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- %ODKRYHF

%36 + 2ULJLQ DQG $LPV

0 'DQHPHN , 8KOt

ORQLWRULQJ Rl HQHUJ\ VRXUFHV UHJDUGLQJ WR GLVWULEX

0O +DYUOtN - aDIUIQNRYI 9 %HUIQHN O /LEUD 9 3RXOHN
‘DWD HYDOXDWLRQ RI WKUHH XQLTXH SKRWRYROWDLF SRZF

= -HOtQHN . 6WDUé - . XPKiORYi
&RPSDULVRQ RI KRS YDULHWLHYV XVLQJ YHIHWDWLRQ LQGL
LPDJHV

3 OLVHN 5 $GDPRYVN\ 3 1HXEHUJHU
2SHUDWLQJ F\FOH RI DQ DEVRUSWLRQ KHDW SXPS *$+3

7 3tFKD 6 3DSHARYI
'LHOHFWULF SURSHUWLHYV RI PDWHULDOV IRU ' SULQWLQJ

- aDIUIQNRYiI 9 3RXOHN 9 %HUIQHN O 'DQHpHN O /LEUD
39 SDQHO ZLWK HQHUJ\ DFFXPXODWLRQ + D FRPSDFW XQLW

: %9DELDN , .U]JHPL VND
JORFFXODWLRQ LQ DOJDO ELRPDVV KDUYHVWLQJ
$ )XUWDN . 6LHFL VND . .RQGUDFND $ 1RVDOHZLF]

,PSDFW RI GURXJKW SULPLQJ RQ WZR JUDVV VSHFLHV

- +RUDELN * -y]HIDFLXN
BWUHQJWK Rl VRLO VLOW DJJUHJDWHY OHDVXUHPHQWYV DQ

0 .UHNRUD : 5XPL VND = 1LHZLDGRPVNL $ OL $ 1DZUR
7KH (IIlTHFW Rl 6HOHFWHG 3KHQROLF $FLGV RQ WKH 6WUXF
'RXJK 8VLQJ )7 5DPDQ

$ .XEDF]\ VNL $ :DONLHZLF] 0 %U]H]L VND
7KH HIIHFW Rl VHOHFWHG ELRFKDU GRVHV RQ JDV H[FKDQJt}

0 0 FLN $ *U\WD 0 )UF
*HQHWLF GLYHUVLW)\ Rl PLFURELDO FRPPXQLWLHYV LQ VRLO"

ODODUF]\N - 3DQHN 0 )U F
'"HWHFWLRQ RI FUXFLDO IXQJDO SDWKRJHQV RI VRIW [UXLW
IURP RUJDQLF VWUDZEHUU\ SODQWDWLRQV
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5 O0D]XU 0 5\*DN $ 6RFKDQ . ODUFLV]XN O %HF]HN
%LHIJDQRZVNL

'URS LPSDFW RQWR VDWXUDWHG JODVV EHDGV EHG DQDO
GHIRUPDWLRQ RI VXUIDFHV

. 3URF 3 %XODN ' :L FHN $ %LHJDQRZVNL
$ELOLW\ RI LQVHFW +HUPHWLD LOOXFHQV WR ELRDFEXPXOL
0 3\ODN . 2V]XVW 0 )UF

'"HYHORSPHQW RI RSWLPDO JURZLQJ PHGLXP IRU SODQW EH

: 5XPL VND O .UHNRUD $ 1DZURFND
7KH HIITHFW RI VHOHFWHG GLHWDU\ ILEUH VXSSOHPHQWYV
SURGXFWLRQ RQ WKH WKHUPDO SURSHUWLHV RI JOXWHQ S

- :DMV 0 6WDVLDN
$QDO\WLV RI WKH SXQFK WHVW RI SRWDWR VWDUFK

0 %LOptN 0 %RALNRYiIi - &VLOODJ $ 3HWURYLU 3 .RWRX
7KH SRZHU FKDQJHV LGHQWLILFDWLRQ RI WZR GLITHUHQW
WHFKQRORJLHV

= +ODYipRYi 9 $UGRQRYi 3 +0ODYip ( ,YDQLARYi
(OHFWULFDO 3URSHUWLHV RI 9DOXH $GGHG &KRFRODWH

.XEtN
6WUXFWXUH RI WKH )ORXU
- 1RYIiN
SHODWLYH 3HUPLWWLYLW\ OHDVXUHPHQW RI 0XQJ %HDQV 9
9 9R]JiIURYiI $ 3HWURYLU ' .XQHFRYIi - &VLOODJ
'6& PHWKRGYV DV D WRRO RI IDVW RULJLQDOLW\ FRQWURO
$KVVDQ 0 $ $OVKLELO , )DUNDV 3 9tJ

