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SNUDLQLDQ )RR@ DRXERFHY W HYHHZHG VFLHQWLILF MRX
E\ WKH 1DWLRQDO 8QLYHUVLW\ RI JRRG 7THFKQRORJLHYV
RULJLQDO UHVHDUFK DUWLFOHV VKRUW FRPPXQLFDWLRQ
DFURVVDIYORI DRRIG VFLHQFH LQFOXGLQJ IRRG WHFKQRO
FKHPLVWU\ HFRQRPLFV DQG PDQDJHPHQW

ODQXVFULSWV PXVW SUHVHQW QRYHO ILQGLQJV GHP
VFLHQFH DQG EH RI EURDG LQWHIUUHVFRPWRQWWN LQWHUQEL

TRSVFRYHUHG E\ WKH MRXUQDO LQFOXGH

JRRG HQJLQHHULQJ

YJRRG FKHPLVWU\

YRRG PLFURELRORJ\

YRRG TXDOLW\ DQG VDIHW

YRRG SURFHVVHYV

$XWRPDWLRQ RI IRRG SURFHVVHYV
YRRG SDFNDJLQJ

(FRQRPLFV

JRRG QDQRWHFKQRORJLHV
(FRQRPLFV DQG PDQDJHPHQW

SOHQRMVH WKDW WKH MRXUQDO GRHV QRW FRQVLGHU \V

$UWLFOHYV FRQWDLQLQJ PHGLFDO FODLPV RU LQYROYL
WRSLFV IDOO RXWVLGH WKH MRXUQDOfV VFRSH

$UWLFOHYV ODFNLQJ VEURQMW EBEGPpFRIRYIDOW RV IRFXVHG
VROYLQJ URXWLQH SUDFWLFDO RU HQJLQHHULQJ SUREOH

SBNUDLQLDQ )RR® SKEOQ@QVNRHG TXDUWHUO\ ZLWK IRXU L
ODUFK -XQH 6HSWHPEHU DQG 'HFHPEHU

S5HYLHZLQJ D 0D GBXERUWLEFEDW LR@

8SRQ UHFHLYLQJ D PDQEWKREHLIWIWKHYBOWRWHY LWV |
DOLJQV ZLWK WKH MRXUQ®@ONI \DFRSRH UAHKH HZM WRKWH DUW
VW\OH DQG LOOXVWUDWLYH PDWHULDOSURDKNMRHIHW WDHFG
ZKHWKHU WR IRUZDUG WKH PDQXVFULSW IRU SHHU UHYLH

$00 PDQXVFULSWYV VXEPLWWHG WR WKH SHNULDQL® LSTHH YF
UHYLHZ SURFHVVY (DFK VXEPLVVLRQ LV UHYLHZHG E\ DV
PHPERIUWKH (GLWRULDO %RDUG DQG RQH UHYLHZHU ZKR 1
DQG WKH SXEOLVKHU 7KLV HQVXUHVY DQ REMHFWLYH DQ
VFLHQWLILF TXDOLW\

7KH IXOO *XLGH IRU $XWKRUV LV DYDLODEOF
KWWXSIM QXIW HGX XD
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,QWHUQDWLRQDO (GLWRULDO %RDUG

(GLWRILKLHI
20HQD 6WDEQDWRYDQDO 8QLYHUVLW\ RI )RRG 7THFKQRORJLF

OHPEHUV RI (RIDVUREULDO

6RQLD $PBKLHIBRLYHUVLW\ OWHIDQ FHO ODUH RI 6XFHDYL
(LULQ ODULH 6N MKQ GDAY REDRBIZRIULDQ 8QLYHUVLW\ RI 6FLHQ
7HFKQRORJ\ 7URQGKHLP 1RUZD\

<XULL %3MOD®IRPDV %DWD 8QLYHUVLW\ LQ =OLQ &]HFK 5HS
.LUVWHQ S DTGADVWOH 8QLYHUVLW\ 8QLWHG .LQJGRP
ORLVPV % X3KDFEVYWLWXWH RI $JULFXOWXUDQ$% MR\RARKAROF
*URXS 5RVDULR $UJHQWLQD

6WDQND 'DPBHQRMNWRYH 8QLYHUVLW)\ 3$QJHO .DQFKHY  EUD
<XOL\D ']\DIK'R SURVWLWXWH RI *HQHUWPQ VDB RJIRVUK B QIDFAVE
$FDGHP\ Rl 6FLHQFHV RI 8NUDLQH

<X@ZD 3HJJ\ +8KHK3URI [PRULWD 6WDWH 8QLYHUVLW\ 86$%
JHOLHYHO GK*XOREDO +DUPRQL]DWLRQ ,QLWLDWLYH $VVRFLI
6KHLOD .I3GRMUDWLQD 8QLYHUVLW\ .HQ\D

-DVPLQD /XBKQDBNVRBQIYRUVLW\ Rl 2VLMHN &URDWLD
'RUD ODULQRYDBERUWLQ 8QLYHUVLW\ 6XVWDLQDELOLW)\ 3RC
$XVWUDOLD

5DQD OXV@KIY®REDO ,QVWLWXWH IRU JRRG 6HFEDQWGDSQLYF
*RGZLQ ' 1@KVVIWREHUW .DLUXNL OHPRULDO 8QLYHUVLW\
8PH]XUXLNH /LQBK'2SBWBIOOHQERVFK 8QLYHUVLW\ &DSH 7
6HPLK 2WIO'HBURY 8QLYHUVLW\ 7XUNH\

2FWDYLR BPSHBEHBURKH &HQWHU IRU 5HVHDUFK DQG $GYDC
1DWLRQDO 3RO\WHFKQLF ,QVWLWXWH *XDQDMXDWR OH[LF
7HWLILRI3XK' 3WBWLRQDO 8QLYHUVLW)\ Rl )RRG 7THFKQRORJ|
&ULVWLQD 3RSRWIVRFHFBRILFDO SCROGRYDW\ RI

$JRWD *LHGU| BOLAKINXOQLDQ ,QVWLWXWH RI $JUDULDQ (FR
(JRQ 6FKQBW]OHAWIDWH 8QLYHUVLW\ RI 3RQWD *URVVD 3RQ
20HNVDQGU 6KIKYFRHERWRRQDO 8QLYHUVLW\ IRQWHRRG 7HFK
&ULVWLQD /XLVD 03KJD @G\DRBIRBWEBXNIXHVH & D WHEROIOHI € LRYIH |
%LRWHFKQRORJ\ 3RUWXJDO

BWHIDQ 6WBHKID@BEBLYHUVLW\ Rl )RRG 7THFKQRORJLHV %XOJ
<RUGDQND 6VBKID®RWIDBWLBHEVLW\ RIVIQRMG®HQ GDUVNL %
ODUtD 6 7BKLBERQWUDO 8QLYHUVLW\ Rl 9H@RBXB@D &DUD
RI WKH $FDGHP\ Rl 3K\WLFDO ODWKHPDWLFDO DQG 1DWXUL
Y8R 7KMRQBKOHNRQJ 8QLYHUVLW\ 9LHWQDP

0DQDJ(®UWRU
20HNVLL *XEHIWRIBURDWLR QDO BIQRARBBYDWORILHY 8NUDLC
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&RQWHQWYV

(GLWRULDO IR EZZ ZZZ Y Ay Z %™
)RRG THFKKCE AL LELLCKKL  «LKKKK

(XJHQLD &RYDOLRY 7DWLDQD &DSFDQDUL 9LROLQD
2[DQD 5DGX & WODLQD 1HJRL
6XVWDLRPEGHVLIQ YLD |HUWEDHQMEDRDLVRQL R H 8 D<@ W

1IX\HQ %L
3K\WLFRFKHPLFDO UKHRORJLFDO DQG VHQVRU\ SUR
EHYHUDJH HQULFKHG WK GUHALKY D (BEX WUHHHH ki « « «

$QQD /RKLQRYD 2NVDQD 3HW!L
$JDWD =QD BLRRAYRZDV N D
JHUPHQWOQ®XRMG FKDQXU\RL G D HN«EBRBXFWV

9LNWRU *UHN $00OD 7\PFKXN
/IDU\WVD &KXEHQNR 9RORG\P\U /LVQ\XN

OLON SURWHLQ FR@MRHIMNDWIRKBIWENEY RQ FRDIXODWL
RI JRDW PLON SURWHLQV «&&&&&KLLLLLLLLLLKK LK

,XULH 5XPHXV G6RULQD 5RSFLXF 20RVBDXDLWDQ %
9LRULFD %X0OJDUX 6YHWODQD /HDWDPERUJ *DOLQL
*DEULHOD &RGLQ

/[LIJIKW EWMEBZHHQWVIUDLQ DV D IXQFWLRQDO LQJUHGLH!
EUHDG SURGXFWLR Q «««««& &K KKK KKK KKK KL K

OLKDHOD ,YDQRYD .UDVLPLUD 'REUHYD ,UD 7DQHYLI
OLOHQD 'LPLAKBRYD ,YDQ ,OLHY $OEHQD 6WR\DQRY|
,QIOXHQFH RI VXUIDFHRWHHPWRBQWR ZHW KR KQJKQG W
HVVHQWLDO RLO RQ .DV&ANXYXRO«EKHHVH TXDOLW)

20XZDNHPL $ERVHGH 2MR 'DYLG 2QDRO

2NH 2QL (QLROD 20XZD\HPLVL $ELROD -R\ 2QLSHGH*
2EDGLQD

BURSHUMYMHNXBHG EUHDNIDVW FHUHDOV PDGH IURP
IORXU DQG WLJHUQX W «&R RO EQxQ GV

,YDQ %DUWRVKDN *DO\QD 3ROLVKFKXN $QGULL 0D
3K\WLFRFKHPLFDO FKDQJHV LQ FUHDODFWHRHMH LQG X
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2NVDQD 7RSFKLL 0DU\DQD 2YFKDUXN 20OHJ *DOHQN
)DW SKDVH FRPSRVLWLRQ DQGtHJWGCGHRMMOHLROYWVELOL

$UWHP %DUDOLXN 7HWLDQD 2VPDN

5KHRORJLFDO DQG VWUXFWXUDO SURSHUWLHYV RI IH
DIIHFWHG E\ GLITHUHQW FRUQ VWDUFK W\SHYV ««««««
OLFURELRORIJ\ Y««&«&«KKKK KKK KKK KKK

O9LDFKHVODY /LXGP\OD

OHWDEROLF SURILOH DQG ELRFRQW G@D® LISTROH/Q W L D (
DPV\OROLTXH kdxk lec ke € &/cc <€ € &€ &€ &€ & & & & « & «

O\ URVERYOYNUYQRY VKDL WODDOOHYNRVWDEQLNRY
,PSURYHG SURGXFWLRQ RI VHOHQLXP QDQRSDUWLF(
5ROH RI VWUDLQ VH®SMEWRHRW HQY/ & «Slk R & ddd/dk
THWLDQD 3LURJ $QDVWDVLLD 2NKPDNHY\FK

(l1THFW RI VXUIDFWPKRGREBRBXWV HHEOBYKURSROLYV

RQ VLDQGHE$BGLHY ELRILOPV RI SK&AWRSDWKRIHQLF
URFHVVHY DQ DQG &R6\VW

1DWDOLLD /I XWVND 1DWDOLLD =DLHWV /LGLLD 90D\
6PDUW DSSURVMWMWOHWH WBRXXWEKRSURFHVVIkQ] DQG TXDOL

,QVWUXFWLR Q& & &KL KK LKL K
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(GLW-RULDO

/JHW XV FRQVLGHU D SKHQRPHQRQ ZH KDYH LQFUHDYV
SUDFWLFH ZKLFK GHPDQGV D VXEVWDQWLDO LQYHVWPH(
$, LQ WKH SUHSDUDWLRQ RI VFLHQWLILF WH[WV $W SUH
ZH UHFHLYH H[KLELWM QO GDMHIVELRRYVRHGW 1RWDEO\ WK
RQO\ LQ VXEPLVVLRQV IURP 3K' VW XG HQPAVHEXMU DB RHIGQ
ZHBIOWDEOLVKHG UHVHDUFKHUYV

‘H KDYH UHFHLYHG PDQXVFULSWYV LQ ZKLFH{LWWH QUM I
SXEOLFDWLRQV ZKLOH FNORQQ WHWHDPDFKWWRM R2BGOWK H
MRXUQDOV :H KDYHGUB FRIMAKYFUHFWLSUHVHQWHG DV RU
DFWXDOO\ EDVHG RQ WZR SXEOLFDWHREV EW BG&RKRQMHOQ W
WKLV E\ DGGLQJ WKH QRWH 3 $XWKRUJV GDWD " DIWH
WR KDYKMQ@RRMWLFHG E\ ERWK WKH 3K' VWXGHQW DQG WKH
LV D PDQXVFULSW VXEPLWWHGNQRZQUSWIKBILE D HRD B G WA
ODFNLQJ DXWKRU FRQWDFW LQIRUPDWLRQ ZKLFK FRQWDL
SH[SHULPHQWDO PDWHULDO" UHODWHG WR WKH LVVXH RI |

7KHVH FDVHV KLJKOLJKW QRW RQO\ WKH OLPLWDWLRQ
XVH RI DUWLILFLDO LQWHOOLJHQFH EK®LW®RWYRDWHKWF U
SURFHGXUHV HQKDQFHG UHYLHZHU DZDUHQHVV DQG
SUHSDUDWLRQ RI VFLHQWLILF PDQXVFULSWYV

6RPHWLPHV UHYLHZHUV UHO\ RQ DUWLILFLDO LQWHOC
'KLOH VXFK FDYHO\DUDHJHHPD@\LDXWKRUV DUH LQFUHDVLQ
IRUPXODWH FRQFOXVLRQV DQG HYHQ FRPSLOH UHIHUHQF

'HVSLWH LWV EURDG FDSDELOLWLHV DUWLILFLDO LC
UHVSRQVHV PLVLQWHUSRBWHUY HQHIHIFHU D MAHX ODEW LB QW H
VXEVHTXHQWO\ LQFRUSRUDWHG LQWR SXEOLFDWLRQV ,Q
WR DX[LOLDU\ IXQFWLRQV VXFK DV WUDQVODWLRQ JUDP
VW\OLVWLF FRWWHFWDRFHDZLWK UHIHUHQFH IRUPDWWLQ
FUHDWLQJ DQG LPSURYLQJ JUDSKLFDO PDWHULDOV DQG
ODUJH GDWDVHWV

$W WKH VDPH WLPH ZH VWURQJO\ GLVFRXURIEH RIKH X\
D VFLHQWLILF WH[W IRUPXODWLQJ K\SRWKHVHV RU DQD
WKH DXWKRU $UWLILFLDO LQWHOOLJHQFH VKRXOG VHUYF
QRW UHSODFH WKH DXWKRU RI D VFKRODUO\ SXEOLFDWLR

‘H DJ& FDOO IRU UHIOHFWLRQ RQ WKH IXWXUH SDUWL
ORVLQJ HVVHQWLDO VNLOOV LQ FULWLFDO WKLQNLQJ DQ
DQDO\VLV DQG DERXW WKH UROH DQG DXWKRULW\ RI WK

7KH 8NUDLQIRXQ QRRGZLOO DGKHUH WR JHQHUDOO\ DFF
XVH RI DUWLILFLDO LQWHOOLJHQFH LQ SXEOLFDWLRQYV
SULQFLSOHV RI VFLHQWLILF HWKLFV DQG DFDGHPLF LQWH}

6LQFHUHO\
(GLWKKLEOHQD 6WDEQLNRYD

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF



JJJ )RRG 7THFKQRIDRJI\

6XVWDLQDEOH IRRG GHVLJQ YLD IHEPWHA/ D WL
PDWULFHYV

(XJHQLD &RYDOLRY 7DWLDQD &DSFD(
2[DQD 5DGX & W OLQD 1HJRL

THFKQLFDO 8QLYHU &KLVLQDX 5HSXE

$EVWI
.H\ZRUGYV ,QWUR( &0OLPDWH FKDQJH DQG IRRG VHFXU!
LQFUHDVHG LADNGIBYWYVLXBDODYHY PDWULJ
JHUPHQWDWLRIQHQ OLPLWY QXWULHQW ELRDYDLODELOLYV
3ODEDWVHG RITHUV D WDUJHWHG VWUDWHJ\ WR RYHUFRP|
IXWULWLRQDOQODWHULDOV D QAKX HP WWEKRSG VD QUDKDY 1 HHZ HSGH H U
TXDOLW\ VFLHQWLILF SXEOLFDMWMWRRQY MEQSWRY\WRGPH
)XQFWLRQDOPWWULFHVY DQG WKHLU QXWULWLRQDO IX
%LRDYDLODELPR$®I\FDWLRQV EDVHG RQ OLWHUDWXUH V¢
SQWLQXWULWIFRG@RQY :HE Rl 6FLHQFH 6FDARHWYLYVRRWFH\
IRFXVLQJ SULPDULO\ RQ ®REOL FOWLIQRIQWHIWHRY
NH\ZRUGYV
5SHVXOWV DQG JHUMFXYWDRQRQ LQGXFHV
ELRFKHPLFDO FED@BEGVIRRGODQYWLFHY OHDCGC

LQFUHDVHV LQ SURWHLQ GLJH¥WLELOLW\
SUWIKROMRU\ | PSURYHPHQWYV LQ EPLLAYHM\DRI [EQ 8 DLFHFGIX/WW L R C
S HEHLYHG LQ DQWLQXWULWLR®DO WIRBWW K ¥ R Z X\8 KWHRQ |

WHFK@EWLRQDO DQG VHQVRU\ SURSHUWLHV
SHEHLYHG Lo SURPRWHV SDUWLDO SURWHRO\VLV DQG WKF
UHYLVHG IRUPELRDFWLYH BMEWLEBXHWLQJ WR LPSURYHG QX

SRWHQWLDO ELRDFWLYLW\ ,W DOVR IDFLOL\
$SFFHSWHG FRPSRXQGV LQFUHDVLQJ WKH SURSRUWLRC
DVVRFLDWHG DQWLR[LGDQW FDSDFLW\ ORUH
FDWKERUDWH VWUXFWXUHV LQFOXGLQJ SDU!

&RUUHVSRQGLBRO\WDFFKDULGHV ZKLFK PD\ LPSURYH GL
DXWKRU JDVWURLQWHVWLQDO GLVEFRPIRUW
,W DOVR FRQWULEXWHV WR WKH GHYHOF
(XJHQLD &RYDERPSRXQGV WKURXJK PLHEQREQDFOQ P HWRMERP
(PDLO DFFHSWDELEDWHN RISEIRBIWWY 7KH PDJQLWXC
\F/'VéJDHSQ;\?VFfF;EDP\VR\Y/%URQJ}HSHQWHQ[\N DQG LQIOXHQFHG E
FRPSRVLWLRQ PLFURELDO VWUDLQV DQG !
LQWHJUDWLRQ ZLWK WXH\FLKRYXR OFRDN HY JV ORXG [X
VXSSRUWY WKH GHYHORSPHQ VE RV H &QFMDLR Q

DQDORJXHV KRZHYHU YDULDELOLW\ DPRQJ

SURWRFROV DQG VFIDROLAV M 6 OLL@GEXWIVRIOL DG P D
FKDOOHQJHYV

&RQFOXYHEBHDWDWLRQ LV HQMHUWV D %S ORID KD

s WKDW HQDPOMW®P REWLPL]IDWLRQ RI WKH QX

DQG VHQVRU\ SUREBVWEHMFRGVSWKQWH Ut

VWDQGDUGL]HG DQG VFDODEOH HYDOXDWLRC
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JJJ )RRG 7THFKQRIDRJI\

,QWURGXFWLRQ
*OREDO GULYWUDQRIRWEKMWLRQ Rl IRRG V\VWHPV

,Q LOWHUQDWLRQDO DQG UHJLRQDO SROLF\ LVVXHV
KDV HPHUJHG DV D VWUDWHJILF SULRULW\ EHFDXVH RI FKI
RI JOREDO SRSXODWLRQW RREG IRERG ¥HFXAXIOWXUFHK 2UJD
8QLWHG 1DWLRQV )$2 WKH :RUOG +HDOWK 2UJDQL]DWL
KLIKOLJKW WKH XUJHQW FKDOOHQJH RI GHYHORSLQJ V>
IUDPHZRUNV VXFK DV WKH (GURKHD® UR HHR )RIDND EVQU DV
VSHFLILFDOO\ DGGUHVVHV WKH QHHG WR PHHW JURZLQ
QXWULWLRQDO TXDOLW\ IRU DQ H[SDQGLQJ SRSXODWLRQ
KLIKOLJIKWHG LQ WKHVH 2GBIRHDRUNS LEVHW EHHIQY MK H U H
LQWHUQDWLRQDO SURWHLQ DEBG WS SU\RME VEVRILIBLERHE C
LQFRPH UHJLRQV )RU BWKIENG UWHDHWRQ DEEDYWMRIUHVVLYH
FRUQHUVWRQH RI IXVRXD®LE DWW RG OFVGY. W VR PHDQV R
IRRG LQ WKH PRGHUQ ZRUOG DQG DV UHVLOLH@WyBBG VX
DQG 3DGLA®EDQL HW DO

SURWHLQ JDS DQG WRMHIRORREBVSODQW

,QWH U QUDHSIRRIQMO FRQVLVWHQWO\ KLJKOLJKW D JURZLQ
GHPDQG DQG WKH DYDLODELOLW)\ RI \EOVWWAGL S DR @& H LRU/R
QXWULWLRQDOO\ YDOXDEOH DUH DVVRFLDWHG ZLWK KLJ
$V D UHVXEDV HEODWYRW HLQ V\VWHPV DUH LQFUHDVLQJO\ ¢
EXW DV HVVHQWLDO FRPSRQHQWY RI IXWXUH UHVLOLHQV
QXWULWLRQDO DQG HFRQRPLF FRQVWUDLQWY &DSFDQDU

3ODQWPRHY LQ SDUWLFXODU FHUHDOV DQG OHJXPHV
EHFDXVH WKH\ DUH ZLGHO\ SURGXFHG KDYH D UHODWLY
FRPSOHPHQWDU\ QXWULWLRQDO SWRKRIMH WV\V,WHPRPEPSDF
TXD LRI SURWHLQ YLD RSWLPL]HG HVVHQWLDO DPLQR DFL
DQG ELRDFWLYH QXWULHQWY WKDW DUH ELRORJLFDOO\ V

JURP D IRRG V\WWHP SHUVSHFWLYH FHUHDOV DQG O
EHFDWNH\

+DUH ZLGHO\ SURGXFHG DQG JOREDOO\ DYDLODEOH

+KDYH D UHODWLYHO\ ORZ HQ YdRIR.QRHIQ W\ A ORRW S U L G

+SURYLGH FRPSOHPHQWDU\ DPLQR DFLG SURILOHV ZKH

+UHSUHVHQW VXLWDEOH QX BDWEUIXWHAW L R Q DE). RRSWRLFPH.Y
HW DO

+RZHYHU WKH DSSOLFDWLRQ RI FHUHDOV DQG OHJIXPF
LQKHUHQW FRPSOH[LW\ RI WKHLU IRRG PDWULFHV ZKHU
PLQHUDOV DQGIDRWRQXWHGWERQDONULHQW IE QR BWLIRIQIDIOE
SHUIRUPDQFH DQG QHJDWLYHO\ DIIHFW VHQVRU\ TXDOLW

7KHUHIRUH WKLV UHYLHZ DLPV WR SURYLGH D VWUXI
FXUUHQW NQRZOHG L ®RQF H E HRBKDMPRBERDWLRQV LQ FHU
DQG PL[HEGEDS/HBQWRG PDWULFHV ZLWK D SDUWLFXODU
IXQR®YQ DQG WHFKQRORJLFDO LPSOLFDWLR@WHSEHRRCFHLOW
HITHFWV ITHUPHQWDW L RQ ZV WK DMRPISGINP HQWBHUU SWRRH V\
DQG FXUUHQW OLPLWDWLRQV UHOHYDQW WR VXVWDLQDE
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JJJ )RRG 7THFKQRIDRJI\

ODWHULDOV DQG PHWKRGYV

7KLV UHYLHZ UHOLHV RQ DQ DQDO\VLV RI YDULRXV UH
IHUPHQWD W ERY HRG PER¥YDERLWHY ZLWK UHVSHFW WR WKHLU ¢
WHFKQRORJLFDO HIIHFWVUB®DHEZKE DWWGE8W\ZBDQIE IHHU |
E\ VHYHUDO DXWKRUV ZRUOGZLGH ZLWK D IRFXMMRH® FH
VIVWHPV WOIG G®MEMHG PDWULFHY 7KH VHDUFK IRU OLW
3XEOHG 6FRSXV :HE Rl 6FLHQFH DQG 6FLHQBHRAFHVWFW
VRXUFHV IRFXVLQJ RQ VWXGLHV SXEOLVKHG PDLQO\ IURF
SOE@WHIRRGY IHUPHQWDWLRQ IRRG PDWUL[ QXWULWL
DQWLQXWULWLRQDO IDFWRUV VHQVRU\ DWWULEXWHV I
3XEOLFDWLRQV ZHUH LQFOXGHG LQ WKH UHYLUHZSBEH WR
ELRFKHPLFDO WUDQVIRUPDWLRQV DQG UHSRIXQHF® ILRQD O
SHUIRUPDQFH WDHD WHWRGXBWSHUWLHY ,Q YLHZ RI YDULD
DQG PHWKRGRORJ\ WKH UHVXOWV ZHUH FRP SMUHOGS \DF
WHFKQRORJLFDO UHOHYDQFH DQG OLRUWHQWRG VDRG WK
GULYHQ DSSURDFK

5HVXOWY DQG GLVFXVVLRQ
3ODBDMWHG IRRG B WWIHFWY RU IHUPHQWDWLRQ

&RQFHSW Rl IRRG FADNVHG] IRRGOMDIMMUL[ LV WKH FRQFHS
GLPHQVLRQDO RUJDQL]DWLRQNBLVWXWWHU ERG %/R/QBIQ & \Q RV
SK\WLFDO VWUXFWXUH DQG FKHPLFDO LQWHUDFWLRQV L
UHGXFWLRQLVW PHQWQ®NMWDWKDWLQYLHZKHQXWREZLH I XQFW
SHUVSHFWLYH VXJJHVWV WKDW WKH LQWHUDFWLRQ UHC
FDUERK\GUDWHV DQG OLSLGV PLFURQXWULHQWVY DQG
PDWUL[ GHWHUP LRQ®NMWQRW D DW DRED SK\WLRORJLFDO DFWL
YHU\ FRPSOLFEWWKMGLRROBQAMKHUH FHOO ZDOOV VWRUDJ
QXPEHU RI VWUXFWXUDOO\$SPRIRY® @ RS BXOQ GV H[LMWD WD
$QG LQ WKDW VHQVH WKHUH LV D VLIJQLILFDQW GLIIHUF
PDWUL[ ,QJUHGLHQWYV HJ SURWHLQ LVRODWHV VWDUF
LQWHQVLYH IUDFWLRQDWLRQ SURFH\QWGH YV LW KEDWI \GER R XBY
6XFK LQJUHGLHQWY GR SURYLGH VRPH GHJUHH Rl WHFKQ
JHQHUDOO\ GR QRW KDYH WKH VWUXFWXUDO FRPSOH[LW\
RU PLQLPDOO\ SURFHEDHG PRRG PHHWWU LBFHDQ W KROH IORXU
EDWWHUV U#f\WDEQKBUGRMMKEQYRFKHPLFDO LQWHUDFWLRQ
LQIOXHQFH GLJHVWLELOLW\ ELRDFFHVVLELOLW\ DQG PH!
LQGHHG HQKDDXAMNMN ERWLRRFRUGLQJ WR W KIMQG YD H DXOFEHD H
EDVHG IRRGV LW PD\ FRPSURPLVH VXVWDLQDELOLW\ DC
LPSRUWDQ FHR WU HRDMHUA [S U R F HAMDL Q@ D NVIMWGLRDX\WHHWL Bl @ 9

7KH SURDWHERKEGBDWWLYH LQWHUDFWLRQV DUH IXQGD!
OQXWULWLRQ 6WRUDJH SURWHLQV LQ OHJXPHV DQG FHUH
SRO\SKHQROVWDQEKQFRD\VDFFKDULGHYV W KW GDJIH VRULFE
FRPSOH[HV 7KH DPRXQW RI SK\WLF DFLG LQ UDZ OHJXPF
J J GU\ PDWWHU FRQGHQVHG WBSBQGYQJ RQ VSHFLH\

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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DUH DOVR H[SHFWHG 6XFK LQWHUDFWLRDYGCCHFEFRWEVE BL
UHVXOWLQJ LQ ORZHU QXWULWLRQDO HIILFLHQF\ GHVSL\

6DNDQGDU HW DO

7TDEOH
6WUXFWXUDO RUJDQL]DWLRQ D gD VIHBVIHRWRIGF WD WQ VFHW KL

ODWUL]J 7\SRI LQW H UDEWUL REW X U D|C5 K IRHQHH Q BH V
FRPSRQHRQW WKH PDWUL
BURWHLQ|V3URWSHIRWHLQ1IHWZRUN IR|USODWYRQ HW PO
5 J HW DO
SURYBIRIOQSKHQ@DWHU ELQGL 2 e o
6WDUFK | 6WDISBRWHLQ 9LVFRVLW)\ [JHOIDNN RQ
VW BRIWEK U W M/ X U H <LOGL] HW DQ
=KDQJ HW DO
IROWDUFRKLEHDWHU +\GUDWDWLRQ HMWD WL
SRO\VDFFKMWHKWHYVFWLRQ@VYJILGLW)\ 7+UNHU HW D(
OLQHUDONOLQHSRWDWH6SDWLDO /JRSHV HW DO
FRPSOH[HV | LPPRELOLVDWYRHD HW DO
ZLWKLQ PDWGERfV HW DO
3RO\SKHQRAOV\SKHORWHBEY UXFWXUDOHQJ HW DO
FRPSOH[HV | VWDELOLYVDMWaL HIJRULR DQG
VHQVRU\ LPSHHARPQRGDUD

YHUPHQUADWKRIQHIRUH SDUWLFXODUO\ OH®H®DL@W HRAD E
UDWKHU WKDQ LVRODWHG FRPSRQHQWYV HQDEEIMHBRQW
IRRG PDWULFHYV

7\SHV RI IHUPH QE\DI/EHGEHIBRG PWWULFHV

30DEDW HGPIRRGLFHV XVHG DV VXEVWUDWHY IRU IHUPHQ
WR WKHLU ERWDQLFDO RULJLQ PDFURQXWULHQW FRPSR!
FHUHDOV SVHXGRFHOHDOPH W LYMWG FSHHURYE CREXFW Y GLII
VXEVWDQWLDOO\ LQ SURWHLQ FRQWHQW FDUERK\GUDWH
PDWUL[ FRPSOH[LW\ ZKLFK LQ WXUQ GHWHUPLQHV WKHLL
IHUPHQWDWLRQ 7KLV FODVVLILFDWUREGWMB®BHZWDOR GRQOJ
IHUPHQWDWLRQ HIIHFWV KLJKOLJKWLQJ KRZ GLIIHUHQW
IXQFWLRQDO DQG VHQVRU\ RXWFRPHV IROORZLQJ ELRSUR

/JHIXPEDVHG PDMAUKPHY UHSUHVHQW RQH RI WKH PRVW
PDWULFHV |IRUEDNVMPGI ORRIBVGRYHORSPHOW GXH WR WKHLU
+ J J GU\ PDWWHU DQG WEHWVU G HQWWD O \ URIOMWHU O §
EH FKDUDFWHULIHG E\ KLJK OHYHOVOKIGDQJI 5& XWW WV R
LOKLELWRUY KEJWIR) UDZ VHHI®W LOUDRIQQIRWH FFKDULGHV
PDWWHU DQG VDSROLQV DOVR LQ WKH OHJXPH PDWUL[ 7
PLQHUDO DEVRUSWLRQ BHRIZQ\GHQVRW\DFFHSW BEBRQGHW D
FRQYHQWLRQDO VRDNLQJHDIDS/ FRRA HQHWNVDGI DWP HGWRRQ V'
DFLG IHUPHQWDWLRQ LV SDUWLFXODUO\ HIIHFWLYH LQ UF
JO\FRVLGMVRUQWEHLU DQWLQXWULWLRQDO HIIHFWV HVSH

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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VWDUFK JHOORPISQUUB®W LWR JHODWLQL]DWLRQ DORQH IHU
SURQRXQFHG GHIJUDGDWLRQ RI DOWLQXWULWURGEPHQWW I
LO LO YLWUR SURWHLO GLJHVWLELOLW\ RIHO RBXRD WILRRQ
OHJXPH PDWULFHVY KDV EHHQ VKRZQ WR GHGXRH LSKI WA
IHUPHOWDWLRO WLPH PLFURELDO VWUDAL@V L OKILCE ISWRLY B
DOG ROLIJRVDFFKDULGH OHYHOV DV ZHOO )XUWKHUPRUH
HOKDOFHVY WKH IUHH DPLOR DFLGY DOG VPDOO SHSWLGHYV
VRPH FDVHV LPSURYHG XPBIRHFSHUPDINMLEEQIXAKHW H GHDC
IHUPHQ®ODWLIRDR PDWULBRSWR FHWD B/Q R&D O DP® BIWG RO

&HUHDO DOG SVHXGRKHUYBDNW PDWIRIAHNA RI FHUHDOV D(
LO WKH IRUP RI FDUERK\GUDWHYV ZLWK VWDUFK FRQWHQW\
EHWZHHO WR $OW KR X IKL AKK MAKIDIDOHOMHH X 7 HFBW RAMIIIHD O V
RI GLHWDWWHOIHOO DV PLFURQOXWULHQWY 6LPLODU WR OH
DFLG W\SEFDOO\ J DQG SKHQROLF PROHFXOHV OLPLWL
INKDWD HW DO 2ERK HW DO

JHUPHOWDWLRQ RICHHUHHIDIOZE REWWU LHHRB@VWVEHWODRQKRZQ
UHGXFH SK\WLF DFLG: FRZXHHD WOIWMWAIRMMHE SULPDULO\ GXH
PLFURELDO SK\WDVH DFWLYLW\ DW DFLGLF SSUPRPWWHOQV
LOWHUDFWLROV ZKLFHKVIFRW YW O JOQFBRHRBFHHVSRQVH D
JHUPHOWDWLRQ LO WKHVH FROWH[WY LPSURYHV WH[WXUH
LQ EUHDGVHDYBH GEHBRUMNAGIHY JLYLQJ DGGHG YDOXH WR W
*REEHVWOWL HW@OMNKRQLN DQG +HWPDQ :DQLQN HW DO

OL[HG FHIHIX®H PDOUHBHVHOWHRPH PDWULFHV LQWHE
FRPSOHPHOWDU\ OXWULWLRQODO SURSHUWLHV RI WKHVH
VXVWDLQDEOH RSWLEDVHBNVEHRWHKROQVDQLRPY 7KHVH PD)
LPSURYHG DPLOR BFQBJXKPONGRKXOMWUEDODQFLQJ O\WLQH
FHUHDOV SURFROMDIL /IX@JIXDPLQR DFLGV ,Q EOHQGHG
FRPPRQO\ UDQJH IURP WR J J &HKH.SHDGH WIDROQ IR U P XD
HW DO

YWPHQWDWLRQHRXPAHH EPDIQGY LQWURGXFHV DGGLWLRQ
PHWDEROLVP PXVW DGDSW WRSHKHWRHURWYBQ HRKLVG YA EWMUC
VIQHUJLVWLF HtOHHRWR HL © DMHWLHFHY ZDV SURYLGHZXE\ 5L]]
LQYHVWLIJDWHG VRXUGRXJK IHUPHQWDWLRQ RI ZKHDW 10
IORXUV DW D WRWDO UHSODFHPHQW OHYHO RI zz 71
IHUPHQWHOHZIXKPBWUHDG H[KLELWHG VRWQ RIQ ¥ 0RQ WARWKD.O K k
DFLGY HQKDQFHG SK\WDVH DQG DQWLR[LGDQW DFWLYLW]
FRPSDUHGIMWRPHDWMWG ZKHDW EUHDG ORUHRYHU VRXUGR)
PDUNHG UHGXFWLRQ RI VQIGH[VWRGEKDWGEQRMDVQARZHU SU
UHVSRQVH ZKLOH PDLQWDLQLQJ JRRG VHQVRU\ DFFHSWD

+RZHYHU LQ PRVW LOYHVWLJDWLRQV V\QHUJLVWLF H
GHIJUDGDWLR@ RU BXYWO VEHVHYWLELOLW\ RI SURWHLQ DQ¢
WKDQ ZLWK VLOJOH UDZ PDWHULDO VA\WVWHPV 7KH\ DUH RI
GHVLJOQO DV QXWULWLRQDOO\ DGHTXDWH V\VWHPVYADQ EH
IXQFWLRQDO YHWE®DRN QGLMW DO 3DWHO HW DO

SODEDWHGSWERGXFWY DOG XOGHUXWDEBWIIHYGS GREBVUAW M V

LOFOXGLQJ EUDQ KXOOV DOQG PLOOLQJ IUDFWLRQV DU
IHUPHQWDEOH PDWULFHY ORDGHG ZLWK KLJK ILEHU DQG S

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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DUH XVXDOO\ FKDUDFWHULWHL @\ WREMBDXPRRY MW V RIQSUIRF
SKHQROLF FRPSRXQGV DQG PLQHUDOV )HUPH@WDWLRQ
DXJPHQWHG IUHH VROXEOH SKHQROLFV FRPELQHG ZLWK L
WKHLU YDORUL]IRWGRQ WRRR\HRAXDO U %6 VRO GIKMW D O
7KHVH PDWULFHV DUH EHVW LOFRUSRUDWHG DW PRGHUD
WHFKQRORJLFDO DQG VHQVRU\ OLPQWRQMW VRE V WWDWKHU R
IOFRUSRUDWLRQ LV DOVR FRPSDWLEOH ZLWK VXVWDLQDEL
HVVHQWLDO |B3EIREXFIWRWLRILEDWLRQ

BROMMGDWH IHUPHQWDWLRQ 66) UHSUHVHOWV D SDU
YDORUL]IDWLRQ RIDOLFRORYWOONORVAEYLERMY HVD B6)
VI\VWHPV PLFURRUJDQLVPV JURZ GLUHFWO\ RQ PRLVW VR
SK\WLFDO VXSSRUW DQG QXWULHQ®V$R X WSSO INDGPFIOM R X
VSS BEPWUDWH VW U RH UDLG DRF HSRWKHOGRWHDO DQG RUJE
FDSDFLW\ HQDEOLQJ VWUXFWXUDO GLVUXSWLRQ RI SOD
QXWURBWMOHY DQG 'H 20LYHLUD OHQGHYV

JHUPHQWDWLR@RODNVHEBRWEBRKUBIPLFDO WRRO

JHUPHQWDWLRQ UHRUHWB@WE ELRBMHRIFDO DSSURD!
PRGLILDEOH UHD U UDIRIHE HRRGRV\S@W/BI®W E\ ZD\ RI PLFURE
HQJ\PH DFWLYLWDVHE AHURBQWDWLRQV/$®D FVWLIFVWDFL®D E
ILODPHQWRXV IXQJL FRQVWLWXWH WKH SULQFLSDO PLFUR
PHWDEROLF SDWKZD\V DQG HQJ\PDWLF V\VWHPV /$% PD\
KHWHURIHUPHQWDWLYH GHSHQRBG®FVRY W B EQ LIN-RWYD W O
\HDVWV FRQWULEXWH SULPDULO\ WR FDUERQ GLR[LGH SUF
8QOLNH LVRODWHG QXWULHQWY IHUPHQWDWLRQ DGGUH
LQFOXGLQBDIERKALQHWBO DSB8OISBRMPRQ FRPSOH[HV ZK
LPSRUWDQW UROH LQ QXWULWLRQDO @® G HEOQFHMEL RRRIED/ S §
FOHDU LOOXVWURWILIRQWHGNVEUR FADMWUQE VWUDWHJI\ ZDV S|

ZKR FRPELQHG VWDUFK JHODWLQL]DWLRQ ZLWK ODF
QXWULWLRQDO TXDOLW\ RI OHJXPH IORXUV 7KH DXWKR
LQFUHDVHG VXEVWUDWH DFFHVVLELOLW)\ IRU PMAREELDO
LOQWHQVLILHG WKH GHJUDGDWLRQ RI DQWLQXWULWLRQDO
SURWHLQ GLJHVWLELOLW\ FRPSDUHG WR UDZ RU VROHO\ |
SOE@WHG PDWULFHV IHUPHQWOQWWL RQ FRIRP EWRIFK B PQ EPLO/
FDUU\ ZLGH UHOHYDQFH DFLGLILFDWLRQ DFWLYDWLRQ |
SK\WDVHV SURWHDVHV DP\ODVHV SDUWLDO K\GURO\VLV
PROHRHADKW FRPSRRRQBYJHK DWHFRQIWYURODHG VXEVWUDY
DQG PLFURRDWUQIVRSHFLILF DQG WRJHWKHU LQGXFH
ELRDFFHVVLELOXWFWLR® DWHBK®BHUWLHY UHSRUWHG LQ V
WKH VWUERUWKWRLRG RI IHUPHQWDWLRQ HIIHFWV DUH GHS
PD\ DOVR EH REWDEBUY BRMAIP BRHEXFHPDWULFHY ZKHUH WKH
FRQGLWLRQV \LHOG GLYHUJHQW RXWFRPHVDEXK WR WL WX
FHOO ZDOO DUFKLWHFWXUH DQG DQWLQXWULHQW SURILO
DFURVV VWXGLHV DQG UHLQIRUFHV WKH IHDVLELOLW\ RI
GHVLJQ IUDPHZRUN ZKH UPHD WILRRFKVH B UFDW DU B WWIR W R ZD U
DQG IXQFWLRQDO RXWFRPHV UDWKHU WKDQ LPSOHPHQWH

'KLOH )LJIJXUH SUHVHQWYV D RRQFEBWMOGOPBPWDYV¥HM
IHUPHQWDWLRQ WDUJHWYVY 7DEOH LQWHJUDWHYV WKHVH P
VWUDWHILHY DQG UHSRUWHG ELRFKHPLFDO WUDQVIRUPD)

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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2YHUYLHZ EDSEGBQWRG PDWULFHYV

7TDEOH

IHU PMM\WEALWRER Q@ PLW D O WHIU HWVW B Q G

30DEDWHG P

DSZA[PDWHU

LPMUPHQWDWLRQ W\S

HoLRFKHPLFDO WO

UHNWWYSRUWHG RXWFRPHV

SHIHUHQFH

H[DPSOHV | PLFURRUJDQLVPYV
THIXT &KLFNSHD | /IDFWLF DFLG 3K\WLF DFLG WLU| 'HFUHDVH L§ : UHGXF| .DURYLpPR DRG
SHD IDED HHMFWLSODQWLEDFLOORVILRBIBGNDUXP| WU\SVLQ LQKLELWRU DFWLRHKEMGRXIFUHDVHG
EUHYLV /HYLODFWREQELRCDAFKDULGHVLIHVWWRIUDLW DQG IUHHINKDWR B 60
IHUPHQW XP SURWHLQV 9HUQL HW D|O
&HU "KHDW  U\| 6RXUGRXJK IHUPHC| 3K\WLF DFL:SUR| 3K\WDWH U § : LPSU| INKDWD HW| DO
EDUOH\ \HDV WV LOQWHUDFWLRQV | PLQHUDO ELRDYDLODELOQLMVUQWHBWDFHG Gl
WKHRORJ\ DQG EUHDG TXDOLW\
3VHXGRFHUHDORMENZKHDW /F%LIGIRPHQWDWLRQ| %YRXQG SKHQRGLFQFUSIDRWELIQHH SKHQRO[ BEFR® SIRK@E®V HQKE
DPDUDQWK SRO\SKHQRO FRPSDEMHMVR[LGDQW DFWLYLW\7VRIRDURSAE HIW D
IXQFWLRQDOLW\
&HUIOBIOXPH| KHRWHD U BRQWUROOHG /$% HYPMQWRWURQYLRQDGSURYIBGWBBVQR DFLG | 5DODQEH HW H®XFH
EOHQGYV EHDQ H#MmRUH SURYFBUERK\GUDWBIQW L QX W ULB@MQF HR V H Q| V&RU\QP D RH WOBIO
FRPSOH[HV
30 EDVF %UDQ KXO| 6R' VWDWH IHUPHQ| %RXQG SKHQROL | ,QFUHDVH LQ IUF§ - 2ERK HW DP
SURGXFWV | IUDFWLRQV/| IXQJL HQKDQFHG DIPMLLRIL\S D QW) O R O LYD WILRRX RHW D
E\SURGXFWV
OL[HG SODQW/PDMRH FHVORXWVHUPHQWDWLRQ 3HRWHOMLRYWUXFWAURYH®DWRKWXUH U H G XIARD® GEJHRD QM W O IDYOR
FHUHDO PHDOV SUHFXUVRUV HQKDQFHGHXFEBIBSWSRQ 7VDIUDNLGRX HV
DO
/THIXPH S 3HD C| /7$% IHUPH BWRUDJH SURW!I ,PSURYHG VROXELOLW\ | *IQ]OH
FKLENSHD SURWHLQV IUDFWLRQV SURSHUWLHY UHGXFHG DJOOHUJHQLFLW\
YHUPH %UHDG S| 6RXUGRXJK PL[H BWI:SURWHLC _,PSURYHG YLVFRVLW\ FR(| 1IRXW
FRPSRVLWH |RIREUXGHG VQDENV VHQVRU\ DEFFHSWDELOLW\
/HIXPH 1O0F | &KLFNSHD | 6WDJHODWLQL]DWL| 6DSRQLQV:DQWLC| (QKDQFHG GHJUDGDWLRQ| 'H 3DVTIXDOH HW DC
WUHDWHG PDWHDFHV IHUPHQWDWLRQ /$% FRPSOH[HV VWRU DRFIBVURWHOQW\ RI VWRUDJH SURWHLQV LQFL
YLWUR SURWHLQ GGHSHQIGH@WW\ PDWUL]
QXWURBMR@PDPOWLRQ
&HUOBIOXPH| KHRAMKLFNSHEOERXUGRXJK IHUPHQVRWLIRQ DFi% URWWR®BKDVHG |UH HPSRIRYR G FELBAMHAR HW DO
FRPSRVLWH |RRGEDWQWL(P GRPLQDWHG QHWZRUN VWRUDJGILSHRW HE IQO/L W\ HQKDQFHG SK\WDVH D¢
EDNHG SURGXRWEWDQ EPDHQGV DQWLR[LGDQW DFWLYLW\|UHGXFHG VWDUFK K
LQGH[ LPSURYHG VHQVRU\ DFFHSWDE|[LOLW\
/HIXPH PDWUIBRNEHD Q /$% IHUPHQMMBWREQ 3K\WDWHV WDQQLENURQU\SYH@XBWGRQ RI DRGWLIBXAV UL WL®R® DO
VR\EHDQ SODQWDUXPIDODFWRSUBDAHDVH LQKLE HORWSH LIYIQL QRS RYHP HQ AQ LROX @KW UYLWLRQD
SURGXFLQJ VWUDLQYIDPLO\ ROLJRVDFFKRDOGWYV DQG JDVWURLQWHVWLQDO WROHUDQ
&HUHD "KHDW | /TDFWLF DFLG IHUP| 3BK\WDWHV HQ]\I| &RQVLVWHQW UHGXFWLR( /LSWiNRYi HW DO
SVHXGRFHUHEX¥NZKHDW PL[HG FXOWXUHYV SUR¥PHD®UDO FRPSOEHURRWHG PLQHUDO ELRDYDLODELOLW\ D
DPDUDQWK IXQFWLRQDO TXDOLW\ DFURVV PDWULFHYV

FFFSNUDLQLDQ )RRG -RXIRTPID
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%H\RQG ERWDQLFDO FODVVLIEPNMGRRD WKL H ¥ WEAR QR/U
VWURQJO\ LQIOXHQFHG E\ WKH PHWDEROLF PREBELOL
PLFURRUJDQLVPV LQYROYHELBQRRUYMWI.YELYS$HFRWFL W
HVVHQWLDO IRU UDWLRQDO IHUPHQWDWLRQ GHVLJQ

ODWUL[ FRQVWUDLQWG DIQYG OH WRIIDQW DRUIPFDQW LR Q V

6WURQJ LOWHUDFWLRQV RI SURWHPQND O@W DAKAK-FKPDQH
PHGLDWHG E\ DOQOWLQXWULWLRQDO DJHQWYV VXFK DV SK\W
JDODFWRVLGHY DUH FRPPRQO\ UHSRUWHG LQ UHYLHZV \
GLIJHVWLELOLW\ DQG WHHREKMWRCRIVRD @ RIX®UFMYLFHR QRO D WH
FKDUDFWHULVWLFV OLNH ELWVGHWUQ M KM®&D RORDNID §DH € WA DI

6DNDQGDU HW DO 7TKOHHPQ L HORHDRVWL PLPLWDWLRQV
ZLWK FBQ&8DOMEDPHN\VWHPY DQG WKHLU QXWULWLRQDO DC
DUH VXPPDUL]JHG LQ 7DEOH 7TKHVH FRQVWUDLQWY UHSE
EDUULHUV WKDW MXVWLI\ WKH DSSOLFDWLRQ RI WDUJHW!
7TKHVHWDWILRQYV DUH IXUWKHU LOOXVWUDWHG VFKHPDW
PHFKDQLVPV RI PLQHUDO FKHODWLRQ E\ SK\WLF DFLG DQ
UHGXFHG QXWULWLRQDO SHUIRUPDQFH

7TDEOH
ODMRU OLPLWDWLRQV D DORBHLUIXBRME GLMR G HPDMOUA. F HV

ODWUL]J
FRPSRQH

ILPLWL(
DWDFWRU

DERQVHTXHQFH [ 5HIHUHQFHV

SK\WLF DRLOGGQHUD 5R\

FKHODW

OBHGXFHG )H =(
IER@DFFHVVLEL(

6DUNKHO DQG
DEWDQJ HW DO

7DQ! 3UR

ELQGLQ

IRZHU GLJI *LODQL

J .XPDU HW| DO

L RQ OLIQ K WER. W M
ELW LW E\

7DQQLQV | ,URQ

FKHODW

_URQ DEVRUSWI
RUVPJ FDQ LQKL
XS WR

RO

5DIILQRPH3RRU *DVWURLQWHVWIKQDQJIJRLNWRPORUW

ROLJRVDF

F& DJH\GM

VR Q

6DQ\DO DKG ¢

o L

3 U R WHALRU
FRPSOHI[H

FAW U X F W
VULJLGL

¥HBBEFHG WHFK
N\XQFWLRQDOLW,

DRE G HDO
\1IDYQHHW DQ(

N

p

-R\H

$GGUHVVLQJ WKHWHO PERMQWIWUDLQWY UHTXLUHV WDU.
FDSDEOH RI PRGLI\LQJ P RQOMWKAQD W KLH WRHRJD PDMWRWDLY U DW
DOWHULQJ LQJUHGLHQW FRPSRVLWLRQ

OLFURELDO PHWDEROLVP HVSHFLDOO\ WKDW RI ODFW
DFWLYDWHYV HQGRJHQRXV DQG PLFURELDO HQ]J\PHV DQ
PDFURPROHFKXmMEODLQJ WKH GHIJUDGDWLRQ RI DQWLQXWULYV
PLQHUDOV DQG SKHQROLFV DQG SDUWGHERSBHRWBRO\VL
$OURVDQ HW DO
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3URWHLQ EMD®RLEOLIQK\

J)LIXUH ODMROHPBW OLLPLWDQ R QVHBKYFHGE HRRGY DQG WKHL
LPSOLFDWLRQV IRU QXWULWLRQDO DQG IXQFWLRQD
FUHEWHDOXWKRUV

(DUO\ FRPSUHKHQVLYH UHYLHZW G JKEDILYR@ HE UR KR W
IRRGV KDYH EHHQ LQWHJUDO FRPSRQHQWY RI WUDGLWLR
(DVW IRU FHQWXULHV SULPDULO\ GXH WR WKWWWULBSWRY
DQG LQFUHDVHG QXWULWLRQDO YDOXH FRP®%DXUBGLWR BQ.
WKLV WUDGLWLRQDO NQRZOHGJH D JURZLQJ ERG\ RI HJ
IHUPHQWDWLRQ PDUNHGO\ UHGXFHVONHD Q@ WIHJ X RV WL
SK\WLF DFLG WDQQLQV WU\SVRPLQQ KRLELVRRDY F KU Ak
LPSURYLQJ PLQHUDO ELRDYDLODELOLW\ DQG JDVWURLQW

%H\RQG DQWLQXWULHQW GHJUDGDWLRQ |HNUDWQWIHMW L
SURWHLQ OHYHO ZKHUH FRQWUROOHG SURWHRO\VLV DOV
PDWUL[ DQG GLUHFIXQFWLROWY BHEKIQRW L HVKRREBK QIV V
FDSDFLW\ DQG HPXGREZHNY®U EWKBNEBRMURGWO\ W SHQ G H(
ERWDQLFDO RULJLQ RI WKH VXEVWUDWH WKH PHWDEROL!
IHUPHQWDWLR®EGROTGAMQAWQV LQFUHDVLQJ NBS DMLV DLYG

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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SURAFHRQWUROOHG |HWMNQWDWMKHRY WKIPDWHKH DSSOLFDW!
VLIHWQO IHUPHQWDW (RND QS SHMVR DOFA H F D O D'@® tHVE FD O
6DNDQGDU HW DO

,Q DGGLWLRQ WR LQFUHDVLQJ QXWULWLRQDO TXDOLW
WH IXQFWLRQDO DQG VHQERWHGC URRECUNG HBX FRIUVS\D®/ G W\
IHUPHQWDWLRQ DOWHUYV WKH PHFKDQLVP RI LQWHUDFWL
SURSHUWLHV ZKLFK WKHQ LQIOXHQ FH Xl VB RW HWU M/ KRR H R
SDUWLFXODU FRQFHUQ WR SRUULGJHV EDNHG JRRGV D
WKDW VRXUGRXJK IHUPHQWDWLRQ KDV SURYHQ WR EH D ¢
SRWHQWLDO RI CFHHIXHPHYV SMNE ECRECAVIED BELQJ DSSOLFD
HQDEOLQJ KLJKHU LQFOXVLRQ OHYHOV ZKLOH PDLQWDLQL
VKHOI&KLIGPD HW DO *REEHWWL HW DO 5L]]HOO

ORUHRYHU IHUPHQWDWLRQ DOVR DQGVUHGLWWH LEXRV
SK\WRFKHPLFISOM LYHSOIMMULFHY 6WXGLHV FRQFHUQLQ
SODQW VSHFLHV KDYH VKRZQ WKDW YLD IHUPHQWDWLRQ
REWDLQHG DW WKH H[SHQVH RILERX® 06 MVH DLIOWVW R & VD QDW DR
7KHVH HIIHFWV DUH GXH WR PLFURELDO DQG HQGRJHQRY
VWUXFW XU H APIDFE RAKRIMHRFXFH FRPSOH[HV $W WKH VDPH
XQGHUOLQH WKDW L GFFELBHDIFV. MM P & CDVQXW HRS L@DQIMW UR GR Q
LQWR SURYHQ SK\WLRORJLFDO HIIHFWV UHLQ2EBRLOW WK
DO 9HUQL HW DO

,Q UHFHQW \HDUV PRUH DQG PRUH UHVHDWFRIKDV \
IHUPHQWDWLRQ WRJHWKHU ZLWK FRPSOHPHQWDU\ SURFF
IRRG GHVLJQ +\EULG PHWKRGV ZKLFK LQWHJUDWH IHU
FRQWUROOHG GU\LQJ WHFKQLTXHV HQDEOH DQ@\ RI W]
IHUPHQWDWLRQ WR EH FRQYHUWHG LQWR WDQJLEOH FK
SURGXFW VWDELOLW\ 7KHVH PHWKRGVY DOVR KHOS WR Y
ILEHU SODQW IRRG LWHPV ZKUWK POH RRGOHRQNBE BLIQ @ |
LQWHQVLYH UHILQLQJ LV PLQLPL]JHG DQG DUH ODUJHO\
LQWHUQDWLRQDO IRRG SROLF\ IUDPHZRUNV 3DWHO HW D

7RIJHWKHU DYDLODEOH HYLGHQFH SURYLGHV WKH MXV
D WUDGLWLRQDO SURFHVV EXW DOVR DV D VWUDWHJILF
EDVHG IRRG SURGXFWV %\ LQGXFLQJ FRQWUROOHG ELR
OHJXPHQG PL[HE® $O®QRMRG PDWULFHV | HU®HQWWDLVRIQROD FIDX
IXQFWLRQDO SHUIRUPDQFH VHQVRU\ DFFHSWDQFH DQG
HIITHFWV RI IHUPHQWDWLRQ UHPDLQ KLJKO\ YDULDEOH
FRPSRVLWLRQ PLFURELDO VWUDLQV OHDG W R FHIO\WDW QG WMF
VWDQGDUGL]DWLRQ DQG LQEXWRMOL® W FD@DELOLWDSHE

ODWHPALFURRUJDQLVP VSHEDRVIHG WH WRH OVDAWL R Q

7KH ELRFKHPLFDO DQG |XQ FEL\RIGE®HRXWDRMRLPRQ/N RD USHO B
QRW PHUHO\ E\ WKH SUHVHQFH RI PLFURRUJDQLVPV EXW
PLFURELDO HQ]\PDWLF VIVWHPVY DQG WKH VWUXFWXUDO R
PLFURRUJDQLVP VSHFLUHFARNQLYHIGQPY HDFHQWAADO GHWHU
HIILFLHQF\ PHWDEROLF SDWKZD\V DQG QXWULWLRQDO R

3ODEDNHG PDWULFHV GLIIHU FRQVLGHUDEO\ LQ PDFUF
HQJ\PH DFWLYLW\ DQWLQXWULWLRQXEWRBW R & HLRH{DONQ B\
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VWDAREKLQDHOW ZLWK PRGHUDWH SURWHLQ OHYHOV DQG
ZKLOH OHJXPHV FRQWDLQ KLJKHU SURRMQHNVQ GAR G KM@ W D)
LQKLELWRUN PUDIR@RYRVQE FKOHQARBOIVF BRPSRXQGV 7KHV
GLIIHUHQFHV VWURQJO\ LQIOXHQFH PLFURELDO JURZWK C
*XSWD DOKDREYOP OF)HHWHUV5RPERXOV DQG 1RXW

/IDFWLF DFLG GEFFHWHDODIHUPHQWDWLRQV ODFWLF DFL
UHSUHVHQWDWL Y/ID¥ WRR EW K HO DX@H U B X F R Q R DWFRVR FRHFG XR F
GRPLQDWH DFLGLILFDWLRQ SURFHVVHV +RPRIHUPHQWDW
ODFWLEKBIEHDY KHWHURIHUPHQWDWLYH VWUDLQV SURGXH
&2v DIIHFWLQJ GRXJK UKHRORJ\ DQG VHQVRIR)BHWHORSP

7KH EDODQFH EHWZHHQ WKHVH PHWDEROQKE SODKRD \\
FRPSOH[LW\

,Q OHJXPH PDWULFHV KRZHYHU /$% SHUIRSPBQRH G!
HQJ\PDWLF V\VW H/MF W6&\S 0 D QEW. ERD BLGIGO K B W& DBDIWW\D Y ORJ LD |
SURWHRO\WLF V\VWHPV SRODFWR \OLRADMH VE\U RIBXE W.L R Q
GLIIHUHQFHV GHWHUPLQH WKH H[WHQW RI SK\WDWH GHJUL
EUHDNGRZQ 'HPLUFL HW DOKDQQDPXSM R B®WGD®HE X

,PSRUWDQWO\ H[FHVVLYH SURWHRO\VLV XQGHU SUROR
VHQVRU\ TXDOLW\ GXH WR WKH DFFXPXODWLRQ RI ELWWH]I
IHUPHQWDWLRQ ZLQGRZV

<HDVWYV DQGLQW EURGWEHEPWIDG VR XU G BDRE KDV R PRH V
FHUH YR Q GD®IREF K D U RIPDFVMWE DHQ Y 6® FRH[LVW ZLWK /$%
FRQVRUWLD <HDVWV PHWDEROL]H PDOWRVAR QWG L EGWHR
OHDYHQL@WRQ@G YRDYRU FRPSRXQGV ZKLOH /$WDBEKU
LQWHUDFWLRQV B\PELRWLF LQWHUDFWLRQV HQKDQFH |
OF)HHWHUV OHKWD HW DOY$% LQWHDDWWLRQV DUH OHVV
OHJXPH WHUWHRQV EXW EHF RPHIXNPHHEOB®PGVQ FHUHDO

JLODPHQWRXY VYRQUIBWH IHUPHQW DWAISRIQ V \ VK Bl PR S H
ROLIJRVORVUWUYXFWXUHY GHQVH SURWHLQ PDWULFHV WKU
QXWULHQW [NBHND/Q XV ARWH] DHRMPRGWULEXWH VWURQJ SU
DP\ORO\WWLF DFWLYLWLHV LQ VR\EHDQ IHUPHQWDWLRQYV
IXQGDPHQWDOO\ IURP /$% IHUPHQWDWLRQV LQ HQ]J\PH VSFH

3URFHVV HQYLURQDMRIBYGPRPLFURELDO WD[RQRP\ L
UHSHUWRLUH IHUPHQWDWLRQ RXWFRPHV DUH VWURQJO\ F
Rl WKH SURFHVV 3DUDPHWHUV VXFK DV S+ HYROXWLRQ Z
DYDLODELOLWDW.RQW FR® PMBMSHUDWXUH G\QDPLFDOO\
NLQHWLFV DQG PHWDEROWHA Q ® X PG HYW ULEXMDLERIHY GHW H L
WKH UDWH RI DFLGLILFDWLRQ EXW DOVR WKH H[SUHVVLRQ
GHJUDGDWLRQ SURWHRO\VLV DQG FDUERK\GUDWH K\GURC

([SHULPHQWDO VWEDBWHYX RQUPHOMMDMWHERQV ZLWK /DFWF
UHODWHG VWUDLQV KDYH GHPRQVWUDWHG WKDW PHGLX]
VLIQLILFDQWOLD SWRHEXBWEWQFUDMHY DQG PHWDEROLF SO
ELRFKHPLFDO WUDQV RQPBEWLVR Q/GNHEILWEY FRFDUNHG GLIIHU
EHHQ REVHUYHG EHWZHHQ WDXE& PHUIWHREH QW B WLRQL & \VW H |
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GLIIXVRRQVWXUH JUDGLHQWY DQG VXEVWUDWH VWUXFWX
VWUXFWXUDO PRGLILFDWERQWM WRLQ SOBRMEREK®YV IDFHE

7KHVH REVHUYDWLRQV FRQILUP WKDW |HU PG @WDRA\RQ
SOE@PWHG V\WWHPV 5DWKHU LW HPHUJHV IURP WKH FRR!
PDWUL[ FRPSRVLWLRQ PLFURELDO HQ]\PDWLF FDSDFLW\
7KLV PCWSHDGHQW EHKDYLRU KDV EHMIQGHI §HRH WP D@V DSO/H
DQG OHJIJXPH VXEUWHQOWHBURBWRKQLEDFWHULXMQBJHXGH
JHYLODFWREDFZ&BMM FUWDPYLQ % SURGXFWLRQ YDULHC
EXIIHULQJ FDSDFLW\ S+ HYROXWLRBW DDIQ0G S\FRIW U WRIQF R
WKLV fPRWURRUWIDYLYRQPHQW LQWHUSOD\ LV IXQGDPHQW
GHVLJQ DQG IRU WKH GHYHORSPHQW RI VWUXFWXUDOO
VXVWDLQEBUH G ORRGVSURG XFW V

$ VWUXRWHKUMWIGHZ #RILPORRILIDQLVP LQWHUDFEIL\RQ3/ DF
IHUPHQWDWLRQ V\WVWHPV LV SUHVHQWHG LQ 7DEOH

$V VKRZQ LQ 7DEOH IHUPHQWDWLRQ SHUIRUPDQFH L
'LITHUHQFHV LQ VXEVWUDWH HEGPSRWLFLERRWHDG IPL.G URHEY
VWUXFWXUDO PRGLILFDWLRQV DQG QXWULWLR@SBFWUHWSR(
IHUPHQWDWLRQ VWUDWHJILHV

1IXWULWLRQDO DQG IXQFWLRQDO LOS®EFRDBWERRNKIRPL
WUDQVIRUPDWLRQYV

%LRFKHPLFDO WUDQVIRUPDWLREDGNE WR GHRPW Q WHEHAVL
JUHDWHU QXWULWLRQDO TXDOLW\ DQG LQFUHDVHG SHU
VLIQLILFDQWO\ IURP UDZ PDWHULDO WR UDZ PARWBHULDC
FRQGLWLRQV )HUPHQWDWLRQ UHVXOWY QHHG WR EH FR
QXWULHQW FKDQJHV DV WKHUH LV D FORVH LQWHUGHSEH
SURFHVVLQJ KLVWRU\ 7VDIUDNLGRX HW DO

SURWHLQ GLOEEGWRELQRWOFLG'IDHVIWILCERIGD WM R SURW |
IROORZLQJ IHUPHQWDWLRQ LV RQH RI WKH UHSRUWHG QX
OHJXPBQG PL[HG PDWULFHV $ VHULHV Rl VWXGLHV UH:
HQ KD Q WH PUHRP WR SHUFHQWDJH SRLOQWYV LQ IHUPHQW
XQIHUPHQWHG RQHV GHSHQGLQJ XSRQ WKH WLPH WR IH
HOQKDQFHPHQWY DUH XVXDOO\ DVFULEHG WR SDWWLDO S
DOWMWLILPHQOQW FRPSOH[HV KRZHYHU WKH GHJUHH RI SURYV
PDWULFHYVY 7VDIUDNLGRX HW DO ,Q DGGLWLRQ WR C
WKH DYDLODELOLW\ RI [URMHRO B QB KD LSGI\S D RUSHHG R /| VE kB
IHUPHQWDWLRQ ZLWK LQEUHPHQIMWVLLY® WRHWKHQUB RPDW H
KDYH VKRZQ WKDW DXJPHQWHG DYDLODELOLW\ RI DPLQF
DFFHSWDQFH DV H[FHVVLYH SURWHROWILBOHDIQ® FORYV H5 HIY
FHUWDLQ OHJXPH PDWULFHV 5L]JHOR HW DO

OLQHUDO ELRDMHUHAHQWEDOWMWQ KDV EHHQ H[WHQVLYHO\
PLQHUDO ELRDFFHENVVHGOLRRGVQESQMHBWFLQJ SKQNLF DFL
FRPSRXQGY O6HYHUDO DXWKRUV KDYH UHSRUWHGQHGXF\
IHUPHQWHG OHJXPH PHBWURFHW P RQG\BESEWERIVRVDMOHPY SDUYV
XQGHU FRQGLWLRQV IDYRULQJ SK\WDVH DFWLYLW\
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7DEOH

ODWHAI[FURRUJDQLVP VSHEFDLVIHGE W ULRHWDQWNL RQ V\VWHPV

ODWUL[ 7\SH 'RPLQDQW, .H\ HQ]\PDWLEAWUXFWXUDO LRPWDEWLRQDO RXWIFRIRH YV
PLFURRUJDQLVAEWWLYLWLHYV
&HUHDOV /IDFWREDNBISOOXRAODVHYV SEFWOGNVNHWVDWLROHRPAMMIHDWHKLQ SKAWDWH QR HW DO
6DFFKDU SURWHDVHV|K\GURO\VLV JIFRQWIz OF)HHWHUV
FHUH PRGLIL LPSURYHG
/IHIXPHV FI/ SODC/ FDVBURWHDVHV|BUR+$SK\WDWH FRESEGBVH LQ GI*X8WW DELGED $E\K\
OHI JDODFWRVLGIDLWHI . + ; 5)2V *KDQQDP
&HLHYHIXPH|/$% \H &RPELQHG Si%DODQFHG D ,PSURYHG D &KLQPD HW DO
EOFL DQG DP\OROPDMFUL[ \ EDO
DFEFWLYLW\ 3DWHO HW DO
6R'  6WDWH |[5KL]RSXV R! 6WURQJ S O\FHOLDO S ,PSURYHG OHKWD HW| DO
JHUPHQ DP\ODVHYV LQFUHDVF DFFHV'
VR\ W
%UDC SURC|/$% [> (VWHUDVH &HOO ZDOC ,QFUHDHH SK 2ERK HW OO
GHJUDGLQJ HQ]J\PHV FRQW Izt
3VHXGRFHUYHBOD(C :HLVVBRORWMWDVHV 5HOHDVH ,PSURYHG D 7TVDIUDNLGRX HW
TXLQRD E|VES HVWHUDVHV|SKHQ DFW DO
3HD SURWH/I$S@MVW R D DOGW\H VWYWRMPHRO\' |[ORGLILFDWLFEF |,QFUHDVH $GHULQROD DQG
GHSH( VROX VROXEL=# "XRGX
LPSURYHG HP
JHUPHQWH($VSHUJLO 6WURQJ S ,QWHQVLYH PI[,QFUHDVH L OF)HHWHUWV
VVW DP\ODVHYV K\GUF DFLGV FRQ'
FRPSR
5HSH EDWFK SODC IDFWL $OWHUHG D B3URFHVYV RS 'HPLUFL HW DO
/1$% V\V SURGXFWLR{NLQ SRWI
IOX] DGDSWDWLRQ
+L. PRLVWX|U$P FRQ 3K\WDVH I (QKDQFHG PLC|,QFUHDVEH INKDWD HW DO
FHUHDO IH ELRDFFH
FFFSNUDLQLDQ )RRG -RXRDPKE ,VVXHF
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7TKH GLUHFW HIIHFW RI WKM WAKUDPW QWKOHWH RW LI 1B WVAH/GL B
PLOQHUDO VRXUFHV LQFOXGLQJ LURQ ]JLQF DQG FDOFLXP
LPSURYHPHQWY LQ PLQHUDO ELRDFFHVVLELOLW\ XVXDOC
PDWUL[ DQG DQDO\WHERGHWHFRKQLTXH+BZHYHU VRPH VWX
UHGXFLQJ SK\WDWH GRHV QRW LQGHSHQGHQWO\ SUHGLF
DQG ILEHU FRPSRVLWLRQ LQ WKLY UHVSHFW UHPDLQLQJ F
HW DO 7KLV KLIJIKOLJKWV WKH LPSRUWDQFH RI LQWHJUDW
DV RSSRVHG WR GHSHQGHQFH RQ VLQJOH PHWULFV

5HGXFWLRQ RI DQWLQXWULWLRQDO I|D FIWRK/NU DIGW.KRL
PHQWLRQIME PHIQDWDWLRQ OHDGV WR HQKDQFHG DID& WURL
OHJXBPIHVHG IRRGV GXH WR O RIDHPU GO HRYGIIONR \RD FFIKIDIUQ BN
LQKLELWRUV 7KH UHSPWWHR® FROHBUHDBHWY EGIWZHHQ D (
LQKMERU DFWLYLW\ PDx EHGHSHFHQQGLD ERQ [HUP AHIQNMVIMW L R G
HIITHFWV DUH SULPDULO\ DWWULEXWE BFWR WG D \DH\W D QLOA
ZKLFK K\GURO\]H IHUPHQWDEOH ROLJRVDFFKDUYBHV DC
FRQWULEXWH WR EORDWLQJ IODWXOHQFHWKLYG FR®S\DH.
IHUPHQWDWLRQ KDV EHHQ GHVFULEHG DV DQ H[ VLWX GLJ
EDVHG IRRGV SDUWLFQGDOBRIXBG GLHUIMDOEV0$BGXFLQJ
IHUPHQWDEOH ROLJRVDFFKDULGHV GLVDHAFE®G WIPEKD HP R
UHDFWLYH*BURWHLTKHVH DOWHUDWLRQV DUH SDUWLFXO
FRQWDLQLQJ IRUPXODWLRQV JHDUHG W R ZFZRQX PBX\ALRID
VFHQDULRY &RQVLVWHQW ZLWK WKHVH REVHUYDWLRQV
UHGXFWLRQV RI SKNWDWHMJ JURPDQQLQV IURP W R
LQKLELWRU DFWLYLW\ IURP WR PJDODEWRMEG DY
SURGXFLSODQWRWOR QY VXSSRUWLQJ IHUPHQWDWLRQ L
LPSURYLQJ JDQDAU RIRDMHNDWLIFK L@ UPKIOMPWMLRQV $GH\HPR

6LPLODU FRQFOXVLRQV ZHUH GUDZQ E\ *IQ]OH yd
IHUPHQWHGWIIRQHG GHJUDGDWPRQ\ RO UDRMBFEKHD UL GHV
LQKLELWRBVYLI®RU GPENWLYH WROHUDQFH LQ VEQVHWLYH
IRRGV

JXQFWLRQDO DQG WHFKQRORJLFDO LPSOLFDWLRQV

+\GUDWLRQ DQG UKHROFRIUPWORQY ESKHOWILRIY DQG UKHR
RI SEDQYWG PDWULFHV DUHR G EDMVWU P EBQ @XRMIGROXKXHDOW U X F'
7TKHVH KDYH EHHQ DWWULEXWHG WR FKDQJHV LQ SURWHL
ILEHU VWUXFWXUH PRGLILFDWLRQ DQG VKRZQ E\ LQFU}
IHUPHQWHG IORXUY LEMWKHHYRUGBWWRIXGLHYVY (PNDQL HW D
WKDW IHUPHQWDWLRQ DFKLHYHV D GHOUBBORH VYW HHW D
HTXLYDOHQW VROLGV FRQWHQW DQG LPSURYHV QXW
SURFHVVDELOIDWD *BWUDGR 7TKHVH HIIHFWV PD\ EH
FRQVLGHUDWLRQ LQ DOO IHUPHQWHG EDWWHUYV SRUULG]
DQG zDWHU PDQDJHPHQW DUH LPSRUWDQW DVSHFWYV IRU
HITLFLHQWHRSURGXFW

7THFKXRQFWLRQDO SURSHUWURP Bl IXQOEWHRQWO SHL

IHUPHQWDWLRQ LV VDLG WR DIIHFW SURWHLQ VROXELOLW
$OURVDQ HW DO $ QXPEHU RI DXWKRUV VKRZHG W|

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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IHUPHQWDWLR@ E\ DJRMQFHE LQ OHIJXPH PDWULFHV ZLWK
LQ VROXELOLW\ REVHUYHG X(RZHWUREHIKE\ DFEAGRE FRQGLW
RI HPXOVLI\LQJ DFWLYLW\ DQG VWDELOLW\ LV PRVW FR
SURWHRO\WLYV VWMILMMH EKGORIONYEN PD\ LPSHGH WKH IRUPL
LQWHJIJULW\ RI'W KRB WVKDXOMHNVXKWKBIOH UHVXOWY LQGLFDWH
PLIKW EHQHILW SURWHLQ IXQFWLRQDOLW\ ZLWKLQ D G
HPSKDVIREWELRH]IDWLRQ RI WKH SURFHVYV

BHQVBHODWHG IXQFWLRIQDH RRW PREHNPDU\ VHQVRU\ L
FRPELQDWLRQ RI VWXGLHV UHSRUWHG LQGLUHFW VHQVRU
LQGXFHG ELRFKHPLFDO DOWBODNQRBQYV HXG RAHRHDWH 6 U
ELRFKHPLFDO FKDQJHV KDYH EHHQ DVVRFLDWHG ZLWK
ELWWHUQHVV DQG HQKDQFHG FRQVXPHU DFFHSWDQFH K
EHQHILWYV RI GIULPHH@RWRDDNDEY PR G/LISWiNRYi HW DO

$ UHGXFWLRQ RI EHDQ\ RU UDZ OHJXPH QRWHYV DQG WK
FKDUDFWHULVWLFV KDYH EHH& REXPK EDG QHEWS B 6 IGD IHO\P -
SUHSDUDNMWIHRIQWK HOHVYV  V RRALK) B XWK EWLW \W BV RFBPSRXQGV
SURGXFWV ZKHQ IHUPHQWDWLRQ LV SURRIRQ 1H)G URLD BRR B
QXWULWLRQDO HQKDQFHPHQW DQG VHQVRU\ TXDOLW\ LG}

7KHVH ELRFKHPLFDO FKDQJHV XQ GHURRQXWHE\LMHIURPGHIA
IXQFWLRQDO LPSUR YEHPWH{GNVNR R® RDWHUSODOWOH KLIKOLJY
VKRXOG QRW EH FRQVLGHUHG PHUHO\ D SUHVHUYDWLRQ F
GHVLIQ %RWK WKH QXWULWWRQRD B QBHW WIDKNLRRIR DIUAD ©
WKH FROOHFWLYH WUDQVIRUPDWLRQV RI SURWHLQV FDUI
RI WKH PDWUL[ DQG DUH GHSHQGHQW RQ WKH FRPSRVLWL
DQG WKH HQYLGRWPRQWMIRO WRE IHUPHQWDWLRQ SURFHYV
SURWHLQ DFURVV FHUHRWLJO®JXPWUDRHY PLMHRQH RI WK
QXWULWLRQDO LPSDFWV RI IHUPHQWDWLRQ

7KH GLJHVWLELOLW\ RI SURWHLQV LQ IHUPHQWHG
H[SHULPHQWDO \WKDWHDVHWWK BIO DV IBIQQ L HIP BQWHG OF
HI[KLELWHSHUFHQWDJH SRLQWYV JUHDWHU LQ YXUWURWGLYH'
NQRZQ WKDW WKH GiDQWISQWWRQLRQ®URRPELAH[HY DQG DQ
DFFHVVLELOLW\ RFFXU LQ WKH P L PWRSELDDAOH B QSU RW G R DN
VDPH WLPH VHYHUDO DXWKRQFUSIDNWHIW RIBSALBY DQG
PROHR2HADKW SHSWLGHVY GHSHQGLQJ RQ IHUPHEGWDWDRQ
HW DO &KLQPD +HRWHYBU UHYLHZV DOVRWHRM®\ WL KD
KDUPIXO WR VHQVRU\ TXDOLW\ E\LWMIHAX 8 HESIWWELHWS UR &
PDWULFHV VXJJHVWLQJ WKH LPSRUWDQFH RI IHUPHQWDW

OLQHUDO ELRDFFHVVLELOLW)\ LV DQRWK HU LRBRFIHEBH Q
SK\WLF DFLG GHJUDGDWLRQ $V LQGLFDWWGB RG@WHPW U
UHGXFWLRQV@IOHJIXPH PDWULIEE® \F HEQSOHG V\VWHPY DUH U
HVSHFLDOO\ IRU FRQGLWLRQV WKDW PD[LPLVH SK\WDVH

&RQVHTXHQWO\ WKHUH KDV SHRH®W UGB SRIRWHABHV VL
WKH PLQHUDOV LURQ ]JLQF FDOFLXP EDVHG RQ PDWUL]J
INKDWD HW DO 7VDIUDNLGRX HW DO ,PSRUWD
UHGXFWLRQ DORQH GRHNQBRHO IXSWD SHWHGHNWWGRDO SF
DUFKLWHFWXUH DQG SURWHLQ LQWHUDFWLRQV UHPDLQ
GHPRQVWUDWHY WKDW LW LV HVVHQWLDO WR HYDOXDWF
PDWUL[ DQG QRW IEG \FHR® RRVLWREBRDO LQGLFDWRUV DORQ

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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$SDUW IURP QXWULHQWY DORQH IHUPHQWDWLRQ HQK!
QXWULWLRQDO FRP SFOMMA PO VRU LW KZH. VBI0 DGW SHFW WR W}
QXWULWLRQDO F&RWUBEMWIRRMIEH YW VRWLKH JDVWURLQWH YV
IHUPHQWDWLRQ &DWHJRULFDRL QH B ® E WA \RIIBHDFVL B\HMEHR
KDYH EHHQ GRFXPHQWHG ZLWK \LHOGV EHWZHHQ DQG
FDQ EH GHFUHDVHGLEK LV LQ SDUW GXH WR WKH IHUPHQW
&KDNUDERUW\ HW DO .DURYLpPRYi DQG .RKDMGRYD
EHFRPHV SDUWLFXODUOKR®S R UQDIIWIRQP REDMWAHRQV IRU
SUDRMWRIBFHRU QXWULWLRQDOO\ VHQVLWLYH SRSXODWLRQ\
)XQFWLRQDOO\ DQG WHFKQRBE&IDMDHI®\ UHRUPHQLYD
PDFURPROHFXOHY DOVR LQIOXHQFHV K\GUDWLRQ SURSHU
BWXGLHV RIHIPHH EOWWEQ VWKDWH IKRPDWLF HQKDQFHF
K\GURO\VLV DFFHOHUDWHY PLFURELDO PHWDEROLVP SUR
PRGLILHV YLVFRVLW\ DQG JDHU UBIQVGI G\ DRQV KEIHK DY D FOUQ
IHUPHQWDWLRQ\VSVURE BW® \LYWHOLHV ZKLFK VK®EHBDYS W
LQ ZDWHU DEVRUSWLRQ FDSDFLW\ Rl IHUPHQWHG IORXUV
VWDUFK K\GURO\VLV DORQJ ZLWK ILEHU PRGLILFDWLRQ .
WUDQ VIR UHIHVUIDROQOA DHDG WR GHFUHDVHG YLVFRVLW\ DW
GHQVLW\ RI QXWULHQWY DQG SURFHVVDELOLW\ LQ EDWW
6LPLODUO\ WKH VROXELOLW\ DQG LQWHUIDFLDO SUR!
IHUPDMPMRQ )RU L QiOW DXIFEHN H BEQ RQ\OSURELRWLF EHYHUDJ
ZLWRFWREDFLOOXW KRRZIHER SIQIFMXM VHG DQWLR[LGDQW FI
FRQWHQW DQG YLDEOH FHOO FRXQWYV DV VXEVWUQWH FR
OHJXPHVHG V\VWHPV SURWHLQ VRO XE L GLOW\L QQ FRIR®H/UHEE
IHUPHQWDWLRQ %HIRUH H[FHVVLYH DFLGLILFDWLRQ RFI
FKDQJH $GHULQROD DQG 'XRGX 9HUQL HW @OUHH
DPLQR DFLG DYDLODELOLW\ DQG SURWHLQ IROMREWRRQDO
VRXUGRXJK V\VW H P A FRURPEHIOFW B G XZIK\BI® Bl QFRIDWKIPR O OH G | H
HQKDQFHG ERWK QXWULWLRQDO DQG WHFKQRORJLFDO SU
(QKDQFHG HPXOVLI\LQJ SHUIRUPDQFH DQG IRDP VWDE
OLPLWHG SURWHRO\VLYV ZKHUHDV DQ H[FHVVLYH OHYHO
DQG VWUXFWXUDO LQWHJULW\ 7RIJHWKHQ EH MWH DA M X OF
DSSOLHG WR SHUXYR®DQRPD W HRKRFHUWLHY LQ D VSHFL
)LQDOO\ IHPMHEQWWWGRELRFKHPLFDO PRGLILFDWLRQV DO
SURSHUWLHYV \DXF® DWR W HE[MYXHUOHR SKRAHKTRAD S/ B\M MVHHUEDVOWDH Q X D
RI EHDQ\ RU UDZ OHJXPH QRWHV DQG WKH HPHUJHQFH R
FHUOBIOXPH EOHQGY DQG IHUPHQWHG GRXJK V\WWHPV
IHUPHQWDWLRQ PLJKW UHV¥®WSIRX QGW NRKPDLQLRQKRI EH)
RIIl EHWZHHQ QXWULWLRQDO EHQHILW DQG VHQVRU\ UHFH
$V D ZKROH WKHVH ILQGLQJV VXJIJHVW WKD@WHNUPHQ
LQWHUYHQWLRQ ZLWK WKH SRWHQWLDO DVR SHYK R QF B QFX
WKH VDPH WLPH 2QFH LQFRUSRUDWHG LQWR D IRRG GH
VSHFLILF PDQLSXODWLRQ RI ELRFKHPLFDO UHDFWLRQV
WHFKQRORJLFDO JRDOV NQWVWMHDE RIFFAVLQJ DV D RQH

JHUPHQWDWLRQ DV D WRRO IRU VXVWDLQDEOH IRRG Gl

JHUPHQWDWLRQ KDV EHHQ LQFUHDVLQJO\ DFNQRZOHG
ZLWKLQ VXVWDLQDEOH IRRGEGNWIGI QR R/ ¥YNFWHEOW\ LRZS Ol

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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IURP LWV SUHYSBNVHWROM DRQDWHFKQLTXH WKH QRWLRQ
LQ ZD\V WKDW DUH GHVFULEHG DV ORZ HH@KNQF L 50 HDXG (
DOLJQHG GLUHFWO\ WR FXUUHQW VXVWDLQDELOLW\ WDUJ
OLPAWHVW RI LQJUHGLHQWY DQG QXWULWLRQDO SHUIRUF

YHUPHQW D W L R@ HWJ D DORIDEGIHOD YUHRIPHNMDWLRQ UXQV
KDUVK WHPSHUBWXBHWBPRXPRQYHQWLRQDO WKHUPDO R!
ZHOO DV ZLWK OHVY @6 RKRAHF HQ HQBXWHTXLUHPHQWYV 7
F\FOH DQGRBURGOMMNG VWXGLHV DQG IHUPH®&WIDMHRW L
WHFKQRORJ\ ZKHQ LQFOXGHG LOQHUQV WMD) DIS URGHKFW LR Q F
HQJ\PDWLF WUKIDRKP KQWL®L]B SXULILHG HQJ\PHV RU FK
IHUPHQWDWLRQ HQDEOHV LQ VLWX HQ]\PH SURGXEWQRQ
IRUPXODWLRQV ZLWKRXW WKH QHHG IRU GHFODUHG DGG
DQG VHOQURKRNQFLEFW WKURXJK ELRORJLFDO WUDQVIRUPI
HQULFKPHQW DOJIRPHO BEHBOHFWLYH $ YDULHW\ RI DXWKF
SOE@PWHG SURGXFWV WHQG WR UHGXFH WKH RIRONH @] VW
DIHQWYXH QRUPXODWLRQ RI D SURGXFW WKHUHE\ DGGUH\
SURFHVVHG IRRGV ZLWK UHFRJ®@HPBEWHD®URFHV V1 Q JUDLNAY

5HOHYDQFH IRU IXQFWLEQNE G RRDWDIDEIPHEIVOEW L RQ L
KDV D SDUWLFXODUO\ VWUDWHJILF UROH LQ BMXVH G HPYHHID/R ¢
DQDORJIXHV ULIFIS PRWHILEHY FRQWUROOHG IHUPHQWDWLF
LPSURYHG HPXOVLI\LEREGEQFIDBGCGAABWHRUPDWLRQ DOO
LPSRUWDQW SURSHUWLHV IRU WKH VWUXFWXULQJ RI PHD
LPSURYH SURWHLQ QHWZRUN IRUPDWLRQ ZKHUHDV H[F!
KLIJKOLJKWLQJ WKH LPSBWWMBL]BMWLRIQSBSRFHHMWROD DQG
YHUPHQWDWLRQ DOVR SOD\V D UROH LQ WKH GHYHORSPHC
ORZHU DQWLQXWULWLRQDO FRQWHQW DQG EHWWHU Pl
IUDPHZRUN RI WK HSIXWFGULPQDEDRRKLOH IODYRU FRPSOF
IHUPHQWDWLRQ DLGV LQ D GHFUHD ED WG 6GBGRDOHNR UP
ERWK VHQVRU\ DQG QXWULWLRQDO WDUJHWYV

7KH LQWHJUDWLRQ RI |EDRFHGW R R GRHY QMR XSVRDMW .
QXWULWLRQDO IXQFWLRQDO DQG VHQVRU\ RXWFRPHV D

L, QWHIJUDWLRQ RI IHUPEHIMHIEWE B R GIXEG W5 GHHDRAHQRASIPW IQRA
SOD\W DQ LQVWUXPHQWDO UROH LQ YDULRXV JURZLQJ D
GRXJKV EHYHUDJHV VWQBENNMNUPZODIURWHBRRQWDWLRQ K
LPSURYH SURWHLQ +*GLIHVAHEBWDUW\SRLQWYV PLGHUDO E

DQG IXQFWLRQDO K\GUDHW LZAQV IBU RISENURNVLISHWIKR@ FDSD
FHUOBIOXPH PDWULFHVY WKHUHE\ PDNLQJ WKH PDWUL[ PRI
&KLQPD HW DO INKDWD HW DO ORVW LPSRUW]
WR SURPRWH IHUPHQWDWLRQ XSVWUHBRUWHBWRGK PW B S
ILQDO IRUPXODWLRQ VWDJH (DUO\ IHUPHQWDWLRQ DOOR.
WR H[WUXVLRQ EDNLQJ RU GU\LQJ PDNLQJ WKH SURFH
FRPSOLFDWHG WR IR WRXK DAVHYQ WX MAHHIXFPHQWDWLRQ DW\
IODYRUV DQG SRWHQWLDO DQWLQXWULWLRQDO OLPLWDW
DQG .RKDMGRYD 9HUQL HW DO HOQVXULQJ WKH |

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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6\QHUJLHV EHWZHRIQ DKEGP FQWHWLP H QW D, Q\F WHILRKLARIO
OLWHUDWXUH LQGLFDWHY WKH FRPSOHPHQWDU\ LPSDFV
WHFKQRORJLHYV OLNH H[WUXVLRQ DQG EDNLQJ DV ZHOC
HIWUXVLRQ SURFHGXUBXFBIGH ZLUWK XHPGWRY G RORZ EHK
YLVFRVLW\ DQG HQKDQFHG H[SDQGDELOLW\ Rl WKH REWD
WH[WXUL]HG SODQWUSFRWHLDZAN D QYR S URW WID@® FH ODFWL]
SURWHLQ IRQGRZIHGVEUKIH[WUXVLRQ KDV EHHQ VKRZQ V
OHYHOV UHGXFH PKDNUIDRW RU NV WIQGSIHBURYH VWUXFW X
WH[WXUHERIVEGDWIKVDJH DQD®HRINEGEHMNDPBWQBUQ 9DO
7KHVHWHVHDUFK VXSSRUW WKDW IHUPHQWDWLRQ EHII
RI SURWHLQ BEQG FDQ DOVR GABXHWBGHSVIRMMHLQ DJJUHJID
LPSURYH WKH WH[WXUH DQG GLJHVWLELOLW)\ RIDH[IMWELRXG H
HW DO ,Q EDNLQJ DSSOLFDWLRQV VRXUGRXJK IHL
HVWDEOLVKHG W\SHDVRIGI HRRG GMHYWIRQ7KH LQWHJIJUDWLTF
IORXUV LQBDR/HE&EHB®BRWJIKY KDV DOVR EHH® VGOI\P RQWKWD QB k
QXWULWLRQDO GHQVLW\ ZKLOH VWLOO KDYLQJ D VDWLVIE
&KLQPD HW DO 9HUQL HW #D O OHJXP H. Q)FHAPGHLIW DI/
FRPELQDWLRQ ZLWK FRQWUROOH® ®RZ QWHSSHEBWWRHM 8
DOVR EHHQ LQYHVWLJDWHG |RWHWKRH GOHJQVRDQGVIWD DA
WKDW UHWDLQ IXQFWLRQDO DQG QXWULWLRQDO LQWHJUL
HW DO

5HOHYDQFH IR URR®F U REQR@IEQMHDW THUPHRM BEWLRQ L
KDV D SDUWLFXODUO\ VWUDWHJILF UROH LQ BMXVH G HPYHHID/R ¢
DQDORJIJXHV ULIFIS PRWHILEHY FRQWUROOHG IHUPHQWDWLF
LPSURYHWGLINPQD FDSDRRWEG LOWHELOLW\ DQG JHO IRUPDYV
LPSRUWDQW SURSHUWLHV IRU WKH VWUXFWXULQJ RI PHD
LPSURYH SURWHLQ QHWZRUN IRUPDWLRQ ZKHUHDV H[F!
KLJKOLJKWLQJ WKH LPSRUWDQFH RI SURFHVV RSWLPL]E
YHUPHQWDWLRQ DOVR SOD\V D UROH LQ WKH GHYHORSPHC
ORZHU DQWLQXWULWLRQDO FRQWHQW DQG EQWWKKH Pl
IUDPHZRUN RI WKH IXQFWLRQDO IRRG SDUDGLJP OHDQZKI
IHUPHQWDWLRQ DLGV LQ D GHFUHD ¥E® WG 6GBGRDOHNR UP
ERWK VHQVRU\ DQG QXWULWLRQDO WDUJHWYV

7KH LQWHJUDWLRQ QRV R HEDORHBMWBRWG RHVLIQ UHVXOWV
QXWULWLRQDO IXQFWLRQDO DQG VHQVRU\ RXWFRPHV D

&EXUUHQW OLPLWDWLRQV DQG UHDNBHIGFEADEW LRRIG G

$OWKRXJK WKH QXWULWLR@DOHNPE QWO M RRQRDYHIIE
LQFUHDVLQJ DPRXQW RI VXSSRUW IURP EH] 9 H G LIRHRGWD @ WH
VRPH GUDZEDFNV DQG XQDGGUHVVHG JDSV LPSDLU WK
DSSOLFDWLRQ RI WKHQ$® HO LYKHIER UHW XEBRY IXUWKHU UH
RI WKH OLWHUDWXUH LW LV IRXQG WHKIBW REM 6 WY BIQ GE IO
UHJDUGHG LQ D ODUJHU FRQWH[W RI PDWUL[ FRPSRVLWL
LQWHQGHG]EMH

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7DEOH
IXQFWLRRIDWOD DORSF VB QY Y RBUZX IRKNAHARUSPGHEDQWD WRIRR® GHVLJQ OLWHUDWX

3URGXF
FDWHJR

W5DZ PDWH
U\ EDVH

ULX®&/ULWLRQD
UHSRUWHG

D RXWBRWH RQ
W UHWBNFKQROR
RXWFRPH

DOHQVRU\ R
JLFDO

XWFRPHUHQFH

YHUPHQW

H&KLFNGHOQ

WIPGURYHG SUR

WHIFQUHDVHG K

GUDWERGQG H

"HDWRYLPRYi DQ

\Y

OHJXPH IODBXDV GLJHVWLELOLW\FRSTEPLAMHG L P|[SORWH @ imﬁ%%ﬁfga[x)
DQWLQXWULW L|RSIUDRF HIVFAB B U® L W\ ShooL tw Do
%DNHU\ SURGREWYXPHQKDQFHG PLQHIPBBWRYHG GRXOKOG DFLGL&KD@R® HW DQ
VRXUGRXJKOHQGYV ELRDFFHVVLELOUKWNRORJ\ DQGVIDWRU\ QRWHVQL HW DO
LPSURYHG S U RWHLQHOXVDIOR @
(IWUXGHG SB0#®MWIXPHPSURYHG IXDFOWWSQY RYHG H[SBRO@WHORIHU |GDADRGUR HW PO
EDVHG SURPOWWWHY DQG GLJHVWLELPHKMDYLRU DQGS WRIWD¥XUH 7VDIUDNLGRX HW DO
XQLIRUPLW)\
 QVWDC: | &HUHDOV | 5HGXFHG YLVF| )DVWHU U] PSUF INKDWD HW DO
OHJXPH EJOHQGV VROLGY FRQWHQWSURYHG IORBRXWKIHHOLIRXW
SURSHUWLHYV
3ODEDNVHG /HIXPH SURWKD®FHG SURW,RSQRYHG PSURYHG | $GHULQROD DQG 'XRGX
PHDW DQDGRQFHOWUDMHAMVLRQDOLWWHPXOVLILFDWLMRLFLQHVY DQGQIOH
LVRODWHV JHODWLRQ DRQI® ZDRWHBRPSOH[LW)\
UHWHQWLRQ
YHUPHQWHGL[HG SOD|QWFUHDVHG PLF®B6R@EWH LAWY & DOD QX F\VG XFLQGIDWAW D O
IXQFWLRQP®WRRGWYV ELRDFFHVVLELOLW\ UHGXFHG .QH] HW DO

DQWLQXWULHQ

WYV

5H3IRVHG RXWFRPHVY UHIOHFW JHQHUDO WUHQGVY GHVFULERG DEU RQVPEXNRRL FRIP &
PLFURELDO VWUDLQVY DQG SURFHVVLQJ FRQGLWLRQYV

FFFSNUDLQLDQ )RRG -RXIRTP D
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7KH KLJK YDULDELOLW\ LQ WKH H[SHULPHQWDO GHVLJ
SDUWLFOHWWHBWBH@WY PLFURELDO VSHFLHV IHUPHQ!
DQDO\WLFDO VWHSV LV DPRQV RIKWKIRVW XGISERER @&KR LV
DO JRU WKRVH UHDVRQV UHSRUWHG HQKDQFHG
ELRDFFHVVLEL OIX\WF WLR® VA BKRBHUWLHY DUH IUHTXHQW
FRPSOLF DWW X GURRM/S DRHWR®Y \WQ.E D O L$EGWMIE B SHM WD DW L R (
5DHV HW D® IHZ DXWKRUV KDYH REVHUYHG WKDW IHUPHQ\
PLJKW SURGXFH GLIIHUHQW UHVXOWV IURP FHUHDO OHJ
IXQGDPHQWDOSRBVRWIHRQ RRPDUFK VWUXFWXUH FHOO ZD
SURILOHV RI WIQHIORDWHULDO

7KLV YDULDELOLW\ LV LQWLPDWHO\ OLQNHG WR WKFE
SURWRFROV RSWEPMHG IRRG SIPMNERLFHW DPHUPHQWDWLF
SDUDPHWHUV DUH RIWHQ RSWLPL]JHG ZLWKLQ LQGLYLGXD
KDUPRQL]DWLRQ Rl PHWKRGRORJLHV RU FUHDWH UHIH
UHSURGXFLELOLW\ DQG EHQFKPDUNLQE B FURVY @LDFERWIDV
HVSHFLDOO\ VDOLHQW LQ VWXGLHV DVVHVVLQJ SURWHLQ
GLIIHUHQFHV LQ LQ YLWUR PRGHOV HQJ]\PH V\VWHPV DQ
LQIOXHQFH UHSRB/H\G HRMXWFBFHY UHVXOW WKH JDLQV
H[SHULPHQWDO VHWWLQJ PD\ QRW EH GLUHFWO\ WUDQVIF

7KH RWKHU LPSRUWDQW OLPLWDWLRQ FRQFHUQV WKH
VFDOH WR LQGXVWUL D ®OREERMHYY HYXK ARRDOLRVLIRD\VR | W K H
LQ IHUPHQWDWLRQ LV DW EHQFK VFDOH ZLWK FRQWURO
IHUPHQWDWLRQ WHFKQRORJ\ KDV KLJKHU YDULDELOLW\ R
HQHUJ\ HIILFLHQWKFK5; BIYXREMONLELOLW\ UREXVWQHVV R
LQWHJUDWLRQ LQWR H[LVWLQJ SURGXFWLRQ OLQHV KDY}
GU\LQJ RUKWKRXKK S X\REEHNWY IO HWKR® NQRZOHGJH JDS FRQ
W U DIQRM@ BWDWWUDFWLYH IHUPHQW D W LERQ/ N @&/ SD\R & XIEMM L ¢

$Q DSSOREDWOQRQHG OLPLWDWLRQ WKDW UHFXUV DQG L
LQFRUSRUDWLRQ RI ELRFKHPLFDO IXQFWLRQB®HDQBKVH(C
7KRXJK WKHVH ZHUH LQYHVWLJDWHG IRU LQGLYLGXDO
VROXELOLW\ ZDWHU DEVRUSWLRQ FDSDFLW\ [IHZHU L
ELRFKHPLFDO UHD FX\WQLRAQLVR QRO WSHHAKI @ B P D BY®H) \I Q\CH G RR WY
FKDUDFWHQLOVMLFREEHWWL HWWGLVFXVVHG LQ D QXPEH!
LQFUHDVHV LQ QXWULWLRQDO TXDOLW\ GRQJYW DOZD\V W
SURGXFW TXDOLW\ ([FHYMLGHLFORWRQORDLVHEKDQFH Gl
VLPXOWDQHRXVO\ LPSDLULQJ VHQVRU\ DFFHSWDQFH LPS
WKHVH SURFHVVHY DUH D FULWLFDO FRQFHUQ

/IDVWO\ FXUUHQW LQYHVWLJDWLRQV JHQHMPDODLQIRF:
IHUPHQWDWLRQV LQ D FRQWUROOHG HQYLURQPHQW ZKl
FRPSUHKHQG WKH WUDGLWLRQDO RU LQGXVWULDO IHUI
FRQVRUWL®R EDAN) SUDFWLFHV DQG G W HRPLAR QLHEQ® E L D (
ZRUOG IHUPHIWDWQ RQWXIILFLHQWO\ FKDUDFWHUL]JHG LQ
DQG SURGXFW ‘SREARWMLQHFEYBIO FRPLQJ WKHVH OLPLWDW L
FDQ PRYH EH\RQG SXUHO\ HPSLULFDIOJ @ HWKHREG W MAK @ R @R

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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&RQFOXVLRQV

JHUPHQWDWLRQ LV DQ HIILFLHQW DQG VXV VEDVMIEE O H
IRRGV DV LW HQDEOHV WKH PRGLILFDWLRQ RI IRRG PDWU
QXWULHQWYV $W WHKH@WWWLRQHYFEXFHYV ELRFKHPLFDO |
GHJUDGDWLRQ OLPLWHG SURWHRO\WLV DQG FDUERK\G
LQFUHDVHG SURWHLQ GLJHVWLELOLW\ LPSURYHG PLQHL
DQWLQXW U L \W LARQUDEIB IDXFRMREU B LI HED 8196 QW W H P V

7KHVH QXWULWLRQDO LPSURYHPHQWY DUH FORVHO\
WHFKQRORJLFDO SURSHUWLHV LQFOXGLQJ SURWHLQ VR
HPXOVLILFDWLRQ DIGI® DOVDLRRU WHYWMORISPHQW +RZHYHU
WKHVH HIIHFWV DGHSKHIQBBQVWDMWUL[LQIOXHQFHG E\ WK}
PDWHULDOV PLFURELDO VWUDLQV DQG SURFHVBH@GJ FRQ
DQG FRQWURD®IWHRQHUWHQWHJILHV

YXUWKHUPRUH WKH LQWHJUDWLRQ RI IHUPHQWDWLRQ
H[WUXVLRQ EDNLQJ DQG GU\LQJ H[SDQGV LWV DSSOLFDE
DQG SEDDVHVE® PHDW DQDORJIXHV 'HMWSMKH W LUBQ A FPKQDD SH
LQFOXGLQJ KLJK YDULDELOLW\ DPRQJ VWXGLHV WKH OD
DQG OLPLWHG YDOLGDWLRQ DW WKH LQGXVWULDO VFDO
VWDQGDUGL]HG DQG VERQDEZQW I $RPEBD FKHQYVLYH DVVHV
IXQFWLRQDO DQG VHQVRU\ RXWFRPHV WR IXOO\ H[SOF
VXVWDLQDEOH IRRG GHVLJQ

$FNQRZOHGAORH WMHVHDUFK ZDV VXSSRU\
OROGRYDQ *RYHUQPHQW ZRWRU G MAKHD BBRM
7& ,2 (50 9DORUL]DWLRQ RI ELR
FRPSRXQGV IURP DOWHUQDWLYH SODQW VR
IXQFWLRQDO IHURBQWQ®LG DWRWGNMH 7HFKQLFD
RI OROGRYD

5HIHUHQFHYV

$EGDOOD 0 $ 6XPRQ OO0 O0<KOLQJ . + ,PSURYHPHQW |
SURWHLQ TXDOLW\ ZLWK VHOHQLXP fRX® QROIRUWKY $0OI
RI )RRG DQG $JULFXO®XUH KWWSV GRL BUJ MVI

$EGHDO (6 0 JHIXPHV DQG FHUHDOV 3K\VLFRFKHPLF
LQQRYDWLRQ DQG Q X W U L WILRRRA®\O FKDOOHQJH)
KWWSV GRL RUJ IRRGV

$GHER - $ 1MREHK 3 % *EDVKL 6 2\HGHML $ % 2JXQGHO

JHUPHQWDWLRQ RI FHUHDOV DQG OHJXPHV ,PSD

QXWULHQW ELRDYDHOPEQWDIWLRQ
KWWSV GRL RUJ IHUPHQWDWLRQ

$GHULQROD 7 $ 'XRGX . * ( SYRPERNAVOLIR B U RSHDUOMW
FKDUDFWHUL]DWLRQ RI ELRDFWLYH SHEW)LBHVRURP FHL
SS + KWWSV GRL RUJ ELRI

$GH\HPR 6 0 2QLOXGH $ $ (Q]\POXW.ELWHRB®BW L FOgF \
IHUPHQWLQJ VREWMPRBINFE® O X W RSIIDWMID UX®P AHURBQW
1LJHULDQ )RRG -RXUQESO: KWWSV GRL RUJ ¢

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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$OURVDQ 0 7DQ 7 & (DVD $0 *DPPRK 6 $OX{GDWW 0
JRYHUQLQ B SRWWLHYL QL QW H UIXRWEMWR® Q 6 WHERW & RE VHK\L S
SURWHLQ LQ WKHILRWRGDQ GMYWHIZV LQ )RRG 6FLISQFH DC

+ KWWSV GRL RUJ

$OURVDQ 0 7DQ 7 & .RK :< (DVD $0 *DPPRK 6 $OXYGE
IHUP HROQVBBW R FHV V IXQWWXRWXUHODWLRQVKLS RQ SURW
QXWULWLYH FRPERXB®IGVSRRWEO DQW D8QG V¥ IDRIEGR Ko\HBYULDHV |
)RRG 6FLHQFH DQG IXWULWLRR  +
KWWSV GRL RUJ

%BHWHOQ $ (G (VWHQWLDOV LQ )HUPHGSDWQRQU 7, QRWKHURGD
3XEOLKKAL\@SV GRL RUJ

%ODQGLQRBRVSIHWBOO ( 3DQGLW®ROD 6HEE & QWH ED&HIGHD O
IHUPHQWHG IRRGV)RRG EHWHDDEKY,QWHUR®WLRQDO
KWWSV GRL RUJ 6

&DSFDQDUL 7( &RNVBRGLRY +D KPR VIQMIDELY VEWGEYIDNH
SURW HWRRQFHQWUDWH SURGXFWLRQ WRRHRGRDQFHG FK

KWWSV GRL RUJ IRRGV

&KDNUDERUW\ 0 %XGKZDU 6 .XPDU 6 '"HYHORSPHQ
HQULFKHG ILEHU DQG PLFURQXWULHQHIXPE\ XVQQLUQX QF
SURGXFWV DV QRYHOQWRRGQ DWILRYDLHQRXUQDO RI *DV\
6FLHQFH KWWSV GRL RUJ M LMJIV

&KDYDQ 0 *DW < +DUPDONDU O :DJKPDUBDBLU\ IHUPHQVOR
SURELRWLF GULQN EDVHESUPQ QB WMIGQ BAMHED DIR®&Q OHJ

6FLHQFH DQG 7HSEQRORWWSY GRL RUJ M OZW
&KLQPD & ( (JHRFKD 9 & $GHGHML 2 ( R@GRMHPK P 6 3GH
-$ B5RVHOO & 0 %DPLGHOH 2 3 $GHER 2 $ *HU

IORXUV DV IXQFWLRQD CEDWYHGHBWHDE: RXUQHIE® HBIW) R R C
6FLHQFH H KWWSV GRL RUJ

&RGD 5 5L]]JHOOR & * *REEHWWL 0 8VH RFNRXDGWR X J
DQG OHJXPLQRXV IORXUV IRU WKH PDNLQ®LRQ RE XX\ BWE
DFLG *$%MVHUQDWLRQDO -RXUQDO Rt )RR *0LFURELRC

KWWSV GRL RUJ M LMIRRGPLFUR

&RWWD % VRELD HIBR/'SHFWV R MK® DXQGRS K BFORED BR G R
6RFLDO 3ROLB\St KWWSV GRL RUJ

'H 3DVTXDOH , 3RQWRQLR ( *REEHWWL 0 G5LXGIEVORR @ DC
HIITHFWV RI WKH ODFWLF DFLG EDFWHULD IHUPHQWHLE
,QWHUQDWLRQDO -RXUQDO RI JRRG OLFURELF
KWWSV GRL RUGPLFURM LMIRR

'"HPLUFL $ 3RPHWWR $/ /HH % +LQ] 3 1 OHGLD HYC

EDWFK IHUPHQAWUYBWREQ FZOW KIVQ SOOFNREDEF X PMOCEW SEFDV H L
UKDPQRRXMQDO RI $JULFXOWXUDO DQGSRRG &KHPLV\

KWWSV GRL RUJ M \

(ODQJR 5DMHQGUDQ . 9DQ GHU /DDQ / 6HEDVWLDU 6
+DGGDG 1 5DMD % :DQJ : JHUHO® $9DE@KKWYHUB . 2
&KRSUD 6 6LQJK $ ©6LQJIK $ . 5DIILQRVH IDPLO\

IRH IRU KXPDQ DQG 9SORQWLHKHDOMXK"30DQW 6FL
KWWSV GRLIBOY

(PNDQL O 20LHWH % 6DXUHO 5 (I'THFW RI ODFWLF L
SURSHUWLBHAYV UHYLHZ )HUPHQWDWLRQ
KWWSV GRL RUJ IHUPHQWDWLRQ

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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)$2 &RQWULEXWLRQ RI WHUUHVWULDO DQLPDO VRXUFI
QXWULWLRQ DQG KHDOWK RXWFRPHM2 CH\
KWWSV RSHQNQRZOHGJH IDR RUJ KDQGOH FF

JHQJ < &-LQY 6 =KDQJ + 5HQ ) :DQJ - OROHFXO
DSSOLFDWLRQVSRRWRQBKROROH[HY ZLWK DQWLR[LGDC
$QWLR[LGDQW\XKWWSVRUGR DQWLR]

*|Q]JOH 0 7KH SHULRGLF WDEOH RI IHUPHQ WSSOIRRE V
OLFURELRORJ\ DQG %LRWHFKQRI®BRJI\ =
KWWSV GRL RUJ Y

*]Q]JOH 0 * )RRG IHUPHQWDWLRQV IRU LfBQ RYNG GW 1B
H[ VLWX GLJHVWLRQ VWH S XQUMHQWFXS1\@X B DR A ¢ §8 RIGWLA

+ KWWSV GRL RUJ M FRIV
*DUULBBARD QG 6 *$\DKQYLREDWPIR - +HUHGLD $ $QGUpV $

SRWHQWLDO RI IHUPHQWDWLRQ RQ QXWUEWWRROMQQC
OHJXPH IORXUV )RROGHWBHMHDUFK ,QWHUQDWLRQDO
KWWSV GRL RUJ M IRRGUHV

*LODQL *6 &RFNHOO .$ 6HSHKWXWULWLRQBPWI\D RN RY
GLJHVWLELOLW\ DQG DPLQRRXELED D YR LOXSEL GUMH UQDIW I

SS = KWWSV GRL RUJ MDRDF
*LODQL * 6DRX% ;L&RFNHOO . $ ,PSDFW RI DQWLQXWUL\

RQ WKH GLJHVWLELOLW\ RI SURWHLQ DQG WKH ELRDY

TXDOLWULWLVK -RXUQDO RI 61 XWUWSNLRKR

KWWSV GRL RUJ 6

*REEHWWL 0 'H $QJHOLV 0 'L &DJQR 5 3ROR $ 5L]]JHO
IHUPHQWDWLRQ LV WKH SRZHUIXO SURFHVVPAMR H}OORL
DQG PLOSUGGXRWV LQ ERBNLQIEDGXSHWUHZYV LQ )RRG
IXWULWLRQSS + KWWSV GRL RUJ

