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SNUDLQLDQ )RRGXERXIRQRBVGDVODUFK DUWLFOHYV VKRUW
VFLH@WEIMFWKH UH O QBOORWHONXUH UHYLHZV

TRSIFRVWYHUDJH

YRRG HQJ YJRRG QDQRW

JRRG FKHPLVWU\ )JRRG SWRRBHVV

YRRG PLFURELRORJ{FRQRPLFV DQG IPERQRIZIHO B WW U \
3K\WLFDO SURSHUWS$XWRRR®LRQ RI IRRG SURFHVVHV
YRRGXDOLW\ DQG VDRRM\ SDFNDJLQJ

SHULRGRFIWWKH M RXYXPHO \HD U

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

&RS\UL$KWKRUV VXEPLWWLQJ DDWH AOSWFMHGS WERO S0
HOHFWURQLF VWDWBRH@EWRURRQVLQRM) DQ LQIULQJIJHPHQW
FRS\ULJKW QRMA GHROXLI\ WKH SXEOLVKH W HDIDLMDMWIL BQ \ DE
LQWHUQDWLRQDO VWDQ G D VURMKIDY HD RD GSH.R/VES B K@ D W\ ERWG J
RWKRQWULEXWLRQV EHFRPH WKH OHJDO FRWWHUERMW RI W

$FDGHPLF HWKLKN SROVRULDO %RDUG RI SWNVUWDLERNOQ

IROORAY LQWHUQDWLRQPOONG DUFRRYDIHHGRIEEEH O DWIKGEL Q J
DFDGHPLF J RWKPRVYH GHWDLOMXR®D WRLY VHH $YRL

SODJLDUIS\CPDJIVYBOLVP DQG RWKHU TXHYVWILREMHD B/ARH HANUKIW
ZULWLQJ" 7KH (GLWRD®GB® QRW UBOVXR QMWMINEXWRUV RI WK
UHDGHUV WR GXOO\ IROORZ WKLV JXLGDQFH LQ RUGHU W

JRU)BPO O JXI$@BXIMRWS OHD VRXIHYENVWW H

KWWS XIM KR XD
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8NUDLQLDQ )RRG -RXUQDO

, QWRIDWLRQDWRURDWODG
(GLWREJKLHI
I9DOHULL'OUBQRIDWLRQDO 8QLYHUVLW\SRNURIRBH7HFKQROR.
OHPEHUV RI (GLWRULDO ERDUG

/JHOLHYHO'® *®REDO +DUPRQL]BWLRRL DRHMANE WL DB QG V
ODUN 6KDRQWV $V 3%WRDFN 6HD $VVRFLDWLRQ RI )RRG 6FLH
5RPDQLD

3DVFDO 'X$SHMRLYHUVK®M &HUQDUG /LRQ )UDQFH
3RSRYLFL &ULVWL @HRKQLFDO SQRO®BBRYDW\ RI

6HPLK 2WGHNRI(JH 8QLYHUWMEHW\

6RQLD $PMWUIWMRI 8QLYHUVLW\ UWHIDQ BREDM®WMH RI 6XFHL
6WHIDQ 6WHIBQRYLYHUVLW\ RI )RRG 7THFKQRORJLHV %XO.
7HWLDQD' B\BREDWLRQDO BQ)LRRE VIVFKQRORJILHY 8NUDLC
7RPDV] %MW QEMMRG]F]HFLQ 8QLYHUVLW\ 3RODQG

9DOHULL 0O\UBQFKERNWLRQDO 8QLYHUVLW\ IRU JRRG 7THFKQ
9LNWRU 6WDEQYNRWBRWLRQDO 8QLYHUVLW\ IRU )RRG 7HFK
9LULQLMD -XWHGURQHOQLXV 8QLYHUVLW\ /LWKXDQLD
90DGLPLU *UNGBDOQRIHODUXVLDQ 6WDWH $JUDULDQ 7HFKQ
9RORG\P\U /YDGBR|RZD 6WDWH 8QLYHUVLW\ 86%
<RUGDQND 6WHBRQRMDVLW\ RI 3QRHUQ@IGYD LBADNLY L 1% XOJDULD
<XOLYDD]NRU 3UR,IQV W L YWXQHU B,Q RIUJ BIQH. F L @MW\Q PRV N L L
1DWLRQDO $FDGHP\ RI 6FLHQFHV RI 8NUDLQH

<XULDODY $V 3BFIJHFLQ 8QLYHUVLW\ 3RODQG

ODQDJLQJ (GLWRU

20HNVLL *XEHYLBUBWLRQDO 8QLYHUVLW\ RI )RRG 7HFKQ
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<HYJHQ .KDUFKHQNR $W\Q &KRUQ\L 20O
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9LUD 2ERONLQD 20HQD .RNKDQ ,YCLC
&KDUDFWHULVWLFV RI FKDQJHV RI WKH FKHPLFDO F
LQ WKH SURFHVYV R & KR&W OLXl«@ & SXU HH

6HUJH\ *XEVN\ ODNV\P /DED]R)

1DWDOL\D *UHYWVHYD 20HQD *RURG\VND
2SWLPL]IDWLRQ RI HIWUDFWLRQ SDUDPHWHUV RI SKHI
GHIDWWHG JUDSH VHHGV IORXU EX{J4HMSRQVH VXUID

9¢« UJDN <C 9DV +D] g]\X 6HF gWi
&ROG SUHVV LQ RLO H{NUB &dKl«cRQQ« S« UHYLHZ

20HJ .X]PLQ 9DOHQW\QD =XE

<XULs .RUHQHWYV $QWRQ .X]PLQ 3DYOR %LOHQN\L
BWXG\ RI LQWHUQDO PHFKDQLVPV IRU HRIWDEOLVKP|
ZDWDHAFRKRO PL[WXUHV kQ«¥RGNX MKFKQRORJ\

, YDQ 'LPRY 1DGH]KGD 3HWNRYD

, YDQ ,YDQRY 9LNWRULMD 6WDPDWRYVND
,PSURYHPHQW RI DQWLR[LGDQW SRWHQWLDO RI ZKH
DGGLWLRQ RI PGdarels«@ B O« & D@ Wk
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JJJ)RRG 7THFKQRDRJ\
,QWURGXFWLRQ

7TKHDQJH RI SURGWRWD ROH WDRGEKFWLRQ LV TXLWH OD!
KXQGUHG:L@HPKH PDLQ UDZ PDWHULDO IRU WKH SURGXFW
DUH SRWDWRHV > @ FRUQ > @ ZKHDWFH > @@ U\
EXFNZKHDW > @ WDSLRFD > @ OHQWLOV > @ EDQ
PRODVVHV Rl YDULRXV FDUERKVGIDIWIG FRPYRXNBDW HRQV k
PDOWRVHP BHWRVHQ PDOWRVH PDHOVWINQ ZROO/ DB QOIXER VI
IUXFWRVH DQG IUXFWRVH VIAUXSVY DUH SURGXFHG > @ $ O
LV DYDLODEOH > @

6WDUFK DQG VWDUFK SURGXFWY SOD\ DQ +t @SRWKWDQW
DUH ZLGHO\ XVEHED Q@KMHIVQRI IRRG LQGXVWU\ FRQIHFWLR(
FRQFHQWUDWHY GDLU\ PHDW DV ZHOO DV LQ RWKHU I
SKDUPDFHXWLFDO PHWDOOXUJ\ DQG KRXVHKROG ,Q DGC
AKHPLFDO LQGXVWU\ LQ WKH SURGXFWLRQ RI VRUELWRC
YDUQLVKHY YDULRXV ILOPV HWEF

KHQ GHYHORSLQJ PRGHUQ WHFKQRORJLHV IRU GHHE
FROQOWDLQLQJ UDZ PDWHULDOV WHFE PRGRJILHGE VRAUDR EWID\
LPSRUWDQW DVSHFW LV WKH VWXG\ RI WKH VL]H DQG PRU

'"HVSLWH WKH JUHDW LQWHUHVW VKRZQ E\ WKH VFLHQW
UHVHDUFK LQ WKH ILHORGKIFWW D X & KWIRQGRVZ WDKIHFKHSDU H Q
RI WKH PRUSKRORJLFDO FKDUDFWHULVWLFV RI VWDUFK J
PDWHULDOV RI YDULRXY ERWDQLFDO RULJLQ

7KH DLP LV WR VWXG\ WKH VL]H DQG PRUSK®O®RHVFRIO
GLIITHUHQW ERWDQLFDO RULJLQ

ODWHULDOV DQG PHWKRGYV

ODWHULDOV

7KH RERMHWWH UHVHDUFK DUH QDWLYH VWDUFKHV SRW
1RUPDWLYH /HJDO $FW 713$ FRUQ VWDUFK DFFRUGLQJ
713$ ZKHDW VWDUFK DFFRUGLQJ WR 713$ ULFH VWDUFK D
WR 713$ SHD VWDUFK DFFRUGLQJ WR 713$ DPDUDQWK VV
DFFRUGLQJ WR 713$ VRUJKXP VWDUFK DFFRUGI@$ WR 717
RDW VWDUFK DFFRUGLQJ WR 713$ > @

OHWKRGV

6FDQQLQJ (OHFWURQ OLFURVFRS\ 6(0

6DPSOH SUHSDVWDAMAIRQWLRQ RI QDWLYH VWDUFK SUHS

JROG LQ WKH (0,7(&+ . i YDEXXP XQLW
$QDOBFDWQQLQJ HOHFWURQ PLFURJUDSKYV RI QDWLYH V
D /(2 VFDQQLQJ UDVWHU HOHFWWRMHPLFURVFRSH *H
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JJJ)RRG 7THFKQ@RDRJ\

+tHOHFWURQ VRXUFH
+DFFHOHUDWLQJ V\VWHP
+PDJQHWLF OHQV
+GHIOHFWLQJ FRLOV
+VDPSOH

+UHIOHFWHG HOHFWURQ GHW
+ULQJ GHWHFWRU

+DQDO\]HU

YLIXUH 6FDQQLQJ HOHFWURQ PLFURVFRSH

7KH SULQFLSOH RI RSHUDWLRQ RI WKH VFDQQLQJ HOHTF
VDPSOH VXUIDFH ZLWK D IRFXVHG HOHFWURQ EHDP DQG D
UD\ UDGLDWLRQ UHVXOWLQJ IURP WKH L\DRDHOD W LHRQH R I
PLFURVFRSH DQ HOHFWURQ EHDP HOHFWURQ SUREH L\
FDSDFLWRU DQG D OHQV 2GHIO® F% RS HFHIIDHEW YV LWKH HO H
HOHFWURQV ZKLFK VOLGHVVRERQKID VX B IDHFFHW UR Y W HWH |
VXUIDFSHHWRHL YHG E\ WKH GHWHFWRU DQG DUH IRFXVHG F
PLFURVFRSH FUBDRHQVLRQDIOJHPDJH 7KH VFDQQLQJ HOH
ZRUNLQJ LQ D ADEMUDRODMWRRQV IURP 1  ZKLFK LV HTXLY
VWURQKHKD®D® GHQV WR i ZKLFK LV § WLPHV WKH LC
PLFURVFRSHV 7KH VFDQQLQJ VXUIDFH LV QHFHVVDULO\ V
DXPLQXP > @

6WDWLVWLFDO $QDO\VLV

7TKH GLPHQVLRQV RI WKH VWDUFK JUDQXOHV ZHUH HVW
JHQHUDOO\ DFFHSWHG SURFHGXUHV &LQW M6 FK FHLD QXXIOI
ZHUH FDOFXODWHG D®E WKGEIERXQREDUQMAMHBYIWO ZHUH Gt
RI WKH GLVWULEXWLRQ RI VWDUFK JUDQXOHV E\ VL]H > C

5HVXOWY DQG GLVFXVVLRQ
5HVXOWYV

*UDQXOHV RI QDWLYH VWDUFK LVRODWHG IURP SODQ
FRQVLGHUDREOQGQVIRH ZKLFK ODUJHO\ GHWHUPLQHV WKH
SURGXFWLRQ LWV IXUWKHU PRGLILFDWLRQ DQG VXEVHTX

6FDQQLQJ HOHFWURQ PLFURJUDSKYV RI QDWLYH VWDU|
SRWDWWRDSRBED ZKHDW ULFH U\H SHD DPDUDQWK EDL
JLIXWH )LIXUHWQG JLYH WKH JUDQXORPHWULF DQDO\VLV
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JJJ)RRG 7THFKQ@RDRJ\

GLIIHUHQW ERWDQLFDO RULJLQ WKH GLVWUQEGRRIRWY URIF
DQDO\VLV RI QDWLYH VWDUFK JUDQXOHV LV EDVHG RQ Wk
DYHUDJH PLQLPXP DQG PD[LPXP JUDQXOH VL]HV RI QDWL)
ZLWK VWDWLVWLFDO SURFHVVVQXEKBGDFWHULVWLFV RI

7KH DQDO\VLV Rl WKH PRUSKRORJLFDO FKDUDFWHULV\
WKDW VWDUFK\ JUDQXOHV SUHGRPLQDQWO\ KDYH WKH IR
URXQG LQ ZKHDW DQG WULWLFDOH UHUNOBUXRYPLORNQG |
DQG WBISUBADXODU URXQGLWQHUKXOHD DGR & RUHEWID®D DOGE VI
SRO\KHGUDO *UHFXQBN 8ND Q@S RQ \B P)IWDENV K

W KDV EHHQ HVWDEOLVKHG W K®DMVIWKH WD\¥H WKXHD WU D
VRUJKXP EDUOH\ ULFH SHD FKLFN SHD DPDUDQWK WL
EH “ “ « “ “ ‘
y ) P ; ) ) E
7DEOH 7KH PLQLPXP DQG PD[LPXP JUDQXOH VL]HV RI Q
EDUOH\ ULFH SHD FKLFN SHD DPDUDQWXK WDSLRFD SR\

+ + + + + + + + + +

+ P 7DEOH

$FFRUGLQJ WR WKH DYHUDJH VL]H RI WKH VWDUFK JUD
EH DUUDQJHG LQ D GHSRMDGLR I VMHBKHFMDSHD : WULWLF]
ZKHDWRUJKXP : EDUOH\ : WDSLRFD : FRUQ : RDW : ULFH : |
RI VWDUFK JUDQXOHV ZDV IRXQG LQ SLRWDRDR BN K PKW D

,Q VHYHQ W\SHV RI QDWLYH VWSIHDF KAWL FRRSH B X PD FEDWI
FRUQ WKH GLVWULEXWLRQ RI VWDUFK JUDQXOHV LQ VI
LGHQWLILHG LQ IRXU W\SHV Rl QDWLYH VWDUFKHV ZKHI
RI VWDUFK JUDQXOHWZRDFIWHRY ELLFRRGDRQ WZR W\SHV RI
DQG ULFH WKH GLVWULEXWLR @ RG D/QV DUERWHBRQ XOHV L
DQG

'LVFEXVVLRQ

6WDER®WDLQLQJ UDZ PDWHULDOV IRU WKH BHRGRAWLF
WIBRRODQXP WXEHIRWBRRWR SODQW > @ QDMWEMMH PARVQ F
/ FRUQ > @ QDW+W N EW D SLIRJFLIK RNV DUN KO QIBOLLKIR W
SDOPDWEBODQWV > @ QDYWHRH XBHEHNCHR RWRDURKP SODC
> @ QDWLYH ZKIDLW W RWDWEEKIRY SODQWYV > @ ODWLYH
JUDLQV RI WKH FH UMD O WIRWPAH. BB QVEEXORDW DQG IURP /D
©/HFD:XQANHD K\EULG RI ZKHDW DQG U\H #J @D LIDYG R DIHK Y H |
FHUHDOBODQWY > @ QD UDH (EDHROMAKWKE DWFEXSDDIY W >
@ QDWLY Ht ROV YWSE BIRKE H/D WR DY SO DIWL ¥H U@F i VW D
JUDLQV 2RI\ ]WKHD/WLYDFH SODQWYV > @V HHBNVLRHASRBD VW
VDWLYXPBODQWY > @ QDW+tWK H PRWRDSHNA KD REIRUDIUER KV K X V
WULFRORU RWKHU SRODUDOMNRX® KEDWLYH FK+W KHSAHDU VW D
DULHWLQKRLFN SHD > @
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JLIXUH 6FDQQLQJ HOHFWURQ PLFURJUDSKYV RI QDWLY
D+tSRWEMYRD WM RUZWDSLRFD
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JLIXUBFDQQLQJ HOHFWURQ PLFURJUDSKVY RI QDWLYH V)
D+VRUJKEZ KH FWU LF H
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I
JLIX 6FDQQLQJ HOHFWURQ PLFURJUD
DtWULWHHRDBHSHD
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JJJ)RRG 7THFKQ@RDRJ\

I
JLIX 6FDQQLQJ HOHFWURQ PLFURJUI
DtDPDUDEXWKLFNFEEDUOH\
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6L]H RI VWDUFK JUDLQ P 6L]H RI VWDUFK JUDLQ P
D E

6L]H RI VWDUFK JUDLQ P  6L]H RI VWDUFK JUDLQ P

F G
6LJH WDUFK JUDLQ P 6L]H RI VWDUFK JUDLQ P
H I

JLIXUHUDQXORPHWULF DQDO\WLYVY RI QDWLYH VWDUF!
DtSRWDWR DQRDWMRWQ S LGBRNRUJIKEKRZ KHDYWJ L FH
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6L]JH WDUFK JUDLQ P 6L]JH RI VWDUFK JUDLQ P
D E

6L]JH RI VWDUFK JUDLQ P 6L]JH RI VWDUFK JUDLQ P
F G

6L]H RI VWDUFK JUDLQ P 6L]H RI VWDUFK JUDLQ P
H I

J)LIXUH *UDQXORPHWULF DQDO\VLV RI QDWLYH VWD
DtWULWHHRDBFHSHOB+DPDUDKRRWKLFENISHDUOH\
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IRWHU\HxZKHDYWULWEVBOBKXEDUOHILFHSHD
+tFKLFN SEBDUDQMWWID SLRFIRWDWHRRUQ+tRDW

I1DWLYH VWDUFK LV D QDWXUDO SRO\PHU LQ ZKLFK
JOXFRS\UDQRVH DUH BERX%QG HOXFRVLGH ERQGV WR IRUPF
OLQHDDFFROWLGH DQG DP\ORSHFWLQ D EUDQFKHG SR
IUDFWLRQV DP\ORVH DQG DP\ORSHFWLQ DUH FRPSDFWO\
> @

7TKH VRXUFHFROQWWDQE®J UDZ PDWHULDOV DQGDWKH S
RUJDQL]DWLRQ RI QDWLYH VWDUFK ODUJHO\ GHWHUPLQH
FRPSOHWH DQG JHQWOH H[WUDFWLRQ RI WKH JUDQXOHYV |
QDWLYH VWDUFK LW LV QHFHVVDU\ QLR JSUB 3 DRIBWYRJIHW
SURFHVVLQJ WR GHVWUR\ WKH SODQW FHOO WR H[WUDF
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UHPRYH WKH DFFRPSDQ\LQJ LPSXULWLHY WR GHK\GUDWH
WKDW WKHUH H[LVW JH QRIUDWFROR HIVAVAHSIWSFRONV PMVRKR GWR R |
YDULHW\ RI WHFKQRORJLFDO VFKHPHV DQG YDULRXV W\S
UHJDUGOHVV RI WKH HTXLSPHQW GHVLJQ HDFK RI WKHVH
DUH FKDUDFWRRGHWIQF VRHFIKQARORJLHYV IRU WKH REWDLC
SUHSDUDWLRQ RI SRWDWRHV IRU SURFHVVLQJ JULQGLQJ
WKH SXULILFDWLRQ RI VWDUFK LWV GHK\GUDWLRQ DQG C

$W SUHVHQW WKH P RVWHKWDSWLHRSDUD WHRE®RRI DDWLYH
LQYROYHV SUHSDUDWLRQ IRU SURFQGWDLQL @I GDZKRBIG B U
RI D PXOWLWWNDPORQHGKORW ZKLFK VHSD EDWHS ULINZHPD WHR
LQWR D VWDRBKDDXVB QYW XUH RS IBR®SFIW K6 REWKHTX HEQ W
WKLFNHQLQJ RI WKH VWDUFK VXVSHQVLRQ LV FDUULHG
UHPRYDO RIPWEKGIHAWHWDLP SXULWLHY SUHSDFNLQJ SDFNDJ
R WKH VWDUFK > @

OHWKRGV RI FRUQ JUDLQ SURFHVVLQJ WR REWDLQ V
SUHOLPLQDU\ VRIWHQLQJ RI WKH FRUQ JUDLQ VWUXFWXU
DQG ZDVKLQJ WKH HPEU\R LVRODWRIODWRQG ZQEKERQ FMK
SURWHLQ ZDVKLQJ WKH VWDUFK DQG GU\LQJ LW > @

W LV SRVVLEOH WR LPSURYH WKH WHFKQRORJ\ Rl QDV
ZD\ DQG DOVR WR DEDQGRQ WKH WHFKQRORJ\ RI BWHPLFD
SXUSRVH LW LV QHFHVVDU\ WR DSSO\ WKH IXQGDPHQWDC
VXEVWDQFH GHWHUPLQHV LWV SURSHUWLHV2 WR WKH
FRQWDLQLQJ SODQW UDZ PDWHULDOV

$FFRUGLQJ WR RXU UHWDXWI/\REDWD ZEBG BWRMKHHU UH\
VWDUFK JUDQXOHV KDYH DQ RYDO VSKHULFDO RU LUUHJ>

PP B6WDUFK\ JUDQXOHV DUH GLYLGHG LQWR VLPSOH
KRPRJHQHRXV IRUPRWQHR/QNVU FFPBERMELQDWLRQ RI VPDOOF
RI VWDUFK LV DQ DYHUDJH RI NJ P

7KH DQDO\VLV Rl WKH SHFXOLDULWLHV RI WKH VWUXF
DVVXPH WKDW WKH PDLQ VWUXFWXUDO KKE®WW AWRIUQNW L
SURSHUWLHV LV VWDUFK JUDLQ JUDQXOH 7KHUHIRUH V
JUDQXOHV GHWHUPLQH WKH PDQLIHVWDWLRQ RI WKH IRO(

7KH DPRXQW Rl ERXQG PRLVWXUGXOWHK HVO DWKIHH B RAUKHH E\RY

WKHUH LV LQ VWDUFK DQG YLFH YHUVD

7KH WHPSHUDWXUH Rl JHODWLQL]DWLRQ WKH ODUJI

JHODWLQL]DWLRQ WHPSHUDWXUH LV DQG YLFH YHUVD

7KH UDWLR RI VWDUFK |UD FWRIRIPA GRR S\HFW E Q DIQFE DG Q'

WKH IRUPDWLRQ RI D VWDUFK JUDQXOH LV GXH WR

DP\ORSHFWLQ ZLWK HDFK RWKHU RU ZLWK DP\ORVH

5KHRORJLFDO FKDUDFWHULVWLFV RI VWDUFK SDVWH

RVWDUFK IUDFWLRQV RI DP\ORSHFWLQ DQG DP\ORVH

&RQFOXVLRQV

7KH PDLQ VWUXFWXUDO FKDUDFWHULVWLF RI QDWLY}
FKHPLFDO SURSHUWLHYV LV D VWDUFK JUDQXOH

$ ZLGH YDULHW\ RI IRUPV RI VWDUFK JUDDRRIXREMWK RN UE
IRXQG WR EH RI D UHJXODU DQG LUUHJXODU RYDO IRU!

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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7KH VL]J]HV RI VWDUFK JUDQXOHV UDQJH ZPWKURQWKH
'"HSHQGLQJ RQ WKH DYHUDJH VL]H RI WKW NVWEKHK L@
DUUDQJHG LQ D GHVFHQGLQJ VHULHV SRWDWR “

“ WULWLFDOH “ ZKHDW “ VRUJ
“ WDSLRFD “ FRUQ™ “ULFHRDW *
DPDUDQWK “ 7KH ODUJHVW VL]H RI VWDUFK JUD

WKH VPDQD® \DWIRQIHQWK VWDUFK
W ZDV IRXQG WKDW LQ QDWLYH VWDUFKHV VRUJKXF
DQG FRUGLWKULEXWLRQ RI VWDUFK JUDRKWHRQOVLLE
IRXU RI WKHP ZKHDW WULWEEPRG DURAMDL\R R 000D G L\Y D\
RI WKHP U\HWQIG RRIEBEWLRQDO
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&KHPLFDO FRPSRVLWLRQ DQG DSSOLFDWLRQ
IDOVH DFBDREDQLD SVHXGIRDFDFLD

BWDQNR 6V +DIL]H ) 7DQ\D ,YLC
$OEHQD 6WR\B@MYJIND 'DP\D @RNROD 'HV\N

18QLYHUVLWI RI )RRG 7THFKQRC
+8QLYHUVLWI RI 5X¥VIIUBGDBXIOJDULD
+IDWLRQDO 8QLYHUVLWI RI )RRG 7THFKQRORJLHV .ILY

$EVWI
.H\ZRUGV

L, QWURGXKWLRWXG\ ZDV FDUULHG RXW
S5RELQLD WH FKHPLFDO FRPSRVLWLR@®IDIQ® \VEHL ROF
SVHXGRDFDFLD DFDFLD IIMDREZHWKHLUFROFRGKXMWHVYDQG V\U
JORZHU JURZQ LQ %XOJDULD
([ WUDFWYV ODWHULDOV DQ&SR®HWHKWRIBVZDY REWDL(
&KHPLFDO H[WUDFW KR} DMMEKLQ/'V FKHPLFDO FRPSR'

&RPSRVLWLRQ GHWHUPLQHGOG6E\B\URXSVLWK GLITHUHQV
FRQFHQWDLNW LIRHHQ DREGN BIREAEKHQ ROV

FRQWH@WLPLFURELDO DQG ZHUWMLRI[LGI
HVWDEOLVKHG

$UWLFOH KLVWRU\ 5 HyXOW DQG BKMFYXWHWOLR®I FRQFUHW
DQWKH PDMRU FRQVWLWXHQWYV RI W

SHFHLYHG
SHFHLYHG LQ UH\)%%R%@QQFRVDQH KHSWDRRVDQH

. ROHQLF DFHQWDFRV®QH SDC
SEFHSWHG DFLG GLLVRRFW\O SKWKDOD

KHIDK\GURIDUQHV\O DFHWRQB OLC
LVRSURS\O P\WWLVWDWHKHQWULDPBRGW

7KH WRWD®\BORSRDWROYV FRQVWL)
KLJKHVW SHUFHQWDJH RI WKH FRPSRQ
&RUUHVSRQGLQJ IPRORAMLW XWERH PLQHUDOWD VL GEHQMAVIWH G
FROQWBQWKHVWRAS@WHW RI IDOVH DFDFLD |
:EF)):DLL](H) JLGDQ QLFNHO FRSSHU FDOFLXP DQG FKURPLX
+LJKHU YDOXHV Rl SKHQ ROKIF FRPSHRX\
KDILJHILGDQ#DEY EJ "py sgp/ WKDQ WMARNVM\BKS  f%UL][
PJ *$(P/ DGBG SVHXGRMDBRELD f%UL]J
PJ *$(P/ ZHUH IRXQGUXXEEPMSEBHWELW

DQWLPLFURELDO SURSHUWLHYV DJDLQV\

EDFWHDIMPRYHOODR/IG(PFFRPE\WRJIHQHYV
&ERQFOXN¥DRRARG RQ WKIE ELRFKHPQ AD®

SURSHUWH HWMLPBI I OPBR X UGHER PAPHHE)

DV D SRWHQWLDO Ubz PDWHULDO IRU I

FRVPHWLF SURGXFWYV
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,QWURGXFWLRQ

S5RELQLD SVH/XGEDPBRLD R FD OV I HIDFROFLIIDJ WR WKH IC
)DEDFRDHJLQDOO\ QDWHIFMWHR QVEGS VRXWK GHO\ GLVWUL
FXOWLYDWHG VSHFLHV JURZLQJ LQ WHP@®KH IDWE® HHILR Q V
FRPPRQO\ NQRZQ DV ORFXVW FRPSULVHV VSHFMHY RI W
RU SLQN IORZHUV ZLWK LQWHQVLY®KBLOWEZEBW LDAHH Y KHY
LQ SHQGXORXV UFPHORQJIRDQG DUH HGLEOH ZLWK KLJK
YDOXKNWORZRLDOVH DBBFXWHG LQ WUDGLWLRQDO PHGLFLQ
VHG DMLY FKRODJRJLF DJHQWY DQG UHOLHYH LQI®DPPDWL
@

LKH LQYHVWLJDWLRQ IRU BK HR/H OGOR/EKARREZEELY WK IDR\Q IR R
ZHUH ULMKHLQ\B DR G PLFURHOHPHQWY ZKLFK FRXOG EH X\
IORZHUV DOVR FRQWDLQHG DQ LPSRUWDQW ELRDFWLYH |
PHGLFLQDO XVDJH

7KHMHYLHZ RI WKH VFL @& G WHADANDWOZ MUHH BONDDUDHOH EHH Q
DWWUDFWLQJ D VSHFKBBQVQWH WUHN INLIBKWHN WERR/QDRXLRL O
FRPSRVLWLRQ GHSHQGV RIROBRLWDHS KRPB®RXLHIVRRY I0RZ
VWXGLHG E\ VHYHUDO UHVHDU F K&RIQ/H \DR'DGHHO I B WK RV B
Q .DQGHP HW DO > @ XVHG 7HQD[ WXEH FDUWULGJ}
IDOVH DFDFLD DQG DQDO\]HG WKHVI6 ¥ RPDWH®H FRPSRX
OLQDORRO IDUQHVHQH D L@® \B B VDIOWG HK\G H ZHUI
WKH PDMRU FRPSRQHQWV :LH HW DO > @ DQDO\]HG WKH
IUHVK IORZHUV RI IDOVH DFDFLD JURZLQJ LQ &KLQD XVLQ.
*& 06 DQDO\VLV DRPRPWREHRDNLY ZHUH OL@RFQRRQH (
(. EHUJDPRWHQH DQG IRUPDQLOLGH

7KH PDLQ ELRDFWLYH FRPOSRGHDVREHIYVMWIH®X@H 10D
SKHQROLFV DWMBUELF DFLGRZHUV RIDFROVARQWDLQ YR
FRPSRXQGV IODYRQRLGYV SURWHLQV URELQLQ SRO\VDF

YJODYRQRLGY FRQWHQW RI IDOVH DFDFLD LV DOVR RI L
ILYH IODYRQRLGV LQFOXGLQJ DPXPHWLRRD MHRFXEUIRERX
LVRYHVWLWRO ZHUH LVRODWHG IURP HWKDQR®LEHEIWUL
IUDFWLRQDWLRQ > @ 'LIIHUHQW SDUWV RI DFDFLD KL
IORZHUV FRXOG EH HDWMBGDIRYW KRQHHGHBBR®PWLRQ 7K
XVHG IRU SUHSDUDWLRQ RI FDNHV 6HULHV RI ILQGLQJV
RI WKH IDOVH DFDFLD DV IXQFWLRQDO IRRG DQG WKHLU X
IRRG LQGXVWU\

SHEHW O\ PDQ\ LQYHVWLJDWLRQV KDYH EHHQ FRQFHU
GLITHUHQW QXW WL VASRMWILMR [EBRIGMFW DYV XVXDOO\ EHHQ D
DFWLYLW\ RI DQWLR[LGDQW HQ]\PHVRIDWH ZX O DUDNVAWR RN K Gl
DV FDURWHQRLGY WRFRSKHUROV >DVFRUBLF DFLG SKHQ

$FFRUGLQJ WR 0ODULQDV HW DO > @ WKH DOFRKRO
DQWLPLFURELDO DFWLYLW\ WRZDUGV WKH S\RIMWHGEGH V
BWDSK\ORFRFFXV DX U HXYGWMHILROFRF\F XOXEGVH@E®D W L Y H
3VHXGRPRQDV DHUXJLQRVD (VFKHULF DIQNSFRRMIW R BBIFEW
EDXPDEDIHWHULDO BQG GAISH \HDWYRADYD \7 HIOWD BIOH G W& H/ W .
LQ YLWUR DQWLEDFWHULB O SH/FHVX IGYRIMAEER IDI\CR OB VKHDGS 1EJHRE
W K D \§ WWDKSHK \ O R F R FZADXW VDKW HPRWW VHQVLWLYH VWUDLQ FRI
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&RU\QHEDFWHULXP PLFKLJDQHQVH % DEDO GXW X\GFRPRIQD
VIULQJDH :DQWKRPRQDV FDPSHVWULV DQG (VFKHULFKLD

%KDOOD DQG %DMSDL > @ UHSRUWHG VLJQLILFDQW D
VHOHFWHG IRRG ER U BB WIORIFRIE X/& EXXBERNVOO XV VXEW
&7& JLVWHULD PRQRFSWRJIJH@HAKHULFK2ZD FR®QG
6DOPRQHOOP7HOWHUZEWK GLDPHWHUV RI WKH JRQHV R

“« PP

$VXQSUHWHSHRELIRXW GLQJ WKHUHPXLURRPREQ@WDDOW KDV
VXFFIDWOAIXWR D GLYHQNMWXDEQWMDVRY L'QWOXQHODWLQJ W
SKDUPDFRORJLFDO DQG ERWDQLFDO IHDWXUHV RI WKH V:
GHWDLOHG GDWD IRU WKH FRPSRVLWLRQ DQG DEB®HFDWI
EHHQ IRXQG

7KBLRI WKLV VWXG\ LV WR GHWHU P LIQ @DRR B REKIHPLTF D O
SVHXGRDFDORZ BWQWKHMRWHQWLDO DSSOLFDWLRQ LQ WK
SKDUPDFRORJLFDO LQGXVWULHYV

ODWHULDOV DQG PHWKRGYV
SODRDMWHULDO

)DOFIBFLD IGRENWUXGRRBHADHLPROOHFWHG LQIDDNHHQIURI
\HDWRWO G EODFN ORFXVW WUHH QDWXUDOO\ JURZLQJ LQ W
LQ WKH ODQGV RI WKH YLOODJH RI DORS/RDHY B QK HEONLYIH €
HI[SHUW LQ $JULFXOWXUDO 8QLYHUVLW\ Rl 30RYGLY %XO

7KH PRLVWXUH FRQWHQW RI WRKBIVUGHWHDWHQLHE E\ GU\
FRQVWDQW ZHKIDI&® DOW UHYXOWYVY KDYH EHHQ SUB®VHQWH

2EWDLQLQJOBQXDO\VLY RI FRQFUHWH

&RQFUHWH ZDV REWDUIAHEWDWLFRE D W AK RZMUN ZWWKQ
KH[DQH XQGHU WKH IROORZLQJ FRQGLWLR@V KWVYR PRG
GXUDWLRQ RI WKH[WUNPWDRGKVIWBEREG K WHIP&HWKHWXUH
VROYHQW ZDV HYDSRUDWHG RQ D URWDU\ YDFXXR HYDSR
> @
7KH *® DQDO\VLV ZDV FDUULHG RXW ZLWK DQ $JLOHQW
$JLOHQW $ DDWRFUDS®R $IJLOHQW 7HFKQRORJLHV ,QF
-: +3 06 FROXPQ —P P I PP ZDV XVHG ZLWK K|
P/ PLQ7KH RSHUDWLRQDO FRQGLWLR® W EZGFEAL R WHRD W |
f4RU PLQ WRWDO UXQ WLPH  FISQLR@MERWRQ WRP\S
H9 LRQ VRXUFH WHKASHDOQWXWHOLQ H &VHPS Y @ W GHD D \
DQG PDVV UDQIH 7KH 06 ZDV RSHUDWHG /LRI WRDSOFR G H
GLOXWHIGHZID®WK Q Y Y ZDV LQMHFWHG LQWR WKH *& 06 \
*& DQDO\VLV ZDV FDUULHG RXW XVLQJ DQ $JL O Hf@GW $
,Q RUGHU WR REWDLQ WKH VDPH HOXW LLFQ@\RH G.IQW BEWK RG
GRQH E\ XVLQJ WKH VDPH FROXPQ DQG WKH VDPH RSHUDYV
7KH LGHQWLILFDWLRQ RI FRPSRXQGV ZDV PDGH E\ FRP.
IURP PDVV VSHFWUD OLEUDULHV > @ DQG E\ FRPSDULQ
UHWHQWLRQ LQGLFHV WKDW ZHUH GHWHUPLQH® XVLQJ

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

DONDQHVWR RO &H[DQH XQGHU WKH FRQGLWLRQV GHVFUL
RI YRODWLOH FRPSRQHQWY ZDV FRPSXWHG XVLQJ WKH Q
DUHDYV

OLQHUDO FRPSRVLWLRQ RI IORZHUYV

&RQWHQW Rl VHOHFWH®VMOHEBH@EN¥,&2BNMFWHRPHW
63(&752)/$0( 02'8/$3702%$ $ J RI DLU GULHG VDPSOH IORZH
ZLWK SUHFLVLBRQDQSSWRYV SRXBPBRREHQWKDWHG QLWULF
ZDV FRROHG LQ IUHH]HU XQWLO HQG RI IRDPLQJ SURFHVYV
ZDV KHDWHG RQ WKHUPRUHDFWRUQVBEZ (66 MABSRIOXWRWQ RI
DQG FODULILFDWLRQ RO VPOMXRIQR QV K$H WHWP $QBMIABNKH | L C

VROXWLRQ RI QLWULF DFLG

$FDRAL\D XS SUHSDUDWLRQ

JRU WKH SUHSDBDRWLIRY\RXBNKHELWK GLD®KWHURREGEW(
DFBOUDIDUP 6DSRULWL $UJHQWS® RRBDI BDGHIGYW RURN HX (
ERWWOHG ZDWHU HDFK IURP IWRWKVDPRFDWFRURHWH ER)

7KH DFDFLD IORZHUV&RUH VW RWFIBGELDW\UXSY DUH SU
GLIIHUHQW FRQFHQWUDWLRQYV

YJRU WKH REWDLQE®® RH QWKIHD WRRBUV\UXS WKH DFDFLD
ZLWK D ERLOLQJ DTXHRXV VXJDU VROXWLRQ IRU PLQ
WRf&7KH H[WUDFWLRQ WDNHV KRXUV K& G8 UNVKHISUHMHD
RI IORZHUAMX LQUWMKH XS &LWULF DFLG E\ WKH ZHLJKW R
WR WKH V\UXS 7RWDO VROXEOH VROLGV %66 “ZHUH XS
/IDE6ZRIVIRYDVLQD 6ZLW]HUODQG S+

JRU WKH REWDLQLQHAWWEBWLKRJKHUXSRQRP DFDFLD IC
VWHSV IRU SUHSDUDWLRQ RI H{WUDFW ZHUH IROORZHG ZL
H[WUDFWLRQ ZLWK D ERLOLQJ DTXHRXV VROXWLRQ RI VX.
ZHLJKW RI SWKRIG XNFQW 0ZDV DGGHG WR WKH V\UXS 7RWDO
UHDFKHG f%UL[+ZDWHU DFE\GZYULWRYDVLQD 6ZLEW]JHUOD

LKH SUHSDUHG VA\UXSV ZHUH ILOWHUHG FRROHG SURS]
7TRWDO SKHQROLF FRQWHQWYV

LRWDO SKHQROLF FRQWHQW&Z R ¥ DPOHD N X WH® XKINQYgH) B U R
WLPHV GLOKMRF® QRMHXQUHDJIHQW ZDN\D PIOHIGDZIIGVK P P
AVRGLXP FOKWBROQIDFAMVLRQ ZDV SHUIRUPHG IRU PLQ DW
7KHQ WKH DEVRUEDQFH ZDV PHDVXUHG DW QP DJDLQV
PJ HTXLYDOHQW RI| JDR/OHFNDBEFSR U LSHWR BFD@ EUDWLR

7RWDO RCBYRRRQWHQW
7KH WRWDO IODYRQRLGYV IOK@WE QRV WAIVQR QUIHDVHHG VEV
> @ KH DEVRUEDQFH ZDV PHDVXUHG DW QP DJDLQVW &

PJ HTXLYDOHQWY TXHUFHWLQ 4( SHU LEGW HPPQ WABKFRW HD
TXHUFHWLQ DV D VWDQGDUG

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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'33+ UDGLFDO VFDYHQJLQJ DELOLW\

7R FRQGXFW WKHIDRRDH[WUDFW ZDV P LUHY KQWSKUH S PU

PROROXWLRQ RI '33+ LQ PHWKDQRO 7KH VDPfRO® ZDV |
GDUNQHVV 7KH UHGXFWLRQ RI DEVRUEDQFH ZDV PHDVXU
FRQWDLQLQJ PHQKIDELRO PQ @HUB FDOFXODWHG

JHUULF UHGXFLQJ DQWLR[LGDQW SRZHU )5%$3 DVVD\

7KH DVVD\ ZDV SHUIRUPHG DFFRU @LQX WR WK/ PR G DIC
E\.LYUDN HW@TDKH )5$3 UHDJHQW ZDV IUHVKO\ SUHSDUHG
DFHWDWH EXIIHU B6 WUSBMWBNOJLQH 737= LQ PO +

SDuUw PO YA @LVWLOOAKGHDFWHBQ ZDV VWDUWHG E\ F
)5$3 UHDIJHQW/ RUWIRQYHWWLIDWHG H[WUDFW 7KH UHDFWLF
GDUNQHVV DQG WKH DEVRUEDQFH ZDV PHDVXUHG DW Q
SQWLR[LGDQW DFWLYLWX ZDBY¥RE{SYDUMRR/NIMWUBHW > @

OLFURELRORJLFDO DQDO\VHYV

YRU WKH PLFURELDO DQDO\VHV D FUXGH H[WUDFW ZDV
PDVKLQJ IUHVK IORZHUV DIWHU SUHOLPLQDU\ ZDVKLQJ X
DQ@RDNLQJ IRU PLQ ZLWK HWKDQRO DQG H[SRVLQJ X
LOOXPLQDWLRQ IRU PLQ

$QWLEDFWHULZDY DFHWIWH®\ DS R Y DW WY H* U BB RWHHWILD
PRQRF\WREHHYV DBOQMDSK\ORFRBFEE DX UHXY GQHIIVR Y H
EDFWHVEBHULFBEZR&F ROLDED® PR QH O O\DX B @Y W BMHEBDY D U
$ERQ\ 1&7& 7KH VHOHFWLYH \JW RERBGP $I0LWD %DHAHH 0 H |
%DLUG 3DUNHU $JDU %DVH ZLWK (JJ <RON 7 H®LOGIU L WRIOHP

$JDU %LR5DG DQG ODF &21.(< $JDU OHUFN UHVSHFWL"
ZLWKKRXU VXVSHQVLRQ RI WKH EDFWHULDO VSHFLHV

$QWLPLFURELDO DVVD\ E\ DJDU GLIIXVLRQ PHWKRG

7TKH XVHG LQRFXOXPV KDYH UHVXOWHG DVVWHWKXDO
PRQRF\WWRJHQHYV 6WDSK\ORFRFFXV DXUHXV L@ WRH WKFK L
UHVSRQGLQJ VHOHFWL YsH 8PH/G LOHO ¥ HSX W/Q Gf &RHRADHHGN WYRH
PHGLMHAHQRFXODWHG ZLWK WKH WHVWHG PLFURRUJDQLVF
GLVKHV $IWHU VHWWLQJ RI WKH PHGLD VWHULOH ULQJ
DPRXQWV RI HDFK VDPSOH DQG P/ ZHHWHH S XW
LQFXEDWHERODOW RUDFFRUGLQJ WR WKH EDFWHULDO VSLFF
RI JURZWK LQKLELWLRQ DURXQG WKH ULQJV ZDV PHDVXU
WKH FRQYHOQMRDARDWWIOQ I OWDHNFHK QLT XHXKWVYR@J DSSURSULDWH

6WDWLVWLFDO DQDO\VLYV

$00 H[SHULPHQWY ZHUH SHUIRUPHG LQ WUV 3/DLFONH:
GHYLDWLRQ 6
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5HVXOWY DQG GLVFXVVLRQ

&KHPLFDO FR

7KH \LHOG RI

SDVWHV DQG KDG VKDUS RGRU &KHPLFDO FRPSRVLWLRQ
7KH FRQFUHWH ZDV FRPSRVHG E\

PSRVLWLRQ RI FRQFUHWH

FRQFUHWH ZDV

LQ DEV GU\ PDVYV

FRPSRQHQWYV UHSU

6L[WHHQ RI WKHP ZHUH LQ FRQFHQWUDWLRQV RYHU
FRQFHQWUDWLRQV XQGHU

7DEOH

&KHPLFDO FRPSRVLWLRQ RI FRQFUHWH

&RPSR

5 :

&RQV

WU /LQDO\C

F /LQDO\C

OHWK\O V

C$SQLVL

(3HQWD

(+H[DG

OHWK\O Y

F OHWK\O GLK\G

(+HSWD

( (IbUgQ

(=1DUC

(2FWDC

,VRSURS\O

+H[DK\GURIDUC

'LLVREXWN\(C

OHWK\O LV

'LEXW\O ¢

3DOPLV

,VRSURS\O KF

JLOROH

" /LQROH!

TULEXW\O C

(3HQWD

'LLVRRFW\(

(+H[DFF

(+HSWD

(2FWDF

D WL 6TXD

(1RQDF

(7ULDF

(+HQWUL

('RWULD

$P\U

. $P\U
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$V FRXOG EH VHHQ WKH PDMRU FRQVWLWXHQWYV XS
QRQDFRVDQH KHSWDRERVDQHOLQROHQLF DFEBQWDFRVD Q}
SDOPLWLF DFLG GLLVRRBW\GURKIMKDHO\D W HD F
OLQROHLF DFLG LVRSUR K\WQRU L U WRDQWWD Q H
7KH GLIIHUHQFH LQ FKHPLFDO FRPSRVLWLRQ RI RXU LQY!
GXH WR HQYLURQPHQWDO FROWGKWV RQWR Z® G N UZ B RIOF B WW
FRQGLWLRQV RI WKH DQDO\VLV
7KH FODVVLILFDWLRQ RI WKH LGHQWLILHG FRPSRXQGYV
LQ )LIXUH

3KHQ\OSURSDQRLGY 7| wHUSHQHYV

2[\JHQ
VHVTXLWHUSHQHV

2[\JHQ
PRQRWHUSHDO

$OLSKDWLF

2[\JH K\GURFDUERQV

K\GURFDUER

&RPSRQHQWY LQ FRQFUHWH > @

JLIXUHURXSV RI FRPSRQHQWY LQ FRQFUHWH

7KH WRWDO DOLSKRW VK VEWRIFO VERK WLIKHVW SHUFH(
WKH FRQFUHWH FRQVWLWXWLQJ 7KH FRQFUHWH FRC
K\GURFDUERQV 7KH SHUFHQWDJH Rl SKHQ\OSU
VHVTXLWHUSHQHV DBGHR[\DHB RAEQRWHUS

OLQHUDO FRPSRVLWLRQ RI IORZHUYV

7KH PLQHUDOV LGHQWLILHG LQ WKH WHVDWRG O/PS O H
ERURQ QP DUWWHQLRP ]+tQF QRPDQJD@HVH LWRQ
QP DQG PRRIQHWIXPDQG FKURPLRP FDOFLXRQP
FRSSHU QP DQG*QLFNAPe
'LITHUHQFHV LQ LGHQWLILHG HOHPHQWYV UHODWLYH
HQYLURQPHQWDO IDFWRUV JHRJUDSKLFDO ROLHPOW RF D
PLFURHOHPHQWY LURQ QP LV IRXQG LQ WKH DFWL

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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HOHFWURQ FDUULHUV VXFK DV KHPRJORELQ DQG P\RJOF
IXQFWLRQDO EHQHILWY LQ WKH KXPDQ ERGOH&RXS BHUW DFW
VLWH RI PDQ\ UHGR[ HQ]J\PHV DQG HOHFWURQ FDUULHUYV
IRUPDWLRQ ODQJDQHVH QP DFWLYDWHY PDQ\ HQ]\F

&RQWHISROWWKHQROLFY DQG IODYRQRLGYV

7KH H[WUDFW RI IORZHUV SUHNRIQWHGWNVKH KL K$I(VRV
IROORZHG E\ WKH DFDFLD V\UXS  f%ULYPRQJPWKIS$(VARIPSX
IDOVH DFDFLD IORZHUV KDYH WKH KLJKHVW YDOXH IRU 101
FRQWHQW ZDV PJ *$( P/ :LDWKLQH 10U & KAHR HWK Bl DKERIV D ¢
UDSLGO\ IORZ LQDFWLYDWLRQ Rl SRO\SKHQRO R[LGDVHYV
PD\ OHDG WR D KLJKHU H[WUDFWLRQ HIILFLHQF\ Rl WRWE
VWUXFWXUH ZKLFKVRID\Y® QMG D¥ R HEVHMWGHZ H{WUDFWLRQ

$FDFLD IORZHUV SUHVHQWHG WKH KLIJKHVW IODYRQRLC
WKH DFDFLD V\UXS f%UIQG V\RXSI( P/f%ULJ PJ 4
UHVSHFRWIXHB\

il =
I r—

$FDFLD$FDFLD VWFDFLD V\UXS
IORZHUV  f%ULJ f%UL[

O7RWDO SROLSKHQROLFV PJ *$( P/
m7RWDO IODYRQRLGV PJ 4( P/

*$( *DOOLF $FLG (TXLYDIGHQWHWWYV (TXLYDOHQWYV
JLIXUH/KH WRWDO SRO\SKHQR6 LEV HXER ORBERVYRLGE RQU XSV
7KH UHVXOWV REWDLQHG LQ WKLV VWXG\ VKRZHG W

FRPSRXQGV DIQ® KDFBEQW DQWLR[LGDQW DFWLYLW\ )ORZ
DGGLWLYH LQ IRRG FRVPHWLF DQG SKDUPDFHXWLFDO SU
LPSURYH WKHLU QXWULWLRQDO DQG PHGLFDO YDOXH ZKL
$QWLR[L @D WWDF
7KHUH KDYH EHHQ IHZ UHSRUWV RQ WKH DQWLR[LGDQ
DQWLR[LGDQW DFWLYLW\ RI O\RSKLOL]HG H[WUDFWV RI D]
PRO 7UROR[ HTXERPSDBQMEKIZVY WK\SKLQPRO 7UROR]

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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HTXLYDOS$IKHNW UXEUXPRO 7UROR[ HTXD®BOB PWQAWLIORUD

PRO 7UROR[ HTXLY® OBBMHQWO\ 0DULQDV HW DO > @ |
FRQWHQW Rl SRO\SKHQROV *$( ZDV IRX®GPLE[WKHBFOHD I
IROORZHG E\ WKH H[WUDFWS$R P VWKW UWIHHGY UHVSHFWLYHO'
WKH FROWRQWKHQROV SUHVHQWHG LQ WKH IORZHUV FUHI
'LITHUHQFHV LQ WKH GLVWULEXWLRQ Rl WKH SRO\SKHQRC
WKDW FDQ EH ELRORJLFDO HJ WKH SDUWSD@DW]HGE@ Q
WHFKQLFDO VXFK DV WKH H[WUDFWLRQ PHWKRG WKH VR
WKHUH DUH DOVR GLIITHUHQFHV LQ WKH VWUXFWXUH DQG -
LQ WKH GLIITHUHQW VDPSOHWDY BOWH® K} RV B FWF DR W
+UDGLFDO VFDYHQJIQJ CPRWL(YRW\D'@G+PHWDO UHGXFLQJ D
+ PO 7( P/ )LJIJXUH

"33+ $%76 )5$3 | &835%&
O$FDFLD IORZHUY PO 7( PO
m6\UXS f%UL[ PO 7( PO
m6\UXS f%UL[ PO 7( PO

J)LIXUH $QWLR[LGDQW DFWLYLW\ RI DFDFLD IORZHU

+LJKHU YDOXHV RIDIWRROSHG (PRHAQQLEHHO QP DUH
GLUHFWO\ UHODWHG WR WKH ORXHWRfLGDQW SURSHUWLHYV

OLFURELRORJLFDO DQDO\VHYV

7TKH UHVXOWY RI DQWLEDFWHULDO WHVWLQJ DUH SUHYV

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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7DEOH
'LDPHWHU RI JRQHV RI JURZWK LQKLELWLRQ PP RI WHVW
%DF\ (FROL6DOPRQHOOD 6 DXUHXV
PRQR
6DPSO F\WRJHIQHV
=RQHV RI JURZWK |
YORZ P
P
P
U P
f % U L[ 5
P
U P
f %U L 5
P

7KH FUXGH H[WUDFW RI IDOVH DFDFLD DSSOLHG LQ DG
SURQRXQFHG DQWLEDFWHULDO DFWLYLW)\ ERWK LPRLELW!I
DJDUQWRQRF\WRIEQHV PP BDIOLRRQH O O D) DHOQAM HUEB®H
H[WUDFW KDG QR LQKLELMWMRIHXFWLYLW\ DIDLQVW

,W LV RE Y& RXXWBNDRRVW UH VLV WDEOH CEFDFRAL B UMYX S
DSSOLHG LQ DQ DPRXQKLRKHVWPD YWREBEWHKUERQVSRWHQ
D ]JRQH RI LQKLELWLRQ RI PP DQG DW WKH ORZHVW VDP S
)DOVH DFDFLD V\UXS  f%UL[ ZONJB WH FW LE/DHF & HULLDV BVQ'GJ
WKH JURZWK BRWHKMLYHWDRADOVH DFDRIHIE \DQ WS ED FWH UL DK
DIDLQVMROL 6DOPRQFARQRF\WIRJHIMMHY DSSOLHG FRQFHQ\
DQWLEDFWHULDO DFWLYLW\ RI IDOVH DFDFLD V\UXSV ZL
FRQVLGHUHG WR EH GXH WRHWWK H KRSRWOWDRQFRQWHQW L

W LV REYLRXV IURP WKH UHVXOWV WKDW WKH DFWLYL
FRQFHQWUDWLRQ DQG WKH WHVWHG EDFWHULD 7KLV DII
UHVXOWYV RI &LRFK HW DO >W I@H UH SRIDW WG RWKIODVQ R/®& H P
DQG WKH FRQFHQWUDWLRQ RI EODFN ORFXVW GLVSOD\H
JURZWK RI PLFURRUJDQLVPV XVHG LQ WKHLU H[SHULPHQV
LV UHSRUWHG WKWD WOQWKELWHE E2AWR ZPH QHRVDMWHR DR >
UHSRUWHG WKDW H[WUDFWV IURP GLIIHUHQW SDUWV RI \
(IWUDF\BQVH DFRFMDYV DQG VHHGV ZHUH HIILFLHQW DQWI
FRF®BIDUN DQG OHDI H[WUD FWRRDH U B VIHRVGIRPHR Q DIYL GUWR W H
FKROHUDHVXLV &DQGLGD DOELFDQV

&RQFOXVLRQ

7KH SUHVHQW VWXG\ VKRZV WK DSW HX R RDUFFID-HRIDI B DW K
KLJK OHYHOV Rl SKHQROLF FRPSRXQGV DQG PLQHUDOV Wk
3UREDEO\ PRVW RI WKH SK\WRFKHPLFDOV KDYH SUHVHUY

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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+LJKHU YDOXHV Rl SKHQROLF FRPSRX® G VWIKD QKWK RYRIZRIL
IDOVH DFDFLD V\UXS PAUDRG IDPYHS$SDFDFLD V\UXS f
*$(P/ ZHUH IRXQG 7KH DURPDWLF VXEVWDQFHV DQG SK!
WKH H[WUDFWV H[KLELW DQWL P EFRWREH DSD V8 K R SHHQIWL HED
6DOPRQHO ORGP RARE\WRIIHWQHY D UHDVRQ IRU PRUH WKR
DQG H[WHQVRYMWWKHVHHPAK DO DQG ELRFKHPLFDO SURSHU
D SRWHQWLDO UDZ PDWEUBBOURDFHXIHFDQ WRB FRR/P HW

5HIHUHQFHYV

+HJL * ,0O0XVWULHUWH )ORUD YROQHEPWWA® (OCOURMSKH @ G

TXWLQ 7 +H\ZRRG 9 %XUJHV 1 ORRUH " 9DOHQWLQH
JORUD (XURSHD 8QLYHUVLW\ 3UHVV &DPEULGJH
SLHWWD 3 6LPRQHWWL 3 ODXUL 3 SQWLR[LGDQW I

-RXUQDO RI $JULFXXWMRUDW B G )RRG
BWU]JHOHFND + .RZDRMNIQF\FORSHGLD RI +HBEN DQG +H
‘DUV]DZD
5REDUGYV . 3UHQJOHU 3 7XFNHU * 6ZDWVLWDQJ 3 *OR"
DQG WKHLU UROH LQ R[LGPRG BH ISRIRFHREMV HV LQ IUXLWV
6RQJ < /XR - :LH + 6WXG\ RQ VBRI LFKIHP SIMBIOE R P B F
IORZBKUMPLVWU\ DQG ,QGXVWIB\SRI J)RUHVW 3URGXFWV
.DQGHP ' *UXEHU . %DUNPDQ 7 *DJH &KDUDFWH!
IUDJUDRMWQDO RI (VVHQWLDISB82LO 5HVHDUFK
'LH - 6XQ % <X 0 HQWWMRQWWRSVMWDJIJUDQFBRBRPLIUHVK
3VHXGRDFRFERUULQJ)OMYRKUQDQG )UDJUDGBH -RXUQDO
-LQJ/ 4LX + <DQJ/ /LX O *DR = IXWULWLRQ LQ V
&KLQHVH -RXUQDODESHBWWRVFR
/L < &KX = =KDL < .DQJ 7 3UHSDUDVBREQQUBFKQL
SVHQGRDEDEKD@ERHKUHDO RI /LDRQEZQO 8QLSIB UV LW\
'DQJ ; 7DQJ/ =KDR / IXDQ < =KDQUR® RI SR ONSHKHIPR
IORZHBVSRIHXGRDEDFRBILRFDLOHX PHWKRRGL QU ZKISGHVH

+
'DQJ ; 7DQJ / =KDR / 2SWLRBD VDMWY R/GI GR IH KADWOLFDAY
SKHQROLF FRPSRSYEXGRRPDRZBUYV E\ UHVSRQVH VXUIDFH
JRRG 6FLHQFRSE&

*LHW & =LHJOHU + 'LVWELEBWQR G RRWB UG R K\G GR.\W
RERELQLD SVHXGRRFBEWEDH XQG 3K\VLRORJS S GHU 310DQ]F
7DQ ) OF/DXJKOLQ - %LRDFWLYH 10D YRRRLEND IURF
SVHXGRDBRDEIPDFHXWLFDOS$%+RORJ\

9LQVRQ - +DR < 6X ; =XELN / 3KHQRO DQWLR[LGD
YHJHWDRROMWOIU REXOWXUDO DQG )RFSG+& KHPLVWU\
9HOLRJOX < O0D]]JD * *DR / 2RPDK % $QWLR[LGDQV

LQ VHOHFWHG IUXLWV YHJHWRDXEMDO DRIG$ IWDAXQO 8 NBB R
&KHPLVWUWBS =

%DUWRV] * 2[LGDWBFW IV WKWALRQRISDBBEBQWDUXP
/IDUVRQ 5 7KH DQWLR[LZTKD Q\R FKRIPKASEW\U SODQWYV
ODULQDV , 2SUHD ( *HDQD (, &KLILULXF &Q@D]DU 9

DQWLR[LGDQW DFWLYLW\ RI WKH YHIHWDWLYH DQG UHSUF
6HUE &KHP BRF %

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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7DEbMWDV 7 ,SHNFL = %DMURYLF . *R]XNLUPL]L 1
SURWHIREL QLD SVHXGRWHRDN FBBES LD
%KDBOO®DMSEBDL &KHPLFDO &RPSRVLWLRQ DGBERQWDLEDF)

SVHXGRDFDOFRDHU HVVHQWLDO RLO RQ PHPEUDQH SHUPHD
-RXUQDO RI (YVHIDWLDIO3DIE® W V

5XVVLDQ 3KDUPPEGRBRRQDORVFRZ

BWR\DQRYD $ *HRUJLHY ( $WDQDVRYD 7 +DQGER
(VVHQWLSPDGLBKEO +RXVH RI WKH 8QLYHWORWGRY )RRG
%XO0JDULDQ

$GDPV 5 ,GHQWLILFDWLRQ RI (VVHQWLDO DR2W® J&DBKR QH
4XDGUXSROH 0DV YV &BHEWD 8 RVHDF ,00LQRLV

. YDQRY , O9UDQFKHYD 5 ODUFKHY $ 3HWNRYD 1 $QHYD
$ $QWLR[LGDQW DFWLYLWLHV DQQXPHHRAROEIFHFRP S|
,OQWHUQRWUROQDOR! &XUUHQW OLFURELR®BI+DQG $SSOLHG
.LYUDN , 'XUX 0O g]WsUN O OHUFDQ 1 +DUPDQGDU 0 7
DQWLFKROLQHVWHUDVH DQG DQWLPLFURELDO FRQVWLWXH
6DDOY SRWHQWRGRIKRP LD \+

%HQJLH ) 6UDLQ - JHUULF UHGXFLQJ DELOLW\ RI
SDQWLR[LGDQW SRZHWQI&HW)5/BBMD %YRFKHPLYWU\
.DWLNL / )HUUHLUBDMDERR]DD®EVD\ ' &KDJDV $ $PDUL
$QWKHOPLQWLF HIIHFW Rl SODQW H[WUDFWV FRQWDLQLQ
&DHQRUKDEGLWLY HOHJDQV DGV WKHLDVIS@ROR[LGDQW FL
=KDQJ / -L +;X'% $ <DQJ 0 /L ) (IIHFWV Rl GU\LQ
DQWLR[LGD QW BEIRSLHU B\ HX CIRDFADFHEE 30DQWSESSEHYV

.VRXUL 5 OHJGLFKH : )DOOHK + 7UDEHOVL 1 %RXODDEI
,QIOXHAF ELRORJLFDO HQYLURQPHQWDO DQG WHFKQLFD
DQWLR[LGDQW DFWLYLW L8RP BWHXYQLNQ B ® VKBRS RUW HV
*DOOHJR 0 *RUGRQ O 6HJRYLD ) 6NRZ\UD 0O $OPDMEC
SURSHWBRWWHKUHH DURPDWLF KHUEV UR VIHPDWWH WK PXHD D IQRQ
- $P 2LO &KHP SBBE

6DQWDV - &DUEy 5 *RUGRQ O $OPDMDQR 0 &RPSD
RI WZR 6SDQLVK RRR&GIQHPDVWH\E S HY
&LRFK 0 6DWRUD 3 6NBWRXUFDQ\'0 7BKMIRN7 &KDUDI

Rl DQWLPLFURELDO SURSHUWLHV RI H[3WRUWDEW V- IRX UNQHDADH |
OLFURELRORXB +

5RVX $ %RDDLHRVX / =ODWLDQ 2 6REUYDFIDQWLIXQJIDC
DQWLEDFWHULDO DFWLYLW)\ R5PELRRIR OV AXJREDEFEMDR I W K
(XURSHDQ -RXUQDO RI +RVSLWDO 3KIBUPDF\ 6FLHQFH DQG
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(IHIHFWWRHFKQRORJLFDO SURSHUWLHYV RI SHD \
SURFHVVLQJ PRGHV RQ HIILFLHQF\ RI LWV GH

<HYJHQ .KDUF $QGULL ¢
9DOHQW\Q &KROBQD <HUHPHHYD

1IDWLRQDO 8QLYHUVLWI RI )RRG 7
+8PDQYTV 1DSMURPDVLW| RI *DUGHQLQJ 8PDQ 8NUDLQH

SEVW
.H\ZRUGV

,QWURGXRWISRKRFHVV Rl GHKX0OOLQJ JUDLQ
3HD UHVHDUFKHG DQG WKHUH DUH GLIILFXOWLHYV
'HKXOOLQJ SURFHVV D3U B VAKEMWVHHBW\FXOWY Rl WKH SURFH
HUQHO VHHGNK X @®MIARZ WR XQGHUVWDQG WKH EHKI
AXVN GXULGHKXOOLQJ LQ PDFKLQHRHPIEMKIWEUDVLY

' DWHULDOV DQEDPMWHKERGWRI YHFDQKYIDQBUJI
))If\(g\ﬁ'/ ‘JPCJ_E\A(';’\(/DL%\I]-?Q{VWXUH DUH VFDO\ LQ WKH ODERUDWRU\

GHKXOOLQJ ZHUH FOHDQHG LQ WKH DVSLUDW
PLGGOLQIWHU WKLV SURFHVV WKH SURGXFV

HW H U P IGOHKX O\KLHY) ERBEJLQJI WKH PRLVWXU
$UWLFOH KLVW%H\?P W R DQG WKH VL]H RI WKH SHD VHHG\
SHEHLYHG J WKH VSHHG Rl URWDWLRQ RI WKH ZRUNLQ

WR WKH GXUDWLRQ RI SURFHVVLQJ IUF

SHFHLYHG LQ GRVINHGEHQW RIILOOLQJ WKH ZRUNLQJ FKDPE
IRUP PDFKEQHWUHVHQWHG GHSHQGHQFH RI WKH SDL

$FFHSWHG HIILFLHQF\
5HVXOWYV DQG,WLVFX/HW R MKHHGQWHWBD VH

SURFHVVLQJ WLPH WKH SHD VHHGV WKH VSF

ILOOLQJ FRHIILFLHQW RI WKH ZRUNLQJ FKDPI
KH HIILFLHQF\ RI GHKXOOLQJ SHDV E\ OLQH
gi\tfvig\aSRQGL%KH VLIH Rl SHD VHRHGYFERIQWMH LE X W HW FWH (
GHKXOOLQJ PDLQO\ GXH WR LQFUHDVH RI WK

<HYJHQ .KDUFKH@NN{KH VFDOH RI VHHGY OHDGYVY WR D GHFUHI
(PDLO $ORQJ ZLWK WKH LQFUHDVLQJ HIILFLHQF\ R
DB #OXIW HGX\XHhOG RI W UL QNHWHVRD W MK M HHJ®HO :KHQ WK
SHD VHHGV LQFUHDVHV WKH \LHOG RI D ILQH
WKH GHKXOOLQJ RI GU\ SHD <LHOG RI WKH N

WR WKH UHGXFWLRQ RI WKH \LHOG RI XQGHK
ILQHLWY DOVR KDV OLQHDU GHSHQGHQFLHV
IROORZLQJ SDUDPHWHUYV

,Q WKH SURFHVV RI GHKXOOLQJ UHGXFHV W
EXW DOVR GHFUHDVHV WKH DVK FRQWHQW O
ZKLFK LV WKH UHV X0 W REKRY WHDWL VB IDRIQW RR O
NHUQHO LQWR WKH GXVW PLGGOLQJV

&RQFOXVYRRQWIIHFWLYH GHKXOOLQJ RI SH
QHFHVVDU\ WR FDUU\*R XL G GFIREHOIQ EQH QRUR |
Y WKH PDFKLQH PXVW EH QRW OHVYV 3HD VF
RI GHKXOO EHWWHU WKDQ SHD VHHGV ZLW
J

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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,QWURGXFWLRQ

7HFKQRORJLFDO SURFHVV RI GHKXOOLQJ RI SHD VHHC
PDFKLQHV > @ 7KH SURFHVV RI GHKXOOLQJ KDV EI
DSSOLFDWLRQ LQ JUDLQ SURFHVVLQJ WHFKgRPRADMAH 3W K
ZKROH WHFKQRORJLFDO SURFHVV

7KH SURFHVV RI GHKXOOLQJ LQ DEUDVLYH PDFKLQHYV
GHWDLOHG UHVHDUFK DQG GHYHORSPHQW RI WKH IXQFWL
TXDQWLWDW LW H FKBQIRIDRIH ¥ IR SURFHVVHV RI SURFHVVLQ.

YRU FHUHDOV LQ ZKLFK WKH VKHOO LV ILUPO\ LQFUHDV
RI WKH GHKXOO IGHK SOREIPVVL R GHE 2Q WKH HIILFLHQF\ R
RIGHKXOOLQJ SHD VHHGV DIIHFW LWV PRLVWXUH DQG GX|
36 %KROH 1 * > @ VWXGLHG WKH GHKXOOLQJ LQGH]
GHSHQGLQJ RQ GLIIHUHQW ZD\V RI KDQ G 00IQQJ SSHIDRF H\DWXK
GHYHORSHG DQG SURFHVV RSWLPL]DWLRQ ZDV FDUULHG |

'LWK WKH LQFUHDVH LQ PRLVWXUH WKH HIILFLHQF\ R!
GHFUHDVHV > @ *R\DO 5. 9LVKZDNDUPD 5 . :I
WKH HITHRWWWRIUH RQ WKH HIILFLHQF\ RI WKH GHKXOOLQ
HVWDEOLVKHG WKDW ZLWK LQFUHDVHG PRLVWXUH DERYH
2SRNX $ 7DELO / 6XQGDUDP - &UHUDU : - 3DUR 6 - >
KDQGOLQJ SLIJHRQ SHDV WR LQFUHDVH WKH \LHOG Rl WKH
FRQWULEXWHYV WR DQ LQFUHDVH LQ WKH NHUQHO RI |
9HQNDWDFKDODSDWK\ 1 7LWR $QDQG 0 6PUPHEE WKHO]
LQIOXHQFH RI WKH SURFHVV Rl K\GURWKHUPLF WUHDWP
HIILFLHQF\ RI VHHG GHKXOOLQJ SLJHRQ SHDV )URP WKH
HIILFLHQF\ Rl GHKXOOLQJ ZLWK WWHK HIDBD RBNWVRIQG X UDW

*R\DO 5. O9LVKZDNDUPD 5. 7KH :DQMDUL 2 ' >
PDWKHPDWLFDO PRGHO DQG RSWLPL]HG WKH SURFHVV R
PRGHO WDNHV LQWR DFFRXQW WKH SHD PRLVVERUGBRI G
WDNH LQWR DFFRXQW WKH ODUJH SHD VHHGY DQG WKH Il
WKHVH PRGHOV LV WKDW WKH\ FDQ EH XVHG RQO\ IRU WK
RXW DQG GR QRW UHIOHFW DOO WK®JI RRWWKNURW VBKN K

2Q WKH SURFHVV RI GHKXOOLQJ DOVR DIIHFWV WKH UR
> @ ODQJDUDM 6 6LQJK .3 > @ GHYHORSH
RSWLPL]JHG WKH SURFHVV RD G HKDFRKQOQM WD MKH LQGXR/ B
RI URWDWLRQ RI WKH ZRUNLQJ ERG\ PDFKLQH GLPHQVLR

2QH IDFWRU WKDW DIIHFWV WKH HIILFLHQF\ RI GHKXO
VWXGLHV ZHUH FRQGXFWHEBWRUWKRXW UHJDUG WR WKLV I

9HUHVKFKLQVNLL $3 > @ LQYHVWLIJDWHG WKH LPSDI
ZKHDW GHKXOOLQJ LQ WKH WHFKQRORJLHV RI IORXU PLO
WKH DPRXQW RI JUDLQ ORDGHG LQWR W KLHN 8 HKEKIOXOHWL Q.
FXUYHG GHSHQGHQFH

6LQJK 8 6DQWRVD % $6 5DR 3 9 > @ VWXGLHG H
JHQRW\SH SLJHRQ SHDV 7KH\ KDYH GHWHUPLQHG WKDW «
HIILFLHQF\ Rl GHKXOOLQJ

BWXGLEBXFMRHG E\ PDQ\ VFLHQWLVWYV SHUIRUPHG RQ W
GHYLFH 7$" > @ ZKLFK DUH VWUXF
LQGXVWULDO PDFKLQHV RI FRQWLQXRXV DFWLRQ 7KH PDI

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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DEUDVLYH GHKXOOLQJ GHYLFH WUHOOLV ZKLFK LV GLVS
PLGGOLQJ

/IDERUDWRU\ DEUDVLYH PDFKLQHV ZLWK O D@ \U UFH EFD
VXLWHG IRU PRGHOLQJ WKH GHKXO O D®J PSOUFRAHW ER DRKL
DFWLRQ ZLWK WUHOOLV FDQYDV > @ LQ WKH PLGGOH 7K
WDQJHQWLDO DEUDVLYH GHKXOOLQJ GHYLFH DUH OHVV V
IRU LQGXVWULDO DQDOWKXMAKH QRWRBQHFMURQHZRI WKH
&RQVWUXFWLRQ RI WKH WDQJHQWLDO DEUDVLYH GHKX0OO
IRUFH RI IULFWLRQ RI JUDLQ RQ WKH DEUDVLYH GLVF
LQVLJQLILFDQW ZQWXKW PHDFELQHDQYDV WKHUH LV GHKX
DEUDVLYH GLVN WKH IULFWLRQ RI JUDLQ RQ WKH ODWWL
7KH WDQJHQWLDO DEUDVLYH GHKXOOLQJ GHYLFH GRHV Q
WHK HIILFLHQF\ RI GHKXOOLQJ GXH WR D OLPLWHG DPRXQ
PDFKLQH > @

ORVW RI UHVXOWV RI WKH UHVHDUFK LV GHYRWHG WR \
SHDV ,QIRUPDWLRQ DERXW WKH SURR¥HVRRIIGHKMHO GL QD
RI PDQ\ RI WKHVH VWXGLHV LV WKDW LW LV QRW FRQVLGH
LV D IDFWRU WKDW DIIHFWV WKH HIILFLHQF\ Rl GHKXOOL(
Rl WKH DERYH SDUDPHWIHUVRRY KK BHKKOOLQJ RI ILHOG
RI WKLV ZRUN ZDV WR VWXG\ WKH LQIOXHQFH RI GXUDWLF
RUJDQV RI GHKXOOHU DQG ORDG RQ WKH HIILFLHQF\ RI
PRLVWEUWHDDQH VL]H

ODWHULDOV DQG PHWKRGYV

ODWHULDOV

7TKH WHFKQRORJLFDO SURFHVV RI GHKXOOLQJ RI WKH
DQG ODUJH VL]IH ZKHQ FKDQJLQJ WKH SDUDPHWHUV RI ZF
LQYHVWLIDWHG

OHWKRGV

*UDLQ SUHSDUDWLRQ IRU UHVHDUFK

%HIRUH WKH EHJLQQLQJ RI WKH UHVHDUFK SHD VHHG
PHDQV RI WUDQVPLVVLRQ WKURXJK D ODERUDWRU\ DVSLL
VLIWHG RQ D ODWWLFH ZLWKP D ZKLLIFRHADHUDRIOKRFEFOANWMH B | E\
RI VHHGY DQG WKH HDVW LV D ODUJH IDFWLRQ RI VHHGYV
VXEMHFWHG WR UHSHDWHG VLIWLQJ RQ WKH VDPH ODWW
ZLWK D YLHZFRIPBOAHRWH VHOHFWLRQ RI VPDOO VHHGV 3D
VHHGYVY VHOHFWHG IURP WKH PDLQ PDVV DQG GLUHFWHG
RQO\ ZLWK IXO0O\ ZKROH VHHGV ZKLFK KDG WKH ZKROH V|

7KH VHSDUDWLRQ RYBBHOV RIDBWURRBWOGORZHG WR HYV
ODUJH SHD VHHGV RQ WKH HIITHFWLYHQHVV RI LWV GHKXO

OHWKRG RI GHWHUPLQLQJ WKH PRLVWXUH FRQWHQW R
‘HKDYH WR FKRRVH IURP WKH PDLQEPDYVQ RIVWR B O/ HOMHA
ZKLFK EHXMWKHG LQ WKH ODERUDWRBURGXGWS$SRNHU WKD G |
WKH GU\HU DW D WKEFZIAKILWXURLIRIXWHY 7KHQ FRROHG L(
LQ WHFKQLFDO VFDOHV ZLWK WRHVVWOEVHPX@ QW UHFDOFX

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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OHWKRG RI GHWHUPLQDWLRQ RI EXON GHQVLW\ DQG PCL

7KH YROXPH ZHLJKW RI VHHGYV Rl SHDOL WWHGWWHQGNWN LRI
LQ D SHOYLF FR@WDLQHU

$PRQJ WKH ODUJH DQG VPDOO IUDFWLRQV RI SHD VHH
ZKLFK WKH VHOHFWHG VHHGV ZHUH ZHLJKHG > @ :HLJK!
DEVROEQR PDVV RI SHDOVPHHGYV E\ WKH IRU

$ " upP
ZKHUHPRLVWXUH SHD ¥HMHGW VHHGV J

OHWKRG RI KXPLGLVWLQJ RI SHD VHHGYV
7KH DPRXQW RI| R DMKHHUSH®GWHHGH®Y LQ RUGHU WR LQFUH
FDOFXODWHG E\ WKH IRUPXOD
* * §
z Jr . >
© T 1
ZKHYH*; tDFFRUGLQJ WR PDVV RI ZDWHU Q@ Q@ PB V¥R U3 D\(H
ZLWK WKH PRLVWXUH RI VHHGY LQLWLDO DQG VSHFLILHG
$IWHU ZDWHU ZDV DGGHG WR WKH JUDLQ LW ZDV WKRI
GD\V LQ D FORVHG FRQWDLQHU

7HFKRHTRI GHKXOOLQJ SHD VHHGYV

'"HKXOOLQJ RI ODUJH DQG VPDOO IUDFWLRQV RI SHD V
PRGHO 8/€\ FKDQJLQJ WKH VSHHG RI WKH ZRUNLQJ ERG\ |
USP WR WSP DQG WKH XXODWLRIQDRIJBEBKURP WR
GXUDWLRQ KDQGOLQJ V E\ XVLQJ DQ HOHFWURQLF WLPH

7KH GHKXOOHV W/KH DQDORJXH Rl WKH PDFKLQH 6DWD
> @ LWK WKH GLIIARKIHDH BXWHK G W UG QKK FDQ YDV ZL
ZLWK D GLDPHWHU RI PP > @ $EUDVLYH GLVFV RI

7KH HIILFLHQF\ RI WKH SURFHVV RI GHKXOOLQJ ZDV GH
LV FDOFXODWHG E\ WKH IRUPXOD > @

P P .
L5

ZKHPHPDVV Rl VHHGV WR:BHMKX R0 NGIUQHO VPDOO DQG KI
GHKXOOLQJ J

'XULQJ WKH UHVHDUFK RQ WKH LQVWDOODWLRQ RI W
HIILFLHQF\ Rl GHKXOOLQJ SURFHVV PDVV Rl JUDYLW\ :
PHDVXUHPHQW RI ILOOLQJ LQIOXHQFH RQ HIILFLIRQF\ RI G

J

3URGXFWV RI GHKXOOLQJ SDVVHG WKURXJK WKH DVSL
VKRZQ RQ )LJXUH $LU PRGH RI DVSLUDWLRQ FKDQQHO
IUHTXHQF\ FRQYHUWHU Rl WXD@®RDVHG XV WRP WEKB®L Q Q\D Z B U
EXQNHU &OHDQHG RI KXVN DQG GXVW PLGGOLQJV VKUHG
WKH GHKXOOLQJ LQGH[ LQ WKH SHUFHQWDJH RI IRUPXOL
GHKXOOLQJ ZHUH VRYWHG/ R G VDB HWGIW FFIDIQROH V PP |
VHOHFWLRQ RI WULQNHWYV

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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7KH VHOHFWHG WULIOH ZDV D
FDOFXODWHGSHW¥HOM®DGHOWQ Ul
WR WKH JHQHUDO PDVV RI SHD \
GLUHFWHG RQ GHKXOOLQJ

OHWKRG RI UHVHDUFK RQ WKF
RI' LQIOXHQFH RI ILOOLQJ RQ
GHKXOOLQJ
6HHGV RI ODUJH DQG VPDOO |
DPRXQW RI J VHSDUDWHO
VFDO\ LQ WKH GHKXOOHU IRU
VSHHG RI WKH ZRUNLQJ ERG\ RI \
\ USSP
BURGXFWV RI GHKXOOLQJ SDV
DVSLUDWLRQ FKDQQHO )LJXUH
VHSDUDWH WKH OLJKW LPSXULW
ZHLJKHG DQG FRXQWHG WKH GH
WKH IRUPXOD
$IWHU ZHLJKLQJ WKH SURGXF
ZHUH VLIWHG RQ D ODWWLFH ZLW
RI PP LQ RUGHU WR LVRODW
JLIXUBFKHPH RI UHVHD SPUWLFOHV ZKLFK DOVR ZHLIJKI
+GHKXO®MWSLUDWLRQ FKDWEHOU \LHEEQDWDDHSWH WKH PD
IUHTXHQF\ FRQYHUWHU RXQ BHKOOONOIRQY VHHGV
7KH REWDLQHG UHVHDUFK GD
GHWHUPLQH WKH FRHIILFLHQW RI ILOOLQJ WKH ZRUNLQJ |
7KH FRHIILFLHQW RI ILOOLQJ RI ZRUNLQJ FKDPEHU RI
IRUPXOD

D
o
ZKHUHLY WKH FRHIILFLHQW RI ILOOLQJ RI9ZRARNLXQRIHFRD P I
VHHGY ORDGHG L Q@rWKROXHKIXRIOAHRIU NPIQJ FKDPEHU RI GHK
$PRXQW RI JUDLQ ZDV FDOFXODWHG E\ WKH IRUPXOD
P
9 _
b
ZKHBHZHLJKWH®!| YKILFK LV ORDGHG tRXM\RNDGERKX WO ISH DN
NJ Pi
%XON GHQVLW\ RI ODUJH IUDFWLRQ DPRXQWHG WR
J O
7KH YROXPH RI WKH ZRUNLQJ FKDPEHU RI WKH GHKXOC
o 85 B,
© 1
ZKHUHUHVSHFWLYHO\ WKH GLDPHWHU RI WKH ODWWLFH |
P++*+KHLJKW RI WKH ODWWLFH RI WKH GHKXOOHU P
7KH GLDPHWHU RI WKH JUD\ F\OLQGHU ZD¥ PP GLD
+HLJKW RI VLHYH FROLQGHU

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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OHWKRGRORJ\ RI WKH LQIOXHQFH RI PRLVWXUH RQ WKt}

,Q VL[ FRQWDLQHUV RI Rl SHRDOOHHG VLW&GHG D FDOF X
ZDWHU ZKLFK ZDV FDOFXODWHG DFFRUGLQJ WR IRUPXOD
RI WKH SHD 7KH HVWLPDWHSGIWRUVWKH B ¢ @/IHBELRIENVRI ZDW
WKH OLGY DQGLFROANGRILQWIRQQXWHY DQG OHIW RQ WKH G

$IWHU WKH VWLQJ RI SHDV IURP HDFK WDQN zZDV WD
PRLVWXUH DQG GHKSBROMEZHWWDWHRG DOO RWKHU VDPH FRQ(
WKH ZRUNRQWERGDFKLQH FRQVWIRVXWHG \Y,

7TKH SURGXFWV RI GHKXOOLQJ SDVVHG WKURXJK WKH
SXUSRVH RI VHSDUDWLQJ WKH KXVN DQG WKH GXVW PLGG
ZHLJKHG DQG FDOFKQMMWWHB RPVWKEHGHKXOOLQJ LQGH]

$IWHU ZHLIJKLQJ WKH SURGXFWYV RI GHKXOOLQJ VLIWH(

PP LQ RUGHU WR LVRODWH WKH FUXVKHG SDUWLFOHV |
DV D SHUFHQWDJH

7KH UHVXOMMHBU MKV LHUH SUHVHQWHG+ BW KXHOSCH@G H
LQGH[ 7KH UHVHDUFK ZDV FDUULHG RXW LQ WKUHH UHSF
VHSDUDWHO\

THFKQLTXH RI GHWHUPLQLQJ WKH DVK FRQWHQW SURG

$ ODUJH IDFWWVRIGIRY SLWK PRLVWXUH RI DQG DQ DI
VFDO\ DW WKH GXUDWLRQ RI V. WKH VSHHG F
GHKXOOHU zDWSP/ $IWHU HDFK WHVW WKH FOHDQLQJ PD
RDOO SURGXFWYV WR DYRLG PL[LQJ RI SURGXFWYV RI GLIIH
GLIITHUHQW GXUDWLRQ RI SURFHVVLQJ

7KH DVK FRQWHQW ZDV GHWHUPLQHG E\ WKH IROORZI
EXUQHG LQ D PXIIOH IXUQDFH DM RUWHRBXUDWXUH IRMK F
LQGLFDWRU ZDV GHWHUPLQHG E\ WKH GU\ VXEVWDQFH E\

J
=S
ZKHBHDVK FRQWHQWs YAHIBKKNW RI VDPSOH: RISEREEK AW
PRLVWXUH
6HSDUDWHO\ GHWHUPLQHG WKH DVK FRQWHQW RI WKH
DQG GXVW PLGGOLQJV

5HVXOWV DQG GLVFXVVLRQ

(II1HFW Rl SURFHVVLOJHEGXUFDWQRQRR QG WKXOOLQJ

7KH UHVHDUFKHYV IRXQG WKDW EHWZHHQ WKH GXUDW.
HIILFLHQF\ Rl GHKXOOLQJ RI SHD VHHGV WKHUH LV OLQH
ODUJH SHD $QG DOVR WKH VG HIEG R\ RJIRMWKHVG R & XRJ OMKIH 7