,PSURYHPHQW $WWHPSWV IRU WKH (IILFLHQF\ RI +\EULG 6R

$vDDG <DVVHHQ , )DUNDV DQG , 6HUHV
2Q 7TKHUPDO (IILFLHQF\ RI 3BDUDEROLF 7URXJK 6RODU &ROO|

' $WVX , 6HUHV , )DUNDYV

/RQJ 7THUP 3HUIRUPDQFH $VVHVVPHQW RI D N:S *ULG &
6\VWHP

, JDUNDV

ODLQ &KDUDFWHULVWLFV Rl WKH 5HFHQW 6RODU 7KHUPDO (
* +DEWD\ - %X]DV , )DUNDYV

([SHULPHQWDO 6WXG\ Rl &KLPQH\ 8VHG LQ 6RODU 'U\LQJ $S
., .REViQ\ , 6HUHV , )DUNDV

(ITHFWV RI 6RODU 5DGLDWLRQ RQ WKH $EVRUEHU 30DWH

& OpV]iURV E %iOLQW
([FLWRQ 7KHRU\ DW 6RODU (QHUJ\ $SSOLFDWLRQV
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, 5 1LNROpPQ\L - 7yWK
+XEEDUG ORGHO IRU (IILFLHQF\ (VWLPDWLRQV RI 2UJDQLF 6
, 6HUHYV

&RORXU VHQVLQJ

- 7yWK , )DUNDV
ORGHO SUHGLFWLYH &RQWURO RI D 6RODU 7KHUPDO 6\VWHF

3 9LJ
/ILJKW SRODULVDWLRQ DW VRODU PRGXOHYV

-2 6]DIUD VND % * 6R&aRZLHM
+\GURFROORLGYV DV WH[WXUH IRUPLQJ DGGLWLYHV LQ SURI
FDVHLQ DQG ZKH\ SURWHLQV
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'HDU IULHQGYVY DQG FROOHDJXHYV

W LV RXU SULYLOHJH DQG JUHDW SOHDVXUH WR
LOVWLWXWLRQV * &]JHFK 8QLYHUVLW\ RI /LIH BFL
WRJHWKHU ZLWK 7KH %RKGDQ 'REU]D VNL ,QVWLW
$FDGHP\ Rl 6FLHQFHV 3RODQG 60ORYDN 8QLYHU
BORYDNLD DQG 6]HQW ,VWYiQ 8QLYHUVLWX *|G]|
,QWHUQDWLRQDO :RUNVKRS IRU <RXQJ 6FLHQWLVYV
RQ WKt VW9 D)\

/KH ZRUNVKRS LV RULHQWHG RQ WKH GHHSHU L(
RFFXUULQJ LQ ELRORJLFDO DJULFXOWXUDO DQG |
WZR EDVLF WDVNV RI LOQOWHUQDWLRQDO PHHWLQJ
DQG LQWHJIJUDWLRQ RI \RXQJ SHRSOH IURP GLIIHUH

'H FRUGLDOO\ LQYLWHG \RXQJ VFLHQWLVWY WR SI
DQEG WR SUHVHQW UHVXOWYV RI \RXU UHVHDUFK L
DIJULFXOWXUH ELRORJ\ DQG RU OLIH VFLHQFHYV

7KH ZRUNVKRS LV RUJDQLVHG DV DGERWH® F\WV OH
FROQOWULEXWLRQV DUH SXEOLVKHG LQ WKLV %RR
'RUNVKRS

ODUWLQ /LEUD
&KDLUPDQ RI WKH 2UJDQLVLQJ &RPPLWWHH
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6&,(17,),& %2$5"

3URI ODUWLQ /LEUD &]HFK 8QLYHUVLW\ RI /LIH 6FLHQF
3URI -Lt %ODKRYHF &]J]HFK 8QLYHUVLW\ RI /LIH 6FLHQI
3URI -y]HI +RUDELN ,QVWLWXWH Rl $JURSK\VLFV 3%$6
3URI ,VWYiQ )DUNDV 6]J]HQW ,VWYiQ 8QLYHUVLW\ *|G]|O
$VVRF 3URI 90DVWD 9R]JiURYi 6ORYDN 8QLYHUVLW\ RI
$VVRF 3URI XERPtU .XEtN 6ORYDN 8QLYHUVLW\ RI $J

