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SNUDLQLDQ )RRGXERXIRQRBVGDVODUFK DUWLFOHYV VKRUW
VFLH@QWIQFWKH UH O QBBOHORWHOGBNXUH UHYLHZV

TRSIFRVWYHUDJH

YRRG HQJ YJRRG QDQRW

JRRG FKHPLVWU\ )JRRG SWRRBHVV

YRRG PLFURELRORJ{FRQRPLFV DQG IPERQRIZIHO B WW U \
3K\WLFDO SURSHUWSXRIRFRRGLRQ RI IRRG SURFHVVHV
YRRG TXDOLW)\ DQG )RRIGIVEDFNDJILQJ

SHULRGRFIWWKH M RXYXPHO \HD U

BHYLHZLQJ D ODQXVFULSWORGUVBXEQWEDWLDYWLFOHYV
SXEOLFDWLRQ LQ 38NUDLQLDEOQRBHIHUBRXHQ@BG EDBHNGRKXE
DFDGHPLFVY DSSRLQWHG E\ WKH (GLWRUV %RDU@RWRQH
DIILOLDWHG WR WKH %RDUG DQG RU WKH 3XEOLVKHU

&RS\UL$KWKRUV VXEPLWWLQJ DDWH RO BWFMWRHGS WRO SE
HOHFWURQLF VWDWBRMY@WRUNRQVLQRMD DQ LQIULQJIJHPHQW
FRS\ULJKW ORMA GHROXLI\ WKH SXEOLVK H W HIDLEDAWL BQ \ DE
LQWHUQDWLRQDO VWD QG D URAMKIDY HD RD GH.R/VS 6 BE D W\EREG J
RWEKRQWULEXW IKRIQ@ HIHDFORPRSWULJKW RI WIRWEKBPALVKHU |

$FDGHPLF HWKLKN SROVRULDO %RDUG RI SWNVUWDLERNOQ

IROORAY LQWHUQDWLRQPOONG DUFRRYDIHHGRIEEEH O DWIKGEL Q J
DFDGHPLF JJRWKBRVGHWDLOV (RQXWRLYRVHH $YRL

SODJLDUIS\CPDJIVYBOLVP DQG RWKHU TXHVWLRQDEOH ZULW
ZULWLQJ" 7KH (GLWRD®GB® QRW UBOVXR QMWMINEXWRUV RI WK
UHDGIBXW @WRIROORZ WKLV JXLGDQFH LQ RUGHU WR DYRLG

JRU)BPO O JXI$@BXIMRWS OHD VRXIHYENVWW H

KWWS XIM KR XD
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8NUDLQLDQ )RRG -RXUQDO

, QWRIDWLRQDWRURDWODG
(GLWREJKLHI
I9DOHULL'OUBQRIDWLRQ DV IBWL RH )RRG BHRIKOQRGIRILHYV
OHPEHUV RI (GLWRULDO ERDUG

$JRWD *BEBGHLHQYLWKXDQLDQ ,QVWLWXWH RI $JUDULDQ (F
QULVARPYUFLS$YV FHRKQLFDO 8QLYHUVLW\ RI OROGRYD
(JRQ 6FKQLW]OIBWRDWH 8QLYHUVLW\ RI 3RQWD *URVVD 3R
JHOLHYHO'® *@®RED O +DUPRQL]DMWLVRF L, DRABMHRDNH YD Q G V
ODUN 6KIDRWV $V 3WRDFN 6HD $VVRFLDWLRQ RI )RRG 6FLF
5RPDQLD

3DVFDO 'XSHMRLYHUNVK®M &HUQDUG /LRQ )UDQFH

BHPLK 2WGBHW\WRI(JH 8QL YK UWIEHW\

BRQEPDULHIBURI 8QLYHUVLW\ OWHIDQ BREOD@WMH RI 6XFHI
6WDQND 'DPLUDRRABXVH 8QLYHUVLW)\ 3$QJDO .DQFKHY  EUI
%X0OJDULD

BWHIDQ 6WHIBDQRIYLYHUVLW\ Rl )RRG 7THFKQRORJLHV %XO
7HWLDQD'B\BREDWLRQDOWB@®ULYYRBBL7HFKQRORJLHYV 8NUD
7RPDV] %MW GOME]F]HFLQ 8QLYHUVLW\ 3RODQG

9DOHULL O\UBQFKRNWLRQDO 8QLYHUVLW\ IRU )RRG 7THFKQ
9LNWRU 6WDEQUNBWYBRWLRQDO 8QLYHUVLW)\ IRU JRRG 7HFK
90DGLPLU *UKGBQR»HODUXVLDQ 6WDWH $JUDULDQ 7HFKQ
9RORG\P\U /YDBBR|RZD 6WDWH 8QLYHUVLW\ 86%
<RUGDQND 6WHSRQQRMDVLW\ Rl 30RYGLY 3DLVLL +LOHQGD
<XOLYDPD]NRU 3UR,IQVW LWHW H DRIQ R Q GRIQH. F L @9MW\Q "RV N L L
1IDWLRQDO $FDGHP\ Rl 6FLHQFHV RI 8NUDLQH

<XULODWY $V 36FIHFLQ 8QLYHUVLW\ 3RODQG

ODQDJLQJ (GLWRU

20HNVLL *XEHYLBUBWLRQDO 8QLYHUVLW\ RI )RRG 7HFKQ
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E\S U R GO MY /<€ « € €€ €€ € & & & & & &K &K <K<K <L <€ K

$QGULL *RUDOFKXN 20JD *ULQFKH(
JRRG GLVSHUVLRQ V\VWHPV SURFHMWMKVWDELOL]DWL

6HUJLX
,QIOXHQFH RI PDWXULW\ VWDJHV DQG YDULHW\ RQ YL
PHFKDQLFDO W R MWIKMABHAK K k A K « « « « «

20HQD *UHN /DULVD &K)>

9RORG\P\U .KOOBIEDPFKXN 20HQD 2QRSULLFKXN
3RO\SKHQROLF FRPSRXQG\S 9/OW VFR\QLFRHD WQ\B R/ ISV R
WKH GHSRVLWLRQ RI PLON S&&MWkkQ¥«E\ 30DQWDJR

+DVQOD %YRXKHQQL .RXOD 'RX

6HYJL *H]JLFL 6RXKLOD 7DEDN

&RPSDUDWLYH VWXG\ RQ FKHPLFDO FRPSRVLWLRQ C
IHQXIJUHHIRQH@OD YR FXORQ G F&ERPROQQ XP

FAP L Q/X PV HehG ¥ « « « <& KKK QKKK KK KKK

$ODWROL\ 8NUDLQH\

$QGULL ODU\QLQ <XOLD =KHOXGHQNR
y,QYHVWLIJDWLRQ RI R[\JHQ VFDYHQJHUYV LQIOXHQFH
VD XVDJH W ¥R k & Od A « « « « « « « « « ««

7TDULTXH 3DQKZDU 6DUIDUD] $KPHG 0

6\HG 7XMX\MDMDLQ 6KHHUD]L $EGXO +DPHHG .RUL
=DKLG +XVVDLQ /PBKIEKPDQ-DAP®Q

3K\ WLFRFKHPLFDO FRPSRVLWLRQ DQG )7,5 FKDUDFW
FDVWR U«WY &G R «€ € € € KKK KKK KKK K

9RORG\P\U <XNDOR .C

20JD .UXSD 1DWWRYD 3DYO
2EWDLQU®J.RI DQG %6$ SURWHLQ IUDKWLRQV IURP F
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0 G OLQD ,XJD 6L
*UDSH VHHGV HIIHFW RQ UHILQHG ZKHDW IORXU GR)
RSWLPDO DPRXQW«BQGk SDxld W d=H VL]H

O9LROLQIFL 2[DQD 5DGX O9LDtF

(XJHQLD .RYDOKPEFPQWUDQBRULVWLQD 3RSRYLFL
SK\VIFKRHPLFDO DQG VHQVRU\ SURSHUWLHV RI IXQFW
SURGXFWYV ZLWK UR&Dx FOQkQO«SRLGHU

/IHVLD $YGLHLHD (G+DQQD 'k
,QIOXHQFH RI WHFKQRORJLFDO SDUDPHWHUV RQ WK
K\GURO\V LS URWH.L] B« & &IReGx X e ¥k « « « « « «

ODU\DP ODOHNL 6H\\H

6DPLUD <HJDQHK]DG $KPDG 3HGUDP 1LD

(IlHFW Rl EDVLO VHHGQX FF DDV KBIQ D®PRR UKHROR
DQG VHQVRU\ SURSHUWLHV RI VX¥S&QGHG EDUEHU

'"HQND =ODWHYD
(I'THFW RI 6SLUXOLQD SODWHQVLY RQ WKH FUXPE ILI
Rl ZKHDW EUHD G «&X W &k @« WdRkld B d K«
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JJIJ)RRG 7THFKQRDRJ\

(ITHFW RI XOWUDILQH JULQGLQJ RQ IXQFWLR
VR\EHDQSEARGXFWYV

yDQJ :D 9DOHULL 6% -LH =

16XP|l IDWLRQDO $JUDULDQ 8QlI
++HQDQ ,QVWLWXWH RI 6FLHQFH BEGERHGRORORJI| ;LQ[

SEVWI
-H\ZRUGV L QWURG XKWLRQWUDILQH JULQ/@®LEH DQHFK Q
E\SURGKF@ WIIHFWLYHO\ LQFUHDVH WKH FRQ
*ULQGLQJ WKH EHDQ GUHJV DQG LPWURY KV WH I WRDO/XF
6R\EHD Q ODWHULDO DQG6PHWKEBRGN SXOYBULJHU .&

%\SURGXFW ODVHU SDUWLFOH VL]H G+ VWADLEXMQR B OFHAMW

)XQFWLRQDO PLFURVFRSH 7KH EHDQ GUHJV ZHUH VXE
SXOYHUL]DWLRQ WUHDWPHQW DWG DV D
D FRQWURO JURXS

5HVXOW DQG GKWFAXNWHRQVROXELOLW)\ DQC
XOWUDILQH SRZGISURG KBWHHIFQY HEDVHG FRP
$UWLFOH KLVWRIMWK WKH FRQWURO JURXS $V WKH IUHTX}
VROXELOLW\ DQG H[SDQVLBQRWYFWHKH VR\E

5HFHLYHG VLIJQLILFDQW FKDQJH :KHQ WKH IUHTXHQF\
SHFHLYHG LQ UNRIOWEI . OLW\ ZDV DQG WKH H[SDQVLRQ
IRUP IUHTXHQF\ GHFUHDVH WKH ZDWHU KROGL
$FFHSWHG GRZQZDUG WUHQG :KHQ WKH IUHTXHQF\ ZI
KROGLGLWDSIMDFKHG WKH ORZHVW JJ D
WKH FRQWURO JURXS JJ WKH GLIIHL
&RUUHVSRQGLQJS 7KH RLO KROGLQJ FDSDFLW\ ZDV QR V
DXWKRU 7KH FRORU RI WKWRGEKEWD Q/ EJQLILFDQW F|
DIWHU X OQ\GULIMIL QHK HUE WIDIBXHQ RV WK H VR\EHD
-LH =HQJ SURGKPWE¥HHQ JUHDWO\ LPSURYHG DQG LW
(PDLO RULJLQDO ZKHDW \HDIOIREHL RKWMEKYD DX HD P \

JHQIJMLH # FRRIDGXDOO\ GHFUHDVHG 7KH PLEFURVFRSLF V
SURGXBFWW®WH FKDQJHV WR VFDQQLQJ HOHFW!
WKH SXOYHUL]J]DWLRQ IUHTXHQBWUBERKBWNVH
SRZGHU EHFDPH ILQHU DQG VPRRWKHU 7KH

GUHJV JUDGXDOO\ UHGXFHG :KHQ WKH IUH"
PHGLDQ GLDPBIWHU ' P EXW ZKHQ WKH IUHT.
OHVV WKDQ +] WKH SDUWLFOH VL]H RI WK
WKH VDPH DV D UHVXOW RI VFDQQLQJ HOHFW
&RQFOXOWRQDILQH JULQGLQJ ZDV XVHG W]
SURGXFWYV LQ WKHPSKD/Q FDPUORBDIPGWEKY KD\
FKDQJHV 7KH ZDWHU VROXELOLW\ DQG HI[S
LPSURYHG DQG PXFRRQWKRO WEKRXQSWRKKH [U |
Rl XOWUDWKLQ JULQGLQJ RI +] LV UDWLR
oy XOWUDILQH JULQ GLUWGRXRW YV D\@EDMKELU VXEV}
LQ WKH SURGXFWLRQ RI EDNHU\ SURGXEWYV

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJIJ)RRG 7THFKQRDRJ\

,QWURGXFWLRQ

&KLQD LV D PDLQ SURGXFHU RI VR\EHDQ SURGXFWYV
LQGXVWU\ Rl EHDQV KDYH D ORQJ KLVWRU\ BR\EHDQ FDQC
WRIX \XED IHUPHQW VR\EHD@ DQG WRLRW R@ WKH YL
GHYHORSPHQW RI &KLQD V VR\EHDQ LQGXVWU\ WKH GRP
WHQV RI WKRXVDQGV RI WRQV RI ZHW EHDQ GUHJV HDF
GHYHORSPHQW RI VR\EHDQV KD HEUW X JR WWIKJH DR\R @ FLRIDR
FDQ SURGXFH PLOO:+RQ YRREY SHU \5DDQ>& ; /L X
VR\EHDSU RGIXFWAO O Rl QXWULHQWY FRQWDLQLQJ GLHW

LVRIODYRQHV VOLQRWIRLELERBW DEW WKDQ VR\ PLON
SKRVSKRUXV LURQ DQG WRAEWDRUEEXBWMNUWMKRU B XW U L\
FKDUDFWHULVWLFV RI KLJK ILEHU KLJK SURWHLQ ORZ I
PLQHUDO HOHPRHDMWW RXKLORZSVRGLXP KLJK FDIDGH>XP DQC
@ /L % ®RZOHVNDQGHU ) < ' / :DQJ 7KH PDLQ
LQJUHGLHQRAE HROSWEEXHFWH GLHWDU\ ILEHU DQG SURWHLQ
DQG KHDOW®GYDWXH D JRRG GLHWDU\ ILEHU UDZ PDWHULI
RI GWIRHBHDSUEGXFWWYRXJK DQG PRVR\RH DX B GRHEMWNH Q W
XVHG DV DQLPDO IHHGV HYHQ WKH ZDVWH ZDV GGUHFWO
SROOXWLRQ WR WKH HQYLURQPHQW RQ WKH RWKHU KDQ

8OWUDILQH JULQGLQJ XVH RI PHFKDQLFDO IRUFH RU IC
FRKHVLYH IRUFH Rl WKH VROLG WR EUHDN LRNEHQ QVEH SU
SURGERBWWRGLILHG E\ IULFWLRQ H[WUXVLRQQFROOLVLR

S8OWUDILQH JULQGLQJ ZDV EDVHG RQ WKH SULQFLSC
SURGXFW ILQHU DQG PR ULHQWOU IDNFG YRIFM L $8)IRWE0 O HQ W
DQG FKHPLFDO SURSHUWLHV DQ®% LPSURBMGSUWMNVEQWW P
FRXQWULHV XVHG XOWUDILQH JULQGLQJ WHFKQRORJ\ WR
ULFH VR\EHDQ EHHW 3MB6S BGLEDE BPRQIXWBQG RWKHU |
FDQ SUHVHUWHD @XWPSH@WH WDYWH > @OWKDQUQH JUL
WHFKQRORJ\ FDQ EH VXSSRUWHG LQ ERWK PLFURQ DQG V
DSSOLHG WR FHUHDQ@KHNNWFKO RXUZR R E DIDWH\ELWE FKQ® O R
5RMD 1

1RZDGD\V WKH XOWUDILQH JULQGLQJ WHFKQRORJ\ FC
GLHWDU\ ILEHU LG WRIGK FARVE HDQQG EAPSURYH WKH WDVWH I
7KBWHIRUH LW LV QHFHVVDU\ WR GSYRGRSE VWD) G, X W/IKGL UHH W
EHDQ GUHJV ZHUH XVHG DV UDZ PDWHULDOV GULHG E\ KF
EHORZ 8VHG WKH VPDOO XOBVUW KLH B RIBIHIQ GURQV Z& 0 O
ZDWHU KROGLQJ FDSDFLW\ DQG RLO KRREGXHWHNFD S D PLM G
DQG WKH FRORU PLFURVWUXFWXUH SDUWLFOH VL]H DQGC
ZHUH PHDVXUHG DQGURKHRWRYEHEHOBMG JRRGY ,W SUR
WKHRUHWLFDO UHIHUHQFH WR WKH I XU WSKHRGX® VEDINHRX D
JRRGV

7KH ODERUDWRU\ PDLQO\ DGRSWV WKH X Q@WUBKLDW S
VSHFLDOO\ GHVLJQHGH IBULQYGKQXYEDMGR QJ SURFHVVLQJ 2z
FRQGLWLRQV 7KH PDLQ HQJLQH VSHHG DQG IDQ VSHHG
LQYHUWHU ZKLFK FDQ PHHW WKH FUXVKLQJ FRQGLWLRQ
UDQJH LV PHVK WKH FUXVERDJIJDFRG WKH FRQWLQXLW\ FD
DGMXVWPHQW UDG@VHWHKH IUHTXHQF\ GHFUHDVHV WKH V!
VPDOOHU 7KH SULQFLSOH LV DV IROORZV WKH PDWHUL

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F



JJIJ)RRG 7THFKQRDRJ\

SUHVVHG DQXJK RKGGIWKQBLQJ WDQN 7KH ILQHQHVV RI
DLUIORZ FDXVHGOHFWKS JDRPEWRU DQG RI WKH ILQH SRZ
LV HIITHFWLYHO\ FROOHFWHG

ODWHULDOV DQG PHWKRGYV
7THVW PDWHULDOV

6R\EHDQUR\GXFVWW ERXWKH ORFDO PDUNHW 66KSHUILC
%HLMLQJ <XMLH <XFKHQJ ODFKLQHU\ (TXLSPHQW &R /W
PHWHU %7 'DQGRQJ %D[WHU 6FDQQLQJ HOHFWURQ PLFUF

THVW PHWKRGYV

SURFHVV ICRZVGBRHEHXOWUDILQH SRZGHU

JUHVK VRSBEHIIBXERW DLU GULHG : RUGLQDU\ FUXVKHYV
: VHDOHG VSDUH

2SHUDWLRQ SRLQWYV 7 KHJ RGZWWR/ HIN IVHRGE MVDKQH @ \V X E
RUGLQDUN JULQGLQJ SDWIVHHYCH WBQ & XILKQ D O®PNWKKH RUGLQ
GUHJV ZHUH VXEMHFWHG WR XOWUDILQH JULQGLQJ DW G

SUHWUHDWPHQW |WBHMGREEWWRABHD QY EVHDG WR D
DERXW FP&DIWQ G GURMGDEWK ORLVWXUH RS URGIXHH®/NW R\EH
FRQWUROOHG @HORXYI- > 6PDVKHG WKURXJK D PHVK VL
WR SUHYHQW PRLVWXUH DEVRUBGXRWVIURP WKH VR\EHDQ

6XSHUILQH JULQGLQBURGENXNFWRAE WD REWKH SXOYHU|
GLITHUHQW IUHTXHQF\ WR VPDVK IRU PLQ FROBBRWWGLI
SRZGHU DQG VHW DVLGH

7HVW GHYKBQWRAEISDQ GEHFWHY WUHDWHG ZLWK GLIIHUHQ
DQ XOWUDILQH VRO ZIDYI XOBMUSXOYHUL]HG E\ DGMXVWL
FRQYHUWHU 7KH IUHTXHOF\7TUBQURDDIWU WKH IUHTXHQTF
SRZGHU 7KH SRAEERBWE\ PHDVXUHG IRU ZDWHU VROXELC
KROGLQJ FDSOGLWI FROSDRRW\ FRORU VFDQQLQJ HOHFW
GLVWULEXWLRQ DQG GLIIHUHQWLDO VFDQQLQJ FDORULP

'"HWHUPLQDWLRQ RI XOWUDILGHREXBDW VQIKRV LVFFD & HDXG
SURSHUWLHYV

(IIHFW Rl XOWUDILQH Y&EQGHRYQWRHQ WD RVIHYR REHFQV ¥ \
SHIHU W/RO0> - @ $ VDPSOH RI J BURBXEWWQZELIKHG DC
SODFHG LQ P/ EHDNHUYV P/ Rl GLVWLOOHG ZDWHU Z
WHPSHUDWXUH ZRIRIRGEWHNEBWWWLUULQJ $IWHU PLQV
IRU PLQ SRXU WKH UHVXOWLQJ VXSHUQDWDQW LQWR [
f@NR ZHLJK WKH UHVLGXH WKH WRWDDHRMRMVGRIVW KX BE
‘DWHWXYBIROL.W\ UHVLGXH PDVV - VDPSOH TXDOLW\ i

(ITHFW RI XOWUDILQH JULQGLQJ RQ WK HREDEWWR Q FR
PHDVXUHPHQW PHWKRG ZBYV 5X$BIHUH H & BOK[WADR ) & KD
& ) +XDQJ < |/ TXYPHEWRIO & / 6 -RKQWRQK

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJIJ)RRG 7THFKQRDRJ\

J RI WKH VDPSOH RI D FRQWDLQHU ZLWK D JUDGXDWF
VWLU DQG OHW LW VWDQG DW URRP WHPSHUDWXUH IRU
WLPH

&DOFXODWGRYHW WK H VDPBOG WBWVHMWSD QGHG YROXPH

H[SDQVLRQ YROXPH DIWHU H[SDQVLRQ - VDPSOH PDV\

H[SDQVLRIQiI 1

(IITHFW Rl XOWUDILQH JULQGLQJ RQ WKH ZBWRIGmXKRNG L
'HLJK DERXW JERIVRBIEFWR D FHQWULIXJH WXEH DGG
HYHQO\ SODFH DW URRP WHPSHUDWXUH IRU K FHQWUL
VXSHUQDMDIGWWDRIGNKH FHQ WU L5IXS plUVM X ESHB ® X [WDRD )
&KDX)& +XDQJ

'‘DWHU KROGLQJ FDSDFLW\ FHQWULIXJH WXEH DQG
FHQWULIXJHE GWAEAHRDR/W RI VDPSOH -GU\ ZHLJKW RI VDPS(

(ITHFW RI XOWUDILQH JULQGLQJ RQ WKH BUBGRINGUL Q.

7TINH DERXW J REWVRCGKBB/YOEH SODFH LW LQ D FRQVWD!
WXEH DGG P/ Rl VR\EHDQ RLO PL[ ZHOO DQG OHW LW
PLQ $IWHU WKDW FHQWULIXJH DW U PULDWRRQ G ZHQ JW

WKH WRWDO PDVV RI WKH FHQWULAXIH WXEH DQG UHVLGX
2LO KROGLQJ FDSDFLW\ FHQWULIEWD PEOEH IXQ® LWH
FHOQWULIXJH WXEH TXDOLW\ -VDPSOH TXDOLW\

&KDUDFWHULVRLIFFM RMRX EBWWB@ EF WV SRZGHU

&KDQJHV LQ WKH FRORUIREXMRVEBED @OBN BB I HQHWIRJ >Q @L
+XD@®J < /| ZDV WKH EULJKWQHVVZBV ¥k KHWAHD P SDMHV EOD
ZDV WKIH WHHHGQHVYVY RI WKH VDPSOH SRVLWLYH 2ZIDVOWHKHEDYV
\HOORZQHVV RI WKH VDPSOH SRVLWLYH YDOXH ZDV \HOO

S8OWUDILQH JULQGLQJ RQ WRH \EM\EW B RBEBB\XSHYN UD /RO \ \
> @KHQJ- J RI VR\ESIDRGERXWM/HU ZDV SODFHG LQ D E
Rl ZDWHU ZDV DGGHG VWLUULQJ ZDV FRQWLQXHG DQG G
ZDYHV DQG WKH REWDLRDGGDGGHEH QAL BRQODIWH YW B UW L FC
UHIUDFWLYH LQGH[ ZDV WKH FROQWURO VKDGLQJ UDWIL
WKH VR\BHRGEWWOLIITHUHQW IUHTXHQFLHY ZDV PHDVXUHG

(IITHFW RI XOWUDILQH JULQ GL QVRRBHDRYREDSHVRVUN W RF W
> @DR IRU PLQRU PRGLILFDWLRQV :HLJKSD RG@OPWVD F
SRZGHU VSUHDG LW RQ WKH FRQGXFWLYH DGKHVLYH SX
WR VSUD\ JROG IRU V HQWH RVKH ® YWKBJHDFXEB GWKIM HH
HQG RI WKH JROG VSUD\ WDNH RXW WKH WUD\ WUDQVI!
GHWHFWLRQ WDNH D PDJQLILFDWLRQ RI WLPHV WDNH

$QDO\WLV RI GLIIHUHDQORLOGWNEB R QROB\G EF WKOWUDILQH
JULQGLQJ

5HIHU WRDR @ 7TKH WKHUPDO VWDELOLW\ RI WKH VD
DQDO\|HG XVHG D GLIIHUHQWLDO #®X RRIL RHKWHWYD RBBS U PR D
ZHLIJKHG LOQWR DHQU 3SPIDHFHEG DQ G WHHVVXUH WHVWHG DW
DQG WUDQVIHUUHG WR D GLIITHUHQWLDO FDORULRHWHU I
DQG WKH WHPSHUDWXUH f&PHWHDVH UDWH ZDV VHW WR
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JJIJ)RRG 7THFKQRDRJ\
6WDWLVWLFDO GHVLJQ DQG GDWD DQDO\VLV

$00 DGZWUH DVVD\HG DW OHDVW WKUHH WLPHV DQG
PHDOYWDQGDUG GHYLDWLRQ ;“6' 'DWD DQG PDSSLQJ ZHU|
136 ([FHO DQG 6366 DQDO\WLV VRIWZDUH ZDV XVHG WR
GLITHFBINQZHUH UHSRUSWHG ZDV VHWWLQJ

5HVXOWY DQG GLVFXVVLRQ

(ITHFW RI XOWUDILQH JULQGLQJ RQ SK\WLFDO DQG FKI
SURGXFWYV

(IITHFW Rl XOWUDILQH JULQGLQJ RQ 3D RG)FWRD R EEID L W
VHHQ IURP MBXUKOWUDILQH JUNRGE QDR EG XM 2R/ H U
VROXELOLW\ VLIJQLILFDQWO\ KLJKHU $V 1UHTRMEGBDQRE\X O\
SURGSR®G/HU ZDV ILQH DQG WKH ZDWHU VROXELOLW\ GL(
ZKHQHWHBHTXHQF\ ZDV  +] WKH ZDWHU VROXELOLW\ ZDV
KLJIKHU WKDQ WKDW RI WKH XQWUHDWHG VDPSOH
S 7KLV PD\ EH GXH WR WKH PHFKDQLFDO IRURB RI WK
SURFHVV DQG WKH SV R VEHIDSURGRWHMNNG HQ DWKHUHG UHV.
GHFUHDVH LQ ZDWHU VROXELOLW)\ 6HFRR\E®I\C5W EBK RW W K
ZHUH FRQYHUWHG LQWR VROXEOH |LHEFHWH® QR WRR HZ BI\WH!
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JUHTXHQF\ +]
YLIXUH (IlTHFW RI XO WZDWLHLH VIFBOVPESHE GPDER ®\G X F W V

PF'LITHUHQW SDUDPHWHU VXSHUVFULSWV LQ WKH ILIXUH LQGL!
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JJIJ)RRG 7THFKQRDRJ\

(IHTHFW RI XOWUD R@ HV KBIL B B0 VL R G UR GUGRMEMD® EH
VHHQ IURP )LIJXUH  WHKIRVEGI\BSURGRHWWLIXHWH[SDQVLRQ
XQWUHDWHG EHDQ GUHJV V RYEHHIZX\BHG MAVHY G XKD KHDW/L ]
VPDOO VSHFIDURD/W®FMKH VDPSOH KDYH KLJK H[SDQV]
XOWUDILQH JULQGLQJ DIIHFEWVE W DA R CHESUHEDY WG RU RVTKKHH Q F

+] WKH H[SDQVLRQ SURSHUW\ ZDV KLJKHVW ZKH
+] WKHW[BQBURSHUW)\ ZDV VOLJKWO\ ORZHU ,W LQGLFD
LOR\EHDSUBGXWWHY GDPDJHG LQ D FHUWDLQ IUHTXHQF\ UL
DOG WKH PDFURPROHFXODU VXEVWDQFH GHFUHDVHG ZL
H[SDQVVRQERDSUEGXHFWHY DIIHFWHG
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o BRI
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JUHTXHQF\ +]
JLIXUH  (ITHFW RI XOW U DH[SDH Rl RARG E B GREMAWHY

PE'l [IHUHQW SDUDPHWHU VXSHUVFULSWV LQ WKH ILJXUH LQGL

(ITHFW RI XOWUDR@QADWHQXKROGLQJ FDSDRGWKWN VR\E
ZDWHU KROGLQJVRDEBBEBEWRGFWEKADWHY WKH ZDWHU DEVR
WKRHR\VEHDSUEG X¥WWQ EH REVHUYHG LQ )LJXUH WKH ZDW
VR\EHDSY FOBHFUHDVHG ZLWK WKH GHFUHDVHG RI WKH IUH
ULJKW RQ +] WKH ZDWHW RRECHIER E ERHBWHZ IDW & H BAKW
W VKRZHG WKDW WKH ZDWHU KROGLQJ FDSDFLWVEWV OL(
RI WIRNEHOCSQJ EG XHWWYU WKH XOWUDILQH SRZGHU WKH SRU
WRK/R\EHDBYEGXHFW GHVWUR\HG WKH ZDWHU KROGLQJ FDS
KDQG LW PD\ EH WKDW WRHNE 5 DEUWERKMH G XIFJHHG R IWW K HU H W
FDSDFLW\ RI WKH ZDWHU DQG WKH DGVRUSWLRQ FDSDFL
FDSDFLWRREMISEM EGXPWW WKH XOWUDILQH JULQGLQJ ZD\
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JUHTXHQF\ +]
JLIXUH  (ITHFW Rl XOWUD D\@H U K ROGILQY MG D EG RF W V

PF'LITHUHQW SDUDPHWHU VXSHUVFULSWV LQ WKH ILIXUH LQGL!

(I I1HFW Rl XOWUDILQH JULQGLQJ RR\WKESRERW RIRWGLQJ |
VLIH RIWKH RLOWRZDGL @ D IFPGDBHODWHG WR WKH VWUXF!
LQ WKHIPDWHULDO $V FDQ EH REVHUYHG IMRVEHRQHE\ W
SURGZHHY QR VLIQLILFDQW FKDQJH

D
£

fiijﬁi

2LO KROGLQJJDS

JUHTXHQF\ +]

JLIXUH  (IITHFW RI XOWUDILQH J USLODFG. DR RR ) DWBKRIGRIFQV K R O G
PG'LIITHUHQW SDUDPHWHU VXSHUVFULSWV LQ WKH ILJXUH LQGL
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JJIJ)RRG 7THFKQRDRJ\

$V WKH IUHTXHQF\ Rl XOWUDILQH JULQGLQJ GHFUHDV
GHFUHIXVHHG WKH IUHTXHQF\ K DFIKMWROGLQW FDSDFLW\
&RPSDUHG ZLWK FRQWURO JURXS JJ WKWRREHD®QOO
E\SURGXGWNUPLQHV WK H R VEWDEWEKE XFERBMKMWKH VWURQJ
RI PHFKDQLFDO IRUFHD WK HVKWHHRMOH K RIDIGH GDPDSDFLW\ ZI
ZDV VLJQLILFDQWO\ FRUUHODWHG ZMRKEW RS EBW FW VK R O (

(ITHFW RI XOWUDILQH JULQGLQJ RQ WEKMHRERIFIWODFWHULYV

(IITHFW Rl GLITHUHQW KWHF X8 R B LRIN\ERE MDQVEQ EH
VKRZIDEOMVKH FRORU RI EHDQ GUHJV KDV FKDQJHG VLJQL

7DEOH
&KDQJHV LQ FRORU DW GLIITHUHQW IUHTXHQFLI

JUHT XH! / D E

“ | “ I “

- 7] T ®
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E “ E
| |
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1RWH 7KH GLIITIHUHQFH EHWZHHQ WKH ORZHUFDVH OH\
LQGLFDWHY WKDW WKH GLITHUHQFH LV VLIJQLILFDQW

sOWUDIGQRRIIURFUHDVHY WKH EULJEWRGHWAWRI WEE W
I[UHTXHQF\ GHFYBDWHVJIUDKEK D O M\ YLEROFXUHH EDFEVOVKHHH/ O L JK W
GHFUHDVHG DQG WKH GLHHUHQMHUEBWVHI@ALIWKDYWH V\
PHFKDQLFDO IRUFH WKH XOWUDILQH JULQGLQJ FDQ LQFU
E\SURGXFWYVY LPSURYH WKHBRGRBWY WH VFRD EHDWQKE\ IO R
E\SURGXRWH GHOLFDWHS5BQGG6VKLQ\ > @

(IHMTHFW GRLITHUHQW TUHTXHQFLHY RQ WKH PLFURVWUXF
VR\EHDRQURG XPWADQ EH VHHQ IURP )LIXUH WKE&RQX\QERHU V
JURXS GUHJVY KDYH D ODUJH XQHYHQ VWUXFWXUH DQG |
IUHDXN ZzDV DW] WKH SDUWLFOHSWRRGKKHRDMRABHTDD @HU D
VWUXFWXUH RISURIGKERMNWBRABY EKHQ WKH UK XWIQH \SDIUMV L F
VKDSH zZbV UHPDUNDEO\ VPDOO DQG WKH SDUWHFOHV
IUHTXHQF\ ZDV VHW WR +] WKH SSIIRGEEHWRPH RIL QMK B Q\
XQLIRUP :KHQ WKH IUHTXHQF\ ZDV +] WKH SXOYHUL]L
VR\EHDSYU EGXHWH/ ILQH EXW VRPH XQHYHQ DJJOBRPEWDWLF
WKH UHGXFWLRQ RI WKH I[UHTXHQF\ FRQYHUWHU ZKLFK L
8QGHU WKH VWURQJ PHFKDQLFDO VKHDULQJ DFWLRQ W
LQFUHDVHG DQG VRPH SDUWLFOHV ZHUHVWNWUMXMHWXWHGR IV
VR\EHDSUEBRGZXHWW GHVWUR\HG 7KHUHIRUH LW ZDV IXUWK
VL]H zZzDV IXUWKHU UHGXFHG WKH UHWHQWLRQ FDSDFLW'
UHGXFHG UHVXOWLQJ LQ D GHFWHD WR 0@ LMDK HF B 5DIFQ WL RI
DIWHU WUHDWPHQW ZKLFK ZDV FRQVLVWHQW ZLWK WKH
VR\EHDSU EG XFWYV
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JLIXUH  (IIHFW Rl GLIIHUHQW IUHTXHQFLHV RQ WKH F
RI XOWUDILQMN FSEHEGRURREIW V

(lITHFW RI GLIIHUHQW IUHTXHQFLHV RQ WKH PHGLDQ
VR\EHDRQUR\G XFWYV

W FDQ EH VHHQ IURP )LJEUH WKDW WKH GLIIHUHQW IL
D JUHDW LQIOXHQFH RQ WKH PHGSDRGEENPH VAN UNVKIHWIKXO
IUHTXHQF\ GHFUHDVHV WKH PHGLDQ SDUWLFOH VL]H RI W
WKH IUHTXHQF\ ZDV KLJKHU WKDQ  +] WHRGXIFMIELNF QR \
LQFUNWOCHAD XVH WKH PDWEMUBOPSDQ®\LFXEMHFWHG WR F
PHGLXP YLVFRVLW\ UHVLVWDQFH LQ WKH ERG\ RQO\ WKH
UHVLVWDQFH RI WKH PHGLXP WKH SXOYHUL]HG PDWHULD
LPSHOOHUWIKM) ® LNORZ HQWHUV WKH SRZGHU FROOHFW
IUHTXHQF\ WKH IDVWHU WKH URWDWLRQ VSHHG DQG WKI
IRUFH ILHOG WKH VWURQJHU WK W FGVIHU Y DEIHD QV LR Bl F HV
FROOLVLRQV DQG WKH VWURQJHU WKH VWUHQJWK RI WKH
SDUWLFOH VL]H Rl WKH REWMRRQ&GXSRZGRU A ' @
+RZHYHU LI WKH SXOYHUL]DWLRQ VSHHRI Z\DK/HWSARRRZ ®HDW PH
LQFUHDVH WKH VXUIDFH HQHUJ\ PD\DLUQBUWHDWH DO S XK
ODUJHU SDUWLKROH VL]MKLV@SKHQRPHQRQ ZDV FRQVLVWH(
VL]H PHDVXUHPHQW UHVXOWYV

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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JUHTXQF\ +]
JLIXUH  (IITHAWHRIWGLUHTXHQFLHV RI WKH PHGLDQ GLDPHWH

VR\EHDRQUR\G XFWYV
PE'| [IHUHQW SDUDPHWHU VXSHUVFULSWV LQ WKH ILJXUH LQGLFEC

(IITHFW Rl GLIIHUHQW IUHTXHQFLHV RI WKHGWWHHRIPDO
VR\EHDRUR\G $AMWRADQ EH VHHQ IURP 7DEOH FRPSDUHG ZL\
SURGXFWYV $V WKH GLIITHUHQW IUHTXHTQRF LSH/DGHFHPSNUBID \
7S DQG WHUPLQDWIZRQRMW WKS$H X DW XD KNE® B QEUELRIGI RN V V |
FKDQJKE LQLWLDO WHPSHUIHOX K ®Y MUKHHGOWRNEHDQ U F
IURP f&WR f& 7KH SHDN WHPSHUDWXUH JUG@&XR OO\ LQFL
f& 7KH WHUPLQDWLRQ WHPSHW@HNW®R XU H &UTK/H VH QWREPD O S\
LQFUHDVHG fiIB®VRR f&&RPSDUHG ZLWK WKH BURILQDWDVV RAK
LQLWLDO WHPSHUDWXUH WKH SHDN WHPSHUDWXUH WKH
DOO GHFUHDVHG ILUVW BRBZW KWHQD IWQINMKRHENRNEH \IY & HEAP D (
VWDELOLW\ DQG VDIHW\ DQG WKHUH ZDV QR XQLGHQWLIL
WKH VR\BHIREGEFWY 7KLV FRQFOXVLRQ FDQ ESURGXPBWMV IL
SRZGHU ZKLFK ZDV Rl JUHDUN MIEML IIIRAD € B N L)W DRRIGH W D

7TDEOH
(I '"THFW Rl GLITHUHQW ITUHTXHQFLHV RI WKH WWRAERDQ ¥ WDELO|
SURGXFWYV

JUHTXHC| 7 7. 7 T+
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JJJ)RRG 7THFKQ@RDRJ\
&RQFOXVLRQ

S8OWUDILQH JULQGLQJ KDV D FHUWDLQ LQIQXHMAVHRRQ
VR\EHDSUEGXFWV &RPSDUHG ZLWK WKH &RQWURO JURXS
RI VR\EHODWQWREEFWWOWUDILQH JULQGLQJ KDG LPSURYHG
IUHTXHQF\ WKH ZDWHU VROXELOLWS DRGEXHPHND QVILRIQ LAEID
FKDQJH :KHQ WKH IUHTXHQF\ ZDV  +] WIKGIGZ YW H UH NSROGX
ZDV P/'J $V WKH IUHTXHQF\ GHFUHDVHG WKH ZDWHU
WUHQG :KHQ WKH IUHTXHQF\ ZDV W\+U HD K K HH® WK Y IORA & \
DQG FRPSDUHG ZLWK WKH FRQWURO JURXSS J TKHWKH C
RLO KROGLQJ FDSDFLW\ ZDV QR VLJQLILFDQW FKDQJH
'LWK WKH GHFUHDVHG RI WKH XOWUD L QWD 5X® ¥RIIUW] D\
EHDQ GUHJV LQFBQEBWGBO PG MWK XDOO\ GHFUHDVHG  $I1)\
WKHYDOXH EULJKWQHVYV ZDV JUHDWO\ LPSURYHG IURP WI
FUHDXAX\LWH LW LQGLFDWHG WKDW XOWRW IRQ N KH LRIBW & U
2EVHUYHG E\ VFDQQLQJ HOHFWURQ PLFURVFRS\ WKH PL
GLIITHUHQW IUHTXHQF\ KDV FKDQJHG VLJQLILFDQWO\ 7KH
GHFUHDVH RI WKH VSHHG WKH BHDRUSBEB HRU WHKHRSBIWWL ¢
VPRRWK DQG WKH SREIGWHUUBMER PSHDW WIQROH VL]H REVHUYD
EHDQ GUHJV DIWHU XOWUDILQH SXOYHUL]DWHR QU GRE UG
IUHTXHQF\ ZDV  +] WKH '+RZIMWHU ZKHQ WKH IUHTXHQF\
+] WKH SDUWLFOH VLB RGMWBRHDV RHEQGBOQE\ WR ULVH
7KURXJK WKH DQDO\VLV RI GLIIHUHQWLDO SUFIP&QAVQMY PDK
VR\EHDRUEGKPWMKHUPDO VWDELOLW\ DQG VDIHW\ DQG
VXEVWDQFH ZKLFK KDV QR DG YSURG XKWYWFHMRE VDKW HAR \E
RI PXOWLSOH LQGLFDWRUV ZKHQ WKH IUHTXHQF\ RI XOW
WKH VR \BHRGXFWWLFOHY ZHUH XQLIRUP DQG WKH WH[W XL
SURYLGH WKHRUHWLFDO EDVLVSRIRGKEVEFRRGXFWLRQ RI V

5HIHUHQFHYV

ODWIBDULFCRWBRYQRGRXSp BH] +LJK K\GURVWDWLF Sl

LPSURYHV WKH IXQFWLRQDO LW URIGX EMWIUR\E VERY BMOQY R N

JRRG 6FLHQFH (PHUJLQJ 7BKQRORJLHV

*ROELW] 3 7UDGLWLRQDO VR\IRRI VR SURE B VR/ILQ X \D!
VXSS® =

5XDQ & $L . IX POLRBMYWN.YHG FDUERQ FSMHW HRILDIYF HR |

VXSHUFDSDFLVBRE $I®HFQFIRE HV +

/LX ; -LQ - :DQJ * +HUEHUW 6 - 6R\EHDQ \LHOG

RI KMIKOGLQJ SUDFWLRH§DHD GRIUWRKSHDY M8 & D F K

/L % 4LDR O /X ) &RPSRVLWLRQ QXWULWLRQ D

UHVLER®RIG 5HYLHZV ,QWHSISIDWLRQDO

%RZOHV 6 'HPLDWH , O 3K \DMFIRFX HP L AIK® MR

SURRNDWRRG 6FLHQFH DQG 7HSEK@RORJ\

,VNDQGHU ) < ODWXUDWLRQ VWDJHWRRGGFRHOHUWO\
SS

DQJ ' / /L% /8 ) 1DQ + - 1XWUISH)DW\ZRP SRQHQW\

&XUG SHMRBXIPQG )HUPHQWDWLRS7THFKQRORJ\
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JJIJ)RRG 7THFKQRDRJ\

'LDQJ = 1 1LQJ = 1 7HFKQRORJ\ Rl VXSHUILQH JUL
LOQGXWRWRWG 5HVHDUFK DQG 'H8BORSPHQW
/LY / :DQJ + $SSOLFDWLRQ DQG 5HVHDUFK RI 6XS
JRRG ,QGMMWU\7THFKQRORJ\ (BSLSPHQW

=KDQJ 0 =KDQJ & - 6KUHVWKD 6 BWXG\ RQ V
VXSHUILQH JHBXRQ ® SRREB\EH FKPXUQ@IXOKKIDYRRG (QJLQHHU
SS +
5RVD 1 1 %DUURQ &pFLOH *DLDQL & 'XIRXUL&®H OLFI
JULQGLQJ LQFUHDVHY WKH DQWIR{UGDOQWR F R B D ADW\ 6FILHt
SS =
&KHQJ - - [XR & ; ILX - 2SWLPLIDWLRQ RI SU
FKDUDFWHULVWLFV DQDO\VLV RBNRABFBQ QGHINVFXQWORJI
,OGXVWIE =
/LO - =KDQJ < < <RX D@D ELVFXMQS U R F6HRLH@FIHWHFE ¢
7HFKQRORJ\ Rl J)RRGS,®GXVWU\
3 5XSpUH] &PDXMDR ) 'LHWDU\ ILEUH DQG SK\VLFF
HGLEOH VSDQ(X¥RSHDIHWBR/G 5HVHDUFK DRSS 2HFKQRORJ\
&KDX & ) +XDQJ < |/ &RPSDULVRQ RI WKH FK
SK\WLFRFKHPLFDO SURSHUWLHV RI GLITHUHQW ILEHUV SU
&Y /LXFKRDQUQDO RI $JULFXOWXUDO BOG ¥RRG &KHPLVWU)
7XUQEXOO & 0 %D[WHU $ / -EKQGRQIFDSDFLWDWEG
RI $XVWUDOLDQ VZHHW OXSLQ NHUQHO ILEUH XQGHU LQ )
JDVWURLQ W, HQWW\HLXDIONVRQOB® MR XUQ DOWRIRIGEG+VFLHQF H\
7X = & &KHQ / / :DQJ + (ITHFWV Rl )HUPHQWDWLR
OLFURIOXLGLIDWLRQ RQ 3K\WLFRFKHPLFDO 3URSHUWLHV
&KLQHVH -RXUQDO RI +LJK BBHWV/XUH 3K\VLFV
+XDQJ 6 < +H < : 4LDQ % - ORGLILFDWLRQ RI ,Q\
E\ +LJK 3UHVVXUH +RPRJHQL]DWLRQ DQG +LJK +\GURVWDYV
RI WKH ORGLILRB G BRGHOWSS =
&KHQJ - - BWXG\ RQ GU\LQJ PHWKRG RI VR\EHDQ DQG L
ODVWHU V WKHVLV 6KDQ[L 8QLYH®¥+W\ RI 6FLHQFH 7HF
*DR & 'HYHORSPHQW DQG UHVHDUFKFRQWODLU®LQIORRE
GLHWD U\RIEW R U D OWDIS\AVR Q
=KX . ; +XDQJ6 3HQJ: 4LDQ + ) =KRX + 0 (111
RQ K\GUDWLRQ DQG DQWLR[LGDQW SUR)YRROGN5HY HPIU EK |
,QWHUQDW LR D©O
5HQ 6 * G6WXGIRD WKH OXWULWLRQ DQG SK\VLFRFKHP
PLFURQL]HG VR\EHDQ FPHPWDHREGHWHUWDWLRQ 6L FKXDQ
s
-LOLQJOLX & 2SWLPL]DWLRQ RI GULHG ROGHU VWHP
RIIQMLORRG ODFKLQHMB =
'DQJ/ ' :DQJ: + 3URFHVVLQJ 7THFKQRORJ\ Rl OLO:
$LU 6XSHUILQWD WPLRUR®YIFWYV 3FREHVVLQJ
'LH< ) 7LDQ 6 - 0D < QEHFW RQXIXWBW LIRIGD OUS L
RNDJRIRG ODFKL®SH\
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JRRG GLVSHUVLRQ V\VWHPV SURFHVV VWDELO

$QGULL *RUDOFKXN 20JD *ULQFKHQNR 20

.KDUNLY 6WDWH 8QLYHUVLWI| RI )RRG 7HFKC(

$SEVW
.H\ZRUGYV

,QWURG XKWRIYRQ@ YLHZ LV BIPYDHAQLIWR V\
(PXOVLRQ LQIRUPDWLRQ R WHMHWL®MG L\WB W RBUW\R G X F
YRDP VWDELOL]DWLRQ RI |IRIRRV IS3® \H® X OVK
6WDELOL]DWLRQH[LVWLQJ UHJXODULWLHV IRU PRUH
5KHRORJ\ SRO\SK/DWWHPV
/ID\HUV ODWHURQONWKB@WD O \W WHORLWM K H

SURGXFWLMRMD L@&]DWLRQ RI IRDPV DQ
GLVSHUVHGXE®IWKPHG RYHH DWMKH SDVW

UHVHIRFKXRAVKRD PH/P X O VLRROAW XOVLRQ
V\V W IDRME KHMVWHFRM.QJ VLPXOWDQHRXVO

$UWLFOH KLVWRUH{YPXOVLRQ DQG VXVSHQVLRQ

SHEHLYHG S5HVXOMGGLVFXVVKR&JRDPDQG

R P LO DWMKIBHNR G XE M LIR@V
5HFHLYHG LQ UHQ\?VVH@IQVI ?F;WR-IQ\IHUPLQHG E\ WKH UDWH |

SEEHSWHG DG VR UGVXIORQ LYDVWKORD P @K HUHIRUH
WKH SURGXFWLRQ RI IRDP HPXOVLRQV F
&R D O i YF B@H V W UDGFGALLFEDM B UFFIR® P V

DQG HPXOVLRQV DOLNH DQG LW LV GHW
&RUUHVSRQGLQJ BRANWKRUIDEWRKW\VL QGLFDWRUV DUH GHW
IHDWXUHV RI WKH GILKWSM X/GN\R B PFDHNGLL] XIFS
$QGULL *RUDOFKXW KBIF WHRQUWX UL Q DWW HRIWELEIS HURH RQ V\V
(PDLO VW UXFW XU DI® PWR KD IGILEFDIY BELOL]LQJ IR
DEJRUBEFERP DQG HPXONYRYWHPEOGWRHDRIBURWHLQV
RQ RWROZIGWIOUWRDRR@FRPELQRWLRQ
SURWHLQ Y FROHF OYRZU VXBPERL\QYDQYWRQREI|
SURWHLQV DQG SR®\ WD KFRADRKLOIBOH\F D O

IDFWRBLR O\S K DAWAW YD E L OLLGDWWRE KO DU
IRDMPXOVILREDN RGVH O HFRAXUQD FW® QW V
UHJX OBWRO BILLEDHRMW QMM UIDFH DGVRU S
OD\HWK/H XHQFH Rl GLVSHHVERHGKBYVHV
WKHLU VSDWLDO ORFDWLRQ LQ WKH IRR(

&RQFOXYKR®WRORURSHUVDMANU I D FH
DGVRUSIWLRFR QW D LSULRQN MOQM D FWD QW V
SRO\WDFFRRELGKVVFRRIMWMKGELVSHUVLRQ
PHGLS®WKHWBDOW LQ HQVXULQJ WKH VW

>y GLVSHUVLRQ V\VWHPV
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JJJ)RRG 7THFKQ@RDRJ\
,QWURGXFWLRQ

0DQ\ FXOLQDU\ DQG FRQIHFWLRQDU\ SURGXFWV DUH FK
7KH SKDVHV PD\ GLIIHU LQ FRQWHQW DJJUHJDWH VWDWH
JRRG GLVSHUVLRQ WRR® HFDP LLADHD GNKKIIQHY W IHEPOMKW W H
GHYHORSPHQW RI HITHFWLYH VROXW LR QQR WRRUWEYM Q JWK }
QHFHWEDFUWBMHBSNHULQJ ZKLFK WKH IRRG SURGKHFQWEZYE O
S X IDHYIBS S OLWGE DAEYH HEQ V F X WAKEHDR G X B AVG\R D E L RUTDDVL\R Q
HPXOVNVNRESHQDNQRRRGNKH IXQGDPHQWDO UHVHDUFK LQWR
VWDELOL]DWLRQ RI IRDPV DQG HPXOVLRQBDVHG FEDWQL
GHWHUPLQNG/EHRWKKJIJUHGLHQWY DQG WKH ZD\ Rl WKHL
GHYHORSLQJ DQG VFLHQWLILFDOO\ H[SDQGLQJ +RZHYHU
SRO\SKDVM\VRARHGPV FRQWDLQLQJ V FSYHRGXF VBILRIG! DHXGBWV ST
QHDUOH[QRWHQW 7KHUHIRUH WKH GHYHORSPHQW DQG L(
IRU KHWHURJHQHRXV SRO\SKDVH IRRGV DUH LQKLELWHG
VFLHQWLILF GDWD RQ SURGXFLQJ DQG VWDELQIQJXKRIKHW
SKDMRDPY DQG HPXOVLRQV DQG WKHLU IXUWKHU GHYHOR:
IRRGV

ODWHULDOV DQG PHWKRGYV

7TKH DQDO\WLFDO H[DPLQDWLRQ RI WKH SDSHUV RQ
HPXOVLRQV IRDPV DQG SRPVSRbNH WKWSEHDWVWG VWHDW V

7KHHVHREFKRIWVKRID PHP X O VIIRRDERW X O VL\RWQBI QW K/AHV W H P V
EHLQJ VLPXOWDIRRHRXWIOR QI RRDPG7 KK WSHXQGNALRQ D O\[HV VXUIL
VWDELOVHBUWR SURYLGH GLVSHUVLRQ V\VWHPY VWDELOL!

5HVXOWY DQG 'LVFXVVLRQ
7TKH SURGXFWLRQ IRDPV DQG HPXOVLRQV SURFHVV (

JRDPV DUH WKHUPRG\QDPLFDOO\ XQVWDEOH V\VWHPYV
OLTXLG RU VROLG GLVSHUVLRQ 1R @OHISRVWHGIDQ JHR/HR
WLV QRWHG WKDW WKH JDV EXEEOH VL]H IOXFWXDWHYV Il
>@ 'HSHQGLQJ RQ WKH FRQWLQXRXV SKDVH FIRIRWHQW
VSKHULFDO SURYLGHG OWRR ERGHFPWHOWILRQSHIRIVEBHG K
SKDVH JRDP VWDELOLW\ LV LQIOXHQFHG E\ YDULRXV |
FROFHQWUDWLRQ RI WKH IRDPLQJ DIHQW WHPSHUDWXUH
WKH VXUIDFH WHQWKRIQL @ WURGXWIWRRQ® RI HOHFWURO\WHYV
IRRGV DV VROLG SDUWLFO@ V+RZWWWH W DV¥ KFHALW HWPLSDAFW >R Q
KDV EHHQ VWXGLHG LQVXIILFLHQWO\ DQG IXUWKHU ZRUN

JRDPDUH PDQXIDFWXUH@ LTXWZRUXDMW Y LQ DLU GLVSH
LQWHQVLYH PL[LQJ RU JDV EORZLQJ WKURXJK OLTXLG 7K
LQ OLTXLG DV D UHVXOW RI OLTXLG ERLOLQUVGXXUWRVIHD V
JDV LV ILUVW GLVVROYHG LQ WKH OLTXLG XQGHU KLJK
LPSOHPHQWHG LQ VSUD\ ZKLSSLQJ FUHDP
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(PXOVLRQV EHORQJ WR O\RSKRELF FROORLGV WKH\ I
KHWHURJHQHRXV V\VWFHRLVG\ZKLKBEKW GR WRR ®L[ EXW DU
RWKHU 7KH GLVFRQWLQXRXV GLVOAUVR-® SHONGIGLIYH R
WKH GLVFRQWLQXRXV SKDVH SDUWLF O H RX DH/ LHRRQ\O VR REL
HPXOVLRQV DQG BFNBVHRRQWVIRRQY 7KH VSHFLILF IHDWX
WKDW HR¥ORLRQV XQOLNH WKH RWKHUV DUH RRIPHG E
LQWHUIDFLDO WHQVRR®Y KDHNGRERRWWLQXRXV SKDVH SDUW
WR QP WRKORLRQV DUH WKHUPRG\QDPLFDOO\ VWDEOF
VXUIDFWDQMPXQYLERYRSDUWLFOH VL]H YDULHV IURP W
NLQHWLFDOO\ VWDEOH KD¥HPARZ D/XE® |VKH WHGVKRQFRC
VXUIDFWRQWMQV DUH NLQHWLFDOO\ VWDEOH KDYH ORZ
SDUWLFOH VRQIM WRRP >@ 1BI@ROVLRQV DQG HPXOVLRQV
SUDFWLFDOO\ XVHG LQ IRRGV

(PXOVLRQV DUH FODVVLILHG DFFRWGS KD WRFRG R HRM W
GLOXWHG KFRQFHQWUKWHG DQG KLJKO\ FRQFHQWUDW F
GLVSHUVLRQ PHGLXYP BWROWKHWILYVSHUVLRQ PHGLXP LV D S
GLVSHUVLRQ PHRXPULPET XQRD >

W QMFHVVDU\ WR FDUU\ RXW WKRURXJK H[DPLQDWLR:
IRUPLQJ DQG GHVWUR\LQJ IRDPV DQG HPXOVLRQV 7KH !
IRDPV DQG HRXOVXR@W VLPLODU 7KH IRUPDWLRQ RI WK
JLIXUHR RU DQ BHIPIXQME QLY DFFRPSDQLHG E\ WKUHH VLPX
"LVFRQWLQXRXV SKDVH SDUWLFOHY DUH GHIRUPHG D:
BUIDFWDQWY DUH GLIIXVHG LQ WKH QHZO\ FUHDWHG S
RQ WKHP
'LVFRQWLQSPXWBRKOMKW FROOLGH ZKLFK OHDGV WR F
(PXOVLRQV DUH SURGXFHG XVLQJ WKH PHWKRGV RI G
URWDU\ SXOVHUV KRPRJHQL]JHUV XOWUDVRXQG PDFKLQF
PLFERDQQHOV I\@Q JPKMOWXUHY DYDLODELOLW\ RI WZR OL
LQ HDFK RWKHU DQG WKH DYDLODELOLW)\ RI VXUIDFWDQ
DGVRUSWLRQ OD\HU 7KH ZD\ Rl HQHUJ\ VXSSO\ LV LPSRU\

7R SURGXFH D GLVSHUVHG V\VWHP LW LV QHFHVVDU\ \
ERXQGDU\ VXUIDFH PHDQLQJ WKDW LW LV QHFHVVDU\ WF
IRUFHV FRKHVLRQ IRUFHV 7KHUPRG\QDPLFDRDGVORR HUK
ORZHU YDOXHV RI VXUIDFH LQ WKH IRDP RU LQWHUIDFL
E\ LQFOXGLQJ VXUIDFWDQWV > @ 7KH EUHDNXS RI G
FDSLOODU\ SUHVVXUH ZKLFK LV \V8HRISRAL\Y DR Q\DHQN LWVRR) \D
SURSRUWLRQDWH WR WKH GLVSHUVLRQ SDUWLFOH UDGL
SUHVVXUH RI WZR DGMDFHQW EXEEOHV WULJJHUV JDV (
6XUIDFWDQWY UHVLVW FRD PH WHI@\FIHR GG X HIDV& R HQRAH SV X ¢

7KH IRDP DQG HPXOVLRQ SURGXFWLRQ SURFHVVHV DU
$Q LPSRUWDQW GLIIHUHQFH EHWZHHQ WKH IRUPDWLRQ R
UDWH (PXOVLI\LQJ SURFHYXWWVRPXRRPIDRWPDWWRQQ 2W LF
GLIIHUHQW UDWHV RI DGVRUSWLRQ RQ YDULRXV SKDVH E
WKH VL]H Rl GLVSHUVLRQ SDUWLFOHV ZKLFK LV QRUPDO
VHSDUDWH IRDP IREPOWDRQ RQRF V@FH WKH GHVWUXFWLR
RI IRDP IRUPDWLRQ > @ ,Q HPXOVLRQV VXFK DV PLON |
RQO\ XQGHU WKH KRPRJHQRDPLQIWSHIHVRROHR > @

+ 1+
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FRQWLQXRXV SKDVH

%’% %”é:l
%,- * 4 &
% 7// 7 *\7 %
AT T2 T 24T D

JDVHRXV SKDVH

JLIXUH)RDP IRUPD&LRQ >

JLIXUHE6FKHPDWLF UHSUHVHQWDWLRQ RI WKH YDULRXV SURFH
IRUPDWLRQ 7KH GURSY DUH GHSLFWHG E\ WKLQ OLCQH DQG Wi

J)DFWRUV DIIHFWLQJ IRDP DQG HPXOVLRQ GHVWUXFV

7KH FRDOHVFHQFH UDWH GHSHQGV RQ PDQ\ IDFWRUV
IRUPDWLRQ VL]JH DQG KRPRJHQHLW\ RI FRQWLQXRXV SK
FU\WWWDO VKDISH BPREBWHIJW RI FROQWLQXRXYV SKDVH WKH N
WKH YLVFRVLW\ RI GLVSHUVLRQ PHGLXP > @
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7KH WHPSHUDWXUH LPSDFW RQ WKH VWDELOLW\ RI IR
VLPXOWDQHRXV FRPSHWLQJ SURWHKWVSHVHYIVWHH WHPLSHHU B
WRR DV ZHOO DV WKH VXUIDFWDQWY VROXELOLW\ WKH V
VWDELOLW\ +RZHYHU LI WKH WHPSHUDWXUH ULVHV W
LQFUHDVH 7KDW OHQ GWKW P MAKD QG HFDG Y'MHUHQIWK RI1 WK
E\ VXUIDFWDQW PROHFXOHV )XUWKHUPRUH VROXWLRQ Y
OLTXLG EOHHGLQJ IURP WKH IRDP DQG WKH FRQGLWLRQV
ZKLFK FIRODWHVWDELOLW\ ORVV +RZHYHU LQPRPOHHARDRYV
VXEVWDQFHY HJJ ZKLWH WKHUPDO WUHDWPHQW HQWI
PHGLXP WR VROLG 7KH UHVXOWLQJ IRDP EHFRPHV VWD E(
FD@ PDUVKPDOORZ VISRQYHKHH®NSH REGREW HWF 7KXV WKFE
WKH IRDP VWDELOLW\ L\ EWRVHHEDQYD®\}H@&@ RQ FDVH

$FFRUGLQJO\ WKH LQWHJUDWHG SURFHVV RI IRUPLQ
EHFRPHV REYLRMXW SKWFWKIRQH RI WKH PDLQ SUREOHPV LQ
LV WKDW RI WKHLU VWDELOLW\ ZKLFK LV LQ ILQGLQJ Wt
KRPRIJHQHRXVO\ GLVWULEXWHG FRQWLQXRXV SKDVH LQ W
WLEBEW GHWHUPLQHG E\ SURFHVV REMHFWLYHV LQ HDFK FD
LGHQWLI\ WKH IDFWRUV RI HQVXULQJ WKH SURFHVV VWDE

(PXOVLRQ GHVWDELOL]DWLRQ L QWHGELYHM WL WELLRRF HNOWR:
DJORPHUDWLRQ SKDVH LQYHUVLRQ FRDLOXWVIBPHQRDPQG
GHVWUXFWLRQ LQYROYHV WKH IROORZLQJ SURFHVVHV V\
GLVSURSRUWLRQDWLRQ WKH DSSHDUDQFBHRFRRIEBK \VELHQI
PHUJLQJ WKH ILOP UXNSWNXHH QG WKLQQLQJ

7KH VXUIDFH WHQVLRQ JUDGLHQW GHFUHDVHV WKH LQ
@ 7KH PRWLRQ RI OLTXLG LQ IRDP OHDGV WRSWBWHORFL
UDWLR DQG LW RFFXYWKGEGHXOR¥FRONZIRDIRIUHGW RI FDSLOOD
IRUFH W LV H[SHFWHG WKDW GUDLQDJH SKHQRPHQD DUH
E\ WKH FDSLOODU\ SUHVVXUH FKDRZHWR KW KKFOHDGNYUWR YV
SUHVVXUH > @ :KHQ WKH ILOP WKLFNQHVV LV EHORZ Q
JDV EXEEOHV PHUJH FRDOHVFHQFH RFFXUYV WKH EXEE
GHFUHDVHY DQG HYHQWXDPL@MP IRODPWKHFHQNDY WKH IR
WKH ORVV RI WKH JDVHRXV SKDVH E\ WKRBODVWHBDXKHLE®YV /L
FKDQQHOV IRUPHG E\ WKHVH ULEV EXLOG D FRPSOH[ QH
GXH WR WKH JUBNLWDWUFAH RI 3ZHW IRDP” VIQHUHVLV L
GHFBNKH WLPH IRU WKH IRDP WR KDOI LQ YROXPH > @

$QRWKHU LPSRUWDQW PHFKDQLVP RI IRDP GHVWUXFW
KLIJIKHU FDSLOODU\ SUHVVXUH SQURGPW R BRIDE O HRD BX KB
GLIIXVLRQ IURP WKH VPDOOHU WR WKH ELJJHU EXEEOH W
ODUJHU EXEEOHV JURZ GXH WR VPDOOHU RQHV 7KH KLJ
VWURQJHU WKH JDV IRDIPXVEZRWKLWKLHN OLTXLG OD\HUV
EOHHGLQJ ZKLFK HQWDLOV ILOP WKLQQLQJ IROORZHG E\

(PXOVLRQV GHVWUXFWLRQ KDV ERWK VLPLODULWLHV L
WR WKH GLIITHWHKPFEHEHW I HEHW ZHHQ WKH FRQWLQXRXV S
WR EXON VHSDUDWLRQ ,Q RWKHU ZRUGV FUHDPLQJ LV FI
GHQVLW\ LV ORZHU WKDQ WKDW RI ZDWHU
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JLIXUH)RIEPV > @ *UDGULDMWURQBO &RDOHVFHQFH % 2VWZI
'LVSURSRUWLRQDWLRQ &

JORFGFDWLRQ RU DJJORPHUDWLRQ RI WKH IDW SKDVH FI
:DDOV HQHUJ\ YDOXHYV DUH KLJKHU WKDQ WKRVH RI WKH U
VHYHUDO RLO GURSOHWY XQLWH DQG IRUP W OR PH UADKRAHI
GURSOHW FRQWHQW GRHV QRW VKLIW 7KH SURFHVV RI F
GLIITIHUHQFH LV WKDW WKH GURSOHW FRQWHQW XQLWHYV
UHVXOWLQJ GURS VSKHULFDOO\ VKWXHGDER YH[ LS/WRKHV V
LQWHUUHODWHG FUHDPLQJ DFFHOHUDWHY DV WKH GURS
HITHFW LV H[SODLQHG E\ WKH IDFW > @ WKDW WK#&8 RLO G
UDGLXV )ORFFXODWSBRFBIOEHREBQPVRHEFAMKH UDGLXV RI

6WXGLHY DOVR DWWHQG VSHFLILFDOO\ WR SDUWLDO
LQVWDELOLW\ > @ 7KLV SURFHVV LV RQO\ EHWZHHQ SI
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Rl RQH GURMSBOBIWHSHDGRWKHU /LTXLG IDW PD\ IORZ RX
PROHFXODU ELQGLQJ DQG FUHDWH D EULGJH EHWZHHQ W
IDW FU\WWWDO ELQGLQJ LV VXIILFLHQW WR VWDQG GDSLOO
SUHYHQWLQJ WKHLU PHUJLQJ > @

7KXV FRDOHVFHQFH LV LQKHUH®WF KQLVRGRW HUPGE GHPC
VXUIDFH SURSHUW 6KV KRIX 8 XoLHRIDN WRDRWWRM HE LPHQWDW L F
VHSDUDWMWZ@ULG HQL@ARD PG HV W U SFMRERI VVAQ HUHVLY DQ
GLVSURSRUWURQOWWRQPLQHG E\ WKH GLV&HLPWRQ PG |
IORFF XDQSHKDRQY HULVLEOH WR VXUIDFWDQWY DFWLYLW\

J)DFWRUV HQVXULQJ IRDP DQG HPXOVLRQ VWDELOLW

JROORZLQJ WKHFRSUBEQYMHY GRFSHUVHG VA\VWHPV GHV
GLVSHUVLRQ VA\VWHPV VWDIBUNHUWWBU N NMUHMHWOH® REVEKD YV
VXSSRUWHG E\ GL)JILBXWBIKQ WKDHDIFMWHRDWH VWDELOLW\ LV WK
XQFKDQJHGVYBHBRVLRQ SDUWLFOHY RYHU WLPH L H WR
LV WKH V\VWHP DELOLW\ WR NHHS XQFKDQJHG FRQWLQX
VI\VWHP RYHU WLPH L H WR UHVLVW RXWIORX RW WKI&LP
DELOLW\ WR NHHS XQFKDQJHG QDWXUH RI LQWHUDFWLRQ
LV LPSRUWDQW IRU WKH V\VWHPV ZKHUH GLVSHUVHG SDL

'LVSHUVLRQ V\VWHP VWDELOLW\

v v v
$JIJUHJDWH LOHWLF 3KDVH
VWDELOLW\ VWDELOLW\ VWDE|LOLW\

v I |

URG\QDPLF
+HOHFWURVWI 6W U XFRWHAKDD £
+DGVRUSWOR® IDFWRU 'é RU
+HQWURSMRU
v
VWHULF VWDELOL]DWLRQ
BLEFNHYWQ@ELOQL]DWLRQ
JLIXUH )DFWRUV HQQ/ ¥UL\G B BBV WSHIELIO L W\

7KH IDFWRUV HQVXULQJ WKH DJJUHJDWH DQG NLQHWI
WKHUPRG\QDPLF DQG NLQHWLF RQHV 7KHVH IDFWRUV FD
7KH WKHUPRG\QDPLF VWDELOL]DWLRQ IDFWRUV DUH >

(OHFWURVWDWLF

$GVRUYWOROQWLRQ

(QWURSLF
7KH HOHFWURVWDWLF IDFWRU Rl VWDELOL]DWLRQ LV |
E\ '"HUMDJXLQ /DQGDX 9HUZH\ DQG 2YHUEHHN '/92 $FF

+ + 1+
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HOHFWULF OD\HU RI LRQV WX HREFPG\E LR RKK/H S\ 1B FSHD B W
DERXW DQ HOHFWULF SRZHU HQHUJ\ EDUULHU GLVM
DSSUR[LPDWERRURHGLNMJWLFOHV WR WKH GLVWDQFHV ZL
IRUFHV ,W LV QRWRBEIOD ISRWKLHE @WDELOLW\ Rl HPXOVL
QRQLRQLF VXUIDFWDQWYV XVLQJ WKH HOHFWURVWDWLF IL
SUHVVXUH PRGHOV XQGHU WKH '/92 WKHRU\ HQDEOHV W
IREEVW V\VWHP EHKDYLRU > @

7KH DGVRBROWDRQ RQ IDFWRU FRQVLVWV LQ IRUPLQJ D ¢
PROHFXOH OD\HU DURXQG WKH GLVSHUVHG SDUWLFOH R
HDFK RWKHU VROYDWLRQWDWK/IRUS WRRQHOBNIDFW SU Y H C

7KH VWDELOL]DWLRQ HQWURSLF IDFWRU LV GHWHUPL
UHSXOVLRQ RI IOH[LEOH FKDLQV RI VXUIDFWDQW PDFURP
SDUWLFOHV DV D UHVXOW RI DIGMR PHFED ¥ RPH RRIl WWKDHE L
GHILQLWHO\ HIFREWHQNW UQ VOLIRZQ V\VVWRPW DDRGLDRQ VXUNBIFP
ORQJ IOH[LEOH FKDLQV RULHQWHG RQ WKH GLVSHUVLRQ

.LQHWLF IDFWRUV LQFOXGH K\GURG\QDPIDF\DRWE WHH
K\GURG\QDPLF IDFWRU LV UHODWHG WR WKH VSHHG RI ¢
PHGLXP OD\HU EOHHGLQJ EHWZHHQ WKHP 7KH VORZGRZQ
EH DFKLHYHG GXH WR LQFUHDVLQJ S\ WH/ GRI@ PIHE\LEP G Y@

7KH VWUXFWXUDOO\ PHFKDQLFDO IDFWRU LQFOXGHV W
VWDELOL]DWLRQ 7KH VWHULF VWDELOL]DWLRQ IDFWRU
LQWHUIDFH DGVRUSWLRQ O ROV SOQ WIKFHO WX U IDKFLF IR ISE Y
RI GLVSHUVLRQ SDUWRROHNXRDIQ Y XERP\RKD Q K X ULIRQY IQERR)Z
VXUIDFWDQWY 3LFNHULQJ VWDELOL]DWLRQ RI GLVSHUVL
GLVSHUVLRQ VROIYGHSBHNWWLAOHRRU RWHEW VXUIDFH > @

7KH VWXG\ KDV HVWDEOLVKHG WKH HIIHFWLYHQHVV |
IRDPV DQG HPXOVLRQWHFRDWK FD\WUXWDKUDIODWARQLFD F\
VWDELOL]DWLRQ SURYLGHGQWKIHHWH R SSUFRREHHIINO BUR
VXUIDFWDQWYV > @ SURWHLQ FRPSOH[HV ZLWK SRO
VWDELOL]DWLRQ YLD XVLBW KVOFLE® @R KREHR HOD: U\ S@RW
> @ IDW SDUWULBOBVORXA PX)QINUHKRXVUWDELOL]DWLRQ
DQG HPXOVLRQV G XAHWHKRD\W K ADONIDXFMWRXIUBQ@DEOHY WR VLJ
OLIH Rl WKHVH SURGXFWV

7KH UHVHDUFK LQWR WKH MRLQW L P SHEH B FRV LW X BAX WL
DOORZHG IRU HPXOVLRQ VWDELOL]DPWLARDBIEOW K FL W R P@ LX
SURWHLQ DQG SRO\® DF AKIDUM. M DELOL]DWLRQ SURYLGHOC
WZR VXUIDFWDQWY WKH PDDQWG\DEH HQ PHFH GWIKIRPJ W IEH L&
D PRUH DFWLYH VXUIDFWDQW EXW LQVXIILFLHQWO\ WR G
DGVRUSWLRQ VKHOOV DUHVRARREWLBE DQG HDVLO\ VHOI
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J)LIXUH 6FKHPDWLF UHSUHVHQWDWLRQ RI UHODWLYH WKLFI
DSSURDFKLQJ RLO GURSOHWYVY VWDELOL]JHG E\ D VXUIDFWDQW
SWRHLQ SRO\WDFFKDULGHVY DQG G FROORLGDO SDUWLFOH

6HOHVWRULQJ HPXOVLRQ SURSHUWLHY DUH DOVR W\S
ZKLFK FDQ FUHDWH D VSDWLDO QHWZRUN LQ WSKIHRW HV QNU
DQG VWDELOL]H HPXOVLRQV 7KH VSDWLDO QHWZRUN R(
DGVRUSWLRQ ODWUI WRKOWKMKIHGRWEHWYLRQ PHGLXP 7KH V
GHVWUR\HG PHFKDQLFDOO\ DQG HDVL@ UKWWRWHHXBRQ
RI VIVWHPY FRQWDLQLQJ WZR SRO\PHUV DQG D VROYHQW

7TKH VROXWLRQ FRQWDLQLQJ WZR QHXWUDO SRO\PHUV

IRUPDWLRQ RI WZR VROXWLRQV WKDW GR QRW PLJ[

$ QHXWUDO SRO\PHU DQG D &WE\HOKRKWRINROHW H L WK DQAR

VHGLPHQWDWLRQ FDQ IRUP DVVRFLDWHYVY GXH WR WKH

QHXWUDOL]DWLRQ WKH V\VWHP PD\ EUHDN LQWR SKDVH

ILNHKDUJHG SRO\HOHFWURO\WHV WKHUHRGQRDYHFDBI

VA\VWHPV
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2SSRVLWHO\ FKDUJHG SRO\HOHFWURO\WHV 7KH HOHFW
FKDUJHG JURXSVY OHDGV WR WKH HPHUJHQFH RI FRPSOH
VI\VWHPV UHIHU WR DVVRFLDWISYUHHR® HWYQ OKMWAL @IU M\ \ZWAQ

FRPPRQO\ XVHG LQ SUDFWLFH 3RO\V\HOHFWURO\WH FF

FRRSHUDWLYH UHDFWLRQV RI RSSRVLWHO\ FKDUJHG IX

LPSOLHV WKH HPHUJHRPBHQRY DHDWHELIQBIHWIL Q IDWKH IRU

IXUWKHU ERQGY EHWZHHQ SRO\HOHFWURO\WH FRPSOH]

@

7KH VLPSOHVW ZD\ RI SURGXFLQJ SRO\HOHFWURO\WH
ZKHUH RQH FRQWDLQV PEODWDROLPAFGFWKRARWKHUKHUH D
SRO\HOHFWUROxW W FARFKI®R HHVYMWDLF KDLREG HQRULFDO 6WR
FRPSOH[HV DUH QRQUVPOXBOHEDWRHG FKDUDFWHUL]HG E\
K\GURSKREL¥VWWLFKRRPHWULHDKR B RO KH IDWWBOXRZDW BV WK
DUH FKDLQ VHJPHRW L QWKRIDW HG1 Wi GRPSOH[ IRUPDWLRQ
FRPSOH[HV IHDWXUHV FRQVLGHUDEOH YLVFRVLW\ LQFUHI
WKHVH SURFHVVHV DUH LQIOXHQFHG E\ |G VROXWLRQ 1
SURGXFWLRQRRO\BWRIORREHBW[WHY RI PHAOWKBURMHGQYHB QG C
SKDVH VXUIDFHVY HQDEOHVY QRW RQO\ WR VWUHQJIJWKHQ HP
XQGHU WHPSHUDWXUH ULVH > @

W ZDV IRXQG WKDW LI WKH jG YD@WH SWRWEHRYQH \UR G
SRO\WDFFKDULGHV IRUP VROXEOH FRPSOH[HV ZKLOH LI
IRUPHG FRPSOHI[HYVROMNELDANH U @ 7KXV SURYLGHG WK
VROXEOH SRO\HOHFWURO\WH FBRERGQLHVSRWIHHE BWIRGH
WR WKH WMBXKBWQXED® VWDELOL]DWLRQ IDFWRU WKHRU\ L
DQG HPXOVLRQV

JROORZLQJ WKH GDWD DQIHQ\WXVLRU WHKH LMWEDEFIDOLRW
VI\VWHPV VWUQERXW VW PHIFKDIDWLRQ IDFWRU YDULHWLH\

J)DFWRUV LQ IRDP DQG HPXOVLRQ VWDELOL]DWLRQ

JRRG HPXOVLRQ VWDELOL]DWLRQ IUHTXHQWO\ LQYRO"
YLVFRVLW\ ,W ZDV IRXQ GF BKIDDNV MHEB ROERGWLIRG RT X\H R X
DW VOLJKWO\ UDLVHG WKH FRQFHQWUDWHG GURS DYH
HPXOVLRQV >F@®UUD WHQDNQ FRQWHQW LV EHORZ WK H
GURSV 8QGHU KLJK SRO\\ODF FRPXOWVER F FQHPE@WYDWHRU
IRUPDWLRQ RI WKH PHVK VWUXFWXUH RI IORFFXODWLQJ
WKH LQFUHDRCHJ BD MMKIQINQ FRQWHQW 7KH VWDELOLW\ RI
UKHRORJLFDO SUBHBDWHHWFRS WHKHWRDQWLW\ Rl WKH SR
DTXHRXV SKDVH

BRGLXP FDMWRBEDWHHG HPXOWIRQYWHIAMX IBDWXWHF S
EHKDYLRU VKRZLQJ WKH UHYHUVH IORFFXODWLARMRI RLO
SURWEHMRIPXWHWLRQY > @ ,W ZDV DOVR LGHQWLILHG WKDW
VKHDU UDWHV WKH HPXOVLRQ HIIHFWLYH YLVFRVLW\ U
FUHDPLQJ 7KLV HIIHFW WHIRSOHW WRLEU WIDWLXF VRRAH O B |
EHW ZHKHH) SURWHRQGEBMRODWHHQDQ RQ WKH GURS VXUIDF
QHWOLNH IUDPHZRUN

'KHQ VWXG\LQJ WKB UPBDFNQ RQ RO UBRE XPRWDLEIM L]HG
%6$ HPXOVLRQ SURSHUWLHVGHW WRKN DRXGEG XYV &KWKID VS
FHUWDLQ SRO\WDFFKDULGH OLPLW FR@BOQWGD WALRIG L\
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IORFFXODWLRQ ZKLFK OHD GG UWRR QKM OR MIPD M DR® ZRR UINQ
DERYH S+ YDOXH H[SHULP HCQRODXQGHW DVK® VRZI DRB WH®
HOHEFWURVW DRMDLAU® 6K HDQODBQNLQWHUDFWLRQ

W ZDV HVWDEO LV KH® WKDWD D O/XIWQ D MRZQWYV RU SRO\V
FRQWDLQLQJ VI\VWHP FDXVHV HPXOVLRQ |0 RFE X\OKILW LIRQG|
WKH H[DPLQDWLRQ OPIVWIKFH SYLR/SHRUMDLHH/L RS IV R G L XRS
%URPRKH[LGDADWH HPXOVLRQV FRQILUPHG > @ WKDW X
WKH UHJLRQ RI HPXOMOLROWLOLWM W X MR WZKKH. FIXX WK B
VKRZV GURS IORFFXODWLRQ ,Q RWKHU ZRUGV WKH VWD
EH FDXVHG E\ FKDUJH QHXWUDOL]DWLRQ RQ WKH VXUIDFI
DGVRUSWLRQ RI SRO\WDFFKDWLGHWRHR &L 1NHQH /W HLDJU MDIRF/
WKH ULVH Rl SRO\WWDFFKDULGH FRQFHQWUDW LHR@D VW LOFF F
SURSHWMHHNWODVWLFLW\ PRGXOH DQG FRPSOH[ YLVFRVLW
LQ WKH HPXOVLRQ HOREZHRXIHYHY IWEKWRQLDQ UHJLRQ LQ V
YDOXH RI WKH KLJKHVW 1HZWRQLDQ YLVFRVLW\ JURZV D
FRQWHQW LQ WKH V\VWHP 7KDW SRLQWV WR WKH IRUPD\
HPXOVLRBPROGWRSN DQG WR WKH ORZHU IORFFXODWLRQ RI
HPXOVLRQ UHOD[DWLRQ SURSHUWLHV LW ZDV VKRZQ WK
VWDELOL]LQJ PL[ WKH ORQJHU UHOD[DWLRQ LV UHTXLUH
HPXOVLRQ GURSV IORFFXODWLRQ ZKHQ SRO\WDFFKDULGH
FRPSDUDEOH ZLWK ILQGLQJV LQ > @

BWXGLHV ZHUH FDUULHG \RNW URDQG MAKTHQ WY WDDTEXLHROWA KRR X
VWDELOL]HG E\ VRGLXR RRDLVBFYDYW DGRBO@RWK\OHQH JO
VRUELWDQ PRQROKD XQWDWKH BMXOVLRQV ZLWK D VWDEOH
UHSODFHPHQW RLWKHFDQ/HLQDWH OHDGV WR KLJKHU HP
LQFUHDVHV SURWHLQ FRQWHQW ,Q DGGLWLRQ XQGHU C
WKHLU UKHBPRWLHDO JSDIE XD O 0 HBDONILHF W R QIRIRVIRFE L D Q
VXUIDFWDQWAHDAROH QL QWHUDFW ZLWK SURWHLQV DQG UH:!
YLVFRVLW\ 7KLV LV GHWHU P LLRHG FE VWK IHD D\E DQMW \L R FADR/
WBRHSODFH SURWHLQ PDFURPROHFXOHV IURP WKH GURS V

W ZDV QRWHG LQ > @ WKDW GHVSLWH QHZ VWXGLHV |
OD\HUV WKH GDWD UHODWHG WR WKH FRUUHODWLRQ E
DGVRUSWLROURIMKUGD BWOQW PL[HV DQG HPXOVLRQ VWDE
DUH LQVXIILFLHQW GXH WR WKH PLVVLQJ LQGLFDWRU R
LQWHUIDFH SURSHUWLHY DQG HPXOVLRQ VWDELOYW\ ,W I
VWUXFWXUH RI V\RGLIOFWDQMLQBWRIFLDWHY DQG PL[HG LG
LV LPSRVVLEOH WR LGHQWLI\ WKH HPXOVLRQ VWDELOL]D\

7KXV WKH MRLQW XVH RI SURWHLQV DQG SRO\VDFFKD
WR WDHNMBONKH VWDELOLW\ RI HPXOVLRQV DQG IRDPV +R:
VWDELOLW\ DV VKRZQ LQ DQDO\]JHG OLWHUDWXUH PD\
VXUIDFWDQWY EXW ZLWK GLIIHUHQW SURSRUWLEBBE8 7KH
D SRO\SKDVH V\VWHP

7TKH SHUFHSWLRQ DQG VWDELOL]DWLRQ RI IRDP HPXC(

7KH DYDLODELOLW\ DQG NLQG RI RLO GLIITHUHQWO\ LQ
VWDELOLW\ ZKLFK GHSHQGV RQ WKH RLO FRQWHQW IDW
@ 7KH SURGXFWLRQ RI IRDP HPXOVLRQ VA\VWHPV XVLQJ
IRDP VWDELOLW\ 7KLV LV WKH ZD\ WR VWDELOL]H LFH FU
IRDP VWDELOL]DWLRQ GXH WR DGKHANEREDRYVIRA. G IDW S
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Y o ~ z_).,{ -\

/(o & N

J)LIXUH $GKHVLRQ RI IDW SDUWLFOHV RQ DLU EX
DV D IDFWRU RI IRDP HPXOVLRQ VWDELOL]DWLRQ

7TKH DGGLWLRQ RI OLTXL&IRLHGS WRWRP Y\ OSHDRONVHW®R  (
FDSDFLWDOPDYWDRLOLW\ ZKLFK LV UHODWHG WR WKH IRDI
LQWHQVLYHO\ UHSODFH SURWHLQ IURP SKDVH ERXQGDL
DGVRUSWLRQ OD\HUV 9LFH YHUVD WKH DGGLWLRQ RI K
PHFKDQLFDO VWUHQJWK RI IRDP HPXOVLRQ V\VWHPV > @
DQWLIRDP > @ ZKLFK LV XVHG LQ DQWLIRDPLQJ WHFKQR
IDFW WKDW GXH WR WKH DGKHVLRQ RIQRLRQGWRHW RIH RU
VXUIDFH WHQVLRQ HLWKHU VSUHDG RQ WKH VXUIDFH RI
DGMDFHQW EXEEOHV IRDRIXMUBHVWUR\HG DQ\ZD\

Air Air

E
Air Qil
Film rupture
F G

YLIXUBFKHPDWLF SUH VHQWWWHVYREK %@Ll G RBFERDIQ D\PPURKIS W X U H
DE %ULGJLQJ RI WKH IRDP ILOP VXUIDFHV E\ DQWLIRDP JORE X
EDODQFHG FDSLOODU\ZDUHHNY YORBEY ELLML\Y WHH RILDCF H V
FG 7KH EULGJH VWUHWFKHV ZLWK WLIPHIRQRHG DQMWKKB BUQ\GWH

7KH UXSWXUH RI WKLV RLO ILOP OHDGV WR GHVWUXFWLRQ
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+RZHYHU LQ FDVH RI IRUPLQJ D IDW EULGJH WKH GHYV
GHVFULEH WKHVH SURFHVVHV DHGKARHUWAIAIEFRKO RRMGHQYR
HTXDWLRQ DQG WKH +HOXDMWIRR R SGUHHI DAXULFK SMDKIHD B EKWY K R |
WKH LQSXW DQG WKH VSUHDG UDWLRV UHVSHFWLYHO\
SURFHVV W LV QRWH® VDLW LFHWR YOLVG HGK BEQEXRB&H LQ W'
EHFRPHVY OHVV HIIHFWLYH ZRK/ISKKHUHARXQOUKHEG UL RSKRBN EQSD
> @ 7KH LQSXW EDUULHU PD\ EH FUHDWHG E\ FROOR
DGVRUSWRRQDOMD SDWWLFOHY DQG DLU EXEEOHV WKH VWD
EHKDYLRU RPRUMKRB® ILOP VXUIDFH LQWHUIDFLDO WHQV
WKH 1HXPDQQTVY WULDQJOH > @

"KHQ VWXG\LQJ WKH LPSDFW RRRMWAHAWHV DLWXLGLWHL
ZDV IRXQG WKDW WKH KLJKHU WKH OLTXLG WULJO\FHULGH
7TKDW LV WKH UHVXOW RD MWK ADRNIOGVISRBBBHIAHRQ WKH

Sweeping of surfactant
by spreading oil

Drop entry and
oil spreading

Generation of
capillary waves

J)LIXUH 6FKHPDWLF SUHVHQWDWH R GH UWWDRAHL RWQS URHHDRGKIDQRIL V P
RI DQ RLO GURS LQ WKH UHJLRQ RI WKH 30O0DWHDX FKDQQHO OH
QHLJKERULQJ IRDP ILOPV E F

7KH KLJKHU WKH IDW SKDVH FRQWHQW LQ IRDP HPXC
GLVSHUVLRQ JHQHUDO YROXPH EHFRPHV ZKLFK LQGLUHF
LQ WKH DLU EXEEOH VWD¥RODL \DRALLWQRS W& H7IKRHDPH. Q ¥ A0 L
ODWHU ZKLSSLQJ VWDJH ZKLFK LV SUREDEO\ UHODWHG
LPSDFW RI RWKHU IDFWRUV RQ WKH DLU GLVSHUVLRQ YF
GHVWDELOL]DWIDREQ OIRDML BHWQG KLIJKHU ZKLSSLQJ WHP
+LJKHU GHVWDELOL]DWLRQ RI HPXOVLRRRQ &POH QLR DRPAB
SURGXFWV DQG KLJKHU DFLGLW\ UHVXOW LQ KLJKHU IRDP

7KH DLU RI IRDP HP XSURRRQFWW UXFGHKWIRG Y FRQVLGHU
EHLQJ ZKLSSHG 7KHVH FKDQJHV DUH FDXVH E\ PHFKDQL
GLDPHWHU RI DLU EXEEOP\G XAKLFXWKH ILUVW ILYH PLQXW
WR «—P E\ DERXW MM IS WPREHRNWQG | XU W4 RURDWD Y® EDH E
WLOO IRDP GHVWUXFWLRQ > @

‘"KHQ HPXOVLRQ SURGXFWV DUH ZKLSSHG LQGLYLGXDC
RI IDW SDUWLFOHYV DJJUHJDWLRQ LV ERWK RQ MVRHVEZRM H L
VIVWHPV 7KH LQLWLDO VWDJH RI DJJUHJDWLRQ LV WKH
LQWHUIDFHY IORWDWLRQ 7KH IDW SDUWLFOHV DJJUHJ
FDXVHG E\ VLPSOH FROOLVLRQV RI VYV QIOH CSOW MYLHFGD\HLMVQ VE
DQG WKHQ XVHG WR IORDW IDW JOREXOHV > @
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7KH FRQGLWLRQV RI GLVSHUVHG SDUWLABUR FRROWIMDW \
DQJOH RI WKH FRQWLQXRXV SKDVH DQG D GLVSHUVHG SD
QR :SHEFEMMYH EDUULHU  ZKLFK PRQHEMNOBRU PHEP ER XKQULG K
VLIJQLILFDQW VKLIW UDWHV D WXUEXOHQW IORZ ZKLFK
ZLWK GLVSHUVHG SDUWLFOHV > @ +LJKHUDKGKPS/HKR E
UDLVHV WKH FRQWDFW DQJOH

7KH SURFHVV RI IDW SDUWLFOHY DJJUHJDWLRQ LQ WKF
VWDJHV IORFFXODWLRQ RI IDW JOREXOHV ZLWK SUHVHU Y
DJJUHJDWLRQ RI JO\FHREXI®HYX MORH LU RRIP IBRXO®LRQ JHO
DJJUHJDWLRQ RI IDW SDUWLFOHV DQG IRUPLQJ HPXOVLR
ELQGLQJ K\GURSKRELF RU VDOW EULGJHV EHWZHHQ SURW
WKH K\GURSKRELFQELDGLROU\\EMVZWHRU OLTXLG RLO >
VWUXPWRKDOQLF EDUULHU WR EH RYHUFRPH E\ WKH IDW JC
WKH GHJUHH RI VKHOO QDWLYH VWUXFWXUH GHVWUXFW
PHFKDQLFD®HRBDY¥W VWDJH RI WKH IDW EXEEOHV DJJUHJ
WKHLU IORWDWLRQ E\ DER GEXEEDRY RTKMHKRYLSQUKBHVV LV
WKH IDW SDUWLFOHV VXUIDFH 7KH K\GURSREU]PXWKRYW I
WKH HPXOVLRQ SURGXFWLRQ GXULQJ SURGXFWV SUHSDU
UHODWHG WR WKH VKHOO ORVV RI WKH PRVW K\GURSKLC
VXUIDFH IDW JOREXOH VXUIDFH JUREM WKGDRSKRBLBF
PRVDLF +\GURSKRELF DQG K\GURSKLOLF UHJLRQV DUH XC
WKH PROHFXOHV RI WKH DTXHRXV PHGLXP > @ $FFRI
GHSHQGYV RQ WKH RULJLQDO WKIJH HRQ OADKUH HB WQID IRE X D WV
ZKLSSLQJ > @

7KH IRDPLQJ FDSDFLW\ DQG VWDELOLW\ RI IRDPV LQ IR
IXQFWLRQDO SURFHVV SURSHUWLHV RI VXUIDFWDQWYV G
VXUIDFWDQWYV DFP® ERUMRBUBDQYHY DQG IDWV ZKLFK IRUP
IRRGVWXIIV > @ 'HSHQGLQJ RQ WKH VSHFLILFDWLRQYV
WR UHJXODWH VSDWLDO GLVWULEXWLRQ RI IDW SIDQWLFO
SURFHVV VROXWLRQV DQG UHFLSHV )RU LQVWDQFH LQ F
WKH VXUIDFH R)LDKUHEXB\BO®N SURYLGLQJ SODVWLF WHI[\
FKRFRODWH DQG QXW VSRQJH IEIN M K BERG SR MUKCHW HDGJ HD X
GLVWULEXWHG WKURXIKRXMVE WKHYFAHSGRGXEWWKH WKHU |
SDUWLFOHV RQ WKH EXEEOH VXUIDFH ZLOO GHVWUR\ DQG

6XUIDFWDQWYV LQ IRDP HPXOVLRQ VADWWIFE® EDPHEKDW L
LPSDFW DQG OHDG WR IDW DJJORPHUDWLRQ :KLOH ZKLS
DURXQG DLU EXEEOHYV DQG DPRQJ WKHP WKXV VWDELOL]L
RI IRDPLQJ FDSDFLW)\ [RD P UWRNDXEMD MW\ I R G HI L @ KWWK FKG@® BW
SURSHUWLHV RI VXUIDFWDQWV DUH WR EH FRQVLGHU!
DJJORPHUDWLRQ RI IDW SDUWLFOHV LQ IRDP HPXOVLRQ V
IRDPLQJ FDSDFLW\ DQ GRDRD PIPXOIVE RQLW\WIWHPY WKRXJK
XQGHUO\LQJ WKH IRDPLQJ FDSDFLW\ ULVH KDYH QRW EHH

,W ZDV IRXQG LQ > @ WKDW WRMFHQMGH VR L Q DWHU B .
SKDVH HQDEOHV WR IRUP IR KR JHKP XRODALIRIY \F\IVS\CHRLWV 7 L KK
GLVSHUVLRQ GHQVH WH[WXUH ZKHQMDAUWEHVXO H DRI VX Q'Y
VRIW IRDP HPXOVLRQ V\VWHPV ZLWK IHZ ODUJH DLU EXEE
VWRUHG
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¥ 3 .~ EHHW SH%;W.BQEHHW SHFWLQ FRQMXJDWH
Z+$VVRFLDWLYH > @

N\ S~ AN
O

OJ\Q/\\KO\O OJ\o o 0
G-0-70
G o}; ovo o\;\/oj\g

SN { N
O ZKH\ SURWHXEDVHLQ ? OHFLWKLQ
E+&RPSHWLWLYH > @

O

Separate oil & Primary Secondary Tertiary
aqueous phases emulsion emulsion emulsion

attraction ‘

Add Add Add
emulsifier biopolymer-1 biopolymer-2
Jl ~@ ©°0 > 606 —> o
Sio) I3 S W (e0g
Water Oo Oo 200
Single-layer 4} Double-layer Triple-layer %
‘
eleclroslanc é 8|601r08tatic\
attraction

<l

<7

Repeat coating
F£/D\HUHG > @

7KH GLDJUDP RI DGVRUSWLRQ LQ WKH VA\VWHPYV 7

YLIXUH
D+$V VRFL D YRRV HEV L W IDXHU R G
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'DLUQ® PDQ\ RWKHU SURGXFWV FRQWDLQLQJ SURWHL
PL[ RI SURWHLQVY DQG VXUIDFWDQWY 7KH DFWXDO FRP
GHSHQGV RQ WKH FKHPLFDO VWUXFWXUH DQG UHODWLY'
'XULQJ WKH DGVRUSWLRQ RIFWNH LEX DIRDMW.KHYUWWIHAN) L g W
OD\HUV ZLWK ORQJ K\GURSKLOLF HQGV DUH IRUPHG 7K&t
PROHFXOGINFRIRIJIOREXOLQ DUH GHQVHO\HORRD WIHIBI QWL ¢
LQWHUIDFH DGVRUSWLRQ OD\HUV > @ 7KH DYDLODELOL
LQ PDQ\ FDVHV UHSODFLQJ WKHP IURP WKH SKDVH LQWHU
HPXOVLRQ V\VWHPV

1RQRQLF VXUIDFWDQRSKEOWKSKLIK K\ SDODQFH PRVW H
SURWHLQV IURP WKH KXKQMRASEDBHGDRMR FORRUIDFWDQWYV
K\GURSKILSRFKLOLF EDODQFH IRO\FHDRPSAGW >ZLWK BRQKH
RQ WKH DGVRUEH®G@ WRVHHLRQUGHWRQRGW FRQFHQWUDWLRQ
LV ORZ WKH VXUIDFWDQW KDV QHDUO\ QR HIITHFW RQ WK
ZKHUHDV KLJKHU FRQFHQWUDWLRQ HQDEOHY DOPRVW WR
ZKLAKIQLILFDQWO\ GHVWDELOL]J]HVY WKH HPXOVLRQ

