDJH
EXW RQO\ RQH DU\OQLWULOH H[DPSOH ZDV REWDLQHG

B
B - \ B
6FKHPH &\DQDWLRQ UHDFWLRQ RI DU\O OLWKLXP UHD
, Q &KDQJ DQG FRZRUNHUV GHYHORSHG D FREDOW FDWI

ZLWKF\DQRVXFFLQLPLGH 76AKI@QPMZ F\DQDWLQJ UHDJHQW ZDV
DQG EHQFK VWDEOH $ F\DQR JURXS FRXOG EH HIILFLH
IXQFWLRQDOL]HG SKHQ\OS\ULGLQHV DV ZHOO DV VHYHUDC
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&KDSWHU &REDOW &DWDO\JHG (OHFWURSKLOLF &\DQDWLRQ R

6FKHPH &REDOW FDWDO\]HG F\DQDWLR®@ FRADDRWKXRQLRIL PKLFGWH U R

,Q %HOOHU DQG FRZRUNHUV UHSRUWHG WKH HOHFWUR.
UHDJHQWY 6FKHMHU VFUHHQLQJ D VHULHV RI QLWURJHQ
WKH\ IRXQGF\WRB®WHQ]LPLGD]ROH H[KLELWHG WKH KLJKHYV
HOHFWURQ ULFK DQG HOHFWURQ SRRU VXEVWUDWHYV ZHU}
LVRODWHG \LHOGV DV ZHOO DV VWHULFDOO\ GHPDQGLQJ P
LQ GRPLQR *ULJQDUG FRXSOLQJ F\ADQDWLRQ VHTXHQFH 7K
WKH F\DQR UHDJHQW ZDV SUHSDUHG IURP WR[LF F\ADQRJHQ

Y

feSeiNvaoaiclios

6FKHPH (OHFWURSKLOLF F\ADQDWLRQ RI DU\O KHWHURDU\O

IDWHU %HOOHUYV JURXS GHYHORSHG D QRYHO DQG FRQY
DU\O KHWHURDU\O *ULJQDUG UHDJHQWY KDIQISKBESEEQLJIQ
PHWK\O EHQ]JHQHVXOIRQDPLGH1&%F & D% FKHPGELO\ VIQWKHVI
UHDFWLRQ RI SKHOROXUBIQH VZXWMRQ\O FKORULGH ,WQLS\WDLGL
EHQFK VWDEOH HDV\ WR KDQGOH DQG HQYLURQPHQWDO
&RPSDUHG WR WKH SUHYLRXV HVWDEOLVKHG HOHFWURSKL
UHTXLUH WKH KLJKO\ WR[LF F\DQRJHQ KDOLGHV RU VLPL
UHDJHQWYV ZHWUHQRAKIDYNGS BREW @HWKRG WROHUDWHG ER
ULFK SRRU JURXSV OHWKR[\ GLSKHQ\ODPLQH WKLRHWKH
KHWHURDU\O VXEVWLWXWHG DUHQH ZHUH F\DQDWHG LQ KL.
HIITHFWLYH DQG HQYLURQPHQWDOO\ IULHQGO\

F N @ CE/> X\

3 $QEDUDVDQ + 1HXPOHFQ (BU%HOOHU
3 $QEDUDVDQ + 1HXPRRBPO(XWHGOHU 0

.XU]JHY &KHP 6RF S5HVXPHG

D 3 .QRFKHO $ .UDVRYVNDQGERBRSRRRQYKQ¥W/ ®RQDOBJH®RKEKBQRPH

'LOH\ 9&+ :HLQKH®&RO SS E / %R\PRQG 0 S5RWWODQGHU * &I
$QJHZ &KHP ,QW (G= F3 .QRFKHO : 'RKOH 1 *RPPHUPDQQ ) )
7 _.RUQ , 6DSRXQWRJIHD &KX ,QW (G= F ) 0 3LOOHU 3 $SSXN

$ *DYU\XVKLQ 0 +HGRIBZ. QGRAKHO, QW (G+



&KDSWHU &REDOW &DWDO\JHG (OHFWURSKLOLF &\DQDWLRQ R
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6FKHPH (OHFWURSKLOLF F\DQDWLRQ RI DU\O KHWHURDU\O *UL

,Q %HOOHU DQG FRZRUNHUV GHPRQVWUDWHG WKH ILU"
DEFLGV ZLWK 1&76 XQGHU PLOG FRBQBDWLRW\ RFKHPWHUHYV
LPSRUWDQW IXQFWLRQDO JURXSV LV WROHUDWHG VXFK D!
DFLGLF SURWRQV 6WHULFDOO\ GHPDQGLQJ DU\O ERURQLF
WKHVH FRQGLWLRQV %HVLGHV WKLV SURFHGXUH ZDV FF
DUHQHV WR JLYH WKH FRUUHVSRQGLQJ QLWULOHV LQ D VW

@i =\/_\
X O Ay O

6FKHPH 5K FDWDO\]JHG HOHFWURSKLOLF F\DQDWLRQ RI DU

IDWHU RQ 1&76 KDV EHHQ ZLGHO\ XVHG WR DU\O F\DQDWLR
YLD & + DFWLYDWLRQ 6FKHPH

3 $QEDUDVDQ + 1HXFQIGIZ &KWPAOOQAW (G

D < <DQJ < =KDZUWJ -/HWQJ E 0 &KDLWDQ\D ' <DGDJLUL 3
2UJ /HWW F 7 - *RQJ % :LDR :0 &KHQJ : 6X --6%P = - /LX
&KHP G6RF G /- *X & -LQ 5 :RRHP®&XWEIHP

H - +DQ & 3DQ 2UJLDHLERPRKX &KHP | < <DQJ 6 / %XFKZDO
$QJHZ &KHP ,QW (G = J . ILX | $RXHPPREEPXQ
K - /L / $FN$HUUMZQ@AKHP ,QW (G L : =KDR - ORQIHIR RRHUHP
QW (G + M - /L : ;X - 'LTAUWUBKHSHURQ /HWW
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6FKHPH OHWKRGRORJLHV IRU VIQWKHVLYV RI DU\O QLWULC

=
g\ /2

[
\ 7/

,Q FRQFOXVLRQ WKHVH PHWKRGRORJLHV KDYH PDGH LPSRI
QLWULOHYVY +RZHYHU WKHVH PHWKRGYV DOVR VXIIHU IURP \
WKH XVH RI VWRLFKLRPHWULF FR FDWDO\VW RU DGGLWLYH
ORUHRYHU KLJK RU YHU\ ORZ WHPSHUDWXUHY DUH RIWHQ
GHVSLWH LPSUHVVLYH UHFHQW SURJUHVV WKH GHYHORS
SURFHGXUH UHPDLQV KLJKO\ GHVLUDEOH $U\O]JLQF UHDJH(
RXU ODERUDWRU\ DUH JRRG FDQGLGDWHV DV QXFOHRSH
HOHFWURSKLOLF F\DQR VRXUFH DQG LW KDV QHYHU EHHC
GHYHORSHG WKH F\DQDWLRQ RI DOEFEHPMHF UH DI DHIQWW \ XF/IL
IXQFWLRQDOL]HG DU\O]JLQF VSHFLHV ZDV WUDQVIRUPHG W
GLVFXVVHG LQ WKH QH[W VHFWLRQ