WKH GHKXOOLQJ LQGH[ RI ODUJH DQG VPDOO IUDFWLRQV
VKRZQ LQ )LJXUH DQG

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



111\DDG HCOCKADND 1\

'"HKXOOLQJ LQGH]
'"HKXOOLQJ LQGH]
N

‘XUDWLRQ RI SUR 'XUDWLRQ RI SURFHVV V

J)LIXUH 7KH GHSHQGHQFH )LJXUH 7KH GHSHQGHQFH RI WKH
LQGH[ ODUJH SHD VHHGVY LQGH[ ODUJH SHD IDFWLRQ IURP WK

GXUDWGRE@EXJOLQJ GHKXOOLQJ

+: & V+: & +: & V+:
V +: & V & V+: & V+:
+: & \Y & \Y

JURP )LJIXUH \RX FDQ VHH WKDW UHJDUGOHVV RI DOC
SURFHVVLQJ LQ WKH GHKXOOHU IURP WR V OHG WR V
SURFHVVLQJ RI ODUJH IUDFWLRQ RI SHD VHHBGKH W R B COEN\
HITLFLHQF\ RI GHKXOOLQJ ZDV REVHUYHG DWQGRMRLW WRXQD
R1I SHD 7KH LQGH[ ZDV FRUUHVSRQGLQJO\ LQFUHDVHG |
URWDWLRQ VSHHG RI ZRUNLQJ DVRID RIQWWKHDGEHK XU O H WG H
LQGH[ RQ DYHUDPDQHUEH\DVLQJ WKH VSHHG RI WKH ZRUNLQJ E
D PRUH LQWHQVH LPSDFW RQ WKH HIILFLHQF\ RI WKH SUR

,QFUHDVHG SHD PRMRWXHEOWRRQFUHDVHG HIILFLHQF\
WKH VSHHG RI URWDWLRQ RI WKH ZRWKHQGHEKR®\ORQ WK
LQFUHDVHG IURP8QGWB WKHVH VDPH FRQGLWLRQV LQFUH
IURP WROHGWEB@TOL@WLRQDO LQFUHDVH LQ WKH GHKXOOL

WR

7KH VPDOOHVW HIILFLHQF\ RI GHKXOOLQJ ZDV REVHUY
RI LWV VL]IH 7KLV FDQ EH H[SODLQHG E\ WK HKIDE W RNK DW/
SHDV :LWK WKH LQFUHDVH LQ PRLVWXUH RI SHDV WKHUF
ZHOO DV WKH NHUQHO EHFRPHV PRUH SODVWLF ZKLFK O
DEUDVLYH ERGLHV RI GHKXOOHUVRD® &kkH @QFUHDVH RI V

JURP )LIXUH GDWD \RX FDQ VHH WKDW UHJDUGOHVYV |
RI SURFHVVLQJ LQ WKH GHKXOOHU IURP WR V OHG WR
ZKLOH SURFHVVLQJ WKH VP DDEBEVRIDAWH PO WY KH B KVLHKGAD
GHKXOOLQJ LQGH[ ZDWRQFUHBEKWHICQQRURMVH LQ WKH URWL
ZRUNLQJ ERG\ WRP OWG WR DQ DGGLWLRQDO LQFUHDVH
ZKLFK KDV FKDQWHR5 IURP

7TKH LQFUHDVH LQ PRLVWXUH RI WPR O OOIU® MNRL RQ FRIIH®
HITLFLHQF\ RI GHKXOOLQJ SHDV RQO\ bW VSHHG RI URWD
$W WKH VSHHG RI URWDWLRQ RI WKH \&RHBNLHUYV BRIGI\ HRA W

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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LQIOXHQFH ZDV REVHUYHG 6PDOO SHDV ZLWK PRLVWXU!
PRLVWXUH RKH GHKXOOLQJ LQGH[ ZDR/ LQFKIMN ¥ B G HH R¥YK
UHVXOW RI WKH IDFW WKDW WKH VPDROUH SHDMMW@QDQ@EBPS
FRPSUHVWLDQFH WKDQ GU\

7KH JUHDWHVW HIILFLHQF\ RI GHKXOOLQJ RI VPDOO St
DQG URWDWLRQ VSHHG RI WR B HHIR WNKIHVIHERREQGLWY RQV W
ZDV LQFUHDVAM®R IURP

&RPSDULQJ )LIXUHV DQG FDQ EH VHHQ WKDW D OD!
WKDQ VPDOO LQ DOO RWKHU VDPH FRQGLWLRQV DQG WKF
VPDOO UHVXOWLQJ LQ JUHDWHU LPSRUHVEDOQER HRG G H M
WKDW ODUJH SHD VHHGY KDYH OHVV UHVLVWDQFH WR FRI
T Q WKH SURFHVV RI GHKXOOLQJ LQ DGGLWLRQ WR ZKR
UBHVXOWY RI WKH VWXG\ RED ILQH JULWV \LHOG DUH VKRZ

7
* _a /// 5//
/

HKXOOLQJ LQ
X
HKXOOLQJ LQ
X

'XUDWLRQ RI SUR 'XUDWLRQ SURFHVV V

JLIXUH 'HSHQGHQF\ \LHOG)RUXWUGH JULIW\Q O WQE H \ 1 bl OV VRD W
GLIITHUHQW GXUDWLRQ RI GHIGLOIGIUPR R @DOWIW LSFHD RI GHKXOO

IUDFWLRQ IUDFWLRQ RI SHDV
+: & V+: +: & V+:
& V+: & V+: & V+: & V+:
& V & \Y

7KH VPDOOHVVQD ML HOIGNVR RD VD ®HDKIX 6 GBIV WAIRQ REVHU Y H
PRLVWXUH RI SHD DQRG VSHHG RI URWDW LR KR WXRU N
LQFUHDVH LQ WKH GXUDWLRQ RI SURFHVVLQJ IURP WR
LQFUHDVHGVRURRQFUHDVH WKHRURMKBWIRRINVGHHEE®G\ RI W
ZLWK WRNR KDV OHG WR DQLHQEURDVHUL@HWRHW\ODWJIBH
IUDFWLRQ RI SHDV ZLWK PRLVWXUH RI

,QFUHDVHG PRLVWXUH RI D OWRJH $XBVWDEWLBRQOURI
LQFUHDVH LQ WKH \LHOG RI D ILQH JULWV $W WKH VSHI
GHKXOOHWKHWLHOG RI D ILQH JUWRVYV GCEODMIL\RHG RIUBRA K
IURP WR V. ,QFUHDMH RNYKW M RWOAWELRWR® DRHLQFUHDVH L
RI' D ILQH JULWR IURP

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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$W WKH GHKXOOLQJ RI VPDOO IUDFWLRQ RI SHDV WKH
URWDWLRQDO VSHHG RI ZRUNLQJ ERG\ RIDMKBUGWKXOOF
REVHUYHG DW PRLVWXUH RI SHD DQG VSHHGZRWWKH Z
LQFUHDVLQJ WKH GXUDWLRQ RI WKH GHKXOOLQJ RI VPDO
LQFUHDVHG LQ DFWRUGD®HHLREWHRWIBDWLRQDO VSHHG RI
RI WKH GHKXOQMWRJ ZLWKIG WR DQ LQFUHDVH LQ WKH \LHC
LQFUHDVHG GHSHQGLQJ RQ WKHWRXUDWLRQ RI GHKXOOLQ

'LWK WKH LOQFUHDVH LQ PRLVWXUIN FIFADRO O \IUHDG®&/IRRQ F
ILQH JULWV FRQVLGHUDEO\ LQOFUHDVHG E\ OLQHDU GHSHC
RI GHKXOOMKH \WHOG RI D ILQH JWRVV LQHFIHOGHGIIBRP\
GXUDWLRQ RI GHKXOOLQWRZKIMK IUMDQILPGEUHBPLQJ VSHHG
RI GHKXOO PDFKW®RH ZDW& WKWH LQFUHDVH RI PRLVWXUH R
WR WKH \LHOG RI ILQH JULWYV DGMGBRWLRQWEOG X DFW HRC
GHKXOOLQJ IVRP WR

&RPSDULQJ WKH )LIXUHYV DQG \RXQHD U VW N QWMWK [EWJ .
ODUJH SHD IDFWLRQ ,Q WKH GHKXOOLQJ RVKGIRLHK®BH HH (
JULWYVZY.DUKLLHYN UHJDUGOHVYV RI WRIG [ZDNVRVLQ QURIDW KE JI
XS WR RI RKH QUHH O@IFWHMOWHG IRU ERWK ODUJH IUDFV
\LHOGIIRQ D WWIUDWVFWHG DW GHKXOOLQJ RI ODUJH IUDFWLRQ

7KH IROORZLQJ GDWD FDQ EH RXWSXW LQFUHDVLQJ
VSHHG RI WKH ZRUNLQJ ERG\ DQG WKH SHD PRLVWXUH O
7KH VPDOGHMWQHWHOGWY ZDV REVHUYHG DW GHKXOOLQJ R
ZLWK LQFUHDVH RIIRRHYVMMXEWHAD\HHOVG RKLFK LV WKH UHVX
VWUXPWRKDQLFDO SURSHUWLHYV

,QFUHDVH RI WKH \LHOG RWE HLWSHHGL WIVUIRW D Q/ERIQDIIL
RI WKH GHKXOOHU FDQ EH H[SODLQHG E\ WKH IDFW WKDMW
WAR WKH IULFWLRQDO IRUFHV > @ 7RHIHQHFW |
JQLFVD‘Q EH HBOWK@H® FW WKDW PRLVWXUH UHGXFHV WKF
PEGGOH RI WKH NHUQHO SHDV GXH @/H EXIWW § J FREHRK\X O OO0,

@
'XULQJ WKH SURFHVVLQJ R
y. JURDWY D ILQH JULWV LV D E\S
/ WKIHHOG RI D ILQH JULWYV OHDG
ol WKH \LHOG RI WKH ZKROH NH

QHFHVVDU\ WR WU\ WR UHGXFH
DFKLHYHG E\ SURFHVVLQJ GU\ ¢
~ $QDO\]LQJ WKH GDWD RI WKI
=N DOBGQGHKXOOH® LNHRKQG WKL
\TV \LHOX RGHKXEBEE YDULHV OL
LQYHUVH RI WKH \LHOG RI WKH
LQ JLIJXUH :LWK WKH LQFUHD\
‘ WKH ZKROH NHUQX@G MKKH OLHX
XUDWLRQ RI' SUREHN Yo/ WKH VDPH DPRXQW GHF

JLIXUH <LHOG RI WKH NHURROWOXUH GHKWKMHHGSGHD ZDV

VHHGV DW ILQE@LIHD GHKIHHGWDIWLRQ RI WKH ZRUNLQJ

t\LHOG RI XQGHKXOOHQ@GC RHHRXOOHU WRWDOOHG V]
NHUQHO

<LHOG RI SUR

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

(I'THFW RI1 ILOOLQJ RQ HIILFLHQF\ RI GHKXOOLQJ

,Q RUGHU WR HVWDEOLVK GHSHQGHQFH RI LQIOXHQFH
WKH SHD ZDV SHU |RPHG RYVIX®IL R B®R®B IUDFWLRQV RI SHD
FRQVWDQW GXUDWLRQ RI GHKXOOLQJ V WKH FRQVWDQ\
GHKXOOHU ZKLFK DPRCQWIKIE YWORILRXV SHD PRLVWXUH

W LV IRXQG WKDW WKH GHKXODEQLRQ BRWHK HBEDU RH
PRLVWXUH RLWK LQFUHDVH LQ WKH PDVV RI JUDLQ ORDGI
LQGH[ LQFUHDVHV E\ OLQHDU GHSHQGHQFH 7KLV LQGLFD
RI WKH SURFHVV WKH HLOPLHQFUHRD\GHEXQQEQBDVLQJ W
LQ WKH GHKXOOHU 7KH UHVXOWV Rl UHVHDUFK DUH VKR?Z

'KHQ GHKXOOLQJ D ODUJH IUDFWLRQ @RI GHD )V HHGH ZL
ZDV FDOOHG WKH URWRU RI D YG-HX X& B € UG HZKX G R LADIV DQ RN
ZLWK PRLVWXUMKIRM FDQ EH H[SODLQHG E\ WKH IDFW WKD!
Rl SHD VHHGY OHDGV WR LQFUHDVHG IULFWLRQ FRHIILFL
LQFUHDVHYV UHVLVWERGRHR WWR KWK 6 HARUONLHU

+DYLQJ H[SUHVVHG D PDVV RI JUDLQ GXH WR WKH FRH
Rl GHKXOOHU ZH REWDLQ GHSHQGHQFH RI WKH HIILFLHQ!
ZRUNLQJ FKDPEHU Rl WKH G H KXX®DMH.Q D W KEIRRKV W R @ I OVDLHC

'KHQ GHKXOOLQJ ODUJH IUDFWLRQ RI SHD VHHGV ZLW
ZDV LQFUHDVM®XR IURPKH FRHIILFLHQW RI ILOOLQJ RI ZRU
GHKXOOHU ZDV LQFUHDVHG IURP W R DV VKRZQ LQ
IUDFWLRQ RI SHDV ZLWKH BHKWROHQJ LQ GWR L QIEQ MIKVH G
VDPH FRQGIMIMR@GDWD VKRZV WKDW VPDOO SHD IUDFWLF
GHKXOOLQJ WKDQ ODUJH BXQG UHTXLUHV JUHDWHU GXUDW
VOPLODU UHVXOW

VgD

'"HKXOOLQJ Q
'"HKXOOLQJ LQG

/ g

"HLIJKW RI SHD VH &RHIILFLHQW RI ILOOLQJ WK
FKDPEBU

JLIXUH 'HSHQGHQFH RI WKHHIJRHRKID GHBHQGHWFH RI WKH HIIL
IURP WKH RPRMDMQ ORDGHG HRXWRML @KH ILOO IDFWRU RI WKFE

GHKXOOHU FKDPEHU
+: $ Jt $ +: $ J *:
J *: $ J $ J +: $ J
+: $ J +: $ J

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F



JJJ)RRG 7THFKQ@RDRJ\

'LWK LQFUHDVHG PRLVWXUH RI D ODPR JH WKB GHIKE 00D
LQGH[ ZDV LQFUMDR/HGGHSRFQGLQJ RQ WKH FRERURLBQW F
FKDPEHU Rl WKH GHKXOOHU IURP W R "KHQ WKH ILC
WKH GHKXOOLQJ LQGMR L QIFWHDK/H & DBRPFRHIILFLHQW
ZRUNLQJ FKDPEHU Rl WKH GHKXOOHU
$WWHQWLRQ DV \§DW&DMRDMKWKH VPDOO ILOOLQJ RI ZR
ZLWK WKH GHKXOOLQJ RI PRLVW VHHG DV ODUJH
GHKXOOLQJ LQGH[ LV VPDOOHU DQG WRWDOOHG DQG
SHDGAHHRU GU\ ODUJH DQG VPDOO IUDFWLRQV RI SHD VHF
7KLV LQGLFDWHV WKDW ZKHQ WKH VPDOO ILOOLQJ RI WK
LQFUHDVHYV WKH UHVLVWDQFH RI IULFWLR®DRKEGM RSHU I
7KH UHVHDUFK LV GHWHUPLQHG WKDW WKH \LHOG RI D
LQ WKH FRHIILFLHQW RI ILOOLQJ RI ZRUNLQJ FKDPEHU RI
LQ )LIXUH
7KH \LHOG RI VPDOO SHD IRDFWLRQ U WKVW&RH PRR. VW X
ZLWK WKH DSSURSULDWH LQFUHDVH LQ FRHIILFLHQW RI Il
'LWK WKH LQFUHDVH LQ WKH PRLVWXUH RWEBHDDGHHGV R
LQFUHDVH RI ILOORYUNERQH IFKPIAEMW RI BHKXOOHU IURP
VPD\ORDOH LQFUHDR'H IURPA LQFUHDVH LQ WKH SHD VHHGV
IDFWLRQ OHG WR DQ LQFUHDVH LQ WKH \LHOG RI VPDOO
'KHQ WKH PHDGRZ VPDOO |UD PWIURG @ IWSKHD WLHPH G D Z 6
'LWK WKH LQFUHDVH LQ WKH ILOOLQJ FRHIILFLHQW RI ZR
VFDOH PDFKLQHV LWRUHDMMX IWRA LQFUHDVH LQ PRLVWX
RI SHD IURMR DQG WK HQFRRWUHRSIRQJH LQ ILOOLQJ FRHIILF
FKDPEHU RI WKH GHKXOOHU IURP WR WKH \LHOG R
W R
7KH JLYHQ UHVHDUFK UHVXOWY VKRZ WKDW WKH PRLV\
WKHKXGMHOHU LQFUHDVH RI WKH \LHOG RI D ILQH JULWV GXU
FRQGLWLRQV 7KLV GDWD DOVR FRQILUPV WKH UHVXOWYV
7KH GXUDWLRQ RI GHKXOOLQJ DOVR LQIOXH@HEH VWK
HVWDEOLVK D JHQHUDO HIIHFW RQ WKH HIILFLHQF\ Rl GHK
FRHIILFLHQW RI ILOOLQJ RI ZRUNLQJ FKDPEHU RI WKH GHEk
IUDFWLRQ Rl SHD VHHGV ZLWK | UHPRDUWKHW ZKHFK HAX!
JLIXUH LQGLFDWH ®I HIDGXBQ A\QFIUG B KKHDD E Q@ @ & VB HRIQE
$SSDUHQWO\ IURP WKH GUDZLQJ RI GDWD ZLWK LQF
ZRUNHU RI FKDPEHU IURP LQFWHRDVH DQGXUWWLRQ RI GH
ZLWK GHKXOOLQJ WKH LQGH[ ZKLOH WKH QDWXUH RI SU
7KMLHOG RI ILROIVRINVWEMHNFW WR OLQHDU GHSHQGHQF}
ODUJHVW \LHO @ REVHQN HE® LDW WKH GXUDWLRQ RI GHKXO
RI ILOOLQJ RI ZRUNLQJ FKDPEHU RI WKH GHKXOOHU [
REVHUYHG WKH GXUDWLRQ RI GHKXOOLQJ V DQG WKH F
WHKEHKXOOHU
7KH JLYHQ HYLGHQFH LQGLFDWHYV WKDW WKH GXUDW
GHKXOOLQJ LQGH[ EXW WKH QDWXUH RI WKH SURFHVV U}

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F



<LHOG ILQH JULWYV
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JJJ)RRG 7gFKQR\DRJ\
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&RHIILFLHQW RI1 ILO &RHIILFLHQW RI ILOOLQJ W
FKDPEBU FKDPEBU

YLIXUH '"HSHQGHQFH RI PLYRD®O \LBOXXHQFH RI GXUDWLRQ

GHSHQGLQJ RQ WKH FRHIILBPQH:OQM/AROUQOTFRGIILFLHQW RI ZRUI
ZRUNLQJ FKDPEHU RI WKH GHHROOGHWFLHQEQRI GHKXOO

+: $ J=+: + V+ V+ Vi V

$ J+: $ J

+:

&
[

"N .

<LHOG ILQH JULWYV

i

&RHIILFLHQW RI ILOOLQJ WKH
FKDPEBU

J)LIXUH <LHOG ILQH JULWYV DW GLIITHUHQW GXUL
RI GHKXOOLQJ DQG FRHIILFLHQW RI ILOOLQJ RI ZF
FKDPEHU RI WKH GHKXOOHU
+ V V+ V= V
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JJJ)RRG 7THFKQ@RDRJ\

,QYHVWLIDWLRQ RI AR WHKHUHI ILFILODMHQHRH GHKXOOLQJ

7TKH GDWD RI )LIXUHV DQG L Q G L WKW HH/I | WKLDH/D FAY KRH
GHKXOOHRY RKRZHYHU WKH FKDUDFWHU RI WKLV GHSHQG
UHVHDUFKHY KDYH VKRZQ QVKBRMW ¥ XWHK WIKSHIDQ VHHDBVYHWK
LQFUHDVHV ZLWK DROONKW KSHUR F R QEBVMRW ICRHAXXKX CQ QI XU H |
WKH LQYHVWLIJDWLRQ RI WKH DEVROXWH PDVV RI VHHGYV
DEVROXWH PDV\DBOVHBEWIRQ/ FRQVWLWXWHG J

JLIXUH VKRZV WKDW WKH ODUJH IUDFWLRNRRI WKH St
OHG WR WKH JURZWK RI WKHVEBHKX:&®IQQW KR G/HDIQWBRRUDF'
IRUPHG WKH PRLVWXUH WIRV FKWIQH H3GH KX LQJ LQGH[ ZD
LQFUHDVHGWMR RP 7KH UHVXOWY REWDLQHG DUH FRQVLVW
UHVHDUFKHUYV > @

6PDOOHU YDOXHV RI WKH GHKXOOLQJ LQGH[ FRQILUP VW
DUH ZRUVH WKDQ WKH VDPH IRU DOO RWKHU FRQGLWLROQ\

'LWK LQFUHDVLQJ WKH HIILFLHQF\ RI GHKXOOLQJ GXH
DOVR LQ¥KHDVHHEYG RI ILQHIULWYV UKWRAQOH GHIXIWDHGHQF K
\LHO G R |LREV HUMNAG IDW ORZ PRLVWXUH RI SHDV DQG ZL'
\Lg-lOG RI VPDOO OLQHV LQEUHDVHV

>
-
) * (I}
(04 , 2
o / o yo
o / °

[ (@) 60—
z ey T D
T /@ | [
. \"

/o S
/a 7"/

*
ORLVWXUH RI VH ORLVWXUH RI VHHGV
JLIXUH (IMHFW RI SHD PRUMWXHH ROQLWRIB RAIHQB LIQULWRE
HITLFLHQBHKIXDWYQJ WKH PRLVWXUH RI SHDV

*ODUJH IUDIEWHRIQDFWLRQ *ODUJH IUDIEWHRIQDFWLRQ

$QDO\WLY RI WKH DVK FRQWHQW GHKXOOLQJ SURGXFW

%WWXGLHV RI DVK FRQW H QDD € REQWMQML B G 8 HQ D\H O WKW
D ODUJH IUDFWLRQ RI SHDV IRXQG WKDW WKH DVK FRQW
GXUDWLRQ RI GHKXOOLQJ RI SHD VHHGV DV VKRZQ LQ )L.
'DWD )LIXUH W LV FRQILUPHG WKDWO QKH VK HIRL
GHFUHDVHV ZLWK WKH LQFUHDVH RI GXUDWLRQ RI GHKXO
GHKXOOLQJ IURP V WR V WKH NHUQMR V XQK IFB QUWKHHY

FRQGLWKR@WK FRQWHQW FRQMH-IEBIRYKMEVN@WRIRE XV
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JJJ)RRG 7THFKQ@RDRJ\

JURP ILJXUH GDWD \RX FD
WKH GLUHFW FKDQJH LQ WKH DV
WR RQOH DOQRWKHU 7KLV LQGL
4.\“?-7 LQFUHDVLQJ WKH GXUDWLRQ RI
~ DVK FRQWHQW SURGXFWV ZKL
IURP WKHDNHUWQHDOVIHWYHG WH
WKDW IRU R IVKKH NORZG G XVW P L
e DQIDYH OHVV BKH @ QW NDQ G C
PLGGOLQJY JULMEXDO GHFUHDVI
NHUQHO Rl WKH NHUQHO WKH D
DUH DOVR GLPLQMHKIG WK KKK/
DQG GXVW PLGOQHE\QWR DKG&RRU H
LQ WKHLU DVK FROQWHQW
JURP WKHVH GDWD LW LV
'XUDWLRQ Rl SURFHROVFYXGH WKDW ZLWK WKH LOQF
GHKXOOLQJ WKH FRPBUKVVLR!
JLIXUH & KDRK H RRAMHRIMQ WRRYW HQW NHUQHO OHDGV WR G
NHUQHOSFTI;(VI’L\'JDDF%VGLSSVW RICRLYRIVEBLEOBY VYW PLGGOLQJV
W | WKH NHUQHO DQG LQI
tNHUQHXVN DQG GXVW P&ﬁ%%r\ﬁ/DQG GXVW PLGGOLQJ
FRQWHQW LV DOVR UHGXFHG
7KH UHVXOWV RI WKH UHVHDUFKHYV JLYH DQ RSSRUWX:
SHD VHHGV LQ WKH GHKXOOLQJ SURFHVV

$VK FRQWHQW

&RQFOXVLRQV

6FLHQWLILF QRYHOW\ Rl WKH UHVXOWV FRQVLVWYV LQ
EHKDYLRU RI SHD VHHGY LQ WKH SURFHVV RI GHKXOOLQJ
RI WKH SURFHVV
,QFUHDVLQJ WKH GXUDWLRQ RI GRHKHIDWH\Q NV KHR P || L WL
GHKXOOLQJ RI SHD VHHGY DFFRUGLQJ WR OLQHDU GHS
VHHGYV
,QFUHDVH LQ WKH PRLVWXUWRRI SHDVR HMHED/GW RR LQ
HIILFLHQF\ Rl GHKXOOLQJ (IILFLHQF\ RI GHKXOOLQJ Z
LQFUHDVLQJ WKH \LHOG RI VPDOO
,QFUHDVH WKH URWDWLRQ VSHHG RI WKHWRUNL®J ER
OHDGV WRHLIQFUHR¥HA!I GHKXOOLQJ SHDV
%LJ VHHGVDRIDEFMIRWU ZKLFK UHGXFHV HIILFLHQF\ RI GH¥
$W HIILFLHQF\ RI GHKXOOLQJ DOVR VLJQLILFDQWO\ L
ZRUNLQJ FKDPEHU RI WKH GHKXOOHU LRHJIWB KB FRWVI RF L
RI ILOOLQJ RI WKH ZRUNLQJ FKDPEHU RI WKH GHKXO
GHKXOOLQJ RQ OLQHDU GHSHQGHQFH
‘'LWK WKH LQFUHDVH LQ GXUDWLRQ RI SURFHVVLQJ V
GHKXOOHU WKH ORRGJIFRKWREBHRI MMKWMKFRGNKXOOHU |
FRQWULEXWHV WR DQ LQFUHDVH LQ WKH \LHOG RI ILQF
NHUQHO 8QGHU WKH VIDHGHGFRIQ GIOMLBRQMVWWEKW VPDOO
IUDFWLRQ LHQ B WURIBW HH[SUHVLVWDQFH WR WKH MRLQW)"
7KRDLQWHQD GRWHQWKRI D NHUQHO DQG SHHO DQG .
GXVOML.QHDUO\ UHGXFWLRQ ZLWK WKH LQFUHDVLQJ SUR

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG THFKQRDRJ\
5HIHUHQFHYV

$$&& $SSURYHG PHWKRGYHRE QD Q 3G &L VQWHUQDWLRQD
$PHULFDQ $VVRFLDWLRQ RI &HUHDO &KHPLVWYV
$2%& 2I1ILFLDO OHWKRGV RI $QDO\VLVVRIG®2$&$2G W H U C

,QWHUQDWLRQDO O0DU\ODQG 86%

%DOWDEDHY 8 1 7XUVXQNKRG]KDHYLBQLLD NRQVWOMNG R
SDUDPHWURY L WHNKQRORJLFKHVNLNK SURWVHVVRY VK
LDFKPHQLDQHQLH L SHUHUDSSRWND JHUQD

%ODEN 5 * 6LQJK 8 OHDUHV & (IIHFW RI JHQRW\SH|
3LVXP VDRQWXRHLU GHKXOOLQRRQGDERRN LYK H % B DH QR H
$JULFXOWXUSIS

'"H[WHU - ( 6DUNDU $ . (QF\FORSHGLD RI IRRG VF
(GLWLRQ $FDGHPLF 3UHVYV

(KLZH $ 2 ) WHLFKHU 9DULDELOLW\LQ GHKXOOLQJ TXD
DQG PXQJ EHDQ FXOWLYDU\GHMHU RKORGEENL WK 7$"
(UVNLQH : :LOOLDPV 3 & 1DNNRXO + /EQOLWWL!
FXOLQIHILWFWHWGRVIMH DQG GLIIHUHQW SUHWUHDWPHQWYV
DQG $JULFXOWXUH SS

*HRUJH ( 5HQWVHQ % 7DELO /* OHGD 9 2SWLPL]L
ODERUDWLU\ HTXLSPHQW ,IQRW H\@ B BVQ & QROSIS B B EERQIVR QU D (
%LRORJLFDO (QJLGIERHULQJ

*KDYLGHO 5% 3UDNDVK FRQWHQW - 7KH LPSDFW
QXWULHQWV DQWLQXWULHQWY LQ YLWUR LURQ DQG FO
SURWHLQ GLWHRWVRPH QAHIJXPH ¥ HHGV

*KHUPH]JROL . 0 *KDVVHP]DGHK +5 ORJKDGGDP 0

FKLENSHD GHKX@®RAUQDOURFHVRGLYHUVLW\ DQG (5L URQF
+

*R\DO 5. O9LVKZDNDUPD 5. :DQMDUL 2 2SWLPL
GHKXOOLQ%LFRMRFMAHWPY (QIJSOHMHULQJ
*R\DO 5. O9LVKZDNDUPD 5. :DQMDUL 2 2SWLPLI]L

DQG PDWKHPDWL D G HKRX®HAQLUQR QIEHIHRIMWERQRDO -RXUQ
6FLHQFH 7HFKQFR®RJ\

*R\DO 5. 9LVKZDNDUPD 5. :DQMDUL 2 (IIHFW R
DQG PLOOLQJ HIILFLHQFRRG T1LQ 8 RAL B BHDRIFHDM\QI BHF K QROR

& & 7KH ,&& +DQGERRN RI FHUHDOV IORXU GRXJK
DSSOLFDWLRQV 6WDQOH\ 3 &DXYDLQ HW DO HGV '(6\
-R\QHU - - <DGDY % . 2SWLPL]DWLRHRW FFHRQWY LIG X

LPSURYLQJ WKH GHKXQUQD RPIXEB®EEN DODP )RRG 6FLHQ
7HFKQRORJ\ SS %

.KDUFKHQNR <, 6KDUDQ $ 9 6 K H GOUMKQHQQIHH 1 H U
SHUHUDERWNBSEHUQD

0DQJDUDN BK .63 2SWLPL]DWLRQ RI PDFKLQH SDUDP
SHD XVLQRBEG0DQG %LRSURFHVV SBFKQRORJ\

2RPDK % ' :DUG 6 %DODVXEUDPDQLDQ 3 '"HK X O
FKDUDFWHULVWLFV QI3KDDDREADWN G OBWRFDG) \6 HV HD U F K
L, QWHUQDW LS B O

2SRNX $ 7DELO / 6XQGDUDP - &UHUDU : - 3DUN 6 -

RI SLJHRQ SHDV D&6E®H PXMIHLHD G\B+

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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BRQFBIUFLD 1 5P@LWH] (VBEXDQWHS &RBYMHYB , 6HUQEL

6DOGLYDU 6 2 KHDW LPSURYHPHQW WHFEBEHRHQW
+

3KLUNH 36 3UDEKDNDU 6 %KROH 1 * 3UHWUHD

LPSURYHPHQW RI GHKXQQWGQU GRWURBBDWB ULRXWULFINVO RI1 )F
7HFKQRORS$\S +

3KLUNH 3 6 %KROH 1 * $GKDRR 6 + 5HVSRQVH VXL
RI GHKXOOLQJ RI SLJHR QWSHID WMPAHE QEL FRXE QIR BH )RR G
6FLHQFH 7THFKQSRS® R J\

S5DPDNULVKQDLDQ 1 .XULHQ 3 3 9DULDELOLWLHYV
SLJHR@BMDQXV FDAODMRKWW O RI )RRG 6FLHQBIS #HFKQR(

SHLFKHUW 5 ' 7\0HU 57 <RUN $ ( G6FKZDE '- 7DWDU
'"HVFULSWLRQ RI D SURGXFWLRQ PRGHO RI WKH WDC
LWV DSSOLFDWLRQ &HUEDBHEGKHHPYSEDP SOHV
6LQJK 8 OHWKRGV RI GHKXOOLQJ RI SRAVAWODRFYRWRC
6FLHQFH 7THFKQSRS® R J\
6LQJK 8 6DQWRVD % $6 5DR 3 9 (IIHFW RI GHK
FKDUDFWHULVWLFV Rl VHHG V& B § DEXNKMQFIHHARGY FRXHSQ DIOR Q
Rl )RRG 6FLHQFH 7HFKHRORJ\
BRNKDQVDQM 6 3DWLO 5 7 '"HKXOOLQJ DQG VSOL\
+DUYHVW 7HFKQRORJ\ &KDNUDYHUW\ $ HW DO HGV O
9HUHVKFKLQVNLIBEWRZVWYD L RVREHQQRVWL Y]DLPRGHLVV
JHUQRP Y SURW V HVRAHD QKK XVIK IS € UIHL CBESR WND JHUQD
9LVKZDNDUPD 5. 6KLYKDUH 8 6 *XSWD 5. <DGDY '1
6WDWXV RI SXDURFRYOOYP®QG WHFEQRWRED B VS5 HEY UHHANL H.2
6FLHQFH DQG 1XWULWLRQ
BUHHUDPD <1 6DVK FRQWHQWLNDOD 9 % 3UDWDSH 9
GHKXOOLQJ WUHDWPHQWY RQ GHKXOOLRXDQBOFRRNRQAE
(QJLQHHUL®S =+

7LZDUL % . -DJDQORKDQ 5 9HQNDWDFKDODSDWK\ 1

$ODJXVXQGDUDP . 2SWLPLVDWLRQ RI K\GURWKHUP
SHPRRG 5HVHDUFK ,QWSIS# QDWLRQDO

<DVPLQ $ =HE $ .KDOLO $: 3DUDFKD *0' .KDWWDN $

RQ DAXWMULWLRQDO IDFWRUYKBY HRHIEX \N LVHNEBEREHDQ G
%LRSURFHVV 7HFK®RORJ\

:DQJ 1 2SWLPLIBWDW®R R\ GHERX DB O L Q/H WRARHYMVQIRWL 8
&HUHDO &KHPLVWU\
:DQJ 1 +DWFKHU '": *DZDONR ( - (I'"THFW RI1 YDULHYV

DQG FHUWRWQ DHQWLY 3L XIPHDIEVFERIEX R K H P LV 8/3J \+
"ULJOH\ & (QF\FORSHGLD RI *"4FDIGHBREEHUAV 1RUWK 5\G
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LRWHFKQRORJLFDO SDUDPHWHUV GHWHUPLC
FXOWLYDWLRQ RI ODFWLF DFLG EDFWHULD IU

1LQD %R

SUDFWLFDO 6FLHC+RUWLFXOWXUH DQG
&EKLVLOQDX S5HSXEOLF RI OROGRYD

SEVW
.H\ZRUGV

,QWURG XRW ISRQ@ SRV H N RUHMWMDEBG KV K RSV
OLON FXOWLYDWLRQ FRQGL VHIRED MR G 8 WHHER QP
*RDW ODFWLF DFLG EDFWHULD LVRODWHG IURP JR
IDFWLF ODWH WDL@EHW KBWWYDLQV FXOWLYDWLRQ ZH
$FLG LQ VWHULOL]HG JRDW PLON BBGDRPWHWU W
YOEWHULD GHWHUPLQDWLRQ KDYH EHHQ HVWDEOLVKHC

%LRWHFKQRORLJCH-_B@HDFWRU 6DUWRULXV %LRVWDWS $ SC
DFWLF DFLG EDFWHULD FHOOV ZDV SHUIRL!

PHWKRG
5HVXOWV DQG TKIH FRORZLEQ GHFUHDVH ZDV
DW DOO VHOHFWHG VWUDLQV GXUHBQ FXOWL

DFFXPXODWHG SURSRUWLRQDO ZKDW VKRZV
KH ODFWLF DFLG EDFWHULD XS WR FXC
SUWLFOH KI'VWRgHYHORSPHQW LV FKDUDFWHUL]JHG WKURX

SHEHLYHG IHUPHQWHG PLON

SHFEHLYHG LQ UHYLRW® RI VWUDLQV GHYHORSPHQW G\QDP

IRUP DFFXPXODWLRQ LQ WKHEPWEEGXBURRBG Wik

SFFHSWHG REWDLQLQJ WR PD[LPXP FRXQW RI ODFWLF
&)8 J

$W WKH VDPH WLPH WKH UHJUHVVLRQ DC

&RUUHVSRQGLQSLQDPLFV DQG YLDEOH FHOOV FRXQW ZHU

D XW KR U GHVFULEHM WHWHXBOMWULPHQWY /%KH VWUDLC
&101/% &101¥% DQG &I%1 KDV WKH

1LQD %RJGDQ DFFXUDWH UHJUHVVLRQ OLQH DMt S+ GLQDPL

(PDLO &101/% &101% &101% DQG &1
QLQDERJGDQLXULH¥W WKH G\QDPLF RI FHOOV GHNBWRSPHQ
JPDLO FRP VWDJHVY KDYH REVHUYHG VLQFH KRXUV RI

SKDVH VWDUWHG DIW H/9% KREWU¥ IRU &101
&101/% VWUDLQV DQG DIWHU /% KRXUV IR

&101/% &101% &101% LQGLFDWLQJ WK
WKH\ DUH PRURH DFH\GL VRO GMWWWRQV WKDW L
UHSRUWHG E\ RWKHU DXWKRUV FHOO PXOW
WKH S+

&RQFOXVLRQFWRQGLWISRKQL R®LF FXOWLYD
ELRWHFKQRORJLRD G- )SOWDPBWHRY RI ODFWL
IURP JRDW FLONHDRPUBDWHG 2EWDLQHG GD
s LPSRUWDQW ELRWHFKQRORJLFDO SURSHUWL
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JJJ)RRG 7THFKQRDRJ\
,QWURGXFWLRQ

OLON LV D FRPSOHWH DQG IDYRUDEOH PHGLXP IRU PD
VXUYLYDO PHGLXP IRU RWKHU PLFURRUJDQLVPV DQG YLU
SROOXWH LW

7KH PDLQ VRXUFH RI PLON FRQWDPLQDWLRQ LV WKH H['
UHDFK WKH PLON IURP WKH DWPRVSKHUH GXH WR WKH OD
WKH ZD\ Rl WKH PLON SURFHVVLQJ WULDMNVYYRUWKGIZRN RK |
WKH ZDWHU WKDW GRHV QRHWFARUQBVS R®IG X K H PHIM W D U

W LV ZRUWK PHQWLRQ WKDW JRIO\EW AKUIRO R XIFKD O RZHW
WKH\ GR QRW VXIIHU IURP VXFK GLVHRWHKHD\VGEVMNDNE&Q ROV
ERYLQH DQLPDOV GRLQJ JRDW V PLON FRQVXPHG UDZ 5D
VXJDUV YLWDPLQV HQJ]\PHV DQG PLQHUDO VDOWV ZKLF
FRPSDUHG WR FRZ V > @ 7KDRW Y VKDRKH JIRBDWU P VIR BRI
SURSHUWLHV > @

7KHUH LV UHVHDUFK GHPRQVWUDWHG WKDW JRDW PLO
SDWKRJHQLF EDFWHULD WKDQ RWKHU DQLPDOV PLON > @

0DQ\ DXWKRUV KDYH SXEOLVKHG U HAXUPK VRR IF WHHIV XD
IURP UDZ JRDW PLON 7KHVH FKHHVHV GLG GDRO/P FEQRDOVDI
JLVWHULD (VFKHULFKISH FEWD FRPORFRIFEXVR FKHHVHV PDC
PLON > @

W LV ZHOO NQRZQ WKWIO PLROXWEW RO DR MWQ B VEX FW H U
VSHFLILF PLFURIORUD DQG LQ PRVW FDVHV XVHIXO IRU
LPSRUWDQW ELRWHFKQRORJLFDO SURSHUWLHV IRU WKH
ODFWLF DFLG GBHPWMNVHD DRW GDLU\ SURGXFWV IURP FRZ
JRDW PLON SURGXFWVY REWDLQLQJ QHHGV LQ WKH FXOWXL
PLEGWKHLU QDWXUDO KDELWDW ,Q ODERUDWRU\ RI IRRG
DWRODWLRQ DQG VHOHFWLRQ RI SHUVSHFWLYH DXWRFKYV
DQG GHWHUPLQDWLRQ WKHLU ELRWHFKQRORJLFDO SDUDP

YRU WKH LQGXVWULDO SURGXFWLRQORIJGDQDWS B RGN
XVHG SDVWHXUL]HG PLON DQG FKRVHQ VWDUWHU FXOWX!
DQG VDIHW\ ZLWK D ORQJ VKHOI OLIH GXH WR DFWLYH ELI

JURP GLIITHUHQW UHJLRQV RI 5HSXEO LFSRHYRRIGRYD JFRH
PLON $V UHVXOW Rl FXOWXUDO PRUIRORJLFDO SKLVLRO
LVRODWHY ZLWK FKDUDFWHDEWRER FR & W OUDHDW AR MR 5 F XS
ODFWWS/DFWLV ELRY D UDEWRFHRWFXIF /D ¥ IVQ @VNHS WRH RR B )
WKHUPRSKLOXYV

BWUDLQV KDYH EHHQ FKDUDFWHUL]JHG E\ YDOXDEOH
FXOWXUH WR LQKAEQWRWRVERHRIMRERDDWLRQ LQ JRDW Fk

7KH VHOHFWRRWLRIOFHLG EDFWHULD VWUDLQV IRU WKH
FXOWXUHV WKDW KDYH LPSURYHG RUJDQROHSWLF SURSH!
WKH RSWLPDO FRQGLWLRQV IRU FXOWLYDWLRQ WKDW WR

7KL SDSHU SUHVHQWY WKH UHVXOWV RI ELRWHFKQROR
EDFWHULD FXOWXUHY REWDLQHG DW FRQGLWLRQV RI SHI
LV GHWHUPLQHG WKH HYROXWLRQ RI WKH SRl RIWWEHQI
GHYHORSPHQW DQG FRXQW RI YLDEOH ODFWLF DFLG EDF\
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ODWHULDOV DQG PHWKRGYV

ODWHULDOV

BWUDLQV RI/BVAKWMRFRHFFLXHNV O D BWW\R MR/SR/® B BAE W\ \ELR Y L
GLDFHWADPWRERFFXV ODFNQ@8VWHS WRIFRRBXYKDNYKHERRSK L
LVRODWHG IURP WKH VDPSOHV RI UDZ JRDW PLON IURP
OROGRYD $OVR LGHQWLILHG VWUDLQV KDYH EHHQ VW
1RQSDWKRJHQLF OLFURRUJDQLEPRGCRJIW B GQWMRWHKRKH RC

YRU WKH FXOWLYDWLRQ RI EDFWHULD ZDV XVHG PHGL>
VNLPPHG PLON ZDV VWHULOL]HG DW DWP SUHVVXUH XS \

(QXPHUDWLRQ RI EDFWHULDO FHOOV ZDV SAKOWRUYPHG )
RQ DQ DJDULILHG PHGLXP EDVHG RQ K\GURO\VHG PLON
DJMUDU $HWHUQ ZDV VRIWHQ DIWHU WKDW PHOWHG DW
PHGLXP ZDV GLVSHQVHG LQWR WKH GLVKHNV& @G VWHULO

OHWKRGV
$VVHVVPHQWRIDFLGLILFDWLRQDFWLYLW\

$FLGLILFDWLRQ DFWLYLW\ ZDV HVWDEOLVK E\ WKH S+ C
S+ PHDVXUHPHQW ZDV SHUIRUPHG E\ XVLQJ WKH HOHFWU
DFLGLW\ RIGHMVOHNUPRQHG LQ DFFRUGDQFH ZLWK ,62
GHJUHHV 7 f > @

%LRUHDFWRU RQOLQH PRQLWRULQJ 'XULQJ WKH ELRU
SDUDPHWHUV RI S+ KDYH EHHQ FDUULHG RXW XD @KUY BDL
SHULRGLF FXOWLYDWIRGFRDFEHWHRQY \RIDMHOOV FRXQW KI
DQG UHFRUGHG

5HJUHVVLRQ DQDO\VLV

5HIJUHVVLRQ DQDO\WVLV DUH XVHG WR GHWHUPLQHG W
YDULDEOH DQG RQH RU PRUH LQGHSHQGHQW YDULDEOHYV
ZKLFK H[SUHVVHV WKH FRUUHFW H[SHULPHQWY UHVXOWYV

7R ILQG VWDWLR®DBED S RRGWHO RPIXVSV EH GHWHUPLQHG
FDOFXODWLRQ IRU WKH UHJUHVVLRQ HTXDWLRQ

&RQILGHQFH LOWHUYDO FDOFXODWLRQ

7KH FRQILGHQFH LQWHUYDO &, LV D W\SH RI LQWHUY]|
RI WKH REVHUYHG GODDVLI) WKW BXBHKYWD BRE BD D QPXYNHLR Z
FDOFXODWLRQ LV XVHG IRUPXOD

6 6
& 0 W, —~0 W, ——~
°JQ °JQ
ZKHOHMWKH VDPSWHLtMWMKIHKOW YDOXH IRU WKH GHVLUHG FRQ
6WXGHQWTV FREHY B PISQUMDIE BUHD VWDQGDUG GHYLDW

6WDWLVWLFDO DQDO\VLYV

7TKH PDWKHPDWLFDO SURFHVVLQJ RI WKH REWDLQH:(
HISHULPHQWYV PEZWVY L[FHYIRMABHG XVLQJ OLFURVRIW ([FHO
VRIWZDUH IRU JUDSKVY LOWHUSUHWDWLRQ RI WKH UHYV
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5HVXOWY DQG GLVFXVVLRQ

2QH Rl WKH ELRSWHRFKHRROIBFWIDFODFLG EDFWHULD LV WK
SOD\V WKH WKKEUDDSISRALFDWLRQV DV GROUW WWKHUWHQV D
FRXQW RI /$% FHOOV ORVH DFWLYLW\ GXH WR WKH GH
VWRUDJH 7KHVH DSSOLFDWLRQV DUH FRQGXFHG WR YDL
ELRWBRKQRDO SURSHUWLHV RI WKH EDFWHULD

7KH PDLQWHQDQFH RI WKH YLDELOLW\ SUHVHQWYV RQH
EH GHPRQVWUDWHG E\ LQYHVWLIJDWLRQ PHWKRGYV

BUHYLRXVO\ ZH FRQGXFWHG VWXGLHV GHGLFDWHG
ELRWHFK® RO RILYADV\ Rl VWUDLQV LQ IHUPHQWHG JRDW PL
UHIULJHUDWLRQ FRQGLWLRQWFKGLQFBNWLHRO ZB Y WR\E WHKH
FRROLQJ DQG WKLV IDFW FDQ EH H[SODLQH B FEL\GWETH WHWILL
W LV NQRZQ WKDMODFWRYLWDW®RH IRU FOHDYDJH RI ODFW
VWRUDJH UHIULJHUDWLRQ WHPSHUDWXUH > @ 7KLV LV F
DFHWLF DFLG FLWULF DFLGD@XWRWIPR M PIFG G DFUHREDXF G IBK
FXOWXUHV > @

7KH YLDELOLW\ RI ODFWLF DFLG EDFWHULD KDV EHH
LQGLFDWHG GHFUHDVLQJ WKH FRRQWLRI WKBEIQH VD ZWH R
ZKDW MVHGHWR WKH LQFUHDVH RI DFLGLW\ WKRXJK DW
EDFWHULD LQ IHUPHQWHG PLON ZMNEPODW @K 2 SVURIEQ R/ L
SURYHV RSSRUWXQLW\ WR REWDLQ D KLJK TXDROQWVISHRIG
OLIH > @ $FFRUGLQJ WR WKH ELEOLRJUDSKLF VWXG\ W
ZKHQ WKH ODFWLF DFLG EDFWHULB)&XQ DWW WK CPLRP DWW
FRQVXPSWLRQ > @ 7KH UHVXOW\ERFRION WHF K/QKRHD RPID.
SURSHUWLHV RI JRDW PLON VWUDLQV GHVFULEHG E\ RWK

7KLV UHVHDUFK GXH WR ELRWHFKQRORJLFDO SURSH
PXOWLSOLFDWLRQ DQG WKH HYROXWLRQ RI WKH S+ YDOX
ELRUHDFWRU DW WKH&VHPSHUDWXUH R

7KH FRQILGHQFH LQWHUYDOV RI WKH HTXDWLRQ IRU W
VWUDLQ/%10ZHH FDOFXODWHG DMDEWQ@QJ 02 ([FHO

7TDEHO
&RQILGHQFH LQWHUYDOV

IDFWRFRFFXV ODFWLV VXEVS&DIOFWLV ELRYDU
7LPH K S+ YL
[ [ [PH [ [PH [ [PH
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7TDEHO
&RQILGHQFH LQWHUYDOV

[P[HG 6[P[HG 5 [PLG 69DUDWL&R}QILGHC_&IR}QI &R QI

7KH UHVXOWYV RI IHUPHQWDWLRQ SURFHVV E\ VHOHFWF
SUHVHQWHG LQ 'HWHUHPLQBPG@®&GHFUHDVH S+ YDOXHV LV FO
RI ODFWRFRFFL DQG VWUHSWRFRFFL FRQWULEXWHG WR
UDWH RI YLDEOH ODFWLF DFLG EDFWHULD FHOOV ZDV PDI
DQGODLDEOH WR PDLQWDLQ LQ ILQ DRD $KRI® B R FLDY/ 166 \RQ
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7LPH SHULRG KRXUV

JLIXUH D ORGLILFDWLRQ RI S+ YDOXH RI JRDW PLON IHUPHQ
WHPSHUDWXpP& RI
&101/% &101/% &101/% &101/%
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7LPH SHULRG KRXUV

JLIXUH E ORGLILFDWLRQ RI S+ YDOXH RI JRDW PLON IHUPHQ
WHPSHUDWXpP& RI
&101/% &101/% &101/%

%DVHG RQ PDWKHPDWLFDO GDWD SURFHVVLQJ DQG UH
[ ZzZDV GHVFULEH WKH GHSHQGHQFH RI S+ GXULQJ RI FXOW
DFLGRJHQHVLY SURFHVV 7KH UHJUHVVLRQ DQDO\VLV LV
$V D UHVXOW RI WKH SAWYDQ RN JURDMWKWNKXWIMRRI FXO

$QDO\V\LQI WKH GDWD IURP )LIJXUH D DQG E LW LV
FXOWLYDWLRQ WLPH WR DOO VWUDLQV 7KXV DIWHU K
LQGLFDWLQJ WKH DFFXPXODWLRQ RI ODGWYIH@RFIBHEA\WVKIF
ODFWLF EDFWHULD

%DVHGBGHRQHVVLRQ HTXDWIXRMV NV KRYEHUERWRKH UHVXOWYV
WKDW WKH FRQILGHQFH LQWHUYDOV DUH FDOFXODWHG FF
VXIILFLHQW ELRFKHRFNHFD® WDAVWDLVY LW\ RI WKH

7TKXV WKH IROORZLQJ UHJUHVVLRQ HTXDWLRQ RI WKF
VHOHFWHG VWUDLQV LV REWDLQHG

ODFWLV ELRYDU (/9

ODFWL /9

ODFWL"/9

FUHPRUL/9

FUHPRUL/9

/
/
/
/| ODFWL /9
/
/
6

WU WKHUPR /9

NNAN[N[AN|N|N|A
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7KH QH[W SRLQW ZDV WR GHWHUPLQH ELRWHFKQRORJL
'DWH REWDLQHG RQ )LIJXUH D DQG E VKRZV GHYHORSP|
ORJDULWKPLF SKDVH WKURXJK RWUKGH SRERY R PILDDOS R GKKHHO
GHWHUPLQH WKH DEVROXWH PD[LPXP SRLQW RI WKH IXQF

OHWKRGV RI PDWKHPDWLFDO DQDO\VLYV ZHUH XVHG DI
FULWLFDO SRLQWV ZHUH IRXQG E\ IRUPDWLRQ WKH H[SHU
FXOWR@DWLPH LQ ZKLFK WKH DEVROXWH PD[LPXP YDOXFE
(( WUHPHV REWDLQHG DFFRUGLQJ WR PDWKHPDWLFDO PRG
WKH H[SHULPHQW ZKLFK FRQILUPV WKDW WKH H[SHULPHC

7TKH FRREADMHDHYDOXDWLRQ RI WKH H[WUHPHYV RUIMVKH G
SUHVHQWHG LQ 7DEOH

7DEHO
([ WUHPH SRLQWV RI ODFWLF DFLG EDFWHULD FRXQW D\
([SHULF ODWKHPDWL
BWUDL@GHJIJUHVVLRQ HTXHEMLRKRH V H[WUHPHV,
[ \ [ \
&10: \
/ %
&10: \
/%
&10: \
/%
&10: \
/%
&10: \
/%
&10: \
/%
&10: \
/%

7KH VWUDLQ GHYHORSPHQW DQG ELRPDVV DFFXPXODW
$OVR DW WKH WKHVH ILJXUHV WKH UHJUHVVLRQ HTXDWI
GHWHUPLQH WKH H[WUHPHV .QRZLQJ WKH IDEW BUR 2WHKD W
DFFRUGLQJ WR WKH WDEOH L%D VB §KERE F& RVHIQ HD\QV RBQ/ L
WKH UHVXOWV VWURQJO\ LQGLFDWH WKDW WKH FRQILGHC

7KXV WKH IROORZLQJ UHJUHVVLRQ HIRDMK RQ RE W/KIHC

ODFWLV ELRYDU (/9
ODFWL /9

ODFWL /9

ODFWL /9
FUHPRUL /9
FUHPRUL/9

6WU WKHUPR /9

/
/
/
/
/
/
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&RXQW RI /$% FHOOV ORJ&)E

&RXQW RI /$% FHOOV ORJ &)8 J

JJJ)RRG 7THFKQ@RDRJ\
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7LPH SHULRG KRXUV

JLIXUH D /DFWLF DFLG EDFWHULDfREIRZWK DW WHF
&101/% &101/% &101/% &101/%
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7LPH SHULRG KRXUV

JLIXUH E /DFWLF DFLG EDFWHULD fRURZWK DW WF
&101/% &101/% &101/%
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7KH REWDLQHG UHJUHVVLRQV VKRZHG RQ )LJXUH D |
GHWHUPLQBWRRQWRIWLRQ SURFHVV UHODWHG WR ELROR
&101/% &101% DQG &¥0%1 DPRXQW WKH PD[LPXP RI WKHFH
SKDVH RI JURZWK DW  KRXU% RDWXO VKIRXUW% RQIDEA 0 1
&101/% DW KRKX®WLYDWLRQ DQ/G W BIR RNXNUND MK B 1IPD[LF
RI WKH ORJDULWKPLF SKDVH RI JURZWK DW KRXUV R
FXOWXUHV RI WKLV VSHFLH

JLIXUH D DQG E VKRZHG WKH JUDSKV RI YBOBFFMWVHIEU
ODFWLF FXOWXUHV UHVSHFWLYHO\ WKDW KDYH EHHQ
FXOWLYDWLRQ RI WKH VWUDLQV VKRZHG H[DFWO\ WKH SK
SKDVH RI GHFOLQH $FFRUGLQJ WR RKIDW K HPHH\L RE &/ P RGHHC
FDQ GHWHUPLQH WKH QXPEHU RI WK O H VFRHIDXOWH GRXRJ[L @ X
IXQFWLRQ LQ WKH UHVHDUFKHG DUHD DW WKH PRPHQW 7

$OWKRXJK WKH WHFKQRORJLFDOO\ LPSRUWDQWUSDUDP
LQGXVWULDOO\ XVHG VWUDLQV DUH ZHOO NQRZQ WKF
FKDUDFWHULVWLFV OLNH VSHFLILF JURZWK UDWH ODFWL
S+ WHPSHUDWXUH DQG RWKHU HQYLURGPH® WDHW KORFGWRED
RQ WKH PHDVXUHPHQW RI S+ RU DFLG IRUPDWLRQ DUH XV
DQG DFLGLI\LQJ DFWLYLW\ RI /$% 7KH PHWKRG LV RSWL
WHFKQRORJLFDO SDUDPHWHUV WKH RRBLFEHQRWDIWLRRQ L(Q
HOQYLURQPHQW

BHYHUDO DXWKRUV KDYH VWXGLHG WKH FDSDFLW\ RI O
7KH\ KDYH GHPRQVWUDWHG WKH UHVLVWDQFH RI ODFWRF
WK DW > @

7KH REWDLQHTHGHVKDW WYKRGHFOLQH SKDVH RI WKH

KRXUV WR WI%H &1100Y % &10¥% VWUDLQV DIWHU
&101 /% &101¥% &10¥% DQG DIWHU KRXU% WR WKH
LQGLFDWLQJ WKDW WKH UHH QHIFRM M & DDWYU DVLRY \D FOLWEH. FP R R
PXOWLSOLFDWLRQ LV REVHUYHG XQWLO WKH S+

&RQFOXVLRQ

,Q FRQFOXVLRQ IURP WKH SDUDPHWHUYVY FRQWUROOHG
VKRZHG KLJK FRXQW RI YLDEOH FHOYDW OMKMMHAL WK DRUGCKH @
7KH SURFHVV EHFRPH PRUH SURGXFWLYH LQ SHULRGLF F
PHGLXP $IWHU VWRUDJH SHULRG DW UHIULJHUDWLRQ FR
UHIJHQHUDWLRQ FDSDFLWX L@ JIROWUR HQNV F HDELX H KL E L W
SURSHUWLHYVY 2EWDLQHG GDWD DOORZ WR PRGLILFDWH F.
VWLPXODWLQJ HIIHFW RQ YLDELOLW\ RI VWUDLQV LVROD
FROQGLWLRQV ROCOXFFRVZLRK HRISDXWRFKWKRQRXV FXOWXUHYV
WUDGLWLRINDLAD G DURFP JRDW PLON

S5HIHUHQFHYV
%RJIGDQ 1 $QDO\VLV RI KLJK ELRORIQPDY 8 U RGKHI

,QWHUQDWLRQDO VFLHQWWVIEIEFH G RQ VN HQFEG \RWXEBN QW V
DFKLHYHPHQWYV WR WKH VW FHQWXU\ QXWULWLRQ SURE
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%RJIJGDQ 1 +RPWXMIOBLUHFWLR® Q Q03D R U WLKHG XW W U
RI 6FLHQWLILF &RQIHUHQFH DWWRQ GRWBK QB W KRB RQW \E DYR
WUHQGV RI VFLHQFH GHYHORSPHQW ¥LVLRQV RI \RXQJ U]
5DGXORYLU = HWDEWLF DFLG EDFWHULD LQ ZKLWH EUL
0OOMHNDUVWYR 'BBU\

5\]KNRYD 9OLIDONRPELQDWVLRQQ\NKVRFKHWDQL\]DNYDYV
HVWYRLY\NKRGNR]6\HIJHRQWIRURJDRUNY RI 1IDWLRQDO $FDGI

SS+
'H UHX . HW DO +\JLHQLF SDUDPHWHUV WR[LQV DC
FKHV-HRKUQDO RI )RRG 6®%&H W\
-DNREVHQ 5% HW DO 6WDSK\ORFRFFXV DXUHXV

1RUZHJLDQ UDZ PLON FRRIG \OH FFURELRORURQBRRY QDO
<HPWVHY 9 DLNURELROREXQLNGOFBEHBEXNDDDN URRVFRZ
6ERUQLNLQVWUXNWVLI\SRVHOHNWVLLPRORFKQRNLVO\NKEI
NLVORPRORFKQ\NKSYR C6NWRYFRZ

62 76 JHUPHQWHG PLONV 'HWHUP LQIRW HRQWR IR BH WL
PHWKR)G50 S
.DLODVDSDWK\ . 6XOWDQD . 6XUYLYDO DQG JDODF

IUHH /DFWREDFLOOXV DFLGRSKLOXWBRBVWIUIDRGREQ FW KU C

'DLU\ 7THFK QR CBRBJA

$GROIVVRQ 2 OH\GDQL 6 5XVVHOO 5 $PHULFADIXURXDQOC

&OLQLFDO 1XWUISSLRQ

1RYDN / /RXELHUH 3 7KH PHWDEROLF QHWZRUN RI
&ODEHOHG VXBVQWEDWBERDHW ZHQ G -RA D DR OL R | 9DV DU

SS +

2VWOLH + 7UHLPR - 1DUYKXV - $ (IIHFW RI WHPSH
RI SURELRWLF EPAWHUQDWLREODON 83t -RXUQDO

% RJIG O OL[HG FXOWXUH RI ODFWLF DFLG EDFWHULD

JUXLW JURZLQJ YLWLFXOWXUH DQG BISQHPDLQJ -RXUQL

LQ 5RPDQLDQ

+RPD\RXQL $ HW DO *URZWK DQW®& WIXIUYV YLIOVR P X @B
FUHDP FRQRXWQRBRQWI 'DLU\SERLHQFH
.XUPDQQ - 5DVLF - 7KH KHDOWK SRWHQWLDO RI

7KHUDSHXWLF 3URSHUWLHV Rl )HUPHQWHG OLONV HG 5
6 FLH Q@S V+

6D[HOLQ 0 .RUSKWONL5QH@OD$UD ,QWURGXFWLRQ FODVVI
SURGXFWDWWRQGBKROP 0 6DDUHOD (GV  )XQFWLRQDO 'D
3XEOLVKLQJ /LPLWS&® &DPEULGJH

'LGRGR © HW D )HUPHQWHG JRDW PLON DQG FRZ PLON SUI|
ODFWLF DFLG EDFWHRX.WQ OF® DRI L$N U VMXXCBAL KV DO $6FLHQFH
SS +

$GDPEHUJ . HWHKIXOHIIHFW Rl WHPSHUDWXBH MIMFANEF BBL
EDFWHUDX[ OV SD,WWMXBIWLRQDO -RXUQDO BISHRRG OLFUR

1RPXUD O .RED\DVKL O 1DUDWP 2NDPRRWRRY 3KHQR
PROHFXODU FDUDFWHUL]DWLRQ RI /WSS BORABXVMTWRELRCJ
is +

'LODQ\DQ =)DNWRU\ RSUHGHO\D\XVKFKARHHQMEL ILNDERUY N \
6FLHQWLILF SRRUHDNOQ®H WKH HIILFLHQF\ RI SURGXFWLRQ
SS +
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&KDUDFWHULVWLFV RI FKDQJHV RI WKH FKHP
RI FUDQEHUU\ PDUVK LQ WKH SURFHVV RI REV

9LUD 2ERONLQD 20t
,YDQQD 6\Y,QLQD .UDS\YQ\WVND

IDWLRQDO 8QLYHUVLWI ALY 8N

$EVWI

.H\ZRUGYV

,QWURG¥MWIGR®YV KDYH EHHQ FDUULHG |
&UDQEHUU\ WKH LPSDFW Rl WHFKQRORJLFDO SURFHV
3XUHH SURFHVVHV RI EODQFKLQJ DQG GHDHUD
JODYRQRLGV FRPSRVLMWMULR@ERUU\ PDUVK SXUHH
$QWKRF\DQLQV 0DWHULDOV D@EUHHVRRBDBDUVK FUDQEH
BUHVHUYDWLYHYYHVWLIJDWHG IRU LGHQWLILFDWLRQ RI
KLIXHUIRUPDQFH OLTXLG FKURPDWRJU

VSHFWURPHWU\ JDV FKURPDWRJUDSK\ Z
LWLD@ROQB&VDPSOHYV ZHUH XVHG
SUWLFOH KLVWRUQSHVXOWV DQG,\& LARK WWIMRIEO LVKHG WKL

EHEHLYHG RI WHFKQRORJLFDO UHSURFHVVLQJ RI FL
SHFHLYHG LO URPIRM@W RI DVFRUELF DFLG GHFUHDVHG E
IRUP RI SKHQROLF VXEVWDQFHV LUQVEXUWMH IUR
$FFHSWHG PJ DQWKRE\D@PUQVWKH FRQWWRWXROBDW!

SHFWLQ LV LQFUHDVHG WR ZKLFK LV

K\GURO\VLV Rl SURWRBHWWHQPDYEHUDFWL

GU\ PDWWHU RI SXUHH ,Q SXUHHUVRP FUD
&RUUHVSRQGLQPUH FRQWDLQHG LQ WKH PDVV IUDFWLRQ
DXW KR U ZKLFK DUH UHGXFWLYH QDPHO\ JOXF|

LQFUHDVH RI ZKLFK LV GXH WR SDUWLDO
9LUD 2ERONLQD GXULQJ WKH SURFHVVLQJ Rl EHUULHV LQ
(PDLO ,Q SXUHH WKH GWKRRFHLAIFRPSRXQG
YREROBLSGR#XNUWQQWWH RULJLQDO VDPSOH LV LQ D ERXQ(

ZHOO DRRRDBRER[\OLF DFLGVY $ QXPEHU R|

KDYH EHHQ L &MNWRINEXKGV\ULF DFLG IHUX
DPEHU DSSOH FLWULF DFUBQEHKH® LQMR
SXUHH LW SUHVHUYHVY QDWXUDO SUHVHL
EHUULHV 7KXV LQ FUDQEHUU\ SXUHH WK
DPRXQW RI * BOG D VPDOO DPRXQW RI V
LV DYDLODEOH XS WR PJ 7KHRSRVLWLY
JURZWK UHWDUGDWLRQ REDXGEBERDVW RI
LQYHVWLIDWHG

&RQFOXWKIUVFDMEHUUN SXUHH LV D QDWX
ELRORJLFDOO\ DFWLYH VXEVWDQFHY DQG
"2, UHFRPPHQGHG IRMUHYXYPHVIWMRORIH IXQFWLRQ
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JJJ)RRG 7THFKQRDRJ\
,QWURGXFWLRQ

$Q DQDO\VLV RI WWH HFQEGVHQWNVKRUPWGHDWLRQ RI D QHZ
QXWULWLRQDO YDOXH KDV VKRZQ WKH IHDVLELOLW\ RI
PDWHULDOV LQFOXGH EHWYLARF RXVFSDQ K WWWW ¥ DBUHIKK L J k
\LHOGLQJ ZLBGLEHWOWLRXY¥ JURXSV RI QXWULHQWV ZKLF
ELRORJLFDOO\ DFWLYH VXEVWDQFHV > @ 7KH YDOXH RI Z
DFWLYH VXEVWDQFHV VLJQLILFDQWO\ H[FHHGV WKH RQH

,QUHFHQW \HDUV WKURXJKRXW WKH ZRUOG PXFK DWW
FKHPLFDO FRPSRVLWLRQ DQG XVHIXO SURSHUWLHV RI Wk
GHPDQGLQJ FRQGLWLRQV RI FXOWLYDW LR Q RQLVIIKG H.UHIDEO,
QXWULWLRQDO YDOXH DQG ULFK FKHPLFDO FRPSRVLWLRQ

7KH FKHPLFDO FRPSRVLWLRQ RI WKH FUDQEHUUGLLV XQ]
+DQG SRO\WDFFKDUBGBHVRVRUXLW SXOS RIQLKGEN PRRKD UL
DUH XS WR DQG SNBWALR VXBV&DQFHV

7KH FUDQEHUULHV DUH ULFK LQ RUJDQLF DFLGV EHQ]R
WR GDWD > @ WKH WRWDO DP RXIXNFRIQW KRWH RIVXXS/ RVRL F
LQ WKH SXOS RI EHUULHV > @ %\ VWUXFWXUH DQG JHC
SK\WLRORJLFDOO\ LPSRUWDQW KRUPRQHV LW KDV PLQH
GHOD\LQJ WKH GHYHO PP R>DHSWLF LQIOD

7KH SUHVHQFBIQR BRQIRFFKDULGHY LQ FRPELQDWLRQ Z
WDVWH TXDOLWLHYV W KEHH VB XH ¥ H DSUR @K BW BB VDEH G DWA R |
RI EHUULHV FUHDWHV FRQGLWLRQV LIROVSUROBBVK G/ W\ W
PRQWKYV LEWKIRRKNOKRXW WKH \HDU > @ 7KH QXWULWLRGC
EHUULHV GHSHQGY RQ WKH GHJUHH RI PDWXULW\ RI WKF
EHQ]RLF DFLG ZKLFK LV ZEDWHKH\ @XLFNO\ GHWHULR

7KH FRQWHQW RI YLWDPLQV DQG HVSHFLDORA YLWDPL
GHSHQGLQJ RQ WKH VHDVRQ ,Q WKH EHUULHV RI WKH DX
DQG LQ WKH VQRZ JDWKHULQJ LV DOPRR® WEVHQWDPLQ@
WKLDPLQH ULERIODYLQ QLFRWLQLP DFLSD QWKRW K HIDWLHF |
S\ULGR[LQH 5HFHQWO\ WKH YDOXH RI FUDQEHUULHV DV [
. KDV EHHQ SURYHG WKH GRFHMWH R IRZKRER DWDREQY RVRS
EORRG LWV VKDUH LQ FUDQEBUY\@EHUULHYV PDNHV

7KHUH DUH D ORW RI IODYRQRLGV LQ EHUULHV RI FUD
HIITHFW DQG DUH XVHIXO LQ WKH ILJKW HBQ QS8 VR WKWF XD
GLVHDVHV PDOLJQDQW WXPRUV LQIHFWLRQV > @
SKDUPDFRORJLFDO HIIHFWV %HLQJ SRZHUIXO QDWXUDO I
RI RXU ERG\ IURP WKH GHVWDRMWLY® HIIHFWV RI IUHH UD

,Q DGGLWLRQ WR SK\WLRORJLFDO DFWLYLW\ SKHQROLF
WHFKQRORJLFDOK SV R SBIWAV QW XUDO G\HV DQWLR[LGDQV
DOVR FRQWDLQ DURPDV WKDW GHWHUPLQH WKH WDVWH L

&UDQEHHV FRQWDLQ SRO\SKHQROLE XBRRSRRXQGRJ DQ\
OHXFRDQWHKRFWRLQWJ FEXWHFRLQWJI SDLQWXSDWQR WD

PJ > @ $QWLR[LGDQW HVSHFLDOO\ SRO\SKHQROL
WKH XURZWDQFHURXV DQG WXPRU FHOOV ,Q DGGLWLRQ
FRORULQJ SURSHQMWIKHHGRAWHPEHUULHY WKDW LV WKH\ C

7KH FRORUV RI WKH FUDQEHUULHV DUH UHSUHVHQW
DQWKRFXBREQQEHUULHY DUH ULSHQLQJ WKH FKORURSK\0O
WKH DQWKRF\DQLQ FRQWHQW LQFUHDVHV > @ 7KH DYHU
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JJJ)RRG 7THFKQ@RDRJ\

FUDQEHUULHV LQ WHWPRRWRLGHDIQLGL®J RI FUXGHE® ZHLJK
7KHUHIRUH WKH XVH RI SXUHH IURP FUDQEHUULHV DV |
SURSHUWLHV LV D SURPLVLQJ VROXWLRQ

BURDQWKRF\DQLGLQV FRQWDLQHG LQ WKH FUDQEHUU\
LQFUHDVHG FRQWHQW RDGWRRR\ERRM P GHIL Q VUDPGR| EH
DQ\ RWKHU IUXLW FUDQEHUU\ VWUHQJWKHQV WKH ERG\
ZKLFK DUH WKH FDXVH RI PDQ\ FKURQLF GLVHDVHV >
TXDQWLILFDWQRR RRPSIRK@ GV LQ FUDQEHUULHV PXVW EH
UHVHDUFK

JURP OLWHUDU\ GDWD LW LV NQRZQ WKDW FUDQEHUULH
LQFOXGLQJ EHQ]RLF DFLG > @ 7KH ILUVW PHQWLRQV R
FWQEHUU\ EHUULHV ZHUH EURXJKW WR WKHLU DUWLFOHV
IDWHU D QXPEHU RI VFLHQWLVWY ZLWK WKH KHOS RI PR
TXDQWLWDWLYH FRQWHQW RI WKLV QD WLXRIDIOW SIUGHINDEKUH QIR
WKH DPRXQW RI EHQ]JRLF DFLG LV PDGH E\ FRQGLWLRQV |
JURZLQJ VHDVRQ HWF > @ 7KDQNV WR LWV DQWLVHS
SURYLGMMHORQWRUDJH RI |QHXKEWWHBUWXGEZKM FR @ RI
DFWLRQ RI FUDQEHUU\ MXLFH KDYH VKRZQ WKDW WKH FR
LV VXIILFLHQW WR VWRS WKHDQBIZWE RI IXQJL RI WKH JH

7KH LQFUHDVH LQ LQWHUHVW LER W BWAXR VK IS KU WIR @ X WH
WKHLU XVH LQ IRRG SURGXFWV DQG WR WKH GHVLUH RI
VWDWXV RI QDWXUDO RQHV > @

7KH DERYH LQIRUPDWLRQ PDNHV FUDQEHUU\ D SURPL
WHFKQRORJ\ DRI G IWREBUORI VWXGLHYV KDYH EHHQ FDUL
FKHPLFDO FRPSRVLWLRQ RI FUDQEHUU\ ZKLFK FRQILUF
ELRORJLFDOO\ DFWLYH VXEVWDQFHV > @ O0DQ\ VWXGL
FRPSRVLWQEBUWIU\FGBISHQGLQJ RQ FOLPDWLF FRQGLWLRQ)\
VWRUDJH FRQGLWLRQV > @ %XW WKH EHUULHV X
DQG DUH XVHG LQ WKH IRUP Rl SXUHH WKH FKHPLUFNO FRI
IURP WKH LQLWLDO FKHPLFDO FRPSRVLWLRQ RI IUHVK EH

7KH SXUSRVH Rl WKH UHVHDUFK LV WR GHWHUPLQH WK
EODQFKLQJ DQG GHDHUDWLRQ RQ WKH FKHPLFDO FRPSRV

ODWHULDOV DQG PHWKRGYV
ODWHULDOV WKDW DUH VWXGLHG

,QYHVWLIJDWHG FUDQEHUU\ PDUVK SXUHH FROOHFWH(
SURGXFWLRQ RI FUDQEHUU\ SXUHH ZDV FDUULHG RXW E\ |

PLQXWHV WKHLU UXEELQJ D@XFGIED R UPWRRLD O %RV
FRQWULEXWHG WR WKH GHVWUXFWLRQ RI WKH PHPEUDQH
EHUULHVY SDUWLDO GHQDWXUDWLRQ RI VNLQ SURWHLQV
IUXLWV ZHUH UXEEHOGWLQR® VHQW GMP HIUHDMILRQ SURFHVYV
YDFXXP WR UHPRYH WKH UHVLGXDO PRLVWXUH DQG DLU W
VXEVWDQFHY DQG SUHVHUYH WKH FRORU RI SXUHH > @
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'"HVFULSWLRQ RI WHFKQLTXHYV

7KADVV IUDFWLRQ®@ QFZW\ XWWWPLQHG E\ WKH UHIUDFW

HVVHQFH RI ZKLFK LV WR GHWHUPLQH WKH PDVV IUDFWLR

VROXWLRQ > @
7KADVV IUDFWLRQ Rl WRWDO V XDNVUYHMHI B HGKE LE) JIKR)

> @
$FWXDO DPVGIMWHUPLQHG E\ SRWHQWLRPHWULF S+ PH!
SHFWLQ VXENWD GFHWHUPLQHG E\ WKH WLWULPHWULF F

WLWUDWLRQ RI WHGHPWNOGODRQE SUHSDUHG SHFWLQ VXE

K\GURO\VLV 7KH WLWUDWLRQ UHVXOWY DUH SURSRUWLRC

JURX%SV @
7KIFRQWHQW RI ZRRGLOYBHWNLIDWHG E\ WKH PHWKRG R

VROXEOH FDUERK\GUDWHYV ZLWK D PL[WXUH @I FRQFHQWU
7KARQWHQW RI YLW®HBEZDY WHWHRLFIH) HG E\ VRKIHGPDMN RRG

RI WKLDPLQH LQ WKLRKUXP LWV H[WUDFWLRQ LQ DQ RUJ

IOXRUHVFHQFH
7KHPHWKRG Rl GHWHUPLQLQJ 9% LMVD FEIDY HWEL BRRQ O OYXLRU H

PHDVXUHPHQW VSHFWURSKRWRPHWULF DQG\ W RHK DGSUER OV ||

VWDQGDUG ULERIODYLQ
7KBHWHUPLQDWLRQ RI YLWWEPLIPGORQ FL Q@ HDFWLRQ WKD!

VWDJHV $W WKH ILUVW VWDJH WKH LQWHUDFWLRQ RI WK

URGDQXP RFFXBRYGSWWDKH WHWKH FRORULQJ RI WKH GHUL"

IRUPHG ZKLFK LV GLUHFWO\ SURSRUWLRQDO WR WKH P

FRORULPHWULFDOO\ > @
7KBPRXQW RI DVFRDEVYFGBIMHUPLQHG E\ VSHFWURSKRW

DQG FHQWULIXJHG \VDFRHS/DHWZA. \E K GFHRK DBRWRSKHQ\OSKHQR

UHDG DGVRUSWLRQ DW D ZDYHOHQJWK RI QP > @
7KRDVV FRQFHQWUDWLRQ REZBKHMRHUFPVREGWD QW KM |

PHWKRG > @
7R GHW H UPRQW HRDKEIL R | O IV KBIQIRIO®O RZLQJ PHWKRGV ZHU'

s SOWUDVRSHWFIRUPHOQFH OLTXLG FKURPDWRWIDLS K3 H 8\3H & W
3'$ ZKLFK VLPXOWDQHRXVO\ UHFRUGV WKH HOHFWURC
7KH UHVXOWV DUH RIEMHD RQ HEG IRDG WEH(5BH 86$ 7KH DC
FDUULHG RXW LQ WKH JUDGLHQW PRGH RI FKDQJLQJ
DFHWRZIDLIWBIROXPQ $&48,7< 83/&3% P& PP

s (OHFWURQLF VSHFWURVFRS\ 7KHYUWFWXRIWE DIQEHGS BWR
30XV *HUPDQ\

s *DV FKURPDWRJU D/SKQ HFHWIKY RDGWWHFWLRQ DQG D OLEU
DQG DIWHU DFLG K\GURO\VLV RI VRXUFH DQG PRGLILHC
ZHUH REWDLQHG RQ6WKHS$$ILO HQWK&® FDSLOODU\ FRO
06 > @
+LJEHUIRUPDQFH OLTXLG FKURPDWRJUDSK\ 83/& > @

LGHQWLI\ FRPSRXQGV ZLWK PRELOH DWRPV WKH PHWKR

> @ ZDV XVHG WR LQFAHLDKW \RKMW RR O/MFXOWUQJ FRP SR X (

WR FDUU\ RXW D KLJKHU TXDOLW\ FKURPDWRJUDSK\ DQG

+ UHOLDEOH LGHQWLILFDWEK W L PG VWKUAEQ BRY RDFHWDPLG

UHDJHQW ZDWK KV XUBRVH
7KH SURGXFWLRQ Rl HWKDQRO FRQFHQWUDWH RUJDQL

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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> @ J RI FUDQEHUU\ SXUHH DOUHAVWERQW R-PU LOHDG/ W RI 1D
FPRI HWK\O DOFRKRO DQG DGOHGNHB WK DHERXD ERD
IRU PLOQXWHV $IWHU WKDW WKH ZDWHU EDWKRUV FRRC
HWK\O DOFRKRO DQG WKH FRQWHQWYV RI WKH IODVN DUH
FP 7KHQ RFPMWEDQRBGHG WR WKH IODVN DQG WKH SU
YROXPH RI HWKDQRO FRQFHQWUDWH ZDV DGMXVWHG WR
'KHQ FRQGXFWLQJ DQ DFLG K\GURO\VLVY > @ WKH ZHLJ
J ZHLJKHG WR WKH IRXUWWHWDWN WR DAOKH HQBUDNEH W\R
ERWWRP IODRN HWKAPQRRB! GLNWRVLOOHG ZRW HEBR QOFH® W UPR\
K\GURFKORULF DFLG DUH DGGHG $IWHU DWWDFKLQJ WKH
NHSW LQ D ERLOLQJ QRWHY BDWHUI RUKDW LWKH FRQGHQVF
RI GLVWLOOHG ZDWHU WKH IODVN LV FRROHG 7KH FRQWF
IXQQHO WKURXJK D SDDHIG LIQOIWHU RI VREPXP FKORULGH
DQG WHPR WKH RUJDQLF FRPSRXQUGE GALQVKZBW KD VDR H\WD \
IRU FPIWHU GU\LQJ WKH HWK\O DFHWDWH H[WUDFWV ZL\
VROYHQW LV GLVWLOOHG LQ YDFXR 7KH WFHPRL GIX\XD Q RDH
7R REWDLQ 706 GHWIYPWKFBRO FRPQFHQWUDWH RI WKF
EHDNHU DfREWKWDWQRO LV UHPRYHG 7R WKH GU\ UHVLGXH
DQG J RHWEKWULPHWKUQLVQRRW RDFHWDPLGH UHDJHQW
FORVHG DQG SXW LQ 8=% IRU RPDOMWRE L WIWHUHWRKLYGGF
PIHG DQG6*RV WHVWHG DFFRUGLQJ WR WKH SURFHGXUH G
7KH VWXG\ RI WKH FRQWHQW RI QDWXUDO SUHVHUYDW
RXW DFFRUGLQJ WR WKH PHWKRG GHVFSHEHT PQ @RU K LT
FKURPDWRIDDS/IK 9WHH VSHFWURSKRWRPHWULF GHWHFWR
7R VWXGLFIMRELRORJILFYD @ HFQQWHUWXKH PLFURELRORJLI
FUDQEHUULHY SXUpH D UHVHDUFK E\ FRXQWLQJ WKH QXP
RQ WKH QXWULHQMWHBHEXWP>Z@®V FRWBHWHUPLQH WKH GLDI
UHWDUGDWLRQ RI PLFURRUJDQLVPV SUHSDUDWLRQV XVL¢
ZHUH XVHG

5HVXOWY DQG GLVFXVVLRQ
&KHPLFDO FRPSRVLWLRQ RI FUDQEHUULHY EHUU\ SXUH|

7TDEOH WKRZRDLQ RUIJDQROHSWLF FKDUDFWHULVWLFYV

7DEOH
2UJDQROHSWLF FKDUDFWHULVWLFV RI FUDQEHUU\
QGLF &KDUDFWHULVWLI
$SSHDUDQFH D(| +RPRJHQHR OLNH UX
&R I +RPRIJHQHRXV WKH PDVV
BFHQW [ QKHUHQW LQ F

BUHSDUDWLRQ RI SXUHH LW HUFRF RIPISTFQWL RG KEN I WKHRALBW
EODVWLQJ RI EHUULHV ZKLFK PD\ OHDG WR WKH GHVWUX
7TKHUHIRUH LW ZDV DGYLVDEOH WR FRQGXFW D VWXG\ F
FUDQEHUULHY WKH UHVXOWY RI ZKLFK DUH JLYHQ LQ 7DE

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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W ZDV IRXQG WKDW YLWDPLQ & LV PRVW VXVFHSWLE(
LWV DPRXQW ZBWUHPMILW QHPDLQHG PJ WKDW LV GHF
LV GXH WR WKH KLJK WKHUPDO VWDELOLW\ RI DVFRUELF I
KHDW ZKLFK DFFRPSDQLHV WKH SURFHVV RI EODQFKLQJ
S X UH H@

7KH FRQWH Q\R GR{EADHIVSIWFWLQ LQ SXUHH KDV LQFUHDV
RI WKH PDVV IUDFWLRQ RI GU\ PDWWHU RI SXUHH LW L\
SURFHVV XQGHU WKH LQIOXHQFH RI RUJMRQ WKBFS&GRWRSH
RI SODQW WLVVXHV DV D UHVXOW \RROXKIOH SSHAMNY KW K F
7KH LQFUHDVHG DPRXQW RI SHFWLQ LQ SXUHH VKRXOG KT
FRPSRVLWLRQ RI WKH SUHRGRKNIGODRE VRDPAFWXUHV DQ
LQWHQVLYH UHPRYDO RI PRLVWXUH IURP WKH SURGXFW

7KH ILEHU FRQWHQW ZDV WR WKH PDVV IUDFWLRQ
WKH WRWDO FRQWHOQMHRH[BHH®IDE\ ILEHOWIQRX¥K WKH\ DL
WKH ERG\ > @ KRZHYHU WKH\ FRQWULEXWH WR WKH LP
UHPRYH WR[LF PHWDOV DQG UDGLRQXFOLGHV IURP WKH
PLFURRUJDQLVFWVSU¥XN EFRWOH[QJ Rl FDUEV DQG SURPRWHI
DQG H[RJHQRXV WR[LQV > @

7DEOH
&KHPLFDO FRPSRVLWLRQ RI FUDQEHUU\ SXUHH

_QGLF &RQWHQW RI &RQWHQW RI V
SHU J RI SXUPBIVV IUDFWLRRQV RI G
PDWWHU RI SXUHH

7TRWDO PDVV I! “
VXEVWDQFHYV

ODVV IUDFWI “
VROXEOH GU\ VXEVWDQFHV

$FWXDO D '

2UJDQLF DF “ “

7TRWDO VX ) )

7KH FRQWHQV z :
VXJDUV

SHFWLQ FRQ “ “

JLEHU FRQW “ “

7TRWDO FRQWF “ “
VXEVWDQFHV RJ

QIPDVV FRQFH ) )
DQWKRF\DQLQV| PJ

9LWELEK

7KLD -« p p

S5LERIOI “ “

I1LDFL(¢ “ “

$V “
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7KDW LV LW LV SRVVLEOH WR SUHGLFW > @ WKDW WK
IRRG SURGXFWWLMIMO\ LQFUHDVH WKHLU QXWULWLRQDO Y
QXWULWLRXV ILEHUV

W ZDV GHWHUPLQHG WKDW LQ FUDQEHUU\ RI VXJL
RI GU\ PDWWHU RI SXUHH RI ZKLFK U HJ XRFMB RV MW L W
LQFUHDVH RI ZKLFK LV GXH WR SDUWLDO DFLG K\GURO\V
SXUHH

7KH PRVW FRPPRQ FODVV RI RUJDQLF FRPSRXQGV LQ ¢
FUDQEHUU\ MXLFH LV SUHIHUUHG 1m0MQS K UHH. GFK HVW R WADRD
IUDFWLRQ RI GU\ PDWWHU RI SXUHH

$OVR YLW\DKPUDPLQH % ULERIODYLQ % QLDFLQ 33
DPRXQW RI DVK HOHPHQWV ZDV RI WKH PDVV IUDFWLR

,GHOWILQLRD®WILRIODYRQRLGY LQ FUDQEHUU\ SXUHH

6SHFLDO DWWHQWLRQ WR WKH FUDQEHUULHY KDV UHF}
VLIQLILFDQW DPRXQW RI ELRIODYRQRLG LQ LW 7KHUHIRU
RI WKLV FODVV RNKFHRRORKYEF@VIDQNHG EHUU\
7KH VHSDUDWLRQ RI WKH HWKDQRO FRQBHQRWHMWKRGRI |
FRQILUPV WKH SUHVHQFH RI SKHQROFDUER[\OLF DFLGV
FKURPDWRJUDSKLF SHBEN L?LHQXYWEMEBES XUHAIGHO FRPSRXQ
PYIIXUHWe DV ZHOO DV WKH PLIWXRUH)RKDRWKRF\D
7TKH TXDQWLWDWLYH FRUUHODWLRQ ERHWEGHQ WKHV!

