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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 N@WHIQW VM FWARR WAOHQILQW HU Q

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

3OHDVH QRWH WKDW WKH MRXUQDO GRHV QRW FRQVLC

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

$UWLFOHV ODFNLQJ VFLHEW K QRYH OW R R NRIFDQV H G
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 (GRIDVWRSULDO

6RQLD $PBKLHIBRLYHUVLW\ OWHIDQ FHO ODUH RI 6XFHDYL
(LUDQULH 6NMiQE&K O$N¥PRARVZRIULDQ 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 *H Q&KIDRL \D\Q G\ ,RIRW KBIQILIFW L
$FDGHP\ Rl 6FLHQFHV RI 8NUDLQH

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

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

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

2FWDY IHFGBWSH3K' 3URIH &HQWHU IRU 5HVHDUFK DQG $GYDC
1IDWLRQDO 3RO\WHFKQLF ,QVWLWXWH *XDQDMXDWR OH[LF
7HWLILRI3XK' 3WBWLRQDO 8QLYHUVLW)\ Rl )RRG 7THFKQRORJ|
&ULVWLQD 3RSRMMVRFHFKRAGADA UVLW\ Rl OROGRYD

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

BWHIDQ 6WBHKID@BEBLYHUVLW\ Rl )RRG 7THFKQRORJLHV %XOJ
<RUGDQND 6VBKID®RWIDBWLSHWN Rl 30RYGLY 3DLVLL +LOHQ
ODUtD 6 7BILBERQWUDO 8QLYHUVLW\ Rl 9H@2B@D &DUL
RI WKH $FDGHP\ Rl 3K\WLFDO ODWKHPDWLFDO DQG 1DWXUL
Y8R 7KMRBQBKOHNRQJ 8QBYHWWQDLDWP

0DQDJLQJ (GLWRU
20HNVLL *XEHWRFBURDWLRQDO BIQWRAHEEKRDWORJILHY 8NUDLC
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&RQWHQWYV

)RRG T HF K& &« &« QKLK LKL LKL KKK LKL

5RVHQ &KRFKNRY 3HW\D ,YDQRYD 'H¢
5KHRORJLFDO DQG VHQVRU\ SURSHUWKHDWQG ELF
GRXJK DQG EUHDG H @GUWIWIKADE GZULRIROCY Hak WO<H

6LPRQH 6DORPmMR -H]]LQL GRVY 6DQWRYV &DPLOD 'HO
5DGOD DVVHWWR =DELDQ %LVLQHOOD 6WpPpSKDQLHF
(JRQ 6FKQLW]OHU

S8OWUDNMRXIMNHG PRGLILFDWLRQ DQG PXOWLDQDO\
RUJDSQUFDFDFLD [ DVQWADKURFUKK K b I « « « « « « « « «

20HNVDQGUD .XQ\N :DOWH

$QGULL ODU\QLQ 20HQD 6WDEQLNRYD

,PSDRW WRFRSKHU\O D& WRHW ROLGDWHHWDWWDELC
+\SHULFXP SHUDRQUEIDWHXFADULD RIMHPRMNWL WY FRUQ RLO
GXULQJ VWRWB @t @@« « « €« €K

'LPLWDU 'LPLWURY ,0L\DQ 6LPHRQRY 6LPHRQ .UXP
9RODWLOH SURILOH RI ZKLWH YZALWIHW § H R GRXXFH/GL YD
XQGHU WRHPDRNIOF FRQGLWLRQV RI A XVWHQGLO 6R?>

O\NROD 9RURQWVRY 20HJ *
7TKHUPDO VWDELOLW\ DQG WHFKIRRWRJILHADBOS 8RWIRIK
IDW HPXOVLRQV |IRURRHKIQ &IXQ & d &k ¥ K« « «

5RPDQ OXNRLG <XULL %
2\ JHQULYHKKQ IXUDO DFFXPXODWLRQ DQG LWV LQIOXI
VW D K Kk @& M\ « « &« & & QKKK KK KKK KL LKL KL

3URFHVVHV DQ
20HNVDQGU *DYYD /\ 9ROR!
<XUL\ 'RORPDNLQ $QWRQ .RNKDQ 1DWDOL\D .XO\N

(I"THFW RI EXON PDWHULDO PHFKDQLFVY RQ RSWLPDO
D GD SWRWRIQQJF G WdkR\K « « « « « « « « K K«
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9LNWRU 6WDEQLNRY ,U\QD .RYVKDU 'P\WUR 6WDEQ
%LRWHFKQRORJ\ DSSURDFKHY DQG LPSURYHPHQW
SURGXFWLR Q «« &« LKL LKL EE LKL LK KKK
(GXFDWLRQ DQG ««««««« I EZ XXX

3:LOG HGLEOH SODQWY ,PSURYLQJ IRRGV QXWULWIL
WKURXJK ELRWHFKQRORJ\"  OWHUQDWLRQDO SXEOI
UHYV HD U R« & QX 6 & dAK « « € « € K € & K K K K
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JJIJ3URFHVVHY DQGAJIXLSPHQW

5KHRORJLFDO DQG VHQVRU\ SURSHUWLHYV
FRPSRXQGV RI ZKHDW GRXJK DQG EUHDG H(
QHWWOHW/LFD GL RIOCADXU

SRVHQ &KR SHW\D ,YI
'"HOQND =ODWIDM'\DLHOD % RJGDQRYD

18QLYHUVLWI Rl )RRG 7THFKQRO
+8QLYHUVLWI RI (FRQRPLFV 9DUQ@D %XOJDULD

5KHRORJLFDO
BHQVRU\
%LRDFWLYH

$EVWI
.H\ZRUGYV ,QWURC 7KH DLP RI WKLV VWXG\ ZD
QHWSWAOH.FD /GLRARRU RQ WKH UKHRORJLFD
IHW\WO MU SURSHUWLHYVY DV ZHOO DV WKH ELRDFWLYH
‘KHDW GRXJK GRXJK DQG EUHDG
%UHDG ODWHULDOV D@Q&aHPEHWKRGWVZDY PDGH E\ W\SI
ORXU ZLWK WIQH WG C:KWDMXGRXIJIK UKHROR
p

URSHUWLHYVY ZHUH GHWHUPLQHG E\ HDVX
RQVLVWHQF\ GRXJK GHYHORSPHQW WLPH

Q IDULQRJUDSK %UDEHQGHU 7KH DQWLR][
WUDFWV ZDV HYDO XBGNELE\)BK3V LR PLUEDFQ

TOoOITXOTW

[

QG '33+ GLSKH®LBU\OK\GUD]\O UDGLFDO

HWKRGV

$UWLFOH KLVWRBHVXOWY DQG,QLIWKNWMLHROIG IRUPXODWLRQ
XVHG DV D SDUWLDO VXEVWLWXWH IRU ZKHELC

S5HFHLYHG 7KH KLIKHWQGCIRAWK@F\ ZDV REVHUYHG LQ W
ZKLOH DOO HQULFKHG VDPSOHV VKRZHG OF

S5HFHLYHG LQ UHQEVUH®VLQJ VXEVWLWXWLRQ OHYHOV FR

IRUP LQFUHDVHG 7KH DGGLWLRQ RI QHWWOH |
$FFHSWHG GHYHORSPHQWWOFHHDVBLXK WR LQ ED
REVHUYHG LQ EUHDGV FRQWDLQLQJ WKH

FRPSDUHG WR WKH FRQWURO
$00 EUHDGY HQULFKHG ZLWK QHWWOH IOR.
&RUUHVSRQGLQWUXFWXUH DQG D PRUH LUUHJIJW®&DWKRIYHU
DXWKRU FRQWHKROYLVXDO TXDOLW\ VFRUHV RI EUHDC
ZHUH ORZHU DQG D VLJQLILFDQW GLIIHUHC(
5RVHQ &KRFKNREVHUYHG 7KH FUXPE RI WKH FRQWURO VD]
(PDLO KXH FKDUDFWHULVWLF RI LAKEHDQ REUMDW W DK
URVHQ R NRY# SURGXFHG SURJUHVVLYXOW KBWMNRWHF R\CKRHJ B
DEY EJ RI ELRDFWLYH FRPSRXQGV W®FK HIKVHLUG QH W&

IORXU FRQWHQW
&RQFOX$VRWKH SURSRUWLRQ RI QHWWOH

GRXJK IRUPDWLRQ WLPH UHPDLQHG XQFKDQ
DQG GRXJK GHYHORSPHQW WLPH LQFUHDVH
VDPSOH 7KH LQFRUSRUDWLRQ RI QHWWO
EUHDG YROXPHWSHFLILF YROXPH ,QFUHDVLQ
FRQWHQW HQKDQFHG WKH SRURVLW\ RI WK
2, DIIHFWHG LWV WDVWH TXDOLW\ 7KH DQWLR]
LQFUHDVHG SURSRUWLRQDOO\ ZLWK WKH OH
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JJIJ3URFHVVHY DQGAJIXLSPHQW

L QWURGXFWLRQ

7TKHUH KDV EHHQ D JOREDO WUHQG WRZDUGV WKH XVH |
DV D VRXUFH RI DQWLR[LGDQW DQG IXQFWLRQDO LQJUHGLI

SDUH@EN] HW DO 6WDEQLNRYD HW DO
'XH WRHLU ZLGHVSUHDG EBQNGPIRRIGRQUREXHI® H J
SURYLGH PRUH WKDQ RI WKH WRWDO HQHUJ\ LQWDNH

H[FHOOHQW YHKLFOHV IRU IXQFWLRQDO VXSSOHPHQWDWL
ZKHEDWHG SURGXFWV HVSHFLDOO\ EUHDG LV UDSLGO\ JU
EUHDG LV FRQVXPHG HYHU\ GD\ DOO RYHU WKH ZRUOG 'X
ZLWK IXQFWLRQDO SURGXFWV RI QDRVKQR O QRAH. W.KQH EXW ¥ |
RI EUHDG WKH XSZDUG W WHQ18HRE VL QORRRIYSHRW D Y G QRIUSW R B W
RI SK\WRQXWULHQWYVY LV LQFUHDVHG XURYLU HW DO

'LWK D KLVWRU\ GDWLQJ BEVFN\WRQHLYKDGWWOHDKDV E|
DQG QDWXUDO PHGLFLQH IRU FHQWXULHV 6DLG HW DO
DQG UHODWLYHO\ KLJK FRQWHQW RI PLQHUDOV DQG YLWD
VXSSOHPHQWWHDWKHD/WWIKMF FRQWHQW RI ELRORJBEROHLQ FW
FRQVWLWXWHY DERXW RI WKH GU\ PDVV DQG FRQWDLQ\
QXWULWLRQ OLQHUDOV PDNH XS DSSUR[LPDWHO\ RI W]
DOVR ULFK LQ YD DWDRIHYR HAXLDO FKORURSK\OOV F
FRPSRXQGV DQG H[KLELWV VLJQLILFDQW DQWLR[LGDQW
VHDVRQDO DYDLODELOLW\ WKH FRQWXRSWLRWY RD QUEIN K \@
GULHG IRUP DV DQ DGGLWLYH LQ YDULRXV IRRG SURGXFW

1HWWOH OHDI IORXU FRQWDLQV RQ DYHUDJH DERXW
0DQ HW DO 7KHUHIRUH BWRRMDHL & H/ XS/SHBH® N QIV KL
LQFRUSRUDWHG LQWR YDULRXV IRRG SURGXFWV LQFOXGI
RI QHWWOH WR EUHDG VLJQLILFDQWO\ LQFUHDVHV WKH O
DQG LURQ ODLHWWL HW DO U W BIBQWH\R VD & X S S O HPGI\DRV
IORXU ZLWK QHWWOH SRZGHU HQKDQFHV WKH SURWHLQ
HYDOXDWLRQ RI WKH HQULFKHG EUHDGV LQGLFDWHG DF
FRQWDLQLQJ XS WR WRMKWO HKDQRXBDLGRY HW DO F
LQ SURWHLQ DQG ILEHU FRQWHQW EXW UHSRUWHG WKDW \
OHYHOV RI QHWWOH OHDI SRZGHU 7KLV UHGXFWLRQ ZDV
PLIWXNQG WKH LQWHUDFWLRQV EHWZHHQ GLHWDU\ ILEHU
DO LQYHVWLJDSWMG DK & DREBLABML RRQ RQ WKH QXWULW
FKDUDFWHULVWLFV Rl ZKHDW SDVWD 7 WIDUW UR @ X\0LW @ LYK
LQFUHDVHG WKH FRQWHQWYV RI FDOFLXP LURQ SRWDVVLX
RI QHWWOH LQFUHDVHG D VWWDIWIH MV REYH VLY HEL LG DAORW
SDUWLFXODUO\ LQ QVKIMV LDHAR® OF/OHQ | WKFHWQRYHOV RI SLJP
DQG FDURWHQRLGYV

1HYHHQ DQG 6KDLPDD IRXQG WKDW ZDWHU DEVRU
DGGLWLRQ RI GU\ QHWWOH OHDYHV LQ ELVFXLW IRUPXC
LQFHBDYVY FRPSDUHG WR WKH FRUUHVSRQGLQJ FRQWURO
ZDV VKRUWHQHG EHFDXVH WKH H[LVWHQFH RI ILEHU SDU\
JOXWHQ QHWZRQ ND BBHG WHOXWH RI GRXJK VWDELOLW\ WLPH

BWLQJIMDIHQHWXQGRXEWHGO\ D UDZ PDWHULDO ZRUWK I
IRRG GHVLJQ 7KH DLP RI WKLV VWXG\ LV WR LQYHVWLJD!
SURSHUWLHV RI ZKHDW GRXJK BQ® [ERH GG RIRBOMGH GHIGQ ZD QY
DPRXQW RI DQG WR UHSODFH WKH HTXDO DPRXQW RI
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JJIJ3URFHVVHY DQGAJIXLSPHQW

ODWHULDOV DQG PHWKRGV

ODWHULDOV

JRU WKH SUHSDUDWLRQ RI WKH EUHDG VDPSOHV WK
FRPPHUFLDO ZKHDW I&KRMXL WI\B&2 ZLWK WKH DYHUD
FRPSRVIWLRQIDW Rl ZKLFK VDWXUDWHG FDUERK\

ILEHU SURWHLQ DQG PRLVWXUH FRPPHU
ZLWK WKH DYHUDJH WKBRIRLFDOIFWPSRVIRI ZKLFK VDWXU
FDUERK\GUDWHYV Rl ZKLFK VXJDUV ILEHU S|
$GGLWLRQDO LQJUHGLHQWYV LQFOXFRPE WZHDWWHHG \ED VW
%XOJDULD /WG DG ZV WEKWVKRP&EREGEBE[ 6WDQGDUG IRU )RR

OHWKRGYV
SUHSDUDWLRQ RI GRXJK DQG EUHDG VDPSOHYV

.QHDGLQJ ZDV FDUULHXRXA RAIK DPURSBIUDWLRQ SU
KRPRJHQHRXV GRXJK PDVV DW D#) If@®L VKB OP WMXIHU BW ]
ZKHDW DQG RU QHWWOH \HDVW VDOW DQG ZDWHU ZD\
IDERPL]J +XQJIDU\

7KH FRQWURO VDPSOH &6 ZDV SUHSDUHG XVLQJ RQ
H[SHULPHQWDO EUHDG VDPSOHV ZHUH SURGXFHG E\ VXE
1) 1) 1) ) 1) 1) ) DQG 1) 1) )RY
HDFK IRUPXODWLRQ WKH IROORZLQJ LQJUHGLHQWYV ZHU

7TKH SUHSDUHG GRXJKV ZHUH DOORZHG WR PDWXUH IR
GRXJK ZDV GLYLGHG LQWR SRUWLRQV RI EUHDRU $0\WN WU
VKDSLQJ WKH GRXJK SLHFHV ZHUH VXt MRFWHG WRLOQLQQ
D IHUPHQWDWLRQ FKDPEHU I1IRNYIARSDBVRY&BBEH[ 1RYDOH
,WDO\

7TKH GRXJKV ZHUH WKHQ EDNHG LQ DQ6BIOHUBPWQGKMVMOR
6 / 8 /IHIR 6SDLQ SUHKHDWHG WR DRWHP8HQDWIXWHU R
EDNLQJ WKH EUHDGY ZHUH DOORZHG WR FRRO IRU K D\

5KHRORJLFDO SURSHUWLHV RI WKH GRXJK

7KH IROORZLQJ GRXJK SURSHUWLHV ZHUH GHWHUPL(
*PE+ &R .* 'XLVEXUJ *HUPDQ\ ZDWHU DEVRUSWLRQ
VWDELOLW\ PLQ GHJUHH RI VRIWHQLQJ IDULQRJUDSIHI
DFFRUGLQJ $R&& OHWKS$&&  QWHUQDWLRQDO $$&& $SSUF
$QDO\VLV WK HG $$&& ,QWHUQDWLRQDO 6W 3DXO 01

BK\VLFDO SRR FHWHWIGHV
7TKH TXDOLW\ RI WKH EUHDG VDPSOHV ZDV DVVHVVHG

GHWHUPLOBGLRIWBQGE FRROLQJ IRU K DW URRP WHP
GLVSODFHPHQW PHWKRG $3%$&&

FFFSBNUDLQLDQ )RRG -RXRODP® ,VVXHF



JJIJ3URFHVVHY DQGAJIXLSPHQW

7KH VSHFLILF YROXPH ZDV FDOFXODWHG E\ WKH UDWLF
HDFK VDPSOH %UHDG KHLJKW DQG GLDPHWHU ZHUH PH
VWDELOLW\ +HLJKW 'LDPHWHU ZDV FBORXOORNNG 1R/DF
GHWIHMYHG E\ ZHLJKLQJ HDFK ORDI EHIRUH DQKHDEWHDGED
ORDYHV ZHUH ZUDSSHG LQ SODVWLF EDJV DQG VWRUHC
GHWHUPLQH WKH VWRUDJH WLPH LQ GD\V XQWLO YLVLE

6HQVRU\ HgDOXDWLR

BHQVRU\ HYDOXDWLRQ RI WKH REWDLQHG EUHDGV ZD
FRQVLVWLQJ RI ZROHQODLYBHQ DJHG \HDUV ZKR ZHUH
IDPLOLDU ZLWK VHQVRU\ DQDO\VLV RI IRRG EXW I®RW VSH
7KH DQDO\VLV ZDV FDUULHG RXW DFFRUGLQJ WR ,62
VFRUH VHYHQ SDUDPHWHUV QDPHO\ DSSHDUDQFH FU
FKHZDELOLW\ DURPD DQG WDVWH 7KH\ H[SUHSYRHENG WKH
KHGRQLF MFAMUHPHOYHRRGHPHO\ EDG

%LRDFWLYH FRPSRXQG FRQWHQW

7KH H[WUDFWLRQ RI ELRDFWLYH FRPSRXQGV IURP GU!
HWKDQRO DV GHVFULEHG E\ 9DVLOHYD HW DO % U
WHKEN GULHG f& K JURXQG LQ D PLOO DQG VLHYF
IURP EUHDGV ZHUH REWRDQRG ZULR/EKLG WR OLTXLG UDWL
EDWK 9:5 0DOD\VLD N +] © DW f& IRU ULRKQHGDP S
DW [JIRU PLQ 0BG ,QVWUXPHQWYV 3RODQG 7KH VX
IRU IXUWKHU VWXGLHV

$QDO\WLFDO PHWKRGYV

7TRWDO SR@HSKHOPRDQYWLILH&ERPOLWBXROIWMHDIHQW $1
*LOOHVSLH *DOOLF DFLG ZDV HPSOR\HG DV FDOLEL
H[SUHVVHG DV PJ HTXLYDOHQWY JDOOLF DFLG *$( SHU |

7TRWDO IOZDVHROGROGCEWEURVYLQ) $HD2ZHQW DQG PHDVXU
DEVRUEDQFH DW QP DFFRUGLQJ WR .LYUDN HW DO
HTXLYDOHQWY TXHUFHWLQ 4( SHU JUDP "':

7KH DQWLRI[LGROQHWVRBQYROYLW\H[WUDFWYV ZDV HYDOXDW
IHUULF UHGXFLQJ DQWLR[LGDAILEKSRBABU\OKQGU'BRO® UD
VFDYHQJLQJ PHWKRGYV

7KH )5$3 PHWKRG LV EDVHG RQO\ RQ VLQJOH HOHFW!
PHDVXUHG DFFRUGLQJ WR WKH PHWKRG RI WPRY HW UHH

PO IUHVKO\ SUHSDUHG )5%$3 UHDJHQW SDUWYV 0 DFH
WULSWWGLDO]LQH 737= LQ PO +&0 DQG SDaw PO )
ZHUH PL[HG ZLWK PO RI LQYHVWLIDWH®EHWEDY Q RPILE E

fK LQ GDUNQHVY DQG WKH DEVRUEDQFH ZDV PHDVXUHC

HWKDQRO $ VWDQGDUG FXUeH ZIDH/ EERKNV. OOWZAL WK ) bI$8 2L
ZHUH H[SUHVVHG DXL¥PROBQWY SHU IDJDP ': ,UVKDG HW

7KH '33+ UDGLFDO PHWKRG LV EDVHG RQ PL[HG K\GU
HOHFWURQ WUDQVIHU PHFKDQLVPV '33+ UDGLFDO VFDYH
WR 'LPRY HW DO ZLWK VRPH PRGLILFDWLIRIMFWOUDM I
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PL[HG ZLWK PO PO '33+ ITUHHWKKDYREOWIZREG PQ[WXUH
IRU PLQ NHSW LQ WKH GDUN DW URRP WHPSHUDWXUH
WKHQ WKH DEVRUEDQFH DW QP ZDV P HDDVWXWHRE BN R/ S\H

EODQN FRQWBWEXID@IRO 7KH UHVXOWYV RI '33+ DQDO\VLV
7TUROR[ HTXLYDOHQWYV 7( SHU JU

6WDWLVWLFDO DQDO\VLYV

5HvXOwWYVY DUH SUHVHQWHG DV PHDQV RI D'WWDBDHIDGODNW GV |
GHYLDWLRVODWLVWLFDO HYDOXDWLRQ@XZ\DYN QIHIIMLWPRIGYDB\U
$129% RI WKH ,%0 6366 6WDWLVWLFVY SURJUDP 6RPHUV
HVYWDEOLVKHG E\ )LVKHUYV OHDVW VLJQLILFDQW GLIIHL
VLIQLHHFDIYHO

5HVXOWY DQG GLVFXVVLRQ

(I'THFW RI QHWWOH IORXU RQ WKH UKHRORJLFDO SURSH

7TKH GRXJK UKHRORJLFDO SURMHEWKDBY LRXH GHKBELLQLIY M
RSHUDWLRQV 7KH UHVXOWY DUH SUHVHQWHG LQ 7DEOH

7DEOH
(I"THFW RI QHWWOH IORXU RQ UKHRORJLFDO SURSHUYV

H RI gR "RXJIK
% UH DWH U &RQVLVNF&QF HORSP%E}/@LO\}@\(NH DLQJ
) 8

D[S;EVRUSV\ LRQ 8 PLQ

&6

1)

1)

1)

I1RWH )BULQRJUDSK 8QLWYV

$v FDQ EH VHHQ WKH ZDWHU DEVRUSWLRQ RI WKH FRQ)
+RZHYHU WKH UHVXOWY REWDLQHG E\ RWKHU UHVHDUFK
I1HYHHQ HW DWKH ZDWHU DEVRUSWLRQ RI HQULFKHG VDP¢
DGGLWLRQ RI GU\ QHWWOH OHDYHV DW DQG VX
OLNHO\ GXH WR WKH GLITHUHQW IRUPV RI QHWWOHM XORBL
DQG GU\ OHDYHV FDQ LQIOXHQFH GRXJK K\GUDWLRQ EHKL

7KH KLIKHVW FRQVLVWHQF\ VFRUH ZDV PHDVXUHG IRU V
KDG ORZHU VFRUHV ZLWK LQFUHDVLQJ GHJUHH RI VXEVW
YDOKQWF¥UHDVHG 7KH XVH RI QHWWOH IORXU GLG QRW F
VWDELOLW\ RI WKH VDPSOHV ZLWK QHWWOH IORXU IRU VD
FRQWURO ZKLOH IRU VDPSOH 1) GHFUHDVHG &RPSDUH
SURJUHVVLYHO\ GHFUHDVHG DV WKH SURSRUWLRQ RI QHYV
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4XDOLW\ DVVHVVPHQW Rl ZKHDW EUHDG HQULFKHG ZLW

7R DVVHVV WKH EDNLQJ FKDUDFWHULVWLFV REMWKH ZKI
EUHDG ZDV SUHSDUMGDWRRQHD)EK XIRK P JHUPHQWDWLRQ
VDPSOHYV ZHUH FDUULHG RXW XQGHU HTXDO FRQGLWLRQV

J)LIXUH CHRWVYRQ RI ZKHDW EUHDG HQULFKHG ZLWK Q
IURP OHIW WR ULJKW &6 1) 1) 1)

S5HVXOWY IURP WKH DVVHVVPHQW RI WKH EDNLQJ FKDUI

7DEOH
9ROXPH RI ZKHDW EUHDG HQULFKHG ZLWK QHWWO
ropcnROXPH P(Q

HWUHDG VBFS B EsaEHDG

&6

1)

1)

1)

7KH UHVXOWV VKRZ WKDW WKH YROXPH RI ZKHDW EU
GHFUHDVHV LWK LQFUHDVLQJ WKH T XD Q WG MR URH DQ/HHW WIOH
UHVREWDBLQHG IRU WKH KtVUBPS@WHDI)G HXK RP BXQMW QLILFDC
WKH YROXPH RI WKH | OFRRPLS EWH® BWREWKH FRQWURO VDPS
FRQFOXVLRQV GUDZQ IURP WKH GRXJK UKHRORWFIO FKI
QHWWOH IORXU OHDGYVY WR D GHWHULRUDWLRQ LQ WKH U
EUHDG 7KH UHVXOWYV IRU WKH SDQ EUHDG DUH VLPLODU

$FFRUGLQJ WR WKH OLWHUDWKK H DWKH LDEGN. WER/QR R |
SURSRUWLRQDO GHFUHDVH LQ EUHDG YROXPH FRUUHVS
ZLWKLQ WO EIONDQL®HQ HW DO UHSRUWHG WKDW ZK
YROXPH GHFUHDVHV PRUH UDSLGO\ WKID\Q DW/KNHRUERKW/LH®D
UHGXFHG JOXWHQ SURWHLQ FRQWHQW

7KH VSHFLILF YROXPH Rl EUHDG GHILQHG DV WKH UDW
PRUH FRPSUHKHQVLYH FKDUDFWHULVWLF RI EUHDG TXDO
ZKHDW \BEXUHDIGHPHQWHG ZLWK QHWWOH IORXU DUH SUHVHC
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i OIORRU BEUHDG
@SDQ EUHDG

6SHFLILF YROXPH PO

FRQWURD) 1) 1)
VDPSOH

6DPSOHYV
JLIXUBSHFLILF YROXPH RI IORRU DQG SDQ ZKHDW EUHDG HC

5HIDUGOHVV RI WKH PHWKRG RI EDNLQJ WKH EUHDG
VSHFLILF YROXPH LV REVHUYHG ZLWK LQFUBD®LRW WROH
DOVR UHSRUWHKNLBRQDW HGE VRXOW W K D W KANHK B UMHTHER\L
GHFUHDVHG DV WKH OHYHO RI QHWWOH OHDYHV SRZGHU
WKH EOHQG DQG GXH WR WKH LOWHUDFWLRQV DPRQJ IL
UHJDUG XURYXAWKRMG/ FR S R L Q WPHIGQ RZKRNAL KK & W HWQKHHWI W O
PDWWHUY 7KH\ DGGHG QHWWOH OHDYHV DQG H[WUDFW
IRUPXODWLRQ :KHQ XVLQJ QHWWOH OHDYHV WKH UHGXF'
PXFK PRUH SURQRXQFHG 6RPMHRBXWXRIRU VWK RZKIYWHR S GRL |
DUJXHG WKDW WKH H[LVWHQFH RI GLHWDU\ ILEHU Gl
RSWLPDO JOXWHQ PDWUL[ IRUPDWLRQ GXULQJ GRXJK PLJL
7KH VKDSH VWDELOLW\ RI EUHDG LV GHHDOWWHEHW Z DK@
KHLIJKW DQG GLDPHWHU RI WKH IORRU EUHDG )LJXUH {
FROQOWURO VDPSOH DQG WHVW VDPSOHV RI ZKHDW IORRU E

OIORRU|EUHDG

A

,QGH][ +

FRQWURL 1) 1)
VDPSOH eppsoHv

JLIXUBKDSH VWDELOLW\ RI ZKHDOM\WWHIHGIBRXUFKHG ZL
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,Q WHUPV RI VKDSH VWDELOLW\ + ' WKH VDPSOHV Z
FRPSDUHG WR WKH FRQWURO VDPSOH 7TKH FORVHV\
REWDLQHG DERXW VDPEBHRWKHU VDPSOHWDWORRBYA GH QK
YDOMRHN + ' PXFK ORZHU WKDQ WKH REWDLQHG IRU WKH EU

7KH EDNLQJ ORVV RI IQRWWOR EETYBRCGZKWINWRZQ LQ 7DE

7TDEOH
%DNLQJ OCORRRURD QIGHPMQEUHDG HQULFKHG ZLWK QHWWO

~oc XODNLQJ ORVV
9 L\I, v _
HUHDG VO SE" EBRDE UHDG

&6
1)
1)
1)

: LWK DGGLWLRQ RI D ORZHVW TXDQWLW\ Rl QHWWOH |
XS WRFRPSDUHG WR WKH FRQWURO VDPSOH ,W LV LQWHL
QHWWOH IORXU KDG ORZHU EDNLQJ ORVV FRPRBDWHGHWD @
EUHDG WKH GLIIHUHQFH EHWZHHQ FRQWURWD IMDPS®H DQ
WKH FDVH RI SDQ EUHDG LQFUHDVLQJ WKH DPRXQW RI D
EDNLQJJYMLW HW DO FRQ G X EWWGWKL-A LIDQUL ¥ WKG LZH
ZLWK QHWWOH LQIXVLRQ DGGH®@JIL P FIRMHOMXRIKRUV FROQE
WKH LQFUHDVLQJ DGGLWLRQ RI QHWWOH LQIXVLRQ FDXVF
WKH REWDLQHG ORDYHV 7KLV SDWWHUQ GRHV QRW RFFX

6HQVRU\ SURILOH RI ZKHDW WWHDHCG VOR®GULFKHG ZLWK Q

2YHUDOO WKH XVH RI QHWWOH IORXU FDQ FKDQJH WKH
SURSHUWLHYV 7KH UHVXOWY REWDLQHG DUH SUHVHQWHG

—6— FRQWURO VDPSOH =-&- 1) 0 1)
DSSHDUDQFH

FUXVW FRORU

FUXPE FRORU

DURPD SRURVLW\

JLIXUBHQVRU\ SURILOH RI ZKHDW EUHDGY HQULFKHG ZL
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7KH SUHVHQWG LADWEG WKDW WKH VFRUHV |RUWKXOW KHH Q
LQFUHDVLQJ WKH SURSRUWLRQ RI QHWWOH IORXU :KHQ
WHQGHQF\ WR FUXVK XQOLNH WKH WHVW VORSEBRSSBIQW
DQG D PRUH XQHYHQ FUXPE VWUXFWXUH FRPSDUHG WR V
RI WKH HQULFKHG VDPSOH 1) FRPSDUHG OWR IRE GWKAU H D
VDPSOH 1) FRPSDUHG WR &6 WK H UsH JQ/L 0. FEPHFW G H. E \W
FRORUDWLRQ RI WKH FUXVW LV REVHUYHG 7KH FRORU R
\HOORZLVK W\SLFDO IRU ZKHDW IORXU EUHDG ,Q WKH Wk
DQG EHORQJV WR WKH JUHHRVWDRQKB WKH FR®RE IRIUWEKEH L
WKH KLJKHU GDWD YDOXHV 'LGGDQD HW DO LQYHV
VHQVRU\ DFFHSWDELOLW\. RW VG HIDRISPIEG | VR PEWBNLHIDE Q J
VLPHQVLOHDI DQGHIMMMH IORXU 7KH DXWKRUV FRQFO
DFFHSWDELOLW\ Rl IODWEUHDG ZDV VLJQLILFDQWO\ S
RI QHWWO I8 DCPHSIDH AR XM[KLELWY KLIJKHU SRURVLW\ FRPSD
7KH UHVXOWWKHEERMOIWRMWGEUHDG DQG WKH LGV 1) KO

IRU FKHZDELOLW)\ FRP)S [DUHG 1PRR) WWHKHH BAUDNDVBH WK H U H V)
VLPLODKH FROWS®R® DQG WKH VDPSOH 1) KDYH DFKLHYH
FRPSDMRIGVKH VDPSOHV 1) DQG 1) DQG 5 GXOHVFX |
DGGLWLRQ RI QHWWOH SRZGHU WR WKH EUHDG GRXJK JL)

7KH FRQWURO VDPSOH KDV D ZHOO SURQRXBOMGFKHGELF
VDPSOHV 1) DQG 1) D PXFK PRUH LQWHQVLYH QHWWOH I
IURP WKH DURPD RI IUHVK QHWWOH +RZHYHU GU\LQJ FKD
ORVVHV LQ YRODWLOH FRPSRXQGV RABRWIHG VR D K DIV URIY X
R[LGDWLRQ DQG HVWHULIDBRWRRBWI BDFWLRQ YU SKD|QLGH
0DQ HW DO UHSRUW H Gt DOOHPIRE \8 UNMKSHD VRE EZHR BB WU XIOWR X
VFRUHG PD[LPXP WKDQ WKMDWXDWL ®] WKH VDPSOHV HQUL
SRZGHU WKH KLJKHVW VFRUH ZDV REVHUYHG LQ WKH EUFH
UHFRUGHG IRU WKH EUHDG ZLWK 1) 7KH HQULFKHG E
SRURVLW\ ZKLFK UHVXB@\HRUL @ FRRRIZHW RYHUDOO V

%LRDFWLYH FRPSRXQGV LQ ZKHDW EUHDG ZLWK QHWWC

7TKH DOQOWLR[LGDQW DFWLYLW\ GU\ PDWWHU FRQWHQW
VDPSOHVY DUH SUHVHQWHG LQ 7DEOH

7TDEOH
%LRDFWLYH FRPSREUHGG IZQ WKHDHWWOH IORXU

TRWDO 7RWD/O

%UHDG 'U\ |ODYRQRLSG<\HQRo|yg37+( ; _)F';:‘sg I
VDPSOMAKEVWDRFMI 4( J| PJ *$(J O P

0 0
&6 G z " G G

| ( ( ( (
1 ) “ I “ | “ | “ | “ |
| I I I I
| | | | |

1) “

1) “

'0 *tGU\ PDWWHU
POHDQV LQ D FROXPQ ZLWKRXW D FRPPRQ OHWWHU GLII
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7KH VWXG\ IRXQG WKDW LQFUHDVLQJ WKH SURSRUWLRQ
WKH GU\ PDWWHU FRQWHQW RI WKH UHVXOWLQJ EUHDG V
LQFUHDVHG ZLWK KLJKHU OHYHOV RI QLMW @& B VII® RREW HDIM
WKH VDPSOH FRQWDLQLQJ QHWWOH IORXU ZKHUH WKI
QHDUO\ GRXEOH WXMAR RG VDK HWFRR DDMUMRDK L HW D O v
SRO\SKHQROV DQG 10D YRQRILBN ®mMEWH DHEMEL YW V WFRRQIUL
SURWHFWLY DCHQ WMHDIVHURSHUWLH YV

7KH WRWDO SKHQROV DOVR LQFUHDVHG DQG WKH GLIIF
ZLWKQHWWOH IORXU ZDV PXGAHEFLANW DO RWDWY\WKBQROG
FRQWHQW RI GLIIHUHQW QHWWOH SDUWV URRW VWDON
OHDYHV ZPY *$( J '0 7KH '33+ UDGLFDO VAGXFQQUQQMQA U
FDSDFLW\ LQFUHDVHG ZLWK ERBGHOQY MR WK & H3BW GPHH WKRRX

QHWWOH IORXU VKRZHG WLPHV KLJKHU UBGKXFRQJIVF
DELOLW\ LQFUHDVHG E\ WLPHV

2WKHUV VWXGLHY DOVR GHPRQVWUDWHG WKDW WKH D¢
HQUHGEKZLWHKOREMW RHIKHU LQ WKH WRWDO SKHQROV LQ Q
PRUH WKDQ LQ ZKHDW EUHOMHLIZKLEKZIKKHDW EUHDG LV
QHWWOH |0RKNWIWHREEAQIMQ GPJ PRUH LQ QHWIMHMHNILO R WU DI

GHPRQVWUDWHG WKDW WKH DPRXQW RI WRWDO SKH

*$(J RI IUHVK ZHLJKW ): LQ ZKHDW EUHDG WR —J *$(
QHWWOH IORXU )XUWKHUPRUH DQWLR{GGHBUWHD G AR PSIDW\F
ZKHDW EUHDG YV PJ 7(J): UHVSHFWLYHO\ XUR

EUHDG SUHSDUHG ZLWK QHWWOH OHDI IORXU VKRZHG VLJ¢
UDGLFDO

,Q VXPPDU\ LW FDQ EHRUFPYEQX GMIGH WKPIRX QW RI QHW
WKH DQWLR[LGDQW DFWLYLW\ Rl EUHDG 7KH UHVXOWV LQ
DQWLR[LGDQW OHYHOV FRPSDUHG WR WKH FRQWURO GHF
VLIQLILFBOWB WIQHFERQWHQW RI DQWLR[LGDQW FRPSRXQ
VWLQJLQSUWHW IV GBMHTOLFHDY DUH ULFK LQ SK\WRFRQVWLWX#
IODYRQRLGYV NDHPSIHURO LVRUKDPQHWLQ TXHULEBHWLQ
FDIIHLF DFLG DQG FKORURJHQLFD DRI Q HD GG GFEDRIIRQ/HH Q
OXWHR[DQWKLQ OXWHLQ HSR[LGH DQG YLROD[DQWKLQ
DQG YLWDPLQV

&RQFOXVLRQV

7TKH VWXG\ IRXQLE® WWEKW DR RYRAPWRF DD BWRKBBGLG QRW L
GRXJK GHYHORSPHQW WLPH ZKLOH GRXJK VWDELOLW\ L¢(
,QFRUSRUDWLQJ QHWWOH IORXU UHVXOWHG LQ WKH
FRPSDUHG WRWKHKHRWYKBPES®HY 6HQVRU\ DQDO\VLV VKRZ
IORXU QHIJDWLYHO\ DIIHFWHG WKH EUHDGYV DSSHDUDQF
QHWWOH IORXU KDG VHQVRU\ SURSHUWLHYV FORVHVW WR '
SDUWLDOO\ UHSODFLQJ ZKHDW IORXU ZLWK QHWWOH IORX
ELRDFWLYH SRWHQWLDO DQG ERRVW LWV DQWLR[LGDQW |
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5HIHUHQFHYV

$%8&& $$8&& $SSURYHG OHWKRGWK RHGSQ BH& %L \Q WBHDX@D WL RQD C
86%

$GKLNDUL % 0 %DMUDFKDU\D % RPSKMHWRIQDR$S QXWULWLRQD(
VWLQJILQ3UMHWWOGLROARRU ZLWK ZKHDW )RQG EBUKGIR HI CORX
IXWULWLRS® + KWWSV GRL RUJ IVQ

$KPDG $ 05 :DTDV $ 6DQDXOODK , ODMUDI- 6XPRHUYBLRVDIK
DQG LURQ ELRDYDLODELOLW\" 8€% HHGY L8 H QG LKL GRERI® GRL\

7HFKQRORJSS+ KWWSV GRL RUJ M WLIV

$LQVZRUWK ($ *LOOHVSLH .0 (VWLPDWLRQ RI WRWDO
VXEVWUDWHYV LQ SO D&WR FDIOMN X KDAWKIIH @ WR'E BGR O V
KWWSV GRL RUJ QSURW

SNKWDU 6 $QMXP )0 $QMXP 0 $ $ OLFURQXWULHQW IR
GHYHORSPHQW DQ®RGWBHWHDURK ,QWHURDWLRQDO
KWWSV GRL RUJ M IRRGUHV

&DXYDLQ 6 7THFKQROBUHIRGPDHNEIQYUQIJHU ,QWHUQDWLRQDO 3X!
KWWSV GRL RUJ

'DV / B5D\FKDXGKXUL 8 &KDNUDERUW\ 5 6XI3S G HP\HQ W
FRULDQGHU OHJRRGRBEBHWQFH DQG %LRWSHFKQRORJ\
KWWSV GRL RUJ v

'LDPDURWR 0 & RBOWR 06 &DEH]XGR 0 ' (IIHFW RI GU
YRODWLOHV/ DRQUKN\ @RERPOUYDO RI $JULFXOWXUDO DQG )RR
Ss = KWWSV GRL RUJ v

'LGGDQD 7 = .HOND\ * 1 7HVFKD ( ( IXWULWLRQDO FRF
RI VWLQJLGUVQHADW\DLHOHREBLSMDGW HG X QOHD ¥HRQ HRD \RD L H
IODWEUHDG ,QWMWIDWLRQDO -RXUQDO RI )RRG 6FLHC
KWWSV GRL RUJ

'LPRY , 3HWNRYD 1 1DNRY * 7DQHYD , ,YDQRY , 6WDPD

DQWLR[LGWRMO SRWAHKG DW IORXUV DQG EUHDGSNED DELEOLQV L |
JRRG -RXUQDBS+ KWWSV GRL RUJ ;

XURYLU 6 O9XMDQRYL# 0 5DGRMNRYLG O )LOLSRYLU - )LOL
3 =HNRYLU = 7KH IXQFWLRQDO IRRG SURGXFWLRQ $SS
LWV H[WUDFWV LQ WKH EPRR®J &RHPIDVWEUHDG
KWWSV GRL RUJ M IRRGFKHP

'ILNL ' 5y*\aR 5']LNOZ®LN ZLHFD 0&XUUHQW WUHQGV LQ WKH
DQWLR[LGDQW DFWLYLW\ RI ZKHDW EUHDG E\ WKH DGGLYV
FRPSRXQGMQGY LQ )RRG 6FLHQFH 7HEK@RORJ\
KWWSV GRL RUJ M WLIV

)DWWDKL 6 =DELKL ( $EHGLDQ = 3RXUEDJKHU 5 1I$WNIHND QL
+ 7RWDO SKHQROLF DQG IODYRQRLG FRQWHQWYV RI D

YLWUR DQWLSUROLIHUDWL ¥H 0| QR@ERQLRQOD PRXGUBDO R
DQG &HOOXODU OMGEFLQH

+XGHF - %XUGRYi 0 .RELGD / .RPRUD / ODFKR 9 .RJDQ *
/R&HN 2 +DEiIQ 0 &KOHER 3 $QWLR[LGDQW FDSDFLW
(FKLQDFHD S®H¥UWSHHEFD /GLRLEG G D QIUHIMDEQ P R IDUWHUD O H
DSSOLFDWLRQ RI SRO\DPLQH DQG SRMNQRODF RELRM\RQFKIOHWX

JRRG &KHPLVWUSS = KWWSV GRL RUJ Ml F

+XQJ 39 ODHGD 7 ORULWD 1 'RXJK DQG EUHDG TXDOLW
IORXU VXEVWRRXWL5RHY HDUFK ,QWHUQDWBR QDO
KWWSV GRL RUJ M IRRGUHYV

*XEVN\ 6 6WDEQLNRYD 2 bWEHE QL N RV OGS LEMDBEHBEMHY ,PSURYLC
JRRGV 1XWULWIOQRRPDQI bMMXBWEKRMNWHFKEDARIVHVYV %RFD 5D\
KWWSV GRL RUJ
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*XLXHUUHWBRHEROGRWYRVHY 0 0 ,VDVD 0 7 )DWW\ DFLGV I
VWLQJILQIUMHWIV/GHRXBED DO Rl )RRG &RPSRVLWERQ+DQG $QC
KWWSV GRL RUJ 6
,EUDKLP 8 . 6DOOHKXE DT XGD& MRR G %UHDG WRZDUGV IXQ
RYHUYLHOAWNHUQDWLRQDO -RXUQDO RI JRR&ES #(QJIJLQHHUI
KWWSV GRL RUJ LMIH
,UVKDG 0G =DIDU\DE 0G 6LQJK O ORVKDKLG 0 $ 5 &

DQWLR[LGDQ V& (VWA DY HWAWRENDH U QDWLRQDO -RXUQDO RI OHC
KWWSV GRL RUJ

.62 6HQVRU\ SQBWWR&RBQMUDO *XLGDQFH

-LQ 0 &DL <:; /L -+ =KDRKHQDQWKURQGO@MWLYH DVVD\ RI K\
UDGLFDO SURGFBGREUMVYV LQ %LRFKHPLVVBS\ HQG %LRSK\\

-RVKL % & OXNKLMD 0O .DOLD $ 1 38 DWLPFOCF RAJIQRR\VAB L F
,QWHUQDWLRQDO -RUHBQO 3KDUPDF\ SS +
KWWSV GRL RUJ LMJS Y L

LP : 0 /HH * + &RPSDULVRQ RI LPSRUWHG ZKHDW IORX

.RUHDQ ZKHDW IORXU EUHDG PDNLQJ SURSHUW{RXUPD®H E\
RI .RLUH6RFLHW\ RI )RRG 6FLHQFSHISHQG 1XWULWLRQ

.LYUDN & */NWeUN 7 .LYUDN, .D\D ( .DUDEDED ( G LQYFH
DQWLR[LGDQW DFWLYLWLHV RI VRPH 6DOYLD VSHFLHV FRP
83& (6,06 06 )RRG 6FLHQFH DQG 7HFKQRORJSS &DPSLQDYV
KWWSV GRL RUJ VW

.UDZ FND $ 6RERWD $ 3DQNLHZLF] 8 =LHOL VNDBWYW I=FPUJ]\FN
GLRLFIDV D IXQFWLRQDO FRP SRIDHDIW SIUR GXE\W PRIX H,P %D FW
FRPSRVLWLRQ LQ YLWUR JO\FHPLF OR@GHXOBYG TXDOLW)\
KWWSV GRL RUJ PROHFXOHYV

X]PLD .XFKHUHQNR 9 B6WXNDOVND 1 .XWV $ 3QMOQRNLEDGWN
DELOLW\ RI DOFRKROLF LQIXVLR@NUDRPLDKDIHRNRIGE RKIIQ P P |

+ KWWSV GRL RUJ ;

IDXULNDLQHQ 7 +DUNRQHQ + $XWLR . 3RXWDQHHHBE (
EDNL@XUQDO RI WKH 6FLHQFH RI )REBG®tDQG $JULFXOWXUH
KWWSV GRL RUJ 6,&, $,6)$ ! &2

ODLHWWL $ 7HGHVFKL 3 &DWDQL 0 6WHYDQLQ &XVBDVRQW
FRPSRVLWLRQ DQG DQWLR[L®PDQWQSHIURGXEYNVHMQRILEK HD
QHWBM@H FD/GLERRHERR G V KWWSV GRL RUJ IRRGV

0DQ 6 0 3DXFHDQ $ &KLV 0 6 OXVWIDBWIARS $ OXYHNMBDW RI(
OHDYHV 8BWGHAD/GLRGEDWLRQ RQ W KHR $ XIDQG W MH RE FELMIHIOG 3

+ SS+ KWWSV GRL RUJ KSP Y L

0DQQLOD (4XDMDWL) -5R6RIOPD&DODWWIDRG ,0 GH OD )XHQWH %
&ROODGR 0 & /LQGHUERUJ .0 ,Q YLWUR ELRDFWLY
\DUUREZKLOOHD PLOMHGROW KO8 U QL RIH\E UFHHBIHWQW )RRGV IR
+XPDQ 1XWULWISBSQ KWWSV GRL RUJ \V

1HYHHQ $0$ 6KDLPDD 0 + (IIHFW Rl ELRDMW.EDHGERFSR
/ OHDYHV RQ VKHOI OL)R RHWKGRORAIWS HELNBXEWSRXUQDO

1IRYRWQL ' &XULU ' %LWXK 0 &ROLU %DULU , G6NHYLQ ' &
SKHQROLFV RDMNBDEWURPOQ EUHDG QM MKQ P RXBR@BOIKRXUQD
6FLHQFH DQG 1XWSEWLRWWSY GRL RUJ

2USKDQLGHV $ *RXODV 9 *HNDV 9 (IIHFW RI GU\LQJ Pt}
DQWLR[LGDQW FDSD&IH¥K RIRXSBDOPRQWRRG $SEHQFH
KWWSV GRL RUJ &-)6

3DUHG@SN] 2 YEKHQNR 2 6WDEQLNRY 9 ,VYOQ®RRIQKWDQFEHMWHQW
JRUWLILFDWRREGYV RIIRUFHDOWKHW'&5& 3UHVV ~ %RFD 5D\
KWWSV GRL RUJ
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5 GXOHVFX / 7DUNDQ\L 3 9HOFLRY $ % $0OGD /0 $OGD 6 ¢
SRWHQWLDO IXQFWLRQD ® BURBAXIFIWF \BBISHHQW L IAHUS BBSSHIU \$ J L
+

6DLG $ $ + 2WPDQL , 6 ( 'HDIRXIL 6 #HEPRINWYV RQ QXWL
WKHUDSHXWLF YD OH\RLAWGQAWHUQBWWRGDO -RXUQDO RI
3KDUPDFHXWLFDO BBLHQFH

6DLGRY $ 0 %DOJX]KLQRYD = ( =KDQJDE\ORYD 1 ',Q$OXHQWHR"
Rl QHWWOH SRZGHU DGGLWLRQKRQ FUHPIO TRID ®QRDW Q GHF
8QLYHUVISS

BWDEQLNRYD 2 ODULQLQ $ 6WDEQLNRY 9 ODLQVWUHQG\
IRU IRRG SURSNKFMIR@®Q )RRG -RXUQDD +
KWWSV GRL RUJ ;

6WDEQLNRYD 2 6WDHQRIMIRY 9 3SPUHOGHMMRIZRLYKUXEV IRU Kt
QXWUR@DB®W )RRGV IRU +XPDQSBXWKWWISR'Q GRL RUJ v

9DVLOHYD , 'HQNRYD 5 &KRFKNRY 5 7HQHYD ' 'HQNRYD =
(IIHFW Rl ODYPQGMNOD D @QIXF W H®IOLDY D R | ZIDALQ D RIQV

TXDOLW\ DQG VKHOI OJRRG R&KHPRLWIVMGI\SS *
KWWSV GRL RUJ M IRRGFKHP

'yMFLN 0 5y*\aR 5 a\VLDN *3LHXXL]DN &DHDWXUDO DQG VH
SURSHUWLHV RI ZKHDW E 8H WG ABABVLRIRHEX ZH® KE QWWM @ AD O
PHWKR®XUQDO RI )RRG 3URFHVVLQJ DQG HIUHVHUYD
KWWSV GRL RUJ MISS

&LWH
8)-6W\OH

&KRFKNRY 5 , YDQRYD 3 =ODWHYDBKHR® R J GBI YIQ C
VHQVRU\ SURSHUWLHY DQG ELRDFWLYH FRPSRXQGV RI
QHWBSWOHLFD /GLRORBNUDLQLDQ )RRG -RX® GEDO

KWWSV GRL RUJ ;

$3% 6 W\OH

&KRFKERY,YD BRYDODWHWRIGDQRYD BKHRORJLFDO DQC
VHQVRU\ SURSHUWLHV DQG ELRDFWLYH FRPSRXQGV RI
QHWWIWDMLFD GLRIOFRXNVUDLQLD QR XRR® O +

KWWSV GRL RUJ ;
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SOWUDVRBXYGVWHG PRGLILFDWLRQ DQG PXOWLDQ
FKDUDFWHUL]DWLRQURIDFGPIIVFR U VKGO D F K

6LPRQH 6DORPmMR -H]]LQL GRV 6DQWRYV
5DGOMDVVHWWR =DELDQ %LVLQHOOD 6WpSKDQLH 6F
(JRQ 6FKQLW]OHU

6WDWH 8QLYHUVLWI RI

$EVWI
.H\ZRUGYV , QWURGXFMNWLRYH VWDUFKHYVY KDYH FHUWDLQ
PDNLQJ LW QHFHVVDU\ WR DSSO\ SK\VLFDO PR
XOWUDVRXQG WUHDWPHQW 7KLV VWXG\ LQYH\
6WDUFK RQ WKH VWUXFWXUDO WKHUPDO RLQOG GBKRVLFF
$UUDFDFLD VWDUFK H[WULDUMDWFDELUDRBPQWKRUUKL]D
[DQWKRUUKL]DODWHULDOV DQIGHRKW\WRKREBLVD [ DURWRKRUIDKWU HD
S8OWUDVRXQ ®REWDLQHG IUWRMD OHVPDR®XFHU LQ &XULWLED
ORGLILEDWLEB® DUFK ZDV H[WUDFWHG XVLQJ DQ DTXHRX
ZKHUPDO XOWUDVRXXEFHDXQHQWO\ FKDUDFWHULJHG LQ
VWDELOLW\ SDVWLQJ PRUSKRORJLFDO VWUXFWXUDO DQ
SHVXOWYV DQG GKMF XDVNVALRRX V HIWUDFWL
PDQGLR™MOOMD VWDUFK \LHOGHG EDVHG R
RQ SURFHVVKEBZRMVIVYDOXHV FRQVLVWHQ\

VWXGLHV 7KH DSSOLFDWLRQ RI XOWUDVRXQG
DQG UHVXOWHG LQ QRWDEOH VWU;
SUWLFOH KLVWRYYS jHY LQ WKH VWDUFK 5DSLG 9LVFR $QDO
SHEHLYHG DPSOLWXGRHHQW HDPSURYHG VKHDU UHVLVWD
EUHDNGRZQ DQG UHWURJUDGDWLRQ ZKLOH k

SHEHLYHG Lo SHDN DQG ILQDO YLVFRVLWLHV 7KHUPRJUDYI
UHYLVHG IRUPNKHUPRJUDYLPHWULF '7* DQDO\WHV VKRZHG
WUHDWPHQ®W WHWXIOMKEVW GHJUDGDWLRQ WH

SEEHSWHG WUHDWPHQW H[KLELWHG WKH ZLGHVW UD
'LITHUHQWLDO 6FDOQLQJ &DORULPHWU\ '6& L
JHODWLQL]DWLRQ HQWKDOS\ IRU WKH WUHEC

HQHBHPDQG GXULQJ JHGDWLQHO® LRQVV[RQ
&RUUHVSRQGLXIZF6FDQQLQJ (OHFWURQ OLFURVFRSH LPDJHV
DXWKRU LQ JUDQXOH PRUSKRORJ\ ZLWK LQFUHDVHG

DPSOLWXGH IROORZHG E\ D UHGXFWLRQ DW
(JRQ 6FKQLW]IQNYGHQRBEMWDRXOH DJJORPHGDWURGBWLRQ VKR?Z
(PDLO UDGXDO LQFUHDVH LQ FU\WWDOOLQLW)\ ZLWK
HIRQV#XHSJ EYo0 PRGLILHG VDPSOHV KDG ORZHU FU\WWDO

7KHVH UHVXOWY GHPRQVWUDWH WKD@ XOWUL

PRGLILFDWLRQ PHWKRG FDSDEOH RI HQKDQF

YLVFRVLW\ EHKDYLRU DQG VWUXFWXUDO R
$UUDFDFLD [D@PWNRQUKMWDVXLWDEOH IRU IRRG
DSSOLFDWLRQV

s &RQFOXVER QW PRRBAQAHG VP DIFKBIND FUR
[DQWKRVUKREHG LPSURYHG IXQFWLRQDO DQG
FRPSDUHG WR QDWLYH VWDUFK

FFFSBNUDLQLDQ )RRG -RXRODPE® ,VVXHF
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,QWURGXFWLRQ

BWDUFKHVY OLNH FHOOXORVH DUH DPRQJ WKH PRVW D
VWUXFWXUDO DQG IXQFWLRQDO SURSHUWLHV YDU\ ZLGHC
GLIIHUHQFHV DUH UH®WBR\®R \HF WIKQ! DPWNIRY H BD S K R & RV
GLUHFWO\ DIIHFWLQJ WKHLU DSSOLFDWLRQV LQ WKH IRR
=KDQJ HW DO L QGXVWULDO LQWHUHVW LQ QDWL
SDUWLFXODUO\ GXH WR WKH W H MK\QDRUFRJ LEDLCF IS W R SHIVJWRLF
JO\FHPLF PRGXODWLRQ JXW KHDOWK DQG EHQHILFLDO F
/L
+RZHYHU QDWLYH VWDUFKHV SUHVHQW WHFKQRORJL
VIQHUHVLYVY DQGNVOREZOWWNUPKRIOFK FRPSURPLVH WKHLU LQ
WKHVH OLPLWDWLRQV YDULRXV PRGLILFDWLRQ PHWKRG
HQ]\PDWLF DQG SK\VLFDO PRGLILFDWLRQV *LDFRPR]]L H
$PRQJ SK\VLFDOX®WWBRRBXYQG DSSOLFDWLRQ VWDQG)
HQYLURQPHQWDOO\ IULHQGO\ DSSURDFK SURPRWLQJ VW
DFRXVWLF FRYYWDHFIKRQTXH SURGXFHV JUDQXOHV WKDW
SDUWLFOH VLD ®OVDHWH G DRUGVLPSURYHG VROXELOLW\ L
RU KDUVK SURFHVSEBWUBKRQLF PRGLILFDWLRQ KDV EHHC
YDULRXV VWDUFK VRXUFHV SURYLQJ HIIHFWLYH LQ HQKD
ODQGLRTWRQMDDFDFLD [DQUWKRQUKQBEMHDQ WXEHU ZLGHC
%UD]LO HVSHFLDOO\ LQ WKH 6RXWK DQG 6RXWKHDVW U
GLJHVWLELOLW\ ILQH JUDQXODU PRUSKRORJ\ DQG D KL.
FDQGLGODWWHXFRUXUDO PRGLILFDWLRQV DLPHG DW JUHDWH!
7KHUHIRUH WKLV VWXG\ DLPV WR HYDOXDWH WKH HII
PDQGLRMWOGWKD VWDUFK XVLQJ GLIIHUHQW DPSOLWXGHV D
FKDUDAW® E\ WKHUPDO DQDO\VHV '6& 7* SDVWLQJ !
PLFURVFRS\ DQG SK\WLFRFKHPLFDO HYDOXDWLRQ VHHN
WHFKQLTXH DV D WRRO WR JHQHUDWH IXQFWLRQDO VWDU

ODWHOUYDDQG PHWKRGV
6WDUFK HIWUDFWLRQ

2UJDQUWEDFDFLD [DURRKRWUUKDIORZ FRPPRQ YDULHW\ ZI
ORFDO SURGXFHU LQ &XULWLED 3DUDQi %UD]JLG 7KH U
PP SLHFHV DQG VWRUHG X GHUNUBINVHHUDWLRQ

6WDUFK H[WUDFWLRQ ZDV SHWKR® PHGE\RDMQLF DQ DAWHR
FDUULHG RXW E\ LPPHUVLQJ WKH VOLFHG PDWHBW2IRW LQ D

PLOQXWHV IROORZHG E\ ULQVLQJ LQ UXQQLQJ ZDWHU

7KH DTXHRXV JULQGLQJ ZDV SHUIRUPHG LQ DWLR@G X V\
RI URRW WR ZDWHU 7KH KRPRJHQL]HG VXVSHQVLRQ ZDV
UHVXOWLQJ VWDUFK ZDV BUMKGEE@WOUD IRBRHE 7KH GULHC
WKHQ PDQXDOO\ JURXQG ZLWK D PRUWDU DQG SHVWOH

7KH QDWLYHWRWHGEK QIDVOHVLFFDWRU FRQWDLQLQJ DQ
IXUWKHU PRGLILFDWLRQ DQG DQDO\VLV

FFFSBNUDLQLDQ )RRG -RXRODP® ,VVXHF
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6WDUFK PRGLILFDWLRQ

7KH VWDUFK JUDQXOHYV ZHUH PRGLILHG ER\HO®WUDVRXC
GHYLFH O6RQLFYV ODWHULDDW [ FUHI6OGH RS HRIDWINGJ) $
VWDUFK VXVSHQVLRQ LQ GHLRQL]JHG ZDWHU ZDV VXEMHF\
DQ LFH EDWK WR SUHYHQW VWDUFK JHODWLQL]DWLRQ GX
WLPH ZDV PLOXWHBRA /DX EWVBOLEH

$QDO\VLYV

7KHUPRJUDYLPHWULF DQDO\VLV 7* ZDVLGHVUUKPFIQE
BKLPDG]X -DSDQ XQGHU WKH IROORZLQJ FRQG®LWDRQV \
DWPRVSKHUH ZLWK BPI®REZQU D WKHRRW- fEJIx RIDWGH IURP X f &

xf& O0DVV ORVVHV ZHUH FD ®RDMIWHGVRIWZD WHKH 7$

'LIIHUHQWLDO VFDQQLQJ FDORULPHWU\ '6& 4DQDO\VH\
LQVWUXPHQW 7$ ,QVWUXPHQWYV 86% SUHRQEXWORGD QLH
DV IROORZV DLBAORIYPWKHDIWLQJI UDQJH IURP xf& WR
RI xf&xPLQQ@i $SSUR[LPDWHO\ xPJ Rl HDFK VDPBOH ZDV
GLVWLOOHG ZDWHU ZY LQ BQXECHQXIPWLIFQWD OA KWLHF B OZ
ZHUH DOORZHG WR VWDQG IRU KRXU EHIRUH DQDO\VLV
JUDQXOH VZHOOLQJ

- UD\ GLIIUDFWLRQ :5' DQDO\VLV ZDV FDUULHG RXW
5LJDNX -DSDQ ORGWWXGHDWDWRHDWVSROB &RP SWKH{ 6&/ DV
8QLYHUVLW\ RI 3RQWD *URVVD 8(3* 7KH PHDVXUHPHQ!
UDGLDWLR®c ZLWK WKH HTXLSPHQW VHW WR xN9 DQG
ZDV UHFRUGHG RYHUf WR UPQZHWK FOP VFDX@QQQU VG & HIG VRA
VL]H RI f .XELDNL HW DO

3DVWLQJ SURSHUWLHYV ZHUH HYDOXDWHG XVLQJ D 5DSI
1HZSRUW 6FLHQWLDMWL YSHX \D\ (G PGSR, LLINVGR X QUERWDAK 2HUMS H C
SUHSDUHG DW ZZ GU\ EDVLV LQ GHLRDLIKE ERQWURZ
KHDWLQJ DQG FRROLQJ F\FOH FRAY&VIWH GxRIL 6 R QWW D CRD
KHDWLQJXIABRWR xf& DW D UDWHSRIH ZP&/x RIKMHEF &7HRIGY D P
xPLQXWHV FRROHG EDFN WR xf& DW WKH VDPH UDWH D
DFFRUGLQJ WR WKH PHWKRG GHVFULEHG E\ %DOHW HW D¢

7KH GLDPHWHU DQG VKDSHD AV KM P DPK BER BXLXBHEDX ¥ HC
JLHOG (PLV¥BRRQYIQJ (OHFWURQ60QLFBREHARSH,5$(* 7HVFD
&]HFK 5HSXEOLF 6DPSOHV ZHUH PRXQWHG RQ FDUERQ V
HQVXUH HOHFWURQ FRQGXFWLYLW\ $QDOOWLJEADRI FRRG.
ZLWK PDJQLILFDWLRQV RI [ DQG [ DV GHVFULEHG E\

6WDWLVWLFDO DQDO\VLYV
7KH UHVXOWYVY RI WKH DQDO\WHV ZHUH H[SUHVVHG DV

$QDO\WLV RI YDULDQFH $129% DQG ONMH WKNHVWWDDHUEH
WKH VDPSOHV ZLWK FRQILGHQFH S

FFFSBNUDLQLDQ )RRG -RXRODP® ,VVXHF
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5HVXOWY DQG GLVFXVVLRQ

7KH VWDUFK H[WUD$SWULRED S UR H BIRR KRR K L DR J ZR W K
UDZ PDWHULDO SUHYLRXVO\ VHOHFWHG DQG FOHDQHG W
UHVLGXHV $IWHU WKLV RS UHNSIDEDHW LRMVK PDWWHU ZHUH
SUSURFHVVLQJ ORVV RI DSHRURJREDYHMDOO H[WAUD RWLRQ
QDWLYH VWDUFK ZHUH UHFRYHUHG 7KLV FRUUHVSRQGV W
PDVV DQG UHODWLYH WR WKH WRWDO UDZ PDWHULD

7KHVH YDOXHV DUH ORZHU WKDQ WRKRYWRUHSRUWHKG
REVHUYHG D VWDUFK \LHOG RI XVLQI WM WRKRHMRXV ]I
7KH UHGXFHG HIILFLHQF\ REVHUYHG LQ WKH SUHVHQW V'
LQFOXGLQJ YDULDW KP@W HMW WXERUBIMGR WRIGG GLIITHUHQF
PHFKDQLFDO DQG RSHUDWLRQDO SDUDPHWHUV RI WKH H['
DO DQG PRUH UHFHQWO\ E\ .DXU HW DO DQG 1
HPSKDVL]H WKDW VWD U FIKQ LOHARYFHHG EY WWKH RERMOD QLFD
DFWLYLW\ DQG PHFKDQLFDO FHOO GLVUXSWLRQ HIILFLH
DQG SXULW\ GXULQJ ZHW H[WUDFWLRQ

3DVWLQJ SURSHUWLHYV

7KH SDVWLQJ SURSHUWLHW RG IQ D W@ ¥I8U bV VBDXFXKWY D DRV
DQG DPSOLWXGHYVY ZHUH HYDOXDWHG XVLQJ D
6LJQLILFDQW FKDQJHV ZHUH REVHUYHG LQ YLVFRVLW\ D(
DQG VKHDU 7DEXOWHUDQXOH VZHOOLQANRD QBVWXXS WRXUPHD \O HF
LQFUHDVLQJ YLVFRVLW\ SURSRUWLRQDO WR WKH DSSOLH

7000 100
1 Native
—2— Starch 40%
—3~— Starch 50%
4 Starch 60%
—5= Starch 70%
= T= Temperature

6000 ~
90

5000 —
- 80

4000

~70
3000 ~

Viscosity (cP)

2000 -~ 60

1000
04

T v T y T Y T v T v T v T
200 400 600 800 1000 1200 1400

Temperature (°C)

50

40

Time (s)

J)LIXUH 9LVFRDP\ORJUDP RI QDUMHIDWMAHBEQBUXOW D BR/IR X QD U
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IDWLYH VWDUFK SUHVHQWH G & SDQ/GV DQ S HW N P 6 IHNUFCRWV X
xF3 8OWWDWRXWHE& VDPSOHV VKRZHG KLJKHU SDVWI

xf& xF3 86 xf& xF3 86 xf& xF3
xf& xF3 86 7KHVH UHVXOWY VXJJHVW LPSURYH
UHWHQWWR QSHEDSMIFRXODUO\ DW DQG DPSOLWXGHYV
7DEOH

5DSLG 9LVFR $QDO\JHU 59% SDVWLQJ SURSHIHDWAGRI QD
DUUDFDFKD VWDUFKHYV

owomarsnubuABRY | EVHEN TEAR U GIIRRR 1 s
1IDWILYH * D © oM LN © 6 Lo
6WDUFK , . . G « F « D « D
6WDUFK , . . & .« E « E « G
6WDUFK , . .« b .« D . F « F
6WDUFK , . . . G « F « E

PELITHUHQW OHWWHUV LQ WKH VDPH FROXPQ UHSUHVHQW
THVW S

J)LQDO YLVFRVLWLHV )9 ZHUH KL JKHOWKRIEQ |WHG LWD B
LQGLFDWLQJ HQKDQFHG PROHFXODU UHDUUDQJHPHQW G»
WKH ORZHVW EUHDNGRZQ VXJJHVWLQJ JUHDWHU UHVLVW

5HGXFHG UHWURJUDGDWLRQ WHQGHQWWU HD W HRE WHUPSH
HVSHFLDOO\ 86 OLNHO\ GXH WR SDUWLDO GLVUXSWLRQ
FU\WWWDOOLQH GRPDLQVDOKDMW BW DO UHSRUWHG VLPI
XOWUDWRKDVEHG ULFH VWDUFKHV ZKLFK VIKRGHGHG®FHB
VHWERBNQJ 59$ DQDO\VLV WKH VDR$&HRADV P QM QIR
E\ FRROL@J&DPLQ WR xf& HQDEOLQ*HO/ H\WEBBMW LIRYD ®
UHWURJUDGDWLRQ EHKDYLRU DUH GLUHFID E L QU OHKWM @OFN

7TKHUPRJUDYLPHWULF DQDO\WLV 7*$

7TKH WKHUPDO GHIJUDGDWLRQ EHRBRGLRWH®RK IDQYLW EDH KOO
ZDV HYDOXDWHG E\ WKHUPRJUDYLPHWULF DQDO\VLV 7*$
JLIXUH/DEOBWDUFK GHSRO\PHUL]DWLRQ WA&LFQG OCRDBH EL
FRQILUPHG E\ WKH '7* SHDN WHPSHUDWXUH 7S FRUUHV!
=KDQJ HW DO

FFFSBNUDLQLDQ )RRG -RXRODP® ,VVXHF



JJIJ3URFHVVHY DQGAJIXLSPHQW
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100 4

80 - F-0,005

1 Starch 60%
60

F-0,010 .
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Mass /%
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Temperature / °C
JLIXUARQWLQKHUPRJUDYLPHWU\ 7* DQG 'HULYDWLYH 7KHUPRJ
IRU WKH QDWLYH VWDUFK DQG PRGLILHG \

,Q WKH ILUVW PDWW WDLIREVMWHGHW R PRLVWXUH HYDSRUDW
LQLWLDO WHPSHUBWXRHHYHU RWKH VDPSOHV WUHDWHG C
VKRZHG WKH KLJKHVW ILQDO WHRB&HWDBMEXUHYV x 7& WHHI\DIHK
LQGLFDDVYWWRV PRLVWXUH UHWHQWLRQ

,Q WKH VHFRQG HYHQW UHODWHG WR VWDUFK GHFRPS
7L xf& ZKLOH WKH VDPSOH WUHDWHG DW DPSOLYV
VXIIJHVWLQJ HQKDQFHG WKHUPDODGHDW.LVRND §WHH S, QWW K H8
HIKLELWHG WKH KEJRHVWKIZQH WKH 86 VDPSOH UHDFK!

xf&

7KH ZLGHVW WKHUPDO VWDELOLW\ UDQJH ZDW% REVHU

xf& LQGLFDWLQJ WKDWWPRRGMPHYMW XOW UHDQYRXQ KH
UHRUJDQL]DWLRQ S8OWUDVRQLF FDYLWDWLRQ OLNHO\
DP\ORSHFWLQ FKDLQV DQG SURPRWHY QHZ LQWHUDFWLRC
.XPDU HW DO
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7DEOH
7TKHUPRJUDYFLPEIMAVLY 7*$ DQG 'HULYDWLYH 7KHUPRJUDYLPHYV
DQG XOWPBGRKHEG VWDUFKHYV

BWDUFRK 7 f& f BWDELOLW\f f

IDWLYH7L7I f& +
7Sf&
ap

I+

6WDUFK 7L71f&
7Sf&
ap

-+
-+
-+
-+

-+
-+
-+
-+

6WDUFK 7L71f&
7Sf&
ap

6WDUFK 7L71f&
7Sf&
ap

-+
-+
-+
-+

6WDUFK 7L71f&
7Sf&
ap

-+
-+
-+

GPPDVV ORVYV 7L LQLWLDO WHPSHUDWXUH 71 ILQDO WHI
f& 7S SHDN WHPSHUDWXUH f& 9DOXHV IROORZHG E\ WKI
GLIIHU VLIQLILFDQWO\ DFFRUGLQJ WR 7XNH\TV WHVW S

7TKH JUHMDWWNVMWO GHIJUDGDWLRQ ORZHVW 7L DQG KLJK
REVHUYHG LQ WKH QDWLYWUVWDWHEKE VEKRSOGHXOMKDERXA
VWDELOLW\ $VK FRQWHQW GHFUHDVHG LQ PRGLILHG VD
86 86 DQG 86

L, QVWUXPHQWDOHDQWH®ABBWRUYV VXFK DV IXUQDFH
FUXFLEOH JHRPHWU\ SDUWLFOH VL]H DQG WKHUPDO F
,RQDVKLUR HW DO I LYWV WE B\HHIGE YROQV WMHH R WKH 7*$
HQKDQFHVY UHVROXWLRQ RI PDVV ORVV VWHSV HQDEOLC
VWDJHY DQG WKHUPDO VWD¥HG LEA\RSRBRRNPHHW LRI ¥EIUDADRK