B B B
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/

6FKHPH &REDOW FDWDO\|HG HOHFWURSKLOLF F\DQDWLRQ



&KDSWHU &REDOW &DWDO\JHG (OHFWURSKLOLF &\DQDWLRQ R

,, SHVXOWY DQG GLVFXVVLRQV

., J)RUPDWLRQ RI DU\OJLQF DQG YLQ\O]JLQF UHDJHQ

2UJDQR]LQF UHDJHQWY DUH RQH RI WKH PRVW XVHIXO RUJI
XVHG LQ RUJDQL/KW\QWKSDUNMWLRQ RI RUJDQR]JLQF FRPSR)
GHYHORSHG SDUWHWXDQ@E® OQ BMEBRE/NKHHVH PHWKRGYV ZHUH H
DQG KDG JRRG WROHUDQFH RI IXQFWLRQDO JURXSV +RZHY
WR WKH XVH RI DEWLYH JLQF RU OLWKLXP VDOWV DV SUR
HVWDEOLVKHG DQ HIILFLHQW DSSURDFK WR VI\QWKHVL]H DI
FDWDO\VW 6FKHKHY UHDFWLRQ KDV D YHU\ ZLGH VFRSH F
H[FHOOHQW \LHOGV XQGHU YHU\ PLOG FRQGLWLRQV LQ RC
RSHUDWHG LQ URXQG ERWWRP IODVN ZLWKRXW QLWURJHC
OLJDQG DQG S\ULGLQH DV D FR VROYHQW JLQF LQVHUWLRC
H[FHOOHQW \LHOG

a s - (NS

6FKHPH &REDOW FDWDO\]HG VIQWKHVLYV RI DU\O]JLQF DQG Y

VHOHFWHG UHYLHZV VHH BKBP QGGRHFYKHO 5 ' 6EQUOH3X + % <X

&KHP 5HY F 3 .QRFKHO - - B3HWHWDHKMNGIRAQHV G 9

% 3KDSDOH ' &K&APUGREODYHY H - + .LP < 2 .R - %RXIIDUG
&KHP B6RF S5HY

D / =KX 5 0 :HKPH\HU BUJ BIKHNWH E $ .UDVRYVNL\ 9 0DOC
$ *DYU\XVKLQ $B8QJBIRFRHEP ,QW (G

D + )LOORQ & *RVPLQP &K3IPpRJILFRRQ E , .DJPLHUVNL & *RV
-0 3DULV - BRWURDKRHGURQ /HWW F & *RVPLQL 0O $PDWRUH 6 &

3pULFKR®HWW



&KDSWHU &REDOW &DWDO\JHG (OHFWURSKLOLF &\DQDWLRQ R

. 2SWLPL]DWLRQ RI WKH UHDFWLRQ FRQGLWLRQV

8VLQJ WKH PHWKRG WKDW RXU ODE GHYHORSHG W®& V\QWI
FDWDO\WEZH VA WWWPH[DPLQHG WKH UHDFWLRQ RI PHWKRI[\S
FREDOW FDWDO\VW ZLWK 1&76 WR DOORZ D SUHOLPLQDU\
7KLY FUXGH VROXWLRQ RI DU\O]JLQF EURPLGH ZDV GLUHFW((

Y HUWUMoU 0 &1 Z&WKRXW IXUWKHU DGGLWLRQ RI FREI
FRQVXPHG ZLWKLQ K DW URRP WHPSHUDWXUH DQG RI
ZDV LVRODWHG 7DEOH HQWU\ 'H IRXQG WKDW WKH |

ZRXOG FRQVXPH 1&76 TXLFNO\ 3UHYLRXVO\ ZH KDYH VKR]
UHPRYHG E\ ILOWUDWLRQ KRZHYHU LQ WKLV UHDFWLRQ

FRQYHUVLRQ Rl 1&76 GLG QRW H[FHHG DQG WKLV FRQ
LQFUHDVLQJ WKH WHPSHUDWXUH WR f& 7DEOH HQW!
FRXOG EH HDVLO\ GLPHUL]H XQGHU WKHVH FRQGLWLRQV Z
7+) ,Q WKLV ZD\ WKH VHOHFWLYLW\ PLJKW EH LQFUHDVHG
QHJDWLYH UROH LQ WKH UHDFWLRQ DQG ERWK WKH FRQYt
GHFUHDVHG DIIRUGLQJ YHU\ SRRU \LHOG HYHQ DW fé&

GHVFULEHG QXFOHRSKLOLF F\DQDWLRQ PHWKRGRORJLHYV

SRLVRQLQJ E\ F\DKHGHIRB®VWKH UHDFWLRQ ZDV FRQGXFWH
WKH =Q GXVW PRO =Q GXVW ZDV DGGHG LQWR WKH UHDI
ZDV REWDLQHG 7DEOH HQWU\ DW URRP WHPSHUD
)XUWKHUPRUH LQFUHDVLQJ WKH WHPSHUDWXUH WR f& G
DQG JDYH DQ H[FHOOHQW \LHOG IRH[W ZRADWBWW H G HZLWIB\U H C
JLQF GXVW DGGHG LQ WKH VHFRQG VWHS DQG SURYHG WKD

HQWULHV DQG

7TDEOH 2SWLPL]IDWLRQ RI WKH UHDFWLRQ FRQGLWLRQV

= o - I

D :DQJ ; =KL % %DXP - &KHQ < &URFNHWW 5 +XDQJ /
ODUWLQHOOL 6 2%WHLGHKUHP3 E ODJDQR - &KHPWPHBHY 5

7KH FRQVXPPDWLRQ RI =Q GXVW LV GLYHUVH GHSHQGLQJ RQ WKH GL
OHVV =X GXVW LQ WKH IRUPDWLRQ RI DU\OJLQF VSHFLHV VWHS



&KDSWHU &REDOW &DWDO\JHG (OHFWURSKLOLF &\DQDWLRQ R

(QW U\ &RQGLWLRQ T <LHOG
'LWKRXW ILOWUDWLRQ U W ! K
J)LOWHU DOO WKH =Q GXVW U W K
JLOWHU DOO WKH =Q GXVW f& K
JLOWHU WKH =Q GXVW DGG 7+) PO K fa&

JLOWHU WKH =Q GXVW DQG DGG 7+) PO K
JLOWHU DOO WKH =Q GXVW WKHQ DGG PRO =0Q
JLOWHU DOO WKH =Q GXVW WKHQ DG PRO =0Q
J)LOWHU DOO WKH =Q GXVW WKHQ DGG PRO =0Q