ILSRSKLOLF VXUIDFWDQWY DUH OHVV HIIHFWLYH LQ UH
7KH FRPELQHG XVH RI OLSRSKLOLF DQG K\GURSKLOLF VXU
UHSODFHPHQW > @

TKHHIIHFWLYHQHVY RI SURWHLQ UHSODFHPHQW IURP
VXUIDFWDQW LV FRQVLGHUDEO\ GHSHQGHQW RQ WKH FOR
JRU PDQ\ OLSLG VXUIDFWDQWYV WKLV SBR®©BVVMYHDEKWMIGV
PRQ\FHULGHY LQ VPDOO TXDQW LWLKHIVQ PWH R V HK WAKHHP SH
RI SURWHLQ DGVRUEHG RQ WKH VXUIDFH 3URWHLQ L
FRQFHQWUDWLRQV 'LJO\FHULGHV ? GR QRW DIIHFW W
> @ $WKVDWXUDWHG DQG XQ)YEMMX UDWHBEHFRERVH WKH |
WHQVLRQ PRUH LOQWHQVLYHO\ WKDQ SURWHLQ > @ 7KL\
VXUIDBEUWURWWLQ DGVRUSWLRQ OD\HUV 3URKIWEKHG WRBSMB
D GLVWLQFWLRQ EBWIHVDWVX DI BBWEIRBR BQVDWXUDWHG R
XQVDWXUDWHG GHWHUPLQH VLIQLILFDQW GHFUHDVH LQ
LPSDFW RI VDWXUDWHG IDOQBEHKQSGBW XRDWHKGE RRGRHUIDFIL
WHPSHUDWSXQWMHMIHG EBf WKH VXU IDERDDIMXW DRAIRDGWBDEXDRH I W
IHDWXUH KLJKHU .UDIIW SRLQW WHPSHUDWXUHY WKDQ Wtk

6XUIDFWDQWYV ZLWK VWURQJHU K\GURSK®R ELR GWFRIHG
OHFLWKLQ DQG SROMWVYRVEYFWOIVURBXMHHLYKH LQWHUIDFLEL
K\GURSKRELFLW\ )XUWKHUPRUH WKHLU LPSDFW RQ WKI
GHSHQGHQW $ PRUH VLJIQLILFDQW GHFUHDVH RI WKH V
DGVRUSWLRODROWVR G WXUH BKWVH LQWHUIDFH WKXV UHSO
IRRG HPXOVLRQV ZLWK KLJK SURWHLQ FRQFHQWUDWLRQV

@

6LPLODUO\ WR SURWHLQ DQG VXUIDFWDQW LQWHUDF
HPXRYY LOYROYH LQWHUDFWLRQ RI GLIITHUHQWDFWRWHLQ
PD\ UHSODFH DHWY Y\HX S UDRAMH L GA\D VIHRLLQ LIOW WRIQHFHOLNHO\ V
FDVHLQ WKDQ YLFH YHUVD ,W ZDV DOVR DSARYHEY OALKIBD GV
HPXOVLRQ WKH DGGHG SURWHLQ FDQ UHSODFH JHODWLQ

8QGHU FHUWDLQ FLUFXPVWDQFHYVY WKH IDW SKDVH GH\
V\VWHPYVY FUHDPV LFH FUHDP HWF PD\ EH DFKLHYHC
VXUIDFWHKQGWSHVWDELOL]DWLRQ LQFOXGHYVY VHYHUDO SK\V
LQ SDUWLFXODU SDUWLDO GHVRUSWLRQ RI WKH LQWHUI
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SURFHVVHV GHFUHDVH HPXOVLRQ VWDELOLW)\ VBKDWQ D W
FU\WWWDOOL]DWLRQ LV UHTXLUHG WR DFKLHYH SDUWLDO
VXUIDFWDQWY FDQ DIIHFW WKH GHJUHH RI WKH IDW FU\V
FU\WWDOV :LWK ZDWHU DYDLODXQIH FWDQXD B/UHREP B VGl XX
RI GLIIHUHQW IDW FU\WWDOV ,Q PRGHO V\VWHPV DV ZHO«
XQVDWXUDWHBEHBRGRY OHDGV WR IDFEBRMLHG DD JFHJ \\PW D!
VDWXUDWBERBOBRHYV HQFRKDOOH UREMUL PRUH HYHQO\ VWU
> @

'XULQJ WKH HPXOVLRQ ZKLSSLQJ SURWHLQ LV SDUWL
JOREXOHV IORFFXODWLRQ SURWHLQ UHSODFHPHQW IURP
7KXV IRWWEKMOSGHVWDELOL]DWLRQ RI WKH HPXOVLRQ Z
HPXOVLRQ V\VWHPV WKH LPSDFW RI VXUIDFWDQWYV RQ UK
OD\HUV PD\ EH PRUH LPSRUWDQW WKDQ WKHLU DELOLW
X@YDWXUDWBG RBEQRHV IDFLOLWDWH GHVWDELOL]DWLRQ P
7KH FRQWURO Rl WKH LQWHUDFWLRQ DPRQJ SURWHLQV \
WKH ZDMWHUQWHUIDFH LQ IRDP HPXOVLR® KHVSWRPRH VD QR IE
EXEEOHV VWDELOL]DWLRQ > @

7KHUHIRUH WKH SURFHVV RI IRUPLQJ DQG VWDELOL]L®
E\ D QXPEHU RI IDFWRUV ZKLFK HYHQWXDOO\ GHWHUPLQ
EXW DOVR WKISIURSKHUWORYVYLFD@ +RZHYHU UKHRORJLFD
HPXOVLRQ V\VWHPV KDYH EHHQ VWXGLHG LQVXIILFLHQW
GLVSHUVLRQ V\WWHPV DUH IUHTXHQWO\ FKDUDFWHUL]JHC
SURSHUMKHMY QWHUDFWLQJ SKDVHV DQG FRPSRQHQWYV RI
IRUPDWLRQ DQG VWDELOL]DWLRQ DUH HVVHQWLDO IDFW
IRDPLQJ FDSDFLW\ DQG IRDP VWDELOLW\ KDV QEWDEHHDQ
ZLGH FRPSRVLWLRQ RI IRRG GLVSHUVLRQ V\VWHPV DQG W

7KH DQDO\WLV RI WKH DERYH LQIRUPDWLRQ HQDEOH
VWDELOL]DWLRQ RI IRDP HPXOVLRQ V\VWHPV 2EVLRXVO\
DFKLHYHG E\ UDLVLQJ WKH YL\*PR\ALD\IRI GWDEH OV LRQ KH
Rl WKH GLVSHUVLRQ SKDVH HQVXULQJ FRQGLWLRQV IRU
WKGHRHQVLRQDO JULG WKH IRUPDWLR® RIUWVWUR /K HQWXH
GLVSHUVLRQ SDUWLFOHV $V WR WKH FRQWURYHUVLDO G
WKH QHHG RI IDW SDUWLFOHYV IORWDWLRQ E\ UHJXODWLQ
RI LGHQWLI\LQJ WRbIPARQ AOMW HRQIVD RH DGVRUSWLRQ OD\HU
RU WKHLU PL[HV 7R HQVXUH IORWDWLRQ LW LV QHFHVVE
RI IDW SDUWLFOHYV ,W EHFRPHV HYLGHQW WKDWHMWKH NH\
IRUPDWLRQ DQG WKH LGHQWLILFDWLRQ RI UHJXODULWLH
XQGHUO\LQJ WKHLU IRUPDWLRQ DQG GHVWUXFWLRQ ,W L
IRU WKH IDW SDUWLFOHV WR DJEGREEHD VD) Gl WRTCHVFB Q G L
ZKLFK IDW SDUWLFOHV FDQ SURYLGH SURFHVV VWDELOLYV
VWUXFWXUH

7 K N W)H>DE\O RAN RS H FA KHR Q F H Q VR ISR WR-QWEXW | D W BIQ\® V
D W KSHD U D PR WRIRIR/.J B Y DRO@XK L S SXQGZAKL MKK HUH HPHUJH SURF}
HPXOVLRQ GHVWDELOL]DWLRQ IDW SDUWLFOH DJJORPHUI
VIVWHP 2K H@RIS U R WDHQ\VEXV | D WD I G WQY\D QKEDH® & @ HVLVWD Q FH
WR IDW IDIRWDIMWFIORQ DQG PDNH WKH VWUQEWKXHG SRU R\GKKHF \I |
7KBURFHVV IORDOBUWRHWRQWHQW RI SURINDFLOWMYRQG V)
SURGXRERPXOVLREDVRIKHP > @
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7TKXV LQWHUIDRHWIDWGSESRDSWOQRHVUBQWLDO UROH LQ VW
DQG GLVSHUVLRQ SRO\SKDVHU V\VWHPV

7KH UROH RI LQWHUIDFH DGVRUSWLRQ OD\HUV LQ SU
VA\VWHPYV

7TKH VWUXFWXUDO PHFKDQLFDO EDWWIFHW® EN BIQS3J HV VH
XQLYHUVDO IDFWRUV RI GLVSHUVLRQ V\VWHP VWDELOL]D\
PHFKDQLFDO VWQWUWXF R |DWKRK \E HR §QDIQMIVQYFH DGV RU
OD\HUEDMHB RQ SURWHLQNWWWMW F@ BNIHRMDT XFW XUHV 7k
WKH SURWHLQ DGVRUSWLRQ VKRZ > @ WKDW WKH HIIF
SURWHLQ RQ WKH SKDVH LQWHUIDFH 7KLV HQVXUHV WKH
LQWHUIDFH OB\WBRMAAWURDQH GLVSHUVLRQ V\YQWHRUVBVWHHE
DGVRUSWLRQ ODVRUY*RI QB RWHKILEN OD\HUV ZKLFK DUH
FRQVLGHUHG DV D VHSDUDWH SKDVHQWKHRUBFWKHG 88 R8N
PD\ EH « > @ 7KH UROH RI WKH VWUXFWXUDO PHFKD
GLUHFW HPXOVLRQV VWDELOL]HG E\ KLJK PROHFXODU VX
7R HQIRUFH WKH VWUXFWXUDO PHFKDQLFDO VWDELOL]
SURYLGH GHMFHHHIMXH SFOXV IUHH HQHUJ\ DW WKH SKDVF
HQVXUH WKH +DPDNHU FRQVWDQW HVSHFLDOO\ RQ \
ZKLFK ORZHUVY HQHUJ\ DQG WKH IRUFH RI GLVSHUVLR(
SURYLGH KLJK WKWAMDLF MWURHR//X D WHKWH YL Y F R VIR @GN\ RRU
OD\MODDVWRSODVWLF ERG\ > @
FRQILUP WKH QHHG WR RYHUFRPH D KLJKQWHW LIYPHV
DGVRUSWDRF@GRODAHQJ WR =KXUNRYfV WKHRU\ > @
7TKH VWUXFWXJ® GEPHFKHDW LR FOXGHY WKHUPRG\QDPLF
NLQHWLF YLVFRVLW\ IDFWRUV ZKLFK PD\ JXDUDQWHH \
GURS LQWHUDFWLRQ > @ 7KH VWDELOL]DWLRQ RI C
VXEVWDQHHOY/OLMRQVLGHUHG ZLWKLQ WKH VWHULF VWDEL
VWDELOL]DWLRQ FDQ EH UHJDUGHG DV D VSHFLDO FDVH
> @

7TKH VWXG\ RI WKH VWUXFWXUDO PHFKDQLFD@GEDUUL
HPXOVLRQV LQFOXGHV WKH DVVHVVPHQW RI UKHRORJLFD
OD\HUV DV ZHOO DV WKH VWXG\ RI WKH SHFXOLDULWLHYV
GURSV ZKHQ LQWHUDFWLQJ ZLWK HDFK RWKHU > @

7TRGD\ LW LWRRRQVEGH U £ QHROWRFMVHRI AHQWHUIDFH DGV
ZKLFK HPHUJHG DW WKH ERXQGDU\ RI ELRORJLFDO GLVFL
F\WRORJ\ SK\WLFDO HFHKHFALADO\ PEKWDREDEY RI GLVSHU\
UKHROR@\ >

7R GHVFULEH WKH NLOQHWLFV RI SDWWHUQ VWUXFWXUL
LQ > @ RIIHUV D TXDQWLWDWLYH PHWKRG EDVHG RQ WHK
WKH LQWHUIDFH OD\HUV RI SRO\HO HOFRVUDRONW HVKBIQWE LW K H
WKH SHUPDQHQWPDKHDXIP VQAMXWPHEVHW JRI FRQWDFWYV LQ WKH
VXUIDFH WHQVLRQ LV PHDVXUHG LQ KRXUV

7KH SURFHVV RI IRUPLQJ DGVRUSWLRQ OD\HUV E\ SURYV
ILUWWIWH WKHUH LV GLIIXVLRQ WR WXKMH FBFRK@W B FVQ & HW KD Bl
UHVXOWLQJ LQ GHVWUR\LQJ WKH IRUFH EDODQFH VWDELC
FRQIRUPDWLRQ FKDQJHV L H RULHQWDKWHURD LYU R FFHYR/HF
VDWXUDWLQJ WKH VXUIDFH OD\HU DQG WKH UHGXFWLRQ |

+ 1+

I+

I+
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$GVRUEHG PROHFXOHV KDPSHU IXUWKHU DGVRUSWLR
FRPSRQHQWYV DPRQJ SKDVHV DQG RQ WKH NLQWHUIBUR\
DGV RUSW L RIQAQONH HUORG TVADIVQ > @ 'XULQJ WKH PXOWL
SURWHOQELQGLQJ LV UHSODRWGE LE) BKHGEQRWHQRGQ WKLV D
UHYHUVH > @ ,W LV NQRZQ WK DBHBMRIHL QIVU AL R/K
VXUIDFH DFWLYH WKDW JO R EXDBW RS OREMOMHL Q0 RIKIOD K GE
OLNH SURWHLQV ZKLFK EHFRPHV LQWHU DOLD HYLGH
DGVRUSWLRQ OD\HUV

7KH UKHRORJLFDO S QRSHWIWEHVDRNRWKSHIWLRQ OD\HUYV
VXUIDFWDQWY RQ WKH IOH[LEOH SKDVH ERXQGDULHV KDY
VKRZQ WKDW WKH DGVRUSWLRQ OD\HUV DUH FKDUDFWHU
DQG HODVWLFLW\

$V WWRDFHQWUDWLRQ RI WKH KLJK PROHFXODU VXUIDF'
LW LV SRVVLEOH WR REVHUYH WKH WUDQVLWLRQ IURP WK
FRQWDFWYVY ZKLFK VKRZV 1HZW®QND QVEVEKRBA RHEOZDV/RY R/ K G
VWUXFWXUHV

6LIJQLILFDQW VFRSH RI DRREFXIPXID®FW HZG @RWWSROERIQ FOD
SURSHUWLHV HQDEOHG WR VXPPDUL]H WKH LQIRUPDWLI
LQWHUIDFH DGVRUSW)RRQ HJ D PO HRRAPKDENIARIQ Bl QFYU TMADIVQ
LQWHUIDFH D G VRRIBWHMVRSR @D \WRVWKH VWUXFWXUHV ZLW
FRQGHQVDWH FRQWDFWYV > @ 7KH PRGHOV RI LQWH
GHYHORSHG DQG WKHLU TXDQWLKLH BRQ B QWIDRQ FVDRIUWK G
SURWHLQV DQG SRO\V@W¥KHKDRRREHL\W HG XVH RRROHRAX DDV
VXUIDPWD@WE WKH FRPELQHG XVH RI VHERAHBDWKSWRIW HL G
VFDGBR@ ISWRSHUWLGWHRUIWRH DG VRUSMGE EQ SODRMUBN QV D
> @RZHYWKIHYHOFRRSGHIHWW BRD RUHP X OVERQWR WKH PRGHO
GLVSHUVLRQ V\VWHP VWDELOL]DWLRQ ZLWK WZR RU PRUH
RQO\ IRDPLRPXO\WWWHPWYG FUH@PV > @ 7KHVH PRGHO\
SULQFLSOH RI VXUIDFH DQG LQWHUIDFLDO WHQVLRQ DQG
SULQFLSOHV Rl VWDELOL]DWLRQ 1HYHUWKHOMNUVY |DRIODOR
WHQVLRQ LW LV LPSRVVLEOH WR H[SODLQ WKH SURFHVV}
SUREDEO\ LW LV QHFHVVDU\ WR FRQVLGHU UKHRORJLFDO
7KH VWDELOLW)\ RI IRDPV DQG HKRMHXOWVRRBVW UMD WDLGW B H (
OD\HUV > @ 7KH NQRZOHGJH OLPLWHG E\ WKH YDO>
LQVXIILFLHQW WR XQGHUVWDQG DQG IRUHFDVW WKHLU El
DQG LQIRUPDWLY K DAVR FOU/ R WWK WY EWWHPY 5KHRORJLFI
DGVRUSWLRQ OD\HUV FRUUHODWH WR WKH UKHRORJLFDO
IRDPV DQG HPXOVLRQV > @ DV ZHOO DV WKHRUHWLFD
SURSHUWLHHMRAH QGVRUSWLRQ OD\HUV WKHRUHWLFDO P
SDWWHUQVILMEL "M HGBLERO\SKDVH GLVSHUVLRQ VWUXFW
IDW SDUWLFOHV > @ DQG WKHLU FRPELQDWLRQ > @

7KH DQDO\VLV RI IQ HW B UCDOVXIERIQLQURKE WKH QHHG WR
WR GR UHVHDUFK LQWR LQWHUIDFH DGVRUSWLRQ OD\HUV

OHWKRGV RI VWXG\LQJ UKHRORJLFDO SURSHUWLHV R
7KH RYHUYLHZ SDSHUV > @ SURYLGB QVR HWX_R/GW DF

VWXG\LQJ LQWHUIDFH DGVRUSWLRQ OD\HUV ,Q DGGLWLR(
VKDSHY RWKHU GHYLFHVY DUH DSSOLHG EXW LW LV UHPD
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XQLYHUVDO WRRO LQ UHVHDOBPRHQY IZQW K USD RM IDIGIAR U,
GHSHQGLQJ RQ WKH VHOHFWHG WKHRUHWLFDO PRGHO RI
DUH XVHG WR VWXG\ UKHRORJLFDO SURSHUWLHV RI LQWH

6XUIDFH UKHRORJLFDO BURSWXOM MV FPEHDY XYHE Y L Q J
YLVFRVLPHWHU > @ EURXJKW WR WKH FRQFOXVLRQ WK
YROXPH UKHRORJ\ SURYLGHG WKDW PHDVXUHPHQWYV RI \
FDUULHG RXW RQXLG@DSKIDFAHYDQHBUODLAHY 7KXV WKH PDW
WR GHVFULEH UKHRORJGEPDBQSAULRHDODWNWW RP W KRIAHEH D ¢
UKHRORJLFDO SURSHUWLHV RI LQWHUIDFH DGVRUSWLRQ

7R GHVFULEH WKH LQWHU MLR DGW RS 3R \ROL DO NHW RE )
GLIIHUHQW PHFKDQLFDO LPSDFW RQ WKH LQWHUIDFH DGV
FRQWLQXRXV VWUHVV ZDYHG VWUHVV DQG WKXV LW LV !
VKHDU VWUHVVFRVLW\@ Y@ PRGXOHV Rl SODVWLFLW\ Dt
DVVHVV HPXOVLRQ VWDELOLW\ WKH %RXVVLQHVT QXPEHU
OD\HU YLVFRVLW\ WR WKH PHGLXP YLVFRVLW\ > @ ,Q FD
KLJKHU WKDQ RQH WKH V\VWHIPA LW \L\W CEEVIMOZDRGEHNY L AN OH
GLODWDWLRQDO HODVWLFLW\ PRGXOH LV XVHG DV WKH
H[WHUQDO IRUFHV DQG UHVWRUH ILQMWMUOD\WF\M DDAGH RU\S WL F
IRUFH WHUPLQDWLRQ > @ 7KH YLVFRVLW\ DQG GLOD
VIVWHPV ZLWK ORZ SURWHLQ FRQWHQW XS WR RU L
VXEVWDQFHV )RU WKHRWHWE PAR QMWW WL JKY 8§ U LQ WK
SURWHLQV DQG S R DNWBGHBKD VWEHYWRHLQWHUIDFH DGVRI
ZHOO DV WKH HODVWLFLW\ PRGXOH > @

&RQVLGHULQJ WKH NQRZQ GDWD DQGLV)WWWBFHVYGV
DQDO\]H WKH PDLQ DSSURDFKHV WR UHJXODWLQJ UKHR
DGVRUSWLRQ OD\HUV XVLQJ ORZ PROHFXODU VXUIDFWDQ
VXUIDFWDQWY FDQ HLWKHU UDOWIHRRY ORBHIRDWKWH VWDEL!

5HIXODWLRQ RI UKHRORJLFDO SURSHUWLHV RI LQWH

7KH UHVHDUFK LQWR WKH UKHRORJLFDO SURSHUWLH
VKRZHG WKDW WKH CHOBYWLFHDBWRSHUWVMHER >UI®FH PR
PXOWLOD\HU SDWWHUQ ZDV VXJJHVWHG $FFRUGLQJ WR |
DLU ERXQGDU\ FRQVLVWV RI RQH LUUHYHUVLEO\ DGVRI
UHYHUVLEOH DGVRUEHG VHFRQGDU\ OD\HUV

7KH.HOIGHDU VWUH\D\G RRUSWHRQDEB\HUV ULVHV DORQJ
ULVH LQ W HDFWMOHPW KA \B D FIDRX R & Y HKZDWMFDOD OEXPLQ D Q¢
FDVHL@,W LV GXH WR WKH IDFW WKDW WKH PD[LPXP V
PRQRPROHFXODU MIHWW BRGGVWWIURFRKHVISURWRIUBH 7RH
PD[LPXPPH®IGHDU VWUHVV Rl SURWHLQ LQWHUIDFH DGVRUS
WKHLU FRDJXODWLRQ L H XQGHU WKH HQYLURQPHQW j
LVRHOHFWUOEXFRIQWKRYPDO FRDJXQG R WLKRH WWHLPHSHIVDKV |
LQWHUIDFH DGVRUSWIDDRQ@ QQ VWHUDD¥HVKHVEYWHWLPHY 7
VROXWLRQ LRQLF IRUFH DQG WKH DGGLWLRQ RI VXEVWD(
ERQEQDEOHG WR GHILQH WKDW ERQG IRUPDWLRQ LQ LQ
K\GURJHQ HOHFWURVWDWLF DQG K\GURSKRELF LQWHUDF
SURWHLQ H@QEWBH VWUHVV Rl LQWHUIDFH LIGWHRWISW H RIL \©
QRYRODU VROYWQWHNVKLIJKHU FRPSDUHG WR WKH LQWHU

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJIJ)RRG 7THFKQRDRJ\

SKDVH LQWHUIDFH ZLWK DLU 7KXV\LW®&ISH DRE N Q/\U IDVXDR IWE
LQWHUIDFH DGVRUSWLRQ ODVHRW HLWHK BG ZLWKRRURIFM X E
7KH IRUPDWLRIRRMNWSUAFWBUQGH FRPSOH[HV LV ZLGHO\ )
VWDELOL]DWLRQ > @ 7KHUHZLWK HOHFWURVWDWLF
IRUPDWLRQ RI VDOW HLLQ\G DI)\G EXRDZMBIRFEDRWGHY > @
FKDUDFWHUL]HG E\ TXLWH D VWURQJ ELQGLQJ 3RO\HOHF
FRRSHUDWLYH UHDFWLRQV RI XQLWLQJ RSSRVLWHO\ FKI
QDWXUH RI UGDHWMRIQHY HPISUJHGRB LRI HDFW E@WBU IDFL
IRUPDWLRQ RI RWKHU ERQGYV EHWZHHQ FKDLQV RI WKH ¢
KLJKO\ VWDEOH 7KHUH DUH WZR Wi¥KMAR RF KSLRRP\HH\D bl E DR
VWRLFHULREE® W @ B6WRLFKLRPHWULFDO WR® DM HHNQIE
IHDWXUH KLJK KDUGQHVV DQGVWREBRSKREWRLEBY®HGRC
FRPSOH[HV DROXAEDOMHIZKLFK LV GHWHUPLQHG E\ WKH SUH
ZHWRW LQYROYHG LQ FRPSOH[ IRUPDWLRQ > @ %HLQ.
YLVFRVLW\ LQ VRPH FDVHV JHOV DUH IRUPHG ZKLFK LV L
IRUFH DQG RWKHU IDFWRUV 7KH FRPSOH[HV G- DXUBMK HRU
DGVRUEHG RU EH EXLOW GLUHFWO\ DW WKH SKDVH LQWH
7KH UKHRORJLFDO SDUDPHWHUV RI LQWHUIDFH OD\HU
DQG VKHDU VWUHVV FDQ EH FRQWUROOHG XVLQJ VXUIDF
DGVRUSWLRQ OD\HUV LQ WKH FRQVLGHUHG V\VWHPV LV I
SURWHLQV DQG VXUIDFWDQWY DUH WDNHQ VHSDUDWHO)
DGGLWLRQDO K\GURJHQ DQG K\GURSKRELF ERWON >EHW ZH

@

7KH EHVW DQG V\VWHPDWLFDOO\ NQRXQINKWIDFMVSBI
VIVWHPV DV ZHOO DV WKHLU UROH LQ IRUPLQJ WKH VWU
VI\VWHPV DUH WKRVH RI HPXOVLRQNFRDORBFX$W WRE& VHI
SRVVLEOH V\QHUJHWLF LQWHUDFWLRQ RI SURWHLQV DQG
DQG K\GURSKRELF VHIJPHQWY HQDEOHV WKH SURRWQHIEQ WF
VXUIDFWDQWY ZKLFK LVOGKHIPWRD G LPIHHFK-DN VKUV .G DS D U W
WKH HOHFWURVWDWLF DWWUDFWLRQ EHWZHHQ RSSRVLW!}
DQG SURWHLQV RU RZLQJ WR WKH LQWHUDFWLRQ EHW?ZF
DQG DRQLF VWWIDFWDQ@ 'HSHQGLQJ RQ WKH FRQFHQWUD
ZLWK SURWHLQ DV LQGLYLGXD® H PA HE N OMHW HRU HR/Z IRY AH
SURWHLQ PROHFXOHV RI WKH VXUIDFWDQWY FDQ HLWKH!
ZKLOH DFFHOHUDWLRQVRE LIDQKILEQ WL QGSIURMHLQ PROHFXOF
RI VXUIDFWDQWM SRSKLRIKLPDPDQFH DYDLODELOLW\ RI
HQYLURQPHQWDO FRQGLWLRQV WHPSHUDWXUH S+ LRQL

,W ZDV HVWDEOLVKHG WKDW WKH DGGLWLRQ RI SKRYV
OD\HUV ORVLQJ>WK® L0 RZIHUG QKNDU VWG WWK ¥ DROXKIHY K D ¢
LV SRVVLEOH WR VWUHQJWKHQ LQW HUIDFH ROIBIREWIHHED | R L
DVVRFLDWHY XVLQNREB®BWHQ/ OQI® FADIMHWY OZLSRIS KL &KILB
EDODQFH > @ DROXKE®® X RIDFEWDQW VO IZ& RSK DOQ R ZE R GBI
> @

W ZDV VWDWHG WKDW G RRONWKESVIDBEHBERQD\DHE VRU ED FH
FRYHUHG ZLWK SURWHLQ > @ X $ VD FAANRYD B/RIQFW & WIDE
DGVRUSWLRQ OD\HUV DUH IRUFR K G | DFRV@IEEFIRPEMH DE VDY W A
FDQ EH DGVRUEHEG EEWIZOIHE@ XU RMW K\GURSKRELF SDUWV R
H[SODLQV ORZ FRULIBEMNCSR®WHLQ GRHV QRW HQWDLO
ORUHRYHU ORZ FRQFHOWWDWGRYWVBQPLRWRHQVLI\ SURWH
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LQWHUIDFHWX$GD FWB®®WY D UDWKHU KLJK VXUIDFH SUHV
OD\HUV DJJUHJDWH ZKLFK OHDGV WR SURWHLQ OD\HU \
DGVRUSWLRQ OD\HUV DUH ILQDOO\ UHPRYHG LQWR WKH D

5KHORJLFDO SURSHUWLHV RDBFPW®VDREX OFERQDNIA Q RQ R
VRGLXP GRGHF\OEHQ]HQH VO IRQB VGHH | 16QEH G DBW WKH PROTL
SURWHLQ UDWLR > @ $ UDWLR ZKLFK HQDEOHWY HPXOV
YDOXHV ZDV IRXQG $W WKH ORZ DQG KLJK 6'6 FRQFHQW L
GHFUHDVHV FRPSDUHG WR SURWHLQ HPXOVLRQV ZLWKRX
WKH VSHFLILFV Rl WKH DVVRFLDWHG WX B HDNF X\HCHIQW SR WA
6'6 DW WKH SKDVH LQWHUIDFH 7KH DGGLWLRQ RI 6'6 WR
WKH VWDELOLW\ DQG YLVFRVLW\ RI HPXOVLRQV ZKLFK L
WKURXJKRXW WKH DTXHRXV SKBVWXD QG \ED RV FRPE OB \H)
SURWHLQ FIDQU® DLRWRDQ FRUUHODWLRQ XQGHU ZKLFK W
DGVRUSWLRQ ODDH UVDIQVR MIK\E KIDMANULQWHUIDFH LQFUHD\
YXUWKHU WKH VRGLPORUJBEBQBIQQPRUHBEQOBWLRQ ZDV LGHQWI
FDVHV WKH LQFUHDVH RI WKH PD[LPXP VKHDU VWUHVV R
IRUPDWLRQ RIFLWOWDSHRQYBIQY FRPSOH[HV

&RPELQHG DYDLODELOLW)\ RI D FRWWIDQQ O @5 QWXL\IDFWA
OHDG WR WKH IRUPDWLRQ RI PL[HG DGVRUSWLRQ OD\HUV
VXUIDFH DFWLYH FRPSRQHQW IURP WKH DGVRUSWLRQ OD'

7KHUH PD\ HPHUJH WKHUPRG\QDPLF LQFRAXUNIDREN\D LW
ZKHQ H[FHHGLQJ WKH FULWLFDO PLFHOOH FRQFHQWUDW!
UHSODFHPHQW RI RQH FRPSRQHQW ZLWK DQRWKHU >
ZHUH VXJJHVWHG WR UHSOWI PHE\E D @MW M BOWAIU RRHVIKKH VW L\
PHFKDQLVP RI VROXELOL]DWLRQ PHDQLQJ WKH LQFUHDVH
RI IRUPLQJ D PRUH K\G/XESKE®RBOSI)RMHE QD GRO®EOFD W
VXUIDFWBEOWWKHU LV WKH U H SHID E K P FURQX\WY BIFNY DT R/@ J HXU
ERXQG WR WKH VXUIDFH RI WKH SKDVH L QWHU CDFFHN B RAV
FRPSOH[ DQG UHSODFHV WKH ODWWHU

7KH VWDELOLW\ RI IRDWW IBFWHD® WQ®P BHRW IBHSHQGV RC(
LQWHURDBURWHLQV DQG VXUIDFWDQWYV XQGHU FRPSHWLW
,Q WKH ILUVW FDVH WKH SURWHLQ LQWHUIDFH DGVRUSW
ZKLOH LQ WKH RWKHU FDVH UKHRORJOPDBUSURWY M B L WYX H
VWDELOLW\ ULVHV )RU LQVWDQFH WKH DGGLWLRQ RI 72
RQODFWRJOREDXFMWRDQEXPLQ > @

7KH DGGLWLRQLRU IQRRY D QMWW HW®R SURWHLQ DTXHRXV VF
W WKH ZHDN LQWHUDFWLRQ DPRQJ FRPSRQHQWYV > @
ERYLQH VHUXP DIDERX FIZHHR6EXH WR K\GURJHQ ERQGV >
WKDW WKH VXUIDFH DFWLYLW\ RI WKH FU H DNRRGH E@Q P/SKQH Pt
DFWLYLW\ DQG WZLFH DV XLIIK B\D PAKHYLRHHQ

7KH LQWHUDFWLRQ EHWZHHQ FOMHAGED W R2DR ERFROQL\DL G
KXPDQ VHUXP DOEXPLQ +6% RDWEJ ICRMKEIMUE QD WKH D
SKDVH > @ 7KH PRGRO® RIFREIBWHHMM RIIHUHG 7TKH\ DUFL
XQGHU ORZ FRQNKQVWFIMQERYO RHU HOHFWURVWDWLF LQ
SURWHVRUDREBWB@WYWLQJ LQ D K\GURSKRELF FRPSOH[ D
PXFK ORZHU VROXELOLW\ WKDQ SURWHLQ VEXFW KQWKH
FRQFHQWUDWIKRI@RXUKRKW WKH DTXHRXV SKDVH HOHF
FRPSOHPHQWHG E\ K\GURSKRELF RQHV 7KXV WKH FRF
DFFRUGLQJO\ VRRWXIE P WHYPG ORVHV LWV VXUIDFH DFWLYL
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6XPPLQJ XS LRWHGWKEW @KH DQDO\WVLV RI WKH OLWH
VKRZV WKHLU LPSRUWDQW UROH LQ HQVXULQJ WKH VWDE
WKH DGGLWLRQDO HQWU\ RI SROK DFIFIKIDWUH QGAIVKRE K RIS W KL
EDDQFH YDOXHV WR SURWHLQ VROXWLRQV HQDEOHV WR |
LQ WKH VA\VWHP FKDQJH WKH VXUIPRE\DFRMAKDW\GEH\ RRU:
VXUIDFWDQWY FRPSOH[HV ,W ZDV HVWDBAGUXOMS/ WK BPIWJI E
WR WKH XMREB | VXRODRWID(PVGRGHF\OEHQ]JHQHVXOIRQDWH
WKHLU DSSTDAHBDWIRRHQDQG DOVR SURWHLQV DV VHSDL
DSSURDFK DOORZV IRU SUpFLVLQHYMROHWROW U DIQQNWHWL Dy
IRRGVWXIIV HYHQ WR PRGHO V\VWHPV UHTXLUHV VRPH V!

&RQFOXVLRQ

7KH GLIIHUHQFHV LQ WKH SURGXFWLRQ RI IRDPV D
GLVSHUVLRQ LUMDYVOWHWERINRD P LIDJG WKH VL]H RI IDW S
VPDOOHU WKDQ WR R WURWESHLR & X E BRIRFZP X O VIRRRGYV
SURG XFRHUHP XOVLDR@GRDPLRUH VLPXOWDQHRXV LV
WKHUPRG\QTXPEFR G XIEXWEM® U IRVARBHQWLD OO\

7Kl ZRUN V\VWHPDWL]HG WKH IDFWRUV GHWHUPLQLQ
GHVW UBDFWIRIIMWR WKH SURSHUWLHY DQG YLVFRVLW\
3URYLIRREI RGIXFMADRAK DLU\ DQG IDW SKDVHV GHVWL
7KNWXG\ VIVWHPDWL]HG WKH IDFWRUV HQVXULQJ W|
0XORMRPSRQH@WWRRG/ PD\ IHDW X UMK ¥ R VWRQ/Q G B BW RO
LQFOXNGMDULHWLHY RI WKH VWUXFWXUDO,WHWFKDQL
LPSOHPBWMRG P DRIDRDOR W HEDW IBRYIGH. V S HEIDVW RALFDD H V
XVLEQ GURWRWROEZGWSDOUWRDGS DFFRUGREKIHFNHULQJ
VWDELORWWRRELQHG XVH RI BRE@MWHX.MNU ZV YUK DOFRZD C
FRPELQHG XVHD QG SIFRWWRBENKDULGHYV

7KH SURGXFWLRQ DQG VWDELOL]DWLRQ RI IRDP HPXC
VSDWLDO ORFDWLRQ RI SKDVHV LQ WKH V\WVWHP ZK
SUR 'S H UMQHMH WARRD V WEW KM\ WAHRRQ WIKLB)VERX Q @DULHV
ZDWHW DQ®RUIZODWHWK YDULHG G LAKKWHK E\BHORIMBRIQD U L
NL@®BRQFHQWRNRWIDEWMDOQWUHTXLUHG WR FRPSO\ ZL\
SURSHUWLHV RI LQWHUIDFH DGVRUSWLRQ OD\HUV
,QWHUIDFH S U RMSHUW DIPR GHRRURW VXUIDFWDQWYV VS
SURSHUWLHV RI LQWHUIDFH DGVRUSWLAF®PIHWWLW LG K
DVVRFLDWLYH RQ GO MMKKIHGGWMS P IBHMWX WKUIDFH DF
UKHRO BURIHRIWQWWE G VR UG DALRMIMKHHD GLQJ UROH LC
VWDELOLW)\ Rl IRRB HRXP WPRK@®WLRQ VXVSHQVLRQV
7KH SDSHU DQDO\]HG WKH PHWKRGV RI VWXG\LQJ WK
DGVRUSWLRQ YDDRIW VFRWLMO G VW DHNB/KHCKDADWL F L W\
PR G XPRIWU BIOWW/H D ERLIGRIDM\QIEP X OVDRGVFDQ EH HIIHFW
XVHG WR IRUHFDVW WKH VWDELOLW\ RI SRO\SKDVH Gl
7KH UKHRORJLFDO SURSHUWLHV RI LQWHUIDFH DGVRU
RI ORROHFXODU VXUIDFWDQWYV QL SRS[5 k@GR QWK HK \ G
SURWRQ@DLQLQJ V\WWHPV WKXV UHJXODWLQJ DG\
SRO\WDFFKDULGHV IRUPLQJ FRPSOH[HV WKURXJKRXW

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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5HIHUHQFHYV

*LOBDPW]BRZ SNUDLQF]\RHQGHS %ORGHOOLQJ OLQHUDO )RDP OF
"\QDPLFV IRU 6WDELOLW)\ DQ&R |QVUXQEW L RW K3 URBMWKARLH R Q
%RXQGDULHV RI 6WHUXEWXWIDD &RWD SUWHBS B SEH.S WW P B U
$YDLODEOH

KWWSV ZZZ UHVHDUFKJDWH QHW SXEOLFDWLRQ BORG
"\QDPLFVBIRUB 6W D BIDLLRV\B BQRESBH Q WX.G V
OXUUD\ % 6 (WWHODLH 5 YRDP VW DEX QU WY W3 @ 8 WHLRID

&ROORLG DQG ,QWHUI®%H 6FLHQFH
7DGURV 7 )(PXOVLRQ IRUPDWLRRKRQQGOHNDBRMMW\IHZ <RUN

%XUJXHUD %XUJXHUD 0 $QDO\WLFDO DSSOLFDWLRQV R
7DODIRMD | +
.RUROHYD 0 ,X ,XUWRY ( 9 1DQRHPXOVLL VYRLVWYD

REODVWL S8V PHQKIQNKD P SIS
6FKUDPP // PXOVLRQV )RDPV DQG 6XVSHQVLRQV )XQGDF
/(< 9&+ 9HUODJ *PE+ &R 1HZ <RUN
.DZDNDWVX 7 7UDJDUGK * 7UDJDUGK & 7KH IRUPDWL|
DQG WKH YLVFRME MWL QWKRIO KX M®& R QQIFR @ MIQRQ Q H iU L QJ

+
'DPRGDUDQ 6 3DUBURBMHDIELOL]HG )RDPV, ® QRRE@ BORIBRQ\Q V
WKHLU DSSODREDMQ REINNGRU N
SHUWRHPWHW - 0 ODULH 3 *HUYDLV 3 SRREDHQVR® IR|
SURWWIDELOILJ@BWRUO HPXOVLIRWY KAVKQJISUWVVXUH DQG FI
KRPRJHQLJPMWIERIO Rl )RRG (QILGHHULQJ

‘DOVWUD 3 3ULQFLSOH®KHPHRROVBRIQ tRUPDWLRQ
3ULQV $ BWDJQDQW VXUIDFH EHKDYLRXU ®RIORWE VH I |
6XUl SS +

9DQ .DOVEHHN + . $LFNAQV@®RY § SRGULJIXH] - 0 )RDP IR

SURWHLQV LQ UHODWLRQ WR WKHLU G\QDPLF VXUIDFH EHKD
LQWHUDFWLR QR \D@G6RWDHEWD RW&KHBSVW U\ &DPEULGJH
9HOLNRY . 3 '9WOMYQ@RYD . * &RQAVWDQW L(QHEKNRIXUIDFWDC
FRQFHQWUDWLRQ RQ WKH NLQHWLF VW-DRLUOHLRV\6RIFWKDQ ORI
7UDQVSS &

:X : 1ILNRORY $ :DVDQ6KHADQGXFHGVLIM®HS VYW UXFWXUH YDUL
VWDELOLW)\ RI IRRG HPXOVLRQV ,, (IIHFWV FRIXWQD O RV IRREG
(QILQHHUIS®J +

':DOVWUD 3 )HQQHRYUSHEVHG 6\VWHPV %DVLF &RQVLGHUDW
ODUFHO 'HNNHU 1HZ <RUN

.LHOF]JHZVND . .UXN $ &]HUQLHZLF] O :DUPL!VND O +DSF
KLIXUHVVXUH KRPRJHQL]DWLRQ RQ FKDQJHV LQ PROINVKROO
-RXUQDO RI )RRG DQG 1XWWBISWLRQ 6FLHQFHV

&D®XL] 0 5LFKWHU 5(I/HFW Rl KRPRJHQL]DWLRQ SUHVVXUH §
PHPEUDQH SURWHLESIS =

%RRGH . :DOVWUD 3 .LQHWLF V@ VEBW W PX@RARFREDIDH V, B
&ROORLGV DQG 3RO\PHUV 6WDELGLWRIP Q&K BIIRFKODQREDDGIHR
%RRGH . :DOVWUD 3 3 D UV@LIDVOH BR B DXV HREW L QL RWE

DJJUHJBWORBLGYV DQBKGKLARFKINPDFDO DQG (QJILRHHULQJ $\

%RRGH . :DOVWUD 3 'HJURRWPRVWHUW $ (L&DWHU 3DU"
HPXOVLRQV ,QIOXHQFH RI&R QD FELLARS B QIKIGHMUFRRIFRIKFD DD D
(QILQHHULQJ $V/SHFWV

'LHUHQJD*¥%SSHQ + 1HZ YLHZV RQ IR D&XVUWRPWS D RINH IR
LQ &ROORLG ~ ° ,QWHUIMSBH 6FLHQFH

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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.RFKHWNRYD $ $ 3LVKFKHY\H HPXOVLL L HPXOJDWRU\
SUDNWLFKHVNBHREREY REQARYWHGLHQWSS6\UH L GREDYNL
%KDNWD $ 5XFNHQVWHLQ ( '"HFD\ RI VVOIGGERO ORSNW
$GYDQFHV LQ &ROORLG DQ®&StQWHUIDFH 6FLHQFH

&R[ 6 - $ORQVR 0 ' :HDLUH "UDLQDNMHHUQE XFHG FRQYHFWLR(
7KH (XURSHDQ 3K\VLF®® -RXUQDO

9RONHUW 0+LJK SUMRZXWHPSHUDWXUH LQGXFHG VWUXFWXUH
PRGHO V\VWHPV 'LVV 7HFKQLVFKH 8QLYHUVLWIW %HUOLQ
'HDLUH ' #6XWJRMH& .HUQ 1 $ORQVR O ' 'UHQFNKDQ :

RI IRDPV -RXUQDO RI 3K\WLFV &R&®GHQVHG ODWWHU Ss
'HDLUMD]D 0 ) 7HL[HLUD 3, & )RUWHV 0 $ 6RI,\YVWDE
ODWWHU S8

3XJK 5 - JRDPLQJ IRDP ILOPV D@BYRQOPHQJI&RQGRGESBI
,QWHUIDFH 6F3$tQFH

6DQWRV 6 ) =DQHWWH ' )LVFKHU + ,WUL 5 $ VI\VWH
%6$ DQG VRGLXP GRG HFQOWMMDFIMWLRQV E\ VXUIDFHDWHQVLR
VFDWWH&RQORLG ,QWHUIDSFH 6 FLHQFH

OXOOHU ' ODOPVWHQ 0 %HUJFQVWDKO % +HVVLQJ - 20
$GVRUSWLRQ RI *HODWLQ D @G VKRGRRYM® WRGHMOEWQIRISKRE
IDQJPXLUWSS +

OF&OHPHQWYV ')RRG (PXOVLRQ 3ULQFLSOH 3UDF&NL%RFD DQ!
5RWRQ

':DOVWUD 3(PXOVLRQ VWDELOLW\ ,Q (QF\FORGSHG\DHRIFKRNO
3 1HZRUWADWR®MJ .RQJ ODUFHO 'HNNHU i

-DFNVRQ 1 ( 7XFNHU &K / $ PRGHO IRU ODUJH GHIRUP
LQWHUIDFLDOKWMR®A RQ

,]JPDLORYD 93 ,DPSROLHVNDLIBRNYNKFPFPVWQ\H LDYOHQLLD
V LV W H PN R NR Y

,]JPDLORYD 9 1 S5HELQGWWX3NWXURREUD]RYDQLH 1D XBNHDONRY\I
ORVNYD

OLVKFKXN 1 $ 7KH PRGHO Rl K\GURSKRELF DWWUDFWLR
IRWFHGY &ROORLG ,QWHUSSFH 6FL

%DEDN 9 * JLQHLQRH QDWLD]KHQLH Y W HBWMSRGNKQD P L N
NKLPLL SS*

'RXWHUV $UQR *% 5RPERXWVY , )LHUHQV ( %UDMW .6 %Ok

YRDPLQJ PRQWHDLUQWHUIDFLDO FKDUDFWHULVWLFV RI \
K\GURO\VDWH D QG RRIGZ KLGWUHR SR G&/RiL GV
'D\' / *ROGLQJ O ;X0 .HRJK - &OLIWRQ 3 HREBVIHWWIRO
RI VWUXFWXUHG HPXOVLRQV K\ QL QMR RAHRIED FHHWRQ G R L
SS +
7DGURV 7 9LVFRHODVWLF SURSHUWLHV Rl VWHULFDO
$GYDQFHV LQ FROORLGFEQGS@WHUIDFH VFL
'LHUHQJD 3$ / YDQ 1RUpO %DVKHYD ( 6 5HFRQVLGH
SURSHUWLHV L@RRDRIVGWDEQRGLHKUIDFHY $ 3K\VLFRFKHPLFD(
+ SSt
&RWWUHOOHLM - (PX®BLILHUV LQ )RR® JFANKQRO BXEOLVKLQJ
-HUVH\

(WWHODLH 5 OXUUD\ % 6 (I 'THFW RI SDUWLFOH DGVRI

SURFHVV LQ SLFNHULQRXWQDBL R L &K E FEDFPEDIBIK\V LFV

-LQ + =KRX &DR - 6WR\DQRY 6 ' %OLMGHQVWHLQ 7 % -
*

( : 6XSHU VWDEOH IRDPV VWDELOL]HG®REW RDWWIH®D

SS #

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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OLOOHU 5 )DLQHRWYD®FBEXB 9 , *ULJRULHY ' 2 J/HVHU 0 (

&RPSRVLWH LQWHUIDFLDO/ IO B\ D@\ FRIQIRISLEN B AMVF UG FROC

DQG LQWHUIDRH VBISHQFH

'"HVKPXNK 26 ' YDQ GHQ (QGHIOH & 6 XDUMW W)V 0X +DUG

FROORLGV DW IOXLG LQWHUIDFHV $GVRUSWYRQF HQW 8 WRIRFOND

DQG ,QV8H UHImAH + SS

6DJLV / 0 & 6FKROWHQ ( &RPSOH[ L@V HPHIPKFHHYLERO

SURSHUMLHSN LQ )RRG 6FLHQFH DS& 7HFKQRORJ\

1IXVKWDHYD $ 9 3LVKFKHY\H WYHUG\H HPXOJDWRU\ 8Q

$YDLODEWW ®W XQLYHUVXP FRP UX QDWXUH DUFKLYH LWHP

'"LFNLQVR@URFROORLGV DV HPXOVLILHRRGD ©\& BIRKRYQ R QGWW

SS  #

<XDQ< 2EHUKRO]HU 05 /BRQKRORHY PDWWHU HOHFWURVW

VXUIDFHFRYHUDJH WUHQGV LQ SURWREBDRQOGQEPFIRGERL®

3K\WVLFRFKHPLFDO DQG (QJEQHS®¥QJ $VSHFWV

'LDNLQD 7 $ 'HUNDFK 65 /HYDFKHY 6 0 . RQWVHQW:!

VPHVHL JKHODWLQ\ V OHWVLWERREL N PR R RYAKNHRHENBLLH QLYYRHL

.KLPLLD SS%

IDQHXYLOOH 6, 3DTXLQ 3 (ITBKEWHRRQ SBHSDUDWLRQ FRQG

FKDUDFWHULVWLED RV KEG KB RFRBGO HGHRFR GGRL GV

/LL & < /LDZ 6 & /DN %) 7BOWKID®IBOMWLQ ARPRG H DY

3RO\PHU -RX88D®

1ILNRODHYD 2 9 %XGWRYD 79 .DOLX]KQDLD /0 %HONHYL]
OH]JKPROHNXOLDUQ\H Y]DLPRGHLVWYLLD WY RAPRIW LD N

SROLDNULORYRL NLVORWRMNRPIRORN Ws\RHIGD QXKDR ]\ D

$]DULNLD ) $EEDVLLEDF\ Rl ZKWUBURMIHIWQK RQ VIVQDELOL]L

ZDWHU HPXOVLRQV &RPSDULVRQ RI PRR{G DGQGRFBSBHD E\ OD\

3DWLQR - 05 3LORVRBYRBBOL\QYDFFKDULGH LQWHUDFWLRQV
+\GURFROO SS =

,]XPUXGRY 9$ =HQLQ $ % .DEDQRY 9 $ SHDNWVLL RE
SRLHOHWUROLW @\MR NNRRFFRSIDHNW WRRH G QHQLL D

*RUDOFKXN $ % 3LYRYMHNKYQRGBRJILD WHUPRVWDE*OQLNK H
RVQRY+ RYRFKHXRE R/ U.RDIUMNL

7ROVWRJIX]RY 9R¥H IRUP\ EHONRYRL SLVKFKL 7HNKQRORJLFI
SEL]YRGWWYRSURMRVERW 0
ODNODSIBYDRURQNRHUNDBBK.DG\URY,D =RWBMILPRGHLVWYLF
1K HO DWN QU U D J ISGDIRP\K S HN W URNWR OLN ij+

6LQJK + 7DPHKDQD 0 +HPBU < OXQWRIUIDFLDO FRPSF
PLFURVWUXFWXUHV D@0 WHRSHHPXWOVHRQM FRUPHG ZLWK PL[W
DQMFDUUDJHHERGEL X P PRRHEL @ IBAIRFR O O BISG V

6LQJK + 7DPHKDQD 0 +HPDU < OXDWHRUIDFISDO FRPSR
PLFURVWUXFWXUHV D@0 WHRSHHPXWVHRQRI FRUPHG ZLWK PL[W
DQNMFDUUDJHHEBIQ SURW HLQ )IRFRD BVEGH R:BR O O FBISE V
'LFNLQVRQ ( 3DYYOR@MMNAHQFBURIDNHHQDQ RQ WKH SURSHU)
VWDELOL]JHERRBXOGIURF RO O BISG V

'LFNLEVR@ $:LOOLDPV * 2 3KLOOLSRV G 6WDELBRGHUV IR
,QGXVHRIDO 6RFLHW\ RIEKIRIHVBU\ &DP

OXUUD\ % 6 ,QWHUIDFLDO UKHRORJ\ Rl PL[HD®\RRG SUF
ZLWK UHVSHFW WR HPXO\Q RY VL QRD@WEVUNLEEAGWL Q 36 W X ¢
,QWHUIDFH 6FSSIOFH"

'DV . 3 FO@D - BWDELOLW\ Rl IRRG HPXOVLRQV SK\VLFRI
QRQSURWHL@EPXARGI LIKKWAS SHV

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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'LENLQVRQ ( 3URWHLQV DW LQWHUIDFHV DQG LQ HPXO
- &KHP 6PBGD)IYWDQV SS +
'"LFNLQVRQ ( 5LW]RXOLV & 3RYH\O - : 6WDELOLW\ RI

FDVHLQDRHHQQ&ROORLG ,QWHUIBBH 6FL

'LFNLQVRQIRUGBG- *ROGLQJ ON\ DQG BMKBIRIORJI\ Rl HPXOVLR!
VRGLXP FDVHLQDWH FRPELQHG HIIHREWRQLRI VIXRRIRFNDIWE L
+\GURFROORLG8+

*X]H\' OF&OHPHQWYRUPDWLRQ VWDELOLW\ DQG SURSHUWL
IRDSSOLFDWLRQ LQ $/GKH QFERIE LQGRMORLG BEG+, QWHUIDFH ¢
5\EDN 2 OLON IDW LQ VWUXFWXUH |RUPNDWDLRQ RQ GOR G
MRXUQDGSS =

3DUH\W % )LQQLH 6 0 X3XWVH\V - $/LHGRRLQ EUHDG PDN
LQWHUDFWLRQV DQG L-RXWRD ® @ IE& DSOS HOLWO F H

&DUU 1 2 +RJJ :$)PDQXIDFWXUHUYTV SHUV SHFWHY 1% IRRG X A O]
$VLD 3DF - &0LQ SIXWU

$OOHQ . ( OXUUD\ % 6 'LFNLQVRQ ( '"HYHORSPHQW RI
RI HPXOVLRQ GURSOHW OLTXLG VRO LGRRIKD U\IGRVRHF B MR GG
SS =

'"HQNRY 1 ' ODULQRYD 6 *6 7FKRMBPINRPRLVWLF XQGHUVWDQ
RI DFWLRQ RI IRDPSGRQRIRMRD GH@QWSSItDFH 6FL
'"HQNRY 1 ' OHFKDQLVPV RI IRDWPHG H/QWWLX RW BjR QD B RX D

+
+DGMLLVNL § "HURRRODNRYD 6 ,YBRRW RI %QWU\ EDUULH!I
IRDP GHVWUXFW IOPQ FEN RLIDNGBRSMHZ <RUN
*DUUHWW 3 7KH 6FLHQFH RI 'HIRDPLQJ 7KHRU\ (SKULPHQW
3UHVIHZ <RUN
+RWUXP 1 ( 6VEREHW 0 $ 9DQ 90OLHW 7 9DQ $NHQ * $
FU\WWDOOL]HG RLO GURSOHMRO RAQ LY DIQUS ZEDW HF HYWSH 3 KD V|
(QJLQHHULQJ $VSHFWV
7KH )RDP ,+& 1HZV $DOLOKDEWS ZZZ FODULDQW FRP &
YZ/RRNXS'RZQORDGYV B B,+&B1HZVOHWWHUB'HIRDPLQJ SG
HWWHUB'HIRDPLQJ SGI

$UNKLSRY $ 1 3ULPHQHQLH VWUXNWXURREUD]RYDW
SURG XNHWAKYQLNDORWHNKSQAR KFKHY\NK SURL]YRGVWY
.DOWVD 2 3D[LPDGD 3 0DQGDOD , B6FKROWHQ ( 3K\

HPXOVLRQV XSRQ SDUWLDO GLVSODFHPHQW RI ZKH\ SURWHL
SHFWLQ DRBRGWHREBDUFK ,QVESUDWLRQDO

5DOVWRQ - 'XNKLQ 66 OLVKFKXN 1 $ "HWWLQJ ILOF
$GYDQFHV LQ &ROORLG DQE ,GWHUIDFH 6FLHQFH
6KDKED]L % 5H]DL % 7KH (IITHFW Rl OLFUR,UPWQEXOHQF

&KHP 2 &KHP (QJ (QJOBEK (G

$OELMDQLF % 2]GHPLU 2 +DPSWRQ 0 $ 1JX\HQ 3 7 1JX\
YXQGDPHQWDO DVSBBWVFRIHEXEBOHFKPHQW PHFKOLQ@QUMP LQ |
(QJ SS =

5RGLRQRYD 1 6 SDVKFKHQNR / 3 .OLPRYD ( $
SHQRREUD]J]RYDWHOHL Y WHNKQ@RYORILIODN§VE®RURGQ\NK NRNW
'LFNLQVRQ ( (PXOVLRQ JHOV 7KH VWUXMDEIH® RRO VI

GURSYRHRRWVK\GURFRGGBRL GV

'LENLQVRQ ( 6WUDWHJILHVY WR FRQWURO DQ®WOQEKLEILGH & RH O
ZDWHU HPRRGLRWBWRFRGCRL GV

$UEROB\D5LGRXW 0 - LOGHKBRORJILFDO EHKDYLRXU RI DHI
RLO ZDWHU)RRXGOKRNCRIRF RCSGBRE GV

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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JUHGULFN ( +H\PDQ % ORHQV . )LVFKHU 6 9HUZLMOHQ 7

"HZHWWLQFN ORQRDF\OJO\FHUHFRPEIQQBBLEYHDP ,, 7KH HIIH

FRDOHVFHQFH DQG Z)}REG 5@V SUFREHYWLHV

3URVHNRY $ X 90LLDQLH WH NK GBLXRKHDAN ¥ N K QNI RDIN &

QD VWUXNWXUX Y]EUIV@HRISURGRMWD VHOVNRNKR]LPLVWY HC
+

.DNLPRY $ . .DNLPRYD =K .K *DLEDOLQR * 0 6WDE|

ORORFKQDLD SURP\YKOHQQRVW

%RUFKHUGLQJ . 2/IPDM®HQ @IHFW RI SURWHLRQKFR GWRQ/\WNLGC

UDWGRSBQ'DOXH RQ WKH IRDPLQJ SURSH U QURAYRKDINN UR P H G

7HFKQRORJ\SS #

(UQL 3 :LQGKDE ( - *XQQUWGHUBEDFLDO UK HDEGVRMHR E VRS D FiHH
$FDFLD VHQHJDO YHUVXYHO@UFSKREFEE B PRMFEXIO HV
3HUH] ,QWHUIDFLDO DQG IRDPLQJ FKDUDFWHULVWLF

DQG SRO\WDFFKDULG,KKRLIREUWQUBE HPY

5RGULJXH] 3DWLQR - 0 SHRGDDFKHE ILQERWDWLF DQG G\QDI

SURSHUWLHV RI D ZKH\ SURWHLQ LVRODW HZDQGH B R@RIOVFBI|

,QG (QJ &KHPSSHV

.RWO\DU 2 *RUDMAKONDMSR 22 S5LDEHWMFRXUVH RI WKH IRL

FRQFHQW WNXWLIRRWR QWY WR HQVXKPRXW K HY\HXSNUREEIIMDICO LRAR G

MRXUQDGSS

=KDRD 4 JUR]JHQ FKLOOHG DQG VSUD\ GULHG HPXOVL

HPXOVLRQ SUHVHUYDWLRQ DSSUWDEKHV)RREG BFRERXFW DXQQ

7HFKQRORJ\ SS#

OXQND 0 (ULFKVHQE + $QTHHUMHEFB\RO R R2ORAKW HPXOVLILFH

LQ 2HPXOVLRQV RQ PLFURRQNVGRMIHVG RILOQRQ IDW JOREXOH)

HPXOVDM HUKWH JORER®H QIXW IMIFEROORLG DQG SGWHUIDFH 6FI

OpQGHJODVFR & 'RXJODV *RII + )DW VWUXFWXUHV I

VDWXUDWHG PRQRJO\FHULGH DQG WKHLU HIIHFWWRQ LFH

,QWHUQDWLRQDO 'DLB\S-RXUQDO

OXUUD\ < %XEEOH VWDELOLW)\ LG DWKHUSKHPFX® QIFRIQRE RRHO H V

RI VXUIDFH VKHDU YHUV %R R G DGURF RRO@EE GAK HR O R J\

X 5 'LFNLQWRQUD\ % ORUSKRORJLFDO &KDQJHV LQ $GVRUE

WKHi :DWMDHU ,QWHUIDFH 6XEMHFWHG WR &RPSUHDQUR®LY[SDQ
SS

JLVFKHU 3 LQGKPEHRORJ\ Rl IRR&EXBDW@WRDOINQ &ROORLG

,QWHUIDFH 6FLSiQFH

+RURJRY 7 )RDPV DQG IRDP ILOPV VWD E EXIVNUH® \E\ 28R QL& Q

&ROORLG ,QWHUIDFSS6FLHQFH

.DPDWK 6 7KH LQIOXHQFH RI WHP S HRIDRDGN HRID BWKHR RIDP L'

-RXUQDO SS #

&KDQDPDL 5 &OHPHRWHVGLFWLRQ RI HPXOVLRQ FRORXU IURP

ORQRGLVSH@YWHUL G PRRGLREGWRFRGGSRLGV

0-OOHVUFKHU 1 E:(LQGKD,Q IOXHQFH Rl SURFHVV SDUDPHWHUYV

IRRG IRDP ZKLSSWWDWRDURNMYREH ZLWK LQ RRO®HR\EDWLEG

6XUIDFHV 3K\VLFRFKHPLFDO DQG®EQJLQHHULQJ $VSHFWV

1DUFKL , 9LDQ@ &K /RREBDUDWLYH VWXG\ Rl WKH GHVLJQ F

HTXLSPHQW IRU WKH SURBXBWDRQRR)RRBG(QBBOMHULQJ

6RQQWDJ 15HDFWLRQV RI IDWV DQG IDWW\ DFLGV %DLOH\ \

-RKQ :LOH\ 1IBRQ@RUN

*RK - .UDYFKXN 2 'HHMRPSDWELVRQ RI PHFKDQLFDO DJLWDW

DQGDLUEXEEOLQJ IRU IRDPLQJOPOGK RILVEHIQNUFRKQNWV\SH®

LQWHUQDWER@DO

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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,QGUDZDWQJ/ = : 1IDUVLPKDIQHFW RI SURFHVVLQJ SDUDPHWHU YV
XVLQJ DFRQWLQXRXV V\VWHP-RXW R DP RF KR R G FHESEH R HSIUHD J
.UHX 0 .UDXVHE , .XOQO®IONHXQFH RI JO\FRV\ODWWR®WQIIRI
ERYLQH FDVHLQR@WHAURDPMELVRIQBDH 'DLES -RXUQDO

7UXRQJ 7 %DQVDO 1 ¢ KDFWG BULGRGWHWROQPLSYRSHUWLHYV

RPLADWXOVD)RR® DQG %LRSURFHVV HFKQRORJ\

P X! :DQJ ;L -LDQJ -X <XDQ ) *DRHW <D #%HHW, RISV @

FROQMXJDWLRQ RQ WRKN SKLQERBRFRRHIPQHADPFFROWIBOQRFROORL(
SS *

=KRX ;L &KHQ /L +DQ - 6KL O :DQJ:<X =KOWDEHELONMWIDD C

SK\WLFDO SURSHUWLHV RI UHFRPELQHG GQWUHURMRDPRPIDOF W
Rl )RRG 3URSHUWSH ¥

%DL /RQJ DQG OF&OHPHQWV ' ([WHQ GR® R HPXIO D MR ¢
PRGLILFDWLRQ RI GWRSGINWHSUSFSSHUWLHV

)DPHDXD $ 6DORQHQFY Rl DPREGWILFWHIDWHG VWUXFWXUHV R
DQG D&R®SWHVY 5HQGXV+3K\S/3 EXH

=KDRD 4 (IIHFW Rl VRUELWDQ PRQRVWHDUDWH RQ WKH SK\'
SURSHUWLHV RI RRAG KKG FILMVHDBS  +

&UHX[ 3 6WURAHFIKGHUR[IRGHQGLQJSDUW WRBIMW H WL ERW HU
IQWHUIDBKW &KHP SS *

$NDUWXQD 6WDELOLRDOIIRGARIO VL RR ¥ CEFSD G W @R G HMIHGK Z
WRIPBKLSKDQHFXLU SS +

&HUYDQWHYV ODUWZ@HYKH RULJLQ RI WKH UHPDUNDEOH VWI
VWDELOLVHG E\ QDQRSDUWLFOHV OLG@GRIM WBKWSMBAWRYVFRSLF

JUHGULFNODDVWUDE 3 'HZHYDWIW®RAN/ .JRYHUQLQJ SDU@/LDO FR
ZDWHU HPPOONDL@RFHAV LQ &ROORLG DQ® ,(BMHUIDFH 6FLHQFH
<XDQ % (IIHFWV Rl OLPLWHG HQJ]\PDWLF K\GEROWVXWYHZLV
KRPRJHQL]DWLRQ RQ WKH IXQFWLRQDO /SURKRREWLFH\H Q@ F N D\@ |
7HFKQRORJSS #

%RUFKHUGLQJ . /RUHQJHQ 3(IIHRWPRIQI®DPLQJ WHPSHUDW XL
WLPH W HPERRQUGWHXIRQVQRI RRUMKKHD WRDPLQJ SURSHUWLHV R
,QWHUQDWLRQDO 'DISU\ +tRXUQDO

1ILFRUHVFX , ,QIOXHQFH RI SURWHLQ KHDW WUHDWPHQW R
JRRG 5HV SBW +
%DUIRG 1 0 6FKUDRBHU . YXNFKKHLRQWLQXRXV IDW FU\VWD

FUHDP PL[ ZLWK XQVDWXGBDRFEHBRQRV RIF MKIHG FYG LQWHUQ|
RQ )RRG 5KHRORUIEPQIGEKE W X FW X

'DYLHV ( 'LFNLQVRQ ( ZAWMHKBNLQHWLF GHVWDELOL]DWL
VDWXUDWHG DQG XQV DWXU D WRUBURDPGBI@\FHULGHYV
'LFNLQVRQ ()RRG FROORLGYV UHVHDUFK +UWORRBNIFQPOH B HLLDQY S
&ROORLG DQG ,QWHUBPFRH 6FLHQFH

OLGGHOEHUILRLVSZLNUWH Y '"HVLIQHG %LRVXUIDFWDQW 3URWI
JRDP &R@WHRIK\VE&KHPSS =
+XSSHUW] 7 JRDPLON SURBHIULWWZLRVY VRKHPLQIOXHQFH RI

SURFHYYW®UQDWLRQDO -RXUQDO RESDH U\ 7THFKQRORJ\
*RUDOFKXN $ 2PHOfFKHQNR 6 *ULQFKNENRSLQILNRR®HRY F
IRDP HPXOVLRQ V\VWHP @ ® IRW KIHJ PLLQOI GW\K\W UHR/V VKHDU RI
OD\HUV WR SURYLGH LWV (R WERWERSG DIMQ GR XY WEEQ ORW \(Q\
7HFKQRORJLES®

*RUDOFKXN $ *ULQFKHQNR 2 *XEVN\ 6 T7HRWYHHPDRSAHRMUD Y C
PRGHO RI VWHULF VWQ EWO VIHPUALRIDG R$ W/R KGHO FDMY (BKUAR) SKHF VX U H
-RXUQDO RI (QWHUSULVHSBHFKQRORJLHV

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F



JJIJ)RRG 7THFKQRDRJ\

*RUDOFKXN $ *XEVN\ 6 THUHVKNLQ 2 .RWO\DU H 2P H(
'"HYHORSPHYWHRUMBWLFDO PRGHO IRU REWDLQLQJ WKH ZKL.
FRQWDLQLQJ PL[WXUH DQG LWDNVMSH®ISHDOW-RX GO | RF Q'@
7THFKQRORJLBS=®

, JPDLORYMHUNBBKHYDFKHYDPSROVINDXKDODRY¥Y¥NDKDU®RY
'LDNLD® 7DUDVHWLFK 8 VW R L FKSUINMRWMKX O \PIOLY ORRG D
VWDELOL]LKR ODGRXNRRDION OIRRRUD IBIS +

'LFNLQVRQ ( JORFXODWLRQ DQI> FIRBS&OWLHWL WHV VG VP F
S5HOHYDQFHVWR BADOMHHG HAHPV L6BRGV 7 YDUWD/G D\ SS +

, JPDLORYD 9 1 <DPSROVND\D * 3 &RQFHQWUDWHC
PDFURPROHFXOHV DQG WKH FRQWW VEXWQRELRR kB QB %6RIQDE V
$ SS+

/IDQIJHYLQ ,QIOXHQFH RI LQWHUIDFLDO UKGRD@®BMRQ |
LQ &ROORLG DQG ,QWHUSBFH 6FLHQFH

/IDQJHYLQ 6XUIDFRI WPKRHDRO D KHHRO R WKGY D)X IHDW H QR |
&ROORLG DQG ,QWHUIDEB+6FLHQFH

/IDQJHYLQ ' ORQUR\) ,QWHUIDFLDO UKHRORJ\ RI SRO\F
DW WVAZBVWHU LQWHWHDIMH 2SL QLR QQMWH & RIDFAHREBGL 5@ F H

OLOOHU 5 J)DLQHUPDQ 9 % /HVHU 0 ( OLFKHO $LRQLF 6XU
VXUIDFWDQW SURWHLQ VROXWLRQ FRPSDULVR@GROORWLIGASOI
6XUIDFHV $ 3RDV PRFXKH@LLQHHULQ**$SVSHFWYV

.RYDOFKXN 9 , OLOOHU 5 J)DLQHUPDQ /RJOLR * "L
VXUIDFW DURD 0 RIHW K H G IQRPHONVQA\RGFDW ZFRE B D@ FN Y L@ BWO OR L
,QWHUIDFH &GFLH®F H

.UIJHO - '"HUNDFK 6 5 OLOOHU 5 , Q W\HXUU DOFE\Y O QMK HODDU |
$GYDQFHV LQ FROORLG DQt LO#HUIDFH VFLHQFH
ODOGRODGR®HUUDPD - )DLQHUBRQ] ® % GBUBAHIEBX H]
&DEUMWOFRKH] 0 $ OLOOHU 5 'L ODHDWIHVE QREDVCR BEHBO/R.
DW /UJGKGG ,QWKHIDRPHIMQDO RI 3K\WLFDO &KHHPHLVWU\ %
ODOGROQDG®HUUDPD - 3IDWLQR -0 5 Rl S QR D Q WU
PLIWXSXHMIHQW 2SLQLRQ LQ &ROORLG B3@& ,QWHUIDFH 6FLHQ
OLOOHU 5 -DYDGL $ %DVWDQL ' OLOOHU 5 .UDJHO - -D
5KHRORJ\ RI LQW&ROMAR.LDA DA HBWRW \PHUSGELHQ

%DEDN 9 * 6WHULFKHVNDLD VWDELOL]DWVLLD ]JKLGN
PDNURPRVEBMNEL NKLPELt

, JPDLORYD 9 1 ,DPSROVNDLD * 3 7XORYVNDLD =" ‘

VWUU(CDHWNKDQLFKHVNRJR EDUHUD SR 5HELQGHUX Y XVWRLF
EHONRRIORLGQ\L [KXINBO

OXVDEHNRY . % =KXEDQRY % $ ,]JPDLORUB]KID]QKPNORL
SROLHOHNW KR D L$WRYD
%HYBUX - 5DGNH & - %ODSURWHLQ DGVRUSWLRQ DW WKH

FKDUDFWHUL]DWLRQ RI DGVRUSWLRQ NLQHWLBAM ES IG\WQLIFMLF

&KHPLVWAS =

,]JPDLORYD 9 1 ODONRYD ' $3 ,DPSRGWMIRIFKtYRVW H

VWDELOL]JLURYDQQ\NK ND]JHLQR®S .ROORLGQ\L ]JKXUQDO

'LFNLQVRQ 6WUXFWXUH DQG FRPSRVLWLRQ RI DGVRUEHG SUI

HPXOVLRQ-VWREROBRE )DUDGS\ 76DQV

'LFNLQVRQ ( ODWVXPXPBHSHQGHQW SRO\P DWW RIGRRE RO L

WKURXJK GLVXOSKLGH ERQGYV DW W-KM6RRO ZOIDFHBRKEWHUIDF
+

,]JPDLORYD 9 1 <DPSROVND\DFD® EHKDYERMRRORIURWHLQ LQ

HPXOVLRQ$SEDEHGLWHFKDQLFV DGE® £QJLQHHULQJ

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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,JPDLORYD 91 <DPSROVND\D * 3 5KHRORJLFDO SDUD!

DV DFULWHULRQ RI WKHPXODQRQWLRR PLURE REPEDEHEQD/QG |

IDFH 6FL S&

'"HUNDFK 6 5 .UIJHO - 5 OLOOHU OHWKRGV RI PHD)

LQWHUIDFLDO OD\HUV ([SHULPHEROIDMR PG W KEGYV Rl ' UKHRO|

3HOLSHQNR - .ULVWO - B5RELF 5 %DXPJDUWQHU 6 .RFEI

RYHUYLHZ RI PHDVXULQJ WHFKQLTXHY DQG LYFWDRIKDU® GL

SS +
'DQRY . ' .UDOFKHYVID\3 03 %DGKEORY ( 6 6WR\DQRY 6
6KHDU UKHRORJ\ Rl PL[HG SURWHLQ DGVRUSWLRQ OD\I

IRUFH PHDVSG¥H PERWORLG ,QWHUIBEH 6FL

ODUWLQ $ %RV 0 6WXDUW 0 K VODQDEQLFXWYHV RI DEIWVURH

OD\HUV DW WKH DLU ZDWHU LQWHUIDFH/PODVXUHG WK V]
+

6WDQLPLURYD 5' ODULQRYD . YN\'BQRY %DVKHDPDRKHBEY 6WR
3HODQ ( * &RPSHWLWLYH DGVRUSWLRQ RI WKH S

VXUIDFWDQW 3DUDOOHO YV VHTXHQWERO MRELMVRW HW GREX D QX

3K\WLFRFKHPLFDO DQ®HFQUV QHIB4LQJ $

5DGXORYPROGIPDQMQRY'. .UDOFKH$VAWR\DQR$WBQDXGRY /

1 %OLMGH@VWHDQQ/LSV $ 6XUIDFH VKHDU UKHRORJ\ RI D

IURP WKH SURWHLQ +)IHF W \CHRGEREQLP (LU SS *

ODULQRYD . * %DVKHYD ( 6 1HQRYD % 7HPHOVND 0O OLUL
% 3K\VIFKRHPLFDO IDFWRUV FRQWUROOLQJ WKH IRDPDE

SURWHILQY FRGHLQDWH DQG ZKHRRGRWE UG FFRRAJSHIQEAVU D W H V

OXUUD\ % 6 'XUJD . <XVRII' $§ 6WR\DQRY 6 ° 6WDELO
E\ PLIWXUHV RI VXWIDEFGEHDS WU WHAGRA ® G EREIERRN IG1VE\E
+

5RXVVHDX )DW FU\VWDOV?2 DI)GUHYAREGL B VWD D EK C
,QWHUQDWLRGS#H 0

6DQWLQL ( 5DYHUD ) )HUUDUL 0 B6WXEHQUISX¥XU&DF®DNL
UKHRORJLFIDQRBOX.G\ VR{U ID FW DHQ WL IDOW WKIHD D WG WKH V'
FRUUHVSRQGLQJ @KQQRRB®WY 6XOPVFHV $ 3K\VLERFXIHP (QJ $

/H[LV 0 :LOOHQEDRKHOQ@ VWUHVV DQG HODVWSWFRWHRQ DTG
VXUIDFWDQWKFRORWHRIVFRQWLQXRXV SKDVH Y BRERVRMGWD Q
6XUIDFHV $ 3K\VLFRFKH®S (J $VS
ODOGRQDG®HUUDPD5RGUDXWI@B5XLOYH} OLOOHU 5 /DQJH
&BEUHWLPEKH] 0 $ )RDPV DQG HPXPINVRRY RIDPLQHG E\ LQV
UKHR®RUVDFHV $ 3K\WLFRFKHP QBI+$VS

$NVHQHQNR ( 9 .RYDOFKXN 9 , )DL®KUFIF}H G L% DWILRQDO !
Rl PHG DGVRUSWLRQ OD\H$&YDWRDIORLG LQQM-HUSEFH §F L
&DUULDDYDR/ + SPU@RIQY ( - 5DFAVEUH] 9LVFRHODVWLF

VSHFWUD RI LQWHUIDFHV IRUPHG E\ ZD WB@ RIDD FRIUR G LPFSHR
&ROORLGV DQG 6XUIDFHV $ 3K\VLFRFKHPISBDO DQG (QJLQHH
*RUDOFKXN $ % 3LYRYDURY 3'RVOGEIKRQQLX UHRORJ*FKQL
P+]KID]JQLNK DGVRUEWV+.LQLNK VKDU+Y GOLD REJKUXQWXYD
HPXOV.LQLREKOWRQDBYQLD WD WHNKQRORJKEBIL NKDUFKRYLN}
*ROHPDQRY . 7FKRBOQNRYDL6' 63HODQ ( 6WR\DQRY 6 '

K\GURSKRELF SKDVH LQ WKH XQLTXH UKHRORJ&RD\D FSOVRWHUV

SS #

*ROHPDQRY . 7FKRODNRYD 6 6 1 ' 'HQNRY 53HPODQ XEOBW
KLJK VXUIDIFDYUWMFRW\ RI DGVRUSWLRQ ©DIW WD WRWWEIWHUS

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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/*RSEPVWHMRQ 0 / )$&XHQWH - 5XL] 0 *XHUUHUR $
PRQRJO\FHULGH RQW QWVHRII VR DS R XURIEOLR ROYVBW HFLHQFH F
$JULFXOWXUISS +

)DLQHUPDQ 9 % $NVHQHQNR ( 9 /\O\N 6 9 /RWILO OLOOF
DW WKH VROXWLRQ DLU LQW HU \DXWi R WDXQVO\F DG EAHIG ®HRGE ¢

IRU ERWK FRPSRQHQWYV 'L OMKWM L RROOUDD Y& URD BHK\V KHIRO RRIK
SS =
'DQ $ *RFKHY * OLOOHU 5 7THQVLRPHWU\ DQG GLO

ODFWRJOREXOLQ LRQLF VXUIDFWDQW DGVRUSWLRRUDDEUYV |

RI &ROORLG DQG ,QWHSSEFH 6FLHQFH

1RVNRY % $ 'LODWLRQDO VXUIDFH UKHRORJ\ Rl SRO\P

&XUU 28RQORLG " ,QWHUSBEH 6FL

'"LHBDVFXDO $ 0 ORQUR\ ) 2UWHJID ) 5XELR 5 * OLOOH

$GVRUSWLRQROXEDWHSRO\PHUV ZLWK VXUIDFWDQW FKDUD!

/IDQIJPXLU SS &+

OXFLF 1 -DYDGL $ .RYDOFKXN 1 0 $NVHQHQNR ( 9 OL

LQWHUIDF([B6GUQBHHUNDO IHDVLELOLWLHV RI DGVRUSWLRQ

$GYDQFHV LQ &ROORLG DQG ,@WHUIDFH 6FLHQFH

' XVWQ@HFNUDJHO BURWHLQV DQG /LBEWIXG L EW RU ,IFMHYVSEDFH 6F
+

&KHQJOD < /L ; <DQ 7 &XL - GROAWIVFRKPUQ S H5 URW H

RQ WKH VWDELOLW\ RI LFH)RRBBD#RF ROPRAIER V\VWHPV

*DQJHYOHV 5 $ =LQRYLDGRX . 9DQ 90LHW 7 6WXDUW 0 &

VXUIDFH UKHRORJ\ E\ HOHFWURVWDWLFDQURXLHLQ SSO\VDF|
+

*KRVK $ . 3ROWBNRVKBILQG QWHUDFWLRQV DQG 7KHLU 5HO

%DQG\RSDGK\D\ LQ 7KH &RPSOH[ :RUDG+RI 3RO\WDFFKDULGH\

&KDQJ < +X < OF&OHPHQWV ' - &RPSHWLWLYH DGVRU

SRO\WDFFKDULGHXPIREMIEGB Q R & KIH FRMUWIHEH (RI SRGREBUHR. K0 |

+\GURFRO O RS

/LDQJ < *LOOLHV * 0BDWGIR /+ <HDWLDROGLQJ 0 3K\VI

PLFURVWUXFWXUH D Q 6DWHKH/RDREH (RULRQGHBOPOM) IOXHQFHG E\

FRQFHQWUDW GR® DEL® D B @ PR\RIEF F KOWR BRHOORE G V

OLTXHOLP -1 /DQQHV 6 & 6 OH]JHQJD 5 S+ ,QIOXHQF!
SURYSRIOQVDFFKDULGH FREWE H]BFEEVW G WRWKE OB 56 V
.HOOH\' OF&OHPHQWYV ' - ,QWHUDFWLRQV RI ERYLQH \

LQ DTXHRXV)RRO XWELBRRNVRODRLGV
OLOOHU 5 )DLQHUPDQ 9 % ODNEBIYMNILBY 9 2UIJBDNRY

6LOQ\DFKHQNR 2 9 '"\QDPLFV RI SURWHLQ DQG PL[HG SL
DW WKH ZDWHU$SYOGFHYWUEROHORLG DQG ,QBAHUIDFH 6FLH
IHYDFKHY 6 0 ,JPDLORYD 18iNRIWRU\H VYRLVWYD DVVRW

VIYRURWRFKQRJR DOEXPLQD L ORGORRE® [KXBRDOLQ NKROH)
.RWO\DU 2 *RUDOFKXN $ 7*KH QVFVOHGANERFI/X.YIDBHQWYV LPSDF)
VWUHQJWRLPIOL Q @WRIUBKMH G YD AME 6FLHOFH -RXUQDO
2PHOFKHQNR 6 % *RUDOFKXN $ % ILYFKHQQLD Pe]k
PHWRLX URJURENL WHNK QR O REINK IMBHQRRRRHF M @ R M LM S]IKK G QDL
WHNKORJ+L SS =

,]JPDLORYD 9 1 /HYDFKHY 6 0 ,DPSROVNDLD * 3 *UDWVN
9 ODUW\QRYD ( 9 $GHEDLR * 5HRORJLFKHVNLH NKD!I
LQWHUSROLPHUQ\NK DWRJRWWIDXPRY) IV \lY BRRWRWKQROD QD JL
.ROORLGQ\L =KS®@DO
.UDORBBIPEORPD 6XU | D KAHDARERW G X VWHMNL BZXUQDO RI 'LVSHUVLRQ
DQG 7HFKQROFSI\+

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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'LFNLQVRQ LON SURWHLQ LOWHUIDFLDO OD\HUV DQG WKH UHO
&ROO 6XUl % YISSSLOWHUIDFHV

ODOGRYIDGRHUUDPD - /DRAQHEKKHUHQFHRPRWIZBHQK]IHOFEADQWYV
DQAXREMWLQ FWHLQ &RPRDPIRIR )RO PWT KBS DWH\G-L FBK\ V
&KHP SS *

'LFNLQVRQ ( 5LW]RXOLV & & ULIgDPY.IQU B B BOWK RRO RAR G
VRGLXP GRGHF\O VXOIDWH RRGOFRRGLRP G0 YWAEMD IVFFHH 6 FL
'LFNLQVRQ ( 6 7 +RQJ ,QIOXHQFH RI DQ DQURWLF VX!

ODFWRJIJODWBEDQDRIHG RRODRIRD)) DEIGWXWHHFHV $

6DEDGRVK * 2 *RUDOFKXRV®*G]KHQQLD P+]KIDJ]QLNK YODVW
X WHNKQRORJKLML RWULPD GUIRDJKRRYRFEQLWKNE&RQVNDWAD
NKDUFKRY\NK Y\UREQ\FWY UHVWRUDQQRIXR+JKRVSRGDUVWY
&ERXUWKDXGRQLOQVRQ ( &KULVWLH : : &RPSHWLWLYH O
SFDVHLQ LQ RLO LQ-REOWHOHRIXPMLIFFXWOWXUH DS }RRG &KF

OXUUD\ % 6 &URV / OPGFWVRRISWR EFOQY IR @ QRWA H W D@ G
WKHLU UHPRYBQLE\ DXQRIFWDQW D \WF BROWMR B HERRIEDRO BKTH
DQG 6XUIDFHV % %LRLSEWHUIDFHV
5RWK 6 'LFNLQVRQ ( ,QW H U D F KBI®W K BODHF&RHR® E X\OR
ILOPV GLVSODFHPHQW E\$QRIQA R)RIRFG VEXKIED FW D QW
6HPHQRYD 0 * $QWLSRYD $ 6 %HO\DNRIBODQ ('tFNRYWRQ
7 (IIHFW RI SHFWLQDW H. @ Q WSHIR SN U RIQW\E EB R & L Q
DQGDVHQQRRG HPXOVLRQQVWG DRBYV LQW H U BDWERQ & JBIQ G
7KH 5R\DO 6RFLHW\ RI &KHPLVWU\ SS
3DWLQR - 1LQR 5 *RPH] - ,QWHUIDF ISR WBEQEGRD P L
VWHPRRG +\GURFRO®RLGV
5RXLPL 6 6FKRUVFK & 9DOHQWLQL & 9DVOLSURSHUWLRD
RI PLON ¥ HWHMD QWRG\ VVWGHPRF R ODRE GV
&ODUN ' & :LOGH GBDUWPRM@YILRNHODDU $ - - 3ULQV $
GLODWDWLRQDO EHKDYLRUDRWRIDREXD VEO)QE GREWRDBIRLGV |
3RO\PHUV 6WDELOLW)\ DQGSBHEKDQLFDO 3URSHUWLHYV
ODULD ( ) 6LOYD 'D OHLUHOMH\RQ RRQRR V XQVWHWDRQWYV ZL'
&<3 BORFKLORGXV VFURID 7RE$RORJ\ LQ 9LWUR
=DG\PRYD 10 ,DPSROVNDLD 7 3 )LODWRYD / , kX
VIYRURWRFKQRJR DOEXPLQD V QHLRQRREGDQANK NSOV W YRC
NRPSOHNVRREUD]RYDROBRLBWQVYRWKXB@EHQLD

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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,QIOXHQFH RI PDWXULW\ VWDJHYVY DQG YDULHW\
SURSHUWLHY DQG PHFKDQLFDO WRXJKQHVV RI

6HU. 3 GXL

J)DFXOWI| RI )RRG (QJL FHO ODUH  8QLYHUVLWI R
S5RPDQLD

$EVWI

.H\ZRUGV
S (QWURGXKMMRY XG\ DLPV WR GHWHUPLQ
%XUJHU PRGHO PDWXULWQWNDDYHYHWY RQ WKH VWUDZEH
&UHHS SURSHUWLHY DQG WR HYDOXDWH WKHLU F
S HWDUGDWLRQ ODWHULDOV D@&HPHWWKGVWUDZEHUU\
6WUDZEHUULHY 9LEUDQW (OVDQY\D LA K DVILEMHFWHG
6WUDLQ FUHHS WHVW DQG WKH %WQUJIRUIMNRIBE BPAHQY
ZDV XVHG WR GHWHUPLQH WKKHYLVFRH
VWUDZEHUU\ VDPSOHYV ZHUH GLYLGHG R
DOPRVW ULSH 6 ULSH 6 DQG RYHUUI

5HVXOWYV DQG IGH WAXVDZERSOHWVZH U H
DQDO\]HG LQ WWXPW¥Y RRORIHQW VROXEO
$UWLFOH KLVWRUFRQFHQW U D WLRIPDLEAKBIOBRLVWXUH FRQ\

UDQJHG EHWZHHQ RO/GI® D /X UW WA
SHFHLYHG VWDBAJHVKRZLQJ KLJKHU YDOXHV RI PRLV\
SHFHLYHG LQ UHYAMBEGORUPLSS RQAR/H &KLIKHVW ERQ RHQ W L
$FF WS G VROXEOH VXEVWDQFHMOXD\YBIHAHRN\G HG

RYHURDRDWMKULW\ VWDJHODQIGFIRODRBHG E\
9LEUDQW YDULHWLHYV

7KH LQVWDQWDQHRXV HODVWLF VWUD
&RUUHVSRQGLQJ SHWZERIH® PP DQG WKH UHWDWGDWLRQ
FRUUHODWHG ZLWK VWRUDJH SHULRG YL
6HUJLX3 GXUH  7KH 3HDUVRQ FRUUHODWLRQ PDWUL[ Et
(PDLO PRLVWXUH FRQWHQW %UL[ FRQFHQWUDW
VHUJLX SDGXUHWMHMLDY PRYOWR/WLF SDUDPHWHUV UHWDUGH!
VWUDRQGMWMRQ WLPH YLVFRXV VWUDLQ
XQGHU WKH FUHHS FXUYHV KLJKOLJKWI

FRUUHODWLRQ EHWZHHQ UHWDUGHG HOD
VWUDLQ S

&RQFOXVKRQEUDWWDZEHUU\ YDULHW\ |
KLJKHWW GIVH W R LFPHSFERAONG L BDRRI K
PHFKDQLFDO UHVLVWDQFH WR FRPSUHV
VKRZHGO RZKH W YD Y QR DIDHHVR X V GGG
>y HODVWUBLQ

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\
,QWURGXFWLRQ

6WUDZEHDJDHY@DQDAFKD DUH IUDJLOH QRQFOLPDFWHU
ZRUOGZLGH SWMRB GHX &/ XH MQRW VLE B WWH § E W D® L §WED UAXII D U V
DQG PLQHUDOV ELRDFWLYH FRPSRXQGV SKHQROV DQ
FKDUDFWHULVWLFV LQFOXGLQJ WH[WXUH SURSHUWLHV >

$FFRUGLIQW WR> ®WUDZEHUULHV KDYH DQULQ QW L\DDODJIYI
IROORZHG E\ D PDWOHUDMSHRQ YWBHURFHVV RI VWUDZEHUUL
KDUYHVWHG WKLV ELRFKHPRPSOHJURGHVVQEBGKE D MHEBHEN V
SLIPHQWY VIQWKHVLV WKH VXJDWKXFHWIHE B DS N © LIJ GS WK
WKH IUXLWV FRORU DURPD IODYRU DQG WH[WXUH > @

2YHU WKH \HDUV D ODUJH QXPEHU RI VWUDZEHUU\ YDU
SURJUDPV RYHU WKH ZRUOG LQ 5RPDQIDHRBONCPERWD POC WA
6HQJD 6HQJDQD (OHJDQFH 5HIO DQOPUHDPREH DERMMAO HF VWK
SURGXFWLRQ RI DSSUR[LPDWHO\ W KD > @

$ PDMRU DVSHFW RI VWUDZEHUU\ IUXLWV LW LV UHSUH'
RI ERWKKMKIXOS ILUPQHVYV DQG IUXLW VNLQ VWUHQJIWK
PHFKDQLFDO SURSHUWLHV EHLQJ RI JUHDW LPSRUWDQFH
LV YDOXDEOH LQ TXDOLW\ DVVXUDQFH ULSHQLQJ HYDOX
KDQGOLQJ RU GLINMHQMFMIVHEHW@HH Q

7KH IUXLWV PHFKDQLFDO SURSHUWLHY ILUPQHVV RU V
E\ YDULRXV W\SHV RI SHQHWURPHWHUV O0DJQHVV 7D\ORU
IUXLWV VXFK DV @WUDZEHUULHYV

$ UHODWLYHO\ VLPSOH WHVW IRU YLVFRHODVWLF SUR
REWDLQ D UKHRORJLFDO PRGHO LV WKH FUHHS WHVW ZK
VDPSOH DQG WKH GHIRUPDWLRQ RU WHUWDLQ @V PHDVXUH

7KH YLVFRHODVWLF SURSHUWLHY PHDVXUHPHQWYV E\ U
> @UDQNIXUVBRUWDWR@ @ EUHDG GRXR KD W@ ARG RIHOW
UHODWMGVWRHOKW WLF SURSHUWLHSRRIWMGUDZEHUULHV K

7KHUHIRUH WKH REMHFWLYH RI WKLV VWXG\ LV WR
TXDOLW\ FKDUDFWHULVWLFV RI WKUHH VWUDZEHUU\ YDU
%XUJHU PHFKDQLFDO PRGHO

ODWHULDOV DQG PHWKRGYV

ODWHUZRBVKI WWUDZEHUU\ VDPSOHV ZHUH SXUFKDVH(
6XFHDYD 5RPDQLD D3QEUDKQW D(ON IRY BUBLE QG D FKFVWUD
YDULHW)\ ZDV GLYLGHG R®Q ONWPKRWAH PLBWXBLWWUVYBHD J6V DQC
KDYLQJ IHERMDWHVZHLIKW  * J DQG YROXPH * FP

3K\WLFRFKHPLFDO 78 BIUDRAWH®N VXEVWDQFEHWM AR QFH
PHDVXUHG ZLWK D /HLFD 0D WK H, BRXWWXHIN OFRQRPHIWH Z D
RYHQ PHWKRG > @ WKHE@JIZBK BHWMXUHSE @ DQG WRWI
DFLGLW\ ZHUH GHWHUP LRPHG2W RRIDWD® SIQSUHV®@ DV

7H[WXUH SURSHUWLHBRUPNWVDOZEPMWQWHY WH[WXUH SU
HYDOXDWLRQ D FUHHS WHVW ZDV LFHIU IRLUNPYVERXR L @ 6 $D Q>H
VWUHVV IRUFH ZDV KHOG FRQVWDQW DW JDQG WKH VW

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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ZDV IODW ZLWK D GLDPHWHU RIVHRPLRPLI HW WIK RQ WHKH
HOLPLQDWLQJ WKH V@HDU VWUHVV HIIHFW >

7R GHWHUPLQH WKH YRVAMMHODABMIURI BHR S/HDPW OHY WK
GDWD FUHHSLIKOWHNUHSUBAWWHKE XVLYK % XHOMUQPRGBHW AOHP!