7TDEOH
4AXDQWLWDWLYH FRUUHODWLRQ EHWIZ2ZHHAE FRPSRXQGV DF
'XubDWw 0D\ 'XubDw 0D\ 'XubDWw 0D\
RI IUDFWLIRQ RI IUDFWLIRQ RI IUDFWLRQ RI
GHWHQWLRWKH GHWHQWLRWKH GHWHQWLRXKH
DPRXQW DPRXQW DPRXQW
3'$ ( 3's$ P 3's$ C

$IWHU DFLG K\GURO\VLYLJWKH \FFKPRDW®RHUDLPHG E\ WK
WKUHH DQWKRF\DQLQV ZLWK WKH VDPH QG WOUHHR | RKH G
RI WKH DJOXFRQH > @ ,W VKRXOG EH QRWHG DERXW W
FRPLQJ RXW 7KLV LV GXH WR WKH IDFW WKDW LQ WKH RU
WKH\ DUH FRQQHFWHG ZLWK FDQERIGGIWDMRHYV W)RD DFCR/Q
OHXNRDQWKRF\DQLQY DUH UHODWLYHO\ UDUH LQ WKH IU|
RI YDULBRWBIR\FRVLGHY 7KH GLYHUVLW\ RI IODYRQRLG JC
DPRXQW RI VXJDUVVHOKEORWH MHWHELPRG WKH DELOLW\ W
RI SRVLWLRQV RI DJO\FRQHYVY DV ZHOO DV WKH IDFW WKD
JO\FRVLGH ERQGY DQG WKH RUGHU RI WKH FRQQHFWLRQV
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.

OLQXWHYV

JLIXUIIH&EKURPDWRJUDP RI WKH VRXUFH HWKDQRO FRQFHQW

Ll

OLOXWHYV

JLIXUIBHEKURPDWRJUDP RI WKH VRXUFH HWKDQRO FRQFHQW

OLOXWHYV

JLIXUAFRKURPDWRJUBRXRIFWMKHHWKD QRO FRQFHQWUDWH 3'$
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$8
v b by b by aa |

OLOXWHYV

JLIXUBFLG\GUROFOWRPDWRIUDP QP

7TKH TXDQWLWDWLYH FRUUHODWLRQ EHWZHHQ WKHVH F

7DEOH
4XDQWDWLYH FRUUHODWLRQ RI FRAKRX®R GV LQ ®FFRUGDQF}

< | 9ROXPH RI "XUDWLRQ RI ODVV IUDFW
kP PLQ DPRXQW

&RQGXFWLQJ WKH 706/ CFHWLRQ WIOORZR® WR LGHQWLI\ F
IRUPDOGHK\GWR[\EXW\ULF DFLG IXPDULF DFLG FLWULF I
FDUERK\GUDWHV KDYH EHHQ LGHQWLILHG VRUERVLV J(
SURSDQRLF DFLG HRPKXO®R GIWKBIELBQG IUHH FLWULF DFLG
VXEVWDQFHV LQ SXUHH RI FUDQEHUULHV LV XS WR
UHFRPPHQGHG IRU XVH LQ WKH FUHDWLRQ RI IRRG SURG X

7KH GDWD RI VIFWHKQW L}L R OLQMGHWFDWHY WKH H[SUHVVH
FUDQEHUULHYV LVRODWHG IURP WKH IUXLWV RI ELRORJLFE

$QWLPLFURELDO DFWLRQ RI EHQ]JRLF DFLG DQG LWV VD
DFWLYLW\ RI HQ]\PHWV+ E@ FMSHHFILDIOFDQG DQWLIXQJDO HIIL
DQG &DQGLGD LV DFWLYH KRXUV DIWHU XVH > @ %H
GHK\GURJHQDVH DQG OLSDVH WKH HQJ\PHV WKDW EUHD N
WKH JURDWK DQE EDFWHULD RI EXW\ULF IHUPHQWDWLRQ
IHUPHQWDWLRQ DRG DOIAMWH K OELIGWIORUD DQG PROG > @

6LQFH EHUU\ SXUHHV KDYH WKH RSWLPDO FRPSRVLW
HQYLURQPHQW IRUNWRIHP GHYRRREPHILQY PV Rl GDPDJH WKD
VXUIDFH RI WKH VNLQ RI EHUULHV LQWR SXOS > @ 3DU"
VRPH VSHFLHV Rl IX®ILRIL@EKHKR QMY FDSDEOH RI VHFUHV
SDWXOLQ ZKIDAKFKQRJHQLF DQG PXWDJHQLF HIIHR@W > @
WKHUH DUH GLVFUHSDQFLHV UHJDUGLQJ WKH GDWD RQ W

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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EHUULHV )URP D VFLHQWLILF SRLQW RI YLHZRILQDIDM BRD
SUHVHUYDWLYHV LQ SXUHH ZKLFK ZDV PDGH IURP FUDQE

,Q FUDQEHUU\ SXUHH EHQ]RLF DFLG ZDV LGHIQMLIOLHG |
VPDOO DPRXQW+XISVWEBELFPOFLBUHVHUYDWLRQ RI WKHVH
FUDQEXWHWN ®IWHU WKH WHFKQRORJLFDO SURFHVVLQJ RI |
WKH SUHVHUYDWLRQ RI WKH DQWLPLFURELDO FDSDFLW\ F
LQ > @

$Q H[SHULPHQW ZDV FRQGXFWHG WR LR KXW HHD VWD WK
WKH J&MXELTEH JERRELWRH VKDSH RI FHOOV LV VSKHULF
HORQJDWHG 3URSDJDWHG E\ PXOWLODWHEDDVRX}R/GRYH
IRUPV D SVHXGBIRXP DQG VRPHWLPHYQDWKBIXMWXP\DHGILRP
VXEVWUDWHYV IRWPKLM BPVP RRIDKQY NFOMHE $VVLPLODWHYV JO
PDOWRVH ODFWRVH $IWHU JURZLQJ LQ WKH WKHUPRVYV
REVHUYHG ZKLFK SURYHV @WEHUSRWVWR @ HWKIHHFWR RW K WD
\HDVW RI| WD) GHEWDQEHUULHY PD\ EH XVHG DV D VRXUFF
ZKLFK ZLOO KHOS OHQJWKHQ WKH VKHOI OLIH RI IRRG S|
PLFURELRORJLFDO FGIYRDRH V\Q R@OH HS Y R

2Q WKH FRQWHQW RI QXWULHQWY FUDQEHUU\ SXUHH
FUHDWLQJ D ZLGH UDQJH RI QXWULWLRQDO SURGXFWV IR
V K HOQLI H

&RQFOXVLRQV

7HFKQRORJLF DIORU F S DREHHVMAQL QWR SXUHH OHDGV WR
DVFRUELF DFLG E\ WLPHYV DQG WR DROXERUH BMHAWRL (
WR WR WKH PDVV IUDFWLRQ RI GU\ PDWWHU RI SXU
7KH FRQWHQW RI SKHQROEB IVXENWWDLHH VVL Q XU HBIQRA
PJ 7KH SUHVHQFH RI DQWKRF\DQLQ FRPSRXQGV IR
VWDWH ZLWK FLWULFRPWIDG ERV\@QHP ® P\GFRQR
'XULQJ WKH SURFHVVLQJ RI FUDQEHUU\ LQWRHSXUHH
FRQWDLQHG LQ IUHVK EHUULHV 7KXV LQ FUDQEHUU\ ¢
RI P9 DQG D VPDOO DPRXQW RI VRUELF DFLG LV D
SRVLWLYH HIIHFW RI FUDQEHUU\ RQ JURZ\WIG LEBW DU G D
LQYHVWLJIJDWHG

SHIHUHQFHYV

5XVH . 5DNFHMHYD 7 3K\WVLFDO DQG FKHPLFDO
FUDQERRWASINY SS
_KRP\FK * ODWVXN < 1DNRQHFKQD\D - 20L\Q\N 1 OHC

FUDQEHUU\ PDLQ LQGLFDWRUV RI FKHPLFDO(FRPSRVLWLR
/LIH 6FLHQS BV

'ROO\ -HDQ :DWMWRHPLFDO &KDUDFVOKU DDVOIHR @ URIQBH U |
8QLYHUVLW)\ RI ODLQH

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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&HOLN + 2]JHQ 0 6HUFH 6 .D\D & 3K\WRFK

DQWLR[LGDQW FDSDFLW\ DW IRXU @BVHQMD ¥RUDA HFXR W
SS +

3XXSSBQPQED 5 1RK\QHN / OHLHU & .DKNRQHQ 0 +R

2NVPRQOGHQWH\ . 0 $QWLPLFURELDO SURSHUWLH\

JLQQLVK FRXULMY Rl $SSOLHG GISSFURELRORJ\

-HQVHQ ' .URJIH@W & &RUQM\GURSKLOLF FDUER[\OLF

JO\FRVLGHV LQ WKH MXLFH RI $PHULFDQ DQG (XURSHDQ F

-RXUQDO RI $JULFXOWXUDO PSQG+)RRG &KHPLVWU\

6X ; +RZHOO $ % ' 6RX]DHI+HFW RI FUDQEHUU\ MXLFH

SURDQWKRF\DQLGLQV RQ WKH LQIHFWLRIRB\ RIFKXREDQ OHRY
SS +

7KLPRWHR 1 6 % 6FDYX]]IL % 0 6LPDR $ 1 & 'LFI

FUDQEHWARAL PIDFRURFDDBORBQFUDQEHUU\ SURGXFWV RQ HDF

PHWDEROLF V\QGURPWMXDHUHYS HZ

&DLOOHW 6 &RWH - 'R\RFURL\OYDLQ - $QWLR[LG]

DQWLUDGLFDO SURSHUW L HVF WRVEG BOEHDUWF K X QFHH D Q B WA

SS

:DQJ/ 7X < & /LDQ 7 : +XQJ -7 <HQ -+ :XO0 - '
DQG DQWLLQIODPPDWRU\RKURBBWVRRISJODKFRQWRRYVDO DQG
SS £

ODMHZVND ( 6NU]J\FNL O SBRGVLDGYDOXOWERRWR+ DQWL
SRWHQWLDO RI IODYR@RIW®DYV3P@RIQQ IYHVBK R UWADXEXWLFD D

SS+
-DQNRZVNL . -RFHO\Q 3DUH - 5 F U D QUEDRUBAF B QALR\PL G
R[\FRFFRXUQDO RI 1DWXUD[B 31 RGXFWV
-DFNPDQ 5/ B6PLWK - / 1 D WOXIWADIQR ¥R REBREGHRMR X UD Q W

3D]PL¥RIQ $ ( *LXVWL 00 :UROVWDG 5 ( *OyULD % $
R[DOLV WULDQJXODULV DVRRNHOWRIW)R® G RKRIGHFRDW UD Q \

<XDQ : =KRX / 'HQJ * :DQJ 3 &UHHFK ' SKHXROLFV $
DQG DQWLR[LGDQW FDSDFLW\ RBRDBPDFHXRVL FUFSZH]R SV 8

-RKQVIRIQVH % % XTXR / =HLQDOL 0 /LJOHU ) 6 :
EDFWHULDO FHOO DGKHVLRQ LQ L P PXWIRD\WMIF\VOE & KM PILR M
SS +

ODVRQ * ) 7KH 2FFXUUHQFH RI %HQ]RERX)FQBOLRW X
WKH $PHULFDQ &KHPLFDP®D+6RFLHW\

&{Wp - &DLOOHW 6 'R\RQ * ) 'X\DFIRQWO'$ QBNQ ¥ DEQRELD
HITHFWV Rl IUDFWLRQV IURP FUDQEHUU\ SURGXFWV RQ W
JRRG &RQW 5B @

/IDFRPEH $ 9LYLDQ & + :X 7\0HU 6 (GZDUGV . $C
$PHULFDQ FUDQEHUU\ FRQVWLWXHQWY SKHQROLFV DQ\
(VFKHULFKQW HR@LWLRQDO -RXUQDO RBSRRG OLFURELROR
.DLVX BVBWLKLQHQ $(DIGIDPDIAUMR + ODWWLOD HW DOO
&RQWHQWY RI 3KHQROLF &RPSRXQGV LQ (LRKXKWIDDQ@ &RAD (
$JULFXOWXUDO DQG )RRSS &KHPLVWU\

OIIWWILLKLQHQ .5 .IKR|QU@IW®BS$ 5 +HLQRQHQ , 0

DQG 3URF\DQLGLQV LQ %HUULHV RI 9DFFLQLXMREBBPICHV I
RI $JULFXOWXUDO DQG )RRG+t&KHPLVWU\

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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&DLOOHWD 6 &{WpD - 'B\ROQEFURLIDOYDEQWLR[LGDQW I

DQWLUDGLFDO SURSHUWLHYV FRIRFUBQEHD UK K XQ W HE B QIBWH.[F
+

.DOLQRYVND 7 2ERONLQD 9 6 XFEDYN\LODQ WAL 1B RLGR@D |

SURGXFWV DV DOWH U Q DWEWH RIDHUPNDQEUIMM\ FRXBRQ O R

6FLHQFH SS

'DQJ 6 - B6WUHWFK $ : $QWLR[LGDQW FDSDFLW\ LQ
DQG VWRUDJH-ROHPGHIO IRW $UHLFXOWXUDO B6 )RRG &KHP
*XUEX :DWNLQV % D WHRFOMBKRIOE HG ITHFWV RQ SRVWK
DQWLR[LGDQW DFWL YLRXURIDFU B Q & HULLAXIWW XWM OS3Q G )RR
+
/HH + 6 +3/& PHWKRG IRU VHSDUDWREBDRWLQG & H WD
DFLGV LQ RURRUAIMXRFHJULFXOWXUH DS §RRG &KHPLVV
=XR < :DQJ &K =KDQ - 6HSDUDWLRQ FKDUDFWHUL

DFLG SKHQROLF DQWLR[LG D @W VRIXQ B P ®UULIEDXQ WU WOED 0.
&KHPLVWU\jS =

3ULRU 5 / /D]JDUXV 6 $ &DR * OXFFLWHOOL + +DPPHL
RI 3URF\DQLGLQV DQG $QWKRF\DQLQ YDLFF 960 X BEGSEI L H V
+LJEHUIRUPDQFH /LTXLG &KURPDWRJERSRDODRY $SHFXO
DQG )RRG &KHP LVSABUA GRL M T

&KHQ + =XR < 'HQJ < 6HSHUDWLRQ DQG GHWHUP
SKHQROLRQFRRPSR FUDQEHUWBHUXREWDEAFKLOKL TXLG FKUR
-RXUQDO RI &KURPEZWRSS SK\

.DOLQRYVND 7 .\LDQ\WVLD 6 2ERONLQD 9 'RVOL
UHFKRY\Q QDSLYIDEU\NDWLY ] Y\QIRAKKUDQEIL\I K\ LYI\KE KVORYURENW
YODVW\KPWWKRYD QDXND L WHESQRORKLLD
20HNVL\HQNR 1 2ERONLQD 9 6\YQ\L , OLNURELRC
SURGX3WMRIGRYROFKD LQGSSMWULLD $3.

&{Wp - &DLOOWW 66\ONDIBXFURL[ 0 (IITHFW RI MXLFF
RQ FUDQEHUU\ DQW L)RIRFANHUN. BDUF K R NUSIBIGDW LR QD O
6\YQ\L , 2ERONLQD 9 3U\URGQL NRQVHUYDQW\ Y R
] SRGRY]KHQPRWHEPHUIKP@RYLPOFKD LQGXS/WULLD $3.
$UWHPLR = 7XOLR -U -DEORQVNLD - -DFNVRQD / /D:
%XUWRHPDQF % 3KHQROLF FRPSRVLWLRQ DQWLR]
FHOO IXQUGLRQRIZKLWH FRP® BHWP\L VWS W V

6\YQ\L , 20HNVL\HQNR 1 2ERONLQD 9 9\NRU\VWDC
SU\KRWXYDQQLD R]JGREOLXYDOQ\NK QDSLYIDEU\NDWLY ]
.KOLERSHNRGVWBUVNR SURP\VORYBS%W 8NUDLQ\

6\YQ\L , 2ERONLQD 9 .UDS\YQ\WVND , JERY®ERRYRV\
NUHPX ] GRGDYDQQLDP KRURE\QR Y RMRR QDY RIOFKDY O QR
$3. SS*

/ILSVRQ 6 0/ 6&RKKHHQ 3 *RUGRQ 5 ( 7DQ , 3 %XUGRZVNL

$QWLYLUDO HIIHFWV RQ EDFWHULRSKDJHY DQG URWDYLU:
+

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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2SWLPL]DWLRQ RI H[WUDFWLRQ SDUDPHWH
DQWLR[LGDQWY IURP GHINVWMWGEG IDIRDXSH E\
UHVSRQVH VXUIDFH PHWKRGRORJ\

6HUJH\ *XEODNV\P /DELI 20JD 6DPRNK"
1DWDOL\D *UHYWVHYD 20HQD *RURG\VND

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

$EVWI

-H\ZRUGV JQWURGXYRWLRWLPL]DWLRQ UHVXOWV RI
OLTXRGLG H[WUDFWLRQ E\ ZLQH LQGXVWU\
SQWLR[LGDQW RI WKH GHIDWWHG JUDSH VHHGV IORXU LQ R
3RO\SKHQROV KLIKQWLR[LGDQW FDSDFLW\ DUH FRQGXFWHC
JODYRQRLGV ODWHULDOV D Q& WHO IDRGW R[LGDQW FDSC
*UDSH VHHGV DQG WRWDO SKHQROLF FRQWHQW 73& RI W
&RXORPHWU\ E\ WKH PHWKRG RI JDOYDQRVWDWLF FRX(
HOHFWURJHQH UG WG FEURPS IQRIWIRG HW ULF P |
JRO&DRFDOWHX UHDJHQW UHVSHFWLYHO\
H[SHULPHQWDO YDOXHV ZHUH SUHVHQWHG L

JDOOLF DFLG FRQWHQW *$( SHU XQLW PDV\

5HVXOWV DQG 6HVBRQWIHRY XWRDRH\ PHWK
SUWLEOH KLVWRGB0 LV XVHG WR VHDUFK IRU REWXPBO FR
H[WUDFWLRQ Rl SKHQROLF FRPSRXQGV IURP

5HEHLYHG XQGHU WKH LQIOXHQFH Rl WKUHHfEBDFWRUV
5HFHLYHG LQ UHYWWH)GWLRQ WLRHDQG OLTXLG WR VROLG L
IRUP 7KH UHVXOW VKRZHG WKDW WKH SKHQROLF
$FFHSWHG UDQJHV LV ZLWK WRWDO DQWLR[LGDQW
PJ *$(J ': 'XH WR RSWLPL]DWLRQ S

ZDV GHWHUPLQHG WKDW XQGHU RSWLPDO FF
&RUUHVSRQGLQJ f& WKH H[WUDFWLRQ WLPH LV PLQ L
DXWKRU H[WUDFWLYH DJHQW YROXPH WR WKH PDVV
PD[LPXP 7%$& Rl WKH H[WUDFW RI PJ *

GHUJH\ *XEVN\  DEKLHYHG 7KH PD[LPXP \LHOG RI SKHQROLF
SPJ?(LE‘\)/N\# ZDV REWDLQHROORZMQ WKRQGLWLRQV WHPS

f& HHWUDFWLRQ WLPH LV PLQ DQG WKH
YROXPH WR WKH PDVV RI WKH SRZGHU LV

XVHG ZLWK WZR 7%$& DQG <3& UHVSRQVH IXC
RSWLPDO FRQGWWILRYE 2AMKH WHEHRSWKBW XUH

KGXKW HGX XD

HIWUDFWLRQ WLPH LV PLQXWHYVY DQG WKI
YROXPH WR WKH PDVV RI SRZGHU LV DwW
' 7$& DQG <3& YDOXHV DQG ZHUH

UHVSHFWLYHO\ 7KH YDOXGD/WLRIQRRH G BWKD

FRPSOLDQFH ZLWKLQ ZLWK H[SHULPHQWDC
&RQFOXVKRREWDLQHG UHVXOWY LQGLFD)

ZLQH LQGXVWU\ ZDVWH UHF\FOLQJ LQ RUGHI

‘2, IURP GHIDWWHG JUDSH VHHGV IORXWH DV D V
VXEVWDQFHYV RI D SKHQROLF QDWXUH ZLWK

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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,QWURGXFWLRQ

30bQW REMHFWY DUH FRQVLGHUHG WR EH SURPLVLQ
WKHUHIRUH WKH QXPEHU RI VWXGDNW &R Q GMKLHWG YN Y O\R-EH
WKH IRUP RI SDVWBR¥GHDWUKDIFWYV HFH® WO\ LOQFUHDVHG 7K
DGGLWLYHY DOORZV REWDLQLQJ IXQFWLRQDO QXWULWLF
ZHOO DV KLJK ELRORJLFDO DQG QXWULWLRQDO YDOXH

*UDSH VHHGY DUH SURGXFHG LQX&WWAHZD F RXQIWM B X PM
LQFUHDVLQJO\ XVHG WR FUHDWH IRRG LQJUHGLHQWYV 7KI
SRO\SKHQROLF DODWIRRIRGOYWWXFK DV PRQRPHULF I10DYDC
SRO\PHULF SURF\DQLGW\M* @QG SKHQROLF DFLG

7KH H[WUDFWLRQ IURP UDZ SODQW PDWHULDOV LV D
SURFHVVLQJ LQ RUGHU WR RSWLPL]H WKH FRQFHQWUDW
VHOHFWLRQ RI D VXLWDEOH VROYHQW IRU WK HWD/QMNQ GO U
WKLV SURFHVV '"LITHUHQFHV LQ WKH FRPSRXQGV VWUXFW
GLIITHUHQW SRODULW\ 7KHUHIRUH WKH W\SH RI H{TWUDFW
\LHOG RI WKH GHVLUHG H[WUDMPWMEH FRPGC R XRLHY HLR PWW K|
VROYHQW LV QRUPDOO\ OLPLWHG WR ZDWHU DQG HWKDQR
SXUSRVHYV

7TKH VHOHFWLRQ RI DQ DSSURSULDWH ZLWKGUDZDO S|
SDUDPHWHUYV DURVHMRLD/GEDRUGBIXDQG PRYLQJ IURP WKH
WKH LQGXVWULDO VFDOH $FFRUGLQJ WR WKH QXPHURXYV
IRU WKH HIWUDFWLRQ RI SKHQROLF FRPSRXQGV RI VRPH
YDULRXFND0WOEL@MWUDFWLRQ PHWKRGY WKDW DUH PRVW FR
FROQYHFWLRQ PHWKRGV PDFHUDWLRQ SHUFRODWLRQ LQ
DQG PRQYHFWLRQ PHWKRGYV XOWUDVRQLFDOO\ HIWUDFW!|
SXOVH HOHFWULFDO GLVFKDUJH 3%$('" DQG ®RESHEIFUHWLI
PHWKRGV LQ 8RIVHRIHWQKMHREWHULPHQW ZHUH XVHG WR FRC
HIWUDFWLRQ RI SRO\SKHQROV IURP JUDSH >2DW@WVH IRU HJLC

7KH SXUSRVH RI WKLV VWXG\ ZzDV WKH VHOHFWLRQ RI
VR®ULGET XLG HIWUDFWLRQ 6/( RI SRO\SKHQROLF FRPSRXQ(
RUGHU WR REWDLQ DQ HIWUDFW ZLWK WKH PD[LPXP DQWL

ODWHULQOGWBWKRGYV
&KHPLFDOV

7KH IROORZLQJ FKHPLFDOV XVHGSR@ MWWLX R/ VEX R P DG&HH
K\GUR[LGH VRGISHDFRUERROWHD VXOSKXU DFLG 6XP\FKI
DFLG 6LJPD $OGOIFKVKIEFKHPLFDOV XVHG LQ WKLV H[SHU
7KH VIQWKHVIVRRD PRMOHOQ UHDJHQW ZDV GRQH @ BPROUWK® J
FKHPLFDOV XVABGXQU M EHWISWRR DQDO\WLFDO JUDGH )RU
XVHG )RU SUHSDUDWLRQ RI WKH VROXWLRQV GLVWLOOHC
P6 P ZDV XVHG 7KH FRQGXFWLYLW\ ZDV PHDNXUHG E
$QDOLWSULERU *HRUJLD

5DZ ODWHULDO

'"HIDWWHG JUDSH VHHGV IORXU 20HR 9LWD WUDGHPDU
JUDBHHRXRQ IHUPHOXHHEBQQLQGXVWULD®G PRQAGUNWHL RRIV [RX
JUDBHULHFTX¥MNORSRUBDRQPWRZQ LQ WKH VRXWKHUQ UHJ

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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2GHVVD UHJLRQ ZDV XVHG DV WKH UDZ PDWHULDO *HQYV
PRUH WR&AIUHHPVENMVR WKH WKRURXJK FOHDQLQJ VHSDULI

*UDSH VHHG FDNH ZDV REWDLQHG LQ WKH URQO®BRGYROL
FU XV K LIQ@GHRWRS HOURXQ WKH SURFHVYV RK IF RIGHE I[SGXXHD/Y URW FRC
IORXU ZDV

(IWUDFWLRQ 3URFHVV

$FFXUDWHO\ ZHLJKWHG GULHG SRZGHU DFFRUGLQJ WR
WKH VROYHQW E\' PO LQ JODVV WHVW WXEHV WRWDO Y
ZDV XVHG DV WKH H[WUDFWLYH DJHQW 7&® OH JMKUHD AW B R Q
SHUIRUPHG LQ WKH GDUN DQG DW RRUXHGSRDVGLR D QY6 P/EtH
WLPH 7KH WXEHV ZHUH SODFHG LQ D WKHUPRVWDW DW [
OLTXLG DIWHU H[WUDFWLE® EDFHEDUXWHELRRBW RO LJ
8+] 5XVVLD

7KH VROXWLRQV ZHUH NHSW DW D FRQVWDQW WHPSH
5XVVLD 7KH WHPSHUDWXUH LQ WKLV GHYLHRDZDE/ PDL
GHWHUPLQHG &0 WK\H VH@RRBJIDZD (XURSD +ROODQG ZLW
f&

7KH VDPSOHV ZHUH ZHLJKHG RQ ODERUDWRUFD®HFDOH\
&KLQD ZLWK DFFXUDF\RI PJDQG RQ DQDO\WIRAFRHWDER!
5XVVLD ZLWKDRAR(UDPJ

'"HWHUPLQDWLRQ RI WKH 7TRWDO $QWLR[LGDQW &DSDFL\

7$& Rl VLPSOHV ZDV GHWHUPLQHG E\ WKH UVHEF/LRQ Z
WKLYV UHVHDUFK XVLQJ WKH VDPH P HAKK RGS MKLIEPW QWD b OG ¢
FRXORPHWULF WLWUDWLRQ ZHUH XVHG WR FDOFXODWH W
WLVWQUBSMULR J RI WKH VDPSOH DQG LW ZHUH FDOFXODWHG

6#%Srr+PaeéBégUééé s:
l'ogl ®0aare

ZKHUgbaadeV WKH ZHLIJKW RI WKH VDPSOH GUV SRZGIM RI SC

WKH WRWDO ZHLJKW RI WKH VROXWLRQ IRU FDQG\ FDUDPH

7%& LQ JDOOLF DFLG HTXLYDOHQW PHG$JRU D VOPROHVEBD KX

JDOOLF DFLGYVY WKH FRHIILFLHQWYV RI WK& OLQHDU UHJUHV

"HWHUPLQDWLRQ RI WKH 7TRWDO 3KHQROLF &RQWHQW

7KH FRQFHQWUDWLRQ RI SKHQROLF FRPSRXQGV LQ VD
VSHFWURSKRW&RPRADOWHXROH@KRG DFFRUGLQIWK QURHW
WUDQVLWLRQ IURP YROXPH WR ZHLJKW Rl WKH DOLTXRW
EODQN VROXWLRQ ZDV PIEHRBFDIOMWHX TV BHPRBQY DQG |
RI H{WUDFWV ZDV SUHYLRXVO\ GLOXWHG/RGLXRVEPH ¥R QIM
ZZ VROXWLRQ ZDV DGGHG WR WKH PL[WXUH DQG DGMXV
ZDV LQFXEDWHG IRU PLQKLWHWERHUBPRNKWEW)D@DOO\ P
DEVRUEDQFH ZDV FDUULHGBRXW RPRV SKFWUR SEQ & RRIEWM H'
FRQQHFWHG ZLWK D FRP6 X\W 8D $6BHFERULAN 8SHUPDQ\ DW ZI
QP DJDLQVW D EODQN VDPSOH

*DOOLF DFLG ZDV XVHG DV D VWDQGDUG 7KH 73& YDOX
HTXLYDOHQWWU*9(RI GU\ ZHLJKW ': RI SODQW $ PJ N.

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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DFLG ZDV SUHSDUHG E\ GLVVROYLQJ J RI JDOOLF DFL
VWDQGDUG VROXWLRQV RI JDOOLF DFLG DW ILYB@G IIHUH

PJ NJ ZHUH SUHSDUHG E\ GLOXWLRQ Rl WKH VWRFN VR
ZDV FRQVWUXFWHG LPWKB DOGIXHVRG WR FDOFXODWH OL
> @

7KH \LHOG Rl WKH H[WUDFWLRQ RI SKHQROLF FRPS
SRZGHU ZDV GHILQHG DV
62% .,
12 %L srr-a it
srrr

([SHULPHQWDO 'HVLJQ

$ UHVSRQVH VXUIDFH PHWKRGRORJ\ 560 DV D WRRO I
DSsscL®&G$ WUHH OHYHO +%HKKMHNMHOPD OBDEINS SLRIHG WR GH\
WKH EHVW FRPELQDWLRQ@VLFX¥ D@Q@®XH RI H{WUDFWLRQ
HIWUDFWLRQ IURP GHIDWWHG JUDSH VHHGV IORXU

7DEOH
,QGHSHQGHQW YDULDEOHV DQG W% H K@ NHQ KW HRS ORR) HRS WQ FT
GHIDWWHG JUDSH VHHG IORXU H[WUDFWYV

&RGHG OQHYHOV
,QGHSHQGHQW Y DAAPEROH]V |
1DWXUDQ OHYHOV

THPSHUDKWXUH| 7HP$
7LPH PLQ 7LPH
5DWLR YROXPH Rl LTéLG WR
ZHLIJWK RI VROLG SRZ L| Y[Z [POQ

7TKUHH LOQGHSHQGHQW YDULDEOHW[WHIDHPWHR® W H PV8 K U
WKH HIWUDFWLRQ WLPH W DQG UDWLR YROXPH RI OLT>

BUHOLPLQDU\ WULDOV VKRZHG DV WKH YDOXHV RI
WHPSHUDWXUH WLPH DQG UDWL®H/Y & OW KZHHIHH RAHO HW KWHH @
LQ WKH GHVLJQHG H[SHULPHQW 7KH IDFWRULDO GHVLJQ
DFFRUGLQJIWR3 ERKMUH N LV WKH QXPEHU RI IDFWRUV N
RI WKH FHQWUDO BROQ0WVRL. HWIVYKW QGFWRUHH FHQWHU SR
HISHULPH@WYV

5HIJUHVVLRQ DQDO\VLY ZDV SHUIRUPHG RQ WKH GDWD F
HIWUDFWLRQ FRQGLWRQWPQGUZPW HAMRWIBGRUGW U SRO\Q|
LQ WKH IROORZLQJ HTXDWLRQ

P LUEAW GE AGBGE Ay
ZKHUH < LV WKH SU ¥ &N, D6 W MISHR Q@MW HUFHSWLRQ FRH
WHUPV WKH TXDGUDWLF WHUPV DQ G@EWE HH. @\W H UDFRWALIR®
RI WKH LQGHSHQGHQW YDULDEOHYV
6WDWLVWLFDO DQDO\VLYV

'"HWHUPLQDWLRQ RI WKH H[SHULPH@QWPPBHUVY DRIX \D UZH]
PHDVXUHPHQWY Q WHAKM SHMUCH QMWHVGVWKY WR FKHFN WKH
WKH UHJUHVVLRQ FRHIILFLHQWYV $ S ZDV FRQVLGHUH
WHVW IRU DQDO\WLYV RI YDURDRHE RQ 29[S HAOWP ISGIWDO GD

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

VWDWLVWLFDO VLIJQLILFDQFH RI WKH PRGHO 7KH WKH "'H\
(DvH 86% ZHUH HPSOR\HG IRU WKH UHJUHVVLRQ DQDO\
UHVSHFWLYHO\

7KH PRGHE&VURIVBBRMVBARRBRUKDO GHVLJQ ZHUH H[SUHVV
YDULDEOHY DQG ZLWKRXW WDNLQJ LQWR DFFRXQW WKH V

5HVXOWY DQG GLVFXVVLRQ

JLWWLQJ WKH PRGHO RI WKH HI WUDFWLRQ SURFHVV IUF

7KH H[SHULPHQWDO GDWD RI GHSHQGHQFH RI 7$& DQG =
IURP WKH LQYHVWLIJDWHG IDFWRUYV DUH VKRZQ LQ 7DEOH

7TKHVH H[SHULPHQWDO GDWD ZHUH SURFHVVHG LQ WK
$129% XVLQJ WKH PRGHOORIQWEBH PYHHN®IDQG TXDGUDWIL
FRPPRQO\ NQRZQ WKDW $129%$ LV D VWDWLVWLFDO DQDO\
RI HHLTSHULPHQWDO GDWD DQG IRU DGHT@&Q BODVQLD/ORYV IRE WID\
FDOFXODWLMPQWWKRZPRYWHOGHTXDWH GHVFULSWLRQ RI 7%
LV DFKLHYHG LQ D TXDGUDWLF PRGHO $129% GDWD UHVX
GHSHQGHQFH RI WRWDO DQWLR[LGDQW FDSDFLW\ IURP W|

7DEOH
([SHULPHQWDO ®H KO MEKJMH ERHH B@RIHQ GHVLIQ DQG 7$& 73
\LHOG Rl SRO\SKHQROLF FRPSRXQG RI GHIDWWHG JUDSF

&RGH SDWWHAHPY 7LPH PL5Q/ 6] ((SHULPHQWPO YDOXH
5X ( B’ % <38& 7%&
7HPS 7LPH5/ 6 $ & *$( PJ
J '
7KH FRHIIADQH@ WV, PUH HTXDO WR b UH\

DFFRUGLQJ WR WKH UHVXOWYV IURP 7DEOH 7TKHVH YDC
GHVFULEHV WKH H[SHULPHQWDO GDWD REWDLQHG DQG

SUHGLFWHG YDOXHWLAOOPREHDQILVLFWOWIBBHFDXVH WKH
7KH REWDLQHG YDOXH RI WKH YDULDWLRQ FRHIILFLHQW

UHOLDELOLW\ RI WKH H[SHULPHQWDO GDWD

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

7DEOH
$QDO\VLV RI YDULDQFH $129% BROARQRPLWW PERAHKXO GRD WKH
GHIDWWHG JUDSH VHHG IORXU H[WUDFWV

6RXUFHRF§$Xwa 8$£§UH)YDO HSYDOXH 5HVXPH
ORGHO VLJIQL
SHVLGXDO

/DEN RI[)LW VLJIQL
3XUH (JURU

&RU 7RWDO

(VWLPDWHG UHJUHVVLRQ FRHIILFLH

7Hup | SRAVLALEAEW  swe HUURU) YDOXH  sYDOXH
$
%
&
$%
$&
%&
$9d
%3
&0
ORGHO VXPPDU\ VWDWLVWLFV
6WG "HY 53
0HDQ $GMXVWHG 56
& 9 3UHGLFWHG §5
35(66 $GHT BUHFLVLRQ
7KH )LVKHU FULWHULRQ YDOXH RI ) DW OHYHO LP

VLIQLILFDQW 7KH REWDLQHG YDOXHV RI S FULWHULRQ
VLIQLILFDQFH RI WKH FDOFXODWHG FRHIILFGHQWNOX H& §
IRU /DFN RI )LW DUH DOVR VWDWLVW LFIUHBLFWIQE 58D QW
LV LQ QHFHVVDU\ $®R % OWBIGFHMILQWFKH WKHLU GLIIHUHQFH
7KH YD G)XGHI TRIU H FHLMSLLRHYY V L Q W R/ WIDMPIDR DQG HTXDO W
JUHDWHU WKDQ WKH LQGLFDWLYH YDOXH ZKLFK LQGLFEC
6LPLODU FRQFOXVLRQV FDQ EH PDGH ZLWK UHVSHFW
FRPSRXQGV RXWSXW LQ WKH H[WUDFW L RGQHBSHRFLIHPH/Q WD BC
GHVFULSWLRQ RQ WKH SKHQROLF VXEVWDQFHV RXWSXW
E\ WKH KLJK FRUUHG@DIVQ4EQ .E R DLW LBIQNVHTXDO WR
UHVSHFWLYHO\ DQG WKH S Y DIOXHHUMIOD WELD IHWX BO WK H +
ZDV DOVR FRQILUPHG E\ WKH YDOXH RI IDFWRU DW WKH O
7KH DGHTXDF\ Rl WKH H[SHULPHQWDO GDWD GHVFULSW
DFKLHYHG E\ LQGLFDWHG PRBHIK PRU M HIO®MURDE BRHW K|
48 v WKDW DUH HTXDO WR b UHVSHFWLYHO\ |
7KH UHOLDELOLW\ Rl WKH H[SHULPHQWDO GDWD ZDV
WKH OHYHO RI & 9
7KH YDOXH Rl )LVKHU V FULWHULRQ ) DW WKH OHYHO RI
DQG LW GHPRQVWUDWHYV EHWWHU VWDWLVWLFDO VLJQLIL

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

WKDQ DQG WKH\ LQGLFDWH WIGHFRHIQUALHADQQMH $R 1&W
HTXDWLRQ

7KH FDOFXODWHG ) YDOXHV IRU /DFN RI )LW DUH DOVR
YDOXH RI B3UHGLFWHG 50 LVLQ UHDVRQDEOH FRPSOL
RI $GHT 3UHFLVLRQWY KD FRIQRHSMHHVBQY LR LV JUHD
LQGLFDWLYH YDOXH ZKLFK LQGLFDWHY GDWD DGHTXDF!

7DEOH
$QDO\VLV RI YDULDQFH $129% RI WKH ILWWHG TXDGUDWLF SF

GHIDWWHG JUDSH VHHG IORXU H[WUDFWV

6RXUFH RS¥§DLH@| 8$£§UH)YDOXHSYDOXH 5HVXPH
ORGHQ VLJIQL
SHVLGXDO
/DEN RI|)LW
3XUH (UURU
&RU 7RWDO

VLJIQL

(VWLPDWHG BRBUHF¥VHR® V

7Hup | GRAVERLROW  swe HUURU) YDOXH  SYDOXH
$

%

&

$%

$&

%&

$9d

%3

&0

ORGHO VXPPDU\ VWDWLVWLFV

6WG 'HY 55

0HDQ $GMXVWHG 55

& 9 3UHGLFWHG 55

35(66 $GHT BUHFLVLRQ

7KH 3HDUVRQTYV FRUUHODWLRQ FRHIILFLHQW IRU DFWX]|
OHYHO RI DQG UHVSHFWLYHO\ LQGLFDWHV W
REWDLQHG WR SUHGLFW GDWD RQ D@WERBRIGCD&W REONEDX\
GHIDWWHG JUDSH VHHG I0RXUXZIGHR[WRQ@ 6 WEWR QQZIL WKOZGV
7KH IROORZLQJ IRUHFDVW PRGHOV IRU GHVFULELQJ WI

ZKLFK DUH GHVFULEHG E\ HISUHVVLRQWR DRBPDULDUMI
WKH DERYH

% % ;LtxdsE z&s E r&tz{ E sdr r&rvu
Fr&kyx{ Erairsw Etdar ~ rgvtu~ sat ~a

0% % ;L sdrEr&xuvErdayrr Er&rwy r&rwx E
Erdawxz Erdtrs Er&tvs~Frazrr® rdrwx~

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F



JJJ)RRG 7THFKQ@RDRJ\
(I '!THFW RI SURFHVYV YDULDEOHY RQ 7RWDO $QWLR[LGDQ

7KH HIITHFW RI LQGHSHQGHQW YDULDEOHV RI WHPSHUD\
DQWLR[LGDQW DFWLYLVSVLWHHWIQRAREQVKHXMFDQ 7$& YDO:
RI LQGHSHQGHQW YDULDEOHVS$YIPULHY ZLWKLQ

D E

J)LIXUH 7KH 'DQG ' UHMEBRQUHWRU MPRHYVSDIIHFWHG E\ LQGH:¢
DW RSWLPDO FRQGLWLRQV
UDWLR 6 / D WLPH PLQ E®®® TG WHPSHUDWXUH

7TKH DOQDO\VGYLRRHQWHBRR®D O VXUIDFHV RI WKH EDVLF SUR
YDULDEOHY DW DIDQOQMHG RRSWHRDWKLUG SDUDPHWHU KDV
IROORZLQJ FRQVLVWHQW SDWWHUQ

i DQ LQFUHDVH LQ WHPSHKDWMBRPGEGYN WRPYWHDRE\ LQFUHD\
UHJDUGOHVYV RI WKH QDWXUH RI WKH VHFRQG KK)GHSH(
WKLUG SDUDPHWHU )LJXUH D E DQG WKH DFKLHYHF
PJJ': DW D WHPSHMBDWXUH RI

i ZKHQ IL[LQJ WKH WHPSHUDWXUH DQG FRQVLGHULQJ
HIWUDFWLRQ WLPH DQG 5/ 6 D VXMLIQFHHZSE RIKQWWRIRH W\
ZKLFK FRUUHVSRQGV WR WKH PD[LPXP 7$& ¥ LQXHHOW D

F LV REWDLQHG

(IHTHFVWURIFMDWLDEOHY RQ 7TRWDO 3KHQROLFV &RQWHQW

7KH HIIHFW RI WHPSHUDWXUH LQGHSHQBWQW /Y® WRID B
SKHQROLF FRPSRXQGV \LHOG LV VKRZQ LQ )LIJXUH  $V F
YDOXH RI SKHQROLF FRPSRXQG YDULHV XQGHU WKH HI

7KH HIITHFW Rl WHPSHUDWXUHWRDR[L Q D/QKA\H FADS/IHF R\
WR D PRQRWRQLF LQFUHDVH LQ WKH <3& YDOXH RQ WKH |

f& UHJDUGOHVV RI WKH YDULDWLRQ RI WKH VHFRQG
WHPSHUDWXUH LV IL[HG DW RMWKHRSWERD®D OBFHW® HLYG
SURQRXQFHG H[WUHPH GHSHQGHQFH RQ WKH H[WUDFWLR
RI'5/6 )LJXUH F LV REWDLQHG

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

7TKH PRQRWRQRXV JURZWK Rl <3& ZLWK DQ LQFUHDVH L(
DQ BHHWXP LV REVHUYHG RQ SURMHFWLRQ FXUYHV XS WF
HIWUHPH GHSHQGHQFH LV ZHDNO\ GHWHFWHG RQO\ DIWH

D E

J)LIXUH 7KH '"'DQG ' UHVSRQVH VXUIDFHV SURILOHV RI <3& DV
DW RSWLPDO FRQGLWLRQV
UDWLR 6 / D WLPH PLQ Ef®RG WHPSHUDWXUH

2SWLPXP FRQGLWLRQV IRU 6/( IURP GHIDWWHG JUDSH V

7KH UHJUHVVLRQ PRGHOV REWDLQHG IURP (TV DQG
YDOXHV RI HIWUDFWLRQ WHE@ISHULBBN WRH VRAIPGH BP\QXYV UDY
SURFHGXUHV 7KH REMHFWLYH IXQFWLRQ 4 LQ WKLV F
VLPXWDQHRXVO\ WKH 7$& DV ZHOO DV WR PD[LPL]H WKH \LI
VXEMHFW WR WHPSHUDWXUH UDQJH $ WLPH % DQG UL

*fS L] L™ aa; sO aa Os
E
7KH RSWLEPIDWLRAY DUH IDLUO\N VLPSO\ DQG HIILFLHQW
PHWKRGRORJ\ PHQWLRQUWHV BRRY H> I KA¥ 508/ \ORMIS G13 & DQ (

YDOXHV ZHUH REWDLQHG RXWD WKHV RGW LRIL ] BMLR\Q
UHVSHFWLYHO\ 7DEOH

,W VKRXOG EH QRWHG WKDW WKH FRPSOHWHG RSWLPL]

DQG PDNHV LW SRVVLEOH WR REWDLQ PRUH WKDQ WH(

YDOXHV RI WKHFREWQPDWHILQ WKH LQWHUYDO RI YDULD

$OWKRXJIK WKH GLIIHUHQFHV LQ WKH RSWLPDO YDOXHV
SUDFWLFDOO\ LQ WKH VDPH YDULDWLRQ LQWHUYDO
7TDEOH

(VWLPDWHG RSWLPXP FRQGLWLR®® RI UHVSRQVHV 7%

L«KK| W RPLR/ § 7%$& PJ *$(J [:<3& '"HVLUDELOLW\

7%&
<3&
7$& <3&

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F



JJJ)RRG 7THFKQ@RDRJ\

W VKRXOG EH QRWHG WKDW WKH FRPSOHWHG RSWLPL]
DQGPDNHV LW SRVVLEOH WR REWDLQ PRUH WKDQ WHQ V
YDOXHV RI WKH RSWLPDO IXQFWLRQ DUH LQ WKH LQWH
$OWKRXJK WKH GLIIHUHQFHV LQ WKH RSWLPDOVRDOXHYV
SUDFWLFDOO\ LQ WKH VDPH YDULDWLRQ LQWHUYDO

8QGHU PXOWLYDULDWH FRQVLGHUDWLRQ WKH 'HUULQ
'HVLUDELOLW\ ZHUH XVHG SUHIHUULQJ D VHW ZLWK OC
FULWHULRQ RI WKIFRRSWIHWO FRQGL

=

—
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—
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o
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—
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$ 7HPSHUD\V % 7LPH & 5DWL
g PLQ

JLIXUH 2YHUDOO RSWLPXPLARQG LHYWRQWV\RLR®ARLEGKHQROL
IURP GHIDWWHG JUDSH VHHG IORXU

7KLV IXQFWLRQ ZDV XVHG DV D VHOHFWLRQ FULWHULF
FULWHULD RSWLPLIDWLRQ WHFKQRORJ\ LQ RXU FDVH ZLV
VKRXOG EH QRWHG WKDW WKH GHVLUDELOLWH QV¥QF&FW{L\RHG
LQ RSWLPL]DWLRQ SURFHGXUHV ZL¥W K@ PKID WIRSJQH VBHRWEJ
RSWLPLIDWLRQ DOJRULWKP RI HHTWUDFWLRQ SURFHGXUH F
VROYLQIVWRIHWKBVRNXWSXW PD[LPLIDWLRQ RI QHFHVVDU\ F
EDVHG RQ VHYHUDO>UH SRQVH IXQFWLRQV

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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7KH UHVXOWY RI RSWLPL]DWLRQ SURFHVV RI WKH FRPE
WKH YDULDWLRQ UDQJH RI LQGHSHQGHQW H[WUDFWLRQ
POLPXP YDOXH RI WKH GHVLUDELOLW\ IXQFWLRQf & LV
HIWUDFWLRQ WLPH RI PLQXWHY DQG WKH UDWLR RI WK
7TDEOH 7KH REWDLQHG YDOXHV RI DQWLRIKERRWLFD:
FRPSRXQGV \LHOG LV PJ *$(J ': DQG OHVV WKDQ
SURSHUWLHY RSWLPDO FRQGLWLRQV DUH RQO\ DW WKH O

7DEOH
&RPSDULVRQ EHWZHHQ SUHGLFWHG DQG H[SHULPHQWDO YDO
SURFHVV WHPSRUWMWHIH PLQ UDWLR / 6

9DOXH | 3UHGLFWSIKBULPH QWD O
7%8& PJ *$( |
<3&

ORGHO YDOLGDWLRQ

7KH REWDLQHG PRGHOV RI 7$& DQG 73& ZHUH YHULILH
ZLWK H[SHULPHQWDO GDWD 7DEOH VKRZV WKH FRPS
H[SHULPHQWDO YDOXHV IRU HDFK UHVSRQ Vi VWWIXFGH. HG DV
PLQQG UDWLR / 6

$V VKRZ 7DEOH (ISHULPHQWDOO\ WKH YDOXHV LQ D
ZLWK WKHRUHWLFDO YDOXHV ZLWKLQ 7KLV FDQ EH FRQ

&RUUHODWLRQ 7$& DQG 73& YDOXHV

7KH YDULRXV PHFKDQUWRX RN LR[Q GDHDIFRMLRQYV  VLPXO
UDGLFDO R[LGDWLRQ DUH XVHG LQ PHWKRGV IRKHWXG\
PHWKRG RI JD ONIRPRMWD VLW RRHOHFWURJHQHUDWHG EUR
HYDOXDWLQJ DQWLR[LGDQW FDSDFLW\ LQ WKLV VWXG\ 7
DQWLR[LGDQWY ZLWK EURPLQH DQG DOORZV HYDOXDWLQ
UDQJPDRVHULDOV LQFOXGLQJ SODQW PDWHU:D@WKEQG PI
PHWKRGRORJ\ IRU GHWHUPLQLQJ WKH WRWDO FRQWHQW
WRWDO FRQWHQW RI SRO\SKHQROLF D®¥WARR]WKREWK/ WX
GLIIHUHQW PHFKDQLVP RI UHDFWLRQV HIIHFW RQ ZKLFK V
TXLWH KLIRSBEWDOWUWLHR® EHWZHHQ WKH REWDLQHG GDWD

o %

4
.

o

e o

7$& PJ *$( J

73& PJ *$(J
J)LIXUH &RUUHODWLRQ SORWYV IRU IURP Y&/H IDVEWRH & D W/
VHHG B3R XU

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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6LPLODU UHJXODULWLHV ZHUH REWDLQHG IRY RRQIHFV
'DWD FRQFHUQLQJ WKH FRUUHODWKIRQ RU R B & VDIQIBW WK M DR
WLWUDWLRQ PHWKRGRORJ\ ZLWK HOHFWURJHQHUDWHG EL
RI GHWHUPLQLQJ WKH WRWDO DQWLR[LGDQW FDSDFLW\ L
ZLWK WKH SUHYDLOLQR FFRRXQKQYWD R | DSKWMIORR QG B W V

&RQFOXVLRQ

7KH IROORZLQJ FRQFOXVLRQV FDQ EH GUDZQ EDVHG R
$V D UHVXOW Rl RSWLPL]DWLRQ SURFHGXUH LW KDV
FRQGLWLRQV LQ SDUWLFXOD WKWK H DWFWRRKQU YWXK HR IR |

DQG WKH UDWLR RI WKH H[WUDFWLYH DJHQW YROXPH W
WRWDO DQWLR[LGDQW FDSDFLW\ RI WKH H[WUDFW WK
REWDLQHG 7KH PD[LPXP RXWSXW RIZDKHRRWD EMXE XY B
IROORZLQJ FRQGLWLRQV f & WH W H P8 Bl D BWEXRIMH \RLPH RI

WKH UDWLR RI WKH HIWUDFWLYH DJHQW YROXPH WR WK
7KH XVDJH Rl '"HUULQJHU IXQFWLRQ OWIB WVRIOXWWR® Q ¢ W
FULWHULD RSWLPL]IDWLRQ WHFKQRORJ\ ZLWK WZR 7%&
SRVVLEOH WR TXLFNO\ DQG HIIHFWLYHO\ SUHGLFW Wk
SURFHGXUH WKH WHEPSIKKH DHWWIU B FRUR R@QXW HR/HDRIG WKH L
WKH HIWUDFWLYH DJHQW YR O XPWMKW RFF RIKE LMVEL\RQ R | XS R
YDOXHV RI 7$& DQG <3& PJ *$(J ': DQG ZHUH RE
RI REWDLQHG UHVXOWY VKRZHG WKSHWLPRPRSDML.® § B XH
7KH KLJK FRUUHODWLRQ YDOXH EHWZHHQ WKH WRWDO |
SKHQROLF VXEVWDQFHV LQGLFDWHV WKDW WKH JDC
HOHFWURJHQHUDWHG EURPLQH LV DORIMSESRIRIXDOQWH WS
HYDOXDWLRQ RI WRWDOVBGQVEKRHHQEBOQW FRPEBRIYEV A RIS

5HIHUHQFHYV

0D = =KDQJ + 3K\WRFKHPLFDO &RQVWLWXHQWYV
$SSOLFDWLRQV RI *UDSYL BRA WG R [ L$CDLRE V

GRL DQWLR]

L/ 6XQ % *UDSH DQG ZLQH SRO\PHULF SRO\SKHQR
&ULWLFDO 5HYLHZV LQ )RRG®BFLHQFH DQG 1XWULWLRQ

GRL

*XHQGH] 5 .DOOLWKUDND 6 ODNULV ' 3 _HIDODV 3
ZHLJKW SRO\SKHQROLF FRQVWLWXHQWYV LQ JUDSH O9LWLV Y
DQWLUDGLYIR®GDEKHPLVWSS GRL M IRRGFKHP

'DWVRQ 5 53RO\SKHQROV LQ 30DQWV ,VRODWLRQ 3XULILF
(OVHYLHU GRL &

/JHERYND ) 9RURELHY 1 (QKBRFWQJ ([WUDFWLRQ 3URFHVYV
, Q G X VARD\ &5& 3UHVV GRL E

&DVD]]ID $ $ $OLDNEDULDQ % 'H )DYHUL ' )LRUL / 3HU
ZLQHPDNLQJ ZDVWHV $ VWXG\ RQ HHWBERBWHRWDX S COUFHP R WW
-RXUQDO RI )RRG %LRBRHPL&RWLU\ M

[
&DVD]]ID $ $ $OLDNEDULDQ % ODQWHJIQD 6 &UDYRWWR *
SKHQROLFV IURP 9LWLV YR@ RIGNUHQ WD RY B &R YNHAXD I&IX HR/R G
(QJILQHHULQJSS+ GRL M MIRRGHQJ
OD+RFN / *DPHU $ 2 /DQGVLHGHO 5 /HLEROG ( )UHFKHQ

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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% *HQHUDWLRQ DQG FIXW P R ¥ S/KHIL N WALRADR ROIBRNPIERADH

7R[LFRORJ\ SS+* GRL

&DVD]]ID $ $ $OLDNEDULDQ % 0OXUD 0 3RO\SKHQRO'

BWXG\ REARB®QHQWLRQDO ([WUDFRLROWD R® %Q 8 R WXHDID ®
<RXQ1J $S GRL &(7

7DUOH\ & 5 7 6B6LOYHLUD * GRV 6DQWRV : 1 / ODWRV *

JHUUHLUD 6 / & &KHPRPHWUIOF AKRIRQVWLQ HOMAVYRGE

RSWLPL]DWLRQ EDVHG RQ IDFWRULDO GHVQUIBURBKHPHAB®

-RXUQDO SSt GRL M PLFURF

*DURIIDODYV 3 ®RWROHYV &BUXWIVHUR $ *XWH Q UH3 HS

3KHQRRRERMNQMUDFWLRQ VI\VWHPV IRU |ORIOW AX®G WY B $HW D EC
: GRL PROHFXOHYV

9RURELHY ( /HERYNISQALFDWLRQ RI 3XOVHG (OHFWULF (Q

%LRUHILQMHIMOFLF H{BQGERRN Rl (OHRWDRSBSDMQRQ ,QWHU

3XEOLVKLQJ GRL

*KDIRRU . &KRL < + -HRQ - < R, + DV 5WA RG] D

H[WUDFWLRQ RI SKHQROLF FR® SIRX\@ KGR F\D QWQ R [ LR WWD S H

VHHGRXUQDO RI $JULFXOWXUDO DQG )BBG *&KHPLVWU\

GRL M

$VKUBRRUDVVDQL 0 7D\ORU / 7 BHTXHQWLDO )UDFWL!

3RO\SKHMROYURF\DQLGLQV YLD D 6LQ IOV BV WERRIUGBBO RRLQ.

$JULFXOWXUDO DQG )RR® &K H P LG/R\LU\ MI Q

6D\NRYD , 7\ONRZVNL % 3RSRYLFL & 3HHY * ([WUTL

FRPSRXQGV IURP VROLG ZDVWHV Rl JUDSHRKXHI® B LR] &K RBIXF

7HFKQRORJ\ DQG OHV8BQOXUJ\

6LQJOHWRUWKRIHU 5 5DMHQWMYWDS5 0 > @ $QDO\VLV R
DQG RWKHU R[LGDWLRQ VXEVWUDW H\. FORDG W @ W WR\DIGIBRWY V , €
LQ (Q]\PR®R Jx GRL 6

=L\DWG'LQRYIL]DPRYD $ 0O %XGQLNRY * . *DOYDQRV\

DQDO\VLV RI QDWXUDO SRO\SKHRXR@\D O RG $@/D/OX W H ADYD SEHKDHP
SS  # GRL 6

0D]XU / *XEVN\ BFK'BURKRXYED]RY 0 $QWLR[LGDQW SUI
FDUDPHO ZLWK SNODMMVY HIY YRR VRX QDO GRL

*XEVN\L 6 1LNLWLQ 6 (YODVK 9 1IHPLUDRKLRQ LQ G\RGH
WDOOL RI ODPLQDULD E\ BNOVPRQRD QY DRRE FREWDRPFPG W U\
%H]JHUUD 0 $ 6DQWHOOL 5 ( 20LYHLUD ( 3 9LOODU / 6
VXUIDFH PHWKRGRORJ\ 560 WRR @ LVQRRB Q DIR\WRSDVQ \FIE]BP L VW |

SS £ GRL M WDODQWD

%R[ * ( 3 WHKQNHQ ' 6RPH 1HZ 7KUHH /HYHO '}I
AXDOWLWDWLYH RQRPEBROWHAY ¥

GRL

.ULVKQDVZDP\ . 2UVDW 9 *DULpS\ < 7TKDQJDYHO
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&ROG SUHVYV

JJJ)RRG 7THFKQ@RDRJ\

LQ RLO HIWUDFWLRQ $ UHYLHZ

9«(U cDNLC=<0 9DVII+D]I g]\XL 6HPI gW (

(JH {LYHUVLWI %RUQR

$EVWI
.H\ZRUGV

,(QWURGXKWLRIKP RI WKLV UHYLHZ LV W
2LO ZRUNLQJ SULQFLSOH RI WKH FROG SUHYV

(IWUDFWLRQ
&ROG
3UHVV

WKH HIITHFW Rl WKH H[WUDFWLRQ HIILFLI
GLVDGYDQWDJHV RI WKH HIWUDFWLRQ E\
H[SODLQHG E\ UHIHWFWLROWRHWRWKGY H[W

ODWHULDO DQ@XHAHWRORKB[WUDFWLRQ [UF
E\ FROG SUHVV PHWKRG LQYHVWLJDWH
VWXGLHY UHODWHG ZLWK FROG SUHVYV
FRPSDULVRQ RI FROG SUHVV ZLWK RWK

SUWLFOH KLVWRUSURGXFWLRMHGRPZRVORRPSLOHG

S5HFHLYHG
S5HFHLYHG LQ UH

$FFHSWHG

&RUUHVSRQGLQJ

6HPLK gWOHU
(PDLO
VHPLK RWOHV#JP

5HVXOWNV$QG&RQQ SUHVV HIWUDFWLR

KH PHWKRGV RI PHFKDQLFDO H[WUDFW
*6MV@'ﬁQPmMMHMKnQORHnNUDFWLRQ W H F K
HQYLURQPHQWDO IULHQGO\ ,W LV XVHG W
PDWULFHYV DQG4V8HPL®@MHHGQ WKH RLO
IURP RLOVHHABDOLM/MUKRLOV FDQ EH RE
SHUIRUPLQJ SURGXFWLRQ DW ORZ WHPSH
PHWKRG ,W KDV DQ HQYLURQPHQWDOO
VROYHQWYV ,Q RVDKSHUHY RUHGW UWRW LFRRQ G
LQYROYH HLWKHU KHDW 7RW RWEHDLFDO
BN BORZHU UDSHVHHG FRUQ JUDSHVHLI
EUDQ ROLYH DQBGHEREVSDNLQHRBLEBNV FROG
HI[WUDFWLR®A WPHRWKRIG WKHVH JRLROW DUH
Jﬁpy PHUV GXH WR WKHLU QDWXUDO D
H LQ GLVHDVHY DQG LPSURYH KXPD
D KLJKHU OHYHO RI OLSRSKLOLF SK\W
DQWLR[LGDQWY 7KHVH RLOV KDYH EHWW
UHILQHG RY®IVY WWRKZH\ KDYH D ORW RI DGY
WKH GLVDGYDQWDJHV RI WKLV WHFKQL
$QRWKHU GLVDGYDQWDJH MRl R\ KLLMD RWH F k
VDPH TXDOLWKHBROGBFSWHVVHG RLOV FD
DV QDWXUDO DQWLR[LGDWLYH DGGLWLY
DQG DV IDWW\ DFLG VXSSOHPHQWYV GXH
ERQG IDWW\ DFLG 7KHUH DUH VHYHUDO
RWKHU FKHPLFDO FRPOBXWGWWR XWKH LR)L
SURGXFWYV

&RQFOXWIRIH REVHUYLQJ WKH VWXG
JHQHUDOO\ IRFXVHG RQ FROG SUHVV H[V
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JJJ)RRG 7THFKQRDRJ\
,QWURGXFWLRQ

&RQVLGHULQJ WKH GLVDGYDQWDJHV RI WKH VROYHQW
DQG H[SHQVLYH DQG WKH GDP DM FHR WL H HDYWH R QDA W
H[WUDFWLRQ DUH DSSOLHG XDIOH. VB\HFU X 8 HVRRL BE W B R Q RVLLHA
DGDSWDELOLW\ Rl WKH VIVWHP WR FRQWLQXRXV SURFHV\
VIVWHPV > @

7KH DGYDQWIHXDHM RD®HRLO H[WUDFWLRQ LQFOXGH VLP:
SURFHVV DQG WKDW OHDGV WR WKH VKRUW GXUDWLRQ F
PDWHULDOV DSSOLFDWLRQ RI GLIIHUHSQUR®XPW HHERWBIQ C
UHVV FDNH LV REWDLQHG > @

7KH GLVDGYDQWDJHV DUH WKDW WKH \LHOG LV QRW D\
LV SRVVLEOH W:R EMGXEBKXSUMRVUHDWHG VHHGV DSSURJ[L
UHPDLQV LQ WKH VHHG > @

OHFKDQLFD @ ISRG \LW RHW HQ ®H. MXQLHG SIX\D WHVRIOS U D W L R
IRU RLO H[WUDFWLRQ IURP RLOVHHGV ZLWK RLO FRQWH
VHSDUDWLRQ RI WKH PHQWLRQHG SKDVH VHSDUDWLRQ
WHPSHUBSRUHG VLW LV FDOOHG KRW RU FROG SUHVV H[W

&ROG SUHVV PDFKLQH KDV RQH LQOHW WKDW VHHGV Z
DQG DRQRAG FDNH ZDV H[LW

SUWUHDWPHQW DQG SURFHVV SDUDPHWHUV DSISOLHG !
PHWKRG SOD\ D PDMRU UROH ISQ RFHYRAH R IPRIQOVLRIDHEG PO
GU\LQJ VROYHQW RU HQ]\PDWLF WUHDWPHQW RI UDZ PD!
UDWH WKH GLDPHWHU RI WKH UHVWSHHGELRQ G®H WHPSH

&ROG SUHVVHV FDQ EH FODVVLILH ERIDG H| SHORRQG/ ZH [E
VIVWHPV DUH FXUUHQWO\ XVHG LQ ODERUDWRU\ DQG SL¢
ZHLJKW B6R\EHDQ DQG FRWWRQVHHREQRRIORROHI DR R XX BPG
WKDW DUH QRW FRQVLGHUHG YHU\ KLJK LQ WKH DPRXQW |
PDGH E\ $QGHUVRQ LQ W LV WKH PRVW FRPPRQ W\S|
FROG RU KRW SUHVV XF/ KD MK KBDWE QUKMKWH RI EHLC
VHSDUDWHG IURP WKH FDNH LV UHPRYHG IURP WKH VORYV
LQWHUYDOV ZLWK WKH URWDWLQJ FROG > @

$FFRUGLQJ WR WKH 7XUNLVK )RRG &RGH][ REW FIRDHGS
RQO\ E\ PHFKDQLFDO PHDQV ZKLFK DUH VXLWDEOH IRU
WUHDWPHQW ,Q RWKHU ZRUGV FROG SUHVVHG RLO LV
QHHGLQJ WR EH XBOL@HN GRLIOLIKDQ\ WHP S HUPRPSRX § B § \OLW
QRW ORVW DQG WKHUH DUH QR R[LGDWLRQ UHDFWLRQV R
LV UHIHUUHG WR DV D KLJKHU TXDOLW\ RLO ,Q WKH SXU
ZDWHU ILOWUDWLRQ DQG RXOWULIXJDWLRQ FDQ EH FDUL

,Q DGGLWLRQ WR WKH PDLQ IXQFWLRQV LQ KXPDQ PHYV
WKH\ DUH JHWWLQJ PXFK PRUH LQIRUPDWLRQ DERXW WK
WKURXJK WKHLU ELRDFWLYH FRPSRQHQWV YORHOWGL@WR
YHIJHWDEOH RLOV SURGXFHG E\ FROG SUHVVLQJ DQG FRC
RLOV ZLWK LWVHOI FKDUDFWHULVWLF LQWHQVH WDVWF
DSSUHFLDWLRQ RI FRQVXPHUV &ROG FEHOW REGORIRGRE
GR QRW FRVW PXFK LOYHVWPHQW EXW WKH RLO \LHOG
VWDQGDUG LV YHU\ GLIILE®XOW WR FDSWXUH >
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SDUDPHWHUV WKDW DIIHFW SURGXFW \LHOG LQ FROG

&ULWLFDO SDUDPWWHY VLIVQK HFRRQOG SUHVYV FKDUDFWHI
VKNB&BOOOHVY PRLVWXUH FRQWHQW RLO FRQWHQW
WHPSHUDWXUH KRW RU FROG FROG URWDW B  DWEHHHHGW
,Q WKHRQDRDQUDSKY WKH VWXGLHV ZKLFK LQYHVWLJDW
LQ FROG SUHVV PHWKRG ZHUH ORFDWHG

'DOJO0 HW DO > @ VWXGLHG WKH HIIHFW RI WKH URD
WXUEHQWLQH RLO )RU WKILNZRWIRMHD V¥ E UIH BRGRDM/S H U
WKHLU JDUEDJH DQG PL[HGGURMREI RY HBRYOKMIXDPW SIUHEHQ W
RLOV ZHUH H[WUDFWHG IURP WKH PHQHQJLO IUXLW VHHG
f&RU KDOI DQ KRXQG BVIHYN DV\ WWHP 5HVXOWY VKRZHG
HITLFLHQF\ WRFR®IGHDRO DPRXQWY SDOPLWLF DQG SDOI
WRWDO SKHQROLF VXEVWDQFH DQG W RWID®FB KO R H REBEXHOW
LQFUHDVWWIRURVHPSHUDWXUH $OVR D GHFUHDVH LQ RO
LQFUHDVH LQ DFLGLW\ . . SHUR[LGH QXPEHU ZDV R
SDUDPHWHUYV KDYH EHHQ QHJDWLYHO\ DIITHFWHG E\ KLJKF

5DEDGDQ® H& DICP LQ WKLV VWXG\ WKDW GHWHUPLQH W
WHPSHUDWXUH RQ WKH TXDOLW\ SDUDPHWHUV RI DOPRQG
RI'UDZ PDWHULDOV WWHUYB W R HDH¥F DWV BN CGURJI ENG RSIU\L C
FROG SUHVV HIWUDFWLRQ FRQGLWLRQV WHPSHUDWXUH F
WKH WHPSHUDWXUH RI WKH REWDLQHG RLOV ZHUH VWXC
HISHULPHQWYVY DW f@VHPSBIQOWXUHWSPGFROG URWDWLRC
KHQ WKH UHVXOWY ZHUH H[DPLQHG LW ZDV REVBUYHG V
DQG DERYH WKH WHPSHUDWXUH RI WKH RLO REWDLQHG C
UHVHDUFKHUV FODLP WKQRWUBYY WHIGH FUDRWBDAKIVR GHEFHHHD
KHDWLQJ ULQJ H[SRVXUH 7KH\ DOVR IRXQG WKDW WKH WHF

f8HYHQ LI WKH ULQJ fAV R WKDWH® KMRWHPSHUDWXUH RI W
HITHFW RQ OWHW WHOG RKWDO W XUH EXW WKH URWDWLRQDO V¢

5RPEDXW HW DO > @ DLPHG WR LQYHVWLJIJDWH WKH F
VHHG RLOV WRWDO SKHQROLF FRQWHQW DQG RSWLPL]H
GLITHUHQWWIDARHYWHYHUH GULHG XS WR & 0BPRHWLOWH RIIBVS
SDUDPHWHUYV HIIHFW GHWHUPLQHG E\ 7DJXFKL H[SHULPHC(
DUH D JUDSKHVHMHIQISWHPSHUDWXUH WAV W IGR Q BADWMUS_HF R\

DQG PP 2EWDLQHG RLOV ZHUH FHQWULIXJHG DV
DVK WRWDO SKHQROLF FROQWHQWY ZHUH GHWHUPLQHG 5
SDUDPHWHU GXH WR WKH GHWHUPLQLQH JRID ®/H H WHHE G-
IHYHUWKHOHVY E\ RSWLPL]JLQJ WKH GHYLFH FRQGLWLRQ
FRPSRXQGV ZRXOG LQFUHDVH EXW WKH LQFUHDVH DW W
QHIJDWLYH HIIHFW RQ SHUIRUPDQFH

%XUJ > @ DLPHRIHYDODXHD WIHHEG RLO H[WUDFWLRQ S
HOVFKULHVOLQJ *UHHQ 9HOWOLQHU +LEHUQDO DQG L
XVHG IRU RLO SURGXFWLRQ $00 VHHGV PRLVWXUH DQG F
GHWHUPLQUZAHW HEBHGN G DRERMAWKUH FRGWBQWD/EDWY IRU FRC
HIWUDFWLRQ ZHUH JUDSH YDULHWLHY URWDWLRQDO VSH
RLO \LHOG 3UHVV SHUIRUPDQFH LQFUHDVH DVOMKHADWRWD
GHFUHDVHG B5HVXOWYV RI WKLV VWXG\ VKRZHG WKDW H[W
J VHHG RLO DQG WKLY DSSURYHG RLO \LHOG KDV UHODWF
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+D]JHOQXW SLVWDFKLR ZDOQXW DSULFRW FDMX SHD
GULHG DQG ZBX@WGODDQDO\VLY ([WUDFWLRQ ZDV SHUIRU
OLWHUV + FDSDFLW\ 7KH RLO REWDLQHG ZDV OHIW WR
WKH LPSXULWLHV E\ DSSO\LQJ ILOWUDGV ER® ZIQ & RNH/SOVH |
QLWURJHQfEDVQOWKH VROXWLRQ H[WUDFWLRQ SHWUROH
ZDV GHWHUPLQHG DQG f@RIWD LD LESSIHSSR WKW FRLO REWDLQH
EURZQ JODVV ERWWORW PQRGG D QODKRARDLQ IDWW\ DFL
WRFRSKHURO FRQWHQW WRWDO SKHQROLF FRQWHQW SK
DQDO\VLV ZHUH DSSOLHG WR REWDLQHG RLOV 7KH ROHL
KLIKHU WKDQ WKE RLOR[KDMWDFHWKRG $FFRUGLQJ WR W
FROG SUHVV PHWKRG ZDV FRPSDUHG ZLWK VR[KOHW PHW
PHWKRG ZDV D PRUH HFRQRPLFDO DQG VDIH PHWKRG VLQ
DQGVWMDUHDWPHQW ,Q DGGLWLRQ WR GLIIHUHQW H[WUDF
TXDOLW\ DQG \LHOG RI IDWV UDZ PDWWHERQLWDSH SBHEDI
> @
7KH UHVHDUFKHUV LQYHVWLJDWHG W KH DLQDG ORXRHIQFMX B
FRQWHQW RYHU WKH FUDPEH VHHG RLO E\ FROG SUHVV H
FRPPHUFLDOO\ XVHG LQ WKH LQGXVWU\ ,QGXVWULDO RLO
LQ WKH VHHG LV FRPPHUF L DSUR APSHRE WO QWK H7 8615 S & D Q DV
6SDLQ DQG LV LQFOXGHG LQ WKH UDG Lf\8R WVGRQ W\ J & WDZ
D PRLVWXUH YDERAHRRI WKH VDPSOHV DUH ILUVW FRRNH
GHVLUHG PRLVWXUKHERQMHQRQ @K GOMHBVEHIRUH WKH FR
,Q FROG FRPSUHVVLRQ WK A& E&3BWLQH UR QYD W\ R/GIBVOWFS H H
SUHVV RSHUDWLRQLWHR RPN @ERNW FROHU DQDO\VLV ZDV PD
PRLVWXU MDDOQXGI VDRM WKH VHHGY DQG WKH DQDO\VLV DSS
VHGLPHQWDWLRQ DQG RLO UHFRYHU\ 5HVXOWYV VKRZHG \
HIITHFW RYHU RLO \LHOG EXW PRLVWXUH FRQWHQW KDV D
,Q WKLVZKNWPKGFDUULHG RXW E\ $NOQ > @ WKH FRQW
VIXDOHQH SKHQROLF FRPSRXQGV DQG DFLGVY FDURWHQF
IUHH UDGLFDO VFDYHQJHU DQWLR[LGDQW DFWLYLWLHV Z
JURZQ LQ IRXU GLIIHUHQW FHQWUDO $QDWROLD UHJLRQV
H[WUDFWLRQ PHWKRE&DNMUH GSPLDMEG DQG OHIW WR FRO
WHPSHUDWXU&VEIBQREQWDWLRQ LQ EURWQRERWWHANO HHWP RXK
DQG FHQWULIXJHG IR QGPNEFWHMVDWIHUDWHG XQWLO DC
VKRZHG WKDW WKH FROG SUHVV H[WUDFWLRQ RQH RI W
VROYHBM SXPSNLQ VHHG RLO
IDFWRU H[SHWMLPIQWDWY XAVHG IRU DOPRQG DQG ZD
(ISHULPHQWDO GHVLJQV LQFOXGH 6HHG ORLVWXUH &RQV
SDUDPHWHUV $QDO\VLV RI UHVSRQVH YDULDEOHV RLO \I
TXDOLW\ SDUDPBIQGIZD OROPROBLVWXUH DQG RLO TXDQWL
ZHUH FDUULHGf @&{WIKW URWDWLRQDO VSHHG RI USP 7
SHUR[LGH YDOXH ))$ FRQWHQW . DQG . FRHIILFLHQW
VWD EILOMKVUDQFLPDW 560 ZDV XVHG LQ RLO H[WUDFWLRQ
D SRVLWLYH HIIHFW RQ RLO \LHOG ZKHQ 5G KDV D QHJDW
6LQJK HW DO > @ H[DP LVQUKEDW R H QHVI RFQVWRIHS MWW U D F
OLQVHHG RKBOA WK WKKHH FROG SUHVV ,Q WKLV UHVSHFW
HVWDEOLVKHG DQG VRPH RI WK HA WHHW P VQEW 1B VB HVER BHR
SUMUHDWPHQW 2LO \LHOG UHVLGXDO RLO LQ WKH FDNH
ZHW PHDVXUHG DV D IXQFWLRQ RI SUHWUHDWPHQWY DQC

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F



JJJ)RRG 7THFKQ@RDRJ\

OLQVHHG 5HVXOWYV VKRZHG WKRWDW WHHSIWHHFWU R Q WHRH/Q G
SUHVV UDWH QR VLJQLILFDQW HIIHFW RQ RU®KWHWHHNRMHLE
RXW WKDW WKH VHHG ZKLFK ORZ PRLVWXUH FRQWHQW KL
DQG VWHDP SUHWUHDWPHQWYV

,Q WKH VWXG\ RI 7THK > @ WRPDWRHV JUDSHV DQG
SDUDPHWHUV WKDW DIIHFWPRMWX RGW U RRAVWIDRID EHWRIQGE S W
VWXG\ DKUHDVBU®IJ FRQGLWLRQV SDUWLFOH VL]HV FROG U
VHHGY DQG GLDPHWHU RI UHVWULFWLRQ G\H W KDV EHF
IURP WKH VHEGNHDMNVIORXDMQ G WKH GHYLFH LV KHDWHG DQ(
ZDLWLQJ IRU D FHUWDLQ SHULRG RI WLPH :KHQ WKH HIIH
UHVXOW ZDV DFKLHYHG LQ WKH SURFHVVLQJ RI VHHGV I
QFUHDVHYV 3UHVV FDSDFLW\ DQG VSHHG LQFUHDVHV +RZ
DW ORZ FROG URWDWLRQDO VSHHGYV EHFDXVH RI WKH FR¢
HITHFW RI GLITHUHQW VL]HV RQ RLO \LAH OIGWZDNVHEFBRIFQKXG |
ORZHU GLBPBWHWPUHDVHGZ IWKKHKRUK BMXWEXXWH LQ WKH
ORLVWXUH FRQWHQW QHJDWLYHO\ DIITHFWHG RLO \LHOG

2WKHU VWXGLHY UHODWHG ZLWK FROG SUHVV H[WUD

7KHUH DUH ORWV Rl WWKGG ERQ @ ISOBIWW Gl ZLWKFWLRQ |\
WKHVH VWXGLHV LQWR JURXSV %XW KHUH ZH PHQWLRQH
GRQH B6HYHUDO UHVHDUFKHUV LQYHVWLJDWH WKH GLIIHL

'DOQXW RLOV REWDIHYH® WRPOQXW YDULHWLHV E\ FRC(
USP URWDWLRQDJ@\VHPHHIE DWXBUH $OVR  GLIIHUHQW ZDC
PDUNHWYV ,Q WKLV ZD\ GLIIHUHQW ZDOQXW RLOV KD®
ORLVWXUH WRKRFLHURO WRWDO SKHQROLF FRQWHQWV
YRODWLOH FRQWHQW 630( SLJPHQW FKORURSK\OO FD
GHWHUPLQHG > @

GLIIHUHQW JUDSH YDULHWLHY KDYH EHHQ FKRVHQ T
PRLVWXUH FRQWHQW &ROG SUHVV H[WUDFWLRQ SURFHYV
URWDWLRQDO UDWH USP 6HHGV PRLVWXUH DQG RLO
FRQWHQWY GHWHUPLQHG E\ WKH VROYHGWGN[WQDOWHRQZ
JDV FKURPDWRJUDSK\ > @

7KLV VWXG\ > @ ZDV FRQGXFWHG WR GHWHUPLQH \
SRPHJUDQDWH VHHG RLOV REWDLQHG E\ FROG SUHVVLQJ
WZR FRPPHUFLDO RLOV RI ,UDQ$Q@20\\DIQGCRIXIRAHNJIERYDW
WKH GHWHUPLQDWLRQ RI PRLVWXUH IDW SURWHLQ FDUE
UHIUDFWLYH LQGH[ GHWHUPLQDWLRQ RI YLVFRVLW\ FR
DPRXQW BRQKIBQRXV VMNHEWWD@FW\ DFLG TXDQWLW\ WRW]
DPRXQW IDWW\ DFLG FRPSRVLWLRQ FRRERIFHIFXREY UDSL
ZDYH VRZ DQG IODYRU DVVHVVPHQW DQDO\VLV ZHUH FDL
VHHG RLOV ,Q WXRO®LWAXO®RG SB®\WVLFRFKHPLFDO SURSHUWL
VROG LQ WKH PDUNHW ZHUH DQDO\]HG )DWW\ DFLG FRQW
QRQYDSRQLI\LQJ FRQWHQW IUHH IDWW\ DFLGV FKORURS
IODYIRQR WRFRSKHURO FRPSRVLWLRQ FRORU YDOXHV Skt

. YDOXHV ZHUH GHWHUPLQHG 6WDWLVWLFDO DQDO
FRPSDUHG LQ DFFRUGDQFH ZLWK WKH OLWHUDWXUH DQG

9RODWLOH FRPSRBHG@WYRREWDIHHG IURP GLIIHUHQW
*UDSHVHHG RLO ZDV SXUFKDVHG IURP WKW UDDFWNLFHRY  :4.3/0 K
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YRODWLOH FRPSRQHQWY ZHUH GHWHUPLQHG LQ *& 06 7L
SKHQRO FR QWGH@OW PSR W\ GHWHUPLQDWLRQ 7($& ZD)

BHYHUDO UHVHDUFKHUV WULHG WR RSWLPLVH WKH S
LQFUHDVH WKH RLO \LHOG

5LFH JHUP RLO REWDLQHG IURP WKH PHFKDQLFDO SUH
GXUQWIK®OYH EHHQ WULHG WKH VDPSOHV KDYH EHHQ SU
FRORU IDWW\ DFLG FRPSRVLWLRQ SKR¥$WBRQRWQ bR GWH
WRFRSKHURO DQG WRFRWULHQRO DQDO\VLV ZHUH DSSOL

,Q RUGRHSHUIRUP VHVDPH RLO %HKWINFH/QL B BRI DR J 9
WHPSHUDWXUH WKH FROG SUHVV H[WUDFWLRQ PHWKRG
BHHG ORLVWXUH &RQWHQW 60& SUHVVLQJ VSHHG 36 I
SUR¥VLQJ SDUDRAWHKN QERADE/ FDUULHG RXW ILUVW RQ C
LQGXVWULD®RDFDH HV FBHLO® PRLVW XUH FRQWHQW 60& |
36 DQG USP UHVWULFWLRQ G\H/ FDQESHUWLPRGW DRY
GHVLJQ LQFOXGHVE6086 USP UDQJH DQBP5'SDUDPHWHU'
7KH IDW FRQWHQW RI VHVDPH VHHGY DQG SUHVVHG FDNH\
DV VROYHH MWK KYWUDFWLRQ KRXUNG DNMXVRQYHQW
URWDU\ YDFXXP YDSRUL]JHU )DW FRQWHQW ZDV GHWHU
SHUFHQWDJHV E\ ZHLJKW RQ WKH GU\ EDVLV $2&6
H[WUDFWLRQ PHWKRG ZDV VXEMHFWH G )W®&DFEHIQ WW K KK DHQ D
DSSOLHG WR WKH RLO REWDLQHG SHUR[LGH YDOXH IUHH
WR GHWHUPLQH WKH FRPSRVLWLRQ RI IDWW\ DFLG WRW|
'33+ GHWHUPLQDWLRQ E\ BOLGRLWDYH Y NDISLDRNWSOE Q
VKRZHG D SHDN LQ RLO HIIDRMHQF\WORU PP 5G DQG USP
RUGHU WR HYDOXDWH WKH SURSRVHG H[WUDFWLRQ PHWF
ZHUH VFDQQHG DQWMDO/WDHYOH $LPRIGHO ILWWHG IRU RLO U
HVWLPDWHG YDOXH VLPLODU WR WKH KKQGHMINWH]{S HB DROH
FRQGLWLRQV 60& PP 56 DQG USP 36 7KH FKHPLF
SLORW DQRLQGXDWHLBDHHQ LQ WKH UDQIHV V @/HRLGEDHIG
IRU XQUHILQHG VHVDPH RLO > @