25+$1,6,1* &200,77(( $1' &217%$&7

3URI ,QJ ODUWLQ /LEUD &6F + FKDLUPDQ
OLEUD#WI F]X F]

51'U -DQ 6HGOipHN 3K ' * YLFH FKDLUPDQ
VHGODFHN#WI F]X F]

'U ,QJ ODJGDOHQD /IDKRGRYi *+ VHFUHWDU\
ODKRGRYD#WI F]X F]

,QJ -DQD abIUIQNRYi + VHFUHWDU\
MDQLFND VDIUDQNRYD#JPDLO FRP

&RQWDFW $GGUHVV
&]HFK 8QLYHUVLW\ RI /LIH 6FLHQFHV 3UDJXH
J)DEXOW\ RI (QJLQHHULQJ
'HSDUWPHQW RI 3K\VLFV
.DP&FNi
3UDJXH
&]HFK 5HSXEOLF
KWWS ZZZ WI F]X F]
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%36 + 2ULJLQ DQG $LPV

- %ODKRYHF

&HFK 8QLYHUVLW\ RI /LIH 6FLHQFHY 3UDJXH .DPé&FNi

&RUUHVSRQGLQIIDXKWKRRIYHF H PDLO EODKRYHF#WI F]X F]
.H\ZRU@&B6 DLPV ILUVW \HDUV

$EVWUDFW

,Q P\ VSHHFK , ZRX0OG OLNH WR UHWXUQ WR WKH EHJL
OLNH WR UHSHDW WKH PDLQ LGHDV RI P\ VSHHFK IURP Wk
KHDGOLQHYV

+LVWRU\ RI 3K\VLFV 5SHODWHG WR $JULFXOWXUH

W ZDV WKH LQGXVWULDO UHYROXWLRQ LQ WKH WK
SK\WLFDO GLVFLSOLQHV NQRZQ LQ WKH SUHVHQW FRXUVHYV
RI 3K\WLFV LQ $JULFXOWXUH KDV LWV GHHS URRWYV DOVR L
ZKLFK GHYHORSPHQW DQG SURGXFWLRQ Rl WKH DJULFXOV
FUDIWVPHQ E\ WKH EHDULQJ DJULFXOWXUDO LQGXVWU\

3UHVHQW 6WDWH

7KLV SURFHVV KDG FRQWLQXDWLRQ DOVR LQ WKH W
PDQ\ HDVW (XURSHDQ FRXQWULHV 7KH SK\VLFV IRXQG |
DJULFXOWXUDO HQJLQHHUV PDLQO\ LQ WKH JROGHQ HU
DJULFXOWXUDO PDWHULDOV LQ v v

3K\WLFV LQ WKH ODVW \HDUV Rl WKH WK FHQWXU\ ¢
FKDQJH TXDOLWDWLYHO\ WKH EDVH RI WKLV VFLHQFH 3UL
PDWKHPDWLFDOQMEHRUPIRUPH®RORILFDO 3K\VLFV  %LR3K\

2XWORRN

1HZ WDVNV O\LQJ EHIRUH 3K\VLFV LQ $JULFXOWXUH D!
$FWLYLW\ LQ WKLV DUHD LV LQVWUXPHQWDOO\ H[SHQVLYH
PXFK PRUH FR RSHUDWLRQ DPRQJ WKH VFLHQWLVWVY LQVW
EHIRUH

%36 6SULQJ

%36 6SULQJ ZDV ILUVWO\ RSHQHG RQ LQ 3UDJXH ,
RUJDQL]HG RQ EDVLV QR IHH QR VHUYLFH ZLWK RUJDQL]L
YHU\ JRRG VFKRRO IRU WKHP 2QH SDUW RI HYHU\ ZRUNVKF
WKH KRVWLQJ FRXQWU\ )RU LOOXVWUDWLRQ , LQFOXGH F
FRQWDLQLQJ RYHUYLHZ RI WKH SUHVHQWDWLRQV DQG LQIF
ROGHVW FKXUFK LQ /HY\ +UDGHF

SHIHUHQFHYV
> @ %ODKRYHF - 3HUVSHFWLYHV RI 3K\VLFV LQ $JULFXOW
> @ %ODKRYHF - %LR3K\V 6SULQJ ,QWHUQDWLRQDO :RUN
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ORQLWRULQJ RI HQHUJ\ VRXUFHYVY UHJDUGL
VWDELOLW\