HW H H l-)ci *—V~§ H[—S— —VN
© Quat P

ZKHUH O W UHSUHVHQWYV WKH YWKV® D@QWDHMARLDE (YDLORC
*tWKH UHW DUW BDEMODARXKIVF VWK BILIKQQ VWD QWDQHRXY HODVW
*tWKH UHWDUGHG HODRMWLH & RO FPEDI\WITRQYKH . HOYLQ SDUYV
V. *+WKH 1HZWRQLDQ YLVFRVLW\ RI WKI3UHWHQGDW KVKRHWF
VWUHVYV 3D > @
7TKH %XUJHU PRGHO VKRZQ LQ )LJ LV WHERLYWUDGG F
OD[ZHOO HOHFPRH@WVWIGHYUHHS FXUYH LQWR WKUHH SDU
OD[ZHOO VSULQJ YLVFRHODVWLF GHIRUWDIMHURQPDMWQRYK
OD[ZHOO GDMW&SRW
$V D PHDVXUH RI WKH %XUJHU PHFKL
WKH H[SHULPHQWDO GDWD WKH FRHIILF
DQG WKH DEVROXWH DYHUDJH GHYLDWL

Go E\ WKH IROORZLQJ HTXDWLRQV > @
Q
1 <&$/ 5;3
G1 IR 5 (Ig_
| s Ses
L
Lo $$" | ;3 §$1 ~
T %

ZKHUH B Q@$/<DUH WKH H[SHULPHQWDO DQ
JLIXUH  %XUJHUVREXQY GDWIVIOH) G XPEHU RI WKH H[SHU
@

\%

6WDWLVWLFDKKHDWDHDVWWXVRUWY ZHUH VXEMHFWHG WR RQH
$129% E\ 67$7*5$3+,&6 &(1785,2¥WD,WDNKM L J QL QLF Y E WHDBWH
7TKH %XUJHU PRGHO SUHGLFWHG GDWD ZDV REWDL
3HDUVRQ FRUUHODWLRQ ZDV SHUIRUPHG E\ 6366 6366 ,Q
&RPSRQHQW $QDO\VLV 3&% E\ 816&5%0%/(5 7ULDO 9HU
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S5 HVXWY DQG GLVFXVVLRQ
SK\WLFRFKHPLFDO SURSHUWLHYV

,Q7DEOHWUH SUHVHQWHG WKH $129% UHVXOWV RI SK\
VWUDZEHUU\ WDEBDAW T{RNDYWDIXF®OWOHME HY ZHUH DQEL
WHUPV Rl PRLVWXUH FRBAWH G RQ PHROXUE VR MRBIEEVSHD D Q G
VWUDZEHUULHV PRLVWXUH FRQWHQW R\DHURHIGS F W\ M N @ D
VKRZLQJ KLJKHU YDOXHV RQ HRU YW X WHHF RIB-BAKOHGY WRR R Q
DQDO\VLV RI YDULRBGHWVKIDWSWHKKHR GLIITHUHQFHY LV VWDW|
7KH FRQFHQWUDWLRQ RI VROXEOH VXEVWDQFHV H[SUHVYV

RYHUUMBKIH KLJKHVW FRQFHQWUDWD R @/UIERNMDUY UL B AR L
PDWXULWQGBWMROWRZHG E\ DOIGEUDQW YDUTZKM IPHRLVWXUH
DQWGROXEOH VXEV\EHBDREH W IFRODHWOQMWR WKRVH UHSRUWHG L

7TDEOH
$129% SK\VLFRFKHPLFDO SDUDPHWHUV RI VWUDZEI
7RV
6WUDZEHUUY Y DPEBIOMWWXUH f %UL[ + $FLGLW\
PHD®' > @ FRQFHQWUD%VLRQ>FF.LD2+
J
$OP| f ' ' =
WwSH
D | | D
9LEUDQWLSH
2Y} | I | I
WwSH
$OP| f ' ' '
WwSH
D | | D
(OVDQRQWIDBLLSH
| t | t
2YHUULSH
$OP| f ' ' '
WwSH
D | | D
ODJLF 5LSH
| t | t
2YHUULSH
) 5DWLR
3xtYDOXH
IRWB+tQRW VLIQLILFDQW S ! S S S 'L

LQ D FROXPQ VKRZ VLIQLILFDQW GLITHUHQFHYVY EHWZHHQ WKH JL
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2QHD\ $129% DQDO\WLV KLIJKOLIJKWHG WKH VROXEOH
WKMWWPOULWN VWDJIJHV RI \DMWUD ZEHYWHIQ HRYW §DPSOHAKH VWUDZ
ZHUH FORVH WR #HD FKVWRRNK MWW DHUIMWIHAVD DHERIJILQVLIQLILF
7TRWDO DFLGLW\ FRQWHQW PHDVXUHP HR WD DWVILRERIQW/HDQWA
DFLGLF VWUDZEHUULHY DUH SUHIHUUHG WR EH FRQVXPH
SURFHVVHG E\ IRRG LQGXVWU\ > @

7TKH WRWDO9DEFUDBQW\ ROVD QYWD IDHQMGL W IZBPY EHWZHHQ
FP1D2+ J GHFUKDWK@®IVINWDODZEHUULHY ULSHQLQJ SURFEL
ZLWK WKRHGDWKIGAYD 3LQWR VWKWWDLQ DOVR WKDW WKH 11U
FRQVXPHG LQ WKH UHVSLUDWRU\ SURFHVV

THIWXUH SURSHUWLHY PHDVXUHPHQW

OHFKDQLFDO SURSHUWLWVLRSROWDWMREVUSHFLDOO\ ZK
SHULVKDEOH IRRG SURGXFWYV VXVFHSWLEOH WR PHFKDQL
LQ PHD VX ULIQ/F RIEESGIRBWEVMLHAEHUULHY DUH KLJKO\ SHULVK
VKHOGYH \WR WKH IDFW WKDW WKH\ DUH SUHGLVSRVHG WR ¥
GDPDJH GXULQJ KDUYHVWLQJ WUDQVSRUW DQG VWRUDJH
VKRFNV UHSUHVHQWLQJ D YHU\ LPSRQWPGM\DVSHFW IRU EF
Y)LIXUH D B UMHYG gV MQMD Q QED J WAWUD ZEHUULHV WR.
HYDOXDWLRQ WR PHFKDQLFDO VWUHVV E\ FUHHS WHVW D
UHVLVWDQFH GHSHQGV RQ WKIPDMW X UK DKM BAURY Y Q\B RIXO K (
VWUDZEHUULHV WR FRPS9H ¥ VDB \HWWMUY H N O CERDRRED E\VFR WK F
7KH FUHHS FXUYHV Rl DQDO\]JHG VWUDZEHUULHV FDQ EH
GHWHUPWRB QWM DLQ D QK FXKIH H U:HDWKQEHUDWKHY EHLQJ S
7KH VWUDZEHUULHV VWUDLQ UDQJH IURP PP WR
UHFRUG H® EIVVKHHW)\ ZKLFK VKRZYUBDIOWRH WK BUHD XQGH
,Q BRQ\WOLWRD ULHW\ ZKLFK VKRZV D ORZ UHVLVWI
9LEUPRQWLHW\ VWUDZEHUULHV KDYH D JUHDW HLH UV P\RW B
UHVLVWDQW WR PHFKDQLFDO VKRFNV GXULQJ WRFNKRUYH\
FOHDQLQJ RU WR WUDBN®RKWWW $W WBIBIWG VDK HWRYH U UL S H
WKDQ WKH UQBRIMEQHRURMKWMLRQ UHVLVWDQFH EHLQJ GXH
WKH IUXLWY WXUQ UHGGHU DWRXRHHO BRACHVAHROWH LQFEWDHIVV K
RI WKHLU ILUPQHVV > @

6WUDZEMUVERINODVWLF SDUDPHWXWM BURREAHWLRQ XVI

$QRWKHU LPSRUW WM DD/SBF VWEWWWRBDMOHU VWUDZEHUU
FDWHJRU\ KDYH D KRJIGHHURUADWWDQGEMHWWR D PRUH
DUUDQJHPHQW $OVR LQ 7DEOH DUH SUHVHQWHG WKH
ZKLFK ZHUH DSSOLHG WR GUHRBSURBBLODICH]IMGVFRHWOZEWWL B
JLIXUH VKRZVPR&EHOHLWU BUHGLFWHG GDWD WR WKH H[SH
REVHWKHDAV WKH IRXU HOHPHQWY PHFKDQLFDO PRGHO FD
YLVFRBURGOWLUMWYMWAYDZEHUULHY VDPSOHYV
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JLIXUH &UHHS FXUYHV RI+W)\SHZPHIQWY DD K YOSV HGLFWHG
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7DEOH
(TXDWLRQV Rl %XUJHU PHFKDQLFDO PRGHO DQG WKH VWUDZE
%XUJHU PRGH 6wy

q ' -
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6 DOPRVW ULSHRBHUUIBWHHD XQGHU WKH FUHHS FXUYH

7KH LQVWDQWDQHRXYV HODVWLF VWUDLQ YDULHG EHW.
YDOXHV Rl WKLV SDU D P &DVHYED B HR@/L EWBDRIRMNEOMBLR\HWLHV L
FDQ EH REVH $DPH® MHWMUWIUNVHQWY VPDOOHU DQG FORYV
WZR YDULHWLHY KDYH D KLJK UHVLVWD QG W DW)RWEIHFEHIQILLFH
KDG WKH KLJKHBWGHIDYWWY ERIQ PP SUHGLFWHG E\ WKF
PRGHO |RCODR PYRDGJ [EN W\ PP ZKLOLHE WB@WDZEHUULHV KC
ORZHVW YHOWHUERIE U B L Q PP WKHVH EHLQJ DOVR WKF
VWUDIZEHUNMR PHFKDQLFDO GDPDJH ZKLFK LQYROYHV D C
PHFKDQPSDGWW BRWW D QW D QHR X VH D Q & WWHENQ HDADHU G HW K
PDWXUDWLRQ VWDJHV WKH KLIKHVW YDOXHV EHQGJ UHFF
WKH ORZHVW E\ DOPRVBVJIHLEKLEGRHAVHDQV WKDW IUXLWV U|
ULSHQLQJ SURFH¥NDKFNVBDSLFKMWRHWDU GRWM SR WHLPWMV
LPSRUWDQW IDFWRU LQ IUXLWYV W@ BU B GH W H G RWGKBIQKEL DR/
WLPH ZDV UHFRUGHG E\ WKH DOPRVW UL K H VOBPR FWUWLLS
YDULHW\ EHLQ JEF MU BEKHWLYWMCREDR B XWLIP HD YHSI JH GHYL
DQG WKH FRHIILFLHGW RS GHHWHQUWPY. @DRHIROXUH RI KRZ P XJ
SUHGLFWHG GDWD GHYLDWHV IURP WKH H[SHULPHQWDO G
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7KH $'" YDOXHV IRU WKH % X U 1HU 9FRR G W OH DIHVR K Q R} U.BIC

DQG ZKHYBDDWXMM HEQJH EHWZHHQ DQG &F
PHQWLRQHG YDOXHV LW VHHPV WKDW %XUJHU PRGHO ZL\
VXFFHVVIX0OO\ IRU WKH LQWHW\SUHWHBE LRQU RH W \D Q GZ BH
YLVFRHODVWLF SDUDPHWHUYV

7DEOH SUHVHQWV WKH 3HDUDRRG BRUWLHGRFWHR QFRIOYS
RI VWUDZEHUULHV W WHRHHECRDMDRBRWY MRP D UH SRVLWLYHO
FUHHS $WDQGE@®UHD XQGHU WKH FXUYHV : $ VLJQLILFDQ!
EHWZHHQ WKH LQVWD@WDQBRXYHBOXDYOHF WWH FIXY YHV
DQRWKHU VLJQLILFDQW SRVLWLYH FRUUH® DDML®R @/ IEH LFQUHE
VWUDLQ S BHIJDUGLQJ WKH FKHPLFDO FRPSRVLWLRC
SRV L WIRMHOHZQ DMK HEKH VROXEOH VXEBVWDQFKNM FRQRKHY WU
WZR SDUDPHWHUV LQFUHDVLQJ GXULQJ WKH ULSHQLQJ SU
VWUDLQ DUH SRVLWLYHO\ ISQIOXHQFHG RQH E\ WKH RWKH

7DEOH
SHDUVRQ FRUVYHOPRBRHVRKANLFRFKHPLFDO SDUDPHWHUV RI

6 : 0 0 0 UH 0 % S+ 7%

7
6xVWUDIDQ HD XQGHU WEKH LEJMWINE ORX D @ MVROOH W BHOMDIY WA HFG H O D
VW UDHYQ VFRXV yMW BIIMDQU G D WAFRRL WY RHWH DPOFRQFHQWUDWLR
WRWDO DFLGLW\

3ULQFLSDO FRPSRQHQW DQDO\VLV 3&$

BULQFLSDO &RPSRQHQW $QDO\WLV 3&%$ FDUUILKHE RXW
GDWD YDULDWLRQ ILUVW FRPSRQHQW 3& H[SODLQV :
WKH YDULDQFH LQ WKH REWDLQ GDWD 7KH UHVXOWYV RI
SUHVHQWHG LQ )LIJXUH DQG )LIXUH KEDWMWMGDR HWIKIM W B |
DUH GLVWULEXWHG LQ GLITHUHQW TXDGUDQWYV )URP 3&$
VHSDUDWHY WKH DOPRVW ULSH VWUDZEHUU\ VDPSOHV 6
WKH 3& VHSDUDWHV WKH VDRI ®IMA EDVHG RQ VWUDZEHU

,Q JLIX#BK$ ORDGLQIJV WKH SDUDPHWHUV GLVWULEXW|
LOQVWDQWDQHRXY HODVWLF VWUDLQ DQG WKH YLVFRXV V\
GLIIHUHQWLDWLRQ ZKLOH WKH SDBDAH® HXWYHRPKBY VMV
UHWDUGDWLRQ WLPH UHWDUGHG HODVWLF VWUDLQ PRL
SUHVHQW D VWURQJ LQIOXHQFH LQ VDPSOHV GLITHUHQWL

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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PC2 Scores
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J)LIXUH 3&% VFRUHV RI VWUDZEHUU\ VDPSOHYV
0 tODJLR£(OVDQWILEUDEXWOPRVW WUBSH#FBYHUULSH

Correlation Loadings (X)

-0.5

-1.07 | ~ | Pet
I

10 w05 0o 05 10

JLIXUH 3&% ORDGLQJV RI VWUDZEHUU\ VDPSOHV SD
62VWUDERQUHD XQGHU WK BE QWM DXWYGNRXD LIQO DV WL F
0+UHWDU G HGHOIBWY. FR XV VWK QHGDWLRQ WLPH

0 tPRLVW %W L% FRQFHQ WW RW DRQD FI$G L W\
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7TKH %XUJHU PRGHO UHWDUGDWLRQ WLPH LV VWURQJC
DQG FRQVHTXHQWO\ ZLWK DOPRVW ULSH VWUDZEHUU\ VD
UL[FARIWUDWLRQ DQG WKH KLJKHVW WRWDO DFLGLW\ D
LQIOXHQFH\WWKBZEHUU\ SURMHFWLRQ WKLV YDULHW\ EF
RI %XUJHU LQVWDQWDQHRXYVY HODVWLF VWUDLQ

&RQFOXVLRQV

7KARP S UHRVUHIRE RRH/GXFWHG LQ WKLV VWXG\ KLIKOLJKW
SUHVHQWYV YLVFRHODVWLF SURSHUWLHRN DM O XWQKRHED EM \
VW UDZEH UWULERDIMWRARW\ KDYH WKH KLJKHVIW SBRMWEY D/ODFE H
D KIPHKFKDQLFDO UHVLVWDQFH WR FRP S U HWR/ZAHRQNGKIHOW R V
LQ VWD QW RGIMRNIETVWMEL PHBSLQJ LQWR DBRERX'QW DK W |
PHFKDQLFDO %XUJHU PRGHO ZLWK IRXU .HONRQG SIRLHWP HQH
YLVFRHODVWLF SURSHUWLHV RQ VWD Q WECHIR BHH RUDRISCIHOF
HODVWUPWBWOW G D WK G &% LYW D W L VUMLYAD®D D@ D/OK DMV FU H
FKDUDFWHULVWILK AIRG® D¥XWDRHE DR SHHDAWHVP EDFW LQ VWU
SURMHFWLRQ EDFB® RQLWD UL HDQ G

$FNQRZOHGIKPHMQXRUN ZDV VXSSRUWHG E\

"H]Y R OSBRI GEKIFEDQ W U H S WHHQURRHGUIOYJBR EW RU D O
LSRVWGRFWRUDO ° &RG SURLHFW 32&8

FRILOQBQ GLQ )RQGXO 6 R RUDRY UXBRGRIQRO S U L (
&DSLWDO 8&PDOQ

5HIHUHQFHYV

/YSHIDOHQFLD ' *yR@FKH]$FXIOLWD - ) )LVFKHU *
3K\WLFRFKHPLFDO SURSHUWLHY RI VHYHQ RXWVWI
DQDQDVVD'XFK YDULHWLHV FRDWLYPORFELLRQ G&U
PDWXUDRWUWRRLFD&LHQFLD \ 7THFQROBStDSJURSHFEXDULD
=HOLRX . 3DSDVRWLURSRXORV 9 0DQRXKWR § R ®ORYG:
FKHPLFDO TXDOLW\ FKDUDFWHULVWLFV DQG DQWLRJ[L
YUDJDULD? DQDQDVVD'XFK LQ *UHHFH DRXHQDPHRMW
WKH 6FLHQFH Rl )RRG DQGS$SIJHLFXOWXUH

LP6 . %DHG51 1D + 'DO .R&KDIKIHY & Q SK\VLFRFK
FKDUDFWHULVWLFV GXULQJ IEKRWLQEKWYDHER B PN QRX O
+RUWLFXOWXUH (QHFKRROHRIW BQGSBLRW
$]RGDBORRUEHOOD\ & 9IXQOQHBIWBHPDGz &KDQJIHV LQ
IODYRXU DQ GQW K\ KK WH. SHQULQ J( XRU R/SMWDIZ FRIRJE L5HHW H D U
7HFKQRORJ\ SS +

LD + :DQBXRQ /L % +DQ < =KDR <6XAWRVH IXQFWLRC
D VLIQDO LQYROYHG LQ WK H XL XGHX\MDRS AR QN D Q TE |
3K\WRORJLVWS =
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7HPRFLFR * G6WXUPHDQX &KRLF® RI| VWWIDHEHMM\H Y D
5SRPDQLDQ 6BRHABWWILF 3DSHUV ODQDJHPHQW (FRQ
$JULFXOWXUH 5XUD® 'HYHORSPHQW

'iYLQJ $ OnJH ) BHVWUEBHWRRGY IRU 2ZEHVUWYL QU X\L W
ILUPQHVV ®PDBOLHEZXLWYV 53StLHZ
'XSUDWURWWH3ILHWUL (& 6WXGPEQSWUSRVH ILUPQHVYV
IRU IUXLWV DQ® PISINIWWDE DG HOHFWURQL#FYV LQ DJUL!
6LULVRBERRRVRP $ QHZ FUHHS PRGHO IROQAMIVX G\L G
YLVFRHODVWLF EHKDYLRU RI FRRNHG ZKLWH EMRZQ D
E\ ODUJH GHIRUPBWLWRD WHVWLQJ

/ID]JDUISGRXRXV ' * =RXPSRXODNLV 3 ®KOUTFRFKHP & P
SUR S H U WRLIHY/O RIGMZHRM DW D Q)R BR XKIGWRFROO RLGV
&KDNHVSDUL $ * 5DMDELSREQLWRWIRESLIF JHOD[DWLF
SURSHUWLHNYRIGPBS@HEDGL DQGIGROREHRKDRXUQDO RI
6FLHQFH DQG 7HBK@RORJ\

'IDG] & ODUNRZVNL 0 6DGRZVNL ® -DN&BF]®DN $QG-D
UHFRYHU\ FRB URD VKB NWW LP H D R/X JLUDDN RAUSA H UFX O W X U
DQG 7THFKQROFRX =

EOYDUH] 0 ' &DQHW : &XHVWRVFRIDEXDWLF FKDUDFW
VROLG IRRGV IURP FUHHS DPEBBSQEDWERQ GIWRD
WLVVEXMHWVFKULIWIsU/HEHQVPLRUWHARXQWIBUSXFEHKXQJ X

ORKDPPHG 0 $ 3 7DUOHWRQ ( &KDUDODPELGHV 0
OHFKDQLFDO FKDUDFWHULQDRWDA P RQGORIFRRIP BB BDRS C
5KHRORJ\ SS #

1XVVLQRYLWEKS$$S $N O O 1RUPDGEOMEJ'
&KDUDFWHUL]DWLRQ RI JHOODQRQ@HMW LEH VX QOBHLDMD
FUHHRSXUQDO RI 7TH[WXUIB W XGLHYV

3 GXUWH 2URLDQ 0 *XWW * ($§PDXDMLRQ RI VWUDZEHU
FORMHODWLRQ ZLWK \V@XNHLWQ D VLRRWOR-RXUQDO RI )RR
SS +

.62 JUXLW DQG YHJHWNEQR LISURGXEW R S+

.62 JUXLW DQG YHJHWDEOH SURGXFWV GHWHUPL
3DGXAUHW *XWW 7KH 8VH RI 7H[WXUH "HVW UXPWWXH O F
6WDWH Rl 3RURRGHM@MROYPHQW 698HW\ -RXUQDO

% R X &Q HO YRRG 7H[WXUH DQG 9LVFRVLW\ &RQF]
(OVHYLHU 6FLHQFH ,PSULQW /RQGRQ

‘X < / ;LRQJ6 % /L < % GWRG\6RDSFHURSHUWLHVY RI L
ULFH-BXORDRRG (QJLQHHBSBE®J

6DKBEQ 6XPQX 6 * 3K\VWLFDO SURSHBSWIHYIRU IRRG)F!
%XVLQHVV OHGLD

ORJKDGGDP 0 * $KPDG () BDKPDQVSEL SUWLILF
QHXUDO QHWZRUN PRGWOLRH VIWDOGL RV MOR\8DWGEEFV\Q V
DFLG HVYWHU (OHFWURQLF -RXUQDO Rl %LRWHFKQROR.
2URLDQ 0 3DGXUHW 6 $PDUIGKHBLFDRWRMRPSRVLWL
WHPSHUDWXRH R@IRREH\ WH[WRXWH) DS RRE HIKRIEEH WD Q G
WHFKQRORJSS #

1IXQHV 0 & 1 %UHFKW O 6DUIHRUWL $K\WLFRFKHPLFD
FKDQJHV GXULQJ VWUDZEHUU\ GHYHORSPHQW LQ WKH
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KDUYHVWHG IUXLWRGCXQDRY RYIWRFBJR| )RRG DQG $JULF
SS +

KD@® 1 6DWZDUWIWRWSGE :DKDE 0 )3K\WLFRFKHPLFD
FKDUDFWHUL]DWLRQ RI WKH VWUNEEHXVLQUDPZOWYY
DQDOWWWUQDWLRQDO -RXUQDO MIS)YRRG 3URSHUWLHYV
9HUJDUD 0 9DUJDV - 3B8RAXXTRFKHPLFDO FKDUDFWHUL\
)UDJDULD $ DQDQDVVD'XFK IUXLWV IURP IRXU SUR
&RORPSEIUR QRRIMRPELDQISS +

GD 6LOYD 3D®WRAR0) /0 *HQRYH¥HRO®FWLYH FRPSRXQ
TXDQWLILFDWLRQ RI W RWUWDLCH W O)AMILIFU D B L[G DIR® § DN\DX
&KHPLVWUSS #

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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3RO\SKHQROLF FRPSRXQGY WUDQSDWDRWQ LQWR S
FRQFHQWGRWHY) WKH GHSRVLWLRQ RI PLON SUR\
30DQWDJR PDMRU /

20HQD /DULVD &K.: $PLW .X
9RORG\P\U .KDBBPBPD 7\PFK2ZONHQD 2QRSULLFKXN

1IDWLRQDO 8QLYHUVLWI| RI )RRG |

+, QWHJIUDO 8QLORIVL@GLIXFN

+'HSDUWPHOQOW RI $JULFXOWXUR D WRRIQRFRB@HPGBUIRA® Q
6FLHQREBNUDLQH

$EVWI
.H\ZRUGYV , QWURG)>,PSOHPHQWDWLRQ RI X\
SULQFLSOHV RI GDLU\ DQG SODQW UDZ PD
OLON WHFKQRORJLFDO SURSHUWLHYVY LV UHOHYDQW

30DQWDJR PDMRODWHULDOV DOQRBUPHWKRE3 PLON ZDV XVHG
&RDJXODWLR®DWHULDO WR REWDLQ SURWHLQ FRQFHQW!L
BURWHLQ GHSRVLWLRQ RI SAHR\W HIGIW HFPMA GH [MMXUD FW L R

3RO\SKHQROLWHUUHVWOD@VODRWBRIWUILFDWLRQ DQG TXD
Rl SRO\SKHQROV DQG IODYDQRLGV LQ WKH V

DQG WKH REWDLQHG ZKH\ ZBDWYI SHRDREPHGL E X
$SUWLFOH KLVWRGURPDWRJIJUDSWAWMFLQURPLQHEKLH D/&] X
-DSDQ &RPSDULVRQV ZHUH PDGH ZLWK H[W!
SHFHLYHG BHVXOWYV DQG THHFXWWXIGRQRI WKH TXDO
FRPSRVLWLRQ DQG TXDQWLWDWLYH FRQWHQV
SHFHUYHGHYLVHQ SURWHQ®Y FRQFHQWGBWRIWLREWRQ LRIHG BN S
IRUP ZLWK WKH MXLFH RI GLUHFW H[WUDFWLRQ RI
$FFW3HG PDMRU / ZHUH 7X3HH \BH@RWHYBY WRRN SODFH I
WHPSHUDWXUHV $FFRUGLQJ WR WKH DQDO\V
H[SHULPHQWDO L¥V¥BIPBLRPV VRKHMEODQWDLQ IR

&RUUHVSRQGLQDJD[LPXP LV DW ZDYHOR®JIWKVVRUHVXOW LV FR
DXWKRU ZLWK WKH IDFW WKDW RI WKH LVRODWHG I

R[\IODYRQHY FKDUDFWHUL]JHG E\ D PD[LPXP Z
20HQD 2QRSULLFKJXR

(PDLO 7KH GIQFHMUBEHWZHHQ WKH FRQ3DH@MW RJFS RO
ROHQD RQRSULPEXKRIBIXLFH DQG ZKH\ LQGLFDWHYV WKH GHJ
JPDLO FRP SRO\SKHQROLF FRPSBOQ®W LFRDFE QR WHWE V

FRQWHQW RI IODYRQRLGDW @ TXO® WHRYVWKIG FF
RI VXOEMMY WKDW ZHUH VLPLODU WR WKH V

SKHQROLF DFLGV FDWHFKLQV IODYRQROV |

WKH H[FHSWLFROQ RH MX\EWWIDIGFEHY )ODYRQROV

E\ WKH JO\FRVLGHV RI P\ULFHWLQ WIRULQJILQ

IODYRQRQHV 7KH IODYRQHV LQ WKH TXDQWL

ZHLJKW DQG DUH UHSUHVHQWHG E\ OXWHRC

JO\FRVLGHV RI DSLJHQLQ 3KHQROLF DFLGV |

PJ O IRU SODQWDLQ MXLFH DQG PJ O IRU |

Y &RQFOXVILKRMVGHIJUHH RI SRO\SKHQROLF
WUDQVLWLBQRQW BRYFHQWUDWH ZBV GHWH L

; RI WKH WRWDO DPRXQW RI ZKLFK DUH I

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\
,QWURGXFWLRQ

7KH DFWXDO GLUHFWLRQ LV WKH LPSOHPHQWIRWLRQ R
GDLU\ DQ® $0®Z PDWHULDWMFKMRO RIQ FVQ RRURBHUWLHV
XQGHU WKH FRQGLWLRQV RI WKH WUDGLWLRQDO WHFKQF
QHZ TXDOLWLHV RWKHU WKDQ VLPSOH PL[LQJ RI UDZ PDW

W LV DGYLWUFQHNVRKFHHWHFKQRORJLFDO DFWLRQ R
ELRORJLFDOO\ DFWLYH VXEVWDQFHV LQ GDLU\ B8U@B XFW\
SURWHLQV GHSRVLWLRQ X3QDQWDIRG POOMRNDDQBP HY\ ZL
GLVWULEGIHEG ZRVKWG DV D PHGLFLQDO UDZ PDWHULDO T
> @ ,0Q DGGLWLRQ WKH SODQWDLG@IWRWHADVYHVHDQRI P!
DFLGV 7KXV WKH DFLG FRPSOH[ RI SODQWDLQ+OHDYHV L
P] > @ WDUMWDULFLWUEF PDOLR PDORQEF

DQG VXFFEQLF DFLGV 7KH WRWDO FRQWHQWIRI RUJ
ZKLFK XS WR DUH UHODWHG > @

'XH WR WKH DYDLODELGCHLWWH®GDWRXH FHDNV 1D QRI REKWD L
FRDJXODQWYV ZLWK GLIIHUHQW PHFKDQLVP RI DFWLRQ D
SUDFWLFDO LQWHUHVW RI VSHFISDRMWHL\D LS RGHF \8 U RHGX
SRO\SKHQROLF FRPSRPXQGWR SWRYLGHPMMFKQRORJILFDO P
WUHDWPHQW WKDW ZLOO DOORZ WR SUHVHUYH ELRORJLF

7KH KDUPIXO HIIHFWV RQ WKH ERG\ Rl IUHH UDGLFDOV
RI VRPH KHUED (ZISW K SO.URWIRDM [LGDQW DFWLYLW\ RU E
FRQVXPSWLRQ RI WKH FRUUHVSRQGLQJ SURGXFWYV

W LV NQRZQ IURP OLWHUDWXUH VRXUFHV > @ WKDW
YHJHWDEOH UDZ PDWHULDO ZLWK \BKHQR & RK) WRIRO/R RO GX |
DV YLWDPLQV $ ( . DQG & ,Q DOHNAKLREY SKHRKRORP SR
FDUQRMRYH VLPLODU DFWLYLW\ FKDPD]XOHQH FRXPDULQ

YJODYRQRLGV DUH SK\VLRORJLFDOOY DG W RYPD\DX EEVL\R B R i
SURFHVVHV LQ WKH ERG\ ORUH WKDQ QDWXUDO IODYR
PRUH WKDQ VSHFLHVY KDYH EHHQ LGHQWLILHG > @

,Q YLHZ Rl WKH DERYH PRUH UHVHDUFK LV QHHGHG R
SURWRQOHQWUDWHYV Rl SODQW UDZ PDWHULDOV QDPHO\ I
DV D FRDJXODQW 8QOLNH IRRG LQJUHGLHQWY V\QWKHVL
PDWHULDOV FRPSRQHQW VRADYD BHRX VW EQ R VRENR/D G A W
WKH KXPDQ ERG\ LQFOXGLQJ SRO\SKHQROLF FRPSRXQ
KRPHRVWDVLV PHHW HQHUJ\ SODVWLF QHHGV DQG RWK

7KH DLP Rl WKLV ZRUN ZDV WR GHWHUPLQH WKH GHJUH
LQWR SSUFRDMMDWRI@MHHY XQGHU SUHFLS L3DMWQMRIY R IP B IMRN
MXLFH

ODWHULDOV DQG PHWKRGYV
ODWHULDOV
7KH UbzZ PDWHULDO IRU SURWHLQ FRQWK QN VYR WIHEV ZE

IUDFWLRQ@ RI W * SURWHLQ ZLWK DFWEYH DFL
“ XQLWYV RI $+ GHOR LW\
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$V D FRDIJXODQW WKH MXLFH RI GLUHFW H[WUDFWLRC
ZDV XVHG ZLWK WKH IROORZLQJ SDUDPHWHEBW L Y bt DOgFW G W\
“ XQLWV RI S+
JURP WKH GE&DYMA\D RR\ FDMRRXV UHVHDUFKHUV ZHUH LV
IURP WKH FODVV RI IODYRQRLGYV > @ 7KH\ DUH DOO GHUL
WKDW KDYH EHHQ LVRODWHG DU H WIVIHNDFOHL @ | DISE. BHFE@ IRQV
OXWHROWRVLGH DQG VRPH RWKHU IODYRQRLGV ZDV DOV
SODQWDLQ OHDYHV > @ 7KH OHDYHV RI D ODUJH SODQWTE
$ PRGLILHG PHWKRG IRU FRR®®GIH R OHKERWLIVQRHV RR ISP L O
RI SODQWDLQ ODUJH KDV EHHQ GHYHORSHG 30DQWDJR P
+ f&LON VWLUUHG VOLJKWO\ DQG NHSW XQWLO WKH
SUHFLSLWDWLRQ RI PHD NZDSW REMHQ YWGCE ZWWR FWKH LQW
FRDIJXODQW DQG WKH GXWPRLWLRKQHD WEHHORWEHIRN  PLC
VHSDUDWH WKH ZKH\ ZKLFK ZDV SLFNHG WR GHWHUPLQH
> @

OHWKRGV
,Q WKH REVELRWBLQ FR&AHSROUDKHQ RO FRQWHQW ZDV

FDOFXODWLRQ PHWKRG 3UHYLRXVO\ WKHLU FRQWHQWYV |
MXLFH DQG ZKH\ REWWIRWH® EFK H IOQJKT XL & 3F & U RY? DOQVIR V WD/ K

SURMIQFH /8 KLPDG]X -DSDQ HWKDQRO LQ D UDWL
VDPSOHV WKHQ ILOWHUING YVYDQWIHD VWABHQFR [VEWHU
P > @ 7KH LQLWLDO UDWLR RI HOXHQW FRRPBRIQ H (

HOXHQW GXULQJ WKH H[SHULPHQW ZDV YDULHG DFFRUGL

ILUVW zLBEQHDVH IURP  WR

IURP PLQ WRURMPLQWR

IURP PLQ WRURMPLQWR

IURP PLQ WRROBL®J

IURP PLQ WR*URG@FWLRQ WR

IURP PLQ WRROBL®J

7KH VSHHG RI WKH HOXHQW LV PO PLQ 7KH FROXPQ
WKH HQWHHYH® VDPSOH

,GHQWLILFDWLRQ RI WKH VXEVWDQFHV LQ WKH H[WUDF
WLPH DQG VSHFWUDO FKDUD FHW HZLLW KV IVA\P LRO DW K FHK TV Y R
VWDQGDUGY DFFRUGLQJ WR WKH PHWKRG > @ LGHQWLIL
SHUIRUPHG DW DQG QP > @ )RU DFFXL
VXEVWDQFHV WR VSERHQRQWRWEKW RRBRRZLQJ UHIXODWR
FKORURJHQLF DQG FDIIHLF DFLGVY SKHQROLF DFLGV FI
TXHUFHWLQ DQG UXWLQ IODYDQRQHV GDRMWHHYPLQ FODY
DQWKRF\DLQP®WGUBFK *HUPDQ\ 7KH LGHQWLILFDWLRQ
VWDQGDUGY ZHUH REWDLQHG XQGHU WKH DERYH+FRQGLYV
FRQWHQW RI WKH VWDQGDUG FDOLEUDWLRQ GHSHQGHC
U

6XEVWDQFHV ZKRVH VLPLODULW\ OHYHO DFFRUGLQJ \
FODVVLILHG DV D JURXS RI XQLGHQWLILHG VXEVWDQFHYV
VWDQGDUGYV ZLWK WKH KLIJKHVW VLPLODULW\ OHYHO

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJIJ)RRG 7THFKQRDRJ\
5HVXOWY DQG GLVFXVVLRQ
"HWHWALRRQ RI ELRORJLFD O C3ODRYW LY HA WKEM RRIDGF B K HL |

7R GHWHUPLQH WKH GHJUHH Rl WUDQVLWLRQSRDBMROR
FRQFHQWUDWHY WKH SRO\SKHQ R®IKH ARPLSFRH LWR AR/ IRH WL
RI WKH SODQWDLQ DQG WKH VHUXP REWDLQHG GXULQJ W
7KH FROORGGDN®W DEBLDWHDWLRQ RI VRO Rl FDVHLQ PLFHO
SURWHRO\WLF HQ]J\PHV DQG FKDQJHV L@LSAWYROXH DoUan .
ILOOHG ZLWK ZKH\ $ FKDUDFWHU LYW GH Fi DI\ XEHLH @ LZ@WH |
FDSDFLW\ XQGHU WKH LQIOXHQFH RI WHPSHUDWXUH S+
FODVVLF HPERGLPHQW WK@E\PRKQHHDPWHD® HVDFRQWDRLRI R
PDQXIDFWXUHG ZLWK WKH DGGLWLRQ RI YDULRXV FKHPL
DFHWLF DQG RWKHU DFLGV GXULQJ SUHFLSLWDWLRQ 7
VHYHUDO GLYW®WDRDERMYOH] SUHFLSLWDWLRQ RI SURW
FRDIJXODQWV KLJK SURFHVVLQJ WHPSHUDWXUHV SURY]
REWDLQLQJ D EXQFK ZLWK D GHQVH FRQVLVWHQF\ DQG
SURWHLQV ZLVBKRJURWHD DHY @QRI 30DQWDJR PDMRU ZDV

7KH DEVRUSWLRQ VSHFWUD FKDUDFWHULVWLF RI WK
TXDOLWDWLYH GHWHUPLQDWLRQ RI ELRORJLFDOO\ DFWI
UHOHDVHG IURP WKH WRKRD WIRFSOMHM @1 WG WRHA DEVRL
VROXWLRQV KDYH EDQGV FRUUHVSRQGQ®J WR SKHQROLF

7KH FRQWHQW RI WKH WHVW VX EMWW DD FIMYGL QQWW K HD D ]
WKH SODQWR QK EFKJI Z® IHG LIBWH QOMLYRQRLGVDEOH SUHVHQ

7KH FRQWHQW RI VXEVWDQFHV LQ WKH ZKH\ VDPSOH R
ZLVMRDQWDJR PZMREKMZHFH LGHQWLILHG DV 7DDOHRQRL GV

,GHQWLILFDWLRQ ZDIMPSBDIRUPHR PDWBWHQDQFH WLP}
WKH WHVW VXEVWDQFHV DQG WKH VLPLODULW\ LQGH]
VXEVWDQFH DQG WKH VSHFWUDO FKDUDFWHULVWLFV VWD

$ JUHDWHU QX®RHGVRZHOBYDGHQWLILHG DW D ZDYHOH
ZDV XVHG WR FDOLEUDWH W K REHSHQ\E H GBF \| RUKDI SBHIDWN LF

7KH GHVLJQ RI+WKHUFSMALGIVY WR DFFXUDWHO\ LGHQ
'"HVLJQ RIQVKBWRXXW. B MREPWDQFH EHORQJV WR WKH VDP
DV UXWLQ LH LQ WKLV FDVH LW LV IODYRQRO DQG LV D
QDPH RI WKH VWDQGDUG IRU H[DPSOH UXWLQ LY IDVJD\FF
JO\FRVLGH GDLG]HLQ LV DQ DJO\FRQH

,Q WKH FRXUVH Rl WKH VWXG\ VXEVWDQFHV QRW LQF
ZHUH QRW LGHQWLILHG GXH WR WKH ORZ LQGH[ RI VLPLO
WR WKH VWD QIGIKHG VEZ LWL R LVOOHJ KW \

6XEVWDQFHVY EHORQJLQJ WR WKH SRO\SKHQROV ZH
FKURPDWRJIXAN RI SODQWDLQ MXLFH DQG ZKH\ DIWHU SU
WKH SODQW FRDJXODQW

7KH UHVXOWV REWDLQHG DRHUBPNMRDWHG RQ WKH FK!

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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7DEOH
JODYRQRLG FROWHQW LQ SODQWDLQ MXLFH

Kuiwuplrw &

3HDmPDLQW4§§§&WQHQWLHBBWL§Q_ PJ O PJvALEx
FDWHFKLQ

FDWHEKLQ

FDWHEKLQ

FDWHEKLQ

QDULRJLQ

KHVSHULGLQ

FDWHEKLQ

FDWHEKLQ

FDWHEKLQ

P\ULE® W

FDWHEKLQ

FDWHEKLQ

FDWHEKLQ

1IDULQJLQ

+HVSHULGLA(

UXWLQ

DSLJHQLOQ

QDULRJLQ

UXWLQ

DSLJHQLOQ

IXWHROQLQ

TXHUFHWLQ

7DEOH
&GRQWHQW RI IODYDQRLGV IMQXERH\GRESRYILGH B EORNRMD NR SRIDRMAH.

K Khiwugrw K

3 HD|N PDLQWFQ_%[E%V& '(,BHQWLILBBWLH%Q_ P[J 0 PJ@rson
KDWHFKLQ
FDWHFKLQ
FDWHFKLQ
FDWHFKLQ
FW/HFKLQ

P\ULFHWLQ
FDWHFKLQ
FDWHFKLQ
IDULQJLQ
+HVSHUILGL|Q
UXWLQ
OXWHROLQ
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30DQWDJR PDMRU MXLFH 10D PERRLHD WR P S RVK M VRWX GV
RI DEVRUSWLRQ VSHFWUXP RI DOFRKRO H[WUDFWLRQ IUR
ODUJH IRXQG WKDW WKH PD[LPXPQR RWWXHED Y HDWHQ WEDR
VXEVWDQRHMDUYR QMWW HKDIWHHG E\ D PD[LPXP ZEWKLQ WK
QP
,Q WRWDO FOONYRERASRXQGYV ZHUH LGHQWLILHG LQ
UHPRYHG DIWHU SUHFLSLWDWLRQ RI PLON SURWHLQV E\ ¢
WR WKHLU FRQWHOQW AH) IRDOWY SUREDEO\ GXH WR WKH |
RI WKH SRO\SKHQROLF FRPSRXQGV IURP WKH MXLFH KDY
GXULQJ GHQDWXUDWLRQ

'"HWHUPLQDWLRQ RI WRWDO FRQWHQW RI SRO\SKHQRO\

7KH W ROMDH® WRRI SRO\SKHQROV LQ DOO VDPSOHV ZDV G
RI VXEVWDQFHV IRXQG LQ WKH UDQJH RI SHDNV RI IODYR
WKH FKURPDWRJUDPVY 7KH SRO\SKHQROV ZKRVH SHDNV
FDWHG SHDNV EXW ZLWK WKH VSHFWUDO FKDUDFWHULV\
FDWHFEKN® JURXS DQG ZHUH QRW FRQVLGHUHG IODYRQRL
PJ O UHVSHFWLYHO\ LQ SODQWDLQ MRQRH ®WQGQZRB
VDPSOHV WHVWHG ZDV HTXDO WR WKH FRQWHQW RI VXE\
IODYRQRLGV SKHQROLF DFLGV FDWHFKLQV IODYRQROV
RI FDWOIEMH Q/ XEVWDQFHYV )0 DY RER QN DARY UGS IRV HPQWMHFC
DQG KHVSHULGLQ DUH SDUW RI IODYRQRQHV WKH IODYRC
DQG DUH UHSUHVHQWHG E\ OXWHROLQ DQG LWV JO\FRVL!
FRQWHQW UDQJHGRIWB®DQWPL® MXLFH DQG PJ O IRU F
RI WKH VWXG\ DUBES®WHVHQWHG LQ

7DEOH
7TRWDO FRPSRVLWLRQ DQG FRQWHQW RI SRO\SKHQROV LQ VD

norERQV PJ
$ JURXS RI SRO\SKHQROM B

"KH
3KHQRO
&DWHFKLQV LQFOXGL
FDW
&DWI OL

YODYRQROV LQFOXGL
JO\FRVLGHYV

YODYDQRQHV LQFOXFF
QDU
KHVSI

YODYRQHV LQFOXGLC
OXW
JO\FRVLGHYV
JO\FRVLGHV

8QLGH!
7KH VXP RI S

+tFDWHFIKNFHRO\SKHQROV ZKRVH SHDNV DUH ORFDWHG RXW
FDWHFKLQ SHDNV EXW ZLWK WKH VSHFWUDO FKDUDFWHUL

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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7KH LQWHUDFWLRQ RI SRO\SKHQROV ZLWK SURWHLQ
SRO\SKHQRO MDYGZSORWBVYQVKH S+ RI WKH VROXWLRQ L
SRO\SKHSURFOVHLQ UDWLR > @ :KHQ ELQGLQJ K\GURSKR
DURPDWLF JURXSV RI DPLQR DFLG UHVLGXHV RI SURWHLQ
Rl SRO\SKIHMDROVSURWHLQ FKDLQ WDNH SODFH > @ $FFRL
SRO\SKHQROV WR GLIIHUHQW SURWHLQ FKDLQV OHDGV W]

7KHUHIRUH WKH FKDQJH RI WKH QDWLYH OWDBW R IRW KWK
RUJDQL]HG VWUXFWXUH Rl WKH SURWHLQ PROHFXOH ZLW|
WKLY FDVH WKH GHQDWXUDWLRQ RI ERWK FDVHLQ DQG \
WHPSHUDWXUH DQG WKH SURFHFR PLSD MK3}HO 8 QKMACHIGRF PIDRAR
GHQDWXUDWLRQ Rl SURWHLQV K\GURJHQ ERQGV DQG Gl
VWUXFWXUH RI WKHLU PROHFXOHV DUH GHVWUR\HG ZK
FRQILJXUDWLRQ K\GUDWLRH) SDQW® LIFXIMW J DKVH BVUMDW HQRI| |
ERQGV LQFUHDVHV WKH UHDFWLYLW\ Rl PROHFXOHV UH)\
SKHQROLF FRPSRXQGYV

7KH PHFKDQLVP RI SRO\SKHQROV DGVBUSBWHRQ UWQREP
VXUIDFH DWGWEBRYRPABWIRI WKH SRO\SHSWLGH FKDLQ GXF
ERQG EHWZHHQ WKH K\GUR[\O JURXS Rl WKH SRO\SKHQRC
PROHFXOH

,Q WKH VHFRERD JIKXWDWL.RQDO GHVWDELOL]JHG SURW
PROBPXY LQWHUDFWLRQ IRUFHV DQG FDOFLXP EULGJHV |
FKDLQV WKDW DUH VXEVHTXHQWO\ ORQJLWXGLQDOO\ DQC
WKLV FDVH WKH PROHFXOHV RI SRO\SKHQRODRER B SRXRA
$W WKH ILQDO VWDJH WKHUH LV D VWUXFWXUH IRUPDW!|
SRO\SKHQROLSKHQRO FRPSOH[HV 7KH TXDQWLWDWLYH U
WDEOH ZKHUH WKH GLIIHUH QRO EHRNZAHRIGY WIRID W B Q WH
ZKH\ LQGLFDWHY WKH GHJUHHSRIDWMKHER QFHRQ@NVLDWHRQ W F

&RQFOXVLRQV

7TKXV WKH DPRXQW RI SRO\SKHQROV LQ WKH SODQWD
ZK H4 PJ O WKH FROQWHQWLRHGI@DW RQRLEBY @DDQG
UHVSHFWLYHO\ +DYLQJ DQDO\]HG WKH UHVXOWYVY ZH FDC
SRO\SKHQROLF FRPSRXQGV LQWR PLON SURWHLQ FRQFHQ

RI' ' ODYRQRLGYV

TKHUHIRUHDGWRB Bl SRO\SKHQROV E\ SURWHLQV GHSFH
SURWHLQ PROHFXOH WKH VSDWLDO GLVWULEXWLRQ RI D
RI SRO\SKHQROV DQG WKH QXPEHU RI FRQGLWLRQV IR
UHODWLRQYKEDXVH D FKDQJH LQ WKH VSDWLDO VWUXF)\
ELRDYDLODELOLW\ RI ERWK FRPSRQHQWYV

5HIHUHQFHYV

60ODVKFKHYD $ 9 1\N\IRURY 5 3 3RSRYD 6 <X
Y\NRU\WWWDQQLOK EHOREBYRKRD WO SY Y WHNKP RORKLL SU
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G\WSHUVQRLX YRAUWRMIEBRHXVNLL ]JKXUQDO SHUHGRY
SSt

(OHQD 0 (PLP - 6RRBFDU &QDOJHVLF LDQGDPPW W RU\
$FWLYLWLHV RI WKH $TXHRXW RUMVDFWQBWBRORW D RR
3KDUPDFRJQRVSjt '2, SKEL

1DMDILDQ < +DPHGL 6 )DUVKFKL 0 )H\]DEDGL =
7UDGLWLRQDO 3HUVLDQ OHGLFLQH DQG P RGHIFMYURIQ MFR
3K\WLFLDQ Sj ‘2,

*XLO -/ 7RULMD 0 ( *LPHQH] - - 5RGUtIXH] ,
$FLGV LQ (GLEOH :LOG 30DQWRXEVOD?® &K EKRIRW R RIS
sj + 2,

20HQQLNRY LHYDID/QKDO\NKDLORYD 7 0 6DPXHOVHQ
DFLGV RI KHUEDO SODQWKH P B\ODQWDIJ RDRDMPW /&R Q Q
+ 2, v
+RORYNR 0 3 3HQNLQD 1 0 .ROHVQ\N 9LHV RI VEPML
NLQGV RI YHJHW D @EOMVHBMERSBWE URXOQDO Rl (QWHUSUL
St
.DPL\DPD 9 +DUDNDZD 0 2WRJXQR K 2FR® &FL
7HFKQRLS]
20HQQLNRY ' 1 3RGRUR]JKQLN EROVKRL .KLPLF
KLPLLD UDVWLWH®SRRJR V\ULD
6DPXHOVHQ $ %7KH WUDGLWLRQDO XVHV FKHPLFDO
DFWLYLWLHV RI 30DQVRXURBEDMRUWKQRSKBEPDFRORJ\
-MNRYLE&GXQL&HDUBDORBOMHYOMBWKEHMDN LNLQ
&RPSDUDWLYH VWXG\ Rl VRPH SRO\SKIQRDY LQ
6\WWHPDWLFV DQ®jdF RORJ\ M EVH
*UHN .UDVXO\D 2 &KXEHQNR / 7KW AKXMHS$WLIDWLRQ
SRWHQWLRQDO FRPSOH[ IURP SODQWDJR RRIMPRQ GNR
(QYLURQPHGQWM ,6D | HW4
&KRPD , 20V]RZ\ 0 6WXG]L VNL O *QDW 6 "HW
DFLG SRO\SKHQROV DQG DQWLR[IO®NBW F KIQR B D WHRQ Ul
HIITHFMUHFWHG DQDOWHRPBRGLEGRY R RVS/RWRPGHWBHF
PHWKRGWKUQDO Rl 6HSDUDWLRQ S§FLHQFH2,
MV VF
ODOHQpLU ' &YHMLU - OLODGLQRYLU - 3RO\SK
B3URSHUWLHV Rl &RORUHG 6R\E HPRX&HD®V RID@PGRFQ W U
Sj+ '2, MP I
.KRGDNRY , 9 6SRVRE LGHQWLILNDWVLL SROLIH
SULSRPRVKFKL 9(=K.K 2SUHGHOHQLIHWREWDRYRELHHE
NKLPLFKHVNRJR D®OL]D

.KRGDNRY , 9 6SRVRE LGHQWLILNDWVLL SROLIH
9VQLN VWRPDWRSGRJ-L
.KRGDNRY , 9 ODNDUHQNR 2 $ 9I\VRNRHIITHN

NKURPDWRJUDILLD YLVVOHGRYD@QIRWYDWWROWRHQINK S
+
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2VWURXPRY / $ LKXVQXOOLQD 1 9  V\FKX]KQRIHRQ L
VYHUW\YDQLLD PRORNDNK GIUNP HVWK MRQRORJLLD SLVKI
S St

'DQJ 6K /LX)l 'RQJ ;< 6XQ < D DKWILWP R G VIO LPR D ¢
LQWHUDFWLRQV EH\SHBWQ GHPAOHREGS EG QPR DW & bKLHD
3K\V &KHP % jj = ‘2, MS

%DQG\RSDGK\D\ 3 *KRVK $ . *KRVK & S5HFHQW G|
SURQYH.QWHUDFWLRQV HIIHFWV RQ WHD DQG FRIIHH
GLIHVWLY)R RGVYKHEW] + '2, F IR J

5DZHO + 0 5RKQ 6 .UROO - ,QIOXHQFH RI D VXJD

DWR SRVRWLWRIOH UHDFWLYLW\ RI TXHQWHW% QRIL WKFDHRH
+ jj o+ 2, 6
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JJJ)RRG 7THFKQ@RDRJ\
,QWURGXFWLRQ

7KH :RUOG +HDOWK 2UJDQL]DWLRG HUFR@WHRW VPNV H
SRSXODWLRQ XVH PHGLFLQDO SODQWYV IRU VRPH DVSHFW
ODUJH VSHFWUH RI SKDUPDFRORJLFDO DFWLYLWLHYV
FDUGLRYDVFXODU LQODPPRERQW LB@ROREBRUEFD@G PDQ\
SKDUPDFRORJLFESQA AHVHBQ® KHAEV KDYH EHHQ XVHG IRU
PDQ\ FXOWXUHV DQG VFLHQWLILF H[SHULPHQWYVY KDYH GR
VSLFHV PDQ\ VSLFHV DUH DBGRFXQHMGDIRE ISXFE&NPHW RF \P
OLTXRULFHV LQ PDQ\ S)MHOWYURIHMKIHQZRBXORLO® @UH FRPPRC
YHU\ VPDOO TXDQWLWLHV DV D IRRG DGGLWLYH IRU IODYI
DIJHQW > @

YHQXJUHHMN IVHRH)XGI OOD )RHQKXWY DQDHFQYRDO KHUE RI WKH
IDPLO\ LQGLJHQRXV WR ZHVWHUQ $VLD DQG 6RXWK (DVWH}
WKH OHGLWHUUDQHDQ DUHD LQ ,QGLD DQG LQ 1RUWK $11
ZLGH UMIQBKDUDFWHULVWLFV VXFK DV DURPDWLF VPHOO
DQWLR[LGDQW DQG DQWLEDFWHULDO EHQHILWY PDMRU |

WKDW DFFRXQWYV IRU 2WKHU FKHPLFDO FRECRAW MKCXIHHQ W
WR SURWHLQ WR OLSLGYV WR LQVROXEOH IL
DUH XVXDOO\ LQ WKH IRUP RI WULJO\FHULGHYV DQG

LV XVHG WUDGLWLRQDOO\ DV D GMPROOFH@W DQIS[D ML
K\SRFKROHVWHUROHPLF K\SROLSLGHPLF DQG K\SRJO\FH
DQLPDOV DQG KXPDQV WKH GHIDWWHG VHHGV PDWHULD!
DEVRUSWLRQ RI JOXFRVH DQG FKRHFHNHMHRRO>D@ G LQFUH

&XPLQ LV D VWURQJ DURPDVE&KXP IGUXR G VB L /MBHRIR Q/J V HW
WKH $SLDFHDH IDPLO\ SDUVOH\ IDPLO\ FXPLQ VHHGV DL
VPHOO DQG ZDUP ELWWHULVK WEBEQWH LYW KIDA ZLUGHIDN RV
LV XVHG LQ WUDGLWLRQDO PHGLFLQH WR WUHDW IODWXO
WUHDWPHQW RI ZRXQGV ,W LV YDOXDEOH LQ G\WSHSVLD
DJDLQVW LQGLJHVIK\NQFRE K HPR.T DR >D @& ORVY DX K K RZIHEX W
FRQWDLQHG ORMLRWIXOMVK FUXGH SURWHLGUXGH ILEHU\
DQG WRWDO FDUERK\GUDWHY > @ 7KH SUHYLRXV SKD
&XPLQXP F\P[BYRQWMELPDLFURELDO LQMBPWEPMGEILD DQIVG
DQWLR[LGDQW DQWLFDQFHU DQWLGLDEHWLF DQWLSOD\
LPPXQRORJLFDO FRPWUMLFGBSIWROMANH BDERMUIRWLF SURWHFW
QHUYRXPWHI I> @

7KHUHIRUH WKH SUHVHQW VWXG\ ZDV OXQFKHG WR
SURSHUWLHY DQG KHDOWHK EROQHOWY RR HG RKQIGMHFHNPX B
&XPLQXP FVPLYMAGY DQG WR LQYHVWLJIDWH W R HVWERDHWHH |
SODQWV ,Q WKLV FRQWH[W D UHVHDUFK ERHRLEDWVD YOWG
PLQHUDOV DQDO\VLYV RI IHQXJUHHN DQG FXPLQ DQG WR |
H[WUDFWV DJDLQVW \W KD KHHERBEE UV ODWRIRLIG Y WR FRP
WKH SUR[LPDWH FRPSRVLWLRQ DQG WKH LQKLELWRU\ HII

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F



JJIJ)RRG 7THFKQRDRJ\

ODWHULDOV DQG PHWKRGYV
6HOHFWLRQ RI YDULHWLHYV

"LITHUHQW YDULHWIULHVRRQHB QBRIDRHARB @ G FEREPQQXP
F\PLQXPIRP $OJHULD (J\SW ,QGLD ORURFFR DQG 6\ULD =
PDUNHW DQG DQDO\HG IRU WKHLU ZHLJKW RI VHHGV
WKH EHVW RQHYV

: HLIKW RI TKWHRXVEHU RI VHHGY WDNHQ LQWR E\ KD
VHHG ZHLJKW ZDV PHDVXUHG LQ J PJ DQG XVHG WR HVWL
RI VHHGVY DQG WHVW ZHLJKW > @

*HUPLQDWLRIQHEDWZHUH WUHDW HB&RIUN K GDUV KAHD \W COLW
UHVLGXDO GRUPDQF\ WK DJW URPLLIXDWIL@W HUDWB H ZZRVV H W V
FXOWLYDU >RQH IURP HDFK UHSOLFDWLRQ @ ZHUH SODFI
FP 3HWUL GLVK 7KH ILOWHU SDSHU ZDV PRLVWHQHG ZLW
ZHUH JHUPLQ®DMMHGDAMQWKH UHODWLYH KXPLGLW\ 5+ LQ
6HHGV VKRZLQJ PP RI UDGLFOH JURZWK RU PRUH ZHUH
UDWH ZDV FDOFXODW HRGURXD®J DIQIGH A ROIOIRF@HG DV 5* LG

5DWH RI JHUPL E%R 5! VﬂdGV JHUUPLQDWHG DW K
R RI HHGYV JHUPLQDWHG DW K
6DPSOH SUHSDUDWLRQ

7KH VHOHFWHG VDPSOHV ZHUH VRUWHG SHHOHG ZD)\
SRZGHUHG DQG VFUHHQHG DW —P

SK\VIFFRHPLFDO DQDO\VHYV

SK\VIFKRHPLFDO DQDO\VHV S+ WLWUDEOH DFLGLW\ D
FRQGXFWLYLW\ WRWDO VROXEOH VROLGV ILEHUV IDWYV
PLQHUDOV ZHUH HVWLPDWHG DFFRUGLQJ WR WKH IROORZ

S+ J RI HDFK ITUHVK VDPSOH ZDV DGGHG WR PO RI
PLQ DQEUWVIPRQJ WKH S+ HOHFWURGH LQ WKH VROXWLRQ >

7TLWUDWDEOH WIFHCEMWVDBRORAWHOG WL Q PO RI GLVWLOOH
ZLWK 1D2XQWLO S+ > @

$VK J RI SRZGHU VDPSOH ZDV ZHLJK&RUD QIGRIAXRIQYIH U D
PXIIOH IXUQDFH XQWLO DVK ZDV REWDLQHG 7KH DVK ZDV

ORLVWXUHDPSOH ZDV GULHG D& DX\ WROHUHDIW K WHZRNV F
> @

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJIJ)RRG 7THFKQRDRJ\
9LVFRYKW\WYLVFRVLW\ ZDV HVWLPDWHG XYBQIG'LVFRPH

(OHFWULFDO HRGGEWRMEDIOWRRQGXFWLYLW\ H[SUHVVHV
VROXWLRQ WR FRXGXHWQ W Q7HKE HHRUEDEFWLYLW\N PHWHU HC
VROLG VROXWLRQ > @

TRWDO VROXEROWIDORORGCYEG® VROHGGLYHFWO\ UHFRU
UHIUDFWRPHWHU DR[G WKW HE VX0 B/WUEFHIQRY V@@ O XEOH VRC

&UXGHT7MDHWFUXGH IDW ZDV GHWHUPLQHG XVLQJ 6R[KOF
KH[DQH DV D VROYHQW > @

&UXGH ILEBHBIRZGHUHG VDPSOH Z¥\2 GLJHVROUGRZIHVEKE+
1D2+ PROXWLRQOWMWDHMLRQ DQG ZDVKLQJ ZLWK GLVYV
UHPDLQLQJ UHVLGXHV ZHUH ZHLJKHG DQG SXWWHG LQ PX
f&NLOO JUWMMH MWK KIDV REWDLQHG > @

&UXGH SURWHERXYGHUHG VDPSOHV RI IHQXJUHHN DQG ¥
SURWHLQ FRQWW®W DWFHFBGBKQIWRHWKRG DV GHVFULEHG
RI HDFK VDPSOH ZHUGR 6L XV HREIZE N/MAVR WK M VG LI HV W H G
PDWHULDO ZDV GLOXWHG XS WR PO LQ YROXPHWULF IC
RI GLJHVWHG VDPSOH ZDV WDNHQ LQ GLVWLOODWLRQ DSS
LQ EHDNHU FRQWDLQLQWLRE@RULLR D PLHBVKRO UHG DV DQ LQ
RI QLWURJHQ LQ WKH VDPSOHV ZDV DVVHV&HGRBXWLRQ D
&UXGH SURWHLQ FRQWHQW ZDV FDOFXODWHGWK PXFROMRL

SHFWLKNM[WUDFWLRQ RI WKH SHFWLQV ZDV HVWLPDWH
KLIJK WHPSHUBWXJRFKO/RQUF DFLG DV GHVFULEHG E\ 0X
VHSDUDWHG IURP WKH UHVLGXH E\ FHQWULIXJDWLRQ DQ
SUHFLADWDMOHWHUHG WR UHPRYH VROXEOH LPSXULWLHV

7TRWDO VIRWDO®V VXJDUV ZHUH GHWHUPLQHG XVLQJ D
'XERLV > @ XVLEORG@GKH@QWODDNHG VXOIXULF DFLG ,Q EULF
DGGHGP@WRI SKHQRO DQG PO RI FRQFHQWUDWHG VXOI
IRU WR PLQ LQ D ZDFHK HE DWKRMW D QWHR ZDV PHDVXUH!
DPRXQW RI VXJDUV ZDV GHWHUPLQHG E\ UHIHUHRRRMHWR D

SHGXFLQJ WARIWKH VXJDU VROXWLRQ ZDV UHPRYHG
ZDV DGGHG DIKWHIDWLPUQLRIDf ZDMKHHUDIEWRUEDQFH UHDGLQ

QP WKH UHVXOWV ZHUH H[SUHVVHG LQ H HXO/D WH RIQ MQRF
> @

OLQHUDO FROWH®WYW VDPSOHV ZHUH DQD®\]H® IRU WK
0J DQG 6 PLFURQXWUEKHD@® KPIDY\&HWRO®U OR 1L DQC
E\ XVLQ$(&S @ %ULHIO\ J Rl WRPEXOHYLQH UFK S OW G Q F

DQG RO +ZHUH DGGHEUQIVPHU. Q&F0+8$56 PLFURZDYH
DW & WKH VROXWLRQ ZDV FRROHG DW URRP WHPSHUI
ILOWHU SDSHU 7KH H[W U®HMRIDNUBH FIRR O HGPE. BRDKHW K \
DQG NHSW DV (& & QROW \\&8V

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F



JJIJ)RRG 7THFKQRDRJ\
$QWLEDFWHULDO DQDO\VLV

BUHSDUDWLRQ7RH HHWWDFAMWW ZHUH SUHSDUHG XVLQJ PL
PO RI PHWKEPRQRODGGHG WR J RI HDFK VB PSKDHN HVMEKIHR W R OB
URRP WHPSHUDWXUH WKH PL[WXUHV ZHUH WKHQ ILOW
HYDSRUDWHG XVLQJ URWDU\ HYDSRUDWRU '"UIB&RUWH[WUD!
IXUWKHU DQDO\VHYV

$QWLEDFWHULRIK® DEWLFBAWHWLIRO WKH HIWUDFWYV ZDV
GLIIXVLRQ PHWKRG DJDLQ& WD WE&REH EDFWIRIDMRO VWUDLQ
DQ% VXBWE&LOHLY > @ %DFWHULDO VWUDLQV ZHUH LQRFX
IRU K D&W/KH VXRWQXHUH VWDQGDUGL]HG XVLQJ 8 9 VS|
WR SURYLGH LQLWLDO F&H)G @ &FREQ@WWVGR B PENRKANY PP ZH
LPSUHIJQDWHG ZLWK —O RI IHQXJUHHN DQG FXBPIQ®W H[WL

PJ POHWURR]RO ZDV XVHG DV VWDQGDUG DQWLELRWLF
7KH GLDPHWHU RI WKH FOHDU JRQH DURXQG WKH GLVF ZI
DV DQWLEDFWHULDO DFWLYLW\ > @

6WDWLVWLFDO DQDO\VLYV

7TKH GDWD IURP FKHPLFDQ WRPGRWHWLRQ BRQBBFW ZHUFL
VWDWLVWLFDO VRIWZDUH SURJUDP 6366 YHUVLRQ "L
DW 3 ZLWK $129% LQ RUGHU WR ILQG WKH VWDWLVWI

ZHUH FDUULHG W EZWWKQNRDOWE®HMWKH UHVXOWYV ZHUH HJ
VWDQGDUG GHYLDWLRQ

5HVXOWY DQG GLVFXVVLRQ

6HOHFWLRQ RI YDULHWLHYV

$V VKRZQ LQ 7DEOH WKHUH DUH VLIJQLILFDQW GLIIHU
J DQG JHUKL®YBWRL RGIOQHVGLDILHLHW LHV

7TDEOH
"HLIKW RI VHHGPALODWLRQ UDWH RI GLITHUHQW YDULHWLHYV

9DUI $0Jt (J\€ ,QC ORUR 6\U

YHQXJ[: HLIJKW
VHHGV
*HUPWL
5D W H

&XP |t HLJKW
VHHGV| J
*HUPLQ “ “ " “ “
5DWH

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJIJ)RRG 7THFKQRDRJ\
SK\WVLFRFKHPLFDO DQDO\VLV

7TDEOH VKRZHBDWHKIHFEBIRLFDO FRPSRVLWLRQ RI IHQX.
1R VLIQLILFDQW GLIFHIHQRBEVHBYHG EHWZHHQ WKH SDUD

7DEOH
5HVXOWYV RI SK\VLFRFKHPLFDO DQDO\VLV RI IHQXJUHHN

3DUDP JHQ XJ! & XP

S
7LWUDE( z C
ORLV - -
$V ’ ’
76 %L "
(OHFWULFDC PY - -
9LVF P SC - -
3UR\ -
)D ¢ ‘
YLE - -
3HF - -
7RWDO " "
SHGXFLQ - -

7KH PDFURQXWULHQWY PLFURQXVRULAXPWY DQG KHDXY
VHHGV ZHUH JLYBQDDQVEZDERHWKH PLQHUDO FRQWHQWYV
GLIIHUHQFHV EHWZHHQ FXPLQ DQG IHQXJUHHN

7DEOH
5HVXOWY RI PLQHUDOV DQDO\VLV RI IHQXJUHHN DQ

30DQW

oLQH PJ DM JHQ XJ! & XP

ODFURQXWUL HIQW ! !

€
0
OLFURQXWULI?"W m m
&
&

+HDY\ PHWPBEG
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JJIJ)RRG 7THFKQRDRJ\
$QWLEDFWHULDO DFWLYLW\

7KH UHVXOWY RI DQWLEDFWHULDO DFWLYLW\ RI ITHQ)>
EDFWHULBODXWUHBRD®G VXEWHYHWOHG WKH VHQVLWLYLW
WKH SODQWY H[WUDEWNQDWKHKRKBRYHQHVSRQVH VWXG\ \
LQFUHDVHG ZLWK LQFUHDVLQJ FRQFHQWUDWLRQ RI WKH |

7DEOH
SBHVXOWY RI DOQWLEHOFWAXIDBHNODQGVEXPLQ
301 =, PP
6W U PJ PJ F

YHQXJUH GRQFHQWUDWLRQ

6 DX - -

CF “ “

% VX - -

6 DX - -
&XPLQ ( F - -

% VX - -

2XU UHVXOWY LOOXVWUDWH WKDW FXPLQ H[WUDFWYV
FRPSDUHG WR IHQXJUHHN

'LVFEXVVLRQ

BK\WLFRFKHPLFDO FRPSRVLWLRQ

7KH FKRRVH Rl YDULHWLHV REHSHE®H BV R GWKHG UH VX
JHUPLQDWLRR) GDMHUHQW YDULHWLHV RI IHQXJUHHN DQG
WKH $0JHULDQ YDULHW\ RI IHQXJUHHN ZDV WKH EHVW RC
ZHLJKW RI “ JDQG JHUPLQDWLGRK) WROMWE\BRLDO® YD U LAK
SUHVHQW WKH KLJKHU ZHLJKW ZLWK DQ DPRXQW RI
SHUFHQWDJH RI *
7KH UHVXOW RI S+ LQ IHQXJUHHN ZDV ORZHU LQ FRP

'LOVKDG > @ ZKLPBOQHURILQ WK KRZHYHU RXU S+ Y
VLIJQLILFDQWO\ ORZHU WR BMXHLH® @ IZKUFUKHXBWDUFKDRG $
UHVXOWV RI ORQRMLW > @ ZKLFK ZHUH 7KH S+ GHWH!
FRQVLGHUDWLRIQIN RRZKWKK VKRZQ VOLJKW DFLGLF FKI
GLIIHUHQFHV RQ S+ FDQ EH GXH WR WKH GLYHUVLW\ RI
GHJUHH RI ULSHQLQJ DQG FOLPDWH > @

&RQFHUQLQJ 7LWUDWDEOH DFLGLW\ 7HDE DHORZHQL YD @
RI WLWUDWDEOH DFLGLW\ LQ FRQIURQWDWLRQ ZLWK RXU
S+ DQG WLWUDWDEOH DFLGLW\ FRXOG EH GXH WR WKH
JURZLQJ FRQGLWLRQV > @

7KH SHUFHQW D JRQRM HRRU VMV XIHK) KJUHHN ZDV VLPLODU \
> @ ZKLFK ZHUH DQG VLJQLILFDQ8GM\IK\LKE K KDKNIKE QAW |

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJIJ)RRG 7THFKQRDRJ\

ZHUH +RZHYHU FXPLQ UHYHDOHG YHU\ ORZ SHUFHQWD
UHVXOWYRL$SO @HAKHLFKH YDULDWLRQV LQ PRLVWXUH FRQ\
LQYHVWLIJDWRUV FRXOG EH DWWULEXWHG WR WKH GLIIHU
RI KDUYHVWLQJ DQG WKH VWRUDJH FRQGLWLRQV > @

$ZDLV > @ VKRZHG D VLPLODUHMARX QWK RR XV K H\DX CHAD
ORZHU WKDQ WKRVH RI $EGHOKDP &R QF KU QZIQN KFRPY Q O X
REVHUYHG WKDW LW SUHVHQWYV D EQUDKLFR@NBIQWK @ WD VKK

ZKLOH WKH SUHVH@WKRYHON BB M QWEBHEOEKU @MQ RIM L W
DQG ORZHU WKDQ WKH PD[LPXP OLPLWV LQGLFDW6HG E\ W

@ DQG E\ WKH ,QWHUQDWLRQDO 6WDQGDUGV 2UJD

DQG UHVSHFWRYHDWLRIQHLQ WKH DVK FRQWHQW F
FRQGLWLRQV > @

7RWDO BROXEOH 6ROLGY FRQWHQW VUHI IFXEG L Q JZIDH\Q X 11
RXU UHVXOWYV ZDV ORZHU W K@KQ FKKRWWHR | $EBHD[Q ZEHDH
> @RQYG WKDW FXPLQ 766 FRQWHQWY ZDV KLJKHU ZLWK
GHWHFWHG RQ 766 EHWZHHQ IHQXJUHHN DQG FXPLQ

YRU WKH YLVFRYL@RX @G X\PCHW IHQXJUHHN YLVFRVLW\ 2
WKDQ WKH SUHVSIRQW WH\OMWFXPIPQ YLVFRVLW\ ¥D@XH ZD'
UHVXOW “ X\ FPDN® H[SHULPHQWYV VKRZ WKDW WKH YD
VWURQJO\ RQ VROXEOH VROLGY FRQWHQW WKH YLVFRVL\

(OHFWOLFRQGXFWLYLW\ RI FXPLQ)ZBEG BRY R IGUMK B DWQ FIHR
SUHVHQW D KLJKHU YDOXH WX\WBRHWMKHV X 0MWHRWVSW KIG\L F
LQGLFDWH WKDW WKH DVK DORQH ZDV QRW WIR®LFDXVH
FRPSRXQGV ZHUH FRQFHUQHG > @

7KH FUXGH SURWHLQV OHYHO RI IHQXJUHHN ZDV DSS
OXOODLFKDUDP > @ ZLWKRDHWHIRK@W ZDV VLJIQIKDBDQW
WKRVYBKOG > @ ZLWK YDOXHV RI

7KH QRX SURWHLQ FRQWHQW DPRXQW LQ FXPLQ VHHG
UHSRUWHG LQ GIQDMHUDWHUBRRIRBIQW > @ ZKLFK ZDV
UHVSHFWLYHO\ 7KH GLIIHUHQFH RQ FUXGH SURWHLQ FRQ
FXOVBXWDFWLFHY VRLO DQG HQYRURQPHQWDO FRQGLWLRCG

6XOHLPD®YDOXDWHG WKH FKHPLFDO FRPSRVLWLRQ RI
FUXGH IDWV FRQWHQWY ZHUH VLPLODU WR WKEBVRIRXHQ)
UHVXOW ZDV KLJK$EGWEPRQWKRYWKRID SHUFHQWDJH RI
FRQWHQWYV LQ FXPLQ IRXQG @DV XKDRHAD & BWE&VEHQLRH QW D.
WKH SUHVHQW GDWD WKH OHYHO RI IDWV ZDV DSS@R[LPD
ZLWK DQ DPRXQWFFRUGLQJ WR $E®KEPRHMHRPOWDNDO OLSL
SODQWW ®IFIFRUGLQJ WR WKH ORFDWLRQ DQG FRQGLWLRQ

0DQ\ VWXGLHV KDYH EHHQ FDUULHG RXW WR HVWLPI
IHQXJUHHN +&UHDMAHQMUDSKURHQWDJIH RI ILEHUYV ZKLO}
IHQXJUHHN ZDV ORZHWHWXDW ZRLMKD ZDV@ )LEHU FRQWH
VLIJQLILFDQWO\ ORZHU LQ FRPSDULVRQ ZLWK RWKHU VW)
KRZHYHU SHFWLZOW KHUKHQWXIHQ OHQJPHL > @ UHVXOW .
HYLGHQFH WKDW FUXGH ILEHUV KDV D QXPEHU RI EHQHIL
WKH VPDOO® L@WHVWLQH

6XJDUV DQDO\VLV H[SUHVVHG WKDW WKH $HIPRHQWD
VLIQLILFDQWO\ KLJKHU WKDQ WKDW VKREK&IEV (O P DXB WK
RWKHU KDQG LW ZDV ORZHU WKDQ @KMKUBIY XOPVRY GW HRVH
"KLOH UHGXFLQJ VXJDUV LQ IHQXJUHHIN>ZH® & KALFPKL @B U HV F

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F



JJIJ)RRG 7THFKQRDRJ\

DQG ORZHU WKDQ $QLWD > @ UHVXOW &RQFHUQLQJ
VXJDUV FRQWHQW ZHUH DOVR REVHUYHG FRAKIFWHZHWHR S
SHGXFLQJ VXJDUV FRQWH QWK R\DHFPDRPXLAG ZB\V. X'R B UOD L

ZHUH 7KH QXWULWLRQDO FRPSRVLWLRQ RI SODQWYV GHS|
RULJLQ RI VHHGYV DQG FXOWXUDO SUDFWLFHV > @

$FFRUGLQJ WR WKH SUHVHQW GDWD PLQHUDO DQG Kt
WKW LW FRQWDLQV SRWDVVLXP DV D PDMRU PLQHUDO LQ
SKRVSKRUXV FDOFLXP PDJQHVLXP LURQ ]JLQF DQG ERL
SHUFHQWDJH ZDV WKHLU RI FRSSHU IROORZHG @WOBDPG& Q
FDGPLXP ([WHQVLYH UHVHDUFK KDV EHHQ FDUULHG RX\
HOHPHQWY LQ IHQXJUHHN DZHUHHKUXI@WY WKDRJIERNXQJ MV E
RI FDOFLXP PJ] J SKRBVSHRURXVPJ YRGLXP
PJ JPDJQHVLXPPJ XSRWDVVLXPJ JFRSSHUPJ J
DQG JLQPJ TKH OHYHOV RI &X )H 0Q DQG =Q ZHUH KLJI
E\ 2]NXW@X “ PJ NJ PJ NJ*“PJNDQG*“ PJINUHVSHFWLYH
H[FHSW &G ZKLFK ZDV KLJKHMU WHIN®H RXUWHHNXOHHGV DU
VRXUFH RI PLQHUDOV WKDW KHOSHG LQ D QXPEHU RI SK\\
KHDOWK \@\ODWORWK JK WKH\ DUH UHTX.IWEHF DR RVHHVUR FO-R 2V 0
HOHPHQWY KHDY\ PHWDOV LQFOXGLQJ LURQ FRSSHU
PLFURQXWULHQWYVY ZLWK RQH RU PRUH VWUXFWXUDO RU I
SUHVHQW VWXG\ VKRZHG WKDW FMPLLQ ARQW DRQ Y BRWED K
SKRVSKRUXV VXOSKXU PDJQHVLXP LURQ ]JLQF ERURQ
FDGPLXP PRO\EGHQXP6QBVIEHRWRIUYWHHOG 3G HU\ ORZHU YDC
RXU UHVXOWV SPRWDWWDIXEMIQH PRVW DEXQGDQW HOHP
IROORZHG E\ FDPFLXBKRVSKDWHY PDJIQHVLXPJ J
VRGLXPPJ J LURQ PJ J PDQJDQHVH PJPJJ J FF
VHOHQLRP J BPIQEF PJ JKBPRXQWV RI &X )H 0Q DQG =
UHSRUWHG E\ @ NDPWOXRZHU ZLWK D@®IDRRXQW FRI NJ

“ PJ NDQG * PJ NOHVSHFWLYHO\ H[FHSW &G‘ ZKLFK Z
PJ NJDQX] @QGLFDWHG WKDW GVKBRSODXQUD\O AROHCHF\RU ]
LQGXVWULDOL]JHG UHJLRQV KDG ORZHU FRQWHQWV RI
LQGXVWULDOL]JHG UHJLRQV

BWDWLVWLFDOO\ WKHUH LV QR VLJQRIGAXPW QG L Q HAUHHY
DOO SDUDPHWHFWHSW FREDOW 3 6LJQLILFDQW GLIII
JUHDW KHWHURJHQHLW\ LQ WKH VSHFLHV VWXGLHG SODC

$QWLEDFWHULDO DFWLYLW\
,Q WKH SUHVHEWFWHYXGDODQPWWLYLWLHY RI PHWKDQRC

FRQFHQWUDWLRQ RI WKH H[WUDFWV ZKLOH PJ PO RI
( FRQLWK '=, RI PP* WKH VDPH FRFXQWMUBHKWM RQ
PP D Q@ ® X UAHXWK PP* 1R VLIQLILFDQW GLIIHUHQFH

EHWZHHQ WKBSWZR FOVEKQW@RXQG WKDW PHWKDQRO IHQXJ
HITHFWLYH LQ LQKLE I{ WR@LWKK H=,J RR ZW K RRER Y HUP \ D

3UHPDX D&[B PLQH G BVIXFHNVHIQWDIG @ ¥ WDLHBLYORADQG 6 DXUH XV
WKH VWURQJHVW DQWLEDFW HUR B GHYM-DRYHFRVRY K RZH G D
RI * DQG * UHV,SHRWNYFOKNDU IURP WKH SUHVHQW U
H[WUDFW\WG [SURQRXQFHG DFWLYLW\ DJDLQ B®QWLED MWK HUW
DFWEPYLMWAXH WR WKH SUHVHQFH RI SRO\SKHQROV EHFDXV
PHWKDQROLF H[WUDFW WKDQ LQ DQ)\LRW & HDWARA QH\G KD M/[

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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DQWLPLFURELDO SURSHUWLHV H[KLELWHG E\ SODQWV FFR
IODYRQRLGWQ XZKLHOHN VHHGV PD\ FRQWDLQ KLJKHU DPRXQ
UHVXOWHG LQ KLJKHU DQWLEDFWHULDO SURSHUW\

2XU REWDLQHGWHYXWWE BKPRQPHWKDQROLF FXPLQ H

PJ PO SUHVHQW LQKLELWRU\ HIITHFW RQ WKH JURZWK R
PP* I BUD X U H ®W * IRERIDQG PP % IRNBWDUGLY®
LQYHVWHID@WWGEWRWHULDO HIIHFWV R ROXLP L6 DDQEEHOQW W\
VXEWKBLWHVXOWY VKRZHG WKDW FXPLQ HB[BMUUME GRQ W
VXEWIQOWKH RWKHU KDQG LW SURGKRE B FE @ W BDUVARRG DO |
> @RXQG WK DW XPUKD EWW HRG W6 HD XWRIZW K \\RE FDO G LZDP HW H |

“  DQG “ UHVSHFWLYHO\ 1D]LD ODVRRG > @ UHV>
VSLFH DV DQWLPLFURELDO DJHQW VHRDH LELHR H PS/DLRRLQV B E @ W/
E\ EDFWHULD DV ORQJ DV WKH WDVWH LPSDFW LV DFFHS
IHQXJUHHN DQG FXPLQ ZHUH IRXQG WR EH HIIHFWLYH
SDWKRJHQV 7KLV VWXG\ SDHOW LVRIQHDZDA LRV HOUME K HW RD W
FRPSRXQGV UHVSRQVLEOH IRU WKH SODQW ELRORJLFDO T
WR HOXFLGDWH WKH H[DFW PHFKDQLVP RI DFWLRQ E\ ZKL

&RQFOXVLRQ

7KH DQPDOWWXG\ RI IHQXJUHHN DQG FXPLQ VHHGV VKR
D SDUWLFXODU FRPSRVLWLRQ LQFOXGLQJ QXWULHQWV VX
7KLV ZRUN UHSUHVHQWYV WKH ILUVW DWWHPSROWRLFRPST
DFWLYLWLHV RI IHQXJUHHN DQG FXPLQ HVSHFLDOO\ WR
DXUHXV DQWBR UK BAWIUDLLNQV ,Q WKLY FRQWH[W FXPLQ H[WL
LQ WHUPV RI WKHVHYV VWUDLQV BRP3ZKROHWRKHQXJIUG A D
WKH LOQWHUHVWLQJ SRWHQWLDO RI WKHVH WZR VSLFHV I
DQG DV DQWLEDFWHULDO DJHQWYV

$FNQRZOHGJIJPHMWDXWKRUV ZRXOG OLNH WR VL
VWDII Rl OHGLFLQDO OD@GV \$U/MERWDMW RU\  $C
7HFKQRORJ\ $SSOLFDWLRQ DQG 5HVHDUFK &HQ\
7XUNH\ IRU WKHLU FROODERUDWLRQ DQG 'U
1DWXUH DQG /LIH 6FLHQFHV 83DYHUVDWIRRJ KEC
VWDWLVWL PG FRDMVQXRXV KHOS

5HIHUHQFHYV

S +2 :+2 TUDGLWLRQDO OHGLFL QRIUBNUDMDHIW K 2UJD QL
*HQHYD
$BQDIL $ ( 7KH FKHPLFDO FRQVWLWXHQWYV DQG

&KHQRSRGLXSQORENEQYMHZU Q RWURQDORY 3KDUPDFRORJLFE
OHWKRGY +

$@QDIL $ ( 7KH SKDUPDFRG R L QKPOF BV MHHV R
,265 -RXUQDO RI 3KBUPDF\

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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$QXSDP 6 6XQLO . .LUDQ . 'HHSWL 6FHV XVGIGLOLRX

WUDGLWLR@DO GXIIBMHXRXUQDO RI OHGLMLQD:O 30DQWYV 6W
6KDQNDUDFKDU\D 1 % 1DWDUDMDQ & 3 YHQXJUHH
,QGLDQ 6SISFHV

1D\DN $ . 3DO ' 6DQWUWBBQLQJ RI 6ROW\WVDFFKDULGHV |
IHQXJUHHN DQG MDFNIUXLW VHHGVQBH BEDW PR G BRWLRX
%LRORJLFDO ODFURPRHOHFXOHV

P .. ODOLDNHO % JHQXJUHHN GLHWDU\ ILEUH D
LQJUHSLHR WR R G WRHE K+ +

3HWHU . 9 +DQGERRN Rl KHUERRDRE DS BXEWLVKLQJ /LPLW
+DOO $ELQJWRQ &DPEUSGEH (QJODQG 9RO

ORDZDG 6KRODE $ +DVVEOGOQQ ¥REWDEOL 0 &KHPLFDO DQC
PLFURELRORJLFDO FKDUDFWHUL]DWLRQ RI (J\SWLDQ FXO\
H[SRUWHGQRREURDRG 1XWULWISRQt6FLHQFHYV
'"HLYDVLJDPDQL 6 6ZDPLQDWKDQ & (YDONO®WLRQ |
FURSODWHUQDWLRQDO -RXUQDO RI 5HVHDUFKS6WXGLHV LQ
.ULVKQDVDP\ 9 BHVKX ' 9 6HHG JHUPLQDWLRQ UDW

&URS 6F%S =+

$2%& 2IILFLDO PHWKRB®VRFLDQWDRRQ/LRI 2IILFLDO

&KHPLVWVODWKO@XQG 8 6 $

1) (1 $GKHVHWHWPLQDWLRQ RI YLVFRVLW\

$2%& 21ILFLDO OHWKRGV RI $QDO\WLV $VVRFLDWLRQ
WK (G *DLWKHUVEXUJ

OXOWRQ -/ 7HFKQLTXHV GuUDQDO\WHV HW GH FRQWL
DJURDOLPHQWBK D RBL YUBQFSH +

'XERLV O *LOOHV . $ +DPLOWRQ -. B5HEHUV 3 $ 6PLWE
IRU GHWHUPLQDWLPW RG WXEDQIVD G BFNVD B 0% K ISBL VAW U\

OLOOHU * / 8VH RI GLQLWURVDOLF\OLF DFLG UHDJHC
$QDO\WHIFBPIOV WSS +

BHNHURJOX 1 OHUDOHU 6 $ 2]NXOMQARQ R.IXPDIDNHUDO FRF
LQ GLIIHUHQW SBVWWQRIRXIIQDMHE| &K3H P £V W U\

*H]LFL 6 B6HNHURJOX 1 &XUUHQW SHUVSHFWLYHV L
DJDLQVW FDQFHU QR Y$(DMD KQHSH B NX WH 6  DIKBIFW \+

LP - : +XK - ( .\XQJ 6 + .\XQJ . + $QWLPLFURELLI
VXOILGHV IRXQG LQ HVVHQW)IRRGE RBIFQV RIL R BEK B:FDARE \R Q

%DXHU $ : .LUE\ :-0& 6KRMUENW $QWLELRWLF VXV
E\D VWDQGDUGL]HG ¥R QJXOMH.8IVH PHWKRG

$KPDG 'LOVKDG 3K\WLFRFKHPLFDMQ XU ESH N RQ H Y O
IRHQGXPDHFXRAUE RI GLIIHJUHBGK/PRULKH® ISD =+

ORQRMLW ' 6DP\DN & $PDOHVK 1 ORXOLVKD % 3DOOI
DQG SUHOLPLQDU\ SK\VLFRFKHPLED® \DWXGYH HRSIL ¥ LEE@WQ I G
KHUERPLQHUDORXUKDIUR WS \KQ YO ® HG DRL®SH HU E D
$UL\DPD . 1LVKLGD 7 1RGD 7 .DGRNXUD 0 <DVXL $
FURS \HDU YDULHW\ DQG SURYHQDQFH IDFWRRKWWRQ RLQ
$JULFXOWXUDO DQG )RR &KHPLVWU\

7DEDHVWDQL + 6HGDJKDWQALSKRXKWHESL 3RR\PKHOI OLIH L
DQG SRVWKDUYHVW TXDORWD QRYPFRMHLRSHWREPWWRR/LQJ ELC

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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PXFLODJH HGLEOH FRDWLQJQMHU GRMLER GIVER GRFNUDQGR RO
30DQW 3URGXXBWLRQ
$EGHO ORQHLP ( 6XOLHPDQ +HED ( $KPHG $ZDG 0 §$
FKHPLFDO FRPSRVLWIURQ RRYH®Q X JIRHKX® G] WIKAFHH B WLPLF
SURSHUWLHV RIRIWQ ¥ HHIG KRRIDS S +
8GD\DVHNKDU®HYDRHUBQ AULQLYDIY®D® XQLY 1DAIGNDV 5
6KRUW WHUP QXWULWLRQDO DQGXWIHWLRKYBBXDE
IXWULWLRQ 5HYS$IDUWFK
6XOLHPDQ $ (OKDGL JHQXJUHHN VXSSOHPHQWHG E
6F7KHVLV 8QLYHUVLW)\ RI *H]LUD :DG OHGDQL 6XGDQ
$ZDLV $ 6DOHP 6 $ .DLVHU 0 OXKDPPDGSXUSRVH)HOQKS
3RWHQWLDOLWLH V6 DRGLLFAR}NRYHP RQ WV ROERILFDO 6FLHQF
$EGHOPLG 05 $0ODOOD 5. ORXH =1 &KHPLFDO
IHQXJUHBMQ Y HHBILF 6B =+
$EGHDEH\ $ $ 'DPLU $ $KDQJHV LQ VRPH QXW ULRI@MO/ORI
JRHQXP JUDHWFKIPGYV GXULQB@DWWUERGOLAW +XPDQ 1XWU
SS =

UXPPHU < & XL : :DQJ 4 (IWUDFWLRQ SXULILF
FKDUDFWHRILIBDQARIRIRIE IXBURFRO®EDRL GV
1D]JLPD 6 $GHHO $ $ VWXG\ RQ YLVFRVLW\ VXUIDF

VRPH HGLEOH DQG ,BMWGIUFQMWDRADOV-RXUQDO RI 6FLHQ
7HFKQRORSS +

-XV]F]DN / )RUWXQD 7 .RVOD $ 6HQVRU\ DQG Uk
FRPPHUFLDO PID\RDQPILVIRRES =

JUHG 7KH HOHFWULFDO FRQGXFWL YIKW\SRILY® D @ WM
RI &KIFBDHVV MRXU®® GV

OXOODLFKDUDP $5 *HHWDOL ' 8PD 0 "HLJKW VHL
QLWURJHQ PHGLFLQD % YROXEBKHS IGHRAXIJUHHN

)DKDG ORKDPPHIBVVHI$®6 & K H WILFRODO DRR® $SRW MW\ DFLC
RI VRPH VSLFHV DQG KHUEV XQG6MU:BDXGL-$SRELD FRQGL
OXKDPPDG 7 6 ODVRRG 6 % )DTLUO $ $PHU - QIC

DQG HVVHQWLDO RLO VXSSO HFH@WDWHRIR ROVPIDURRUY K
UDBDNLVWDQ -RXUQDSBRI#LIXWULWLRQ

OHQJPHL 0 7DLKXD 0 +RQJQDQ 6 OLDR = -LQJZDQJ &
RI HIWUDFWLRQ HIILFLHQF\ E\ VKHDU HPXO8LIXIQFWDR gD\
SURSHUWLHV Rl GLHWDU\&XKPHQXP FEFPERRBOMIGHPX I \WQ \
SS +

+DUDP 0 $ 7KH SURWHLQ TXDOLW\ RI 6XGDQHVH |
8QLYHUVLW\ RAXEGDQWRXP
$QLWD . ODONLON 1 5DAWRJUPDWH FRPSRVLWLRQ DYDL

GLHWDU\ ILEUH DQG DQWL QXWULWLRQDO IDFWRWPV Rl VI
(FRO SS

$UHPX 0 20DOHNH 2 20RUXQIHPL $ (PPDQXH®D WKH
FKHPLFDO DQG DPLQR DFLG FRPSRWXWLED]HRG ORBNPHLIE
3DNLVWDQ -RXUQDSBRI 1XWULWLRQ

5DILNODKG\ $+6HEDL\ / $ (IITHFW Rl JHUPLQDWLRQ F
FROQVWLWXHQWYVY S WRVMRHG QJ HVDNFIMELLROQ W\ LBQQ GLD QWL QX W U |
VHHBWLIRQHOOD |RH Q)RR GUBKHMIPVS/BU \+

5DMQL 0 -RVKL 5 %HHQX 7 (IIHFW Rl GRPHVWLF Sl
QXWULWLRQDO TXDXOWMWSEYRNEH QX IWHHN )RRIS 5 HYV

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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. XPDU $PLW 1 'LOLSNXPDU 3 .RXVLN 6 BFUHHOQL
WDPDULQG IHQXJUHHN DQG MDFN IUXLWWHHGD VDVRKKIU F
Rl %LRORJLFO B FOOOFEER PR

'"HPDUQH ) ( /H *HYIDWIXPN URRDRMPWLTXHYSHW $URPH
ODJERXO % &KHPLFDO DQG DPLQR DFLG FRPSRVL!
6XGDPRRG &KHPLY S\

gINXWOX ) .DIHINKWR+OX 1 '"HWHUPLQDWLRQ RI PLG
LQ VRPH VSLFHV FXGWWDDMRUG/E D +7 X UNH\

S +2 ORQRJUDSKV RQ VHOHFWHG PHGLFLQDO SODQ
*HQHYD

1DWLRQDO 5HVHDUFKLERWQRLOQEHU LQ FRPPLWWHH RQ GL
IXWULWLRQ %RDUG &RPPLVVLRQ /LIH 6FLHQFHV (GV 'L*t
FKURQLF GLY¥$D¥H UDWL.RQDO $FDBWRLQGUMRY

'DVK % . 6XOWDQD 6 6X@WDEDFWHULDO DFWLYLWLHV R
H[WUDFWV RI17UHLQ R QUHOHOND Q 8 HRRWPERQ GBIQG U XP /NIMW LY X P
6FLHQFHY DQG OHGLBISQH 5HVHDUFK

5DP\D 3UHPDQDWK - 6XGLVKD 1 /DNVKPLED FV$HDIGKOD DE;
DQWLR[LGDQW DFWLYUWILREHRIO DH QKHQ X B NDIYB-WHA DR F K
-RXUQDO RI OHGLBISQRO 30DQWYV

JLHO$ /HWWEQJID 7R[LFLW\ RI WDQQLF FRPSRXQQV WR
+HPLQJZ:DIDN3{ (GVDG@W®W 3RO\BEHQR®BHHVYRIN =

6DJGOF 2 .XVFX $ 2]FDQ 0 2]FHOLN 6 (IHHFWV |
YDULRXV FRQFHQW U D \WLRKHW R EX WIKHF RRIREGZ WIKF RRELROR J\
SS +

1DJLD 0 $KPHG & 3HUZHRQFURELD O SHRMRDPLRWV\XRIFDVVL
DJDLQVW GLYHUVH PLFURELDO IORUD Z13WK LW W% RWWULWL
SS+

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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,QWURGXFWLRQ

7KH VHOHFWLRQ RI WKH SDFNDJLQJ VROXWLRQ SOD\V |
VDIHW\ Rl WKH SURGXFW GXULQJ VWRUDJH

7KH REMHFW RI WKH DSW MARH @ W XIGH WHIDK PKNR[DLIQQDQ D
VFDYHBUHBW RQ WKH PLFURERRGR ER® I \DWDAER KH BV D } G
GXULQJ VWRUDJH

$FWLYH SDFNPALPODWLRQ IRWDERG JIQRCRIFMRRG H[WHQ
WKH RULJLR® RIINSUREXFW SURWHFWLRQ DQG SURYLGHV
SDFNDJHG SURGXFW 3D FNMODW HBEQ G URHKNO L\QUDLWYV |
LQWHQWLRQV DQG GHFLVLRQV E\ FRQVXPHUV > @ 7KH |
YDFXRPG PRGLILHG DWPRVSKHUH 0$3 ZLWK ORZ OHYHOV
> @

$FWLYH SDFNDJLQJ LV D QRYHO WHFKQRORJ\ GHVLJQ
SDFNDJLQJ PDWHULDO WKDW UHOHDVH VXEVWDXQFWYXHVR \
IRRG LQ RUGHU WRIH [WHKIQ G WVKWMBFWLRQ RU VKHOI OLIH R
LQWHUDFWLRQV RI WKH SURGXFW SDFNDJH DQG HQYLU
SDFNDJLQJ WHFKQRORJLHV EXW RWKKU IXQFWLRQV PD\ L

7KH GHYHORSPHQW RI D ZKROH UDQJH RI DFWLYH SDF
KDYH DSSOLFDWLRQV LQ ERWK QHZ DQG H[LVWLQJ IRRG S

$FWLYH SDFNDJLQJ W\SHV ZHUH FDWHJRUL]JHG LQWR
SDFNDJLQPLEMWW®FDYHQJHUV DQWLR[LG6@®QW DQG RWKHU

(8 UHIJXODWLRQV <« DQG JLYH VSHFLILF
PDWHULDOV DQG FRPSRXQGVY WR DFWLYHO\ PDLQWDLQ
HQFRPSDVVLQJ DQWLR[L GDIWR USHRP/SRIYHDOWLY H 7 ) ® IS U T
SDFNDJLQJ DUH WR LQFRUSRUDWH WKH DFWLYH FRPSRXQ
WR GLVSHUVH DFWLYH FRPSRXQGV XVXDOO\ RI QDQRPHW!
WKH LQRUJDQWR S\DKHNE B BN JIHQVXUIDFH IRU FRQWUROOHC
LQFOXGHV WKH IXQFWLRQ RI SDFNDJH DEVRUSWLRQ RI
HQYLURQPHQW > @

+LJK OHYHOV RI R[\JHQ SUHVHQW LQ IRRG SDFNDJHV |
IODYRXUV DQG RIl RGRXUV GHYHORSPHQW FRORXU FKDQ.
VLIJQLILFDQW UHGXFWLRQ LQ WKH VKHOI OLIH RI IRRGV
DOWHUQDWLYH WR YDFXXP DQG JDV 10 XVK L QXFWHFPKIARLONR\
DQG VKH@I OLIH >

7R UHGXFH WKH DFFHVV Rl R[\JHQ IRRGV DUH SDFND
KHDGVSDFH RI SDFNDJLQJV LV IOXVKHG ZLWK QLWURJHQ

+RZHYHU UHVLGXDO R[\JHQ FDFH UHWDERQLQHW R H DRAHH
HQYLURQPHQW LQWR WKH SDFNDJLQJ RU LW LV JRWWHQ L
$ VWUDWHJI\ WR UHGXFH WKH R[\JHQ SHUPHDELOLW)\ RI S
IURP SDFNDJHG IRRG DQG DFRIPLYDWKB JRLYIOKHFDGMRQ RI R
2[\JHQ VFDYHQJHUV UHPRYH R[\JHQ IURP WKH LQQHU SDF
IURP WKH IRRG SURGXFW LWVHOI WKURXJK SDUWLDO SUH

$OWKRXJK R[\JHQ VHQVLWLYH IRRGVL.GD Q $BHRBBE KR D J H (
SDFNDJLQJ VXFK WHFKQLTXHV GR QRW DOZD\V IDFLOLWEC
R[\JHQ VFDYHQJHU ZKLFK DEVRUEV WKH UHVLGXDO R[\J}
R[\JHQ VHQVLWLYH IRRGV FDQ RIWHQ EH PLQLPLVHG > @

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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7TKH RRIWFDYHQJLQJ FRPSRQHQW RI D SDFNDJH FDQ W
ILOP LQFRUSRUDWLRQ RI VFDYHQJLQJ DJHQW LQWR WK
FROQOFHQW®PWRUEH@W SDGV PD\ DEVRUE OLTXLGVY RU JDVH
FRSSHU RU FRSSHU R[LGH QDQRSDUWLFOHYV > @

2[\JHQ VFDYHQJHUV DUH PRVW FRPPRQO\ LURQ RU IHU
DVFRUELF DFLG VXOSKLWHV FDWHFKRO OLJDQGV DQG
XVHG > @

7TKH PRVW FRPREBERJ\JHQ VFDYHQJHU IRU FRPPHUFLDO
VDWFKHWY 7KHVH VFDYHQJHUYV DUH EDVHG RQ WKH SULQ
OHZLVY DFLG¥ O@NH )H&O

ODWHULDOV DQG PHWKRGYV

7KH SUHVHQW VWXG\ |IRFXNM¥X®D ®WLWK IR IP RIQVRRULILF R
)DEXOWDWLYH $QDHUREIOB)HQPURRUVIW P LMPRGGYDOXH DQ
SHUR[LGH YDOXH LQ FRRNHG VDXVDJHV

([SHULPHQWDO GHVLJQ

6WXGLHV RI R[\JHQ VFDYHQJHU ZHUH FRQGXFWHG WR
SRGXFW GXULQJ VWRUDJH
,QGXVWULD GV RGEGHHRINHR® VDXVDJHV RI WKH ILUVW FK
,QJUHGLHQWY PHDW SRUN FKLFNHQ PHDW DQLPDO S
SRXOWU\ ZKH\ SRZGHU SRWDWR/ VUMW UNWNISLHHEIV BRLC WKL
QXWPHJ EODFN SHSSHU JDUOLF MXQLSHU FRULDQGHL
UHWDLQHU 6KHOI OLIKI DWGNBIFGCB WD VAKX KBEP ICGA\W\LQ WKH
FDVH RI RSHQ SDFNDJLQJ
S XVWAYIDPMQPIHY ZHUH SDFNDJHG ZLWK WKH IROORZLQJ \
6DPSGARQWURO VDPSOH SDFNHG ZLWKRXVWKR[\JHQ VFD
6DPSGNDXVDJH SDENHBRPLWMQY VFDYHQIHUAKVWRUHG D)
6DPSGNDXVDJH SDRNHEYHWX VHDWHQW R UHKG DW
6DPSGNDXVDJH SDFRNHEHYHWKVFDYHQJHUV MMWWRUHG DW
7KH VDXVDJHV ZHUH VWRUHERIWW GRE&DOGDO\WVLV RI X
FRRNHG VDXVDJHV ZDV FDUULHG RXW+RQ@ @D\ D Q%D FNRIG |
VWRUDJH

'"HWHUPLQDWRIRRY REMRKORIJLFDO DWWULEXWHYV

J RI HDFK VDPSOH ZHUH DVWRW DFBE OW\HEDBDFRFBG LQW
RI 3HSWRQH 6DOLQH 6RODXWA RRPRFGI QADMCD BGIHEI D VWRP
URRP WIDMBHIH.DROG GLOXWLRQV ZHUH S UWRH SKORPRG HEQ DBW B
LQ R 366@

BHULDO GHFLPDO GLOXWLRRYWR QK WQRFARQWDWIHG | RAP
RQWR 6DERXUDHOG/ N YDDQIGEAPRHAN ZHUH L QFRKEWD W HIG |B W
40%$)$Q0 DQ'Gf&RU KHBYWY DQG PROGV

$IWHU LQFAXEDWMRYY ZLWK QXWULHQWRLJ BID FKQ G DEFISER.
SRIAHWH FRXQWHG 5HVXOWYV ZHUH H[SUHVVHG DV D QXP|
FIXJ ®OWHV ZHUH H[DPLQHG YLVXDOO\ IRU W\SLFDO
FKDUDFWHULVWLFV WKDW ZHUH DVVRFLDWHG ZLWK HDFK

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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'"HWHUPLQDWLRQ RI WKH OLSLG R[LGDWLRQ

7KH PHWKRG IRU GHWHUPLQLQJ WKH SHUR[LGH YDOXH}
RLGDWLRQ SHUR[LGHV DQG K\GURSHUR[LGHV SULPDU\
LRGLGH LQ DQ DFLGLF PHGLXP IROORZHG E\ WLWUDWLR
TXDQWLWDWLYH GHWHUPLQD@&LRQ RI WKH UHOHDVHG LRG