"LITHUHQWL D ODEF®WQLPIHWN UL '6&

'LITHUHQWLDO 6FDQQLQJ &DORULPHWU\ '6& LV D WK
HYDOXDMWHGKHB® SK\WVLFDO DQG FKHPLFDO WUDQVLWLRQ
0+ EHWZHHQ D VDPSOH DQG D UHIHUHQFHQFQEBWVHD
&KDNUDERUW\ HW DO 7KH RQVHW 7R SHDN 7S [
GLUHFWO\ UHODWHG WR VWDUBKIJUDRWORQF 8 BWWWDRUDQ D) LE
DP\ORSHFWLQ UDWLR ZKLFK YDUFKHYQUILLFDQWO\ LQ PRG
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6WDUFK JHODWLQL]DWLRQ JH
WKH SUHVHQFH RI VXIILFLHQW
KHDWJXUH7DEOH UHSRUWV WK
SURSHUWLHY GXULQJ JHODWLOQL
VWDUFK $OWKRXJK WKH JHODW
= |[1 0410 GLG QRW GLIIHU VLJQLILFI
E Risifie VDPSOHV 7XNH\{V WHVW S
3 [~ —— WUHDWHG ZLWK DPXOWMWUDTR X
e [ 40% H[KLELWHG WKH ORZHVW
8§ >~ 5% X x x-J LQGLFDWLQJ OR
i e FRQVXPSWLRQ ,Q FRQWUDVW V
A 60% DW DPSOLWXGH KDG WKH K
\/_770% X “x x-J
T “HL HW DO D REVHUYHC
exo up WUHQGYV LQ TXLQRKHY QX P HFHW)
40 50 60 70 80 90 WR XOWUDVRXQG WUHDWPHQW
Temperature / °C H[SRVXUH OHG WR UHGXFHG

JLIXUH 'LITHUHQWLDO Wad1lWYBWXUHV DQG G+ YDOXH
&DORULPHWU\ '6& UHVXOWVY HRIDONVWY YRV RG XVFRI G DPYLIFW B W
VWDUFK FXUYHV IRU WKH QKD WH D/OWSBIBIER RRDWUL[ FRPSRQ

DQG PRGLILHG vWO UHKRKWYXDWDHEK RYWWHUDFW

7DEOH
'LITHUHQWLDO 6FDQQLQJ &DORULPHWU\ '6& UHVXOWYV F

6WDUFK7Rf& | 7Sf& | 7Ff& | "+ -3
IDWLYH ¢ « ot W “E
6 WDUFK

BWDUFK * ¢ “ « “ “ot
BWDUFK  « ¢ “ « “ “
6WDUF “ F “ F « “E

PELIIHUHQW OHWWHUV LQ WKH VD@®HI IHRIGQFGWHSUHVE
DFFRUGLQJ WR 7XNH\ V 7THVW S

“ E “ E “ E “ F

7KH VWDUFKHVY HYDOXDWHG 0+QYW & XY W WXBGQVRKWEHG K1
DV RUJDQLF DRDUBWDQWK QG HQ]\PDWLFDOO\ WUHDIWHG RU

x-J LQGLFDRULQW BOIQIVHHW VWUXFWXUHYV DQG JUHDWHL

,Q VWXGLHV LQYROYLQJ K\GURFROORLGV JHODWLQL
LQFUHDVHV RU UHPDLQV VWDEOH GHSHQGLQJ RQ PROHF)
JRU LQVWDQFH HMDAMH@OD FRURQVWBDUFK DQG JXPV VXFK
FDUER[\PHWK\OFHOOXORVH FDQ LQFUHDVH GXH WR ZDV
*HODWLQL]DWLRQ WHPSHUDWXUH UDQJHV +RUx P& UW R D BK L
WKRVH RI FRPPRNH V\RDWIRY RV a¥XJIJHVWLQJ PRUH XQLIRLI
FU\WWWDOOLQH GRPDLQV /L 7KLV QDUURZ UDQJH UH
KRPRJHQHLW\ UHLQIRUFLQJ WKH SRWHQWLDO RI XOWUDV

FFFSBNUDLQLDQ )RRG -RXRODPW® ,VVXHF
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JLHOG (PLV\H6FQORQQJ (OHFWURQ BKEURVFRS\ )(*

JLHOG (PLVVARBOOHN®JI (OHFWURQ6 00 FORY KR/FNG )\WR HYD
WKH PRUSKRORJ\ RI QDWUWPB VWH)&G DXWDWDIFDFROQBEWDUFK J
HIKLELWHG SROVWRQDO VKDERVIURWWKYUVRBYH WRQFBQV
JUDQXOHWH

JLIXUHBFDQQLQJ HOHFWURQ PLFURJUDSKYV T RI QDWLYH VYV
XOWUDVRXQG DW DQG DPSOLWXGHYV
$+1DWLYH VWEWODRK KPP RGLILHG DW DPSOLWXGH

&+6WDUFK PRGLILHG DW6WDJFXORRXIGHHG DW DPSOLW/
(*6WDUFK PRGLILHG DW DPSOLWXGH

7KH DYHUDJH JUDQXOH VL]H—PQFUMHWNVNHE MWRP x—P
XOWBRXQG DPSOLWXGH IROORZHG E\ VOLJKW UHGXFWLRQ
VXUIDFH HURVLRQ DW KLJKHU LOQWHQVLWLHYV

1R JUDQXOH DJIJORPHUDWLRQ ZDV REVHUYHG LQGLFI
DSSOLHG ZHUH HIIHFWLYH DQG GLG QRW FRPSURPLVH

FFFSBNUDLQLDQ )RRG -RXRODP® ,VVXHF
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FRQVLVWHQW ZLWK UHFHQW ILQGLQJV LQ SHD DQG PDL]H
VXUIDFH URXJKQHVV PLFURFUDFNV DQG OLPLWHG VZHC
9HOD HW DO "HL HW DO E

B8OWUDVRXQG SULPDULO\ GLVUXSWV DPRUSKRXV UHJL
FU\WWDOOLQLW)\ ZKL® B SRKWQ R VQW KIRV RVIQVEH DGYDQWD
UHTXLULQJ LQFUHDVHG ZDWHU LQWHUDFWLRQ RU HQJ\PI
FKDQJHV VXSSRUW WKH SRWHQWLDO RI XOWUDVRQLF WU
PHWKRG |FEWDWVM@®RNKAWD PODEDGL HW DO JHRQHO HW I

; UD\ GLIIUDFWLRQ ;5°'

© UD\ GLIIUDFWLRQ :;5' DQDO\VLV UHYHDOV WKDW VWD
ZLWK QDQRPHWUWLFQPXESQLWNU GO\ DWWULEXWHGQWR DP\C
UHJLRQ LV GHQVHO\ SDFNHG KLQGHULQJ ZDWHU DQG HQ]
WR K\GURO\VLV =KDQJ HW DO 7KH FU\WWDOOLQLW
DQG & FRUUHVSRQGLQJ WR WKH GRXHEQHDRNORSE ISPWNQQ W
LV W\SLFDO RI FHUHDOV VXFK DV PDL]H DQG ULFH W\SH
VWDUFK DQG W\SH & LV DQ LQWHUPHGLDWH IRUP FRPPRQ

7KH UHODWLYH FU\WWDOOLQLW)\ LRGXFLB&, W R XXDCUX/MIU \
VWDUFK VWUXFWEOBO VWDELOLW\

7DEOH
&U\WWDOOLQLW\ DQG 'LITUDFWLRQ 3DWWHUQ 3t

6WDUFK SHODWLNVHWDQGDUG
FU\WWDOOLQ&EMYXLDWLRQ

IDWLYH
6WDUFK
6WDUFK
6WDUFK
6WDUFK

&U\WWDOOLQLW\ GLUHFWO\ LQIOXHQFHV ZDWHU LQWHF

HQ]\PDWLF WUHDWPHQWY DOWKRXJK H[FHVVLYH FU\VWD
,Q WKLV VW X®AU KIWPRHQM XFDXVHG FKDQJHV LQ FU\

DPSOLWXGH ZLWK UHGXFWLRQV DW ORZ LQWHQVLW\
LQGLFDWLQJ VWUXFWXUDO UHRUJDQL]DWLRQ DQG D ELS
=KDQJ HW DO

JUHHYKDZ F\FOHV VLJQLILFDQWO\ DIIHFW VWDUFK F
DPRUSKRXV UHJLRQV ZKLOH UH G X FALIQH FRROWWLRQ®I0Q S UIRID
/LX HW DO 'DQJ HW DO S8OWUDVRXQIGROWVLPDU
FDXVLQJ ORFDOL]HG JUDQXOH GLVUXSWLRQ ZLWKRXW DO
IRU IXQFWLRQDO PRGLILFDWLRQ ZKLOH PDLQWDLQLQJ WK

7KHUHIRUH FRQWUROOHG XOWUDYVRKXW®OLE D S\SHOALKE@UT IXR
PRGXODWH VWDUFK FU\WWDOOLQLW\ DQG SK\VLFRFKHPL
DSSOLFDWLRQV WKDW UHTXLUH VSHFLILF WUDLWV VXFK
DEVRUSWLRQ FDSDFLW\ 9HOD HW DO

FFFSBNUDLQLDQ )RRG -RXRODPW® ,VVXHF
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&RQFOXVLRQV

TKBTXHRXV HIWUDFWLRD BV P VQVDURFIKX AOHKOGHG U HV X
SUHYLRXV VWXGLHV XVLQJ D VLPSOH VDIH DQG LQGX
WUHDWPHQW DW N+] VLIQLILFDQWO\ PRGLILHG WKH V\

7*'7* '6& )(B(0 DQGEDO\ GLIIUDFWLRQ DQDO\WHV 7KH C
VKRZHG LPSURYHG VKHDU UHVLVWDQFH DQG UHGXFHG U]
DQG HOKDQFHG WKHUPDO VWDELOLW\ ORUSKRORJL

DJJORPHUDWLRQ DQG FU\WWDOOLQLW\ LQFUHDVHG PRG}
VWDUFK

2YHUDOO XOWUDVRXQG SURYHG WR E H IDIQF HHIGI\W WPLHW K
IRU PRGLI\LQJ PPVQOVRTXWQKFBK EURDGH&RGJI LIQEK \B\R W\H (
ORZ JHODWLQL]DWLRQ WHPSHUDWXUH DQG KLJK SHDN Y
SURGXFWV UHTXLULQJ JHODWLRQ DQG UHIULJHUDWLRQ
WKH XOWUDVRQLF PRGLILFDMQIRIXWL@XKXDWWDURXQRBVHA
DOWHUQDWLYH IRU VWDUFK SURFHVVLQJ

$FNQRZOHGXHHQWWKRUV ZRXOG OLNH WR W
DJHQFLHV &$3(6 DQG &13T IRU WKHLU ILQDQF
8QLYHUVLW\ RI 3RQWD *URRQMDO &(8SSRRINLQV

5HIHUHQFHYV

$JJDUZDO 6/ 'ROOLPRUH 7KH DSSOLFDWLRQ R
GHJUDGBWURQRO RI 7TKHUPDO $&§DO\VLV

%DOHW 6 *XHOSD $ )R[* ODQOH\O 5DSLG 9LVFF
PHDVXULQUHOWMMHX SK\WLRFKHPLFDO SURSRHEWLHV |
$QDO\WLFDO OHWKRS \* KWWSV GRL RUJ v

z

%RWMAIXN $ 6N SVND 6 .KDQHJKDK $ 0 ODUV]D&HN .
UHVLVWDQW VWDUFK $-BKXYDRHDD RIVWX6FOLLR QDDW)RRIE
KWWSV GRL RUJ M MII

&KDNUDERUW\ , 3DXO 8 & 5DKPDQ 0 + QVADKVP GIHUW R
JHODWLQL]DWLRQ SURSHUWLHYV LQIOXHQFLQJ WKH PR
UHYLHZRRG DQG %LRSURFHVV 7HFIKSRORJ\
KWWSV GRL RUJ y

&UHPDVFR 3 )LJXHLUPGR HUL]D3XEPUBMLFELHOpWULFD H
GH DPLGR GH PDQGLRFD PRGLILFRGBIS\RH B HGDRFARROG
GHVVHV WUDWDPHQWRSQ LYHH LGE®/RUWEHEBMR 3DXOR
'LVSRQtYHO HP KWWSV VZBZWSHROHW KMS EU W HVEH

'DLXWR ( 5 5HQGLPHQWR GH DPLGR HP GLIHUHQW
LQG~VWULD ,Q &DUYDOKR/ - & % 2UJ ODQGLRFD |
GH PHOKRUDPHQWR:+JH@EIPAMR$SBDYV (PEUDSD

*LDFRPR]JL -, %DUUHWWL % 59 $OPHLGD 9 6 %HW &
/I * '"HPLDWH , O 6FKQLW]OHU ( THFKQRORJLFI

FFFSBNUDLQLDQ )RRG -RXRODP® ,VVXHF
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WUHDWHGRE\WKWKDW WUHDWPHQW ZIGNKND B GQ MWO® Q RRRIC
-RXUQDO SS KWWSV GRL RUJ ;

,RQDVKLUR O &DLUHV ) - *RPHV ' $QiOLVH WpU
IXQGDPHQWRYV H 4XSPLFDO}HRYD SS +
KWWSV GRL RUJ

-DPODEDGL 6 $ ODQVRXUL ) $KPDGL 6 $ =DUULQEDQG
OLFURVWUXFWXUDO DOWHUDWLRQV RI ZKHDW R/GVDU FK
6FLHQFH IXWUISBIHRQ KWWSXRWJIGRL IVQ

.DXU % $URUD $ %KDW =) .XPDU 6 .XPDU + 6
PRGLILFDWLRQ DQG H$HFHD\HDISSQDAL\R QRQ@V-RXUQDO
ODFURPROHFXOHV KWWSV GRL RDF M LMELR

.XPDU < .DXU 0 6LQJK 6 PRGLIZOW WMVRXERKG 6WUXFWX
WKHUPDO GHJUDGDWLOR®G ERKBPLRWW)\
KWWSV GRL RUJ M IRRGFKHP

/I[HRQHO O 6DUPHQWR 6 % TX&PUBPIFW B U t WWXIEPD W X O
WURSLFDLVY H VEDNQFICDJLK) KPMIRWHFQRGRILD
KWWSV GRL RUJ 6

/I[HRQHO O &HUHGD 0 3 6DUPHQWR 6 % ORUSKF
DUURZURRQYQDQKBEDOUEFK KUDQ@KI®™HM $JURWHFSSRORJILD

/L & 5HFHQW SURJUHVV LQ XQGHUVWDQGLQJ VW
FRWHQW DQG '6& &DREHRXOGQDWH 3RO\PHUYV
KWWSV GRL RUJ M FDUESRO

/L =KDQJ < :DQJ- =KDR < 6XQ 4 &KHQ / BWU.
FKDQJHV RI VWDUFKHV DIWHU XTOUMQIBWR RQ F) RRGH B ALAH
7HFKQRORJSSt KWWSV GRL RUJ M WLIV

JLX < =KDR < :DQJ < =KDQJ :; =KDQJWKDZ F\ROHWVWR\
SK\WLFRFKHPLFDO SURSH)JRRICHV&KRHP LWWRW FK HV
KWWSWRL RUJ M IRRGFKHP

JLX * *H ; *XR & I/LX % (IIHFW Rl XOWUDVRQLF
SK\WLFRFKHPLFDO SURSHUWLHRRGRI SHD VWDUF]
KWWSV GRL RUJ KWWSV GRL RUJ IRRGYV

1D\DN %BLQJK - /L / BWDUFK UHFRYHU\ DQG HIILFLF
\LHOG IURP SODQWRR&RXUBHMFROORLGYV
KWWSV GRL RUJ M IRRGK\G

9HOD $ - 9LOODQXHYD 0 5RQGD ) ILFLH®@W®WRQQMPI
SK\WLFDO PRGLILFDWLRQ RI VWPRFGWY IORXUV DC
KWWSV GRL RUJ IRRGV

‘DQJ/ /L O &KHQ < =KDQJ : +XDOQJ - (IIHFWV F
WKH SK\WLFRFKHP LFDWDSFRS IWERW\B UDWH 3RO\PH L

KWWSV GRL RUJ M FDUESRO

"HL < /L * =KX) D  WWPHSUDAE W CRW WDIRVQRIX Q G WU HDW P HC

WKHUPDO VWDELOLW\ RI TX8QWD DNV®R KFEPLLBWRADIBRY D U F
KWWSV GRL RUJ M XOWVRQFK

"HL < /L * =KX) E (IIHFW RI XOWUDVRQLF WUHDWF
RI SHD YRM®FK KWWSGRL RUJ IRRGV

<X - LH ) :DQJ 4 =KDQJ / J/LX DVVLVWHD VBKDWL
PRGLILFDWLRQ RI VWDUFK $COPRPBVR® HRW LEYRHD RIFKYHLF

KWWSV GRL RUJ M XOWVRQFK

FFFSBNUDLQLDQ )RRG -RXRODP® ,VVXHF
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=KDQJ < /LX ; 6XQ < :DQJ < 7TKHUPDO EHKDYLRL
RI' QDWLYH DQG PRGLKHHGE RNKIPUWFOHVSFW D
KWWSV GRL RUJ M WFD

=KDQJ + /L * =KX ) &KHQ - :DQNWDVRXQGPRE® VW RU KK
DQG LWV DSSOLFDWLRRG $\GURFREDORLGYV
KWWSV GRL RUJ M IRRGK\G

=KHQJ % :DQJ - =KRX < /L) &KHQ ; B8OWUDVRX
RQ SK\WLFRFKHWLHDMOD Q GRRW G X&FRNHAULN WU\S S

KWWSV GRL RUJ M IRRGFKHP

=KX ) ORGLILFDWLRQ RI VWDUFK E\&DCAOM BB VERXDW H

BRO\PHUVSS KWWSV GRL RUJ M FDUESRO

&LWH
8)- BW\OH

GRV 6DQWRV 6 6 - %HW & ' %6 VLEFK@QQW D MU=( 5RP
8OWUDVYRXIQGVHG PRGLILFDWLRQ DQG PXOWLDQDO\WL
$UUDFDFLD [DOWKRRUKMXLPRRG -RXUQDGS +

KWWSV GRL RUJ ;

$3% 6 W\OH

GRV 6DQWRWHW %LVLGH®GD 5RPNBFKQLW]OHU (
8OWUDNMRXIQWHG PRGLILFDWLRQ DQG PXOWLIFQDO\WL
$UUDFDFLD [DYWERBBKIBLI®PLDQ )RRG -RX4WQDO
KWWSV GRL RUJ ;

FFFSBNUDLQLDQ )RRG -RXRODP® ,VVXHF
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,PSDFRM WRFRSKHU\O DQG UHWLQ\O DFHWDWH
VWDELOEWHRILFXP SHUIRUDMBORVYULFDULD
UHFXWLWIDFHUDWHY LQ FRUQ RLO GXULQJ VW

20HNVDQGUI :DOWHL 9DV\O 3DV
$QGULL ODUP@HND 6WDEQLNRYD

1+DPEXUJ 8QLYHUVLWI Rl $SSOLHG 6F
+IDWLRQDO 8QLYHUVLWI RI )RRG 7THFKQRORJLHV .ILY

$EVWI
.H\ZRUGYV ,QWURG 7KLV VWXG\ HIDPLQHG WKH LQIOXHQFHI
UHWLQ\O DFHWDWHYV RQ+VBKIN IRA X 8 CBWI LHARAGVDMDXERL O
&RUQ ODWULFDULUD RIHHAKWIMIWHY LQ FRUQ RLO GXULQJ V'
2LO ODWHULDOV DQ®BHIRMWERBERUQ RLO +PDFHUDW
+HUE SHUIRUIDDBXBHFXWUWD/ XSSOHPHQWHG ZLWK WRFI

ODFHUDWHYV + PJNJ RU UHWLG@\O PFNWDWHG VWRUHG IR

ZHHNV‘DW& DOGf& 2[LGDWLYH VWDELOLW\ ZDV H
TRERSKHUROypoXxH $9 UDGLFDO VFDYHQJLQGLORWQMWLW\ 5¢
SHWLQRO SLFU\OK\GUD]J\O '33+ DVVD\ YLS\HLHRQ PDHWH QW
6WRUDJH OLTXLG FKURPDWRJUDSKE\DQRG FEW R/R DWW RGUDSKI
2[LGDWLYH 5HVXOWV DQGHRWHKE RPOFIHRIDW HV RRERDIHQFG a
VWDELOLW)\ DFLG UHIOHFWLQJ KLJK R[LGLVDELOLW\ ,QLWLE

SHUIRUPDPWXPNKDQ LWHFXSWLWDFRQVLVWHQW ZLWEk

GHWHFWDEOH KLWHARQRWHQB FRQWHQW %DVH(
$UWLEFOH KLVWRUPRJ .2+ J $IWHU VL[ ZHHNV DW f& $9 LQ X
H[FHHGHG WKH GHWHULRUDWLRQ WKUHVKROG a
SHEHLYHG SHUIRUDWMXPO UHFX@WLWHJI 6WRUDJIH DW f& UK
$9 LQHADVH E\ a FRQWUROV DQG PJ .2
SHFHLYHG LQ UHVSHFWLYHO\ FRQILUPLQJ WHPSHUDWXUH
UHYLVHG IRUPK\GURO\WLF R[LGDWLYH FKDQJH
$QWLR[LGDQW DGGLWLR@GHIHREGH@W SFORWHF
$FEHSWHG 7TRFRSKHU\O DFHWDWH ZDV PRVWMHWHFWILQY®E D
WHPSHUDWXUHYV $W PJ NJ ILQDO+ $9V ZHUFG
SHUIRUDVQXGP 0 UHFXWWWD f& aORZHU WKDQ

FRQWUROV +tDQBJIJWR+ J DW f& L H FORVH WR
&RUUHVSRQGL4LHOO EHORULYVNQWRKWHVKRO®BWH GRWHUPHG
DXWKRU PJ NJ DOVR UHGXFHG $9 ZLWK HIIHFWV VFD(
VXIJIJHVWLQJ WKIODWLRKDIDFWLRERSKRURO HVWI
20HNVDQGUD SUHGRPLOQDWH®XRRGBQWIPH MR DW WHVWHG OHYI

X Q\N DFHWDWH FRQIHU U HGUBHBHINGHL WV H PISIFWD B W L\
(PDLO GRVH $9V DSSURDFKHG a PJ .2+ J LQ ERWK F
NXOLVK DOHNVKLFK LV EHWWHU WKDQ FRQWUROV EXW QHDU W
JPDLO FRP f& YDOXHV ZHEHUIRWIMEXP PJ 2+UHFXWLWD

TKXHWWMLQ\O DFHWDWH DORQH GRHV QRW HQVXUH

EXW FDQ FRPSOHPHQW WHPSHUDWXUH FRQWURO

&RQFOXAKIREGRPELQDWLRQ RI WRFRSKHU\O DFF

‘2, ZLWK VWRUDJH DW f& zDV PRVW HIIHFWLYH LQ

LQ ERWK PH FHHUWNRHURRZXRE LQKHUHQWO\ JUHDWH L

; RILGDWLRQUWRRWQWIDFDWLQJ LBMO VWS HDWL RUOVL S
FDUULHU LQ FRVPHWLF IRUPXODWLRQV

FFFSBNUDLQLDQ )RRG -RXRODPE® ,VVXHF
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L QWURGXFWLRQ

/LSLG R[LGDWLRQ LV D NH\ IDFWRU LQIOXHQFLQJ WKH -
RLOV 7KH DFFXPXODWLRQ RI SULPDU\ K\GURSHUR[LGHV
R[LGDWLRQ SURGRFRVU\LBSREHUWLHY QXWULWLRQDO YDC
OLSLG UDZ PDWRQMDIL\Q DQLSIDRGXFWV /RITGD WK G \W WD C

S5HFHQW UHYLHZV KLIJKOLJKW WKH PXOWLIDPWRLDO
GHJUHH IUHH IDWW\ DFLG FRQWHQW WUDFH PHWDOV WF
IRU YDOLGDWHG VWDELOLW\ DVVHVVPHQWYV XVLQJ SHURJ[L
VXEVWDQFHV DQG LQGXFWLRQHSHDORG &KDEQL HW DO

,Q FRVPHWLF WHFKQRORJLHV HGLEOH YHJHWDEOH R
FRPSRQHQWY GXH WR WKHLU ELRFRPSDWLELOLW\ SURW!
OLSRSKLOLF ELRDFWLYH VXEVWDQFH\W LADBW LIN®#H DHQWD Q
UHYLHZV LQ FRVPHWLF GHUPDWRORJ\ KLJKOLJKW WKHLU L
SURWHFWLRQ /LX HW DO OFOXOOHQ ZKLFK DOL
JUDGH OLSLGV ZLWKRWRIRW HFHVW B G IMLDW)\ |IBEGDOOD HW DC

$ SDUWLFXODU DUHD RI LQWHUHVW LV RLO PDFHUDWHYV
HGLEOH RLOV $UHOODQR HW DO ORUH RIWHQ UHILQ]
+RZHYHU WIKRH QBWRYDO® DQWLR[LGDQWYV GXULQJ UHILQLQ
LQ IUHH IDWW\ DFLG FRQWHQW LQWURGXFHG E\ SODQW L
WKHUHE\ LQFUHDVLQJ WKH QHHG IRU DQWLR[D®MHYWZ SW R
GDWD RQ GLIIHUHQFHV LQ HQGRJHQRXV DQWLR[LGDQWYV W
WKHLU FRQWULEXWLRQ WR VWDELOLW\ .LP HW DO

$PRQJ VWUDWHJILHY WR LPSURYH WKH VWDELOLW\ RI Ol
VXSSHOAWDWLRQ ZLWK OLSRSKLOLF VIROWERMH GOLQWDWPL QY S
LPSRUWDQW UROH 1LNL 6KDKLGL DQG =KRQJ 7
KLIKOLJKWEWHKBNREIQILPHFKDQLVPV RI WRFRSKHURQWKYLW
RWKHU DQWLR[LGDQWY ZLWK DWWHQWLRQ JLYHQ WR RSV
HW DO %D\UDP DQG 'HFHGIWD HW DDUWtQH])RU DSSO
DFFHOHUDWHG DQWLR[LGDQW V F QHH © D®/J 2\WMHWAWAWL Q) KHDL
&KDEQL HW DO

,Q OLJKW RI WKLV WKH SUHVHQW VWXG\ LQYHVWLJDYV
VWDEL®SMURFXP SHERRBRW X®DPH NODPDWKZFBG LD QG F X
FRPPRQ QDPH FKDPRMMSIURPSFHHG LQ UHILQHG FRUQ RLO
IDWROXEOH YLWDPLQV 7KH REMHFWLYHV DUH L WR TX
DGGLWLRQ RQ DFLG YDOXH G\QDPLFV DQG DQWLR[LGDQW |

f& ®QLL WR HVWDEOLVK SUDFWLFDO SDUDPHWHUV FR
WHFKQRORJLFDO UHOLDELOLW)\ ZKHQ7IKQ N RUSRURDNK GD DQ W
FXUUHQW WUHQGY LQ XVLQJ QDWXUDO D @WIRLLGIPHOW D G
FRVPHWLF VWDELOLW\ FULWHULD

ODWHULDOV DQG PHWKRGYV

ODWHULDOYV

2LO VDPHOHMWDEOH RLOV LQ WKH IRUP R\ FPHUFHXPWH
SHUIRUDWRXRXEB FKDPRWUQHDULD /FKDHPWRHP XFEIB LQ WKH VWXG

SUHSDUHG E\ LQIXVLQJ WKH SODQW UDZ PDWHULDO LQ Ul
ALY 8NUPLWIXH H

FFFSBNUDLQLDQ )RRG -RXRODP® ,VVXHF
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L~

A

E
JLIXUHPDJHV RI KHUEV DQG WKHLU RLO PDFHUDWF
D+\SHULFXP SHED®WODULRPULD UHFXWLWD

7KH EDVLF FKDUDFWHULVWLFVY RI PDFHUDWHY SURYLGI

7TDEOH
&KDUDFWHULVWLFV RI WKH KHUE RLO PDFHUDW!

&KDUDFWHULVWLFV | + SHUIRUDWXPFKXWLWD
$FLG YDOXH PJ .2+ J
SHIUDFWLYH LQGH[ DW f&
"HQVLW\ DW fK
7KH QXPEHU RI .0$)$QJ0 &)8 P/
1RWH .0%$)$Q0 WKH WRWDO QXPEHU RI PHVRSKLOLF DHU
DQDHURELF PLFURRRORRQUNR®L )8

$FFRUGLQJ WR WKH PDQXIDPWRKHYDWHWVFHKRZHG D@ L
WR[LFLW\ LUULWDWLRQ RU VHQVLWLVDWARIX BRFR&SKF
THNKQRORJ 8PDQ 8NUDLQH DQGuUKHWAL @3B PHWDRH)\Y B!
S8NUDLQH ZHUH XVHG DV DPWHRNLQD GWDEPE®IFWEYHHD TEROL

FFFSBNUDLQLDQ )RRG -RXRODPE® ,VVXHF
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'"HWHUPLQDWLRQ RI R[LGDWLYH VWDELOLW\ RI KHUEDO

'"HWHUPLQDWLRQ $FILGFYBOXMHO %19 ZDV GHWHUPLQHG E\
WR ,62 ZLWK PLQRU PRGLILFHDWI'RQV] $ZDRLGLVDRO®
LQ P/ Rl HOGWHIDMXRO HWKHU:* GURSW RIQG SKHQROSKWKTE
DGGHG DV DQ LQGLFDWRU 7KH PSRWOMV ZOR KXGW B VB HG
.2+ XQGHU FRQVWDQW VWLUULRXUXSMULDLDWHGDERRH SDC
.2+ J ZDV FDOFXODWHG DV

L v 2
ZKHUH LV WLWUH RI 1.2+ VROXWLRQ PJ P/
9 LV YROXPH RI 1.2+ VROXWLRQ XVHG IRU WLWUDW I

DLVY FRUUHFWLRQ IDFWRU RI WKH WLWUH
P LV PDVV RI WKH RLO VDPSOH J

'"HWHUPLQDWLRQ RI DQWDLRR[IF®RMQWFDFWQYLGWN DFWLYL
GHWHUPLQHG ®BUSBHMBUY\OK\GUD]\O '33+ DVVD\ $ VWR

SUHSDUHG E\ GLVVROYLQJ PJ '33+ LQ P/ PHWKDQRO
VROQWLRK DEVRUEDQFH a DW QP )RU DQDO\VLV P
ZDV PL[HG ZLWK —/ RI RLO FRQWURO —/ PHWKDQ

GDUNQHVV IRU PLQ DQG DEVRUEDQFH ZDV PHDVXUHG L
WDQGDUG"GHYEB®LR@DV FDOFXODWHG DV

“oF #
LI O# *pHsrr”
o
ZKHUH $F LV FRQWURO UHDFWLRQ DEVRUEDQFH $V LV WEL

'"HWHUPLQDWLRQ RI TTXDQWLWDWLDARWRMPIRGL WRRRN
ZDV DQDO\WHGPEWRIV FEKKIR ,62 XVLQJ D & W\WWD/OH P

ZLWK DQ $JN)OB WO %P Q P i PP BDPSOH YROXPH ZDV
KHOLXP ZDV XVHG DV WKH FDUULHU JDV &RQGLWLRQV L(
f& LVRWRHUBPPPHSU f& PLQ UDPS WR f& DW  f

WKHQ WR f& DW f& PLQ KROG PLQ )DWW\ DFLG PH
FRPSRQHQW )$0( OL[ 6XSHOFR DQG FKURPDWRJUDPV
&KHP6WDWLRQ VRIWZDUH

'HWHUPLQDWLRQ RI YLWDPLED® RWIHQBIFE®QFEBMIHQW |
YLWDPLQ $ UHWLQRO DQG LWV HVWBURW MQW IZFD\Q GHWRB
KLIXHUIRUPDQFH OLTXLG FKURPDWRJUDSKY +3J&RI| RLP®SO
VDPSOH ZDV GLVVROKHHO QM DO/ RO HUHG WKURXJK D
&KURPDWRJUDSKLF FRQGLWLRQV $JLOHQW ,QILQLW\
=RUED[ (FOLSVHFR@®XPQ i PPPRELOH SKDVH WHWKDC
YY LVRFUDWLF HOXWLRQ IORZ UDWH P/ PLQ F
YROXPH / '"HWHFWLRQ QP IRU UHWRERSK UL VD PY QW
( QP IRDURWHQH
AXDQWLWDWLYH GHWHU P L QIDRHL RIQWZHRANQ IFO UM B G GRXVE
VWDQGDUG VDPSOHV \R R URISKIHACGD OFBHINEDWMHD SIDGE L B
86% SXULW\5HVXOWY ZHUH H[SUHVVHG LQ PJ J Rl SURC

6WDWLVWLFDOHDQWDWILWWLFDO DQ@DU\\IDW WRIHE KRIXWH

OLFURVRIW ([FHO $00 GHWHUPLQDWLRQV ZHUH SHUIRUP
PHDOWWDQGDUG GHYLDWLRQ 6'
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5HVXOWY DQG GLVFXVVLRQ

)DWW\ DFLG FRPSRVLWLRQ REMWWKKS HRIURX R LSCHREERFU-DUND XN
ODWULBEBKWLWD

)DWW\ DFLG FRPSRVLWLRQ LV D NH\ GHWHUPLQDQW RI
YDOXH RI YHIHWDEOH RLOV DV ZHOO DV WKHLU R[LGDWL
7TDEOH VXPPDULVHV WKH FRQWHQWRUQ QREODYPGXEBEODN\NY
+\SHULFXP SHDOBWUNLKPULD UHFXWLWD

7DEOH
)DWW\ DFLG FRPSRVLWLRQ RI WKH FRUQ RLO PDkH

ZROWHRMWWRWDO DPRXOW LO FRUQ RLO P
)DWW\ DFLG Q+ gHWRUDWXP OQUHFSWLWS
O\ULVWLF . r
3DOPLWLF
3DOPLWROHLF
0DU
ODUJDUROHLF
BWHDULF
20HLF
JLOROHLF
JLQROHOLF
SUDFKLGLF

QO *DGROHLF
%HKHQLF
"RERVDGLHQRLF
THUYRQLF
BOLGHOWLILHG

6)%
86)%
86)% 6)%
1RWH ,QGLFDWHV WKH VWDQGDUG GHYLDWLRQ RI WKH GDWI
XQVDWXUDWHG IDWW\ DFLG

_‘_‘_‘_‘_‘
[ PR [ [ -

-

-

Ro|Ro| Ro|Ro|Ro|RofRo|Ro|Ro|RolRolRofRoRo
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$FFRUGLQJ WR WKH REWDLQHG GDWD 7DEOH ER
SRO\XQVDWXUDWHG IDWW\ DFLGV SDUWLFXODUO\ OLQRO
LI\SHULFXPHUDWH DQUQ®WULFD®@HDDWH $ FRQVLGHUDEOH
DVR UHSUHVHQWHG E\ PRQRXQY¥DWXWIMEHG RO MIHV BIHE @ L &
7TKH FRQWHQW RI VDWXUDWHG IDWW\ DFLGV ZDV UHODWL
SUHYDLOHRG DWIROORZHG E\ VWHDULF DFLBNKHU VDW XUD
DFLGV P\ULVWLF PDUJDULF DUDFKLGLF DQG EHKHQLF
ODWULFDEHHDODWH FRQWDLQHG D VOLIJKWO\ KLIXHU SURSRL
FRPSDUHG ZLWKSHULEBRPHUDWH DQROXQGHGXEB8RFRWDGLHQ
& DW
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7KXV ERWK VDPSOHV ZHUH FKDUDFWHULVHG E\ D KLJ
DFLGVY GRPLQDWHG E\ OLQROHLF DFLG ZKLFK FRUUHVSR
DV WKH PDFHUDWLHRW BEOVH $UHGBKQRK SRO\XQVDWXUDYV
FRQWHQW SDUWLF&ODUOWRIEGREHUF ZDMIG WKH SUHVHQF
LQGLFDWHY LQFUHDVHG VXVFHSWLELOLW\ RI WKH VWXGL
VWRUBRDKLGL DQG =KRQJ 7KLV SURILOH XQGHUOLQH\
LQFOXGLQJ DQWLR[LGDQW VXSSOHPHQWDWLRQ DQG RSW
IRFXV Rl WKH SUHVHQW VWXG\

7KH SUHGRPLQDQFH Rl OLQROHLPWHRVG. ©R & ULUP W WH D
RI FRUQ RLO WKH VROYHQW XVHG IRU PDFHUDWLRQ +R:
VXFK DV WKH KLJKHU OLQROHQLF DFLG FRQ WHQWW IDRDGJ XD |
PDFHUDWH PD\ H[SODLHQU LRV GUDROLYW LYWO E IOCRZW\ REVH L
H[SHULPHQWYV 6LPLODU UHODWLRQVKLSY EHWZHHQ 38)$
EHHQ UHSRUWHG IRU VR\EHDQ DQG VXQIORZHU RLOV ZKHI
EHORZ DFWV DVRILGDQURQVUSIUFRHU B6KDKLGL DQG =K
IRUPXODWLRQ SHUVSHFWSMH LIFBPHW Y WHMH PV WKW DV D
OLSLG FDUULHU LQ FRYPWWLFOSREOVLROGELWKBQDO DQWL
DUH DSSOLHG

S$QWLRQPME FDSDFLW\ RI WKH FRUWYYS HUWIOF RP FS-HRDRY D WL
ODWULFDULD UHFXWLWD

$QWLR[LGDQW DFWLYLW\ RI RLO VI\VWHPV LV DQ LPSRL
R[LGDWLYH SURFHVVHV GXULQJ VWRUDJH DQ G, WQ HIQ HFK\
WKH DELOLW\ Rl WKH OLSLG IUDFWLRQ WR QRIDL\GDWQRI} |
WKHUHE\ SUHVHUYLQJ WKH IXQFWLRQDO DQG VHQVRU\ SU
YRU WKSH UIRRIDAMHXDWHY UDGL PHE® VFIDWHG65$ GHWHUPLQ!
DVVD\ ZDV ZKHUHDV WKH 0 UHFXWLWD PDFHUDWH VKR
7KLV GLIIHUHQFH FDQ EH DWWULEXWHG WR YDULDWLRQ
FRPSRXQGV H[W U D FIWHHG GDQM. R WKDHFRUDVBKRQ SDUWLFXOI
DQG SLJPHQWYV ZLWK DQWLR[LGDQW SURSHUWLHV +DUKD
LQ WKISHUIRPDMHXPDWH LQGLFDWHY LWV JUHDWHU SRWH:
PDNLQJ LVRPIRULK) BURU H[WHQGLQJ WKH VKHOI OLIH RI SUTF

7KLV ILQGLQJ LV FRQVLVWHQW ZLWEHWKHHEURQWHR [ H
SDUWLFXODUO\ SKHQROLF FRPSRXQGV DQG FDURWHQRL
VFDYHHQIDFWLYLW\ Rl KHUEDO RLOV 7K I N O LRREDABIXUR MO H
VXJIJHVW WKDW LWV QDWXUDO DQWLR[LGDQW SURILOH PD
GXULQJ VWRUDJH ,Q FRQWUDWW UWRRDNEREQE HQ & UQ BV LL
JUHDWHU VXVFHSWLELOLW\ WR R[LGDWLYH FKDQJHV DQG
VWUDWHJILHV

9LWDPLQ $FDUBWHQH FRQWHQW LQ RI WKHSHBURXRLO
SHUIRUDYERW ULFDULD UHFXWLWD

7KH FRQW HOR\DWK RO HDYW. WD P EQ BRWH@H QBQG LQGLYLGX

YLWDPLQ ( WRFRSHKUHIUR®V S HD@ GO WLED U LB DB H B XOW/IHW DD U
VKRZQ LQ 7DEOH
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7DEOH
&EROQOWHQWRRIXIDOMH YLWDPLQV LOHWKH FRUQ RLO PDFl

9LWDPLQ &RUQ RLO PDFHUDWH ZLWK
+ SHUIRUDWNXPFXWLWD
9LWDPLQ : UHWLQ\O DFHWDWH| PIDNJ
FDURWHQH PJ NJ
9LWDPLQ ? WRFRSKHU\O DFHWDWH PJ NJ
/| WRFRSKHURO
WRFRSKHURO
. WRFRSKHURO
I1RWH QD QRW DSSOLFDEOH

9LWDPLQ $ LQ WKH IRUP RI U H WL QSR ZRIRDHRDHVFMY HG R
PJ NJ ZKHUHWDVHPRWEMWDDWH LWV FRQFHQWUDWLRQ ZDV
RI WKH PHWRBGRWHKI)H FRQWNQW @BVIRWBWRPWKZHHG D

PJ NDLQHFXAKIDPRPLOH LQGLFDWLQJ D OLPLWHG SUF
PDFHUDWHYV

,Q WKH WRFRSKHURO SURRIFRIS RH ER® & WHDEBBOHYD W H G
ZKLOH WREB.LVRPHWWH SUHVHQW LQ PXFK VPDO@HU DPRXQ
PJ NJ UHVSHFWLYHO\

7KHVH UHVXOWV VXJJHVRD WK\ WQWM KIHQ SUK B AR S KINRIRY
WKH LQYHVWLJDWHG PDFHUDWHY PD\ SOD\ DQ LPGRUWDC
VXSSRUWLQJ TXDOLW\ SUHVHUYDWLRQ GXULQJ VWRUDJI
FRQFHQWUDDMIGMRFRSKHUROV LQGLFDWH D SRWHQWLDO «
VXSSOHPHQWDWLRQ WR SURORQJ SURGXFW VKHOI OLIH 1

7KHVH ILQGLQJV DOLJQ ZLWKRFRSMHQR CH YV GMIQH 1S WALKRD
FRPSRQHQW LQ PRVW UHILQHG YHJHWDEOH RLOV DQG SU
+RZHYHU WKH DEVHQFH BRI GHMROFEMDIDOHH CCEQNGL R/R G\ LOPR Z
FDURWHQH OHYHOV LQ ERWK VDPSOHV SRLQW WR D OLPL)\
VXIILFLHQWW HJIP O/R\DIELOLVDWLRQ XQGHU DPELHQW VWI
WRFRSKHURO VXJJHVWYV WKDW W K HN.H CP@OW HUXKMH K @\D LDHY
SRWHQWLDO EXW WKH ODFN RI GLYHUVLW\ LQ WKH WRFF
SURORQJHG R[LGDWLYH VWUHVV 7KHUHIRUH IRUWLILFDW
FRQWUROOHG VWRU T RRQIBE WLR G'Q PXOU HEIR[LGDWLYH VYV
VKHOI OLIH

&KDQJHV LQ WKH DFLG YDOXH RI WASH UFIRAXP RBIHW IRLHH
DQGDWULFDUDLDQGHRXWKW D Q NORXGDFHHRY ULWWPLQ VXSSOHP!

,Q WKLV VWX®I MWRB XHEIOHHFWLWDPLQ VXSSOHPHQWDWL
NODPDWK\GSHUGAFXP SHODRW PWXPBWIUQKRD UL P HHFEXDVW WD ZD
LQYHVWLIDWHG 9LWDPLQ ( ZDV DSSOLHG DW FRQFHQWU
YLWDPLQ $ DWQG PJ NJ 7KH VDPSOHV ZHUH VWRUHG
UHJLPHVf& DPELHQW&DQWBIULIJHUDWHG $FLG YDOXH ZDV
D SHULRG RI)VLXWETHHNYV
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JLIXUH &KDQJIJHV LODHUGCEMD IRNHDRFKR DWHVZEKNLOYWRUDJIH ZLV
IDWROXEOH YLWDPLQV
9LWDPLQ ( P NFRQWWRO vz " DW R& DR&DBG
9LWDPLQ $ xPgJ NWRQWWRO v+ " DW& E DG G

7KMHOHFWHG FRQFHQWUDWLRQ UDQJHV ZHUH MXVWLIL
HW DO DQG VDIHW\ FRQVLGHUDWLRQV WKH ORZHU
IRU VORZLQJ R[LGDWLYH SURFHVVHV LQ YHJHWBHOW RL\D
ZKLOH WKH XSSHU OHYHOV DUH FORVH WR WKH PD[LPXP ¢
FRVPHWAFVHBNSURGXFWV WR H[WHQG VKHOI OLIH 6\HG
HYDOXDWLRQ RI WKH HIIHFWLYHQHVV (RHDOLWWREQSURG
FRQGLWLRQV
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JLIXUH VKRZV WKH FKDQUW\HUQPXR HS B BIFRHLDMXEN B IX U
VL[ ZHHNV Rl VWRUDJI@ M WK WKH DGREALXNELRQ YRIWDRWLQV |
DW GLIIHUHQW FRQFHQW PBWHRQ \ZL WX RKKH \PRSS/DBR G QW
DPELHQW WHPSHUDWXUH DFLG YDOXH LQFUHDVHG PRVW
ZHHN VL[ ZLWK DQ DYHUDJH UDWH RI PJ .2+ J SHL
WHPSHUDWXVHIJWRILFDQW QG WRE®WHIGF DRMWGK R{LGDWLYH SUI
VDPSOH JURXSV HYHQ LQ WKH FRQ@W URRAH Ul LKRPC DFH G ¥
WKRVH DW f&

7KH DGGLWLRQ RI YLWDPLQ+( DWJFRDEH@® X BMA RQIURK
DQWLR[LGDQW. Q4 I MKW WDMVENFRI DFLG YDOXH LQFUHDVH
REVHUYHG DW PJ NJ 7KH HIIHFW ZDV HYLGHQW DW E
WKRXJK&DWKH LQFUHDVH LQ DFLG YDOXH UHPDLQHG PLQL

+ PJ NJ DOVR UHGXFHG WKH DFFXPXODWLRQ RI IUHH |
ZDV OHVV SURQRXQFHG WKDQ WKDW RI YLWDPLQ ( SDUW
WKH ORZHU VWDELOLW\ DQG ZHDNHU DQWLR[RGE® WRKDS D
8QGHU UHIULJIHUMKHRGLIIHUHQFHY EHWZHHQ GRVHV RI Y
ILQDO DFLG YDOXHV JHQHUDOO\ GLG QRW H[FHHG PJ .2

7KXV WKH FRPELQDWLRQ RI UHIULJHUDWLRQ DQG VX!
PJ NJ SURYH GVMHR FERVW HIIHFWLYH VWUDWHJI\ IRU VORZ
+\SHULFXP SHUIRUDWXP PDFHUDWHYV

,QODWULFDULPDBHBRWHWD DFLG YDOXH DZHVR\ L\QW B H D VH
SHUDRGXUHDW ERWK f& DQG f& EXW INKH KD WHHU RW IOFE
+\SHULFXP SHUIRUDWXP 7KLV LQGLFDWHYV D VRPHZKDW C
PDFHUDWHY WR R[LGDWLYH SURFHVVHV /L HW DO <
H[FHHGHG PJ .2+ J E\ WKH HQG FRRIUW KN SRQLEOLA) J ZIKQHRUHH
SHUIRUDWXP ZDV OHVV SURQRXQFHG

7KH DGGLWLRQ RI WRFRSKIRU\KMJDFAHWDMW ADIW O\ VORZF
DFLG YDOXH ZLWK WKH VWURQJHVW HIIHFW DJDLQ REVH!
DFHWDWH PG WRKHHEDWH RI R[ILGDWLYH FKDQJH EXW LWV
WKDW RI WRFRSKHU\O DFHW DBW B H UQR QLDIPH AR i WLKQH WWHW-
VWRUDJH WHPSHUDWXUH WR f& IXUWKHU LPSURQYBIGOWK
VHULHV KRZHYHU HYHQ XQGHU UHIULJHUDWLRQ WKHL
FRUUHVSRQGLQJ + SHUIRUDWXP VDPSOHV 7KLV FRQILUP
UDZ SODQWLBDWWIWER® FBQWHQW DQG SUMRIRPHERITAVYGRJ|
D GHFLVLYH UROH LQ WKH R[LGDWLYH VWDELOLW\ RI PDF|

7KH UHVXOWV FOHDUO\ GHPRQVWUDWH WKDW ERWK
WHPSHUDWXUH KDG D GHFLVLYH LQIOXHQ EH G ® DFKK DW H
7RFRSKHU\O DFHWDWH FRQVLVWHQWO\ SURYLGHG WKH V'
SUHYLRXV ILQGLBUWIRMQLQW W FKDYQW\ LQ YHJHWDEOH RLO
WV HITHFWLYHQGH/SH Q@6 M QR VAL WH QFIK I WKULD WH RWY |
PDLQWDLQLQJ DFLG YDOXHV ZHOO EHORZ WKH FULWLFDO
DFHWDWH DOWKRXJK EHQHILFLDO VKRZHG ZHDNHU DFW
R[LGDWLYH VWDELOLW)\ BQELQLIPHFHKQQ@LYBBLFDO VFDY

7KH JUHDWHU LQFU HD WH ERREBEL MO XM KRYOSERR W V
WKH LGHD WKD®HLWLQW HGQI/Q W ISKERWRWHN Q M XFEGDYHWLQRC
SHUIRUDWXP SOD\ D VLJQLIHFDHWVKROH\LY) OHSUGIWWD®
VORZHG DFLG YDOXH JURSKDK/ LBALQJ WHPSHUDWXUH DV D
R[LGDWLYH DQG K\GURO\WLF VWDELOLW\
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JLIXUH &KDQJHV L@DWRLG Y DI®DOW HRB BWIHWDE KMLDWRUDJH ZLWK
VROXEOH YLWDPLQV
9LWDPLQ ( & NFRQWWRO v+ " DW& D DW®WGF YLWDPLQ
$ PJ Nt FRQWWRO vt 7 DW& E DG G

JURP D SUWEHUWISHOFAVLYH WKHVH UHVXOWY KLJKOLJKW
WRFRSKHU\O DFHWDWH VXSSOHPHQWDWLRQ DW PJ NJ
WKH VKHOI OLIH RI KHUEDO PDFHUDWHY 6XFK DQ DSSU
HPX@QWLR QG RWKHU IRUPXODWLRQV ZKHUH R[LGDWLYH V
TXDOLW\ DQG FRQVXPHU VDIHW\
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&RQFOXVLRQV

ODFHUDWMSHRLFXP SHLUQBDWWIXPDULDQUHHXMYMWED FRUQ
FRQWDLQHG KLJK OHYH©OV RUQGROHQF WRKHE KiLJKO\ SUR
,QLWLDO UDGLFDO VFDYHQJLQJ DFWLYLW)\ +568$H WIRW B WX
a WKDQ@ ZUWMAXaW LW D HI10 WFWLHBBIWBWHQH DQG YLWDPLC
$IWHU VL[ ZHHNV DW f& DFLG YDOXHV LQ FRQWUROV HJ
DW f& UHGXFHG WKLV RERSKBVUMNOEBFHWDWH VLIQLILFDQ
GHOD\HG DFLG Y ®XHWIQHF WMDURIQJIJHVW HIITHFW DW PJ
5HWLQ\O DFRHWDIPWHJ DOVR FRQIHUUHG SURWHFWLRQ E
HIITHFWLYH HVSHFLDOG\ BWUIRBPRRRPBEWBO®OZHUH PRUH F
UHVLVWODQUWMKEIG WKH FRPELQDWLRQ RI UHIULJHUDWLR
DFHWDWH SURYLGHG WKH PRVW HIIHFWLYH VWDELOL]DWL

$FNQRZOHG/XHQBWXEOLFDWLRQ LV FRQQHFV
SURMHFW IXQGHG E\ WKH *HUPDQ 1DWLRQI
/IHRSROGLXQGHU D /HRSROGLQD B8NUDLQ!
JHOORZVKLS

5HIHUHQFHYV

$EGDOOD 6 $URXD O . *HZ/ 7 $ FRPBVHGE& HFRWPYHNVL
RLOV YLUJLQ FRFRQXW RLO ROLYH RLO DUJDQ RLO
SURSHUWLHV DQG WKHLU FR&® RPHYWDLFDSS DiSSOLFD
KWWS GRL RUJ DFVRPHJD F
$UHOODQR53LEHWDGBR@6DOKBUIDU 6 &RUQ RLO &RPSR\
DQG XWLOL]DWLRED O,GLYD&R EBU @R DG/ WHEKROR J\
+ QG HG (OWMWWEU GRA RUJ %
$WKDQDVLDGLY 9 &KDW]LPLWDNRVY 7 .DORPSDWVLRYV *
%R]JLQRX ( /DODV 6 , (YDOXDWLRQ RI WKH HIIL
DQGVRFRSKHURO DV QDWXUDO DQWLR[LGDQWV LQ WK
SRPDFH RLO GXULQJ VOWRHWDQ B WFLRRQQIDLAV LROWQDV/O R OF
KWWSV GRL RUJ LMPV
%D\UDP @ 'HFNHU ( $ 8QGHUO\LQJ PHFKDQLVPV
LQWHUDFWLRQV GXOUEBH®VY 91 )RREG BWRRQFH SSTHFK G
+ KWWSV GRL RUJ M WLIV
&KDEQL $ %DXxDUHV & 7RUUHV & ) 6WXG\ RI WKH
5DQFLPDW RUISKKH@ROYHA RLOV REWDLQHG E\ D VHTXHC
H[SHOO WX SHQGULW[WDO PRMPRRGM. HUV LQ 1XWULWLRQ

KWWSV GRL RUJ 1QXW

+DQWLNDLQHQ ( /DJHUURVD 7VFRSLQILWDRIHY (IRU 1RUC
5HFRPPHQGDWLRQVYRRG IXWULWLRQ SHVHDU
KWWS GRL RUJ IQU Y

+DUKDXQ 5 .XQLN 2 6DULEHNRYD ' [/D]]DUD * %L
SODQW H[WVPHWVUFLRPHRBEVWIRFKHPLFDO -RE&8QDO
KWWSV GRL RUJ M PLFURF

FFFSBNUDLQLDQ )RRG -RXRODPE® ,VVXHF
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.DQWDZRQJ ) 6LQJKDWRQJ 6 6ULODPD\ $ %RRQ\XHQ

.XERNL 7 SURSHUWLHV RALRLPHDEFWSG KHUEDO
KWWSV GRL RUJ EL

.L.P 6 -DQJ-( .LP- J/HH <, J/HH': 6RQJ 6 < [/HH - +
IXQFWLRQWL @I@G AFPPWIRU\ HIITHFW RI FXOWXUHG FRFR
JRRG DQG &KHPLFDO 7TR§LFRORS\ *
KWWSV GRL RUJ M IFW

.LP < .LP O - J/HH - BK\WWLFRFKHPLFDO SURSHUWLH
RLO LQ E@QNHDEG PRFLKRXWODMWLRRERFENHQYH DQG %LRWI

SS # KWWSV GRL RUJ \Y

. XQLN 2 OLEBENRYD ' + 6DOLHED /9 ,YDNKQHQNR + 2
SURSHUWLHV RI SODQW H[W&MBLHNDWLQL F RAVPGIGH W LHP R
7HFKQLFDO 8QLYHUVLW\ RI 8NUDLQH 3.5lSY+ 3RO\WHF}
KWWS QBX¥MIRY XYNSLB B B

.XQLN 2 6DULEHNRYD ' /D]]JDUD * &DYDOODUR *
IURP YHIHWDEOH RLQGXRWULRPVOP ABWRBY DQG 3URGXF
KWWS GRL RUJ M LQGFURS

/IlL; /L < <DQJ) /LX5 =KDR & -LQ 4 :DQJ; 2[L

RLO DW LQGXFWLRQ WLPH SRLQW XQGHU 5DQFLPDW W
HISHULPHQWDO )RRGHWUWMDPUWKRQQWHUQDWERQDO

KWWS GRL RUJ M IRRGUHV

ILX ; =KHQJ = /ILX < ILSRSKLOLF DQWLR[LGDQW
DSSOLFDWLRQVLRIMYRR GQWHHWHDIFMWFK S, QWHUQDWLRQDC
KWWS GRL RUJ M IRRGUHV

/IRIDQDWKDQ 5 $KPDG 7DUPL]L $ + I9HWKDNNDQ 6 7THC
RILGDWLRQRLOBODLNFOBQ -RXUQDO RI $QDOSSIH#DO 6FL

0D < :DQJ * 'HQJ = =KDQJ % /L + RIHG W LR H H
FRPSRQHQWYV IURP GLIIHUHQW YHJHWDEREBWLOV RQ V
KWWS GRL RUJ IRRGV
ODUWRRUHV 6 &RYPORI]$ *OWGLDD OHGXBDPO 6 &XDGUR)
5RGUtIXH] / $ FRPSDULVRQ RI WKH VWDELOLW\
XQHU IU\LQJ FRQGLWLRQV OXOWLYDRRBWH ILQJHUSU
KWWSV GRL RUJ IRRGV

ODUWGBGIRIUD 7 ODFLROHN 8 '"tDRV&®OGD 6 6GAQBYRBR\RWLF HII
ELQDU\ PLIWWRHRSKIHORO DQG JDOOLF DFLG GHULY!

VR\EHDQ LQ@RMWHU HPXOVLRQYV
KWWSV GRL RUJ M OZW

OFOXOOHQ 5 / 7KH EHQHILWY DQG FKDOOWKYJIHV RI
,QWHUQDWLRQDO -RXUQDO Rl &RVBBW:F BFLHQ
KWWS GRL RUJ LFV

1LNL ( 5ROH RI YLWRPXEQHDSHURLBOLGDGLFDO VFDY
LQ YLYR FHYUBGHQ 5DGLFDO %LRORJ\ DQSStOHGLFLQ
KWWSV GRL RUJ M IUHHUDGELRPHG

6KDKLGL ) =KRQJ < /LSLG R[LGDWLRQ B®&BPLAFDORYL
BRFLHW\ 5HYBISZY KWWSV GRL RUJ E P

6\HG $ 2[LGDWLYH VWDELOLW\ DQG VKHOI OLIH RI Y
(GV2[LGDWLYH 6WDELOLW\ DQG 6KHOI /LIHSBI 3RRGV &

(OVHQEHUKWWS GRL RUJ %
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7KLHOH - - +VLHK 6XIGL(DNQQBODNH 6 9LWDPLQ ( &!
LWV FXUUHQW XVH LQ FRVPHWLFPDQYR FRLUGLFROIBHU
SS + KWWSV GRL RUJ M
:DQJ ' ;;LDR + /\X ; &KHQ + :HL) /LSLG R[LGDW
QXWULWLRQDO KHDOWK QLPREBSIRISKEIRN\H@EEH UHYLHZ
KWWSV GRL RUJ M RFVFL
&L W H
8)- 6W\OH

XQ\E /HDO 3DVLRKQDU\®LBWDEQ@LNRYDIIHFW RI
WRFRSKHU\O DQG UHWLQ\O DFHWSHAUH ¥ XRPQS R LIGRD\Y UWNXH
DQEDWULFDULD PBFXWRWBY LQ FRU@NRLDLGXNQ QR RGV |
-RXUQDO SS + KWWSV GRL RUJ ;

$3% 6QH

.XQ\R /HDO 3DVLPRKQDU\GLQB6WDEQRNRYD(IIHFW

RI WRFRSKHU\O DQG UHWLQ\O DFISWDMWH\P BH RI[RGDWX |
DQEDWULFDULD PBFXWRWBY LQ FRU@NRLDLGXNQ QR RGV |
-RXUQDO + KWWSV GRL RUJ ;
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9RODWLOH SURILOH RI ZKLWH ZLQHV SURGXF!
YDHWLHYV FXOWLYDWHG KQLEPHDW WK I RMREIDOW L R (
AXVWHQGLO 6RXWKZHVWHUQ %XOJDULD

'LPLWDU 'LF ,OL'6LPHR( 6LPHRQ .U

1$JULFXOWXUDO $FDGHPI ,QVWLWXWH RI 9L W
+$JULFXOWXUDO $FDGHPI ,QVWLWXWH RI $JULFXOWXUF

$EVWI
.H\ZRUGYV ,QWURC 7KH DLP RI WKLV VWXG\ LV WR GHI
FRPSRVLWLRQ RI ZKLWH ZLQHV IURP 60DYD
‘KLWH ZLQH JUDSHYLQH YDULHWLHV JURZQ LQ WKH WHUUR
ORODWLOH -\XVWHQGLO 6RXWKZHVWHUQ %XOJDULD

FRPSRXQG ODWHURQGVPHWKRIGWH ZLQHV IURP WKUHH YD
THUURLOU VHYHUDO KDUYHYBDXIBU KV K VAXKE KHDG) Y B QW V
“UDSHYLQH "URXMERXU KDRUYHVWV DQG 7DP\DQND
WKUHH KDUYHVWWDQG 9RODWLOH FRPSRX
9 D UILHHW DRO\]HG E\ JDV FKURPPW RIULPTKW L E&FKDUD FW H L

ZDV SHUIRUPHG IRU WKH VWXG\ SHULRG 'HVFULS
GHWHUPLQH PHDQ YDOXHV DQG VWDQGDUG GHYL
FRPSRXQGV

5HVXOWV DQG 7&KIH FLVWL R@RXQWYV RI WRWDO
SUWLFOH KLVWRPSRXQGV ZHUH IRXQG LQ ZLQHV IURP WKH OD
60DYD O'WPRXMED PO DQG 7DP\DQND

5HEHLYHG PJO 7KH PDLQ DOGHK\GH ZDV DFHWDOGHK\GH
VWXGLHG ZLQYKW RSWH MXP IRU SRVLWLYH LQIOXI
5HFHLYHG LQ PJO 7KH KLJKHVW WRWDO FRQWHQW RI KLJKHU T
UHYLVHG IRUPBODYD YDULHW\ ZKHUH WKHO KDQYHBWIURP WR
PDKDUYHVWKH PDLQ LGHQWLILHGUKLIJKHU D¢
SFFHSWHG PHWKEXW D QRONVKEXWD QKB DOFRKRO ZLWK WKH
FRQFHQWUDWLRQ LQ DOO HESMWWLPRI® \F D\ KY W i HE
WZR EHLQJ LG BQRWL AIHHY QWXGLHG 7KH KLJKH

&RUUHVSRQGLE@ WKEXWDQRO ZDV IRXQG LQ 60DYD ZLQHV ,Q \

UYHVWV [URP PJ O W R PJ O
DXWKRU WKLV KLJKHU DOFRKRO YDULHG IURP PJ O
LPLWDU ‘LpLwRRS LQ 7DP\DQND D YDULDWLRQ IURP PJ C

PpLo ZDV IRX®IGPDLQ HVWHU ZDV HWK\O DFHWDW

H H FRQWHQW ZDV IRXQG L WKH WZR KDU
SES(LE’VJDUBUREE(?@&%%G PJ O Z6H0® WK 1D Q\URYI DAMRVW V
GLYHUVLW\ RI WHUSHQHV ZLWK LQGLYPD®RR® UH
R[LGH OL@MHWBRE@H®ORQH OO R COHWIGD QROD 2D R O
LGHQWLILHG LQ DOO VWXGLHG ZLQHV LQ QRUPD(

"URXMEIRP OPJ WR OPJ LQ 60ODR®

PD WR OPJ DQG LQ 7DBRFQNDOPJ

WR OPJ
&RQFOXVKRQFMRQGXFWHG FRPSUHKHQVLYH VWX
WHUURLU RI WKH WDRZYQ RURPLWWEQGRU JURZLQJ
2, YDULHWLHV SURYLGLQJ IDYRUDEOH FRQGLWLRC
SRWHQWLDO ZKLFK ZDV UHIOHFWHG LQ WKH St
; RSWLPDO DQG FRPSOH[ DURPDWLF TXDOLW\
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L, QWURGXFWLRQ

BWXGLHVY RQ WKH ZLQHV YRODWLOH SURILOH GHWH
FRPSRVLWLRQ ZKLFK DUH DQ LQGLFDWRU RI TXDOLW\ 7}
VWURQJO\ GHSHQGHQW IURP WKH WHUURLD]RP RXDM H\WMJIJD®

2VWDSHQNR $FFRUGLQJ WR &OLQJHOHIDHMHG RQ
WKH FRPSOH[ LQWHUDFWLRQV EHWZHHQ ELRORJLFDO DQC
D SDUWLFXODU UHJLRQ ZLWK WKH DB GIBIWRMRKIKI SHLQV P F
7KXV WKH WHUURLU LQIOXHQFH GHWHUPLQHV VSHFLILF
UHODWHG WHDQWHKHVUMHOLRQ DQDO\HG WKH YRODWLOH SL
YDULRXV UHJLRQV )UDQHFH=HPOPM®E 6WDIOQ 86$+DQG YL

LGHQWLI\LQJ YRODWLOH FRPSRXQGV ZLWK WKH
DFHWDOGHK\GH PJ / KH[DQRG@ J/ LVRDP\O DEHWDWH

J/ KH[\O DFHEWDWH/ SKHQ\OHWKBQROJ / RFWDQRLF
DFLG # J/ HWK\O RFWDQRDWH DQG HWK\O LVRSHQW\

+ J/ %D\UDP DQG .D\DODU GHWHUPLQHG WKF
ZKLWH ZLQHV RI WKH RDQ LLGF MW XD GILHM U H (& LY HJ L W QD/QFSI
(UEDD DQG IRXQG WKDW ZLQHV IURP WKH VHFRQG VWXGL
YRODWLOH FRPSRX@GERPSDUHG WR WKRVH IURP WWKH ILUV
9LODQRYD HWLOGBQWLILHG YRODWLOH FRPSRXQGV LQ Z
$OEDULXR 7UHL[DGXUD 7RUURQHV %ODQFR OH[LWLPR D¢
DQG RI WKH LGHQWLILHG YRODWLOH FRPSRXQGV YDU\LC
GHWHUPLQDQRMD\O ®BH®WR¥YDYRHWDO DURPD" OLNXOLNRYD '}
YRODWLOH FRPSRVLWLRQ RI # ZKLRIHWZK I N UK BIWXHWWE\L H
*ULV 6DXYLJQRQ %ODQF *HZ-U]WUDPLQHWBIOROV-RHW K
&]HFK 5HSXEOLF DQG IRXQG WKDW WKH KLJKHVW FRQWHGC
PHWKEXWDQRO O PY PO IROORZHG E\ WKH HV\
ODFWDWH o4 PJ PO WKH DURPDWSKHDUOFRWKRDQF

“ PGt “ PODQG RFWDQRLF DRXG *“ “ PQPJ
7KH WHDP OLNXOLNRYD HW DO LGHQWLILH®& WHU
OLQDORRO WHUSLQHRO FLWURQRR® RPQ GCIWHDGSLR®G FO® & H
WKH KLIJKHDWEDHKHOW DO VWXGLHG WKH YRODWLOH

RI WKH 5LHVOLQJ *HZ+U]JWUDPLQHU 6pPLOORQ 6DXYL
IURP WKH &DP SD QK D6pUDJEIODDQHI LRQWKH KLIJKHU DOFRKR!
TXDQWLWDWLYHKBRPQRO®®FH RIPD PHWKEXWDQRG

PDDQSURSDQRD PD 7KH GRPLQDQW HVWHUV ZHUF

* RO GLHWK\O VXFELQDWHD HWK\O GHFDQRDWH
* PD HWK\O RFWDHORDWIRD HWK\O KH[DQGRDWH
PJODQG HWK\O EXWDQRDIPVWH % DUYDOQRK) HW DO HQYHVW

YRODWLOH SURILOH RI +AKLUNGHH MRQ 18D X YDULRIQV HOD QF  *R
FDVWHOODQD DQG $OELOOR IURP VHYHUDO 3'2 3URWHFW
5XHGD &LJDOHV 7RUR 5LEHUD GHO 'XHR RVK%¥LELWERUD QX
'XHUR DQG %LHU]JR UHJLRQV DFFXPXODWHG KLJK OHYHO\
7RUR DQG 5XHGD ZHUH FKDUDFWHUL]JHG E\ KLJK FRQFHQ
HVWHOWGHIJHIJULY HW DO GHWWURIL @KIGWW KA. @ RO D WR
$IULFD REWDLQHG IURP WKH 6DXYLJQRQ %ODQF &KDUG
IURP WKH 3DDUO 6WHOOHQERVFK :RUFHVWHU 5RE!
UHJLRQV DQG IRXQG WKDW WKHUTED®RKRDWINYHB \L&RP PQ
PHWKEXWDQRO Qo PJ PO SURSDQRO o) PJ
+ “ PO DQG LV R EEXWDIRROO Cx PJ PO DQG
IURP WKH HVWHU IUDFWRRQ@G H Y KWVE HD KH WOHNV MW ZHRQ FHQ W L
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PJOt : PO 3LUDV HW DO VWXGLHG WKH YROD
SRUWXJIXHVH ZLQHV IURP WKH 0ODOYDVLD 9HUGHOKR DQG
* DQG DQ&GDOWXWKHWKLIKHU DOFRKROV ZHUH TXDQ'

PHWKEXWDQRO LVRDP\O DOFRKRO ZKLFK ODMQRHG |
: PBODQG SKHQ\OHWK\O DOFRKRO SKHQ\O HWKDQR

IURP “ oW R “ PD WKH HVWHU IUDFWLRQ ZDV GF
ODFWDWH Ct PJ PO DQG PRQRPHWK\O VXFFLQDW!
PJCE : PO DQG WHUSHQHYV KDYHODQN & RERHH K R&/HIQ ¥
WHUSLQHRQ DRMEKRFWD GLEDRRIO *¢IPIHH] HW DO VWXG

YRODWLOH FRPSRVLWLRQ RI ZKLWH ZLQHV IURP WKH DXW
UHJLRQ G6RXWKHUQ 6SDLQ DQG IRXQG WKDW WKH VWURQ
DFL@REG HHWK\O HVWHUYV

7KH DLP RI WKLV VWXG\ LV WR GHILQH WKH YRODWLOH
'"URXMED DQG 7DP\DQND YDULHWLHYV JURZQ LQ WKH WHUL
6RXWKZHVWHUQ %XOJDULD

ODWHULDOV DQG PHWKRGYV

IDULHSWMOBIQWDWLRQ DQG DJURWH WKNXLEGD DDRHPR/XG KFW
WKH SHULRGLQ DQ H[SHULPHQWDO YLQH\DUG SODQWDWLR
AXVWHQGLO %XOJDULD 7KH WHUUDLQ LV ORFDWKG LQ W
DOWLWXGH/ IRH VRPO LQ WKH H[SHULPHQWDO SWHRWXIUWHG |
vDQG\ FOD\ VOLJKWO\ WR PRGHUDWHO\ VWRQ\ FLQQDPR
QHXWUDO S#FKBHREWHRWY RI WKH VWXG\ ZHUWKZK 1 WMHS AL (
YDULHWLHY 60DYD DQG 'URXMED GHYHORSHG DW WKH ,C
,9( 5RA\FKHY 6LPHRQRY HW DO DQG 7DP\DQND
YDULHW\ EHORQUHQW IR MARHHRJIURBKLFDO JURXS

% &

J)LIXUH *UDSHYLQH YDULHWLHV IRU ZKLWH ZLQF
$+60ODYR'UMKMED:7® P\DQND

7TKH YLQHV ZHUH SODQWHG LQ WKH VSULQJ RI JuD I
URRWVWRFN DQG WUDLQHG XVLQJ WKH *X\RW VWHP V\VV
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EHWZHHQ URZV DQG P ZLWKLQ W KD VR ZZ ENGMEIDRR EM Z H
ZLWK WKH SUHYDLOLQJ VRXWKZHVWHUQ DQG ZHVWHUQ Z
SHULRG ZDV UHDOL]JHG ZLWK ZLQWHU EXGV SHU YLQH

[ EXGV

&OLPDWLF FKDUDFWH UL VW HF ¥ ORQQ WYKL ILIFDIVRIQRQV P
FRQWLQHQWDO FKDUDFWHUL]JHG E\ FROG ZLQWHUV DQG |
DQQXDO WHPSHUPWR@RXINVO QRUP 7KH KLJKHVW DYHUDJI
LV LQ -X®\ DQB WKH XRZHVW LOKHDQQQXDO WHPSHUDWXL
UHODWLYHOK ODQGHLY D® LQGLFDWRU RI D SUHYDLOLQJ ¥
7DEOH

7TDEOH

$YHUDJH PRQWKO\ DLU WHPSHUDWXUH DQG PRQWKOESUHFLSLW

(a]

-]
OHWHRURORJLFDO ORQWK T

f >

Ry T T T 9[oeleJo ol ][]
$YHUDJH SHUHQQLDO QRUP IRU
PRQWKOVDLU [ ] | T T T T T T 1
WHPSHUI
WRK | 1 | T T T T T T 1
$YHUDJH SHUHQQLDO QRUP IRU
PRQWKO\ | 1 | T T T T T T 1
SUHFLSL
PP | ] | T T T T T T 1