JLOWHU DOO WKH =Q GXVW WKHQ DGG PRO =0Q
>D@<LHOGYV LQ SDUHQWKHVHY DUH FRUUHFWHG *& UHVXOWY 'HFDQH D

. I1HFHVVLW\ RI &R% U

6RPH FRQWUROOHG UHDFWLRQV ZHUH ARG RFMDHGD O\ RV GF R
WKLV F\DQDWLRQ SURFFHR/RP HBERHP® SKHQ\O]LRE EL)RPLGH V
DGGHG WR D VROXWLRQ RI 1&76 LQ 7+) DW f& 7KH UHDFW
RYHUQLJKW VWLUULQJ DW WKLV WHPSHUDWXUH QR DU\OQL
HTXDWLRQ PRO =Q GXVW ZDV LQWURGXFHG LQ WKH
IRUPHG HLWKHU 6FKHPH HTXDDMLR G Q G)OMU RIRXWIKQ Y ¢
EURPLGH VROXWLRQ LQ WKH F\DQDWLRQ VWHS SURYLGH
HTXDWLRQ DQG $V PHQWLRQHG DERYH WKH DGGLWLRQ
& &1 SURGXFW )LQDOO\ E\ HPSOR\LQJ *RVPLQLYV PHWKR
SUHVHQFH RO &% XQGHU WKH VWDQGDUG FRQGLWLRQ JRF
RQO\ REWDLQHG ZKHQ IRUPLQJ WKH 3K=Q%U UHDJHQW LQ
JURXS ZKLFK VXSSRVBEGVRQKDW HWERI%EHILQQLQJ RI WKH U
HTXDWLRQ



&KDSWHU &REDOW &DWDO\JHG (OHFWURSKLOLF &\DQDWLRQ R
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6FKHPH &RQWURO H[SHULPHQWY WR GHPRQVWUDWH WKDW FREDO

. ,QYHVWLIDWLRQ RQ WKH UROH RI JLQF GXVW L

,Q RUGHU WR XQGHUVWDQG WKH UROH RI WKH FDWDO\WLF |
UHSODFHG LW E\ PRO RI RWKHU PHWDOV VXFK DV 0J )¢t

ZHUH REWDLQHG DQG UHVSHFWLYHO\ 7DEOH
D /HZLV DFLG VXFK ID¥ FQLWNDWH WKH GHVLUHG F\DQDWLRQ
HQWU\ 7TKHUHIRUH ZH WKRXJKW WKDW =Q GXVW VKF

IURP WKH F\DQR JURXS GXH WR SRVVLEOH DIILQLW\ EHW
HOHFWURSKLOLF DPLQDWLRQ ZLWK 5591 &0 FDUULHG RXW
ZRUNV ZHOO ZLTKKHRXZDYVLQFUWKHU FRQILUPHG E\ SUHSDULQ
>&RYELS\ @ ZKLFK LV DEOH WR 3SURWHFW’" WKH FREDOW U]
,Q WKLV FDVH DQ H[FHOOHQW \LHOG ZDV REWDLQHG ZLWK
WKH VHFRQG VWHS +RZHYHU ZH SUHIHUUHGDW EDWDBIOFRW
ZLWKRXW OLJDQGY DQG DGG JLQF GXVW LQ WKH VHFRQG VW

7TDEOH LOQYHVWLIDWLRQ RI WKH DGGLWLYHV LQ VHFRQG

%0 41DQ = <X $ $XIIUDSQWP& (XBVPLQL =



&KDSWHU &REDOW &DWDO\JHG (OHFWURSKLOLF &\DQDWLRQ R
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HQWU\ $GGLWLYHV LQ 6WHS D <

1RQH

PRO =Q

PRO =Q E

PRO =Q

PRO 01J

PRO )H

PRO &X,

PRO 0Q

PRO =Q%U
>be 1RQH

>D@DU\OJLQF EURPLGH ZDVEBVWWQWKHVL]HG ZLWK &R%U

. , QYHVWLIJDWLRQ RQ WKH UHDFWLYLW\ RI DQDOI

'LIIHUHQW VXEVWLWXWHG DU\OVXOSKRQ\OF\BQDPLGHV ZHU
ZKLFK ZHUH V\QWKHVL]HG E\ D VLPLODU SURFHGXUH 7KH
FKORULGHV ZLWK VXEVWLWXWHG DU\OXUHD% & QQRULGLQF
&RPSDUSIGWKR PRUH EXON\ Q% SKWKOD \BGDORIKH DFWLY LW\
YHU\ SRRU \LHOG RI F\DQDWLRQ SURGXFW (OHFWURQ ZLW
PDNH WKH$®J1B2DIPHQW D EHWWHU OHDYLQJ JURXS EXW R
REWDLQHG )URP W& B @G DWWLYEMWAMHWHRSI WKDW WKH HOHEV
RQ WKHKHQ\O JURXS KDG KLJKHU HIIHFW WKDQ WKDW RQ
FRPSRXQGV LQ ZKLFK DU\OVXOSKRQ\O JURXS ZOV UHSOL
FDUERPHWKRPF\DQDPLGHV (6FKHPHZHUH VIQWKHVL]HG E\ §
WKUHH VWHSV IURP WKH FRUUHVSRQGLQJ FRPPHUFLDO EHQ
RQ QLWURJHQ DQG WR FRPSDUH WKHP ZLWK DU\OVXOIRQ\
PXFK PRUH UHDFWLYH WKDQ DU\OVXOIRQ\OF\DQDPLGHV DQ
PLQ *RRG \LHOGV RI F\ADQDWHG SU P®GEW B UZU HD R E WDH. BV
GRQDWLQJ VXEVWLWXHRWQGXHUKIDY FRIFSWXYQQVZLWKGUDZL



&KDSWHU &REDOW &DWDO\JHG (OHFWURSKLOLF &\DQDWLRQ R

1 SKHQ\O JURXS ZHUH OHVV HIILFLHQW +RZHYHU WKHVH I
WKDW WKH \LHOGV FRXOG QRW EH LQFUHDVHG XQGHU WKF
ZLWK 1&76 7KHUHIRUH ZH IRFXVHG RXU VWXG\ RQ WKH 1&7
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6FKHPH $QDORJIJRXV F\DQLGH UHVRXUFHV

' 6FRSH RI DU\O KDOLGHYV

‘H QH[W H[SORUHG WKH VFRSH RI DU\OJLQF EURPLGHV >
FROODERUDWLRQ ZLWK ;LQ 7DEOH ,Q JHQHUDO PRGH
ZLWK D YDULHW\ RI VXEVWUD®BMERYHWKRQ RU RXSH RIQU M/GKH
IDYRUDEOH W KPDHWBRKDWERY LWKIRQ 7DEOH HQWULHV W
VXFK DV PHWKROWBRXBWLRQ VWLOO SURYLGHG H[FHOOHOQ\
DQG 8QIXQFWLRQDOL]HG SKHQ\0O EURPLGH DOVR UHDFW
DU\O EURPLGHV EHDULQJ IXQFWLRQDO JURXSV VXFK DV W]
WULIOXRPHWKDQH GLPHWK\ODPLQH HVWHU GLR[DQH DI