*XSWD 6*KOE)QDP 1 BURELRWLF IHUPHQWDWLRQ RI SOI
DQG RSSREBWXWLRADGBIVBHYLHZYV LQ )RRG 6FLSISRFH DQG 1X
KWW GRL RUJ

+DQ ) ORXJKDQ 3 - /L - 6WURHELQJHU 1 3DQJ 6
DFLGV LQ FRRNHG SXOVH FHUHDO FOCHMEW DQG HIIHF
KWWSV GRL RUJ SODQWYV

+XU 6 - /HH 6 <& .BKRL , %LP * (IIHFW RI IHUPHQWDW
DQWLR[LGDQW D EW VHIGN \I FREREVS @ IOHPAL V W 8\S  +
KWWSV GRL RUJ M IRRGFKHP

AHU % . $QDQWKDQDUD\D@P\ODVH QGBHGFMVRRQ RQ$IHUPHQ\
SRSXODU VRXWK Q®GXER HFG UHDIDEN )RREG 6 F IDHYGF H

7HFKQRORJ\ SS + KWWSV GRL RUJ M OZW
.DOHGD $ 7DOYLVWX . 7DPP O 9LLUPD O 5RVHQG - 7DQ
0/ ,PSDFW Rl IHUPHQWDWLRQ D @® \8KSWRW H L\ UEDH

SK\WLFRFKHPLFDO VHQVRU\ DQG QXWULWLRRIEY SURS
KWWSV GRL IRRGV

.DURYLpPRYi = .- .RKDMGRYD - YJHUPHQW DRX.BRQDRI FH
Rl )RRG DQG 1XWULWLR®SSHVHDUFK

.QH] (  .BGDSVND . *UHPEHFND 0 (ITHFW RI IHUPHQV
TXD®LWAKH VHOHFWHG YHJHWDEOHV DQIGHOHJXPHV DQG
KWWSV GRL RUJ OLIH

XPDU < %DVX 6 *RVZDPL ' 'HYL 0 6KLYKDUHS$SQB®/L 9LV}
QXWULWLRQDO FRPSRXQGV LQ SXOVHV/HJPSPH BB WH RPN

H KWWSV GRL RUJ OHJ

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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/L 6 &KHQ : =RQJR $ : 6 &KHQ /& %LDQJ +(IIHFWD WRAKQRC
SRO\WDFFKDULGH RQ VWDUFK JHODW)RRGD®QRY MWICRG L
$GYDQFHV SS+ KWWSV GRL RUJ ,

JLFDQGUR + +R 3 + 1JX\HQ 7 . & 3HWFKNRGINDHAMKQ 1JX

79% /RUQ' :DFKp < +RZ IHUPHQWDWLRQ E\ ODF
VDIHW\ LVVXHV LQ OHJXPHRRGRR®RQNURE®XFWV"
KWWSV GRL RUJ M IRRGFRQW

/ILSWiNRYi ' ODWHMpPHNRYi = O9DOtN / IDFWLF DFLG E

DQG SVHXGRFHUHDOV ,Q )HUPB@RFD®D D3 U REHHFKYV
KWWSV GRL RUJ

/LX < &KHQ + &KHQ : =KRQJ 4 =KDQJ * &KHQ : %
MXLFH IHUPBOWREDEL OO \Q/®E IVRWDOXVPSRKDV HR[LGDW LR
DQWLPLFURELDO HIIHFW D QIR O WROIDHWLOH SURILC
KWWSV GRL RUJ PROHFXOHYV

/JRSHV 0 0 &RXWLQKR 7 & ODODIDWWL -2 ' 3DULV (& 6
,PPRELOL]DWLRQ RI SK\WDVH RQ JHROLWH PRGLILHG ZL
DQG IRRG LQGXVWURFNWEWBRWURFKHPLYSVUA
KWWSV GRL RUJ M SURFELR

ODFKLGD . +XDQJ <3 'LDV ))* %DULOH ' GH ORXUD
ELRSURFHVVLQJ VWUDWHJILHV WR RF KXBW H KK § HP XIO\
PDFURQXWULHQWY DQG HQKDQFH SURWMRG DIEGG FD L

%LRSURFHVV 7HFKQ8®RJ\ KWWSV GRL RUJ v
OF)HHWHUV JHUPHQWDWLRQ PLFURRUJDQLVPV DQG IOD)Y
-RXUQDO RI )RRG &R)BQFH6 KWWSV GRL RUJ M
WE [

OHKWD % 0 (OBPRO$ ,ZDQVNL 5 9HUBNQWDWLRQ (IIHFWYV
3URSHUWBRHIUHYV YV

O\NKRQLN / +HWPDQ , 7KH XVH RI OHDYHQ RI VSRQWI
LQ WKH WHFKQRORJ\ Rl KHDOWK\ DQG GLK®MDU\2EDNH L
6KHYFKHQNR 9 6WDEQLNPRAX RHQKD@RYPHQMW DQG )RU\
JRRGV IRU D +HD®WK\ 'LHW& 3UHVV %RFD 5DWRQ
KWWSV GRL RUJ

IDYQHHW - , - %HDQ IORXU XQ G HIX GRUMHLVR/QXLIGIL VB\U RVEK
SURFHVWUXFWYXWHRQ D RRE\VLEKMPLVWU
KWWSV GRL RUJ M IRRGFKHP

INKDWD 6 * $\XD ( .DPDX ( + 6KLQJLUR - JHUPHQW
QXWULWLRQDO QG X®HBXFFHW MDKOM XJK DFWLYDWLRQ R
JRRG 6FLHQFH 1XWSBLWLRRWWSY GRL RUJ IVQ

1RXW 0 - 5 5LFK QXW U L& HR®IDBRGVW\DKWL 8 R R ULH/ W1 U L F L
JRRG OLFURELROBS$t KWWSV GRL RUJ M IP

2ERK * $GHPLOX\L $ 2 $NLQGDKXQVL $ $ ULEXKDRQHW!I
DQWLR[LGDQW DFWLYLW\ GXULQJ IHUP HDRRIBWERIH ®F H/ F

DQG 7HFKQRORJ\ ,QWHUQDWLROBO =
KWWSV GRL RUJ

2NDL\HWR 6 $ /LX ' =KDQJ & %DL -: &KHQ & 6KDUPD 3
HWHPHSL + . ,PDGHJERU ) $ *DEULHO 2 QXWULHQWR

RI SBEDYWG IRRG 3K\WLFRFKHPLFDO SURSHUWLHYVY HII
WHFKQLTXHV $ FRPSUHKHRXVIQLHO UHYLHXWXUH )|
KWWSV GRL RUJ M MIXWIR

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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3DWHO '1 6XWDU 3 3 6XWDU 1 "H Y HDAORBIXHPRIWP R[I L C
XVLQJ SXOVHG PLFURZDVHL QD FYXFK GRIORGS +
KWWSV GRL RUJ

30D%RQLOOD 6HWURDXp 5DEDDUIBAtQH] & -XVWHV e
IRRWSULQW RI FURSSLQJ VI\VWHPV ZLWK VWIXIGQ O BX P H

JUDQFH $JULFXOWXUDO 6\WVWHPV SS +
KWWSV GRL RUJ M DJV\
3UDJ\D 6KDUPD . . .XPDU $ 6LQJK" .XPDU 9 6LQJK %

$Q RYHUYLHZ RI GLIITHUHQW VWUDWHJILHV VXSSRUW PD!
IRRG DQG IHHGUQWWEMYW HRY LQ )RRG 6FLHQFH BRG 1X
+ KWWSV GRL RUJ
3UDNDVK - 6DIHW\ Rl IHUPHQWHG F H2J HCDOMMEIID® \ORH J X
/ HHQHU 6 S$VWOH\ 6 %UDXQ + O5F-DIDXCRD WL @H GBIDH M WA
7UDGLWLRQDO DQSS(WKQLPVYRRGBABY GRL BUJ

3UYyFHO * - $ 3DGLOOD 0 0 0 9HJHWDEOH VQDFNV DG
S8NUDLQLDQ )RRG -RE8QKXWWSV GRL RUJ ;

5DHV . .QRFNDHUW ' 6WUXLMV . 9DQ &DPS - 5ROH
RI PLQHUDOV ,QIOXHQFH Rl ORBXWYDWLRQDR FLRWHRID\
7UHQGY LQ )RRG G6FLHQFH 7HFERROR J\
KWWSV GRL RUJ M WLIV

5HGG\ 1 5 3LHUVRQ 0' 6DWKH 6. 6DOXQNKHEDVH®HXF}
IHUPHQWHG IRRGV 7IGH QX VEWLHES DRIMBERQBDE WO 5HY LH
JRRG 6FLHQFH DQG IXWULWLRR  +
KWWSV GRL RUJ

5HQ 6 =KDQJ * :DQJ = 6XQ ) &KHQJ 7 :DQJ' <DQJ +

3RWHQW L DFORG LWH{ @ XRRIG IRU G\WSKDJLD *HOOLQJ UKH
SURSHUWLHV RIRUEHDIQVSWDRVFKLQ FRPSRVLWRBIHOV L
+\GURFROORLGVKWWSY GRL RUJ M IRRGK\G
5L]]JHOOR & * &DODVVR 0 &DPSDQHOOD ' 'H $QJHOLV C
VRXUGRXJK IHQBHPWIWWURQRD ZKHDW FKLFNSHD OHQ\
HQKDQFLQJ WKH QXWULWLRQDO WH[WXUH DQG VHQ

,QWHUQDWLRQDO -RXUQDO RI )RRGSSOEFURELRO
KWWSV GRL RUJ M LMIRRGPLFUR

5RPERXOV ) 0 1RXW 0 - 5 OLFURELDO IHUPHQWDWLR(
-RXUQDO RI $SSOLHG %DFWHULRORSS 6\PSRVLXP 6XSSO|

3HUHJHIJRULR 5 0D Q®&PDD - $ FULWLFDO UHYLHZ RI W
SRO\SKBQRWHLQ LQWHUDFWLRQV DQG Rl WKHLU SRWHC
&XUUHQW 3KDUPDFHXWLEDO 'H8BJQ =
KWWSV GRL RUJ

6DNDQGDU + $ &KHQ < 3HQJ & &KHQ ; ,PUDQ O =KDQJ -
RQ DQWLQXWULWLRQDO IDEFWRUV DQG SURWHLQ GHJUI
5HLYH Z V ,QWHUQDWLRQDO + Ss
KWWSV GRL RUJ

6DQ\DO 5 %LVKL 6 . SHGXFWLRQ RI IODWXV VXJDU\

HQKDQF%RPRQWFD 5HVHDUFK SRGD\

6DUNKHO 6 B5R\3K\WLF DFLG DQG LWV UHGXFWXQBWILRG XC
UHODWLRQVKLS RZLQJ WR ELRDYDLODERXOU®D A ®RKDRRA
BURFHVV (QJLQHHWLARWSY GRL RUJ MISH

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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6LQJK ' &KDQG . 6DKDO $ .XPDU 6 +XVVDLQ $ 2
SDUDPHWHUVY DQG WKHLU LPSDFW @R JWRH H® DU 8 HR S\H
SURGXFRXUQDO RI 6WRUHG 3URGXFWV 5HVHDU
KWWSV GRL RUJ M MVSU

BWDEQLNRY 9 .RYVKDU , B6WDEQLNRYD 2 SHFHQW D
DQG DSSOLFDWLRQV HRULGRLAGLFRXEIQD CEDRAWOLFURELF
%LRWHFKQRORJKXWWSYV GRL RUJ 6

BWDEQLNRYD 2 :DQJ - < ,YDDQRYH® ELRWHHAKMRORILFDO
RUJDQLF ZDVWHV ,Q /. :DQJ 9 ,YDQRYWQGERRN R 7

(QYLURQPHQWDO(QQUURBARHDRWIDO %BBRWH FK-QORRDRID
3UHVWZ 1HUVH\ KWWSV GRL RUJ B

6]\PDQ@AMMIND . *XPLHQQD*ROL-VBIDX¥HN:DV]NRZLDN . +
6]ZHQJLHO $ OLRIOP4RZVND $ J,QQRYDWLYH L
SK\WRFKHPLFDOV IURP IHUP HQWE/G DBHIK® H\D HPW® UNKSSLH
IXWULHQWV KWWSV GRL RUJ QX

7VDIUDNLGRX 3 OLFKDHOLGRX $ 0 %L OLDEDMHG RURGXFW

1XWULWIHRRMDW BRVVLEOH LPSDFW RQ JXW PRRUERELRWE
KWWSV GRL RUJ IRRGV

7 UNHU '$ 6DUDo0 0 * 'R<DQ O , Q VRHOLR D\FR D © DWKH. RO
QRYWDUFK SRO\WDFFKDULGHV PL[HRBXOD\DU \RIDVRRE G ZR
(QJLQHHULQUH KWWSV GRL RUJ MISH

9DOWRQHQ $ $LVDOD + 1LVRY $ I1LNLQPDD 0 WHRQNDSSII
RI IHUPHQWDWLRQ DQG H[WUXVLRQEDWRIFHVDXY D WR GH
JRRG 6FLHQFH DQG 7THFKRW®BM GRL RUJ M OZW

9DVVUOHYY 20LYHLUD OHQGHWWDWH | HUFPGIQGAETHQLR QF DS
PLFURRUJDQLVPV ,Q $ 3DQGH\ & /DUURFKH & 5 6l
&XUUHQW 'HYHORSPHQWY LQ %LRWSSKHRORIVHYQLE WolL
KWWSV GRL RUJ %

9HUQL 0 3RQWRQLR ( ORQWHPXUUR 0 5L]]JHOOR & *
LPSURYLQJ QXWULWLRQDO IXGPWRRQBO RMHHFWQRD RILC
- & -LPHRSH] $ &OHPHQMWXPHE\VSHYRDUPKIQWHFK2SHQ

KWWSV GRL RUJ LQWHFKRSHQ
9HUQL O 9HUDUGR 9 S5LHRDOIRUPHQWDWLRQ DIIHFWV WKH
RI FHUHDOV DRBGWVHJXKHNWWSYV GRL RUJ IRRGV
:DQJ < ;LH < :DQJ % :DQJ - X X < )X < 6XQ +
LQWHUDFWLRQV EHWZHHQ IRRG SRO\SKHQR®WV @G RIUF
JRRG 3URFHVVLQJ DQG BWHWIHW YBWL RQJ MISS
:DQLQN - ) 9DQ 90LHW 7 IRXW 0 - 5 (I 'THFW RI URDV)
Rl FHOHDXPH EDVHG IRREEOMURRGUMRU +XPD@SSEXWULWLI
KWWSV GRL RUJ %)

'LH & &RGD 5 &KDPODJDLQ % (GHOPDQQ 0 9DUPDQHQ :
JHUPHQWDWLRQ RFHUHUMND @ QSV BXGRBY POLRIQUEDE W WL
|UHX B HEBURIG Y LODFWR E DIFRUWD @ XW DERLHYY RA/ /IR U)RRIG FDWLI
6FLHQFH DQG 7HFKQRIOWWSY GRL RUJ M OZW

<LOGL] g <XUW % RNADIWEAIN<LOPD] 0 7 .DUDPDQ 6 'D=C
3DVWLQJ SURSHUWLHV W HP\DYD W ISRIR ELKDKD ¥ Q SUV RV UZHVHY
ILEHU V\VYRHRRY 5HVHDUFK ,QWHUQDWSR®DO
KWWSV GRL RUJ M IRRGUHYV

=KDQJ : /L 6 =KDQJ % 'UDJR 65 =KDQJ - 5H
JHODWLQL]DWLRQ Rl VWDUFKHV DQG WKH WH[WXUDO

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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SURWWABQY V\VWHPW QDO RI )RRG (QJLQFHHHWLQJ
KWWSV GRL RUJ M MIRRGHQJ

=KDQJ 4

&KHQJ = :DQJ < )X [ SKHQRBWD UXQ HHR\D F

&KDUDFWHUL]DWLER\VLRRFHHFPIFDPRQVHTXHQFHYV DQ
DSSOLFOWLRIQAMD O 5HYLHZV LQ )RRG 6FLHSSFH DQG 1XWI
KWWSV GRL RUJ

=KDQJ < < B6WRFNPDQQ 5 1J. $MORXGIOBPHQW 5QIW HWLDW
,PSOLFDWLRQV IRU LURQ ]JLQF DQG FDOFLXP ELRDYDL
&ULWLFDO B5HYLHZV LQ )RRG 6FLHQ$S DHQG 1XWUL
KWWSV GRL RUJ

&LWH

8)- 6BW\OH

&RYDOLRY ( &DSFDQDUL 7 3RBRYLFL 9 6%DWR L2QDEK

IRRG GHVLJQ YLD I|H UEFDH/QiVE DRABIMRUD RE MIDPD QRAR G -RX U Q|
S KWWSV GRL RUJ ;

$3% 6W\OH

&RYDOLRY ( &DSFDQDUL 7 3RSBYRFL 9 5DGX 2

6XVWDLQDEOH IRRG GHVLJENVBG HEBMUMEBWDLRQ RI S
JRRG -RXUQDHO KWWSV GRL RUJ

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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3K\ VLFRFKHPULKBRORJLFDO DQG VHQVRU\ SUR
FRWWDJH FKHHVH EHYHUDJH HQULFKHG ZLWK
GULHG JXDYD SXUHH

1JX\HQ %DR

,QGXVWULDO 8QLYHUVLWI RI +R &KL 0LQ

$EVWI
.H\ZRUGYV ,QWURG 'LOXWLRQ RI WKH FXUG PDWUL[ LQ FRW
RIWHQ OHDGYV WR UHGXFHG VWDELOLW\ 7KH LQ!
YHYHUDJH HQKDQFH SK\WWLFRFKHPLFDO VWDELOLW\ DQG LP:
&RWWDJH VXNMRKVWHPV
AKHHVH ODWHULDOV DQ&ERWMWHRGRWKHHVH ZDV SURGXF
FRDJXODWLRQ RI SDVWHXUL]J]HG PLON DQG GLOX

*

XDYD JUHVK DQGUUMG JHXDYD SXUHH ZHUH LQFRUSRUDW
SXUHH DQG 3K\V L FRF K H PRLF D DX RKEIBUL P WIS VL W
JUHHJHLHG yKHRORJLFDO SURSHUWLHVY WRWDO DQWLR[LGD
JUHVK ZHUH HYDOXDWHG XVLQJ VWDQGDUG DQDO\WLFD¢

5HVXOWY DQG THNFKY¥RRQ@RUDWLRQ RI JXD
VLIQLILFDQWO\ DIIHFWHGSWK M LSHM VR IF R RKVHAPL FID C
EDVHG EHYHUDJHV ,QFUHDVLQJ WKH IUXLW FR
GHFUHDVH LQ S+ IURP LQ WKH FRQWURO VL
EHYHUDJHY FRQWDLQLQULHGHXR YO SXIUHH]JHR HV

ZKLOH WLVGUDW DEGFHWHDALHG IURP  WR f7 G
UULQJ RUJDQLF DFLGV LQ JXDYD 7KH DGC
SUWLFOH KLV\@%EEHDVHG WKH GU\ PDWWHU FRQWHQW RI WKH
RI REVHUYHG LQ VDPSOHVGERGWDERUA B
FRSDUHG ZLWK LQ WKH FRQWURO $W FRPSE
EHYHUDJHV SUHSDGIHG @LIXOYIDHSNHHH VKRZHG
PDWWHU FRQWHQW DQG ORZHU VHUXP VHSDUDW
SXUHH 7KH FRQWURO VD P SSH B KK 6 LIDMGHW KYHD @ |
P/ SHU P/ ZKHUHDV WKH ORZHVW YDOXH
REVHUYHG LQ WKH EHYHUDGHLARQS/OLIQH QU QG UB
LPSURYHG SK\VLFDO VWDELOLW\5RHRMDIRHLEDOXYV

S5HFHLYHG

5HFHLYHG LQ
UHYLVHG IRUP

$FFHSWHG

DQDO\VLV UHMBAWRQGCWERDRYQLQJ EHKDYLRU RI DO
LFK ZDV DGHTXDWHO\ G H® AU LEHEH ER RBKIKD 27K
RUUHVSRQGL
gX\L,JVLf(RUS Qe FRUSRUDWLRQ RI JXDYD SXUHH LQFUHDVHG W
HQKDQFHG UHVLVWDQFH WR IORZ )UXIKWM HQULFK
1IX\HO %DR WLR[LGDQW SRWHQWLDO ZLWK WRWDO DQWLF
(JPD\LS ° &g%\ PDWWHU LQ WKH FRQWURD WRWWHU GHSHQCG
EDREKDX # W\SH DQG FRQFHQWUDWLRQ Rl JXDYD SXUHH 6H
JPDLO ERP JXDYD SXUHH LPSDRYHG @R MR SHHP® WH[WXUH R
ZLWK HQULFKHG VDPSOHV UHFHLYLQJ KLJKHU V
IRUPXODWLRQ FRQWDLBGQXD YD BBKJHHH DFKLHYH

RYHUDOO DFFHSWDBRODRWN\ VFDABR D OQOHHB[KLELWF

IUXLW\ IODYRU DQG VPRRWK KRPRJHQHRXV WHI[W

ERQFOXVIKHQLQFRUSRUDWLRQ RI JXDYD SXUL

‘2, SK\WLFRFKHPLFDO VWDELOLW\ UKHRORJLFDO FI

SRWHQWLDO RI FRWWDJH GWKIHHG K XEWHHHH WGDHIFHR/Q V)

; JUWBIU HITHFWLYHQHVYV LQ DFKLHYLQJ VWUXFWXU
DFFHSWDELOLW\ WKDQ IUHVK SXUHH

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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,QWURGXFWLRQ

JHUPHQWHG GDLU\ SURGXFWV SOD\ DQ LPSRUWDQW UR
TXDOLW\ SURWHLQV PLQHUDOV DQG ELRO P FRE®\ DFW
DO ‘DOVWUD HW DO FXUGPRQHUHWHKW PR FIFIXISG D VSH
ZLWKLQ WKH GDLU\ VHFWRU GXH WR WKHLU KLJK SURW
GLJHVWLELOLW\ &RWWDJH FKHWIEY HK HH WHERBN & PIBIBOMKQ O
IUHTXHQWO\ UHFRPPHQGHG IRU FKLOGUHQ HOGHUO\ I
QXWULWLRQDOO\ EDODQFHG GLHWYV 'HVSLWH WKHVH DGY
JHQHUDOO\ FKDUDFWHUL]HG E\ D PLOG GODHRVL B/ R ZIKQ I k
UHVWULFW WKHLU SRWHQWLDO IRU SURGXFW GLYHUVLILF

,Q UHFHQW \HDUV LQFUHDVLQJ FRQVXPHU GHPDQG IR!
VWLPXODWHG WKH GHYHORSPHQW RI GULQNIEOH GDLU\
&RWWDJHEFKXHEVEHYHUDJHY REWDLQHG E\ GLOXWLQJ DQ
UHSUHVHQW D SURPLVLQJ DSSURDFK WRXARRP EK® HWHKZL @/
VHQVRU\ DSSHDO DQG HDVH RI FRQVYRP §WLRQDRI VOWLIX LH3N C
DO +RZHYHU GLOXWLRQ Rl FRWWREKFHKE HWURGEHY QXS
ZKLFK PD\ UHGXFH VWUXFWXUDO VWDELOLW\ DQG LQFUH
IXFH\ 6RGLQL HW D OURFRAXWY WVJ HE CPKHHGI\EFHYHUDJHV RV
FKDOOHQJHV UHODWHG WR SK\WLFDO XQLIRUPLW\ DQG
IRUPXODWLRQ VWUDWHJILHVY WR LPSURYH SK\VLFRFKHPLFI

2QH RI WKH PRVW HIIH AWK ¥ WQD W KBLWMQRRU\ FKDU
EHYHUDJHV LV WKH LGRBUSRG D\YIIBNICRHRMWEWWtQH] HW D

7DPLPH DQG 5S5RELQUWRIQVY FRQWULEXWH QDWXUDO VZH
ZKLOH DOVR WREESQM. QFLHWDU\ ILEUH DQG HMRDPWLYH FF
ODUWtQH] HWeWDEQLNRYD HW DIPLPH DQG S5RELQVRQ
HQULFKPHQW RI IHUPHQWHG GDLU\ SURGXFWV ZLWK [UXL)
SDUWRFX@DWIKXUW DQG SURELRWLF PLON V\VWHPV ZK
DFFHSWDQFH DQG QXWULWLRQDO Y RXDOK KDY H BENGQ. &R Q \
HW DO :DONXQGH HW+R@HYHBXDELGVWHPV VXFKHDOL ARW W |
IXQGDPHQWDOO\ IURP \RJKXUW LQ WHUPV RI SURWHLQ
SURWHLQ LQWHUDFWLRQV &RQVHTXHQWO\ WEHBKXBBORIJ
EHYHUDJHY FDQQRW EH GLUHFWO\ WUDQVIHUUHG WR FRW

*X¥D3VLGLXP JXDUWDY WURSLFDO IUXLW NQRZQ IRU LWV
GLVWLQFWLYH VHQVRU\ FKDUDFWHULVWLFV ,W LV SDUWL
FDURWHQRLGY DQG GLHWDU\ ILEUH ZKLIX BRGWIRVEN QW
KHDOWK EHQHIVRULJ- HR\b @ID] 0D UMW DQLISIRIOW BD\® DO
3UHYLRXV VWXGLHVY KDYH GHPRQVWUDWHG WKH IHDVLELC
YDULRXV GDLU\ SURGXFWV PDALQON \BBKXOW LDJGL GHUP S Q
DWWULEXWHV DQG HQKDQKBI)GKQRWHINADBRQ DO JSM\R LIOO HW
DO ‘DONXQGH HWXDHON DO 'HVSLWH WKHVH SURPLVLQ.
DSSOLFDWLRQ RAXIB®LYWD\ [EH PHUBJIHY UHPDLQV SRRUO\ LQ
UHODWLRQ WR LWV LPSDFW RQ WKH SK\WLFRFKHPLFDO V
FRWWDJH FKHHVH V\VWHPYV

,Q DGGLWLRQ WR IUXLW VHOHFWLRQ WKHHVHBROQROR.
FULWLFDO IDFWRU LQIOXHQFLQJ SURGXFW TXDOLW\ )UH
IRUPXODWLRQV EXW FRQWDLQ KLJK PRLVWXUH OHYHOV D
VWDELOLW)\ ,Q GH QMG DVX\ W UHHIRH@LWWHQINWHRI NHRIOERB Y U
DFWLYLW\ DQG LPSURYHG VWRUDJH VWDELOLW\ ZKLOH

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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FRPSRX®E&WDP HW DO X P DU DRHG X6/[H BEUWILHHHTH XLW V|
GHPRQVWUDWHG WHFKQRMWRIOFGDLDG DB WIDRIBW LIRQVHKR:
VWXGLHV HYDOXDWLQJ WKHGHLHGWY XRWIWBVKHBEQLE QWH/HI
EDVHG EHYHUDJHV DUH VWLOO OLPLWHG

JURP D WHFKQRORJLFDO VWDQGSRLQW WKH DOMGHUDFV
FXUG SURWHLQ PDWUL[ LV RI SDUWLFXODU LPSRUWDQFH
GLHWDU\ ILEUH WKDW PD\ LQIOXHQFH DFLGLWLQEDMIQF}
SURSHUWLHV RI FRW W DL @WHHLVIH HEIW DFOU@HE H ¥ \W DOV
6HQGUD HW/ POIJHRQ DQG % HDKXDLMXP LQ ZKLFK JXDYD LV |
PD\ VLJQLILFDQWO\ LQIOXHQFH SK\WLFRFKHPLFDO VWDE
7KHUHIRUH D VIVWHPDWLF FRES®MHKDRQ RXUWHHVKQDD) G R Wi
EHYHUDJH PDWUL[ LV QHFHVVDU\ WR SURYLGH LQVLJKWYV
IHDVLELOLW\

7KHUHIRUH WKH REMHFWLYH RI WKLV ED/\XIEG ZEHW MU g
HQULFKHG ZLWK WK HY BXXBWHD Q&H HIIHFWV RGUKPBGED IR
DQG FRQFHQWUDWLRQ RQ SK\VLFRFKHPLFDO UKHRORJLFI
KROGLQJ FDSDFLW\ 7KH VWSXGLISHRVHEKYRPRWIALGO L
DSSOLFDURISRE RO W XLW LBXUGE GLHQW \E H QHIBLIG V

ODWHUDQ®HWKRGYV
ODWHULDOV

S3BDVWHXUL]HG FRZYVY PLON ZLWK D IDW FRQWHQW RI
-RLQW 6WRFN &RPSDQ\ +R &KL OLQK &LW\ 9RPBWRODPDQDORIL
FRWWDJH FKHHMHSRUFROONXEWY. REWDLQHG IURP D ORFDO GIL
“ f& SULRU WR XVH $ FRPPHUFLDO PHVRSKLOLF ODF'
IDFWRFRFFXNEDDFWIY®WFWRFRFFXVEBBORWENY XVHG IRU PL(
IHUPHQWDWLRQ &DOWLMXPRBXCORWIGWHD &8SRQADHG WR LPSURY

*XDYD IBXLWNVXP JXDMWYBRPPHUFLDO PDWXULW\ ZHUF
LQJUHGLHQW 7ZR IRUPV RI JXDYD SBUHUHHXKUHXB Y B SOXNIUH-
IUHKWBBILHG JXDYD SXUHH *UDQRGBWHADBVVX¥VHEVHV DRRBHH'
$00 UHDJHQWYV XVHG IRU SK\WVLFRFKHPLFDO DQDO\VHV ZH

SUHSDUDWLRQ RI JXDYD SXUHH

JUHVK JXDYD IUXLWV ZIOUHKZOMKHGEX WRRYRSRWDEOH
SHHOHG DQG GHVHHGHG 7KH HGLEOH SRUWLRQ ZDV FXW
ODERUDWRU\ EOBIQOHABWKHUODQGY XQWLO D XQLIRUP SX
IUHVK SXUHH ZDV XVHG LPPHGLDWHO\ IRU EHYHUDJH IRUP
DQG QXWULHQW GHJUDGDWLRQ

YRU WKH SUHSD GDMW HRBQJRD YDHSIXHHH IUHVK JXD8YD SXU
IRU K DQG VXEVHTXHQWIOMNVYEEMNEYH® WREIRWBIWMRU\ L
YDFXXP FRQGLWLRQV XQWLO D FRQVW BQWHBHPDIWH ZDNO
JURXQG LQWR D ILQH SRZGHU DQG VWRUHGHL G DR W W E WK
IURP OLJKW DQG PRLVWXUHUIHARUXWRDXSRZ@HW 2D MH]H
GLVWLOOHG ZDWHU WR REWDLQ D GU\ PDWWHWE FRQWHE

“ GU\ PDWWHU
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SURGXFWLRQ RI FRWWDJH FKHHVH

ERWWDIHZFXHHMHGXFHG XVLQJIFXKRGY WOIWKRRORIDFRGV
PLON ZDV KHDWHG WR * f& DQG LQRFXODWHG ZLWK WK
UHFRPPHQGHG E\ WKH PDQXIDFWXUHU &DOFLXP FKORULG
Z Z 7TKIHON ZDV JHQWO\ PL[HG DQG DOORZHG WR IHUPHC
DSSUR[LPDWHO\

$IWHU FRDIJIXODWLRQ WKH FXUG ZDV FXW LGWRWRLIR
IDFLOLWDWH ZKH\ VEASBUPWMRQUH KBWX3XHQREBOE WR. UUIN @&/
HOKDQFH VIQHUHVLYVY :KH\ ZDV GUDLQHG DQG WKH FXUG .
WR UHGXFH DFLGLW\ DQG REWDLQ WKH FKDUDFWHULVWLF
ZDV GUDLQHG WKRURXJKO\ DQG WWKRIJHG KWEHIRUHRBHQ
SUHSDUDWLRQ

SUHSDUDWLRQ RI FRWWGDH H YAKWIHIHMH

7KH FRWW BIHVRIGHEHWWYWHUDJH ZDV REWDLQHG E\ GLOXWI
WR DFKLHYH D GULQNDEOH FRQVLVWHQF\ IROORZHG E
GLVSHUVLRQ 'LOXWLRQ ZDV DSSOLHG VROHO\ WHRHRRGLI\
VI\VWHP DQG GLG QRW LQYROYH DGGLWLRQDO IHUPHQWD\
RI WKH FRWWDJH FKHHVH PDWUL[ UHVXOWHGQR[QHW \DRIRRYV

:DOVWUD HW DO

*XDYD SXUHH [ UWGHMKH BBUUIVAHEH DQG VXFURVH ZHUH DG
EDVH DFFRUGLQJ WR WKH H[SHULPHQWDO GHVLJQ 7KH PL
VFDOH KRPRJHQL]JHU 7 7883%LWPDAHUNHSEPE+ &R . *
*HUPDQ\ DW USP IRU RIPO GWRSHQVKRE ROUWRXLW !
VWDELOL]DWLRQ RI WKH EHYHUDJH PDWUL[ 1R VWDELOL]
WR HYDOXDWH WKH LQWULQVLF HIIHFWV Rl JXDYD SXUHH

([SHULPHQWDO GHVLJQ

$ IRUPXEDWHRBQH[S HH\PLHQWZDD/ XVHG WR HYDOXDWH
JXDYD SXUHH LQWR D FRWWDJH FKHHVH EHYHUDJH V\VWH

ZZ DQG JXDYD IRUPGULHNK RMHUIW HRIPVLGHUHG DV WK
YDULDEOHV

6XFURVH ZDW IDGERIGEYWDQW OHYHGO RQ W D ZQZ QLIQI WX O
LQ RUGHU WR SURYLGH D EDODQFHG VZHHWQHVV SURILO
VDPSOHV 6XJDU ZDV WKHUHIRUH WUHDWHG DV D IL[HG
H[SHULRBRW®DD

(DFK IRUPXODWLRQ ZDV SUHSDUGB®GLHG Q3 HLIW 8 KU H K HU
LQ VL[ H[SHULPHQWDO VDPSOHV $Q DGGLWLRQDO FRQWU
SUHSDUHG 7KH IRUPXODWLRQ PDW U L$WRH WHIQMW FISW M DTBIER

$00 IRUPXODWLRQV ZHUH SURGXFHG LQ WULSOLFDWH
H[SHULPHQWDO UHSURGXFLELOLW\ $IWHU SUHSDUDWLRG
DQDO\]HG ZLWKLQ K
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7DEOH
JRUPXODWLRQ PDWUL[ERIVHRBWBMHDYHJBRKHWV H

*XDYD SXWHKHADU

*
6DPSOH "~ 7, > 7| *XDYD IRUP
) &RQWURO
) YUHVK
) YUHVK
) YUHVK

)’ JUHHGHLHG

)’ YUHHGHLHG

)’ YUHHGHLHG

RWH FRQWURO VDPSOH ZLWKRXW JXDYD DQG VXJDLU
IUHVK JXDYD SXGUHHHG' JXDHHDFE XUHH

SBK\WVLFRFKHPLFDO DQDO\VLV
$00 SK\WWLFRFKHPLFDO DQDFRRYE LLHUW R M USRIGHED B WP |

7KH S+ RI WKH VDPSOHV ZDV PHDVXUHG DW * f& XV
6HYHQ&RPSDFW 6 OHWWOHU 7ROHGR 6ZLW]JHUODQG
WLWUDWLRQ ZLWK 1 1ORPFUBDRIE AHKSUBRIMYVHE7LQZKHUH f7

J ODFWLF DFLG SHU P/ RI VDPSOH 'U\ POWWRU FRC

VDPSOHV DW f& XVLQJ D ODERUDWRU\ GU\LQJ RYHQ 81
FRQVWDQW ZHLJKW ZDWSDEWMALYRKEG FB/HUXP/ XVHG DV DQ
Rl ZDKMHIUGLQJ FDSDFLW\ :+& ZzZDV GHWHUPLQHG E\ FHQW
T JIRU PLQ DW f& XVLQJ D ODERUDWRU\ FHQWULIXJH
H[SUHVVHG DW RILOOEDUWWHG ZDWHU SHU P/ RI VDPSOl

$00 SK\WLFRFKHPLFDO DQDO\WHYV ZHUH SHUIRUPHG LQ
DV PHDQ YDOXHV ZLWK VWDQGDUG GHYLDWLRQV

5KHRORJLFDO DQDO\VLV

5KHRORJLFDO SURSHUWLHYV RI FRWWDHGE XYKHGY B BHRWH
YLVFRPHWHU SBHRWHWWBLQIHQ *HUPDQ\ OHDVXUHPHQW
DW GLIIHUHQW URWRU VSHHGY FRUUHVSRQGLQJ WR YDU
FRQYHUWHG LQWR3VKIPDDW \DVBSBVW@W VLWAMRWUIWWKH LQV
FDOLEUDWLRQ FRQVWDQWYV

JORZ EHKDYLRU ZDV GHVFUGHHGHOH Q9RWKH W& ZPRGH

2 . 6

ZKHPIH/ VKHDU VWV NKWDEZDUDWW WKH FRQVLVWHQF\ LQ
Q LV WKH IORZ [EHKIBFMRWYH YGNFRVLW\ QWZDWKNBG URL
FRPSDUDWLYH HYDOXDWLEBRRRI BWWPMSIHH FR Q VOLHDAWEKQ FH\P HQ
FRQGXFWHG DW * f& LQ WULSOLFDWH

7TRWDO DQWLR[LGDQW DFWLYLW\

7TRWDO DQWLR[LGDQW DEWYNUWJIH 7$BPFROHWKZDV GH\
FRXORPHWULF WLWUDWLRQ ZLWK HOHFWURBRXQG®IRDMWGL |
DQDO\|HU 7KH PHWKRG LV EDVHG RQ WKH UHDFWLRQ EHW
VDPSOH DQG EURPLQH JHQE&UD® MK H OVH.RWWIDRNFIKRH® LFFHD O
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7TKH WRWDO DQWLR[LGDQW FDSDFLW\ ZDV FDOFXODWH!
DPRXQW RI HOHFWULFLW\ FRQVXPHG GXULQJ EURPLQH .
PLFURJUDPV RI DQWLR[LGDQW HTXL ¥YRJOH QW\WPPNMWHIDP R

$00 DQDO\WHV ZHUH SHUIRUPHG LQ WULSOLFDWH I
PHDQ“VWDQGDUG GHYLDWLRQ

6HQVRU\ HYDOXDWLRQ

6HQVRU\ HYDOXDWLRQ ZDV FRQGXFWHG EPBPWHDVQH!
HISHULHQFHG L@ \GHWMPRHURWKE XFKMH HYDOXDWLRQ ZDV FDUL
ODERUDWRU\ XQGHU FRQWUROOHG FRQGLWLRQV LQ DFF
JXLGHOQ&RDHYV

6DPSOHYV ZHUH FRGHG LN KW WXPERP WHQ 838 B HNHHGQ W H
RUGHU DW,62 f& 3DQHOLVWY HYDOXDWHG DSSHDUD
DQG RYHUDOO DFFBRWOWLIOHB/RQAVE YFDOH ZKHUH LQGLF
DQG LQGLFDWHG ®dGILOHDH W& HRHDOBW DO'UAWRQQJI ZDWH!
ZDV SURYLGHG IRU SDODWH FOHDQVLQJ EHWZHHQ VDPSOI

6WDWLVWLFDO DQDO\VLYV

([SHULPHQWDO GDWD ZH)UZD\DDRQ DY WG VX RIL QD WIZRQ F H

HYDOXDWH WKH HIITHFWV RI JXDLYHG| RDEG FHEDNKD BVRL RIH H |
'LIIHUHQFHV EHWZHHQ PHDQV ZHUH FRQVLGHUHG VWDWL
DQDO\VLV ZDV SHUIRUPHG XVLQJ 6366 VRIWZDUH ,%0 &RL

S5HVXIMVWENVFXVVLRQ

BK\WLFRFKHPLFDO FKDUDFWHBEHYMBFYHRI FRWWDJH FKF

7KH SK\VLFRFKHPLFDO SUREDVWGHEHR HERWRKNWD Bl I & KK
SXUHH DUH SUHVHQWHG LQ 7DEOH 7TKH UHVXOWY LQGLF
JXDYD SXUHH VLIJQLILFDQWO\ LQIOXHOQWHG BRQWHQ@WD WD
KROGLQJ FDSDFLW\ RI WKH EHYHUDJHV S 7TKHVH S
WHFKQRORJLFDO TXDOLW\ D®&UGNG X EWAXEJHYOH VW DHEY. O L W\

7TDEOH
BK\WWLFRFKHPLFDO SURSHUWLHYV RQ B RMKWMIDGJI ALMKKH BIX B YIPHY X

7LWUDWDE®@N PDWWHEHUXP VHSDUDWLRQ
6DPSOH S+ DFLGLW\ | f7 P/ Pl

“ I w | “

) ,, y Y

) “ } “Y “ Y Y

) Y - 3 v

) 1 “E ! -

)’ | ) - -

)’ “ Y- - -

)’ 1 Y D
1RWOHD O PHWH H[SDPWND GG/ WDQGDUG GHYHDMWQWQUXFHUVFULSW OH\
VDPH FROXPQLUQGUAMDAV GLITHUHQFHV S DFFRUGLQJ WR
f7 GHIJUHHV 7K|UQHU f7 J ODFWLF DFLG SHU P/
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$ JUDGXDO GHFUHDVH LQ S+ ZDV REVHUYHG ZLWK LQFL
RI WKH IRUP RI7SNUFRIQ WUR® VDPSOH H[KLELWHG WKH KLJI
WKH ORZHVW YDOXHV ZHUH UHFRUGHG LQ VDPSOHV FRQW
DQG IRWG ULHIBIIBXUHH 7KLV GHFUHDVH FDQ EH DWWU
DFLEVWXUDOO\ RFFXUULQJ LQ JXDYD VXFK DV FLWULF D
RYHUDOO DFLGLW\ RI WKH VIVWHP 6KDUPD HW DO 6
HQULFKHG IHUPHQWHG GDLU\ SURGXFWV R KPHHDH X QFEGE
UHGXFWLRQV LQ S+ GXH WR DFLG GLIIXVLRQ IURP WKH IU

7LWUDWDEOH DFLGLW\ YDOXHV LQFUHDVHG FRQVLVWF
FRQILUPLQJ WKH S+ UHVXOWV 7KH FRQWURD VDLSIDH WK
KLIKHVW YDOXH ZDV REVHUYHG LQ WKH EHYHUDJH FRQV
6DPSOHV IRUPXODWMHGHBLWXDVYWDHISMUHH H[KLELWHG VOL
FRPSDUDEOH FRQFfHQMWUDWKRQVWKRVH FRBWD)LQRPJIDIU}
WHFKQRORJLFDO SHUVSHFWLYH H[FHVVLYH DFLGLW\ PD\
SURWHLQ DJJUHJDWERQENKDWHRY LSRIFHL@GNLDOO\ DIIHFW
WKLV UHVSHFW IRUPXODWLRQV FRQMDULPLGRP SURPYD Hs E
VXIILFLHQW IUXLW IODYRU DQG DFFHSWDEOH DFLGLW\

'U\ PDWWHU FRQWHQW ZDV VWURQJO\ LQIOXHQFHG E\
RI JXDYD SXUHH ,Q JHQHUDOGVUDRSQKYD FR GWDHE LK LEH)
PDWWHOXHV WKDQ WKRVH SUHSDUHG ZLWK IUHVK SXUHH
GU\ PDWWHU YDOXH ZDV REVHUYHG LQUAXKB EXIMD
SXUHH ZKHUHDV WKH FRQWURO VDPSOH VKRZHIGV WKH
DVVRFLDWHG ZLWK WKH ORZ PRLVWXUH FRQWEBQWHBGQG
LQJUHGLHQWY ,QFUHDVHG GU\ PDWWHU FRQWHQW FRQYV
VWUXFWXUDO VWDELOLW\ RI GDLU\ EHYHUDJHYV

BHUXP VHSDUDWLRQ PDQ LRYGLRUMGRDWBLZDWBSDFLW)\
VLIJQLILFDQWO\ DIIHFWHG E\ WKH LQFRUSRUDWLRQ RI JX
VKRZHG WKH KLJKHVW VHUXP VHSDUDWLRQ P/ SHU
VWUXFWXUDO VWD ELORDW URI[] WHKKHH ®LEOXIWHR FXRIGIXDYD
UHGXFHG ZDWHU VHSDUDWLRQ LQ DOO IRUPXODWLRQV 7
REVHUYHG LQ WKH VDPSOGUERQWBRDQYDQI XU HUIHMBHPRQVW
VROLGV PD\ FRQWH GEXDWHHW RU HMSLRW L R Q

7KH UHGXFWLRQ LQ ZDWHU VHSDUDWLRQ PD\ EH DVVR
SURWHLQVGBIQGYHXISRO\WDFFKDULGHV ZKLFK HQKDQFH
PDWUL[ 2YHUDOO WKH UHVXOWV BXPRQ $WWDKY HS VKW WF
IUHKEJBILHG IRUP LPSURYHV WKH SK\VLFR FKMPHG CE® YMUWDIEL
E\ LQFUHDVLQJ VROLGY FRQWHQW DQG HBEXW® PLOQVUZLD W H |

$QWLR[LGDQW DFWLYLW\
7TKH WRWDO DREMWMIYRWERQWKH VDPSOHV LV SUHVHQW|

GHPRQVWUDWHG WKDW WKH LQFRUSRUDWLRQ RI JXDYD ¢
FDSDFLW\ RI FRWWDJH FKHHVH EHYHUDJHY FRPSDUHG ZL\
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E

7TRWDO DQWLR[LGDQW DFWL
—J J GU\ PDWWHU
*G)
lo

) ) ) ) ) ) )
6DPSOH

JLIXUARWIDDWLR[LGDQW DFWLYLW\ —JJ GU\ PDWWHU RI FRWW
IUHVK DQ&@UUHB]AXDYD SXUHH

7KH FRQWURO VDPSOH ) VKRZHG WKH ORZHVW DQWLI
ZKLOH DCH®Q UKBKIG IRUP X O DEWVRDYWH[XQ DL VKHGKWX YD O X |
FRQWDLQLQJ IUHVK JXDYD SXUHH DQWLR[LGDQW DFWLY]I
IUXLW FRQFHQWUDWLRQ UHDFKLQJ DQG —J
DQG SXUHHOUHVSHFEMODNMW WUHQG ZDV REVHUYHG
ZLWK IGHHHE JXDYD SXUHH ZLWK YDOXHV UDQJLQJ IURP
$W FRPSDUDEOH IRUPXODWLRQ OHYHOV GVYDRSOMH\D FR
SXUHH VKRZHG UHODWLLYR[QGYQRM OFWLYLW\ LQGLFDWLQ
SURYLGH VXEVWDQWLDO DPRXQWV RI ELRDFWLYH FRPSR}
FDQ EH DWWULEXWHG SULPDULO\ WR WKH SUHVHQFH RI
QDWXUDO D @WMR{UGDQWRFFXUULQJ LQ JXDYD IUXLW
2YHUDOO WKH UHVXOWV FRQILUP WKDW WKH LQFRU
IXQFWLRQDO SURSHUWHEBWHR| EFRWWHW DJHVFEMHDHFUHDVLQ.
SRWHQWLDO

5KHRORJLFDO DQDO\VLV

7KH IORZ FEXWKHVFRWWDJH FKHHVH EHYHUDJH VDPSOH
DOO IRUPXODWLRQV VKHDU VWUHVV LQFUHOWH® RQWHKQL G
IORZ EHKDYLRU W\&EDAH®G IGDLBURBWMEBUVLRQV 7KH SUH
QRWIERH LQIOXHQFHG WKH PDJQLWXGH RI VKHDU VWUHYV
JRUPXODWLRQV FRQWDLQLQJ WKH VDPH FRQFHQWUDWLRQ
RU IUGBHLIMG IUXLW ZDV XVHG H[KLELWHG YHWUXOWRQODL
RYHUODSSLQJ FXUYHV WKHUHIRUH RQO\ UHSUHVHQWDW!]

6DPSOHY FRQWDLQLQJ KLJKHU FRQFHQWUDWLRQV RI J
YDOXHV FRPSDUHG ZLWK WKH FRQWIURD WDPISQ HW R/HEKQ 1B\
EHYHUDJH VWUXFWXUH 7KLV HIIHFW ZDV SDUWLFXODUO\
JXDYD SXUHH ZKLFK VKRZHG VWHHSHU IORZ FXUYHV WKC
7KH LQFUHDVH LQ VKHDU VW WKH VK HWD 6 RCH B @WWD WX RO GR N
DQG WKH LQWHUDFWLRQ EHWEHNHQHEL SR BWWRWHDQYWLGO G |
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6KHDU VWUHVV 3D

6KHDU UDWH V
—— JXDYD  ----- JXDYD
—mm JXDYD ———- JXDYD

JLIXUHQRZ FXUYHV VKHDU VWUHVV YV VKHDU UDWH RI FRW'
GLITHUHQW FRQFHQWU D WIUR'HW RIHBUIWH QMWUWIKHE& RQWURO VDI
IRUPXODWHG ZLWK IUHVK JXDYD SXUHH

,Q DGEGLWLRQ WR IORZ FXUYHV WKH UHODWLRQVKLS E
ZbDV DQDG\IHG WR IXUWKHU FKDUDFWHUL]H WLKKUHKHRORJ

$SSDUHQW YLVFRV

—— JXDYD  ----- JXDYD
ST JXDYD ———-  JXDYD

J)LIXUH $SHEUBRQMWV\ FXUYHV RI FRWWDJH FKHHVH EHYHUDJHYV
JXDYD SXUHH

$V VKRZQ LQ )LIJXUH WKH DSSDUHQW YLVFRVLW\ RI |
LQFUHDVLQJ VKHDU UD WK HIRK) ®LFIDIL EH KWWSLAEWD O 6 X FK
FKDUDFWHULVWLF RI VWUXFWXUHG IRRG V\VWHPV LQ ZKLF
DQG DOLJQV LQ WKH GLUHFWLRQ RI IORZ XQGHU PHFKDOQL
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7KH UKHRORJLFDO GDWD ZHUH VX¥WHZGBIGDIOO 6 HYRIUH E
0bz PRGHO DQG WKH FDOFXODWHG SDUDPHWHUYV DUH SL
Q YDOXHV UDQJHG IURP WR ZKLFK DUH DOC
SVHXGRSODVWLF QDWXUH RI WK@VEN YWHODN AL WKK MAKHH UrHL
REVHUYHG H[SHULPHQWDOO\

7DEOH
5KHRORJLFDO SDUDPHWHUV RI FRWWDJH FKHHVH EHYHU
2VWZGBBGDHOH PRGHO

6DPSOHRQVLVWHQF\3DBGHPRZ EHKDYLRU LGGH Q
) - y
) v )
) ) —
) ~ v
)’ Y )
)’ 3 Y
)’ "y )

IRWHOXHYV DUH RFBMNAEHWWHEIRODUG GHYHDMWQWQVUXFHUVFULSW OH\
VDPH FROXPQ LQGLFDWH VLIQLILFDQW GLIIHUHQFHV S DF

7KH FRQVLVWHQF\ L@GWEK LQEQHDNWRQHGXDYD FRQFHQW
3BL\) WKH FRQWURO VDPSOH WR DBBSRHMVW BRG\WD L QAL
SXUHH LQGLFDWLQJ D JUDGXDO LQFUHDVH LQ WKH VWUX
UHIOHFWV WKH KLJKHU WRWDO VROLGY FR@/WRQWRILDQ\WER|
VW UXFW X UBHR® SADFWKDQYLGH PDWUL]J
$W FRPSDUDEOH IRUPXODWLRQ OHYEONHEHXBYDJISXUL
H[KLELWHG VOLJKWO\ KLJKHU FRQVLVWHQF\ LQGLFHV W}
EHKDYLRU FDQ EHK H[SIOBHYHGRBL®Y FRQFHQWUDQWLRQ D
FDSDFLW\ RULHBBH]JBJUHGLHQWY DIWHU UHK\GUDWLRQ
2YHUDOO WKH UHVXOWVY GHPRQVWUDWH WKDW WKH L
UKHRORJLFDO SURSHUWLHV RI FRW WD MVEK K FW X UEHY F B Q.
PDLQWDLQLQJ GWXLQDEQH EKKDUYULRU ZKLFK LV DGYDC
SURFHVVLQJ DQG FRQVXPHU SHUFHSWLRQ GXULQJ GULQN

6HQVRU\ HYDOXDWLRQ

7TKH UHVXOWYVY RI VHQVRU\ HYDO XD W/LKRD FRWIS RAXIPW DRI
JXDYD SXUHH VLJQLILFDQWO\ LPSURYHG DOO HYDOXDWH
IODYRU WH[WXUH DQG RYHUDOO DFFHSWDELOLW\ S
ZHUH FKDUDFWHUL]HG E\ D UHOBWLYG ORQHX WWHDQ¥ RO D DR
JXDWQULFKHG EHYHUDJHY UHFHLYHG FRQVLVWHQWO\ KLJ

$SSHDUDQFH VFRUHV LQFUHDVHG PDUNHGO\ ZLWK JXD
LPSDUWHG E\ WKH ITUXLW 1BGPBEIOE VI XXHRQDN B KQ HE@IJ DIFKILH] Y |
DSSHDUDQFH VFRUHV UHIOHFWLQJ WKHLU XQLIRUP FRO
%HYHUDJHYV IRUPXODWHG ZLWK IUHVK JXDYD SXUHH DOVF
WR WKH FRQWURO DOWRBKYKZWVO HIRWEON ODRZEHUSRVVLEO\
KHWHURJHQHLW\
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7DEOH
6HQVRU\ VFRUHV RI FRWWBRLEGWHWNMHOEHYHUDJHYV

YHUDIOO
FHSWDELOLW\

“ |

6DPSOS§-BSHDUD}Q(F[B-IYRIJH[W>(L6I§

)
)
) “
)

)I “
)I “
)I “
IRWVHWOXHY DUH H[SUHVVHG DV PHDQ*VWDQGDUG GHYLDWL

'LITHUHQW VXSHUVFULSW OHWWHUV ZLWKLQ WKH VDPH FRC
S DFFRUGZM\I$WRI $V FARRO ORZMKB\TBPA SRVW KRF WHVW

|
E E
I I
“ E “ E
I I
| |
I I

|
|
I
|
I
“ I “
E

JODYRU SHUFHSWLRQ DQG RYHUDOO DFFHSWDELOLW\
EDODQFH $W D ORZ FRQFHQWUDWLRQ RI JXDYD IODYRI
PRGLILHG WKH FKDUDRWRRUYHVYW B WYIBIRQWD Y @ HQ J JXD
HIKLELWHG DQ RYHUO\ LQWHQVH IUXLW IODYRU DQG LQF
GDLU\ FKDUDKKW HRALRMX\WAFWLRQ FRQWDLQLQJ JXDYD SXUFL
VFRUHVY SURYLGLQJ D RDODQREWE FRREDR DONG. RQOG GDLLU
REVHUYDWLRQ LV FRQVLVWHQW ZLWK SUHYLRXV VWXGL
VXSSOHPHHVNVDXW®WRQQ RSWLPDO VHQVRU\ DFFHSWDQFH :
QHIJDWLYHO\ DIIHFWDDOKDDARUHW DDOD QFH &POWLO HW DO

,Q DGGLWLRQ WR IODYRU DQG RYHUDOO DFFHSWDELOL
WH[WXUH DQG YLVXDO DSSHDUDQFH RI WEBILEIBYHDUDYIH B X €
DSSHDWHGKRPRIJHQHRXVY DQG VPRRWKHU FRPSDUHG WR W
ZKLFK RFFDVLRQDOO\ H[KLELWHG VOLJKW SDUWLFXOD\
FRPSRQHQWV 7KLV HQKDQFHG WH[WXUH SHUFHSWLRQ
SK\WLFRFKWPEEDQWA RXWKHWIDDFUG] LQGLFDWLQJ WKDW
VWURQJO\ LQIOXHQFHG E\ PDWUL[ LQWHJULW\ UDWKHU W}
KRPRJHQHLWG RLHGHHIBIYD VDPSOHV PD\ EH DVVRFLDWHG
IUXLW VROLGY DQG EHWWHU LQWHUDFWLRQ ZLWK WKH P
FRQVXPHU SHUFHSWLRQ RI SURGXFW TXDOLW\ ODUWtQH]
7KH REVHUYHG VHQVRU\ UHVSRQVHV FDQ EH DWWULE.
FRQFHQWUWWH RRR DYV SRQGLQJ VXJDU DGMXVWPHQW LP
IODYRU SHUFHSWLRQ XQGHU UHDOLVWEFRBISYLIQUDYIH VIHRQ\
RXWFRPHV UHSUHGHQWH IR WHRMHFMWVLRQWKHU WKDQ LVROI
$PRQJ DOO WHVWHG VDPSOHV WKHGEHMIEBUDXBY DR §XWOH.H
DGMXVWHG VXJDU FRQWHQW H[KLELW\H® IWHKUHL R U JK® \R/S \RIY
EHWZHHQ VHQVRU\ TXDOLW\ DQG WH[WXUDO VWDELOLW\

&RPSDUDWLYH HYDOXDWLEBQLRIGIUKNKDD XUIHIHHH1H

$ FRPSDUDWLYH HYDOXDWLROLHG IXBDWKD YO HH HH] M
GLIITHUHQFHYV LQ WK BHUIWHFBEQRID Z1IWHOLQ WKH FRWWDJH

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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$OWKRXJK ERWK IRUPV RI JXDYD LPSGEBYHG SBUR@XFIX L
GHPRQVWUDWHG VHYHUDO DGYDQWDJHV LQ WHUPV RI SK\

%HYHUDJHV IRUPXOOGMHGS JXDWB ISMHH H[KLELWHG Kl
FRQWHQW DQG LPSURYHG VWUXFWXUDO XQLIRUPLW\ FRPS
7KLV HIIHFW FDQ EH DWWULEXWHG WR WKH KLJKHU VROL
IUXLW FRPSRQHQWR Q | RIGIWLHHEKP®WH U L D O

JURP D VHQVRU\ SHUVSHFWLYH |RBWRXGDWXIDR@V SHKRIQIW
JHQHUDOO\ SUHIHUUHG E\ WKH SDQHOLVWYV VKRZLQJ VP
FKDUDFWHULVWLFV 7KH PRUH XRQLRBWP OG NV® U LEXR\PLRRQH
LQWHUDFWLRQ ZLWK WKH GDLU\ SURWHLQ PDWUL][

2SWLPL]DWLRQ RI IRUPXODWLRQ DQG LQGXVWULDO UH!

%DVHG RQ WKH FRPELQHG HYDOXDWLRQ RI SK\VLFRF
EHKDYLRU DQWLR[LGD GW PFIULWLKNY NEGE VRIQRIRWD W LRQ
SXUHH DQG VXJDU SURYLGHG WKH PRVW EDODQFHG SU
IUHKEJBILHG JXDYD SXUHH ZDV XVHG

7KHVH UHVXOWV LQGLFBDNWH® KEDHY HFRDVIW B JFDBK MHV M H
FDUULHU IRU IUXLW LQJUHGLHQWY DOORZLQJ WKH GHY!
SK\WLFRFKHPLFDO VWDELOLW\ DQG VHQVRU\ TXDOLW\

7KH HYDOXDWLRQ SHULRG RI K Z DWW\DH & HVAWVIHEEL QVLRW i
EHYHUDJH V\VWHP 8XNULKQSDUKMWVFKROKDQG VWUXFWXUDO
OLNHO\ WR RFF X BXIWU®B GLDOXWHG \D XA WKHU VWXGLHV ZLO
WHUP VWRUDJH VWDELOLW\

&RQFOXVLRQV

7KLV VWXG\ GHPRQVWUDWHG WKH IHDWMEBVE GWEHYHRD J
HQULFKHG ZLWK JXDYD SXUHH ZLWK SDUWLFXODU HPSK
GLOXWHRBUBFVEG/WHP 7KH LQFRUSRUDWLRQ RI JXDYD SXU
SDUDPHWHUV LQFOXGLQJ S+ WLWU D/QISEBRBVEQ G EW S DG U
DV ZHOO DV VHQVRU\ DWWULEXWHYV 1 5K MARIR. DK@ B0 \
EHKDYLRU RI DOO VDPSOHV DGHERBWBBOOBHRGEHEHG E\

$W FRPSDUDEOH IRUPXODWLRQ OHMHEML HG YN DY DHS XS
H[KLELWHG KLJKHU GU\ PDWWHU FRQWHQW DQG UHGXF
FRQWDLQLQJ IUHVK SXUHH LQGLFDWLQJ LPSURYHG SK\V
ZKLFK LV LQKHUHQWO\ SURQH RWR SXDYB NEEDEORHRW LG
WRWDO DQWLR[LGDQW DFWLYLW\ GXH WR WKH SUHVHQFH

6HQVRU\ HYDOXDWLRQ VKRZHG WKDW PRGHUDWH OHYFH
EDODQFH DQG WH[WXUH ZKHUWQFWY HHDNHGVD FHGLEG IDDLR Q C
IUXLW $@BQRUNVKH WHVWHG IRUPXODWLRQV GUKHEHXBYD.
SXUHH GHPRQVWUDWHG WKH PRVW IDYRUDEOH FRPELQD
VHQVRU\ DFFHSWDELOLW\

2YHUDOOL Q\UHMW SURYLGH D WHFKQRORJGDDFEBGL)\
FRWWDJH FKHHVH EHYHUDJHV ZLWK HQKDQFHG SK\VLFDC
DQWLR[LGDQW SRWHQWLDO

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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5HIHUHQFHYV

$2%& 21ILFLDO OHWKRGVWRK HGD GRQLRFILDPMWLFLDO $QDO\WLFD
‘DVKLQJWRQ '& 86$%

%HUXODYD , 6LODJDG]H O .RYEDVD 9 3NKDNDG]H)HUDPKQWWGU
GULQN EDVHG RQ VHFRQGBNU DIDYL PR EPHEW HIED OV
KWWSV GRL RUJ ;

&KDXKDQ $ . 3DWLO 96 6LQJK 5 3 '"HYHOREMH/GME RI Q
IHUPHQWHG IRRGQEBV.D@J' DX D YB3Q

'LFNLQVRQ ( 6WDELOLVLEDVHGURIMB YWUXFWXUHV ZLWK PL[HG
-RXUQDO RI WKH G6FLHQFH RI )RRG DGS $JULFXOW
KWWSV GRL RUJ MVID

JR[ 3 ) *XIBQHHRIMQOF6ZHHQH\ 3 / HXQGDPHQWDOV RI &KGIHVH 6
HBSULQJHU 1HZ KWWSV86GRL RUJ

*XEVN\ 6 6WDEQLNRYD 2 GWDHIQRENRNGW :BDGHEH\EOH 30DQ\
,PSURYLQJ )RRGV 1XWULWLRQDO 9RBRO&H3WDHNG/ +XRFQ -HBI
KWWSV GRL RUJ

+XL & < /HH . & &KDQJ < 3 [\ODQW@WHDW XGDY¥SURGXFMW BV
SUHELRWLFV LQJUHEQBQWV)RRGWYRIRUW+XPD@SI¥XWULWLRQ
KWWSV GRL RUJ v

.62 6HQVRU\ $QDBQWUNO *XLGHOLQHV IRU WKH 6HOH
ORQLWRULQJ RI BHOHFWHG $VVHVVRQW PQGDWIRQW 6 12Q YRO!
6WDQGDUGL]DWLRQ *HQHYD

.62 6HQVRU\ $QDIQWUNO *XRGDWKH 'HVLJQ RI 7HVW
,QWHUQDWLRQDO 2UJDQL]DWLRQ IRU 6WDQGDUGL]DWLRQ *H

-LPp@MFULJ $ 5LQFYyQ 0 ZXD®ULGWR ) 6DXUDSYRGRXP XIXWMDY D
DV D QHZ VRXUFH Rl DQWRRJIQ®IQR GILE BFPRIVEXEIDMP LV W U\

SS KWWSV GRL RUJ MI S
.DUDP 0 & 3HWLW - =LPPHU ' 'MDQWRX (% 6FKHU -
SURGXFWLRQ RI IUXLW DQG Y4—R])HU/‘QJICDHIS)RR(BH¢QJJ$_$)HHULQZ
KWWSV GRL RUJ M MIRRGHQJ

.XPDU 3 6 6DJDU 9USLQJ NLQHWLFWKHPE FRIOVEKRUDFWHULVWL
GHK\GUDWHG PD(DR]QO[DX)DQ’GHIIJQGLIIHUHQR/KLGQJDIOQBIF)FRQECGLB\H_LR

DOQEHFKQRORJ\SS KWWSV GRL RUJ
IXFH\ - $ JRUPDWLRQ DQG SK\VLFDOFS)URQS[HCDJ\RLHD’LIRH\ BEOP
SS KWWSV GRL RUJ MGV 6

ODUWtQH] 5 7RUUHV 3 OHQHVHVEO® WD UH]I X HURDWKED03p U H]
&KHPLFDO WHFKQRORJLFDO DQG LQ YLWUR DQWLR[LGDQW
SDVVLRQ IUXLW GLHWDU)RRGEUWKHPR@WHQVSS$DW H

KWWSV GRL RUJ M IRRGFKHP

OHLOJDDUG 0 &LYLOOH 68 QBDUNJYDDXDWLRR ABFKRGETHXHWYV 9
5DWRQ )/

3DWLO $ 3 &KDYDQ .' %KRVDOH '1 ,Q COXKIIAH RRQ VE Q VW

TXDOLW\ RI JXIRWU QRUG)RUWDLU\LQJ )RRGV DQ®S+RPH 6FLHQF
5DR 0$ 5KHRORJ\ Rl )OXLG 6HPLVROGGH® Q88 BRQLKBU)RIRHZV<R!
KWWSV GRL RUJ
6HQGUD)D\RV 3 /DULR #ySHHUQI @EIIEHUI (EO¥DUHH] - $
' QFRUSRUDWLRQ RI FLWUXV ILEHUV LQ IHYURRGQVOHBURIELIR GR @

SS KWWSV GRL RUJ M IP
6KDWPD .DXU - 6DUNDU % & 6LQJK & (I"THFW Rl SUHWUHI
VOLFRIRUQDO RI )RRG 6FLHQFH DS 7THFKQRORJ\
6RGLQL , 5HPHXI) +DGGDG 6 &RUULHX * U FRKIOWNOBWDLY

SURFHVV RQ \RIJXUWWHWLXDID BHYHMEZMZLQ )RRG 6FLHRFH D
KWWSV GRL RUJ

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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6WDEQLMRHYRKHQNR $ 6WDEQENRY 9 3DWBMWGBV]DWLRQ RI SOC
ZDVWHV IRU HQULFKPHQW RI EDNS8INU DIQE. B RQRFFG L RXEHYD G L
KWWSV GRL RUJ;

6WDEQLNRYPQ2NROWO /yBHY HGHV JUXLWWRRQ MKUXEV IRU Kt
QXWUB®WDRAY )RRGV IRU +XPDQSIXWKMWWBRQ GRL RUJ v
6WHIIH - ) 5KHRORJLFDO OHWKRGV LQ )R RXGS 3URFHPD/Q (QUHYNH I

/IDQVLQJ 86%

6WRQH + %OHLEDXP 5 1 6AKRPPWA £ Y$D O X D WWRKQHIU DBFW GHHP\L F 3 L
6DQ 'LHJR

7DPLPH $ < 5RELQVR®PBLPH DQG 5RELQVRQ V <RJKXUWGFLHQF
HG :RRGXHDGVKLQJ &DPEULGJH

7KDLSRQJ . %RRQSUDNRE 8=HXDRWRYV. / &WVQQHK R WK &RP:
$%76 '33+ )5$3 DQG 25%$& DVVD\V IRU HVYWLPDWLQJ DQWLR
HIWUDFRXWQDO RI )RRG &RPSRVLWLRQ D®8 $QDO\VLV

KWWSV GRL RUJ M MIFD
7XUJHRQ 6/ %HDXOLHX 0 ,PSURYHPHQW DQG PRGLIL
SRO\VDFFKDQWHHVQDWLRQDO 'DLU\  -R%8QDO
KWWSV GRL RUJ ; 6
'DONXQGH 75 .DPEOH '. 3DZDU % . 6HQVRU\ TXDOLW\

XWLOL]LQJ $X¥XDFDR +BXUWDO RI $QLMBO 6FLHQFH

':DOVWUD 3 :RXWHUV - 7 O0'DIBI\XERMLM@FH DQ® G HFX Q RERAED. 5D W F
)/ &5& 3UHVV

'X < ;LRQJ 7 O0DQY ;=KDQJ / =KDR 0 ;XH / ;LWLRDRWLAH
VXEVWDQFHV FKDUDFWHWLABDYWRGWELXPRIXKRWDN.BH DQG
VI\VWHPDWLF HY D OXSMULRD FRH PLLIOD B\WWUNRERRIDQ X WW L R Q

KWWSV GRL RUJ i
&LWH
8)- BW\OH
&KDX 1 % 3K\WLFRFKHPLFDO UKHRORJLFDO [

FRWWDJH FKHHVH EHYHUDJH HRUILHFGHE XYW KEXUHH!
SNUDLQLDQ )RRG -RX®QDXOWNWSV GRL RUJ

$3% 6 W\OH

&KDX % 3K\WLFRFKHPLFDO UKHRORJLFDO DQ:
FRWWDJH FKHHVH EHYHUDJH HRWILF& HX XYW 8 XUHMW!
8NUDLQLDQ )RRG -RXURW® SV GRL RUJ ;

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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YHUPHQW DVDLRXFAKD QJHV LQ WK R FREOR U\
SURGXFWV

$QQD /RKL 2NVDQD 3H
*DO\QD 3ROLVIKBEBOXW =QDPLBRRWNIRZVND

IDWLRQDO 8QLYHUVLWI Rl )RRG .
8QLZHUVIWHW 5]HV]JRZVNL| 5]HV]yZ 3RODQG

$EVW!
.H\ZRUGV _QWURC &RORXU LV D NH\ DVSHFW RI GDLU\
VWURQJO\ LQIOXHQFLQJ FRQVXPHUVY ILUVW LPSL
'DLU\ SURGXFWNPWHDWHG GDLU\ SURGXFWV WKH FRORXU SL
YHUPHQWD W LR 0DLOODUG UHDFWLRQ DQG FDUDPHOL]DWL
%DNHG PLONVXEVHTXHQW IHUPHQWDWLRQ RQ WKHVH SLIPHQ'
2RO RXU ODWHULDOV D@BPPHWKRGY PLON IDW DIXEG
FUHDP IDW ZH¥H KeH BWRKG XWPSOHV ZHUH W
0DLOODUG | yypHQWB® UHIW R F R F F XY QUBKRURPFRRSFGIMORUH VW R
UHDFWLRQ SyURGXFH U\D]JKHQND DQG |HYPWQWHEWBRUFRU
SFLGLILFDWLREDO\VLY ZDV SHWRUPHG/\VYHWKKVLQJ DQ /6
KLWHQHVV LFR@RULPHWHU ZKLOH S+ DQG WLWUDWDEOH DFI
WKH DFLGLILFDWLRQ DQG IHUPHQWDWLRQ VWDJF
5HVXOWYV DQG7BHWAXXGLREOHQBEG DHDROQWLRQ
EHWZHHQ WKH DFLGLW\ FRIOG R UU K RRIRGDGFIWWH D G
DFLGLILFDWLRQ RI IHUPHQWHG PLON IURP S+
GHFUHDVH LQ WKH D FRRUGLQDWH WR a  XQLW

WDLQ FKURPRSKRUH JURXSV Rl PHODQRLG
$UWLFOH KLV‘&%@\.URQPHQ\AFWD«U«NLK@L&;@WB WR D UHFRYHU\ |
SHEHLYHG D FRRUGLQDWH ZKLFK UHDFKHG D PD[LPXP RI ¢

ZHUH REVHUYHG IRU WKH E FRRUGLQDWH WKH
SHEHLYHG LQ S* * a* f7 VLIQLILFDQWO\ HQKDQFLQJ Wk
S e R UpFRPSDUDWLYH DQDOWLYV RI WKH WHFKQRORJLFED
IHUPHQWDWLRQ W\SLFDOO\ ©OLJKWHQV?2 VWDQ!
SEEHSWHG DJJUHIJDWLRQ LQ IHUPHQWHG SURGXFWV WKLV
RQJRLQJ IRUPDWLRQ RI OBRGXGOWYG WHBRAWLRC
GHPRQVWUDWHG KLJKHU FRORXU VDWXUDWLRQ

LIKHU O/BRBWRWWHQ UDWLR 7KH ZKLWHQHVV LQ

&RUUHVSRQGLERIGY L VWHQWO\ DW DOO SURFHVVLQJ VWDJHV U
DXWKRU WKH FRORXU PIWWKHDODZW ZDV HVWDEOLVKHG
HUPHQWDWLRQWHRSIRUDWNBHQWHG EDNHG PLO

2NVDQD 3HWU£<VL;<§|RU VRXU FUHDP LV DQ DGGLWLRQDO IDFW
(PDLO IRUPDWLRQ 7KH UHVXOWVY GHPRQVWWMEBH WKD\
SHWUXVKDRRHNHG PLON SURGXFWV LV WKH UHVXOW RI D FR
QXIW HGX XDFODULILFDWLRQ DQG WKHUPDO VWDELOLVDWLRQ
&RQFOXV)LROFHQWDWLRQ VLJQLILFDQWO\ DO\
IHUPHQWHG PLON SURGXFWV KRZHYHWQJRQWLQ
ZDUP LQFXEDWLRQ FDQ FRPSHQNQ@HFHRU S

‘2, GLVFRORXUDWLRQ 7KHVH ILQGLQJY KHOS PDLQW
FKDUDFWHULVWLFV LQ ERWK U\DJKHQND DQG IHU

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF



JJJ )RRG 7THFKQRIDRJI\

,QWURGXFWLRQ

&RORXU LV WKH PRVW LPSRUWDQWSURGKXFIMWVRU/ KD SA K
FRQVXPHUTV ILUVW LPSUHVVLRQ RI ITUHVKQHVVY QDWXU

OLORYDQRYLF HW DO 9LVXDO SHUFHSWLRQ SUHFHC
IURP WKH EOXLVK WLQW RI1 VNLRZRHE WV [RO NE XWRWANHKUH  H FE MAL\F
SURGXFW FKRLFH 3 GXUH &RORXU UHIOHFWYV FRPS(
GHQDWXUDWLRQ ZKLFK DOWHUV OLJKW VFDWWHULQJ W
VXIJDUV 1HZWRQ HWW®DO LDAKILFK IRUP WKH FRORXU
IDW R[LGDWLRQ ;LDQJ HW DO DQG WKD\WGHG UDGOMU

3RSRYOMLUI HW DO

7KH FRORXU RI PLON LV GHWHUPLQHG SULRPHDWQOMN\E\ J
FDWWOH SURGXFH PLON ZLWK D G L VRDLURAMWH QIO 6 R @ WH. QW
WR WKDW Rl +ROVWHLQ FDWWOH DV ZHOO DV JRDWV DQG
DO 'XIRVVp HW DO F, URR\DHOQCH UXP E R P GWHMW H O \
FRORXUOHVV UHWLQRO YLWDPLQ $ &KXG\ HW DO
VFDWWHULQJ FUHDWLQJ D PDWW HIIHFW )YHOLFH HW DO

7KH DQLPDOVY GLHW LV DOVR D NH\QREW FR QW BDQMD L Q
ZKHUHDV SUHVHUYHG IHHG DQG KHDW WUHDWPHQW OHD
1R]JLqUH HW DO 7KH DQLPDOVY KHDOWK VWDWXV SD
D UHGGLVK WLQJH GXH WR WSXHF SIWLHVPIQFHR RU JDMRRE VR
OXKDPPDG HW DO

7KH FKHPLFDO FRPSRVLWLRQ RI WKH UDZ PDWHULDC
DSSHDUDQFH 7KH FKDUDFWHULVWLF ZKLWH FRORXU RI P
JOREXOHV )RHBQB\0F6 DQG FDVHLQ PLFHOOHV O0LVDZD

$Q LQFUHDVH LQ FDVHLQ FRQWHQW HQKDQFHV ZKLW|

PDNHV WKH SURGXFW YLVXDOO\ PRUH7MWH FQQIHHD \R| D
SLIPHQWV FDURWHQRLGV 1R]JLHUH HW DO DQG ULE!
LWV \HOORZ FRORU

3URFHVVLQJ VLJQLILFDQWO\ DOWHUV WKH FRORXU FKD
WKH IRUPDWLRQ Rl PHODQRL GUQ@WP EHY BER.@WFD PH\W ND BU H
6RODK HW DO +RPRJHQLVDWLRQ PDNHV WKH SURG X
WKH IDW OF6ZHHQH\ HW DO OLORYDQRYLF HW DO
ELRFKHPLFDO SURFHVV QOS$-D ®\Y GV R DY HoLHF DH DWHJIDW LR Q
VWUXFWXUH Rl WKH SURWHLQ PDWUL[ DQG LV DFFRPSDQL
D VOLJKW LQFUHDVH LQ \HOORZQHVV E 'DQNyZ HW DO

7R DGMXVW WKH FRORXU RI| PIOONRD®E WEILIVA DUDREDNFW
DQG IEDMAMG ILOOHUV DUH XVHG ZKLFK DOWHU WKH FRORYX
HW DO GD &XQKD -~QLRUHMNRO 7K B MFROEFOXNH R |
DQGHARQWDLQLQJ SYRBXEWNK SHWHWLFPD\ DOVR FKDQJH G
RI SURWHLQ EUHDNGRZQ SURGXFWV DQG WKH R[LGDWL
IHUPHQWDWLRQ FDQ ERWK IRUP DQG GHFRORXULVH SLJPH
WKH LQIOXHSURFRVWRQVWKH FRORXU RI IHUPHQWHG GDL
VSHFLILFDOO\ UHJXODWLQJ WKHLU DSSHDUDQFH

7KHUH LV FXUUHQWO\ D VLJQLILFDQW JDS LQ WKH Vi
FKDQJHV RFFXU LQ EDNHG GDLU\ SURGXFWS\D DWW FHXO B
WUDQVIRUPDWLRQ RI PLON FRORXU GXULQJ FRROLQJ IRO
GXULQJ VXEVHTXHQW IHUPHQWDWLRQ UHPDLQV SRRUO\ V
LQ FRORXU FRRUGLQDWHYV B QGONLW &H Y HGX\W D JFHRORXOO LIQHX

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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OLQN EHWZHHQ WKH WUDQVIRUPDWLRQ RI PLON FRPSRQH
IRU VWDELOLVLQJ WKH TXDOLW\ RI WKH ILQDO SURGXFW

7KH DLP RI WKLV VWXG\ LV WR LQYHV®Y LWXWHFR/&RIX
FKDUDFWHULVWLFV RI IHUPHQWHG PLON SURGXFWYVY DQG
PDLQWDLQ VWDEOH VHQVRU\ SURSUHWHWNMQI) GKYWDRWWE
LQGXVWULDO SURGXFWLRQ

ODWHULDOV DQG PHWKRGYV
ODWHULDOV

7TKH VWXG\ XVHG FRPPHUFLDO PLON VDPSOHV ZLWK IDW
ZLWK D IDW FRQWHQW RI

SUHSDUDWLRQ RI PLON VDPSOHYV

$ PLON VDPSOH ZLWK IDW ZDV SUHSDUHG E\ PL[LQJ
FUHDP IDW LOVSQJIEMBRGHU PRGHO +5 &KLQD
PLON DQG FUHDP VDPSOHVWWK BVWRHKGAMRWK W \& H U Y LKQH DWWV
VDPSOHV ZHUH WKHQ FRROHG WR VSHFLIXF&WRB SHIPXW B Y
RI[LGDWLRQ@W VDPSORVIRR IHUPHQWHG EDNHG PLON DQG
xf& IRU EDNHG FUHDP

JHUPHQWDWLRQ ZDV FDUULHG RXW XVLQJ 39LYR™ VWDU
PLON ZDV SURG&GWBHGWRMRKFF XD QEHW R R B RERMMOODHEF VRXU
FUHDP ZDV SURGXFWRFRERX\D FQ\CRFAVRIFVF XY /BBWRRBEV XV
GLDFHW\D@®@HEWHSWRFRFFXV6WRKSHORR KHHOXVHUPH@3IBHG LQ
SNUDLQH WKHUPRVWDW XQ G HUxWXfH: DRIODWIRE LIFEINE RYWG U W I
DW OKDPYWRU IHUPHQWHG EDNHG PLON DQG x“x xf& XQW
xf7 IRU VRXU FUHDP

JRU VLPXODWHG DFLGLILFDWLRQ D ODFWLF DFLG
DSSUR[LPDWHO\ S+ XQLwWYV

OHWKRGV

7KH DFWLYH BFIWHKMVVDFHSOHY ZDV PHDVXUHG XVLQJ W
ZLWK DQ $":% S+ PHWHU 5RPDQLD

7TKH WLWUDWIEWKHD¥FDEBSWHY ZDV GHWHUPLQHG XVLQ
ODWHOD HW DO

&RORRYV PHDMXWHG] &,(/DE VI\VWHP XVLQJ DQ /6 FRO
HDFK PHDVXUHPHQW PO RI WKH VDPSOHV ZDV SODFHG
OLJKW WR SDVV WKURXJK S5HDGLQJV ZHUH WDNHQ IRU OL
D I[URMHQ WR UHG DQG E IURP EOXH WR \HOORZ &ROI

PLOQXWHYV ZLWK WKUHH UHSHWLWLRQV 7KH UHVXOWYV Z
REWDLQHG $OYDUDGR HW DO

SURFHVVLQJ RI UHVHDUFK UHVXOWYV

&RORXU WYDWXUZDNLRDOFXODWHG XVLQJ (TXDWLRQ 3L
UL =5 ESB
ZKHUH K LV WKH FRORXU VDWXUDWLRQ
D DEGDUH WKH FRORXU F RIRIHGLQ D VBINKRDREH U HG

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7KH :KLWHQHYV DEERPGLQJ WR $670 ( LV D TXDQWLW
DVVHVV WKH YLVXDO ©ZKLWHQHVV2 RI D VDPSOH
9+L sSrrF¥:srrF.;SE:=%;E:>%5; 4
ZKHUH :, LV WKH ZKLWHQHVYV LQGHDDFNV WK b ZBXQLA KEW @D\
DUH WKH FRORXU FRRUKH Q MVHED R DEEN UHGY SHFWLYHO\

6WDWLVWLFDO DQDO\VLYV

7R HQVXUH WKH DFFXUDF\ RI WKH PHDVXUHPHQWYV HI
WLPHY WKH UHVXOWY ZHUH DQDO\VHG DWW FID & RXQO DGH-QRE)
SHUIRUPHG XVLQJ+86E38 VIBIWZIBUWWDWLVWLFDO DQDO\WVLYV
JIE GE

5HVXOWY DQG GLVFXVVLRQ

(I'THFW RI DFLGLW\ FKDQJHVY RQ WKH FRORXU RI GDLU\

7KH HIITHFW RI PHGLXP DFLGDWJ\RSU REXFWRORXW LR Yt
GLUHFWO\ DFLGLI\LQJ EDNHG PLON ZLWK D FKDUDFWHULYV
LOOXVWUDWHY WKH GHSHQGHQFH RI WKH D DQG E FROR
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FRRUGLQDWHY GXULQJ
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J)LIXUH $SSHDUDQFH RI SURGXFW VDPSOHV DW YDULRXV VW
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FKDUDFWHULVWLF RI EDNHG FUHDP FKLOOHG EDNHG FUH

7KH LQFRPSOHWH QDWXUH RI WKH 0DLOODUG UHDFWL
LQIOXHQFHG E\ FRROLQJ UDUNWPHIQW B RS HRQD ®XUBW DRE 7R
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FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF



JJJ )RRG 7THFKQRIDRJI\

DQG ORZ S+ 7KH VWDELOLW)\ Rl WKHLQGXFODBUGLY ARG WX R
IHUPHQWHG EBNHEHRWON WMR/HG 7UHQGV LQ FKDQJHV LQ
DQG FRORXU VDWXUDWLRQ GXULQJ WKH IHUPHQWDWLRQ |
REVHUYHG LQ WKH PRGHO VDPSOHV ZLWK VOLJKWO\ KL.
WHPBWNUH HQKDQFHV WKH LOWHQVLW\ RI WKH 0DLOODUG

'"HVFULSWLRQV Rl FRQVXPHU SURSHUWLHY VKRXOG UHI
GXULQJ SURGXFWLRQ &RQVXPHU SUHIHUHQFHV UHJDUGL
SURGXFWV PXVVG BHMRH/WHOBE@DOVBMW RGXFW SDUWLFXODUC
UHVHDUFK VKRXOG IRFXV RQ GHYHORSLQJ LQGXVWU\ UH
EDNHG GDLU\ SURGXFWV IURP FXUG ZLWK FRQVLVWHQW V

5HIHUHQFHYV

$OHPDQ 56 &HGLOORV 5 3DJH 5 20VRQ FKHBUFD®D
PLFURELRORJLFDO DQG VHQVRU\ FKDUDFWHULVWLFV RI \
-RXUQDO RI 'DLU\ 6FSIS@GFH KWWSV GRL RUJ MGV

$OYDUDGR 8 7DFXUL - &RORPD $ *DO GKIRVFBRM DB DI D HO (
&DVWLOOR 0 '"HYHORSPHQW RI D K\EULG V\VWHP ED"
DUWLILFLDO QHXUDO QHWZRUNV IRU PRQLWRUIDQUSK DQG

KWWSV GRL RUJ GDLU\

&DOYR & 6DOYDGRU $ )LV]PDQ 6 0 LQWHQWQLOX HRIDF M IRH SR

FRORXU DQG VZHHW QIO\DW RXU MG Y XFEIKKHUMFPLIWMRG 5HVHDUF

THFKQRORJ\ S& KWWSV GRL RUJ \%
&KDQGDQL®BUD $ ODQXIDFWXULQJ \RIJXUW DQG IHUPHQYV
.LODUD (GV+ SBRERNHQ 1- 86GDERHAHNOO
&KXG\ 6 %LOVND $ .RZDOVNL 5 7HLFKHUW - &RORXU
D E VIBFW\QOD :HWHU\QDWB\$4QKXWWSV GRL RUJ PZ
&O\GHVGDOH ) 0 &RORU SHURKS®DRROQRD QRER (R R EDHOLDO L

+

GD &XQKD -~QLRU 3 & 3LQWR & $ & 6DUDLYD -0 $ GD 5RF
SXUB®MHVKHG VZHHW SRWDWR O\RSKLOL]HG SRZGHU RQ WK}
EDFWHULD YLDELOLW\ PLFURVW UXFOVXRUFRBWNG WH[WXUDO
KWWSV GRL RUJ IRRGV

'DQNyZ 5 7HLFKHUW -6DBFNM)XQO 1- 2VWHQRSHUWLHVY RI IHUP
SUHSDUHG IURP JRDW P IWKN FALHADK QN KA WXDEN BRU3 B X O RIGXD +
7HFKQRORJLH KWWSV GRL RUJ - 137

'XIRVVp /| *DODXS 3 6HQVRU\ TXDOLW\ +QQGERRMNRRIOH
'DLU\ )RRGV $QWCHEBLWASS &5& 3WHRAD 5DWRQ

JHOLFH 9 ' 2ZHQV 5% .HQQHG\' +RJDQ 6 $ /DQH - $
FRPSRVLWLRQDO DQDO\VHV RI FRZ JERG@DBOR SIRDW DQG V

KWWGERL RUJ IRRGV

JR[ 3) OF6ZHHQH\ 3/ (GV$GYDQFHGLBMI\ &KHPLVWU\ 9RO}
6SULQJHU 6FLHQFH 9%XVL@MWWSYHGERL RUZ <RUN

JUDQFLV 0 - *ORYHU = - <X 4 3RYH\0 - +ROPHV O - g
GHSHQGDQW UHYHUVLEOH RIRF@RODEN DY/ 16Q WD DIFUHVI B WIIR\
DQG (QJLQHHULQJISSVSHFKWMWYW SV GRL RUJ M FROVXUI

IRKLQRYD $ 3HWUXVKD 2 0DLOOD BG ULHIAW QR €R X Q QIR

JRR&FLHQFH SS KWWSV GRL RUJ

/IRKLQRYD $ 3HWUXVKD 2 $UVHQLHYD / 3ROLVKFKXN * 9
UHOHYDQW VHQVRU\ FKDUDFWHUHNKQFORRN BREHE BQGU3L
5HVHUYHV S8 KWWSV GRL RUJ

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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IXFDV $ 5RFN ( &KDPBBW]) 9UDHAKHW 3 &RXORQ - %
HITHFWV Rl PLON FRPSRVPWNRQJDSUR FHRN RCHHKHMHVH F
YDULDELGIRPSRIQHQWY RI QXWIIHWIDR@DO LSBEHUHVW
KWWSV GRL RUJ ODLW

ODQGLXN 2 /RKLQRYD $ S$UVHQLHYD / 3HWUXVKD 2 3ROLV
FDWKERUDWH LQJUHGLHQWYV RQ FRORDUCRIDEDNRG PRXN GBI
SS+ KWWSV GRL RUJ ;

ODWHOD . 6 3LOODL O . TKMWRQ 7RI S+ WYWORWDEOH DFLC
VHQVRU\ SURILOHV RI VRPH \RJKXUW VDRRQG FH\HVHDR MK H N
SS # KWWSV GRL RUJ (V)

OF6ZIQM\ 3 / 2 ODKRQ\ - $ $GWDQFHG 'DLU\ &KHPLVWU\ 9ROXP
$SSOLHG $HSIHFWMU KWIVSRUNGRL RUJ

OLORYDQRYNEF%, 'OLHRRFLQRYLF - 'MRUGMHYLF 9 J/RUHQ]R - C

'"KDW LV WKH FRORU RI PLON DQG GDDBHRSVRGXFWV L

SS + KWWSV GRLIRREV

OLVDZD 1 %DUEDQR ' 0 'UDNH 0 ,QIOXHQFH RI FDVHL
DQG SURWHLQ OHYHO RQ FRORU DQG WHRMKUWD ®RIRRLONY\
6FLHQFH SS KWWSV GRL RUJ MGV

OLVWU\ 9 9 +DVVDQ + 1 ODQXIDFWXUH RI QRQIDW \RJIXL
-RXUQDO RI 'DLU\ 6FISBQEH KWWS G[ GRL RUJ MG

OXKDPPDG * 5DVKLG , &DXVHV GLDJQRVLV DQG WUHDW
FRZV DQG EFAKROPHYY $GYDQFHV LQ $QLPDO $SEXG IHWHUL

IDMJHEDMNB ' (IIHFW Rl JUHHQ WHD VXSSOHPHQWDYV
DQWLR[LGDQW DQG VHQVRU\ SMRBHOFNHBY¥HHRI 3HREQR®WRB'
SS + KWWSV GRL RUJ v

1HZWRQ $ ( )DLUEDQNV $ - *ROGLQJ 0 $QGUHZHV 3 *HU
0DLOODUG UHDFWLRQ LQ WKH IRUPDWLRQ +*RRWO RQRX UD FI
GHOHWHULRXV UHKFWRRQF B XRY DOCDWRRERIG E R PSRAWQIGR/Q
SS + KWWSV GRL RUJ F IR F

1R]JLHUH 3 *UDXOHW % /XFDV $ ODUWLQ % *URTLHU 3
UXPLQDQWY )URP IRUD B RDRO QB HG\ (FURIQFFWIVO G 7THFKQF

SS + KWWSV GRL RUJ M DQLIHHGVFL

1R]JLQUH 3 *UROLHUBBODX®D@GDGHO 3 O0ODUWLQ % 9D U |
IDWROXEOH PLFURQXWULHQWY DQG FRORU LQ FRZVY SOD\
DQG IHHGLQJ-ROBBO RI 'DLU\ 6FLHOBH #
KWWSV GRL RUJ MGV 6

2QJ / 'DJDVWLQH 55 .HQWLVK 6 ( *UDV 6 / 7KH HII
PLFURVWUXFWXUH FRPSRVLWLRQ)PRG SMN[MINQKN\AREBHG ¢

SS+ KWWSV GRL RUJ M IRRGUHYV

3 GXUH 6 7KH HIIHFW Rl IDW FRQWHQW DQG IDWW\ DF
SURSHUWLHYV Rl  OREXMAXBY V Ss +
KWWSV GRL RUJ PROHFXOHYV

3DWKDUH 3 % 26DWL®D )8$/ - $0 &RORXU PHDVXUHPHQW DQG
SURFHVVHG IRRGYRRSD QUG YUHRSURFHVV 7HFEQRORJ\
KWWSV GRL RUJ v

3LUHV 7 & 6 3 ‘'LDV 0 , %DUURYV % XHIWDU&LUBNUWRHAUDBD @WK
,QFRUSRRID@QDWRRUDO FRORUDQWY REWDLQHG IJRRGHGLEO
6FLHQFH DQG 7THBEKQROKRKWWSY GRL RUJ M OZW
SRSBE¥MOMLU - 9 /DNLBHIWE RO MY LG - * %DUDGO 0 % 6LNLPL
FKDQJHYV R 8+7 PLON GXHQWRUVWEBSEDJIH
KWWSV GRL RUJ \%
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5DPH]DQLHOUHQWLQR * ORURJRYD . 6FDPSLFFKLR 0
PHDVXUHPHQWV IRU RQOLQH PRQLWRRG®J RI PLON |
KWWSV GRL RUJ IRRGV

5RGUtJXHIHPD 3 %HVVLR O , OR\QD * 20LYDUR & )HUUHL

&KDUDFWHUL]DWLRQ RI PHODQRLGLQVY DQG FRORU GHYHOI
GDLU\ SURGXFW ZLWK KLJK VXFURVH FRQWH QW FWOWCLQIW L

SURFHVV SDUDBRWWUHUYV LQ IXWULWLRQ
KWWSV GRL RUJ IQXW
6LQJIK + +HDW VWDEHOQWWRR®RONRXUQDO(RISDLU\ 7HI
+ KWWSV GRL RUJ M
6RODK 9 $ 6WDLQHV 9 +RQGD 6 /LPOH\ + $ OHDV
FRPSRVLWLRQ (IIHFW RI GLHWDU\ LQWH U(YH IQNVLD® FE® ZZM
PLON TXBRUWDO RI )RRG 6FESQFHKWWSY GRL RUJ M

[

‘DOVWUD 3 :RXWHUV - 7 *HXIWUNVBFLHQBEN DQ G GHFEB QROR\
3UHVV %RRWWBWRGQ@RL RUJ

'LMHVHNDUD $ :HHUDVLQJKD 9 -D\DUDWKQD 6 3UL\DVKDQ
QDWXUDO SKHQROLFV DQG LWV LPSDFW RQ SK\VLFRFKHPL
DWWULEXWHV RG SEBREUWWGE K UV W JRIRIE H8 K/ IMFRLLYIIBI
KWWSV GRL RUJ M IRFK]

'LDQJ - /LX) :DQJ % &KHQ / /LX: 7DQ ®DLOODY ® LUWMHDFEDN
EDVHG RQ PLON SURWHLQV DQG FDUERK\GUDWHYV LQ IRRG

GLVDGYDQWDJHV DQG D Y R L XRIRGAH VWUDWHJILHV
KWWSV GRL RUJ IRRGV

&LWH

8)- BW\OH

/IRKLQRYD $ 3HWUXVKD * 3ROZIVRWKREVWND=RDPLUF
JHUPHQWOBWER® FKDQXH\RLG KN FBREXFWV
8NUDLQLDQ )RRG -RX®QRWWSV GRL RUJ

$3% 6 W\OH

/IRKLQRYD $ 3HWUXVKD * 3ROBLRMKXRZWND $QD
JHUPHQWOWER®@ FKDQXH\WRLGDMNKN FEBRE&XFWV
SNUDLQLDQ )RRG -RXUKQUOWSY GRL RUJ ;
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OLON SURWHLQ FRQF$IDROUDWAHHDQGRFDUSD
(IITHFWV RQ FRDJXODWLRQ RI JRDW PLON SUR!

9LNWRU *UHN $0O
/IDU\VD &KXEHQNR 9RORG\P\U /LVQ\XN

IDWLRQDO 8QLYHUVLWI RI )RRG 7

$EVWI
.H\ZRUGYV ,QWURG 7KH DLP Rl WKH VWXG\ ZDV WR GHWHUL
HITHFW RI 3USRPRQ@IND DRHODRZFGRHDW R WKH TXDOLV
*RDW PLON TXDOLPHWULF FKDUDFWHULVWLFV RI PLON SUR
&RQFHQWUDWRI\PDWLF FRDJXODWLRQ Rl JRDW PLON SURWHL
3RZGHU ODWHULDOV DQQ]ORDWKIRFGFRDJXODWLRQ ZDV |
$UROLD XVLQJ D UHQQHW HQPRH LOIBHG EDW K WKRHFRGGLWLF
RWHLQ FRQFHQMWWRIDW B B b REPRTBIHDQSHKH ZDW H U

PHODQRFDUSIXGGLQJ FDSDFLW\ RI WKH UHVXOWLQJ FRQFHQ
&RDJXODWLR@DYLPHWULF PHWKRG

&RORU 5HVXOWYV DQG7KMNRXIVNEWQRI| W KHFRARQWWN BWRW H
(QJ\PHYV BURPLON RQ WKH HQ]\PDWLF FRDJXODWLRQ RI Jl
DGGLWLRQ RI BURPLON UHVXOWHG LQ DQ DYt
PLON SURWHLQ FRQFHQWUDWH E\ “ FRPSD

LGHQWLFDO FRDJXOWWKR§ OFHRRGHIQWD\R QR Q TKQ VR |
XWLOL]DWLRQ RI PLON VROLGV WRKROGLQJDQG

FDSDFLW\ WR : ZKLOH UHGXFLQJ WKH |
r 7KHVH UHVXOWYV LQGLFDWH D PRUH HII

SUWLFOH KLVWRE\WHLQ IUWRW LI RQ R DVOIMWRRY DRV \ W SIL[R W H L Q
EHEHLYHG 7KH DGGBWRRQDRPHOTRZRBAOLUSRULQJ WKH SUR
Rl PEONMDQW FXUG PRGLILHG WKH RUJDQROHSWI
FRORU WDVWH DQG FRQVLVWHQF\ ,QFRUSRUD
KRPRJHWMRXWWXUH D PLON\ WDVWH ZLWK D FKE
DQG D UH®NRORUDWLRQ ,QFUHDVLQJ WKH OH\
HQKDQFHG FRORU DQG DURPD LQWHQVLW\ KR
FRQVLVWHOQF\ ZDV REVHUYHG :LWKLQVM¥H VWX
VOLJKWO\ DIIHFWHG WKH GU\ PDWWHU FRQWHQW

S5HFHLYHG LQ
UHYLVHG IRUP

$FFHSWHG

LQ S+ GXULQJ FRDJXODWLRQ ZKLFK LV LPSRUWD
&RUUHVSRQGLSURFHVYV LQ JRDW PLON
DXWKRU ,QVWUXPHQWDO FRORU DQDO\WLV GHPRQVW
SLIJIPHQWDWLRQ 2HWMK RHBD QRRRGHED DQG ORZHL
$00D 7\PFKXNSURWHLQ FRQWHQW LQ WKH PHGLXP ,QFUHDVLQ.
(PDLO HQKDQFHG UHIOHFWDQFH kQ WRH ZKGOWHJLF
#XNU QHWFKDQJHV LQIWHKHIQEWKH RQ QR ZHUH QHJOLJLEC
FRQUPLQJ WKH SUHGRPLQDQW H[SUHVVLRQ RI [
ZDYHOHQJWKYV 7KHYVHS$URDXOW\H CRD@R EBWK/VEK D V
WR PRGXODWH WKH RSWLFDO SURSHODQWV DQ

FRQFHQWUDWHY 1HJDWLYH &/GYDD P\G 6 BROH DM
0E IXUWKHU FRQILUP WKHLRKHW WRZRQGRW KK |
VSDFH
‘2, &RQFOXVKRQWNRPELQHG DSSOLFDWWRQLRI 3UR
PHODQRMBRISMU LPSURYHV WKH TXDOLWDWLY
; FKDUDFWHULVWLFV RI PLON SURWHLQ FRQFHQ\
FRDJXODWLRQ RI JRDW PLON

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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,QWURGXFWLRQ

7KH GHYHORSPHQW RI LPSURYHG PHWKRGV IRU H[WUDF
WKHLU DSSOLFDWLRQ LQ SURGXFWY VWKV D VD F& WD SIHRG
FRQVLGHUDEOH UHOHYDQFH 7KH SURFHVV RI HQ]\PDWLF
HIITHFWLYH WKDQ WKDW RI FRZ PLON 1D\LN HW DO
VXFK DV LQVXIILFLH@W VAHZ®W BRW RQ G KSR GLVSHUVLRQ
7HFKQRORJLFDO GLIILFXOWLHV DULNBIVIRLRP DAXH VKK BIKORRZ(
.FDVHLQV ZKLFK KLQGHU PD[LPXP SURWHLQ FRDJXODWL
3RNK\O HW DO HW BQKNRYD 7KH DGGLWLRQ RI LQJUHGI
GU\ PLON SURWHLQ FRQFHQWUDWH SODQW SRZGHUV G X
WR LQFUHDVH WKH ILQDO \LHOG Rl WKH FRQFHQWUDWH Z|
W LWDBOH WR LPSURYH WKH WHFKQRORJ\ Rl PLON SU
DQG WR LQFUHDVH WKHLU ELRORJLFDO DQG HQHUJ\ YDOX
DQEURQLD PHOPRYFGHIWSPURPLON LV D VROXEOH PLON SU|
IUR VNLPPHG PLON E\ XOWUDILOWUDWLRQ DQG GU\LQJ
RUJDQROHSWLF FKDUDFWHULVWLFV LW LV D SRZGHU UD
ZLWK D QHXWUDO WDVWH DQG RGRU 8QOLNRFRYVHVEOWW
FDVHLQ IUDFWLRQV DSSUR[LPDWHO\ RI WKH WRWDO S
FXUG IRUPDWLRQ VWUXFWXUH DQG SURGXFW \LHOG 3U
IHUPHQWHG PLON SURGXFWV FRVYBGSHRGHRZANKL ®N) G. EGK I
7KH PDLQ DGYDQWDJHV RI WKLV LQJUHGLHQW LQF
LPSURYH® RZODGMH)U FDSDFLW\ ORZ UHTXLUHG GRVDJH HD'
DQG VDIHW\ $FFRUGLQJ WRLWK H PQ (BH DAMGU HBH SHRQ GLQ
DV DQ HPXOVLILHU VWDELOL]JHU VNLP PLON SRZGHU
RUJDQROHSWLF SURSHUWWGHQ JDIE OVPRKBPWONYH HW DO
LQFRUSRUDWLRQ RI BHGUE\SRZGEHUVDREWDULLQGLQJ LQWR
UHPDLQV OLPLWHG DQG UHTXLUHV IXUWKHU LQYHVWLJDW
%ODFN FKRNHEMLWUU\PHODKIRFDWEDHD G\ EHHQ XVHG D\
LQJUHGLHQW LQ GLIITHUHQWFR®® QR GX FRRD BXHH Q/RROMAD/C
ZKLFK GHWHUPLQH LWV ELRORJLFDO DFWLYLW\ LQWHQV

$UWDPRQRYD HW DO .KRP\FK HW DO .RVKDN
B3DVLFKQL\ HW DO 6WDHQRRNRY HW XOHW DO $
VWXGLIPWHQ&R DQG % XO GXWKW DO 3 3OHVVDV HW DO

DUH GHYRWHG WR LQYHVWLJDWLQJ WKH HIITHFW RI YL
MXLFH SXUKHH[WUPHA@WHRQ WKH SK\WLFRFKHPLFDO DQW
RI \RIXUWV DQEHRIXRGXFWY 7KH DXWKRUV QRWH WKDW
OHDGV WR QRWLFHDEOH SURGXA®W ¥RDBHDW DRQ LG KUISDWV
FRQWHQW Rl SKHQROLF FRPSRXQGV DQG DQWLR[LGDQW I
LQGLFDWRUV GXH WR DQ LQFUHDVH LQHWKMOSURSRUWLRQ

8]XQVR\ KLIJIKOLJKWHG WKH SRWHQWLDQUIRU HQ
SURGXFWYV DQG WKH W H FKQURRORLID FTHIOAE R\RE B W B BLHLIQV P RV
'"HVSLWH LWV EHQHILWY FKDOOHQJHV UHPDLQ LQ VWDEL
WKHLU VHQVLWLYLW\ WR S+ R[LGDWHR®FRQG L QHPISHKD MW
WKH FKHPLFDO BERSORDLAHGRBORIMOLFXMDDUO\ LWV SRO\VSKH
DQWKRF\DQLQV DQG WKHLU UROH LQ SURGXFW FRORU IR

%ODFN FKBREGHUU\V D KRPRBINGHEXWGINGEVWDQFH W
VROXEOH LQ ZDWHU DQG DOFRKRO DQG LV TXLFNO\ DEVI
SURGXFHG LW LV XVHG LQ WKH IRRG LQGXVWU\ DV D FR
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RQHV FDOGPARXJIK 7KH SRZGHU LV REWDLWHEBSW K D RXIK
GHK\GUDWLRQ SURFHVV FRPELQHG ZLWK VL¥FPFRW B QG R ¥A\R
WKH PDQXIDFWXUHU WKH SRZGHU FRQWDLQV GLHWDU'
. QVROXEOH ILEHU FRQVLVWY PDLQO\ Rl FHOOXORVH DQG ¥
DERXW Rl WKH SRZGHU PDVV DQG KHPLFHOOXORVHV
DSSUR[LPBWHOXUHQGLU HW DO 6FKPLG HW DO
UHSUHVHQWHG PDLQO\ E\ SHFW LB WBRED YD AFE G:U D®H\E W D Q
DQG D VPDOO JIXPRPOV RIQG RWKHU VROXKEOHGFROL\GD ARK L
DO 7KXV WKH WRWDO BERDEXDFKERBEBRMDERXWHQ W
RI GU\ PDWWHU ZLWK D SUHGRPLQDQFH RI LQVROXEOH S|
6FKPLG HW DO 7KH SRZGHU DOVR FRQWDLQV D ZLG#
L% % % FO® EWWQHWQEPAFR RHOBBHQWDUV JOXFRVE
DQG IUXFWRVH 6DUDFLOD HW DO $FFRUGLQJ WR 60
DFLGMWRQLD PHOIRYFAHOUED DV IRRORZVFLWBDPMAD UWDULF
+ DFHWLF R[OLF ODFfWLF7KH WRWDO SRO $SKHIQLPO FF
PHODQRSPAGHU LV PJJRI GU\ RPDWWHUW DQWKRMDRAQ E
+ PJJ <LNLONDQ HW DO $ VLIJQLILFDQW SDUW
UHSUHVHQWHGLE\FPRVHPKLQV DQG WDQQLQV ZKLFK EHOR
IXQFWLRQDO DQG VWUXFWXUDO SURSHUWLHV RI SURGXF
SHFWLF VXEVWDQFHV £Q IRHPOMVUXDWMHYVN\M HW DO
SHUPLVRE®WH L QMWIRNH. R IPHODQRFDUSWLQFH LW FRQWDLC
FRQFHQWUDWLRQ RI SRO\SKHQROV DQWKRF\DQLQV 10DY
LV D OLPLWLQJ IDFWRU IRU DSSOLFDWLRQ

7KH TXDOLW\ FKBURBWB WPIHOSBLF&ARUBSDH SUHVHQWHG
DGDSWHG IURP .RVKDN DQG 3RNUDVKLQVND\D

7TDEOH
4XDOLW\ FKD U DFRMRIQU DVIH. GEIREIFHW S D

4XDOLW\ SDUDPHWHUV&KDUDFWHULNWLFV
2UJDQROHSWLF LOQGLFDWRUV

&RORXU %URZQ RU EXUJXRQG\
2GRXU 7\SLFDO RIPWKHWJUDQ
7TDVWH 6RXMZHHW VOLJKWO\ DVWUL!