7TKH PHWKRG IRUKEHDFHGPYDORXYB WV EDVHG RQ IUHH IDV
SRWDVVLXP K\GUR[LGH VROXWLRQ

5HVXOWY DQG GLVFXVVLRQ
2[\JHQ VFD YA DQUIHROWHULVWLFV

2[\JHQ VFDYHQJHUV DFWLYH FRPSRQHQW LV WKH LURQ
IRU LWV UHWRWR[VYIND ZQ WKH PRLVWXUH SUHVHQFH

7KH R[\JHQ VFDYHQJHU IXQFWLRQDO DELOLW\ WR UH
VDXVDJHV ZDV H[DPLQHG 7KLV DELOLW\ FKDUDFWHUL]HC
PRGLI\ WKH 0$3 E\ R[\JHQ FRQWHQW LQ WKH V\VWHP

7KHFWHDVH RI R[\JHQ FRQFHQWUDWLRQ G\QIRQGV LQ

P ZDV LQYHVWLJDWHG
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JLIXUWKRZYV WKDW WKH R[\JHQ FRPSOG WBPWBOMRYWD O MG
ZLWK UHGXFH WKH YROXPH IURP ZKLFK R[\JHQ LV UHPRY
HISRQHQKWRLIDGIQ FRQFHQWUIDQVWKRQ VGVQIXFELFIW LQ DFFRUGE
VWXGLHV > @
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,Q RUGHU WR HQVXUH WHIH SYDLIONECLIQ. IQW \ HRO HW K 8 WD\F W Q
WHFKQRORJLFDO XVH LWV DELOLW\ WR PD[LPXP RI[\JI
GHSUHVVXUL]DWLRQ ZDV VWXGLHG

7KH VWXGLHV ZHUH SHUIRUPHG E\ PHDVXULQJ WKH RJ[\.
ZLWK WKH FROX\HDQ\Q HRS N @ E Bl

N
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JLIXURKH DFWA{RQDRR[\DYFDYHWRHWHVWRUH 0$3 ZLWK SDFNTE
GHSUHVVXUL]DWLRQ

JURP WKH PLQLPXP R[\JHQ FRQWHQW UHQHZDO G\QDPL
LQLIXUHW FDQ EH VHHQ WKDW WRB\DARWNW VZ WHRQUW K R Y3
ZHUH RSHQHG RQFH

JLIXUBUHVHQWY WKH R[\JHQ UHPRYDO NLQHWLFV LQ
HI[SHULPHQWDO SDFNDJLQJ VI\VWHP FRQWDLQHFG WAKH HAD X
KDG D YRE® XPH

7KH 0$3 PRGQINEQDWWR FV RI S DPIFINQJIHEGYVEPRPGEWOIH WHQW Z
R[\JHQ UHPRYDO NLQHWLFV LQ D SUHVVXUL]DWLRQ YROXP
VWRUDJH SURFHVV LV UHJXODWHG

&RRNHG VDXVDRIHFVBESERBGRILFDO DWWULEXWHYV

7TKH FKDRQ WHWLFRRNHG VDXVDJH 40%$)$Q0 GHUKQH VWRU

FFFSNUDLQLDERXRRPDO 9RXPH ,VVXH-F
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7KHO0$)$SQORXQSDFNLQEZBBPSOHX J

2Q WKGID\ RI VAORBYHIO IRDPSOHNKZOMNIHQ VFDYHQJHUYV
FRQWURO VWRAHUG IDRW VLJIQLILFDQ WA DG GITHFHQ W
UHVSHFWLYHQDVWIQG | LZADREHMOY WKDQ W KHN VD ERS QIHQY L W K
VEDYHQUJHWIX J7KH PD[LPXP YDOXH ZDV IRUX\IDPSOH

2Q WKRED\ RI VWRI)BPQHRU VDPSOH ZHUH ORZHU WKDQ
FIXDIQGT FIX UHVSHF®MWWHAION VDPH WLPH WKLY SDUDPHW
FRQWURO DQG VDPSOH ZLWK R[\JH&VFDYHQJHU VWRUHG

7KH LQLWLDO SRSXODWLRQ RI PRX®XVJIRWLQK®WS D BONFHRES
RI \HDRWWYXQSDFNHG VDPSOH ZDV  FIX J

7KHHUXOWV RI IXUWKHU VIREGHHY DUH SUHVHQWHG LQ

7DEOH
&KDQJHV RI PRXOGV LQ SDFNHG FRRNHG VDXVDJH GXI

ORXOGYV
6DPS | 6DPS | 6DPS | 6DPS
7 7
7 7

'D\V RI V

6DPSARGDPS@WHPRQVWUDWHG VWDEOH PHDQLQJ RI PR
DQAHUH ORZHU WKDQ FRWOQMDWQ IBRAFFRREOWIRKDG WKDW XVH
HITHFWLYH IRU WKH LQKLELWLRQ RI PRXOGV

7KH GHYHORS\HDYRUVRW WHK WV DRPS@ HQ Y BV&XH

7TDEOH
&KDQIJHNDRUEWVSDFNHG FRRNHG VDXVDJH GXULQJ VWRL

'D\V <HDVW)\
RI VWRWDFMS | 6DPS | 6DPS | 6DPS
1 1 1 1
1 1 1 1

$00 VDPSOHV G HRR@QFMMNWHDDM HEGEX HORWWRUDAD Q@GS LI |
EHWZHHQ ZHUWFARRENVUBHNG HVBR KRFGWRIRRI\JHQ VFDYHQJHUYV (
\HDVWYV

2[\JHQ LV UHVSRQVLEOH IRU R[LGDWLRQ RI IRRG FRQV
EDFWHULDWQBVKRXWO®J LQ TXDOLW\ ORVVHV GXH WR FKD
QXWULWLYH YDOXH DQG WKHUHIRUH [Z®& RN HJ HIEGX KW MRQ FK
GHPRQVWUDWHG WKH LQKLELWRRJ\JHQH ¥ WD R@G (PIEENREG DD O
ZLWK SUHYLRXV UHSRUWYV > @

&RRNHG VDXVDIDJHLGDYHOXY DQG SHUR[LGH YDOXH
7KH NLQHWLFV RI IDW R[LGDWLRQ GXULQJ WKH VDXVDJ

SHURI[LGH YDOXHV 7KH GHSWK RI WKH IDW K\IGG& ROOKIH F
WKDW VKRZV WKH DPRXQW RI IUHH IDWW\ DFLGV IRUPHG (

FFFSNUDLQLDERXRRPDO 9RXPH ,VVXH-F
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7TKH LQLWLDO PEFECFNDLQXH DRAWDJIJHADRQ PYWRUDJIH GD\
7TKH UHVXOWY RI IXUWKHUDEWKGLHY DUH SUHVHQWHG |

7DEOH
&KDQJHV RI DELERRNAB&HYDXVDJH GXULQJ VWRUDJH

'D\V $FLG YDOXH
RI VWRWDFMS | 6DPS | 6DPS | 6DPS

7TKH LQFUHDANDHORHDHULBU WKH VDPSOHYV SDFNHG ZLWK F
fKzDV KLIJKHVW $W WKH VDPH WLPH WKH VDXVDJH)\
VWRUHGf KDF Y® OXMDPLFV IRU GD\V RI VWRUDJH VKRZHC(
FRPSDUHG WR WKH FRQWURO LQGLFDWLQJ WKH LQKLELW
7R GHQ@HUWHKH SULPDU\ RILGDWLRQ SURGXFWV RI VDXVI
ZLWK ZKLFK \RX FDQ GHWHUPLQH WKH GDPDJH GHJUHH RI
JRU XQSDFNDJHG VDXVDJHV WKH SHUR[LGH YDOXH ZD\
7TKH UHRMXIGWWKHU VWXGLHDEDUHH SUHVHQWHG LQ

7DEOH
&KDQJHV RI SHUR[LGH YDOXH LQ FRRNHG VDXVDJH GX

'D\V SBHURI[LGH YDOXF
RI VWRUDJG&DPS 6DPS 6DPS 6DPS

7TKH UWWEOMDLQHG VKRZ DMOKMHAMUBBVRE. PRUH LQWHQYV
VDPSOHV SDFNHG ZLWK R[\JHQ VF® $WQWHKYH VWORK MA DRV W I
VFDYHQJHUV XVH LQ VODVORHAW &/ WKBHRS[ IDBDWLRQ SURFHV\

7TKHVH UHVOQQYN DIUWMKLWY KD VWXQGHREWIBFRSOHY ZLWK 2
VFDYHQJHU KDG WKH ORZHQWSY BORH ®RE SREQ) b NBHKYDLIRIY
OLIH GXH WR ORZ R[LGDWLRQ UDWHYV > @

&RQFOXVLRQV

W KDV EHHQ IRXQG W KRIW PZH WW KW KW LPHGKIFRIGIJHQ FRF
LQ WKH SDFNHG VDPSOH LV UHGXFHG ,Q WKLV FDVH WKL

7KH 0$3 PRGLILFDWLRQ NLQHWLFV RI SDFNDJHG VDPS
UHPRYDO NLQHWLFV LQ D SUHRHRZWXXV W R LVRADD WRHOW R B WZ WIKH
SURFHVV LV UHIJXODWHG

7TKHM0$)$QOVDPSOHYV SDFNHG XVLQWRUVHGE)MFBPYHRVHG
PRUH VORZO\ FRPSDUHG WR WKH FRQWURO UHJDUGOHVYV |
DOVR VKRZHEBHWWRO EROROGNMOD QG \HDVWYVY DW DOO FRQWURO

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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BDFNDJLQJ ZLWK R[VORZY F®ORHD MMKH R[LGDWLRQ SUR
VDXVDJHV FRPSDUHG WR WKH FRQWURO

7KLYV DOORZV UHFRPPHQG WKH PDRWH WKHHRRBR®Q HGF VYDE
SDFNDJLQJ

$W WKHVWVYBPPAH WKH XVH RI R[\JHQ VFDYHQJHUV GRHV Q
\HDVW IRU FRRNHG VDXVDJHV ZKLFK QHHGV IXUWKHU LQ)

5HIHUHQFHYV

9HUEHNH : 'H 6PHW 6 ODFNLHU , 9DQ 2HFNHO 0 -
5ROH RI HPWBKQRXHVVLQ WKH IRUPDWLRQ RI FR(
FKRLFH IRU DRIDNW FERSI\DFH +
*UREEHO - 3 'LNHPDQ O ( +XQW 0 & OLOOLNHQ * $
DWPRVSKHUHV RQ EHHI LQVWUXPHDQEN DA WAH @ G I8 ULQCHV N
FRO-RXUQDO RI $QLPBS 6BELHQFH
OFOLOOLQ . ‘"KHUH LV 0$3 JRLQJ" $ UHYLHZ C
PRGLILHG DWPRVSKHUH SDWN®RILBSFIRU PHDW
3DVLFEQ\MNUDSBQHFAUDSDERE RO U\QL,Q 3HUVSHNW\Y\
Y\NRU\WWDQQMD SDNXYDO Q\K PDWHULDOLY GOMD
PY{MDVRS URIGKMWND HQHUJKHW\NDSWHDQVSRUW $3.
<DP . / 7DNKLVWRY 3 7 OLOW] - QJ &RQEWSWO LD
DSSOLFIRXUR®WY RI )RRG 8BlHQFH

5HDOLQL & ( ODUFRV % $FWLYH DQG LQWHOOLJ!
VRFLOMWD\W 6F L HSGBF Ht
)DQJ = =KDR < -RKQNB® ° LYFWD QG LQWHOOLJHQV

LQ PHDW ZQBRGWUW\Q )RRG 6FLHG@BH7HFKQRORJ\

GH .UXLMI 1 YDQ %HHVW ®DOPLMNBGD53S1301L'Q HMXOH
$FWLYH DQG LQWHOOLJHQW SDFNDJEWRRIESSOLF

$GGLWLYHV DQG & REX\SSROB{IPIHRMWY

2]GHPLU 0 )ORURV - $SFWLYH IKRRIGNS B BIODIH QLIF

LQ )RRG 6FLHQFH DQSSIXWULWLRQ

IDQJH - :\WHU < SHFHQW LHYQWHBFWQRQRJILE VEL

SDFNDDLUHYAHFANDILQJ 7THFKQRORJ\ DG 6 FLHQFH

&KDL[ *XLOODXPH & *XLOODUG 9 2[\JHQ DQG FD

GLIIXVLYLW\ LQ VROLG IRRG PDWULFHV REOWIGYHHZ

&RPSUHKHQVLYH 5HYLHZV LQ )RRG 6F¥EH®FH DQG )RRG

9HUPHLUHQ / 'HYOLHJKHUH ) 9DQ %HHVW 0 GH .l

'HYHORSPHQWY LQ WKH DFWEZYHQSDNFNDIDARGRI6FRRQ

7HFKQROBS\ +

6XSSDNXO 3 OLOW] - B6RQQHYHOG . %LJJHU 6 :

WHFKQRORJLHV ZLWK DQ HPSKDVLV RQ DQW RKIRURELD

RI )RRG 6FLSIQFH

2WRQL & * (VSLWLEXVWLOGORBWAEED7 + 7UHQG)

DQWLPLFURELDO IRRG SDFNDJLQJ V\VWHPV )RRGWWLQ

5SHVHDUFK ,QWHISQBWLRQDO

%URG\ $ / %XJIXVX % +DQ - + 6DQG & . OF+XJK 7

SDFNDJLQJ VRROMQDIRAV )RRG BFEHQFH

FFFSNUDLQLDERXRRPDO 9RXPH ,VVXH-F
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<X - BLX%X ) 3RRQ % 1D]JDUHQNR 6 .RORVNL 7 9DUJ

SDOODGLXP QDQRSDUWLFOHV DRXURMDLOY KR IP $1SEQ DHIGH 3

6FLHQFHSS +

+DPLOWR®GX -& 3ULVN ( 3DGOH\) % 3LHUFH +

UDGLFDO V) RRGO&ISHBVV WS\ +

6DQJDWDVK 0 0 1LD]PDQGS5 -DPDEO 6 ORGDUHVVL

DQWLR[LGDQW DFWLYH ILOMMWHRGW DD Q GQH WR\® IHXQPH DA
(92+ WR H[WHQG WKH VRXWWQQ IRI RRBEBEXWQFH 7HFK

SS =

&UX] 5 6 6RDUHV 1 ' ) ) $QQYDGMDIWERQ RI R[\JHQ

RQ DQWLPLFURELD O DSABAYSMN YYDWYRQSBRYWD XQGHU YI

&LHQFLD ( $JURWHBBOROQRJILD

SNUDLRQHMWLFKQL\ 9 =KHOXGHQNR 2OXHRYBIGNQVDHBIHF

FRRNHG SRXOWU\ VDXVDJH VSR UPUWRE DR FRIR 6 D8E XMINDEL
+

%R]JKNR 1 7LVBCHENDBDYLFKQ\L 9(YDOXDWLRQ RI URV

H[WUDFW HIIHFWLYHQHVV #@® QWKDIL YHFX YRARDU IRV ZHY

S8NUDLQLDQ )RRG SEBX£QDO

+XWWHU 6 B5XHJJ 1 <L8VGILBLBBOODGLXP EDVHG R[\J

SUHYHQW GLVFRRRD MRODBLEDP GG GKHOI /LIH

%URG\ $/ B6WUXSLQVN\ (5 $POWOQWH/SDFNDJLQJ IR

DSSOLFDMAKRIRPLF 3XEOLVKRQBDARPISD Q\

.HUU\ - 3 29*UDG\ 0 1 +RJDQ 6 $ 3DVW FXUUHC

DFWLYH DQG LQWHOOLJHQW SDFNDJEMVHG\\SWIRB\K AR Y

UHYLOHHD W 6 F L HSCBF Ht

ODUWLQH] / 'MHQDQH ' &RDFDOHWBOWUDQ (4IHFW5RI

R[\JHQ FRQFHQWUD YOLLRI \R R (U MAKKH S/RXHN VD XVDJIHV SDI

DWPRVSRRG HKHPLYSV UL

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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3K\ VLFRFKHPLFDO FRPSRVLWLRQ DQG )7,5 FKI
RI FDVWRU VHHG RLO

7TDULT DQKZ 6DUIDUD] $KPHG $IWDE $KPHG .
6\HG 7XILDO +XVVDLQ$&EGMHUBPIPHHG .RUL
=DKLG +XVVDLQ /PORIBRQ@EIHKPDQ OHPRQ

1IDWLRQDO &HQWUH RI ([FHOOHQFH LQ $QDOIWLFI
+'U 08$ .DJL ,QVWLWXWH RI &KHPLVWU| 8QLYHUVLWI| RI 6LQG

$EVWI
.H\ZRUGV

L (QWURGXRKWLRB@ SHU SURYLGHV WKH FR
2LO RI SK\VLFRFKHPLFDO SURSHUWLHV DQG
&DVWRU Rl ORFDO FDVWRUGYQGKHVVDHVLVIWDQ ,C
6HHG SK\WWLFDO FKDUDFWHULVWLFV RI VHHGYV
)7,5 GHWDLOHG H[DPLQDWLRQ RI RLO

ODWHULDOV DQGACPHWKXREGWUDFWHG W
6R[KOHW H[WUDFWLRQ PHWKKRHPILRDODORZ}

H[DPLQDWLRQ RI QHEMVVIDRGLGBUYBBWX
SHUR[LGH YDOXH VDSRQLILFDWLRQ Y
$UWLFOH KLVWRUPRL VWXUH )RU TXDOLWDWLYH DQDO\VL
EHEHLYHG Y7,5 LQVWUXPHQWY ZHUH XVHG

V DQG AIO/ FROW.HRQW ZDV REV}
SHEHLYHG LQ UHYWE‘I—?\@%Q_JH FRIRLVWXUH DQ®R IDWEVMRRQMW H
SEFEFHSWHG VHHGV ZHUH IRX@G WRQEH=*
UHVSHFWLYHO\ &RPSRVLWLRQDO DQDO\
ULFLQROHLF DFLOBV D SURPLQHQW IDWW\

ORFDO YDULHWLHV 2WKHU IDWW\ DFLGYV
&RUUHVSRQGLQJ DXWKRYWwHDWLF OLQROHLF DQG
7DULIX@KZDU HFRVHQRLF )UHH IDWW\ DFLG YDOXH RI

(PDLO YDULHWLHY ZDV IRXQG WR EH2MDKWHKH UD
SDQKZHUWDULTXHEXDOLW\ SDUDPHWHUV VXFK DV ,9 39 I
JPDLO FRP FDVWRU RLO YDULHWLHYDZAHWHHRGE HWHUPL

J, J * PHT .J DQG
PJ.2+J UHVSHFWLYHO\ 7KH )7,5 VSHFW
RLO YDULHWLHY ZHUH QHDUO\ VLPLODU

WKH LOQWHQVLW\ YDOXHV RI HDFK IXQFW
RLO VKREHO WULDWLRQV LQ FDVWRU VHFE
&RQFOXWVIRQFPHQRXV ORFDO YDULHWLH
VXIILFLHQW RLO FRQWHQW ! ZHUH HJ
IRU VRPH LPSRUWDQW SDUDPHWHUV )7
VRPH IXQFWLRQDO JURXSVPSRIKWD FWU U
>y SDUDPHWHUV RI FDVWRU RLO

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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,QWURGXFWLRQ

&DVWRU LV RQH RI WKHHBREWH SRIRP IMHIDG PRRS ZLWK
LPSRUWDQFH JURZQ DOO RYHU WKH ZRUOG LQ ZDUP WHP
&DVWRU EHORQJV WR (XUSKRUELDFHDLF LRRPO XQOWE ERW D
7KH SXUSRVH RI FXOWLYDWLRQ RI FDVWRU SODQW LV EH!
7KH RLO LV SDOH \HOORZ LQ FRORU YLVFRXV LQ QDWXU'
PHGLFLQDO@ILHOGYV

6LQFH WHKH GDMRWSRVLWLRQ FRQVLVWYVY RI DERXW UL
DFLGVY LQFOXGH ROHLF DFLG SDOPLWLF DFLG VWL
OLQROHQLF DFKIBE XQLFX® SURSHUWLHV RI FDVWRU RLO D
GXH WR WKH ULFLQROHLF BF2 G N Q RZIDL DXHNEIDR[WR FIVD. G HE |

HQRLF DFLG &DVWRU RLO KDV UHODWLYHO\ KLJK YLVF
DOFRKROV GXH WR KLJK K\GUR[\O YDOXH LQ WKH QDWXUH

&DVWRU RLOXMWGZDEHD UDZ LQJUHGLHQW LQ WKH PDQ:
FRVPHWLFV FRDWLQJV VRDS Q\ORQ @REULRDQW ¥D GWHR/
LV XVHG LQ YDULRXV LQGXVWULDO ILHOGV DV D SRWHQW
YDOXH DQG GR QRW FRPS@&W HVZPWKQB®RBXPWRSAMDWHG IRU
PRUH WKDQ FRXQWULHV RI WKH ZRUOG LQ WKH DUHD RI
PLOOLRQ WRQV RI VHHG ODMRU FDVWRU &KR@DQ J KRIXGD
5XVVLD (WKLRSLD DQG 3KLOLSSLQHV > @ ,QGLD KDV PD
RYHU WKH ZRUOG WKXV IXOILOV WR >R®ZRUOGYV UHT

3DNLVWDQ LV DJULFXOWXUDO FRX@®WLQ DUWKF X O &K S X(
> @DNLVWDQ KDV WRWDO DUHD RI PLOO L PPQ IKG FTKIHU H
WRWDO XQXVHG ODQG LV@ERWWR VKRIDWD R RIHEDWDHRIB VV H
QDWXUH RI VRLO WKXQSDBRIX BW HDERG VIKGIE® HMRUH FDVWR
SRWHQWLDO WR JURZ RQ PDUJLQ DHIG DP@K R DO/ \ER L QH &

$ VXIILFLHQW UHVHDUFK ZRUN KDV EHHQ UHSRUWHG
FDVWRU RL@GWV I@WW\ DFLG FRPHSRWUWDRQLPL&HG ZRUN
VHDUFKLQJ QHZ YDULHWLHV Rl FDVWRU VHHG IRU FRPSOH
PRUH DVSHFWV WR VWXG\ QHZ FDVWRU YDULHWLHV ZKLF
LOQVKH OLJKW RI HQYLURQPHQWDO IDFWRUV VXFK DV O
YXUWKHUPRUH )7,5 VWXG\ ZDV DOVR FDUULHG RXW WR F}
WKH SK\WVLRFKHPLFDO SURSHUWLHV

ODWHULDM®HWRRGYV

5HDIJHQWYV D QG OMDFPPVE ORIQF R

$00 WKH FKHPLFDOV DQG UHDJHQWYV XVHG DG UFKH SU}
'DUPVWDGW *HUPDQ\ &DVWRU EQD®M | HHUWHIK WROFROAAMLHR]
URYLQFH 6RPH KDUYHVWLQJ VLWHYV K DG G LM RLDH W V& HH\D Y
ORFDWLRQV ZHUH VHOHFWHG ZLWKLQ WKH VDPH HQYLUR
VLWHV VKRZHG YDULDELOLW\ LQ WKHLU KHLJKW %UDQFK

EHORQJ WR PLGGOH UHJARKURI GXPIGCKRSURY HISRV X U H
7KH UHJLRQ KDV ORZ KXPLGLMW\fZWW K RXBIR S KW DWKH H UR Z L
DQG W\SH RI WRR®LEDMEIRG DQG DOOXYLXP LQ QDWXUH K
DQG FOD\ ZLWK P RGHW REWHU K HIGORRY EFDMR-OI WIRWGR/ZQ V W |

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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6LQGK SURYLQFH ZLWK MAKHWKHRSHIUDIWMAUH RERXW 6 R
VOLIJKWO\ VDOLQH ZLWK OLWWO:HH DODWRUW BB HVHQEBREZQ WWKL
WKH WHRASRHIUBRVRUO ZDV IMBWILRPHYKYXREG® 7KH FROOHFWHG
ZHUH EURNHQ RII DQG SDFNHG LQ FOHDQ VDPSOLQJ EDJV

&ODVVLILFDWLRQ

&DVWRU VHHGYV ZHUH FODVVLILHG RQ WKH EDVLV RI FR
2Q WKH EDVLV RI FODVVLILFDWLRQ WKH FROOHFWHG FDV
7KHVH QHZHU ORFDO YDULKBWLHY @B OHFPR®/HREG D WBLHWLE
DQG FOHDQHG LQ RUGHU WR UHPRYH RRPHWIRRSHU Q VWOWH
DEVHQFH RI OLJKW

2LOQWHUDFWLRQ

&UXGH RLO IURP FDVWRU EHDQV ZDV HIWUDRW[D® E\ 6R
DV D VROYHQW ZLWK VOLJKW PREWLIFOWLRQ )D¥ HIOHSRIRXI
J RI VDPSGHWHIQPHMWR WKLPEOH DQG FDUHIXOO\ SODFHG |
P/RI QRH[DQH ZDV DGGHG WR URXFH/ERFWQYWRQARBE NR UKI
DWf& $IWHU FRPSOHWH H[WUDFWLRQ KH[DQH ZDV HYDSRL
6ZIMWMUODQG )RU WRWDO RLO FRQWHQW ZHLJKW RI WKH I
EDODQFH 7KH RLO ZDV NHSW DW ORZ WHPSHUDWXUH IRU

3K\VLFRFKHPIANYOV RI VHHG DQG RLO

6HH&EDUDFWGHRRN S KFNLFDEPWHULVWLFV RI FDVWRU VHHC(
ZHUH DQDO\JHG VXFK DV VHHG FRORU ZHLVYKWGW K&FMNRLH V
JUDYLW\ DQG UHIUDFWLYH LQGH[ ZHUH PHDVXUHG DFFRU
RLO VDPSONXUUBE RWDQJ D YLVFRPHWHU 90 VWDELQJ
EXVL@J Rl VDPSS/KHFRQWHQW ZDV GHWHWRRQHGDE @$ 2 & 6
ORLWWVKRQWHQW PHDVXUHPHQW ZDV GRQH EG@\LQJ XS W

&KHPLBEDDWAMWRU WKH FKHPLFDO FKDUDFWHULVWLFV RIII
XVHG IRU WKH GHWHUPLQDWLRQ RI ISHUIRJHGHD DX E X HO B &1 \k
&G VDSRQLILFDWLRQ&®OXBQG&GIIBHWKBWW)\ DBEDGV ))$

> @

)7,5DQDO\VBEWRAIRORU WKH TXDOLWDWLYH DQDO\WVLV RI
VSHFWUD ZHUH UHPRHEMWU RRHYHY7 7TKHUPR 1LFROHW $VYI
GHWHFWRU 7KHUPR 1LFROHW $QDO\WLFDO ,QVAQWHXPHQW
FU\WVWDO VLRDWOMWHERRYHE WRWDO UHIOHFWLRQ $75 DFF
ZLWK WKH FRQGLWLRQV DV NREKDORZYV UFHUPOQEWLRKH FP
EDFNJURXQG VSHFWUXP ZDV UHFRUGHG FEEHGRQHE WKH VIR
=Q6H FU\VWDO ZDV FDUHIXOO\ FOHDQHG ZLWK KH[DQH V
VDPSOH

'"HWHUPLQDWLRQ RI IDWWDWW\L ® FLREP & RWLKWQ RIQV W H U V
SUHSDUHG DAERUBQQ838 & RHWK@G PBRHWH SURILOH RI II
FRPSRVLWLRQ LQFOXGLQJ PDMRU DQG PRRRENLOWQYWDFLG
*& 06' ZLWK FKHPVWDWLRQ 6FDOH PRGH VRIWZDUH )$0
DXWRVDPS®OHQMHFWRU $JLOHQ@WH HFEQRORIGES MO W3
SKHQ\O PHWK\OVLOR[DQH FDSLOOMPU\LFR ®RP @ KA. W® L VLD
WHPSHUDWXUH/IDQYGVRHDMW.QWDLQHG IRU P&IMWWK KO RUD RV H
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*PLQ DQG ILQDOO\ KHOGUILRHU JIPLQXXXWEBVZDADKHOLXP DW
P/ PLQ S$ERXRN )$0(V ZHUH LQMHFWHG LQWR WKH FROXPQ
V\VWHP 7KH PDVV VSHFWURPHWHU ZDV RSHUDWHG XVLQJ
UDQJH RIP ] *&6 FKURRDUDPV ZHUH FRPSDUHG ZLWK WZR
:LO\ ZKLFK SURYLGHG PXFK LQIRUPDWLRQ DERXW PDMRU

6 WD W LDQ WO FDLOY

7ZR VDPSOHV RI HDFK YDULHW\ NJ HDFK ZHUH FROOI
WKULFWH REWBNVIB®W ZHUH UHSRDWHIEU ® VG RHWDMW LR Q
OLFURWRFWO VRIWZDUH

S5 HVXOWWGENERVVLRQ

7DEOH $ VKRZV WKH JHRJUDSKLFDO ORFDWLRQV RI W
VLWHWDBJLHW\ ZDV FRID\@H FBWWHIBU LLHR\P\ VUL /P Y& V6BV L HW \
IURP VIAWWHYDEOH % UHSUHVHQWYV SK\VLFDO FKDUDFWHUL
YDULHWLHY 6RPH YDULDWLRQV DPRQJ GLIIHUHQW YDULH\
HQYLUPEROBLWLRQV DQ@ORRYW XWIHHWG DVK FRQWHQW
VKRZHG OLWWOH YDULDELOLW\ DV VKRZQ LQ 7DEOH % OF
IRXQG WR EH DQG = UHVSHFWLYHO\

7DEOH VKRZV WKH SWLAR[QPDOWRQ FRRSAVYRPH TXDOLW)\ I
FDVWRU YDULHWLHV $ VLJQLILFDQW YDULDELOLW)\ ZDV I
YDULHWLHV WKDW UDGHHIB®EMWBPQHG YDOXHV VKRZHG OF
LQGRXWQYDUIWHWMHGUHEBRBOYHUMHA DWLRQV LQ WKH VHHG RI
GXH WR FDVWRU VHHG JHQRW\SHV KDUYHVWLQJ WLPH H

SHIUDFWLYH LQGH[ VSHFLILF JUDYLW\ DQG YLVFRVLW
UDQJH RE + JFPQG+ P3DVV UHVSHFWLYHO\
YLVFRVLW\ RI FDVWRU RLO LV GXH WR WKH SUHVHQFH RI ¢
RI ULFLQROHLFVDRMLGU DBMRERR IDWW\ DFLG KDYLW®WJ K\GU
FDUERQ D YHU\ XQFRPPRQ SURSHUW)\ IRU D ELRORJLFDO |
RWKHU YHJHWDEOH RLOV

7KH FKHPLFDO SDUDPHWHUV VXFK DV ,9 39 DQG 69 RI (
LQ WKH UDQWH RI, J = PHT .DQG + PJ.2+ J
UHVSHFWLYHO\ 7KH TXDOLW\ RI RLO GHSHQGV RQ WKH S|
FDOFXODWHG DV SHUFHQWDJH RI ROHLF DFLG ,Q FXUUHC
ZDV GHWHUPRZQHG DRHVHH VYDA DOPRVW FROSBUBRESWVWME
YHJHWDEG@ RLOV >
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7TDEOH $
6LWH FRRUGLQDWHY ZKHUH WKH FDVWRU EHDQV ZHI

6L| (OHYDW | /DWL | /RQJL’

I~ [t [t [k [~ [ [ [~ [ [ [~ TR [
~h [~ [~ [ [ [ [ [ [ [ [ [THTH[TH [T

7TDEOH %
3K\ WLFDO FKDUDFWHULVWLFV RI FDVWRU VHHG)

OHDQ"

6HH|G4XDOLWDWLYWXIMK /HQJIMWAHK L FN QR H\GW @HHLHJ?(WVL%KW
9DULHBHVFULSWLRQ PP PP pp| 2

6 %URZQLVYK « «

/Ld
EURZQ * « « « « « «
5HGC
EURZQ * « « « « « «

7TDEOH
BUR[LPBW&HRNWLWLRQ DQG TXDOLW\ DWWULEXWHYV RI FD

6SHF

O 1 o 77 Y g e
& fa J, JPHT |PJ.2+ )
P3DV|V

JEP
6 . . . . . . . .
6 . . . . . . . .
6 . .
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.QRZOHGJH RI DWW D¥F IPKFBKUHVVHQWLDO IRU LQGXVWL
FRVPHWLF DQG VRDS>P@NIEDIHL Q GXYWHMHYWYV WKH IDWW\
HI WUDFWHG RLO RI FDVWRU VHHG YDULHWLHV $QDO\VLYV
HDFK LYHDW\ ZDV ULFLQROHLF DFLG IRXQG DV 6 DQC
DQG 62WKHU IDWW\ DFLGV SUHVHQW B HFS QA BIRDIHA F

DQG HFRVMHQRLFKUHH GLIITHUHQW LVRRHMR/ GH VRO A C
FDVWRU YDULHWLHV+VXFKRDWIRFO®BLF QDQG LVRPHULF ROH

ZDV DOVR IRXQG DW SLFLQROHLF DFLG LV WKH SURPL
7TKH REWDLQHG YDOXHV RI WXHE® KQLRNKHU WKDWQ\ TDFD G\ VL
(J\SWLDQ DQG %UD]LOLDQ :KHUHBBVIMWRY WWXGE HMWG

VKRZHG ORZHU UHFM) RXKHDLGF [FLL@D @ RFRDWNNGQUF Y DRU LKHLW K HRVF
RI ULFLQROHLF DFLG URBBRH®YHQWY JRRG TXDOLW

7DEOH
)DWW\ DFLG FRPSRVLWLRQ RI HHIWUDFWHG FDVWRU VHHG RLO

9D U & & & o & o &§ o |& o & o | & Q 2+
6 m m m m m m m

6

6

7DEOH UHSUHVHQWYV WKH FRPSDUDWLYH GDWD RI ID)
O0DOD\VLDQ ,Q®LPDQQIWBWAIRQ DQG LQGLJHQRXV FDVWRU Y
WZR IDWW\ DFLGV LQFOXGLQJ LVRPHUV RI ROHLF DFLG &
ZHUH SUHVHQW LQ LQGLJHQRXV YDULHWLHV EXW ERWK ZF
W ROMOQ VDW XUDWHG IDWW\ DFLG FRQWHQW ZDV KLJKHU WK
YDULHWLHYV

7DEOH
&RPSDULVRQ RI IDWW\ DFLG FRPSRVLWLRQ RI FDVWRU YD

ypWw\ DFUEXYY] oG LILY oo fV pu 5L Q Gl B\ sty

6WXGNY
3DOPL

6WHD

20HL o

20HL o

20HL o

JLQRO o

JLQROF

S5LFLQR o

2+

(FRVHQ o

6DWXUD
DFLGV 6)$

8QVDWXU
DFLGV 8)$

BDQKEAMWUDO > WDOLARWQDO >Ff@RQFHALWDRO >*@®SWID/
DO > M@ JKDULE DQG .RWE > @

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJIJ)RRG 7THFKQRDRJ\

)7,5 $QDO\VLV RI &DVWRU 6HHG 2LO

7KH )¥ VSHFWUD RI FDVWRU YDWDDHMGEL BR XH U @ LOQLHIDUON
VHUYHG DV QVEKRDYMU WKH LGHQWLILFDWLRQ RI IXQFWL
FRUUHVSRQGLQJ WR YDULRXV VWUHWFKLQJ DQG EHQGL(
GLIIHUHQW FKDUDFWHULVWIEWERQZ® RURXKM HISH FEDHGS
UHSUHVH@WW WHWFXLQJ YLEUDWLRQV ZKLFK FOHDUO\ LQ
ULFLQROLF DFLG SURPLQHQW SHDN WRH SIDNANRIWRILHON FRK B
YLEUDW L RGQR/X ROF LIEIRQQVDWXUDWLRQ ZKHUHDV WKH EDQ!
FKDUDFWHULVWLFV RI DVV\PHWULFDO DG IDVWWHNWELED
K\GURFDUERQ @KDK® MVWHU FDUERQ\O & 2 IXQFWLRQDO
VWUHWFKRIQW EDIDGFHULGH/ IOV EHQ GPQJ ¥& £ W B WM \RRU/L ®J
DOLSKDWLF JURXSV REYKUOHGVRMW EDQEPP®W DUHD®GH WR
EHQGLQJ YHRYDWRRKVRIZKH EDQGV DW EHORQIYGWR
EHQGYLIGMWIIRQV RI HVWHU7 R B UEIRQGOD WHRKHFOFO WK H SUHVH
+& &+WUDBWNQGLQJ RXW RI SODQH V7K ERPHE QWYLEBP WL
+RZHYHU WKH EDQVG ®OXH WRFRY®R W OBBELQJ RXW RROODQH
RI FEVVXEVWLWXWHG ROHILQV FKDUDFWHULVWLFV Rl ORC(

023 i ﬂ
éog} }\A “ r\;ﬂ\*\ !h'
f ‘J\ IL w/ A/ x
0 P Y A S I S e
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é 0.1
0
02> }r . ’h /\,
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J)LIXUH )75 6SHFWUD RI WKUHH FDVWRU VHHG RLO
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&RUUHODWLRQ RI ,5 EDQG LQWHQVLW\ ZLWK SK\VLFRFF

$V PHQWLRQHG HDLUIOAHYWVEDIWHQRQHAKHQ® ZDV REVHUYHC
VHHG YDULHWLHV 2Q FDUHIXO H[DPLQDWLRQ RI WKH LQW!|
LQ WKH RLO VKRZHG VRPH YDULDWLRQV LQ FDVWRU VHH
DWWHP®WGIDWR FRUUHODWH WKH LQWHQVLWLHV RI GL
SK\WLRFKHPLFDO SURSHUWLHV Rl MK\RZRG RRO URIOW W DRQ
YDOXHV RI VSHFLILF JUDYLW\ DV LW FDQ EH VHHQ IURP 7
REVHUYHG®Q® BRZHWIPL@BUO\ KLIKHU LQWHQ QIGWO RDH/UR
LQ 6))$ VKRZHG FRUUHODWLRQ ZLWK WDKRH LMD WIHQ EHN HRH C
7DEOH WKH KLIJKHVW )D® GDORDROVED @C\GEWD K FW
EHHQ UHSRUWHG IRU ))$ GHWHUPLQDWLRQ $V WKLV EDQG
WKHUHIRUH ED@®\DWHOHFWHG 7KMZDIVQGLRWHG ZLWK WK
FDVWRU RLO +LJKHU DQG ORZHUG6®DIDW VRE WHWPY DG LQ\ &
ORZHU LQWHWDUVWLREVAUNEG BOHYSHFWLYHO\ 7DEOH I
KLIJIKHVW YDOXHDRLHWL® GG ORZHVMZLYH Q96ZDV FRUUHOI
LQWHQVLW\ RI FFED Q\G LDVWZHOO NQRZQ IDFW WKDW FDVWRL
YLVFRVLW\ $PRQJ WKUHH YDULHWLHV KAKIKGIV \® R/ZN/\F\R VLL
YDULHW\ 7KHVH YLVFRVLW\ YDOXHV KLJKO\ FRERUHODWH
ZKLFK VKREZEBUWWUHQG 7KR EFIORZHGWRUUHODWLRQ ZLWH|
UHIUDFWLYH LQGH[ 7KH KLJKHVW DQG ORZHVWQUHBUDFWL
VLPLODUO\ KLJKHU LQWH Q@QLGNO® B D NUREGHIFWH.G HINE39 D O\
FRUUHODWLRQ ZLWK WZRPLOQUGDUH EPEOLQVGFDIWEH VHHQ IU
WKDW KLIJKHVW 39 ZD\WQ G EO/RAMAMEPL@ BU WUHQG LQ KLJK
LQWHQVLW\ ZDV REBGHBYHG LQ 6

7DEOH
)7,5 VSHFWHUDQAQ WO WRI IXQFWLRQDO JURXSV RI FDVWRU

JUHTXHQF\ ,QWH
6

Ep 6 3 2EVHUYDWLRQ

2F+ VWU

§+ VWUHWFKLQJ F
GRXEOH &RQG

&- $V\PPHWULFD

- 6\PPULFDO V

&
& 2 VWU
& & 6WUI

&- 6FLV

%HQGLQJ YLE JUR

9LEUDWLRE®BY RWWHKHWBRXSYV

&+ &+WU EHQGLQ
SODQH

&- :DJJL

2YHUODSSLGC UFNL
YLEUDWLRQRISXAEDW@HKHH RXW
YLEUDWLRIQVREVWLWXWHG F
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&RQFOXVLRQ

7TKH FXUUHQW LQYHVWLIJDWLRQ RQ LQGLJHQRXV ORFD
FRPPHUFLDOL]DWLRQ WR LQFUHDVH HFRQRPLFHIERDWR KDV
YDULHWLHYV VKRZHG VXHLFLHIVWWR IDF LFRGWHQWDWLRQ E
VKRZQ ULFLQROHLF DF&RPH)XQXIKXDHU FHQWADDHLGY OLNH
DQG HLFRVHQRLF DFLG ZHUH DOVR GHVAMUWLMHM HIR P QWX VW
)7,5 VWXG\ UHYHDOHG WKH FRUUHODWLRQ RI EDQG LQWH
RI FDVWRU VHHG RLO VXFK DV VSHFLILF JUDYLW\ IUHH ID
YLVFRVLW\ UHIUDFWHYYDOXGH[ DQG SHUR[LG

$FNQRZOHG JIKHQWINVWLRQDO &HQWUH RI ([FHOOH
&KHPLVWU\ 8QLYHUVLW\ RI 6LQGK -DPVKRUR
DFNQRZOHGJHG IRU WKH ILQDQFLDO VXSSRUW 7K
+LIJKHU (GXFDWLRQ &RPIPLWDIORQ +(& 3DN

5HIHUHQFHYV

5DPDQMDQH\XOX $ 9 O5HGG\ $ 9 ODGKDYL $ 7KF

LUULJDWLRQ UHJLPH RQ FDVWRU b5LFLQXVFRPPXQLV /

DQG IDWW\ DFLG FRPSRVLWLRQ GXGILEJGCS RVWR I\ I3Q\R ¢
SS+

6DOLPRQ - 1RRU "$ O 1DJUL]DZDWL $ 7 JLUGDXV 0

J)DWW\ $FLG &RPSRVLWLRQ DQG 3K\WWLFRFKHPLFDO 3UF

S5LFLOQXVFRPPXQLY¥D/L@GWBG DO L D2

2IXQQL\L ' 6 &DVWRU RLO $ YWWROHMQ GRVWQRD(
SS *

&RQFHLomR 0 O &DQGHLD 5 % 6LOYD ) & %H]JHUUD ¢
$ * 7TKHUPRDQDO\WWLFDO F K DEAIRFGNHHRVGHMDYrW 6R @ WR |

(QHUJ 5HSS =
SHUGRPR ) $2VWHFRMVVP $ +HUUHDD * ) 9 MWWRNOHRIRQ RY

- OLOOD® % 5ROGUELDHQ ( 3K\WLFRFKHPLFDO F
RI VHYHQ OH[LFDQ 5LFYBKXG V¥R PPSQ IRWRQR FERIMWWH® WRH Q H
SS+

%HUPDQ 3 1L]JUL 6 :LHVPDQ = &DVWRU RLO
DOW HU Q DM RVH VXHBLREHY J

$PDUD $$ 6DOHP 6 5 "HK\G UOMAIRH RS URIBW/E RAL
SVHXGRPRQDV$PHUXGDMRWIDQ - $JULF (QYSEWRQ 6FL
'DPRGDUDP 7 +HJGH ' 0 2LOVHHGV 6LWXDWLRQ

'LUHFWRUDWH RI 2LOVHHGY 5HVHDUFK +\GHUDEDG
.KDQ 1 $ 'HVVRXNWBUYRVSHFW RI ELRSHENHO6XY V8D NQN U
5HY SS +#

&KHHPD 1 $ )DURRT 8 6KDEELU * 6KDK 0 .1 OXVI
FDVWRU EHDQ FXOWLYDWLR®DNQ UDARWEG WUDFW RI1 3I
6REQUYH\ RI 3SDNLVWDQ $YDLODEOH DW BZX ISDLNRIQ/WD
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&KDNUDEDUWL 0 + $KPDG 5 7UDQVHVWHULILFDV
VWHS WRZDUGV LWV XVH 3MN%LR%YRMSBIBO+SURGXFWLRQ
$NSDQ 8 -LPRK $ ORKDPPHG $ (IWUDFWLRQ ¢
ORGLILFDWLRQ RI &DR/QRLGKRHSGRIL O
$2&6 JLUHVWR®GELWLRQ 2IILFLDO 0HSMFRFL RW SR (
$QDO\WLFDO &KHPLVBES ,QF $UOLQJWRQ
ILNRYVNBPWHIBQRMNPHIDQRP\DQRYBWR\BH Q RKIE HQ LD
,Q1ORBGBHR QD XHU\H/H R WLV IR VGG VB URSHUWLHV
S8NUDDQ )RRG -RXWUBEDD
,QWHUQDWLRQDO 8QLRG &KBRUHWNQG $SSO6WDQGDUGYV
DQDO\VLV RI RLOV INWELIWNIR G HIAGBQ BYHWY 2[IRUG
&KHHPD 10 <LHOG DQG FKHPLFDO FRPSRVLWLRG
5LFLQXVFRPPXQLV / DV LQIOXHQFHG B\ 5DXOLSLREAH C
3DNLVWDQ
3DQKZDU 7 ODKHVDU 6 $ ODKHVDU $: .DQGKUR $ $
&KDQJ $ 6 6KHUD]L 6 7 + &KDUDFWHULVWLFV DQ
FDVWRU YDULHW\ PORR 3aFNS.Y W D Q
.DQGKUR $ 6KHUD]L 6 7 + ODKHVDU 6 $ %KDQJHU 0 ,
ORQLWRULQJ RI )DW &RQWHQW )UHH )DWW\ $FLG DQG
LQ 3DNLVWD-QI$PbLMFRX BKMPSSRE
1DQJEHV - * %LYDKXED : 0 =XNGLPPD $ 1 ([WL
&KDUDFWHUL]DWLRQ RI &DVWRU, Q5N FL QXURBFFFRXQLYV 6

ODKHVDU 6 $ 6KHUD]L 6 7 + .DQGKUR $ $ %KDQJHU
0 < (YDOXDWLR®Y RDWWSHWFWG UDWLRYV LQ SRXOW
)7, 3VSHFWURMHARSBESHFWURVF

6KHUD]L 6 7+ .DQGKUR $ ODKHVDU 6 $ %KDQJHU 0 ,
$SSOLFDWLRQ RI VOUWDODSHPUVRVRA SV IRU WKHLE WDKH |ID
LQGXVWULDOO\ SURFRE KHKG FHSSLEOH RLOV

*XSWD 6 6 +LOGLWFK 7 3 5LOH\ - 3 7TKH )DWW\
2LO 6FL )RRG $38LF
$OJKDULE $ 0 .RWE ( $ VWRREHDHU VQWI\SWFIRU V

SRVVLELOLW\ RI XVLQJ DKHD EGRHHWHIIQPMREQDO &F
1HJOHFWHG DQG 8QGHUXWLOLJ46 68 FOQHF SHWLFIB&GFABRD [
+ G6HSWHPEHU

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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2EWDLQLQUJ*RL /% DQ®W6$ SURWHLQ IUDFWLRQV
PLON ZKH\

9RORG\P\U < .DWHU\QD 'D\
20JD .UX&DWDOLD 3DYOLVWRYD

1 7HUQRSLO ,YDQ 3XOXM IDWLRQDO 7HFKI
+*0RJLOHY 6WDWH 8QLYHUVLWI| RI )RRG EBER@RORJILHV
WHODUXV

$EVWI

.H\ZRUGYV

S (QWURGXKWLRXQUSRVH RI WKH ZRUN LV WR R
OLON IUDFWLRQYS DQG %6% IURP WKH PLON ZKH\ E\
GLVOHFWURSKRUHVLYV

:3KUHR\WHL v ODWHULDOVRBEBHPEKNH\ ZDV REWDLQHG IURP
: Q FRZ V PLON DIWHU LVRHOHFWULF SUHFLSLWDW
LVF FROQFHQWUDWLRQ RI ZKH\ SURWHLQV Z

HOHFWURSKRU\V@'H—F\'(NURSKRWRPHWHU E\ WKH DEVRUSWLRQ D\
FDUULHG XRXONVFRQ FADOWRJUDSK\ FROBPGV 6HSK
* ZHUH XVHG IRU WKH JHO ILOWUDWLRQ 7KH
KRPRJHQHLW)\ RI ZKH\ SURW HHQW ZW U R SXRO\YH

LQ WKH SRO\DFU\ODPLGH JHO VODEYV

5HVXOWY DQG $GVNVWNHFPLRODHFWURSKRUHVLYV
$SUWLFOH KLVWRYPWLYH FRQGLWLRQV IRU DFLGLF DQG QHXWUIL
WKH SUHSDUDWLYH LVRODWLRQ RI KRPRJHQF

SHEHLYHG SHSWLGH\S SWRXWHIRQW IURP PLON ZKH\ WDNLQ.
SHFHLYHG LQ UHYIHYE YHW\ D @G @ DWXUHDQFLRRIIDFWRUV $ VI
IRUP SURWHLQV IRU SUHSDUDWLYH IUDFWLRQDWLR
SFFHSWHG ZHLJKW FRPSRXQGV KDG EHHQ REWWLREG DW V

$Q RSWLPDO ZKIDP DPRMEANOG QRW H[FHHG
POVR SURYHGHMNLYH VHSDUDWLRQ LQ D PRGL

FKDPEHU RI 6WXGLHBRNODH DI YSDBPBWNHNWPRXQW
&RUUHVSRQGLQDPOORZ WRWHSXKBIWHURWHLQV HIIHFWLYHO\

DXWKRU KRPRJHQHRXV IUDFWKRQXHPWLREWRR@WKH HJ
SURFRVWQGLYLGXDO SURWHLQ IUDFWLRQV D

20JD .UXSD HOHFWUR®SKRIHEHRXWL Q

(PDLO 7KH GHJUHH RI KRPRJHQHLW\ RI WKH REWDL

FPDNRWD#XNU QHWWDEOLVKHG ZLWK W KHO KA O S RS/KERREFOIML F D O
IRU/* DQW%6$ IUDPWIGRQVIRU/$ IUDFWWRQV
KDV EHHQ FMDIORR GWIRWHDE \LHOG RI KRPRJHQHR
SURWHLQZIDYD DMBR@XIURP PLON ZKH\ SURWHLQ!

IRU VHSDUDWLRQ
&RQFOXVLMRQBURSRVHG YDHEBQW SKIRWHWL G
DOORZV WR LVRODWH IURP PLON ZKH\ Wk
KRPRIJHQHRXV IIDFMILIRDY R6S$ LQ QDWLYH FRQ
7KH GXUDWLRQ Rl HOHFWURSKRUHVLV DQG SL
KRXUV 7KH DYHUDJH \LHOG RI KRERDHQHRXYV
2, SURWHLQV LV
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,QWURGXFWLRQ

7KH PDXQFWLRQ RI WKH PLON SURWHLQV FDVHLQV D
PDPPDOV E\ WKH DPLQR DFLG QXWULWLRQ $OVR PLON Z
LPSRUWDQW IXQEWAWRYOREXULLYROYHG LQ WKH WUDQV
DQG UHWLQRO H[KLELW\ODGWRR [QEORINLIVI W FSALFPRUWR W
WKH VI\QWKHVLV RI ODFWRVH DQG FDOFLXP WUDQVSRU\
DQWLERQAQLF HIIHFWV 6HUXP DOEXPLQ 6$ SHUIRUPV W
/Y LV ELQGLQJ LURQ LRQV VKRZV DQWLPLFURELDO DQG
UHFHQW \HDUV LW ZDV IRXQG WKDW SDUW RIUNRON RKH\
ELRDFWLYH SHSWLGHV WKDW FDQ EH FUHDWHG GXULQJ W
RXU FDOFXODWLRQV Rl D/PLR®GDF RG HJ MAKLDGRX BV HRII
LQFOXGHG WR WKH FRPSRVLWLRQ RI WKH ELRDFWLYH SF
ODFWRIHUULQ DQG VHUXP DOEXPLQ > @ $QWLK
RSLRLG UHFHSWRUV QUDH XPCRIWALRW W \R IL P© WRIR/RRG X O DW R U
SHSWLGHV FDQ EH IRUPHG IURP GLIIHUHQW SURWHLQV
SHSWLGHV WKDW H[KLELW DQWLFDQFLURJHQLF DQG DQW
LQ WKH EORRG DSSHWQDWH DVKHFW RQ WKH FDOFLXP DV
LOQYHVWLIDWHG

7DNHQ LQWR DWWHQWLRQ WKH H[SUHVVLYH IUDFWLRQ
SHSWLGHV WKH DFWXDO IRU WKH UHVHDUFK DBBUIRIUHG/L
IUDFWLRQV RI PLON ZKH\ SURWHLQV 7RGD\ WKHUH DUH V
WR REWDLQ WKH PDLQ. MLON ZKRRAXRRIWRERDLQV ,* /)
LVRODWHG IURP ZKH\ SURWHLQV FRQBHQWIWUD® HS DIQFL S
ILOWUDWLRQ WKURXJK WKH JHO RU PHPEUDQHV DV ZHOO
%\ WKH FRPELQDWLRQ RI XOWUDILOWUDWLRQ SURFHVVL(
./$ ZLWK D GHJUHH RI SXUL@HN® BR®&ELW KZ0O M JIJREMWDRI SXUL
PRUH WKDQ ZDV REWDLQHG E\ /RIDQR HW DO > @ XV
SUHFLSLWDWLRQ DQG LRQ H[FKDQJH FKURPDWRJUDSK\ 7
DUH PDQ\ VWDJHV G XUDHNOLR @ \R WKBRXWIE RU I DWUHPH S+
RI VDOWV WKDW FDQ DIIHFW RQ WKH VWUXFWXUH DQG F
UHGXFH WKHLU \LHOG ,Q DGGLWLRQ WKHVH PHWKRGV GF
IUDFWLRQV KRPRJHQHLW\

7DNLQJ LQ WR DFFRXQW WKH JURZLQJ LQWHUHVW WR W
SXULILFDWLRQ GXH WR GLIIHUHQFHV LQ HOHFWURSKRUH\
SURPLVLQJ > @ 7KLV PDNHV LW DWWUDFWL®HRWR DQAH
IUDFWLR@DWLRQ LQ RXU ODERUDWRU\ LW ZDV VKRZQ
HOHFWURSKRUHVLV HROWHRWKLUR SKIRUEW IGLY D 3$* VODEV LQ
7KH LQIOXHQFH RI LQGLYLGXDO SDUDPHDHU VR RIS BRW AW
IUDFWLRQV VHSDUDWLRQ > @ ZDV HVWDEOLVKHG

7KH SXUSRVH RI WKLV ZRUN LV WR IWMRODMVRIQ WY KH KRP
DQG %6$%$ IURP PLOM@KAWBERSKREHHVLY LQ QDWLYH FRQGL

ODWHULDOV DQG PHWKRGYV
ODWHULDOV

:KH\ SURWHLQV ZHUH LVRODWHG IURP WKH FRZYV I1Ul
VHSDUDWHGLE\RHBSHFWWHE SR IFQWHUWHFRRBEEHDPYRQWY [URI
WKH 5HDQDO +XQJDU\SKBPWDGQGRPEGWIRHKURGXFWLRQ U
WKLV ZRUN

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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'"HWHUPLQDWLRQ RI WKH PLON ZKH\ SURWHLQ FRQFHQYV

7TKH FRQFHQWUDWLRQ RI WKH PLERQEKEWSDRW. RDOQNI IDC
PLON SURWHLQ IUDFWLRQV ZHUH GHWHUPLQHG VSHFWUR

RQ D VSHFWURSKR® RPKIWHRDEH SUHYLRXVO\ X'\HSIG DEVR

ZHUH XVHGRU WEKB MMM ZKH\ SIRRWHLQ+xIRU/$ IRU
WKH %6%$ DQG IRU WKH ,* > @

*HO ILOWUDWLRQ

*HO ILOWUDWLRQ RI PLON ZKH\ ZDV FDUULHG RXW RQ
FKURPDWRJUDSK\ NLW RI ©5HDQDO? + X QUMRJ\O 3FKRAUBHDAL L
6ZHGHQ ZDV XVHG IRU JHO ILOWUDWLRQ > @ 6HSKDGH]
IRU GIOMWURSKRUHVLYVY EHIRUH WKH DSSOLFDWLRQ LQWR
DSSOLFDWIKRQFIROWRQ ZHUH HEALYXVIHL IXIDWHG PLQXWHYV W
UHPRYH LQVROXEOH RRVEBRUBQMWMVDQWPZDYV WDNHQ IRU JH
RQ VHSKDGH[ 7KH HOXWLRQKVSHRGHODAD WHW RQ WDARNPHQ
GHQVLW\ LQ FKURPDWRVUDHWHERUQH®LIRYQV Z QP IRU
FKURPDWRJUDP

+RPRIHQRXMUDFWLRQV DQG WKH ,* IUDFWLRQ REWDLQF
WKH PLON ZKH\ RQ 6HSKBOHYYIFRXVO\ GHVFULEHG ZHUH
HOHFWURSKRUHMW®@F IUDFWLRQ

'LVAOHFWURSKRUHVLYV

7KH IUDFWLRQDO FRPSRVLWLRQ DQG KRPRJHQHLW)\ RI
GLUWPHFWURSKRUHVLV LQ WKH VODEV Rl SRO\DFU\ODPLGH
HOHFWURSKRUHVLYV IRU DFQDBWE DH) 6 RDIHUWUILRQ \E I R W KLV
*HOV ZHUH VWDLQHG DQG IL[HG E\ FRQYHQWLRQEODP HW K
PRGLILHG 6WXGLHY ®\S6HWDFSIRQDWRWG VHSDUDWLQJ 3$* Z
LQ 7DEOHV DQG

7DEOH
KRPSRVLWLRQ Rl WKH VHSDUDWLQJ 3$*
3DUW R[ WKH
BROXWLURWQROXWLRQ LQ WKH&RPSRQHQW $PRXQW
3$* YROXPH
*HO $FU\ODPLGH J
FRPSRQHQWYV 1 1TfPHWK\OHQHELVDFU\QDPLGH
ZDWHU WR FP
%XITHU IRU JHO G +&0 FP
DQG FDWDO\VW 7ULV KWSHOWRK\O DPLQRPHWKDQB
1119 11 WHWUDPHWK\OHWK\OH®@HGLDPLQFL
" DWHU WR FP
_ QLWLDWRU $PPRQLXP SHUVXOSKDWH DUH VHOHFWHG
VROXWLRQ H[SHULPHQWDOO\
" DWHU WR  FP

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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7DEOH
KRPSRVLWLRQ RI WKH VWDFNLQJ 3%*

3DUW F
BROXWLRQROXWLRQ LQ WBKRPSRQHQW $PRXQW
3$* YROX|PH

*HO FRPS $FU\NOCL

1 1fPHWK\OHQH

:DW WR
% XIITHU G 3. F

7ULV K\GUR
DPLQRPHWKDQH

:DW WR
,QLWLEL $PPRQLXP SH DUH VI

FWWDO\WW |VROXWLRQ HISHULPHQWDOGQG
1119 F
WHWUDPHWK\OHWK\OHQHGLDPLQH
:DW WR

6XFURVH 6DFFK
:DW WR

$OVR DQ HOHFWURGH EXIIHU ZDVHIBHSDUWHE VK WV KERXZ K
GLOXWHG WLPHV ZLWK GLVWLOOHG ZDWHU

7TDEOH
&RPSRVLWLRQHFIWURIGH EXIIHU
6RO X % XIITHU FRF $PRX
(OHFWUR WULV K\GUR[\PHW
iG JO\F
:DW WR

6WDWLVWLFDO DQDO\VLYV

7TKH VWDWLVWLFDO DQDO\WLYV RI WKH REWDLQHG UHVX
H[SHULPHQWDO GDWD ZHUH FDUBHB8G RXW RYURRB WKH OLF
RI WKH REWDLQHG UHVXOWY ZDV SURYLGHG E\ WULSOH U

5HVXOWVY DQG GLVFXVVLRQ

: KH\ SURWHLQ IUDFWGQRM® NFWDBBWRQHVLY VI\VWHP

YRU DQDO\WLFDO IUDFWLRQBRWWRERRPRRID\ XWRE HLWQH W
GLUPHFWURSKRUHWMHFAMKU R SK\R WGHWIFV  US$HFHRWPIPADQOG HOBL WEN
6FLHQFH $VVRFLDWLRQ &RPPLWWHH RQ WKH 1RPHQFODW

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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OLON 3URQ MWIRBWL XP GRG HE60 V& O $IMW R OBEWKURSKRUHVLV L
FRQGLWLRQVWOQRU QW UBPO SURMWHLMNLQY IXYWB BFFRXQ
GHQDWXUDWLRQ RI SURWHLQV RFFNOMAVQUWR B K RIWHWLH/QWF W
QDWLYH FROBAWHKRO@HHQ WDNHQ DV WKH EDVLV IRU ZK
VHSDUDWLQJ $V FDQ EH VHHQ IURP WKH HOHFWURSKRUH.
RI WKH PDLQ PLON ZKH\ SURWH L& \DQUD HWIRKL\YBE MYV DU
ZHOO DV W R ROV HWRXS RI LPPXQRJOREXI\QRQ H* | DIDRAN
33)

BSA —
o-LA —

B__
FLGA— S -

—

J)LIXUH $QDONWHFMNWAUBEKRUHVLY RI PLON ZKH\ SURWHLQV
IUDFWLRQ , DIWHU ZKH\ JHO ILOWUDWLRQ RQ VHSKD

%HIRUH SUHSDURUHWIHFHOBFWURQGERWLRQ ORZ PROHFXO
VHSDUDWHG IURP WKH PLON ZKH\ E\ JHO ILOWYD@LRQ F
6HSKDGH[ ZDV HTXLOLEUDWHG ZL WK RPWUR 8 IORBMAN /G M/ \E X
JHO ILOWUD W LR XOUHAKWKRREPELQHG IUDFWLRQV RI WKH Ft
ZHUH VHOHFWHG IRU WKH SUHSDUDW LHOIHHFOMHUFRS KRS KIR' U M
SHDN WHVWLILHV WKDW WKH SURWHLQV FRPSRVLWLRQ G
FRPSDULQJ ZLWK MWEXUMLON ZKH\

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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QP

JUDFWLRQV
JLIXUHEKURPDWRJUDP RI PLON ZKH\ DIWHU JHO ILOWUL

7KH FRQFHQWUDWLRQ RI 3%$* ZDV UHGXFHG E\ LQ R
GXUDWLWRHDBEBNVUDFWLRQ S WRISHW\D WDIOYH HICDHEMRIOR SX R U
SHUIRUPHG RQ D PRGLILHG %®IGHHGHWLID RS SDKIHD WO |
FKDPEHU DQG IRUPHU ZHUH PRGLILHG LQ VXFK ZD\ WKDW
RI WKH PLON ZKH\ VDPBEMLVKIX UDWERQ KIKRWREHHQ UHG X
WKH YROXPH RI ZKH\ FDQ BN DQFHWOOYWGRWWKHWFP PRGLIL]

7KH DPRXQW RI ZKH\ LQ WKH VDPSOH IRU HDFK HOHFW
H[SHULPHQWDOO\ 7RR ODWJMRWDBSORZD WRXYWSGRHEWH V
HIITHFWLYHO\ ,Q WKLV FDVH WKH HOHFWURSKBUHJIUDP
'"HQVLWRWUINXPEH WHVWLILHV DERXW WKH LPSRVVLELOLW\
H[WUDFWLRQ IURP VXFK JHO D OK LDOPHR X)QWM Q@ J RW KPH. ORIS X K
HOHFWURSKHURJUDLP XWNERRBOURQP ZLWK W KH DQUIMO\WLF
WKHUH DUH QR VLJQWIIPED W GRWHIHROBY WKH X¥QLRQ RI
$ DQG % LQWR D VLQJOH OLQH

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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J)LIXUH (OHFWURSKRUHJUDP D DQG GHQVLWRJUDP E RI PLC
YDULDQWHRIHEWMRSKRUHVLY ([FHVVLYH DPRXQW RI PL
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o { F— ]

BSA
a-LA

p-LG

JLIXUH (OHFWURSKRUHJUDP D DQG GHQMWIQVW KUBIDSU HES DRU OPW C
YDULDQW RHOWHKFWGORVKRUHVLY 7KH RSWLPDO DPRXQW R
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JJJ)RRG 7THFKQRBDRJ\
,GHQFDIWIL RB[WQUBRWDRRQ IUDFWLRQV RI WKH PLON ZKH\

$IWHU FRPSOHWLRQ Rl WKH HOHFWURSKRUHVLV ZH U}
FXWKH VLGH VWULSV ZLWK D ZLGWK RI DERXW FP DQG S
PLOQXWH $IWHU LQWHQVH GHVWDLQLQJ GXDPKBY SURMMH LV@K
FDQ EH LGHQWLILHG RQ WKH VWULSV VAKBRQ W& S DUMU RS V
SODWH IRU WKH LGHQWLILFDWLRQ DQG F@EWQWLKQLUVRKIW B U
UHPRYH JHO IUDJPHQWYV/$ KPS PREGWMHIGQXUDWLRQ RI WKH
VWDLQLQJ SURFHVV LGHQWLILFDWLRQ RI IUDFWLRQV DQ
WKDQ PLQXWHV ,Q VSHFLDO VWXGLHV ZH KDYH VKRZQ
IL[DWLRPQOWKHKH\ SURWHLQV GR QRW PL[ GXH WR GLIIXVL
ZLWK WKH DSSURSULDWH IUDFWLRQV ZHUH FUXVKHG DQG

ZDV SHUIRUPHG 'XULQJ WKH H[WUDFWLRQ WKH VDP
SURWHLQV ZDV FRQWUROOHG BWP W KKHDEN RIS WIIRQ D W K R Z
(DFK SRLQW RQ WKH FKDUW LV WKH DYHUDJH YDOXH RI W
SUHVHQMWKXG B FDQ FRQFOXGH WKDW H[WUDFWLRQ LV PR

7LPHLQ

J)LIXUH 7TKRIFRPWWBPIFWLRQ RI VHSDUDWH IUDFWLRQV RI PL(
SRO\DFU\ODPLGH JHO
*+ ODFWRJORIEPFERN@RIOREXODGWDO BEXPIWXP DOEXPLQ

"HJUHH RI KRPRJHQHLW\ RI ZKH\ SURWHLQ IUDFWLRQV

7TKH IUDFWLRQV REWDPEZAHE D RQWDWHU]HBVILU® WWMKIHRVDPH HO'L
DOQDOWLFDO YHUVLRRIXRKY KWKRWRMQEHVWEROH RQ WKH HO|

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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WKDW %6%$ DQG ,* IUDFWLRQV DUH HOHFWURBRKWUR Q/\L FIRQC
/* EDQH K HRVUHHDDHR XV IUDFWLRQ RI ,* LV DOVR VHSDUDWHC
ZDV GHWHUPLQHG LQ WKH REWDLQHG HOHFWURSKRUHW
SUHSDUDWLYH HOHFWURSKRUHVLY UHVXOWY 7KH FRQFHC(
IUDFWLRQV ZDV GHWHUPLQ HGDMSHH i MWHUIRG KRR WERKRUIHLWLUHLG- D O
QHDUO\ IURP PLON ZKH\ SURWHLQV/RMWHHQFIRQY BH FHE O Wy
LQFRPSOHWH H[WUDFWLRQ IRU PLOQXWHY YVANVWRIOW 2HWU |
WDNHQ IRU WKH HIWUDFWLRQ DQG QRW WKH ZKROH JHO

J)LIXUH ?OHFWURSKRUHJUDP RI PLON ZKH\ SURWHLQV D
tSURWHLQV RI PL GNDEWHRNI O REXDKWDOEXPLQ
*tVHUXP DOEBEAXPPXQRJIJOREXOLQV

&RQXVLRQ

7KH SURSRVHG YHUOHEWBRSKRUBNVYF LQ WKH 3$* VOD
HOHFWURSKRUHWLFDOO\ KRPRY HDHR %B$UDRW PROW RK
QDWLYH FRQGLWLRQV

7KH GXUDWLRQ RI HOHFWURSKRUERMAW DRBXIWRWHLQV
7KH DYHUDJH \LHOG RI KRPRJHQHRXV IUDFWLRQV IUR
IUDFWLRQV DUH WKH PDMRU SUHFXUVRUV Rl %$3 DPRX
WR VWXG\ WKH ZD\V Rl WKHLU IRUPDWLRQ

5HIHUHQFHYV

JR[ 3 BOLDFNH 6ZHHQMHY2 0DKRG 'DLU\ FKHPLVWU\ D
%LRFKHPLVWU\ 66FRIQTIHGLWHRERUN

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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3DUN< : %LRDFWLYH FRPSRQHQWYV LQLPHIOND BRQLHGDL |
%RVWRQ

,XNDOR $ 9 'DWVI\VK\Q . <H <XNOORQD SHSW\G\%SI RB\
VIURYDWN\ PRORND NRURW H%RY RIDAKEMD $FWD
&RUUHGLJ 0O'DLWBHULYHG LQJUHGLHQWYV IRRG&QG Q)
3UHVV 86$

.RQUDG * .OHQVFKPLGW 7 $ Q HAZL FGINAKVR BOIRXUP L
IURP VZHHWWKHQDWLRQDO 'DdSt\ -RXUQDO

.RQUDG * .OHQVFKPLGW 7 $ QHZ POIVKVRIGOIRXPL
IURP VZHHWWKHQDWLRQDO 'DdSt\ -RXUQDO

/IRIDQR - *LUDOG®& * G5RPHMURPSURYHG PHWKRG IRU
ODFWRJOREXOQQWLRQDO 'DASt\ -RXUQDO

)DUUHOO + 0 )ORIPH\QH] % OAFRIZO Ho XYW OHUU HDPHU

/ . +LFNV €RDODU1XZDEDQJ . )6ZDLVJRRG + (
1RPHQFODWXUH Rl WKH SUIRWHKLQNRRVERQVAIPDON\ 6FL
SS +

<XNDOR BWRUR]K / $ 'DWVIVK\Q . <H .UXSD 2 0
VA\VWHPV RHUS WKBWS. YH 1UDFWIRIQPWIMVRY RIRS  ERWRBEQ VY
IURP FRZ)RRGNVFLHQFH DQG WHFKQRORJ\

<XNDOR9 * 'DWV\VK\Q . <H BLGELU XPRY GOLD €S
SURWHLQLY VIA.URYDWN\ FRRYWRMDX X RYDW YLY\Q\WN XP890% |
6 = *IK\WVNRKRSS

SBKDUPDFLD )LQH &KHIROFPIGOWUDWLRQ 7KHBB\WVWDQEG S
6ZHGHQ

<XNDOR 9 * 'DWV\VK\Q . <H *HO ILOWYRRVARQ RI
VFLHQBHWHFKQRORI%
<XNDOR $ <XNDOR 9 6K\QNDU\N 0 (OHFWURSK

3URWHUBFHHGLQJV RI WKH ,QWHUQDWLRQDO &RQIl
(OHFWURW HERPDROHRIDHHV)UDQFH SS

BWXGLHU ) : $QDO\WLV Rl EDFWHULRSKDJH 7 HDUO\ 51
JHORXUQDO RI OROHFX®B4W %LRORJ\

2VWHUPD Q OHWRG\ LVVOHGRYDQL\D EHONRY L
(OHNRMWUHRIL XOWUDW VHDX\WNIRVILURYDQL\H

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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*UBH VHHGYV HIITHFW RQ UHILQHG ZKHDW IOR X
UKHRORJ\ RSWLPDO DPRXQW DQG SDUWLFOH

0 G OLQD ,XJD 6LOYL

UWHIDQ FHO ODUH 8QLYHUVLWI RI 6XFHDYD )D
S5RPDQLD

$EVWI
.H\ZRUGV ,LQWURG:KHQ GHYHORSLQJ JLEUF
LW LV LPSRUWDQW WR NQRZ WKH FKDQJHV
:KHDW IORXUPDNLQJ SURFHVV

*UDSH ODWHULDOV DG&HPE®EBRWYVRQ RI GLIIHUHC
6HHG RI JUDSH VHHG WIRR XU DIQUR FS DRMMDLFIMHY VL]H
" RXK ODUJH PP PHGLXPPP!O PP DQG VPDOO

SKHRORJ\ IUDFWLR QPP RQVISHK\VEEKRIPLFDO FKDUDFWHU

RI WKH JUDBHHDMAHBRPSRVLWHRXIKRXUV C

UKHRORHKPYQRU ZHUH LQYHVWLJIJDWHG
$UWLFOH KLVWRSNVXOW W \OFXM VERIQSURWHLQ DG DVK F

LQFUHDVHG DIWHU *6) LQFRUSRUDWLRQ Z}
SHFHLYHG IDOOLQJ QXPEHU GHFUHDVHG GHSHQGLQJ
SHEHLYHG LQPRGGLWLRQ OHYHO 7KH GHFUHDVH RI IDOOI
UHYLVHG IRUPGHFUHDVH RI *6) @06 UMDIFROHD WH W IKDH DG G LV

LQGLFDWHYV DQ LQIFRPWDWHI MIFWOWSKD LQ
SFFHSWHG FRPSRVLWKHORKRUDJIH * ORVV * FRP S
* DQG ORVV WHDQIHXRXJKVDQFUHDVHG ZL
SDUWLFOH VL]H DQG D& GIHNURM RO HYRXOIJ K Q |

PD[LP KHLJKPD[I+PXP KHLJKW RI JDVHRXV S
&RUUHVSRQGLQIJPDQWRWDO FDUERQ GLR[LGHWVLRIXPH SU
DXWKRU WKH LQFUHDVH RI *6) OHYHO LQ UHILQHG Z

* UHWHQWLRE FIRHAFUHDWEOW ZLWK WKH G
?E%IED OLURQhé%\//%DUWLFOH VLIH 'RXJK IHUPHQWDWLF
VLOYLDP#ILD )Q,\QQQLF UKHRORJLFDO SURSHUWLHV ZHUH

WKH UHJUHVVLRQ PRGHOV DFKLHYHG 7KH

SURFHVV VKRZHG WKDW VPDOO SDUWLFOH
JUDSH YDULHW\RLQ DQDWMHREWLUHG WR VX
UHILQHG ZKHDW IORXU EUHDG LQ RUGHU W
FKDUDFWBQGWWLAMYKHVH RSWLEPRXIKFRQGL
IHUPHQWDWLRQ FKDUDFWHULVWLFY DQG
SURSHUWLHYVY ZDV IRXQG WR EM DWIRIOORZ\
P/ 5F RI * RI ~ 3D * RT

3D* RI © 3D DQG WDQ / RI

&RQFOXYKRQWWXG\ KLIKOLJKWYV WKH RS
JUDSH VHHGV IURP ORFDO ZLQH SURGXFHU
WKLSWERGXFW DQG WR G HYHNIRE QUHR GIFWLV

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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,QWURGXFWLRQ

%DNHU\ SURGXFWV HVSHFLDOO\ ERLUDOG D URZDREPUXP BB
WXUQHG WKHLU DWWHQWLRQ RQ IXQFWLRQDO IRRGV 7KH
GLHWDU\ ILEHUV NQRZQ DV KDYLQJ EHQHILWY RQ KXPDQ |
FDUGLRYDVFXODU DQG GLJWNWL®H &DOWHPRW KU R L RHID
SURGXFWV LV FKDOOHQJLQJ VLQFH LQFUHDVLQJ WKH ILEF
SURGXFW TXDOLW\ DQG FRQVHTXHQWO\ RQ WKH FRQVXPH
ILQG MEMU UHFLSEHDIMWWK QHKIBWLYH LPSDFW RQ WKH TXD
3UHYLRXV VWXGLHVY KDYH GRFXPHQWHG WKH LQFRUSRUD\
IUXLWURGXFWY OLNH JUDSH SRPDFH LQ EUHDG PDNLQJ L
Rl ZKHDWDEGHW® GHYHORS QHZ IXQFWLRQDO IRRGV >
FRPSRQHQWY JUDSH VHHREVJUBISHHS/RIRDFH RQ D GU\ P
GHSHQGLQJ Rl WKH JUDSH YDULHWLHY > @ *UDSH VHHGV
E\SURGXFMVPFRDH DQG PRUH XVHG WR FUHDWH IRRG LQJUF

OLSLG SURWHLQ GLHWDU\ ILEHUV VXJDUV PLQ}
KLJK DQWLR[LGRQMK PHW LYYgLED\WWIQLGHSHQGLQJ RQ WKH )
ORFDWLRQ IHUWLOL]DWLRQ DQG SHGRFOLPDWLF FRQGLW
VRXUFH RI RLO FKDUDFWHUL]JHG E\ KLJKHU OHYHOV RI K
FRPRRGYV DQG OLSRSKLOLF FRQVWLWXHQWYV VXFK DV Y
SK\WRVWHUROV > @ 7KH DPLQR DFLG FRPSRVLWLRQ DQ
YHU\ VLPLODU WR WKDW RI FHUHDOV *UD SHDWHH B VSSIDRMWH.
DFLG DQG GHILFLHQW LQ WU\SWRSKDQ DQG VXOIXU FRQYV

'XH WR WKHLU FKHPLFDO FRPSRVLWLRQ JUDSH VHHGYV
IRRG SURGXFWV VAFK IDIYWGBUBGXFWYV > @ BLYFXX@/M 3
ZKHDW EUHDG > @ $V ZKHDW IORXU UHSODFHPHQW LQ
KDV D UHPDUNDEOH HIIHFW RQ EUHDG GRXJK 7KH LQFUHI
DQ LQFWWPYGIBVH DFWLYLW\ LQ WK H LIRIP SRWXLIW HU KBIROWR
SURSHUWLHV > @ 7KH GRXJK EHKDYLRU LV DOVR L
VXEVWLWXWHG ZKHDW IORXU > @ *6) UHGXFHV JOXW
WHFKQRORJLFDO SDUDPHWHU\W FEXIKQ MW FRROBRWLW HS U
GLIIHUHQW EHFDXVH WKHUH DUH VRPH LQWHUDFWLRQV |
7KHUH DUH YDULRXV VWXGLHV WKDW VKRZHG WKH SDUWL|
SURSHUWLHV RI GRXJKGXG@W®W R®@DWKW\ILODIEHWBDUWLFOF
LQIOXHQFH WKH EUHDG TXDOLW\ EHFDXVH RI WKH ZDWH
GLOXWLRZXEDWRIGGLWLRQV > @ 7KH ZDWHU KROGLQJ F|
VLIHV GXH WR KX B XDPHO@WBWIURQ > @ 7KH YROXPH DQG
VWURQJO\ DIIHFWHG E\ WKH SDUWLFOH VL]H RI ILEHUV D¢
KDUGQHVV DQG KLJKHU YROXPH > @ ,Q RXU SUHYLRXV ZF
DV®XWFH RI GLHWDU\ ILEHU RQ WKH HPSLULFDO DQG G\QTE
> @ 7KH XVH RI ODUJH SDUWLFOH VL]HV RI *6) OFf
UKHRORJLFDO EHKDYLRXU DQG FRQVHTXHQMWRN WRIHWHEH 1L
VXEVWLWXWLRQ OHYHO DQG DOVR RQ WKH JUDSH YDULHYV
IRU ZBWOGLQJ FDSDFLW\ LQFUHDVH ZKLFK PD\ HQKDQFH
GHQDWXUDWLRQ SURFHVVHV |19 RIKBPQ Gl FRORUI RV KK Bl
DGGLWLRQ OHYHO DQG SDUWLFOH VL]H RI *6) WKDW FDQ
LPSRUWDQW LQ RUGHU WRKRFPWPDRQ DGE TXOMRD BELYDER F
FRPSRVLWH IORXU DQGJBRXONW QL BK) DRRFBIGWDEOH EUHDC

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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'RXJK VWUHWFKDELOLW\ DQG JDV UHWHQWLRQ FDSDFL
EUHDG YR@XFPIHQ>EH DFKLHYHG E\ XVLQJ HPSLULFDO UKHR:
E\ PHDQV RI URHRVHUPHRWEGLWLRQ WR LQIRUP RQ EHKD
XVH Rl IXQGDPHQWDO UKHRORJLFDO PHDVXUHPHQWYV L
SURSHUWLHV RI GRXJK FDQ EH DFKLHYHG HDVLO\ XVLQJ
VLPXOWDQHRXWEBH PHHODD'MWHKN DV ZHOO DV WKH YLVFRXV
DSSOLFDWLRQ RI VLQXVRLGDO RVFLOODWLQJ VWUDLQ RLU
H[SODLQLQJ WKH TXDOLW\ RI FHUHDO IRRGYV DV ZHOO DV
WKHIBUPDWLRQ FRQGLWLRQV WKDW DUH SUHVHQW LQ SUL
UKHRORJLFDO PHDVXUHPHQW '\QDPLF RVFLOODWRU\ PH|
VDPSOH WR PHDVXUH VPDOO GHIRUPDWLRQDO QN K DRGRJLI
SURYLGHV LQIRUPDWLRQ DERXW WKH IXQGDPHQ@WDO VW
5KHRORJLFDO WHVWLQJ LQ WKH OLQHDU YLVFRHODVWLF
DQG SURSHUWLHV RI GRXJK DQG WR VVOX\GA MIK\H HMX G RWILR
LQ YDULRXV VWXGLHV 7KH VWRUDJH PRGXOXV * GHVFU
ZLWK WKH VWUDLQ GXULQJ RVFLOODWLRQ * YDOXHV RI .
YROXPK® >'RXJK IURP SRRUPMNXQOLMID\REUHNKIBGHY RI JUHD!
PDIJQLWXGH WKHQ WKRVH RIDWIKMJI JIRERKTK®D O RWV PRIBX® X
WKDW GHVFULEHV WKH YLVFRXV SURSHUW LGIVGIHV LRXME BIV:
WKH UDWLR RI WKHRAYFRHY WRIHDBDYWHE GRXJK FDQ El
HODVWLFLW\ D ORZHU YDOXH LQGLFDWLQJ D KLJKHU HOD
ZKLFK UHSUHVHQW WKH GRXJK VWUHQJWK > @ ORZHU *
DQG YLFH Y@aHUvVD

7KH DLP RI WKH SUHVHQW VWXG\ ZDV WR LQYHVWLJDW
VLIH DGGLWLRQV DW GLIIHUHQW OHYHOV LQ UHILQHG ZKF
RI EOHQGV UKHRIHUPHQWRPHWHU FKDUDWBEWHROWRWILFNC(
FKDUDFWHULVWLFV RI GRXJK DQG WR GHWHIPFPUWHFR®KHVR]
DGGLWLRQ ZKLFK ZLOO JLYH WKH DGHTXDWH GRXJK UKHR
KHOSIXO IRU ERWK EDNHU\ SURFHYWRR VSDRGL B\N VDK
HQULEKHGG SURGXFWY DQG WR GHYHORS QRYHO SURGXF\
SRPDFH

ODWHULDOVY DQG PHWKRGYV
%DVLF PDWHULDOV

7TKH UHILQHG ZKHDW IORXU 5:) RI W\SH KDUYF
'LIQJ 6 5/ %UXVWXUL 1HDPW S5RPDQLD DQG WKH JUDS
SRPDFH IURP WKH YLWLFXOWXUH FHQWHU -DULVWHD 2G
IURP GULHG SRPDFH WKH PDQXDOO\ PHWKRG ZDWRPSSOLH
VHHGYV JULQGLQJ LQ D GRPHVWLF EOHQGHU DQG VLHYLQ
$6 EDVLF +DDQ *HUPDQ\ WR REWDLQ WKUHRPGLIIHUH
PHGLXPPP!O PP DQG VPDOO IUDAPWLRQV 6
7KH JUMHSSV S\ UHVHQWHG WKH IROORZLQJ DQDO\WLFDO
65 (1 ,62 IDW FRQWHQW 65 (1 ,62
65 (1 ,62 DQG DVK FRQWHQW 65 ,62
ZDGHWHUPLQHG E\ 1HDU ,QIUDUHG 5HIOHFWDQFH 6S
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JJIJ)RRG 7THFKQRDRJ\

7KH IORXU VDPSOHV ZHUH IRUPXODWHG IURP 5:) DQG G
IRU HDFK RI WKH WKUHH SDUWLFOH VL]HV / 0 6 7KH FR
*6)

SK\VLFFRPLFDO DQDO\VLYV

7KH FRPSRVLWH FERRUNDSK AKUIFRDFWHULVWLFV ZHUH GH
, QWHUQDWLRQDO &HUHDO &KHPLVWU\ PHWKRGV 7KH PRL

,&& PHWKRGYV WKH DVK FROQWHQW WRFRSGR W B VDR F,RG@
XVLQJ WKH ,&& PHWKRG DQG WKH IDOOLQJ QXPEHU
PHWKRG

5KHRORJLFDO SURSHUWLHYV RI ZKHDW GRXJK

'RXJK IHUPHQWDWLRQRXDU UKWHWHRORMLFYO FKDUDFWHULVW
ZWH DVVHVVHG E\ XVLQJ WKH &KRSLQ 5KHRIHURBQWRPH\
*DUHQQH &HGH[ )UDQFH OL[LQJ ZDV SHUIRUPHG LQ D %

R& IURP J IORXU EOHQG J FRPSUHVVHG \HDVW J
)DWQRIJUDSK ZDWHU DEVRUSWLRQ 7R&d IBGRXJK XQGEHWZ DV W
F\OLQGULFDO ZHLJKW FRQVWUDLQW 7KH IHUPHQWDWLF
GHWHUPLQHG IRU WKH IRUPXODWHG VDPSOHVY 7DEOH \
+P PD[LPXP KHLIJKW RI JDVHRXV SURGXFWLRQ + P WRW
9w DQG JDV UHWHQWLRQ FRHIILFLHQW 5F

"\QDPLF UKHRORJLFDO'RPHIK X&HPBHRMWFDO UKHRORJLFDO
DFKLHYHG XVLQJ 0%56 UHKOHER\PBHWORMW XKKHH UHRIPD Q. HT XL
WLWDQLXP SDUDOOHO SODWH JHRPHWU\ GLDPHWHU PP
DW RSWLPXP FRQVLVWHQF\ ZDV SUHYLRXVO\ HVWDEOLVK
WKH ZDWHU DEVRUSWLRQHYID&XH IIFRWPNHDPBK ER® SRKHW DP
EHWZHHQ WKH SDUDOOHO SODWHY DW PP JDS DQG WKH
YDVHOLQH ZDV VSUHDG WR WKH H[SRVHG GRXJK VLGH
PHDVXUHPHQW $ SHULEBWAHHRLORIWHNWVEDY HVWDEOLYV
EHIRUH WHVW WR DOORZ UHOD[DWLRQ DQG VWDELOL]H
SHUIRUPHG W %HIRUH WR SHUIRUP WKH IUHTXHQF\ VZH}
UHJLRQ RI WKH VD?PKBE EDVHO/VWQ B'OKH VWUDLQ VZHHS W

WR 3D DW FRQVWDQW RVFLOODWLRQ IUHTXHQF\
FRQGXFWHG LQ WKH RVFLOODWLRQ IUHTXHQF\ RI WR
UKHRORJLFZOVEHKDOXPWHG E\ WKHTVWRUWXH CPRGK®RG X
(T ORVV WDQJHQW (T DQG FRPSOH[ VKHDU PRGXOX
> @

*

F G

*

v
J
Y ve
J

ZKHUHVIFRQVWDQW VKINM BRQVWDWQW MKXKHDU VWUDLQ DQG
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([SHULPHQWDO GHVLJQ DQG VWDWLVWLFDO DQDO\VLV

7TKH FRPELQDWLRQ HIIHFWV RI WZR IDFWRUV DGGLWLR
DQG SDBIWPRFOHWYL OHYHOV [/ 0 6 IRU WKH *6) RQ
FKDUDFWHPULVWLBW DG 5WKH G\QDPLF UKHRORJLFDO FK
* WDQ / RI WKH FRPSRVLWH IORXU GRXJK DV UHVSRQVHYV
PHWRAEBJ\ 560 E\ PHDQV RI JHQHUDO IDFWRULDO GHVLJQ
DQG FRGHG IDFWRUYV YDOXHV ZKLFK OHG WR UXQV RI HJ

7DEOH
&RGHG DQG UHDO YDOXHV RI IRUPXODWLRQV IDF\

&RGHG YDOXH 5HDO YDOXHV
*6)

5XQ

$ % SDUWLFOH |VL]H P

7R WKH HVWDEOLVKHG SUHGLFWLYH PRGHOV IRU UKHRC
IRUFKDUHVSRQVH YDULDEOH ZHUH ILWWHG WR SRO\QRPLD

<k ET;, ET; ET1, E 1, E 1;1

ZKHUH < LV WKH UKV ERD ¥HEDIQUA BEBHUHEVVLRQ FRHIILFL
LQWFHISW OLQHDU TXDGUDWLF DQG L @\ GUIDFIMLSRH®D GIHIGI
YDULDEOHV DGGLWLRQ OHYHO DQG SDUWLFOH VL]H RI JU

7KH PXOWLSOH OLQHDU UHJUHVVLRQ DQDO\VLV ZDV DS
UHVSRQVOGHDR TXDGUDWLF DQG FXELF PRGHOV DQG WKH
FKRVHQ WKURXJW HAHT X ARKMLIDFL HQ VBV BIGGIKW W bl BL DRIV LIRK
GHWHUPSQBWLRDG VLIQLILFDQW SUREDE L OY.IMAIHG/L WQ MRIUVG
PRGHO IRU HDFK UHVSRQVH WKH H[SHULPHQWDO DQG SU
WHS W $QDO\VLV RI YDULDQFH $129% ZDV FDUULHG R
VLIJQLILFDQFH RI WKH FRHIILFLHQWNOL Q@ HVISRKQ \PHR G/HXQ | DV
JHQHUDWHY VKRZLQJ WKH FRPELQHG HIIHFW RI WKH IDFW
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*6) RQ WKH UHVSRQVH YDULDEOHVY GRXJK UKHRORJLFDO
G\QDPLF UKHRORJLFDO FKDUDFWHULVWLFV

6WCDMN 'HVI[[ISHUW VRIWZDUH WULDO YHUVLRQ ZDV
H[SHULPHQWDO GHVLJQ WKH PRGHO DGHTXDF\ WHVWLQJ
RSWLPXP OHYHO RI IRUPXODWLRQ IDFWRUV ILQBWRUYV,Q R
OHYHO DQG SDUWLFOH VL]H IRU WKH *6) DGGHG LQ 5:) WK
WR SUHGLFWLYH PRGHOV ILWWHG )RU WKH RSWLPL]DWLF
DQ LQGLYLGXDO GHYZKDEYH GRW S ULY HBNR@CCGBMVHDUFKHU
ZKHQ EXLOGLQJ WKH RSWLPL]DWLRQ SURFHGXUH IRU HDF
IXQFWLRQV DUH WKHQ FRPELQHG LQWR D VLQJOH FRPSR
IXQFWLRQ ' FRPSXWHGDOHVRW KK BIHRPGIW U GX P & LHAVAKU D E L ¢
YDULHV IURP WR > @ )RU WKH QXPHULFDO RSWLPL]DV
VHHGV IORXU DV IDFWRU PD[LPXP IRU GRXJK PD[LPXP
FRHIILFLHQW PLQLUPYIPVARY I FRP® QG ORVV WDQJHQW DV L

7TKH VWDWLVWLFDO DQDO\WVLV FRKIHB DR URHKDRIDW W/ G UIE
SHUIRUPHG E\ XVLQJ 6366 VRIWZDUH YHUVLRQ DQG
YDOXH ZLWK WKHDWIYRQGDHWE BXKOWLYDBRBEWRAXD@DLGSOM V
FRPSDULVRQV ZLWK 7XNH\ WHVW DW D FRQILGHQFH OH
GLIITIHUHQFH 2EVHUYHG IDFWRUV ZHUH DGGLWLRQ OHYHO

5HVXOWY DQG GLVFXVVLRQ
SK\VRFKHPLFDO FKDUDFWHULVWLFYV

7KH VL]H UHGXFWLRQ RI *6) KDV D VLJQEKHBDLFWOLQ
FKDUDFWHULVWLFV RI WKH FRPSRVLWH IORXUV 7DEOH
VLIQLILFDQW®\ GLDIHRIHRYWKH WP SQOHWWHQW DGGLWLRQ
DQG SDUWLFOH VL]HV 7KH PRLVWXUH OHYHO GHFUHDVHC
DQG LOQFUHDVHG ZLWK WKH GHFUHDVH RI WKH SDUWLFOH
GHFUHDVLQJ WUH@R® WIHWY WHZR MIKWWKHH E]JH UHGXFWLRQ K
DQG EDUOH\ IORXUYV > @ 7KH DVK FRQWHQW LQFUHDVH Z
SDUWLFOH VL]H GHFUHDVH FDQ EH UHODWHG WR WKH P
GLIITHVYBQFHEHLQJ REVHUYHG DPRQJ DOO WKH DQDO\JHG \

$Q LQFUHDVH RI WKH SURWHLQ FRQWHQW RI WKH VDP
LQFUHDVH RI WKH DGGLWLRQ OHYHO DQG WKH SDUWLFOH
RI *63 @ ZKLFK LV VXEVWDQWLDOO\ LQIOXHQFHG E\ WKH
FRPSRVLWH IORXU ZLWK VPDOO SDUWLFOH VL]H 6 FRXOC
ULFKHU LQ SURWHLQYV ZHUH EURNHQ LOWRH BDGAGW KIDQ WK
ZLWK WKH SDUWLFOH VL]H GHFUHDVH KDV EHHQ UHSRUWE&G

7KH IDOOLQJ QXPEHU YDOXP\QDVRUB FRVQL YLK\H B O 8WKTH F
> @ 7KHDGGLWLRQ RI *6) GHFUHDVHG WKHR@DPWWOWRQ Z R XP}
PHDQV DQ LQFUHDWVPAHORIVWKCHFWOBKW\ DV D UHVXOW RI WK
LQGXFHG E\ *6) ZKUWWFKFKV>PLQ@EUDW LV DRIV MW KVW PEISK
HQJ\PH ZKLFK GHSHQGYVY RQ WKH SUHWVQFROMFXIOWDE U R @
> @
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7DEOH
,QIOXHQFH RI WKH IRUPXODW LRRH PRLFWEA LK RQDW WH SLIKX WILLH
RI WKH FRPSRVLWH IORXUV

DFWRU ORLVWXUH $VK SURWHLQ)DOOLQJ QXPEHU
*6) 3DUWLKROH VL]H \%
| “ | “ | “ I
/ “ E “ E “ E “ F
0 “ E “ E “ E “ F
6 “ E “ E “ E “ F
/ “ F “ F “ F “ Ef
0 “ F “ F “ F “ Ef
6 “ F “ F “ F “ Ef
/ “ G “ G u G “ =]
0 “ G “ G u G “ =]
6 “ G “ G “ G “ Ef
/ “ H “ H “ H “ E
0 “ H “ H “ H “ E
6 “ H “ H “ H “ E
*6) SDUWLFOH VLIHVP/DBIH XP! P1!O P DQG 6PDOO IUDF

P 7KH UHVXOWY DUH H[SUHVVHG DV PHDQ YDOXHV RI WULSOL
IROORZHG E\ GLIITHUHQMWQ WXEHWFFRH FWORPQ *6) DOMHYHOV LI
WKHUH DUH VLIJQLILFDQWO\ GLIIFBUHQW [DRBRWIKGH QIDWIR D &GN W\
Rl *6) DQG GLIIHUHQW SDUWLFOH VL]HV / 0 DQG 6 PHBQV LQ \
ZHUH VLIQLILFDRQWO\ GLITHUHQW

+LJK DDBWIDVH DFWLYLW\ OHDGV WR DQ LPSURYHG EUH
DQG WH[WXUH > @ 6LIDLILFROWIGHLIIBOBQGBHVQXPEHU Y
REVHUYHG EHWZHHQ WKH FRQWURO DQG DO® IVQ® SIDHY [
RWKHUV 6LPLODU UHVXOWY ZHUH REWDLQHG ZKHQ ZKHD
IURP WZR YDULHWLHY DW GLIIHUHQWSOHY HQ W:X H@ D 6IQILC;
QXPEHU YDOXHV ZHUH DOVR REWDQ®& HA JHH W@ E H® QWK b ROI
DQG PHGLXP 0 SDUWLFOH VL]JH UHVSHFWLYHO\ 7DEOH

(IMTHFWV Rl *6) DGGLWLRQ OHYHO DQG SDUWLFOH VL]H RC

$V VKRZQ LQ 7DEOH WKH TXDGUDWLF PR G3DOWDDNR URW &
GRXJK PD[LPXP KHLJKW +P DV D IXQFWLBQ'IROXWMKH IRUP
FRQILUPLQJ WKH DGHTXDF\ RI WKH PRGHO 7KH OLQHDU FR}
D VLJQLILFDQW QHJDWLYH L @IOQHHIF AV R Q PWRK HS BRJ WZKALGDHH W
SRVLWLYH HIIHFW +P ZDV S/LJQ L ALADK WE\H FIRUW H 0 D FWHLCR Q
DGGLWLRQ OHYHO LQ 5:) DQG SDUWLFOH VL]H 7KH HIIHFW
VHHQ LQDLIRGHFDWLQJ DQ LQFUHDVH LQ +P ZLWK SDUWLFC
Rl *6) DGGLWLRQ OHYHO LQGLFDWHG WKDW WKH +P Rl WKH
*6) DGGLWLRQ OHYHO LQ 5:) 7KLV GHF QH®MHX LR BHDNWWU
DQ DGGLWURGWH@RMRXU > @ 7KH KLJK OHYHO RI *6) DG
LQWURGXFH SK\WLFDO LQWHUUXSWLRQ ZKLFK FDQ FDXVH C
JDV UHVXOWHG IURP WKHWKUYPMH.EW BWWR G FSURFH \RY D QGV W
VXVWDLQ WKH PDFURVWUXFWXUH RI WKH SURRIHG GRXJK
H[SHFWHG ZKHQ WKH JDV UHWHQWLRQ LV QRW HIILFLHQW
DQG WKH ) HOW HOV KLJKHU WKDQ WKH RQH Rl SDUWLFOH
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7DEOH
(I"THFWV RI IRUPXODWLRQ IDFWRUV H[SUHVVHG DV WKHLU FRUL
PRGHOV IRU GRXJK IHUPHQWDWLRQ FKDUDFWHULVWLFV DQG (