'XULQNWKB\ SHULRG WKH PDLQ HOHPHQWYV RI WKH FO|
PHDVXUHG ZKLFK ZHUH GLUHFWO\ UHODWHG WR WKH GHY
JUDSHV 7KH DEVROXWH PLQLPXP DLU WHPSHUDWWUH GXLU
LQ WZR RI WKH \HDUV GHFUHDVHG WR WKH FUKWILERO® YD
GXH WR WKH LQWHUVSHFLILF RULJLQ RI WKH VWXGLHG Y
H\HV ZDV UHFRUGHG ,YDQRY HW M®WH RI| VKH DY H WDHWH
DLU WHPSHUDWXUH DERYH fK ZDV $SULODQ QXO.FQ RV P
IRU WKH SHULRBGDEOH ,Q DXWXPQ WKH YDOXHV RI WKF
RI fK ZHUH PDLQWDLLQHBFRGR BB UD KK X GWMUDWLRQ RI
WKH WZR GDWHV ZDV GD\V ZLWK D WRWDO WHPSHUDW X

7KH DYHUDBID ®>XGDWH Rl WKH ODVW VSULQ BFEFERVW LLQY .\
WR WKLV FULWHULRQ LQU RI GRDWBWBW L\WK HUR/QIW LQ Wi
7KH DYHUDJH PRQWKO\ WHPSHUDWXUH LQ -XO\ ZKLFK LV
JUDSHV ZRV7KH HVWDEOLVKHKGKYDOKH VERIQ WKDW HVWE
SHULRG 7KH ODVW WZR \HDUV Rl WKH VWXG\ DQG
PHWHRURORJLFDO PHDVXUHPHQWY KDYH EHHQ FRQGXFWH

GD\V ZLWK DEVROXWH PD[LPXP DLUVBI®SHUIDNX ZHW IE HD\

KZHUH UHFRUGHG )RU FRPSDULVRQ WKH DYHUDJH YD

DUH DQG GD\V UHVSHFWLYHO\ 7KH K\GURWKH!
WKH KHDW DQG PRLVWXUH VHFXULW\ IRU -XQH FKXO\ DQ
FKDUDFWHUL]HG WRH\SHHWQRG D\DEZEBO

FFFSBNUDLQLDQ )RRG -RXRODPE® ,VVXHF
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SHUHQQLDO QRUP IRU WK X\XYDVH@®GLO UHJLRQ

7KH HVWDEOLVKHG YDOXHV RI WKH LQGLYLGXDO FOL
VXFFHVVIXO KHDUWOA\VIRAIGPREQJ JUDSH YDULHWLHY 6WRH'
NJ RI JUDSHV ZHUH XVHG IRU HDFK YDULHW\ 7KH JUD
'LQH &HOODU RI ,9( DFFRUGLQJ WR D FODVVLF WHFKQROR.
ZLQHV <DQNRY

*&)," DQDO\VLV IRU GHWHUPLQDWLRQ RH WR®E& WHRDW VR
PDLQ YRODWLOH FRPSRXQGV ZDV GHWHUPLQHG EDVHG R
DFFRUGDQFH ZLWK ,6 PHWKRG 7KH PHWKRG GHVFI
VROXWLRQ RI RQH FRQJHQHU EXW WKH SUHSDUDWLRQ VW
FRPSRXQGV 7KH VWDQGDUG VROXWLRQ LQ WKH SUHVHQ\
SXULW\ ! DFHWDOGHK\GH 8 WKSDO (ORRE VRDAREHINP B [
SURSDERWDQRO SURSXWDGRWDWWREXW\O DFEWWWH H
DFHW P\W W K EX W D QPRHW K EXW D PRHOW K5 QW DR@WDQRO SHQ
DFHWIXWHD QRO HWK\O KH[DQ RKMSH®DKER.\@D O RRW DR HG H
VXFFLQDWH SKHQ\0O DFHWDWBSK ©Q QDHMWYREI) RHOY K RI®D FR S U)
FLWURQHOORO JHUDQLRO HWK\O GHFDQRDWH 7KH SL
FRPSRXQGYV ZDV LQMHFWHGDLODNQFRBRRRQWRRIUD SK LIPWR D
$QDO\WLFDO ,QVWUXPHQWY :DOQXW &UHHN &DOLIRUQLL
06 P PP ' ) P HTXLSSHG ZLWK IODPH LRQL]C
FDUULHU JDV ZDV KHOLXPRPEXVRIRD WRWXZSBOWHG WR \
YLD D K\GURJHQ ERWWOH 7KH LQMHFWLRQ KZD\IDRDQ X
FKURPDWRJUDSKLF GHWHUPLQDWLRQ SB U D P& WGHIW HEMURH
WHPSHHUDWXUHQLWLDO RMHQf & HPS B UDNMKHQ & RAL WKL DH \
VWHS fRIPLQ IRU PLQ /LMWK R VMHBLRIIRU PLQ 7R
FKURPDWRJ4UDSKPWQPHIWHU WKH UHWHQWLRQ WLPHV RI W
VROXWLRQ ZHUH LGH\QMWLPILEMHELRYKEQG TXDQWLILFDWLRQ
WKH ZLQHV ZHUH FRQGXFWHG 7KH YRODWLOH FRPSRVLW
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RI ZLQH GLVWLOODWHY 6DPSOHV ZHUH LOMHFWHG LQ DQ
LGHQWLRFDQG TXDQWLILFDWLRQ RI YRODWLOH FRPSRXQ

6WDWLVWLFBUFDQB@IWWH VWDWLVWLFV ZHUH DSSOLHG
GHWHUPLQHG DV WKH PHDQ YDOXH RI DOO KDUYHVWYV IRU
7KHRIWDFHO 06 2I1ILFH OLFURVRIW &RUSRUDWLRQ 86$
6WXGHE@MVW VEDV XVHG WR FRPSDUH WK HDYIZ0 KIHAVH ER-DALD
LGHQWLILHG YRODWIHWKEORPBERQVEKEXWDQRO (WK\O DF
$FHOMOHK\GH OHWKDQRO

5HVXOWY DQG GLVFXVVLRQ

7TKH UHVXOWY REWDLQHG IRU WKH LGHQWLILHG YROD!'
'LQHV RI WKH 60DYD YDULHW\ IURPDMQIGUHH KDBXNEWYV Zk
LQFOXGHV IRXU FR@VHEXW IDYHGKDDIPAB QWY |IRU ZKLFK ZLQ
KDUYHVWYV DQG ZHUH DQDO\]HG

7DEOH
IRODMRRBRXQGY PJ AQLBKIOWH IAIHEHY RI 60DYD 'URXMED DQG
YDULHWLHYV ZLWKLQ GLIITHUHQW VWXGLHG KDUY'

o "KLWH ZLQHV
LILIA >4

ﬁgﬁégyi;” 60DYD "URXMED 7DP\DQND
PJO ~ " +DUYHVWV +DUYHVWYV +DUYHVWV

(WK\O DOFRKRO
YRO

$FHWDOGHHK\GH

OHWKDQR|O

PHWK\O
EXWDQRO

PHWK\O
EXWDQRO

PHWK\O | 1' | 1' 1 1" [ 1 | 1 [ 1
SHQWDQRO

SURSDQRAQ"

H
-
-
-
-
-
-

SURSDQRO 1’ 1 1 1 1
EXWDQR|O1' 1' 1'
SHQWDQRO 1’ 1' 1' 1' 1 1'
EXWDQR|O 1' 1' 1' 1'
KHIDQRO 1°' 1' 1' 1' 1'
KHQ\OHWKID @ RO 1’ 1’ 1' 1 1' 1'
7TRWDO FRQWHQW

RI' KLIKHUY

DOFRKROWV

(WK\O DFHWDWH

,VREXW\O| ODFHWID WH 1' 1' 1'

% XW\O DRHWDQWIHH 1’ 1' 1' 1' 1' 1
B3URS\O DFHWDWH 1’ 1' 1' 1' 1'
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KLWH ZLQHV

F’SIESQRV\;("CETV'," 60DYD "URXMED 7DP\DQND
P30 +DUYHVWV +DUYHVWV +DUYHVW\V
.VRSURS\D1' | 1° 1" | 1° 1 | 1
DFHWDW H
. VRSHQW\O1' | 1° 1 1| 1 [ 1 1 1 1
DFHWDW H
3HQW\O DFHWDWH| 1° 1" | 17 1 1
3KHQ\O DFHWpPpWH 1 1 1 1" | 1
(WK\O FDSU\ODWH| 1° 1" | 17 1 1 1
+H[\O DFHWIDWHL' 1| 1 [ 17 1 1 1
"LPHWK\O| 1" | 1° 1 1| 1 [ 1 1 1 | 1
VXFFELQDWH
(WK\O EXW\W DWH 1 1 1 1 1
(WK\O GHFOQRDIWH 1° 1" | 17 1 1" | 1 1

7TRWDO FRQWHQW
RI HVWHUV

/ILQDORRO R[LGH 1’ 1’ 1' 1' 1' 1'
/ILQDORRO 1 1’ 1' 1' 1' 1' 1' 1' 1
. WHUSLQHRO | 1 1’ 1' 1' 1' 1' 1'
1HURO 1’ 1’ 1' 1' 1' 1'
*tFLWURQHOQRDO 1’ 1’ 1' 1' 1' 1'
*HUDQLROQ 1’ 1' 1' 1' 1'

7TRWDO FRQWHQW
RI WHUSHQHV

7TRWDO FROWHQW

1'+1RW GHWHFWHG
7TRWDO YRODWLOH FRPSRXQGY LGHQWLILHG DOGHK\GH

W ZDV IRXQG WKDW WKH KLIKHVW WRWBEOXPRQD/NQ®W L
WKH ZLQHV RI WKH ODVW KDUYHVW 7TKH TXDQWLWDW
WKH ZLQHV RI HDFK LQGLYLGXDO YDULHW\ EHWZ&8HQ KDU

PD 'URXMED & PJ PDDR7DP\DQND & PJ
PJO $FFRUGLQJ WR -DFNVRQ WKH DURPDWLF PDWUL
LGHQWLILHG YRODWLOH FRPSRXQGV ZKLFK RFFXS\ DYHUI
PJO

7KH DOGHK\GH IUDFWERQ FADNDWHHKHEHQ WKHG/ FRP SR XC
RI DOO IDWW\ DOGHK\GHV LQ ZLQHV E\ FRQFHQWUDWLRQ
RI WKH 60DYD YDULHW\ OPQUMBVIW RP WARR D U Y HAVIW
IROORZHG E\ WRRMHDR ¥ WKIHRWKDUYHVW WCRK D U Y HR/ AW

DQG 7DP\DQND VKRZHG D YDULDWLRXRUWKWNDO G HWK

PDKDUYHVW ,Q GU\ ZKLWH ZLQHV DOGHK\GH F
PJO EXWOFR DOVR UHDBKRRHW]IHH DQG GX 7RLW /IDF
6RKQXLYV WV IRUPDWLRQ LV UHODWHG WR WKH
PHWDEROLFDOO\ EXW DOVR WR LWV FKHPLFDO IRUPDWL
I\NDQHQ :KHQ WKH PXVW LV SUHVXOSKDWHG EHIRUH IH
LW LQ VLIQLILFDQW TXDQWLWLHYVY ZKLFK LQFUHDVHV LV
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FRQFHQWUDWLRQV ZLWKLQ WKH QRUP LW JLRHWVDESOHD
OHYHOV LW IRUPV D VKDUS LUULWDWLQJ DQG R[LGL]JHG C

,Q WKH SUHVHQW VWXG\ KLJK OHYHOV RI WKLV DOGH
ZLQHV Rl WKH 'URDWMEBH WBULHW DQ®KDUYHVW PD
DQG 7DP\BQNBHVW O ZKRAWH WKH DPRXQW RI WKH D
KLJK LQGLFDWLQJ D VWURQJ R[LGDWLYH SURFHVV RU ¢
SURFHVVLQJ EHIRUH IHUPHQWDWLRQ

7KH WRWDO FRQWHQW (RIWKIH KHIUD O\ KRIOQHV GLG
GLVWLQJXLVKDEOH GLVSURSRUWLRQV 7KHLU FRRIIWHQW .
KDUYHVW PDKDUYHVW IROORZHG E\ '"URXMED ZK

PD W R OPJ DQG IRU WKLV YDULHW\ LW ZDV VW

KDUYHVWV VKRZHG DQ DOPRVW VLPLODU WRWDO DPR.
RI WKLV IUDFWLRQ ZHUH IRXQG LQ WKH ZLQHV RI WKH 7D|
DOFRKROWQEHWMNZ KDUYHVWYV ZHUH H[WUHPHO\ VLPLODU D
ZHUH DOPRVW LGHQWLFDO 7KH YDULDWQRQ LWRWKLV YDL
PJO

$FFRUGLQJ WR &KREDQRYD WKH FRQWHQW RU LKLG
LQ WKH UDQ3H RI PD 7KH GDWD LQ WKH SUHVHQW VWXG\
WKHVH OHYHOV ZLWK RQO\ H[FHSWLRQ Rl WKH 60DYD Z
DFFXPXODWHG D VOLJKWO\ ®&LJKHU DPRXQW PJ

7KH PDGEQWLILHG KLJKHWHW®ERWR@RIGHKENWDQRO DQC
EXWDQRO ZLWK WKH ILUD ®WOWZ ZLEMHH\WQ VYW REDMAILHG LQ

7KH KLJKHVW FROYWEOOMWDRRO ZDV IRXQG LQ 60DYD ZLQ!

EHWZHHQ KDUYHFWV |URMR OPJ ,Q '"URXMED ZLQH WK
DOFRKRO YDULH® IURPVR PO PJ DQG LQ 7DP\DQND DY
IURP oPJ WR OPJ ZDV IRXQG 7KH GDWD FRUUHC

VWX DWW IWXQG LW DV D PDMRU FRPSRQHQW LQ YDULRXV
SHSXEOLF %UD]JLO 6RXWK $IULFD DQG 3RUWXJIMR ZLWK
“ POOLNXOLNRYD HW DO .DOEDFK HW DO
3LUDV HW DO &KDUDFWHULVWLF DURPDV WKDW WKL
ZHUH JUHHQ JUDVV\ DOFRKROLF FKHHV\ &RVWHOOR HW

HW DO

7KH QH[W PDMRU KLJKMHHUWRBFWRBR®OZDW ZDV IRXQG
FRQFHQWUDWLRQV ,W ZDV LGHQWLILHG LQ WKH KLJKHV
EHWZHHQ KDUYHVOWV | U\RRP ®PRJ ,WV YDULDWLRQ LQ 'UF
UDQJHG IURP RVIR OPJ DQGDPQDQNDUDQJHG IURP
PJO W R OPJ 7KLV FRPSRXQG LV D PDMRU SDUW RI \
DQG SUHVHQW LQ ZLQHV LQ FRERHQW WBWHR®Y IURP 2XU
GDWD FRUUHODWH G, VZ LZDK/ WRKIQ\BKBEXWWQRO FRXOG LPSD
JUHHQ DQG PDOW\ DURPDV .DUDEDJLDV HW DO 1LVYV

7KH WKLUG PDLQ KL JEHVUDD®RIORKROZDYVLGHQWLILHG LG
WKH 60DYB KDUYHWEDQG O PQ WKUHH RI WKH "URXN

WR ZKHUH LW UD @NHRG IURFDQG LRU WZR RI WKH 7L
KDUYHVWV PO DQG O PW ZDV FKDUDFWHUL]JHG E\ D
LQIOXBQEWHY HW DO

7KH UHPDLQLQJ KLJKHU DOFRKROV ZHUH QRW SUHVHC
LGHQWLILHG LQ LQGLYLGXDO KDUYHVWV ZKLFK SURYHG V
LQ WKH IRUPDWLRQ RI WKH ZLQKHBWRY®MALH ¥ RPISYOH] V 17\
DOFRKROV ZDV UHFRUGHG LQ YHU\ KPRAWW KOBQHR \&D Q R'®I JHN
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LGHQWLILHG LQ 60DYD V ZLQH LQ VOKHQ 'URRBMEHBWW YZDWL
LQ WKH KDUYMDWG PBD DQG LQ 7DP\DQND V ZLQH\
LGHQWISILRSDQRO ZDV LGHQWLILHG LQ 60DYD V ZLQHV RC
DQG LQ 'URXMED LW ZDV SUHVHQW ®R @&\L D® W®& H D P\ KQNLY |
QRW GHWHRBBORAGHQWLILHG LQ W#ZR KDUYHOWWQ BRI 60I
PO LQ WZR KDUYHVWYV RI 'RIRXQIE D O PQG LQ
RQH KDUYHVW=#RI 7DP\DRGNBHQWDQRO ZDV IRXQG RQO\ LQ
EXW HQZMQHY RI WKH DOO WKUHH YDULHWLHV LQOFRQFHQ
'URXMED OD@G 7DP\DQND EXWHDIQRO ZDV LGHQWLILHG L
KDUYHVWV ZKHUH LWOYDUMHG IURPJ LRJ'URWMBLN IRXQG
RQO\ LQ RQH KDUYHYP®& DQG LQ 7DP\DQND LW ZDV+SUHVHC
PO DQG O FKH[DQRO ZDV LGHQWLILHG LQ W
KDUYHVWV PO DQG O RO WZRURIXWEBTVKDUYHVWV
PODQG OMPQG LQ RQH RI WKH ZDP\DQNDPV KDUY}
SKHQ\OHWE&BQWQILHG RQO\ LQ WKH K@ D QBVMD RID'QRBX
PO

7TRWDO HVWHU FRQGVHQ®L Y DGXD®HOQMIUHNWHQWDWLYHV

7KH KLJKHVW WRWDO HVWHU OHYHOV ZHUH IRXQG LQ V
,Q 60DYD HVWHUV YDULHG EHWZHH®@ WKHMWRKUHHOKRDU Y H
7KH YDULDWLRQ LQ 'URXMED UBNRIHG OUPFRP DQ@J
LQ 7DP\DQND WKH WRWDO HVWHUOFRQWHRQW WDRJIJHG IURF
$FFRUGLQJ WR &KREDQRYD WKH WRWDOURFWHU FRQ
W R P WKH SUHVHQW VWXG\ WKH PDMRULW\ RI WKF
UDQJH ZLWK WKH H[FHSWLRQV RI 60DYD YDO L'DZVKE DURP
YDULDQW IURP WKH R DOUQYG VAR P \DWQINIBW [URP KDL
PO 7KH GLVSURSRUWLRQ LQ WKH ILUVW WZR YDULDGQ
DFHWDWH IRXQG ZKLOH LQ WKH WKLUG YDULDQW WKH L
OHYHOV RI KH[\O DFHWDWH IRXQG
7KH PDHQ MAKDW ZDV LGHQWLILHG LQ DOO WKH VWXGLH
RI WKLV HVWHU ZHUH IRXQG LQ WAR IRKIWKHHNFBHULPHQW

PJO DQG '"URKMEDHVW O ,QRANKH UHPDLQLQJ ZRQHV L
QRUPDO FRQFHQWUDWLRQV ,Q WKH RWKHU WZR KDUYHV
PD DQG O PJ LQ 'URXMED LW YDULHG EHWZHH
IURP oPJ WR OPJ DQG LQ 7DP\DQRVYD LW ®DULHG
WR OPJ $FFRUGLQJ WR &KREDQRYD LWV FR
WR OFKH PDLQ FKDUDFWHULVWLF RI WKH HWK\O DF

LQIOXHQFH $W FRQFHQWOOWKIR@FHXYSWWR IUXLWY QXDQFF
DURPD ZKLOH DERYH WKHVH YDOXHV LW FDQ ILRUB\DURPD
HW DO WV SUHVHQFH LQ KLJK FRQFHQWUDWLRQV L
LQ WKH WKUHH HSMHW LAPIHQWHEZO DYEIRWYHED ZDV DERYH WKH S
FUHDWHG WKH SRVVLELOLW\ RI JHQHUDWLQJ XQSOHDVDQ'
VWXGLHG YDULDQWY LWV FRQFHQWUDWWRQW RV 0 RUBRIUGU

DO ZKR IRXQG D YDULDWLRQ RI HWIOMRDFHWDW®JURP
LQ \RXQJ ODGHLUD ZLQHV WKH GDWD ZHUH DRQVEB\L@WJIU!
DO ZKR IRXQG HWK\O DFHWDWH LQ \RXQJ &KDUGR

) POWR “ OPW ZDV IRXQG DV WKH PDLQ HVWHU
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6RXWK $IULFD LQ ZKLFK LW YDDWRHG IURP OPHOGHJIRJIULV
HW DO

7KH UHPDLQLQJ HVWHUV ZHUH IRXQW\ Q, WRHEXDW \EDWIHF ¥ A
LGHQWLILHG RQO\ LQ RQH KDUYHVYW WZR Rl MKIHYW RXMEBD

* PO DQG OPQG LQ WZR RI WKH #“DP\DQNDTYV
PO DQG O PAXW\AH DBPWWBWQG LQ RQH RI WKH 6¢
* PODQG LQ RQH RI WKH 7HDP\DQND PO KDURHOW YV

DFHWDWH ZDV GHWHFWHG 4Q RQH RPONK®@® RQB YRDIW KKHD UUYRA
KDUYHVWYV PODQ® RQH RI WKH 7DPYWQNDYV RDUYHVW
,VRSURS\O DFHWDWH ZDV GHWHFWHG RQGODIDNVNKIK) WKK
KDUYHVW O DQBJ O RW'URXMED DQG DOVR LQ WKH
PJO RI 7DP\DWVORNITHQW\O DFHWDWH ZDV GHWHFWHG RIQO\ LQ
7TDP\DQND 3HQW\O DFHWDWH ZDV GHWBOMFRNHGRXMBX B QG
WKH O PQG ORPIJ7DP\DQND 3KHQ\O DFHWDWH
WKH KDUYHVW ORI @@DYD WKH KDIRYHYRXMED PRG

KDUYHVW O RI POP\DQND (WK\O FDSU\ODWH ZDV LGHC
KDUYHVWM RI 60DYODQG LQ WKH KDUYHVWWRILQX]KE
FROQOFHQWUDWL RQQGRI OFUMHV SHFWLYHO\ +H[\O DFHWDWH
LQ WKH KDUYHOWI 60DYN DQG LQ WKH OKDUYHVYV
7TDP\DQND 'LHWK\O VXFFLQDWH ZDV LGHQWLPRPUBI RIRQO\
7TDP\DQND (WK\O EXW\UDWH ZDV LGHQWRILGHODVYQ WKHWKH
KDUYHVWYV RI '"URGMRED 7DP\POND (WKW GHFDQRDWH ZD\
RQO\ LQ WKH KDORHVWRXMELDPJ

TRWDOOQWHAWRSHWHQW LQGLYLGXDO UHSUHVHQWDWLYHV

7HUSHQHV ZHUH QRW LGHQWLILHG LQ DOO WKH ZLQHYV
ZDV IRXQG LQ 60DYDYV ZLQHV DV LQ WKH KDUYHVW W
WKH\ ZHU HQS® \DHP@RW QWORI QG LR WKH ODVW KDUYHVW
ZDV ®IURXMEDYTV ZLQHV UDQN VHFRQG LQ WHUPV RI F
ZHUH QRW GHWHFWHG LQ WKHP RQO\ LQ WKH KDUYHV
FRQWHQW YDULH®B IURWRR @©®PJ 7DP\DQND VKRZHG WKF
OHYHOV Rl WHUSHQHV DV LQ WKH KDUYHVW WKH\ ZHL
WKH\ RFFXSLHG DQ DPRAOW RWKHPJI KIJYHVW
7HUSHQHV DUH D PDMRU IDFWRU LQ WKH DURPD IRUP
RFFXS\ FRQFHQWUDWLRIRY PRIYKSDWR &KRPEDQRYD o
WHUSHQH FRQWHQW YDULHWLBVWADOQ BHR WO DVWHIRILS ISQ DIV
WKDQ O PURPDWKXWNRDRM ZKLFK FRQWDLQV WHUSHQHV LQ
PJIDQG QHXWUDO LQ ZKLFK WHUSHQHV DU GSDWMWMR@OQ GQ
-LPpQH] %DVHG RQ WKLV ZLQHV RIRWK]JHH & 0DV D UYFORE
QROXVFDW DQG WKRVH RI '"URXMED DQG 7DP\DQND DV QH»X
SURGXFW EXW SDVV IURP WKH JUDSHV WR WKH ZLQH DIW
LQYHVWLIDWHG WKH WRKALDVH WH RS BQH F R Q WIHOW R X
IURP WKUHH GLIHHHRQ®LWHUDRLWLEW\OL DQG OBQIGHUHYV
SURYLQFH 7XUNH\ IRU WZR KDUYHVWYV DQG DQC
FRQWHQW EHWZHHQ W KIHUWWUKDHU Y H VO\RKP/R BRLU HWPRAER PJ
OHQGHUHV DQG IRU WHRPV H FOR@® IKEDH) O H VOWHRP D O P UH
7KH GDWD IRU 60DYD LQ RXU VWXG\ FRUUHODWHG ZLWK V
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ILQDORRO R[LGH ZDV LGHQWLHKDUYRBVWZR RO BQ®YDYV
KDUYHVW ODQ®1LQ RQH RI 7TDR\DQND VX DUYBIORRO ZD)\
LGHQWLILHG LQ RQO\ ROH RI 6O0RY DWMUKILDHHRWONXDV LGHC
60DYDTV KDUYHDWG \DIDM D TV KDUYBVWHURO PZDV
LGHQWLILHG LQ 60DYDTYW 'UXXREDHWW ODR®J
PJODQG 7DP\DQNDYV IOD FYMNUWMRQHO®RO ZDV GHWHFWH
PJO DQG O POKHVWYV RI 60DYD DQG LQ WKH |
*HUDQLRO ZDV GHWHFWHGDRG WKH O KDUYPI YWYV RI '"URXM
LQ WKH O KDROYHVW RI 7DP\DQND 7KH ZLQH RI WKH 6C
KDUYHVW ZOHWWKIHQ UIQGLYLGXDO WHUSHQHV

$FFRUGLQJ WR 5HVROXWLRQ 2(12 RI WKH 2,9 ,QwW
DQG :LQH WKH PD[LPXP SHUPLVVLEOH OHYHOV RI PHWKD
PJO,Q SUDFWLFH WKH IRUPWRDLAR Q URR FHHAW KLDQQ W& H. \b DRGK |
EHYHUDJHV ZKLFK LV GXH WR WKH EUHDNGRZQ RI I[UXLW
DOVR SUHVHQW LQ WKH IUXLW +DQ DQG 'X $00 HVW
ZKLWH ZLOHVYOIUW KW WHWUHHUH ZHOO EHORZ WKH OLPLW F
LQ WKH WKUHH KDUYHVWY RI 60DYD WKHODPRXQRVV RI PH'
PJO ,Q WKH IRXU KDUYHVWYV RI '"URXMED WKH PHWKDC
IURP OoPJ WR OPJ DQG LQ WKH WKUHH KDUYHVWYV R
UDQJHG IURB VIR OPJ 2XU GDWD FRUUHODWHG ZLV
PHWKDQRO OHYHOV LQ $XVWUDOLDQ ZKLWHPZR-QR/N REHUF
HW DO LQ 7XUNLVK ZKLWH+ZLQHYV IURB &M EIBIWRIIOAX U

LQ *HRUJLDQ ZLQHV ZKHUKARY YDURHK&KERODRRULG]RJIH
DO

$YHUDJH YDOXH DQG QWRWWKWLFDDQYDPRQDWLRH FRP
DQDO\]HG ZLQHYV

7TKH GDWD IRU WKH BENMDKU KB AOOOU YHSIRXD 'KBRY MEDW V
7TDP\DGWMXUHH KDUYHVWYVY DQG VWDQGDUG GHYLDWLRQ F
PHWKEXW D QRFOW KEX®/®O HWK\O DFHWDWH DFHWDOGHK\
SUHVHQWHG LQ 7DEOH

7TDEOH
&ROQOWHQW RI PDLQ LGHQWLILHG YROBWDOH FRPSRXQGV

L GHQWLILHG KLWHQHYRP
FRPSRXBIDV 60DYD 'URXMED 7DP\DQNDLO

PHWKEXWDQRO ! !

PHWKEXWDQRO ! ! !

(WK\O DFHWDWH “ “ “

$FHWDOGHK\GH ! ! !

OHWKDQRO ! ! !

'DWRU WKUHH KDUBHVWYV $YHUDJH

'DWD IRU IRXU KDBYHVWYV $YHUDJH

6WXGHOQW W WDV XVHG WR FRPSDUH WKH YDOXHVY EHWZHHQ JU
1R VWDWLVWBEGDWO®LNIMVMURRIFHY ZHUH IRXQG S!
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PHWKEXWIZQROSUHVHQW DV DQ DYHUDJH DPRXQW RI
KLJKHVW FRQFHQWUDWLRQ Q Q7B DRWK H U +WIZRX BPEQHN Q G
7DP\DQND VKRZHG YHU\ FORVH DYHUDJH FRQWHQW RI

“ PODQG “  OPJ

PHWKEXWDQRO ZKLFK ZDV WKH KLJKHU DOFRKRO Z
VKRZHG DQ DYHUDJH YDOXH RI DOO VWXGLHG KDOYHVWYV
DJDLQ LQ 60DYD ,Q VHFRQG SODFH VE\IRXYHW DLIH 'DRK¥

“ PO DQG LWV DYHUDJH OHYHOV ZHUH WKHOORZHVYV

7KH KLJKHVW DYHUDJH OHYHOV RI HWK\O DFHWDWH ZH
YDULHW\ “O IRPDRZHG E\ 60DYDPD DQG LQ 7DP\DQN
LWV OHYHOV ZHUH WKH @RZKMWDUJH“UDQFPHV RI VWDQGD
FRPSRXQG LQ 60DYD DQG 'URXMED ZHUH GXH WR LWV YH
KDUY¥HVW

7KH KLJKHVW D Y HUMHWDOHYHKAGHRZHUH IRXQG LQ WKH
YDULHW\ “O IRPDRZHG E\ 'URXMEDO DQG WKHPIRZH
EXW RSWLPDO OHYHOV ZHUH IRXQEHIUM 6/R/ DD YHUY KLJR
YDULDWLRQ ZRVWKHISRIUWHBI WKH 7DP\DQND YDULHW\ ZK
KLJK DFFXPXODWHG DPRXQW RI DFHWDOG®K\GH LQ WKH

,Q WKH FDVH Rl PHWKDQRO WKH DYHUDJH OHYHOV IRU
FORVH 7KH UDJKHIYRRR@W ZDV LGHQWLILHG 10Q QB \W®&ND
RWKHU WZR ZLQHV VKRZHG DOPRVW VLPLODU DYHUDJH Pl

“ PODQG 'URXMED O * PJ

7KH DYHUDJH YDOXHV RI YROMDWEEHHBRRSRXQGHV WDH
LQGLYLGXDO LQIOXHQFH RI PDQ\ IDFWRUV VRLO FOLPI
WHFKQRORJ\ YLQLILPDDQWLIRQN WAKRKQROHRI\XVHG  ZKLFK |
KHWHURJHQHRXV HIIHFWV RYQRW B MW DG H XFFRESIRW QREQL R W B

&RQFOXVLRQV

7KH VWXG\ GHPRQVWUDWHG FOHDU HYLGHQFH RI WKH
DURPDWLF FRPSRVLWLRQ RI ZKLWH ZKG®HV | KRP YHVHV . KR
WKH KLIKHVW WRW DRPBSRXW B Y WFRIQYROMMPUOMKDW KRW W H
WKH TXDQWLWDWLYH DQG TXDOLWDWLYH HQULFKPHQW RI
FOLPDWH FKDQJHV PDUNHG E\ IUHTXHQW $RHRXD QW M K D®H
OHYHOV ZHOAHZ UW®MQDICFFHSWDEOH OLPLWV FRQWULEXWL
LOURXMED DQG 7TDR\GQND ZLQHV ZKHUH KLJKHU FRQFH
FDXVHG VOLJKW RqHGIUMIGRP QERIVHW K L PKHAK BB WRIQRMV Z H
PMWK\EXWDQREXWQGRO ZKLOH HWK\O DFHWDWH ZDV WK
DFHWDW H OBIWBI OB UK]KED PD\ KDYH SURGXFHG DFHWLF
QRUPDO OHYHOV LQ RWKHU ZK RGINEBDHK D Q F HIBY KILGE WK H QPRRV
GLYHUVH WHUSHQH SURILOH ZLWK ILYH LGHQWHIU S HGHRROP
FLWURQHOORO DQG JHUDQLRO LQGLFDWLQJ WKDW GU
LQ JUDSGEWD@HWWLFDO D QD O PHW KHEX WHD\(PHRIYD OB MDIHYR O
HWK\O DFHWDW B QDG FPMVDKEEHKDGHG FRQVLGHUDEOH YDUL
FRPSOH[ LQWHUDFWLRQ RI VRLO FOLPDWH YLWLFXOWXU
2YHUDOO WKIHUBHVKDW WRRQAXVWHQGLO WHUURLU SUR
WKH VWXGLHG YDULHWLHV VXSSRUWLQJ WKH SURGXFWL|
DURPDWLF SURILOHV 7KH ILQGLQJV H@SHFKI LK WU IHHFW W\
KLIKOKHKMWRZLQJ LPSDFW RI FOLPDWH FKDQJH RQ JUDSHY
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5HIHUHQFHYV

$OLVHV 0 2 3®QRRR]( *RXDVHQ $ L, QIOXHQFH RI
DOFRKRO UHGXFWLRQ WHFKQRORJLHV RQ WKH YRODW
URVp ZHEMMUDJIHYV KWWSV GRL RUJ EHYHUDJH
%D UADLARIT) 9DOKHUUHUR ++H®WNMHQR 0 /ySH] GH OD &XHV
ODJDULXR 6 9 R OYDR/DLIDOML OB GFKORID FWHUL]DW LR
ZLQHV IURP GLIIHUHQW 6SDQLVK S®%HRIWHBWHGY GHVLJC
KWWSV GRL RUJ EHYHUDJHV
%D\UDP 0 .D\DODU 0 ‘"KLWH ZLQHV IURP 1DULQFH .
JUDSH SURYHQDQFHYV RQ SKHQRX(LE PQKE YRGBWLOH F
KWWSV GRL RURQH RHQR
&DEDURJOX 7 OHWKDQRO FRQWHQW RI 7XUNLVK YD
JRRG &RQWUR®S KWWSV GRL RUJ M IRRGFRQ\
&HOLN = '+OMD@DR< 'DULFL 0 .HOHEHN + ,4oL % .D
&DEDUR+OX 7 (IIHFWV Rl WHUURLU RQ WKH W
%RUQRYD QDWLYH ZKLWH JWNDHMA 2Y HEL RW & R Q RZQH QE F
KWWSV GRL RUJ ELRFRQI
&KREDQRYD [QRORJ\ 3DUW , &RPSRUGWPRE RUHVQRI 8Q
Rl )RRG 7THFKQRORJLHV 30RYGLY %XOJDULD

&OLQJHOHIIHU 3 DHVULLRRYL R | TKH FOGBG FIRR FHSW LQ F
(QF\FORSHGLD Rl $JULFXOWXUH DQ®S }RRG 6\VV
KWWSV GRL RUJ E

&RHW]HH & GX 7RLW : - 6DXYLJQRQ EODQF ZLQH
RQ DURPDWDE PRIBNQRFRPSRXQGV D@6 VHRARUNKRPS
$IULFDQ -RXUQDO Rl (QRORJ\ DQGSSILWLFXOWX
KWWSV GRL RUJ

&RVWHOOR 3 - )JUDQFLV ,/ %DUWRZVN\ ( - 9DUL

IHUPHQWDWLRQ RQ WKH FKHPLFDO DQG VHQVRU\ SU|
,QWHUDFWLYH LQIOXHQFHYVY RI RHQRFRFFXMRMQL VW
$XVWUDOLDQ -RXUQDO RI *UDSH DQSsS :LQH 5HVI

KWWSV GRL RUJ M

*HQRYHVH $ *DPEXWL $ 3LRPELQR 3 ORLR / 6 H
FRPSRXQGV Rl VZHHWRRBIGD @K HPLYM WBS
KWWSV GRL RUJ M IRRGFKHP

*yPHDPLJXB] - &DFKR - ) )HUUHLUD 9 9LFDULR , 0 +H
FRPSRQHQWYV RI =DOHRBRRGKKBWKHPZV@HYV
KWWSV GRL RUJ M MIRRGHQJ

*XLWWLQ & ODFQD ) 3HUH] O %DUUHDX $ SRLWRX ;
(YROXWLRQ RI DFHWDOGHK\GH FRQFHQWUDWLRQ GXU
PRQLWRULQJ IRU SURGURYLREWRMODQRH W DOXRAQ H

%RRN RI DEYWKWDFSW GRL RUJ ERDFURZLQH
+DQ 6 <DQJ - &KRL . .LP - $GKLNDUL . /HH -
FRPPHUFLDO ZKLWH ZLQHV DQG LWV UHODRRER®RQVKLS
KWWSV GRL RUJ IRRGV
+DQ < 'X - 5HODWLRQVKLS Rl WKH PHWKDQRO SUR
GXULQJ DSSOH ZLQH |IHYUPR® WHDWHIRWFRQGWHUQDWLRQ
KWWSV GRL RUJ M IRRGUHV
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+RGVRQ * $]HYHGR 6 %DWWDJOHGQ4H Z:HE RI &RWY KDURD
KWWSV GRL RUJ ELRFRQI

+DHQHO + ,$5& ORQRJUDSKV RQ WKH HYDOXDWLRQ RI FD

,QWHUQDWQRWQDI®RU $J3HVHDUFK RQ &DQFHU /
KWWSV GRL RUJ IRRG

,)YDQRY 0 =1DNRIYHY $ GBDFHRQYRY ,/RZ ZLQWHU WHPSHUI

UHVLVWDQFH XQGHU ILHOG FRQGLWLRQV RI ZLQH JL

% XODPRXUQDO RI ORXQWDLQ $JULFXOWXUH RQ WKH %]

-DFNVRQ 5 &KHPLFDO FRQVWLWXGEEWNQRHERQGSH V

HGLWIRIQFLSOHYV DQGS$SSOLKIMWMWRQV GRL RUJ E

.DOEDFK 6 /HPRV 3 &RVWD 9 +HUWHU ) WUXQQHWW|
9RODWLOH DQG SKHQROLF FRPSRXQ@ONSID® KB LW H FXLX

%UD]ArQFLD 5XUDO H KWWSV GRL RUJ
FU
.D]JLPRYD |, 2PDURYD ( 1DEL\HY $ *DVLPRYD $ &

FRPSRVLWLRQ RI %D\DQ 6KLUH\ 5NDWVLWHOL DQG &I
SURGXFWLRQ RI EUDQENUDL@H DRDWRRIGA D RXUQDO
KWWSV GRL RUJ |

.DUDEDJLDYV , . .DUDEDJLDV 9 .9RDDBHRNBRPPHIRI ZKLWH :
LQGLFDWRU RI DXWKHQWLFLW\ DQG DG XS WWHW DA REDQ
-RXUQDO R *UDSH DQG 'LQH SHVHDUFK
KWWSV GRL RUJ DMJZ

.KRPDVXULG]H O .LODG]H 0 7DWXODVKYLOL 6 4 X

DJLQJ HIIHFWV RQ PHWKDQRO FRQWH®WYBQ G LY KRRDHN
ZLQHRUOG -RXUQDO RI (QJLQHHULQJ 5HVIBBUFK DQG 7

IDFKHQPHLHU ' : BRKQLXV ( 0 7KH UROH RI DF
PHWDEROLVP LQ WKH FDUFLQRJHQFLW\ RI DOFRKROL
FKHPLFDO MRRIYHDQG &KHPLFDO 7R[LFKRORJ\
KWWSV GRL RRAW M

/IDVLXUG\ 0 ODMFKHU O 1RZDN - (IIHFWV Rl G
PDORODFWLF IHUPHQWDWLRQ LQGXFWLRQ RQ GLDFHW
DURPDWLF HVWHAONPDM)H FRRIOSHROHEREMV
KWWGGRL RUJ PROHFXOHYV

ODWHR - - -LPpQH] O ORQRWHUSHQHR/XWUQDIURSH
&KURPDWRJUDSXS $ KWWSV GRL RUJ v

OLNXOLNRYD 5 *ROLDV - OUDiR¥H EQO\VLV BBOYROD)
FRPSRXQGV LQ &]JHFK ZKLWH ZLQHV OUWWHILY®GIXQUI
.ORVWHUQHXEXUJ

OLUDQGD $ S3HUHLUD 9 3RQWHV 0 $OEXTXHUTXH ) OC
HWK\O DFHWDWH LQ 0DGHDUB LA BQ G HD\ROHMWWY PRI \E L |
UHMHFWLR@EWRBHDKROBAVQLFD 9LVBSYLQtFROD

1ILVWRU $ 0 1LFXODXD 0 /XFKLDQ & ( &RWDQ 6 2
1HIJDWLYH LQIOXHQFH RI WHPSHUD WX H YR\WHAUD | OCFYR U
GWLLQB6HUEB +RUWLFXGW XU

I1\NDQHQ / YRUPDWLRQ DQG RFFXUUHQFH RI IODYR
DOFRKROLF $PHNHEDIHVYRXUQDO RI 2HQRORB DQG 9LW
KWWSVJ GRL FOMHY
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2VWDSHQNR 9 $QDO\WLY RQ DSSOLFDWLRQ RI GLIIK
RI LFHZLQH $ 8MMDL®IDQ )RRG -RXUQDO
KWWSV GRL RUJ |

3LUDV 6 %UD]mR - G5LFDUGR GD 6LOYD - $QMRV 2 &C
FKDUDFWHUL]DWLRQ RI ZKLWH ZLQHV IURP WKUHH PL
&LrQFLD H 7pFQLFD 9LWLYLQtEBOD
KWWSV GRL RUJ FWY

5HVROXWLRQ 2(12 OD[LPXP FRQWHQW OLPLWV RI P
2UJDQL]DWLRQ RI 9LQH DQG :LQH

S5R\FKHY 9 $PSHORJWIF®IGHPLF 3XEOLVKEQRBYVRIXWH RI $8

6LPHRQRY , ,YDQRY 0 1DNRY = ,OLHY $ VSHFLI3W\DDG
LQWHUVSHFLILF K\EWIOGLY B @ L RRYHXNLEAFORX QWDLQ
$JULFXRPWXBMONDQV SS

BWDQGDUG $QFRWRERBIULKWY 6HFRQG 5HYLVLRQ

BWRHY . =RQLQJ RI YLWEENQWKWH LRU X ORID WIKDH
9LWLFXOWXUHIDHY HQRRORD\ =HPL]GDW SS

7RUUHXV $XPBWHOO 0 9LFKRPPPHMSH] %X[DGHUDV 6
$VVHVVPHQW RI YRODWLOH DQG VHQVRU\ SURILOHV
-RXUQDO RI $JULFXOWXUDO DQG 98RG &KHPLVYV

KWWSV GRL RUJ MI
9LODQRYD 0 (VFXGHUR $ &DFKR - 9 ROTHNWVOLHH ¥ R
RI IRUWK :HVW 6SD)RRBKEMWHHRUGEKY, QWISSQDWLRQDO
KWWSV GRL RUJ M IRRGUHV
"HOGHJHUJLV % 9LOOLHUV $ &URXFK $ &KHPRPH
FROQWHQW RI \RXQJ QRYWRGSKBKHFPI/\ESS
KWWSV GRL RUJ M IRRGFKHP
<DQNRY :LQHPDNLQJ 7THEFHPRGRW 3-REWIHV KoLRJ 1 D
&LWH
8)- 6W\OH
'LPLWURYBYLPHRQRUXPRY 9RODWLOH ZXXURVHOHL @HV

SURGXFHG IURP JUDSH YDULHW IEHD\. PADYOWWL FRWE GWX @
AXVWHQGLO 6RXWKZMYMHU® @ XPR B U-EDSUH D O
KWWSV GRL RUJ ;

$3% 6 W\OH

'LPLWURWLPHRQRXP R8Y 9RODWLOH SURILOH RI ZK
SURGXFHG IURP JUDSH YDULHW EH\. PRDYOIVWL FRWE GWX @
AXVWHQGLO 6RXWKBMWWHQ QD @ X)®RRA R X4 QDO
KWWSV GRL RUJ
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7TKHUPDO VWDELOLW\ DQG WHFKQRORJLFDO SHUII
IRUWLILHG $SDWWHPX®VLRQV IRU PHDW DQG ILVK S
O\NROD 9RURQWVRY 2 2NVDQD 7|

IDWLRQDO 8QLYHUVLWI RI )RRG 7

$EVWI
.H\ZRUGYV JQWURC 7KH DLP RI WKLV VWXG\ ZDV WR DVVH\
HITHFWV Rl KHDW WUHDWPHQW RQ WKH IXQFWLRQ
(PXOVLRQ ZHOO DV WKH VWHOEWOKWXO R L @R \WERR DRDWQ R U

YLV K ZKHDW ILEHU IRU PHDW DQG ILVK SURGXFWV
OHDW ODWHULDOV D Q)& EFHIWKRRGWY DQG EDPERR ILEH!
JLEHU WKH VWXG\ ORGHO HPXOVLRQV ZHUH SUHSDUHG [
%DPERR SURWHLQV VXQIORZHU RLO FDUER$®BWWKLSLRHO C
0 ZDWHU KROGLQJ FDSDFLW\ :+& DQG VWDELOLW
2DW HYDOXDWHG EHIRUH DQG DIW MK IKH FW GAHWVH X WIPQH
:KHDW SUHVVLQJ DQG FHQWULIXJDWLRQ PHWKRGYV

5HVXOWV DQG6GIPEKMOQRWY GLIIHUHQFHV ZHUH
HITHFWV RI KHDW W WD PRI@ W PDXQW )REM]BELWK GL
W\SHDPSOHV FRQWDLQLQJ EDPERR ILEHU H[KLEL
SUWLFOH KLWROWBLQJ FDSDFLW\ :+& DQG PRBHUDWH S
ZKHDV WKRVH ZLWK RDW ILEHU VKRERG WEKHWK L JK
5HFHLYHG VLJQLILFDQWO\ ORZHU VWDELOLW\ X\X®HU KHD
FRQGLWKHR®LIKHVW LQLWLDO SODVWLFLW\ FF
5HFHLYHG LQVDPSOHV RI HPXOVLRQWZLUWN KHRMVW UEHDW PIH@V 0O
UHYLVHG IRUWKH JUHDWHVW GHFUHDVH LQ HPXOVLRQ VWDELO
WKH LQLWLDO YDOXH 6DPSOHV ZLWK EDPERR IL
$FFHSWHG VPDOOHVW OR¥VHV IDQWHUDEHOMWWUHDWPHQW DQ
IUHHYH DZ FAERHMK LQGLFDWHYV LQFUHDVHG UHVLV
PHFKDQLFDO VWUHVV 6DPSOHV ZLWK ZKHDW ILEH
DOO SDUDPHWHUV 7KH LQFRUSRUDWLRQ RI RDW
&RUUHVSRQGERULQJ KHDWLQJ ZKLGHPRDNVERRDWLIHEG VORZ EX
DXWKRU DFWLYDWLRQ 'XUL®QWXDH $MHDOMHNG VDRSDHY ZLWK E
VKRZHG PLQLPDO LQFUHDVH LQ SODVWLFLW\ ZKLC
20HJ *DOHQNRURQRXQFHG FKDQJHV LQ WKHLU VWUXFWXUH DQ
(PDLO ZLWK D GHFUHDEHQGL PRIFDWBRBEHW\ ORUHRYHU |
JDOHQ#L XD FRQWULEXWHG WR PDLQWDLQLQJ WKH LQWHJULW\
H[FHVVLYH SKDVH VHSDUDWLRQ DQG SUHVHUY
WKURXJKRXW VWRUDJH 7KLRUJWXGXD\OVD FBV [GH
K\GUDWLRQ PHFKDQLVP ZKLFK FRXOG EH EHQHI
VWDELOLW\ ,Q FRQWUDVW RDW ILEHU H[KLELWH
XQGHU VWUHVV ZKLFK PD\ H[SODLQ LWV ZHDNHU
IUHH]L Q JUM[SAWMWDW ILEHU WKRXJK OHVV HIILFLHQ
D EDODQFHG UHVSRQVH SURYLGLQJ PRGHUDWH €
WHVW FRQGLWLRQV

&RQFOXWDRERR ILEHU SURYLGHVY JUDGXDO IXQF
‘2, KLJK VWUXFWXUDOJ UFRRQ\DLL\HVQHF &8 W HHOPXXQMLIQR Q V' W
SURFHVVLQJ DQG VWRUDJH 7KHVH ILQGLQJV KLJ
; QDWXUDO PXOWLIXQFWLRQDO LQJUHGLHQW IRU

1UR]H Q DROH® BIWRG X FW V
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,QWURGXFWLRQ

7KH XVH RI GLHWDU\ ILEHUV DV IXQFWLR®LD DOFRR\E O\QLQY
\HDUV ,Q DGGLWL\RQDEA LW KHGUKHD®DW K EHQRISM]V 6WDEQ.L
GLHWDU\ ILEHUV SOD\ LPSRUWDQW WHFKQRORJLFDO UROFH
UHSODFHPHQW WH[WXWHPXRRAIRQFYWDEQOLRQWLRQ &RQW
LQFUHDVLQJO\ HPSKDVL]HV WK H ODEHDWLQLRTHGLRIQ WRY QKW
QXWULWLRQDO DQG VWUXFWXUDO DGYDQWDJHV /L HW DO

'LHWDU\ ILEHUV DUH JHQHDDRQON\BBIDV VIRIQ X & OH) /@ GWILZP
ILEHUV VXFPKFD®V LQXOLQV JXPV DQG SHFWLQV GLVVRO
GHOD\ JDVWULF HPSW\LQJ DQG SURPRWH VDWLHW\ )URP
YLVFRVLW\ D QAR FRRIEVDWILRQVHUWDELOLW\ E\ UHGXFLQJ GUR
LQFOXGLQJ FHOOXORVH ZKHDW EUDQ DQG EDPERR VKRR
SULPDULO\ DV EXONLQJ DJHQWYV WH[WXUL]HUV DQG VWDE

6ROXE®HUN DUH FRPPRQO\ XVHG LQ EHYHUDJHV VDXFH
PRXWKIHHO ZKHUHDV LQVROXEOH ILEHUV DEDH HGFRWHB&XIM
WR UHWDLQ ZDWHU LPSURYH WH[WXUH D Q@G \D\NW DI}R YDAM DL
HW DO %\ VHOHFWLQJ DSSURSULDWH ILEHU W\SHV F
ERWK QXWULWLRQDO DQG WHFKQRORJLFDO REMHFWLYHYV
IRUPXODWLRQV RI PHDW D @G6LLO/YKDSH\R AXFWYV 1DIJKGL HW L
UHGXFH IDW FRQWHQW RU LPSURYH SURFHVVLQJ WROHUDQ

5HFHQW VWXGLHV KDYH H[SORUHG VWUDWHJILHV WR HC
SURILOH RI PHDW SURGXFWV VXKWROUKGWIID Q@F RU S R UDGEL
ZDV GHPRQVWUDWHG WKDW VXQIORZHU RLO VWUXFWXUHG
SDOP RLO LQ IHUPHQWHG SRXOWU\ VDXVDJHV 'UHKHU HW
WH[WXUH PRFS DUDERWH WR FRQWURO VDPSOHV ZKLOH VL.
SURILOH E\ LQFUHDVLQJ PRQRXQVDWXUDWHG IDWV DQG UH
FRQVXPHU DFFHSWDELOLW\ DQG HPXOVLRQ VWDELOLW)\ G

2\HNH HW DO UHYLERBHGYQBWXUW ORSIOTDWY DQG [
DV SRO\SKHQROV HVVHQWLDO RLOV VSLFH H{WUDEBWV DQ
SURWHLQ R[LGDWLRQ DQG VXSSUHVV VSRQ ODQHQIIES R \FRI
WUHQGV E\ UHGXFLQJ WKH QHHG IRU VIQWKHWLF DGGLWLY
WKHVH ELRDFWLYH FRPSRXQGV FDQ H[HUW EHQHILFLDO HII
LPSURYH SURGXFWRVWDEROLW\ DQG VHQV

(QILQHHULQJ RI GLHWDU\ ILEHUV KDV EHHQ VKRZQ WR
SURGXFWV UHGXFH FRRNLQJ ORVVHV DQG LPSURYH WHIV
DJJORPHUDWLRQ DQG FKHPLFDO PRQLHEHDWLRRP UMLKY G HK
RUDQJH EDPERR FDUURW DQG WLJHU QXW KDYH GHPRQ\
PLFURELDO VWDELOLWDW @G WRNONOILHGLPHORZSURGXFW
%DPERR ILEHU PQ® LSDUMNMFXODWDELOLW\ DQG SWEDWLFLW
WUHDWPHQWYV

30DQW RLOV VXFK DV DUJDQ DQG VWUXFWXUHG VXQIOR
UHSODFHPHQWY IRU DQLPDO IDW LPSURYLQJ SRS IEUSWLRIV
ORX®IDI HW DO (PXOVLRQ VWDELOL]DWLRQ WHFKQRC
DQG SBRWMMFFKDULGH V\WVWHPV SUHYHQW SKDVH VHSI
KRPRJHQHRXV WH[WXUH DQG IDFLRIOLAMOLW HQ $ OMKQM LIORFARIRE
DQWLR[LGDQW SURSHIGWRLHW BOUHGHYV

2YHUDOO WKH FRPELQDWLRQ RI IXQFWLRQDO ILEHUV C
DSSURDFK WR GHYHORSLQJ KHFG W W DHE® HVRIIED K URG G P\
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HQDEOHOFPMOQRUPXODWLRQV LPSURRHL @M WRSSRIURDODL \A
HWHQGLQJ VKHOI OLIH ZK LSWHH IPD UGG D W[ @ X UHRIDWNELHFYD
=KDQJ HW DO

%DVHG RQ WKHVH UHVXOWY WKH QHHG IRU GHYHORSPH
IXQFWSBRRDHKIWL H\D QVEH VWDEOH GXULQJ WK HO8DH WIDXQUE HC
UHDOL]HG YLD WKH XVH RI GLIITHUHQW VRXUFHG RI SODQW

7KH XVH Rl YDULRXV W\SHV RI GLHWDU\ ILEHU LQ PHDW
RU FRPSOHWH BHBWDWFBIP PQWHRULDOV DQG DQLPDO IDW KD
VFLHQWLILF VWXGLHV $PLQ]DUH HW DO ‘X HW DO

7VANKDQRYVND HW DO 7KH DSSOLFDMWIGRQ RV RIDRE
DV DQ DSSURDFK WR LPSURYLQJ WKH IXQFWLRQDO DQG Wt
DV D FRPSRQHQW RI DQ LQWHJUDWHG VWUDWHJI\ IRU GHY
VRGLXP FRQWHQW 3LQWRQ HW DO

(PXOVLRQW@UHVERIGGLQ GDLU\ SURGXFWV VDXFHV EHYH!
DUH SURQH WR GHVWDELOL]DWLRQ SURFHVVHV LQFOXGLQ
JLEHUV LQWHUDFW ZLWK HPXOVLRQV E\ DOWHUVY. QD PWLVNG RV
DV 3LFNHULQJ VWDELOL]HU\ OKEDXE @W HLEHH ¥ WYX FKYR V FRFD
LQVROXEOH ILEHUV OLNH ZKHDW EUDQ RU EDPERR ILEHU D
WKDW EDPERR ILEHU HGKD®REFENOLH®VVSWRIDHMX FOIQN U LFHV
JOXFDQ KDV EHHQ VKRZQ WR LQFUHDVH \LHOG VWUHVV D¢

‘"KHDW ILEHU LV FRPPRQO\ DSSOLHG DV D IDW PLPHWLF

UHWGO @QWIGRLPSURYHG WH[WXUH 6DPSDLR HW DO

7KLV SDSHU SURVYLGH \FRPSD&HVRQ RI ZKHDW EDPERR
SURWHALCHPXOVLRQV IRFXVLQJ RQ SODVWLFLUW MM IVERVLYV
VWDELOLW\ FKK UMNED@MH RIRU IRRG IRUPXODWRUV VHF
SHUIRUPDQFH XVLQJ QDWXUDO GLHWDU\ ILEHUV 7KH XVH F
HPXOVLRQV IRU PHDW LQGXVWU\ LV VWLOO QRW DIVE MHS L
VDPH WLPH DV WKH KLJK SURFHVV WROHUDQFH DQG SRVVL
PHDW HPXOVLRQV LV DOUHDG3NQWRQ BI®GDWOHVXOWYV SXEO|

7KH XVH BRXHUKXOWUDVRXQG LQ FRP E L QDDNLRIQN BEIGN B VE
VWUDWHJI\ WR SUBBXFPMHBMRWEKDWHRQY 6DPSOHV ZHUH S
DONDOLQH SKRVSKDWH DQG RU EDPERR ILEHU 3LC
EDPERR ILEHU EXW QR SKRVSK DR\SHD bl HKGL BMRVW & RAMLH KZHL W K/ VB |
LQFOXVLRQ RI EDPERR ILEHU HIIHFWLYHO\ PLWLJDWHG
RI SKRVSKIBWAHU XOWUDVRXQG +38 WUHDWPHQW IXUWKF
ILEHU RQ HPXOVLRQL®WH [FARKHY [EXH@HFWHDIHLWKHU +38 WUH
EDPERR ILEHU SURGXFHG QRWDEOH FKDQJHV LQ WKH R[LG
LQVWUXPHQWDO DQDO\WVHY DQG VHQVRU\ HYDOXDWLRQ VK
KLJIOHSLG R[LGDWLRQ IURP WKH YHU\ EHJLQQLQJ RI VWRUTL

W VKRXOG DOVR EH QRWHG WKDW WKH XVH RI EDPER
FRQVLGHUHG DV D SRWHQWLDO DSSURDFK WR UHSODFH
WHFKQRORJLFD M 8 BARIHUWNIHY SURFMKHLQV 'RV 6DQWRV HW

7KH DSSOLFDWLRQ Rl EDPERRHDBRH S UREGXORZYV KDV EHF
HPXOWLRA VDXVDJHV DW L FORNWKM QWHRWD® BRDZ PDWHUL
RQO\ HQDEOHV WiH BHYEWREAH@BURGXFW IRUPXODWLRQYV
DQG PRLVWXUH UHWHQWLRQ ODJDOKmMHV HW DO

7KH DLP Rl WKH VWXG\ ZDV WR HYDOXDWH DQG FRPSD
IXQFWLRQDO WHFKQRORHVFRIOS\DRYEHR®O ¥ L R QW \HUR K U\E
RDW DQG ZKHD WD QICESUNRGIRWRH D W
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ODWHULDOV DQG PHWKRGYV
7TKUHH W\SHV RI GLHWDU\ ILEHUV IURP GLIITHUHQW UDZ

ZKHDW ILEHU 9LWDFHO @) RDW ILEHU 6DQDFHOO 2D
%) &RQVLGHULQJ WKH W\SLFDO DSSOLFDWIPK@W RILYGF
VDXVDJHV DQG SkwWpV &LREDQX HW DO I X Q F WH. RIQWDIX

SDUDPHWHUV ZHUH FKRVHQ IRU DQDO\VLY SODVWLFLW\
HPXOVLRQV DIWHU FRROLQJ DINHHY HKEHDQNG MWLHDQWP HQW [

SUHSDUPWKRXOVLRQYV

(PXOVLRQV ZHUH SUHSDUHG LQ WZR VWHSV ,Q DGGLWL
D GU\ SURWHLQ EOHQG FRPSRVHG RI VRGLXP FDVHLQDWH
SURWHLQ LQ HYXDO BYRIRWWIRQLQHG VXQIORZHU RLO J
FHOOXORVH 7KH UHFLSH RI HPXOVLRQ ZDV GHVLJQHG WR
ZKLFK DUH FORVH WR W\SLFDO UDQJHV DSSOLHG LQ WKH
DO ZLWK WKH VLJQLILFDQW FRQWHQW RI ILEHU WR U]
HVWLPDWHG SURSHUWLHV 'RV 6DQWRYV HW DO

7KH WKUHH VDPSOHV RI HPXOVLRQV ZHUH SUHSDUHC
VDPSOHV LQFOXGHOWLBQRWHLYXSUBKRZHU RLO DQG
K\GUDWHG ZLWK ZDWRIUILEHU BP&/DWRWHU FDUER[\PHWK\C

DQG DGGLWLRQDO DPRXQW RI ZDWHU

'LIITHUHQW W\SHV RI GLHWDU\ ILEHWP XE8VHRRYVH® LKO
FRQWDLQHG 9LWDFHO :) VDPSOH FRQWDLQHG 6DC
FRQWDLQHG -HOX&HO %)

(PXOVLRQ SUHSDUDWLRQ

7KH HPXOVLRQ SUHSDUDWLRQ LQYROYHG WKH SUHOL
PLILQJ WKHPWHWEBRW D UDWLR RI DQG VWLUULQJ DW L
PLILQJ WKH K\GUDWHG ILEHUV ZHUH VWLUUHG DJDLQ DI\
WKH ILEHU FDSLOODU\ VWUXFWXUHV WR VZAH\ODQ GO FRRUA
DFFXUDWH HYDOXDWLRQ RIKERBKU GURBSDMIVHY : ¥& HDADAV
WKH K\GUDWHG ILEHU VDPSOHV ZHUH WKHQ GHWHUPLQHG
'DQV\OHY\FK HW DO

,Q D %RVFK .LWWSKIHRWHHHG UHPDLQLQJ DPRXQW RI ZDW't
FHOOXORVH DQG WKH SURWHLQ SUHSDUDWLRQ ZHUH ILL
PLILQJ BW USP IRU PLQXWHV 6XEVHTXHQWO\ WKH K\GUI
WKH PLIWXUH DQRZUNMHIRQBOGZBXQUDGXDOO\ DGGHG WR Wi
VWLUULQJ DW USP (PXOVLILFDWLRQ ZDV WKHQ SHUIF
UHVXOWLQJ HPXOVLRQV UHDFKKRG $DWWHHIP BRIROMWXUBW IURR
IRU KRRUIWWVLIRG@ RI WKH HPXOVLRQ ZDV WDNHQ IRU SOD\
WKHUPDO WUHDWPHQW ZKLOH WKH UHPDLQLQJ SRUWLRQ

7TKHUPDO WUHDWPHQW RI HPXOVLRQV

TKHUPDO WUHDWPHQW RI WKH HPXOMVRRQYV EZDQY XS\HHM R
ZDWHU WHPSHUDWXUH RI f& UHDFKLQJ f& LQ WKH HF
$IWHU WKHUPDO WUHDWPHQW WKH HPXOVLRQV ZHUH FRR
IROORZHG E\ PHDVXUBPBYW LRULIMRDOIMVA \R Q
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'"HWHUPLQDWLRQ RI SODVWLFLW\ DQG UKHRORJLFDO Sl

(PXOVLRQ SODVWLFLW\ ZDV HYDOXDWHG XAMLQD PVGIOHH FF
RI WKH SUHSDUHG HPXOVLRQ RU K\GUDWHG ILEHU ZDV .
FRPSUHBVXQGHU FRQWUROOHG FRQGLWLRQV

$VVHVVPHQW RI HPXOVLRQ VWDELOLW\ GXULQJ VWRUD

(PXOVLRQ VWDELOLW\ ZDV GHWHUPLQHG E\ FHQWULIX.
IRU PLQXWHY 6WDELOLW\ ZDV HYIDLOWRQPKNG DXIQUGHHIU S\WB X/ R
DW f& LQ D ZDWHU EDWK IRU PLOQXWHY DQG ZLWKRXW
DW f& IRU KRXUV DQG WKDZLQY DfVg URRYRHPU WAHKPHES IQUADWY X U

BWDWLVWLFDO DQDO\VLV

$00 H[SHULPAROQWXRPMHE LQ WULSOLFDWH DQG VWDWL
XVLQJ OLFURYGDM\JEMRI YDULDQFH $QRYD DQG 7XNH\ V
WKH PHDQV BAHDWPBIOHY WIKWK FRQILGHQFH S

5HVXOWY DQG GLVFXVVLRQ
SODVWIKRGWDR®RIHG ILEHU VDPSOHYV

$FFRUGLQJ WR WKH GDWD SUBDNHHGNVNHEHQ VDESGIHV W
ORZHVW SODXVWLUFIMHUHDVEWXHCEUVPERRHY H[KLELWHG W|
KROGLQJ FDSDFLW\ DQG LEWRHUPHGLDWH SODVWLFL

7DEOH
S3ODVWLFLW\ DQG :+& RI K\GUDWHG ILEHU

SDUDPHQWHUKHDW |LEH2DW ILEHWDPERR|ILEHU
3ODVWLHLW\ FP J- ‘! ‘© !

+& “* I “* I “* |
IRWH 'LITHUHQW OHWWHU W L3QWIK i DV FG UIRE UHEHIN B BRF
WHVW S

BODVWLFLW\ DQG YLVXDAa DWW WHPKOPHRWWI SURWHLQ

$IWHU SURGXFWLRQ DQG FRROLQJ WKH SODVWLFLW\ R
WKHLU WH[WXUH DQG FRQ\DIW NG R B HAKHU PIRYIW XQOIROVIM\ EFOYHD G
ZDV REVHUYHG EHWZHHQ VDPSOHYV DQG RDW DQG EDP
HODVWLF FRQVLVWHQF\ HYHQ DIWHU FRROLQJ WKH HP X
IORZDELOLW\ 7KW PROOVHVWHQWVHEBIRQ ZKHDW ILEHU ZDV
VDPSOH

7KH SODVWLFLW\ RI WKH REWDLQHG HPXOVLRQV GLIIHL

ZKLFK FRUUHVSRQGHG WR WKH GLITHUHQFHYV EQWHIGHLU
VD$OH H[KLELWHG WKH KLJKHVW SODVWLFLW\ FP J Z

DQRG ZHUH VLPLODU DQG FPJ UHVSHFWLYHO\
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z =

J)LIXUH (PXOVLRQV EDVHG RQ RDW D EDPERR E DQGC

7KH ZIKWBGBLQJ FDSDFLWLHV :+& GLG QRW VKRZ GLIIH
REVHUYHG LQ SODVWLFLW\ DPRQJ WKH JURXSYV 1HYHUWK
IRU VDPSOH ZKLOH VDPSOHYV DQG DIJDLQ GHPF
DQG UHVSHFWLYHO\

$IWHU WKHUPDO WUHDWPHQW DQG VXEVHTXHQW FRRO
VDPSOHV FKDQJHG VKRZLQJ D UMKGIXEWLRQWNQ CERW 8 US-DAHL

7TDEOH
&KDUDFWHULVWLFV RI HPXOVLRQ VDPSOHV SULRU DQG I

PSOH6DPSOH 6DPSOH
&KDUDFWHULVW LE&HDW |LEEDIW IL EHDPERR [ILEHU
BODVWLFLW\ FP J ol ot ol
3O0DVWLFLW\ DIWHU WKHUPDO|WUHKMDW|PHQW EP|J
0 SODVWLFLW\ FP J ol ot ol
+&
+& DIWHU WKHUPDO WUHDWPHQW ¢ ! ol

0+& “ | [ I “ |
1RWH 'LITHUHQW OHWWHUV LQ WKH VDPH URZ UHSUHVHQW VL

S

“ I “ I “ I

7KH FRPSDUDWLYH DVVHVVPHQW RI HPXOVLRQ FKDUL
WUHDWPHQW UHYHDOHG GLVWLQFW HIITHFWV RARODIGH QD FR
FDSDFLW\ :+& 7TKH UHVXOWYVY GHPRQVWUDW KM MWKIDAQWWR G
EHKDYLRU RI WKH VA\WWVWHPV ZHUH KLJKO\ GHSHQGHQW
IXQFWLRQDOLW\ $OWKRXJK DOO VDPSOHV XQGHUZHQW D
+& XSRQ KHDWLQJ WKH PDJQLWXGH RI WKMHVMWKKIODRDBHY
W\SHV UHIOHFWLQJ GLIIHUHQFHYV LQ WKHLU K\GUDWLRQ
IRUPLQJ DELOLW\ ZQMSHICQPWKHI SURWHLQ

SULRU WR KHDWLQJ RDW ILEHU SURYLGHG WKH KLJKHV
E\ ZKHDW ILEHU “ FPJ DQG EDPERR ILEHU “ F
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HPXOVLRQ FRQWDLQLQJ RDW ILEHU LQIONER®ODLH(REBEL WY
GHIRUPDWLRQ FDSDFLW\ FRQVLVWIHQX\WWDALW K D/8 I CHJ HRY H.C
SKDVH YLVFRVLW\ DQG HQKDQFLQJ GLVSHUVLYH KRPRJHQ
IOH[LEOHNMHE@HKDYLRU LQ WK HORRDWLAXRXKSSRIYWIE GLW
GURSOHWV :KHDW DQG EDPERR ILEHUV GHPRQVWUDWHC
LPSO\LQJ D PRUH FRPSDFW RU ULJLG LQWHUQDO QHWZRU|
IUDFWLRQV VXFK DV FHOOXORVH DQG OLJQLQ

$IWHU WKHUPDO SURFHVVLQJ D UHGXFWLRQ LQ SODVW
VWUXFWXUDO WLIJKWHQLQJ DQG SDUWLDO KHHIXWG. (@D WLDRIQX

GHFUHDVHG WR “ FP J IRU RDW IEHWU DQG FP JFIRL
IRU EDPERR ILEHU 7KH UHVXOWLQJ GLIIHUHQFHV 0 30CL
“ FP J IRU ZKHDW DQG “ FP J IRU EDPERR 7KHV}

GHVSLWH LWV LQLWLDOOQ FKILG KWK HSOPIVOQFYW\ UHSIHWL Y
VXJIJHVWLQJ WKDW LWV VROXEOH FRPSRQHQWY PLWLJDWH
KHD@GXFHG SURWHLQ FRDJXODWLRQ :KHDW DQG EDPERF
UHGXFWLRQV UBQSHFWLYHO\ SRLQWLQJ WR PRUH SUR
DQG UHGXFHG HODVWLFLW\ DV KHDWLQJ SURJUHVVHG 7KH
DQG EDPERR VXJJHVW FRPSDUDEOH ULJLGLILFDWLRQ NLQ}
ILEURXV DJJUHJDWHYV ZLWKLQ WKH PDWUL]J

‘DWKBOGLQJ FDSDFLW\ :+& IROORZHG D VLPLODU WUH
WKH H[WHQW RI FKDQJHYV UHIOHFWHG WKH GLVWLQFW K\G
EDPERR ILEHU GLV®ODBDWIG WKH KLIKB@LFDWLQJ VXSHULRL
PRLVWXUH ZLWKLQ WKH HPXOVLRQ V\VWHP :KHDW ILEHU I
UHFRUGHG WHKKH DWREZOIYW+&SUH  * 7KHVH GLIIHUHQFHV
SK\WLFRFKABRVR® IFRQ Rl WKH ILEHUV EDPERR ILEHU ULF]
D KLJKO\ SRURXV VWUXFWXUH WKDW HIIHFWLYHO\ HQWU
VROXELOLW\ OHDGV WR JUHDWHU K\GUDWLR®EGUWWVQRQV V

$IWHU WKHUPDO WUHDWPHQW DOO HPXOVLRQV VKRZH
WKDW KHDWLQJ SURPRWHYV SDUWLDO V\QHKHDMWL QO G H) K
GHFUHDVHG WR . IRU ZKHDW ILEPQG | RRIUR L
EDPERR ILEHU 7KH PDJQLWXGH RI FKDQJH 0 :+& ZDV "
IRU RDW DQG . IRU EDPERR 7KHVH UHVXOWV LQGL
KLIJIKHVW SURSRUWLRQ RI ZDWH® H IDWHD KHDW POQ O OR RQN DL
ELQGLQJ DJHQW 7KH VPDOOHVW @ :+& LQ EDPERR \
IUDPHZRUN HIIHFWLYHO\ LPPRELOL]JHV ZDWHU HYHQ XQG!
SKDVH VHSDUDWLRQ :KHDWW HIGHEDW H[EHEDWHRBUD @ LIWDKNV PR
FRQVLVWHQW ZLWEKQWRY REPHGE PRPGREVQWLRQ 2DW ILEHU |
KLIKHVW ZDWHU UHOHDVH 0 :+& UHIOHF\WXED @ KH
QHWZRUN ZKW®R H[GRYBWHG WHPSHUDWXUHV

‘"KHQ FRPSDULQJ SODVWLFLW\ DQG :+& G\QDPLFV FROOH
2DW ILEHU SURYLGHG DQ LQLWLDOO\ IOH[LEOH DQG K\GU
GHWHULRUDWLRQ XQGHU KA D/W DHER K PMVQ] LIG O EW VRWQ U DKQH
LQWHUPHGLDWH YDOXHV DFURVV ERWK SDUDPHWHUV FR(
%DPERR ILEHU DOWKRXJK LQLWLDOO\ OHVV SODVWLF GH
GXULQJ KHDWRQJPLRRFPEL@ ORVVHV LQ ERWK SODVWLFLW\
KLIKOLJKWV WKH PHFKDQLFIXRQ QWU &FD\S D BIQGEL WW B R & D FZE
PDWUL[ ZKLFK FRQVROLGDWHV RYHU MQAEXHFHGYWHDIBVR| F

JURP B\WSLFRFKHPLFDO VWDQGSRLQW WKHVH UHVXOW
VROXELOLW\ DQG PLFURVWUXFWXUH GLFWDWH WKH HPXO
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ILEHUV OLNH WKRVH LQ RDW V\VWHPV SURYLGH UDSLG K
QVROXEOH ILEHUV VXFK DV EDPERR FRQWULEXWH WR
LPPRELOL]IDWLRQ :KHDW ILEHU RFFXSLHVY DQ LQWHUPH
VROXELOLW\ ZLWK VXIILFLHQW ULJLGLW\ WR PDLQWDLQ R

,Q SUMFWHRIPY WKHVH ILQGLQJYV LQGLFDWH WKDW RI
IRUPXODWLRQV UHTXLULQJ UDSLG K\GUDWLRQ DQG KLJK
WKHUPDO SKRBWVMHWHU SURYLGHV EDODQFHG PHFKDQLF
FRHQWLRQDO SURFHVVLQJ FRQGLWLRQV %DPERR ILEHLU
PLQLPDO UHGXFWLRQ LQ :+& UHSUHVHQWYV WKH PRVW
HIWHQGHG KHDW WUHDWPHQWY RU IRUPXODWLRQV WKD
PRLVWXUH UHWHQWLRQ 7KH FRPELQHG DQDO\VLV FRQILL
FULWLFDOO\ LQIOXHQFHVY ERWK WKH UKHRORJLFDO DQG K
EHIRUH DQG DIWHU WKHUPDO H[SRV X UM OVKXNGLEN \GHIQG VY
RI WKH SURGXFW

'"HWHUPLQDWLRQ RI HPXOVLRQ VWDELOLW\

%HFDXIVHYDOXDWLQJ WKH VWDELOLW\ RI WKH REWDLQ
SULRU WR WKHUPDO WUHDWPHQWEIZDNGRHYMNOYHRBQL QVDVKS
7KH YDOXHV IRU WKH RWKHU WZR VDPSOHV ZHUH VL
IRU VDPSOH 7KH ORVVHV Rl HPXVOLRQV VWDELOL
IUHMfKDZ F\FOH WKH VWD EL OQDW BRI G\EDRISHIGH W BEUMARUSFDQ/GIC

YDOXHV RI WKH RWKHU VDPSOHV 7DEOH

7TDEOH
6WDELOLW\ RI HPXOVLRQV

6DPSOHI6 DIWHU WKHUPD|Ql VD HWDMUP WEWN ZL Q J

KHDW ILEHU « © !