BHYHUDO UHVHDUFKHUYV DLPHG WR REWDLQ GLIIHUHQW

3DUU\ > @ FROG SUHVVHG RQLRQV SDUVDEG PDOBDPF
WKLVWOH VHHG RLOV ZHUH WDNHQ IURP WKH RXWVLGH
GHWHUPLQHG WRFRSKHURO SURILOH ZDV H[DPLQHG WRW
R[LGDWLYH VWDELOLW\ UHIUDFWLYRUWPKG][ DQG GHQVLW

6LJHU > @ DQWLR[LGDQW SURSHUWLHV RI VR\EHDQ
KHPS IOD[VHHG ULFH EUDQ ROLYH DQG SXPSNLQ RLOV |
ZHUH VWXGLHG OHWKDQRO H[WUDFWV ZHQE REWDUDWGR
7KHVH RLOV ZHUH SXUFKDVHG IURP WKH PDUNHW 7RWDO
DFLGV +3/& DQWLR[LGDQW DFWLYLW\ ZLWK '33+ ZHUH St

7KH UROH RI FROG SUHVV LQ IRRG SURGXFWLRQ GLII
HIWUDFWLRQ@IVRR®QRL

$OWKRXIK FROG SUHVV PHWKRG LV ZLGHO\ XVHG LQ W
LWLV XVHG WRR PXFK WR EH XQGHUHVWLPDWHG LW LV I
DV GLIIXVLRQ PHWKRG RU GLITHURW BGXNN WXERNM DHRHE H
ZH GHFLGHG WR H[DPLQH WKH XVH RI RQO\ FROG SUHVVHYV
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LW DSSURSULDWH WR JLYH LQIRUPDWLRQ DERXW WKH VFL
RI ITUXLW MXLFH

7KH IUXLW PDOVYLREKVOK® FUXVKLQJ RI WKH PLOO WDN'
,W LV SRVVLEOH WR SURGXFH FOHDU DQG IX]]\ IUXLW MXL

,Q IUXLW MXLFH SURGXFWLRQ VFUHZ SUHVVHV SDFN
SUHVVHV DUH XVHGV &DNHORLQG\SPDWHULDO RQO\ LI QHFF
LQSXW DW WKLV VWDJH ZLWK WKH KHOS RI VLHYH IUHH M
SUHVVHG ZLWK WKH URWDWLQJ VFUHZ 7KHUH LVPD PXFK
WKH RLO VHHGV DQG WKHUH LV D SRVVLELOLW\ WKDW W
SUHYHQW WKLV SUHVV VHWV KDYH EHHQ SODFHG 7KXV
DFKLHYHG 7KH ODVW WKLQJ WR GR DW RWR LI W KR WWRU XER
FDNH LV JRQH DQG QR ORQJHU FDOOHG FDNH +HUH WKH
WR IULFWLRQ DQG EXFNOLQJ IRUFHV > @

,Q DGGLWLRQ SHNPH] SURGXFWLRQ ZLQH SURGXFWLR
RURWKHU ZRUGV IUXLW OHDWKHU 7KHVH SURGXFWV DUH
DQG SUHVVLQJ WUHDWPHQWY RI IUXLW DQG WKDQ MXLFF
FRQFHQWUDWHG DQG GULHG IUXLW OHDWKHU SHVWLO 3

"LIITHUHQW\SHMWDQ EH XVHG GHSHQGLQJ RQ WKH SK\VL
SUHVVLQJ VWDJH LW LV FRPPRQ WR XVH VFUHZ SUHVVHV
DSSOHV DQG DOORZV PDQ\ IUXLWV WR EH SUHVVHG

7KH RWKHU WHFKQHTWHDHARRURQOURP VHHG

2LO HIWUDFWLRQ EDVHG RQ EDVLF SULQFLSOHYV OLNH (
HIWUDFWLRQ ZLWK WKH OHDVW SRVVLEOH LPSXULW\ UHC(
FDNH WR REWDLQ DV PXFKDRLEDWHIGRNYY EOH ITKRP SUKQ R
DUH FRPPRQ WR DOO H[WUDFWLRQ PHWKRGYV DOWRRXJK
EHORZ VFKHPDWL]H WKH EDVLF PHWKRGV IRU RLO H[WUDF
WKH VWXG\ WRKG RHYKRUYDERMMUNLQI SULQFLSOHV RI WKHF
WKHP ZHUH PHQWLRQHG DQG FRPSDUHG ZLWK WKH FROG .
WKLV UHYLHZ

BROYHQW
—|  &KHPLFDP
(Q]\PH
| +LJK 3UHVVXUH
2LO ([WUDFWetrw
OHWKRGY

— 'LVWLOODWLRQ
+\GUDXOLF 3UHVV
— OHFKDQLRFBO

6FUHZ 3UHVYV

J)LIXUH %DVLF RLO H{IWUDFWLRQ PHWKRGV >

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F



JJJ)RRG 7THFKQ@RDRJ\
6ROYHQW H[WUDFWLRQ

JLUVW HRWYBBWLRQ ZDV FDUULHG RXW LQ JUDQFH LQ
DV VROYHQW > @ $OWKRXJK D ODUJH QXPEHU RI GLIIHU}
FRPPRQO\ XVHG DV D VROYHQW

BROYHQW H[WUDFWLRQ KDV D P XORK RRPGROH QMW HY B
PDWHULDO LQ WKH PHGLXP 7KH SULQFLSOH RI WKLV H[W
VROYHQW DQG UHPRYH LW IURP WKH HQYLURQPHQW 'LIIX
WR UHDFK HTXLOLEULXP LQ WKLV SURFHVV > @

7K SDUDPHWHUV DIIHFWLQJ VROYHQW H[WUDFWLRQ D
XVXDOO\ ORFDOL]HG EHWZHHQ FHOWVHIDWHRHBWRWN WHKHXV
VXUIDFH DUHD LV LQFUHDVHG WKH FRQWB FIWQ G UHTR X § W
VROYHQW WR GLVVROYH RLO WKH VROXWLRQ FDQ HDVL
ERLOLQJ SRLQWYV RQHV SUHIHUUHG WHPSHUDWXUH GLII:
> @

7KH DGYDQWDJHV RI VROY HQ W HPE O B FTLXR.G PLHLCHNV OR\ZF
ILOWUDWLRQ WKH RLO REWDLQHG DQG KLJK HIILFLHQF\
UHOHDVH WKH HQYWHROHRAHQW XUMGDISISKKLFDWLRQ GLVDG YL

3UDGKDQ HW DO > @ H[DPLQHG WKH RKE& PREW D LERFS R
VHHG ZLWK VXSHUFULWLFDO FDUERQ GLR[LGH H[WUDFWLI
$FFRUGLQJ WR WKLV WKH KLJKHVW RLO \LHOG ZDV DFK
IROORZHG E\ VX SHWRDQLAWVDIEDWKER2 PLQLPXP HIILFLHQF\ ZDV
SUHVV PHWKRG +RZHYHU ZKHQ WKH TXDOLW\ FULWHUL
REWDLQHG E\ FROG SUHVV PHWKRG ZDV FRQVLGHUHG WR
GLIILFXOW\ Rl UWR@WL QURW KMHKWRROLO WKH SUHVHQFH RI W
DQG WKH IDFW WKDW LW LV HFRORJLFDOO\ KDUPIXO UHG
HFRILHQGO\ VXS HUWFA EWDOEDBU&Y YV PHWKRG VKRXOG EH FR
HWDOXDWHG LQ WHUPV RI N[WOOFWXB 8 UFHWWREDED Q2EH X
SUHVV DQG VROYHQW H[WUDFWLRQ

<®OPD] DQG *|NPHQ > @ REWDLQHG RLO IURP WKH VHH
IRU WKH FKDUDFWHUL]DW LGR Q GRG LWRLXRIQ F KMHKUHU \ RNEMUBLHQOA\G
IOXLG H[WUDFWLRQ PHWKRG DQG H[DPLQHG WKH HIIHF\
FRPSRVLWLRQ RI WKH FKHUU\ NHUQHO RLO 7KH UHVXOW
FDURWHQH H[WUDFWR® ZOQ W R QYK DHY® WKFHVDP RX QW R
ZDV ORZHU ,Q DGGLWLRQ WKH HIITHFW RI KH[DQ DQG KHIL
LQYHVWLIDWHG LQ VROYHQW H[WUDFWLRQ DQG LW ZDV |
H[WUDFWLRQLRIFROIRXQGY DQWLR[LGDQW DFWLYLW\ DQZ¢

BWXGLHV KDYH VKRZQ WKDW WKH VROYHQW H[WUDFW!I
SURYLGHV KLJKHU RLO \LHOG E\ FRPSDUHG WR FROG

(QI\PBVVLVWHG H[WUDFWLRQ

7KH GLVDGYDQWDJHV RI VROYLQJ H[WUDFWLRQ KDYH
PHWKRGYV :DWHU KDV EHHOWRJLRG& PYYH @ WHIDG PWE&GHQ RIDRK
RI WR[LF VROYHQWYVY +RZHYHU QR DFFHSWDELQON KL MWXG Z
DGGLWLRQ RI HQJ\PH WKH FRVW LQFUHDVHG PRUH WKDC
HIWUDFWLRQ RI RLO zZDV SHUIRUPHG DQG KLJK HIILFLHC
VHSDUDWLRQ PHGLXP E\ XVLQJ WKH UXOHWMKK DM QWX HRQQ

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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EURNHQ DQG WKH RLO H[WUDFWLRQ LV SHUIRUPHG VR WK
PXFK DV SRVVLEOH > @

(Q]\PHV XVHG LQ WKH DIRUHPHQWLRQHG PHWKRG KDY
VWUXFWXUH IURP WKBINFRR S RIDKHHQ WIVOWKDDM O VXFK DV FFh
OLJQLQ SHFWLQ FRPSRXQGV > @

7KH 7DEOH VKRZV WKH HQDWHW WWIEGDIRUHRRXR\RMHW UD F
RLOVHHGYV

7TDEOH
(QIJ\PHV XVHG IRDWWIOWHG DTXHRXV H[WUDFWLRQ

ODWH BVHG HC SHIHU
*URXQG $OFL >
$V
3URW
3DS
&K\PRW
IXW
3URW
7U\S
*URXQG VH\ $OFDOC >
3URW
9LVFR])
1DW X
_HP]\F

OLQFHG \HC
VHNEUQHOV &HOOXOPVH > @
+HPLFH!
3HFW
-DWURSKD SURW >
&HOC
SHFEWLQH][/
3URPR
:DWHUPHC SURW >

$UVODQ > @ XVBGVRYWHHE\PAAXHRXYVY HWUDFWLRQ PHW
RLO $FFRUGLQJ WR WKLV LW LV SURYHQ WKDW WKH HQ]
WLPH DQG VROYHQW HIIHFW WR RLO \LHOG QA REWLAPK®C

-XQJ > @ REWDLQHG IDW IURP VR\EHDQ VHHGV E\ DTXI
DVVLVWHG DTXHRXV HIWUDFWLRQ PHWKRGV 7KH FROG S
HITHFW RQ RLO WWHROmBWHEG W Q GHLWYV HRWIFRWQ RZD W K@ YHIVIWG
$FFRUGLQJO\ LW zZzDV UHYHDOHG WKDW D JUHDWHU DPR:.
VXEMHFWHG WR FROG SUHVVLQJ DV WKH SUHWUHDWPHQW
LQFUHDVHGWIR RPLQ HQPPHULYTHR XYV H[WUDFWLRQ

6]\GARZ|NDQLDN HW DO > @ DSSOLHG WR HQ]\PH VXS
FROG SUHVV PHWKRG LQ WKH H[WUDFWLRQ RI IOD[ VHH
HIWUDFWLRQ LOQOFUHDWR WKH RLO \LHOG IURP

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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&RGB&GHVV PHWKRG VLPSOHUWRQGUOH MR LD RWWWAHCHMHG\
FRPPRQO\ XVHG PHWKRG LQ WKH RLO ILHOG DEXWVMMWMG F
HIWUDFWLRQ LV KLJK EXW GLIILFXOW LQ WHUPWRHWHRVW
UHDVRQV HQJ\PH HIWUDFWLRORFBVEH DSSOLHG@V D SUI

+LSKHVVXUH HIWUDFWLRQ

,Q WKLV VWXYBVVKIUHK HITWUDFWLRQ LV UHODWLYHO\ QHZ
PHWKRGYV ZKLFK PHQWLRQHGI &RQ W QBRWWIR KSHRFSRKIHIDUL JEDH
VXSHUFULWLFDO IOXLG HIWUDFWLRQ > @

,Q KISIKHVVXUH H[WUDFWLRQ WKH VROLG VDPSOHV D!
GLVFKDUJHG WR KLJK WHPBRYH WXWHHERX ® WORV HR POV JEK\ W
SUHVVXUH DSSOLFDWLRQ OHQWLRQHG KLJK SUHVVXUH W|

SVL > @

7KH DGYDQWDJHY DUH WKDW WKH REWDLQHG SURGXFYV
HQHUJ\ LWKIDWDULW PHWKRG DQG WKDW LW UHGXFHV WKH X!

@

7KH GLIIHUHQFH EHWZHHQ WKH SUHVVXUH LQVLGH DQ
SULQFLSOH RI EUHDNLQJ WKH FHOO ZDOO DQ®HW®KH UH:
7KHUHIRUH LW FDQ EH FRQVLGHUHG DV D VXLWDEOH PHW
ZLWK WKH VROYHQW FDQ VRPHWLPHY EH LQWHUUXSWHG E
ZLWK WKH DPRXQW RI DLU DQG ZDWHQ KW P/RMDH KG VE\ HXIN
KLJKHU SUHVVXUH > @

BUHYLRXV VWXGLHY LQGLFDWH WKDW UHGXFLQJ WKH
SUHVVXUH LQFUHDVHY WKH \LHOG RI IDW H[WUDFWLRQ
IDFLOLWDWHG E\ GGHGDRXWRLWLBQG ZKLFK LVSBRVVXE®H
DSSOLFDWLRQ :LWK GHFUHDVLQJ SURWHLQ VROXELOLW\
SURWHLQV IDFLOLWDWH K\GURO\VLY ZLWK SURWHRO\WLF
KLIXUKNVYW PHWKRG DV D SUHWUHDWPHQW > @

-XQJ DQG 0DKIX] > @ SHUIRUPHG HQHNFRNXXH]W DESWLRDV
LQFUHDVHG VR\EHDQ RLO \LHOG E\ XS WR

$QGUHRX HW DO > @ VWXGLHG WKH HIIHFW RI KLJK S
\LIBODQG RLO TXDOLW\ SDUDPHWHUYV LQ ROLYH RLO $FFRI
Rl ROLYH RLO KDV LQWBRHD UMWE& RXIK\LWOYDBELHY DFFRUGLQ
7KH UHVHDUFKHUYV SRLQWHG RXW WGE& DQAR W K-HD XX\LH KD QU HD\H!
HITHFWV RQ WKH VHQVRU\ SURSHUWLHYV DQG TXDOLW\ SD
LQFUHDVH LQ R[LGDWLYH VWDELOLW\ RI WKH RLO DQG HF
LWV DGYDQWDJHYV VXFKVDYVQGRZ RAJRRUWYLRRXWIGPKDYH SR

'LVWLOODWLRQ

'LVWLOODWLRQ PHWKRG LV D FRPPRQO\ XVHG PHWKR
$URPDWLF SODQWYV FRQWDLQ KLJKO\ YRODWLOH FRPSRC
PHWKRGYV DRGQDRUMAVERVUMWIFRPSRQHQWY DUH ORVW ,Q GL
IURP WKH SODQW V VWUXFWXUH WRIJHWKHU ZLWK 6WHDP
WKH\ SDVV WKURXJK WKH EDFN FRROHU LW LQWHQVLILH
SRVVLEOH WR REWDLQ SXUH HVVHQWLDO RLO ORVW LPS
VWHDP GLVWLOODWLRQ LV WKDW (& RRHMYF® XEG 8 8 UDWY XL,
WHPSHUDWXUH VHQVLWLYH RWKHU ,RDWHKILM. @/ &ED RDHEIR &
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RLO HI[WUDFWLRQ IURP RLOVHHGV IRU WKLV UHDVRQ LW
LQIRUPDWLRQ DERXW GLVWLOODWLRQ PHWKRG

+\GUDXOLF SUHVV

JLUVW LQ - %UDPDK GLVFRYHUHG KIRBR IRAONVHEBEGMYV
WKH V. K\GUDXOLF SUHVVHV ZLWK SUHVV ER[HV DQC
> @ 7KH SULQFLSOH RI +\GUDXOLF 3UHVV LV WKDW WKH
E\ SUHVVLQJ WKH VHHGV WRBWIKDUGQVILOK MK HCE RKKN | BOW
ILOWHU FORWK WKHQ PDQXDOO\ HPSWLHG 7KH PRVW
WHPSHUDWXUH > @ $OWKRXJK WKH K\GUDXOLF SUHVV F

V SURYLGHG JUMDWQFRQYHRHWRRGY VXFK DV FROG F
HIWUDFWLRQ ZKLFK ZHUH DEOH WR EH DSSOHMHIGFWHRQFRQV
ZRUNHG IDVWHU UHTXLUHG OHVV ODERU DQG WKH UHPD
WR XVH 7IOHKSUJHNVY LV VWLOO XVHG LQ ROLYH RLO SURC

*URV HW DO > @ LQ WKHLU VWXG\ RI WKH SXUSRVH RI
SUHVV PHWKRG XVHG LQ WKHLU ZRUN ,Q RUGHU WR LQFU
WKH K\GWHo/LBY SUHWUHDWPHQW EXW FRQFOXGHG WKD\
\LHOG 2ZRODUDIH HW DO > @ FRPSDUHG WKH K\GUDXOLF
HIWUDFWLRQ 7KH \LHOG DQG TXDOLW\ SDUDPHWHR®Y RI
PHWKRGYV ZHUH FRPSDUHG $FFRUGLQJ WR WKLV LW LV
VXSHULRU WR WKH K\GUDXOLF SUHVV EHFDXVH WKH UHT X
SURFHVV RLO \LHOG LV KLJKHU DQ¥E RWKKH B UARAHEW LH] W W
IDVWHU DQG REWDLQHG RLO KDV EHWWHU TXDOLW\

&RQFOXVLRQ

,Q WKLV UHYLHZ EULHI LQIRUPDWLRQ DERXW RLO H[WU
PHWKRGV ZHUH HYDOXDWHG LQ WHUPER RN LI)GYDO\VQEF LISV HG
H[WUDFWLRQ LV D YHU\ ZLGH DQG KDV D YHU\ ORQJ KLV
ZRUNLQJ RLO H[WUDFWLRQ DQG HVSHFLDOO\ ZLWK WKH
SUHVVLQJ &ROG SUHVV LV \SH HDUWWHDGE GKLHP B/GRHL YWAWWH Z LOGDH
ORZ FRVW HQYLURQPHQWDOO\ IULHQGO\ ODFXDALWDU]
SURGXFWLRQ SRVVLELOLWLHV ,Q DGGLWLRQ JHQHUDOO
FROG SUHVV WKBUBIRQHW DNTRBRO®W KRIRWY DUH REWDLC
DUH JHQHUDOO\ VXLWDEOH IRU GLUHFW FRQVXPSWLRQ D¢
VWXGLHV ZKLFK DUH ZRUNLQJ RQ WKH RSWLPL]DWLRQ RI
WKH FSDWIBUYV DITHFWLQJ WKH RLO TXDOLW\ DQG HIILFLHQF
SUMUHDWPHQW EHIRUH WKH FROG SUHWUBQW®W RHQ WL Q8 W
\LHOG DUH LQFOXGHG *HQHUDOO\ ZKHQ WKBIQIP RERWHRI
WKH HIILFLHQF\ LV QHJDWLYHO\ DIIHFWHG WKH SURGXFV
FRQWUDU\ WR WKH WKRXJKW WKDW WKH VSHHG RI WKH FF

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG THFKQRDRJ\
5HIHUHQFHYV

5LFKWHU % ( -RQHV BUWBHU]HVGDORY&EF 1 3RKEGFHOHUDW|

VROYHQW H[WUDFWLRQ $ WHF&@D O XW LIFRIO VEKSBEOL \WUM S D L

6LQJK - ®BDEBIJDOH 'HYHORSPHQW RI D VPDOO FDSDFLW\

FROG SUHVV IRU-RXOQHDG IRHVVRRREQ(QJILYEHULQJ

$UVODQ h]*P oHNLUGHNOHULQGHQ HQJLP GHVWHNOL VX

HOGHVL RAWRUW®WREBDXO 7HFKQLFDO 8QLYHUVLW\

=XRUUR $ /DYHFFKLD b OHGLSMH)RI3EIDO ZDOO GHJUDGL

WKH SURGXFATKRQLRU\KXIKFWLRQDO SURGXFWWKHREFWRPD)

(QJLQHHULQJ 7UBGVRFWLRQV

.LULW¥DNLV 9LUJLQ ROLYH RLO FRPSRVLWLRQIRQR LWV
SS =

6DYRLUH 5 /DQRLVHQOp - /0HFXDRALIFDYO FRQWLQXRXV RL

RLOVHHGV)RRGHYQE Z% IR & KQRBWRV\SS

&KHPDW ) - 6 WGW\WKEH *UHHQ H[WUDFWLRQ RI QDWXUDO -

-RKQ :LOH\ SBROV

SLWWHUKDH3HQ ( (YVHE®G H[WUXVLRQ WHFKQRORJ\ IRU Yt

$ UHNZRXUQDO Rl )RRG (QJSRHHULQJ

7 * . 7+UN *OGD .RGHNVL %LWNL $GO\OD $QO0ODQ <D=+OlI
ODWWKDXV % DQG %U<KO #SUHVV HGEHBLVEORI FRROMY HHG
YJRRG SS+

*«USOQDU *d *HoJHO h 6MWON SUHVI\RQ WHNQL=+L LOH
\D+0ODUOQ |JHOOLNOHUL YH VD+OON «]HULQ$IQW\WWNDOHUL
gPHU < (@DUDQ dHULWOL VR+XN SUHV \D+OBPAQWED]O
LOHULNOHULQLU/MHEHOGDOHQPBOW )DN«OSVHVL 'HUJLVL
'DOJO06HUPHW g]NDQ YDUNOO NDYXUPD VOFDNOONODUQG
SDUDPHWUHOHUIFP|GIMRQH )RRE L\RIXUQDO $NOBHPLN *,'$
5DEDGIQ $ 3DUGHK - HOY¥RBW] ,QIOXHQFH RI WHPSHUL
H[WUDFWLRQ RI QXW RLOV/EA PHDS®/+RI FROG SUHVVLQJ
5RPEDXW 1 6DYRLUH 5 7KRPDVVHW % &BVWHOOR - 9I
2SWLPL]DWLRQ RI RLO \LHOG DQG RLO WRWDO SKHQROLF |
,QGXVWULDO &URSV B&G 3URGXFWYV
%XUJ 3 0D&IQ 9 S5XWNRZWINOXDWLRQ RI WKH SUHVVLQJ
HIWUDFWLRQ IUBRRWUWUDSHQDHNGW R
$0 -XKDLPL ) (g]JFDQ 0 0 *KD(RRVVOLDDELNMRPSDULVRQ |
FREGHVVLQJ DQG VR[KOHW H[WUDFWLRQ V\VWHPV IRU ELR
SRO\SKHQROV IDWW\ DFLGV DQG-RRFEBRKHRRORRGQVHLBIK
WHFKQRORJSS +
6LQJK . LHVHQERUQ ' 3 7RVWHQVRQQIOXHQ@PW RI PRLVW X
DQG FRRNLQJ RQ FROG SURXVQQOD RIl WD BRHMHH® Q 2L0 &
SS +
$NLQ * $UVODQ ) 1 (OPDVD 6 &BROBBYBRPSNLQ VHHG &XF
SHSR / RLOV IURP WKH FHQWUDO $QDWROLD UHJLRQ RI
VIXDOHQH WRFROV SKHQROLF DFLGV FDURWHIMMIGY DC
$FHLWHV ,QWHUQDWLRQDW -RX8®DO RI )DWV DQG 2L
ODUWtQH] 0 / %RUGYQ 0 * %RGRLUD 5 0 3HQFLO & 5
:DOQXW DQG DAPRMGVRH[WBROWLRQ DW LQGXVWULDO VFDO
RQ RLO \LHOG,RE® LW DWW RWDH DD *BPNIBWHY SS
6LQJK . . -KDPE & $ .XPDWHFW RI SUHWUHDWPHQWYV RQ I
SUHVVLQJ IRBXOQPMRG)RRG 3URFHVVY&®JLQHHULQJ

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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7THK ( (IWUDFWLRQ DQG GRWURG /G LAR PSR ERDQRV VIX U
YHIJHWDEOH SURFHVVLQJ ZDVWH 3K ' WKHVLV 8QLYHUVLYV
&HPHU®BR+®X OH\YH YH 6HE]H gGOHPH 7THNQRORMLVL
%DWX $ .D\D & dRWDN 3HVWDIKQBWAMWLILP WHNQRORMLN $U|
*OGD 7THNQRORMLOHUL (OHMNWURQLN '"HUJLVL SS

*H Q® (QG+VWUL\HO 3HNPH] hUHW I$MN B GUHPARINQ HGQ H U M
SS +

g]GHPAU YDUNOO PD\D VXuODUOQOQ QDUIYQPRHINUDSD BD
OHULWOHULQGHQ *UHWLOHQ ubDUDSODUOQ NDPOQWHBRDO -
hQLYHUVLWHVL 7HNLUGD=
,RQHVX 0 90DGXW 9 8QJIJXUHDQYWHITD@FD 0 =DERDWEKRG
RLO REWDLQLQJ IURPURQOBIO/QRXWRE 8QL¥HUYEWO WX &H
ORQWDQRORJ\ &DGDVWISH 6HULHYV
6DBO BUHOLPLQDU\ GHVLJQ DQG FRQVWUXFWLRQ RI D S
PDFKLQH 'RFWRUDQ GG MHDWERQINFHBYILAMD\O $QNDUD
.LUVFKH®EDXHU)DWV DQGHIMWROG 3XEOLVKLQJ 1HZ <RUN
OF&DEH :/ 6PLWK 3& +BQUWRRSWHUDWLRQV RI FKHPLFDO
(GLWDROQUBZLOO 6LQJDSRUH
%DOFOR+OXENM oHNLUGH+LQGHQ HQ]JLPDWLN VXOX HNVWUI
\¢]H\ \|QWHPL\OH RSWLPL]DWNRQXQERUWHEKQURBOLYQLYHU)
'H &DVOWUR 3URBSMWH 6R[KOHW H[WUDFWLRQ 3DVW D
-RXUQDO RI BRBRPHWRJI SS =
*URV & /DQRLVHOOpP - /| 9IRIZPEIGW DQ DOWHUQDWLYH HJ
OLQVH&IGHRILEDO (QJLQHHULQJ 5HVHDBSFK DQG 'HVLJIQ
3UDGKDQ 5 & OHGD 9 5RX®W 3 . 1D&XS6 UFRQWILBBW®Y LERQ
Rl IDWW\ RLO IURP IOD[VHHG DQG FRPSDULVRQ ZLWK VFUH
SURFHWRXHN DO Rl )RRG (QJLSHHULQJ
<P®] & *|NPHQ &RPSRVLWLRQRO FRPOW FRWHUL WWURW O
DV LQIOXHQFHG E\ GLIITHUHQW H[WQDBRWWRQ DIOQ SURBNVINQG
SS
$IJXLOHUD B6R@ILGXLG ([ WUDFWLRQ ([WQDPWRE QISP HMLW L
7]1LD & DRKBLM.D'G HGV ODUFHO 'HNNHU #QF 1HZ <RUN 8

.D\DKDQ <D+00 WRKXPODUGDQ KDP TD82%UHWLP
*OGDO*KHQGLVOHUL 2GD$ONRUWDSCODU VHULVL
1LUDQMDQ . +BQPRXOQNWDLWLRQDOO\ (ZIKD @RHH 2(IG0 \EHDH

BURFHVVLQJ+(@EHPEANBHG $TXHRXV$(I &6 BEMALR Q86 $

ORXUD - 0 &DPSEHOO . ODKIX[{ $ -XQI@EPWHRIWHG DTXHF
H[WUDFWLRQ RI RLO DQG SURW HH® XORPWIRQEHD @YV TKHG |
$PHULFDQ 2LO &KHPLYSH 6RFLHW\

'R/ ' G6DEDWLQL $TXHRX VX WBEOWBPGW EDVHG PHWKRG |
HIWUDFWLRQ SURRIQD T RQMHSW$SPHULFDQ 2L0O SKHPLVWYV

X - -RKQVRQ / $ -XQJ 'HPXOVLILEDWKRP RO RILROQ: IURP H

DVVLVWHG DTXHRXV H[WUDFW L BQ RRIHV[RXINGIH GH ¥ 8 §ERHDRY
+

-LDQJ / +XD ' :DBQJ = ;¥TXHRXV HQ]\PDWLFWHRYLODB@&R

SURWHLQ K\)RRREY\\DIMEHMLRSURGXFWW 3URFHVVLQJ

/IDWLI 6 $QZDU $TXHRXV HQ]\PDWLF VHVDPH FRRGDQG ¢

&KHPLVWUSS +

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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/L - =X< * [XRO *X & % 7=KDR & $TXHRMYWIQ]\PDWLF
DVVLVWHG E\ PLFURZDYH H[WUDFWLRQ RI RLO IURP \HOOT
VHHG NHUQHOV DQG LWRGI&BEPWYWMYDOXDWLRQ
6KDK 6 6KDUPD® *XSWPNUDFWLRQ RI RLO IURP -DWURSK
E\ WKH FRPELQDWLRQ RI XOWUDVRQLFDW L RAL FOWQHEY BX X FIR
WHFKQRORJ\S S+
6XL -LDQJ / /L6< /LX 7KH UHVHDURK ® QUHR[R B DWW U®HOR (
E\ DTXHRXV HQJ]\PDW L F 3{[RVUHDELVDL R IPOHIBHR G J
.KRGGDPL $ 0DQ < % + 5REBWYHPRFDO SURSHUWLHYV D
SURILOH RI VHHG RLOV IURP SRPHH|/WQUDWWHGXB\L FR QJ® L
(XURSHDQ MRXUQDO RI OLSLG VFL$S2FH DQG WHFKQRORJ\
- X Q6J $TXHRXV H[WUDFWLRQ RI RLO DQG SURWHLQ IU]
VWX@®XUQDO RI IRRG SURFHVVLQJI8G SUHVHUYDWLRQ
6]\GARZ& ML GLDNDUORYLWYV * +HOOQHU(MHBWARN HQJ\PDWL
K\GURWKHUPDO WUHDWPHQWY RI UDSHVHHGV RQ TXDOLW\
DQG R[LGDW I3YH FMADE KQ RW K H PS.SAW U \
5RVWRDO $ 3\OH './ 1LUBDXHRXVY DQG HQJ\PDWLF SURFH
H[WUDFWLRQDQG OLFURELDO 7HHFR¢QRORJ\
BLOQHLURPOQJIXH] + 1XQH]0W - /HP®WLPL]DWLRQ RI WKH
WDWPHQW GXULQJ DTXHRXV RLO H[WBDFSKRRL VIMRBSY X QI C
+
3DVVRV & 3 <LOPD] 6 6L®YD & 0 (QRKOLPEHMHQW RI JUDS
H[WUDFWLRQ XVLQJ D FHOO ZDBRGHEHPGYWBEN]\PH FRFN
BKRTLQ = -XQMLH = &KDQRKHE BKHYKXUH H[WUDFWLRQ
,QWHUQDWLRQDO -RXUQDO RSSIKDUPDFHXWLFV
%HUQDO - / GHO 1R]PO 0 - SMH ROUEIKVXUH 6RRINOIRW H[W
WKH GHWHUPLQDWLRQ RI RUJDQRFKORU&KQURPBIWRG X B S KE
+ SS =
5RVWDJQR 0 $ 9LOODUHWD GMLIDKHQWBRRQGDUWLQBEPPSOH
SUHSDUDWLRQ IRU WKH DQDA\EHDQRM DRI GERARIRERE \RIRF
&KURPDWRJUDSK\ $
%+\eNWXQFHO *HOLGPLG HNVW U DHDFIHRQ MSHN O Q N OHWWY L W H
)DNeOWHVL 'HUJSSH
%MRUNOXQG ( %RZDGW 6 /1LOVVR@HVVXDWKL®VURDG H|
SRO\FKORULQDWHG ELSKHQ\OV LERXRQDG R Q RIKWREMICRW
s
$GLO , + 3UHVVXUL]HG OLTXLG H[WUDFWLRQ RI SKHQROLI
'RFWRUDO GLV/MHGWOWD WMV 7THFKQLFDO 8QLYHUVLW\ $QNDL
<XVRII 0 0 *RUGRQ 0 + (JHK 2 4+:UODAWXEYHHDUHPHQW R
ORULQJD ROHLIHUD VHHG NHUQHOV SULRLQ@MRY D WLNRXM F
VFLHQFH HPHUJLQJ WSIRKQRORJLHV
-XQJ 6 O0PBKIX] JRZHPSHUDWXUH G U\ 8 WYX XURQSD® 6 HWA
SULRU WRDWQLIWWHG D TXHR X\ DV/W R \FEW DRI @ DNKKHOROL V W U \
SS =
$QGUHRX 9 'LPRSRXORV *DWOBURYGUDNILNVRORPRX ' 7RHS
3 64OMOH HYDOXDWLRQ RI YLUJLQ ROLYH RLO H[WL
QRQWKHUPDO SUHWUHDWPH@WRY OWUYH HREGL@FUHOQWH
7HFKQRORJBIB
5DQMLWHKMLE\DBDNVKPL)DFLOH PHWKRGVY IRU WKH H[WUDFV
WKH SODEWUHSHOMZHY QDWLRQDO -RXUQDO IRU 3KDUPDFHXV
SS =

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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IDQRLVHOOH: - 0 %RXYLHSUHVVDLIHXK\GH D XROQN+D DDQ HX [
SRLQW 5HY )UDQFU &RIBSV *UDV

2ZRODUDIH 2 . )DERURGHR 0 2 S$&RERDDDWLYH HYDOXD
GLJHVWHHZ SUH YV \:REBGIE DWKDRQ B\GUDXOLF SUHV-RXRQ 3O O P
RI IRRG HQJLQHH®$QJ

2MHEPDGRU 5 0 @DOYDGRPDRQVR 6 )WHJIJDSDQH
&KDUDFWHUL]DWLRQ RI YLUJLQ ZDOQXW RLOV DQG WKHL
YDULBHRRGBHVHDUFK ,QWHIBGDWLRQDO

0D&iQ 9 %XUJ 3 5XWNRZVNL . %XBJRYi - 6HHRSRLUO BRI
DQG VHOHFWHG TXDOLWDWLYH SD3RMPHIWHID\D RV \RY. R \6 ORR'F
Rl )RRG 6FLHQFSIS+

&KRR : 6 %LUFK3 'XIRXK\VLFRFKHPLFDO DQG TXDOLW\ F
SUHVVHG IODRXHBG RROYRRG &RPSRVLWLRSB QG $QDO\VL\
LP, + .LP & - <RX- 0 /HH. : .LP% & &KXQJIBFW
Rl URDWMRRHUDWXUH DQG WLPH RQ WKH FK-HRPXUFQIOFRIP &/K\
$PHULFDQ 2LO &KHPLVWOSt6RFLHW\

%DLO 6 G6WXHELJHU * .ULVW 6 * 8QWHUZKDHD FW H @LX DK\E
YDULRXV JUDSH \IHGFRIPGWR XQ GFROWWLDF\OJO\FHURO FRPS
DQWLRI[LG D QR\R ED&SIOHR MWAW US S +

ODUWtQH] 0 / %RUGYQ 0 * /DOODQD 5 / 5RERMIJBWLRC
Rl VHVDPH RLO H[WIDHWWMIBRY DR ZE RDBEPHBE UDWX WHLRSURF
7HFKQRORJ\ SS *

3DUU\ -= #DXRVKHU 0 6X / /=KRX . &KBRUDFW H U DHWIVRHE R |
RQLRQ SDUVOH\ FDUGDPRP PXOOHLQ URDRWUHREDEXMS N LC
$PHULFDQ RLO FKHPLVVS®:VRFLHW\

6LIJIBU 1RBDMXFND 0 HPFSBDW 7KH FRQWHQW DQG D

DFWLYLW\ Rl SKHQRO U AR F S BX EMQOD FIIRMGRR G /ISSL GV
+

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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,QWHUQDO PHFRIHMWBEOLVKPHQW RI WKH HTXL
VWDWH RI ZOWRIKRO PL[WXUHV LQ YRGND WHFKQC

20HJ .X]PL@DOHQW\QD =XENWRYDQD 6KHQGULN
<XUL- .RUHGHWARQ .X]PIMYOR %LOHQN\L

+1IDWLRQDO 8QLYHWHFKWQRRRIRRE .ILY 8NUDLQH

+-DQ .RFKDQRZVNL 8QLYHUVLWI| LQ .LHOFH .LHOFH 3RODQG

+/ 0 /LWYLOQHQNR ,QVW2UWIOQH REBKPLLABP®G DQG &RDO &KHPLVWUI
ILY 8NUDLQH

+'ROHWVN IDWLRQDO 8QLYHUVLWI| RI (FRQRKIFINORQIX TP GH QDPH
%DUDQRYVNIL .UIYIL 5LK 8NUDLQH

+1IDWLRQDO $YLDWLRQ 8QLYHUVLWI .ILY 8NUDLQH

$SEVW
-H\ZRUGYV ,QWURGXRKRLARQVKH SXEOLFDWLRQ LV WR VV
$OFRKRO RI WKH HVWDEOLVKPHR®FRK BB CFL[[MWKIURLY R:I$ALC
‘DWHU PDLQ VWDJHV RI FUHDWLQJ YRGND LQ WKH
OL[WXUH DFWLYDWLRQ (&3%DADW WRKGIURFMELRQBR Y B U VRI\

1DFDWLRQL]DWLRGPWHULDOV DQGOBHWKREVY ZDV SHUIRUPHG
(OHFWURFKHPLBEB®HUXNHU $YDQFH ,, VSHFWSHFRIBDW HAD SL 0@}
$FWLYDWLRQ DF(WHL+HKKLJK DFFXUDF\ DRBSEBXOBMQVHU HWK\O
+ 105 UHFWLILHG ($5 ZDWBW VRQWHQH®RE\ :$0 IURI

DQG VRIWHQHG ZDWHU

HVXOWV DQGOGWKEXVARRNY WKH HTXLOLEUL

SUWLFOH KLVVY_%L?WKH FUHDWLRQ RI :$0 LQ WKH SWMFHVV RI

SHFHLYHG FDWLRQL]DWLRQ LV LOQYHVWLJDW KEP LWDIODV E

UHDFWLRQV OHDG WR D FKDQJH LQ WKH V\VW

SHFHLYHG LQ &KDUJLQJ VWDWHV RI PROHFXOHV LQ DQRO\W|

UHYLVHG IRUPLQ WKH HOHFWURQ GLVWULEXWLRQ ZKLFK DI
K\GUR[\O SURW@&QNR \@KWHHDORMIH Q 8 SPZ DW Kk

$FFHSWHG DQRO\W.b ZLWK SSP KDV D GLVSODFHPHQW

SURWRQ/ WQ REDHM.HOKF 7KH FDWEKRO\WH ZLWK
SSP KDV D GLV&ODEROBEIVA®QKWK HE HHQ

SURYHG WKDW WKH :$0 RQ DQRO\WH S+
PHGLXP S+ '$0 LQ D FDWKRO\WH S+

gi\fvi'&VSRQGL@ DGRZ PHGLXP S+ 7TKHY HVBRODW UDWL
U DQRO\WH DQG FDWKRO\WH OHDG WR D UHVW
20HJ .X]PLQ DOFRKRO ZDWHU V\VWHP ,W FDQ EH DVVXPH
(PDLO DFFHOHUDWHG ZKLOH WKHUH LV RQH JHQH

NX]PLQBRYO# (W2+ 2
QXIW HGX XD 2Q WKH EDVLV Rl WKH WGAXIGW B QIKH & B mvHH
EHKDYLRU RI WKH :$0 DQG WKH YRGND SUHSDU

DIWHU (&% WUHDWPHQW ZDV HVWDEOLVKHG )F
D VWDEOH HTXLOLEULXP ZKLFK DUH FKDUDI
JHQHUDOL]RQVRDVRZIISOUBWY FKDUDFWHULVWLE

&RQFOXMHRAYSHULPHQWDO GDWD REWDLQH
RI WKH VSHHG DQG QDWXUH RI WKH HVWDEC
HTXLOLEULXP GXH WR WKH UHOD[DWMR@®®I WK
2. RFFXUV DW WKH VLPXOWDQHRXV VWDELOL]DWI

+ HWKDQRO SURWRQYV

I+
I+
I+

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQRDRJ\
,QWURGXFWLRQ

7TRGDA 105VSHFWURVFRS\ LV MWPKRD P RAGW FSARBBXVOAERES LF PHYV
LWV VLPSOLFLW\ 5XWOHGJH > @ bQG FRPSOHWHQHYV
5LFKDUGYV +ROOHU@WREXYVY DFFHOHUDWLQJ FKHPLFDO UH
IRRG LQGEVID/KDP OREBOI® ODUJH QXPEHU RI DUWILEFOHYV GL\
IRU UHVHDUFK RI IRRG SURGXFWV KRQH\ ITUXLWV MXLFH\
SURGXFWYVY VWDUFK BRWGLDOBRKRQOHLHERRMX FVDB RY L
&DBR HW DILQWR HWROGW DOGKL HW DRXVVRXI HW MHOV
DO .XEDOOD HWXD@ HW DO >
SURYLGHV FRPSUHKHQVLYH LQIRUREDWLR QZ1L W K HEF WQDW LW
IDFLOLWDWLQJ DQG DFFHOHUDWLQJ FKHPLFDO UHVHDUFK

5LFKDUGY +ROOHUWRQ > @

6LQFH WKHLOIBMYMFWUD RI ZDWHU DQG HWKDQRO KDYH I
\HDUV WRGD\ WKHUH%DWHW P DHQW 2DROU NV $OEHUW 0
5XWOHGJH +RO]JJUDEH HW DO > @ LQ

HWKDQRO PHUKLBKYBQH XQGHUVWDQGEOH |URPRW KM H QD
VXEVWDQFH %XW WKHVH UHODWLYHO\ VLPSOH PROHFXOH
GHVHUYHG SODFH ERWK LQ ZRUNV $UQROG %HFNH
$EDEQHK 5LFKDUGV +ROOHUWRRDO ‘% HW DO

@ DQG DUH RI LQOWHBHYWWR®RXU ZRUN @

‘H ZLOO FRQVLGHU D FRPSOH[ RI LVVXHV UHODWHG WHF
K\GUR[\O SURWRQH RI HWKDQROr ALIRQ \E H. QW\B K B QZBILGF KZ LD
JHQHUDWHG E\ WKH LQWURGXFHG ZDWHQRPOWG E\ UHWHGXE |
DO $EUDKDP REOL@ 7KH UDWH RI H[FKDQJH LV SUR:
RI IUHH LRNRVYWKH DFWXDPHQRADWRR @/ IRH WKHODO GHSHQG
RI DQ DOWHUQDWLYH H[FKDQJH SRLQW ZDWHU DV ZHOO
WKH SURWRQV RISWRROMZR PLOLFKINUGY +R@OHUWRQ

BUHYLRXVO\ ZH KD YR DRR QEINAHNDERKSE RWHAF RKRO PL[W XL
'$0 ZKLFK ZHUH GHVFULEHG LQ WKH ZRUN RI .X]JPLQ HW D
JLYH JURXQGV WR DVVHUW D IXQGDPHQWDO GLIIHUHQFH L
DOFRKRO BQ@VIQWHMKURXJK YDULRXV SURFHVVHV 7KLV P
IHDWXUHV DV VHSBWRWHR @DIRW DA ®RVR DEQRUPD®+ZDYHIRU
DQ&+ FKDUDFWHUL]H D SURGXFW ZLWK D ORZHUHG QWBVWLC
VLIQPO® RW2DQGFDHIRWP&RID Q&+ VLJIQ D O | R&W L 5 BHEARMH W
&+ tFKDUDFWHUL]JHV WKH :$0 ZLWK WKH EHVW WDVWLQJ SU

7KXV LQ WKH ZRMW RD>X]PLMNVWDEOLVKHG H[SHULPHQW
LQVWLOPHQWLQDWXOBPEBR®YW RI WKHUPRG\QDPLF EDODQ]
RUJDQROHSWLF FKDUDFWHULVWLFV RI :$0 LQ GHSHQGHQF
VI\VWHPTV IXQFWLRQLQJ +RZHYHU WKH TXHVMERQ\N RHODQ
WKH UDWH RI HVYWDEOLVKPHQW Rl WKHUPRG\QDPLF EDOD(
SURFHVV Rl FUHDWLQJ WKH :$0 DUH UHPDLQ XQVROYHG

7KHUHIRUH WKH DGGLWLRQDO UHVHDUFK LV UHTXLUHG
WKHUPRG\EDODQFH DQG LQVXUDQFH LQ REMBW QHIFK KW IKH
RI ZDWHU VHSDUDWHO\

&RQGXFWLQJ D VHW Rl WHFKQLFDO VROXWLRQV DW WK}
HOHFWURFKHPLFDO DFWLYDWLRQ (&80 ORIZ WKH/F KAORR O/RVIX €
PHFKDQLVP IRU HVYWDEOLVKLQJ WKH HTXLOLEULX+Y VWDWHF
SURWRQV Rl HWKDQRQOBSHEWWRVFRSYLBLQFH WKHUH LV

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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LQ WKH OLWHUDWXUH WKH 3&USWMH PRHFWB G LYRURI ZDAW ¥
WKHUPRG\QDPLFR-WRKKLOHPDILERLRQ Rl WKH :$0 DW WKH P
YRGND ZKHQ DSSO\LQJ {&EDIWVY RVKHDWLIRIHVRIWHQLQJ RI \
WR SUHGLFW WKH TXDWLW\ Rl WKH ILQDO SURGXF
YRU WKH VHW JRDO WKH IROORZLQJ WDVNV ZHUH VROY
+WR REWDLQ H[SHULPHQWDO HYLGHQFH RI WKH UDWH
WKHUPRG\QDPLF #DXLOLEULXP RI
+WR HVWDEOLVK D PHFKDQLVP RAWKKHURGBEDWPRPE HRT X L
+WR LQYHVWLIJDWH WKH VWDELOL]DWLRQ RI WKH K\GUR

ODWHULDOV DQG PHWKRGV

6FKHPH RI FRQGXFWLQJ UHVHDUFK EDVLF VFKHPH RI W
VDPSOH SUHSDWYOWIRVXGRWD W& HEORF N G D BAJSHOAPVRIRW KW HU
SUHVHQMIXG H Q

7KH IROORZLQJ GHYLFHVY PDWHULDOV DQG UDZ PDWHUL

i GLVSHQVHU DPSRXOHYV PP 0+] ZLWK VSHFLP
GHXWHURDF(W2+HDPSERXOHV ZLWHKLBRXSHO ODU\

i GULQNLQJ ZDWHU AK\E W RIKDQU DG &/ HUWL N @/RE BWR VEHQ W
25302 P9 PDVV FROQRRQWEDPDWLR®J GP0&; *
PJ GPO&pz PJ GPWRWDOKDWPECRBVGW RWDO I DONDOLQL
PPRO GP

i VRIWHQHG ZDWHU KLGUKR B K Q UIDFGVHH 2 B SARIQOHWY S +
P9 0&pt PJ GPO&;+x PJ GPO&pt PJ GPWRWDO+tKDUGQHV\
PPRO GWRWDO D ONPRIOQG ?/\

i DQRO\WH ZLWKKKFE&D R DHFQ' H IQIGVHY 2R3 ERQ L W PO+
O0&pt PJ GPO& + PJ GPO&pt PJ GPWRWDOtKDUGQHVYV
PPRO GWRWDO 1D ONPRIOQG ?/\

i FDWKRO\WHWK FKDWKDEWRUHYWRQRMH][ 2530RQLW S+
O0&pt PJ GPO& + PJ GPO&pt PJ GPWRWDOKDUGQHVYV
PPRO GWRWDO iD ONPPR Q LGP\

i HWK\O DOFRKRO UHFWLIGEMKE ($YRGXPHKHIBOWIARQ RI H

DW 7 po®dtcHy PJ GP&xvhetrLo PJ GP&uvwhuv

PJ GPYROXPH IUDFWLHRQ RI PHWKDQRO

i :$0 IRU ($5 Rl @ XPODQYE ZDWHU YRFWWQRGQGLEDWLRQ
IUDFWLRQ RI HWKDGBRRIHQ LQGHPR53+CRQ 1PN 0RbocHK\GHYV
+ PJ GB&xvHotrio PJ GB&yvwiuvy PJ GPYROXPH IUDFWLR
PHWKPQRO DONDS®OLQLPMNDVWL®J VIFRILHNV

i :$0 RQ VRIWHGBDG ZO\WHHU YROXPHzIUDFWKWRQU RJHIQV K|
LQGH[ XQE&_W@S&F P9 0&ocHkicHy PJ GP&xvHotrLO
PJ GPO&ivwhuv PJ GPYROXPH IUDFWLRQ RI DIOWBRBQQ DW\

PWDVWL®J VFRIULAHVYV

i :$0 RQ VRIWHQHEDWKWBUW H YROXPH+xIUDFWLRQ R

K\GURJHQ LQGH][ 253+&0 L WIDEpocHkicHy PJ GP&xvHERLO
PJ GP&yvwtiuv PJ GPFROXPH RUDPHWHKIODX RODONDOLQLW\

+ PWDVWL®J VFRUIHNV

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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JLIXUKBFKHPH RI UHVHDUFK
DtWKH SULQFLSOH VFKHPH RI WKH H[SHULPHQWDO
ExtVDPSOH SUHSDUDWILB®WEX&HPH IRU
FrtEORFN GLD3UIDBVERHBWURPHWHU
+ *tVWUHBPMVHFKQRORJLFD® HOBERRJIDQWRU\ HTXLSPHQW

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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i :$0 RQ ($5 DQG ZDWHU VRIWHOQFBGWLR QUEBIVWHIE 8 QM W IRU W
DFWLYDWHG FDUERQ :& Y:R O X P HK1G D RWH.® @ QRE HH[W |
XQLW253#©2 P9 0&ochrichv PJ GRO&xviaErioPJ GPO&uvwHuy
+ PJ GPFROXPH IUDFWIHRQ RI PEWBEK®IQROWDVWLQJ VFRI
+ SRLQWV

i :$0 RQ VRIWHGHDG FOWHHUD IWHYR®&PH IUDFWLRQ RI HWKI
K\GURJHQ LQGH[253+@®LVP BG&vocHrkcHy PJ GP&xvHcetrLO

PJ GP&ivwtiuv PJ GPFYROXPH IUDFWIHRQ RI P8WHKOIQRLON\
+ POWDVWL®J VFRIULHVYV

i :$0 RQ VRIWHQHAGWIORMCHWH DIWHU $& YROXPH IUDFW

K\GURJHQ LQGH][ 253+@&®LWI D€pocHrktcHy PJI GP&xvHcrLO
PJ GP&ivwtiuv PJ GPYROXPH IUDFWIHRQ RI PGWHKOIQRLON\
+ POWDVWL®J VFRILHVYV

OHWKR&V105VSHFWURVFRS\ PHWKRGV FKWPDRDVD BV DIQWE
RUJDQROHSWLF FKDUDFWHULVWLFV RI ZDWHU ($5 :$0 DQ

‘RUN PHWKRGROFIX]PLQ HW DO XVIEQJ W®H GLVSHQVH
WKH DPSRXOH WKH WHVW VSHFLPHQ LV 3GHEK® HUHDBH\
VWDELAQOEDAMBHRQ/URPHWMUMHWEDO VWDQGDUG ZKLFK LV VI
VXEVWDQFH LV LOQWURGXFHB8 ERSR WEKWUWLBY SXIOB VSHEQC
DFFRUGDQFH ZLWK WKH PHBISRIG VRU  HWR H GASHIFW U XP R1 \
'$& LV UHFRUGHG DQG SURFHVVHG XVLQJ WKH %UXNHL

$SSDUDWXW JB®Y WXKGEH) RWKHHWBEWURPHWHU %UXNHU $Y
0+] J)LIXUH = ZDV XVHG

QLIXup WKH SULQFLSDO VFKHPH RI WKH H[SHULPHQ
HOHFWURFKHPLFDO UHDFWRU LV JLYHQ

'ULQNLQJ ZDWHU WKURXJK WKH RSHQ WMIR) RI HQ
WHFKQRORJLFDO ZDWHU ZKLFK FRQVLVWY RI WKH IROOR.
i PHFKDQLFDO ILOWHU RI SRO\SURS\OHQH ILEHU ZLW

UHPRYHV PHFKDQLFDO LPSXULWLHV RI PRUH WKDQ P

i FDUERQ ILOWHU PIDWKHERD A XV 3RMU ERKQLFK LV SUHSDU
PDWHHMRRGVLQGXVWU\ ZDVWHYV E\ PHWKRG2RLX¥JRPHBLFDO
2 B6KHQGULN 7 =XENRYD 9 > @ ZKLFK SURYLGHYV

i D PHFKDQLFDOWKOMWHUOWUEZWLRQ UDWLQJ RI P ZKLI
LPSXULWLHV IURP WKH ZDWHU ZKLFK DUH LQ WKH IRUP
RI GLVSHUVLRQ VL]HG E\ PRUH WKDQ P

i DILOWHU ZLWK LRQ H[FKDQJH UHVLQ GDWLRQLEVWABHML:
ZLWK PHFKDQLVPV RI DXWRPDWLF UHDKEQHUD@GE FOQ GRIDLLR
RI ZDWHU FRQ RHD@UDQIFIWE IURP

i DEDUULHU ILOWHU ZKLFK LV GHVLJQHG IRU FRQWUR
UHYHUVH RVPRVLV ZLWK D SDUWLFOH ODJ UDWLQJ RI

5HVXOWY DQG GLVFXVVLRQV
2Q WKH (&$ SUHSDUDWLRQ OLQH VRIWHQHG ZDWHU HQ
DQRGLF DQG FDWKRGLF VSDFH RI ZKLFK LV VHSDVUDWHG

SHUPHDEOH WR LRQV DQG LPSHUYLRXV WR SURGXFWV R
HOHFWURQV LQ ZDWHU RFFXUV QHDU WKH FDWWR{IH) DQC

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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WKH DQRGH ZKLFK OHDGV WR WK H D RADPWHARLRQ LIQG E QWA
D Q R¢DH) RO \W H

YRU GUDLQDJH DQG ILOWUDWLRQ RI WKH FDWKRO\WH F
ZLWK D UHFHLYLQJ ADSWAUN\ D Q&IRQWGDARFNMSDUDWLRQ

7KH (&% SURFHDY DOIPGNWDWR LQ WKH7ZDWHU WHIPFKH UD W |
XQDFFHSWDEOH IRU WKH PDQXIDFWXUH RI :$0V VR WKH
FRROHG XVLQJ D FKLOOHU

2Q WKH :$0 SUHSDUDWLRQ OLQH IURP WKWD ONMWIKXH H $\

DQG WKHQ WKH RDWHUGGHG ZKHUH WKIBSHBGH P

SURSHOOHU PL[HUV ZLWK WKH DV\QFK UR QRXW KHO § B RIFH \F\
PL[LQJ WKHUH LV FRQWUDFWLRQRI WKHHOR\WE D YSRWKPHP
XVLQJ WKH GHQVLW\ DQDO\]HU ©$QWRQ 3DDU '0$ a |
GHWHUPLQHG ZLWK GHYLDWLR@L[I DR WWRH W\L RN & \DISAVEX

$IWHU PL[LQJ WKH :$30 HQWHUV WKHZEURK \LXW HVY H\OWHI
VDQG ILOWHUYV DQG WUHDWHG ZLWK $& LQ DGVRUEHUYV
REWDLQHG E\ WKH PHWKRG 2RI DXQRD® 2QH7DPWUNDR®DRRQ R
7 =XENRYD 9 HW,QORURGHHMW@LG RI VPDOO SDUWLFOHV F
LV ILOWHUHG DJDI#Q DQG VDPSOHG

,QLIX4HVKRZVGROHQVLRQ®OHFWUD RI K\GUR[\O SURWRC
VXEVWDQFHV WDNLQJ LQWR DFFRXQW WKH FKHPLFDO VKI

7KH VWXGEISBY WK ® YROXPH IUBDFWLRA® G | ZDWHKILY R O
WK#H 105V SHFWYBURRWRQ :$0V DUH UHSUHVHQWHG E\ WZR V
(W2B Q2 ZDWHUXUH 7KH FRRORGWOW \PPHWULF VLQJOHW ZL
EDVH DBHPDPRI WKH FRUUHFW [RIWR: ZLVBKS P FRIFRPHSR® N & WM W
LV D VLQJOHW IB8®P 7KH GLIIHUHQFH LQ FWHPRERQWKLIW\
al ssel +]

7KH 105VSHFWUXP RI VRIW B QFDGN £ B QH]DXEXBIOVER HV HQ W F
DV D VLQJOHW ZLWK DQ H[SDQGHG .EDVH PSPG BKHIZI UHJIXC
VSHFWUXP RI ZDWHDFDARLWEDRIDGVIERQ DIWHU (&% DQRO\V
I+ 2 SHRIXUWDWKRO\WH LV/D VLQJOHWSIBIRRUH

,Q UHODWLRQ WR WHKBFDPMWRQ LJBWILHRQ@H® ERO\WH KDV
/WURQ@DWHOG SSBI +] FDWKRO\WH KDV D GLVSODFHPH
SURW RIWIDRMHDLGVK DQ DYHWDJH BEB@IXH +R|

,Q WKH SURFHV V(5 FODMAMNEI ) WKH HZLWK ZDWHUIDRIWHQH
FDWLRQDIDWUR@KH :$0 LV JRWKRMHGZKRYHLO5VSHFWUD DU
UHSUHVHQWHG E\ RO\ ¥ [2ZIOWHK VDL Q HIEWQGHG EDVH DQG \
FRUUHFW /JRUP.DQ@ESPKH GLITHUHQFH LQ FKHRWFD®DGVKLIW
+2 LW/ SSP

'KHQ FUHDWLQUIJIJXUS$RQ DQ ($5 RI QXHH) IFIXW\HZL WK WK H
DQROLWKUHWKH SURWRQ VSHFWUD DUH UHSPHWVHEQWKG E\
lwzs + 2 SPP 7KH IRUW 2RI #AKIHHQDO LV D GLVWRUWHG
DQ H[WHQGHI FFIMMDR QG V\PPHWU\ RI WKH YHUWH[ ZKLFFk
DQG RQH DG GIHDINROBDNORZ

"KHQ FUHDWLQLJIXU$DQ WKH PRWKROWKH SURWRQ VSHF
FKDUDFWHUL]HG E\ (W 2WREVDLOMKAQIO (W2+ SPP

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

JLIXUH 105VSHFWUD RI SURWR® &Y RXSYW35

JLIXUH 105VSHFWUD RI K\GURDFD WLRONEDMHERI®J RI WHFKQRO
ZDWHU

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

JLIXUH 105VSHFWUD RI K\GUR)WHIURRMRODF@H/GLR QD W WU R&EXS
DQRO\WH

JLIXUH 105VSHFWUD RI K\GURD)WHSURRM RQF@HN/GLR QD | WU R&H
FDWKRO\WH

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F



JJJ)RRG 7THFKQ@RDRJ\

JLIXUH 105SURWRQ V SHFVWRIB5SMIQBRIWHQLQJ RI ZDWHU

JLIXUH 105SURWRQ VSHFVWRIBSMIQBRIWHQLQJ RI ZD VDR ONWH U (&

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F



JJJ)RRG 7THFKQ@RDRJ\

JLIXUH 105SURWRQ VSHFWUIBSMIQBERIWHQLQJ RI ZDWBW BDRW HWH( &

JLIXUH 105SURWRQ VSHFWUWBSMIQERIWHQLQJ RI ZDWHU DIWHU WI
$&

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F



JJJ)RRG 7THFKQ@RDRJ\

JLIXUH+ 105SURWRQ V SHFVWRIB5MIQG D QRIGAMMH WUHDWPHQW ZLW

JLIXUH+ 105SURWRQ VSHFWRIBSMIQG FDWHRGN\WWUHDWPHQW ZLW

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F



JJJ)RRG 7THFKQ@RDRJ\

W FDQ EH FRQFOXGHG WKDW LQ WKH SURFHWW RI FUH
FDWLRQL]DWLRQ ZLWK D S+ OHYHO RI DQG DQ ($5 RI W
D S+ OHYHO RI ZKLFK FKDUDFWHUL]JHV WKH UHGXFHG
+2 LQ UHODRWLRGUWRRO LRQV $W FRQVWDQW FRQFHQWU
YROXPH IUDFWERQ RIDQMKW®ROPRVWHAWWRFELHVWHP DW
WKHUH LV DQ LQVWDQWDQHRXYV VWUXFWXULQJ RI WKH V\
LV RQOMHR®MHDO VLIQDO RI K\GUWRHD S G RAMRHD 68 WK R QRO
ZLWK D FHUWDLQ DV\PPHWU\

$W WKH H[SHQVH RI WKH (&$ ZKHQ :$0 LV FUHDWHG LQ [
DQ ($5 Rl WKH /X[ FODVV WKH :$0 REW DRK I & DKUIDVF W FsU-L DH-
DFLGLF PHGLXP :$0 RQ D FDWKRO\WH ZLWK D S+ OHYHO R
S+

7KHVH SRODYU2UWRHL RRGAHQWUDWLRQV IRU DQRO\WH D
UHVWUXFWXULQJ RI WKH VAMUXFW WUHHP L @ KMKIHH IIRQFHR KARIOH Z
DFFHOHUDWHG DQG WKHUH LV DOVR RQO\(\WWQBHIJHQHUD
DV\PPHWULF

,Q WKLV FDVH WKH (&$ ZDWHWHIGXWWQ R Q! LU~H\VD PMHR R M. G
'$0 GXH WR WK H) & QOFUGHDKAKE RY DQG HVWHUV $OGHK\GHYV
LV IRUPHG E\ RILGDWLRQ RI HWKDQRO ZLWK R[\JHQ (VW!
R[LGDWLRQ RI SDUW RI DFHWDOGHK\GH WR DFHWLF DFLG
DFLG ZLQWKOHWRK DRUP HWK\O DFHWDWH

$IWHU SURFHVVLQJ $& :$0 RQ DEDWHB QYRDWM B GV H \
UHVXOWLQJ YRGND LV FKDUDFWHUL]JHG E\ DW2KQZOH WRW
UHSUHVHQWHG DV D V\PPHWU L FukQ JO KB\ PZ L\G KWIX H KSHUPRFF
RI SURFHVVLQJ $& :$0)LQXWKH PIQFROLMW HFKDUDFWHYL]HG E
(W2+ 2 UHSUHVHQWHG DV D VAMRPHMWULFSWPLQQOWM MHZE WKF H
$& :$0 WUHDWPHQW RQLYWKUH FDWIER OMF WD LIRRXSV DUH
FKDUDFWHUL]HG(EW23 B RMVDIO (5 FRINRWLADQ VKLIW SSP
7KH IRUP RI WKH WRWDO VLJQDO LV D GLVWRUWHG *DXV\
KDV RQH POLIHD &LIK D N WIQRQ DOHD&ZSHD N

'KHQ SURGXFLQJ YRGNDOXK® WWKH KORGRDMDO ZDWHU F
UHTXLUHPHQUND RU] VW HRQGVNMDQHSWHE IROORZLQJ FKDUDF
+QR PRUH WKDQ K\GRURGREURKBH[ WRLWYV S+ WRW@WRW KDU
PRUH WKDQ FDFORND G PG LIW R PV R W DVR PRE® GV QRW
VWDQGDUGL]HG

'XH WR WKH FRQGXFW H G1 DR-fDWHIDRIFIK] D WD \R € UK D VWWBIQ) HO |
UHODWLYH WR GULQNLQJ Y¥DHAHU DS@HG 259VIRH OGUDQNL G
ZDWHU ©253 P9 $QRO\WH DQG FDWKRO\WH VDPSOHV DUF
WKH S+ DQG 253 OHYHOV UHODWLYH WR WKH LQLWLDO YD
EHFRPHV PRUH DFLGLF + S@FUHDV35@ WR SRVLWLYH R]
25302 P9 DW FPWKROSW DFTXLUHV D PRUH DON
25302 P9

,QLIJXUHV UHSUHVHQWHG WKH GHSHQGHQFH RI K\GURJ}
'$0 :$0 DIWHU $& ZLWKRXW SURFHVVLQJ DQG DIWHU (&$
FDQ EH REVHALYWHCR XV WUNDWSEBAW LQ WKHVPPSRRU\WRE
DQRO\WH

W FDQ EH DUJXHG WKDW LQ WKH SURFHVV RI FUHDWLQ
WHUPV RI WKH OHYHO RI S+ DQ G253 N IR WAMKDLEQ ONK D W LFRX
YDOXHV RI S+ DQG 253 WHQG WR VKIKELW®R QRWW DQ'E R Q DRJ

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F



JJJ)RRG 7THFKQ@RDRJ\

FKDQJHV WKUBXJIKREXRAOWMKH ILQLVKHG SURGXFW ZKLOH
VWRUDJH FRQGLWLRQV $OWKRXJK LQ UHDO VWRUDJH FR
GHFUHDVH LQ 253 ZKLFK DWHK B Q@ QMMHE\DEMI HRQGRIQMKRGQS U
LQ ZKLFK WKH SURGXFW LV VWRUHG

$ VOLJKW FKDQJH LQ WKH YDRDPCHVRR QURBAMPIORQ OND OR P!
UHODWLYH WR GULQNLQUWVZDWBWRU GALRPG GPQWDJH RI WK
LQ WKH SURFHVV Rl (&% RQ DQRO\WH WKHUH LDQD GHFHH I
(&% FDWKHDMWBFUHDVH LQ DONDOLQKMUMRUH ZLAPROVEF
DQRO\WH LW LV SRVVLEOH WR XU W KHNDPLLGLLIW WK H ZDDNA-

W FDQ EH FRQFOXGHG WKDW WKH HOHFWURFKHPLFDO L
FKDPEHUV Rl WKH GLDSKUDJP HOHFWURO\]JHU OHDG Wi
LQWHUPROHFXODU LQWHUDFWLRQV FXIOMK &R IWHKHQIN RR
FDWKRO\WH OHDGLQJ WR GLIIHUHQFHV LQ WKH HOHFWU
FKHPLFDO VKLIWV K\GUR[\O SURWRQYV

-
N
.
-

’
~

JLIXUHHSHQGHQFH RI K\GURJHQ LQGH[ RI WK HD P\W 31 WR$E ZZLWVHKR X A
SURFHVVLQJ DQG DIWHU (&$
D+DUHD Rl VDPSOHV Z+RRRXWRERMR A H WWRIWHIDMICR BL]PWLRQ
'$0 RQ VRIWHQHG: EDWEWDWHU VRIWHQHG DIWHU WUHDW
D+DUHD RI VDPSOHV DIWHU (&% FDWKRO\WH
D+DUHD RI VDPSOHV DIWHU (&% DQRO\WH

7KH YRGND IURP WKHVISBXFOOD ¥FRUUHVSRQG WR WKH IROC
DOGHK\GHV LQ WHUPYOQR PRUYMW WK DQEZHRAGKHVHOIDRNLKG FDO
RQ WKH PL[WXUH RI SURS\O LVRERM OGP DORBIVKBAIXP LOLF |
HVYWHUV LQ WHWRYORKD\BWHRMWILIHF WKDQYR® X IUDFWLRQ RI
DOFRROR®W PRUH WKDQ *xIURPONDNMRQLWP

$V ZDWHNRIWH@AGWE\RQL]DWLRQ DQG ZD:W8RUQRR W HE WGD

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

WKH UHTXLUHPHQWY RI WKH QRUPDWLYH GRFXPHQWDW
FRQGLWLRQDOO\ PHHWV WKH UHTXLUHPHQWY RI UHJXODYV
0&DOGHKVBHVYRGND RQ DQRO\WH ,Q WKLV FDVH WKHUH L
RI S+ DQG 253 LQ WKH :$0 LQ WKH FDWKRO\WH DIWHU Sl
S+ IRU WKH :$0 DIWHU WKH $& :$0 SURFHVVLQJ DW W|
ZLWK WKH SU@&PDUP925BIWHU WKH $& :$0 WUHDWRHQW DW

P9

W FDQ EH DUJXHG WKDW DW WKH VWDJH RI WOHDWPH
FDWLRQL]DWLRQ DQG (&% WKHUH LV D UHODPODWQXL RQ WK M K
YDOXHV RI S+ DQG 253 WR WKH QHZ HTXLOLEULXP YDOXH
K\GUR[\O JURXSV RI SURWRQV RI HWKDQRO DQG ZDWHU C

&RQFOXVLRQV

2Q WKH EDVLV RI WKH VWXG\ D IXQGDPHQWDO GLIIHUH
:$0 DQG YRGND SUHSDUHG ROFZWWRHQLMVRWRQ HDE G\ZD W H L
(&% 6\WWHPV ZLWK XQVWDEOH HTXLOLEULXP ZHW HALQNRW G}
D FRQVWDQW HTXLOLEULXP DQG D KLJK GHJUHH RI JHQ
FKDUDFWHULVWLF H[FKDQJH UDWHV LV FKDUDFWHULVWLI
DQG WKH ZDWHWDRDRVWRIQIHOVWVEARQ DV ZBUYOHBVWKHKIH(Z B W g L
GLDSKUDJP HOHFWURO\]HU

7TKXV H[SHULPHQWDO HYLGHQFH LV REWDLQHG RI WKH |
RI WKH HVWDEOLVKPHQW RI WKH WKHUPRG\QDPLF HTXLO
DOFRKRO VA\WVWHPV HERWK WKHMHEVORKIOMIR@ RI WKH K\GUR]
HWKDQRO SURWRQV

7TKH SXUSRVH RI WKH ZRUN LV WR VW XN XK H BRHBKPD § WAD
YRGNDV GXULQJ WKHDBOEBRRRQRRL [RMXUMHW HLQ WKH SURFH)
DFWLRF@QWI WHFKQRORJLFD ODEDW HRQDLW WKRIQVWHDIVWHRILQJ
SURYHG WKH GHSHQGHQFH RI WKH WLPH DQG QDWXUH RI
HTXLOLEWKNKPUHOD[DWLPRP@ FRKWRQHY ADMWHRY G X IRIQW KWHK H
K\GUR[\O JURXS RI SURWRQV RI HWKDQRO DQG ZDWHU

$FNQRZOHG JKRHYWDUFK DQG WHFKQLFDO GHYHOR
WKH LQWHUQDWLRQDO LQWHUXQLYHUVLW\ WHDP D
ZRUN RI WKH WDUJHW VAFRPISOH] I ISR RYEIDHPQRVLILF DQ
LQQRYDWLRQ DFWLYLW\ ©&UHDWLRQ RI VFLHQWLII
ZDWHU UHVWRUDWLRQ WR LWV QDWHK WD Q LWWWX FRAY
(GXFDWLRQ DQG 6FLHQMBH RI 8NUDLQH

5HIHUHQFHYV

$QOGRQL =XULDUUDLQ -XDQ =XULDUUDLQ OHUFHGHV 9LO
GHWHUPLQDWLRQ R I+HM) & D(BRIT W QRIRGE\R B CEW S8 @

$QQD 3DROD OLQRMD &ODXGLD 1DSROL 105 VFUHHQ
DQG QXWUDPHERGEWHNVBOWFK ,QWHISQBWLRQDO
$UQROG - 7 (DUO\ SHUFHSWLRQV LQ (@¥FPGIRSIHRELDQ

RI QXFOHQHWLF UHRRQDIQFEH\ 6RQV
(GZLQ ' %HFNHU &KHULH / )LVN &/ .KHWUDSDO

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

(QF\FORSHGLD RI QXFOHDURKDJQOWMLF RIRQDQFH
)DQ =KX 105 VSHFWURVFRRRE| M DR FR SO RWEHWP V

*ORULD GHO &DPSR -XDQ =XULDUUDLQ $QGRQL =XULDUL
GHWHUPLQDWLRQ RI FDUER[\OLF DFLGV DPLQR DFL
K\GUR[\PHWK\O XU Xt DO5)RRIGRQKIN FELV VBS\ +

*\ %DWWD . ( .|]YHU &V O6IDMRRIV A{RU VWUXFWXUH HOX
UHVROXWLRQ 105 $SSOLFDWLRQ WR RUJDQLF PROHFX!
$PVWHUGDP /DXVDQQH 1HZ <RUN 2[IRUG B6KDQQRQ 6LQ
+X 1 :X '&URVV . DQG RWKHU BWUXFWXUDELOLW\
VWUXFWXUDO GLIIHRXHU@PHY RIQDYE GRDIYWXUD G P QS IRRG F

-RDQD 3LQWR $QD 6RILD 20LYHLUD -RDQD $]HYHGR 9LF\
$VVHVVPHQW RI RILGDWLRQ FRPSRXQGOK IDQRDNHG &

105 PHWDERORPLRRBSSKHRMDIPKSS \+

-XQVDQJ 2K\RHRRAQ *DHDQ +\XRRIQ &KRHR 6XQJ +

105 EDVHG PHWDEROLWH SURILOLQJ IRU RSWLPL]LQJ WKH

6DXGL -RXUQDO RI %LRORBFDPO 6FLHQFHV

HPHQJ 6KL &KULVWLDQ 0DUMRX\BBGEHX VIH X LEKIPIRKXL HXQ J

105 VWXGLHV RI WKH WDXWRKFW RO WQLBRWHB QIVO RR kGF

-RXUQDO RI OROHFXOPI+/LTXLGV

.ODXV $OEHUWLQH 02 ®QG UHODWHG WHFKQLTXHV &KLF

6RWY /WG

.X]PLQ 2 7DPDUNLQD - B6KHQGULN 7 =XENRYD 9 .RYDO

RI DFWLYH FRDO IURP S\URO\]HG ZRRG ZBWW B VQH\DIONRIRGE

-RXUQDO SS+

X]JPLQ 2 B6KHQGULN 7 =XEWRDPRWLDWLRGXI WKH FRQGL

SRURXV FDUERQ PDWHULDOV IURP S\URO\]JHG BRRG ZDVV

8NUDLQLDQ )RRG -B®HQDO

.X]JPLQ 2 BXLNRY 6 I1LHPLULFK 2 'LWULFK , 6\OND |,

GHVDOWLQJ E\ UHYHUVH RVPRVLV RDOW R K RQ REHNX URIVI R U

VSHFWURVFREUBDWXIALGYRRG -BSH QDO

X]JPLQ 2 NRBXI6 .RUHWVND , ODWL\DVKFKXN 2 3ROLRY\N

HTXLOLEULXP VWDWH RI K\GYRLI[06 8%HRFMNRERY BQ OGN IRR B

-RXUQDOSS +

/IDWXID <RXVVRX| /DXUD /DOOHPDQG O®LKEBMSBUALUDXG )

8OWUDNMRXIQGVHG H[WUDFWLRQ DQG VWUXFWXUDO FKDUL

FDUUDJHHQDQV EDRIE R KDEZAHHEGN 3RSStPHUV

1RVH $ +DPDVDNL 7 +RMR O DQG RWKHU JHWG URJHC

GLVWLOOHG V SIWK DR @ REUEDOHRI DJULEXOWXUDO DQG

SS o+

20LYHLUD , 6 %RQDJDPED 7 - 6 D UM KRXQ W & P DLG RRIW B
SURFHV3MAMWHUGDP 2[IRUG (OVHYLHU
5D\PRQG - $EUDKDP OHKGRORE®LDWS VSHFWUD RI RUJ

FRPSRXQGV 7KHRU\ DSSOLFDWLRQVRXIG:LOH\SUBRQWFW W

"LOWVKLUH

5HLQKDUG OHXVL@I68HNWUHQ ULFKWLJ DXVJHZHPWHW

XQG %HWXGHOEHUJ 'RUGUHFKW /RQGRQ 1HZ <RUN 6SUL

5LDG $EDEQHK $KPDG 7HOIDK ,QVKDG -XP K ORKDPPDG
+ 105 VSHFWURVFRS\ WR LQYHVWLJDWH WKH NLQHV

FKDUJH FDUULHQ® WRQ@IQDSRRYDWLRQ LQ K\GURSKLOLF ¥

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F



JJJ)RRG 7THFKQ@RDRJ\

VXOIRQLF DFLG DV D SURWRQLF LRQ VRRXEE&DL® RIDVROH DX

IJLTXLGV SS=

5 'XWWD ODMXPGDU 7 ORQWLQD 2 & OXOOL@WLIKWM NI

LOWR DVSKDOWHQH DJJUHJDWH VWWRBRIVIEU YA SK\FWOIRX G R/ S

)XHO SS+

SREHUWV - ' 2UJDQLF FKHPLVWU\ DSSOLFDWLRQV

(QF\FORSHGLD Rl QXFOHD®KRBKQNWHU UHWRD DIQFH\ 6RC
+

5XkDR /L ;HDR=KHQJ ;LQ =KDQJ =KKRQJ <PMQ %HL

&KDUDFWHUL]DWLRQ RI EDFWHULD DQG \HDVWV LVRODWF

'DTX WKURXDKEDVHG PHWDERORRRKEVOLFURELRDRJ\

5XWOHGJH ' 6LJQDO WUHDWPHQW D QG RALWRIDG DR D/O WALIVQ

1HZ <RUN 2[IRUG 6KDQQRQ 7RN\R (OVHYLHU

5LFKDUGYV 6 $ +ROOHVWRQW-LRO SUDFWLFF®HPFUSY WU R

&KLFKHVWHU -RKQ :LOH\ BRQV

7KRPDV .XEDOOD 7KRPDV +DXVOHU $OH[ 2 2NDUX O0DUL
'"HWHFWLRQ RI FRXQWHUYI|HQL | EQ DHUGS V SQ WIWIVQ XFVRR)

VHQVRU\ DRP® WHNPLVVSS\+

+ROJJUDEH 8 :DZHU , 10HKWGHFEWURVFRS\ LQ SKDUPDFH

HGLWHG E\ % 'LHKO $PVWHUGDP 2[IRUG (OVHYLHU

<LQJMLH ;X :X 4LDQ 4LRQJTLRQJ *DR +DRUBOQLTKLG

HTXLOLEULD RI WERRKROVINEGBRBE\VSHFW URWHRISAD O

(QJLQHHULQJ 6BISHQFH

<RVKLPDVD ORUL OLWVXPDVD 7DNDKDVKL <DVXVKL 2KQF
,GHQWLILFDWLIRIWRUPRWHRRODLIWHY EHWZHHQ ORZ!