HQWULHV WR W LV QRWHZRUWK\ WKDW VRPH RI W
HOHFWURSKLOLF F\DQDWLRQ RI *ULJQDUG UHDJHQWYV VLQ
WKHP 'L VXEVWLWXWHG HOHFWURQ ZLWKGUDZLQJ RU GRC
DOVR UHDFWHG QLFHO\ 7DEOH HQWLHV DQG QDSK
7DEOH HQWU\ +RZHYHU ZH IRXQG WKDW WKH SUF
NHWRQH RU QLWULOH RQ DU\OJLQF VSHFLHV LQKLELWHG



&KDSWHU &REDOW &DWDO\JHG (OHFWURSKLOLF &\DQDWLRQ R

SURGXFWV ZHUH REVHUYHG LGHQWLILHG E\ +506 DQG QR\
PRUH &R®BUIJKWO\ LPSURYHG WKH \LHOGV I FKHODWLRQ F
>&R%EULS\ @ LQVWHWR RUPRWKH FRUUHVSRQGLQJ $U=Q%U
F\DQDWLRQ UHDFWLRQ VKRXOG VROYH LW 7R RXW GHOL
PRGHUDWH \LHOGV RI DU\O QLWULOHV ZHUH REWDLQHG 7LC
SHUIRUPHG D QHZ PHWKRG WR IRUP YLQ\O]JLQF VSHFLHV
HQFRXQWHUHG VRPH SUREOHPV WR FRXSOH WKLV JLQF VSI
PD\ KDPSHU WKH F\DQDWLRQ VWHS +HWHURDU\O]JLQF EUR
JDYH RQO\ VRPH WUDFHV RI WKH H[SHFWHG QLWULOH GHUL

7TDEOH 6FRSH RI DU\O KDOLGHYV
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&KDSWHU &REDOW &DWDO\JHG (OHFWURSKLOLF &\DQDWLRQ R

H S&23K O ! K

X

>D@ 5DWLR RI $U%U WR 1&76 LV + 105H@QERO0@®HG HHOGW FEE®RD W W\
LQVWHDG RI &R%U

' SRVWXODWHG PHFKDQLVP

$ SODXVLEOH PHFKDQLVP IRU WKLVEDWBEWLR ® XY SAKHRYZIOR X

LQYROYLQJ DU\OJLQF FRPSRXQGV ,Q 6FKHPH R[LGD\
&RFDWDO\VW WR IRURIWKRIP3OVIH1 &R7UDQVPHWDODWLRQ
ZLWK 7V3K1l &R &1 WR"BXIUGRPKOHY &ROORZHG E\ WKH |

HOLPLQDWLRQ WR JHQHUDWH WKH $U &1 SURGXFW DV ZHOO
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6FKHPH SRVWXODWHG PHFKDQLVP

., SRQFOXVLRQV DQG SHUVSHFWLYHV

,Q VXPPDU\ WKLV QHZ FREDOW FDWDO\]HG F\DQDWLRQ RI |
HDV\ DFFHVV WR YDULRXV EHQ]JRQLWULOHV DQG FRPSOHF
UHDFWLRQ WROHUDWHY D ODUJH QXPEHU RI IXQFWLRQDO
HI[FHOOHQW 3DUWLFRODU®\LQVWHKDEKRWHNERYRDH DQG QLW
FRXOG EH WROHUDWHG 7KH SUHVHQFH RI FDWDO\WLF DPR
QHFHVVDU\ WR DFKLHYH JRR® KNHELDYFVEKHQ@WRDBWW 7K
FDWDO\VW DQG WKH PLOG DQG EHQFK IULHQGO\ FRQGLWL
WKLY UHDFWLRQ DQ LQWHUHVWLQJ DOWHUQDWLYH WR PR
DFWLYDWLRQ









&KDSWHU &RED QW & DMEIXFWH G H: 8RXSOLQJ

, SREDOW FDWDO\lH&s SRRRWRXB &L QJ

., ,QWURGXFWLRQ

'LWK WKH SURJUHVV RI ELRORJLFDO VFLHQFH WKH GH
SURFHVVHV LQFUHDVHV VLQFH PDQ\ QDWXUDO SURGXFW
7KH KRPRFRXSOL QORI @M ERY@G/ DU\O KIDOH G HV
EHHQ ZHOO GHYHORSHG LQ WKH ODVW GHFDGHV DQG D
EHHQ UHSRUWHG +RZHYHU FRPSDUHG WR WKH PHW
KRPRFRXSOLQJ RI DON\O KDOLGHV KDV EHHQ UHODWLYHC
:XUW] FRXSOLQJ ZDV DQ LPSRUWDQW WRRO EXW LW VXI

WROHUDQFH

6FKHPH 5HSUHVHQWLYH H[DPSOHV RI RUJDQLF V\PPHWL

D ) *UHOOHSRLY % &URXVVH ' 2WBRQHHHWW ' HOSRE) 0 & &igJXPp
7RUUH $ 0 'HRPHWULR ( EOYDRRJ, /HDWNtD OF$/ 6LHWUDX

&XUU 3KDUP 'HV G . $ $KUHQGW - $ 20VHQ O :DNDR - 7ULD
%LRRUJ OHG &KHP /[/HWW
D . ,WDPL < 8VKLRJL 7 1RNDRWI< /BWDWKL - ERW¥KLGD

OLFKDODN [/ *XODOMMMNILB\QWKIBOD F <0 :HQ -< ;LH & 0 '"HQJ </
X VIQOHWW

D $ 6 %DWVDQRY - & &ROOLQJV , - 6 )DLUODPE - 3 +ROODQG
ODUGHU $ & 3DUVRQV -5 2UJD&IGHR =KX E ; -LD . <LQ & /L - /L
+ %LDUHHQ &KHP F . 1LX & /L WHWUDKHBURQ OHWW

D 6 2JRVKL + .DPDGDHWUDKHOWDREZ® E $ &KDWWHUMHH 1 1 -F
7HWUDKHGURQ F 7 7DNHGD $FLVEERWMKRL

D * &DKLH] $ OR\HX[ - %XKM@GERBHR B®RFODLV E 1 .LUDL
< <DPDPRWR- 2UJ &KHP F 7 ODWVXGD 7 $VDL7HBWEHKRMHIRQ.DWHF
IHW W G &$ &RQWUHUDV &HOHGRQ - $ 5LQFRQ OHGLQD ' Ol