3K\WLFRFKHPLFDO LQGLFDWRUYV

ORLVWXUH FROKVHRAW H @

$FLGLW\ GHJUHHV UHFD )JJOLF DFLG
OLFURHOHPHQW FRQWHQW —1J J

6 .
&0 &D

0Q )H
Ke ©5E

7DNLQJ WKH DER YH R QMR PIHFOIRYRBMIL §W DGYLVDEOH W
SURGXFWLRQ RI GDLU\ SURWHLQ FRQIPM PWWIW ANVWR U@L
LPSDUW QDWXUDO FRORXULQJ DQG LPSURYH WKH TXDOLF
GDWD DUH DEVHQVD LLVQHWBW XWH HDRHUHFRU H  SWRK) VDV X G
PHODQRSMASBHU RQ WKH TXDOLW\ Rl GDLU\ SURWHLQ FRQF

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7KH DLP RI WKLV VWXG\ LV WR HYDOXDWHIWRKH OFRPE
PHODQRBREGHU RQ WK THXXDOUWHWULF FKDUDFWHULVW
FRQFHQWUDWHY REWDLQHG WKURXJK HQJ\PDWLF FRDJXOI

ODWHULDOV DQG PHWKRGYV
ODWHULDOV

*RDW PLON ZLWK WKH IROORZLQJ FKHPLFDO FRPSRVLW

FDVHLQ FDUERK\GUDWHYV PLQHUDOV DQG DVK
WKLV VWXG\

$ FKHHVH HQJ\PH 70 9,92 FROVLWYWGQHEKRPRIVQADQWQG
FKORULGH ZDV XVHG DV D FRDJXODQW IRU PLON SURWHL

3URPLON ,QJUHGLD )UDQFHHUUWLILHG ZLWK PLFHOO
ODFWRVH IDW FDUERK\GUDWHV DVK +PRLVWXU
ZDV XVHG LQ WKH VWXG\ 3URPLON LV ULFK LQ FDOFLXP
DPLQR DFLG FARRIGOB AK) ZLWK )$2 :+2 VWDQGDUGV

,PDJHV Rl FKRNHEHUU\ IUXLWV DQG FKRNHEHUU\ SRZG|

J)LIXUH %ODFN FKRNHEHUU\ I[UXLWYV D DQG FKRNHEH

SBUHSDUDWLRQ RI PRGHXODDMS 6 RE FRHIQG\DULIJW H V

ORGHO VZPSBHYUHSDUHG XQGHU ODERUDWRU\+tFRQGL\
DQG EODFN FKRNHEHUUZHSRZGHVVROYHG LQ JRDW PL
ZDV SDVWHXUKFHRGIRWY FRROHGfWRDQG VXSSOHPHQWHG
DTXHRXV FRORUXBH DQG UHQQHW HQJ\PH )HWPHQWD
xPLQ DIWHU ZKLFK WKH FXUG ZDV FXW KHDWHG IRU FI
FRQFHQWUDWH Z5W BOOREWPE QVRHVRIOH BERRfELQJ WR
7KH FRQW URDV \VEOPABEIDHJHG XQGHU LGHQWLFDO FRQGLW
3URPLON RU EODFN FKRNHEHUU\ SRZGHU SRZGHU
3UHSDUDWLRQ RI 3URPLON DQG EODFN FKRNHEHUU\ SF
UDWLRXD¥W & IRU x“x xPLQ ZILQUKXRMFIKD G RP SO MAWH. G V'
PLON VROLGV DQG VZHOOLQJ Rl WKH SODQW FRPSRQHQW
RI JRDW PLON

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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OHWKRGV

7TKH VWXG\ HPSOR\HG VWDQGDUGL]HG DQG YDOLGDWH
WHFKQRORJLFDRX MUWIDFWKDOVYWLFY HQVXULQJ UHOLDEOH
UHVHDUFK REMHFWLYHYV

<LHOG DQG SURSHUWLHYO®IQGD ERBQ B I GWAILRIW M\VH DUHH Z
RI XWLOL]DWLRQ RI G W PADNVVWGHWRIUPRDQW G EO W KH RUP X(

Ke Ko Kogu

KP l% I‘<‘ZKH
ZKHWHV&WKH PDVV IUDFWLRQ RI GO PQW W R Q FLHQ ®/JLD
& LV WKH PDVV IUDFWLRQ RI GAl)L_RDWRAHH P DLW/ J R DWWPLLRON R
LQ ZKH\
7KMLHRGFRQFHQWUGMWMURLQ@E® E\ WKH IRUPXOD
e

"k

PSF
Foe
ZKHUKAOV WKH PD\S\O BQ WDARQ FHQWKBWBVY Rl GDLU\ FRQF

<

7TKH ZDRRHOWGLQJ FDS®OFRW\GDLU\ BO® Q@GWLARRQFHQWUD)
GHWHUPLQHG ZDWKNK RHWOWHBVHG IURP WKH VDPSOH GXULC
E\ ILOWHU SDSHU &KXEHQNR HW DO

ORLVWXUHZBPRQMHDQMUHG E\ DQ DFFHOHUDWHGERHWKRC
GU\LQJ WKH VDPSOH WR FRQVWDQW PDVV

"U\ PDWWHU G REEBMVOHEBW FHQWUDWHY ZDV GHWHUPLQHG
6 +:
ZKHUH 6 LV WKH GU\ PDWWHU FRQWHQW DQG : LV WI

$FWLYH DFHLRIWGDLUY FRQFHQWUDWHY DQG ZKH\ ZDV G
XVLQJ D 6DUWSRWUBRKWBY

"UPDWWHU FR QWHWQIXDYV GHWHUPLQHG E\ WKH UHIUDFW
HW DO

$SSHDUDQFH RI ARG AN BWBUYXDWHG YLVXDOO\ DQ
ZDV DVVHVVHG RUJDQROHSWLFP& O\ DW D WHPSHUDWXUH

6HQVRU\ LOFGERQ WHRQUWUDWHY DQG ZKH\ ZHUH HYDOXDMW
DQG LQGLYLGXDO VHQVRU\ DWWULEXWHYV (OVDP

&RORXU FKDUDFWHULVWSBD W G-IRLQUA HBRQNGD 10 Y IRR\CCRXG& Z
RI HISHULPHQWDGBGWBEBORMNWGZRVLKRI D &RQWHHFW. ERAREQY O
&KLQD OHDVXUHPHQWY ZHUH FDUULHG RXW LQ WKH &,(
' DQG D f VWDQGDUG REVHUYHU 7KH PHDVXUWHIRIHQM JHI
UHIHUHQFH WHPSRUBWREEBHY RI SURWHLQ FRQFHQWUDW
$URQLD PHOIRZBHWU ZMHUH SODFHG LQ RSWLFDO FXYHWWH
ZKH\ WKH 37UDQVPLVVLRQ" PRGH ZDV XVHG HQVXULQJ

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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PHDVXUHPHGWY WRM PHDVXUHG/SIDUEZMRIW HRD\VO F XD DBV HG |
WR WKH FRQWURO VDPSOH
7KH WRWDO FRORXU GLIIHUHQFH 0( ZDV FDOFXODWHG

"L ¥ VE: fUE:. U

&RORXU SHUFHSWLRQ WXWHPMMIRFEBMHAHSWLEOHIGLIIHUH
*tQRWLFHDEOH IRU D WUEQRMAHABEOH IRU PRVW REVHL
FOHDUO\ QRWLFHDEOH DQG DFFHSWHG DV VLJQLILFDQW

6WDWLVWLFDO DQDO\VLYV

$00 H[SHDUHBH@PRQGXFWHG LQ WULSOLFDWH RU PRUH
PHDQ“VWDQGDUG GHYLDWLRQ 'DBWDS$ Z29IBH DENAED O X\NHHGT X VAL
WHVWV E\ WKH 6366 VWDWLVWLFDO SDFNDJH 6LJQLILFDQ

S5HVXOW\G DWERXVVLRQ

,QIOXHQFH Rl WKH PLON SURWHLQ FRQFHQWUDWH 3URF
JRDW PLON

7KH HIIHFW Rl GU\ 3URPLON SRZGHU RQ WKH HQ]\PD\
HYDOXDWHG 7KH UHODWLRQVKLS EHWZH M@ W KH O B RDX@QM
GHJUHH RI GU\ PDWWHU XWLOL]DWLRQ LQ PLON LV VKRZQ

$FFRUGLQJ WR WKH UHVXOWV )LJ WKH DGGLWLRQ
WKH \LHOG RI GDLU\ SURWHLQ FRQFHQWUDWH E\ DQ DYHL
XQGHU WKH VDPH HQ]\PDWLF FRDJXODWLRQ FRQGLWLRQ\
SURWHLQ FRQWHQW LQ PLON FRQWULEXWHY WR PRUH HIIL
ZKLFK OHDGV WR DQ LQFUHDVH LQ \LHKO G DWHVYHREHRW!
UHVHDWBRHUWQFUHDVH LQ PLON SURWHLQV SDUWLFXODUC
FRUUHODWHY ZLWK DQ LQFUHDVH LGEKRGNHW RDVV \LB&R®
HW DO .DOLW HW DO ZDV RBEVWUMMHID G XULQFWPLON \
XVLQJ PLON SURWHLQ FRQFHQWUDWH RU PLON SRZGHU Z
PRLVWBMKVWHG FKHHVH \LHOG *XLQHH HW DO

3UHVXPDEO\ WKH DGGLWLRQ RI DJJUEBYDMRI G WL OQLSI
LQFUHDVH LQ SURWHLQ FRQWHQW LQ WKH FRQFHQWUDWH
RI WKH FRDJXODWLRQ SURFHVV FRPSDFWLRQ RI WKH FXlI
UHVXOW LPSURYHPHQW RIRVKMKHXDXOWBHWULF LQGLFDWR

BWXGLHV DQDO\]LQJ WKH GLVWULEXWLRQ RI FDVHLQ
VWDQGDUGL]DWLRQ RI PLON E\ SURW HLRGMXNWHDG/ HVHBR
SDUWLFXODU XVLQWSHXKMHEKHG@DUDQ H[DPSTKHV IDALK
FRQVLVWHQW ZLWK WKH LQFUHDVH LQ GDLU\ SURWHLQ F
DPRXQW:RI WR JRDW PLON ZLWK D IDW PDVV IUDFWLRQ R

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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&RQWURO
$PRXQW RI 3URPLON DGGLWLRQ

Cc—<LHOG RI GDLU\ SURWHLQ FRQFHQWUDWH
—— 'HJUHH RI XWLOL]DWLRQ RI JRDW PLON GU\ PDW\

JLIXUHQIOXHQFH RI DGGHG 3URPLON RQ \LHOG FOLADAN GU\ PD\

'LWK DQ LQFUHDVH LQ WKH DPRXQW RI 3URPLON IURP
GHJUHH RI XWLOL]DWLRQ RI GU\ PDWWHU RI JRDW PLON Z
3URPLON WR D PD[LPXP YDOXH RI “ KHDPRQ VERRO JA
“ 7KLV LQGLFDWHY PRUH FRPSOHWH LQYROYHPHQW
FDVHLQ LQ WKH VW #HBMMVEKXIWHGRD WK R RSWHRWHLBLHQW ELQC
XVH RI 3URPLON LQ DQ DPRXQWWLRQD?2DVLURRD ® R R LEH L
LQ WKHPBIERWIHFRQHG LQGLFDWRUV ZDV REVHUYHG 7KH RE\
LQFUHDVH LQ WKH DPRXQW RI 3URPLON GRHV QRW SURYL
7KH GHSHQGHQFH RI WKH PDV\WD\WHBPWLRQ RD FPIRAEIMMAXR
SURWHLQ FRQFHQWUDWHY RQ WKH DPRXQW RI DGGHG 3UF
$Q LQFUHDVH LQ WKH DPRXQW RI 3URPLON IURP W F
WKH PDVV IUDFWLRQ RI PRLVWXUH RI WKH GIDQ W\ KSHJ R R/GIW«
VDPSOH WR “ DW WKH PD[LPXP FRQFHQWUDWLRQ RI
VDPH WLPH KRIOH ZOWHNSDFLW\ RI WKH GDLU\ SURWHLQ F
WUHQG LQFUHDVLQJ IURP VDPSOHLQVRKH FRQWKIRQ DGG|
3URPLON 7KH REWDLQHG UHVXOWV LQGLFDWH WKDW WI
FRQWULEXWHV WR PRUH HIIHFWLYH ZDWHU ELQGLQJ LQ W
GDLU\ SURWHLQ FRQ FHRQWWDXWH VW RLOKWD VLIQLILFDQW L
DERYH GRHV QRW SURYLGH D VXEVWDQWLDO DGGLWL
LPSURYHGZOWRWHL@WHUDFWLRQV SRV VL EHM RPUDRMDUN ERIY
VWUXFWXRHZRUNY FDSDEOH RI UHWDLQLQJ ZDWHU

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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e e

HH
'_

ORLVWXUH FRQWHQW RI
GDLU\ SURWHLQ FRQFHQWUDWH

‘DWHWROGLQJ FDSDFLW\ RI
GDLU\ SURWHLQ FRQFHQWUDWH

&RQWURO
$PRXQW RI 3URPLON DGGLWLRQ

C—ORLVWXUH FRQWHQW RI GDLU\ SURWHLQ FRQFHQWL
—— DWHU KROGLQJ FDSDFLW\ RI GDLU\ SURWHLQ FRQF

JLIXUHQIOXHQFH RI DGGHG 3URPLON RQ WKIR®RLYIW KD HDFR@W I
GDLU\ SURWHLQ FRQFHQWUDWHYV

7KH REWDLQHG LQIRUPDWLRQ LV FRQVLVWHQW ZLWK V
)XOHZVND HW DO OLON SURWHLQ FRQFHQWUDWHYV
ZDWKHROGLQJ FDSDFLW\ :+& JHO IRUPDWLRQ DQG WH[W?>
SDUWLFXODU WKH DGGLWLRQ RDW®WURRHL G BINDIPQ & U RBBN G
PRLVWXUH ELQGLQJ DQG VWUXFWXUDO VWDELOLW\ RI W
IHUPHQWHG SURGXFWV VXFK DV \RIJIXUWV ZKH\ SURWHLQ
LQFUHDVHG YLVFRVLW\ DQG GHQVLW\ RI WKH SURGXFW )

7KH HIILFLHQF\ RI FRDJXODWLRQ LV FKDUDFWHUL]JHG E
REWDLQHG GXULQJ WKH SURGXFWLRQ RI GDLU\ SURWHLQ |
DQG ZLWKRXW LW 7KH DFWLYH DFLGLW\ RI+WKH WRQWQRC
RI WKH H[SHULPHQWDO VDPSOH ZDV “ S+ XQLWV UHV.
FRQWHQW LQ WKH H[SHULPHQWDO ZKH\ VDPSOH IURP
SUHYLRXVO\ REWDLQHG GDWIMHR@ FMRQH HQ WWHIMMH \LE G3D LI
HIILFLHQW LQYROYHPHQW RI JRDW PLON SURWHLQ IUDF
DGGLWLRQ RI WKH WHFKQRORJLFDO LQJUHGLHQW GRHV
SK\WLFRFKHPLFDO FKDUDFWHULVWLFV RI ZKH\

(ITHFWMUWRR QLD PHOPRAFHW R WKH IHUPHQWDWLRQ SUR|
7KH VWXG\ RI $WKRHQH O HFRHNEBRZIEHDUUB G GHG WR JRDW PLO
RQ WKH TXDOLWDWLYH DQG TXDQWLWDWLYH LQGLFDWRU'

WKH DSSOLFDWIPRH@® WL MKHHGDERZGHU LQ WKH WHFKQRORJ
JRDW PLON DUH DEVHQW

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7KH TRWQYW FKDUDFWHULVWLFV RI GDLU\ SBURWQHDQ FF
PHODQRF®AGHU DUH SUHVHQWHG LQ 7DEOH

7TDEOH
4XDOLWDWLYH FKDUDFWHULVWLFV RI GDLUSSRQWHP® CFRQR HDW\
SRZGHU
3DUDP &RQ\ | SPRXQW RISURQLD PHO®SRARFDUSD

<LHO “ | “ | “ D “ I “ I
ORLVW T o o F o

-U\ PDW “ I “ I “ E “ I “ (
$FWLYH DFLC 1l “ D © O T
"HJUHH RI XW < “D D N o

PLON GU\ PDWWHU

:DWKROGLQJ FDSDFELW\ vt “ b wot oot

I1RWH 9DOXHV UHSUHVHQW WKH PHDQ*VWDQGDUG GHYLDWLRQ
VXSHUVFULSWYV GLIM'MU VLJQLILFDQWO\ DW S

7KH DG GLHWIRRQ [RIP H ODRIFGFHDUHLPIW DIIHFWHG WKH SURSH
GDtSJODQW FRQFHQWUDWHY FRPSDUHG WR WKH FRQWURO
WKH DGGLWLYH IURP . LQ WKH FRQWURO WR “
LQGLFDWLQJ PRUHOWILRRLRQ WRUWWXUH DQG GU\ PDWWHU |
FRQVLVWHQW ZLWK 5\]KNRYD DQG +H\GD ZKR UHSRL
WHFKQRORJLFDO SURSHUWLHV RI JRDW PLON FXUGV ,Q S|
DEAWLF R[DOLF ODFWLF SUHZH@®®Y LIDQPH.OHRYREADABA FLPHRX
FXUG GHQVLW\ UHGXFLQJ SURWHLQ DQG IDW ORVVHV LQ\

'LWK LQFUHDVL®U RPIRX @ WODRIFEHDWU SPRLVWXUH FRQWH
IURP “ LOR@WHRD WR . DW DGGLWLRQ
FRUUHVSRQGLQJO\ LQFUHDVHG IURP “ WRRUPLQJ 7K
HITHFW RI WKH GLHWDU\ ILEHU DXQ® GRD FSKHDEREOAKF PSP &
FUHDWH D IKDRHZRLSWWUHY  DQG UHWDLQV VROLGV DQ
FRQVLVWHQW ZLWK 3RSHVFX HW DO ZKR UHSRUW
VHSDUDWLRQ DQG LPSURYHG FXUG WH[WXUH

$ VOLIJKW EXW FRQVLVWHQW GHFUHDVHWK® $RQDV RE

“ OLNHO\ GXH WR WKH LQ|ONXHQFIHD RR HFE & R AIBRSUS\OHR]
RI WKH SRZGHU DOVR LQFUHDVHG WKH XWLOL]DWLRQ RI J
FRQWURO WR “ DW WKH KPRUH/WIIGRVBQW ERDBLXO
LQFRUSRUDWLRQ Rl SURWHLQ DQG IDW LQWR WKH FXUG V

7KH PRVW SURQRXQFHG HIITHRROZDL\Q R EVISDFH® \R Q+ & D W
RI + $URQLD PHOSRIBHWMUSQFUHDVHG :+& IURP +* FF

“ UHIOHFWLQJ WKH K\GURSKLOLF SURSHUWLHV RI SF
DQG WKHLU DELOLW\ WR VWDELOL]H WKH SURWHLQWPDWU
DO ZKR UHSRUWHG LQFUHDVHG :+& PNHE 8 U U P B R
DQG %OHMDQ HW DO ZKR REVHUYHG LPSURYHG JH
SRPDFH 7KH HIIHFW LV DWWULEXWHG WR D FRPELQHG P
IRUP D SEROASKGI QRO PDWUL[ ZKISO-H RQKDQEE QIFER N JXRD
FXUG GHQVLW\ 7KXV WKH RSWLPDO DGGLWLRQ RI FKRNHE
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LPSURYHG FKDUDFWHS DWW MW W RRQ FW R MW WD H \ KIRQGFG IHDWV L C
FDSDFLW\ DQG SURGXFW VWDELOLW\
7KH FRPBR \WRIWIKH\ ZzDV DQDO\|HG UHYHDOLQJ D GHFUH
LQ WKH FRQWURO WR $URQEDWXH QRAREBFHDQMNE@D W L |
:KH\ S+ bOVR GHFUHDVHG FRQVLVWHQWO\ IURP “ L
FKRNHEKWUWALLRG 7KLV HIIHFW UHIOHFWYV WKH LQIOXHQFF
FRPSRX@GRQID® PHOZBRRFOWBPMWLDOO\ HQKDQFH SURWHL(
WKH VWUXFWXUDO FKDUDFWHULVWLFV RI WKH FXUG &DU|

“

6HQVRU\ FKDUDIF®HEOVWLARARQFHQWUDWHYV

7KH RSWLPDO$DRAKRQ W HIDRZFADU EDV VHOHFWHG WR F
VHQVRU\ FKDUDFWHU L \SWIDFQAW R F RRRFHRQUMIED W BIVU\ZKLFK V
SURGXFLQJ YDULRXV FXUG SIWRGXKWGE SWIRGHH W \D Qid® E/GIR
UHVXOWV RI WKH VHRMROD & WDPKOMHERYUDIWGYV SUHSDUH

3URPLGN PQIGD PHOIRYRHIM S D

7DEOH
6HQVRU\ FKDUDFW IBSOIDWQW. FR RF QW UD WHV
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$PRXQW|RIERQVLVWH/@MWH DQG RGRWRORXU
DGGHWEBRQLD DQG
PHODQRHADWDSBHDUDQFH
SRZGHU
+RPRIJHOQHRBX®N\ ZHDNMRWLFHDEOH OLUKW SLC
LQVXIILFI HHQSWHVVHG XMIOMRWHP WKURXJKRXW W
YLVFRXV | DQG DURPD RI
FKRNHEHUVU\
SRZGHU
+RPRIJHOQHBX®N\ ZLWK5SMHGLQN XQLIRUP
VRIW VOLJKW DURWHURNKXJIKRXW WKH PDVV
PRGHUDWHM®RNHEHUU\ 3 :
FUHDP\ SRZGHU ]
R ;
+RPRIJHOQHBXO®ON\ ZLWK3DMRQRXQFH LQWHQVH
VOLJKWO) SURQRXQFHGLWRVIWHVWURQU YLROL
FUXPEO)\ |IDREWURPDXQLIRUP WKURXJKRXW W
FKRNHEHUVU\
SRZGHU




JJJ )RRG 7THFKQRIDRJI\

+DUPRQLRXV WDVWH DQS0PRWW ERWARGWRIDSMHWYHUH C
$URQLD PHOIRYRADWSTKHVH VDPSOHV H[KLELWHG D SURQH
FKDUDFWHULVWLF DURPD RI WKH SODQW DGGLWIQYHDD KF
XQLIRUP SXUSOH FRORU ,QFUHDVLQJ WKH DGGLWLRQ W
SURSHUWLHY SURGXFLQJ D IORXU\ DIWHUWDVWH DQG XQ

VKRZHG OLWWOH LPSDFW RQ HLWKGHUNS URZXEFBGLWU R
$URQLD PHODHQRFHJWEKH SRVLWLYH HIIHFWV Rl LWV ELRO
ILQGLQJYV DUH FRQVLVWHQW ZLWK UHFHQW VWXGLHV XVLC
SURGXFWV HWGXO H QK RNHFEHUQ \SIRO\SKHQROLF FRP
FRQWULEXWH WR LWV LQWHQVH FREGRERD QG Gl XFOIDRIXD
"LHORFK

,QIOXH@URGLD PHOBRREPUWSDQ WKH FRORU FKDUDFW}
SODQW FRQFHQWUDWHY DQG ZKH\

7KH FRORU FKDUDFWHU+SOMLFW RRQRHQIQ® \EBY WBUHSLC
ZLWK 3URPLON DQG Y{URQQD P PRIREHDRIZBIUH HYD O X
SURYLGLQJ DQ REMHFWLYH PHDVXUH RI DSSHDUDQFH 7K
SODQW FRQFHQWUDWH VDPSOHV DV D IXQFWLRQ RI ZDYHC
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JLIXUBHIOHFWDQFH VSHFWUD RI VDPSOHV GHSHQGLQJ |

+GDLU\ FRQFHQW U DG/ SOP@QWURPQFHQWUDWH ZLSWRQYKH DGGI

PHODQRSRAUGHU D GXULQJ HEDRBMQWQWLIFR®FHQWUDWH ZLWK W
E$SURQLD PHO®QWRIFQUBDUPHQWDWLRQ

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7KH UHIOWEMMDMUFD 5 VKRZ WKDW WKH FRQWURO GEC
VWDEOH KLJK UHIOHFWDQFH LQ WKH YLVLEQH® Y56 H QIR
+ QP UHJLRQ ZKLFK LV FRQVLVWHQW ZLWK GDWD IL
$JIPDYULWL HW DO 7KH FRQWURO VDPSOH GHPRQV
FXUYH DFURVV WKH HQWLUH YLVLEOH VSHFWUXP DQG LV
FRHIILFLHQW LQtWKRYUHDQWHK IRIHQWLUH ZDtYHQPIQJWK UDQ.
'DLHSODQW FRQFHQWUDW $VRZLIMDK PW K 1B DBKBLWEIR G R X U
GHPRQVWUDWH D JUDGXDO LQFUHDVH LQ #tUHI@MFWDQF
ZKLFK LQGLFDWHVY WKH LQIOXHQFH RI WKH SODQW LQJU
GLIIHUHQFHV FRPSDUHG WR WK HJARRIW U R®DP D BXFRENIH KN
FRQILUP REVHUYDWLRQV UHJDU G$ QR QN R HP B DIRGRWD FRP S |
ZKLFK DUH FDSDEOH RI LQFUHDVLQJ UHIOHFWDQFH L
SUHVHQFH RI DQWKRF\DQLQV
&RPSDULVRERHVBKHWLPHQWDO VDPSOHV ZLWK WKH DGGL
GHPRQVWUDWH \G B SFHRIQGFHH@W BDIWEWQR | S L JPHOHW @ RFTER/Q RQ
VSHFWUXP:t ®P FKDQJHV LQ UHIOHFWDQFH EHVEXHIQYV WK
ZKLFK LQGLFDWHV WKH VWDELOLW\ RI WKLV UBJR®@ DN G V
ZDYHOHQJWK UDQJHV .UyO HW DO
,Q WKH UHG UHJLRQ RItWKQPV SHRRWILFEHDEOH GHFUHDYV
REVHUYHG FALMIKV B Q Q QV K H $ARRYIAHQ ARH@IRRED B BR 7KH
VDPSOH ZL$WRQLD PHOKMDQRPRZSID UHIOHFWDQFH YDOXHV
SURQRXQFHG OLJKW DEVRUSWLRQZEY 8 DHHWVK FRPIS RQHRIVWA
/Y HW DO ,Q SDUWLFXODU WKB BBJLRQP GH NDIOXWH
DSSUR[LPDWHO\ D WR E 7KH VKDSH RGWEBHEXHQOW
ULVH DW ORQJ ZDYHOHQHMX W HZK RQ K BREFLKEENXBHOE RWR Q I L U |
VSHFLILF DFWLRQ RI FKRNHEHUU\ DQWKRF\DQLQV GLUHFWI
=KDQJ HW DO 7KLV LQGLFDWHYV LQFUHDVHGQ@RJIKW DE
FRQFHQWUD\DMMUIR Y/IKD L PHF FRQRFDQVE D 6 XFK UHVXOWYV DUH
DVVHVVLQJ WKH TXDOLW\ DQG YLVXDO DWWUDFWLYHQHVV F
7KH UHIOHFWDQFH VSHFWUD RI ZKH\ VDPSOHV FRQWURC
WKH SODQW FRQFHQWUDWH GHSHQGLQJ RQ ZDYHOHQJWK D
7KH FRQWURO ZKH\ VDPSOH FXUYH LV FKDUBRWHUL]H
ZLWK D SURQRXQFHG PDHHX P HIL R HRIEWKH \DP$RAW U X P
WKH VDPH WLPH FXUYH $®ORQERUPHIO b @RRIDWMWRWH D VL
GHFUHDVH LQ WKH UHIOHFWDQFH FRHIILFLHQW RYHU WKH
GDUN SXUSOH DQW:KRM NQLQ=8 HNIRH\Y \D'\D ZKLFK FDXVH
OLJKW DEVRUSWLRQ#AHUBSRZLDQOG \UHEMKHRIREKBUSH UHIOHF)
YDOXHV GHFWHDAKHHWRI5Q FRORU LV IRUPHG SUINGORFEMWRQ\S
DQG F\DQDERBLQRVLGH ZKLFK GRPLGRB LI PHIOHXGHREFS B S D
DO
&RPSDULVRQ Rl JUDSKV D GHE3H @GHR®IWU E BYBEMPERDHD R F D
FRQFHQWUDWLRQ RQ WKH FRORU SURSHUWHHORRQWKIHSURC
WR OHDGYV WR D IXUWKHU GHFUHDVH LQ WKH UHIOHFW
ORQDYHOHQJWK SDUW RI+WK®PVSHAWUXPGLFOWHY D SURSR
FRORU LQWHQVLW)\ DRGXVFDMZLWDKNVIL@RBURIDWK®JISSLIPHQW FRC
ZLWK LQFUHDVHG DEVRUEDQFH FDSDFLW\
7KH UHVXOWV DUH FRQVLVWHQ®W RQWE RHKHD NHRBHPUWS/D D
QDWXUDO FRORUDQWY DQG IXQBEUWWRRED HEGDW HWWDQQ IR
7KXV VSHFWURSKRWRPHWULF DQDOS$SVIRQER @IHO PQ RFID
WR DGMXVW WKH FRORU FKDUDFWHULVWLFV Rl ZKHFDQG WF
YDOXH 8]XQVR\

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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JLIXUBHIOHFWDQFH VSHFWUD RI VDPSOHV GHSHQGLQJ |
+ZKH\ FRQWDIRID\ REWDLQHG GXULQJ W KID B QRG KR Q/ERQWRI DADH.
WKH DGGLWLRQ RI $URQLD P HDIOMREAMDLISPHSREBHILQ DWKH S L
RI D GBODQW FRQFHQWUDWH ZLWK WKH DGGLWLRQ RI SUF

7KH UHVXOWV RI WKH LQVWUXPHQWDO VW2®&\DW WK
FRQFHQWUDWHY DQG ZKH\ DUH SUHVHQWHG LQ 7DEOH
7KH VWXG\ RI WKH FRORU F®DQWFARQUAENQW BYD VRH &DE
DGGLWLRRQRD PHOIRZFBADMUBEO DPRXQWYV RI DQG DV
RI ZKH\ DIWHU GHK\GUDWLRQ RI WKH FRQFHQWI®MWHNV F
DGGLWLYH RQ WKH FRORU FKDUDFWHULVWLFV RI WKH V\
VIVWHP FRQVLVWYVY RI WKUHH FRRU GG QPNHW RIKD® \CHWFHJ

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7TDEOH
&RORU FKDUDFWHSQODQ@WFNVRRIFEIDMJUUYDWHY DQG ZKH\

(ISHULPHQWDO &RORU FKDUDFWHULVWLFV
VDPSOHY / | D E a/ ab| aE | a¢
BURWHLQ F
ZLWK 3URPLON © D D
FRQWURO
3URWHLQ FRIQFHQWUDWH
ZLWK WKH DGGLWLRQ:RI . b b b b
$URQLD

PHODQRFDUSD
3URWHLQ FRQFHQWUDWH
ZLWK WKH DGGLWLRQ:RI . . . .

$URQLD
PHODQRFDUSD

:KH\ FRQWURO P b b

"KH\ ZLWK . .
$URQLD PHO|DQRF/DUSD

"KH\ ZLWK . .
$URQLD PHODQRFDUSD

IRWHYV OLJBWQUBNG JUHH GLNRRID®LIRZDBOXH LFMREUIGHQBQFH LQ OLJ
QDLV GLIIHUHQFH LQ WK HI ELWGGLUHHHUG & RR U@L @ B W i 0D R\ZR B/MXOH
FRORU GLIIHUHQFH 9DOXHV DUH PHDQV“VWDQGDUG GHYLDWLRC
VXSHUVFULSWY DUH VLIQLILFDQWO\ GLIIHUHQW DW S

F E E E E

,Q WKH FRQWURO VD P SRRQ RH @\ H DADH. UK ISRKROVLHIIKQV Q H V
DQG D SRMLOWI H ZHUH REVHUYHG FRUUHVSRQGLQJ W
SURGXFW 7KH D YDOXH ZM\GQFIWWQYMKH DEVHQFH RI U}t

7KH DGGLWLRQ RI EODFN FKRNHEHUU\ FDXVHG SURQR
FRPSDUHG WR WKH F@WQROFRQFMRNS GBWHDZEWEBDQRFD
OLJKWQHVV GHFUHDMMGtWR ZKLFK LQGLFDWHW QLFRJILILFI
WKH SURGXFW $W WKH VDPH WLPH D VKDUS LQRWDNDVH
REVHUYHG LQGLFDWLQJ LQWHQVH UHGGLVK FRORUDWLF
SLIPHQVEVD DKM EHFDPH QH DIBEDYWH UHA®LQJ D VKLIW RI
WRZDUG WKROEWXMWHILRQ RI WKH VSHFWUXP ZKLFK LV \
LQYROYLQJ DQWKRF\DQLQYV

5HGXFLQJ WKH EODFN FKRNHEHUU\ GRVH WBODQWLQ
FRQFHQWUDWH FDXVWW LD O ALV QIQ WADIOM  \EREGHW UKD WRIGR
WR 0/ % ZKL@®B QEXBIOXHV FKDQWUBG WRDQG GE
+ UHVSHFWLYHO\ 7KHVH GHBHDMN WQGDWXWH B GF
ZKHUH HYHQ PRQEARWUDWLRQV BUW®HDSPHOQBYRYDGIHGD H
QRWLFHDEOH YLVXDO HIIHFW

,Q ZKH\ WKH FKDQJHV ZHUH HYHQ PRUH SURQRXQFHG
SURWBWQPDWUL[ FDSDEOH RI UHWDLQLQJ QRIXWRMQEBKSD L
ZLWK $URQLD PHODWKREDNSDZDV ®R/Q @\ ZKLFK FRUUHVSF

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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WR D GDUN SXUSOH FRORU 7KH IDFRRUG ZKR®HF UEBVHBV
WR QOE % UHIOHFWLQJ WKH GRBLOPKFW \RLQ QWKKRE LV |
SHGXFLQJ WKH FRQRMQWY UDHDIRIR RD UIS® ZKH\ UHVXOWHG
KLJKHU OLJKWQMV ¥ KRZHYHU WKH UHGDKXH WHPDLQF
DEYVG PDLQHG ORZ B FRPSDUHG WR WKHM BRE@ W UR
+ JUHDWO\ H[FHHG WKH SHUFHSWLELOLW\ WKUHVKR
H[SHULPHQWDO VDPSOHV DUH YHU\ LQWHQVH DQG YLVXD
DFFRXQW LQ UHFRWRHQ&HWRIRROIRWHG ZKH\ LQ EHYHUDJI
7KH REWDLQHG UHVXOWY DUH FRQVLVWHQW ZLWK SXE
DQWKRFFOMURLQLQJ SODQWYV $FFRUG LSUWRWRDVRWXGL QIR F @
KDYH D KLJK GHJUHH RI B IBKD\WH DRWG WKWHPDITXWR®R®VH FRO
ZKLFK FDXVHV DQ LQFUHDVH LQ WKH D SD UBHRHN B W IDYHG
YDOXHV /Y HW DO 'DQJ HW DO SURWHLQ P
DGVRUELQJ DQWK®RFDIBYLYR TKUFKLQWHQVH FRORUDWLRQ
HW DO * DBIRFEEO HWW D O
7KXV WKH REWDLQHG H[SHULPHQWDO GDWD FRUUHVSI
EHWZHHQ DQWKRF\DQLQV PLON SURWWWEBFP DQG WKH DTX

&RQFOXVLRQV

W ZDV HVWDEOLVKHG WKDW WKH DGGLWLRQ RI 3URPLC
PLON GU\ PDWWHU DQG WKH \LHOG Rl WKH FRQFHQWUDW!
RI WKH VIVWHP ZLWK KLJKO\ IXQFW IFRYBIO ZKLFK SBRWHILEG
WKH IRUPDWLRQ RiLP HERHQRIQIIWISURMXAVPXUH LWK LQFU
FRQFHQWUDWLRQ D GHFUHDVH LQ IUHH PRLVWXUH FRQMW
LQFUHDVH KROZDWHBDSDFLW\ IURP “ZHUWRREVHUYH
FRQILUPLQJ WKH LQIOXHQFHLRIGEQY FORBW FILW\ R QK HD WIHW L
$URQLD PHOIRYRADW OB GHG WR JRDW PLON ZLWK 3URPLOU
SHGXFLQJ WKH FKRNHEHUU\ G RVAHNVWRQ WKL BQWM ¥R Q FIH® W
FDXVHG D OHVV LQWHQVH EXW VWLOO VLJQLILFDQW VKLI\
+ ZKLOH D DQG E YDOXHV FKDQJHG WR=% aD
UHVSHFWLYHO\ 7KHYVH RIGH SIOQ/H Q@G SEDMHQWDWLRQ HI
PLQLPDO FRQFHQRQUIDNVPRQEURPOAHSD QRWLFHDEOH YLVXI
DV WKH DTXHRXV SKDVH H[KLELWY WKH JUHDWHVW FRO|
SDUWLDOO\ DG\RRIPEQ $IDIPROWWRGHUDWH EXW VWDEOH F

5HIHUHQFHYV

$GDPF]\N * 3BVDPSIND= %REHO , .RZDOF]JHZVNL 3 a ¢
,PSDFW RI FKRNHEHU PHODQRFDWIBHWY RQ WKH SK\V
SURSHUWLHV Rl ZK#SBWLHBUHBBLHQFHYV
KWWSV GRL RUJ DSS

$JLRPDYULWL $$ 1LNRORSRXORX 03 %DUW]DQDV 7 &
*HODVDNLV $ , E®S/HHBVRRRWERSY DQG VXSHUYLVH
DSSOLFDWLE®KR VW KREBLEDO DQDO\VIS&KHPREBEQW\RUXPLQD

KWWSV GRL RUJ FKHPRVHQVRUV

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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$UWDPRQRYD 0 3LOLXJLQD, $NVRQRYD 2 6WDEQLNRY
DV QDWXUDO IRRG DGGLWLYHV LQ FRQIHFWLRQHU\
BWDEQLNRY 2ySBDUKGWWYG (GLEOH 30DQWV ,PSUR
IXWULWLRQD® +DORDXH HHDOWK WKUR&I& SALHRWWHF%RR
5DWRQ SS KWWSV GRL RUJ

%HFNHU 3 +RZDUWHKREHRLHVLHQWKMERG O\ G\HLQJ SURF

Q\ORQ ZRYHQ IDEULFV ZLWK X' MX@WPRIQHHE LXJLRX\Q G
KWWSV GRL RUJ V X
%HUXODYD , 6LODJDG]JH 0 .RYEDVD 9 3NKDNDG]H *

JHUPHQWHG GULQN EDVHG RQ BHRRDQRDDY URRC
-RXUQDO SS+ KWWSV GRL RUJ ;
%LHOVND BRNROLWND ' JUHVK ZKLWH FKHHVHYV
SRO\PHUL]HG ZKHIWURWHRORU JORVV FKHHVH \LH(¢
$SSOLHG 6FLHQFHYV KWW$V GRDSU

%OHMDQ $0 1RXU 9 &RUEX $5 &RGLQ * * QI
SRZGHU DGGLWLRQ RQ WKH SK\WLFRFKHPLFDO IXQ
SURSHUWLHV RFWOMUUHG \RWWSW GRLIORUJ J

%RQIDWWL 9 GH )UHLWDV '5 /XJR $ O9LFDULR ' &DUQ
SURWHLQ FRPSRVLWLRQ RI PLON RQ FXUG \LHOG DQG
FKHHVH FXUG PDNLQJ RI LQREXYQ B ® DRE LFEL@ANHV PP SOHV

+ KWWSV GRL RUJ MGV

&DUERQL $ &DEL]]D 5 8UJHJKH 3 3 )DQFHOOR ) =DUL
ROLYH SRPDFH SRZGHU LQFRUSRUDWLRQ RQ SK\VLFF
SURSHUWLHWVKH RS PLON YR RGUW
KWWSV GRL RUJ IRRGV

&KXEHQNR / *UHN 9 7\PFKXN $ B6RORY\RY 1 (I1HF
TXDOLW\ FKDUD F3MNQ WWRYRRIQEMIIDMHM RG -RXUQDO

+ KWWSV GRL RUJ ;

&XPHQFR 7 %XOJDUX 9 4XDOLW\ FKDUDFWHULVWL
PLON \RJXUW ZIBWKDLQXDWV )RRG -RX86DO
KWWSV GRL RUJ ;

*DPDJH 9 *RK - &KRR : 6 $SSOLFDWLRQ RI DQWK|
LQ \RJKXUW DQG IHUPHQWHG PLON DQ DOWHUQDW
,QWHUQDWLRQDO -RXUQDO RI *DVWURQRP\ DQG

KWWSV GRL RMJIV M
*R 0< .LP - -HRQ & < 6KLQ ': YXQFWLRQDO DF\
$URQLD PHOWRRKDUSKHDOMEW ,VVXHV LQ OROHKFXODU

KWWSV GRL RUJ FLPE

*UHN 2 7\PFKXN $ %RJDFKXN $ B6RORYLRY 1 6KXP\OI
SODQW PL[WXUHV RQ SURSHUW [BDW RG FSXERVE RERRADRO +
JRRG -RXUQDQj = KWWSV GRL RUJ ;

*XLQHH 27 .BIQQHG\ % 7 .HOO\ 3 0 (IIHFW RI PLON ¢
XVLQJ GLIIHUHQW PHWKRGY RQ WKH FRPSRXUQDRA @RDC
'DLU\  6FLHQFH jj + KWWSV GRL RUJ M C

-XUHQGLU 7 &pH®WRIQQD PHODFRRFOINSBHURBXFEWYV IRU KH
DQG QXWULWLRQ $$SQWLIRYLGZQW V
KWWSV GRL RUJ DQWLR]

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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.DGKLP $ ,EUDKLP ' 6DDGL $ +DPDG 4 QMWHFW R
ZKH\ SURWHLQ FRQFHQWUDWH DQG PLON SURWHLQ F
DQG VHQVRU\ SURSHUWLHV RI \RIRXWQBORRIX§ 8 SOIUR
1IDWXUDO 6FLHPRFH KWWSV GRL RUJ MDQV Y

.DOLW 6 7XGRU .DOLW 0 'ROHQpLU ASHKDU , 6DODMSIE

7KH LQIOXHQFH RI PLON VWDQGDUGL]DWLRQ R
SURWHLQ UHFRYHU\ \LHOG DQG VHQVRU\ SURSHUWLH
YRRGV KWWSV GRL RUJ IRRGV

.D\LKXUD - ) 3DUWLWLRQLQJ RI FDVHLQ DQG IDW L
DIIHFWHG E\ FKHHVH PLON VWDAHEDQIBLVR@DL A Q R % ULH
7HFKQRORJ\'SS KWWSV GRL RUJ

.KDOHVL 0 )LW]*HUDOG 5 3K\WLFRFKHPLFDO SUR!
PLON SURWHLQ FRQFHQWUDWH ZLWK WZR GLIIHUHQ\
&ROORLGV DQG 6XUIDFHV $ 3K\VLFRFKHPLFDO DQG (

KWWSV GRL RUJ M FROVXUID

.KDOLO 5 .DOODV = 3XMROj 0O +DGGDUDK $ 20 J1
SURWHLQ VQDFNV ZLWHK LOQRIYHHEG DHEWWX VAW D E § B B0l O R X
JRRG 6FLHQFH 1XWHYLW+RQKWWSY GRL RUJ IV (

.KDWNDU 6 . .KDWNDU $ % OHKWD 1 .DXU * 'KXOO 6
VWUDWHJILHV IRU HIXIQFDWLRQD &/ KSH RASHHRKQIRHY R1 PLON
7UHQGYV LQ YRRG 6FLHQFH 7HFKQRORJ\
KWWSV GRL RUJ M WLIV

.KRP\FK * /HEHGHQNR 7 .UXVLU * 8VH RI FKRNH

EDNHU\ SURGIXPWYLDQ JRRG -RXUGBO *
KWWSV GRL RUJ ;

.RVKDN = 3RNUDVKLQVND\D $\ SRZG H4D D FND DK RMNSHLERNUHIU
JRRG 6FLHQFH DQG 7HFKQRORJ\ A
KWWSV GRL RUJ IVW Y L

.UyO - %URGI]LDN $ OXVDUF]\N / ODWZiLDMAJRR $ &K

<RIXUW ZLWK&FARWDIOWRKEEUFSHWD/OV DV D VRX
DQWLR[LGDQW FRPSRXQGV DQG GLHWDU\ ILEHU 3K\VL
GXULQJ VWRUDIBO Rl 'DLU\ 6FLHQFH %

KWWSV GRL RUJ MGV

/Y ; I/DQ 7 :DQJ6 /L; %DR®6 /LL 6XQ; O0D7
WKH SK\WLFRFKHPLFDO SURSHUWLHV IXQFWLRQDO |
SURILGHRRILD PHOMRIRFD XY2QJ GLIIHUHQW)RR\GHULOL
,QQRYDWQRB $GYDQFRHV KWWSV GRL RUD

OH]JKHQVN\M 9 0 G6KHYFKXN /0 .RYDOFKXN 63 +DYU
%DEHQNR 6 0 O9LQWVNRYVND < < BKRWRBKHP
PHODQRPBPQGSDRUEDURXEWIDOMWRU\ OHFKDQLVPV LQ

ij A KWWSV GRL RUJ

O\NKDOHY\FK $ .RVWHQNR 2 3ROLVKFKXN * %DQGXU'I
SURWHLQ FRQFHQWUDWHY LQ SUHSBWD\WLRQDRI )RIRG
-RXUQDO jj = KWWSV GRL RUJ ;

3 GXUH *KLQHDFOUBWLY /HDKX $ 3K\WLFRFKHPLF
DQWLR[LGDQW DWWULEXWHVY RI \RIXUWV VXSSOHPHQ
DQG SRPRORGV KWWSV GRL RUJ IRRGV

3DVLFKQL\ 9 7LVFKHQNR 9 %R]KNR 1 _.RYDO 2 0DU\
SURSHUWLHV RI SODQW H[WUDFWV WR LQFUHDVH WKH

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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WXUNH\ P#HDWLQLDQ )RRG -RXUQB®
KWWSV GRL RUJ ;
30HVVDV 6 ODQW]RXUDQL , 7HUSRX $ %HNDWRUR)

SK\WLFRFKHPLFDO DQWLR[LGDQW PLFURENDMOH QG
SURWXFHQULFKHG PHWKHQWRIELPWRR LD PHORPR®¥FDUSLC
KWWSV GRL RUJ IRRGV

3RSHVFX FR &H *XUHY $ ORXBIQ®RBY 6WXU]D 5 7DUQD 5
Rl DSSOH SRPDFH SRZGHU ®® WKH FHRURWL YLQG
FKDUDFWHULVWLFV RI)RRGWJIXUW
KWWSV GRL RUJ IRRGV

S5RECHBVFtD 0 E7TRUBRQFKH] & / %ADPDL D/ -  *XRAPIHQIU 6 ]
$YLORYRD 0 * OQHHIUFRDIER $ 7 OBMIQRMMO OD ®@PDQ G R
) 9 9iI]TXHILODU $ %WIPRQHN ( 9HRI@]iGH]
$VVHVVPHQW RI D IXQFWLRQDO \RORWD\G H3 Q DFRXRHIEL R
VHQVRU\ HYDOXDWLRQ DQG SK\VLFRFKHPWHLQ D/W/ILDREQ

-RXUQDO RI OROHFXODU 6FKMWAW3HW GRL RUJ LMF
5\]KNRYD 7 'DQV\OHQNR 6 .RS\ORYD . (YDOXDWL]|
SDUDPHWHUV RI JRDW PRRG FRZVRDIZFEHY O M
KWWSV GRL RUJ IRRGUHVRXUFHV
5\]KNRYD 7 +H\GD |, 7KH LQIOXHQFH RI RUJDQLF

PLFURELRORJLFDO LQGLFPWRUYV DRI %RDW HMKHH\RH VW
/LWWRUDS®SA KWWSV GRLDEEBYO

6DPLO\N O ,OOLDVKHQNR < 7TNDFKXN 6 B3U\OLSNR 7
SK\VEKRHPLFDO SURSHUWLHVY DQG ELRDFWLYLW\ RI
SURGXFWV REWDLQHG GXUTLIQRKRRPORW L B XEEHHN 6M@®B/Q |
5HVHUYHV jj £+ KWWSV GRL RUJ

6DUDFLOD O 8QWHD $ ( 2DQFHD $ * 9DU]DUX 90I
DQDO\WLV RIHEGMBUNR GKBNPHOD QRXDWSBDHDYHYV DQG S
WKHLU SK\WRFKHPLFDO FRPSRVLWLRQ DOQWLRI[LG]

ELRDFFHYRRBM LW\ KWWSV GRL RUJ IRRGV
6FKPLG 9 6WHBNHEDFB\HKVQLOLDQ ' %ULYLED . % XQ]
+ 3 (PLQ 0 % ,PSDFW RI GHILQHG WKHUPRPHF

VWUXFWXUH DQG FRQWHQW RI GLHWDU\ ILEHU DQG
SRO\SKHQROV RI$BRRNBERHODORFMIRITG 5HVHDUFK
,QWHUQDWLRQDOXKWWSV GRL RUJ M IRRGUHV

6FKPLG 9 G6WHRNHEDFHK\HU %HKVQLOLDQ ' %XQ]HO 0 .|
0 $ (IWUXVLRQ SURFHVVLQJ RURSXIDH PAKORINGHFEFD)
SRPDPSDFW RQ GLHWDU\ ILEHU SURI)MRRGIVQG ELRDF\
KWWSV GRL RUJ IRRGV

BWDEQLNRY 9 G6WDEQYSNRYD 2 3DYEWHR[LGDQW FRPSR
HGLEOH EHUULHV ,Q 6 *XEVNANRY 6WDEHHHNGMD 9 6\
'LOG (GLEOH 30DQWV ,PSURYLQJ )RRGV 1XWULWLRQLE
%LRWHFK@BORJ\ &5& 3UHVV %RFD 5DWRQ /RQGR
KWWSV GRL RUJ

8]XQVR\ 1 %LERBWD YAWRGRIFWY DQG WKH SURPLVL
LQGXYQWUHUQDWLRQDO -RXUQDO RI ,QQRYDWLRQ DQG
DQG )RUHVWBS+ KWWSV GRL RUJ LMLDDU

'DQJ - :DQJ - +DR - &DQDQ® = =KDR $QWLR[LGDQW
VWUXFWXUDO FKDUDFWISBD\YWERRDR L ®H) VBR REMDEY HY
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JJJ )RRG 7THFKQRIDRJI\

PHODQRFERDWHUQDWLRQDO -RXUQDO RI OROHFXODU

KWWSV GRL RUJ LMPV

'LHORFK ' ODFNAFKRSHEGULN\PHOMHQWEDERDY DV DQ H[FF
ULFK VRXUFH RI SRO\SRKRH® ROLYALRRPSRHG V
KWWSV GRL RUJ PROHFXOHYV

‘X - /L) =KHQJ 0 6KHQJ/ B6KL' 6RQJ. $ FRPS
IXQFWLRQDO SRWHQWLDO D @G RQX\DN P H QLIDD WKDLSIRG |
LQG XYY WV KWWSV GRL RUJ SODQWYV

<LNLONDBQL<5HGKD $% .DED % 3DVKD]DGHK + .RFD ,
FKRNHEHUU\ SXOS SRZGHU EGHEFRQYHBRDIPWHBRGL TXH
HITHFWV RQ SK\WWLFRFKHPLFDO SURSHUWLHV ELRDFW

6XVWDLQDEOH JRRG 7HFKQRORJ\ %
KWWSV GRL RUJ G IE D
=KDQJ + =KX 6 6KDQJ' +DPLG 1 OD 4 :LDR < G5HQ

(QKDQFLQJ VWDELOLW)\ D Q & URQ V DRR-RID B RGIKIRIBD YLV
E\ SRO\VDFFDWQBHB \RFWHQFH RI JRRG DQG j$JULFXOW X
KWWSV GRL RUJ MVID
=LHOL VND $ 6LXGHP 3 3DUDGRZVND . *UDOHF 0 .C
$URQLD PHODQRMDU DY D ULFK GLHWDU\ VRXUFH R
DQWKRFVWID5QW3/8' DQG FKHPRPHVOROMH WX\ HV

KWWSV GRL RUJ PROHFXOHV
JXOHZVND - .RZDOVNL 5(IHEZD RI$IRUWK LLIKD@BN R®/ L/ K
SUHSDUDWLRQV RQ \RIXBWGY TXDOLW\
KWWSV GRL RUJ IRRGV
&LWH
8)- 6BW\OH
*UHN 9 7\PFKXN $ &KXEHQNR / /LVQ\XN 9 oLO
DQG $URQLD PHODQRFDUSD (IIHFWV R @NRRLIXMINV LR G
JRRG -RXUQD®S KWWSV GRL RUJ ;
$3% 6W\OH
*UHN 97\PFKXN $ &KXEHQNR / /LVQ\XN 9

FRQFHQWIURQH D @BODORFWYS®Q FRDIJXODWLRQ RI JRD
8NUDLQLDQ )RRG -RXUBWAW SV GRL RUJ ;

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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ILIJIKW EUHZHUfMW DB @V D IXQFWLRQDO LQJU
VRXUGRXJK WULWLFDOH EUHDG SURGXFWLRQ

,XULH 5XI 6RULQD 5 20HVHD $OLRQD *k
ORVDQX9LRULFD %X©YBWRODQD /HDWDRPERUWI/XSDVFX
*HRUJLDQD *DEULHOD &RGLQ

+7HFKQ8GDOHUVLWI| Rl OROGRYD &KLVLQODX OROGRYD

+&DKXO 8QLYHUVLWI| &HOQWHU *%RJIGDQ 3HWULFHLFX +DVGHX RI 7HFK(
+UWHIDQ FHO ODUH 8QLYHUVLWI| 6XFHDYD 5RPDQLD

£, QVWLWXWH RI *HQHWLFV 3KIVLRORJ| DQG 80B QW B RIKLAW DRX ORC
OROGRYD

$EVWI
.H\ZRUGV ,QWURC 7KH DLP RI WKH UHVHDUFK LV W
HITHFW RI OLJKW EUHZHUTV VSHQW JUDLQ L
7TULWLFDOH GRXJK UKHRORJLFDO SURSHUWLHV DQG EU
UHZHUNV VSKUWMH GLIIHUHQW WULWLFDOH YDULHWLHV

JUuDLQV ODWHUL® OM WIWREWKHRORJLFDO SURSHUW
JHUPHQWDWILEREXJK ZHUH HYDOXDWHG XVLQJ OL[RODE
'"RXJIK 1XPEHU B5KHRIHUPHQWRPHWHU DQG D +¢

SKHRORJLFDQKHRPHWHU ZKLOH EUHDG TXDOLW\ ZDV D\
SURSHUWLHWORDI YROXPH SRURWW\H HBRO/RWL FSLDA\D PAHAN
%UHDG VHQVRU\ DWWU L EXRALIQW EFDHV/GIREQR ® WFDOH

4XDOLW\ 5HVXOWY DQG7GHVIEFXNRUBRUDWLRQ RI OL.
VSHQW JUDLQ LQ VRXUGRXJK IRUP LOQWR W

VLIQLILFDQW GHFUHDVH LQ ZOMMU ®EXRU S
$UWLFOH KLVWRHMHORSPHQW WLPH SURWHLQ ZHDNHQLQJ
EHEHLYHG ORVV PRGX®L GRXJK WHQDFLW\ EDNLQJ V

UDWLR LQGLFDWLQJ D ZHDNHQLQJ RI WKH C
SHEHLYHG Lo %6) DGGLWLRQ VLJQLILFDQW\ONWIDERIAHDV H
UHYLVHG IRUPHYLGHQFHG E\ WKH GHFUHDVH LQ IDOOLQJ

DQDO\VLV VKRZHG WKDW WKH GLIIHUHQF
$FFHSWHG JHODWLQL]DWLRQ DQG & KRW JHO VWDE
DFWLYLW\ DQG H[KLELWHG VRPH IOXFWXDW.L
VWBK JHO IRUPDWLRQ %6) DOVR UHGXFHG

&RUUHVSRQGLQIGLFDWHG E\ WKH GHFUHDVH LQ & WRUT.

DXWKRU GXULQJ IHUPHQWDWLRQ LPSURYHG ZLWK U
“HRUJLDOD LQGLFDWLQJ WKH SRWMND®IL\DO BW R ORE Wb
Q FSRUDWLRQ UHVXOWHG LQ WULWLFDOL

’(*[I)D%LIJ_IE)HOD &R QWULEXWLQJ QXWW\ HDUWK\ DQG PDC

FRGLOD#ILD XPFRMSWDELOLW\ +RZHYHU LW LQFUHDVHG

YROXPH SRURVLW\ DQG HODVWLFLW\ ZK
FKDUDFWHULVWLFV

&RMFOXVUROGDG HQULFKHG ZLWK OLJKW EL

> LQ D VRXUGRXJK IRUP SUHVHQWYV D SURPL
YDOXGIGHG VXVWDLQDEOH HDYG ® SW BGW E R/,
WKDW DSSHDO WR PRGHUQ FRQVXPHUV
HQYLURQPRIMFRDRROV FRRG FKRLFHYV

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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,QWURGXFWLRQ

&XUUHQW JOREDO FKDOOHQJHV GXH WR FOLPDWH FKD
FRQVXPHU SUHIHUHQFH IRU KHDOWKLHU IRRGV KDYH OHC
WUDGLWLRQDO FHUHDOV XVHG® RMXKXRMQ LY XMUWLLWLLARDD H2 ¢
FHUHDO REWDLQHG IURP DUWLILFLDO KXBUWGEPOPVD R @WAH
DQG BHFDOH FHQHDOHWKH WRS WHQ WULWLFDOH SURG}

FXOWLYDWHG DQG VKDUHAHEBDUXSRODQG)UDQFH *HU
6SDLQ &KLQD 7XUNH\ ILWKXDQLD
S5RPDQLD D ZLWK PRUH WKDQ RI WULWLFDOH

(XURSH *R&DIRMHIR HW DO

%\ FUHDWLQJ WKLV VSHFLHV WKH PRVW YDOXDEOH WL
SURGXFWLRQ HDUO\ PDWXULW\ KLJK JUDLQ QXPEHU SHU
ZLWK WKH YDOXDEOH WUDLWV RI U\WHDUHWLV3HD\QFY DR
DGDSWDELOLW\ WR GDPDJHG VRLOW DQG XQIVARQIGID\ DU H
HW DO *DOPHD HW DO 7JULWLFDOH LV D KLJKO
HQYLURQPHQWY LQDFFHVVLE ORIVRUREKHAWLRRGFRVWRSVFR
FURSV DQG ZLWK ORZ VHQVLWLYLW\ WR ELRWLF DQG DE
8VPDQRYD HW DO

1HZ WHFKQRORJLHV XVHG LQ EDNLQJ RU E\ DGGLQJ LQ.
WKDW BWHH G FERHF REKHXYFFHRRBIMD) N6 K HY FKHQNR HWANDIODQRYVND
HW DO $GGLQJ SRWDWR PDOWRGH[WULQV WR WULWLFDO

EUDQ RU FRPELQLQJ VHYHUDO FHUHDOV H J ZRWMDW U

KDYH VKRZQ JUHDW SURPLVH LQ SURGXFLQJ TXDOL

7ULWLFDOH QRRGOHV KDYH KLJKHU QXWULWLRQDO YDO X
ZKHDW QRRGOHV GXH WR WKH KLJKHU @GR QDMHEQ WKRD B0
FRPSRXQGV /LX HW DO

,Q DGGLWLRQ WR LWV KLJK QXWULWLRQDO YDOXH WK
EDNHU\ SURGXFWV LV DOVR GXH WR WKH KHDOWK EHQHIL
IRU WKHLU DQWQRHIG DQ\® ADQWBLRYDVFXODU GLVHDVH SL
DO /L HW DO ,Q JHQHUDO WULWLFDOH JUD
JDVWURLQWHVWLQDO KHDOWK VWLPXODWH FLUFXODWLF
JURZWKP W& RWHUR HW DO 3LD]]D HW DO

%DUOH\ VSHQW JUDLQ S¥H&RGXFMWKIHWIOH EENZLQJ LQG)
RYHU RI EHHU P D S X RGPV XL QUHENQ D WV ELRFRQ
LQWR D XVHIXO LQXUMWGEHHQ@FDBRYQYJIZLYWHUHVW LQ V.
HIILFLHQW IRRG SURGXFWLRQ 6WDEQLNRYD HW DO [
FRPSRVHG IURP WKH KXVN DQG RXWHU OD\HUV RI WKH E
SURWHLQ DIPFVQIRQIWVLIZY PLQHUDOV DQG ELRDFWLYH FRP

,2YDQRY HW DO '"HVSLWH LWV KLIJK QXWULWLRQI
VSHQW JUDLQ LV XWLOL]J]HG DV DQLPDO IHHG LV FRQYF
ODQGILOOV OLWUL HW DO 7KH LQFUHDVLQJ LOQOWHUH

HFRQRP\ SUDFWLFHY KDG HQFRXUDJHG WKH LQFRUSRUDW
VXFK DV EDNHU\ RQHV +RZHYHU WKH KWH RW %6H DLG) W R/
YDORULVDWLRQ RI LWV QXWULWLRQDO FKDUDFWHULVWLF
DQWLQXWULWLRQDO IDFWRUV D ORZ PLQHUDO ELRDYDLC
LPSURYHG E\ GLIITHUHQW SFHKOLYLIGLE®PH QW B D/WREG QRAVH W >
'DELMD +HQNLQ HW DO 7TKURXJK I[HUPHQWDWLR
GRZQ ELRDYDLODELOLW\ RI QXWULHQWYV LV HQKDQFHG L

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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WKH IHUPHQWDWERQ VWOUIREFFXWM WR\ WKH LPSURYHPHQW RI
UKHRORJ\ DQG EUHD GRNXD@X W\ *KHQGRY

7KH DLP RI WKLV ZRUN ZDV WR HVWDEOLVK WKH SRVYV
WKUHH GLITHUHQW YDULHWLHV RI MXIDIMMLYADWHG ,IQQ HMOKH 5
OROGRYD LQ EUHDGPDNLQJ DQG WR HYDOXDWH WKH LQI(
OLJKW EUHZHUVY VSHQW JUDLQ IORXU RQ GRXJK UKHROR.

ODWHULDOV DQG PHWKRGYV
ODWHULDOV

7KUHH WULWLFDOH YDULHWLHV ,QJHQ &RVWHO )DQ
KDUYHVW ZHUH XVHG LQ WKLV VWXG\ 7R REWDLQ L
PLOOHG LQ D ODERUDWRU\ PLOO 3 H LD/QHEQ S, DHNNHONP HI @
IDOORZLQJ GDWD DFFRQ\WHQ®DWR RO ,8%VRFLDWLRQ IR
7HFKQRWRDQGDUG PHWKRAN SURWHLQ FRQWHQW |R&&

DVK FRQWHQW &&= IRQEZHW JOWWHR FRAWIEQHZHUVY
VSHQW JUDLQ %6* ZDV REWDLQHG IURP WKH EORQGH EH
%UHZHU\" 6 $ &KLVLQDX WKH 5HSXEOLF RI OROGRYD 6
IORXU KDG EHHQ REWDLQHG DRKROG IGHV WRLEBRNED B M WG B
DO 7KH %6* LQ D IHUPHQWHG IRUP %6) ZHUH LQFR!
WULWLFDOH IORXU

(YDOXDWLRQ RI GRXJK UKHRORJLFDO SURSHUWLHYV

'RXJK PL[LQJ DQG SDVWLQJ UKHRORJLFDO SURSHUWLH
GHYLFH .30 7ULSHWWH HW 5HQDXG 3DULV )UDQFH DF
PHWKRG 7KH OL[RODE SDUDPHWHUYV DQDO\WHG ZHUH ZDW
WIH "7 GRXJK VWDELOLW\ 67 DQG WRURBRXHV GXULQJ PL

"\QDPLF GRXJK UKHRORJLFDO SURSHUWLHY KDYH EHHQ
UKHRPHWHUW$FKHUPWROVUXKH *HUPDQ\ )JUHTXHQF\ VZHHS
ZHUH FDUWLBAKLRXKWKH VWRUDJH PRGXOXV *1 DQG WKH C
WRIJHWKHU ZLWK WKARBEKDYPH WRDW KH PHW KR G KSHIHGR R X V (
ORVDQX HW DO

(YDOXDWLRQ RI GRXJK UKHRORJLFDO SURS\HUWWLKWH G’
XVLQJ DQ $OYHRJUDSK .30 7ULSHWWH HW 5HQDXG 3DUL\
PHWKRG RQRXKWKFK[WHQVLELOLW\ / LQGH[ RI VZHOOLQJ
EDNLQJ VWUHQJIJWK : DQG FRQILIXUDVWLRQ UDWLR 3/ KI

5KHRORJLFDO SURSHUWLHV GXULQJ IHUPHQWDWLRQ
UKHRIHUPHQWRPHWHU GHYLFH &KRSLQ 5KHR W\SH ) .3
LQ ZKLFK WKH IDOORZLQJ SDUDPHWHUY KDYH EHHQ GHWEF
GRJK DW WKH HQG RI WRW DWVRWAH P K55S WPRGXFWIIHHRQHQAWLRQ
FRHIILFLHQW &5 DQG PD[LPXP KHLJKW RI JDVHRXV SUR
PHWKRG GHVFULEHG E\ XV LQ RXORSDEXLRWVDO VWXG\ $ Ot
XVLQJ D )DOOLQJ 1XPEHU GHYLFH )1 B HUAMAKBE QQ WWAKUAH.
IDOOLQJ QXPEHU )1 V YDOXH KDV EHHQ GHWHUPLQHG D

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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% UHPIN L QJ

JRU EPBDNGQJ WKH GRXJK KDV EHHQ SUHSDUHG WKUT
FRPSUHVVH® RHONYWRP\FHV MAHULNYRROLUOHZ DWHU DQG VRXUC(
EUHZHUVY VSHQW JUDEL QPZIQUIHQPR [BIBEMRWDWRU\ PL[HU .LWH
&RUSRUDWLRQ %HQWRQ +DUERU 0, 86% 'RXJK ZDV IHUPF}
65/ ODOR 9, ,WDO\ DW' D AWHRRSHUBMWXUMHKR GRXJK ZDV G|
LQWR J SLHFHV PRGHOOHG DQG ILQDOO D QGRRIBKGODW
KXPLGLWA RIIRU PLQ 7KH GRXJK ZDV VWHDPHG DQG EDN
(XURSH 65/ ODORPW,D WHPGHUD WX URBRIPLQ $IWHU EDNL
WKH EUHDG VDPSOHV ZHUH FRROH& VORWB UW HIRISHKU IMNXL
FKDUDFWHULVWLFVY ZHUH DQDO\VHG

%UHDG TXDOLW\ FKDUDFWHULVWLFYV

7KH EUHDG ZDV HYDOXDWHBO RERIORY DQELFBQV RVUH[RAK I
YROXPH SRURVLW\ HODVWLFLW\$ER¥ GHWHIKH @H 6 DG PR
ZDV GHWHUPLQHWKMFPRWKREBI G\HR FOREIBD® X \HYWK HB@GE R Y
WH[WXUDO FKDUBPW¥WMHE MDPISFOHRIZMKH GHWHUPLQHG XVLC
7% +' SOXV & WH[WXUH DQDO\]HU 8QLWHG .LQJGRP RQ Zk
GHWHUPLQHG ILUPQHVYVY JXPPLQHVV FRKHVLYHQHVV FK|
EUHDG VOLFAKr RDV VXEMHPFRRSWAR \DL RKA\FOH ZLWK D 3
SODWH E\ WKH IRO MR JVS B RW RFHRVONPIS HIARBYWWY VS HHG
PV DQG FHONWWRRIFRORU SDUDPHWHUYV ZHUH GOWDB WHSLQH(

FRORULPHWHU 7RN\R -DSDQ 7KH ITROORZLQJ SDL
GDUNQHVV OLIJKWQHVYV D UHG JUHHQ WRQH DQG E E(
EDVHG RQ WKH &,(/DE V\WVWHP 7KH UDQJH LQFZK DB DWKIHR
ZDV SHUIRUPHGYEDBV IWMKHDBIVHQVRU\ FKDUDFWHGSRVYWWFV Z
KHGRQLF VFDWHMWKGVIHPQHOLVWY 7KH IDOORZLQJ VHQVI
DSSHDUDQFH FRORU WDVWHD@®RG®REHBWDEXKOHWDURPD DQ

6WDWLVWLFDO DQDO\VLYV

7KH GDWD REWDLQHG ZHUH DQDO\WHG E\ XVLQJ WKH DQ
WHY W $00 FDOFXODWLRQV ZHUH GHWHUPLQHG XVLQJ
6WDWJUDSKLFV 7THFKQRORJLHYV ,QF 7KH 30DLQV 9

5HVXOWY DQG GLVFXVVLRQ

/ILIKW EUHZHUVY VSHQW JUDLQ VRXUGRXJK HIITHFW RQ (

7KH UKHRORJLFDO EHKDYLRU RI WKH GRXJK GXULQJ PLJ[
OL[RODE GHYLFH ZKLFK SURYLGHV NH\ SDUDPHWHUYV UHIO
WKH & YDOXH UHSUHVHQWY WKH LQLWLDGO DCSHDFIKWEFR& VI
LQGLFDWHYVY SURWHLQ ZHDNHQLQJ DQG WKXV UHIOHFWYV
PHFKDQLFDO DQG WKHUPDO VWUHVYV & FRUUHVSRQGV WR
RI VWDUFK JUDQXOHV GXULQJ\KRHIDWHKI® K RW WM DWIFKY ¥ H® KH
ZLWK HQJ\PDWLF DFWLYLW\DPSDOWHFXOQDOOD\WKDW HIUH
UHWURJUDGDWLRQ GXULQJ FRROLQJ DQG LV UHODWHG WR

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7KH GRXJK PL[LQJ DQG SDVWLQJ SURSKHHW WH D FRRXQUWWWR F
DGGLWLRQ DUH VKRZQ LQ 7DEOH $V PD\ EH SYHHQ ZDWH
GHFUHDVHG E\ EUHZHUVY VSHQW JUDLQ DGGLWLRQQ® D IHU|
LQ GLVDJUHHPHIDSREMWHIGHEK B®HRGX ZKHQ %6* ZDV DGGHG |
*HQHUDOO\ GRXJK VWDELOLW\ DQG GRXJK GHYHORSPHQW V
FRPSDUHG WR WKH FRQWURO VDPSOH 7KLV G IORUWHOH W R Q\GL
JOXWHQ GLOXWLRQ VLQFH %6) GRHV QRW FR@MDER LD XWV\KH-
W\SLFDOO\ DGMXVWHG YDOXH WR OL[RODE SURWRFRW WR G
DO 7KH & OL[RO D E DMRHNT XK N DSO)RWHQQLZHDNHQLQJ Z
LQFUHDVHYV DPRXQW RI %6) DGGLWLRQ LQ GRXJK UHFLSH %
WR WKH IDFW WKDW OLJKW EUHZHUVY VSWRXW GBRXUBKLRUFQ G R
YLVFRVLW\ GHFUHDVHG GXULQJ KHDWLQJ IDYRXULQJ SURW
HQ]\PHV DFWLYLW\ IDFW UHIOHFWHG E\ D GHFUHDVH RI & D
FXUYH 'DELMD HW DO 7 K VD WYIKO XHO DAKIL® K] DW S B € VE
ZLWK WKH LQFUHDVH DPRXQW RI %6) DGGLWLRQ LQWIKHIDW I¢
VWDUFK DPRXQW IURP WKH GRXJK V\VWHP GHFUHDVHG ORU
WKDQWRK JMDODWLQLVDWLRQ PD\ QRW EH FRPSOHWH +RZHY
SUHVHQWHG IOXFWXDWLRQV SUREDEO\ GXH WR WKH ZDWHU
VWDUFK WR JHODWLQL]H LQ D PRWHDRU OH V V7 KR PSIOPHHNVEHDK D
EH UHODWHG WR & DQG WKH GLIIHUHQFH EHWZHHQ & DQC
DP\ORO\WLF HQJ]\PH DFWLYLW\ DQG WKHUHIRUH WKH KLJKH!
HQ]\PDWLRDBRPAOYLWHY DUH +RZHYHU WKH DP\ODVH DFWLYL
VWDUFK JHODWLQLVDWLRQ LV QRW FRPSOHWH WKHQ WKH
UHODWHG WR WKH ILQDO VWD UF KHS®D& WH) GL& FWRIUW X B'Q G&W K
VRPH IOXFWXDWLRQV SUREDEO\ GXH WR WEGXW6)Q FE&H RWH
QRQVWDUFK SRO\WDFFKDGBLBHY\ZKRGB®P REMZRVYWRUWKH GR
ORVDQX HW DO

JUHTXW@RAHS EHKDYLRXU RI WKH GRXJK VDPSOHV ZLWK D
JLIXUH  $V PD\ EH HHR VORWWJIH *+ PRGXOH LQFUHDVHG Z
WK+ DV ORZHUQGKBRWDQMN D FRIOLGLRXU 7H.QKHY DO RXQWV
OHG WR D GHFWGI DMWHYROXHV ZKLFK LQGLFDWHY D GHFUHDVH
GXH WR WKH GHFUHDVH Rl JOXWHQ FRQWHQW IURP WKH GRX
YLVFRHORSYMUWWILWYV SAIRVV WDQJHQW WDQ / LV OHVV WKDQ
KDV GRPLQDQW HODVWLF SURSHUWLHV /L HW DO YDOXHAMH ¢
ZKLFK LQGLFDWHY WKH IDFW WRBWQWHKE& WL VDRB\D IR AKTRQHH |
QHJDWLYHO\ LQIOXHQFH EUHDG VKDSH VWDELOLW\ DQG WH[

'RXJK UKHRORJLFDO SURSHUWLHV GXULQJ H[WHQVLRQ C
DOYHRJUDSK YDOXHV 3 : DQG WKH QDLQLW BLWGE F B OHDI'DHRX E
GRXJK ZHDNQHVV SUREDEO\ GXH WR WKH JOXWHQ GLOXWLR
EUHZHUVY VSHQW JUDLQ VRXUGRXJK DGGLWLRQ ZKLFK DFW
DQG LQGHIRIQEZ * SUHVHQW VRPH IOXFWXDWLRQV IRU WKH
*HQHUDOO\ DW ORZ DPRXQWV Rl %6) DGGLWLRQ LQ GRXJK L
KLJK DGGLWLRQ OHYHOV SNKHVHG BEBIEH\7 KW\ EHK BYQRMOA L\
HQ]\PDWLF DFWLYLW\ LQFUHDVH LQ GRXJK V\VWHP ZLWK %
H[WHQVLELOLW\ +RZHYHU DW KLJK DPRXQW RI %BXDGGLWL
S+ YDOXHV WRRHOMHAWWEKH RQHV DQG WR PRGLI\ JOXWHQ VV
7KHVH GDWD DUH LQ DJUHHPHQW ZLWK WKRVH UHSRUWHG E
LQ ZKHDW IORXU

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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OL[RODE YDOXHV IRU WULWLFDOH GRXJK ZLWK OLJKW EUHZ7HDUEVO1]HVSHQW
6DPSOHV 8 SZ I;JL fLAP fLAP fLAP fLAP fLAP 81LAP 81LAP 81LAP 81LAP
QIHQ } ol ) | o | 1% A A
JQIHQ B %6) . - \ \ . . o P8 I Y Y
JQIHQ B | %6). - o | . . \ 1 e e
&RVWHO | e o . o . . . 4 d
&RVWHOB [6) o o o od e . o of W4 W
&RVWHOB | %6), od o . o . . . ! I A
)DQLFD ) od  r o \ . . . 44 d
)DQLFDB %6) ro| od e S o . . [Y I A
)DQLFDB  |%6) . . . o . . . P N e

OL[RODE YDOXHV :$ ZDWHU DEVRUSWLRQ 67 VWDEMRWN\XHYV FERRXIK BR Q/EBDERGELY R EWADAHY H
GLIITHUHQFH RI WKH WRUTXHV & DQG & & GLIITHUHQRH WRRWIKHH W RU TXQHMEE HR QI BRI VWK H W/IR
DQG® PHDQ YDOXHV Q LQ WKH VDPH FROXPQ IRMOORZIHEHBHQGWMIHUHQW OHWWHUY DUH VLJ

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF



JJJ )RRG 7THFKQRIDRJI\
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'RXIJK UKHRORJLFDO SURSHUWLHV GXULQJIXHW EKDWMKD W
H[SUHVVHG WKH . DP\ODVH DFWLYLW\ DUH VKRZQ LQ 7DEO
WR D VLIQLILFD@MFUHDVH RI WKH IDOOLQJ QXPEHU YDOX
RI WKH . DP\ODVH DFWLYLW)\ |UR®XWKWMRGWH K KL Q\WWHDPV IS LR
DFWLYLW\ I[URP WKH VRXUGRXJK REWDLQHG IURP OLJKW
IDYRXU VWDUFK K\GURO\VLVY LQWR PDOWRVH ZKLFK ZLOO
GLR[LGH WKDW LQFUHDYVHW BXHIRIWV UR A QWRPHW BR GDQ HYV
PD\ EH VHHQ WKH 95 YDOXHVY KDV DOVR D VLPLODU WUHQ
GRXJK ZLWK %6) DGGLWLRQ KDV D ORZ JOXWHQ FRQWHQ'
EHWZHHQ 95 DQG 9IRRMAHVE QWHNVYKIWIWKHU WKDQ ZKLFK L
RI WKH GRXJK VDPSOHV WR UHWDLQ WKH JDVHV IRUPHCGC
EHKDYLRXU FDQ SRVLWLYHO\ LQIOXHQFH EUHDG ORDI Y
DFFRUGLQJ WRHWVBQLRXGDNRZHYHU IRU ,QJHQ DQG )D
KLIKHVW DPRXQW RI %6) LQFRUSRUDWHG LQ GRXJK UHF
SUREDEO\ GXH WR WKH JOXWHQ GLOXWLRQ HIIHFW

/ILIKW EUHZHUVY VSHQW JUDLQ VRXUFEBERXIDWHHEWVRE \

7KH EUHDG VDPSOHV REWDLQHG ZLWK GLIIHUHQW DPR}
VKRZQ LQ )LJXUH
7DEOH
5KHRIHUPHQWRPHWHU DQG IDOOLQJ QXPEHU YDOXHV IRU WULV
VRXUGRXJK
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JDV UHWDLQHG LQ WKH GRXJK DW WKH HQ8HDQVKBOWHVWQ &5 U
VDPH FROXPQ IROORZHG E\ GLIIHUHQW OHWWHUV DUH VLJQLILF

7KH EUHDGFEKPUMIFHRO FKDUDFWHULVWLFVY DUH VKRZQ L(¢
DFLGLW\ RI WKH EUHDG VDPSGAMVWKRPPWOLWLRDRDOH MRROUL
EUHZHUVY VSHQW JUDLQ I6RXGHINHHN EWWEZKHQ/DPH WI
QRWLFHG WKDW WKH XVH RI VRXUGRXJK LQ WKH SUHSDUL
DFLGLW\ RI WKH EUBDISUDDASROIHVDEAGDQ GHJUHHV ZKHQ D
DQ DPRXQW RI DQG RI WKH WRWDO IORXU PDVV 7K
EH H[SODLQHG E\ WKH LQWDNH RI DFLGY DFFXPXODWHG |
SURFHVV OIRBQ&ERHW DO
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B PHDQ YDOXHV Q LQ WKH VDPH FROXPQ IROORZHSS E\ GLIIH

7KH SRURVLW\ DQG HODVWLFLW\ Rl WKH EUHDG VDPSO
WKH EUHZHUVY VSHQW JUDQ 10 FOXQG ¥ DU LUIN VEHWWH M E O\
KLIJIKHVW YDOXH EHLQJ REWDLQHG IRU WK HWEULMO.G D/DH $O
YDULHW\ 7KH YDULDWLRQ LQ WKH SRURVLW\ DQG HODVW|
WKH YDULDWLRQ LQ WKH FKHPLFDO FRPSRVLWLRQ RI Wl
SDUWLFXODU E\ WKH YDULDWL RG® LLRX JSOODN Y QV B H RADH QQWRE
IRUPDWLRQ SURFHVV DQG LQIOXHQFHV WKH GRXJK V DE
IHUPHQWDWLRQ SURFHVV $W WKH VDPH WLPH WKH DGGL
JUDLQ IORXU LQ WHKB8 LEUMDGMOHEHEHHYVHG WKH SRURVLW
YDOXHV 7KH ORDI YROXPH RI EUHDG VDPSOHV ZLWKRXW
IORXU DGGLWLRQ ¥YDUERG EHSWZRBQEH VHHQ WKH OLJKW
VRXUGRXURQDGBEWHDVHG WKH YDOXHV RI EUHDG VDPSOHV
IRU WKH SRURVLW\ DQG HODVWLFLW\ GHFUHDVH DQG QDF
IRUPHG GXULQJ IHUPHQWDWLRQ DV 5KHRIHUPHQWRPHWH
,Q WKH H[DPLQHG VDPSOHV WKH KLJKHVW JOREDO DFF
WULWLFDOH EUHDG VDPSOHV ZLWKRXW %6) DGGLWLRQ
UDQJHG IURP &RVWHO WR )DQLFD ZKDOKHQRHQ
%UHDG VDPSOHV FRQWDLQLQJ WKH ORZHVW OHYHO
DFFHSWDELOLW\ VFRUHV WKDSM GLG IQR® WKRNH RLMKH
VDPSOHV ZLWKRXW %6) LQ WKH FDVH RRZABYHQ %B) 0 GRL
VLIJQLILFDQWO\ DIIHFWHG JOREDO DFFI$SWD E L,QLFW H DUH.\DX
WKH %6) FRQFHQWUDWLRQ WR OHG WR D GHFUHDVH L
VDPSOHV DV LOOXVWUD®H S UEH WHIKQM W 18 QLVR YL IXWHRY
6HQVRU\ HYDOXDWLRQ RI WKH WULWLFDOH EUHDG VDP:
ZLWKRXW %6) DQG ZLWK %6) DGGLWLRQ GLG QRW GLIIHK
,Q FRQWUDVW VDPSOHV FRQWDLQSB®DUDQ P46V ERIEHYY

EHORZ LQ WKH FDVH RI WKH &RVWHO DQG )DQLFD YI
VLIQLILFDQWO\ DIITHFWHG FUXVW FRORU LQ WKH &RVWHO
DQG UHVSHFWLYHO\ EXXNNGHWRFMU KDWY EHRYWQWQL

HQJ\PDWLF UHDFWLRQV LQFOXGLQJ FDUDPHOL]DWLRQ D
5HIJDUGLQJ FUXPE WH[WXUH WKH KLJKHVW VFRUHV ZHUH
FRQWUDVW &RVWHO @QWDBLPIWQFD VDRBRSOBNFHRYHG VFRUH
PD\ EH H[SODLQHG E\ WKH KLJK GLHWDU\ ILEHU FRQWHQW

7TDVWH RGRU DQG DURPD ZHUH LQIOXHQFHG E\ ERWK
LQJUHGLHQW W XBMHHED & HOWLFIKAI G ZLWK %6) HIKLELWHG K
ODFWLF DFLG IRUPDWLRQ GXBD®¥&KBUR R RMIFRGRM Y TERHVINE
WR D SOHDVDQW VHQVRU\ SURILOH FKDUDBWNN LDH& PBH\
DFFRPIS®E\ WA\SLFDO FHUHDO QRWHV 2YHUDOO VHQVRU
EUHDG VXSSOHPHQWHG ZLWK %6) ZDV Rl YHU\ JRRG TX

7KH EUHDG FRORXU YDOXHYVY DUH VKRZQ LQ 7DEOH 7
GDUN EURZQ FKDUDRAWSHWREWHAWVWWKBPIMWN DUH REWDLQHG
3RVLWLYH YDOXHV RI SDUDPHWHUV D DQG E LQGLFDWH
$OVR D GHFUHDVH LQ WKH OLJKWQHVV RI WKH EUHDG ZD
VRXUGRXJKOURKPVVWVEUHZHUVYT VSHQW JUDLQ IORXU 7KH GI
FDQ EH H[SODLQHG E\ WKH SUHVHQFH RI IODYRQH SLJPF
VKHOO SDUWLFOHV DQG DOVR GXH WR WKH LQFUHDVLQ
VWDUFK DQG SURWHLQ ZLWK WKH IRUPDWLRQ RI VLPSOH |
PDNLQJ IRU WKH VDPSOHV ZLWK VRXUGRXJIRVDXL WWRDQOL

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7KLV IDYRXUV WKH ODLOODUG UHDFWILRP® L@ WKHDEU!
GDUNQHVV RI WKH EUHDG VDPSOHYV

F

JLIXUH 6HQVRU\ FKDUDFWHULVWLFV RI EUHDG VZDhWXO®IVJKMW K

EUHZHU VY RMHRRX JK
D+,QJHQ *&EVWH)®QEFD

7KH EUHDG WH[WXUDO FKDUDFWHULVWLFVY DUH VKRZQ
YDOXHV YDU\ EHWZHH@\ OLJKW EUHZHUVY VSHQW VRXUG
UHFLSH WKH KDUDBWQH&YV TRIOXRDL\QEFN K6 XH WR WKH LQFUHLEL

SDUWLFOHYVY LQWR WKH EUHDG GXH WR WKH VRXUGRXJK |
IORXU

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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&RKHVLYHQHVY LV D PHDVXUH RI WKH EUHDG DELOLW\ WE
VXEMHFWHG WR GHIRUPDWLRQ RU EUHDNLQJ IRUFHV H J

E\ %6) DGGLWLRQ LQ WULWLFDOH FRPHJPIRUGL FD WHEOW R D\
SUREDEO\ GXH WR D OHVV JOXWHQ FRQWHQW IURP WKH V
RI %6) DGGLWLRQ LQ WULWLFDOH IORXU WKH UHVLOLHQT
YDULHW\ +RZHYHU IRU WHKWLQRMYHKD WIDAXHWDQ MKHDVH 4
UHVLOLHQFH LQGLFDWH WKDW WKH EUHDG LV ERXQFLHU

EUHDG VDPSOHV ZLOO VORZO\ UHFRYHUV ZKHQ LV VXEM}
UHODWHG WR AQW DWORPVWBH ROWSOHYV ZKLFK PD\ EH LQ L
GHSHQGLQJ RQ WKH WULWLFDOH YDULHW\ XVHG LQ EUHD
VDPSOHV ZLWK %6) LQFRUSRUDWHG LQ WKHLU UHFLSH 7
PRUHWWIRVR ELWH DQG VZDOORZ SUREDEO\ GXH WR WKH (
UHFLSH +XDQJ HW DO

&RQFOXVLRQV

8VLQJ WULWLFDOH ZKROHPHDO IORXUXDQL®WHN EG WDRG W
DGGLWLRQ RI VRXUGRXIKSHQRPY OUDK® IBWREKIHBRYWULEXW
ELRORJLFDO YDOXH RI EDNHU\ SURGXFWV GXH WR LWV
GLHWDU\ ILEHU PLQHUDO VXEVWDQFHV DQG EURBBWLYH
ZDVWH IURP WKH EHHU LQGXVWU\

/ILIKW EUHZHUfV VSHQW JUDLQ VRXUGRXJK %6) VLJ
SURSHUWLHV RI WULWLFDOH GRXJK GXULQJ PL[LQJ DQ
DEVRUSWLRQ GRXJK VWDELOLW\ GRXJK GHYHORSPHQW V
& DQG & VKRZ YDULDELOLW\ GHSHQGLQJ RQ WKH WUL
LQFRUSRUDWLRQ 7KH DGGLWLRQ RI EUHZHUYV VSHQW JU
E\ ORZHUD@XG**se YDOXHY DOWKRXJK HODVWIGH S\ H B UBN
WDQ / YDOXHV EHORZ IRU DOO VDPSOHV DQG LW ZHDNF
WHQDFLW\ DQG EDNLQJ VWUHQJWK

'XULQJ IHUPHQWDWLRQ EUHZHUfV VSHQW JUDLQ VRXI
UKHRORJ\ E\ LQFUHDVLQW+RP JPWDHRXXP XUHRG XK FAVRIORP H 97
SURGXFWLRQ DQG 95 YROXPH RI WKH JDV UHWDLQHG LC
ZKLOH &5 UHWHQWLRQ FRHIILFLHQW YDOXHV DERYH
TXDOLW\ EUHDG WERBGYMWILKRQDFDAW GHFUHDVH LQ IDOOLC
LQFUHDWNGDVH ,Q WHUPV RI EUHDG TXDOLW\ %6) DGGLW
DQG WH[WXUDO SDUDPHWHUV VXFK DV KDUGQHVV DGKHYV
UHGXFLQROOHFMH SRURVLWN DQG HODVWLFLW\ ,W DOVR UH
6HQVRU\ FKDUDFWHULVWLFVY DUH LQIOXHQFHG E\ ERWK
VOLIJKWO\ VZHOWNWIDDWNRHP DPD@QW FKDUDFWHWKIHY WHNF XFHWU W
LQGLFDWH WKDW VXSSOHPHQWDWLRQ ZLWK EUHZHUYV
EUHDG ZLWK YHU\ JRRG VHQVRU\ TXDOLW\

$FNQRZOHGXLWQXRUN ZDV VXSSRUWHG E\ D JUDQW
SHVHDUFK ,QQRYDWLRQ BQG5& )L WU RMMMIFRQ Q % P& 61
,93 520 ZLWKLQ 31&", ,9

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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5HIHUHQFHYV

$%8&& $PHULFDQ $VVRFLDWLRQ RI &HUHDO &KHPLNVWV ,QWHUC
) DQG ) $$&& ,QWHUQDWLRQDO WK (GLWLRQ 6W

$SURGX , B6LPLRQ $ % %DQX , 9DORUL]DWLRQ RI WKH E
EUHDG PDNMJHUQDWLRQDO -RXUQDO RI )RRG (QJLQH
KWWSV GRL RUJ LMIH

$QGUB ( %DOD]V E & 6 ,RIDX 35 $X&B 08UV 7ULWLFDOH D JL
XVHV LQFOXGLQIRPHOBGIFLQDBGLFLQDO 3CBQWYV
KWWSV GRL RUJ KDPS

$UL]PHERGNLHUR '&VWHIDED0 $ &£RBHQ BOEBDRIH] 0  2%DQEH
9LOOD®RHYDMDO $ (QGRJHQRXV HQJ\PHV RI WULWLFD
ZKHWWLWLFDOH  &ARRNLGIV &KHPLVWU\ SS  t
KWWSV GRL RUJ FFKH

%DQX , 3DWUDUFX/ 9DVLOHDQ , ,PBDE@FRUJHUPEQRBN RQ DQ
RQ UKHRORJLFDRHEKDX WBRHWUBRRSHUWLHYV Rl XMW D QG
6FLHQFHV KWWSV GRL RUJ DSS

%RQHD ' ZMQ WDIOADIWWQDWLYH FHUHDO IRU IRRG ERBXY W\
6FLHQWLILF 3DSHUV 6HULHV ODQDJHPHQW (FRQRPLF (QJl
'"HYHORSPHQWS &

&KHWUDULX $ 'DELMDDEQ $ IX@FMAWQIDO LQIJUHRREYW IRU IRR

KWWSV GRL RUJ IRRGV

&RGLQ ** OLURQHDVD 6 O9RLFD '9 OLURQHDVD & 0XO0
GRXJK VXJDUV JDV SURGXF\WDRQ DWQGL B R X HQ \B &WHFBR SRV D!
-RXUQDO RI )RRG 6FStQFHKWWSV GRL RUJ &-)6

&RGLQ ** B6DULRQ & 'DELMD $ (11 H@\D M LRIJ GTX\DDR YW GF
DFU\ODPLGHIERQWRAQW KWWSV GRL RUJ DJURQRP\

&RGLQ ** 'DELMD $ 2URLDQ 0 3UHGLFWLRQ RI SDVWLC
PHDVXUHPHQWYV XVLQJ DUWLILFLPDRRGWHXURQDO QHW
KWWSV GRL RUJ IRRGV

&RIGQ ** B8UVDFKL ) 'DELMD $ 3DLX 6 G5XPHXV , /HDWDPE
*KHQ®RYDQX $ 3K\WLFRFKHPLFDO SURSHUWLHV SRO\!
RI GLIIHUHQW WULWLFDOH YDULHWLHWFROFOMHYDWHG LQ Wt
KWWSV GRL RUJ PROHFXOHYV

&XUWL ( &DULQL ( 7ULEX]JLR * 9LWWDGLQL ( EKHPLFDG VW
SURSHUWLHV DQG P/RO HRFO® 6 FRRIDIFMLWYG 7BEEKQRORJ\
KWWSV GRL RUJ M OZW

'DELMD $ &RGLQ ** )UDGLQKR 3 (IIHFW RI \HOORZ SHD

DQG EUHDGRPXIAIDW %LRWHFKQRORI\HHWWHUV

*KHQ®RYDQX $ 5RSFLXF 6DL'WBOMD %RHVWHDQ 2 3DLX 6 5X
6 /XSDVFX ** *&RGLQ (IIHFW RY FHGHWDLQ DGGLWLRQ WR I
RQ GRXJK UKHRORJLFDO SURSHUWLHV IJRRG®LIIHUHQW W
KWWGERL RUJ IRRGV

*KHQ®RYDQX $ 3RSD 1 3DLX 6 %RHVWHDQ 2 %XOJDUX 9 /¢
* %UHDGPDNLQJ TXDOLW\ SDUDPHWHUV RRREGVIHUHQ

KWWSV GRLRRGY

*ROHD & 0 &RGLQ * * 2URLDQ 0 3UHGLFWLRQ RI ZKHDYV
WUDQVIRUP LQIUDUHG &¥SHRRGRPHRRQW URG
KWWSV GRL RUJ M IRRGFRQW

*RQJi@®WIRQVR 9 3UDGDO , :DUGKDQD <5 &QRFNDHUW 0 :LHI
/ OLFURELDO HFRORJ\ DQG PHWDEROLWH G\QDPLFV
SURGXFWLRQV DQG WKH URDMFIVR @D ® FREH QDO Rl )RRG OLFL
KWWSV GRL RUJ M LMIRRGPLFUR

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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+HMQD $ ORUH W K DMK HV $RW HID \E HBI® 8 8 G XFIWL RQRP RE
PDQXIDFWXULQJ LQ SRQRPHUHQWFKQRGRLDD Vt
KWWSV GRL RUJ

+HQNLQ - 0 O0ODLQDOL . 6KDUPD % . <DGDY 03 1JR + B6DUNH
DQG SK\WLFDO DQDO\LV SURFHVVLQJ D®GRPEOYXUSRVLQJ

KWWSV GRL RUJ ELRPDVV

+X0QJ * OF&OHPHQWYV ' - +H . =KDQJ = /LQ = :X = =RX <
RI IRUPDWLRQ PHFKDQLVPV DQG TXDOLW\ UHJXODWLRQ RI
SRWDWRHV DQG)RRBUHDEG VHDUFK ,QWHUQDWLRQDO
KWWGSRL RUJ M IRRGUHYV

,&& ,QWHUQDWLRQDO $VVRFLDWLRQ IRU &HUHDO 6FLHQFH
KWWSV LNWRQ ®DIW GRFAHUYQBD UGV

. YDQRY 9 6KHYFKHQNR 2 O0DU\QLQ $ 6WDEQLMRNKHQNREHQL
*DYYD 2 6DOLXN $ 7UHQGY DQG H[SHFWHG EHQHI
WHFKQRORJLH¥ LQ8NUDLQLDQ )RRG -RXUGSO
KWWSV GRL RUJ ;

.WHQLRXGDNL $ %XWOHU ) 'RXDR OAKIKHNFWHULVWLFW RI ,ULVKk
$HUDWLRQ SURILOH/D/Q:GRERDAN b B I HIXMHD DWG 7 HSKS@ RO R J\
KWWSV GRL RUJ M OZW

/IHRQRYD 6 %DGDPVKLQD ( .RVKFKLQIKFKID@XRBLRD 2 *DUHW
IORXU LQ EDNHU\ D®B GJ B ¥ NHRUFRIGXG B VHFKQRORS3$S+tQWHUQT

KWWSV GRL RUJ

/L + JL + JLX < J/LX 5 6LULDPRUQSXQ 6&PRLVWHKDSNPERQW W
FRQGLWLRQWP\RRVKLYWDUFK DQG IUW YV LD/SASIDQ WDWW R QF IKQWKLLL]
JRRGV KWWSV GRL RUJ IRRGV

/L ; :DQJ/ -LDQJ3 =KX < =KDQJ: /L5 7DQ @ GLHWDUKH
ILEUH DQG UDZ ZKHDW EUDQ RQ WKH IORXU D:@G)BRBJIK SUR
6FLHQFH DQG 7HFKQRIWUWSY GRL RUJ M OZW

/ILX 0 )DQLDQ + /L < :DQJ/ (IIHFW Rl GLIIHUHQW HQ]\PH
SURSHUWLHV RI JOXWHQ JOLD G&RH D®QCGRMEW B Q M2 R QDU-R
RI %LRORJLFDO ODFURPROBIBWOHYV
KWWSV GRLMWUMELRPDF

OLWUL 6 6DODRHHOI® $ /HRQDUG ( ODURXQ 5 * /RXND 1
9DORUL]DWLRQ RI EUHZHUVp VSHQW JUDLQVWHSPHWWBDW RB!

KWWSV GRL RUJQ IHUPHQWDWLR

3LD]]D , &DUQHYDOL 3 )DFFLQL 1 %DURQFKHOOL 0 7HU]L

&RPELQLQJ QDWLYH DQG PDOWHG WULWLFDOH IORXUV L(
LPSOLFPRRGQ V KWWSV GRRGRUJ IR

3XUOLV ( %URZQLQJ GHYHO B SPHNGEWLQ B D NRH U)RRGR GG ¢
SS+ KWWSV GRL RUJ M MIRRGHQJ

6KHYFKHQNR $UWLFKRNH SRZGHU DQG EXFNZKHDW FIPDQ LQ Gl
3DUH@SN] 2 6KHYFKHQNR 9 6WDEQ LIRRYH QX D QFTHPRIQ W( G
JRUWLILFDWLRQ RI )RR G&5&RIU B VAH DXORVFD\ 50BRQ /RQGRQ
KWWSV GRL RUJ

6KHYFKHQNR $ ,YDQL&RYi ( .RYipLNRYi ( %HQHARYi / O\NKR
SODQW VXSSOHPHQW RQ \8WHIDIL Q L DHY R R R & H-IRVE SEUIHD G
KWWSV GRL RUJ ;

6WDEQLNRYD 2 6KHYFKHQNR 2ySHWREQIGNVRY %9LRBRQMBHVLRQ
:DVWHODNIXGIGHG 3UR&GXEWAMHVYV %RFD 5DWRQ /RQGRQ
KWWSV GRL RUJ

6WDEQLNBXBYEKHQNR $ 6WDEQYSIHRY 29 3DUHGMAMLOL]DWLRQ
SURFHVVLQJ ZDVWHV IRU HQULFKPHQW R8NEIINHUD Q QR RFR
-RXUQDO SS KWWSV GRL RUJ;
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7DQ -0 +fD®6 < X + 8VH RI D FRPSRXQG PRGLILHU WR Ul
Rl TUR]JHQ GRXJK DQG LYWRGOG/VBHVAPGFEUHDWMHUQDWLRQDC
KWWSV GRL RUJ M IRRGUHYV

7TVINKDQRYVND , 6WDERM-ORY/DDUBHYEFK\NRUROARWDR1 SDUWLI
UHSODFHPHQW RI ZKHDW IORXU E\ IORXU IURP H[WUXGHG V
30DQW )RRGV IRU +XPDRSIXWUKWWRSY GRL RUJ \%

8VPDYJXR O B8URNRY 6 ;DGMD\HY ' =XNKUD - ; XUVKLGD . 9D O
FRQGLWLRQV RQ ZDWHU KROGLQJ FDSDFLW\ FKDUDFWHUL
6DPDUNDQGODHQWREFLHQFH SBSGD\KWWSV GRL RUJ SV

9DBPPDUFtD 9 0 ODUWtQH])5XHGD & * ODULH]FXUUHQD)%HUDV
)XQFWLRQDO SURSHUWLHV RI WRUWLOODV ZLWK W!
QL[WDPDOL]HG /FR YRR GO RKIUHQ FH FKQ RORJ\ SS =

KWWSV GRL RUJ M OZW
&LWH
8)- BW\OH
5XPHXV , 5RSFLXF , 6DRWD@X2$ *BXQGRYX 9 /HDW
6 I/XSDVFX * *DEULHOD &RGLQ * ,QIOXHQFH

KLIJK ROHLF VXQIORZHU RLO DQG WK\PH HVVHQWLDO
SNUDLQLDQ )RRG -RX8QDIOWWSV GRL RUJ ;

$3% 6W\OH
5XPHXV , SRSFLXF 6 DORWID@ X 2 $ *KWRGFOU X
/IHDWDPERUJ 6 /XSDVFX * &RGLQ * * /LIK

DV D IXQFWLRQQ W RRUGRG 1K QW LW LFNDWH. 8 UBQ G RFUR ¢
-RXUQDO *# KWWSV GRL RUJ ;
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,QIOXHQFH RI VXUIDFH WUHDWPHQW ZLWK KLJ
RLO DQG WK\PH HVVHQWLDO RLO RQ .DVKNDY |

OLKDF,YDQF .UDVLPLUD ' ,UD 7D
OLOHQD 'LPLWBRNDPDYDQ ,OLH®EHQD 6WR\DQRYD

18QLYHUVLWI RI )RRG 7THFKQRC
+)DFXOWI| RI 7THFKQLFV DQG 7THFKQRORJLHV 7UDNLD 8Q.
+8QLYHRVBWRYGLY 3DLVLL +LOHQGDUVNL 30ORYGLY %

$EVWI

.H\ZRUGYV ,QWURC 7KH DLP RI WKLV VWXCW

LQFRUSRUDWORIQ RVKQJBRZHU RLO DQG WK\P
7K\PH VXUIDFH WUHDWPHQWYVY IRU .DVKNDYDO FKHHYV
(VVHQWLDO RHQKDQFH WRIBYRIRBDRILOH DQG H[WHQG VKH
+LJROHLF ODWHULDOV DO PHWERGWRDWLQHRH.DVKNI
6XQIORZHU RZ®V SUHSDUHG XVLQBRMMHRE[WXQHOREZKUJIJRKLO D
‘DVNDYDO HVVHQWLDO RLO DQG 7KH VDPSOHV
&KHHVH GD\V PRQWKY DQG PRQWKY RI VWRUDJH &
&RDWLQJ DQG VHQVRU\ DQDO\WHYV ZHUHERQGX,BW ID® ® F
4XDOLW\ %'6 PHWKRGV ZKLOH IDWW\ DFLGYV RUJDQLF L

GHWHUPLQHG E\ *& 06
;%V\\//VVI\_/;,FFFULRGQ/L HVXOWYV DQGIIGH WKW QWY VKRZ WKDW VXL
SHOVRU\ P WK ROMLF VXQIORZHU RLO DQG WK\PH HVV
VWDELOLW\ DQG TXDOLW\ RI .DVKNDYDO FKH]
YDOXH LQFUHDVHG IURP WR PJ .2+ .
XQWUHDWHG HDAHK NZLYWKQR ¥WHV XUIDFH FRDWLC
YDOXHV ZHUH REVHUYHG LQ WUHDWHG VDPS¢

2+ J IRU DQG UHVSHFWLYHO\ 3HURJL
$UWLFOH KLVWBRYHU LQ FRDWHG VPRSOMNY FRPSDUHG WR
FROQWURO wNPHTGRBFUHDVH LQ S+ WR DQ
SHFHLYHG LQ WLWUDWDEOH DFLGLW\ XS WR f7 LQ F
p ZHUH REVHUYHG )DW FRQWHQW GF

fl.\f'UFF':'"YHG LQ U&&émﬁ'}o ZKLOH KLJKHU YDOXHV ZHYH UHWD
SEFHSWHG 1RVLJQLILFDQW FKDQJHV ZHUH IRXQC
FRPSRVLWLRQ OLQROHLF DFLG JUHPDLQHG V

ZKLOH OLQROHQLF DFLG VOLJKWO\ LQFUHD'

OLFURELRORJLFDO UHVXOWVY VKRZHG EHWWH
gi\tfvig\()SRQGL%‘bFWHULDVLD;PWI—IH\DWO-IFGJ &)8 J FRPSDUHG W
FRQWURO ORJ &)8 J DQG ORZHU \HDVW D

. ORJ &)8 J 6HQVRU\ HYDOXDWLRQ LQGL

'(UPDDVLLOPLUD RE%%/(VYD HVVHQWLDO RLO VFRUH DIWHU PJ
NUDVLPLUD GREUFWEMRH  7KHVH ILQGLQJIV VXJJHVW WKDW
W U DOQUD E J ROHLF VXQIORZHU RLO DQG WK\PH HVVHQW
QDWXUDO SUHVHUYDWLYH UHGXFLQJ OLSLG F
&RQFOXEXBI@FH FRDWRQHEZEWK QDWMKZHU RL

WK\PH HVVHQWLDO RLO HQKDQFHV WKH TXD
.DVKNDYDO FKHHVH ZLWK WK\PH HVVHQW
PRVW HIIHFWLYH WUHDWPHQW

2.
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L QWURGXFWLRQ

,(QWHUHVW LQ WKH LQFRUSRUDWLRQ RI IXQFWLRQDO D
KDMQFUHDVHG GXH WR WKHLU SRWHQWLDO WR LPSURYH 7
$GLQHSRXU HW DOySH] HWDDBIGHY 6WDEQLNRYD HW DO
DQG SODQW H[WUDFWV 'LPRY HW DOQG (O *HEBQDWR HWDODDRG
HW DO D E ORKDQDG HW DO 6DODPD HW DO
JO\FHULGH RLOV *UDQDWR HW DO ., YDQRYD HW DO
GHULYHG SURGXFW®% XMXHHKVD Wo MXK WHDPHMPFRIROD QG %&®JIDUX
*RXGD DQG +DPHG ., YDQRYD HW DO E .DUDVDZD D
6DKLQJLO DQG +D\DORJOX 6WDEQLNRYD HW DO
FRPPRQO\ XWHG/'DRQIDO DGGLWLYHV LQ IRRG SURGXFWLRQ
LQGLYLGXDOO\ RU LQ FRPELQDWLRQ DUH IUHTXHQWO\ DS
LQFOXGLQJ FKHHVHYV VXFK DV .DVKNDYDO WR VYWRWHR GWKI
DO 7TRPDU HW DO

7KH HVYVWHQWLDO RLOKRPFRPPREXWKWKNSHFLILF RGRU D
%DVHU DQG %W XFKBIWYXSHURQRXQFHGRWWDPHWURELDO 'DE

'H ODULQR HW DO ,(IWLNKDU DQG %DWRRO ,
7XUDO DQG 7RPQIGCDRQWLR[LGDQRV S B RSW UDNOL HV , TWL
%DWRRO XOLVUD WP 7XUKKDIEK LV GXH WR WKH SK

DQG FDUYDFURO FRQWDLDRDHAEONQ\N VHW FAIRPSRY/E RNRES® ]
7TKHVH ELRORJLFDO SURSHUWLHYV RI WKH HVVHQWLDO RL(

DG GLWLDMHL RORY IRRXBLR GX\F I QD 6DFFKHWWL HW DO
7KH FKHPLFDO FRPSRVLWLRQ RI WKH HVVHQWLDO RLO RI
ZDV HVWDEOLVKHG SUHYLRXVO\ 'REUHYD HW D®RO 4
WHUSLQHQHF\PHQHS ERUQHRGODORRO D
FDUYDFUROKH RLO H[KLELWHG DQWLR[LGDQW DFWLYLW\
GLSKHMLBU\OK\GUD]J\O DVVD\ PO 7( IDLDERIGY WKH $
HWK\OEHQ]RWKODRRQEQIHFLG @ DVVD\ PO 7(J $OWKI

RQ WKH XVH RI HVVHQWLDO RLOV LQ .DVKNDYDO SURGXF\
WK\PH HVVHQWLDO RLO DSSOLHGFDW DPLFUIDELHR BDRD WHIA
FKDUDFWHULVWLFV RI WKH FKHHVH

7KLY VWXG\ DLPHG WR DVVHVV WKH LPSDFWSIOWK®H
IXQFWLRQDO DGGLWLYH RQ WKH FKHPLFDO VHQVRU\ DQ
FKHHVHWXRULRQJIH DW GD\V PRQWKY DQG PRQWKYV

ODWHULDOV DQG PHWKRGYV

ODWHULDOYV

+LJROHLF VXQIORZHU RLO ZDV VXSSOLHG E\ 3DSDV 2L
FKDUDFWHULVWLFV "DFLGBWURDNVGRIOHREXH LG PHT+2w NJ L
VDSRQLILFDWLRQDQBOMMW W\ DFLG FRPSRVLWLR® DV IR
VWHDUL# DFROHLF+DFLGLQROHLF IDFQG OLQROHQLF DF
&RPPRQ WK\PH HVVHQWED® YL ® VE[DWO XV HG
5DZ FRZ V PLON ZDV VXSSOLHG E\ WKH $FDGHPLF 7HF
8QLYHWWBWD =DJRUD %XOJDULD DWWKHYQGXADWRUV G\
“ IDW . GHQVLWPR/ IUHH]LQJ SRLQf&S+ *
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“ 7KHDZ PLON PHHWV WKH RUJDQROHSWLF FKHPLFDO D¢
5HIJXODWLRQ

7KH VWDUWHU FXOWXUH XVHG IRX¥WDY I5IEPE DOHE WR GIX\W W
'96 &KU +DQVHQ 'HQPDUN F RIOQAD LQKBUP RENRGKE OF
IDFWREDFLOOXV KHOYHWKERS H FORDIR RRAERADRKNE B BW WAL Y
DQEWUHSWRFRFFXV,WKIHUPBSKHEXDPW D UDWH RI J SHU
ZLWK WKH PDQXIDEQAMXUHUTV LQVWUXFWL

5HQQHW HQJ\PH XVHG ZOD% SFKXSRMLRH &&KU +DQVHQ 'F
DGGHG DW P/ SHU / RI PLON DFFRUGLQJ WR WKH P
FKORULGH LQLWLDO FRQFHQWUDWLRQ ZDV SXUFKDVHC

SURGXFWDRRQNRHKMHM VH

.DVKNDYDO FKHHVH ZDV SURGXFHG DFFRUGLQJ WR .R]Jk
PLON ZDV WKHURERHIGRDW 7KH PLON ZDV WKHG@ FRRRG MK W
'96 VWDUWHU FXOWXUH ZPRODNG GG ALV RPPFKORULSGJHY LR XV
GLOXWHG ZLWK ZDDVHODWQGJIJPHQNPH VWBHQ3WK
SUHYLRXVO\ GLOXWHG ZLWK ZDWHU ZHUH DOVR DGGH
FXUGOLQJ WHPS HRUOWXQWLIRW ILUP FXUG IRUPHG

7TKH FXUG ZDV FXW EDNHG DQG WKH ZKH\ GUDLQHG 7K
DW+ xf& IRUXPLQ IROORZHG E\ HYDSRUDWLRQ BENQHIHGLQJ
WLWUDWDEOH< pFLBWW\ X FKHRHVH ZDV WKHXXWRGOGRUW® LR
UHPRYHG IURP WKH PRGG¥ IBIEDPWRROWVECUDMWFH ROMHWEQJ F
VXQIORZHU RLO ZLWK WK\PH HVVHQWLDO RLO ZDV DSS
WUHDWPHQW 7KH FRDWMGZHNWHK ND 6B QxH\&D R0 xGD\V D
VXEVHTXHQWO'xVAWRURG R WR PRQWKYV

7TKH FRQWURO VDPSOH ZDV XQWUHDWHG .DVKNDYDO F
VXUIDFH FRDWLQJ

'"HWHUPLQDWLRQ RI FKHPLFDO DRGKSIKO\YDBEDEKBBYBPHW

&KHPLFDO DQG SK\WLFDO SDUDPHWHUV RI .DVKNDYDO F
PHWKRGY 7KH DFLG YDOXH ZzDV PHDVXUHG E\ WLWUDWLRQ
WKH SHUR[LGH YDOXH ZDV GHWHUPL®QGEG(XKVEQIJ WKH LRGR
)DW FRQWHQW ZDV DVVHVVHG YROXPHWULFDOO\ XVLQJ WI<
PDWWHU zZDV DQDO\]HG JUDYLPHWULFDOO\ ,62
SRWHQWLRPHWULFDOO\ ZLWK D D'QGSWLH/\H.!/\DI—V\[DE’O—II—HJH]
GHWHUPLQHG E\ WLWUDWLRQ DFFRUGLQJ WR %66

'"HWHUPLQDWLRQ R.IDRHW D E R O LAKHIH VY

7KH FRQWHQW RISBRODUPBQ®ERRQWHY LQFOXGLQJ IH
IODYRU DURPD FRPSRRIQIBWVH ZQDYVEMWBMDOLQHG E\ *& 06 &5
WKH GHWHFWHG FRPSRXQGV ZHUH FRPSDUHG ZLWK UHI
OHWDERORPH 'DWDEDVH *0' +XPPHO HW DO DQG Wk

1
OLFURELRORJLFDO DQDO\VLV

6DPSOH SUHSDUDWLRQ IRU PLFURELRORJLFDO DQDO\V|
,62 IDFWREDFIOOPRXQWY ZHUH GHWHUPLQHG IRO

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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ZK/IDFW R FRREFF XBMPWBH SW RF R F F X2H WK HHOPARPIKLIDW R G DFF
%66 (1 ,62 9LDEOH FRXQWV ZHUH REWDLQHG XV
PHGLD 056 OHLAMREMBUBISODORG 0 0BB WR FIRSE XYHDVWYV DQ
PROGYV ZHUH HQXPHUDWHG RQ <&* PHGLXP OHUFN LQ DF

6HQVRU\ DQDO\VLV
6HQVRU\ DQDO\VLV RI .DVKNDYDO FKHHVH ZDV FRQGXF\

6WDWLVWLFDO DQDO\VLYV

$00 H[SHULPHQWYV ZHUH SHUIRUPHG LQ WULSOLFDWH ¢
PHDOWWDQGDUG GHWDWIWRQRLFADO DQDO\VLYV ZDV FRQGXFWF
$129% ZLWK 6WDWJUDSKLFV &HQWXULRQ ;9, 9HUVLRQ
86%$% DQG GLIIHUHQFHV ZHUH FRQVLGHUHG VLJQLILFDQW LC

5HVXOWY DQG GLVFXVVLRQ

3K\WLFDO DQG FKHPLFDO SDUDPHWHUV RI D PL[WXUH RI

1

'DWD RQ WKH FKDQJHV LQ DFLG DQG SHUIR{LE H XO MR\
RLO DQG WK\PH HVVHQWLDO RLO DUH SUHVHQWBERUH) 7DE
KLIXOHLF VXQIORZHU RLO DQG RLO EOHQGVYV FRQWDLQLQJ
ORZ HYHQ DIWHU PRQWKV RI VWRUDJH 7KLV LQGLFDWH
VXSSRUWV WKH ORQJ VKHO!| OLIHRRH®HS IRLO E ONORAL F)\D ¢
DO

7DEOH
&KDQJH LQ WKH DFLG RQ ®RISH PR [IWXH YD O XH

,QGLFDWRUV&RQWUROOL[WXUH ZLWK | OL[WXUH ZLWK
DIWHU VWRUDHWVHOWLDO RLOHYWVWHWLDO|RLO DIV

GD\PRQWROQWE&ED\VPROWRRQWIGWDO\VPRQWRRQWKYV

$FLG YD )XH‘ bu lu 1 [ (K | u (u [
PJ .2+ J

3HUR[LGH YD OXH D « Cw Cw « Fu «
PHT NJ

IRWH F SLOEGLFHV VKRZLQJ VLIJQLILFDQW GLIIHUHQFHV S I

'‘DWD SUHVHQWHG LQ 7DEOH VKRZ WGWBDMDVEO HQD &1 A
VDPSOHV GXULQJ VWRUDJH UHIOHFWLQJ RQJRLQJ ODFWLF
6DPSOHV WUHDWHG ZLWK WK\PH HVVHQWLDO RLO DQ
UHDFKLQJx¥S WRRJ WKHHQWWIUMIHWP PRQWKY 7 ERPWEB U HR Q/W
7TKHVH UHVXOWY LQGLFDWH WKDW VXUIDFH WUHDWPHQW L
GXULQJ VWRUDJH

$FFRUGERQUOWRWPIRO WKH ORZ FRQ QM QDIWDAQRPR IV
WKAPHK\PXV YXODRGLVRURIUDQRQXP YX@WIBBHHVV SDWKR
PLFURRUJDQLVPV ZLWKRXW WKHP VKRZLQJ VLIALUGEWQOW
DOQOWNDUWHUYV FXOWXUHYV ODFWLF DFLG EDFWHULD LQ WK

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7DEOH
&KDQJIJBKANYLFDO DQG FKHPLFDO SDUDPHWHUV RI .DVKN

$IWHU GD\V RIMWRUDIPIRQWKYV ¥ WRUID-JH-+‘ce
,GLFDWR&KHHUME &KHHVH ZLWK| (2&KHHVH ZLWK]| (2
2& Tw Tw Tw o o Tw Tw o =
0 Tw o Tw Tw Tw Tw “ Tw Tw
S+ T fu “ Cw Cw “ “ “ “

7677 Tw Tw o Tw Tw Tw C Tw Tw
IRWB+HVVHQWEPRLRLORQWWOQWU DWDEOGH BBIGEAIFWMY VKRZLQJ VLJ
GLIITHUHQFHV S EHWZHHQ WKH PHDQ YDOXHVY LQ WKH URZ\

,Q WKH FRQWURO VDR&OHFWHMHVRIGOIFERRPRWHQWVR R
PRQWK SHULRG 7KH VDPSOHV WUHDW H& QWW & W WHRH/ QLD
HQG RI WKH SHULRG DQG FRPSDUHG WR WKH F

SURWHFWLYH UROH RI WKH RLO FRDWLQJ ZKLFK DFWV DV
,Q WKH FRQWURO D VOLJKWFRIQFMHDPW HZDQ He E\DHPIDXHE H
WUHDWHG VDPSOHV HMVASHFWIYBE \RQOMWK. DO YDOXHV ZHUH C
RU VOLJKWO\ LQFU HDVKHBDBWN\SKO-DEVQHKE REAWIKHUHQW UDWH
UHOHDVH LQ WKH SUHVHQFH RI D VXUIDFH ILOP
6XUIBVRMHDWPHQW Rl .DVKNDYDO FKRHOHMH XXVQKOMR PH. PWRK
WK\PH HVVHQWLDO RLO QRW RQO\ PRGLILHV WKH PHWDER:
WR EHWWHU SUHVHUYDWLRQ RI IDWW\ DFLG® FRIQQMEHDMW \L q
DQ DQWLR[LGDQW EDUULHU 2XU UHVXOWYV DUH IXOO\ FRC

1
&KHPLFPERSRVRWIRMKNDYDO FKHHVH

YDWW\ DFLGV
7KH FKDQJH LQ WKH IDWWV R R B& BFFERWRIS RY I WMRID B/0 H
DQG PRQWKVYV DW GLIIHUHQW FRQFHQWUDWLRQ®V RI V
SUHVHQWHG LQ 7DEOH
7KH UHVXOWYV VKRZ WKDW VDWXUDWHG IDWW\ DFLGV |
DFLG SURILOH Rl WKH VWXGLHG VDPSOHV ZKLFK LV W\SLF
6LPLODU UHVXOWY KDYH EHHQ IRXQGSLQJIJRVWKKNDMNBE V &K
DQG 7XOXP FKHHVHV LQ ZKLFK SDOPLWLF P\ULVWLF DQG
WKH OLSLG IUDFWLRQ $VLI HW DO dDNLU ,YDQF
PHGLXP FKDLQ IDWW\ DFH&VGRKKDQJHAMWRU B RE VAHWWK WKH
FDSURLF DQG FDSULF DFLGV YDU\LQJ GHSHQGLQJ RQ WKt}
HVVHQWLDO RLO 7KHVH IDWW\ DFLGV DUH IRUPHG PDLQC
DQ LPSRUWBE WRWPOM LRQVRI WKH FKDUDFWHULVWLF DURI
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JJJ )RRG 7THFKQRIDRJI\

7DEOH
&KDQJH LQ WKH D PR X@QN VINIIPRMBIVHL G V

DIWHU GD\V\ WWWHDJIJHPRQWK\D MWRUDPRQWKY VWRU
)DWW\ DFEEBWHYME &KHHVH(ZLWK &KHHVH ZLWK]| (2

6KRUW DQG PHGLXP FKDLQ IDWW\ DFLGYV

% XW\ULFE T Fu T T Cw T Fu Fu T

&DSURLF T bu bu lu “ [ & (u Fu m

&DSULF T Fu Fu T « Fu Cw Fu «

&DSULQLF T Fu « « Cw « Cw Fu «

IDXULF T Fu « « Cw « « « Cw

/IRQJ FKDLQ IDWW\ DFLGV

O\ULVWLE T Fu T T T T T Fu «

3DOPLWLE I« e Tw Tw [ T Tw fw [

6WHDULUF re bu “ w fw w T m m

$UDFKLGRQIEF Fu Fu T Fu « « « Fu

%HKHQLF T Fu T T Fu Fu Fu Fu Fu
ORQRXQVDWXUDWHG IDWW\ DFLGV
20HLE T Fu Fu Fu T Fu Fu Fu T
ODEF QLF T T T T T T Fu Fu T
BRO\XQVDWXUDWHG IDWW\ DFLGV
/LQROHLF T Fu T T Fu Fu Cw Cw Fu

/LQROHQLFIH T T T Fu Fu Fu Fu Fu

IRWHR tHVVHQWLPDO BRI®LFHY VKRZLQJ VLJQLILFDQW GLIIHUHQFH
PHDQ YDOXHV LQ WKH URZV

6LPLODU FKDQJHVY KDYH EHHQ GHVFULERE&URXK DAKRO\VY
OHDGV WR D JUDGXDO LQFUHDVH LQ IUHH IDWW\ DFLGV G X
HW DO FKDRQIJVDWXUDWHG IDWW\ DFLGV PA\WLVWLF SEC
IOXFWXDWLRQV ZLWK VVWRG W JHUW LFPIHM R ¥ HWHU DDFRVWXWUID O F |
DQG WKHLU UHODWLYH SURSRUWLRQ XVXDOO\ FKDQJHV
W\SLFDO IRU KDVGEFRRNHHWHDNOKH DPRXQW RI PRQRXQVDWX
DFLG LQFUHDVKHWM WWBBRIKRXMUMRG ZKLFWUWNDIWMSUBKEOH
DV LW LV D SUHFXUVRU RI FRQMXJDWHG OLQROHLF DFLG
IRU KXPDQ KHDOWK ,YDQRYD 7KH DPRXQW RI ROHLF
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LQFUHDVH GXULQJ VWRUDJH 6LPLODU G\QDPLFV ZHUH RE
ZKHUH FKDQJHV LQ PRQRXQVDWXUDWHG IDWW\ DFLGV DUF
DQG WKH PHWDEROLF DFWLYRMWH\RIDWK HGFDLW D RRHDW D DQ HXAQ |
FKDQJH LQ WKH DPRXQW RI WKHVH IDWW\ DFLGV LQGLFDV
WR R[\JHQ ZKLFK OHDGV WR D PRGLILFDWLRQ RI WKH P
PHWDEROLF SURILOH Rl WKH SURGXFW
7KH DPRXROAXRIVDPWXUDWHG IDWW\ DFLGV LV SUHVHUY!
FKHHVH LQ ROLYH RLO .OLVRYLU HW DO IRXQG WKDV
ZKLOH LQ VDPSOHV R5HXOEHPULQWUBIOH BYIITHUHQFHV IRXQ
H[SODLQHG E\ WKH GLIIHUHQFH LQ WKH FRPSRVLWLRQ DC
DO 7KH KLJKHU UHODWLYH SURSRUWLRQ RI VDWXUL
WK\PH FDQ EH H[SODLQHG E\ SDUWILRQ CDLG\WRORDED FF
VWDELOL]H UHDFWLYH XQVDWXUDWHG ERQGV DW WKLV C
WK\PH HVVHQWLDO RLO WKH UDWLR FKDQJHV ZKLFK LV
BWXGLHV E\ PDQ\ DXW KRRUNV VG @MFIDDAOH RU RN R Q) HVF KVH
ELRK\GURJHQDWLRQ RI IDWW\ DFLGV VLQFH PDQ\ Rl WKHL
$EG $L] HW DO %XVHWWD HW DO
7KH FKDQJH LQ FKROHVWHURO GXULQJYKWNRRIOQJW VLRIS
FKROHVWHURO DUH FORVH WR WKRVH IRXQG IRU GLIIHUF
(XURSH &]HUZRQND HW DO 'L 7UDQD HW DO W
LV LQIOXHQFHG E\ WKH W\SH RRQ@ MOKN XWVHIFEK EXORDON RSEH.
HW DO
.LQLN HW DO UHSRUWHG WKDW FKROHVWHURO FF
ULSHQL®J DQG VWRUDJH &XUUFK®®BVWEURWYVGDQBO XU
UHFRPPEQGHG WR PIlWEWNWRIQDIGYHQY K HDOWK /RUGDQ
GHULY DQWLR[LGDQWY DUH RIWHQ LQFRUSRUDWHG LQ
OHYHO\, **QH\ $V VKRZQ LQ )LIXUH WKH SUHVHQFF
LQ D G HF URIDNWWIHURI FRQWHQW LQ .DVKNDYDO FKHHVH ¢
L

J

J

&KROHVWHURO

DIWHU VWRUDJH

GD\V PRQWKYV
BFRQWURO

0DZLWK WK\PH HVVHQWLDO RLO
ODZLWK WK\PH HVVHQWLDO RLO

J)LIXUH &KDQJH LQ FKROHVWHURO FRQWHQW LQ .DVKND®
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2UJDQLF DFLGV

7KH FKDQJH LQFROI\WEDM\KDBXE BXHWLQJ VWRDD/JH DQG
PRQWKY DW GLIITHUHQW FRQFHQWUDWLRQW RSIUW K HRQHW HH\G\
7DEO®DULRXV RUJDQLF DFLGY DUH SUHVHQW LQ IHUPHQW
IRUPHG GXULQJ ODFWLF DFLGJHSBHQMDW LRRP XBIEV H TRV
WUDQVIRUPDWLRQV GXULQJ ULSHQLQJ DQG VWRUDJH SUR
WKDW WKH DPRXQW RI ODFWLF DFLGRLD QRERKFESKH WK IFV W
DFLEAWVR IRXQG EURWRHWMKBIXSUWKRGXFWLRQ RI GLIIHUHQW
DO 'XULQJ VWRUDJH WKH DPRXQW RI ODFWLF DFLG
HW DO 7KH DPRXQW RI S\UXYLF DFLG UHPDLQV XQFK
D VORZRIDBLRFKHPLFDO WUDQ VIR U RLWURIES HYNEZAHMIOMHY L
IRUPDWLRQ Rl WKH WDVWH DQG DURPD RI FKHHVH DQG V
VWRUDJH LV QRW WKH VDPH IRU DOO VDP SO HVH\$VHQOLIHO
RLO DGGLWLRQ

7KLV LV SUREDEO\ GXH WR WK\PRO D PDMRU FRPSRQ
SURQRXQFHG DQWLPLFURELDO DQG DQWLR[LGDQW SURSHF
KLSS®POQKE DFLGY PD\ RULJLQDWMKHJ RKSW K HI XF/ B VRD UW H U
ZKLFK LV DOVR WUDGLWLRQDOO\ XVHG WR PDNH \RIJXUW
*«sOHU 1

1

7DEOH
&KDQJH LQ WKH DPRXQW RI RUJDQLF DFLGV LQ .DVKNEL

2UJDQLMIWHU GD\V |VWRVUBDUH PROQWKVDMWRUDJMHRQWKY VWRUI
DFLGV &KHHVME &KHHVH ZLWK|(2 &KHHVH ZLWK]|(2

3WUXYLF | ' . n ; F =

“ “ “ “ “ “ “ “ “

IDFWLUF | T ' <

2[DOLJF ' ' '

SULF T Fu « « « Fu T T Fu

$FHW_F [ [ (I3 (u | | | | |

)RUPLF Tw fw Tw Tw [ Tw Tw Tw Tw

+LSSXULF* bu Tw Cu Cu Ta T T Tw

&LWULF Tw fw Tw Tw Tw fw Tw Tw fw

IRWHR tHVVHQWLPDO BRI®LFHY VKRZLQJ VLJQLILFDQW GLIIHUHQFH
PHDQ YDOXHV LQ WKH URZV

$PLQR DFLG
7KH FKDQPHQR DERGWN BKDQQJ VWBDDIH DQG PRQWK
GLIIHUHQW FRQFHQWUDWLRQV RI W.HKAFH HWYNG QWG DLA) R/IDE
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7DEOH
&KDQJH LQ WKH DPRXQW RI DFAKHHDHLGAGV LQ .DVKNDYD

$PLQR DFLUGMU GD\V

R$ VW B R QWK V

VBIRUWHDIHPRQW

&KHHYME

&KHHVH ZLWi

(ZKHHVH ZLW}

(VWHQWLDO DPLQR DFLGV

T Fu Fu

9DC

T T Fu

Tw

Tu

T Fu ¢
IHXF F

“

“

T Fu «

, VRO

“

T Fu «

TKUHI

“

KV VWRUTI
(2

OHWKL

T Fu «

3KHQ\O

T « Fu

“

“

T Fu «

I\V L

“

“

7\UR

QR

$0D!