DERKROV DQG LQGRPHWKDFLQWHNUQODWEREWORRKRR\DO RI
SS

<XQIHL <XDQ <XSHQJ =KDR -LDOL <DQJ <XHPLQJ -LDQJ

DQDO\WHV RI EDQDQD GXULQJ SR\ \WH EDUVERR)) RRIG HV FHC

&KHPLVWUSS

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

,PSURYHPHQW RI DQWLR[LGDQW SRWHQWLDO
DQG EUHDGYV E\ DGGLWLRQ RI PHGLFLQDO SOI

, YDQ 'LF 1DGH]KGD 31 *MRUH 1
,UD 7DQHYDDQ , YDQRWWRULMD 6WDPDWRYVND

1 7UDNLD 8QLYHUVLWI| RI 6WDUD

+8QLYHUVLWI| Rl )RRG 7THFKQRORJLHV 30ORYGLY %XOJDULD
+8QLYHUVLWI RI 5XVH 3$QJHO .DQFKHY %UDQFK 5D]JJUDG % X
+A6W .OLPHQW 2KULGVNL 8QLYHUVLWI| RI %LWROD 9HOHV 0

SEVWI

-H\ZRUGYV L QWURG XFRH RI® V HDWFE IG BWRH UPLQH WK H
CHUE RI WZR KHUEDO PL[WXUHV RQ KHUE EUHDG
JYE ZDV HVWDEOLVKHG RVRMKIH KSHUHEDROO/L R @ R\Q
Z/OUHDG DQWLR[LG D Q \KHUEMDLOY PWWHALARMU R HWECUH V

DQG KHUE EUHDGV

?gwgg[éiaQVgOVODWHULDOV D Q& W IKRGNG WZR KHUED
Q “WK\PH RUHJDQR DQ&WXHPRQRALHIP QR

OHPRQ EDOP DQZAL WHQZXKHBWNIORXU IRU Kl

SURGMW. R@WDO SRO\SKHQRO FRQWHQW :
IROORZLQROWRBRIFDOWWKRIGH DQWLR[LGDQ
SUWLFOH KLYWRRFWLYLWLHV RI VDPSOH H[WUDFWV ZHUH
$%7%6 &835%$85$3 D@B+ DVVD\

5HFHLYHG SHVXOWV DQG GKWFXVVKR®W WRWDO

SHFHLYHG LQ URRIQWHQW IURP DOO LQYHVWLJDWHG KHUE
IRUP *$(J GZ KHUEDO PL[WXUHV *DQG KHUED
$FFHSWHG PJ *$(J GZ DQG PJ *$(J GZ UHVSHF

KHUEDROXU PL[WXUH DQG SUHSDRWDBOEUHD

KHQROLF FRQWHQW ZHUH LQ WKH UDQJH
gi\tfvig\()SRQGLQJS PJ *$( J GZ 7KHUHIRUH WKH FRQWHOQV

FRPSRXQGV GLGQCW FKDQJHG VLJQLILFD
“MRUH 1DNRY SURFHVV 7KH KLJKHVW DQWLR[LGDQW DF

(PDLO KHUEDRXIUWXUHY DQG EUHDGYV ZHUH REWD
JODNRY# XVHG PHWERGS DQG )5%$3 DVVD\ 7KH KI
XQUWXVH EJ DOWLR[LGDQW SRWHQWLDO ZDV GHPRQVW

FRQVLVWHG:RI K HRWE V/( J GZ IROORZH!
E\ WKH KHUEDO PL[WWXUH AAHWK( KHUEV

J GZ UHVSHFWLYHO\ ERWK HYDOXDWHG E
WKH )5$3 PHWKWRGR[MGIHQWQDFWLYLW\ YD
PO 7( J GZ IRU WKH KHUEDO PL[W
KHUEV DQG PO 7( J GZ IRU WKH KF

RI KHUEV
GRQFOXWHRIEW DGGHG WR IORXU LQFUFL
SKHQROLFV DQG DQWLRL[&XQWVYDQG HW R |
>y ,QVLJQLILDQW GLIIHUHQFHV LQ WKH DQV
- REVHUYHG EHWZHHQ EUHDGV ZLWK WKUHF

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

,QWURGXFWLRQ

2QH Rl WKH JOREDO SUREOHPV DPRRQEDORRYEH G \HB WV E
FXUUHQW PHWKRGV Rl VROYLQJ WKHVH SUREOHPYV DUH W
RI GDLO\ FRQVXPHG IRRG SURGXFWV LQFOXGLQJ EUHDG
WKDW KDYH D KLJK HQHUHGYP\OX® BQ EDFKDUMHFMWEBPLQR DF
ORZ ILEHU FRQWHQW YLWDPLQV DQG PLQHPDAVQIKNWUWR
VWULYH IRU WKH SURGXFWLRQ RI EWQHMNA RIQDQ AKH® H GWH

7KH QXWULWLRIQHD & WX K IREHQGYV RQ WKH W\SH RI1 10
RI RWKHU LQJUHGLHQWY DGGHG WR WKH SURGXFWLRQ %
HODVWLF PHGLXP LQ ZKLFK WKH SURWHLQV DUH RSWLPDC
VXUV GLVVROYHG 7KH\ DUH WKXV DYDLODEOH IRU WKH
WUDFW > @

7R LQFUHDVH WKH QXWULWLRQDO DQG ELRORJLFDO YI
SODQWV OLNKNPWWK\FKOJDRUMPDQRBDQXP YX@MMRRY EDOP
OHOLVVD R/IILAHQXOWHHRQHOJDDRARKMRZ DUH ULFK VRXU
ELRDFWLYH FRPSRXQG HVSHFLDOO\ HVVHQWLDO RLOV W
SURYHQ DQWLR[LGDQW DFWLYLW\

OHGLFLQDO SODQWV SUHVHQW DEXQGDQW VRXUFHV RI
DSSOLFDWLRQ LQ KXPDQ QXWULWLRQ QRW RQO\ DV IODYF
IRUWLILFDWLRQ Rl ZKLWH EUHDG LV D Q¥ ZQW YHQEVWRJ H PU
LQ PLQHUDOV YLWDPLQV IODYRXULQJ DJHQWYV DQG QDV
VHHGV RI KHUEDO SODQWVY KDYH ORQJ EHHQ XVHG LQ FRF
7KLV VXSSOHPHQWDWLRQ RI KHHBW ®\GGP SURYHRG VODW\R b
SURSHUWLHV DQG HQKDQFHG WKH OHYHO RI QDWXUDO
PHGLFLQDO SODQWYV ILQG HQRXUPRXV DSSOLFDWLRQ LQ ¢
WR WKH ELRDFWLYH FRRSEBXQSKNHMREVN HDFWED DQG DQWL

7KH QXWULWLRQDO DQG ELRORJLFDO YDOXH RI WUDGL
SUHSDUDWLRQ KDV EHHQ VWXGLHG $FFRUGLQJ WR WKLV
LQFOXGHV FUXGH WWRWHLUQRPURPWRDW I|URP W R
FDUERK\GUDWHYV DQIBVMIRPWLDWRRLOV WKDW GHWSHBPRLQH
YRU ZLOG KHUEV DQG VSLFHV KLJK DQWLR[LGDQW DFWLYL
DFWLYRGRE®WY > @ ORVW KHUEV KDYH EHHQ VKRZQ WR F
IXQJLFLGDO DQWLYLUDO HIIHFW DQG ORZHU EORRG VXJD

5HFHQWO\ KHUEV DUH LQFOXGHG DV LQJUHGLHQWV R
ZLWK ELRORJVREOWDRFWYYH/ HIXO IRU KXPDQ KHDOWK ,Q
KHUEV DV D VSLFH LQ WKH EUHDG 7KH LQWURGXFWLRQ
HQULFKPHQW ZLWK ELRORJLFDOO\ DFWLYH VXEVWDQFHYV
ODUJWWRUWPHQW RI EUHDG DQG EDNHU\ SURGXFWV WHFF
\HDUV WR SUMBG®M HORKXNGPL[WXUHYV HQULFKHG ZLWK JURYX
KDV EHHQ IRXQG WKDW WK\PH PDUMRUDP ORPB® WEDWPRD
LQ URDGH ZKHDW IORXU PL[WXUHV GXH WR WKHLU SOHD"
> @

ORUHRYHU WK\PH SRVVHVVHG VWURQJ DQWLR[LGDQW
SKHQROLF DLGV DV URVPDULQLF DFUBPDW&HF ¥ REDW DFH G
VXEVWDQFHV FRQWDLQHG LQ WKH WK\PH WKH HXJHQRO
DQWLR[LGDQW DFWLYLW\ FRPSDUDEOH WRMRER®KRUR® H
EXW\O K\GUR[\WROXHQH > @&/ D@ VIRG & HW ER DL WRU I

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

VEFDYHQJLQJ DFWLYLW\ GXH WR QRW RQO\ WR SUHVHQF!
FRPSRXQGV DV DSLJHQLQ OXWHROLQ DQG FDUQRVLF DFL
OHOLVVD RIILRQRZQLMV OHPRQ EDOPO\ERIOMPLD MHD M K,
WKHUDSHXWLF SURSHUWLHV LQFOXGH VHGDWLYH FDUPL
DQMWQLIODPPDWRU\ DQG DQWLR[LGDWLYH DFWLYLWLHV > @
H[WUDFW Rl OHPRQ EDOPV\RHMMID® ® QW GRMICBA VBB URSHU
@ 6RPH DXWKRUV $QGR HW DO > @ %URZQ > @ .[
UHSRUWHG DQWLR[LGDQW SURSHUWLHV RI IHQXJUHHN W
QXWULWLRQ
7KH DLP RAVWKHIOW VWXG\ LV WR HYDOXDWH WRWDO SKH
DFWLYLW\I@GRXH WPEDPWXUHY DQG SUHSDUHG KHUEDO EUHDC

ODWHULDOV DQG PHWKRGYV
ODWHULDOV

$00 FKHPLFDOV IRU FKHPLFDO DQDO\WLYV ZHUWKDMQ D O\\
FXUUHQW VWXG\ ZHUHKDRXNR P XA ZRRWIWEBDMKRD Q XP ¥ XOJDUH
OHPRQ EPOIPVVD R/IIEBHPYGIMYDIRDHOAODDRARXWPHDO SDUW
7TKH SODQWV ZHUH ZLWK %XOJDULDQ RULJLGDIPEBOZHUF
%XO0OJDULD 7KH\ ZHU ARKHQKKIHD W KHEW RLU RYHQ DQG WK
LQ D FRPPHUFLDO NLWFKHQ JULQGHU 7ERRPWKRLZOWHUMI
PDNLQJ ZKHDW IORKWK WEBHVWRGBHDVK NLQGO\ GHOLYHUH
$JUROISGRUW /WG G6DHGLEBYLNVHEXQODEUMHDG SUHSDUD
SXUFKDVHG IURP WKH ORFDO VWRUHV RI <OFDENRRD\DGXOJ
7TXUNZDV XVHG DV WKH OHDYHQLQJ DJBQ® VWU HSMND WU RZ@ &I
SXULW\ DQG SURSHU IRU IRRG SXUSRVHV WKDW ZDV LQ
%XOJDULDQ OHJLVODWLRQ

+HUEDO PL{WKWHY RUHIJDQR DQG OWRRRHEBOHRJIDQ@R OF
EDOP DQG IHQXJUHHN ZHUKIRPRHBQUH® EDRIGILUQPLQGLQJ F
SODQWYV LQ UDWLR KHUEDO PL[WXUH DQG LQ UDWL

BUHSDUDWLRQ RI FRPSRVLWH IORXU PL[WXUHYV

+HUEORXU PLIWXUHV ZLWK DQG KHUEV ZHUH SUHSDI

+HUBHOERAUWXARDWDLQHG ZKHDW ITERXEDNOSFH [WXUH W
RUHJDQR DQG OHPRQ EDDRG GMUOBIW \HDVWYV

+HUBHDRXU PLPRRORWDLQHG ZKHDWKHOEBRO® PL[WXUH W
RUHJDQR OHPRQ EDOP DQGVHORLUHWDNOWGULHG \HDV

UHSDUDWLRQ RI EUHDGYV

7KH EUHDGY ZHUH SUHSDUHG DFFRUGLQJ WR EUHDG F
7THFKQRORJ\ RI FHUHDOV IRGGHUVY EUHDG PDNLQJ DQG
JRRG 7THFKQRORJLHV 3RBFEQY FROMWEUGBG OAHIHG NGB RX W

VRGLXP FKORDD&GHGHLRQL]HOQ@Z® WIDRKLOPL[WXUHYV

&RQWURO EUHDG VDPSOH ZDV SUHSDUHG ZLWKRXW DG (

\HDVWWDWQG VDOW %UHDG GRXJK ZDV tRU&L HD® GRU
IHUPHQWRGI BW PLQ %UHDGV ZHUB&EDQ HWGFBWYHFWLRQ
PLQ %UHDGYV ZHUH FRROHG WR URRP WHPSHUDWXUH IR

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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6DPSOH HIWUDFWLRQV

%UHDG VDASVOAHMWMFEABU FP ZLGWK DQGGUAHMH B KRBENQHKV VI
GULHG PDWHULDO ZDV JURXQG WR REWDLQ SRZGHUHG E!
KHUEDO PL[WXUHV DQG EUHDGYV J  ZZHTUKHH RIXW WPIHRAWVWKHD®) R

K DW& 6DPSOHV ZHUH WKHQ FHQWULIXJHG DW USP
FROOHFWHG ZDV XVHG IRU IXUWKHU VWXGLHV

'"HWHUPLQDWLRQ RI WKH WRBWDO SKHQROLF FRQWHQW

7TKH WRWDO SKHQROLF FRQWHQW 73&LZRBPNOGHMIXHWIRD (
DFFRUWBRQ@WLQWILQJ HW DO > @ ZLWK VOLJKW PRGLILFI
PLIHG ZLWK *#U/RRDOQYHXCV UHDIJHQW GLOXWD&S ITKH WLPI
UHDFWLRQ ZDV FDUULHG RXW PLQ DW URRP WEBPYSHUDYV
PHDVXUHG DW QP DIJDLQVW EODQN VDPSOH 7KH UHVXH
JDOOLF DFLGGUS(ZIBHIKW

$OWLR[LGDQW DFWLYLW\

7KH DOQOWLR[LGDQW DFWLYLWLHV RI VDPSOH H[WUDFWV
GLSKH@WOK\GUD]\O UDGLFDO DQG $%76 UDGLFDO VFI
RQ PL[HG K\GURJHQ DWRP WUDQVIHU +%$7 DQG ERWK DVVI
PHFKDQLVP )5%$3 IHUULF UHGXFLQJ DQWLR[LGDQW SRZHU
$%76 DVBPABDGBLFDO ZDV JHQHUDWHG E\ PVR@XIVWLARLA RR

PO DOJLQRELV HWK\OBHKDIWRLE]ROLH$%76 DQG P
SHUVXOIDWH 7KH JHQHUDWHG $%76 UDGLFDO ZDV VWDEC
P/ ZDV BLIHWK P/ H{WUDFW Vf 8&OWGDUN @HQYVDWKH DEVR

PHDVXUHG DW QP DJDLQVW PHWKDQRO
&835$& DVXON UHDFWLRQ ZDV VWDUWHG BRPL[PQ@J RI
PO 1HRFXSURLQH 6LJPD LQ PHWKDIDQRONDWR/EXI|DHDP FSR
P/ R LQYHVWLIJDWHG H2W%DPWN YBPSOR BDW SUHSDUH:

7KH UHDFWLRQ WLPH ZDV PLQ DW fK LQ GDUNQHVV

PHDVXUHG DW QP DJDLQVW EODQN > @

YJHUULF UD@XFLRILGDQW SRZHUK Y548 PDVYBVKO\ SUHSD
UHDJHQW SDUWYV 0 DFHWDWH EXIMWUL SWAIGLO ]LYBIU\
737= LQ PO +&0 DQG SD2WQ ®O0BHEB PL[HG ZLWK F
LQYHVWLDIFWHS KW WUKH UHDFWLRQ WLPH ZDV PLQ DW
DEVRUEDQFH ZDV PHDVXUHG DW QP DJDLQVW EODQN S

'33+ UDGUFD®HQJLQJ DEK GIUWUDFW P/ ZDV PL[HG
IUHVKO\ SUHSDUHGRI PIB 4/ ROXIKIHRIQGU\O K\GUD]\O UDGL
PHWKDQRO 7KH VDPSOH ZDV LPEXEMBWHGEQRWVV 7K WDHG
DEVRUEDQFH DW QP ZDV PHDVXUHG E\ VSHFWURSKRW
FRQWDLQLQJ PHWKDQRO > @

7KHHVXOWV IURP DOO PHWKRGY IRU DQWLR[LGDQW DF
HTXLYDOHQWYV 7( SHU J GU\ ZHLJKW GZ

6WDWLVWLFDO DQDO\VLYV

$00 H[SHULPHQWY ZHUH SHUIRUPHG LQ WULSOLFDWH I
6' VWDGEIYUGBWLRQ 6WDWLVWLFDO DQDO\WLYV ZDV SHUIRL

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\
5HVXOWY DQG GLVFXVVLRQ

7TKH WRWDO SKHQROLF FRQWHQW RI ZKHDW IORXU PH
IORXU PL[WXUHVY DQG SUHSDUHG EUHDGYV ZHUH VXPPHUL]I

SBRO\SKHRRFRVPIRXQGV NQRZQ WR SRVVHVV WKH DELOL
LQKLELW OLSLG R[LGDWLRQ LQ YLWUR > @

7DEOH
7RWDO SKHQROLF FRQWHQW LQ KBRRV MKHWEKNG \PL[W XU
DQG KHUE EUHDG

7RWDO S
6DPSOH FRQWHQW
PJ *$( J G

"KHDW IORXL
7K\F "
2UHJ "
/JHPRQ "
YHQ X J "
+HUEDO PL[WXUH  WK\PH F "
+HUEDO PL[WXUH WK\PH RUHJD! z
+HU IOFPL[W. -
+HU IORXU P -
%UHDG SUHSDL IORXU P "
%UHDG SUHSDL IORXU P "

7KH KLIJKHVW YDOXH RI WRWDO SKHQ@ROLPFRYWHQW 2
GZIROORZHBRXQ EDOP PJ *$( J GZ 7KH WRWDO SRO\SKHQR
OHPRQ EDOP ZDV FORVH WR UHSRUWHG YDOXHV LQ SUHY
PJ*$(J GZ> @ 7KH FRQWHQW Rl WRWDO SKHQROLF FRP
IQ FRPSDULVLRQ ZLWK WKHVH R QHHWXLUG R P W KOP R R Q HFLR
DQG IHQXJUHHN KHUEV QR VLJQLILDQW GLIIHUHQFHV LQ
ZHUH REVHUYHG ,Q WKLV VWXG\ WKH REWD LQ HGKYDI B I\
IHQXJUHHN ZHUH FORVH WR D SUHYLRXV UHSRUW IRU VRF
DYDLODEOHIQRRXOWRILDPJ *$( J GZ > @

7KH YDOXHV IRU WKH WRWDO SKHQROLF VXEVWDQFHV
WK DRI PJ *$( J GZ IRU KHUEDO PL[WXUH RI KHUE\
WKH KHUEDO PL[WXUH RI KHUEV DV WKH GLIIHUHQFH ZD
IHQXJUHHN LQ WKH PL[WXUH KDYLQJ D ORZHY FR®EWHQW F
*$(J GZ LQ WKH FRPSDULVRQ ZLWK RUHJDQR DQG OHPRQ

7KH YDOXHV IRU WKH FRQWHQW RI FRR®RRUS R H[@RQILHF
DQG DQG LQ WKH EUHDGV SURGXFHG+DJRRWEK® R EZHUHWK
PJ *$(J GZPSIRUHG WR LQGLYLGXDO KHUEV DQG KHUEDC
VLIQLILFDQWO\ ORZHU GXH WR WKH SUHVHQFH RI IORXU
ORUHRYHU ZKHDW IORXU SUHVHQW DV WKH RIRRQ WIOH P
UHVXUHVHGWHG LW FDQ EH VHHQ WKDW WKH SURGXFHG E
WKDQ WKH PL[HV XVHG )PLMHZVNL HW DO IRXQG WK

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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'LITHUHQW PHWKRGV ZHUH DSSOLHG IRU WKH HYDOXD'
KHUEDO PHHWEDAEAW PIDFXWBHUMSDUHG EUHDGY 7KH UHVX
DFWLYLW\ ZHUH SUHVHQWHG )LJXUH DQG HYDOXDYV
PHFKDQRY¥P $%76 )5$3 DQG &X35%&

(61l io 67l
T ifn 6606
10111 4'_6_0—067_1_ —} i35 iio
O ioiii i
— (Tii H H
= i ! !
o]
g olll 0 I,Ta H H ) s
0111l £ H H n i
o iif
diii H !
H i i 16| || itd | o1
‘l = = = =
WW, dn &Z W hwz

tZ § (o}uE SC%0O,i@i o uJ]ESIHE & o u]l]AESHE 1

JLIXUBQWLR[LGDQW DFWLYLW\ RI IORXU DQG KHUED

&835% &

)5$3

$% 7 6
33+ &*

m+HUEDO IORXU PL[WXUH ZLWK PHGLFLQDO S
O+HUEDO IORXU PL[WXUH ZLWK PHGLFLQDO S

PO7( ‘0

JLIXUH $QWLR[LGD QW M@AEXWL PILWVXRIHWHUEDO

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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Iy ~———

)5$3 : ]

$%76M;
'33+ -*

®%UHDG SUHSDUHG ZRWK +HUEDO IORXU PL[WXUH
O0%UHDG SUHSDUHG ZRWK +HUEDO IORXU PL[WXUH

JLIXUH $QWLR[LGDQW DFWLYLW\ RI KHUE EUHD

7KH EUHDG SURGXFWLRQ SURFHVV FDQ EH GLYLGHG L
DQRUPLQJ WKH GRXJK IHUPHQWDWLRQ DQG EDFNLQJ 7K
RQ WKH W\SH DQG PDVV RI WKH EUHDG ,W KDV EHHQ HV
EDNHU\ SURGXFWV GHSHQGV RQ WKH FRQGIXWHRQY R SUF

,Q WKHLU UHVHDUFK +DQ DQG .RK VKRZ WKDW DQ
DFLG FRQWHQW GHFUHDVH ZKHQ WKH UDZ PDWHULDOV DU
UHVWRUHG DIWHU WKH IHUPHQWDW L P® LODHG ED AMK € JI 3
DQWLR[LGDQW OLQNDJHV DUH K\GURO\VHG GXULQJ IHUPH

7KH KLJKHVW DQWLR[LGDQW DFWIORDW\ RLU[WKUEHNODPIF
ZHUH REWDLQHG E\ WZR % V8K NDISN. HBDY BW KRGV DFWLYLW
WKH $%76 UDOLF®PRWWK\OEHQ]RWKODRRAEQHFLG DQG )5$
7KH KLJKHVW DQWLR[LGDQW SRWHQWLDO ZDV GHPRQVWU

PO 7( J GZ IROMKRZKEBURDO PL[WXUH ZPWK KH!

7( J GZ UHVSHFWLYHO\ ERWK HYDOXDWHG E\ WKH $%7
DQWLR[LGDQW DFWLYLW\PYDQAXHVIZGHUHRU WKH KHUEDO Pl
KHUEV DQG P®Z7(RU WKH KHUEDO PL[WXUH RI K

WKH DQWLR[LGDQW DFWLYLWQRXUKFUBDORY[WE G HR/I KUK
UHSRUWHG LQ WKH &X35$& PHWKRG UHGXFWLRQ RI FRSSH
WKH UDGLBBW LPOLSW XOUID LQ VW WK HH @8® FUD G LKWB® D]\O UDC

,KHUEDRXU PLIWXUHV DQG EUHDGYV WKH KLJKHVW DQW
E\ WKH $%76 DQG )5$3 PHWKRGV IROORZHG E\ WKH &X35
GLIMQFHY LQ WKH GLIITHUHQW W\SHV Rl KHUEDO PL[WXUHYV
WR KHUEDO PL[WXORXU WKHVKHH¥DDQG EUHDGVY GHPRQ\
DQWLR[LGDQW DFWLYLW\ GXH WR WKH KQBRK UXPBGMHDG R
EUHDGV ZKLFK LW LV WKH PDLQ UDZ PDWHULDO 7KH EUL
VOLJKWO\ KLJKHU DQWLR[LGDQW SRWHQWLDO FRPSDUHG

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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+LJKHU YDOXHV REWDLQHG IURP WKH $%76 PHWKRG |
PDLQ PHPFKDQEY¥7 VXJIJHVW WKDW WKH DQWLR[LGDQW DF
PDLQO\ RQ K\GURJHQ WUDQVIHU > @ 7KH DELOLW\ RI KH!I
WKURXJK WKH LQYROYHPHQW RI YDULRXV UHDFWLRQ PH
UYHYHQWLRQ RI LPSRUWDQW GLVHDVHV UHODWHG ZLWK
SURFHVVHYV

6RPH DXWKRUV GLVFXVVHG WKDW WKH KHDW WUHDWP
GHJUDGH WKH DQWLR[LGDQW FRPSRXQGVIBQMWQW[ LGRXQUW L
DQWLR[LGDQW SRWHQWLDO LQ EDNHU\ SURGXFWV LV VW
GRXJK PL[LQJ DQG NQHDGLQJ $QWLR[LGDQW DFWLYLW\
R[LGDWLYH HQJ\PHV SUHVHQWHG LQLRQHUHOGNQSWR GK FF\k
R[LGL]HG E\ DWPRVSKHULF R[\JHQ > @ $QWLR[LGDQW DF\
SUHSDUHG ZLWK WKHP )LIJXUH DQG )LJIJXUH +RZHYH
PLIWXUHV VKRZHG JRRG DQWLR$LTBQDN G H\WHY [PW WHRIEW X |

$QWLR[LGDQW DFWLYLW\ Rl EUHDGY HYDOXDWHG E\ '33
LQ DFFRUGDQFH ZLWK WHQGHQF\ UHSRUWHG YDOXHV IRU

0DQ\ DXWKRUV > @ DWKH ARIQUAHWK@HG WZ LRV KZ K L W
GLIIHUHQW LQJUHGLHQWY FRQWDLQLQJ IXQFWLRQDO FR
DQWLR[LGDQW FKDUDFWHULVWLFV RI HQULFKHG EUHDG 6
ZLWK IXQFWLRQ DOHHBIRHEBLH QW EV DQG WRPDWR SDVW ¢
SURGXFHG RQ LPPXQRORJLFDO DQG DQWLR[LGDQW SDUDPF
RI ZKLWH EUHDG

,Q FRQFOXVLRQ WKH UHVSRQVHV REVHUYHG ZLWK Wt
HQULFKHG® ERDMWDIE DQXQLTXH UHVSRQVH LQ WHUPV RI WKH I
RI IXQFWLRQDO IRRG > @

7KH FRUUHODWLRQ EHWZHHQ DQWXRB[PGPQX\W H\F VDIQYG. Vs
EUHDGY DQG DGGLWLRQ RI KHUEDO P LW XUHKWH DMV KO R/MKW
GHPRQVWUDWHG 7DEOH

7TDEOH
&RUUHODWLRQ FRHHWZRHQOMQWLR[LGD QM RXW PY [WWXBINVRD &€
EUHDGY SUHSDUHGRALWR LIKWXBP B

6DP¢ &RUUHODWLRC
+HU IORXU PL[W WKUHE
+HU IORXU PL[WXUH
%UHDGV SUHSD IORXU P
%UHDGV SUHSD IORXU P

7TKHUH ZHUH VLJQLILFDQW SRVLWLYH FRUUHODWLRQYV
VKRZV WKH VLIQLILFDQW LQIOXHQFH RI DGGHG KHUEDO
DOQWLR[LGDQKHDEDROXYU WIDRNX EWWHDG PDGH IURP WKHP 5H
FRUUHODWLRQV VKRZHG WKDW MRKW @ WMR{UG DN QD G ARNJLH
UHJDUGHG DV D UHVXOW RI WKH DGGLWLRQ RI WKH KHUE
RQ SKHQROLF FRPSRXQGV

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F



JJJ)RRG 7THFKQRDRJ\
&RQFOXVLRQ

W ZDV IRXQG WKWR [IOHRXBW DQGEHEDVHG WKH WRWDO
YDOXHV RIL[MRXHY DQG ILQDO EUHDGVYO RXXW BPOLQW XU MAX U
SUHSDUHG EUHDGY GHPRQVWUDWHGVEKDXYK Q QIVQLIR P IHGADKRAE |
DQG )5$3 DVVD\HEBXFWH.R@ RJI IHUULF LRQV 7KH DGGLWLR
EUHDGY LPSURYHG WKH DQWLR[LGDQW DFWLYLW\ RI ILQDC(
RI KHUEDO PL[WXUHV LQ EUHDGY HQULFKHG ZKHDW EUH
LPSURHHDWRPD WDVWH DQG KHDOWK\ VWDWXV RI EUHDG)

5HIHUHQFHYV

BWHSDQNRYD * 20LLQ\N 6 O\NKD\ORY 9 1HNOHVD 2
RLOFDNH RQ SURFHVVHV RI ZKHDW GRXJK ULSHQLQJ D
S8NUDLQLDQ )RRG SEBX4QDO

'URERW 9 B6KHYFKHQNR $ 1XWULWLRQDO YDOXH
SURGXFWV ZLWK IUXFWR&MUIRIUQGDQEMRWK GF- R XWQR®/ LR G
(VKHWX 0 $WODEDFKHZ 0 $EHEH $ 4XDOLW\ DV

LQ %DKLU 'DU &iRXUQWRLRISY®PRG 4XDOLW\ 3@G++D]DUG

3RSRYD $ OLKD\ORYD ' $ UHYLHZ RI WWKH PHG
FROBABFWWRUDJH DQG H[$ANLIDRW LRQU QBIG KRILTFKBVPDF
&OLQLFDO 5HVHD UFK

$FKLQHZKX 6 & 2JERQQD & & +DUW §$ &K
LQGLJHQRXV ZLOG KHUEV VSLFHV IUXQ2WVRFQ®WW DQ
JRRGV IRU +XPDQ 1XWULWLRQ )RUPHES\ #XDOLWDV 30

6KDURQ 3DOPHU 5 ' +HUEV D QRRES BERG XHRW' B DL
6PDOO ( &XOLQDUASESHWHEVHDUFX 3UHVV
'LPRY , L, QYHVWLIDWLRQ RI WKHFKQRORJLFDO DQG VF

EUHDG PLIWXUHV IRBEUHDGYVEWREBXFRREBQVHFKQRORJ\
7TRSORY 9 *DYUDLORY 0 <BOLOMNLORQY G %t 0 NRW RE LDUDROYH
3XEBLVKLQJ 3HDXYGELY

.UDVWHYD $ %DHYD 0 *RJRYD 7 'XUDNRYD $ %R]D
ZLWK +HUE $RBGWIFLHHWQFH 7HFKQLTXHV DQG 7HFKQRO
THFKQROSRII\+

.ULVKQD .XPDU , 0 ODOLBQ@MNOU¥WHI GLHWDU\ ILEUH D
IXQFWLRQDO IRRGRRRH GCQMBEMRY WB\SK+

"RMG\4aR $ 2V]PLDQVNL - &]JHPHU\V 5 $QWLRIL
FRPSRXQGV LQ  \JRE B F&KH® LGB EW
=KHQJ : :DQJ 6 < $QWLR[LGDQW $FWLYLW\ DQ

6HOHFWH-G $HIUEV )RRG K HP:

$QzZDU '$ +LIQDZ\ 06 .DQGHHO $0 $EGDOODK 0 0)
KHDOMEDWHG FRQVWNWYXXQMWR ZRH UHQXG PKKWWDUG VSUI
IRREQQDOV RI $JULFXOWX®D® 6FLHQFH

0DGDU = 6KRPHU , 3RO\WDFFKDULGH FRPSRVLWI
IHQXJUHHN DQG LWV HIIHFW RQ VWIBSWAKR G LL¥H WIRWR\Q [
JRRG &KHBS +

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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OXFKXZHWL 0 .DWLYX ( OXSXUH & &KLGHZH & 1GK

3KHQROLF FRPSRVLWLRQ DQG DQWLRPHADREWQSMRSIHQ D

IRRG WHFKQBOR &\

BKDQ % <L]KRQJ & 6XQ 0 &RUNH + $QWLR[\GD ¢

DQG FKDUDFWHUL]DWLRQ RI WIHUUFSKRRBRKHFFRQVW
+

3HWNRYD 1 ,YDQRY , OLKD\ORYD ' .UDRRQMQRYWSD Q

DQWLR[LGDQW FDSDFLW\ RI FRPPHUFLDO ®XDYDUQDBO

&KHPLFDO &RPPXQLE®OWLRQV

&DPSDQHOOD / %RQDQQL $ )DYHUR * 7RPDVVHWW

DQWLR[LGDQW SURSHEWLR®LRHW WDRPO WMLEFVKHIW XLW X

VHQYRDO %LRDQDGSXKHP

3DWRUD - .OLPHN % JODYRQRLGV IURP OHPRC
/IDPLDFHBWD 3RORQLDF 3WAIDWUHP\DHFP X PE & Dt
TWK - OUOLDQRYi O *DIR LAPBIRIVQAL B Q WF ISKHQ R C

FRPSRXQG RI OHPRQ EDOP 0$PWWVDPDRXQWLQIDKILWP /

&RPHQLDGBH +

3HWNRYD 1 7RSX]JRYD 0 7RGRURYD 0 ,YDQRYVQG'HQ

DQWLR[LGDQW DFWLYLW\ RI HOHYHQ GLIIHUHQW DUREF

,QGXVWULDO BPHFE®RORJLHV

$QOGR 0 +LWRNRWR 6 $UDIXQH < (IIHFWV R

EHIRUHQIUHH]LQJ RQ URXRKD®& \RV WIKEU-HDBE FQYKVM 6 RF L

6FLHQFH DQG 7HFE®ROHRJI\

%URZQ - ( 7KH 6FLHQFH %Y AXPDQ<IXWULWLRQ

.DVVDLDQ 1 $]DGEDNKW / )RUJKDQL % $PLQL 0

RQ EORRG JOXFRVH DQG OLSLG SURJWOHYLMWD W \B¥XW UG
SS

1DLGX 00 6K\DPDOD % 1 1DLN -3 G6XORFKDQDPPI

&KHPLFDO FRPSRVLWLRQ DQG DQWLR[LGDQW DFWLYL

IHQXJUHHMN7VHRHRGV6FLHQFH DQG 78IS K®RORJ\

*RJRYD 7 %DHYB@LPHQWY HW ERLVVRQV VSpFLDOHYV

GHV FpUpD®HW WUDBWDX[(SUWWRIXHDGpPLTXH GH 87%

'LPRY , : 'XUDNRYD : .UDAHOHRSPHQW Rl WHFKQRO

SURGXFWLRQ RI KHUEDO EUHDG EDVHG RQ D W\SH RI

,QWHUQDWLRQDO 6FQBQWIHPF @W QD B®HIGIID L ¥8}SO JD U L L

+

BWLQW]LQJ )& +HUEDFK .0 ORVVKDPPHU 05 &DUOH

&& %XQFK 5 )HONHU 3 &RORU EHWDODLQ SDW

FDFWXV SHDU 2 SDARXUDDSS RIFEIRQFXOWXUDOSBQG )RR
+

,YDQRY , OUDQFKHYD 5 ODUFKHY $ 3HWNRYD 1 $C

3DYORY $ $QWLR[LGDQW DFWLYLWLHV DQG SKHQ

V' S HF,IGHVH U QR UR@DMOR | & XUUHQW OLFURELRORS\ DQG ¢
+

%HQ]JLH ) 6WUDLQ - YHUULF UHGXFLQJ DELOLW\

ADQWLR[LGDQW SRZH$Q DK H%)I58 BKIMY D \

1IDNRY * %UDQGRYRLQL $LPRYVQ 6WDPDWRYVND 9

HLQNRUQ 7ULWLFXP PRQRFRFFXP /| ZKR®GKHPHLEFOOOR

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F



JJJ)RRG 7THFKQ@RDRJ\

FKDUDFWHULVWLFVY ELRORJLFDO DFWLYH FRPSRXQGV
-RXUQDO RI &HUHD® 6FLHQFH

1RGD < .DQH\XND 7 ORUL $ 3DFNHU / $Q\
SRPHJUDQDWH IUXLW H[WUDFW DQG LWV DQWKRF\C
SHODUJR®LGILR)RRG &BHH P 2, MI

JPLMHZVNL 03 VBRNPa$ 3HMF] ( 2U]Ha& ' $QWLRJI

U\H EUHDG HQULFKHG ZLWK PLOGRE] BORNAKAH B BNIU RD \
SS +

'ILNL ' B5R]\VR 5 '|FEREOLN 6ZLHFD 0 &XUUHQW \
HQKDQFHPHAW GRDODWWFWLYLW\ RI ZKHDW EUHDG E\ WI
ULFK LQ SKHQROWHEORBFSIRX QRER/G 6FLHQBIB8 +7HFKQROR.
+DQ O+ .RK .% $QWLR[LGDQW DFWLYLW\ RI KDUG
EUHDG SUHSDURIGY XSULRBHYINWY ZLWK WKH DGGLWLRQ
-RXUQDO RI WKH 6FLHQFH RI )RRIG DQG $JULFXOWXUH
3ULRU 5 / :X : B6FKDLFK . 6WDQGDUGL]HG PHW
DQWLR[LGDQW FDSDFLW\ D @ GHSKHO ROX-FSEIHP A RRBR GD
&KHP SS =

&KORSLFND - 3DVNR 3 *RULQVWHLQ 6K -HGU\DV $
DQG WRWDO IODYRQRLG FRQWHQW DQWLR[LGDQW DFW
EUHDGV)RB 6FL 7HFROR®

+ROWHNM{OHQ $. %DHYUH $ % 5{GERWWHQ 0 %H
$QWLR[LGDQW SURSHUWLHV DQG VHQVRU\ SRRIGOHV F
&KHP SS =

BHLGHO &K %RHKP+ 9:DIRHWOMDQIHUVLQ &K *OHL 0
,QIOXHQFH RI SUHELRWLFV DQG DQWLR[LGDQWYV LQ EU
VWDWXV DQG DQWLR[LGDWLYH FDBRINEWY WQ VD CRXVBR
IXWULWSRQ#

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

, QYHVWLIJDWLQJ RI DUWLILFLDO QHXUDO QHW
SUHGLFW WKH SURSHUWLHV RI UHILQHG UDZ !
E\ HOHFWURFRDJXODWLRQ SURFHVYV

ODOLKHK =DULISRRU 9DK

'"HSDUWPHQW RI )RRG 6FLH 4XFKDQ %
,VOD®IFG 8QLYHUVLWI| 4XFKDQ ,UDQ

$EVWI

-H\ZRUGV J QWURGXBWWRQV VWXG\ EDVHG RQ WKH K
HOHFWURFRDJXODWLRQ LQ WKH UHPRYDO RI
6XJDU EHHW wWR KLJK HQHUJ\ FRQVXPSWLRQ LQ WUDGLWLR
SHILQH & ZDV PRGHOHG E\ DUWLILFLDO QHXUDO QHMW
(OHFWURF R D JEPPALR O
1HXUDO QHWZRYDWHULDO DQG7KH VBRRGAQWLDO RI QHXUDC
JHYHQEHUJ SUHGLFWLRQ RI WXUELGLW\ FRORU DQG SX
&RUUHODWLRQQYHVWLIJDWHG ZLWK GLIIHUHQW SDUDPHWH
YROWV S+ DQG DQG WLPH BHJXODU W
PLQ GXULQJ HOHFWURFRDJXODWLRQ SURFHV

RXW E\ 1HXURVROXWLRQ VRIWZDUH Y WR G
$UWLFOH KLVWWWDQVSRUW IXQFWLRQ OHDUQLQJ UXOH D
SHUFHQWDJHV IRU WUDLQLQJ WDBORG MWKHRQ [
5HFHLYHG PHDQ VTXDUH HUURUV PHDQ VTXDUH QRUPDC
HUURUV DQG FRUUHODWLRQ FRHIILFLHQWYV
SHFHLYHG LQ UHFHVKO®WY DQG GKWFXHWMRQQHXUDO QHWZ
IRUP PD[LPXP FRUUHODWLRQ FRHIILFLHQW IRU WX
$FFHSWHG LQ /HYHQEHUODZHDQGLYWDQJHQW WUDQVIHU
LQFOXGHG DQG QHXURQV UHVSHFWLYHO\

FRHIILFLHQW DQG WKH OHVV PHDQ VTXDUH HL
R D QHWZRUN ZLWK RQH KLGGHQ OD\HU DQG
gi\tfvig\()SRQGLQ\gHYHQGHDUQLQJ ODZ DQG VLJPRLG WUDQVIH
ZDV FDUULHG RXW ZLWK GLIIHUHQW SHUFHC
9DKLG +DNLP]DXRRLGDWLRQ DQG WHVWLQJ WKDW WKH EH
(PDLO WXUELGLW\ DQG SXULW\ REWDLQHG ZKHQ
Y KDNLP]JDGHK#WUDLQLRUWKHP ZHUH HPSOR\HG IRU YDOLGD
\DKRR ERP GDWD ZHUH XVHG IRU WHVWLQJ ZKHUHDV WK
YDOLGDWLRQ DQG WHVWLQJ IRU FRORU SUH
UHVSHFWLYHO\ 7KH SUHGLFWHG YDOXHV |

FRUUMHPDZWWK H[SHULPHQWDO GDWD VR WKD
ZLWK H[SHULPHQWDO GDWD RI WXUELGLW\ F
DQG UHVSHFWLYHO\ 7KLV VWXG\ DO
VHQVLWLYLW\ WR LQSXW GDWD 7KHO®RVW PI
IRU SUHGLFWLRQ RI WXUELGLW\ FRORU DQG
&RQFOXANKIRERGHO ZDV DEOH WR SUHGLFW

"2, DQG SXULW\ RI WKH VAUXS XQGHU YDULRXV F
PRGHOLQJ GDWD VKRZHG D KLIKUERHQWDDW
: GDWD

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F



JJJ)RRG 7THFKQRDRJ\
,QWURGXFWLRQ

,HOHFWURFRDJXODWLRQ SURFHVV VXVSHQGHG SDUWI
DQ DTXHRXV PHGLXP DUH GHVWDELOL]HG E\ HOHFWULFDO
WR SXULI\ D ZLGH UDQJH RI ZDWHU DQG ZD\KWHZDMWH D QG
SDWKRJHQV (PDPMRPHK 7KH SULQFLSOH RI HOHFWL
DQRGHV DQG WKH SDRG MERQA\RQ, ®IWKH SURFHVV PHWDO
ZLWK HOHFWURO\LV Rl K\GUR[\O LR®WWD® ¥QGUWRKLH AD W
FDXVH WKH YRODWLOLW\ RI WKH SROOXWDQW ¥ DBD@G GV K F
YJORFN 7KH IRUPHG IORFNV FDQ EH IORDWHG RQ WKH OLT:
ZLWK WKH KHOS RI K\GURJHWKEXEB®/HKWR GHi Q R U DWHRGR YLHX
&KDWXUYHGL ,Q JHQHUDO WKH PHFKDQLVP RI UHP
LQYROYHVY FRDJXODWLRQ VXUIDFH DEVRUSWLRQ VHWWO
UHDFWLRQV RQ WKREWOHFWURGHV DV IROO

7KH UHDFWLRQW®U BXQ5 DQRGH

7KH UHDFWLRQ DURXQHS FBWKRGH

&UHDWH $0XP$Q X P2 KO RSN \2 +

7KH SURGXFHG DRGVIBW I$S@J WKH DERYH UHDFWLRQV
PRQRPHUV VXFK DMO 3 $€@+ DQG $0 RY SRO\PHUV VXFK
$02+ s+ $@+ $@ 2+ DQG ¥G ZKLFK HYHQWXD
FRQYHUWHG D/QRS S0 BFLBSEWWDWHG %HFDXVH RI WKH LQVRO
DOXPLQXP K\GUR[LGHV LQ ZDWHU WKH ORZ SULFH DQG D
WR RWKHU PHWDOV ZLWK VLPLODU SURSHUWLHY WKHVH I

,Q DGGHMQL E® PHQWLRQHG WR WKH RWKHU EHQHILW)
VLPSOH HTXLSPHQW ORZ LQLWLDO LQYHVWPHQW DQG RS
ORZ VOXGJH SURGXFWLRQ ODUJHU IORFNV SURGXFWLRC
ILOWUDWLRQ UHPRYDO RI VPDOO FROORLGDO SDUWLFO!

&KHQ O\RXVXI ODODNRRWLDQ
2QH RI WKH VWXGLHVY WKDW KDYH EHHQ GRQH LQ WKLYV
HW DO ZKRR}*RIDG XHDMMFWRWY SURFHVV WR UHILQH VXJI

UHVXOWYV Rl WKHVH UHVHDUFKHUV VKRZHG WKDW WKH (&
XVHG DV DQ HFRQRPLFDO SURFHVV WR UHSODFH WKH WUEL
WUHDWRHQMW DO DOVR XVHG WKH HOHFWURFRDJXODWL
FRPSRXQGV IURP WKH VHZDJH WUHDWPHQW RI HJJ SURF
VKRZHG WKDW HOHFWURFRDJXODWLRQ FDQ EH XVHG VXFF
DQG UHF\FOH YDOXDEOH FRPSRXQGV VXFK DV KLJK SURW
%D]UDIVKDQ HW DO FRQFOXGHG WKDW HOHFWURFRDJXOI
%2' &2' DQG RWKHU FRQWDPLQDQWYV IRUSWKIH MW BDWPHQ
GXULQJ SXULILFDWLRQ RI UDZ VXJDU EHHW MXLFH XVLQJ
WXUELGLW\ DQG SXULW\ LQ UHILQHG MXLFH EXW WKH\ DV
IORDWDWLRQ 2Q WKH RWXMUDKD QRS RRRGHOW QURPIHQ LY ¢
SHUIRUPDQFH GHWHUPLQDWLRQ WKH LPSDFW RI RSHUDW
QHWZRUNV DUH FDSDEOH RI PRGHOLQJ QRQOLQHDU DQG
LQSXW DQG RXWSXW GDWOH IHONHWLB QDY QHXUDO QHWZRU
WKH EUDLQ DQG WKH QHXUDO QHWZRUN V\VWHP RI WKH
FRPSRVHG RI D ODUJH QXPEHU RI QHXURQV WKDW OLNH W
FDVHV ZKHDHOWKBHHDPRXQW RI LQSXW DQG RXWSXW LQIRL
WR SURYLGH D PRGHO IRU WKDW V\VWHP RU ZKHQ ZH ZDQ
LQIRUPDWLRQ WKH XVH RI DUWLILFLDO QHXUDONYHWZRU

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F



JJJ)RRG 7THFKQ@RDRJ\

YDULRXV DSSOLFDWLRQV KDYH EHHQ LOQWURGXFHG ZLWK
7TKHUHIRUH UHVHDUFKHUV KDYH VKRZQ VSHFLDO LQWHU]I
YDULRXV LQGXVWULHV )RU H[DPSOH ODVNLRXWRHHW L
XOWUDILOWUDWLRQ SURFHVV LQ HPXOVLRQ VROXWLRQV L
WKH FDNH OD\HU FUHDWHG ZLWK VXLWDEOH FRUUHODWLF
6KDKLGL DQG FROOHDJXHV H[DPLQ M MXWPFHROWH QW VXODR
SUHVV ZDWHU DQG WKHQ PRGHOLQJ WKLV SURFHVV ZLWK

7TKHUHIRUH LQ WKLV VWXG\ EDVHG RQ WKH KLJK HII
UHPRYDO RI VXVSHQGHG PDWWHU DQG DOVRG KHIWRHQHG)
FROQVXPSWLRQ LQ WUDGLWLRQDO WUHDWPHQW RI VXJDU
PRGHOHG RQ SXULILFDWLRQ RI UDZ EHHW V\A\UXS E\ DUWLI
SURSHUWLHYVY RI UDZ VXJDU EWHMQ RWIKHU WIS B W DAL DROQ DDR!

ODWHULDOV DQG PHWKRGYV

(& SURFHVYV

7TKH GDWD RI WKLV VWXG\ ZHUH HPSLULFDOO\ DQG RQ
5DzZz vXJDU EHHW MXLFH ZDV SURGXFHG IURP &KHQDUDQ
SLORWRADAMLVWHEHGWHUWDUHVHUYRLU $OVR WKUHH HOHFWUR
DQG WKUHH HOHFWURGHY RI LURQ DV D FDWKRGH ZLWK I
P IRU HDFK HOHFWBREBHPRGEB NRQQBHWHG UWR DOQ
VXSSOLHG ILJXUH ,QGHSHQGHQW YDULDEOHYV ZHUH FRC
WKUHH OHYHOV RI YROWDJH DQG YROWYV WKUHH
LQWHUYDOV RI WR PLQXWHYV 7XUZHUGLWHVRIOR WD D GE
YDULDEOHV RU QHWZRUN RXWSXWYV $]L]L

$VVD\V

&RORU PHDVXUHPHQW

OHDVXUHPHQW RI VIUXS FRORU DIWHU UHDGLQJ LWV D
WKH 81,&2 PRGHO VSHFWURSKRWRPHWHU DR@G WKHRUC
EDVLV RI HTXDWLRQ ,&806% *6

&RORU ,&8968 :. H4& HE;

ZKHYHV DEVRUSWLRQ / LV WKH OHQJWK RI FHOO 5'6 LV
GHQVLW\

7TXUELGLW\
\UXBXUELGLW\ ZLWK WXUELGREPPMHWHURRR GHIO XK LW ZD\
REWDLQHG

3XULW\
,Q RUGHU WR FDOFXODWH WKH SXULW\ DIWHU REW

6DFFKDURPHWHU ORGHO 1,5: D@EEAMNMO/ WHUUDEUWWRIR H\W 5
HTXDWLRQ ,&806% *6

3XUL—§°3E§!;|SIT

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

$UWLILFLDO QHXUDO QHWZRUN PRGHOLQJ

7KH PRGHOLQJ EDVHG RQ QHXUDO QHWZRUN ZDV FDUUI
YHUVLRQUGH® WR HYDOXDWH GLIIHUHQW QHWZRUNV GD
SDUWV VR WKDW GLIIHUHQW SHUFHQWDJH RI GDWD IRU W
VHOHFWHG 'XULQJ WKH WUDLQLQJ SURFHVW KIHJ ®/DW.IF X0,
WKH EHVW Rl UHODWLRQVKLS EHWZHHQ QHXURQV LQ HDFk
YDOXHV DSSURDFK WKH GHVLUHG RXWSXW YDOXHV DQG V
D VXLWDEOH DUFKLWHFWXUH( WKHD QHEPEY ROM RUH qUXRWH
&RUUHODWLRQ &RHIILFLHQW 538 JHW\HWF RAQKH GVHRVHIEO 5RO ¥
ZDV FRPSOHWHO\ UDQGRPL]JHG DQG WKHQ WKH QHWZRU!
QXPEHU RI GLIIHUHQW QISHWRWK HZDIVYWWYEBUB® G ORPHQ'
DQG WKH WZR WDQJHQW DQG VLJPRLG WUDQVIHU IXQFWL
GHWHUPLQHG IRU WUDLQLQJ YDOLGDWLRQ DQG WHVWLC
FKDQJHV LQ SXWDIQFE SKHFEQMMMBIURFRPBRXQGY UHMHFWL
WHPSHUDWXUH WLPH DQG SUHVVXUH ZHUH HYDOXDWHG
FRHIILFLHQW EHWZHHQ SUHGLFWHG DQG H[SHULPHQWDO

S5HVXOW\G DWERXVVLRQ

7R ILQG WKH EHVW FRQILJXUDWLRQ RI WKH DUWLILFLD
WKH QXPEHU RI QHXURQV WR ZHUH GHVLJQHG DFFRUGC
HUURUV WKH PHDQ VTXDUH RI WK B8 XRH POIR Y GDHUEU WK H
FRHIILFLHQW RI HDFK QHXURQ VHSDUDWHO\ LQ WKH OHDL
ZDV VWXGLHG ,Q WKH IROORZLQJ WKH EHVW SHUFHQWDJ
DQG WHVWLQJ ZLWE WKH OHIXWHW W FRRWUHDMDWLRQ FRHIILI
VKRZQ LQ 7DEOH WKH EHVW QHXUDO QHWZRUN IRU WXU
ORZHVW HUURU DQG WKH KLJKHVW FRUUHODWLRQ FRHIIL
OHDUQLQG GDWKOWKH WDQJHQW WUDQVIHU IXQFWLRQ LQ

$OVR IRU FRORU YDULDWLRQV WKH QHWZRUN ZLWK
JHYHQEHUJ OHDUQLQJ ODZ DQG WKH WDQJHQW WUDQVIH
FRHIILFLHQW DQG WKH ORZHVW HUURU 7DEO

$FFRUGLQJ WR 7DEOH WKH EHVW DUWLILFLDO QHXU
SXULW\ Rl UHILQHG V\UXS FKDQJHV LQ WKH QXPEHU RI QH
DQG WKH 7DQJHQW WUDQVIHU IXQFWLRQ

7DEOH FRPSDUHV WKH WHWFLDWUIAWXD® RHWZRUN |
FRUUHODWLRQ FRHIILFLHQW DQG WKH ORZHVW HUURU X¢
ORPHQWRP DV ZHOO DV WKH WDQJHQW DQG VLJPRLG WL
WXUELGLW\ FRQMZ VOBXSXWUWDWHG E\ HOHFWURFRDJXO|

+DNLP]DGHK HW DO R BMRD BQ H G LW WHWEKHY & ULRES XU\
IORZ DV UHILQHG V\U XS DOWR Q DQUGHRI OHYHQEHUJ DQG PR
GXULQJ PRGHOLQJ RI PU¥URIUOW WXWDRB EISHWWRFMXLFH E\ Q

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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7DEOH
'LITHUHQW DUFKLWHFWXUHV RI $11 ZLWK GLITHUHQW QHXURQV Q
DQG WZR WUDQVIHU IXQFWLRQV WR SUHGLFW WKH WXUELGLW\ F

7XUEL /HYHQ

1R RI 6LJP 7DQJ
QHXURQ®@W®( | 106(| 0%( 5 06( | 106(| 0%( 5

7TDEOH
'LITHUHQW DUFKLWHFWXUHV RI $11 ZLWK GLIITHUHQW QHXURQV
ODZ DQG WZR WUDQVIHU IXQFWLRQV WR SUHGLFW WKH FRORL

&R( /HYHQ
1R RJ 6LJP 7D(
QHXURQUWE6 ( 106(] 0%( 5 06( 106(] 0%( 5
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7DEOH
'"LITHUHQW DUFKLWHFWXUHV RI $11 ZLWK GLIITHUHQW QHXURQV

ODZ DQG WZR WUDQVIHU IXQFWLRQV WR SUHGLFW WKH SXUI
E\ (& SURFHVV

3 XU /HYHQ
1R R 6LJP 7D (
QHXURQ®&(| 106(| 03%( ( 06( | 106(] 0% 5

7DEOH
&RPSDULWR® RWIHDUQLQJ UXOHV XVHG IRU VHOHFWLRQ RI WKH E

7TXUELGLW\ &RORU DQG 3XULW\ LQ UHILQHG UDZ VXJDU E

JHYHQ|
3DUDPHWHHKPEH 7UDQ
OHXURQ IXQFwWLRE( | 106(] 08( U
7XUE]I 7DQ.
&R I VLJF
3X L 7DQ.
ORPHQ
7XUE]I 7DQ.
&R I VLJF
3X L 7DQ.

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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'"HWHUPLQDWLRQ RI WUDLQLQJ YDOLGDWLRQ DQG WHYV

$OVR LQ $11 PRGHOLQJ RI WKH WXUELGLW\ FRORU
HOHFWURFRDJXODWLRQ SURFHVY GLIITHUHQW SHUFHQWDJ
ZDYQYHVWLIJDWHG 7R WKLV HQG ILUVWO\ WKH PRVW '
DFFRUGLQJ WR WKH EHVW FRUUHODWLRQ FRHIILFLHQW 7
EHVW SHUFHQWDJHV RI GDWD IRU YDOLGDWORY DQY® WHV

7DEOH
%HVW SHUFHQWDJHYV RI GDWD XVHG IRU WUDLQLQJ YDOLGDWLEF
WR PRGHO WKH WXUELGLW\ RI UHILQHG UDZ VXJDU EHH)

7UDL
'DWD

9DOLC 7THV)

'DWD 'DWD 06 ( 106( 0%( 5

7DEOH
%HVW SHUFHQWDJHYV RI GDWD XVHG IRU WUDLQLQJ YDOLGL
DUFKLWHFWXUHVY WR PRGHO WKH FRORU RI UHILQHG UDZ V

7UDL | 9DOLC 7THV)

'DWD 'DWD 'DWD 06(

106( 0%( 5

7TDEOH
%HVW SHUFHQWDJHYV RI GDWD XVHG IRU WUDLQLQJ YDOLGDWLEF
WR PRGHO WKH SXULW\ RI UHILQHG UDZ VXJDU EHHW M

7UDL
'DWD

9DOLC
'DWD

7THV)
'DWD

06(

106 (

0%(

5
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8vXDOO\DQ HIITHFWLYHQHVYVY PRGHO WR SUHGLFW WKH
OHDUQLQJ WKDW KDV WR EH RYHU SHUFHQW RI ZKROH (
WR JHW GRQH ULJKWZMWXH BHUNGDKWHEHGOG Y D-OXBQYDWKDQ

L, QYHVWLIDWLQJ RI QHXUDO QHWZRUN SRWHQWLDO WR
)

w J)LIXUH VKRZV WKH F UHODWLRQ JUDSK RI ODERUDYV

PRGHO $FFRUGLQJO\ PREGHOV REWDL@WHE GURW MXW EILGIL\

QG SXULW\ ZHUH DEOH WR FRUUHODWH ZLWK DSSURSUL

HYVSHFWLYHO\

LGLW\

RI

x
< TXUELQIW\ i &ROR&S06S$
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([SHULPHQWDO YDOXH RI 3XULW\

J)LIXUH &RUUHODWLRQ EHWZHHQ H[SHULPHQWDO GDWL
"HWHUPLQH WKH VHQVLWLNYQWXWIGDKMDPRGHO WR WKH
,Q WKLV VWXG\ WKH VXVFHSWLELOLW\ RI WKH PRGHO

GDWD ZDV HYDOXDWHG $FFRUGLQJ WR )LJIJXUH WKH PR
WXUELGLW\ FRORU DQG SXULW\ RO MARWURK RMIKX® NV WDLRQ Z
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OYROWDJH
oS+
m7/7LPH

6HQVLWLYLW\

{__ I _—L

7TXUELGLWARORU 1 SXULW\ T
$11 ,QSXW

J)LIXUH ORGHOVY VHQVLWLYLW\ WR SUHGLFWLRQ RI W

ORGHOfV VHQVLWLYLW\ WR SUHGLFWLRQ RI WXUELGL)
REYLRXV %HFDXVH LQFUHDVLQJ RI WKH YROWDJH OHG W
DOG FRQVHTXHQWO\ IRUPDWLRQ RI IORFN *KPREMUIORFN
IRUPLQJ PRUH LPSXULWLHVY DUH DEVRUEHG RQ IORFNYV
LPSURYHG 6KDKLGL HW DO UHSRUWHG WKH WHPSHLU
IOX[ SUHGLFWLRQ GXULQJ PRGH O LSQUHKNIVQIDMRH UOBN UIDIMWMLR K
QHWZRUN ,Q PHPEUDQH SURFHVV LQFUHDVLQJ RI WHPS
PHPEUDQH DQG WKH SHUPHDWH IOX[ LV LQFUHDVHG

&RQFOXVLRQ

7TKH UHVXOWY RI HOHFWURFRDJXODWLRQVSXURFPHENHRR
VIUXS VKRZHG WKDW WKH EHVW OHDUQLQJ ODZ IRU QHWZ
DQG SXULW\ ZzDV /HYHQEHUJ ODZ 6R WKDW WKH EHVW WU
EHVW SUHGLFWLRQ RI WKH WXUEQEHW D@& IR U LSNNHCLE X
ZDV VLIJPRLG 7KH EHVW SHUFHQWDJH RI GDWD IRU OHDU
ZDV REWDLQHG E\ SUHGLFWLQJ WKH WXUELGLW\ DQG SXUI
UHVSHFWLYHO\ IRUDERRORWKLOHDQG ZHUH GHWHUPL
PRGHO zDV DEOH WR SUHGLFW WKH WXUELGLW\ FRORU D
FROQGLWLRQV DV WKH PRGHOLQJ GDWD VKRZHG/DEKOWH K FR

7DEOH
6 XPPDUL]JHG UHVXOW RI PRGHOLQJ RI WXUELGLW\ FRORU DQG
EHHW MXLFH E\ (& SURFHVV

'"HSHQG HQWGH RPIEHL}UDQ |HHJDUQ_Q§'3L|J4';HU%V\L’3§"$@L'JHC DWLRQ
YDULDEOB\HU, 1) g QFWLROxXOH ~ OUPIR LR FR UL AL HQW
7XUELG LW\ 7DQJHOMWHOEHUJH

&ROR|U 6LIPRUGIYHQEHUJH

3XU LW\ 7DQJH QMY HOQ EHUJH
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5HIHUHQFHYV

$JL]JL + +DNLP]DGHK 9 *ROHVWDQL + 3XULILFDWLR
(OHFW URFRINIXIDIDQLDRQ)RRG -B¥H QDO

%D]JUDIVKDQ ( ORHLQ + .RUGPRVWDIDSRXU ) 1DNKDL
(OHFWURFRDJXODWLRQ 3URFHVV {RNURDW®\ RD\&W P ZDRBI\U 7UH
&KDWXUYHGL 6 , WLRG FWURFRO JOYWHZDWHU GREBWE@HQ
(QJLQHHULQJ 5HVHDUFK

&KHQ * (OHFWURFKHPLFDO WH FK Q®R-OSDIU B W LLRQQ ZIXVUN HLZF
7HFKQROR$\St

'"HOJUDQJH 1 &DEDVVXG & %&XEUHUG/ 0 /DX QD QG 1HXLU

IRU SUHGLFWLRQ RI XOWUDILOWUDWLRQ WUDQRRHPPODRIH ¢
OHPEUDQH 6F L HIBRH

(PDPMRPHK 0 B6LYDNXPDU 0 5HYLHZ RI SROIIVKMWIR VY Gl
HOHFWURFRDJXODW L RRX LOROND RV L R SWREPNMPW\BO 0DQDJIHPF
*KDQEDUL ) OD]DKHUL $ OHKGLSRRU ) OLU 6KDILDQ 6 ORU
,QYHVWLJIJDWLRQ RI WKH HIIHFW WK HVK HPIRG B PWRIRFRO RXOQ DM
VHZDJH E\ XVLQJ DOXPLQLXP LURQ DQGRP®OYPOQRXP6DRFIBH
8QLYHUVLW)\ RI OHGLFI8O &FLHQFHYV

-DIJDQDWKDQ $ .XPDU 6 0 $UWLILFLDO 1HXHDO 1HW
L, QWHUQDWLRQDO 5HVHDUFK -RXUQDO RISQIJLQHHULQJ DQG 7
.RE\D O &DQ 2 7 %D\UDPRJOX O 7TUHDWPHQW RI

HOHFWURFRDJXODWLRQ XVLQJ 1 URX) DIU@ER OO XPWGRA BIOHFW |

ODODNRRWLDQ 0 <RXWH(ULFLHQF\ RI (& 3URFHVV 8VLQJ $0X

LQ 5HPRYDO RI +DUGQBQV -lURMRODMMU 6FL (9%

OHQKDM 0 % )XQGDPHQWHRP B X W BYUUDER\QHIM NWHZRAHN V

0\RXVXI $ 0 6FKHQQDFK 5 3DUJD -5 &RFNH '/ (OHF

DQG DSSOLF|DWGRAY 0DWSISLDOV

3DUJD - 5 &RFNH '/ 9DOHQ]XHOD -/ *RPHV -$ .HVPH]O
$UVHQLF UHPRYDO YLD (OHFWURFRDJXODWLRQ IURP KF

/D &RPDUFD /DJXQRXNDQMJILRR+D]DUGRXV GBWHULDO

5D]DYL 6 0 $ ORXVDYL 6 0 ORUWDI]DYL 6 $ ILOYDPMFLRQ
SHUIRUPDQFH D QHXUB®HPHWIRUN DS SURDFK
6KDKLGL 1RJKDEL O 5D]DYL 6 0 $ ORXVDYL 6 0 3UHGL

FRPSRXQGV UHMHFWLRQ RI VXJDU EHHW BOHYNXDD\WHYHYZE
'"HVDOLQDWLRQ DQG :DWHWB FUHDWPHQW

6KLYD\RJLPDWK & % -DKDJLUGDU 5 7UHDWPHQW RI

(OHFWURFRDJXODWQR® UDHDRAKIQRJXE -RXUQDO RI 5HVHDUFK
7HF K Q RSBR J&

X /| - 6KHOGRQ % : /DULFN '. &DUDZDQ 5 ( S5HFRYH

%\SURGXFWV IURP (JJ BURFHVVLQJ :DV3RXZIDWHWELH@BHWUR
+

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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,QWURGXFWLRQ

,Q ODWXUH LQGLYLGXDO VXEVWDQFHY DUH IRXQG PDL!
VHSDUDWLRQ RI FRPSOH[ PLIWXUHV LV LPSRUWDQW ERW
UHVHDUFK RI D SPWQHHSDWDLWLEHDYWEUH

7KH VHSDUDWLRQ SURFHVV RSHUDWLRQ DOORZV WHF
FRPSRQHQWY VHYHUDO IUDFWLRQV RI FRPSRQHQWYV ZLWK
DQG RWKHU TXDOLWDWLYH FKDUDBWHRQVRMLWY H: PW[RNXQU H
UHFHLSW RI LQGLYLGXDO FRPSRQHQWY LQ WKHLU SXUH II

$QDO\WLYV RI UHFHQW UHVHDUFKY DQG SXEOLFDWLRQV

%\ WKH QDWXUH RI WKH SURFHVV XVHG WKH RSHU
IRUHUXQQLQJ HYD S RUHFWILRIQF DAALLVRVQL OLOHDOMIVRI) WR SK\VLF
WUDQVLWLRQV RYHU WHPSHUDWXUH FKDQJHV 'LIIHUHQ
YLVFRVLW\ VL]H VKDSH SRODULW\ FKDUJH DQG ZKDW
HQYLURQPHQWWRIUGIL DIBIK HD@W RQ BV H G

7KHVH DUH SURFHVVHV RI H{WUDFWLRQ ILOWUDWLRQ
IORWDWLRQ VFUHHQLQJ HOHFWUR GLDO\VLV 7R WKLV F
RI GLIIHUHQW SRODULWUDGH@RQL WY P BRWNKHWIVF VHSD

8VXDOO\ D GLIIHUHQFH LQ DJJUHJDWH VWDWH DOOR
(QULFKPHQW RI D IUDFWLRQ ZLWK D WDUJHW FRPSRQHQW
DQG WHPSHUDWXUHY HOHFWULFR® FRRIQUWIM D QRVV HE B FI\W W
ZLWK JRQH UHILQLQJ GLIIM@HQW FKHPLFDO PHWKRGYV

+RZHYHU PDMRULW\ RI FODVVLFDO PHWKRGY DUH LQH
VIQWKHWLF VXEVWDQFHV LQ SXUH IRUP QHFHVVB®WRDRU PI
SURGXFWV $0OVR UHVHDUFK DQG WHVW RI WKH KHDOLQJ
ELRORJLFDOO\ DFWLYH VXEVWDQFHV LQ SDUWLFXODU
SURWHLQV SHSWLGHV DQWLELRWLFRL[MMWE HPIDX EH STRUDG
IUDFWLRQV DQG WKH WDUJHW VXEVWDQFHV DUH LVRODW
PHWKRGV RI FKHPLVWU\ RI SXUH VXEVWDQFHV

7KH PHWKRGV Rl VHSDUDWLRQ WKDW DUH FRPPRQO\
VXEVWDQF$HYU PUHWHRUODEWLRQ XVDJH RI PLFURZDYHV
SURGXFWH[EKD®IH PHWKRGY SUHSDUDWLYH FKURPDWRJU
PHWKRGV LV RIWHQ XVHG > @

,Q WKH DQDO\VLV SXEOLVKHG E\ OF &0KHRIBYWR U> \@K H
SURFHVVLQJ RI DURPDWLF VRXUFHV GHVFULEHG LQ UD!
IRUHUXQQLQJ ,Q RWKHU FDVHV WKHUH LV H{WUDFWLRQ
RQO\ D SUHOLPLQDU\ VWDJH DIWHU ZKLFK IRUHUXQQLQJ L

$ UHFWLILFDWLRQ XQGHU KLJK DQG PHGLAPIYDFXXRQL
H[WUDFWLRQ DQG @ RQXO®OMQMDMIOQRE WUHDWPHQW PLFU
WXUERK\GURO\VLY GLVWLOODWLRQ > @ VWHDP DQG ZD'
HITHFWLYHQHVV RI WKH PHWKRG RI VHSDUDWLRQWDWHN VH
SURFHVVHV VXFK DV FKURPDWRJUDSK\ 7KLV LV GXH WR
VHOHFWLYH VRUEHQWY WR VHSDUDWLQJ FRPSRQHQWYV RI

$ FKUWRDUDSKLF VHSDUDWLRQ RI D FRPSOH[ PL[WXUF
GLVWULEXWLRQ RI FRPSRQHQWYV RI WKH PL[WXUH EHWZH}
LV GXH WR GLIIHUHQW DIILQLW\ RI VHSDUDWH FRPSRQH(
GILXVH LQ WKHVH SKDVHV &KURPDWRJUDSKLF PHWKRGV [

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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XQGHUO\LQJ WKH VHSDUDWLRQ SURFHVVHV ,Q DGVRUSW
FDSDFLW\ Rl HYHQ YHU\ FORVH E\ VW U X F\WW X0UHG VKWW D Q-
FKHPLFDO VWXG\ RI QHZ VHOHFWLYH DGVRUEHQWYV VH
FKDUDFWHULVWLFV RI WKH VXEVWDQFHY DQDO\]HG UHOH"

,Q WKH JURXS Rl WHUSHQHYV DQG WHUSHQRLGV ZKLFK
ORW RI XQVWDEOH SRVLWLRQ LVRPHUV DQG RSWLFDO LVF
IRU WKHLU VHSDUDWLRQ DQG UHVHDUFK 7KH VHSDUDW
GLIIHUHQW VROXELOLW\ RI FRPSRQHQWV LQ QWZRUMLW GRC
DOORZ VHOHFWLYHO\ VHSDUDWH VXEVWDQFHV LQ DIILQLYV

OL[WXUH VHSDUDWLRQ E\ PHWKRG RI FKURPRGLVODW
PXOWLSOH SURFHVVHYDBREBQYGRQ VROIWLRENWDQFHV RQ W
VROQEM LQVLGH WKH VWXIILQJ FROXPQ RU RQ WKH VXUI
VWDWLRQDU\ SKDVH

7R LQFUHDVH WKH HIIHFWLYHQHVV RI WKH SURFHVV D
FROXPQ WKHUPDO FKURPRGLVWLODWLRQERW DIGQAWH E @\ R
FROXPQ ZLWK YRODWLOLW\ KLJKHU WKDQ WKH YRODWLO
UHVWULFWLYH FKURPRGLVODWLRQ PD\ EH XVHG

7R WKH PHWKRGV RI REWDLQLQJ WKH LQGLYLGXDO FR
DWWULEXWE GERKXQKWNSHHXUUHQW FKURPDWRJUDSK\ 7KLV
WKDW GRHV QRW UHTXLUH XVDJH RI D VROLG IL[HG SKDV}

6SHFLILF FKURPDWRJUDSKLF PHWKRGV LQFOXGH WKH
LRQV HOHFWURQLF HYFKIXFNHLARAD WRIBIDBKRQOLIDQG FKU
VROXELOL]DWLRQ FKURPDWRJUDSK\ HWF > @

1RZDGD\V PRUH DQG PRUH FRPSDQLHV DUH GHYHORSL
LQFOXGLQJ SURGXFWV IRU JHQH WKHUDS\ EDVHG RQ
DOORFQ®LRQQWDILFDWLRQ DUH EHFRPLQJ LQFUHDVLQJO\ |
PROHFXOHV LQYROYHV XVDJH RI FKURPDWRJW@SKLF PHW#

3UHSDUDWLYH FKURPDWRJUDSK\ LV QRW LQIHULRU WR
WKHP LL@®EWOQGQYLGXDO VXEVWDQFHV RI KLJK SXULW\ |,
VXEVWDQFHV DIWHU OHDYLQJ WKH FKURPDWRJUDSKLF V\\

,Q OQXWULWLRQ SURGXFWV WKH FRQFHQWUDWLRQ RI VX
WKDQ RQH ELOOLRQWK RI D SDUWLFOH DQG WKHUHIRU
VXEVWDQFHY DUH DYDLODEOH IRU DQDO\VLY HYHQ DIWHU

$ SHUIRUPDQFH RI SUHSDUDWLYH FKURPDWRJBB®K\ ZK
WKDW GHWHUPLQH WKH WDVWH DQG DURPD LV ZHOO NQR:
SUHVVXUH LV VPDOO DQG DV D UHVXOW WKH VHSDUDWL
FKURPDWRJUDSK\ KDV VLJQLILFDQWURG Y QMKIH HOW HR YRH U
VHOHFWLYH VRUEHQWYV > @

W LV GLIILFXOW WR JLYH SUHIHUHQFH WR DQ\ RI WKH
WR WDNH LQWR DFFRXQW WKH QDWXUH RI WKH FRPSOH]J F
FRPSRQHQWYV LWK HDFERSO®HELOLW)\ DQG GXUDWLRQ RI WKF
ZLWK RWKHU VWDJHV RI WKH SURFHVV

3URGXFWLRQ RI IRRG IODYRUV LV RQH RI WKH PRVW G\
YRU WRGD\ WKH YROXPH RI WKH IODRRU VW UN HEW OLa)L R\X
DFFRUGLQJ WR YDULRXV HVWLPDWHY DQG WKLV ILIXUH Z

7RGD\ V IRRG LQGXVWU\ ZLGHO\ XVHV YDULRXV IODYRU
IODYRUV SURGXFWLRQ LQ WKH FIRX\QMDU\ GNPORWE DREWD N X\FF
$V D UHVXOW WKH DYHUDJH DQQXDO LPSRUW RI IODYRUYV
2EYLRXVO\ WKLV FDQ EH H[SODLQHG E\ WKH ODFN RI GRP

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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WHFKQRORJ\ > @

7KDW LV ZERQRXMHWLYH DFWLYLW\ LQ WKH ILHOG RI SUR
DURPDWLFV WKH GHYHORSPHQW RI QN Q@ RZIQFNIAE®B RWLIRD L
VRXUFHV Rl QDWXUDO IODYRU IRU IRRG SURGXFWLRQ WK
WKHLU HIITHFWLYH SURFHVVLQJ DUH UHOHYDQW

7KHUH DUH WZR GHFLVLYH FULWHULD LQ FKRRVLQJ WK
DURPDWLF VXEVWDQFHV )LUVWO\ WDNLQJ LQWR DFFRXQ
WKH VPDOOHVW WRDDWKWQHM DG®IDSGMRGXFW IODYRU 6HFI
H[FOXVLRQ Rl FKHPLFDO RU HQ]J\PDWLF DGYHUVH UHDF
FRPSRVLWLRQ

ODWHULDOV DQG PHWKRGYV

ODWHULDOV

7KH PDWHULDOV Rl UHVHDUFK LV FROBHUWPRQ H\K\HHPR
PDWUL[ D EOHQGHU RI WHUSHQHRRGWRERUER @H DD @A
NQRZQ DQG XQNQRZQ FRPSRVLWLRQ XQGHU ERLOLQJ W
IDFWLRQV RI IODYRULQJ FRPSRQHQWYV

'LVWLORIDAMWMWROYWLDO RLO

(VVHQWLDO RLOV ZHUH GLYLGHG LQWR VHSDUDWH IU
GLVWLOODWLRQ ZKLFK ZHUH LGHQWLILHG DV WKH PRV
QXWULWLRQDO EDVLYV

*DV FKURPDWRJUDSKLF VWXGLHV RUBPRWSRQM Q@) G FORSH
FRPSRQHQWYV

(DFK VWDJH RI WKH VHSDUDWLRQ RI WKH HVVHQWI
FKURPDWRJUDSKLF VWXGLHV RI FRPSRQHQW FRPSRVLWLF
ZLWK XVDJH RI DQ DQDO\WLFDO FRO@XPKDMHKGR GRIGIOTIK §

7KH IROORZLQJ GHYLFHV ZHUH XVHG IRU WKH UHVHDU

6HULHV ,, SDPAROH®WS86%$ LQIUDUHG VSHRWPRSKRWR
VSHFWURSKRWRPHWHU 36SHFRUG 89 9,9 *BYPDQ\ VSHFW

OHWURORJLFDO DVVHVVPHQW RI JDV FKURPDWRJUDSK

WKH DVVLVWDQFH RI WKH KDUGZDUH DQG VRIWZDUH FRPS

UHSDUDWLYH VHSDUDWLRQ RI HVVHQWLDO RLOV

SUHSDUDWLYH VHSDUDWURIL RI WWHWPIBQ WD WX URH @D \D Wi
FRQGLWLRQV WKH EQMKFWRH WKRBHABDWRWHFRIOXPQV W
fKk WKH GHWHFWRU VKHFOHUDWXWHEY tOREPPDYHVDPSOH
YROXP H PO SRWHQW IDRPYSHHEGF K DAPWPE Q FCWW B BWRKHW H
7KH IDFWLRQV ZHUH SLFNHG LQWR DQ DEVRUEHU WKH R
WKH PD[LPXP GHJUHH RI HQULFKPHQW RI NH\ FRPSRQHQW

SURGXFWLRQ SUHSDUDWLYH FROXPQ

7R JHW IUDFWLRQV RI HVVHQWLDO RLOV LQ WKH LQGLY
GHYHORSHG WKH EDVLFV RI VHSDUDWH FROXPQ VROWKS WK

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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FDUURKWRPRVRUE $ SURGXFHU 3-RKQV ODQYBDO6H  86$ D
RIJB Zo+SURGXFWLRQ ZHUH FKRVHQ 7KH IROORZLQJ SURF
WHPSHUDWXUHVKH WKHUPRVWDW BRGXP @V WWHP SHHUNDMFXA
WHPSHYDWRUHDUULHU JPV IFOFPZ Q DRMEURBHAPLQ +DLU
FPPLQ VDPSOH ¥ROKPO

6WDWLVWLFDO DQDO\VLYV

'DWD ZHUH H[SUHVVWOOQOBWYURHIAHWLDWLRQV IRU WUL
"'LITHUHQFHY ZHUH FRQVLGHUHG WR EH VLIJQLILFDQW DW \

S5HVXOW\G DWERXVVLRQ

O9DFXXP VHSDUDWLRQ RI HVVHQWLDO RLOV IRU JHWWLC

,Q RXU FRXQWU\ D QXPEHBPROWLS WD RPUWIHULDOV LV
)RU WKH H[SDQVLRQ RI WKH DURPDWLF SDOVWMQWHLD® RV
FRPSOH[ PLIWXUHV Rl FRPSRQHQWYV ZLWK WKHLU RZQ DUF

7KH SHFXOLDULW\ Rl WKH FODVVLFDO HVVHQWLDO RL(
QRW EH LPPHGLDWHO\ XVHG EHFDXVH LW GRHV QRW PHI
DGGIDWLRYHUDWLRQV RQ ZKLFK WKH RLO EHFRPHV PDUNH)

$ YLDEOH DOWHUQDWLYH WR WKH SURFHVVLQJ RI HVV]
GLVSHUVLRQ LQWR IUDFWLRQV 6LQFH WKWY RQVDDS K\ \QLIF
IODYRUV $OVR WKH FRPSRQHQWV RI IDVW IODYRU PRGLI
$FFRUGLQJ WR WKH FODVVLFDO ODZV RI IRUHUXQQLQJ
D ERLO WKH FRPSRQHQWYV ZKRVH HOBKWUNLWL Q0 VWUHDW
LQWR WKH VWHDP SKDVH )UDFWLRQDO IRUHUXQQLQJ LV |

,Q IUDFWLRQDO IRUHUXQQLQJ WKH SURFHVVHV RI HYL
PDQ\ WLPHV DQG WKH GLVW LIDVOHW.H @ HR R P\M K HWQ [ W WSIWR
$V D UHVXOWRHYH®I FRPSRQHQWY FRQGHQVH > @

$V D UHVXOW RI IUDFWLRQDO IRUHUXQQLQJ D QXPEHU
ERLOLQJ LQ WKH QDUURZ WHPSHUDWRU HJO ERLLRD DLO/ | RRUWH
RI DURPDWLF VXEVWDQFHV QDWXUDO VRXUFHV DUH SULP]
FRPSRVLWLRQ ZLWK D ZLGH UDQJH Rl ggQGLQ LOSEIDACL VE R I
FRPSRQHQWY WR FKHPLFDO PRGLILFDWLRQ > @

$FFRUGW® WKH FODVVLFDO WKHRULHV WR WKH PDL
IRUHUXQQLQJ DUH DWWULEXWHG DQ RSHUDWLQJ WHPSHL
SUHVVXUH IURP WR PP +INB@ 7TRQBRP WR :KHQ
GWHUPLQLQJ WKH RSHUDWLQJ SDUDPHWHUV Rl WHPSHUDYV
D GLOHPPD 7\SLFDOO\ WKH SUHVVXUH LV FKRVHQ VXFK
HQVXUHV DQ HIIHFWLYH FRQGHQVDWLRQ RIHGUNMWILOB DM
VXFK DV ZDWHU RU DLU 7DNLQJ LQWR DFFRXQW WKH DYF
DERXW WXKH FRQGHQVDWLRQ WHPSHUDWXUH Rl WKH FRP.
$OVR LW LV QHFHVVDU\ WR KLJKOIRWKNU XAKH. GH MRPFBRHL K
HVVHQWLDO RLOV FRPSRQHQWY ZLWK WKH IRUPDWLRQ RI

$W WKH VDPH WLPH WKHUH DUH VRPH GLIILFXOWLHYV
SURFHVV )LUVW RI DOO W D QU HE DLHVIKOLGF W X B VECLIBPEY. WVRKIRW |
EHJLQQLQJ RI IRUHUXQQLQJ GHFUHDVH RI JHQHUDO VS
LQFUHDVH Rl GLVWLOODWLRQ GXUDWLRQ DUH IHOW $W W

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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FRPSOLFDWHG ZL VSR DHQ HHIG WDER XYM \DVWHP > @ $OVR |
LV HISHGLHQW WR FDUU\:REKYW HQ WDIVE \R RO ¥ GFRWVPIS RAORHQ W\
7erRl WKHVH FRPSRQHQWY LQ D YDFXXP FDQ EH PXFK JU
$FFRUGEQ®WR VLIQLILFDQW DPRXQW RI VXEVWDQFHV WK
WHPSHUDWXEDQRIDERYH ZLWK GHFRPSRVLWLRQ DUH GLV
FRPSRVLWLRQ DW D SUHVVXUH RI N3D = PR RU DQG
ZLWE WKH WHPSHUDW XU Hf /@ DHSURPV XUW R | N3D
DW WHPSHUDWXUKBVWIVRPEXXRR

'‘DWD RQ WKH GHSHQGHQFH RI WKH HITHFWLYH SDUDPH
7KH WDEOH OLVWFRDWBKRI WKFKQ RMORHEAWODO RLO GLVSHU

7DEOH
THFKQRORJLFDO PDS RI FXPLQ HVVHQWLDO RLO GL

JUDF THPSHUDV| 3UHV | SHIC| &RQYV
V\ SF N 3D UDWLRPDVY
:DUPXS RI WI 1 '
7KH 1
7KH VI
7KH \
'LVWLOOD! )
/IRV\ “

[N TR
[ |

JLIDWLRQ RI ORVVHV* DW LWKGXBHYROL@RFRPSOHRMEH FDS
ERLFRPBERQHQWY ORVV RI FORJJLQJ WKH FROXPQ

6WXGLHVY KDYH VKRZQ WKDW WKH YDFXXP VHSDUDWLRC
RI GLITHUHQW IODYRUV ZKLFK JUHDWO\ HIWHQGV WKH L
WHFKQRORJLFDO WHFHKRLDDIWERBHY® RWXFAWXUDO ERQGV
RLOV SUHVHUYHV WKHLU QDWXUDOQHVYVY DQG ELRORJLFD
ubzZz PDWHULDOYV

ORGHV RI OHPRQ HVVHQWLDO RLO GHWHUSHQL]DWLRQ

8QGHU HVWDEOLVKHGGQLNBHFPHWLRR IV FWURQBG RXW ZL
GXULQJ ZKLFK FRPSRQHQWY ZKLFK DUH HDVLO\ R[LGL]F
VLIQLILFDQWO\ GHJUDGH WKH RUJDQROHSWLF SURSHUWL

7TDEOH
RUNLQJ PRGHFRRRIHVVHQWLDO RLO GHWHUSHQL]DW

6WDJ 7THPSHUDV 3UHYV 5HI( &RQV
GHWHUSHQLWMWLRQSF N3D UDWLR PDVYV\
kROXPQ Z 1 1 '
THUSHQH 1 1 1
2[\JHQDWH 1 1 1 1 1
'LVWLOOD 1 “
IRV’ 1
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$ FRQILUPDWLRQ RI WKH HIITHFWLYHQHVV RI WKH HVVH
E\ WKH VHQVRU\ HYDOXDWLRQ RI W K@ DRAEXAWIDLAY HID MUROUAW L |
i )ODYRU ©5HVLQRXVY FRROQHVV2 )ODYRU FRPSRVLWLRQ
RLO $SSHDUDQFH OLTXLG $URPD FRQLIHURXV ZLWK |
i )ODYRU ©&LWUXV2 )YODYRU FRPSRVLWLRQ IUDFWLRQ |
$URPD KDUPRQLRXV UHVHPEOHV WKH VPHOO RI FLWUX
i )ODYRU ©)DGHG URVH2 )ODYRU FRPSRVLWLRQ IUDFWL
OLTXLG $URPD WHQGHU RI GULHG URVH OHDYHV

8VH RI SUHSDUDWLYH FKURPDWRJUDSK\ I[RURWIKXWLBOC
VXEVWDQFHYV

2EYLRXVO\ LQ YDULRXV LQGXVWULHV LQFOXGLQJ IR
LOQGLYLGXDO DURPDWLF VXEVWDQFHV RI SXUH FRPSRVL\
GHJUHH RI PLQLPL]DWLRQ RI WKH DPRYQNK HRW IDFS P QW/EKWP
SXULW\ LLV EHOLHYHG WR EH HQRXJK $ OHYHO RI DGPL][
FRQVLGHUHG VXIILFLHQW ZKHQ W KA H RQWFBIQGDUDN VR E VW
DQDO\WLY UHTXLUH D SXULW\ RI DQG PRUH > @

7KHVH RI SUHSDUDWLYH FKURPDWRJUDSK\ 3* IRU WK
VXEVWDQFHV LV PRWLYDWHG E\ WKH IDFW WKDW WKH SU
VHOHFWLYHMVHMHGFWKRQH VLIQLILFDQWO\ HQEBHW&M S HHERK
SURGXFWLYLW\ RI WKH SUHSDUDWLWHIERGEOHFWKIR® RI SX
ZKLFK FRUUHODWHYV ZLWK WKH SHUIRUPDQFH RI UHFWLILF
VXEVWDQFHV LV SURYLGHGDQWE&\VARDHU RSHUDWLQJ
WR H[WUDFW HVVHQWLDO RLOV IUDFWLRQV LQ WKH LQGL
FKURPDWRJUDSK\ D VSHFLDO FROXPQ ZLWK D QXPEHU RI
LW SRVVLEOH W RNV RRXOWDLVRID SKRFIMWWDWEF RQ WKH UD]JRU FR(
'XULQJ WKH UHVHDUFK D VROLG FDUULHU D VWDWLRQDL
FKURPDWRJUDSK KDYH EHHQ VHOHFWHG > @

$Q HIITHFWLYH FRQGXFWRU IRU SUHBBWHKDW DGH HFR® XIPSB
RI PRWLRQOHVV SKDVH 3(* RQ VHSDUDWH VHFWLRQV R
WKH ILUVW SRUWLRQ RI 3(KDVLWRDERXIS/ RUHG RQ WKH I
VHFWLRQ WKH VHFRQG SROWMYHFRQGDPRE DB \R{SSRUW Vi
VROLG VXSSRUW VHFWLRQ LV UHFRPPHQGHG WR EH GLYLC
SDUW 3(* ZDV DSSOLHG LQ DPRXQW RI DQG RQ WKH \
D VHTXHQFH RI DSPERMFIDROIARHNV RISWBEWH RQ WKH VROLG
VHOHFWLYLW\ RI 3* FROXPQ DQG UH® X FWH R\DHR P V HS DIADHA
VHSDUDWLRQ RQ D FROXPQ HVWDEOLVKHG H[SHULPHQWD

7TDEOH

7THUPV RI SUHSPUBDWILRE® DQG FRQFHQWUDWLRQ RI LQGLYLGXDO
T RLOV
NGLF ,QGLFDWI
EDUULIORZ UI PI :
GDPSOF - F
(YDSR
&ROXPQ W
YJUDFWLRC
'"HZDU
"HW H

| [

7THPSUD
fK

(NS
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,Q UHVHDUFKHY D VSHFLDO WUDSSHU RI LQGLYLGXDO
DOORZHG UHDFKLQJ WKH PD[LPXP GHJUHH RI HQULFKPHQ\
,Q 7TDEOH WKH YINOHH RRIFRKQFGEIIBQFMW RDVPRYMQGL
VXEVWDQFHY H[FUHWLRQHG IURP HVVHQWLDO RLOV DQG \

7DEOH
'"HJUHH RI FRLQFLGHQFWSHPBWUDW\RIPDQELYLGXDO VXEVWDOQFF
DQDORJXHV

,QGLYI FRPSRV ,QGLYI FRPSRV
VXEVWDQFHV SXULW\ VXEVWDQFHV SXULW\
OLQ ) /ILQDO\O )

.2SLQ ) SKHOO )

:P\UF ) .SKHOO )

(1 F\PH “ . WHU.