&KDUDFWHULVWLFV

)DFW R|UV 5KHRIHUPHQWRPHWHU '\QDPLF UKHRORJLUFDO

+P + P oW [ 5F | * * * woQ
PP PP P/ 3D 3D 3D
&RQVWDQ

C:¢t
$YDOXH

s S S

E$ JUDSH VHHGYV IORXU OHYHO D% GWIES HQV HKIGNHI @ RPR DY/% DO RXLEB O
$GHM DUH PHDVXUHYV +Pl BREHIO ADW. P XP PKADJKRKP KHLJKW RI JDV\
SURGXPWMRRWDO FDUERQ GLR[L6H RO XPM QR GREG WRRRDID JFH H
PRGXOXWLVFREX®XWRPSOH[ RRIBXODRWY WDQJHQW

7KH PD[LPXP KHLJKW RI JDVHRXV SURGXFWLRQ + P D F
SURFHVV ZDV VLJQLILFDQWO\ S LQIOXHQFHG E\ WKH
LQ 5:) 7DEQKH DRGEH! YDOXHV VKRZHG WKDW WKH T
PRGHO ILWWHG WR WKH H[SHULPHQWDO BMDOXMV RI + PKFK
OLQHDU WHUP RI *6) OHYHO SDUWLFOH @LIHFDQ® WKIH F\Y VR
7KH DGGLWLRQ OHYHO KDV D QHJDWLYH HIIHFW RQ + P Z|
QHJDWLYH HIIHFW RQ + P FDQ EH G XN WHRQWPKOHV G LY UXBRV IWKJ
IORXU ZKLFK UHVWBHPWYV WV@RGH[BDBRHVLIDY SDUWLFXODU G
SRZHU Rl GRXJK 7KH HIIHFW RI *6) OHYHO DQG SDUWLFOH
JLJXUH E S5HVSRQVH VXUIDFH SORW VKRZHG WKDW DQ LQF
WKB[RPXP KHLJKW RI JDVHRXV SURGXFWLRQ 7KH + P ZDV |
7KH KLJK OHYHO RI *6) GRHV QRW DOORZ WKH LQFUHDV
IHUPHQWDWLRQ

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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+P
+P

D E

J)LIXUH 5HVSRQVH VXUIDFH SORW VKRZLQJ WKH FRPELQHG
OHYHO DQG SDUWLFOH VL]H RI *3) RQ D GRXJK PD[LPXF
E PD[LPXP KHLJKW RI JDVHRXV SURGXFWLRQ +

7KH IDFWRUV *6) DGGLWLRQ OHYHO LQ 5:) DQG WKH SDU\
YROXPH SURGXFWLRQS 9W VIZDEHOHFDDMBOMRIR LQWHUDFWL
UHJUHVVLRQ PRGHO IRU 9W ¥ KRZHGIDODUJ Q/IH U PDRYW 65 | OHHFW
WKH OLQHDU WHUP RV BDQUMBFDGWILKH BRY9®RIHVXOWYV VKF
WKH UHJUHVVLRQ PRGHO REWDLQHGE ZD®XHQRD G H T XEB\W HICH J|
HIIHFW RI *6) DG G LADIQR DHOWNBIDWRG OWR WKH GLVUXSWLRQ
*6) DUH LQFRUSRUDWHG LQ GRXJK PDWUL[ $W WKH ODUJH
LQFUHDVHG EXW WKH SDUWLFOH VL]H HIITHFW ZBY ORZHU
7KLV HIIHFW FDQ EH H[SODLQHG E\ WKH ELRDFWLYH FRPS
DFWLYLW\ KDYLQJ DQ BVURBYEWWDRQH ITHKHWHRE F&2 R1 *6) OH
DGGHG LQ 5:) RQ 9W LV VKRZQ LQ )LJXWDH QBIG7¥KKRZHGS W@
LQFUHDVH Rl *6) OHYHO GHFUHDVHG 9W SDUDPHWHU

9W
5F

D E
J)LIXUH 5HVSRQVH VXUIDFH SORW VKR¥ZH HWGEW IFORRPEL Q'8 G

OHYHO DQG SDUWLFOH VL]H RI *3) RQ D WRWDO FDUERQ GLR]
UHWHQWLRQ FRHIILFLHQW 65F
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7KH JDV UHWHQWLRQ FRHIILFLHQW 5F GHILQHG DV Wk
JDVHRXV URQHQVH SDMW AQIOXHQFHG E\ WKH OHYHO RI *6
7KH KLJK BDOXHIRIGLFDWHY WKDW WKH TXDGUDWLF PRGF
5F XVLQJ WKH VLJQLILFDQW IDFWRUV VKRZQ LQ 7DEOH

5F ZKLOH WKH SDUWILBQHISEDIQ WDSOYRQWKH TXDGUDWLF
DGGLWLRQ OHYHO ZDV IRXQG WR KDYH D VLJQLILFDQW QF
VKRZLQJ WKH HIIHFW RI *6) OHYHO DQGGLSDUWKBEOHE/ L$M R
EH VHHQ WKH 5F VLIJQLILFDQWO\ GHFUHDVHG DV WKH *6)
LV SUREDEO\ GXH WR WKH LQFUHDVH Rl WKH RVPRWLF SU
DQ LQKLELWRU\ HITHFW R QQ VDIGHG LMDL\RW) P\W WHD EE R @/LHAPD F W L F
WKH IUDFWLRQ IURP *6) HVSHFLDOO\ ILEURXV PD\ SUHYI
SURRILQJ )XUWKHUPRUH ILEHUV FDQ FDXVH D EUHDNGR:
SRLQWV Rl ZHMNWKMWHEIEWMKGLQJ GRXJK FHOO ZDOOV > @

(IMTHFWV Rl *6) DGGLWLRQ OHYHO DQG SDUWLFOH VL]
FKDUDFWHULVWLFV

7KH HIIHFW Rl *6) DGGLWLRQ OHYHO DQG SDUWLFOH VL]
WKURXJK RVFLEOPBDGWMRY\ BHPMRYXULQJ WKH % WARII DH b HRQUN F
UHVLVWDQFH WR WKH UXSWXUH E\ WKH DFWLRQ RI VWUH
DVVHVVHG *6) DGGLWLRQ OHY HOWKKDWRXLXQW KH QW HDIUH S |
7KH HITHAW BIG LW L RQ ZDH/Y FIROX RENV MKIHF YHED WLYH OLQHDU \
VL]H 7DEOH 7KH LQWHUDFWLRQ EHWZHHQSERWK IDFW]
HITHFWPR@GXOXV 7KH UHJUHVVLRQ P R®HOO U H WX\CH/BV WRR G/R K|
PRGXOXV VKRZHG KLJKHU FRHBILFLHQ WY R D GXM HRIAL QD W |
VLIJQLIBFDQW7KH HIITHFWV Rl WKH DGGLWLRQ UM VKRZDOLE
JLIXUH D 5HVSRQVH VXUID@H. GPRMD WK RRZIHG )WEIDYWHO D
LQFUMDRRGEXXMHVLQFUHDVH FRXOG EH H[SODLQHG E\ WKH *
LQ GRXJK DV ILOOHU WKDW UHLQIRUFHV WKH JOXWHQ DQC
6LPLODU UHVXOWYV 6ZN DK DRDMNDILYKGDE) BMHD® FRR@ RRL\
GRXJK

(a) (a)
™ ™
* *
D E

J)LIXUH 5HVSRQVH VXUIDFH SORW VKRZLQJ WKH FRPELQHG
OHYHO DQG SDUWLFOH VL]H RI *3) RQ D VWRUDJH PRGXOXYV
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7KH YLVFRXV* PRZ®BXOXYIOXHQFHG E\ WKH SUHVHQFH RI
VL]HV DGGHG LQ 5:) ZKLFK KDG BIMLAWLAEDOBRVLWLYHO
LQIOXHQFHG E\ WKH DGGLWLRQ OHYHO DQG QHJDWLYHO
EHWZHHQ WKHP 7KH TXDGUDWLF *U HOUH \FDIVRHYY PKR.G K OF RE
FRHIILFLHQW VW DVBL VW L FUDKPANGHA V& DOV ML K DD W RIBM O L\
RQH $V LW FDQ EH VHHQ LQ )LJXUH E WKH UHNSRQKH V>
OHYHO RI *6) DGGHG LQ 5:) LQFUHDVHG 7KHVH YDULDWLR
RI OLSLG SURWHQ®@ VIREHW FRY WHHEXHORXU VKDSH DQG
ZKHDW IORXU > @ 7KH SQRSRDWH RQWRLWKHRDGGLWLRQ
WR WKH GLITHUHQW VROXEOH DQG LQVROXEOH IUDFWLRQ"
WK KLJKHU DPRXQW RI ILEHUV IURP *6) > @ ZKLFK OHDGV
PRGX®XYDOXHV DUH VPDOOHU WKDQ WKR®EB8LREDWK®JHDDI
FRPSRVLWH IORXUV IRUPXODWLRQV KDYH D EURFIGS TXRMDIL
YROXPH > @

7KH FRPSOH[ PRGXWOPVIRRG LQGLFDWRU RI WRWDO UH
GRXJK ZDV VLIJQLILFDQWO\HB\QWEXHQRMBO DQG SDUWLFOF
LQ 5:) 7KH $129$ UHVXOWV VKRZHB KDIGD W WKIK LD GFEDL QWU
LQIOXBQFH RQ EXW WKH SDUWLFOH VL]H DQG WKH LQW
QHJDWLYH RQH7DEOH 7KH TXDGUDWLF PRGHO LV VWDW
DQG WKH YDOXH RI W KLHF IGBHW\H U PILQ® MFIDRADH & FRM KADKAH RADFOW D
YDULDWLRQV LQ WKH UHVSRQVH LV QRW H[SODLQHG E\ W
JLJXUH D *6) DGGLWLRQ OHYHO LQFUHDVH DQG SDUWLF
*  VKRZLQIFLDGDVH RI GRXJK FRQVLVWHQF\ SUREDEO\ DV
FDSDFLW\ 7KH DPRXQW RI LQVROXEOH ILEHUV IURP *6)
EHFDXVH WKH DGGLWLRQ RI ILEHUV LQ GRXJK PDNHV KL
URIWHG E\ $KPHG > @ ZKRKH YIDOOFD\@ HIBGGRWIR @LW

3D

WDQ

D E

J)LIXUH 5HVSRQVH VXUIDFH SORW VKRZLQJ WKH FRPELQHG |
OHYHO DQG SDUWLFORFEUHRPRH XXV D* FDQG B ORVV WD

7KH ORVV WDQJHQWDRUQSKDK HR Q@ QUIOHH SKDVH VKLIW EH\
VWUDLQ LQ RVFLOODWLRQ 7KLV FKDUDFWHULVWLFV GHYV
SURSHUMWH. WPDODWHWLDO DW IUHTXHQFSRI +]L @ DOVX M QFHLA L
*6) OHYHO DGGHG LQ 5:) EXW WKH OLQHDU FRHIILFLHQW
RQ WOQ@EOH 7KH UHVSRQVH VXUIDFH SORWW KIHI XWRHV [EC
UHVLVWDQFH WR GHIRUPDWLRQ RI GRXJK ZLWK *6) OHYHC

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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GXH WR WKH KLJK F®B{WH/GW FRID O @GHEWHY IRAKLE®&HY XEVW LW
NQRZLQJ WKDW WKH GRXJK ZLWK |LEWXUHQWKPKQP WRW ZKRUI
> @ ,QVROXEOH ILEHU FRPSRXQGV RI *6) FDQ LQWHUDFW
ERQGV ULVLQJ GRXJK VWLIIQHVV RU DFWLQJ DV ILOOHU L

2SWLPDO SDUWLFOH VL]H DQG JUMSHHVH@IIEE ZEROW DGR X

7KH RSWLPL]DWLRQ ZDV EDVHG RQ WKH PRGHOV ILWWH
E\ DSSO\LQJ WKH GHVLUDELOLW\ IXQFWLRQ ,Q RUGHU WR
FRPSRVLWH IORXU GRXJK ZLWK S®UWLFOGWV EHFRHORREIRGLIMKH L
HVVHQWLDO ,Q RUGHU WR SHUIRUP VLPXOWDQHRXVO\ F
FRQVWUDLQV VXFK DV 9W DQG 5F ZHUH GHVLUHG PD[LPDC
PLQLPXP 7KH UHVXOWV IRU WKH RSWLKXIWU]DBDVRIG WRHY B D
FRQWDLQLQJ RAP*BDBWLFOH VL]H FRXOG EH D JRRG R
JUDSHZKHHHD® FRPSRVLWH IORXU EUHDG TXDOLW\ 7KH LQ
FRPSRQHQWVY FDQ FKDQJH KLV FKDUDG W RWIDIQAM DGR G
VPDOOHU *6) TXDQWLW\ DQG VPDOOHU SDUWLFOH VL]H
GHVLUDELOLW\ UDPS GHYHORSHG IRU WKH RSWLPL]HG FR
RYHUDOO GHVLUDELOLW)\ YDOXH RI

6) 3DUWLFOH VL]H P
9w P/ 5F

+P PP + P PP

* 3D -~ * 3D - * 3D WDQ /

J)LIXUH '"HVLUDELOLW\ UDPS IRU RSWLPL]DWLRQ

8QGHU WKHDIF RSQW G SDUWLFOH VL]IH RI JUDSH VH
ZKHDW IORXU WKH YDOXHV SUHGLFWHG IRUQMIDAKLR®V
FKDUDFWHULVWLFV DQG G\QDPLF UKHRORJLFBERXXKRSHU
PD[LPXP KHR IKIW PP PD[LPXP KHLJKW RI JDVHRXV SUR!
PP WRWDO FDUERQ GLR[LGH YROXPH SURGXFWIFRG® QW R
5F RI HODVWLRIPRGXG@RV YLVFRXV PRGXOX\WBD* R
FRPSOH[ PRGKIOXV 3D DQG ORVV WDQJHQW WDQ / RI

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F



JJIJ)RRG 7THFKQRDRJ\
ORGHO YDOLGDWLRQ

7TKH REWDLQHG PRGHOV RI GRXJX DHWGEP B&QOMOAL ERQDK ARD
SURSHUWLHYV ZHUH YHULILHG E\ FRPSDULQJ WKH SUHGLF
GDWD REWDLQHG DW WKH RSWLPDO YDOXH RI IDFWRUV W
VLIH VPDOO IRU HDFK UHWX®RQ WK KN VRSG/LLHE]BRQRQ P2AD W
EHLQJ FORVH WR WKH SUHGLFWHG YDOXHYVY 7DEOH

7DEOH
SUHGLFAMUMXSHULPHQWDO YDOXHY DW WKH RSWLPDO DPRXQW I
IORXU DGGLWLRQ LQ UHILQHG ZKHDW IORXU

9DOXHV
3UHGEFWH ([SHULPHQWDOG6( OHDQ

SDUDPHWHUYV

+P PP

+ P PP

IW_ P/

5F

* 3D

* 3D

* 3D

WDQ

$vV LW FDQ EH VHHQ IURP 7DEOH HISHULPHQWDOO\ Wk
FKDUDFWHULVWLFVY DUH LQ JRRG DJUHHPHQW ZLWK WKH
UHVXOW

&RQFOXVLRQ

7KH SKWKHRLFDO FKDUDFWHULVWLFV RI WKH UHILQHG
DGGLWLRQ RI *6) DW GLIIHUHQW OHYHOV DQG SDUWLFOH
FRQWHQWY DQ®PADIKHU DDFANSIKYL WLHYV IRXQG LQGNWHR FRF
LPSURYHG FKHPLFDO FKDUDFWHULVWLFV RI EUHDG

5HVSRQVH VXUIDFH PHWKRGRORJ\ UHSUHVHQWY DQ DC
UHPDUNHG LQ WKH FRPSRVLWH IORXU GRXJK DV ZHOO DV
DQG SDUWLFOH ¥D]WHICQRQKWHUHFHSHZKHDW IORXU

7KLV VWXG\ KLIJKOLJKWHG WKDW WKH VPDOO SDUWLFO
UHILQHG ZKHDW IORXU FRXOG EH XYHKIBDW) FRRPGHRY W\RH R BV
WKH EHVW GRXJK UKHRORVWKEQ WU RS HUQHHE H GX WA KHHYLD
DFFHSWDQFH RI WKLY QRYHO SURGXFW

$FNQRZOHGJHANWQMRUN ZDV VXSSRUWHG E\ D

5RPDQLDQ 1DWLRQDO $XWKRULW\ IRU 6FLHQW

&1&6 &&&*+,8(),6&', SURMHFW ,QXPE®WY 31
ZLWKLQ 31&", ,,,

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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5HIHUHQFHYV

4XLOHV $ &DPSEHOO *0 G6WUXFN 6 B5RKP + +HUQDQ

SRPDFH $ UHYLHZ RI DSEDVHDBWLRRR& EXHEHWZEND OQWH U QL
SS+

ASRULQ OOMBYEH.RYDp % ORALQD 6 6 4XDOLW\ FKDU

GRXJK DQG EUHDG FRQWDLQLRR G UBSLH GRP DIFGIG | GRKK

,QWHUQDWLRQB®O

OHUDO 5 'R+DQ , 6 *UDSH VHHG DVLD IEXMNFMQ@RQDO
,QWHUQDWLRQDO -RXUQDO RI )RRES&FLHQFHV DQG 1XWUL
%RXGRYi 3HPLYRYi 3 .UipPDU 6 .XEi 9 OOpPHN - -XUtNTF

Rl $GGLWLRQ RI *UDSH 6HHG )ORXU RQ &KHW LFFID®U H B W X
'RXJRLWWHLOXQJHQ .ORS®WHUQHXEXUJ

%UHQHV $ 9LYHURV $ &KDPRUUR 6 $ULIMIX JUDSH E8V
SURGXFWV LQ PRQRJDVWSQLP Q& W H & L6FFQ H § FHH DIQBE 7 H F K ¢
+

*XEVN\ /OED]JRY 0 6DPRNKYDORYD 2 *UHYWVHYD 1
2SWLPL]JDWLRQ RI H{WUDFWLRQ SDUDPHWHUV RI SKHQRO
IORXU E\ UHVSRQVH VENUDAH PBI® KRB OM¥BY QD O

,XJD 0 5RSELMREHDVD 6 $QWLR[LGDQW DFWLYLW\
RI JUDSH VHHGVY DQG SHHO V)RRRP DER® DQY DIQRQPHICHW B B W
SS =

OLURQHDVD $DORUL]DWLRQ RI VHFRQGDU\ SUBEBBOWVFDR |

3XEOLVKLQJ +RXVH ,DVL 5RPDQLD

5RFNHQEDFK ,, -XQJIHU BFKiEMO®HY &7KEDIOWLB IR HWW
&KDUDFWHUL]DRWMLMR QORV HOIBYDR JUDSH SRPOFH E\ &(

DQG (&,)7,&96 )RRG 5HVEDHEQDWLR GBSO

.DUDPDQ 6 .DUDVX 6 7RUQ@XN\D)8 7&DNHALR B <@HFDQ 1
5HFRYHU\ SRWHQWLDO RI FROG SUHVV E\SURGXFWYV

SK\WLFRFKHPLFDO ELRDFWLYH -RRGQODOWRIB DU BDCD)BBE |

&KHPLVWU\ SS +

=KRX 7 /L4 =KDQJ - %DL <,FDKDLRQ* DQG FKXUDRFWHUL]

6 JOREXH)SURWHLQ IURP JUD S HX 9R SH.IV QY ). ROR GH BHDVH D V1

7HFKQRORJSS +

,XJD 0 &RGLQ ** OLURQHDVD 6 2URLDQ 0 $PLQ

VHHG DQG SHHOV IURP JWDKS HQS\RPDFBWLR QDO 6\PSRVLXP

OLOOHQQLXP $8@XBERMIXUFRPDQLD *6H SWH® EWGRN LR

DEV WU DSV

7VHQJ $ =KDR < 'LQH JUDSH SRPDFH DV DQWLRII

QXWULWLRQDO YDOXH DQG LPSURYLQJ \)RRG DEEKLFOFLIW\WRJI\
SS

$PDULHL 6 1RGREBHO*XWW * (IIHFW R1 JUDSH VHHG

RI VXPPHU-RXORPIO RI )RRG 3URFHVVLQJ BGGHBUHVHUYDW

$NVR\OX = dD+LQGL g .|VH ( (ITHFWV RI EOXHEHU L

VHHG LQBPWUBR RQ SK\WLFRFKHPLFDO DQ®RXYWQN®WRI SBRE

4XDOLW\SS *

OLURQHDVD 6 &RGLQ * * OLURQHDVD &JUDSH V2SWGP

FRPSRVLWH IORXU WR\QPSHRYFAWDR®ISWD D Q& HERX1IRKR WK F

,QWHUQDWLRQDO -RXUQDO R$3SRRG 3URSHUWLHYV

7LHW]H 6 -HNOH 0 %HFNHU 7 3RVVLELOLWLHV WR

IURP IXQGDPHQWDHQBKHR® RRRG 6FLHQFKS$ 7THFKQRORJ\

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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OLURQBDWRGLQ ** OLURQHDVD & 7KH HIIHFWV R

ZLWK JUDSH VHHG IORXU RQ WKH UKHRORJLFDO SDUDPH

-RXUQDO RI 7TH[WXSBt6WXGLHV

,XJD 0O OLURQHDVD 6 =DKDWRQHDWRSKFLXF 6 (IDHFWV RI .

IORXU DGGLWLRQ RQ ZKHDW [0 R XQWGHRIQIKWLKRHIFOMR 0 X DML |

6FLHQWLILF *HR&RQIHUHQFH 6*(0 6XUYH\LQJ *HRORJ\ P

SS +

,XJD 0 OLURQHDR/®HRVDOB 2VFLOODWRHFRMHRO R.

EHKDYLRXU RZEHUD®HIURNG GRXJK HIIHFW RI JUDSH VHH

DGGLWL®@GHYWDQ RI 8QLYHUVLW\ RI $JULFXOWXUDO 6FL

1DSRFD 6RR®FH DQG 7THFKG@RORJ\

6D@HQHOOD - 05DPRRDARS 6DQ] < +DURV 0 3K\WD

EUBPIQULFKHG EUH®WGREBXEK QUDEMHRE B EDPWH WL LFXOWXUD

&KHPLVWU\ SS =

XBN 0O :\UZLV] - 3LZL VND O :LHU]JELFND $ 7KH |

SDUWLFOH VL]H RQ WKH SK\VLFDO PBRRG HUHFKIDR CRR J 7 KO+

%LRWHFKQRORBR

ODUWtQH] 0 0 'tD] E  *yPH] 0 IHUHQWHFEMFBRR\GWUXFW XU

VROXEOH DQG LQVROXKEHH GIREKUK VUR 6 RITBMV MRIX G EDG RG

JRRG (QJLQHHULRJ

OLURQHDVD 6 ,XJD O =DKDULD ' 'DELMD $ OLURQHDV

VL]HV DDGBELWLRQ OHYHO RI JUDSH VHHGV RQ ZKHDW 10|

,QWHUQDWLRQDO OXOWLGLVFLSOLQDU\ 6FLHQWLILF *HR&

PLQLQJ (FRORJ\ OD®®JIJHPHQW

'KLQJUD ' ORQD O 5DMSXW HHWIDWLOEUR LQ-RRAUBM D Ut

Rl )RRG 6FLHQFH DQGSBHFKQRRJ\

+DGQDGHY 7' 7RUELFD $ +DGQDyHY 0 5KHRORJL

VXEVWLWXWHY DOWHUQDW IBYHRFHEED FRR/GI 8B HIGQE\HO L[R O

7URQVPR .0 ODJQXV (0 %DDUGVHWK 3 6FKRILHOG - '
&RPSDULVRQ RI VPDOO DQG ODUJH GHIRUPDWLRQ U

DQG JEXWHQO &KHPLVI\S#\

.KDWNDU % 6 BFKRILHO®DPLF UKHRORJ\ RI ZKHDW 10

$VVHVVPHQW RI GRXJKPDW UGD IREKWMMWOERIHWEH 6FLHQFH |

$JULFXOWSSH

6NHQGL $ 3DSDJHRUJLRX 0 %EWLRGHUDRRDY PROHENMNE

VL]H DQG OHYHO RQ ZKHDW GRRXIKQUIOHR D RIR 6 D(Q BVSORISHU

+

ODUWtQH] 0 0 'tD] E *yPH] 0 (ITHFW RI GLIITHUHQW

VROXEOH DQG LQVRHKEHH GIRKUK VUR 8 RITBM L QRIX G EDG RG

JRRG (QJLQHHULRJ

OLUVDHHGJKDHMRPKUKD® ORXVDYL 6 0 $ 5KHRPHWU

RI GRXJK UKHRORJLFDO FKDUDFWH,QWMWLEPWLR® DO FVRK

$JULFXOWXUH DQGS#LRORJ\

7XQFLO < ( -RQGBNBH] 0&D VIRKFHQJUED) $ZLND - O 6P

GHIRUPDWLRQ UKHRORJLFDO SURSHUWLHV RI GRXJK DUH

VRGLXP UHGXFWLRQ RIPOIONRRIG WRIUMIFHOD QG 7SIFKQRORJ\

6WHIIH - 5KHRORJLFDO PHWKRGV LQ |RRIGH HRIRF HWWH \H\
OLFKLJDQ 86%
‘X & - +DPDGD 0 6 ([SHULPHQWYV 30DQQLQJ DQD

+RE®RNHHZ -HUVH\ -RKQ :LOH\ 6RQV

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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'UDNRV $ .\ULDNDNLV * (YDJHOLRX 9 3URWRQRWDULR:

,QIOXHQFH RI MHW PLOOLQJ DQG SDUWLFOH VL]H RQ \

PHFKDQLFDO SURSHUWLHVYRRGERKBRL\DBSU\H IORXUV

OLURQHDVD 6 *UDSH VHHGY VWXGLHV DQG UHVHI

5RPDQLD

OLURQHDVD 6 OLURQHDVD & &RGLQ * * (YDOXDW

LQ *UDSH 6HHG DQG 'HIRRINIG(OYD SR GPHIGSSHE DI H W\

'KHQ 1 5RPiQ / %HQ , ODULR 5 ODUWtQH] 0 *DURJF

3DUWLFOH VL]JH GLVWULEXWLRQ RI VR\ IORKIHB | FRDAL/Q J

/:7 )RRG 6FLHQFH 7HFE®RORJ\

.LV]JIRQDV $ 0 (QJOH '$ 3LHUDQWRQL /$ ORUULV &)

)DOOLQJ 1IKPEYODV.H DFWLYLW\ PLOOLQJ FRRNLH DQG V¢

ZKHBRWUHDO &KHPLVS\SU\

6XQGDUUDP $ OXUWK\DPWDVH SURGXFWLRQ DQG DSSOL

-RXUQDO RI $SSOLHG (QYLURQPISWDO OLFURELRORJ\

3 XFHDQ $ O0ODQ 6 0 6RFDFL 6 $ KHDW JHUP EUHD

DV LQIOXHQFHG E\ DGGHG HQ§VPXE L D QSR IDWHURMREIA B WILAL G

&KHPLD  SS#

ORKDPPHG , $KPHG $5 6HQJH % (IIHFWV RI FKLF

SURSHUWLHV DQG EURRG QDN RQ JRX® GEWHQFH DQSS 7HFK
+

6LYDWDRDKQDQ + 3 6HQJH % &KDWWRSDGK\D\ 3 .

ULFH GRXJK IRU P DNR)QUQUDL® HR IE LRSS (QISRHHULQJ

$EHEH : 5RQGD ) 5KHRORJLFDO DQG WH[WXUDO SUI
7URWHU @ J U D-IRX U@mYOU RIHEWUHD O 5L HQF H

%URFNPROH & / =DELN 0 ( ‘KHDW EUDQ DQG PLG
-RXUQDO RI )RRGSG&FkEHQFH

6RQJ < =KHQJ 4 "\QDPLF UKHREBRBRW. ADAXIU R 8N UK
SURWHLH)YGY LQ )RRG 6FLHQFH SA4FKQRORJ\

$KPHG - (IIHFW Rl SDUWLFOH VL] FQG HSHPIS KD DIWRX
EDUQBIOXFDQ FRQFH&QWWUDRKHGIMXKY DQG SR O\PHUV
OLURQHDVD 6 ,XJD 0O =DKDULD ' OLURQHDVD & 5K

GRXJK DV LQIOXHQFHG E\ JUDSH DHHOD GG LGYBRRQ BDOBGHDY
%LRSURFHVV 7THFKGBORJ\

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F



JJIJ)RRG 7THFKQRDRJ\
9LDFKHVODY

$EVWI

2[DQD 5
(XJHQLD &RYDMMIRYQD &DSFRQDWWLQD 3RSRYLFL

+IDWLRQDO 8QLYHUVLWI| RIN)RFNIDHEKQRORJILHYV

17HFKQLFDO 8QLYHUVLWI| RI OROGRYD )DFX

FRQIHFWLRQHU\ SURGXFWV ZLWK 5RVD &DQLC
5HSXEOLF RI OROGRYD

SK\VLFKHPLFDO DQG VHQVRU\ SURSHUWLHYV

9LROLQD 3
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JJIJ)RRG 7THFKQRDRJ\
ODWHULDOV DQG PHWKRGYV
ODWHULDOV

7KH FROOHFWLRQ RI EHUULHV LV D ILUVW VWHS LQ SLU
RXW WKH HVWDERHMKAKGWMRHDBRNVKKLS ZHU H+tKBDU DIPWGW H G
WKHQ VXEMHFWHG WR WKH FRQYHFWLRQ GU\LQJ SURFHVV
ZHUH ILQHO\ JURXQG DQGQH. SRREG KQ WD ® RBPWWWHG ([SH
RIWWLHG URVHKLS IUXLWY DQG SRZGHU XVHG LQ WKH ZRUN

JLIXUH 'ULHG L JLIXUH 5RVH

JXQFWLRQDO SURGXFW SUH%BDPUBWQRQHW HARKR ORI HG
SRZGHU

7TKH IXQFWLRQOFAVER Q GN FBRKRIERXORJ\ KDV D QXPEHU RI IF
VLQJOH VFKHPH WKDW LQFOXGHV WKH IROORZLQJ VWH!
SURGXFWLRQ SUHSDULQJ WKH PL[WXUHV SUHSDU
FRPSRVLWLRWWVLQJIJS@REHRUPLQJ RI FDQGLHYV SDFNDJL
GHYHORSLQJ IXQFWLRQDO FDQG\ SURGXFWLRQ WHFKQROF
SURFHVVLQJ UDZ PDWHWVYKMHGYVSMNERG ¥XHWPY LQ ZKLFK PLQLPI
QXW@WV LVRPDOW GLHWDU\ ILEHUV DQG SURWHLQV DU
PHFKDQLFDO SURERQUWLHE BRQEHRPQLVKHG SURGXFWYV

SK\VIFRHPLFDO PHWKRGV RI DQDO\VLV

'"HWHUPLQDWLRQ RTRANHKWDEB\ORHD W BVWNHUQ V R SSRHAWIBUW RQID W
Rl KHDW XS WR D FRQVWDQW ZHLJKW :HLJKW ORVV FDOF’
FRQWHQW DQG WKHWKHP GLQ LRODOWIWHVUL GX@® 7KH GU\ PDWW
DQDO\|HG VDPSOH LV PIDRZAQDWRIGPXWIDQRJ WKH IR
.k ?k; .
’ :k_?k;®rr
ZKHUHzPDVV RI WKH YLDO ZLWK WKH JODVV URG DQG VDQ
P:PDVV RI WKH YLDO ZLWK WKH JODVV URG DQG VDQG W
P +tWKH PDVV RI WKH YLDO ZLWKHWKHJIOPDIVM URG DQG VDC

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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$QWLR[LGDQW DFWLYLW\ GHWHUPLQHEWHR® DQLWURIQ HR

DQWLR[LGDQW DFWLYLW\ RI WKH OLSRSKLOLF H[WUDFW

VSHFWURSKRWRPHWHUQXQE LHYS BB VR/IH G 33 VXB T OD WWLKRHD | R G&
LE?E @

ZKHUH
$ tDEVRUEDQFH RI WKH '33+ VROXWLRQ DW W Vv
$WDEVRUEDQFH RI WKH '33+ VROXWLRQ DIWHU PLQ
$ ORZHU YDOXH RI $W LQ WKH DQDO\]HG VDPSOH VKR2Z\

'"HWHUPLQDWWR® RO WRB\SKHOQRIOWVPERQWHR® RI WRWD(
FRQWHQW ZDV SHUIRUPHG DFFRUGLQJ WR 6WXU]D RQ
QP XVLQJ D PP TXDUW] FXYHWWH > @ 7KH UHVXOYV
H[SUHVVHG$LQ PJJ RI YHIJHWDO PDWHULDO ZHUH REWDI
FDOLEUDWLRQ FXUYH \ [ 5

'HWHUPLQDWLRQ RI WKH WRWDO FRQWHQW RI DVVLI
FKORURSK\OO E WRWWDOWKNMURBWWGORIPEJTRQVRIQ WI RI DVV
SLJPHQWV ZDV PHDVXUHG WKH DEVRUEDQFH DW ZDYHOH(
IRU FKORURSK\OO E DQG QP IRU WRWDO FDURWHQRLG)\
UHILQHG RLO EODQN 726 IF DGHRWHHOPRLQEH 6 RED WIHKHN IR O O R

@

_:'%O?S;L:StéWH ;;7;5;F:té/{H 8 E&
‘:'%O?S;L:tSé\IH :8;31;F:V\(5H T8

. _.%0?5_ L1544|4|E03'?5316—|Gw?<9?16'|0x;
> 1
_ 5=<

ZKHUH
$ +VROXWLRQ DEVRUEDQFH DW QP
$ +VROXWLRQ DEVRUEDQFH DW QP
$ *VROXWLRQ DEVRUEDQFH DW QP

"HWHUPLQDWLRQ RI ID/YBIER)RGEDWWHFGBWHUPLQDWLRQ F
WLWUDWLRQ IODVNYV PO RI VDPSOH ZDV PL[HG ZPWK PO F

TKHQ GURSV RI DPPRQLXP PRO\EGDWH PO RI + 62 0
SRWDVVLXP LREHBGH DGGHG 7KH REWDLQHG VROXWLRQ ZDV
162 PO XQWLO WKH \HOORZ FRORXU GLVDSSHDUHG 7
1D 6 2 PO XVHG IRU WLWUDWLRQ ZDV UHFRUGHG

. &F& .
616L—84 &rr
ZKHUH
9 *YROXPH RI VRGLXP6WKLRVXOSKIHQONVIIRU WLWUDWLR
VDPSOH LQ WKH SUHVHQFH RI K\GURJHQ SHUR[LGH ZLWKI
9 *YROXPH RI VRGLXPOMKLRVROSKPWHVEHQW IRU WLW
RI WKH VDPSOH LQ WKH SUHVHQFH RI K\GURJHQ SHUR[LG}

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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'HWHUPLQDWLRQ RI DHWG UMDIGMHV LIBQ RI $9 ZDV SHUI
YROXPHWULF PHWKRG DQG WKH UHVXOWV REWDLQHG ZF
HTXDWLRQ > @

| ZokbRekiBE® >pJ 2+ J@

ZKHUH
92+ YROXPH RI WKH SRWDVVLXP K\GUR[LGH >PO@
1, *FRQFHQWUDWLRQ RI WKH SR@WDVVLXP K\GUR[LGH
P+PDVV RI WKH VDPSOH J

*DVWURLQWHVWLQDOKIQ WDWSJIRHE LIHYV MW ARG XKHWE D QIGH
GLVVROYHG LQ PO RI +&@ VROXPWISHE VLY KIBF DGGHG %

WLPH VLPLODU VDPSOHV RI J RI SURGXFWRAKMWURG ZY W
S+ PJ WU\SVLQ zZDV DGGHG 7KH WDPSO&HEY ZHUH
FROQOWLQXRXV VWLUULQJ DW USP IRU PLOQXWHV )UR
WKHUPRVWDW DV ZHOO DV DIWHU PLOQXWHYV PLQXW

ZHUH WDNHQ LQ RUGHU WR VSHFWURSKKRIVRP HDFEWLFD OO \
IUHH UDGLFDO '33+ (DFK DOLTXRW ZDV FHQWULIXJHG IRU
PO HDFK ZDV VXEMHFWHG WR WKH DQDO\VLY 7KH GLUHF\
DFWLYLW\ RI WKH DOLTREWWLRQ PQ®I '3%O \WRI WKH DQDC
LQWURGXFHG $V D UHIHUHQFH VDPSOH PHWKDQRO ZDV X
D GDUN SODFH 'XULQJ WKLV WLPH WKH DEVRUEDQFH ZC
XQL63(&> @

6HQVRWDWLRM IXQFWLRQDO IRRG SURGXFWV ZHUH GH
RI PHPEHUV 7KH\ UDWHG WKH VDPSOHV IRU DSSHDUDQF
E\ XVLQJSRUDYH +tHGRQLF VFDOH DQG UHSUHVHQWLQ
HIWHPHO\ UHWSHFWLYHO\

6WDWLVWLF®DIUDDQPPHVRLYDO\WLY RI WKH UHVXOWYV ZDV
PHWKRG ZLWK DSSOLFDWLRQ RI OLFURVRIW 2IILFH ([FHO
VWDWLVWLFDOO\ VLIQLILFDOMWDIQ SUREDELOL®QOZDW VIR
SHUIRUPHG DW URRP WHPSHUDWXUH “ z2& ([SHULPHQW
VWDQGDUG UXOHYV

5HVXOWY DQG GLVFXVVLRQV
SK\VIFFRHPLFDO DQG DQWLR[LGDQW SURSHUWLHV RI UR

7TKH SK\NKHPOFDOFMKHDULVWLFV RI D SURGXFW KDYH |
HYDOXDWLRQ RI LWV IRRG TXDOLW\ DQG VDIHW\ ,Q WKLV
LQ RUGHU WR DQDOL]JH TXDOLWDWLYHO\ WKH LQYHVWLJD)
$FFRUGLQJ WRPWBRHEHGHWMWKH ORZ YDOXH RI WKH ZDWHI
SRZGHU ZDV HVWDEOLVKHG 7KLV IDFW DUJXHV IRU W
URVHKLS SRZGHU IRU D ORQJ WLPH DQG XVLQJ LW IRU RW

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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7DEOH
SK\WEFKHPLFDO SURSHUWLHVY RI URVHKLS SRZGHU

11 SDUDPHWHU 9DO

"HLIKW IUDFW “

$FLG 9DOXH )

$QWLR[LGD +36 ‘

3RO\SKHQROV FRQWHC "

7KH FRPSRVRGLRORBIXARVY FRQWDLQV DFLGLF VXEVWDGQC
WR WKHP > @ $FLGLF VXEVWDQFHV FDQ EH SUHVHQW LC
WHFKQRORJLFDO SURFHVVHV RU GXULQJ VWRUDJH > @
DSSUHFRIDMERRBQTXDOLW\ EHFDXVH LW GLUHFWO\ FRQWULE
DV WKH LQGLFDWRU RI VRPH SURGXFWV IUHVKQHVV > @
LQGH[ Rl DQDO\]JHG URVHKLS H[WUDFW LW ZDV PERZHG
.2+ O GLG QRW H[FHHG WKH PD[LPXP SHUPLVVLEOH OLPL
WKH URVHKLS SRZGHU LQ QHZ IXQFWLRQDO SURGXFWV RE
7KH GULHG DQG JURXQG IUXLWV ZHUH PL[HG ZLWK D G
DQG ZLWKVK\O DOFRKRO LQ WKH UDWLR WR REWDLQ OL
7KH REWDLQHG FRPSRVLWLRQVfZUH VWLUUHG IRU KRXL
7KH H[WUDFWV ZHUH VHSDUDWHG E\ FHQWULIXJDWLRC
GDBRORUHG JODG/WHEWOMN WKH ABHIULJHUDWRU W
+\GURJHQ 3HUR[LGH 6FDYHQJLQJ $FWLYLW\ +36$ UHIO
DIJDLQVW R[LGDWLYH GHUDGDWLRQ FDBXAKHG PB\L Q¥ KR LS L
DJHQW UHJDUGOHVV RIQRRZUR{LEDWILRW HEDF@®L,Q WKH F
H[WUDFW +36$ LV “ ZKLFK SRVLWLYHO\ DUJXHV IRU
VXEVWLWXWLRQ ZLWK QDWXUDO DQWLR[LGDQWY REWDLGC
IUXLWV
3ROWSXROV DUH ELRORJLFDOO\ DFWLYH FRPSRXQGV WK
LQKLELWLRQ RI IUHH UDGLFDOV DQG WKH GHFHOHUDWLR
SURGXFWVY > @ 7KH GHWHUPLQDWLRQ RI H[WUQFWAKI$SRO
YRO&QRFDOWHX UHDJHQW E\ VSHFWURSKRWRPHWULF PHW
SRO\SKHQRO FRQWHQW ZDV “ PJ *$ J SODQW
&DURWHQRLGY WDNH SDUW RI WKH FRPSRXQGV FODVV
EHQHILFWKXODIQHEBIYWW\ HIIHFWV > @ &DURWHQRLGV DU
LQGXVWULDO ILHOGV VXFK DV WKH IRRGV SKDUPDFHXWL
W ZDV HVWDE@OWXBPMGFPURWHQRLG FRQWHQW FRXOG
GHSHQGLQJ RQI WKBWIHILWRORR VHDVRQ DQG FOLPDWLF |
FR@WMHRI . DQG FKDBREWSIKWOO\FRSHQH DQG JHD[DQWKLQ
RI DQDO\]JHG URVHKLS ZDV GHWHUPLQHG VSHFWURSKRWRI

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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&DURWHQRLG FROWHQW

— ]
. FKORURSRKO®RUR S K\DWRWHQW RSHQHMD[DQWKLQ

J)LIXUH &DURWHQRLG FRQWHQW LQ REWDLQHG URYV

$FFRUGLQJ WR )L\ JMGHRWHKH DEPOUDFW LV FKDUDFWHL
FROQOWHQW *HQHUDOO\ FDURMJH®BH WR NHROMRZJH QS MR D
IROORZLQJ UHVXOWV ZHUH REWDRQM® H ““ PP/ O\FI

“ PJ / JHREDQWW ZDV DOVR VKRZHG WKMKSUHYVRIQF R I
JUHHQ SLJPHQWV IURP SODQWV DQG RWKHU SKRWRV\Q
FKORURSK\0OO DRUG/FKORURSK\0OO

$QWLR[LGDQWY DUH VXEVWDQFHV WKBWRQOREZ RIRG0Q RV
7KH PDLQ FKDUDFWHULVWLF RI DQWLR[LGDQW VXEVWDQF
3KHQROLF FRPSRXQGV SRO\SKHQROV FDURWHQRLGV 10
LQKLELW IUHH UDGLFDOV SGRUHHEH FKAGYUHRG\HURKILE HW
R[LGDWLRQ LWVHOI > @ )RUHVW EHUULHV HVSHFLDOO\ L
FRPSRXQ%V

7KH D@DO\VLV RI WKH DQWLR[LGDQW DFWLYLW)\ ZDV St
RUGHU WEVKHMVDIPWMR{LGDQW SRWHQWLDO RI VWXGLHG UR

L
(]
o 3
- MP——/
L
5 /
O
of /
S m
_I—
=
o
&
7LPH PLQ

JLIXUH 7KH DQWLR[LGDQW DFWLYLW\ RI URVHKLS O

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJIJ)RRG 7THFKQRDRJ\

W KDV EHHQ HVWDEOLVKHG WKDW URVHKLS SRZGHU
FDSDFLW\ EHFDXVH WKNHLIXGOPCHORIQKSR £ UWHRQ X\ E DOFRW/L R
SHULRG FRQVWLWXMWHYV IDFW LV H[SODLQHG E\ WKH ULFK
DFWLYH FRPSRXQGV ZLWK DQWLR[LGDQW FKDUDFWHU LQ
URVHKLS $RZGHU >

WRDYDLODELOLW\ RI ELRORJLFDOO\LRQFMWNWYBR P RRMSLRRXD
RI IDVWURLQWHVWLQDO GLJHVWLRQ

7KH ELRDYDLODELOLW)\ RI ELRORJLFDOO\ DFWLYH FRPS
VXEVWDQFH WR WKH UDWHDEW RAKEH® LQYWR/ WD @R IG\U WH
DFWLRQ DQG PDQLIHVWYV @W¥P HUWRXOR JEH\DHOD H RE W EHH Q
FDUULHG RXW UHJDUGLQJ WKH FRQWHQW RI ELRORJLFDOC(
LQ IUXLWYDFIKYLWHM[W 7KH GLIJHVWLRQ SURFHVV GLUHFW
H[WUDFWV GHSHQGLQJ RQ WKH FRQGLWLRQV XQGHU ZKLF
WKH PXOWLWXGH RI SURFHVVHV WKDW WDNH SQRAHHQ W
WR VWXG\ WKH HYROXWLRQ RI WKH DQWLR[LGDQW DFWLY
E}r BZGHU WKH VLPXODWLRQ RI JDVWULF DQG LQWHVW
JLIXUHV DQG

=
=
=

i_ T T T
/v]s8] o iz (V4 (4

du U Z

B }vSE}o « D} Z]% @} Z]% i1 9

JLIXUKBLRDYDLRIDELRORWILEFBWLYH FRPSRXQGV LQ DFLGLF F
JDVWULF GLIJHVWLRQ

,Q FRQVRQDQFH ZLWK GDWD REWDLQHG E\ WKH LQGXFF
VDPSOHV ZLWK URVHKLS DGGLWLRQ VKRZ DQ HVVHQWL
FRPSDULVRQ ZURX WDKPHS GRQWIRU ZKLFK YDOXHV YDU\ EH
7KHVH YDOXHV UDQJH ARWKIERH VDPSOHV ZLWK HWRVHKLS

IRU WKH VDPSOHV ZLWK URVHKLS UHVSHFWLYHO\

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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7KH VHTXHQWLDO LQFUHDVH KIRXQW LLR/[ HG O QB Q AW LENL!
UHOHDVH RI ELRORJLFDOO\ DFWLYH FRPSRXQGV LQ WKH G
WR WKH LQIOXHQFH RI VROXWLRQ S+ DQG HQJ\PDWLF LQW
EHHQ VKRZQ WKDSRONSH HQRO HIRGHGHQW HQKDQFH WKH D
REWDLQHG VDPSOHV 7KH HVVHQWLDO DFWLYLW\ GHYLDW
SRZGHU LQ FRPSDULVRQ ZLWK WKH FRQWURO VDPSOHV F
RWKHU WXEWWDWFLQFUHDVH WKH DQWLR[LGDQW FDSDFLW
GLJHVWLRQ SURFHVVHV 7KHVH ELRORJLFDOO\ DFWLYH FI
UHOHDVHG GXULQJ GLJHVWLRQ DQG XQGHUJR PEGOLWDW
RI IUHH UDGLFDOV LQKLELWLRQ 7KH DQRWKHU K\SRWKH\
GXULQJ JDVWULF GLIJHVWLRQ GXH WR WKH LQFUHDVHG DC
7KH REWDLQHG GDWD VKRZ WKDW JDD@IH MV & HJHXDVQAIRK
DQG TXDQWLWDWLYH FRPSRVLWLRQ RI ELRORJLFDOO\ DF\
WKH DQDO\]HG SURGXFW 7KLV IDFW VXJJHVWV WKDW W}
FRQGLWLRQV RI ORZ S+ %RWK WKWHDHFQBPH \P HIZYRE WVEE
ELRORJLFDOO\ DFWLYH FRPSRXQGYV WKDW UHVSHFWLYH
FDSDFLW\ Rl WKH SURGXFWV EDVHG RQ URVHKLS SRZGHU
BLPXOWDQHRXVO\ ZLWK WKH DQDO\VLV RI ODRWWEKF GL
LQWHVWLQDO GLJHVWLRQ SKDVH ZDV FDUULHG RXW E\ Wk
GHWHUPLQLQJ WKH SURGXFKRXQWLHR[LRB G Q W JXFMAL Y L
(e}

di

WWwW, U

/v]s8] o iz (V4 (4
du U Z
B }vSE}o ¢ U@} Z]% O E}e Z]% i1 9

JLIXUMLRDYDL@®D ELRIORILFDOO\ DFWIDYAH. @ RPRSHRXIQGPY LQ DC
LOQWHVWLQDO GLJHVWLRQ

7KH REWDLQHG GDWD VKRZ WKDW WKH DQWLR[LGDQV
SRZGHU ERWK DQG VDPSOHV LV KLIJIKHU FRPSDUHG \

* DQG = UHVSHFWHYHOY WKH YDOXHV RI WKH
YDU\ ZLWKLQ

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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7KH JUDGXDO GHFUHDVH Rl WKH DQWLR[LGDQW DFWL)
ZLWK URVHKLS DGGLWLRQ DQG IRU WKH FRQWURO VDPE
GLIJHVWLR®QYLPXOWWFW FDQ EH H[SODLQHG E\ WKH ORZ
FRPSRXQGV XQGHU DONDOLQH FRQGLWLRQV S+ DQG
WKH DQWLR[LGDQW DFWLYLW\ Rl ELRORJLFDOO\ DFWLYH ¥

"HLIKW IUDFWLRQ RI ZDWHU DQG DFLGLW\ LQGH[ RI IXC
SRZGHU

7TKH ZHLJKW IUDFWLRQ RI ZDWHU IRU WKH FFRROMIKRS VD
DQG °DUH ZLWKLQ WKH DOORZDEOH WIRRLGMM.-HG 11U XRUY
WKH FDVé RI VDBRUHMIUIEBHWKI WKW IUDFWLRQ RI ZDWHU V|
ZKLFK HQ XUHV D KLJKHU GHJUHH RI VWDELOLW\ FRPSDU

"HLIJKW IUDFWLRQ RI Z
'_

&RQWURO VIDRPBHDKLS URVHKLS

JLIXUH "HLIKW IUDFWLRQ RI ZDWHKHLQRIWXKMWEL RRD®HRD Q G

$FLGLF VXEVWDQFHV PD\ FRPH IURP UDZ PDWHULDOYV
IRUPHG GXULQJ VWRUDJH > @ $FLGLW\LV DQ LPSRUWDQ'
RI WKH IRRG SURGXFWV DV LWU®GDWLRQOR IFREW W.EXWH V
SURGXFWV LW LV DQ LQGLFDWRU RI WKHLU IUHVKQHVV >

7KH DFLGLW\ LQGH[ Rl WK‘H FRR@® RQ WKMSPOMVHVRI VDP

DQG URVHKWS YDOXHV DFLGLW\ JUD‘GH DEGGLW\ JUDG
UHVSHFWLYHO\ 7KH REWDLQHG YDOXHV DUH ZLWKLQ WKH
DFLGLW\ JUDGH ZKLFK HQVRXRZEEHY X¥ RERVRVYALQJ IXQ
SURGXFWV

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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HH

$FLG 9DOXH PJ .2+ O

&ERQWURO VDRBKKILS URVHKLS

JLIXUH $FLGLW\ LQGH[ LQ IXQFWLRQDIDFEGQRLHWBIHWK U-F

6HQVBQDO\VLYVY RI FDQG\ ZLWK WKH URVHKLS SRZGHU

W ZDV HVWDEOLVKHG WKDW WKH VHQWRREIREERSH D WH. F
FKDUDFWHUL]JHG E\ D JRRG FRQVLVWHQF\ SOHDVDQW WD

JLIXUH %,2 FPQBKHEZWKQG)LIXUH %,2 FDQG\ ZLWK FDVKH
URVHKLS SRZGHU URVHKLS SRZGHU

$FFRUGLQJ WR WKH WDVWHUY DSSUHFLDWLRQ WKLV C
GRHV QRW FRGRATI IPU $OWKRXIK WROWPHKRIEIDWHKH SOHDVLC
VKDSH DQG RGRU EXW WDVWHUV QRWHG D ELWWHU WDV
7KH KLJKHU DPRXQW RI SRZGHU WKH PRUH ELWWHU WDV\

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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7DVWH

&RQVLVWHQFH

~& (IWHULRU

6KDSH DSSHDUDQFH
—+— URVHKLS --0--URVHKLS =-%-&RQWURO VDPSOH
)LJXUH  6HQVRU\ HYDOXDWLRQ RI IXQFWLRQDO FDQGLH

$V BBWXOW BRMWEKW KHGRQLF WHVWYV DSSO\LQJ )LJIJXUH
WHVWHG VDPSOHVY DUH SRVLWLYHO\ DSSUHFLDWHG DQG U

TKH XVURRIBRIZSSHU SUHVHQWY D JRRG SRVVLELOLW\ Wi
RI WKHWURB®&BELHY REWDLQHG RQ WKH EDVH RI URVHKLS
IXQFWLRQDO SURSHUWLHY WKDW GR QRW LQGXFH WKH U

&RQFOXVLRQV

TKH IXQFWLRQDO FDQGLHV ZLWK URVHKLS SRZGHU KDY
SUREBWYVY REWDLQHG E\ WKH FODVVLFDO UHFLSH 7KH U

“ PJ /FDURWHQH PJ / O\FRSHQH PJ / JHD[DQWKLQ
HQKDQFHG DQWLR[LGDQW DFWLYLW\ XS WR DQG WK
FRIRXQGYV DFRARRUGMEBPRO®WLRQ RI JIDVWURLQWHVWLQDO
EHQHILWY RI LWV XVH DV QDWXUDO DQWLR[LGDQWY DQG F
WKH SDUWLDO RU WRWDO VXEVWLWKVKIDR(P IKIOVRPW LMRQ VRIQ
ERG\ GHYHORSLQJ QHZ WHFKQRORJLHV IRU IXQFWLRQDO
WKDW SFK\WRERDO SDUDPHWHUV RI IXQFWLRQ®OD FREIXQHQB
SRZGHUt PJ .2+ & ZHLJKW RIDADW.HRAUUHVSRQG WR QR
GRFXPHQWYV 7KH VHQVRU\ LQGLFHV RI WKH %,2 FDQGLHV
SOHDVDQW WDVWH DQG ILQH RGRU DQG FDQ EH UHFRPPH

$FNQROHJHPHQWYV

$XWKRUV JUDWH | XFOXGQ J WUKHDVQHND WK HU V $SURMH F
3)XQFWLRQDO SURGXFWV REWDLQHG E\ XVLQJ
FDURWHORLGAKSSRUW 7KLV UHVHDUFK ZDV S
'RUOG )HGHUDWLRQ RI 6FLHQWLVWYV

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F



JJIJ)RRG 7THFKQRDRJ\

5HIHUHQFHYV

.KDUD]PL $ /D E R F DWQ®IUR DIOQ & WSXUGQ HOD R B DWVKRHU \D Q VG
R[LGDQW SURSHUWLHY, GHQWVIHKEDSVISRZ THUG FKDUDFWHL
FRPSRQHQW2"V2BRKRDUWKULWLY DQG&+86DUWLODJIH
6WUDOVLR / $ONOLQW &K 20VRRWDO IRMPKRDOFRQWHQW
5RVHKLSV 5RVD VV-S $DWLHU)RR GQ& KHP+

3RSRYLFL 9 &RYDOLRY ( &DSFDQDUL 7 3RSRYLFL & ¢
FDURWHQRLG FRQWHQW KHEG |RRW K SHFRVGEN KANS\WBLRIIE H B
SBURFHHGLQJY  @WHMWKQADWLRQDO 6SHFLDOL]JHG B6FLHQWLIL
"5HVRXUFH DQG (QHUJ\ 6DYLQJ 7THFKQRORJLHV Rl 3URGXF
DV WKH ODLQ )XQGDPHQWDOVVRI 1DKHHILRIQ R R P §® MM HNJLWLHAC
7HFKQRORJLHV .\LY 8NUDL@H B6HSWHPEHU

ODUWLURV\DQ )XQFWLRQDO )RRGV DQG RRRIRQLF 'l
6FLHQFH

&LREDQX & 'HVHDWQLFRY 2 6WXUJBX GHXNEKLFDUH D S
GH SDQIHLWPERIMH PKUHMHWOGH QYO SXEOLFDW %2
1U

BWXU]D 5 BULQFLSLL PRGHUWR B HUBQOHO&LKED DOLPH
6D\NRYD , 7\ONRZINLE&S 3BIRIYR* (IWUDFWLRQ RI SKt

FRPSRXQGV IURP VROLG ZDVWHV RI JUDSH A\RKH® RQ RIS U

&KHPLFDO 7THFKQRORJ\ DQGSHWDOO XU J\

3RSRYLFL &B6R[KOHW H[WUDFWLRQ WLR® FRKDYDWWHDO FRF

ZDOQXWODQV UHSUBRGERWNLQLDQ )RRG -RXBHQDO

ADUROLG 0 *XJLi 0 7XEHURVR & , * -HUNRYLU , A&axvv
9RODWLOH 3URILOH 3K\WRFKHPLFDOV DQG $QWLRJ[L

&URDWLDQ $XWRFKWKRQRXV 9DULHWLHV 0DAQMDPR DQG

9DULHW\ (HRFG-H RO HB\S +

7HVID\H % $EHEDZ $ B5HGG\ 0 8 'HWHURDQBWHR® RR QK

LQ VRPH VHOHFW, QG HEIQDOHLRQOY -RXUQDO RI ,QQRYDWL

7HFKQRORJ\SS

%IKOHU ( OD\HU ) +RIIPDQ / &RPSDULVRQ RI 6SHI

FDURWHQRLG GHWHUPLQDWLRQ LQ |UHTXRHQM®IOFRIQ YRPE

6 FLHQFH&

1HFXOD 9 $QDOL]D VHQRWHDGHS BXRJWLPHQWHORU
$2&6 21ILFLDO 0HWKRG EEADXHOLQJ DQG $QDO\VLV RI

IDWV DQG RLOV

3DYDQ 9 6RULDQR 6DQFKR 5$ 3DVWRUH * 0 7KH F

DQWLR[LGDQW DFWLYLW\ R IDIUXUWWRH DMSXMWKR/H VEDUR B B LEX

PDUFJUDYR)RRG 6FLHQFH DQG 7HFBIQES0 ReJ\

3DNKRPRYD , 9 7NDFKHQNR $ 6 9SO\Y QHWUDG\W\

JK\URYPLVQ\NK NRQG\WRYURNODK YKURELY 6\ N

ODULLD ,DQFK\N 2OHNVDQGHIRQLWIPRQ@LEFEGLFDWRUV RI

FRQIHFWLRQQUWYV KNHELSURGXFW ZLWK SRZGHWWDUGPDBDC

-RXUQDO RI )RRG ®B:tHQFH

,UD 7D@HWDU 3DQD\RWRY $QDO\VLV RI YLWDPLQ &
HIWUDFWLRQ RI URVHKLS IUXLBNUQ IFRZNY PROMWQ®XOUR R JR\R
S S+

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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,QIOXHQFH RI WHFKQRORJLFDO SDUDPHWHUYV
HQJ\PDWLF RVGAVRRO KSURWHLQ SURGXFWYV

/IHVLD $YGLHLHD (GXDUG =KXNRWYV

,QVWLWXWH RI HQIJLQHHULQJ WKHUPRSKIVLF
S8NUDLQH .ILY 8NUDLQH

SEVW
.H\ZRUGV
,QWURGXBEWYRRQUFK KDYH EHHQ FRQG
3URWHLQ GHWHUPLQH WKH LQIOXHQFH RI WHFKQRO
F\GURO\VLYV GHJUHH RI K\GURO\VLV RI VR\ DQG ZKH\ SU
3URWHDVHYV PLWXUHV WR REWDLQ EDODQFHG SURWHLC

GHJUHH RI K\GURO\VLYV
$PLQR DFLGV ODWULDOV DQGHVHDKEGWG KHUH DUH LV
SURWHLQ ZKH\ SURWHLQ FRQFHQWUDWH D¢
WKHUHRI WKDW ZHUH K\GURO\]JHG E\ SU
©%LRSURWHDVH 1 /2 DQG ©3URIL] a § C

K\GURO\VLV ZDBA NSPBOWDWEKGRWRPHWULF F
PLQR DFLG FRPSRVLWLRQ RI K\GURO\VDW!|

$UWLFOH KLVWRUBRQ H[FKDQJH FKURPDWRJUDSK\
SHEHLYHG 5HVXOWYV DQG7BLREWDLIRQ KLJIKO\ K\GL
BHFHLYHG LQ UHEY{;%‘QWHG VR\ SURWHLQ UDWLRQDO PRGF
TRU P HWHUPLQHGPDYNPRRQFHQWUDWLRQ RI S
SEFHSWHG DTXHRXV YRORDNREFRQFHQWUDWLRQ RI SU
S+ + K\GURO\VLV WHHFSBQOGWXUWDWLRQ R
WKH SURFRY® 8QGHU WKHVH FRQGLWLRQ\

K\GURO\VLV RI LVRODWHG RERDS QRS HZIQW K
&RUUHVSRQGLQJ ©3URWDPH[2 +ZLWK OWLRSURWHDY¥H 1 /2 [
DXWKRU +ZLWK ©3URIL]J a

+\GURO\WLF HIIHFW Rl WKH DERYH PHQW
QHPVD'-LDOMG'-H'-HD GHJUHH RI K\GURO\VLV RI ZKH\ SURWHLOQ

VDPH FRQGLWLRQV LV RX®WKAMORRUHVV DQ
WEGVBLWWI#XNU(&MWDPH[%RU ©%LRSURWHDWH 1RU2 DQG

©3URILJ a ZKLFK FDQ EH H[SODLQHG E\ Wi

RI WKLV VXEVWUDWH WR WKH HQJ\PHV

7R DFKLHYH D EDODQFHG FRPSRVLWLRC(
DFLGV UHODWLNH MR LK’XBD QY LRRA@D O WR FRF
SURWHLQ FRQFHQWUDWH DQG LVRODWHG V

UHVSHEWLYHO\ ,Q GRLQJ VR WKH GHJL
PLIWXUH LV KLJK DQG DPRXQWV WR PRUH W
Rl ©3URWDPH[2 DRQDRFRQEHDMLURWLRI SURYV
WHPSHUDWXU8 G D GXUDWLRQ RI  PLQXW

&RQFOXYRBRQWKH ILUVW WLPH WKH UDWL
SDUDPHWHUV IRU WKH SURWHRO\VLV RI L\
SURWHLQ FRQFHQWUDWH DQBLQWHKG LWRP L[\
‘2, REWDLQ D KLJK GHJUHH RI K\GURO\VLV

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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,QWURGXFWLRQ

$ SURFHVV RI HQ]J\PDWLF SURWHLQ K\GURO\VLV LV DC
SUREOHP ,W LV Rl UHOHYDQFH EHFDXVH LW DOORZV WR
SURGXFWV ZLWK YDOXDEOH ELRORJLND® M\SEPOWE B W FR@ S|
WKH QXWULWLRQDO DQG ELRORJLFDO YDOXH RI SURWHLQ
IXQFWLRQDO SURSHUWLHV DV ZHOO > @

YXUWKHUPRUH SURWHRO\VLYV LV DQ HIIHFWLYH ZD\ WR
SURWHBS®QGLQJ RQ WKH W\SH Rl SURWHDVH DQG WKH FR(
GLIIHUHQW PROHFXODU ZHLJKWYV DQG IUHH DPLQR DFLGV
SRVVLEOH WR LQWURGXFH WR WKH FRPSRVLWKRQ@ LRV LR
> @ DV ZHOO DV LQ WKH SURGXFWLRQ RI K\SRDOOHUJH
> @

'XH WR WKH FRPSOH[LW\ DQG PXOWLIDFWRU QDWXUH R
KLJK VRFLDO QHHG IRU SURGXFWW BHWHKRGOBOURG B
FRQGLWLRQV IRU WKH SURFHVV Rl SURWHRO\VLY UHPDLQ

7R REWDLQ K\GURO\WDWHV YDULRXV UDZ PDWHULDO
YHJHWDEOH VR\ OHQWLOV EHDQV FKLFNSHDVKRWLJILQ
WKH SURWHLQ FRPSRQHQW RI PRGHUQ K\SRDOOHUJHQLF
HIWHQVLYHO\ RU SDUW LDUORON LG VRO @HONMMFEDR/HR Y S U R W
PLIWXUHV WKHUHRI > @ $OWKRXJK ZKH\ SRIRW\H\LIQYWLDY
DPLQR DFL®DPWBIOREXOLQ ZKLFK DFFRXQWV IRU RI
SURWHLQ KDV WKH KLJKHVW DOOHUJHQLF SRWHQWLDO >
UDZ PDWHULDOV FDQ WUBDWWNIERQDLQOV BMRK KIREHYHU W
WKHUPDO GHQDWXUDWLRQ FDQ OHDG WR ERWK GHVWUXF
GHWHUPLQDQWY DQG DOVR WR WKH DJJUHJDWLRQ RI SUR

5HVHDUFKHUV RIITHU GLIIHUHQWUHRBOFWQ R @D\Q WIRJ MXLH |
K\GURO\VLV Rl SURWHLQV XQGHU GLIIHUHQW FRQGLWLRC
PLFURELDO REUDLQHG IURP %DFLOOXV OLFKHQLIRUPL\
$VSHUJLOOXV RU\]DH )ODYRXUWDWPLHH Q% DFHOW NP \O-P\O R G LH
RULJLQ EURPHODLQ SDSDLQ SK\WV\Q RU WKHLU FRPSOH]

$PRQJ WKH DGYDQWDJHV RI ZKH\ SURWHLQ SURWHRC
ELRORJLFDO YDOXH RI WKH REWDLQHG HKGGE RIHMAVW WHEHNO bV
VROXELOLW\ HYHQ ZLWK D WP DO @HDV HHi ®O KD& IDROAM I/ R YL
> @ ,W VKRXOG EH QRWHG WKDW GLIIHUHQW DXWKRUV |
WKH PHWKRG IRU GHWHUPLPLQJ DQG XVHG HTXLSPHQW

7KH PDLQ SUREOHP RI SURWHLQ K\GURO\VD®@ HWHW BV
ZKDW LV EHOLHYHG WR EH WKH IRUPDWLRQ RI SHSWLGH)\
DUH WU\LQJ WR UHGXFH LW DSSO\LQJ DGGZWWRIDP@E XOW
HQGRSHSWLGDVHV > PD@NRQJDRRPISRQWQWWH @

$PRQJ RWKHU GLVDGYDQWDJHV D VLJQLILFDQW GXUD\
HQ]\PH SUHSDUDWLRQV HVSHFLDOO\ Rl DQLPDOQRURJLQ
FRQVLGHUDWLRQ > @

%DVHG RQ WKH UHVXOWV RI PRGHOLQJ RI WKH K\GUR
SURJUDP LW ZDV GHWHUPLQHG WKDW IURP WKH SRLQW RI
RI ZKH\ SURWHLQV ZLWK 3URWDRPHILV$ROFWOP® DQG WKHU

W LV SRVVLEOH WR DFKLHYH GLIIHUHQW GHJUHH RI K\
WHFKQRORJLFDO FRQGLWLRQV DQG XVLQJ GLIIHUHQW SUF
RI ZKH\ SURWHLQV DIWHUW S SURWBRQ\VIIVSDILWKDWG\SHISVL

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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UHDFKHG DQG UHVSHFWLYHO\ 6XEVHTXHQW
UHGXFHY DQWLJHQLFLW\ > @ EXW DV D UHVXOW WKHUH L
RI PLON SURWHHL QWG URDQUBIFEWROEXPLQ ZLWK WU\SVLQ LWV
LQ = PLQXWHV LV QRWHG $ FRIPBORIIDOHR EXGIDY DIHT RLUHV
WKH SURFHVV GXUDWIPRQ PRGWRBHSHQGY RQ WKH W\SH
FROQGLWMRRQPRABQERYH > @

,Q DGGLWLRQ WR PLON SURWHLQV VR\ SURWHLQV DUF
ZLWK K\GURIOHVDWHWKDUDFWHUL]JHG E\ D KLJK PROHFXOD
ZKLFK FDQ DOVR UHVXOW LQ WEWRO\NQW RJHRNFEWR W(HL QP
IXQFWLRQDO SURSHUWLHY VXFK DV HPXOVLI\LQJ DELOLV
DFWLYH SHERALEBHRWH@®Q K\GURO\WDWHYV > @ KDYH
SURWHLQ K\GURO\VDWHYV

7KH GHJIJKWH RO\VLYV RI VR SURWHLQV LV ORZ LQ PRVW
RI VHYHUDO SURWHDVHV PDNHV LW SRVVLEOH WR DFKLH
GHJUHH RI K\GURO\VLV LV DOVR SRVVLEOH GXH WR SK\V
5SO\LQJ KLJK SUHVVXUH VRIW WUHDWPHQW ZLWK DFLGYV

$W WKH VDPH WLPH WKH IUDFWLRQ RI VR\ SHSWLGHYV
FKDUDFWHUL]JHG E\ WKH KLIKHVW DQWLR[LGDQW PFWLYL
FKODWRU FOHDQVH IURP IUHH UDGLFDOV SUHYHQW OLS|

$Q DQDO\WLVY RI WKH OLWHUDWXUH UHVHDUFK UHVXO\
SDUDPHWHUV RI HQI\PDWLF K\GURO\VLYVY LQ PRVW FDVHV I
XUDWLRQ DQG ORZ GHJUHH RI SURWHLQ K\GURO\VLV 7R
DGGLWLRQDO UHVHDUFK LV QHHGHG

7TKH SXRSRMHVHDUFK LV WR GWWHK® R® R UMDKBHOM HH ¥ VR &
GHJUHH RI K\GURO\VLV RI L\HR GDWRWG MR\FRQRWEOIWQ DWW 2
IRU REWDLQLQJ EDODQFHG SURWHLQ FRPSRVLWLRQV RI K

ODWHULDOV DQG PHWKRGYV

2EMHFW RI BHWWREBVFKRIHQ]\PDWLF K\GURO\VLV RI LVR
SURWHLQ FRQFHQWWOMHNY DQG WKHLU PLJ

SHVHDUFK VXEMHFWYV
,VRODWHG VR\ SURWHLQ 6XSUR + IXUBMMHU ,63 S
D VK ©6RODH (XURSH 6 $ 2 86%
'KH\ SURWHLQ FRQFHQWUDWH :3& EXSWKRIU :3& S
| DV D¥K ©S$JUOLUN,QF 2 86$%
OL[WXUH RI LVRODWHG VR\ SURWHLQ 6XSUR DQG
DW UDWLR DQG UHVSHFWLYHO\

ODWHULDOV

IHXWUDO SURWHIDO/AHXM RP\OR @ IPFIIDFQOHQPWEFKHQLIR
@ ©O3URWDPH[2$®BWRBMALPXP RSWLPXP WHPSHUDW X
R& 1RYR]\PHV '"HQPDUN Q H% W EIDAO % ¥ RWEXHE BMAD. R RIIR W H

1 /2 DFWLYLW\ PLQLPXP F X 138 PO ZRSWISRXP YWH P
iG .HUU\ )RRG ,QJUHGLHQWYV &RUN /WG ,UHODQG
IUXLWYV O©O3URIL]J a DFWLYLW\ + XQ RWW LPRIX PR $WM IPFSXRJ |

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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+ 7& .HUU\ )RRG ,QJUHGLHQWYV &RWNK VGWR O, WH GD@GH @
SUHSDUDWLRQV DUH SHUPLWWHG IRU XVH LQ IRRG LQGXV

BUHSDUDWLRQ RI K\GURO\]JHG SURWHLQV

"HLIKWHG SURWHLQ VDPSOHYV ZHUH K\GUDWHG LQ GLV\
&urwHLQt WKRURXJKO\ PLWHKG RKSWMWHKE WRIPSHUDWXULF
ZHUH D GGRWGDvik RI SURWHLQ PDVYV BURWHLQ K\GURO\V]
RSWLPXP WHPSHUDWXUH RI PD[LPXP HQ]\PH D@ W [ RL WW RF5L
WKH K\GURO\VLY WK& WRP OB & Nb#S WIHRWW WKLV WHPS
> @

FKORBRWLF DFLG LQ ILQDO PDVV FRQFHQWUDWLR
VHSDUDWH REWDLQHG K\GURO\WDWHYV IURP SURWHLQ DQ
FHQWULIXJH IRUSRODRL® DW USP > @

'"HWHUPLQDWLRQ RI GHJUHH RI SURWHLQ K\GURO\VLV

+'" ZDV GHWHUPLQHG E\ VSHFWURSKRWRPHWULEF\ WHFKZC
FKDQJLQJ OLJKW DEVRUSWLRQ RI VXSHUQDWDQW DW D Z
EMHG RQ ERYLQH VHU®P P OAEXWPIFQGFXODWHG E\ VSHFWUR
DFFRUGLQJ WR WKH DELOLW\ RI DURPDWLF DPLQR DFLG)
DEVRUE XOWUDYLROHW OLJKW ZLWK D PD[LPXP DEVRUSW!|

'HWHUPL@DWPRRQR DFLG FRPSRVLWLRQ LQ VDPSOHYV
$PLQR DFLG DQDO\VLV ZB)\ KDQ UH HFE IRRPD WRURQ SK\ W
DQ $PLQR $FLG $QBDOMNURWHFKQD  &]HFK 5HSXEOLF > @

5HVXOWY DQG GLVFXVVLRQ

'"HSHQGHQFH RI K\GURO\QIGV:8&4JURR BRURMHDQ FRQFHQ
ZDWHU

2QH Rl WKH PDLQ SURFHVYV SDUDPHWHUV WKDW DIIHFW
ZDW HUrw&'HWHUPLQLQJ D UDWLRQDO DPRXQW RI SURWHL!
PLQLPXP SRVVLEOH DP RXHGWM FRVLRQWRIUHD@IG J\ FRQVXPSV
UHPRYDO ZKHQ WKH SURGXFW LV EHLQJ FRQFHQWUDWHG

7KH GHWHUPLQDWLRQ RI +' Rl ,63 DQG :3& GHSHQGLQJ
LQ ZDWHU ZDV EMWLHG RXW DWRQGKADVV FRQFHQWUDW
WKH SURWRERHE BOO VDPSOHV U R POvkLQEGZHQ FK Y QRIHEU RW |
WKH GXUDWLRQ RI K\GURO\VLV ZDV 2+ f&PIKH W WXIONV W
FKDQJH LQ +' Rl ,63 DQG :3& N SHQIGIUGHQ WQS& RWHDVHYV
YLIXUH

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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HIJUHH RI K\GURO\VLYV
-
!
/
‘

HIJUHH RI K\GURO\V
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J)LIXUH '"HSHQGHQFH RI K\GURO\VLVY GHJUHH RI ,63 Z DQG :
FRQFHQWUDWLRQwWLKA ZDRA\JH G E\
+tO3URWDPH[®%LRSURWHDW®3IUR/A [ a

$V VHHRIXQH' Rl DOBURMWHKLQ SURGXFWV ZDV LQYHUVH
SURWHLQ PDVV RBQFRGBDWBRW LR @I &63 ZDV sDFlHYHG DW
XQGHU DFWRVRRQPR[26BQG DPRXQWV %D F ) EDED KBWOMDT %H 1@ F L H
ZKLFK LV D SWRWDRHZHG VLIJQLILFDQW LPSURYHPHQW LC
ELRDFWLYLW)\ E\QXHWPRLYW QR QID@WID FW R U\ MD\P IZHROH DW LT
IURBDKMOOLFKHQLIRUPLY ZKLFK LV DOVR LV D SDUW RI «
IRU GLSHSWLGHV ZLWK /HX 9DOW $0PDYRY RIMLE H3X K @D W H)
> @ ,0 WKH K\GURO\VLV RI VIRR\SBRWTFX QI D FIRHWW S H3 DHF\
ZLWK /HX *OX *O\ DWEUFLmOWEWKWHHH DPLQR DFLG DQI
SHSWLGHV ZLWK /HX $0OD 6 RWUHURLE 00 &\ 7X0 D WD WskHU IR
FKURPDWRJOUDS\ @

'KHQ XVLQJ WKH ©%LRSURWHDVWKIH FDRPXBURRI[,63 :
DFKLHYHG DW WKH VDPH SURWHLQ PDVV FRQFHQWUDWLRC
D %XW IXUWKH&RWHGXEQW DWW RU&&Y LPSUDFWLFDO GXH \
DPRXQW RI ZDWHU GHRDQRRL WIWKUB HYBSRUDWLRQ $QG C
FRQFHQWUDWLRQ RI ,63 LQ DQ DTXHRXW¥uMRURWLRG IRU

OHDGV WR D GHFUHDVBHSHDRWYQJ RQ WKH W\SH RI Sl
3URWHRO\VLV RIW:B& BURWEBBNFHY DW WKMHVDPBIDWH N &
SURYLGHG D VLJQLILFDQWO\ ORYZHX EH, B"VLFRR\SRWKGH L M
% OLFKHQLIRUPLVY SURWHDVH EUHDNV GRZQ K\GURSKLOL
SUHVHUYHEIKRGAWHREKR WY WKDW DJJUHJDWH RRRKM HYSRVH
KLIKBENWHH RI K\GURO\VLV Rlsy3dn.REDNQPG QHGE QL V@R UR W D
ZDV WKDW DOVR LQ VRPH ZD\ FRQILUPHG LQ > @ :Kt
©3URIL] a ZHUH XVHG +% RIWBRHXDWRZHU DV FRPUDUF
BXEVHTXHQMWDRWYRPY ZHUH FDUULHG RXW DW DsPdwWM FRCG

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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'"HSHQGHQFH RI K\GURO\VLY GHJUHH RI ,63 DQG :3& IUR

5HVXOWV Rl UHVHDUFK Rl +' GHSHQGLQJ RQ PDVV FR
&urwidUH VKRZQ LQ JLIXUH ([SHULPHQW&ORWkHNYHDUFK Zt

> DQ&I PDVV RI SkRMWHUQGEBRO\VLY WLPH SHULRG |
WEBPSHUDWXb& W

>
(@) (@)
o q - o .
- el )
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J)LIXUH '"HSHQGHQFH RI K\GURO\VLVY GHJUHH RI ,63 Z DQG :3&
&sURWHDY¥@3URWDPHBHLRSURWHD WO 3IUR/AL [ a

*LYHQ LQ )LIJXUH FXUYHV GHPRQVWUDWH D JURZWK
&spwib@ DOO K\GURO\DWHG VDPSOHV 7KH KLJKdt¥Mod RZW
IXUWKHU LQRWHBPMHY HQQRW SURYLGHG VLJQLILFDQW
KLIJIKHVW +' E\ VHOHFWHG SURWHDVHV ZDVRREWSBIUPAHG |
©3URWDPH[2 DOORZHG WR REWDL®\FRMBXP) LIX S WR
©%LRSURWHDVH 1 /2 DQG ©3URIL] 2 F O HIHWESIHHF W6I13Y © B!
7KH LQWHQVLW\ Rl K\GURO\VLV RI :3& ZDV VLIZBHQFDQW
GHWHUPLQHG DIWHU PLQ ILJ E OD[LPXP YDOXHV RI +'
©%LRSURWHDVH 1 /2 DQG ©3URbkfrotn? DHUBH DX FHRE @WH &
DQG UHVSHFWLYHO\

'"HSHQGHQFH RI K\GURO\VLV GIHRPHWLRPIH,63 DQG :3&
$QRWKHU QHFHVVDU\ SDUDPHWHU WKDW LQIOXHQFHYV
SURFHVV G\QDPLF LV DSHULRG RI WLPH +' RI SURWHLQV

PLQ &XUYHV RI SURWHRO\VLYV R &63vih @ GC&idi&viRERMDLQHG
PDVV RI SURWHLQ WHRSHHDWRUG WQ )LIJXUH

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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J)LIXUH '"HSHQGHQFH RI +'" RI ,63 D DQG :3& E IURP
tO3URWDPHO[HLRSURWHDW®3IUR/A [2

7KH KLJKHVW SURFHVV VSHHGWRRN SODFH GXULQJ W
VSHHG ZDV VORZHG GRZQ DQG IXUWKHU K\GURQLYXMHDYH

5HGXFWLRQ RI WKH HQ]\PDWLF UHDFWLRQ BDW H DREY\HL
SURGXFWV DQG GHFUHDVH LQ GHJUHH RI VDWXUDWLRQ
LOQDFWLYDWLRQ RI PI®HWPIHW XMW DI/ G W HKXV WKH PRVW
+' ZDV REVHUYHG LQ 163 VDPSOHV DQG LW VLJQLILFDQW
XVLQJ ©3URWDPH[2 @%ZRSURWHDVHDRQ G/®3URI K] a
DIWHU ILUVW  PIKH BOMWHD VLRMLQRWWKH K\GURO\VLV SURF
QH[W PLQ WKH GHJUHH RI K\GURO\VLY RI136RVDRO\Y& \J L
:3& ZDV SURFHHGLQJ PRUH VORZO\ DQG LQXQGHQ HIIEBE® G
©3URWDRPH[2tO%LRSURWHDVH*l +®DORAL] a

6XPPDUL]HG UHVXOWYV RI SMRYGH HY RU RGRAF VWKV JK\ FKRV
&urwHLo DQ GudwrpvilQ PLQDUH JLYHQ LQ 7DEOH

7DEOH
+'" Rl ,63 DQG :3& REWDLQHG E\ GLIITHUHQW SURWHD
BURWHLQ +!
©3URW | ©O%LRSUF /2| ©3URIL]J
1€
:3&

$QDOVWLQJ UHVOEWMVIPPNE@H FRQFOXGHG WKDW WKH K
SURWHLQ SURGXFWYV ZDV DFKLHYHG XQGHU DFWLYLW\ RI
O%LRSURWHDYBIV XVHG DQG WKH ORZHVW +' ZDV QRWHC
UDWLRQDOH RI XVLQJ ©3URWDPH[2 LQ WKH SUHSDUDWLRC
KLIJK GHJUHH RI K\GURO\VLV LV FRQILUPHG E\ WKH UHV)

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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SURGXFLQSURMHLQ K\GURO\WDWH ZLWK KLJK GHJUHH RI
DQWLJHQLFLW\@ DQG IURP 63, LV VKRZQ LQ >58 &
SURFHVVHG FKHHVH @ 7KH HIIHFWLYHQHVV RI WKH V
1 / RQGWKHWVK RI K\GURO\VLV RI :3& ZDV FRQILUPHG LQ

KRPSRVLWLRQ RI HVYVHQWLDO DPLQR DFLGV RI :3& ¢

$PLQR DFLG FRPSRVLWLRQ RI ,63 DQG :3& ZHUH EDODQ
XVH RI :3& DGDSWV SURMEH L@ FIRRPSRY MERW & ICEFQW TV RUJD(
DPRXQW RI WU\SWRSKDQ DQG F\WWWHLQH DQG HQVXUH KL.
LPSURYHVWKH DPLQR DFLG FRPSRVLWLRQ EULQJLQJ LW F
YDOXH DQG GLIGNWAW.RQHBIXBHW\R RVPRODULW\ DQG WKHU
NLGQH\W SUHVHQFH RI K\GURO\]HG VR\ SURWHLQV LQ |
GHUEHU *RRG 6WDUW 6FD YSHW B BIHQ GHPRQWWUDWHG LQ RV

7KHUHE\ FKRLAMDWE DBBURSE®I ,63 ZRXOG EULQJ FORYV
DPLQR DFLG FRPSRVLWLRQ WR EUHDVW PLON DQG EDE
SURYLGH KLJK OHYHO RI DPLQR DFLG DVVLPLODWLRQ D¢
SURGXFW

JLIXUH GHPRKGQVMRPBWMYWLRQ RI HYVHQWLDO DPLQR
WKHLU PL[WXUHV DW GLIIHUHQW PDVV UDWLRV DV FRPS
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OEUHDVW PN 0,63 m®m:3& ,63 m:3& ,63

JLIXUH 7KH FRPSRVLWLRQ RI HVVHQWLDO DPLQR DFLGV RI
PDVV UDWLR DQG UHWSHF WIRYHON DWWFREON
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:3& DQG 163 DW PDVV UDWLR RI DQG UHVSHFW
IRUPXOD RI HVVHQWLDO DPLQR DFLGVY WR EUHDVW PL
WU\SWRSKDQ YDOLQH SKHQ\ODODQLQH W\QRVDQH DQ
FORVH WR WKHLU FRQWHQW LQ EUHDVW PLON
BKRZQ .LQ )LIJXUH FHVRGHSRQG38QDQG ,63 PL[WXUHV
FROFHOWGDWLRQ Rl ©3URWDPH[2 ZLWK UDWLRWI + DQG
R& LQ

v
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e I
[
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/

J)LIXUH '"HSH@GRO A& WQG ,63 PL[WXUHV IURP PDVV FRQFHQWU
ZLWK PDVVzUDWLR

\|

'"HJUHH RI K\GURO
\

&SURWHDVH

7KH UHVXOWV )LJXUH LQGLFDWHG KLJK HIILFLHQ!
SURWHRO\VLV Rl :3& DQG 163 PL[WXUH ZLWK ERWK UDWL
ZDV REVHUYHG LQ VDPSQ@kWHoWK D W) XFRQKAHLL QG Udd DV H
FRQIHQW. RQ Rl ©3URWDPH[2 GLGQYW SURYLGH D VLJQLILF
REVHUYHG LQ VDPSOH FRQWDLQLQJ PL[WXUH RI ,63 DQG :
ZKHQudwhovh DOWKRXJK D KLJK YDOXH RI +syu@Zu¥yDAQUHD G\ |
ZDV =

7KXV FRQGXFWHG VWXGLHV DOORZHG WRSERDHDBOW!
SURGXFWV DQG WKHLU PL[WXUHV REWDLQ NLQHWLF
WHFKQRORJLFDO FRQGLWLRQV DQG WS QRRGBY|DPH b € G Vi
WR DFKLHYH WKH JRDO

&RQFOXVLRQ

5HVHDUFK RI WKH LQIOXHQFH RI WHFKQRORJLFDO SD
K\GURO\VLV RI ,63 DQG :3& E\ SURWHDVHV ©3URWDPHI[?

a ZHUH FDUULHG RXW

'"HSHQ GHQFHHHRRIGHHQUDPDWLF K\GURO\VLV RI 163 DQG :3&
PDVV FRQFHQWUDWLRQ RI SURWHLQV SURWHDVHV DQC

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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WHFKQRGRULFAIDHON HUV IRU HDRK HRUQWEWREXFAWY DQG WK H
FKRVHQ WKH @WUDWRRF RIRSUKWBHGBU WRH DFWLRQ RI
&urwrpvi |IRU  PLQ 7KH GHJUHH RI SURWHLQ K\GURO\VLV
K\GURO\VLV IRU ,63 LV XS WR IRU :3& LV XS WR IR
UDR RI UHVSHFWLYHO\ LV

7KH UDWLRQDO UDWLR RI ,63 DQG :3& IRU PD[LPXP DSE
WKH HVVHQWLDO DPLQR DFLGV RI KXPDQ PLON LV UHV S

2EWDLQHG K\GURO\WDWHV FDQ EH WKH EDVLWJRQSKRW
IRUPXODV

5HIHUHQFHYV

'RQJ ; (Q]J\PDWLF K\GURO\VLV RI VR\ SURWHLQV D¢
,QWHUQDWLRQDO -RXUQDO RI )RRG 658HQFH DQG 7THFKQF
'RXWHUV $ B5RPERXWYVY , )LHUHQRI(WKW IPQFWLRQBDHOS
RI HQ]\PDWLF SODQW SURWHLQ K\GURO\VDWHV LQ IRRG V
6FLHQFH DQG )RRG &DIHW\ Ss
&KDODPDLDK 0 <X : :X - ,PPXQRPRGXODWRU\
K\GURO\V D W HM RPH BRIRIGS B ¥ R WHRLRIG/ F B HPH WISHBZ &
=DGDN = 6PHWW / %DVLF LQ FOLQLFDO QXWULWL
IRUP XMBBYIWKH (XURBXDQDD Rl &OLQLFDO 1XWULVBISRQ DC
+
6FKDDIVPD 6DIHW\ Rl SURWHLQ K\GURO\WDWHV I[UDF
SHSWLGHV LQ KKPDRSARYURWURQO RI &08OLFDO 1XWULW
OHJKDQ $ :KH\ SURWHLQ K\GURO\VDWH VXSSOHPHQ
HIHHHEQWGXFHG PXVFOH GDP®ISOLIOG IBRDWLHRWRI\  1XWU
OHWDEROLVBS +
$PHULFDQ $FDGHP\ Rl 3BHGLDWULFV &RPPLWWHH RQ 1XW|I
3HGLDWULFSS +
.ROHWINR 6 1L3UBDMIRQ® HW DO 'LDJQRVWLF DSSU
RI FRZYV PLON SURWHLQ DOOHUJ\ LQ LQIDQWYV DQG FKLC
JXLGHORXQWYDO Rl SHGLDWULF JDVWURHQWHURORJ\ DQG
7XWHOLDQ 9% .RQ5XNBYRGVWYR SR GHOW/GIRPXL GV WD
LQIRUPDWVLRQQRH DJHQWVWYR ORVNYD
5LJR - 6FKRHQ 6 O9HUJKRWH 0 HW DO EDV H G3DRWPLCOIA
ZLWK UHGXFHG SURWHLQ FRQWHQW VXSS RUDYWHIH TXHDWKH
RI D UDQGRPL]HG FRQWUROOH GXWWLLH®®Y KHDOWK\ WHU
3LKODQWR $ ‘KH\ SURWWUQVRRGQGESSHSWLGHYV
2UFDMR - /DYLOOD 0 HUJERDFW RLORE POIOQ LPPXQR
DIIHFWHG E\ SXOVHB00OQ 1K NOWDG® WBPBQWODIWLRQDO $0O0H|
5DQJHO $ + 6DOHV ' BW ®WEDQRFW BVH LQWROHUDQFH D
SURWHLQ DRRGHUMFLHQFH DQG 7HFKQRDRODEOH D
KWWS ZZZ VFLHOR EU VFLHOR SKS"VFULSW VFLBDUWWH

ODXERLV FRULHQW 'DLU\ SURWHLQV DQG VR\ SURW
WRURWHLQ FRQYPUVLRBELIDEMRDQYG 7THEEHRORJI\
-R\FH $ 0 %URGNRUE $ .HOO\$ / HW DO 6HSDUDYV

DQG DJJUHIJDWARWVHRQ SMHRWHLQ LQWHUDFWLRQV GXULQ.
LQIDQW IRUBX6GPLHQFH DQG 78IFKQRORJ\

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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:LMD\DQWL + % %DQVDO 1 'HHWK + & 6WDELOLW
SURFHVVLQXRRPIBNKHRVLYH UHYLHZV LQ )R®® 6FLHQFH |
+

'XOOLXV $ *RHWWHUW 0 , :KH\ %URM HUQE KR®E R/
SHSWLGHV IRU IX®EWRWRGRQLIRREGVDFLOLWB\WRXRQ RD RYG |
)XQFWLRQDO SBRRGV

5DLNRV 9 'DVVLRV 7SURPRWHHDIOSMKRSHUWLHV Rl ELRDF\
IURP PLON SUROWLIRRGQDLQMHEEHEQFH DQG 7HRKRRORJ\

6LQGD\LNHQJHUD 6 ;LD : 1XWULWLRQDO HYDOXDW
WKHLU K\GURO\WVDWRXUQRP RURW B REPIGIQFHL %S EV LW\

1DN/ O0ODQQ % %DMDM 5 HW DO BURFHVYV RSWLPI
IXQFWLRQDO ZKH\ SURWHLQ K\GURO\WDWHYV DGRSWL(
,(QWHUQDWLRQDO -RXUQDO RI BHSWLGHSS¥VHDUFK DQG 7

/LX ; JLDQ3HWHUVRQ ' * ,GHQWHILFDWLRQ RI ELW
K\GURORXDWBO Rl $JULFXOWXUDO DQSS)RRG &KHPLVWU\
6SHOOPDQ ' 27&XLQQ * )LW]*HUDOG 5 - % LWV
K\GURO\\ZIXW H 8 IRARRIG QK HP LV W US S

6XMLWK 3 $ +\PDYDWKL 7 9 5HFHQW GHYHORSPH
K\GUROSWRWAV-RXUQDO RI, QY \WQ\G SISHJU R

6DKD % & +D\DVKL . | S'UHAEW W MCH LKL\ WARRD M PRAQGHRVO R J
$GYDQFHV SS#

4XLQWLHUL / ORQDFL / %DUX]]L ) HW DO 5HGXF

DQWLJHQLFLW)\ E\ XVLQJ D FRPELQHG HQ]\PDWRXU®RDIGIVW
RI IRRFEHQFH DQG WHFISGRORJ\
&KR 0 - 8QNOHVED\ 1 +VLHK )+ HW DO &ODUNFE
SHSWLGHV IURP VR\ SURWWHQQOK RI URQ\WHIXOMWXUDO DQG
SS
7FKRUEDQRM. @RYDDO *UR]JHYD / '"HELWWHULQJ RI ¢
IDFWREDFLOOXWPLQRSHSWQRPMH 5HVHDUFKYDLODEOH D
KWWSV F\EHUOHQLQND RUJ DUWLFOH Q YLHZHU
JLW]*HUDOG 5- 27&XLQQ * (Q]\8 D RW F LGH K LGWARHDU V€
%LRWHFKQRORJ\ DGSY®QFHYV
/HNVULVRPSRQJ 3 *HUDUG 3 /RSHWFKDUDW . HW DO ¢
SURWHLQ K\GURO\WDWH DQG ZKH\ -RXRMBIOQ RK \ BRIRRE \6/FLV
SS +
3HSWLGH&XMWIBEOH DW KWWSV ZHE H[SDV\ RUJ St
%RULVRYD *9 1RYRVHORYD 09 %RQGDUFKXN 2 1 0DO
SUHSDUDWLRQ WR REWDLQ ZKH)\)XQGDPG\QIWDID © RBB HIDUOH
+
ORWD 09 )HUUHLUD , 2O0LYHUD 0 HW DO 7U\S\

FRQFHQWUDWHY &KDUDFWHUL]DW)RRGXNFKAP LPXOSSL YD UL
+

*LOEDXJK $ .HUQHIHGLDWQBFFRRGDUAVRQ JXLGH
$YDLODEOH DW KWWS PHG VWDQIRUG HGXWHRIPAVHQW
JDVWUR QXWULWLRQ 6WDQIRUGB.HUQHUBIRUPXODBJXLGF
20LYHUD & ) )ROPHU &RUUHD $ 3 'DURLW '- HW DO
PLFENRDO SURWHDVH WR LPSURYH DQWLRMXGODW RIQRRKE
6FLHQFH DQG 7THFKGBGRJ\

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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&KL & &KR 6 ,PSURYHRBRRDMPWRYLW\ RI VR\EMIDY AHD (
IHUPHQWDWLRQ ZLWK %DNLOYOHKWVY XIVP \ (DRFO\LR X BI FD BIOKY
6DFFKDURP\FHYRRGJBFLMOPH DQG 7SIFKQRORJ\

5H\ 0 9 5DPDL\D 3 1HOVRQ % $ HW DO &RPSOH
LQGXVWULDO EDFWHULXP %DFLOOXV OLBKD@WRIGP %D LA
VSHFLHV *HQRPH %LRORJ\ $YDLODEOH C
KWWSV ZZZ QFEL QOP QLK JRY SPF DUWLFOHYV 30&
&UHXVRW 1 *UXSSHQ + +\GURO\VLV RI ZKH\ SU

OLFKHQLIRUPLY SURWHDVH |UD BWLRIDWLRIR X3 HB0EDDIGEHH)W
$JULFXOWXUDO DQG )RRGS&KHPLVWU\

6LOYHVWUH 0O ORULV + $ +\GURO\VLV Rl ZKH\ SUR\
SURW&IDVIU FRQWD *URVVD: Ss
/HL ) =KDR /4 HW.QDO (YDOXDWLRQ RI WKH K\GUR

DPLQRSHSWLGDVH IURP %DFLOOXV OLFKHQLIRUPLV 6:-6

SURWHLQRODMRIDIDWRI $JULFXOWXUH DQGSRRG &KHPLVWU\
-HVNH 6 =DQ@@RQD 0 )& ,PSDFW RI SURWHDVH DQG
SURWHLQV DQG WKH SUERGXF\G PXD N)RRXERMRGT OUQHRW L R Q

Ss  +

OLQH < 6KDKLGL ) IXWUDFHXWLFDO SURWHLQV D

7D\ORU DQG JUDQFLYV *URXS % RFD 5DWRQ

KWWSV zZzZZ XOSURVSHFWRU FRP HQ QD )RRG 'HWDLO
BURWDPH[ $YDLODEOH DW KWWS V\PELRWHF

K\GURO\VLV SURWDPHNV

6FRSHV 5 . 3BURWHLQ SXBNINFDWLRQ

6LPRQLDQ 0 + 6PLWK - $ 6SHFWURSKRWRPHWULF
SURWHLQ FRQFHQWUDWLRQ &XUUHQW 3URWRFROV LQ OF
*HUKDUGW 3 0XUUD\ 5 * ( :RRGHWKRGHWWI ROWD *HQHUD
OROX®DU %DFWHHURGRO 6RFLHW\ IRU OLFURELRORJ\ :DV
*HUKDUGWBHWKRGV IRU *HQHUPFH % DFDAVH 6R RIORW\ IRU OLF
HGLWLRQ :DVKLQJWRQ ' &

/ID]DUXV : 3XULILEFDWLRQ HYF KD Q QY PHRVRIDS K VR IR U
DPLQR PEXGEDO RI &KURPDWRBEDSK\ $

1JX\HQ3 0 %LRDFWLYH SHSWLGHV |URP WROBDHIDVQL &\
RI (QYLURQPHQW 3KDUPDFRORJSPRQG /LIH 6FLHQFHYV
$OYDUDGR < ODXHWERY -, HW ZO (QFDSVXODWLRQ R
IURP :KH\ 3URWHLQV DQG 7KHLU 5HOHD WAIQRPIR® MEXWHR L
s

OD\GD ( (/ 3DTXHW ' B5DPHW -3 J/LQGHQ * 3URWI
VEWLOLV QHXWUDO SURWHDVH SUHSDUDWLRQRXIRYD OD V|
Rl 'DLU\ 6FLHOSH

JLRFFKL $ 6FKXQHPDQQ + - 9%UR]JHN - :RUOG D
'LDJQRVLV DQG 5DWLRQDOH IRUN$SDQRQIDIBISRIW &RIZGM
$2 -RXUQD G St

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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(IlTHFW RI EDVLO VHHG JXP [DQWKDQ JXP DQG
RQ UKHRORJLFDO DQG VHQVRU\ SURSHUWLHYV
EDUEHUU\ SXOS LQ VI\UXS