*DUFDLBSO 2UJDQRPHWDO &KHP
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GXH WR WKH KDUVK UtIRPBEMWRRQUF RVKGFHLWRRNWLQJ HOLPL
DQG UHDUUDQJHPHQW SURFHVVHVY OHDG WR ORZ \LHOGV
RI VWRLFKLRPHWULF TXDQWLW\ JRD KLZKXY UWM BF WALH\HL PF-
PRUH SUDFWLFDO DQG HIILFLHQW PHWKRGY QHHGV WR ElI

, ¥ & s KRPRFRXSOLQJ RI RUIJDQRPHWDOOLF FRPSRXQG\

$ON\O DON\O R[LGDWLYH KRPRFRXSOLQJ HPSOR\LQJ RUJ
ZD\ WR DFKLHYH GLPHUV *ULJQDUG UHDJHQWV ZHUH X
R[LGDWLYH UHDFWLRQV ZKLFK ZDV UHSRXWHGOH@QWYV RE€
WKDOOLXP EURPLGH ZHUH XVHG WR IRUP RUJDQRWKDOOL
RU FRXSOH ZLWK RUJDQR KDOLGHV ,Q WKLV UHDFWLRQ
RQO\ DIIRUGHG WUDFHYVY DPRXQW RI KRPRFRXSOLQJ SURG

7,%U HTXLY

7+) EHQJHQH
UHIOX[ K

OO OO ~MN~

6FKHPH +RPRFRXSOLQJ RI *ULJQDUG UHDJHQWYVY LQ WKH S

5

5 0J%UY

, Q +D\DVKL DQG FRZRUNHUV HPSOR\HG *ULJQDUG UL
DON\O KRPRFRXSOLQJ UHDFWLRQ XVLQJ VLWKHU FDV
GLEURPRHWKDQH DV WKH UHR[LGDQW D YDULHW\ RI X
*ULJQbuUuG UHDIJHQWY ZHUH WROHUDWHG XQGHU PLOG FR(
\LHOGV +RZHYHU VFRSH RI IXQFWLRQDO JURXSV ZDV (
VRPH DU\O DU\O KRPRFRXSOLQJ UHDFWLRQV XVLQJ *ULJC
HIDPSOHV ZHUH DOVR H[DPLQHG

' XUMDQ &KHP 3KDUP

ODF.LOORS / ) (OVRP$R &KHB\GREF

1DJDQR 7 &KBI® VKW W

6 . +XD 4 3 +X - SHQW®HWLV=HQ@J E 7 .RUHQDJD . 1LWDW
+ OXUDRND 6 2JDZD2UJ §KMPDGD

O N & &
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6FKHPH 6LOYHU FDWDO\]HG KRPRFRXSOLQJ RI DON\O *ULJ(

%HVLGHYV *ULJQDUG UHDJHQWY RWKHU RUJDQRPHWDOOL
XQGHUJR GLPHUL]DWLRQ )DOFN DQG FRZRUNHUV GHPR
R[LGDWLYH KRPRFRXSOLQJ RI RUIJIDQRERURKKIHFPEFLGV L Q

6HYHUDO H[DPSOHV RI DON\OERURQLF DFLGV ZHUH I
WROHUDQFH RI SULPDU\ DON\OERURQLF DFLGV 6LOYHU
ZKHQ FKURPLXP FKORULGH ZDV WKH FDWDO\VW

&U&OPRO
$J2 HTXLY
5/\% 24 - 5/\/5
7+) & K
20H
3K ™ 3K 3KW X 6L 2T 26 M6 X 3K 3K\NH\TVK/3K
20H

6FKHPH &KURPLXP FDWDO\]HG KRPRFRXSOLQJ RI DON\VOER

, Q =KDQJ DQG /HL GLVFORVHG WKDW DON\O]JLQF FF
KRPRFRXSOHG DV ZHOO DV DON\OERURQLF DFLGV DQG *
3DOODGLXP FDWDO\VW HIILFLHQWO\ GHOLYHUHG GLPHU\)\

5 )DOFN 6 ORKDSDWUD 0 %RQUQEWHOBHGEURQHRAWBWDUDPDQ
$ /HL ; =24dDIQJHWW
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SUHVHQFH RI . KDORFDUERQ\O FRPSRXQGV DV R[LGDQV
WROHWDQFH RI GLITHUHQW NLQGV RI RUJDQRPHWDOOLF ¥
IHYHUWKHOHVYVY WKLV PHWKRG VXIIHUHG IURP WKH F
DON\OPHWDOOLF FRPSRXQGVY EHDULQJ + DWRPV ZHUH H

oy e

6FKHPH 3DOODGLXP FDWDO\|HG KRPRFRXSOLQJ RI DON\OPH!'
, ¥ & s UHGXFWLYH KRPRFRXSOLQJ

7KHv&&s UHGXFWLYH KRPRFRXSOLQJ ZDV PRVWO\ IRFXVI
FDWDO\]HG EHQ]\O EHQ]\O KRPRFRXSOLQJ ,Q +D)
GHYHORSHG D QLFNHO PHGLDWHG ®IHRWKAIO] CDMLAR @ HRV KERH
JURXS FRXOG EH ZHOO WROHUDWHG DIIRUGLQJ H[FHOOH(
JLYH UHGXFWLRQ SURGXFW /DWHU 5LHNH DQG FRZRUN
PHWDOOLF QLFNHO SURPRWHG KRPRFRXSOLQJ Rl EHQ]\C

1RW RQO\ GLIIHUHQW KDOLGHV ZHUH H[DPLQHG EXW
JURXSV ZDV GLVSOD\HG %HVLGHV WKH KRPRFRXSOLQJ
SURPRWHG E\RVULWORKRFHYHU ERWK RI WKH PHWKRGV
JRRG WROHUDQFH RI VXEVWUDWHYV

& :

+DVKLPRWR 1 7VXUXWD -0 2EAD RIKHP 7VXWVXPL

6 ,QDED + ODWVXPRWRJJI5 &KBPHNH

$ ) %DUUHUR 0 0 +HUUDGRU - ) 4XLOH] GHO ORUDO 3 $UWHDJ
$UWHDJD + 5 'LHJXH]- (2W0J 6®IQHFKH]

% & 5DQX 3 'XWWD $ 6DUNDU 7HWUDKHGURQ /HWW
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6FKHPH 1LFNHO PHGLDWHG KRPRFRXSOLQJ RI EHQJ\O KI

+RPRFRXSOLQJ RI DON\O KDOLGHV EHDULQJ + DWRPV Z}
GLPHUL]DWLRQ RI VSHFKRFRBERXSOLIQDORGHKWIXQFWLRQL
KDOLGHV ZHUH ILUVW GHYHORSHG ,Q 1IDNDMLPD DQC
FDWDO\]JHG KRPRFRXSOLQJ RI7ISK LIPFDGR DLORNGCRDHOWN ZQWYK D
FKDLQ DIIRUGHG EHWWHU \LHOGV ZKLOH LRGRKH[DQH RC
VWURQJ EDVH 1D2+ ZDV XVHG ZKLFK PD\ OLPLW WKH I
FRZRUNHUV HVWDEOLVKHG D FRSSHU FDWDO\]HG KRPR
PDQJDQHVH DV UHGXFWBBWLHMFIRHPHULPDU\ DQG VHFRQ
LRGLGHY DQG EURPLGHV KRPRFRXSOHG HIILELHQWO\ LQ
DGGLWLRQ WR DQ DOO\O EURPLGH EHDULQJ DFLG JURXS
HIDPLQHG