( OLPR ( FDU

&RQYHUJHQFH RI YDC(

7TKH FRQGXFWHG LGHQWLILFDWLRQ FRQILUPHG UHFHLSE
IURP HVVHQWLDO RLWKM/RRPSRVLWLRQ SXULW\

,Q 7TDEOH WKH UHVXDOMV LRI RIHRYRHO@WLDO RLOV LQC
OLVWHG

7DEOH
,QGLYLGXDO VXEVWDQFHYV RUJDQROHSWLF LQGH

,QGLYLGXDO 7D\ $UR
P\UFI %LW SHVL FL\
&LQ 5HIUH &LV
oLQl %LW /IDYHQGH ZRRG
( F\PH 3XQ. 3HSSHUP
SKHOOI 3XQ. 7HU
SKHOO ORGHUDWH OLQW ZLWK C
( OLPR ORGHUDWH (DUWK\
( OLQDO\ %HUJDP
( WHU: +HUED SHPLQG
SLQ 6SL 1HH
( FDU) 3XQ. "LOO
FDULI 3XQ. "RR

S5HFHLYHG LQGLYLGXDO VXEVWDQFHV RIVSXOJHG BRBYR NV
GLYHUVH UHVHDUFKHV LQF®©NXN®IDER 6K B WADHRINLEKHW LR | DL
VRXUFHV RI DURPD RQ KXPDQ ERG\YfV RUJDQV DQG V\VWHI

,QGLYLGXDO VXEVWDQFHY RUJDQROHSWLF LQGH[HV Dl
LQ WKH GHYHORSPHQW RI IRUPXODWLRQXWNUOBY RUKIA S
FRPSRVLWLRQV RI DURPDV RI VWDEOH FKDUDFWHULVWLF\
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JJJ)RRG 7THFKQRDRJ\
&RQFOXVLRQ

,Q WKH GHYHORSPHQW RI PHWKRGYVY RI VHSDUDWLRQ L
SURSRVHG DQG VFLHQWLILFDOO\ VXEVWDQYWHD WHG WK I O
IUDFWLRQV RI GLIITIHUHQW IODYRUV DQG IXUWKHU SUHSDI
SXUH FRPSRVLWLRQ 7KH HIILFLHQF\ RI QHZ VROXWLRQV
SUHSDUDWLYH FROXPQ 3(* LWHNKWRZEW LRQS RU WIKRD WV RF
FKURPRVRUE $ 7KH FROXPQ ZLWK WKH QXPEHU RI WKHRU
IUDFWLRQDWLRQ SURFHVV RQ WKH KRSSHU FROXPQ RI WK

S5HFHLYHG LQGLYLGXDO VXEVWDQFHV \R HWVMSWIIHG BR BY/R N
GLYHUVH UHVHDUFKHV LQFOXGLQJ SKDUPDFRNLQHWLF D¢
VRXUFHV RI DURPD RQ KXPDQ ERG\YfV RUJDQV DQG V\VWHI

5HIHUHQFHYV

6DUNHU 6 ' /DWLI = *UDIBWXUD®VSURGYR®YV LVROD
6SULQJHU 6FLHQFH %XVLQHVV OHGLD
5\ENLQ 9 9 $QDO\WLFDO FKHPHHKHPLPDG BHKWKERY R
,*+78 ,YDQRYR
OF&OHPHQWYVY ')RRG HPXOVLRQV SULQFLSOHV&SUDFWL
3UHVV
'LRVDG\ / ;/ )DWV DQG 2LOV |URP([3DWIAW DR Y 1S WLEY
LQ )RRG (QJKOG& BUIHYY
$UFH $ ODUFKLDUR $ B5RGUtJXH] 2 6RWR $ (
H[WUDFWLRQ XVLQJ RUJDQBF&KR MRXUWB®RULRQLF OLT
.RPWKRQJ 3 .DWRK 7 ,JXUD 1 6KLPRGD 0 +D\DNDZI
H[WUDFWLRQ Rl WHUSHQHV 1URBRR & WK HVDTUXAHH LH)GV R U
SS+
6DKUDRXL 1 9LDQ 0 $ (O ODDWDRXL 0 %RXWHNH
9DORUL]DWLRQ SRIRGXWWXVXELQJ OLFURZDYH 6WHDP
,QQRYDWLYH IRRG VFLHQFH HPBBX QJ WHFKQRORJLH
+HUJXLMXHOD - 3LGNMJRRQOOQ $ :R®IB B 3DWHQW 1R
3DWHQW DQG 7UDGHPDUN 2IILFH :DVKLQJWRQ
BWLFKOPDLU - * 'LVWLOQBMRIRRD CR U QI H OWH LLLFQ
&KHPLFDO 3URFHYROXEK QR BRI\ @SHEND \WORBQIROLGV
'ROJRQRVRY $ 0 3RODULWt 90 ® FKSDUOR LIQOH FH
FKDUDFWHULVWLFV RI FKURPBWRBESWILRKQL P Y& FWURGD\
SURFHVVHVSS*
$GDPV 5 3 6SDUNPDQ 2 5HY I MY HRIW,.CDHID WIL
&RPSRQHQWYV E\ *DV &KURPDWRJUDSR\ BGRFV 0®S/HFW
6SHFWURFS =
&KDPEHUODLQK-H $QDO\VLV RI '"UXJV LQ %LRORJLFDO )¢
SUHVYV
=KRX - 6XQ & OHQJ/ <H : [XR 3 $6XI9Z)33$6;'1$
RULJDPL ELRFKURPDWRJUDSK\ DQG RIIOLQHH#RDMVSHUII
VSHFWURPHWU\ PHWKRG IRU VFUHHQLQJ 33%$5 L
JLQVHQRVERHYHV Rl ELRFKHPLVWSSRBRQG ELRSK\VLFV
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)DUH '/ $GBWRYS$ SHUWURKUPDQFH /LTXLG &KURP
,Q& KURPDWRJUDSKLF $QDO\VLV RI 3KDIRPONFOINW/1HFDOS
+
$NODNXU 0 $VKDUI 5DWKHU 0 .XPDU 1 1DQRGHF
IRU QXWUDFHXWLFDOYEWQGLFOWXIJUHSH.HZV LQ IRRG
QXWULWLRSS +
&KRSHO 1 9 8VHQNR 9 2 )JURORYD 1 ( 6LOMWKRIG 1D
IRU VHSDUDWLQJ HVVHQWLDO RLOV DQG WKHLU QDUUR
E\ SUBSDRYH JDV FKURPDWRJUDSK\ 3DWHQW IRU LQYH{
6LOYD 9 / 6HUHQR $ 0 GR $PDUDO 6REUDO 3 -
WHFKQRORJ\ RQ WLPH WR KDUPRQLJHR R\GH F& HLROOHROY L)
5HYLHI S
SNUDLQRD@QNHW Rl SHUIXPH DQG FRVPHWLF SUR
KWWS DSFX XD UL QAMRY D®RVBALE KOO FHU QR
NRVPHWLFKRUBUQQD KNP
OHLUHOOHV $ - %DWLVWD ($ 6FDQDYLQL +) %DWL
'LVWLRQDSSOLHG WR WKH SU RHMMMLRN LRIJ VESLLRID.F
FRPSRXQGV 7KHRU\ DS DSSOLFDWLRQV
JURORYD 1 ( )URORYPHRUHWLFDO VXEVWDQWLDWLRC
WHFKQRORJLHV RI QDWXUD® WRIQEFHRQRW UWDW HP® \WHN. DOV
JHRNWLVWRY ' 9 (ISHULPHQWDO LQYHVWLJDWLR:
GLVWLOODWLRQ RJQELXQDUY VXE\B\WRZBBESE IJLQHHULQJ
‘'LOHV 6 3KDVH HTXLOLEULXP LQ FKHPLFDO WHFKQROR
*U\WD 0 :DV]DN 0 $SSOLFDWLRQ RI YDFXXP F
FRQFHQWUDWLRQ R&KRHPIDRDLF IMRIHGNVL RQ V
%RIJDW\XN 1 3 'DQLORYD ,/ 3HNKRYD 2 $ 7LPDVKHY
RI SUHSDULQJ YHJHVDODEOM W DZK PIDSWHR G X §F@QLLYRHU RX H V \

JURORYD 1 ( 8VDW\XN 2 0 1HZ SRVVLELOLWLHV

RLOV IRU WKH IODYRUUDRQW RX URSE 3Q REXEYNO Rl $GY D
SS

JURKIR1 ( 8NUD\LQHWV $, 6\OND , 0 8VLQJ SU

IRU HIFUHWLRQ RI PRQRIDFWLRQV RXW RHFR@BORJLALO!
DXGLW DQG SURGXFWISBQ UHVHUYHYV

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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OHFKDQLVP HHLIQPGLQJIDH#FEQWHQWLQJ RI WKH
QDQRSDUWLFOHV RI D IRRG VXSSOHPHQW RQ
GRXEOH R[LGHIRQGVWRILYDOHQW LURQ

,U\QD 7V\NKD( 9LFWRULI
20HNVDQGU 20HNVBWGDAY *RQWDU

18NUDLQLDQ ( BHGDJRJILFV $FDGFEBNUIL
+. KDUNLY 6WDWH S8QLYHUVLWI| Rl )RRG 7THFKQRORJ| DQC

$EVWI

.H\ZRUGYV
,QWURGXFWH RRHFKDQLVP Rl IDWWHQLQJ DQGC
)DWLQGLQJ QDQRSDUWLFDE®LRILYHRRG WKH EDVLV Rl GRXE
JDWROWHQWL PQG WULYDOHQW LURQ ZKLFK LV OBSUHVHQW
FRRUGLQDWLRQ LV VXEVWDQWLDWHG
'URQ R[LGH ODWHULDOV DQGDRPRWBBWYFOHY RI D GLHWD!
JRRG EDVHG RQ ELFDUERQDWH D®G WIUW K DEDLH)QRWD HLIUR
6XSSOHPHQW DQG XQUHILQHG VXUHWRIZBUQRLDEL®WN\ ZDV L
XVLQJ)RBULHU )7,5 D®IG/SHQNIDH (';

VSHFWURVFRS\ DV ZHOO DV VFDQQLQJ HOHFWU
$UWLFOH KLVWRWHVXOWY DQG GKNFRNNKBQLWR JRID QW VDRMQ
FRQWHQW RI QDQRSDUWLFOHY RI D IRRG DGGLW
S5HFHLYHG RI WPbRG WULYDOHQW LURQ ZKLFK LV UHSUHVI
OD\HU FRRUGLQDWLRQ LV VWXGLHG 7KH ILUVW
5HFHLYHG LQ UNRLMBBFWURVWDWR6 OLWLWHE DRWRXBEYVRR OLSLG\
IRUP QDQRSDUWLFOHV RI D IRRG DGGLWLYH DQG FRI
$FFHSWHG QDQRSDUWLFOHV RI D IRRG DGGIrWURMSZRWK R\
WKH 3K\GURSKLOLF KHDG ™ RI WKH Oi4GXi& WKH \
WRHHWURVWDWLF LQWHUDFWLRQV RI K\GURSE

3
&RUUHVSRQGL(?JGVRUSWLRQ OD\HU DQG K\GURFDUERQ 3WDLOV
DXWKRU 7KH DSSHDUDQFH Rl WZR QHZ EOFPGQE&Q ,5 VS
— FPVXEVROLGY ELGHQWDWH DGVRUSWLRQ
,U\QD 7VANKDQRVPWNEMR[\ODWHRIZ 2 RXQS WKHQBQRSIDAJWLFOH RI D

(PDLO DGGLWLYH FRPSRVLWLRQ
FLNKDQRYVNDMD#ALFURVFRSLF VWXGLHV KDYH HVWDEOLVKHG
JPDLO FRP SDUWLFOH VL]H IRWSXUH IRRGPDGGREBLWKHHYDUW

RI WKH VXSSOHPH@WHG OLQROGHLFRFUDWIKEH VXQIO]
RIBDGGHG D&EGLWLEYHVQP

(QHUJLJHUVLYBHUYWORELHY KDYH HVWDEOLVKF
FRPSRVLWLRIDRRSDUWSAKLGFO WWHWRI IRRGSDG ®ILWQ H
SXUH IRRGxDPH-E GLWLKNH IRU SDUWLFOHV RI W
FRYHUHG ZLWKtYH QROHHF DFLK IRU SDUWLF
Rl DQ DGGLWLYH FRYHUH)®B ZLWKH/ XQIORZHU RI

&RQFOXVIKRHZRDO D\HU FRRUGLQDWLRQ ™ PRGHO

IRU WKH ILUVW WLPH WR VXEVWDQWLDWH WKH

‘2, FROQOWHQW RI D QXWULWLRQDO VXSSOHPHQW E\
GRXRPIHSH DQG WULYDOHQW LURQ R[LGH

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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,QWURGXFWLRQ

2QH RI WKH LPSRUWDQW X GR\WISRIQDVQ H\Q 8 | WRIR & QURDIZRE
IRRG LQJUHGLHQWYV ZKLFK GHWHUPLQH WKH FRXUVH RI W
Rl WKH ILQLVKHG FROROX N QUV DIBMDLW\ )&$ .QRZOHG
PHFKDQLVPV DQG WKH IDW FZRQW HD@W RZ UD W PROGIHY XIVG R
UDZ PDWHULDOV DQG IRRG DGGLWLYHV DQG SUHGLFW Wk
WHVW DQG FRQIHFWLRQHU\ PDVVHV PLQFHG PHDW HWF
RI ILQLVKHG SURGXFWV

SHFWOQ\ IRU )5$ LPSURYLQJ RI WKH IRRG V\VWHPV WKH
DGGLWLYHV KDYH EHHQ XVHG LQ SDUWLFXODU VLOYHU
GLR[L&E® >,W LV NQRZQ WR XVH QDQRSRZGHU PHWDO R[L(
JLQF R[LGH WLWDQLXP GLR[LGH DQG VLOLFRQ GLR[LGH >
Y2 PDJQHWLWH QDQRSDUWLFOHV KDYH EHHQ SURSR
QDQRSDUWLFOHV RI VLOYHU VLOLFRQ GLR[LGHRF @HFDJIQ]
DUH DOVR XVHG LQ OLSLG FDUERK\GUDWH DQG SURWHLC
PRGLILFDWLRQV ZLWK ROHLF DFLG > @ DUH XVHG WR |
QDQRSDUWLFOHV PRGLILFDWLRQV DQG LG REDWIA ®WR[ LXG/HH @
DTXHRXV VXVSHQVLRQV > @ 7KH JRRG )5% RI QDQRSRZGH
KLJK GLVSHUVLRQ ZKLFK DOORZV QRW RQO\ WR ELQG IL
QDQRSDUWLFOHV VXUIDFH GXULQJ FRREDEUIODW\ ZRHOQXB
K\GURSKREERVLWHV >

,Q WKH VFLHQWW@® I DFVARUORW>DGVRUSWLRQ PRGHO FKHF
DFLGY RQ WKH PHWDO R[LGH QDQRSDUWLFOHV VXUIDFH L

$ PRGHO @DWIRDGVRUSWLRQ LVVIWO PR FRQIV\HIH B ABX UA
QDQRSDUWLFOH VXUIDFH GXH WR WKH IDWW\ DFLGV F
VXSHUK\GURSKRELGX W WHR WHFHR QQWHUDFWLRQ RI K\GURS
OD\HU ZLWK DON\ VXEVWLWXHQW K HVH DW WX DFWGRQV @ U+
DQG UHTXLUH WKH DGGLWLRQDO H[SHULPHQWDO FRQILUP

7KH OLWHUDWX®@ W/ PRDHGVWY DW WKHUH LV WKH LQVXIIL
VXEVWDQWLDWLRQ RI QDQRSRZGHU2RJDOERISNDEGH W LQHW K
VIVWHPVQPHQRSRZGHU LV WKH PDLQ FRPSRQHQW RI WKH |
ZKLFK LV D VFLHQWLILF GHYHORSPHQW RI WKH DXWKRUV
R[LGHY YYDJQHWRIRRG" KDV WKH HM DA HS RW B Q XQ PO L R
WHFKQRORJLFDO SURSHULBG L HPKKFROGINIED D I®AM) W H UD W
UHWDLQLQJ DQG WKH DGYDQFHG WHFKQRORJLFDO DSSOL
RI )Y IRRG DGGLWLYH 30DJQHWRRRREWHPMVELRERO\PHU\
SURWHLGY FDUERK\GUDWHV OLSLGV LV D FRPSOH[ F
VXSUDPROHFXODU RUJDQRFDWMRF RHYH30DIJQHWRIRRG ™ D
PDWUL[ VWUXFWXUH SOD\ D LLP/S RKW DR WPDRQR Q7R HWSHWX
WKDW VLJQLILFDQWO\ DIIHFW WKH IXQFWLRQDO DQG WHFF
ILQLVKHG SURGXFWV FRQIHFWLRQHU\ DQG GRXJK PDVVH)\

7KHUHIRUH WKHUHDWN. RQ RIKWMKH QHZ IXQFWLRQDO DQ
RI IRRG VI\VWHPV ZLWK WKH KHOS RI QDQRSRZGHU RI WKH
UHOHYDQW ,Q WKLV FDVH LW LV LPSRUWDQW WR XQGH
ELQGLQDWR@AWDLQLQJ

7R H[SODLQ WKH PHEEWQLQR @I DEWOLW\ )&$ RI QDQRS
IRRG DGGLWLYH RQLWRA BPMVENVRIEOBIQHWRIRRG ™ LW LV C

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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DOQG XQGHUVWDQG WKH QDWXUH DHZ QWQORQDWW LFIO MN\K
WULJO\FHULGHYV DQG KLJKHU IDWW\ DFLGYV

7KH UHVHDUFK DLP LV WR VWXG\ WKHFRIQFMKDIQQMPJ RAL

QDQRSDUWLFOHV RI D GLHWDU\ VXSSOHPHQW EDVHG RQ V

RI

7R DFKLHYHWWKHRB®ORZLQJ WDVNV ZHUH VHW

+ WR VWXG\\ESHWFRWHJRVFRSY PHWKRG RI WKH RI DGVRUS
Rl OLSLG PROHFXOHV LQ SDUWLFXODU OLQROHLF D
RI' D GLHWDU\ VXSSOHPHQW EDWHK IRGWHK H UG XIHORQ |
WR LQYHVWLIJDWH E\ WKH PHWKRG RI WUDQVPLVVLRQ
VL]IH DQG PRUSKRORJ\ RI WKH H[SHULPHQWDO VDPSC
GRXEOH R[LGH RI IHUURXV DQG IHUULF LWROQEXUH
VXQIORZHU RLO

WR LQVWDOO HQUDVUVSHVEHRVIERSEY ('; RI WKH HOHP
RI WKH H[SHULPHQWDO VDPSOHV RI D IRRG DGGLWLY
WULYDOHQW LURQ SXUH DQG FRDWHG ZLWK OLQROHI

I+

I+

ODWHULDOV DQG PHWKRGYV
ODWHULDOV

2EMHFW RI WAKH PHFK DERQRVBLQDWYJ DELOLW\ RI WKH S
IRRG UDZ PDWHULDOV LQ SDUWLFXODU QDQRSDUWLF

R[LGHV 20DJQHWRIRRG’

|,

6XEMHFWYV RI UHVHDUFK
6DPSO#D IRRG DGGLWLYH EDVYBIEQRY RIBRI RY L GKIY\ GLVS]
QDQRSRZGHU RI WKH EURZQ RU EODFNFRORRUBGLLVDK I/ FS
FKHPLFDO FRPSRVLWLRQ RI *0DJQHWRIRRGA)HWRUNKH G
YHH REWDLQHG E\ WKH P HWHRG SR WHKRWMIPREDORPRD TXHR
WZRQG WULYDOHQW IHUURXV VDOWYV LQ DONDOLQH PHG
6DPSOHOLQROHLF DFLG >FRPSDQ\ 3&/ 5HDFKLP" 8NUDLQH
EHIRUH XVLQJ

6DPSOHXQUIHG VXQIORZHU RLO >39LQQ\WVNDLD LQGXVW
7KH VWRUDJH SHULRG LV GD\V EHIRUH XVLQJ
6DPSO#HNKH IRRG VXSSOHPHQWY QDQRSDUWLFOHV EDVFH
FRDWHG ZLWK OLQROHLF DFLG :H FORMWRBIDYUMA FEOLHAS HR
S0DJQHWRIRRG" VXSSOHPHQW VDPSOH DQG J R
GLPHWK\OIRUPDPLGH IRU KRXUY & WGDEWRE 5 €@ Il DWXIUW
VWUHDP RYHU WKH UHDFWLRQ PL[WXUH VXU I|P&WHK H W H L
QDQRSDUWLFOHV RI WKH IRRG VXSSOHPHQW 20DJQHWR
LVRODWHG E\ PDJQHWLF ILOWUDW.\RKQDRAG PDMMXGHZ L\
WLPHV 7KH ILQDO SURGXFW ZP&REU L HK@®R XAQWR DABKIHK PS Bl WL |
LV KRXU WR XVH

6DPSO#HNKH IRRG VXSSOHPHQWY QDQRSDUWLFOHV EDVFH
FRDWHG ZLWK XQUHILQHSHNPIOREBO RDO® SDKHZDV REW
ZD\ DV VDPSOH RQO\ SDUWLF@&BW RB 3/&HPHQWQHWWRI RFR
XQUHILQHG VXQIORZHU RLO 7KH VWRUDJH SHULRG LV
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5HVHDUFK PHWKRGYV

,5)RXULHU 6SHRAWWBRVFRS\

7KH YLEUDWLRQDO VSHFWUD RI WKH H[SHULPHQWDO VD
RQ WKH 7HRXBUHU VSHFWURPHWHU IURP %UXNHU *HUPD
VRIWZDUH SDFNDJH ZLWK WKH VWDQGDUG JUDGXDWHG FD
FPLQ WKH DEVRUSWLRQ IRUPDW ,5 )RXULHU VSHFWUD R
WDEQHWWDPS®IHY WKH 3OLTXLG ILOP’

6FDQQLQJ HOHFWURQ PLFURVFRS\ 7(0
7KH SDUWLFOH VL]H GHWHUPLQDWLRQ DQG PRUSKRORJ
ZHUH SHUIRUPHG E\ XVEQD®.LQ80HOHFWURQ PLFURVFRS

LQFUHRVNVQEISOLW\ XS WR WLPHYVY 7KH REWDLQHG LPCL
HOHFWURQ EHDP IDOOLQJ DORQJ WKH KH[DJRQDO DJ[LV D¢
WKH KHOS RI $XWR&DG DQG ODWK&DG SURKINDPV ¢

SDUWLFOH GLVWULEXWLRQ LQ WKH H[SHULPHQWDO VDPS
SDUWLFOHYV QXPEHU LQ WKH VDPSOH WR GHWHUPLQH WK

(QHUJ\ GLVSUHDVVBSHEWURVFRS\ (';

7R HVWDEOLVK WKH KQORIPW& W HOSHRRPRQWDLAR VDPSOH\
HOHFWURQ PLFURMRRSH. WK DQ ('; FRQQH®BW R V SAHDRAWXN\DH GH
REWDLQHG E\ WKH ERPEDUGLQJ H[SHULPHQWDO VDPSOHYV

YROWDJH RI N9 WRUWHKMSRIQEHW Rl WKH FKDUDFWHULYV
&DUERQ DQG 2[\JHQ 7TKH LOVWDOODWLRQ RI WKH HOHP
VDPSOHYV ZDV FDUULHG RXW E\ WKH DQDO\WMLD\ RI WK

UDGLDWLRQ

5HWXOWYV DQG GLVFXVVLRQ

7KH PHFKDQLVPFRQWXHQULRW DELOLWLHV )&$ RI WKI
QDQRSDUWLFOHV EDVHG RQ WKH GRXEAOM RJLGH RDQHUUL
EH UHSUHVHQWHG E\ WBW WP RFGRRW GRIQ DWAHRI Y WK M UHR Q
LQWHUDFWLRQV EHWZHHQ WKH LRQL]HG QDQRSDUWLFOH)
FKDUJHG FDUER[\ORJWKRABHE2DWW\ DFLGV

JLIXUH VKRZV KRZ SUREDEO\ WKH LQWHUDFWLRQV RI
IDWQG RLOV ZLWK HRRVFRIOBM FKDUDFWHUL]JHG E\ WKH K

+ N- PRO WDNH SODFH > @

7KH DELOLW\ RI 13V Rl IRRG VXS0 WRHB QWD JIQBIMFRNV
JLIXUH DQG FRRUGLQDWILIHRIZD MMKIRQMURSKLOLF FHQWH U
DFLGVY DQG WULJO\FHULGHV GHWHUPLQHV WKHLU FKHPL\
QDQRSDUWLFOHV 326D BYH RIRRWGOW)HWKH ILUVW DGVRUSW
VXUIDFH 13V Rl IRRG WX\SSGRBHTPM EQDJQQWR DFFRXQW Wt
SUHYLRXV VWXGLHV RI WKH FKHPLFDO LQWHUDFWLRQYV
FDUER[\ODWHV RI KLJKHU IDWW\ DFLGV WKH LQWHUDFWLR
DQG IDWW)\ DFRGMRGKO BPBHIIMIWRIRRGED QHEH UHSUHVHQ!
IRXU W\SHVY PRQRGHQWDWH EULGJH ELGHQWDWH FKHC
7KH PRGHO RI LRQLF LQWHUDFWLRQV LV FRQVLGHUHG LQ

JLIXUH VKRZV WKH IRUIPWWHRRR© REKDWDWHRFRPSOH]
VXSSORMPHIDMWRIRRZLWHK IDWW\ OLQROHLF DFLG

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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JLIXUH ,RQLF LQWHUDFWLRQV EHW ZHHI®R R & Q14 B SOGIP® RS\D L
S0DJQHWRIRG *MQBJRKE RI KLJKHU IDWW\ DFLGV
D+SRODULJHGI 1®SYHRWRQDWHG 13V )H

J)LIXUH JRUPDWLRQ RI WKH PRQRGHQWDWH FRPSOH[ RI 13V R
YH2 ZLWK OLQROHLF DFLG

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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JURP )LJXUH LW LV HYLGHQW WKDW GXH WR WKH F
FRROQBWLRQ RQH FDOWHRHORLUWRIQHRY R3S OREICPHRREB WRIRRG’
J)HH ELQGV WR RQH FDUER[\OLF R[\JHQ DWRP RI OLQROH
HOHFWURVWDWLF FRPSOH[ LV IRUPHG

JLIXUH VKRZV WKH IRUPDWLRQ PHFKDQLVP RI D ELGHQ
VXSSOPRMPHIMWMWRIFMREZLWHK OLQROHLF DFLG

J)LIXUH 6KRZV WKH IRUPDWLRQ PHFKDQLVP RI D ELGHQWDW
VXSSOHPHQW 0DM2HWRWKROGLQROHLF DFLG

7KLV LV D ELGHQWDWH HOHFWURVWDWLF FROMSYMH LQ
IHUPHQWDWLRQXBBO RPHEKBRMBW RIRRELQBY WR WZR R[\JHQ
WKH FDUER[\O JURXS RI OLQROHLF MWLREQG XD MFRV WR\HN
FRRUGLQDWLRQ

JLIXUH VKRZV WKH IRUPDWLRQ PHFKDQLVP RI ELGHQV
VXSSORMPHIMMMWRIRRZLWHK OLQROHLF DFLG 7KH LQWHUDF)
IRUPDWLRQ RI D EULGJH EKGHQWIZWHLEROSPHEHRAY RI
IHUPHQWDWLRQXBBO RPHERBW RIRRELQEYV WR WZR R[\JHQ C
WKH FDUER[\O JURXS RI OLQROHLF DFLG GXH WR WKH
FRRUGLQDWLRQ

JLIXUH  )RUPYDR\H E QGEIQ WHIRRPIS OHVRRI IRRG VXSSOHPHQW
30DJQHWRIRRGZLYHK OLQROHLF DFLG

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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$V D UHVXOW RI WKH HOHFWURVWDWLF :DQ &/ KIRRUGVLW
DGVRUSWLRQ OD\HU RI® RN H SIBRMPHARDMIMVRIARRGZKLFK LV
K\GURSKRELF GXH WR DON\O K\GURSKRELF UHVLGXHV 3W
DFLGV DQG WULJO\FHULGHYV

1HW D VHFRQG DGVRUSWLRQ OD\HU LV IRUPHG GXEF
LQWHUDFWLRQ 7KH KNGWKRSKHREVVW PBWBUSWLRQ OD\HU |
K\GURSKRELF LOQOWHUDFWLRQ ZLWK K\GURSKRELF DOLSKD\

JLIXUH VKRZV WKH IRUPDWLRQ PHFKDQLVP RI WKH
VXSSORMPHIIMWRIMMRG XHHWR K\GURSKRELF LQWHUDFWLRQ
WKDW WKH 13V 0DDQSB/ORRIRGVM R RO LSLG DVVRFLDWHY ZLW
IDWW\ DFLGY LQ SDUWLFXODU ZLWK OLQROHLF DFLG

JLIXUH )RUPDWLRQ RI OLSLG [3\SVDRFPLHDIWH R D 1QWWR E LRRG V XH
OLQROHLF DFLG

&RQVHTXHQWO\ WKH VHFRQG DGVRUSWLRQ OD\HU LV
GLVSHUVLRQ IRUFHV LQ VXIILFLHQWO\ HHITWHQGHG PROHEFX
ZKLFK WKHUHLMWM RISRMYWEEBQWHU GLVSHUVLRQ LQWHUDF

$V D UHVXOW WKH DON\O PDWUL[ RI OLSLGEHILV:BD/OXFV
FRPSOH[HV IRUPLQJ WKH VHFRQG OD\HU D QXSSKOHH B M QRF
S0DIQHWRIRRELYKS LGV

S5HVXOWYRRU|HHU 6SHRAWWBRVFRS\

7R HVYWDEOLVK WKH DGVRUSWLRQ LQWHUDFWLRQ PHFK
OLQROHLF DFLG DQG VXQIORZHU RLO ZLWK QDQHRSDUWLF
S VSHFWURVFRILA[§FWXIGPLHHYWD @ QV WKSO D Q JHP ZHUH
FRQGXFWHG )LJXUH

‘H FDQ VHH LQ WKH VSHFWUXP RI SXUH 13VHRIWRRG D(
H[SHULPHQWDO VDPBSWHKH D EVRWISWIHR ERQQH IRWKVROHPHLP
DWYDOXH RI aLV SAPHVHQWHG ZKLFK DJUHHYV ZHOO ZLWK G
FP > @

7KH GLVORFDWLRQ RI WKH PD[LPXP RI WKH FRUUHVSH
YLEUDWLR®@BERQGKHQ)MKH H[SHULPHQMD® WADP SVKHHV D UHQC

FPFDQ EH H[SODLQHG E\ WKH HIIHFW RI WKH VXUIDF
VXQIORZHU RLO ZLWK WKHMXUDWHUDHO BMARH RIQQW R IR S(OH

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F



JJJ)RRG 7THFKQ@RDRJ\
DGGLWLYH 0DJPHWRIKRRKH )FKHPLFDO LQWHUDFWLRQ ZL\

,Q WKH VWXG\ RI FRRSBVLRLRIRG 3D BSWBWH HV WH HW F K
IUHTXHQF\ Rl WKH JURXBHRWHRVKDVYHIQKIHFDQFH 7KH XQF
IOXFWXDWLRGVFRRUBYSREVRUSWLRQLPOWQE BQG LEPVKH
VXQIORZHU RLO LQ WWKHUMDVRDQ LFWHQVH SHDN RI YDO
+ERQG )LJXU$V \RX FDQ VHH IURP )LIXUH WKH DGVRUS
VXQIORZBWRQ WKH 13V VXUIDFH Rl *0DJBHWRIRBB HIRRG
VKRZV WKH GLVDSSHDUDQFH RI WKLV DEVRUSWLRWXEDQG
SDUWLFOHV FRDWHG ZLWK WKH OLSLG $QQLDRVR WZR Qf
DQG PRJIXUM DQG FIPIXUG DQG FIPJ X UM ZKLFK
DUH FKDUDFWHUL]HG E\ WKk DXQ@® HDHH @ MR K RVPWLIWHK L F
FDUER[\ODWH JURXSV YKBWDMLR®KH &3 H U WKHQW\I B HG O W
FDUER[\OLF DFLGV RU WULJO\FHULGHV RI FKHPLVRUSW!
DGGLWAYB® FDUER[\ODWH IRUP )LIXUG H)WHXUH QD QELHAK
KHOS RI WZR 2[\JHQ DWRPV :KLFRREXGHLYRWLRED HQMWHWDR
DWRPV DUH VIPPHWULFDOO\ FRRUGLQDWH ® ZQ WX DW MH. RO
7KH UHVXOW LV WKH IRUPDWLRQ RI D PRQRPROHFXODU OI
DGVRUSWLRQ OD\H @ HRDX W IKEF ) RDGRIS-DNS W@ F

,Q WKH VSHFWUD RI OLEQRQBLVXDAD® Z HIUE RUNEK H) L DVWHHQ \
EDQGV DUH REVHUYHG ZLWK D PIXRDRX® DW kP FKmP
UHVSHFWLYHO\ 7KHVH SHDNV FDQ EH DWWU4LBRWHG WR
YLEUDWLRSVERQWKAVRNSKBOVR WKH ESKKRIZDW KIH ED
RI GHIRUPDWLRGK G JYRXSNWLERRXW.Q O FRR® HVRLD/ EDQG L)\
ZHDN >@

2Q WKH FXUYHV DG XUHIXWKHUH LV D GLVSODFHPHQW R
EDQGV WR D ORZMUW K HIXHQIKP kPDQG / kP
UHVSHFWLYHON WA\ WK K6 XBIFW WKDW WKH K\GURFDUERQ
VXQIORZHU RLO WULJO\FHWKB HY UMV WDKGHY R EURFORIDE OO J H\
QDQRSDUWLFOHV RI IRRG DGGLWLYH 30DJQHWWRXR RIFHD U
OD\HU RIIRBG RIGGLWLYH 20D DQISWRKRIRFEKHMLFDO LQWHUDF
FDWLROWFBQGXOHN WR WKH K\GURSKRELF LQWHUDFWLRQ R
DGVRUSWLRQ OD\HU ZLWK WKH K\GURFDUERQ FHKWL®WVRI (
GXH WR WKH GLVSHUVLRQ IRUFHV $QG WKHVVARQQYG LE(
DEVRUSWRRQWMXBAWXUIDFH RR IRRGRB®EWNLEDHYH> @

7KH XQVDWXUDWHG K\GURFDUERQ FKDLQV ZKLFK DUH C
WUO\FHULGHYV DUH PDQLIHVWHG E\ WKH YR OHQFHURXE W X

&+DQG D FOHDU VWULS RI GH kR URP DDNELRRXQV R)\.B KREBI D W L R Q
F 2Q WKH VWUXFWXUHG QDQRZSDWWXEO HHWRH IGRGSD G BH F
RI WKHVH DEVRUSWLRQ EDQGV LV REGHU Y H GERY SWKRHVD. Y H |
> @ 7TKLVLWWWRMWVKH HITHFW RI 13% RQ MRRIG D\GGRWDVYHERE
RI OLQROHLF DFLG DQ® VKKV OLRYZ MK HR/IKRHMWALDMOMR BIBRIR U S W |
DQBHFRQBIONK WKH HOHFWURVWDWLF LQWHUDFWLRQV R
DGVRUSWLRQ OD\HU ZLWK WKH DON\O PDWUL[ Rl WULJO\F
Rl WKH 9D\GHGHU :DDOV FRPSOH[HV ' 7KLV FRQWULEXW!
K\GURSKRELF PDWOL[SLRE WKW HRP3R| PR FOG) G GAGLAV LR BIPYHW L
WKH VHFRQG DGVRUSWLRQ OD\HU RQ WKH 2RI XKH FXD Q F
DGVROEBGGY OLQROHLF DFLG RU VXQIORZHU RLO KDYF
DGVRUSWLRQ@D\HU >
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J)LIXUH JRXMEHBWUD RI WKH H[SHULPHXQYWDO VDPSOHYV
Rl IRRG DGGILMRPYSRYHWLRQV’
DxILQHSQAWSHUVHG SRZGHU RH IR QRGHMMA/RBLGBGRZHU RLO
GtQDQRSDUWLFOHYV RHIRRGHDE G LILMYK IHOPDRRSICFUWRIF® HY R |
DGGLWHYRRYHUHG ZLWK WKH VXQIORZHU RLO

,Q WKH VSHFWEP D RIGDQRBOVXQIORZFNKBRHE OEYRWE WLR
DUH REVHUYHG D VWURQJHUIED® G RIFBERXWZR OFPVYV LQV
EDQGV RI DERXSWDQGFP FMQG EFQG FP7KHVH
DUH WKH YDOHQFH B2 XIFMRXSBWEBQR RIQWKKH&YSHFWUXP RI

E D GRXEOH LV QRWHG WKHWKWVWHERQBS R BWKH D WP
ILUVW DULVHV DV D UHVXOW R | DMKHR GRRFFE LOQCCDALLERI)R | RS @
&2 ERQGV 7KH VHFRQG RI WKH SHDNV W RN4AL\O @/IRVWW. R B W \
&2 $V\PPHWU L R R\OH@RHD WH2 RERQ | RV KHK& FDUER[\O JUR.
DFLG DSSHDUHG RQ SMIDH GRXE @AWY RAQK W K H

,Q WKH VSHFWUDWKIHXMHBDUH QR VXFK EDQGV $QG WZR
DW BR) G KR IXUG DQG kPG KPJXUH ZKLFK DUH
FKDUDFWHULVWLF RIsSDQG H BOHRUFMD W KR A/ IO DT W.IQRADH |
ZLWK SRODUL]JHG 13V RI)IRKE HDESGAWLYH )H

7KH SUHVHQFH RI WKH EURDG DEVRUSWLRQ EDQG RI I
OLQROHLF DELGQ)WXHJHD®JIJH RPDVVRFLDWHG ZLWK WKH F

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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YLEUDWLRQV RI+WMKRX §X U rKeP @RQ EHIRUPDWLRQ YLEUDW|
2++ ERQG Rl WKH FDUER[\O JURXS Rl OLQROHLF DFLG DUH
$OVR \RX FDQ VHHFIUBPLQLWUHYSHFWUXP RI VRQIQBZHU
ZLWK WKH DGVRUSWLRQ R3 DQG RO RFH G ARUGD ¥KH XUBRA
RI IRRG DGBMXUYBIFHH WKHVH DEVRUSWLRQ EDQGV GLVDS
RQ WKH REVHBHAHKAGRRSV RQ WKH VXULDW HR IRIRW & HD BOALSA
YH2 ~ VAVWHP 7KHVH UHVXOWV FRQILUP WKDW ROHLF DFL
FKHPLVRUEHG RQ QDQRSDUXLAROMMHRI IRRG DGGLWLYH )H
2EWDLQHG UWWXGWHNVRRI, WKH H[SHULPHQWDO VDPSOHYV
VWXGLHV RI WKH SURFHVVHV RI DGVRUSWLRQ Rb+DWW\ D
@ FRQILUP WKH IRUPDWLRQ PHFKDQLVPV RI WKH ILUVW
DGEHWRH ZKLFK FDQ EH UHSUHVHQWHG E\ IRXU W\SHV P]
FKHODWLQJ ELGHQWDWH D®G>L@QLF LQWHUDFWLRQ )LJ
7KH GLITHUHQFHV LQ WKH ZDEHWQZXPBH W KHDDXMNR/E HW U |
V\P P HWWU VR UH VE BIDMVOLIRQLY R WK 8 E DU B R[GBR #tHIY R X SV
LQ WKH ,5 MEBXWBUXPDQ EH XVHG IRU WKH W\SH LGHQWLI
EHWZHHQ FDUEBL®LGMDPQG D PHWDO DWRP LQ SDUWLFXC
DGLWLYH )H
7KH ODUJHVW GHYLDWLR® RI*WKKPZDNRIUQKRBRQGAHG W
PRQRGHQWDWH LQWHUBEFW L R Qk PDAFE& FAOKCHV. B D O B IHMQ W D W
7KH PHDQ DYHUDJK GHYLRWLR®Y RKDUDFWHUIGMWLF IR
ELGHQWDWH LQWHUDFMWDRXH QWPKLY ZRUN WR HRU
VDPSOH # kPIRU WKHH DPSOHQGLFDWHY WKH ELGFH
H[LVWHQFH ZKHUH WZR R[\JHQ DWRPV FIRWRK B LFDDVER{E G UQ
YHUXP DWRPV VXUIDFH 2RQ DROARG MGVBILMOLH YHIXUHV
+HQFH WKH PHFKBQMWPLRLQDWQG IDW ELQGLQJ FDSD
DGGLWLYH 20DJQHWRIRRG/WYHRI WKH FKHPLVRIWSWLRQGR |
FDQ EH UHSUHVHOWWGR FARRK G BQEZWLRQ" PRGHO
i 7KH ILUVW D G \AREXSWWRQWEB\HHWD HFWURVWDWLF LQWHUD
OLSLGV ZLWK WKH LRQLPHGGEGR QRS BUMNQLGE OMK/HRFRRUG L
YJHUXP DWRPV RI 13V RRIRRGBKDOEEAIUYR XS RI 3K\GURSK |
KHDG  RI KLJKHU IDWW\ DFLGVY DQG WULJO\FHULGHV RI
i 7KH VHFRQG DGYRXISWIRQY IODHUHFWURVWEWE FHQWHUT
RI WKH ILUVW DGVRUSWLRQ OD\HU DQG K\GURFDUERQ V
RI IUHH IDW

ORUSKRORJLFDO DQDO\VLV RI H[SHULPHQWDO VDPSOH
7(0

SBDUWLFOH VL]H DQG PRUSKRORJ\ RQG[SKDYRHHADOVWD
XVLQJ WKH WUDQVPLVVLRQ HOHFWURQ PLFURVFRS\ 7 ((
GLVWULEXWLRQ IXQFWLRQ RI WKH SDUWLFOH VL]H LQ WKI

W LV HVWDEOLVKHG WKDW WKHN B4 D\WQ GL ¥ YW HRWQU Lk QAW
WKH VA\VWHPV Rl WKH H[SHULPHQWDO VDPSOHV RI QDQRS
JH2 DV KRPRIJHQHRXV ZLWK D ORZ GHJDHH HFIK$ RO & ID\ESH WA
RUGHU RI WKH DYHUDJH SDUWLBOH WQRHIRVY VREPSIRP SOH

“ QP IRU D vDxPGSDOH R1T QP

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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1DQRSDLCJ’&/£2:@PHDBHW I1DQRSDUWLROHVLQROHLF
O@ DFLG GLDEIBWHU
Z E
6DPSOH

'LVWULEXWLRQ IDQFWLR
WR QDQRSDUWLFOHYV

IDQRSDUWLROHV )H
VXQIORZHU RLOG®IPDPHWHU

F

J)LIXUH 'LDJUDPV RI WKH SDUWLFOHYVY GLVWULEXWLRQ LQ RUC
DxtV\QWKHVL]HG ILQH SRZGHA RI IRRG DGGLWLYH )F
ExtQDQRSDUWLFOHV RRIRRGHDGEGLAN WK QHQROHLF DFLG
FFfODQRSDUWLMBWOLWRRYRRBHUHG ZLWK VXQIORZHU RLO

7KH LQFUHDVH LQ WKH SDUWZR FLOH WK HH HR § HR' R B HIDGVEDLAV
DQG FRPSDUHG ZLWK WKH SXUHDBS®H IRRE 0BG WR DG
OLQROHLF DFLG D QBKWXQDQRIHW \RLBDORY VXU ITRBWILM R (
WKH WRWDO WKLFNQHVV Rl WKH G OLSLG DG¥RUSWLRQ
+ QP + QP IRU VXQIORZHY RLO ¥DP SOM
+ QP

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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(OHPHQWDO DQDO\WLV RI WKH H[SHULPHQWWDD\ VDPS
VSHFWURVFRS\ ?'0

8VLQJ WKWEHEFWUD 7DEOH WKH HOHPHQWDO FRPSRVL)
RI WKH FRPSRVIBW)IRQZOVSHBWDEOLVKHG

7DEOH
(OHPHEWHESRVLWLRQ RI WKH H[SHULPHQWDO VDPSO

([SHUL PHO Y (OHPH%WDOF ]
‘D[(D O Ll \/

W PSEEY $WR FZ)\ $WR FZ)\ $WR

6DP ¢ ; 5

6DP ¢

6DP ¢

2Q UD\ VSHFWUDHRILWHKGWDO VDPSOHYV WKH SHDNV

NH9 DQG DVVRFLDWHG ZLWK WKH DEVRUSWLRQ RI WKH NL
13V VSHFWUD RI| IRRAXKIDRXGDWH YRR YH UHGQZWWR PRBHGSHPR
DERXW NH9 DQG NH9 7KHVH DEVRUSWLRQ EDQGV
ORUHRYHU WKH SHDN DW NH9 FKDUDFWHULVWLF RI W
RI SXUH IRRG D G@PBIOMH MBSHFWWRDRBWKHLPHQWDO VDF
VKRZV WKDW )H 2 DQG & + FDQ QRW EH LQYHVWLJ
30L38B® RI IRRG DBGLWLYH )H
JURP WKH DQDO\VLV RI WKH WBEHHFW.WPH Q WW O | RGODONRI V
HISHULPHQWDIODWDPWRHVIROORZLQJ FKHPLFDO TXDOL\
FRPSRVVWEBRQKILIKO\ GLVSHUVHG SRZGHRUzRH IRRG@OGGLW
VDPSOGBDQRSDUWLFOHV Ra FRRGE UHIG ZWWKHONHD ROHLF
H K VDPSOGDQRSDUWLFOHV RI FRR & UMHGEG Z W K
VXQIORZH)H RLO 2 & ,Q WKH H[SHULPHQWDO VDPS
FKHPLFDO HOHPHQW & DSSHDUV WKDW L¥ EWSOQW LQ W
7TKH UHVXOW LQGLFDWHYV WKDDIW 1\8XFRHWRR KOG &N yWXH YH
DQG OLSLGV VDPSOHYV ZKLFK FKHPLVRUSWLRROHRQ W]
DEVRUSWLRQ EDQG RI DWRP & DSSHDUHGHMY WK DRI OW
DQG FKHPLFDO LOWHUDFWLRQ REZBEWHY WL KW RLQRIDAJWGEE
DFLG DQG ZLWK WULJO\FHULGHV RI VXQIORZHU RLO

&RQFOXVLRQV

7KH SURSRVHG RRIBHO RRRUZR.QDWLRQ™ RLGIMWVQDQC
SDUWLFXODU RI WKH OLQROHLF DFLG2RQVWHK HLVUXW DAV R:
OD\HU LV IRUPHG GXH WR WKH HOHFWURVWDWLF LQWHUD
QDQRSDUWLFOHV RI DREBGWKXGGRRREFEQHD VRL )H DWRPLF QD
RI IRRG DGGLAMMWKH 2RPHEQ@D JURXS RI 3K\GURSKLOLF KHDG
VHFRQG DGVRUSWLRQ OD\HU LV GXH WR WKH HOHFWURVW
ILUVW DGVRUSWLRQ OWMHW ORI KGIRFDUERQ

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\
([SHULPHQWDOO\ FRQIUD WHBELWRE (R KRQMVHPQRM RI QD!

IRRG DGGLWLYH RQ WKH ED GVVWRI L&BIOHMMMREK @Y RIHWUERVHC
WKH PRGBO\HZFRRUGLQDWLRQ’

|,

%\KW )RXULHU VSHFWURVFRS\ PHWKRG WKHOERRPHYBU S\
ROHRIOQROHQR\OJO\FHURO RQ WK H2VKIDVDEHHIB G RP RRR @/
IRU H[DPSOSHEWUXP Rl WKH H[SHULURRGWDAMBYZBRSBDUMR| 1
ZLWK OLQROHLF DFLG VDPSOH DQG VXQIORZHU RLO VI
FP VDPSOH DQ&DPSPM DQBDPSGRA DQ&DPSPM
ZKLFK DUH FKDUDFWHULVWIOQRI YWDMHHDAH \B\ P FRHAMMANA LR Q
WKH FDUER[\ODW H KH RXBV RI28W L RFP EDIQQR OMLF DFLG LV
VDPSOH D®B WWQIORZHU RLO LV LQ WKH VDPSOH F K
IOXFWXDWHRRQ/GE& GDVBES 7KDW LV WKH H[SHUXLLPLHHUW D (
VSHFWURVFRS\ LQGLFDWH WKDW OLSLGV OLQROHLF D
FKHPLVRUEHG RQ WKH QDQRSD U\W2 EQHW K\WHX B DJFER [R O DR
XVLQJ WZR R[\JHK® DWRROW LV WKH IRUPDWLRQ RI D |
FKHPLFDOO\ DGVRUEHG OLSLGV RQ WKH )®® Q R® MKML F C
VSHFWUD RI OLQROHLF DFLG H[DPSOH DQG VXQIORZ]
REVHUYHG ZLWKFBHDNWPDWG FP FP UHVSHFWLYHO\
DERXWFP 2Q WKH FXUYHV Rl WKH H[SHULPHQWDO VDP!
EDQGV DUH VKLIWHG WR D ORZWU IFRTXHQFFMMEBGWKH L
/ FP UHVSHFWLYHO\ 7KLV LV GXH WR WKH IRUPDWLR
EXW DOVR WKH IRUPDWLRQ RI WKH VHFRQG DGVRUSWLR
DGGLWLYH

7KH PHWKRG Rl VFDQQLQJ HOHFWURQ mKIHG RUFERS) BHW
DYHUDJH SDUWLFOH#VG]H“LVQPRURWDFRBREEOH' QP

IRU D VDPSGH RI QP

7KH PHWKRG RI HQHUD\ @BWEMWNRMARS\ WKH HOHPHQWL
H[SHULPHQWDO VDPISXBHYBER| VR/RKG IDHEGGSLVDPSOH  KLJKO\ G
IRRG DGGLW)INH )H 2 VDPSOH QDQRSDUVRLFOHV R
FRYHUHG ZLWK+PHQROHMLF DBRLG VDPSOH QDQRSDUWL
DGGLWLFRY)HUHG ZLWK+YXQIORZHU RLO

7TKH REWDLQHG UHVXOWY ZLOO DOORWDIR LWQLIP kD B WH. W

ELQGLQJ FDSDELOLW\ LQ WKH YDULRXV IRRG V\VWHPV WKI
IDMRQWDLQLQJ FRPSRVLWLRQV DQG WKH TXDOLW\ LQGLFDW

5HIHUHQFHYV

5DPDFKD@GYORDK +RQJ 3 OLFURQG QDQRVFDOHG PDW
VWUEWNMHG DSSOLFDWLRQV LQ LQQRYDWIHGIGYLIY® JRRE
6FLHQFH 7HFKSJR®RJ\

,ONKD 1 * %DUVRYD = 9 .RYDOHQNR 9 $ 7VLNK
7HNKQRORJL\D SURL]YRGVWYD L SRND]DWHOL NDFKHYV
P D JQ HWRIMMWIRFHONQRR SH\VNL\ JKXUQDO SHUHGRBYANK WHNKC
'UPRWD $ .R@DGIDVEN $ " PHFKDQLVP IRU WKH D¢
DFLGY RQWR WKH VXUIDFH RDVPBUQBIOAL B QG QRSHKINRLIRD

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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ODKGDYL 0 $KPDG O < +DURQ O - 1DPYDU ) 1DGL %
- 6\QWKHVLV 6XUIDFH ORGLILFDWLRQ DQG &KD
ODJQHWLF ,URQ 2[LGH 1DQRSDUWLFOGBROMHFRXOHNMRPHGLF
+ ar PROHFXOHYV
/LQJ = 5RQJ &KH®RQJ 20HLF DFLG FRDWLQJ RQ
PDJQHWLWH QBORCGDHWGO LEOHDFH B6FLHQFH jj$3686&
GRL M DSVXVF
&KHUQ\VKRRY@QXUBQIMPRYGIBUDQ $GVRUSWLRQ RI )DWW
RQ ,URQ +\GU R[LGHV IURRADSIIPHRXV 6RO XWLRQV
2 oD
7VAINKDQRYVND , $OH[DQGURY $ (YODVK 9 /D]JDUHYD
,QYHVWLIJDWLRQ ®HWIKH LRRL\BREHBWRUOXWHQ DQG 10
SRO\VIXQFWLRQDO IRRG VXSSOQMHMDQ WL }BiDE RLHVFEH Y G *
GRL
3DWHQW 8% .KDUFKRYD GR®DYND *0DKQHWRIX
'DQJ / 6 6\QWKHVLV VXUIDFH PRGLILFDWLRQ DQG
$GYDQFHV LQ 1DQRFRPSRVLWHYV
+DMGX $ ,00RV(( %YRBEDWK , 6XUIDFH FKDUJLQJ
DQG FROORLG VWDELOLW\ &R CPOR BBKW N D BQ RISDUWLF

6KHQ <) 7DQJ - 1LH =+ :DQJ <' B5HQ < =XR /
DSSOLFDRODLRHVRL R DPRSDUWLFOHY IRU ZBWWH3XWIHIU S
7HFKQRO]jj +

BNRSHQNR 9VLYD@XH G6DYUDQVNL\ / , *DUQRYVNL\ ¢
.RRUGLQDW VLR QRN B HNKL\LEBR Z

BWHHG - : $WZRRGBGXSUDPROHFXODPRKOKHPIMWULRQV /W
&KLFKHVWHU

BWHHG - : $WZRRGQFIFORSHGLD Rl 6XSUDPROHFNODU
'"HNNHU

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

$QWLPLFURELDO SURSHUWLHV RI WZR QDSKWKF
GHULYDWLYHV ZLWK F\FORDONDWVRACBUG®RK\GD Q
VRPH SK\WRSDWKRJHQLF DQG EHQHILFLDO PLFL

ODULQ ODULQRY OODGHQ 1D\GHQRY &
$JULFXOWXUD3ORYGLY

$EVWI

-H\ZRUGV , RGXFMLMRIPLFURELDO  SURBRIUWLHYV
1DSKWKRS\UD Q{3 RS\UDQGLRQH GHULYDWLYHV ZLWK |
&\FORDONDQHMWHMIGEKKWRISDWKRIJHQLF DQG EHQHILFLD
K\GDQWRLQV pUKYHVWLSMWMB@MEG LQ WKLV ZRUN
$QWLPLFURELD®WHULD®OWWKFEBEW WLWOH FRPSRXQGV DU
SK\WRSDWKRJIJHRGBRZLQJI D NQRZKH SIUMAHGEKOB® GLIIXVLRC
OLFURRUJDQLVPSSOLHG WR GHWHUPLQH WKH DQWLPLFL
VIQWKHVL]H® QS ERG WHWY ¥ KIHQ GQLVDLRO F\FO
DONDQHVSLURK\IG DRUHALMMKIG % X/MHKIHEU H U
PHWKM®G VWDUWLQJ FRPSRXQGV XVHG LQ W

EURPR +QDSKWER® S\UBRRQH F\FOR
DONDQHVSLURK\GDQWRLQV QDSKWKRS\UDC
$UWLFOH KLVWRENORDONDQHVSLURK\GDQWRLQV QDPHO\
GLR[R +QDSKWERB®S\UDQGLD]DVSLUR

SHFHLYHG > @RQDQGLRQH DQG

SBHFHLYHG LQ UHYLVWH®R[R +QDSKWER® S\UDQ

IRUP GLD]DVSLUR> G@REGHADQHH VIQWKHVL]HG DFF
$FFHSWHG PHWKRGY GHVFULEHG LQ WKH OLWHUDWXUH

5HVXOWYV DQG BGHNHAXQYWLROQFURELDO DFWI

SDUHQW FRPSRNXD 6V RIEQGE MWK H VINILDILDQW ARG
&RUUHVSRQGLQWKHQDKVDULXP R[DVYFEBUKKRGHUPD7DVSHUHOC
DXWKRU WKH *§BWVLWLYH %DFWHWXXPDP\OROLTXHIDFL
DQG WKIQHIUDWLYH ;DIPMWKHRAK®DV %G LFDWR
ODULQ ODULQRY yyEVWDQFHV H[FHSW WKH LQLWLDO VSLUR
%E%LBOPDULQRY KH PLFURRUJDQLVPV VWXGLHG :LWK UHJD
XVFHSWLEOH DUH WKRVH RI)XYOWLRSED WK F
DEY EJ R{\WSRUXRH HIIHFW LWKGILFDMHRQWEILERO DJHQ\
7ULFKRGHUPD7DVSBUM®®XPLRQ WR EHLQJ Z
WLPH WKH IXQJXV RYHUFRPHV WKH LQKLEL

FRYHUV LQKLELWLRQ JRQHV ®LRJRBG\ IRUPHC
QDSKWEKBS\UbP@ GLDJDVR> @GGERQH
VKRZV WKH KLJKHVW DFWLYLW\ DJDLQ
PLFURRUJDQLVPV ZKLOH KDYLQJ D UHODWL
7ULFKRGHUPD7DVSHUHOOXP
&RQFOXVIKRIQEFURPR + QDSKWEBS\UDQ
GLRQH GLR[R + QDSKWKES\U bW
GLD]DVSLUR> GAGREDQBIQGGLRI[R +
QDSKWR®@S\UD® GLD]DVSLUR> G@RBEHADQH
‘2, SRVVHWWHGKLIJKHVW ELRORJLFDO DFWLYLW:!
PLFURRUJDQLVPV

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F



JJJ)RRG 7THFKQ@RDRJ\

,QWURGXFWLRQ

7KK\GDQWRLQV LPLGDJROLEWQWEQROHZLWK D EURDG V
DFWLYLWUHQW GHULYDWLYHV RI VXFK FRPSRXQG® DUH N
7KH DQWLPLFURELDO DFWLYLW\ RI YDULRXV VSLURK\G
LQYHVWLIDWHG TUHY WRIORVWMKGLIHY RI RXUV 6RPH RI WK
SUHVHQFH RI VXFK W\SH RI DFWLYLW\ DUH VKRZQ LQ ILJX

1+

1\’/ I\‘/G
- % /
E

N
( |
i ) i :
TOK VO

. b

J)LIXUH 6RPH ELRORJLFDOO\ DFWLYH VSLURK\GDQWRLQ

7KH F\AFORSHQMABORWRAUIR]|DVSLUR> GARROGDQHMJIXUH [
F\FORSHQWDQEBVWKURK\GD@WRDYSLUR> GA@KQBQH ILJIX
E DQBPLQRF\FORBBOQBAIQLF DFLG ILJXUH F LKFKDEBO/KR
DFWLYLW®DXPHQYVW WUDWIWQMKFHDW SRZGHU\ PLOGHZ >
FRPSRXQGV ZQWHKGSIXRIRRKLGDO SURSHUWLHYV DUH

GLR[R + QDSKWEK®S\UD® GLD]DVSLUR> GRA®RGDQH
JLIXUH J DQG

GLR[R + QDSKWEK®S\Ub® GLD]DVSLUR> G@BEBFRDQH
ILIXUH K

YRWK SURGXFWV FRWNKMHHINHUP\L QORICR O BGIWEBRZQH QD
URW FRQLGLD > @O DMWPR IHID WG BMFERDHD &R RQ\OR WVDIGH
F\FORSHQW\O GHULYDWLYH ILJXUH J 720-/DPRXRG WR

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

IOXRUHQKVERQW MR QRVSLUR> LPXRBDHRGIL GLRO@ ILIXUF
G H[KLELDN GGV WQ@EWHNFWLYLW\ DJDLQWWMYW KBHX PW BB L
(VFKHULFKL@FRRQWUDVW WR WWHZ B VD PROOHG DREERW KNG D W
IOXRUWBQLMWR GLWKLRK\GD (PMRLKQ OV SLURLPXRLROHGLQH
GLWKLRQH ILJXUH H VKRZHG DQWSRUEWHYH DED HWI
BWDSK\ORFRFFXVQGBPBHR® XV WXEWAKHLY GLR[R
GLD]DVSLUR> 0 @OHKFHW KRPR GLK\GURDSKWK\ULGLQH
FDUER[DPLGH ILJXUH | SRVVHVVHG D FHU®RVIQWLY W LOEQX
*UDPHJDWLYH EDFWHULD > @
7KH FXUUHQW @RURXDWRRFQ Rl WKH ELRORJGRRPRDFWL
+ +QDSKWERK®@S\Ub@ GLD]DVSLUR> GAGBROGDOQHIXUH J DC
GLR[R + QDSKWEKB>S\UD® GLD]DVSLUR> @LRGIEDQHXUH
K +HUHLRUHMHQW D VWXG\ RI WKH DQWLPLFURELDO DF'
EDFWHULDO DQG IXQJDO FXOWXUHV RI SK\WRSDWKRJHQLTF

ODWHULDOV DQG PHWKRGYV
6\QWKHWLF FRPSRXQGV

$00 FKHPLFDOV XVHG IRU WKH VI\QWKHVLYV $DHIUH B UF
7TKH PHOWLQJ SRLQWV ZHUH GGIWHWMPIOQ R B8 OAN MQKJI 5 BRIOQ W
HOHPHQWDO DQDO\WLYVY GDWD ZHUH REWDLQHG ZLWK DQ
SXLW\ RI WKH FRPSRXQGV ZDV FKHFNHG E\ WKLQ OD\HU FI
PP OHUFN SODWHV HOXHQW V\VWHPV YRO UDWLR EHC(
SHWUROHXP HWREXWDQRODQFHWLF DFLGS5 Z®RPNWFMWWLUID ZHU
UHJLVWHUHG LQ .%U SHOOBWWHRRWD RREWHU )UXNHU 2S
FP WR "PW UHVROXWLWRK MEEFDQV 7KH 105 VSHFWUD 7
%UXNHU '5VSHFWURPHWHU RSHUDWLQJ DW DQG& DQG
UHVSHFWLYHO\ XVLQJ WKH VWDQGDUG %UXNHU VRIWZD!
WHWUDPHWK\OVLOBDRWXUHB H QWKE RO XOW2RQV ZHUH FDUU
DPELHQW WHPSHUDWXUH + 10\s VBHE WB DR GIHW IHR G O/ U

V UHOD[DWLRQ GHOD\ . WLPRPO KRR Q .SKIDQWVS XBVR Z
ZLGWK RY & 105 VSHFWUD SXOVH ZLGWK 2 V UHOD[DW
SRLOQWWJBHER WR H AHKDVUKG SXOXOVH AW WKSREZHU OHYHO
EHORZ WKH PD[LPXP RXWSXW

OLFURRUJDQLVPV

%DFWHULDO DQG IXQJDO FXOWXUHV RI SK\WRSDWKRJH
XVHG WR VWXG\ WKH ELRORJLFDO DFWLYGEWAHBH WWKHH
SK\WRSDWKRDMWQKP R [D\QIR WRR B B RTU DRKIRGHUPD DVSHU
7 7KH *SRVPLWRLNHOOXV DP\ORGL KOHIDFLMWEWH DELOLW\ WR
JURZWK DQG WR UHVWULFW WKH GHYH®®RSEEWQID R K RJI® DD
WKH *QBPDWILQYWKRPRQDV ZHHWH FOWRI LDV EDFWHKHDO WHE
PLFURRUJDQLVPV XVHG LQ WKH VWXG\ ZHUH IURP WKH FI
WHFKQRORJDHW KRFRSQD V WH QIFOWERWRNYL GIMVEL D 9DVLOHYLC
ODULWVD 9HJHWDEOH &URSV 5HVHDUFK ,QVWLWXWH 30R"

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F



JJJ)RRG 7THFKQ@RDRJ\
%LRORJLFDO DVVD\

7TKBJDU ZHOO GLIRDODAM PG PHWIGRE R GHWHUPLQH WKH D(
FRPSRXQGVY D ERQ WKBEDBDFEVHULO® DQGFXXEDIW>RQV ZHUHK
RQ WU\SWLF VR\ DJDU 76% %LROLIH IRU WKH EDFWF
OHUFEN IRU WKH IXQJL 7KH DJDU SODWH VXUIDF
—O RI WKH PLFUBEMXY W@RBFHEBRRPHPO®/ HFOX SHU PO ZLWK VYV
ZDWHWHQ D KROH ZLWK D GLDPHWHU RI PP ZDV SXQFKI
ERUHU DQG D YRDRPMWRH GLPHWK\OVXOIR[LGH '062 VRO
FRPSRXQGV LQ FRQFH@®Y® WUDW LIRRWRIRGXFHG LQWR WKH ZH
LQFXEDWHG LQ WHRUPRROV/OVPWFDRRUJIDQLVPV 7KH LQKLEL\

DW DQG K 7KH LQKLELWLRQ JRQHV ZHUH DQDO\JHG X
VRIWZDUH

5HVXOWY DQG GLVFXVVLRQ

7KH VIQWKHVLYV RI WKH WLWOH QDSKWKRS\UI
F\FORDONDQHVSLURK\GDQWRLQVIZODODMFDUULHG RXW DFFR

2
gt e ) )
1+ O +%U
] , @

DQ E Q

JLIXUHB\QWKHVLY RI QDSKWKRS\UDQGLRQH GHULYDWLYHV ZLW

7KH F\AFORSHQKMBDORWBRIURQG F\FORKHKICDRDEWRLWR E ZH
SUHSDIUWHGH % XAKHUMHWKRG > @ 7KH VIQWKHVLVIZDV SHI
F\FORSHQWDQRQH DQG F\FORKH[DQRQH ZLWK VRGLXP F\D

7TKHEURPRQDSKWKDOLF DQK\GULGH ZDV REWDLQHG
QOQDSKWKDOLF+DRAEDGEKWARHES\UDQ@LRODMH DFFRUGDQFH ZLWK *
HVO> @

7KH LQWHUDFWLRQ RI F\FORDONDQHBMSRPRXDGRQYWROQN
DQK\GULGH OHG GLWRR + QDSKWEKRSS\UDbm
GLD]DVSLUR> GARRGBDQMH DER[R + QDSKWEKE-S\U b

GLD]IDVSLUR> GCGRRBEG@HADQH IRUPDWLRQ > @

7KH FRPSRXQGV FLWHG BHRWHFKWOHMHD ABWDHEOHHG E\ SK\
SDUDPHWHUV HOHPHQWDO DQDO\VLV ,5 DQG 105 VSHFW!I
DDDO\WHY PDWFK WKH OL &WHUDWXUH GDWD >

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

7TDEOH
&RPSRXQGV XVHG IRU WKH ELRORJLFDO WHVWYV
1DP 6\Q W K
BWUXFWXUH | 8348 \WWHPDWLFSQRFHGXUH
12 &\FORSHQWDQHVSLUR
5 \( K\GDQWRL(
1+ 'LD]DVSLUR> | @ 3rR&DoH
4 GLRQH
+
122 &\FORKH[DQHVYSLUR
c K\GDQWRL(
1+ 'LD]DVSLUR> | @ @HPploH

GLRQH

. O Va %URPRQDSKWKDOLF
/o DQK\GULGH
2 % UR PR + >
QDSKWR®@S\UDQ
GLRQH

@

'LR[R+ +

QDSKWEK @S \Ub®

GLD]DVSLUR>
GLRQH

@QR®

DQH

—~I
N

m
+
¢£
N
(N

'LR[R+ +

QDSKWEK®@S\UDb®

GLD]DVSLUR>
GLRQH

acHEDoH

2 O
2

,QWHUQDWLRQDO 8QLRQ RI 3XUH DQG $SSOLHG &KHPLVWU\

7KH UHVHDUFK RI V\Q WHKHDVYFBERVHX D\ DY IDAVAMMBIRK WAL R S Y W |
YHULILFDWLRQ RI WKHLU D FWKRQP IXID W)R/\8 OFDLGFW R R DID @
PLFURRUJDQLVPV LQ FRPELQDWLRQ ZLWK ZKLFK WKH\ FR>

,Q WKLV SUHOLPLQDU\ VWXG\ EDFWHULD DQG IXQJDO
DJULFXOW XMHOVSIORIGWHGE 7ZR SK\WRSDWHKRXQQXV PIQF3JRI
EDFWHULXP KDYRKEHR®Y KHLD WRZ\R HPG. F Z RHEUHIDHY L ¥ P U OV EI LY B/
DQG IXQKIMWKIDWELOLW\ WR FRQWUR G560 Q@BWGEL VTHDR V HVHI
WR DQ LQFUHDVH LQ WKH D XDIQAXIOMWXDP® BXIRGLVFWR/I W K F

‘DQWKRPRQDVLYVHY DBWRWLPH HKDBEHIGFEDRWHULXP WK
OHDI DQG IUXLW VSRWYV RQ S K&SBHIVLVFDRFE WARR2 DGHRMVL Q W
DQ&DSVLFXPZLQJ DUHDV LQ I IZR U BIAYEID LEVY RSRW LV FR

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

VHULRXV GLVHDVH %DFWHULDO VSRW OHVLRQV FDQ EH R
GXULQJ DOO VWDJH® RD YRUDEWH ZRIDMKHU FRQGLWLRQV
FDXVH ODUJH DWHDKLRHFIKXRWRSHVLRQV DUH RIWHQ RQ
SURGXFW TXDOLW\ LQ WHUPV RI IUHVK FRQVXPSWLRQ DQ(

)XVDULXP R[LVSRURBOBKRIHQLF IXQIXV RI ZRUOGZLGH
7KH SDWKRJHQ HQWHUV WK®IGSD\D @MW HOK VKX B0 GV WH WRRRW
WKH YDVFXJBRUVVAX@H® FDQ FDXVH VHYHUH GDPDJHV WF
IORZHUV DQG ILHOG FURSYV

)XQJL IURP WHKH FRIOXYGP EDFWHULD PR KB JEHHQY
ZLGHO\ XVHAAXQOWKH DY ELRFRQWURO DJHQWYV 7KH\ SF
DQG*DELOLW\ WR LPSURYH SODQW KHDOWK DQG SURWHF
LQFYHDVH WROHUDQFH WR EL&WLF DQG DELRWLF VWUHV\

70H DQWLPLFURELDO DN WIRASWRX @G WD GRIBKFY V  ZD \
LQYHVWLID\VQNGD YWKHD ULXP R[DWQIRURKRRGHUPD 7DV SHKWH O O
*UDBRVLWLYH%DFMWOHOUM\KPP\ORGLI @8 | VRHHIDVWYR YH EDFW H
‘DQWKRPRQDV WHH\HL FDKAHR BODVEHP HVER GKH SOHOMKOWYV R
FRQEXFWHG WHVWVY DUH SUHVHQWHG LQ ILIXUHYV

'LDPHWHU RI LQKLEL

0
7ULFKRGH|§1|§’\/ DRFéLO'IFXXHVFg HIDﬁiLX P, DQWKRPRQDYV
DVSHUHOP PQ $ \ UXP YHVLFDWRULD

m&RPSRX(
O&RPSRXQ
B&RPSRXQ
O&RPSRXQ
O&RPSRXQ
ODO&RQWURD

D
E

D
E

QDIOODO[D

7THVW PLFURRUJDQLVP

JLIXUH ,QKLELWLPRMXKHRQYHYWFPXRVWDQFHV

$00 VXEVWDQFHV H[FHSW VDD EQV.KRD O PWGIL VLRI \ GADRQA
VWX®@LFGRRUJIDQLVPV :LWK UHJDUG WR WKH WHVW I[IXQ
SK\WRSDWKRJPMFULIIFPFRHVSRUXP

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



YLIXUH

JJJ)RRG 7THFKQ@RDRJ\

7KH HIIHFW LV GLIITHUHQW LQ '
FROQOWURO7 UKRGEGHWPD DVBHUHOOX
JLIXUH ,Q DGGLWLRQ WR EHL
WLPH WKH IXQJXV RYHUFRPHV Wt
DV LWV JURZWK FRYHUV LQKLEL)
IRUPHG

'LWK UHVSHFW WR WKH WHVW
ELRORJLFDO DFWLYLW\ RI FRPSRX
WKH KLIJKHVW RI DOO WHVWHG
&RPSRXQG E VKRZV WKH KLJKHVW
SK\WRSDWKRJHQLF PLFURRUJDQL
D UHODWLYHO\ ORZHUFKREBRWPDJ
DVSHUAHOGKHA UHPDLQLQJ VXEVWD

2YHUFRPHG LQKL@ IWRBLB IDHFAFWLYLW\ DIDLQVW YD!

E\TULFKRGHUPD DVSHUKRBZKWN HU WKHLU FXPXODWLYH

O
GRARW GLITHU )WRKWHH

$FWLYH FRPSRX

&RQ
&RPSRXQ
&RPSRXQ
&RPSRX
&RPSRXQ
&RPSRXQ

PLFURRUJDQLVPV DUH DSSUR[LPD
FRQWURO

(0]

'LDPHWHU RI ,QKLELWLRQ ]JRQH F

m7ULFKRGHUPD DVSHUXWDBIX®POXY DP\OROLTXHIDFLHQV
O)XVDULXP R[\VSRUX2;DQWKRPRQDV YHVLFDWRULD

YLIXUH

&RQFOXVLRQV

& X P X ODWWYHIR P B WXOQUBEN QMW FURRW IDQLVPV

KHQ FRPSDULQJ WKH DFWLYLW\ RI WKH RULJLQDO DQG
WKDW WKH

LQLWLDO PDWHULDOV SUDFWLFMMXK®\ WRV®QF
PLFURRUJDQLVPV

7KH VIQWKHVL]HG VXEVWDQFHYVY H[KLELW ELRORJLFDO D

$V VXFK WKHVH DUH RI

LOQWHUHVVEGRS LIKW W KMKWH KLV K B U\

ZKLFK LV WKH RQO\ VXEVWDQFH WKD/QWEBR MR QDM Y H\FIDRD
$QRWKHU LPSRUWDQW REVHUYDWLRQ LV MRQDWI WE HD DHFC
7TULFKRGHUPD " VISHUH{ ®SWOE\WRWHRS RUDUN JURZWK UHWHQWL

RYHUFRPH E\ WKH

IXQJIXV

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

7TKH ODWWHU FDQ EH XVHG LQ WKH MRLQW DSSOLFDWLF
FROQWURO DJHQWM RKRAGRH MEKHXK ¥ RQWURO RI SODQW GLVH
RVDIH SODQW SURGXFH IRU FRQVXPSWLRQ DQG IXWXUH S

$FNQRZOHGJIHRHD@WYDO VXSSRUW E\ WKH $JULFX
30RYGLY %XOJDULDLWRQDMWBRVWO\ DFNQRZOHGJH
JUDWHIXO WR 3URI 1 6WR\DQRYGLSOAIVBGRQRU VW

SHIHUHQFHV

'ROI & 1 /LIHWW : % )XQJLFLGDO FRPSRVLWLRQ RI D
FRQVLVWLQJ RI SRO\PHWK\OHQH DQG 8QaMDHIGOs WDIMBH V 3L
<

&UHPO\Q 5' - (BGLDV 5 6 *HRJKHJDQ 0 - $ %UDXQKRO!
7ULFKORURPHWK\@@LUWRE\6WQWRV@DWHQW «

)XMLQDPL $ 2]DNL 7 +RULXFKL ) <DPDPRWR 6 $NLED
1RGHUD . .DPHGD % “LKDORJHQRSKHQ\O GRIRGM REHLLALYDW L
8QLWHG 6WDWHV 3DWHQW «

6DXOL 0 6 XENMWQVWOXMAIBEG QWRLQV Y\DH.NX B GD §'W B O H\F 136 M
6LQJHU 0O +HUELFLGDDO @G RUR HIW R ILBBGQ R
SRO\KDORYLQLPLEDRPROL BOQWGIGRQWDWHY 3DWHQW «

+XEHOH $ ,PLG®JRQHGEBHLYDWLYHV D Q%Q WK H G U6 W\DHV B
3DWHQW <«

(QGHUV ( )URKEHUJHU&RPEDWLQJ I®QID NWOK GBIQR R
LPLGD]R BQ&MWHE 6WDWHYV 3DWHQW «

BRQQWDJ 1 2 9 +\GDQWRLQ GHULYDWLYHV DQG EURI
FRPSRVLW L RBQ@W WHKG BMROIWHY 3DWHQW «

BKX0O0 6 ( %HQQHWW ( 2 $QWLPLFUREDO K\GDQWRQ ¢
XVBQLWHG 6WDWHV 3DWHQW <

SHQW]HD & 3RPRDBSHY & - =HHK%bLWULKDORPHWK\OVXO
LPLGD]ROGIQRHB B Y W HKEV 63DDWWH Q W <

=DLGL 6 0 0 6DWVDQJL5 . 1DVLU 3 $JDUR\F®HBDFMZDILDC

K\GDQWRDQWD]LH%

$VDR 6 <DPDPRWR 6 +LVDGD < 1DND\DPD < 7DND\DPD
FRPSRXQ®MK HRQGSURG XEQILVR B GD QG DXWHIY 3DWHQW «

+XEHOH $ ,PLG®JRQHGEAHLYDWLYHV SURFHVV IRU WK
PLFURELFLGDQXDRSHIDRD BDLWEQW $SSOLFDWLRQ « $
7DND\DPD & )XMLQDPL $ .LULQR 2 .DWBFWLYLW\4XBQBDW WA
RI DQWLIPGIDO GLFKORURSIKMM@D]ROLGERKGQRQHRI 3HVWLF
6FLHQFH SS*

7DND\DPD & ,PDMR + KILWDQR %DWDWNLV 6 BWHULF HIIK
VXEVWLWXHQWY RQ WKB QW GIXRXIDRURSIKHWAB|RRLGLQHGLR
-RXUQDO RI 3HVWLFLSES# 6FLHQFH

ORRUH - ( B6XEVWLWROAKGORRBGND\QWR QR XQUWHGS BWDWHYV 3L
<

7DND\DPD & .LULQR 2 +LVDGD < )XMLQDPLDBWLYLW\ 4X
UHODWLRQVKLSV IRGLPKRQWAURGKPGED]RO L G$ QHGEXOQWHUDO D
%LRORJLFD\O &K H LSV U

&KDQ) + 6XEVWLWK®BIROLGLQHGLRQHYV DQG8QX@UHELGD
BWDWHV 3DWHQW <

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

ORKDPHG $ 6KDYQHI $ 0 $PPDU < $ @BHQWKHVLY DQG DQWLP
DFWLYLW\ RI LRRGIRD L GIKIHIRQHY

6FKRHQEHUJ 7 * $QWLPLFURELDO SUHVHUYDWLYH \
IRUPDOGHK\GH VXE\BWLWX\E HGV RVEID\D WRWHQW <
*RHV $ - 'H /LPD 0 & *DOGLQRXBF/& 3LWWIHWKHVLY DQ

DOQWLPLFURELDO DFWLYLW\ RI VXEVWLWXWHG IOXRUREF
LPLGD]ROLGIRXHI®IRNDBW 3KDUPDFLISSGHH %HOJLTXH

/ILPD 0 & &RVWD ' / *RHV $ - VBRIBEQ@R 6 / BLQWKHYLY C
DOQWLPLFURELDO DFWLYLW\ RI FKORUREHQ]\O EHQ]J\OLGHQH L

WK LD]RO L GIK@HIGPLDR RHS 'S +

ODUWRQ - (QLV] - +RV]WDIL 6 7LPDU 7 DFWLBIUWSRUDW
VXEVWLWXWHG K\GIVWKW R LIDAOIEBY® KHLEJULFXOWXUDO DQG
Ss

+VX $ & 7 6KDEHU 6 + OLRKRGRWWRSPUJ\O K\GDQWRLQ
FRPSRVLWLRQV SUHBRWRWILRQR DD MWEHE@MDW HY 3DWHQW <
$OEXTXHUTXH - ) & B5RFKD )LOKR - $ %UDQGDR 6 6 ) /LF
6 / 3LWWD , 5 &KDQWHJIUXP & 3HUULQWIQHYLV/XODQG DQV
DFWLRILWXEVWLWXWHG LPLGD]ROLGLQHGRRBRUNDF@S+WKLR[RL

/LQ - :LQNHOPDQ & :RUOH\ 6 ' %URXJKWRQ 5 0 :LOOL!
WUHDWPHQWXRIQDO RQ $SSOLHG 3RIBPHU 6FLHQFH

6]\PD VND ( .RQR®RZLF] . %LD&HFND $ .DVSURZLF] $ '
RI DU\OLGHQH DURPDWLF GHULYDYDLURDFBISK\GDQWRLQ 3DU\
.DJLVND $ - &]XFIJDN O ) /HPNH ' : 6 >0V WIORSRNA WHRE
LQFOXGLQJ D SDUWLDOO\ KDORJH@DLWHG 16 VED\@ MAR @G DINGHR Y
3XEOLFDWLRQ < 86 $

%DUQHV . /LDQJ- :X5 :RUOH\6 ' /HH- %URXJKWRQ 5

DQG DQWLPLGUREWDRWWENW HEHBKYSWULHWKR[\WLO\OSURS\O K

%LRPDWHU ISBOY

&KHQ = 6XQ 4 +DODHDIMHG DQWLPLFURELDO DGGLWLYHV IR

FKDUDFWHUL]I]DWLRQ DQ® ®GXQWNPLPORELDIXR OHAMMLLYQWE&KHPLV

SS +

$SEGHW\ $ + SBHVWLFLGDO HIIHFWV RI VRPH LPLGD]ROI

:RUOG -RXUQDO RI $JULFX™®XUDO 6FLHQFHYV

ODQGDO % .ULVKQDQ 5 6 3DQUXHOXQDBHDVXDQGDO $ %

GLPHQVLRQDO VXUIDFH SURSHUWLHV RI| 200V B QWILPX AU RERHD

H[SHULPHQWDO DQ&RMXAHRIUGMWVD RBO6 XWPNDEHVSS + % LRLQWHUID

.RFHU + % "RUORIXBKWR@ 5 0 +XDQJ 71 KDODPL@HQR¥HWDP

PRQRPHU DQG LW\DRMIARQFRIREEBDBEMRDYWL QXWFWLR@ESHO 3RO\

+

7DQ / ODML 6 ODWWKHLV & & KHQW4 P LRWDREZIDDBKHGD Q W R

SROFDSURODFWRRSHOQEWQ U LSRO\PHUL]DW LR Q) IMRUR FFROALIFRNX BBk

%LRVFLHQFHSS +

ODULQRY O *DQFKHY ' I1ILNRORY $ ODULQRYD 3 .UXVWHY
,Q YUWQR FLGDOFDFORYH QYW RIEDMEBEWBRQ DQG LWV GHULYI

%OXPHULDIJYVBRILOMDNEEXOWXUDO $&. HQFHYV

ODULQRY 0 *DQFKHY JUHQNHYD O BURGDQRYD 5

QDSKWKRS\UDQGLRQH GHULWXWGEY QW RLYK FRFONRKDHOWN.D/Q HFK B

IXQJLFLGDO DFWRYQLWL DN REAIWGEXHOQWDX UDHO3BRYGHY VIBWLHQW

'RUNY;, SS+

ODULQRY O *DQFKHY ' SURGDIOARYAD O DFWLYLW\ RI VRPH VS

WKHLU GHULYRBWLRDYPARSWRDDYVIGNLFROD -RXUQDO 6FISSBQWLILF

+
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ODULQRODUZQRY 0 )HRGRURYD < .DJDNRYD 0 *HRUJLHY
6WR\DQRY 1 6\QWKHVLV F\WRWR[LFLW\ DQGDFL@WLEDFWH
IOXRUHQHK\VELQOBRRRYWHY UHQGXV GH O $FDGpPLH BX%OJDUH G

0DULQRYIDULQRMRGRURDPDNRYBODYFK®HOD]KHYDUD®ILDQ
1ILNRORBWR\DDRY 6\QWKHVLV FKQ UDBWWR & IROLLRIQUD W L
DQWLPLFURELDOPHWK\G) X RIMBQLMW R GLWKLRK\GORQWRE®
7HFKQRORJILHS St
ODULQRY 0 .RVWRYD , 1D\GHQRYD ( 3URGDQRYD 5 O0DUL
6\QWKHVLY DQG DQWLPL¥FXNREWD & XVF WE YA\RNERHHYRE 6 V S
GHULYBQLYHYVLW\ RI 5XVH *$QJHO .DQFISHS% 3URFHHGLQJV
0DJDOGL 6(VWODWD 6 +DUWXQJ GH &DSULOHV & 3HUH] &

2QWLYHURV < 'HOO GLIIXVLRQ IRU, QW WU QUQN DRQDXV FRS
,QIHFWLRXV 'LVISEVHV
9D0OJDV & DGH BRJPKQLD ( ) $ 6PkQLD -U $ BFUHHQLC

DOWLEDFWHULDO DFWRERULINL @I P WRMIDID 6 URBBEHHFWRELROR J\
%DORXLUL O 6DGLNL O ,EQVRXGDY4 VHYB O X DWMHRYLIk B®Y LIIRW
DFWLYLW)\ -BXUHYDRB RI SBKDUPDFHXS/8£t FDO $QDO\VLV

%XFKHUHU + 7 J/LHE 9 $ hEHU GLH %LOGXQJ VXEVWLV
NHWRQOWKHVH YRQ KRS DQNRLQUHUDNWLVEFKH &KHPLH
*UD\WKDQ 3 + .DGKLP $ 0 B3HWHUV $ 7 +HaV BBURF\F O |

GLFDUER[\OLF DQK\GULGH 3DUWee, & L FOHIE]RHFWIOGE VWK RR[D
+HWHURF\FOLF &KIEPLVWU\
(QFKHY 9 6WR\DQRYY 13RSB8BWMB Y .DVKFKLHYD 0 $OHNVLHY ¢

&RSSHU ,, FRPSOH[HV RI VS LURKQBRPRMAID@DY D6QGVWAKSHHIWFIWU RV |
6WUXFWXUDO &ISIBSP LV W U\
I1D\GHQRYD ( SHQFKHYD 1 3RSRYD - 6WR\DQRY 1 /D]D

$PLQRGHULYDWLYHV RI F\IFORDONDQHVSLURK\GD JDVURDFWR V\(
SS =

ID\GHQRYIDFKGRURY FJURHY 6\QWKIHYE& FKDUDFWHUL]DWLF

F\FORDONDKQBDRWHRL Q SKRMSKWRIKAUXNLBKXOIXU SBQG& 6LOLFR

-RQHV -%RXIDWBWDOO $DPLUD SREBHUWVHRZHQ %6XGEHUU\

- BWULFNOBIKX® 0 6\WWHPDWLF DQDO\V LIVQRIK FORFGOR/P R Q D
DVVRFLDWHG ZLWK SHS SHW HU@® WRPQDVR -RKVIQDMVRI 6\VWHP
OLFURELRORBSB #
3RWQIIZVPILOVBQMD B\EKDRQW KBWNMN3DUHWID FODGRQHV -

% %DFWHULDO VSRW RI WRPIMWK RREEBNS 8 HAL WKL B HAL\GHH
RI YLUXOHQFH IDFWRUV SRVQROHF X8 D 0 GDIEHVF BB R QR B\

OLFKLHOVH & % 3BH\EKRJIHQ SURNVOH LXPGRWRRHFPXO DU 30D Q
3DWKRORJ\SS =

*X]RQ*X]RQ 3 3RUBR¥RVR 0 'ORDMPAGR MAVUUHOOD $
7ULFKRGNSPABLHY YHUVDWLOH 3XOWRSD WWPGRRQWOH DW
KWWSV GRL RUJ 35972

ALDR4-:X +- +XR 35DR ; %RUULVV 55WLPXODWLRQ RI SODQW
ELRFRQWIDEQ OB XV DP\ORXENMS BHQOFREUWRRHQILQHHUHG IRU LP.
DFWLR®HPLFDQG %LRORJLFDO 7HFKQRORJDMDLOWDEOBJIUD]
KWWSV GRL RUJ Y%

%RUULVV 58VH Rl DODRMDWHBONDLQV DV ELRIHUWLOL]HUV
DJHQWV LQ DJQLFOMOKWMYXKHADWADFWHGNMREIQRM®RI\ SODQW Jl
UHVSR@SHYQJHU %HUOLQ +HLGHOEHUJ
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'"\QDPLFV RI PHFKDWURQLF IXQFWLRQ PRGXOF
IORZ WHFKQRORJLFDO OLQHV LQ IRRG SURGX

ILXGP\OD .UD 9RORGLQD 20HNVE
BHUJLL 9RORGLQ 7DUDV +QDWLY

IDWLRQDO 8QLYHUVLWI ALY 8N

$EVWI

.H\ZRUGYV
S, QWURGXKWLWRVNY ZHUAK ERKQ WUGFHHUHGD W
)JIXQFWLRQDO WR WKH ZRUNLQJ ERGLHV IRU WKH DUWLILF

ORGXOH DFFRUGLQJ WR WKH VSHFLILHG PRYHPHQW C
3DFENLQJ WKH LOQOWHUPHGLDWH SRVLWLRQV RI WKH NL
(OHFS\QHRXPDWLF ODWHULDOV DQG7KMHWKRGIDWRUV  G\QD
$FWXDWRU FKDUDERMWHDIQ\GNFRQWURO V\VWHP RI SRZHU
SEEXUDEF\ HOHBEWHRPDWLF DFWXDWRUV ZHUH UHVHDU

PDWKHPDWLFDO DQG FRPSXWHU PRGHOLQJ

RUGLQDU\ GLITHUHQWLDO HTXDWLRQV DQG .
DQG PHWKRIDRILRRUDGDO\VLYVY ZHUH XVHG

$UWLFOH KLVWRU\S5HVXOWY DQG 7TGHHY BDXAWD/AWQLFDO GHSHQG!
GHWHUPLQLQJ WKH NLQHPDWLF SDUDPHWH!