“

*O\F

7TU\SW

T Fu «

6HL

“

“

$VSDUV

$UJL

2UQL

*OXWI

*OXWDP

“

“

IRWHR tHVVHQWLSDOQRBLEHY VKRZLQJ VLIJQLILFDQW GLIIHUHQFHYV

YDOXHV LQ WKH URZV

'‘DWD VKRZ YDULDWLRQ LQ WKHLU DPRXQWYVY GXULQJ V
PLFURELRORJLFDO DQG HQJ\PDWLF SURFHVVHY@FFXEULQD
GHFDUER[\ODWLRQ GHDPLQDWLRQ DQG XVH RI DPLQR DFI
UHDFWLRQV $WDVHYHU DQG OD]OXP
FRPSRQHQW WK\PRO ZKLFK SUREDEKOH SUHRMWHR O \W3 IFFD FW

FFFSNUDLQLDQ )RRG -RXIRTPID
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PLFURIORUD DQG OLPLWYVY WKH GHIJUDGDWLRQ DQG VXEVH"
HW DO

7KH KLIJIKHU GHJUHH Rl SUHVHUYDWLRQ RI HVVHQWLDO
LV DQ LQGLFDWRWRILFBKEOIJXKBIOXH RI WKH ILQDO SURGXFW
HITHFW RI OABXMHROO

1

6HQVRU\ SURILOH

7KH FKDQJH LQ WKH VHQVRU\ SDUDPHWHUV RI .DVKNDY

J)LIXUH &KDQJHV LQ VHQWVKNIKWN S D DEKNHI\A/ARM RABKO\PHH
HVVHQWLD®D RRQWURE +F

7KH GDWD IURP WKH VHQVRU\ DQDO\VLYVY UHYHDOHG VS
WKBVKNIFPPSOHYVY FRQWDLQLQJ WK\PH HVVHQWLDO RLO 7
WKH LOQRYDWLYH SURGXFW DUH IXOO\ SUHVHUYHG FRPSI
HQULFKHG E\ WKH VSHFLILF RUJDQROHSWLF SURILOH RI W

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7KH FRQWUROLNVOD®SGHARQWNUDWHG H[FHOOHQW FK
DSSHDUDQFH WDVWH DQG DURPD VFRUH EXW DIWHU \
LQ WKH LOQWHQVLW\ RI WKHVH LQGLFDWRUV ZDV REVHUYH
PRQWK UKIUHVVLRQ LV UHODWHG WR WKH QRUPDO SURW
ULSHQLIMKRIDYDO

7KH VDPSOH ZLWK WK\PH FRQFHQWUDWLRQ GHPRQ
VWDELOLW)\ Rl VHQVRU\ SDUDPHW H VWD LEIM GV K H J KV B UPRRRDWD
UDWLQJV DQG GLG QRW VKRZ WKH W\SLFDO GHWHUL
FKHHVHV +RZHYHU WKH KLJKHU FRQFHQWUDWLRQ C
DW WKH HQG RI WKH SHULREG IRWKVRRQVER YV WKHH IRYBIU O\ L
VPHOO RI WK\PH HVVHQWLDO RLO ZKLFK EHJDQ WR GRPLQ
FKDUDFWHU RI WKH SURGXFW

6LPLODU UHODWLRQVKLSYV ZHUH UZKSRVW K G LENSH B/IK\M LLD
Rl RUHJDQR HVVHQWLDO RLO RQ WUDGLWLRQDO FKHHV}
FRQFHQWUDWLRQ DQG VWDUWHU FXOWXUHV ZDV FULWLFE

'XULQJ VWRUDJH WKHUH ZDV D WHQGHQF\ WRZDUGV D
VHQVRIWDPHWHUV LQ WKH FRQWURO ,Q WKH VDPSOHV ZLW|
GHYLDWLRQV LQ FRORU DQG VXUIDFH ZHUH GHWHFWHG
WUDQVIRUPDWLR®DRWW KRR DIIRHPD 7KHVH ILQGLQRY FRUU
OHWZDOOEZKR ZKHQ HQULFKLQJ 3.DULVK" FKHHVH ZLWK QD
SURSROLY QRWHG WKDW KLJK FRQFHQWUDWLRQV FDQ
SURGXFW

'XH WR WKH ORZ FRQWHQW RI SRO\X¥Q&D W& WRMH BRIITKW
VXQIORZHU RLO WKH ULVN RI IDW R[LGDWLRQ LV UHGXFF
DQG DURPD UDWLQJV LQ WKH VDPSOHV ZLWK WK\PH X
IODYRUV RI R[ILGDWLRQ

$OWKRXJIK DRZVHQMP RRBORMQYWVXQLRU DPLQR DFLGV SOD!
GHYHORSPHQW RI WKH FKDUDFWHULVWLF DURPD 7K\PH H
FDUYDFURO DFWV V\QHUJLVWLFDOO\ ZLWK DPLQR DFLC
IRUPDWLRGHRLXDEOH ELWWHU SHSWLGHV ZKLFK ZDV RE\
PRQWKY 7KHVH ILQGLQJV DUH FRQVLVWHQW ZLWK WKH U
HYDOXDWHG WKH R[LGDWLYH DQG IHUPHQW D W IQRRQD\Q/&D E L
URVHPDU\ HVVHQWLDO RLOV

OLFURELRD®DDORBIOV

7KH UHVXOWV RQ WKH G\QDPLFV RI WKH YLDEOH FHOO
FKHHVH DUH SUHVHQWHG LQ )LIJXUHV DQG

JURP WKH UHVXOWV VKRZQ LQ )LBERQWURDWYBPPSOFH H[K
VOLJKW LQFUHDVH LQ WKH FRXQ8VJRD\® DIFKAHREB FILQ@LLQIU RF
SHULRG WR)8 JORWHU PRQWKVY 7KH YLDEOH FHB AV FRXC
DW WKH HQG RI WKH VWRUDJH SHULRG

7KHMQLWLDO FRXQW RI ODFWREDFLOOL ZDV KLJKHU LQ
VXQIORZHU RLO DQG WR®PGH HWKBDQWLD W KRH GRQ WIUWK VDP

VKRZHG YDOXHV RI DSS&)R[lIPDW MXH EHIRIZKLFEK RI V)
UHPDLQHG UHODWLYHO\ VWDEOH WK &R JKIRW VW WH HU\GWRR
DQG &RBRM DW WKH WK PRQWK ,Q WKH VDPSOH ZLWK
UHFRUGHG IURP RERXWW WKRJEHJLQRQDOSWRR[VAMRWBON W
&)8 J DW WKH WK PRQWK

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7KH REWDLQHG UHVXOWY LQGLFDWH WKDW WKH VXUIL
HIITHFMD RWQRE NBSISO BRPYSOHV ZLWK DQG HVVHQWLDO |
EHWWHU SUHYVRMUWLPDXWDRQL PQ ®RIRWKH YLDEOH FHOO FRXQW
FRQWURO VDPSOH 7K\PH HVVHQWLDO RLO GHVSLWH LW
H[KLELWY D VHOHFWLYH HIIHFW LQ WKH FRQFHQWUDWLR
ODFWDFLG PLFURIORUD IURP WKH VWDUWHU FXOWXUH

7KH FRXQWWRFREBEXWWGBHSWRS&FFM\VXUH LQ WKH .C
FKHHVH VDPSOHY DOVR YDULHG GHSHQGLQJ RQ WKH DSS¢
GD\W DQG PRQWKV ZLWK VLJQLILFDQW GLIIHUHQFHYV
VDPSOHV ZLWK DQG YHWWLDOWK\®W HV

,Q WKH FRQWURO VDPSOH WKH YDOXHV ZH Ut B\RMKHNVOR Z

ORZ)8 J DW WKH EHJLQQLQJ ZLWRED 8/ O IDMW W K & F U I&DP/R
IROORZHG E\ D GOFR}BDYIDWRVKH WKVRKRIQEHIL®QLQJ RI W
SHULRG VDPSOHV ZLW DQG ZLWK ZHUH FKDUDFWH
Rl ODFWRFRFFL FRPSDUHG WR WKH FRQWURO VDPSOH ,Q
VWDEOH YDOXHVDERXMRUEFRU@HE WKH EHILQQLQJ DQG D\
ZLWK D VOLJKW GGRHE)SHD DM/ WK H WK PRQWK ,Q WKH VDPS
VLIJQLILFDQW GHFUHDRR CRE)RENVBWYWEH EHILQQLQJ WR I

ORZ)8 J DWUWKIHQG WK PRQWKV

7KH DSSOLHG VXUIDFH WUHDWPHQW FRQWULEXWHV WR
PRQWK VWRUDJH SHULRG ZLWK WKH HIIHFW EHLQJ PRU
HVVHQWLDO RLO 7KH UHVXOWVFRBWORQHGRHIRQ RVK B RP\S
GHYHORSPHQW DQG VXUYLYDO RI WKH VWDUWHU PLFURI(
SURFHVVHV GXULQJ .DVKNDYDO FKHHVH ULSHQLQJ DQC
FKDUDFWHULVWLFV

7KH DSSOLFDWLRQQRG BUDO@WH WU REWW IDQ GDLU\ SUR
DV D QDWXUDO DQWLPLFURELDO DSSURDFK DJDLQVW PDI
VXFK DA HULD PR GRF ®RIHRFRFEHK HDXIUHOOD FRQHES O D
DV ZHOO DV \HDVWV DQG PROGV 5LRWD DQG 0DQ]L

,Q WKH SUHV QW I DWEK GIUMXWMPHQW RI .DVKNDYDO FKHI
ROHLF VXQIORZHU RLO DQG WK\PH HVVHQWLDO RLO VKR:
RI \HDVW VG Q &L PXROH ,Q WKH FRQWURO VDPSOH )LJXU
FRXQW ZDV REVHUY&)G JWRPWKHEHILQQLQJ RI WKH VWRL
OR&)8 J DW WKH UG PRQWK UHDFRL®JI DHSWRMH REW PRQ W\
LQFUHDVH LV H[SHFWHG GXULQJ SURORQJHG VWRUDJH D
PLFURIORUD

$W WKH EHJLQQLQJ Rl WKH VWRUDJH SHULRG ORZHU

HVVHQWLDO &1BQ)] FREBDUHG WR WKH FRRQBURDQDMP S
VDPSOH ZLWK WKHPH H&MHDWEWOWKIHOWKLWORPRQWK |
YDOXHV IRU VDPSOHV ZLWK DQG WK\PH HVVHQWL
ZKHUHDV BDWRWWHKHH@WRUDJH SHULRG &)B8HA DQBUHDO@RG \
&)8 J UHVSHFWLYHO\ +RZHYHU LQ ERWK WUHDWHG YDU
ZHUH ORZHU WKDQ WKRVH REVHUYHG LQ WKH FRQWURO V
WKH HVVHQWLDO RLO 7KHVH UHVXOW VW H®XNZQFDNLUHWP B

.KRO\ HW DO

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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&RQFOXVLRQV

7KH DSSOLFDWLRQ RRMHRE[WXQHM RZHKWIKLO DQG WK\PI
VXUIDFH Rl .DVKNDYDO FKHHVH FDQ VHURMDMIORXQF®DR

PRQWKY DQG PRQWKV QR VLJQLILFDQW FKDQJHV ZH
RUJDQLF DFLGV RU DPLQR DFLG FRQWHQW 7KLV VXUIDF
EHQHILWY E\ FRQWULEXWLQJ WRHOVUGBXEQL R RQDBKRG
VXUIDFH WUHDWPHQW HQKDQFHV WKH DURPDWLF DQG 10O
FRQWURO PLFURELRORJLFDO DFWLYLW\ &RDWRQBLFLWK
VXQIORZHU RLO VORZV GRZW LRRL\Q 8 XOALGEG] W WRQWIRU D QG
QXWULWLRQDO YDOXH RI WKH GDLU\ SURGXFW

)XQGLQ@BELY VWXG\ LV ILQDQFHG E\ WKH (
IH[W*HQHUDWLRQ(8 WKURXJK WKH 1DWL
5HVLOLHQFH 30DQ RI WKH 5HS%BGBF Rl %XC

5HIHUHQFHYV

$EG $0L] O 6DODPD + 6DVHG 5 30DQW H[WUDFWYV DQG
$ UHYDRRGV DQG 5DZ ODMWHULD®&WWSY GRL RUJ

$GLQHSRXU ) 6 3RSOMKAIGLQHMDG $)RIDWRULFBPWLRQ HQULFKP

DQG GDLU\ SURGXFWV E\ HQFD S)RRGDIHVG EURRB F YWHHW QQ
KWWSV GRL RUJ M IRRGUHV

$KPHG $ $EGHOVDWHU 2 $EGHODO 0 +DPRXGD 0 'RQ 2
PDWUL[ IRU SURELRWLFV )URP VWUBDRRLVWORFWROROQ DV
IXWULWLBS® KWWSRUJGRL SMQ

$OORK ®DLE06DABIG + %DUDQHQWHU\ 7(0 (IWHQVLRQ RI X
FKHHVH VKHOI OLIH XVLQJ HGLEOH FRDWLQJV FRQWDL
FRULDQGHU H[WUDFWV DV )PRGOLRIRQWERDO DJHQW)\
KWWSV GRL RUJ

$VLI 0 1DGHHP 0 ,PUDQ 0O B80OODK 5VPIDUIDE 05DKKIPQ0) 5%Ra
- .RUPD 6 (VDWEH\RJOX 7 (IIHFW RI IDW FRQWF
FRPSRVLWLRQ OLSRO\WLV YLWDPLQW\BB G KRR UN BW R
LQ OLFURELRORJ\ KWWSV GRL RUJ IPLFE

$WDVHYHU 0 OD]OXP + %LRFKHPLFDO SUWRAHVLMIDU G
6FLHQFHY DQG SSDEWLKWWSVY GRL RUJ YHWVFL

%DUHU . %XFKEDXHU+DQEERRN RI (VVHQWLDO 2LOV 6FLHC
$SSOLFDWIERBRYV 3UHVV %DFR 5DWRQ IRQGRQ
KWWSV GRL RUJ

%DVKWD $ ,YFKXN 1 B6WHWVHQNR 1 %DVKWD 2 5D W
FKRLFH WR LQFUHDVH WKH FRQIBIFMQLRIQH UR >XQUXQWDLOL W IL RRR

SsS KWWSV GRL RUJ

%RUXJD 2 -LDQX & OLGFD & *ROH 7,K\P XX LYDE/IMHRWWLIDWD R L

&KHPLFDO FRPSRVLWLRQ D QRXDQWQ PRIFURE L DLERS FINQE L I

%XNZLFNL ' *LZHOL $ O6WRMWRYLF 9 49XMRWOLEF /0O 76RNRYLF
6KRUW FRPPXQLFDWLRQ &KHKHNKV VG $RUHIPHHQVNN G

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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SRWHQWLDO QDWXUDBRXLURRIO SRIH\DHWY DEFL ¥iif F H
KWWSV GRL RUJ MGV

%XO0JDULDQ 6WDWH 6WD@E DQG& OLON 3URGXFWV 'HWHUPLQD

%XO0JDULDQ 6WDWH 6WDQGDUWSHQVRU\ DQDOWLSURGXFWYV

%XO0JDULDQ 6WDWH 6WDQGRUGUWHBHQWLILFDWLRQ RI FKD
PLFURRUJDREWREDFLOOXW XENBED XHUEMLEWUHSWRFRFF X
WKHUPRSKLOHYV

%XO0JDULDQ 6WDWH 6WDQGDOUE UREBROWKH RRRGURKIDLWOD W LR Q
RI WHVW VDPSOHV LQLWLDO VXVSHQVLRQ DQG GHFLPDC
3DUW  6SHFLILF UXOHV IRU WKH SUHSDUDWLRQ RI PLO

%XO0JDULDQ 6WDWH 6WDQGDRIXYWQXPHULRVLRIQDUDFWHULV
PLFURRUJDEROVERXQW WHFKQLTXH DW GHJUHHV &

%XOJDULDQ 6WDWH 6WDQGDUG (1 ,62 (QXPHUDMALR®@ ®RE PRC
IRUPLQJ XQLWV RI \HBR®EGQBWRW HFPAFK@AT XH DW  GHJUI

%XODRUBWDWH 6WDQGDUG (1$Q6PDO DQG YHJHWDEOH IDW
'"HWHUPLQDWLRQ R |RGHRR{WAH F¥ DYOLVHKDO HQGSRLQW GH\

%XOJDULDQ 6WDWH 6WDQGUW (1 ,62 "9 HRIPQ ODQ/GL R |
RI DFD®XH DQG DFLGLW\

%XVHWWD * 3RQWH 0O %DUEHUD 0 $OIRQVR $ ,RSSROR $
1 3DOD]]JROR ( %RQDQQR $ ORVFKHWWL * 6HWWDQQ
FLWUXV HVVHQWLDO RLOV RRKMWRKLF POFD®E LIR@WR [l RFIDED B\
BULPRVDOSIQAKIIR{YBDQWVKWWSY GRL RUJ DQWLR]

&]HUZRQND 0 *LHOHFL VND $ %LDAaRMF$DN4BDAHN 0 & KRROHF
DQG LWV R[LGDWLRQ G HULNHDW L& HIVUIKRBQAEQRVYQ P

KWWSV GRL RUJ QX

dDNLU & 9RODWLOH FRPSRXQG SURILOH IDWW\ DFLG FF
DUWLVDQDO NDUJO 7XOXP &KHHVH GXDLQU SURGXFW
KWWSV GRL RUJ GDLU\

&XPHQFR 7 %XOJDUX 9 4XDOLW\ FKDUDFWHULVWLFV
\RIXUW ZLWK 8NUBLWWVDQ JRRG -RXUGBO
KWWSV GRL RUJ ;

'DEDEQ@4#K $QWLPLFURELDO DFWLYLWVWVKAQRVIHRIEHVLIR Gl

SDWKRJHQLF PLFRIRRQUDO RIVIRRG $IJULFXOWXSEHDQG (Q

'"H ODUW IQURXQ RRUP LD ERHR 1DSRO)L WRQWH6K@QDWRUH
&KHPLFDO FRPSRVLWLRQ DQG DQWLPLFURELDO DFWLYLW
7K\PXVURZLQJ ZLOG LQ VBROKFHEXQHV, DO\

KWWSV GRL RUJ PROHFXOHV

'LPRY O 7TDQHYE | =OBHYFDWLRQ RI GLOO HVVHQWLDO RL
\RIXUWRXUQDO RI &KHPLFDO 7HFKQRORJS5SDG OHWD
KWWSV GRL RUJ MEFWP Y L

'L 7UDQD $ 'L 5RVD % $GGLV O JLRUL O 'L *ULJROL $ (
&KLRIDOR 9 /ILFLWUD * 7TRGDUR O 7KH TXDOLW\

FKHHVHVWHSURG)GLIIHUHQW PRQWKWRONEQW R WDRPLIQVL RQ
WRWDO SKHQROV DQWLR[LGDQW $OQISPFQW\ DQG K
KWWSV GRL RUJ DQL

'REUHYD'LPRY 0 9DOHY 7 ,OLHY , 'DPWRQRQYBRY® $2SUHD
&KHPLFDO FRPSRVLWLRQ DQG DQWLR[LGDQW DFWLYLWLH
RLOYSOLHG 6FLHQKWYWSV GRL RUJ DSS

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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J)DUKRRVK 5 <DHRBLHEQLYROXWLRQ RI RILGDWLYH YDOXHV GX

ROLYH RLO R[LGDWLRQRXUQBE RD QKPP BSRWHWHNMQ 2LO &
SS + KWWSV GRL RUJ v

JR[ 3 *XLQHH 7 &RJDQ 7 OP6QEBPHOQWDOV RI &RHHYHHOFL
86

*RXGD $ +DPHG . )XQFWLRQDO SURSHUWLHAP RLQRDK X
-RXUQDO RI MH D\QEFIHEKQRGRJ\

*UDQDWR ' 6DQWRV 5 6DOHP $ ORUWD]DYLDQ 5 5RFKD
H[WUDFWV RQ TXDOLW\ WUDLWV RI \RIXUWV FKHHVHV
WHFKQRORJLFD O& XSHUNEM F WS YGRAR Q6 FLLGI QFRE S +
KWWSV GRL RUJ M FRIV

*URVVR & )LIXHLUHGR $ %XULOOR - ODLQDU $ S8ULHWD

&RPSRVLWLRQ DQG D QKXPRMWBPRRODWWOWVW\&RPSD
EHWZHHQ VXSHUFULWLFDO [0 X L GRHKWQUIDGIRW B BISEDQ/E HK \ G U
Ss & KWWSV GRL RUJ MVVF

*XLOOHUWRBEBI]1LXXxH] GH 0D REBRXOJO SUBRI®INRQW GHEDOGH]
,QIOXHQFH Rl RUHJDQR HVVHQWLDO RLO RQ WUDGLWLRQ
ODFW UMV HUN F6BIWXVWWD $UJHQWLQD GH SELFHRELRORJt
KWWSV GRL RUJ M UDP

*sOHU = 3URILOHV RI RUJDQLF DF LG DH) G KMEO/DIMLERA] F F
KHUEV DQG VSLFHYWFW® WKRQD® -RXUQDO BB)RRG 3UR:

KWWSV GRL RUJ

*«QH\ 0 '"HWHUPLQPWEL BQRIL OBIWDMGDDQWLR[LGDQW D F\
IURP 7XUNMHNUQDWLRQDO -RXUQDO RI $JULFXOWXBH (QYL

+ KWWSV GRL RUJ MDHIV
+XPPHO - 6WUHKPHO 1 6HOELJ - :DHFWYHRQ' W URISINB XS S

VXEVWUXFWXUH SUHGLFW LFRQ SRIR RHOWBREROLIFBBH FYIURP *&
KWWSV GRLVRUJ

L EUDKLP $ (O 'HHQ $ ,PSURYHPHQW RI WKH SURSHUW!I
DURPDWLF DQG YQIWHWDRB®H RRIOIDY -RXUQD®GSR 'DLU\ 6FL
KWWSV GRL RUJ LMGV

JIWLNKDU 0 %DWRRO 6 3K\WRFKHPLFDO DQDO\VLV DC
7K\PXV YXO3DNLVWDQ -RXUQDO RI %LRFKHPIS/®WU\ DQG ¢
KWWSV GRL RUJ SMEE Y L

,PHORMDSPHKDPGSLDWKHGHWALWKHGLEO%DFKLUL &KHPLFDO
FRARYLWLRQ DQG DQWLPLFURELDO D7FRKWRXY W\XBU B MH Q W
(DVWHUQ 0@WREFEFOWLRQDO -RXUQDO RI $33U+tFXOWXUH D

,RDQQLGRX 0 O0ODJJLUD 0 6DPRXULV * 3K\WGRMRFKHPI
SURILOH DQG OLSLG R[LGDWLRQ GXULQJ ULSHQLQJ RI .
SDVWHXUDRRGPLONKWWSY GRL RUJ IRRGV

.62 OLON 'HW HUJPIDQ\D WRBIYHERQWURPHWULF *HUEHU P

.62 &KHHVH DQG SURWHVWYPHQDRMKIHRHY HRRI WKH WRWIE
5HIHUHQFH PHWKRG

. YDQRYD 0 .RVWRY * %DODEDQRYD 7 9ODVHYD 5 8]X
&RPSDUDMAGHRQ WKH SRVVLELOLWLHV RI LQFRUSRUDWL
LQ IHUPHQWHK® FILLWOINDWQ -RXUQDO RI $JBISEXOWXUDO 6FLH

,YDQRYD 0 %DODEDQRYD 7 .RVWRY * 8]XQRYD * D
LOQBRWDWLRQ RI ROLYH RLO DQQRRIG 6HN[MIEEAW LQ IUH
KWWSV GRL RUJ U

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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,)YDQRYD 0 7HQHYD 2 'XVKNRYD 0 9EGHMHEW R| BED/Q@RDPRRL
QDWXUDO DQWLR[LGDQW RI EDVLO RQ FKHPANDDLRQBQV H
JRRG -RXU@®B30O+ KWWSV GRL RUJ ;

,YDQRYD 0 ,YDQRY * ODUNRYDL$LGYWQRBRD\VLV DRG R[LGD
IDW LQ .DVKNDYDO FKHHVH VW RUHZID VWR®L & R RJPHXQML FADHAPL

SS =

, YDQRYD O &RQMXJBQYHGFOH QG ROMILEF\ FRARKXEF YN0 RI5H
OLFURELRORJ\ %LRWHFKQRORJ\ DQG HRRG 6 FL
KWWSV GRL RUJ MPEIV

,YDQRYMQHYKHNRY®OD\G]JLHYD 0 6FKUHLQHU 0O B6ODYRY $
&RPIDWLYH DQDO\VLV RI ZLOG DQG FXOWLYDWEGQIURWHK L
Rl WKH 8QLYHUVLW\ 'XQDUHD GRRBVIRFKRAB®I:)DVFLF

KWWSV GRL RUJ IRRGWHFKQRORJ\

,YDQRYD 1 $ PDWKHPDWLFDQYPRGBRQGWRIEWLPL]LQJ WKH SHU
PDFKLQH PDLQWHQDQFH E\ UHOLPHELFXDOWRUPIOW 6FKBDQ
7HFKQRRSS + KWWSV GRL RUJ DVW

-XULG 6 -XULG O 6LGGLTXHO )DWKL O 9HJHWDEOH R
QDQRHQFDSVXODWLRQ PHWKRGRR G (BG WIWZEL G0 \WH UHRIKVD |

KWWSV GRL RUJ

.DUDVDZD 0 ORKDQ & JUXLWYV DV SURVSHFWLYH UHVHL

1DWXUDO 3URGXFWV DQS&S%t RS KRAMESH\F W GRILVRUJ

.DYDV * .DYDV 1 7K HOH Q WKW VV BIVIRIHMW LDO RLO IRUW
ILOPV RQ WKH SK\WLFDO FKHPLFDO DQG PLRMREBDRORULI
JRRG $JULFXOWXUH DQG $Q¥ LURQPHQW

_.KRO\ : $DPHU 5 ODLODP 0 (IIHFW RlI VRPH WRMHQWLI
FKHHVH GXUISQHMOQRBWRLDH-RXUQDO RI )RRG 6BISHQFH DQC

.OLVRYLU ' .RSULYQMDN 2 1RYRVHOLUO $ 3OHDGLQ - [/H&
FKDQJHV LQ WKH H[WUD YLUXRPIROLFVHRY B BREHEGHDNV W
KWWSV GRL RUJ IRRGYV

.RZDOF]\N $ BUJ\FKRGQD 0 6RSDWD 6 %RGDOVND $ YJHF
HVVHQWDHMZ RQULIKWY LQWR VHOHFWRGHWKBHNMSHXWLF
KWWSV GRLRRAHFXOHYV

.RIKHY $ .DVKNDYDO DQG 3DVWD )IQQRWBKH SHHR&KMHHYVHV

. XOLVLF 7 5DGRQLF $ OLORV 0 $ QP LRX VG DXPO BWIRS F

DQG ZLOG7WXARM VHUS\DOKPQWWDORRIGMD O RI )RRG 6FLI
SS

.LQLN 2 *XUVR\ 2 G6HFNLQ $ &KROHVWHURO FRQWHQ

FRQVXPHG 7XUNLVK KD&]H P GRXR D 6 KRHHMMSPSD ® 6FLHQ
KWWSV GRL RUX-)6
XPDU 6 6HQL\D & 3UDVDG 6VSHUJLVYROBWORWYREHG IRF
FRPPRGLWKNRXVOQGXOJBVNVNWHQWLDO RLOEDWHIGE B\W BWH ¥WDS
3KDUPDFRJQRV\ 0DJD§SQH KWWSV GRL RUJ

/IRSHJRUGRYD $ YHDVLELOLW)\ RI XVLQJ FDUYDFURO VW
TXDOLW\ Rl SBREDPAKNH\KAMVWSY GRL RUJ SRO\P
/RUGDQ 5 7VRXSUDV $ OLWUD % =DEHWDNLV , 'DLU

ZH UHDOO\ QHHG WRREN FRWWISYQH®RL RUJ IRRGV

IXQIR[ 6 6DUPDEBYMUIRGH 6 5DGEFHFIOH] % UBRRRGWD QD <
$UWHDIHBDY SR < 6WXG\ RI WKH SK\VLFRFKHPLFDO FRPSRVL

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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VKHO!| OIDIWW\QIBFLG SUFOVUH GRYBHBERBCGVDQG +XPDQLW
KWWSV VVUQ FRP DEVWUDFW

ODNKDO 6 .DQDZMLD 6 *LUL $ (IHIHFWLYHQHVV RI WK\
FRWWDJH fROHHYMO R|I )RRGG6FHWE@BDRGBJI\ +
KWWSV GRL RUJ \V

ODQLRQ - +XLH 5 J/HYLQ 5 %XUJHVV -U' 2UNLQ 9 7VDC
.Q\D]JHY 9 $WNLQVRDHUHEKIL (/LQ & < $OOLVRQ 7 0DC
) +HUURQ - +DPSVRQ 5 )UL]J]JHOO ' 1,67 &KHPLF
6WDQGDUG 5HIHUHQFH 'DWDEDVH 9HUVLRQ ‘HE 9H

1DWLRQDRD PQWDMIGNDXNEW DQG 7THFKQRORJ\ *DLWKHL
‘HE DGBWHWWSN NLQHWLFV QLVW JRY

ODQXHOLDQ & &XUUz 6 3HQDVD 0 &DVW%EQGDRWH U LHDODLLF
PDMRU DQ®MWWUDDAH PRWW\ DFLG FRPSRVLWLRQ DQG FK
GHVLJQDWLRQ RI RXWQROFRHHVBIMU\ 6FBBQEH
KWWSV GRL RUJ MGV

ODUWLBKUH] & 'H .DLUX] 1 $UDR] 9 6FKXIl & 'H 9DOGH]
RUHJDQR HVVHQWLDO RLO RQ WUDGLWLRQDO $UJHQWLQ
FXOWXBHYLVWD $UJHQWLQD GH OLFSRELRORJID
KWWSV GRL RUJ M UDP

OFODKRQ ' 2EHUJ & 'UDNH 0O )DUN\H 1 OR\HV / $UQROC
%URDGEHQW - (ITHFW Rl VRGLXP SRWDVVLXP PDJC
S+ SURWHRO\VLV RUFDQEEDIFISREXDQ®LRIQVIBWULQJ
&KHGGDU FKHHMHDO Rl 'DLU\ 6LHGBH =
KWWSV GRL RUJ MGV

OF6ZHHQH\ 3 %LRFKHPLVWU\QWHUFGBHWYRQDIOSHRXQQD
7HFKQRORIS + KWWSV GRL RUJ Mo

OHWZDOOL $ (IWHQGHG VKHOI OLIH RI NI¥UWM/IKD &K HH
-RXUQDO RI $JULFXOWXUDO 5HY S DUEK
KWWSV GRL RUJ HMDU

OLJXHO 0 $QWLRLQCOQMP DYB W @WWLYLWLHV RI HVVHQ
OROHFXOHS + KWWSV GRL RHEXOHV PRO

ORKDQDG $ dDNLFL $ 5LPDZL ) 8VH RI GLIIHUHQW HV
DV QDWXUDO ,QWHMHUDWIUWRQBO -RXUQDO RISBRRG (QJLQ
KWWSV GRL RUJ ,$8 ,-)(5 LMIHUBY L

1iMHUD $ 1LHWR 6 %DUURQ / $OELVX 0 $ UHYLHZ R
KDUG FKHHVHV 4XDONMY @IVELRROHWARXUQDO RREQYLUR
3XEOLF +HDOWMWWSYV GRL RUJ LMHUSK

20PHGR + 1HSRWH 9 *URVVR 1 3UHV HURDHWLVRIOH R | LY
IODYRUHG FKHHVH SUHSDUHG ZLWK FUHDP FKHHVH EDVI
RLOV/:7 )RRG 6FLHQFH DQG 7HFKSBROR M
KWWSV GRL RUJ M OZW

3DUH@SM] 2 6KHYFKHQNR 2 6WDEQLNRY%ILRHOKXQRY P HEGW
JRUWLILEFDWLRQ RI )RRGV KS& BUHNNOWAKRFEDLHIDWRQ
KWWSV GRL RUJ

3DVIFI\N % O3RQDMND 06WHFIZINR $ &KHPLFDO FRPSRV
SURILOH DQG OLSLG TXDOLW\ LQGLFHV LQ FRPPHUFLDC
VHDVR@WDOV KWWSV GRL RUJ DQL

5HIJXODWLRQ (& 1R Rl WKH (XURSHDQ 3DUOLDPHQW
OD\LQJ GRZQ VSHFLILF K\JLHQH UXOHV IRRQIMRRG! RRIQD

KWW®WH[ HXURSD HX HOL UHJ RM HQJ

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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5HQOEHU ) gQO+ + $NJ+O ) $WDVR\ $ 5LSHQLQJ G\
SK\WLFRFKHPLFDO FKDQJHV IUHH IDWW\ DFLG FRPSRV
QWHUQDMWULRQGBRUQDO KWWSV GRL RUJ M LGDLU\N

5LWRWD 0 O0DQ]L 3 1IDWXUDO SUHVHU¥Y@WPIDYHAV IURP S
KWWSV GRL RUJ DQL

5RWD+HUUHODUWSEQBRWRPD\RW®D Q $QWLPLFURELDO DFW
FKHPLFDO FRPERF XKW LYRDKRPXM D OEX\P XV K\HRIYOIQW LD O
RLORRG &RQWEIRA@ KWWSV GRL RURRGFRQW

5R\' 6DKD 7 $NWHU 0O +RVDLQ 0 .KDWXQ + G5R\ O
VXSSOHPHQWHG ZLWK IUXLW SXOS EDOHW®D \8DRQDHD DRX
IXWULWLRQ DQG )RRG I\RAREYR H Y M LMQIV

6DFFKHWWL * ODLHWWL 6 ®X/QROHGEDGEDH OLDBWX QL 5
&RPSDUDWLYH HYDOXBRWRR @ IRGL | IHVUWQAQWRDDILQ DV IXQ
DQWLUDGLFDOV DQG DQWRRBGFURELMIOMEBEQ +IRRGV
KWWSV GRL RUJ M IRRGFKHP

6DKLQJLO ' +D\DORJOX $ (QULFKPHQW RI DQWLRI[LG
YROWDWRBGSRVLWLRQ DQG VHQVRU\ SURSRVWDVLFHAQ IRQ D\R J X
IRUWL IL,FDMWHUR@D W L RRID ®D VRWIRIIFER GD Q6L H Q FH
KWWSV GRL RUJ M LMJIV

6DODPD6D\HG + .KROLI $ (GULV $ (VWVHQWLDO RLOV
RI IXQFWLRQDO VWLUUHG \RJXUW ODQXIDFWXULQJ St
VHQVRULDO L-RX U I/\BKMEG L REREIUHVE X O MLXHQIF®I 8 S +

KWWSV GRL RUJ M MVVDV

6RXED*DGKRXPDUKDWHMUDRKDPHGHVV.LGRXQ@VEAHQ <RXVVHI

1 %HQ 6QDRMBEPOL )XQFWLRQDO ROLY HLRIHMW D Q HOW

KHUEV HQKDQFH FKHHVH SUHVHBRDW VR Q FDXQUXD DX VRU )\ E

IXWULWMIQEGIBBIS+ KWWSV GRL RUJ SMIQV
6WDEQLNRYD/RSHWDYHGHY 30DQW PDWHULDOV IRU WKH SUR

IRU ZHLJKW PDQDJHPHQW RRGUREHMY IWWSUWYRQWLR®AG 6

SS + KWWSV GRL RUJ

BWDEQLNRBKHYFKHQNR 2 6WDyBMINRY (&V 3DUHREROYHUVLR
Rl :DVWH WG OPOXHIRGEFMMHVY %RFD 5DWRQ /RQGR!
KWWSV GRL RUJ

6WDEQLNRYD 2 6KHYFKHQNR $ySHWRE G NRBWI9O L BIDW HE®! \R |
SURFHVVLQJ ZDVWHV IRU HQULFKPHQW &N EDINMLLD D JRR 6
-RXUQDO SS KWWSV GRL RUJ ;

6WDEQLNRYD 2 6WDEGHIRY 9 3DUWBGHMSODQWY EHUULHV
DQG VHDZHHGV LQ IRRG SURGXFWLRQ ,Q 6 *XEVN\ 2 6\
/ySH] (GYOG (GLEOH 30DQWV ,PSURYLQJ )RRGV 1XWULW
WKURXJK %LRWHBERKQROWJI\ %RFDRGDWRQ@ <MRONE SS
KWWSV GRL RUJ

7DUGLROR * 'L 6DOYR ( 7ULQJDOL 6 %DUWRORPHR * *HC
$ &LFHUR 1 =XPER $ $VVRBELBWOIGQBKDQJHV LQ IDWW\
DQG IQXMRODDO LQGLFHV LQ FDFLRARIGAD O ORKW.\WBQR G'RLFR

IRRGV

7RPDU 2 $NDUFD * *|N 9 dD+ODU 0 7KH HIIHFWV RI
DFLG FRPSRVLWLRQ RUJDQLFRDIFQIBVFR Q YWXHXRR URKIHG WREH [
JRRG 6FLHQSES = KWWSV GRL RUJ

7XUDO 6 7XUKDQ 6 $QWLPLFURELDO DKQBXIV@MKLA L G D ¢
/ URVHAFDWPDULQXV/RIDLEGG QRN WHY Q@ RHMMHWQWLDO RLO
WKHLU PLUB/XUSY = KWWSV GRL RUJ JLGD *'

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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9DVKHND 2 3HWUXVKD 2 8VH Rl SODQW DGGLWLYHV I
3DUH@S8M] 2 6KHYFKHQNR 9 6WDEQANRNQKDQFBPRRY W (
JRUWLILFDWLRQ RI )RRGS/SIRU D&5& BBOUWYXV ' %R BQWR Q
KWWSV GRL RUJ

‘DVRZLFV ( *UDP]D $ O0DU]DQQD + +HQU\N - .RUVDN -
5XGILQVND 0 6DPRW\MD 8 :RMWDVLDN 5 3ROLYK.GD\
-RXUQDO RI )RRG DQBVIX®I+WLRQ 6FLHQF

<LOGL] 6 7XUDQ 6 .LUDODQ O 5DPDGDQ 0 $QWLRI[LG
DQG WK\PRTXLQRQH DQG WKHLU HIILFLHQFLHV RQ WKH \
RLORXUQDO RI )RRG 0 HEKDXWDH MHUWSB Q4E R Q

=DKLG + 5DQDGKHHUD & )DQJ = $MORXQL 6 YXQFW
ZLWK SURELRWLFV DQG |UX)IHWPHSHHDWLBRZGHUV
KWWSWRL RUJ IHUPHQWDWLRQ

=KHNRYD * 1HZ DURPDWLF SURGXFWRARNRPY WERDYDWV Lt
XVH LQ WKH IRRG LQGRRWEU,\ QIR WBVPHWLFV

&LWH
8)- BW\OH

,YDQRYD 0 'REUHYD . 7DIQAKHD'D O'LPOWKRYD 6WR\I
$ ,QIOXHQFH RI VXUIDFH WUHDWPHQW ZLWK KL

WK\PH HVVHQWLDO RLO R Q8NIMKNILYDIO)RRIBHRK T @D O
SS + KWWSV GRL RUJ :

$3% 6 W\OH

,2YDQRYD 0 'REUHYD . 7DDFKHDYD, O'LPOWHRYD
6WR\DQRYD ,QIOXHQFH RI VXUIDFH WUHDWPHQW ZL\
RLO DQG WK\PH HVVHQWLKOHH \RH. OBRIDILEMNOND YR RG
-RXUQDO * KWWSV GRL RUJ

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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SBURSHUWLHV RI HIWUXGHG EUHDNIDVW FHUHL
IHUPHQWHG VRUJKXP IORXU DQG WLJHUQXW S

20XZDNHPL $ERV 'DYLG 2QDI(ZHWI (PPDQX
HKLQGH 22B(QLROD 20XZD\BELRDD -R\ 2QLSHGH
$GHZDOH 20XVHJXQ 2EDGLQD

1)HGHUDO 8QLYHUVLWI RI $JULF
+8QLYHUVLWI| Rl OHGLFDO 6FLHQFHV 2QGR &LWI| 1LJHU
+ )HGHUDO &ROOHIHRHREXADWILIRDPHUL D

$EVWI

.H\ZRUGYV
,QWURGXGWLIRFHQW \HDUV WKHUH KDV EHHQ
%UHDNIDVW IRU IXQFWLRQDWHHQG®R®WKWHQYHQ E\ LQFUHDYV

&HUHDOV LQWHQHKMDOWKLHU GLHWDU\ FKRLFHV 7KHUHI
(IWUXGHG VHOHFWHG TXDOLW\ DWWULEXWHV RI H[WUXGH(¢
JHUPHOWHG EOHQGV RI IHUPHQWHG VRUJKXP IORXU )6) DQ

ODWHULDOV DQGRSWWKRGVGHVLIQVEBV XVH{
VRUJKXP SUHSDUDWLRQ RI WKH IORXU EOHQGV UHVXO\
7LIHUQXW (IWUXGHG EUHDNIDVW PHDOV ZHUH PDQXIDFWX
RPDFH D KRW H[WUXVLRQ SURFHVV DQG ZHUH DQDO\

WH[WXUDO DQG VHQVRU\ SWREBWVWLHYV XVLQJ V
5HVXOWYVY DQG XKV R2OWHBQDEVRUSWLRQ FD

DEVRUSWLRQ FDSDFLW\ VZHOOLQJ SRZHU VRO
$UWLFOH KLVWRORQRJHG 1URP * * *
* UHVSHFWLYHO\ /LIBR/@HVV L
SHEHLYHG \HOORZQHVV RI WKH H[WUXGHG E4WHDNIDVW PH|
* DQG + UHVSHFWLYHO\ +DUGQHVYV
5HEHLYHG LQ UR®KWY&YHQHVYV FRKHVLYHQHVV IUDFWXUDELO
IRUP UDQJHG IURP 1 * * *
$FEHSWHG + + DQG= UHVSHFWLYHO\
7KH UHVXOWY REWDLQHG IURP WKH WH[WXL
FKHZLQHVV HQHUJ\ WR SHDN JXPPLQHVV Il

ZRUUHVSROGLQUQFUHDVHG VLIQLILFDQWO\ S ZLWK LQFU

DXWKRU EOHQGV 7DVWH DURPD FRORXU WH[WXUH D
+ + + + DQG =

2OXZDNHPL UHVSHFWLYHO\

SERVHGH 2MR 6HQVRU\ TXDOLW\ DWWULEXWHV VKRZHG WKD

(PDLO RI 713 KDG WKH KLJKHVW RYHURIOW LD ABKSWD E

RMR ROXZDNHPEBPDFH WR IHUPHQWHG VRUJKXP IORXU KDG D
IXQDDE HGX QJRQ WKH FRORXU DQG IXQFWLRQDO SURSHUWLH)
ZKLOH WKHUH ZDV QR VLJQLILFDQW S! b
FRKHVLYHQHVV HQHUJWWR SHDN DQG VSULQJL!

&RQFOXVKRQWWXG\ VKRZHG WKDW H[WUXGHC
‘2, FRQWDLQLQJ IHUPHQWHG VRUJKXP IORXU
SRPDFH DFKLHYLQJ WKH KLIJIKHVW RYHUDOO DFF

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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,QWURGXFWLRQ

%UHDNIDVW LV WKH GD\ V QXWULWLRQDO IRXQGDWLRQ
EDELHV LQ XQGHUGHYHORGBHIGDQ D L$R Q VF D) ROVHE P @ WE) H C
GLHW RI JUDLQV OHJXPHV DQG D IHZ WXRRGY \2KD RK P XH
UHFRQVWLWXWHG EHIRUH EHLQJ FRQVXPHG &RUQ ULF}
FRPPRQ JUDLQV XVHG LQ WKH SURGXFWLRQ RI EUHDNIDV\
ELG WR IRUWLI\ EUHDNIDVW PHBY ZFHUK ROWK BU HH ¥RR G WQ
UDZ PDWHULDOV ,Q RUGHU WR FRPEDW ZLWK WKH ULV
XQGHUXWLOL]HG XQFRQYHQWLRQDO DQG LQGLJHQRXV Ul
HW DO D &RQVLGHUQL\QH GNKHDZHDIO BEHRRAXIPMWY RI WLJ
FRPELQDWLRQ RI IHUPHQWHG VRUJKXP IORXU DQG WLJHL
PHDO SURGXFWLRQ LV DGYRFDWHG

BRUJKKXPUIJKXP ELFRRRQFK LYUDZERMWHDO PRUH FRPF
DV DQIHMBBOWKDQ DV D IRRG VRXUFH LOQHHG/KADHPU BWF RXOQ W U
W LV NQRZQ DV *XLQHD FRUQ LQ :HVW $IULFD DQG UDQNV
ZRUOGZLGH DIWHU ULFH ZKHDW DQG PDL]HIRFR YRXRJ BHL
GXH WR LWWHWHOXMWHMQQUH KLJK UHVLVWDQW VWDUFK FRQV
ELRDFWLYH SKHQROLF FRPSRXQG V9 LSBWRD U DR HHW DD
HW DO &RPSDUHG WR RWKHUFRDMWDW G\H KH DIOHBU®!
SKHQROLF FRPSRXQGV PDLQO\ LQFOXGLQJ VLPSOH SKHQ!
HW DO 7KHVH ELRDFWLYH FRPSRXQGV FRQWULEXWF
H[KLELW YDULRXV ELRO RJQWAQRI® DFEMOLW RWL HVQ W KRKL G B QW
DQG DQWLGLDEHWLF HIIHFWV 5RPHLODK HW DO +R
ORZ GLJHVWLELOLW\ FRPSDUHG WR RWKHU ©NWHDR®\ RSD
IDFWRUV VXFKRKLFKVRQ@EAY VWDUFK GLJHVWLRQ DQG Q>

JHUPHQWDWLRQ LV D SULPDU\ WHFKQLTXH RI ERRVYV
DSSOLFDWLRQ VFRSH RI FHUHDOV DQG LQFUHDVLQJ WKH
JHUPHQWDAHBRODRY HQKDQFHV WKH VKHOI VWDELOLW\
TXDOLW\ DQG GLJHVWLELOLW\ RI WKHLU SURGXFWV ZKL
2MR HW DO E )JHUPHQWDWLRQ KDV EHHQ RKERIRY WR
UHGXFLQXWQMNLRQDO FRPSRQHQWY LQ FHUHDOV DV ZH
VWDUFK DQG SURWHLQ EDODQFLQJ RI DPLQR DFLG DQ
5HVHDUFKHV KDYH VKRZQ WKDW IHUPHQ R DWORR CLR)PRN B
DQG LWV UHWURJUDGDWLRQ YDOXH *H HW DO )X U\
VSRQWDQHRXV IHUPHQWDWLRQ RI VRUJKXP ERRVWHG WK
PHWKLRQLQH VLJQLILFDQWO\

7LIHUQSWUXV HVIFXDRPRYRFRW\OHGRQRXV SODQW LQ V
ZKLFK FRPSULVHV RYHU VSHFLHV ,W LV D SHUHQQLD
FRPPRQO\ UHJDUGHG DV D ZHHG SDUWLFXODUO\ LQ YH.
7LIJHUQXW LWRLYSRHWFIUFDOWKDW FDQ EH FRQVXPHG UDZ
DQG $UVODQRJIOX ODMRU SURGXFHUV LQFOXGH 1LJ
BWDWHV ,UDT DQG ORURFFR ,Q 1LJHULD LW LV ORFDOO!
DQG $NLQXVER ZLWK WKUHH FXOWLYDWHG W\SHV EODFI
WKH \HOORZ DQG EURZQ YDULHWLHY DUH ZLGHO\ DYDLODE
SURGXFHWBNWW®NHM YRXU ODGXND DQG ,UH

7LIJHUQXW WXESIWRWHLH) UYEWDRPLQV PLQHUDOV DQG |
DUH SDUWLFXODUO\ DEXQGDQW LQ LQVROXEOH ILEUH

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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FRQVWLSDWLRQ 7KH WXEHUV DOVR FRQWDLQ DUJLQLQH
ORZHULQJ EORREOWXJBUOLNLY DQG 20D UHZENMWYV LQFDL
RLO IORXU DQG SRPDFH

7LJHUQXW SRPDFH KDV EHHQ DSSOLHG LQ YDULRXV IF
FRRNLHY EHYHUDJH SRZGHUV SDVWD LFH FWKDPNHRQPSC
$\RGHOH HW DO *DPER DQG 'DfX =DSDRWHD HW DO
W LV FRPPRQO\ XVHG DV D IXQFWLRQDO IRRGUFRXSRQB Q\
DJHQW GXULQJ IU\LQJ ELQGHU QREXP N LHK® JHMRR §\ D |
WKH FXUUHQW WUHQG Rl ELRFRQYHUVLRRGRIHGS ODURNG SR
BWDEQLNRYD HW DO D E

W LV ZHOO HVWDEOLVKHG WKDW FROPEL® LRDIWHHW B DG
HQKDQRKWWKIHWLRQDO YDOXH RI IRRG SURGXFWV )RU H[D
SRPDFH KDV EHHQ VKRZQ WR LPSURYH WKH QXWULWLRQTE
,XJD HW DO EDYDIOG V@DBNV OLURQHDVD HW DO

,Q D VLPLODMWRERGHBWLRIBXEWYV VXFK DV WLJHUQXW SF
LQFUHDVLQJ DWWHQWLRQ DV IXQFWLRQDO IRRG LQJUHG
WLJHUQXW SRPDFH LV D YDOXDEOH =\DFSOWAM HRW ®LCHW D U \
LQFOXVMRRG LRUPXODWLRQV FDQ SURYLGH QXWULWLRXV ¢
WKH XWLOL]DWLRQ RI XQGHUXWLOL]HG FURSV (QH HW D
SRPDFH ZLWK VRUJKXP LQ IRRG SURGXFWV PD\ HQKDQFH
DGGUHVVLQJ IRRG LQVHFXULW\

7KHUHIRUH WKH DLP RI WKLV VWXG\ ZDV WR HYDOXDW
VHQVRU\ SURSHUWLHV RI DQ H{IWUXGHG EUHDNIDVW SURG
IORXU DQG WLJHUQXW SRPDFH

ODWHULDOV D@&® PHWKR
ODWHULDOV

6RUJKXP WLIJHUQXW YHIJHWDEOH RLO YDQLOOD IODYF
PDUNHW LQ 2JXQ VWDWH

UHSDUDWLRQ RI IHUPHQWHG VRUJKXP IORXU

7TKH PHWKRG GHWrW LEGE ZD¥MRVHG LQ WKH SUHSDUDYV
VRUJKXP IORXU )6) 6RUJKXP JUDLQV ZHUH VRUWHG WR |
ZLWK FOHDQ ZDWHU DQG VWHHSHG LQ ZDWHU IRU K IRU
IRU K DW L@P& ZDWGRQEH XVLQJ ODERUDWRU\ KGBBHU P
2EHUVWHPDQ Q\

SUHSDUDWLRQ RI WLIHUQXW SRPDFH

7TLIHUQXW SRPDFH IORXU ZDV SUHSDUHG DFFRUGLQJ
%URZQ WEABHHWXXWHN ZXQROMBUW R UHPRYH IRUHLJQ P

DV SHEEOHVY DQG VWRQHY DQG WKHQ ZDVKHG XQGHU UX
VRDNHG IRU K DQG FIXEVHG XX\QWO\DZOWERUDWRU\ KDPP
,GPEHUVWHLQ *HUPDQWYUUK DM VIXOWH.QH GV & KURXJK

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF



JJJ )RRG 7THFKQRIDRJI\

REWDLQ WKH HIWUDFW OHDYLQJ WLJHUQXW SRPDFH 713
LQ D FDELQHW GU\HU DW f& IRU K

7TKH IRUPXODWLRQ RI WKH IORXU EOHQGS W PRIPUWENHHQ W |
GHVLJQ $ WRWDO RI WHQ H[SHULPHQWDO UXQV ZHUH JHQ
VHUYLQJ DV WKH FRQWURO VDPSOH 7KH IORXU EOHQGYV
EUHDNIDVW PHDO SURGXFWLRQ

7DEOH
JRUPXODWLRQV RI HHWUXGHG EUHDNIDVW FAWUHBOQ XWREP RIMHLARPH
EOHQGYV
6DPSDH)6) 713 6DPSPH )6) 713

)6) IHUPHQWHG VRUJKXIPIHURXXW BR3P DFH
BUHSDUDWLRQ RI HITWUXGHG EUHDNIDVW PHDO

7KH HISHULPHQWDO GHVLJQ IRU WKH FRPSRVLWLRQ RI
%UHDNIDVW PHDSQUMNBSPBBAEGVDERBHGLQJ WR WKH PHWKR(
D 7KH IRUPXODWLRQ FRQVLVWHG RI FRPSRVLWH IOR.
J VDOW J DQG YDQLOOD IODYRU J 7TKH PL[W
VFUHZ HIWWRRIHDGXIU ORGHO -6
7KH HIWUXVLRQ SURFHVYV ZDV FDUULHG RXW XVLQJ WK
SDUDPHWHUV $IWHU PLQ RI PL[LQJ D KRPRJHQHRXV
HIWUXGHG VDPSOHV ZHUH FROWHKWHG DAVR RVKHHGGW R B RELF
DQG VWRUEBBQWQ WABRONHEDKIY IRU IXUWKHU DQDO\

D f I

JLIXUHHUPHQWHG VRUDKXRHORXWESRBH)BH) XGH® NIDVW
PHDB

(YDOXDWLRQ RI IXQFWLRQDO SURSHUWLHV RI HIWUXGHE

'HWHUPLQDWLRQ RI ZDWHU :DEMRIU DEVRQY SPDLFOF LMD S
GHWHUPLQHG DFFRUGLQJ WRHMKRURHMKR® RI $GHEQPKNRIU
VDPSOHZAHLJKHG LQWR D FOHDQ JUDGXDWHG FRQLFDO F
ZLWK P/ Rl GLVWLOOHG ZDWHU XVLQJ D SODWIRUP WXE}
WR VWDQG DW URRP WHPSHUDWXUH IRU PLQV DR WKH
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YROXPH RI WKH VXSHUQDWDQW ZDV UHFRUGHG GLUHFWO
DEVRUEHG ZDWHU ZDV FRQYHUWHG WR ZHLJKW J E\ PX(
ZDWHU J P/ :DWHU DEVRUSWLRQ FDSDFLBW\RDEW G [SHW
JUDP RI IORXU VDPSOH

'"HWHUPLQIDRUORRERRUSWER2RQ BPESBFHISWALRQ FDSDFLW\ 7
DFFRUGLQJ WR WKH PHWKRG GHVFULEHG E\ $EXULPH HW C
ZDV ZHLJKHG LQWR D FOHIDJG WHEKHFHQLWKWIRIHVK K BEH SW\ V
7THQ PLOOLOLWUHYV P/ RI UHILQHG FRUQ RLO zZDV DGGH
7TKH PLIWXUH ZDV FHQWULIXJHG DW USP IRU PLQ 7KF
DQG WKH WXEWHOQWWK Z20W FRRAHLIJKHG 7KH LQFUHDVH LQ
DEVRUSWLRQ FDSDFLW\ RI WKH VDPSOH

'"HWHUPLQMWHEQLRIJ SRZHU DQGAHRIDXEKLDEWIHQ GG V
LQGH[ ZHUH GHWHUPLQHG XVLQJ WKH PHWKRG2QH\WRWLPE H
RlI IORXU ZDV ZHLJKHG LQWR D P/ FHQWULIXJH WXEH D
DQG JHQWO\ PLIHG 7KH PL[WXUH ZBFV&KIRODWH G LD BRBLACKW]
VWLUULQJ WR SUHYHQW FOXPSLQ@GIIDWKH WNER DY WRHQ\
VXSHUQDWDQW ZDV FDUHIXOO\ GHFDQWHG DQG WKH ZH
PRLVWXUH FRQWHQW RI WKH VHGLPHQW JHO ZDV VXEVHTX
FRQWHQW RI WKH JHO

I9AEMPKBSAP-OOA@EILRIP

5SAHHEK 9AEPKB@ NUP P ENDAC AllE,

9 A EPK B@ NQWK H £ RIPO®NN U EC] C
R-Or
5KHQ>EBH®RY 9AEMKB = LHR Hsrr

"HWHUPLQDWLRQ RI FRORXU SURSHUWILERORKX B [RIUW& |
VDPSOHYV ZHUH GHWHUPLQHG XVLQRMWPBPR&RURP B WHWH W |
-DSDQ 7KH FRORXU YDOXHYVY DUH H[SUHVVHG DV / OLJK
\MMORZQHVYV EOXHQHVV

'"HWHUPLQDWLRQ RI WH[WXXXDE G &ER S HDBIMONDWI HHIUHDI OC
$QDO\WLYVY 73% ZDV XVHG WR DQDO\WH WKH WH[WXUH RI
GLDPHWHU ZDV VHW DW PP GHIOHFWNVBQH®PZDAD VY HWH

PP PLQ SUHORDG VSHHG ZDV VHW DW PP PLQ DQG &
IROORZLQJ SDUDPHWHUV ZHUH PHDVXUHG KDUGQHVV
FRKHVLYHQHVY FKHZLQHVV 1 IUDFWXUDHELOLW\ DIQ GJXF
VWULQJLQHVYV PP

'"HWHUPLQDWLRQ RI VHQWPRWIXSHIRSS IEUW DRKDRW WX GM D
UHFHLYHG HWKLFDO DSSURYDO IURP WKH (WKLFV &RPPLW
7HFKQRORJ\ )HGHUDO 8QLYHUVLWAKRFBOUDRS S0 RXKNG ZPE/}
EHFDXVAVYBPQHG SDQHOOLVWYV ZHUH LQYROYHG LQ WKH
EUHDNIDVW FHUHDOV 6HQVRU\ HYDOXDWLRQ ZDV FRQGX
*DJQHWHQ HW DO $ WHRWHD @ HROIH F WSHD3Q HICRIPL VWK M X Q L
DQG DVNHG WR HYDOXDWH WKH H[WUXGHG EUHDNIDVW FH
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RYHUDOO DFFHSVOREDOWM-WHGARQDQF MFDOH OLNH H[WUH|
GLVOLNH [WE&IEHPHICNH H

6WDWLVWLFDO $QDO\VLV

'DWD REWDLQHG IURP DOO DQDO\WVHV ZHUH VXEMHFWHC
VHSDUDWLRQ ZDV SHUIRUPHG XVLQJ 'XQFDQYV PXOWLSOF
WKH 6RFLDO B6FLHQFHV 636® IRU 6BREGRQOV Y&KLWFIRIR
'LIIHUHQFHV ZHUH FRQVLGHUHG VWDWLVWLFDOO\ VLJQLIL

5HVXOWY DQG GLVFXVVLRQ

JXQFWLRQDO SURSHUWLHV RI HIWUXGHG EUHDNIDVW
VRUJKXP IORXU )6) DQG WLJHUQXW SRPDFH 713

7TKH IXQFWLRQDO SURSHUWLHV RI H[WUXGHG EUHDNI
VRUJKXP IORXU DQG WLIJHUQXW SRPDFH DUH SUHVHQWHG

7DEOH
JXQFWLRQDO SURSHUWLHV RI HHIWUXGHG EUHDNIDVW FHUHDO IU
WLJHSRXDWFH

)6) | 713 %' '$& 2%& 63 JJ 6,

“ | “

| | | |
| | | ( I
| | | ( |
| ( ( ( I
| “ I “ I “ | |
« | “ | | “ I “ |
I | | D (
I I I | |
I | | I |
I | | |

9DOXHV DVWPBGRUG GHYLDWLRQ RI GXSOLFDWH GHWHUPLQDWL
ZLWK GLIIHUHQW VXSHUVFULS®V DY6é) YHUQHQWBIGWRUGKXHA UB R
7LJHUQXW SRPDFH %' %XON GHQVLW\ :$& :DWHU DEVRUS\
FDSDFLW\ 63 6ZHOOLQJ SRZHU 6, 6ROXELOLW\ LQGH[ ',63 'L\

7TKHVH SURSHUWLHY DUH FULBHKDYLR® G LEGERXWRUYV SRIRIE
WKHLU SRWHQWLDO DSSOLFDWLRQV LQ IRRG VA\VWHPV 7]

WR J FPA ZLWK VLIQLILFDQW GLIIHUHQFHV S
VDPSOH FRQWDLQLQJ )6) BGQWKH OGRZHMWLEXWN GHQVL)
ZKLOH )6) GHPRQVWUDWHG WKH KLJKHVW YDOXH

EHWZHHQ 713 LQFRUSRUDWLRQ DQG EXON GHQVLW\ VXJJI
FUHDWHG D PRUH SRURWNYX\GHMGX BEWKRGKFMWY WHXIOM[ GHQ VL
SDUDPHWHU WKDW LQIOXHQFHYVY SDFNDJLQJ UHTXLUHPI
FKDUDFWHULVWLFV GXULQJ SURWHV/YLQ@EHRKREVBWYR QG \G A
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LQ EXON GHQVLW\ ZFRQWREWHPIVLRA DMBWULEXWHG WR W
SRPDFH ZKLFK FDQ PRGLI\ WKH H[SDQVLRQ FKDUDFWHUI
KLIJKHU EXON GHQVLW\ DUH JHQHUDOO\ SUHIHUUHG IRU D
GHQVLW\ DYHREYDIRW LQIDQW ZHDQLQJ IRRGV DV LW IDFL
LPSURYHG HQHUJ\ GHQVLW\ SHHW XQLW YROXPH O5DPDVKLE

:DWHU DEVRUSWLRQ FDSDFLW\ YDULHG VLJQLILFDQWO

IURP W R VDREEH ZLWK )6) DQG 713 H[KLEL\
$& ZKLOH WKH EOHQG FRQWDLQLQJ )6) DQG
YDOXH 7KLV GHFOLQLQJ WUHQG LQ :$& ZLWK LQF

DWWULEXWHG WR VDKH G EVUBIOHBUFMY B HIQWQ RWVSRPDFH 7KH V
IHUPHQWHG VRUJKXP IORXU SRVVHVV K\GURSKLOLF FKD!
WKURXJK K\GURJHQ ERQGLQJ ZLWK K\GUR[\O JURXSV $FF
FRPSRQHQWVLW® FBREBVEOHQGYV VLJQLILFDQWO\ LQIOXH
WKURXJK WKHLU LQKHUHQW K\GURSKLOLF QDWXUH 7KH
GLIIHUHQFHV LQ WKHLU K\GURSKLOLF FRQVWLWXHQWV S
JUHDWMWWW UHWHQWLRQ FDSDFLW\ FRPSDUHG WR SURWI
(IWUXGHG EUHDNIDVW PHDOV ZLWK HOHYDWHG :$& OLN
K\GURSKLOLF FRPSRQHQWYV LQFOXGLQJ VWDUFKHV DQG
JHODWURSOHUWLHVE DG QZDWBBEDELOLWLHY .DXU HW DC
IRUPXODWLRQV ZLWK ORZHU :$& DUH PRUH VXLWDEOH IRU
XSRQ UHFRQVWLWXWLRQ IDFLOLWDWLQJ HDVLHU FRQV
2QZHOX]R HW DO

7KH RLO DEVRUSWLRQ FDSDFLW\ UDQJHG IURP W R
s REVHUYHG DPRQJ DOO VDPSOHV 7KH FRQWURO
UHFRUGHG WKH ORZHVW 2%$& ZKLOH MIRHD ERHHYGH G L
WKH KLJKHVW YDOXH 7KLV SURJUHVVLYH LQFUHDVH
DWWULEXWHG WR WKH ILEUH PDWUL[ DQG VXUIDFH FKDL
VWUXFWXUH DQG VXUIDFH SROMWISWG FEIL RIGL (DIF WAKIWVRDX WK F
HQWUDSPHQW DQG K\GURSKRELF [2QW HUDRWISRDL\R Q- RADHS [
YDOXDEOH IXQFWLRQDO SURSHUW\ WKDW LQIOXHQFHV
(QKDQFHG 2%$& FRQWULEXVEH® IWR LWP)SIHRYIHGU SDOPRXU UH\
VKHOI OLIH LQ IRRG SURGXFWV &KDQGUD HW DO
HQULFKHG VDPSOHV VXJJHVWV WKHLU SRWHQWLDO XWL
PRXWKIHHO DUH LPBRDRMD/QMU VXD OL W\

6ZHOOLQJ SRZHU YDOXHV UDQJHG IURP W R JJ o

ZLWK 713 LQFRUSRUDWLRQ 7KH KLJKHVW VZHOOLQJ
VDPSOH FRQWDLQLQJ )6) DQG 713  ZKBD HHPKK I LARIDGV
WKH ORZHVW YDOXH JJ 7KLV HQKDQFHPHQW LQ VZHC
DOLJQV ZLWK WKH ILQGLQJV RI BIRGROBAHVEDBIQGYV 7KHZ
VZHOOLQJ FDSDFLW)\ PD\ EH DHWI\W BWEXRIH\G KWMRVW B H AR PLED
DQG WKH ILEUH FRPSRQHQWYV IURP 713 ZKLFK FROOHFWL
WKH IORXU EOHQG <X HW DO 'XULQJ KHDWLQJ WKH
HYHQWXDOO\ UXSHWVXDHFHZRWE LMK BWUILEUH SRWHQWLDO
XSWDNH DQG UHWHQWLRQ ZLWKLQ WKH PDWUL[ VWUXFWX

7KH VROXELOLW\ LQGH[ YDOXHV UDQJHG IURP W R
YDULDWLRQ S DPRQJ VDPSOMRBVSIRWHGLEHWRUHQ @ L
DQG VROXELOLW\ LQGH[ ZLWK YDOXHV LQFUHDVLQJ D)
FRUURERUDWHY WKH ILQGLQJV RI $\RGHOH HW DO Z
ZLWK WLJHUQXW SRPDFH\ KRG MK HKLRZH V WV\XE® WH MDX W/
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KLIKHVW YDOXHV 7KH HQKDQFHG VROXELOLW\ ZLWK LQ
PXOWLSOH IDFWRUV LQFOXGLQJ DP\ODVH DFWLYLW\ GXU
VXJDUV DQG VROXEIHRWHG JJHEBHQPRPWRRQ SURFHVVHV DI
FRPSOH[ FDUERK\GUDWHYV LQWR VLPSOHU PRUH VROXEC
VROXELOLW\ LQGH[ RI WKH IORXU EOHQG 7KH KLJKHU VI
VXJIJHVWYV LPSURYEHEG ®IOGHUWWHU UHFRQVWLWXWLRQ ZK
IRU LQVWDQW EUHDNIDVW FHUHDO SURGXFWYV

&RORXU SURSHUWLHYVY RI HIWUXGHG EUHDNIDVW FHUHD
IORXU )6) DQG WLJHUQXW SRPDFH 713

&RORXU LV D FULWLFDO TXDOLW\ SDUDPHWHU WKD
DFFHSWDELOLW\ DQG SXUFKDVLQJ GHFLVLRQV 7KH FROR
H[SUHVVHG LQ WHUPV RI/ OLJKWQHVV D WHEAIQYWWHGD
LQ 7DEOH

7DEOH
&RORXU SURSHUWLHV RI HIWUXGHG EUHDNIDVW FHUHDO IURP [
WLIHUQXW SRPDFH

)6) 713 / D E

|
I
|
I
I
“ [ “
|
I
I
|

“ | “

9DOXHV DWMVPBGRUG GHYLDWLRQ RI GXSOLFDWH GHWH
YDOXHV DORQJ WKH VDPH/ RBBXPRUEZEWK G UHHWIHIQ@W ILFD
GLIIHUMQW )6) )HUPHQWHG VRUJKMBRHORXW SR®DFH

$00 WKUHH FRORXU SDUDPHWHUV VKRZHG VLJQLILFDQ

7TKH OLIJKWQHVYVY YDOXHV UDQJHG IURP WR ZLW
HIKLELWLQJ WKH KLIJKHVW OLJKWQHVYV DQG WKH EC
WRZLQJ WKH ORZHVW YDOXH 7KH SURJUHVVLYH GHF

LQFRUSRUDWLRQ FDQ HE®]\PWWUREEXWREI® VPR QRRFWLRQV
H[WUXVLRQ SURFHVVLQJ 7KH HOHYDWHG W WRPHRWDHVEKR\M K
O0DLOODUG UHDFWLRQV EHWZHHQ UHGXFLQJ VXJDUV DQG
UHVXOWLQJ LQ WKH IRUPDWLRQ RI EURZQ PHODQRLGLQ S
FRORXU RI WLJHUQXW SRPDFH ZK MR ARREQMDLLEXW ® B VWAKR |
DSSHDUDQFHQRLFKBG VDPSOHV 5HGQHVV YDOXHV UDQJH
FRQWURO VDPSOH )6) UHFRUGLQJ WKH ORZHVW YDO X
DQG 713 HIKLELWLQJ WKH KHYKHWDVDO XHG QHOY ZEWK Z® W

UHSRUWHG E\ 20XJEX\L H@DDWOH H[WUMRWHGREUKRRIDV
LQFUHDVH LQ UHGQHVV ZLWK 713 DGGLWLRQ UHIOHFWV \
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WLIJHUQXW SRPDFH 7WRZIFKGRPDGVILE) FKEDWHY WKH FRQ
FRPSRXQGYV DQG RWKHU SLIPHQWHG VXEVWDQFHV SUHVI
GXULQJ HIWUXVLRQ SURFHVVLQJ 7KH \HOORZQHVV YDOX
FRQWURO VDPSOH W K)H )O R KRVZWQYD O XH DQG WKH E
)6) DQG 713 GLVSOD\LQJ WKH KLIKHVW \HOORZQHVV

FDQ EH DWWULEXWHG WR WKH SLIPHQW FRPSRVLWLRQ R
VWXGLHV E\ ,KHQHWX YWD OKG WKDW WLIJHUQXW SRVVHV\
FROWHQW DORQJ ZLWK RWKHU SLIPHQWHG FRPSRXQGYV
GLIITHUHQFHY LQ \HOORZQHVY DPRQJ H[WUXGHG EUHDNID
DQG WKRWRPLRQDO FKDUDFWHUMVWIRY HRWWKH SRPDFKH (
LQFUHDVH LQ \HOORZQHVYV PD\ DOVR UHVXOW IURP WKH
GXULQJ HIWUXVLRQ OHDGLQHURRQVRRPIRRPOBNVLRQ RI \HO

THIWXUDOWSHRSRU HI WUXGHG EUHDNIDVW FHUHDO 11U
VRUJKXP IORXU )6) DQG WLJHUQXW SRPDFH 713

7TH[WXUH SURILOH DQDO\WLY UHYHDOHG VLJQLILFDQW
HIWUXGHG EUHDNIDVW FHUHDOV ZLWK YDU\LQJ )6) DQG 7!
7TDEOH
7THWXUDO SURSHUWLHV RI HIWUXGHG EUHDNIDVW FHUHDO IURF
WLIHUQXW SRPDFH

Y6) | 713 +5 63*] $'+ | &2+| )5& | *80 | &+:
1 1
I « « « « ] «
D DE D E E D
E D D D D E| D E
D D DE D E E D
EF D D D D E| D E
F D D D D E| D E
G D DE D D E| D E
D D DE D E E E
E D D D D E| D E
G D DE D D E| D E
G D E D D D F

9DO DWW PHWRQGDUG GHYLDWLRQ RI GXSOLFDWH GHWHUPLQDWL
ZLWK GLIIHUHQW VXSHUVFULS®V DUH VLJQLILFDQWO\ GLIIHUHQ
)6 IHUPHQWHG VRUJKWEJHRQOUN BIBRDBIB QHV SHIQILQHVY $'+
DGKHVLYHQHFRKH&Y2¥ HQHYDFWHEU D E & DXRP\L O8I/ A F&HZLQHVV
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7TKH WH[WXUDO DWWULEXWHYV H[DPLQHG LQFOXGHG
FRKHVLYHQHVYVY IUDFWXUDELOLW\ JXPPLQHVV HDWRBKHZI
RI SURGXFW TXDOLW\ DQG+PRGWHVHU YIDFPHBWDEROHW\ U |

1 ZLWK WKH FRQWURO VDPSOH )6) H[KLELWLQJ
DQG WKH VDPSOH FRQWDLQLQJ )6) DQG 7131 VKRZLQ
7KHUH LV D VLJQLILFDQW GHFUHDVH S LQ KDUGQHV

D VXEVWDQWLDO WH[WXUDO PRGLILFDWLRQ 7KLV UHGXFV
IDFWRUV +RZHYHU WKH LQFRUSRWWDMNI®RQ/ \WRD AR BPRIGW
IRUPXODWLRQ OHDGLQJ WR GHFUHDVHG VWDUFK JHOD)
H[WUXVLRQ 6HFRQG WKH DEVHQFH RI JOXWHQ LQ ERWK
QHWZRUN GHYHORSPHQW ZKERK HRXR ¢ VRWKHUXLE A BR QL
KDUGQHVV LQ WKH FRQWURO VDPSOH POIDLEHGHFER®B DO
IRUPDWLRQ ZKLFK VWUHQJWKHQV5%WRHBNVD ® F WX UKUP DV
VWDUFK FRQWHQW ID FRRQ WHXDHW PLRUMH K IWFMQ\RIONH G X U L Q
ILUPHU WH[WXUH

6SULQJLQHVY YDOXHV UDQJHG IURP W R ZKLOH

1HLWKHU SDUDPHWHU VKRZHG VWDWLVWLFDOO\ VL.

VDPSOHVWN@JIMWNKDW 713 LQFRUSRUDWLRQ GRHV QRW VXE
RU LQWHUQDO ERQGLQJ VWUHQJWK RI WKH H[WUXGHG SU
WKH VWUXFWXUDO LQWHJULW\ DQG ELWH FK DUHRDN LV
IRUPXODWLRQV ZKLFK LV IDYRXUDEOH IRU SURGXFW VWD

JUDFWXUDELOLW\ LQFUHDVHG VLJQLILFDQWO\ S
713 FRQWHQW 7KH KLJKHVW IUDFWXUDELOLW\ 1 ZD
DQG 713 ZKLOH WKH FRQWURO VDPSOH VKRZHG WKH
IUDFWXUDELOLW)\ HQGLFBEWE W VKPWHV1IBHTXLUH JUHDWHU
VXJIJHVWLQJ D PRUH EULWWOH RU FULVS\ WH[WXUH 7KLV
DV LW FRQWULEXWHY WR WKH SHWRHSWLRQ RI [UHVKQHV\

7KH ILEUH PDWUL[ LQ 713 PD\ FUHDWH VWUHVV FRQFF
VWUXFWXUH OHDGLQJ WR WKLV LQFUHDVHG IUDFWXUH U}l
1 WR 1 ZKLOH FKHZLQHVV UDQJHG IURPV VKRZWRB
VLIJQLILFDQW GHFUHDVHV S ZLWK LQFUHDVLQJ 713
WKH KLJKHVW YDOXHV IRU ERWK JXPPLQHVV 1 DQG |
VXJIJHVW WRDWFKHG VDPSOHV UHTXLRE CSHRWHIQWHWDI OR U A
HDWLQJ TXDOLW\ DQG FRQVXPHU DFFHSWDQFH 7KH GHFU
DGGLWLRQ PD\ UHVXOW IURP WKH GLOXWLRQ HIIHFW RQ
ZLWK VWDUFK QHWZRUN IRUPDWLRQ

$GKHVLYHQHVYD QYTHEBX HJ RP 11V WR 11V VKRZLQ.
S DPRQJ VDPSOHV 7KH FRQWURO VDPSOH GLVSOD\F
1tV FRPSDUHBQWRFRHE& IRUPXODWLRQV /RERQWDGEGKRHQU
VDPSOHV WHGLHAHGHVWLFNLQHVY WR RUDO VXUIDFHV ZK
EUHDNIDVW FHUHDOV 7KHVH WH[WXUDO PRGLILFDWLRQYV
H[WUXGHG SURGXFWV .DUHHP HW DO UHSRRHMGHG VL
IURP FDVMDBBPDFH EOHQGV ZKLOH -RVH HW DO RE
FKDQJHV LQ H[WUXGHG VQDFNV IRUWLILHG ZLWK SLQHDS
GLIIHUHQW ILEUH VRXUFHV VXJJHVWV WKDO®\GRAWHEUV |1
VWUXFWXUDO SUEDNBGLHWEXGIWDHNFKE\ GLVUXSWLQJ V
QHWZRUN IRUPDWLRQ GXULQJ SURFHVVLQJ
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6HQVRU\ SURSHUWLHV RI H[WUXGHG EUHDNIDVW FHU
VRUJKXP IORXU )6) DQG M™MIBJHUQXW SRPDFH

6HQVRU\ HYDOXDWLRQ UHVXOWY DUH SUHVHQWHG LQ
WH[WXUH DSSHDUDQFH DQG RYHUDOO DFFHSWDELOLW\
7TDEOH
6HQVRU\ SURSHUWLHV RI HIWUXGHG EUHDNIDVW IPHRXKDO [UF
DQG WLIHUQXW SRPDFH

)6) | 71))] 7DVWH $SURPDP &RORKXWH[WXWIBSSHDUDQ@MHUD|OO
$FFHSWPELOLW\
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9DOXHV DVWPROGRUG GHYLDWLRQ RI GXSOLFDWH GHWBXYPRQD WL
ZLWK GLITHUHQW VXSHUVFULS®YV D)6BHIN UPEIQWHBEQ WROU J& IXIFPHIWHRQ
WLIHUQXW SRPDFH

7TKHVH DWWULEXWHYV FROOHFWLYHO\ GHWHUPLQH FRQV
GHYHORSHG SURGXFWYV 7DVWH VFR UWHRWL QW KIHHER QURPV F D
VLIQLILFDQW GLIIHUHQFHV S REVHUYHQ@JDPRQJ VDF
IHUPHQWHG VRUJKXP IORXU DQG WLIJHUQXW SRPDFH
LQGLFDWLQJ VWURQJ FRQVXPHU SUHIHUHQFH 7KLV HQ
PRGHWRLRWHIUQXWQFRRBRMWDWLRQ PD\ EHDDWWHHB)XQHNGE WRC
IODYRXU SURILOH RI WLIJHUQXW ZKLFK FRPSOHPHQWYV WK
IORXU 7KH IHUPHQWDWLRQ RI VRUJKXP DOVR FRQWULE
HQKDQFH RYHUDOO SDODWDELOLW\WRURPD XIFWWK HWKHDQ
FROWDLQLQBUPHQWHG VRUQG&GXP IORKNUHUQXW SRPDFH DI
KLIKHVW UDWLQJ 7KH SOHDVDQW DURPD SURILOH OLNHO
GXULQJ IHUPHQWDWLRQ DQGRMWKHRIFWDRUBE QYXW LV W.ETFXY KR
IXUWKHU GHYHORSYVY GHVLUDEOH DURPD FRPSRXQGV WKU|
RYHUDOO VHQVRU\ DSSHDO &RORXU DFFHSWDELOLW\ UL
VDPSOH IHUPHQWHG VRURMKXPLQAIRWHKH KLIKHVW VFRUH
GDUNHU DSSHDUDQFHHRIUWRKHG QWDWP SBRPYD REVHUYHG LQ
DQDO\WLY FRQVXPHU DFFHSWDQFH UHPDLQHG UHODWLYF
WKDW WKH FRORXUL@QKDRRHSYWDHEOH ALMNMKIHY 7KH VOLJKW
FRORXUHG VDPSOHYV PD\ UHIOHFW FRQVXPHU IDPLOLDULW
VFRUHYV UDQJHG IURP WR VKRZLQJ LPSURYHPHQV
LQFRUSRUDWLRRLWKH VDPISIQIIPHQWHG VRUJKXP IORXU D

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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SRPDFH DFKLHYHG WKH KLJKHVW WH[WXUH VFRUH v
WKH RSWLPDO EDODQFH EHWZHHQ FULVSQHVV DQG HDVF
REVHUYHG LD @KRWRRBY HRUUHODWH ZLWK WKH LQVWUX
VKRZHG UHGXFHG KDUGQHVV DQ GHRKHZAKHE/ VLSO HYH$Q
VFRUHV UDQJHG IURP WR HQ UALRKIK GV N DHPS@XW SRFBEM
UDWLQHMQKIKHFHG DSSHDUDQFH DFFHSWDQFH PD\ EH UHO
FRORXU DQG VXUIDFH FKDUDFWHULVWLFV LPSDUWHG E\ W

2YHUDOO DFFHSWDELOLW\ VFRUHV UDQJHG IURP W

DPRQJ VDPSP$HYH FRIO WD LIHUPHQWHG VRWYQIXXP IORXU
WLJHUQXW SRPDFH GHPRQVWUDWHG WKH KLJKHVW RYHU
IRUPXODWLRQ DFKLHYHG WKH RSWLPDO EDODQFH DPRQJ |
WKDW PRGHHD@¥W SRPDFH LQFRUSRUDWOQRQ Q P\ WR{QR
DSSHDO ZLWKRXW FRPSURPLVLQJ FRQVXPHU DFFHSWDQF}
ZLWK WLJHUQXW SRPDFH DGGLWLRQ FDQ EH DWWULEXW
VRUJKRPU®QG WLJHUQXW SRPDFH 7KH LQWHUPROHFXOD!
VWUXFWXUH RI WLIJHUQXW SRPDFH PD\ FUHDWH D PRUH C
QDWXUDO FRPSRXQGV LQ WLJHUQXW FRQWULEXWMMHSOHD
UHVXOWY DOLJQ ZLWK SUHYLRXV VWXGLHV E\ 2PRED HW D
LPSURYHG VHQVRU\ DFFHSWDQFH RI FDNHY DQG QRRGOHYV
SRPDFH

&RQFOXVLRQV

7KH H[SORUDW ISRUR RK FRRARPEWLQJ YDORUL]DWLRQ UHSI
DSSURDFK WR HQKDQFLQJ WKH FRQFHSW RI D FLUFXODU
LQFRUSRUDWLRQ RI WLJHUQXW SRPDFH DV D IXQFWLRQDO
UHGQHVV VSNEQOL@NWWYGHIODQG IUDFWXUDELOLW)\ ZKLC
DEVRUSWLRQ FDSDFLW\ OLJKWQHVV KDUGQHVV DQG F
LQGLFDWHG WKDW WDVWH DURPD WH[WXUH DQG DSSH
WLIJHUPXMH SRBLWK WKH H[WUXGHG EUHDNIDVW FHUHDO F
WLJHUQXW SRPDFH DFKLHYLQJ WKH KLJKHVW RYHUDOO
SRPDFH UHSUHVHQWY D YDOXDEOH GHYHORSPHQW LQ WK
DQRBU LQGLYLGXDOV VXIIHULQJ IURP FHOLDF GLVHDVH +R
WR DVVHVV WKH PLFURELRORJLFDO SURILOH DQG VWRUD.:

5HIHUHQFHYV

$GHE@RWWRUR $ 2 2IJXQGLSH 2 2 $GHHNR . 1 45
FRQVXPHU DFFHSWDELOLW\ RI EUHDG IURBRRCGHDW L
6FLHDEBXWULWLRG KWWSV GRL RUJ IVQ

$GHSHMX $ % *EDQIPREXIZBMR 7 2 $ELRGXQ 2 $ )
SK\WWLFRFKHPLFDO SURSHUWLHV RI FRPSOHPHQWDU\
$UWRFDUSXVY VDOWLOLY $IULFDQ -RXUQDGOSRBI )RRG ¢

KWWSV GRL RUJ KWWBMGBIWGRL RUJ

$\RGHOH , 0 $GHURMX $ $ .HKLQGH 2 ( -RVHSK $ $ $(
DQG SDVWLQJ SURSHUWLHV RI ZKHDW WLJHUQXW SRP
RI' ZKHDW WLJHUQXW S RPWIDRFHWIICERX U RORHEQW S IR HH D C
THFKQRORJ\SS KWWSV GRL RUJ &-)67

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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%DWDULXF $ ,8DDOUHBBOX]H $ 6HQLOD / OLURQHDVD 6

WUHDWPHQW RI VRUJKXP JBDURNVNQRQQORREG SBRSEDW
+ KWWSV GRL RUJ ;

%D]J]LQH 7 $UVODQR-+OX &\)SHUXV HVFXRUEXRORI\ SURG.
XVHV DQG KHD®WEF NHQHD L VIRMULE X O WRA LSHS
KWWSV L]JOLN RUJ -$ 6+ 7(

%LOLNLV $ 20DQUHZDMX $ &KHPLFDO FRPSRVLWL
&\SHUXV HVAXDE GRM\HQW LD Qq XKIRBOIWR EHIQHHQMW VL F

SHWHG IURP KWWSV HXMRXUQDO RUJ LQGH[ SK

&KDQGUD 6 6DPVKHU $ $VVHVVPHQW RI IXQFWLR
$IULFDQ -RXUQDO R $IJULFXOWXUIEO S5HVRXUFH)
KWWSV GRL RUJ $-$5

&HUYDEDWPHYH] - ( SOPEUHYUD + 6MRUAKAHH W 5 ROCUHALIX H]
0O ( 5H®HWD 0 5D-RPHIQH] $ . &EROMWQHHIUBYV/  *D\WD

ODUWLQH] 0 OISPLGRARRPSOH[ IRUPDWLRQ IURP HI\
PL[HG ZLWK LOBWVWDUBREK\GUDWH 3RO\PHU
KWWSV GRL RUJ M FDUESRO

(QH & ( &KLQHQ\H 3 $ 2ELDQXMX 6 ( 3URGXFWL

HYDOXDWLRQ RI FDNH IURP EOHQGV RI ZKHDW FRFR\

DYRRDSHMWHUQDWLRQDO -RXUQDO RI $SSOLHG &KHP
SS KWWSV LGHQWLILHU YOLVQDY LQ LMD FE

(NHMLRIRU - %HEBUD\RVJR 0 1 3UHSDUDWLRQ I
JUDQROMBUHD N | DOV WXENWH.IV X WHHED ZR. AR GP B REHR RV
QXFLIEOBQWHUQDWLRQDO -RXUQDO RI 1XWSSWLRQ DC
KWWSV GRL RUJ DMIVW

)$2 )$2 6WDWLVWLFR® GDIVMDE BV H L F X O W YKHMO8 DU IDHG
1IDWLRQV 5RPH KWWS ZZZ IDR RUJ VWDWLVWLF

*DJQHWHQ 0 $UFKDLQD '$ 6DODV 03 /HLYD *( 6DO"
*OXWWI®H FRRNLHY DGGHG ZLWK ILEUH DQG ELRDFWL
UHVL@WHUQDWLRQPRG-BRUMOBHRI 7)HF K GBO R J\
KWWSV GRL RUJ LMIV

*D]]D / OHQJD 9 7DGGHL ) 1RFHQWH ) *DODVVL ( 1D
YDUHV & 1XWULWLRQDO WUDLWV SDVWLQJ SU
VHOHFWHG JHQRW\SHV RI VRUJKXP | RIDNV SUQRRERIBAV\H  H ¢

KWWSV GRL RUJ IRRGV

*DPER $ 'DTX $ &VSHHNVOXW ERPIRRWVAWLRQ SURGX
DQG KHDOWS EHQBDAMRY-RXUQDO RI 3XUH DQG $SSOLF
SS KWWSV GRL RUJ EDMRSDV Y L

*H < :DQJ: 6KHQ O .DQJ = :DQJ - 4XDQ = &DR /
IHUPHQWDWLRQ RI VRUJKXP RQ UHVLVWDQW VWDUFK
SURSHRXWQDO RI &KISBLVWUAWSY GRL RUJ

*RQ]I®HFWRULDQR / *y®BIQ W DP DAHDIDIQIEOID - ' 6LPHQWD
7DPD\R % $ &KDBROD 9HUD 1 * '"HYHORSLQJ
EDVHG RD[DRFIV WXBEBGRVRBRKIRKPS I[ORXU &RUUH
EHWZHHQ DQWISH([\IV(EBQP?\KH]Q_CFDB)OBQWSI)!FRJN\G.V—IVIRU + X
IXWULWLRQ KWWSV GRL RUJ

,KHQHWX 6 & ,EH ) & ,Q\DPDK 3 & &RPSDUDWLYH

DQG E&\&I—QJXV HV F X000V XWZVDRD 6 BIMWHOQUFSHSY

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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-RVH O +LPDVKUHH 3 6HQJDU $ 6 6XQLO & 9D O
LQGXVWW\REXFW SLQHDSSOH SRPDFH $ VWXG\ WF
SK\WWLFRFKHPLFDO DQG WH[WXUDOOSBRYHPWOMVRRI)BR

KWWSV GRL RUJ M PHDIRR
.DXU 0 6LQJK 1 BWXGLHV RQ IXQFWLRQDO WKHUTF
IURP GLIIHUH QMW FHU PNIHMFIXDARRBRBUYKHPLVW B S
+ KWWSV GRL RUJ M IRRGFKHP
.DUHHP 6 7 $GHERZDOH $ $ G6REXNROD 2 3 $GHELVL 0
2 ( $GHJIJXQZD 0 2 6DQQL /2 .HLWK 7 6RPH T
TXDOLW)\ VEDIDY OW FRPSWVLN\{WUJ(XB—XRL(K@’(@M_NN &XOLQ
6FLHQFH DQG 7HFKQRORJ\SS +
KWWS G[ GRL RUJ
. XONDUQL . "' .XONDUQL '1 ,QJOH &DVHG ZH®RILIKI PR

IRUPXODWLRQV SUHSDUDMAM RO Q GX QKW ILRERGY BSNER O H
IXWULWLRQ %X®DHKWNEWSY GRL RUJ

IDNVKPL 0 6ZDUQDOL '0 8VBEDQX®LIHUD CRGUMBIO IORXU
D SRWHQWLDO LQJUHGLHQW L@ RXKUH EQHE/DEEDR SFPHLD ®
1DWXUDO 3URGXFWYV DQG S5HVRSUFHV
KWWS RS QLVFDLU UHV LQ LQGH[ SKS ,-135 DUWLFOH

ODGXND 1 ,UH ) 7LJHUQXW SODQW DQG\SWHIX\WD DS
HVFXOHRWNYBKEZUHQW -RXUQDO RI $SSOLHG B6FLHQFH
Ss KWWSV GRL RUJ &-$67

OLURQHDVD 6 ,8DDXUHBOQXDFKL 9) OLURQHDVD &
SRPDFH WR LQFUHDVH ILEHU FR ®MWUWDMY LLEQ H)[RRUX GRIG

SS KWWSV GRL RUJ ;

O\NKRQLN / +HWPDQ , 7KH XVH RI OHDYHQ RI VSR
IORXUV LQ WKH WHFKQRORJ\ RI KHDOWK\ DFSHILHWD L
2 6KHYFKHQNR 9 6WDEQLMWRRH®QKDQIFHRH QW W QG )RU
JRRGV IRU D +HD®SNVK\ 'LEB®& 3UHVV %RFD 5DWRQ
KWWSV GRL RUJ

2MR 2 $ 2WXEDPER 2 $ 2NH (. ODUWLQV , ( %DPLGH
IXWULWLRQDO DQG DQWLQXWULWDRQD\ON FRIRSRU DW L
IHUPHQWHG VRUJKXP IORXU D®SSWILHBUQURNEG LSFRORD B8 U

SS

2MR 2 $ 2VHPHPH & 2NH (. 2QL 2 ( %DPLGHOH - $
3UR[LPDWH FRPSRVLWLRQ [IXQFWLRQDGE D® & FRONRWK U
IHUPHQWHGSXRSNK®POHD| FRPBRYQW® RORXMWXUDO
(QJLQHHULQJ DQG I KQRORJ\

2NDFKH 7 $ $JRPXR -. .DLGD , = 3URGXFWLRQ
FHUHDO SURGXFHGNIURPHOLWQ JMB\EHOQH D GG \BHHDWRKW |
-RXUQDO Rl )JRRG G6FLHQFH DQG 4XDPDLW\ &RQ
KWWSV GRL RUJ LMI

2NH (. 20XPLGH 7 $ 20XEXQPL $$ 7HPLWRSH $ 2 1R
SDVWLQJ DQG WMHYVRIFRKIEDERSHRIGKFHG/ LURP QKMDBRPL

EOHQGVIDWXUH DQG 6FLHQFH SS
KWWSV GRL RDUVQVM
2NH (. ,GRZX 0 $ 2NDQODZRQ2PREBGHBROB $ORURGH 2

SBUR[LPDWH FRPSRVLWLRQ FRRNLQJ DQG VHQVRU\ S
WLIJHUQXW SRPDFH IORXU EOHQGVY DW RSWLPL]HG

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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PHWKRGRRRUQDO RI &XOLQDU\ 6FLHQFH DRI 7HFKQ
KWWSV GRL RUJ

20XJEX\L $ 2 $GHSHMX $ % $OXNR ' $GHQLUDQ 2 2
FRQWHQW IXQFWLRQDO SURSHUWLHY DQG FRORXU RI
VRUJKXP DQG GDWH +HO BRIP H
KWWSV GRL RUJ M KHOL\RQ H

2QZHOX]R & & 1ZDEXJZX ) F{UHRGHILW B W XRQDR @ B L O D ©
SLIHRQ&BMDQXV \ADHMDWQ IRU IORXU SURGXFWLRQ (IIHF
VHOHFWHG IXQFWIRONDLY VBD®R SHRXWDRIBY RISEXWULWLR

KWWSV GRL RUJ SMQ

2VPDQ 0 $ &KDQJHV LQ VRUJKXP HQ]\RHV LIKGE BLQV F
YLWUR SURWHLQ GLJHVWLELOLW\ RFFXUULQRR3EXULQJ
&KHPLVWU\SS KWWSV GRL RUJ M IRRGFKHP

3XQLD + 7RNDV - ODOLN $ 6DQJZDQ 6 YXEXK®W D F W
DQG DQWLR[LGDQW DSRUVLIKIXW \ BLF FRRGRRIQHE XS HIWHDD Q V
5HVHDUFK &RPPXQLESWLRQEWWSVY GRL RUJ v

z

5DPDVKLD 6 ( *ZDWD7DPVOROMHGGRQVDVL 7 $ -LGHDQL $ ,
SK\WLFDO DQG IXQFWLRQDO GWHSHLQWL AR EFPRLQHB B UL ¢
VXEDKDUDQ $RRGED 5HVHDUFK ,QWHUGBWLRQDO

KWWSV GRL RUJ M IRRGUHYV
6iQFKHDSDWD ( =NHIWWRHY ( YRS@P®BE@BUD ( 6D\DV (1
& PIHJOYDUH] - $ BUHSDUDWLRQ RI GLHWDU\ II

&\SHUXV HVFKIOHMWX\RUFKDWD’~ E\SURGXFWV DQG
SURSHWRXILHDDO RI $JULFXOWXUDO DQ®SRRG &KHPLYV
KWWSV SXEV DFV RUJ GRL DEV M U
6iQFKHSDWD ( )WSB]QGHSOWDUH] - $ &VSHHNXVQ X W
HVFXOHRRPPHUFLDOL]DWLRQ +HDOWK DVSHFWV FRP
DSSOLFRRAROHVK HOMIHZAY 5.Q )RRG 6FLHQFH DQSS)RRG