6FKHPH &RSSH FDWDO\]HG KRPRFRXSOLQJ RI XQIXQFWLRQDC

Q JHLJK DQG FRZRUNHUV IQUWWRGHQFGREBRG WWREHQ
DVVLVWHG 1L FDWDO\]HG KRPRFRXSOLQJ RI DON\O EURPL
6FKHPH ,W ZDV KLJKO\ \LHOGLQJ DQG RSHUDWLRQDOO
VXEVWUDWHY ZDV QRW EURDGO\ DSSOLHG $OPRVW DW
SXEOLVKHG D PRUH JHQHUDO PHWKRG IRU UHGXFW
KDOLGHV SVHXGRKDOLGHV XVLQJ D 1L WHUSD BFEDMWDO\]H
RI IXQFWLRQDOL]JHG VXEVWUDWHY ZDV WROHUDWHG DII
LQFOXGLQJ SULPDU\ DQG VHFRQGDU\ DON\O KDOLGHV E

'LWK WKH SUHVHQFH RI VRGLXP LRGLGH PRO XQDF
H[DPSOHV VHH D ) *LQDK 7 'RQRYDQ-628XFEKRRP' 3IHQQLJ * (I
E ; ;X ' &KHQJ 2U3BH&KHP F 3 3RLIRW 9 -RXLNRY

6LPRIHWMDKHGURQ /HWW
5 1IDNDMLPD . ORWXWO &KHMEBF -SQ
0D 7 + 7&KDUWDKHGURQ /HWW
6 0 *ROGXS ' $ /HLJK 5 7 OF%XUQH\&RHB 6FtRQLJDO $ 30DQW
0 5 3ULQVHOO ' $ (Y&KHMRQRPPX®L]
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VXOIRQDWH HVWHU DQG DON\O WULIOXRURDFHWDWH HV)
\LHOGV 7KH UROH RI VRGLXP LRGLGH LV OLNHO\ HQKLEL
SRVVLEO\ E\ IDFLOLWDWLQJ UHGXFEWLMKH RIRWKMHV DREONR
QLFNHODWH VSHRHHNNDWLRQ RI UHDFWLYH DON\O LRGLGH

DON\O VXEVWUDWHY DON\O FKORULGHWYEWHNYMNDODDWERY RU
JURXS ,”" HI[FKDQJH

1L&OF 2 PRO | N
55 3K S\ER[ PRO > P
=Q HTXLY <I>LI 1 \Q
DON\G—%t—— > DON\O DOWAD 1
103 7+) 37‘( 3K
uw K OLJDQG

3k TN 23k $%'065 T V27%'06  (wa ™ a2 (w

WREFIT D1+ %RE (IS S7%O/is7Ro
!
6FKHPH 1LFNHO FDWDO\]HG UHGXFWLYH KRPRFRXSOLQJ R|

N N
6FKHPH 1LFNHO FDWDO\]HG UHGXFWLYH KRPRFRXSOLQJ RI DON\
&RORQ ' 5 2HUIAVEKHP +

7THUDR + :DWDQDEH $ ,NXPL-+$PXQ@KWHR X6RF .DPEH
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1LFNHO ZzDV DOVR FKRVHQ DV WKH FDWDO\VW WR FRQGXF
WKH SUHVHQFH RI JLQF DV WKH (OIKBKWWRQ W R ®@P WH BH
ZLWKGUDZLQJ JURXSY FRXOG EH ZHOO WROHUDWHG LQ K
WR H[FHOOHQW \LHOGV +RZHYHU WKH VFRSH RI VXEVWU

o - o~G | A

6FKHPH 1LFNHO FDWDO\]HG UHGXFWLYH KRPRFRXSOLQJ RI

IDWHU :DQJ DQG FRZRUNHUV HVWDEOLVKHG DQRWKHU P/
ZLWK D 1L (WK\O FURWRQDWH RU 1L ELS\ V\VWHP ZK
VRSKLVWLFDWH& W/ >GEVWMUDMWMM-RQ RI SULPDU\ VHFRQGD
DON\O EURPLGHV ZDV HIILFLHQWO\ HVWDEOLVKHG DQ
VWHUHRVHOHFWLYH KRPRFRXSOLQJ RI SRGRSK\OORWRIJLC

6FKHPH 1LFNHO FDWDO\]HG UHGXFWLYH KRPRFRXSOLQJ RI DON

ORUH UHFHQWO\ $QGR DQG FRZRUNHUV vW&RZHG WKL
KRPRFRXSOLQJ UHDFWLRQ RI EHQ]J\O KDOLGHV FRXOG EH
6FKHPH SHDFWLYH VXEVWLWXHQWY VXFK DV DQ .
K\GUR[\PHWK\O JURXS ZHUH WROHUDWHG XQGHU YHU\O P

7 &KHQ / <DQJ / /L7THWUBKBGURQ
< 3HQJ / I/XR 6 & <DQ - - =KMQJI &KHP:DQJ
6DWR < ,QRXH 7 20RULHWWSQGR
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//l
O |//
Dae

6FKHPH 5KRGLXP FDWDO\]JHG UHGXFWLYH KRPRFRXSOL

YRU IHZ \HDUV RXU JURXS KDV DOUHDG\ UHSRUWHG HIIL
FRXSOLQJV VXFK DV DU\O DU\O DU\O DONDQG DOO\O
KRPRFRXSOLQJ RI DKHOHKROHGHWY LQYHVWLIBMHG DQ D
KRPRFRXSOLQJ UHDFWLRQ XVLQJ VLPSOH &R FDWDO\VW .
SUDFWLFDO PHWKRG VLQFH FREDOW LV PRUH HQYLURQ
FKHDSHU WKDQ UKRGLXP DQG &R FDWDO\]HG UHDFWLR
OLJDQGYV

: SHVXOWY DQG GLVEFXVVLRQV
, 2SWLPL]DWLRQ RI UHDFWLRQ FRQGLWLRQV

‘H ILUVW FDUULHG RXW D PRGHO VWXG\ XVLQJ HWK\O E

7DEOH ‘H LGHQWLILHG WKDMW) S\BREEQ®EDVO\RG RI &)
SUHYLRXVO\ UHSRUWHG IRU WKH DOIRWGBIGN VOK IF REIS QLI
FRXSOLQJ SURGXFW LQ \LHOG 7DEOH HQWU\ L