ODU\DP 0D 6H\WHS$OL ORUYV
6DPLUD <HJDQH&RD& 3HGUDP 1LD

1, VODPLF $]DG 6DEJH%UDQFK 6DE]
+*5HVHDUFK ,QVWLWXWH RI )RRG 6FLHQFH DQG 7THFKQRC

$EVWI

.H\ZRUGYV ,QWURC %YHUEHJD LV D QDWLYH S

WKH VHHGOHVY W\SH JDLQHG D UHSXWDWLR
%DUEHUU\ .KRUDVDQ 7KH HIIHFW RI DGGLQJ PL[WXUF
&DUUDJHHQDQFDUUDJHHQDQ POGU O DMMWXIDR JXP RQ UKH
%DVLO EHKDYLRU DQG VWDELOUWSXRO S/ XQSHQXSGZE
‘DQWKDQ LQYHVWLJIJDWHG
;‘XP ODWHULDOV DQ&XPHWKRGMM XFRVH V\IUXS
EKHRORJ\ ZY EDUEHUU\ FRQFHQWUDWH ZY ZC

EDUEHUU\ SXOSV ZY ZHUH ZHLJKHG "L

K\GURFROORLGL WY LQFOXGLQJ JERBVLO VH

FDUUDJHHQDQ FDQ® DMK DIPUHSDUHG 7KH

VROXWQBQRWKHU LQJUHGLHQWYV ZHUH KHD\
SUWLFOH KLVWRDYQXWHYV 7R SUHSDUH WKH ILQDO SURGXFW
GLUHFWO\ DGGHG WR WKH VROXWLRQ 5KHRGC

SHEFHLYHG ZHUH HYDOXDWHG

5HFHLYHG LQ UHYBVWIWVXOWYV DQG GKMFKNIKHRWW DSSDUHQW
IRUP EHORQJHG WR VDPSOH ZLWK EDVLO VHH
$FFHSWHG YDOXH ZzDV IRU WKH VDPSOH FRQWDLQLQJ

FRQWDLQLQD DQWHKIPQDQ KDG ORZHU DSSD
FRASJHG WR VDPSOH ZEW KU BB H GQFXM

WKH DPRXQW RI EDVLO VHHG GXPHR\VIRRPDOV L
&RUUHVSRQGLQRHWZRUN RI FRQWLQXRXV SKDVH LQFUHD\
DXWW¥KRU VXLWDEOH FRXESWDRDRKQQJREDUEHUU\ SXOS
WKDW WKWHWXBRWEOH PRGHO IRU SUHGLFWLQ.
6DPLUD <HIJDQHKNKEHE VDP S\KHV+ZIMXPRHAHE6PRSEBABY FRQWDLQL

(PDLO EDVLO VHHG JXP DQG FDUUDJHHQDQ
V \HIDQHK]DG# DSSHDUDQFH DQG RYSBRSHLIEWMWHW EHIWMBHSDL
ULIVW DF LU JDLQHKH JKHR/WHV A Q WHUPV RI VHQVRU\ SUI
SDQHOLVWY DQG WKH ORZHVW VFRUHV EHOR

[DQWKDQ JXP VFRHWWDPEQH EDVLO VHH

DQG [DQWXIPQV K RVZKIHG KLJIKH VW IGH @RLZWM V BVQ ¢

GHQVLW\ UHVSHEWLYHO\
&RQFOXWARF®WGLQJ WR WKH UHVXOWYV RE
FRQWDLQLQJ EDVLO VHHG YXRDHGEWKH DL
KLIKHVW VFRUH LQ WHUPV RI VHQVRU\ Sl
VXVSHQVLRQ DVVHVVPHQW FRPSDUHG WR R
‘2, LQWURGXPHWDEOH IRUPXODWLRQ RI EDUEH
LQ WKH V\UXS

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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,QWURGXFWLRQ

%DUEHUU\ LV D ODUJH JURXS RI HYHUJUHHQ EDUEHG Vi
WKHLU PDQ\ XVHV DQG DSSOLFDWLRQV VXFK DV IUXLW F
%HUEHULWLY X0 QWYY HJBQ IV WKH VHHGOHVV W\SH JDL
VRXWKHUQ UHJLRQV RI .KRUDVDQ HVSHFLDOO\ 4DHQ DQG

,Q DOO EDUWSORIQW WKHUH DUH %HUEHULQH 2[\FRQW
7KH DPRXQW Rl DONDOWRKSVEDQ BEMKIW \URRWRRH WKDQ RW!|

%DUEHUU\ IUXLW FRQWDLQV DERXW FLQQDPRQ PDOL
> @ %DUEHUU\ KDV SKHQROLF FRPSRXQGYV PJ RI J
DQWKRF\DQLQ O DOQMRULR[LGDQW DFWLYLW\ DQG YL

$ JOREDO ORRN DW EDUEHUU\ LV SULPDULO\ D PHGLF
H[WUDFWLRQ RI DFWLYH LQJUHGLHQWY DQG WKH VHFRQC
FROQWDLQLQJ %HEHHEQ XIVRIE KRG RPLQDQWO\ DV DHIWL GLD L
SHULRG LQ &KLQD DQG ,QGLD > @

7KH FRQVXPSWLRQ RI EDUEHUU\ LQ IUHVKO\ IRUP EHF
,QQRYDWLRQV LQ WKH SURGXFWLRQ RI EDUEXWWXB8GBRG:
SURGXFWV VXFK DV MDP PDUPDODGH MXLFH VRIW GUL
JURZLQJ QRZDGD\V

+\GURFROORLGY DUH XVHG LQ WKH IRUPXODWLRQ RI IU
DELOLW\ WR PDLQWDLQ ZD\GHM | HPS UR DK RWUK H HOHDWYHI B Q
DQG VHQVRU\ SURSHUWLHY LQ WKH GHVLUHG SURGXFW >

%DWAFLPEPFLOL¥XP PHPEHU RI WKH IDPLO\ Rl PLQW D \
,UDQ $FFRUGLQJ WR WKH UHSRUW RI @ DBQWMR/ MFK 5IH \QRXHM
)$2 EDVLO SODQW LV LQWURGXFHG DV D QDWLYH SO

J)LIXUH JUHVK EDUEHUU\ TUXLW

D E
JLIXUB+ED\SIGODEWEDVLOFEHBGLO VHHG JXP SRZGHU

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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3RO\WDFFKDULGHYV H[WUDFWHG IURP EDVLOLFXP FRQVL
ZLWK FURVV QLOINY DQG D VPDOO SRUWLRQ RI J
WKH SUHVHQFH RIVDKIDIKLG)RIMODHFWHHD® LQ DGGLWLRQ WR J

%DVLO JXP LV D XQLTXH K\GURFROORLG WKDW LV FOD\

JXP FRQWDLQV FDUERK\GUDWHY DQG SURWHLQ *

KR WDMRU VXJDUV DQG SRWDVVLXP ZLWK |
WKLV JXP > @ ,Q DGGLOL\RWQLW K WKKDHY ISRRBIXRGREDVLO JXP \
WROHUDQFH VXJJHVWY WKH DELOLW\ WR VXVSHQRREDUWL
VWDELOL]HU LQ VRPH QXWULWLRQDO IRUPXODWLRQV VXF

&DUUDJHHQDQ D OLQHDU BRIKVPEGKPXQOH ZBHRUGW LK
IURP DOJDH PRYIWGXMWRRR® GOIUH DQG VHYHUDO RWKHU

&RPPHUFLDO VROXWLRQV RI FDUUDJHHBQ DXL DRRNV DWDHY
PHDVXUHG DW D WH&SHE DWRKROFRQWUDWLRQ RI zz
YLVFRVLWLHVPGEKDWH IYBIU\ FORVH SUR[LPLW\@R WKH 1F

‘DQWKDQ JXP LV D KLIJK PROHFXODU ZHLJKW H[WUDFHC
IURPQWKRPRQRV FDEWKDW UIWFRPSRVMGRYVH FRQQHFWLF
KDV VLGH FKDLQV WZR PDQQRVH PROHFXOHV DQG RQH JC
WKH IRUP RI ZKLWH SRZGHU VR®QBENKD RQIRRAW ZRGHIOR W
IRRG LQGXVWU\ DV D W KPLLRNH Q HUQ W FDXQ0G/ DI WHHIP SRDDW X U |
> @

/LDQJ HW DO H[DPLQHG WKH HIIHFW Rl GLIIHUHQ\
ZKLWH VHGLPHQW WXUELGLW)\ DQG YLVFRVLW\ RI FDUUR
DGGLWLRQ RDU JX¥P DRG [DQWKDQ JXP DQG RI &0& JX

DQG RI [DQWKDQ JXP UHGXFHG WKH DPRXQW RI SX
> @

*KDQQDGL PRYDKKHG DKPIGMHVMHQDWERQWKH HIITHFW
SHFWLQ REL Q/IKW\VRW VXVSHQVLRQ RI RUDQJH MXLFH SXOS
RI VXVSHQVLRQ RI SXOS SDUWLFOHV LQ WKH WUHDWPHQ\
DQG WKH WUHDWPHQW RI SHFWLQ ZDV IDYRWBDE®@H LQ

&RQVLGHULQJ WKH SUHYLRXV VWXGLHV QR SXEOLVKHG
SXOS LQ WKH VV\UXS 7KH DLMAR RIVWKXIGL WKW XHEIN FZFHW HR | E D\
QDWLYH JXP ZLWK PL[WXUH RI FDUUDJBBSQD® RRUP X DO
EDUEHUU\ VXVSHQVLRQ LQ V\UXS XVLQJ FRPPHUFLDO K\G!|

ODWHULDOV DQG PHWKRGYV

ODWHULDOV

%DUEHUU\ FRQFHQWUDWH ZLWK EFHU[H SD8SDDFGS LWR PF
BRUNRKRPSDQ\ ,UDQ *OXFRVH V\BRS*@RVWRSNUEKPXE@BKIU
&RPSDQ\ ,UDQ &DUUDJHHQDQ ZDV SXUFKDVHG IURP 3DL
JXP ZDV VXSSOLHG E\ 5H\KDQ *XP 3DUVLDQ &RPSDQ\ ,UDQ
)X JHQJ &RPSDQ\ &KLQD

SUHSDUDBMDLREHRIU\ V XXTISWMIQ EIDRUEMH U U\ SXOS

7R SURGXFH EDUEHUU\ VXVSHQVLRQV ZLMK FEFOAHE MUUR S
ZY EDUEHUU\ FRQFHQWUDWH ZY ZBWHUZHUH Y

ZHLJKHG 'LITHUHQW UDWLRV Rl K\GGRBROBMRLIGY VHHG?Z

FDUUDJHHQDQFDQ G [ DAPMEKIDES DUDMGHG RQ SUHWHVWYV

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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7KH JXP VROXWLRQV ZDWHU EDUEHUU\ FRQFHQWUD\
LQJUHGLHQWY ZHUH KHDWHG WR  7& IRU  HISQOOBMNVRI7F
EDUEHUU\ ZHUH GLUHFWO\ DGGHG WR WKH VROXWLRQ 5D

5DWLR RI EDVLO VHHGV JXP FDUUDJHHQDQ ZDV
[DQWKDWUDJHHQDQ ZDV

JORZ EHKDYLRU DQ& YD S\S\DW H QWY

YORZ EHKDYLRU WHVW IRU EDUEHUU\ V\UXS VDPSOHYV
EDVLO VHHG JXP DI@EWKIDWQU ZIMHQRIXW SXOS LQ WEH VKHD
ZHUH GHWHUPLQHWBSXQIG@HB6&RW DU\ 9, LVERWHK\Y HWU BRN I L H ¢
86$ DQG HTXLSSHG ZLWK D ZDWHU FLUFXODWLQJ V\VWHP
ZDV NHSW FRO&GWD Q@I MWSHULPHQW

7KH VKHDU VWUHVV ZDV SORWWHG DJDLQVW VKHDU UD
GDWREWDLQHG ZHUH ILWWHGH®\R RQ KD QG L3 R b MOQRD B @ BRIDX
DQG B6LWHRJ 0$7/$% SURJUDP DQG WKH EHVW PRGHO D
VIXDUHD®G WKH ORZHVW 5RRW OHDQ 6TXDUH (UURU 506
EHKDRLRUKH V\UXS 7KH DSSDUHQW YLVFRVLW\ ZDV UHSRL

6WDELOLW\ WHVW

7R PHDVXUH WKH SURGXFW VWDELOLW\ WKH DPRXQW
SRXUHG LQWR SODVWLF WXEHV DfEG7 KH SMBWE® RNEGIGSW D QWI
RI VDPSOHYV ZDV GHWHUPLQHG E\ VHSDUDWLQJ WKH XSSH!
H[SUHVVLRQ EDVHG RQ SHUFHQWDJH RI WRWDO ZHLJKW R

7TXUELGLW\ WHVW

7R PHDVXUH WXUELGLW\ FF Rl VDPBIOQHXW BN U B WF H (
USP 8VLQJ FHQWULVAIR P POMQQ BENBPS®\LRQ RI WKH XSS
ZDV PHDVXUHG DW QP > @

'"HQVLW\ WHVW

$ PLOOLPHWHU S\FQRPHWHGHID\HH GHDIQBGDDIPRK R O
VHYHUDO WLPHXDINMIK SLAPNRPFHOMWHHEU ZDV SODFHG LQ DQ R
“ f&TKH S\FQRPHWHU ZDY&zZBIQ GBKWKIEQDXDY ILOOHG ZLWK |
FRROHG GLVWLO&OMHKGE SDMWARPBWHU ZDV HYDFXDWHG DQG
VDPSOH &OWG ZHLIJKHG DV EHORZ > @

&DOFXODWLRQ PHWKRG

Q7?Q5
Q6205
0 "HLIJKW RI S\FQRBRHWHLDBW
0 "HLIJKW RI S\FQRPHWHU ZLWK GIVWROOHG ZDWHU DW

%UL[ WHVW

5SHIUDFWRPHWHU PHWKRG ZDV XVHG DVUD/GW XWKH G HAYR
ZLWK GLVWLOOHG ZDWHU 7KHQ D IHZRGUWREW RDYB P SHOMR:
LQ D UHIUDFWRPHWHU 7KHQ WKH SHUFHQWDJH RI VROXE

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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6HQVRU\ HYDOXDWLRQ

JRU VHQVRU\ HYDOXDWLWEO®VWSRDYWXKHG RIRU WKLV S
HYDOXDWLRQ IRUPV ZHUH SUHSDUHG IRU SDQHOLVWYV
JRU HDFK WUHDGUWRHYWFRE WEODMHFRQVLGHUHG 3DQHOLVW
EHWZHHQ GLVOWNRH HOLWHPHDNUHPHO\ 3DQHOLVWYV ZH
EHWZHHQ VDPSOHV > @

6WDWLVWLFDO DQDO\VLYV

$00 H[SHULPHQWY ZHUH SHUIRAKRH G HD\Y CONH\D RW VDWW H\D WU,
HISUHVVHG6DV IPWDHUH DQDO\]HG DQG PRPIDUVWHGE XN LD
WHVW DW VLIJQLILFDQFH OHYHO RI YLD 6366

5HVXOWY DQG GLVFXVVLRQ

(I'THFW RI EDVLO VHHG JXP [DQWKDID R & HCOMLIRIHH Q
DSSDUHQW RML\EFBRMAHMNAUN VIUXS VDPSOHYVY FRQWDLQLQJ EDI

JORZ EHKDYLRUURIVEDXE ZDV GHWHUPLQHG WR SUHGL
FKDQ$ANRUGLQJ WR WKH UHVXOWY WKH GDWD6tXDW OIHNV W F
PRGHO +LDRBUWKH OHDVW 506( LQ FRPSDULVRQ WR RWKI|

v .2

ZKHWHV VKHDU VWWHWKH 3ARQVLVWH® KA ¥ RHI HLFUL HIDWWI3 D/
WKH IORZ EHKIDMAIRMUWIKK HUHOG VWUHVYV 3D

7KH IORZ EHKDYLRX#HB8 N BRDENVOHIDB RKEBHCHVHQWHG LQ 7
7KH H[SHULP Q@GWBDWHBWRKIDW DOO VDPSOHV KDG \LHOG \
PLQLPXP VKHDU VWUHVV WR VWDUW WKH IORZ LQ D IOXL!
IOXLG EHKDYHV OLNH D VROLG DQG LV XQDEOH WR IORZ >

7TDEOH
JORZ EHKDYLRU 3WW B PHWVENEINRDH \ FERDGHEM RU\N VAUXS FRQWDLQ

GLITHUHQW FRQFHQW U D WERQV DR HEXBDID QWHBHBEDD XRH QD Q

6DPS 6DPSOH GH 1S N S° Q
FRGH

%DVLO VHF FDUUDJHH ) “ “

%DVLO VHF FDUUDJHH “ “ “

%DVLO VHF FDUUDJHH ) “ “

%DVLO VH IDUUDJHHC ) “ “

%DVLO VHH FDUUDJ} ) “ “

;DQWK FDUUDJHE ) “ “

,DQWKI FDUUDJH ) “ “

;DQWKI FDUHQDC “ “ “

,DQWKI FDUUDJH ) “ “

;,DQWKD FDUUDJFH ) “ “
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7TKH UHVXOWY VKRZHG WKDW WKH VDPSOH FRQWDLQLC
ZY BHBOOVVHHG JXP VKRZHG WKH KLJKHVW \LHOG VWUF

UHODWHG WR WKH VDPSOH FRQWDLQLQJ ZY EDVLO VH
EHKDYLRU H[SUHVVHV WKH VWURQJ LQWHUDFWLRQ RI ED
IRKFODWLRQ 6DPSOH FRQWDLQLQJ [DQWKDQ DQG FD
YDOXH 3D

5HVXOWVY LQGLFDWHG WKDW WKH KLJKHVW FRQFHQWUD
RQ WKH FRQVLVWHQF\ FRHIILFLHQW VW B8 QP\REZREH KFY HRW
VDPSOH FRQWDLQLQJ WKH KLJKHVW FRQFHQWUDWLRQ RI
3DV ,Q JHQHUDO FRQVLVWHQF\ FRHIILFLHQW FKDQ.
JXP ZDV LQ SDUDOOHO W R WWKMHWLLGRFU R D WHK B Q3 XWPK H[ F R §\W HL
ZY RI EDVLO VHHG JXP $W WKLV FRQFHQWUDWLRQ W
VHSDUDWLRQ DQG WKXV KDYH D QHJDWLYH HIIHFW RQ Y
FRQVLVWHQF\ FRHIMEHDQM HQWOL | HMBHHFWD O O\ WKH WUHD
JXP PD\ EH GXH WR WKH LQWHUPROHFXODU IRUFHV DQG \
ZDWHU DQG VROXEOH FRPSRXQGV EDVLO VHHG JXP WKF
PROHFXOHIDQIGQUQRYWHP FR@ WIDWEBBN\FPR@VDLQLQJ [DQ)
YDOXHV ZHUH DOPRVW WKH VDPH B8QR$W KK RYIU U@ 2W K Bl Q7B
WKH IORZ EHKDYLRU LQGH[ LQ DOO WU H D S/®BI\DWLF ZHYGH \Ek
WKLQQLQJ EHKDYLRU RI WKH VIUXSV FRQWDLQLQJ WZR JX
,Q WKLV VWXG\ DSSDUHQW YLVFRVLW\ LQFUHDVHG ZLW
VWDWLVWLFDO DQDO\VLV Rl GDWD VKR ZH® WKW HQH FIR
KDGVDJQLILFDQW HIIHFW RQ WKH DSSDUHQW YLVFRVLW\ |
FDUUDJHHQDQ JXP FHRPRRIRWIKWMLEEDVRQV LV WKH KLJKHU
FDUUDJHHQDQ DQG EDVLO JXP LQGLYLGXDOO\ FRPSDUHG
$V VKRZQ LQ MLEXUKHVWKDSSDUHQW YLVFRVLW\ UHODW
EDVLO VHHG JXP DQG WKH ORZHVW YDOXH ZDV IRU WKH
,Q VDPSOHV FRQW D LFPLUQUD PHMWQ PRQ WKM KLJKHVW DSSDUH
VDPSOH ZL\WRWKDQ

EDVLO VHHG JXP F D UIEHQDOQ |

EDVLO VHHG JXP FD U DODHEHEQDQ ]

EDVLO VHHG JXP  FDU IHHQIOQ .

EDVLO VHHG JXP FDUPIHEHEOOT ]

EDVLO VHHG JXP FDUPIHEHQOQ ]

[DQWKDQ FDUDJEHQYOY ]

[DQWKDQ FDUDJHHEHQYOQ ]

[DQWKDQ FDUDJHHQOW ]

[DQWKDQ FDUDJHEQDGQ—

[DQWKDQ FDUDJHHEQDQ ]

$SSHUDQW YLVFRVLW\ P3DV

JLIXUBSSDUHQW YLVFRVLW\ Rl EDUEHUU\ V\UXS WUHDWPHQWYV |
RI EDVLO FDUUDJHHQDQ DQG [DQWKDQ JXP DV VWL

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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(lI'THFW RI DGGLQJ EDVLO JXP [DQWKDQ DQG FDUUDJH
EDUEHUU\ QWXISQRRJ EDUEHUU\ SXOS

7KH UHVXOWVWPRRIHEOW KMDWP SOHY LQ WKH VDPSOH

ZY FDUUDJHHQDQ EDUEHUU\ ZDV GLVWULEXWHG XQLI
WR ERWWRP ZKLOH LQ RWKHU VOPBSWHVEXWKHGSRQS ZDV O
RQ WRS RI WKH V\UXS ,Q RWKHU VDPSOHV EDUEHUU\ SX
YLVFRVLW\ RU FRPSDFW QHWZRUN +\GURFROORLGV LQFU
LQFUHDVLQJ WKH DSSBURGWFWLRBREL VK VRILQUKRIQ FROORL
VSDWLDO VXSSUHVVLRQ DQG HOHFWURVWDWLF LQWHUDF
SDUWLFOHV DQG UHGXFH WKH VSHHG Rl WKH VHSDUDWLR
UHDVRQ WLRRUGKYMWRLEXWLRQ LQ WUHDWPMQW V HFR® WDR @IDC
SUHVHQFH GRUPHQKIURGIDO QHWZRUN UHVXOWLQJ EDUOH\ S
,QFUHDVLQJ WKH DPRXQW RI EDVLO BHPBQWALR ED ORQ RN
FRQWLQXRXV SKDVH LQFUHDVHV YLVFRWXWSHDEE @D EB WD
SXOS (QRXJK IRUFH LV UHTXL GH 6 HQR/ [ERIHDN \G/RE R FWE I H
7KHUHIRUH WKH SDUWLFOHV VKRXOG GRRN¥R QQHFN W KFHOH
LV WUDSSHG LQVLGH WKLV QHWZRUN DQG WKH RWKHU IRL
WKH OLTXLG JHO WKH SDUWLFOH ZLOO UHPDLQ VXVSHQG
RI DGGLQJ JXDU [DQWEKR]P HWIO\@DRH @M RYH K\GURFRO(
RI SDUWLFOH SUHFLSBWPBRWLARI®D L QV RDWK R W HMXFWV WK H
UHGXFHG WKH DPRXQW RI VHGLPHQW LQ WKH FDUURW M>
ORZHU LQ KLWHKHDWERQWVHQ @

(IIHFW Rl DGGLQJ EDVLO VHHG JHO [DQWKDQ DQG FDU
VIUXS FRQWDLQLQJ EDUEHUU\ SXOS

$FFRUGLQJ WR WKH UHVXOWYV RI WKH 7D EFE®W U D/IHHDOH
FRPSDUHG WR JDQWHD@DIQ KK B AHBUERBOW\EH GXH WR WKH
RI EDVLO JXP FRPSDUHG WR ZKLWH FRORU RI [DQWKDQ
WXUELGLW\ LQ GLIIHUHQW WUHDWPHQWY ZDV WKH DFFXP
FRPSRQHQWWEZQUNKHH®N JHOV VKRZHG OHVV WXUELGLW)
+LJKHU WXUELGLW\ RI WKH VDPSPBUEPQWIBQRQQPEDVQG
IRUPDWLRQ RI D VWURQJHU JHO E\ WHKCHMID JKP FRE FIRPIS®R

/LDQDAaw VWDWHG WKDW WKH DGDBQ® LFRDQ RR [\PE WK
FHOOXORVH JXPV LQ FDUURW MXLFH LQFUHDVHG WXUELGL
.DQKD DOVR LQYHVWLJDWHG WKH LPSDFW RV D\®GEIPJ QXOR
JXP RQ JLQJHU GULQN 7KH UHVXOWV RI WKLV VWXG\ VKR:
LQFUHDVHG WXUELGLW\ LQ WUHDWPHQWY FRPSDUHG WR
JHOODQ DQG FDUER[\PHWK\O FHOOXORVH > @

(I'THFW RI DBMALRIXE [DQWKDQ DQG FDUUDJHHQDQ JX
EDUEHUU\ VIAUXS VDPSOHV FRQWDLQLQJ EDUEHUU\ SXOS

7KH HIIHFW RI DGGLQJ EDVLO VHHG JXP [DQWKDQ DQ
EDUEHUU\ VIUXS VDPSOHV FRQWDLQLQJ EDUEHUU\ SXOS L
$FFRUGLQJ WR WKH UHVXOWV WKH GRHDQWLDNHRIIQDIP IS\D K
WKDQ VDPSOHV FRQWDEQUQD BHQADQVHKE KXBKHVW GHC(
VDPSOHV FRQWDIPRQUDJIJHHQDQ DQG VDPSDMWDEFPRRIDLQ
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WRZHG WKH ORZHVW GHQVLW\ 'HQVLW\ GHSHQGV RQ YD
VROXWLRQ SUHVVXUH DQG WHPSHUDWXUH ,Q WKH SUHVF
FRXOG EH UHODWHG WR LQFUHDVHG GU\ IPMDRVN ZHQ VLG W
UHVXOWYV PDWFKHG ZLWK WKH UHVXOWY RI WKH UHVHDUF
7TKH\ VWDWHG WKDW IOD[ DQG [DQWKDQ JXP LQFUHDVHG W
LQ GU\ PDWWHU FRQWHQW G XWKMRIRIKHXOBBQREDWLRQ RI

(II1HFW Rl DGGLQJ EDVLO JXP [DQWKDQ DQG FDUUDJHH
FRQWDLQLQJ EDUEHUU\ SXOS

SBHUFHQWDJH RI VROXEOH VROLGV %UL[ RI WKH VDP¢
GLIITHUHQW UDWLRYV RIQDEADKDQ VWDHIAW DIRHBDWOXDWYV DUH

7DEOH
6ROXEOH VROLGV LQ ZDWHU PHDVXUHPHQW UHVXOWV WXL

6DPSOH 'HQV 7TXUEL % U

FRGH 6DPSOH GHVFULSWLR@O 178

%DVLOVHH FDUUDJH ) ! !

%DVLO VHF FDUUDJHH : ) “

%DVLO VHF FDUUDJHH ) i} )

%DVLO VHF FDUUDJHH ) ! )

%DVLO VH FDUUDJHF ) ! )

;DQWK FDUUDJHE ) “ “

,DQWKI FDUUDJH ) “ “

,DQWKI FDUUDJH ) “ “

,DQWKI FDUUDJH ) “ “

;,DQWKD FDUUDJFH ) “ “

(I'THFW RI DGGLQJ EDVLO VHHG JXP [DQWKDQ DQG FDL
SURSHUWLHV RI EDUEHUU\ VIUXS FRQWDLQLQJ EDUEHUU\

$SHDUDQFH DQG WDVWH RI WKH VDPSOHV ZHUH HYD
$FFRUGLQJ WR SUHYLRXV UHVHDUFKHYV DOWKRXJK K\GU/I
SKDVH IRRG VI\VWHPV WKH\ FDQ DOVR KDYH QH3I@®WLYH HI

*HQHUDOO\ VDPSOHV FRQWDLQLQJ Z Y EDVLO VHHG
WR WKH SURSHU DSSHDUDQFH DQG DSSURSULDWH VXVSHC
E\ WKH SDQHOLVWY DQG WKH ORZHVW VFRUHW [DIQORKDIH C
JXP 7KH FRORUOHVV DQG WDVWHOHVV SURSHUWLHV RI [L
LQ RGRU DQG FRORU FRPSDUHG WR EDVLO VHHG JXP ,Q
FRQWDLQLQJ [DQWKDQ JXP FRPSD WD RO EWV RO EBIEBHUX
GLVWULEXWLRQ WKURXJKRXW WKH VDPSOH WKHVH VDPS(
DQG RYHUDOO DFFHSWDQFH ,W LV ZRUWK PHQWLRQLQJ
XQGHVLUDEOH YLVFRVLW\ DPRH SMB B HOR WK RIH® X FIHM. Q\DKO
FRQVXPHU V SRVEWK RIKYUKZSHUFHQWDJH Rl K\GURFROORI
IOXLGLW\ ZKLFK LV RQH RI Wwkaf GHVLUDEOH FKDUDFWHUL

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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(04 7TDEOH
I 5HVXOWVaR! VHQVRU\ HYD O XDWLRIQQ RIGE DIGEHIQUA FRAX SRR/R RIW
o - FDUUDJHHQDQ DQG EDVLO MHHG JEP
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%DVLOVHH " " " " " "
DUUDJHHQDQ

EDVLO VH'_ “ “ “ “ “ “
FDUHBQDQ

EDVLO VH'_ " " " " " "
FDUUDJHHQDQ

EDVLO VH'_ " " " " " "
FDUUDJHHQDQ

E D V L O V H " " " " " "
FDUUDJHHQDQ

[ D Q W K " " " " " "
FDUUDJHHQDQ

[ D Q W K ‘ " " " " " "
FDUUDJHHQDQ

[ D Q W K ‘ " " " " " "
FDUUDJHHQDQ

[DQWK]| " " " " " "
FDUUDD® H

[ D Q W K D " " " " " "
FDUUDJHHQDQ

&RQFOXVLRQ

$FFRUGLQJ WR WKH UHVXOWV DOO VDPSOHV RI EDUE
FDUUDJHHQDQ JX¥D D Q B JHDHYDRR QNRHEBHW R1EEZ WRQLDQ 10XL
+HUVB&KHONOH\ ZDV WKH PRVW VXLWDEOH PRGHO IRU SU
VDPSOHV

7KH UHVXOWV VKRZHG WKDW WKH DGGLWLRQ RI Z
FDUUDJHHQDQ LQ WKH IRUFNXUBMWQRROQRR | \BORZEHU SR EXWBY
SDUWLFOH VWDELOLW\ WXUELGLW\ YLVFRVLW\ DQG ZDV
FRQWDLQLQJ Z Y [DQWKDQ JXP ZDV VFRUHG WKH ORZH
FRQWDLQLQJ Z XPEDRROHGHWMBHIKLIJKHVW GHQVLW)\ DQC
UHODWHG WR VDPSOH FRQWDX®LQEDPS@HY [RQWMKDIQLQ.
FDUUDJHHQDQ VKRZHG ORZHU DSSDUHQW YLVFRVLW\ DQC
LQ WKHVH VDPSOH\ Q8DPBWHIDWRQ WE HG JXP VKRZHG PR
WKDQ WKRVH RUUDQMHKDIQ 7RWDO UHVXOW RI WKLV UHV
VXVSHQGHG EDUEHUU\ SXOS LQ EDUEHUU\ VIUXS LV SRVV
SHRSOH LQ G/LDEBBHRX DI HEHQHILW IURP VSHFLDO PRXWK!
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5HIHUHQFHYV

%DODQGDUL $ &BODUBBUBGXFWLRQ DQG SURFHVVL(
=DEDQ $GDE ODVKKDG
ORUWD]DYL 6 $ 6KDULIL $ ODVNRRNL $ 1LDNRXVD
2SWLPLVDWLRQ RI ELRDFWLYH FRPSRXQGHNUEHWUD F
YXOJDXUMMJ UHVSRQVH VX3HDHB PRHKWEKRG RQRRY DWLF
DQG WHFKQR ORI\
*ROGILHOG * 6 (SVWHLQ / + H W D&M M UXQ W VD B\Y
VXEVWLWXWH |RH DGVDK N Y RARCROR J\
+RVVHLQLSDUYDU + ORUWD]DYL $ PRW DORHHUGIDRS HJD
o) YJORZ EHKDYLRU RI JXP VROXWLRQV H[WUDFW
PL[HG ZRRMXWW EHDQ JXP YRRG *XDRFHVALQJ DQSSVWR L
+
$]XPD -, G6DNDPRWR 0O &HOOXORVLF K\GURFRO
SODDWHWQ GV LQ *O\FRVFLHQFH DQGS®\FRWHFKQRORJ
+RVVBDQYDU 60HOD@WR. D *RK . 5D]DYL 60 $ ORU\
BWHDG\ VKHDU IORZ EHKDYLRU RI JXP H[WUDF\
VHHG (IIHFW Rl FRQFHQWBBRWQRQ BRQFRWGE R 8 H UKW
SS +
OLODQL - ODOHRR®GXVWULDSBWRRIBWVBIQG (TXLSPF
% ,3\GURFROORLGV L%HRVRIGPLQEMABHRSHQ /RQGRQ
+DVKHPLUDYDQ 0 <DUBS®GLEBWLRQ RI K\GURFROOF
LQGXVWU\ DQG ROVDKIHIK 'IDAGMRAKW B HK W D Q
$UMELUD]L 6 ORYDKKHG 6 1HPDWWL + (YDOX
DQG K\GUR[\O SURS\O PHWK\O FHOOXORVH JXPV RQ F
RI VSRQJHFORODUY 5HVHDUSE /EEUDU\
/LDQJ & +X ; 1L HQ:X -/LBR ; (IIHFW RI K\GUTF
SXOS VHGLPHQW ZKLWH VHGLPHQW WXUELGLW\ DQC
YJRRG K\GURFROSRLGV
*KDQQDGL 6 ORYDKKHG 6 $KPDGL &KHQDUERQ +
DG SHFWLQ RQ VWDELOLW\ RI VXVSRHQUMLIR® ARIUPRRX
6FLHQFH 7HFKQ@RORJ\ SS =
5D]DYL 0 $ S$NEDWhLRSK\VLFDO SURSHUWLHV RI DJL
SURGXFHWWBRZVL XQLYHUVLW\ ODVKKDG
=RKXOLQSRUGHO 6 $U\DQIDU $ (IIHFW RI 3F
6WDELOGSPIWLRQ ,VVXH VRKMIGH1IDAMIQRMID O &RQJUH VYV
DQG 6FLHQRHUVOD®LF $]DG 8QLYHUVLWXBEQHYDU %
5LYDV $ 5RGULHRS$ ODWWIRWYDY * 5RGULJR 0
RI 3() DQG KHDW SDVW H X HALK Bl WILRIO RFK IVUKHF BKAY L 7 B/
RUDQJH DQG FDYRR® XL HRHFH DQG 7THFE®RORJ\
$QRQ\PRXV,QVWLW XW H DRYG6 WIDBXG/DWUUA DO 5HVHDUFK |
JUXLW -XLFH 7HVW PHVWBISRGV 1R

6WHIIH - ) 5KHRORJLFDO PHWKRGV LQ IRRG SUF
6RVWREDOOHUR QUDIRVORGHE /ySHPLR D V:EHODDHY -
IHUDRJ9 03D FD SKHRORJLFDO SDUDPHWHUV R

VROXWLRQV DV D IXQFWLRQ RI WHIPLSHAID MDXQIH ®H) G
,QJHQLHUtD 4XtPISESB

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJIJ)RRG 7THFKQRDRJ\

ODUFRWWH 0 +RVKDKLOL $ 5 7 5OLFDOZBBRSHUW
RI VHOHFWHG K\GURFROORLGV DV D IXQFYRIRRX RI F
5HVHDUFK ,QWHUQB®AL.RQDO

JRURXJKLQDL 6 $EEDVL 6 +DPLGLHVIDKDQL =
&RPELQHG $GGLWLYHV RIXAMNLFXIP FRODREIJRQENVDELO
-RXUQDO RI 1XWULWLRQ 6FLHQFHV 3G )RRG 7THFKQF
.LDQL + ORXVDYL 6MRPHKPDP 5KHRORJLFDO Sl
,UDQLDQ \RJKXUWQBHLOQD WRRIDOO -RXUQDOSRI 'DLU\

.DQKD % 8VH RI K\GURFROORLGYV LQ WH[WXUDC
$\UDRRG K\GURFROSBRL GV
7TDELEORJKPDQ\ ) 6 (KVDQGRRVW ( ,QYHVWL

XVLWDWLVVLPXP / JXPLADG FSMMR RPUWKHROBP QG VHC(
WRPDWR NHWFKXS, GXHUQDWMRRUIDIHRXUQDO RI $JU
6FLHQFHV ,-$&8%

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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(IITHFW6BILUXOLQD SRQ WHMVEUXPE ILUPLQJ
RI ZKHDW EUHDG GWRUDJH

'HQND =01 5RVHQ &KR

18QLYHUVLWI RI (FRQRPL
+8QLYHUVLWI| Rl )RRG 7THFKQRORJLHV 30ORYGLY %XOJD

$EVWI
.H\ZRUGYV

,QWURGXFKMHHRFV Rl 6SLUXOLQD SODWI
%UHDG FUXPE ILUPQHVYV GXULQJ VWRUDJH K
6WDOLQJ VWXGLHG E\ PHDVXULQJ WKH GHIRUPDYV
$OJDH SODVWLF DQG HODVWLF GHIRUPDWLRQ
6SLUXOLQD SODWHOMENULDOV D QUMW KIR'GREWDLQHG 11U
&UXPE IORXU ZLWK RKBSRDEXZDWQRQSODWHQVLV

WKH DPRXQW RN\ WKHB ZHLJKW RI IORXI
GHIRUPDWLRQ SURSHUWLHV RI WKH EUH
DQG KRXUV DIWHU WKH EDNLQ

FKDUDFWHULVWLFV Rl WKH EUHDG FUX
DXWRPDWLF SHQHWURPHWHU E\ LPPHU"

$UWLFOH KLVWRUFHUWDLQ PDVV IRU D FHUWDLQ WLPH
EHEHLYHG S5HVXOWYV DQG7KHWLMHMNMY SHQHWUDYV
EHFHLYHG L@Bng HIRUH WKH JUHDWHVW VRIWQHVV F
KH EUHDG ZLWK WKH DGGWWHRQ RI
SEEHSWHG DPRXQWERIZHLJKW RI IORXU ,Q WKH ERW
WKH UDWH RI ILUPLQJ RI WKH FUXPE LV \
RI VWRUDJH WKH WRWDO GHIRUPDWLRQ |

WLPHV ZKLOH WKDW RI FRQWURO VDPS
&RUUHVSRQGLQJ BNXWKRGHWDPBQWDLQLQJ 6SLUXOLQD SODW
SODVWLFLW\ RI WKH FUXPE GXULQJ WKH
5RVHQ &KRFKNRY KRX®$YIJDH DGQGLIMKHRQPREQW®E\RI
(PDLO ZHLJKW Rl WKH IORXU OHDGV WR DQ LP¢
URVHQ R NRY#DE(JRSHUWLHV RI WE&HWERUWEG LRU X PIE BQW
ORQWHPH WKDQ LQ WK'NULRQJWWRRUDDR Sl
WKH FRQWURO VDPSOH HODVWLFLW\ RI

GHFUHDVHV DQG DW WKH ODVW PHDVX
EDNLQJ LW LV WLPHV ORZHU FRPS
PHDWHKPHQMKN DIWHU EDNLQJ 7KH HODVWL!
FUXPE LV DIIHFWHG E\ WKH DGGLWLRQ
%UHDG VDPSOHV ZKLFK WBBSEUSKLDROFO
SODWHQVLYV KDYH D KLJKHU HODVWLFLW
WKH VWRUDJH SHULRG

&RQF GXMNURXPE ILUPQHVV GHFUHDVHG
LQFRUSRUDWLRQ Rl 6SLUXOLQD SODWHC
>y RI 6SLUXOLQD SODWHQVGENWIQUWKGIHY PR K

- JUHDWHVW VRIWQHVV RI WKH EUHDG FU)>
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,QWURGXFWLRQ

%UHDG VWDOLQJ LV D SURFHVV WKDW RFFXUV GXULQJ
WWDDIIHFWV WKH SURGXFW FKDUDFWHULVWLFV E\ ORVL
SHUFHLYHG PRLVWXUH DQG RWKHU VHQVRU\ FKDUDFWHUL

%UHDG VWDOLQJ KDV EHHQ H[WHQVLYHO\ VWXGLHG IRU
VWDOLQJ ZDW BRXIXEWBHGBXBDBW > @ ZKR SRLQWHG RXW W|
WR ORVV RI PRLVWXUH DQG WKDW VWDOH EUHDG FRXOG E
; UD\ GLIIUDFWLRQ .DW] > @ VKRZHG WKDW FU\WWDOOL]
UHVWIREOH IRU WKH ILUPLQJ RI EUHDG RYHU WLPH +RZHYF
PDQ\ DXWKRUV WKH FRPSOHWH PROHFXODU PHFKDQLVPYV

1RZDGD\V IRWPRBRJ KDV EHHQ ZLGHO\ VWXGLHG SURSR
LQYROYH QXPHURXV SKHQRPHQD RFFXUULQJ VLPXOWDOQH
VWDUFK UHWURJUDGDWLRQ D PRGLILFDWLRQ RI WKH
UHGLVWULEXWLRQ LQ WKH FUXPE > @ 'LITHUNWMRQ XRYKF
VWDUFK LV WKH PDLQ EKIHDNRD OREKW RBHWK BAWFIRQJ VWRUDJ
SURFHVV RFFXUV ZKHQ DP\ORVH DQG DP\ORSHFWLQ FKDI
JHODWLQL]HG VWDUFK PROHFXOHV WRVDORRWH ARBP BDF \@F
DXWKRUV DOVR SRLQW WKDW WKH PLIJUDWLRQ RI ZDWHU
LV ZHOO NQRZQ WKDW DIWHU EDNLQJ PLJUDWLRQ RI ZDV
WKH PRLVWXUH JUDGLHQWFHXWH \EWBDODW VW WHORQQJZISWK W
LQLWLDWLQJ WKH UHWURJUDGDWLRQ RI VWDUFK > @ :D
SODVWLFLW\ ORVV RI FUXPE DQG HYHQWXDOO\ WR WKH U
KDQG ZDWHEXWWHOHX)PVWQERUSRUDWHG LQ UHWURJUDGH
FUXPE KDUGHQLQJ DQG EUHDG VWDOLQJ GXULQJ VWRUDJ

7TKH PHFKDQLVPV RI DFWLRQ LQ PROHFXODU OHYHO |
XQGHUVWRRG 7KH FKDQJH RKFWXW DD 6 KURQ H WHOEG KPO/D EVH |
VWXGLHG > @ 8SRQ FRROLQJ VRPH VWDUFK FKDLQV EHJ
VWUXFWXUH > @ 6WXGLHV FRQILUP WKH FHQWUDO URF
UHGLVWULEXWLRHOM WROP WKW IGQ IGHHWHUPLQLQJ EUHDG

$SDUW IURP VWDUFK DQG ZDWHU PROHFXOHYV JOXWHQ
JOXWHQ QHWZRUN LQ IUHVK EUHDG LV IOH[LEOH DQG HO
JOXWHQ QHWIZRXAH PRXDGFY UHFU\WWWDOOL]DWLRQ RZLQJ
VWDUFK JUDQXOHV YLD K\GURJHQ ERQGV > @

W FDQ EH DVVXPHG WKDW DOO WKH YDULRXV FRPSRQI
LQ EUHDG VWDOLQJ DV WKH\ DG HWINRL @ K L5QUIRAH GX WDLANG |
RI WKH ILQDO SURGXFW 7KXV WKH VWDOLQJ NLQHWLEF'
SDUDPHWHUYV GRXJK LQJUHGLHQWYVY \HDVW HQ]J\PHV S
EDNLQJ FRROLQJ DQG VWRUDVUHPSHUDWRKWHU V7 RK )GPHDL/GHL \
DGGLWLYHY KDYH EHHQ DSSOLHG WR EUHDG DQG RWKHU

1RZDGD\V WKH FRQVXPSWLRQ RI PDULQH SURGXFWV LV
VHDZHHGYV RU PDULQH PDFURW RO BHW RIQYHDRIX\V K & HJ E R
DUH WUDGLWLRQDOO\ FRQVXPHG E\ KXPDQV DV IRRG > @
RI LQFUHDVLQJ LPSRUWDQFH DV EUHDG PDNLQJ LPSURYHL
KDQGOLQJ SURSHUMXIDF-OL WAQF U HDAWHK VEKIHED G DQG H[WHQC
EUHDG > @ 6HDZHHG SRO\WDFFKDULGHVY DUH D SRWHQW
FRPSRXQGYV KDYH KLJKHU ZDWHU KROGLQJ FDSDFLW\ WKELC
DO SRWQWK®W VROXEOH GLHWDU\ ILEHUV GHPRQVWUDWH
DQG RU DFW DV HPXOVLILHUV > @

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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ORVW RI WKH DXWKRUV IRFXV WKHLU DWWHQWLRQ RQ
YDOXH RI WRHLF®HIBHED N HWUY H DRGXGRW HOKRXJIK VWXGLH
SURSHUWL OV DHQRI \EKHHDIG SUHSDUHG ZLWK HGLEOH VHDZF
VKHQIH DQG TXDOLW\ Rl EUHDGYV RDGHW ZURKVLYV P\D JURGE
ZDV FRQFOXGHGWIRQWRWRYD DIGRLGHY WR EUHDGV KDV D .
LPSURYLQJONMKH DEBOWKH RYHUDOO TXDOLW\ RI WKH SUR
WKDW GULHG UHG. VSIPZSK\G XWS EDRYHDP RMQAWM O XHQFHG GRX
DQG EUKDG W SPWRSHUWLHV

%UHDG SUHSDUHG Z$K\XK HMCRBL D GJGIMWVDMRQU RMKHO | OLIH W
RQH FKDQJHV LQ WKH RUJDQROHSWLF DQG SK\VLFRFKH
GXULQJ VWRUDJH ZHUH OHVV S}XRMHEN® PR HSM W KW LWD-P H
RQ WKH IUHVKQHVY UHWHQWLRQ RI EUHDG GXULQJ VWRUL
LQ WKH FRP$SRYLMQAWDDRWREXBRLBYVILWH SUHGRPLQDWH
SURFHVV RI UHWUR LUBDG /'WIDRIF KR ID DHEO B WHLQW XD OO\ SUHY
EUHDG > @

+RZHYHU WKH LPSDFW RI DOJDH RQ WKH NHHSLQJ R
H[WHQVLYHO\ ,W LV ZRUWKZKLOH WR ILQG RXW KRZ WKH
VWRUDMRDZK® PDQLIHVWDWLRQ RI EUHDG VWDOLQJ LV FUX
WKH SUHVHQW VWXG\ LV WS LLUOXYCHVOADR KDWY M/HNVEKBIXR B H E WP
GXULQJ VWRUDJH RI ZKHDW EUHDG E\ PHDVXULQJ WKH GH

$ QXPEREMHFWLYH PHWKRGV FDQ EH XVHG WR FKDUDF'
i OHWKRGYV EDVHG RQ GHWHUPLQLQJ WKH K\GURSKLOLFLV
i OHWKRGV EDVHG RQ WKH GHWHUPYROWE®RD RX ENVKWHD @ RE

EUHDG FUXPE
i OHWKRGV EDVHBLROQ WKRQ GHWWIH PRLVWXUH LQ WKH EU
i OHWKRGV EDVHG RQ GHWHUPLQLQJ WKH SK\WLFDO SUF

ILUPQISOWVWLFLW\ HODVWLFLW\

$FFRUGLQJ WR $3$&& EUHDG ILUPQHVV LV GHILQHG
WKH FDWPE IL[HG GLVWDQFH RU WR HYDOXDWH IUHVKQH\
IRUFH ZLOO FRPSW@HVV D FUXPE >

ODWHULDOV DQG PHWKRGYV

ODWHULDOV

JRU WKH SUHSDUDWLRQ RI WKH EUHDG VDPSOHV WKH IF
i &RPPHUFLDO Z2ZKY¥SHW IORXWK WKH IROORZLQJ SHRSHUW

JOXWHQEFRQWHIQOWHDVH RPBROWNEW BDD EL G+ W\

:DWHDFFRUGLQJ WR ,62

&RPPHUFLDO \HDVW /HVDIPD\D
6DOMWFRU GRLRGHY BWD QFEWD )RRG &UPBHL 6DOW

6SLUXOLQD SRZGWH Q\DLYWHUDA HF RRSRVEWLRQ JSUBRWHLQ
J J RI ZKLFK VDWXUDWHG J FDUERK\GUDWHYV J
J J

—_— o — —

OHWKRGV

'RXIJK DQG EUWSHRVGE WRROFRPSRVLWLRQ RI WKH EUHDG VD
7TDEOH

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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7TDEOH
%UHDG VDPSOHYVY FRPSRVLWLRQ
%UHDG \
,QJUHGLHQWYV
&RQ' 6DPSOH 6DPSOH

VDPSOHG6SLUXOLQD 89DWWKHQAWYIDY SODWH

KHDW IORXU

:DWH

<HD\

6DC

6SLUXOLQD 1

%UHDG SUHSOUHD/GLRY REWDLQHG IURP W\SKSKDVHEKHD)
PHWKRG ,QLWLDOO\ NQHDG WKH \HDNMR LQRNXQHDGE @D WI
IDERPL] +XQ FLYMGSBUNOLQDDSODMW HRRZGHU LQ WKH

RU E\ WKH ZHLJKW RI IORXU DUH DGGHG WR WKH PL[LC
PDWXUHV IRU f SRRGUWKIHD PLRWREW BRXIKKRPRIJHQHRXV P
WKH UHPDLQGHU RI WKH IORXU WR WKH IRUPXODWLRQ DQ
GLYLGHV J DQG IRUPV PDWXUOHNQRSD VW L&BRW B ¥ HION
529,03(; 1IRYDOHGR ,WDDODGIWKHEMXWVDWLRQ WKH SLHFH
DQ HOHFWULF RYG®SD LERBPIDH{G WR& 7KH EDNLQJ WLPH LV
XQWLO WKH WHPSHUDWXUH LQ WKH F& ®NWHIW FEIDW K ®& JE WWHKDH
LV DOORYRIG G\RZ® IRU K DW URRP WHPSHUDWXUH

'"HWHUPLQDWLRQ RI GHIRUPDWLRQ SURISH USHURV PRIWW FK
SURSHUWLHV RI WKH EUHMDRBWILUX PEODMWHL V WRGLHGDVWLF

DQG KRXUV DIWHU WKHRED RKQUDFKHH GIEMRUFDBWI WK
PHDVXUHG XVLQJ DXWRPDWEKRWHDIHWERRPWHUVEIRQ RI D
FHUWDLQ PDVV IRU D FHUWDLQ WLPH DQG DU@® HIBHHVYV
PHDVXUHPHQW LV PDGHWQPE SURPHWKHEBHQ®HU RI WKH I
'"HSHQGLQJ RQ WKH VL]H RI WKH WHVW SLHFH WKH GHWH!
DW OHDVW PP DSDUW IURP WKH FUXVW 'XULQJ WKH WHYV
WKDW GRRRWRDVWXUH H[FKDQJH ZLWK WKH HQYLURQPHQ

6WDWLVWLFBOODRBHWILRFHQWY ZHUH FRQGXFWHG LQ V
HISUHVVHGYMMDRBDQG GHYLDWLRQ 6WDWLVWLFDO DQDO\
6366 ,QF &KLFDJRF RODEB@EDO\WLY RI YDULDQFH $1

'XQFDQYYVY PXOWLSOH FRPSDULVRQ WHVWYV ZHUH XVHG WR
OHYHO RI

5HVXOWY DQG GLVFXVVLRQ
(IHTHFV8 RIUXOLQDROWWH QMRWDO GHIRUPDWLRQ RI EUHD

&KDQLOVWKH WH[WX®BISLUY®QHIMMERDRAKHD/ IDQG FRQWU
VDPSOHV RYHU KRXUV RLYXWRUDJH DUH VKRZQ LQ
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6WRUDJH WLPH
1 x 1 1

SHOHWURPHWULF XQLWYV 38
B6DPSOH ZLWK 6SLOXOP@DH ZLWK 6SLUXOLQD

J)LIXUH 7TRWDO GHIRUPDWLRQ RI EUHDG FUXPE

$V FDQ EH VHHQ IURP WKH ILJXUH LQPDMLRQ RO WKG FD
LV UHGXFHG E\ HIWHQGLQJ WKH VWRUDJH SHULRG 7KH O
VWRUDJH Rl WKH EUHDG RU K DUH PHDVXUH
SHQHWUDWLRQ DQG WKHRHMKH BAKHID EU ADX\AEY W VIRH IV \DXH
LQ ZKLFK IREPXODOON IQAOE QQ WOHHQEHE LQ BAKAH DPRW RW IRIR X

7KURXJKRXW WKH SHULRG RI VWRUDJH WKH FUXPE F
FRQWUDFWLO LYW KH) BHW WHILIRRQHVY  KRXUV DIWHU EDNL
LV SHQHWURPHWULF XQLWYV 38 ZKLFK WKHQ GHFUEF
KDUGHQLQJ Rl WKH EUHDG FUXPE $W WKH HQG RI WKH V\
WKH FUXPFRQWWRBA VDPSOH LV SHQHWURPHWHU XQLWYV
GXULQJ WKH VWRUDJH SHULRG ,W LV QRWHZRUWK\ WKD
LQWHQVLW\ 7KH EUHDG FWB3$P B X L\QKHS TDHHROMAE HWRK D J
H[WHQW LQ SHQHWUDWLRQ DQG WKHUHIRUH IHDWXUHV D
RI VWRUDJH 7KH DPRXQMQ B! GABNYHQORWHGLIQLILFDQWO\
GHIRUPDWLRQ 7KUHH KRXUV DIWHU EUHB®S LD HGQ R UV MG
ERWK VDPSOHV 7KURXJKRXW WKH VWRUDJH SHULRG WKH
ZLWK RQO\ KRXUV DIWHU BB3NUQD L\ RK-S B MWMHENDIWHU VR
RI WKH FUXPE ,Q WKH ERDWKHDRIJ R B WDHPGIOHVR WW KH FUXP

KRXUV RI VWRUDJH WKH WRWDO GHIRUPDWLRQ RI WKH |
WKH DOJDH FRQWDLQLQJ VDPSOHYV KDYH D ILUPQHVV RI W
DIWHU KRMNXUBSRUXWIRQFEQWWH@WIKMGURFROORLGV > @
SRO\WDFFKDULGHY DUH NQRZQ WR UHGXFH WKH GHJUHH
SURGXFWV WKHUHE\ ORZHULQJ WKH UDWH RI FUXPE GHK)

'LIIHUHQW VWKISHEBVFREDYHHG RXW VKRZLQJ WKH SRW
K\GURFROORLGYV LQ WKH EDNLQJ LQGXVWU\ DV DQ LQJUHC

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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WR 5RMDV DQG FRDXWKRUV > @ K\GURFROORLGVY FDQ PF
RYHUDOO WKOHDISMRBKFW RYHU WLPH > @ *XDUGD HW
FRQWDLQLQJ K\GURFROORLGY VKRZHG D ORZHU ORVV RI F
ZDWHU UHWHQWLRQ LQ WKH FUXPE ,W LV ZHOO NQRZQ WHK
DIlTHFWLQJ EUHDG VWDOLQJ DQG FUXPE ILUPQHVYV

(IHTHFVB RIUXOLQDROWWH QODWWLF GHIRUPDWLRQ RI EUF

7KH UHVXOWYV REWDLQHG E\ GHWHUPLQLQJ WKH SODV
SUHVHQWHG LQ )LJXUH

6WRUDJH WLPH
1 x 1 1

SHOQOHWURPHWULF XQLWYV
m6DPSOH ZLWK @S PSS I L WK OKIRXWURO VDPSOH

J)LIXUH SODVWRR &®RHIRWHDG FUXPE

$0JDH FRQWDLQLQJ VDPSOHV KDYH D KLJKHU SODVWLF
5HIJDUGLQJ WKH ESHDXO ZQBWXIOWWH EHIV.QQLQJ RI VWRUD
YDOXH LV 38 DQG LV WLPHFRIQWKRO WHEKPKOWKBW \
PHDVXUHPHQW DIWHU KRXUV WKH EBHDGOE QXPEDEDMINHKQ-
EHKLQG LQ WHUPV RI LWV SODVWLF SURSH U WLOHNAD HQ EPR/P <
LQ WKH QH[W PHDVXUHWKBQ@LQWIOH \KIDPS EHWWRBU SODVWL
WKLY UHJXODULW\ LV PDLQWDLQHG WKURXJKRXW WKH VW
SODVWLF GHIRUPDWLRQ RI WKH HQULFKHG VDPSOHV LV R(
GHIRUPDWRRPGGHFUWHLPHYV ZLWKLQ WKH SHULRG RI VWRUD
FKDQJH ZDV WLPHV IRDONRH PQWBDG ZWWRHV IRU WKH
6SLUXOLQD SODWHQVLYV

,Q WKH VDPSOHV SUHSDUHG ZLWK WKHCGRLE@ILWURQVRHB
D KLJKHU SODVWLFLW\ DQG VRIWQHVV ZKLFK LV UHODW!
H[SHULPHQWDOXWHXGLHV

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F



JJIJ)RRG 7THFKQRDRJ\

D E F

J)LIXUH %UPBE WHRVWHG
DtFRQWURO ¥DPBOOGHEBEWIKUXOLQD SODWHQVLYV
FrtVDPSOH ZBEWIKUXOLQD SODWHQVLV

KRXUV DIWHU EDNLQ Jb SUKHK EUMD &&HWIKODWMWLF GHIR
YDOXH LV WLPHV KLJKHU WKDQ GVK DW RP MM K LR ® W WRCD
EUHDG SUHSDDBGDHELWKLY SURYHV BSKDM ON IQHL [ GV KWHLGRU
DPRXQWVDRIG E\ ZHLJKW RI WKH IORXU OHDGV WR DQ LI
SURSHUWLHV RI WKH EUWIBSHRQUXPEQDIRE \WROWEHHLU WLPH
VDPSOH

7KHVH UHVXOWYV DUH FRQVLVWHQW ZLWK WKRVH RI RW
K\GURFROORLGV LQ VHDZHHGYV LPSURYHG GRXJK FKDUDFW
LPSURYH WMEWXUUHHBG FUXPE > @ $UXIH DQG FRDXWKRU
EURZQ VHDZHHG SRZGHU RQ SK\VLFDO DQG WH[WXUDO SU
WKDW D PD[LPRRXU EDVH VHDZHHG SRZGHU FRXOG EH D

FUXPE[WXUH RI HQULFKHG EUHDGV 2WKHUZLVH XVLQJ
LQFUHDVHYV

(IHTHFVB RIUXOLQDROWWH QOWIDWWLF GHIRUPDWLRQ RI EUF

7KH UHVXOWVY REWDLQHG E\ GHWHUPLQLQJ WKH HODYV
SUHVHQMIKG H Q

7KH H[SHULPHQWDOO\ HYWDEOLVKHG UHVXOWV VKRZ W
HODVWLFLW\ RI WKH EUHDG FUXPE GHFUHDVHV DQG WKL
WHVWLQJ

'XULQJ VWRUDJH IRU K LQ WKHWRWWRBD EDRBGH UXR
GHFUHDVHV DQG DW WKH ODVW PHDVXUHPHQW KRXUV C
WR WKH EHJLQQ@L®JDRWWW RADINIH)J WKH SURGXFW 7KLV L\
RFFXUULQJ LQ WKH WWB URKHDUD FIMKRQ R SDUWLFXODU Zl
DP\ORSHFWLQ %UHDG VWDOLQJ LV LQHYLWDEO\ DVVRFLI
SURSHUWLHV Rl YWKHGRKBHQE WKKXPRIWQHVY DQG HODVWLF

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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6WRUDJH WLPH

m6DPSOH ZLWK @B DPSIALK B L WK OSIRVOULRO VDPSOH
SHOQOHWURPHWULF XQLWYV

J)LIXUH (ODVWLR IGHUR D BEDRMUDRRE

7KH HODVWLFLW\ Rl WKH EUHDG F USRE X ¥ LI DHESRWBI\G HE)
WKH VDPSOH ZLWK W& HDMHGIBW WLIRK) RHIJLQQLQJ RI VWRUDJ
GHIRUPDWLRQ LV SHQHWURMHWRWL WV KB LFRQ W URH V DAPISE
GHFUHDVH E\ OHQJWKHQLQJ WKH VWRUDJH SHULRG DV
UHFRUGHG DW WKH EHJLQQLOD ®REVKWRUD JHK HE EWH B B QV IV
ZKLFK UHFLSH D@ROXGBFWHRKOHOG E\ D KLJKHU HODVWLI
WKURXJKRXW WKH VWRUDJH SHULRG

7KH UHVXOWY REWDLQHG E\ H[DPLQLQJ WKH GHIRUPDW

6SLUXOLQD O ODW HQELFDWH WKDW DIWHU KRUHDRI V)
FUXPE LV LGHQWLFDO WR WKDW UHFRUGHG LQ WKH FRQ
QRWHZRUWK\ WKDW LQ WKLV VDPSOH WKH HODVWLFLW\ ¢
VWRUDJH KRXUV ZKLOH IR W MPKH IF BORURMUHR OL @ D/PISID HP L (
VWRUDJH BEHWQEMHRXUV WKH HODVWLFLW\ GHFUHDVHV I
RWKHU VDPSOHV

7KLV JLYHV JURXQG WR SRLQW RXW WKDW 68K H X\OLRIO |
SODWHHWDYQ WKHW MHORYWHBLWLPH DQG LQFUHDVH WKH
FUXPE WR KDUGHQ 7KLV ILQGLQJ LV DOVR VXSSRUWHG E\
HW DO > @ UHSRUWHG WKDW VHDZHHG VVBHRDDQWIH HRIIHWW W
EUHODX&H DELOLW\ Rl DOJLQDWHY WR GHFUHDVH WKH VWD
LQKLELWLQJ LQWHUDFWLRQV EHWZHHQ JOXWHQ DQG VWD

&RQFOXVLRQ

,Q WKLV VWXG\ WKH BGGUWQRQDRRDE@MUEQDN.\D QRYHO D
RI EUHDHSSDUDWLRQ ZDV LQYHVWLJDWHG 5HVXOWV REWL

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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EUHDG GHFUHDVHG ZLWK WKH LGSRUSRU QW SRED BEQNNY R
RBSLUXOLQD G \DMHDNVRMWHRPLQHYV WKH KL M KN WHFRQAV
WKH JUHDWHVW VRIWQHVV Rl WKH EUHDG FUXPE $IWHU
ILUPQHVV RI WKH FUXPE UHFRUGHG LQ WKH FRQWURO VD
LQ VDPSOHV ZLW 6 SLKN DICEL WERQHRIIY HG E\ D KLIJKHU SO
VRIWQHVV 7KLV JLYHV JURXQG WR FRQFO X G&S MUOON. EDJ F
SODWWHWWRUW VRIWQHVYV DQG HODVWLFLW\ IRU D ORQJHU \
RFFXUV PRUH VORZO\

$FNQRZOHG BXMHKRNMY ZRXOG OLNH WR WKDQN WR WKH
6FLHQFH RI %XOJDULD DERXW WKH VXEVLGALE\ 5HIXO
DFFRUGDQFH ZLWK WKH 2UGLQDQFH RQ WKH 7HUPV D
30DQQLQJ $OORFDWLRQSWQ® H[SXGIHW BX@®V IRU WK
WKH ,QKHUHQW 5HVHDUFK $FWLYLWLHV Rl WKH 6WDW
DFNQRZOHGJHPHQWY DUH DOVR WR WKH DFDGHPLF
(FRQRPLBDUQD IRU WKH DOORFDWLRQWQRYBSWR MH FW
DSSURDFKHV WR LQFUHDVH WKH TXDOLW\ DQG ELRORJ

5HIHUHQFHYV

%RXVVLQIJDXOW - % ([SPULHQFHV D\DQW SRXU E.
WUDQVIRUPDWLRQ GX SDHIQWE BG GH HF® LPDLIHQISUBD L T K\ V L

.DW] - 5 UDKHW/SHFWURJUDSK\ RI VWDUFK DQG JHODW
RI VWDUFK LQ WKH EUHDG VWDOLQJ SURFHVV ,Q 5 3 :C
VWDUFK FKHPHLNWRLF\DD< & DSDHORJI &R

*UD\ $ %H OLOOHU - 1 %UHDG VWDOLQJ ORO}
&RPSUHKHQVLYH 5HYLHZV LQ )RRG SS§LHQFH DQG )RRG 6D
$PLJR - 0 20PR $ (QJHOVHQ 0 0 /XQGNYLVW + (QJH
ZKLWH ZKHDW EUHBEWFRXP B OR@IMQL\F 3DUW ORQLWRUL

SURFHVV E\ XVLQJ QHDU LQIUDUHG )RRIGF WHHRAMMPRSBE\D QG F
+

*RHVDHUW + 60ODGH / /HYLQH + '"HOFRXU - $Q E
LOWHJIUBDZRK® DO RI &HUHDSS &§FLHQFH
+DOOEHUJ / O &KLQDFKRWL 3 $ IUHVK SHUVSHFW

VWDUFK UHFU\VWDOOL]DWRKY RDOWK H RREPER EHRIFEHU HD G
60DGH / /HYGQH6+ 5HL %H\RQG ZDWHU DFWLYLW\ 5HFHC
DOWHUQDWLYH DSSURDFK WR WKH DRMMHWLVFCHI BH K L HRZR GL
6FLHQFH DQG 1XULWLRQ

%DLN 0 < &KLQDFKRWL 3 D QBLYKDMH WHBQ V WL E @ V
VWD@HQHDO &KHPBSWU\

+H + +RVHQH\ 5 & &KDQJHV LQ EUHDG WHP®HVV
VWRUBIIH DO &KHPBSW U\

=HOH]QDN . - +RVHQH\ 5REZDWHU7IKHWRIOKWHWURJIUDGD\
JHOV DQG E WRHG B O X8PKEH P L VS\SH\

7DR + =KDQJ % :X) ) -LQ= < :X; O (IIHFW R F

PRGLILHG ZKHDW VWDUFK RQ G RX\V K \SLUPRFSOINURKMLWM X WDLR® BAY
-RXUQDO RI & HUHDSB 6FLHQFH

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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:DQJ 6 - L & |/ &RSHODQG / 1LX 4 :DQJ 6 6V
&RPSUHKHQV L¥RIPSHMHKHHQVLYH 5HYLHZY LQ )RRG BFRLHQFH
+

)X = &KHQ - IXR 6 - /ILX & O /LX : (I'THFW RI |
UHWURJ$DWGHDWHRQ 6 WDU FESEWIUNH

)DGGD & 6DQJXLQHWWL $ 0 'HO &DUR $ &ROODU & 3L
WKH WIRPZSUHKHH 5HYLHZV LQ )RRG 6FLH@BSH DQG )RRG 6L

2WWHQBRI)DUKDW , $ 7KH HIIHFW Rl JOXWHQ RQ \
VWDARRKU QDO RI &HUHDSB 6FLHQFH
*XSWD 6*K®EXQDP 1 S5HFHQYW @ MKHOBRSSE@BRMIBWLRQ RI

VHDZHHG H[WUDFWV DV D PHDQV IRU HQKDQFLQJ WKH \

,QQRYDWLYH )RRG 6FLHQFH (PHUSIS®J 7THFKQRORJLHV

ODPDW + ODWDQMXQ 3 ,EUDKLP 6 $PLQ §KH DBIRLHFW R3

VHDZHHG FRPSRVLWH IORXU RQ WKH WHRXX QDO RURBSISOW

3K\FRORJ\ SS =+

(OOHXFK 0 %HGLJLDQ ' B5RLVHX[ 2 %HVEHV 6 %OHFNE

DQG IUEEKSBGEXFWV Rl IRRG SURFHVVLQJ &KDUDFWHULVD)

DQG FRPPHUFLDO DSSPRFEGWKRE@YVYWEE HZ

/HH & &KRL - 6RQJ ( /HH 6 .LP . .LP 6 -XQJ -

P\DJURLG HR® [WRMDIAWDQ G T XD RUMDRI FRXUIND O Rl )RRG 6F

7HFKQRORJ\ S &

6PHUWLQD ( 6 )HG\DQLQD / 1 .DOHQLN 7 . &R\

FRPSRQHQW LQ HQULFK6MEREDNH UD QS3 BSERBEWYYWQU RO D

PDWHU L EGY

JHG\DQLQD / 1 6PHUWLQD ( 6 .DOHQLN 7 . )LVFKHQN

)XQFWLRQDO IRRGV ZLWK %$6 RQ WKH EDVLV RI WKH K\C

IXQFWLRQDO*RREWH i LSHRIBABWRN SIS/

$$&& $SSURYHG PHWKRGV RI WKH $PHULFDQ $VVRI

$PHULFDQ $VVRFL&OKHMRIOMR MEDHIOH D O

9DQJHORY $ .DUDGRRWD'G DQG SD V¥ \J XK QRWD MIDE UD

ZRUMNHPIOWRILD

5DSRVR 0 ) - GH ORUDLV 5 0 6 & GH ORUDLV $ 0 O

DSSOLFDWLRQV RI VXOSKDWHG SRO\\ODRAKIHI LGHS/SIURP F
+

5RMDV - $ 5RVHOO & 0 %HQHGQWRUWR HDWIEHW Rl GLIIH

O RK\G URFROOR )LRBRGV ¥ &/HR NS 60

5RVHOO & 0 5RMDV - $ %HQHGLWR GH %DUEHU &

UKHRORJ\ DQG FRIRI® G \GXRE B0

*XDUGDSRBVHOO & 0 %HQHGLWR GH %DUEHU & *DOR\

K\GURFROORLGYV DV EUHDG LP S)RRYGHYNG DREBB@W LVWDOLC

5RGJH $ % 6RQNDPEOH 6 0 6DOYH 5 9 6\HG ,PUD

K\GURFROORIX® JRBPRUFRSUDWLRQ RQ WKH 4XD)RRG &KD

3URFHVV 7THFKQRO

$UXIH 6 'HOOD 9DOOH * &KLURQ + &KHQOR ) 6LQHLLI

EURZQ VHDZHHG SRZGHU RQ SK\VLFDO D @& URISHDXQU PRR U

5HVHDUFK DQG 7HFK@&SORJ\

'DYLGRX 6 /H OHVWH 0 'HEHYHU ( %HNDHUW $

VWDOLQJ RI ZKLWH EUHDG HIIHFRGRI\BDWABOXEQG K\GURF

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F



JJIBURFHVVHY DQGJJUXLSPHQW

ORGHOLQJ DQG MW QRW KNWWHPV RI LQWHQVLYH
HI[FKDQJH

$QODWROLL 6RNROHQNR 2O0OHN"
.RVW\DQW\Q 9DV\ONLYVN\L 20HNVLL %9RLNR $QDVWD\

IDWLRQDO 8QLYHUVLWI ALY 8N
$EVWI

.H\ZRUGV ,QWURG 7KH GHYHORSPHQW RI W

Rl VA\VWHPV RI LQWHQVLYH PDVV H[FKDC
([FKDQJH HISHQVH RI HQHUJ\ SRWHMWIRDE FRIRGQWT
,OQOWHQVLILFDW$BRYLGHY WKH UHDOL]DWLRQ RI DFWXDO
6\Q WKLV ODWHOV DQG PHWKRGBYHU DQDO\HV WKH
OHGLXP EDVLV RI PHWKRGYV DQG ZD\V RI LQWHQVL
,QHUWLRQ OLTXLG DQIGrXioy VIVWHPY DQG SKHQR

JHQHUDOL]DWLRQV EDVHG RQ NQRZQ O
PDWKHPDWLFDO IRUPDOL]DVWEHRMZHRR UK
JHRPHWULF NLQHPDWLF DQG K\GURG\QDP

5HVXOWYV DQG7&HWWXGLREKRZV WKH SRV
VIQWKHVLV RI LQHUWLDO ILHOGV GXH W
$UWLFOH KLVWREDUDPHWHUV RI SLSHO NHFW LERRMHOD UW R F

GXH WR WWKH.- P@WHBRUYLOLQHDU DQG VW
SHFHLYHG WUDMHFWRULHV RI YDULDEOH FXUYDWXUF
fFE'UFF'jLYHG LQ UH¥YKYHCGJHQHUDOL]HG UHSUHVHQWDWLRQ
$SFFHSWHG LQWHQVLILFDWLRQ RI PDVV H[FKDQJH SU

DFWLRQV LQ WKH IRUP RI WKH FRQVH"
UHGLVWUREXONURVXOW RI WKH UHGLVWUL

& RUUHVSRQGLOSRWHQWLDO HQHUJ\ SRWHQWLDO

DXWKRU 3R\ELIOLWLHV RI YD URIDMUR® VL B\ ONDHOQFHA

WR FRPELQDWLRQV RI JUDYLWDWLRQDO |
20HNVDQGU GLIIHUHQW RULHQWDWLRQ DQG IUHTXHQ
6KHYFKHQNR  VKRZQ LQFOXGLQJ ZLWK WKH SRVVLELO
(PDLO G\QDPLF VKRMHW RIQFKP@JH RI VLJIQV RI

WPLSW#XNU QHWYXUYDWXUH 6\QWKHVLVY RI LQHUWLDO IL
DFKLHYHG E\ VXFK IDFWRUV DV YDULDEOF
LQ IORZ GLUHFWLRQ 7KH FRPELQDWLRQ R

HITHFWLYH

(QHUJ\ VXSSRUWIRLADKMMH RQWHQPDVV HJ[
UHIHUV WR WKH LQLWLDO FRQGLWLRQV RI
SRVLWLYH UHVXOW LV HQVXUHG E\ DFFXUL
ERQFOXVIKRQMDFWRUV RI LQWHQVLILFD
HI[FKDQJH SURFHVVHV DUHVKHYUNVHQWHG
ILHOGYVY GXH WR FKDQJHV LQ WKH YHORFLYV

"2, RI WKH PHGLXP
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JJIBURFHVVHY DQGJJUXLSPHQW

,QWURGXFWLRQ

,QWHQVLYH PDVV H[FKDIQXH RIREIGIXPEBHIGBVYD LV DQ LP
FRPSRQHQW LQ D ODUJH QXPEHU RI FKHPLFDO IRRG
6XSSOHPH@WIYWIHHEKMQJH SURFHVVHYV E\ FKHPLFDO UHDF
RI VXEVWDQFHYV FKDQJHV LQ FKHPLFDO WKHUPRG\QDPL
ILQDO UHVXOW GHWHUPLQH WKH VSHHG RI WKH WDUJHW ¢
GHFHYV 7KHVH UHODWLRQVKLSY DUH UHIOHFWHG LQ WKHL

6R WKH FXOWLYDWLRQ RI EDNHBERW®Q YWD\ QY FFD@IUD. HQ
ZLWK D FDSBFLRV:RWK WKH VDPH RU PXFK ODDWXY YROX\P!
LQ DOQDHURELF IHUPHQWDWLRQ WHFKQRORJLHV LQ WKH E
,Q HDFK FDVH KRZHYHU WKHUH DUH NQRZQ OLPLWDWLRC
YROXPH GHYLFHV )RU H[DPSOH QR MRILRE/L W KHU BHQ WH
LQKLELWHG E\ WKH DFWLYLW\ RI \HDVW LQFOXGLQJ EHFD
R[\JHQ $QDHURELF SURFHVVHV DUH OLPLWHG E\ WKH RVPF
FDVHV WKH RXWSXW QW H/@ERWXLIIKWDAKIR Y RDWWHR UV WKDW DU
,Q WKLV UHJDUG PRGHOLQJ RI WXUEXOHQW IORZV > @ |
> @ WKH VWXG\ RI IHBEWX WHKWH RSIRMUHIMQAQWILIHGQVWVR I P DVV IRUF
7TKHRU\ DQG QXPHULFDO DQDO\WLY DOORZ WR BWRNWHKH V
HTXDWLRQV FRPSXWDWLRQDO PHWKRGV LQ I10XLG G\(
K\GURG\QDPLFV RI| @LWLTTXNIG )@ DDWXV WKH DSSOLHG FKI
VHBKU IRU WHFKQLFDO VROXWLRQV GHWHUPLQHVY WKH UHC
VA\VWHPV RI LQWHQVLYH PDVV H[FKDQJH DW WKH H[SHQVH

ODWHULDOV DQG PHWKRGYV

7KH SDSHU DQDO\]HV WKH SK\VLFDO GEW M QW LR L FIDHWLIRI
SURFHVVHV LQ OLTXLG DWY&HBV DQG SKHQRPHQRORJLFD
NQRZQ ODZV RI QDWXUH ZLWK PDWKHPDWLFDO IRUPDOL]L
NLQHPDWLF DQG K\GURG\QDPLF SDUDPHWHUYV

7KH REMHFNB YWXWKH WHFKQRORJ\ RI LQWHQVLILFDWLF
VI\VWHPV ZLWK OLPLWHG ORFDO ]JRQHV RI LQWHUDFWLRQ >

7KH VXBRMH¥KH UHVHDUFK LV WKH IDFWRUV RI LQWHQ\
UHGLVWULEXWLRQ EHWZHH{QU J3RW HIQW MDKCH DRGPNRQ M\B UE
SDUDPHWHUV RULHQWDWLRQ RI IORZV LQ WKH JUDYLWDW
RI FURVV VHFWLRQV RI IORZV DQG FXUYDWXUH RI SLSHOLC

OHWKREAWV LQYHVWLIDWLQJ WXLHS LI@ETRMG LAY W IHPY RIUE
WR WKH XVH Rl UHODWLRQVKLSY EHWZHHQ NLQHPDWLF DQ
DFFHSWHG PDWKHPDWLFDO IRUPDOL]DWLRQV IRU VWUDLJ
RI G\QDPLF VKRFMRY ERDWKH RRQHVQV RI UDGLL RI FXUYDW:

7KH SURFRIGWHM VWXG\ ZDV GHWHUPLQHG RQ WKH ED
JHQHUDOL]DWLRQ XVLQJ WKH ODZV Rl QDWXUH LQ WKH FR
FRPELQDWLRQ ZLWKUWDKHVWDWERQDRI WHKE G

7KH ILQDO SDUW RI WKH UHVHDUFK ZDV UHODWHG WR
PRGHOV DQG WKH IRUPXODWLRQ RI FRQFOXVLRQV
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JJIBURFHVVHY DQGJJUXLSPHQW

5HVXOWY DQG GLVFXVVLRQ

7KH SRWHQWLDO FDXVH RI IRUFH LQWH UDFW DRG BHWWZ
FRPELQDWLRQV LV WKH SUHVHQFH RI D SRWHQWLDO ILHO
H[FHSWLRQ LQKHUHQW LQ DOO WHFKQRORJLHV RI PDQNLC
WKH PDVV RI WKH ERG\ RU PHGLWPLF IRH WK E W RIUHBIGD U\D F\

LQ WKH IRUP RI WKH WROMKH.RQWR/I RRWFKIH REMHFW > @

$ FRQVLGHUDEOH QXPEHU RI WHFKQRORJLFDO SURFH)
H[FKDQJHRG WHFKQRORJLHY DUH FDUULHG RXW LQ SRWH
YDULHG $V IRU VROLGV VXFK YDULDWLRQV DUH SRVVLEC
UHGLVWULEXWLRQ RI SUHVVXUHV EHW ZHKHHQ | RWFKH S REARKEQ.
ILHOG ,Q FDVH RI OLTXLG JDV PHGLXP IORZV RU WKHLI
UHTXLUHG > @

&RQGLWLRQ RQH /RFDO IOX[HV DUGLFKH®WHG LIXP QO
SRWHQWLDO ILHOG LQ ZKQmRKXODEF R G@LRINDHWY RUMXONY R
UHGLVWULEXWLRQ EHWZHHQ SRWHQWLDO DQG NLQHWLF
RXW 7KH VDPH UHGLVWULEXWLRQ RI SUHVVXUHV DFFRPS
WKH IORZ RI VRIDAFRP SIKQEKGLE\ WKH RFFXUUHQFH RI IOR2
2Q WKLV EDVLV D FRQVLGHUDEOH QXPEHU RI WHFKQROF
LQFOXGH WKH XVH RI WKH DHURG\QDPLF SURILOH RI W
KHOLFRSWHWHW \BWDXGHW RI PL[HUV HMHFWLRQ GHYLFHV

&RQGLWLRQ WZR WKH VHDOLQJ Rl WKH ORFDO YROXP
PDQLIHVWDWLRQ RI DQ LQFUHDVH LQ WKH PDVV TXDQWLW
WKURXJK VROL@DWH. W&HUSIS FRYWY RU WKH FKDQJH RI W
RU WUDQVPLVVLRQ ZLWKGUDZDO RI KHDW WR WKH VWDW

5HJDUGLQJ WKH ILUVW FRQGLWLRQ LW LV QRWHZRUW
ILHOG LV FUXPLOWHLEK VEHHSU HVYYLFHY WKDW FUHDWH DU
FHQWULIXJDO IRUFHV DUH ZLGHVSUHDG 7KH SULQFLSOH
FXUYLOLQHDU WUDMHFWRULHV ZLWK WKH RFFXUUHQFH RI

7KH PRYHPHQW RGPHWRULDDRZE/ DORQJ FXUYHG WUDM
KDYH PDWHULDO FRQQHFWLRQ ZLWK WKH FHQWHUV RI FXI
RI FXUYLOLQHDU IRUP

7KH IRUFH LQWHUDFWLRQ EHWZHHQ WKH VWUHDPV DQ
GLIIHUHQFHV ZLWK UHVSHFW WR VWUDLJKW DQG FXUYHG
FRQWLQXLW\ RI WKH IORZ Rl WKH LGHDO VXEVWDQFH LQ
VHFWLRQ WKH YHORFLW\ LV DVVXP HG 6 RI® VY \WDKQHN XIW ROPCS(
IOXLG WKH YHORFLW\ LV WKH VDPH IRU DOO VHFWLRQYV

7KH PRYHPHQW RI IOXLG IORZV DORQJ FXUYLOLQHDU
FUHDWLRQ RI ILHOGV RI FHQWULIXJDO IRUFHV ZLWK WKH
7KH FRPELQDWLRQ RI FHQWULIXJDO IRUFH DQG WKH VKHO
SUHVVXUH JRQH 6LQFH WKH DFWLRQ DQG RFRKIQWRHHDF W WWF
DQ LQFUHDVHG SUHVVXUH ILW®E BHQWUM IKQ DO LIQ UWFKIHI DH
FRQVHTXHQFH RI WKH H[LVWHQFH RI DQ LQFUHDVHG SUHV
03 DORQJ WKH OHQJWK IRH WKH WKRQ@H® WBAH\H DAMWEHHQ W
LQFUHDVH 6R DFFRUGLQJ WR WKH UHFRPPHQGDWLRQV >

I‘]FS l ‘J\|/W
ZKHUHY v WKH ORVV RI SUHVVXUH RQ WKH VWUDLJKW SLSH
IDFWRULVY GHWHUPLQHG E\ WKH IRUPXOD
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JJIBURFHVVHY DQGJJUXLSPHQW

ZKHUHVGWKHD OCQGALDPRIWHU ftALWRHVWVHEB HRI'WKH FRLO SLSH

'XH WR WKH JLYHQ YDOXHY RI NLQHPDWLF SDUDPHWHU"
FDQ VLIJQLILFDQWO\ H[FHHG WKH VLPLODU SRWHQWLDO |
YDOXHV RWIBDVYM®»PWY G P DQG ' P ZH REWDLQ

G

LRI
DQG WKH LQHUWLD IRUFH IURP WKH PDVV P LQ WKLV FXUY

) P~ P 1

,Q WKH ODVW HQWUV ®/KIH GHE® MR/HWKKH UHVXOWDQW LQ

WR WKH GLVWULEXWHG SUHVVXUH ,W LV LPISRRW W BBWLWR®
WKH FXUYRQGQWHIFH YHUVD LV FDUULHG RXW XQGHU WKH
DFFHOHBDWKRPK FRUUHVSRQGY WR WKH NQRZQ SKHQRF
G\QDPLFV DQG LV HVWLPDWHG DV D SRR HQI X UPFWRR UL Q WI
RI LQWHQVLILFDWLRQ RI HQHUJ\ DQG PDVV H[FKDQJH SUR

7KHVH FKDQJHV LQ WKH SK\WLFDO SDUDPHWHUV RI W
OLPLWHG WLPH RU LQ LPSXOVH PRGHV DQG RSHUDWH LQ

*LYHO® WKRSRUWLRQDO YDOXHV RI WKH WHQVLRQV RI \
IRUFHV RI LQHUWLD WKH RULHQWDWLRQ RI WKH SODQH F
IORZ FDQ KDYH YDOXH 7KXV LQ WKH KRBRLREDQFG R UWHQ
SULQFLSOH RI VXSHUSRVLWLRQ WKH WRWDO WHQVLRQ
JHRPHWULF VXP

Z/XP _‘]_(E
ZKLFK UHPDLQV FRQVWD DRI MWK ERYXYWRXQW W,KQH WK N HU W L
WKH VSHFLILHG SZAIXQ B OVEHH YYDDURUHED H

JLIXUH 6FKHPH IRU GHWHUPLQDWLRQ RI LQHUWLDO IRUFH |
WUDQVSRUW V\VWHP ZLWK SRLQWYV RI LQIOHFWLRQ |
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JJIBURFHVVHY DQGJJUXLSPHQW

$ORQJ WKH ZKROH WUDMHFWRRN PDHR\RENWD GQ HY DMRL GE C
FRPELQDWLRQV)RIQREIUHFEWLKRM ¥DVH RI D URXWH ZLWK S§
FXUYLOLQHDU VHFWLRRIVWZH M K FRIQLV RIDX YW D\GKRIML QN K H
FRQVWDQW EXW WKHLU GLUHFWLRQV FKDQJH E\ f ZKL
IULFWLRQ IRUFHV EHWZHHQ WKH IORZ DQG WKH SLSHOLQF
&KDQJLQJ WKH GLUHFWLRQ RI LGODWL. W KRHUFREHJRDD R/ ILY)
IDFWRU ZKLFK LV HVSHFLDOO\ LPSRUWDQW IRU FRPELQH(
VROLG IUDFWLRQV

JLIXUWKRZV WKH PDUNLGD ®ELQWWRH ®RIHFWLRQV RI
JUDYLWDWLR@ROODQRUREIWH $V ZH FDQ VHH LQ WKH FO
JUDYLWDWLRQDO PRREHVRHX\QHAWPR®V Rl UHFIMQ®LQHDU
UHODWLYH WR WIGH UB RW IKRPQYDID RUAWQWDWLRQ UHPDLQLC
RI FXUYLOLQHDU GLVSODFHPHQW WKH KD BWFRKDVY/DQR W D\
WKH UHODWLYH SRVLWLRQ FRUUHVSRQGY WR D WUDQVLH
GXH WR WKH RAERHUIMHIIF HR R BH\G)D WX 8 RIL QW V

JLIXUBFKHPH WR GHWHUPLQH WKH GLUHFWLRQV RI IRUFH D

7KH UHBXOWEHQWHUPLQHG E\ WKH H[SUHVVLRQ
5 ) P.