O 'DQHpHN , 8KOt
&HFK 8QLYHUVLW\ RI /LIH 6FLHQFHY 3UDJXH .DPEéFNi

&RUUHVSRQGLQUODXWIPORWHPHN H PDLO PLODQ GDQHFHN#JP
.H\ZRUGUDFGRXYXWULEXWLRQ JULG SRZHU PHDVXUHPHQW

$SEVWUDFW

7KLY SDSHU GLVFORVHV WKH PHWKRG IRU IDVW DFWLYH}
WUDGLWLRQDO SRZHU VRXUFHV FRQQHFWHG WR D GLVWU
RSHUDWLRQ RI HQHUJ\ VRXUFHV ZH QHHG WR SHUIRUP IDVYV
\HDUV ZH KDYH REVHUYHG LQFUHDVLQJ UDWLR RI JHQHUDYV
> @ 5HQHZDEOH HQHUJ\ VRXUFHYV KDYH VSHFLILF EHKDYL
8QGHU WKH GHILQLWLRQ 8VSHFLILF EHKDYLRXU”™ DUH PHDQ
VXSSOLHG WR WKH GLVWULEXWLRQ JULG 7KRVH RVFLOOD)
WXUELQH RU SDVVLQJ FORXGV * SKRWRYROWDLFV 7KRVH
GLVWULEXWLRQ JULG FDQ OHDG WR ODUJH EODFENRXW 7R (
ZH KDYH WR SHUIRUP IDVW DFWLYH SRZHU PHDVXUHPHQW
IDVW DFWLYH SRZHU PHDVXUHPHQW DQG LWV DSSOLFDWLR!
GLVWULEXWLRQ JULG

$FNQRZOHGJHPHQW
7KH ZRUN ZDV VXSSRUWHG E\ WKH LQWHUQDO UHVHDL
* %

SHIHUHQFHYV

> @ 0LOOLJDQ O 6RXUFHV RI JULG UHOLDELOLW\ VHUY

KWWSV GRL RUJ M WHM

> @ 0ODGUXJD ( 3 %YHUQDUGRQ ' 3 O9LHLUD 5 3 3IL

WUDQVLHQW VWDELOLW\ LQ GLVWULEXWLRQ V\VWHPV ZLWK

(OHFWULFDO 3RZHU (QHUJ\ 6\VWHPV

KWWSV GRL RUJ M LMHSHV

> @ &KXDQJ 0 7 &KDQJ 6 < +VLDR 7 & /IX < 5 <[

PDMRU UHQHZDEOH HQHUJ\ VRXUFHV DQG SRZHU VWDELO|I
2FWREHU * GRL KWWSV GRL RUJ M HQSF

> @ )LHGOHU 7 6LPXODWLRQ RI D SRZHU V\VWHP 7Z

5HQHZDEOH (QHUJ\ + GRL KWWSV GRL RUJ )
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'‘DWD HYDOXDWLRQ RI WKUHH XQLTXH SKR

0 +DYUOtNiDIUIQORBHUIQHNEWD SRXOGHBHGObSpHNHO]D

& HFK 8QLYHUVLW\ RI /LIH 6FLHQFHY 3UDJXH .DPEéFNI
6RODUPRQLWRULQJ /WG B3UDJXH &]J]HFK 5HSXEOLF

&RUUHVSRQGLODYDL)OVKRU H PDLO P KDYUOLN#VH]QDP F]
.H\ZRUGNRWRYROWDLFV 39 SRZHU SODQW GDWD PRQLWRU

$EVWUDFW

‘H KDYH UHFHQWO\ GHYHORSHG D XQLTXH PRQLWRUL
SODQWY DQG KDYH JUDGXDOO\ LPSURYHG LW LQ UHFHQW \
SRZHU SODQWY LQ VHYHUDO (XURSHDQ FRXQWULHV DQG D
HYDOXDWH DOO GDWD LQ RXU ODERUDWRU\

,Q WKLV SDSHU ZH FRPSDUH GDWD IURP WKUHH SKRW
VRXWKWHUQ DQG QRUWKWHUQ KHPLVSKHUH )LJ VKRZV V
39 VIVWHPV GXULQJ RQH \HDU
7KH YDOXHV DUH JLYHQ E\
PRQWKY DQG IRU WKH ZKROH
\HD U ,Q WKH VRXWKHUQ
KHPLVSKHUH RI &X] &X] WKH
VHDVRQV RI WKH VXPPHU DQG
ZLQWHU DUH RSSRVLWH WR WKDW RI
(XURSH VR WKHUH DUH WKH
KLIJKHVW YDOXHV RI HOHFWULFLW\
SURGXFHG LQ 'HFHPEHU DQG
-DQXDU\ DQG WKH ORZHVW YDOXHV
DUH LQ 0D\ DQG -XQH