2DW ILEHU © ! © !

%DPERR ILEHU © ©
1RWH 'LIIHUHQW OHWWHUV LQ WKH VDPH FROXPQ UHSUHVHC

WHVW S

7KH HVWDEOLVKHG LQIOXHQFH RI EDPERR ILEHU RQ HI
HIITHFWV UHSRUWHG LQ SUHY LLRXAGDN GE QB OW K KIHGWKWE X 8 W H
SURGXFWV )HUUHLUD HW DO 6 SHFLDIOF® Q WV WHKH LY
HPXOVLRQV ZKLFK ZDV DVVRFLDWHG ZLWK WKH DFKLHY
WHFKQRORJLFDO SUREBI®MRIZIOVUHWISDHNK GWVHFWLRQ $PL
5SHSODFHPHQW RI DQLPDO IDW LV WKH WHFKQRORJLFDO
SURGXFWV ZLWK PRUFH & FRPQRMGWDRQNWA EXW DOVR LV RC
FUHDWLQIWWWEKNMABIBZIDW DQG IXQFW KR XM RQPHD\Y [5 B RIGXG W'

$W WKH VDPH WLPH DVVHVVLQJ WKH VWDELOLW\ RI ED
UHJDUGLQJ LWV ORZHU VXVFHSWLELOLW\ WR PHFKDQLFDC
IRU WKH SURGXFWLEBB RH BI\WXIOUWR GXEW \HREGV SRMR SHQ W R V
DO 3LQWRQ HW DO DV REVHUYHG DOVR EDVH(
SODVWLFLW\ YDOXHV

7KH PHFKDQLVPV E\ ZKLFK EDPERR ILEHUWKYDZEE\FOHV
UHPDLQ D VXEMHFW R| GWLEENWVHRF H: KBQVK F PBDQLWXG H
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ORVV H[LVWV WKH GLVWLQFWLRQ EHWZHHQ VDPSOHV FI
GLPLQLVKHV ZLWK WKH DFFXP X®BWK RQLKIDVOD WKRKWPDWU R

7KHUHIRUH IXUWKHU LQYHVWLIJDWLRQ LV QHHGHG LC
GLHWDU\ ILEHU FRQWHQW DQG SDUWLFOH VL]H GLVWULE
PDWHULDO ILEHU DQG FDQ LQIOXHQFH HPXPRDRARFBWOE
ERXQG ZDWHU IRUPHG GXULQJ ILEHU K\GUDWLRQ DW WKH

7KH HPXOVLRQV ZHUH DGGLWLRQDOO\ VXEM@F\WRHG WR

PLQ ZLWK VDPSOHV WDNHQ HYHU\ PLQ QRWKGGLELRE
ZHUH VXEMHFWHG WR DPZX © VFOFHYHW B HGHHMW HUPLQH WKH HI|
HPXOVLRQ VWDEXOHW\DQREVM JXUH

7LPH PLQ 1XPEHU RI WKDZLQJ F\FOHYV

J)LIXUH '"HFUHDVH RI HPXOMLIXKQ WWDHEGPWYVILRIQ VWDELOLW\
Rl WKH VDPSOHV RYHU WIRAHWKH VDPSOHV DIWHU IUHH]H

(I'THFW RI WKHUPDO WUHDWPHQW WLPH DQG UHSHDWD
VWDELOLW\

7TKH GDWD REWDLQHG GXULQJ WKHUREDOPSQRMWHAW LTDIED

LQGLFDWHHWKPDWYHIBO GLHWDU\ ILEHUV FRQWULEXWHG W
DOWKRXJK WKH LQWHQVLW\ RQVHW DQG GXUDWLRQ RI
KHDWLQJ ¥wWPU® RDW ILEHU H[KLELWHG WKH PRVW SUR
RXWSHUIRUPLQJ ERWK ZKHDW DQG EDPERR ILEHUV 7KL
IXQFWLRQDO UROH RI VROXEOHJOGXHWOQUV\ ZKDFK LLRHDVG LD
LQFUHDVH WKH YLVFRVLW\ RI WKH FRQWLQXRXEY CBLKDW H VD
D UHVXOW WKH HPXOVLRQ V\WVWHP FRQWDLQLQJ RDW ILE
GXULQJ WKH ILUVW PLOXWHY VKRZLQJ ZKWVUBBIM ZWH O35
ILEHU HPXOVLRQW UHFPW&HEDPERR ftLEHUS$OWKRXJIK WK
DEVROXWH YDOXHV IRU EDPERR ZHUH ORZHU WKH UHODW
VWDELOL]LQJ PHFKEQVWE MVEMODHFBERKBHYHORSY PRUH JUCL
PDQLIHVW LPPHGLDWHO\ XSRQ KHDW H[SRVXUH
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7DEOH
'"HFUHDVH RI VWDELOLW\ GXULQJ WKH WKHUPDO WUHD

'"HFUHDVH RI HPXOVLRQ VWDELOLW\ 06

TLPIHIPXVOLR@XVOLRQEPXVOLRQ
ZKHDW |ILEBDIW ILEWWWPERR [ILEHU

“ I “ I “

I

I |

I |

“ I “ |
I |

| I

|

I1RWH '"LIITHUHQWHOVMWRHHURZLOQHSUHVHQW VLJQLILFD
GLIITHUHQFHY DFFRUGLQJ WR 7XNH\V WHVW S

7KH REVHUYHG GLIIHUHQFHYV DPRQJ WKH ILEHUV FDQ E
NLQHWLFV DQG WKHLU VSDWLDO LISQ®W HID\Y WIL[R D \Z LDAOKVLR)
=KXDQJ HW RDW ILEHU FKDUDFWHUL]HG ED KILGK \VRIOXHKE W
DTXHRXV SKDVH LQFUHDVLQJ YLVBORMHW HD/QZR URW/P WED W
GURSOHW FRDOHVFHQFH +RZHYHU WKLV UDSLG VWDEL
QHWZRUNV WHQG WR GHJUDGH XQIGHIW VI \EW D L FHR® WMKL
FHOOXORVH DQG KHPLFHOOXORVH DEVRUEV ZDWHU DW
VWDELOL]DWLRQ SURILOH WKURXJK SDUWLDO VROXELOLYV
RWKHU KDQG FRPSRVHG PUHQIQ ® OLQYRQ XE B P DAHO/OXHDARL
WKH LQLWLDO SKDVH EXW JUDGXDOO\ VZHOOV DQG WUD
UREXVW VWUXFWXUH DV KHDWLQJ FRQWLQXHYV
$W  PLQXWHV WKH RYHUDOO VWDELOL]DROLLRQNOD QW |
WKH KLJKHVW VWDELOLW\ EXW H[KLELWY D VWHHSHU GH
GULYHQ VWUXFWXUH OHDQZKLOH EDPERR ILEHU EHFRF
VWDELOLW\ ORVV ULVHV IURP DW V RIXQIMAHWLE R WK
LQVROXEOH PDWUL[ SURJUHVVLYHO\ HQJDJHV LQ VWUXF)
EHWZHHQ EDPERR DQG ZKHDW ILEHUV GHFUHDVHV IURP Q
E\ PLQXWHV VKRZLQJ WKDW EDPERRR/ | LFEW W W Y DEEHD0 8 G
DQG VWDUWYV FRQWULEXWLQJ VXEVWDQWLDOO\ WR HPXOV
%HWZHHQ DQG PLQXWHV WKH VWDELOL]LQJ HIIHF)
%\ PLQXWHV WKH VIVWHP FRQWDLQLQJ ED MPRR VILRIQU |
VWDELOLW\ ZKHUHDV ZKHDW DQG RDW ILEHUV VKRZ UHG X
7KHVH UHVXOWYV FRQILUP WKDW SURORQJHG KHDWLQJ IDF
EDPERRYV LQVROXEOH SDUWLFOHV HQWD GLSDIWWIERO WXHHW [Z
PLQLPL]HVY GURSOHW FRD O H VFWQFHVH@V HR® D DKFHH I LIZIDGH
REVHUYHG IRU EDPERR ILEHU LV LQGLFDWLYH RI D FXPXC
HIWHQGHG H[SRVXUH WR KXDDVODIQGNSUBDWHWRWLYH VWUXF
'XULQJ WKH ILQDO KHDWLQJ EPRP¥RR ILEHBDDERDRBYHYV
VWDELOL]DWLRQ HIILFLHQF\ 7“#RWDORUBERBRW\IHORIY HV
IRU ZKHDW #*DQG IRU RDW 'HVSLWHYWKBHDFSDRH @K
YDOXHV WKH XQGHUO\LQJ PHFKDQLVPV GLIIHU VXEVWD(
UHVXOWV IURP YLVFRVLW\ HQKDQFHPHQW DQG VROXEOH
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XSRQ WRQP KHDWLQJ :KHDW ILEHU LRIQN K R MQWBDR Q B QFFRY
VWDELOLW\ WKURXJKRXW VKRZLQJ OLPLWHG EXW FRQVL
FRQWUDVW DWWDLQV LWV SHDN IXQFWLRQDOLW\ LQ WK
ILEURXV PDWUL[ DQG LPRPBL O RIDMWLRIH R Z K IQRKHW R WH.W/K H L
VWDELOLW\ DQG SUHYHQW SKDVH VHSDUDWLRQ 7KH FRQ
KHDWLQJ LQGLFDWHV WKDWTXOOL EULXRPEHWHEBIFQ [P WD\
DQG UHRUJDQ G|IDWSIHRXY RG 8K BV H

2YHUDOO WKH WKHUPDO EHKDYLRU RI WKHVH ILEHUV
ILEHU HQVXUHV UDSLG EXW WUDQVLHQW VWDELOL]DWLR
IUDFWLRQV ZKHDW ILEHU SURYKHGRIXJ B R RGHDED WED DD I H
DQG EDPERR ILEHU RIIHUV GHOD\HGIRBIRW EXDGEDE P BiWC
DFWLYDWLRQ )URP D WHFKQRORJLFDO VWDQGSRLQW WK
VXLWHG MRMUWPKRWYMDDABIS®W RF ZKHDW ILEHU IRU VWDQGDU
DQG EDPERR ILEHU |RW HH S/HQIEW)GU RIUDISISIKY A D W LVRAQW/X E KK
LOQWHJULW\ LV UHTXLUHG

7KH GHPRQVWUDWHG VOLJKW GHFUHDVH RI WKH EDPER
REWDLQHONEDOX 8VHG LQ WKLV SXEOLFDWLRQ VWHDP FRF
KHDW WUDQVHIHULQJ SDWWHUV FRPSD WHK® W/RI QUIKHHQKEM [V W/ |
LQ ERWK FDVHV JLYH WKH SRVVLELOLW\ WR HVWLPDWH W]
ILEHU :+& HWDE®DA DOVR UHSRUWHG WKH GHFUHDVH RI ZDV
ZKHDW ISHMHG O WKH GRXJK PRUWWHBPWSDKNVOIQ WHKWLYH GI
FKDQJHV RI ZKHDW ILEHU :+& LQ HPXOVLRQV DUH OLPLWH

%HUJJUHQ LQYHVKMRQOOWHGFIREFADWHWG YLVFRVL
YDULRXV W\SHV Rl IORXU UHSRUWIQ X AmMGOHRDW DG G DMKLH
VWDELOLW\ RI WKH IORXUV VWXGLHG ,Q RXU VWXG\ HP
ORZHVW KHDW VWDELOLW\ 7KHUHIRUH WR LGHQWLI\ SR\
RI JOXFDQ FRQWHQW LQ WKN LY YHVIMXLUIHWEHG SODQW ILEF

JUHHWHKDZ VWDELOLW\ HYDOXDWLRQ

S8QGHWHYKDZ FRQGLWLRQV WKH IXQFWLRQDO UHVSRC
QRWDEO\ IURP WKHLU WKHUPDO EHKDYLRU 7DEOH DQG
FOHDUO\ LQGLFRDWHE MK PWLEMWER HG WKH ORZHVW UDWH
DFURVV UHSHDWHG F\FOHV FRQILUPLQJ LWV VXSHULRU U
IDWLJXH 'XULQJ WKH ILUVW F\FOH DOO HPXOVLRQV H[KL
GHRR'WUDWHG WKH VPDOOHVW UHGXFWLRQ LQ VWDELOL!
ZKHDW 7KLV LQLWLDO DGYDQWDJH FDQ EH DWWULE
PHFKDQLFDOO\ ERXQG ZDWHU DQG UHVLYVWWMNU KFEWPOWDICR
7KH ULJLG DQG LQVROXEOH FHOOXORVH IUDPHZRUN OLI
PLWLJDWLQJ H[SDQVLRQ DQG FRQWUDFWLRQ IRUFHV WKD
IUHH]LQJ DQG WKDZLQJ

,Q VXEVHTXHQW F\FOMWZWKB K HH LLHEGIFH V\EWHPV EH|
SURQRYOQWHG WKH VHFRQG DQG WKLUG F\FOHV EDPERR IL
VWDELOLW\ ORVVHV RI DQG UHVSHFWLYHO\
H[KLELWHG ORVVHV RIDQG RRQW ILEHU V\VWHPV DQ
LQFUHPHQWDO GHVWDELOL]DWLRQ SHU F\FOH DYHUDJHG
ZKHDW DQG IRU RDW FRQILUPLQJ WKDW EDPERR I
EXITHULQJ XQGHU RRHBGIWLIMRIONH VMHMA/VLQGLQJIV KLIJKOLJ
WR SUHVHUYH WKH HPXOVLRQ PWWIZL QGIHW S IDWN LUMLSRHDW F
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7DEOH
6WDELOLW\ RI HPXOVLRQV GXULQJ WKH IUHH]LQJ DQG

IXPEHUIRI'HFUHDWXRYIHRQ VMMMDEL OL W\

IUHHYKDZL@XVOLR@XVOLRQPXVOLRQ
F\FOHY ZKHDW |ILEBIW ILEW®PERR [ILEHU

I1RWH 'LITHUHQW OHWWHUV LQ WKH VDPH URZ UHSUHVI
DFFRUGLQJ WR 7XNH\ V WHVW S

%\ WKH IRXUWK F\FOH DOO V\VW H EW NVDERZHX® DG B WQ M ¢
PDWUL[ IDWLJXH DQG LQWHUQDO PRLVWXUH PLJUDWLRC
PDLQWDLQHG EHWWHU FRKHUHQFH UHDFKLQJ D VWDELO
ZKHDW DQG IRU RDW $OWKRXJK WKIDGURBHG QWHW LU
SDWWHUQV GLYEHDVHG VEDWHRR H[KLELWHG XQLIRUP JU
PLQLPDO SKDVH VHSDUDWLRQ ZKHUHDV RDW ILEHU V\VWH!
DQG SURQRXIDPAH HEMIDUVLRQ G RH WRRD XVEKOHH EQ H\D K B RKE Q

$IWHU WKH ILIWK F\FOH WKH UHVXOWYVY FRQYHUJHG I}

IRU EDPERR IRU ZKHDW DQG IRU RDW 'H
VOLJKWO\ KLIJKHU DEVROXWH S H UFHQ RMODI®IJ H. W W ARD/LHIUHDGD €
DFURVV F\FOHV FRQILUPWHURWAMW VXEBWNURO GIRCGXUDQI
FRQYHUJHQFH DW ODWHU VWDJHV O LONHQ\GULH) @/HFWIVFH[ K D
GLPLQLVKHG ILEHU HIILFLG FO OXOFRDAERRMWUULLFRQWLQ X
VWUXFWXUDO LQWHJULW\

JURP D SK\WLFRFKHPLFDO SHUVSHFWUMHYKEDZ &R ELLBH.
FDQ EH DWWULEXWHG WR LWV FRDUVH VXUIDFH PRUSKR!
PHFKDQLRDHLQIRUFHOWSKIHG SRIIRMWHLIQDQG PLQLPL]H V\QHU
6DPSDLR HW=BEOR HW DO "KHDW ILEHU ZLWK LWV
SURYLGHV FRQVLVWHQW \HW PRGHUDWH SURWHFWLRQ E\
UHLQIRUFHPHQW 2DVWWOXEPKY BREWUQEXWHV VXEVWDQW
IRUPDWLRQ EXW ODFNV VXIILFLHQW PHFKDQLFDO VWUHC
XQGHU UHSHDWHG FU\RJHQLF VWUHVV G HRPISRDWRW\HG L
HW DO

7KH NLQHWLF EHKDYLRU RI EDPERR ILVAMDEVRLIHYW I
WKDW GHOD\V WKH RQVHW RI GHVWDELOL]DWLRQ EH\RQG
HQWUDSPHQW ZLWKLQ WKUH 6N 6B CLAEHH UG W ARWINO DQ [D W
SURYLGHV WHFKQRORJLFDO DGYDQWDJHV LQ IUR]JHQ HPX
DQG VWUXFWXUDO VWDELOLW\ RYHU VWRUDJH LV FULWLF]
PLWLIJDWHYV NIKWHXB Q& WPIRAVMBAWUH PLJUDW VRKQD @ XQ L G J FIOHHS
7KH VLPLODU SKHQRPHQD ZDV REVHUYHG LQ WHKYDHUDO
VWDELOLW\ DQG LFH UHFU\VWDOOL]DWLRQ Rl FHOOXORVH

YRP D SUDFWLFDO DQG LQGXVWULDO SHUVSHFWLYH W
WDLORULQJ ILEHU VHOHFWLRQ WR SURFHVVLQJ DQG VWRL
PRVW SURPLVLQJ IXQFWLRQDO LQJUHGLHQWHIRWLIRURXO
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IUHHMWRDZLQJ F\FOHV VXFK DVVIKHRQHB HPKLG\OHIGH R B HOIRQ
WV GHOD\HG DFWLYDWLRQ GXULQJ WKHUPDO SURFHVVLQ.
XQGHU FU\RJHQLF FRQGLWLRQV SQURIILB HVKBD®XDLEHXQR
LQWHUPHGHDWH HBRWWROXWLRQ ZLWK EDODQFHG VWDEL
SURFHVVLQJ FRQGLWLRQV ZKLOH RDW ILEHU DOWKRXJK
LQ IRUPXODWLRQV UHTHMYHO®RE P B S MGDWRY WROBRIEWD G] DW L R Q

,Q FRQFOXVLRQ LQWHDUDOHHYE [R2 /KXW DWIKQE PFOIDONV HV
ILEHU H[KLELWV WKH PRVW IDYRUDEOH IXQFWLRQDO SHU
VORZ DFWLYDWLRQ RQ VRMOCEOH.GV\VWIEL QUUHDPWMWDQFH W
UHSHWLWLYH VWUHVV PDNH LW SDUWLFXODUIHHYXLIWREO
PRLVWXUH HPXOVLRQV 6XFK FKDUDFWHULVWLFV DUH RI
SURGXFWLRQ RREUHDOWMIHWDEOH DQG IXQFWLRQDOO\ V
RU SEDQOMG DQDORJXHV ZLWK H[WHQGHG VKHOI OLIH D
%DPERR ILEHU DOWKRXJK VORZHU WR DFWLYDWH LQLW
GHYHORSPHOQOWLRH HYHQWXDOO\ UHDFKLQJ RU H[FHHGLQ.
DSSURDFKLQJ WKRVH RI RDW ILEHU &UXFLDOO\ LW FRQ\
VWDELOLW\ GXULQJ WKDZLQJ HVSHFLDOO\ LQ QUKHWKD U C
VXSHULRU SURWHEWHYHDZRGBIPDJIBL FOWKRXJIK WKLV DGY
SURORQJHG H[SRVXUH EDPERR ILEHU UHPDLQV DW OHDYV
PRUH VWDEOH WKDQ RDW ILEHU

2YHUDOO WKH ILQGLQJV VXJIJHVW WKDW EDPERR ILEHL
WR HHYHKDZ GHVWDELOL]DWLRQ DQG SURJUHVVLYH IXQFWL
PDNHV LW D SURPLVLQJ RSWLRQ IRW BUIN NMOWRIGN SWKGE W
LQWHJULW\ DUH HVVHQWLDO 2DW ILEHU ZKLOH YDOXDE
LPSURYHPHQW LV OHVV VXLWDEOH IRU IUR]JHQ SURGXFW\
EXW OHVV VSHFLDOL]HG VRHXWQRQU FHWRDYEGH Q X PRGLHRQ
FRQGLWLRQV

&RQFOXVLRQV

$FFRUGLQJ WR WKH REMHFWLYHV VHW IRU WKLV VWXG
DW f& UHGXFHG WKH VWDELOLW\ RI HPXOVLRQV FRQWL
WKH VORZHVW GHFOLQH REVHUYHG LQ WK HXVIVKS$IQPWRUR L
GXULQJ WKH IUHH]LQJ DQG WKDZLQJ F\FOHV WKHVH VDF
HPXOVLRQ VWDELOLW\ FRQILUPLQJ WKH VXSHULRU SURW!
DQGBHHYKDZ VWUHVV FRQGLWLRQNR UFHH WBE 6 CF R K BXK LR X
ILEHU SURYLGHV WKH PRVW UREXVW IXQFWLRQDO SHU
PDLQWDLQLQJ HPXOVLRQ LQWHJULW\ LQ WHFKQRORJLFDO

5HIHUHQFHYV

$PLQ]DUH 0 $IVKDUL $ +DVKISALDHLIRCRHMW® QLS$ 0 5HSO
DQLPDO IDW ZLWK DW\S® RKOFNGIRERORRBDBNLHQFH 7HFKQ
S KWWSV GRL RUJ WHFKDFVIRRGVFL
$PLQ]DUH 0 $IVKDUL $ +DVKHPL 0 1RRUL 60 $ B5H]DHLJRC
HYDOXDWLRQ RI WKH HIITHFWV Rl GLIIHUHQW GLHWDHG ILEHU\
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VDXVDJH\X&6 JRRG 6FLHQFH THFKQRGORSI\+
KWWSV GRL RUJ DFVIRRGVFLWHFK F
%HUJJUHQ 6 :DWHU KROGLQJ FDSDFLW\ DQG YLVFRVLW\ [

JOXFDQ DQG VWDUWK FRHQWH]@IWS+ DQG WHPSHUDWXUH KWW

&LREDQX 0 0 ODQROLX '5 &LRERWDHIXQX & &) ORFHD'I(HW DARLIL
SURFHVVHG PHDW D UHYLHZ RQ QXWULWLRQDIOPSEQKPDWHR ¥
DQG FRQVXPHURRGBM HSWIKRQNVSY GRL RUJ IRRGV

'D 6LOYD 9 7 ODWHXV 1 GH )UHLWDEDVHG® PODWNGHRDBDRIXH V3
SURWHLQV ILEHUV DQG SRO\SKHQROLF FRPSRXQGV DV IXQF
JRRGV KWWSV GRL RUJ IRRGV

'DQ\OHY\FK , 3DVLFKQ\L 9 6KXELQD < 3HWU\QD $ | ‘D\V
PDULQHGE @HPKHG SRXOWU\ PHFWHQWLIQ L FX ORWINI/VR X QW LR Q D
JRRG 7THFKQRORBSIHEHVKWWSYV GRL RUJ

'LD] - SDQWDQHQ . (GHOPDQQ - 0 6WXRR®HR + R»RAWDI. 3LL

JLEURXV PHDW DQDORJXHV FRQWDLQLQJ RDW ILEHU
OHFKDQLFDO DQG SK\VLFRFKH@QRYO WHKMU DRRG UAA DMQ RH)
7HFKQRORJLHV KWWSV GRL RUJ M LIVHW

'MRUGMHYLG O $PEUXV 5 ODUDYILIPRY LIGILGR3HW B R YARIUR QDU H
,PSDFW RWIVKHRPWFURQL]DWLRQ RQ VWUXFW XU DIQ EDUHS DWQIGH U |
LQXOLERRG 7HFKQRORJ\ DQG %LRWHFE®RGRJ\

KWWSV GRL RUJ IWE

'RV 6DQWRV 0 2]DNL 0 0 5LEHLUR : 2 9G$ 6RXDPSDIQROLB L& &
3ROORQLR 0 $ 5 (PXOVLRQ JHOV EDVHG RQ SRUN VNL
UHSODFHUV LQ PHDW HPXOVLRQV $Q DG®GLQJ YDOXH VWUI
KWWSV GRL RUJ M OZW

'"UHKHU - .QRU] 0 +HUUPDQQ . 7HUMXQJ 1 *LELV 0 WHLVV -
SDOP IDW IHYPH@Q@WHG SRXOWRRG VIBXWWDXHW XU H
KWWSV GRL RUJ M IRRVWU

'X - =KX 4 *XR - :X < +X = <DQJ6 -LDQJ - FRRNIHFWV R
WUHDWPHQWY RQ WKH SK\VLFRFKHBURMNH SQ FOSH3J W K VVRV DEED
HPXOWHOQL\RQ H KWWSV GRL RUJ M KHOL\RQ H

JHUUHLUD $ 5 *LDQDVL ) GH OHQH]JHV $OYHV ORUR 7 )HOLV
0736 )XQFWLRQDO SODWW®\ BIFRREDUMHWRYBEDPERR IL
ILEHUV ,Q = $KPDG < 'LQ¥LRVWHPKQRG®RJIE¥DO $SSBYDQFHV

+ 6SULQJHU &KVOQWBSRUGIRL RUJ B

*XPX%RQDFLQD & ( OF&OHPHQWYV ' - 'HFNHU ( $ ED\GHG ODFL
OLSLGV &KDOOHQJHV &XQGHRVSRBWEQRYLHY )RRG 6FLHQF
KWWSV GRL RUJ M FRIV

+DELED 8 $OL 06 +DVKHP 0$ +RVVDLQ 00 +DELE O (
RI IORXU RQ WKH TXDOLW%BRQ ORZGIBWK ERNHUQDOVRIEYEPDO 6
+ KWWSV GRL RUJ EMDV Y L

-LDQJ < =KDR < =KX < 4LQ 6 'HQJ < =KDRJEKFK IUDRWHR®QVF
WH[WXUH WKHUPDO ZDWHU GLVWULEXWLRQ DQGRRIXWHQ ¢

& KPLV WU\ KWWSV GRL RUJ M IRRGFKHP

-LQ 6 . +D 6 5 +XU 6 - &KRL - 6 (I'THFW Rl WKH UDWLR
SK\WWEKRIPLFDO FKDUDFW MU B YWSLRYNFBWIHNREDWHMR Q D § DQR4R X
$QLPDO 6FLHQFHV KWWSV GRL RUJ DMDV

/L - L < X/ =KDQJ + BUHSDUDWLRQ FKDUDFWHUL]DW
VKRRW SURWHLQ VR\EHDRO$WRRWAE Y QE WHPEDW WHEIPRIREES U R D
+\GURFROORLGVKWWSY GRL RUJ M IRRGK\G

ILX ; /ILX < X )X % -LDQJ 3 4L / 6KDQJ 6 &KDUDI

GMWDU\ ILEHU PRGLILHG E\ EDOO PLOOLQJ DQG LWV UROH LQ
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VKULPS VXAQMRAUQDWLRQDO -RXUQDO RI %LRORJLFDO O0DI
KWWERL RUJ M LMELRPDF

ODJDOKmHV , 0 & 3DJODULQL & ' 6 9LGDO 9 $ 6 3ROORQLR O
WKH IXQFWLRQDO SURSHUWLHWWHH BhbEORIGEOXNORIVDRK ) BRE

SURFHVVLQJ DQG SBUHVHUKWWISR/'Q GRL RUJ MISS
ODUF]DN $ OHQGHV $ & 'LHWDU\ ILEHUV 6KDSLQJ WHI[V

SURFHVVHG PHDWEDVBIGG PSHOWQWD PRARHAMO DWLYH

KWWSV GRL RUJ IRRGYV

1DJKGL 6 B5H]DHL 0 .DVKLUL O 5H]JDHL ) 1DVHUL 6 1RXUDQL
DQG HYDOXQWLWRDORK PRIZFNHQ QXJIJHWYV IRUWLILHG ZLWK GC
IORXU DV DJULFXOWXUDO)RRGIWFUHQEEHU MRXWEMVRQ
KWWSV GRL RUJ IVQ

2\HJRNH 5 $ 20DGHOH - 2 20DGHOH 2 HWRODIGEMH DG SK\WH
LQ KXPDQ KHDOWK DRWUQMWROQOWRLRG &5@&W3 WS/ HD O W K
KWWSV GRL RUJ

3DUN 6 < 2K 76 .LP*: .LP + < 4XDOLW\ SURSWHWLHV R
VR\ SURWHLQ ,63 UHSODFHPHQW-WRXQBSAURI I$P®X6 DR QF Vi
7HFKQRORJ\ KWWSV GRL RUJ MDVW

3DUHGRDHGR - +HWIHU®HUYyQB] S5REHUW 3 *LPpQH] % ,Q
UHOHDVH RI FKORURJH Q LHFQF PISK XOMIBN FXGU E ® PG RKHERREX VAR M O V
LQWHUIDFH VWDELOL]HG E\ &RODRLGRYV HD QD Q RFH U WIFGIV

KWWSV GRL RUJ FROORLGYV

3LQWRQ 0 % /RUHQ]R - 0 G6HLEW $G® GRVDRV/6D&RVURN D6 /$3 &I
38& % (IITHFBRBH K XIBEWUDVRXQG DQG EDPERR ILEHU R
R[LGDWLYH SURSHUWULHN RHDSK RASMDWHRBIVH Q F H
KWWSV GRL RUJ M PHDWVFL

3LQWRQ 0 % /RUHQJR -0 'RV 6DQWRV % $ &RUUHD /3 3DGL
38& % (YDOXDWLRQ Rl QXWULWLRQDO WHRPK@RORILFD(
VRGLXP DQG ISKIRVBRDWBGHOODV SURGXFHG ZLWK EDPERR IL
SRZGHHDW 6FLHQFH KWWSV GRL RUJ M PHDWVFL

6DPSDLR 8 0 )HOLVEHUWR 0 +) &DPSHOR 3 + &OHULFL 0 7 3 ¢
IRU IRRG DQG IHHG %DQRBSRODMMUVG Q 3KDUPDFHXWLE®O DQG
: LOE&+ *PE+ KWWSV GRL RUJ FK
BWDEQLNRYD 2 ODULQLQ $ 6WDEQLNRY 9 ODLQWUHQGV
IRU IRRG SBRGPEWLBQ )RRG -RX$+QDIOWWSV GRL RUJ

6WDEQLNRYD /RSEBDPHGHVY 30DQW PDWHULDOV IRU WKH SURGX
ZHLJKW PDQDJHPHQW DQ&XBEHQMWN1)XCWHIYWMORVL RQPBRBHG 6FLHQ
KWWSV GRL RUJ

7DR - 0D 4 =KDQJ = +X = J/HL / =KDR * ,PSURYLQJ H
VRGLXP FDVHLQDWH E\ FROORLGDO OLJRRQ $DEUNRIFFRADHOR QG D
KWWSV GRL RUJ M IRRGK\G

7ROGUD 0 7DEHUQHU 3 3DUHV ' O&NHUSHWRIWHRL®@ LQJUHGKHODR
VSOHHQ DV OHDQ PHDW W\SSIO N BHOHDNME VEHPDHIMAR Q
KWSV GRL RUJ M PHDWVFL

7VINKDQRYVND , GB6WDEQLNRYD 2 20LLQ\N 6 /D]JDULHYD 7 *X|
IRRG DGGLWLYH EDVHG RQ LURQ R[LGHKGDWREDHWGFW H ¥ KDX
SNUDLQLDQ )RRG -RX®QD KWWSV GRL RUJ ;

7VINKDQRYVND , B6WDEQLNRYD 2 'RURKRYLFK 9 /\WY\Q 2 +H
R[LGH QDQRS DU MDPA@HW D) GNRERIQ) FDQ )RRG - RKEHQ D O
KWWSV GRL RUJ ;

'DQJ ;; :DQJ/< /L60 =KRX =. $PHOLRUDWLRQ RI WL
DV D SDUWLDO VXEVWLWXWH | RUQ VL R Q DRH B WRISPHUGWLLRQ B Q
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@ JHVWLELO)RRG 5HVHDUFK ,QWHUQDWLRQDO
KWWSV GRL RUJ M IRRGUHV

'LQ : =KRX < ;LRQJ: <DRDQJ#KDQJ &KDUDFRVWKHREVWIWLRQCR.
FHOOXORVH GHULYHG IURP ZKHDW EUDQ DQG HYDOXDWLRQ
JRRG 5HVHDUFK ,QWHUQDWMRQINO GRL RUJ M IRRGUHV

X < <DQ + :X: -LD & 3HQJ < =KXEBJH]IHR)RRAIDBHU GLHW
ILEHU IURP VWDU DQLVH RQ ZDW H® RGI WHI\DMDLIRTK R Q W IHQFHDGV

KWWSV GRL RUMHV M IRRGU

<DQJ 7 =KDQJ < *XR/ /L' /LX$ %LODO O ;LH & <DQJS5

$QWLIUHH]H SRO\WDFFKDULGHV IURP ZKHDW EUDQ WKH VYV

PHFKDQLVP %LRPDFURPROHFXOHYV SS
KWWSV GRL RUJ DFV ELRPDF F
=KDQJ + =KDQJ : =HQJ ; =KDR ; P X SHFHQW SURJUH\
HPXOVLRQ W\SH P HPRAR G S UDRDGAKHFUNL SHYV HB4
KWWSV GRL RUJ IPU
=KDQJ < X/ =KDQJ) =KHQJ - 6XFURVH HVWHU DOOHY

EDPERR VKRRW GLHWDU\ ILEHU WUHDWHG YLD KLJK SUF
SK\WWLFRFKHPLFDO UKHRORJLFDO)RP® G& RWWMPUXMWXUDO SUR

KWWSV GRL RUJ M IRRGFKHP
=KDR : =KDQJ - =KDQJ: <XDQ 6 &KHQ + :X $ (IIHFW F
WKH SUHSDUDW LRHU R | EE DAERRPQISPSVORYLRQ &URSV DQG 3U|
KWWSV GRL RUJ M LQGFURS
=KDR < 6KDR < )DQ 6 %DL - =KX/ =KX < :LDR; | $GY
SODRWUFHG GLHWDU\ ILEHUV DQG WKHORRIBS/SOLFDWLRQV L
KWWSV GRL RUJ IRRGV
=KXDQJ : -LDQJ : =KRX + +DOXO0 //EKRX *%DL < 7KH HIIHF)
LQVROXEOH GLHWDU\ ILEHU RQ P\RILEULOODU SURWHLQ HPX
PLFURVWUXFWX SIS KWWSV GRL RUJ M OZW
&LWH
8)- 6W\OH

9RUR QOV VFDYO Q VRRSRKLL 7KHUPDO VWDELOLW\ DQG W
SHUIRUPDOREBRHRW L ILHG WURRIVQLRQV IRU PHDW DQG
8NUDLQLDQ )RRG -BRWQDOKWWSV GRL RUJ ;

$3% 6 W\OH

IRURQWVRWOHANR 7TRSFRLL 7TKHUPDO VWDELOLW)\
WHFKQRSHRUILIFADRD Q AR URN U LIBHKB & URRRKHEDIML RQV IRU PHDW
SURGERWDLQLDQ )RRG -RXUQDWMWSYVY GRL RUJ
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2[\JHQGULYHIXUIXUDO DFFXPXODWLRQ DQG LW
LQIOXHQFH RQ EHHU VHQVRU\ VWDELOLW\
SRPDQ OXNRLG <XULL %XOL-

IDWLRQDO 8QLYHUVLWI RI )RRG 7

$EVWI
.H\ZRUGYV _QWURG .H\ FULWHULD IRU HQVXUL
IODYRU VWDELOLW\ LQFOXGH WKH TXDOLW\ R
%HHU WKH HIILFLHQF\ Rl WHFKQRORJLFDO SURFHVV
6HQVRU\ R[LGDWLRQ SURGXFWV LQ WKHUIRUDIOHG EHHL
"HIHEWV ODWHULDOMWKREW VWXG\ REMHFWV ZHUH P

IXUIXUDO ZRUW DQG SDVWHXUL]JHG EHHU 3K\VLFRFKHPL
S KHUPDO ORglgéVHUPLQHG XVLQJ WKH $QWRQIBDIXW DS

FHQWUDWLRQ ZDV PHDVXUHG E\ XOWUD

2[LGDWLRQ pDOFRKROUHDO H[WUDFW E\ GLVWLOODWLRQ F

ELWWHUQHVV XVLQJ VSHFWURSKRWRPHWULF C

5HVXOWYV DQG7&HVFRYNHRYXDWURQ RIQG WK

LOQWHQVLW\ RI LWV IRUPDWLRQ GHSHQG GLUHI

Rl R[\JHQ H[SRVXUH GXULQJ DOO VWDJHV R
$UWLFOH KLVWRRGXFWLRQ DQG EHHU SURFHVVLQJ $V RJ[\.
R[LGDWLYHDMQGHWKBGPWLRQ UHDEKWIXRIPDW WK
SHEHLYHG SURJUHVVLYHO\ LQFUHDVHY OHDGLQJ WR G&F
DJLQJ DQG WKH GHYHOR S®HNQMNW QR WHWD IO WHKD-
5HFHLYHG LQ SURGXFW 7R SUHYHQW H[FHVVLNUIRWBOWLF
UHYLVHG IRUPOHOH ZLWKLQ WKH GHVLUDEOWKUBDQWIRWIRDJIH W
PLOOHG PDOW VKRXOG QRW H[FHHG PLQXWH
$FFHSWHG DLU SURPRWHY HDUO\ RI[LGDWLYH UHDFWLRQ'
VWDJH 7KH PRVW LQWHQMXYB 0ORRPRWWERQWR |
ERLOLQJ ZLWK KRSV DW HOHYDWHG WHPSI

JUDGDWLRQ SURFHVVHV DFFHCPHQXWH GUD
g';\tfvi';{\()SRQG'-g?gLo LWV FROFHQWUDWLRQ LQFUHDVHV VL[ |
2[\JHQ XSWDNH GXULQJ VXE VHD XHOVFE L\DWDU R @

5RPDO 0xNRLGKHQ GLVVROYHG R[\WHQ LQFUHDVHV IURP = W
SHUPHQWDWLRQ DQG JUHHQ EHH UIXWUQYWUDAV L R ¢

g)F()I\DIII:\_’(L)GBSRPD VHV DFERURBRQJOWR JO +HDW WUHDW
XNU QHW QWULEXWHYV WR WKQVPBORSEBVWHXKUYHJ®WLF
GRXEOHV WKHXOHMYHXO RIURP WR J O

FRQFHQWUDWLRQ WHOFKHWU EHJLQV WR HI[KI
R[LGLIHG QRWHV ORVHV IUHVKQHVV DQG V

GHWHULRUDWLRQ ORHHRY HRJ\JW®E HL G UMK H QE |
KHDGVSDFH GUDVWLFDOO\ DFFHOINUDWHO WKL
FRQWHQW E\ IURP W R J O ZKLFK VH
EHHU TXDOLW\ DQG VKRUWHQV LWV VKHOI OLI
LV UHFRPPHGI®NG URQJIPR[LGDW L RQ IXWR®X EQ/ V
UDZ PDWHULDOV DQG ILOLVKHG EHHU DV LW
FKURPDWRJUDSKLF GDWD
>y &RQFOXYRRHYKDQFH EHHU VHQVRU\ SURSI
VWDELOLW\ LW LV HVVHQWLDO WR SUHY!
WHFKQRORJLFDO VWDJHV |XKH FIRQ FIHR B H B
VKRXOG QRW H[FHEG
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,QWURGXFWLRQ

$V UHJXODU QDWXUDO SURGXFWV EHHU WHQGV WR DJ
LQIOXHQFH RI R[\JHQ ,W LV ZHOO NQRZQ WKDW R[\JHQ QF
DWOO VWDJHV 2RIU8P RREXFW IPRQOLQJ WR EHHU SDFNDJLQJ
PDOW VWRUDJH R[LGDWLRQ PD\ RFFXU GXH WR FRQWDF
FKHPLFDO FRPSRVLWLRQ DQG GHFUHDVH TXDOLMHURI ER
JLOLSRZVND HW DO &RPSRQHQWY WKH PRVW VHQ\
HVVHQWLDO RLOV FDQ FDXVH XQGHVLUDEOH FKDQJHV L
.XQ] HW DO

ODOW LV PRVW VXVFHSWLEO H MDR RO\ HIDV HL W/ VX W RIWGDE
KXVN LV GHVWUR\HG O0LOOLQJ VKRXOG WKHUHIRUH EH FD
DWPRVSKHUMH H[OIGRWLRQ RI JUDLQ SURGXFWV DW WKLV V
R[LGL]JHG QRWHNUL Q6HWWKQKDXVHQ HW DO JLOLSRZ

2[LGDWLRQ DOVR DIIHFWV KRS FRPSRQHQWYV UHVXOWL
ELWWHUQHVV HVVHQWLDO IRU EHHU TXDOLW\ .URIWD HW
FRPSRXVX®W LPSDLU LWV IODYRU DQG DURPD 2[\JHQ SUF
WKDW LPSDUW YLQRXV RU IUXLW\ QRWHV LW PD\ LQFUHD
IODYRU DQG LQ FDVHV RI PLFURELRORJLFDO VSRLODJH ¢

,PSURSHU VWRUDJH FRQGLWLRQV SDUWLFXODUO\ KL
R[LGDWLRQ SURFHVVHV 7KHUPDO WUHDWPHQW LQWH
FDUDPHOL]DWLRQ DQG WKH GHJUDGDWLRQ PIQKR SODRGRDIW
8QGHVLUDEOH R[LGDWLRQ SURGXFWV VXFK DV DFHWDOG
EXWDQHGLRQH DUH IRUPHG %DHUW HW DO 3LHF]RQ

7KH GHJUHH RI EHHU DJLQJ LV LQGLFDWHG E\ WKH SU
ZKLFK FDQ LPSDUW FDUDPHO R[LGL]HG SD®NRUVUZRDWQ H
DQG *XLGR JRKLQRYD DQG 3HWUXVKD 7KLV UHD
RI KHWHURF\FOLF DOGHK\GHV DQG ENXFWDRHHMN\VRKDIE H H U
GLPHWKRPBUR[\K\GUIKUDQRQHK\BQ&[\P HWK\I® U DI XUDO
EHORQJV WR WKH JURXS RI IXUDQ DOGHK\GHV IRUPHG GX|
RI DWPRVSKHULF R[\JHQ 6XFK SURFHVWH W RFG XQJCXYE Q5J
VWDJHV DQG GXULQJ ZRUW ERLOLQJ ZLWK KRSV 7KHU
FRQWULEXWHV WR WKH FRORU GHYHGREH HHQWDRI ZRUW 7
VHQVRU\ WK UXYIKRO® RM) O ,WWIRUPBWHFHGHG E\ WKH \
GHR[\SHQWRVRQH 'XULQJ WKH 0ODLOODUG UHDFWLRQ I
UHDFWLRQV LQLWLDWHG E\ LQWHUDFWLRQV EHWZHHQ DPI
ZRUW PD\ DOVR UHVXXPM OURPVE RQWR§ RV AMIRWHR QH LV |
GLUHFWO\ IURP SHQWRVHV 5DNHWH HW DO

$FFRUGLQJ WR WKH OLWHURWXO H QWKHHVKHEHBURLYV LC
W\SH SDOH FDUDPHO GDUN URDVWEG ERNVIOH QN K HWQRD @
SDVWHXUL]DWLRQ 9DQGHUKDHJHQ HW DBRLOLQJ:KMQNMK
VSHFLILFDOO\ DQ LQWHUQDO ERLOHU LQFUHDVLQJ WKH
IXUIXUDO FRQWHQW LQ FROG ZRUW PBHIRORVDW MRRY \H D \ON
UHGXFHV WKLV DOGHK\GH WR WKH FRUUHVSRQGLQJ DOFR
LWV FRQFHQWUDWLRQ 1 @ | WHMKQ B FSHDW WHRXUL]DWLRQ IXUI
DJDLQ E\ D IRFWRPSPIUMGXWEDWKWHXUL]HG EHHU ,WV FRQ
WR LQFUHDVH GXULQJ EHHU VWRUDJH ZLWK KLJKHU WHP
H[DPSOH DIWHU ZHHNV RI VWRUDJH DW f& IXUIXUD
WHQIROG * |URR = JO 7KLV LV DVVRFLDWHG ZLWK WK
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DOFRKRO ZKLFK IRUPV LQ VLJQLILFDQW DPRRQWXQIMUL
9DQGHUKDHJHQ HW DO
2QH RI WKH FRPPRQO\ XVHG PBHWHKRIGL/OI PR/ GHRNDKIUTHILLITDLIC
LV XOWUDYLROHW VSHFWURSKRWRPHWU\ $EVRUSWLRQ
IXUIXUDO OLH LQ WKH ZDYHOHQJWK UDQJHV RI QP DQ
XVHG WR GHWHUPLQH WKH GHSDIKHY I CEHH U< RIAVER WIWR R O

7KH DLP RI WKH 3DVYWWMR W QWHX@GALIJDWH WKH LPSDFW
RFFXUULQJ GXULQJ ZRUW SURGXFWLRQ IHUPHQWDWLRQ
DQG IODYRU FKDUDFWENEWWIZEWRISWKWULIEQRDOWHRSKDVL)\
IXUIXUDO FRQFHQWUDWLRQ RQ WKH LOQWHQVLW\ DQG GHJ

ODWHULDOV DQG PHWKRGYV
ODWHULDOV

7TKH VWXG\ PDWHULDOV LQFOXGHG PLOOHG PDOW REW
ZDWHMUKRSSHGXxZBRWRWLILQDO H[WUDFW PDOW KRSSHG
PDOW SDOH IGWHWBHG BHWUDFW SDOH ILOWHUHG C
EHHU HI[WUDFW ERWWOHG SDOHfIZ EGWHUWHIWWIE SDVWHXL

OHWKRGV

$00 VDPSOHV ZHUH DQDO\VHG IRUISKIXUDPRF KR B ERDW
DQG VHQVRU\ DWWULEXWHV DFFRUGLQJ WR FXUUHQW WH
SURWRFROV

'HWHUPLQDWLRQ RI H[WUDFW FRQWHQ®Q PHBEWKRGWKH F
VDPSOH RI PLOOHG PDO\W(Z PR GBLFIDFH BODYND 7KHQ xPO
DWxf& ZDV DGGHG WKH IODVN ZDV FDSSHG DQG WKH PL[
$IWHWPLQ RI HIWUDFWLRQ HWKB PZ\WHKQ H RQWHROWLQ WI
GHWHUPLQHG XVLQJ DQ $QWRQ 3DDU '0$ EHHU DQDO\V

YRU SK\WLFRFKHPLFBPODRIDE&WHN ZDV SODFHG LQ D
GHJDVVHG RQ D PDJQRLVOL FON DAL XWHRIHIRWY ZHU$Q SHRQIRU P
3DDU '0$ FRPSOH[ EHHU DQDO\VHU %DPIRUWK &L

'"HWHUPLQDWILRRUDIO FRQFKI WROMHERWPUDIWURQ R+J O Z
GHWHUPLQH6 ¥S185WURSRRVOPPHIQG xQP 20&RYVNi HW D
<XVWH HW DO

3K\VLFAHPLFDO SURSHUWLHV3RYVWRH PLLE D\DK Sl 5 UBDHPHHWY H |
ILQLVKHG EHHU DFLGLW\ PO RI 0 1D2+ SHU PO RI ZRL
RI ZDWHU FDUERQ GLR[LGH FRQWHM® WQW R} 3B DEBH /GID B 1\(
HW DO

'HWHUPLQDWLRQ RI WKH7&H\PARDVMKRIGUL ¥ REDWVHHGWR Q WK |
RI WKH FRQWHQW RI H[WUDFWLYH VXEVWDQFHV LQ EHHU
IUHH IURP FDUERQ GLRQMGR X FVOSRXGWHW ZKLFK ZDV SODFI
WHPSHUDWXUH ZDV (HRPMWWHWGZDYA MRHDVHG 7KH XSSHU
WR UHDG WKH DUHRPHWHU DQG GHWHUPLQH WKH FRQFF
DFFRXQW WKHWRPSHEWWRQHRU
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'HWHUPLQDWLRQ RI WKH D& ARKROKRREQIEFW @ VWHGV RRQG L\
IURP D ZHLJKHG EHHU VDPSOH IROORZHG E\ GHWHUPLQI
UHIUDFWRPHWHU DQG PHDVXULQJ WKH VROQBV FRQWEQW
D GU\ GLVWLOODWLRQ IODVN PO RI EHHU IUHHG IURP |
FRQQHFWHG WR D UHIULJHUDWRU WKURXJK D GURSOHW
GLVWLOODWLRQ RI RI WK MK BPSIOMVY RO RMH RW K B RAHNY \
RULJLQDO YROXPH ZLWK ZDWHU PL[HG WKRWRXQIGOW KAR R
FRQFHQWUDWLRQ RI '0 DFWXDO FRQWHQW RI WKH H[WUD
7KH GLVWLOODWH NQZWY HE URXHLWLRUWMIO ZWWHU WR WKH
WKRURXJKO\ DQG WKH PDVV IUDFWLRQ RI D®F EKROGLS Wt
UHIUDFWRPHWHU XVLQJ DOFRKRO WDEOHV

'HWHUPLQDWLRQ R % HWMW HEULQWWHU RIBEWK B/ WRSKPRAVY RIBH W
LQ TXDUW] FXYHMPWSDWKL K@ WK 7ZR LGHQWLFDO xPO |
RI SUHSDUKROERIHX0 +&0 D QRF WORXMH R)ODARNY ZHUH FDSS|
DW xUSP IRU xPLQ $IWHUUSKBVE WHISEH XB8HRQOIRHU ZL
VSHFWURSKRWRRBWULDFED|GIO\ DW

'"HWHUPLQDWERQ WSHK@®#XU GLR[LGH FRQWHQW ZDV GHW
IURP DQ DFLGLILHG EHHU VDPSOH FROOHFWLR@®QQWR I
R[LGL]L@R62XOIXULF DFLG DQG WLWUDWLRQ RI WKH UH"
. XQJH

'"HWHUPLQDWLRQ RI VHQN@DY BWR DHUGN GHHW LDWLRQV |
SURILOH ZHUH HYDSRDQW GV KVOE JRWBIVID® RYDPISIDH LQW
DYHUDJH VFRUH ERUZBD QHDDIPAXVOWWHG DQ RYHUDOO WDE
VFRUHV ZDV FRPSLOHG DQG WKH ILQDO VFRUH IRU HDFK

([SHULPHQWDO VDPSOHV ZHSBDADWHIRK ID]W GRROD RVAH H

SRLQWV +JFRERGEQWYV VDWLYRRDEDWRUWHQG XQVDWLVIDFWR
EHORZ %RFKDURYD HW DO

(ISHULPHQWDO 6WRERGRONWG H[DPLQLQJ WHHXGHDIH Q C
FRQFH®WUWOWWKH FRQWDFW WLPH RI PDOW JULVW ZLWK C
RI PDOW JULVW ZHUH SUHSDUHG E\ FROG H[WUDFWLRQ 6]

DQG PLQXWHV ZKLOH WKH FRPWQRWHADPS
BWDJIHQY,HVWLIDWHG WKH HIIHFW Rl WHPSHUDWXUH RQ
PDOW ZRUW ZLWK DQ RULJLQDO H[WUDXWI XRUDOf ZDW
PHDVXUHG DV D IXQFWLRQ RI FRQWDFW WLAK EWHWEHRQ ¥
ILOWHU SUHVV 6DPSOHV ZHUH WDNHQ DIWHU PLQXWH
FRQWURO

BWDJIJHWWXGLHG WKH LPSDFW RKXDPRUWD 8RRUPQPWWRPH. QQ

f3 RULIJILQDO H[WUDFW\JE®Q@WDHAW WLPHV ZLW KDR)IG F
ZLWK WKH FRQWURO VDPSOH KDYLQJ PLQXWHV RI H[SRV.

6WDJBV,@HVVHG WKH LQIOXHQFH RI IHUPHQWDWLRQ DQ
FRQFHQWUIXWDRUDRILQ W KH OMMHWHHEUGIEMHKUEINQ RULJLQDO

f3 ZDV DUWLILFLDOO\ DHUDWHG WKURXJK D VSDUJLC
FRQFHQWUDWLRQV RI DQG —J |/ ZKLOH

BWDJIGBHWHUPLQHG WKH HIIHFWQRIL SBOURKH R O LOIHW HRY L
VDPSOHV 7KH EHHU ZDV VXEMHFWHG WR SDVWHXUL]DWLF
XQLWV 38
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BWDJIJH[DPLQHG FKDXQUIKWRQ FRQFHQWUDWLRQ GXULQJ
VDPSOHV ZLWK GLWWRWYRIG R[\JHQ OH DQG —J O Zt
ZLWK WKH FRQWURO EHLQJ SDFNDJHG SDVWHXUL]JHG EHH!I

6WDJH BD,VXUHGFSKWILFRO SURSHUWLHV RI ILOWHUHG

f3 RULJLQDO H[WUDFWFRDWHREOSDERBOMHBROKNHVWHG RI

O JODVV ERWWOHV ZLWK PLQLPDOXGLXVRBO YAHR® R{\QWQ

—J O 7HVW VDPSOHV:LQFOIXG REG\JBHDP BOHXUDO 6DPSO|
+ —J O R[\JHQOIXU4XUDO #$DPSOH R[\JHQ IXU+XUDO

6WDJH QYHVWLIDWHG WKH GHSHQG HQUFIKXUWRD ¥ HFRQRHY QD
WKURXJK RUJDQROHSWLF HYDOXDWLRQ RI MEBSOH/O V\
FRQFHQW U DMULRID ABVRHWKH GD\ Rl ERWWOLQJ DQG WKH
O JODVV ERWWOHV 7KH VHQVRWI\XEBWHMALRQ WKUHVKRO

'DWD 3URFHW/ ISEEKHPRFDO SDUDPHWHUV RI ZRUW DQG
LQ WULSOLEDWH YDQBHDWEHUH XVHG IRU DQDO\VLV 7KH HJ

5HVXOWV DQG GLVFXVVLRQ
'"HSHQGHQPHJRIUDO FRQFHQWUDWLRQ RQ PDOW JULVW

7KH|XU|)§UDO FRQFHQWUDWLRQV LQ PDRWFROMWMNFWGHAIS
DWPRVSKHUlLF R[\JHQ DUH SUHVHQWHG LQ )LIJXUH
\ [
. 50 )

IXUIXUDO

7LPH PLQ

JLIXUFHSHQGHQPHJRAUDO FRQFHQWUDWLRQ RQ PDOW JULQG HJ[S
RI\JHQ

7KH WUHQG LOOXVWUDWHG LQ )LIJXUH VKRAMXJ POHL
FRQFHQWUDWLRQ DQG H[SRVXUH WLPH 7KH LQLWLDO F
FRQWDFW ZDV —J O DQG LQFUHDVHG ILYHIROG WR —
ILQGLQJ XQGHUVFRUHV WKH GHWULPHQWDO ROQHFDOWI G
TXDOLW\ OHDGLQJ WR WKH GHRBKXKFMNGDWHRRQ KD UR [ IPGIDNN
PLQLPL]H WKH IRUPDWLRQ RI XQGHVLUDEOH FRPSRXQGV
WLPH EH NHSW EHORZ PLOQXWHY )LOLSREVNDRWHWI D(
GHWHUPLQDWLRQ 590 FRQILUPV WKDW WKH OLQHD!
WKH REVHUYHG UHODWLRQVKLS

FFFSBNUDLQLDQ )RRG -RXRODPE® ,VVXHF



JJIJ3URFHVVHY DQGAJIXLSPHQW

'"HSHQGHOQPHURAUDO FRQFHQWUDWLRQ RQ ZRUW FRQWD

JLIXUH VKRXVIWKBO FRQFHQWWU MMRLRRSISQ ZRDW BUXKE
HISRVXUH WLPH WR DWPRVSKHULF R[\JHQ

—J

IXUIXUDO

7LPH PLQ
JLIXUH 'HSHQBHRQEKHIR] FRQFBRWUIRVIXRIG RQPH WR DWPRVSKE

'KHQ WKH ODXWHULQJ VWHS ZDV SURO@RQUBG RRRQ FH P M
LZQKRSSHG ZRUW LQFUHDVHG DOPRVW IRXUIROG IURP
E\ KLJKHU VSHFWURSKRWRPHWULF UHDGLQJV DW QP
DEVRUEDQFH GLIIHUHQFHV IURP W R
7KHVH REVHUYDWLR QIVF B WLRY \R | DRKHYWEQ VADUERK\G |
UHDFWLRQV DQG D FRQFRPLWDQW LQFUHDVH LQ DOGHK\C
B3URORQJHG H[SRVXUH RI ZRUW WR HOHYDWHG WHP

XQGHVLUDEOH R[LEGHDWMWRLY IFORCOXNHWWLQJ EHHU DURPD D
.URIWD HW DO

'"HSHQGHQPHJRIUDO FRQFHQWUDWLRQ RQ ERLOLQJ GXU

7KH FRQFHQWXDMWUR® ®IV D IXQFWLRQ RI ZRUW H[SRV>
GXULQJ KRERL@LODEY SUHVHQWHG LQ )LIXUH  $QDO\V]
H[SRVXUH WLPH ¥PR® DWR xf& UHMXGWBIG LQFDHDVH IUF

x—J O 7KLV SKHQRPHQRQ FDQ EH DWW UWESHW H 8 DW R/ VR
EHWZHVXJDUV DQG DPLQR DFLGYV

7KH KLJKHVW |IRIXRDYWLIRW RAFXUUHG DW HOHYDWHG W
ERLOLQJ ZLWK KRSV ([WHQGLQJ WRHQERQ PWU BIDX\WH KRN @Y R
FRQFHQWUDWLRQ QHDUOG\HLOKWIROG UHDFKLQJ

7DEOWKRZV WKDW WKH FRQWURO VD P SXCPH. QZ KH[KK. EZIDW HK
KLJKHU FRQWHQW Rl R[LGDWLRQ SURGXFWV GXU4f@& ERLC
IRU DQ HTXLYDOHQ@PWQGXURMLRY H[SODLQHG E\ @IKHJ IDFW
VXEVWDQWLDOO\ LQFUHDVHY WKH ZRUWYV VXUIDFH DUHD
HQKDQFLQJ WKH IRUPDWLRQ RI RN GIBXWDRQ 'BWR G WW R.C
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—J

IXUIXUDO

%RLOLQJ WLPH PLQ

JLIXUHHSHQGHQERHIRUDO FRQFHQ\WLUTRVIXRIP RVQR ZRURRV SKHUL
GXULQJ ERLOLQJ

$V LOOXVWUDWHG LQ )LJIXXWIXUDVE H VRRIFP\DW LSRIR ®R X Q
LQLWLDO VWDJH RPERLOKQLQXSMEBYXIHDWLRBQFHQWUDWL
DSSUR[LPDMBGODWHOH WR WKH FRQWWURD O IUBMWZHHR

xPLQ WKH UDWH RI IRUPDWLRQ GHFUHDMHIGG ERW B DARHE
WR WKH FRQWUR®—UURP 7TKMVBHJUHVVLRQ PRGHO DGHTXD
RI WKRAHSV

(ITHFW Rl ZRUW IHUPHQWDW L RIX DIXE E® H R UIR DWW IURQV [
FRQFHQWUDWLRQ

7TKH FROQFHQWXWDIWURQ RQ ILOWHUHG EHHU DV D IXQFWI
SUHVHQWH? LQ JLIXUH

\ [
I 58

IXUIXUDO

2[\JHQ FRQWIBIQW

JLIXUMSHQGHQPHJ RAUM@®FHQWUDWLRQ RQ R[\JHQ FRQWHQW GXL
DQG EHHU ILOWUDWLRQ

$QDO\VWLYV RI )LIXUH UHYHDOV DIXUWXHDW FHRQFW QRQNC
GLVVROYHG RI\JHOIXUQXEPWOWUFREWHQW LQ EHHU UWRDUNHG
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GXH WR LWV UHGXFWLRQ WR IXUIXU\O DOFRKRO E\ \HDV!
,QFUHDVLQJ GLVVROYHG REJHD UHRROWHMER LOXDIXUDOUL
FRQFHQWUDWLRQ KkWURPO 7WRV FRQILUPR[WHKQ W \D\D PNRI/\S
IDFWRU GULYLQJ R[LGDWLYH UHDFWLRQV LQ EHHU ZKLFK
FRPSRXQGV DQG UHGXFH IODYRU VWDELOLW\ 20DQLUDQ
GXULQJ IHUPHQWDWLRQ DQG QLIGRW UDDAIQRMD L ¥ LVWPK HUHR B M F
FDOFXODWHG 58 YDOXH VXSSRUWV WKH UHOLDELOLW\ RI
R[\JHQ RQJIXUDO IRUPDWLRQ DQG DFFXPXODWLRQ

(ITHFW RI SDVWHXXUIRPWRLBFR@FFHQWUDWLRQ LQ EHHU

7TKH FR@RHDODWULURQIRUDO LQ SDVWHXUL]JHG EHHU DV D |
LQWHQVLW\ LV SUHVHQWHG LQ )LIJXUH

o]

IXUIXUDO PJ

3DVWHXUL]DWLRQ 8QLWYV

J)LIXUH '"HSHQBHQRKHDRKD FRQFHQWUDWLRQ RQ WKH GHJUHH |

,QFUHDVLQJ SDVWHXUL]DWLRQ LQWHQVLW\ HQKDQFH\
PLQLPDO GLVVROYHG R[\JHQ R[LGDWLYH UHDFWLRQV SU
H[SRVXUH WLPH $W WKH ORZHWXW IXDD® HROLHAD@MIBEOMERG-
IURP WR-J O ,QFUHDVLQJ SDVWHXUL]DWLRQ LQWHQV
SURFHVVHV WHQXR DG DWDER QG HQWUDWLRQ WR

$V VKRZQ LQ )LIJXUH LQFUHDVLQJ WKH SDVWHXUL]DW
LQIXUIXUDO FRQFHQWUDWLRQ UHIOHFWLQJ WKH QRQOLQ|
WKH LQLWLDO VWDJH RI SDVWHXUL]DW LIKQ | X\SD® RFR Q \& 8 (
REVHUYHG DWWULEXWHG WR WKH DWWHYDWNQROWRHWVD L (
SURORQJDWLRQ RI KHDW WUHDWPHQW EH\RQG 38 OH
IXUIXUDO FRQFHQWUDWLRQ SRVVLEO\ GXH WR SDUWLD
UHDFWLRQV UHDFKLQJ HTXLOLEULXP 3LHF]JRQND HW DO

7KH REWDLQHG UHJUHN FLER QUIHETU&B WE R Qtawww ZL WK D
FRHIILFLHQW Rl GHWHUPLQDWLRQ 53 LQGLFDWLQJ
7KLV KLIJKOLJKWYV WKH VLJQLILFDQW LPSDFW RI WKHUPD
XQGHUVFRUHV WKH QHHG WR RSWLPL]H SDVWHXUL]DWLRQ
FRPSRXQGV WKDW FRQWULEXWH WR EHHU DJLQJ
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$QDOVWLXWRIXUDO FRQFHQWUDWLRQ LQ ILQLVKHG EHHU

7KH FRQFHQWMDWKIWROD RIQ ILQLVKHG EHHU DV D IXQF\
FRQWHQW LV SUHVHQWHG LQ )LIXUH

O

IXUIXUDO PJ

2[\JHQ FRQWHQW PJ O

JLIXUMHSHQGHQPHJRAUDO FRQFHQWUDWLRQ RQ WKH GLVVROYHG
EHHU

JLIXUH VKRZV WKH UHOOWXKRQOKERQFHQIHHDNVLRQ -
FRQWHQW —J O $ QRQOLQHDU SDUDEROLF GHSHQGHQF
IXUIXUDO FRQFHQWUDWLRQ 7KH UHMJUHVVLR® HTXDWLRQ
7KLV LQGLFDWHY WKDW DW ORZI R DG Q RRRDAMICRADU DWW R RQ
DV R[\JHQ FRQWHQW LQFUHDVHV IURP  WR —J O WKHI
FDOFXODWHG FRHIILFI4HGMP RQ \GVM WIBA RAZRDUNHIRIDN LR Q E H\
VWXGLHG SDUDPHWHUV DQG WKH PDWKHPDWLFDO PRGHO

7KH GDWD LQGLFDWH WKDW R[\JHQ SUHVHQW LQ WKH
SURPRWHV XQGHVLUDEOH R[LGDWLYH SWR FH\GH\D FBIGI RWU
LV WKH REVHUYHG I X U QFUHD VAR QOHQWUDWLRQ IURP
&RQFXUUHQWO\ VSHFWURSKRWRPHWULF UHDGLQJV DW
UHIOHFWHG LQ WKH JURZLQJ GLIIHUWQ®HB EFRWZHHQ[PEDW
SDFNDJLQJ (OHYDWHG GLVVROYHG R[\JHQ DFFHOHUDWHG
QHJDWLYHO\ LPSDFWLQJ IODYRU DURPD DQG VWDELOLW

'"HWHUPLQDWLRQ RI SK\VLFRFKQPVYKBG EBHODPHWHUV RI

7KH SK\WVLFRFKHPLFDO SDUDPHWHUV RI ILOWHUHG DQG
FROWHQW SDFNDJHG LQ FRQWDLQHUV DUH SUHVHQWHG

7KH SK\VLFRFKHPLFDO SDUDPHWHUV RI WKH EHHU FRP S
FDQ EWHVEOMG DV D OLJKW SDOH VW\OH ZLWKVBPDRVGHIUDDNN IR
DQG WA\SLFDO RUJDQROHSWLF FKDUDFWHULVWLFV +RZHY
PD\ SURPRWH WKH IRUPDWLRQ RI IRKUWLIXDW OR @ SHRMLXYIO
IODYRU VWDELOLW\ GXRILQNVWWRDDJIJH -DVNXOD
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7DEOH
3K\ WLFRFKHPLFDO FKDUDFWHULVWLFV RI EHHU

&KDUDFWHULVWLFV 9DOXH
(IWUDFWLYLW\ RI WKH LQLWLPODVERMWD FW
$OFRKRO FRQWHQW YRO
&RORU (% &
%LWWHUQHVV PJ O
&2W FRQWHQW J O
"LVVROYHG 2 —J O
7RWDO 2 —J O
iG
$FLGLW\ PO RI 0 1D2+ SHU PO RI ZRU
62" FRQWHQW PJ O

'"HSHQGHQFH RI VHQVRU\ DWWUXER® HR QF HEGIW U DR'\QL R Q

7TKH UHVXOWY RI VHQVRU\ HYDOXDWLRQ RI LQGXVWULI
LQ 7DEOH

7DEOH
'"HSHQGHQFH RI VHQVRU\ DWWUXE XY HR @F HEGW UDRWDL R Q

4XDOLW\ DVVHVVPHQW SDQRHO PHPEHUV
XUIXUDD

%HH . . . . . . 2YHUDO®HRPPHQWV
’ RQWHQW VFRUH 0
—J O
&RQWURO 1R GHIHFWYV
60LJKWO\
R[LGL]HG |PLOG
DJLQJ

IRWLFHDE|O\ DJHG
VOLJKWO\|R[LGL]H

BWURQJO\
R[LGL]HG
SURQRXQRHG
DIJLQJ PXVW\
DURPD BWUHFNHL
DOGHK\GHV
SUHVHQW

'DWD LQGLFDWH GHSHQGHQFH RI \VXQ@NRW\ODMRQUF HEXM
'XULQJ VL[ PRQWKV RI VWRUDJH EHHU VDPSOHV H[KLELW}
FRQWURO EHHU ZXWIK WK FRRAMN QW U HPHALRWIE RV K H ROL\
RI DQG VKRZHG PLQLPDO GHIHFWV FRQILDPIGX) HJEWR
PRGHUDWHO\I XOIKYDWHEBRQFHQWUDWLRQYV DQG —J
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ORZHU RYHUDOO VFRUHYV DQG ® @G LIP[K LEH AHIGQ PQO C
DFFHSWDEOH TXD G&LWZLGOWK IDVR/D BDR S0 KO Y PRWHGH QW U D
—J O UHFHLYHG WKH ORZHVW VFRUH DQG ZDV FKDUD
DJLQJ PXVW\ DURPD DQG NWKHDSOGHMHGHAN RLHBWWWRFN
FODVVLI\LQJ LW DVWVRQVXPWEEAHE RHUQRQ

W ZDV HVWDEOXWMKHGOWRR@FHQWUDWLRQ GLUHFWO\
GHWHULRUDWLRQ SDUWLFXODUO\ LQ WHURN XR) GR{V GIDDVEGC
DURPDWLF QRMRHWYL \V DHAM XD ORQLWRULQJ WKLV SDLU
IRU SUHVHUYLQJ WKH RUJDQROHSWLF SURSHUWLHV RI WK

JLIXUH VKRZV WKH DURPD SURILORJUDP RI EHHU VD
R[LGDWLYH GHKMHBERRWIMRIORYDPSOH GLVSOD\HG D UHODW
FKDUDFWHUL]HG E\ PRGH U D WGIHRLYGHDBER SHIAMAH/GE QR VGG

6DPSOH H[KLELWHG D VOLJKW LQFUHDVH LQ WKH 3R[L
GHFOLQH LQ PDOW DQG KRS FKDUDVFWBUH ZRJL B W\. VYR @ ¥ D
WKH RQVHW RI VWDOLQJ

,Q VDPSOH WKH R[LGL]HG D UFRIBD EKILFDH KMV R R WPHD © WR
ZHUH QRWLFHDEO\ ZHDNHQHG 7KLV GHWHULRUDWLRQ FR
IXUIXUDO —J O DNH\FDUERQ\O FRPSRXQG DVVRFLD
WKH KLIKHVW R[LGDW DRQX¥FRADHQW IPIDA NMSSEAHVVLRQ RI |
DQG D VLPXOWDQHRXV ULWYHOIWMGEFQ RRGIVF 6XQRK VPKDIFUH \
R[LGDWLYH GHJUDGDWLRQ LQWHQVLILHG VW DEHQLY HXR G
DOGHK\GHV

)OD
LOQWHQVLW\ cefd- 6DPSOH <
~-4-—-6DPSOH «
— & -6DPSOH
2[LGLIHG (VWHU\ ¢
N —%— &RQWURO 6DPSOH
. A

$OFRKROLF +RSS\

6 XO I XU\ 0ODOW\

JWXUH$SURPD SURILOH RI EHHU VDPSOHV ZLWK GLITHUHQW

7KH WDVWH SURILOH RI EHHU VDPSOHV ZLWK YDU\LQJ «

GHPRQVWUDWHY D JUDGXDO GHWHULRUDW L RQJ RIUDHQ V
FRQFHQWUDWLRQ DQG R[LGDWLRQ OHYHO 7KH FRQWURC
FKDUDFWHUL]HG E\ SOHDVDQW VZHHMYHORSKBUPR®\L RXY/
DIWHUWDVWH
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JODYRXU ceede- 6DPSOH <