6LQFH WKH RUWHKGHMDHWLXROQV D QW VRU HQ BIWW GDW R UWNFKIN S F

UDGLXVTIYHAWBHBWHUPLQH LWV SURMHFWLRQYVROWWRH FI
YLIXUH

oo ) VUQ) [ X
)< ) FRX

ZKHUHV&DQJIJXODU YHORFLW\ RI VLQWWKRADVIVPRQRD FFYJH MK
VLQJOH PDVV LQ D FXUYHG VHFWLRQ
JURP WKH SODRIRUHRW FIDWY) EH VHHQ WKDW WKH UHVXO)

2<IRU WKH PRG X)TRALV
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JJIBURFHVVHY DQGJJUXLSPHQW

JLIXUBFKHPH WR GHWHUPLQH WKH IRUFH

7TKHQ WKH YDOXH RI WKH WRWDO UHVXOWDQW IRU WKH

5 J)LVL@W PJ, ) ERV

DQG IRU WKH IRXUWK TXDGUDQW

5° /)L VL@W PJ,) ERV
7KH PD[LPXP YDOXH RI WKH UHVXOWDQW LQ WKH ILUVV
50 ) PJ

DQG LQ WKH IRi-)G,L%}NIPJT){DGUDQW

$W SRVLWKRQH°LWXPS WR UHGHKPMRWK K HIRIDDKLH KR |
FRUUHVSRQGYV WR WKH PRPGHVRYD/RUI®& L GRIMMNFAWHLRQYYV IRUI
DQGGHARJIHFWHG ZLWK)VWRHSRQQUWKIRFF NRRIFFGIH &DOFXODWLQ
&W IURP WKH YHUWLFDWDRQWYV 2H) G HWHWRLQB TXDG

52 ) VL@W PJ ) ERV

DOG IRU WKH VHFRQG TXDGUDQW ZH REWDLQ
50 /)y VL@Ww PJ ) ERV

&KRRVLQJ D SLSHOLQH URXWH LQ WKH OHKDGM WIR NROUJH|
UDGLL RI FXUYDWXUH > @
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JJIBURFHVVHY DQGJJUXLSPHQW
W LV NQRZQ WKDW WKH JHQHUDO VLQXVRLGDO GHSHQ

\ $VLEy 3

ZKHUH DPSIOLWWXGHLUFXODU IUHTXHQF\ &
7KLW R SHULRGLF IXQFWLBQJXIUMW ISHUURGK RI ZKLFK L
WRHD[LVY DW SRLQWYV DIGVIQLPRRBQGLQWWBNU 7KH SRLQWV
WKH FXUYH FRUUHVSRQG WR WKHVH FRRUZIMXOWHKM STAK\HL V
GLUHFWLRQHRIWKKIHDIY L&HEY E RU

JLIXUH 6FKHPH WR GHWHUPLQH WKH SRZHU SDUDPHWHU

W LV NQRZQ WKDW WKH FXUYH \ \ [ LV GHWHUPLQHC

DQG WKH UDGLXV RI FXUYDWXUH LV

\c
U — ——
. \cq

'LWK WKH SRVVLELOLW\ RI IUHH WUDQVIHU RI WKH RU
DVRIX 3 7TKHQ

m VLA
\c &ZFRX [

\cc & VL[
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JJIBURFHVVHY DQGJJUXLSPHQW

6XEVWLWXWLIQPBYZHORBWDLQ

$Z FRV|
$Z VL[

/IHWYV GHWHUPLQH WKH YDOXH RI WKH UDGLL RI FXUYL
W VKRXOG EH QRWHG WKDW WKH FRPSOH[ LQ WKH QXPHL
IRDOO YDOXHYFMH WKH FRVLQXV IXQFWLRQ LV VTXDUHG 7K
RI FXUYDWXUH GHSHQGYV RQO\ RQ WKH VLJQ RI VLQH QDF
UDGLXV LV QHIDWLYH D@SRMAWKHYHHWKLUG DQG IRXUWK

W VERRODQRWHG WKDW WKH QRWLRQ RI WKH SRVLWLY!
FXUYDWXUH UHIHUV WR FRQYH[ DQG FRQFDYH SDUWYV RI |
RUGLQDWH VI\VWHP DOWKRXJK IURP D SK\VLFDIXRWRERW |
QHIDWLWIKHWKRZY D JHQHUDO YLHZ RI VLQXVRLGDO IXQFW|

J)LIXUH 6FKHPH IRU GHWHUPLQLQJ WKH UDGLL RI FXUY

$ FKDQJH LQ WKH GLUHFWLRQ RI WKRUHOMRQIGYDW R

AVFRQWLQXLW\ DW WKH LQIOHFWLRQ SRLQWV RI WKH IXQ
JURP WKH SRLQW RI YLHZ RI LQFUHDVLQJ WKH SRZHU |
). LW LV DGYLVDEOH W RDK/DYRIVD VE@IHN WOBFHD O XH R

9
)L P_U
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JJIBURFHVVHY DQGJJUXLSPHQW
7KH YIZOX¥ DQL| 3§ FRUUHVSRQG WR WKH HJWUHPHV

U DQG WKJHU?}—LD/QGE UHVSHFWLYHDRQ$BRLQWM FX\H RE

|y f DQG
7KXV LQ WKH FDVH RI D VLQXVRLGDO SLSHOLQH URXW
P
9 ¥ VLD
L P
$Z FRVZ |

LV YDULDEOH E\ PORWLRQAGH DQG GLU

7KH PHWKRGV RI G\QDPLF LQOAXKQEHVURQFRQVX GG RHWG.
RI DWWHQWLRQ DQG DUH SURSRVHG IRU LPSOHPHQWDW
FRUUHVSRQGLQJ WR D K\GUDXOLF VKRFN VKRXOG EH FRQ

SHFRJQL]LEDQUKIN EQ SUHVVXUH DV DQ LPSRUWDQW
PDVVH[FKDQJH SURFIHM\GHV\V@ HPV RU VIVWHPV ZLWK WKH
ZH FRQFOXGH WKDW WKH GHIRUPDWLRQ LV GXH WR WKH
PHDQVYYDAW.RQ LQ WKH LQWHUSKDVH &XWVSB BN LR HZIDIR U
IRUPDWLRQ DQG LWV FROODSVH DW WKH OHYHO RI FDYLW
SKHQRPHQD DQG WUDQVIRUPDWLRQV RFFXDQWSRRQMRQ FN
PHGLXP $FKLHYLQJ WKLV UHVXOW LV SRVVLEOH WKURXJ
YDULDEOH GLPHQWHRWVRRO®G PWRVDW 2QH VXFK RSWLRQ |
VXFFHVVLYH DOWHUQDWLRQ RILWD DQAHRWLIRRQW | HRIZ IR Y H B X
WKDW WKHUH LV DQ RSWLRQ LQ ZKLFK WKFHW HRIDWH \DLPHKE
WUDMHFWRU\ Rl YDULDEOH FXUYDWXUH > @

JHWYV WXUQ WR WKH HVWLPDWHV RI G\QDPLF IRUFH
IXGDPHQWDO YDOXH LQ HVWLPDWLQJ WKH SDUDPHWHUV R
WKH VWUHDPV DQG WKH VKHOOV WKDW IRUP WKHP 6XFK
(XOHU V WKHRUHP DERXW WKH FKDQJH RI R/ HRISD L\Q ¥ WSLR
RI PDWHULDO SRLQWV $FFRUGLQJ WR LW WKH VXP RI W
IRUFHV DV ZHOO DV WKH YHFWRUV Rl WKH VHFRQG TXDQ
WKH SLSH LV JHUR LI WKH YHFWRPRWLURQKBIUWHERQIGF WL

VHOHFWWYIBFMULRWW E\ YROXPH > @
ITHWIV WXUQ WR WKH H[DPSOH RI WKH IORZ RI IOXLG Wt
Rl ZKLFK IRUP DQ DQJOH RI f ZLWK YHORFLW\DPLFLPLQJ

SUHVVXUH Rl WKH IORZ RQ WKH ZDOOV RI WKH WXEH 7KH
JLIXUIHQ SODQ 7KH EXON IRUFH LV WKH JUDYLWDWLRQDO
WR WKH SODQH RI WKH GUDZLQB H7W M EHH LDFSABIOR GIG RV RVW K
ZDWHU LQ DFFRUGDQFH ZLWK WKH ODZ Rl HTXDOLW\ RI DF
RI WKH UHDFWLRQ VKHOO DUH VXSHULRU

,Q WKH VHOHFWHG FRRUIGL QD \GHWHFWHE KRKHYREW D O (
<D[LV LV YHUWLFDOO\ XS 7KH YHFWRUV RI WKH LQVWDQW
WKH VHFWLRQV DQG DUH GHSLFW HGEJXREHQ \§ HE R Q\GCHR
PDVV RI ZDWHU LV

P. Ul

ZKHUIV WKH FBWYRQDO DUHD RI WKH WXEH
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JJIBURFHVVHY DQGJJUXLSPHQW

D E

J)LIXUH &DOFXODWLRQ VFKHPH IRU WKH FDVH RI GHWHUPLC

S8VLRYXKXH (XOHU WKHRUHP ZH ZULWH GRZQ WKH SDUDPF
RQ WKH D[LV RI WKH VHOHFWHG FRRUGLQDWH V\VWHP

9\/KH)OOQNXUQJ3 Zk (P Zk o
Q/KHWOOQWXUQIE Z k B Z k m

,Q RXU FDOH, YMFSHRIBHQ G L F XADQGWR GV WHK HDYHVRUH WK
RI HTXDWLRQXYLOO EH ZULWWHQ LQ WKH IRUP

Qxwo KERMY R Z FRV
%xwo PFRVG P, Z FRV

ZKHUH LQGH[HV DW VSHHG|Z|DWUH QRW ZULWWHQ EHFDXVH
JURP WKLV ZH JHW

awaQ PkZFRVq QNXUQm

7TKXV WKH PDLQ YHFWRU RFWIGRQW RR QIKG! G DYDAPPL R UW K
SDUDOOHOHWRBWKHID[WKHQ

%xwe UIZFRVG 1

7KH PDLQ YHFWRU 1 RI IRUFHV RI DGGLWLRQDO G\QDPL
HTXDO E\ PRGXOXV DQG LQ@,RS®%KDW HVE\KRUULHF@QW RQ O\ \

DGGLWLRQDO FRPSRQHQW DFWV RQO\ RQ WKH FXUYHG VH
f URWDWLRQ DQJOH

Yxoo UlZ 1
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6XFK DGGLWLRQDO IRUFH LQWHUDFWLRQ EHWZHHQ IOR
DQ LQHUWLDO FRPSRQHQW WKH FKDQJH RI ZKLFK LV UHI
FULWHULD 7KXV WKMWUMHRZFRLGX VEHF WM XWNHGGON R Wi
IDFWRUV RI LQWHQVLILFDWLRQ RI PDVV H[FKDQJH SURFH

Z/1DQG DGGLWLRQDO G\QDPLF ORDGLQJ LQ WKH IRUP RI D

]JRQH IURP WX MHPWLYRQ WR WKH VWUDLJKW OLQH ,W LV LP
GRVHG DQG SURJUDPPHG

&RQFOXVLRQ

7TKH DQDO\WLV RI WKH SHFXOLDULWLHV RI PDOLG[FKEL
VI\VWHPYVY DQG IORZV DOORZV WR QRWH WKH IROORZLQJ
7KH HH@OL]HG UHSUHVHQWDWLRQ RI WKH IDFWRU RI
SURFHVVHV UHODWHV WR IRUFH DFWLRQV DV D FRQ\
SRWHQWLDO DQG NLQHWLF HQHUJLHYV LQ WKH IRUP RI
&KDUDFWHULVWICFNVLBDIODIVBDWLRMMDSRMWRKPDO ILHOGY DQG |
ILHOGYV DUH LPSRUWDQW LQ FUHDWLQJ DOWHUQDWL
FKDUDFWHULVWLFVY DUH VIQOWKHVL]HG DW WKH H[SHQV
PHDQV WKH BKHNHOFFHWRHULDO FRQQHFWLRQ ZLWK WKH
Rl VXUIDFHVY RI FRQWDFW RI FXUYLOLQHDU IRUP
7TUDQVLWLRQV IURP FXUYLOLQHDU WR UHFWLOLQHDU
SKHQRPHQD RI VRIW G\QDPLF VKRFNV
7TKH LQWHQVLULRDWDRYQ HDPFMRQJIJH SURFHVVHV LV WKH .
YDULDEOWMHMFAFWRRQDO DUHD 2QH RI WKH SRVVLELOLWI
FROQOFHUQV WKH DOWHUQDWLRQ RI FLUFXODU DQG HO(
UHVLGXDO GHIRUPDWLRQV
7K GLVSODFHPHQW RI IORZV E\ FXUYLOLQHDU VHFW
LQWHQVLILFDWLRQ RI PDVV H[FKDQJH SURFHVVHV DQC(
PHDQ WKH UHDOL]DWLRQ RI FRQWLQXRXVO\ DFWLQJ
PDQLIHWWROWLROQPLF VKRFNV LQ WKH JRQHV RI FKDQJH

5HIHUHQFHYV

%HORY |, ,VDHIR6HOLURYDQLH WXUEXOHQWQ\NK WHF
6DQNWVHUEXUJ

*DQLHY 5 $QDOL] WHFKHQLLD Y WUXERSDRFRG N WHRGYW
PL Y\FKLVOLWHOQRDR]DIQGURGLQDPLNL

BLGGXEQ\L 91DXNRYL RVQRY\ L DSDUDWXUQH RIRUPOHQ
NKDUFWNK L PLNURELRORKLABDPDANKRLWNUREQ\WVWY
5RDFKH 3 &RPSXWDWLRQDO )OXMBER"FDERXLTPMW U T X H
6RNROHQNR $ 3LGGXEQ\L 9 B8NUDLQHWYV $ 9\NR
VIO GOLD LQWHQV\NILNDWVLL PDVRREPLQX KDUWIFERNYD N K
L SHUHUREQD SURBBAVORYLVW

6KHYFKHQNR HDXNRYL RVQRY\ L DSDUDWXUQH RIR
GRYKRVWURNRYRKR JEHULKDQQ®@&)YY NKDWFKRY\NK SURG.
6RNROHQNR $ .KRPHQNR O 6KHYFKHQNR 2 0
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WUXERSURKMREGAIKRKY D L SHUHUREGB $SURP\VORYLV
7HPDP 5RJHULDYLBMURNHY (TXDWLRQV 7KHRU\ DQG 1XP
(GLWUR@WK +ROODQG

YOHWFKHU 9\FKLVOLWHOQ\H PHWRG\ Y GLQD@RWFR]X LG
JULN 3 7XUEXOHQWQRVW PRGBMOL L SRGNKRG\
$QGHUVRQ -RKQ '&RESXWDWLRQDO )OXLG '"\QDPLFV
$SSOLFDWHLRDVO O 1HZ <RUN

%DMXUD 5 3HOOJUL®IFSXOVDVBMWXGLEVWRPSUHVVLEOH
PHWHW 'HS &RPPHU 1DW %XU 6WDRG 6SHF 3XEO
+DUYDUG /RPD[ 7KRPDV + 3XOOLDP)XQ®DEBH:QWDRQYJ
&RPSXWLRQDCP)OEWQE YHUD/ LW\ RI 7TRURQWR ,QVWLWXW
7RURQWR

+RIPDQQ * YORWDWLRQ 'L'HU7 HFX\® Y R KGIH:H &R B DX
+
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-XVWLILFDWLRQ RIWKHIQBHXOWRWLRQ LQ HYDSF
SODQW FRQWURO V\VWHP

O\NKIOR +UDPD 9LNWRU 6LGOHW

IDWLRQDO 8()RRG 7THFKQRORJLHYV

$EVWI
-H\ZRUGYV L QWURGXRWLIRRQWSRVH RI WKH VWXG\ LV '
WKH XYKLRK W\SH Rl UHJXODWLRQ ZLOO
6XJDU LQGLFDWRUV RI TXDOLW\ FRQWURO IRU WK
-XLFH SODQW
ORGHO ODWHULDOV D@EHPMWKRHEIVRI PDQDJHPH
(YDSRUDWRU |LYBRG\ HYDSRUDWRU SODQW RI D VXJDU L
IHXUR ]\ 7KH PHWKRG®HWILW\QWPRGDO FRQWURO Z

SHIXODWLRQ HYDOXDWLQJ WKH UHVXOWYV RI WKH UHVHEL
5HVXOWYV DQG $GERPSDVIR®Q EHWZHHQ )
IX]]\ UHIJXODWRU ZDV PDGH B5HJXODWLRC

SDUDPHWHUYV DV OHYHOV RI FRQFHQWUDW
GLHKLFK GLUHFWO\ DIIHFW WKH TXD:
SUWLFOH KLVWRE’ OXIDFWXUHG SURGXFWY ZDV LPSOHPHQ

SHFEHLYHG VWDWHYV LQ ODWODE HQYLURQPHQW D P
5HFHLYHG LQ UBHYWHG@GRSHG DQG WKH UHVXOWY REWDLQH
IRUP WKH SUREOHP ZLWKHUHQEWHREWOWRRQGLW
$FFHSWHG SHUWXUEDWLRQVY ZHUH REWDLQHG 'XH WR

WKH WLPH RI WKH WUDQVLWLRQ SURFHVYV |
VHFRQGYVY +RZHYHU WKH GHYLDWLRQ (

&RUUHVSRQGLQEODQW ERGLHV DU HDWRRVKIHKD B HFBRQ CPR'G
DXWKRU D 3,3UHIJXODWRU ZDV GHYHORSHG DQG WU
FRQWURO VFKHPHV DFURVV DOO FRQWURC
?t,’\I'DVL"ngM\B\'\L WKLV FDVH WKH WLPH RI WUDQVLWLRQ SU
VPVLGOHWYNLI VHFRQGV DORQJ WKH FR@QWQ HD RQW RVK
IPDLO ERP FKDQQHO : EXW WKLV OHG WR D VLJQL
GHYLDWLRQ RI OHYHOV LQ WKH ERGLHV 7k
ZLWK D IX]]\ UHJXODWRU LV GHYHORSHG D

FRQWURO VFKHPHV LQ DOO FRQ@ WRCL\FKD
FDVH WKH WLPH RI WUDQVLWLRQ SURFHV
VHFRQGV DORQJ WKH FKDQQHO : WR
FKDQQHO ; ZKLFK LV WKH EHWWHU UHVX
UHJXODWRU &RPSDUHG ZLWK WKH SUHYLF
ERGLHYV DOVR VLJQLILFDQWO\ GHFUHDVHG
IX]]\ UHJXODWLRQ OHDGV WR DQ LQFUHDV
RI WKH SURFHVV FRPSDUHG WZHWWOWYWR UMV

&RQFOXVKRQNLHQWLILF VXEVWDQWLDWL
"2, RIVVLQJ QHNUR HIXODWLRQ GXULQJ WKH LF
- RSWLPDO FRQWURO V\WWHPV LV WKH QRYF
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,QWURGXFWLRQ

$Q DXWRPDWHG FRQWURO V\WVWHP IRU DQ HYDSRUDWR!
ZKLFK UHTXLUHV WKH LQWHUYHQWLRQ IRLVDVSRRHFH I W LFRS;
3URFHVVY RSHUDWRU VKDOO PDNH DGMXVWPHQWYV LQ WKH
FRQGLWLRQV PDWHULDO IORZV 6XFK DGMXVWPHQWV |
WHFKQRORJLFDO DQG TXDOLWDW MY MWK GIOFRDXWRRN HRDS\WK|
DV ZHOO DV WKH QHHG WR FKDQJH WKHP DW WKH RXWS:
FKDQJHV LQ WKH RSHUDWLRQ RI WKH DXWRPDWLRQ V\V\
DGMDFHQW DUHDV DIIHFW WXODQRUN WRIZW®E BYD\WRHDIW
HYDSRUDWRU SODQW RQ WKH ZRUN RI DGMDFHQW VLWHYV
GHYLFHV GHVXSHUKHDWLQJ DQG SUHVVXUH UHGXFLQJ V\
FDVH VKDOO EH XV3HGHMIH & HDWISWIDR G IHHG ZDWHU IRU |

(YDSRUDWLRQ SODQWYV IRU WKH VXJDU LQGXVWU\ VKL
SODQWV ZLWK QDWXUDO FLUFXODWRROOL@QF B IMKNHK ONDKA-
PRGH LQ WRH BYRFRVIWLRQ WKHUH LV D GHFUHDVH LQ D
FDUDPHOL]DWLRQ Rl VXFURVH ZKLFK OHDGV WR WKH GH
> @ &RQGHQVDWH MXLFHV DPPRQLD ZDWHU DQG HYDS
FDUPRQR[LGH DQG DPPRQLD 6XJDU+MXLMHKFRDWDOHOMWQW}
IDFWRUV FDXVH D FKDQJH LQ LWV SURSHUWLHV 2QFH Wt

f & DQG LW UHPDLQV XQFKDQJHG IRU D ORQWWRPH \
PROHFXOHV RI ZDWHU ZKLFK 2V J @XFRYHDMWLR\G RL GHJ \ &W
RXW RI LW LV LPSRVVLEOH ,Q FDVH RI IXUWKHU LQFUHLC
ZLWKRXW IODYRU RU ELWWHU DVVDPBSURDBXFXEW \RD QPH P B
YHJHWDEOH RULJLQ WKDW DUH QRW FDSDEOH RI IHUPHQ\
WKH SURGXFWLRQ RI VXJDU RXW RI VXFK VXEVWDQFHV L
SURYLGH WKH EHVW TXD® RWGHFHRQMR) B O HYHLDP HRW HU M [IS R\
RI VXJDU MXLFH > @

$QDO\WLV RI UHFHQW VWXGLHY DQG SXEOLFDWLRQV

,PSURYHPHQW RI WKH HYDSRUDWLRQ SURFHVV LV DQ L
FRQVLGHUV WKH PRGHO RI WK KB XB§RUDMR. RG FRXFRAM WWK F
DQG HQHUJ\ LQ WKH WKUHH FRPSRQHQWYV RI WKH HYDSRU
WKH GLVWULEXWRU RI WKH MXLFH KHDWHU LQ FDVH LI WK
> @ WKH OLSUHDAHVBWURI) QRQOLQHDU PRGHO FRQVLVWLC
SULPDU\ RUGHU ZKLFK LV D G\QDPLF PRGHO Rl WKH HYDS
IRU FKDQJLQJ WKH FRQFHQWUDWLRQ RI WKH SURGXFW RC
ZDV IRXQG IRU WKH ILUVW WLPH LQ WKLV VWXG\ ,Q WKH
ZKLFK UHGXFHV WKH FRPSXWDWLRQDO WLPH XVLQJ D 5D
VXJIHVWHG 7KH UHVXOWYV LQGLFDWHG WSKOAM MKKJN WHP K¢
FDOFXODWLRQ E\ SUHGLFWLQJ WKH RXWOHW RI WKH VXSH
VIVWHP ,Q WKH VWXG\ > @ WKH DXWKRU DUJXHV WKDW
SRVVLEOH WR SURYLGH D IDBWMU HGRF WHDV FDMQ QUK BIQVE HW
VWDEOH FRQWURO Rl RYHUKHDWLQJ LQ WKH ILUVW HYDSR
WKDW FRQWURO RYHU WKH HYDSRUDWLRQ FDQ EH LPSC
HYDSRUDWLRQ VIQRWR@R®M\ MUK BE\OHFGLG LQWR WKH HYDSRU
WKH I1X]]\ 3," UHJXODWRU ZDV LQYHVWLJDWHG DV D GLVF
7KXV LW UHWDLQV WKH VDPH VWUXFWXUH EXW KDV DQ
SURWK®W LW LV SRVVLEOH WR LPSURYH WKH FODVVLFDO
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DELOLW\ ,Q WKLV VWXG\ > @ 3,' UHIJXODWRU RI IX]]\ ORJ
3," UHJXODWRU ZLWK D FRPSXWDWLRQD@KRULSUR ®MV DRI
UHJXODWRU LV VWDEOH ZLWK D UHVWULFWHG LQSXW
PDQDJHPHQW V\WWHPV LV LQGLFDWHG LQ WKH VWXG\ >
WKDW DUH XVHG IRU D GLVW WRICEROW ABOOSIY RPHR NV ARQ W B @D
DSSURDFKHV LV XVHIXO IRU EHWWHU XQGHUVWDQGLQJ RI
RI D FRQWUROOLQJ LQIOXHQFH HVSHFLDOO\ LQ FDVHV :
$&6V XVH D ODUJHLQAFEMRW FRFHWWUILQJ WKH V\VWHP
UHDVRQDEOH RQO\ IRU VNLOOHG SURIHVVLRQDOV ZLWK
NQRZOHGJH RI WKHVH SURFHVVHV E\ SURIHVVLRQDOV F
VWUXFWXULQJ GDWQGIZKHWHWX\GBKBPW@ QH Rl WKH DGYDQF
FRQWURO V\VWHPV LV WKH DGBGLWALRIL R 71K H] \P Bl @& RGH RU
UHJXODWLRQ RI SRZHU RI VWHDP ERLOHUV DW WKH &+33 F
RI FRQVXPHDVFKWG HVMWKRGYV RI G\QDPLF SRZHU FRQWU
DQDO\HG XVLQJ IX]]\ ORJLF DQG DGDSWLYH QHXUDO QHW
VEDOOHG IX]]\ VIVWHP LV RQH RI WKH SRVVLEOH RSWLR
UHJ)XQUIDWRWLRQ LV IRUPHG E\ FKHFNLQJ WKH FRKHUHQF!
SDUDPHWHUV RI WKH VI\VWHP 7KH UXOHV DUH FUHDWHG C
UHIOHFWV KLV KHU DFWLRQV ZKHQ FKDQJLQ3I V@K M KWH F K
PDQDJHPHQW RI PXOWLSOH HYDSRUDWRU SODQWV ZLWK )
XVH Rl ZLUHOHVV QHWZRUN VHQVRUV DQG DFWXDWRUYV |
RYHUKHDWLQJ FRQWURO RI WKH HYDBRIDWRU 3RID\WQ WHXH
SUHVHRMWWKBPDWLFDO PRGHO IRU FRQWUROOLQJ RYHUKH
H[SDQVLRQ YDOYH V\VWHP ZLWK WKH H[SORUHG PDQDJHP
DQDO\LYV DQG VLPXODW L R® QLU PVHK[IS MY DISARRQ I W @ Y HV ZH @/HKF
ZKLFK ZDV FDUULHG RXW 7KH PRGHO LV LGHQWLILHG E\
PLQLPL]JHG DPRXQW RI VTXDUH UHVLGXHV 7KH VWXG\ > @
Rl WKH HYDSRUDWHRMHBOBRWQ MWKH VWXG\ > @ FRQVLGHU
LQ WKH SURFHVV RI HYDSRUDWLRQ 7KH DXWKRU FRQGX
UHJXODWRU DQG FRQFOXGHV WKDW WKH VXJIJHVWHG UHJX
> ® PHWKRGRORJ\ IRU LPSURYLQJ WKH XVH RI VWHDP ZI
DXWKRUV SURYH WKDW WKH UDWH RI HYDSRUDWLRQ GHF
ZKLFK LQGLFDWHYV WKDW OLTXLG SKDVH GLUMKVLRWQHIPV DQ
FRQWUDVW WR WKH HYDSRUDWLRQ RI SXUH ZDWHU 7KH
PDWKHPDWLFDO PRGHO IRU PRGHOLQJ D PXOWLFKDQQH¢
SUREOHPV Rl WURXEOHVKRRWLQJ LQGROWUH\WWDRYIWRFEWN |
RI HYDSRUDWRU SODQW ZHUH FRQVLGHUHG 7KH FRQVLG
VWUXFWXUH ,Q WKH VWXG\ > @ WW HPHMXRKVRIUP U HDAM DRIF K k€
SODQW HYDSRUDWLRQ VHPWDRH XWKIQ IWRRW KRG \G WXHIDOR S
VWXG\ > @ WKH DXWKRUV FRQVLGHU WKH XVH RI JHQH\
UHVHDUFK > @ LQGLFDWHY WKH GHYHORSPHQW RI WKH V'
WHQVRU PHWKRGWLBQY XJDU SURGX

$LP DQG UHVHDUFRKRESHFMRWHRI WKH VWXG\ LV WR G
RI ZKLFK W\SH RI UHJXODWLRQ ZLOO DFKLHYH WKH EHV
UHJXODWLRQ RI WKH HYDSRUDWRU 7KH UHJEBDPMQRQRIRI
FRQFHQWUDWHG MXLFH LQ WKH HYDSRUDWRU V EXLOGLQ.
PDQXIDFWXUHG SURGXFWV LV FDUULHG RXW

,Q WKLV VWXG\ LW LV VXJIHVWHG WR]\UUbINHDOQFW RLRZ L
HYDSRUDWRUR®OD\YW HR QWKDW ZLOO LPSURYH WKH TXDO
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SURFHVV LQ RUGHU WR LPSURYH WKH HIILFLHQF)\RRI WKH
WKLV SXUSRVH LW LV QHFHVVDU\ WR GHYHORS LQ ODWOI
SFRIVV RI HYDSRUDWLRQ WUDQVODWLQJ LW LQWR WKH V
PDWKHPDWLFDO UHJXODWRNY WHWIKO BW ROUM DQHEXBRP SD U F
UHVXOWYV ZLWK HDFK RWKHU

ODWHULDOV DQG PHWKRGYV

'"HVFULSWLRQWHRIP W HRQ XKHK WMV HDUFK GHDOV ZLWK
PRGHOLQJ DQG VLPXODWLRQ KAM®X\WRB B RLB V¥ RRQWUWO VRL |
7KH DSSDUDWXV FRQVLVWV RI HYDSRUDWRUV ZLWK WKFH
7KH SURFNXVDU SURGXFWLRQ FRQVLVWYVY RI VHYHUDO VW
XQLW RI PDVV WUDQVIHU RSHUDWLRQ ZKHUH &BK & W\XJDU
PDWWHU 7KLV IBRGRAMDISREBROWUY ZKHUH W HKHI DPWRW Q W\
HYDSRUDWLRQ HQFORVXUH LV XVHG LQ WKH IROORZLQJ >

JLIXUH LQGLFDWHV DXWRPDWLRQ GLDJUDPV RI WHPSH
FROWKMROWHPSHUDWXUH FRQWURO FLUFXLWV XVH@® UHVL
FROYHUDKWQLIRWR VLIJQDO 77 WKDW FRQQHFWYV WR WKH
FROQWUROOHU D SRLQW RQ WKH LQSXW OLQH RI WKH D¢
LQIRUPDWLRQ LV WUDQVPLWWHG WR WKH DXWRPDWHG ZF
PQHPRQLF FLUFXLW LQVGHVSBPWLRY YWRK KEQK PHPRU\
OLQHUBJIJLVWUDWLRQ ZLWK WKH IXUWKHU SRVVLELOLW\ \
ZHOO DV WR WKH DODUP VXEV\VMDHOD UPR WGHLUASHOFDN LR R WL
RSHUDWRU DQ DODUP LI WKH WHPSHUDWXUH JRHV EH\RQC

,Q WKH DXWRPDWLF FRQWURO DQG OHYHO FRQWURO FI
PHWHU /( ZLMKFIR@EXHOWHU LQWR D XQ IZIRWAK HOHFG UN RD
DQDORJ LQSXWV RI WKH FRQWUROOHU ,$ LV XVHG WR P
FRQWUROOHU DXWRPDWLF FR Q\DXRMORPPHDUN X B LRR Q MQUARKDU V B
DXWRPDWHG ZRUNVWDWLRQZKLF KR MMRK KV R BBIHNWHROW DUH C
RQ WKH FRPSXWHU VFUHHQ LQWHUVHFWLRQ ZLWK , LQ V
5+ORJJHG ZLWK IXUWKHU WUHQG YLHZHU ,Q DGGLWLRQ
WKH OHYH®W MHWHAW WMWYV 7KH FRQWURO VLJQDO SURGXF
WKH FRUUHVSRQGLQJ DQDORJ RXWSXWV RI WKH FRQWUR
VLIJQDO ,W LV VXJIJHVWHG WR FKRRVH SQHXPDWLG \WRW XL
DQ HOHFMMXFFOWLF FRQYHUWHU HJ /< H ZKLFK FRQYHU
VLIQDO ,Q WXUQ WKH DFWXDWRU HJ | FKDQJHV WKH S
FDQ FRQWURO WKH SRVLWLRQ Rl WKHLQMIXDDHI¥FRAL RQ L+
UHPRWH FRQWURO IURP WKH $: RSHUDWRU ,Q WKH FRQV
LKF DUH XVHG DV VHQVRUV D 3IWHYWXXUIE BV DQINGHRAU
WKH SUHVVXUH FRQWURO ORRNSD WD XN FIGND) M @QHRW\D L Q@
FRQWURO ORRSGRHRNHFHOZKLFK LV SURGXFHG E\ OLFURO
VHFRQGDU\ LOQGLFDWLQJ GHYLFH DDG@EXD®PWVHGERIRW URDL WX Bt
ODQXDO $XWRPDWLF PRGMHGRIGLARQHUXODWRU - 63*
$,5 SQHXPDWLF VHDW Q DMKYUHRWILGLKQ E XIDION HY DUH XVHG

5HDO RSHUDWLRQ YDULDEOHV ZHUH XVHG IORZ UDWH
OHYHO )JURP D PDQDJHPHQYW VWPRGWRGQRHGMIRSDRFHL)
DQG RXWSXWV KLJKOLJKWLQJ WKH FRQFHQWUDWLRQ RI |
DGGLWLRQ WKH SURFHVV KDV QRQOLQHDU FKDUDFWHU
EHWZHHQ YDULDEOHV > @
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Z E

J)LIXUH $XWRPDWLRQ RI HYDSRUDWRU SODQW FRQ
DtWHPSHUDWXUH DE@GHSHBVVXUH E

7KLV UHVHDUFK XVHX]B, WHDRGDWR{IJNMUHIXORWRUYV DU
RQ IX]]\ ORILGHUQWR GHMHP\RBHD XOHDXWRU LW LV QHFHVVD
LQSXW OLQJIJXLVWLF YDULDEOHYVY > @ 7KH QH[W VWHS LV
WR JHW DV D UHVXOW 7KH ILQDO VWHS LXOWR (GJH VL.DQUH. DM
IURP WKH LQSXW > @

$ PRGDO FRQWURO VIQWKHVLYVY PHWKRG ZLOO EH XVHG
RUGHU WR DFKLHYH WKH QHFHVVDU\ WUDQVLWLRQDO FKI
PRGXOH RI WKH REMHPWKRADWIWMN L®%WWARLIQUVWRR VHOHFW V
WKH QHFHVVDU\ GLVWULEXWLRQ RI WKH URRWYV RI WKH F|
7TKHUHIRUH LQ VXFK VA\VWHPV WKH UHTXLUHG QXPEHU RI
RI FRWULNH OLQNV EXW WKURXJK WKH LOWURGXFWLRQ R
REMHFW > @

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJIBURFHVVHY DQGJJUXLSPHQW

'HVFULSWLRQ RI WKH PHWKRG RI V@QWKBWUL WVR FREI
PDWKHPDWLFDO PRGHO RQH VKDOO WDNH LQWR WRMFR X (
GLVWXUEDQFH FKDQQHOV DQG WKH GHOD\ FRQWURO LQ \
DFFRXQW DV LQVLJQLILFDQW IRU WKH G\QDPLFV RI WKH H
WKH HTXDWLRQ DUH WDNHQ UHJDWKGED BR G LRHIVW WKHH CHY® $ 5
VKDOO EH FRQVLGHUHG DV DQ REMHFW ZLWK FRQFHQWUL
> @ 2QH VKDOO WUDQVIHU WKH FRQWURO REMHFW WR V
WKLY RQH VKDOO AWMRWW ZMDPKH FRPARYHQW RI WKH YHFW
YXUWKHU EDVHG RQ WKH PDWKHPDWLFDO PRGHO LQ WKI
VI\VWHP Rl GLIIHUHQWLDO HTXDWLRQV

[W $[W %XV )ZW

\W &[W
7KHQ ZH UHFHLYH D VWDWLRQDU\ UHYHUVH FRQQHF
XW [ W
ZKHUHPDWUL|[ ZKLFK KDV DQ RUGHU RI P [ Q
(TXDWLRQ RI REMHFW FDQ EH UHZULWWHQ DV IROOF

[W $[W %.[W $ %.[W
7KHQ WKH 0$7/$% HQYLURQPHQW LV XVHG > @ ODWU
H[SUHVVLRQWLQJ WKH VIQWKHVLYV RI PRGDO FRQWURO :}
DQG ' PRGHOV KDYH ERPISRQM®DWR WKDRV D
ODWERILGLDJ

%

7KH VIXDUH URRWYV RI WKH LPIRQQDKH ¥HWJIR IRV K/M/DE
FRQFOXVLRQ LV GXH WR WKH IDFW WKDW WKH UHDO SDUYV

,Q RUGHU WR FRQVWUXFW WKH REVHUYDWLRQ PDWULJ :
WKH FWUE IXQFWLRQ WKH LQSXW U PoH WHH XW HRQVAKK-L FEK:
UDQN IXQFWLRQ IRU GHWHUPLQLQJ WKH UDQN RI WKH PD
UDQN RI WKH PDWUL[ LV HTXDO WR 6LQFH WKH UDQN RI
RI WKH VWDWH VSDFHWH®KRERENKNDW AN FR@®SOH

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F



JJIBURFHVVHY DQGJJUXLSPHQW

5HVXOWY DQG GLVFXVVLRQ
ODWKHPDWLFDO PRGHBY®ISRYBIWRU SODQW

,Q WKH SURFHVV RI GHYHORSPHQW RI WKH DXWRPDWLF
WKHUH DUH RIWHQ QR FOHDU FKDQ QHPNWHFRQWFRO PQ
WKH HYDSRUYDMRHB SODQW

J)LJIXUH ODWKHPDWLFDO PRGHO RI HYDSRUDWRU ¢
,LtWKH WHPSHUDWXUH RI WHKHERMRL®KQI MXLFH LQ WKH L
L + *FRUUHVSRQGV WR WKH QXPEHU RI ERG\ <K
,i-*tVWHDP WHPSHERWXBH W RHVHKHYDS®UDWRU SODQW >
KtWKH OHYHO RI MXLFHW ¥ HORSGFOWLRIRVO\H Q QW KR W KH WXEHV RI
WKH KHDWLQJ@
6 66666xLQIORZ RI MXLFH LQWR WKH , ERG\ DQ RXWIORZ RI MX
WKH ,, ERG\ DQ RXWIORZ IURP WKH ,, ERG\ DQG DB LQIERZ\ LQW
DQG DQ LQIORZ LQWR WKH ,9 ERG\ DQ RXWIORZ IURP WKH ,9 ER
IURP 9 ERG\ DFFRUGLQJO\ >NJ 1@
: L*WKH IORZ Rl VWHDPWK GREGD WH® KO MXIHSRUDWRU SODQW >N.
*o#FRQVXPSWLRQVRIHDPDWRL BIKHHL<K >NJ 1@
E+tFRQFHQWUDWLRQ RER®\ RIDWKWH H LIS ’KBIW.RU SODQW > @
6nitWKH IORZ RI FRQWHQEM HRLQ MHKHYDSRUDWRU SODQW >NJ I
 NEFRQGHQVDWH WHRKHER®/HH@KI L Q WKH L
&+*WKH FRQWHQW RI VXMKRERGLAQ<KI%XL®H LQ WKH L

7TKH LQGLFDWHG V\WWHP ZDV GLYLGHG LQWR VXEV\VW
OLQNYVY EHWZHHQ YDULDEOHV UHJXODWHG E\ D VLPLODL
PRGHOV WKDW DXHWXAWPHODU LQ VW

JLIXUWKRZV D VLPSOLILHG SDUDPHWULF VFKHPH IRU L«
DVVLIQHG VXEV\VWHPV > @

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJIBURFHVVHY DQGJJUXLSPHQW

J)LIXUH SDUDPHWULF VFKHPH RI HYDSRUDWRU S
HTXDWLRQV GHVFULELQJ WKH OHYHOV DFFRUGLQJ WR WKH

%HORZ DUH LQGLFDWHG WKH GLITHUHQWLDO HTXDWLRC
PRGH

VXEV\VWHP 1
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JJIBURFHVVHY DQGJJUXLSPHQW

(TXDWLRQV GHVFULEH VWHDP WHPSHUDWXUH DFFR
ZKHUHWKH FRQVXP SARICREHRN B8 QWY HS/OID® W KW XLE V\VWH P

w' &

W& & &
; lef/LV ' & ' & '8
%9 le\i‘V e & &
. W'V;‘V ' & ' & '8,
. W'\A‘;‘V e & '8

HTXDWLR®WVFULEH FRQWHQW RI VXFUR YV HSIDAFRW GZ KK UMHRK
+WKH DPRXQW RI VXFURVH WK DS/ BHWR PR WHKE \L\Y WHKR L, ,
DQ RSWLPDO UHJXODWRU LV LPSRVVLEOH GXH WR WKH
GLVWXUEDQFHY DQG VWDWHV WHRW®OWMG VBKIID FAXENDOWM PF
RI VXFURYHMV&H ILIWK ERG\ RI WKH HYDSRUDWRU SODQW L

,Q RUGHU WR FDOFXODWH WKH DPSOLILFDWLRQ PDWUL
WKH PRGXODWRU RQHQVIOLE@®PWY RN B 8 DEXL OW v
SDUDPHWHUV IRU ZKLFK DUH WKH PDWULFHV $ DQG % DC
7KH S]PDS IXQFWLRQ VKDOO EH XVHG IRU FRQVWUXFWLQ
SDUDPHWHU IRU ZKIKAK \LSDBFE REWHKFHW DQ LVIVESDH VZR L KK H V
JLYHQ XVLQJ WKH VV IRUPDW IX@QBWURQ V\V VV $BV\V ) &

JLIXUBROQHUR PDS IRU 7
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JJIBURFHVVHY DQGJJUXLSPHQW

&RQVHTXHQWO\ WKH FORVHG V\VWHP LV VWDEOH VLC
SODQH RI WKH FRPSOH[ SODQH

J)LIXUH 7KH VFKHPDWLF VFKHPH RI DQ REMHFW LQ WKH

; *OHYHO WDQN
; *tOHYHO WDQN
; *tOHYHO WDQN ,,,
; *tOHYHO WDQN ,9
; *tOHYHO WDQN 9

[

JLIXUAUDQVLWLRQ SURFHVV YLD FKDQQHOV

ODWKHPDWLF PRGHO XQMWRY'

YXUWKHU RQ LQ WKH 6LPXOLQN HQ BISIDAEGPEIQRFNRWR ¥
DQ REMHFW LQ WKH VSDFH RI WKH VWDWH YDULDEOHV LC
REMHFW ZLWK D PDWUL[ UMBXWRWRIH )DEXWWKDW WKH LQ
6WDBWBFH EORFN DUH YHFWRUV LW LV DGGLWLRQDOO\ QH
7KH 6WHS EORFNV DUH XVHG IRU WKH WDVN VLB3SDGM 7K
REMIORFNELY XVHG IRU FRQVWUXFWLQJ WKH WUDQVLHQW
UHVXOWYV IRU WKH WDMN XKD @H DUH VKRZQ LQ

7KH PDWKHPDWLFDO PRGHO ZLWK WKIKBH UHIJXODWRU

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJIBURFHVVHY DQGJJUXLSPHQW

JLIXUH HIFDWKLF PRGHOKIOWW R

7TKH VHWWLQJV IRU WKH UHIXODWRU VKDOO EH FDOFX(

%\ WKH FKDQQHO ; SURSRUWLRQDO OLQN LQWH.
FKDQQHO ; SURSRUWLRQDO LQWHJUDO GLIIH
SRSRUWLRQDO LQWHJUDO GLITHUHQWLDO E
LQWHJUDO GLIITHUHQWLDO E\' WKH FKDQQHO ;

GLIITHUHQWLDO
7TKH WUDQVLWLRQ SURFHVV IFKRBDFKLDEMKXVWPHQW FK

; * OHYHO WDQN
; *tOHYHO WDQN ,,
; *tOHYHO WDQN ,,,
; *tOHYHO WDQN ,9
; *tOHYHO WDQN 9

JLIXUAUDQVLWLRQ SURFHVV YLD FKDQQHOV
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JJIBURFHVVHY DQGJJUXLSPHQW
ODWKHPDWLF PRGHO ZLWK IX]]\ UHJXODWRU

$ PDWKHPDWLFDO PRGHO ZIMWKRZI)IXIJX\WUWHHIXODWRU L

J)LIXUH ODWKHPDWLF PRGHO ZLWK IX]]\ UHJXODW

6HWWLQJ RI WKH IX]]\ OHYHO UHJXODWRU LQ ERG\ ,, LV V

J)LIXUH *UDSKLFDO UHSUHVHQWDWLRQ RI WKH RSHUBPWLRQ RI
SURSRQWQ WHUPLQW@YWJUDO+xWHVYROW

6LPLODU VHWWLQJV DUH IRU RWKHU IX]]\ UHJXODW
DGMXVWPHQW FKID®PUHXWHUH VKRZQ

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJIBURFHVVHY DQGJJUXLSPHQW

J)LIXUH 5HIOHFWLQJ VXUIDFH RI WKH UHVSRQVH RI W|
GHO:tSURRUWLRQDO WHWPHJQWO+tWHWVROW

; *OHYHO WDQN
; *tOHYHO WDQN
; *tOHYHO WDQN ,,,
; *tOHYHO WDQN ,9
; *tOHYHO WDQN 9

1

J)LIXUH 7TUDQVLWLRQ SURFHVV YLD FKDQQHOV

'XH WR WKH DIRUHPHQWLRRG GG DVFRKADW MK HF XY HER IFB Q.
DORQJ WKH FKDQQHO ; JLYHV D VKRUWHU WLPH RI WKH W
XVH RI WKH 3," UHJXODWRU WR VHFRQGV ZLWK WKH XV
GHFUHDVH LQ WKHOOPBMARWXGHIRIPRVFIP ZKHQ XVLQJ WKH
P XVLQJ D IX]]\ UHIJXODWRU 'KHQ FRPSDULQJ 3," DQG IX]]
JLIXUH RQH FDQ VHH WKDW XVLQJ D IX]]\ UHIJXODWRU RQF
WKH DBEHORWXVFLOODWLRQV IURP P XVLQJ WKH 3," UH.
UHJXODWRU KHQ FRPSDULQJ 3," DQG IX]]\ UHIXODWRUV
WKDW WKH XVH RI D IX]]\ UHJXODWRU DOORZV IRIMRKLJKH!

V ZKHQ XVLQJ WKH 3," UHJXODWRU WR V XVLQJ D IX]
LQ WKH RVFLOODWLRQ DPSOLWXGH IURP P XVLQJ WKF
UHJXODWRU
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JJIBURFHVVHY DQGJJUXLSPHQW

YLIXUH 7UDQVLHQW SURFHVVEYRIXWKH/RSHOUDWREQ RI
n£IRU 37'+IRU )X]]\

6LPLODUO\ ZKHQ FRPSDULQJ 3," DQG IX]]\ UHJXODWRU
VHHQ WKDW WKH XVH RI D IX]]\ UHJXODWRU DOORZV IRU
XVLQJ WKH 3," UHIJXODWRU WRHIXVOZWRQ XQGJIDDVIXJQLILI
WKH DPSOLWXGH RI RVFLOODWLRQV IURP P XVLQJ WK
UHJXODWRU 'KHQ FRPSDULQJ 3," DQG IX]]\ UHIXODWRUYV
WKDW ZKHQ XVLQJ DRIXHIJUHHRKOBDWRUVLIQLILFDQW GHFU
RVFLOODWLRQV IURP P ZKHQ XVLQJ WKH 3," UHJXODWF

&RQFOXVLRQ

,Q RUGHU WR LQFUHDVH WKH HIILFLHQF\ RI WKH IXQFV
VWXIGN ZDV VXJIJHVWHG WR UHVHBUFK KRZOW WR UXW H QR WE
VI\VWHP RI WKH HYDSRUDWRU SODQW ZLOO LPSURYH WKH
VLQFH D QXPEHU RI SUREOHPV ZLOO DULVH LLRD GDPRGRI |
GXULQJ WKH SURFHVV RI HYDSRUDWLRQ ,Q WKLV VWXG
UHJXODWRU ZDV PDGH 7KH UHVHDUFK ZDV FRQGXFWHG L
XVHG IRU DFKLHYLQJ KLJKHU OHYHO\S®D QWD GKW\IRU VR Q\
WKH GHYHORSPHQW RI D PDWKHPDWLFDO PRGHDJKQHVKH

JLIXUHQGLFDWHV WUDQVLWLRQ SURFHVVHV ZKHQ FKDQ
WUDQVLWLRQ WLPH LQ WKMGWD QKHAKRK D JRRG UWHNKROW
WKH GHYLDWLRQ RI WKH OHYHOV LQ WKH FDVHV IRU WKH |
WR FKDQQHO : P DFFRUGLQJ WR FKDQQHO ; P DFFRU
FKDQQHO ;: DQGGL®IJDFRRFKDQQHO ; 7KH QH[W VWHS Z
PDWKHPDWLFDO PRGHO ZILIKK MTHID Q@ V LWHIK® BWRBEHVVHV I
LQ DOO ILYH FRQWURO FKDQQHOV ZHUH REMWDQ QHCA D \F DV
WRMHLPH Rl WUDQVLWLRQV LV LQ WKH UDQJH RI VHFRQG"
DFFRUGLQJ WR FKDQQHO : &RQVHTXHQWO\ WKH WLPH F
WKH SUHYLRXV H[SHULPHQW EXW WKLYV DDMIGR QYR B \DLHDH.(
WKH FDVHV P DFFRUGLQJ WR FKDQQHO ; P DFFRU
WR FKDQQHO ; P DFFRUGLQJ WR FKDQQHO ; DQG F
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JJIBURFHVVHY DQGJJUXLSPHQW

PDWKHPDWLFDO PRGHO ZLWK D IX]PXUHIXORQWRW LRIV STWHR
IRU FRQWURO FLUFXLWV LQ DOO FRQWURO BKDXUIHOV ZH
,Q WKLV FDVH WKH WLPH Rl WUDQVLWLRQ SURFHVVHV LV
. WR VHFRQGYV DPBQJ WKHFRKDQ @ KH EHVW UHVXOW
UHJXODWRU &RPSDUHG WR WKH SUHYLRXV VWXG\ WKH O
P DORQJ WKH FKDQQHO ; P DORQJ WKH FKDQQHO
P DORXDWRHG: DQG P DORQJ WKH FKDQQHO ; 71
FKDQQHOV ZLWK WKH 3," UHJXODWRU DQGXWKH QH]FD® J X
VHH WKDW WKH XVH RI IX]]\ UHJXODWLRQ VLJQLILFDQWO\
LQ DOO FDVHV WKH DPSOLWXGH RI RVFLOODWLRQ GHFU
WUDQVLWLRQ SURFHVV GHFUHDVHV 7DNLQJ LQWR DFFRX(
WKH XVH R4]JQ HMHURKODWRUV LV PRUHUBYXORSW LDWHEH WEN A
FRQWURO SDUDPHWHUV FRPSDUHG WR WKH V\VWHP ZLWK

5HIHUHQFHYV

BNDNRY¥EXNBHBMENKRYODQGYR ORGH U Q LYDWRULXEX MVXAHLP L
NHUXYDQQDUQWRMDQFHEXU\DNRF]XNLRYRRIRD ED]L
PLNURBVRB QIHNKK Q L AKVORAIEYU RJUKONRUD\LQYINWRRRRQLF]W Y D
$XWRPDWLRQHFKQRORQIGEXY LQWRFHVVHV '2,

DWE S SS
O0DUNLGODQ 3XWBIR Y \V K HQH NKIHDN.RI@ R P L F KSHRWNDL] B KV H O H
WHS O RKHIKD N KD UMW R &R XNRUUD\LOE+
6KWDQKHLHY 3XUSRVH LQVWDOODWLRQV DQG WKHUPD
81,2 SS
BKWDQJH\HY .2 .KULVWHQNR 9 , 3UR UDF]LR
FIXNURYRPX YBRUJRERUFMYDSSQ L
+UDPD 0 B6LGOHWVN\L 9 &RESBULYRQ EHWZHHQ 3,' I
UHJXODWRU IRU FRQWURO HYDSRUDWRU SODQWYV
HOHFWURQLFV DQG QDQRWHFKQRORJ\ S(1%12 &RQIHU
JHYLFINLM <D * 'PLWUXN $ 3 &KHUQ\DNKRYVNLM , %
VDNKDUQRJR ][DYRGD SR VQL]KHQL\X UDVNKRGD WRSOL

&KDQWDVLULZDQ 6 'LVWULEXWLRQ RI MXLFH KHD
RI HYDSRUDWLRQ SURFHVV L-@XJWDZD\OX RD |y RARIE) ¥Q D E @HKHY
SS =

9HUPD 2 3 ODQLN * DQG -DLQ 9 . 6LPXODWLR

QRQOLQHDU G\QDPLFHEME D LHKRYD KR IPDVDRUL %YL QJ 3,
FRQW U RROHYD/O RI &RPSXWDWIREOHDO 6FLHQFH

&KRZGKXU\ - 1JX\HQ % DQG 7KRUQKLOO ORGF

+HDW 5HFRYHU\ 6\WVWHP XVLQJ )LQLWH 9ROXIPHIQHWKR
SS

-ROO"\ 37VR & 3 &KLD 3. DQG :RQJ < : ,QWHOC

6XSHUKHDW +XQWLQJ DQG 2SWLPL]H (YDSRUDWRU 3HU
+9$& 5 SGHVHDUF kS St

IDKWLQHQ 6 ,GHQWLILFDW DR/ RIL WX HDLRPQ\U UR
HYDSRYUPDRGRER QW UR®SH

7DQJ . 6 .LP )XQJ ODQ *XDQURQJ &KHQ DQG .ZRQJ 6
3," FROWUROMHWRVDFWLRQV RQ ,QGXVWSEEDO (OHFWUR

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F



JJIBURFHVVHY DQGJJUXLSPHQW

&DUYDMDO - 3,' FREWWROOHU 'HVLJQ SHUIRUPDQFH
DQDOIRUPDWLRQ 6RLHIBFH YV
BLGOHWVNIL 9 0 (OSHULQ ,9 3ROXSDQ 9 9
SDUDPHWULY QD ULYQL UR]JSRGLOHQRKR/ NWWUKP\D REL B
L NRPSOHNVLY NKDUFKRYRMNRYURPYDGRMRYDIWMLVLRQDO Q
NKDUFKRY\NKLWHNKGBORKL
/IDSLQ 09 G6LGOHWVNIL 90 9\NRU\VWDQQLD V\
G\QDPLFKQRKR XSUDRY®WILXQ SD URRWNK KRIRXWRR'D K 8 H R /W
1IDWVLRQDOQRKR XQLYHUV\WHWX NXKBUFKRY\NK WHNKG
*RQ]IGARWHYV $+#ySBWD 2EKROPVW $ D@GHOQVBRED W
6PDUW &RQWURO RI OXOWLSOH (YD SBRAUDVRRIU DG\
$FWXDWRU 1HWZRUNV (QHUJLHV SsS
=KDQJ - =KDQJ : +RX * '"HVLJQ RI HYDSRUDWRL
VOLGLQJ PRGHKFHRQW URWOBQODWL RQDO &RQIHUHQFH R(
6\VWHPY =
/LX 7:DQJ < <DQJ ; 2SWLPDO IX]]\ FRQWWRO RI H
HYDSRUDWRURVZWRKHFRORJ\ $Q SGGEDQ -RXUQDO
%DRXD = 6LPXODWLRQ DQG DQDO\VLV RI HYD:¢
H[SDQVLRQ YDOYHQKUP\ FRIYWDBPK D%+ SWLOL]DWLRQ
LD QJ + )X]]\ FRQWURO IRU VXSHUKHDW RI HY
XQLYHUVH RPHWXR®B RI *XDQJ[L 8QLYHWELW\ RI 7THFKQRO
1IRUPHLFR - ( OHULQR $ &ULVWHD 6 5REXGWEPIBID O GL
FRPSHQVDWLRQ RI DQ HYDSRUDWLRQ$&URFFRAHHGRQ VY
9ROXPHV SS #
IDYDUDFN % 3 +RGJVRQ - - 9HQQLQJ - ,PSUR"
VXJDU IDFWRULHV &D VIHO QWX®\QIRWLRROQHEXJIOU -RXU
SS
5RJHU . 6SDUU ( :HQQHUVWUI|P + DY \D\GHRRJEDON L R
DW GU\LQJ 8RWHEDDF&KHPLVWU\ &KHPIF DG 3K\VLFV
6ULYDVWDYD ' ORKIDQW\5% %KDORGHOLQJ DQG VLPX
VIVWHP XVHG LQ WEKHPLFDW (QGXYMHULQJ &RBBXQLFD
+
3DWDQ . DQG 3DULVLQL 7 ,GHQWLILFDWLRQ RI
GHWHFWLRQ DQ®H \RR @DWHRQ VX KBIUF BRODSGRDO R L BQ RS
&RQWUROSS #
OHULQR $ $FHEHV / ) $OYHV 5 DQG GH 3UDGD &
VWHDP PDQDJHPHQW LQ D&R 8 WRFOU DAVIILRG!I LWL B @D |
+
3ROXSDQ 9 B6LGOHWVN\L 9 *HQHWLF DOJRULWKP
RSHUDBWURQQLDQ IRRGVBRXUQDO
6LGOHIWVNRURELLFKXN , /DG,DQ%LDHS @i\ Nm&BM UL Q
'HYHORSPHQW MRWXWKHR66WILUX $XWRPDWHG &RQWURO |
7HFKQLTXHV IRU D 'LIIXVLRQ 6W D$GRMQ F#8V 2103 7,QW H C
6\WWHPV DQG &BPSXWLQJ
.KRPLFKDN / 3HUHGRYL WHNKQRORJL\L YLUREQLF]WY
SHUHUREQRYSVWRPLOKKRPLV\BFKERE IFIKLWMR YKRXUQDO 'H
1DF] 8QLYHUVLWHWX NKDUFKRYLNK WHNKQRORJLM WD
% RU\VAXN 6RPH IHDWXUHW\R{NUIRDIU BPCER N W
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JJIBURFHVVHY DQGJJUXLSPHQW

.UDVQ\DN 2 3 JDHPOGYNHWIGHYHORSPHQW LQ 8N
SURVSHEMM\N QDXNRY\K SUDW] 7DYUL\VNRJR GHU]KD
XQLYHUV\WHWX HNRQRP&&KQL QDXN\

%RQGDU 9 6 3ULFH WUHQGY RQ D ZRUMD® @ DUNH'
GRPHVWLF PDUNHW RVXN&RYDRLQEXSXDNODEOH D
KWWS ZZZ VXJDUEHHW RUJ XD QRGH $FFHVVHG 6
OXGUDN 3 9 3ULFH IDFWRUV RQ D VXJDU PDUNH
SURYLGILONRYL SUDMWRAL ZROUVWOYY QR\LSBNDGHPL\L
-DQW]HQ - JRXQGDWLRQV RI )X]]\ &RQWURO :LOH
%HVHNHUVNLM 9$ 3RSRY ( 3 7HRUL\D VLVWHP
6W 3HWHUVEXUJ SS

3ROXSDQRY $ 9 BS5RMRODRRY<XK D )U B\QWKHVLV RI V\
PRGDO FRQWURO 7UXG\ 9VHURVVLMWHINRKOQ L FKH\GH
NRQIHUBQENQADGQ\H ]DGDFKL HOHNWURPHMNIKD®LNL H(¢

IXWVND\D 1 0 9ODVHQNRHYHORSPMQWLBLPHQVLRQDO
FRQWUROOHUV IRU VXJDUPLOO HYDSRUDWLRQ SODQW
FRQGLWLDRMRYL SUDWVL 1IDWVLRQDOQRKR XQLYBBEV\WH'
+
*DUGQHU ( 6 ([S R Q H QMDD HV R RIRUKY MIDHIWQKML R Q
-RXUQDO RI )RUHFDY®LQJ
+\QGPDQ 5RE - .KDQGDNDU <HDVPLQ $XWRPDWLF
IRUHFDVW 3DFRVOUGIDI® RI56WDWLVWESEBDO 6RIWZDUH
+\QGPDQ 5REHKOHU $QQH < 2UG - .HLWKR BIQRGMW 5Q0
ZLWK ([SRQHQWLDO 6PRRWKLQJ WEHLIHWDWH %BSDBOH
+HLGHOEHYJ SS
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JJIBURFHVVHY DQGJJUXLSPHQW

,QIOXHQFH RI VKXQJLWH WUHDWPHQW PHWKRGV |
SURSHUWLHV DQGUR@WPbW@EW WXDOLW\ IRU EHYHU
SURGXFWLRQ

6YLWODQD I\XGPLOD 0 ,U\QD 6DPF|
I1DWDOLD 7NREKPON/RILQRXY@P\OD .LVWHUVND

1 IDWLRQEDO 8QLYHUVLWI RI )RRG
+9 %DNXO ,QVWLWXWH RLBABHUBRWUBQIDWSFDGHP| RI 6FLHQF
ALY 8NUDLQH

$EVWI
.H\ZRUGYV

,(QWURGXRWISRFURVSHFW RI WUHDWLQJ VKXQ.
:DWHU WR LQFUHDVH LWV DEVRUSWLRQ SURSHUWLH
TUHDWPHQW ZDWHU WUHDWPHQW GXULQJ EHYHUDJH SURG
6KXQJeW ODWHULDOV DQOGLRHNWRBREDWHU ZDV SUHSLEL

$EVRUSWLRQ VKXQJLWH DFMLLYIDWHIG B\QGDRFRBIEM BD W H G

1DQRVLOYHU VWHDP WUHDWHG DQG PRGIKRW®RPEWUQBQ
VSHFWURPHWULF FKHPLFDO DQG SRWHQWLR
WKHRUHWLFDO JHQ HDWRLORI@ WD RQVIVHE FRPS |

ZHUH XVHG LQ WKH ZRUN

SUWLFOH KI_VWRUQHVXOWV DQG 7GHY BXOVNDIFRHWHUY RI DJJUH.
QDQRSDUWLHONNHUR QDPWMIBULXP DGVRUSWLRQ

SHEFHLYHG FDWDO\WLF SURSHUWLHV RI VKXQJLWH DFW
YDULRXV ZDKMW\DUHDMWH G

S5HFHLYHG LQ UHSGWHMWLRQDO WUHDWPHQW RI DFWLYDWHG

IRUP QDQRVLOYHU DOORZV WR LQFUHDVH LWV DG\

$FFHSWHG IRU DGVRUSWLRQ RI DFHWLF DFLG DONDOLQ

WLPHYVY DQG WR SURYLGH VWRWHQMWDDQRRI R

SUHSDUHG ZDWHU BW RMOKH OHYHO RI

&RUUHVSRQGL%J 6WHDP WUHDWPHQW HQKDQFHY SDUW RI WK
DXWEKRU ROHFXODU VRUSWLRQ DQG LQFUHDVHV WKEF
DQG IXOYLF DFLGV E\ E\ DFWLYWWHGHWYW H D
1DWDOLD 7NDFEXN
(PDLO :DVWH ZDWHU FRVWY GXULQJ WKH SUHSDUL
WNDFKXN # QDQRVLOYHU VKXQJLWH GR QRW H[FHHG (
ELJPLU QHW ZDWHU SHU YROXPH RI PDWHULDO DOORZLC
SUHSDUHG ZDWHU LV DW OHDVW
SUWUHDWPHODMWRY KWAQHDP EHIRUH LWV DFWL

QDQRSDWYMHLRBRMWRYLQJ WKH ZHWWLQJ RI WKH

SRVVLEOH WR LQFUHDVH WKH GXUDWLRQ R
SRVVLELOLW\ RI GHHSHQLQJ WKH VRUSWLRQ

LURQ PDHQIPDIQHWRIHQ DQG RUJBQLF FRPSRXQ
&RQFOXMHLHRQWH Rl VKXQJLWH DBWIGYDWHG

PRGLILHG E\ SDRRMEIOW HQFUHDVHG HIILELHQ

‘o KDUPIXO LPSXULWLHV DQG VWDELOL]DWLRQ

’ SUHSDUHG ZDWHU

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJIBURFHVVHY DQGJJUXLSPHQW
L, QWURGXFWLRQ

7KH SURGXFWLRY RIQFHROWHY WKH XVH RI KLJK TXDOLW
DGGLWLRQDO UHTXLUHPHQWY WKDW DUH UHODWHG WR W
VKHOI OLIH DQG ILQLVKHG SURGXFW GHVWLQDWLRQ > @
FKHPIOV I0XRULQH FK®RQWDH QIO FRPBRX@EY PDNHV Z
LW KDV EHHQ SURYHG > @ WKDW VLOYHU LRQV NLOO WKHF
DOVR EHQHILFLDO DV LQ DEVHQFH RI KDUPWDY W HFRIRRDW|
LV PXFK EHWWHU > @

1RZDGD\V FRQVLGHUDEOH VFLHQWLILF DQG DSSOLHG
HIITHFWLYH QDWXUDO DGVRUEHQWY LQ ZDWHU SXULILFDW
PDWHULDOV LV VKXQJLWIXUD @ +Db WRENLDADK DIW KDY DWKH F
VLPLODU WR DQWKUDFLWH DQG JUDSKLWH > @ 7KH XVH
PDWHULDO LV GXH WR LWV KLJK DGVRUSWLRQ FDSDFLW\
> @ ORZ FRWRORJI@FDO SXULW\ DQG VDIHW\ > @ 7KH PC
GHVFULEH@LQRVLQ 2 > @ OHOYQ\N / > @ OXNKLQ 9
RWKHU UHVHDUFKHUV KDYH VKRZQ WKH SURVSHFW RI XV
WWHTHQW IRU WKH IRRG LQGXVWU\ > @ LQ GLIIHUHQW
DQG HVWDEOLVKHG WKH HIILFLHQF\ RI SXULILFDWLRQ IUR

'XULQJ WKH YRGND SUHSDUDWLRQ LW ZDV SURSRVHG
VHTXBDQWMLOWUDWLRQ WKURXJK VKXQJLWH DQG JHROLWH
VKXQJLWH $FFRUGLQJ WR WKH DXWKRUV WKH SUHVHQFF
WR D GHFUHDVH LQ WKH DONDOLQLW)\ HRX VZ D V& D PLQEG SV KJ AV
LQFUHDVHYV WKH WDVWLQJ HYDOXDWLRQ RI ILQLVKHG SUF

5SHFHQWO\ PRUH DQG PRUH DWWHQWLRQ LV EHLQJ SDL
KHOS VWDELOL]H WKHGXBFWHR QR BIRAMDMQAWDDO > @

7KH PHWKRG RGPAHMING HFDWIKR E\ WKH ORFDOL]HG JOR:
GHYHORSHG DQ NQ®RWDRMRPHEE RYEW FHMQ RORJ\ IRU WKH S
FRQFHQWUDWHG FROORLGDO VROXWLRQV RI QDQR PHWD
FKHPLFDO QBKN PO RZKG W RVNRYH DQVMHQ RHHWD GAXVSHQVLRQ
JO\FHURO 7KH XQGHQLDEXH LDAB\YYQRYPVHYYRU KISKQVLFDO
IRRG JO\FHURO DQG VWDELOL]HG LQ LW ZLWKRXW DGGLW]
WR[LFLW\ WR KXPDQV DQG DBERPWEVLBORMA IUWREHKMIK
GHPRQVWUDWH KLJK LQGXVWULDO SURGXFWLYLW\ DQG D
DQG ZRUOG DQDORJV > @

7KH VWXGLHV DLPHG DW WKH VLPXOW D &HRXNFWHR®C
SRWHQWLDO DDRRSWKIHWKBYVPUX®RYDO DUH HVSHFLDOO\ LF
DLPHG DW XVLQJ QDWXUDO VKXQJLWH PRGLILHG E\ QDQR
QHFHVVDU\ DQG UHOHYDQW

7KH SURYLGHG VWXGLHV ZHUH FRIGIEHKFWU R Q HB®& BRGIIZHI
WUXH QDWXUH DQG WKH TXDQWLWDWLYH FKDUDFWHULVW
SXULILFDWLRQ XVLQJ VKXQJLWH WUHDWHG LQ YDULRXV
ZLWKRXW LW DQ® ZHWNW PWOHD P7 BIIHPDH QHWD¥KVZRUM GHW
RI WKH DGVRUSWRERWYDIQWLMRESRIRQWLHY RI WKH VKXQJL
VWDELOL]H WKH RUHGXHNVWLROLGBRWHRWLDO WKH HIILFLH
KLJRQG PREZHFXODU BRXMEW FRE WR[LF VXEVWDQFHV F
UHTXLUHPHQWY Rl FXUUHQW UHJXODWRU\ VWDQGDUGV IR
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ODWHULDOV DQG PHWKRGYV
ODWHULDOV XQGHU VWXG\

'ULQNLQJ ZDWHAURIHWKBIQ ZHOO DQG WUHDWHG ZDWHU
IDWXUDOO\ DFWLYRW@ILE WSHFILWHKRIV=RIR]KLQ GHSRVLW

BUHSDUDWLRQ RI SURWRW\SHYV

$FWLYDWLRQ RI QDWXUDO VKXQJLWH ZD Vf &UJLIGHG RX'
KRXUV )XUWKHU J RI WKH DSSURSULDWH VDPSOH RI V
ZDVKHG ZLWK GLVWLOOHG ZDWHU WR DFKLHYH WKH ILOW!

7KH PRGLILFDWLRQ RI VKXQJLWH E\ QDQRVLOYHU ZDV F
DIWHU VLHYLQZDMKNIQRXAILVBK HGLVWLOOHG ZDWHVUKBQG D
DSSURSULDWH VWHDP VDPSOH 7KH VLO %D \QmD WWWFKQHR
DW D SLORW SODQW ZDV XVHG WR PRGLI\ WKH VKXQJLWH
DQG LQVWDOODWLRQ IRU VLOYHU QDQRVXNGH QVIGRQ PDQ:

7R VWXG\ WKH VWDWH DQG SDUDPHWHUYV JRO\RHUWRRSD |
PHGLXP WKH UHVXOWLQJ VXVSHQ\QLHRRQZOYVIHUW R2ZGWRWH G
VFDWWHUHG OLJKW ZKLFK ZDV UHFRUGHEBLRY DRHB W UDH:
PHDVXUHG LQ D FXYHWWH FP EHIRUH DQG DIWHU XOWU
LQ VROXWLRQ EHIRUH DQG DIWHU WUHDWPHQW DQG LQ W
FRQFHQWUDWLRQ ZDV GHIDQMGE FEEQ BWHW BRWRMREQ F R@ URK
6 LQVWUXPHQW ODfGYHURQNBQHPWWLF YLVFRVLW\ Rl WKH
FDOFXODWH WKH QDQRSDUWLFOH VL]H GLVWULEXMWLRQ
YLEUDWLRQ YLVFRPHWHU > @

7R HDDMOX WKH VWDELOLW\ Rl WKH IRUPHG VLOYHU DJJ
RI VLOYHU QDQRSDUWLFOHYV LQ VROXWLRQ EHIRRXHGDQG
UHSHDWDELOLW)\ ZLWK GLIITHUHQW QDQRSDUWNIF@HRARQKH
VDPSOHV ZDV D QRWORAWXVSHQVLRQ RI VLO ¥8 UOXMERS D
VXVSHQVLRQ LG LOXMPH® VXVSHQVLRQ LQ  WLPHV

SBURFHGXUH RI UHVHDUFK FRQGXFWLQJ

:DWHU ILOWUDWLRQ ZDV FDUULWRE fRIXQV D @ DW HIP SPHRUGHWI
WKUHH JODVV ILOWHUYV ZLWK D GLDPHWHU RI PP (DFK
VDPSOH RI VKXQJLWH OD\HU ZLWK D KHLJKW RI PP HDF

7KH SURFHVV RI VRUSWLRQ SXULILFDWL RN RPIDZADHNH D A
IRU RSHUDWLRZD WKAEX) EW IRWHH WKH ILOWHU F\FOH DQG W

SUHSDUDWLRQ RI WKH PDWHULDO IRU ZRUN WKH PDL(
VDPSOH RI VKXQJLWH ZDV FDUULHG RXWLE\WHWD DWW DIVBH

P K 2UJDQROHSWIKHPICF® SKOVUPPHWHUYV RI WKH SL
GHWHUPLQHG D IWRIUWKYH LL\O W LFIPW H

'"HVFULSWLRQ RI PHWKRGV
'XULQJ WKH UHVHDUFK WKH DGVRUSWLRQ FKDUDFWL!

GHWHUPLQHG E\ WKH PHWKRGV XVHG GXULQJ WKH LQFRP
WRWDO SRUH YROXPH IRU ZDWHU > @ DGVRUSWLRQ DF
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LQIXVLRQ DQG DGVRUSWLRDRH SRS VENLE HE | R V@R @ BLIGG
DQG IXOYLF DFLGV > @
BWXGLHV RI ZDWHU TXDOLW\ EHIRUH DQG DIWHU LWV
VKXQJLWH ZHUH SHUIRUPHG
i RORULPHWULF PHWKRG XVLQJ WK HL®KEGW\RH O P EQLOLF ¥
FRQFHQRIUDWRQR QPDQJD FROW DLIQUQRINIEVWDQFHV > @
i SHFWURSKRWRPHWULF PHWKRG VSHFWURSKRWRPHW
WUDQVSDUHQF\ > @
i 3HUPDQJDQRPHWULF PHWKRG IRU GHWHUPLQLQJ SHUPD
i 3RWHQWLRPHWHLF PREBIS+ DQG S+0, ZKHQ GHWHUPLQLC
UHGR[ SRWHQWLDO > @
'HWHUPLQDWLRQ RI ZDWHU SXULILFDWLRQ HIILFLHQF\
FDUULHG RXW E\ VSHFWURSKRWRPHWULF PHWKRG LQ Wk
ZDYHOHQJIWK ®P DQG D FXYHWWH RI OHQJWK 6 PP > @

3URFHVVLQJ RI UHVHDUFK UHVXOWYV

(ISHULPHQWDO PDWKHPDWLFDO DQG VWO ALY YILFD O Pd
SURFHVVLQJ RI H[SHULPHQWDO UHVXOWV 7KH WHWHDUF}
XVLQJ PDWKHPDWLFDO DQG VWDWLVWLFDO # ®VKRGV RQ

5HVXOWVY DQG GLVFXVVLRQ

$JJUHJDWLRQ SDUD P HRDHIW LR DXIDMHRRIB/O WPLH G L X P

$EVRUSWLRQ VSHFWUD RI VROXWLRQV RIDQ® YoH W HID «
XOWVRQLF WUHDW P HWW LG QLDH V PLKIRZQ LI X UH WKH G

VKRZV WKDW WKH VROXWLRQ DEVRUSWLRQ VSHFWUD UHV
RI WKH VROXWLRQ ZLWK ZDWHU G RHV VKW VDPBEEG MR VWU

D E

JLIXUHBEVRUSWLRQ VSHFWUD RI VLOYHU QDQRSDUWLFOHYV VRO X
XOWUDVRQLF WUHDWPHQW

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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7TKH GLVWULEXWLR® RFO/HY EHURQWBOQRG® DIWHU XOWUD\V
LQ XuiH$v FDQ EH MHNQMKRPGLYVWULEXWLRQ RI VLOYHU QI
XOWUDVRQLF WUHDWPHQW FKDQJHV LQ WKH GLUHFWLRC
DIJJORPHILRDUPHG LQ VROXWLRQ IURP DOPRVW WR QP
QDQRVLOYHU VROXWLRQV DFWLYHO\ GHVWUR\V DJJORPHL
DUWLFOH > @

D E

JLIXUHLVWULEXWLRQ RI VLOYHU QDQRSDUWLFOHV LQ VROXWL
WUHDWPHQW

W LV NQRZQ WKDW WKH DJJUHIJDWH VWDELOLW\ RI FRC
FKDUJH RI WKH FROORIG GG VSDWRLICHOG! EYKWVIKK HOHFWUF
SRWHQWLBRWHEWLDO DULVHV RQ WKH VOLS SODQH RI W
VHSDUDWLRQ RI LWV GLIIXVH SDUW IURP WKH DGVRUEHG
WKH GLIIXWG @M\HDU PBIDVXUH RI WKH LQWHQVLW\ RI HOH
LQWHUIDFLDO UHJLRQ 7KSRWHQWLDO® YDOUHXALBHO KNV HG
HOHFWULFDO SURSHUWLHYVY RI D VXUIDFH ZKHQ FRQVLGHU
RI' GLVSHUVHG V\VWHPV VWUXFWXUH IRUPDWLRQ LQ P
HOHFWURNLQHWLF SKHQRFRRYWHRW VWO R4 HVE B WM\WW WK HW |
RI WKH DYHUDJH HOHFWULF FKDUJH RI WK RR®ED® IS®GAV B
WKH VDPH FKDUJH OHDGV WR WKHLU PXWXDO UHSXOV
DJJORPHUDWLRQ DJJUHIJDWLRQ RI WKH SDUWLFOHV RI YV
WKH DJJUHJDWH VWDELOLW\

7KH YDOXHV RI WRIBD YRFHD RW BR@MNHDQUI/QBO LQ WKH JLYH
DUH SUHVHQWHG LQ 7DEOH $vV FDQ EH VHHQ IURP WKH
WKH RULJLQDO VROXWLRQ DQG GLOXWHSE AINVKBIAMDAMMHU L
XOWUDVRQOQQW WUKIHDVWHPVROXWLRQV ZHUH VWDEOH DW GLIIL
FROORLGDO V\VWHPV VW8 RWHIWLD & KHHDVOKB WKDQ oy
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7DEOH
9DOXH REMMWHQWLDO P9 RI VLOYHU QDQRSDUWLFOHYV

6D P S|OHKH Y D O X H SRIWHKAWKLHD @ D O X H SRIWHIQHW L D O
EHIRUH XOWUDVR@UKMUNDWRBYWHQLF WUHDW |
P9 P9

6RUSWLRQ FDSDFLW\ RI DFWLYDWHG DQG PRGLILHG QD

+LIKXDALVRUSO/WRIQLQJ PDWHULDO WKDW FDQ EH XVHC
IURP KDRDQKG PRZ@HFZ2HILDKW RUJIJDQLF FRPSRXQGYV DQG WRIJLF
GULQNV SURGXFWLRQ VKRXOG KkDWD®IWKFDSYRYMRW RIQV
WKH RSWLPDO VWUXFWXUH 7DEOH

7TKH GDWD VIODEDQPSUQYHG WKDW WKH PRGLILFDWLRQ
QDQRSDUWLFOHV PDNHV LW SRVVLEOH WR LQFUHDVH WK
YROXPH RI EDVLF R[LGHV E\ JWWRHNG WKWHIWER Q MFRWHDN
DFHWLF DFLG DGVRUSWLRQ E\ WLPHYV WKRHYO NBKQER LA
FRQWULEXWH WR D ORQJHU IL O VGHE WKF U R UBsQ\VE RVK R | SIRIVL
LPSXULWLHYV

7TDEOH
$GVRIUBQVDQG VFROUSIMA\MQ F SURSHUWLHYV RI VKXQJLWH W

,QGLFDWRU QDPH ,QGLFDWRU YDOXH IRU VKXQJLWH V

$FWLYDWHEBWLYDWHG DQGFWLYDWHG
PRGLIRHG 6WHDP WUHDOWHG DC
QDQRVLOYHRGLIBHEDQRVLOYHU

TRWDO SRUH|YROXPH E\
ZDWHRJJ

7TRWDO DPRXQW RI
R[LGHV PRO |P

i DFLG

i EDVLF

$GVRUSWLRQ DFWLY|LW\ E\

i LRGLQH

i DONDOLQLW\ RI ZDWHU
LQIXVLRQ [FP

i DGVRUSWLRQ RI
DFHWLF DFLG FP

FFFSNUDLQLDERXRRXPDO 9RXPH ,VVXH-F
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SUWUHDWPHQ@W. QGWRDWHYDWKH SRVLWLYLW\ Rl LWV DS
PRGLILFDWLRQ RI VKXQJLWH E\ QDQRVLOYHU UHVXOWLQ
WLPHVY WRWDO YROXPH RI EDVLF R[LGHV E\ WLPHV LQ
DMODOLQLW\ RI DTXHRXV LQIXVLRQ DQ@G DVGVPRIWVSWKRWY LR/ Sl
E\ WKH VWXGLHV VKRZQ E\ XV LQ DUWLFOH > @VUHDIWHG V
VKXQJLWH LQFUHDVHV E\ LPSURYLQJHRKN ZHROWWQR@Y W K

7KH SUHVHQFH RI KXPLF DFLGV DQG IXOYLF DFLGV VL
FKDUDFWHULYWLFV Rl SUHSDUHG ZDWHU > @ VR LW ZDV
IRU WKHVH YEXIBMBDBVFHYWYV WKH. W6 RR WL RQPBOMNVYE\ K.
DQG IXOYLF BFLGV ,W LV FRQILUPHG WKDW FRPSDUHG W
RI QDQRNVUBBMWBIG VKXQJIJLWH LV KLIKHU E\ W UWHOHWDIGVRY
QDQRWIOMBWHG LV KLIKHU E\

:GVRUSWLRQ DFWLY

JLIXUH 6KXQJIJLWH VDPEYDHW\DRAQVRYBWA PRQ ®FXWOYLF DFL

*tVKXQJLWH VDPSOH ZFWLYDWHG DQG PRGLILHG

*tVKXQJLWH VDPSOH ZFWLYDWHG VWHDP WUHDWHG
*tVKXQJLWH VDPSOH ZFWLYDWHG

7KLV LV GXH WR WKH IDFW WKDW WKH DGVRUSWLRQ RI
RXRQ WKH VXUIDFH RI WKH SRUHV RI WKH PDWHULDO WK
VL]H Rl WKHLU PROHFXOHV FRQWDLQHG LQ WKH VROXWLR
DQG WUHDWHG ZLWK QDQRVLOYHU DUHPD F DOLFOLOSE R OLHF X/
WKH DEVRUSWLRQ RI KXPLF DQG IXOYLF DFLGV DV ZHOC
PROHFXODU VRUSWLRQ DV WKDW ZDV FRQILUPHG E\ WKH
> @

7KH HITHFWLYHQHVV R VKXW KHMWADD Pl SROIHS/U HS\DKULDOA LR
HYDOXDWHG E\ WKH WUDQVSDUHQF\ LQGLFDWRU ZKLFK V
UHTXLUHPHQWY RI WKH FXUUHQW UHJXODWRU\ GRFXPHQW
JLIXUHMWKDW WK HQFRIQMOOP\SKALIORN ZDWHU DW WKH VWDJH R
DFKLHYH VWDQGDUGL]HG ZDWHU WUDQVSDUHQF\ RI |
QDQRVLOYHU LV ULVLQJ WR UHODWLYH YROXPHV RI 10
DFWLYDWHG WBXRW W@MBMMHE VKXQJIJLWH WKHUH LV DQ LQI
ZDWHU ZKLFK ZLOO QHJDWLYHO\ DIIHFW WKH UHVRXUFH F
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RI ZDWHU WUHDWPHQW ZKLFK ZDV FRQILUPHG REQ ROWIKGHJ
IURP WKH JLYHQ GDWD WKDW WR UHGXFH WKH FRQVXPSWI
EHIRUH IXUWKHU SURFHVVLQJ RI VKXQJLWH ZLWK VLOYHU

VWHDP
L
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0
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5HODWLYH YROXPHV RI ZDVK ZDWHU SHU YROX

JLIXUH 7KH FRQVXPSWLR® RIKMW XYH LRQ JVEXWHUWMH SUHSDU

*tVKXQJLWH VDPSOH DFWLYDWHG VWHDP WUHDWHG DQ
*tVKXQJLWH VDPSOH ZFWLYDWHG

*tVKXQJLWH VDPSOH ZFWLYDWHG DQG PRGLILHG E\

'XULQJ WKH SURGXFWLRQ RI EHWVHR® JHN SDLSDW R LWK
SHUPDQJDQDWH R[LGDWLRQ ZKLFK FKDUDFWHUL]HV WKI
SUHSDUHG ZDWHU DV ZHOO DV WKH HIILFLHQF\ RI ZDWH
QLWURRIGIWDLQLQJ FIRIXIRNQ@YV 7TKAWHIRI ZDWHU SXULILFD
LPSXULWLHV RI LURQ PDQJDQHVH QLWURJHQ BRBQRUJIDC
XVLQJ D VDPSOH RI VKXQJLWH ZKLFK ZDV DFWLYDWHG W
H[SODLQHG DQG FRQILUPLHR® ESURBMHEWWMMIU DGVRUSW

7KH SURSHUWLHV RI ZDWHU DU HD QGG WPHBLRFBLBRHQGH GEW |
FRPSRVLWLRQ DV ZHOO DV E\ LWV VWUXFWXUH > @ 3U}
SOHDVDQW UHIUHVKLQJ HITHFW X0 0 QHNVYXEMXDWWH @ K I
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SXULILFDWLRQ HIITHFW

,URQ 1ILWURJHQ FRQWDLQLQJ
O6KXQJLWH ZFDWPLSYMHW H G
B6KXQJLWH ZFMPLSYWHG DQG PRGLILHG E\ QDQRVLOYHU
B6KXQJLWH ZFIMPLSYDWHG VWHDP WUHDWHG DQG PRGLILHG

J)LIXUH (IMLFLHQF\ RI ZDWHU SXULILFDWLRQ XVLQJ VKXQJ

,Q PRGHUQ FRQGLWLRQV Rl SURGXFWLRQ DQG FRQVXF
DOFRKROLF DQG QRQDOFRKROLF QRW ®OQR\WKKHSK\\FIKA
LQGLFDWRUV RI EHYHUDJHV ZKLFK GLUHFWO\ LQIOXHQFH
SDUWLFXODU LPSRUWDQFH > @ 2QH ¥ FAIGXRVGLEDQ VERW #
> @ 7KLV LQGLFDWRU RI ZDWRU DFFKVDIUNDLAMA HRIIL JHHOYH W\K H
UHDFWLRQV LQGLFDWHYV WKH ELRORJLFDO DFWLYLW\ DQG

5HIXODWRU\ GRFXPHQWYV WKDW VHW UHTXLUHPHQWYV
SUHSDUHG YDOXH RIWHGXEIWL. RD LISREWHGMWBRRI XODWHG ,Q
ZLWKRXW LWV DGGLWLRQDOYW B KKQRIOW KLH 0 WEKIF B/ RS
SRWHQWLDO YDULHFZW®XRHO\ IRIRP @ +RZHYHU GXULQJ
WKH ZDW H 4URGGHWLER® §R WHQWAHY \WR > @ ,Q RUGHL
DFKLHYH D SRVLWLYH WHFKQRORJLFDO HIIHFW ZLWK WKH
DQG SK\WLFRFKHPLFDO FKDUDFW HU LWRNKLGFM \R H 2D WHDUN FAGH
ZD\V WKH ZDWHHBGIEBRRQ SRWHQWLDXOUHDY LQYHVWLJIDW

7KH UHVXOWV REWDLQHG LQGLFDWH D HGREW DRQGSREW F
RI WKH SUHSDUHG ZDWHU IURP P9 DQG WKH DFKLH®
VHYHQWHHQWK YROXPEWRHUWWR WHHSPREEBPH RI WKH VK
QDQRVLOYHU IRU VWHDP DQG QDQRVLQGYHG XWFWHIRWY HSR WK
UHDFKHYV P9 ,Q WKH IXUWKHU SUHSDUHG ZDWHU YRO!
WKH ZDWHWUBRKFMALVRIORORWHQWLDO DQG LWV YWIPBLOL]DW
GXULQJ WKH WUHDWPHQW RI #K X ® MOXKH LTLIW W KD QYR HLDOM
VKXQJLWH ZLWK VWHDP DQG QDQRVLOYHU
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JJIBURFHVVHY DQGJJUXLSPHQW

"
N

2[LGDWULRXFWLRQ SRWHQWLDO P¢

S

—

5HODWLYH YROXPHV RI ZDVK ZDWHU SHU YR

JLIXUHDWHU R[HGDBXIEFRVQLRQ SRWHQWADWHRI XWKH) 5 DFSDYB® HG
DFWLYDWHG DQG WUHDWHG E\ QDQRVLOYHU VKXQJLWH DFWLYI

7TKXV WKH XVH RI VKXQJLWH WUHDWHG ZLWK VWHDP D
WKH ZDWHUWURRGBGGCHOWLIR® SRRLFRWLY FRQILUPHG E\ WKH DF
DQWLR[LGDQW SURSHUWLHY > @ 7KH DG GHWIGRKEINL R&H
SRWHQWLDO RI ZDWHU SUHSDUHG E\ VKXQJLWH WUHDWHC
P9 FDQ EH H[SOPUEWBOERHWKIHD QHJDWLYH FKDUJH RI QDQ
HYLGHQFHG EN WKH YBRWH@®WLDO > @

&RQFOXVLRQV

7KH XUJHQF\ Rl VKXQJLWH WUHDWHG LQ GLIIHUHQW 2
SURGXFWLRQ RI GLIITHUHQW W\SHV RI EHYHUDJHV LV VXE
LQFUHDVH WKH DGVRUSWLRQ DRPVRLYHW X RH WKH FRO®VXP S\
GXULQJ VKXQJLWH SUHSDUDWLRQ WR WKH ILOWHU F\FOH
ZDWHU LV WKH SUHOLPLQDU\ SUHSDUDWLRQ RI WKH VKX
QDQRVL®PHUNWUHDW

7KH XVH RI QDQRPRGNUHDGN BQ GVKNWQMDRVH LV HIITHFWL"
UHGR[ SRWHQWLDO Rl WKH PDWHULDO LQGLFDWLQJ WKH
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5HIHUHQFHYV

X]JPLQ 2 7RSROQ\N 9 /RYLDJ\Q $REND]PWHBKQRORJ\ TX
LOQQRYIRQHRMQVN 'RQ18(7

/IDQGVGRZQ $ODQ %* 6LOYHU LQ KHDOWKFDUH $QW
&XUU 3UREO 'HUPBRWRO

.LEDUGLQ *6KXQJLW L HJR FHOHREGRHE VHRRALMMWDY D
5\DEFKLNRY %6RYUHPHQQD\D YRGRSRGJRWRYND >0RGHU
ORVFRZ

ORV\Q 2 <KQDWRY < 5HVHDUFK Rl ,QIOXHQFH RI 6K
%XOJDULD ODWKHPDWLFDO ORGHOV RI :DWHBRXDQRHQFH
OHGLFLQH 3K\WLRORJ\ DQ6 %LRSK\VLFV

ORV\Q 2 <KQDWRY < BRVWDY \ VWUXNWXU
IXOHUHQRVRGHU]KDVKFKBMKRWHAKQRYDHYRXQK\WD
OHOTQLN / 7NDFKXN 1 7XUFKXQ 2 'L\XN 9 ,VKFKHQN
/RILQRYDVRYHQNR 6 *RQWDU 2 *DUDVKFKHQNR 9
VKXQJLWH LQ SXU4DOFBRWRRQVAROEX@M®R@Y 6 XSHUKDUG 0DW
ss =+ '2, 6

ORVLQ 2 ,JQDWRY , 7KH VWUXFWXUH DQG FRPSR
IXOOHUHQH FRQWDLQLQWHUQBWDRQWDIOX QRXWRDOGRI $GYL
7HFKQLFDO 5HVHHUFK

. XOLNRYD 97UHDWPHQWORKRRZLWH

ORV\Q 2 1RYmL SU\URG Q mV KX\ Q&MID/DHKIQL MR UEHQ W
0XV\QD 8 .RNVXHYVN\H VKXQK\W\VWmH SRURGmM °
NRORK\FKHVNRKR <]DNQW YLD2HMHINEW UKVNRKR KRVXGD
WHNKQRORK\FKHVNRKRjj\ VWLWXWD

3XVKP\QD < .KRUXQ]K\QD 6 S3HUPLDNRYD / <VSRC
SUR\]YRG VWY B\ DD $ \Q/INR Y N
.RUQHY 9 5mEDNRY <X &K\VU\NRY 6 6UDYQ\WWHOQD

DGVRUEWV\RQQUNK VYRLVWMWKYNK QDX N\E\HREWRDQRWD Q\L
+

BKSLOHXVNL 0 ( 6KSLOHXVNL ( 0 6WH@® OKKIRHNHHQH

VWUXFRXUBPO RI HQJLQHHULQJ SK\VLREV HQG WKHUPRSK\

X]P\Q 2 8VRYHUVKHQVWYRYDQ\H SURWVHVVRY SUR\]YF

'RQ18(7 'RQHWVN

ORV\Q 2 BHUVSHNWLY\ LV3RODRMDHQNYB GHIL]KR& B RR

VKXQJLWD Y YRORSRGLURWBRRAKLVQL WEKQRORJLL

OXKLQ 9 .OXVKILBWBGXFWLRQ DQG XVLQJ5RISFIRVERZ DGVR

'DQJ 6 3HQJ < 1DWXUDO JHRWVWIQVZDW HUI HDFQ\GL ¥ B \

WUHDWRHBMW DO (QJLQHHULQJj-RXUQDO

%RULVRY % (JRURYD ( $RCRSBGUAWBRYND Y SURL]YRGV!

SURGXNWRY BURDISVWINRY3XEO 6DQNW 3HWHUVEXUJ

6KUHVWKD 5 -RVKL' 5 *RSDOL - 20LJRGD@BPLF IL

RQ HQWHULF EDFWHULD LVRODW HIHBDRP -RXW B D R RIDAFK R

7HFKQRORJ\ =

ORJKD]\ (O 1IHWUDGLWVLRQQ\W\H VSRVRE\ YRGRS

VIYRURWRFKQ\NHKNG RS NWNRW HN K NFKORU R\ YRSBKW K H Y \

BWRXQEMHUJ / 9HVWHUJDDUG & $QGUHDVHQ % ,SVHQ

5HYLHZ Rl SULQFLSOHV DQGRRGJBHYW PV QX VDHWIRWQR Q

+

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



JJIBURFHVVHY DQGJJUXLSPHQW

DhYZOFKXN 9 J 8P hYD |2\ hJéh IF KD RIBNUW® ke KIQ Uch Q Z S h|
QZ VWZGLL YhGhSLOGZRWRWYNA « S_ U UhEQZ $ShP\VOhYsVW
.LOFDVW ' 6XEUDPDRRDBPDNG EHYHUDJH VW DRRR®KMD D QG
3XEOLVKLQJ /LPLWHG

1RYLNRY 0 BVNDVWH 6DGRNKLQ 9 9 6DGRNKLQ 9 3 3H
(QYLURQPHQWDOO\ IULHQGO\ WHFKQRORJ\ SODVPD VS)
GLVSHUVLRQ RI QDQRSDUWLFOMWHS) SWIREDRRNZ B® UK \FGV
PHWDOOXUJ\ DQG PHWDSBEHURPLFV V

.LVWHUVND / /RJLQRYD 2 6DGRNK\Q 9LLRDGWNKKD BORH}
Y\UREQ\WVWYD ELRVXPLVQ\NK QD QR ®HYLGD NH NSMDSNVIDYL. Q'R
SS +

SBNUDLQHWVS$ %ROVKDN <X O0NUGIY @\\ ED O DHNAVSAW QR
SRND]Q\N \\ \DNRVWL WZ IL]LRO®BRKR FR@ERARFRY QRF | VOWQ RV W
3DUWLFOH &KDUDFWHUL]DWLRQ /LJKW 6FDWWHULQJ OHW
1HZ <RUN %RVWRQ 'RUGUHFKW /RQGRQ ORVFRZ jj

3RO\KDO\QD $QDO\W\FKHV N\ YNRECQYWYROYREGRN \ O\NHUR
\]GHOHL\ SU\QW ORVFRZ

_RUROLXN 7 8VDWLXN 6 .RVWLQRY®HW R G)\INDL S\NFRKGMWQ M F
NKDUFKRY\NK .SIURGDS8YW LY

$EUDPRYD < $EUDPRYD < OHGU\WKFK 0O 3DYOHIQNR 6
NRQWUROLD NDFKHVWY D56 D\QNRKRODUS\KVRD S\WNRY
6FKXO] + )LVFKHU : &RPSDULVRQ RI 'LITHUHQW C
'"HWHUPLQDWLRQ LRHGRWXXQOD:PMMHVUNOV 3URWSHVHV DQC

%ROVKDN <X %\RORK\FKHVNDLD DNW\YQRVW \ ]DNRQRP
EHJUHDKHQWQR PRG\I\WWBBYXWQRLYYRG\

‘LDRURQJ = +DLER /L <LQJKXD /L )HIW*- fRRQUR® DV 3)
+HDOSWKD L O IXKENOMSDW LMH U S K

&RSHODQG : 'DUUHQ $ /\WOH tOHOXRWLAD BRM HRQ!
LPSRUWDQW R[LGDQWYDL® CEQ B NV J NEDAZHDU

5DKPDQ 6 0 ( .KDRPSUHKHQVLYH 5HYLHZV LQ )RRG 6FLH
$YOLODEDH DW

6LIJ / 5HGR[ 3BRWHQWLDO OHDVXUHPHQW LQ 1DWXL
DQG 3UREOHPV 5HGRIURRHBDAHQ N@ESSS SOLFDWLRQV
KZYFKULQZ / : DhJZQhYVNL\: F DOLP_QNh 1 : LhSNL

IXOYhN\WORW ZNWLYQ\P\ XJODPO UL Th L SR UoLQMDOR\I MWD UYKE

SS +

&KHUHPLVLQRII 4D GERRN RI ZDWHU DQG \VZB FNMZORMHB \

% XWWHUZRUWXROHDQWPRD QQJLQHHULQJ :REXUQ

/LXGP\OD OHQRVYN.\ 0MBQRG\P\U .U\YRUFRHMWNKRGYV RI UHFRYH

VFKXQJLWHYV DGVRUSWLYH SURSHBWUHVQLINH URXURMBHV R

6FLHQFHSS =

/ILXGP\OD OHOQ\N 20HQD 7XUF@EDN@WROLDWR®LD=FQRFKKX
'DWBOFRKRO DGVRUELQJ FOHDQLQJ R&NW DRIQKDRQKH

-RXUQDO RI )RRG 68§BHQFH
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<ieb\ mevljZzlhgdh]lh ihf_em \lhjbggh€ kbjh\bgb \e~ i_j_jh[db
nmgdpehgZevge \eZklb\hkle

NZg] <Zgl<Ze_jec KmdfZagh\Pa_g
tKmfkvdbc gZpehgZevgbc Z]jZjgbc mge\_jkbl_I Kmfk
+0O_gZgkvdbc tgkdmdb « |_ogheh]ecblKegvkyg D

<klmHkgh\gbfb «g]j_"e}glZfb \Ihjbggh€ kbjh\bgb \e~ i_j_jh[d
\hehdgZ IZ [ehd sh fZxlv \bkhdm oZjgh\m peggeklv 1Z dhjbkg
\eZklb\hkle MevljZlhgdbc ihf_e ~Z} afh]mZjghewvoblbhehfdkb
ihdjZzsblb kfzd 1Z ydeklv ijh*mdlm \bjh[e_ghlh a ~h~zZ\Zggy
kbjh\bghb

FZI_jeZeb « f_Ih~Ape[gx\Zg gZ"lhgdh]h ihf_eom e&a_jgbc
\bfejx\Zq jhafejm qZklbgh®d %dZgm\Zevgbc _e_dljhggbc fedj
<e”oh”b _jjhjldb kh€ ih”je[gx\Zeb ijb qgqZklhle ihf_em
dhgljhevge ajZadb h[jh[eyeb aZ ljZz*"bpecghx |_ogheh]e}x ihf_en

J_amevlzZlb « h[]h\hWjagbggeklv m \h*e [Z gZ[moZggy h[jh[e_
ajhkeb ihje\gygh a dhgljhevgbfb ajZzadZfpzklalmfilgYjefg_ggy
jhagbggeklv m \h~e |Z gZ[moZggy kmll}\h afegxxlvky ijb gqzZklhl
\h~e klZgh\bez Z gZ[moZgdy l1a af_gr_ggyf qZklhlb ihf
\heh]hmljbfm\ZevgzZz a~zZlgeklv fzZ} |1_g”~_gpex ~h af_gp_ggy i
\heh]hmljbfm\ZevgZ a~Zlg+klv "hky]ZeZ gZcgb qh]lh agZq_ggy
a dhgljhevgbfb ajzadzfb 11 @bjhmljbfm\Zevgz a”Zl
afegbezky

Dheesj “hkee""m\Zgbo ajZade\ ickey gZ~lhgdh]h ihf_em aZz
AgZgyggkdjZ\hkle ie*\bsbehky dheesj afegb\ky "\RY¥lhirh gblggh
dj_fh\lreh]l]h AgZ@_<ggyhkIimih\h af_grm\Zebky KdZgm\Zggy _e.
fedjhkdhihf kljmdImjZz ~“hkes~"m\Zgbo ajZade\ k\e~*qblv sh e«a
ihf_em \hgb klZxlve[genb »j]JeZz~rdbfb €0 jhafej ihklmih\h af_grm
gZklhle ihf_em =p k_j_"gec "eZf_Ij klZgh\b\ fdf Ze_ ijb
p_c jhafej a[eevrm\Z\ky

<bkgh\dWevljZlhgdbc ihf_e kbjh\bgb \e” i_j_ jh[db kh€ kmll}
neabqge lggofeZklb\hkle oes[h[mehggbo \bjh[e\ Jhaqgqbggeklv -
agzZzgqgh ihdjzZzsbehky ihje\gygh a dhgljhevgbfb afpadzfb Q
jZpehgZevghx « fh™_ [mlb \bdhjbklZgZ ijb mevljZlhgdhfm ihf_e-
kh€ IZ ih"Zevrhfm €o \iIndWj{ldZgglde oes[h[mehggbo \bjh[e\

Dexgh\e kem&vljZlhgdbc ihf_e khy \e*oh”b nmgdpehgZevg
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KlZ[eeeaZpey 0Zjgh\bo "bki_jkgbo kbkl_f

:g™jec =hjZevgmd Hev]Z =jbgg_gdh Hev]zZz Jy[_p
OZjde\kvdbc *_j Z\gbc mge\_jkbliZ lllojiZtfe®O Zpdey MdjZ€gZ

<klmiH]Jey” ijh\_~_gh a f_Ihx kbkl_fZlbazZpe+€ sgnhjfZpe€ ijl
\ieb\Zxlv gZ kl\hj_ggy « klZ[eecaZpex ieg |Z _fmevkec

FZl_jeZeb « f_i1gZeelbqg* "hkee""_ggy ijZpv a h"_j Zggy 1Z
_fmevkec ieqnZ2apbe "bki_jkgbo kbkl_f gZ hkgh\e im[eedZpec aZ
lj_~f_1Zfb "hke+~"_ggy } iegb _fmevke€ iegh_fmevkecges kbkl
hrghgzkgh yleyxlv kh[hx iegm _fmevkex |Z kmki_ga-ex

J_amevlZlb « h[]h\lPjglgdY _fmevke€ ohghe-kPxlvh’kgZd €0
mi\hj_ggy \e”jeagyl}lvky r\b~deklx “bki_jlm\Zggy sh h[mfh\e
Z khj[pe€ ih\_pgodb\gbo j_gh\bg Ijhp_k _fmevlm\Zggy \e*"[m\Z}]
ge  isghml\hj_ggy Ihfm h~_j Zggy isgh_fmevkec fh eb\_ el
Dhze_kpydgpepggbd sh ijbal\h~blv “h jmcgm\Zggy oZjzZdl_jgbc
"ey _fmevkec \bagZqzZ}lvky \eZklb\Zldygbih\jjagd\bly 1gre
gbggbdb h[mfh\e_ge+ \eZklb\hklyfb ~bki_jkecgh]lh k_j_"h\bsZz
gbggbdb yde azZ[_ai_gmxXbkikljkgdhdklkbkl_f ?n_dlb\gbf gbggl
klZ[eeesaZpe+€ ieg |Z _fmevkec o}JZ&dpgbbmjghzZesazZpey pvh]h ¢
a“eckgx}lvky aZ jZomghd \bdhjbklZggy ebr_ [eede\ Z[h I\_j~bo
afhgm\zggyf Z[h kmfekgh]h \bdhjbklZygydimedt§aflgbhvdiofy \h
ZdIb\gbfb j_gh\bgzZfb gb kmfekgh]h \bdhjbklZggy [*ede\ a ihe<sk:
kljmdimjgbZgeqgh]lh gbggbdZ klZ[eecaZpe+€ \ iheenZagbo kbkl_
_fmevkeyo i_j_"[Zqz} i"[+jzdib\gjmg_\hgh\bg "eYyZgjgymex
j_heh]eggbo \eZklb\hkl_c fe nZagbo Z"khj[pecgbo rZjs\ ihkes:
"bki_jkgbo nZa sh azZ[_ai_qm} €0 ijhklhjh\_ jhalZrm\Zggy \ 0Z

<bkgh\dbklZzgh\e_gh sh ijb azZ[_ai_q_gge* klecdhkle 0Zjgh\
kbkl_f \bagZdhevgm”*e]jZxlv j_heh]eqge* \eZklb\hkle fe'nZagbo :
rZjs\ knhjfh\Zgbo aZ mqgzZklx [+edlidib\idbojpgahhbg iheekZoZjb"
IZdh™ i*"\bs_ggy \fyadhkle ~bki_jkecgh]lh k_j_"h\bsZ

Dexgh\e kehfdhevkey iegZ klZ[eeecaZp\ed/Z j_heh]ey ie

<ieb\ khjle\ ¢« klZ"ec ajeehkipmgg e\ gyaj&dl_jbklbdb « f_oZgeqgm
fepgeklv ihemgbpe
K_jlem 1Z2mj_|
Mge\_jkbl_| ORIgnE&gj_2 KmqzZ\Z Jmfmgey

<klmiF_1Z pvh]lh “hkets{bagggblb \ieb\ khjle\ o klZ"ec ajeekl
\ yadjm ge j@d|_jbklbldémgbpes 1Z hpegblb €ogx f_oZgeqgm fepg-k

FZIl _jeZeb « f_IAjfDbadb k\« h€ ihe mpbpl DENDD /DL Fmeb
ie"Zge \bijh[m\Zggx gZ iebggeklv Z ~eiymbpodZ @ Zggs!)\ jpkdind
\bdhjbklZzgZ f_o0ZgeqgZ fh”_eW© })ZlJoh¥m} qhlbjb _e_f_glb fh’
D _ev\eNgylZcolZz AjZadb ihemgbpe [meb jha”ee g gZ ljb ]jmib a
g_"hajeeZ 6 ajeeZ 6 < i _j_ ajeeZ 6

J_amevlZlb « h[]h\WNjZegdb ihemgbpe ijhZgZeeah\Zge azZ \fek
deevdeklx glmbeb j_qgh\bg Zdlb\ghx S+ =« aZ]JZevghx dbkehlg
\heh]b agZoh”b\ky \ 7eZiZahge \e7 ~h ijbghfm \
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agZoh”ylvky gZ Kklz~«€ i_j_aje\Zggy 6 ijhkeerdh\mxlvky [e
\heh]hkle ihje\gygh a g_"hafjpebb alZadzZ GZc[eevrZ deevde
jhagbggbo j _gh\bg [meZ azZnedKOWRQEANBIY kb ad DZIgHy
SLEUDQW
FblI}\hjm gZ ~_nhjfZpey ithemgbpes i_j_[m\ZeZ \ "#ZiZahg-
i gZk mih\eevg_gg¥x}lyéy dhij_jeh~hf a[_jelZggy \Zjex}lvky \e~
k FZljbpy dhj_eyp+€ Isjkhgadefleqgbfbabdhekl \heh]b
dhgp_gljZpey ;jedkZz Zdlb\gZz =+ aZ]lZevgzZ dbkegbdhkle |
0ZjZdl_jbklbdZfb mih\eevg_igdh gZflnhjfAxly mih\eevg_ggy
\' yadzZ ~_nhjfZpey ~_nhjfZpey iebgghkle ¢ ih\_jogy \e~]lmdm
ihdZam} ihablb\gbc agZqgbc \az}fha\fyahd f¢° mih\eevg_ghx ij
0O « " _nhjfZpe}x iebgghkle |
<bkgh\diKhjl ihem@bpBUTh@W" e\ \dBbx klecdeklx "h f_0Zgeqgb
\ieb\e\ Z 1Zdh" \bkhdhx f_oZgeqghx klecdeklx ~h klbkg_ggy a
agZq_ggyf fblI}\h€ ¢ mih\eevg_gh€ ijm gh€ ~_nhjfZpe€
Dexgh\e keth&mgbpy fh~_ev ;xj]l_jZ iebggeklv ~_nhjfZpey

|_j_oe” iheen_ghevgbm Ktkeemidkebgges dhgp_gljZlb ijb
hkz" _SODQWDJIRIiPhD MRW\ /fhehdZ

He_gZ =jEZjbkZ Qm[:fgd® mfZ]j
<heh”bfbj OZjepZ LbfgnHle gZ Hghijecgmd
+GZpehgZevgbc mge\_jkbl | oZjgh\bo | _ogheh]ec Db#€\
tlgl_JjZewgbge\_jkbl_| EZdgZm 1g”ey
t<erNefkljZjgh€ _dhghfedb ¢ ijh "h\IMedjIIEFG:: G

<kImi :dimzZevgbf gzZijyfhf } j ZeecaZpe-y ijib[@p prirg| Z A h
\bdhjbklZzggy fhehqgh€ <« jhkebggh€ kbjh\Hgbge mmgglpfdh gz
\eZklb\hklyfb

FzZI_sZeb + f_IhKbjh\bghx “ey hljbfZggy [+edh\bo dhgp_glj
fhehdh ghjfZeeah\Zg_ Yd dhZ]meygl ijb hkZ~" _gge [*ede\ \bd]
\er""bfm a gZa_fgh€ gZklbgbh 3 ODQWDJR PDMRU / 17 glbnedZ
ihesn_ghee\ + neZ\Zgjz&d*Zo khdm ih"hjh 'gbdZ 1Z hljbfZg-c
arsckgx\Zeb f_lh~rhf \bkhdh_n_dlb\gh€ je*"bggh€ ojhfZlh]jZn
kbkl_fb 3URPLQH®EKHPLRG]X Yihgey lhje\gyggy ijh\h”*beb -a
klzg~Zjlgbfb ajZadZzfb