6XQ WUDFNLQJ VWDQGV

VOL““NO\LQFUHDgH WKHKD R VVW RI HOHFWULFLW\ SUR
RI HOHFWULFDO H ﬁ&J\guﬁq R

EXW DW KLJKHU ODWLWXGN‘M%W Y GXULQJ RQH \HDU

PXVW KDYH DQ LQFOLQHG SRODU D[LV 7KH LQGLYLGXDO U
WKDW WKH\ GR QRW VKLHOG HDFK RWKHU ,Q WKLV zZD\ KR
SODQW LV UHGXFHG DQG WKH SULFH RI WKH DUHD LV KLJK
KDOlI GHVHUW UHJLRQV WKH URWDWLRQDO D[LV FDQ EH
VKLHOGLQJ ,Q DGGLWLRQ WKH SULFH RI WKH SRZHU SODAQ

$FNQRZOHGJHPHQW
7KH ZRUN ZDV VXSSRUWHG E\ WKH LQWHUQDO UHVHDUF
<%

SHIHUHQFHYV

> @ %HUIQHN 9 20&DQ 7 J/LEUD 0 3RXOHN 9 6HGOI
1HZ ORQLWRULQJ 6\WWHP IRU 3KRWRYROWDLF 3RZHU 3

$UWLFOH ,°
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&RPSDULVRQ RI KRS YDULHWLHY XVLQJ Y
GHULYHG IURP 6HQWLQHO VDWHOOI

= -HOtQHN . 6WDUé - .XPKIiORYi
&HFK 8QLYHUVLW\ RI /LIH 6FLHQFHY 3UDJXH .DPEéFNi

&RUUHVSRQGLOGHXXWKROtQHN H PDLO JGHQHN MHOLQHN#:
.H\ZRU&RS JDUGHQ VSHFWUDO LQGLFHV UHPRWH VHQVLQJ

$SEVWUDFW

7KH DLP Rl WKLV VWXG\ LV WR FRPSDUH YHJHWDWLRQ |
LQ YDULRXV DJURQRPLFDO VWUDWHJILHV )RU WKLV UHVI
ELRORJLFDO V\VWHPV RI SODQWLQJ ZHUH FKRVHQ 6HQWLQ
VSDWLDO UHVROXWLRQ RI P SLIHO IRU SXUSRVH RI WKLYV
WKH DLP WR FRPSDUH RYHUDOO FRQGLWLRQ KHDOWK DQG
WKHVH SXUSRVHV WKH LQGLFHV FRPSDULQJ WKH FKORURS
1RUPDOL]JHG '"LITHUHQFH 9HJHWDWLRQ ,QGH[ *1'9, 7ULDQ
5HG (GJH 1RUPDOL]HG 9HJHWDWLRQ ,QGH[ 5(1'9,

/KH UHVXOWYVY VKRZHG WKDW WKH DYHUDJH YDOXHV RI
WUHQG ZLWKLQ WKH ZKROH PHDVXUHG YHIJHWDWLRQ SHUI
HVSHFLDOO\ LQ HDUOLHU VWDJHV RI YHIJHWDWLRQ SHULRG
FRUUHODWLRQ DV EURDG EDQG LQGLFHYVY LQ ODWHU SKHQR
KDV KLJK YDOXHV 7KH XVH RI 7*, LQGH[ LV SUHIHUDEOH LQ
SHULRG

$FNQRZOHGJHPHQW
7KH VWXG\ ZDV VXSSRUWHG E\ WKH LQWHUQDO UHVHDU

*$ QR
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2SHUDWLQJ F\FOH RI DQ DEVRUSWLRQ KF
3 OLVHN $GDPRWVNHXEHUJHU

SREXU VUR 9LQWURYQD J BRSXYN\ &]JHFK 5HSXEOL
&HFK 8QLYHUVLW\ RI /LIH 6FLHQFHY 3UDJXH .DPEéFNI

&RUUHVSRQGLOUVBNWHKRWHO H PDLO SDYHO PLVHN#UREXU |
.H\ZRU&GMDW SXPS DEVRUSWLRQ ZRUNLQJ F\FOH

$EVWUDFW

7KH DEVRUSWLRQ KHDW SXPS PDGH E\ WKH FRPSDQ\
DVVRFLDWLRQ ZLWK WKH &]HFK 8QLYHUVLW\ RI /LIH 6FLHQ]
UHSUHVHQWDWLYH RI 5REXU /WG