5HFHLYHG PRYHPHQW ZLWK WKH PHFKDQLVP RI FROOLV
S5HFHLYHG LQ UBQUIVARDWLF DFWXDWRU DURRCEHND RQ HAGK H7 K
IRUP DFWXDWRU LV PDWKHPDWLFDOO\ WHVWHG C
$FFHSWHG FROOLVLRQ PHFKDQLVP ZKLFK LV DSSURJ[LPI

LV REWDLQHG 7R DQDO\]H WKH ORDGLQJ SU

WKH SRVLWLRQDO DFW X DW RUF RAJWWHURROGH\V \R
&RUUHVSRQGLQ] Yy XVHG ZKLFK LV OLPLWHG E\ WKH RQH IXC
DXWKRU IXQFWLRQDO PHFKDWURQLF PRGXOH RI WKH
ILXGP\OD PRGHO DOORZV WR GHVFULEH WKH RYHUORD
U\YRBORORGLQLX0O DQG SDUWLDO ILEOHQ J7 RUVWIKH LRERLL
(PDLO KHQ SDFNLQJ SURGXFWV LQ GLIITHUHQW JHR
NULYRSRORGLQDMFNDJILQJ ZKLFK LV W\SLFDO RI PRGHUQ S
XNU QHW VLPXODWLRQ PRGHO RI WKH DFWXDWRU LV W

FRQILUPHG ZKLFK KD WD JH¥P BHQO RN B GWIKOHD H
VWUXFWXUHV RI SRVLWLRQDOKGOEXEBWBGSC

GLIITIHUHQFH GXULQJ PDWKHPDWLFDO PRGH
ZRUNLQJ WLPH RI WKH RXWSXW VWDJH RI W
PRGXOH IRU WKH SURPWV VLR F ®RH \R KM KH QRHH
Rl WKH SDFNDJLQJ PDFKLQH ZDV IRU WKH YD
WKH OLPLWKMWRHVXOWY RI WKH PDWKHPDW|
G\QDPLFV IRU D SRVLWLRQDO SQHXPDWLF D
Rl FKDQJLQJ WKH FURMKDWXNMWKRQHRI IJWKH
RSSRUWXQLW\ WR REWDLQ WKH NLQHPDWLF
&RQFOXVKRIQUHVXOWY RI PDWKHPDWLFD(
SRVLWLRQDO SQHXPDWLF DFWXDWRUV ZLWK
‘2, VHFWLRQ RI WKH H[KDXVWOKWE&H DNOQREZBWL
FKDUDFWHULVWLFV RI WKH DFWXDWRU
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,QWURGXFWLRQ

,Q UHFHQW \HDUV D UDWKHU FRPSOLFDWHG SURFHV
WHFKQRORJLFDO HTXLSPHQW IRU IRRG SURGXFWKRQ KDV
DXWKRUV WRRN WK HLBIUUAHRX W B WDESONLRWYKH PDWKHPDW
ZRUN RI WUDFNLQJ DQG S@ V)RW. RQMRQD PMLPIHW RUKM. ¥ DS S U
EXW RYHU WLPH WKH SURGXFWLYLW\ RI PHFKDWURQLF I
HTXLSPHQ¥ KDVVHG VLIQLILFDQWO\ ,Q WKLY FRQQHFWLR
DFWXDWRUV ZLWK UDWLRQDO NLQHPDWLF DQG G\QDPLF
SUDFWLFm@® XNHUHIRUH PRGXODWLRQ RI WKH PRYLQJ Sl
SXVKHU RQ WKH EDVLV RI D SRVLWLRQ SQHXPDWLF DFWX
FRQGLWLRQV DV ZHOO DV G\QDPLF SURFHVVHV LQ WKH S

7KH PDLQ ZD\V RI SDFNLQJ DUWLILFLDO SURGXFWV L
SODFMWPRIQWKH SURP®GHVSIDF ODSHHDQG IDVWHQLQJ LW ZLW
WKH SURGXFW LQ WKH VOHHYH ZKLFK LV IRUPHG IURP UR
SURGXFW EHWZHHQ WZR ILOPV DQG WKH IRZPDWSRQJRRID
WKH SURGXFW ZLWK D SRO\PHULF ILOP > @

7KH DQDO\VLV RI WKH H[LVWLQJ HTXLSPHQW IRU WKH S
IRRGV VKRZHG WKH SULRULW\ RI XVLQJ SRO\PHULF SDFNEL
HQYLURQPHRWBPWLYE SD@ DPKMUHUBWH PRGXOHV ZLWK Ol
DFWXDWRUV LQ WKH FRPSRVLWLRQ RI WKH FROOLVLRQ P}
30V WKH PRVW FRPPRQ PHFKDWURQLF IXQFWLRQDO PRG
WR WHKNDS$DQJ DUHD 7KH PDLQ ZD\V Rl SDFNLQJ DUWLILFI
SODFLQJ WKH SWPRPGHFWDEQ WG IDVWHQLQJ LW ZLWHKk
SURGXFW LQ WKH VOHHYH IRUPHG IURP UROO S\DZFAHNHDQILQJ
WZR ILOPV DQG WKH IRUPDWLRQ RI D SDFNDJH ZLWK IRX
SRO\PHULF ILOP > @ )00 OD\RXWV ZKLFK DUH XVLQJ IRU
DUWLILFLDO SURGXGWWLJIJRWE ARPFRQAQD G GHXYRFWYF )RL
HOHBWHRPDWLF DFWXDWRUV IRU SXVKLQJ SURGXFWV >
FDVHV WHFKQRORJLFDO RSHUDWLRQV LQ SDFNDJLQJ PDF
IRUPDWLRQ RI D OD\HU RI DUW.L I LDFALNDBDJ 6 U RBXE W R X V@ HED L
SQHXPDWLF DFWXDWRU > @ ,W GRHV QRW DOORZ XVLQJ
DUWLILFLDO SURGXFWV GXH WR WKHLU GLIITHUHQW SK\V]
ZKLFK DULVH LQ WKH IRYBPHSRW LRW LCRIQNVLOQL ALKOHD PSUR G X F
SURGXFW DSSHDUDQFH RU WKH GHVWUXFWLRQ RI JURXS
LQWR DFFRXQW WKH SRVVLELOLW\ RI SUDFWLFDO LPSOH|
ZKDW PKBGRWLELOLW\ Rl HQVXULQJ D VPRRWK FKDQJH R
WKH ODZ®J PRYDUWLILFLDO SURGXFW > @

7KH FULWHULRQ FKDUDFWHUL]LQJ WKH RSHUDWLRQV
SDFNDJH FDQ EH WKH OBY \RK P FPRORQ WLRQHRWWEH UHT)
ZKLFK LV WKH PRVW FRPPRQ LQ 0)0 SDFNDJLQJ PDFKLQH\
SDFNLQJ PDFKLQHV ZKLFK KDYH WKHLU RZQ SURGXFWLYL
WHFKQRORJLFDO FKDLQ > @

7KHDLRV H[SDQGLQJ WKH IXQFWLRQDOLW\ RI IRRG SDF
VHDUFKLQJ IRU ZD\V WR LPSURYH WKH GULYHV RI WKH IX¢

TKMDRNWKH VWXG\

s WKH PRGHOLQJ RI SLVWRQ PRYHPHQW O DX QLU IWHKIHH Q B H X

DLU SUHVVXUH DSSUR[LPDWLQJ WR WKH RSWLPDO VSHI

IL[HG IODW LV FRQVLGHUHG D FROOLVLRQ PHFKDQLVP Z
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s XVLQJ WKH PDWKHPDWLFDO PRGHOLQJKWRD ¥ RGN U KH
IXQFWLRQ DW WKH PRPHQW RI GLVHQJDJHPHQW RI WKH
VPRRWKO\ WKH ZRUNLQJ SDUDPHWHUV RI WKH SRVLWLR

s FUHDWLRQ RI WKH VLPXODWLRQ PRGHO RI WKW ®KWLWL
FDVHV RI IXQFWLRQV VPRRWKLQJ RI WKH RI WKH DQDOR

s GHVFULSWLRQ RI WKH PHWKRG RI FKRRVLQJ WKH LQLW
ZLWK WDNLQJ LOQWR DFFRXQW WKH SRVMLE GMH RIGHGHUF MYLL

s WKH VWXG\ RI RSWLPDO NLQHPDWLF SDUDPHWHUV RI V
SURGXFWYVY LQ SDFNDJLQJ PDFKLQHV

s WKH GHYHORSPHQW RI WKH PDWKHPDWLFDSOSQHXPOWLW F
DFWXDWRU IRU PRGNNVQRI ROMWKWILRQ RI WKH GLIITHUHQ
PRGXOHV LQ D SDFNLQJ PDFKLQH IRU DUWLILFLDO IRRG
,Q DGGLWLRQ LW LV QHFHVVDU\ WR VHW WKH YDOXH

FRRUGLQDWH XKRBVEIRDYUWWDW) WKH LQLWLDO VWDJH GRH

RQ WKH SURGXFWLYLW\ UHGXFWLRQ RI WKH H[HFXWLYH Pl

VWDJH VKRXOG QRW H[FHHG Rl WKH WRWDO GLVSODFF

bepv WKH SUDFWLFDO UHDOL]DWLRQ RI D JLYHQ ODZ RI P

ODWHULDOV DQG PHWKRGYV

ODWHULDOV

7KH PDWHULDOV ZHUH FKRVHQ WKH SRVLWLRQDO DFW X
WKH VWXG\ ZDV FKRVHQ VBIQH )RR DIFREFSRRL MU KBWRRBY 7K
RI WKH ZRUNLQJ ERGLHV PRWLRQ ODZV Rl WKH LQLWLDO
ZDV FDUULHG RXW IRU WKH WHFKQRORJLFDO VFKHPHV RI
DQG WKH JURXS OD\HUL@W R UMKLH LIRWPH € WROGMFYWHV R W K H

0)0 IRUPDWLRQ FKDUDFWHULVWLFV RI DUWLILFLDO SUR
7KH RSHUDWLRQV RI IRUPLQJ WKH DUWLILFLDO SURGXF
WKH 0)0 HOHPHQWYV DFFRUGLQJ KWEKWEHWHUPL RH  R\WM L
SURGXFWLYLW\ RI WKH SDFNDJLQJ PDFKLQH $V DQ UHVH
OD\RXW RI JLJXUH 0)0 ZDV FKRVHQ RQ WKH EDVLV RQ S¢
$W )LIXUH E WKHUH LV VKRZ\WKHL WHQX WD GRU ] WE H KD D3
GLVSODFHPHQW VSHHG DFFHOHUDWLRQ IRU WKH ZRUNLC
LOOXVWUDWHG JUDSKV DUH GHVFULEHG LQ WKH ZRUN >
DFFHSW WKH LQLWLDO RAR®IGH WWLHRRX\Q LFED GV K W WW R GRI WK H
s 7KH FROOLVLRQ V\VWHP SURYLGHG E\ WKH )00 ZRUNV |
oDz
s 7KH VWDJH RI DFFHOHUDWLRQ WV OLPLWHG E\ WKH FRQ!

TLtT4@AaT6_ VT mf—e
'"HFHOHUDWLRQ
LW 7rL%‘9|:T|:tT4@§>A6
%.%@aeiAéé?La@)%
&RQVWDQW FRWLRQ
SL %A%~ asL ... ‘-8

s?LT @a;(Aa
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D

J)LIXUH 7THFKQRORJLFDO VFKHPH RIHIOP | B D FINDRINL RUWLK W KW Kz

VFKHBXOWMKH RXWSXW NLQHPDWLF OLQN 0)0

£)00 VXSSO\ RI SDFND HX)Q IRRPW WU ROR D WHIHVITPAN D J H
IRUPDWAIRWWVLILFLDO SURGXFWOEWKHARUPBWURR RI WKH ORQJL
+0)0 WKH IRUPDWLRWQXRKILORR)URDRYPLQJ RI ZHOGLQJ WUDQVY
£)' FXWWLQJ RIlI VXUSOXV VKUL@WLPQKN SPHUFW D\WVOIHRPD R HALIVDE
ILQLVKHG SDENDJIRRYLQJ SURGXFWYV LQWR WKH VOHH®

7KH JLYHQ GHVFULSVHQRWWBEZWRH WRMHPHFKQRORJLFIL
ZRUNLQJ ERGLHV GR QRW DOORZ XV WR GHVFULEH LQ
FKDUDFWHULVWLFV RI WKH ZRUNLQJ ERSGQHXRMWWNK H BW I |
TKHUHIRUH WDNLQUHQWR DMDRFRERWNLHDQ IRUPXODWH UH
ZLWK DGGLWLRQDO SDUDPHWHUV )RU VXFK SDUDPHWHU’
SUHVVXUH LQ WKH SRZHU SDUW RI WKH SRVLWLRQDO SQl
LOQWR DFFRXQWLW®&HURFHVVHY RI WE& HBRZHWL S DOJAW RD Wi
WR WKH QHHG WR VXSSOHPHQW LQIRUPDWLRQ RQ WKH F
DXWRPDWLF PDFKLQH > @ LQ SDUWLFXODU WKH SDFNDJ
IRRG SURGXIRWPHGHUW@WUXFWXUH RI WKH FRQWURO V\VWHP
DFFRXQW LQ WKH VWXGLHY DOORZV WR FRRUGLQDWH WK

5HVHDUFK PHWKRGYV

OHWKRGV RI PDWKHPDWLFDO DQG FRPSXWHU PRGHOL
GLIIHUHQWLDO HTXDWLRQV DQG GLIIHUHQWLDO HTXDWLR
G\QDPLFV RI FRPSUHVVHG DLU LQ WKH FDYLWLBB\RXWKH
RI 0)0 SDFNDJLQJ PDFKLQHV WKH WKHRU\ RI DXWRPDWHC
GULYHV LV XVHG

5HVXOWY DQG GLVFXVVLRQ

7KH ILUVW VWDJH UHTXLUHV WKH DQDO\VLV RI FODVVL!
0)0 RXWSXW ZRUNHQUUDERNVYLIXKH % VKRZ WKH VW I
NLQHPDWLF SDUDPHWHUV RI WKH RXWSXW OLQN $W WKH
FROWURO PRGXOH LV WDNHQ LOQWR DFFRXQW WKH VLPLO
i WKH WLPRFURS WKIHWRU\ SHULRG RI WKH IRUZDUG VWURN|
i WKH WLPH RI WKH ZRUNLQJ VWURNH RI WKH SLVWRQ W
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i WKH WLPH RI WKH SUHSDUDWRU\ BKIWAKR GVRF RKH BW i
WLPH RI UHFHLSW RI WKH FRQWURO RE\FROHY IBRGNVKH RS

i WKH WLPH RI SLVWRQ PRW LRI/ LEOQHWKH PLHQYHGEJ EMH OG EBR P\
RI HTXDWARQMWK WKH KHOS RI WKH (&0

7KH VHFRQG VWDJH FRQVLVWYV RI VWXG\LQJ WKH PRYHI
LV WKH 0)OORRWE XYW KDYH FKRVHQ WKH ODZ RI WKH VWHP
SURGXFWLYLW\ 7KLV LV D VSHFLDO FDVH RI WKH RSWLP|
ZKLFK DOORZV WR DFKLHYH PD[LPXP SURGXFWLYLW\ RI W|

,Q WKH LPSOHPHQWKBWHROQRRPRXHPHQW ODZ RI WKH ZRI
0)0 )LJIXUH WKH LQHUWLD K@ MXPHD W R ¥V LIWFIWVRXQMVOR K OFHREQ
WDNHQ LQWR DFFRXQW 7KH VWUXFWXUH RI FRQWURO RI
FROQGEWRRY XUH WKH SUHVHQFH RI WKH GQLWIKMI LIQUW HDAC
RI PRWLRQ

7R FRPSLOH D PDWKHPDWLFDO PRGHO RI WKH 0)0 RXWS
i WDNLQJ LQWR DFFRXQW WKH H[WHUQDO IRUHH RQ WKH

JLIXUH GRHV QRW LQFUHDVH WR WKH YDOXH FRUUH\
i WKH FKDQJH LQ WKH YDOXH RI DFFHOHUDWLRQ RI WKH

IURP WKH PD[LPXP WR WKH PLQLPXP YD O XHQLWD FHRRHQ G H

RI WKH GULYLQJ IRUFH W UHTXLUHVY DQ LQVWDQWDQHI

7KH FODVVLF JUDSKV RI WKH PRYHPHQW ODZV RI WKH
LQWR DFFRXQW WKH WUDQVLWLRQDOWHMWWDDNVSRUW KRH XRU
PRGXOH 7KHUHIRUH ZH KDYH FKRVHQ WR FRPSLOH D PL
LQLWLDO ZRUNLQJ OLQN LW LV WKH FRPELQHG ODZ RI V
SQHXPDWLF SRVLWLRQDO DFWXPWHRILERANHWXUH ZIR U NLLIXL
PRYHPHQW RI WKH SLVWRQ URG LQ WKH RSHUDWLRQ RI FI
RI WKH FRQWURO V\VWHP WKH VFKHPH RI ZKLFK LV VKRZ

7TKXV WKH VROXWLRQ RI WKH SURKGHRSMW/L B H®X\HHI) VB E
ZLWK LQLWLDO FRQGLWLRQV WKDW DUH QRW HTXDO WR
IXQFWLRQ DW WKH WLPH RI VZLWFKLQJ RIIl WKH GULYLQJ
SRVLWLRQDO SQHXPDWLF O RV XBXURVW)IDIXY H FRQVLVW

6WDJH , LV LQLWLDO 7KH XVLQJ D FRQWURO VLJQD!
HOHFWURSQHXPBRWQE GUWKWHW GUEXWRU3IRUFH 3, 0:F UHOH HV
PRYHPHQW ODZ RI D SLVWRQ SQHXPRVFZROHQARN ORA TWIKU
ZRUNLQJ OLQN EHJLQV

6WDJH ,, LV LOQOWHQVLYH DFFHOHUDWLRQ ,W ILQLVKHYV
FRQWURO HOHFWURPDJQHW ILUVW VRQHDORKGOP/KKH GUL
VWDJH FRRGELWLWMRIQH PD[LPXP GULYLQJ IRUFH GHYHORSLQ
GHIRUPDWLRQ RI WKH DUWLILFLDO SURGXFW

6WDJH ,,, LV WUDQVLWLRQDO 7KH XVLQJ RI WKH HOHF\
GLVWULEXWRU VHFRQG VROHBRJRE:TURI, LOM DRWHHXGMF B I
UHVLVWDQFH RI WKH FRPSUHVVHG DLU RI WKH URG FKDPE

6WDJH ,9 LV FKDUDFWHUL]HG E\ D UHYHUVH PRYHPHQW
RI LOQOWHQVH GHFHOHUDWLRQ 7KH VWDJHRIPV WRHF S/HH\R 8 C
VROHQRLG LV WXUQHG RIl 7KH GULYLQJ IRUFH LV JHUR 4
RI WKH ORDG IURP WKH SXVKHU 7KH ERXQGDU\ FRQGLWLI

FLréTLréTLr&TLr TL T{ETLTr&TL 5

ZKHUN 8/KH YDOXH RI WKH PRYHPHQW RI FDUJRGIURP WK
WKH YDOXH RI WKH ORDG DFFHOHUDWLRQ DW WKH VWDJH
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J)LIXUH &RPELQHG ODZ RI PRWLRQ RI WKH GULYEZQWROLQN LQ
WDNLQJ LQWR DFFRXQW WKH UHFHLSW RI FRQWURO VLJQDO
HOHFWURSQHXPDWLF GLVWULEXWRU

$FFRUGLQJ WR WKH HTXDWLRQ WKHUH LV QR WLPH
PRYHG 7KLV LV H[SODGXHGGENMKRIHDARNG WKWKWH WLPH RI
GHWHUPLQHG GXULQJ WKH WDVN H[HFXWLRQ 7KH YDULI
SDUDPHWHU [ WKH HTXDWLRQ RI WKH SLVWRD\ DRRWLLARR@ R
ZLOO KDYH WKH IRUP

e 8§ '5:8; 5358, g¢&:§;

ZKHUHWKH PDVV RI WK$ SWHRGOXFUMH Bl WKH SLVWR@ DQG V!
VTXDUH RI WKH SLVWRQ SQHXPRF\FOLQH

‘H REWDLQ H[SUHVVLRQV EKDRKH HDQUBBWWWXYH \UKHD
GLVSODFHPHQW UHVSHFWLYHO\ IRU WKH ZRUNLQJ DQG +
xé: L — p "‘|EAEQ;¥EIQ, Pl @;F 2h
x @ é.>e é
x5 b 2:(FAz g ¥EI
e | A(z ~®c7 @ @3

L 2E 2,0

xé ~1>6 28

ZKHUHDNU DGLDEDWLF FRHIQILMALIHDONDQPG ILQDO FRRUGLQ
PRYHPH®MDV5FRQVWBDRIW DKP SHABDWXVYMNUB RI WKH SQHXTI
3 /+*LV FRVW FKDUDFWHULVWLF RI WKH VHFWLRQ
$FFRUGLQJ HTXDWLRQ WKH SUHVVXUH LQ WKH H[KD
6:5 L5 sefEs,; ¢

$IWHU GLITHUHQWDOQWFWLRWKEH WKH YDULDEOH [ ZH KDY
5% L. 6% ;eieT £5,; |
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$FFRUGLQJ HTXDWLRQ WKH HIIHFWLYH DUHD RI WK
,)I_U AGé"_7écé@ 5:2’07-; .0

AEL - ‘7a 6
6 DENI_:/O7_;'O¥W:@VA
7TKXV KDYLQJ WKH IZ'IKXBK\/IDFUQ‘IVGHVFULELQJ WKH SDUDP

SQHXPDWLF GULYH GHSHQGLQJ RQ WKH YDULDEOH [ ZH
HTWDRLRQV FKDUDFWHUL]JLQJ WKH PRYHPHQW RI WKH PRYLC

J)LIXUH 7KH JHQHUDOL]JHG VFKHPH RI WKH ORDG PRYHPHQW F
VWUXFWXUDO VFKHPH RI WUDFNLQJ WKH SLVWRQ PRYHPH

JLIXUH VKRZV WKH FLUFX IS\ HXDDWDP KRR WL KH. RIQHFW D
SDFNLQJ PDFKLQH $FWXDWRUV DUH EXLOW E\ FRPELQLQ.
UHOLDEOH DQG LQH[SSH@DHLYBIVWHUG DOWHQ ERWR BY HRA LG L R
SLVWRQ SRVLWLRQ VHQVRUV DQG D FRQWUROOHU WKDW L

7R VWRS WKH REMHFW DW GLIIHUHQW SRLQWV IHHGEDF
WKDW PHDVXUHV WKH FXU U HQMWR WWKHVED R HWIOHD 8 HV WIRI) SX
VXEV\VWHP FRQVLVWV RI D SLVWRQ ZLWK D URG D PHF
SQHXPDWLF VSULQJV LQ WKH FDYLWLHV RI WKH SQHXPRF
RQ WKH WZR SUHVVXUZKERRWURO.PRGHXPHQWHG SURJUDP|
FRQWURO GLVWULEXWLRQ FRQWURO EORFN 7R DFKLHYH
UDQJH RI IRUFH FRQWURO LV DGYLVDEOH WR SURYLGH D
DFFRUGDQFH DZWWRQWKH HTX

QLQE(LA
JQSL:QE(!,;Qs:aFé

7KLV HTXDWLRQ LV XVHG WKH LQ SqD\) G FMKHR @ HRIHWK & FR
X ZKLFK VHWV WKH SUHVVXUH LQ WKH FDYLWLHV RI WKH
LQWR DFFRXQW WKH GLITHUHQFH L@ MXG! \§ K WWSREY WIRELDV \L
6 7KH SUHVHQFH RI D 0)0 ZLWK D SRYHWHR@XO HD RW XXM R
QHZ VWUXFWXUH RI WKH PHFKDWURQLF )"

&RQVLGHU WKH ODZ RI PRYHPHQW RI WKH OHDGLQJ OL
UHTXLUHV
i WR ILQG WdRH WIRDHG PRYHPHQW LQ WK HVRDN HP BPRGWS W

VHW WKIHJHB YRRIXHRRIG PRYHPHQW DW WHAHD DHU B RIGHW |

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJIJ3URFHVVAVXDBRIBQ W

i WR GHWHUPLQH WKH HTXDWLRQV RQnWXHYV EDVEM RIW
NLQHPDWLF SDUDPHWHUV RI WKH PRV DJHORBRGHD I Q IGU
WKHQDO FRQGLWLRQV IRU WKLV VWDJH

i WR FRQVLGHU WKH ORD/G&VPRN HRHRWR G H DMWMKBPHEH WK|
WKH GULYLQJ IRUFH DQG WKH WRWDO WLPH RI PRYHPH
WKH VWDJHV , DOGNDJRIFFRRSHLRBUFHRHLQFLGH ZLWK WKH
IRU VWDJHV , DQBGWD R WEKGHIRXWPRYHPHQW

i WR GHWHUPLQH WKH HTXDWLRQV GHVFULELQJ WKH OR
DW ,,, VWDIVHWRUHDP Rl RI PRWLRQ
7KLY VHTXHQ¥H RQ OIDAIWNNG. ZLWK GHWHUPLQLQJ WKH LC(

WKH ORDG PRYHPHQW IRU HDFK VWDJH DQG ZLWK WKH VH
7TKH WhkdRHWKH ORDG PRYHPHQW DWHSWREBO)VIXUWBIE LC

GHWHUPLQHG E\ WKH PHWKRG > @

fual Srooo—r

U JE?ajUlIE;
ZKHeIHY YDOXH RI ORDG PRY I HYW RILG/ ERIOQNKW UFFRNHH I L F L
RI lULFWLRQ EHWZHHQ WKH EHDULQJ VXUIDFH RI WKH OR

J)LIXUH 7KH VWUXFWXUHG FROQWURO VFKHPH RI WKH SRZHU SC
ZLWK G\QDPLF ORDG

*tFROQWURO GLYLGHU ZLWK FORVHGDQUQSWHISE® WKV L IRHQ XL

tFRQWURGREWURO VLIQDO kRQYHUWHU RI WKH DXWRPD\

,Q WKH 7DEOH IRU HDVH RI XVH WKH HTXDWILRQV Gt
PRYLQJ SURGXFW SMVMDNRQPRGHD 2RPUH DQRBZY

7KH FKDQJLQJ RI SDUDPHWHUYV RI WKH PRYHPHQW SUR
RSHUDWLQJ SDUDPHWHUV RI WkK# SRWLWHRIOWU WVEWFD W
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SURGXFW NJ | 6 P )P ) P
ELV YDULDEOH GHSHQGLQJ RQ WKH G&GLDOPHWHU RI
P PyuPs NJ ZKHUH #WKH PDVV RI PRYLQJ SDUYV

SQHXPRF\QLQGH1*LY WKH G\QDPLF ORDG Rl WKH SQHXPF
JLIXUH

7DEOH
&DOFXODWLRQ IRUPXODV IRU GHWHUPLQLQJ WKH NLQHPDWLF
FROOLVLRQ PHFKDQLVP ZLWK D SQHXPDIRQLRIDW WK P\R RU R QQOW
DSSUR[LPDWLQJ WR WKH RSWLPDO YHORFLW\

6WI &DOFXODWL

,QLWLDO HRQ@GUWLRQNVITL T
€
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J)LIXUH 7KH JHQHUDOL]HG UHVXOWYV RI WKH PRGHOLQJ RI W
YDULDWLRQ RI WKH ZRUNLQJ SRVLWLRQ SQHXPDWWKBFWXDWTF
FRHIILFLHQW RI YLVFERXWRQEWLWROHRS WHMHPDWLF F\OLQGHU ZL
WKH PRYHPHQW WLPH RI WKH DUWLILFLDO SURG)
D+tWKH GLDPHWHU RI WKH SLSHBLQH LV PP
EtWKH GLDPHWHU RI WIKH SLSHGLQH LV PP
FtWKH GLDPHWSHOROQOMW KM SPP P
GtWKH GLDPHWHU RI WKH SLSHBLQH LV PP

[+t WKH FRRUGLQDWH RI WKH:\8KWWRE@ P& YRH PSLQYW REEWRMHPH Q\
DFFHOHUDWLRQ RI SHSUMRNQ PRYHRHOQKWH SLVWRQ FKDPEHU RI WK
WKH SUHVVXUH LQ WKH URG HQXWRPMW RRYHPHCPRFVWLQGHU 3D
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7TKXV WIOWDEWXRI DOO UHVLVWDQFH IRUFHV DW , ,, D
PRYHPHQW
| 2L | qems-auf " 0E" i ZE" @ G~ T Frg;

7KH UHVXOWDQW RI DOO UHVLVWDQFH IRUFHY DW VWDJH
| ‘2L | @ nos@euk “ » ZE —p:rgFr;

JLIXUMKRZV WKH JUDSKV RI WKH GHSHQGHQFH RI NLQHF
PRYHPHQW RI DQ DUWLILFLDO SURGXFW LQ WKH LPSOHPFE
ZRUNLQJ FDYLWLHV RI WKH SQHXPRF\OLQGHU WKH SRZHL

&RQFOXQVL

7TKH RXWSXW OLQN PRYHPHQW RI WK H\@[ISHWH B HILRGD BRI
HOHBWHRPDWLF SRVLWLRQDO DFWXDWRU DUH LPSOHPHQ
FROQGLWLRQV RI WKH LQLWLDO GLIITHUHQFH RNVKLHRD WU HRMQ
GHVFULSWLRQ RI WKH URG PRYHPHQW ODZ ZKLFK LV RSV
,Q WKH REWDLQHG UHVXOWYV LW LV FOHDUO\ REVHUYHG
F\OLQGHU RI WKH SRVLWLRQDO KR HDRCDVALR | D/F KK D §RWWLL
DW VWDJH GHFHOHUDWLRQ LQFUHDVHV ,Q DGGLWLR
HOQYLUROPRRBWHVYIHGE DLQHFHVVDU\ WR DSSO\ WKH DGGL
IULFWLRQ FRHIILFLHQWW LR S\DKLH UHRRGENIWEYWWRMMDIH@PH FRHIIL
HIKDXVW VHFWLRQ LQ WKH LPSOHPHQWDWLRQ RI WKH IRX

7KH PRYHPHQW RI SURGXFWYV RQ D IL[HG UHIHUHQFH 10
HOHBWHRPDWLF SRVLWLRRW @ LNXHKRDQWILGHUWFMWIIRGD RI WK
UHVHDUFKHG

7KH SURSRVHG DQDO\WLFDO GHSHQGHQFHY DOORZ
s WR VHW WKH ZRUNLQJ ERG\ WKH ODZ RI WUDQVODWLR

VSHHG ZLWKRXW H[FHHGLQJ WKH PD[MWPKIF BRYIPQ Y DR
s WR PRYH WKH DUWLILFLDO SURGXFW IURP WKH LQLWLD

WLPH IRU WKH SQHXPDWLF DFWXDWRU
s WR DQDO\]H WKH H[LVWLQJ VWUXFWXUHV RI RSHUDWLC

5HIHUHQFHYV

'RKHUW¥F*LQQ 7 $XWRPDWHG K\EULG(SBFWDRQ VF
ODQXIDFWXULQJ 7HFKQRIGWKJ )\ (§{ PSSHOV L YQPASHSU GDWLRQD O
%RJRPRORY 9 .UDPVNR\ $ .XGYRIDGDWHQNR $\DWBRBIL
ODUNHYLFK % 3O0ODPPHWRSURVX R Y\LFKLVOHQLL SRND]
GO\D SRUVKQHYRJR SQHYPDWHNKMHYNRJRL$GSY LU D QHNO
9RVWRFKQRJR 1DXFKQRJR 7VHQWUD 7UD®3%SRUWQR\ $N
LULYWV , _UHMGRAIXPDWLF $FWXRW IS RFVDWHLPR (T XL S
BWUXFWXUH &5BG3HWNNVFD\ORU )UDQFLV *URXS %RFD
,O\XKLQ <X 3RJLWVLRQQ\LH L VOHG\DVFKLH HOHNWU!
OHKDWURQQ\LH UHVKHQL\D .DPRWVWVL

*DOQDLW\W; $ .ULApLXNDLWDAQRWNR6DOHAHQWYLNOXTL
7HFKQRORJLFDO (FRQRPLF DQG 6RFLDO ,QGLFDWRUYV
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JJJ3URFHVVHVXDP@QW
ILWKXOEPRQRPLFV DQG 6RFLBGRJ\ '2,

S8HELQJ O 9DXJKDQ 1 G\QDPQFORBREBOOLQJ RI D
VHUYRVIURHPHGLQJV RI WKH ),IWK 6FDQGLQDYLDQ ,QW
B3RZHU 6,&YRO/LQNRSLQJ

9LUYDOR 7 &RPSDULQJ GLIIHUHQW FRQWUROOHU
BURFHHGWRBIVZIRLUG -+36 ,QWH UQIRNRKPPDO 6\PSRVLXP
6PDRXL %UXQ ; 7KRPDVY¥HWXG\ RQ WUDFNLQJ SRVLWL
HOHFWUR SQHXPDWLF V\VWHRRKYWQREDONVIWDSFHN.QJ G
$KQ . <RNRWD 6 , QW H\W OR OHR WS QNP PRALIGF) TFRV
RQ RIIl VROHQRLG YDOYHV+ OHFEKDW WRAHFKDW SSQLFV
S5LFKDUG ( +XUPX]OX < $ +LJK 3HUIRUPDQFH :
6\WWHP BRQ®LQHDU &RQHEWROHWB\'WWLIQHDY &RQWU
6KX 1 9%RQH * +LJK 6WHDG\ $FXXUDF\ 3QHXPDW

ZLWK 39%$ 39 &RQWURO DQG )UIBRMRER® GLERPSRQVD
((( , QWHUQDWLRQDO &RQIHUHQFB R 6BRERYLFV $XWR

3HUMHQHVHYV "\QDPLF DQDO\VLV RI SQHXPDWLFDOC
'HSDUWPHQW Rl OHFKD GRRNG QWY HRHUXQDDMXDWR
-DQLV]RZVNL . $GDSWDWLRQ PRGHOLQJ RI G\QD

LQ VHUYRPHFKDQLVWISRHIPRWHHAGL\QJV RQ &RQWURC
$SSOLFDWLRQV

-DQLV]RZVNL . .XF]\ VNL O )DVW SURWRW\SLQJ [
FRQVXPSWLRQ SQ HMFXW WRRIMWEPH/U

.LQ\FN\L <D 3UREOHPV DQG WH\PHMVF KD IWRNRDY® PDF
1IDXNRYD 'XPND .\LY

.LQ\FN\L <D 7KHRU\ Rl PHFKDQLVPM RX® R YMD BWPLNIH V. \LY
&I\*HZVNL $ SBPEWRN . 6SHFLDOL]DWLRQ DQG
DJULFXOWXUDO SURGXFW HR®HLY}! QFRSPE@DDIOVR R | QMM WQL
BWXGLHV SS '2,

.LQ\FN\L <D .KDU]JKHBWOND\Q\WLFDO PHWKRGV RI DQDO\\
PHFKDQLNPS .KPHOQ\WVN\L

+DUFKBQNR 5D]UDEHROHNNDW UR S Q HY® B &/\\DBKRKVLRECIR ¥
WUDQVSRRERWVE®D |PHKDW U R®O SLRKQ HQWRKYD 8 QRIEHD H P\ L
]DVFKUEWIR S D VIQR\REILL Q QD W MDD RWRWIDXNRRQBNWLFKHVNF
NRQIHUHQWSALHO\D 6D QNWVHUEXUJ

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



ALY 8NUDLQH

7DUDV 6Kl

DOL]HG ZL

X O W @& \DFXW

>

<DURVODY

NLQHWLF FRQVW

VHW RI

BV RS HWEIH [ SHWHIQHQLLIXE H T X
V ORVV WKHUPDO KLVWR
ZHHQ FDOFXODWHG DQG
RVV GRHV QRW H[FHHG

2/ z0Zn000n 23
ILRLWLSRPWWXUQV
xouwu>o>Won - DO.JHRV

a_nEnasT2 /0>
ol _oe>p0Is=2o3T

[a) QDODXK T

RPDVV DV DIXHQ
WKUDFLWH FRDO

QHWLFV RI

(V|

L, QWURGI7KH ZRUN GHDOV ZLWK

JJIJ3URFHVVHVXDRIBQ W
$EVWI

r Hws>0A0

1&R (QHUJ|l 7THFKQROFRI! IDWLRQDO $FDGHPI RI 6FL
LQ

TKHUPDO GHVWUXFWLRQ NLQHWLFV RI FRDO L
+1DWLBQIDHUYRRERVHFKQRORJILHV

PLIWXUHV
1DWDO\D 'XQD
&RPEXVWLRQ
$UWLFOH KLVW

.LQHWLFV

'R Q H\RR\DND

.H\ZRUGYV
BDVLQ

%LRPDVV
SHFHLYHG
SHFHLYHG
$FFHSWHG

&RDO
IRUP

DD an¥P = 0u
HDNWSWSHYPPWVJUR
OvIT_n n¥XIAnI "_10X>D

®7P@RD N20>2 O0OTOM

- >

O o) [a)

(@04 I # X

o > >

0 o aoX

>2 o 09

I >o>7T

X roxsz

52 o5anoZ

x X nanX -
0O Vo0 N

y VV X F

FFFSNUDLQLDQ )RRG -RXRDPID




JJIJ3URFHVVAVXDBRIBQ W

,QWURGXFWLRQ

7KH GHVIKIQKRUIRUPDQFH EXUQHUV DQG IXUQDFHV V
FDOFXODWLRQV RI WKH FXUUHQW DQG ORFDO GLVWULEXW
RI UHDFWLRQV DQG KHDW JHQHUDWLRQ DFURVV WKH GHY
GWHUPLQH WKH GXUDWLRQ RI LQGLYLGXDO VWDJHV RI
VXFFHVVLRQ GHK\GUDWLRQ YRODWLOHYV UHOHDVH DQG |
WKH DGHTXDWH YDOXHV RI WKH NLQHWLF FE@RYWSQRPHRY
RI VROLG IXHO EHFRPHV FULWLFDO LQ WKH GHVLJQ FDOF;
QRWHG WKDW WRGD\ WKH WRSLFV Rl WKH NLQHWLF VWXC
DQ XQGLVSXWHG OHDGHU DPRQ W KHWP B B K FMLEF MK RU QF RVKEHX
PXOWLGLVFLSOLQDU\ VWXGLHV RQ WKH SURFHVVLQJ DQG
>+ @ 7KLV LV GXH WR WKH LQYROYHPHQW RI D YDULHW\
DOWHUQDWLYH IXHO L Q/HFKH WD \RLRERX® WQHWM ERWK
VXEVWDQWLDOO\ H[SDQGLQJ WKH PDUNHW RI HQHUJ\ UHV
DPRXQW RI VROLG KRXVHKROG ZDVWH ZDVWH@URBHVNKH
LPSOHPHQW DAVRIPEEQRRNY VFRFKQRORJLHYV LQWR WKH QDWLR
UHYLWDOL]DWLRQ HIIHFW RQ WKH HQYLURQPHQWY VLQF
GHFUHDVH Rl KDUPIXO VXEVWDQFHV UHO@ DMVHRIOHBDHLR
NLQHWLF SFRPMYWHMBHEHDOO\ FULWLFDOLDKBQ RIHVRDOQLE
VROLG ELRPDVV HVSHFLDOO\ IRU WKH SXOYHUL]JHG FRDO
ILQHQHVV RI SXOYHUL]HG FRDO GXVW DSSHDUV ¥RWW SUR
RI FUXVKHG ELRPDVV W\SLFDOO\ VXUSDVY¥ RUGHDO BQ|GN
WKHVH FLUFXPVWDQFHVY SDUWLFXODU DWWHQWLRQ VKR:
IXUQDFHV DQG SXOYHUL]HG VRO L GNIKHEX EQXRXQW LRI W R HBR
RI ELRPDVV

W LV REYLRXV WKDW WKH FULWLFDO UHVLGHQFH WLP|
WKH GXUDWLRQ RI WKH FRQVWLWXHQW VWDJHV RI WKH
SURFHVVHV Rl GHKDQ GDAVRPEXVWHBBDRIHYRODWLOHYV DV Z|
UHVLGXH\@>

ODWHULDOV DQG PHWKRGYV
([SHULPHQWDO ODWHULDOV

7KH VDPSOHV RI GRRHVQYGHORMWKYLW\ FRDO DQWKUDF

$6+$ SLQH SHOOHWYV ZKEBWOWHWHWWYD Z/BH GXNWVDWRQGLYI

EOHQGV ZHUH LQYHVWLIJIDWHG 7KH SURSRUWLRQV RI FR
WHFKQLFDO DXBQWEWRBPSMNKHVWWH JLYHQ LQ 7DEOH
7TDEOH

7THFKQLFDO DQDO\WLV RI WKH VWXGLHG VDPSOH

)XHO W\SH 9RODWLOHV|$&/K\ GUY\ | PRLVWXUH :

3LQH 6Dz

B3LQH 6DZ 'XVW

KHDW 6WUDZ &UXVKHG 3HOOHW

5DSH &UXVKHG 3HODHWYV

&RUQ &UXVKHG 3HOOHWYV

6R&EUXVKHG 3HOOHWYV

$QWKUDFLWH &RDO| $6+$% JUDGH |5XV
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([SHULPHQWDO VHWXS

.LQHWLF VWXGLHV RI WKH VDPSOHSD2ZHQUKKHDUULHG R
V\VWHP GHULYDWRJUDSK ZLWK WKH LOQWHJUDWHG FRPSO
67= -XSLWHU 1(7=6&+ LQ WKH DLU DWPR%PKRQPHWH M K \
WHPSHUDWXUH PI©OQJH

3ULPDU\ HISHULPHQWDO GDWD ZHUH REWDLQHG LQ W
JUDSKLF IRUP 7KH WKHUPRJUDPV RI $6+ FRDO DQG PLOO
DQG $SSDUHQWO\ WKH LQLWLDO GDWD LQ@POXWGH WRMVF
FKDQJH UDWH WKH ILUVW GHULYDWLYH GP 2 G2 DQG W
GHULYDWLYH RI PDVV FKDQJH LQ WLPH GXULQJ WKH H[SH!

/
f&

PJ

YL E PV ILILERILY T Nry _\.L,._.___ - ?.,-‘f__

_J.,M-J "‘1"~.¢A.a-l"'-"‘"""< i
SN

W L P\H
—— FXUUHQW ZHLJKW PJ ——ZHLJKW FKDQJH &8

ZHLIJKW FKDQJH UDWH &8 FXUUHQW WHR SHUDWXUH

J)LIXUH 'HULYDWRJUDYLWRJUDP RI DOWKUDFLWH FRDO

7TKH JLYHQ LQ )LIXUHV DQG GDWD IRU WZR IXHOV
SURSHUWLHY KDYH TXDOLWDWLYHO\ VLPLODU WKHUPF
FRQVLGHUDEK®GLQIRWBLOINW WKH FRQVWLWXHQW VWDJHV RI
GHVWUXFWLRQ GHK\GUDWRP@ UVYRWOIDGKH BX\UWQOGJ FIRUNHH
$UUKHQLXY HTXDWLRQ DFFRUGLQJ WR WKH PRGHO RI WKH
D VW RI FRQIRUPLW\ EHWZHHQ WKH VDPSOH PDVV FKDQ
GHULYDW@YH KLV LPSOLHV WKDW LI WKH SURFHVV FDQ
IXQFWLRQ DQG WKH GHJUHH RI FRQYHUVLRQ RWIK @ WKIHF
FKDQJH RI WKH QRUPDOL]J]HG GHULYDWLYH VKRXOG EH IUR
EDFN WR JHUR YDOXH 7KH VDLG ZRXOG KROG WUXH LI WI
SURFHVV LV EHLQJ VXSHUVHGHG WL WKRIQMKW RDWV WKHBC
DSSURDFKLQJ JHUR YDOXH ZRXOG QRW UHDFK LW
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™

PJ
-
fK

WLPH V

—— FXUUHQW ZHLJKW F }=—ZHLJKW FKDQJH &8
ZHLIJKW FKDQJH UDVaH~—8&SBXUUHQW WHWRSHUDWXUH

J)LIXUH '"HULYDWRJUDYLWRJUDP RI WKHUPDO GHVWUXI

7KLV FDQ EH FOHDUO\ VHHQ LQ )LJXUH OLQH ZKLFK
DVVRFLDWHGR ZRERQKY WROHVWAGHE BR ¥ WAKWHYDWLRQ DQG YRC
VKRXOG EH PDUNHG WKDW WKH GHULYDWLYH OLQH ZKL
GRHV QRW UHDFK LW ZKLFK VLJQLILHVY RYHUODSSLQJ WK

,Q IDFW WKLV FIOHDXPYWDERMHINYWG IRU SURFHVVHV RQ
PL[WXUHV )RU DQWKUDFLWH LW VHHPV SRVVLEOH WR LG
PRLVWXUH UHOHDVH VLQFH WKH ILUVW GHULYDWLYH FX
JLIXUHIRBWXQDWHO\ WKH ERXQGDU\ EHWZHHQ WKH VWDJ
WKH FRNH UHVLGXH IRU DQWKUDFLWH FDQQRW EH GHWHU
WKH PDVV WLPH FKDQJH FXUYH QRU D FKDQXH EQQVEM Gt
WUDFHG VHH )LIXUH 3URFHHGLQJ IURP WKH DERYH
DQDO\]H WKH HQWLUH SURFHVV RI WKHUPD® GIHW W\ X&RQ Hf
LQ ® RU WR FRUUHFW WKH FR®VVRDGWM UV \E R F KRGV UGID MWK
ILWWLQJ PHWRRBYHY®IU WKH@ SWRRUBH>NLQHWLF HTXC
WHPSHUDWXUH UDQJHV ZKLFK LQGLUHFWO\ LQGLFDWH W
> @ WKH ZKROH GHVWU@PMR R\K HRQHRIQ RUBRYDLGE GVKH DFW
RI FRNH 7KLV DSSURDFK ZDV DFFRPSDQLHG ZLWK WKH L
PRGHOV )RU WKH S\URO\WLF UHJLRQ WKH DXWKRUV > @
Rl YRODWLQMW VRRERGWEZR VHSDUDWH UHDFWLRQV IRU WK
ZLWK WKH WZR VHSDUDWH UHDFWLRQV IRU WKH R[LGDWLI

,QLWLDO GDWD RI WKH GHZDWHULQJ SURFHVV IRU DQW
VKRZQ LQ )LJXUH

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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ZHLJKRW
>

WHPSHURBRWXUH

e SLQH ADQWKUDFLWH
ADQWKUDFLWH SLQ ADQWKUDFLWH SLQH

JLIXUHUDYLWRJUDPV RI VDPSOH PDVV FKDQXHPLQQ WLPH I

YRU WKH VWDJH Rl GHZDWHULQJ WKH JUDYLWRJUDPYV |
YDU\ TXDQWLWDWLYHO\ DOWKRXJK WKH\ KDYH VLPLODU F
PDVV LQFUHDVH LV REVHUYHG ZKLFK PRLW\SR®DHQIW® PE\C
IROORZHG E\ D GHFUHDVH LQ WKH PDVV RI WKH VDPSOH
PD[LPXP DQ&SGWRWI®DVHY 7KH PL[WXUHV RI WZR KHWHL
LQWHUPHGLDWH QDWXUH VKLIWLQJ WRZIWMX®&W DQRXW DFI
FRPSDULVRQ RI JUDYLWRJUDPV DQG GHULYDWLRJUDPV IR
JLIXUH DQG 7KH JLYHQ GDWD DUH REWDLQHG XQGHU V
DW D FRQVWDQW VDP $QMLRH B FQIHHMWIK RR )LIXUH WK
WKH GHULYDWLYH RI ZHLJKW FKDQJH Q RWPBIOR PG WHRU A
WKH GHULYDWLYH RI WKH H[SRQHQWWIKOY IDX@¥M DRQ W K ¥WH !
SURFHVV KDYLBJDWVSHPLDIOX® WKDW WHVWLILHV WR WK
PDVV ORVV 7KLV PD\ EH DWWULEXWHG WR WKH SDUDOOHC
EH WKH VWDJH Rl GHYRODWLOL]DWLRQ

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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j——0J7 3LQH & L®@---GP G7 QRUP

JLIXUH 7TKHUPRJUDYLWRJUDP DQG HOHDWVHW B YW WK HRU
GHVWUXFWLRQ RI SLQH SHOOHWYV

P wW PJ

f——0J 7 &RDOS$VKD 1-RLQ@ GP GW QRUP

J)LIXUH 7TKHUPRJUDYLWRJUDP DQG '"HULYDWRJUDP RI PRLVWXL
DQWKUDFLWH FRDO $6+

,W LV TXLWH SUREDEOH WKDW VXFK D FKDQJH LQ WK
EHILQQLQJ RI WKH FRNH EXURXW W LV ZRWKQRWLFLQJ
ELRPDVV LQ WBKNVHMWXQRWLFHDEOH FKDQJHDWRWKHEHPML
SURILOH ,Q DOXIXWHULYDWRJUDPYVY KDYH FOHDU PLQLPD
WHPSHUDWXUH UdQJMW RIV DOVR HYLGHQW WKDW WKH OR.
PLIWXUH WKH FORVHU WKH FXUYH DS SHRDH&HYJ S U RFKH
SUDFWLFDOO\ DSSURDFKHV LWV HQG ZLWK WKH FRPSOH\
FRNH EXUQRXW VWDUV ZKLFK LV EHLQJ SURYHQ E\ WKH |

$FFRUGLQJ WR WKH DQDO\VLV RI WKEBRZWIQRDER (HHOM YV L
PD\ EH GUDZQ XS
i WKH GHULYDWRJUDPV DQG JUDYLWRJUDPV RI DQWKUD

VLIQLILFDQWO\ IRU WKH SURFHVV RI PRLVWXUH UHOH

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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VLPLODU WUHQG ZLWK D FX-DULDMMWRIILNDRVF B LWQH B XFK RF |
DSSURDFKHV WKH YDOXH ZKLFK VLJQLILHV H[KDXVWLF

i IRU DOO VDPSOHV RI LQGLYLGXDO IXHOV DQG WKHLU
SURFHVV FRLQFLGHV ZLWKOWRELBHJSQREIQVVRR WEHIY RO L
LV SURYHQ E\ WKH UHVLGXDO YDOXHV RI GD GW QRW HT

i WKH SURFHVV Rl YRODWLOHY UHOHDVH IRU ELRPDVV DQ
DOO GHULYDWLJUDPV VKRZ ORFDDWILLYGH\P DS SDJIRDHFK 7K U
VLIQLILHV WKH FRPSOHWLRQ RI WKH SURFHVV )RU DQW
PDUNHG VLQFH WKH GHULYDWRJUDP GRHV QRW VKRZ |
UDQJH f&

i WKH JUDYLWRJUDPV DQAK G B BILWBWRIUD MK RUPDQO GHVW
WR LGHQWLI\ DQG VHSDUDWH WKH SURFHVVH RI YRODW

'‘DWD DQDO\WLY DQG SURFHVVLQJ

ORGHUQ 7*$ DQG '7* PHWKRGYV FRXSOHG ZLWK WKH DSS
DOQG GLIITHORQMPIHDVODURIDUH ZLGHO\ XVHG LQ DOPRVW DOO
VFLHQ¥H 2 @ WKH VXEVWDQFHV UDQJHG IURP IRRG SU
KRXVHKROG ZDVWHYV ELRIXHOV DQG IRVVLO IXHOV ZHUH L
FDDGYWKH QHHG IRU WKH GHYHORSPHQW RI SHUIHFW PHWI
HISHULPHQWDO GD@&D)ROORZLARJILW LV SRVVLEOH WR SURY
FODVVLILFDWLRQ RI DQDO\WVLY PHWKRGYVY VHH 7DEOH

LDEOH
ODLQ PHWKRGV RI NLQHWLF PRQWVDQWY GHWHUPLQ

ORGHO OF ORGHO )UHH
_VRWK \QDP _VRWK \QDP
6 W D ( "LITHUHQWLI JULHG LVVI:$NDI:
&DUURO 6XQRVH
&RD3M\G IHU Q )OL €O DZD

7TKH DGYDQUWRQWHRWIKBIUPDO G\QDPLF PHWKRW®KHUWKO
WKHUPRJUDYLPHWULF H[SHULPHQW DOORZV REWDLQLQJ L
DV D UHVXOW RI LWV KHDWLQJ ZKLFK LQ WXUQ DOORZ F
DQWKXY UHSODFHV WKH UHFHLSW DQG SURFHVVLQJ RI D
LVRWKHUPDO PHWKRGV RI 7* DQDO\VLV IRU WKH VWXG\ F
WKHUPDO GHJUDGDWLRQ RI IXHOV LQFOXGLH) UIBWHKEEHD
EXUQRXW 7KH G\QDPLF 7* DQDO\VLV LV DSSOLHG ZLWK IX
PHDQV RI RQH RI WKH IROORZLQJ GLIITHUH@WLHDNMOK RR@W HJ
7KH FKDQJH LQ WKH PDVV RI D VRODLW KHP DWHDWDNQG BV F
RQH HTXDWLRQ XVLQJ SK\WLFDO FRQVWDQWWODQG FRUUH

SPW v o

Gw
ZKHl.-;ISEIC_}“:%/W WKH FXUUHQW DW WKH WLPH RI PDVV RI D FHUW

VDPSOHHFRQVWDQW RI WKH WHDFMOREW WDQWWKDW GHVFULE
UHDFWLRQ PRGHO

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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7KH GHJUHH RI FRQYHUVLRQ UW®MWE U R QWHRS DREG RAKIQHA
LQ WKH PDVV RI D VDPSOH DW WKH EHJLQQLQJ RI WKH SL
WLPH 2

D P P, P P
ZKHWHWKH LQLWIL V& H DIPWIDPHSOH PDVV DW WKH HQG RI W
FRQVLGHYDWPBQH PDVV DW 2

W VKRXOG EH ERUQH LQ PLQG WKDW WKH WHUP FRQY
WKH SURFHVV XQGHU FRQVLGHUDWLRQ 7KDW LV LQ WKH
UHOHDVH ZKHQ WKH SDUWLFOH LV KHDNDWH BK IL&HLLNVQDERXW.
WKH SURFHVV RI UWGHIVHLR D Y\RODOVWEH FRQYHUVLRQ RI
WKH VDPSOH ZLWK WKH UHOHDVH RI FRPEXVWLEOH JDVH\
VROHO\ WR D SDUWLFXODKHSEGRFHVNMQFH WR LWKFHDSHQRPLC
GHWHUPLQHG E\ WKH YDOXH RI WKDW FRPSRQHQW RI W
2EYLRXVO\ IRU H[DPSOH IRU PRLVWXUH UHOHDVH LW LV
WKH SURFHVVDEHRIQD QLYK SUHFLVH YDOXHV RI UHVSHF)\
SURFHVV FRPSOHWLRQ DQG WKH VWDUW RI WKH QH[W U
GHWHUPLQLQJ WKH PDVV EDODQFH RI WKH QH[W UHDFWL(
IRU H§DPAM WKLV LV WKH SRLQW ZKHUH WKH VHFRQG GHUL)
WKURXHKRDYDOXH LQ+WKi& FERQOHLQJ WKH VLIQWIKIRW® LV V
ZKHUH WKH ORFDO UHDFWLRQ UDWH EHFRPHR SWKHHFRVY QOR>
VLQFH WKH ILQDO VWDJHV RI GHPRLVWXUL]DWLRQ FRLQFL
7TKH FRQVWDQW RI WKH UHDFWLRQ UDWH LV JLYHQ LQ WK

N S$H[S ( 5

ZKHWBHWKHHBRQHQWLIDWD RPY¥OWWSESYDWLRQ BHOXQUYHURRO
JDV ¥WDU- PRO+WHPSHUDWXUH .
7DNLQJ LQWR DFFRXQW WKH $UUKHQLXV HTXDWLRQ DQG

D s y[s( 571D
1%

$ GHWDLOHG DQDO\WLV RI WKH PHWKRGV IRU DSSO\LQ
H[SHULPHQWDO GDWD RI WKH 7* DQDO\WVLY DQG WKH DC
> @

:KHQ WKH VDPSOH LV KHDWHG DW D FRQVWD&WQUEWH
RYHU WLPH

7 EWwWe
ZKHUHY WKH KHDWLQJ UDWH
&RPELQLQJ DQG D Q BUMBGRIS WHRBWILRI) IRREWO ZH
0 —$H[§—('~ D

G7 E '©5mn
RU DIWHU ORJDULWKP

O%EGD' _( &

S DG71 57
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(TXDWLRQ IRUPV WKH PHWKRGRORJLFDO EDVLV RI W
FRQVWDQWY GHWHUPWEBW PR QUDQY MPKIW BDR ¥ IMWRIGLHV DQG
NQRZQ JULHGPDQQ@PHWKRG >

'"HVSLWH LWV DSSDUHQW VLPSOLFLW\ WKH )ULHGPDQQ
WR WKH QHHG RI GHWHUPLQLQJ WKH OHIW RQGUDRMHV EQ
WKH GHULYDWYDPHW\RQWRBWLPKDQJH IXQFWLRQ $V VWDW
WKH FXUUHQW FRQYHUVLRQ UDWH UHTXLUHV QRW RQO\ V
EXW DOVR WKH GHWHUPLQDWLR@®&®H QW H QGLMWALD QV RR/@W |
PLIWXUH ,Q PDQ\ FDVHV JUDYLWRJUDPV VKRZ LQLWLDO
DEVRUSWLRQ RI PRLVWXUH ZKHQ ELRPDVV LV KHDWHG OR
H[DFWO\ WKH FRQWHQWWR D W KMKW DHQIG R | FRR BRSURFHVV L
RI WKH SURFHVV FRLQFLGHV ZLWK WKH EHJLQQLQJ RI WK

WKLY PHWKRGRORJ\ LV DOVR WKH QH—%—D_G WIRVWRED R @& VWKDHO Y |

PDVV ORVV FXUYH ZKLFK EHFRPHV H[WUHPHO\ FRPSOH[ G
,Q DFFRUGDQFH ZLWK WKH LQWHJUDO DSSUR@FKQ ZKLT
UHFHQW \HDUV HTXDWLRQYV LV EHLQJ LOQOWHIJUDWHG

5L o b s ¢
D © 57

6LQFH WKH H[SUHVVLRQ RQ WKH ULJKW VLGH GRHV QR
H[SUHVVLRQV DUH SURSRVHG IRU REWDLQLQJ DFFHSWDE
VHULHY RU UDWLRDO@UDEWROW SURSRVHG WR DSSO\

LQWHJUDWLRQ E\ SDUWV +DYLQJ] %WUR@N—FHI@EVIDDLCQ—\

JD %ﬁ@emw XV DQDO\]H SN[K@—FJJE%[-FMQ( ZH WKHQ

LQWHJUDWH E>LBBMWY VHYHUDO W
[
g@e[_? fL[HC

d Hgp M 5 M
o [ "
[ ~
Mg Hop ™ H
I [ "
RU LQ JHQHUDO
H' § Q
s L3 - o G
[ [ o [ [ I P

+DYLQJ WDNHQ WZR PHPEHUV RI WKGHRYZRQUR 8§¥U R[Q R REV
RI &RPDHWGMHUQ > @ ZKLRR@MRHAOA®VJ WRWKH
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7TKH HTXDWLRQV DQG DNOLORIZVGHWK D B D@ WEHU RY WL
UHVXOWYV RI 7* H[SHULPHQWY XVLQJ RQO\ WKH FXUUHQW
FRPSOLFDWHG GHWHUPLQDWLRQ RI WKH PDVV FKDQJH GH
BHFHQWO\ D QXPEHU RI WKH $UUKHQLRVWAURRBRSHKDWXU
SURSRVHG RQ WKH EDVLV RI SRID\QRRLHDRO/VW BEBWEPRQNMQI L
6HQXPDQJ DSSUR[L@DWLRQ >

S | H's [ [ [ [
[ el [ [ [
+DYLQJ LOQWURGXFHG LOQWR RQH REWDLQV
o100 E 2 gss
« [ [ [ [ » ( 157
€ [ [ [ [ Ya

7TKXV LQ JHQHUDO WKH GHWHUPLQDWLRQ RI NLQHWLF
PHWKRGV FRQVLWRVYULIQOD@DLBQYPVQUDR WKHUIRWKPLY IWDNHQ

%—0207 EE_RU ULJKW KDQG VLGH([BHULPHQWDO GDWD
PD[

DSSUR[LPDWHG E\ OLQHDU IXQFSSND_QQ BQ LEDAIBKADRFASKRIQV R |
WKH IUHTXHQF\ IDFWRU 68QFEHUWKIH PRK N HAHQLIRRPQ @XW R/WU \

WKH IXQFWLRQV RI (WIQSSWRKIBRBSYODBDXWYRQ RI DQG
WKURXJK WKH LWHUDWLYH DSSURDFK ZKHUHDV DW ILUVW
LQ HTXD@GXG@HWHUPLQH V( DSGS B KWK WKBQ OHM WR E

GHWHUPLQDWLRQ RI FRUUHFWLRQ PXOWLSOLHUV IRU HT
GHWHUPLQH WKH QHDQDBIZKHGYBBDXEXYXWH PD\ EH UHSHDW
SHFLVLRQ KDV EHHQ UHDFKHG

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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5HVXOWY DQG GLVFXVVLRQ
'DWD *HQHUDOL]DWLRQ

7KH suLPDU\ GDWD RI WKH GHULYDWRJUDPV ZHUH SU
PHWKRG ZKLFK DOORZHG GHWHUPLQLQJ WKH WHPSHUDW)
VWDIWVPRSIOHV WKHUPDO GHJUDGDWLRQ 7DEOH
7TDEOH
THPSHUDWXUH UDQJHYVY DQG PDVV ORVV RI LQGLYLGXDO \
ELRPDVV VDPSOHYV

7KHUPDO 'HVWU

'"HKXPLGLI[9RODWLO | &RNE %

4 -~ 4 =

Y— > Y— >

a | > o | x ol x

YXHO ¥ | x| > T [ X| = T |[X| =

=) 5 % L) 5 > L) 5 >

o || > o |Z| > o =D >

0o (@] (@] o n| Qo o ol Qa

Lo o o Lo o o Lo o o
3LQH 6DZ ] ] - |Q
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:KHDW 6WU| - ] - |Q
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$V FDQ EH VHHQ IURPOWKH @M BRHQH GXH EXUQRXW VW
WHPSHUDWXUH RI fK )RU PRGHUDWH YIRQWXAKLRK WK
WHPSHUDWXUH LQWHJUDO ZDV DiSSURILIQFHWWMIKH PDIF\FE BB B
DSSUR[LPDWLRQUBW YKH MDMPHSIHU D O GHSHQGV RQ WKH
GHFUHDVHV ZKBQHWERIZMDOWKEY QHFHVVDU\ WR HVWLPDW
HUURU DQG WKH DSSO&LHOC EHWQ VWHRMKWRKEH R BWMWND SURFH)
RI EKQ® RI WKH FRNH UHVLGXH WKDW LV sDWf& KR WHP S
HYDOXDWH WKH DFFXUDF\ RI WKH DSSUR[LPDWLRQ WKH
ODWKFDG DQG FRPSDUHG ZLWK WKH FDOFXODWMG @GSUR
DQG UG PHPEHUV RI WKH VHULHV ZHUH WDNHQ LQW
6HQXP DQG <DQJ HTXDWLRQ LV DOVR FDOFXODWHG &
GHSHQGHQFH RI WKH UHODWLYH HUURU RBRBRGXKOH RQ WKH

$V LW FDQ EH VHHQ IURP WKH DERYH WKH DFFXUDF\ RI
E\ WKH VHULHY GHULYHG DERYH VKDUSORGHRBNUG FVZQ ZHK
VHULHV LV D VLJQ FKDQJLQJ RQH WKW @RWXIU@PFU HRD WHK HK
QXPEHU RI VHULHY PHPEHUY WDNHQ LQWR DFFRXQW LQFU
6HQX®PQJ DSSUR[LPDWLRQ DSSHDUV WKH PRVW UHOLDEOF

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F
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J)LIXUH 0 RGIOD-WRYH (UURU RI THPSHUDWXUH ,QWHJUDO 6HUL
RQ WKH QXPEHU RI VHULHVY PHPEHUV

7KH FKDUDFWHU RI FXUYHVY VXEVWDQWLDWHY PHQWLR
FXUYHV EHFRPHV DSSDUHQ@WZIHY WK Q H RIWIRIHRKI F® GFY W R
YDOXHV RI [ )LIXUH OHVVHU WKDQ $W WKH VDPH WL
ORZHU WHPSHUDWXUH UDQJH LW ZR5H0G3HEUH) HH B WE&IRKQ BV
VLPSOHU ,W VKRXOG EH PHQWLRRW GFHPHLH LE DIOKY FKAHY
RI WKH DSSDUHQW DFWLYDWLRQ HQHUJLHV IRXQG IURP (
IUHTXHQF\ IDFWRU ZRXOG UHQGHU WKH RSSRVLWH HIIHFV
IRU WKH FDOFXODWLRRY YRHUWK R GG H DWHH

2XU H[SHULPHQWDO GDWD SURFHVVHG DV VKRZQ DER
PHWKRG DUH SUHVHQWHG RQ )LJXUH

JLIXUH VKRzZV D VHULHV RI GDWD IRU WKH GHZDWH!
FUXVKHG SLQH SHOGHNWSWDW MKRAOH PUOW XHHQ WKH OLC
IRU PLIWXUHYVY DUH ORFDOL]JHG EHWZHHQ VXFK IRU LQGLY|
NLQHWLF FRQVWDQWY DUH HDVLO\ GHULYHGWURPR WEGE H
SRLOWWEGDRXWOO H[SHULPHQWDO GDWD WHQG WR GLYHU
WKDW WKH FRPSOH[ SURFHVVHV RI GHKXPLGLILFDWLRQ Y
EH GHSLFWHG E\ WKH ILUVW RUGHU UHDFWLR®WYUMMUBLGEY
NLQHWLF FRQVWDQWY EHLQJ XVHG LQ FDOFXODWLRQV E
KLVWRU\ RI VDPSOH WKHUPDO GHJUDGDWLRQ DW KHDWIL
ODWKFDG FDOFXODWLRQV RI PDVV ORWVLEX VUKW IR KHDW |

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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ia$6+ &RDO & 5 $SSUR]
To$VK &RNH 6HQXP <DQJ$SSUR]

&RPSDULVRQ RI GDWD5BMSSH H QL PMEEEHEKHRR B RIG/V

YLIXUH
$QWKUDFLWH FRNH EXUQRXW

#3LQH 2QO0\
AVKD 3LQH

YLIXUH
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A PJW H[S SLQ A PJW H[S FRDO

W W &
CE

J)LIXUH 6DPSOH PDVV ORVV DPWYHWHUPDO GHVWUXF
D+SLQH SH®$BHWAR DO

$ VIVWHP RI GLIIHUH—G&BW-L—EEE)_@j—I-é—'(I;XD\QLRQV EHHQ VROY|

DFFRUGLQJ WR WKH H[SHULPHQWDO FRQGLWLRQV IRU Gt
ZLWK IXUWKHU GHWHUWH SMULRWY XRIHFRDUYWYW @RV FXUYH {
REWDLQHG NLQHWLF FRQVWDQWY DOORZ IRU WKH FDOFX
H[SHULPHQWDO GDWD 7KH REWDLQHG NLQHWLF FRQVWD

7DEOH
.LQHWLF FRUOVWBOIPWWUKXPLGLILFDWLRQ VWDJH &RDO $6+ EL
) X1 JUHTXHQF | $FWLY (| 7THP 5DQ.
\Y - PRDO K
$6+ &
3LQH
6wWuUDZ

OL[ $6+B3L
OL[ $6+B3L
OL[ $6+BBWL
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7DEOH
'"HYRODWLOLVDWLRQ NLQHWLFV RI $6+ FRDO ELRPDVYV
)X JUHTXHQF | $SFW(QHLU| 7THP S D Q K
Y, - PRD
3LQH
6WUDZ

OL[ $6+B3L
OL[ $6+B3L
OL[ $6+B6WU

&RQFOXVLRQV

'"HWDLOHG LQYHVWLIJDWLRQV RI WKH NLQHWLFV RI LQ
DOWKUDFLWH JUDGH DQG FHUWDLQ W\SHV RI VROLG ELRI
RXW

W KDV EHHQ HVWOELDMHVXIHG QVRBWKWEKEHFDQ EH XVHG \
NLQHWLF FRQVWDQWY RI WKH SURFHVV RI GHKXPLGLILF
GHFRPSRVLWLRQ RI ELRPDVV FRDO DQG WKHLU PL[WXUH)

W LV VKRZQ WKDWPIRMUDYKHMUH BURFHWRHNWH BXIVQGEH
FRPELQHG PHWKECH &R DNWXMD @H FAPLWHUDWLYH DSSUR[LPI
XVHG

7TKH REWDLQHG NLQHWLF FRQVWDQWY DOORZ HQRXJK
RI WKH VWXGLHG IXHOV LQ WKH GWWHUPDQ LR VRN UMKK-MV G

7TKH UHVXOWLQJ FRQVWDQWY FDQ EH XVHG LQ FDOFXO

5HIHUHQFHYV

6DFKLQ .XPDU $QNLW BJUDZDOOBHBP®RIKDYLPHWULF ¢

*URXQGQXVW)WBNEBDWLRQDO -RMQUQDE HRIL®QEKHPQEDEESO|
SS $YDLODKEWW DWLMFHD RUJSSDISHUV

*RQ]iOH)] 5DOR B5RPIQ *RQJIOMEID /HGHANPD

ORGHOOLQ/RYZYRBUPDO GHJUDGDWLRQ RI ROLYH VROLG

NLQHWURWHHGLQJV Rl 7KLUG ,QWHUQDWLRQDO 6\PSRVI

‘DVWH 9HQLSH ,WDO\

5LFKDUG &DSDUW /RWIL .KH]DPL$\$OHD\WQVP HQW @KFP U LR

PRGHOV IRU WKH S\URO\VLV RIDZUHFHR JUD QX PRWH HI®

IDERUDWRU\ 3PB/HU8&5% $YDLODEOH DW

KWW S\HSRYW 00QO JRY SGI SGI

YRGW & RQ-HY DD R O-WIROR | .LQHWLFV RI S\URO\VLV DQG

SLQH QHHGOHR XUXD ORIHMQDO\WLFDO DAG BSSOLHG 3\
$YDLODEOH DW

KWWS FLWHVHHU[ LVW SVX HGX YLHZGRF GRZQORDG"(

S@lizZZ HOVHYORBDARIR MDD S

.DOL3AWDORKDQ.XPPU 3UDGHHS IDKDQWDHWHUPLQDWLR(

FRPSDULVRQ RI NLQHWLF SDUDPHW HIUM\QRZDR@ B HQ V MWD\

(QHUJ\ S
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-XQPHQJ &DL 5RQJKRX /LX <XDQ\XDQViD/QRI| WRIDW.@Q H
UHDFWLRQV $ QHZ LQWHJUDO PHWKRG IRU QRQLVRWK}
SUH H[SRQHQWLDO IDFWR U°RER & IKGI6W B WH-BFDIWVIE BRIV $ $
*XLGD 0 < +DQQLRXL $ (YD O XDSMIGRBUR) BDIQGLBELI
OHWKRGV IRU .LQRW2ZGENY$QDIODOL&ROLG :DVWH DQG 20L
,QVQW -RADRBALHQWQULR HEKWYBDUFKSS =+
$YDLODEIOWWBW ZZZ LMVHU RUJ URBHDU B R KREWWY (YD C
5HG | QU L DE R K RANQ H W Q P\D RIZYL ¥ HB® O: D& DI G
20LYHODVWHZDWHU SGI
.KDUODPRYD * 1DWH 6 &KHUQ\DN 2 VHFXSHQNZRE
SNUDLQH FKDOOHQJRIXRQD/P RUWQIDHUQDWSRQDO 6WXG
"
6LPLRQHVFX 0 $OEX / / 5DLOHDQX 6]HOHV 0 %LODQ
XWLOLVDWLRQ LQ WUYUNMDLRPMEWH RGHWKMRSPHQW LQ
S8QLROFKQRORJLFDO DQG (FRQRPLF 'HYHMSGRSPHQW RI (F
-XQ +DQ 'RQJ\L /LX /LQER 4LQ :DQJVKHQJ &KHQ )XWI
WHPSHUDWXUH LQWHJUDO DSSUR[LPDWLRQ IRUPXOD
SDUDPHWHUV RI(QADUVIW H6 RXIUFHY SDUW $ UHFRYHU\
HQYLUR Q PHRWWD G §i |+
<XQTLQJ +DQ7KHRUHWLFDO VWXG\ RI WKHUPDO DQDO\
VXEPLWWHG LQ SDUWLDO IXOILOOPHQW RI WKH UHT>
3KLORVRSK\ LQ WKH &ROOHJH RI (QJLQH HR[L@IWRQW K
HQWXMBN\$SYDLODEWW HW XNQRZOHGJIH XN\ HGX PHBHW
9DOpPULH /HUR\ 'RPLQLTXH &DQFHOOLHUL (ULF /HRQL
VWXG\ RI IRUHVW IXHOV E\ 7*$ ORGHO IUHH NLQHWL
SKHQRAKEDPRFKLPLFD S WD
$YDLO DEOVWSYV  KRXY B URKHW HY IGIRFXPHQW
-L/ 4 1HZ UDWLRQDO IUDFWLRQ DSSUR[LPDWLQJ Il
LQWHRXN@DO RI 7TKHUPDO $QDO\VLY BQG &DORULPHWU
.DWDU]J\QD 60RSLHFN PUBQHMMFR %DQWHRHERRIJUDYLPHW
DQDO\LYV DQG .LQHWLF VWXGKRUGRSWHU ZRWR GRRD A G\
$SSOLHG (QHUDD\ 3HUXJLDjS ,WDtO\ $YDLODEOH DW
KWWS ZZZ FLULDI LW IW )LO®GI3XEEOLFD]LRQL SGI
+DL[LDQJ 1&KIQ® /LX 1HZ $SSUR[LPDWH )RUPXOD
7HPSHUDWX $H& KQWRIURO B =
ODWKHXV 3ROHWWR -XOLDQH 'HWWHQERUQ O9LQtFLRV
ODWHULDOV 3BRGRMH@LURRBVY 3DUW , (YDOXDWLF
DQG 3\URO\VLV OPIWHRRGOV5HVH®S FK $YDLODEOH
DWWWS ZZZ VFLHOR EU VFLHOR SKS"VFULSW VFLBDUW

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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*HQHWLF DOJRULWKP XVDJH |IRVUDRSWIIDAN RJW L |
RSHUDWLRQ

9RORG\P\U 3ROXSDQ 9LF

IDWLRQDO 8QLYHUVLWI| .ILY 8N
$EVWI
.H\ZRUGYV ,QWURG ,W LV FDUULHG RWKH R
FRQWURO DGDSWLYH V\WWHP RI WKH DS
6XJDU 4XDOLWDWLYH LQGH[HV Rl WKH DGDSWLY]|
6DWXUDWLRQ DUH GHILQHG
&RQWURO ODWHULDOV D& PHWKRG¥RQWURO V\V
$XWRPDWLRQ VXJDU UHILQHU\ DSSDUDWXV RI ,, VDW
*HQHWLF 6LRODWLRQ PRGHOLQJ EDVHG RQ FODVVL

$OJRULWKP DOJRULWKPV LV XVHG WR GHWHUPLQH W
SDUDPHWHUYV
SHVXD@G®LVFXVAKHIRWLPXODWLRQ VWXGL

TXDOLW\ RI IXQFWLRQLQJ RI WKH VWUXFW
VI\VWHPSRILPDO FRQWURO XVLQJ WKH FODYV
SUWLFOH KLVWRHYY W FDUULHG RXW DV ZHOO DV WKH UHVF
EHEHLYHG DOJRULWKP ZLWK WKH DGGLWLRQ LQ WK
S5HFHLYHG LQ UHK\EBAYleG IXQFWLRQV QDPHO\ IPLQFRQ IPL
IRUP IPLQXQF
$FFHSWHG $GDSWUMHHP RI RSWLPDO FRQWURO KDV
LQWHJUDO TXDGUDWRP FNUMAIUWRQWKH H|
RQH ZKLFK LQWHJUDO, TXD @RW RF HU LW

FRQWURO WLPH LV DOVR UHGXFHG $GDSW
&RUUHVSRQGLQJ V ZKLOMLEBJLFRQWURO M\VWWP UHTXI
DXWKRU 8VDJH RI K\EULG IXQFWLRQV DOORZHG W
HJUDO TXDGUDW4 F FQ GWMHR IVRSG iR X S

?ﬁgfg\mu 3ROX$ HP UHTXLUMG WLBBVR D VWXG\ RI
VHUXQGHUZ#JpDIPF RERQ PHWKRG ZLW KRXWL WV IO JRUH R K P
FDUULHG RXW WKLV PRGHO VKRZHG D OR

V. EXW WKH YDOXH RI WKH LQWHJUDO TXD

KLJKHU
7KH EHVW UHVXOWV LQ WHUPV RI LQWH.
WLPH 7 VZHUH REWDLIHQHWLF DOJRU
FRPELQHI®LZQMREULG IXQFWLRQ
'HYHORSHG DGDSWLYH FRQWURO V\VWH!
VLIJQLILFDQWO\ RXWVWDQGYV WKH H[LVWLQ
7KDW LV ZK\ LW LV KLJKO\ UHFRPPHQGHG V
RQ WKMUVXHILQHU\ ZLWK WKH VWXGLHG DC
&RQFOXVKRQ@RYHOW\ Rl WKH UHVHDUF
VFLHQWLILF VXEVWDQWLDWLRQ RI WKH I
>y JHQHWLF DQG K\EULG JHQHWLF DOJRULWK
- DGDSWLYH RSWHPNO FRQWURO V\VW

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ3URFHVVHVXDRIEQW
,QWURGXFWLRQ

6 HF RQIONV X DBWDRQWXYV LV DQ XQVWHDG\ REMHF®¥W IURP
ZLWK WLPH IORZ LWV SDUDPHWHUYV XQSUHGLFWDEOH DOW
XQFHUWDLQW\ RI HQYLURQPHQW SDUDPHWHUV ORDG DQ
DOWDD ODFN RI SULRU LQIRUPDWLRQ PDWKHPDWLFDO PR
RI WKH REMHFWY DQG HQYLURQPHQW GR QRW H[LVW

$XWRPDWLF UHJXODWRUV ZKLFK ZHUH DGRSWHG FRQ
SDUDPHWHUV FDQQRRQBURYL G KDWOUWWFXKRQGWUFVXFK FRQG
GHFDGHVY GLIIHUHQW LPSURYHPHQWY IRU GHVL@Q RI F
+RZHYHU WKH XVDJH RI JHQHWLF DOJRULWKP *$ LQ FRQ
ZDV QRW SURSHUBROXWWHNIALVH D QHFHVVLW\ WR LPSURYH FF
DGDSWLYH FRQWIERO V\VWHP

7KH REMHFWLYH RI WKLY SDSHU LV WR VWXG\ WKH VDW
EDVHGHRGIWLF DOJRULWKP

ODWHULDOV DQG PHWKRGYV

TKNHFRQGV X DBWDHWVRYWEROEG FWILDRKMHIUHHG MXLFH DIWI
VDWXUDWLRQ UHDFWV ZLWK FDUERQ GLR[LGH $V D UHVX(
REMHFWLYH RI WKH VHFRQE WRVXEKWILIROTRB MRQP IR D AMLRE
VDOWYV 7KHUHIRUH WKH DPRXQW RI FDOFLXP>L@QV LQ W

7KH SDUDPHWULF VFKHPH RI D PRKHWURO REMHFW LV VK

7KH PDLQ PDWHULDO IORZ LQ WKH WIRARQUEDWMWIMRIDHFG W R U
[ '"LVWXUEPOQURIXBIXQGHU QRUPDO ZRUN FRQGLWLRQV KDV
XQLIRUPLW\ RI MXLFH IORZ RQ WKH VHFRQG VDWXUDWLRC

7KH PRUH VLJQLILFDQW [LVIWRGE GERYIHNXWHED QBAOWHUDW
FKDUDFWHULVWLFY WDNHV FRQVLGKDOQ®WQW DNLPHH TR @ IDHHK
VDWXUDWLRIQ i MXUWHLY QHFHVVDU\ WR SHWXIRKRUR FRQWUR
GLVWXUEDQHHRRIMD GJMURKSLW LV QHFHVVDU\ WR FRQWURO

0 WKH MXLFH OHYHO LQ WKH FROOHFWRU EHIRUH WKH
HTXLSPHQW KDV IDLOHG WXHQD MXLFH LQIORZ LV OLPLWH

7KH MXLFH S+ GHFUHPHQWYV ZIPNKROY X H- RBOIFHQIWHOQW LRI
VHFRQG VDWXUDWDRODXMNHLtHEFAXBROBVLUEGHULQJ WKH S+ PH
WKH SURGXFWLRQ SURFHVV WKLV LQGH[ LV XVHG DV D
FRQFHQWUDWLRQ DQG MXLFH S+ DV ZHOO DV HOHFWULF|
JLIXUH DUH LQWHWIKHOONVAMG DA\ H[W UrHKHH GAJHL$W Q B H QAFK
FKDUDFWHULVWLFVY KDV WKH SHFXOLDULW\ WKDW WKH PL
VDPH YDOXH RI S+ RQVOGEDOGWXRIDRQV FRQFHQWUDWL|
FULWHULR® FIDRREMVOIWFHMEULFDO FRQGXFWLYLW\ RI D VDV
FRQWURO FULWHULRQ RI WKH VHFRQG VDWXUDWLRQ SUR
IROORZLQJ