KWWSV GRL RUJ M [
6KHQ 6 +XDQJ 5 /L & :X: &KHQ + SKHQROLF FF
DFWLYLWLHV GLIIHU VLIJQLILFDQWOWHWDIFRYJ D\GRIWDIKHDR
OROHFXOHSWS KWWSV GRL RUJ PROHFXOHV

6WDEQLNRYD 2 6KHYFKHQNR 2/ySMIDEQLNRW 9 3DU|
%LRFRQYHDVWBDWRGBIGHG 3URGEXFRVWWHVY %RFD 5DWRQ
1HZ <RKKIWWSV GRL RUJ

6WDEQLNRYD 2 6KHYFKHQNR #SySIBWREQLNEY 8W LBOW|D &/
SODQW SURFHVVLQJ ZDVWHV IRU HQULFKPHQW RI E
SNUDLQLDQ )RRG -REE8QDBBWWSYV ;

BWHIRWNGKDP $ %HFN (- -RKQVRQ 6. 7DSVHOO / «
XQGHUXWLOL]HG FHUHDO ZKROH JUDLQ ZLWK WKH S
FKURQL¥HDOYRIRG 5HYLHZV ,QWHUQDSBLRQDO
KWWSV GRL RUJ

6XOHLPDQ 06 20DMLGH -( 2PDOH -$ $EEDK 2 & (N
FRPSRVLWLRQ PLQHUDO DQG VRPKE\SHWBROGVFERRWH
&OLQLFDO ,QYHVWLSBWLRQ KWWSV GRL RUJ &
,QYHVWLJDWLRQ

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7DNDVKL 6 6HLEHO 3 $ 3DVWH DQG JHO SURSHUW
ZLWK DQG ZLWKRXRX Q@M RH OHIBHOG VS &KHPLVW
8QJXUHRIIX 0 OLURQHDVD 6 %DWDULXF $ OLURQHDV
(IWUXGHG VQDFNV IURP PDL]H |08RMID ZQWKQUMHRR G U-RX
SS+ KWWSV GRL RUJ ;
8VPDQ 0 $KPHG 6 OHKPRRG $ %LODO 0 3DWLO 3 -
(IIHFW Rl DSSOH SRPDFH RQ QXWULWLRQ -REKHRDRI\ F

RI YRRG 6FLHQFH DQG 7THFKQR&®RJI\
KWWSV GRL RUJ \
<X 8 /X < =KDQJ ; =KDR 7 *XDQ & 3X &\SHIRXY
HVFXOHQWXWULWLRQ SURFHVVLQJ)RIKFWLR) DQG DS
KWWSV GRL RUJ IRRGV
&LWH
8)- 6W\OH

2MR 2 $ (ZHWROD '2 2NH (. 20XZD\HPLVL 2 ( 2
$ 2 3URSHUWLHV RI H[WUXGHG EUHDNIDVW FHL
VRUJKXP IORXU DQG W L BNUDX\YLDORP PERIGE REKQY\D O
SS + KWWSV GRL RUJ :

$3% 6 W\OH

2MR 2 $ (ZHWROD ' 2 2NH ( . 20XZD\HPLVL 2
2EDGLQD $ BURSHUWLHV RI HIWUXGHG EUHDNIDV
IHUPHQWHG VRUJKXP IORXU DQGNWDIRPRRGAW SRPI
-RXUQDO + KWWSV GRL RUJ ;

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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3K\WLFRFKHPLFDO FKDQJHV LQ FUHDP FKHHYV
JOXFRQADFWRQH

,YDQ %DUWRVKDN *DO\Q
$QGULL ODU\QLQ 5RPDQ 6Y\DWQHQNR

IDWLRQDO 8QLYHUVLWI RI )RRG 7

$EVWI

.H\ZRUGYV

,QWURGXRWIDR® RI WKLV VWXG\ ZDV WR HYDOX
&UHDP FKHHWH JOXFEBRRWRD@HDIFL.GXODQW LQ FUHDP FKHHVH
*O X F B W D DFHGIQQHW FRDJXODWLRQ

ODFWRQH ODWHULDOV DQ&UPBIVKREWXUHYV ZHUH IHUPHC
$EFLGLW)\ PHVRSKLOLF ODFWLF DFLG EDFWHULD DQG FRDJ
0$;S 0 IROORZHG E\ DFLGLILEODRRNIR QP RHWK J¢

9LVFRVLW\  y\WUXFWXUDO DQG PHFKDQLFDO SURSHUWLHV RI
:DWHU DFWLYLW{\ XV 3UR URWDWLRQDO UKHRPHWHU 7KH GH.
FDOFXODWHG WLWUDWDEOH DFLGLW\ ZDV GHWH

DQG ZDWHU DFWUWGNX \ZIDYJAHBMUR/DE  DQDO\]JH

5HVXOWYV DQG7&HWRX\OWHRIFH RI PLON EXIIHU V

UDWH RI JJOXFW@RH K\GURO\VLV ZDV FRQILUPHG

UROH LQ PRGXODWLQJ DFLGLILFDWLRQ NLQHWI
SUWLFOH KLVWRLWQJI WK H®RABUPHQWDWLRQ RI FUHDP ZLWK

FXOWXUH DQG FKAPRFMR QD XPREQRXIILFLHQW WLF
SHEHLYHG LWV DFLGLI\LQJ IXQFWLRQ HQVXULQJ D JUDGXD(

$ IXQGDPHQWDO GLIIHUHQFH LHY W&RISB HID/P LFDN
5HFHLYHG LQ REVHUYHG EHWZHHQ FUHDP IHUPHQWHG E\ ODF
UHYLVHG IRUPDFLGLILHG EODGEMWARIIR 7KH WLPH UHTXLUHG IRU

LWV LVRHOHFWULF SRKQWUXDXQEGHGXWHG ERPELQ
SEFHSWHG RI JOXFERRRWRQW FXOWXMWH DQG FK\PRVLQ FRP!
FRQWURO ZLWKRXW WKLV DFLGXODQW LQGLFDV
SURFHVV 7KH \LHOG RI FUHDP FKHHVH LQFUHDYV

JOXFRMIRFWRQH WR FUHDP FRPSDUHG WR VDP
&RUUHVSRQGLRYi9\y FRDIXODWLRQ ZLWKRXW WKLV DFLGXODQW

DXWKRU LPSURYHPHQW ZDV DVVRFLDWHG ZLWK HQKDQFHC
. SURWHLQ PDWUL[ ORUHRYH®D PWHRHQ KK WH. JR) L DICPD!
DO\QD UHGXFHG SURWHLQ DQG LIQW WHKRYV VBIW ERIQOWHH QQ/F
SROLVKFKXN yvROLGV FRQWULEXWLQJ WR LPSURYHG SURGXFW
(PDLO 7KH UKHRORJLFDO SURSHUWLHV RI*FUHDP FKHH

PLONQXIW#L Xfo X FRQRFWRQH LQFOXGLQJ DSSDUHQW YLVFR!
WKL[RWURSLEHIHKFOIRRMHVW WR WKRVH RI WKH
WUDGLWHREDQHWFLRRDIXODWLRQ VXJIJHVWLQJ

PDLQWDLQLQJ GHVLUDEOH WH[WXUDO FKDUDFWH
&RQFOXVOREGRQRFWRQH DW D FROFHQWUDWL|
UHGXFHG WKH WLPH UHTXLUHG IRU HQJ\PDWLF FI
‘2, FUHDP FKHHVH \LHOG DQG LPSURYHG WKH YLVFR
RI WKH ILQDO SURGXFW 7KHUHIRUH WKLV DFLG)’

; HITHFWLYH SURFHVVHYH BURGRFMWULHDP FKH
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,QWURGXFWLRQ

&UHDP FKHHVH LV ZLGHO\ DSSUHFLDWHG IRU LWV GHV
LQ YDULRXV IRRG DSSOLFDWLRQV ,\W EVGSBRBIOFHESWEL\RHQF
FUHDP PL[WXUHV IROORZHG ESZHKWYLHS BUINNBRWE D & & MO
HW DO +RZHYHU WUDGLW LR QERD WRPP@IWGE K HS WRGW |
GHYHORSPHQW RI DFLGLW\ GXULQJ ODF¥ L F Y RLKED AKHGH Q
ZHOO DV WKH H[WHQGHG ZKH\ULHFXWED V$DPQ IURP WKH SU|

7R UHGXFH WKH GXUDWLRQ RI WKH FUHDP FKHHVH PD
VWDUWHU FXOWXUH LV W\SLFDOO\ LQFUHDVHG WKH IHUP
UDLVHG DUQH/VH®J LV UHSODFWGRIL WK WEW LFIHIQ &VW UIXWDR R
HW DO 7R LPSURYH TXDOLW)\ DQEORWW HDYN K Q1 \HPO
VWDQGDUGL]HG PL[WXUHV LV UHFRPPHQGHG %DUWRVKD N

7KH FRDJXODWLRQ RI PLON DQGiGUMDPRKDR DXA\CR FAH F
DFLGLILFDWLRQ 7KLV UHVXOWYV LQ FUHDP FKHHVHV ZLW
SURSHUWLHV FKDIDDVF WHIHH WM B IRPDXQY )HHQH\HW DO
VRIW FKHHVHY DQG VRXDWF IPGAIONHX MMV EJI PLQNWXUDOO\ GH
JOXFRE®WBWRQH *'/ ( 7KLV F\FOLF HMWB{U RUDG®XFQ (
FRQYHUWV WR JOXFRQLF DFLG LQ ZDWHU VORZO\ ORZHU
FKDQJHV PRUBHAD RKH XQIOXHQFH RI *'/ WKDQ LQ ZDWHL
EXITHULQJ VI\VWHP FRQVLVWLQJ Rl SURWHLQV SKRVSKDW
WKH DFLGLW\ RI PLON DSSURDFKHV LWV LVRHOHFWULF S¥
BHNLFKL HW DO 7KH DELOLW\ RI *'/ WR FRQWURO V
FROQGLWLRQV WKDW SURPRWH XQLIRUP SURWHLQ FRDJXO
IRUPDWLRQ RILRHFSHBWHLQ JHO ZLWK D KRPRJHQHRXYV
7DNHXFKL HW DO

*'/ LV WHFKQRORJLFDOO\ HIIHFWLYH LQ WKH SURGXFWL
EXW DOVR RI UHFRPELQDQW SURGXFWV VXFK DV FUHDP FK
DQDORJXHV .LP H®RDOWLYH HI$SHFW RI *'/ RQ SURWHLQV |
LQ VR\ PLON ZKHUH JHO IRUPDWLRQ RFFXUV PRUH UDSLC
DFWLRQ RI ODFWLF DFLG EDFWHULD ZLWK YDU\LQJ DELOL

$OWKRXJK WUWB LY LIR@NOKBY R RIOGIKGU FADSDIKEUW VWL
VSUHDGDELOLW)\ ARASIUHGCWR OV WKH ODWWHU IRUP D

$0JLQDWH K\GURJHO IRUPDWLRQ FDQ DOVR EH SUR
EHWZHHQ DODIQBOWH IRU &D ,, LRQV %HQ 'MHPDD HW DO
3UBFLGLILFDWLRQ RI FUHDP XVLQJ *'/ WR S+ DFFHOF

+ K ZKLOH YLVLEOH FXUG IRUPDWLRQ RFFXUV DOUHDG\

E +RZHYHU MDAVNVRIDFDSBURDFK UHTXLUHV IXUWKHU LG
UDQYMXFRORFWRQH HQK FQRAMWMNVWE S PEWNYLW\ RI ODFWLF
FRQWUROOHG D F tRELLHIDAPD RULRX R WP LDQG SURPRWHV XQLIF
UHVIQAWLED VPRRWK FXUG WH[WXUH DQG LQFUHDVHG SURC
ZLWK FRDJXODQWYV RI GLIIHUHQW RULJLQV ZDUUDQWV IXL

ODWHULDOV DQG PHWKRGYV

ODWHULDOV

&UHDP IDW ZDV XVHG IRU FUHDP FKHHVH/SURGXF
ODFWRQH K\GURO\VLV FRZYV PLON IDW ZDV DGGLWI
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FDUULHG RXW XVLQJ D VWDUWHU FX ODAFXWRF R F FRE RSKEINOLL
ODFYWIPW RFRF F X X EFFSFHPIRDIQ\G FW R F R F F XX EQES D/ HW\ O D F W
3, SURYLW ~ 8NUDLQH DQG WKH$K\PRVLQEKWH SDOI\N DR |
1RYRQHVLYV 7KH FUHDP DQG PLONGH-{DWB REFE S® BE \Z L W\
S3ULPHKLP 8NUDLQH’

UHSDUDWLRQ RI WHVW VDPSOHYV

ORGHO VDPSOHV RI FUHDP FKHHWYIQ @QHW HF RE YWOOLMWIGR
ZKLFK ZDV SDVWHRXELKRPRIWHQL]B® XWLQJ D KRPRJHQL]HU
*DXOLQ 7% LQ DFFRLUDWWGBHO OQWHH UHFRPPHQGDWLRQV RI .LP H\
WR f& &DOFLXP FKORULGH J NJ DV ZHOO DV O\F
DQG FK\PRVLQ LQ VWDQGDUG DPRXQWY UHFRPPHQGHG E\
SUHSDUHG FER@QVWOQLBMYWLUULQJ $IWHU PL[LQJ *'/ ZDV
LQ YDU\LQJ DPRXQWY UDQJLQJ IURP WR 7KLV *' G
IRU SHUIRUPLQJWFRPGOW[ ARAOLIXODWLRQ RI PLON SURWHL(

&UHDP IHUPHQWDWLRQ ZDV FDUULHG RXW DW f& XC
S+ 7KH REWDLQHG FXUG ZDV FXW LQGWRFPXEKHM GLMK D
PLQ DQG KHDW&HdEZWRK JHQWOH VWLUULQJ W R XAV HODALQW.
ZHUH WKHQ ERF@H® WRQ VIHUWMHE R EGMHRHMIFRORWK DQG V)
SUHVVLQJ XQWLO ZKH\ VHSDUDWLRQ FHDVHG DQG D VP
6XEVHTXHQWO\ WKH FUHDP FXUG ZDVDzZU B BBHG U QWSR3 FH
DW f& DQG KHOG XQGHU WKHVH FRQGLWLRQV IRU DW OH

([SHULPHQWDO GHVLJQ

,Q WKH ILUVW VWDJH /WRAWRMHFW'RI RQXFRGR W\ FKD
PLON DQG FUHDP ZDV LQYHVW LUQ WHMGMM R \H DIXW K GDLWIHH U W
FRPSRVLWLRQV RYHU D FRQFH®W KDG\WLRRM\MLVQZBIVRFDUU L |

PLQ DW f& ZLWK DFLGLW\ PHDVXUHG DW PLQ LQW
UHSRUWHG IRU VLPLODU V\\BWNPY¥XFXEH! W \B D O 7DNHX

7KH VHOHFWHG WHPSHUDWXUH f& LV DOVR FRPPF
FKHHVHV REWRIHQHEH® PRERLEXODWLRQ 6LQDJD HW DO
RI WKLV K\GUROVKIH SRHIQW DW ZKLFK WKH LQFUHDVH LG
FRQVLGHUHG DQ LQGLUHFW LQGLFDWRU RI WKH FRPSOH\
VXEVHTXHQWO\ XVHG WR GHWHUPLQH DSSURSULDWH FRQ:

,Q WKH VHFRWQZ® WRQOWHJRO FUHDP FKHHVH VDPSOHV ZH
DFHIHQQHW FRDJXODWLRQ RI FUHDP ZLWKRXW *'/ DGGLWI

E\ GLUHFW DFLGLILFDWLRQ RI FUHDP ZLWK *'| FRQW
SURGXFHGUEQOAHW FRDIJXODWLRQ RI FUHDP DFLGLILHG ZL\
DQG

7KH UHVXOWLQJ VDPSOHV ZHUH DQDO\JHG IRU PRLVW X
IDW LQ WRWDO VROLGYV ,Q DGGLWLRQ SBRISHWNV LIHNO ® Q\GV
DFWLYLW\ ZHUH HYDOXDWHG WR DVVHVV WKH LPSDFW RI

OHWKRGV

7KH DRRIGWWMNM FUHDP DQG FXUGYV ZDV GHWHUPLQHG SRW
PHWHU $':$ $' $7& S+ 09 ,6( 7THPS DW “ f&
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7KH ZDMWHWY DVRA FKHHVH VDPSOHV ZDV PHDVXUHG DW
ZDWHU DFWLYLW\ PHWHU +\JUR/DE S5RWURQLF 6ZLV
PHWKRGRORJ\

7KH SURWHLQ FRQWH @ WPEBIOHWHZAENVWH ®WHAKRHAQHG E\ WK
$2%$& RIILFLDO PHWKRDBW ERDOWH@HBVXUHG XVLQJ WK
DFEGW\URPHWULF PHWKRG $2%$& RIILFLDO PHWKRG

7KH WRWDO VRIOEGMDFPR@WKHOWQG FKHHVH VDPSOHV Z|
JUWDLPHWULF PHWKRG YLD Rr&d Q@QULNDQBRMWWDQW PDVV  L(
,62 VWDQGDUG PHWKRGV

&KHHVHZDMMWHGEBWHUPLQHG DV WKH UDWLR RI WKH PDVV
RI SURFHVVHG PLON )R[ HW DO WDJH H[SUHVVHG DV D SH

7KH HITHFWLD@ G UWMHFREY MWWMUHVY RI WKH FUHDP FKHHVH
D .LQH[XV 3UR URWDWLRQDO UKHRPHWHU ODOYHUQ ,Q
VWRUDJH LQ D UHIULJHEDORWH ® W KOHPEHMD D WU HRHQWWH D VI
XSSHU JHRPHWU\ .1; DQRG D VHUUDWHG ORZHU JHRP!
PHWKRGRORJ\ IROORZHG WKDW GHVFULEHG E\ %ULJKHQW

7R GHWHUPLQH WKH XOWLPDWH VKHDU VWUHVV VDPS(C
DQ LQQHU GLDPHWHU RI PP 7KH IRUPHG VDPSOHV ZHUH
DQG PP LQ GLDPHWHU KHDWHG WR f& DQG KHOG IRL
HTXLOLEUDWH 7R GHWHUPLQH WKH HIHFEWIRYH Y&VPRVHLGY
REWDLQ D UHSUHVHQWDWLYH VDPSOH SODFHG RQ WKH O
DQG WKH VDPSOHYVY ZHUH KHOG DW WKH HWSIHFWLNME WHAFRA
GHWHUPLQHG E\ PHDVXULQJ XWKHK FKRQJB ULG) WZHHISU L QD Wk

WR " DG GXULQJ EDFNZDUG VZHHS LO WKH UDQJH RJI
PHDVXUHG YLVFRVLW\ XQGHU WKHVH FRQGLWLRQV ZDV EF
VXIILFLHQW IRU VWXGWDRWMKH VALIVAR \RIWAUHOMY RQH B QH
VWUXFWXUHG VA\VWHP

7KH GHJUHH RI VWUWRFWKH DFX HUHH\FHR WHDPP\SOHV ZDV FDO|
HITHFWLYH YLVFRVLW\ DW WKH HQG RI WKH §H EDXfWNZDKGW
VZHHSNDNLQJ DV WKH HIITHFWLYH YLVFRVLW\ RI WKH )
VWDUW RI WKH PHRVXIRNZBQW VZHHS/ /LDQJ HW DO

6WDWLVWLFDO DQDO\VLYV

7KH H[SHULPHQWYV ZHUH FRQGXFWHG LQ MMOXUHMKY RIH B
H[SUHVVHG DVWDIQMGPHOQHYLDWLRQ 7KH GEDW D ZHOW LDQ
RI YDULDQFH $129% DQG 7XNH\TV +6' WHVWV ZLWK WKH 6
VWDWLVWLFDOO\ VLIJQLILFDQSN GLIIHUHQFH ZDV GHWHUPL

5HVXOWY DQG GLVFXVVLRQ

$FLRUPLQJ FDSDFLWAORIFWRQOQFRQ@R DTXHRXV PHGLD 2
FRPSRVLWLRQV

,Q WKH ILUVW VWDJH WKH FKDQJHV LQ DFLGLW\ RI ZD!
ZHUH PRQLWRUHG RYHU PLQ IRO ORZXERMIRK\W RO LWL R
DV D GLUHFW DFLGXODQW $W WKH VWDUW RI WKH H[SHU
ZHUH DSSUR[LPDWHOY IRU PRDWNYDQERU FUKBMIIHFWYV
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RI LQFUHDVLQJ *'/ FRQFBRWWHWDROQFLWY RVKADWHU PLO
VXPPDUL]JHG LQ 7DEOH

7DEOH
&KDQJHV LQ S+ Rl ZDWHU PLON IDWDW®XWIQE KUGDRO\VLV RI J.
ODFWRQH
7LPH RUQ :DWHUOLON IRWHDP IDW
Y Cy Cy
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1RWH 'DWD DUH SUWHNVDBIQ@GHMGEMW.RED Q "LITHUHQW VXSHU\

ZLWKLQ WKH VDPH WLPH LOWHUYDG LQGLFDMFRWLUQLIWHFDQYV
DQDO\WLV RI YDULDQFH $129% IROORZHG/ EAOXMRRRY +6' SRV
ODFWRQH

7KH PRVW VLJQLILFDQW DOWHUDWLRQV LQ DFLGLW\ ZH
6SHFLILFDOO\ WKH S+ Rl ZDWHU UHDFKHG DIWHU &
PLQLPXP RI DIWHU K DW  *'/ 7KH EXIIHU V\VWHP R
FKDQJH LQ DFLGLW\ VOLJKWOY $ 'G/L ER@AEW QMW X® WRIQQRA R
FRDJXODWLRQ ZLWKLQ K 2Q®€©\ DWKFHRDFIHIWUY RV [PROW R
LVRHOHFWULF SRLQW 7KH FXUG IRUPHKBQE\HDFQG PR B BXLX
7KH DFLGLW\ Rl FUHDP GHFUHDVHG PRUH VORZO\ WKDQ W
GHOLFDWH FUHDP\ FXUG
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7TKH FRPSRVLWLRQDO DQG IXQFWLRQDO GLIIHUHQFHV
DWWULEXWHG WR WIKH KULARRU 2ARMW K RFAHWHEWWVHY WKH DT
ZKLOH LQFUHDVLQJ WKH FRQFHQWUDWLRQ RI EXIITHULQJ F
FLWUDWHYV 6DOD<Q HW DO $FFRUSLQIJOMK B +'G IFR (
QRW GHFUHDVHHY BROIRIZVHU PLQ ,QFUHDVLQJtWKH *'/ FF
UHVXOWHG LQ S+ YDOXHV EHORZ DIWHU PLQ ,Q FUH
VWUXFWXUH IRUPDWLRQ ZDV REVHUYHG ODIMWHUFXUBLIR DWW
DIWHWLQ DW S+ $W D *'/ FRQFHQWUDWLRQRI D FRI
GHQVH SURWHLQ FXUG IRUPHG ZLWK SURQRXQFHG V\QHU

JRU DOO VWXGLHG V\VWHPV D VOLJKW GHFUHDVH LQ
VWDELOL]DWLRQ RI 8¥ H® @AWW Z HDU AFHREWIHLQ KROGLQJ W
ZDWHU BQGPLQ IRU PLON DQG FUHDP 7KLV LQGLFDWHV W
GHSHQGY RQ ERWK LWV FRQFHQWUDWLRQ DQG WKH FKHPI

7TKH UHVXOWY LQGLFBWSOWKDHNW BHQWPIWWK® RI FUHDP
VWDUWHU FXOWXUH DQG FK\PRVLQ *'/ FDQ HIIHFWLYHO\
GRVDJH VKRXOG EH VHOHFWHG FRQVLGHULQJ WKH LQFUH

(ITHFW R| JOHX®MEM RQ S+ G XHUIHQJIQHM. GRDIJXODWLRQ R
7R FDUU\ RXW HRPAEOHW FRIDGXODWLRQ RI PLON SURWH
*'/ XQGHU WKH FRPELQHG LQIOXHQFH RI PXOWLSOH IDF
GRVDJH ZDV DGMXVIWMH® WFRUGDQFH ZLWK WKH UHFRPPHQ

7KH UHVXOWLQJ FKDQJHV LQ FUHDP DFLGLW\ GXULC
FRQFHQWUDWLRQM IDMWHSUHVHQWHG LQ

S+

JHUPHQWDWLRQ WLPH K
——D =D
—&— VDPSOH —%— VDPSOH

JLIXUH  &KDQJHV LQ D EH®RIQWMWG KR DY EDFN BGRY KRIGLITHUHQW JC
GH@MMWBWRQH FRQWHQWYV
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JLIXUH LOOXVWUDWHY D IXQGDPHQWDO GLIIHUHQFH |
FRQWURO VDPSOHV 6SHFLILFDOO\ FRQWURO GHPRQVW
PLON PHGLXP XQGHU WKH DFWLRQ RI O QHWL® DIFE & DBEMH W
FKDQJH LQ FUHDP DFLGLW\ WRRN D UHODWLYHO\ ORQJ Wl
DIWHU K RI IHUPHQWDWLRQ ,Q FRQWUDVW *'/ DFLGLILHG
FRQYHUVLRQ WR JOXFRQLFIDBVG& HK SHIEFWEOD V EKWH QX HQR
SURFHVV %\ WKH K Rl WKH VWXG\ WKH DFLGLW\ RI ERW
OHYHO FHRFWURO FRGEWUYRO +RZHYHU WKH FXUG REW
DFLGLILFDWLRQDRGHQNER KBQVLVWHQF\ DQG ZDV OHVV J
E\ WUDGLWILHRQOHWWDOFRBIJXODWLRQ RI FUHDP

6DPSOHWURGXFHG E\ FRPELQHG FUHDP FRDJXODWLRQ
DQG */ H[KLELWHG LQWHUPMWZHHYQHFEQ WDREH YV DEHG
GHSHQGLQJ RQ WKH *'/ GRVH 7KH WLPH UHTXLUHG WR UHI
UHGXFHG FRPSDUHG WR EFRAWIKRQ/ WKPHRXQW RQJF'WWR DFF
SURWHLQ FRDIJXODWLERRIJUHBOBGYVMQWWLDLWE AXS)RIRD FK

(ITHFW RI JBOX®WER'RQH RQ WKH SK\WWVLFRFKHPLFDO SUR

H GXUDWLRQ RI WKH SURGXFWLRQ SURFF
'l GRVH DV WKHVIXL¥VFRE & HPR HBISORA KWK B
LFDO LQ GHWHUPLQLQJ WKH FRQGLWLRQV
O FRPSRVLWLRQ RI FUHDP FKHHVH VDPS
QV LV SUHVHQWHG LQ )LIXUH

10 il B i e

D D

OORLVWXHBBURWHBQDW m)DW LQ GU\ PDWWHU

JLIXUMKHPLFDO FRPSRVLWLRQ RI FUHDP FKHHVH VDGPSMMY REW
ODFWRQH FRQWHQW

7KH XVH RI *'/ DORQH GLG QRW DOORZ WKH SURGXFWL

VROLGY FRQWHQW LQFOXGLQJ IDW LQVWH \DBOGV RO IRG W KH
LQFUHDVHG VORZO\ OHDGLQJ WR WKH IR U FDQ\GL BQ RRV HL @
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KROGLQJ FDSDFLW\ &RQVHTXHQWO\ SDUW RI WKH VROLG
.LP HW DO
,Q FRQWUDVQ@DWIKRQ FRPEELG DQG HQJ]\PDWLF FRDJXO
WHFKQRORJLFDO HIIHFW DQG GHVSLWH D VLJQLILFDQW
FRPSRVLWLRQ RIDMDFSAMMU WR WKDW RI BROOWLUR®W GH®G U\
LQ PRHVARQUWHQW ZDV REVHUYHG ZLWK LQFUHDVLQJ *'/ G
HQKDQFHG VV\QHUHVLV RI WKH SURWHLQ FXUG GXH WR WK
ODUJH SRUHV ! P [XFH\ HW DO
6DPSOH REWDLQHG ZLWR GH YLD WIRIQELWRPGWKH WUH
VDPSOHV + */ 7KH SURWHLQ FRQWHQW LQ VRIW FUHD
+ +RZHYHU GXH WR UHGXFHG PRLVWXUH DQG LQWHC
LQ VDPSOH LQFUHDVWGQWREHQVLILFOMARQ Rl WKH SUR\
VDPSOH VKRZHG WKH KLJKHVW IDW FRQWHQW LW\
ORZ 7KLV FDQ EH H[SODLQHG E\ WKH HOHYDWHG W
RQO\ IDWRERWKB® FRPSRQHQWYV SULPDULO\ SURWHLQ LQ
7KH \LHOG Rl WKH ILQLVKHG SURGXFW GHSHQGV QRW
RQ WKH FXUGYV DELOLW\ WR UHWDLQ IDW DQG PRLVWXUH

| Qnnnr

C——J7RWDO VROLGV +-RKH\HVH \LHOG

JLIXUH  (IIHFW/ RIDFOWERD K R R © HRUMDPWLKRHHVH \LHOG DQG W
FRQWHQW LQ ZKH\

7KH XVH RI *'/ DORQH FRQWURO UHVXOWHG LQ WKH
WKH ORZHVW SURGXFW \LHOG $FLG FRDJXODWLRQ DOVR
,Q FROQWKBVRMRPELQHG XVH RI */ VWDUWHU FXOWXUH D
WHFKQRORJLFDO HIIHFW $W WKH RQVHW RI FRDJXODWLR
FDVHLQ PLFHOOHYVY ZKLOH VXEVHTXHQW DFLGLILFDWLRQ
ORZHUHG WKH S+ OHDGLQJ WR WKH IRUPDWLRQ RI D GHQ
HW DO
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7KH DSSOLFDWLRQ RI D VWDUWHU FXOWXUH HQVXUHG
ODFWLF DFLG EDFWHULD UHVXOWHBKDQ LVGKIN SWKROGWK W & E
WHIWXUH BRCHAOIWHARDSDFLW\ 6LPRKORW®HRK XV ]\MH K \BL
FDVHLQ UHLQIRUFLQJ WKH SURWHLQ PDWUL[ DQG HQKDQ
UHGXFLQJ ZKH\ ORVVHV RYHUDROM® RWKH WRHWWDWWHU
HQJ\PH ZHUH REVHUYHG GXULQJ FUHDP FRDJXODWLRQ

9LVFRVLW\ FKDUDFWHULVWLFY DQG ZDWHU DFWLYLW\ |

$FFRUGLQJ WR 1LQJW\DV HW DO FUHDP FKHHVH I
DQG DIRRWRQLDQ IOXLG ZLWK D \LHOG VWUHVV 7KH UH
HITHFWLYH YLVFRVLW\ PHDVXUHPHQWY RI FUHDP FKHHVH \
XQGDPDJHG VWUXFWXUH GXULQJ IRUYDOQG \G2HHS) D & DI N/2
VZHHS DW WKH HQG RI WKH PHDVXUBIPBH@GW HDW @WHEH D Q
$GGLWLRQDOO\ WKH GHJUHH RI VWUXFWXUDO UHFRYHU\
WKH VDPSOHV ZDV FDOFXODWHG

7DEOH
5KHRORJLFDO DQG PHFKDQLFDO SURSHUWLHYV RI FUHD

(IIHFWLYH YLSBRWLWXLHOG VW UFHHAR YFHU\
6DPSQOHYV TV Y GHJUHH
IRUZDUG VEDHNZDUG| VZHHS

&RQWURO °© . : . - .
&ROWURO * } i} } i} }

Y v Y

T v -

T v .

- v £

7KH GHJUHH RI UHFRYHU\ ZDV FDOFXODWHG XVLQJ WKH DULWEK

$V VKRZQ LQYZDERWGWFUHDVHG ZLWK LQFEHPIVXQH RKH
SURWHLQ QHWZRUN GLVUXSWLRQ DQG DOLJQPHQW RI VW
BWUXFWXUDO DQG PHFKDQLFDO SURSHUWLHYV GLIIHUHG \
GLIIHURREWQPWLR@EORWWILON DIJHQWYV 7KH KLJKHVW VKU
YLVFRVLW\ ZHUH REVHUYHG LQ FKHHVH REWDLQHG E\ ¢
LQGLFDWLQJ D GHQVHU VWUXFWXUH %DVHG RQ WKLV WK
YDOX FRQWDRSOH : VDPSOH : VDPSOH : VDPSOH : F

7KH FRPELQDWLRQ RI HQ]\PDWLF D@ G FOFW B LRRDG XD @1

*'/ IRUPHG D VSHFLILF FDVHLQ JHO VWUXFWXUH ZLWK
WKREHHR YHG LQ SXUHO\ HQ]\PDWLF RU DFLG FRDJXODWLR
RI /XFH\ HW DO + REDPBIOMVG XVLQJ DQG *'/ ZH
WR WUDGLWLRQDO FUHDP FKHHVH HFRQW URBQW [E\KW LI WRO.
WKL[RWURSLF DELOLW\

$FFRUGLQJ WR UHFHQW VWXGLHV WKH VKHDU VWUHVV
LV GHWHUPLQHG ZLWKLQ 3D/ WU MAKY VINDUDXIFHWRIUD O IDLOX U F
RQ WKH RUGHU RI IOXQ GXWEGRMUEHK]B BIWF D O 7KH VKHE
VDPSA@HWEWDLQHG XVLQJ D@G 3D*'/ ZDV FKDUDFWHU
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V\VWHPV ZLWK JRRG VSUHDGDELOLW\ ZKLOH UHWDLQLQJ
VWUHVV RI FRQWQRBOVBUDBOAYV DQG ZLWK DQG *
KDUGHU EXW VRPHZKDW EULWWOH VWUXFWXUH FRQVLVW

:DWHU DFWLQLWKHDFUHDP FKHHVH VDPSOHV VKRZHG Q
KLIKHVW YDOXHDI REVHUYHG LQ FRQWURO LDQDWE&KGIHO
7TKXV WKH FRDIJXODWLRQ PHWKRG KDG QR DSSUHFLDEOH
FODVVLILH®GOWNWKDFWNWLYLWN SURGXFWYV

7TKH UHVXOWYV RI WKLV WEXOGLWR @It XV KHGJIVOK A UWDLRNV
FKHHVH SURGXFWLRQ DV LW VKRUWHQHG WKH SURGXFWL
WKH DFKLHYHPHQW RI SK\VLiPRIFKIDRLFD® BQE® SHNUWKIFHWX B
WKLV SURGXFW

&RQFOXVLRQV

TKHUDSLG K\GURO\WIODRWBQXFRQRHQDEOHY HIIHFWLYFH
DFLBUPLQJ FDSDFLW\ GXULQJ FRPSOH[ FUHDP IHUPHQWDMW
G\QDPLFV RI DFLGLW\ FKDQJHYVY LQ FUHDP DUH VWQRQJO\
RI SURWHLQ FRDJXODQWV *KB HAFH@IHVIIDROHRIWKH GHFUHL
LVRHOHFWUL KBRUW EWVWUHDP FKHHVHIBEQRG W HBWKRGWK

KHQ XVHG DORQH DV DQ DFLGXODQW *'/ OHDAX\HWR W
DQG WKH ORZHVW FUHDP FKHHVH \LHOG ,Q FRQWUDVW
FXOWXUH DQG UHQQHW SURGXFHV WKH PRVW IDYRUDEOH
HITHFWLYH YLVFRVLW\ RI FUHDP FKHHNVNWLREWDHIQHH GV K R KK
UHIOHFWLQJ D GHQVHU VWUXFWXUH PKHARKEQVFDDPSORSF
DQG WKL[RWURSLF EHKDYLRU FKDUDFWHULVWLF RI WUDG
*'/ ZDV FRPELQHG ZLWK D VWDU@ZHU FXOWXUH DQG FK\PR

7TKHVH ILQGLQJYV SURYLGH D EDVLV IRU RSWLPL]JLQJ W
LQFUHDVLQJ \LHOG ZKLOH PDLQWDLQLQJ LWV FKDUDFWH
IRFXV RQ WKH PLFURELRORJLFDO DQG SK\WVIUARRFK iR HHIVG
SURGXFHG XVLQJ FRPELQHG FRDJIJXODWLRQ

5HIHUHQFH

$\GRIJGX 7 210DKRQ\ - $ OF&DUWK\ 1 $ S+ WKH IXQ(
SURFHVVLQJ DE WHY LFHZ KWWSV GRL RUJ GDLU\
<DUWRVKDN , BROLVKFKXN + D ,QIOXHQFH RI FRDJXO

LQGLFDWRUV RI BBEHBOWEKHHVRUNV Rl $8)7
KWWSV GRL RUJ
WUWRVKDN , 3ROLVKFKXN + E &RPSDUDWLYH DQDC
YDULRXV PHWKRGV RI IRUPX QPR QD GPUHDSS PL[WXUHV
KWWSV GRL RUJ
<HQ 'MHPDD , %RXOPHGDLV ) $XJXVWH 6 73QGREDNOND
*OX IGRAQRU BWRQMNFHG DOJLQDWH JHODWLRQ 1HZ
RI WKHORWRMM FDUULHU W\SH R QDQVIK IKUGURJHO PHFKD
KWWSV GRL RUJ DFV ODQJPXLU F
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%LKROD : -DQD $ 3DUPDU 6 *LOO : 9DVKLVKW J 6DLQ
FKHHVHV $ UBWHEZQDWLRQDO 'DLU\ -RXUQDO
KWWSV GRL RUJ M LGDLU\M

%ULJKHQWL 0 fRFHQ6DVDP\. 1HOVRQ . /XKBIUDBBWHUL]DW
Rl WKH UKHRORJLFDO WH[WXUDO DQG VHQVRU\ SURSH!
FKHHVH ZLWK GLIIHURQUD DDWR F RDMWHN GBWYHQFH
KWWS\RUBRL MGV

&KHQ 1 /LX ; 'LQJ 4 :DQJ) /XR - 5HQ) (IHHFWV
TXDOLW\ Rl FUHDP FEFHMVRIQV Rl WKH &KLQHVH 6RFLHW\ |

i KWWSV GRLMUVVQ
'LDQ : 1 %KDQGDUL % %DQVDO 1 3UDNDVK 6 $ WUL

PDQXIDFWXUHG ZLWK GQWHWHIDWDILBWYDRRXQQPBIQ W
KWWSV GRL RUJ M LGDLU\M

JHHQH\ ( /DPLFKKDQH 3 GKHHRDQHV-H PDWUL[ 8QGHUV
LPSDFW RI FKHHVH VWUXFWXUH RQ+®HMRRBWM RH GBW G
KXPDQ QXWULW L ROQWSIHQWDSHRDIDYAH -RXUQDO RJj'DLU\ 7F

KWWSV GRL RUJ

JR[ 3 ) B8QLIOFANH OF6ZHHQH\ 3/ + 270DKRRMHVH
&KHPLVWU\ 3K\VLFV DQG OWKURGLR®RDGHMRIF 3UHVV

*XWLpALPWHIH] 1 % DOMHRR(DP B 6 DRRFDD 6 ( 99DPOUB] /HDO
5DPRV 0 < TFDUBCQD $ 3URWHRO\VLY DQG UKHRORJLFDO
FKHHVH PDGH BHWK YH G FROUKOD@XP IWABHPRQVIROLXP

KWWSV GRL RRRGYV

.LP- :DWNLG@VRRQW HUM D0 D WLIU LQ R (IITHEW RI SURFHVV
IRUPXODMDLERIHYDRIQ WKH VWUXFWXUDO DQG SK\VLFDO SU
DFLGX DDAV %LRSK\VLFY + KWWSV GRL RUJ v

z

/L6 'HOJHU 06LQYK $ <H $FLG DQG UHQQHW JHODWLRQ S
JRDW DQG FRZ PLONV (IIHFWV RI SURFXYYDQJRDQBLVI
6FLHQFH jj KWWSV GRL RUJ MGV

/ILDQJ : <DFKXQ * =BORFHVVLQJ SURSHUWLHV RI \RIXUW
SURGXFHBFRQRVWRF PHVHOMHURRLWHRQDO -RXUQDO RI )
7HFKQRORJ\jj = KWWSV GRL RIWJ L

IXFH\ - $ YDQ 90LHW 7 *UROOH . *HXUWV 7 :DOVWUD 3
PDGH E\ DFLGLILFDWURXDFIRIKH JOXFRQRUHVLY SHUF
PLFURVWUXFW X U,IDAV HYWRSMHILRQIDHY  'D U\ jjRXUQDO

KWWSV GRL RUJ 6
/XFH\ - $ 7DPHKDQD 0 6LQJK + OXQUR 3 $ 5KHROR
IRUPHG E\ D FRPELQDWLRQGRGDWI-B(WGRHQWIQWRJIOEEEQRHVH
S KWWSV GRL RUJ

IXEH\$ 7DPHKDQD 0 6LQJK + 0$<QFURHPS;D$JLVRQ RI WKH IR
UKHRORJLFDO SURSHUWLHV DQG PLFURVWUXFWXUH RI [
FXOWXUH RUODPWRERER 5HVHDUFK ,QWHHUQDWLRQDO
KWWSV GRL RUJ 6

2QJ/ .HQWLVK 6 ( *UDV 6 / 6PDOO VFDOH SURGXFW
RI EDWFK FHQWULIXJDWLRQWHUX BWRWR & (ED JDR KW KFRGI/Q D
KWWSV GRL RUWGDLU\M

3KDGXQJDWK&IJHDP FKHHVH SURGRKEIWNODQDNDUHD -RXUQDC
DQG 7THEFKQRGQRJ\

3DQJ = X5 =KX< /L+ %DQVDO 1 /LX ; &RPSDUL\
DQG PLFURVWUXFWXUDO SURSHUWLHV @DFW QB R U HO\D

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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)RRG 5HVHDUFK ,QWHUQDWLRRQDO
KWWSV GRL RUJ M IRRGUHV
4X < %DURQH * $KUQp !/ SUKM VEXIUHF WR RR JKHLQIKV D W L
SK\WLFRFKHPLFDO SURSHUWLHV RI PLON, QMHRIQDSG XV
'DLU\ -RXUQDO KWWSV GRL RUJ M LGDLU\M
5DMDQL % -DQD $KDISMKKROMKREDQJIHV AIQHBKRPDLF® QG IXQFYV
SURSHUWLHV RI 3L]]D FKHHVHV PDGH XVLQH#IW&3XBODA.

VWRUDOFRYHU )RRGVWSV GRL RUJ v
6DOD*Q ) OLHWWRQ % *DXFKHURQ ) %W HUQOWE R8I
'DLU\ -RXUQDP KWWSV GRL RUWGDLU\M
BHNLJXFKL . 7DQLPRWR 0 )XMLL 6 OHVRVFRSLF FKLC
WKH JO)CIRIRAE Q KFHHABEDWLRQ RI PLON YLD VPTHI®IVDQDO\V
KWWSV GRL RUJ JHOV
6LQDJD + %DQVDO 1 %KDQGDUL % *HODWLRQ ¢

PLORWHUQDWLRQDO -RXUQDO Rl )RRG #*3URSHUWL
KWWSV GRL RUJ

7DNHXFKL .3 &XQKD 5 / ,QIOXHQFH RI DJHLQJ WLP
LQGXFHG E\/QORKAR@R DW GLIIHUMHQWEI8MBF S H WWDQAGX L
7THFKQRORJ\ + KWWSV GRL RUJ GVW
':ROIVFIBRRER $ ) &UHDP FKHHVH +LVWRULFDO PDC
FKHPLFDO DVOWHWWDWLRQDO 'DLU\ -RXUQDO
KWWSV GRL RUJ M LGDLU\M
=KDR < /LX 4 =KDQJ 6 -LDQJ / J/LX < +DQ & )R
UHFRPELQHG VR\PLON DQGWFRE JO/REBRVRREKIN DO/ HRA 2 O H |
6FLHQFEH jj KWWSV GRL RIRV HVV
&LWH
8)- 6W\OH
%DUWRVKDN , 3ROLVKFKXN * 0DU\QLQ $ 6Y

BK\WLFRFKHPLFDO FKDQJHV LQ FUHDRPFKWR®H LQ!
SNUDLQLDQ )RRG -RE8QDOKWWSV GRL RUJ

$3% 6W\OH

%DUWRVKDIWKEKXNRO* ODU\QLQ $ 6Y\DWQHQN
3K\WLFRFKHPLFDO FKDQJHV LQ FUHDP FRWRPH LQ
8NUDLQLDQ )RRG -RX&JQDKONWSV GRL RUJ

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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)DW SKDVH FRPSRVLWLR QVDVIDE ROLGD VRIL YSHU R W
IDW HPXOVLRQV

2NVDQD 7RSFKLL ODU\DC
20HJ *DOHQNR 7DUDV % X\DFKRN

IDWLRQDO 8QLYHUVLWI RI )RRG 7

$EVWI
.H\ZRUGYV ,QWURG BURWBWQHPXOVLRQV DUH ZLGHO\ XVt
VIVWHPV IRU ELRORURBEBEOMH FRPSRXQBW KRZH)Y
3URWBIWQ VWDELOLW\ LV OLPLWHG E\ R[LGDWLYH GHJUDGD

(PXOVLRQ ZKLFK LV GHWHUPLQHG E\ WKH |CDWWD QLW KFRP
&RPSRVLWLFHITHFWLYHQHVV RI DQWLR[LGDQW SURWHFWLRQ

JDWW\ DFLG" ODWHULDOV DQE&HINWBPEGULW\ RI WKH IDW SK

IDW HPXOVLRQV GLITHULQJ LQ WKHLU FRQWHQW

$QWLR[LGDCpH 56 SRO\XQVDWXUDWHG IDWW\ DFLGWLADN HYDC

6WDELOLW\ GHJUDGDWLRQ ZDV DVVHVVHG E\ PRQLWRULQJ FK

VWRUDJH )DWW\ DFLG FRPSRVLWLRQ ZDV GHWHL

RI IDWW\ DFLG PHWK\O HVWHUV (SLIJDOORFDW!
DQWLR[LGDQW DW D FRQFRIQMPXIDWLRQ RI PJ

5HVXOWYV DQG5BEOPXVYQURXQIORZHU RLO ZLW

FRFRQXW VHVDPH ZKHDW JHURD W QHP ROAKIHRLY/
SUWLFOH KLVWRBVHDVHG WKH LQGXFWLRQ SHULRG WR K R
FRQVLVWHQW ZL WKHUSB\RIVMLH G GIDIW BWR @ WD ED O D

SHEHLYHG FRPSRVLWLRQ RQ WKH R[LGDWLYH VWDELOLW\ R
FRQWHQW RI SRO\XQVDWXUDWHG IDWW\ DFLGV :

SHFHLYHG LQ H[KLELWHG D VLJQLILFDQWO\ KLJKHG UDWK RI Ol
UHYLVHG IRUPVDPSOHV ULFK LQ PRQRXQVDWXUDWHG IDWW\ D
VDPSOHV ZLWKRXW DQWLR[LGDQWV VKRZHG DQ L

SEFHSWHG GHSHQGLQJ RQ WKH IDWW\ DFLG SURILOH RI \
,Q VDPSOHV ZLWK D KLJK FHREQ VDMQWY B FLSGR\O \ X\
SHUR[LGH YDOXH L@MRPHINVHGWHU FRPSDUHG ZL\

LQ ZKLFK WKH SURSRUWLRQ RI PRQRXQVDWXUDV

&RUUHVSRQGLQI vV FRQILUPV WKH KLJKH U VKK FH.SSA GE V OLWH PR

DXWKRU R[LGDWLYH GHRUWE& B V8IURIY HBQXFHHWR] PXOWLSOH GF
JUHDWHU QXPE W RQ R[VGWMALRQ

2NVDQD 7RSFKLL 7k 4 XVH RI HSLJDOORFDWHFKLQ JDOODWH

(PDLO VLJQLILFDQWO\ LQIOXHQFHG WKH FRXUVH RI R[L
RNVDQDWRSFIR\# " pj NJ RI WKLV HREP WRMHQEHUREDGH YDOXH E\
XNU QHW RI FRPSDUHG ZLWK FRQWURO VDPSOHV 7KH

PDLOQWDLQHG WKURXJKRXW WKH HQWLUH VWRUD
LQYROYHPHQW LQ LQKLELWLQJ WKH SULPDU\ V

)XUWKHWRRUWMWWDELOL]DWLRQ HIIHFW ZDV PRUH S
FRQWDLQLQJ KLJKHU SURSRUWLRQV RI XQVDWXL
UHVXOWV GHPRQVWUDWH WKH SRWHQWLDO RI HS
WKH R[LGDWLYH VWDELO LW B R SIUPRMYHHRIEOLNVAR W ¥ |
ZLWK DQ RSWLPL]HG IDWW\ DFLG FRPSRVLWLRQ
‘2, &RQFOXYBEWQPL]DWLRQ RI WKH IDWW\ DFLG F
OLSLG SKDVH LQ FRPELQDWLRQ ZLWK WKH XVH
; HIITHFWLYH DSSURDFK WR H QK®DIQW\L ®JI BIKRIWRI[LLE
HPXOVLRQV

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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,QWURGXFWLRQ

3URWBIWQHPXOVLRQV 3)( KDYH UHFHQWO\ DWWUDFWH
VIVWHPV IRU WKH HQVWBR®XEOBWERB®SRQHQWYV LQ IRRG
SKDUPDFHXWLFDO SURGXFWV *KHOLFKL HW ®YL VK F K ROYZ (
HW DO 9RURQWVRY HW DO 7KLV LQWHUHVW LV
D VWDEOH GLVSHUVLRQ RI WKHRO LGH SU B IGIDYVAH VEEMRVEBWAN |
FRPSRXQGV HJ SRO\XQYIDWXRIIDVH ® QWL R[\L BPIQGWY D Q
UHOHDVH XQGHU VSHFLILF FRQGLWLRQV RU DW WDUJHWH
'HVSLWH WKH ZLGHVSUHDG XVH RI HPXOVLRQV PDLC
XQUHVROYH® FSOLMWLHEDHDU $VODP HWYBO\ VKRUW YR W H
PRGHUDWH WHPSHUDWXUHV ZKHUHDW HURP MDD WU R @
WHPSHUDWXUH IOXFWXDWLRQV S+ YDULDWLRQV DQG LQ
7KH OLSLG SKDVH LQ ERW K DV S\HKVH RA DHLR)X @ VWY RIQIR LV RWLKY
RI XQVDWXUDWHG VYRW YWE MH IEG R MFRVGL MHWFRPSRXQGV ZKLF
WR ULDF&GDAMOR[LGDWLRQ UHDFWLRQV 6WXGLHV E\ :DQQD
GHWHULRUDWLRQ RIDQBQYRWWU SWRBE D@ L¥EDKRIU VE L &/RWHU
QXWULWLRQDO TXDOLW\ LV DVVRFLDWHG ZLWK OLSLG SH
VHFRQGDU\ R[LGDWLRQ SURGXFWV 7KHUHIRUH SURWHFW
UHTXLURB H@WQWDLQLQJ WKH TXDOLW\ Rl WKH ILQDO SUR
$FFRUGLQJ WR -RKQVRQ HW DO WKH R[LGDWLYH \
LV FORVHO\ UHODWHG WR LWV IDWW\ DFLG FRPSRVLWLRC
WKH IDWVILIQGHPWOWHPY WKH HIIHFW RI IDWW\ DFLG FRPS
DPSOLILHG GXH WR WKH KLJK VSHFLILF LQWHUIDFLDO DL
SRO\XQVDWXUDWHG IDWW\ DFLGV 38)$V ORFDWRGHLQ W|
UHDGLO\ LQW RPIDGFINQ MWIKQSWRH DTXHRXV SKDVH LQFOXC
UHDFWLYH R[\JHQ VSHFLHV 7KXV DQ LQFUHDVHG GHJUHH
HQKDQFHV LWV FKHPLFDO UHDFWLDWLRBEXR ROLNGRD B R PIRS
DW WKH LQWHUIDFH ZKLFK UHSUHVHQWY D FULWLFDO ]R(
2[LGDWLYH GHJUDGDWLRQ RI SRO\XQVDWXUDWHG IDW
ORRROHFRHIDKW SURGXFWV ZKLFK FDBUMNOLWNURWR HSWIGHG
DQG WKH LQWHUIDFLDO WHQVLRQ 6KL]KDQJ HW DO
SURGXFWV LQ SQUDW/RNOWWG DOGHK\GHV F DRR WA B QW L
LQWHUDFWLRQV ZLWK SURWHL@ DXL MVMU X F DAY UB IOH P IR
UHGXFLQJ WKHLU VWDELOL]LQJ FDSDFLW\ *HQRW HW D
GHWHUPLQHG E\ WKH IDWW\ DFLG FRPSRVLWLRQ RI WKH
GHVWDELOL]DWLRQ RINW®HQHPXION LLRQVEUMHELDO ILOP O
WHQGHQF\ WRZDUG IORFFXODWLRQ FRDOHVFHQFH DQG ¢
$W WKH VDPH WLPH WKH XVH RI OLSLGV SUHGRPLQEL
08)$V RU VDWXUDWHG IDWW)\ DNFMG WL B W F V& F K HDWX R &N
ZLWK HQKDQFHG R[LGDWLYH VWDELOLW\ :HL HW DO
ORZHU UDWH RI OLSLG UDGLFDO IRUPDWLRQ DQG IHZHU U
DIIHFWV WKH LQW HDRALDW &RD\WK HYEGQ WHEH\ VARQD VWDELC
HPXOVLRQ 7KHUHIRUH WKH IDWW\ DFLG SURILOH RI WK}
PXVW EH FRQVLGHUHG ZKHQ GHVLJQLQJ VWDEOH HPXOV
*XEVNW DO
7KXV FXUUHQW VFLHQWLILF HYLGHQFH SURYLGHV D ED
IDW HPXOVLRQV DV HIIHFWLYH V\VWHPV IRU WKH HQFDS\
VROXEOH FRPSRQHQWY $W WKH VDPH WX{PK VWRAHH 8 M DLRQWV/IL

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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FRVPHWLF DQG SKDUPDFHXWLFDO DSSOLFDWLRMHWURHT X
VWDELOLW\ DGDSWDWLRQ WR YDULRXV VWRUDJH FRQGLV

7KH DLP RI WKLV VWXG\ ZDV WK H QI¥FWWV IDDPLVEHFR R &R
OLSLG SKDVH RQ WKH R[LCGCDWHPK YWIREFQIM\ODWG RNV B BIRW E XOQ
RI' WKH QDWXUDO DQWLR[LGDQW HSLIJDOORFDWHFKLQ J
HOKDQFLQJ WKH VWDWBRW\ RI HPXOVLRQ V\

ODWHULDOV DQG OHWKRGV
ODWHULDOV

7KH YHIHWDEOH RLOV ZHUH SXUFKDVHG IURP UHWDL
IROORZLQJ RLOV ZHUH XVHG DPDUDQWK RLO 70 2EHULJ
8. ZDOQXW RLO 70 O(+ JHNUPDRQE 7DHDKHDIWQLWVID 8NUDL
70 &RFR 2UJDQLF 6UL /DQND KHPS RLO 70 &UDIW 2LO
S8NUDLQH VHVDPH RLO 70 .RU\WQD 20L\D 8NUDLQH IC
8NUDLQH 8NUDLQH VHDYHXWMRWRRUDLRIHO ROISBH RLO 70
SDOP RLO 70 OXVLP ODV O0DOD\VLD UDSHVHHG RLO 7
VRVEHDQ RLO 70 *ROGHQ .LQJV RIOSHN.&FDLQH ORVHLIL QHO K|
S8NUDLQH DQG OLQROHLWFRYKXDUO BRRWD IRQ 1D

7R VORZ WKH GHWHULRUDWLRQ RI WKH OLSLG SKDVH
JDOODWH ,WDO)UHVK ZDWDSGBWWGRDHMDRODQWLR[LGDQW

$ DTXHRXV FROODJHQ VROXWLRQ SUHSDUWR E\ H
7TRSFKLL HW DO FRQWDLQHG JO\FLQH SUR
'XH WR WKH SUHVHQFH RI SHSWLGH IUDJPHQWY ZLWK ERW
K\GURO\]HG FROODJHQ H[KLELWYV DPSKRSE LIDWK RIRIARSGUH & 1W>
LQWHUIDFH DQG IRDW HWBRBOUHRISURWHLQ

BUHSDUDWLRQ RDWHKH SO RMRLL Q3) (

7KH SURPWHH® XOVLRQ 3)( ZDV SUHSDUHG XVLQJ D =89
*HUPDQ\ IURP D PLIWKBB®RIZDWHUVEHRO\]HG FROODJHQ
YHIJHWDEOH FR® G) ZDWWWULBPK®G K\GURO\JHG FROODJHQ ZH!
PLQXWHV WR HQVXUH SURSHU K\GUDWLRQ 9HJHWDEOH Rl
IDW FRPSOH[ ZDV IRIHPHIG AFRIKQIKLQXWHY 7KH UHVXOWLCG
VXEVHTXHQW OA xfRR QHHEO @IRQ J D | MW DHEROX-D B URRQV N IXQ WD E O +
DQDO\VLV RU VWRUDJH

'"HWHUPLQDWLRQ RI WKH |DW WX B FIDGV AR FOSFR\GL WR R QR IL
OLSLG SKBWAWEDPLQHG E\ JDV FKURPDWRJUDSK\ DIWHU SU
LQWR WKHLU FRUUHVSRQGLQJ PHWK\O HVWHUV DV UHF
2VWHUPDQQ HW DO OHWK\ODWLRQ ZDV FDUULHG R
VROR® Rl VRGLXP PHWKR[LGH DQG KHDWLQJ XQWLO FRF
HVWHULILHG IDWW\ DFLGV LQWR PHWK\O HVWHUV 8SRQ |
ZHUH H[WUDFWHG ZLWK KH[DQH DQG VHSDUDWHG IURP Wk

7KH REWMPDWQEBW ZDV DQDO\BDE VUG #B +HIDWWMURPD
86$ HTXLSSHG ZLWK D IODPH LRQL]DW LRROXR® H¥ $/HRAL DQ
IRU IDWW\ DFLG VHSDUDWLRQ 7KH DQDO\VLV ZD¥f8HUIRU
DG D GHWHFWRU W H&® SHKIDAKXWAIVRIUHG HITHFWLYH VHSDU
YDU\LQJ FKDLQ OHQJWKYV DQG GHJUHHV RI XQVDWXUDWLR

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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,QGLYLGXDO IDWW\ DFLGV ZHUH LGHQWLILHG E\ FRPSD
VDPSOHV ZLWRVIWEEBVHGRPDWXUH RI IDWW\ DFLG PHWK\O
ZDV SHUIRUPHG XVLQJ WKH SHDN DUHD QRUPDOL]DWLRQ
IDWW\ DFLG DV D SHUFHQWDJH RI WKH WRWDO LGHQWLILF

'"HWHUPLQDWLRQ RI VR4 HVKHHURPIREHHROERMWHB B UR[LGH Y D (
RI WKH SR WWRX@®VLRQ ZDV GHWHUPLQHG DFFRUGLQJ WR
WKH HPXOVLRQ ZDV ILUVW LVROD W B @ IE DA Q &/HIS HXQIDLVQL)
H[SHFWHG GHJUHEDR/I REERDWRQ \*xZH ILIKMKE D FRQLFDO [0
JURXI@®VV VWRSSHU RF WYX DK & IDIPRVLF DFLG Y Y
WKH IDW FRPSOHWHO\ $Q H[FHVV Rl VDWXUDWHG SRWDV\
PLMUWH ZDV WKRURXJKO\ VWLUUHG DQG NHSW LQ WKH GD!I
GHFRPSRVLWLRQ RI LRGLQH

$IWHU WKH UHDFWLRQ GLVWLOOHG ZDWHU ZDV DGGHC
D x1 VRGLXP WKLRVXOIDWH NWRQXMLR Q/EGIX DR R QF RQ RV
SUHSDUHG VWDUFK VROXWLRQ ZDV XVHG DV DQ LQGLFDW
ZDV FRQWLQXHG XQWLO WKH FRPSOHWH GLVDSSHDUDQFH
LQ SDUDOOHO |ROSURAHGIXWKHZVWRRXW IDW 7KH SHUR[LG
WKH IROORZLQJ IRUPXOD

F o4 1.0srrr,
a

.S,

ZKHYHY WKH YROXPH RI VRGLXP WKLRVXOIDWH VROXWLRQ
LV WKH YROXPH RI VRGLXP WKLRVXOIDWH MR WXWLRROXXV
FROQOFHQWUDWLRQ RI WKH VRGLXPPWYX MRRK/E @ IIDVWHRY RNOKHV ILLF
J

$FFHOHUDWHG VWDELOIDW WPXQWRR@WKH SURWHLQ

7TKH NLEGHWRLWVR[LGDWLRQ ZHUH VWXGLHG XVLQJ DQ DI
2[LWHVW DQDO\]|HU 9HOS 6FLHQWLILFD ,WDO\ 7KLV PHYV
IORZ UDWH WKURXJK D IDW OD\HU DW DQ HOHYDWHG FRQ\
IDW R[LGDWLRQ DW VSHFLILF WLPH LQWHUYDOV 7KH LQ
VWDELOLW\ LQ ERWK VROLG DQG OLTXLG SURGXFWYV ZLWK
HPSOR\V HOHYDWHG WHPSHUDWXUH MEHW SUBYGXWKHZ LY K
SHULRG RI R[LGDWLRQ LV FDOFXODWHG DXWRPDWLFDOO\
LQ DEVROXWH SUHVVXUH ZKLFK RFFXU GXH WR R[\JHQ FR
LV FDUULHG & DWW DWDWP IUH RQ DXVNFARRBKHQ

7KH R[LGDWLRQ SDUDPHBDWUNPROW.RKE IUHURWHHQYDOXD
IROORZLQJ LQGLFDWRUYV

&KDQJH LQ SHUR[LGH YDOXH 0 39

039 39239

ZKHUHM BN GBOIEH WKH SHUR[LGH YDOXHV DW WKH EHJLQQL
UHVSHFWLYHO\ H¥S2WHNYHG LQ PPRO

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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2[LGDWLRQ UDWH GXULQWw WKH VWRUDJH SHULRG 9
9pvi 3939 W
ZKHUH W LV WKH GXUDWLRQ RI WKH H[SHULPHQW LQ KRX
$00 PHDVXUHPHQWY ZHUH SHUIRUPHG LQ WULSOLFDW
YDOXHV

5HVXOWY DQG GLVFXVVLRQ

7TKH FKDUDRWWKHWWHIHAHWDEOH RLOV XVHG LQ WKLV VW’
LRGLQH YDOXH UHIOHFWV WKH GHJUHH RI XQVDWXUDWLR
HITHFW RQ WKHLU R[LGDWLYH VWDELOLW\ 7KHHFX®PQLIL]
ZHLIJKW RI WKH IDWW\ DFLGV FRQVWLWXWLQJ WKH WULJO

7DEOH
3K\ WLFRFKHPLFDO FKDUDFWHULVWLFV RI WKH YHJF

1DPH RI RLO JRGLYIHOXM J ,J) 6DSRQLILFDWLRRQ YDOXE
24+ ]

&RFR 1

:DOC

+HPS

6HVI

&R

YOD[\

[NE FE N PR P P PR

:KHDW

$PDUI

6HD EXF

+L.OLQROHLF

6 R\EHI

[NEN F N P PR

*UDSH

5DSH"®

(NS
e [ fee e [ e fee e [ e e [ e [

+L. ROHLF V.

20LYH

([
+ [+

3DOP

6\WWHMXYWDKDWLRQV &XOOHU HW DO LQGLFDWH
SRO\XQVDWXUDWHG IDWW\ DFLGV ZLWK OHVV XQVDWXUD
PRQRXQVDWXUDWHG IDWW\ DFLGV FDQ VLJQLILRDOQ@/ O\ V.
HPXOVLRQV 7KLV GHPRQVWUDWHY WKH SRVVLELOLW\ RI |
DFLG SURILOH WR HQKDQFH LWV R[LGDWLYH VWDELOLW\

7KH IDWW\ DFLG SURILOH RI WKH OLSLG SKDVH LV RC(
R[LGDWLYH MR)OELIORGM RIXQ HW DO $ KLIK FRQWHC
DFLGV 38)$V QHJIDWLYHO\ DIIHFWV HPXOVLRQ VWDELOL
SHUR[LGDWLRQ ZKHUHDV D JUHDWHU SURSRUWLRQ RI P
HQKDQAMYVWDQFH WR R[LGDWLRQ $FFRUGLQJO\ LW LV D
EDODQFLQJ WKH OLSLG FRPERPSRWMWHQ® LRHDRY W R &KX FPX\D

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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)DWW\ DFLG FRPSRVLWLRQ RI YHIJHWDEOH RLOV

7TKH ELRORJLFDOO\ DFWLYH ©BR/P BR G HSUAY ORJ LON DHQYWIDE
DFLGV RI WKHDQG I®WPLOLHYVY ZKLFK H[KLELW SURQRXQFH
6WDEQLNRYD /p®K) 3DUH&BIVDIDOOD HW DO 8QOLNH
RLOV DUH D VRXUFH RMHSKDWIVRORBLED O/OR DWW VEDUWLFLSD)\
FHOOXODU PHPEUDQHYVY %DVHG RQ FXUUHQW XQGHUVWDQ
D GLVWLQFW EUDQFK RI QXWULWLRQDO VFLHQFH KDV HPH
UHIXO®GWRWXQUH WKHLU FRQWLQXRXV GLHWDU\ LQWDNH

6WXG\LQJ WKH IDWW\ DFLG FRPSRVLWLRQ RI YHJHWEL
SURFHVVLQJ LQGXVWU\ DOORZV IRU SUHGLFWLQJ WKHLU
SUHVHQWY WKH IDWWWRHALBRNVRWQ WRHIRPR RO\ DRDLODEOH Q
LQ 8NUDLQH REWDLQHG IURP WKH UHWDLO PDUNHW &KU!
WZR RI WKH LQYHVWLIJDWHG RLOV DUH VKRZQ LQ )LJXUH

E

JLIXUH &KURPDWRJUDPV RI WKH IDWW\ DFLG FRPSRWHWLRQ R
EXFNWKRUQ RLO D UDSHVHHG RLO E

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7DEOH
)DWW\ DFLG FRPSRVLWLRQ RI YHIHWDEOH RLOV

&RQWHQW RI IDWBROFHGW RI LQGLYLGXDC
JURXSV DELGYV
)$| 08)s | 38)% Z&OHLF/L&QRCH/LLI?ROHQLF

1DPH RI RE©S
6

T+ 2
UHFRPPHQGDWLRQV

&RFRQXW

"DOQXW

+HPS VHHG

6HVDPH

&RUQ

JOD[VHHG

:KHDW JHUP

$PDUDQWK

6HD EXFNWKRUQ

+LJRLQROHLF
VXQIORZHU

BR\EHDQ

*UDSH VHHG

5DSHVHHG

+LJROHLF VKQIORZHU

20LYH

3DOP

IRWH ®6YPWXUDWHG IDWPRQRX®VDWSYHDWH G| B RAX Q¥ D ®\X UBay
IDWW\ DIRLERUOG +HDOWK 2UJDQL]DWLRQ

W VKRXOG EH QRWHG WKDW WKH FRPSRVHWLRHORHGQ
E\ WKH UHVXOWY SUHVHQWHG LQ 7DEOH /LTXLG YHJHWLI
IDWW\ DFLGV ZKLEK BRFRMRXOW MRRWDO IDWW\ DFLG FRQWF
VROLG DW URRP WHPSHUDW XUHD RROPHOK RRARDXNGDBG I
FRPSRVHG RI VDWXUDWHG IDWW\ DFLGV 7KH PRVW EDODC
JHUP RLO ROLYH RLO DQG UDSHVHHG RLO +RZHYHU WK
RLOV PHHWYV WK HRRXYWHD@OW FREBRYKWHK DUH SURYLGHG L
DQG DUH WKRURXJKO\ GLVFXVVHG LQ WKH IROORZLQJ VHF

3RO\XQVDWXUDWHG IDWW\ DFLGV 38)$V ZKLFK FRQ
FKDUDFWHUL]HG E\ VL1Fl8L ERQW O3 LORRFUDMNA®R@® HQHUJL
SDUWLFXODUO\ VXVFHSWLEOH WR WKH LOQLWLDWLRQ RI Ul
$V D UHVXOW XQGHU RWKHUZLVH HTXDO FRQGLWLRQV H
IURP RLOV ZFIRQKVKQWKY RI OLQROHLF OLQROHQLF RU G
VXEVWDQWLDOO\ KLIJKHU UDWH RI DFFXPXODWLRQ RI SU
FRPSDUHG ZLWK V\VWHPV EDVHG RQ PRQRXQVDWXUDWHG
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)DWW\ DFLG FRAWXRVOWER® RHDVH RI HPXOVLRQV

$FFRUGLQJ WR FXUUHQW GLHWDU\ IDW JXLGHOLQHV 6]
VKRXOG DFFRX@®W GRUO\ HQHUJ\ FRQVXPSWLRQ ZLWK FRC
EHWZHHQ VDWXUDWHG PIRQRXQDFWEUYDVBHIG IDWW\ DFLC
SRO\XQVDWXUDWHG IDWW\ DFLGV 38)$ 7KH UHFRPPHQG
DV RI HQHUJ\ DUH DY IRO®)BZ\+ 385$$" +

$FFRUGLQJ WR +DUW HW DOH DIRU B PGLMWILRQ HID WLVRWR
RI DSSUR[LRDWHHDGY WR D UHGXFWLRQ LQ /'/ FKROHVWHL
ZLWK D ORZHU UDWLR 7KH :RUOG +HDOWK 2UJDQL]DWLRQ
HPSKDVL]H WKH LPSRUWRQBW HRG UBI\S &/D DIFQGVIZLWK XQVE
WKH ULVN Rl FDUGLRYDVFXODU GLVHDVHV $V QRWHG E\
HQVXUH DGHTXDWBW®WDHRHGRI RORQJVLGH D PROWWD W H
DFLGV VLQFPMVWKWMHH WD BZIBW DQWDJIJRQLVWLF WR HDFK RWE

&RQVLGHULQJ WKH UHFRPPHQGDWLRQV RXWOLQHG DE
UDWLR ZDV DGRSWHG IRU WKH GHYHORSPHQW RI IRRG ¢
FRPSOHWH IDW xJ J RI WRWDO IDWW\
6)$ 38)$% &38)$ & 08)$

8VLQJ D FDOFXODWHG DSSUR[LPDWLRQ FRPBRRG QW K
YHIJHWDEOH RLO EOHQGV ZDV GHWHUPLQHG ZLWK D IDWW
FULWHULD 7DEOH

7DEOH
)DWW\ DFLG FRPSRNRMWIR@HRWNVKHIIHHWDEOH RLO EOHQ(

& QWHQW RI )DWW\ DFLG F
JURXSYV UDWLR
2LO FRPSRVLWLRQV 08)% & &
08)$ | 38)8| 6)$| 38)%
6)s | & &

&XUUHQW FRPSRVLWLRQ
VWDQGDUGV

SDOPtRPODUDQGWK RLO
JUDSH VHHG RLO

&RFRQXRORLKY® RLO
KHPS VHHG RL(Q

&RFRQXWHRD®»#H RLO
ZKHDW JHUP RLO

1RWH 6MDWXUDWHG IDWWVPPRPEGREYVDODW)WSUDWHG DWW\ D
SRO\XQVDWXUDWHG IDWW\ DFLGV

7TDEOH SUHVHQWY D OLVW RI RLO EOHQGV ZKRVH F
UHFRPPHQGHG VWDQGDUGYV 7KH IROIOKR A\QD IPVOWE MHQ G VS
WKH PDLQ JURXSY DSSURDFKLQJ WKH RSWLPDO FRPSRVLYV

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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D E
J)LIXUH 2LO PLIWXUHV ZOR\NKHFRRSWKHWIHRRKRPPHQGHG 1D
SDOP+tRPOUD QWK RE® VHHG RLO *ROIPMRKREBWHRHG RLO E
FRFRQXWHRIDPHZRHOW JHUP RLO F

W KDV EHHQ VKRZQ WKDW WKH FRPSRVLWLRRQORI LRRF
FKDUDFWHUL]JHG E\ WKH PRVW ED O D QFH®R OCHQW F DWR ® ISQHF
LQ WKLV PL[WXUH LV FRPSDUHG WR WKH LGHDO Zt

FRPSDUHG WR WKH LGHIXQJK ELRQRLIFTDML QHI I H WL
FRPSRVLWLRQ RI WKH RWKHU FDOFXODWHG PL[WXUHV LV
ELRORJLFDO HIILFLHQF\ ) RD UHQ BE6 HV HHIGH RI.EDOPL[W X UH |
EDODQFHG UHJDUGLDRALW KD WD R R UBIBQRWHQ L W KWHR .OLQRO

VLIJQLILFDQWO\ H[FHHGV WKH U HFRERPHPS GAH.GWOHUYH R D \
OLQROHLF WR ROHLF DFLG UDWLR RI ZKLFK LV FORVF
LQVXIM/PLEROHQLF DFLG ORQLWRULQJ WKH UDWLRV RI IL
VLPXOWDQHRXVO\ HQVXULQJ WKH VWDELOLDW HRPOVMRQ K

,Q WKH VWXG\ E\ 0ODQN DQG 3RORQVND IDWWKDREGV
FRPSRVLWLRQ Rl YHJHWDEOH RLOV XVHG DV FRPSRQHQC
ZDV FDUULHG RXW 7KH DXWKRUV JURXSHG WKH IDWW\
PRQRXQVDWXUDWHG IDWW\ DFLGV DEG BROWKQ Y DIWXD\W
SURSRVHG VHYHUDO RSWLPL]JHG EOHQGYV WKDW FRUUHVSF
VNLQ $PRQJ WKHVH WKH PRVW RSWLPDO LQ WHUPV RI PH
DFLG FRQWHQW LV WKH FR® 3RV MMVRE@ H RIDAVD Z® HQ W FRFU F
ZHOO ZLWK RXU IERBIRQHMQW WKDM¥XUH RI FRFRQXW VHVD
LQ D UDWLR GHPRQVWUDWHY D IDYRUDEOH UDWLR RI
)W FDQ EH FRW FEOXHHGL@KBLIIHUHQW W\SHV RI YHJHWD
IDYRUDEOH IDWW\ DFLG SURILOH ZKLFK LV DOVR VXSSRI

2[LGDWLYH VWDELOLW\ RI WKH OLSLG SKDVH LQ HPXOV

2[LGDWLYH VWDELOLWADWRDQRLPSESKRHUWRRQAL WQ ®IQG VK
FRQWDLQLQJ SURGXFW DV R[LGDWRR@® FR2HDIIMVWERH WMKHGIR\
SURGXFWV ZLWK XQSOHDVDQW RGRU DQG WDVWH UHQC
XQVXLWDEOH IRLEGBRAVWREWORQVRU'XULQJ RILGDWLRQ XC
WULDF\OJO\FHURO VWUXFWXUHY DUH DOVR GHJUDGHG Ot
R[LGL]HG SRO\PHUV 7KLV LV LPSRUWDQW IRU DVVHVVLQJ
ZHO DV WKH SRWHQWLDO WRI[LFLW\ RI IRRG SURGXFWYV

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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2QH RI WKH VLPSOH DQG HIIHFWLYH PHWKRGV IRU LQKI
WKH DGGLWLRQ RI VXEVWDQFHV WKDW VORZ GRZQ WKLYV
LQKLELWRUV RU P\QHN DFEW GDIQWVKIXK EHHQ VWXGLHG 7D
PDQLIHVWHG E\ DQ H[WHQVLRQ Rl WKH LQLWLDO VORZ St
SHULRG ZKLFK GHWHUPLQHV WKH UHVLVWDQFH RI VXEVW
7KHUH DUH QR XQLYHUDDB BODXOLROLGD QIFW MYHKIDWRU D
WKHUHIRUH LW LV DGYLVDEOH WR GHWHUPLQH WKHLU HI
DQWLR[LGDQW DGGLWLYH HSLJDOORFDWHFKLQ JDOODWH
R[LGDWLYHR®HWRHBLRYDMMMKML G PXORMLRRY W LV D SRWI
DQWLR[LGDQW WKH PDLQ&PPWE PKDQVRQHIQMMHIED MV D
VXSSOHPHQW IRU FRQFHQWUDWHG LQWDNH ,Q D VFLHQMW
HSLJDWMFEBDQODWH LV GHVFULEHG DV D SRZHUIXO QD)
FRQFHQWUDWLRQ RI SKHQROLF K\GUR[\O JVRRSWQ ZIKQ FK
DFWLYLW\ DQG LQKLELWLRQ RI OLSLG SHUR[LGDWLRQ
7KH FRPSRXQG KD WWawv DRRFOBIFX @&DU ZHLIKW RI J
WR LWV XQLTXH PROHFXODU VWUXFWXUH ZLWK D ODUJI
HSLIDOORFDWHFKLQ JDOODWH LV FDSDEOH RI QHXWUDO
FRPSRQHQWYV RI IDW VO WKHUSEU B [LKEYDHQLRIQQ J

J)LIXUH 6WUXFWXUDO IRUPXOD RI WKH HSLIDOORFDWF

7R VORZ GRZQ WKH GHWHULRUDWLRQ RI WKH OLSLC
HSLJDOORFDWHFKLQ JDOODWH DGGLWLYH ZDV XVHG DV L

7KH R[LGDWLRQIRWWKRXOVRRMZOV FDUULHG RXW XVLC
PHWKRG DW D WHPSHUDWXUH RI f& 7KH VWDELOLW\ DJ
PHDVXULQJ WKH LQGXFWLRQ SHULRG ZKLHAKRLWRBIOWNXYD
VDPSOH )LIXUH

7KH GHWHUPLQDWLRQ RI WKH R[LGDWLRQ LQGXFWLRQ
RI RILGDWLYH VWDELOLW\ DQG IRU VWXG\LQJ DJLQJ SURF
FRPSDULVRQ RI WKH RFPMOWW DA WE RMWKKRGY &KDEQL
LQGXFWLRQ SHULRG LV D UHOLDEOH PHDVXUH RI R[LGDW
UHVLVWDQFH RI RLOV DQG IDWV WR WKH RQVHW RI R[LG]
SHULRG LVVGWKHMWGEPH UHTXLUHG IRU D VXGGHQ FKDQJH L
ZKLFK D SUHVVXUH GURS LV UHFRUGHG LQ WKH LQVWUXPF
RQ WKH R[LGDWLRQ FXUYH 7KH LQGXFWLRQ S\HUH RE QND®
SRUWLRQ RI WKH JUDSK
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JLIXUH 'HWHUPLQDWLRQ RI WKH LQGXFWLRQ SHULRG E
3)(EDVRGQ VXQIORZB) FRAVRG FRPELQHG)REDVRG FRPELQHG RLO

ZLWK DQWLR[LGDQW VXSSOHPHQW

YLIXUH

7TDEOH

'XUDWLRQ RI WKH LQGXFWLRQ SHULRG IRU HPXOVLRQV .

>]v }u%}e]S]tv }( upoe]}v }v }]oe Iv p ST}tv

E} X S]u U ZWu]v

i *pn(o}. OW

iXi| } }vuts> « utAZ 3§ P Eu OWii

iXT| } Ivudo]lAZ u% OWIi6

IXT7 | % oruu E VEBEZE % - 6Woo

iXi| } lvuse ur AZ § P EGu=iXii9 %]R oo}idoWig]v
P oo §

iXT| } JvUZo]AZ u% =iXiT9 % ]P dopod3s Z]v idWd

IXT | % duu E VEZPE % =+ =iXi19 %]P ool}liosnig]v
P oo §

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF

VKRZV WKH R[LGDWLRQ LQGREWIRMWQALPHARO\
FRQILUPLQJHWWH EZAHO/EHG BRBUNBIORR[LWETHVNLRQ LQ WKH
HQDRBO IXUWKHU DQDO\VLV RI

RWKHU R[LGDWLRQ SDWWH
LQGXFWLRQ SHULRGV IRU HPXOVLRQV SUHSDUHG ZLWK Gl
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7KH GXUDWLRQ RI WKH LQGXFWLRQ IDMUHRG DL\R G Y WH
EDVHG RQ FRPELQHG RLO VXSSOHPHQWHG ZLWKKHSLJDOO
PLQ WR K ZKRER H[FHHGHG WKH FRUUHVSRQGLQJ YDOX}
ZDV IRXQG WKDW WKH 3)( SUHSDUHG ZLWK VXQIRRZHU RL
PLGXULQJ R[LGPEVIKRDXDW RI FRPELQHGXRIDW LA QVKQFI)K DR
LQGXFWLRQ SKURBGPRMH REVHUYHG H[WHQVLRQ RI WK
DSSUR[LWRRIR@EAK PLQ WR KQ WKB SUHVHQFH RI WK
DGGLWLYH FRUUHODWHV ZHOO ZLWK RIN\GDRQRYKHIGQ PR
LQGXFWLRQ SHULRGV FDQ LQFUHDVH VLJQLILFDQWO\ LQ \

7KXV WKHDSWRWKOYLRQ EDVHG RQ VXQIORZHU RLO ZD
LQGXFWLR@ SHRIL®RIGLFK LV FRQVLVWHRWGZEFW W I0OQ W\ K B WX
ORZ R[LGDWLYH VWDELOLW\ RI RLOV ZLWK D KLJK FRQWHQ
7VDR HW DOXVLQX2[WMWKAMWKRG WR VWBXEVWHSHROBW UHS
UHODWLRQVKLS EHWZHHDRQI® WA\ H DFH.IBU ARPRBIRR L&/ IXRXQY D W X
VKHOI OLIH ZDV VKRZQ WR FRUUHODWH SRVLWLYHO\ ZLWK
LQGHSHQGHOVESRBEDWHR 7KHVH GDWD REWDLQHG IRU SUF
WKH JHBOGIRO R(UGDWLRQ RI WIDKM IBMXSKDRE \L @ BWHRIMWHHLGD
VWXG\

7R HYDOXDWH DQWLR[LGDQW SURSHUWLHV LQ DGGLW
LPSRUWDQW WR GHWHUPLQH WKH NLQHW ISP R& D ZD PVKHW K
LQGXFWLRQ SHULRG NH\ SDUDPHWHUV LQFOXGH WKH DY
UHTXLUHG IRU FRPSOHWH ORVV RI ELRORJLFDO YDOXH 2
PHDVXUHPHQWY 9DULDWLRQV LQ SIGODRJLBE ¥DWXHLRQWEK
SURWIMW HPXOVLRQV GXULQJ K RI DFFHOHUDWHG WHVWI

7DEOH
2[LGDWLRQ SDUDPH\WWUNPKIOSUR®QYWLQ

3UR) IDW HPX( 3HUR[LGH YD 9 PPF
2 NJ H d] 1h?

39 3%o0c 039

6XIORZHU RLO

SURWBMQHPXOVLRQ RQ FRPELQHG RILOV

GRFROKHWW EEZKHDW|JHUP
RLO

&RFROXODLKHPS RL|O

SD: DPDU:JUDSH
RLO

SURWBMOHPXOVLRQ ROONWRPELG®GIBGIDOORFDWHFKLQ JI

GRFRAXMNVEPKIHDW|JHUP
RLO

&RFROXODLKHPS RL|O

SDOMPDUBDUNKSH YHHG
RLO

I1RWH B3URWHUQHPXOYISRIQ RBOGH YDOMNHUR[IB3GH YDOXH DW WKH E
VWRUDBHKES BOR[LGH YDOXH DW WKBIYHQO JRI R/IWEDWIRQIUDWH GX
SHULRG

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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$QDO\WLV Rl WKH R[LGDWRLWHRXKQMUWRFV RDBEIKRNR BIORH U
UHYHDOHG WKH VXSHULRU VWDELOLW\ Rl VDPSOHV VXSS
HYLGHQFHG E\ VLJQLILFDQWO\ ORZHU 39V FRPSDUHG ZL
ILQGLQJ LV VXSSRUWHG E\ WKH FDOFWRB VRIS R W GRQVURE
DQWLRYMGDELWL]HG 3)( ZDV DSSUR[LPDWHO\ WZRIROG ORZ
,Q RXU RSLQLRQ WKH REVHUYHG UHWDUGDWLRQ RI RJ[LC
LQFUHDVHG FRQFHQWUDWLRQQRWEEOWD R ISEKDYW R R RKRXQF
39 PHDVXUHPHQWY LW ZDV HVWDEOLVKHG WKDW WKH DG
VORZHG WKH SURJUHVVLRQ RI R[ILGDWLYH VSRLODJH

,W ZDV VKRZQ WKDW 3)(V EDVHG RQ FRPER@MG ROO3 F(H
SUHSDUHG ZLWK VXQIORZHU RLO HYHQ LQ WKH DEVHQFF
H[SODLQHG E\ WKH KLJKHU FRQWHQW RI VDWXUDWHG DQ
ZLWK R[\JHQ PRUH VORZO\ WKDQ SR OQDYWLIN XLLLD WG| ORE !
RXU VWXG\ WKH SHUR[LGH YDOXH RI 3)(V FRQWDLQLQJ
UDSLGO\ IURP WR PPRO 02w NJ GXULQJ K RI KHDWL

SHUR[LGH DFFXPXODWLRQ AHH ®HG FRADHE M®DLRAG\ 3 ) QS |
YDOXH DW WKH HQG RI WKH H[SHULPHQW GLG QRW H[FHH(

,Q D VWXRXEDQG 5\DBSLJIDOORADOMIDAMKKE DYV VKRZQ WR
SULPDU\ DQG VHFRQGDU\ OLSLG R[L®D WK REX SWRBKEG WLW W
WKH UHVXOWYV REWDLQHG LQ WKH SUHVHQW ZRIWNDG@RZHYF
FRQFHQWUDWEKRE®H IDFWRUV FDQ LRICGOHMWW H BW UNIRJL GDHE
WKH VIVWHP

%H\RQG FKHPLFDODWAYHLSUREKH RYLH S KDOVFD O | MFDWAIG |
HPXOVIBMPBOHV ZLWK D KLJK GHJUHH RI IDW R[LGDWLRQ
FRDOHWEHQBEBUWLDO SKDVH VHSDUDWLRQ LQGLFDWLQJ C
DQG GROQURSWORWHUIDFLDO VWDELO LW WAK B BIHGR ERIP SFROM
FRPELQDWLRQ ZLWK DQWLR[LGDQW SURWHFWLRQ LV D NH
SURWHLQ{PXOVLRQV

&RQFOXVLRQV

7KH IDWW\ DFLG FRPSRNDWH R@WRNVMWKZAHQOWRLEH D GHWH
WKH R[LGDWLYH VWDBRLMHPXORILIRYVRWARAKQVLRQV ZLWK |
SRO\XQVDWXUDWHG IDWW\ DFL GNROZB)IPW WH K L EEQ WUHHED 1 H
YDOXH FRPSDUHG ZLWKWVPRQRNKE VORPALQPDWHIE& IDWW\ DFLC
JUDGXDO DFFXPXODWLRQ RI SULPDU\ OLSLG R[LGDWLRQ ¢
ZLWKRXW DQWLR[LGDQWY SHUWUR[LGH SYHDQEOXHM LRIF WHKDHY HI
SURILOH RI WK HDMHUAZ[RGDWLRE Rl WKH OLSLG SKDVH ZD
WKH SK\WLFRFKHPLFDO VWDELOLW\ RI WKH HPXOVLRQV
FRDOHVFHQFH DQG SKDVH VHSDUDWLRQ LQ VDPSOHV ZLW

7TKH DGGLWLRQ RI H82ODWOGIRPWWHFRKLQ®J VLIQLILFDQW
YDOXHY E\FRPSDUHG ZLWK FRQWURO VDPSOHV ZLWK WKF
KLJKHU DGGLWLYH FRQFHQWUDWLRQV 7KH KLJKHVW R[L¢
ZLWK DQ RSWOLPLGHFER PBRWLWLRQ PRGHUDWH 38)% FRQWH
DOQOWLR[LGDQW SURWHFWLRQ KLJKOLJKWLQJ WKH LPSRL
IRUPXODWLQJ VYDWD HO®O K GWIROHWLRLWK H[WHQGHG VKHOI OL

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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5HIHUHQFHYV

$UDQFHWDS5RGBRURI]& 5SHFRPPHQGHG GLHWDU\ UHIH
JRDOV DQG GLHWDU\ JXLGHOLQHV IRU ID Wo DIQ/ML VEW \
-RXUQDO RI 1XWULWLRWWSY GRL RUJ 6

$VODP $ 6FKURsSQ . /LSLG R[LGDWLRQ LQ IRRG HP>
UROH RI WKH LQ&XUWIBEIWD@SDQHRQ LQ )RRG 6FLHC
KWWSV GRL RUJ M FRIV

%DUWRVLNRYD / 1HFDV - (S L J O QVRADLVD HF® L Q HIDLC
3UDKD i KWW GRL RUJ 9(70("

&KDEQL $ %DXxDUHV & 7RUUHV &) BWXG\ RI WKH
5DQFLPDW RUISKKHH@ROYH RLOV REWDLQHG E\ D VHTXHC
H[SHOOHU DQG VXS WURNAWRRFWOHEY LQ 1XWULWLRQ

KWWSV GRL RUJ 1QXW

&DSDVVR / '"H ODVL [/ 6LULJQDQR & ODUHVFD 9 %DVL
%RQWHPSR 3 (SLJDOORFDWHFKLQ JDOODWH (*¢
ELRORIJLBBWLYLWLHYV DQG WKROHFHKOWMVF SRWHQV
KWWSV GRL RUJ PROHFXOHV

&XOOHU 0" ,QFKLQJROR 5 OF&OHPHQWYV ' - '"HENH

SRO\XQVDWXUDWHG IDWW\ DFLG GLOXW LLRR® INQ G HDVQ MFL
LQ RLO ZDWHRXPEDOLRIQIMIULFXOWXUDO DQ )RRG &K
KWWSV GRL RUJ DFV MDIF F

*DUGQHU + 2[\JHQ UDGLFDO FKHPLVWWHMREBSEDRRQ)
%LRORJ\ OHGEFLQHKWWSYV GRL RUJ

*HQRW & &PHWDERQ & 5RSHUV 0 + 7KH UROH RI W
HPXOVLI\LQJ SURWHLQVLGDDWKH RRSGEBGRRY LQ RLO
KWWSV GRL RUJ %

*KHOLFKL 6 +DMIDWKDOLDQ 0 0<H\DLORMDHQR 3 6h U+DFRHEG
& 2[LGDWLRQ DQG R[LGDWLRMSVUWREQYLWHN 50 YLF
YRRG 6FLHQFH DQG )RRG 6DIHWWWSV GRL RUJ

*XEVN\ 6 6DFKNRYSHBRUHGHMG HGLEOH SODQWYV LQ WKF
HPXO¥DRG®IG JGRGXEVN\ 2 6V9DEQWDNERYLMNRY/ySHIDUHG
(GV :LOG (GLEOH 30DQWV ,PSURYLQJ )RRGV 1XWULW
WKURXJK  %LRWHRBKRQRGARBBWVYV %RFD 5DWRQ S
KWWSV GRL RUJ

+DUW 7 / 'DPDQL - - 'LODWWLD =6 7DWH . ( -DIDUL |
SRO\XQVDWXUDWHG WR VDWXUDWHG IDWW\ DFLG UL
UHVSRQVH $ V\VWHPDWRGDONWILWHZRID Q06 QRHRPD]HG F(
$GOFHV LQ 1IXWULWLRQ KWWSV GRL RUJ M DGY

.62 $QLPDO DQG 9HIJHWDEG® MW HDWVQDWA R QOR/I 3+
9DOXHRGRPHWULF 9LVXDO (QGSRLQW 'HWHUPLQDWLR

-RKQVRQ '5 'HFNHU ( ROH Rl RIKHHQ LQ OLSLG R[LGDW
UHYL$IQQXDO 5HYLHZ RI )RRG 6FLHQFH |jDQG 7HFKQF
KWWSV GRL RUJIRRG DQQXUHY

ODQN 9 9 3RORQVND &RPSRVLWLRQ RI YHJHWDEOH RLO
6FLHQWLILF ZRUN RI WKH 1DWLRQDO 8QLYHUVLW\ RI
KWWS QEXY JRY XD 8-51 1SQXNKWB B B B

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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ODVRRG $ 6WDUN . 6DOHP 1 HQ$V \PLHP\S PR G HSUD\Y G HI
RI IDWW\ DFLG PHWK\O HVWHUV VXLRWOLEDIHO IRU /Q@BL
5HVHDUFK; KWWSV GRL RUJ -/5 MOU '

OF&OHPHQWYV ' - 'HFENHU ( $ L @SW 6 IRRBZONPBQ A\
RI PROHFXODU HQYLURQPHQW RQ FKHPLFDO UHDFWL
-RXUQDO RI )RRG G6FiHQFH KWWSV GRL RUJ \

W E

2VWPDQQ $, 0+¢OOHU O :LOOHQEHUJ, 6FKHEE 1 +
FRPSRVLWLRQ LQ SODVPD DQG WLVVXHV DV IDWW
FKURPDWRYBRBEDULVRQ RI GLIIHUHQW GHULYDWL]DW
3URVWDJODQGLQV /HXNRWULHQHV DQGjj (VVHQWLDO
KWWSV GRL RUJ M SOHID

6FKZLQJVKDFNO / =IKULQJHU - %H\HUEDFK - :HUQH!
.ROHW]NR % OHHUSRKO - - WDU\ VIDW NI X®WHAW R Q6 &/IFHR
RI FXUUHQW JXLGHOLQHV RQ GOQHDDW\ RDW XBVMQUG W DI
OHWDEROLVPjj KWWSV GRL RUJ

BKLIKDQJ < -LQJZHQ ; 6KXDQJ = +XDSLQJ = 9%DRNXC
LQWHUIDFLDO FRPSRVLWLRQ RQRWE&BWILKRQLRD G UWRNWDH
OLSLGV LQ D VR\iSHRHVHLRFDWROAXWE JDOODRRIGFRQM.
+\GURFROORLGY KWWSV GRL RUJ M IRRGK\G

BWDEQLNRYD /SHJDUHGHY 30DQW PDWHULDOV IRU WKH
IRRGV IRU ZHLJKW PDQDJHPWOQRJDQBQRE HXMWVU\L\SUR P
6FLHQFH SS# KWWSV GRL RUJ

6YLVKFKRYD <D 6DFKNR $ *XEVN\ 6ySHMWREQLNRYD
BWUXFWXUDO DQG UKHRORJLFWOS H HKMDXYARKRQ RIL ORD
DTXDIDED DQG IXQFWNBRD@LRQO)ERG QRBSODO
KWWSV GRL RUJ ;

7DQJ 6 <DQJ : :DQJ & :DQJ & (IIHFWV RI SRO\
LQWHUIDFLDO SURSHWWIDHVL ODWE RHPSONY LRURWHLQ '
VWUXFWXUHVY DQG ORPMFHKQWUDWLRQVKWWSYV GRL

PROHFXOHYV

7RSFKLL 2 3DVLFKQL\ 9 O0DU\QLQ $ G6WDEQLNRYD 2
FROOPREQYDLQLQHB UMW PQWR YDOXDEOH SURGXFW
BKHYFKHQNR 9 G6WDEQUSNRY (GVLRFRQIHWVLRQ RI :D
IDOKBIGHG 3URGEFBIHVY %RFD 5DWRQ SRQGRQ 1H2z
KWWSV GRL RUJ

7VDR & + &KDQJ & : +R < & &KXDQJ < . [/HH : - $
IRU SUHGLFWLIRYHWR IRY KHHOUHHFWMHHED FRRBAYHUYV LQ 1XWUI
KWWSV GRL RUJ 1Q XW

9RURQWVRY O *DOHQ@NR 2 TRSRKPIDO VWDELOLW\ DQC
SHUIRUPDQFHRRW U LEUGD WURMHOLWVLRQYV IRU PHDW DQC
SNUDLQLDQ )RRG -RXBRO KWWSV GRL RUJ

':DQQDVLQ ' )RQVHFD K 'HESHG REGDEDRGIWLQRXOVLR
$2&6KWWS G[ GRL RUJ OR]

‘HL - 6KDQJ - *DR < <XDQ ) ODR / ,QVLJIKWYV
R[LGDWLRQ @®RLEIKWHK LQWHUQDO SKDVH HPXOVLRQV !
WKH HPXOVLILHU DTXHRXV )RKROBWH DQG 1D&O
KWWSV GRL RUJ IRRGV

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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<DUDJDOOD 6 %KDMQWKDQ %$ UHYLHZ RQ ELRDFWLYH F
WKHLR[DGMMLYH SURSHUWLHV IRU W KK UHRGUIIDRX PR R G

5HVHDUFK DQG 7THF§QRORJKWWSV GRL RUJ Vv
\
<XQ -0 B6XUK - )DWW\ DFLG FRPSRVLWLRQ DV D S
RI NRUHDQ YHJHWDEOH RLOV ZLWH RWHZLHOQRARDXYWH 11 B/X
DQG )RRG 6FLHQFH KWWSV GRL RUJ SQI
=KRX / (OLDV 5 - $ QRY L ® PLOBV/D @YW \RDBY®E IBW®R F D W H F K
JDOODWH LQ IRRG HPXOVLRQV ,QIOXHQFHRRIGS+ D
&KHPLVWU\ jj KWWSV GRL RUJ M IRRGFKF
&LWH
8)- 6W\OH

7RSFKLL 2 2YFKDUXN 0 *DOHQNR)DW %BX\D¥KRN
FRPSRVLWLRQ DQG R[L G VDMWY H RNVENVEIRIDIVD @ 1) 8RB 8 W
-RXUQDO SS+ KWWSV GRL RUJ ;

$3% 6 W\OH

7RSFKLL 2 2YFKDUXN 0 *DOHQNR 2 % X\DFKR
FRPSRVLWLRQ DQG R[L G VDMWY H RNENVEIRIDIVD @ 1) 8 R 8 W
-RXUQDO + KWWSV GRL RUJ ;

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF



JJJ )RRG 7THFKQRIDRJI\
SKHRORJLFDO DQG SWRBGKHRMWXWHNORI IHUPHQWHG FI
EHYHUDJH DV DIIHFWHG E\ GLIIHUHQW FRUQ VWD
S$UWHP %DUDOLXN 7F

IDWLRQDO 8QLYHUVLWI RI )RRG 7

$EVWI
.H\ZRUGYV ,QWURG 7KH UROH RI VWDUF K RQHG EFHH@W B GHS
UHPDLQV LQVXIILFLHQWO\ XQGHUVWRRG 7KLV \
JHUPHQWHG GLIIHUHQW FRUQ VWDUFKHY RQ WKH UKHRORJLF
EHYHUDJH FRFRQXW PDWUL]J

&RFROXW ODWHULDOV DQBVWHWRRGQDWLYH QRUPDO DQ
ERUQ ZD[\ DFHW\ODWHG GLVWDUFK DGLSDWH FRUQ V

PLON DW DQG FRQFHQWUDW WD WHE PL
6WDUFK DW f& IRU PLQXWHV IHUPHQWHG WR D S+ R

SKHRORJ\ SDVWBU@®BHUWLHY DSSDUHQW YLVFRVLW\ PDFU]
KROGLQJ FDSDFLW\ :+& DQG PLFURVWUXFWXUH

5HVXOWV DQG 7T&IHVAK\BWHLPMG FRQFHQWUDWLI

$UWLFOH KLVWRYGDPHQWDOO\ GHWHUPLQHG WKH VSDWLDO RU
QHWZRUN GNKHFEMBE\ LQIOXHQFLQJ WKH SK\VLFI

SHFHLYHG VDPSOHV :LWK LQFUHDVLQJ FRQFHQWUDWLRQ
DSSDUHQW YLVFRVLW\ LQ WKH SURGXFW 7KH P
5HFHLYHG LQ SURQRXQFHG SHDN YLVFRVLW\ 39 RWEBWHBRRGRZ
UHYLVHG IRUPSQGHU FRQWLQXRXV VKHDU LW VKRZHG WKH V
DSSDUHQW YLVFRVLW\ DPRQJ DOO VDPSOHV DW
$FFHSWHG ZLWK PRGLILHG VWDUFK FRQVLVWHQWO\ H[KLEL
VIVWHP DQG WKH KLJKHWM U+& WD\WKH VP LERIRNVRY |

OHYHO WKH PRGLILHG VWDUFK FRQWDLQHG VZR

LQWDFW URXQGHG VKDSH DQG ZHUH HYHQO\ GLV
&RUUHVSRQGLMWDUFK ODFNHG SURQRXQFHG SHDNV DW DQG

DXWKRU 39 DQGQRPL%' DW 8QGHU FRQWLQXRXV VKHDU
GHFOLQHG E\ DSSUR[LPDWHO\ DW E\ DOPRV!

$UWHP %DUDOLXI®W ODFURVFRSLFDOO\ QRUPDO VWDUFK IF

(PDLO JHOLNH VWUXFWXUHV ZLWK LOQWHPPGRDWH :+&

EDUDOLXNDY#FRQFHQWUDWLRQ WKLV PDVV EHFDPH KLJKO)
QXIW HGX XD PLFURVWUXFWXUDO OHYHO WKH QDWLYH QRUPD(
Rl VZROOHQ JUDQXOHV WKDW ZLWK LQFUHDVLQ.

D PRUH SURQRXQFH G JWKHIDMURE HHHHWRZRU N DWW U
KLJKHU DP\ORVH FRQWHQW &RPSRVHG DOPRVW
QDWLYH ZD[\ FRUQ VWDUFK GHPRQVWUDWHG W
SURQRXQFHG %' DW DQG FRQFHQWUDWLRQV
LWV DSSDUMQWKQYGMBEWQW D VXEVWDQWLDO GH
QRUPDO VWDUFK &RQVHTXHQWO\ LW SURGXFH!(
WH[WXUH DQG H[KLELWHG H[FHSWLRQDOO\ OR
&RUUHVSRQGLQJO\ WKH PLFURVWUXFWXUH RI W
FOUDFWHULVHG E\ GLVLQWHJUDWHG JUDQXOHV
VWURQJ JHO QHWZRUN
‘2, &RQFOXVWMROUFK W\SH SOD\V D NH\ UROH LQ
UKHRORJLFDO EHKROLRLQD O SOPNWY RI IHUPHQ)
; EHYHUDJHV $PRQJ WKHRRGLPISHG W W WVXBH HG KL E L
KLIJIKHVW VWDELOL]LQJ HIILFLHQF\

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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L QWURGXFWLRQ

SHFHQWO\ WKH SE®SXGDUL®WRUSDWQWHY WR GDLU\ SU
7KHVH SURGXFWODLQFOR®ID RIKPY RI PLON EXWWHU FKH
JRUWXQH QXVURWYYV EDVBGDENMWHUDJHY DUH W\SLFDOO\
H[WUDFWLRQ Rl SODQW UDZ PDWHULDOV RIWHQ LQYROYL
WKH DSSHDUDQFH DQG WH[WXUHBWHERNM. @ PLON 6H\ERIO &

$ ZLGH UDQJH RI SODQW UDZ PDWHULDOBDVW GX\PH G NL
DOWHUQDWLYHV LQFOXGLQJ FHUHDOV RDWV ULFH FRUQ
DOPRQGV FRFRQXWV KD]JHOQXWV ZDHORXWYG SMHEG RN
TXLQRD DPDUDQWK G6HWKL HW DO 6XFK GLYHUVL\
QXWULWLRQDO FRPSRVLWLRQ DQG IXQFWLRQDO SURSHUW

,Q WKLV VWXG\ FRFRQXW PLON \ZDWDWH{ GXHNVWE® DWW
SURSHUWLHY 'DUVDQD HW DO *HQJDQ HW DO C
ZKLWH RSDIRMEDBWRWHPYOVLRQ ZLWK QHJOLJLEOH GLHWD

W VWDQGV REDW HD® FEGY ISODIHY GXH WR LWV FKDUDF!
UHODWLYHO\ KLJK QXWULWLRQDO YDOXH DVVRFLDWHG ZL
SURWHLQV DQG SRWDVVLXP 6HWKL HW DO 6KRUL DC

W LV NQRZQ WKDW IHUPHQWDWLRQ RI SODQW V\VWHPV

VHQVRU\ SURSHUWLHY ORQWHPXUUR HW DO 0\NKRQL

+RZHYHU IHUPHQWDWLRQ LV QRW DHGBZBRQ V XVIW FIQHFQ \
SURGXFW *UHLV HW DO VR K\GURFROORLGV H J S|
VWDUFK DUH RIWHQ XVHG WR LPSURYH LW %RHFN HW D
HIITHFWLYH FRPSRQHQW LQ LRPOR®/ \SWRGXHFIXVO BWH WIRVER VLD
H[WHQG VKHOI OLIH 5DVKZDQ HW DO &KHPLFDOO\
FRPSRGHMPYRVH DQG DP\ORSHFWLQ 7KHLU UDWLR GHWH
VWDUFK ZKLFIOQYWO\ GHSHOIGALQJ RQ WKH SODQW RULJLQ
IXQFWLRQDO FRQVWUDLQWY H[FHVVLYH YLVFRVLW\ DV
UHWURJUDGDWLRQ ORZ VWDELOLW\ HWF ZKLFK FRPSO
RYHUFRAKHVH SUREOHPYV VWDUFK LV PRGLILHG WR HQKDQ
SURGXFWV %DVKLU DQG $JJDUZDO $PRQJ WKHVH D
XVHG LQGXVWULDO LQJUHGLHQW SURGXEHR® @G [OFR B WWH X
'XH WR LWV KLJK UHVLVWDQFH WR KLJK WHPSHUDWXUHV
VWDUFK VHUYHV DV D WKLFNHQLQJ DQG VWDELOLVLQJ
*DANRZVND HW DO *LDFRPR]]L HW DO

'"HVSLWH WKH ZLGHVSUHDG XVH RI VWDUFKHV LQ WKH
VWXGLHV RQ WKHLU HIIHFWWD\ROGW KH PSHUR/S HE VEHY\H RD B-OL
BRPH VWXGLHV IRFXV RQ WKH %DNHRS! HRW KIUX K\ HRFRO O RL
ORKG )D]OD HW DO RIWHQ ZLWKRXW GLUHFWO\ FRP.
%DVNDU HW DO ([LVWLQJ VWXGLHV RQ WKH XVH R
OLPLWDWLRQV PDNLQJ LWKBLULERGWQWR \YRUNIHPDWDR Y AH
XVHG LQ UHVHDUFK SDSHUV LW LV QRW DOZD\V VSHFLILH
RU QRUPDO FRUQ %DVNDU HW DO ORKG )D]OD HW DO
LV WDKFDMR VYV VWG HBW PKEDMWWHP SHUDWXUHVY YDU\ ZLGHO\
JHODWLQLVDWLRQ DQG ILQDO UKHRORJLFDO EHKDYLRXU F
HW DO SRGU HW HJ O 9LWKHHM R@RUNHRY RIKQ YW DID
LQ WKH ERWDQLFDO RULJLQ RI WKH VWDUFK FRUQ FDVV
DFHW\ODWHG GLVWDUFK DGLSDWH FRPELQHG ZLWK WKH
SOE@WHG PDWULFHV VRFRRDW FEUARSOMBHFD GLUHFW F

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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IXQFWLRQDOLW\ DFURVV WKH DYDLODEOH OLWHUDWXUH
5RGUtBXH] HW DO 9LWKHHMRQJMDURHQ HW DO

7KXV WKH FXUUHQW OLW H U DKMQU/H. YGHR M @ GHRW & D R GLL@H
RI GLIIHUHQW VWDUFK \EDSHAG LEMH MHIPCHIGIW H G CEOIBIQW G X H
PDWHULDO PDWULFHV DQG SURFHVVLQJ FRQGLWLRQV 7R
LQYHVWLIDWHY WKH HIUFKWW\8H VY RQL ROK\H ARUIHRORJILFDO L
SURSHUWLHV RI D IHUPHQWHG FRFRQXW EHYHUDJH XVLQJ
SURFHVVLQJ SDUDPHWHUYV

ODWHULDOV DQG PHWKRGYV
ODWHULDOYV

&RFRQXW IORXU FRQWDLQLQJ DXSURR PD\GHBWD U 'S OLE]
VXJDUV DQG IDW DFFRUGLQJ WR WKH PDQXIDFWXUH
HIWUDFWLRQ 7KUHH 33 HP\DARIUFRY QDOWDWHG L QDWLYH
LL QDWLYH QRUPDO FRURGVMDU FIR UDQGW R UEKP REHW\ODV
JHUPHQWDWLRQ ZDV SHUIRUPHG XVLQJ D VWDUWHU FXOW:
6WUHSWRF R F F XIVQUB & MURFERDSH_LOGDXXAX EGHRADE) D YUH. F M /L

SUHSDUDWLRQ RI FRFRQXW PLON

7TRREWDLQ FRFRQXW PLON WKH IORXU ZDV PL[HG ZLWK
“ f& IRU PLQXWHY XVLQJ D 7KHUPRPL[ 70 ZLWK D EXW)
$ VLPLODU WHPSHUDWXUH UHJLPH IRU KRW B[WVDBWXRBRR |
DQG *DUFLD 2VHQL HW DO 6 XKDUGL\RQR HW D
WKURXJK D GRXEOH OD\HU RI JDX]J]H DQG PDQXDOO\ VTXHH]
HIWUDFWLRQ RI WKH OLTXLG SKDVH 7K@JIVUXKSKRRA QD AE[W
KHDWHG DQG KRPRJHQLVHG ZLWKRXW SULRU FRROLQJ $\
WHPSHUDWXUH& ZDFG GHFUHDVHG QRRDWWUWEE\ DG RI WK
+RPRJHQLVDWLRQ ZDV FDUULPIGOQRXWW W W52%7<88BRFIRWVLQ.
PO RI WKH PL[WXUH LQ HDFK VHULHV 7KH FKRLFH RI
FRQVLVWHQW ZLWK WKH OLWHUDWXUK KKOBK VWO WHY WK
IDW JOREXOHV DQGOIRRESBRYVHYUWEHUWLHR/ Rl FRFRQXW Pl
SHDPSUDVDUW DQG &KLHZFKDQ +LJK KRPRJHQLVDW
VWDELOLW\ 3KXQJDPQJRHQ HW DO TKH UHY PQWLQJ
VWRUHG LQ AMRHDPWBIGQHWIVVVQ WKH GDUN IRU QR PRUH WKDC
SUHSDUDWLRQ RI D IHUPHQWHG EHYHUDJH

&RFRQXW PLON ZLWK VWDUFK DGGLWLRQ SUHSDUDWLR(
7THQ VDPSOHV ZHUH SURGXFHG LQFOXGLQJ DKREK@WURC
VWDUFK DGGLWLRQ DQG QLQH H[SHULPHQWDO VDPSOHYV IR

FRQFHQWUDWLRQV 7KH H[SHULPHQWDO GHVLJQ DQG FRUL
$00 FRQFHQWUDWLRQV ZHUH FDQRXBORQWBQED \RH GVRA W

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7DEOH
([SHULPHQWDO GHVLJQ DQG VDPSOH FRGHV

BWDUFK W\SH | 6WDUFK FRQF HOWBB WHRRR G H
1RQH &RQWURD

ORGLILHG zZD[\ FRUQ VWDUEK

IDWLYH QRUPDO FRUQ VWDUEK

IRk |k|o|lo|lo|

I1DWLYH ZD[\ FRUQ VWDUFK

7KH VDPSOHV ZHUH SUHSIROKM®KR DLRFR S8 GRE B GKRJ MV K\HW D L
PLON ZHUH PL[HG LQ WKH VSHFLILHG WUR®SRUHELR@ YV YIKSEIL
$QDO\WHU 59% GHYLFH E\ KHDWLQJ WR f& DQG KRO
WR f& 7TKURXJKRXW MNXGFHCOHRFRWDWWE FRQWLQXRXVO
YLVFRVLW\ SURILOH FRQWLQXRXVO\ UHFRUGHG $ VLPLC
FRFRQXW PLON LV DOVR LQGLFDWHG LQ DQRWKHU VWXG\
FXOWXUH ZDV DG/GR GVRIRFRUGHLIO FWXUHU V UHFRPPHQGDW
FDUULHG RXW DW *“ f& LQ D VWDWLF LQFXEDWRU )HUPH

$IWHU IHUPHQWDWLRQ WKH VDPSOHV ZHUH PL[HG DQ((

5KHRORJLFDO PHDVXUHPHQWYV

$IWHU KRXUV RI VWRUDJH WKH DSSDUHQW YLVFRVLYV
DW D FROQWUROOHG FKDPEHU WHPSHUDWXUH RI f& IRU
USP DQG WKH FKDQJH LQ YLVFRVLW\ RYHU VDIOPANLADRIUF
DSSDUHQW YLVFRVLW\ WKH DYHUDJH YDOXHV IRU WKH IL
WKH ODVW VHFRQGV ILQDO DSSDUHQW YLVFRVLW\ ZH
DSSDUHQW YLVFRVLW\ ZDV FDOFXODWHG XVLQJ IRUPXOD

Co.. tedds. "Hf - Hsrra

ZKHWHLY WKH LQLWLDO DSSDUHQW YLVFRVLW\ DYHUDJH
DQG v LV WKH ILQDO DSSDUWHHRYWHUYLWRKRVQ BN WD Y H/URIJ R HD

9LVXDO DVVHVVPHQW RI FRQVLVWHQF\

$IWHU KRXUV Rl VWRUDJH D SUHOLPLQDU\ YLVXD
FRQVLVWHQF\ Rl WKH WKRURXJKO\ PL[H& VEPSOMSDBIV &
H[DPLQHG MMHVWDWXEHV DQG GHVFULEHG XVLQJ VHOHFW
WH[WXUH FKDUDFWHULVWLFV DGDSWHG IURP ,62 7K
WUDLQHG VHQVRU\ SDQHO

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF



JJJ )RRG 7THFKQRIDRJI\

SBK\WVLFRFKHPLFDO DQDO\VLV

7KH S+ ZDV PHDVXUHG ZLWKXLR)GLOLWDOLEHX BDWWNB W SWHK
VROXWLRQV WKH HOHFWURGH ZDV LPPHUVHG GLUHFWO\ I
E\ WKH VWDQGDWGE RMWERG $2$&

'"HWHUPLQDWLRQ RI ZDWHU KROGLQJ FDSDFLW\
:DWKBOGLQJ FDSDFL®HWHGEPLZPNWG DFFRUGLQJ WR D S|
PHWKRG SOEDWHIO HW DO ZLWK PLQRU PRGLILFDWI

DQG FHQWULIXJDWLRQ ZDV SHUIRUPHG DW TJIRU PL
VXSHUQDWDNG 206G FZROOKHGOV (+& ZDV FDOFXODWHG XVL

a ?a.