—4&-6DPSOH «
__-u~16ZHHW —e— &RQWURO 6DPSOH

$IWHUWDVWH

P ]

|
|
|
|
O |
%RG\ . W————— ASFLGLF

%LWW

JLIXUH/DVWH SURILOH RI EHHU VDY RY RUVEHDBLRQUHQW

6DPSONKRZHG D VOLJKW GHFUHDVH LQ WDVWH LQWHOQ\
FRUUHVSRQGLQJ WR LQLWLD® \HWHLHMVRIGE EKHIW R BIUQ D WENDI
DQG ILQLVK DFFRPSDQLHG E\ BREIHVNSWHUECRHXGQME WEEDIS-@ & LW
PRVW VLIQLILFDQW QHJDWLYH FKDQJHV LQFOXGLQJ HOFL
DIWHUWDVWH VXEVWDQWLDOO\ LPSDLULQJ RYHUDOO VH
PRUH WKDQ WZR WILRKINDID FBRIBMRWQOQDWLRQ XS WR —

&RQFOXVLRQV

7TKH VWXG\ GHPROQVWX DWW VDWNKHDI\WR[LGDWLRQ SURGXFW
RI EHHU SURGXFWLRQ DQG KDV D GLUHFW LPSDFW RQ EF
PDOW PLOMKHUWMWISIRVXUH RI FUXVKHG JUDLQV WR DLU
IXUIXUDO FRQFHQWUDWLRQ +LJK WHPSHUDWXUHY GXULC
SDVWHXUL]DWLRQ IXUWKHU DFFHOHUDWH LWV IRUPDWLRC
IHUPHQWDWLRQ DQG ILOWUDWLRQ FRQWULEXWH WR DGC
KHDGVSDFH DOVR SURPRWHV XQGHVLUDEOH R[LGDWLRQ |
FKDUDFWHUL]JHG E\ R[LGL]HG QRWHY DQG @RVMJIRO IUHVKQ

7TKH UHVXOWY KLJKOLJKW WKH LPSRUWDQFH RI FRQW
R[V\JHQ H[SRVXUH DQG SDVWHXUL]DWIURRUPRQ RUNPLERQLR (
SURSRVMEHFONURSKRWRPHWULF PHWKRG SHRYSSIHRDB KV LAP
PRQLWRULQJ R[LGDWLRQ SURGXFWV WKURXJKRXW WKH E
PDLQWDLQLQJ WKH RUJDQROHSWLF TXDOLW\ DQG VWDELC

5HIHUHQFHYV

%DPIRUWK & : %a+$H U HRY HRBOMPIDROQ R WKH ,QVWLWXWH R
SS = KWWSV GRL RUJ WIE
%DPIRUWK & : $QDO\WLV RI FULWLFDO FRAWKQIOFB3®LC

4XDUWHUO\ RI WKH 0ODVWHU %HHWZHFDV $8ERFLDWLRQ RI W
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YHWWHQKDXVHQ + 0 %DUU/ %URHFNOLQJ &' &KDSDUUR

$ / , Q1O XHDAM RRXUFH RQ EHHU FKHPLVWERGODYRI
5HVHDUFK ,QWHUSBEDWLR®W®W SV GRL RUJ M IRRGUH)

%RFKDURYD 2 OHOQLN , +QDWRYVND\D ' &KXE 6
HYDOXDWLRQWKH)RRHH U6 FLXMEHW\D QG 7HFKORORJI\
KWWSV GRL RUJ IVW Y L

&DUQHLUR - 5 *XLGR /) 7KH LPSDFW RI VXOSKXU GLR
(IXUDOGHK\GH LQ EHHU -REUQBG\RW YRROG OBISHURMDH K 7HFK
SS + KWWSV GRL RUJ M

&LRFDQ 0 'DELMD $ &RGLQD * (IIHFW RI VRPH XQF

SURGXFWLRQ Rl EODBNQLPHU)RRG -RXISSDDO
KWWSV GRL RUJ ;

&XLIHUGD 3 9REYPO®HS 8BHDDWRQM]¥MIKDLQYPK * +DXULHJL 2
5 /DPXDOBHIQWyYV 5 &RPSUHKHQVLYH FKDUDFWHUL]
KLIKHXRQRQ PDVV VSHBEWURPHWWE JBRG &KHPLV®I\

+ KWWSV GRL RUJ M IRRGFKHP

'DFN ( %ODFN : .RXWVLGLV * 8VKHWODUG UHBFAWLIRIQFBUI
\HDVW VWUDLQ RQ WKH VIQWKHVLV RI NH\ KLJKRRGDOFRK
&KHPLVWU\ SSt KWWSV GRL RUJ M IRRGFKHP

'LD] $ %X Ui©XHUYHADR/ D  V&D V WHINRED V JURP WKH UDZ PDWH
WKH ERWWOHG SURGXFW ,QIOXHQFH RI WKH HQWLUH SUR
LOQGXVWUIRRBEHHUVKWWSY GRL RUJ IRRGV

'LWU\FK 0 )I9OL'SRYRXMN * *RDVNXOD $HUWV * $QGHUVHQ O
/ ,QYHVWLJIJDWLRQ RI WKH HYROXWLRQ RI IUHH VWE
%UHZLQJ 6FItHQBH+ KWWSV GRL RUJ GLWUWABKF

J)LOLSRZVND *REDUMMXOD'LWU\FK 0 %XVWLOOR 7UXHED 3 'H
& &RRN ' 'H &RRPDQ / 2Q WKH FRQWULEXWLRQ R
SURFHVV WR WKHH®RUPDMALIRT PIOB-HRKK\GOIDN O $R U MMKLHH ZQ V W
%UHZLQJ SS# KWWSV GRL RUJ MLE

-DVNMAMDLV % 'H &DXVPDHFNHU % 'H 5RXFN * S$HUWV *
&RRPDQ / ,QIOXHQFH Rl WUDQVSRUW DQG VWRUDJH
VWDELORXWUQDO RI WKH ,QVWLWXWH R3S ®%UHZLQJ
KWWSV GRL RUJ MLE

.URIWD . O9UDEFRYi 6 OLN\&ND 7KH HITHFW Rl KRS EH\
ELWW HUMHWV3UXP\V OB S KWWSV GRL RUJ NS

. XQ] 7 6WUIKPHO $ &RUWpPV 1 .URK/: OHWKQHU ) -
LOWHUPHGLDWHY ZLWK HQHGLRO VWU XFW-RXH @RIOWRI HWK]
$PHULFDQ 6RFLHW\ RI %UHZLQJ SBHPLVWYV
KWWSV GRL RUJ $6%&-

XQIJH : 7HFKQRORJ\ %UHZLOQWHDQGQ DO WLQJ

/RKLQRYD $ S3HWUXVKD 2 0DLOOD 8B UDHDEWQR® X QQIN
JRRG QFIHH SS KWWSV GRL RUJ

20DQ$ 2DOLUDODRNRHQD 3LOBD\ )ODFWXYH YRODWLOH FR
LQ EHHU 3URGXFIWI® @ REFMHKODWRRWKH ,QVWLWR®H RI 9

KWWSV GRL RUJ MLE

208RYVNi - aWw UED . 6ODEé 0 9U]DO 7 1RYHO PHWK]I
FRPSBXQDQG WKHLU LPSDFW L9QDEQN ZIDXPWBIFKQRORJ\
KWWSV GRL RUJ NS

3LHF]JRQND 6 $ +HPPOHU ' ORULW]) J/XFLR O =DUQNRZ 0
_.RSSOLQ 3 +LGGHQ LQ UOWMY HF® MR O3 VAR ORIIF WEDBI E F
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UHDFWLRQ QHWRRE N &KHPLVWU\
KWWSV GRL RUJ M IRRGFKHP
5DNHWH 6 .ODXV $ ODUFXV $ *ORPE ,QYHVWLJDWL
GH[WULQV GXULQJ DJLQJRRIUSD®VRHYIWLEN CBM¥XWDO DQG
SsS KWWSV GRL RUJ M F
SLFRXVWH $ *RIQIDHNIR 3 H¥PHQLWRODV &DVDV (QJHO 7 2UHC
%RQGL 0 & YXUIXUDO GHWHUPPHLWLR® \Z DWIG & P\DSR
EDVHG FRORULPHWU\ IRU EHB&DOUMMKIIH &Y HBSYHVUAP HQ W
KWWSV GRL RUJ DFV DQDOFKHP E

9DQGHUKDHJHQ % 1HYHQ + 'HOYDX[ )5 O9HUVWUHSHQ .
,QIOXHQFH RI WKH EUHZLQJ SURFHVV RQ IXUIXU\O H\
-RXUQDO RI $JULFXOWXUDO DQG )RRITS &KHPLVW
KWWGSRL RUJ MI
9DQGHUKDHJHQ % 1HYHQ + O9HUVWUHSHQ .- 9HUDFKWF
FKHPLVWU\ Rl EBMHBUDWLGDQRRG YRKHAPLVWIR =+
KWW GRL RUJ M IRRGFKHP
'LHWVWRFN 3 & .XQ] 7 OHWKQHU ) - 5SHOHYDQFH RI R
DOGHK\GHV GXULQJ EHHU-BXRQRPWIRK DIFX YWRUDOHD QG
SS + KWWSRL RUJ DFV MDIF E

&LWH
8)- BW\OH

OXNRLG 5 %XOLe <X .LURLWHBGRBLWHRUIXUDO
DFFXPXODWLRQ DQG LWV LQIOXH®NUDRQLESG H)R RGH
-RXUQDO SS*+ KWWSV GRL RUJ ;

$3$ 6W\OH

OXNRLG 5 %XQLULEMQNR @[\JHGULYHKQIXUDO

DFFXPXODWLRQ DQG LWV LQIOXH®NWD RQLE® H)UR R/GH (
-RXUQDO + KWWSV GRL RUJ ;
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(ITHFW Rl EXON PDWHULDO PHFKDQLFV RQ RS\
JHRPHWU\ LQ DGDSWURQLF GRVLQJ V\VWHPYV

20HNVDQGU *DYYD /\XGPL 9RORG
<XUL\ 'RORPDNLQ $QWRQ .RNKDQ 1DWDOL\D .XO\N

IDWLRQDO 8QLYHUVLWI RI )RRG 7

$EVW!
.H\ZRUGV 'QWURG 7KH SXUSRVH RI UHVAHDUFK LV WR VXEV
SDUDPHWHUV RI WKH IHHGLQJ GHYLFH RI WKH IX¢
%XON SURGXFWRGXFWV LQ D YROXPHWULF ZD\ ZLWK FRQWL QX
3DFNDJLQJ PHDVXULQJ FXSV
JHHGLOQJ ODWHULDOV D Q/& HP FRERM REMF N D J L QO XU VE R @ R
'RVLQJ SURGXFWV ZLWK SRUWBPOHKWHLIHWVRIQ RI WKH I
(GHYLFH LV D FRPELQDWLRQ RI FRQLFDO DQG F\
$GDSWURQLF5| SHOLQH 7KH DQDO\WLV RI WKH PRYHPHQW RI |
PRGXOH RI WKHQUIHEBYLFH ZDV FDUULHG RXW XVLQJ WK
PHFKDQLFV DQG GLVFUHWH HOHPHQWYV RI $OWDL

ZHUH FDUULHG RXW RQ D SDFNDJLQJ PDFKLQH D\

$UWOH KLVWRW\ USP
5HVXOWY DQG THKH RKRMHERWYX RV MK K HHRHBEU FK L\
S5HFHLYHG FRQVLGHUDWLRQ RI WKH FRQWLQXRXV PRYHPHQ
FXSV ERWK DW WKH VWDJH RI SURGXFW GRVH IR
S5HFHLYHG LQ SURGXFW IHHGLQJ GXULQJ WKH GHVLJQ RI WKH |
UHYLVHG IRUPGHYLFH 7K@ BXSEDMNDJILQJ VLIQLILFDQWO\ DIIHF)\
WKH GRVLQJ DQG IHHGLQJ DGDSWURQLF PRGXOH
$FFHSWHG FRQWLQXRXV URWDWLRQ RI WKH URWRU ZLWK
LPSRVVLEOH WR HQVXUH WKH IUHHOPRYWRHRXW IR |
WKH FKDQQHOV RI WKH IHHGLQJ GHYLFH 7R UHG

RI SDUWLFOHYV ZLWK WKH LQQHU FRQH VXUIDFH F
PHWKRG LV WR LQFUHDVH WWKHFWRRQDBOLBDQWDRR
&RUUHVSRQGLERIQMXJDWERQHRD @/ H\OLQGULFDO SDUWV RI WK

DXWKRU DUUDQJHPHQW RI WKH F\OLQGULFDO SDUW RI W
FRQLFDO SDUW LV SURSRVHG $Q H[SUHVVLRQ ZC
I\XGPLOD UDWLRQDO YDOXH RI HFFHQWULFRWW DWW GRUI I K

.U\YRSOLDV PRYHPHQW RI PHDVXULQJ FXSV ,Q WHUPV RI WK
9RORGLQD WKH FROIHQGULFDO IHHGLQJ GHYLFH WKH HFFHQV
(PDLO DQG Rl WKH GLDPHWHU RI WKH F\OLQGULFDC
NU\YRSO\DV WKH JLYHQLWUYRWKHAWALDPHWHU Rl WKH EDVH RI V
YRORGLQDORHAAKIAM. QJ GHYLFH LV GHWHUPLQHG WDNLQJ LQW
HGX XD SDUWLFOH V PRYHPHQW JHRPHWULF SDUDPHWH

JHRPHWULF SDUDPHWHUS&VR QW WH B WBD\FEY WP J | RX S

ERWK WKH WKHRUHWLFDO DQG VLPXODWLRQ PRG
SURGXFW SRWVHRQVHU WKDQ WKDW IRU D VLQJOH F
%\ LQOFUHDVLQRIAWKHRQUDRVIVUHD RI WKH FRQMXJDW
F\OLQGWUWINORS WKH IXQQHO LW LV SRVVLEOH WH
SURGXFW IHHGLQJ IRU SDFNDJLQJ E\ XS WR
‘2, &RQFOXWLRQ¥WUHDVLYBHMKIREDRVIWUHD RI WKH |
Rl WKH FRQLFDO DQG F\OLQGULFDO SDUWYV RI W|
; WKH GXUDWLRQ RI RI EXON SURGXFW IHHGLQJ |
SURGXFWLYLW\ RI WKH DGDSWURQLF PRGXOH WR
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L QWURGXFWLRQ

'RVLQJIBAGLQJ LV WKH PRVW LPSRUWDQW DQG UHVSR
SDFNDJLQJ SURGXFWV %XON SURGXFWV OLNH RWKHU W\¢
YDOXHV RI SK\WVLFDO DQG PHFKDQLFDO SDUDPHWHX®N 7KH
SURGXFWV VLJQLILFDQWO\ DIIHFW WKH FKRLFH RI DQ HIIH
IOX[ EXON SURGXFWV ZKLOH HQVXULQJ KLJK SURGXFWLY
IRUPDWLRQ LV ZLGHO\ XVHG
,Q PRGHUQ DXWRPDWLF PDFKLQHV WKLV PHWKRG RI ¢
SDFNDJLQJ PRGXOHV WKH ZRUNLQJ ERG\ Rl ZKLFK LV D F:
URWDWLRQ RI WKH URWRU *DYYD HW DO | FPRIVRILUQU R
WKH URWRU GLUHFWO\ DIIHFW WKH SHUIRUPDQFH RI ERW
PDFKLQH LQ JHQHUDO ,Q WXUQ WKH IUHTXHQF\ Rl URWD'
EXON SURGXFWV GRVLQJ DQG IHHGWRHB GRWIKH DRWDHHGU
WKH F\FOH WLPH LV WKH OLPLWLQJ SDFNDJLQJ RSHUDWL!
SDFNDJLQJ F\FOH LQFOXGHV WKH GXUDWLRQ RI RSHQLQJ
WR WKH SDFNDJH VX$ SOKHQBRMWD UGHPRRY SDFEFNDIH 21 \
ORQJHVW DQG PRVW OLNHO\ E\ GHILQLWLRQ LV WKH F\FOF
SDFNDJH 7KH GHVLJQ RI WKH IXQQHO RI WKH IHHGLQJ G
PRYHPHQW RW @ ZIRG B[BWAR KB LQQHU VXUIDFH RI WKH IXQQH
SKHQRPHQD 2QH RI WKH ZD\V WR PLQLPL]H WKH GXUDWL|
SURGXFW SLSHOLQH RI WKH IHHGLQJ GHYLFH LV WR GHWH
'"HWHUPLQLQJ WKH UDWLRQDO SDUDPHWHUV DQG JHRF
SDUDPHWHU SUREOHP 7KH GXUDWLRQ RI SURGXFW PRYH
PHFKDQLFDO SURSHUWLHV SDUDPHWHUV RI LQRQNREWLF
SURGXFW VWDWH DQG DHURG\QDPLF UHVLVWDQFH 6W\SQ\
7RGD\ YDULRXV PHWKRGV DUH XVHG WR VWXG\ WKH PF
SLSHOLQHV RI SDFNDJLQJ DQG WHFKQRORJLFDO PDFKLQ
PRYHPHQWWI QRHEY LQaLTIMIG DDEDIMLVHRXV VWDWHV  %XU
ORGHUQ GRVLQJ DQG IHHGLQJ PRGXOHV FRQVLVW RI
IHHGLQJ HOHPHQWY WKH QDWXUH RI WKH PRYHPHQW RI
7KHUHIRUH ZKHQ GHYHORSLQJ PDWKHPDWLFDO PRGHOV
GLYLGHG LQWR JRQHV WKH PRYHPHQW RI SURGXFWV LQ Z
DQG DGDSWHG PRGHOV B6XFK PRGHOV LQFOX®M PRBROW .
VIVWHPV %HUWUDQG HW DO ,Q JHQHUDO WKH\ DUH
$ FKDUDFWHULVWLF IHDWXUH RI WKH IXQFWLRQDO GR
RI IORZV Rl EXON SURGXFWW RQ G Q\K EEGRRW SDBRYAPHY
DQG VHSDUDWLRQ RI WKH SURGXFW GRVH IURP LWV PDVVI
IRU VXFK D PRGXOH PDNH LW SRVVLEOH RQO\ WR DSSURJI
WKH\ GR QRIVFARDNMWLOYWR SHFXOLDULWLHV RI WKH UHDO
WKH LQWHUDFWLRQ RI SDUWLFOHV ZLWK HDFK RWKHU DC
%XUPLVWHQNRY HW DO ,Q VRPH FDVHV WRHYLPSOLI
IXQFWLRQDO PRGXOH PDWKHPDWLFDO PRGHOV RI WKH PR
RI EXON SURGXFWV WKHLU LQWHUDFWLRQ ZLWK WKH ZF
.DIDVKDQ HW DO
5HJUHVVLRQ PRGHOV DUH FWKXB® LOrHHOLI RVRIIGWRH &/KWL
PRGXOH DQG D VSHFLILF W\SH Rl EXON SURGXFW 'L 5HQ]R
6XFK PRGHOV HQVXUH KLJK DFFXUDF\ Rl IRUHFDVWLQJ L
GXUDWLRQ GRVLQJWKA XUDFHFWHWKLDQJHV RI SDUDPHWH
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LW LV DOPRVW LPSRVVLEOH WR XVH WKHP IRU RWKHU VWL
QDWXUH RI SK\VLFDO DQG PHFKDQLFDO SKHQRPHQD WKDYV
IHHWLPRGXOHV 7KLV JUHDWO\ FRPSOLFDWHYVY WKH XVH RI
IHHGLQJ PRGXOHYV VLQFH HDFK GHVLJQ RSWLRQ UHTXLU}
S8PHNDJH I1XPHULFDO PHWKRGYV LQ SDUWLWXODU WK
DUH PRUH XQLYHUVDO DQG PDNH LW SRVVLEOH WR DQDC(
PRYHPHQW RI EXON SURGXFWYV LQ WKH SURGXFW FKDQQ H(
DO 0XQML]D 7KLYV PHWKRG LNWDEODNHEKRQ LW ¥ HX
FDOFXODWH WKH PRWLRQ RI D ODUJH QXPEHU RI SDUWLFC

7KH DGYDQWDJHV RI WKLV PHWKRG DUH WKH DYDLODE
SRVLWLRQ RI LQGLYLGXDO SDUWLFGHKO DDQWLWRQN D LRODLW/N
0'( GRHV QRW UHTXLUH WKH FUHDWLRQ RI D SK\VLFDO PR

1XPHULFDO PHWKRGY DUH DOVR XVHG WR VROYH PDWKI
RI LQGLYLGXDO SDUWM ©Q WKIHDI LBXI®AN RBIUREWLRQ RI PHFK
IULFWLRQDO JUDYLWDWLRQDO HWF WKDW DULVH GXULQ
DQG IHHGLQJ PRGXOH DQG DUH SUHVHQWHG LQ WKH IRUP
DQGVDWVHQNR 9HUD HW DO
'"HUHQLYVND HW DO DQG ODVOR SURYLGH GDW
LQ ZHLJKW GLVSHQVHUV DQG zZD\V RI LQWHQVLI\LQJ WKH
XQGHU WKH DFWLRQ@ RISUIRBRDMWIGRB\ GRRGRYDL\ HW DO
+RZHYHU WKHVH ZRUNV VHSDUDWHO\ FRQVLGHU WKH PRYl
WDNLQJ LQWR DFFRXQW WKH PRGHV RI PRYHPHQW RI SURC
RSHUDWLRQV
7KH SXUSRVH RIWWR VWEKWWDQWLDWH WKH GHVLJQ DQ
GHYLFH RI WKH IXQFWLRQDO PRGXOH IRU GRVLQJ EXON SL
RSHUDWLRQ RI WKH URWRU $FFRUGLQJ WRRH®KH JRDO WK
DQDO\]H WKH NLQHPDWLF SDUDPHWHUV RI WKH PRYHPH
EXON SURGXFWV LQ WKH FKDQQHOV RI WKH SURGXFW S
GHWHUPLQH WKH HIITHFW RI WKH GLVSODFHP® QRW VRK AVK |
IHHGLQJ GHYLFH LQ UHODWLRQ WR WHHWERQB C DWW DR
PRYHPHQW RI WKH SURGXFW IORZ DQG WKH GXUDWLRQ
DSSO\LQJ WKH PHWKRG RI GLVFUHWH HOHPHQWYV WR L
SURGIXFWWKH SURGXFW SLSHOLQH RI WKH IHHGLQJ GHYL
HIHFXWLRQ RI WKH IXQQHO RQ WKH NLQHPDWLF SDUDPI
FKHFN WKH DGHTXDF\ RI VLPXODWLRQ PRGHOV RI WKH
GHYKZAAMWK UHDO SURFHVVHYV

ODWHULDOV DQG PHWKRGYV
5HVHDUFK SURGXFWYV
7KH REMHFW RI GRVLQO P BEXIGIKN GUREG XV WW2LWXKFIX VL]

SURGXFWV LQFOXGH FHUHDOV ULFH EXFNZKHDMD IPWEDH)\
HWF
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&DOFXODWLRQ PRGHO

JLIXUWMKRZV D FKDUDFRVMHUKNWX® PVFKRI@BIO PRGXOH IRU
RI EXON SURGXFWV RI FRQWLQXRXV DFWLRQ WKH PHDVX
IRUP RI WHOHVFRSLF FXSV ,Q VXFK PRGXOHV XQORDGLQ
WKHLU FRQWLQXRN\GPARYHPHRQWKH SURGXFW IHHGLQJ GHY
RI FRQLFDO DQG F\OLQGULFDO SDUWV RI WKH SURGXFW S
RI WKH VOHHYH RI WKH ILOP IURP ZKLFK WKH SDFNDJH L
HTXOLO'HQW WRHFKH. RQROWL]H RI DQRWKHU W\SH RI SDFND
SDUW FRUUHVSRQGY WR D WUXQFDWHG FRQH WKH ODUJ}
PRYHPHQW RI WKH FXSV LQ WKH SDFND2REQW K R Qa4 DIFHGV W
WKH F\OLQGULFDO SDUW 7KH DQJOH RI WKH JHQHUDWLQ.
RQ WKH PRGH RI PRYHPHQW RI EXON SURGXFWV QRUPD
GHWHUPLQLVWLF K\GUDXOLF PRGHWRLW R¥IFRR®MWQRIHEX GN
HW DO WR WDNH WKH DQJOH RI LQF® LRQ DKH. RO @I WWKK
RI WKH IHHGLQJ GHYLFH LV GHWHUPLQHG E\ LWV OD\RXW
WKH FRQH WKH GLDMHOWHDURM WHKH PQLQIEWRIA QFOLQDWL
WKH ORFDWLRQ DQG VWUXFWXUH RI WKH ILOP VXSSO\ PR
WKH ORFDWLRQ RI WKH VXSSO\ WUDQVSRUW V\VWHP IRU F

J)LIXUH 6FKHPH RI GRVLQJ DQG IHHGLQJ PRGXOH IRU EXON
tKRSSHU ZLWK EXGRXSURBX¥XWYLQJ+tFOBSBFL W\
*tFRQLFDO SDUWRDOLQ@GWHEDO SDUW RI IXQQHO

7TKH WHFKQRORJEPFO LI QYPDWVRHRMHUPLQHG E\ WKH GX

RI SURGXFWYV IURP WKH GRVLQJ FRQWDLQHU FXS WR W
PRYHPHQW LQ WKH FRQLFDO DQG F\OLQGULFDO SDUW RI \
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,Q WKH RSWLPDO YDULDQWQ BHWKHGG® U IMWKIHRPLRIL B UG
LW VKRXOG PRYH DORQJ WKH F\OLQGULFDO SDUW RI WKH
RI WKH SURGXFW SLSHOLQH +RZHYHU IRU FRQWLQXRXV
DFKLHYH WKLV W\SH RI PRYHPHQW

YRU WKH PRVW SDUW ZLWK WKH DSSURSULDWH UDWLR
GHYLFH WKH IUHTXHQF\ RI URWDWLRQ RI WKH URWRU
PHFKDQLFDO SURSHUWLHV Rl EXON SURGXFQJY DORQW \RK ¥
LQQHU VXUIDFH RI WKH IXQQHO FRQH $ORQJ ZLWK WKLV
RQ WKH LQQHU VXUIDFH RI WKH F\OLQGULFDO SDUW RI Wk
WXUEXOHQFH RI PRYWH®HQMWHYSDIKE V AV HVKR GXUDWLRQ RI
DFFRUGLQJO\ UHGXFHV WKH SHUIRUPDQFH Rl WKH PRGXO
LW LV DSSURSULDWH WR DSSO\ VHYHUDO LQQRYDWLYH ¢
UDWLRQDO GHVLJQRH WKHAKHGQYRD GHY LQ FUHDAWL QR QUDIOH
DUHD RI WKH SURGXFW FKDQQHO DQG PLQLPL]LQJ WKH PF

,Q RUGHU WR HVWDEOLVK WKH OLPLWV RI WKH FKDQJH
GHYLFH LW LV IDBSHAREBULDWH WKRH PRYHPHQW RI FKDUD
SURGXFWV XVLQJ WKH P HW K3 WKIHFG\IM\DWLLAFD/O RR HFIKID P IRF
PDWHULDO SDUWLFOH $W WKH VDPH WLPH WKH IROORZL(
SURGKBEWWYDVV EXW LWV JHRPHWULF GLPHQVLRQV FDQ E
SODVWLF ERG\ ZLWK D VSHHG UHFRYHU\ FRHIILFLHQW DI
GHYLFH ZKLFK LV GHWHUPWXHGLRLOXHQFN R X WKRIXDAL QR
SDUWLFOHV RQ WKH PRYHPHQW RI WKH VWXGLHG SDUWLF

7R DQDO\]H WKH SKHQRPHQD WKDW DULVH GXULQJ Wi
SURGXFW FKDQQHOV RI GRVLQJ DQG IHHGLQJ PRGXOHV
0'(LV EDVHG RQ WKH DVVXPSWLRQ WKDW EXON SURGXFW\
GLIIHUHQW SURSHUWLHV DQG VXUIDFH VKDSHV ,Q RUGH
SDUWLFOHV RI FRPSOH[ VKDSH DUH RR\G 60 B BHMWHD W HOX( FPI
LW SRVVLEOH WR VLPXODWH WKH PRYHPHQW RI SURGXFW
RI JUDYLWDWLRQDO DQG FRXORPE IRUFHV DV ZHOO DV Ii
ZRUNLQJ ERGLHV RI IXQFWEWR®DO PRGXOHV RQ SURG

7KH LQSXW SDUDPHWHUV IRU WKH PRGHOLQJ.SURFHVV
L OLQEUX. DQG D@IXOMUYHORFLWLHV RI DOO SDUWLFO
SDUDPHWHUV RI WKH PRYHPHQW BIRWKH ZRUGN LA B GERGIL |
LQWHUDFWLQJ ZLWK WKH SURGXFWV DUH DOVR VHW

7KH PRGHOLQJ SURFHVV LV LWHUDWLYHMV 2\H IGRHW HUP LED
IRU WKLV ZH DSSO\ WKH 5D\OHLJK FULWHULRQ 2 6XOOLYI

w U
Q *
ZKHOW *QDUH WKH UDGLXV EXON PDVV VKHDU PRGXO
WKH SDUWLFOH =KX + 3 HW DO UHVSHFWLYHO\
$W WKH EHJLQQLQJ RI HDHKKHLOIHAWD R/IL RQD EWIVAHIZ RACH F |

YDOXH RI WKH IRUFHY DFWLQJ RQ HDFK RI WKH SDUWLFOF
GLIIHUHQWLDO HTXDWLRQV LV GHWHUPLQHG

)LMP‘lN
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1
G o,
GW LILM

L

ZKHUH W LV WLPH

PL+SDUWLFOH PDVV

- *tPRPHQW RI LQHUWLD RI WKH SDUWLFOH

4 +tWKH DQJIOHRRIWKRHWHSIWLWORFOH

O.dPRPHQW RI IRUFHVY DFWLQJ EHWZHHQ SDUWLFOHYV

J))kIRUFHV DFWLQJ RQ WKH SDUWLFOH IURP RWKHU SDUWLF
7TKH VXP RI WIDHFWRQYPBHR/Q) WKH SDUWLFOH FDQ EH UHSI

DFWLQJ RQ WKH VLGH QGRMKKHH UR B B H VRIL RIQJHDW [) W\

1
)L : )LMP JL

L ¢ M

$ VLPLODU H[SUHVVLR®Y F PR EHQIW DWW H Q

o To,, !t [0

L ¢ M Lz M

$W HDFK VWHS WKH SRVLWLRQ RI WKH SDUWLFOHV LV
GHYLFH DQG ZLWK HD FKHRRV KHKF K, QQWKH BBWYRQV WKH Y
QRUPDO IRUFHV DUH FDOFXODWHG DQG QHZ YHFWRUV RI
%DVHG RQ WKHP WKH SRVLWLRQV Rl WKH SDWUWLPEHD W
FDOFXODVKHGF DT&AFXOWWLRQ F\FOH LV UHSHDWHG

JWRUFHV FRQVLVW RI UHSXOVLYH IRUFHV DQG IULFWLI
QRUPDO DQG WDQJHQWLDO

7KH SRVLWLRQV DQG YHORFLWLHV RI PRYHPHQWWI DC
GHILQHG IRQREZY) LQGWLDO YHORFLWLHYVY DUH FDOFXODWHFH

"W
YI [L~_ 7
[ [se L P

W
]L ]RL YI]L )P]:__
ZKHYM )j.xtDUH WKH FRQVWLWXHQW VXPWKRS MKW DROWIRFKHIV VWD
] D[HV UHVSHFWLYHO\
2QFH D QHZ SRVLWLRQ RI WKH SDUWLFOHYV KDV EHHQ G
EHWZHHQ WKHPVHOYHV DQG ZLWK VXUK R XYPDPELOHEG REIMW R
LOQOWHUVHFWLRQV DUH XVHG DV LQSXW SDUDPHWHUV WR (
RQ WKH SDUWLFOHYV $W HDFK VXEVHTXHQW LWHUDWLRQ
+HUJHQ V FRQWDFW WKHRU\ ZDWRVPBR QHR \® HRW MUKFH. Q@
IRUFH 'L 5HQ]JR DQG 'L ODLR =KX HW DO DQG
'"HUHVLHYLFK %YHUWUDQG HW DO JRU ERWK RI V
FRPSRQHQWY GHWHUPLQHG E\ HOO-X\OWMWFHL GV \ :ERIBDIUD PIVH QO
<DQ HW DO
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7KH WDQJHQWLDO IRUFH RI IULFWLRQ ZDV FDOFXODWH
UROOLQJ IULFWLRQ ZDV FDOFXODWHG EDVHG RQ WKH URV
7TKH QRUPDO FRPIRRIGFHQAD RIFWB&BHXODWHG DFFRUGLQJ W

) —( V5 G,
ZKHUWtLY WKH RYHUODS RI SDUWLFOHYV
( LV WKH HTXLYDOHQW YDOXH RI <RXQJ V PRGXOXYV
Y \
( (0 (w
5LV WKH HTXLYDOHQW YDOXH RI WKH UDGLXV RI WKH

5 5 5,
(LY5. G¥dBvtYDOXHV RI <RXQJ V PRGXOHV 3RLVVRQ FRHI
IWK DWK S DUWLFOHYVY EHWZHHQ ZKLFK WKH LQWHUDFWLR
7KH QRUPDO FRPSRQHQWVRG MVHUHPQ QWG LE\ I\ K AH RZWDP X

)$ \ﬁg/es(; P "XJ

PP
ZKHPH ——" WKH HTXLYDOHQW PDVV Rl WKH WZR FRQWDFYV

L !

DQG P
X' QRUPDO FRPSRQHQW RI UHODWLYH VSHHG LQ WKH G

E+GDPSLQJ FRHIILFLHQW ZKLFK GHSHQWYHR Q HFIRE HUUHF
FRHIILFLHQW LV UHODWHG WR HQHUJ\ ORVVHV LQ WKH HY

6otQRUPDIQ WWWL GHSHQGLQJ RQ <RXQJ V HTXLYDOHQW P
5 DQG QRUPD® RYHUODS

6DQBEDUH FDOFXODWHG XVLQJ IRUPXODV

v (V55
oR

JOOQ s
7KH WDQJHQWLRR) WRMHSRQWBWDFWLRQ IRUFH ZDV FDOF
YDOXHV RI WKH W GQJBQ® MDKH RYBIQWDBWLDO VWLIIQHVV 6

Jw 634G

6, *y 5°G
* +HTXLYDOHQW VKHDU PRGXOXV
,Q DGGLWLRQ WDQJHQWLDO GDPSLQJ ZDV GHILQHG DV

e LAvTe R,

ZKHUinUHODWLYH WDQJHQWLDO YHORFLW\

E

ZKHUH
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7TKH WDQJHQWLDO IRUFH LV OLYDLORE; ZXKVRAAHY SROHORPE

VWDWLF IULFWLRQ FRHIILFLHQW
"KHQ WDNLQJ LOWR DFFRXQW WKH IRUFH RI UROOLQJ
WDNLQJ LQWR DFFRXQW WKH DPRXQW RI WRUTXH RI WKH
T Py)oS Z
ZKHBHY WKH UROOLQJ IULFWLRQ FRHIILFLHQW
5LV WKH GLVWDQFH IURP WKH SRLQW RI FRQWDFW WR
Z.xLV WKH XQLW YHFWRU RI WKH DQJXODU YHORFLW\ R

7R VWXG\ WKH PRYHPHQW RI WKH IORZ Rl EXON SURG)
WKH SURGXFW SLSHOLQH R IGWRHHQ\HHRE) M RERIFA BREDDMAOLO
IXQQHO ZDV FUHDWHG DW 6ROLG :RUNRWBDWQ BKIFX ZRY Y
WR WUDQVIHU WKH PRGHO WR WKH $OWDLU ('(® WP(DFMD O F >
LQIRUPDWLRQ ®ERXW DRW B OHREM B E WWL R [VWRIUHGEI ®@D U 1D
LWV VXUIDFH DQG WKHLU QRUPDOV

7KH 0'( PRGHOLQJ SURFHVV LQYROYHV GHWHUPLQLQJ
ZRUNLQJ ERGLHV RI WKH PRGXOH LQFOXGHG LQ WKH PRG
,Q WKH SOV HRKHAXQQHO RI WKH GHYLFH LV D VWDWLRQ
WKH JHRPHWULF GLPHQVLRQV LV VXIILFLHQW IRWLQWV VL
DQG WKH SK\WLFDO DQG PHFKDQLFDO SURSHUWEBW RI WK

7TDEOH
ODWHULDOV SDUDPHWHUYV

SDUDPHWHU| QDBWLFOHV RIIEXQ@HUEREFWMVWHULD
3RLVVRQ &RHIILFLHQW
%XON NJ H
6KHDU ORGX(OXV 3D
<RXQJ V ORGXOXV 3D
5DGLXV PH
"HLIKW NJ
9ROXPH P
ORPHQW RI ,QHUWLD NJ P

7R FDUU\ RXW 0'( PRGHOLQJ LW LV QHFHVVDU\ WR V
LQWHUD FW LRDQWW ISEQH P RAHSDLUDVDL RO AV K HL QYQHUHIOF W RRIQ i/
+HWILQGOLQ HODVWLF FRQWDFW WKHRU\ LV XVHG QRW
LOQWHUDFWLRQ PRGHOV DUH JLYHQ LQ 7DEOH

7KH PRGHOLQJ SURFHVYV ZDV SHUIRUPHG IRU VHYHUI
HFFHQWULFLW\ RWWHK H \ORWVIGWLEQ@ ® SDUW RI WKH IXQQHO
H PP PPPP PP DQG WKH DQJXODU VSHHG RI URW
PHDVXULQY4 FXSV UDG V ubG Vv ubG Vv ubG Vv
FRUUHGBRVR WKH IROORZLQJ YDOXHV RI WKH SHUIRUPDQ
GRVHV PLQ GRVHV PLQ GRVHV PLQ GRVHV PLQ
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7DEOH
2EMHFW LQWHUDFWLRQ SDUDPHWHUYV

3DUDPHWHU QDPH 7\SH R LOQOWHUDFWLRQ
3DUWSICAROWMBBOMIKP@QHO PDWHULDO
&RHIILFLHQW RI|5HVWLWXWLRQ

&RHIILFLHQW RI
&RHIILFLHQW RI !

&DOFXODWLRQV ZHUH PDGH IURP GHWHUPLQLQJ WKH G
RI SURGXFWWJP DW WKUHH OHYHOV RI WKH IHHGLQJ GHY
WKH FRQLFDO SDUW RI WKH IHHGLQJ GHYLFH LQ WKH FR(
SDUW

7KH VKDSH DQG VL]H Rl WKH SDUWLFOHYV BRFEPEB® XQ
7KH DQJOH RI LQFOLQDWLRQ RI WKH VLGH ZDFRO@NLRK WK H
HQVXUHV D K\GUDXOLF PRGH RI PRYHPHQW RI WKH IORZ
F\OLQGULFDO SDUW RI WKH IXQQHQ " WP R HDKW RS EBIPGI W H
RI WKH EDVH Rl WKH FRQ FBDOFXOW WRH GV B FIF RADGALHD 'W R
DFFHSWHGPP

&KHFNLQJ WKH DGHTXDF\ RI WKH UHVXOWV RI DQDO
PRYHPHQW RI EXON SUFRGSHO®V QK RV KHKSHUIRIGHIGAWYJ GHY LF|
D DFWXDOO\ RSHUDWLQJ DXWRPDWLF PDFKLQH IRU SDFI
FHUHDOV LQWR D SRDXEBHRS\OHQH ILOP

7KH IXQFWLRQLQJ RI WKH V\WVWHP LV EDNKGRR® JWKW
LQWHOOLJHQW LPDJH SWRAHP IFROQWQBOORDVHG RQ D S
FRQWUROOHU

$W WKH LQLWLDO VWDJH Rl WKH WHFKQRORJLFDO SURF
WKH KRSSHU WR PHDVXULQJ FXSV  ZKLFK DUH IL[HG R
PRYHPHQW RI WKH URWRU LV GULYHQ EWP® QM HRF WWKLH D5Q
VSHHG 7KH PHDVXULQJ FXS LQ WKH JRQH RI SURGXFW G
ZKLFK FRQWDFWV WKH FRSLHU WKURXJK WKH UROOHU
LQWR FRQWDFW ZLWK WKHRFRBQHYJ RRIGFR FO/HHPG\D W R L & X
WKH IXQQHO Rl WKH IHHGLQJ GHYLFH

7KH PHDVXULQJ FXS LV IL[HG DW WKH RSHQLQJ SRLQW
VHQVRU RI WKH 3HSSHUO XQRKY PRIGIHXK 1% % QVWDOOHG
WKH JHUR SRVLWLRQ ]JRQH RI WKH URWRU ,WV DFWLRQ
PDJQHWLF SHUPHDELOLW\ LQ WKH SUHVHQFH RI D PHWDO
DSSURDFKHV WKH FRQWURO SRVLWLRQ RWHKHVSRQ\GRQ 1 WV L
WR WKH FRQWUROOH R I RUK HXUW WHIP \DRDUR ,Q WKH QH[W
RI WHFKQLFDO YLVLRQ RIPR&HO%I9% BEWLYDWHG 7KLV \
EXLLA@QW& 026 FDPHUEBDBBG (EDFNORQIGW) PRGRDI® S$J RAHHV VL Q
WKH WULJJHU LV DFWLYDWHG WKH GHYLFH FDSWXUHV D
SUHOLPLQDU\ SURFHVVLQJ LQFOXGLQJ ELQDUL]DWLRQ
RFFXSLHG DUHD 7KLV DHOOHREZR/L QK H R/NVWKHR WK HG FXS FR(
HPSW\ SUHYHQWLQJ WKH IRUPDWLRQ RI HPSW\ SDFNDJHV
VI\VWHP
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JLIXUH[SHULPHQWDO LQVWDC
IRU GHWHUPLQLQJ WKH GXlI
EXON SURGXFHDW XURBPJ FXS
LQ D SDFNDJH
DtVFKHPH

+KRSSHU ZLWK SWREBRE W V
ZLWK PHDVXU#&®©B DPOSWLQJ
FXS+tUROQGHWBRSLHUXQQHO

RI WKH IHHGLOSDENDUEB J
+SRVLWLRQ VHQVRU LQGXFV
+ WHFKQLFDO MYLVERQ VHQ
RSWLFDO UHIOHPMWRU QBWH O
KXE ++0, FRQILIJXUDWLRQ SDC
+ 3/& 6 + 3&
SURJUDPPHU

E+JHQHUDO YLHZ
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7KH H[DFW WLPLQJ RI SURGXFW HQWU\ LQWR IXQQHO
VHQVRU LQWKWD@MMDRDGQQJ DUHD 7KLV VHQVRU RSHUDW
D OLJKW EHDP HPLWWHG E\ WKH VHQVRU LV UHIOHFWHG IL
$ FKDQJH LQ UMWXGKFAWLYKW® D PDUN RU EXO N2 DORGKEW L
WKH VHQVRU RXWSXW ZKLFK LV UHFRUGHG E\ WKH FRQW!
$00 VHQVRU HOHPHQWYV DUH LQWHJUDWHG LQW
6LHPHQV 63/& &38 63)83IRVLWLRQ L, QGXFWLYH DQG R
FRQQHAWHGNDQGDUG GLVFUHWH LQSXWV ZKLOH WKH YLV
WR WUDQVPLW ODUJH DPRXQWYV RI GDWD 6LJQDO SURFHYV
SRVVLEOH WR HQVXUH DFFXUDWH V\QFKURQL]QWLRQ EH
VRIWZDUH ORJLF 7KH LQWHUIDFH RI WKH 10, SDQHO 6LH
+SRVLWLRQ PDNHV LW SRVVLEOH WR FRQWURO DQG YLV
LV XVHG WR FKDQJH FRQILJXUDWLRQ]SHIULRHOMWPVRU DU ¥
7KH PHWKRG Rl FRQGXFWLQJ WKH H[SHULPHQW LV EDV
LQ WKH WHFKQRORJLFDO RSHUDWLRQ ,Q SDUWLFXODU IF
7 tWKH PRPHQW RI DFWLYDWLRQ RI WKH LQGX RV LWKHV
PHDVXULQJ FXS
7 tWKH PRPHQW ZKHQ WKH YLVLRQ VHQVRU UHJLVWHUV
7 +tWKH PRPHQW RI SDVVDJH RI WKH SURGXFW WKURX
XQORDGLQJ WKH PHDVXULQJ FXS
7LV D VLJQDO WKDW LQGLFDWHY WKH FRPSOHWLRQ RI
WKH PRYHPHQW RI SURGXFWV IURP WKH F\OLQGULFDO SD
%DVHWIKRHYVH WLPH VWDPSV WKH IROORZLQJ LQWHUYDC
'L LL+GHWHUPLQH\P RWHP WQWHRRISURGXFWV WR WKH |
'L L L+tFKDUDFWHUL]JHV WKH GXUDWLRQ RI EXON SURG:
7KH JLYHQ WLPH LQWHUYDOV PDNH LW SRVVLEOH WR G
PHFKDQLFDO FKDUDFWHULVWLFV RI EXRO 1S DIIDPGIX\FMUN BRH
GRVLQJ PRGXOH RQ WKH GXUDWLRQ RI SDFNDJLQJ ([SHUL
RI WKH OLQHDU VSHHG RI PRYH®HQWPRWWKH FPHDVXULQ.
X P V¥n PV ZKLFK FRUU H\RSSR(FGAL YALRY RNKHH SP L Q
] GRVHV PLGRNHV PLQ B®&EHV PLQ 7KH QXPEHU RI UHS
H[SHULPHQWV FRUUHVSRQGV WR D UHOLDEOH SUREDELOL
H PP 7DEOH VKRZV WK HVWH FKQR F MX Hf KIRUDF WRIQ D C
VI\VWHP

5HVXOWY DQG GLVFXVVLRQ
'"HWHUPLQDWLRQ RI UDWLRQDO YDOXHV RI HFFHQWULF

7R HVWDEOLVK WKH IXQFWLRQDO GHSHQGHQFH EHWZI
SURGXFWYVY DQG WKH SDUDPHWKHN\D D SMK(HRQHG PR EG XSOGINLE
WKH PRYHPHQW RI FKDUDFWHULVWLF PDWHULDO SDUWLF(

W LV ZHOO NQRZQ WKDW LI ZH VKLIW WKH F\OLQGULFI
SbUW WKHQ LQ WHHHRQNUXJDNMN D@ JRQFVHBWHE& GO CH BWH
WKH PRYHPHQW RI EXON SURGXEWMWHWDWVHQNR HW DO
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7DE

OH

7THFKQLFDO FKDUDFWHULVWLFV RI FRQWURO DQG PHDVXUHPHQ

"HYLFH QDRH

$SSRLQWPHQ

w

(UURU HVW(

PDWLRQG

QGXFWLYH §
VHQVRU

0 (9

RVLDVRIGDORI WKH

PHDVXULQJ FXS

BHSSHUO )XQFKWRBWURO SRVLW

HYHQW

L RQ VWDUW RI

SDV VPR HGHSWMIQ
V PIRROQIWK L\ B HD Q

IGLQJ RC
G PDUNI
W K H

%DOOXII %96

YLVLRQ VH

85 &RQWURO RI WKH SUHVHD[HO RV
(YLVLRQ WHPBKIRIPDRONY LQ WKH
QVRU LPDJH VI\QWKH

P S HWWKHUAL\VR Id RRX
VLV

KDSH
B EYRU

2SWLFDO UHI
ZLWK SKRWH

OHF WRIUWCKDHEBE DV VD |

WHROQWRERRUG WKH P
RI SDENDJLQ

RPHRWURI IWK$HU
J

H ‘Rl MWK HI SUKRHG

KRWUHF
MW B QW

3/& 6LHPHQV
&38 63)31

6

'LILWDO SURFHVYV
IURP DOO VHQVRU
WKH ORJLF RI W

LQJ RWVGE BQVIHW

KH W{WWK® DO

PLQHG

V ARURPWILRQ RHSHQG

HQVRU\

JLIXUHBFKHPH RI WKH IXQQHO RI WKL IWHG LR\D GG U E ADZAL \§ R

W LV NQRZQ IURP JHRPHWULF GHSHQGHQFLHYFWWURRBDO
RI WKH FRQMXJDWLRQ RI WKH FRQLFDO DQG FWWQAQIGSMHF D (
WKH HITHFWLYH DUHD RI PRYHPHQW RI SURGXFWYV LV GHW
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WKHQ WKH DUHD LQFUHDVH IDFWRU ZLOO EH HTXDO WR

), SG G “HONVJ -
NI . —J G “HDWJ
SG G

)HII

ZKHYH ),,DUH WKH HIIHFWLYH DUHDV RI PRYHPHQW RI Sl

DFFRUGLQJO\ HOOLSVRLGDO FRQMXJDWLRQ

GLV D@QHU GLDPHWHU RI WKH F\AOLQGULFDO SDUW RI W

H LV WKH HFFHQWULFLW\ Rl GLVSODFHPHQW RI WKH F\
FRQLFDO SDUW

$Q LQFUHDVH LQ WKWMKYPRXVWILGNE BVYQBOH ZLWK DQ L
JUR WKH SRLQW RI YLHZ RI WKH JHRPHWUQE UFLRFRD\OW 8 X F M
GHYLFHYW®&XH FDQ EH YWDULKG ZRVEKHIVOHUPLQH WKH WDWLF
LV QHFHVVDU\ WR FRQVLGHU WKH PRYHPRIQRX RN FXDRI®XHN
XQGHU GLIIHUHQW JHRPHWULF DQG NLQHPDWLF SDUDPHW

$Q LPSRUWDQW GHVLJQ SDUDPHWHU RI WKH IHHGLQJ G
RI SDFNDJLQJ EXON SURGXFWV DW DRILWHK® SDR 8 XFEIWWK E
SDUW RI WKHDXQ H® 'DO

'KHQ GHWHUPLQLQJ WKK UWWLRQBIGHYIVOXKH \WR'WDNH
GXUDWLRQ RI PRYHPHQW RI EXON SURGXFWV IURP WKH P
QXPEHU RQ FXISW GLVSHQVHU DQG WKH IUHTXHQF\ RI URW
PRGX)@QHXUH

JLIXUKBFKHPH IRU GHWHUPLQLQJ UDWLRQDO YDOXH RI GLDP

7TKH GHWHUPLQDWLRQ RI WKH GLDPHWH UIXX) QMIOH ZDBDVV |
FDUULHG RXW XVLQJ WKH PDLQ SURYLVLRQV RI WKH JHRF
RUBW D JLYHQ GLDPHWHU RI WKH GRRIBVW R ED R BNGM B DRCH D
ZKLFK FKDUDFWHUL]HVY SDFNDJLQJ *UHZDO

FFFSBNUDLQLDQ )RRG -RXRODPE® ,VVXHF



JJJBURFHVVHV DQGJTIXLSPHQW
. L m

ZKHWMHLY WKH WRWDO FHQWUDO DQJOH GHILQHG DV
M M M, M
M+DQJOH WR ZKLFK WKH URWRU ZLWK PHDVXULQJ FXS
IURP WKH FXS ZLOO PRAYHWVR WKH SDFNDJH

ZyxDQJXODU VSHHG RI UJ%\N—‘BQNLRQ RI WKH URWRU

QtURWRU URWDVQLRE])Q I[UHTXHQF\
F

]*SHUIRUPDQFH RI WKH GRVLQJ DQG IHHGLQJ PRGXOH
PetWKH QXPEHU RI PHDVXULQJ FXSV LQ WKH URWRU RI
W+tGXUDWLRQ R4PFOFHNPHIQ@JRI EXON SURGXFWV IURP W
WKH SDFNDJH )RU SURMHRRFIWOFX NKWHLRAE H DRI GP EY HF
SURGXFWYV E\ K\GUDXFIDFQ WK HCBWHDWLRE RIGWDWVHQNR

Wm—J

N+FRHIILFLHQW ZKLFK WDNHV LQWR DFFRXQW WKH PF
RQ WKH LQQHU VXUIDFH RI MPSHD FX\Q © KIOQRPE GR \EHWVEDHH B

O +tWKH FRHIILFLHQW RI DHURG\QDPLF UHVLVWDQFH K
IXQQHO

G:WKH OHQJWK RI WKH SDWK RI PRYHPHQW RI EXON
+ +f L( +& Gp

M+URWRU URWDWLRQ DQJOH FRUUHVSRQGLQJ WR WKH
RYHU WKH OHQJWK RI WKH SRENDIHQRW IHHG RI WKH HPSV

M W Z s

/IstSDFNDJLQJ OHQJWK

¥+*VSHHG RI PRYHPHQW RI ZHOGHG DQG GUDZLQJ GHYL
MLV WKH FHQWUDO DQJOH RI WKH URWRU FRUUHVSRQ

M "DUFVLQ G
"MLV DQ DQJOH DGHTXDWH WR WKH WHFKQRORJLFDO J

7TKH REWDLQHWMVKBA®KE BEH OHVV WKDQ WKH DQJOH RI
FXSV RQ WK H4UWRWKBW ES Hi:

7KH PRYHPHQW RI D PDWHULDO SDUWHH®GH Q&) G\HKYH F[5-U
GLITHUHQW SHULRGV RI WLPH LV FKDUDFWHUL]JHG E\ D F
$QG WKHUHIRUH DFFRUGLQJ WR WKH ODZV RI FODVVLFDC
SURFHVV RI PRYLQJ D SDWWURO W IDFV \DNDH WVR 16 WKDDAU\DHFQ N R

7TKH PRVW XQIDYRUDEOH FRQGLWLRQV RI PRYHPHQW L
FRQLFDO SDUW RI WKH IXQQHO LPSDFW RQ WKH F\OLQGU
IXUWKHVW IURPFWEWHUHB RAHWH. FXQXHR®UH H DW SRLQW O
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J)LIXUHSFKHPRD@®BEXODWL QB IPR BHRIMAWOH Rl EXON SURGXFWV |
PRYHPHQW
+FXS+lODSFRQH SDUW RI IXQQHO

7TR VWXG\ WKH PRYHPHQW RI D SDUWLFOH RI EXON SU
IHHGLQJ GHYLFH WKH IROORZLQJ DVVXPSWLRQV DUH DFF

WKH SDUWLFOH KDV PDVV EXW JHRPHWULF SDUDPHWF

WKH GLPHQVLRQWKIHWMXKHY DFHQ 2B RHIJOHFW

WKH SDUWLFOH LV FKIDWD/AWHUSYRG HEW \WWM DHDW WILW K D UD

DIWHU LPSDFW RQ WKH|VXUIDFH RI WKH IXQQHO N

WKH LQIOXHQFH RI WKH DFWLRQ RI VXUURXQGLQJ SDL

SDUWLFOH LV DOVR QHJOHFWHG

WKH ZDOOV RI WKH IXQQHO DUH DEVROXWHO\ VROLG E

WKH FRHIILFLHQW RI VOLGLQJ RI WKH SDUWLFOH RQ W

YDOXH

DHURG\QDPLF UHVLVWOQW FRH WKRKHESBUPRLYRFHPH LV DOVR C

YDOXHV RI UHODWLYH VSHHG

JURP WKH SRLQW RI YLHZ RI WKH DFWLRQ RI XQLIRUP
PRYHPHQW LQ WKH IXQQHO RI WKH SDFNDJLQJ GHYLFH LV

WKH4PRYMWPHQW RI WKH PDWHULDO SDUWLFOH IURP WK

ZLWK WKH LQQHU FRQH VXUIDFH RI WKH IXQQHO

WKH VHREQGTXHSBOMVWWEFLPSDFW RI WKH SDUWLFOH R

FRQLFDO SDUW RI WKH IXQQHO

WH WKRRGHPHQW ZLWK VOLGLQJ RI WKH PDWHULDO SBD

FRQLFDO SDUW RI WKH IXQQHO

WKH IRPRWKPHQW RI WKH SDUWLFOH LQ WKH FRQMX:

F\OLQGULFDO SDUWV RI WKH IXQQHO DQG LQ WKH F\OL

7TKH GXUDWLRQ RI WKH SDFNDJLQJ RSHUDWLRQ LV WK
PRYHPHQW RI WKH PDWHULDO SDUWLFOH

7T W W W W

ZKHUHWWKH GXUDWLRQ RI PRYHPUBRGX RWWSK I3 HSMUWQWHL FOH
WGXUDWLRQ RI PRYHPHQW RI WKH SDUWLFOH LQ WKH ¢
W+tGXUDWLRQ RI IRUPLQJ IHHGLQJ QHZ FRQWDLQHUV ¢
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$W WKH ILUVW VWDJH WKH PRYHPHQW RI WKH SDUWLF
RI WKH PHDVXULQJ FXS 7KH RSHQLQJ GXUDWLRQ RI WKI
PRYHPHQW GXUDWLRQ RI WKH SDUWLF O HDMY X\AHG | MUKWV
RSHQLQJ RI WKH IODS RFFXUV LQVWDQWO\ $W WKH LQL\
WRIHWKHU ZLWK WKH PHDVXULQJYFXXLFPRYIHW GV BU®GLC
Yr2Zs 's ,1 ZH DVVXPH WKDW WKH SURMHE®LWRHR;] WKRRR
VA\VWHP LV GHVFULEHG EE\WUKHZKHARBWWREX ' WKHQ WKH

GXUDWLRQ RI WKH PRYHPHQW RI WKH SDUWLFOH EHIRUH
SRLQWD@ EH GHWHUPLQHG

a - o
WY DM "D wJa, T I+

7KH NLQHPDWLF SDUDPHWHUV RISRKEVE ZUNOFEH V PR\
[ Y~ \ 7\
Y L JW

7KIFRRUGLQDMFRW WHVSRQG WR WKH FRRD\G LKW K VWRIH
HODS@WL¥WLF LPSDFW RI WKH SDUWLFOH RFFXUV RQ WKH
IXQQHO

,Q WKH FDVH ZKHQ WKH ; FRRUGLQDWH RIsWKH S
Gd;d 4G D% Gn WKHQ WKH SDUWLFOH ZLOO QRW FRQWD
WKH IXQQHO ZLOO IXUWKHU PRYH DORQJ LWV F\OLQGUL
SRVVLEZOH AW ZKHUH

1o ‘NG WKHQ WKH SDUWLFOH ZLOO FRQWDFW WKH
SRIRWRQWDFW DQG NLQHPDWLF SDUDPHWHUV RI WKH PR
LPSDFW DUH)GHAU®HG DV

L Z7 'sW \o W . JW

a [0}
S« 'Svm\/ Zo s W3 T DWI, o+

7TRGHWHUPRQH[SUHVVLRQ GHVFULELQJ WKH IDU JHQHU
FRRUGLQDWH V\VWHP ZDV XVHG
\c ", WD o+ WL

8Q GHW MXGEIZWIZROWKH PRVW XQIDYRUDEOH FRQGLWLRC
RI PRYHPHQW ZLOO EH IRU WKH SDUWLFOH DW WKH SRLQ\
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JLIXUHBFKHPH IRU FDOFXODWLQJ WKH PRYHPHQW RI SDU
VW D J&! ZW

TKBXUDWLRQ RI PRYHPHQW DQG NLQHPDWLF SDUDPHW
IURP SRMWRNVNFRQWDFW ZLWK WKH FRQH VRKDODEH BHWKHRAK
IURP WKH H[SUHVVLRQYV
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$W SRLQWKMHUH ZLOGEBVWMLAQPSWEW RI WKH SDUWLF

VXUIDFH RI WKH IXQQHO
$FFRUGLQJ WR WKH REWDLQHG GHSHQGHQFLHV DQG

' PeG P G P 4G P DUH JLYHQ LQ JUDSKLF IRUF
PRYHPHQW RI WKH SDUWLFOH ZLWKRXW FRQWDFW ZLWK
IXQQMHOXUH

$FFRUGLQJ WR )LJIXUH DOO SDUWLFOHV RI WKH ORZF
LQ WKH F\OLQGULFDO SDUW RI WKH IXQQZ21O DWURGOX RQF
7R H[SDQG WKH UDQJH RI DQJXEB®WMRWY SHWGA R IDW & bl RGUM-DHA
HITHFWLYHFWRRDO DUHD RI WKH IXQQHO DW WKH MXQFW
GXH WR WKH GLVSODFHPHQW RI WKH F\OLQGULFDO SDUW
RI WKH IXQQHW¥WBSRWHRQE RMOQG WKHUHIRUH LW LV LPS
UDWLRQDO YDOXH RI' H ZKLOH HQVXULQJ WKH PLQLPXP L
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JJIJ3URFHVVHY DQGAJIXLSPHQW

JLIXUHLDWXUH Rl WKH PRYHPHQW Rl PDWHULDO SDUWLFOHV RI
ZKHERQGIZWARQZ LV PHW

$VW, 7z 2z DW SRID@QMBVOWKHUH ZLOO EH D SDUWLFOH |
VXUIDFH RI WKH FRQLFDO SDUW RI WKH IXQQHO 7DNLQJ |
D PDWHUL DQIGWDWWKROHDO DQG PHFKDQLFDO SURSHUWL
VHFRQG VWDJH WKHUH Z8E§ODVRWHL BIQIFREIBAW XH HODVWLF

JLIXUBFKHPH IRU GHWHUPLQLQJ NLQHPDWLF SDUDPHWHUYV RI P
EXON SURGXORWFWQRWHBU VXUIDFH RI FRQLFDO SDUW RI IXQQHO
REOLTXHSHO®OYWAIEFLPSDFW

7R GHWHUPLQH WKH NLQHPYHPIHOQ SDRDP FHWH WA RO MW R H
DIWHU KLWWLQJ WKH FRQLFDO SDUW RI WKH IXQQHO ZH .

Y Y FRVD Y Y N Y VLD~
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JJIJ3URFHVVHY DQGAJIXLSPHQW

ZKHUH

v |8% [, J DufPWy

NFRHIILFLHQW RI UHFRYHU\ RI WKH SDUWLFOH V VSHH

L IN! DIWHU LPSDFW WKH SDUWLFOH PD\ ERXQFH RI
WKH IXQQHO DQG H[SHULHQFH D UHSHDWHG FROOLVLRQ
FRHIILRWNRWDOO\ OlHV ZL\WILDQG 6WDWVHQMNEDQ EHWK
QHJOHFWHG DQG WKH VXEVHTXHQW PRWLRQ RI WKH SDU
DORQJ WKH VXUIDFH RI WK H X R.QLF V& K5 D B %/DR WW KWH HX®IQD
RQ ERWK WKH SURGXFW DIKG! WR 8§ 0ZHMD Q RIH VWK M/ LR Q Q/HHEG X
WKH LPSDFW IRUFH RU "W WHH WKLRFINWE RQVRI WKHVH SDUDF
GXULQJ YHULILFDWLRQ FDOFXODWLRQV RI WKH WKLFNQ!
SURSHUWLHY Rl WKH SURGXFWYV

7KH WWMUDBH LV FKDUDFWHUL]JHG E\ WKH PRYHPHQW RI V
WKH FRQH SDUW RI WKH IXQQHO ZLWK VOLGLQJ ZKLFK LV
FRHIILFLHQW $W WKLV VWDJH WKRH $S CBIRW Q WO-SU FPRRDAHINAL Ui F
EHJLQQLQJ RI WKH F\OLQGULFDO SDUW RI WKH IXQQHO ZK
VIPPHWU\ Rl WKHLFR@HFDO SDUW

JLIXUHBFKHPH IRU GHWHUPLQLQJ NRRWHBDMMQUSDLUFDRHH RIHEX/ORII
SURGXFWV W IIDFPHRI FRQLFDO SDUW RI IXQQHO

.l WKH GLVWDQFH WRRB MWK @BRMIQNDWWKH GXUDWLRQ F
RI WKH SDUWLFOH LQ WKH WKLUG VWDJH LV GHWHUPLQHC

a (o]
WY FBV 2  YOFRV,, D JVyR JIFRV @ JVLQ I

ZKHUH | LV WKH FRHVILFQHIWRH VOLGLQJ RI WKH PDV
VXUIDFH RI WKH FRQLFDO SDUW RI WKH IXQQHO
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JJIJ3URFHVVHY DQGAJIXLSPHQW
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,Q WKH IXWXUH OHW V DVVXPH WKDW B RYW KH IWXHWKC
SDUW RI WK H XX B®QHDY HG XO/L

JLIXUH6FKHPH IRU GHWHUPLQLQJ NLQHPDWLF SDUDPHWHUV RI |
LQ F\OLQGULFDO SDUW RI IHHGLQJ GHYLFH

7TKH GXUDWLRQ RI PRYWPHPW BDWWHFOH DW WKH IRXI
mK [dG LV GHWHUPLQHG E\ WKH IRUPXOD

a
W s\ J%}(Z]

,W LV SRVVLEOH WR I¥® IZOBDRORAK\H. G R QLW UPQVI[RQD O
HFFHQWULFLW\ ZKLFK LV GHWHUPLQHG IURP WKH H[SUHV
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JJIJ3URFHVVHY DQGAJIXLSPHQW

$QDO\WLV Rl H[SUHVVLRQ VKRZV WKDW IRU DOO RW
WKH IHHGLQJ GHYLFH WKH YDOXH Rl WKH HFFHQWULFLW\
RI WKH GRVLQJ PRGXOH LQ SDUDEROLF GHSRWBHQBHTXKI
WKH VP D Or@ DM KU

PP

Q [USP

JLIXUH&KDQJLQJ YDOXH RI HFFHQWULFLW\ Rl IHHGLWSHGIKBYLFH |
RI GLVSHROWRU
HVWLPDWHG GOBWD PP £ USP

$W DSSURSULDWH YRORHVVBIHHG WKH HFFHQWULFLW\
F\OLQGULFDO SRUWLRQ RI WKH IXQQHO PD\ EH ORFDWHG
FRQLFDO SRUWLRQ RI WKH IXQQHO

7KH PRYHPHQW RI EXON SURGXFWV LQ GWHKHVWZKID O FRV LVRI
YLEUDWLRQ IRUFHV LV FRQVLGHUHG LQ WKH ZRUNV RI 6K
UHVXOWYV PDNH LW SRVVLEOH WR GHWHUPLQH WKH UDWL
DQG WKH YDOXH RI WKH HFFHQBEWUWDLN LSWR & XFHW (SHDH \WRF G R)
LQ WKH ZRUNV RI ODVOR DQG 'HUHQLYVND HW DO
WDNLQJ LQWR DFFRXQW WKH LQWHUDFWLRQ ZLWK WKH ZF

6LPXODWLRQ PRGHOLQJ

JLIXUHVKRZV WKH WIHPXDWWLRQ PRGHOLQJ RI WKH PRY
EXON SURGXFWV LQ WKH SURGXFW OP®HDRIGWXK HDSD PR I HIE
VSHHGV RI WKH PHDVXULQJ FXS DQG PV FR
RI WKH GRMLIQQKORR G DQG SDFNV PLQ

7KH UHVXOWV RI WKH FDOFXODWLRQ DUH D FKDQJH
PRYHPHQW RI WKH IORZ RI EXON SURGXFWV DORQJ WKH O
RI WKH SDFNDJLQJ RSHUDWLRQ

7KH DQDO\WVX®RWWRHWH XODWLRQ PRGHOLQJ RI WKH
PDNHV LW SRVVLE®H WRPVWDWHWLWEDWFDWW SDUW RI WK
RQ WKH OHIW VLGH FRQLFD® VXUPD¥WMKRI KRG XFQYHDU 1D
PRYHG LQ WKH IHHGLQJ GHYLFH ZLWKRXW FRQWDFW ZLW
Y ! P& WKH SURGXFWV DUH VOLSSHG RQ WKH ULJKW VI
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JJIJ3URFHVVHY DQGAJIXLSPHQW

JLIXUMKRZV FKDUDFWHVUKNVBDMVKLRIZFPRYHPHQW RI EXC
IHHGLQJ GHYLFMPDWKDW LV WKH HFFHQWULFLW\ RI WKH
UHODWLYH WR WKH FRQLFDO SDUW

F
JLIXUH&KDUDFWHULVWLF YLHZV Rl WUDMHFWRU\ RI PRYHPHQW
GHYLFH DRWP DQG D[LDO YRHIRPLWLIGHVFKIS
zZ+Y P VHRY P VHEY P VHF
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JJIJ3URFHVVHY DQGAJIXLSPHQW

F
JLIXUH&KDUDFWHUWRIVWUB MHBWRU\ RI PRYHPHQW RI GRVH RI EX

GHYLFH DW
Z+_ PPY P \E+_ PPY P \W+_  PPY PV
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JJIJ3URFHVVHY DQGAJIXLSPHQW

F

JLIXUH&KDQJH LQ WKH VSHHG Rl PRYHPHR®QRIOEXON SURG
Z+_  PPE+_ PPF+_ PP
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JJIJ3URFHVVHY DQGAJIXLSPHQW

7KH VLPXODWHG WUDMHFWRULHV RI EXON SURGXFW PF
WKHRUHWLFDO DVVXPSWLRQ WKDW RIIVHWWLQJ WKH F\O
VIPPHWU\ DARQRFRWWHFWLRQ PDNHV LW SRVVLEOH WR P
SURGXFWYV DORQJ WHKRHDFFROXL\FBD WKKUWDEHWLFV Rl WKH PR
LQ WKH SDFNDJLQJ GHYLFH LW LV DSSURSULDWH WR XV
PRYHPHQW RI SURGXFWYV DORPLIMKH OHQJWK RI WKH IXQ¢
'KHQ FRPSDULQJ WKH GXUDWLRQ® Rl EX®N) G DRBBXFW [H |
DW GLIITHUHQW YDOXHV RI WKH D[LDO VSHHG RI PRYHPHQ
WKDW ZLWK D UDWWRIQD ORVIVQEBHRWR UHGXFH WKH GXUD\
ZLWK WKH VXUIDFH Rl WKH IXQQN G DRGXWW H MHRBKM BT NE RU L
FRQFOXVLRQV FRQILUP WKH DFFHSWHG DVVXPSWLRQV LQ
FKDUDFWHULVWLF SDUWLFOH RI WKH SURGXFW GRVH $W
FDQ EH XVHG WR GRIQVHU FD@KWRH UDW
&XQGDOO DQG 6WUDFN %HUWUDQG HW DO
LQYHVWLIJDWHG WKH PRYHPHQW RI EXON SURGXFW
PHWKRGV 6XFK EXON SURGXFWV ODFN LPSDT® QMWD F
ZLWKLQ ZLGH OLPLWV WKH WUDMHFWRU\ Rl SDUWLFOH P
WKH VDPH VWDJH DQG GR QRW UHTXLUH WDNLQJ LQWR D
UHVXOWYV RI WKH DQDO\]HG VW XG\LH\WQ € RQKIHI P EVKIQIEW LRQ
PHWKRG RI FUHDWLQJ WKH ODWHVW VDPSOHV RI DGDSWL
YROXPHWULF ZD\ ZLWK FRQWLQXRXV PRYHPHQW RI WKH U

(ISHULPHQWDO VWXGLHV
&KHFNLQJ WKH DGHTXDRA\ RK HRKHI WIHIRL® HYW XGLHV LQ

H[SHULPHQWDO GDWD HVWDEOLVKHG WKDW WKH GHYLDW
H[FHHG )LJIXUH
I
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JLIXUHIIHFW RI PHDVXULQJ FXS D[LDO VSHHG RQ WKH GXUDWL
+_ PP +_ PP tUHVXOWY RI HISHULPHQWDO VW X(
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JJIJ3URFHVVHY DQGAJIXLSPHQW

THFKQLFDO RIIHU

$QDOWLV RI WKH WUDMHFWRU\ RI PRYHPHQW RI EXON
PDGH LW SRVVLEOH WR LPSURYH WKNHWHVLJQ RI WKH IHH

JLIXUH,PSURYHG GHVLJQ RI IHHGLQJ GHYLFH IRU EXON

7KLY GHVLJQ RI WKH IHHGLQJ GHYLFH PLQLPL]JHV LWV C
D FHUWDLQ HFFHQWULFLW\ RI WKH GLVSODFHPHQW RI W]
FRQLFIRO WBBWXQQHO PLQLPL]JHVY WKH GXUDWLRQ RI SDFN

&RQFOXVLRQV

7KH PRYHPHQW RI FKDUDFWHULVWLF SDUWLFOHV RI WK
GXULQJ FRQWLQXRXV URWDWLRQ RI WKH URWRU ZLW
FRPSOH[ WDRQREHFWRHUDFWLRQ ZLWK WKH LQQHU VXUI
IXQQHO ZKLFK OHDGV WR DQ LQFUHDVH LQ WKH GXUD)
2QH HIIHFWLYH zZzD\ WR UHGXFH WKH GXUDWLRQ RI SDF
FROQWDFW RI WKH IEPOHY JUREXPWHSDQYHU FRQLFDO V.
LQFUHDVLQVH¥MH FQBUYVDUHD RI WKH FRQMXJDWLRQ RI
ZLWK WKH F\OLQGULFDO SDUW :LWK WKH JHRPHWULF
WKLV WDVN FDQVEHWVKRIOWHEEHQWHILF GLVSODFHPHQW RI
Ssbuw UHODWLYH WR WKH D[LV RI WKH FRQLFDO SDUW
7KH YDOXH DQG GLUHFWLRQ RI WKH HFFHQWULFLW\ GH

WKH PHDVXULQJ FXS DQG_€D @Q RWHE®GILPUWMD MWH ¥ HWK DUR
RI WKH FRQLFEOOLFDO IXQQHO

7R HQVXUH WKH VSHFLILHG SURGXFWLYLW\ RI WKH GR\
WKH EDVH RI WKH FRQH SDUW RI WKH IXQQHO LV FDOF
DQG RHWULF SDUDPHWHUV RI WKH URWRU ZLWK PHDYV
PHDVXULQJ FXS WKH GLDPHWHU RI WKH F\OLQGULFD
LQFOLQDWLRQ RI WKH VLGH FRQH VXUIDFH RI WKH IXQ:
6LPXODWLRQ PRGHOLQJ RI WIKEXPRY 8B R G YF R/IVWIQHWEKRY/
FRQILUPHG WWKDHJ R XRBWMIUDWLRQ DQG WKH VLJQLILFDQW
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JJIJ3URFHVVHY DQGAJIXLSPHQW

GXUDWLRQ RI SDFNDJLQJ :LWK D UDWLRQDO UDWLR R
WKH PRYHPHQW RI EXON LSQURG XMWWL RAKIHM WWIK®&RRY RI1 H
SRVVLEOH WR UHGXFH WKH GXUDWLRQ RI EXON SURGX
7KH DGHTXDF\ RI WKH UHVXOWYV RI WKHRUHWLFDO UHVI
SHUIRUPHGORQHDDXMIR® DWLF PDFKWXH GKH DIMLYRQ WL B(
DFFRUGLQJ WR WKHRUHWLFDO FDOFXODWLRQV*DQG HJ!