SURGXFW ZDV UDSLGO\ WKH PDLQ SURGXFW 7DEOH

UHGXFHG WKH FDWDO\WLF DELOLW\ DQG GHFUHDVHG WK
WKDW S\ULGLQH VWDEOL]J]HG WKH UHDFWLYH &R , VSHF
EORFNHG WKH UHDFWLRQ W LV QRWHZRUWK\ WKDW ZI
S\ULGLQH WKH VDPH \LHOG ZDV REWDLQHG 7DEOH

FDWDO\VW ORDGLQJ RU WKH DPRXQW RI 0Q OHG WR ORZ}
LQFUHDVLQJ WKH FDWDO\VW ORDGLQJ JDYH QR SRVLWLY|

& (, .QDSSNH 6 *UXSH ' *DUWQHU 0 &RUSHWKE&EP*RXBLQL $ -I

$ ORQFRPEOH 3 /H )ORKKP &(XRVPLQL
4LDQ $ $XIIUDQW $ )BQRKD WK P*RWPL QLG
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ZDV REWDLQHG DW URRP WHPSHUDWXUH 7DEOH HQW
ILUVW VWHS KDG QR SRVLWLYH HIITHFW LQ WKLV KRPRFR
SURGXFW GHFUHDVHG LQ FREDOW FDWDO\]JHG UHGXFWLY
LWV SUHVHEBGROWUDVW PRUH UHGXFWLRQ SURGXFW ZDV
ZDV GLPLQLVKHG 7DEOH HQWU\

7TDEOH2SWLPL]DWLRQ RI UHDFWLRQ FRQGLWLRQYV

&R%U PRO

0Q HTXLY
) S\ULGLQH HTXLY
(V\%J\/\/%U s - (MZ(W
&+&1 f& K 5
(QWU\ '"HYLDWLRQ IURP 6WDQGDUG &RQGLWLRQWV
1RQH >be

1R S\ULGLQH
3\ULGLQH HTXLY
SLFROLQH LQVWHDG RI S\UPBLQH

&R%UPRO
0Q HTXLY
&R% U PRO
U w >E@
$GGLQJ PRO $00\0&0 EHIRUH 7)%
>D@ ,VRODWHG \LHOG >E@ &RQYHUVLRQ LV DIWHU K

, 6FRSH RI VXBEdWYRRMHRFRXEXOLQJ UHDFWLRQ

'LWK WKLV RSWLPL]HG FRQGLWLRQV LQ KDQG ZH QH[W
KDOLGHV 7DEOH ULPDU\ DON\O EURPLGHV ZHUH ZI
\LHOGV ZHUH REWDLQHG ZLWK RU ZLWKRXW IXQFWLRQDO
FDVHV SLFROLQH JDYH EHWWHU \LHOGV WKDQ S\ULGL(
GRQDWLQJ JURXSVY DQG HOHFWURQ ZLWKGUDZLQJ JURXS)

DFHWDWH 7DEOH HQWU\ QLWULOH 7DEOH H (

HWKHU 7DEOH HQWU\ FKORULGH 7DEOH HQV
HITLFLHQWO\ UHDFWHG ,QWHUHVWLQJO\ ZKHUHDV LVRL(
QRW WROHUDWHG LQ WKH FREDOW FDWDO\MWMKHDOO\O L
SURYLGHG PRGHUDWH WR JRRG \LHOGV LQ WKLV KRPRFR
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8QIRUWXQDWHO\ VRPH VHQVLWLYH IXQFWLRQDO JUR
WKLV UHDFWLRQ %HQ]J\O FKORULGH ZKLFK LV PRUH UH
UHDFWLRQ 7DEOH HQWU\ ORUHRYHU WKH GLP
FKORULGH SURFHHGHG HIILFLHQWO\ 7DEOH HQWU\
UHDFWLYH IXQFWLRQDOL]J]HG EHQ]\O FKORULGHVY EHDULAQ.

FKORURPHWK\O EHQ]JRQLWULOH DQG PHWK\OVXOIRQ\(
UHGXFWLRQ SURGXFW 1R EHWWHU UHVXOW ZDV REWDL
ZKHQ YLQ\O JURXS ZDV VXEVWLWXWHG RQ EHQ]\O FKOF
SRO\PHUV ZDV GHWHFWHG 7KH UHVXOW PD\ LPSO\ WK
JHQHUDWHG LQ WKH UHDFWLRQ B8QUHDFWLYH DON\O F
FRQGLWLRQV +RZHYHU DV DOUHDG\ UHSRUWHG LQ
FRXSOLDGWGLWLRQ RI VRGLXP LRGLGH OHG WR WKH FRXS
FKORULGH GLPHUL]HG VPRRWKO\ DW KLJKHU WHPSHUDMW

SUHVHQFH RI 1D, 7DEOH HQWU\ 7KLY DGGLWLYH |
WKH KRPRFRXSOLQJ RI DON\O WRV\ODWHY ZKLFK GLG
FRQGLWLRQV 7DEOH HQWU\ IHYHUWKHOHVYVY PRULI

WR GLIILFXOW WR GLPHUL]JH XQGHU WKH PRGLILHG FRQGLI
VXFK DV F\FORKH[\O EURPLGH DQG EURPRWHWUDK\GUR
WKHVH FRQGLWLRQV 7DEWMMW\O HEWRPRSLSHAXNWLQH FI
ZDV QRW KRPRFRXSOHG DQG RQO\ UHGXFWLRQ SURGXFW
VHEFRQGDU\ DON\O LRGLGHY UHDFWHG DQG OHG WR PRGH
ZKLOH WHUWLDU\ DON\O EURPLGHV GLG QRW UHDFW RQ \
DFHWDWH DQG FDUERQDWH ZHUH ZHOO GLPHUL]JHG LQ W
+RZHYHU DQ KLQGHUHG VXEVWLWXWHG DOO\OLF DFHWDV
UHDEFW

7DEOH VFRSH RI VXEVWUDWHYV

D , &RORQ '-52UHO%KHP E $+ &KHUQH\Q 6 $P5HLVPD
&KHP 6RF



D QW & DPIMEIXFFWH.G & & R XS O
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) ,QYHVWLIDWLRQ RI PHFKDQLVP

$ IHZ H[SHULPHQWYV ZHUH FRQGXFWHG WR SURYLGH VRP
WKLV KRPRFRXSOLQJ UHDFWLRQ O6FKHPH "KHQ EUF
XVHG DV VWDUWLQJ PDWHULDO WKH GLPHU RI WKH ULQ
LGHQWLILHG E\ 105 ORUHRYHU WKH DGGLWLRQ RI D IUH}
WHWUDPHWK\OSLSHULQH R[\O 7(032 DIWHU WKH DFWL"
KRPRFRXSOLQJ UHDFWLRQ 7KHVH UHVXOWY VXJJHVW WK
WKLV UHDFWLRQ