"L Hsrra
ZKHPHLY WKH VDPSOH PDVV EHIRUPNVIAH @QWHLPONW RR QG
VHSDUDWHG OLTXLG SKDVH VXSHUQDWDQW J

OLFURVWUXFWXUH DQDO\VLV

OLFURVWUXFWXUDO VWXGLHV RI WKH VDPSOHV ZHUH
PLFURVFRSHLUHDGURR&W ZLWK D T REMHFWLYH OHQV $ \
ZDV bDSSOLHG WR D PLFURVFRSH VOLGH HYWQOVRKRQXWURE
ZDV DGGHG DQG WKH VOLGH ZDV FRYHUHG ZLWK D FRYHU
JUDQXOHYVY DOORZLQJ YLVXDOLVDWLRQ@ Y®RIWDRDWR VZH UDHQ 6
LPPHGLDWHO\ DIWHU WKH VROXWLRQ ZDV DSSOLHG 7KH I
LOQWHIJUDWHG ZLWK D PLFURVFRSH DQG WKH PLFURSKRW
=(1 VRIWZDUH

6WDWLVWLFDO DQDO\VLYV

*UDSKV ZHUH Q@UWHBEDRWRIW ([FHO 4XDQWLWDWLYH PHD
LQ WULSOLFDWH Q BK\WWLFRFKHPVMWD® G BVYXOGHY DIVW L
'LVFUHWH 59% SDUDPHWHUYV DUH JLYHQ DV PHDQ YDOXHYV
FXUYMMKRXW 6" EDUV IRU FODULW\

5HVXOWY DQG GLVFXVVLRQ
SK\VLFRFKHPREBDRMWILHFPHQWHG FRFRQXW EHYHUDJH

$IWHU KRXUV RI VRMRUWXH DMPDO S+ RI DOO VDPS
DSSUR[LPDWHO\ 6WDWLVWLFDO WKID @NSH FEIR @ WP FHIC
FRQFHQWUDWLRQ VLJQLILFDQWO\ DIIHFWHG WKH ILQLVK
JUDGXDOO\ LQFUHDVHG ZLWK LQFUHDVLQJ VWDUFK FRQF
ZLWKRXW VWDUFK WR DERXWMLRQ @Y B)YX UMKHHWPKR DI GZ L
HDFK FRQFHQWUDWLRQ QR VWDWLVWLFDOO\ VLJQLILFDQ
YLIXUH

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7TRWDO VROLGV

JLIXUH 7RWDO VROLGY FRQWHQW RI IHUPHQWHG FRFRQXW EF
FRQFH QW WHBORQ

*LYHQ WKH FRQVLVWHQW S+ DQG WKWYWLLP E K DV SHRWD/C
FRQFHQWUDWLRQV WKHVH SDUDPHWHUYV FDQ EH H[FOXGF

3DVWLQJ SBRRISBHRMQAWMG FRFRQXW EHYHUDJHV

W LV ZHOO HVWDEOLVKHG WKDW WKH UKHRORJLFDO S
DUH ODUJHO\ GHWHUPLQHG E\ WKH ERWDQLFDO RULJLQ R
FKHPLFDO FKDUDFWHULVWLFV RI LWV LBRRQX®G ¥ RV G W C
7KLV FDXVHV GLIIHUHQFHV LQ JUDQXOH VZHOOLQJ DELO|
VXVFHSWLELOLW\ WR UHWURJUDGDWLRQ :LWK WKLV LQ P
59$ ZKLFK DOORZHG XV WR/ REHNOHBOWSIMWHRIQDUSERIH O HV \
KHDWLQJ KROGLQJ DW f& DQG VXEVHTXHRW HRRID LRY.
FRPSDULVRQ D FRQWURO IHUPHQWHG FRFRQXW EHYHU
YLVFRV+WRK3 ZDV LQFOXBWG LQ DOO VHUL

7KH REWDLQHG 59%$ SYRIAMHOHY DQRDRUWHG XVLQJ WKUHH
SDUDPHWHUV SHDN YLVFRVLW\ 39 EUHDNGRZQ %' DC
SKDVH 39 UHIOHFWV WKH PD[LPXP VZHOOLQJ BRSILFIDMD R
UXSWXUH /HDFK 'XULQJ WKH KROGLQJ VWDJH XQGH!I
LQWHJULW\ OHDGLQJ WR D GHFUHDVH LQ YLVFRVLW\
)LQDOO\ DW WKH FRROLQJ VWDJH VOKH IRUPNBPQH\WERD
HYDOXDWHG E\ 69 GHILQHG DV WKH GLIIHUHQFH EHWZH
PLQLPXP YLVFRVLW\ WURXJK YLVFRVLW\ DIWHU WKH KRC

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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JLIXUH 59$ SURILOHV RI FRRWWRIQ DG GH U PHDMHFE FRFRQ X W

7KH DQDO\VLV Rl WKHVH SDUDPHWHUV LQGHPIMUHG MR
GHWHUPLQHG WKH UKHRORJLFDO EHKDYLRXU $W DQG
QRU WKH QRUPDO VWDUFKHV IRUPHG D SURQRXQFHG 39
EXW GHYHORSHG D GLVWLQFW SHDN DQWGHDDW' DWQG 'XU
FRQFHQWUDWLRQV : FRQVLVWHQWO\ H[KLELWHG D ORZH
GHPRQVWUDWHG WKH KLJKHVW 39 DQG WKH PRVW SURQR
ZLWK PLQLPDO %' 0 VKRZHG D FRQWLQXBMNDN QFHUIDDNG Q
FRROLQJ EHKDYLRXU DW WKLV OHYHO WKH UHODWLYH 69
ORZHVW IRU :

7KH FKDQJHV LQ UKHRORJ\ ZLWK YDU\LQJ FRQFHQWUDYV
DV VWDUFK FRQFHQWUDMNULRMHYQWUBRVHWLRWKHURP D G
FORVHO\ SDFNHG DQG XOWLPDWHO\ FRQFHQWUDWHG \
FRPSRVHG DOPRVW HQWLUHO\ Rl DP\ORSHFWLQ ZLWK DQ
DO -LUDWX@DVDNXO HKH KLJK 39 DQG VLJQLILFDQW %
DUH GLUHFWO\ GXH WR WKH DEVHQFH RI DP\ORVH ZKLF
-LUDQXQWDNXO HW DO &RQYHUVHO\ WKH VDPSOH\
D GHUHQW EHKDYLRXU ODFNtQDGGRGRRQGEHRGEDNVP RG]
ZLWK D PLQRU %' DW 7KLV FDQ EH H[SODLQHG E\ WKH
+ DP\ORVH &OXVNH\ HW DO ZKLFK DFWLFYWHIOQ OLF
ZKLFK LV SULPDULO\ UHVSRQVLEOH IRU JUDQXOH VZHO
LQWHUHVWLQJ REVHUYDWLRQ ZDV WKDW WKH QRUPDO VW
WKDQ WKH PRGLH4LHBXWNDINFK DPWSDVVHG EH O \DWXPHG WV KL
ZLWK LQFUHDVLQJ FRQFHQWUDWLRQ QRUPDO VWDUFK JU
ZD[\ VWDUFK XOWLPDWHO\ FRQWULEXWLQJ WR D GHFUHD
GLG QRW H[KLELW SURQRXQ NHGHY2 \RWDB'F H. QURL ARX\MUP R P
*DANRZVND HW DO JHZDQGRZLF] HW DO
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5KHRORJLFDORSURBAHQWHY FRFRQXW EHYHUDJHYV

7KH DSSDUHQW YLVFRVLW\ Rl WKH IHUPHQWHG FRFRQ X
f& HIKMELWHB FDQW PREGF M @MUHPEAHR@W GLITHUHQRHV )L
HYDOXDWH WKH G\QDPLFV RI VWUXFWXUDO FKDQJHV XQ(
DSSDUHQW YLVFRVLWLHV ZHUH GHILQHG DV WKRI DWKHUD J
PLOQXWH PHDVXUHPHQW UHVSHFWLYHO\ )LJXUH $0
GHFUHDVH LQ DSSDUHQW YLVFRVLW\ IURP WKHLU LQLWLD
BUHYLRXV VWXGLHV RQ IHUPHQWHG NYWWBRG ZL W K UX DWL
SURJUHVVLYH UHGXFWLRQ LQ YLVFRVLW\ ODWKLDV HW D
7KH FRQWURO VDPSOH \LHOGHG YHU\ ORZ LQLWLDO DQ
WKH OLTXLG QDWXUH RI WKH SODLQ FRFRQXW EDVH )RL
SURYLGHG WKH PD[LPXP LQLWLDO DQG ILQDO YDOXHV IRC
VWDUFK 0 ,QWHUHVWLQJO\ 0 VKRZHG WKH JUHDWHYV
UHGXFWLRQ ,Q FRQWUDVW : DQG 1 ERWBROORVWE R\BISWRF
WKH WHVW SHULRG :KHQ WKH VWDUFK FRQFHQWUDWLRQ
KLIKHVW YLVFRVLW\ OHYHOV RYHUWDNLQJ : ZKLOH 0
YDULDQWYV HYHU\ VDPSOH VXIIFWKGDD \L)XQBWHIDQW L DTX |
GHFOLQHG E\ DSSUR[LPDWHO\ WR DOPRVW RI WKH L
VDPSOHV EHFDPH PRVW SURQRXQFHG DW WKH OHYH
H[FHSWLRQDOO\ KLJK LQLWLD QUHDAW R VMWWV VE X WFWDSHDQ HQ
GHFOLQH RI RYHU 7KLV EHKDYLRXU FDQ EH OLQNHG W
JHQHUDOO\ IRUPV ILUP JHOV 1RGD HW DO KRZHYHU
VWUXFWXUHYV EHKQOQHU @ @QGEDUWWOHEOD YXOQHUDEOH Wi
D[\ VWDUFK : DOVR H[KLELWHG D VXEVWDQWLDO LQLV
LQWHJULW\ EURNH GRZQ FRQVLGHUDEO\ UHVXOWLQJ LQ
JURXS ORGDUWFG U RQ WKH RWKHU KDQG EHJDQ ZLWK W
KLJKO\ VWDEOH XQGHU FRQWLQXRXV VKHDU 'XH WR WKL
VLIJQLILFDQWO\ KLJKHU ILQDO YLVFRVLW\ WKDQ : DSSUR

ILVXD/AHWVWPHQW RI RRYKHVMWIN@HQWHG FRFRQXW EHYHI

$ORQJ ZLWK WKH UKHRORJLFDO GDWD WKH YLVXDO FI
$V H[SHFWHG WKH FRQWURO UHPDLQHG HQWLUHO\ OLTX
WHWXUH HPRWYLHFG O/OYWHWK VWDUFK W\SH FRH P RGW HGEG
SURGXFHG D KRPRIJHQHRXV VPRRWK V\VWHP WKDW UHP|
PD[LPXP FRQFHQWUDWLRQ 2Q WKH RWKHU IRDREG QR
QRWLFHDEOOOMWHIIHWUXHWXUHY DW WKLV PDVV EHF
EUHDNLQJ LQWR ODUJH DJJUHJDWHG IUDJPHQGWYV %\ FF
GHYHORSHG D GLVWLQFWO\ VOLP\ FRKHVLYH WH[WXUH W
FROFHOWWKMHWHRRNFURVFRSLF REVHUYDWLRQV FRUUHOD\
SURSHUWLHYV DQG WRHNVKW DUWWKEPRIP SRPRRW.IR QVH[WXUH R
UHVXOWYV IURP LWV XQLIRUP YLVFRVLW\ LQFUHDVH ZLWKR
WKH \(IOWXUH RI WKH zZD[\ VDPSOHV FRUUHODWHYV ZLWK
SDVWLQJ %HFDXVH DP\ORVH LV KLJKO\ SURQH WR UHWUR
QHWZRUN D SURFHVV WKDW LV UKHRORJLFDO PDWADIOVWI
REVHUYDWLRQV FRQILUP WKDW WKHVH VWLII VWUXFWXU
H[SODLQLQJ WKH SUHVHQFH RI DJJUHJDWHG IUDJPHQWYV

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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:DWHU KROGL®I WIKSDAFHWPHQWHG FRFRQXW EHYHUDJH\

W LV ZHOO NQRZQ WKDW RQH RI WKH NH\ IXMRFWRBQ DC
ZDWHU ZKLFK GLUHFWO\ DIITHFWV WKH VWDELOLW\ DQG F
RI WKH VDPSOHV ZDV HYDOXDWHG 7DEOH

7DEOH
:DWHU KROGLQJ FDSDFLW\ :+& DQG PDFURVFRSLF VHGLPHQW
FRFRQXW EHYHUDJHV

6DPS|IOH & OHD®' | 9LVXDO FKDUDFWHULVWLFV RI WKH V

& “ 6PDOO VHGLPHQW FDXVHG B\ VROL(
FRFRQXW EDVH QR VWDUEFK

0 ! 'HQVH VHGLPHQW
1 “ 'HQVH VHGLPHQW

“ 1R VHGLPHQW YLWREKWNBEMLAOXHONQ

0 ! 'HQVH VHGLPHQW
1 “ 'HQVH VHGLPHQW
: “ 1R VHGLPHQW YLVFRXV UHVLGXH RQ
0 ! 'HQVH VHGLPHQW
1 “ 'HQVH VHGLPHQW

“ 1R VHGLPHQW YLVFRXYDJHOVY/GXH RQ

I1RWHRU ZD[\ VWDUFKzVDPEKO-HV+& YDOXHY DUH SUHVHQWH (
YDOXHVY DV QR GHQVH VHGLPHQW IRUPHG DIWHU FHQWUL
UHPDLQHG RQ WKH WXEH ZDOOYV

7TKH FRQWURO VDPSOH H[KLELWHG PLQLPDO :+& LQGL
FRFRQXW EDVH SDUWLFOHYVY 7KH LOQFRUSRUDWLRQ RI VWD
FRQVLVWHQW ZLWK LWV NQRZQ DELOLW\ WR.@LIQIG RH @ W HC
VI\VWHPV &REOWRRYV HW DO )RU PRWKQRREDIQHG O
VWDUFKHY D GRQAQGWQWWILRFUJHDVH LQ :+& ZDV REVHU\)
VKRZHG WKH KLJKHVW :+& IRUPLQJ D GHQWH L KA4IXW L R/QV L
QRUPDO FRUQ VWDUFK H[KLELWHG VOLJKWO\ ORZHU EXW
UHODWLYHO\ VWDEOH VHGLPHQW VWUXFWXUH #£Q VWULNL
VKRZHG H[FHSWLRQDOO\ ORZ :+& D% OMHHEU WRI QRUUA IX MDWS L RI
LQVWHDG RI D FOHDU VHSDUDWLRQ LOQOWR VHGLPHQW DQC
VWLFN\ PDVV DGKHULQJ WR WKH ZDOOV
&RQVHTXHQWO\ LW ZDV LPSRVVLEOH WR DFFXUDWHO\
DVODUJH SRUWLRQ RI WKH XQVHSDUDWHG YLVFRXV PDWUL
WKH UHFRUGHG YDOXHV IRU WKH : VHULHY DUH QRPLQDC
LQGLFDWRU GXH WR WKLV SKDVH EHAKRUWN R X UF RFGK\V IVV @VHRENA
59%$ SURILOHV LQ ZKLFK WKH VXEVWDQWLDO %' RI : VDPS
GXULQJ WKH SDVWLQJ SURFHVYV
2YHUDOO WKH PRGLILHG VWDUFK SURYHG WR EH WKH P
D VWDEOW VH®LPRAHG E\ WKH QRUPDO VWDUFK 6LQFH WK
DUH IXQGDPHQWDOO\ GLFWDWHG E\ WKH VSDWLDO RUJDQL
VWHS ZDV D PLFURVWUXFWXUDO DQDO\WLV RI WKH VDPSO'
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OLFURVWUXFWXIMMBRIFMRY DAWPHIQWHG FRFRQXW EHYHUI

7TKH PLFURVWUXFWXUH RI WKH IHUPHQWHG HRFR® XW
PLFURVFRS\ T IROORZLQJ GLIIXVLRQ VWDLQLQJ ZLWK ,w
ZDV QRW LQFOXGHG KRWWEBUHDWGWHKW RHPRRKVMRSW ODFNHG GL
SUHVHQWLQJ DV LVRODWHG VPDOO SDUWLFOHV RI WKH F
FRQVLVWHQW ZLWK LWV ORZ YLVFRVLW\ DQG PLQLPDO
IRUPXODWHIGHUZHWW GV\SHY DQG FRQFHQWUDWLRQV RI VWD

J)LIXUH OLFURSKRWRJUDSKYVY RI WKH IHUPHQWHG FRFRQXW E

FRQFHQWUDWLRQVIRHO® DUFK EULJKW
D+0 E®=O0 KO G1 H1 K1 J=: K+: L+:

,Q WKH VDPSOHV FRQWDL®LQWRRGLIRIO® W/ & WHKU FK JU
WKHLU LQWDFW URXQGHG VKDSH DQG ZHUH HYHQO\ GLV
LQFUHDVLQJ FRQFHQWUDWLRQ ZWiHG XEENHUQYW 8 U DIQISQW R B |
QR VLJQV RI DJJORPHUDWLRQ RU GLVUXSWLRQ 7KHVH PL
59$ SDVWLQJ SURILOHV WKH KLJKO\ VWDEOH DSSDUHQW
PD[LPXP :+& YDOXHY WEMHU@HWBGKIHG SURGXFW
&RQYHUVHO\ WKH PLFURSKRWRJUDSKVY RI W#H VDPSO
VKRZHG GHQVH FOXVWHUV Rl VZROOHQ JUDQXOHV WKDW :

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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D PRUH SURQRXQFHG KHWHURJHQ RNV B OIMAFE B WAHKED QY HW
VXFK FOXVWHUV LV DWWULEXWHG WR WKH KLIJIKHU DP\ORYV
ZD[\ FRXQWHUSDUW 6LQFH OHDFKHG DP\ORVH FKDLQV Dl
SDUWLDO UHWURJUDIRDWLRQY XIRQLERRIDA @@HWZRUN )UHG
SURFHVV LV OLNHO\ ZKDW PDQLIHVWYV YLVXDOO\ DV WKH O
&RQVHTXHQWO\ WKHVH PLFURVWUXFWXUDO IHDWXUH\
YLVFRVLW\ WKH VXEVUBDTXEBQWDUNDBRZ/E® KWQREXRWVKHDU DQG
YDOXHV IRXQG LQ WKH ILQLVKHG SURGXFW ,Q VWDUN FRC
ZD[\ FRUQ VWDUFXKYV FKDUDFWHULVHG E\ GLVLQWHJIJUDWHC
ODFNLQJ FOEBDURUUDQKVDWLRQ 7KLV YLVXDO HYLGHQFH
FRUUHVSRQGY WR WKH VXEVWDQWLDO %' LQ WKH 59% SURI
LQGLFDWHY WKH SK\WWLFDO UXSWXUH RI JUD Q XBRKH V/LRYJHH W\
WH[WXUH DQG WKH H[FHSWLRQDOO\ ORZ QRPLQDO :+& YD
S8OWLPDWHO\ WKHVH PLFURVWUXFWXUDO ILQGLQJV I

RI WKH VWDUFK QHWZRRRQ LDQIINVHE OMHK W KW RELFQV B WIHN UW
LQ UKHRORJLFDO EHKDYLRXU DQG :+& DPRQJ WKH IHUPHQ

&RQFOXVLRQV

7KLV VWXG\ HYDOXDWHG WKH HIITHFWV RI QDWLYH ZDJ\
RQ WKH SURSHUWLHV RI D IHUPHQWHG FRSERQXW EHYH!
UKHRORJLFDO EHKKRQEXQJIJDRDE ZPMWMU :+& ZHUH SULPDUL
VSDWLDO RUJDQLVDWLRQ RI WKH VWDUFK QHWZRUNYV

ORGLILHG VWDUFK DFHW\ODWHG GLVWDUFK DGLSDWH
ZLWK LQWDFW WZRODHQGLYMWYUAENWHG UHVXOWLQJ LQ D
WKH PRVW VWDEOH DSSDUHQW YLVFRVLW\ XQGHU VKHDU
'+& 1RUPDO FRUQ VWDUFK IRUPHG GHQVH KHWHMWLRM QHF
FRQVEVWIM)K PRGHUDWH :+& DQG D GHFOLQH LQ YLVFRVL
ODFNHG D VWURQJ JHO QHWZRUN GLVSOD\LQJ GLVLQWHJ
D VOLP\ FRKHVLYH WH[WXUH ORZ :+& KLJK SHRPWBILQUVFR\
VKHDU

2YHUDOO PRGLILHG VWDUFK ZDV WKH PRVW HIIHFWL)
UKHRORJLFDO VWDELOLW\ DQG :+& )XWXUH VWXGLHV \
GHJUHHV ®RLENIRYNDQG RWKHU FKHP IVADDE PRGWILBEQ & L\WRB
IHUPHQWEDBVSGDQWWHPV XVLQJ D VWDQGDUGL]HG PDWUL|

5HIHUHQFHYV

$FKD\XWKDNDQ 3 6XSKDQWKDULND 0 3DVWLQJ DQG UKHR
DIIHFWHG E\ JXDU JXPIXPQ@®UERKWKDMWH 3RGPHUV
KWWSV GRL RUJ M FDUESRO

$OYDGDHDWHO 6 ODUWtQH] GH ODUDXRQ , $UEROH\D - &
KRPRJHQLVDWLRQ +3+ RQ LQXOLQ JHOOLQJ SURSHUWLHYV
JRRG +\GURFRO®R+ G\VKWWSV GRL RUJ M IRRGK\G

$2%& 2IILFLDO OHWKRGV RI $QDO\VLV VRK $ZBL8W LRQH YD RER

2I1ILFLDO $QDO\WLFDO &KHPLVWV *DLWKHUVEXUJ

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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%DVKLU . $JJDUZDO O O SMAVXKFREIXUDRLPIRG IXQFWLRQDO S
LUUDGLDWHG VWRXFED® RIHYRRIG 6FLHQFH DQ&SS#HFKQRORJ
KWWSV GRL RUJ \%

%DVNDUUDGRDUDMDQ 6 5DPHVKEDEX 0 $\\DVDP\ 6 O9HOXVDP
SOEQ@PWHG \RJRBWY DQG 5DZ ODWHULDS®Y *
KWWSV GRL RUJ

%RHFN 6DKLQ $ : =DQQLQL ( $UHQGW ( . 1IXWULWLRQDC
SXOVHV DQG W KEHLWHBVR 1)U B/& R W WIQHAWLYYHY 5HYLHZV LQ )
DQG )RRG 6DISBV\KWWSV GRL RUJ

&OXVNH\ - ( .QXWVRQ & $ ,QJOHWW * ( JUDFWLRQDWLR(
DP\ORPDLI]H VWDUFK 6WIUDRXX®WNJ N H Ss
KWWSV GRL RUJ VWDU

'DUVDQD . %DVKLU 2 ORU\D 6 3DZDVH 3 $ ORQGDO , + $PLQ
DV D EODVEW GDLU\ DOWHUQDWLYH 'HYHORSPHQWDBWUHQG
'LVFRYHU )RR&XWWSV GRL RUJ zZ Vv

(O6D\HG (0 $BBD® , $ OXUDG + $ 6DODK 6 + S USRNBLXFIH 6 W L
[DQWKDQ JXP LQ WKH PDQXIDFWXUYKURISHDIX U RR B Q3H WHD UR
7HKQRORJ\SS+ KWWSV GRL RUJ v

JRUWXQH  %XVLQHVV ,QWILIKWV$SOWHUQDWLYBHYDLODERHW DW
KWWSV ZZZ IRUWXQHE XV L QH\S\RQNDOIR BUNEDERRLHW & X V W U \

JUHGULNVVRQ + 6LOYHULR - $QGHUVVRQ BKH(DQDOW/XHRQFH &K1
DQG DP\ORSHFWLQ FKDUDFWHULVWLFV RQ JHODWLQL]DWLR
VWDURIKDHNERK\GUDWH 3RO\BISUV KWWSV GRL RUJ 6

*DANRZVND ' .DSX QLDN . -XV]F]DN / &KHPLFDOO\ PRGL
OROHFXOHV KWWSV GRL RIFXOHV PROH

*HQJDQ * ORKG =16 6DDUL1 +XVVLQ $60 -DDIDU $ + +DV
DQG WKHUDSHXWLF EHQHILWYV RI FRFREXWH® LIXQ VLR Q VY
DOWHUQDWLYH )RRGUHOFILHAQFH DQGIOORMNY

KWWSV GRL RUJ )6 +:
*LDFRPR]]L - , %DUUHWWL % 5 9 GH $OPHLGD 9 6 HW & ' (
'HPLDWH , O 6FKQLW]JOHU ( THFKQRORJLFDKCHBWRSHU\

PRLVWXUH WUHDWPHQW ZLWSN DDBIGQMILQR QRRIG RARFEQIIFOD FL G\
KWWSV GRL RUJ ;

*UHLV 0 1ROGHQ $$ .LQFKOD $ - 3XSXWWL 6 6H®YHG 6DQC
\RIXUWOQIZMHUBDLU\ \RIXUWV" 7H[WXUH BBHWHE S RVIDROVVQIEP @ D
DQG )LQQLVK FRRRKPHUXYDOLW\ DQG 3UHIHUHQFH
KWWSV GRL RUJ M IRRGTXDO

+LGDXXHQWHV % -REH (HEBEGBODR $ G -&DOVD/QIGCRYD & R QDILHMR V D
7 *RQJEGIHD 50 =DPBUDQWRID 0/ /LFHDJDORD®i $IXLODU
3ODEDNVHG IHUPHQWHG EHYHUDJRV VHQVRUW LRWOSH FRPISR YV
EHQH)IR RV KWWSV GRL RUJ IRRGV

.62 6HQVRU\ P QBOANWR@RT-HHWMXUH SBPRILOH ( 6HFRQG HGLW
, AW QDWLRQDO 2UJDQL]DWLRQ IRU 6WDQGDUGL]DWLRQ *HQF

-D\DQHWWL 0 7KDPELOL\DJRGDJH & 8VJRGDDUDFKFKL / -C
(YDOXDWLRQ RI WKH FKDQJHV LQ SK\WLRFKHPLFDO SURSHU
SDVWHNKG FRREGXYWQ XPLONJBXUL®RXVWBORIHGFLHQFH RI WKH
.HODQL\D SS KWWS GRL RUJ MRVXN Y L

-LUDQXQWDNXO : 3XWRRQ ®H N3EQEFRQ 6V DBWWDSDS OLFL
DQG SK\VLFRFKHPLFD ® BLWRSXWHKY MWHM BW K IBDZD { R B QGDQRRIP D
JRRG (QJLQHHUI®Y KWWSV GRL RUJ M MIRRGHQJ

/HDFK + : *HODWLQL]DWLRQ RI VWDUFK 6@ DH FK: K&R/MPQNW
DQG 7HFK@BORJI\ $FDGHPLF 3UHVV 1HZ <RUN
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IHZDQGRZLF] - %WOILFKDQK - 6]ZHQJLHO $ 7KH HIIHFW RI F
WKH UKHRORJLFDO SURSHUWLHY DQG VWURFWWXWHIVRI IRRG J
KWW 9VRUGR Ssu

/REDSDROOHURY & D GWROWHR] && D Y WHQRQ - 5 DFQLYDBIY H ] ,PSDFW

QDWLYH DQG FKHPLFDOO\ PRGLILHG VWDUFKHY DGGLWLRQ D"
IDW VWLUUHG-RXBQPOW RG )RJIJLQHHULQJSS =
KWWSV GRL RUJ M MIRRGHQJ

ODWKLDV 756 &DUYDOKR -XQLRU , & &DUYDOKR & :3 6p
FKDUDFWHRQ RDOPRRHHG \RIXUW ZLWK G LY O-LUPH QWY RW SH VXRM UA

SS

ODWLQ $ ©5DKPDQ 1 ,VODP 7 $KPHG ) % + (IIHFW RI
SK\WLFRFKHPLFDO SUR[LPDWH WHW RE L®ODKD OGL BB Q- \REXW\QDY
JRRG 6FLHQFHES KWWSV GRL RUJ

ODXUR & 6, *DUFLD 6 &RFRQXW P/IDFMW REB-D/FH.\ DIV 1 H H ]
2SWLPL]DWLRQ SURFHVV DQGGVW EIRXIM)\D G XRIL QR RGH BUFIL HU
7HFKQRORJ\ SS+ KWWSV GRL RUJ v

ODXUR & 6, )HUQDQGHV 0 7 & )DULQD]]RL)]BW LROURUDD6IHUPH
FRFRQXW PLON SURGXFW ZLW K FDXQE DIOVKIR)RR & \§ FIDFEHH DQS

SS + KWWSV GRL RUJ v

ORKED]OD 6 1 O0ODU]ODQ $$ +XVVLQ $60 5DKLP O+ $ ODG]XI
3K\WLFRFKHPLFDO PLFURELRORJLFDO DQG VHQVRULDO Sl
SURGXFHG ZLWK GLIIHUHQW WAYARYHRI )RWDBELOL]HU\
KWWSV GRL RUJ Y%

ORQWHPXUUR 0 3RQWRQLR ( &RGD BDVHG]BOWR BQDWLY H\3GMR
RWKHW DQG SHUVSHFWLYHV Rl QHZ )RR®BWHFKQRORJLFD
KWWSV GRL RUJ IRRGV

O\NKRQLN / +HWPDQ , 7KH XVH Rl OHDYHQ RI VSRQWDQH!
WHFKQRORJ\ RI KHDOWK\ DQG GLHWD/YSEDNHWBKSYRENBDWR
6WDEQLNRY 9 ,%DRRYKDNGNHPHQW D QRRRW WRL LFBWBR® R\ 'L

&5& 3UHVV %RFD 5DWRQ /RQGRQ KWWSV GRL RUJ

1RGD 7 1LVKLED < 6DWR 7 6XGD , 3 U RBA\OW VHVURF N V
FXOWE&MDHDO &KHPLVS\B#\ KWWSV GRL RUJ &&+(0

2VHQL 17 )HUQDQGR :0$'% &RRUH\ 5 *ROG , -D\DVHQD
WHFKQLTXHV RQ WKH TXINQEWY RRXBRERQXRM RRPSS6FLHQFH
KWWSV GRL RUJ $-)6

3HDPSUDVDUW 7 &KLHZFKDQ 1 (IIHFW RI IDW FRQWHQW
YLVFRVLW\ RI FRFRQXW P LORX D QDIOURK R RREOEL] D@/E:R Q

KWWSV GRL RUJ M MIRRGHQJ

3KXQJDPQJRHQ & $VDZDMLQGD 7 6DQWDG 5 6DZHGERZRUQ
KRPRJHRQ]IDSMIHFWLQJ KRPRJHQL]DWLRQ VWHSV REY (BRXDOLW\
'HE Rl &RQIHUHQFKWWSV GRL RUJ PDWHFFRQI

5DVKZDQ $ . <RXQLV 4% ®RBEPHQVEDI\(OHWPDQ\ 05 +DIRXGD

30DQW VWDUFK H[WUDFWLRQ PRGLILFOQ¥ILR@QPEQWDE
&KHPLVWU\ /HBSVHUV KWWGRL RUJ v ]
SRGUtSXH] - ' S5RGDQIXMYDO ( +HUQD®@WGHWR 6 %E0L-OORRWD $
3K\WVLFRFKHPLFDO DQG PLFURELRORJLFDO TXDOLW\ RI |
PRGLILHG FDVVDYDRRGWPIHEMHY DQG 7HFKQRIORJ\
KWWSV GRL RUJ VW

6HWKL 6 7\DJL 6 . $QXUDEDSVHG PLON@DWHUQDWLYHV DQ H
IXQFWLRQDO EHYHROURBDRKW BFLHDFH DQG 7THFXK®RORJ\
KWWSV GRL RUJ v

6KRUL $ % $0 =DKUD@ID$U\ BDWDHARPQON SURGXFWYV DV DOWHUQ
GDLU\ SURGXFWV IRU GHRG HAALQHIQ FSH) REQ 8 WLHVK QRO R J\
KWWSV GRL RAN
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BWHHQHNHQ 3 $ 0 5KHRORJLFDO SURSHUWLHV RI DTXHRX)
&DUERK\GUDWH 3R®B®HBWWSY GRL RUJ

6XKDUGL\RQR &KH 0DQ < % $VEL % $ $]XGLQ 0 1 7KUHH
H[WUD&RFAR@XW 5HVHDUFK 'HYKVOWRSPH@RL RUJ FRUG

7DQJVXSKRRP 1 &RXSODQG - 1 (IIHFW RI KHDWLQJ DQG
FRFRQXW PLON -RRNQWDIORQRI )RRG 6FLHRF H H
KWWSV GRL RUJ WE [

7HVWHU 5) ORUULVRQ : 5 6ZHOOLQJ DQG JHODWLQL]D!
DP\ORSHFWLQ DP\QRUYHD O @K DR IS\SEM \

7NHVKHOLPBJHOLG]H 1 6DGXQLVKYLOL 7 +HU]JLJ & YHUP

VHOHFWHG DXWRFKW KR Q R\W IAWIQF )RRIGG - RREWBO LD
KWWSV GRL RUJ ;

9ILWKHHMRQJMDURHQ VD\RIKHWWDRKKMFXRWUSDWU 0 3DFKHNUH
DELOUWKWLFDVHLEDFIOB0&V SWWDBDYHILWK SURELRWLF SRW
FRFRQXW PLON DQG SWRGMFHEHD BB IHUDN HV

KWWSV GRL RUJ EHYHUDJHV
'DQJ : &KHQ + .H' &KHQ : =KRQJ 4 &KHQ : <XQ < +
VWRUDJH RQ YRODWLOH FRPSRXQGV VHQVRU\ SURSHUWLHYV
PLOONFURFKHPLFDO -RXUQDWSY GRL RUJ M PLFURF
&LWH
8)- 6BW\OH

%DUDOLXN $ 2VPDBXHRORJILFDO DSUR YMUIMKIEFRWX RD
IHUPHQWHG FRFRQXW EHYHUDJH DV DIIHFWHG E\
SNUDLQLDQ )RRG -RE8QDOKWWSV GRL RUJ

$3% 6 W\OH

%DUDOLXN $ 2VPDN 7 5KHRORJLFDO DQC
IHUPHQWHG FRFRQXW EHYHUDJH DV DIIHFWHG E\
SNUDLQLDQ )RRG -RXUJQDKMNWSV GRL RUJ

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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OHWDEROLF SURILOH DQG ELRFRQWURO SRWH
EDFWHWLBLOOXV DPIOROLTXHIDFLHQV

OLDFKHVODY 6k /LXGP\OD %X
IDWLRQEDO 8QLYHUVLWI Rl )RRG .

el
+'. =DERORWQ!| ,QVWLWXWH RI OLFURELRORJ|I DQG 9L U/
6FLHQFHV RI 8NUDLQH .ILY 8NUDLQH

$EVWI

.H\ZRUGYV
,QWURGXPWRB®&\WLF EDFWHULD DUH SURP
ELRWHFKQRORJLFDO DSSOLFDWLRQV LQ DJUL!
UHVHDUFK SUHVHQWY WKH UHVXOWYV RI D FRF
WKH HQGRS R\ WLFF\ U RQIDIHIDELHQV

ODWHULDOV D QIGHPIHWRIORDGWHG HQGRSK\WH Z
XVLQJ 0%/R2) PDVV VSHFWURPHWU\ FODVVLFD
SUWLFOH KLVWRUYYKRGY DQG 9,7(.5 &RPSDFW DQDO\VHU §
SHEHLYHG ZDV WHY WHBDIRQVW SK\WRSDWKRJHQLF PLFUR

,Q YIHMRHFWY ZHWHGHRROX®ULQJ ZKHDW VHH(

SHEHLYHG Lo 2UJDQLF &RPSRXQGV 92&V SURILOH ZDV DQD

UHYLVHG IRUPFKURPDWRDVISKSHFWURPHWU\ RQ GLIIHUHQW
SHVXOWV DQG BGVUEIVWISREY) PDVV

SEEHSWHG VSHFWURPHWU\ DQG 9,7(.5 &RPSDFW HQGRS

LGHQWRDAGOMXY DP\Q@RWIKT XHIDFRMIQGHQFH 1

LGHQWLILHG HQGRSK\WH ZDV GLIIHUHQWLDW!

FORVHO\ UHO®D WXEBEWUSWERHNH\ FKDUDFWHULYV
&RUUHVSRQGLOBELOLW\ WR IRUP FHOO FKDIL@W i) Q4R XOHIQ L«
DXWKRU DP\OROLTXH | DFHLPIRYVWUDWHG DQWDJRQLVWL
SK\WRSDWKRJHQLKVPIUARPYVSRILXP DQG
$OWH D@DMHABGDWDRZWK LQKLELVPPR® QRQHV

/ILXGP\OD SK\WRSDWKRJHQ L&FO D E DIPRVFVIHID QM QF V8
%XWVHQNR PLFKLIDQHR®WHXGRPRROMWHYVFBOFNWREDFWHULXF
(PDLO FDURWRRRUXP 3V HXGR RRQIDWEDH %
PEXWVHQNR DQWKRFBRONYIOUBLY LQKLELWLRQPIRQHYV
#JPDERP ,Q YEYRWHVWLQJ RQ ZKHDW VHHGV VKRZHG

FRPSOHWH SURWHFWLRQ DJDLQVVRAXQJIDO SD\
SURB\OH8& 06 VKRZHG DWKRDWOLTXHIDFLBIQV

HIITHFWLYH SURGXFHU RI DFHWRLQ DERXW ¢
PHWDEROLF YDULDELOLW)\ XQ GRIQWRHOQGLWEKR
ELRV\QWKHVLWWRPYORIM/RJ PHWDEROLWHV SL
FRQGLWLRQV Rl HQULFKHG QLWURJHQ FRQWH(
FRPSRXQGV LV DFWLYDWHG 7KH E®WRDFWLYH
DP\OROLTXHIDFROOQMWPV ELRMCHFKRVRO@WIL D O
ELRSUHSDUDWLRQ GHYHORSPHQW
&RQFOXYQBABK\WLFHEIPROROLDXHIDELHQV
>y DUH FKDUDFWHULVHG E\ HIIHFWLYH ELRFRQW
JURZWKLPXODWLQJ PHWDEROLWHY SURYLGLC
ELRSUHSDUDWLRQV IRU DJULFXOWXUH

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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,QWURGXFWLRQ

*OREDO IRRG VHFXULW\ UHPDLQV RQH RI WKH PRVW Sl
H[DFHUEDWB B SEN\ODDMILRBQ JURZWK DFFRUGLQJ WR 81 IRUH

ELOOLRQ E\ FOLPDWH FKDQJH DQG WKH SURJUHV
*RGIUD\ HW DO $FFRUGLQJ WR HVWLPDWHV E\ WKI
)$2 DIJULFXOWXUDO SURGXFWLRQ PXVW LQFUHDVH E\
JOREDO IRRG QHHGV )$2 $W WKH VDPH WLPH RQ
DJULFXOWXUDO SURGXFWLRQ LV WKH ILJKW DJDLQVW SOTC
WKH \LHOG RI PDMRU IRRG DQG FDYKWHK RER ZRRIOFGARE M H

ELOOLRQ 3K\WRSDWKRJHQV FDXVH WKH ORVV RI DW O

PLAR®M WRQQHV RI SHAKLNK FBQHKDBWYRS KU HW LIROWHRKD VH R X
DQG IRRG VHFXULW\ &DL

7KH LQWHQVLYH XVH RI VIQWKHWLF SHVWLFLGHV IRU
FRQWUROV WKH LPSDFW RI SK\WRSDWKRJHQV EXW KDV
GHJUDGDWLRQ WKS$SD@HRIGRSPHOIW WRDQFH DQG WKH DFF
LQ FURS SURGXFWV ZKLFK WKUHDWHQV WKH VDIHW\ RI W
QHHG WR GHYHORS QHZPEER®EILDFD BLRSREWRWNGHYV DV Q|
HIITHFWO\ FRQWURO SODQW SHVWV DQG SDWKRJHQV R
HFRQRPLFDOO\ YLDEOH VROXWLRQ IRU VXVWDLQDEOH IRR

2Q0H RI WKH PRVW SURPLVLQJ ELRWHFKQRSORBRRPRWOL @RF
UKLPDFEVHULD 3*35 VXFK DV UHS%HEVHQOXMHLQYIVNR Y DV KN

%LRORJLFDO S WRISAURNEOEX FIDWHG LR\Q SRVVLEOH WR UHC

UHSODFH FKHPLFDO SODQW SURWHFWLRQ \BRILRIBX FINQVF UBHHD
WKH UHVLVWDQFH RI FXOWLYDWHG SODQWYV WR ELRWLF I
FURS SURGXFWLRQ &RPSDQW HW DO (QGRSK\WLF F
WKH LQWHUQDO WLVVXHV RI SOPRWRPYLRIKEXWHB B X VR Q (
VIPELRWLF UHODWLRQVKLSV ZLWK WKH KRVW SODQW DW
SURWHFWLYH DFWLRQ WKURXJKRXW WKH JURZLQJ VHDVRC

BWUDLQV EHORQ FLDBDVOBROW KXMHIPK¥SE HIQWH KLJIJKO\ HIITHFW
ELRFRQWURO RI D ZLGH UDQJHXRIDSIK W\PR S [DWRRWK®D Q DVX P
DOWHUDRKIWE FDXVH FULWLFDO GLVHDVHV LQ YHJHWDEC
SRWDWRHYVY DQG RMQHDOLFEKHDWSW IXVDULXP ZLOW T
PLFURRUJDQLVPV DUH FKDUDFWHULVHG E\ PXOWLIDFWRU
VWLPXODWLQJ DFWLRQ SURGXFWLRQ RI SK\WRKRUPRQ
LPSURYHPHQW Rl QQUWWURUIH® XISWWKNRQ SKRVSKDWH VRO
VIVWHPLF SODQW UHVLVWDQFH ,65 DQG GLUHFW DQWLE
PLFURRUJDQLVPV 6DQWR\R HW DO 7KH BPHFKDQL
DP\OROLTXHI HGI@WMNURXIK WKH SURGXFWLRQ RI VSHFLIL
OLSRSHSWLGH DQWLELRWLFV EDFLOORP\FLQ ' VXUIDFW]
PDFURODFWLQ EDFLOODLQ YRODWEGMW RYHOG QRO H RP\SMD
%RVUWIHW DO &KHQ HW DO

9RODWLOH RUJDQLF FRPSRXQGV 92&V SOBOD@WLP S
LQWHUDFWLRQV QRW RQO\ VWLPXODWLQJ JURZWK DQG L
EXW DOVR H[HUWLQJ GLUHFWWDRKXWRIDRERDOQWI | HEF W ¥ VD
HW DO $FHWRLQ RQH RI WR{H%PEFLOSOR\E QFG-NFBIFR G
H[SUHVVLRQ RI SODQW GHIHQFH UHVSRQVH JHQHV LQFUI
ELRWLF IDFWRUV DXQSURFHRXOGDWNWPBGRDWWLQJ SK\WRKTF
HW DO &XUUHQW DSSURDFKHV WR FKDUDFWHULV

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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LGHQWLILFDWLRQ DVVHVVPHQW RMIBRGHDYRQQHW® LB QDWW
PHWDEROLF SURSURIE XAWLRIR&HWDEROLF IOH[LELOLW\ L
UHJXODWH ELRV\QWKHWLF SDWKZD\V GHSHQGLQJ RQ HQ
FULWHULRQ IRU ELRWHFKQRORJLFDO DSSOLFDWLRQV 7KL
WRPRGXODWHG E\ RSWLPLVLQJ FXOWLYDWLRQ FRQGLWLR

6LQFH WKH ELRORJLFDO HIILFDF\ Rl HDFK VWUDLQ LV |
FROQGXFW D FRPSUHKHQVLYH DVVHVVPHQW RI QHZ HQG
ELRWHFKRDRROBRWHQWLDO DQG GHYHORS HIIHFWLYH ELRO
FURSV *DHIFHID HW DO

7KH DLP Rl WKLV VWXG\ LV WR SURYLGH D FRPSUHKHQ
LVR@DWR\OROLTXHIDFLHQV

ODWHULDOVWKRGNFH

7KH HQGRSK\WLF LVRO DN XD W \RDEW B QM. GF RUDFROAH F W H C
)DVWLY GLVWULFW RI WKH .\LY UHJLRQ 8NUDLQH 7R HOL
HQGRSK\WLF RULJLQ RI WKH LVRMDWDH B AL @/HW HO DV B W\

HWKDQRO VROXWLRQ IRU PLQXWHV DQG D K\GURJ
ZDV XVHG +YR]GLDN HW DO 7KH F\FOH Rl WUHDWPH
ZDV UHSHDWHG IRU FRP SO HWH GIDWIHY RH FWHK_IR O/ HRH GAWVK B LHQ
ZDV FDUULHG RXW E\ EULHIO\ LPPHUVLQJ WKH VHHGV LQ
IODPH RI DQ DOFRKRO ODPS 7KH VWHULOLVHG VHHGV ZHU
ZLWK WKH DG GRM\L\R & URIOHP/ 1D&0 VROXWLRQ IRU WLVV
UHVXOWLQJ VXVSHQVLRQ ZBVWRZD BRQDAY% 7/Ki LLDHV X O WL
VHOHFWHG IRU IXUWKHU LGHQWLILFDWLRQ DQG VWXG\ RI

(QGRSK\WLF LVRGDVWDHWK H. ¥ RMVGRHAW LRQ RI WKH '"HSDUYV
%DFWHULD RI WKH '. =DERORWOQ\ ,QVWLWXWH RI OLFUR
$FDGHP\ Rl 6FLHQFHV RI 8NUDLQH
JRU URXWLQH FXOWLYDWLRQ /% DJDUY&DV XVHG DW D
7HEWOWXUHV ZHUH VHOHFWHG WR DVVHVV WKH ELRFR
SK\WRSDWKRJHQLF PLFURIXQJL

)XVDULXP RMAX)SRUXP

$OWHUQDULBSDOWHUQDWD
SK\WRSDWKRJHQLF EDFWHULD

I+

I+

3VHXGRPRQDW B QU +@IDN 8&0&33%
‘DQWKRPRQDV FDPBHOWULVRZVRQ 8&0 %
3VHXGRPRQDV I@XROBVFHQV
3HFWREDFWHULXRRRDHMR WR Y RUX® H H $SSURYHG
HPHQG *DUGD@&OW DO 1&33%

&ODYLEDFWHU VPXERBB R QIHBRYW KV 'DYLV HW DO
$JUREDFWHULXP6WXWHKIBRLARYQVHQG &RQQ :
1&33%

ORUSKRORJLFDO DQG FXOWXUDO DQDO\WLV GHVFULS
IRUPDWLRQ *UDP VWDLQLQJ EHHWFKHRQLE & \YU RORU WHIHY L
RQ PHGLD ZLWK GLIIHUHQW 1D&0O FRQFHQWUDWLRQV DEL
RQ JOXFRVH KV\GURO\VLV RI JUHRODNDIXH D QUG IVRMWLRREK  H RIJFH
LVRODWH ZHUH SOIDVRUPBG RVEQREAL RORJLFDO PHWKRGYV

7KH LVRODWHG VWUDLQ ZDIVVGWWEWGE IIOHDE B LGHV RD B
0%/',72) 06 ZLWKROOMURKM PDVV VSHFWY)REPHVRQUD BF/7 (.

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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06 GHYLFH %LRPHUDH¥RUGDQFH ZLQK WKH PDQXIDFWXU
0DVV VSHFWUD ZHUH UHFRUGH ® RQJWKH)B FRPSDUHG ZLW
06 UHIHUHQFH GDWDEDVH 7D[RQRPLF LGHQWLILFDWLRQ
FRPSDULVRQ DOJRULMXPVZIRQKRWBHFBEWIBWR FH YDOXH 7F
FRQVLGHUHG UHOLDEOH DW D FRQILGHQFH YDOXH RI DW

YRU FRPSUHKHQVLYH SKHQRW\SLF FKDUDFWHULVDWLR
DXWRPDWLF PLFUREZROKR I BD .5 QA& DIV LR UYH DBR L
IRUPLQJ EDFWHULD ZDV XVHG

$QWDJRQLVP DJDLQVW SK\WRS R WKRRH XIRG-WRHLZARDNRWOQ J
GHWHUPLQHG E\ WKH GHOD\HG DQWDJRQLVP PHWKRG F
SK\WRSDWKRUJHD IZDEGHMHHUPLQHG XVLQJ WKH UDGLDO \

3DW\ND HW DO

7R VWXG\ WKH HIIHFW RI WKH FRPSRVLWLRQ RI WKH
92&V EDFWHULD ZHUH FXOWLYDWHG RQ WKUHH GLIIHUHQ

VIQWKHWPF PRIGIRWLYB2RQ J./ yYw+32y J / 0J&2

J/ &@2&OJ / JOXFRVH

3RWDWR 'H[WURVH %URWK +YR]GLDN HW DO

/% DIJDU .OHPHQW HW DO

&XOWLYDWLRQ ZDV FDUULHG RXW LQ RGDV.PW A RQMED X®
WHPSHUDWX¥WHRRI DQ RUELWDO VKDNHU DW D URWDWLRQ
KRXUV XQWLO WKH ODWH VWDWLRQDU\ SKDVH RI JURZWK
WKH GDUN WR DYRLG SKRWRGHJUDGDWLRQ RI PHWDEROL\

7KH 92& SURILOH LQ FXOWXUH IOXLGV ZDV VWXGLHG E
D PDVV VSHFWURPHWULE&GHBHWREWRY $FHDOEYWDFHFKQROF
FKURPDWRJUDSKLF VI\WWHP HTXLS S/HI® HZEWIKY B QG H&HFWR
7HFKQRI\R 86$ &KURPDWRJUDSKLF DQDO\VLYV ZD¥ SHUIR!
FDSLOODU\ FROXPQ FRDWHG ZLWK D OD\HU FRQWDLQL
SRO\GLPHWK\OVLOR[DQH P WKLFN +HOLXP ZDV XVHG
P/ PLQKHW WKHUPRVWDWLQJ WHPSHUDWXUH RI WKH YLDOV
WLPH RI PLQ 7KH YDSRXU SKDVH LQMHFWLRQ YROXPH
SURJUDP ZDV RSWLPL]HG DV IROORZV LQLWLDO WHPSHU!
IQFUHDVH WR f& DW D UDWH RI f& PLQ ZLWK D KROGL
UDWH RI f& PLQ ZLWK D KROGLQJ WLPH RI PLQ DQG D
f& PLQ ZLWK D PLQ KROG ,RQLVDWLRW ZDVZSEWKIRQPHIGH
RI H9 DW DQ LRQ VRXUFH WHPSHUDWXUH RI f& 0DV
PRGH LQ WKH PUPQJH &RPSRXQGV ZHUH LGHQWLILHG E\
PDVV VSHFWUD ZLWK WKH 1,67 06 6 HWHWFX P DWEE UXWD\O AR
RI DW OHDVW ZHUH XVHG IRXDRGH.QWDIM L ¥ BIWIL\RGH V/ R/ Hi
FRQWHQW ZDV SHUIRUPHG E\ LQWHUQDO QRUPDOLVDWLR(
SHDNV DQG WKH UHVXOWYV ZHU H HO®ULRQV HEWHU G A FSTDU/
DV FRQWUROV

6SULQJ ZKHWWF X P /D HWMH&WKMR| WKH 3HFKHUDQND YDULF
WKH JWRAVWKODWLQJ DFWLY LWk IDRALW R K VL DR OMROA T WHIPE L
FXOWLYDWHWG QWKHWLFXALKEGLXP RU SRWDWR EURWK IRU

f& 7KH FXOWXUH IOXLG ZDV GLOXWHG LQ UDWLRV RI

WUHDWPHQW ZDV FDUULHG RXW E\ VRDNLQJ WKH VHHGV L
IRU PLQXWHV IROORZHG E\ JHUPLQDWLRQ RI WKH VHHC
IDERUDWRU\ JHUPLQDWLRQ WKH DEVHQFH RI VHHG GDPD.
PDLQ LQGLFDWRU RI SURWHFWLYH DFWLYLW\ DQG WKH G

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7KH UHVXOWY DUH SUHVHQWHG DV WKH PHDQ “ VWL
SURFHVVLQJ RI HI[SHULPHQWDO GDWD ZDV SHUIRUPHG X\
6WDWG6RIW ,QF 86 & Q D\Q/GD WKWWEXDOWIXQFWLRQW RI OLF
UHOLDELOLW\ RI GLIITIHUHQFHV EHWZHHQV¥HLNWL DRUNNVQLIHS B
VDPSOHVZRU RIQB$ IROORZHG EKRENWMHVWSRMW GLIIHUHQ
YDULDQWY ZDV FRQVLGHUHG VWDWLVWLEDOO\ VLIQLILFD!

5HVXOWY DQG GLVFXVVLRQ

(QGRSK\WLF EDFWHULDO LVRODWH ( ZDV VXFFHVVIXO
VHHG PDWHULDO ZLWKRXW HYLGHQFH RI H{WHUQDO FRQV
JURZWK ZDV REVHBRYWGVHQLOLVHG VHHGV WHKUHRBERW Q FR(
ZKLFK ZDV FRQILUPHG E\ PLFURELRORJLFDO PHWKRGV 71
UHSUHVHQWDWLYH Rl WKH HQGRSKRQLP B XFURELGRW P HRG L6

KRXUV RI LQFXEDWLRQ DIWH\fRIS EROIRQPHG ZIKWLW D GLDF
PP ZLWK FXW HGJHV DQG D FKDUDFWHULVWLF ZULQNO}
FRQVLVWHQF\ ZKLFK LV D W\SLFDO PRUSKRORJLFDO
H[RSRO\WDFFKDULGHV )LJXUH D DQG IRUP ELRILOPV )L.

D E
JLIXUBRORQLHV RI LVRODWHG HQGRBHKRS KR W BFIRUDRYNLIR N RID
HOQGRSK\WLF EDFWHULD ( E

OLFURVFRSLF DQDO\WLY UHYHDOHG WKDWHEKFHHBQERS
KRXUV RI FXOWLYDWLRQ LQWHQVH VSRUXODWLRQ ZD
VKDSH FHQWUDOO\ DQG VXEWHUPLQDOO\HQRVFDMLHG VZRL
JHQ%BFLBGRYH IRUPDWLRQ GLG QRW OHDG WR VLJQLILFD
$Q LPSRUWDQW PRUSKRORJLFDO IHDWXUH RI WKHAQ®ROD
ZKHQ FXOWLYDWHG RQ D QXWULHQW PHGLXP )LJXUH
IHDWXUH WK D Wb ODEALOADDQW YOLPX KIER B TR DE DEIQ X VZKXEWLO L
XVXDOO\ IRUP VLQJOH FHOOV DQGHI®IDWY '‘H 9RV HW DO
7KLV IHDWXUH LV LPSRUWDQW IRU HQGRSK\WLF PLFUR
PD\ LPSURYH WKHLU SHQHWUDWLRQ WKURXJK LQWHUFHOZC
WLVVXHV
$ FRPSDUDWLYH DQDO\VLV RI WEBG SBRSHKEW®R BIVFR D WQ
LVRODWH ZLWK G&WKHEVIDQUEDWPHNOGRIDW D XIRIB FHVGNO WHG LQ 7D
$QDO\WLQJ WKH UHVXOWV SUHVHQWHG LQ 7DEOH LW
FRUUHVSRQGV WR WIRH B R HDRM\BX I (BFERMENEJ WKH NH\ G|
IHD WXKHH IRUPDWLRQ RI FHOO FKDLQWVXEWHOLRAN GRW DRX C
3ULHVW HW DO

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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JLIXUBLFURSKRWRJUDSK RI (

%LURWHFKQRORJ\

EDFLOOX

V FHOOV

7DEOH
ORUSKRORJLFDO DQG FXOWXUDO SURSHUWLHV RI WK

BURSHUV

VI ,VRODWH

1 2% DFLOOXYV
'H O9RV HW D

VXEWIODLAL O O X'\
O DP\OROLTXHI
'H 9RV HW DO
SULHVW HW D

DFLHQV

o

&HOO VKDS

HERGV IRUF
FKDLQV R
FHOOV

REWUDLJKW URG
+ P IRUPLQ

N EKIDQ GV LUV

PIGQVMUD LIJKW U
(- - P
VROLWDU\ D

\%
J

6SRUH IRUP

DWLRQ
HOOLSV

RLGBOOLSVRI
F\OLQGUL

LGDO RIWOLSVRL
FDO

GDO

JRUPDWLRG
FKDLQV

*UDP VYV

ORELOLW\

&DW DFW

*URZWK LQ

*URZWK
1D&O

LQ

*URZWK
PHGLXP

LQ

JOXFRVH
URELFDOO\

DH
*URZWK LQ
PHGLXP

DQDHURELF

JOXFRVH

DOO\

*HODWLQ K

GURO\VLYV

6WDUFK K

&DVHLQ K\G

URO\VLV

(VEXK\GUF

I1LWUDWH U

HGXFWLRQ

7\URVLQH K

\GURO\VLYV

&LWUDWH

I9RIBWYRVND
UHDFWLRQ

XHU
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,GHOQWLILFDWLRQ)ERDOY' VSHFWURPHWU\

7TD[RQRPLF LGHQWLILFDWLRQ RI WKH HQIBRSKWYLF LVR
PDVV VSHFWURPHWU\ D PRGHUQ UDSLG PHWKRG IRU LG
DQDO\WLYVY RI ULERVRPDO SURWHLQ SURILOHV 7VXFKLGD
OHVV WKDQ PLOXWHYVY DQG KLJKO\ WWRFXMKHVWSHGHRW
ZLWKRXW WKHVQHHG AROWLR@PWLRQ RU PROHFXODU JHQHMW

ODVV VSHFWUXP DQDO\WLYV RI HQGRSK\WLF EDFWHULD
WKH VSHFRHOROLTXHIUREMIAOQMK D FRQILGHRQFH FUKLMWHKULR
FRUUHVSRQGY WR FRUUHFW LGHQWLILFDWLRQ DW WKH V¢

J)LIXUH ODVV VSHFWUXP Rt HIRG 8 B RWI(IXH ILD/ARLGIMW H

7KH FRQILGHQFH FULWHULRQ FRQILUPV WKH KLJK T2
DQG WKH UHOLDELOLW\ RI LGHQWLI%F DWL&RRO L7TKX4H IFDRAUL B 6
SURILOH WR WRR\QROETPDABVX BW KO IWX V WH LUHIGL EK \WHQ HW
KRPRORJ\ ! VLPLODULW\ RI 6 U51$ DQG RYHUODSSL
'XQODS HW DO 7KLYV UHTXLUHG WKH XVH RI DGGLWL
GHWHUPLQH WKH VSHFLHV DIILOTLIONW QR R 08 KFFHH WE® 8 B SLKW
ZLGHO\ XVHG IRU URXRW I%D-FLESD B H WFR W MWRQVSHHG DFF
HITHFWLYHQHVY 7VXFKLGD HW DO +RZHYHU IRU SK
RI WKWXEWIRPISWOH[ L QRAENGLYXEMDOWVY\OROLTX¥WNHQHPM VLV
VLDPH@WHWK\ORWUWRBKLFXV FRPELQDWLHRQLWK 0BG GLWLR
SKHQRW\SLF RU PROHFXODU JHQHWLF PHWKRGV LV UHTXL

3K\WLRORJLFDO DQG ELRFKHPLEODB®ASRKDUD FIMWHRDLDAWH.\
9,7(.5 &RPSDFW

7KH SK\WWLRORJLFDO DQG ELRFKHPLFDO FKDWDFWHU

DP\OROLTXHIRAUMQEHWHUPLQHG XVLQJ WKH 9,7(.S &RPS
ZLWK D %&/ FDUG GHVLIQRUGLWRRIREHHQWILIP*BODRRUJIJDQLVP

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7DEOH
%LRFKHPLFD® SDRID®® IRTX HDEFRWG\L. QJ WR 9,7(.3  %&/

% DP\OROL

%LRFKHPLFDO WHVW
VXEVWUDWH HQJ\PH QpDFHRHPRQLF Gﬁiggﬂfb$iﬁyR
%HWORVLGDVH % </
J O\WLQH DU\ODPLGDVH \V$
/DVSDUWDWH DU\ODPLGDVHSVSS
JHXFLQH DU\ODPLGDVH THX$
3KHQ\ODODQLQH DU\ODPLG BKH $
JSUROLQH DU\ODPLGDV|H _3URS
%HWDODFWRVLGDVH %*$/
/ S\UUROLGRQ\O DU\ODPLGDYW $
$OSEDODFWRVLGDVH $*$/
$ODQLOH DU\ODPLGDVH $0D$
7\URVLQH DU\ODPLGDVH 7\U$
%HWDFHW)ORFRVDPLQLGDVH %1%*
$SOBKBHUR DU\ODPLGDVH $33%
G\FORGH[WULQ & (;
~ JDODFWRVH G*$/
*O\FRJHOQ A[<*
0\RLQRVLWRO 12
OHWIKSKDOXFRS\UDQRVLGHOG *
(OOPDQ (770
OHWK\QORVLGH 0G;
$SOSRDQQRVLGDVH $0%1
ODOWRWULRVH 07(
*O\FLQH DU\ODPLGDVH “O\$
"PDQQLWRO GO0$1
PDQQRVH GO4(
PHOH]JLWRVH Go/=
IDFHWJOXFRVDPLQH 1$*
3DODWLQRVH 3/(
JUKDPQRVH 05+%
%HWDXFRVLGDVH %* /8
%HWDQQRVLGDVH %0$1
3KRVSKRU\O FKROLQH 3+&
3\UXYDWH 39%7(
$SOSEOXFRVLGDVH $*/8
" WDJDWRVH G7%*
"WUHKDORVH G75(
QXOLQ 18
"~ JOXFRVH G*/8
ULERVH G5.%
3XWUHVFLQH DVVLPLODWLR3®&1D
*URZWK LQ 1D&O 1D&O
DQODP\FLQ UHVLVWDQFH 51
20HDQGRP\FLQ UHVLVWDQFR/'
(VEXOLQ K\GURO\VH (68
7HWUD]JROLXP UHG 77=
3RO\PL[LQB% UHVLVWDQFH2/<%B5

IRWHHVXOWYV LQ S DWHQ W KIHYGEHVFDWH ZHDN UHDFWLRQV
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7KH HQGRSK\WDLF\QRRODXWHRWILKOQVHY D ZLGH UDQJH RI
G*/8 GO1( G75( 0G* DQG */<* 7KH HIILFLHQW XWLOLVDWL
VXFK DV JO\FRWHY WEELSUHVHQFH Rl JOODRRRWW GB \HM \ PAK
SURYLGH D FRPSHWLWLYH DGYDQWDJH LQ WKH UKL]JRVSKF
DUH WKH PDLQ VRXUFHV RI FDUERQ

7KH ODFMXWLOLVDWLRQ LV D FULRUWPRD\GLRISRIUHQMQ
EDFWHULDO VSHRUKYW,RWXO ISR O \P HEV X HVBEOTMNOH WY HE EXH W
SUHVHQFH RI D VSHFLILF % QP\OR OLLQ X®R EDRDLVEHR VIE YSW R G X F |
HQJ\PH 'H 9RV HW DO BKLWWAS HPW ID® ELRFKHPLFDO W
FRQILUPDWLRQ RI WKH EHORQJLQJ ®D RAOHR QY RO\ A GHIQYG

7KH IRUPDWDRGRRILGDVH %IOBXFRVQGDVH $*/8 LQGLI
DELORMD\PROROLTXHIWRLKQWURMDMYB .JOXFDQV FRPSRQHQW
FHOO ZDOOV RI SK\WRSDWKRJHQLF IXQJL 7KLV HQ]\PDWL
ELRFRQWURO WKDW DOORZV EDFWHULD WR GHVWUR\ WKF
'DQJ HW DO

$Q LPSRUWDQWRF HAPYO R HTUXWNUEEMQNVKLIK WROHUDQFF
WKH DELOLW\ WR JURZ LQ WKH SUHVHQFH RI 1D&O D
SURSHUW\ LQGLFDWHV WKH SRWHQWLDQ@KLFEK DGDSWW.DWLE
FRORQLVDWLRQ RI WKH UKL]JRVSKHUH XQGHU FRQGLWLRQ\

'LITHUHQWED WIPRQRROL TXR¥W FLXBWLOLV

7TKH VSHWBPMOROL TXOHPOVFXEHWUGILSK\ORIJHQHWLFDOO\ VLP
WWRKH SEWLOLV VSHAIHAK AFRRPSCOH[FDWHY WKHLU GLITHUHQYV
FKDUDFWHULVWLFV 'XULQJ WKH LGHQWL2)L PHWMKRREG RI WK
VLPLODULWD MLRSERWHKY ZDV GHWHUPLQHG ZADLGW RW HAXQY D
RI SURWHLQ SURILOHV 'XQODS HW DO 6XFK DPELJX
DGGLWLRQDO GLITHUHQWLDO FULWHULD WR DFFXUDWHO\
LVRODWH (

$FFRUGLQJ WR VFBHQMMWWDRO VWXGLHV 9RV MWKHDE®DLQ
SKHQRW\SLF PDUN EADW\RR OLITECHRMEOER VBILW KH IRUPDWLRC
FKDLQVY DQG WKH DELOLW\ WR XWLOLVH LQXOLQ

'XULQJ WKH DQDO\WLV RI WKH H[SHUWHW )WL G WXIKOD
EDFWHULDO LVRODWHHORUP YKAHKD FFOWXUHG RQJIJGUHXLG Q)
$OVR HQGRSK\WLF EDFWHULD ( GR QRW XWLOLVH LQXOL
DQDO\VLYVY 7DEOH % R VDK VR H WIKHWIHF V SHFGLED WKIDWKDW L
VSHFBHLIBVWLOO XYV DP\ORE®XVXHWHKH HQNWVXOWYV RI FRPSUHKF
SKHQRW\SLF PDUNRUV 9, D68,&RPSDPWORZ WKH HQGRSK\\
LGHQW2®WDAG®RYULTXHIDFLHQYV

TKNSHPEBP\OROLTXHWIDNNQRZDY IRU LWV ELRAR@WOBRW® LIIC
SURSHUWLHY GXH WR WKH SURGXFWLRQ RI ELRDFWLYH PH
OLSRSHSWLGH DQWLELRWLFV EDFLO O RKP LMY X SWWK WB R WD
RI WKH FHOO PHPEUDQHV RI SK\WR%DWKRREQVIHAKROQH @V
SURGXFHV SRO\NHWLGHV GLIXFLGLQ PDFURODFWLQ EDF
QXFOHLF DFLGYVY DV ZHOO Q& VY RBCHHBRIWH Q HGDR R DH FBRRABRX
VWLPXODWH SODQW JURZWK DQG LQGXFH VA\WVWHPLF UHVL'
DELOLW\ WR HIIHFWLYHO\ FRORQLVH WKH UKLPRVSKHUI
DP\OROLTXROBFRHYWHSBPRPLVLQJ VSHFLHV IRU WKH FUHDYV
%RUULVYV &RPSDQW HW DO
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$QWDJIRQLVWLY% DMFPNVQRDOWTORHDDBLA®W SK\WRSDWKRJIHQ

'XULQJ WKH HYDOXDWLRQ RIl VR HOR@W DX R IRFSE W DFF W L
ELRFRQWURO HIIHFW DJDLQVW D ZLGH UDQJH RI HFRC
PLFURRUJDQLVPV ZDV GHWHUPLQHG 7DEOH JLIXUH

7DEOH
$QWLEDFWHWID®DPDEWOQYILYHNI DEDHQVYW SK\WRSDWKRJHQLF ED
PLFURIXQJL

DQW VXVFHSWLERHEWWRLRQ ]RQH
IHFWLRQ PP
$JDLQVW SK\WRSDWKRJHQLF EDFWHULD
HHGOLQJ EJLIKWHLN®RWOHJIJXPHYV YHJHWDEOH
RW FURSYV

3 VIULQIODOHK | DFWHULDO E@%gQ\WRHV EHDQV VRIEHDQV

THVWFWOWXUH | 'LVHDVH FDX /Iﬁg

3IOXRUHVFHQ

EDEWHULDO WUHHV O0OSSOH®“SHDU

QH IUXLW
; FDPSHWWULY &DEEDJH UDSHVHHG UDGLVK
% AODFN URW PXVWDUG EURFFROL

& PLFKLIJDQHQVLV

VXEVWBFKLJIDQ WMPHWHULDO Fé@?\é&bDRQHV:I/VSHSSHUV “

R WRHV ULFH SHDUV

3 FDURWEREKOR WRRW URW IR|R \@ Y

< EODENOHJ FD%OE&EE?(/\/RHV FDUURWYV" FDREEDJH
$ WXPHIDEFLHQV JUXLW WUHHV JUDSHV URVHYV
% gURZQ JbOO WRPDWRHV VXQIORZHUV
$IJDLQVW SK\WRSDWKRJHQLF PLFURIXQJL
7TRPDWRHV FXFXPEHUV
) R[\WWSRUXP| )XVDULXP ZLOWHORQW BRWWRQ EDQDQDYV
FHUHDOV EHDQ|V 10D]
$OWHUQDULD EFREDKWRHWDSERWDWRHY ZKHDW
$ DOWHABQDWBEBOLJKW VWHEFDQHEHWLWUXY IUXLWV DSSOH
OHDI VSRW W U HIHBVE CRJ H

7KH KLIKHVRVM BFPVOQRIOW Y XHIZPWH QMW H F W I# G PHDAVQ WV MY/

8&0 % “ PPtWKH FDXVDWLYH DJHQW RI BODBNQURW L(
8&0 % “ PPAWKH FDXVDWLYH DJHQW RI EDFWHULDO EC
DQXLFDURWRBXRUNXK P “ PPxtWKH FDXVDWLYH DJHQW RI VR

YHIJHWDEOH FURSV R0 RZEH 0 RW HT X A WLEYDIQA Y WRAF H Q V

“ PP DEQRLFKLJDQHERMEPKLIDQHQVLNP ZDV DOVR GHWHU
7KH JRQH RI JURZWK LQKLELWLRQ RIDPWHEGO@IRGZDY “
PP IRUR[\WSRUMP 7KH ODFN RI EBFPWQ R DWTKH | DR DHSQ V W
WXPHIDBRIOH®Y PD\ EH DVVRFLDWHG ZLWK WKH VSHFLILF U
%D F LODOWYPLFURELDO PHWDEROLWHYV

7KH UHVXOWV REWDLQHG DUH FRQVLVWHQW ZLWK QXP|
EDFLOOL VAKEHABWHDO ORXD@®® DO KDYH GHWHWEERBIGXW K
VSS H[KLELW KLJK DQWDJRQWKR BF@FMQFBN WE DRHEHQ U WP
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LQKLELWLRQPRQHEKLFK GHSHQGV RQ WKH SURGXFWLRQ
HQGRSK\WHV DRIG%/DHMHBEEXNOR. WV | H F & L Y MO QLIQKRE L W
WKURXJK WKH SURGXFWLRQ RI VXUIDFWLQ
7KH UHVXOWV RI WKH RQWDPRQRODWLKH DFRABQQW W
SK\WRSDWKRJHQV LQKIPEFLVYWRIRGLIRBUNQW SDWKRJIJHQV DU
RI HITHFWLYHQHVV GHVFULEHG LQ WKH OLWHUDWXUH ZK
WKH LVRODWHG VWUDLQ
'LIITHUMQE® WKH VHQVLWLYLW\ RI YDULRXV @%DWKRJF
DP\OROLTXHIDFRMBVEHHQ GHWHUPLQHG +LJRMUDWREWHY L
EDFWHBDBDSHY&OU®WY 3 VI\UL@EIDH% 3 FDURW RBRRUX P
FRPSDUHG WE8RWIKWM LYHXES PMWKRID@HMWALY FDQ EH
H[SODLQHG E\ WKH SHFXOLDULWLHV RI WKH VWUXFWXUH |
$PRQJ PLFURIXQJL WK IR IK® DVHHAPGHDOWILAWPL YARPSDUHG W
) R[\WWSRUXP PP PD\ EH DVVRFLDWHG ZLWK GLIIHUHQF
)XVDUVLE® KDYH D WKLFNHU FHOO ZDXDXEDRWY DQKE FK IF\WW DG
SURYLGHYV KLJKHALD B HMGMW D-OFINAWR/GSU KD YH WKQQ®HU F
DQG KLJKHU VHQVLWLYLW\ WR DQWLIXQJDO ORQREBOWLG
HW DO
9LVXDO REVHUYDWLRQ UHYHE
GHOD\ LQ WKH UDGLDO JURZWK R
PRUSKRORJLFDO FKDQJHV LQ WKI
% DP\OROLTXHIDFKHQR\FHOLXP R
PLFURIXQJL EHFDPH GHQVHU
IJUDJPHQWDWLRI®D I VEK\SKWDHHV V L R C
VSRUXODWLRQ ZHUH REVHUYHG
7KH EURDG VSHFWUXP RRDQWDJI
% DP\OROLTXHIDFLBIODLQVW
SK\ORJHQHWLFDOO\ GLIITHUHQW |
LV GXH WR WKH DELOLW\ RI WKL
DQWLPLFURELDO ZLARK® S BXQIGY H Q
PHFKDQLVPV%QDFD\IUVRDR_QX_H/IDFLHC
et A BT
HQGRSK\WLPRE DPWHUQRIDT X WR VHYHUDO JU

( DJDLQVW SK\WRSDWKRJ
$ DOWHUGDWQGR] \VSRUXPSRO\NHWLGH ULERVRPDO SHS

*7) HQJ\PHV &KHQ HR®QDWEW DO

&RPSHWLWLRQ IRU QXWULHQWY SOD\V DQ LPSRUWDQV
SRW HRIWA DIDP\ORO(LTXARMALHOMG ECRFEBPAWO\VLY DELOL
XWLOLVH D ZLGH UDQJH RI FDUERK\GUDWHY DQG FRPSOH|
DGYDQWDJH LQ WKH UKL]JRVSKHUH DQG SK\OORVSKHUH R
QXWULHQWY OLPLWV WKH DFFHWY RIHBSBDWORIHQRU WR RV
FRORQLVDWLRQ &RPOPOORBWTBSRIREXABV VLGHURSKRUHV
WKDW ELQG LURQ LRQV ,URQ GHILFLHQF\ FULWLFDOO\ O
LURQ LV QHFHVVDU\ IRWWHK®] VKWV W QRW KE JURIVBRUDWRU \

%RUULVV

7KH SURGXFWLRQ Rl YRODWLOH RUJDQLF FRPSRXQGYV

92&V VXFK DV S\UD]LQHV KDYH D GLUHFW DQWLPLFUR
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SK\WRSDWKXRJIKQYDD VSRUXODWLRQ .DL HW DO 924
UHVLVWDQFH LQ SODQWV E\ HQKDQFLQJ WKH GHIHQFH UH

OXOWLIDFWRULDO ELRFRQWURO PHFKDQLVPV DFW V\Q!
DFW IRYL®/P\ORKMLUDKLHQYGHU YDULRXV HQYLURQPHQWDO F
HQGRSK\WHV WR HITHFWLYHO\ FRPSHWH ZLWK SDWKRJHQ\
UKL]JRVSKHUH DQG SK\OORVSKHUH %RUULVYV 7KH |
DFWLRQLWRROHWU QXWULHQW UHVRXUFHV SURGXFWLRQ
UHVLVWDQ FH %KP\WDIRFOL A M HVDIRLB GWRPLVLQJ DIJHQW IRU W
RI PXOWLIXQFWLRQDO ELRORJLFDO SURGXFWV IRU DJULF:

SURWHFWLYH DWIGP I0ORXW Y HIPHEG RO RTX H IFDG- LAKQN W
VHHGV LQ YLYR

KHQ DVVHVVLQJ WKH HIIHFW RR\E R GCRBXNWRREL EWW H U
VSULQJ ZKHDW VHHGV 3HFKHU\DQND YDULHW\ QR SK\WF
JURZWK SDRIDPHWHUBEXP ZTHYWLGXWHUPLQHG 7DEOH

7DEOH
(ITHFW6RP\OROLTXH | REL WEW JH UP IDWIBVLRRZ WK RI 3HFKHULDQN

6KRRW OHQJWK

*
7UHDWPHQW RSWLRQ _ GD\V GD\V )XQJDQ
GDPDJH
FP FP
&RQWURO ZDWHU - - VHHGV

N

VIQWKHWLF PHGILXP

VIQWKHWLF PHGLXP

2 “
? SRWDWR "HIWURVH %URWK
? SRWDWR "HIWURVH %URWK

6HHG JHUPLQDWLRQ ZDWPHOROURARMBHQMQOYXWEHQVLRQ
ZKLFK GLG QRW GLIIHU IURP WKH FRQWURO YDOXHYV
EDFWHULD RQ VHHG YLDELOLW\ 7KLV L% DIF LFAVRMELLFD\D G D ¢
H[KLELW SK\WRKWRK FARMQFBEQWUDWLRQV GXH WR H[FHVVL"
YRODWLOH RUJDQLF FRPSRXQGV 7KH DEVHQFH %I SK\W
DP\OROLTXHIPRQHQM YV LWV VDIHW\ IRU XVH LQ ELRORJLFD
7KH KHLJKW HRIRORGRHDW VKRRWVY WUHDWHG ZLWK HQ
DP\OROLTXWIQWIKHOWLF PHGLXP GLOXWLRQ DQG z
FP UHVSHFWLYHO\ FRPSDUHG WR “ FP LQ WKH FRQWU
UHVSHFWLYHQV EKRQORIHWVRPOW\ VLIQLILFDQW DV WKH SRV
GD\V DIWHU VHHG WUHDWPHQW LQGLFDWLQJ UDSLG DFW
KHLJKW RI ZKHDW VKRRWV ZDV REVHUYHG DWHERWEKEGE OQ XA
RI JURAWK XODWLQJ DFWLYLW\ RYHU D ZLGH UDQJH RI EDF
$ FRPSDULVRQ ZLWK LQWHUQDWLRQDO VWXGLHV VKRZ
OLWHUDWXUH GBW DPRQ DWVKLHYJDEREMARK VWU IRQJ WKH VWXGLH
DO LW ZDV GHWHUPLQHG W K% WX KB &6V CSUERRG)ORN R U
DFHWREGWDQHGLRO DQG RWKHU SK\W R KRIUDER GWKERR\P ¥ U H
DQG URRWV E\ WLRAGUWLEDEFRZRWRWLE ILHOG FRQGLWL
,W KDV DOVR EHH@DE MBBY\KVABOG AWKIWUHDVH VKRRW E
FRQGLWLRQV OHVV WKDQ LQ ILHOG FRQGLWLRQV GXH WR
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RPLFURRUJDQLVPV ZLWK WKH SODQW 6FLHQWLVWY 0DVO
RI WXEWQ@DW\OROLTXIQIPDIFHBIQNY SRWDWR \LHOG E\ DERXW
2XU UHVXOWYV LQFUHDVH LQ VKRRW KM LDJ KoK DWW DRQLRT
RYHU GD\V DUH ZLWKLQ WKH UDQYHHR IPHO DHHFRWIDWVHA R UH\V N [ B
7KH SURQRXQFHG HIIHFW DW WKH PD[LPXP FRQFHQWUDWLF
LQGLFDWHHW K GG RMWM/ 1R RAE DK L @D B FYRIYYILWAHRDK UHQ ¥
ILHOG WULDODHUPLMWEKQQRRULQJ DVWRBKODWMWILEXIHHI UHFAW KD C
DW DOO VWDJHV RI SODQW RQWRJHQHVLV

*URZWWLPXODWLQJ DFWLYLW\ 200/P DCRMRFEXHNYEDVLQHG
FXOWLYDWHG RQ 3RWDWR '"HITWURVH %URWK DXHEBRNOEWLRC
ZKHDW VKRRWYV ZDV “ FP GLOXWLRQ DQG “ F

“ FP LQ WKH FROQWURO FRWIHVBRGGLQJUHVEB HDRWLYHOkK
JURAMMWWKLPXODWLQJ DFWLYLW\ FRPSDUHG WR WKH UHVXOW
ZLWK OHVV HIILFLHQW SURGXFWLRQ RI ELRORJLFDOO\ DFW

7KH LQFUHDVH LQ EKIRBWVRALDMMAP ZLWK VHYHUDO PH
VWLPXODWWLQP\DROLRAAHI FBLISDXXEOH RI VIOWKHVLVLQJ SK\V
DX[LQV F\WRNLQLQV JLEEHUHOOLQ MDVPRQLF DFLG DQG
DQG PHULVMWHFIFRGN YLO

$Q LPSRUWDQW Q NMPpSRHW LRPIHQ@MVHLY WKH GLVFRYHU\ RI €
SURSHUWLHV RI WKHWXDHPQGRCGKTWHFFDKURQDWHKH JHUPLQDWLF
VHHGVY WUHDWHG 200V MR IXMPFHIMHARDQVRODR FDVHV RI VHHC
PLFURIXQJL ZHUH UHFRUGHG GXULQJ WKH GD\V RI WKH
7KH VHHGV UHPDLQHG YLVXDOO\ KHDOWK\ ZLWK QR VLJQ
+RZHYHU LQ \WKHDRKRQ WHHG WUHDWPHQW ZLWK VWHULOH
ZLWK VXUIDFH VDSURWURSKLF PLFURIXQJL ZKLFK LV W\S
GDPDJH PDQLIHVWHG LWVHOI LQ WKH IRUP RI YLVXDOO\ QF
OHG WR WKH LQKLELWLRQ RI JHUPLQDWLRQ RU GHDWK RI
SK\WRWR[LF PHWDEROLWHYV E\ IXQJL

7TKH FRPSOHWH DEVHQFH RI IXQJDO OHVLRQV SURW
ZLWK WKH HQGRBPR\WHEHE DVRIO@W B VLIQLILFDQW ILQGLQJ L
DOQWLIXQJDO DFWLYLW\ RI MK ¥HLENWARRFRWY HGJ F W& DD Q G G.MWZD
WKDW DQWLPLFURELDO PHWDEROLWHY DUH SURGXFHG LQ
FRGLWLRQV O EPDWWIOQWHUDFWLRQ 7KH SURWHFWLYH HIII
WKH VWDELOLW\ RI DQWLIXQJDO PHWDEROLWH SURGXFWL
VHHG VXU%DFHOEOLTXHIPEEHRRUJDQL\WRRAWPZWWRQVNRHD SUR\
ELRILOP WKDW FUHDWHYVY D SK\VLFDO EDUULHU WR SDWKR
VDSURWURS$SKE R U IGDOALOXFIRAFRQ ILUPL QS XWISR WX EWRFRQ
PHFKDRLWPP\OROLTXHIDRIBIQGNVFDWLQJ WKH SURGXFWLRQ F
PHWDEROLWHYV

$Q DQDO\WLYVY RI LOWHUQDWLRQDO VWXGLHY KDV GHWHL
RI HITHRAWEMBREFRQWURO VWUDLQV GHVFUBHR®& IHWRWIOH OL

IRXQGWWRDABDXVSURWHFW WRPDWRHYV DQG SQDQWYV R

RI\VSRUKI®PQ VHHGY DUH WUHDWHG EHIRUH VRZLQJ 5HVHI
GHWHUPLQHG RIKWX\E I (REDWYORDLTXHIDFWHEEHD®VLWKH JURZ
REKLIRFWRQAILFVRIXIJIL RQ SRWDWRHV ZLWK WKH GLVHD\
IURP WR 2XU UHVXOWYV SURWHFWLRQ FRQILU
WKH HQGRSKAWRVO RVRO R WIBDQ GHRWYHWLWLYHQHVY FRPSDU
FRPPHUFLDO VWUDLQV
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7KH PHFKDQLVPV RI SQRWEHROX®H DFAWHEQO L@WHUUHC
DP\OROLTX®BND FHIGHERSK\WLF PLFURRUJDQLVPV DUH FDSDE
VXUIDFH DBl RRBWPRMYXFWXUHG PLFURELDO FRPPXQLWLHV
WR SDWKRJHQV DQG HQVXUH VWDEOH SURGXFWLRQ RI DQ
IXQJLFLQV DQG SRO\NHWLGHV DUH SURGXFHG GLUHFW
FRFHQWUDWLRQV ZKLFK HIIHFWLYHO\ LQKLELWYV IXQJDO
GLVUXSWLQJ WKH LQWHJULW\ Rl FHOO PHPEUDQHV 2QJHQ
7KH DEL®IDW\CGRROLTXHIDWR FSQ\RYL G H SURWHFWLRQ
IXQJDO LQMFWLWRQWFDO IRU SUDFWLFDO DSSOLFDWLRQ )X
VHHG JHUPLQDWLRQ ORVV GXULQJ VWRUDJH HVSHFLDO!
VDSURWURSKLF IXQJL DUH DRWLWDGHEP B HIGL G H WRUGR P!
TXDOLWLHBUFLHDUH{W DO %LRORJLFDO WUHDWPHQ
PLFURRUJIDPLVORWLTXHIBBQHOWSODFH RU VXSSOHPHQW FKI
WKLRFDUEDPDWHY WKLDEHQGD]ROHV W WUPSRWH VU LHWMK
KXPDQ KHDOWK DQG WKH SUREOHP RI SDWKRJHQ UHVLVWLE
$QDO\WLQJ WKH UHVXOWV RI WKH VWXG\ RI WKH HITHFW
GXDO IXQFW®%RXPDORWL TR(H | DZFDWH QBMWIBUPD. SURQRXQFHG
VWLPXODWLQJ HIIHFW LQFUHDVH LQ VKRRW KHLJKW D\
ZLWKLQ GD\V ZKLFK LV D ELRORJLWHO®\ OVREQUILW
H[SHULPHQW DQG DQ DHERMROXWH SRWWFWWRYHD HDILQVW |
ZKLFK FRUUHVSRQGV WR WKH KLJK OHY Bh® RINEIRARQMW @ R C
FRPELQDWLRQ RI SURSHUWLHV LV RSWLPDO IRARIVIQH FUF
WUHDWPHQR@GRYHUBWQEOH VHHGY VLQFH D ELRORJLFDO S
%DP\OROLTXHIPBFQHQWXOWDQHRXVO\ SURWHFW VHHGV IUR
JHUPLQDWLRQ DQG VWLPXODWH HDUO\ VHHGOD®RWWRZWK
7KH UHVXOWV REWDLQHG DUH FRPSDUD®ORLBMBRVWEH FK
ELRORJLFDO SURGXFWV 7KH ELRORJLFDO SURGXFW 5KL
DP\OROLTXYHMWFLWQY ELRIHUWLOLVHU ZLWK VWLPXODWLQ.
DJDLQVW YDULRXV VRLO GLVHDVHV GSKIRXEWEBLE%L7(3
SURPRWHV WKH JURZWK RI UKL]JREDFWHULD DQG LV D ELR
DQGXLWY B6HUHQDGHS $SOMINEAKED MW LEDIHEGR@U WKH SUH®
FRQWURO RI VRLO SK\WRSDWKRJHQV SURYLGLQJ SURWH
621$7$5 $IJUDAXHVW6SEPMIGG/RQ LV D ELRIXQBRBIVBHRIR R IV
SRZGHU\ PLOGHZ %RUULVV
7KH HQGRSK\W®%M RWRIQ QT RHIPAMVHWRYLGH DGGLWLRQ
FRPSDUHG WR UKL]RVSKHULF RU HSLSK\WLF VWUDLQV (QG
DQG HVWDWE UPKVOREMMRWLBWLRQV WKURXJK VSHFLILF PHFI
SODQW V LPPXQH UHVSRQVH DQG HIIHFWLYHO\ FRORQLVH
SURYLGHY SURWHFWLRQ WR WKH SODQW WKURXJKRXW WK
FDQZBWKHG DZD\ E\ UDLQ VXSSUHVVHG E\ XOWUDYLROHW
SK\OORVSKHUH PLFURELRWD 9HUWLFDO WUDQVPLVVLRQ
LQWHUJHQHUDWLRQDO VXSSRUW RI V\PELRVSWRVWHKEWK YR
PHFKDQLVPV LQ VXEVHTXHQW JHQHUDWLROAXBDWORQ WADE
HW DO 6DQWR\R HW DO 7KHUHIRUH JLYHQ WE
PLFURRUJDQLVP%DWKIROVROPDMFBHOWYLQJ IRU WKH GHYHO
SURORFIHIGRQ ELRORJLFDO SURGXFWYV IRU DJULFXOWXUH |
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OHWDEROLRISWURDPOBIROLTXHIBBRIBEA¥WLRQ RI YRODWL
FRPSRXQGYV

'XULQJ WKH DQDO\WLV RI YRODWLOH RUJBK@LH RDRSR
FKURPDWRJUDSK\ ZLWK D PDVV VSHFWURPHWULF GHWHF
HOQOGRSK\WLP6 LPDRODRMOH TXHIDFYHQMYHDOHG ZKLFK GHSF
FRPSRVLWKRFROWXUH PHGLXP 7DEOH

7TDEOH
BURILOH RI YRODWLOH RUJDQLF FRP %R >X@GY RRILWXHREBRLGRBWK \ W
GLITHUHQW FXOWXUH PHGLD

&RQFHQWUDWLRR SSP
&RPSRXQG | )XQFWLRQ 6\QWKHWEBRWDWR 'H[WURVF
PHGLXH % URW K

$FHWRLQ *URZWWKLP XODWRU ! !

NWXWDOQHGERRAWK VWLPXPDDWRU !

3\ UDJLQHV | BURWHFWLYH [VLJQDOOLQJ !

3KHQ\0 D FH I ERARRFXUVMRU - gURzWK

,VRYDOHULF 3WARWHFWLYH

I1RWH QR®W GHWHFWHG

,Q D VIQWKHWLF PHGLXP OLPLWHG QLWURJHQ MKMW H(
LVRODWHG % QBR®DKRWIHIX HLREEHFPNG KLIJK SURGXFWLRQ R
SSP PRGHUDWH SER®DPRMICR@RA DQG LVREXW\ULF DFLG
SRWDWR GH[WURDH\ER K WKXHRREF LHQDQIHPHWDEROLVP W
ELRV\QWKHVLVFRQWILMURIH@ISWHURGHOHY SSP DQG D
SUHFXUVRUMRHQX)D®WW D O GHKYGGHWHEBREGHUDWH SUR
RI DFHWRLQ EX8PQHGLRQH SEP DFQG LVRBSW\UZL
GHWHUPLQHG

7KH UHVXOWYV RI WKH YDULDEIRILW)\ RP\WRE I(FNWIDER E
FRQILUP WKH DGDSWDWLRQ RI WKH LVRODWHG HQGRSK\W
LQ ELRV\QWKHWLF SDWKZDFDUERGHMH[FRQG LWK R QWX WD Q
DFHWREXQWDQHGLRO SDWKZD\ LV DFWLYDWHG ZKLFK LV
XWLOLVDWLRQ GXULQJ LQWHQVLYH JOXFRVH IHUPHQWDYV
IXQFWILWR @ DLQWD L QSH LEXWUDEHDIOKK OBBXPXODWLRQ RI RUJ
H[FHVV S\UXYLF DFLG LQWR QHXWUDO SURGXFWV. DFFRUG
$FHWRODPWEWRLQ %XWDQHGLRO ;LDR HW DO 7
FKDUDFWHU®DWLBAOOABDLQ D KLJK UDWH RI JO\FRO\VL
F\WRSODVP ZKLFK LV FULWLFDO IRU VXUYLYDO LQ HQYL
DFWLYDWLQJ SODQW JURZWK

8QGHU FRQGLWLRQV Rl EDODQFHG FDUERQ DQG QLWL
PHWDEROLVP LV SDUWLDOO\ UHRULHQWHG WRZDUGV DPL
RI QLWARRRJWOLQLQJ KHWHURF\FOLF FRPSRXQGV 3\UD]LQ
FRQGHQVDWLRQ RI DPLQR DFLGV GLHORLERD \@OMRPGERR X\OK M
0DLOODUG :D B HAW DRQ 3KHQ\ODFHWDOGHK\GH LV IR
PHWDEROLWH Rl WKH SKHQ\ODFHWLF SDWKZD\ GXULQJ WK
WKH IROORZLQJ VFKHPH3K BIQNQSOUXOYOIQN B HD O BKHQ GBHD F H W
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3KHQ\ODFHWLF DFLG 7KLV P pb\W B EGIBK FWRD UXL@EW DR @/ \HD IGH
YDULRXV HFRORJLFDOUQEKKWRRWU RPX &DIMK/ SOR QBA RIHH/L
%RUULVV

7KH UHVXOWY REWD L Q HGWHIUHD RRQ\HL @ W WQ W. B L WKV WDIOH
HW DO KDYH GHWHUPLQHG WKDW%\W RH B O RTIX®H DR L
GHSHQGV RQ WKH FRPSRVLWLRQ RI WKH QXWULHQW PHGL
SURGXFWSRQQRDO HWMD@ABGLRQH DQG DFHWRLQ ZKLOH Wk
HQULFKPHQW RI WKH PHGLXP ZLWK QLWURJHQ OHDGV WR
RI S\UDJLQHV DQG EHQ]DOGHK\GH

7KH PRVW LPSRUWDQW UHVXOW RI PHWDERORPLF DQD
EDFWHDRDOROLTXHIDALKQYKO\ HIILFLHQW SBRGXRHUV RI
EXWDQRQH D FRPSRXWGPXDWW LSRR FWLYHVDFWLYL
FXOWLYDWLQJ WKH LVRODWHG VWUDLQ RQ D VIQWKHWLF

SSP ZDV GHWHUPLQHG ZKLFK LV FRQVLVWHQW ZLWK W
WKH OLWHUDWXUH IRDFQDBXV'XO L\DW UD WRVPHRD QDO\VLV
GHWHUPL®WGEW®DOWSURGXENWDQHGLRO DQG DFHWRLQ ZI
JURZWKJ RE L GRBY ISURWHFW WKH SODQW IURP WKH HIIHFW

% VXEWS<®ZYV SURGXSHRSDQBIBHWRLQ DQG SK\WRKRUT

VWLPXODWH WKH JURZWK RI WRPDWR VHHGOLQJV 7DKLU

$FHWRLQ LV D PXOWLIXQFWLRQDO PHWDEROLWH WKDV
SODQW LQWHUDFWWRPXODWH QURIZWRW RL\WRKHWRLQQEXDB
RI VIVWHPLF SODQW UHVLVWDQFH DQG VWLPXODWLRQ RI
LQYROYHV WKH DFWLYDW LR G HSIHQIEHLFWO D W D DQ® IMDIV PIRY
RI F\WRNLQLQ DQG DX[LQ ELRV\G\WPKBQIPHRHQW R]SSKRWE
WKURXJK LQFUHDVHG FKORURSK\0OO FRQWHQW DQG SKR!
SKRWRV\QWKHWLF SURGXFWLYLW\ 7DKLU HW DO

$W WKH EDFWHULDO FHOO OHYHO DFHWRPQLRMIDRQ W\
S+ RI WKH FAWRSODVP GXULQJ LQWHQVLYH JOXFRVH IHUPF
HW DO

7KH KLJK SURGXFWLRQ R%DPMHOWRRLION XN M2 B K HEGNRIGHIDVD MV
WR LWV HQGRSK\WLF RULJLQ (QGRJKNWIU D CED® ANV XBI W R
IRXQG LQ VSHFLILF PLFURDHURELF FRQGLWLRQV ZLWK KL
WR QLWURJHQ +DUGRLP HW DO 7KHVH FRQGLWLRQ\
SDWKZD\ DQG DFHWRL® G DREE®SMALLYRIQVRMOUIDBEMHHJI\ IRU HVW
UHODWLRQVKLSV ZLWK WKHVSQP®WD VEIUGEN BN R Y HMRZ
6DQWR\R HW DO

&KDQJHV LQ WKH PHWDEROLF SURILOH DUH DQ LPSR
SURPRWE@HELD IRU HIITHFWLYH IXQFWLRQLQJ LQ WKH G\(
ZKHUH WKH FRPSRVLWLRQ RI H[XGDWHV YDULHV GHSHQC
\RXQJ URRWV VHFUHWH D ORW RI VXJDUV DJHLBYWLVVX
FRQGLWLRQV DFFXPXODWLRQ RI RVPRO\WHV GXULQJ G
FRPSHWLWLRQ IRU VSHFLILF VXEVWUDW4D\P\QRPS DM DR H
( WR DGDSW LWV PHWDEROLVP WR FKDQWKH HQYEURQW
UKL]JRVSKHUH FRORQLVDWLRQ E\ HQGRSK\WHYV

&RQFOXVLRQV

'XULQJ FRPSUHKHQVLYH LGHQWLVMFMWHRWURHEHWUN 9
&RPSDFW SKHQRW\SLF PDUNHUV WKH HQGRSK\WLF LVRC(
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VSHPRABWLOORULDRHODFLHERQILGHQFH 'LIIHUHQWLDWLRQ
UHOBWMBWDYLSHUIRUPHG EDVHG RQ FKDUDFWHULVWLF |
FKDLQV DQG WKH LQDELOLW\ WR XWLOLVH LQXOLQ

W ZDV IRXQG WKDW HQIGRIOIKRWIEEXDNKYHHW L\DLIQLILFD
ELRFRQWURO SRWHQWLDO H[KLELWLQJ DQWDJRQLVWLF C
R[\WSRWAP$ DOWHIBQDWRZWK LQKLELWALR DR HEBFWHULLC
PLFKLJDOXERERKLJDQHRNLYR UH VF 8 QD U R WERRYORY X P
3 VI\ULERIDP ; FDPSHMWWALY LQKLELWLRQPRQHWHQ
DVVHVVLQJ WKH ELRORJLFDO DFMPLDIRWL RXHHIRERB KD WF E
VHH®VY LNURYWKP XOBIWWQD ORW LQFUHDVH LQ VKRRW KHL.
HIILFDF\ ZHUH GHWHUPLQHG ZKLFK ZDV H[SUHVVHG LQ
GHYHORSPHQW RI IXQJDO GLVHDVHV E\ WKH LVRODWHG V

,W KDV EHHQ H %W PER VKT MDNEWBI¥FWLYH SURGXFHU F
DQG LV FKDUDFWHULVHG E\ LWV DELOLW\ WR FKDQJH P
SURGXFWLRQ RMWLPNRZWKQJ PHWDEROEWWYDQ H @R
SKHQ\ODFHWDOGHK\GH WR SURWHFWLYHV REXQYDWLFL @I L
GHSHQGLQJ RQ WKH FRPSRVLWLRQ RI WKH FXOWXUH PHGL
WKH GXDO ELRWHFKQRORJLFDO IXQFWLRQDOLW)\ RI WKH F

7KH FRPSUHKHQVLYH FKDUDFWH U %\DPWQARQLEQ WIOHF IHQ G
FRQILUPV LWV SRWHQWLDO IRU WKH GHYHORSPHQW RI HQ
DW SURWHFWLQJ DQG VWLPXODWLQJ WKH JURZWK RI DJU
VWLPXODWLQJ PHWDEROLWHYV HIIWKWRIMB \ERR PR URED B
IXQJDO SODQW GLVHDVHV DQG WKH DEVHQFH RI SK\WRWF
ELRWHFKQRORJLFDO DSSOLF®BWPRRIR 6L FCHG R BKEWRY/G REIDFD
SURWHFWLRQ DQG SIRIQWVWREWHK Y WUPXOOOWXUH DQG W

5HIHUHQFHYV

$OPHLGD 2 $ & GH $UDXMR 12 OXODWR $7 1 S3RGULQRMAL *
0- 20LYHLUD -9 G & %DFWHULDO YRODWLOH RUJDQI
DQG LQGXFH PHWDEROLBURRWQHUW L@ BOMW 6FLHQFH
KWWSV GRL RUJ ISOV

%HQKDPRX 1 .ORHSSHU - : 7X]XQ 6 ) XY®XENPWR R R WIRKP DI
E\ FRPELQDWLRQ RI FKLW EDF® HUWKODOWH®GERS AW EBD VW U X I
RI WKH KRVBODOWSRQWBIS:t KWWSV GRL RUJ v

%RUULVV 5 BVHWREMLDWBMWNYEQRIBUWLOL]HUV DQG ELRFR!
DJULFXOWXUH ,Q 6 6 *®DOWPDQDFN@RBJYRELRORJI\ 30DQW
6SULQJHHW SSVWSV GRL RUJ B

&DL 3 'LPRSRXORV * OLFURELDO ELRSHVWLFLGHY $ RQH
2QH +HDOWK KWWSV GRL RUJ M RQHKOW

&KHQ ; + .RXPRXWVL $ 6FKRO] 5 %RUULVV+3URGXFWLRRIH RV
DQWLELRWLFV DQG RWKHU%DIFERQG I LD PR § R/ ERXKLDANH ERV
OROHFXODU OLFURELRORJ\ DSB8 YKIWVRWSINE K GRQ RJIY J

&RPSDQW 6 'XII\ % 1RZDN - &OHPHQW & $LW SWRPRWVIQJ
EDFWHULD IRU ELRFRQWURO RI SODQW GLVHDVHVSHBWQYFLSC
$SSOLHG DQG (QYLURQPHQWDO OLBBRELRORJ\
KWWSV GRL RUJ $(0

'"H 9RV 3 *DUULW\ * 0 -RQHV ' .ULHJ 1 5 OWXGHWJ. + 5XL@H\D)
D % %HUJH\TV PDQXDO RI VIVWHPDWLF EDFWHULRORJ\

KWWSV GRL RUJ E
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'XQODS & $ .LP 6 - .ZRQ 6 : SRERRYOVHOHVHQRWYD ODWHU KHW
VIQRQ\P6RFLOOXV DP\ORDEIBHEMNFORYWBREKQDXY DP\OROLTXF
VXE 885 D Q VDMEHRF LRW XM DQWH ODWHU KHW H¥ B AL S DK W \'QHR@HN P
EDVHG RQ SK\Q®/MHQERPEERQDO -RXUQDO RI 6\VWHPDWLF DQ

SS + KWWSV GRL RUJ LMVHP

)$2 7KH )XWXUH Rl )RRG :D7QG GGV LFR G VWKBDBD MBI BYULFXO W
2UJDQL]DWLRQ RI WKH 8QLWHG 1DWLRQV 5RPH

*RGIUD\ + & - %HGGLQJWRQ -5 &UXWH ,5 +DGGDG / /DZUH
6 7KRPDV 6 0 7RXOPLQ & JRRG VHFXULW\ 7KH FKDO
6FLHQFH SSt KWWSV GRL RUJ VFLHQFH

+DUGRLP 35 YDQ 2YHUEHHN /6 %HUJ * 3LUWWLOD $0 &R
6HVVLWVFK $ 7KH KLGGHQ ZRUOG ZLWKLQ SODQWYV (FF
IRU GHILQLQJ IXQFWLRQL QD RAPREURER D\BFQOORSKLRBRJI\ 5H

SS+ KWWSV GRL RUJ 00%5

+YR]GLDN 5, .DEDVKQD /9 3DVLFKQ\N /$ ODNDUFKXN <H $
SVKHQ\WYJDWHPRGLLD ] ILWRSDW RKSIRYL\GL BB BB HULLDP\

,VVD]DGHK . .D]HPL 5DG 6 =DUUDEL 6 5D K L PLCEFDL\OKDX 0
VSHFLHV; DQWKRPR QD VSHBP B S WIWBB¥FW REDFWHUL XX EDS RWRY
&DURWRYRUXPDQ -RXUQDO Rl OLFURELRO®Y\ +5HVHDUFK
KWWSV GRL RUJ $-05

.DL 0 +DXVWHLQ 0 OROLQD ) 3HWUL $ 6FKRDWOHYLBHGEXDK
DFWLRQ SBWSMWIGDOOLFURELRORJ\ DQG %EBWHFKQRORJ\
KWWSV GRL RUJ Y%

.OHPHQW = 5XGROSK . ®BWKRGWK EQFIKNWERANDRBHNPLDL .LDGR
%XGDSHVW

IXR /| =KDR & :DQJ ( 5D]D BDF4IOD &V DP\@MRODDXH]IPHFOBDEQW |
IRU ELRIHUWLOL]HU DQG ELRFRQWURO LQ DUIUAUFRKBWRORILEQ
5HVHDUFK KWWSV GRL RUJ M PLFUHV

ODVOHQQLNRYD 9 6 7VYHWNRYD 9 3 B6KHOLNKRYD (9 6HO\X
"XERYVNL\ , 0 %DFLOOXVIQWGGBDWLOOXY D P\ORL]L VXS U \M\QHN
5KL]JRFWRQLD GLVHDVH DQG LPSURYHV UKL]JRVSEROB @LFFURE
WXEHURVRRUQDO RI )XQJKWWSV GRL NRRIJ

ORXJRX , %RXJKDOOHE 1 3V HXGRIPRRRRIBWW\RIQ RIDHFWLQJ FLWU
RUFKDUGV LQ 7XQLVLD%DFXOOXNDLQG LUMHWQIREW i D/QU DR Q D O
%LRORJLFDO 3HVW &RQWSWROGRY RUJ

2QJHQD 0 -DFTXMEADBLOIOSRSHSWLGHY YHUVDWLOH ZHDSRQV IR
7UHQGV LQ OLFUREBBORXWWSYV GRL RUJ M WL

3DW\ND 9 3 3DVLFKQ\N / $ +YR]G\DN 5, 3HWU\FKHQNR 9 )
+QDW\XN 7 73K\WRSDWKRJHQLF %D FW HULM®Q \S\HWLHD U F& DLHIGKR

3HUHDJUFLD $ 5RPHUR ' GH 9LFHQRWHHEWLRQ D3DDJWRIWK V\
PLFURRUJDQLVPV %LRWHFKQRORJLFDO RESSUHDW 2BQQLRIQ
%LRWHFKQROBB: KWWSV GRL RUJ M FRSELR

3ULHVW ) * *RRGIHOORZ 0 6KXWH %® F LQXNHIDA\MAS@ IQTRYH | D F L
QRP UBWHUQDWLRQDO -RXUQDO RI 6\WVWHPDWLFSEQG (YROX\
KWWSV GRL RUJ

5\X & 0 )DUDJ 0 $ +X & + DbLHGG\ 0 6 THL + 3DUH 3 : .ORH
YRODWLOHV LQGXFH V\VWHPIBO DOWRBSRIODFH $§9 $3UDELGRSV
KWWSV GRL RUJ SS

6DQWR\R * +DRUBOYRHE *0ORVURHFFD 0 ' & *OLFN % 5 30C
SURPRWLQJ EDFWHULOL® U REQER RBIMMHHAD UFK SS =+
KWWSV GRL RUJ M PLFUHYV

6FKREHU , .REOLW] - 6DUGD &DUEDVVH - (EHOLQJ & Q6FKPLG
9 &KDPDQ@RIXUWNRDQQ - 5HLPHU / & %DF'LYH LQ 71
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SURNDU\RWLF VWUWXBOMLFGD®M GV S5HVHDEEK +
KWWSV GRL RUJ QDU JNDH
7DKLU + $6 *X 4 :X + 5D]D : +DQLI $ :X / &3ODRDD) DURZWI
SURPRWLRQ E\ YRODWLOH RUJD(DLFL GRKSREDINR OWR B M FHIAQ
OLFURELRORKWWSY GRL RUJ IPLFE
7KDNXU 1 .DXU GKDINRPDB 3 <DGDY $ 1 OLFURELDO ELRSH
DQG DGYDQFHPHQW IRU VXVWDLQDEOH DJULFXOWXUH DQG H
1 <DGDY T{GWQGV RI OLFURELDO %LRWHFKQRORJ\ IRU 6}
%LRPHGLEWQVHPY 'LYHUVLW\ DQG )XQFWHLYRQGO: S8 UVSHF\
KWWSV GRL RUJ %
7VXFKLGD 6 +LURVKL 8 7RPRKLUR 1 DVVEXWHIEQWDV
GHVRUSWLRQ LLARHDLL DKW PQ VV VSHFWRREHWQ\ FOL/QLFDO GLD.
PLFURELORDRUAXOHY KWWSV GRL RUJ PROHFXOHYV
'DQJ 5 /RQJ = /LDQJ; *XR 6 1LQJ 1 <DQJ/ :DQJ; IX %
JOXFDQDVH GHDEYEGXWPP\QROLDXW KM SWRWHFWLRQ |
DDLQYWRWU\WLV DRIGRGHWHDQDUL®LBORID[FDO &RQWURO
KWWSV GRL RUJ M ELRFRQWURO
'LDR = ;X 3 $FHWRLQ PHWDW®WRG DOP5HY LEHYRWIHQ OBBURELF
+ KWWSV GRL RUJ

&LWH

8)- 6W\OH

6KRSLQVN\L 9 %XWUVHWNRROLF SURILOH DQG ELRFRC

HQGRSK\W L Bo EFDLFMWOKWL D P\QRO&N M B LMAIDHRY YRRG -RX U (
SS+ KWWSV GRL RUJ ;

$3$ 6W\OH

6KRSLQVN\L 9 % X WOUHHVQINRR @ LF SURILOH DQG ELRFF

R1 HQ GRS K\Woh B FHIDFOAXIWUD P\ O R GBINTKXIHU Q E D RV O
* KWWSV GRL RUJ ;
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,PSURYHG SURGXFWLRQ RI VHOHQLXP QDQR:
ODFWLF DFLG TGN/ RUVWUDLQ VHOHFWLRQ D¢
SDUDPHWHUV

O\URVODY .K ,U\QD .RY 6YLWODQD 'D
9LNWRU 6WDEQLNRY

1 1IDWLRQDO 8QLYHUVLWI Rl )RRG |
1, QVWLWXWH Rl )RRG 5HVRXUFHV RI WKH IDWLRQ@DO $F
RI 8NUDLQH .ILY 8NUDLQH

$EVWI
.H\ZRUGYV ,QWURGXAWLRQP RI WKLV VWXG\ ZDV WR
ELRWUDQVIRUPDWLRQ HIILFLHQF\ RI LQRUJDC
6HOHQLXP QDQRSDUWLFOHV 6H13V WKURXJK WKH VHOH
IDQRSDUWLFO®#wW VWUDLQ FRP&SRVWEMULRIQDDMIRQ RI ELR)
&RPSRVLWLROUDPHWHUV
/1$% VWUDLQV ODWHWDL@EHWKRBWHOHFW WKH /$% FRPSRVL\
%LRV\QWKHVIWRP  WKH /[IDHQWHRIDD BMWOUHSW RMRFAFRNRF F XV
/IHXFRQRDWRAFLILGRED M HIL XPVHG AXDQWLW
GHWHUPLQDWLRQ RI 6XW3VW SAFW FRIKRWE PRV
SHVLGXDO VRGLXP VHOHQLWH ZDV PHDVXUHG
UHGXFWLRQ WR HOHPHQWDO VHOHQLXP XV

PRUSKRORJLFDO DQG HOHPHQWDO FKDUDFWI
V ZHUH H[DPLQHG XVQ QPLNERQER{\ 6I(@HF
SUWLFOH KLV\@%@H@HU$\|—|UWUWM3HFWURVFRS\ "
EHEHLYHG 5HVXOWYV DQG)RBUWVFRXFMLIRRXDO WWWDL@V DG
FRPSRVLWLRQ FXOWLYDWLRQ SDUDPHWHUV
5HEHLYHG LQ LOQRFXOXP FRQFHOQWWIHZKRBRQFHQWLDWLRQ
UHYLVHG IRUPVSHHG<USP FXOWLYDWLRQ WIWRHLWEGHER DQG
DGGLWLRQ WIMWKHVBHQGERQGLWLRQV KLJK 6H13
$FFHSWHG ZHUH DFKDHWREGDFLOOXV SODQWDUXPJ P/
/IDFWREDFLOOXV BXOJB'ULFXA—IDFWRFRFFXV
FUHPRULY x % x—BWWUHSWRFRFFXV WKHUF

DXWKRU x % x—J P/ 7KH FRPEEQDWLRBRQBXM
FUHPRUL%/& SURGXFHG' x x—J P/ 6H13V
9LNWRU 6WDEBRVRHVSRQGLQJ WR RI WKH WRWDO WUD
(PDLO EDFWHULDO ELRPDVV VX8 OLMDRQG UDWRADR\VHV
YVWDEQLNRY #RQILUPHG WKH IRUPDWLRQ RI DPRUSKRXV V
JPDLO FRP UDQJLQJHURRBP PHDQ x % xQP 7KH SDL
GLVWULEXWLRQ VKRZHG WA ZRxQUBPHTXHQF\ SHDN
+ xQFP DQG RQHEDR/GIGPISHDNQP

ZLWK G G DQG G YDOXMQMRIUHVSHFIVQGH

&RQFOXYKRQMHVXOWY REWDLQHG XQGHU HV
>y GHPRQVWUDWH WKH KLJK SRW& @WWKO6R L 3WK H
IRU LQFRUSRUDWLRQRRGWRURGXFMWMR @Y D EL
VRXUFH RI VHOHQLXP
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,QWURGXFWLRQ

7KH XVH Rl ODFWLF DFLG EDFWHULD /$% FDSDEOH RI
LQWR VHOHQLXP QDQRSDUWLFOHYV 6H13V KDV JDLQHG L¢
WR DGGUHVV VHOHQ L XWPK & HG HFYLHHIRS PMIQWWR RIK X Q FW LR Q D ¢
WKLV HVVHQWLD.Q HOU Y FHHN HIDGEPQEPRWDIDQ R 6DODPD HW
BWDEQLNRY HW DO 6WDEQLNRYDOWHRVD@DWKHVL]D® J6 |
DUH DOVR FRQWLGHUDIGWMHSQBWILYH WR FRQYHQWLRQDO ¢
RUJDQLF VHOHQLXP IRUPV GXH WR WKHLU SRWHQWLDOO\
7R[LFLW\ GHFUHDQHV IDVVHV 0L F R H/GRLRQ VM WEBIG Q6HH K D C
/' zu XB® Ri“x xPJ 6H NJ DQG xPJ 6H NJ ERG\ ZHLJKW
6H13V VKRZHG D PXBEKRKLJKMBJI/'6H NJ FRUUHVSRQGLQJ W
DQGIROG ORZHU WR[LFLW\ 6FKUDX]HU 6KDNLEDLH H\
7KH DELOLW\ RI /$% WR FRQYHUW LQRUJDQLF VHOHQLX
GHSHQGV ERWXHRQIVRWBRRQDFWHULVWLFV DQG RQ WKH FR
LV SHUIRUPHG 6XFK DELOLMAWPEDEHE Q X\WHBRLG\RRH KRN V
FDVHIGHOEUXKENISEIXOJDULFXV / SODQWDUXP / IHUPH:
/| KHOYHWLFXV / UHXWHUL / EUHDQW6L6WIREDFRRRHBROP \
RWKHUV &UHVSR DD GRIYO *UBJLUFKDN HW DO +:
BLGGLTL . XUHN HW DO ODUWtQH] HW DO 3F
6S\ULGRSRXORYWWERQNRY HW DO
7KH PDLQ JURSS RG %FILGJ EDFW HADIFW RBORE XV WK MFKKH
UHPDLQV WKH PRVW 18 /MWUIHHBWLR FRR PXM KWELKEH W\P\R & KIMOXN U W
WR KLJK VRGLXP VHOHQLWH FROWREMNHEDORLRGY V ZERKSDU I
LQKLELWLRQ REVHUYHG DW FRQFHOQMBBDQRAQVHRI XSG WR
5HSUHVHQWD WL YIHOV/R RDFMBHIL XUHPDLQ WKH OHDVW VWXG
FDSDEOH RI FRQYHUWLQJ LQRUJDQLF VHOHQLXP FRPSF
GHPRQVWUDWH WKHLU DELOLW\ WHRRWKFE®WRU® L QR GRXFP
PROHFXOHV DQG HOHPHQWDO VHO BhQ LIX®R 5 REQMH IPRIXB K PF )
VXSSOHPHQWHG ZLWK PO VRGLXP VHOHQLWH \LHOGHG
JUDP RI ELRPDVV 6WDEQLNRYD HW DO
,QRFXE@BPVHG RQ /$% ELRPDVV RIWHQ FRPELQH PXOWLS
IXQFWLRQDO SURSHUWLHYV +RZHYHU FRPSOFODINVWLYH V\V
DFLGRSKLOXV / DSGDQWWKBRY FRPSRVLWLRQ UHYHDOH
FRQYHUVLIRQFMILQFWKH PRQRFXOWXUHV 6DODPD HW DO
VHOHQLXP ELRWUDQVIRUPDWLRQ E\ /$% DUH WKH VHOHQ
FXOWXUH PHGLXP /LDR DQG :DQJw6H2x 6RG LWIRHVPRWE LFA/R
XVHEBWIPQLF VRXUFH 6WDEQLNRYD HW DO 5HSRUW!
WKH OHYHO H[FHHGVY PJ/ WKH PHWDEROLF SDWKZD\ W
FRPSRXQG IRUPDWLRQ HJ VHOHQRDPLQR DFLGN WRZD
OHVV WR[LF IRUP IRIRPWFUWKICD® VFHESOBR\ VRGLXP VHOH
UDQJLQJ IURP WR PJ/ 6WDEQLNRYD HW DO DO
W R PJ/ KDYH DOVR EHHQ UHSRVW H® B EIDEDWD BG U H V)
VHOHQLXP DFFXPXODWLRQ ZLWKRXW VSHFLI\LQJ WKH IU
KLJKHVW UHSRUWHG VHOHQLXP DFFXPXOBWUR®DVHL PJ /
FDOFXODWHG IURP VRXUFH GDWZKU I8 BV WK I IPK HRIXIPWS D1
PJ/ ZDV UHSREWO.ID YR XMW DO 7R IXUWKHU H
VIQWKHVLY RSWLPL]DWLRQ RI DGGLWLRQDO IDFWRUV V.
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GXUDWLRQ DJLWDWLRQ VWHB® LBQ G KO)\R EKIBRERER QGRM D®
<D@WO
IHYHUWKHOHVYVY IXUWKHU VWXGLHY DUH QHHGHG WR G
DQG /$% FRPSRVLWLRQ IRU GHYHORSLQJ IXQFWLRQDO
SUHGRPLOBQM®W $Q QDQRSDUWLFOH IRUP

ODWHUDD@WHWKRGV
%DFWHULDO VWUDLQY DQG FXOWXUH PHGLXP

7TKH VWXG\ XWLOL]JHG ODFWLF DFLG EDFWHULD REWDLC
WKH 1DWLRQDO $FDGHP\ Rl $JUDULDQ 6FLH/@PFHWVREDE&NO D K
FDVHL /DFWREDFLOOXYV SDPWRBDFLFO O XV DHMLFRBKD BIXKO X
EXOJDULF)ODWWREDFLOOXMBEIHBWRFRFF XV W/HH WRRFSRKFELFOVV
FUHPRULAMDFWREDFLOOXV UKRPRRRXWRF/OBWWERFFXV ODF
DQEILGREDFWHULXP\GBROXHG PLODW VWRM XWRBEWK PHC
SUHSDUHG E\ UHFRQVWLWXWLQJ VNLPPHG PLON SRZGHU
DQG VXEVHTXHQW ILOWUDWLRQ

SUHSDUDWLRQ RI LOQRFXOXP DQG ODFWLF EDFWHULD F.