$QDO\WLYV RI SDUWLFOH WUDMHFWRULHY DQG EXON S
GHYLFHVY WR UHFRPPHQG UDWREIRR\DRI WDIOHK HF VO ILRUG WIKA
D[LV UHODWLYH WR WKH FRQLFDO VHFWLRQTV D[LV RI
DQG ZHLIJKW WKH FRQLFDO VHFWLRQ FDQ EH VKDSHG

5HIHUHQFHYV

*DYYD 2 0 .UOYRRSRGDYD / 26\VWHPILQHHUSQURRDWLF
3DFNDJLEKILQBLW3URGXFWLRQ ©6WDO?

*UHZDO % 6+LJKHU (QJLQHHULQJU® WKHPIDRVL FKDQQD 3X

%HKMDQL 0 $ ORWODJK < * %D\O\$ +DVEORGSEBKQJIS$
SHUIRUPDQFH RI SKDUPDFHXWLFDO SRZGHU PL[WXUHYV
(OHPHQW OHWKRG3RZGBU 7HFKQRORJS +
KWWSV GRL RUJ M SRZWHF

YHQYHQXWL / .ORVV &K '(GLYDWLPBHWHU LGHQWLILFDWL

DUWLILFLDO QHXUDO Q HW(ZRHIYNH QRAUK L, RNRHRB ) B MYQLRIVEIT
&)' LQ WKH OLQHUDOV D Q GHIERRHMYH , QSCWIRNHUPIEMHND

%HUWUDQG ) /HFODLUH /$ /BPMAGXARGHOV IRU0WKH
JUDQXODU RIKMRUEDOV (QJLQHHULQJSSFLHQFH
KWWSV GRL RUJ M FHV

%LDBRD G6WDWVHQNR 9, 1 BWXG\ Rl WKH PRYHPHQ\
URWRU RI D FRQWLQXR6VOBDHOM Q LRX W ROHP LU 1DW LR
7HFKQRORJ\ DQGSHVLJIQ

%XUPLVWHQNRY 2 3 6WD@NWENRPBWKRG RISWVILVFUHWH
WKH PRYHPHQW RI EXON PDW,HUQWMW QQWELR@NHOU 6G H|
3UDFWLFDO GHREXBWHE@OHF 6\WVWHPV ,QQRY¥P@HRQV D

Ss ALY .187"

%XUPLVWHQNBD Z 3D %6WDWVHQNR 9 |, 5HVHDUFK
RI HTXLSPHQW IRU PL[RAXOBDXON @ IRW MKIHD OLY 1DWLR
7HFKQRORJ\ DQG 'HVLJQ 6HULHV 7$$KQLFDO 6
KWWSV GRL RUJ

&XQGDOO 3 $ G6WUDFN 2 "'/ $ GLVFU BDWWHPXPH U VF
*PRWHFKQLTX3B+x KWWSV GRL RUJ JHRW
'"HUHQLYVND $ *DYYDRORGULNYRSOLDRNKDQ 2 2SW

WUDQVSRUWDWLRQ EXON VROLGV IRRG SURGXFWV LQ
-RXUQDO RI )RRG DQG 3DFNRHLDQ G FHFEPIRDRUIEKYL

'L 5HQ]JR $ 'L ODLR ) &R PIRDF HVRRGRIORR RW DWW KWH V|
FROOLVLREWD \LIOG (DUDQ X O RKHIPIRD PRHIVQHHULQJ 6FL
SS + KWWSV GRL RUJ M FHV
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JJIJ3URFHVVHY DQGAJIXLSPHQW

'XEH\' $ 6DUNDU $ ,HUDSHWULWRX 0 :DVVJUHQ &5 0
DSSURDFKHV IRU VWXG\LQJ WKH JUDQX RIFWI\GWE D P LFV
'(0 EDVHG PHWRKREBPROHFXODU ODWHULDOV DSBEG (QJL

+ KWWSV GRL RUJ PDPH

.DIDVKDQ - :L FHN - $EG 5DKPD@ 1P RIMILO SDUWLFIRH V

PRGHOOLQJ IRU '(0 VLPXODW LR Q¥U D@ »H®mD U QO B U
KWWSV GRL RUJ v

/JHPRV 1 $ $QDO\WLFDO O{&KWQREV &DPEULGJH 8QLYHUV

ODVOR 0 $ ,PSURYHPHQW3RIFRIDULKMB S LVSHQVHUV

OXQML]D $ 7KH &RPELQHGVAUBMMWH (OHPHQWOHMHWKR
KWWSV GRL RUJ

2 6XOOLYDQ & ®BMOHFWLQJ D VXLWDEOH WLPH VWHS IRU
WKDW XVH WKH FHQWUDO GLIIHQBIQFHHWLO B &RMSHKIW I

Ss KWWSV GRL RUJ
2WVXER 0 2 6XOOLYDQ & 6KLUH 7 (PSLULFDO I
LQFUHPHQW LQ H[SOLFLW SDUWLFXO D &R SX\WHUW W B G
*HRWHFKQLFSY KWWSV GRL RUJ M FRPSJHR
6DUNDU $ :DVVJUHQ & 5 6LPXODWLRQ RI D FRQW
RSHUDWLQJ GRQBEZWIRRRHPLFDO (QJLQHHULQJISSFLHQ
+ KWWSV GRL RUJ M FHV
6DUNDU $ :DVVJUHQ & &RQWLQXRXV EOHQGLQJ
&KHPLFDO (QJLQHHULQJ 6FLHGBH +
KWWSV GRL RUJ M FHV
6KRORYL\ < 3 ODKHUXV 1 , 'HYHORSPHQW RI WKH

GLVSHUVLRQEPBWWIURD XQGHU YLEUDWLRQ LQ WKH F

%XOOHWLQ RI WKH /YLY 3RO\WHFKQLF 1DWLRQDO 8Q

3URFHVVHV DQG 7HFKQRORJLFDO &RQWURO LQ OHFKI
SS

BWDWVHQNR 9 9 %XUPLVWHQNRY 2 3 OROGBOLZED WHKH
ORYHPHQW RI /RRVH ODWHULDOV LQ OL[LQJ &RPSOH]
(OHPH.QWYV .187"

BWISQ\WVN\ 9 9 3ULQFLSOHV RI IXQFWLR@DO RU
SURGXFWYV HQJLQHAQAQHBUR RX MWKIHRQ'LY 3RO\VWHFKQ
2SWLPL]DWLRQ RI 3URGXFWLRQ 3URFHVVHV DQG 7HFK
,QVWUXPHQW (QJLSEHHULQJ

9HUD 3 0 %U{FKQHU 7 6WU{PSHSRUMMNDLGRZ Rl VDOW ¢
VSLQQLQJ VSUHDPGHIWQDELVNQIOXHQFHY RQ VSUD\
KWWSV SXUH DX GN ZV SRUWDOILOHV SRUWDO

MXQ SGI

'LOOLDPV -5 2 &RQQRU 5 'LVFUHWH HOHPHQW VL
$UFKLYHV RI &RPSXWDWLRQDO OHWKRS®V: LQ (QJL:
KWWSV GRL RUJ %)

<DQ = OMRML6 . B6WLWW ( + ODULJR O '"LVFUHWH

LQSXW SDUDPHWHUV XQGHUVWDQGLQJ WKHLU LPSDF
DQDO\W&RPSXWDWLRQDO 3DUWLFOH SSOHEKDQLFYV

KWWSV GRL RUJ \Y,
<XX 6 S8PHNDJH 7 6LPXODWLRQ RI JUDQXODU IOR
ERWWRPHG KRSSHU DQG ELQ D@QOBNHWBHUABEQ@WDO YF
KWWSV GRL RUJ PD
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=KX +3 =KRX =< <DQJ 5< <X $ % '"LVFUHWF
SDUWLFXODWH V\VWHPV 7KRHKRPH®WNLE DO JE&OHHOR OB H
SS + KWWSV GRL RUJ M FHV
&LWH
8)- BW\OH

*DYYD .U\YRORIORGLQRORPBXLE®RNKDQXO\N 1

,PSDFW R| EXRHFEDAGKFWQ DGDSWURQLF GRVLQJ V\VWHI
SDFNDJLQJ GHNWILFHQLDQ )RRG -RXUGSO0 *

KWWSV GRL RUJ ;

$3% 6 W\OH

*DYYD 2 .UORROBSRAIQD / 'RORPDNLQ <X .RNKDQ $
,PSDFW RI EXON SURGXFW PHFKDQLFV LQ DGDRWURQLF G
SDFNDJLQJ GBNUPHQLDQ )RRG -RXUQDO

KWWSV GRL RUJ ;
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JJIJ(FRQRPLFV DQG ODQDIHPHQW

%DVLF IRRG SXUFKDVLQJ KDELWV RI \RXQJ SH
GLPHQVLRQ RI SULFH LQIODWLRQ

7tPHD -X¥

WXGDSHVW %XVLQHVV 8QLYHL
6RSURQ 8QLYHUWXWRUDARSURQ

$SEVW
.H\ZRUGYV "OQWURC 7KH DLP Rl WKH UHVHDUFK ZDV WR HJ[I
DIIHFWV WKH EDVLF IRRG SXUFKDVLQJ KDELWV F
)RR G KRZ WKH\ SHHFBDWH®\WBG@RYHUQPHQW PHDVXUHV
3XUFKDVLQJLQIODWLRQ
*DELWV ODWHULDOV D QI HP WWDKIRGW JURXS H[DPLQHG
< R XOK VWXGHQWY VWXG\LQJ DW +XQJDU\ V ODUJHVW HF
HIDPLQHG LV TRBVMWGRQKYBIDWHF K LQ ZEWHGWKH |
SULFH WKH UHVXOWV XVLQJ VLQJOH DQG PXOWLSOH YD
,QIODWLRQ 5HVXOWYV DQG7&HVBRWWIRQV EHJIDQ ZLWK DQ

VWXGHQWVY JHQHUDO IRRG SXUFKDVLQJ KDELW'

SULFH LQIODWLRQ 7KH ILQGLQJVMXNWPHIHAGY Q|
$UWLFOH KLVWRUOHFWLQJ ERWK HFRQRPLF FRQVWUDLQWYV
SULRULWLHYVY ODQ\ UHVSRQGHQWY UHSRUWHG Wi
S5HFHLYHG WR SULFHV VHHN SURPRWLRQV PRUH DFWLYHO\
SURGXFWYV ZLWK FKH IV$HD GDGWHDWQIRWY VY VHX/J JHVHNV
5HFHLYHG LQ FRQVXPHUV DUH VHQVLWLYH WR HYHQ PRGHUDW!|
UHYLVHG IRUPFDWHJRULHY 7KH LQIODWLRQ KDG D QHJDWLYH
Rl WKH \RXQJ SHRSOH SDUWLFLSDWLQJ LQ WKH V
$FFHSWHG IRRGVWXIIV 6WXGHQWRLQBMW HON HRQV DVADWODHR KR
SXUFKDVLQJ KDELWV KDG FKDQJHG DIWHU WK
PHDVXUHYVY ZKHUH D VFRUH RI UHSUHVHQWHG D

2RUUHVSROGLRQG D VFRUH Rl UHSUHVHQWWBZUBRDVQRUHDXF
DXWKRU DYHUDJHV VKRZHG WKDW SXUFKDVHV RI WKH IRO

VRPHZKDW KRPHPDGH SRUN OHJ 0 UHILQH
7tPHD -XKDV] JUDQXODWHG VXJDU 0 DQG SODLQ Z¥
(PDLO 7KH VWXG\PBGWRKERQ BHDUVRQ V FRUUHODW
MXKDV] WLPHDMVURQJ SRVLWLYH VLIQLILFDQW UHODWLRQVKL
XOLRSURQ KX IORXU U DQG FRRNLQJ RLO U )X UW

FRUUHODWLRQ EHWZHHQ FRRNLQJ RLO DQG IOR)

DQG SRUN DQG RLO U 7KH SULFH WU

KDG DQ LPSDFW RQ WKH FRQVXPSWLRQ DQG ZLOC

LQ FRPELQDWLRQ ZLWK WKHP 7KH PHDVXUHV LQ
VXFK DV SULFH FDSV DR@® RQOL QW \SHPFH CR® QF
VLIJQLILFDQW SRVLWLYH HIIHFW RQ SXUFKDVLQJ
VKRSSHUV ZKLFK LV GXH WR WKHLU ORZ DZDUHC

WKH VXUYH\HG JURXS
&RQFOXWHRIQ KLJK LQIODWLRQ KDV D QHJDW
2, SXUFKDVHV RI EDVLF IRRGVWXIIV DPRQJ WKH \RX
WKH LPSDFW Rl WKH JRYHUQPHQW PHDVXUHV GH
QRWLFHDEOH IRU WKLV JURXS GXULQJ WKH SHUL

FFFSBNUDLQLDQ )RRG -RXRODP® ,VVXHF



JJIJ(FRQRPLFV DQG ODQDIHPHQW

,QWURGXFWLRQ

,Q WRGDEKWDQIVY®J ZRUOG IRRG FRIDWPWPRIWW \WMKHNVQXLRID!
LQIOXHQFH WKHLU SXUFKDVLQJ LQWHQWLRQV DQG KDELW
+XQJDULDQ VWXG\ WKDW H[DPLQHG WKH EDVLF IRRG SX
HGXFDWLRQ VWXGHQWYV VW X@G \W&H LHF PZ R P HRH VIR FRA VIV & 5
LQIOFWQRWQ RO PHDVXUHV DPLG GUDVWLF SULFH LQFUHD®
IRRG SXUFKDVLQJ GHFLVLRQV

JURP WKH HDUO\ \HDUV Rl WKH VHFRQG GHFDGH RI W
SRSXODWLRI) KROPE LIAHGLRQ RI FLUFXPVWDQFHV WKDW KD
OLIH ,Q SUHYLRXV GHFDGHV VXFK IDFWRUV KDG QHYHU
KDYH HUXSWHG LQ VHYHUDO SDUWV RI WKH ZRUOG VRPH
FRXQWU\ 7KH HIITHF¥W WRDLWQKB G XVOWLRQYH EHHQ SDUWLFX

DV ULVLQJ HQHUJ\ DQG UDZ PDWHULDO SULFHV OHG
8QVXUSULVLQJO\ WKHVH GHYHORSPHQWYV HVU L K1HHH @&/ KoH
DYHUDJH LQIODWLRQ UDWH LQ WKH (XURSHDQ 8QLRQ LQ
ZDV QHDUO\ GRXEOH WKDW ILJXUH

7KH VLWXDWLRQ ZDV IXUWKHU DJJBDRQWHIBIUL\F XQW
FRQGLWLR@®RWimBJ&FV ,Q KGIGEWILR RWLPSRUWHG HQHU.
DOPRVW WULSOHG ZKLFK ZDV UHIOHFWHG LQ WKH FRVW
FKDOOHQJHV HPHUJHG MXVW DV WKH FRXQWU\ ZDV UHFR
SDQGHPLF /LNH HOVHZKWIUXSVEQRIDU\TV IRRG VXSSO\ FKDL
WKH IUHH PRYHPHQW RI JRRGV &DSSHOOL DQG &LQL
EX\LQJ RI PDQ\ VWDSOH SURGXFWV HVSHFLDOO\ GXULQJ
HPSW\ VKHOYHV LEFRRRBY EHFOWH3RZHU HW DO

Q SURGXFWLRQ FKDLQV ZHUH DIIHFWHG WR D OHV\
WR D VLJQLILFDQW LQFUHDVH LQ 8NUDLQLDQ H[SRUWYV DQ
SULFHVY ORUHRYHU ZHDWXKPIDBREBEBEWRRQPWXFK PRUH IDY
SURGXFWLRQ DIWHU ZKLFK FRQWULEXWHG WR D GHFU
HQG RI 9LOiJID]GDVil W LV WKHUHIRUH HYLGHQ
LOQWHUQD@WIAVERVWMHGRNVR WKH HPHUJHQFH RI KLJK LQIOEL
H[FHHGHG WKH (XURSHDQ 8QLRQ DYHUDJH DQG WKDW
LPSOHPHQWHG WR PLWLJDWH LWV HIITHFWYV

7KH SUHVHQW VWXG\ DLPHG WR H[DPLU®GRGVEXUERDVE
GHFLVLRQV RI KLIJKHU HGXFDWLRQ VWXGHQWY DQG WR D
SDUWLFXODUO\ WKRVH WDUJHWLQJ SULFH VWDELOL]DWLF
VWXGHQWYV

)DFWRUV WKDMRQQXPKHMYF H X UFKRDXL QJ GWRH +XQJDUL
1IDWLRQDO &KDPEHU RI $JULFXOWXUH SXEOLVKHG D VWXC
%DVHG RQ WKLV VWXG\ UHVHDUFKHUV PHQWLRQ VRFLR
LQIOXHQFH FRQVXPHUV SXWWKPXQQRU GWMKHVIRROXS R) BBOLI
LV DOUHDG\ D PHPEHU RU WR ZKLFK WKH FRQVXPHU ZRX
LPSRUWDQFH 7KHRPHGEDMAYHDIOG WKH IDPLO\ ZKLFK IXQF
GHFLFVDR®U RQ WKHWWVRE LAKHXRWKHU FEDPOH G R SWKDLV
OHDGHUV ZKR SOD\ D GHFLVLYH UROH LQ VKDSLQJ DQG L
WKH IORZ RI LQIRUPDWLRQ

2WKHU YDULDEOHV WKDW HPHUJH DFFRUGLQJ WR
FKOIFWHULVWLFV RI FRQVXPHUV ZKLFK SOD\ D UROH LQ ZK
7KLV GHFLVLRQ PD\ EH H[SUHVVHG WKURXJK WKH VHQVR!
DVVRFLDWHG ZLWK WKH IRRG HJ EUDQRRQWKHVHMHBWGF
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FRQVHTXHQFHV 2WKHU IDFWRUV PD\ LQFOXGH FRQVXPHU
DIITHFW WKHP

2l FRXUVH WKH HFRQRPLF VLWXDWLRQ RI WKH EX\HU [
IDFW LV WKDW KRXVHKRID EWJILIQID @QPLYE BHRBUBYEXULQJ
RI VXVWDLQHG KLJK LQIODWLRQ ZKLFK FDXVHV SHRSOF

SURGXFWV +RZHYHU 7DPEDVVXU DQG -DELP SRLQW
SHRSOH DUH ZLO (RUWH WRUSH\DHBIKD® P RI WKH FRQVXPHU"
WR SD\ DQ DYHUDJH RI PRUH WR EX\ WKH KHDOWK DQ

UHJUHVVLRQ DQDO\WHV FRQILUPHG WKDW LQFRPH DQG HG
ZKHQ EX\LQJ REDOWKDOR/K FRQVFLRXVQHVV LV WKH PR)
FKDUDFWHULVWLF Rl WKHVH VKRSSHUV IROORZHG E\ SUF
WKHLU GHFLVLRQ WR EX\ KHDOWK DQG ZHOOQHVV IRRGV
OHDQZKLOH WKH UHMBNBIRK LRI %XJOO JKWHG WKDW PRV)
DUH DIIHFWHG E\ SULFH ULVHV $W WKH VDPH WLPH WKH
IXQGDPHQWDOO\ FKDQJH SXUFKDVLQJ DQG FRQVXPSWLRC
IDFW WKDW VRPH SHREB8DNQREY CAOWUDWR WKHLU ROG
QRW KDYH RXW VW D QRAHIYIPD W ¥ IDLAVOR CHMLHBMD W TURP WK F
LV D NLQGVRIHINEWUREHKDYLRXU ORRNLQJ IRU FKHDSHU V
FRQVXWHUWR PDLQWDLQ WKH TXDOLW\ RI IRRG FRQVXPS'
W R

)LQDOO\ .RYiFV HW DO SRLQW RXW WKDW HVS
OLOOHQQLDOV DQG &HQWHQQLDOV DUH LQFUHDVQQJO\ D
LPSDFWV Rl WKHLU IRRG FKRLFHV ,Q WKHLU RSLQLRQ V'
WKDW HPRWLRQDO IDFWRUV VXFK DV QRVWDOJLD IRU EX\
RI ROG WLPHVY QRYHOW\ DQG WKH GBHVLUH IRU H[SHULHQ

*RYHUQPHQW PHDVXUHV WR/ AXKHE DRRVK W ISRH\QWHG F
LQIODWLRQ UDWH LQ +XQJDU\ LQFDHDG/Z06 W ZHDLO LEDQRZD
DYHUDJH )LJXUH VKRZV WKH LQIODWLRQ UDWHV EHWZH
(8 DQG +XQJDU\ DQG G HWPHR Q VWUO BMHM VGH.DIW UMIQHFH EHW ZF
JLYHQ PRQWKYV

JLIXUHQIODWLRQ LQ PRGIWVEH £8&3 \U \U
BRXUFH (XURVWDWKVBWSWIRDARSRUWIROLR KX HQ HFRQRP\
LQ 10 W PRIQWYREK RIHGUD QN L Q J

,Q WKH ODVW WKUHH \HDUV WKH +XQJDULDQ JRYHUQP
FXUE SULFKIVERKRVBLPHG DW UHGRFL@JI AKVAL RDJI RQ WMKGH €
EDVLF IRRGVWXIIV
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,Q WKH SUHVHQW UHVHDUFK WKH DXWKRU KDV H[DP
FRPSOHWHQHVYV

BULFH MMHREXQJIJDULDQ JRYHUQPHQW WHPSRUDULO\ LQW
VWDSOH IRRGXPIKQORWKH DRQG LQ 1RYHPEHU WKH JRY!
SULFH IUHH]JH RQ FHUWDLQ VWDSOH IRRGV $FFRUGLQJO
IROORZLQJ SURGXFWYV JUDQXODWHG VXJDU SODLQ ZKH
GRPHVWLFVSRUNFOHQ EUHDVW FKLFENHQ UXPS FKLFNHQ \
XOWUIX WHPSHUDWXUH WUHDWHG FRZ V PLON ZLWK ID
HIFOXGLQJ QHZ SRWDWRHV *RYHUQPHQW 'HFUHIKQJ
RXW RI WKH IRRG SULFH IUHH]JH VR WKH IRRG SULFH IL
LOQOWHUYHQWLRQ LQ PDUNHW SULFHVY ODVWHG IRU D WRWI
DPRQJ H[SHUWV RQ WKH VXFFHVV RI LQWV VR L% BHODX\SREQ H \
WKLV PHDVXUH FRXBGPKO@NHD W ILORQUPSDFW RQ WKH PDUN
IXUWKHU ZRUVHQLQJ WKH FRPSHWLWLYHQHVV RI WKH IRR

3ULFH PRQLWRURQIX UWKMHHUP UHGXFH IRRG SULFHV DQG
WKH UHWDLO VHFWRU WKH JRYHUQPHQW KDV LQWURGXF
IURP -XQH KDMIJQGHG WR WKH LOQWURGXFWLRQ RI DQ RQC
,QLWLDO®@MLQMHKISURBH PRQLWRULQJ V\WVWHP ODXQFKHG
&RPSHWLWLRQ ZLOO DOORZ FRQVXPHUV WR ILQG RXW WK
SURGXFWYV 7KH ODUJHVW UHWDLO FKDLQV ZLWK D WXUQR
WRRSUGH GDWD EXW WKH +XQJDULDQ JRYHUQPHQW DOVR
KDYH VXFK DQ REOLJDWLRQ WR MRLQ YROXQWDULO\

$FFRUGLQJ WR 9LOiJJD]GDVilJ WKH WDUJHWHG J
EDQN V DFWLRQV DQG MRASHQWWURBDQDXWIQRELWKEHUH DF
WKH PRQWKO\ IRRG SULFH LQFUHDVH LQ ODUFK ZDV R
\HD UV

,Q WKH IROORZLQJ WKH DXWKRU SUHVHQWYV VRPH UHV
VWXGHQWYV XWLY EXWILWHYEY +XQJDU\ 7KH WDUJHW JURXS
DXWKRU RI WKH VWXG\ EHOLHYHG WKDW WKH LQGLYLGXD
NQRZOHGJH DQG XQGHUVWDQGLQJ RI EDVLF HFRQRPLF !
VWXGHRDWVIKHU HGXFDWLRQ LQ HFRQRPLFV DQG FRXOC
GHFLVLRQV DQG HYDOXDWLRQV RQ WKLV NQRZOHGJH

7KH DLP Rl WKH UHVHDUFK ZDV WR VKRZ KRZ \RXQJ +
SXUFKDVLQJ EDVLF IRRGVWXIIVEXQY ®RQHIFR &R P HE \HIQLYIKU R(
DOVR VRXJKW WR GHWHUPLQH KRZ DZDUH WKH\ DUH RI W
LQIODWLRQ

ODWHULDOV DQG PHWKRGYV
6DPSOH FROOHFWLRQ

7KH VWXG\ ZDV FRQGXFWHG LQ WKH VHFRQG KDOI RI
JLOQDQFH RI %XGDSHVW %XVLQHVV 8QLYHUVLW\ +XQJDU\ \
FRPSOHWHG D TXHVWLRQQDLUH WKDW KDG@ X\RMG ELHH Q QRO
UHVHDUFK $W WKH EHJLQQLQJ RI WKH VWXG\ D WHVW T;
DOO TXHVWLRQV ZHUH XQGHUVWDQGDEOH WR WKH UHVE
SURFHVV 7R YDOLGDWH WK H VIDXHS/O\HL R Q G CHHHQ D QWHHIU WIK

VWXGHQWY FRPSOHWHG WKH TXHVWLRQQDLUH DQG Wk
ODUJH VDPSOH 7KH UHVSRQVHV ZHUH YROXQWDU\ DQG
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**35 UHIJXODWLRQV 7KH TNVWN® IRRQQDYRHLEZDVPERBLD SOD
XQLYHUVLW\V LQWHUQDO VWXGHQW SODWIRUP VR LW Z
FRPSOHWH LW 7KH TXHVWLRQQDLUH ZDV HYHQWXDOO\ FF
VXIILFLHQW VDHSOKRYLXWH®KWMKH VDPS®WBVHWIGIHR @ DWEK XD |
LQVWLWXWLRQ KDG QHDUO\ VWXGHQWY DW WKH WL
ODUJHVW QXPEHU RI EXVLQHVYV VWXGHQWYVY LQ +XQJDU\ ¢
PRUH PHBIQXMMNFXUYH\V DUH QHHGHG WR JHW D WUXH YDO
DwW D FRQILGHQFH OHYHO FDOFXODWRU QHW 6LC
WKH DXWKRU FRQVLGHUHG WKH VDPSOH VL]H WR EH VXIIL

6DPSOH

7TKH VDPSOHLRHIFLIEBEWHQWHG LQ 7DEOH

7DEOH
6DPSOH VSHFLILFDWLRQ
3URSHUW\ JUHTXHQF\
ODOH
IR YHPDOH
30DFH RI UHV %XGDSHVW
RI UHVSRQ G HI 5XUDO DUHDV

/LYLOJ DSDUW| IURP SDUHQWYV
/ILYLQJ ZLWK JLYLQJSTLWKQ W V

3HUVRQDO PR QGHSHQGHQW RI SDUHQWYV
OLYLQJ H[SHOQ 'HSHOGHQW RQ SDUHQWYV

()

7KH DYHUDJH DJH RI WKH VWXGHQWYV ZDV \HDUV 7
&URVV WDEXODWLRQ DQDO\WHVY VKRZHG WKDW Rl ZRPH
GLG RI JLUOV OLYHG DSDUW IURP WKHLOD\WDUHQWYV
$OPRVW RI VWXGHQWY OLYLQJ DSDUW IURP WKHLU SC

RI VWXGHQWY OLYLQJ LQGHSHQGHQWO\ OLYHG LQ ¢
%XGDSHVW ZHUH DOVR DEOH WR EH HFRQRPLFDOO\ LQGH!

4XHVWLRQQDLUH DQG VWDWLVWLFDO DQDO\VLYV

7TKH TXHVWLRQQDLUH DGPLQLVWHUHG WR VWXGHQWYV \
DQG RQO\ TXHVWHRGQN GZHAKHH RXHHYWLRQV ZHUH EDVHG F
DQG LOQWHUYDO VFDGRYQWQHMWHEMY VEDOKH)ROORKIHJ -
DXWKRU RI WKLV VWXG\ LOWHUSUHWHG WKH /LNHUW VFD (
FRPELQH DOO WKH LWHPV WR SURGXFH D FRPSRVLWH VFI
7TKH DXWKRU XVHG 6366 YHUWHMHRWLRYWRDHY B O 8D WYL
PXOWLYDULDWH PHWKRGYV L H IUHTXHQF\ PHDQ VWDQ ¢
DQDO\WLY FRUUHODWLRQ FOXVWHU DQDO\VLY DQG IDFWHF
7TKH TXHVWLRQV RI WKH TXHVWLRQBYYHQW HBUEW KWHK K WDk
WKBPBMRU JURXSY 7DEOH
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7DEOH
*URXS VWUXFWXUHRHVIMHR@QBOWH VWUXFWXUH

JLUVW JURXS RI [16HFRQG JURXS RI7KLUG JURXS RI TXHVYV
6WXGHQW VSHFLI7TUHQGY LQ WKH |[{7KH SULFH PROQLWRULC(
EDVLF IRRGVWXI|I VAIVWHP
JRYHUQPHQW PHDVXUHV

1R % X\LQJ EDVLF | 8VLQJ WKH SULF
$JH EHFDXVH RI RQPRQLWRULQJ \VWHP
J)DPLO\ VWDWXV" PRQLWRULQJ J)DFWRUV DIIHEWLQJ W

&XVWRPHU W\SH| %X\LQJ ECRRGVNRI SULFH PROQLUWRULQJ
KR SD\V WKH FR*EHFDXVH RI WKH SULFH IUHH]H
JHUVRQQHO FRVN.QRZOHGJH RI HRYHUQPHQW

LQIODWLRQ" PHDVXUHV WR ILJKW LQIODWLRQ

$LPV DQG K\SRWKHVLV

,Q WKH FXUUHQW VWXG\ WKH DXWXRO WM SIDARRIGV DIQHE
OLQHV
7KH DLP RI WKH VWXG\ LV WR ILQG RXW KRZ WKH SXUFI
WKH SULFH IUHH]H PHDVXUH DQG WKH RQOLQH SULFH PRC
7KH DLP Rl WKH VWXG\ LV WRODBOKE RIXWHXYKBWRHAH DQGC
FRRWLYLQJ HIIHFW SHUFHSWLRQV RI WKH VXFFHVV RI WK
7KH SXUSRVH RI WKH VXUYH\ LV WR ILQG RXW KRZ DZI
PRQLWRULQJ VIVWHP DQG ZKHWKHUHIH@E&HUV\8ROG R B VR IOU
IURP KLV KHU SDUHQWY DQG ZKR SD\V WKH OLYLQJ FRVW
WKH DERYH REMHFWLYHV WKH DXWKRU H[DPLQHV WKH YC
+\SRWKHWKIHVZLOOLQJQHVV RIVWWKKHE VW R GEHQ VED \LIQF WRRIG
SRVLWLYHO\ LQIOXHQFHG E\ WKH SULFH IUHH]H DQG WKH
+\SRWKHRUWEKH VWXGHQWY LQ WKH VWXG\ DZDUHQHV
LV VLIQLILFDQWO\ LQIOXHQGHMGFE\ DEQ KR SI\NFIHR & WKHV
+\SRWKHWHN VWXGHQWYV LQ WKH VWXG\ W\SLFDOO\ X\
VIVWHP DQG VDWLVIDFWLRQ ZLWK WKH V\VWHP LV LQIOXH
WKH VWXGHQW OLYHVY @D UDQI® ZKRVEBW VBOHLU OLYLQJ

5HVXOWY DQG GLVFXVVLRQ
THVWLQJ WKH ILUVW K\SRWKHVLV

7KH ILUVW K\SRWKHVLV RI WKH VWXG\ ZzDV WR H[DPL
LQIOD/WBRBQHVVLQI PHDVXUHV RQ WKH SXUFKDVH RI WKH
UHIJXODWLRQV 7KH DXWKRU OLVWHG D QXPEHUBRL@WKHVF
ILNHUW VFDOH KRZ WKHLU VKRSSLQJ KDELWV FKDQJHG D
YDOXH RI RQH LQGLFDWLQJ OHVV VKRSSLQJ RYHUDOO DQ
RYHUDOO 7KH DXWKRU VXPPDULVHEBQWXPEEMAHRQ WVKHDHRK |
DQG WKH LPSDFW RI WKH PHDVXUHY RQ WKH FRQVXPSWLR
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7DEOH
(INTHFWLYHQHVYV RI PHDVXUHV DIIHFWLQJ WKH SXUFKDVH

+RZ KDYH
ZQOLQH C‘IIIII_LI
FRQVXPHU <}'' "~ CLITHUHQFH
JRRG LQFUHDVHYW L3}lIJIII__IFI'|_\|IV|' P\R/\QVLV\\//VHRF OHDQ

VKRSSLQJ"

OHD({ 6 OHO 6 OHDH 6

*UDQXODW H| |

30DLQ ZKHD[ ARV
%/

SHILQHG VX{ '~ 7o
VHHG RLO

+RPHPDGH S

&KLFNHQ EUHDVW
FKLEFNHQ wWD' " rvienygn
VNLQ FKLFNnw woro
FKLEFNHQ ZLQJ HQGV

80 VKW DK
WHPSHUDW)(IILI \AI'ILIF\\AI_.I{"
FRZ V PLON [cvwn

IDW FRQWHQW

+HQ V HJJ

SRWDWRHYV |RU KXPDQ
FRQVXPSWLF
WKDQ QHZ SRWDWRHYV

7KH GDWD LQ WKH WDEOH VKRZ WKDW EDVLFDOO\ FF
QHIJDWLYH HIIHFW RQ VWXGHQWY EDVLF IRRG SXUFKDVH
WKH FDVH RI PHDW SRUN SXUFKDVHV ZHUH U HG®DORHGO DDA
VXJDU PLON IORXU DQG FRRNLQJ RLO 2YHUDOO WKH V
SRVLWLYH LPSDFW RQ VWXGHQW SXUFKDVHV 7KH DYHUI
VKRZV WKDW WKH SULFH IUHH]H VWILHFW KWIGDD RWRUH RIRY
PRQLWRULQJ VI\VWHP 2QH UHDVRQ IRU WKLY ODUJHU DYH
PRQLWRULQJ VA\VWHP ZDV D UHODWLYHO\ UHFHQW PHDYV XL
DZDUHQHVYV DQG LPSDFW P\ ) RW B WHIODBY BBQEGHHIITHFWLYF
IUHH]H 7KH DXWKRU DOVR ORRNHG DW ZKLFK IRRG SXUFI
FRQVXPHU SURGXFWV 3HDUVRQ V FRUUHODWLRQ VKRZ
FRUUHODWLRQ EHWXZBMHQD QGO OFDMWHG EHWZHHQ UHILQI
UHILQHG RLO DQG IORXU EHWZHHQ SRUN DQG IOR
7KH SULFH RI WKHVH IRRGY DOVR DIITHFWHG WKH FR
SDLUHG IRRGYV
2YHUDOO LW FDQ EH FRQFOXGHG WKDW WKH JRYHUQF
SRVLWLYH HIIHFW RQ WKH SXUFKDVLQJ EHKDYLRXU RI \
K\SRWKHVLV LV UHMHFWHG
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THVWLQJ WKH VHFRQG K\SRWKHVLYV

7KH VHFRQG K\SRWKHVLVY FRQFHUQHG WKH IDFWRUV Wi
PHDVXUHV 2Q WKH SRSXODULW\ PHDVXUH UHWRRQG®HQW
ILNHUW VFDOH WKH HIWHQW WR ZKLFK WKH\ ¥WHUHHHD & B @~V
WR ZKLFK WKH\ ZHUH LQIRUPHG DERXW JRYHUQPHQW PHI
DZDUHQHVV WKH DXWKRUV ORRNHG DW JHQGHU SODFH R
ZKHWKHU WKH VWXGHQW OLYHV ZLWK RU ZLWKRXW SDUHC

TDEOHHVIBQWY WKH PHDQ VWDQGDUG GHYLDWLRQ DQC
7TKH DXWKRU KDV LQGLFDWHG ZKHUH WKH JURXSVY NQRZOl
GLIITHUHQW DQG KDV QRWHG ZKLFK JURXS KDG WKH KLJKH

7DEOH
+RZ2ZDUH DUH VWXGHQWY RI WKH H[WHQW RI IRRG LQIODWLRQ D

0 6' WHVW VLJQLILFDQFH
JLQG 11 SHVLC| &RVW R
OHD( 6'
7 WHY 7 WHY 7 WHVW
. DP DZDUH f W 1R
LQIODWLRQ LQ IRRG LYy ;o [VLIQLIIERoW ) g0
HYROYERQ DY\ 0HO 0 | GLITHUJ 220
0
. DP DZDUH 1R 1R W VLJIR
SURGXFWYV DIIHFWHG E\ W VLJQLILVLJIQLI| 27Q
JRYHUQPHQW|V SULFH |GLIIHU}FGLIIHU|O
IUHH]H
. DP DZDUH R W 1R W
SULFH PRQLWRULQJ VI\VWFVLJ VLIQLIJVLJ
WKDW ZDV |[LQWURGXFHI[OHQ 0 |GLIIHU|2ZQ 0
IURP -XO\
. DP DZDUH W 1R W VILIQ
FRPSXOVRU\ [SURPRWLRQ OH{VLJIQLI| 27Q
LQUHWDLO VKRSV | WKDWDO GLIITHU|O
VWDUWHG RQ| -XQH

7KH DYHUDJH YDOXHV FDOFXODWHG IRU WKH VWDWHP
IDPLOLDU ZLWK ERWK WKH SULFH HYROXWLRQ RI EDVLF
+RZHYHU WKH\ KDYH OHVV LQIRUPDWLRQ DERXXVDWRKH SU|I
DFWLRQ 7KLV FDQ EH H[SODLQHG DPRQJ RWKHU WKLQJV
SRLQWHG RXW WKLV JRYHUQPHQW UHJXODWLRQ FDPH RX
WKDW PRUH VWXGHQWY ZHUH QRW RV HDYZHDW HL R/ FMDKH D 19
IURP WKH GDWD LQ WKH WDEOH WKDW WKH VWDQGDUG C
KLIJIKHU WKDQ IRU WKH SULFH IUHH]H L H WKHUH ZDV OH
7TKH DXWKRU KDV H[DPIPHH®DO ZWRWYXHL QRO\WRLIQLILFDQW
SHUFHSWLRQ RI VWDWHPHQWY FDQ EH LGHQWLILHG

J)LUVW WKH ZULWHU DQDO\WHG WKH JHQGHU JDS )RU
VWURQJO\ DZDUH RI WKH LVVXH WKDQ ZRPN@RIB[FHSW IRLU
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"KHWKHU VRPHRQH OLYHG LQ WKH FRXQWU\VLGH RU W
KRZ FOHDUO\ WKH\ SHKAHULNWIGGWBFHLYVBXHDEOH ZDV IHO
ZRUWK LQYHVWLIDWLQJ EHFDXVH OLYLQJKH FRXG@DVSH VNG
6+ DQG WKHUHIRUH VKH WKRXJKW WKDW WKLV PLJ
PHDVXUHV EXW WKLV DVVXPSWLRQ ZDV QRW VXSSRUWHG

7KH DXWKRU RI WKH VWXG\ DOVR ORRNHG DW WKH OL"
WKH SURBOKIRZDNKH\ VHH LW 6KH GLVWLQJXLVKHG WZR J
VWXGHQWY ZKR FRYHU WKHLU RZQ OLYLQJ H[SHQVHV DQ
EHDU WKH FRVWVY HLWKHU IXOO\ RU SDUWLDOO\ 0DQ\ .
SULPDULO\ WR SD\ WXLWLRQ IHHV DQG VXSSRUW WKHLU
VHYHUDO RSSRUWXQLWLHY WR FRPELQH ZRUN DQG VWXG
WR DFFRPPRGDWH VWXGHQWVY ZRUN VFKH®XGH N H QREU RL
JULGD\V DQG FDQ EH ZDWFKHG DW D FRQYHQLHQW WLPH

7KH OLYHOLKRRG VRXUFHV VKRZHG D GLYHUJHQFH RI
VXUSULVLQJ VLQFH VWXGHQWYV ZKR UHO\ RQO\ RQ WKH
XQGHUVWDQG LMD @G WKH GGVFRI EDVLF IRRGVWXIIV VLQF]
SURGXFWV DQG PXVW PDQDJH WKHLU RZQ UHVRXUFHV

W FDQ EH VHHQ WKHUHIRUH WKDW JHQGHU DQG ZKHYV
WKHLU RZQ RU ZLWK WKH IKHDBSRIFW KRHQ W E B Ul VE B UHDQ/H
SULFHV DUH HYROYLQJ DQG KRZ JRYHUQPHQWYV DUH WU\L
WKLV VDPSOH WKH DXWKRU RQO\ SDUWLDOO\ DFFHSWV K

THVWLQJ WKH WKLUG K\SRWKHVLYV

7KH WKLUG KMOROWKHS/ HQWLUHO\ WR WKH UHODWLYHO\
PRQLWRULQJ 7KH UHVHDUFK PDGH VWDWHPHQWY DERXW
WUXH WKH VWDWHPHQW ZDV LQ WKHLU FDVH 2QH ZDV QF
7KH DXWKRU H[DPLQHG WKH DYHUDJHY DQG VWDQGDUG G
IDFWRULVHG WKH VWDWHPHQWY $00O YDULDEOHV ZHUH

%DUOHWW V WHVWT X002 H .KL Gl VLI UH FRDNMWR XV
XVLQJ 9DULPD[ URWDWLRQ DQG WKUHBLWHYRUV ZHAKH
H[SODLQHG FRHIILFLHQW RI YDULDQFH ZDV ,Q 7DEC

VWDQGDUG GHYLDWLRQ RI WKH YDULDEKOHNO WKIH YDPWRY
FROQOVWUXFWIBGEOBFWRUV
7KH DYHUDJHV RI WKH VWDWHPHQWY VKRZ WKDW LQ ¢
WKH RQOLQH SULFH PRQLWRULQJ VA\WVWHP LV XVHG LQ SUL
VXFK DV D PREZRH BXROYWLRQ DULVHVY ZKHWKHU WKLV FRX
LQ WKH VA\VWHP JLYHQ WKH VPDOO QXPEHU RI JRRGV WK
WKH ODFN RI FRQILGHQFH LQ WKH DXWKHQWLFLW\ RI WKF
SULFH LV PRUH LPSRUWDQW WKDQ TXDOLW\ IRU PRVW RI "
7TKUHH IDFWRUV ZHUH FUHDWHG IURP WKH LWHPV E\ WK
UHOLDELOLW\ YDOXHV &URQEDFK V DOSKD DIWHVIH FMWAVRE
ZLWK WKH RQOLQH SULFH PRQLWRU )RU IXUWKHU DQD
KRPRIJHQHRXYV JURXSV RU FOXVWHUV XVLQJ WKH WKUHH |
PHDQV SURFHGXUH 7KH ILQDO FOXVWHU FHQWUHY DUH

FFFSBNUDLQLDQ )RRG -RXRODP® ,VVXHF
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&OXVWBUDFWHULVWLFVY EDVHG RQ FOXVWHU FHQWUHYV
&OXVIWMHROXGHYVY WKRVH ZKR DOWKRXJK WKH\ GR QRW
PRQLWRULQJ VI\VWHP UHJXODUO\ GR QRW KDYH D JRRC
FODVVLILHG KHUH
&OXVWKRVH ZKR MRPWWKBXBFROD\ XVLQJ WKH RQOLQH S
UHJXODUO\ FRQVLGHU LW D JRRG DQG FUHGLEOH WRR(
7TKH DXWKRU KDV H[DPLQHG KRZ JHQGHU SODFH RI UHV
IURP KLV KHU SDDHWOMVY BQG EKB SLYLQJ H[SHQVHV DIIHFV
RI UHVLGHQFH ZDV D VLIQLILNDRWUBIVVRFGDWLWRIQ IRXQ &
RI WKRVH OLYLQJ LQ WKH FDSLWDO EHORQJHG WR WK
WIGHVVDWLVILHG JURXS 7KH VDPH SURSRUWLRQ IRU UXUI
VA\VWHP ZKLOH ZHUH OHVV VDWLVILHG
2YHUDOO LW FDQ EH FRQFOXGHG WKDW PDQ\ VWXGHQ
ZKLFK PDNHV LW GWIRLAROPNDIRIBH WMKDHEROH RSLQLRQ DERXW
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$ FRQVFLRXV FRQVXPHU LV FKDUDFWHULVHG E\ VHYHU
ZKR DUH ZMIO® N@IRL WKHLU FRQVXPHU ULJKWYV DQG FDQ I
NQRZOHGJHDEBBOHBWOHU +RZHYHU PDQ\ IDFWRUV FD
SXUFKDVLQJ GHFLVLRQ $QGUH\HYD HW DO BWRQH H

5HFHQWO\ VHYHUDO DDBWG@®H VL ® DHHQ SIDWD\ A DW KDYH
LPSDFW RQ FRQVXPHUV FRQVXPSWLRQ GHFLVLRQV 2QH
ZKLFK ZDV WULJJHUHG E\ LQWHUQDWLRQDO GRPHVWLF V!
H[KDXVWLYH VXEKGDFRARBYDIPGPOMHX JOREDO LQFUHDVHV L
HQHUJ\ SULFHV WKH HQHUJ\ LQWHQVLW\ RI WKH +XQJDL
FRPSHWLWLYHQHVV JDSV HWF ,Q WKH DXWKRU V VWXG\
FRVWWUWQEQ LQWHUQDWLRQDO HFRQRPLF UHODWLRQV |
UHDVRQV IRU WKH VLWXDWLRQ

,QIODWLRQ LQ +XQJDU\ KDV EHHQ KLJKHU WKDQ WKH
SULFHV EHLQJ KLJKHU WKDQ WZR \HDUW\ & DK HIQ G URRIF
6+ W LV QR FRLQFLGHQFH WKDW WKLV VLWXDWLI
FRQVWDQW UHWKLQNLQJ RI SXUFKDVLQJ GHFLVLRQV 'XU
WR FKHDSHU SURGXFWV DQG GRR QIRGH B X\ QLGNS W QWKDHR 0GR
WKH FDVH LQ +XQJDU\ 7KDW LV FXVWRPHUV XQGHU W
SURGXFWV DQG EX\ IURP UHWDLOHUV ZKHUH WKH\ FDQ IL(
VDPH WLPH 6LNRV HWWKGMLU VWXHEBUWKDWQOWKH EXVLQHV\
WRGD\ DOVR GHSHQGV RQ WKH H[WHQW WR ZKLFK UHWDLC
DQG PRQNHW FKDQJHV LQFOXGLQJ WKH FKDOOHQJHV LC
ZKHWKHU WXH\TKRONRR DKHDG Rl WKHLU FRPSHWLWRUV |
WKH\ FDQ GHYHORS LQQRYDWLYH DQG GLJLWDO VROXWL
FRVWV &VHN DQG ZKHWKHU WKH\ FDQ PDQDJH DQG
RI PQGDWRU\ JRYHUQPHQW PHDVXUHV SULFH IUHH]HV PLC

7KH VWXG\ FRQGXFWHG E\ WKH DXWKRU DOVR VKRZV W
WKH XQLYHUVLW\ VWXGHQWY VXUYH\HG LQ WKHWHRMHRG\ ZH
HLWKHU ERXJKW XQFKDQJHG RU IHZHU TXDQWLWLHV RI W

OROQHDIMG ~ V VWXG\ GLG QRW RQO\ FRYHU VWDSO
LPSDFW RI LQIODWLRQ RQ FRQVXPSWLRQ ,Q WKHQVDPSO!
WKH IUHTXHQF\ RI SXUFKDVHV RI YHJHWDEOHV IUXLW G
VLIJQLILFDQW VKLIWV ZHUH LGHQWLILHG IRU PHDWV DQG |
VZHHWY DQG GHVVHUWY 'XUDEOH IRRGWRXEIN KRQG GH®R\
WKHUHIRUH OHVV IUHTXHQWO\ SXUFKDVHG 7KLV SKHQRPI
ZKHQ SXUFKDVLQJ WKHVH JRRGV

+RZHYHU DQDO\WWYV DUH GLYLGHG RQ WKH LPSDFW RI
7KH 01% V +XQJDULDMNIDWLRWBEG\%7KH )DFWRUV %HKLQ
,QIODWLRQ DUJXHV WKDW SULFH FDSV KDYH QRW EHHQ H
PDUMKHWWRUWLQJ HIIHFWV EHFDPH HYLGHQW GXULQJ WK
ZLGHQLQJ JDGREPHIW BMHIFQD QG UHJLRQDO IRRG LQIODWLRQ
RIIVHW ORVVHV LQFXUUHG RQ SURGXFWV VXEMHFW WR SU
WR UHFRYHU ORVW UHYHQXHV ,Q FRQWUDVW JRYHUQPH
IPRQJ ILUPV VXFK DV WKH LQWURGXFWLRQ RI D SULFH P
UHGXFWLRQ LQ GRPHVWLF IRRG LQIODWLRQ 7KH DXWKRL
WKH VWXGHQWY VKH LQWHUYLHZHG FRQVLGMR BRYRQQPF
JLNHUW VFDOH RI RQH WR ILYH UHVSRQGHQWY UDWHG RQ
VXFFHVV 2YHUDOO PHDVXUHV WR FXUE LQIODWLRQ ZH
UHVSRQGHQWY 7KH SULFH IUHH]H VIEXH® H WX\G HOIW ¥ H 2K

FFFSBNUDLQLDQ )RRG -RXRODP® ,VVXHF
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RQOLQH SULFH PRQLWRU DQG FRPSXOVRU\ VDOHV SURPR\
WRROV WR DFKLHYH WKHLU REMHFWLYHYVY W FDQ EH VDL
DQG HIIHFWLYHQHVV ZHUHYWWX RILHKEG LQ WKH VDPSO

&RQFOXVLRQV

&XUUHQW UHVHDUFK KDV VKRZQ WKDW LQIODWLRQ DO\
DV WKH\ WHQG WR SXUFKDVH OHVV RU DSSUR[LPDWHO\
+XQJDU\ DV EHIRUH 7KHVH UHFROWW WBID WQZ VW XKHW DD 1W 8
DQG SDUDOOHO VWXGLHV RQ WKH WRSLF ZKLFK ZHUH G
VWXGHQWY DUH DZDUH RI RU KDYH KHDUG DERXW JRYHU
WKH\ GR QRW \HWOXWXWHRWRB @QHZDYH QWURGXFHG RQOLQ
<RXQJ SHRSOH V RSLQLRQV UHPDLQ GLYLGHG UHJDUGLQJ
DFWLRQV +RZHYHU WKLV ILQGLQJ VKRXOG EH WUHDWHG
\HW H[SH WIKHHQ ¥ WEKHDR) GL DWWW KH WLPH RIX\8KHXNXWYRQ GD
ZLOO WKHUHIRUH EH GLVWULEXWHG WR DVVHVV KRZ WKF
YLHZV QRZ WKDW WKHLU DFWXDO LPSDFW RQ UHGXFLQJ
YXUWKHUPRUH WKH QH[W VWDJH RI WKH UHVHDUFK ZLOO
EDFNJURXQG LQ HFRQRPLFV DOORZLQJ IRU DQ DQDO\VL
FRPSDULVRQ ZLWK WKRVH RI VWXGHQWY VSHFLDOL]LQJ L

5HIHUHQFHYV

$QGUHYD 7 /RQJ O %URZQHOO . 7KH LPSDFW RI IRRG SUI
UHYLHZ Rl UHVHDUFK RQ WKH SUL FH HWICADL FLRX\URID G HRPID §
+HD O ®K KWWSV GRL RUJ $-3+

%DODWRQ 3ULFH FDSV DQG LQIODWLRQ ZKDW GRHV WKH SD
,Q%ORJ Rl WKH $QDO\VWYV RI NVK$Y DDODED B HPWHWKIWWBY Z7Z
EORJ D UIWORE 9 B EXVRIDP X GIWP L VX WD O H Q

%X JO1YDNDV ( *iO 7 (IDPLQLQJ FRQVXPSWLRQ DQG SXUFKI
DV KHDOWK\ ZLWK D IRFX¥WULWQRQSUQBHNSIWLQJ
KWWSV GRL RUJ 70

%RRQH + 1 %RRQH ' $ $Q D-R\XIU@D OL NRH UMW HDQWVD R Q
KWWSV GRL RUJ MR H

&DSSHOOL $ &LQL ( SIDAAB MK @TON'H XV UHFRQVLGHU WK
IRRG VXSSO\ FKDLQV DQW® HRED @ B YRBEXBWLRQWMSS 7THFKQRO

KWWSV GRL RUJ M WLIV

&DULILR - 3HUOD 5 - 7HQ FRPPRQ PLVXQGHUVWDQGLQJV
XUEDQ OHJHQGVY DERXW /LNHUW VFDOHV DQG {RNHQWOURIN S|
6RFLOHQBERAN SS KWWSV GRL RUJ MVVS

&VHN . 'LJLWDO EXVLQHVV PRGHOV 'IQILWDSMRQWDRQ L
,QQRYDWLRQ ,PSDFWV RQ ,QWHUQDWLR Q DSS 7 UDQMDIFDWL R Q V
YWGDSHVW 8QLYHUVLW\ RI (FRQRPLFV

&XOOHQ 0 &POGE WKH ULVN WR IRRG VXSSORR®IL@E +F
$JULFXOWXUDO 2UJDQL]DWLRQ 7 HIPKDQLLFDEO H ~~ 3DISW
KWWS ZzzZZ IDR RUJ FD HQ &$ (1 SGI

,3626 +RZ LQIODWLP@JILIQI FRQVXMRKW ESHKDIYRDEOH
KWWSV ZZZ LXVRVQRZP HGJMNKRSSHILOKEEWKRQJILQJ
FRQVXFHKDYLRU

FFFSBNUDLQLDQ )RRG -RXRODP® ,VVXHF
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-RVKL $ .DOH 6 &KDQGHO 6 3DO / L BoHUU W LWFKD ORHX U QX
$SSOLHTGFEFLHHFKQR®RI\ KWWSV GRL RUJ %-$67

.RWOHU 3 .HOOWDUNHWLQJ 0D QDK HFEDUWRQ (GXFDWLRQ

.RYiFV , /HQGYDL 0O %HNH - 7KH LPSRUWDQFH RRURRG D
SXUFKDVLQJ ORFDO IRRG SURGXFWV 6HJPHQWDWLRQ RI \R
6XVWDLQDELOLWKWWSY GRL RUJ V X

6+ +XQJDULDQ &HQWUDO 6WDVEYDWOPEOH 21D
KWWSV ZZZ NVK KRN\RUXYWDMHNR]WDW

OROQiU / +DMG~ 1 &KDQJHV LQ FRQVXPHUV IRRG SXUFK
LQIODDWURGWLQJINDOHLSSRVFRSH

01% $YDLODEOH DW KWW SVPHIZ\H ® BIEDPHXLO HW R (
HOHOPLVFRPRUIGVAWK X |WEHR\H]RN SGI

1$. YDFWRUYV LQIOXHQFLQJ V IRRGYDLODEOKDVH D
KWWSV ZZZ UHVHDUFKJDWH QHW SXEOLFDWLRQ BHOH
YDODV]IWDVWBEHIRO\DVRORBWHQ\H]RN

3RZHU 0 'RKHUW\ % 3\EXV . 3LFNHWDW H[SRVHGRDEBRXDOGLWL
IRRG V\VWWHPFDVH RI 8. IRRG (PRGBDSEYRIMQ 5HVHDUFK

KWWSV GRL RUJ (25
6DMWRYV / OLWEBGBHVHDUFK DQG 'DWD $QDQ HL 3 XOEBMDMKM UV
6LNRV 7 7 3DSS 9 .RYiFV § &KDQJHV LQ GRPHVWLF FRQV
RI WKH &29,'"HSLGHPIHILRQDO 6WDWLVWESEV
KWWSV GRL RUJ 76
6WRQH $ %URZQ $ 'RXJODV ) *UHHQ 0 +XQWHU ( /RQQLH O©

7KH LPSDFW RI WKH FRVW RI OLYLQJ FULVLYV DQG IRRG
DQG IRRG SUHSDUDWLRQ SUDFWLFK¥SSHW ISWRYOHODIEYALH D &
KWWSV RVI LR SUHSULQWV RVI SMNKGBY

7DPEDVVXU $ -DELP $ J)DFWRUV DIIHFWLQJ WKH FRQVXP
ZHOOQHVV IRRGRXUWERBXFRIV $JULFXOWXUH BQYBLORBRRGH 5BW
KWW3VRUGR M MDIU

7LOHYD 7 &RQVXPHU EHKDYLRXU GXUDQS VKIRZHWSR IV DQ BIEDW L B 0
KWWSV N RDRGHBXHQ H Z \E HF RS XFPWNQ FRHIVQ | O DWQIGR B/ R
VDYH

&LWH
8)- BW\OH
-XKDWV] %DVLF IRRG SXUFKDVLQJ KDELWV RI \RXQJ

SULFH LQI®ONDWIALIRIYL D Q JRRG -RXUKP O =
KWWSV GRL RUJ ;

$3% 6W\OH
-XKD¥] %DVLF IRRG SXUFKDVLQJ KDELWV RI \RXQJ
SULFH LQIGDNWDRQLDQ JRRG -RXUQDO

KWWSV GRL RUJ ;
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LRWHFKQRORJ\ DSSURDFKHVY DQG LPSURYHP
LQ ELRFHPHQW SURGXFWLRQ

9LNWRU 6W ,U\QD .RY 'P\WUR 6WD

i 1IDWLRQDO 8QLYHUVLWI RI )RRG 7
+8QLYHUVLWI RI ;:URFODZ 3RODQG

$EVWI
.H\ZRUGYV ,QWURG 7KLV UHYLHZ VXPPDUL]JHV H[LVW
IRFXVHG RQ RYHUFRPLQJ WKH NH\ OLPLWDW
WLRFHPHQW SURFHVV
%LRORJLFDO DgB@WQWULDOV D QG FPPAHHPKIROGW ZDV XVHG DV D
30DQW XUHDWHUP LQ FRPELQDWLRQ ZLWK WHUPV UHOL
%LRVDIHW\ DSSOLFDWLRQV
, QWHQVLILFDWER®@XDQYGE GLVFEKVRQRMHQYLURQPHQWDOO\
(FRORJ\ EXLOGLQJ PDWHULDOV ELRFHPHQW LV RI
DOWHUQDWLYH WR WUDGLWLRQDO FHPHQW

SURSHUWLHV LWV SURGXFWLRQ GRHV QRV
$UWLFOH KLVWRGHVXPSWLRQSWY QUG GXFHHVKH HQYLURQPHC
EHEHLYHG ORZHULQJ FDUERQ GLR[LGH HPLVVLRQV 7K

GXH WR WKH DFWLYLW\ RI XUHDVH SURGXFL(
SHFHLYHG Lo WR LPSURYH WKH JHRWHFKQLFDO SURSHUYV
UHYLVHG IRUPFRQFUHWH VWUXFWXUHV

2EVWDFOHV WRDWKHX®YBURH ELRFHPHQW
$FFHSWHG UHODWLYHO\ KLJK FRVW DQG WKH UHOHDVF
GXULQJ WKH ELRFHPHQWDWLRQ SURFHVV
HQYLURQPHQW DUH VWULFWO\ UHJXODWHG

%LRFHPHQW SURGXFVPLRRXWH FX XWHAD D DRIX
gw&g\()SRQGL@d]\PH XUHDVH WR HQDEOH FDOFLWH SUHFI
VRLO SDUWLFPHDNQOG WU BVMXFOHDWLRQ \
OLNWWDEQLNRYRLO VWUHQJIWK DQG FRQFUHWH UHSDLU 6
(PDLO ELRVDIH RU LQDFIWILELEG RHEDBWH SURG XF|
YVWDEQLNRY 8ODQW XUHDVH RU DOWHUQDWLYH ELRDJI
JPDLO FRP F\DQREDFWHULD &RVWV PD\ EH UHGXFHG
ZDVWHV DQG UHSODFLQJ H[SHQVLYH FKHPLF
6HYHUDO PHWKRGV KHOS UHGXFH DPPR

HPLVVLERRULQJ ELRFHPHQWDWLR® ZVWKK DYV
FDOFLXP DFHWDWH DGGLQJ ]JHROLWH WR [
HOHFWURELRFHPHQWDWLRQ ZLWK JUDSKLW
LQFOXGHH@GODMWAIKRHG LQMHFWLRQYV DPPRQL?
VWUXYLWHLH® QXPRBGUHQW VROXWLRQV WKD!
DQG FXW DPPRQLD UHOHDVH $GGLWLRQDOQG
DGVRUEHG ZLWK VXOIXULIRDHQGO$ BOW PIUNQL
oy LV FDOFLXPEXKWVG IKDWHHPHQWDWLRQ
ERQFOX¥VRQYV LQGXNWIEDQW®B KWHDVH D!
VDIHU RU LQDFWLYDWHG PLFURRUJDQLVPV F
WKH ELRVDIHW\ RI ELRFHPHQWDWLRQ

FFFSBNUDLQLDQ )RRG -RXRODP® ,VVXHF
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,QWURGXFWLRQ

&RQFUHWH ZVGMHION 8 FRD®H PDW HU LEDXWRIQV(DVY WO VR DP
PRVW HIQHUHQ@LYH FDUERQ GLR[LGH HPIP\DWLRQ¥WXBPQ!
WRWDOHG ELOOLRQ PHWULF WRQV 6WDWLVWD D

ELOOLRQ PHWMWEF WRQWHD@2KLOH WKH UHOHDVH RI .
WKH DWPRVSKHUH FRQWULEXWHVW KDRQJB REDOHERUBLQHG L
WKH PRVW XUJHQW JOREDO FKDOOHQJHV

,Q UHFHQW \HDUV WKH XVH RI PLFURRUJDQLVPV IRU V
QHZ GLUHFWLRQ LQ ELRWHFKQRORFK KDV G REYRQIQRYORS
DQG 6WDEQLSRRQJ WKHVH LQQRYDWLRQV ELRFHPHQW SU
7KH DGYDQWDJHV Rl ELRFHPHQWDWLRQ LQFOXGH QRW RC
RI ELRFHPHQW LQWR FRQFUHWH RU VRLO EXW SVOLMVRQLW T
DORQJ ZLWK D VLJQLILFDQW UHGXFWLRQ LQ JUHHQKRXVI
FHPHQW SURGXFWLRQ

7R SURGXFH ELRFHPHQW DW OHDVW WKUHH FRPSRQH(
FDOFLXP D FRPSRXQG VXFK DWR XD DOWWDW H G /G FLVX
SUHFLSLWDWLRQvVDIQG VEEEQDIMWERQ DQG PLFURELDO
RU WKH XUHDVH HQ]J\PH WKDW FDWDO\]H XUHD K\GURO\V1
SURFHVV LV NQRZQ DV PEEFW RESWDWRLSLY®XFIHRD FD®R3 7K
(& DQG FDUERQLF DQK\GUDVH (& SOD\ FUXFL

1+ &2 2 X U H D&/2H 1+ 2+
&2 +2 FDUERQLF PQR\GUDVH&2 < + &2
&D&O 1+ &2 2 XUHDVH FDUERQ@IDR&R D QKIG&D VH

%DFWHULDO FHOOV DGKHUH WR VRLO SDUWLFOHV DQ¢
FKDUJH WKH\ FDQ HIDWIOR Q\GURGEV&D YH DV QXFOHDWLRC
7KH SUHFLSLWDWLRQ RI FDOFLWH GXH WR WKH DFWLYLW
XVHG WR LPSURYH WKH JHRWHFKQLFDO SURSHUWLHV RI
'H-RQJ HW D'® OX\QFN HW DO ,YDQRY DQG &KX

'DQJ = HW DO

+RZHYHU WKH SURGXFWLRQ O0R& IKIDRF F POLPDN BRERBIW. Q H ¢
OLRMMN/GHVSUBF®/ LFDO DI S QHFFOB@ERMR MK IDFOFHOH QUX K KJI R V
SURGXFWLRQ FRVWRQPQGQNFRPDROQWADRGXFWLRQ RI D ODL
EDFWHULQW FF MXOIVPQBNKRQAHIHDVH RI WR[LF DPFRQLD L
ZHOODPRRQLXP LRQV LQWR JURXDIGH®D,@G XX HI® AR UZ VW H(
VWDELO,LD@RR®W DO D E )LJXUH

JLIXUHODLQ REVWDFUHVNAORWEODARHPMHQW DSSOLFDWLRQ ELRVDIL
DQG DPPRQLD HPLVVLRQV
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7R LPSURYH ELRFHPHQW SURGXFW LFROQQ XWBIFW@RO®J\ L
DSSOLFDWLRQ VDHUHPWGYMRUMHZRRAMLQ GLUHFWLRQV DU
RQ LWV NH\ FRPSRQHQWY D WKH VRXUFH RI XUHDVH D
UHYLHZ LV GHYRWHG WR DQDO\KMVHWKHH{DMVHDUFK FRQG

ODWHULDOV DQG PHWKRGYV

7TKH OLWHUDWXUH VHDUFK ZDV SHUIRUPHG XVLQJ WKt
6FKRODU GDWDEDVHV %LRFHPHQW ZDV XVHG DV D PDLQ N
WR LWV SURGXFWLRQ DQG BISHO DADMDLM 8 U RE KIkK HHUOW P EE
ELRVDIHW\ UHSODFHPHQW RI FKHPLFDOV LQWHQVLILFD)
RWKHUV )XOO WH[WV RI UHOHYDQW DUWLFOHYVY ZHUH R
SXEOLFDWLRQV ZHWPHQIGHOWKH HEIBUH®FH OLVWYV RI UHGOC
DQG UHYLHZ DUWLFOHYV

5HVXOWY DQG GLVFXVVLRQ

:D\V WR LQFUHDVH WKH VDIHW\ DQG UHGXFH WKH FR
FRPSRQHQW RI ELRFHPHQW

6HOHFWLRQ RI PLFURELDO XUHDVH SURGXFHU

OLFURELDO XU HPROH E2HID K\ J RERIQAM Bl IOQ VQ E PXIOMW HQ ]\P +
WKDW K\GURO\]HV XUHD WR DPPRQLD DQG FD WBER® GH R[LC
SURGXFLQJ EDFWHULD XVHG IRU ELRFHPHQWDRMHR® P XV\
FKDUDFWHUL]JHG E\ KLJK VDOW FRQFHQHWHBKMDRSKLDQE R
KDORWROHUDQW DQG DONDOLSKLOLF 83% DUH SUHIHUUF
ELRFHPHQWDWLRQ PLFURELDO XUHDYVHvAPRQFH RQFVDMRER

+ 0DQG DW S+ YDOXHV DERYH

&RQVWLWXWLYH VIQWKHVLV Rl XUHDVH LV D FRPPRQ S
SUHBBWHRGXFLQJ EDFWHULD DUH ZLGHO\ GLVWULEXWHG LC
FRQVWDQWHLIISHRI®XFW Rl QLWURJHQ P HEWFDRIKRH LQ |
XVH Rl DPFRQWPLQLQJ IHUWLOL]JHUV LQ DJULFXOWXUH 7
E\ DFWLYDWLQJ LGERGIFRXOM EDAWWHLD WKURXJK WKH C
IRUFHG DHUDWLRQ KDV EHHQ GHP R® W\WUDGN MG R % XRJ EDRN
\HDVW H[WUDFW WR FRDWMGE BQWLQKRQBRPW WIRPRFWLYDW F
LQ D FKDQJH LQ WKH FRPSRVLWLRQ RI WXWHL XCAHXQUAD T LR
UHSUHVHQWDW MR @OOMKB VHDXMLFDQW LQFUHDVH LQ X

BWUHQJWKHQLQJ WKH VRLO E\ DFWLYDWLQJ RI 85% S
*RPHV HW DO 5DMDVHMDU WWHDXOVH RI DYRVAHIYFLDOO
PLFURIORUD ZLWK XUHDVH DFWLYLW\ PD\ EH OLPLWHG E\
83% LQ GHHS VRLO OD\HUV DQG WKHLU DEVHQFH LQ PRXQ
DW KLJK VD@®WRERQRHQMWW B+ OHYHOV DERYH DQG  SRWHF
XQSUHGLFWDEOH DQG XQVWDEOH ELRDFWLYLW\ GXULQJ V

7R FDUU\ RXW 0,&3 WKH XVH RI PL[HG RU HQULFKPHQW
$OKDZDGL +DPPHV BRUDW[DPSOH WKH XVH RI D Pl
XUHRO\WLXUHR® WRF EDFWHULD LQFU ISDWIFGSW WD \WMLROL IS
GXH WR WKH IRUPDWLRQ RI DGGLWLRQDO FU\WWDOOL]DW
XUHRO\WLFEWFAWH WD DGGLWLRQ WKH FRVW RI ELRFHP]

FFFSBNUDLQLDQ )RRG -RXRODP® ,VVXHF
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UHGXFHG E\ XVLQJ DQ HQULFKPHQW PLFURELDO FXOWXU
FXOWXUH7RHS8®¥W WKDW EDFWHULDO VWUDLQV XVHG IRU
DUH DONDOLSKLOLF DQG KDORWROHUDQW PDNHV WKHP KlI
EDWFK RU HYHQ FRQWLQXWRXNULWRIFAR Y BV WIQRIRHAL \QAREQ J [
+RZHYHU DORQJ ZLWK 83% XQGHVLUDBAHWXI FURRU
SDWKRJHQV PD\ DOVR GHYHORS 6RPH VWXGLHV SURSRVI
WUHDWPHQW SODQWYV ::73 IRU ELRFHPHQWDWLRQ 7KLV
83% WKURXWHQRQH FXOWLYDW LR QKDWHKMQDIGCEEIWALIR®D RH BIF
FKORULGH J O DQG XUHD J <D QW RH W KDH QLXQMIU WHKQ W
PHWKRG WKH FRVW RI 83% ELRPDVV FDQ EH UHGXFHG E\ .
DUH QRW DGGUHVVHG 7KHUMKURHWH R IW&36 XEKY B D ESATHMI L 1
SURSHUWLHV PD\ RIIHU D VDIHU DOWHUQDWLYH IRU LPS(
LQGLJHQRBV RG®MMNMH) EDFWHULD RU HQULFKPHQW FXOWX!
7R HQVXUH VDIHW\ LQ ELRWHFKQRORJLONVPY YIRDWRQW |
HQYLURQPHQW LW LV SUHIHUDEOH WR ZRUN ZLWK ELRDJI
WKH (XURSHDQ 8QLRQ 'LUHFWLYH (& ZKLFK LQFOX
SRWHQWLDOO\ FDXVH GLVHDVHV 66 RUIRIFQ Y [D Q BR/MNEHOPWDLA
EHORQJ WR 5LVN *URXS PLFURRUJDQLVPV DUH DPRC
UHFRPPHQGHG IRU ELRFHPHQVWD\EDRWHMUS HF L 2 K IOR KWHDBIV \
EHHQ FRPPRQO\ HPSOR\HG LQ 0,&3 UHVHDUFK (U\eUsN HW
"KLIILQ DQG YDQ 3DDVVHQ ,Q DGGLWLRQ PDQ\ E
VWUPRRLYD 8% &KX HW DO 6WDEQKRRM H® WDSA$ JH
VHTXHQFH VKDUHV %DEGE QWL \BDWIWMKHVYLDOVR FODVVLIL
*URXS XUHJ

JLXUH%LRVDIHW\ RI ELRFHPHQWDWLRQ
D FDOFLXP LRQ VROXWLRQ E XUHDWROXWLRQ F VI
EDFWHULD EHORQJLQJ WR 5LVN JURXS LODFWLYDWHG
HWUDFW RI SODQW PDWHULDO ZLWK XUHDVH DFWLYLW\
SKRWRV\QWKHWLFEPLFURROJDRLVIPVDQG F\DQREBH MHYMW D [

FFFSBNUDLQLDQ )RRG -RXRODPE® ,VVXHF
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&XUUHQWO\ PDQ\ VWXGLHV RQ ELRFHPHQWDWLRQ K
/\VLQ L E DFLIBRW. WRWKD SHG PRW L ORU FH@G RESRIUHOL EHOF
5* JURXS DQG LVRODWHG IURP VRLO &KHQ 0 Q HW (DNSUD

/JHHSUDVHUW HW DO BUHHNDOD HW DO 9D VK
+DQ HW DO -HRQJ HW DO %DFL®OBYWEHERGHGOE XAV
DO 6XQ HW DO :D Q LWIR\E DIFQ O O X \0O FORYBQGH IONIL® H
*RFKL ERWK FODVVLILHG ZLWKLQ 5* KDYH DOVF
ELRFHPHQWDWLRQ UHVHDUFK

+RZHYHU PDQ\ KDORWROHUDQW DQG DONDOLSKLOLF E
DFWLYLW\ EHOWRQILWRLRISREG HYHQ SDWKRJHQLF VSHFL
SURSRVHG WKHSYX\RG RFUDQIHBYMWHULD FODVVLILHG DV 5*
GLVHDVH LQ KXPDQV IRU ELRFHPHQWDWLRQ ([DPSOHV L
%DFLOOXW BEDHLX\R HW6DBLOOXV FOPRD®IWY DQG $OKRXU
SURWWSXVKDQDIDUL HW6E6WOSK\ORFRFEFRWENXHOOWD SQHXP
9DUDODNVKPL DQ@® GHM Y SDWKIRKHB QF RE D F WRW/UW KU O WL
SRWHQ@WRDLFEORDIJHQWYV IRU ELRFHPHQWDWLRQ

1R@DWKRJHQLF PLFURELDO XUHDVH SURGXFHUV FDQ E
FRQVLGHUHG XQIDYRUDEOH IRU PLFURELDO JURZWK VXF
*DUFRHW DO 2PRUHJLHDHM X/ VRLO FBOPL HW DO
DONDOLQH FHPHQW VDPSOHV $FKDO HW DO OHDQZK
VOXGJH IURP ::73 KDYH DOVR EHHQ SYURXDZIWGLIRU ELR
9DUDODNVKPL DQG 'HYL DOWK RIXM KD@/'KH ULVN RI LVRO
EDFWHULD UHPDLQV KLJK S5HFHQWO\ UHVHDUFK KDV IRF
ELRFHPHQWDWLRQ LESRARGIDUIF P G DEBDWW HRXDQLHW DO
DQG VWUDLQ VVIIRHA QHY HWQ B O 7D\\HP HW DO

7KHUH LV DQ RSLQLRQ WKDW DOO EDFWHULD RQ (DUW
KDELWDWYVY ZLOO QRW FDXVH HQYLURQPRZWDIWUFKMMQKBYV E
VKRZQ WKP®RNVWLEWH WR SUHGLFW WKH EHKDYLRU RI ED
VRLO VR JHQHUDOL]DWLRQV DUH XQZDUUDQWHG ,QVWHD
LQWURGXFWLRQ SDWWHUQ DQG S RWWHQVWIXEN\UARENFRIUEQWP D
WKH VHOHFWLRQ RI EDFWHULD IRU XVH LQ 0,&3 PXVW EH .