[>—/ - NNNF

o~ - J\/\/\/\(

6FKHPH OHFKDQLVP VWXG\

TKHUHIRUH ZH SURSRVHG D PHFKDQLVP RI WKH UHDFWLR
FREDOW ,, LV UHGXFHG E\ PDQJDQHVH 7KHQ DQ DON\C
KDOLGH E\ LWV UHDFWLRQ ZLWK WKLV ORZ YDOHQW FREI
7KLV ODVW FRPSOH[ $ UHDFWV ZLWK WKH DON\O UDGLFI
$IWHU UHGXFWLRQ RI WKH FRPSOH[ % E\ PDQJDQHVH

FREDOW ELDON\O FRPSOH[ ) )LQDOO\ WKH UHGXFWLY
KRPRFRXSOLQJ SURGXFW DQG UHJHQHUDWHY WKH FDWDC
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/lm

&\

6FKHPH BURSRVHG PHFKDQLVP

, &RQFOXVLRQV DQG SHUVSHFWLYHYV

,Q FRQFOXVLRQ D QRY&OKRBRBRRSERLUAU KDV EHHQ GHYH
D VLPSOH FREDOW EURPLGH DV FDWDO\VW LQ DFHWRQLW
YHU\ HDV\ WR LPSOHPHQW DQG QR DGGLWLRQDO OLJD!
IXQFWLRQDOLWLHY RQ WKH DON\O KDOLGHV ZDV WROHU
REWDLQHG HYHQ ZLWK UHDFWLYH EHQ]\O FKORULGHV DQ
VHFRQGDU\ DON\O EURPLGHV DQG LRGLGHV XQGHUJR W
ZKLOH WHUWLDU\ DON\O EURPLGHYV FRXOG QRW EH WROH
LRGLGH LV UHTXLUHG WR REWDLQ WKH KRPRFRXSOLQJ S
DQG WRV\ODWHV ZLWK JRRG \LHOGV OHFKDQLVWLF VWXC
UDGLFDO LQWHUPHGLDWH ZKLOH WKH FDWDO\WLF F\FO

LOQYHVWLIDWLRQV
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,, SREDOW FDWDO\H&s BHEBX V¥ WIRXE&LQJ

., ,QWURGXFWLRQ

(IILFLHQW WUDQVLWLRKs FHWRDYD FOXSIDA\QH G BDFWLRQ LV
WR DFKLHYH LPSRUWDQW QDWXUH SURGXFWV DQG SKDI
FKDOOHQJH FRRSDWHRODMORIHY EHFDXVH LW LV XQZLOC
R[LGDWLYH DGGLWLRQ Rl WKH QRQDFWLYDWHG DON\O KD
+ HOLPLQDWLRQ B5HFHQWO\ D Y DI &HMYRRVVVRRXSWDH QLH
KDV EHHQ GHYHORSHG :H ILUVW VXPPHUL]H WUDQVLWLF
SULPDU\ DQG VHFRQGDU\ DON\O HOHFWURSKK®IQV ZLWK
FURVV GHK\GURJHQDWLYH FRXSOLQJ ZLOO EH LQWURGXF
UHGXFWLYH DON\O DON\O FURVV FRXSOLQJ UHDFWLRQV
FDWDO\]HG UHGXFWLYH DON\O DON\O FURVV FRXSOLQJ U

. 7TUDQVLWLRQ PHWDO FDWDO\|HG DON\O DON\O FURV'
RUJDQRPHWDOOLF UHDJHQWYV

. .XPDGD W\SH DON\O DON\O UHDFWLRQV

&RQYHQWLRQDO .XPDGD W\SH KDV EHHQ DSSOLHG WR
VHYHUDO GHREBIGHY YHU\ OLPLWHG VXEVWUDWHG ZDV HI
DQG FRZBHNHORSHG WKH ILUVW HIILFLHQW 1L FDWDO\]H(
UHDFWLRQV RI SULPDU\ DQG VHFRQGDU\ *ULJQDUG UHDJ
EURPLGHY DQG WRV\ODWHV XQGHU PLKHE XPRQ BRLWLRQV
EXWDGLHQH DV D OLJDQG LV FUXFLDO WR REWDLQ KL.
FRPSDWLELOLWLHY DQG VXEVWUDWHV VFRSH ZHUH OL\
HIWHQGHG WKLV UHDFWLRQGZIUWMK HDG H G WDIOD WW3YG FDWI
KLIJKHU FKHPRVHOHFWLYLWLHY LQ IDYRXU RI WRV\ODWH \
WKH VDPH UHDFWLRQ FRQGLWLRQV

+X &KHP BFL

D 0 7DPXUD -6\QWRKEKVYLYV E . <XDQ :7HWBFRRMHVEURQ /HWW
F * &DKLH] & &KDERFAMM DKH@LDREHO

- 7HUDR + :DWDQDEH $ ,NXPL -+ $XQ&KMHPX 6RF.DPEH

D - 7THUDR < 1DLWRK + &KRQR\DWMWW. .DPEHE 6 3 6LQJK 7
,ZDVDNL - 7HUDRHWUDBKRPEHIRQ /HWW
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o~ SN —<

6FKHPH 1LFNHO FDWDO\]HG .XPDGD W\SH DON\O DON\O FURYV

.DPEH DQG FRZRUNSRVWGOIGBWBQ HIILFLHQW V\VWHP IRU
UHDFWLRQ RI DON\O IOXRULGHV ZLWK DONAOWKILIQDUG L
EXWDGLHQH DV WKH OLJBQCG-DFBEKEOGHHG A\WIK. DFDF
WHWUDHQHYV DV DGGLWLYUWHMW DARKXE@HKKQFWERQDOL]HG DO
DQG YDULRXV *ULJQDUG UHDJHQWYV SULPDU\ VHFRQGD
*ULJQDUG UHDJHQWY ZHUH FRXSOHG LQ JRRG WR H[FHC
7KH UHDFWLYLW\ RI DON\O KDOLGHV ZDV DOVR H[DPLQH
FKORULGH * IOXRULGH EURPLGH 7KH KLJK UHDFWLYLW
UHO\ RQ WKHLU WUDQVIRUPDWLRQ LQWR WKH FRUUHVSR
0J%U

6FKHPH &RSSHU FDWDO\]JHG .XPDGD W\SH DON\O DON\O FURV

IDWHU WKH\ RYHUFDPH WKH GLIILFXOWLHV IRU WKH FRX
UHDJHQWY FDWDO\VHG &KHFRSSHUQF MXRIUISEHYHQFH RI

7HUDR - ,NXPL $ .XQL\D$R &KHBPERF1

- 7HUDR + 7RGR + :DWDQDBKJI$Z N&PHLP 1,QWPEE
%HIJXP 6 $ 7HUDR&KHP DPEMW1

- 7THUDR + 7RGR 6 $ %HJIJXP S$QXHIZL\RKKP1,6 QWP K
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