J_amevlZlb <« h[]h\hjj Rg¥\e_gh ~"hke+~"_ggy ydekgh]h kde
deevdekgh]h \feklm iheen_ghee\ ¢ neZhkghggbondHgedihihziZzo
hljbfZgbo ijb hkzZ~"_ge [*edes\ fhehdZ khdhf ijyfh]lh \+~"bfm g
3ODQWDJR PDMRU [/ 1ljhp_k \er"[m\Z\ky aZAli="gls ag B g Zle fa hijf:
ki_dlje\ ih]ebgZggy "hkee”"gbo ajZades\ khdm a ih"hjh gbdZ \klZ
agZoh”blvky ijb "h\"bgZo ogfewL Zdbc j_amevlZl dhj_ex}lvky a |
a \bree_gbo neZ\hgh€”ne\ j_bdkbg efZkhyglly ~ey dldbho_oZjZ

gZy\geklv fZdkbfmfm \ f_"Zo of
Jeagbpy fe* ihdZagbdZfb \feklm iheen_ghes\ m khpe 30DQWD
ihdZzam} kimiegv i_j_oh”m iheen_ghevgphokekiibgmadhgp[egldBlb

AZ]Zevgbc \fekl neZ\hgh€”+\ m \kjd a'chke >N jm\@x\¥Zd \feklim j_qgh\
yde fZxlv koh eklv aes klZg”™ZjlZfb neZ\hgh€”«\ n_ghevge
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neZ\hgheb nezZz\hghgb [1Z neZ\hghb aZ \bgyldhf dZIl_oegh
NeZ\hgheb ij _~klZ\e _ge ]Jeedhab”Zfb fejbpblbgm GZybYleg « ]_
kdez"m nezZ\hghge\ NeZzZ\hgb \ deevdekghfm agZqg_gge fZxl
ij_"klZ\e_ge exl_heeghf 1Z ch]kf}&tdhaghrerippbo dbkehl dheb\Z\|
je\g- f] e "ey khdm ih*“hjh 'gbdZz - fl e "ey azZ[Zj\e_gh€
<bkgh\hd<bagZzZgklghmiegv i_j_oh”m iheen_ghevgbo kihemd
jhkebggbc dhgp_gljzZl gZ je\g- \eN aZgHevghrEedibygtiBkb a
Dexgh\e ketighdh 3ODQWDJR PDMRU / dhZ]meypey [cehd

Ihje\gyevg_  “~hkee”"" ggy ocfempdlbKdEHZ{Zevgh€ dlb\ghkls
gZkeggy IMgULIRQHOOD RHPXPZJIfDWEKPR Q@ F\PLQXP /

OZkgZ ;mo DgeZ >hmGZghf Q_d_jh]em
K_\]s =_aKgqroeeZ LZ[Zd
tMge\_jkblL[l®Ze"mgZ LeZj_| :e’bj
tMge\_jkbl_| Deeekd DZe*k Lmj_qgbgz

<klmi Az\~Zggyf pvh]h ~hkee<""_ggy } \bagf2qgbgy n-
0ZjZdl_jbklbd JMPhvJBQHOOD )RHQXP dJibBMPK® F\PLQXP /
hpegdZ €o0ge0 Zglb[Zd]l _ jeZevgbo 8 WAKSIK\WHKR FR &EFr XV DXUHXV $
(VFKHFKLD FROL IZP&EFLOOXV VXEWLOLYV $7&&

FZI_jeZeb « f_ljfivbgZesah\Zgh jeage khjlb Jmgv[b IZ dfbgm g.
gZkegbgZo IZ r\b~deklv ijhjhklZggy oliaqd-q\ahkhnbXidkidhg m
iG e IbljhN\Zgm dbkehlghkle ahédmh]ekiagbgge I\_j~e j_qgh\
_e_dljhijh\ergeklv \ yadeklv \fekl [¢ede\ "bje\ kbjh€ deeldh\bg
I1Z j_"mdmxgbo pmdje\ ¢ feg_jZees\ :glb[Zdl_jeZevgm Zdlb\geklv
f_Ih~ hf "bkdh\h€ "bnma<€ klhkh\ghiZ dbijkFZraVvhdwogbld fle\

J_amevlZlb « h[]h\HIib8Fge j_amevIZIb ihdZaZeb sh Ze bjk
]mgv[b 1Z kbjeckvdbc khjl gZkeggy dfbgm ~Z\Zeb gZcJel&vrm \Z]

] \enrih\ergh 1Z djZs_ ijhjhklZggy gZ je\ge :dlib\gz |
dbkehlghkle gZkeggy ]mgv[b IZ dfbgm dheb\Zebky \e~ ~h
\erih\ergh <fekl \heh]b 1Z aheb dheb\Z\ky \e~ ~h 4 4
AZ]ZevgZ deevdeklv jhagbdgghb\bld_j~rbe dljhijh\ergeklv \ ya
dheb\Zebkv \er %WIN \en ~h PYV ¢ \en ~h FIZ k
=mgv[Z « dfbg feklylv \_ebdmzideevdekMh [ceds\\fekltib]e\
~h Deevdeklv kbjh€ deeldh\bgb 1Z Y«®dlbgmhdheb\Z &¥v’kv "h

\eNih\erg<fekl aZ]Zevgbo « j_"mdmxqgbo pmdje\ dhl&b\zZ\ky \
\o N Ah\erih\ergh =mgv[Z IZ dfbg feklylv m fZdkbfZevgec d-
hkgh\gbc feg_jZe kmevnmj nhknhj dZevpec fZ]gec aZeeah
ged_ev ojlefe[fhg dh[Zevl]l ¢ dZ~fec J_amevlZlb Zglb[ZdI_jsZ¢
_dkljzdle\ jhkebg a f_lZghehf klhkh\gh ljvho6[ZDIX {ftZ¥Rdgblo rlZ
1Z2% 6XEWLZAalZ\Neb qmleb\eklv pbo riZikkIfAdjhkeabygA= "«Zf_Ij ah
]Zevim\zZggy fff ff ~ey dfbgm |z ff ff ff ey Jnm
\e~Nih\e~rgh

<bkgh\hdAZ]ZevgZ hpegdZ ijh\_~_gbo "hke+*”"_gv ihdZam}
]mgv[Zz « dfbg fZxlv ohjhrbc oe<feqgbc kdezZ” =« is”\_jA"m} €
\bijh[m\Zgbo rlZfe\ [ZdI_jec

Dexyh\e kemidbg Imgv[Z gZkeggy Zglb[Zdl_jeZevgbc
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>hkee”"_ggy \ieb\m ih]JebgZqge+\ dbkgx gZ klZ[sevgeklv \Zj_gt

:gZlheec MdjZ€g_pv <Zkbev IZkeqgbc :g”™jec FZjbg-g
GZpehgZevgbc mge\ _jkbl | oZjgh\bo | _ogheh]ec Db#€\

<Kmi <bagZqgzZeb \ieb\ iZzdm\Zggy a \bdhjbklZzggyf ih]eb
mdjZ€gkvdh]h I1Z dblZckvdh]h \bjh[gbpl\Z gZ fedjh[eheh]eqggm |
\Zj_gbo khkbkhd ijhly]lhf a[_j*]Zggy

FZl_jeZeb « f_lhhkes*"m\Zeb \Zj_ge khkbkdb azizdh\zg-
ihl]dgZqgzfb dbkgx Fedjh[eheh]egqge ihd&eegticdhklv ahdghhievgbo
Z_jh[gbo « nZzdmeddzZlhhdhbo fedjhhjl]ZgeafelielkN: @R ]Jjb[b IZ
Nje ne \bagZqgZeb f_lh~hf 1Zkl_jz Dbkehlg_ 1Z i_jhdkb”g_
f_Ih~hf Ibljm\Zggy

J_amewl 2l h[]h\hj_@g@¥ ih\gh]h \b"Ze_ggy dbkgx \ miZzdh\zgt
kdhjhgm}lvky ae+ af_gr_ggyf h[ }fm a ydh]h \b~Zey}lvky dl
\ergh\e_ggy fegefZevgh]lh \feklm dbkgx \ aZiZzdh\Zgbo ajZadZo
\ergh\e_ggy 0$3 kijZpvhijim}hhregh/j@Zmh\hfm \e~rdjblle iZd_le\ F:N
"ey g_aZzZiZzdh\Zgbo ajzZad?\ WHKEHhIb\GZ *h[m a[_jelZggy F:N:gF
Ney ajZade\ a ihlebgzZqzfb dbkgx dblZckvdh]h \bjh[gbplI\Z
a[_jelZedRyfi_jZlmje» "h fK agZqgh g_ éb¥yagy DMH ] 1Z

T DMH ] \e~ih\ergh < [meb agZqgh gb ' gbfb g+ ey ajZadZ a
mdjZ€gkvdh]lh \bjh[gbpI\@MH ] Gan "~h[m a[_jelZggy agZqg_«
F:N:gF “ey ajZadZ |[meh gb qbf geT”"epMH &ddZ DMH ]
\e~Nih\e~rgh M lhec "_ gZk p_c ihdZagbd “ey dhgljhex [m\ gZ[Z].
ajZahd ihdZazZeb klZ[sevge agZq_ggy iesk_g_\bo ]jb[e\ ijhly]F

DMH ] + [meb gb'gbfb aZ dhgljhevgDiM#iZh gl@db*h[m
Mke ajZadb ihdZaZeb agZqg_ ajhklZggy deevdhkle ~je A e\ je
kihkl_je]ZezZzkv agZqgZ jeagbpy ihje\gyigh #a dihglIbieHf] [Z

T DMH ] \e~ih\e”rgh lhgzldh\_ agZq_ggy dbkehlgh]h gbkeZz
klZzgh\behf] DHG ] G& ~_gv a[_j*]Zggy dh\[Zkb miZdh\Zge a i
dbkgx sh a[_jeddebkyZlm\je® ~h fK ihdZaZeb gzZcf_gr_ ajhklzg
ihje\gygh a dhgljhe_f f] DHG ] I1Z f] DHG ] \e~ih\e~rgh 1_jhi
gbkeh "ey ajZade\s"jeagyehky ickey Ne[ a[_j*lZggy Ze_[meh
ihje\gygh a dhgljhé _dZfhev d] 02ffhev d] « 02ffhev d]

<bkgh\dbzZzdm\Zggy a \bdhjbklzZzggyf ihlebgzZqg+\ dbkgx
fedjh[eheh]eqg_ ikm\Zggy 1Z hdbkge bjhpktkbbkYedy iVgp\gygh a
dhgljhe_f P_ 7z} afh]m j_dhf_g”"m\Zlb \bdhjbklZggy ih]ebcg
iZzdm\Zggy \Zj_gbo khkbkhd

Dexgh\e kekhkbkdb klZ[sevgeklv ih]JebgZqe dbkgx al[_j*]Zg
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NeabdhfeqgZ 0ZjZdI_jbkibdZ jbpbgh\h€ he<€
LZjed IZgoKZjjnZjZa :of_~ FZonlkj:of _~ DZg”"jh

Kb LmneZe Omkk_cyg ngZazf_"~ Dhje
AZo+* Omkk_c BZ¥dZemMJ _ofZg F_fhg

tGZpehgZevgbc p_glj i_j_"~h\h]h "hk\e"m \ ZgZee<slbggec o0e¢fe€
lZzdbklZzg
t1gklblml oefe€hdlhjZz F : DZae Mge\_jkbl_| Keg"m 1Zdb

<klmiPy klzlly gz~zZ} ih\gbc ijhnoefvgobabdézklib\hkl_c -
"bjghdbkehlgh]h kdeZ”m fekp_\bo khjle\ jbpbgb a Keg"m 1Zdbk

FZI_jeZeb « f_IHéby [meZ \b "h[mlz f_Ilh~hf \bemq_ggy K
ihrZevrbf neabftlygbf ~hkee”” ggyf g _h[oe~rgbo iZjZf lje\ agZz
agzZq_ggy i_jhdkbm agZq_ggy hfbe_ggy \ yadeklv ¢ \heh]e«kl
dZklhjh\h€ he«€ [meb \bdhjbklzZzge f_Ih~*b *&06 [Z )7,5

J_amevlZlb <« h[]lh\kfelgighe<€l KieHk\ky \ f_"#Zo <fekl
\heh]b 1Z aheb \ gZkegge jbpbgb klZagh\bA \e~Nih\e~rgh
Dhfihabpecgbc ZgZe+a *&06 ihdZaz\ sh joapbgh\gZidbKHghkz
"bjghx dbkehlhx m \keo fekp_\bo khjlZo <fekl tfhebbelthghbo db}

* kl Zjbgh\Z eeghe \Z I1Z _dhk_ghiZ
<klZgh\e _gh sh agZq_ggy \*evgbo "bjgbo dbkehl ~ey \keo k
klZgh\blv \e~ ~h lgre iZjZf _Ijb ydhkle [Zde yd\,9 39 |

dZklhjh\h€ he+s€ \bagZqZehkky \J, "Zo + ffhev d] « =
f]lDH= ] \e~ih\ergh Ki_dljb )7,5 khjle\ jbpbgh\h€ he+€ [mel

ljb j_I_evghfm ~hke<”""_gge* agZq_gv <gl_gkb\ghkle dh gh€ nn
gZy\g§h\ he«€ [meh \by\le _gh ~ _yde afegb khjle\ gZkeggy jbpbghb

<bkgh\hmdhke«"" \g@heb\e iZjZffdklp_\bo khjle\ jbpbgb a ~hklZzl
\feklhf hees€ ! 1gl _gkb\geklv kfm]b )7,5 ~ _ydbo nmgdpehgZ
a \Z eb\bfb iZjzf_ljzfb jbpbgh\h€ he-«£

Dexqh\e kelney jbpbgZ gZkeggy )7,5

<b”ee_ggy ijhl_€gh\bo #§Zdp$dZ %6$ +a kbjh\ZIdb fhehdz

<heh”bfbj XdZRAI_jbgZ >ZpblrbwgZ DjnGiZIZe+y 1Z\e+klh\Z
tL_jghieevkvdbc gZpehgZevgbc I_ogegqgbc mge\_jkbl_1I| f_g
L_jghieev Mdjz€gZz
tFh]lbevh\kvdbc *_j Z\gbc mge\_jkbl_I| o0Zjgm\Zggy Fh]bev
;eehjmkyv

<klmF _Ihx "hke*~" _ggy } hljbfZggy ijhl_€HKh\b/& n|Zodbde c
ea kbjh\ZIldb fhehdzZ ij_izjzlb\gbfhhthkdahf

FZIl_jeZeb « f_KiynbZldm hiljbfm\Zeb «a k\e h]h dhjh\fygh]h fh
eah_e_dljbggh]lh hkz”~ " _ggy ijhl_€g+\ dZa_€gh\h]h dhfie_dkm [
kbjh\zldb fhehdZ \bagZqZeb gZ ki_dljhnhlhf_lje adf ikF]edwyZggyf
neevljZpex ijh\h”"beb gz dhetYopdhhE ogNfZlIh]jZne€heeelyZlp €V
\bdhjbklhi\m\Zeb k_nzZA_dkb NjZdpecgbc kdezZ” « Jhfh]_ggeklv ij
kbjh\zldb ZgZesam\&Zedljhmihd_ahf m ieZklbgdZo iheesZdjbezfe"g
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J_amevlzZlib < h[]h\Mj_goyZom\zZggyf _ne dkb\glZkNghkle
AN gZlmjmxgbo nzZdlhje\ "ey ij_iZjZlb\gh]h \b”ee_ggy ]Jhfh]_gghbc
ihi_j_"~gbde\ [¢hZdIb\gbo i_ilb”e\ ea kbjh\Zldb fhehdZ [meZ \+"«
e _dljhnhj_am \ gZlb\gbo mfh\Zo ey dbkebo ¢« g _cljZevgbo ij
]_enmeevljZpe€ "ey ij_iZjZlb\gh]lh njZdpehgm\Zggy hljbfZzgh \
kbjh\zldb hqgbs_gbc \¢®» gbavdhfhe _dmeyjgbo kihemd

HilbfZevgZ deevdeklv \aejpy ijhl_€ge+\ kbjh\Zldb "ey aZ[_ai_
jhanree_ggy \ fhrbnedh\Zgec _e_dljjprnAaiZ]BYh K142 {Z g_ ih\bg
i_j_\bsm\Zlb AZgzZ”~lh \_ebdbc azZ k\h€f h[f}fhf ajZahd g_ ~Z}
jhaneeblb ijhl_€gb kbjh\Zldb Ljb\Zeeklv ijhp_km _dkljZdpe+€ I
njZdpec ickey ij_iZjZlb\gh]dIftorkldj _am klZah\dreZ ¢ebol

A “hihfh]hx ZgZeelbgghkh dlifikldj_am \klZgh\e_gh Kl
]hfh] _gghkle hljbfZgbo ijhl_€gh\bo njZdpec ah'dj %B& ey njZ

« "ey. /$ £ £ JhajZoh\Zgh kmfzZjgbc \boe<” ]hfh]_ggbo

ijhl_€ge\ kbjh\ZIdb fheh/ddZs %6% ydbc kliZzgh\b\” ijhl_€g-\
kbjh\zldb fhehdzZz \aylbo “~ey jha”se_ggy

<bkgh\d¥Zijhihgh\Zgbc \Zje2gldbkdj_am ~Z} afh]lm \b~*eeb
kbjh\Zldb fhehdZ _e_dljhnhj_Ibggh JHfh] /&g~ WjEZHpEZIb\gbo
mfhaz ?e_dljhnhj_a « _dkljZdpey ijhl_€ge\ Ijb\Zxlv [ebavdh ]h'
]hfh]_ggbo njZdpec \e” ijhl_€g+\ kbjh\ZIdb klZgh\blv “

Dexqgh\e kehYa_€g kbjh\zZldz fhehadhdIjYorkidj_a

<ieb\ gZkeggy \bgh]jZ"m gZ j_heh]exghel]ihlZ hjdnrigZgthdlbfZevgz
deevdeklv IZ jhafej qZklbghd

FzrZeegZ X]Z Keeviey Fejhg_
Mge\_jkbl_I RI_nZg g_e FZj_ KmqgzZ\Z Jmfmgey

<klmi>ey jhajh[e_ggy oee*[Z a[Z]Zqg_gh]h \bgh]jz~gbf gZk
i_j_"[Zgblb afegb yde fh ' mlv \eA[im]bkWb Mhijhe_lgyg

FZl_jeZeb + f_IbhMhlikee”" m\Z\ky \ieb\ deevdhkle [hjhrgZ a \b
deklhghd *6) \on ~h e jhafejm gqZklbBmhdk \j eNpd/hE&E /
PP!O PP 1Z fZeh€ njZdpRE @ Z neabldgge 0ZjZdl_jbklbdb [hjhrc
a ditkghd \bghl]jZ"m « ir_gbpe 1Z j_heh]eqge \eZklb\hkle leklZz

J_amevlZlb o h[]h\fiekdgyedZ « aheb «a "h"Z\Zggyf *6) a[eev
\heh]eklv I1Z gbkeh iZz"eggy af_grbemxlvky aZe_"gh \+~ jhafejr
"hnrzNZggy Af _gr_ggy gbkeZd ¢gZ27ggyy prafajm qgZklbghd *6)
al[eevr_ggy je\gy "h”~zZ\Zggy \dZam} gZ a[e*evafe«pgdal dhbkglekZls .z
[hjhrgz AJ[_j*lZggy * \ljzl * kde<Zhghdly & \hj&yd *WDQ
leklZ a[eevim\Zebkv ea a[eevr_ggyf [Baje\jqy dBRIMD\Fggy HIjbfZ
af_gr_ggy fZzdkbfzZevgh€ \bkhlb IeklZz +P fZdkbfZevgh€ \bkhlb
e aZ]Zevghlh h[ky]m \bjh[gbpI\Z \m]e_dbkeh]h ]Zam 9W e«a a
jZnegh\Zghfm ir_gbgghfm [hjhrge Dh_nepe-}gl aljevZog k¥ aam
af_gr_ggyf jhafejm gzZklbghd *6) 1ZjzZf_ljb [jh*reggy leklZ IZ ~bg
\eZklb\hkle [meb zZ~_d\Zlgh i_j_"~[Zq_g* “hky]l]gmlbfb fh~_eyfb
ijhp_km hilbfeazZpe€ ihdZaz\ sh g_\_ebdes jhafejb qgzZklhd *E€
\bghljZz"m \ deevdhkle [Z2°Zgh aZfegblb hgbs_gbf oe<[hf
[hjhrgZz a f_lhx aZ[_ai_q_ggy gZe_"gbo j_heh]egqgbo o0ZjZd
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hilbfZevgbo mfh\Zo oZzZjzdl_jbklibdiblZ[jhZ2edg'dygZfegqge j_heh]ec
\eZklb\hkle [meb 1Zdbfb fPOW fe &F * 4 -
lz *+ ~ 1z *+% T o1z wWBRQ

<bkgh\d®b_ ~hkee<""_ggy i**I\_j~"m} peggeklv gZkeggy \bgh]jZz
\bjh[gbde+\ \bgZ 1Z fh eb\eklv \bdhjbklZggy pvh]ha iffblgxgh]lh ijl
jhajh[db gh\bo a[Z]Zq_gbo oes[h[mehqggbo \bjh[e\

Dexgh\e keim\Zgbgg_ [hjhrgh \bgh]jz® gZkeggy Ieklh j_heh

Neabdhrfeqge 1Z hjl]Zghe_ilbgge \eZklb\hkle nmgdpehgZevgbo dl
\bjh[s\ a [hjhrghf rbirbgb

<eheegZ IlhihtbdikdgZ m<Yyq_keZ\ =m[_qgy

/I\]_gey Dh\Zé&Z\vygZ DZidbghogZ lhih\bg
tL_ogeggbc mge\_jkbl_|I Fhe~h\b Dbrbg_m Fhe”h\Z
+GZpehgZevgbc mge\_jkbl_ | oZjgh\bo | _ogheh]sc Db#€\

<klmi F_lhx ~hkee<”""_ggy [meh \bagZg-frgob mnZabdh
hjlZghe _ilbggbo \eZklb\hkl_c dhg”bl_jkvdbo \bjh[e\ \b]hlh\e_
[hjhrgZ rbirbghb

FZl_jeZeb 1Z f_M™hke+s~"_ggyo \bdhjbklZgh \b” RbirbgZ a
5RVD FD&U@ZOmM \ J_kim[eepe Fherh\Z p_gljZevgbc j_]*hg I
jhalhi[e_gbo nmgdpehgZevge dhg”bl_jkvdbo \bjh[e\ hpegx\Zeb a:
oefeggbo 1Z hjl]Zghe_ilbggbo f_Ih”e\ ~hkee""_gv

J_amevlZlb 1Z h[]h\hjjhggy a rbirbgb fh 'gZ \bdhjbklh\m\ZIk
AT j_eh Zglbhdkb~Zgle\ + gZlmjZevgbo [Zj\gbtdpmdmjhld oghe
nmgdpehgZevgh]h ijbagZq_ggy 1g”~_dk dbkehlghkle m pbo i

dhgljhevgbf ajzadhf klZgh\blv “ sh \ f “Zo “himklIbfl
\bkhdbc \fekl dZjhlbgh€”+\ amfimfea{Zogg j\bghdheej ijh mdle\
“h\h~blv fhRs&bv \bdhjbklZggy [hjhrgZ a rbirbgbh m 1_oc¢

nmgdpehgZevgbo dhg”bl_jkvdbo \bjh[¢\ NmgdpehgZevge pmd._
ihablb\gbfb hjl]Zghe ilbggbfbod#ZeqgbdibdheZklb\hklyfb agzZq_
eg”"_dkm dbkehlghkle klZgh\blv “ \hd]lekD/VHG ~f*
Aleevr_ggy “ham\Zggy [hjhrgZ rbirbgb gz~z} \bjh[Zf ihfZjZgq.
IZdh™ ijba\h”~blv ~h ajhklZggy dbkehlghkle ijh*mdim P_ \\Z
_dkljzdIm rbirbgb ijhl_ 7~Z} ihrlhlo gh\hfm gZijyfm “~hkee"" _
g_\_ebdbékihf [hjhrgZ rbirbgb fZxlv ijbcgylge hjl]Zghe_ilbgge i
ydhkle sh ~zZ} ~h~rZldh\e ierklZ\b \bdhjbklh\m\ZIb oZjgh\e I
ihoh”” _ggy a gZlmjZevgbfb [Zj\gbdZfb m I_ogheh]eyo nmgdp
ijhAmdle\ KmlI}\bf Zki_dIhf Nhkesh [ngeb}h”_j Zge 0Zjgh\Z "h][z
gZlmjZevgbc [Zj\gbd \bemqg_gbc a ieh”e\ rbirbgh AZfegxx
gZlmjZevgZ ~h[z\dZ gzZ~Z} ]hlh\bf pmd_jdZf ijb}fgh]h kfZdnm
rbirbgb

<bkgh\hte”rI\_jr~"m}Ivky nmgdpehgZevgeklv |2 \pdkhkile ihdZ
dhg”bl_jkvdbo \bjh[e\ \ ydbo kbgl_Ibgge oZjgh\e "h[Z\db aZzf
[Zj\gbdZfb yde \bemqg_gh a jhkebggbo ijhA"mdle\

Dexqgh\e keh\Bmd_jdz dhg”bl_jkvdbc rbirbgz [hj
nmgdpehgZevgeklyv
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<ieb\ j_"bfgbo iZjzf_Ilje\ gZ kimisgVbhghfihgle*jhesam
\bkhdh[eedh\bo ijh~mdle\

E_ky :\"}}IN\zZ 2?2 "mzZj» @mdhlkvdbc =Zgg
lgklbIml I _ogeqgh€ |I_iehneabdb GZpehgZevgh€ ZdzZ"_fe€ gZmd

<kImiljh\_~_gh “hkee<”~"_ggy a f_lhx \bagZq_ggy \ieb\m I
iZjzZf_lje\kdhiegv ]J*~jheeam [+ed*\ kh€ |Z fhehqgh€ kbjh\ZIdb Z
ey hljbfZzggy a[ZeZgkh\Zgbo [sedh\bo dhfihabpec a \bkhdbf kI

FZIl_jeZeb « f_dihklee”* " m\Zbabpy dljZIl [redh\bc a fhehqgh€ kbjh
cahevh\Zgbc kh}\bc €oghd&nmEfere m jeagbo fZkh\bo Kkie\\e~rghr_
]J*~jheeam\Zeb n_jf_glgbfb ij_izZjzlZfb ©IljhlZf_dk2a ©;<hijhl_:
©ljhnedk a8 Klmiegv Je*jheeam [sede\ \bagZqgZ\ky ki_dljhnhlh
Zfeghdbkehlgbc kdez™ ¢ N[hehaZkdhdgh€ ojhfZlh]jZne€

J_amevlzZlb « h[]hVheyglghjbfZggy \bkhdh]e*jheeah\Zgh]h eah
kh}\h]h [¢edZ \klZgh\e_gh jZpehgZevge j_"bfb ch]lh ijhl_hesam
[*edZ m \h~*ghfmtjhafgblgr\Z gqZkldZ n_jf_glgh]h ij_iZj#ZIm iG
I_fi_jZImjzZ ]Je*jheeam&ljb\Zesklv ijhp_km\ AZ pbo mfh\ kimiesg
]*~jheeam cahevh\Zgh]h kh}\h]hH{eedjd KleZgOIHhVZf_dtkm?2
+©;ehijhl_Zahx 1 /2 1Z+©ljhnedkhf a

=eNjheelbqgZ "ey aZagZum_jdbgldbe ij_izZjzZle\ gZ kimiegv ]e"
dhgp_gljZIim [sedh\h]h sa fhehggh€ kbjh\Zldb aZ Ibo ~_+mfh\ ~_.

Ney O©Iljhlzf_dkm? ey ©;ehijhl_Zab 1 # |Z& ~ey
©ljhnedkm @ sh fh gz ihykgblb f_grhx wkh]p bkmlgl§KIbm p*h
n_jf_glgbo ij_izZjzZle\

>ey hljbfzggy a[ZeZgkh\Zgh]h kdeZ"m g_azZfeggbo Zfeghdb
fhehdZz jZpehgZevgbf } ih}*"gZggy dhgp_gljZIm [sedh\h]h a fh
eahevh\Zghlh kh}\h]h [¢edZ m fZkh\hfm Kkie\Aghghkjbggpwhfm \e~|
klmiegv Je"jheeam [Zdh€ kmfere [sede\ } \bkhdbf « klZgh\blv
©ljhlzf_dkhf2 dhgp_gljZpe}x "h fZkb [sedZZ&Zfljh¥XAmhk]e

o\

<bkgh\dbi_jr_ \bagZq_gh jZpehgZevges |_ogheh]eqge iZjzf_lI
ijhl_heeam ecahevh\Zghlh kh}\h]h [eedZ dhgp_gljZIm [eedh\h]h
€oge*0 kmfer_c ey hljbfZggy \bkhdh]h kimi_gy ]J**jheesam

Dexgh\e keh\&hd ]Je~jheea ijhl_Zaz Zfeghdbkehlb

<ieb\6SLUXOLQDgZ@DWHQMLVfTydmrdbhirh pea§z i+~ qzZk
al_j*lZggy

> gdZ AeZlJRK_g Qhgdh\
t?dhghfeqgbc mge\_jkbl_|I f <ZjgzZ ;helZjey
tMge\_jkbl_| oZjgh\bo I _ogheh]ec f leh\”b\ ;he]Zj

<kImi <b\q_gh \ieHLUXOLQD gIOpPWHKIQNQY fffydmrdb i+” ¢
al[_jelZggy ~ Jjh_gbggh]lh oee<[Z reyohf \bfejx\Zggy ~_nhjf.
0Zjzdl_jbklbd

FZI_jeZeb « f_Ihéy[ hljbfm\Zeb a ir_gbqggh]lh [hjhrgzZz a ~h?”"
6SLUXOLQD iS(hDMWIH Qrivid¥evdhkle Z[h \enr fZkb [hjhrgz >_
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0Zjzdl_jbklbdb oees[gh€ ffednkyd \jb\g 1z Thn i
\biedZggy > _nhjfZpecges 0ZjZdl_jbklibdb oes[gh€ fydmrdb \bfej
Z\IhfZlbggh]lh i_g_Iljhf_ljZ reyohf aZgmj_ggy leeZ a i_\ghx fZkh
J_amevlZlb « h[]h\I§Zgpyevr_ ijhgbdg_gggyZcd<bNrZ fydeklv
oeec[gh€ ffydmrdb \by\beZky m ajssdaoX ® 'Q D2 SayeyWiHh @IV L V
\enN fZkb [hjhrgZ < h[ho ajZadZo oe+[Z a \h*hjhklyfb r\b~rdeklv c
ih\eevgerz Z ickey 1h™ a[_jelZggy aZ]ZevaZ fyrbbpAkydy fydm

jZazZ Ih”e yd m dhgljhevghfm ajZadm af_grbezZkv \ jiZaz A
6SLUXOLQD B&XDWHeWrnV ieZklbggeklv ffydmrdb ijhly]hf mkyv
al[_j*lZggy lh~ >h~rZ\Zggy \h~hjhkl_c m deevdhkgZz 1Z

ijba\h”~blv ~h iheeir_ggy ieZklbqgbo \eZklb\hkl_c oe<[gh€ f{yd
mljbfm\Zggy g¢ m dhgljhevghfm ajZadm 1«* gqZk a[_j¢]Zggy \
ieZklbggeklv oes[gh€ ffydmrdb ihklmih\h agb m}lvky « ijb hklZz
g_j_a ]h”™ iekey \biedZggy \hgz \ jZazZ gb gZ ihje\gyg
\bfejx\Zggyf_j_a ]Jh” ickey \bi*dZgg§SLWXDIZYQH na® bWghQ VLYV
\ieb\Z} gZ iezZklbggeklv oes[gh€ ffflydmrdb AjZadb oe<[Z j_p_il
6SLUXOLQD B&xXDWeH@M LN ZKklbggeklv ffydmrdb ijhly]hf mkvh]
al_jelZggy

<bkgh\dliQ jkl\eggy ffydmrdb mih\eevgbehky ij6S\guU XOd gD h
SODWHONILZAAZ HELUXOLQD s O MW HdhKLV aZ[_ai_qm} gZc
ieZklbggeklv oee[gh€ ffydmrdb

Dexgh\eh\Zoes[ qg_jkl\eggy \h”hjhkle 6SLUXOLQD SODWHC

Fh~r_ex\Zggy * kbgl_a kbkl_f egl_gkb\gh]h fZkhh[fegm

gZlheec Khdhe_gdh He_dkzg”j R_\q_gdh Dhklyglbg
He_ ] KI_iZzg_pv He_dkec ;hcdh_gdBEKIZkey
GZpehgZevgbc mge\ _jkbl | oZjgh\bo | _ogheh]ec Db#€\

<kImiJha\blhd I_hje€ kbgl_am kbkl_f sgl_gkb\gbo fZkhh[feg
jZomghd _g_jl_Ibggbo ihl _gpeZee<\ je"bggbo Z[h ]Zahje*"bggbc
j_ZeesaZpex ZdimZevgbo ihlj_[

FzZI_jédeb « f_IWMWMIKkIZIle \bdhjbklZgh ZgZeesa neabqggh]h ie"%oj!
aZkh[e\ eegl_gkbnedZpe+€ ijhp_ke\ m jerbggbo 1Z ]JZahje™b
n_ghf_gheh]eqge maz]lZevg_ggy 9gZ hkgh\e \erhfbo azZzdhge\ ijt
nhjfZeeazZp-e}x \aZ}fha\ yade\¥_Ijbeggbfp h deg fZlbqggbfb 4
]*~jh~*bgZfeqgbfb iZzjzf_ljZfb

J_amevlZlb « h[]h\Kj_flgke""_gge ihdZazZgh fh eb\eklv k
*g_jpeZevgbo ihee\ azZ jZomghd afeggbo ]_hf_Iljbggbo izZjzf_
ahdj_fZ iehse ihi_j_qghlh i_j_jeamha@ ¢Zdm\Zg gy amp\heegecgbc
ijyfheegecgbo "eeyghd ¢« IjZ}dlhjec afeggh€ djb\bghb

Maz]Zevg_g_ ij_"klzZ\e_ggy nZzZdlhjz e<gl_gkbnedZpe€ fZkh
klhkm}lvky kbeh\bo ”"ec m nhjfe gZkee~de\ i_j_jhaih®eem |
i_j_jhaih”eem ihl_gpbfigm€degihl _gpeZevgh€ _g_j]ec

IlhdZaZgh fh eb\hkle \ZjeZpec agZq_ggyfb kbeh\bo \ieb)
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dhf[egZpec ]jZ\elZpecgh]lh ihey 1Z +<g_jpeZevgbo ihee\ jeagh€
\ieb\e\ ahdj fZ a fh eb\eklx \e”I\hj _ggy ~bgZfeqgbgZurXjs\ \ ¢
jZh*mke\ djb\bgb Kbgl _a eg_jpeZevgbo ihee\ m IZdbo kbkl _fZo
IZdbo nzdlhje\ yd afeggZ r\b~deklv ihlhdm Z[h afegZ gZijyf
_n_dlb\ghx ijhlgham}lvky dhf[egZpey a pbo “\ho nZdlhje\

?9_jl_lbgg_ aZ[_ai_qg_gedzZpef€ dKBhh[fegm klhkm}lvky ihq:
mfh\ kl\hj_ggy ihlhde\ Z aZ]Zevgbc ihablb\gbc j_amevlZl az
ehdZeesazZpe}x ijhp_ke\

<bkgh\diNZdlhjb <gl_gkbnedZpe+€ fZkhh[feggbo ijhp_ke\
kbgl_ahf eg_jpeZevgbo ihee\ aZzZ r\Ebdhkhd e«afgghbjyfdm ihlhdn
k_j_"~h\bsz

Dexgh\e kehAKhh[feg gl _gkbnedZpey kbgl a k_j “h\bs_

H[%jmgim\Zggygggejddhlh j_Imex\Zggy \ kbkl_fe d_jm\Zggy \bi
klZgpe}x

FboZceh =jZfZ <edlhj Ke?fe_pvdbc 1]hj
GZpehgZeygbdkhl | oZjgh\bo | _ogheh]ec Db€\ MdjZ€

<kImljh\_~_gh "hke+~"_ggy \bdhjbklAdegighbg _jcjmeylhjs\ m kbkl
d_jm\Zggy \biZjghx klZgpe}x F_lhx ~hke<""_ggy } \bagZq_ggy
sh aZ[_ai_qblv “hky]g_ggy gZc\bsboedhgdagbdeyhgljhmex\Zgg
\bizZjgbdz

FZl_jeZeb <« f_Ihhkes"" m\ZeZky kbkl_fZ d_jm\Zggy ifylbc
\biZzjghx klzZgpe+}x pmdjh\h]l]h azZ\h”m >ey hpegdb j_am
\bdhjbklh\m\zZ\ky f_Ih” kbgl_am fh~Zevgh]lh d_jm\Zggy

J_amevlZlb + h[]h\hjljog¥ _gh ihje\gyggy fe 11> « g_q-ld
dhgljhe_jhf A7”eckgx}Ivky j_Imex\ZggygllzahdjXs iljyx"Zed je\ge
dhgp_gljh\Zgh]lh khdm \ dhjimkZo \biZjgbdzZ vyde [_aihk_j_"gvh
\Zjleklv \bjh[e_gh€ ijh*njdpe-4 ijhklhje klZge\ m k_j_~h\bse ODW
jhajh[e_gz fzI_fzZlbggZ fh”_ev 1Z hljbfZge jpefmaxZids skh™*Ghkajh
ihgzldh\bo mfh\ « a[mj_gv yde i*”I\_j*beb sh gzZk i_j_oe~gh]h
kdez"z} ~h k Ze_ agZq_ggy \*"obe_ggy je\ge\ m dh
\bizZzjx\Zggy } aZzgz”lh \bkjndpfb jh&jh[e_gz fzZl_fzZlbqgZ fh”_ev
j_Imeylhjhf ¢ hljbfZge i_j_oe~ge ijhp_kb "ey ko_f mijZ\eeggy
d_jm\zZggy Afykh\zZgh sh gZk i_j_oe~gbo ijhp_ke\ agZoh”~blvk
dzZzgZem ; *h k ih dZzgZem ; Ze_ p_ ijba\_eh “h kmll}\h]h a
je\ge\ m mikjdo ljlhl} jhajh[e_gz fzI_fzZlbqgZ fh”_ev a g_qeldbf ¢
e hljbfZge i _j _o+*"ge ijhp_kb ey ko_f mijZ\eeggy m \keo dZgZeZ

gZk i_j_oe"gbo ijhp_ke\ agZoh”blvky \ f_"Zo \e~ k ih dZgZem
; sh } djZsbamevIZIhf ihje\gypghmeyllhjhf Ihje\gygh a ihi_j_"g
"hkee~hf 1Zdh™ kmll}\h af_grbebky je\ge m dhjimkZo HI _ a:

g_qgeldh]h j_]lmex\zZggy ijba\h~blv ~h af[eevr_ggy ydekgbo iZ
ihje\gygh a kbkl_fhx]anéybhjzfb

<bkgh\d®h\baghx j_ameviZIls\ *hkee""_gv } gZmdh\_ h[% jmgln
\bdhjbklZzggy @_agjhdh]h j_Imex\Zggy i*" gqZk j_ZeeaZpe+€ kbkl_
d_jm\Zggy

Dexgh\e kephzdhj kbjhi fh”_ev \bidjgbddbg_cjjhjmex\Zggy
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<ieb\ kihlkh h[jh[e_ggy rmg]elm gZ ch]lh Z[khj[pecges \eZklb\hkl
hgbs _ggy \h~b "ey gZih€\

K\eleZgZ HeedEgddbeZ F_evijbdyZz KZfg_gdh
GZlZe+y LdZAyewdZ Eh]e&EhkVAbeZ Dekl_jkvdZ
tGZpehgZevgbc mge\_jkbl_| oZjgh\bd IMadgh€p¥sc f Db:
tlgklbiml gZ”~I\_jrbo fZl_jeZees\ of < F ;Zdmey GZpehgZev
MdjZz€gb f Db€\ MdjzZz€gZ

<klmi lhdzZzazgh i_jki_dlb\geklv h[jh[e_ggy rmglelm jeaghbfb
i*"\bs _ggy chlh Z[khj[pecgbo \eZklb\hkl_ ¢ + at-&dgbsggpygy n_d
\h~b ie” qZk \bjh[gbpl\Z gZih€\

FZl_jeZeb « f_IbMtkes""m\Zeb \h"m iblgm 1Z i<*]hlhle_gm
ZdIb\h\Zgbf Zdlb\h\Zgbf « h[jh[e_gbf gZghkje[ehf ZdIb\h\Zc
iZjhx 1Z gzZghkje[ehf <bdhjbklhi\m\Zeb nhlhf_ljbqegfeqge_tdjhf_I
ihl_gpehf_Iljbgge f_Ih~"b ZgZeeam |I_hj_Ibgg_ maZ]Zevg_ggy -
iehoe”

J_amevlZlb « h[]h\kjhkeery  _gh iZjZf_Ijb Z]j_]Zp+€ gZghqgZklbg
Jeep_jbgh\hfm k_j_"~h\bse Z~ khj[pdhlZeZlihppiedkidpNHkle rm
ZdIb\h\Zghlh 1Z gZzghfh*“bnedh\Zgh]h jeagbfb kihkh[Zfb

>h~rZldh\_ h[jh[e_ggy ZdIlb\h\Zgh]lh rmg]elm iZjhx 1Z gZghk
a[eevrblb ch]l]h Z”*khj[pecgm Zdlb\geklv aZ ch”hf « azZ Z"~khj[p:
em geklx \h~ghlh gZklhx “h _aijZdZblk|IZf[ecazZpe-rghdgkdln
ihl_gpeZem is*"]hlh\e_gh€ \ht*b §Z je\g-

H[jh[dZ iZjhx Kkijby} a[eevr_ggx qZklbgb ihj ~h “bnma<€ |
khj[pe€ Z 1Zdh" is*\bsm} gZ Z "khj[pecgm Zdlb\geklv a.:
nmevihdbkehlz#ZdIdb&ly\Zgh]h rmglelm aZ jZomghd ~h”"ZIdh\h€
iZjhx 1Z gZghqzkldzZfb kje[eZ

<bljzZlb ijhfb\gh€ \h~"b gZ _IZie i**"]him\Zggy ZdIb\h\Zgh]h rm
iZjhx 1Z gZghkje[ehf g_ i_j_\bsmxlv \erghkgbo h[f}fe\ ijhfb\g
fZl_jeZejim pvhfm ijhahjeklv ie*]hlh\e_gh€ \h~b klZgh\blv g_ f_g

lhi_j_~gy h[jh[dz Zdlb\h\Zgh]lh rmg]l]elm iZjhx i_j_" ch]
gZghgzZklbgdzfb kje[eZz aZ jZomghd ihdjZs_ggy afhgm\Zggy
a[eevrblb Ijb\Ze<klv neevljm\Zevgh]hkpbdepeHe flygebkhj[m\Zgg
rde”"eb\bo fedjh”hferhd \h”"b aZeeazZ fZjlJZgpx Zahlh\fekgbo |Z
gz

<bkgh\dbbdhjbklZzggy rmglelm Zdlb\h\Zgh]h h[jh[e_gh]h iZjh
~n_dIb\geklv hgqbs_ggy \¢” rde*eb\bo fedjhfccbR'gHgki\ghErazZp-
ihl_gpeZem \h”b i*~"]hlh\e_gh€

Dexgh\e kethZZ rmglel gZghqzZklbgdb fh~bnedZp-y
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L QVWUXFWWRRWKRUV

'HDU FROOHDJXHV

7KH (GLWRULDO %BBUGRRBIL¥FBEOHQWLILF
SSNUDLQRRGRXUQDO
LQYLWHV \RX IRURSOUEOHNBIWURR BHVXOWYV

SHTXLUHPHQWY WR DOO WH[WV

/IDQJIXPUHIOLVK

SHFRPPHQEHEBIWKH BUSDLAOH

JRQWLPHV 1HZ 5SRPD@ |ROQW H/ LIHWADYDLA)W RQt ERRVK VLG

7TKH VWUXFWXUH RI WKH DUWLFOH

7TKH WLWDWHWRIF®KH

$XWKRUV IXO0O QDPH DQG VXUQDPH

L, QVWLWXWLRQ ZKHUH WKH ZRUN KDV EHHQ SHUIRUPHC

$EVWUDFW RI' D SDJH 7KH VWUXFWXUH RI WKH DEV
RI WKH DUWLFOH ,OQWURGXFWLRQ O0DWHKIRIGNO BDWVICROHW K
.H\ZRUGV

7KH PDLQ ERG\ RI WKH DUWLFOH VKRXOG FRQWDLQ WK
,QWURGXFWLRQ
ODWHULDOV DQG PHWKRGV
S5HVXOWY DQG GLVFXVVLRQ
&RQFOXVLRQ
SHIHUHQFHYV
.l \RX QHHG \RX FDQ DGG DQRWKHU SDUWV DQG RU GLY
7KH LQURQPDERXW WKH DXWKRU 1DPH VXUQDPH VFLHQ
DQG FRQWDFW SKRQH QXPEHU

$00 ILJXUHV VKRXOG EH PDGH LQ JUDSKLF HGLWRU W}
7KH EDFNJURXQG Rl WKH JUDSKV DQG FKDUWV WKRXOG
ILJXUH HOHPHQW VLG @ B D F NURRSO RWH [ W

JLIXUHV DQG (;&(/ IRUPDW ILOHV ZLWK JUDSKV DGGL!
VHSDUDWH ILOHYV

3KRWRY DUH QRW UHFRPPHQGHG WR EH XVHG DV JUDSEk
‘HEVLWH RI 8NUDLQLD K WRGSRrRXXdMoOKR XD

(PDLO IRU DOO VXEPLVVLRQXI BG® RIWW DU X T X
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RZgh\ges dhe_]b

J_"ZdpecgZ dhe_]Jey gZmdh\h]h i_j8iNWb@ b RILD\D HYRFF <R XU
aZijhrm} «Zkml[esdZpe+€ j_ameviZls\ gZmdh\bo ~hkee*""_

<bfh]b ~h hnhjfe_ggy klZl_c

Fh\z klztZgleesckvdZz

FegefZevgbc h[ky} kIKdHpeghchjfZIm :[_a \jZom\Zggy ZghlZp-ec
kibkdm ee«l_jZImjb

>ey \keo _e_f_gle\ klZFMIERHMWMILIHZ S5RPVEQ -+gl_jZe

<ke ihey klhitbdbkf

KijmdIimjz klZIle
M>D
GZa\zZ klzZlle
\lhjb klzdif§y 1Z ijea\bs_ ih\geklx ijbdez”~ >_gbk Ha_jygdh
Mklzgh\z \ ydec \bdhgZgZ jh[hlZ
ghlzpdyhYWadh¥W@jmdImjzZz ZghlzZpe«£€
<klm %= jy~db
FZI_jeZeb IZ f_Ih*"b ~h jy~de\
J_amevlzZlb 1Z h[l]h\hj_ggy i*\ klhjegdb
<bkgh\db jy~db
Dexgh\e kel\kee\ Ze_g_ keh\hkihemqg_gv

+ + + +

Imgdlbxt \bdhgZIlb ZglJeeckvdhx « mdjZz€gkvdhx fh\Zfb

Hkgh\gbc |I_dkl kldldxgE} \Zde h[h\fyadh\s jha”eeb
x  <klmi
x FZl_jeZeb 1Z f_Ih”b
x J_amevlZlb IZ h[]h\hj_ggy
x <bkgh\db
x Ee*l_jZImjz
AZ g_h[os~ghkle fh gZ "h~Z\ZIb gre jha“eeb I1Z jha[b\ZIb €0 gZ

‘\lhjkvdz ~h\ly¢d¥bs_ «ffy 1Z ih [Zlvdh\e \q_ \ZmgklImikgpv 1Z .
jh[hlb _e_dljhggZz 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 ydekgh KdZgh\Zge jbkmgdb g_ ijbcfZxlvk
jbkmgdZo ih\bgkig\[malhejgbf | _dkim kNaAllim]jZn«€ fh gZ \bdhjbklh\m\ZIb
ebr_ azZ €0 agZqgh€ gZmdh\h€ pegghkle

Nhg ljZnede\ "s&ZijjZf[eebc Dheesj _e_f_gle\ jbkmgdmzgdrjgdec keldZ
g_ kejbc

Jbkmgdb IZ ]jZnedb (;&(/ a ]jZnedZfb ~h~Zldhbhnihé¢&@zxbvky \ hdj_fb

Kdhjhg_g+ gZa\b neabqgbo \_ebgbg \ |I_dkle IZ gZ ]jZnedZo ihag
eel_jzZfb \enrih\e~rgh ~h kbkl_fb K1

< kibkdm ee«l_jZImjb ih\bgge i_j_\Z Zlb Zglehfh\ges klZIl* 1Z fhghljzZ
iekey jhdm
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ljZ\beZ hnhjfe lgipkdm e<l_jZImjb

< BNUDLIRPERXUQYPO® aZ hkgh\m az]zZevghijbcgyl_ \ k\e]le
hnhjfe_ggy kibkdm eel_jZImjb atDUNDRKBg "EZjlfmglb ihkbeZggy
jhareeyxlelkyy dhfzfb

IhkbeZggy gZ klzZllx

\lhjb = : jed \b~rZggy IG@Ha\ZGka\Z "mjgZem dmjkb\hf I
ghf_j klhjegdb

lgepeZeb ibrmlvky iekey ijea\bsZz

<ke _e_f_glb ihkbeZggy jha”“eeyxlvky dhfzZfb

ljbdez”

3RSRYLFL & *LWLQ / $OH[H 3 &KDUDFWHUL]DW

JUHHQ KXVN HGVEDV¥WSRBEWDLWHFDO FDUERRXGDRQGH |

JRRG DQG 3DFNDJLQJ 6FLHQFH 7HFKQ@IST&XH DQG 7THFKQ

IhkbeZggy gZ dgb]m
‘\Ihjb jedGZa\Z dgb]lb dmjkb\hf <b~Z\gbpl\h Feklh
lgepeZeb ibrmlvky iekey ijea\bsZz
<ke _e_f_glb ihkbeZggy jha”“eeyxlvky dhfzZfb
ljbdez”

"HQ&KLQJ <DQJ+DQGERRN RI |0XLGIDPLWILEKQ HD @ B/AMOOR\G
'"HNNHU 1HZ <RUN

IhkbeZggy gZ _e_dljhggbc j_kmjk

<bdhgm}lvky ZgZeh]eqgh ihkbeZggx gZ dgb]lm gdh XZglde |k
ijh im[eedZpex ibrmIVEADKEODEO HdDaWn}Ivky _e_dljhggZ Zz~j_kZ
ljbde D"
6YLWRYL QDXNRYRPHMNWIW EKQH ED]\
KWWS ZzZzZ QDV JRYTBD SXEJHWIMWRERW DVS]
&KHXQJ 7 "RUOG V PRVW GHOLH[WSXYDYLOGDEQNV D!
KWWS WUDYHO FQQ FRP H[PRRANMWIERAR¥MIULQN ZRUC

Kibkhd ee«l_jZImjb hnhjfex}lvky ebr_ eZlbgbp_x ?e_f_glb kib
I1Z jhkeckvdhx fh\hx ihlje[gh I|jZgkeel_jm\ZIlb >ey ljZgkeel_jZy
fhib \bdhjbklh\m}Ivky iZkihjlgbc klzg"rZ4klZg@azZjhike<kvdhgbo
klzg~zjlzo \bdhjbklh\mxlIvky kbf\heb ebr_ Zgleeckvdh]h Zenz
Zihkljhne\ 1Z «g

Ajmqgge kZclb ~ey ljZzgkeel_jZp<-£€

A mdjZ€gkvdhEW WD DRRKOOCBWVVSRUW

A jhkeckvdh€KMWW 3V UDQNIEMR R Q @&/

>h~ZlIdh\Z egnhjfZpey 1Z ijbdeZ” hnhjggeZ gdickl Z11e
KWWS XIM KR XD

KIZlly gZ~"kbeZzZ}lvky aZ _e_dljhggIhBAXI1 WP HWD XD
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M>D
S8NUDLQLDQ )RRG inH¥dh@D®jb]JegZevge gZmdh\e KlZIle
ih\erhfe_ggy hley”h\e klZlle gh\bgb IZ h]ey~b e«l_jZImjb

L fZIlbdZ im[e+dEZWUDLQLDQ )RRG -RXUQDO

O0Zjgh\Z «g° ljhp_kb 1Z hl[ez

OZjgh\Z oefey GZghl_ogheh]«£€

Fedjh[eheh]ey ?dhghfedZ I1Z mijZ\eeggy
Neabgge \eZklb\hkle oZjghibldhvfZlbazZpey ijhp_ke\

ijhrmdle\ MiZzdh\dZ ~ey oZjgh\bo ijh~Amdle\

Ydeklv 1Z [_aighib@Zjh”mdle\

| _jeh"bggeklv \boh"m “mhgZjdmgZ jed

J_amevlZlb “hkee""_gv ij_"klZ\e_ge* \ "'mjgZee illdblgges [mMIb
a\ yahd a oZjgh\hx gZmdhx <« ij_"klZ\eylb <gl_j_k "ey fe'gZ
kie\Ih\ZjbkI\Z

SNUDLQLDQ )RRG"-RXWRDIOy gZmdhf_Ijbggbfb [ZaZfb
,QGH[ &RSHUQLFXV
(%6 &2
*RRJOH 6FKRODU
B8OULFKV:HE
*OREDO ,PSDFW )DFWR
2QO0LQH /LEUDU\ RI 8QLYHUVLW\ Rl 6RXWKHUQ 'HQPDUN
&$%, IXOO WH[W
'LUHFWRU\ Rl 5HVHDUFK -RXUQDOV ,QGH[LQJ '5-,
8QLYHUVDO ,PSDFW )DFWRU
'LUHFWRU\ Rl 2SHQ $FFHVV VFKRODUO\ 5HVRXUFHV 52%
(XURSHDQ 5HIHIRWOWKHQEXRDQLWLHY DQ%, WX/I866RFLDO 6F
'LUHFWRU\ Rl 2SHQ $FFHVV -RXUQDOV '2%$-
,QIR%DVH ,QGH]
&KHPLFDO $EVWBRXAV¥W 668 GHULFES$66
(PHUJERJIUVHV &LWDWRQ ,QGH]

J p_gacy jmdhibkmzkljzleb ij_"klZ\e_ge+ "ey im8&edlRd dyQ\ !
JRRG -RXUQDB "Ylv ©lhM\ecg_ keei_ j_p_gam\Zggy? "\hfzZ \q_gbft
j_"Zdpecghx dhe_]e}x h”bg } ge_ghf j_"~dhe_]+*€ « h”"bg g_aZe_"gb

Alhjkvd_ ijZYhlhjb klIZl_c ]Zjzglmx[IklZsg_ji ihjmr_ggydbm"v
Z\lhjkvdbo ijz\ 1Z \eArdh”h\mxlv \b”~Z\px ihjmr_ggy "Zgh€ 1ZjzZ
fZl_jeZeb } ijZ\h\hx \eZkgk8NUVUDNQpP @® )RRGydRKXKWQDalh”™ _gh
*gr_

lheelbdz Zdz"_feqgh€l_~ibdy ©O8NUDLQLUD@D QRRGNjbRIM}IVKY)
ijZ\bezfb zZzdz”~_feqgh€ _Ibdb \bdez”~_gbo \ jh[hle OLIJXHO 5RLJ
SODJLDUBO®JYBOLVP DQG RWKHU TXHVWLRQDEOH ZULWLQJ
J_"Zdpey ijhihgm} Z\Ihjzf kK1ZI_c « hj_lpe «gtan\glldbf ppwhifm d_je\gbplim
mgbdgmlb ihfbehd m gZmdh\lec e«l_jZImje

R - - 1Z ogrzZz dhjbkgZ egnhjfZpey jhafes_ge gZ |
KWWS XIM KR XD
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8NUDLQLDQ )RRG -RXUQDO

ﬂ - _l
=heh\gbc j_"Zdlhj

<Ze jec FZ§dI| _og gZjimdGzZpehgZevgbc mge\_jkbl I oZjgh\bo
I_ogheh]ec MdjzZz€gZz

Qe _dgb ' gZjh~rgih€Zdpecgh€ dhe ]<€

:1hlz =e}7j_ JZctjEDblIh\kvdbc sgeklbIiml Z]jZzjgh€ _dhghfedb EDb
<Ze_jec Fbjhgdimd_og 9gZmdGipmnhgZevgbc mge\_jkbdl_| 0Zjgh\b
I_ogheh]ec Mdjz€gZz

<edlhj KlZ[gediAg” |_og gZ@&dpe-hlg@Zevgbc mge\_jkbl_| oZjgh\bc
I_ogheh]ec Mdjz€gZz

<ejlegey XjHg*jg}lijhnceevgxkvdbc mge\_jkbl_|I EbI\Z

<heh”bfbj 1\Zgh\ ijhn >_j Z\gbc mge\_jkbl_I 1h\b KR:
<ezZ"dqfejm~Zgh)p |I_og gZmd;e-dhmkvdbc ~_j Z\gbc Z]jZjgbc

| _ogeqgbc mge\ ;plethljmkyv

?]lhg Rgepe‘jj ijhn_khjj Z\gbc mge\_jkbl_I IhglZ =jhkkb ;jZabe
Chjrzgdz Kl_nzZ)ghh&h\re\kvdbc mge\_jkbl_| 1Zekec Oee_g~Zjkde
DjeklegZ IhihYbjg “hpL_ogeqgbc mge\_jkbl_| Fhe~h\b

Fzjd Rzfpygy ~h@hjghfhjkvdZ ZkhpeZpey a 0Zjgh\h€ gZmdb 1Z
Jmfmgey

E_e«\_ev® Q@hklfipeZpey ©Fe"gZjh"gZ ]ZjfhgeaZpecgZ *gep+Zlb\z?
IZkdZev >xiWhMge\_jkbDeh” ;_jgZj® ENhOgp-y

K_feo HleMjkijhn Mge\_jkbl_| ?]_ Lmj_qgbgZz

Khgy :fZj~g ijhn Mge\_jkbl_| ©RlI_nZg q_e FZj_2 KmqgqzZ\Z Jmf
Kl_nzZg KlI_nzgh\ijhnMge\_jkbl_I| oZjgh\bo |I_ogheh]ec ;he]Zjey
L lygZ Ibjhy [+hgeZmd ij6ZpehgZevgbc mge\_jkbl_| oZjgh\bo
I_ogheh]ec MdjzZz€gZz

Lhfzr ; jgzZh ijhnS pbgkvdbc mge\ _jkbl I IlhevsZ

Xeey >ayav@ihoef gZmd1lgkgbkml aZz]lZevgh€ [Z g_hj]J]Zgeqgh€ o°
< 1 <_jgZ"kvdhlh G:G MdjZ€ghb

Xjec ;eeZ™j S_pbgkvdbc mge\_jkbl_I IlhevsZz

Qe _gb j "Zdpecgh€ dhe _]-€

:gZlheec KZc]Zgh\dhg gZmdlgkhmiml kbkl_fgbo “hkee~" _gv \ :|
G:G ;}eZjmke

<Ze_jec Fbjhgdimd_og 9gZmdGipmnhgZevgbc mge\_jkbl_I| o0Zjgh\b
I_ogheh]ec EKIdjZ£€g

<edlhj KlZ[gediAg” |_og gZ@&dpe-hlg@Zevgbc mge\_jkbl_| oZjgh\bc
I_ogheh]ec Mdjz€gZz

<e¢jlegey XjHg*jg}lijhnceevgxkvdbc mge\_jkbl_|I EbI\Z

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



<heh”bfbj Dh\[Ak4_og gZmdGZmnhgZevgbc mge\_jkbl_| oZjgh\k
I_ogheh]ec gMdjZ£

<heh”bfbj 1\Zgh\ ijhn >_j Z\gbc mge\_jkbl_I 1h\b KR:

<eZNefej =jm~Zpghh_o0g gZmd;edjjimkvdbc N j"Z\gbc Z]jZjgbc

| _ogeqgbc mge\ ;plethljmkyv

=ZebgZ KefZdj*glZz og gZmdGiZmnhgZevgbc mge\_jkbl_| oZjgh\bo
| _ogdh]ec MdjZ€gZ

?]lhg Rgepe‘jj ijhn_khjj Z\gbc mge\_jkbl_I IhglZ =jhkkb ;jZabe
Chjrzgdz Kl_nzZ)gh\&h\re\kvdbc mge\_jkbl_| 1Zekec Oce_g~Zjkde
DjeklegZ Ihiht™jg ~“hpL_ogeqgbc mge\_jkbl_| Fhe~h\b

EzZz"Z R_jedgYyjg_dhg gZmd ijiZpljgZevgbc mge\_jkbl_| oZjgh\b
I_ogheh]ec Mdjz€gZz

Fzjd Rzfpygy ~h@hjghfhjkvdZ ZkhpeZpey a 0Zjgh\h€ gZmdb 1Z
Jmfmgey

Fbdhez Kbq_\k#pgdbcdhg gZmdlgkhmml ijh*h\hevgboGj:mjke\
MdjZ€ghb

E es\_ev” Ofkhp+Zpey ©F«"gZjh"gZ ]ZjfhgeaZpecgZ *gep+Zlb\z?
He dkzZg”j R_\gtjgdhog gZmd GidpmhgZevgbc mge\_jkbl | oZjgh\
I_ogheh]ec Mdjz€gZz

He gZ =jZ[h\RydZX og gZmdGimnhgZevgbc mge\_ jkbl | oZjgh\bc
| _ogdh]ec MdjZz€gZ

He_9gZ >jzZ]%g_dhg gZmdG4ZdpringZevgbc mge\_jkbl_| oZjgh\bo
|_ogheh]Mdjz€gZz

Hev]Z Jb[ad&Zg™ | _og gdmgghthevkvdbc gZpehgZevgbc | _ogeqghb
mge\j_kbl_| «f_ge 1\ZgZ Imexy MdjzZ€gZz

IZkdZev >xivhMge\khl_| Deh” ;_jgZj™ BRphgp-y

K_feo HleMjkijhn Mge\_jkbl_| ?]_ Lmj_qgbgZz

Khgy :fZj~g ijhn Mge\_jkbl_| ©RI_nZg q_e FZj_2 KmqgqZ\Z Jm/
Klzgdz >zZfygh\4djhn Jmk_gkvdbc mge\_jkbl_| ©:g]lJe_e DZgq_\?
JZaljZ™ ;helZjey

Kl_nzg Kl_nzdjh\ ijhnMge\_jkbl_I| oZjgh\bo |I_ogheh]ec ;he]Zjey
Lzfzjz ;_j_aydidh dhg gZmdG4dphrmgZevgbc mge\_jkbl_I oZjgh\bc
I_ogheh]ec MdjzZz€gZz

L _lygZ Ibjhy [+he gZmdGigpnhgZevgbc mge\_jkbl_| oZjgh\bo

| _ogheh]ejz€dd

Lhfzr ; jgzZh ijhnS pbgkvdbc mge\ _jkbl I IlhevsZ

Xeey >ayav@ihoef gZmd1lgkgbkml aZz]lZevgh€ [Z g_hj]J]Zgeqgh€ o°
<1 <_jgZ~kvdh]h G:G MdjzZz€ghb

Xjec ;eeZy9j S_pbgkvdbc mge\_jkbl_I IlhevsZz

He_dkec =mYegpA\Zevgbc k_dj_I1Zj dzg" | OHgp-hgdedvghe
mge\_jkbl_|I ozZjgh\bo | _ogheh]ec MdjzZ€gZz
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6YLWODC =KH]KHUXC K\eleZgZ ;. @ _ " _jmg =

6LPDNKLQD
/IXGP\OD %IHUGIHU VN D
IDXPHQNR
4XDOLWDWLYH LQGLFDWR
IXQFWLRQDO SXUSRVH

1D

uv

NVDQ

KefZoedx"fbeZ ;_jDeagra_jk
L&DIZedZ GZmf_gdh
YdekghdZagbdb a_jgh\bo
Rih nd g dDpLs @ glDelpigehtM dR 19 g y

vdZ

ieZkle\pe

$QDVWDVLD =DERORW
$OLDNWWRDNRX *XOQD]\P

ORUSKRORJLFDO FKDUDFW
JUDQXOHV RI (DVWHUQ D
SRWDWR YDULHWLHV 6R(

VHU

DQ

2V {

DG &

:0ZklZkey AZ[hehl}p <eZ
LFWfbR¥YhRlqgY W D DjRZKHI _jbklb
¢ HIQH U0 g(U R 2 §iDl&) ko<"g
XP_0oXjZHd UM XjRi_ckvdbo kh
6RODQXP WXEHURVXP

5 DEYNIXPRMEZ e gZabf Hki?

rgdmeh\Zz
dz

le\ dZjlhi

7DQ\D ,YDQRYD O9HQHOL
ODJRYD $OEHQD 6WR\DQ
'DP\DQRYD

([WUDFWK\WRELY OHDYH

SHUXYLDQD / IRU SURVS

RYD

3K
HF W

L_IlvygZ 1\Zgh\z
WD XN} rZ FZah\Zz

\¥dXOjzM b gZ hkgh\e ebkly
LI K\\D3S DV FHWIXR'Q CL@Dg b

e[l
Klhygh\z Klzgdz >Zfygh\Z

gz

neaZeskm
vy |Z €0 az

PHGLFLQH DQG FRVPHWLRV \ f_"bggec ¢« dhkf_lIbggesc ]4Zemayo

6DPHHUD $ 5HJH OHJKI Kzf__jz : J_1_ F_loZ :jf

ORPLQ Fhfeg

6WUXFWXUH DFWLYLW\ UHODW<iRQWVKIj®dRinMiOXWIRPHUMdRIldmfeg

FXUFXPLQ D UHYLHZ gZ chlh Zdib\diey”

9RORG\P\U <XNDOR 20| <heh”bfbj XdZeh He

6WRUR]K Ex~fbez Klhjh~

&KDUDFWHULVWLFV RI SURWHRQYWLIF jBKIREAMMHVheslbggbo

GXULQJ WKH LVRODWLRQ [RI Q DWXkROijlbD\Wifitd)bgh~gbo

SKRVSKRSHSWLGHYV dZa_€gh\bo nhknhi_ilb"e\

ODN\3ROXF 20Ft6KH 20 FZdkbf Ilhemf[jbd He_g

<DW YV HQ@MDXMHAK BQNRQ D Hev]Z Yp_gdh

.X]P\N GZlZeey Xs_gdh MevygZ Dmavfbd

6XUIDFH PRUSKRORJ\ RI VR\EHBH)n HethDeyZikkH\joges [*edh\bo caheyl

SURWHLQ LVRODWHYV kh€ d\Zkhee « fhehggh€ kbjh\zZldb |

DQG WKHLU GULHG JHOV \bkmr_gbo "jZ]ee-\

7DPDUD 1RVHQNR *DC( LZfZjZz Ghk_gdh =ZggZz

.RUROXN Dhjhexd

(ITHFW RI K\GURO\WLF HQ]\PH V< gWh\W HDWRH W[jRQdb

WKH RLO HIWUDFWLRQ IURP $XP'IMNeL-QbY gilHf& W1 _jf_glZfb gZ
\bemqg_ggy he<€ a gZkeggy|]Zj[ma-\

7THWLDQD <XGLQD 9LFW L_lygZ XnegZ <edlhjey =g

1DJDUHQNR GZaZj_gdh

6XEVWDQWLDWLRQ RI UDWLRQB[®PREMVZBYW HPlehgZevgbo j_"bfe

ILQLVKHSOPWANY QJV IUHHILQPUazZfhjh " m\Zggy gZi*\nZ[jbdZle\

fhehgghkebggbo nZjre\
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+DIL]H )LGDQ 6WDQ!I OZnea_ Ne~"Zg KlZgdh K

, YDQRYD $OEHQD 6WR\DIQRYD1\Zgh\Z :e[_gZ Klhygh\Z [KlZgdz

6WDQNDQRPDD 6H]DL (UFLVOL >Zfygh\Z K_aZ€ ?j*" bre-

&KDUDFWHUL]DWLRQ RI DURRDORZLEJFRBEIRNEDIEYgbo kihemd -

DQG DQWLPLFURELDO SURSHUXUHMARK[IFR0U e/ BYhkl_c| _nejgbo

HYVHQWLDO RLOV IURP IDPLOWhEBP LaDEMHDjH ho ki_pec jh~bgb
/IDPLDFHDH

*DO\QD 3ROLVFKXN 2N =ZebgZ Ilhesesmd HddkZg:

2VPDN 1DWDOLD %UHXV HkvfZzd GZlZesy ;j_mk

&U\RSURWHFWLYH DELOLW\ RIDjVWDjUFKINdX 21 gWkdid djhofZevgl

FRPSRVLWLRQ RI DHRPODWLAHDIZGhdbXhWdez”e fhjhab\Z ZjhfZlbqggl

FUHDP I1Z ieh"h\h*ghlh

J)DWPD OLKRXE )UHKD NZIfZ Feohm[ Nj_oZ =hm

/IDNKGBNXPL EZo"Zhmfe

%LRDFWLYLW\ RI $OJHULDQ SDOZ GIbVgHM v3ikeRHQL4e bjkivdh€

GBW\OLIHUD / negedh\h€ iZKRHQL] GD/IFW\QLIHUD

=KLYND *RUDQRYD O0DUI @b\dZ =hjZgh\Z FZjeZgg:z

9UDQFKHYD 7RGRUND 3HWURYXDZBWNMHADRh hjdZ I_ljh\Z |Kl_nZg

6WHIDQRY KI_nZgh\

$QWLR[LGDQW SURSHUW[LHV DQ@GhR&KDRZglge \eZklb\hkle1Z

FKDUDFWHULVWLFV RI VS5RQJHo E[¥NHM bKREIW DIh@ L Qjdn [+kd\elgh]h

IXQFWLRQDO FRPSRQHQWYV i_qb\Z a nmgdpehgZevgbfb
dhfihg_ghz

*DO\QD 6LPDNKLQD 1I K\eleZgZ ;. @_"_jn

6YLWODQHKUIKKDXIQ =ZebgZ KefZoegZ ; ExafbeZz

6YLWODQD .DPLQVND Deg”a_jkviliZzedZZGZmf_gdh

,PSDFW RI FU\RSURWHFWLRQ| Ydekge ihdZagbdb a_jgh\bo ieZkle\p

RI DVFRUELF DFLG ORVVHV LLnmgdpehgZevgh]h ijbagZqg_|ggy

9DOHULL 6XNPDQ <Ze_jec KmdfzZzgh\ FZ 02z

<DQLQJ /L E-

(I'THFW RI KLJK SUHVVXUH DQG<Veb\\ SHiW MhQ bkdm 1Z ~h{*Z\Zggy

LVRODWH FRPELQDWLRQV RQ Wakhie yIDVWHU h{R Q«@IHQ Jg Z

FDSDFLW\ DQG WH[WXUH| RI S|RU &hPHD Y% fENDXeW giid\a*Z1geklv « |_dl
k\bgyghlh nZjrm

Ul .HV %D\l.|VW $VI 1jnZg D_kdeg ;Zcjzf Dt

(\XER X n@.D\D ?x[hlem Yeqgbg DZy

'"HWHUPLQDWLRQ RI WKH|VKH|Od4b@giH RJgYPRNHGN a[_j*lZggy

VHD EDVV 'LFHQWUDUFKXV QDEbDhXg@QPH&XNq_ghlh fhjkvdh]h

PDULQDGH VWRUHG XQGHUWdupW L ImfUDAVSH® heh”™_gpy

FRQGLWLRQV fK

2KD 'XOND 9LWDOLL : Hev]Z >mevdZ <elZkvdl

20LLQ\N $QDWROLL .XWNM 2NWOQDBZYZWHEBYbd :gZlhesg Dmp

8VLQJ RI FOLQRSWLOROULWH |HFAMEYDWH{BE/ FKDUFRDO

DQG URFN FU\WWWDO LQ ZDWHU<SHUjbIKIZDYWL R&bghilbehesim

WHFKQRORJ\ WR HQKDQHH WKHddELRORILAD@eyDI@XMHjkvdh]h

Rl EUHDG NYDVV djbriZex \ | _ogheh]+€ is~]h{lh\db \h"l
Ney i*M\bs_ggy [*heh]leqgh€ pegghkle

oes[gh]lh d\Zkm
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9DOHULL 6XNPDQ
<DQLQU

<Ze_jec KmdfzZgh\
Ygleg] E-

F

(I"THFW RI KLJK SUHVVXUH SURKH&/L\Q@EhRIQIRHDRE M gZ flykh 1Z f
DQG PHDW SURGXFWV $ UHYLHAh~ "mdlb HJ]ey”
'"HPHW .RFDWHSH ¢§ > f_| Dhdzl_i_ DZg H
++0\D 7XUDQ Oxey LmjzZg
&RPSDULVRQ RI LEBWWDDHMA W QdEi8gyggy “bjhdbkehlgh]lh|lZ
DQG DPLQR DFLG SURILOHV R| Zikgmwlb&éhlgh]lh kdeZ8pb flykz 1z
OHUODQJLXYV PHUODQJXV| HX[LRX4ZGRBHGPDQJLXY PHUODQJIXV H
PHDW DQG URH GXULQJ ILMVKRUQEGPODHIDMR @ AKQjb[heh\gh]h

%ODFN 6HD k_ahgm \ Qhjghfm fhje
$PLH * 2VWHUKRXYV ?fe = HkI_jozZml

'ZDLQ -RKQVRQ > >\_g >"hgkhg
(I "THFW RI SDFENDJLQJ W\SH DQ&iW\RWDHOHmMiZdh\db 1Z |I_fi_jZImjb
WHPSHUDWXUH RQ WKH TXDOL Wdekg&DuDEZWIH bikVMAIbFMiR|_dh\bo
EHHI ORQJPEWRIUROPVDIDG WIULFH8&Wa_\bo \hehdhg « ljbp_ikm kl_]gz
EUDFKLL PXVFOHV DJHG I|[RU H[WeéHD@HEGb VB R D 2 H h]fzdyg g
SRVWPRUWHP
O\NROD 6\FKHYVN\ 6 FbdheZ Kbg_\kvdbc K_
ILIQEROOXORVLF ELRPDV)V GHOCLXQLd LD Wi Be ¢ Rdlgag h €
PHWK\ODWHG DOFRKRO SURGXPWIiZXQ ~ey \bjh[gbpl\Z _Ipeh\h]h

Kibjlm
ODU-XU'DOLE.RFIF.RPOU FZjdh Xdeq >Ze-<[h]j
LUAPODVWDIQMHY L Dhfe gg*Dj_rbfbjz FZklZg_\-
.ULVWLQD ODVWDQMHYLU| OLYHXEKI/XQZDRZ k&Z)d MWL FDBj_eZ EmqZg
B3RSRYLFL *MRUH 1DNRY |-DVPD@mZI+ERUQIMFbg =hj_ GZdh\ Ykfeg
,QIOXHQFH RI GDPDJHG VWDU|FEnRIQgWHKH TXDOLW\
SDUDPHWHUV RI ZKHDW GRXJK<ieb\ ihrdh”"_ghlh djhofZex gz
DQG EUHDG ydekge ihdZagbdb ir_gbqgh]h leklZ
oe*[Z

1DWDOLD %R]KNR GZlZesy ;h'dh <Zkbe
9DV\O 3DVLFKQ\L 5RPDQ [6Y\DWQKEENR Zkeqgbc JhfZg Klylg_gdh
$QDOWMWNKIR HITHFWLYHQH|VV RI?QDIWX\YPIKOvSEXD QM evgbo|jhkebggb

HIWUDFWV LQ WKH WHFK(

DROF

R J\dRIj ERPEMQHGgheh]+€ dhf[egh\Zgl

PHDWFRQWDLQLQJ EUHDGV fIykhfeklddrdeb

5RVHQ &KRFKNRY 'HQ! Jhk_g Qhgqdh\ > g FZje

'XVKNRYD 6LOYL\D 7TRSOHYD | >mrdh\Z KhdneW\Z

(IlTHFW RI K\GURFROORLGY RQ VYRPMN |SURESMeLNELHVIZ \eZklb\hkle

RI GRXJK DQG TXDUHMWERHDGXWHKIZ « ydeklv [_alexl_gh\H]h oe«[Z

HQULFKHG ZLWK ZKH\ SURWHIL Q[EZRANF HOM WbWKZIdh\bf [+edh\bf
dhgp_gljZlIhf

O\NROD 2VH\NR 1DWD Fbdhez Hk_cdh GZlZe-y

IXWVHQNR 9LNWRULLD .DO\QDEmp_gdh <edlhjey DZebgZ

&KHPLFDO DVSHFWV RI WKH FRPSRMLWIKR DIl kdeZ*m ijhAmdle\ a

LQGXVWULDO KFWS VHHG|SURGygZkeggy ijhfbkeh\bo dhghi|l ev

5DLQD +DGMLNLQRY JZcgZ OZ~ bdegh\Z KlZg

9HQHOLQD 3RSRYD 7DQ\D ,YDQRRYDe+§@HHIGDZ LZgy 1\Zgh\z :e[.

6WR\DQRYD 1DGH]KGD OD]RYDPKIhygh\Z }&ZZFZah\Z FZjey

ODULD ODUXBMRIY®ND 'DP\DIQRY|DFZjm~h\Z KlzZgdZ >Zfygh\Z

JK\WLFRFKHPLFDO DQG WH[WXU\D®b8RRGdUWLHN Rjlgs \eZklb\hkle

UHGXFHG VXJDIKMHDM®ANVHY IURP_~mdh\Zgh]h pmdjh\h]h “|e_a ieh”

SHUXYLDQ®PLW

neaZeesam

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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20HC

%LRORJLFDO BSDBWHLQ PR QKH

ZLWK PDOW LQJUHGLHQW

\

He_gZ =j_d He_gZz
eeZ Lbfgmd

*g]j_"-}glZfb

1 QW oW B \pegg-klv fhedtydh
dhgp_gljZle\ ea kheh”~h\bfh

5DGLRQ 1\NV\IRURY
1DWDO\D )URORYD 20HJ
'"HWHUPLQDWLRQ RI WKH

FKORULGH RQ VRGLXP DO

UHVWUXFWXULQJ RI ILVK

. X]P
HIilH

JLQ
SUR

JZ~Ag Gbdbnhjh\ Xjec
F Wi ol PR DjBKkKHh dZevpex e

GiXIFWhM p « €

LGZlZesy Njheh\Z He_] Dma

D WH j RQgW K HkljmdImjbazZpex

vfeg
Zev]egZl
jb[gh€

90DGLPLU /LWY\DN $

%DW\DQ 9\DFKHVODY .UD
JHDWXUHV RI WKH IRUPDYV

YFK

VLRQ

<heh”bfbj Ebl\yd Kbk

HQ@MRheec ;Zlyg <Yyg_kez\
K helb\W MKHe \hHh (X vhDZN\glg iy CkV
\erAgmlle\

Djz\q_gd
Zdh\bo

,VVXH

1

)DQJ :DQJ O9DOHULL 6.

(I"THFW RI XOWUDILQH JuUl

SURSHUWLHV RURGXEHNMD\Q

—

QG

N.g] <Zg] <Ze_jec
QRaRQP&XQ@FWLRQDO

<ieb\ mevljZzlhgdh]h ihf_e
kbjh\bgb \e” i_j_jh[db kh€
nmgdpehgZevges \eZklb\hkl

m \lhjbggl
gZ €€

$QGULL *RUDOFKXN 20
5LDEHWV HOHJ .RWO\DU
JRRG GLVSHUVLRQ V\VWH

VWDELOL]DWLRQ $ UHYLH}

iz

PV S

:g™jec =hjZevgmd Hev]
Hev]Z Jy[_pv He_] Dhleyj

kbkl fH]ey"

UREHYYaZpey 0Zjgh\bo "bk

i_jkgbo

6HUJLX
,QIOXHQFH RI PDWXULW\ V

YLVFRHODVWLF SURSHUWL

RI WKH VWUDZEHUULHV

WDJ

HV I

K_jl1Z"mj

H¥i O GKNDULHMWY R@ ajeeh
D Q& RN FKD R IF Diok Ms BREX FKIQ
fepgeklv ihemgbp-

le gZ \ ye
A¥yeqgm

20HQD *UHN /DULVD &K3
9RORG\P\U .KDUHED $0O
2QRSULLFKXN

3RO\SKHQROLF FRPSRXQGQ
SURWBDQW BRIGVHGWUIL Q.

GHSRVLWLRQ RI PLON SU
PDMRU /

D 7\
AVARVY
WK
RW H

He_g9Z =j_d EZjbkz Q

P PKK|] 2<heQ@Dbfbj OZj_[Z

Lbfgmd He_gZ Hghijecgm
UIDQ\ole W LHRR@NLQWeR/ gbo kih
H[eedh)lhkebgge dhgp_gljzZlQ
LQNWZE\_3Q D QWDQ R D JRERQ D\
fhehdZz

ee’Z
d
emd m
ijb

MRU / ijt

+DV %RXK .RX 'RXN ICF

OHNHOBH Y*H] L BR X KLEDED N
&RPSDUDWLYH VWXG\ RQ
DQG DQWLEDFWHULDO DF
7ULJRQH®® DURHFXP / [
&XPLQXP F\PLQXP / VHH

FKH
WLY
QG

GV

OZkg.o_gge DmeZ >hm

Q_d_jhkem]e =_acgqe Kmo-
PLHAP\QyERBSRYKk&MPRQ@Qgy O
LMthe RN MHIZXZOQIH NIl _jeZev
FYXPke@gy Imgv[b 7UXIRQH
JUDHFEXP / 1Z dfbgm &X

$QDWROL\ 8NUDLQH\

$QGUADU\QLQ <XOLD =KH
,QYHVWLJDWLRQ RI R[\JH
RQ FRRNHG VDXVDJHV VW

O XG
Q VH
DEL

:gZlheec MdjZ€g_pv <Zk
H@NRc FZjbgeg Xeey @_en
DY@ 9HU Y gly QIexX\hQiffe b g
OdXVklZ[eevgeklv \Zj_gbo kh

7DUL'DQKZDU 6DUIDUD]
$IWDE $KPHG .DQGKUR 6
6KHHUD]L $EGXO +DPHHG
+XVVDLQ /DIKDWHKPDRL OH
BK\WLFRFKHPLFDO FRPSR
FKDUDFWHUL]DWLRQ RI F

HG
.RU
PRQ
VLW
DVW

LZjed 1Zgo\Zj KZjn "
T RAD @ZHXVYMBLQf_~ DZg”"]
LL e BeGOmMkk_cg R_jZa-
Dhje AZo+* Omkk_c EZ]JoZ
L RQZD@®@[j) 70529 F_fhg

RN« ¥ dwGe q(RdDo0ZjZdl_jbklbg
jbpbgh\h€ he-€

ez LZ[Zd
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yh€ Zdlb\
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PLQ F\PL

n~_gdh
Zqe+\ dbkg
kbkhd

h Kb#

[["me OZf
i

z

FFFSNUDLQLDER}RRDO 9RCPH

, VV X F



9RORG\P\U <XNDOR .LC
20JD .UXSD 1DWDOLD 3D
2EWDLQU®J.RI DQG %6$ S
IUDFWLRQV IURP PLON ZK

YOL
URW
H\

<heh”bfbj XdZeh DZI_jbc
YWERW]Z Djmiz GZlZesy 1Z\¢
Hilree_ggy ijhl_€gh\bd*njz
. /1$1Z %6% »a kbjh\ZIldb fh

eklh\Zz
dpec
ehdz

0 G OLQD ,XJD 6L
*UDSH VHHGV HIZKHD\RQQ
GRXJK UKHRORJ\

RSWLPDO DPRXQW DQG S

LUR-X U

DUW

FzZzNZeegZ X]Z Keev\e
QH6&b\ gZkeggy \bghljZz"m g
leklZ ea ir_gbgghlh [hjhrgi
L RO BIf XdaglZz deevdeklv IZ jh
gZklbghd

Z j_heh].

4

afej

9LROLQD 3RSRYLFL 2[D

+XEHQUO@HQLD .RYDOLRY
&DSFDQDUL &ULVWLQD 3
3K\VIFKRHPLFDO DQG VHQV
IXQFWLRQDO FRQIHFWLR(

7DV
RSR
RU\
DHU\

<eheegZ |lhih\bg Hd
VIO Qd_keZ\ =m[_gy /\]_g-V
Y LEZLvygZ DZidZgZjwgZD|hkh\

SHURGXRWY ZiYdp LhRY Bv g

Dh\Ze \
bg

SR B HIFWGGH MZRhj]Zghe ilbgge

bo

FDQLQD SRZGHU dhg”bl_jkvdbo \bjh[e\ a [hjhrghf
rbirbghb
/HVLD $YGLHLHD (GXDU E_ky :\"}}N\zZ ?2"mzZj» @mdhlkvdbc
'"HNXVKD =7Z299Z >_dmrZz
,QIOXHQFH RI WHFKQRORJLFDOiDUDPPHWHWVZRAI \WK\HgZ kimiegv
GHJUHH RI HQ]J\PDWLF K\GUROQ\VLj¥Y_BIZKbh\gkh]h ]J**jheeam
SURWHL®XEWYV \bkhdh[eedh\bo ijh"mdle\
ODU\DP ODOHNL 6H\\F FZjezZf FZe_de K_c_" :e
6DPLUD <HJDQHK]DG $KPDG 3HKEZWDHP MBDF" :0fZ" |_"ZZFf| G
(IHTHFW RI EDVLO KMHHGXPXP Q@M XWeb\ iheekZoZjb™"m «a gZkeggy [Zal
FDUUDJHHQDQ RQGINHRVURULNADIXZglZgh\h€ dzf_"e IZ dZjjZ]_gZgm
SURSHUWLHYV RI VXVSHQGHG EpUsthHdggy EX ® SgkRjge \eZklb\hkle
VIUXS kmki_g”rh\Zgh€ ffydhle [Zj[Zjbkm \
kbjhie
'"HQND =ODWHYD > gdZ Aezl_\zZ Jh
(IHMHFW RI 6SLUXOLQD SODWHQW¥L&/bR@SMUKNWAIUXP ESODWIVQVLV gz
ILUPLQJ RI ZKHDW EUHDG| GXULDWdwwWiU DrJHybqgh]lh oe«[Z i*" Q2
al_jelZggy
%LRWHFKQRORJ\ 0 é- - - - -
,VVXH 1
7HWLDQD 3LURJ .L L _lygZ Ibjh] Ojbklbgz
%RJIGDQD *HLFKHQNR 9LNWRU:BWRZED I=ENBY_gd K| Z[glldh\
$SSOLFDWLRRDFRMLWYUVXENW WDQFHNi _dlb\b \bdhjbklZggy ih\_jog_\h
SURGXFHG B\ YBFPIUGL 1F< <| Zdlb\gbo j_ dRBDUGLDI¥FBFFLQLL
IRU WKH WUHDWPHQW RI [YHIJHWDEOW®Y h[jh[db h\hge\
6HUB6NUR 6HL SR\F} K_j] Kdjhpvdbc <hcq
/ILXGPNODPHQ@MOORIDVIOLXN Ex~"fbe@hf_pdev]ZZkbexd
I9DOHRAMBIDRUVN\L <Ze_glbdg]lhjkvdbc
,QIOXHQFH RI QDQRSDUW|LFOH¥IBQ\ WKehqZklbghd gZ khlev\_glh]_
VROYHQWRIJHQHKWVIRVRIUEGEWMHUEZD! _KORVWBHHGMKREQKNLL
EHLMHULRFNL &ORVWULGLXP &ORVWDEBWRE XIWXO4L|FXP
DFHWREXIWY04 FXP
3URFHVVHV DQG ( +
,VVXH 1
BHUKLL +XOLLHQNRN K _jl*c =mee}gdh Hd
,QIOXHQFH RI RSHUDWLQJ SUH<ieb\ jh[hgh]lh Ibkdm gZ hiej rZjm
FRQFHQWUDWLRQ SRODUL]DWIdhgp _gljZpecgh€ iheY[bRHEP® ijb

UHYHUV RVPRVLV

a\hjhlghfm hkfhke

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



20 0D]XU /LC.KDUEN
'P\WURORPROWNVID]&UHQ
OHWKRG RI WKHUPRPHWU
WKHUPRSK\VLFDO FKDUDH
PDWHULDOV

FWH

Hev]Z FZamj _gdh Eeeesy C
Dhehfe}pv He_dkzZg”j FZam
FKihke[ I_jfhf_Ijbggh]lh \bad
Ul _iemeabggbo o0ZjZdRODIAHK
|_jfheZ[eevgbo fZl|_jeZe-\

/*XGPLOD 6WUHOFKHQN
,YDQ ODOH]K\N
,QIOXHQFH RI GLIIHUHQW
IRRGVWXIIV ZLWK DSSOH
FRQYHWWHR®RUDGLDWLR
GU\LQJ

Q PH

Ex~fbez KIlj_gdh
>m[dh\_pvdbc 1\Zg FZe_ °
KH B Mo HD Y [P-Htf@ 4\ HREQ h [ ]
WJYL QH|@ hEd WHMHndIb a y[en
WK&G dRbNgjfhjzreZpecgbf
kmreggyf

,VVXH

1

20HNVDQGU 6KHYFKHQN
HOHJ 6WHSDQHWYV 6HUJL
'"HWHUPLQD\SDROQ FRH WHKLHY
UHFRYHU\ VA\VWHPV RI KH
VWUHDPV RWWRR PBIGLD

He_dkzZg”j R_\q_gdh
Whdhe_gdh He_] Kl_izZg_qg
VKHjlec ;ml

5 RWay@W LD VIiREZT_lje\ kbk
j_dmi_jzZpe+€ | _ieh\bo ihl_¢d
ihlhde\ JZahiZjh\bo kmfer_

9DOHQW\Q 3HWUHQNR
0\NROD 3U\DGNR

ORGHOLQJ RI KHDW WUDQ
UHJLPHV ZKHQ FRQFHQW U
LQGXVWULDO ILOP HYDSR

JD W |

<Ze_glbg I_Ilj_gdh Yjhke
Fbdhez ljy~dh

) FEHWekUZ RAND)W LB\ ih]ejr |
L QJieWWRO2OW LRQVZk @ hgp_g
Ragbge\ m ijhfbkeh\bo ie-
\biZjgbo ZizjzZlZo

j_gdh
Z9_9g9y

bd
h{db
hd hljbfz

19gy
Ijm\Zggy
\dh\bo

,U\QD 'XERYNLQD %
9HURQLFD 5LNKWHU
ORGHOOLQJ RI WKH K\GURHR
WKURXJKRXW OLTXLG V\V

1jbgZ >m[h\degZ
< jhgedZ Jeol_j

;hjb

Wi HDWRH®@IY Etdbo kbkl |

DPHLF ERAGIWILRQYbgZfeqgbo mfh\

f

DOWHUQDWLQJ LPSXOVHV S d¢AdhadHygbfb «fimevkZfb|lIbkdm

9LWS5DFI 9RORC7HO\F <e¢lZeec JZghd <heh”bf

<HYJIBQWIH PQLI HID \ F KeNXBQ /\]_gec RI_nZg Xeey L_ebjgdmg

'DP\DQRYD KlZzgdz >Zfygh\z

ORGHOLQJ RIVWRKIHN®WHPFEHYYQ J WKHh A _ex\Zggy ijhp_km aZferm\Zggy

\HDVW GRXJK E\ FDP RSH L Qj3 MThNIPIHQAYKVZ dmeZgdh\bfb
jh[hgbfb _e_f_glZfb

,VVXH 1

ILXGP\ORS(9RORGLQD Ex~"fbeZ Djb\ <heh”

*DYYD 7DUDV +QDWLY .OWHU\IQD kX @D =Z\\Z LZjZk =gZle\

,QYHVWLIDWLRQ RI HMHF QDIURBH X I L§Z

PHFKDWURQLF IXQFWLRQPO RRGXO®HV_BYy ijhp dgme \

SDFNDJLQJ PDFKLQHYV f_oZljhggbo nmgdpehgZevgbo fh me
iZdm\Zevgbo fZrbg

9DOHULL OV\URQFKXN 2C <Ze_jec Fbjhggmd

9LWDOLL 6\GRUHQNR H[h~h\bq <e<|2¥mrjc Kdh

,QIOXHQFH BXOGVWYFH®IMHI SXMbRQbkdjefghevkgh]lh \\ |~ _ggy

WKH GLVWULEXWLRQ RI S W_ & LiREDQ/A "bki_jkgeklv [¢hfZkb
jhkebggh€ kbjh\bgb

,VVXH 1

$QD'6RNR( 20HN'6KHYF :gZlheec Khdhe_gdh

.RVW\DI@PW\IQ N 2YVOHNRARLLN R R_\g_gdh Dhklyglbg <Zkblevde\kvd}

$QDVWSIKWHYIAKHQNR He_] Kl_iZg_pv He_dkec jhcdh

ORGHOLQJ DQG V\QWKHVL
LQWWH.YH PDVV H[FKDQJH

V¥ W HARNY RIL\q_gdh
Fhr_ex\Zggy * kbgl_a kbk
*gl_gkb\ghlh fZkhh[fegm

_f

FFFSNUDLQLDER}RRDO 9RCPH

, VV X F



O\NKDLOR +UDPD 9|
,JRU (OSHULQ
-XVWLRF RW W K¥H ]Q W¥UJURO

D WL

FbozZceh =jzfz
1]1hj ?evi_jeg
RB[%Qmglm\Zggy_g-tdh]h

<+dlh]

HYDSRUDWRU SODQW FRQWUR®_VheéwW\HABgy \ kbkl_fe d_jm\Zggy
\biZjghx klZgp-}x
6YLV20L\ /A\XGFOFQ' ,U\ K\eleZgZ Heecgbd Ex~fk
6DPFNR@WDOQDDP RXN D 1jbgzZz KzZfq_gdh GZIlZery]EZdZgmd |
/IRILQRY®P\QVWHUVND Eh]egh\Z Ex~fbeZ De<kl_jkyvdZz
,QIOXHQFH RI VKXQJLWH WUH|DW&H\QWh PHWKH WeR®@gy rmgleim g
LWV DEVRUSWLRQ SURSHUWLHVYhDQB[IRQ[Z2WH\EZKkIb\hk{le 1Z ydek
WUHDWPHQW TXDOLW\ IRU EHYHWBJHYy SHRG X&EWERQE\
(FRQRPLFV DQG 0D i - - -
,VVXH 1
+U\KI.DOH 9LW/XW"' 20 =jb]hjec DZe_lged <-l
OHOQLKKMXINRYKDQ Hev]Z F_evgbgmd Xjec >h\]Zgv
ODULDQ ODOLFNL FZjeZg FZe<+d-
2UJDQL]DWLRQDO EDVLV RI WKH;j]G gApH O SPAK@ Wb KiIVhj_ggy
LOQQRYDWLYH IXQFWLRQD|O IRRGFEURBXEWE nENgWKHhgZelvgh€ o0Zjc
S8NUDLQLDQ HQWHUSULVHV RI| GHMBdpPO OXMb}fkI\Zfb Jep[hdh€
SURFHVVLQJ i_j_jh[db ]lhjeoZ \hehkvdh]h
1HOj -XUNiQDLW; G _e*jX_gZcl_ >efeljehk 1ZfiZjZk
ILWKXDQLDQ FDUURW PDUNHW ESWRIG/XIBW [LiRgh d | R d\bJ Q
WUDGH DQG SULFH WUDQVPLV\LIR[@ blpYVhX FaVi\gergy lhjleley 1Z
afegb p-g
,VVXH 1
/IDGD 6KeUQ\DQ ( EZ"Z Rejegyg Fbo.
,PSDFW RI WKH LQVXUDQFH FRYWW\RDBIWIK#HZ kljZom\Zggly gZ
FRPSHWLWLYHQHVYV RI IRRG LJQ®X & WjU g H®WH 'Y kMHYNijb}fkI\
Rl 8NUDLQH LQ WKRIRERRWHNWWBZ \WHK\H€ ijhfbkeh\hkle \ dhgl_dkle
VHFXULW\ [ _ai_db ijh*h\hevgh]h jbgdm
1DWDOLLD 6RORPLDQLXN GZlZesy Khehffygxd 1jt
'ubJdbDQ He _gZ >jZ]Zg
SHODWLROVRPWLXBIODQG TXDQWEKWAINNMHaOlW ¥ KD Ydekgh]lh ¢ |deevdekgl
Rl DYDLODELOLW\ DQG DGHTXDOF\gRI TRIR@igRkle 1Z "hklZlighkls
GHWHUPLQJ WKH OHYHO RI IRR&Z \yIn\ZWdy ijb dbady\gy
ijh"h\hevgh€ [_ai_db
20HQD .UXKORYD 7HWL ljbgZ PboZgh\kvdZ <eq
?YODVK ,U\QD 7VANKDQRYVND HERQR ®\M\Jeh\Z L_lygZ /\eZr
3RWDSRY Dhfie_dkgbc ZgZeea _n_dlb\ghkle
&RPSUHKHQVLYH DQDO\WLV R|] ¢6RREN\BEORXAWR+EQa \bdhjjbklZggyf
HITLFLHQF\ XVLQJ QDQRSDUWL B2#hg Rk Qg LoLAVA R QO Oh[Z\db gZ
VXSSOHPHQWY RQ WKH EDVLV RKgh\e GidkKbReZWEHRZe glghlh
DQGAMHK YDOHQFH LURQ 3QDJQ|HAWRPRRGF Ziy* ‘I hn
,VVXH 1
(NDWHULQD 3R]GQ /dZl_jbgZ lhan <ezZ"
BR]GQLDNRY $QGUH\ %UHQFK Ihargydhl\jlcj_gq
'"HYHORSPHQW WUHQGYV DIQG UYLV ypWeERWME\RIAMHIZWhZdlhjb jbab

JOREDO H[SRUWYV

k\elh\h]h _dkilyjkih € f ykgb

o

ijhAmdle\

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF



GZmdh\_\b"Zggy

SNUDLQLDQ YRRG -RXUQD

9ROXPH/VXH Lhf <

leAi Ah Ajmdm | Nhjfzl [
H[le\b” Zjd Mf ~jmd Zjd
=ZjgeImjZ 7LPHV 1HZ BRRPD@bcjmd
Gzdezn ijbf <bg <

GMOL Pb€\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