7R HQVXUH ELRORJLFDO VDIHW\ ZKHQ LQWURGXFLQJ
FXOWXUHV LQWR VRLO LQDFWLYDWLRR/KH EBGWWULHDWDE
IXQFWLRQDO DFWRUY LWYDP)IOH FW KD XMHORME®®Y LQDFWL
VRDNLQJ LQ D ZY VRGLXP GRGHF\O VXOIDWH VROXW
D PRGHO DTXDFXOWXUH DRVMLGR QVKENRXE R LELEHRPHHIRMM @R G L H V
KDYH H[SORUHG WKH GLUHFW XVH RI XUHDVH HQJ\PH )L.
PDWHULDOV 'H OX\QFN HW DO RU IRU ELRJURXWLQJ
+RZHYHU WXHRKKUKHBRNM UHPDLQV D PDMRU REVWDFO
7KHUHIRUH UHGXFLQJ WKH FRVW RI XUHDVH LV FUXFLDO
.KRGDGDGL 7LUNRODHL HW DO

6XPPDUL]LQJ WKH DERYH LW FOWREK FIRIIFBXEW I8 UW R DD/
Rl WKH ELRFHPHQWDWLRQ SURFHVV 7KHVH EDFWHULD
HQYLURQPHQW FDSDEOH RI IRUPLQJ DJJUHJDWHVY DQG D
WROHUDQW WR KLJK VDOWWRQHRQWY DWWRGM LIDVWDIOHQ®
DEOH WR VI\QWKHVL]H XUHDVH WKDW IXQFWLR®V HIILFL
BWDEQLNRY HW DO

FFFSBNUDLQLDQ )RRG -RXRODP® ,VVXHF
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5HGXFLQJ WKH FRVW IRU PLFURELDO XUHDVH SURGXFH

2EWDLQLQJ ELRPDVV RI 85®WIQRF® RG D\ HKSHHWH S B Q X
VWHULOH FXOWLYDWLRQ ELRPDVV VHSDADWQRWWRDQGH \LK
EDFWHULDO FHOO YLDELOLW\ 7R UHGXFH WKH FRVW RI W
SURSRVHG WRZBRVMWHWDULBRYXGLQJ DFWLYDWHG VOXGJH

BWDEQLNRY OLTXLGFRBQWDLDDL QW HP RAMKFHURVH XS $F|
ZKHNWRP FKHHVH SURGXFWLRQ &KDSDUUR HW DO Z
HQ]\PDWK\EIURA\]HG NLWH®H® VEZDEWI®XHQW IURP ELRJDV S
XVLQJ FKLFNHQ PDQXUH <RRVDWKDSRUQ HW DO DG

HIWUDKFHWVXVH RI XULQH VWHULOL]HG ZLWK XOWAPD YRROHW
85% FXOWLYDWLRQ KDV EHHQ UHSRUWHG <DQJ HW DO

30DQW XUHDVH LQVWHDG RI PLFURELDO HQ]\PH IRU EL
30DQWV IRU XUHDVH SURGXFWLRQ

,Q ELRFHPHQWDWLRQ EDFWHULDO XUHDVH FDQ EH UHS
HW DO ,YDQRY HW DO D BUHDVH LV IRXQG LQ WKH ¢
KLIKHU SODQWYV DOORZLQJ WKHP WR XVH XUHD DV D QLYV
DPRXQWYV LQ WKH VHHGV RI EHDQV PHORQYU DEXG WX REONR
XUHDVH IURP MDEDYDHDQ@VEQ&DIRIWWDLAL DZ DG W HQWHG
.DNLPRWR DQG FRDXWKRGNULYHG(RBKDB\ODRWW LWV RZQ |
IRU FDWDO\WLF DFWLYLW\ )RU H[DPSOB][DAXPDYHW URIPWRK

WHPSHUDWXUH RI f& DQG S+ HUYLQ HW DO y4
DFWLYH DW f& DRAIGO®Z\ HW/DO XUHDVH IURP PXOE
DQG S+ DURXQG +LUD\DPD VN HD® & KHGND RH $U RIPR®IS
RSWLPXP S+ RI ZLWK DFWLYLW\ RYHU D S+ UDQJH RI

W LV SUHIHUDEOH WR XVH ORFDO SODQW PDWHULDOV
IRU VXEVHTXHQW DSSOLFDWLRQWKHQDESREHRBWQR® WRLRB
ZDWHUPHORQ VHHGV $0 ,PUDQ HW DO '"LOUXNVKL H\
OHDYHV DQG VRDEADYWSERMRIDQ HW DO KDV EHHOQ

WHFKQLTXH IRU H[W U D RMDIZQR DXWHHDIMHOM RYP 18 DDWQHWP HO\ VL
WR HDVLO\ REWDLQ D VROXWLRQ ZLWK XUHDVH DFWLYLW\
7KH SODQW UDZ PDWHULDO LV FOHDQHG ZDVKHG DQG F
GLVWLOOWG REHWRSLADWHU $0 ,PUDQ HW DO &XL HW
BWDEQLNRY HW DO EXW VRPHWLPHV LW LV PO SK
PO SKRVSKDWH EXIIHU FRQWDLQLQJ PO HWK\OHQHGLD
7UNRODHL HW D@ 7WDFWHWDWH FRQWDLQLQJ —J PO OHXS
RU FKLOOHG PO SKRVSKDWH PHUFD FRRMDKRQED +P®]
LV DGGHG WR WKH FUXVKHG UDZ PDW HU LH/OR GEWRER\E D OD/L
HW DO "HQJ HW DO RU+HIGRZOBWGDDFHWRQ3HU
DO DUH DOVR XVHG DV H{WUDFWDQWV WR REWDLQ FL
WR H[WUDFWDQW YDULHV DFRRFRQ®LI BFHLHIW VVEXGL NRP |

RU HYHOQ 7DEOH

FFFSBNUDLQLDQ )RRG -RXRODPE® ,VVXHF
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% LRWHF

KQRORJ\

7DEOH
S8UHDVH DFWLYLW\ RIRFRUXOHLHRRXWMBBOWYW VRXUFHV

(IWUDFW IURBR 30DQW ]| JSUMPVH 8QLWV| 5HIHUHQFH
H[W U D F/WIDRML]Y L W \
PO

*HUPLQDWHG [FKLFNSHD PF 3HUYLQ HW DO
&LFHU D ULWHMHIGYX P 1+ PLQ PJ

SURWHLQ
‘DWHUPEDWRQXOOXV PF $0 ,PUDQ HW DO
O D Q D WHKHWG V 1+ PLQ PO
‘DWHUP&ORQ PF1+ PLQ JLOUXNVKL HW
O D Q DWHKKHG V DO
"HKXVNHG ZDWHUPHORQ PF KRGDGD[GL
& ODQUWHE\ 1+ PLQ PJ RUUNROD|HL HW T
"HKXVNHG MDFN EHDQ SURWHLQ
&DQD YD®RW ALV
“DFN E&ID@DYDOLD
HQIRUPHWDO
BR\EHDQWLQH
PD]
*HUPLQDWH PF XUHD | 6WDEQ
*O\FLQH PDJ DO
BR\EHDQ PO XUHD PLKQQO HW DO
BR\EHDQ QD PO XUHD |[PPDRJ HW| DO
OXOEHW@RIU XV DOED QNDW PJ [SURMNRPD HW
OHDYHYV DO
6ZRUG RIDDO Y D IDD PO XUHD PLIQXJ/ HW DO
JODGLDWD
*HUPLQD VBH @ X$H D PF (I +HIQD 2\
VDWL YXM GV 1+ PLQ PJHW DO

SURWHLQ
%URDG EBIDRL\D PO %HGDQ
IDED 1+ PLQ PO
"HKXVNHG SLJH®R @SHD PO 1+ DV HW DO
&DMD Q XV \FHDHI®\Q PLQ PJ SURWHLQ
6\ULDQ PHVTXLWH PF1+ PLQ +DP]DK
3URVRSLV VEHBWD PO

1+ PLQ PJ

SURWHLQ
,Q G LD QRPORMHNY PF 1+ PLQ +DP]DK
OHOLORWXV LQGLFXV PO
VHHGYV 1+ PLQ PJ

SURWHLQ

1RWH+QRDN DSSOLFDEOH
FFFSNUDLQLDQ )RRG -RXRDPI® ,VVXHF
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7KH HWUDFWLRQ WLPH DEGRWWHPFEHUDUMQUMH WWRXEGLH)
VXVSHQVLRQ LV ILOWUDWHG DQG WKH ILOWUDWH LV WK
VROXWLRQ ZLWK XUHDVH DFWLYLW\ LV UHIHUUHG WR DV
ELRFHPHQWDWLRQ XERPXWHPNW IWKIKFEWKHU SXULILHG E\
DFHWRQH HWKDQRO RU DPPRQLXHI BXD\SHKWWXHO %HGD®LU
HW DO JRU HIDPSOH J RI GHKXVNHG ZDWHUPHOR
HIWUDFWDQRWDWKSBW f& 7KH PL[WXUH ZDV WKHQ KRPRJI
IRU XUHDVH H[WUDFWLRQ IROORZHG E\ ILOWUDWLRQ DQ
ZDV XVHG WR LVRODWH SXWWH3 ®AHNPHHYELOHELWEZWD W I
KLKHVW VWUHQJWK ZDV REVHUYHG IRU VDQG WUHDWHG Z
ZLWK D KLIJIKHU GHJUHH RI SXULILFDWLRQ .KRGDGDGL 71l
VRPH FUXGH H[WUDFWV IURP GLIITHUHQW SODQWYV LV VKRZ

7KH HIILFLHQF\ RI HITWUDFWLRQ LV LQIOXHQFHG E\ WK
ZDV VKRZQ WKDW H[WUDFW IURP VR\EHDQ SRR GHKLELWK G
XUHDVH DFWLYLW\ RI PO XUHD PLRP ZK KR &EHD ¥QQ DLUFIIHQUWW
ORZHU DFWLYLW\ PO XUHD PLQ 6KX HW DO 7K1
HIWUDFW DOVR GHSHQGY RQ WKH FRQFHQWUDWLRQ RI SO
SUHSDUHG IURP VR\EHDQ SRZGHU DWQRR Q RHQ VAHPIVEILL RHG

DFWLYLWLHV RI DQG PO XUHD PLQ UHVSHEF
NQRZQ WKDW GXULQJ VHHG JHUPLQDWLRQ PHWDEROLF Sl
RI HQJ\PHV 2XWDIQHW DQNKDWD HW DO 6WDEQLNF

‘XQWKXQ\DUDW H® YRPH VWXGLHV WKH DXWKRUV FDUL
JHUPLQDWLRQ WR HQKDQFH HQ]\PDWERQWWDLYLWI $SIPWRD R
+HIQDZ\ HW DOKSHFLILF XUHDVH DFWLYLW\ RI VR\EHDQ V

KRXU RI JHUPLQDWLRQ PO J PLQ DQG WKHQ JUDGXDO
KRXUV RI JHUPLQDWLRQ 6WDEQLNRY HW DO 7KH KL
JHUPHGQGDSHDYV ZDV REVHUYHG DW KRXUV RI JHUPLQDW

VXEVHTXHQW GHFUHDVH 3HUYLQ HWJBOPLQDWHKWHEIBV
EHDQV VR\ ZDWHUPHORQ HQG ®PRORO XHJHKDEHWHGNVLY LW\
WKVHHGY WKHPVHOYHV 6WDEQLNRY HW DO

$SSOLFDWLRQ RI SODQW H[WUDFWV ZLWK XUHDVH DFW

7TKH RV EODQW H[WUDFWV ZLWK XUHDVH DFWLYLW\ RIIL
IULHQGO\ DOWHUQDWLYH |RS ¢IDROMWR XK QEL RUIGRMWKHEAKIQL VB
PLWLIDWLRQ ROBRBMWEK ODAONXHIDFWLRQ DQG FRDVWDO HU|
PRVW VWXGLHVY KDYH UHOLHG RQ FRPPHUFLDOO\ DYDLOI
GHULYHG IURP MDFWEHDX¥FHRYHYB®IXVH RI XUHDVHV H[W
VRXUFHV IRU ELRFHPHQWDWLRQ DQG VRLO ELBBHIURXYWGQJ
HQJ\PHV KDYH SURYHQ WKHLU HIIHFWLYHQHVV6REPHN WK
HIDPSOHVXXXUHOMWHQOWSSOLFDWLRQ LQ ELRFHPHQWDWLRQ D!
$OWKRXIK WKH XUHDVH DFWLYLW\ RW KD® QWK CHYWRIDX U
SURGXFLQJ EDFWHULD FRPPRQO\ XVHG LQ ELRFHPHQWDW
IRU VRYW WBHKERIQLQJ DQG WKH PLWLIJDWLRQ RI ZLQG DQG C
Rl VRLO ZLWK VPDOO GRVHV RI ELRFHPHQW LV HIIHFWLYH
VLIQLILFDQWO\ UHGXFHVY WKH UHOHDVH RI GXVW LROVRNHL
WKH HQYLURQPHQW +DR HW DO , Y DIQRM DIV QVGH Ko WHINE (
6WDEQLNRY HW DO E ORUHRYHU LW LV EHOLH
QHFHVVDU\ GXULQJ ELRFHPHQWDWLRQ WLQ¥WDNXKHRIPR M
VKRXOG SURFHHG VORZO\ FRQVLVWHQWO\ ILOOLQJ WKH ¢
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7DEOH
$SSOLFDWLRQ RI SODQW XUHDVH IRU ELRFHPHQW

6RXUFH R|I &KDUDFWHULVWLFV RISHIHUHQFH
éﬁ?f&ﬁﬁ”" ELRFHPHQWDWLRELRFHPHQWHG
SURFHVV RLO
&UXGH VR\EHDIFDZVWRGD| 3UDP®DELOLW)\| : HBHF U MDWHG
XUHDVH VRQXAVLRIQ PP IURP P V WRP \| DO
POUPLQFDOFLXP FKORUB&®H DQGE3IDUHD
0 0 LQLWLDO| S+
WUHDWPHQWV
&UXGH VR\EFWDHHQHG ULYHBHVPGQG ALOLKVED 6\ BBEQHPRW G
H[WUDFW/| JUDPIOQ VL]H FPIP IURP HW DO
XUHD J PLQ FDOFLXP [FKORULGWHR P V
DQG XUHD 0 O
WUHDWPHQWV
&UXGH VR\ERIDAQ SUHSDUHG IWRIQWD LY UGID WPRIQAVW DWKH
H[WUDFW FOD\ SDUWLFORDW N3D HIIHFWLYH
PO PLQ PP FRQILQLQJ SUHVVXUH| KDG
VLOW SDUWLFQMWHDN GHYLDWRULF VWUHVVHV
PP DQG WKQHG WULD[LD)® WHVWV
SDUWLFOHV !| N3DPPRU XQWUHDWHG| VRLO L
VROXWLRQ FDOEDXP FKMRDLGH
DQG XUHD 0| O
WUHDWPHQWV
-DFN EHDQR6LHYHG ULYHU| 88 & | 2L \VHK WU HBDUNG HAD QD30
H[WUDFW| JUDLQ VL]H RI| ZDV N3D FRQWHQW RI
PP VROXWLMPQGADRK.SLWDWHG FDOFLWH
XUHD GD\V RI WUHDWPHQW
‘DWHUPHORIONDZD VDQG P8 RAHWRH WU HDWHKGEVKDRQ G
VHHG H[WUDLDWPHWHU PPDV 003D HW DO
—PRO XUHBDOFLXP FKORULGH DQG
K\GURO\]HG XUHDNUHDWPHQWYV
PLQ
6R\EHDQ | 6DQG ZLWK DYHBRBHRSDWKMH FOBE R W HGE)V VDQ G
H[WUDFW/| VL]H PP ZDW N3D
PO PLQ FDOFLXP FKORULGH DQG
XUHD IRU GD\V
&SUXGHENRWZWWDZD VDQG |ZA&%KRD WHBIQW U BRXY HAV VD@ G
H[WUDFW| VL]H RI PP| ZDVO 03D 2D &2
PO XUHD PX@HD DQG q RMAWHQW
WUHDWPHQWYV pW
‘DWHUPHORIONDZD VDQG ZL8&K DERXINQ 0FMD ,PUPQ HW
VHHG H[WUDLDWPHWHU PP DO
VRO XW L RI)Q G X&®I D

I1RWH 8&6 XQFRQILQHG FRPSUHVVLYH VWUHQJWK

FFFSNUDLQLDQ )RRG -RXRDPD
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+RZHYHU LW KDV EHHQ VKRZQ WKDW WKH HIILALHQF\
FRPSDUDEOH WR WKDW RI EDFWHULDO XUHDVH &XL HW I
WUHDWHG ZLWK 83% DQG SODQW XUHDVH GHPRQVWUDWH
FDOFLXP FDUERQDWH VDPSOHV WUHDWHG QFIRQKLGIO® Q
FRPSUHVVLYH VWUHQJWK $KHQNRUDK HW DO $OPLC
WUHDWHG YQBXRH&® ADOFLXP SUHFLSLWDWLRQ (,&3 GLVS
VSOLWWLQJ WHQVLOH VWUHQJWK F R P &DFURH)GN WERW QG 7\
0,&3 $KHQNRUDK HW DO

YRU H[DPSOH WUHD®RHIQWH X \WQHDYBIDIDAG VROXWLRQ\
FKORULGH ZLWK PRODU UDWLR RI ZDV SURSRVHG W
HPLVVLRQVDUQG\HRIEG HQYLURQPHQWY +DPGDQ DQG .DY
VXFFHVVIXO DSSOLFDWLRQ RI MDFN EHDQ DQG VR\EHDQ
VDQGY KDV DOVR EHHQ GHPRQVWUDWHG RALWSHIHRIS\R VIHTE
SOE@PWHG HWRXRHHV IRU ELRFHPHQWDW LR QWIDPH W HOSRRAHW
WKDQ WKDW RI FRPPHUFLDOO\ DYDLODEOH XUHDVHV

1IXPHURXV VWXGLHV KDYH VKRZQGWKHYHG HXWH W H
ELRFHPHQWDWLRQ RI G H\SHUHW L\SD Q/® RMNKRIGY XK DEMRAVHZ L Q G
HQKDQFH VXUID¥WDEWWHBIJWRRSHG VRLOV SURQH WR
GHVHUWLQLWIXWVRQ/WXGLHV VR\EHDQ XUHDVH ZDV WKH P
*DR HW DO +H HW DO /LX < HW DO

7KH DSSOLFBMQ®RQFRGPADUERQDWH SUHFLSLWDWLRQ Z
SOBMHWLYHG XUHDVHV WR FDUU\ RXW ELRFHPHQWDWLRQ
VDQG IRUHVKRUH VO RBHRVURMDK L B B[ESBMAHHRPUERMR \E HD Q
SRZGHU H[WUDFW SURYHG WR EH PRUH HIIHFWLYH WKDQ >
6XQ HW DO

7KH DGYDQWD JHYGRIFHQ@]WIHOFLXP SUHFLSLWDWLRQ DU
Q HH G XVORVRLLYFDUNRRHE DOFH S URGJQLILFDQWO\ VLPSOLI\LQJ WKH
H[WUDFW FDQ EH SUHSDUHG LPPHGLDWHO\ SULRU WR
FRQVLGHUDEO\ UHGXFHG DV WKHUH LV QR UHTXLUHPHQW
RU KLJKIOLAZDSHUVRQQHO WR SURGXFH PLFURELDO ELRP
WKH LPSRUWDQW SUREOHPV RI ELR REHRH©WDMIER Q O \F HF®R
LQWURGXFHG LQWR WKH HQYLURQPHQW DQG WKH DTXHF
JHQPOO\ GRHV QRW UHTXLUH DGGLWLRQDO ELRVDIHW\ DV

7KXV ELRFHPHQW MBWURY HKY XQPHBPUBQWMSUHVHQWY DQ F
DQG VXVWDLQDEOH DSSURDFK IRU DGGUHVVLQJ D UDQJH
VWDELOL]WLR® RLWDQOXKHGCOMRLO OLTXHIDFWLRQ HUR
VXSSUHVVLRQ /LX / HW DO BWDEQLNRY HW DO
SURSRVHG IRU DSSOLFDWLRQV VXFK DV FUDFN UHSDLU I
FRQ¥WURQ PDWHULDOV 1DP HW DO 5RNVDQD HW DO

L QFUHROVHUHDVH DFWLYLW\ LQ SODQW PDWHULDOYV

BHYHUDO VWXGLHV KDYH LOQYHVWLJDWHG WKH LQIOXHC
DFWLYLW\ LQ SODQW PDWHULBR®QWDYBQQW KHDQY\RH HDVKH LN |
VXSSOHPHQWWLRQ LQ VRLO RQ VR\EHD® RO HBNVBIOD FWLYLZ
DGGLWLRQ RI QLFNHO WR WKH VRLO FROQWULEXWHG WR D
VKRRWYV R YQR\EMDPOWKH LQWURGXFWLRQ RI 1L2 QDQRSE
1L2 DQG QLFNHO \WWQOWKWHDRRE®DW RI  PJ NJ RI VRLO LQ
LQ ERWK WKH VKRRWY DQG URRWYV Rl SODQWYV ,W ZDV DC

FFFSBNUDLQLDQ )RRG -RXRODPE® ,VVXHF
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LV HOWYIHDO ZKHQ ULFH LV FXOWLY DRRHBNDQ QULRLIO! IDPW QG
HQVXUHV VXIILFLHQW XUHDVH DFWLYLW\ LQ WKH SODQWYV

7KH SUHVHQFH RI XUHD LQ WKH VRLO KHOSV WR LQFL
HQJ\PHNLFK SURYLGH WKHP ZLWK QLWURJHQ WKURXJK W
UHOHDVH RI DPPRQLD 7KLV DPPRQLD LV WKHQ XWLOL]JH
VXEVHTXHQWO\ SURWHLQV 2QR HW DO ,Q D ILHO
DGGQWLRQLWREWHDQQLQJ IHUWLOL]JHU WR FOD\ ORDP VRLC
LQ WKH XUHDVH DFWLYLW\ RI WKH KDUYHVWHG VHHGV $

6RPH DSSURDFKHVY WR LPSURYH ELRFHPHQWDWLRQ SUF
&DOFLXP VRXUFHV DQGI|RWHLWR FHHRHFOWYWQR GV

$ FRPSDUDWLYH VWXG\ RRP OFKKXPDSRORRDLWHR GDRAFL X
FDOFLXP QLWUDWH LQ VLOLFD VDQG ELRFHPHQWDWLRQ X'
RI PPRO O PLQ DQG WKH FHPHQRRDWA RQ NFRO KMKLPR § DFOR/
UHYHDOHG SVKROGK RHD@& QW KH EHVWFDDFX X W D BRIZBMRAHG E\
ZKLOH FDOFLXP QLWUDWH ZDV WKH OHDVW HRUYH PWIQYG] F
VDPSOHV ZLWK WKH VDPH BDORLXP FIWHKHEHRRYQMWRD IFRRMWE HF
VWUHQJIJWK 8&6 ZDV N3D IRUwWWEKRVGHWLOPEWHGE WMUAH
FDOFLXP DFHWDWH H[KLELWHG D VLIJQLILFDQWO\ ORZHU 8
DWWULEXWHG WKHVH GQIWHKIH ® RH'% KNRRORUNVREINRZRW P H G
SUHFLSLWDWLRQ ZKLFK GHSHQG RQ WKH W\SH RI FDOFLX

+RZHYHU ;LDQJ HW DO &&2VWEHVWDQ G &M&DD , & 3
XVLJISDVWRAQWFIOAXGHG WKDW WKH EBWWRQRXW FAD ORUXPL I
IROORZHG E\ FDOFLXP FKORULGH DQG FDOFLXP QLWUDWH
LW SRVVLEOH WR SUREXFH PROWWEXWNHG WR DQ LQFUI
FRPSDFWQHVYV

$SSOLFDWLRQ RI DGGLWLYHV WR HQKDQFH ELRFHPHQW

7KHUH DUH VRPH VWXGLHV DLPHG WR HQKDQFH WKH E
YDULRXV DGGLWLYHV LQWR WKH FHPHQWDWLRQ VROXWLF
DQG SOMOHNG X WHHPWH MW LV SDUWLFXODUO\ FULWLFDO IR
DEVHQFH RI PLFURELDO FHOOV RQ VDQG JUDLQ VXXIDFHV
SUHFLSLWDWLRQ DQG FDQ GLPLQLVK RYHUDOO WWHDWPH
DO

$ ELRFHPHQWLQJ VROXW KR® OF RRO\DIQ\VQ DQUH BN MDAD V D G
PLON SRZGHU $OPDMHG HW DO 6LOLFD VDQG ZDV |
DFU\OLF FROXPQ DQG OHIW WR FXUH IDAV GIRRP MKHPISHV X
VDPSOHV WKHQ ZHGHW LA2DB/IOMG RHNMHQR D FRQVWDQW ZHL
XQFRQILQHG FRPSUHVVLYH VWUHQJWK WHVWLQJ 7KH D
VWDELOL]H WKH XUHDVH DQG HQEDQIFEXFK 8 JEWKFH-HB B QYW |
FDUERQDWH SUHFLSLWDWLRQ DQG SURYLGLQJ DGGLWLRC
7KH DGGLWLRQ RI PLON SRZGHU UHVXOWHG LQ DQ LQFUHTE
0$&6 RI VDQG IURP * NSIUWROH *
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7TDEOH
$SSOLFDWLRQ RI DGGLWLYHVY WR HQKDQFH ELRFHP
BRXUFH RI|XUHDVH &KDUDFWHULVWLFV|RAHIHUHQRFH
DQGDFWLYLWW%LRFHPHGWRMHNRGLRFHP MRMMH G
&RPPHUFLDQWWDZD VLOLFD VDQEU DDRNHGBGAMROGVMHG HW
XUHDVH IURPUBDGN/L]H RI IDWPWQRQJKW D0 & 6
EHDSQ PO RSRZGHUHG PLON | RIOVDQ® LOFUHDVH|G
1+ IURP XUHD DQG 0 &DEBORP “ N3D
XUHD PLQ J J/ RI XUHDVH H@IRPH “ N|3D
SUHDVH IURPRVDXWD VLOLFD VB&& L Q FRHIDOIH B \VWRH W
EHDQ &$6| JUDLQ VL]H RI PP BBNMHLQ DO
-DSDQ JoO XUHD DQG
0 &D&0O J O XUHDVH
HQJ\PH
%DFLWDXV| 3RRUO\ JUDG HEL NEHDIGXFHGG | 6RUXP DQG
078&& KXVN DVK 0 SWBPDLD GO LBV LBV D
0 &D&O
3DUDUKRGREDNDZDUVDQG PHP @ BWU B P MWG MDADG DW K Q D
VS 62 RI PP SDUWLFOMWWHQQLMY K% DR
J FP FKLWRVDQ
0 XUHD DQG 0 &D&O
KUXGERWUDHKFWLRIDZD VDQBPRANMWGIU HDVHG MDD EW| DO
VR\EHD Q RI xPP = VWUHQJIWK
8 PO HJJVKHOO SRZGHU PRO /
&D&MQ G PRO O|XUHD
6SRURV 2WWDZD VLOLFD | QFUHD' /JLO H
SDVWKBX&&L SDUWLFOH GLDPHWHKWHDU YRUHQJWK
VIQWKHWLF ILEMUVGXFWLOLW\ DQG
ZHLJKW RI GU\ VD|Q®BLOXUHB VWUDLQ
&D&MQG XUHD 0
%DFLODXV| 2WWDZD VLOLFD VDQBU PH\DHG IBIERLEBM W D O
PO PLQ | VL]H RI PP 39% ILEWKB6 E\ D
E\ ZHLJKW Rl VDQGGHFOHDVHG
XUBRG 0 &D&O| SHUPHDELDLW\ E\
UHGXFWLRQ
LQ EULWWOHQHVV
6 SDVWHXULADVV EHDGV GLDPHPWHOVHG (U\sU*N|HW
$7&8& PP EHQWDQLWH | K\BUDRIOLF DO
EHDGV 0D@BG&O MRQGXFWL)YLW\ E\
XUHD

1RWH 676 VSOLWWLQJ WHQVLOH VWUHQJWK 8&6 XQFRQILQ

W ZDV VKRZQ WKDW XVLQJPEDWMHLQ (&8 WHDIR RH GV N\
ELRFHPHQWHG VDQG RMSURX¥KYKLYKMHIHQJIWKS @EHINH H
LGHQWLFDO (,&3 FRQGLWLRQV WKH DGGLWLRQ RI
LQ REWDLQLQJ ELRFHPHQWHG VDQG ZLWK D FRPSUHVV
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UHVSHFWLYHO\ 7KIDX EPASDWWHAHEQWHG WR WKH ELQGLQ.
SKRVSKDWH DQG FDUER[\O JURXSV RI FDVHLQ OHDGLQJ"
SOD\ WKH UROH RI FHQWHUV IRU FDOFLXP FDUERQDWH Q:
FRKHVLR® KKOWDQVR EHHQ REVHUYHG ZKHQ FDVHLQ PLFHO
SURFHVV 1DNDQR
3RVLWLYH HIIHFW RI FKLWRVDQ D GITLWDLRCR BRE W K\N HQ
62 ZDV VKRZQ E\ 1DZDUDWKQD HW DO RO&KIGNIRY D Q
DFHWLF DFLG WKHQ WKH UHVXOWLQJ FKLWRVDQ VROX
1D2+ 3UHSDUHG VROXWLRQ ZDV WKHQ DGGHG WR WKH 0
GXULQJ WKH ELRFHPHQWDWLRQ RON® QWR DKL SKIHHY HD
RI SUHFLSLWDWH FRPSDUHG WR WKH FRQWURO DRDIGNVK Wk
FKLWRVDQ K\GURJHO $V D UHVXOW WKH LRRPBHHMWG YEH X
WR UHODWLYH WR VDQG WUHDWHG ZLWKRXW FKLWRVD ¢
7K DGGLWLRQ RI MNBVKDIQO® \SBEOGH G RAEWEQ H[WUDFV
WKH QXPEHU RI QXFOHDWLRQ VLWHYV UHVXOWLQJ LQ HC
FRPSDUHG WR VDPSOHV SURFHVVHG ZLWIKGRRWO D/IKG\ DG &
LQFRUSRUDWLRQ RI ZW RI FKLWRVDQ D QDWXUDO EL
IURP VKULPS VKHOOV LQWR VLOLFD VDQG OHG WR D VOL.
RI WKH ELRFHPHQW DIWHU GD\V REFXURRQ GWDKIDIWU W KH
RI ILEHUV RI GLIITHUHQW RULJLQ VXFK DV SRO\SURS\OHQH
SRO\ YLQ\O DOFRKRO 39$ ILEHUV &KRL HW DO D |
LQFUHDVHG WKH P H F KIDRoAHHOQ SWHRGS M D @/ G H V DREI OFH
3RVLWLYH HIIHFWV RQ WKH SURSHUWLHV RI ELRFHPH:!
DGGLWLRQ RI YDULRXV RUJDQLF DQG ELRGHJUDGDEOH P

DGGLWLRQ WR VDQICQ WEIHD W VA KW QHVO \IWA- JOXWL
SRZGHU EURZQ VXJDU DQG VNLP PLON SRZGHU LQ V\VW|
DO DQG JXDU JXP [DQRWHIKOIDX ORK HDIQG BRIHB QA Q WU H

EHDQ XUHDVH +DPGDQ HW DO
0DJQHVLXP FKORULGH KDV EHHQ VKRZQ WR EH RQH F
HQKDQFLQJ VRLO \K@ UKKBEDALKV GRQ LRJJWMRODOYROXWLRQ RI F
FKORULGH DQG XUHD UHVXOWHG LQ ELRFHPHQWHG VDQG
6LPLODU UHVXOWV ZHUH UHSRUWHG E\ ;X ; HW DO
SUHVHQFH RIp LRQVWYJSQ D 0 FDOFLXP DFHWDWH XUHD VI
ELRFHPHQWHG VDQG E\ p ZARL@AH QWKULD WH B QDZBIIRO® OH
LPSURYHPHQW LQ VWUHQJWK ,W ZDV ARXQ&EH W K\DKWH W K H
PRUSKRORJ\ RI SUHFLSLWODARIWVLIWRP YDV K UWMHW R FOVMH W \
'DQJ : HW DO

&RVW UHGXFWLRQ VWUDWMNYILIDPV LRUG KV R/AH-PDHQ MDWWLHR C

2QH Rl WKH PDLQ FKHRVFADOUDRANRRQDWV0,&3 ELRFHP
VROXEOH FDOFLXP VDOW W\S+RDOYDNNVHOB V XP FKKHOPR_UF ID®H L
FRQWULEXWHY WR WKH RYHUD®REHVRN W RU HRK H UE Y R H®P
JHQHUDOO\ FRQVLGHUHG KDUPOHVV WR SODQWV DQG VRL
FKORULGH LRQV LQFUHDVH WKH OLNHOLKRRG RI FRUURYV

7TKXV RQH DSSURDFKNKWRELRBEHRNQDWLRQ SURFHVYV

FDOFLXP FKORULGH ZLWK GLIIHUHQW FDOFLXP FRQWDLQL
LV IRFXVHG RQ LVGHQWLI\LQJ VXLWDEOH VXEVWLWXWHYV |

FFFSBNUDLQLDQ )RRG -RXRODP® ,VVXHF
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HW DO &DOFDKRWDWH KDV DWWUDFWHG SDUWLFXODU DWYV
LQ ELRFHPHQWDWLRQ SURFHVVHVY GXH WR LWV DELOLW\ \
VWUHQJIJWK FRPSDUHG WR VZKDWHRDOWR. @ A GVPULRIQPWVISE & O

,LDQJ HW DO

=KDQJ HW DO

$V SRVVLEOH UHSODFOXWIRRR SRRIBVDDIQQAKGE EBED GLVVRC

OLPHVWRQH SRZGHU

LQ DFHWLF DFLG VROXWLRQ

D E

OLIQRFHOOXORVLF ELRPDVV ZDV $KRSFOHEL XKKIFRQHZD Y C

&D&2 &+&22+ &D

&&22 &2 +2

6ROXWLRQ XVHG LQ ELRFHPHQWDWLRQ RI VDQG KDG FI

DGMXVWHG E\ VROLEXP KB WBR{UBHDELOLW\ RI
SDVWUHIXGXKEHG

lURR WR

AV 7DEOH

2VWoWDZD V

7DEOH
5HSODPMARHEDOFLXP FKORULGH LQ ELRFHPHQWDWLR(

6RXUFH RI

XUHDVH

&KDUDFWHULVWLFV

DQG LWV

D F WIXEMMAL W
&D&O

XWH EILRFHPHQWDY
SURFHVV

RBEHIHUK
VLRQ

6SRURYV
S DV WHNRLRL

PO PLQ

"LVVR
LOLPHVWRQH
FRQWDLQJ
&D2Q Z
DFHWLF DF

2WWDZD VDQG Z
1 VERROGWMURQ RI XUH
0 IRU GD\W 7
SHUPHDELOLW\ ZD
Ld " PV WR ' PAV

& KR
DD O
KH

V UHGX

0

(IWUDFW R
EHDQ VHHC
SRZGHU
GLVWLOOH
o)

I (MBRVIKHO OV
5\ L WH HIBF H W
REVQDLQ VR
GFRDWIHUP D |

PRO O

VBRDWHGBGUDGHG Q
LW WHFD W HMGRZL WK V
PO AMRDFHWDW
FIPWROWWM UDWLR I
REWDLQ VDQG ZLW
N3D

D YWRAUD(
RDAW LR
HDQG X
RU GD
K 8&6 F

HQFH

&D

FHG IUR

D VRLO 2
QDRI
UHD LQ
\V WR

R |

6SRURVDU
S DV WHNRLRL

EBQDLP HVWR
LSRZGHU WU
ZLWK DFHW

QHVHUW HROLDQ V
HOL\WHANG PP UD
L& DD PALWGBH D 8&
LQFUHDVHG E\

DYOI® Z H
WR@a RI
6

WK SDU\V

(IWUDFW R
VR\EHDQ

I:DVWH FRQ
WUHDWHG

PO PLQ

FERWSHUHVVLYH VWU
(IGLKIHU IURP VDQG

U H B JNMWK
WUHDW

+&0

&D&WMHDJIHQW

BQG QR
HG ZLW

$ QXPEHU RI ZRUNV DUH GHYRWHG WR WKH XVH RI HJJ

E

XODQWKDLYHO HW DO

5DKHBRZEAEN-IHNEW U G

ZLWK DQ DTXHRXV DFHWLF DFLG VROXWLRQ PRODFH®DWHW

PRO O

+RTXH DQGUNDWPHQ@W XUHDVH VR\EHDQ H[WUL

FROQOWDLQLQJ FDOFLXP DFHWDWH DQG XUHD LQ PRODU UD\
VDQG ZLWK 8&&ZRLFK MBN ELIJKHU WKDQ G KDWKRWKH VDPH
FROWHQW EXW WUHDWHG ZLWK &D&O

:DVWH FRQFUHWH ZDV WUHDWHG ZLWK
IXUWKHU XVH LQ VDQG ELRFHPHQWDWLRQ

LRQV IRU
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$ FRPSDUDWLYH VWXG\ ZLWK VDQ GDQ® HOMBPBRIDWHK H
FRQFHQWUDWLRQ DV D FRQWURO VKRZHG QR VLJQLILFDQ
ERWK ELRFHPHQWHG VDPSOHV 7DEOH

7R REWDMYROYHG FDOFLXP LRQV OLPHVWRQH SRZGHU

PP ZDV WUHDWHG ZL %K XOHDQW RPEIFHXE ®WDWLR RI DQC
DFLG GRVDJH RI JHQJ HW DO 7TKH 8&6 RRQAVQG V
GHULYHG IURP OLPHVWRQH ZDV KLIKHU FRPSDUHG W

ZKLOH WKH FRAWMQRII 828+ SUHSDUHG ITURP OHRBKWMB QHE\

TR UHSODWFHQW&KMH (,&3 SURFHVV IRU WRSPWH® IVRDX\G
LQGXVWULDO ZDVWH FDOFLXP FDUELGH VODJ SRZGHU GL°
1R VLIQLILFDQW GLIITHUHQFHVY ZHUH REVHUYHG EHWZ
UHDJHIQW HW& DG WKRVH WUHDWHGKHWKRWKH X\WEUWLW
UHF\FOHG PDWHULDOV LQ ELRFHPHQWDWLRQ FDQ VLJQLII
ZKLOH DOVR PLWLJIJDWLQJ HQYLURQPHQWD®U RBRBOWWLRC
UHSODFHPHQW IRU ERWK FKHPLHG O QU MDKIH (BW R F HRRHRORADX
FDOFLXP FKORULGH DQG XUHD KDV EHHQ SURSRVHG )RL
VRXUFHpRD@® FRZ XULQH DV D VRXUFH RI XUHD 6UHHND
FDUELGH VOXGJHxG LADMRWINCH & DMQ VH BLYWRXDY¥HD ZRBOH XUL
EHHQ XVHG LQVWHDG RI XUH D5 URG WKIH B XEDW WMHDUW DR G ORQ J
6RPH VWXGLHY KDYH SURSRVHG XVLQJ FKHDSHU VRXU
ELRFHPHQWDWL R CGIURFKHV W KU DG E RRIDMWHRWLAD OV ZLWK F
DYDLODEOH DOWHUQDWLYHV IRU H[DPSOH VXEVWLWXWL
FRPPHUFLDOO\ DYROGDECPH &WRQ@IJ DIHQW ORTVXG DQG *FR
DSSURDFHKXVKREAH WR UHGXFH WKH FRVW RI PDWHULDOV
XS WR

OHWKRGV IRU SUHYHQWLRQ RI DPPRQLXP UHOHDVH LQ

2QH RI WKH RE VW D/FFDHOH VDS SADK_HF DOMIURI® R1 ELRFHPHQV
DPPRQLD JDV LQWRDWR & JDILRRY SHBHPIPRIPD KRPLRQ RK\GUR[LC
LQWR JURXQGZDWHU DQG VXUIDFH ZDWHU *ERZWKDPQ® HV
FRQYHQWLRQDO 0,&3 WKH S+ RI WKH HQ YA UHR @MRHWYWHW S|
RI DPPRQLXP LRQV DQG DPPRQLD ,WOLYSNRRZRDWKOW DR
UHOHDVHG QLWURJHQ UHPDLQV LQ WKAHWUP RK D@ P RIKHX
H[FHHGV D VKDUS VKLIW RFFXUV WRZDUG JDVHRXV Wi
*RZWKDPDQ HW DO D :KLIILQ

$PPRQLXP FRQFHQWUDWLRQV LQ JUR XQGMEPRMIG LDQUIH WA
WKH (XURSHDQ &RPPWWWL R/ UHVKRO® YNRXY GROWHU LV
$PPRQLD LV FRQVLGHUHG DV RQH RI WKH ILYH PDLQ DLU ¢
SHUPLVVLEOH EQQPHQEHD WDRMUY LQ WKH 8QLWHG 6WD!
PJ OGHSHQ@J RQ ORFDO FRQGLWLRQV DQG UHJXODWLRQV

W KDV EHHQ HVWLPDWHG WKDW ELRFHPHQWDWLRQ R
SUHFLSLWDWLRQ RI DW OHDVWRQRN\RI RIDRDE0 FKXP FSOUREFRHQYE
LQ WKH HFLYS/WLRQ RDW HO\ NJ RI DPPRQLD LQWR WKH D
LQWR JURXQG RU VXUIDFH ZDWHUV ,YDQRY HW DO D
FKDOOHQJH IRU WKH ZLGHVSUHDG DGRSWLRQ RI ELRFHI
DPPRQLXP DQG DPPRQLD HPLVVLRQV LQWR WKH HQYLURQ

FFFSBNUDLQLDQ )RRG -RXRODP® ,VVXHF
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7R SUHYHQW HQYLURQPHQW FRQWDPLQDWLRQ ZLWK
LQYROYLQJ DGGLWLRQDO WUHDWPHQWY VWHSY KDYH EHI
DFHWDWH LQVWHDG RADRIFQKPXRRKHFRIPEGH DMHIDWRLQJ
&D &&22 GXULQJ WKH ELRFHPH®S/PMWR\IU RL B GORKNGH R L L
HPLVVLRQ E\ ZKLOH DOVR LPSURYLQJ WKH VWUHQJWK
WKH DGGLWLE8JIJPW HRDOWPKDRIWM.® LFDWH PLQHUD
UHVXOWLQJ DPPRQLXP DQG SURGXFH D Q LHIQOW B RKDW K B W D
LQFUHDVLQJ RVELRFHWHB@WHEK DQG UHGXFLQJ LWV SHUP
.H\NKD HW DO 6XVKW PODLQWRQ@RQEMPRKH JUDSKLYV
FDWKRGH HOHFWURGH GXULQ® R IHD MRV S RIEY R B MPLMREW DOMLDF
LQWR WKH EXON RI WKH VRLO .H\NKD DQG $VDGL

VRLO ELRFHPHQWDWLRQ E\ LQMHFWLREHRDYRORWHRQV H
/HH HW DO ULQVHQDPPRQLXP IURP WKH VDQG ZLWK VXEV

DGGLWLRQG2MIQI® 0. IRVD S + ZLWK B2 PRODU UDWILIRVRI
VWUXYLONB2 1+#2 ORKVHQ]DGHK HW DO ELRFHPH(
6SRURVDUFLQEELS VRWNWURIQWFRQVEDODE@PR G XUHD OHG W
IRUPDWLRQ RI VWUXYLVBR6LRI WK WWUHILDMWHHGES WIDQGES ZD V
DPPRQLD JDV HPLVVLRQ ZDV UHGXFHG E\ FRPSDUHG ZL
<X HW DO7R SURWHFW WKH DWPRVSKEBGMRUSKRW LOIRFP RQ UM |
JDV DPPRQLD ZLWK VXOIXULF DFLG FRXOG EH XVHG ,YDQ
$ SURPLVLQJ DQG HQYLURQPHQWDOO\ IULHQGO\ DOV
HPLVVLRQV LV FDEBVKB FHLR¥SRBWWDWLRQ $YUDPHQNR F
D &DOFLXP SKRVSKDWH LV D SURPLVLQJ VW UZKFLVDXU D O

LWV ELRVDIHW\ LV NQRZQ 7RVKLPD HW DO LWV X\
DGYDQWDJHV D FDOFLXWPRBKRDRIGD WG YLDRBPHRW D OO\
.RKQ HW DO E FDOFLXP SKRYV ®SKDIWH BWHOHHY LU

SODQW JURZWK 7KH IRUPDWLRQ RI VWURQJ FDOFLXP SK
ERWK LQRUJDQLF DQG RU BDGIEE SE KWROWSIKFOQV WLDRW K EW \P H W
WKURXJK HQ]\PDWLF K\GURDRFKLWKH SYHDFGKDN®Y ZURP

7KH HFRQRPLF DGYDQWDJH RI K\GUR[\DSDWLWH ELRVR
ERQH PHDO DQSDRGXEWQRI PHDW SURFHVVLQJ DV D VW
IRXQG WKDW FDOFLXP DRHD G KIRWH ISIW N H@WERQ@ W KH IRUP
&D 32 2+ *RZWKDPDQ HW DO E $FLG K\GURO\VLV RI |
LQWR D VROXEOH IRUP DQG VROXWLRQ IRU ELRFHPHQWDV
&DSHU O ZDV UHFHLYHG

&D 32 2+ +&0 &D +32 &0 +2

7R SURYLGH ELRFHPHQWDWLRQ SURFHVV FRIFDPHUFLD
GLVVROYHG LQ WKH VROXWLRQ IRU ELRFHPE@®WQ VWLR G W |

5DWLR RIXBBIOFLXWP ZKLOH LQ WUDGLWLRQDO ELRFHI

W R 7KH ELRFHPHQHG SRRUO\ JUDGHG ILQH VDQG
VWUHQJWK RW ZDW3BVWMWKHVHBOWRYW RI DPPRQLXP LRQ)\
DSSUR[@PDWHDQG WR[LF DPPRQLD HPLVVLRQV ZHUH DER
WUDGLWLRQDO ELRFHPHQWDWLRQ

$Q DOWHUQDWLYH ELRFHPHQWDWLRQ SURFHVV WKDW
1+0J32 DQG FDOFLXP FDUERQDWH XVLQJ WULSDOW KBMU
DOVR VKRZQ WR EH PRUH HQYLURQPHQWDOO\ IULHQGO\
IUHH DPPRQLXP DQG WKH UHOHDVH RI DPPRQLD LQWR WK
SURFHVV ,YDQRY DQG 6WDEQLNRY

&D 382 0J &2 1+ +2 DFLG XUHIDWHR32; KZKH
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7R SHUIRUP WKHVH W\SHV Rl ELRFHPHQWDWLRQ XUH
&RPPHUFLDO DFLG XUHDWVMW REQ WIKAYXIH\EHEWH@ LRPWKH \
*RZWKDPDQ HW DO D6W ZKH\GHR FARKEHF XWAABNE D $ IP\RFS B DWVLHACX
IURP DFLG VRLO ZDV HPSOR\HG LQ ELRFHPHQWDWLRQ EL
6WDEQLNRY HW DO

SRWHQWEDRDIJHQWY IRU ELRFHPHQWDWLRQ

&DUERQDWH URFNV VXFK D®RERPHRMWHH FRQWDRQLWBUJI
FDUERQ LQ WKH IRUP RI FDOFLXP FDUERQDWH DQG UHSUH
=KX DQG 'LWWULFK %LRGHSRVLWLRQ RI PLQHUDO
ELRORJLFDO ZRUOG PHGLOBWRWREREDBPWIBUEDOD QWML %LR
QDWXUH OHDGV WR WKH IRUPDWLRQ RI PRUH WKDQ VL[W
HLWKHU HIWUDFHOOXODU RU LQWUDFHOOXODU LQRUJDQL
WKDW QDWXwbhwaY IWMWBLEIASURGXFW RI PLFURELDO PHYV

%HUHQMLDQ &DUERQDWH SUHFLSLWDWLRQ FDQ EH L
PLFURRUJDQLVPV WKDW SURGXFH FDUERQDWH LRQV WKUT
&DVWDMHW DO "ULJKW DQG 2UHQ

7KHUH DUH WKUHH PDLQ JURXSV RI PLFURRUJDQLVPV L
LQ QDWKMWH DUH SKRWRV\QWKHWLF PLFURRUJDQLVPV VX
$UL\DQWL HW DQUHGXED@WOIWWIH :DUWKPDQ HW DO
PLFURRUJDQLVPV LQYROYHG LQ WKHLRPLQMURDAWHUEDHQD
EDFWHULD GHQLWULI\LQJ EDFWHULD RU XUHRO\WLF EDF
9HUVWUDHWHMVFKEHMWRHW DO 7KH IRUPDWLRQ RI FD
LV RQH RI WKH PRVW VWXGLHG DQG XQGHUVWRRG ELRPL
YHUQDQGH] HW DO 5RQKROP HW DO 7KXV ELR
PDWBO WKH FUHDWLRQ RI ZKLFK ZDV LQVSLYNGE E\ QDWX
LQ FRQWUDVW WR DUWLILFL 30 REGRFHPH SRAEMLRICD X YILD J

JLXUH$ URFN LQ WKHGNIPGNUWIRQB DQ REMHFW RI QDWXUDO E
DSSUR[LPDWHO\ PLOOLRQ \HDUV ROG REWIWER@HNRQ G W DG PL
DIWHU ELRFHPHQWDWLRQ BWDEQLNRY HW DO
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IDFWLF DFLG EDFWHULD

BUHDVHV FXUUHQWO\RQ/ 56 RFEHEVRFHPHIDMWRSM LPDO DF
LQ WKH QHXWUDO WR DONDOLQH UDQJH DQG DUH QRW R
HQYLURQPHQW EXW DOVR GR QRW HYHQ FDWDO\]H WKH
SURG XKHG HPUBR®Y RI FDOFLXP FDUERQDWH DW DONDOLQ
XUHDVH PD\ EH DGYDQWDJHRXV IRU ELRFHPHQWDWLRQ LG
DV ZKHQ FDOFLXP ELFDUERQDWH LV XVHG DV WKH FDOF
FDOFLXPKOKRY *RZWKDPDQ HW DO D

IDFWLF DFLGLEDAWHKUER DUH JHQHUDOO\ UHFRJQL]HG I
JRRG DQG 'UXJ $GPLQLVWUDWLRQ DQG WKH (XURSHDQ )RR

D 6WDEQLNRYD HW DO FDQ VHUYH DV SURGXFHU\
IDFWLF DFHGLPDFDQ SURGXFH XUHDVH DV D UHVSRQVH
QHXWUDOL]LQJ WHPHR @ F IODW WRIFPBIELG EDFWHULD SURGXFL
RBWUHSWRFRFFXXVW&HBPRBKROXKFWLRQ RI \RIXUWV DQG F
6FDOD HW ®BDILGREDFWHWUXKRSDIRQRKPYFLR HW DO S
EDFWHBWREDFLOOXV UHXWHUL 6W VB S WEREIRHM KWW WKCH U P F
8G\PRY\FK :LOVRQ HW BOHDVH DFWLYH DW: D 3B W OLQMNVR
GLVFRY HDAVEREQ/SL EOXBSDQHVH UHVHDUFKHUV LQ YLC
DQG 7ULROL &RPPHUFLDO ®FRG XRHEIFWREDBEDS QK
IHUPHQIMXW DSSOLXGRLOREWHKH¥RID® IRUDNVKH ELRFHPHQWI
VDQG HPSOR\LQJ DFLG K\GURO\\RDWMHGRRERGBWIHBB DV D

)XQJL

7KH SRWHQWLDO X VXK BDYQFDO OLX B DI RWH QR P
ODUWXVFHOOL $H8 HUOULS OXR'EDULXP R[\\KDPUXRW DO
SHVWDORWLREWRWKHFLXP JUDPMQBOPRU FDOFLXP FDUER
SUHFLSLWDWLRQ LQ VRLO ELRFHPHQWDWLRG\KDHUE HEI Q X\W
VS 8)GIXYDULXP R[BYSWRIQMWPKHVL]HG FDUERQLF DQK\GUDVF
DQG SURGXFHG FDOFLWH YDWHULWH DQG DUDJRQLWH G
DV WKH FDOFLXP VRXUFH 'KDPL HW DO S%RGIXGEHQVR
IXQJL OHDGV WR WKH SUHFLSLWDWLRQ RI FDOFLXP FDUE
LQWR ELRFHPHQWHG PDWHULDO FDQ VHUYH DV D ELRORJ
VWUHQJWK 0DUWXVKHOIIDE8WWOIRQVEKRFHPHQWDWLRQ
IURP DONDOLQH VRLOV 'HYJRQ HRD OPDUHRXM QR LHOW /D O4
RU NDUVWLF FDYHV 'KDPL HW DO +RZHYHU LQ W
ELRVDIHW)\ ULVNVKBIVXRH LROWXGJZLWER P XGLQYXTYODQMWP SD\
R[\WWSROXPRWKHFLXP JAHDPURERWLRBYGVRWKHUV LQ ELR
SURFHVVHV UHPDLQ XQH[SORUHG

OLFURDOJDH

SKRWRV\QWKHWLF RUJDQLVPV DUH FRQYPLBKHHEURR I
RI WKH ZRUOG V FDUERQDWH GHSRVLWY RYHU WKH ODVW
HW DO SKRWRV\QWKHWLF PLFURRUJDQLVPV XWLOL]
ZLWK +BQG &2KHQ FDUERQ GLRGLEBHSK\RWRYVXWKHWLF PLFL
WKH S+ LQOFUHDVHYVY DQG LQ WKH SUHVHQFH RI FDOFLXP L
HW DO
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&2 +2: &+2 2

+&2< &2 &2 +2

&2 +2< +&2 2+
&D +&2 2+< &D&2 +2

OLFURDOJDH FDQ SURPRWH WKH IRUPDWLRQKRIL FD@F L
DONDOLQH HQYLURQPH®WRQWDWRU DL\QN® XQ K &KH IRUP
DUDJRQLWH ZDV REVHUYHG LQ VROXW LKR QI @ GWAR Q ¥ R RQ I
WKH PLFERID@HBHVPX\WREWRPOXWR HW DO &XUUHQ!
RI PLFURDOJDH )LJ F D LV SURSRVHG IRKHDBEG®P HQW
FRQFUHWH FUDFNV 1XU DQG 'HZL

&RFFROLWKYG KDOWRISK\WHV OUWLRQ IPAHFU®ROD D H WZHIR \
FRYHUHG ZLWK FDOFLILHG VFDOHV 7KH\ SOD\ DQ LPSRU
<RXQJ DQG +HQULNVHQ 7KH SRWHQWLDO XVH RI Wk
EHLBJSORUHG DV D SURPLOMLQYGHDSSHWDPBIO $O DORQ.
PLFURDOJD&KQORBKSOUIU L\DQWL HW DO 1IRWDEO\ W}
&KORUHOOWRNSVROXNEH FDOFLXP FDUERQDWH SUNRMLSLWD
ZDV GHPRQVWUDWHG LQ D VWXG\ ,UIDQ HW DO

&\DQREDFWHULD

BHYHUDO VWXGLHV KDYH LQYHVWLJDWHG WKH XVH
ELRFHPHQWDWLRQ &KDQGUD HW DO -DQJ HW DO
&\DQREDFWHULD FRPPRQIHNQNQRZQ HD VDEGXSHURNIIOWLRM LF L
EDFWHULD WKDW FRQWDLQ FKORURSK\OO DQG DUH FDSI
R[\JHQ ZKLFK HQULFKHW\W®&REBGWHURQP HQKIPEHLQW B LY H
LOQFOXGHYK EUDFNLVK DQG VDOWZDWHU HFRV\VWHPV |
PLFURELRWD

$ VFKHPDWLF LOOXVWUDWLQJ WKH XVH RI FADQREDFWH
PDWHULDOV /%0V XWH\DKRZSWIHG )IIRP 6RQ HWH SURGXFW
FDOFLXP FDUER@D WW QREEFWHULD RIITHUV WKH DBBWD QWL
HPLVVLRQV GXULQJ SUHFLSLWDWH IRUPDWLRQ

JLXUH 6FKHPDWLF XVH RI F\ADQREDFWHULD IRU 0,&3 IRUPDWLRQ
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W KDV EHHQ VXJJHVWHG WKDW F\DQREDFWHULD FRXC
FRQFUHWH E\ SUHFUSYWD®V @LWREQ LWV SRUHV DQG PLF
FRPSUHVVLYH VWUHQJWK RI VDQG WUHDWHG ZLWK F\DQRE

XVLQOHFKRF\VWLELSK XDHW NOLQ DOQHES WR O\ QO\ELQ J
ERU\DEROQV HD O FRPSDUHG WR FRQWURO VSHFLPHQV .
$VVHVPHQW RI WKH FDUERQ IRRWSULQWE\IFRSW | WHKUH GW
PHWKRGV VKRZHG WKDW XVLQJ F\DQREDFWHULD UHVXOW
&2 NJ &D&RRPIS®WR XUHRO\WLF EDRWBDERDQOBNWKH NRQX H (
FDURERQDWLRQ SURFKDEIRWWHU&PW DO

&RQFOXVLRQV

%LRFHPHQWDWLRQLQDLW ICDWHBEUREDFQWH SUHFLSLWDW
SURPLVLQJ DOWHDGQGRDWLRAD® FHPHQW SURGXFWLRQ ,W
PDWHULDOV ZLWK YD O XBBXHHURIS HHRQMKX\P IWLEA DQG H
LPSDFW WKURXJK ORZHU JUHHQKRXVH JDV HPLVVLRQV
ELRFHPHQMHDMWNIRQFKDOOHQJHY HFRQRPLFDOO\ GXH WR |
DQG WKH HFRORJLFDOO\ GXH WR WKH LQWURGXFWLRQ RI
RI DPPRQLXP DQG DPPRQLD LQWR WKH HQYLURQPHQW

7R RYHUFRPH WKHVH REV WDHG MFRILWKIH FRRAW R1 WKH E
SURFHVYV E\ XVLQJ YDULRXV LQGXVWULDO ZDVWHV ERW
UHSODFH WKH FKHPLFDO FRPSRQHQWYVY RI WKH SURFHVV
XVH SODQW IX® HDVKUHQ@PWWHR| PLFWREBDAYRUWXHK ELRVD]
ELRFHPHQWDWLRQ E \X\HSQIRG X A-H B VFRIR EIQIDFW LY DW H G
XUHBVRGXFLQJ EDFWHULD ZLWK SUHVHUYHG XUHDVH DF\
XV WHFKQRORJLHV WKDW UHGXFH WKH UHOHDVH RI WR
HQYLURQPHQW

7R LPSURYH WKH HIILFLHQF\ RI WKH ELRFHPHQWDWL
LQWURGXFWLRQ RI DGGLWLYHV LQFUHDVLQRBSPKI®WURDYV
ELRFHPHQWDWLRQ WHFKQRORJLHV XVLQJ QHZ ELRDJHQW:"

5HIHUHQFHYV

$FKDO 9 &KLQ &%LOGRWSH UL BXOMV DR XEQD RI@EN.ORQPHQW
6SULQJHU 6LQJDSRUH

$FKDO 9 OXNKHUMHH $ %DVX 36 B5HGG\ 0 6 IDFWRYV
QXWULHQW VRXUFH IRU PLFURSRD® VFRFLIQHRWGDF DERIGRUFE\
,QGXVWULDO OLFURELRORJ\ DQG %3IRWHFKQRORJ\
KWWSV GRL RUJ Vv

$FKDO 9 OXNKHUMHH $ S5HGG\ 0 6 &K DRI FLKOU L POOIG
FDOF L%DP X\WRODWHGRNXB B IFO! RH @QWFG B IRRACHRFIK @RO R

SS + KWWSV GRL RUJ MPE

$FKDO 9 OXNKHUMHH $ .XPDUL ' =KDQJ 4 %LRPL

FRQVWUXEWYRBZ Rl SURFHVVHV BOGHRSSOLHDWHIZRQV (I3
KWWSV GRL RUJ M HDUVFLUHY
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$FKDN]DL $ .. .D\DQL 6 $ <DTRRE 0 1DEL $ (IHTHFW
RQ OLSDVH DQG XUHDVH DFWLYLW\ RHRDM & Q H RIRYBDDDQ
30DQW 6FLHQFHVKWWSYV GRL RUJ DMSV

$KHQNRUDK , 5DKPDQ 00 .DULP 05 7HDVGDOH 3 5
UHVSRQVHV IRU PLFURG XB B G BIGPHIGRWRHE K/OLIXH /HWWH U
SS KWWSV GRL RUJ MJHOH

$KHQNRUDK , 5DKPDQ 00 .DULP 05 %HHFKDP 6

FDUERQDWH SUHFLSLWDWLRQ DQG LWV HQJLQHHULQJ D
DQDO\WKBRQVWUXFWLRQ DQG %XLOGLQJ ODWHULL
KWWSV GRL RUJ M FRQEXLOGPDW

$0 ,PUDQ 0 1DNDVKLPD . (YHOSLGRX 1 .DZDVDNL 6
H[WUDFW XUHDVH IURP ZDWHUPHORQ VHRE®D WRIU- E KR DIDR

SS + KWWSV JHRPDWHMRXUQDO FRP JHRPDWH D

$OPDMHG $ .KRGDGDGL 7LUNRODHL + .DYD]DQMLDQ -U (
HQ]\RM)GXFHG FDOFLXP FDURKUDWO SURMFLSHRDMWERQLFI
*HRHQYLURQPHQWDO (QJLQHHULQJ
KWWSV GRL RUJ $6&( *7

$OPDMHG $ .KRGDGDGL 7LUNRODHL + .DYD]DQMLDQ -U (
ELRFHPHQWDWHG VDQG ZLWK KLJK VOFUHQWWILKLD\EHSR \

KWWSV GRL RUJ Vv

$MWDUGHDL+BWWO+ ORKHLPDQL 1 OBDBI®DZ\ {RKHQU 6

2SWLPL]DWLRQ R| PEBERRPWRAREZEWK DLP WHRHPURDG®FH

(QJLQHHULQJ 5HVHDUFK DQG 'SYLIQ
KWWSV GRL RUJ M FKHUG
$OWHUPDQQ : .D]JPLHUF]DN - 2UHQ $ :ULJKW '7 &\D
URENLOGLQJ SRWHQWLDO GXULQJ *HRELRIRI\EBUV R
+ K WWRLVR UG M [
$OYKDZDGL 6 &DOFLXP KDUERQDWH kU\WWDOV IRUPDWL

$XVWUDOLDQ VRQWHUM®WORGDB -RXUQDO RI $GYDQFHG
5HVHDUFK S$S
$PPRQLD 7HFKQLFDO EXOOHWLQ +HDOWK HI
KWWSV ZZZ RUHJRQ JRY RKD SK KHDOWK\HQYLURQPHQV
QWY KHDOWK DPPRQLD SGI $FFHVVHG DW  $XJXVW
$QGDOLE 5 ODMLG 0 =$ +XVVLQ 0 : 3RQUDMK + &HH\YDQID!I
2SWLPXP FRQFHQWUDWLRQ RI %DFLOOXV PHJDWHULXP

&RQVWUXFWLRQ %XLOGLQJ OB®HULDOV
KWWSV GRL RUJ M FRQEXLOGPDW

$UL\DQWL ' +DQGD\DQL 1 $ +DGL\DQWR + $Q RYHUYL
PLFURDGYWHUQDWLRQDO -RXUQDO RI 6FLHOSH DQG (C
KWWSV GRL RUJ LMVH

$UL\DQWL ' +DQGD\DQL 1 $ +DGL\DQWR + YHDVLELOL"

SURGXFWLRQ WKURXRKEQRBHRIHGHWRBVIREG VVLQJ DQG %L
SS+ KWWSV GRL RUJ

$ULROH®OD 6FDOD * 5HPDJQL 0 & B6WXNQ\WH 0 &RORPER
5DJJ ( ORUD '6WUHSWRFRFFXXUW RN H PIRS/KD DWR EDRER O W X
GHOEUXMENSQJD IKEXRODFWLF | HUPHQQMMMWLIR@DD O -RXUQI
OLFURELRORJ\ SS KWWSV GRL RUJ M LMIRRGPLFU

$YUDPHQNR 0 1DNDVKLPD . .DRDWDMNW @ HYLHZ 6RMDWOIIJLQH ]
Rl FDOFRXBKDWH FRPSRXQIGM)G$Q BBBURDFK IRU VRLO
ODWHULDOV KWWSV GRL RUJ PD
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%DLT + 6 <DVXKDUD + .LQRVKLWD 1 3XWUD FDOFRWDBIQ
SUHFLSLWDWLRQ XVLQJ SODQW GHULY HGRPDMMH HRHQRB
SsS KWWSV GRL RUJ
%DQJ 6 6 /LSSHUW - - <HUUD 8 O0OXOXNXWOD 6 5DPDNULV
EOAVG VPDUW QDQRPDWHULD O, Q\@ HERYXDAW HRAQHD O H R G QMWD L
1DQR ODWHULB®& KWWSV GRL RUJ
%D\NDUD + 5LRIVURGFRAMRUELD&RU\WMOR 0 SFBHOGDR ) &DFH
&KLWRWHIQW FRPSRVLWH PRUWDUV ([SORULQJ LQW
HQYLURQPHQWDO IRRWSULQWS$BE®G @ PHIDSBQLFDO SHUIRU

KWWSV GRL RUJ DFVRPHJD F

%HGDQ ' 6 ([W U D FW GRBK SWHAAW 8 U\ IDWVALEER 0RQY @DV H |
OXVWDQVLUL\DK -RXUQDO RI 6 F SISQ FH
KWWSV GRL RUJ PMV Y L

%XUEDQN 0 :HDYHU 7 /HZLV 5 :LOOLDPV 7 :LOOLDPV %
WHVWV RI VDQGV IROORZLQJ ELRLQGXFHG FDOFLWH SUH
-RXUQDO RI *HRWHFKQLFDO *HRHQYLUR®PHQWDO (Q
KWWSV GRL RUJ $6&( *7

&DFFKLR 3 (UFROH & &DSSXFFLR * [/HSLGL $ &DO
EDFWHULDO VWUDLQV LAMRGD VGG IURP D ORPRVWROQ®M *H
-RXUQDO + ES®YWSV GRL RUJ

&DVWDQLHU 6 /M YUHOHWD\3HUWKXLVFOWERQDWHY SDHFLSLV
OLPHVWR QGHVEHQH\FIMRELRJHRQRBHOLPR HERWVQOW\RHRORJ\
SS+ KWWSV GRL RUJ 6

&KDQGUD 6 %KDWWDFKDU\D 6 3DQGLW 6 %DQHUMHH 6 F
DQ HBRHQGO\ ELRUHVRXUFH IRU (36 SDBOGXEWLRQ ERWK!
%LRFDWDO\VLV DQG $JULFXOWXUDO %LRWHFK
KWWSV GRL RUJ M EFDE

&KDSDUUR 6 B5RMDV + $ &DLFHGR * 5RPDQHOOL * 3LQHG
'KH\ DV DQ DOWHUQDWRLY H ORG/BBURYW LPFH.GLX@E® D WW HX UH.E
RQ &D&PRO\PRUSKLVP DQG 10\ DVKDVEHBEBRQVROLGDWI

KWWSV GRL RUJ PD
&KHQ 0 *RZWKDPDQ 6 1DNDVKLPD . .RPDWVX 6 .DZDVDN
RQ VDQG VWDELORHPWQR® WVRQJIZEMRK ZDV W B NHIUHD OIVE +
KWWSV GRL RUJ PD

&KHQXRWBXZLWBFK 6HOHFWLYH HQULFKPHQW DQG SURGXFW
EDFWHULDWEHUQR® RSB FRHKWRBWW Rl ,QGXVWULDO OLF
%LRWHFKQROR M

&KRL 6 * :DQJ . &KX - D 3URSHUWLHV Rl ELRFHPH
&RQVWUXFWLRQ DQG %XLOGLQJ SHDWHULDOV
KWWSV GRL RUJ M FRQEXLOGPDW

&KRL 6 * :X 6 &KX - E %LRFHPHQWDWLRQ IRU VDQG X
-RXUQDO RI *HRWHFKQLFDO DQG *HRHQYLURQPHQWDO
KWWSV GRL RUJ DVFH JW

&KRL 6 * &KX - %URZQ 5 & :DQJ . :HQ = 6XVWDLQD
PLFURELDOO\ LQGXFHG FDOFLXP FDUERQDWH SUHFLSLW
GHULYHG IURPI SOURDRY¥HD CRX OFREL -6 XBVMRPDYNEOH &KHPI
(QJLQHHULQJSS+ KWWSV GRL RUJ DFVVXVFKHP|

&KX - B6WDEQLNRY 9 ,YDQRY 9 OLFURELDOO\ LQGXFF
VXUIDFH RU LQ WRHBEXION RELRORJ\ -RXINDO
KWWSV GRL RUJ
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&XL 0 )X ; =KHQJ-- ;LRQJ+ + =HQJ& +DQ 6 < 02X