&ROOHFWLRQ FXOWXUHV RI ODFWKY DROYHED PWENLD
WHPSHUDW XfBH ZRWK SHULRGLF VXEFXOWXUH 7KH VHHG
LQRFXOBWLRUQXWULHQW PHGLXP LQ xP/ IODVNV DQG LC
VKDNLQJ LQ DRUBLWILQ WXDINWRU PCBMRWMIDQ 6,$

'"HWHUPLQDWLRQ RI ELRPDVV FRQFHQWUDWLRQ

%LRPDVV FROQFHQWUDWLRQ ZDV GHWHUPLQHG JUDYLPI

P/ ZHUH WUDQVIHUUHG WR FHQWULIXJH WXEHYVY DQG F
VXSHUQDWDQW ZIKWH GHIDOHWWHBEDW QOWKHG WKUHH WLPHV
ZDVKHG SHOOHW ZDV UHVXVSHQGHG LQ ZPLXHINELOWGE
SDSHU 7KH ILOWHU SDSHU ZDV WKHQ GULHG WR FRQVWD(
DQG UHZHLIKWHER GEREWWYDWLRQ J/ ZDV FDOFXODWHG IU
ILOWHU PDVV EHIRUH DQG DIWHU ILOWUDWLRQ

%LRWUDQVIRUPDWLRQ RI VRGLXP VHOHQLWH LQWR VH(

$ VROXWLRQ RI VRGENEPXVNOIHGHGBGHDVIWKHRKQRHIDQL
BULRU WR DSSOLFDWLRQ WKH VRES-RPWIRIHADYGWIHQWHUHG

$QDO\WLYVY RI WKH DELOLW\ WR ELRWUDQVIRUP VRGLXP
6H3V

7TKH FXOWXUH OLTXLG P/ ZDV WU DRNOMUJILHXSE HGW R LF
PLQXWHYVY DW USP 7KH VXSHUQDWDQW ZDV GHFDC
SUHVHQFIBWRIZBN DVVHVVHG YLVXDOO\ EDVHG RQ WKH FR
LQGLFDWHG SXUH ELRPDVYV ZKHUHBRQW DHGLOH GOHIWLQG

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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'"HWHUPLQDWBRQ RI 6H

7KH TXDQWLWDWLYH 3/HMWHWKHQWDPLSRMHR | 20V SHUIRUPH
LQWR D VROXEOH IRUP WKURXJKW6K H RGGR ZWH & E \RV S/HRFA ¥ R
PHDVXUHPHREWDEZRHG YDOXHV ZHUH FRPSDUHG ZLWK WKR
FDOLEUDWLRQ FXUYH 7KLV PHWKRG KDV EHHQ HPSOR\HG |
HW DO DQG ZDV PRGLILHG WR VXLW WKH FRQGLWLRQ\

3UH S D UDWLIR@G R U G6 WRQXCW URQ¥R OXW IPRQ¥YHUH SUHSDU
DGGLQJ FDOFXODWHG DPRXQWV RI VRGLXP VHOHQLWH
P/ ZLWK GLVWLOOHG ZDWHU $ 0 DVFRUELF DFL® VROX\
LQFXEDWHG IRU PLQ WR DOORZ WKH UHGXFWLRQ UHDFW!I
HDFK VDPSOH ZDV DGMXVWHG WR P/ ZLWK GLVWLOOHG Z
VXOILGH ZDV DGGHG IROORZHG E\ D FRPIRY L QFKK\EDOILBQF
VDPSOHV ZHUH LPPHGLDWHO\ DQDO\HG XVLQJ D VSHFWUI
6SHFWURQLF 8QLFDP (QJODQG DW QP

3UHSDUDWLRQ RI H[SHKH PAHX@WDQ H/ AT XH & P/ ZHUI
FHQWULIXJHQWXEHXJHWGGDMH: PUGP7IKRH VXSHUQDWDQW ZD\
WKH SHOOHW ZDV ZDVKHG WKUHH WLPHV WR UHPRYH UHVL¢
E\ UHVXVSHQGLQJ LW LQ P/ RI 0 1D&0 IROORZRIGVE\ FHC

7KH ZDVKHG SHOOHW ZDV UHVXVSHQGHG LQ P/ RI GLVV
DVFRUELF DFLG VROXWLRQ ZDV DGGHG 7KH WRWDO YROX
BXEVHTXHQWO\ P/ RI 0 VRGLXP VXOHLBMVZIDYFREGWB G I
PLQ WR VWDELOL]H WKH FRORU 7KH VDPSOHV ZHUH WKHQ
WKH ELRPDVV SHOOHW

YJUHVKO\ SUHSDUHG VDPSOHV ZHUH LPPHGLDWHO\ DQDO\
DQG DEVRUEDQFRPSDWMHEY ZZMUKHWKH FDOLEUDWLRQ FXUYH

'"HWHUPLQDWLRQ RI UHVLGXDO VRGLXP VHOHQLWH

7KH TXDQWLWDWLYH GHWHUPLQDWLRQ RI UHVLGXDO VR
EDVHG RQ LWV UHGXFWLRIQ W® SOHNHQWD @ IVBN\OFF-RULELF BA
DO IROORZHG E\ VSHFWURSKRWRPHWULF PHDVXUHP|
ZLWK WKRVH RI VWDQGDUG VROXWLRQV XVLQJ D FDOLEUDYV

7KH FDOLEUDWLRQ FXUYH IRU 6H13VHIBWRIQ PIHDIW URI®@ HX,
VWDQGDUG VROXWLRQV RI VRGLXP VHOHQLWH ZLWK FRQ
&DOFXODWHG DPRXQWV RI VRGLXP VHOHQLWH ZHUH D
GLVWLOOHG ZDWHU 7KHQ DOGBWRR LEQ 6 IVKLHG PALRG X WHL Z@

PLOQXWHYV WR DOORZ WKH UHGXFWLRQ UHDFWLRQ DQG VW
VDPSOH ZDV DGMXVWHG WR P/ E\ DGGLQJ GLVWLOOHG
LPPHGLDWHO\ PHDBHFAVHGRSKRQIRBHWHU DW D ZDYHOHQJWK

JRU WKH GHWHUPLQDWLRQ RI R[SMKH RXGWDQ DWDFPSG® HAD
P/ RI 0 DVFRUELF DFLG VROXWLRQ DQG LQFXEDWHG IRU
7KH VROXWLRAGFRDQURE QWM®W \HOORZ WR UHG $IWHU LQI
ZDV DGMXVWHG WR P/ E\ DGGLQJ GLVWLOOHG ZDWHU T7KH
IRU PLQXWHV WR UHPRYH SRVVLEOH UHVLG X DIV EAHRPID VV
LPPHGLDWHO\ DQDO\]WSHXWLLRISE FBBW RPHWHU DW D ZDYHOHC

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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'"HWHUPLQDWLRQ RI 6H13 ELRVI\QWKHVLY FRQGLWLRQV

7KH LQIOXHQFH RI NH\ SDUDPHWHUV QDPHO\ LQRFXOX
FRQFHQWUDWLRQ LHY BMK¥DRHGEL XP FRI\G X FWLQJ H[SHULPH
HITHFWV ZLWKLQ GHILQHG UDQJHV IRU HDFK VWUDLQ OHI
FRQFHQWUDWLRQ UHVLGXDO VRGLXP VHOHQLWH LQ W
QDQRSDUWLFOH UPNMIBRQ FRQONHGWRQ WKHVH YDOXHV WK
XWLOL]DWLRQ WKH IUDFWLRQ RI VHOHQLXP SUHVHQW DV
ZHUH FDOFXODWHG

$GGLWLRQDO SDUDPHWHUV VXFK DV DJLWDWLRQ VSt
DAG®VLRQ ZHUH H[DPLQHG E\ DVVHVVLQJ WKHLU SDUDOOH

7R GHVLJQ DQG HYDOXDWH WKH PXOWLIDFWRULDO H[S
PDWKHPDWLFDO H[SHULPHQWDO GHVLJQ DSSURDFK ZDV
FRQWWLWRG XVLQJ WKH OHDVW IV FWRWH D OP HWKHRGL P B QWO (
LPSOHPHQWHG ZLWK DOO PHDVXUHPHQWVY SHUIRUPHG
FRQFHQWUDWLRQ VHUYHG DV WKH FULWHULRQ RI RSWLPC

7KH ODFWLF DFLG EDFW WULED ® QGWHWD E R Y GZHULHR © X OLVQL X
SDUDPHWHUV ZHUH YDULHG DFFRUGLQJ WR WKH H[SHUL
FRQGXFWHG LQ UDQGRPL]HG RUGHU

ORUSKRORJ\ DQG VL]H FKDUDFWHUL]DWLRQ RI VHOHQL:

6DPSOHV IRU 6(0DR@®\Y'HY ZHUH SUHSDUHG XVLQJ T
SUHYLRXVO\ GHVFULEHG IRU ODFWLF DFLG EDFWHULD
ODUWLtQH]

&XOWXUH VXVSHQVLRQV Z¢USH ARQ W U PIXQ HABR DSV O O HW
UHVXOWLQ@DFELRPDIMG WKUHH WERHW ZH @/ K/ 3& RY 8 K BW6

$ JOXWDUDOGHEKDG/HD\GREHDONVWRQWKH VHGLPHQW DV D
FHOOXODU VWUXFWXUH 6DR SIOMW RR P HV BOVE ¥ B MBHRGH RQ
VDPSOHYDAMKHEG WKUHH WLPHV ZLWK 3%6 WR UHPRYH UHVI

'"HK\GUDWLRQ ZDV SHUIRUPHG E\HWKIDXQRON LD DGLLGIRXYE D \

DQG KROGLQJ WKRL YWD PFSIDFAHYV ARQFHQW U D W

FHQWULIXJDWLR@® QR KWKH HMAK LGXDO VROYHQW ZDV S
VDPSOHNLAHUHG XRWL® FRPSOHWH HYDSRUDWLRQ RI HWK
SODFHG LQ D YDFXXPIRRGPEHWO Z&HXM DO O RADVDWIS M WaVv HQ
FRDWHG RQWRBPMKIHQ WKH SUHVHQFH RI DUJRQ

OLFURVFRSLF DQDO\VLV ZDV6EBUWLHE RRWQRVYDQJIHDH
PLFUR\HTRI$ S HG6 DIOBRKGHWHFWR U V

ORUSKRORJ\ DQG VL]H RI 6H13V ZHUH H[DPLQHG XVLC
HOHFWURQ FLBURMPREHQ 2UVD\ +ROGLQJ &]JHFK 5HSXEOL
EDFNVFDWWHUHG %6( DQG VHFRQGDU\ 6( HOHFWURQ G
Rl WKH QDQRSDUWLFOHY DQG EDFWHULDO FHOOV ZHUH H
LQWHI1PDWH ®QDO\VLV VRIWZDUH

7KISDUWLFOH VL]HDGLYMWHERWQRG E\ GLUHFW PHDVX
QDQRSDUWLFOHV LQ VHYHUDO UPQEB®RMW RWIDGE Y RI Y LHZU W
7KH IROORZLQJ SDUDPHMWHUY ZBWNARFIDHE DO BWGHEY LDWLRQ
G G DWGDODUWLFOH GLVWULEXWLRQ ZB®DDWIMHY VHIET K |
YROXPH GBI@®¥PWODWLYH YBORMH/ GHQV LW\

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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TKHHODWL YR SIDDBPAMILARRIHY ZDV FDOFXODWHEP IRZUWRE®
* QP DFFRUGLQJ WR WKH HTXDWLRQ

5HODIWD\FNVILRA9§
(6]

ZKHOQHY WKH QXPEHU RI SDUWLFOHVARLWKW® HD W R WHDID QX
SDUWLFOHV DQDO\]HG Q
7KMROXPH IIRRFWRRIQ VL]H UDQJH ZDV FDOFXODWHG E\

9R0X|FPJ+DFW|LRAL|@
[e]

ZKHgHVY WKH WRWDO YROXEPHILR’IHQDUUMIFRDMNQIBL\XN(IPLQI WKH
SDUWLFOH YROXPHYV
TKMROXPH RI HDAK FADOWF XMW HG XVLQIJ WKH HTXDWLR

7
8L—3é@OA
ZKH@HY WKH PHDVXUHGIBUWPHWHU RI WKH
&XPXODWLYH YRQXRH GHIQWHWPLLHOHG E\ VXPPLQJ WKH
YROXPHV LQ DVFHQGLQJ RUGHU RI VL]H LQKWAH GO \W B P2HU
YROXPH FXUYH
7KH SDUWLFOH VL]HV FRUUHYG KYABMQY WR ROXPH GHQ
ZHUH GHVLJQDWHBOBY UHVSHFWLYHO\
7KWSDQQGLFDWLQJ WKH ZLGWK RI WKH SDUWLFOH VI

IRUPXOD
Y= RYE 4
v 4

(OHPHERWMSRVLWLRQ DQDO\VLV

5L=1

(OHPHQWDO FRPSRVLWLRQ ZDV DQDGSHH GLYWL®H VDIF W:R
LQWHJUDWHG ZLWK D 7THVFDQ 9(*$ 6%8 VFDQQLQJ HOHFW!
&]HFK 5HSXEOLF $IWHU YLVXDO ®QGIEBGOWHDWDA G HRO @\
PHDVXUHPHRMMRAMWHEQ D UHJLRQ FRQWDLQLQJ SRWHQW
GHWHUPLQH VHOHQLXP FRQWHQMD) LOQ 6WWHBH QHQ RS Q UMR. EGIk
WKH HOHPHQWDO FRPSRVLWVRQDRRGHK AKHSREW D DR @IGH I
FRPSDUHG DQG WKH HOHPHQWDO SHDB NV FZHUMADLG HERPISIR'
RI WKH PDMRU FRPSRQHQWYV LROKD B KR G ISD\DXRUIHELHCPHVE H7IXN
IURP WKHFROXWL QY H S URFHEM ZRIR MV KHF DXBGWLWDWLYH DQE

6WDWLVWLFDO DQDO\VLYV

$00 H[SHULPHQWDO DVVD\V ZHUH SHUIRUPHG LQ WKUH
WR HQVXUH GDWD UHOLDELOLW\ DQG HQDEOH VWDWLVW
BWDWLVWLFDO DQDO\VLV ZDV FDUULHG RXMUXVYRQJ 6\WDDQX
OLFURVRIW ([FHO

'LWKLIDPSOH VWDWLVWLFDO HYDOXDWLRQ RI PHDVXUH
SHUIRUPHG E\ FDOFXODWLQJ WKH DULWKPHWLF PHDQ 0
UHODWLYH VWDQGDUG GHYLDWWRPQF BG V LADNWHXR\FN GZ WWR KD D ¢
FULWHBEA'RQ RI

%HW 2AHMHRBS OH VW D Ve VRQ ADF GIXGOEDVHVWLQJ WKH KR!
VLQJ /HYHQHYIV WHVWDI\RD@RAWEVERRFBULDQFH $129$%
VWDWLVWLRFDRI\ALUIQH UHF@RHY DPRQJ JURXSV :KHQ VLJQLII

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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TXNH\fV KRQHVW VLIJQLILFDQW GLIIHUHQFKRF 6 D MWHRVWH
FRPSDULVRQV

5HVXOWY DQG GLVFXVVLRQ
&RQILUPDWLRQ RI VHOHQLXP QDQRSDUWLFOH IRUPDWL

TKBELOLW\ RI WKH VWXGLHG EDFWHULDO VWUDLQV W
FRQILUPHG E\ WKH DSSHDUDQFH RI D FKDUDFWHULVWLF U
IRUPDWLRQ RI DPRUSKRXV HOHPHQWDO VHOHQXPPLQ WKI
VRGLXP VHOHQLWH 7KLV FRQFHQWUDWLRQ ZDV VHOHFWI
VWUDRDRWREDFLOOXV UKBRPRARRXWRF GDEVWIRW SURGXFH Gl
QDQRSDUWLFOHV DW ORZHW VHO HQ L VR MURQKHQW WDKWRLZRHG
VOLJKW FRORU FKDQJHYV DW WKHVH OHYHOV

7TKHVH REVHUYDWLRQV DUH FRQVLVWHQW ZLWK SUHY
IRUPDWLRQ E\ YDULRXV ODFWLF DFLG ED/M¥MWRIHEDHMH[CGABX
EXOJDU:FXVJ P/LD HW DO/DFWRFRFFX¥ ODFWIP®
—J P/ ;X HW DOFWREDFLO O XWX BHEIOE JUDEH ESIM
PJ P/ DPRQJ RWKHUYV

ORUHRYHU WKH FKDQJH LQ WKH PHGLXP FRORU WR U]
XQUWDO LQGLFDWRU ZKLFK KDV DOVR EHHQ FRQILUPHG L
DV WKHDABKNIWURP\FHWRHRWYIN\DLBMW DO

AXDQWLWDWLYH DVVHVVPHQW RI 6H13 VIQWKHVLV E\ O

7TKH DELOLW\ RI WKH VWXGLHG VWUDLQV WR VIQWKHYV
XQGHU VWDQGDUGL]HG FRQGLWLRQV LQRFXOXP —1J
7TDEOH GLVWLQFW FRORU FKDQJHV LQGLFDWHRDNWHRI 6F
/| FUHPRULY WKHUPRSKIDDY¥Y ORQJXPZKLFK SURGXFH
“ “ “ DQG* —J P/ RI 6H13V UHVSHFWL
UHPDLQLQJ VWUDLQV SURGXFHG ORZHW-—-6HP3 FRQFHQWUD
$WHU / RDVHLH[KLELWHG WKH KLIJKHVW-6HL3 TZKYBO
EXOJDULFEMPRQVWUDWHG WKH JUHDWHV/W FRMHPARUQY LQF!
DQ% ORQJIJXPBHDFKHGI P/ ZKHWHLDGRSKLOXWHYLVDQG
6 WKHUPRSKRIFFXVYXO®DWHB/ ,Q FRGWODWDUXPKDPQRVXV
/| ODFWLWQGODFWLBHPDLQHG EHORZ —J P/ FRQILU
UHGXFLQJ DFWLYLW\ WRZDUG VRGLXP VHOHQLWH
$W xKH SODQWDUWORYZHG D GHOD\HG 6H13xXDKFXRXAUDPVLRC
LQFUHDMHI P/ ZKLOH SUHYLRXVO\ KLJK SURGXFHUV UHDI
&EXOWLYDWLRE BH\R @QRW VLIQLILFDQWO\ FKDQJH 6H12
WKHVH UHVXOWY WLRQLWHBMDR®I FXRRXYD ZDV VHOHFWH
UHDFKHG WKHLU PD[LPXP FRQFHQWUDWLRQ RI VIQWKHVI
SHULRG ZLWK QR VLIJQLILFDQW FKDQJHV REVHUYHG WKHI
&RQVLGHULQJ WKH ORZ SURGXMWXHQW RISWHB W DMWY R/
IRFXVHG RQVHL / FUHPRULV SODQWDUXP ORQJXP
| EXOJDULFXMVFLGRSKLOXWKHUPRSKDQ®BEFUHYLYV

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7DEOH

BURGXFWLRQ RI 6H13V —J P/ GXULQJ /$% FXOWLYD

6WUD L Q EXOWLYDWIKRQ WLPH
IDFWREDFLOOXV FDVHL 63 ‘! ‘! ‘!
IDFWRFRFFXV FUHRRULY 6|3 ‘! ‘! ‘!
IDFWREDFLOOXV SODQWDWUYXP 63 ° ‘! ‘!
%LILGREDFWHULXP  ORQJXP 63“ ! ‘! ‘!
IDFWREDFLOOXV EXOJDULEXV 63 ‘© ! ‘© !
IDFWREDFLOOXV DFLGRSKLOXY 68 ‘© ! ‘© !
EWUHSWWRRREPRWBKLOXY 64 ‘! ‘© ! ‘© !
IDFWREDFLOOXV EUHYLV §3 ‘! ‘© ! ‘© !
IDFWREDFLOOXV UDPQRVXV 63 ! ‘! ‘!
IHXFRQRVWRF ODFWLV*“63 ‘! ‘! ‘!
IDFWRFRFFXV ODFWLF 63 ‘! ‘! ‘!

PE7KH PHDQ YDOXHV LQ WKH VDPH URZ ZLWK GLIIHUHQW VXSHU

'"HWHUPLQDWLRQ RI 6H13 ELRVI\QWKHVLY$BHRQGLWLRQV

7KH ILUVW VWHS LQ HQKDQFHPHQW RI 6H13 VIQWKHVLYV
GRVH 7KH FRQFHQWUDWLRQV WHVWHG ZHUH DQ
VWDQGDUGL]HG IRU DOO VDPSOHV VRGLXP VHOHQRMWH D
f& $QDO\WLYVY VKRZHG WKDW IRU PRVW VWUDLQV PD[LPX
DW D LQRFXOXP 7DEOH

7DEOH
,PSDFWRFRIXDXP GRVH RQ 6H13 SURGXFWUR®BYWUDR/Q¥\ WKH \

6WUD L Q IORFXOXP GRVH

FDVHL “

SODQWDUXP “

DFLGRSKLOXV )

WKHUPRSKLOXV *

~|o|~|~|~|~|—~

| I

| I

| I
EXOJDULFXV o o :

| |

| I

FUHPRULYV o '

| |

[
[
[
[
EUHYLV “ ‘o “
[
[
i

(
|
(
“ (
|
|
|
I

% ORQJXP -

PE7KH PHDQ YDOXHV LQ WKH VDPH URZ ZLWK GLIIHUHQW VXSHU

6SHFLIVFBOOQWDWRCGEXOIDULHAKNLELWHG WKH KLJKHV

6H13 SURGXFWLRQ QDPHO\ “ —J P/ DQG “ —J P

PRUH WKDQ WZLFH WKH YDOXHVY REWDLQHG DW D LQRFX

UHFRUGHGDRMHL UHDFKLQJ —J P/ DW D LOQRFXOXP ,QF
FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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LQRFXOXP WR JHQHUDOO\ UHGXFHG 6H13 VI OWKHVLYV L
PHWDEROLF DFWLYLW\ GLPLQLVKLQJ WKH VWUHVV FRQG
IRUPDWWRGU VWURUQWFLGRGXKGOXVWUHYLW WKHUPRSKLO:

DQGFUHPRULW[KLELWHG JUDGXDO LQFUHDVHV LQ 6H
LQRFXOXP IROORZHG E\ VWDELOL]DWLRQ RU VOLJKW GHI

IRU DFLGRSKHOD®YIDWAG “ —J P/ “ WR—J P/
WKHQ GHFUHDVHG WR %*“ ORQJIXPKRZHG D PRUH XQLIRUP
IURP “ —J P/ WR “ —J P/ %DVHG RQ WKH

RI+ ZDV GHWHMJWR EH RSWLPDO IRU PRVW VWUDLQV DV
6H13 SURGXFWLRQ DQG LQ VRPH FDVHV OHG WR UHGXFW
7TKH UHVXOWY UHJDUGLQJ WKH UHVLGXDO VRGLXP VF

LQRFXOXP OHYHOV RI DQ@GIRUDARP SQNWHLRMWH@L]DWLR
VHOHQLXP VRXUFH ZKHUHDV WKH DGGLWLRQ RI LQRF
DSSUR[LPBWH®Q LQRFXOXP FRQFHQWUDWLRQ RI HQ

FRQYHUVLRQ E\ DOOxVWUDLQV UHDFKLQJ

7DEOH
,PSDFW RI LQRFXOXP GRVH2RFREONHQWLDO®WDRQ —J P/

IORFXOXP GRVH

BWUDLQ

FDVHL “

SODQWDUXP “

DFLGRSKLOXV *

EUHYLV “

WKHUPRSKLOXV

FUHPRULYV )

/ i i [ [
/ i i [ q
/ i i [ [
/| EXOJDULFXV ©t ©t ot e
/ i i [ q
6 i i [ [
/ i i [ [

i i [ [

% ORQJXP -

PE7KH PHDQ YDOXHV LQ WKH VDPH URZ ZLWK GLIIHUHQW VXSHUYV

7KH GHIJUHH RI VROAKHPZ ¥ HORI@QYLAMWH LRI LQWR 6H13 DO
LQRFXOXP GRVH 7DEOH

OD[LPXP VHOHQLXP FRQYHUVLRQ zZDV JHQHUDOO\ REVI
SODQWDURRGEXOIJDULMAPKLHYLQJ WKH KLIB@@®W UDWHYV

UHVSHFWLNBIVHLDQGFUHPRUUWHDFKHG DQG % ZKL
ORQJXPVKRZHG D JUDGXDO LQFUHDVH SHDNLQJ DW
WKH LQRFXOXP WR JHQHUDOO\ U H GXIFHHEO F REQXHH W R L RXQE

OLPLWDWLRQ DQG GHFUHDVHG MPHWORERKRIWE XDFMMINL W\ 1F
DOGG WKHUPRSKIURXKELWHG SURQRXQFHG GHFUHDVHYV DW W
VWUMSIHFLILF GLITHUHQFHV AMSWIHDW Q DS WHNGXHWWL RRGR O HU
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7DEOH
,PSDFW RI LORFXOXPHERVRRYHUNVLRQ LQWR 6H13

IORFXOXP GRVH

BWUDLQ

FDVHL

|
SODQWDUXP !
DFLGRSKLOXV '
|

EXOJDULFXV

EUHYLV :

WKHUPRSKLOXV :

~|o|~|~|~|~|—~

FUHPRULYV :

|
|
|
|
I
| |
|
E

% ORQJXP ! !

PE7KH PHDQ YDOXHV LQ WKH VDPH URZ ZLWK GLIITHUHQW VXSHUYV

$QDO\VLV RI ELRPDVV FRPELQHG HSW®GHQAW UEBFHBDW
PRVW VWUDLQV 7DEOH

7DEOH
,PSDFW RI LQORFXOXP GRYV H R@F HIQR\PUIDLYW L REH 1B /

6WUDLQ & IORFXOXP GRVH
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&+*FRQWURO ZLWWKEBKBKTKXGIGRYDQALYDOXHV LQ WKH VDPH URZ ZLW
GLIMLUQLILFDQWO\ ZKHQ S

OD[LPXP ELRPDVV ZDV JHQHUDOO\ REVFBWHHG DW LQRI
J/ /] DFLGRSKLOXY J/I EXOJDULFXV JI/II' FUHPRULV

“ J/ WBQGRQIXP “ J/ 6RPH VW®BDWXHUWRKKDY.
VWDELOEK]HGIDOWZKHUSODNVQWDODREEUHYLVKRZHG JUDGXEC
RU PLQLPDO FKDQJHV (YHQ DW LQRFXOXP DOO ELRPD

LQGLADKMH QHUVLVWHQW LQIOXHQFH RI VRGLXP VHOHQLWH
2YHUDOO LQFUHDVLQJ WKHH@&RHAX® 3P RKRVK VORKLELWLF
6H13 SURGXFWLRQ IRU PRVW VWUDLQV +RZHYHU FRPSOH\
QRW DFKLHYHG &RQPVIG HWR®UXPHYBOHQLWH FRQYHUVLRQ
DQ LOQRFXOXP GRVH RI ZDV VHOHFWHG DV RSWLPDO IRU
RI RSWLPL]DWLRQ IRFXVHG RQ HYDOXDWLQJ WKH HIIHFW
VIQWRKHALIQLN D UBQJIJHRP/ $IWHU KRXUV RI FXOWLYDWLRC
6H13 FRQFHQWUDWLRQ GIHISHELGVHHOBNDS FRHDOH GRVIWK DQ RS
* —J P/wWielH2x 7DEOH
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PE7KH PHDQ YDOXHV LQ WKH VDPH URZ ZLWK GLIITHUHQW VXSHUYV

OD[LPXP VHOHQLXP FRQYHUVLRQ zZDV JHQHUDOO\ REVI
SODQWDURRGEXOJDULMPKLHYLQJ WKH KLIJIKHVW UDWHYV
UHVSHFWLNBPIVHLDQG FUHPRUUWIWDFKHG DQG % ZKL
ORQJXPVKRZHG D JUDGXDO LQFUHDVH SHDNLQJ DW
WKH LQRFXOXP WBHGXAHBHBRQONUVLRQ IRU PRVW VWUDL
OLPLWDWLRQ DQG GHFUHDVHG MPHWORRKRIE XDFMMINL W\ 1F
DO6GG WKHUPRSKIURXKELWHG SURQRXQFHG GHFUHDVHYVY DW W
VWUOUBHFLILF GLITHUHQFHY LQ VHOHQLXP UHGXFWLRQ FDS

Q FRQWUIDWW L DQG EUHYLWKRZHG VKDUS SHDNV DW

—J P/ DQG —J P/ UHVSHFWLYHO\ IROORZHG E\

KLIKHU FRQFHQ WUIDRFIKRIPXWR GHPRQVWUDWHG DQ RSWLPI

: —J P/ EXW PDLQWDLQHG UHODWLYHO\ VWDEC
2YHUDOO DQ MWPHH2KIRRQERQMWMIUDWLRQx IURR P/—QHBB/ WR

IROG HQKDQFHPHQW LQ 6H13 IRUPDWLRQ FRQILUPLQJ W

VWUDLQV OLHV ZLWKLQ WKLV LQWHUYDO EH\RQG ZKLFK L

SHVLGXDOH 2D FEQWHAR WY LQFUHDVHG ZLWK KLJKHU LQL
7TDEOH
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$W —J P/ PRVW’FXGWXUHW KX WIVD L] HGED DORONDKURMPI K
EXOJDULFDODWGEUHYLYHWDL QHGP/ 6RGLXP VHOHQLWH XWL
IURP % UHIOHFWLQJ HIILFLHQW ELRWUWUDR/VIRWWRJIDW L R

GLYHUJHG LQWR WZR JURXSV WKRVH HIILELHOQW®\ UHG:
FRQYHUVERQ VXFK BVHPRULVSODQWDWXPORQJXP
EXOJDULFXVBG WKHUPRSKD®GY WKRVH UHG XFLWDHV L\E XPROWH-
a + —JP/ FRQYHYVLRQVXFK F'WVHL/ EUHYLVDQG
DFLGRSKLOMWV —J P/ RYHUDOO VRGLXP VHOMQLWH XWL
,QFUHDVLQJ WKH GRVP/ WRG WR PDVVLYH DEFX®6HIXW LR Q
DQG FRQYHUVLRQ HIILFLHQFLHV EHORZ

7KH SURSRUWLRQ RI 6H13 DPRQJ WRWDO VH@HB2XP IR
FRQFHQWUDWLRQ 7DEOH

7DEOH
,PSDFW BHZHRQFHQWUDWLRQ RQ 6H13 IUDFWLRQ

1D6H2FRQFHQWUDRILRQ

BWUDLQ

FDVHL ! !
SODQWDUKP | !
DFLGRSKLOXV' !
EXOJDULFXV ! !
EUHYLV ! '
|
I
I

WKHUPRSKLOXV
FUHPRULV

% ORQJXP !
PG 7KH PHDQ YDOXHV LQ WKH VDPH UR
VLIQLILFDQWO\ ZKHQ S

~|o|~|~|~|~|—~

ZLWK GLIITHUH(

DOWDUWKH KLIJKHVW 6H13 \LHOG ZDV REV
R HV-RIP/ ZHUH VXERSWLPDO IRU 6HIGBHRUUWB YV
UHPDLQHG ORZ 7KH PRVW IDYRUDEC
ZDV —J P/ SURYLGLO@D GHIKE CGHIRIS/R W WR
W VWUDLQV 6RGL VROPIQWWRIQD GDE

=

XX+
—==X
o —r—N—
v

pu)

<

FHQWUDWLRQV LQFUH

ELWLRQ ZID\D REDHDWE G

RSK SKE &X
X

O 4+

LIKHU IRU
KLELWHG

LRQ LQ
D

EI'I'I'U'U
CZrpocecTOO®
=
2
F
<
—
OITL

o—
ol

T

IXmIUm n< <
ecw
8B T
3
=0
]

QO
<
X
C
T
1o
—
m
I
(@)
—
2o
W)
T
C
P
<
<
<
=

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF



JJIJOLFURELRORJ\ %LURWHFKQRORJ\

7DEOH
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PE7KH PHDQ YDOXHV LQ WKH VDPH URZ ZLWK GLIITHUHQW VXSHUYV

%DVHG RQ WKH H[BHERWIH BQWIOQVEDWIRQ UDWH RI us
DV RSWLPDO IRU VXEVHTXHQW H[SHULPHQWYVY 7KH RSWLI
GHWHUPLQHG IRU HDHFHKRWREDLKEL OOXMSGORDPWREBDFLOO X
EXOJDULFXWoWUHBMRFR KHUPRSKHDKWRFRFFXVY FUHPRULYV
K DBGILGREDFWHULXPKORQJIXP

&RQWURO PHDVXUHPHQWYV ZHUH SHUIRUPHG XQGHU W
IROORZLQJ UHVXOWY 7DEOH

7DEOH
2XWFRPHVY REWDLQHGFRQGHWIRRSWLPL]HG
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P67KH PHDQ YDOXHV LQ WKH VDPH FROXPQ ZLWK GLIITHUHQW VXS
6H13 IUDFWMRUWDBVIRUPHG VHOHQLXP SUHB8HQBH R W QDVQRESDW W L
XWLOL]DWLRQ % 6HEFLFMQHFYLDO VXUYLYDO UDWH

7KH REWDLQHG YDOXHV VLIJQLILFDQWO\ HIFHHG WKH K
PJ/ FDOFXODWHG IURP WKH GDWDEZSORYUGHEULQ WKH VF
ZKLFK FDQ EH H[SODLQHG E\ WKH RSWLPL]DWLRQ RI FX
FKDUDFWHULVWLFV RI WKH VWUDLQV XVHG LQ WKLV VWXC

7TKH VXEVHTXHQW VWDJH IRFXVHGWRID MK HRIRVRXW D D\
DVVHVVPHQWURILWWHEWRNSQAW RQ 6H13 ELRVIQWKHVLV 7F
HYDOXDWHG 7DEOH 6H2DIGIE MWLIPRQRWRDVKH FRPSRVLWLR(
WKH DYHUDJH RI WKH RSWLPDO WLPHV IRU WKH LQGLYLG)>
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J)LIXUH S5HVSROQWHUKQIDFAHYRQRSDUWLFOH FRQFHQWUDWL
VSHHG DEH2ZDI®WGLWLRQ WLPH

7KH /%/& BWDDLQ FRPSRVLWLRQ H[KLELWHG D SURQRX
RWKHU FRPELQDWLRQV 7DEOH 1RWDEO\ RWK ZD X LWK H
VHOHQLXP FRQWHQW DQG DQ HOHYXDWH-GSIWRW D® HF
/%67 DQG /&67 FRPELQDWLRQV GLVSOD\HG VOLJKWO\ ORZ}F
WKH SHUIRUPDQFH RI WKH LQGLYLGWDEA UVXODMIR QO 0L H
UHVXOWYV FRPSDUDEOH WR RW EBIOR EXMDRRYHHR I WKH VLQJ
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7DEOH
&RPSRVLWLRQVWUMKH WZR

1DP &RPSRVLWLRQ
13/% /IDFWREDFLOOXV SDAVQREDFA® OXY EXOJDULFXYV

/3/&| IDFWREDFLOOXV SOBQRFREFEXXY FUHPRULYV
/1367 /I DFWREDFLOOXV SOUNAGWWHERKREPRBKILOXV
/13%/ IDFWREDFLOOXYV 3€D QGREDIFRVHIXIPX P
/%/& IDFWREDFLOOXV EXPWRERFXXY FUHPRULYV
/%67 IDFWREDFLOOXYV BEBXOUBSWRKRBPPREKLOXV
1% %] IDFWREDFLOOXV ExOUG R EBXRHIWXIPX P
/1&67 IDFWRFRFFXV FEWRRHBWRRKREPRWBKLQXV
1&%/) IDFWRFRFFXV FUALIPR G RE DOF-RVHIXIPX P
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TKHUHVGBIWRQVWUDWH WKMWWDKER XRRSRVRYWAWQYV FD
\LHOG RI VHOHQLXP QDQRSDUWLFOHYV 6H13V ,Q SDUWLEF>
VWXG\ LQ ZKLFK/PRQNHRG WXRIFREOBY WKRZMHG KLIKHU 6F
VIQWKHVLV FRP SBRHIR VRQDV WIRPIBRVLWLRQ EDVHG RQ WK
DO

&KDUDFWHUL]DWLRQ RI VIQWKHVL]HG 6H13V

7KH PRUSKRORJ\ Rl ERWK LQGLYLGXD®WUWDULDLBDRP $R \OLC
/%K ZDV H[DPLQH@®&MLQBH ¥FDQQLQJ HOHFWURQ PLFUF
LOOXVWUDWBG GRFWRFRIF¥ XV FDPBRWIREDFLOOXV EX0JDL
SURGXFHG VSKHULFDO QDQRSDUWLFOHV FKDUDFWHULVW
EDFWHULD / IRVWHWPRAM\LVFHOOV H[KLELWHG VPDOO VXUIDF
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LQWUDFHOOXODU QDQRSDUWLFOH IRUPDWDRQRE Y BUNOEVH
QRW SUHYLRXVO\ UHSRUWHG LQ WKH OLWHUDWXUH &HOC
VKRUMQFKDV\SLFDO IRU/WEXVHDYUEABDIPRSOUWLFOHYV ZHUF
DVVRFLDWHG ZLWK WKH FHOO SHULSKERXQ & IBWME3MDHUH LQ\
DQG ORFDOL]JHG OLJKWHU VWUXFWXUHV)LIX®IHFDWLYH RI C

J)LIXUH 6(0 PLFURJUDSKY RI WKH FHOOV ZLWK 6H:
IDFWRFRFFXV FUBHARWWREDFLOOXYV EXODJIJOWLFXV

([SRVXUH WR w6H2R/DIOWHUHG FHOO PRUSKRORJ\ FHC
a —P WR-P OLNHO\ DSWDWMWRHVWVRQGVLVWHQW ZLWK SUHY
6KRUWHU FHOOV DUH NQRZQ WR EH PRUH UHVLOLHQW XQ

6(0 DQDO\WLV RGXMKMUDPLUQ FRPSRVLWLRQ FRQILUPHG W
FUHPRULMQGEXOJDULABKXYXUH

J)LIXUH 6(0 PLFURJUDSKY RI WKH FRPSRVLWLRQ /%/&
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1DQRSDUWLFOHV ZHUH GHQVHO\ GLVWULEXWHG ZLWK
—P3

$QDO\VLV RI WKH IUDFWLRQD O X3JHJ WH ¥ B BIOHIGRRE RV @&/l
SHDNW QP DQG QP cLQGLFDWLQJ KHWHURJ}
IURP G/X\UDLQ VIQWKHVLYV

XP

5H O D WULD/AHW L R Q
9ROXPUHDFWLRQ
&XPXODWLYH YRO

SDUWLFOHYV SDUWLFOHYV SDUWLFOHV VL]H QP

J)LIXUH *UDSKV RI SDUWLFOH VL]H GLVWULEXYV
JUDFWLRHIWO 9ROWKHPE FHQWUDO &EXPXGILBWUYBKYWROXPH

'KHQ H[DPLQHG NHEPUDMWHOGEVHGRPLQDQWO\ SURGXFI
ZLWKLQ WKIP UDQJH /ZKMHBRBVYIPDLQO\ JHQHUDWHG SDU
+ QP 9R@EPOARMIG SDUWLFOH VL]H GLVWULEXWLRQ LQGL
RI QP ZLWK EHORZ QP DQGEJXUHTIRRZDOBRODWHCG
LQGLFDWHVY D PR®HUWEWWOR @ DUWRK BKW PRLQ YROXF
QP &RPSDUHG ZLWK OLWHUDWXUH UHSRUWHG #H13 VL]H
QP DOLJQLQJ ZLWK RXU UHVXOWV WKRXJK GLIIHUHQFHYV
VWUDLQ LQWHUDFWLRQYV
('; DQDO\VLV FRQILUPHG WKH 6H13 FRPSRVLWLRQ 5HJI
PDVWDFWLRQ 6H DQG DWRPLF IUDFWLR® BWMLRAP
6H DQG DWRPLF [UDFW LIRIQH6 B UXID K DIRERSH UW L F O H
7KHBH HQHUJ\ SHDN a NH9 FRUUHVSRQGV ZLWK OLW
OXWKX HW DO 6S\ULGRSRXORX HW DO LI
SUHVHQFH RI SXUH VHOHQLXP $GGLWLRQDO SHD&V IRU $
1 3 1D DQG &D DULVH IURP PHGLD FRPSRQHQWV RU H
VXUURXQGLQJ WKH QDQRSDUWLFOHV 7DNHQ WRJHWKHU
SHDNV DQG UHG FRORUDWLRQ LQGLFDWH WK EWRWHK®GLW\Q
FRQVLVWHQW ZLWK QDQRSDUWLFOHV IRUPHG E\ ODFWLF
6S\ULGRSRXORX HW DO 7KHVH W QBIK® RR SFRQLUWU R Q!
SURGXFHV 6H13V FRPSDUDEOH WR FAIGRE/BIFWHISRDOWHG IRU

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7DEO

(OHPHQWDO FRPSRVLWLRQ RI WKH VDPSOH GH
ZLWK 6H13V

KRXW 6H

H

(OHPHQWDO FRPSRVLWLRQ RI WKH VDPSOHV GHWHUP

KXW 6H13

Q

JLHOG V_ZLWK pH1@WHOG V__ZLWKR
(OHPHQW 0DVV $SWRPLF 0ODVV $WRPLHR
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ILWURJHQ 1
2[\JHQ 2
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7RWDO
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&RQFOXVLRQV

,Q WKLV VWXG\ WKH FXOWLYDWLRQ SDUDPHWHUV ZHL
FRQFHQW U DWSHRR) MMFW R IGRVLQJ DQ DIJLWDWLRRXSHHG
FXOWLYDWLRQ SHULRG ¥ QH2G DIGG HEDR WARLERID BRAMDIDX B O

K IRBEWREDFLOOXV EXRJBBRWUASWRFRFFXV WKHUPRSK
IRUDFWRFRFFXV FUBPRULWLIRGREDFWHULXPSQRIQU X\W K H V
RSWLPL]HG FRQGLWLRQV DOO VHOHFWHGHIWWY DU & U FKULRC

“ —J P/ IRBODQWDUXP * —J P/ IREXOJDULFXV

“ —J P//IRRWHPRULV *© —J P/6IRWKHUPRSKDQXGV

“ —J P/%RORQJIXPTKH WEBDLQ /%/& FRPSRVLWLRQ GH
KLJKHVW SHUIRUPDQFH V\QWRH&H1BQJ RI WKH WRWDO
VHOHQLXP ZKLOH HQVXULQJ D ELRPDVV VXUYLYDO UDW
FRQILUPHG WKDW DBRUSKEXUDWSIGHULFDO 6H13V UDQJLQ
ZLWK DQ DYHUDJH GLDPHWHU7IRH IUDFWLRQDO GLVWULE}
SURPLQHQWLED SWDHNOIKYP DQ&E QP DQG D YROXPHWULF S

QP ZLWK GLVWLAVERW GRQ PP H3Z u QP DQG G-~u C
WKH /%/& FRPSRVLWLRQ SURGXFLQJ VHOHQLXP QDQRSE
DSSOLFDWLRQ DV D GLHWDU\ VXSSOHPHQW

SHIHUHQFHYV
%LVZDV . & %DUWRQ // 7VXL :/ (BKXP®Q . *L$OQRVBEC

PHWKRG IRU WKH PHDVXUHPHQW RI HOHPHQWDO VHOH!
VHOHQIRKW QDO R OLFURELRORJLFDOSSOHWKRGYV

KWWSV GRL RUJ M PLPHW
&DVWDRXMDGIGR $ G&HIRYLD S$ORUGIVU - ) GREWDDR]* 0
6DOMWWWHGD 9 *REGAQH] - &R OMIUHKUDVRURGD] -

*RQJICWILYDUHV / * HQUGHRHEGBRLPHGLXP HQKDQFHV |
RI VHOHQLXP LQWR &WO HSWRNRWFHXYHRMKIQDROR RK L'DX W

6FLHQFH SS = KWWSV GRL RUJ MGV

&UHVSR / *DIODILRVEQH] ) * ODUWLQ * 0 $HOPmMEFURY L (
6HWWDQQL / OR]JIL ) 3HVFXPD O WLRBREIEXBPGODYV
ODFWLF DFLG EDFWHULD LQ WURSH FOROG |18 BPHQ@QMHH ® Q
THFKQRORJ\ KWWSV GRL RUJ M OZW

(C6DDGRQ\ O 7 6DDG $ O 7TDKD 7 ) 1DMMDU $ $ =DEH
6DODPD $ 6HOHQLXP/RQPWREDEWLGXNH BBWEBMV H L
RI DOWDJRQL]LQJ DQLPDO SDWKRJHQLF IXQJ&DDAMGD QHZ
-RXUQDO RI %LRORJLFDO 6 BLSH Q F HV
KWWSV GRL RUJ M VMEYV

*UHIJLUFKDN 1 6LQ\DYVND\D * .KRQNLY 0 G6WDEQLNRY ¢

WKH VIQWKHVLV RI PBWDDLM QDQ R &R GW RRBH\D O
KWWSV GRL RUJ ;

+XVHQ $ 6LGGLTL . 6DQG PLFOREWY DVVLVWHG VHOHC
FKDUDFWHUL]DWLRQRIXQQDDS RO LEFD@RRICRWHEEK QRO R J\
KWWSV GRL RUJ Vv
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.LHOLV]HN 0 6 B5GIGRDO® 6 1 7TKH LPSRUWDQFH RI VHO
SURFHVVHV $ FRPSUHKHQMIOHRIUHAYDHAH (OHPHQWV L
%LRORJ\ KWWSV GRL RUJ M MWHPE

XUHN ( 5XV]F]\RMHLBFKRZVNL 0 /XFLDXMNPL URIZFK D O RMNDO
., %XOVND ( WUDQ¥LRUPDWLRQHQWHGEGHGLXPFMH KD O
IDFWREDFLORKMWEBNVBD VWZRZHJR =DS&BDGX +LJILHQ\

/LDR - :DQJ & UV DDRAPARLQHQUHOKPHEW HIILFLHQF)\
PHFKDQLVPV DQG SK\VLRORJL FHRQ LUKIQHF G LARMPW RF \DHFQ
-RXUQDO RI )XWX®$ )RR&WSYV GRL RUMIXWIR

ODUWtQH] ) * ODBWH®R 3HVFXPHOEDWWIQUEG OR]]L )
%LRWUDQVIRUPDWLRQ RI VHOHQLXP E\ ODFWLF
VHOBQRRSDUWLFOWPLQRG DBHREWMAR UV LQ %LRHQJILQ
%LRWHFKQRM&RUWSY GRL RUJ IELRH

OJUVFKEIFKHU $ 3 'XOOLXV $ 'XOOLXV & + %DQGW & 5
/ 9DOLGDWLRQ RI DQRDQWONWLFDQWRAWDKRY H G
VHOHQLXP LQ EDFWHULDOYENVREDWYV VEB\H RVQRMRSEKR\R R
&KHPLVWUSS+* KWWSV GRL RUJ MGV

OXWKX $ 6)HIUURXGHDBD GO+ %pQL E  %DGJDU . 3URN
OLFUREDUBG ELRWHFKQRORJ\ 3URGXFW L R CDOXG LKXPC
QDQRDPIBOVHG 6FLHQFHYWW SLVRUGR DSS

3HVFXPD 0 *RPAH]% &RWIWIQD 7 )RQW * O0ODGULG < OR]]L
SURVSHFWV RI VHORFQRED HIQAQ RAGHRG L ®RIZSKW A ED F L O O X

UHXW & Bk -RXUQDO RI )XQFWLRQDGS )RRGYV
KWWSV GRL RUJ M MII

3RSKDO\ 6 ' 6LQJK 3 .XPDU + 7RPDU 6. B6LQJK 5
ODFWLF DFLG EDFWHULD DQG ELILGREDFMMB\ D QD) RRQ
BFLHQFH 7HFKQROXRJI\WKWWSV GRL RUJ M WLIV

6DODPD +6D\H® + 65DERX 1 6 +DVVDQ =0 3URGXF\
HFRILHQGO\ VHOHQLXP QDQRSDUWLFORXUWLQD® KR )RRV
3URFHVVLQJ DQJE 3 UM VHKWWDSWLR GRL RUJ MISS

BFKUDX]HU * 1 HOHQRPHWKLRQLQH $ UHYLHZ F
PHWDEROLVP DQKH WRNFEQWO RI 1XWUSS/ LRQ
KWWSV GRL RUJ M Q

6KDNLEDLH 0 6KDKYHUGL $5 )DUDPDU]JL 0$ +DVVDQ]D
2 $FXWH DQG VXEDFXWH WRI[LPL®D QRR SORIVHLF EH
PLFH 3KDUPDFHXWLFDO %LRORJSS +
KWWSV GRL RUJ

6KDKDEDGL 1 =HQGHKFKHVKP 6 .KDGHPL ) 6HOHQ

YLWUR F\WRWR[LFLW\ DQWLR[LGDQW DIFWRDQYGWAEBHQG L
++E DQGxR\WHUXP SYRRWHENQRORJ\ 5HSERUWYV
KWWSV GRL RUJ M EWUH H

6NURWVND 2 SURWVHQNR O =KRORENR O 0DU\QLQ
FKDUDFWHUL]DWLR®SRUWHBEGBREXKPURPFHVOFHUHYLVL
SNUDLQLDQ -RXUQDO RI )BRG FWMW@NWH GRL RUJ

6S\ULGRSRXORX . 7U\IRQRSREORXDQWINQEHBDWDILGLV &

&KOLFKOLD . %LRJHQLF VHOHQ/IDFfFWVREQ RSO0 XAL FF

$7&& LQKLELW FRORQ FDQFHU FHODQRMFD/OK LG WD @
SS = KWWSV GRL RUJ G QD D

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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6WDEQLNRY 9 .RYVKDU , 6WDEQLNRYD 2 SHFHQ
SURSHUWLHY DQG DSSOLFDWILRIG -RIXODPWLFKI MEFG REDL
WRWHFKQRORWWSY GRL RUJ 6

6WDEQLNRYD 2 .KRQNLY O .RYVKDU |, 6WDEQLNRY 9
QDQRSDUWLFOHV E\ ODFWLRIDWKG LED B WWHWULLROBQ@ES 0O
-RXUQDO RI OLFURELRORJ\ DQKEWWRWHERQ RQWRJ\ \Y

'DQJ < /L. =KX : L+ 4L 0 &KH®@RDUBRRWHULVWLFV I
LQWHVWLQDO HIIBRWVYR® HQURERRMMREDFLOOXV EXO
&,8&%& H)RRG H KWWSV GRL RUJ HIG

‘LD 6 . &KHQDQJ - 4 (QULFKHG VHOHQLXP DQG LW
ELRFKHPLFDO F/ROFS\RR/E DFLROWD X R XEXODID® RULFEXIWLFXOW X UL
&KHPLVWIBS # KWWSV GRLMUJ M

‘X & 4LDR / OD / <DQ 6 *XR < 'RX ; 5RPDQ $
SRO\VDFFKIDSBEHGH WVHOHQLXP Q/DERSRIFIRW EIRD HVIDRVE V' J
WKHLU DQWLRELIQGO QWP DY®R POREWILHIUWLIHY OLFURELROR

KWWSV GRL RUJ IPLFE
<DQJ + -LD ; 6D I HWR HHW R COMHOIHRIR RIVBHHL QH DV Q X
VXSSOHPHQW DFXWH WR[LFLW\ JHQRWRI[LEQ W RIJQ C
7R[LFRORJ\ DQG 3KDUPDFRORJSS +
KWWSV GRL RUJ M \UWSK
<DQJ - /L < =KDQJ/ )DQ O :HL ; 5HVSRQVH VXUI
Rl VHOHQLXP E\ GLIIHUHQW ODPWIRWHBFRLG EDF
KWWSV GRL RUJ v
&LWH
8)- 6W\OH
.KRQNLY O .RYVKDU , '‘DQ\OHQNR 6,PSBAVRDEGLNRY

SURGXFWLRQ RI VHOHQLXP QDQRSDUWLFOHV XVLQJ
VHOHFWIRRFBQG SBNDPHWYIHXY )RRG -REBFHDO
KWWSV GRL RUJ ;

$3% 6 W\OH

.KRQNLY 0 .RYVKDU , 'DQ\OHQNR 6 6WDEQLN
SURGXFWLRQ RI VHOHQLXP QDQRWBWWDFGR® HX R QUW
VHOHFWLRQ DQG S BRIV LDIUDRRE HRYU QDO
KWWSV GRL RUJ ;

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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(IlHFW RI VXUIDFWDQW\58R8RKRABXK\
HUIWKURSRCEF/ RQ VLQJDMHG GXBOFLHV
ELRILOPV RI SK\WRSDWKRJHQLF EDFWHULD

THWLDQD $QDVWDVLLD 2N}
1 1IDWLRQDO 8QLYHUVLWI Rl )RRG |

+, QVWLWXWH RI OLFURELRORJ| DQG 96FRHORFHVIRPWLRQL
S8NUDLQH .ILY 8NUDLQH

$EVWI

, QWURGXAMLMQP RI WKLV VWXG\ ZDV WR L
GLVUXSWLRQ RI ELRILOPV IRUPHG E\ SK\WRSI
SKRGRFRFFXVyxy|DFWDQW 8KRERRPRAFX \E \HLO\ WK U RSR Q/IK\H
HU\WKURSROLYUHVHQFH BHDLWDG/WQGXFHU DQG SUHFXUVRU
6XUIDFWDQWVELRV\QWKHVLV
%LRORJLFDO LQGX¥HWLDOV D QIKGHPWXWSRIBVGXGWU ZDV FXOWLY
3K\WRSDWKRJPIQAFTXLG PLQHUDO PHGLXP VXSSOHPHQWHG
EDEWHULD HU\WWKULWRO ,Q 6F MWAKIDURHPGF FIMOFDAVURRUY WAKLHD H
%LRILOPYV FRUUHVSRQGLQJ VXSHUQDWDQW ZHUH XVHG DV
LVUXSWLRQ HIWUDFWHG IURP WKH FXOWXUH OLTXKHG XVLQJ
GHJUHH RI ELRILOP GHVWUXFWLRQ ZDV GHWHUF
5HVXOWYV DQG 66U MFRKWEIYRKHVLIHG XQGHU GL
FXOWLYDWLRQ FREGIWHRRS/R®RILY DW ORZ

.H\ZRUGV

FRQFHQWUDMWLRDY/ HIIHFWLYHO\IRURHESWHG
$UWLFOH KLVWREBO®QG ®%BOGLHV ELRILOPV RI SK\WRSDWKRJH

GHVWUXFWLRQ UD@Q@J IURP/SHFWLYHO\ 1RW|
SHFHLYHG VXUIDFWDQWY SURGXFHG LQ WKH SUHVHQFH F

ZLWKRXW SK\WRKRUPRQH ELRV\QWKHVLYV SUHF>
SHFHLYHG LQ UHXPOWHELHY SK\WRSDWKRJHQLF ELRiLOPV DW FI
IRUP J P/ DFKLH¥LQ@LVUXSWLRQ 7KH DGGLWLRQ R
$FFHSWHG FHUHY®WZIODHHOOV RU WKH FRUUHVSRQGLQJ V
FXOWLYDWLRQ PHGLXP IXUWKHU HQKDQFHG W
UHVXOWLQJ LQ LQFUHDVHG HRRILVOEBIREH/HWX SW L

ELRILOP&+ D IRU OMIHFLHV ELRILOPV FRPSDU
&RUUHVSRQGLQIUHSDUDWLRQV REWDLQHG LQ PHGLXP FRQV
DXWKRU WU\SWRSKDQ ZLWKRXW DQ LQGXFHU 7KHVH UH
Rl D HXNDU\RWLF LQGXFHU FDQ PRGXODWH WK
THWLDQD 3LURJ X UWDRWY SRWHQWLDOO\ E\ LQIOXHQFLQJ W
(PDLO JO\FRDPLQRQG QHXWUDO OLSLGV LQ WKH SUHS
WDSLURJ#QXIW WXV XD ILQGLQJV UHSUHVHQW RQH RI WKH ILU
GHVWUXFWLRQDRIGERBEOY HY R KNYRBDWKRJIHQ
EDFWHULD IURB QWHR BRVQIBGR BRQREDFWHULXP

SHFWREDFWHALXPED P HURELDO VXUIDFWDQWYV
WKHLU SRWHQWLDO DV D VXVWDLQDEOH VWUDMW
LQ DIJULFXOWXUDO VHWWLQJV
&RQFOXVIKRIQWBUHYVHMWP REDMWMDJDWH WKH SRW
‘2, VXUIDFWDQWY LQ FURS SURGXFWLRQ WR FRPE
ELRILOPV HQVXULQJ WKH VDIHW\ DQG TXDOLW\
; DQG SURFHVVLQJ LOGXVWULHYV

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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,QWURGXFWLRQ

30DQW GLVHDVHV FDXVHG E\ SKOMRSMRIGRIVH G\R VIK @J U
WKUHDW WR JOREDO DJULFXOWXUH OHDGLQJ WR VLJQLIL
JRQWDQD HW DO 3LHUUH HW DO

%DFWHULDO GLVHDVHV RI DJULFXOWXUDO FURSV KDY
GLVHDVHV FDXVHG E\ RWKHU SK\WRSDWKRJHQV $ UHYLH
UHODWLYHO\ ORZHU OHYHO RI GDPDJH FDXVHG E\ SK\WRS!|
FRVWY UHPDLQ VLJQLILFDQW DQG UHTXGUWUX\SW HDW QR\Q J
DQG PHWDEROLVP UHGXFLQJ FURS SURGXFWLYLW\ DQG

DQQXDO HFRQRPLF ORVVHV RI XS WR 86 ELOOLRQ

DJULFXOWXUDO SURGXFWV GHSHRIGIQQJFRASWKGGWASRI®R
ORFDWLRQ O0XOXQJX '"HVSLWH WKHLU ORZHU SUHYD
EDFWHULDO LQIHFWLRQV DUH RIWHQ GLIILFXOW WR FRQV
QDWXUH DQG WKH DEVHQF A RXEVWWDHFFIHY D QMWD FWH U L

$ VWXG\ ODQVILHOG HW DO QRWHV WKDW DFFR
FROODERUDWLQJ ZDW®H MXO-D UM RBXOWD@MDK 8D WRR @R MLIQLI
SK\WRSDWKRJHQLF EDFWHULD ZKLFEH®ROH WHRU IHRX W WV &
3VHXGRPRQDV 5DOVWRQLD $JYREDFVOHGEEPW REQWWR PR |
DQGFNHWISDUWBNKGBR R ROQDIOIDHYWRQLD V RDDREDFHNDHIXIPX |
WXPHIDFREWYRPRQDYY RU\]DBIQW K R FRDPIW VIWQWKRPRQDV
D[RQRSRIELQYLD DP)ORYRYUD | BHWWRIERWFIW HULXP FDURWRYF

20RWKBFWRUV FRWORVWIKEX QHQBEH RIS KEDAFREHIUNDRH HWD L
DEL@IRNNRUP ELRILOPV /L HW DO %LRILOPQDSHRWHFW EDF
IURP DELRWLF DQG ELRWLF VWUHVVHV 89 UDGLDWLRQ S
DV ZHOO DV IURP DQWLPLFURELDO VXEVWDQFHV DQG WR]
HW DO %LRILOPW FRIEBRWHRIDWKRURBG RQ OHDYHV
DQG RU LQ YDVFXODU EXQGOHV UHGXFH FURS \LHOG DQGC
SURGXFWV LQWHQGHG IRU KXPDQ FRQVXPSWLRQ DQG DQL
RI SK\WRSPWRRWHIQLL D LQWHUIHUH ZLWK WKH SURSHU IXQ
&DUH]]DQR HW DO

&XUUHQW VWUDWHJILHV WR FRPEDW ELRILOPVEX@YROY |
WKHLU HITHFWLYHQHVYV LV OLPLW H & DD/\RH Q WF RY STLYIFR® \E
LQIHFWLRQ W\SLFDOO\ UHFXUV DQG H[FHVVLYH XVH RI F
SROOXWLRQ $JERROD HW DO 6XUIRPWBQWYRRHWLFOREL
FRQVLGHUHG D SURPLVLED ® GWWWQBPMGLHH GWRI FKRIRV K HL U
ORZ WR[LFLW\ DQG KLYKKENMR ®HIUDGDBLEUWH HW DO

,Q UHFHQW \HDUV WKHUH KDV EHHQFDORHG 1 QWHHQ
WHFKQRO@KILHFYK DVVRFVDWREWOHWPSEBOWDQFH DUH V\Q)
DORQJVMEHESWHRG XFW .DWDJL HW DO GH 6LTXHLUD
SUHYLRXVO\ HVWDEOLYVKHK®RGWRRKRMF XW K H,0 GWWSIEPR.SR/O L V
$FLQHWREDFWHU ,FDO% RDFBYGRKNUGLD YOF F®WQLL
VLPXOWDQHRXVO\ VDEWKWNLVHNEVWDIQFHY ZLWK ELRORJ
SK\WRSDWKRJHQLF EDFWHULD DV ZHOO DV VWLPXODW
JLEEH U HHR@LFEAWD D O

/IDWHU VWXGLHV KDYH VKRZQ WKDW DX[LQ VI\QWKHVLV
VXUIDFWLYH VXEVWDQFHV ZKHQ WU\SWRSKDQ D SUHFXUV
LV SUHVHQW LQ WKH FXOWXUH FHGELXNPL RBQ URR JHRWWIK® L W R

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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RI JLEEHUHOOLF SK\WRKRUPRQH ELRV\QWKHBHVFEMQWR WKH

ZDV DFFRPSDQLHG E\ DQ LQFUHDVH LQ WKH FRQFHQWL
SLURW DO 7 K A DUMHH XVBWRIVKHLQK/' LD O RI XVLQJ FRPSOH|
VXUIDFWLYH VXEVWDQFHYV DQG SK\WRKRUPRQHV LQ FURS
DQG WR FRQWURO SK\WRSDWKRJHQLF EDFWHULDO QXPEH
DQG TXDRRW\DRQSUIRRKVVLQI LQGXVWU\N SURGXFWV DV IR
OHYHO

,W VKRXOG EH QRWHG WKDW WK H UAXUKI DR B&HEFERIWY VIQ W
H[IKLELWHG ORZHU DQWLPLFURELDO DFWIDHWILIYHRPSDQR
UKDPQIRQG VRSKRUROLSLGY +RZHYHU WKH DQWLPLFUREI
VXUIDFWDQWY DJDLQVW RSSRUWXQLVWLF SDWKRJHQV ZH

VWUDLQ ZDV FXOWLY DMHG KU RVIK\FHSWM A HRBEHWR DB
YDULRXV SK\WVLRORJLFDO VWDWHYV 2NKPDNHY\FK HW DO

%DVHG RQ WKH DERYH LW ZDV K\SRW K% VH UHE KURBR O/
,09 $F VXUIDFWDQWY DJDLQVW SK\WRSDWKRJHQLF EDFW
DQG JMHEEBLQV FRXOG EH VLPXOWDQHRXVO\ HQKDQFHG E
\HDVW LQGXFHU WR WKH FXOWXUH PHGLXP

7TKH DLP RI WKLV VWXG\ ZDV WR LQYIDWVVEL GCHBIBLWWH
ELRILOPV IRUPHG E\ SK\WRSDWBRWHQ QF REDVWVWH D E W DXAMEW
5KRGRFRFFXV HIWWKURSR®KWH S6BVHIQFURPNFHY% FHUHY LV
DQG SK\WRKRUPRQH ELRV\QWKHVLY SUHFXUVRUV

ODWHULDOV DQG PHWKRGYV

S5HVHDUFK REMHFWYV

7KH PDLQ REMHFW RI WKH V\BXGYZXGNQ B K®GRHREDY VR
HU\WKURSROUWIJLVWBKRGRBPRFFXV HOSWEKBRSRQLWKH
OLFURRUJDQLVP 'HSRVLWRU\ Rl WKH '. =DERORWOQ\ ,QVW
WKHRQ@IM2 $FDGHP\ RI 6FLBRQFFHYDRIRPNEUHDY T VHL Y WL DUR P
WKH FROOHFWLRQ RI OLYH FXOWXUHV Rl WKH '"HSDUWPHQ
1IDWLRQDO 8QLYHUVLW\ Rl )RRG 7THFKQRORJLHV ZDV XVHG

3K\WRSHOQWKFREDFWHULD IURP WKH 8NUDLQLDQ &ROOHF
ZHUH XWHIXGRPRQDWB&O WAL QIMHUREDFWHULXP8&\0OX®BHIDFLH

"DQWKRPRQDV 88HV%FDWRMEPWREDFWHULXFRE DA RWRY |

7 $OVR VWUDLQV IURP WKH &ROOHFWLRQ RI WKH 'HSTC
WKH ' . =DERORWOQ\ ,QVWLWXWH RI OLFURELRORJ\ DQG ¢
BFLHQFHV RI 8N U EIODH ZENFHWMHBX E R 5§ B QHOD®RQY LV
DQ3/HXGRPRQDS YW\RP DWW

$00 SK\WRSDWKRJHQLF EDFWHULDO VWUDLQV ZHUH N
,QVWLWXWH RI OLFURELRORJ\ DQG 9LURORJ\ Rl WKH 1DWL

&EXOWLYDWLRQ FRRUCRGMWARHW RIFUVAKWKBIFHXKEVWDQFHV

5 HUWKWR$SROLVZDYV FXOWLYDWMKDINA/UIPEE V RQ SIP
IRUGDM D OLTXLG PLQHUDO PHGLXP RI WKH IROORZLQJ

0J62A 1D&0O 1D+32 .+ 32 YH62 + 2 S+ +
(WKDQROYZDV XVHG DV D FDUERQ VRXUFH 3UHFXUVRUYV
WU\SWRSKDQ PJ/ DQG RU HU\WKULWRO PJ/ ZHU}

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7KH VHHG PDWHULDO ZDV JUREQPSRDLRHRIOX B LRV KL & MG
Y Y ZLWKRXW SUHFXUVRUV RI SK\WRKRUPRQH ELRV\QWKF
USP IRU GD\V DQG ZDV DGGHG WR WX HWR GREWRDL® DN
VXUIDFWDQWYV
(ISHULPHQWDO YD ULKRXWMV LFERMHIR®QBLWUHFXUVRUV
ELRVI\QWKHVLY LQGXFHU WU\SWRSKDQ HU\WKULWRO
WU\SWRSKDQ LQGXFHU DQG HU\WWKULWRO LQGXFHU WU\

BUHSDUDWLRQ RI \HDVW LQGXFHU

6 FHUH%EZYLDWH JURZQ LQ D OLTXLG PLQHUDO PHGLXP F
ZLWK JOXFRVHLQ IODVNV RQ D VKDNHU DW f& DQG US
FXOWXUH IOXLG ZDV SRXUHG LQWR VWHULOH (SSHQGRUI
XOWUDFHQWULIXJH J PLQ $IWHU FHQWULIXJDW
VWHUXPHY DQG DGGHG DW D UDWH RI P/ SHU P/ RI P}
SURGXFHU 7KH ELRPDVV VHGLPHQW WKW HMXPVELHHGEH IG(
VWHULOH WDS ZDWHU WR D ILQDO YROXPH FRUUHVSRQG
FHQWULIXJDWLRQ DQG VIMHUL P& VRIG LRRXQY NRVREWDYE L
FHOOV DGGHG DW D UDWH RIP/ RI RXWX\LSIQAW PRG LSHU

JLYLQJ LQGXFHU FHOOV ZHUH QRWKNVWGHDVWVEHO® E
WU\SWRSKDQ DQG HU\WKULWRO DV FDUERQ VRXUFHYV

,VRODWLRQ DQG SUHSDUDWLRQ RI VXUIDFWDQWYV

P/ Rl WKH REWDLQHG FXOWXUHJOXLEBLQEDW R HREMDLL
VXSHUQDWDQW I6WXR OMRMHBEX\S M WG \WORGOM. XK/ LIDGRIE VWAKIRIG
XVLQJ D PRGLILHGFXRIORAKRPRUWXPHWKDQRO KGEHVFRKERGL
LWIOHWBEGRNO E 7TKREWDLQHGHHUHWD PO RROQ'Y H&E URWDU\
HYDSRUDWRB&DMWQG DQ DEVROXWH SUHVVXUH RI DWP
FROQOFHQWUDWLRQ RI VXUIDFWDQWY ZDV GHWHUPLQHG JUI

7TKH GU\ UHVLGXH RI VXUIDFWMHDPW\H G DL GWYORGIGHBD A
$TXHRXV VROXWLRQV RI VXUIDFWDQWY ZHUH VWHULOLVH!

"HWHUPLQDWLRQHFILMVQIIOWRSDWKRIJHQLF EDFWHULDC
VXUIDFWDQWYV

YRU WKH SUHOLPLQDUVBFUPYVWELRQLRPVLQYDABHU VWHUL
/ RI PHBMWRQH EURWK 03% DQG / RI D VXVSHQV
SK\WRSDWKRJHQLF EDFWHULD ZHUH DGGHG WR WKH ZHO(
LQFXEDWHG IRU KR X U W KDHW F X OW Y$U\W HIO XN IGDIDY UHPRY F
DQG PLFURRUJDQLVP VXVSHQVLRQV ZHUH UHLQWURGXFH
VDPH WHPSHUDWXUH

1H[W WKH FXOWXUH IOXLG ZDV UHPRYRGP WX i LFRIEORS
WKH WHVWHEXOWXWKHG WZLFH ZLWK VWHULOH WDS ZDW
SUHSDUDWLRQV DW YDULRXY FR@FHHUGWILDMH®R QWRU FRQWU
/ RI VWHULOH WDS ZDWHU ZDV DGGHG LQVWHDG RI VXUID
DWHVVDPH WHPSHUDWXUH

$IWHU WKDW WKH SODWHV ZHUH JHQWO\ ULQVHG WKUH
ZLWK PHWKDQRO IRU  PLQXWHWRO/XWDLRM R IZLMIWR DQ YLR
RII LQWR LPPXQRORJLFIYOYWRXEHWLRIQVRI DFHWLF DFLG 7K

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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GHVWUXFWLRQ ZDV GHWHUPLQHG VSHFWURSKRWRPHWU L
XQWUHDWHG WQ 8 DWXHRED ARMIMNRVNVD O

'"HWHUPLQDWLRQ RI WKHMSGHHSHKWW REW WK® RH @OEDEDFWHUL
VXUIDFWDQWYV

/ R1 03% DQG / DQ DTXHRXV VXVSHQVLRQ RI HDFK |
FXOWXUHV ZHUH DGGHG WR WKH ZHOOV RI LPPXQRORJLFD
$IWHU WK D WO XIGHZDXOWHPRY HG DQG WKH PHGLXP DQG PLFL
UHLQWURGXFHG LQFXEDWHG IRU DQRWKHU KRXUV

7KH FXOWXUH IOXLG ZDV UHPRYHG WKH ZHOOV ZHUH Z

/ Rl VXUIDFWDQW SUFSBQBBP@WRQW DR®Y DAHIRKWDGGHG
WKH FRQWURO ZHOOV / Rl VWHULOH WDS ZDWHU ZDV D
LQFXEDWHG IRU RU GD\V

$IWHU WKDW WKH SODWHV ZHUH JHQWO\ BHQWHG[ W& U H |
ZLWK PHWKDQRO IRU  PLQXWHAR OMXWILRYH 8 | ZLMKWRDQ YLR
RIl LQWR LPPXQRORJLFD OYWROBKWWLRQWRKI DFHWLF DFLG 7KF
GHVWUXFWLRQ ZDV GHWHUPL@KGE B3 HFWHRSEKRMWR FH\G |
EHWZHHQ XQWUHDMHED D/GIG ZXOIDFWD QW

5HVXOWY DQG GLVFXVVLRQ

"HVWUXFWLRUSRIFMLQIBORILOPY RI SK\WRSDWKRJHQLF
SURGXRHGHU\WKWVORSBHFOLWKQGHU GLITHUHQW FXOWLYDWLRQ |

BWXGLHV KDYH VKRZQ WKDW UHJD U GHHMW RO BVSROE X O W
WKH SUHVHQFH RI HU\WKULWRO DQG RU WU\SWRSKDQ

SK\WLRORM FDMOKMWD@WKHVLVHG VXUIDFWDQWY LQ D ZLGF
JP/ GLVUXSWHG WKH SUWYHRXNY\ELRRUPGIBYVVRRQ $SENWRSD W
+RZHYHU WKH GHJUHH RI GHVWUXFWLRQ GHS HY &/HEX R @/ X\K
DQG WKH FRQFHQWUDWLRQ RI VXUIDFWDQWYV

7DEOHV DQG VKRZ WKH PD[LPXP ELRILOP GHVWUXF\
VIQWKHVLVHG E\ WKH MWWRHQS WRVEFQFH RI LQDFW&EYDWHG
FHUHYAMLDHLSKKWRKRUPRQH ELRV\QWKHVLY SUHFXUVRUV L
LQGLFDWH WKDW WKH LQWURGXFWLRQ RI D \HDVW LQGXFHL
RI VXUIDFWDQWYVY ZKLFK GHVWURPRA B KA WHRBWW MBRHIDDHAYLKRI |
IRUPHG LQ D PHGLXP ZLWKRXW DQ LQGXFHU

7KH KLJKHVW GHJUHH RI ZDAN\BUWHNIPRQHG IBU WKH
WXPHIDFLMHQ@Y DIWHU WUHDWPHQW ZLWK VXUIDFWDQWYV
LQDFWLYDWHG \HDVWO FHOIOW DBIFGI® RI GRAVIVEJXFWLRQ ZD
ORZ FRQFHQWUDWLRQ RI VXUIDFWP/QWW RGN RPN FRQOM
VXUIDFWDQWYVY IRUPHG LQ WKH PBGEXP HAMYK IPH) [LAPW PY D W
GHVWUXFWLRIQELR 30 RWURSEID% 7 DQ3IG V\ULSHIDRP W R
% ZDV GHWHUPLQHG 7DEOH JRU RWKHU FIVWRWEAY RRU XS
8&0 % 7 & PLFKLJDRQERBFEK\L JD,QB Q6 LV YHVLFZWRALD
WKH PD[LPXP GHVWUXFWLRQ R WIHKFKIUHEHRIDOP \KLIJKHU FR
VXUIDFWDQWNP/ V\QWKHVLVHG LQ WKH SUHVHQFH RI LQDF

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7DE

OH

'"HVWUXFWLRQ RI SK\WRSDWKRJHOQOLF EDFWHULDO ELRILOPV
5 HU\WKWRSROLYLQ D PHGLXP ZLWK SK\WRKRUPRQH ELRV\QWK
LOQDFWbBY PWHIRPLLIFY LDHDOVDQ LQGXFHU

SK\WRKRUPRQH ELRV\QWK

HVLV Sl

WKULWRO

?)
%LRIGBIRWUXFWLR|Q (U\WKULWEDSWRSKQI \SWR$KDQ
3UHVHR@EHL QG XF HPW G DXW K H
3 VIULQS DW R P DWOR%
§WXPHI 8&0
S VVMUL 8&(9 ! Q Q
S FDURW 8&(9 !
B PLFKLJL VXE
PLFKLID@HO@&VLV QG Q6
., YHVLFB®/@®RAULD Q G QG
IRWHWH HUURU LQ ELRILOP GHVWUXFWLRQ GHWHUPLQDWLRQ GL
zZDV  J P/ i J P/ JP/ i JP/ i 3P/ i JPI
i JP/ QtGRW GHWHUPLQHG
7DEOH

(ITHFW Rl SK\WRKRUPRQH ELRV6Q WHBINY%ZVSWDKEKUQRYAM Q@GDV [
LQGXFHU LQ WKH FX0 W XUWAKRIRGHIPCPL W/RQ WKH DELOLW\ Rl WKH V
VXUIDFWDQWVY WR GHVWUR\ SK\WRSDWKRJHQLF EDFV

SK\WRKRUPRQH ELRV\QWKHVLV SUHF
(U\WKULWRO
%LRIGBIXWWLRQUU\WKULWRDBU\SWRSKDQ WU\SWRSKDOQ
BUHV RDQ LQGXFIPHGI
$ WXPHI 8&0
%
V L I¥e
3 7\U G RDI%0 QG Q G
3 FDURWRYXRUXP
% 7
& PLFKLIJDQHQVLV
VXEPSBFKLIJDQHQVLV QG Q G
,09%
3VIULGMWMRPDWR L
09 % QG QG
IRWHYH HUURU LQ ELRILOP GHVWUXFWLRQ GHWHUPLQDWLRQ GL
ZDV J P/ J P/ i J P/ i J P/ i J P/ i J P/
i J P/ QtGRW GHWHUPLQHG
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'KHQ WKH VXS6{URHDUHE@WLRBNY XVHG DV DQ LQGXFHU V
RI ELRILOPWXRPHI®ELHQV 3 V\ULEYIDK 7 3 FDURWRYRUX
8&0 % ' D@GV\ULRVWDRIPOWRA ZDV DOVR KLJKBIWWORZ
FRQFHQWUBRWLRBR/NV RI VXUIDFWDQWYV VIQWKHVLVHG XQGHL
7R DFKLHYH PD[LPXP GHVWUXFWLR& PLFKRL DMEYELR IL
PLFKLID@OQVLVD KLIKHWWFRWERQ) P/ RI VXUIDFWDQWYV RE
WKH SUHVHQFH RI SK\WRKRUPRQH V\QWKHVLV SUHFXUVR
7DEOH

7ZR PHWKRGV DUH FRPPRQO\ XVHG WR HYDOXDWH WK
SK\WRSDWKRJHQW R HE DIFUWHAU IPBH W,QRG WKH WHVW FXOWXU
YDULRXV FRQFHQWUDWLRQV DUH DGGHG VLPXOWDQHRXVC

/IRQJ HW DO 7KLV DSSURDFK SULPDULO\ DVVHV\
ELRILOP IRUPDWLRQ ,Q WKH VHFRQG PHWKRG WKH ELRIL
DQWLELRILOP DJHQW LV DSSOLHG $EGDOODK HW DO
HYDOXDWHV WKH DELOLW\ RI WKH DJHQR WWRH GOWU RS V& LS|
PHWKRGRORJLHV LW LV RIWHQ GLIILFXOW WR GLUHFWO\ |
DFURVV VWXGLHV ,Q PRVW VWXGLHV WKH ILUVW PHWKR
SK\WRSDWKRJHQLF ELRILOQBWHVLIHQ HW DO

7KH VHFRQG PHWKRG IRU GHWHUPLQLQJ ELRILOP GLVU
IRU DVVHVVLQJ WKH DQWLELRILOP DFWLYLW\ RI D JLYHQ
ZKLFK WKH GHJUHH RI ELRILOP GLRWXKSRMHWRIQRBIV HRYIMDX(

1L HW DO 7KXV 1L HW DO GHPRQVWUDWHG
WKH IRUPDWHXRER RR QD8 YDFULIQEDRRLDBIPY RYHU K EXW GL
SUHIRUPHG ELRILOPV )RQSRLQDHBWEKOW PHWKDQRO DQG
DW FRQFHQWUDWLRQV RI DQG PJ P/ VXGQWKRPRID® VE
FDPSHSWWPSHBPQ®ZY QLD DP\DIRYRRUBLVUXSWLRQ RI SUHI
RI ERWK SK\WRSIDWRRIHQDBWDVPJ P/

,Q WKLV VWXG\ WKH DQWLELRILOP DFWLYLW\ RI VXUIL
ZDV HYDOXDWHG EDVHG RQ WKHLU DELOLW\ WR GLVUXS
EDFWHULD

7KH GLVUXSWLRQ Rl ELRILOP\W EYRPOLYFHUR BEHYH WIXU | B A
3DUDV]NLHZLF] HW DO =KDR HW DO JLUVW Wi
WHQVLRQ ZLWKLQ WKH ELRILOP PDWUL[ B6HFRQG WKHLU
RI PLFURELDO F\WRS QUIFWMLDFV PN PEEHUIDEUHDWQ H. SHUPHDELOLW
FHOO YLDELOLWDGKHVGYMWHKHHEWQWLVVRFLDWHG ZLWK F
RI FHOOV DQG VXEVWUDWHY GHFUHDVH PLFURELDO DWW

7KLV FRPSOH[ PHFKD QAW PP IRAUIRFEW DRQVROMFEWDQWYV WF
ELRILOPV ORUHRYHU FRPSDUHGGLWR XBRQQHQWLR@DYD |
V X U | D KV BVEHW NDUGOEQ. VID IGRYDIH D JHIMD =K BR/O QR
HQ YL UR GR-OMOIML R Q RELDIO® MWBIORG\HIJUD GREYHELOLW\ RI \
XVH LQ YDULRXV HQYLURQPHQWDO FRQGLWLRQV GXH WR
WKMSHWFPRGHDEWLRQ VLUGIGXFERWOORKBREHORSLQJ UHV
PLFURRUPYV

$OWKRXJK QXPHURXV VWXGLHV KDYH UHSRUWHG WKH
ELRFRQWURO RI SK\WRSDWKRJHQV WKH\ SULPDULO\ IRF:
OLPLWHG LQIRUPDWLRQ RQ WKHLU HIITHFW® RQ SK&AW@S HW
DO ,QIRUPDWLRQ RQ WKH GLVUXSWLRQ RI SK\WRS
VFDUFH ZLWK RQO\ D IHZ UHSRUWV GHVFULELQJ WKH DE
VWUXFWXUHV )RU HFRRS\OMH. QUIDS RRWHIREOX Y DP\OROLTX

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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$ DOUEDFLOOXV $Y HOKLHEQWIHVG VLPLODU OHYHOV RI ELRILO
Rl WKH VZHHW SRWIOAMR\DRGW GD WWRIMQYUDLQ $ IRQG

VWUDLQ $ +RVVDLQ HWWRGHV%IURPLSRGHT XB | DFALHQV
FRQFHQWUDWLRQV MR/l FDXWHEG GLVUXSWLRQ RI ELRILOPV
$JUREDFWHULXR WRPIIDFLIEEDOODK HW DO ORUHF
FRQWDLQLQJ VX3HQ QDIEROW KR LQKL'E LGADHGGEQRVIIL O P

IRUPDWLRQ E\ DIWHU K RI H[SRVXUH +RVVDLQ HW DC

BUHYLRXV VWXGLHV KDYH GHPRQVW U D WHREFEMRRW VXU

HITHFWLYHO\ GLVUXSW ELRILO P \WIHRWLPIN & PE\ISSRAW R § D W
% 3 VI\ULSRIDP 7; YHVLFDRORWLD3 FDURWSRORYXP

7& PLFKLIJVRERSAKLJID®OQYLVDQGGV\ULDWDRP MW R
% %LRILOP GLVUXSWLRQ ZDV REVXWIDHGY RYWUF R QFAHX

+ J P/ +RZHYHU WKH H[WHQW RI GGWSHGHROW Z 3
KLJKHU FRQFHQWUDPYWLREL\RILOP GLVUXSWLRHUHD V¥ KHREZH |
FRQFHQWUBRWLRON UHVXOMWHGLMRESWILURI HW DO

7KH UHVXOWV RI WKLV VWXG\ LQGLFDWH WKDIW LQ FI
Y D FF LGGBL % 3LURJ HW DO DQ6G OPSREBEBTWOIHEBWLRK
$EGDOODK HW DO WKH PD[LPXP GHVWUXFWLRQ RI P
EDFWHULDO ELRILOPV ZDV DFKLHYHG DW/ ORIZNY UARBWIBC
VIQWKH VA VHHIG\\EK DR SSFOLM.Q D PHGLXP ZLW KE ISRVWRW IR WP IR\
SUHFXUVRUV DQG D \HDVW LQGXFHU 7DEOHV DQG

7KHUH DUH UHSRUWYV LQ WKH OLWHUDWXUH RQ WKH
ELRILOPV E\ YDULRXV DQWLELGRHUQ P HIBJ FQWYR XXDIWX YRQ V

+DQ HW DCPLFURELDO H[RPHWDEROLWHY RWKHU WKD
+DR HW DO PHWDO QDQRSDUWLFOHV OLVKUD HW DC
FRPELQDWLRQV RI SKDJHV ZLWK QDWXUDO ELRFLGHV 1L

,WKRXOG EH QRWHG WKDW ZKLOH WKHUH LV DEXQGDC
RI PHWDO QDQRSDUWLFOHV DJDLQVW SK\WRSDWKRJHQV
RI EDFWHULRSKDJHV 1DZD] HW DO 6RIV B IEGULH N W HIEO W
D E L @/IRWG LELIRXIS®WPV RI SK\WRSDWKRJHQ LAL ER B IV HHWL. D O7 K X \
LW ZDV UHSRUWHG WKDW ELRJHQLF VLOYHUPQDQ RBEBIMM.C
WKH IRUP,DWWRK®R RR QB VRRUBBRIBEPIWS LQKLELWHG WKH |
REDOVWRQLD VRICRODOFHDUXP DQG G HRAWPH® R GUWEKLIR IS.IOHP
E\ 8PUDR HW DO

3DSDLDQQL HW DO SHQWRZRGQ WKNVWFRQGDU\ PHW.
7ULFKRGMUFFRDLUD®HD FRQFHQWUDWLRQ RI  IRUPRG GHV
ELRILOP FRIPSHSWRRRSHEWULY :KHGHQWSWRQ ZDV XVHG
FRPELQDWLRQ ZLWK EDFWHULRSKDJH ;FF3 DQG K\GURJ[\D'
LQFUWMMLKHBEWO\ E\

JLSWAEAFK XQSXULILHG B8QRPIMNBMIKPOLWYHR@FHQWUDWH
DFHWDWH P\FHOLXP H[WUDFW GLVVROYHG LQ GIPHWK\O
VRODQDEHRIWOP E\ DQG DW FRIQHHQWKDWLRQV F
DQG J P/ UHVSHFWLYHO\ 'H\ HW DO

IDFWRQDVH O00PNRUIRPYLEDFWHU ]KD[COQW BLBR QIFFHQMWQ V|
RI J P/ GHVWUR\HG DOPRVW RI WKH E3 RFIDQUMR R R WRUHX
VXEFBURWRYRWLR® GD\V +DR HW DO

ORVW OLWHUDWXUH IRFXVGHURQH® KA-R VS RPEGELIOIRTO D Q!
SK\W RS D WEKDREJMHHDUW.IEDD G R Q JV HOW K HDWIHVUREGSWA U L Y B W WYKHHV
DOLSKDWLF DPLQH WU\SWDQWKULQ DQ LQGROHTXLQD]R

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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HITLFDF\ DJDLQVW, \WRKHN] EMRULIDRORH RI WKH FRPSBXQGYV
FRQFHQWUDWLRQ RI J P/ LQKLELWHG ELRILOP IRUPDW
7TKH IRUWRBQ \RRODQ EERDIWXP ZDV LQKLELWHG E\ DSSUR]
SUHVHQFH RI J P/ UHVYHUDWURO SK\WRDOH[LQ DIWHL
FRXPDULQ ZKLFK LQ D ZLGH UDQIJR/RKBRQIFGRRWWD W RRIQO
HIHFW RQ WKH ELRILOP IRUPDWLRQ RI WKLV SK\WRSDWKI

+DUPLQ DOVR NQRZQ DV WHOHSDWLQ D SOPDW DONLI
LQKLBELWRGDQEERDLXP IRUPDWLRR EW DO

WK R X O Q REMIHKD W DR WH HD U VD IXFADKHRA WV WA XHEFLYDERVIW K Bl O
ELRFLGHV RQ WKH LQKLELWLRQ RU GHVWUXFWLRQ RI W
SK\WRSDWKRJHQRE\ FDMRW HDHDPD;P S H 8 WRADLAS H BWUU VQ JD H
SYDFWLQLGROBQDFHIPURRY RGDG D QWL

$ NH\ GLIITHUHQFH LQ RXU VWXG\ LV WKH XVH RI VL[ V\V
GLIIHUHQW JHQHUD RI SK\DVMRSRRKRJIB QL BVEHXBRPRIQDY $
3HFWRKPFVEBDLY LEDPWHMN FXOWXUHV ,PSRUWDQWO\ WKI
HU\WKURSRBOLVLQ PHGLXP ZLWK GLIIHUIMGW LFRFCE\RG/H W B €
SURUPHG VBEFOHV ELRILOPV RI DOO VWXGLHG SK\WRS
FRQFHQWUDWLRQYV

(I'THFW RI VXUIDFWDQ@W WY B WKGKISHR® IEMXQGHU GLITHUHC
FXOWLYDWLRQ FRQ&SHMIHRQSKRW RESXDMOKRIHQLF EDFWHULD(

$W WKH QH[W VWDJH ZH LQYHVWLJIJDWHS WHKWERIBRGRW
,09 $F  WR GLVUSHW LGXDBLRILOPV Rl SK\WRSDWKRJHQLF
FXOWLYDWLRQ FRQGLWLRQV 7DEOHV

W VKRXOG EH QRWHG WHKIBWPRLKN BLRFALOHOFGRY EXDOL
WKH LQFXEDWLRQ PHICPEPR BIUWAK VXUIDFWDQWYV $W H[SR\
VLPLODU WR WKH BWX&WU XSWER & VRE VR IQDFBKQ &/ HHDTIE O H'
KRXUV WKH GLVUXSWVBBFRHD CEQ R/ ® B Y H3L7G MORB G A H H
I X U VWRAHUSWLKGHY U DRAWL B B D IMPAHBQUAY D ¥ R/AXQIMR. \REFU FDRVKHREX U V

7KBDSADHV HQW H GV K@&ZK D BOW MH XEX.RIPFRHY ELRILOPV L
IURP W R IROORZLQJ WUHDWPHQW ZLWEK PORRIFRQF
VXUIDFWDQWY VIQWKHVLVHG LQ WKH SUHVHQFH RI \HDVW
ZLWKRXW SK\WRKRUPRQH VIQWKHVLV SUHFXUVREDV7KH K
REVHUY&BLRALIDQKBOWENKLID @PQW LV 3 V\ULGNWRPDWR
,09 % ELRILOP DIWHU WUHDWPHQW ZLWK VRUHDBIWD QW V
FHUHY%VQDWHXSHUQDW®OQ QWKEHY R Q| D SWRGW&RE G LXIPW K
LQDFWLYDPMEG WONSRUHDW WRNKHEGRUIWMHH Rl LWV GHVWU

ORZHU DQG DPRXQADIE® WR

, W K R X OGGR BNHKEY KEH V W URIEW BB @ FEIHR LXOPGIM KDH WR R Q
VXUIDFWDQWY VIQWKHVLVHG LQ D PHGLXP FRQWDLQLQJ F
ZLWKRXW D \HDVW LGGESFHOGLYDVRQ WKH VXUIDFWDQW F
J P/ 7DEOHV DQG

$W WKH VDPH WLPH WKH DGGLWLRQ RI LQDFWLYDWEF
HU\WKULWRO DQG RU WU\SWRSKDQWIOHN V\® WRWWLNDRIHV XL
XQGHU WKH DFWLRQ RI ZKLFK W K/I$ HoFH.HMH B KQREIUGSHPWM (G XE\W |

FRPSDUHG ZLWK WKH GHVWUXFWLRQ UDWHV DIWHU WL
DQ LQGXFHU 7DEOH EKIR | H OFASHRULAF@BW @ BBl 3

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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VUL CBGIYOMR P DWW Ro
3 VAULQIYWR P DO/ R%
UHVSHFWLYHO\

ORJ\ %LURWHFKQRORJ\

DQ&PLFKLIDQXEWERKLJID DN LV
7KHLU GHVWUXFWLRQ ZDV WKH VD
DIWHU WWHQWRHQW HEWK \DX P IHEWKPQ A/F

SK\WRKRUPRQH VIQWKHVLYVY SUHFXUVRUV DV ZHOO DV ZL

7TDEOH

7DEOH
'"HVWUXFWLR@HHALGXDELRILOPV RI SK\WRSDWKRJHQLF EDFWHULD
VIQWKHVEVHG\WKWRSFOLWMQ D PHGLXP ZLWK D \HDVW ELRORJ

WLRIGBIRNWUXFWLRQ

,QGXFHU

,OQODFWLYDWHEGXEHOQWD

WD QW

6 XUIDFWDQW FROQFH

WUDWL

& PLFKLJDQHERBRAKLJID @PQ
% YHVLFB®®WLD

VLV QG

W R P DDW Ro

YHVLFERMOBRULD 3 VUL GBM

H

& PLFKLJDQXERWBRKLJID®PQ
% 3 V\UL GBMWHR P DOW B

VLV

1RWAKH HUURU LQ ELRILOP GHVWUXFWLRQ GHRWH G AMWHUPLR® G L

7TDEOH

'"HVWUXFWLR@HHALGXDELRILOPV RI SK\WRSDWKRJHQLF EDFWHULD
VIQWKHVEVHG\WKWRSFOLWMQ D PHGLXP FRQWDLQLQJ SUHFXI

SK\WRKRUPRQH ELRVI\QWKHVLVY [FH® HQIIFVDINY BYWEREL FEO AW BXFF

3K\WRKRUPRQH ELRV\OWKHVLV
(U\WKULWRO
(U\WK UL MRGWRS|KD Q
%LRIGEIRWUXFWLRO WO SWRSKD O
3UHV IR@RHL O G X F PB & DXW K H
& PLFKLIJDRERSAKRLIDOHQVLY
09%
" YHVLFBWERWLD
“YAVLFBROWLD 3
V\U L GBIMMR P DO\W % QG| QG
& PLEKLIJDRERSAKRLIDOHQVLY
09 %
3 V\ULDWORP W %

IRWHWH HUURU LQ ELRILOP GHVWUXFWLRQ GHWHUPLQDWLRQ GL

ZDV J P/ i J P/ i J P/ i
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7DEOH
(ITHFW RI SUHFXUVRUV RI SK\WR&REH BFEHIL & LRXSGIW & B WIDWQ /QBV
LOQGXFHWLAUWNKHKWDRSBOLWXOWXUH PHGLXP RQ WKH DELOLW\
VXUIDFWDQWYV W IBHMWURLRIXKOPV RI SK\WRSDWKRJHQLF

SK\WRKRUPRQH ELRV\QWKHVLV S

WKULWRO
&
o) (U\WKULW?RJ(DSWR\:% \SWRSKDQ

3UHVHROEHL QG XF PW G DXWR|K H

%LRIGBIFNWUXFW LH

& PLFKLIVQHQYLV
PLFKLID@RO@VLV
7 YHVLFBW®R LD

YAVLFBWR%LD 3
V\U L GBIMMR P D\ % QG | QG

& PLFKLIMVQHQYLV
PLFKLID@BPO@VLV
3 V\ULVDRIP DWW ®

IRWHWH HUURU LQ ELRILOP GHVWUXFWLRQ GHWHUPLQDWLRQ GL
ZDV J P/ i J P/ i J P/ i J P/ QtGRW GHWHUPLQHG

"HVWUXFWLRSHRIL HBWX& BR FLKO.B D QXERBAKLID QY QV LV
i YHVLFB®RUWLDDQG'HVLFB®R®WLD 3 VUL GMVHR P DWR
% XQGHU WKH DFWLRQ RI VXUIDFWDQWY SURGXFHG LQ
WU\SWRSKDQ DQG &V KAHH VMBS HWUIZDHW D QML RAHU WKDQ WKDW |
DIWHU WUHDWPHQW ZLWK SUHSDUDWLRWRKRQWKMHY MW B @/ K
SUHFXUVRUV ZLWKRXW DQ LQGXFHU 7DEOH $W WKH VD!
& PLFKLIDQXEMBRKLID@KF Q& LV3 VUL GMVHR P DWW Rb ZDV
YLUWXDOO\ WKH VDPH DIWHVYVRWXWD®R® WY OQWQ MM KWK LWXHE DH
SK\WRKRUPRQH ELRV\QWKHVLY SUHFXUVRUV RU ZLWK SUH
'XDOWSHFLHVY DQG SRO\PLFURELDO ELRILOPVY UHSUHVHQV
VLQVOHFLHV ELRILORMIDVWKHI MKUEEWXUDO VWDELOLW\ D
DQG HQKDQFHG UHVLVWDQFH WR DQWLPLFURELDO DJHQW\
6HYHUDO VWXGLHVY KDYH UHSRUWHG WKH UROH RI YD
ELRILOPV RI KXPDQ SDWKRJHQV )DQDHL 3LUODU HW DO
VXUIDFWDQWY GD 6LOYD HW DO S U RIGLNTHGEARWVHW R R O
,09 $F LQ WKH SUHVHQFH RI D ELRORJLFDO \HDVW LQGXF
GLVUXSAMBHPLBHY EDFWHHHDOW EGRADEWHUAINIOPDNHY\FK HW
'"HVSLWH WRKHXPHQWHG DEWRRWH @RLUFS KDW RSV LD DW L F
; FDPSHDVDWGOGVRODQDFRIDRXP ELRILOPV &DUH]]IDQR HW DO
LQIRUPDWLRQ DYDLODEOH RQVWKHALGBNVNVBHIXBSWORE R)RWVKXHEC
IRXQG UHSRWW KGQ W IWKGIHE LEIXDELRILOPYV RI SK\WRSDWKRJH
7TKH VWXGVE8HBEAXADWELRILOP IRUPDWLRQ E\ SK\WRSDWKF
GDWD RQ WKH SUHYDOHQFH RI WKHVH SDWKRJHQV LQ 8NU
+XEDE HW DW ZHOO mV E\ UHSRUWYV RI WKH VALACRIWB QHR
WRPDWRHVLFIDMGRBEWPPLIFKLIDV QERBMARLIDRA QWRRFDWR VHHGV |
HW DO DQG WKH GRFXPHQWHG VMWHXGIRMROQGVLQW

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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'‘DQWKRVBEBPVHV GRUHPWLIFFRQ GHYHORSPHQW $LHOOR HW I
H[DPLQHG LQ GHWDLO WKH UROH RI ELRILOPV LQ V

3VHXGRRNBGDYDIGWKRPRQDW G HURRDW®RV FRUH QHFUWRVLV
VWUDLQV ZLWKRKPLK EDFEWORRWBVWHQYXWLEDSURWHJIHQYV
31 VLPXOWDQHRXVO\ HQKDQFHG GLVHBWH IVBRSWREPW LLREC
LQ WRPDWR WLVVXHV PRVW VWURQJO\

W VKRXOG EH QRW B®& MH\DEV WG\ENR,B® SROLW Y\PHGLXP
RI GLIIHUHQW FRPSRVLWLRQRHGWSMBIR\W GE WRKIHO BYUHRI D (
SK\WRSDWKRJHQV +RZHYHU WKH GHJUHH RI GHVWUXFWL|
FRQFHQWUVRWIDFQWRQWY WKH SUHVHQFH RI SK\WRKRUPRC(
PHGLXP DQG WKH SK\WLRORJLFDO VWDWH RI WKH LQGXF
7DEQGHYV

3UHYLRXV VWXGLHV 3LURJ HW DO G H R QR/IW U D'
VXUIDFWDQWH SHURBKEMEGEHEO LW IJDLQVW KXPDQ SDWKRJIHQ\
WKH FXOWLYDWLRQ FRQGLWLRQV RI WKH SURGXFHU SDL
FDUERQ VRXUFH LQ WKH PHGLXP 7KH W\RUDOOQFR\@MIGHV L]F
QHXWUDO OLSLGV $FFRUGLQJ WR WKH OLWHUDWXUH DPL(
JO\FROLSLGVY ZKLOH QHXWUDO OLSLGV H[KLELW YHU\ Z}
9HGHUDV $Q L Q F URIDRIHOIEQ »#P RAFWNRYRGWRRAH B H Q%5 31 Q W
JOXWDPDWH GHK\GURJHQDVH D NH\ HRFW HYLH DR IBHREQ RS/ C
WR WKH SURGXFWLRQ RI VXU IGEWDEML @ I VDK M IQWKLDN\FFHREP B
IRUPHG LQ PMIGH E® V3IFURJ HW DO