Q
' _QL: S-FtSWL S+9 PL

ZKHQHQ XPEHRFEHHWHUPLQDWLRQ VIBAK U HQ X OVIKUIH LGDMHXUNCDAD
Q 7D( OW7,0(tVDWXUDWLRQ SURFHVV GXUDWLRQ > @

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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JLIXURKH SDUDPHWULF VFKHPH RI D VHFRQG VDWX

] tGLVWX FPXEMBK H P DO REDND@®W HRIIDW LR Q
+1 L UWDW X WLDONNMRIQ FFG{
+OLPHONK
+FDUERQ GLIR[LGH
+V X O SKURJ PGKH
+ILOW VBW L PRI W
+MXLFH WR FOHPUK\HOORZ VXJDU
+HYD S RUDWRHKEL QV K/HH F /Q & X DSWDR B QW X V
m+V X0 S KXVIRFKBVISDXRY K
] +GLVWX FPXEMBOO WHRIDWLRQ

] *tFDUBR@[EBE®FH QWW /W WK DWLRQ

] +tOLPHGN Q\IEW\

] tOLPHFRQWDPLQDWLRQ
] +GLVW X FPX@ERME W HR BKVLRIF VRHULVWLFV
] +SXPSV

] tKHDWHUYV

] *ILOWHUYV

] tVHFROQ® XDBSWDBQW XV

] tHTXLSPHQWLFHDELOLW\
LK+ W HF K DR 6 B GRUQDEMX\D S IDMORHSY. B\OEIR OO RFW R U
X+FRQ\N BRERDL Q B/DH @ HQ/RZD R H

X +1 L UWDAV X ULDONNMRAQAFGL

X+OLPH PLRN P

X+FDUERQ GLR[LGH P

X +VXOSKXU GIKR[LGH P
LEWHFKQRORJLFDO LQGLFHV

i tHQYLURQPHQWXQHWNWLRQ |G

i t'VHFRQG VDWXUDWLRQ MXLFH SXULW\

i tHQYLURQPHQW U HDVX\LIFRIQ j’SI XQOBKLWHG

O O O0OO0OO0OO0Oo

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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$ ZHOQRZQ UHJUHVVLRQ PRGHO GHVFULEHV WKH GHS
FRQVXPSWLRQ RI)VDWXUDWHRGQHWIYW XUH RhWHKH GH QIXNVWI
RI OLPHVW&QHNWRH®PM PLON FR@MXWKWLEBRQVLW\&EI GU\ PL

> @
S+)viTomern )ep2&p v Towm Ko
&3 )ep2 )viem ) v Kk JvKep
v)kzH Tl H lcléc P k)rp2 &P ep2
Tem v KH Kp )ep2

YLIXUH

J)LIXUH 6HQVLWLYLW\ RI VHFRQG VDWXUDWLRQ TX

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJIJ3URFHVVHVXDRIBQ W

5HVXOWY DQG GLVFXVVLRQ
2SWLPDO FROMHPRGHVFULSWLRQ

$ VIVWHP RI RSWLPDO FRQWURO ZDV EXLOW WR VROY|
ZKLFK LV VKRZOQRLRQWURO &RPSXKWKIKQRI &R YNYWHP FRQ\
PDWKHPDWLFDO PRGHO XQLW 008 DQG IFRINMIHRD O HFFRIQ W
LQIRUPDWLRQ IURP VHQVRUV DW UHJXODU LQWHUYDOV
SURFHVV WKH GRWMIMUSHILORXO IDNVEGEWIDPLF RSWLPL]DWLR
UHJXODWRU GDPSV WKH GLVWXUREIDWKHW D2AKXKBROW GO MNKQ
IHZ DVVXPSWLRQV FRQVLGHULQJ DGDSWLYH V\VWHP PRG|
DQG LPPHDVXUDEOH KDYH LQIOXHQFH RQO\ RQ WKH RE
6HFRQGO\ LQIRUPDWLRQ FRRWHRWLWQPHURFARYNVQG HUH
FRPSDULQJ WR LQHUWLDO SURSHUWLHYV RI WKH REMHFW

JLIXUBSWLPRQWWRWH P

&&& VROYHV SUREOHP RI VHFRQG VDWXUDWIRQLWKRF
YLIXUH

*HQHWQFRULWKP H[SODQDWLRQ

*HQHWLF DDVWIRQLMYRPOXWLRQDU\ DOJRULWKP RI KHXULV
RSWLPLIDWLRQ SUREOHPV E\ PRGHOOLQJ RI QDWXUDO V
RFFXU GXULQJ OLIH RI o% B UGJIVRIMAD@\LXY NG WE& ULRMDHUHL B X
RSWLPLIDWLRQ SUREOHPV $ FHUWDLQ DPRXQW RI FKURP
LV HYDOXDWHG ZLWK REMHFWLYH IXQFWLRQ DOVR NQRZ
LQGLYLGXDOV GHWHURLQWKHERBXROYMW RRQDXIVLSURFHVV’
JDWKHUHG DQG WKH DOJRULWKP TXLFNO\33PRYHV"™ WRZDU
DGYDQWDJHV RI JHOQHWLF DOJRULWKPV LQFOXGH WKH UH
FRQWLQXRX¢ MOD@WXMWKH VROXWLRQ WR WKH SUREOHP ZL
VROXWLRQV *HQHWLF DOJRULWKPV DUH ZHDNO\ VHQVLWIL

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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JLIXUHHQHWQ FRULWKP

,QLWLDO JHQHUDWLRQ RI D SRSXODWLRQ FRQVLVWV R
LQGLYLGXDOV HDFK ZLWK LWV RZQ VHW RI FKURPRVRPHV
HYHU\ SUREOHP VROXWLRQ LV HYDOXDWHG Z2LMWK REMH
FKURPRVRPHV KDV LWV RZQ ILWQHVV YDOXH REMHFWLY!
JRRG HDFK VROXWLRQ WR WKH SUREOHP LV

7KH VHFRQG JHQHUDWLRQ RI D SRSXODWLRQ LV FUHDW
WKH LQLW L DO@J HEQEIMDWRIQY SUREOHP VROXWLRQV EHWW
IXQFWLRQ KDYH KLJKHU SUREDELOLW\ WR EH VHOHFWH
JHQHUDWLRQ 7KHQ WKH JHAQRWIRY®FHKIDDWRIRQ VIXFH DY
VHOHFWHG/ BUREERI®YY D UHVXOW ZH KDYH VHFRQG JHQ
VROXWLRQ RI WKLV JHQHUDWLRQ LV DOVR HYDOXDWHG
UHSHDWYV 6RPH RI WKH SUREOHP VROXWLRQV DUH VHOH
RSBWRUV DUH DSSOLHG WR WKHP DQG VR RQ

7KHVH DFWLRQV DUH LWHUDWLYH PRGHOOLQJ RI HYRO.
WKH VWRS FULWHULRQ LV PHW $ VWRS FULWHULRQ FDQ

+tJOREDO RSW RPDMLRDOTXRVXWLRQ

tWRWDO DPRXQW RI WKGH JHQHUDWLRQV FUHDW

tWRWDO DPRXQW RI HYROXWLRQ WLPH

7KXV RQH FDQ GLVWLQJIXLVK WKH IROORIAXQH VWDJIHV |

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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2EMHFWLYH IXQFWLRQ IRUPXODWLRQ
,QLWLDO JHQHUDWLRQ FUHDWLRQ DQG LWV REMHFWL
,WHUDWLYH SDUW
3UREOHPLRRY VHOHFWLRQ
&URVVRYHU
OXWDWLRQ
2EMHFWLYH IXQFWLRQ HYDOXDWLRQ
&KHFN LI VWRS FULWHULRQ LV UHDFKHG
$V RQH FDQ VHH LW LV QRW QHFHVVDU\ WR FUHDWH D
*$ FDQ TXLWH TXLFNO\ LPSURWH XVIOH HS R 8§ XQRW VR Y HE/X B
RSHUDWRUV ,Q+ AR QDLIS\DRREMDWPL BR@ X WLRQV
&URVVRYHU PXWDWLRQ DQG KNG BYOWMZISD U HROMKWILR QD
WRU HRQHHK LVCREO XWE@RQHUHQW *$ K IXYDH VGWIRHSIHRGNX FH FKLOG
7KH PDLQ UHTXLUHPHQW LV WKDW FKLOG VROXWLRQ PX\
VROXWLRQ 7R SURGXFH WKH QH[W JHQHUDWLRQ RQO\ W
XVHG

&RQWURO SURFHVV VLPXODWLRQ

7KBURJUDP ZRUNV DV IROORZV
iLQLWLDOBXDWONEWHUHG EHIRUH WKRHLYRWKUDWLRQ SU
iXQIDWIVGEGJIHQ H U D W)H JIXGIX H V
iJHQ HDVOUR WLMVIIWRR O Y B Q&H | RGNV L B XPX U H
iGXUMQUALRH VXQFWQDPEPOFXWDIMHSUWERRVLGHULQJ
iGRQQGRSHMHVXOWYV DUH %RRSjE RGN QA S U D \

)LIXUBLPXO PWRIGRI®

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF
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7R VLPSOLI\ WKH G\QDPLF FDOFXODW.L XK HG5 GMWVLRQBX
VWDWLF |jeB@XMHCGRE\QDPLFSYDQ EHRBW, WYV RXWSXW IRUPV W
SURFHVYV ZLWK GXUDWLRQ RI V RI VIVWHP WLPH

6LPXODWLRQ UHVXOWYV

6LPXODWLRQ ZDV FDUULHG RXW DFFRUGLQJ WR WKH U
FRQVLGHULQJ GLITHUHQW SURGXFWLRQ SHFXOLDULWLHV
WLPH 7KDW LV LQLWLDO YDOXHV (YHU\ QL FRQIW)RRQVAD\
DQG IRU WKH DGDSWLYH RQH $OVR EHVLGHV FODVVLF *§
DGGLWLROQP WR/HSDWK H U PLIQXIGEK F RD ZDV XVHG WR T
FRQWURO TXDOLW\ S5HADEDWY DUH VKRZQ LQ WKH

7DEOH

, 7

+\EULG IX| ([LVW $GDS ([LVW $GDS
FROWURCFRQWUROFRQWURBRQWURO|V\VWHF
VA\VWHP V\VWHP V\VWHP

1R
IPLQV
SDWWH
IPLQ
IPLQ
IPLQ ZLWI
*$

$V RQ FDQ VHH IURP WKH WDEOH DGDSWLYH FRQWUR
TXDGUDWLE FUERMSDORIQQJ WR WKH H[LVWLQJ RQH ZKLFK
, ORUHRYHU FRQWURO WLPH LV DOVR UHGXFHG $GDS
ZKLOH HFRQWQRO V\VWHP VEBVRUHHRI K\EULG IXQFWLRQV
DGGLWLRQDOO\ UHGXFH LQWHJHD® §BDSRIDGV NBVRUKLRY H U L
UHTXLURG WLPH7KH EHVW UHVXOWYV LQ WHUPV RI LQWHJL
, 7 VZHUH REWDLQHG IRU JHQHWLFPDQRRBUWKP F
IXQFWLRQ .1 FRQWALRIZRMMVRKRYV X'¢ HW iR KR HWKKID SW Ut
HYHQ OHYV WWPKRZHYHU LW FDQ ILQG ORFDO RSWLPXP
&RQVLGHULQJ WKLV IODZ DQ DGDSWLYH IPRQWREOLE\VW
IXQFWLRQ

7KHUHIRUH WKH UHVHDUFK RRMHBWDLGS B SAHDLVY R HVR OWEI
VDWXUDWRU RSHUDWLRQ VLJQLILFDQWO\ RXWVWDQGV Wk
ZK\ LW LV KLJKO\ UHFRPPHQGHG WR UHSODFH FRQWURO
GHYHORSHG DGDSWLYH RQH

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JJJ3URFHVVHVXDREBQW
&RQFOXVLRQV

6LPXODWLRQ UHVXOWYVY FRQILUPHG WKDW GHYHORSHG
RSHUDWLRQ LV KLJKO\ HIILFLHQW 7KH EHVW FRQWURO FU
ZHUH DFKLHYHG ZKHQ FODVVLF JHQHWLF DRIRUDWRE ZDV

5HIHUHQFHYV

6FKURGHU 3QWHOOLJHQW REVHUYHU DQG &RQWURO 'F
6SULQ@BHWWDI %HUOLQ
=LQREHU $1RQOLQHDU DQG D 6®SMMHGHF RIQVE URRQ N
IXFMND 1 0 6\QWH] RSW\PDOMQ\NK UHJKXOMDWHR
WHNKQRORJKLFKQ\NK NRPSOHNSNWR PBSHMHIRRYG R DERM E
(OHNWURWHNKQ\FKHVMHPNBBS@HNV
JLVLWYLQ  9\ERWUW UXRN@RIRR W NGLINRI Y FPIRRSQIDRLF K Q \ L
YHVWAQIBN SS =
6LGOHFMN\M 9 0 (OMSHULQ ,9 3ROXSDQ 9 9
SDUDPHWULY QD ULYQL UR]J]SRGLOHQRJKR NHUXYDQQMD
WBRPSOHNVLY NKDUFKRYR¥NRSURPUDER YIRFWRQDOMQRJ
NKDUFKRY\NK WHNE®RORJKLM
.RURELLFKX3DQ$XEKXP\KDIR\NSR5HVKHW L RR LV NQL

+RZ WR ,QFUHDVH (IILFERQMURD $SRKIW&R&RPSQK|[ 3C
'HYHORSPHQW DQG ,PSOHPHQWDWLRQ R3URRRHGLQDW
,QWHUQDWLRQDO &RQIHUHQFH RQ 6\VWHPV &RQWURO L
YRO 6SULQJHU* &KDP SS
IDGDQ#MXNsPLWMBONKODVH@NR 6\WWHPQIMINPDGQ\NK
V\V WKISRI D Y ALIB®T MIDY
&KHUQLDYVNDLEDNKDWVPHISDRE GHRP\\VKWEBNKIDRORJILFKHV
NDFKHMWWWEMQRVIYEWR RWRW VIRWVHQWU
1HOOHV 21RQOLQHDU V\VW H®SUGHPMUD U F DoMIURQ Q
3ROXSDQ 9 9 6LGOHFMN\6MWWXNWXUD DYWRPDW\]RYL
UR]JVK\UHQRJKR NHUXYDQQMD GOMD NRRUG\QDFLML VX
1IDXNRYL SUDFL 1DFLR Q DIOMIFRIRR NKKQ MYHNKSCER/® RV NM
IDGDQMXN $ 3 =DMHFM 1 $ 90DVHQNRRRY G\QCFM NI
IXQNFLRQXYDQQMD WHNKQRORJKLFKQ\NK GLOMQ\FM F
]JDGDFK SURJKQ R]XYDQQMDSRQVQYWHN EQQEKFKMNRRK RQ VW

+

IXNLDQMHIQNRRQFKDUHQNR2, & %ORQOMNDPLQDWLRQ RI Wt
SODFHPHQW DQG FDSDFLW\ RI3UBQNZD,EO/MN WX \ HVOR
1IDWVLRQDOQRL $NDGHRLL ADXN 8NUDLQ\
.RVDNRYVN\ 3RQG 6 / )URDWDBPRQNH\ UDSLG GHWHFW
SUHVVXUH RQ LQGLYLGXDOY%LRNYIQVRRIPHRARKY DOLIJQPHQ

3RVDGD &UDQGDU®H. HIIHFW RI UHFRPELQDWLRQ R
SK\ORJHQ\ HVWIIRRD WY BQ +

%XUQKDP . $QGHUVR®HO VHOHFWLRQ DQG6BXORYIHPR G I
1HZ <RUN

6KULQHU 3RWHIORVSIBROH FR P E LRRWDMWWMHRAY YWHR DRRKHHWHFW L Q J
SRVLQDWHHOBOEWQRWY S *

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JIJJISEVWUIDIBW YV

hN

e -.

OZjgh\e I_ogheh]e-€

Jhafej » fhjnheh]egqge hkh[eb\hkjZgZébdgtbhafZex jeagh]h
[hlZgeqgh]lh ihoh”" _ggy

<eZ"+fEfl\yd
GZmdhj\hdlbggbc p_glj GZpehgZevgh€ Zdz”~ _fe«€ gZmd ;*ehjmk:
Fegkvd J_kim[eedZ ;eehjmkyv

<klImiljb jhajh[e_gge kmgZkgbo I_ogheh]ec Jeb[hdh€ i_j_j}
djZzofZe _\fekgh€ kbjh\bgb gZc\Z eb\erbf Zki_dlhf } \b\g_g¢
fhjnheh]eqgh€ kljmdIimjb a_j_g djhofZex

FZl_jeZeb 1z f_IbhhBke«""m\Zebky gZlb\ge djhofZe- dzjlt
dmdmjm”alZgibbhdh\bc ir_gbggbc jbkh\lbc “blgec ]Jhjhoh\bc
ygqfeggbc khjltod Zlébl » \e\kygbc KdzZgm\Zevge _e_dljhgge fe
djhofZevgbo a_j_g [meb hljbfZzge a \bdhjbklZggyf _e_dljhggh]

F_IZeeaZpey gZlb\gboijjhnfZlevgpo\h~"bezZkv ahehlhf m \Zdn
kbkl_fe (0,7 (&+ . ;

J_amevlZlb « h[]h\bhhkeagy _gh jhafejb ¢ fhjnheh]eqge hkh[
a_j_g gZlb\gh]h djhofZex jeagh]lh [hl1Zgeqgh]h ihoh~>_ggy Hkg
0ZjzZdl _jbklbdhx klIjmdIimjb y@Zfibéxh]bhdijbagzZqgz} cbihe-qgeabdh
\eZklb\hkle '} a_jgh djhofZex ]jZgmeZ <by\le_gh \_ebdm je
djhofZevgbo a_j_g ijZ\bevge » g_ijZ\bevges h\Zevge hdjm]ee 1Z
djhofZevgbo a_j g \Zjex\Zebky \fdf Z&w “gh \+” k_j ~gvh]h jhafse
djhofZebkle a_jgzZ fh mlv jhalZrh\m\ZIbkyjy\" dgrbdzjdh gy m

“ “blh “ ]hjho “ gmlbdze* “ljbl
ir_gbpy “ khjlh “ yqfegv ehdZ “1Zi
dmdmjm~az “ h\_k “ jbk “ ZfzZjzgl “
jhafej djhofZevgbo a_j g \byle gh \ dZjlhieyghfm #djhofZe-
ZfZjzZglh\hfm <klZgh\e_gh sh m gZlb\gbo djhofZkjHho khj]lh
gml ZfzZjzZgl « dmdmjm”~aZ jhaih”ee djhofZéxgbozZa pjbogy fhghfh”
m ir_gbpy IljblbdZe_ dZjlhieffhNZdyddAjZdpdoocog m
"blgec  jbkhklpfh~Zelwvg njZdp oy

> j_eh djzafzdegh€ kbjhtbbgkhpahkle kljmdimjgh€ hj]lZgeaZ
gZlb\gh]l]h djhofzZex [Z]Zlh \ ghfm \bagZqgzZxlv |_ogheh]eqg
\bdhjbklh\mxlvky ~ey gZc[eekhsZhébhRbreemqg _ggy a_j g gZlb\gh
dijhofZex a jhkebggh€ dee<lbgb

Hkgh\lghx kljmdIimjghx oZjzZdl_jbkl#jhof gegdbsgphihagZqgz} ch]
\eZklb\hkle } djhofZevg_ a_jgh Hkh[eb\hkle jhafejm < nhjfb
h[mfhlexxlv |1Zde \eZklb\hkle djhofZex fhe_dmeyjgz fzkz d
\heh]b | _fi_jZImjZ ~ _eZlbgeaZp+€ kis\\e~rghr_ggyghjkdpéo djhc
mdezZ~Zggy \ djbklZeeqgbo h[eZklyo j_heh]eqge o0ZzZjzdl_jb
de_ckl_je\

<bkgh\dBhjnheh]ey djhofZevgbo a_j_g jeaghlh [hlZgeqgh]}l
eklhlgh \e7jeagyl}llvky az jhafejfiff <« nhjfhx hdjm]lezZz h\Zev
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g_ijZ\bevghffb nh Jhafej J]jZgme djhofZex } hkgh\ghx klIjm
0Zjzdl_jbklbdhx sh \bag@«gzZggreaddklib\hkle djhofZevgbo de_ck
Dexgh\e ketipZofZzev fhjnheh]ey ]jZgmezZ jhafej nhjfz

Oe<feqgbc kdez”™ « aZklhkm\Zggy d\el*\5REQQL R\BYHXGHIRDFDF|

Klzgdh Klzg®Z\nea_ NLZgy 1\Zgh\z
ce[_gZ KlhygklZzgdz >ZfygbdhezZ > kbd
tMge\_jkbl_I oZjgh\bo |I_ogteh]he]Zeh\?
+Jmk_gkvdbc mge\_jkbl_ | ©:g] e DZgq_\2 neeey \ f JZa]j
+tGpehgZevgbc mge\_jkbl_| oZjgh\bo I_ogheh]ec Db€\

<kImiljh\_~ gthkee”" gyf |Ihx \bagZq_ggy oesfeqgh]h kdez
[*heh]eqgh€ ZdIb\gjhkgtiishes_gbo m ;hlZ]Zjm€mal-gbo

FZIl_jeZeb « f_Kbijlhibhljbfm\Zeb _dkljZdpkRBZXgdlflkjhZo a
jeahxdhgp_gl}ZpshagzZqZoeheqgbc kdeZ& 08Z Z 1Zdhfekl
iheen_ghee\ Zglbfedjh[gm [Z Zglbhdkb”Zglgm Zdlb\geklv

J_amewlZh[]h\hj_ggbokbjhikde Z\ Kgh\lge kdekZjim
Qoglwzdhazg ]_ilddhazg .esghe_gh\zZz dbkehlZz |
i_glzdhazg i Z &vddlbednl "bbahhdlbenlZeZzl
]_dkZ]b”jhnZjgpabteg eAghé&ehl scahihpdiejbklZI

*Jagljbzdhlzg K_j_fhfihg sdkbjhimZc\bsbc \«~khlhd

aZ]lZelvag eenZlbogn]e \RMge Mrhkee""m\Zgbo ajZgHpaedE\s]l-\
gZcl[eevr bofed jZegedxe fer dZewpeojmi

;eevr \bkhde agZgq_ggy n_ghevgbo kihemd \byle_gh m d\e|z
Ih~e yH#bpheia h[ege€f%WEL] f] *$fe kbjhi ah[ege€f%WEL[ f]
*$( fe AjZadb KiZphlivdglbfedjh[ge \eZkdbthikZIkh]_ggbo [ZdI_jec
6DOPRQH®ODRL +(/ PRQRF\WRJHQHV

<bkgh\H\elph[ega€h]ey mepAgchosfefi@Zklb\falmlv [mlb
j_dhf_g~hyadgerhl_gpecgZ kbjh\bgZ ~ey oZjgh\h€ nzZjfZp_\lbqggh
ijh"mdpe-€

Dexgh\e kephjrgey a\bgZcgz d\eldZ _8&HEZHl o°fey

<ieb\ | _ogheh]egqgbo \eZklb\hkl ¢ ¢ j “bfe\ h[jh[db gZ _n_dlb\g
gZkeggy Jhjhom

/I\]_g OZjg_gdHjec RZj&¥Ze_glbg QhHebagz /j_f_}\z
+tGZpehgZevgbc mge\_jkbl_I| oZjgh\bo I_ogheh]ec
tMfZgkvdbc gZpehgZevgb&aitgedbjkibZ |

<klImijhp_k ems_ggy a_jgZ ]Jhjhom } fZeh ~hke<""_gbf q_j_
kdez”rghse fh”_ex\Zggy |I_ogheh]eqgh]h ijhp_km \ peehfm 1j_A~
"hkee~"_ggy ijhp_km ems_ggy gZkeggy ]hjhom ~Zxlv afh]m
gZkeggy Jh§jhogZk ch]l]h ems_ggy \ fZrbgZo a Z[jZab\gbfb jh[hgb

FZI_jeZeb « f_[Zkeggy ]Jhjhom jeagh€ djmighkle 1Z \heh]hk
eZ[hjZlhjgec emsbevgec fZrbge Ijh"mdlb ems_ggy hgbsZeb \ Z
\er emalb 1Z fmgdb iske¥edphph\baggZyZeb +g”~ dk ems_ggy £
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\heh]eklv « djmigeklv gZkeggy ]hjhom r\b~deklv h[_jlZggy jh[hq
fZrbgb Ijb\Zeesklv h[jh[db 1Z dh_nepe}gl azZih\g_ggy jh[hgh€
\bagZqgZeb \ieb\ \dZazgbo izZjzf_lje\ gggy_dlb\geklv ems _

J_amevlzZlb « h[]lh\kklggh\e_gh sh af[eevr_ggy Iljb\Zehkle
\heh]hkle gZkeggy J]hjhom r\b~rdhkle h[_jlZggy jh[hgbo hj]z
azZih\g_ggy jh[hgh€ dzZf_jb emsbevgh€ fZrbgb a[eevrmxlv _n_
]Jhjhom aZ eesgecghklxaZ&[egwr_ggy djmighkle gZkeggy J]hjhor
a[eevr_ggx _n_dlb\ghkle ems_ggy i_j_\Zgh aZ jZomghd a[cevr
A[eevr_ggy djmighkle a_j g ijba\h”blv ~h agb™ _ggy *g”_dkm en

<h”ghgzk «a i**\bs_ggyf n_dlb\ghkle emsba<qgy q{febrangdlvk
jZomghd y~jZ Ae ajhklZggyf \heh]hkle gZkeggy Jhjhom \boe" ~j
ihje\gylb a ems_ggyf kmoh]lh J]Jhjhom <boe” peeh]lh y~*jZ ij)
agb® _ggx \boh™”m g _ems _gbo a_j g <boe” 7je[db 1Zdh™ fZ} e
afeg gZ\_"~_gbo iZjzZf_lje\

M ijhp_ke ems_ggy \*A[m\Z}lvky agb _ggy ahevghkles y~
af_grm}lvky « ahevgeklv emalb I1Z fmgdb sh } j_amevlZlhf i_j
gZklbghd y”*jZ \ fmgdm

<bkgh\db>ey _n_dlb\gh]l]h ems_ggy gZkeggy ijh\jindbbg h[o:
ems_ggy ijhlykhf k dh_nepe}lgl aZih\g_ggy fZrbgb ih\bg_g [mll

GZkeggy ]Jhjhom a Z[khexlghx fZkhx ] emsZlvky djZs_ ¢
Z[khexlghx fZkhx ]
Dexgh\e kehipho ems_ggy y”*jh ahevgek]lZ ¥meddZklvjepdr

<bagZqg_ggy [*hl_ogheh]eqgbo iZzjzf_Ije\ "ey dmevib\m\zZggy fl
[Zzd]_jea dhayqgh]h fhehdZz

GegZ ;h]"Zg
GZmdhj\hdIibggbc egklblIml kzZ*e\gbpl\Z \bgh]jZ~"ZjkI\Z « 0Zjgh\k
Dbrbg_m J_kim[eedZ Fhe”h\Z

<klmiF_1Z ~“hkees"'togd¥gh\blb hilbfZevge mfh\b dmevib\m\Z
\bagZq_ggy _n_dlb\ghkle jhalbldm fhehgghdbkebdh[&Zyddhjhc \
fhehdz

FZI_jeZeb « f_IWDYvhevib\m\Zggy rlzZfe\ ijh\h~beb \ kl_jbe-:
k_j_~h\bse a dhayqgh]lh fihgBtEjmZz 1_ fK >ey \bagZq_ggy iZjzZ
[meh \klZgh\e_gh i_jeh”"bgg_ dmevib\m\Zggy \ [*hj_Zdlhje 6DL
Deevdeklv deelbg fhehqghdbkebo [Zdl_jec \bagZqgZeb f_Ih~hf ie

J_amevlZlb <« h[]h\hljh\ggeyg_ agb _ggy jG i gZk dmevlb
kihkl_je]Zehknkeo \ene[jZgbo rIZHZbggZ dbkehlZ gzZdhibgm\Zz
ijhihjpecdh ghlbjgz~plythg§b dmevib\ns\WKoedyblv igi_gkb\gbc
jha\blhd fhehgghdbkebod[EXWb¢ghalblhd oZpz}dVkjp ihfejghx
dbkehlgeklx n_jf_glh\Zgh]h fhehdZz

>7Zge "bgZfedb jhalbldm rlzZfe\ « gZdhibg_ggy [*hfZkb \ k_j_
fhehdz ie*I\_j~beb hljbfZzggy fZdkbfZevgh€ deevdhkle dec-lb
[Zd]_jec OJ DMH ]

<h~ghqgiZk\_~ gh j_ ]j_kecgbcagdfyigeggy ~bgZfedb S+ ¢ “bll}a”
deelbg ey lhqghlh hibkm j_ameviZle\ _dki_jb¥%_gl&81®RIZfb &1
1% &101% e &101% fZxlv IThggm eegex j_lj_ke€ \ ~"bgZfep
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rizfb &101% &101% &101% &101% « &104% =m
"bgZfepe jha\bldm deelbg KIlZ"€ jhalbldm rizZ¥skKlilh®bgbk]Zebky
dmevib\m\zZggy M rlZf¢% &1®I10¥% &101% nZaZz
mih\eevg_ggy ajhklZzggy ihqgZezZky gq_j_a ]h~*bg dmevib\m\Zg
1 % &101% &101% &101/% *q_j_a JThPgisMI\_jr " m}
sh \hgb [eevr klecde “h k_j_"h\bsZ a i*"\bs_ghx dhik«&kiigeklIx ¢
egbfbzZ\InZfb ~_ jhafgh _ggy de<lbg kiit\gyIZehky
<bkgh\dd® mfh\Zo i_jeh”"bggh]h dmevib\m\zZggy \bagZqg_g-
iZjZf_ljb dmevib\m\Zggy fhehqgheébé&bbypqtl fhechdZ HIjbfZge -
i"\_jr"bed eb\e [+hl_ogheh]eqge* \eZklb\hkle \b*ee_gbo rlZfe\
Dexgh\e keth&@hdh dhazihébkgbZdI[ jey [*hl_ogheh]ey

Hkh[eb\hkle afegb o¢feqggh]h kdeZ”m yJ]Je® "mjZ\ebgb [hehlgh
hljbfZggy ixj_

<ejZ H[hedegZ He_gZ DhoZg 1\ZggZ Kb\gec 1jb
GZpehgZevgbc mge\_jkbl_I| oZjgh\bo I_ogheh]ec Db€\ |

<kImiljh\_~_g+ éhkeggy a f_lhx \klZgh\e_ggy \ieb\m I_ogt
h[jh[{db ijhp_ke\ [eZgrm\Zggy 1Z ~"_Z _jZpe€ gZ o+feqgbc kdez" |
[hehlgh€

FZl_jeZeb <« f_I:hkbes""m\Zeb ixj_ a yl*® "mjZ\ebgb [hehl
N _glbnedZpe€ [ehnez\Zgh€"e\ HZWhKbkimdiheb_ dlb\gh€ je"bg
ojhfzlh]jzns€ _e_dljhggh€ ki_dljhf_lje€ JZahVh€l _djhfjafh]jZne
\boe”gbo ¢ ]J**jheeah\Zgbo ajZad-\

J_amevlZlb « h[]h\HKjlZpgwe_ _gh sh \gZkee~hd I_ogheh]eqgh€
yl*® "mjZ\ebgb m ixj_Z#&dédypekhVh€ dbkehlb af_grbezZky m j
n_ghevgbo j gh\bg m ixj_a y]*” "mjZ\ebgh gdhzpgi\del\¥] f]
af[eevim}lvky \fekl \h~hjhagbggh]lh i_dhbghf¥mzgh a qgzZkldh\k
]J*~jheeahf ijhlhi_dlbgm Heeldh\bighh\h€ qzZkldb kmobo j_gh\bg ix
iXxXj_a y]*® mjZ\ebgb fekliplmdys\ *h fZkh\h€ gZkldb kmobo j_qgh'
a gbo } j_"mdmxgbfb Jexdhahx [1Z njmdlhahx af[eevr_ggy
ih\fyazg_ a gZkldh\bf dbkehlgbf Jerjheeahfhkdl Zjlr&bmie’xjgZk i_

M ixj_ \byle_gh gZy\geklv ZglhpeZgh\bo kihemd yde m
agZoh”ylvky \ al\fyaZzghfm klZge a ebfhgghx dbkehlhx Z IZdh"
dbkehlzfb 1~_glbnedh\Zgh gbadm hjJZ ghdgbodz ldekegm!| dbkehln
n_jmehWkedhlm [mjribgh\m y[emggm ebfhgoR dbkémidb ly]en
"mjZ\ebgb \ ixj_ \ gvhfm a[_je]Zxlvky ijbjh*ge dhgk_j\Zglb sh -
ylh”re LZd m ixj_ a y]*" "mjZ\ebgb feklblvky [_gahcgZ dbkehlZ
“ 1Z gZy\gZ lgdX_de+evdeklv khj[eghth®h dbkeh*hke+~"_gh
ihablb\gbc \ieb\ ixj_a y]*® "mjZ\ebgb gZ aZljbfd&D {hGLEDje "

<bkgh\dbxj_a y]*” "mjZ\ebgb } ijbjh~rgbf A jZdhd\§boeh]eqc
j_gh\bg 1Z ijbjh~rgbo dhgk_j\Zglviyjrelgfl\gdmbklZggy \ oZjgh
ijh"mdlZo nmgdpehgZevgh]h ijbagZq_ggy ih*h\"_gh]h I_jfegm a

Dexgh\e kehmgZ\ebgZ ixj_ neZ\Zgh€” ZglhpeZg dhgk_ j\Zgl

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXHF



JIJJISEVWUIDIBW YV

HilbfeazZpey iZjzf_lje\ _dkljZdpe+€ iheen_ghevgbo Zglbhdkk
h[_a'bj_ghiphrdm \bghljZz~rgbo deklhghd f_Ih~hf \eAlmdm ih\_

K_jl*c =m[kvdbc FZdkbf EZ[Zah\ Hev]Z KZ
GZlzZey =j_\p_\Z He_gZ =hjh”b
OZjde\kvdbc ~_j°Z\gbc mge\_jkbl | oZjga¥idgly Md|Ej]g\E -

<klmM ~hkee”"_gge gZ\_"~_ge* j_amevliZlb hilbfeaZpe+€ mfh\ I\_
_dkljzdpe<€ \+~oh”e\ \bghjh[gh€ ijhfbkeh\hkle m \blJey”e ag_"|
\bghl]jzrgh€ deklhgdb a f_Ihx hljbfZzggy _dkljZdim a \bkhdhx
Zdlb\geklx

FZI_jeZeb « f_A2Zevgm Zglbhdkb”Zglgm }fgeklv L:K ¢ aZ]
iheen _ghevgbo kihemd 73& ajZade\ \bagzZqzZeb f_Ih~hf d
Ibljm\Zggy \ ]Zev\ZghklZlbgghfm j_"bfe a _e_dljh]_g_jh\Z
ki_dljhnhlhf_Iljbgqgbf f_lh~hf az Ahihfhlhx RIZRIFDN\@WHRO
?dki_jbf_glZevge \_ebgbgb 7$& ¢« 73& [meb ij_"klZ\e_ge+ \ _d\e\.
*$( gZ h~bgbpx fZkb ihjhrdm ':

J_amevlZlb e h[lh\Rjlbggleh]ex ih\_joge \e"Imdm 560
\bdhjbklZzgh ey ihrmdm hilbfZevgbo mfh\jRdps 8| bglydegb ak
j_gh\bg «a ag_"bjhghlh ihjhrdm \bgh]jZz*gh€ deklhqdb i \ieb\
|_fi_jZImjb fK 1Z gqZzkm o\ _dkljzdpe+€ kie\\e*ghr_ggy h
jhagbggbdz ~h fzZkb ihjhrdmJ_amevlZl ihdZazZ\ sh \boe<" n_g
j_q\g m aZagZq_gbo 7*eZiZahgZzZ® klzZigh\Blvebgbge azZ]Zevgh:
Zglbhdkb~rZglgh€ }fghkle f] *$( ] ': M j_ameviZle hilbfeaZpec
ijhp_~mjb [meh \bagZg_gh sh ijb hilbfZevgbo mfh\Zo [_fi_]j
_dkljzZzdpe-€ o\bebghre ggW\RP }fm _dkljZ]_glm ~h fZkb ihjhrdm
"hkylgmlzZ fZzdkbfzevgzZ 7$& _dkljZdim sh ~hje\gx} fl *$(
fzdkbfZzevgh]h \boh”m n_ghevgbo j_gh\bg [meZ hljbfZgz
I_fi_jZImjz fK gZk _dkljZdps€\ergh\b ey Ki }fm _dkljZ]_gln
fZkb ihjhrdm ljb aZzklhkm\zZgge hilbfeaZpe€ a "\hfZ nmgdp-yf
hljbfZzgh 1Zde hilbfZevges mfh\b |_fi_jZImjZz f K gzZk _dkljzd
kie\\erghr_ggy h[ }fm _dkljZz]_glZ ~"h fZkidbbjAreémgbghjB$& 1Z
<3& "hje\gxxlv f] *$(]1 ': 12 \eNih\ergh <Zee"rZpey
j_amevlZle\ ihdZaZeZ €0 malh” _ggy \ f_"Zo a _dki_jbf_glze

<bkgh\dHIjbfZge j_ameviZlb ~h\h”ylv i_jki_dlb\geklv i_j_jh]
\bghi[gh€ ijhfbkeh\hkls ~ey hljbfZggy I\_j*h]lh _dkljZdIim a h[_a
\bgh]jZ*"gbo deklhghd yd " _j eZ [+heh]eqgh Zdlb\gbo j gh\bg
\bkhdbf Zglbhdkb”Zglgbf ihl_gpeZehf

Dexgh\e kelZ\@ZiIbhdkb”~Zglb iheen_gheb nezZ\hghKNZ" mMd+klhqg
dmehghf_Iljey

Oheh”g_ ij_km\ZglyhgbpNee<€ Hley~

iXrjZ QZdZeh]em <Zkne} OZaZe Haxjl K_1
?]_ckvdbc mge\_jkbl_I|I ;hjgh\zZ 1afej Lmj_qqgbgZz

<kIlmF_lhxvh]lh hley"m } ihykg_ggy ijbgpbim jh[hlb mklZgh'
ij_km\zZggy[%Z mglm\aggyb\gpkbk]h kihkh[m \bjhedbdpl\Z
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FZI _jeZeb « f_binkee”" \dhh[gbplhlee€ a gZkeggy heecgbo dm
f_Ih~ hf oheh”gh]lh ij_Km\Adglygh~ghjhkm\Zagpy\gyamh egrbfb
f_Ihr"Zfb sh \bdhjbklh\mxIvky ijb hljbfZgge he«€ a gZkeggy he-

J_amevlzZlb « h[lh\bdlgmlihd he+€ oheh”~gbf ij_km\zZggyf }
f_lh~re\ f_0Zgeqghlh h[jh[e_ggy vydbc } f_gr _g_jlh\blpZligbf ihj
Z 1Zdh® _dheh]eqgh_dhaZkiihkh\miNkbkly[gbpiee€ gZkeggy heecgbo
dmevimj AZ ~hihfhlhx f_Ih*m oheh”gh]h ij_km\Zggy fh gZ hlj
hee€ aZ gbavdbo |I_fi_jZlmj Oheh”g_ ij_km\Zggy }hljdlimh]leqg
\bdhjbkdgihagbggbde\ 1grbfb keh\Zfb \bA"h[mlhd he+s€ oheh”gbf
i_j_"[ZqzZ} g |I_ieh\h]h ge oefegqgh]h h[jh[e_ggy F_Ih~hf ohe
hljbfmxlv kh}\m khgyrgbdh\m jZikh\m dmdmjm”*aygm \bgh]jZ:
jbkh\m heb\dh\rh\m]HBg+n€a Djef Ih]h pe he<€ } pedZ\bfb ey kih"
k\h€c gZlmjZevghkle [1Z [_ai_qghklshklk ZazZliBAfhZIa "zZlggbf
azZo\hjx\Zggyf « mhEarhjh\ v ex*ihgbeevdb feképlddme vidlv
eesihneevgbo nelhoefeqgbahdjgtdbldhdkbNZigede€ fZxlv djZs-
ih“b\ge \eZklb\hkle ge° jZnegfh\lhgesotetggch]lh ij_km\Zggy \k_ °
g_"héedbavdzZ ijh mdlibygiktvh\erdplklvjeyf ydhKlee€ oheh”ghlh
ij_km\Zggy fh mlv ~h"Z\Zlbky ~h €« yd iljdyh™g[Z Adl bahz Kb/ dhg
nelhoefeqgbf \eZklbgBklghldpgbo dbkehl

<bkgh\mdl j_amevliZle ijh\_~_gh]h "hke*~"_ggy \bagZqg_gh i_j
\brh[ohime+*€ oheh”gbf ij_km\Zggyf

Dexgh\e kehkZ2y \b"h[mlhd ij_km\Zggy

<gmljerges f_oZyglkbAbh\e_ggy je\gh\Z gh]h kkdlgjihh\bodglhmfer_c
m |_ogheh]«€ Jhjeedb

He_] DmaviZe _glbgZ Am[dhwgZz R_g”*j-d

Xjec Dhj_g_pylhg Dmaviz\eh ;ee_gvdbc
+GZpehgZevgbc mge\_jkbl_I| oZjgh\bo |I_ogheh]ec Db€\ Md,
tMge\_jkbl_I «f_ge YgZ DhozZgh\kvdh]h \ D_evpZo D_evp_ |
t1gklblml nedhldhgeqgh€ o+fe€ IZ \m]e_oEblEbgl_@dZEGE G MdjZ€gb Db
t>hg_pvdbc gZpehgZevgbc mge\_jkbl_I| _dhghfedb « Ihj]e\e

f_g* FboZceZzZzZljmdBygkvdh]h Djb\MdjZ€gZ
+GZpehgZevgbc Z\«Zpecgbc mildjZRgEZ | Db€\

<klmi>hkes~hfgozZgeaf \klZgh\e_ggy j_ekdkjZip\Eo \kmghr_c
<KK gZ hkgh\gbo _I1ZiZzo kl\hj_ggy ]hjeedb ijb azklhkm\zg
Zdlb\zZp+€ ?20: gzZdidlZ2hg®y ]l affydr_ggy |_ogheh]eqgh€ \h”Db

FZIl_jeZeb « f_IB"¥FXZgZeesa ijh\h"b\kjbld Z\dpghthf NYH I}
ki_dljhf_IjZ %UXNHU $YDQFH ,, F=pZakipptEa@h@himedZicey
< +3 \bkhdh]h jha”se_ggy "haZzZlhjz kibjlm _Ibeh\h]h j_dlIb
\h2bihffydr_gh®dZlehgm\Zggyf \h”b i<*]hlh\e_gki#j®o \h~gh
kmfer_c <KK e<iehfff9dre-gh€ \h”"b 1Z \h”~b i«*]hlh\e_gh€ ?0:

J_amevlZhkee”"_gh je\gh\Z gbc klZg ]Jhjeehd ijb kl\hj_gge <l
?20:ihffydr_gh€ WDdZlehgm\ZgdkyZgh\le stph _e_dljhoesfeqge j_Zdp-
afexxlvkbkl_fb fe'fhe_dmeae¥jdbdec AZjy~h\e klZgb fhe_dme \ Zghe-
ijba\h”ylv Ah \e~rfe\ggdkdljhgghfm jhaih”eee sh ihagZqZ}lvky gZ o
]*~jhdkbevgbo iKnigh\gi bhffydr_ gk f Zghe n

f tz} afes_ggy J**jhdkbevgh®khbghidhhgmhé&l @ gZp dZlhe-l

FFFSBNUDLQLDQ )RRG -RXRDPK ,VVXH-F



JIJJISEVWUIDIBW YV

alc H ffzg) afes_ggy m ©kbevigl_ ihp>R\gZ_gih <KK gZ
Zgheele jG1Z kibjle _lbeh\hfm j_dlbnedh\Zghfm K?J fZ} dbke
iG KKgZ dZlheesle jGIZ KO} em g_ k_j_"h\bs_ [Be

iheyjge kie\\e~rghr_ggy dhgd "hHGpPpey Zgheelm IZ dZlheelm ijba\h”
i_j_[m~h\b kljmdImjb \ kbkl_fe kibjl \hAZ Fh gzZ \\Z ZIb sh i
ijbkdhjx}Ivky ijb pvhfm kihkl_je]Z}Ivky h”bg aZ]Zevgbc kb]gZe
(WHG K&

GZ i*"klz\s ijh\_"~_gh]h ~hke<""_ggybg\kbzig\r\e \«gZ+gigeklv
ih\_"egdb <JKiKeehd yde ijb]lhlih\e_ilffygdr \ppé¢e 1Z \h”e iekey h[jh[c
?0: <byle_gh kbkl_fb kibjl \h*Z ae+ klZehx je\gh\Z]hx vyde
\bkhdhx fejhx mazZ]Zevg_ggy ijhlhge\ Z 1Zdh" oZjadyfpgbfb ~e
h[fegm

<bkgh\dHBIjbfZzge _dki_jbf_glZevgr"Yizagee "tlghkle r\b~rdhkle -
oZjzdl_jm \klZzgh\e_ggy I_jfh*"bgZfeqgh€ je\gh\Z]W \e Z dkZipmy|_ ez
\er[m\Z}Yiylkyhr*ghgZkgec klZ[eeesaZpe€ Je*jhdkbevaghl yjmeimn ijhlhg:

Dexgh\e keh\ZZ kibjl kmfer giblehgm\Zggy _e lhddjhoefeqg
Zdlb\Zp& YFXi_dljhkdhiey

M~hkdhgZe_ggy Zglbhdkb”Zglghlh ihl_gpeZem ir_gbqghlh [h]
"hnrz\Zggyf eedZjkvdbo jhkebg

1\Zg >+fhGZ~} ~Z | _IdhVEj_ GZdh\
1jZ LZg}WazZg 1\Zghdihjey KIZfZgh\kvdzZ

tLjZdeckvdbc mge\_jkbl_I Yf[hev ;he]Zjey
tMge\_jkbl_I oZjgh\bo I_ogheh]ke]Zeh\"
tJmk_gkvdbc mge\_jkbl_| ©:g]_e DZgq_\2 neeey \ f JZal]j
t;elhevkvdbc mge\_jkDledfOKN Hoje*kvdbc® <_e_k FZd_"hc

<kImiljh\_~_g_ "~hkee<~"_ggy a f_lhx \bagZqg_ggy \ieb\m 7\
kmfer ¢ gZ \eZklb\hkle IjZ\§kghdh\eegh \ieb\ |jZ\ gZ aZ]Zevgbc
n_ghee\ 1Z Zglbhdkb”Zglgm ZdIb\geklv ljZ\ Iyglba Kimterglef kmfer
[jZ\Tygh]hZoe-[

FZI_jeZeb « f_Ihmeh \bdhjbklZgh "\« 1jZ\ y§q_kmfpve
fZl _jbgdz « f_eqkZj pfZl_jbgdZ_esWhgv[Z ir_gblgfdhjhrghf
ey \bjh[gbplI\Z |jZz\ yghlh oee[Z _dkljzZzdlb lbjZad\lhfdx\Zeb
$%76 t &835%& )5%$3 ¢ '33+

J_amevlzZlb « h[]h\hGZg@dyevrbc azZ]Zevgbc \kekjl_tmkghee-\
"hkee”  _gbofelfiIvZ]_jbgdZz fl] *$( ] GZ I4Ekmnfeg < 1jZ\ yg
kmfer . fl] *$( ] GZ \eNih\tégeh|jEN iph]h [hibegiZ
j*\_gv aZ]Zevgh]lh \feklm n_ghees\ agZoh”b\ky \ ~"eZiZahge \e"
<Zjlh aZzagzqghibklsphbo [hZdIb\gbo kihemd <klhlgh i qZk ijhp.
g_ afegb\ky\b&Zcglbhdkb”Zglgm ZdIb\geklkmlfzr\ ggbkmfer c
[jZ\ yghlh [hjtorg4Z hljbfm\Zeb "\hfZ a \bdhjbBI%BGB6ol Z )P 3\
GZ\dbsbczZzglbhdkb~zZglgbc ihl_gpeZe ijh”_fhgKlkm¥YZreb jlskebgg
kdezZ"ZeaZkjwhojzZ\+ fF L? ] Ghze ydkebdgmfer a
ghlbjfajz\zZfhk fF L? ] BEegx\Zggy kmfer_c a”eckgx\Ze
f_Ilh~hf $%76 >ey f_Ih"m )5%$3 agZq_ggy Zglbhdkb~Zglgh€ zd
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fFE 7( ] GZ ~ey jhkebggh€ kmferfF 7( ] GZ "ey
jhkebggh€ kmfere
<bkddb Ljz\b sh ~h”~zZxlvky \ [hjhrgh a[eevrmxlvcaZ]Zevg
Zglbhdkb~Zglge agZq yopuyXitfihrge < oe<[Z G_agZqge \e~fegg
Zglbhdkb”rZglgbo ihl_gpeZezZo &yhkHajijZlefizky ghlbjfz 1jZ\Zfb
Dexgh\e kedddzjkvdz ljlzj\rgh oee[ Zglbhdkb”Zgl n_ghe

>hkee~"_ggy ihl_gpeZem rimggh€ g_cjhggh€ f_j_"« ~ey ijh]g
\eZklb\hkl_c jZnegh\Zgh]lh pmdjh\h]h [nhjylih? g if HkH dhifn
_e_dljhdhZ]meyp-£

FZose_ 0 AZjenihhj <Zoe*” OZd-f:
lkezZfkvdbc :afdrgewdblcbl _| DmgZgkvdZ neeey DmqgZg 1]

<kIlmA\Z Zxgb gZ \bkhdbc ihl_gp+sZe e _dljhdhZ]meyp+€ ?D
a\Z  _gbo gZklhdgZbliZhdchg _jlhkih b\Zggy ijb IjZz*bpecghfm h[jh[¢
m pvhfm “hkeaZ ~gghfh]lhx rimqggh€ fg jcphjdhdh€_evh\Zgh ijhp_Kk
?D ey hgbs_ggy [mjydh\h]h khdm

FZl_jeZze « f_IRK"bijhp_ke _e_dljhdhZikeeyps®§h ihl_gpeZe
g_cjhf_j_"« \ ijhljgham\Zgges fmlghkle dhevhjh\hkle 1Z qgbklhlb
jeagbfb izjzf_ljzfb gZijm]Zz jG e \hevle qZk ihklecge *gl_j
gZkm \en ~h o\ Fh”_ex\Zggy rimgghé€ydpertkkggghZehkjy "
ijhljzfghfm aZ[_ai_q_gge 1HXURYROKWIMRByhRYbahZqg_ggy
gZcdjZsh]lh Ibim ljZzgkihjlgh€ nmgdpe€\Zg¢Z\reEl giZl\ng\Zgooyy gZ
hkgh\e €0 k_j_~gvhd\z”jZlbggbo ihfbehd k_j_~geo Z[khe>
dhj _eypecgbo dh_nkPpdghe\afh]m \bagZqthjhsbc Ibi ljZgkihjlgh€
nmgdpe€ ijZ\beZ bZagqxkgmkm\zlb \bdhjbklZge agZq_ggy "ey
i_j_\ejdbc I_kIim\Zggy gZz hkgh\e €0 k_j_~gvhd\zZz~jZlbggh
k_j_~gvhd\z”jZlbggbo ghjfZeeah\Zgbo ihob[hd Kk_j_7"geo Z[Kl
dh_nepe}gle\ dhj_eyp-£€

J_amevlZlb <« h[]h\I§Zgd)yZsZ g_cjhggz f_j_"Z a fzdkbfz
dh_nepe}glhf dhj_eype€ Neybkhhghkh¢jbfzgz \ aZzdhge E_\_g[_]j
gZ\gqZggy * 1Zg]l_gk i_j_"Zge nmgdp+*€ yde \dexqgZeb . g_c
Ihlh  gZcdjzZsbc dh_nepe}gl dhj_eype€ o f_grz k_j_"gy d\Z"j:
fh~r_ex\Zggy dhevhjh\hkle ih\ yazZge faifbph\Zxgbd hZ2pgh -
g_cjhgzfb yde \b\gzZxlvky azZz azdhghf gzZ\qzZggy E_\_g[_jlZ
i_j_""Zlhgghx fdxngkipr_ex\Zggy ijh\h~*behky a jeagbfb agZqg_ggyf
gZ\gqZggy i_jchekdim\Zggy GZcdjZs_ ijhljgham\Zggy dhj_eype€ '
gbklhlb hljbfZgh dheb NZgbo [meb \bdhjbklZge £2§ygZ\qZg
i j \ejdb IzZx"ey | _kIim\Zggy Ih”~e yd gZcdjZse \e~khldb “ey gZ\¢
cl_kim\zZzggy 7ey ijh]gdaenAizi(pdlgkle klZgh\beb . \e~ih
ljh]Jghah\Zge agZq_ggy fh”"_e_c fZeb \e”ih\eAgm dhj_eypex a
NZgbfblhfmdh_nepe}gl dhj_eype€ a _dki_jbf_glZevgbfb ~Zgb
dhevhjh\hkle 1Z gbklhlbe«RIEgH\dPH . P_ ~hke<""_ggy
IZdh™ klhkm\Zehky gmleb\hkle fh~_es "h \oe*"gbo ~"Zghbo GZc[ee
ey ijh]lJgham\zZggy fmlighkle dhevhjh\hkle « gbklhlb [meZ ih\ ya
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<bkgh\Hdch~_ev kijhJgham\ZezZ fmlgeklv dhevhjh\e&athe gbklh
mfh\Zo _dkiemzZlzZp<€ hkdeevdb ~Zge fh” _ex\Zggy ihdZaZeb
_dki_jbf_glZzevgbfb ~Zgbfb

Dexgh\e kempwdadhj [mjyd ked e _dljhdhZ]lmeypey E_\ g
f j "z

Jha\blhd kihkh[e\ jha”ee_ggy m \bjh[gbpl\e gZlimjZ\evgbo Zjhf

GZlZe+sy Njheh\Z :gZlheec MdjZ:
GZpehgZevgbc mge\_jkbl_I|I oZjgh\bo I_ogheh]ec Db€\ |

<kImiljh\_~_ge ZgZee<lbqgge 1Z _dki_jbf_glZevge "hkee" _
jhanee_ggy ijbjhrgbo ~"_j_e ZjhfZlm a hljbfZggyf ¢«g”"b\¢e"mZe
j_gh\bg IhdZazgh i_j_\Z]b njZdpecgh€ jhalhgdb IZ ij_iZjZlb\gt

FZI_jeZeb « f_KimZebky _nejge hee€ afe}lheh\gbdzZ fhe"z
ebfhgz fh~_evgzZ fZljbpy kmfer |_ji_gh\bo \m]e_\h~ge\ ¢ £€c
ihoe~gbo \e~rhfhlh 1Z Jhlg_\ekKhdH " m <bdhjbklzZgh f_Ih~
]Zahojhfzlh]jZzneqghlh ZgZeeam Hdj_fe njZdp+s€ peevh\bo Zjhf
hljbfZgh ij_iZjZIlb\ghx ojhfZlh]jZne}x

J_amevlzZlb ¢ h[]h\kZdgoymfg_ jha”ee_ggy _nejgbo heec gZz
\klZgh\e_gbfb j_"bfzfb dhgljhebmjb dm[Z 1Z Jheh\db fK \e”ih\e
je\gyo i_jrZ njZdpey = AimlZ njZ&dpey * [j_ly njZdpey
+ o+ * agZq_gv Ibkdm dl1Z azZ njZdpeyfbdiZ jrzlj_ky

ne ]fh\h]h gbkezZ az njzdp-yfb jmiz lj Ry NZ}

afhlmhljbfm\zZlb njzZdpe<€ jeaghlh ZjhfZIm sh agzZggh jhart
gZlmjZevgbo " _j_e ZjhfZIm LZdh® dhgljhevh\Zghx njZdp-
ijh\h~ylv A~ | _ji_geaZpex ijb ydec ea _nejgh€ hee€ WodeZeyxlv
\ergmlgh ih]ejrmxlv hj]j]Zghe_ilbqge \eZklb\hkle J_“bfb ~_I_ji_
_Nnejgh€ thée®i_jZImjzZz dm[Z 1Z Jheh\db fiK \e%ih\ b
dlZz ne_]fh\_ fbkeh

>ey \b”ee_ggy qbklbo ZjhfzZlbggbo j_qgh\bgjzZibdgmbklZgh
ojhfzZlh]ljZnex a \b]lhlh\e_ggyf ki_peZevgh€ dhehgdb xie"e[jZgl
Ojhfhkhj[ : g_jmoh&m?naZam ?dki_jbf_glZevgh \klZgh\e_gh _n_
j_"bfb ijhp tkhb~rdeklv ihlhdmhkzgmat =+ h[ }f ijfb %
kf agZaoy |_fi_jznj\biZjghkdZz | _jfhklzlZ dhiehgdb
AN l_dlhiz + a[ejgbdZ njZdp-c

<bkgh\hdha\bldhf kihkh[s\ jha”ee_ggy } \Zdmmfg_ njzZ
ijbjhrgbo ~° _j_e ZjhfZlm a ih*Zevrbf ij_iZjZIb\gbfj\lghddgggyf q

Dexgh\e keBAjBEfZIbazZlhj _nejgbc heey ojhfZlh]jZney

F_ozZgeaf "bjhal\fyam\Zggy IZ "bjhmljbfZggy gZghqgZklbgdZfb
"h[Z\db gZ hkgh\e ih”\ecgh]he Hgk\Zem gl'gh]h aZee+aZz
1jbgZ PbozZgh\knddBjey /\eHde_dkZg dkzg”jH\_lygZ =hglZj

tMdjZ€gkvdZ +gi_ fZjghrgqgZ Zdz" fey OZjde\ MdjZ€gZ
+0Zjde\kvdbc ~_j Z\gbc mge\_jkbl | oZjg@¥idgly MdjEi]g\zE-
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<klmi H[%jmglh\Zgh f_ozZgeaf "bjhal\fyam\Zggy 1z b
gZghgzZklbgdzZfb€oZhfh\tb gZ hkgh\e ih”\ecgh]hjh\dke ~gr gh\th
aZeeaZ vydbc ij_"klZ\e_gbc fh”_eex "\hrZjh\h€ dhhj*bgZpe-€

FZI_jeZeb « f_th2dphgqzZklbgdb oZjgh\h€ ~h[Z\db gZ llZkgh\e hc
Ijb\Ze_glgh]h aZeesazZ ihdjble eeghe_\hx dghoe kihgyrcglgd hXhxgh\
hee}x @bjhmljbfm\Zevgm a~Zlgeklv “hke""WN\WZjg} a)Z ,ShihZh]h;
_g_jlh"bki_jkecgh€ j_gl]l_ge\kvdh€ ?'O ki_dljhkdhis€ Z IZdh"
_e_dljhggh€ fedjhkdhic€ L?F

J_amevlZlb . h[]h\hgbdgygh_oZgeafbjhalfyam\Zggy 4
"bjhmljbfZggy gZghqgzZzklbgdZfb oZjgh\h€ ~h[Z\db gZ hkgh\e ih”
Ijb\Ze_glgh]h azZe<daz*klwdbcgbc fh”_eex ~\hrZjh\h€_ jdbkbj*bgZp-
Z "khj[pecgbmInBjx}Ivky aZ jZomghd _e_dljhklZlbqgWogbazl}jfhitec ih
eeienNe\ |Z shgeah\Zgbo @ZjgpgidhklBdd\d~*bgZpecgbo a\fyade\ Zlh
gZghqzZklbgphgph\h€ "hdAHdbkb]_gZfht]&meb 3]«*jhneevgh€ ]J]heh\db™ e-
Ajm]lbc Z~Mkhj[pecghb@ jZpmghd _e_dljhklZIbggbah\{ab}hgesglj=\"jh
i_jrh]lh Z~khj[pecgh]lh rZjm « \m]Je_\h”"g_\bo 3o\hkle\” ecie"m

lhy\zZz \ RiQdljZo “\mo gh\bo—kfm]kifj b— kfieM\_jr " mxlv
[*~_glZlgm Z~khj[pex ¢ ml\hj_ggy dZj[hKkiiKbBe Al ghhd i pbiby o
3ecicdZghqgqZklbgdvh® 2lllz\db”~

Fedjhkdhieqgbfb ~hkee<~"_ggyfb \klZgh\le_gh ihjy*hd k_j_’
gZklbghd "ey qZklbghd gbklh€ #8ZGdh\'h€ gfth[2edb qZklbghd
"h[z\db ihdjblbo eeghe_\h#€f @bkehllgt ~ey gZklbghd "~h[Z\dDb
ihdjblbo khgytg®de g4xG! “ gf

?g_jlh~bki_jkecgbfb j_gl]_ge\kvdbfb "hke+~"_ggyfb \klZgh\e
kdezZzéhfihabpec 3@2pMqzZklbgdZ ozZjgh\h€ ~h[Z\db" ~ey qZKkll

0Zjgh\h€ ~hfZMdb H ney qZklbghd ~h[Z\db ihdjblbo
dbkehlk)H H K ney qzZklbghd ~h[Z\db ihdjblbo Kk
hes}x)H H K

<bkgh\db<i_jr_ azZijhihgh\zZfgH _ev ~\hrZjh\h€ dhhj*bgZp-€
h[%jmglh\Zggy f _oZgeafm ‘“bjhal\fyam\ZggywZidhqgZilhgbghfEgg
oZjgh\h€ ~h[Z\db gZ hkgh\e ihM\etgH]b\BEékigtghhaZesaZz

Dexqh\s kehWhal\fyam\Zggy “bjhmhidkBggpZermfzz\dZ
MNhrzZjh\Z dhhjrbgZpey

:glbfedjh[ge \eZklIb\hkle "\ho ihoe*gbo gZnlhiejZgh”ehgm
pbdehzZedzigkt "Zglh€glifh _ydbo nelhiZlh] _ggbo ¢« dhjbkgbo
fedjhhjlZzgeafe\

FZjbg FZjbgh\ Fez” g GZc™_gh\ JmfygZ Ij
:liZjgbmye\ _jkbl | 1B\h\he]Zjey

<klmpbhkee”" _ge Zglbfedjh[ges \eZklb\hkle "\ho gZnlhiejZg”~+hg
pbdehZedzZgkisjhoerZghtégZflydbo nelhiZzlh]_ggbo . dhjbk
fedjhhj]Zgeafe\

FZI_jeZeb « f_Lhtmevge kihemdEZeaHd]jbfgh a \e*hfhx ijhp_"mjhx
F _Iha “"bnma<€ \ |[AKhvymeaZ&b ~ey \bagZq_ggy Zglbfedjh[gh€
kbgl_ah\Zgbo ijehmifiZdl_jec « JjbhedhjbklZge m ~hke<~"_ggyo \b
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kihemdb[jhfh + + gZnlh>F®@ i*jZg~r*hgpbdehZedZgkisjh]e*"Zglh€gk
ihoe”geZndhiejZg~rehgm a pbdenhzgliz®kZfjh]e "ehdkh +
gZnlh>F@ijZge NeZaZkiejh> @ghiggg 1Z Nehdkh +
gZnlh>F®@i*jZge "eZaZkisjh> @ ehiklggl ahdZgkhibkzZgbfb
eel_jZImje f_Ih~"bdZfb

J_amevlZlb « h[]h¥jkeggy _gh Zglbfedjh[gm Zdlb\geklv \boe"g
e degp_\bo ijhedimdpb[+YXVDULXP R[AYSREKFRPGHUPD MVSHUHC
liZfihablb\gh€ [20dDFe©OXV DP\ORO& TXHIDXGLHINM N gh€ [ZdIl_j
iDQWKRPRQDV Y4K¥LFDgWwgbigwldhf \boe”gb ob"KigignA
\byleyxlv Zdlb\ghkiv*hkes”*"m\Zgbo fedjhhj]Zgeafe\ Sh klh}
"hkee~" _gbo Jjb[*\ Ih nelhiZ)KNDYt XP"R[\PB8RUXRIeb\s ?n_dl
\eMjeagyllvky m \biZz*dm a [<hdhglyhelvigbR G B Bif @O/XAP
gZkhfijb[hd [mM"mqgb keZlhlefz} eg]e[m\Zevgm ~ex ajhklzxqgb
knhjfh\Zgbo ahgZo sgle[m\Zggy*ehithk@dI@Znlh >SFG@ i*jZg
e NeZaZkiejh > @ "hdZdgZeevrZdlbbg shchnelhiZlh]_ggbo
fedjhhjl]Zzgeafe\ sH_fgxkezZ[died\ gULFKRGHUPD7/DVSHUHOOXP

<bkgh\h&ihemdHdjhfh + +gZnlh>F®@i*jZg”~+hg Nehdkh
+ +gZnlh>F@i*jZge "eZaZkisjh> @d8khlggg 1Z Nehdkh
+ +galh> F@i*jZge NeZaZkiejh> @M g gFZxNV \bkhdm
[*heh]eqgm Zdbh\Vgrlkdo |_klh\Zgbo fedjhhjl]Zgeafe\

Dexqgh\e keh\@zZnlhiejZg~ehg ihoergZz pbdehZedZgkiejh
fedjhhjljZzgeaf nelhizZlh]_g Zglbfedjh[gbc

ljhp_kbhpezZ”rgZggy

>pbgzfedZ ihabpecgbo e dljhig \fhijb\h”e\ nmgdpehgZevgbo f
fhmee\ ihlhdh\bo | _ogheh]eggbo esgec 0Zjgh\bo \bjh[gb

Ex~fbeZ Djb\hitigh~egZ He dkZg”j =Z\\Z K_j]lec <heh’eg
GZpehgZevgbc mge\_jkbl_I| ofZ]jch\Pbd\ ogh@jZ€gZ

<klmidhaleygmlh j_zea<szgpeh\hyyaZgbo «a kbgl_ahf jh[hgbo hj].
i j fes ggy rlmggbo oZjgh\bo ijh"mdle\ azZz az"iZgb€oazZdhg
ihabpex\Zggy m ijhfe'gbo iheh _ggyo deg_fZlbggh]h pbdem

FZl_jeZeb « f_*hXee"" mxlvky "bgZfeqge 0ZjZdl_jbkkkbdflz ijb\h"
d_jm\zZggy kbeh\hx qgzZklbghx ihabpecgh]lh _e_dljhig_\fhijb\h
f_Ih~b fZI_fZlbggh]lh 1Z dhfifxl_jgh]lh fh*_ex\Zggy f_Ih”"b jha\
Abn_j _gpecgbo je\gygv 1Z “bn_j gp-qg@ikdd hdbgy gheofe dido
dhj_eypecgh]lh ZgZeeam

J_amevlZlib « h[]lhthljjbddgh ZgZe-+lbgge aZe_"ghkle ~ey \b
deg_fZlbqggbo iZjzZzf_lje\ jmom rimggh]h ijh*mdIm <a f_oZgeafh
[Zae ig_\fhijb\h"m FzZI\KFigh plghdh ~bg@rhegfh”_ev ijbdh”m
hljbfZgh aZdhg jmom f_oZgeafm aesrlhl\om\Zggy gZ[eBE _gh]h
r\brekix >ey ZgZeeam ijhp_km gZ\ZglZ _ggy jh[hgh€ eZgdb ih
\bdhjbklZzgh fh®_ev maz]Zevg_gh€ kbkl_fb d_jm\Zggy vydZ h]|
pbdéhh[hlb nmgdpehgZevgh]h f_oZljhggh]h fh"mey iZdm\Zevgh:
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j_amevlZlb jhajZomgdes\ ihje\gx\Zebkv "ey jeagbo dhfihgl
"hkee~"m\Zgh]lh ijb\h*m a f_lhx m~hkdhgZe_ggy aZijhihgh\Zghb
Jhajh[e_gZ f_lh"bdZz fZ1_fZylZeglah ih[hib ihabpecgh]
_e_dljhig_\fhijb\h"m [meZ mkiergh \bdhjbklZgZ i« qZk \e™ijZp
jh[hlb jeagbo nmgdpehgZevgbo f_ojEggb&egemef¥Xrbge ~ey
rimggbo oZjgh\bo ijhAmdls\ JhjbahglZevgh]h Ibim Jh&[s geklv
fzl_fzZlbgghfm fh”_ex\Zgge agZq_dghly qgqlEkm \ihdhtgh€ eZgd
nmgdpehgZevgh]lh f_oZljhgowh ififizpmaympidgg fZlbgg]h pbdem
jh[hlb iZdm\Zevgh€ fZrbgbeykdeadybdbe \os*gbo iZjZf_lje\ f_"e A}
HijbfZg _amewbwifhlr _ex\ZggbgZfeqgh]lh gZ\ZglZ  _ggy « afegb Ibkdr
ihabpecgh]lh ig_\fhijo\Ih~2pbelsh ijb a\m _gge \boehigh]lh i_j_
jh[hgh]lh pbeeg”jZ ihabpecgh]h ig_\fhijb\h"m a[eevrm}Ivky ag
kdezZ”h\h€ gz _1Zie JZevim\Zggy J_améwtZEx¥ZyglyZMbggliedb "e
ihabpecgh]lh ig_\fhijb\hm a mfh\b afegb i_j_jeam \boehigh
fh eb\eklv h”_j"ZIb deg_fZlbqgges 0ZjZdl_jbklbdb ijb\h”~m

<bkgh\dbljbfZge j amevlZlb *"Zxlv fh eb\esklv aZ[_ai_qgblb jhJ
aZdhg jmom gZ[ébhilgdfZevgh]h azZ r\b~rdeklx "€ g_ i_j_\bsr
pvhfm fZdkbfZevgh ~himklbfbc ~ey jmohfh]lherlazdgh]hqgbjlt*md
ihlje[gm ijhbwmedklv iZzdm\Zevgh€ fZrbghb

Dexgh\e kehnmgdpehgZevgbc fh"mev iZdm\Zggy _e_dljh
lhggeklv

Deg _IbdZ |_jfeqgh€ ~_kljmdpe€ keh\fejIT€\ fr hefeZekyb

GZlZe+sy >mgZ}\Kkphk Z\ AZkkZydkh Sm~eh
tlgklbIml \m]Jeevgbo _g_jlhl_ogheh]ec G:G MdjZ€gb I
+tGZpehgZevgbc mge\_jkbl_I| oZjgh\bo I_ogheh]ec Db

<kImiljh\_"~_ge¢ ~hke<""_gg
[*hfZkb yd eg”b\e"mZevgh 1IZ
]imib >hg_pvdh]h [Zk_cgm
FZl_jeZeb « f_AhZladb [*hfZkb \dexqgZxgb \«*oh”b keevkvdh]l
I1Z oqdh\h€ ijhfbkeh\hkle 1Z \m]eeey [meb \b\g_ge aZ ~hihfh]r
|_jfh]jz\«f_Ilje€ Deg_Ilbgge “~hkee”"_ggy ajZade\ ijh\h~bebky
kbkl_fb 3BOXIONGEiMH 4a «gl_ljh\Zgbf dhfie_dkhf kbgojhggbo .

y deg_Ilbdb kdezZ”~h\bo _I1Zi\ ijh
d e m kmfere a gbavdh j_Zdpecgb

NZgbo 67= -83, 7€ &K \ ZlIfhkn_jghfm ih\elje a r\b~rdeklx gZ]
fK ogl_j\Ze I_fi_pZlmj fK
J_amevlzlib <« h[]h\hHljdbd¥ge i_j\bgge ~Zge h[jti[eyebky

maZzZlZevgx\Zebky \ jZzfdZo "bn_j gpeZevgbo |Z gl _]jZevgbo i-
aZklhkh\m\zZgg_j_gpecgh]h f_Ih*m h[jh[db ~Zgbo ihlj_[m} \
ihlhggbo ghjfZeeah\Zgbo ihos*gbo \¢” r\b”dhkle afegb fZkb ajz
dhfihg_gle\ gZ\Z db \ fhf_glb ihgZldm I1Z aZd*gq_ggy ijhp_km
I[jm~ghst*Z [Zdbo smihYjZevighbo+” azZklhkh\Zgbc ~ey h[jh[db hljt
"Zgbo \b]Jey~Z} [eevr ijbcgylgbf 1j_"klzZ\e_gh ihje\gyggy Z
maZl]Zevg_ggy “Zgbo aZ jeagbfb f_Ih"Zfb

lhdZazZgh sh azZklhkm\Zggy ZijhdkbfZpe€maZjdZImhb]@ kel k
jy"m g_ afeevrmkllellgzgeb ™ ggjZojb\Zgge [*evihkdeadeeged jy "m
>himklbfe f_"¢ aZklhkm\Zggy f_Ih"m \bagZqgZxlvky \_ebgbghx
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Neckgh ”"ey ijhp_ke\ \boh”m \heh]b 1Z e_Idbo >ey ijhp_km ~
aZebrdm ke« \jZoh\m\ZIb fhggbl\Zd aZlolhh&hgm\zZlb f_Yly1ZK_gmfZz
HlijbfZgh kmdmigeklv deg_IlbggMbe fmgklAgdhjbklZge a \eMih\en
"bn_j_gpecgbfb je\gyggyfb Ibim :jj_gemkZ 7ey jhajZomgde\
|_jfh~_1jZz"Zpe€ <+"obe_ggy jhajZoh\Zgh€ ikmt*hdbh§ZGZkh€aj.
_dki_jbf_glZevgh ijb gZ]je\e mt "eRBigahigy_\bsm} ~Z}sdhfh]m
j_dhf_g~m\ZIb hljbfZgs dhgklZglb "ey g _g_jgbo jhajZomgde-\ y
klZz~ec ijhp_km 1Zd » [ZeZgke\ dhfihg_gle\ iZeb\Z m ijhp_ke ]hj
<bkgh\d_lh"heh]ey \b”ree_ggy hdj_fbockgb¢Zgshegedkmbqgg-
dhgklzglb fh mlv [mlb \bdhjbklZge “ey e+<g _g_jgbo jhajZomg
ierfh~_e_c Abfejgh]h fhr_ex\Zggy ijhp_ke\ Jhjeggy I\_j~h]h iZeb
Dexgh\e kehhdeeey [*hfZkZdelhjtgd¥ >hg pvdbc \m]eevgbc

<bdhjbklZggy ]_g_lbgqgh]lh Zelhjblfm “ey hilbfeaZp+€ jh[hib k

<heh”bfbj lhemiZg <edlhj Ke?e p
GZpehgZevgbc mge\ _jkbl | oZjgh\bo | _ogheh]ec Db#€\

<kImiljh\_~_g+ "“hkes” _ggy Z~"Zilb\gh€ kbkl_fb hilbfZevgh
jhlhlhx Zzizjzlz 11 kZlmjzZzpe€ a f_lhx \klZghle_ggy deevc
_n_dlb\ghkle €€ jh[hlb

FZl_jeZeb + f_Ibkhkee"" m\ZezZky Z~"Zilb\gZ kbkl_fZ d_jm\Zg
ZizZjzlz 11 kZlmjmhié p@ddh m >ey \bagZg_ggy hilbfZevgbo
nmgdpehgm\Zggy \bdhjbklZgh efelZpecg_ fh”_ex\Zggy gZ hkgh\s
] _og_lbggbo Zelhjblfe\ ihrmdm

J_amevlZlb <« h[]h\hljjhdg9y_gh <felZpecge ~"hkee™"_ggy Y
nmgdpehgm\zZggy KEljihdlnejglz”Zilb\gh€ kbkl fb hilbfZevgh]h d_
\bdhjbklZzggyf dezZkbgghlh ]_g_Ibggh]lh Zelhjblfm Z 1Zdh" ijh\
fhrbnedh\Zgh]lh ]J_g_Ilbggh]lh Ze]hjblfm a ~h~zZ\Zggyf m de:
]Je[jb”"gbo nmgdp ) LD RL Q VHIDUINFWHURNVAROQFK

:NZilb\gZ kbkhifftzfZevgh]lh d_jm\zZggy oZjzdl_jbam}lvky kmll
agzZqgq_ggyf egl_ljZevgh]h d\z*jzlidqggh]lhhpjMglyghx a gZy\ghx gZ
pmdjh\hfm az\h”e kbkl_fhx d_jm\Zggy =<+gl_J]jZevgbc d\zZ~*jZIb
, ljb pvhfm qZk d_jm\Zggy 1Zdh7 af_gkbVKky a k
<bdhjbklZzggy J]e[jb”gbo nmgdpec ~Zeh afh]m "h”ZlIdh\h agt
d\z~jZlbggbc djHdl_jet [Z ijbkdhjblb jh[hlm kbkl_fb d_jm\:
\bljZq_gbc7qzZk k >hkeehA jlgihim f_)PLOFR®@ \bdhjbklZggy
]_g_Ilbgghlh Ze]lhjblfm 1ZdZ fh”"_ev ihdZaZeZ gbkghtegZlibdhg
agzZq_ggy *gl_ljzevghlh d\z”jZlbggh]h djbl_jex

GZcdjZse j_amevlZlb aZzZ <gl_JljZevgbf d\Z*jzZlbqggbfydjbl_je}f
, 7 k [meb hljbfzge ey ]_g_Ibggh]lh Zelhjblfm jZah
nNmgdpIPXLQFRQ

>hkee”"" _gZ Z~Zilb\gZ kbkl_fzZ d_jm\Zggy jh[hlhx kZImjZlhjZ
gZy\gm aZ \kefZ hkgh\gbfb ihdZaghbdzfb

<bkgh\dbGh\baghx j_ameviZls\v "hkeagZmdh\_  h[%]jmgIim\Z
"hpeevghkle \bdhjbklZggy deZkbggbo ] _g_Ibggbo ¢ ]Je¢[jb~rgbo ]
ieN" gZKk j_ZeeaZpe€ Z"Zilb\gbo kbkl_f hilbfZevgh]h d_jm\Zggy

Dexghkeh\zZ\IhfZlbazpanydhj kzZImjzZlhj ]_g_Ilbggbc Zelhjblf
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, QVWUXFWRWBOQVKR UV

'HDU FROOHDJXHV

7KH (GLWRULDO %BBUGRRBIL¥FBEOHQWLILF
SSNUDLQRRGRXUQDO
LQYLWHWXEXOLFDWLRQ RIHRXOWWVHDUFK

5HTXLUHPRI QWO WH[WV

/IDQJIXPUHIOLVK

6L]H Rl WKH BUWDBBW LQ OLFURVRIW :RUG DQG HD
ILOHQDPH H[WHQVLRQ GRF

7LPHV 1HZ 5RPDQ IRQ@HVLOQWHUYDOV RDBPLQV RQ ERYV

7KH VWUXFWXUH Rl WKH DUWLFOH

7KH WLWOH RI WKH DUWLFOH

$XWKRUXO QDPH DQG VXUQDPH

,QVWLWXWLRQ KZIKH BHHQRY ZIREG N

$EVWUDRWSDJIH7KH VWUXFWXUH Rl WKH DEVWUDFW VKR

RI WKH DUWLFOH ,QWURGXFWLRQ ODWHULDOV DQG PHWEK
.HZRUGV

7KH PDLQ ERG\ Rl WKH DUWLFOH VKRXOG FRQWDLQ WK
,QWURGXFWLRQ
ODWHULDOV DQG PHWKRGYV
5HVXOWYV DRG GLVFXVVL
&RQFOXVLRQ
SHIHUHQFHYV
.l \RX QHHG \RX FDQ DGROLYRBHK MK BP LW\gWR YEESDUW\
7KH LQIRUPDWDR@ PREBR X W WH HVXUQDPH VFLHQWLILF GH
DQG FRQWDFW SKRQH QXPEHU

$00 ILIXUHV VKRXOG EH PDGH LQ JUDSKLF HGLWRU Wtk
7TKH EDFNJURXQG RI WKH JUDSKY DQG FKDUWY VKRXOG

ILIXUHGHWWHPBILQHYLQUEGD MNHPRORU

JLIXUHV DQG (;&(/ IRUPDW ILOHV ZLWEKRIXD®WHKWE) DGGL!
VHSDUDWH ILOHYV

3KRWRY DHIFRERMWQGHG WR EH XVHG DV JUDSKLFDO PDW
"HEVLWSNRIDLQLDQ JRRKWWSBEDoXIM KR XD

(PDLO IRU DOO VXEPLVVLRQXI MG® RIMWW 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

FegefZevilhly] klZleklhjeghthjfZlm :[_a \jZom\Zggy ZghlZp-c
kibkdm ee«l_jZImjb

KIZlly \bdhgm}lvky \ |_dklh\hfm j_~Zdlhje QLFUYRNRRW :RUG

>ey \keo _e_f_gle\ klZFMIERAHMWIIHZ S5RPEQ -+gl_je

<ke ihey klhitbdbkf

KijmdImjz 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¥WdjmdIimjzZz ZghlzZpe«£€
<klImiz jy~db
FZI_jeZeb IZ f_Ih*"b ~h jy~rde\
J_amevlzZlb 1Z h[l]h\hj_ggy i\ klhjegdb
<bkgh\db jy~db
Dexgh\e keli\Kee\ Ze_ g_ keh\hkihemqg_gv

Imgllb + \bdhgZlb Zglesckndh&xEgkvdhx fh\Zfb

Hkgh\gbc |I_dkl klzlle Fz} \dexqZlb 1Zde h[h\fyadh\e jha”eeb
x  <klmi

FZI_jeZeb 1Z f_Ih"Db

J_amevlZlb I1Z h[]h\hj_ggy

<bkgh\db

Eel_jZImjZ

AZ g_h[os~ghkle fh gZ "h~Z\ZIb +gre jha*reyha pled[b\ZIb €0 gZ

X X X X

‘\lhjkvdz ~h\ly¢d¥bs_ «ffy 1Z ih [Zlvdh\e \g_gbc kimiegv |1Z |
jh[hlb _e_dljhggz z~j_kzZ Z[h I_e_nhg
Dhglzdlge *"Zge Z\IhjZz ~h ydh]lh aZ g_h[oe”*ghkle [m"_ a\_jlzZ

Jbkmgdb \bdhgmxlvky wydZlgehjbKmgdb g_ ijbcfzxlvky Jhafej 1_d
jbkmgdZo ih\bgkig\[malhejgbf |_dkim WNHAIh]jZnfh€ g2 bdhjbklh\m\ZIb
ebr_ azZ €0 agZqgh€ gZmdh\h€ pegghkle

Nhg ljZnede\ "s&ZijjZf[eebc Dheej _e_f_gle\ jbkmgdmzgdrjgdec keldZ
g_ kejbc

Jbkmgdb IZ ]jZnedb (;&(/ a ]jZnedZfb ~h~Zldh\h ih~*Zxlvky \ hdj_fbo

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\bgg2giejhKdéZllbs 1Z fhgh]jZn+€ yde him[eed}
ickey jhdm
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ljZ\beZ hnhjfe_ggy kibkdm e<l_jZImjb

< BNUDLIRPERXUQYPO® aZ hkgh\m az]zZevghijbcgyl_ \ k\e]le
hnhjfe _ggy kibkdm ee<l jZImjb atDUNDRKkBg"EZjlfmglb ihkbeZgg
jhareeyxlelkyy dhfzfb

IhkbeZggy gZ klzZllx

\lhjb = : jed \b"Zggy GZa\Z klZlle GZa\Z "mjgZem dm
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 H[WUDFW REWDLQHG E\ VXSH{RPULWLG RO F

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
'"HNNHIWHZ <RUN

IhkbeZggy gZ _e_dljhggbc j_kmjk

<bdhgm}lvky ZgZeh]eqgh ihkbeZggx gZ dgb]lm Z[h klZIlIx lek
ijh im[eedZpex ibrmIVADKEODEO HI Davn}ivky e dljhggZ Z~j_kZ
ljbde D"
6YLWRYL QDXNRYPRPNBDWOMWEKOQH. ED]\
KWWS ZzZzZ QDV JRYTBD SXEJHWIMWRERW DVS]
&KHXQJ 7 :RUOG V PRVW G H% HEFWRHOL OCBDUELOHN VD W
KWWS WUDYHO FQQLERVP 4K P®ERANMDOLLERBLYMS V

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 inHEWPDOhjblegZevge gZmdh\e KklIZIle
ih\erhfe_ggy hley”h\e klZlle gh\bgb IZ h]ey~b e«l_jZImjb

L fZIlbdZ im[e+dEZWUDLQLDQ )RRG -RXUQDO

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 [ @Zjg\bo ijh~Amdle\

| _jeh"bggeklv \boh"m “mhgZjdmgZ jed

J_amevlZlb “hkee""_gv ij_"klZ\e_ge* \ mjgZdéZlbhgblgd<c[mlb
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 )P SWRW
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 S5QIGIMHIRAHWKH +XPDQLWLHV(D,®@ @/\&H 6RFLDO
'LUHFWRU\ Rl 2SHQ $FFHVV -RXUQDOV '2%$-
,QIR%DVH ,QGH]
&KHPLFDO $EVWBRXAV¥W 668 GHULFES$66
(PHUJERJIUVHV &LWDWRQ ,QGH]

J_p_gaey jmdhibkmzkl{4¢leeb ij_~klZ\e_ge* ey ingMuDM\ZQDPY \
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_ ijzZzYbhlhjb klIZl_c ]ZjzZglmxlv sh jh[hlZ g_ }ydpror_ggyf
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I_ogeqgbc mge\_jkbl_lI
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