RQ VR\EHDQ XUHDVH LQGXFHG FDERFNMD @06 UERRL@D 0WHF ISD
SsS KWWSV GRL RUJ M UVP

&XL 0 - /DL + - :X6) &KX - &RPSDULVRQ RI VRLO LP
VR\EHDQ HBDWWHULDO HQ]\PHGXFHED PFRHERMDWH SU
*pPRWHFKQLTXBS KWWSV GRL RUJ MJIHRW

'DV 1 .D\DVWKD $0 6ULYDVWDYD 3 . 3XULILFDWLRQ
GHKXVNHG S&DNPQXNVD FDMDBEEVWRFKHPLVW $\S
KWWSV GRL RUJ v

'H-RQJ -7 6RJD . .DYD]DQMLDQ ( %XUQV 6 YDQ 3DDVVHC

6 6 %XUEDQN O &DVODNH / &KH® OO &KHOWLRJIHKKKXK-
SURFHVVHV DQG JHRWHFKQLFDO DSSOLFDWLRQV 3UR
*HRWHFKQLTXHSS KWWSV GRL RUJ JHRW 6,3 3

'H OX\QFN : 'H %HOLH 1 9HUVWUDHWH H SUHFLSLWDRELR
FRQVWUXFWLRQ P DWHWRICORIV F DO U(KDYJILI@ZHI—EH_QJ
KWWSV GRL RUJ M HFROHQJ

'HYJRQ , 6DFKDQ 56 . 5DMYPWDKD.XPDOU & .$)CDJQZDO $ 0

([SORUL @R WIQQWQDO URG XAH® FFBIFAWH SUHFLSLW

ELRHPHQW SURGXFYWIRRIW LH UV ODWHULDOV
KWWSV GRL RUJ IPDWV

'KDPL 1. B5HGG\ 06 OXNKHUMHH $ %LRPLQHUDOL]
SRO\PRUSKVEDFWHULDO VWUDLQV LVARODWDHGRIURIFF BREEI
DQG %LRWHFKQRI®RJ\ KWWSV GRL RUJ MPE

"LUHFWLYH HF RI WKH (XURSHDQ 3DUQLRPHRW -RYC QRO O
WKH (XURSHDQ 8Q/LRQ KWWSWOH[HXXURSD HX OH
FRQWHQW (1 7;7 3') "XUL &(/(; ULG

'RVLHU * . OHWKRBRQRW WPPORWIORQ PDWHULDO XVLQJ HQ
3DWHQW 86 %

'LOUXNVKL 5% 1 :DWDQDEH - .DZDVDNL 6 G HBWDLYYGH G H P
XUHDVH DQG FDOFLXP SPORMBKIDON FRPSRMEBE' LRQV
KWWSV GRL RUJ P PDWHUWUDQV P

'LOUXNVKL 5$ 1 1DNDVKLPD . .DZDVDNL 6 GHUGRHG LP
XUHDQEXFHG FDOFLXP FDUERIQIDW Bl Q33U HEX Q G\BIBVR R ©
KWWSV GRL RGU M VDQ

(OPDQDPD $ $ $OKRXU 0 7ki DUDF\WHRODMLRRQ DQG DSSOI
SURGXFLQJ EDFWHULD -RXRPQROHDI $GFKO YRHOGVWBFLHQFH I
5HVHDUFK SS#

(/ +HIQDZ\ 0 ( 6DNUDQ 0 ,VPDLO $, S$ERHOIHWRK ()
NLQHWLF DQG WKHUPRG\QDPLF SURSHWVX\PL ND RLFXBID V H
%0& %LRFKHPLVWKWWSV GRL RUJ

(NSUDVHYRWQ INDHZ , &KDLQDNXQ 3 .DPQJDP 5 %RRQVXD
PHFKDQLFDO SURSHUWLHV DQG E LSRFHFISQW DIMSS® LEAD DV |
LVRODWHA EDFLO:GXXVLQJ DUWLILFLBPLREWUDF GHYZRW

KWW GRL RUJ Y

(UGPDQQ 1 6WULHWK ,QIOXHQFLQJ IDFWRUV RQ X
FDOFLXP FDUERQDWH SUHFLSRWO® :RRUIRDOERR PHFH R B
%LRWHFKQRORKWWSY GRL RUJ

(XURSHDQ 8QLRQ 6WDWLVWLFDO DQG (FRQRPQRURQORUP
IRU $JULFXOWXUH DQG 5XUDO
KWWS HF HXURSD HX DJULFXOW XU H N SWFOUMLE/MQ BS\G D J UL
$FFHVVHGXIWVW
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(U\eUeN . <DQJ 6 ©6X]XNL ' 6DNDJXFKL , .DWD\DPD $
HIWUDFW DV QXWULHQW RQ GHFUHDVH LQ K\GUDXOLF FI
SUHFLSLWDWLRQ@SRURXPHGEG LED- RX DI XRWULRVFLHQFH D

%LRHQJLQHHULSS KWWSV GRL RUJ M MELRVF

)DQJ & .XPDUL ' =KX ; $FKDO 9 PHGLDWWROH FRIQ HUDI®I] |
ELRFHPHQWDWLRQ RI VDQG DQG LWV |(PEMWRIIRIGD G- R
%LRGHWHULRUDWLRQ DQG %LRGHSUDGDWLRQ
KWWSV GRL RUJ M LELRG

JHQJ 4 6RQJ < /X & )DQJ + +XDQJ < &KHQ / 6RQJ ;
ZDVWH OLPHVWRQH DV D FDOFLX¥M & ROUER OPW P LFUIRE
0,&3)HUPHQWDWLRIQWWSY GRL RUJ IHUPHQWDWLR

JHUQDQGH] 0 6 ORQWW & URQUWBWAR /$ 1$ULIUDV - / (IIHF
DQK\GUDVH LPPRELOL]JHG RQ HJJVKHO® H HFREVWQ BD LR DV
YLWUR ,Q . (QGR 7 .RJXUH %tRRDQBVYD®R]DWEVRQ
6SULQJHU &VQWBSRUGRL RUJ B

YULW]JHV 0 %LRORJLFDOO\ LQGXFHG LPSURYHPHQWYV |
DQG LPSDFW ORDGLQJ 06 7KHVLV $PKHUVW 0$ 86%$

*DR <) OHQJ + +H- 4L <6 +DQJ/ JLHOG WULDO RQ
FDUERQDWH SUHFLSLWDWLRQ DQG -RIXQ® B0 RV LEHQ MRIIDVC
8QLYHUVLW\SS = KWWSV GRL RUJ [V

*DUFLD * 0 ODUTXH] *0 ORUHQR + & &KDUDFWHUL
DVVRFLDWHG ZLWK FDOFRDWRXWY GHG®VLIWRY DV IGR Q URIS F
IURP WZR &RORPEDDBUREL@®MWRILFDO S5HYSDUFK
KWSV GRL RUJ M PLFUHV

*DW ' 7VHVDUVN\ 0 6KDPLU ' 5RQHQ = LQGXFKMGF&HD&2D
SUHFLSLWDWLRQ LQ D GHILQHG FRFXOROAWH FR E DXWH
%LRJIJHRVFLH BRBHY KWWSWJ GRL EJ

*DW ' B5RQHQ = 7VHVDUVN\ O 6RLO EDFWHULD SRSXO
IRU XUHRO\W LLR) GPUFHIRESDRELSLMPYWURQPHQWDO 6FLH.
7HFKQROR $\S KWWSV GRL RUJ DFV HVW E

*HUHQGD - =KX = 6DWWHOPDFKHU % ,QIOXHQFH RI 1
DQG XUHDVH DEWALFLWD\WWERXIIGTHO RI1 ([SHULPHQWD® % RWI

+ KWWSV GRL RUJ MH[ERW

*RPH] 0 * *UDGG\ & 05 'H-RQJ -7 1HOVRQ '& 7VHVDUVN
QDWLYH PLFURRUJDQLVPV IRU ELRFHPHQWDW HRWY UHD WA
GHSWRXUQDBRRVHFKQLFDO DQG *HRHQYLURQPHQWDO (Q
KWWSV GRL RUJ $6&( *7

*RZWKDPDQ 6 OLWVX\DPD 6 1DNDVKLPD . .RPDWVX O .DZ
DSSURDFK IRU VORSH VRLO VWDELOL]DWLRQ XVLQJ ORF
JUDGH FKHPLFDOV $ IHDVLELOLW\ VWXG\ RRIVRNNDL
JRXQGDWLBGS +

*RZWKDPDQ 6 ORKVHQ]DGHK $ 1DNDVKLPD . .DZDVDNL 6
E\SURGXFWV [URP W KHi AHH QOXBI\gIWR @ | VEURVHP WKURXJK V\
ODWHULDOVWRGD\ SURFBIB\GLQJIV SS
KWWSV GRL RUJ M PDWSU

*RZWKDPDQ 6 <DPDPRWR 0 1DNDVKLPD . ,YDQRY 9 .D
SKRVSKDWH ELRFHPHQW XVLQJ ERQUWLFABDO \DIMSS DRDE KX L
LPSURYHPHRMWUQDO RI &OHDQ® U 3URGXFWLR
KWWSV GRL RUJ M MFOHSUR

*X]PDZUWL] ) $ 5&DDWUR $QBBISD & K VFRREHGR 5 HRE@MDV
SRGULORHLQ 0 / QROVWHY 5 I*XBRPDQH] $ (Q]\PH DF
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GXULQJ JH U RBLLQ IHW HRQV RA H UHRIRGBV 5 I$ YWLHZIVHQWHU @ BW LR Q
+ KWWSV GRL RUJ M MDUH

+DPGDQ 1 .DYD]JDQMLDQLQGXFHG(GPPERQDWH PLQHUDO SUH
GXVW FRAVWHFK®LTXHSS KWWSV GRL RUJ MJHRW

+DPGDQ 1 =KDR = OXMLFD O .DYD]DQMLDMVLVWHG OHQ]\PI
LQGXFHG FDUERQDWH RXQUHILO® RUHM\SHWDMAVRQLQ &LY

KWWSV GRL RUJ DVFH PW

+DPPHV ) 9HUVWUDHWH : .H\ UROHV RI S+ DQG FD(
FDUERQDWH sswerHszMNLDQNL@\QLURQ@WQ.VRW@FB}EQR@BH\DQ
+ KWWSV GRL RUJ

+DPPHV ) %RRQ 1 GH 9LOOLHUV - 9HUVWUDHALH F X®HR O\
PLFURELDO FDOFLXP FD®ERQDMGE BQUG HISLUWRWPRQWD O

SS = KWWSV GRL RUJ $(0

+DQ 6 + .DQJ & + 6KLQ <- <HRP :6 -HRQJ -+ BR - (
/\WVLQLEDFLOOXV- V3KNRODWKXSE IURP FRQFUHWH SDYHPH
HQYLURQP WGIWRIUH M@ BR¥LHW\ IRU %LRWHFKQRORJ\ DQG

SS
+DR 0O *DR < +H - <RQJVKXDL 4 /[HL + OLFURELDOO\
IRU ZLQG HURVLRQ FRQWURRKD GRH *®HREWMWPDVRLO )LHOG
KWWSV GRL RUJ M JHRGHUPD
+H - ODR ; =KRX < 7DQJ 4 &H P HQ WDGKLIFRHEG FEIDVE® G

SUHFLSLWDWLRQ (,&3W N DEQHBRRTFWHMUIA LQ 3K\VLFV
KWWSV GRL RS\

+H - /LX < /LX/ <DQ % /L / OHQJ + +DQJ/ 4L < :X (
GHYHORSPHQW RQ RBSMAHQVDIWVLIRRQRIRELRRLO VWDELOL]I
FROWILROHRWHFKQLFV KWWSBN GRLMREJWHFK

+LUD\DPD & 6XJLPXUD O 6DLWR + 1IDNDPXUD O 3XUL
IURP WKH OHDI RRWPXROHHEKERFKHPLVWUSS
KWWSV GRL RUJ V[

+RJIJDQ 0 ( 6ZLIW , ( 'RQH - 8UHDVH DVVD\ DQG DPPI

3K\WRFKHPLVWBSt KWWSRUJIJGRL 6

+RNNDQHQ + 07 /\QFKWELERORJLFDO FRQWURO & DoRHEUHIG WMWY |
8QLYHUVLW\ 3UHVYV

+RTXH 0$ ,VODP 0 + ,PSOHPHQWDWLRQ RI HJJVKHC
ELRFHPHQWDWLRQ NWB YRWEHHDID WURDDO &RQIHUHQFH R
$JULFXOWXUD @ K@ REMHUH WMXBJ 8]JEHNLVWDQ 7DVKNHQW

KWWSV GRL RUJ H VFRQI

,UIDQ 0) +RVVDLQ 60 = .KDRDBDEL GDGHOYKDWHU $ +R\
5D]]DN 6 $ 2SWLFAHPWQWQSRREXEWLRQ IURP FHPHC
PLFURDOJDH%LRWHFKQRORJ\ SHSRUWV H
KWWSV GRL RUJ H M EWUH

,YDQRY 9 &KX - $SSOLFDWLRQV RI PLFURRUJDQLVP

ELRFORJJLQJ DQG ELRFHPI-!BQW[DI—V\ZNRQQRQQWFE_HJCRQ.IQHQW\D)O
%LRWHFKQRO®S* KWWSV GRL RUJ

,YDQRY 9 6WDEQLANRYVWUXFWLRQ %LRWHFKQRORJ\ %LRJIH!
DQG LRWHFKQRORJ\ Rl &RQV W U X6ESNLLEIEL I \W H UG D@M B R

,'YDQRY6WDEQLNRY 9 (QYLURQPHQWDO VDIHW\ RI EL
SURFHVVHV ,QJRUJIDCFKHFR DQRY ' & % LERY BEIBW HG\. DOV
DQ¥% RWHFKQRGRIILHVERRDWW U XFW ERQ :RRGKHDG 3XEOLVK
&DPEULGJH 8. KWWSV GRL RUJ %
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. YDQRY 9 6WDEQLNRY 9 6WDEQLNRYD 2 .DZDVDNL 6
ELRVDIHW\ LQ FRQVWUXERUR® -RURNOHDEK QRIORILFURELF

%LRMDHRFORJ\ KWWS ZZZ GRL v

,'YDQRY 9 6WDEQLNRY 9 .DZDVDNL 6 E (FRIULHQGO\
ELFDUERQDWH -REXUUWRGDAXWRY &OHRQHU 3BBGXFWL
KWWSV GRL RUJ M MFOHSUR

. YDQRY 9 6WDEQLNRY 9 6WDEQLNRYD 2 $KPHG = 9
DUWLILFLDO RDVERXQQDDQRH\ .G E Y HDWG LEHHUHLLQ/IL 8K L H Q

SS & KWWSV GRL RUJ M MNVXHV
-DQJ, 3DUN - B6RQ < OLQ - 3DUN : <L & 3KRWRV\

(ITHFW Rl WKH LQLWLDO SRSXODWLRQ BQG\P&REDGWHL
SURSHUWIRDNWUXFWLRQ DQG %XLOGLQJ ODWHUL

KWWSV GRL RUJ M FRQEXLOGPDW

-HRQJ -+ -R <6 3DUN & 6 .DQJ & + 6R - 6 %LRFHPI
XV0LQJ PLFURELDOO\ LQGXFHGRXADFQMARI REURBRILWD@
%LRWHFKQRORB KWWSV GRL RUJ MPE

.DKDQL 0 .DODQWDU\) 6RXGL 05 3DNGHO / $JKDDOL]D¢
HITHFWLYH FXOVE%BH FPP\HIBULXIPQIER B DR MHPHOQW IX¥1 QJ UHV SR
VXUIDFH PHWKRGRORJ\ 8S F\FOLQJ-FRDULQD CZ DR W&IO 1B D

3URGXFWLRQ KWWSV GRL RUJ M MFOHSUR
.DNLPRWR 6 6XKNQR7< 6X] $FLG XUHDVH DQG SURGXFWLR
3DWHQW $ KWWSV SDWHQW
JRRJOHDSLV FRP | HI | FIG 86 SGI
_H\NKD + $ $VDGL $ 6 R @ DEWIRZHUH BWHQRIQF RIURRLO ZL
SROOXWLRQ SUMGHQWERY VOQVBMHAO (QJLQHSISLQJ ODWH !
KWWSV GRL RUJ DFHP

_H\NKD + $ ORKDPDG]DGHK + $VDGL $ .DIZDWWNDGBERQDW
SURGXFLQJ EDFWHULD DW \WQ ERBARNHE® Q DE DR 76! VAL RQ J
SsS KWWSV GRL RUJ *7 -
.KDQDIDUL $ .KDQV )1 6HSDK\ $ $ $Q LQYHVWLJIDWL
KDUGZDLVBIWMW -RXUQDO RI 6FLHQWISIEF 5HVHDUFK
.KRGDGDGL 7LUNRODHL + .DYD]DQMLDQ ( YWRXSWD PP WHQ LD
$ UHYEBRXWBQ) KWWSV ZZZ UHVHDUFKJDWH QHW SXEO

.KR®DGL 7LUNRODHL + -DYDGL 1 .ULVKQDQ 9 +DPGDQ 1
XUHDVH H[WUDFW |RRXBEIQRRHRH QWDAMURQOV LQ &LYLO (

KWWGRL RUJ DVFH PW

.RKQ 0 - 5DNRYDQ - +XJKHMRUSKIMRFKHPLFDO JHRELROR.
PDWHULDOV 5 BRHUAVDIQF P LQHUDOR J\DIVEG QHRFE®H P &V W U

. XODQWKDLYHO 3 6RXQGDUD % 6HOYDNXPDU 6 'DV $
VRXUFH RI FDOFLXFHRHDWDWLR® & EHQKDQFH WKH HQJ
RI VD@XLURQPHQWDO 6FLHQFH DQG 3R®ODXWLRQ 5HVH
KWWSV GRL RUJ Vv

/DL + - &XL 0 - :X 6) <DQJ < &KX - (IWUDFWLRQ R
HWKDQRO DQG LWV HIIHFARLROY DRL®O )RXDIEOWLWRQRQ
KWWSV GRL RQGI M VD

/HH 0 *RPH] 0 * SHPRYDO FSIUMEPPROLXBURGXFHG
ELRFHPHQWDWLRQ VRLO LPSURYHPHQWG6RNQQSVHLQVH
ODQDJHPHQWH KWWSV GRL RUJ VXP

/HH 0 *RPH] 0 * ORD® &DME .ROEXV & 0 *UDGG\ & 05 'H-R«
' & ,QYHVWLJDW LU RPPRQ IUXFP E Y D OF HPWH QW B RVQ R\
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XVLQJ M A VO H[SHUGPHQQWLILF 5HSRUWYV

KWWSV GRL RUJ \Y
/HHSUDWH &KRQXGRPNXO ' %RRQPDN & %LRFDOFLI\LC
LVRODWHG IURP VRLO IRU ELRFHPHOWDWRRQDQ & PRD W H
KWWSV GRL RUJ PLFURRUJDQLVPV
/L + 6RQJ < [LB6RQIH< (I!THFWLYH PLFURELDO FDOFL
PXWDQW DQG SUHFLSLWDWLQJ WeUROBWRRWQF R | 7HH[FMKUIRAH
SS KWWSV GRL RUJ M ELRUWHEFK

/L 4 &VHWHQ\L / GOWRQ * , *&ODERR 6ELRSUHFLSLWDWLRQ
LVRODWHG IURP AREEDHEBARKQWRLOLFURELRORJ\
KWWSV GRL RUJ

/LO /L / 2JERQQD\D 8 :HQ . 7LDQ $ $PEMW PGGLWLRXQC
PHFKDQLFDO SUR MHIHDWVHNMERYDQEB RI ODWHULDOV LQ &LY

KWWSV GRL RUJ DVFH PW

/L ; =KDR ' 4LQ < 5HFHQW SURJUHVV LQ @QWGHD¥W DR
EHWZHHQ FDOFLXP DQG PLON SURWHLQV DQG LWV LQIC
SURWHMRSY 6FLHQFH SS+ KWWSV GRL RUJ VSNJ

/ILX / *DR < *HQJ: 6RQJ - =KRX < /L & &RPSDULVI
FUXGH XUHDVHV RQ VXUIDFH VWDELOLQBWERGQ RD UERM
SUHFLS EWRGHURRD KWWSV GRL RUJ M JHRGHUPLC

/LX /| *DR < &DR : OHQJ + :DQJ = 4L < /L5 +H -
OREZRVW FUXGH XUHDVHVVISHFWUBFWHGQ DUWRPUPXOSAD QW V
LQGXPHWGERQDWH S{RXUGLRY RWI(AQYLURQPHQWDO &KHPLFD

KWWSV GRL RUJ M MHFH

/ILX /| *DR < OHQJ + &DR ; :DQJ = UL G RUYUFHPHQW H¥WILRK
HQ]\RM)GXFHG FDUEWQ@MMRESBRBLSLHG E\ VZRUG EHDQ F
ZLWK PXOWLSOH W@PBQWWE{WHF}&}SLHD
KWWSV GRL RUJ

/ILX < *DR < +H - =KRX < *HQJ : $ R H S HQUGEL @ W DR
UHVLVWDQFH RI GHVHUW VOUHD ¥H PLHQIG/X I 8 GE F Y R ERH)MDQV |
*HRGHUPD KWWSV GRL RUJ M JHRGHUPD

/ILX < *DR < /ILX % &DR ; &KHQ - % LRGWWHDLNQIEW L F
LQGXFHG HURVLRQ ZLWK GLIRMXHIDD VRU ARMWPHQ @SS §IRG H

+ KWWSYV GRL RUJ \%

/IR&DVFLR 5 * 'HVDL 3 6HOD '$ :HLPHU % O0OLOOV '$
XW LIORQD WH @HVLGREDFWHVUXERSORQWXRHYHDOHG E\ FRPSI
JHQRPLF K\E$SGODMA RPQG (QYLURQPHQWDSSOLFURELROF
KWWSV GRL RUJ $(0

/Y & 7DQJ & 6 =KDQJ - = 3DQIIHFWAXRKFEFDOFLXP VRXUFHV
LRQV RQ WKH PHFKDQLRIUHEWKGYEROFDIUHRZY VDQG ([S
DQG SUHFLSLWDWHG $FWAN W DHOR WHPKLG BBDV +

KWWSV GRL RUJ Vv
ODUWKK®OL & B6RDUHV & /LPD 1 &DP}HV $ 3RWHQWLD

5,/(0 THFKQLFDO SBNYWHHKWWSV GRL RUJ ULOHPW!
OHQJ + 6KX 6 *DR < +H - :DQ <  6SRUBRMWEXBQ VADN/X\H

FXOWLYDWLRQ DQG LWV DSSOLFDWLRQ LQ ZLQG HURVLRC
FDUERQDWH SUSIFWBOLWPMRWRFKQLFD SS +
KWWSV GRLWUJ
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OL\DNH O .LP ' +DWD 7DVVLVWBEHHQ@KDQFHPHQW RI WKH FFR
ELRFHPHQWHGHOMAGLF 5HSRUWVWWWSY GRL RUJ \Y

ORKVHQ]DGHK $ $IODNL ( *RZWKDPZDYWBNLLBNIXERIGR 7
VWDJH WUHDWPHQW SURFHVV IRU WKH PBORGHFMYWL®
XUHRO\WHFHELVRD W L RQWSHUREBIWYRQDO -RXUQDO RI (QYLU
7THFKQRORS\S + KWWSV GRLVRUJ

ORUWHQVHQ % 0 'H-RQJ - 7 BWUHQJWK DQG VWLIIQHYV
YDULRXV VWUHVV SDWKV ,Q - $6RQ *HRROWDHPRWD (G
$GYDQFHV LQ *HRWHFKQLFDO (QJDQ HIXELILE BAMERRVH FK Q|

KWWSV GRL RUJ

ORTVXG 0 $ *RFKL 7 (YDOXDWLRQ RI ELRFHPHQWDWL!

ZLWK FRRV/ZV P DGFHHQMOWMEY 5HSR KWWSV  GRL RUJ

1IDNDQR $ 6DQG LPSURYHPHQW E\ PLFURELDOO\ LQGXF|
PLEFHOORWHFKQLTXH SBWWHKWWSV GRL RUJ MJHOH

1DP , + &KRQ-XQJ .< &KRL 6 * &KRL + 3DUN 6 6 &l
XUHRO\W& B GIDVMIDOAUD HIWIUIREW YVDV HIIHBW(L YRIXEIQDRD R/IH
&LYLO (QJLQHHWNY KWWSV GRL RUJ Y%

IPGDKRMDVWHK ' %D]JLU 0 %DEDKMHN\GDU®% 6 $ + $YXODED
RI ELRFHPHQWDW L RED RLHFOOQWL FRSH XWDEBRDOL ]DWLRQ RI VR
GXVW VWRUPXEIRPWURBULESAD QEAWWSY  GRLVRUJ

1DZDUDWKQD 7 + . IDNDVKLPD . .DZDVDNL 6 3RO\P}
FDUERQDWH SUHFLSLWDWLRQ 1RYHO8QBEBSHRDIEFW\WR @HI
SS

KWWS UHSR OLE MIQ DF ON XMUBR EIPMUW WPHROGRLILH G PL
RELDO LQGXFHG SGI

1HXSDQH ' <DVXKDUD + .LQRVKLWD 1 $QGR < "LVW
DQG LWV TXDQWLILFDWLRQ PHWKRG LQ HQ]\P6RPBELDW
DQG )RXR@WDWL S S+ KWWSV GRL RUJ M VDQGI

INKDWD 6 * $\XD ( .DPDX ( + 6KLQJLUR - % YHUPHQV
QXWULWLRQDO YDOXH RI FHUHDOV DQG OHJXPRRG®GKURX
BFLHQFLXWULWLBS KWWSV GRL RUJ IV Q

1XU 00 $ 'HZL 5 1 2SSRUWXQLWLHYV DQG FKDOOHQJ
SURGXFW L R DMIG) VPHIAKRG DWADO\VLY DQG $JULFXOWXUD

KWWGSRL RUJ M EFDE
2PRUHJLH $, *LQMRP 5 + 1LVVRP 30 OLFURELDOO\ |

YLD XUHRO\VLV SHREFHDWQWOFEMAIRQY RQ 6FLHQFH DQG 7H
KWWS WRVW XQLVH RUJ S&GY YRO QR [ [
2QR < )XNDVDZD 0 6XH\RVKL . 2KWDNH 1 6DWR 7 7DQDE
$ 2K\DPD 7 $SSOLFDWLRQ RI QLWUDWH DPPR
FRQFHQWUDWLR QPR QRUMAIGHW DRGHPWKHU PHWDEROLW
RUJDQV RI VR\EETFQ GH/PQIH\W,QWHUQDWLRQDO -RXUQDO
6FLHQFHV KWWSV GRL RUJ LMPV
3DUN 6 6 &KRL 6 * 1DP , DQWGXFAHGFMDRIFEWH SUHFLSLWD)
RI VDQBXUQDO RI ODWHULDOV LQ &LYLO (QJLQHH
KWWSV GRL RUJ DVFH PW
BHUYLQ 0 60 ~BKD@DVXG 5DQD $ <. 0G 6DQD 1. 5DKPDQ |
(IIHFWV Rl VRPH HQYLURQPHQWDO YDULBEBHY RQ )
DULHWLQXPHGXUQDO RI 6WUHVV 3K\WLRORJSS %LRFKHPL
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KWWSV VFLXS RUJ

3XWUD + <DVXKDUD + .LQRVKLWD 1 $ ISPV D EPR LYW O
LQ HQPRARBLDWHG FDOFLWH SUHMHRMLMPIWERY WHFKQ
KWWSV GRL RUJQFHYVY JHRVFLH

5RQKROP - 6FKXPDQQ ' 6DSHUV +0 ,]DZD 0 $SSOLQ '
JOHPPLQJ 5/ &ORXWLV ($ :K\WH / * $ PLQHUDC
ELRJHQLF FDOFLXP FDUERQDWHV SUHFLSLWDWHG E\ |
FU\RISOLF 3RODU HHHRIEIRRQOR J \ SS
KWWSV GRL RUJ JEL

3RUWHU + OXNKHUMHH $ 7XODGKDU 5 'KDPL 1 . /L1

$Q HPHUJLQJ VXVWDLQDEXWAVD LOPEX VLW "
KWWS\RUBRL V X

3RZHU ' $ %XUWRQ - 3 &KLOFRWW & 1 'DZHV 3 - 7DJJ -5
Rl WKH FRORQL]DWLRQ RI XSSHU UHVSLUDWRU\ WUDFW W
RI WKH RUD®WSUIRIWRBRFPXV XWOURSHDQ -RXUQDO RI &
OLFURELRORJ\ ,QIHFWLRXV 'LVE®VHV
KWWSV GRL RUJ v

5DKHHP / 6 -DEEDU + LQGXBPHBUREUBRQDWH SUHFLSLWDWL
VEDOORS WKHPOWNGDRRDWH LOWXGLHY LQ &KHPLFDO DQC
(QJLQHHULQJ KWWSV GRL RUJ M FVFHH

5DMDVHNDU $ ;LDQ - OR\ & .6 :LONLQVRQ 6 BWLP)
SUHFLSLWDWLQJ EDEFWHULD RV &RQRIXUG QEMS BRIVH PN G
(QYLURQPHQWDO 6FKMQ¥$NV GRL RUJ

5RNVDQD . +HZDJH 6BPERRQWDOER] & 6 =KX & :XH :
%LRUHPHGLDWLRQ RI GHVLFFDWLRQ FUDFNLQJ LQ FOD\
SUHFLSEWRRQROBBV: KWWSV GRL RUJ

4L < *DR < OHQJ + +H - J/LX < % LXRIFHHPVHHD WO GVLIRH
FDUERQDWH SUHFLSLWDWLRQ XVLQ{ FDOBLKAHY R D Q LSFRVZ (
DQG (QJLQHHUL®S KWWSV GRL RUJ JDH

6DQWRPDXUR * %DLHU - +XDQJ : 3H]JROG 6 %LOO -
SRO\PRUSKY LQGXFHG E\ ORXUQDOPLEIUR®DOYEPB®G UL
1DQRELRWHFKQRB®SRJIJ\ KWWSV GRL RUJ MEQE

6FDOD *' 9RORQWg ) G5LFFL * 3HGHUVHQ 0 % $ULROL 6
PLEDVHG PHGLXP IRU WKH GWHHBFWWY IR QP RW DX@®WM D VRl 6V
WKHUPRSKIWHKYVQDWLRQDO -RXUQDO RI )RRG OLFURLI
KWWSV GRL RUJ M LMIRRGPLFUR

6HLIDQ 0 %HUHQMLDQ $ OLFURELDOO\ LQGXFHG FI
ZLGHVSUHDG SKHQRPHQRQ LQ $%%®LHA RORILREOR ORI
%LRWHFKQR GRBJ KWWSV GRL RUJ v

6LGKX 1 *ROBGGH O 6 %LRPLQHUDOL]DWLRQ RI F\DQF
SHYDOHNLL LPSURYHV WKH GXUDEL®WLW\([SWRISWUWLHV |
KWWSV GRL RUJ

BRQ < O0OLQ - -DQJ, 3DUN - <RQFHGDRHFKDQLFDOQEURSHU
DQG UHJHQHUDWLYH EXLOGLQJ PDWHULD@®@WEQ 5 HIRPHDY
3K\WLFDO 6FLHQFHKWWSV GRL RUJ M [FUS

6RUXP 0 * .DOLWD $ F H P(HIG W \BKWRI REHRK XYW N DVK RQ SHUP
VLOW\ VRDWGLO (QJLQHHULQJ -RXUSEDO +
KWWSV GRL RUJ &(-

BUHHNDOD $ *9 1DLU 6 1DWKDQ 9 . OLFURELDOO

SUHFLSLWDWILLRQ RWME@IG XUHRO\WLF EDFWHULXP IURP &8

FFFSBNUDLQLDQ )RRG -RXRODP® ,VVXHF



JJIJOLFURELRORJ\ %LURWHFKQRORJ\

VWDELO&XDWHR® OLFURELRORJKWWSY GRL RUJ \%

]
6WDEQLNRY 9 &KX - ,YDQRY 9 /L < D SYRGRWR@MHU
EDFWHUUWLDIHURRW FOLPDWH JRQHVY DQG WKHLU DSSOLFI
'RUOG -RXUQDO RI OLFURELRORJ\ DQSS %Wdd RWHFKQR(

KWWSV GRL RUJ Vv

BWDEQLNRY 9 &KX - O\R $1 ,YDQRY 9 E ,PPRELOL]D
SROOXWDQWYV XVLQ@IWHLRDFUWHJBELRQ3IR BEXA LRQ
KWWSV GRL RUJ Vv

BWDEQLNRY 9 E3WRPG K DW/L FRD RHOCO EL RO WRHHI@W W LR QDO -F
RI %LRWHFKQRORJ\ IRU :HO O VK WO\GEWV WERHWR U J

BWDEQLNRY 9 ,YDQRY 9 &KX - £ R QO MZU YORUMIDR R | E
EWMRHFKQRORJLFDO UHVHDLRKO® Q-®RXDRYDDL FAROIW D ROWR E LI
% LHRFK QRO R J\ + SSKWWSV GRL RUJ Vv

BWDEQLNRY 9 ,YDQRY 9 &KX - 6HDOLQJ RI VDQG XVL

IRIKW FRQVWUXFWLRQ RI PRGHO DTXQWXOW R WH RSFOWG $I
5HVHDUFK SSt+ KWWSV OLQN VSULQJHU FRP DUWLFOH

]

BWDEQLNBWD®EQLNRY ' B8G\PRY\FK 9 ,QFUHDVH WKH F
ELRJURXWLQJ XVLQSNSDD@W QXURBGH -RXSQRBRO
KWWSV GRL RUJ ;

BWDEQLNRY 9 8G\PRY\FK 9 .RYVKDOLFURWDE® ISURGXFHU R
DQG LWV DSSOLFDWLR®NUIRLY EDRQ FHRARHX WRDSBIQRDMD
KWWSV GRL RUJ ;

BWDEQLNRY 9 .RYVKDU , G6WDEQLNRYD 2 5HFHQW DC
DQG DSSOLFDWLRQV RR ODEWR ¥ UG EIDFWRRIEDLRORJI\ D

KWWSV GRL RUJ 6

BWDEQLNRRM¥N BQWWDEQLNRY 9 $UVHQIHYD / 8NUL
VHOHBOQOXYRFKHGOPR®W)RRGV IRU +XPDQ 185®#/LWLRQ
KWWSV GRL RUJ

6VERLNRYD 2 6WDEQLNRY 9 $QWRQLXN 0O $UVHQLHYD /
HQULFKHG ZLWK RUJDQRVHOHOQLXMR FHRIP SR XQWNE Q DN RY
6KHYFKHQNR 9 ,%DRREKDFHPHQW DQG )RUWLILFDWLR!
'LHVBS * &5& 3UHVV %RFD 5DWRQ KWWSV GRL RUJ

BWDEQLNRYD 2 .KRQNLY 0 .RYVKDU , 6WDEQLNRY 9
QDQRSDUWLFOHV E\ ODFWLF DFLG EDFWHRIID G Q B XD
RI OLFURELRORJ\ DQG %LRWWBSKQR®RIRUJ Vv

6WDWLVWD &DUERQ GLR[LGH HPLVVLRQV IURP WKH PD
WR HOHFW PRXWBA\ ZZZ VWDWLVWD FRP VWDWL
GLR[HBHVVIRREEPHOW XIDFWXULQJ
BWRFIMFKHU 6 - *D GAM@PING 6 OLFURELRORJLF®ORLOUHFL
%LRORJ\ DQG %LRFKHPLS/WU\ KWWSV GRL RUJ 6

6KX 6 <DQ % *HH®J 4L 6 )DFWRUV DIIHFWLQJ VR\EHDQ F
DQG ELRFHPHQWDWLR®XPH® FHIYERQDWH SUHFLSLWDW
LPSURYHO@HQW.HV KWWSV GRL RUJ HQ

6X ) <DQJ < 4L < =KORRELQLQJ PLFURELDOO\ LQGXFHG F
0,&3 ZLWK JHROLWH $ QHZ WHFKQLTXH WR UHGXFH DI
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JJIJOLFURELRORJ\ %LURWHFKQRORJ\

WUHDWPHQW DELOLWIRRNURQR® WHEFRYRORIPHQWDO &KHP
KWWSV GRL NRWIHFH

6XQ ; OLDR / :X/ &KHQ 5 F A BHRWDPHIR) PIWEDRZ W

EDVHGRFLOOXV P$HIDOMHUGE XPFURELRORJ\ DQG %S KRWH Fk
KWWSV GRL RUJ Y

6XQ ; LDR / :DQJ + :X/ )DQ* ;LD - 6DQG IRUHVKRUF

PLWLJDWLRQ EDVHG RQ P L# QRKIFRI\GDF D Q BRIQPRRH POBPFLS
RI *HRWHFKQLFDO DQG *HRHQYLURQPHQWDO (QJLC

KWWS\RUBRL DVFH JW

7DVWVHP 1 (6 $ (OKHOOR .70 (OPDQDPD $ $ ,VRODWL
FRQGLWLRQV Rl FDOFLWH SURGERL@GRLEDFQ HRIXD QD@ F
OLFURELRORJ\ 5HVBUKWWSY GRL RUJ $-05

7RVKLPD 7 +DPDL 5 7DIX 0 7DNHPXUD < )XMLWD 6 &KR
ORUSKRORJ\ FRQWURO Rl EUXVKLWH\BIWREDQBOG E\
Rl $VLDQ &HUDPLFSERFLKWWISV GRL RUJ M MDVEHL
8G\PRY\FK 9 /IDFWLF DFLG EDFW6RLIHQ WV IBEERBURMUR/I F
SS KWWSV GRL RUJ
YDQ 3DDVVHQ /' $ *KRVH 5 YDQ GHU /LQGHQ 7 -0 YDQ GHU
4XDQWLI\LQJ ELRPHGLDWHG JURXQG EPSHRELHRINGWX
H[SHULPRMQWMP DO Rl *HRWHFKQLFDO DQG *HRHQYSSRQPH:(
+ KWWSV GRL RUJ $6&( *7
9DUDODNVKPL 9 'HYL $ ,VRODWLRQ DQG FKDUDFWHU
SURGXFH ELREHPR®WQDO RI (QYLURQPHQWDO 6FLHQFH
7HFKQROBS$\ KWWSV GRL RUJ
9DVKLVKW 5 $WWUL 6 6KDUPD' 6KXNOD $ *RHO * (
RI/N\VLQLEDFLOIOMXRODWHG |UR PLDOURYH® F RARILOHIV VRY H V

FRQFUHWOLFURELRORJLFDO 5HVHDUSX
KWWSV GRL RUJ M PLFUHV
'DQJ 4 :DQJ = /L & 4LDR ; *XDQ + =KRX = 6RQJ '
FRUURVLRQ EHKIRWRRQDOMWEKRWY RI VW HHOWDOEDU LQ F
KWWSV GRL RUJ PHW
'DQJ : +H ; :X 6 &KX - FRGIFMHOH D @G LWV LQIOXHQF
(,&3 SURFHRMXUHMDO RI 5RFN OHFKDQLFV DQGSYBDRWBERAL
RQOLQH 1RYHPEHU KWWSV GRL RUJ M MUP.
'DQJ = =KDQJ 1 &DL * -LQ < 'LQJ 1 6KHQ ' SHYLI

XVLQJ PLFURELDO LQGXFHG FDUBDRQ@RQH SHRAFH 'SR WD
*HRMKHQRORJ'SS + KWWSV GRL RUJ
'DQL 6 *FD O0- 6HOYDUDM 7 3UL\D 7 6 % D FE\DVOHAOAV L
PHIDWWDQBOFLOOXV VGKIHPHFWVYWLRXYV PDWHULDOV 3U
WRZDUWBWHQJWK GXUDELO$SMQ BKMEP ¥ UMRMN QUHHHSILIQU - R X U
KWWSV GRL RUJ M DVHM
'DUWKPDQ 5 YDQ /LWK < O9DVFRQFHORV & OFNHQ]JLH - $
LQGXFHG GRORPLWH[BE HKIOSA YDHY H RSHRIID PH@B\S +
KWWSV G RL RUJ ELGSLD! FR
'HQJ < =KHQJ - /DL + &XL O 'LQJ ; %LRPLQHUDOL]D
XUHDVH XVLQJ GLIIHURRWQBDORL YXSRPAND OWFKDQLFV DQC
(QJLQHHU LSEJ KWWERL RUJ M MUPJH
'KLIILQ 9 6 OLFURFHPIGBWRWLRQ IRU WKH SURGXFWLRC
6FKRRO RI %LRORJLFDO 6FLHQFHY DQG %LRWHFKQRORJ\

FFFSBNUDLQLDQ )RRG -RXRODP® ,VVXHF



JJIJOLFURELRORJ\ %LURWHFKQRORJ\

'KLIILQ ¥BQ 3DDVVHQ / $ +DUBNHMURBLDO FDUERQDWH SUHF!
LPSURYHPHQW WHRAFIWRELRORJ\ -RXUSEDO+
KWWSV GRL RUJ

'LOVRQ & 0 /RDFK ' /DZOH\ % %HOO 7 6LPV , 2 7RROH

/IDFWREDFLOOXV RRIGXOHUALHY XUHD K\GURO\VLV LQ

$SSOLHG DQG (QYLURQPHQWDO OLFYRELRORIJ\
KWWSWRL RUJ $(0

"ULJKW ' 7 2UHQ $ 1RQSKRWRV\QWKHWLF EDFWHULD
HYDSRUDWHYV WK{HRPIK UREIPRORJI\ -RXUB® O+
KWWSV GRL RUJ

' XQWKXQ\DUDW : 6HR + :DQJ < (IIHFWV RI JHUPLQ
DFWLYLWLHV DQG VWD UBK X \BUWRZDWIL RILQROJODWLRQ
EUHDG TXD@&XWORWW Rl )JRRG 6FLHQFH
KWWSV GRL RUJ

'LDQJ - 4LX - :DQJ < *X ; &DOFLXP DFHWDWH DV FI
IRU LPSURYLQJ SHUIRUPDQFH DQG YRDIAXFDRQJRD PR
3URGXFWLRQ KWWSV GRL RUJ M MEFOHSUR

'LDR < +H; (YDQV 70 B6WXHGOHLQ $ : /LX + 8QFRQ!
WHQVLOH VWUH QU WLKQRR EPH/® G WRIREKMHIDVOHRS YBRWH F K Q L
*HRHQYLURQPHQWDO (QJLQHHWWSOY GRL RUJ DVFF

X * /L' -LDR % /L' <LQ < [/XQ / =KDR = /L 6
FDOFLI\LQJ XUHROOWLFR EDFMGHWEKPOHFWURQLF -RXUQTE
%LRWHFKQR®®RJ\ KWWSRL RUJ M HMEW

X ; *XR + &KHQJ ; /L O 7KH SURPRWLRQ RI PDJC
SUHFLSLWDWLRQ LQRQE¥®UXERAHRQY %XLOGLQJ ODWHU
KWWSV GRL RUJ M FRQEXLOGPDW

<DQ £tDNDVKLPD . 7DNDQR & .DZDVDNL 6 JHDVLELOL)
LQGXFHG FDUERQDWH SUHFLSLWDWLRQ ZLWK HJJVKF
%LRJHRWHFKQLFVY KWWSV GRL RUJ M EJWHFK

<DQ = 1DNDVRDRRDQR & .DZDVDNL 6 R S W WRILL W6l JAIHR/F H
SURGXFWLRQ $ FRPSBMHIOBQ\RXWHQDBOYRHALFURELRORJ\ DI

KWWSV GRL RUJ v

<DQJ < &KX - &DR % /LX + %E&KFHOIHQWDWLRQVRHVRQA X

HQULFKHSURGHIFLIQJ EDFWHULD 4RRPQDFOVR ¥ B O H B QHWX &U'
KWWSV G[ GRL RUJ M MFOHSUR

<DQJ < &KX - &KHQJ/ J/LX + S8WLOL]DWLRQ RI FDUEL
ELRFHPHQW SRIRGXFWNIRRQQYLURQPHQWDO &KHPLFDO (Q.
KWWSV GRL RUJ M MHFH

<RRVDWKDSRUQ 6 7LDQJEXUDQDWKDP 3 %RIRQVRPEXW 6
$ FRVW HIIHEWLYH EFXOWLY DW L R% DFFH. @ IOXXPV. BREY BMLHREDIOLF L
DQG LWV HIIHFW RQ FHPHRWREXEGRJS BRSO HBHYHHDW F K

KWWSV GRL RUJ M PLFUHYV
<RXQJ -5 +HQULNVHQ .) %LRPLQHUDOL]DWLRQ ZLWK
5HYLHZV LQ OLQHUDORJ\ *HRFKKWWSWU\GRL RUJ
<X ; &KX - <DQJ< 4LDQ & 5HGXFWLRQ RI DPPRQLD ¢

SURFHVV IRU VDQG XVL@XDQOVZRELKFHPEBW 3URGXFWL
KWWSV GRL RHS$UR M MEO

<XDQ + B5HQ * /LX . =KHQJ: =KDR = (ISHULPHQWDC
RUJDQLF PDWHULDOV IRU VLOW LPSUR S8 86 DG LEF MHGQH
KWWSV GRL RUJ DSS
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=KDQJ < *XR + &KHQJ ; ,QIOXHQFHV RI FDOFLXP V
FDUERQDWH SUHFLSLWEIDWHW®WLDOQ VS BH RN D UFHEG LGDQRY DW L |
KWWSV GRL RUJ =

=KRX 3 -LDQJ < $GHHO 0 B6KDNRRU 1 =KDR : /LX < /L s
= :KLWH - & *XR = J/\QFK , =KDQJ 3 1LFNHO R]
VR\EHDQ \LHOG DQG HQKD QFMY QU R/@RE B F N L PTHKQLRRC

SsS KWWSV GRL RUJ DFV HVW F

=KX 7 'LWWULFK 0 &DUERQDWH SUHFLSLWDWLRQ W
HQYLURQPHQW DQG WKHLU SRW H@\R QD HRGME LIBQHHHFKL @R
DQG %LRWHFKQRWEI\ GRL RUJ IELRH

&LWH
8)- 6W\OH

6WDEQ@.NRWVKDEWDEQLNRY %LRWHFKQRORJ\ DSSURDF
LPSURYHPHQW VWUDWHJILH\BNQDEDRBKPRRE SRRGI B W
SS + KWWSV GRL RUJ ;

$3% 6 W\OH
6WDEQLNRYVKDWBWDEQLNRY %LRWHFKQRORJ\ DSSURDF

LPSURYHPHQW QV WIURRWH HEGW BWRICHKM AL RRORG -RXUQDO
+ KWWSV GRL RUJ ;

FFFSBNUDLQLDQ )RRG -RXRODP® ,VVXHF



JIJJ(GXFDWLRQ DQG 6FLHQFH 1HZV

3:LOG HGLEOH SODQWV ,PSURYLQJ IRRGV Q
DQG KXPDQ KHWXWR XJK ELRWHFKQROI
, QWHUQDWLRQDO 5HVHDUFK 3XEOLFDWLRC
6FLHQWLVWYV

7TKH DXWKRULWDWLYH LOQWHUQDWLRQDO SXEOLVKLQJ
7D\ORU JUDQFLY JURXS SXEOLVKHG WKH ERXNWULONG RGL
YDOXH DQG KXPDQ KHDOWK WKURXJK ELRWHFKQRORJ\

ELRFKHPLVW DQG QXWULUWIH]Q I2Z\KW FXF WPFQ RGIHDW WE H VV W X
VFLHQWLVWYV

'LOG SODQWY KDYH EHHQ XVHG HF K XA DIRXWRAL \I DRICP B R(
WLPHV 7KH\ DUH SURRRML KIHFAWEKRXQGV VXFK DV SK
DQWLR[LGDQWY YLWDPLQV WUDFH HOHPHQWYV DQG GL
SURGXFWYV WKHVH PDWHULD OV XHJK\DLQRHD W/IKW\ Q X /G LWHAIGF
RI WUDGLWLRQDO IRRGV 7KLV ERRN H[SORUHV WKH ELRW
EDNHU\ DQG FRQIHFWLRQHU\ SURGXFWV DV ZHOO DV EH
W KLIJKOLJKWV UHEE QWK B XYBIQFHPIHMAW SODQWYV DV QDW X
DQG WKLFNHQHKRNO LKP EDWHRBQIRRG V\VWHPV $GGLWLRQD
SRWHQWLDO DSSOLFDWLRQV RI HGLEOH DOJDH DQG ZLOG

FFFSBNUDLQLDQ )RRG -RXRODPE® ,VVXHF



JIJJ(GXFDWLRQ DQG 6FLHQFH 1HZV

.H\ )HDWXWXKWH LQFO

'"HVFULEHV QRYHO IXQFWLRQDO IRRGNGXWRD PJR Q¥ H BIG
3UHVHQWY LQQRYDWLYH WHFKQRORJLHV IRU SURGX
SURGXFWV DQG EHYHUDJH\E BIQWGE AKHIG HGWHQILYD G S (
3URSRVHV WKRI Z$OGL §DWQ@EYOL € FZDWHIEQIRRG V\VW I
(ISORUHV WKH XVH RI ZLOG DOJDH LQ WKH GHYHORS
&RYHUV WKH PHGLFLQDO DSSOLFDWLRQV RI ZLOG HG

7KLYV ERRN SUHVHQWYV UHFHQW DQ&Q® QMW HY DRRBG ¥
HGXFDWLRQDO WRRO SURYLGLQJ FRPSUHKHQVLYH NQRZ(
PXVKURRPVY DORQJ ZLWK WKHLU DSSOLFDWLRQV LQ IRRC
HGXFDWRUV UHVHDUFKHUV DQGXYWRIHDQICR @ DRW HFXK Q\RK
ORUHRYHU LW RIIHUV D YDOXDEOH UHVRXUFH IRU GHYHO

7KH ERRN :LOG HGLEOH SODQWYVY ,PSURYLQJ IRRGV C
WKURXJK ELRWHFKQRORJ\ LNUWKR WIQLVBLEQEOIVADWEREGC
RI' ERRNV DQG FROOHFWLRQV 3)RRG %LRWHFKQRORJ\ |
SWLRHQKDQFHPHQW DQG IRUWLILFDWLRQ RI IRRGV IRU [
IROORZHG E\ WKH VHFRQGH 3% RRYIRONHHEU 8 URG XXA WDV MQ

'"HWDLOHG LQIRUPDWLRQYWERXVW RMKRWIRRN

FFFSBNUDLQLDQ )RRG -RXRODP® ,VVXHF



L QVWUXFWRRRWKRUV

'HDU FROOHDJXHV

7KH (GLWRULDO %BBUGRRBILFBOHQWLILF
S8NUDLQLDQ )RRG -RXUQDO
LQYLWHV \RX WR SXEOLVK \RXU UHVHDUFK ILQGLQJV LQ

0DQXVPUKBYXY\OG SUHVHQW RULJLQDO UHVHDUFK WKDW K
LV QRW XQGHU FRQVLGHUDW I6RKEFARVVERBDORIFBA HRRDB® VA
WKDW LWV SXEOLFDWLRQ PXWERHQ DGS UR YWOKNEDIDIMR KK
DXWKRULWLHY DW WKH RUJDQL]DWLRQ ZKHUH WKH UHVHEC

$ FRYHU OHWWHU WR WKH HGLWRU LV PDQGDWRU\ DQ
UHVHDUFK WRSLF LWV QRYHOW\ DQG VLJQLILRDQ PH UHKH
WR VXEPLW WKH PDQXVFULSW WR WKH 8NUDLQLDQ )RRG
DXWKRUHG VROHO\ E\ WKH OLVWHG FRQWULEXWRUV

ODQXVFUHBMWMLUHPHQWYV

$XWKRUV PXVW SUHSDUH WKH PDQXVFULSW DFFRUGLAQ.
WKH ULJKW WR DGMXVW WKH VW\OH WR FHUWDLQ VWDQGI

/IDQJIXPUHIOLVK

ODQXWFULMKRXOG EH VXEPLWWHG 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 MXREEGHEGL WKW DQG VHFWLRQ KHDGLQJ

30HDVH VXEPLW PDWK HTXDWLRQV DV HGLWDEOH WH
VRIWZDUH DSSOLFBWLREWPWRIWMITXDWLRQ (GLWRU

OLQLPDO VL]H RI WKH DUWLFOH ZLWK ROWHVK BRILE UWW YD
DUWLFOH LV  SDJHV ZLWKRXW WKH $EVWUDFW DQG 5HIF

ODQXVFULSW VKRXOG LQFOXGH

7TLWOKIRXOG EH FRQFLVH DQG LQIRUPDWLYH $YRLG DE

$XWKRUVY LQIWKADQDIRRQRY RI WKH DXWKRKHVD XWKR W M
FLW\ FRXQWU\ 2QH DXWKRU KDV EHHQ GHVLJRDMCHG D
DGGUHVYV || DYBLODW CB&W RH WIKH DKPDRARUIRY RQ WKH WL

'"HFODUDWLRQ RI LOQOWHUHVW

$XWKRU &RQWULEXWLRQ 6WDWHPHQW

$EVWUDKNE V WIIDHEXWO G WREWRQQRZLQJ PDQGDWRU\ SDU!

, QWURGEBRYR®@QHY D UDWLR DAY HRU WKH VWXG\

FFFSBNUDLQLDQ )RRG -RXRODPE® ,VVXHF



ODWHULDOV DBGLPHWMKKRKEWFULEH WKH PDWHULDOV DQC
+ OLQHYV

5HVXOWYV DQGSBVVBXDHIGNRH 81 QOVQHV

&RQFOXSALRYQLIS HP\D MK FRQ EOXNQ RQ V

7KH DEVWUDFW VKRXOG QRW FRQWDWBIHUWHQFE & HWR)
DUWLFOH

.H\ZRU@®WPHGLDWHO\ DIWHU WKH DEVWUDFW SURYLGH

7H[WPRIQXVFULSW

SHIHUHQFHYV

ODQXVFULSWY VKRXOG EH GLYLGHG LQWR WKH IROORZ

,QWURGXFWLRQ
ODWHULDOV DQG PHWKRGYV
5HVXOWYVE®REVLRQ
&RQFOXVLRQV
SHIHUHQFHYV

,QWURGSBHWYRGH D EDFNJURXQG DYRLGLQJ D GHWDLOH
WH DLP RI WKH SUHVHQW UHVHDUFK ,GHQWLI\ XQH[SORL
WRSLH ,@QWURGXFWKRROGIRWUWRB[FHHG SDJHV LQ OHQJ\
ODWHULDOV D@GRPYHWKRGMILFLHQW GHWDLO WR HQDEC
WBHSOLFDWH WKH VWXG\ )RU PHWKRGV WKDW DUH DOUF
VXPPDUL]H WKH SURFHGXUH EULHIO\ 'HWDLOHG GHVFULS
RU VLJQLILFDQW PRGLILFDWLRQV RI H[LVWLQJ PHWKRGV
5HVXOWYV DQG58VXPXWW IVK®RXOG EH SUHVHQWHG FOHDL
E\ DSSURSULDWH WDEOHV DQG RU ILJXUHV 7KH VLJQLILF
WKH FRQWH[W RI H[LVWLQJ OLWHUDWXUH KLJKOLJKWL
LPSOLFNDWLRQ
&RQFOXURRFWVXVLRQV VKRXOG EH FOHDUO\ GHULYHG
VXPPDUL]JHG EULHIO\ LQ D VHSDUDWH &RQFOXVLRQ VHFWL
$FNQRZOHGIPQOWNSANQRZOHGIPHQWY RI LQGLYLGXDO
VRXUFHV VKRXOGVEHSDQBWXGHBFIMQA PQ /LVW DOO SHUVRQ
GXULQJ WKH UHVHDUFK 1DPHV RI IXQGLQJ RUJDQL]DWLRC
2UJDQL]H \RXU DUWLFOH LQWR FOHDUO\ GHILQHG VHF\
VXEVHFWLRQ VKRXHG DKDGY 16 DVFRQSWLYH KHDGLQJ

SHIHUHQFHYV
30W® FKHFN UHIHUHQFHV FDUHIXOO\
7KH OLVW RI UHIHUHQFHV VKRXOG LQFOXGH ZRUNV WK
SXE®IGVRU DFFHSWHG IRU SXEOLFDWLRQ
$00 UHIHUHQFHV PHQWL R @ HEGN QQWK KHUW HH WH Q@ RHG OrIL\F
&LWH UHIHUHQFHV LQ WKB WBUW EW QIDWHIVD ® B P\ DHYD P S
'URERW 4L DQG =KRX %RODULQ ZB HW DO
HW DO
SHIHUHQFH OLVW VK EXOWK E H D OWAKKP BEPMRIHIGKWK RU R1
.l DYDLODEOH SOHDVH DOZD\V LQFOXGH 2,V OLQNV L
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5HIHUHQFH VW\OH

-RXUQDO DUWLFOH

30HDVH IROORZ WKLV VW\OH DQG RUGHU DXWKRU V V
EUDFNHWYV -KESQD OV WMODMMYROX®H QXPEHU LVVXH ILUV
QXPEHUMYDLODEOH SOHDVH DOZD\V LQRROOUGHHPHVY HQ/F HX!
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 $FFRXQWLODBZTRHRBRRN &RPSDI
6\GQH\

%RRN FKDSWHU LQ DQ HGLWHG ERRN

.RFKXBEMLY\QH NR]P\N8 <XVKFKHQNR 6SLFHV IRU GDL!
SURGXFWYV 3PDUHGHY 2 6KHYFKHQNR 9 G6WDEQLNRY ¢
%LRHQKDQFHPHQW DQG )RUWLILFDWH RQ+RIQRRGBUYHRVY D
%RFD SRWWQ@V GRL RUJ

2Q0LQH GRFXPHQW
OHQGHOH\ - $ T7KKRVWIEHB 0 +RZ DQIGHQ SWRHUHQFH
$YDLODEOH DW KWWSV ZZZ KRZDQGZKHQWRUHIHUHQFH

&RQIHUHQFH SDSHU

$U\FK O ,QVXUDQFH V LPSIRRG REHRBEWY B HH /Q &
(QHUJ\ 6DYLQJ 7THFKQRORJLHV RI 3URGXFWLRQ DQG 3DFI
JXQGDPHQWDOV RI 7KHLU &RPSHWLWLYHQHVYV 3URFHHGL
6FLHQWLILF DQG 3UDFWLFDO &RQIBW/HQ.RHY 68HSWHPEHU
KWWSV GRL RUJ

JLIXUHV

$00 ILIXUHV PXVW EH FUHDWHG XVLQJ D JUDSKLF HGL

7KH IRQW VL]H RQ WKH WK KUHWIDE G HVKKIRWE GWERIT W K H

%ODFN DQG ZKLKNVEA R VEVBKRLUELDEKYL W H 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 VKRXOHH WH FARQAWMHF XWIWH QXPHULFDO RUGHU

3ODFH ILIXMH DVWHRHIQWLRQHG LQ WKH WH[W

JLIXUH FDSWLRQV EHJLQ ZLWK WKH WHUPXUH XQXP ERQUEF
DOVR LQ EROG W\SH
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(DFK ILIXUH VKRXOG KDYH D I DOBWUILRD GHBMLFWLE ILQJ EARC

6XEPLW DOO ILIXUHVY DORQJ ZLWK WKH FRUUHVSRQGLQ
VHSDUDWH DWWDFKPHQWYV

, I \RXU PDQXVFULSW LQFOXGHV ILIXUHV SUHYLRXVO\ .
SHUPLVVLRQ IURRZAZQKH PRSSULRKWWR VXEPLVVLRQ

7TDEOHYV

1XPEHU WDEOHV FRQVHFXWULKHIOU D@ IHIFRWGHH) EQ MKW

3O0DFH IRRWQRWHYV WR WDEOHV EHORZ WKISHVMDMNEOHSE
ORZHUFDVH OHWWHUYV

3ODFH WDEOH BQWHRIQH/EY HIWWW

(QVXUH WKDW WKH GDWD SUHVHQWHG LQ WDEOHV GR |
WKH DUWLFOH

6XJIJHVWLQJ HIFOXGLQJ UHYLHZHUV

$XWKRUV PD\ VXJJHVW UHYLHZHUVY DQG RU UHTXHVW W
VXEPQWWKHLU PDQXVFULSWYV

"KHQ VXJIHVWLQJ UHYLHZHUV DXWKRUV VKRXOG PDNH
QRW FRQQHFWHG WR WKH ZRUN LQ DQ\ ZzD\ :KHQ VXJJHVW
PXVW SURYLGH DQ LQVWLWXWARGYW HEG DUHY D& LHIUH V3/0 HRDJ
-RXUQDO PD\ QRW XVH WKH VXJJHVWLRQV EXW VXJIJHVWL
WKH SHHU UHYLHZ SURFHVYV

6 XEPLVVLRQ

(PDLO IRU DOO VXEPLVVLRQV DQG RWKHU L

XIMBQXIW#PHWD XD
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RZgh\ghe ]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} kIKdHpeghchjfZlm : \jZoom\Zggy ZghlZpec -
kibkdm ee«l_jZImjb

>ey \keo _e_f_gle\ kIZIEARMWBRPDQ _Jev -«gl_jw&Ze

<ke ihey klhitbdbkf

KijmdImjz klZIle
GZa\Z klzll-
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

I mgdikt \bdhgZIlb Zgl]eeckvdhx « mdjZz€gkvdhx fh\Zfb

Hkgh\gbc I_dkl klzZlle FZ} \dexqZlb I1Zds h[h\fyadh\s jha”seb
i <klmi

i FZl_jeZeb IZ f_Ih"Db

i J_amevlZlb 1Z h[]lh\hj_ggy

i <bkgh\db

i Eel_jZImjZz

AZ g_h[os~ghkle fh gZ "h~Z\ZIb +gre jha*reyha pled[b\ZIb €0 gZ

‘\lhjkvdz ~h\ly¢d¥bs_ «ffy 1Z ih [Zlvdh\e \g_gbc kimiegv |1Z .
jh[hlb _e_dljhggz z~j_kzZ Z[h I_e_nhg
Dhglzdlige "Zge Z\IhjZz ~h ydh]lh aZ g_h[oe”*ghkle [m"_ a\_jlzZ

Jbkmgdb \bdhgmxlvky g/id\kgeh jbkdigdb g_ ijbcfZxlvky Jhafej 1_d
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

Kdhjhg_g+ gZa\b neabqgbo \_ebgbg \ |I_dkle IZ gZ ]jZnedZo ihag
eel_jzZfb \enrih\e~rgh ~h kbkl_fb K1

Mkibkdm ee«l_jZImjb ih\bgge iehfhXgZlblZIgd 1Z fhgh]jZn+€ yde him[e
ickey jhdm
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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
KibkhdlejZImjb khjim}lvky aZ ZenZ\slhf ee<l_jZImjge " _j_eZ g_

< SBNUDLIRPEERXU@HOh aZ hkgh\m az]zZevghijbcgyl_ \ k\ele
hnhjfe_ggy kibkdm eecl_jZImjb atDgNDRKBg "EZjlfmglb ihkbeZggy
jhareeyxlelkyy 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 kdhjhgm\Zlb g_ fh gz

libdez"

3RSRYLFL & *LWLQ / $OH[H 3 -& KO D Q FMUHHUIIL]D W
JUHHQ KXVN H[WUDFW REWDLQHG E\ VXS HARMULQ\DLF RO
JRRG DQBD3DEJ 6FLHQFH 7HFKQLTXH DRXG 7HFKQROF
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$FFRXQWLWLWHIZGRHBBRN &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 <XVKFKHQNR 1
SURGXBWY 3DMyBEHV2 6KHYFKHQNR 9 6WDEQLNRY
%LRHQKDQFHPHQW DQG )RUWLILFDWLRQ fRl )RR&V IRU
BUHVV %RERWWBWR@GRL RUJ
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L _ab ~“hih\eA ¢ dhgn_j gp*€

$U\FK O ,QVXUDQFH V LPSDFW RQS5IHRWRREXVBHHW/Q &
(QHUJ\ 6DYLQJ 7THFKQRORJLHV RI B3URGXFWLRQ DQG 3DFI
JXQGDPHQWEBDY &R FSHWLWLYHQHVYV 3URFHHGLQJV RI WK
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
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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
KzZezf LZgaZg-ey

>hjz FZjrgZz ijhn_Khgje\_jkbl_| D_jlegZ :\kljZesy

?]lhg Rgepe‘jj ijhn_khjj Z\gbc mge\_jkbl_I IhglZ =jhkkb ;jZabe
?cjeg FZje Kdchgn2d ;Zjhn_k@&hj\_d&dwdmge\_jkbl_I gZmdb « |I_og:
Lihgo_cf Ghj\_Jey

Chjrzgdz Kl_n2zZ)ghh&h\re\kvdbc mge\_jkbl_| 1Zekec Oce_g~Zjkde
Dejkl_g ;jZgijhn_kh¥jge\_jkbl_| GvxdZkeZ <_ebdh[jblZgey
DjeklegZ Em€az Fejzg™4 KéphZ_khhjim]ZevkvdBthebpvdbc
mge\_jkbi;dhl _ogheh]eqgbc dhe_ """ Ihjlm]Zesy

DjeklegZ Ihiht™jg ~hpl L_ogeqgbc mge\_jkbl_I Fhe”h\b
E_e«\_ev® Q@klfipeZpey ©Fe"gZjh"gZ ]ZjfhgeaZpecgZ *gep+Zlb\z?
FZjey K LZijBEn_kRj gljZevgbc mge*\_jgbkm <eb DZjzdZk <_g_k
Fhca_k ;mjzdhd 1gklblml keevkvdh]lhkih”"Zjkvdh€ [ehklh ogheh]
,1'($5 IhdZi=h]_glbgZz

HdlZ\sh 1Zj_"~_k Enhi_ikhi _glj i_jki_dlb\gbo ~hke«”" _gv GZpe+ehgZ
iheel _ogeqgh]lh egklblmIim F_dkbdz

He_ dkZ®R*_\q_gdh | g ijGBpehgZevgbc mge\_jkbl_| oZjgh\bo I_«
Mdjz€gZ

JZgZ FmklIZnzZ =eh[Zevgbc e<gklblml ijh~h\hevgh€ [_ai_db M
Kzkdzq_\Zgz Dzgz"Z

K_feo HleMjkijhn Mge\_jkbl_| ?]_ Lmj_qgbgZz

Khgy :fZj g ijhnMge\_jkbl_I|I ©RI_nZg q_e FZj_2 KmqzZ\Z Jmfn
KlZgdz >Zf ygh\EZg ijbmk_gkvdbc mge\_jkbl_| ©:g]_e DZgq_
JZaljZ™ ;helZjey

Kl_nzZg KI_nzZzghi\g ijMge\_jkbl_| oZjgh\bo |I_ogheh]ec ;helZjey
L lygZ Ibjij g ijh&ZpehgZevgbc mge\_jkbl_| oZjgh\bo I_ogheh
Mf_amjmcd_ EegmkijHnZjiZhjl_ee_g[hrkwgb\c jkbl_| D_cilZmg
le\"_ggZ :njbdZz

R ceZ Deelvbpes kbl | DZjZlegZ D_qg-ey

Xeey >ayavdih oef gzZmd 1llglghkiml azZ]Zevgh€ 1Zh§_loplf2€§°qg
ef g 1 <_jgZ"kvdh]lh G:G MdjZ€ghb

Xg O\Z 1_]]* Okeijhn_kHNjge\_jkbl_I NbhKR:

Xjec ;eeZ7hyj ijhnMge\_jkbl_| LhfZrz ;Zle \ Aeege Q_0-y

YkfegZ Emdi«g2 g ijhnMgky_jkbl_| Hke}dZ Ohj\Zley

YkfegZ EmdegZdhnHke}dkvmgibt_jkh Ohj\Zley
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Qe _gb j "Zdpecgh€ dhe _]-€

:lhlz =_~j_ JZcfjgEblh\kvdbc egklbIml Z]jZjgh€ _dhghfedb EDbI

;Zh Lob <mphigMge\_jkbl_| F_dhg]lm < }IgZf

<Ze jec Fbjhggindl_og gZmd Gi{lpmhgZemgbt jkbl | oZjgh\bo

I_ogheh]ec Mdjz€gZz

<heh”bfbj Dh\[ZkZI_og 9Zmd GidbmhgZevgbc mge\_jkbl_| o0Zjqg
_oghehl]ec Mdjz€gZz

=ZebgZ KefZo4gZl_og gZmd GZpnhgZevgbc mge\_jkbl_I o0Zjq

I_ogheh]ec MdjzZz€gZz

=h™eg > G/ hjkkr_kiFj_fhjeZevgbc mge\_jkbl_I Om[_jlZkDZcjmde

KzZezf LZgaZg-ey

>hjzZz FZjrgZz ijhn_Khgje\_jkbl_I| D_jlegZ :\kljZesy

?]lhg Rgepe‘jj ijhn_khjj Z\gbc mge\_jkbl_I IhglZ =jhkkb ;jZabe

?cjeg FZje Kdchgn2d ;Zjhn_k@&hj\_d&dwdmge\_jkbl_I| gZmdb « |I_og:

Lihgo_cf Ghj\_Jey

Chjrzgdz Kl_nzZ)ghh\&h\re\kvdbc mge\_jkbl_| 1Zekec Oce_g~Zjkde

Dejkl_g ;jZgijhn_khW¥jge\_jkbl_| GvxdZkeZ <_ebdh[jblZgey

DjeklegZ Em€az Fejzg™4 Képha_khhjim]ZevkvdBthebpvdbc

mge\_jkbi;dhl _ogheh]eqgbc dhe_ """ Ihjlm]Zesy

DjeklegZ Ihiht™jg ~hpl L_ogeqgbc mge\_jkbl_I Fhe”h\b

EZ’\Z R_jeg¥p _dhg g9gZmd ijGapkhpZevgbc mge\_jkbl_I| 0Zjqg
_oghehl]ec Mdjz€gZz

E e*\_ev” Qhlip@p-ygZjh~rgZ ]ZjfhgeaZpecgZ ¢gepeZlb\Zza G~

FZjey K LZijAn_kRj gljZevgbc mge\_jkbl | < g km_eb DZjzdz

Fhca_k ;mjzdhd 1gklibiml k-evkvdh]hklh’\Zkadh€ [ ehrh ogheh]
,1'($5 IhdZi-ij] glbgz

HdIZ\ h1zj_~_ k Ehi_ikh_glj i_jki_dlb\gbo "hkee~” _gv GZpehgZ

iheel_o0g- qgh]h egklblmIm F_dkbdz

He_deg j R_\g~gdhy ijGdp- thevgbc mge\_jkbl_|I oZjgh\bo I _«

Mdjz€gZ

Hev]Zz Jb[zdzZg™ | _og gZmdjghbtmvkvdbc gZpehgZewgbc | _o

mge\j kbl _ | «f ge 1\ZgZ Imexy MdjZ€gZ

JZgZ kaIZ"r]Z =eh[Zevgbc e+gklblml ijh~h\hevgh€ [_ai_db M

Kzkdzq_\Zgz Dzgz"Z

K_feo HleMjkijhn Mge\_jkbl_| ?]_ Lmj_qgbgZz

Khgy :fZj~g ijhn Mge\_jkbl_| ©RI_nZg q_e FAmfngemqgz\Z

KlZzgdz >Zf ygh\EZg ijAmk _gkvdbc mge\_jkbl | ©:g]_e DZgq_

JZaljZ™ ;helZjey

Kl_nzZg KI_nzghi\g ijMge\_jkbl_| oZjgh\bo |I_ogheh]ec ;helZjey

L_lygZ Ibjhy [she gZmdGEmanhgZevgbc mge\_jkbll_dghzjglr\do

Mdjz€gZ

Mf_amjmcd_ EegmkijHnZjiZhjl_ee_g[hrkwgb\c jkbl_| D_cilZmg

le\"_ggZ :njbdZz

R ceZ Deelvbped ikbl | DZjZlegZ D_gey

Xeey >ayavlihoef gZmdlgkgbkml| agtrt&VvzZz g_hjlZgeqgh& oefe€ of

1<_jgzZ~kvdh]l]h G:G Mdjz€ghb

Xg O\Z 1_]] Okeijhn_kMjge\_jkbl_I Nb&hKR:

YkfegZ EmdegZdhnHke}dkvmgibt_jkh Ohj\Zley

He dkec =mpegih\erZevgbc k_dj 1Z] dzZzg” IGdghgZmdgbthp

mge\_jkbl_ I oZjgh\bo IMagh€gX-c
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GZmdh\_\b"Zggy

SNUDLQLDQ YRRG -RXUQD

9ROXPH,VVXH Lhf <

leAi Ah Ajmdm | NhjfzI[
H[e\b” Zjd Mf ~jmd Zjd
=ZjgeIlmjZ 7LPHV 1HZ 5RPDQ >jmd hnk_lgbc
Gzdezn ijbf <bg <

GMOL BPb€\me <heh”bfbjkvdZz

K\erhpl\h ijh A _j7Z\gm j_}kljZpex
Ajmdh\Zghlh aZkh[m fZkh\h€ egnhjfZp-€
D< * J
\brZg [_j_agy jhdm