W LV OLNHO\ WKDW G U LHIU\ WWKK.BR SRFO WMLYQD W LARHDG RX P
FRQWDLQLQJ SK\WRKRUPRQH ELRV\QWKHVLV SUHFXUVRU\
DPLQROLSLGYV LQ WKH V\QWKHVINWHG ZKKBKD B\WBRMS DRRLAE
FRUUHVSRQGLQJ FKDQJH LQ LWV DQWLELRILOP DFWLYLW\
IXUWKHU UHVHDUFK

7KHUH DUH IHZ UHSRUWYV LQ WKH OLWHUDWXUH RQ WK
WKH SUHVHIDFWRQ WX | BRIR GREHR BFPK V X U | D BW DRWAL DQR P
%' DW D FRQFHQWUDWLRQ RI J P/ ZHQ\WMHVKRRZRF MXR/ GKHL
$7&8& (  IDHFOTRLE BPRGLGD BRELFR@V VLOLFRQH
SRO\WW\UBQBIVWQ®QHN HW DO 7KH VXUIDBWDQWYV
HU\WKURSRFLY DUH HIIHFWLYH GHVWUXFWRUV Rl ELRILO
2NKPDNHY\FK HW DO 3LURJ HW DO DQ® SK\WR
FRQFHQWUDWLRQV RQH WR WZR RUGHUY RDOVFEBDQNMWXGH
YXUWKHUPRUH WKH UHVXOWV SUHVHQWHG LQ WKLV VWX
GLVUXSWLRQ RS HERVHK VREEFCKY ELRILOPV |RHRHE ED §W\WWR
IURP WKH ; DHQNHKURP R\DIDX/G R P RDUDR/E D F WHHFIWKRE D F\WWB GL X P
&ODYLERQFWKHW SUHVHQFH RI PLFURELDO VXUIDFWDQWYV

7KH DGGLWLRQ RI D \HDVW LQGXFHU LQ GLIIHUHQW S
VXSHUQBWBKMIWWMBEIE WR WKH FXO WX UHUPHGLXSBRPIL V
FRQWDLQLQJ SUHFXUVRUV Rl SK\WRKRUPRQH ELRV\QWKH\
WKDW ZHUH PRUH HIITHFWLY HV SRF LGLW UNEWFIGHYD GER R KL O/
SK\WRSDMQLF EDFWHULD FRPSDUHG ZLWK SUHSDUDWLRQYV
7DEOHV W LV DQWLFLSDWHG WKDW WK HWSRIHV H Q
DQG RU WU\SWRSKDQ ZLOO QRW LQWBHQHEHH AHSE LYK H
SK\WRKRUPRQHV E\SWRKGX FXQIDFWDRMW) )XUWKHU VWXGL
LQYHVWLIJDWH WKLV SRVVLELOLW\

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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&RQFOXVLRQV

7KLV VWXG\ GHPRQVWUDWHG SV KHDUN WKXWRBIRW DQ QY V SUR
D PHGLXP FRQWDLQLQJ SUHFXUVRUV RI SK\WRKRUPRQF
HITHFWLYHO\ GLVUNXG ® K& EGMWK \ELRIOBPYV Rl SK\WRSDWKF
DELOLW\ WRVBHALYSYVWE GKIROPV RI SRWWRIS® K KB HHIRWY ZNDKHL
,Q WKH DEVHQFH RI WKH LQGXFHUW SHMKEHHAX B LERF \WODBQBVEA G L
GXDOHFLHV ELRILOBHINQGLQJ RQ FXOWLYDWLRQ FRQGL
LQDFWBYFWHB%IZYLFHOOV XIHUYMWDQW HQKDQFHG DQW
UHVXOWLQJ LQ+LQFRIHDNESHRLIHY ELR#LOPRU D@&THFLHV
ELRILOPV FRPSDUHG ZLWK SUHSDUDWLRQV REWDLQHG ZL'

7KHVH ILQGLQJV KLJKOLJKW WK HDORWHQ IVEWO V88 OR BL
SK\WRSDWKRJHQLF ELRILOPV RIIHULQJ D SURPLVLQJ WRF
HQVXULQJ WKH VDIHW\ DQG TXDOLW\ Rl UDZ PDWHULDOV L
VWXGLHV DUH ZDUUD GWHRBQVRRRSWWR RIGIVSD@G XV R HYD O X I
LQ DJULFXOWXUDO VHWWLQJV

SHIHUHQFHYV

$EGDOODK ' % 7RXQVL 6 *KDUVDOG®DWIRXUEDPPDPL $
/ILSRSHSWL®B¥LQ®PY DP\ORDUDIXB IDBLEYQVSURPLVLQJ ELRFR
DIJDLQVW WKH $SODRED BW WKIRIPY@WXPIHR QP HIQQM O 6FLHQFH D
5HVHDUFK SS KWWSV GRL RUJ Y,

$JERROD $5 2NRQNZR & 2 OE$HMZ X¥SX\H%(RSHVWLFLGHYV
FRQYHQWLRQDO SHVWLFLGHVY kRPSDUDWLYH UHYLHZ RI PH
$52& LQ $JULFX®WXUKWWSYV GRL RUJ DURFDJU

$LHOOR ' 9LWDOH $ /D 5XRWD $ ' 3ROL]J]JL * &LUYLOOF
EHW ZB\HHX G R PRSGSD VDIDBW KRPRQ D VL O HY QKM MW R SLWK QHF

VIPSWRPVRXUQDO R 30DQW SDWKRGRJ\ =+
KWWSV GRL RUJ -33 9
$VKEV5 ' B6RODLPDQ ' . < %LRV\QWKHVLY DQG DSSO

ELRVXUIDBDWR®WWLYH 8VHV RI $JULFXOWXUDO SBURGXFWYV
KWWSV GRLRUJ FK

%DQDW , 0 'HS5LHQJR 0$' 4XLQQ * $ OLFURELDO
DQWLELRILOPS DIHOWWLFURELRORJ\ DQG %ISBWHFKQRORJ\
KWWSWRL RUJ v

%RJLQR 3 & 20LYD 0 GH/ 6RUURFKH )* *LRUGDQR :
ELRILOPV DQG VXUIDFH ERFBRIQHOQ® VDWPHREQDWMRQD®O -RX
OROHFXODU 6FLISGF HYV KWWSV GRL RUJ LMPV

&DUH]]JDQR 0 ( 3DOHWWL 5RYH\ 0 ) &DSSHOODUL /'5
0 /0 *LRUGDQR : %LRILOWPPLQJ DELOLW)\ Rl SK\B¥ RSIYWHRRHQL]
LWV LQYROYHPHQ@WOL@WS/ODQWWMWSMVEGRL RUJ SODQWV

&KHQ - <X < /L 6 'LQJ : 5HVYHUDWURO DQG F
DQWLEDFWHU L DIDON WYL D JIREINVYMBRYIXRHFXOHV
KWWSV GRL RROHFXOHV

&RFKUDQH 6 $ 9HGHUDV - & %D F LD@OFHBLVE DS QN R P
JROG PLQH RI DQWLEQR®@ILLFLQADA GLHVDHDHNFK 5HY LHZV
KWWSV GRL RUJ PHG

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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GD 6LOYD &5 6i/*"'$9 $QGUDGH 1HWR - % %DUURVR

"6 GD 6LOYD / - /LPD , 6 3 3pUH] / 5DPRV GD 6LOYD $
1REUH + 9 -~QISRWLPDRUBRWHQWLDO RI D ELRVXUIDFWDQW

PL[HG ELRILOPV |IRUP MG B \¥\OX®ERNONGRRHHWIKH ¥ L & DWW X V
FDWKPOWRIRXOLQJISS KWWSV GRL RUJ
GH 6LTXHLUD (& GH $QGUDGH $OYHV $ GD &RVWD H 61

/0 3RO\K\GUR[\DONDQRDW H\VQD QGWH R ROAVDH FR D UYLEE0
FRESURGXFWLRQELRNO PEEBRBRAOVRPWHVKQRORJI\ 3URJMHVV
KWWSV GRL RUJ EWSU

'H\ 3 %DUPDQ 0 OLWUD $ ODIMEKOPRBWRERQLSHY IUF
YHUWLFDOO\ WUDQVPL}VQH 6 L\DSHLRIFO HIVGW SRWDHVH YLUXOH
SK\WRSDWERDWWREQLD VRODRUREHLROKRILFDO 5HVHDUFK
KWWSV GRL RUJ M PLFUHV

)DQDHL 3LUODU 5 (PDQHLQL 0 %HLJYHUGL 5 %DQDU 0

&RPELQDWRULDO HIIHFWV RI DA \GXBKRMLFS K DARGF RIFA XF
DXUHXQBHXGRPRQDV BIHRIKOPYRVOQ OV KH PRBGERP 2 QH
H KWWSV GRL RUJ MRXUQDO SRQH

JRQWDQD 5 RUWMRO/* 2tWDUUDVL 9 3XOD : (VSRVLWR (
ODUFRQL 3 +RS ELRPDVV ZDVWH DJDLQLWQGON ESEURWN
WR FURS S)WARVQ MAW UR/Q LQ OLFURELRORJ\
KWWSV GRL RUJ IPLFE

*RPHV 0 = 9 1LWVFKNH 0 (YDOXDWLRQ RI UKDPQRC
DGKHVLRQ DQG UHPRYH ELRILOPV RI L& S DWIRID®)BRR EDFFLW H €
&RQWURO SS KWWSV GRL RUJ M IRRGFRQW

+DQ 6 <DQJ / HDQI< /L 6 'LQJ : 3UHOLPLQDU\
DQWLEDFWHULDO PHFKD®HWUYVPYRG FRPHBEXERIOVERXPDULQ DJ
5DOVWRQLD VRODOPEWDHNXF LQ RJ\OLFURELRO
KWWSV GRL RUJ IPLFE

+DR/ /LDQJ - &KHQ 6 =KDQJ - =KDQJ < ;X < 0]F
1 DF\O KRPRVHULQH ®BIFR RODWH DFVRIPU V] MIXDW W B WL DXL
3HFWREDFWHU L XV XENMSRVRRNVRVRLRPHRRHV LHUV IRIJ\OLFURELR

KWWSV GRL RUJ IPLFE
+RVVDLQ $ $OL 0 $ /IQ /ODNMORP-0 GkRX -LDQJ < :DQJ < /[
4 %LRFRQW U RLO- NRHD QBRI IFW RRYG WM KR XRQVVEHEWRRB
DQWDJRQLVWLF FDHGHWDLIAL ODLRRPIS® BFR\RRUJIJDQLVPV
KWWSV GRL RUJ PLFURRUJDQLVPV
+RVVDLQ $ ,VODP ODVXP 0G O X $EGDOODK < 2IXQ
IL % $Q 4 6 PUDIFHLOVDYPR DV L @ IES B WREMRID GDGD QW |

FDXVLQJ VWHP DQG URRW URVRIERYWDRIE B F VH & FAMW SEREED MK
KWWSV GRL RUJ

+XEDE/RQUHVWDQL 1 $RDBPBHK 0BO6KDED@O)LPDWH FKDQ.
GULYHQ VKLIWV LQ WKH JOREDO GLVWULEXWLRQ RI WRPDWF
SDWKRUR@WLHUV RQ\OLFUREKW®/ SV GRL RUJ IPLFE

-DQHN.UDVRZ¥ NDO¥QLNRZVNBNDV]HZLF] 7UHKDORVH OLS
ELRVXUIDFWDQW UHGXFHV DGKHVLRQ RI PLFURELDO SDWKR
H[SHULPHQWDO DQG FRPSXWRQMLIRQDO LDRSSURNRELRORJI\
KWWS\WRUBRL IPLFE

.DWDJL 9 9\WOD 50 G6RPDVKHNDUD ,QWHJUD\
ELRSRO\PHU 3+$ ZLDAGKGR® KEHBR SUDROGOHFWY DQ LQQRYDWLYH
SURG X FWURHH Q &KHPLVWU\ /HWWHUV DQG SHYLHZV
KWWSV GRL RUJ

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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.RORPLLHWV < *U\JRU\XN , J/LNKDQRY $ %XWVHQNR /
EDFWHULDO FDQNHU UHVLYWSQDB 8 W @ WRRZAMDKV RUR® B @\B § XV K L
$JULFXOWXUH RXUQRBRWWS G[ GRL RUJ

/HRQRYD 1 2L 33LRIRIWHWVND '9 6KHYFKXN 7 $ .KDUNKR

6\QWKHVLV RI JLEEHUHOOLQRFBPVU G XD | POENMDLADAL DS UR G X
$FLQHWREDFWH,0 D O F BIFB-RGIFPRF F XV HWW\W K U RFRE DWW LI LF
BWXG\VIHMHEKHPLVWU\ &KHPLFDO (QJLQHHULQJ %LRWHFKC
SS +

/L < &KHQ : ;X ; <X & /LX < -LDQJ 1 /L - [IXR
RSESHQKDQFHY EDFWHULDO SDWKRJHQLFLW\ RQ WRPDWR
HIRSRO\WDFFKDULGHV SURGXFWLRQ D Q G& O DN LFEHD@ WRHHU
PLFKLJDQN@NUQDWLRQDO -RXUQDO RI OROHFXODU
KWWSV GRL RUJ LMPV

/RQJ; =KDRQX¥+ :DQJ4 :DQJ& =KX 0 :DQJ: /L & :C
* 'LVEFRYHU\ DQG PHFBORIKPWIFQRHIH WU\SWDQWKUL

SK\WRSDWKRJHQWHEQBWHRQDO -RXUQDO RI OROHFXODU
KWWSV GRL RUJ LMPV

ODQVILHOG - *HQLQ 6 ODJRUL 6 &LWRYVN\ 9 6ULDU
9HUGLHU 9 %HHU 6 9 ODFKDGR 0 $ 7RWK , 6DSXOPIRQMB *
SDWKRJHQLF EDFWHULD LQ PROHFX®MDW SCOD@MW 3EWVKKRFORRI \

KWWSV GRL RUJ M

OLQD , 5 -DUD 1 3 &BWWROOR -7§H FULWLFDO UROH RI |
EDFWHULDO YDVFXODU 3OD@W REIDMWKFERIBOHVLV
KWWSV GRL RUJ SSD

OLVKUD 6 <DQJ ; 5D\ 6 )UDFHWR /) 6LQJK + %
LQKLELWLRQ DFWLYLW\ RI ELRID E U; DRDMKRIRRIQIBWR U \ [DIHQ R S D
FDXVLQJ EOLJKW GLVHDVH RI ULERUQ @R DDRV H\ FEULR/ EIDR/GIR
%LRWHFKQRORJIWWSY GRL RUJ Vv

O0XOXQJX (/ 8QPDVNLQJ WKH KLGGHQ WKUHDW D UHYLHZ
SK\WRSDW R RWHRIXD EDEX RUHQW LEURISRHIEFAH SS
KWWSV GRL RUJ MFRFV Y L

1DZD] $ =DIDU 6 6KDKADGKDMQ 2 XKKDKWLRGNKDKDQ 6

%DFWHULRSKDJHVY DQ RYHUYLHZ RI WKH RR\Q;\WULBQ VW

"RXUQDO RI %LRORJLFDOKBHWINV & FBRW LRRIJ

113 :DQJ/ 'HQJ % -LX 6 OD & =KDQJ & $OPHLGD$

&RPELQHG DSSOLFDWLRQ RI EDFWHULRSWKIDXER PIR@® \F L

VIULQEHDFWLQIS®UIDMNWRQLF DQG O0EERBRRFRIPID QRYPWY

KWWSV GRL RUJ PLFURRUJDQLVPV
I1LWK\DQDQG 3 %R\D % 5 /HH - + /HH - 3RO\PLFL
LQWHUDFWLRQV UHVLVWDQ FOH FUQRIE (24U KRHAUHDFSKHXRAAHREJ \V W U D W |

KWWSV GRL RUJ
2HUNH ( & &URS ORVVH\X AR R USH/OWREG WKL G H SS

KWWSV GRL RUJ 6

2NKPDNHY\FKURJ 7 .OLXFKND / '"HSHQGHQFH RI E
VXUIDFWDQWYV YK®WERHARERG/ B VEKUR KRROEK\VLRORJILFDO V
\HDVW LYMNINFHBRRXUQDO SS KWWS GRL RUJ ;

2UIHL % ORUHWWWDWXORUHWL2RIUL $ B6FRWWL / $FH

6LOYHU QDQRFORVYMGDMWLYHWKWIIWHY DUH D QHZ KLJKC

SK\WRSDWKRJHGISPO IEHDGE WHBURELRORJ\ DQG BBRWHFKQRORJ
KWWSV GRL RUJ y

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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3DSDLDQQL O S5LFFLDUGHOOL $ )XOJLRQH $ G (UULFR

9LQDOH ) &DSSDUHOOL 5 $TWLEKRGHOPDENHNV LY L
DIDLOQWKRPRQDV SKHBEPBENWWUYRQH DQG LQ DVVRFLDWL
SKDOHFURRUJDQLVARKWWSY GRL RUJ PLFURRUJDQLVPV

S3DUDV]NLHZLF] . ORU\O O 3abD]D * %KDJDW . 6DV

6XUIDFWDQWYV RI PLFURELDO RQWHIDQ D W LIRGMDIOE E R KLLOPD D JRK
+HDOWK 5HVHDBBK KWWSV GRL RUJ

3LHUUH ( 6KDZ ( &RUU % 3DJSIDXOLFIBWSBSBQV6RI| UKDF
VXUIDFWDQW V3O@mWHMWK O WKWMW SV GRL RUJ M VWUHV

3LURJ 7 %HUHJRYD . *HLFKHQNR % 6WDEQDNRY YOH
VXEVWDQFHVIRFREGCEDGFRFF LQRIU WWIRMOUMR | YSHNUHNLDREO BV
JRRG -RXUQD®S KWWSV GRL RUJ ;

3LURJHRQRYBLDWHW.ONPHQINRKGD QAXMNKHYFKXN D
L QGXFWLRQ RI DX[E®&R GR B RARKW WIBWBRKURBZRWKVWKH DGGLWL
WU\SWRSKDQ WR WKH ®BXE8WR ¥ DRQRQURRKGL X 2XS
KWWSV GRL RUJ PLFURELROM

3LURJ 7 .OXFKND /6 WENELCRAWWRNDY 27KH H1IHPVD WRLYRWLRQ
5KRGRFRFFXV HWWWKRRMSROLVEDFWHULDO VWUDLQV RQ ELRC
VXUIDFWLYH VXEQWMPEBFHDQG OLFURELDO 7HFKQRORJ\
KWWSV GRL RUJ M HQ]PLFWHF

3LURJ 7 .OXFKND / /\WVDL ' G6WDEQLNRY 9 )C
SURSHUWLHV Rl BIPWREH QWD L VXU IEOVF WS \& K HFHWHDUF K & KHP LF
(QILQHHULQJ %LRWHFKQRORSS )RRG ,QGXVWU\

3LURJ 7 6WDEQLNRY 9 6WDEQLNRYD 2 DFWLY BoVKEWWDD
LQ IRRWBRFHVVLQJ LOQGXAMBHY 20Q 63VNHBHWY 9 6KHYFKHQN
(GVHLRHQKDQFHPHQW DQG )RUWLILFDWILR @URIV)\R RIGRFIR 5 DDA
/RQGRQ %S KWWSV GRL RUJ

3LURJ 7 /HRQRYD 1 3LDWHWVND ' 6KHYFKXN 7
JLEEHUHOOLQIWFWQ&HVXXEDRFHD QEHD  EDRFLQLQ W KH) BH HM
HU\WKILINWNJRELRORKLFKRUQDO =K SsS
KWWSV GRL RUJ PLEURELROM

6DQL $ 4LQ : 4 /L -< J/LX <) =KRX / <DQJ 6 = 0X
GLYHUVLW\ DQG DSSOLFDWLRQV RI OLSRSHSWLGH ELRVX
SK\WRSDWKRJHQV $OLFURFLRORJILFDO 5HVHDUFK
KWWSV GRL RUJ M PLFUHV

6ULNDQWK 5 %DQX 6 ) 6RZQGDU\D - 3DUYHHQ - + 6 5.

%LRVXUIDFWDQW V\QHUJL]HG ZLWK PDULQH EDFWHULD
JROLD OLFURELRORSLFDKWWSY GRL RUJ v
6WHIDQL ( 2EUDGRYLU $ *D&aLU . $OWL%QDFWHNLRSKDJR

PHGLDWHG FRQWURO RI SK\WRSDWKRJHQLF [DQWKRPRQDGYV
OIFURRUJDQLVPWWWSYV GRL RUBURRUJDQLVPV

8PUDR 3 ' .XPDU 9 .DLVWKD 6 ' %LRFROWSURO SR
DJDLQVW EDFDAXNAMOOWRQMD VROEPQDEBHBDREMSWLDQ -RXUQDO
%LRORJLFDO 3HVW &RQWBVROOLQN VSULQJHU FRP DUWLFOH

':DVXOH '/ RBKL@I5 6D[HQD 6 ([SORLWDWLRQ RI
QDQRPDWHULDOV IRU SODQW 'LGERWBYVH 1PQRDJIJHPHQW
KWWSV GRL RUJ

'KHPDOEKL®YDQDUGL ' 6WHRRGL ( 7RPDWR DQG SHSSHU
SDWKZD\V IRU WKH GLVVHPLQDWLRQ RI SK\WRSDWKRJHQLF

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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LQGXVWU\ DQG WKH VXVWDLQDBXYMWDLQRELBUWRS SURG
KWWSV GRL RUJ V X

LD + +XDQJ < X5 7DQJ ; &DL - /L 6 ;$ VEDRBQLQUX
LGHQWLILHYV KDUPLQH DV D QRY H 6 DIDYWIREDLIDN W
LQ OLFRRELRO KWWSV GRL RUJ IPLFE

<XDQ - /ILX = iLH - <D Q VS HFLH V7 E HRGEMWDI| RKN\FOHRG FER F X

DXUBXW HXGRPROPYVHMNKHEMVHG HQKDQFHG UHEBWVWIFQ AP FHR
Rl )RRG KWWSV GRL RUJ

<XDQ / :DQJ 1, 6DGLT ) $ +H * WHU D F WQLVREE\HVASEHRA XY
ELRILOPV IRUPHG E\ SV\FKURWURSKLF EDFWHULD DQG WK
GLVLQIHRXDQWY RI )RRG 3URWSFWLROWSY GRL RUJ

; -)3
=KDR + 6KDR ' -LDQJ & 6KL - /L4 +XDQJ4 5DMRND
%LRORJLFDO DFWLYLW\%RIFIOASRSHS® I0GAVRIDIRRPORI\ DQG %
Ss KWWSV GRL RUJ v

&LWH
8)- BW\OH

3LURJ 7 2NKPDNHY\FKIIBFW RI VXUIDFWDQWV SUI
5KRGRFRFFXV HU\WK U RS®R @ LIBENFHFLHY ELRILOPV
SK\WRSDWKRJH@NEUDERQEWE ULMRG -RXIND O

KWWSV GRL RUJ ;

$3% 6 W\OH

3LURJ 7 2NKPDNHY\FK $ (IITHFW Rl VXUIL
5KRGRFRFFXV HW\WKURSRVLPIGH SBOLHY ELRILOPV
SK\WRSDWKRJHQ&NU EDFWKULIRRG -RXWQDO
KWWSV GRL RUJ ;

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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JJIJ3URFHVVHY (TXLSPHQW DQGI&RQWURO 6\VWH

,QWURGXFWLRQ

6PDUW ODQXIDFWXULQJ LQWHJUDWHY DGYDQFHG GL
SURGXFWLRQ SURFHVVHVY FUHDWLQJ D IOH[LEOH HIILFLH
PDLQ JRDO RI WRAR DFSWHRDFHK SVRGXFWLYLW\ LPSURYH :
FRVWV E\ XVLQJ WKH ,QWHUQHW RI 7KLQJV ELJ GDWD D
UHWOPH GHFLVLRQV OLUDQGD HW DO ‘"HW]HO DQG
WHFKQR®WRIERPOHY SOD\V D NH\ UROH LQ WKLV DSSURDF
HUURUV LQFUHDVLQJ SURGXFWLRQ VSHHG DQG HQVXULQ
RSHUDWLRQV .RQXU HW DO 'DQJ HW DO "HV
GHYHORSPHQW RI DXWRPDWHG FRQWURO V\VWHPV $&6
RSWLPL]DWLRQ RI WHFKQRORJLFDO SURFHVVHV WR DF¥
SURGXFWLRQ HIILFLHQF\ 7UDGLWLRQDO FRQWURO PHW
H[SHMAH RI SURFHVV RSHUDWRUV GR QRW DOZD\V HQVXU|
IRU WKH YDULDELOLW\ RI LQSXW UDZ PDWHULDO TXDOLW\
FDQ OHDG WR LQVWDELOLW\ LQ WKH O XCHULRX R | FILQQ D KK
PDQXIDFWXUHUV

7KH GRXJK SUHSDUDWLRQ SURFHVV LV RQH RI WKH
GHWHUPLQLQJ WKH TXDOLW\RRXNWKH HWWIORGSRIRGR KWK 3K H
D ORQJ KLVWRU\ DQG L VURGHON R/ G X I \ERNKMM BELOLW!
RI ILQLVKHG SURGXFWV $PU HW DO %UDQGW 7
SUHSDUDWARXJIRI| BKIFK LV WKHQ DGGHG WR WIGHR®PIDLQ GF
FRQVLVWYV KIU\HDY® ZDOWRHU ZKLFK DUH OHIW WR IHUPHQ
DOORZLQJ \HDVW FHOOV WR GHYHORS DQG IRUPLQJ DU
FKDUDFWHULVWLF WDVWH DQG DURPD ,VODP HW DO

7UDGLWLRQDOO\UWWHR®RREURSUHSDY FRQWUROOHG E
EDNHUV ZLWKLQ WKH IUDPHZRUN RI HYWDEOLVKHG WHFKC
PDLQ SURFHVV SDUDPHWHUV VXFK DV WKH FRQVXPSWLRGC
RI SORXJKARX@K ZDWHU WHPSHUDWXUH DQG RWKHUV D
UHFLSH HPSLULFDO GDWD DQG RSHUDWRU H[SHULHQF
LQVXIILFLHQWO\ DFFXUDWH DQG PD\ OHDG WR YDULDEL
HVSHFIKIHQOWEH TXDOLW\ LQGLFDWRUV RI UDZ PDWHULDO"

,Q WKH VFLHQWLILF FRPPXQLW\ QXPHURXV LQQRYDWL
UHODWHG ERWK WR FKDQJHV LQ WHFKQRORJLFDO SURFH\
7KH UHYLBRSSHOOL HW DO DQDO\]JHV WHFKQRORJLF
VWUDWHJILHY DLPHG DW LQFUHDVLQJ VXVWDLQDELOLW\
IORXU SDVWD EUHDG DQG EDNHU\ SURGXFWVRI7TWHH DL G
VWDJHV Rl ZKHDW FXOWLYDWLRQ PLOOLQJ GRXJK SUF
DVVHVVPHQW /&% WR GHYHORS HQYLURQPHQWDOO\ IUL
SURGXFWLRQ 7KH VWXG\ E\ OLWHOXW HWWHMDW XU I lGHDW
EUHDG DQG EDNHU\ SURGXFWV WUHQGV DQG LQQRYDW
GHYHORSLQJ QHZ IXQFWLRQDO EDNHU\ SURGXFWV WKURX
DQG H[WHQGLQJ WKH VKHOI OLIERWK KRYMHURGKFWNY EQ
SURFHVVLQJ DQG SUHVHUYDWLRQ WHFKQRGGRIWLHNO 7HWM D

DOVR DQDO\]H WKH SK\VLFRFKHPLFDO DQG UKHRORJ
VHQVRU\ SURSHUWLHV RACBUVHR® RV KOURW BIK Q\CKWALY H 1O R X U
DQG VR\ LQWR WKH GRXJK

3DUW RI WKH LQQRYDWLRQV DUH DOVR DLPHG DW WK
LQGXVWU\ DUH DSSOLHG WR RSWLPL]H SURGXFWLRQ SUR

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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ORW WKURXJK GDWD DQDO\WLY DQG SUHGLFWLRQ RI SR

IXWVND HW DO JRU H[DPSOH FRPSXWHU YLVLRQ PR
RI'UDZ DQG ILQDO SURGXFWV GD 6IDQYDD&RW WBLOPKBW Q G
ODQLFNDYDVDJDQ GHWHFWLQJ SURGXFW GHIHFWV D

2YHUDOO WKH OLWHUDWXUH GHPRQVWUDWHY WKH VL
LPSURYLQJ WHFKQRORJLFDO SURFHVVHYV DWL RE HR Il RMRIGH
WHFKQRORJLHY FDQ UHGXFH TXDOLW\ YDULDELOLW\ DQG
SURGXFWLRQ FRVWY DQG LQFUHDVH WKH FRPSHWLWLYHC
FRQILUPV WKH UHOHYDQFH DRAQLHAOR/ EBHPVE S RL Q H WPBDFHKEK
RSWLPL]JH GRXJK SUHSDUDWIGRX BURHMMWRL/ XVLQJ WKH S

7KH SULPDU\ DLP RI WKLY VWXG\ LV WR GHYHORS D PH
LQ WZR FRQVHFXWLYH WHFK@GRXR BLPBJIXE SENAE DHND WILIRRH CRA L
PDFKLQH OHDUQLQJ PRGHOV LQ RUGHU WR LPSURYH SUR
7R DFKLHYH WKLV DLP D FRPSUHKHQVLYH DQDO\VLV RI
DSSOLHG LQ WKH IRRG LQGXVWUY\VWHRR®@ G XIFQWHIG/ W RIBOMRL
SUBRXJK DQG GRXJK SUHSDUDWLRQ SURFHVVHV WR LG
LQIOXHQFLQJ YDULDEOHYV %DVHG RQ WKHVH ILQGLQJV
GHYHORSHG DQG YDOLGDWHIB W&QDGHWFEKD UDH VD IQREG VRKLHRD
DQG GRXJK ,Q DGGLWLRQ RSWIHFOLVYBW L\RWUMBUWNKIH BIVDDL®
WDNLQJ LOQWR D/A¥RXH @ DMKIHUMW RR WKH SURFHVV WKHUHE'
D PHWKRG IRU REBWL.RFDJURDEODHRFDW WKH OHYHO RI LQGLY

ODWHULDOV DQG PHWKRGYV

7KH SURFHVWRIJHV@RXJK SUHSDUDWLRQ ERXHIK RQOWU
LQYHVWLIJDWHG XVLQJ D EDWFK PHWKRG LQ RUBBMFMR L
SURGXFWLRQ FRVWV 7KH WHFKQRORJLFDO SURFHVVHV
DSSURDFK LQ ZKLFK UHVRXUFHVY RSHUDWLRQV DQG V\\
SURJUDSK PRGHOLQJ

JRU PRQLWRULQJ GDWD DFTXLWRNLRRO DXPE LIDEIMO\WV L
LQVWUXPHQWDWLRQ RI WKH SURFHVV FRQWURO V\VWHP
REWDLQHG IURP WHFKQRORJLFDO ORJV UHSUHVHQWLQJ )
SHUIRUPHG E\ SURFHVV HQJLQHHUYV

ODWKHPDWDRDDHRRIGEHYHORSHG XVLQJ PDFKLQH OHDL
ELQDU\ UHJUHVVLRQ WUHH DOJRULWKPV ZKLFK PDGH LW
WHPSHUDWXUH PRLVWXUH DFLGLW\ DQG OHDYHQLQJ FI

$GMXVWPWOWKQRORJILFDO UHJLPHV ZDW DRIHUR § WE PR DA
SURFHGXUH EDVHG RQ WKH 6WDFNHOEHUJ KLHUDUFKLFD
VWUDWHJI\ IRU HDFK LQGLYLGXDO SURGXFWLRQ EDWFK

'"RXJIK SUHSDUDW LARRX XK/ IPHWHKRKE

7TKH VWXG\ ZDV FDUULHG RXW RQ WKH WHFKQRORJLFDC
ZKHDWGRXIK ZLWK D PRLVWXUH FRQNMWMSERW GRUIQJ WR WASLE
ZKHDW EUHDG SURGXFWLRQ FRGBRBXWL REG VH NS WR 1B WHNXEN
SUMUPHQW FRQVLVWLQJ RI IORXU ZDWHU DQGRWIKVW PL
LV XVHG WKURXJKRXW WKH PDQXVFULSW 7KH WHFKQROR.
SUBRXJK PHWKRG LV PXOWLIDOWRILMDICFDQ V' WQBBX GHN FKH

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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WKH TXDOLW\ RI WKH ILQDO SURGXFW $ NH\ FRPSRQHQW
RI SURFHVYVY YDULDEOHVY WKDW HQVXUH VWDELOLW\ DQG k
VXVSHQVLRQ RHUHDADN VHOIIDAMWHG DV WKH \HDVW VRXUF
DXWRPDWHG GRVDQH LED OBDWUHY ZKLFK DUH WKH VXEMHF
ZRUN 7KH XVH RI D OLTXLG SKDVH DOORZV IRU PRUH SUH
OHDWJ PRGHOV 7UDGLWLRQDOO\ WKH FRQVXPSWLRQ RI
VWDQGDUGY GHSHQGLQJ RQ WKH UHFLSH DREG WKB H CRR XBJ
ZHLIJKW 7KH ZDWHU WGRPXSIKU S UKSJDHU DRAUE B (F B KRKRRAG] HH

GRXJK NQHDGLQJ+LW & KRKKHD Gl (EHHDGLQ JGWKXB K BD Q/XKH SURF
WR PLQXWHYVY DQG IHUPHQWDWLRQ ODVWYV IURP WR

NQHDGL&@J IRM WKH IORXU ZHLJKW DQG WKHWRQWRXPSWLR
WKH IORXU ZHLJKW 7KH NQHDGLQJ WLPH RI WKH GRXJK
IHUPHQWDWLRQ ODVWYV IURP WR KRXUV GHSHQGLQJ R(

6\WWHP DQDO\VLV RI WKH GRXJK SUH S DKFRMGIHRID S QRF H

7R IRUPDOL]H DQG FRPSUHKHQVLYHO\ DQDO\]H WKH
SUHSDUDWLRQ XQGHU FRQGLWLR@EWD\RHA @SSW RDIFKL 2 B VOl
VSHFLILFDOO\ SURJUDSK PRGHOLQJ 7KH FRIQN\SW B X F\g WGW
KLHUDUFKLFDO VWUXFWXUH RI UHODWLRQVKLSY EHWZHH(

$ SURJUDSK UHIOHFWV WKH VHTXHQFH RI RSHUDWLRC
LQFOXGHV VFKHGXOLQJ UHVSRQVLEOW $BHHUDUWWLHRQN DIQE
REMHFWYV XVLQJ UHVRXUFHV ZKLFK PD\ EH PDWHULDO RU
EHWZHHQ RSHUDWLRQV WEHRBRYKLRYPBOQWM QG LQWHU

7KH EDVLF SURJUDSK RI WKH V\VWHP LV GHILQHG E\ W]

% ) B K!

ZKHUHAY «1 +WKH VHW Rl RSHUDWLRQV

2 MR «R +tWKH VHW RI REMHFWYV

5 AU «U 2WKH VHW RI UHVRXUFHV

& F «F *WKH VHW RI JRDOV

OHWKRGV DQG FRQGLWLRQV IRU PDWKHPDWLFDO PRGH

ODWKHPPRGRADOQJ RIRWKK BBQYE GRXJK SUHSDUDWLRQ V\
XVLQJ QRQOLQHDU PDFKLQH OHDUQLQJ DOJRULWKPV EDV|
ZHUH GHYHORSHG DV SUHGLFWLYH WRROV OLQNLQJ YDUL
\HDVW PLON DFWLYLW\ DQG FRQWUROODEOH SURFHVV YD
DQG ZDWHU WHPSHUDWXUH ZLWK RXWSXW TXDOLW\ LQ¢
DFLGLW\ DQG OHDYHQLQIVKIH®D BIURGR FWHBBDRORAK HQRE
DXWRPDWLF DGDSWDWLRQ RI WHFKQRORJLFDO UHJLPHV V
UDZ PDWHULDOV HQVXULQJ WKH VWDELOLW\ RI WDUJHW
LQSXW XQFHUWDLQW\

7KH YDULDEOH 3O RW\L WN,DBVFHIPSUHVHQWHG LQ WKI
LQWHJUDO LQGLFDWRU ZKHUH JOXWHQ TXDQWLW\ LV GF
JOXWHQ DQG JOXWHQ TXDOLW)\ GHY DMV H Vg M & UXPLHQQIWW X
FRPELQDWLRQH QWRWRVLIQQSXW LV h[mkeh\e _gh ki_pbnbdhc
ZKLFK DOORZV WKH UHODWLRQVKLS EHWZHHQ WKHVH FKD
RI WKH GRXJK WR EH LGHQWLILHG ZLWKRXW ORVLQJ WKH

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF



JJJ3URFHVVHYV

(TXLSPHQW DQ®I&RQWURO 6\VWH

7DEOH

THFKQRORJLFDO YDULDEOHYV

6\PEF 9DULDEOH GH| 3UBRXJK PRGH 'RXJK PRGHO
JORXU FKDUDFWHULVWLFV
\ JORXU \ : LQGHSHQC
\e 4XDQWLW\ DQG LQGHSHQGH LQGHSHQGHQW LQSX
JOXWHQ
\. *DVRUPLQJ FDS LQGHSHQGH LQGHSHQGHQW LQSX
\e :DWHU DEVRU¢ LQGHSHQC LQGHSHQC
\o $XWRO\W| LQGHSHQC LQGHSHQC
\. JORXU DFLGLW\ LQGHSHQGH LQGHSHQGHQW LQSX
<HDVW PLON F
\. $FLGLW\ RI \HD LQGHSHQGH +
v <HDVW PLON LQGHSHQGC 3
DFWLYLW\
BURFHVV YDULGRXJK SU
(e <HDVW PLON FKDQJH'W :
UHFLSH
C :DWHU WH FKDQJHV . :
UHFLSH
G 3UGRXJK NQH FKDQJHV . :
UHFLSH
(¢ BUGRXJK IHUF FKDQJHV . :
WLPH UHFLSH
BURFHVV YDULDEOHV
( 6DOW VRROXWKLR + FKDQJHV ZLWKLQ WK
UHFLSH
C ‘:DWHU FRQVXP + FKDQJHV ZLWKLQ WK
GRXJK UHFLSH
C. "RXJK NQHD : FKDQJHV .
UHFLSH
(. :DWHU WH : FKDQJHV .
UHFLSH
(. "RXJK IHUPHQ : FKDQJHV z
UHFLSH
7HFKQRORJLFDO YDUL GR>
:\.; | B3UBRXJK WHPSH RXWSXWV GHSHQGHQW LQSXW
¢ \s.;] 3LGRXJK P RXW GHSHQGF
(; \s,;| BUBRXJK OHDYH RXWSXWYV GHSHQGHQW LQSXW
FDSDFLW\
e V5| BUBRXJK WLWUI RXWSXWV GHSHQGHQW LQSXW
DFLGLW\
7HFKQRORJLFDO YDULDEOHV RI WKH UHDG\ GF
L "RXJK WHP : RXW
L. "RXJK PRLVWXU + RXWSXWV
L "RXJK OHDYHQ : RXW
L "RXJK WLWUDWI + RXWSXWV
FFFSNUDLQLDQ )RRG -RXRDP® ,VVXHF
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5HJUHVVLRQ GHFLVLRQ WUHHY ZHUH VHOHFWHG WR PR
GRXJK SUHSDUDWLRQ SURFHVV $OWKRXJK HQVHPEOH P
*UDGLHQW %RRYXWIKHU PFRXUGH\ WKH\ DUH FRPSXWDWLF
ORZ LQWHUSUHWRELPDHWDYERODFRKLFK OLPLWYV WKHLU S
SURFHVV HQJLQHHUV 7KH XVH RI LOGLYLGXDO GHFLVLRQ
WKH GREDNLQJ ORJLF ZKLOH PDLQWDLQLQJ VXIILFLHQW
SUHGLFWLRQ UHOLDELOLW\ DQG PLQLPL]JH WKH ULVN RI R®
ZHUH GHYHORSHG IRU HDFK RXWSXW SDUDPHWHQLQWHPS
FDSDFLW\ 6XFK DEGMHABPBRBEBUWDRR DOORZV IRU WKH R
WUDLQLQJ SDUDPHWHUYV IRU HDFK VSHFLILF SK\VLFRFKHI
JHQHUDOL]DWLRQ DELOLW\ RI WKH DOJRULWKP

7TKH PDWKHPDWLFDO RRIEEH EDVHEHRGHYHEGODWDVHW RI
REWDLQHG XQGHU EDWFK GRXJK SUHSDUDWLRQ FRQGLW
FRPSOHWH WHFKQRORMW D OHERBEIR RJ KW KWHVWHR ORGHO
ZDV FDUULHG RXW ZLWRKQVNRQDLGHND RDRY KR UDQJHV RI
DFFRUGDQFH ZLWK FXUUHQW UHJXODWRU\ GRFXPHQWDMW
SUHGLFWLRQV ZLWKLQ UHDO SURGXFWLRQ WROHUDQFHYV

2SWLPL]DWLRQ RI WKH GRXJK SUHSDUDWLRQ SURFHVYV

&RQVLGHUL@WBWRHW XWAR RI WKH GRXJK SUHSERHRWHWQF
DSSURDEHFLILFDOO\ WKH KLHUDHWIFK IHFFDEM® ROWG PRI @ B AUHI]
VWDJHVY LQWR D XQLILHG RSWLEBRPDIWLRQHISIDPIHY RRQ S6LH)
SUHSDUKNIORHHD GWU VKRXOG EH WKH GRXJK SUHSDUDWLR
JUHDWHVW LPSDFW RQ WKH ILQDO SURGXFW 7KLV DSSUR
E\ VWHS WDNLQJ LQWR DFFRXQW WKH LQIOXHQFH RI WKH

6WDFNHOPHUIJOJRULWKP

,QSXW GDWD 7DEOH
JORXU DQG \HDVW PMAMN&RKDUDFWHULVWLFV
,QLWLDO FRQWURO YDULDEOHV IRU VQ}¥HAB RXJK SU|
,QLWLDO FRQWURO Y®RXDKE GHMIBUDWKRQSSHRFH
eY:0¥:e%:0}
7DUJHW RXWSXWHURIAVKH GRXJK
7DUJHW LQWHUPHGLGRMIKY DJHMXEDMY LOUBXHQFLQ
uagasay
"HLIKWLQJS§ DEW RAKWH G R>GIRKXDR G BRFHVVHY UHVSH
VFDOLQJ F RHHLISE BHO W V

6WHSKH OHDGHU GRXJK GHWHUPLQHV WKH RSWLPDO
'"HILQH WKH ORVV IXQFWLRQ IRU WKH GRXJK PLQLF

LT e

uan
7KH YDUQ®A EDBIWH RSWLPL]JHG XQGHU WKERXJIKXPSW
RXW SLAMNAM ALFDQ DOVR EH DGMXVWHG

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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6WHSQIRUPDWLRQ WUDQVIKWRYXWK WKH IROORZHU SUH
7KH RSWLPR& &8 XBIVH WUDQVPLWWHG GARX KK H 1L
DV WEHFLILHG R XJSEB X&uX® OXHV

6WHSKH IROORZRIXXIKSWMHDUFKHY IRU WKH RSWLPDO FR
'"HILQH WKH ORVV I X®FXVIKRPLRUPNKIHVERIY FULWHUI
8

RS e

sLT =2 WFWea
7KH YDUQQEPHWDWUH RSWLPL]HG WR DFKLHYH WKH R
WKH OHDGHU

6WHSHVXOW YHULILFDWLRQ
7KH ILQDO GRXJIKARXWIEKWARKHFNHG IRU FRPSOLDC
GHVLUHG YDOXHYV
7KH LWHUDWLRQ LV UHSHDWHG LI QHFHVVDU\

5HVXOWY DQG GLVFXVVLRQ
5HVXOWYV RI SURREN®O/NQWHP

9DULDELOLW\ LQ UDZ PDWHULDOV UHSUHVHQWYV D FU
YOXFWXDWLRQV LQ IORXU SURSHUWLHY DQG \HDVW PLON
DQG UKHRORJLFDO EHKB YLIRDWRE@SQEHRDRV MWDEOH SURG)
YDULDELOLW\ PD\ DOVR UHVXOW LQ XQGHVLUDEOH FKDQJ
Rl EUHDG WKHUHE\ UHGXFLQJ LWV FRQVXPHU DFFHSWLE
PDWHULDO QOXQOBEMNMVRMWMHWHY DGGLWLRQDO DGMXVWPHQ
LQFUHDVHV WKH FRVWV DVVRFLDWHG ZLWK TXDOLW\ FRC(
SURFHVV YDULDEOHV DQG TXDOLW\ FKDUDFWHULVWLFV
DQDOWBELQJ LQWR DFFRXQW UHVRXUFHV FULWHULD JR
WKLV SXUSRVH WKH SURFHVV LV UHSUHVHQWHG LQ WKH

7KH SURJUDSK IRU WKH GRXJK SUHSDUDWLRQ SURFHV\

7R FRQVWUXFW W KZHH $ H FBIUHDSSIKU W\GD EERRIDWY 7DEOH R
7DEOH DQG UHVRXUFHV 7DEOH $FKLHYHPHQW RI \
H[HFXWLRQ RI D FHUWDLQ VHTXHQFH RI ID HWERQRI ZFAOLFE Hl
GLUHFWHG IWVIRZRU GV R AKV SWZE W KH\E KHR X QMR 7 KUHH WRIX X PN |
HDFK RSHUDWLRQ LV UHSUHVHQWHG E\ REMHFWV R

7KH XVH Rl SURJUDSK PRGHOLQJ PDGH LW SRVVLEOF}
DSSOLFDWLRQ Rl FRQWURO DFWIKRQV PRGLDEEXWWGE LL\QW X
SDUDPHWHUV DQG \HDVW PR OWRP FSRNI1N 'S UB\S DRIDAKL R QY D
NQHDGLQJ 3URNRSHQNR DQG /DGERVHNG GHVF&XSKY DRQ\\E
ORJLFDO IRXQGDWLRQ IRU WKWV KX¥UP\B KVH.IE DGOH PR G R ®FHQ @\
DOJRULWKPYV DV LW DOORZV IRU DQ XQDPELJXRXV GHWH I
DQG WKH VHTXHQFH RI LQJUHGLHQW GRVLQJ WKHUHE\ P
WHFKQRORJLFDO UHJIZP PIDX\QHEUH.D 6 KAK@ILMRAWHU LV W L FV

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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J)LIXUH URJUDSK RI WKH GRXJK SUHSDUDWLRQ

2SWLPL]DWLRQWIJWKGHRWIR SUHSDUDWLRQ SURFHVV Wi
SDUDPHWHUV VXFK DV WHPSHUDWXUH DQG PRURGXBW |
TXDOLW\ DQG PLQLPL]LQJ SURGXFWLRQ ULVNV DVVRFLDW
DO 7KH LPSOHPHQWDWLRQ RI DQDO\WLFDO PRGHOV
LW SRVVLEOH QRW RQO\ WR SUHGLR®W WKH LLRSDF \8 LR GrOR
WR DXWRPDWLFDOO\ DGDSW NQHDGLQJ DQG IHUPHQWDW
RSWLPDO RUJDQROHSWLF SURSHUWLHV RI EUHDG ZKL
FRQVXPSWLRQ :DQJ HW DO EDVHG6 BPBERIRIN RMHPW L RQ
VWDQGDUGL]DWLRQ WKURXJK FRQWLHQ YORWX \P\RBH Q/\R U R(
SDUDPHWHUV RSHQV XS QHZ RSSRUWXQLWLHV IRU LPSUR
HQKDQFLQJ HQWHUSULVH FRPSHWLWLYHQHVYV

7KXV WKH RSWARRDWARD®PHQGLYLGXDO SURGXFW E
IROORZV )UONVW WKH LQLWLDO FRQGLWLRQV IRU UDZ |
LQLWLDOL]HG DQG WKH WDUJHW YDUWMEKHDPQABUGRRFK
GHILQHG WIHBFNVYQPRGHOV WRXJRXDMSKE R X R DSWH SU
SRVVLEOH GHYLDWLRQV IURP WKH GHVLUHG YDOXHV DUH
LQ RXU FDVH WKH KLHUDUFKLFDO JDPH LV DSSMOHBIG WF
SUHGLFWLRQ DQG RSWLPL]DWLRQ DGMXVWPHQWYV DUH |
SURFHVVLQJ WKH QH[W EDWFK ILQDOO\ DIWHU WKH EDW
DUH FRPSDUHG ZLWK WKH SUHGLFWHG BQRBFRQGE O.GMX\F

7KLV DSSURDFK HQVXUHV WKDW WKH RSWLPL]DWLRQ
LQGLYLGXDOO\ WKHUHE\ LQFUHDVLQJ IOH[LELOLW\ DQG \

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF



JJIJ3URFHVVHYVY (TXLSPHQW DQGBI&RQWUR

O 6\VWH

7DEOH
*RDOV RI WKH GRXJK SUHSDUDWLRQ SURFHVYV

RO

5HVRXUFH FRQWHQW

6\P EH

'LVWULEXWH LQJUHGLHQWY HYHQO\

,QLWLDWH IHUPHQWDWLRQ SURFHVVHYV

5HGXFH WKH WLPH UHTXLUHG IRU PL[LQJ ZLWKR

(QVXUH KRPRIJHQKBIRXVRIIRMKB WBRISHU IHUPHQWDW

A Mmoo fn

(QVXUH VERXWKSNENWDBRLQULHG RXW DFFRUGLQJ W

SUHYHQW RYHUKKRYIRI RI WKH SUH

5HGXFH WKH WLPH QHHGHG WR DFKLHYH WKH GH

5HGXFH WKH DPRXQW RI UHVIGRXHK NQ & IX®MWH

5HGXFH HOHFWULFLW\ FRQVXPSWLRQ IRU NQHDG

2EWDLQ WKH GRIXXHL FRQ \EILWHVH Q F\

15!

(QVXUH PRLVWXUH FRQWURO

ORQLWRU NH\ WHFKQRORJLFDO SDUDPHWHUV RI
LQ FRIVEHYLDWLRQV

(QVXUH SURSHU IHUPHQ®/MWKRQ WLPH RI WKH S

5HIXODWRXSKHFLGLW)\

ODLQWDLQ WHPSHUDWXUH DIIHRRXIK ITDUIPGLOM D

(QVXUH XQLIRUP IHUPBQWIKWW R Q R J YMRRKONE BHK H H

$FKLHYH VOEREDHTHDHO LW\ IURP EDWFK WR EDWH

5HGXFH HQHUJ\ FRQVXPSWLRQ GXULQJ WKH FRQ

(QVXUH HYHQ LQFRARSRIKDINMRQ GRHZSUBIJUHGLH QW

&RQWURO PRLVWXWHXQAE® WIHMWXYHZRIQIJUHGLHQ

(QVXUH SURSHU UD WX RKEMWZ RMWXISUH QJUHGLHQ

5HGXFH HQHUJ\ FRQVXPSWLRQ GXULQJ WKH PLJ[L

SUHSDUHGWKBKSIRH IXUWKHU NQHDGLQJ

,PSURYH GRXJK WH[WXUH

$YRLG GRXJK RYHUKHDWLQJ GXULQJ NQHDGLQJ

5HGXFH WKH WLPH WR UHDFK WKH UHTXLUHG FR

(QVXUH XQLIRUP GRXJK ULVLQJ

q

3

2EWDLQ SURSHU GRXJK WH[WXUH IRU IXUWKHU

(QVXUH V/RVODIKOHXDOLW\ DFFRUGLQJ WR WKH UHF

&UHDWH FROQGLWLRQV IRU ILQDO IHUPHQWDWLR

5HGXFH HQHUJ\ FRQVXPSWLRQ GXULQJ NQHDGL

&EROWURO NQHDGLQJ WHFKQRORJLFDO SDUDPHW

(QVXUH GRXJK ULVLQJ

(QVXUH FRQWURO RI GRXJK WHPSHUDWXUH PRL

5HIXODWH GRXJK S+

NN NNNNNNOGDODODOEE OO OO OO OO O U ol g g o U

(QVXUH DFKLHYHPHQW RI WKH UHTXLUHG OHYH(
VKRUWHVW SRVVLEOH WLPH

&ROQWURO JDV IRUPDWLRQ

N

OLQLPL]H HQHUJ\ FRQVXPSWLRQ
FKDPEHUYV

IRU KHDWLQJ

(QVXUH WKH SRVVLELOLW\ RI FRQWUROOLQJ DQ

3UHSDUH WKH GRXJK IRU VXEVHTX/Q@\W VAVIPIHHQW
HWF

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7DEOH
2SHUDWLRQV DQG REMHFWYV

6\PERO &RQWHQW RI RSHUUPRPR®QV&RQWHQW RI REMHFWYV

ke OL[LQJ RI GBI I OL[WXUH DIWHU NQHDGH
LQJUHGLHQWYV

E _.QHDGLQJIGRIXSKH e 3UBRXJK DIWHU NQHDGI

E, JHUPHQWD GR> t, 5HDG GR>

2 OL[LQJ fFGRXJK e 3UNQHDGH
RWKHU LQJUHGLHQWYV

ke .QHDGLQJ RI GRXJK I "RXJK

. JHUPHQWDWLRQ| RI GRXJK JHUPHQWHG GRXJK

7DEOH
5HVRXUFHV RI WKH GRXJK SUHSDUDWLRQ SURFH)

6\PER@GRQWHQW RI UHVRXUFHYV
le <HDVV
I JORXU

I, ‘D W

le (OHFWULFLW\

I +RW ZDWHU

] 6L

I 6XJDU

I. $GGLWLRQDO LQJUHGLHC

J)LIXUH ODLQ VWDJHV RI WKH RSWLPL]DWLRQ PHWKRG |

5HVXOWY RI PRGHO GHYHORSPHQW

7TKH FRQFHSW LV EDVHG RQ WKH FRQVWUXFWLRQ RI S
FRQWURO YDULDEOHV WKDW IHQYXKHGWRPWREWFWXDROQEM L
PDWHULDO FKDUDBWRKUK VR GHW/ WKBINMWHARQVXPSWLRQ 10
DQG NQHDGLQJ FRQGLWLRQV ZLWK RXWSXW LQGLFDWRU’

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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FDSDFLW\ DQG DFLGLW\ 7DEOH 7TKH GRXJK PRGHO DGG
RI WKH UHWGROWKQRQERWBIH RI VDOW VROXWLRQ WR SUHC
7KH GHYHORSHG PRGHOV VHUYH DV D EDVLV IRU PLQLPL]L
XQGHU FRQGLWLRQV RI LQSXW YDULDELOLW\ +DVVRXQ H
EDUPD HW DO 7TRVND HW DO JRU IXUWKHI
OHDUQLQJ PRGHOV ZHUH FRQVLGHUHG $GGDQNL HW DC
UHJUHVVLRQ GHFLVLRQ WUHHY DQG HQVHPEOH PHWKRGYV
,QWHUSUHW HEIKD.Q\RHIGSY BOR'RDYRYD HW DO ZLWK
PRGHO EHFRPHY PRUH WUDQVSDUHQW DQG XQGHUVWDQGI
IDFWRU DIIHFWVY HDFK RXWSXW 7KLV $YTRXGXDHWH CRU S
HQOEQJ WKHP WR EHWWHU XQGHUVWDQG WKH GDWD PDN
DO 7TDNDKDVKL HW DO DQG HIIHFWLYHO\ FRQW
,2VOHURJOX HW DO 6DQWRYV HW DARXU WUHBD AR X
JUHDWHU IOH[LELOLW\ LQ FKRRVLQJ DOJRULWKPV DQG Kk
VLIQLILFDQWO\ UHGXFH WUDLQLQJ WLPH WKURXJK WKH X
7KH PDWKHPDWLFDO PRGHO IRU HYDOXDWLQR]GQKBWS U K
DO BIRXUK SUHSDUDWLRQ LV GHVFULEHG E\ WKH IRO

B8 L o6 N ALKTE 206 N AAKTE 2046 N A AT 2066 N A AKTE 20
V2L yajayaia ToL MaM&a AR E?

6 N AfT%+D VHW RI GHFLVLRQ WUHHV ZLWK HDFK WUHH C

RXWSXW YDULDEOKFRTEWIKRHFRQSKYIGDWIKH RXWSXW DQG
WKHGRXJK SUHSDUDWLRQ PRGHO 7DEOH

7KH PDWKHPDWGRXOKPRGHSDRIDWLRQ FDQ EH H[SUHVVF
UHODWLRQ

B L B5 N AAG A% N ALG* A N AAT* A% N AT AC
[URREVEVETE:V R S I VEVE R VEVE VICYIE VIS o o k- ok

GNA@AiD VHW RI GHFLVLRQ WUHHYV HDFK PRGHOLQJ WK

DQG RQH RXWEFXW+PBBRDEQ@®JIO\ WKH RXWSXW DQG LQSX\
SUHSDUDWLRQ PRGHO 7DEOH

7TDEOH SUHVHQWY WKH UHVXOWKHRBRREEKOGBQQRIGWKH
SUHSDUDWLRQ SURFHVVHYV 7KHVH PRGHOV DUH UHSUHVH
YDU\LQJ DGHTXDF\ GHSHQGLQJ RQ WKH LPSRUVBIRXBK RI S
PRGHO DOO IRXU WUHHV GHBRQMWW WbbLVERWR R Q6 K B OMKUHVL
GDWD /XWVND HW DO =DLHWV HW DO JRU WKH
H[KLELW UHODWLYHO\ ORZ 06( YDOXHV RQ WKH WUDLQLQ
WKH IRXUWK VIORZD RZHRPHZ RQ WKH WHVW GDWD 7UHH I
YDOXHV DV ZHOO DV KLJK 58 RQ WKH WHVW VHW ZKLFK LC
,Q SDUWLFXODU 7UHH DQG 7UHH SURYLGH WIDRWVEHV W
YDULDWLRQ PDNLQJ WKHP WKH PRVW DGHTXDWH PRGHOV

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7TDEOH
ODFKLQH OHDUQLQJ PRGHOV
ORGHO SUHGLFWRU L P SHRQMDIQOF M HWWH®/ULFV
6N ;12| > OLQ/HDIGL]IH 06(75%,1a
OD['HSWK 06(7(67 a
@ 3UXQH RQ 5dr5%,1
5d/(67
BN 578 (| > OLQ/HDIBL]H 06( 7UDLQ | a
@OD['HSWK 06( THVW @
3UXQH RQ 56 7UDLQ
50 7THVW
6N 5,78 (| > OLQ/HDIBL]H 06( 7UDLQ | a
@['HSWK 06( THVW @
3UXQH RQ 56 7UDLQ
50 7THVW
6N ;12| > OLQ/HDIBL]H 06( 7UDLQ | a

an

@[ HSWK 06( 7THVW @
3UXQH RQ 58 7UDLQ
58 7THVW
6N ..o/ | > OLQ/HDI6L]H | 06( 7UDLQ
: OD['HSWK 06( 7THVW
@3UXQH RQ 58 7UDLQ
58 7THVW

6N L (174 | =

OLQ/HDI6GL]H

06( 7UDLQ | a

OD['HSWK 06( 7THVW &
@ | 3UXQH ROQ 58 7UDLQ
58 7THVW
6N, (/| > OLQ/HDI6L]H | 06( 7UDLQ
OD['HSWK 06( 7THVW &
@3UXQH RQ 58 7UDLQ
58 7THVW
NGE OLQ/HDI6L]H | 06( 7UDLQ
OD['HSWK 06( 7THVW
@ 3UXQH RQ 58 7UDLQ
58 7THVW

$PRQJ DOO FRQWUROGRMNJIKDEOMHSYDIUD WKRIQSPRIGHO WK |
WKH YDUGRKOK BUHP HQQVIAMLRR WSPHDUV LQ DOO GHULYH
VWURQJ LPSDFW GRXWKHQGQBDWSRIHY $PRQJ DOO FRQWU
SUHSDUDWLRQ PRGHO WKH PRVW VLJQLILFRQWKILWVKVKW Y
SUHVHQW LQPBGE REWQGOQHEBURQJIO\ LQIOXHQFHV WKH TXC
IHUPHQWDWLRQ WLPH GHWHUPLQHV VWUXFWXUH OHDYH
LQGLFDWRUV IRU IRUPLQJ EUHDG WH[WXUH DQG IODYRU
FRLVWHQW LQIOXHQFH DFURVV DOO PRGHOV FRQILUPV W
DFKLHYH VWDEOH TXDOLW\ DQG FRQVLVWHQF\ Rl WKH IL
GRXJK FKDUDFWHULVWLFV UHODWLYH WRR MO FR\SW FLLOV O
GRXJK IHUPHQWDWLRQ WLPH 5DM HW DO 7KHVH FK
SURSHUWLHV RG RWKIK USIDURSGRNO DI

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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J)LIXUH '"HSHQGHQFH RI GRXJK FKDUDF®WHQBEXW LIFWD R WHRVH
JDWUPLQJ FDSDFLW\ DQG GRXJK IHUPHQWDWLRQ W

JLIXUFHSHQGHQFH RI GRXJK FKIBURXFHW HUJLW WD WD RQHSDHL G L W
IHUPHQWDWLRQ WLPH

5HVXORSWRPL]DWLRQ SURFHGXUH

7R DFFRXQW IRUIOWHAKOIRWIRRQNDIOQ UDZ PDWHULDO TXI
DGDSWDELOLW\ WR FKDQJLQJ FRQGLWLRQV ILYH VFHQDU
W\SLFDO VLWXDWLRQV LQ EDNHU\ SURGXFWLRQ $00 VFHC(
YDUHEBEDRXU FKDUDFWHDQGBWHBPYW PLON FRDUDKMWHUDY W L
QRW VXEMHFW WR RSWLPL]DWLRQ EXW DUH GHWHUPLQHG
SURFHVYV YDULDEOHYV LV FDUULHG RXW WORO HONVKHUW XD UK L
Q+tQ DUH RSWLPL]JHG ZLWKLQ WKH SHUPLVVLEOH UHFLSH

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7DEOH
'"HILQHG PRGHOLQJ VFHQDULRYV

BFHQDULRRDZ PDWHULDO GHVIFRUIMBWLRRI1Z 1{] 11T 1}
QR

SHIHUHQFH TXDOLW)\ R0 UD[ZOADOW B U 100 @V 0
"HDN IORXU ORZ VWUHQJIWK PO G0JOXVOH @
FRQWHQW
JRZTXDOLW\ \HDVW PLONO|O|O|O|O]|/ |/
YORXU ZLWK KLJK DXWRDOWDOFR OFWLY[L W\ 0
+LJRXDOLW\ UDZ PDW/HU[LPO¥| 0| 0] 0| 0| +

/| tORZ OHYMHKG IOXP OK/H®H ¥H O

7KH VLPXODWLRQ UHVXOWY DUH SUHVHQWHG LQ 7DEO
ZHUH LPSOHPHQWHG WR RSWLPL]H WKH WHFKQRORJLFDO
WDNLQJ LOQWR DFFRXQW WKH WDUJHW YDOXHRALWRI WRBS|
DFLGLW\ )RU HDFK VFHQDULR WKH GHJUHH RI UGXFWLF
ZDV DVVHVVHG LQ FRPSDULVRQ ZLWK WKH LQLWLDO YDO?
ZHOO DV WKH RSWLPL]DVBEIRRXZ KALMKHEQ R/ IR WIN MAKHR®WHHL Q
PLFURELRORJLFDO HQYLURQPHQW DW WKH HDUO\ VWDJHYV

7TDEOH
ORGHOLQJ UHVXOWYV
6FHQ THP ORLVYV *D $FLC N Y
f& IRUPLQJ
FDSDFLW\
7TDUJHW + *
9DOXHV
+ + + +
+ + + +
3
+ + +
3
+ + +
3
+ +

7KH PRVW HIIHFWLYH VFHQDULRV ZHUH DQG )LJXUH
RI WKH FYLWHEDRQ@FKLHYHG FRUUHVSRQGLQJ WR D UHG
WKH LQLWLDO OHYHO 7KH GHYLDWLRQV RI WKH WHFKQR
ZKLFK LQGLFDWHY WKH HIIHFWLYHQHVV RI WKH FKRVHQ
GHPRQMWHG KLJK HIILFWHRQF\i UHGXKUL@IH WRMKJIRUZDV
FKDUDFWHUL]HG E\ WKH ORZHVW ¥BQXHJRLQNKW KFHU VW B E
PLFURELRORJLFDO SURFHVV DW WKH LQLWLDO VWDJH %U

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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)LIXUBIDOXHFUR WMHEH RROKLB MU DQGEDDEFBIU RSWLPL]DWLRQ

7KH UHVXOWYV VKRZHG WKDW WHPSHUDWXUH DQG DFLG
TXDOLW\ Rl WKH GRXJK ,VODP HW DO $ GHFUHDVH
DQG FDXVHG D VLJQLILFDQW UHGXFWLRPQ@ QRUOGRNUQDQH
i 1Z x GHVSLWH WKH SUR[LPLW\ RI RWKHU YDULDEO
QRWHG WKDW LQ 6FHQDULR D WH® W RFD GW YLLORWIHDY 1 Q.
XQLWV ZKLFK RYHUDOMKE8HIQWO YWHOX XD WHFWHG
$QDO\WLEWDRAXHY LQGLFDWHV WKDW LQVXIIIGRHIKW O\
SDUDPHWHUV 6FHQDULRV DQG VLIJQLILFDQWO\ FRPSH
GRXJK TXDOLW\ $PU HW DO ! )RQHI[QRIOEHYZKHYLR
WHFKQRORJLFDO SDUDPHWHUV GR QRW OHDG WRKUKH HI[!
KLIKOLJKWY WKH QHHG IRU D FRPSUHKHQVLYH DSSURDFK
SUBIRXJK DQG GRXJK
,Q WKH SUHVHOW MQYVGEHVUIHPROVR FDUULHG RXW WDN
QLQH FRQWUROQDFWHIRRKY FRYHU WKH WHFKQRGRMIRDO S
SUHSDUDWLRQ DQG GRXJK NQHDGLQJ SURFHVVHV 7KH D
FRQWURO SRVRIYRGW WKBWORZHVW YDOXHV RI WKRAKILYWHJL
PDGH LW SRVVLEOH WR GUDZ WKH IROORZLQJ FRQFOXVLR
$Q LQFUHDVH LQ \HDVQKPICON §RQVNPBMW HRIGI EWQRQ WK
6FHQDULRV DQG ER® DO OD P RMKMWDRIGDWWLYH \HDV
IHUPHQWDWLRQ LPSURYLQJ WKH DFLGLW\ DQG OHDYH
6FHQDULR ZKHUH FRQVXPSWLRQ ZDV UHGXFHG DQ L
ZLWK D VKDUS GHWHUWRIRUDWL®Q LEDWKB )L Q GLLIADUIX SWLF
DFWLYLW\ 7KXY ZL@KLQDWIKMI UHFLSH OLPLWV SURYL
GRXJK TXDOLW\ DQG WKH VWDELOLW\ Rl WKH IHUPHQW
7HPSHUDWXUWHDRBWLIRGHY D FXPXODWLEHFUHBVMW LQ Z
WHPSHUDWXUH LQ 6FHQDULRVY DQG OHG WR WKH ZR!
DQG LQVXIILFLHQW IHUPHQWDWLRQ DFWLYLW\ GHVS

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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6FHQDULR WKH WHPSHUDWXUH ZD.W VQ FUKHIFKHIEQ \ZX W
ORZKHVW i x 7KXV DQ LQFUHDVH LQ ZDWHU WHPS
OLPLWV LV D NH\ SRVLWLYH LQIOXHQFH WKDW DFFHOH
TXDOLW\
,Q WKH VFHQDULRV ZGRWXIKS WRGPEEHGDEURY DQG
LPSURYHPHQW LQ GRXJK TXDOLW\ LQGLFDWRUV ZDV RE
GLVWULEXWLRQ DQG PRUH XQLIRUPQ@RWH LK\ GWKHV URE
OLPLWY FRQWULEXWHV WR JDULMD VWRH G\RORIRRUH Q HLW\ DQ
(IWHQGHG IHUP I9Q WD WERQDWLRM DQG PDNHV LW
WKH WDUJHW DFLGLW\ YDOXHV &RQYHUVHO\ LWV UH
GRXJK VWUXFWX | H7K® G HI@EWH DPEIBRQIHWLRQ WLPH LV |
HVWDEOLVKLQJ VWDEOH IHUPHQWDWLYH DFWLYLW\
$ UHGXFWLRQ LQ VDOWQVROSAMIQRDQ ERY) VORSWLRQORZH
DFLGLW\ DQG LPSURYHG WKH RYHUDOO IHUPHQWDWLR
LOQWDVH LQ FRQVXPSWLRQ OHG WR IHUPHRMDIWKLRQ L.
SHUPLVVLEOH OLPLWV KHOSV WR DYRLG H[FHVVLYH R\
PLON DFWLYLW\
$Q LQFUHDVH LQ ZDWHU BRR@VNOHWL RE RRWGGHRISIKY L W
HITHFW RQ GRXJK K\GUDWLRQ DQG FRQVLVWHQF\ 7KH
6FHQDULR ZKHUH WKLV DFWLRQ ZDV DEFRRXDQLHG
LQFUHDVLQJ ZDWHU FRQVXPSWLRQ IRU GRXJK LV DQ
GRIX SODVWLFLW\
((IWHQGHG NQHQGBERHQWURRYV DQG SRVLWLYHO\
KRPRJHQHLW\ DQG LPSURYHG OHDYHQLQJ FDSDFLW\ §
WKH RSSRWWHGXFHFEWROXPH DQG SRRUHU VWUXFWXL
WRZDUGV ORQJHU NQHDGLQJ HQVXUHV EHWWHU PL[LQ.
WKH JOXWHQ QHWZRUN
$Q LQFUHDVH LQ GRXJ® BFWRHQWRWLRQ WMQRBH UHGXFH
sWR PLQLPDO OHYHOV SDUWLFXODNODUWR ZLWEX OFNKE
IHUPHQWDWLRQ WLPH WKH GRXYKV DED® OEQRKH KE B V2 HHHF FS
H[WHQ® HQV¥ XUHV WKH FRPSOHWLRQ RI WKH IHUPHQWDW
7U\WWUDP
7KH VLPXODWLRQ UHVXQ\WY FRQWWROWXMBWL RS W LIZRIW K L
FDQ VLJQLILFDQWO\ UHGXFH WKH LQWHJUD®@ GRMXJIHK TXDC
PRVW HIIHFWLYH ZDV 6FHQDULR LQ ZKLFK
,QFUHDVHG \HDVW PLON FRQVXPSWLRQ ZDWHU XVDJH
,FUHDVHG ZDWHU WHPSHUDWXUH
5HGXFHG VDOW VROXWLRQ FRQVXPSWLRQ
6XFK D FRPELQDWLRQ RI FRQWURO DFWLRQV PDNHV LW
IHUPHQWDWLRQ DQG DFLGIRXVJKRILPDKY MWK LHIQ WRBIWILUFHW U
WKH GREGIGLWLRQ WKH SUHVHQWHG VLPXODWLRQ UHVXO
XQGHUVWDQGLQJ RI VSHFLDOLVWY LQ WKH EDNHU\ LQGXV
WKH FRQWULEXWLRQ RI HDFK FRQWURO DFWUR®L @RV WK
DGGLWLRQDO YIPOXH QR WZ IGHE LVEROWLQJ UHFLSHV RU DXW
7KH SURSRVHG RSWLPL]DWLRQ DOJRULWKP LV QRW WL
SUHGHILQHG WHFKQRORJLFDO FRQRWJIKD ISPW D R HK\E-BIXWIK H
SUHSDUDWLRQ PHWKRG FKDQJH WKH PRGHOV PXVW EH U
ZKLFK WKH DOJRULWKP UHWDLQV LWV IXQFWLRQDOLW\ ZL

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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7TKH REWDLQHG UHVXOWY GHPRQVWKDMDHO WRHHHD & & WR
IRU RSWLPL]LQJ EDNHU\ SURGXFWLRQ SURFHVVHV XVLQ.
DSSURDFK PDNHV LW SRVVLEOH WR VLIJQLILFDQWO\ LPSU]I
WKH EDVLF WHFKQRORJLFDO SDUDPHBWHU LFEDWHRBSHYI
LQWHOOLJHQW GHFLVLRQ VXSSRUW VA\VWHPV LQ SURGXFW

&RQFOXVLRQV

7TKH XVH RI PDFKLQH OHDUQLQJ PHWKRGV IRU RSW
GHPRQVWUDWHY KLJK HIILFLHQF\ GXH WR WEHBSH @E&HQ EWH
DGDSW WR FKDQJLQJ SURGXFWLRQ FRQGLWLRQV DQG PD
OHDUQLQJ DOJRULWKPV LPSURYH WKH DFFXUDF\ RI SUHGL
SURGXFW HQDEOLQJ PRUH HIIHBWDFHWRQW U/KO\RD GVUR G
DXWRPDWHG SURFHVV DGMXVWPHQWY PLQLPL]JLQJ WKH L
WKH VWDELOLW\ RI WKH WHFKQRORJLFDO UHJLPH

2SWLPL]DWLRQ RI SDUDPHWHUV XVLQJ PDFKLQH OHDU
PDWHULDO DQG HQHUJ\ FRVWYVY WKHUHE\ LQFUHDVLQJ SU
VI\VWHPVY KHOS UHGXFH WHFKQRORJLFDO GHYLDWLRQV ZK
SURGXFW 2QH RI WKH NH\ DGYDQWDJHVO RW\VWRK YIDHM. R
FROQGLWLRQV DOORZLQJ WHFKQRORJLFDO SDUDPHWHUYV
PDWHULDO FKDUDFWHULVWLFV RU HIWHUQDO IDFWRUYV

ODFKLQH OHDUQLQJ PHWKRGY DOVR SURYLGH WKH SR
LOQWR DFFRROOMWYQXEPEBOHY DQG WKHLU LOWHUUHODWLRQ\
WUDGLWLRQDO RSWLPL]IDWLRQ PHWKRGY 7KXV PDFKLQH
SURGXFW TXDOLW\ UHGXFLQJ FRVWY DQG HQVXWKKU WK
UHVHDUFK PD\ IRFXV RQ WKH GHYHORSPHQW RI K\EULG F
ZLWK RSWLPDO FRQWURO PHWKRGY DQG JDPH WKHRU\ WR
WHFKQRORJLFDO SURFHVVHYV

7KLYV DUWLFOH DGGUHVVWYD MKRISERDMRIEROGI RIRWWH REUHD
SURFHVV XVLQJ WKH 6WDFNHOEHUJ KLHU D UFHKUGHFDXQI KID P H
SUHSDUDWURIGQUHVHQWHG DV WKH IRORHK ZK IO Bl UW MWH
DFWV DV WKH OHDGHU]DWWKIR QURSWRKRG WOWHRF LQWR DFFR
EHWZHHQ WKH WZR VWDJHV WKH RXWSXWV RI WKH ILUV
VHFRQG 7KH OHDGHU GRXJK SUHSDUDWLRQ VWDJH ILUV!
YDULDEOWH WD QWBKH GHVLUHG YDOXHV RI LQWHUPHGLDW
OHDYHQLQJ FDSIRNIK\ PRQGEGWSUIH  TGHRX IR OONRZH VBKIHHQ D ¢
FRQWURO YDULDEOHY LQ VXFK D zD\ DV WR DFKLHYH WKH

7TKH GHYHORREHX PPNHYV LW SRVVLEOH WR

(QVXUH KLJK TXDOLW\ RI WKH ILQD®GC WRRAKHWG R XIK

FKDUDFWHULVWLFV

JOH[LEO\ DG MR KWEBHSDHMDWLRQ SURFHVV DFFRUGL

WKH VXEVHTXHQW VWDJH

$SSO\ JDPH WKHRUR PWMMWKRIGE WWFKQRORJLFDO SURFH

VWUXFWXUH

7KH VLPXODWLRQ UHVXOWY VKRZ WKDW WKH KLHUDUF!
GRXJK WHFKQRORJLFDO YDULDEOHV IURP WKH GHVLUHG Y
SURGAFWIRFHVY 7KH SURSRVHG DSSURDFK FDQ EH DSSOL

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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DOVR LQ RWKHU LQGXVWULHV LQYROYLQJ PXOWLVWDJH
YDULDEOHV

'LWKLQ WKH IUDPHZRUN RI WKLV VWXG\ DR GWKKH ZRRIN
LV SODQQHG RQ GHYHORSLQJ QHZ DQG LPSURYLQJ H[LVW
PDFKLQH OHDUQLQJ IRU SUHGLFWLQJ EDNLQJ FKDUDFWHL
SURGXFW

5HIHUHQFHYV

$ELQD\D 6 3DQJKDO $ .XPDU 6 .XPDUL $ .XPDU 1 &KKLNDL
$, LQ IRRG SURFHVPOLYISDQIKDO*DWIGVIRQWKHUPDO )RR
(QILQHHULQJ V2SHEDWLRQHU 3XEOLVKBGJ =*//&
KWWSV GRL RUJ FK

$GGDQNL O 3DWUD 3 .DQGUD 3 5HFHQW DGYDQRMKV DQG
UHODWHG WHFKQRORJLHV $SGOWHG BRREDUBIGXVWU\
KWWSV GRL RUJ M DIUHV

$BQTRXGL+<DPGEO®QLWDGHMZL 0 +HGMDP 5 8VLQJ PDFKLQH ¢
SURFHVMQJUBHH®WLQJDWD DQG &RJQLWLYH &RPSXWLQJ
KWWSV GRL RUJ EGFF

$PU $6 $ONKDPDLVHK $ 0 BRXUGRXJIRUGDH L-@ XE\QHDIDG |
$JULFXOWXUDO 6FLHQRWWSV GRL RUJ MMDV Y L

%UDQGW O - ,QGXVWULDO SURGXFWLRQ+ RQ \RROHUG/R KIK V
,QWHUQDWLRQDO -RXUQDO RI JRRG jjOLRURELROR
KWWSV GRL RUJ M LMIRRGPLFUR

&DSSHOOL $ &LQL ( &KDOOHQJHV DQG RSSRUWXQLWLHYV
SURGXFW SURGXFWLRQ FKDLQW®YRY MWIVRIQVDIWQE URYWU R Y HPIH
LQFUHDVH VXVWDLQDELOLW\ SURGXFWLRYQWELM WS SURG
KWWSV GRL RUJ VX

'UR]G 5 :ROQLDN 5 F DVUHWVHPHDWLRI-BXEQRPWRT2SABQWQQRY
7HFKQRORJ\ ODUNHW DQGKER\PS\OH@GERW RUJ MRLWPF

+DVVRXQDJWDS 6 7UROWRIDIQD* *BEEXMODK 1 $ *RNVHQ * 09
) %DUED ) - &URSRWSR(YB/RUHIDX{QHNDWRRG SURFHVVLQJ
&XUUHQW DQG IXWXUH GHYHORSPHQWYV VBERRG &8 EW WKG IR)

KWWSV GRL RUJ M IRRGFRQW

,VODP 0$ ,VODP BRXUGRXJK EUHDG TXDOWRRGVYDFWV DQG IDF
KWWSV GRL RUJ IRRGV

,VOHURJOX + %H\KDQ 6 3UHGLFWLRQ RI EDRMHODXDB QW
PRGHO\DW DQG O0DVV 7UDQV4HU KWWSV GRL RUJ v

.KDQ 0, + G6DEODQL 66 1D\DN 5 *X EDVHG GPIRFEHEGIHQ D H D
SURFHVVLQJ DSSOLFDV&RPGYHKNQWIHY RISWKHHEZVW.Q )RRG 6

6DIHW\  jj KWWSV GRL RUJ
.RQXU 6 /DQ < 7KDNNHU3RORULIQWW QAL 6KDUS - 7RZDU
LPSOHPHQWDWLRQ RI ,QGXVWUIHXURO &RPG XPDIQX] COFONGX B § ¢
i + KWWSV GRL RUJ y

IDPULQL % 'HOOD 9DOOH * 7TUHOHD , & SHUURW 1 7TU\WWU |
PRGHOOLQJ RI EUHDG GRXJK NQHDGLQJ) ERE HR&R RW URODNLILF
i * KWWSV GRL RUJ M IRRGFRQW

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF
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/HH - .LP < .LP 6 7KH VWXG\ RI DQ DGDSWLYRREGMDG PI
KWWSV GRLIRREV
IXWRVODZVNL . +HUQHV 0 5DGRPVND - +DMGDV 0 :DODV]F]\
SUHGLFWLRQ XVLQJ WKH QRQOLQHDU D X@ARW HWYXMAHV RY H OHH[F
DQG (OHFWURQLFV (QILQHHUV +
KWWSV GRL RUJ $&& (66
IXWVND 1 90DVHQNR / =DLHWV 1 /\WHQNR 9 ORGHOLQ,

XVLQJ PDFKLQH OHDUQI@J MHWKREBNUQDWLRQDO &RQIHUH
6FLHQFHV DQG ,QIRUPDWLRQ 7HFKQRORJYHY 8&%,7 1RYHP
,((( KWWSV GRL RUJ &6,7

IXWVND 1 =DLHWV 1 90DVHQNR / -XQJH 6 ,QWRIWOLJIHQ
VXJDU IDFWRU\ UHBRREFH GIU QAL ROMKH WK ,QWHUQDWLRQ
(OHFWULFDO DQG (QHUJ\ 6\VWHP O((BUHBHOWKDIPNEHSS
KWWSV GRL RUJ 0((6

OHGL@NFtD 0 1BRFBIU ( $ 'RPUYIBRH) $ O9DOHUR&HOUH]RUSR\R
&XDGERAUtIXH] /| &DB¥YBAER $ O 7RZDUGV WKH HVWDE
DQGXVWDLQDEOH DQDO\WLFDO PHW KFE®R®RI\D KRWK K QSMLLADS
ZKROHPHD)® EG RRAWURKWWSY GRL RUJ M IRRGFRQW

OHVWRUUDO 0 *DYFHD) 5 %DODJXUXWDRO\& FHRBQEMHD $ <

7HFKQRORJLFDO DQG QXWULWLRQDO DVSHFWV RI EU

VWDWXV DQG IXVRREY FKDOBWWHW GRL RUJ IRRGV
OLUDQGD - 3RQFH 3 OROLQD $ :ULJKW 3 6HQVLQJ VP
$JUIRRG &RPSXWHUV LQ ,QGXVWES =
KWWSV GRL RUJ M FRPSLQG
OLWHOXW $ & 3RSD (( 3RSHVFX 3 $ 3RSD 0 ( 7UHQGV
SURGXFWHBGV LQ :KHDW DQSS %UHBWWSOWLQ@RL RUJ %
1Q\LJLGH 2 6 +\XQ . $ FRPSUHKHQVLYH UHYLHZ RI IRRG U
FRPSXWDWLRQDO DQG PRARUGHXOWDDQLQ J5WHIFGRILS SRXUQI
+ KWWSV GRL RUJ ¥

3URNRSHQNR 7 2 /DGDQWXIRUWPBWLRQ WHFKQRORJ\ PDQDJHPH
WHFKRR FDO . D\YGAARVB + &KHUNDV\

5DM $ 6 %DGJXMDU & 0 /ROODWR 5 3UDVDG 3 9 6LICHWHUX .
RI ZKHDW GRXJK IURP IORXU SURSHUWLHV XVLQJ 1,5 FRXS
-RXUQDO RI WKH f6$%( KWWSV GRL RUJ M D

6DKD ' ODQLFNDYDVDJDQ $ ODFKLQH OHDUQLQJ WHFKQLT
WR GHWHUPLQH TXDOLW\ R&XBBBWVWEBEXAWVFI$ UM ¥YRRB 6FL

KWWSV GRL RUJ M FUIV

6DQWRV * 6i- & )pOL[ O - %DUUHIRREDY RPMUMDQRRLU ORLUR (
1HZ QHHGHG TXDOLW\ PDQDJHPHQW 6\KVIVOIL\Q DREL TXWO LW\ P
KWWSV GRL RUJ V X

6KDUPD 6 *DKODZDW 9. 5DKXO . ORU 5 6 RODWLRQ@V LQ WIEKN
LQGXVWU\ WKURXJK DUWLILFLDO LQWHRODVWHEWH DQG E
KWWSV GRL RUJ ORJLVWLFV

GD 6LOYD &RWULP : OLQLP 9/35 )HOBKRYWOHRQPROXWLRQDO
DSSOLHG WR WKH UHFRJQLWLRQ RI-RKHQDORR Q )RR G/ (WDILHM

KWWSV GRL RUJ M MIRRGHQJ

7DNDKDVKL . *RWR < EDVH@®BHRGGLGWLDO VDOHV {RXHBDWOWLQ
RI $GYDQFHG &RPSXWDWLRQDO ,QWHOOLJHQSH+*DQG ,QWH
KWWSV GRL RUJ MDFLLL S

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF



JJIJ3URFHVVHY (TXLSPHQW DQGI&RQWURO 6\VWH

7RVND ' 3XOOD $ S5REXVWHOOL 6 )LDPPD * /HDYHQLQ.
OHDUQLQJ WHFKQL ™K VRUOG )RUXP RQ ,QWRIUQHXQRI 7KLQ
-X 0\ 1HZ 2UOBBQV KWWSV GRL RUR7? D)

7U\WWUDP * $XWRPDWLF FRQWURO RI LQGXVWULBPRORRG S
(GVEXUUHQWPHIQWI R %LRWHFKQRORSIS DG Y@ RHQLIMQ HH
KWWSV GRL RUJ %

'DQJ % 7DR ) )DQJ ; J/LX & /LX < )UHDRMDWLQJ DQG 6LRDUH
PDQXIDFWXULQJ $ FRPSOQDMQWHUL@HYLHZ *
KWWSV GRL RUJ M HQJ

'"HW]HO - 'DPVJDUG & 6PDUW PDQXIDFWXULQJ LQ WKH IRF
SS+ (OVHRWMASY GRL RUJ %

<DQJ < =KDRQJ 5 5HVHDUFK SURJUHVV RQ WKH IRUPDWI

WHFKQRORJ\ RI EARMNU®DIDRRU)RRG 6FLHQFH
KWWSV GRL RUJ

=DLHW¥XWVND 1 /\WHQNR 9 %ROERW , 2VDGFKL\ 6 "HVL.
FRQWURO VWUDWHJILHY DQG DOJRULWKPV IRU DXWRPDWI!
XQFHUWDLQWRLVLRQ $QDO\WL BV -RXUQD
KWWSV GRL RUJ M GDMRXU
=JRGDYRYD . %REHU 3 ODMVWRURYLF 9 ORQNRYD . 6DQWR
PHWKRGV IRU VPDOO PL[HG EDWFKHV SURG XF\EDR® WM\VWH
PDFKLQH PDGBXWWWWXYBELOLWWWSY GRL RUJ V X
&LWH
8)- 6BW\OH

IXWVND 1 =DLHWV 1 9©FDAHD NDRS $ U R IYRMKIHMH VGER XU ER
SURFHVVLQJ DQG SXDDL®NLDRR QRRR OR XSEED O
KWWSV GRL RUJ

$3% 6 W\OH

IXWVND 1 =DLHWV 1 90DVHQNR / VWDJH BRXWKD S

SURFHVVLQJ DQG TAMPLNQ HRR® URXUQRO
KWWSV GRL RUJ

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF



L QVWUXFWRRRWKRUV

'HDU FROOHDJXHV

7KH (GLWRULDO %BBUGRRBILFBOHQWLILF
S8NUDLQLDQ )RRG -RXUQDO
LQYLWHV \RX WR SXEOLVK \RXU UHVHDUFK ILQGLQJV LQ

ODQXVFULSWV VKRXOG SUHVHQW RULJLQDO UHVHDUFK
LV QRW XQGHU FRRNQ GHIWVDMREXE B RMZIKRQ iRI WKH PDQXVF
WKDW LWV SXEOLFDWLRQ PXWERUHQ DGS UR YW IGHED DR § E
DXWKRULWLHY DW WKH RUJDQL]DWLRQ ZKHUH WKH UHVHEC

$ FRYHU OHWWHU WIRMRKH HEG WR B X.O/GPD@FOXGH D EU
UHVHDUFK WRSLF LWV QRYHOW\ DQG VLJQLILFDQFH 7KH
WR VXEPLW WKH PDQXVFULSW WR WKH 8NUDLQLDQ )RRG
DXWKRUHGWIRHD BOVWHG FRQWULEXWRUYV

ODQXVFUHBMWMLUHPHQWYV

$XWKRUV PXVW SUHSDUH WKH PDQXVFULSW DFFRUGLAQ.
WKH ULJKW WR DGMXVW WKH VW\OH WR FHUWDLQ VWDQGI

/IDQJIXPUHIOLVK

0D QX WFV L\SK RICE® IEMWHG LQ :RUG

8V H VSDFLQJ D& FP PDUJ

8VH D QRUPDSRUR@W7LPHV 1HZ 5RPDEOHRA WRIGW LI XU
FDSWLRQV

3UHVHQW WDEOHVQDWEHLWMK[W Rl PDQXVFULSW

&RQVXOW D UMKHQWRXWANQIHORIRU D VW\OH FKHFN

1XPEHU DOO SDJHV FRQVHFXWLYHO\

$EEUHYLDWLRQV VKRXOG EH GHILQHG RQ ILUVW DSSH
WKHUHDIWHU 1R DEEU HYQL BW WROQ \DKQRX U 8 FEHL R@HCGH D G L Q J

30HDVH VXEPLW PDWK HTXDWLRQV DV Y GLMWRP® H Q\GH
VRIWZDUH DSSOLFBWLREWPWRIWMITXDWLRQ (GLWRU

OLQLPDO VL]H RI WKH DUWLFOH ZLWKRXW WKH $EVWUD
DUWLFOH LV  SDJHV ZLWKRXW WKH $EVWUDFW DQG 5HIF

ODQXVFULSW VKRXOG LQFOXGH

7TLWOKIRXOG EH FRQFLVH DQG LQIRUPDWLYH $YRLG DE

$XWKRUVY LQIWKADQDIRRQRY RI WKH DXWKRU V  WKH DII
FLW\ FRXQWU\ 2QH DXWKRU KDV EHHQ GHVLJRDMCHG D
DGGUHNMYDILODEGHI LWK2H5&," Rl WIKH RDBUKPDRARUIRY RQ WKH WL

'"HFODUDWLRQ RI LOQOWHUHVW

$XWKRU &RQWULEXWLRQ 6WDWHPHQW

$EVWUDKNE V WIIDHEXWO G WREWRQQRZLQJ PDQGDWRU\ SDU!

, QWURGEBRYR®@HY D UDWLRHDOQGHRU WKH VWXG\

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF



ODWHULDOV DEGLPHOMKKRIEWFULEH WKH PDWHULDOV DQC
+ OLQHV

5HVXOWYV DQGSBU¥BXEWLWRH PDLQLQRBGLQJIV

&RQFOXSALRYQLIS HP\D MK FRQ EOXNQ RQ V

7KH DEVWUD F W RQKRXIOWG DR WX Q G H | L QUHHE HIJ EHEQUFHHYVL. DWARL
DUWLFOH

H\ZRU@PWHGLDWHO\ DIWHU WKH DEVWUDFW SURYLGH

7H[W RI PDQXVFULSW

SHIHUHQFHYV

ODQXVFULSWY VKRXOG EH GLYLGHG LQWR WKH IROORZ

,QWURGXFWLRQ
ODWHULCPHWERQ G V
5HVXOWYVE®REVLRQ
&RQFOXVLRQV
SHIHUHQFHYV

,QWURGSBHWYRGH D EDFNJURXQG DYRLGLQJ D GHWDLOH
WKH DLP RI WKH SUHVHQW UHVHDUFK ,GHQWLI\ XQH[SOF
WRSLH ,@QWURGXFWKRROGIRWUWRB[FHHG SDJHV LQ OHQJ\

ODWHULDOV D@GRPYHWKRGMILFLHQW GHWDLO WR HQDEC
WR UHSOLFDWH WKH VWXG\ )RU PHWKRGV WKDW DUH DO
VXPPDULSHR¥FKIEXUH EULHIO\ 'HWDLOHG GHVFULSWLRQV [
RU VLJQLILFDQW PRGLILFDWLRQV RI H[LVWLQJ PHWKRGV

5HVXOWYV DQG58VXPXWW IVK®RXOG EH SUHVHQWHG FOHDL
E\ DSSURSULDWH WD E OIHN\Q DIQ 6 DRUF HL RX WHAWH TIKIGL. QJV VKF
WKH FRQWH[W RI H[LVWLQJ OLWHUDWXUH KLJKOLJKWL
LPSOLFDWLRQV

&RQFOXURRFWVXVLRQV VKRXOG EH FOHDUO\ GHULYHG
VXPPDUL]H® EUVHBDUDWH &RQFOXVLRQ VHFWLRQ

$FNQRZOHGIPQOWNSANQRZOHGIPHQWY RI LQGLYLGXDO
VRXUFHV VKRXOG EH LQFOXGHG LQ D VHSDUDWH VHFWLRC
GXULQJ WKH UHVHDURK JDMRHVWIRIAQ XYW EH ZULWWHQ

2UJDQL]H \RXU DUWLFOH LQWR FOHDUO\ GHILQHG VHF\
VXEVHFWLRQ VKRXOG KDYH D FRQFLVH DQG GHVFULSWLY!

SHIHUHQFHYV
30¥WB® FKHFN UHIHUHQFHV FDUHIX0O\
7KH OLVW RNVNKRXHDWGHDEFA®XGH ZRUNV WKDW DUH FLWHC
SXEG®GIGVRU DFFHSWHG IRU SXEOLFDWLRQ
$00 UHIHUHQFHV PHQWLRQ HIEGL QQWKHKHUW H{ WH @G O/IL\F
&LWH UHIHUHQFHV LQ WKB WB W EWHOHE\PBINE @ BVWH D U
'"URERW 4L DQG =KRX %RODULQ ZB HQN YO
HW DO
5HIHUHQFH OLVW VKRXOG EH D QKD ELHUW M HIGX W\K W K FR 10
.l DYDLODEOH SOHDVH DOXMKMN UGB FIOXEQF2 OLOMQNYV L

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF



5HIHUHQFH VW\OH

-RXUQDO DUWLFOH

30HDVH IROORZ WKLV VW\OH DQG RUGHU DXWKRU V V
EUDFNHWYV -KESQD OV WMODMMYROX®H QXPEHU LVVXH ILUV
QXPEHWWDLODEOH SOHDVH DOZD\V LQFOXGH '2,V DV IXO
HJ 3KWWSV GRL RUJ DEF’

-RXUQDO QDPHV VKRXOG QRW EH DEEUHYLDWHG

3RSRYLFL & *LWLQ / $OH[H 3 -&K 0 D R FMUHUILID W
JUHHQ KXVN H[WUDFW REWDLQHG E\ VXS H-RKWLQWDLF RO )RIRY
DQG 3DFNDJLQJ7HFKERFHH DQG 7HFKQRIBRILHV
KWWSV GRL RUJ

% RRN
'HHJDQ & )LQDQFLDO $FFRXOQMUQ¥ GRHRBRRN &RPSD(
6\GQH\

%RRN FKDSWHU LQ DQ HGLWHG ERRN

.RFKXBEMLY\QH NR]P\N8 <XVKFKHQNR 6SLFHV IRU GDL!
SURGXFWYV 3PDUHGHY 2 6KHYFKHQNR 9 G6WDEQLNRY ¢
%LRHQKDQFHPHQW D RR GR/UMRIU LIF -\WsCIRO @ R\l & 5-&W3 U HVV
%RFD 5DWRQ KWWSV GRL RUJ

2Q0LQH GRFXPHQW
OHQGHOH\ - $ T7KKRVWIEHB 0 +RZ DQIGHQ SWRHUHQFH
$YDLODEOH DW KWWSV ZZZ KRZDQGZKHQWRUHIHUHQFH

&RQIHUHQFH SDSHU

$U\FK O ,QVXUDQFH V LPSDFW RQS5IHRWRREXVBHHW/Q &
(QHUJ\ 6DYLQJ 7THFKQRORJLHV RI 3URGXFWLRQ DQG 3DFI
JXQGDPHQWDOV RI 7KHLU &RPSHWLWLYHQHO/ \6SBIEFRPBBHGL
6FLHQWLILF DQG 3UDFWLFDO &RQIBW/HQ.RHY 68HSWHPEHU
KWWSV GRL RUJ

JLIXUHV

$00 ILIXUHV PXVW EH FUHDWHG XVLQJ D JUDSKLF HGL

7TKH IRQW VL]H RQ WKH WHNWHW O & RARKXHD & HE[NVVRK H V D

%ODFN DQG ZKIKWARIVEBRBKGLR ZIMKRXOG EH XVHG

7KH ILJIXUH HOHPHQWY OLQHV WWHICGL @ &G DN\FHN WQ R RIXI(

JLIXUH SDUWV VKRRXB GHUH W PWWG®' IEUV D E HWF

$00 ILIXUHYXPEH WHRGEXVLQJ $UDELF QXPHUDOV

JLIXUHV VKRXOG LEH FROQWMHF XW IWH[WYXPHULFDO RUGHU

3ODFH ILIXMH DVWHRHIQWLRQHG LQ WKH WH[W

JLIXUH FDSWLRQV EHJLQ ZLWK WKH WHUPXYQEREHW Q EF
DOVR LQ EROG W\SH

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF



(DFK ILIXUH VKRXOG KDYH D I DOBWUILRD GHBMLFWLE ILQJ EARC

6XEPLW DOO ILIXUHVY DORQJ ZLWK WKH FRUUHVSRQGLQ
VHSDUDWH DWWDFKPHQWYV

, I \RXU PDQXVFULSW S$QROXRAHWOILIXBELVKHG HOVHZKI
SHUPLVVLRQ IURP WKH FRS\ULJKW RZQHU V SULRU WR VX

7TDEOHYV

1XPEHU WDEOHV FRQVHFXWULKHIOU D@ IHIFRWGHH) EQ MKW

3O0DFH IRRWQRWHYV WR WDEOHV BHHWKHRVEBSWMMDEOHSE
ORZHUFDVH OHWWHUYV

30DFH WDEOH DIWHU KRVWHILWVW PHQWLRQHG LQ W

(QVXUH WKDW WKH GDWD SUHVHQWHG LQ WDEOHV GR |
WKH DUWLFOH

6XJIJHVWLQJ H[FOXGLQJ UHYLHZHUV

$XWKRUV PD\ MXBHIHNV IQWBHRU UHTXHVW WKH H[FOXVLRQ
VXEPLWWLQJ WKHLU PDQXVFULSWYV

"KHQ VXJJHVWLQJ UHYLHZHUV DXWKRUV VKRXOG PDNH
QRW FRQQHFWHG WR WKH ZRUN LQ DQ®RDW HKSQ Q/XLIQ B \BW
PXVW SURYLGH DQ LQVWLWXWLRQDO HPDLO DGGUHVV IRU

-RXUQDO PD\ QRW XVH WKH VXJJHVWLRQV EXW VXJIJHVWL
WKH SHHU UHYLHZ SURFHVYV

6 XEPLVVLRQ

(PDLO IRU DOO VXEPLVVLRQV DQG RWKHU L

XIMBQXIW#PHWD XD

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF



RZgh\ge dhe_]b

J_"ZdpecgZ dhe_J]ey gZmdh\h]h i_jsiNWbDO b MRIBDER XUGgpH GO
azZijhrm} <Zk “h im[eedZpe+€ j_ameviZIls\ gZmdh\bo ~hke

<bfh]b ~h hnhjfe_ggy klZl_c

Fh\z klztZgleesckvdZz

FegefZevgbc h[ky}: kIKAHpeghchjfZIm : [_a \jZom\Zggy ZghlZ)
kibkdm ee«l_jZImjb

>ey \keo _e_f_gle\ kIZIEARMWBRPDQ _Jev -«gl_jw&Ze

<ke ihey klhitbdbkf

KijmdImjz klZIle
GZa\KdZzZlle
ANlhjb klIZlle <ffy 1Z ijea\bs_ ih\geklx ijbdez”~ >_gbk Ha_jyg
MklZgh\Z \ ydec \bdhgZgZ jh[hlZ
cghlzpdyh\fyadhkhgndImjzZz ZghlzZpe-£€
i <klmiz jy~db
i FZl_jeZeb IZ f_Ih~"b ~h jy~de\
i J_amevIzZhblhXhj_gigy klhjegdb
i <bkgh\db jy~db
Dexgh\e kel\kee\ Ze_g_ keh\hkihemqg_gv

Imgdlbt \bdhgZIlb Zgleeckvdhx « mdjZz€gkvdhx fh\Zfb

Hkgh\gbc I_dkl klzZlle FZ} \dexqZlb I1Zds h[h\fyadh\s jha”seb
i <klmi

i FZl_jeZeb 1Z f_lh"b

i J_amevIZhblhXhj_ggy

i <bkgh\db

i Eel_jZImjZz

AZ g_h[os~ghkle fh gZ "h~Z\ZIb gre jha“eeb I1Z jha[b\ZIb €0 gZ

‘\lhjkvdZ ~h\§sd¥bs_ «ffy 1Z ih [ZIvdh\s \q_gbc klmiegv 1Z .
jh[hib _e_dljhggZ z~]_kZ Z[h |_e_nhg
DhglZdiges "Z&+ M ipdh]lh aZ g_h[os~ghkle [m~A_ a\_jlZIbkv j_A*.

Jbkmgdb \bdhgmxlvky ydekgh KdZgh\Zge jbkmgdb g_ ijbcfZxlvk
jbkmgdZo ih\bgkig\[malhejgbf |_dkim WHBIh]jZn«€ fh 'gZ \bdhjbklh\m\ZIb
ebr_ azZ €0 agZqgh€ gZmdh\h€ pegghkle

Nhg ljZnede\ "s&ZijjZf[eebc Dheej _e_f_gle\ jbkmgdmzgdrjgdec keldZ
g_ kejbc

Jbkmgdb 1Z ](Z0(/dd ]jZnedZfb "h~"ZIdh\h ih”"Zxlvky \ hdj_fbo nZceZc

Kdhjhge gZa\b neabqgbo \_ebqbg \ |I_dkle 1Z gZ ]jZnedZo ihagZq
eel_jzZfb \enrih\e~rgh ~h kbkl_fb K1

Mkibkdm e<l_jZImjb ih\bgge i_j_\Z Zlb Zg]ehfh\ge klZlle 1Z fhgh]jZn
ickey jhdm

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF



Hnhjfe_ggy pblzZl m |_dkle klZIle

Deevdeklv Z\lhje\|KjBOeZ” pbim\Zggy m | _dKkle
Z\lhj $U\VFK
Z\lhjz XLHYGD DQG %URQW

e [eevr_ Z\lhjp\ %D]J]RSRO HW D|O

libdez” |_dkim «a pblmWZ4¥yNQRZQ $U\FK %D]RSRO H
SURGXFW \LHOG GHSHQGV RQ WHPSHUDWXUH EXW WKHLU

M pbim\Zggyo g_h[oe*gh \dZam\ZIlb ~° _j eh a\«~db \aylh sgnhj
Kibkhd e«l_jZImjb khjim}Ividy e?l Zéhd)gk ~* _j eZ g_ gmf_jmxlv

< SBNUDLIRPEERXU@HOh aZ hkgh\m az]zZevghijbcgyl_ \ k\ele
hnhjfe_ggy kibkdm eecl_jZImjb atDgNDRKBg "EZjlfmglb ihkbeZggy
jhareeyxlelxy dhfzfb

IhkbezZggy gZ klzZllx
\lhjb : 1 jed \b"Zggy GCB&\&@ XIZhlgZem drhhkEb\qHf_]
klhjegdh,
lgepeZeb ibrmlvky iekey ijea\bsZz
<ke _e_f_glb ihkbeZggy jha”eeyxlvky dhfzZfb
<dZamxlvky \ke Z\lhjb
GZa\m "mjgZem kddjhfdimgZlb

libdez"

3RSRYLFL & *LWLQ / $OH[H 3 -& KO D Q FMUHHUIIL]D W
JUHHQ KXVN H[WUDFW REWDLQHG E\ VXS HARMULQ\DLF RO
JRRG DQG 3DFNDJLQJ 6FLHQFH 7HFKQ3$SXH DQG 7HF
KWWSV GRL RUJ

IhkbeZggy gZ dgb]m
Alhjb jed&cZa\Z dgb]lb dmgbB¥iigbpl\h Feklh
lgepeZeb ibrmlvky iekey ijea\bsZz
<ke _e_f_glb ihkbeZggy jha”eeyxlvky dhfzZfb
ljbdez”
'"HHJDQ & JLQDQFLDO S$FRRRO@QWLWLHBEZOO %RRN &RPSD(
6\GQH\

Ihkbezggyjlgazree j ~"Z]h\Zgec dgba-

Alhjb  jed GZa\zZ,QeZ\bzdIlgBEa\Z dgb]b dnmgilkhigdb
<b”Z\gbpl\h Feklh

ljbdez"

.RFKXBEMLY\QHQNR 2 .X]P\N 8 <XVKFKHQRB GDLU\
SURGXBWY 3DMyBEHV2 6KHYFKHQNR 9 6WDEQLNRY
%LRHQKDQFHPHQW DQG )RUWLILFDWLRQ fRl )RR&V IRU
B3UHVV %RFD 5DWRQ KWWSV GRL RUJ

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF



L _ab "“hih\dhgn j gp-€

$U\FK O ,QVXUDQFH V LPSDFW RQS5IHRWRREXVBHHW/Q &
(QHUJ\ 6DYLQJ 7THFKQRORJLHV RI B3URGXFWLRQ DQG 3DFI
JXQGDPHQWDOV RI 7KHLU &RPSHWLWLYHQHVYHBIURFIHHGL
6FLHQWLILF DQG 3UDFWLFDO &RQIBW/HQ.RHY 68HSWHPEHU
KWWSV GRL RUJ

IhkbeZggy gZ _e_dljhggbc j_kmjk

<bdhgm}lvky ZgZeh]eqgh ihkbeZggx gZ dgb]lm Z[h klZIlIx
NZgbo ijh im[eedZpex ibr@WklyOMEOMdZam}lvky _e_dljhggzZ Z7j.

ljbdez”

&KHXQJ 7 :RUOG V PRVW GHOLPLIRXO/D EG UL QDN
KWWS WUDYHO FQQ FRP H[PRRANMDOAWIERBAKMIYLQN ZRUOGV

Kibkhd eecl_jZImjb hnhjfex}lvky ebr_ eZlbgbp_x ?e_f_glb kib
I1Z jhkeckvdhx fh\hx ihlje[gh IljZgkeel_jm\ZIlb >ey ljZgkeel_jZy
fhib \bdhjbklh\mdkikylgbc klzg”*Zjl

AjmbagkZcl "ey ljZgkealmd@ZegkvdKe WWELD QKOO BWYVVSRUW

Klzlly gzZz~"kbeZz}Ilvky aZ _e_dljhgghx Z~j_khx
X1BD X#\W H WD

FFFBNUDLQLDQ )RRG -RXRDPE ,VVXHF



M>D
SNUDLQDRRG-RXUQDW®[esdm} hjblegZevge gZmdh\e KklIZIle
ih\erhfe_ggy hley”h\e klZlle gh\bgb IZ h]ey~b e«l_jZImjb

L fZIlbdZ im[e+dEZWUDLQLDQ )RRG -RXUQDO

OZjgh\Z g _g_j°y ljhp_kb IZ h[eZz”~gZgQgy
OZjgh\Z oefey GZghl_ogheh]«£€
Fedjh[eheh]ey ?dhghfedZ I1Z mijZ\eeggy

Neabgge \eZklb\hkls 0Zjgh\bolhfizAmaZepey ijhp _ke\
Ydeklv 1Z [_ai_dZ oZjgh\bo Mh2dididX ey oZjgh\bo ijh~Amdle

| _jeh”"bggeklv \boh"m “mhgZjdmgZ jed

J_amevthKe+~"_gv ij_"klZ\e_g* \ "'mjgZee+ ih\bgge [mlb gh\b
a\ yahd a ozZjgh\hx gZmdhx < ij_"klZ\eylb <gl_j_k "ey fe'gZ
kie\Ih\ZjbkI\Z

SNUDLORR@& XUQDPO dkm}lvky gZzmdhf _Ijbggbfb [ZaZfb
,QGH[ &RSHUQLFXV
(%6&2
*RRJOH 6FKRODU
8OULFKV:HE
&$%, IXOO WH[W
2Q0LQH /LEUDU\ RI 8QLYHUVLW\ RI 6RXWKHUQ 'HQPD
'LUHFWRU\ Rl 2SHQ $FFHVV VFKRODUO\ 5HVRXUFHV !
(XURSHDQ 5HIHUHQFH ,QGH[ IRU WKH +XPDQLWLHV D
3/86
'LUHFWRU\ RI 2SHQ $FFHVV -RXUQDOV '2%-
,QIR%DVH ,QGH]
&KHPLFDO $EVWUDFWY 6HUYLFH 6RXUFH ,QGH[ &%66
)67%$ )RRG 6FLHQFH DQG 7THFKQRORJ\ SEVWUDFWYV
‘HE Rl 6FLHQFH (PHUJLQJ 6RXUVHV &LWDWRQ ,QGH]

6FRSXYV
J_p_gasy jmdhibkmzZklfireb ij_"klZ\e_ge ~ey ing[udt\@QQgDY \
JRRG -RXUDB "Ylv ©lhM\ecg_ keei_ j_p_gam\Zggy? "\hfzZ \q_gbft

j_"Zdpecghx dhe_J*}x h”bg } ge_ghf j_"dhegZm@ik\hplbg g_aZe_"gb

Alhjkvd_ ijZYhlhjb kIZl_c ]ZjzZglmxlv sh jh[hlZ g_ } ydjpnor_ggyf
Z\lhjkvdbo ijz\ 1Z \eArdh”h\mxlv \b~Z\px ihjmr_ggy "Zgh€ ]ZjZ
fZl_jeZeb } ijZ\h\hx \eZkg k3N UVUDNPRR@ XUQYRDy@sh g_ malh” _gh
*gr_

> |Zevgh hjfZptph @mjgZgkljmdpe€ Z\ipgdé Zbthnhjfe_ggy
k1Z11k¥Z ZghlZpec jha@<s kgcle

KWWXSI ) X IFNG XD
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SNUDLQLRRGRXUQDO

g ) a
=heh\gbc j_"Zdlhj

He gZ KlzZ[gedh\@ZpehgZevgbc mgoXjgbbbo I _ogheh]ec MdjZ€g.
Qe_gb fe'gZjhrgh€ j_~Zdpecgh€ dhe_]<€

:1hlz =_~j_ JZcrjgEblh\kvdbc «gklbIml Z]jZjgh€ _dhghfedb EbI
< 1 <_jgZ~kvdh]h G:G MdjzZ€ghb

;Zh Lob <mphigMge\_jkbl_|I F_dhg]lm < }IgZf

=h™eg > G/ hjkkr_kiFj_fhjeZevgbc mge\_jkbl_I Om[_jlZkDZcjmde
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