7KH PHWKRG RI GHVFULELQJ WKH HIIHFWLYLW\ RI HQH
XVLQJ WKH &RHIILFLHQW Rl 3HUIRUPDQFH LV GHVFULEHG
+RZHYHU WKLV VWDQGDUG GHVFULEHV PHDVXUHPHQWV !
FRQGLWLRQV ,W GRHV WKRXJK SURYLGH LQSXW FRQGLWI
PRUH DFFXUDWH WR UHDOLW\ LV WR EH IRXQG LQ WKH VWI
WKH FDOFXODWLRQ RI D KHDWLQJ VHDVRQDO SHUIRUPDQI
SURFHGXUH LV DOVR DGRSWHG LQ WKH (XURSHDQ &RPPLVYV

$V SURYHG GXULQJ WKH PHDVXUHPHQWY SHUIRUPHG E!
UHVXOWLQJ RUGHU RI PDJQLWXGH Rl WKH KHDWLQJ IDFWRI
WZLFH DW LWV YDOXH 6&23 + >@ ,W LV REYLRXV
WKHPVHOYHYVY WKH GHWHUPLQDWLYH LPSDFW RQ UHVXOWLQ
FKRLFH +RZHYHU LW FDQ EH VXSSRVHG WKH RSHUDWLQJ
UHVXOW 7KH YDOXHV DUH GLIIHUHQW HYHQ ZLWKLQ D YHI
RSHUDWLQJ ORVVHV LV WKH ORVV FDXVHG E\ VRXUFH F\F
HOHFWULF KHDW SXPS ZDV GHVFULEHG E\ WKH DJHQF\ ($ 7+

7KLV SXEOLFDWLRQ DLPV WR GHVFULEH WKH SDUDP}
1+ + 2 E\ DQDO\WVLQJ WKH KHDWLQJ F\FOH 7KH GHULYHG
E\ DQ DFWXDO PHDVXULQJ GXULQJ RSHUDWLRQ DQG FRPSD
WKH FDOFXODWLRQV E\ IROORZLQJ WKH y16 + &]HFK 6WDQG

SHIHUHQFHYV

> @ y61 (1 + .OLPDWL]iIiWRU\ Y]GXFKX MHGQRWN\ SUR F|

V HOHNWULFN\ SRKiQ QéPL NRPSUHVRU\ 010=

> @ y61 (1 + .OLPDWL]iWRU\ Y]GXFKX MHGQRWN\ SUF

PHUSDGOD * =NRX&4HQt D NODVLILNDFH ]D SRGPtQHN piVWH[

> @ 1$ E=(1E .20,6( 9 3 (1(6(le 35$9202&, (8 b Q
v (8 (YURSVNi NRPLVH

> @ 0,$5$% ODUHN +HDWLQJ 3XPS (IILFLHQF\ $QDO\VLV D
(IILFLHQF\ LQ 5HDO OLIH &RQGLWLRQ >RQOLQH@ )UDXQKF
YJUHLEXUJ >SFLW @ 'RVWXSQp | KWWSV ZS PF
HIILILHQ] GRZQORDG ILQDOBUHSRUWBZSBHIIL]ILHQ]BHQ SGI
> @ *5((1 S5REHUW 7KH (IIHFWV Rl &\FOLQJ RQ +HDW 3X
7HFKQRORJ\ 'HSDUWPHQW Rl (QHUJ\ DQG &OLPDWH &KDQJH
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'‘'LHOHFWULF SURSHUWLHY RI PDWHULDC

7 3tFKD 6 3DSHAaRYi
&HFK 8QLYHUVLW\ RI /LIH 6FLHQFHY 3UDJXH .DPé&FNi

&RUUHVSRQGLDJIIDKKMIKRUPDLO SLFKDW#WI F]X F]
.H\ZRUGVSULQWLQJ $%6 7 3/$ 3(7 * GLHOHFWULF SURSHU\

$SEVWUDFW
"SULQWLQJ LV D ZLGHVSUHDG DQG UDSLGO\ GHYHORS
LQ DUHDV VXFK DV DHURVSDFH DXWRPRWLYH PHGLFDO
WHFKQRORJ\ LV XVHG DFURVV WKHVH GLIITHUHQW VHFWRUYV
7KLY SDSHU LV IRFXVHG RQ FRPSDULVRQ RI GLHOHFWULF S
"SULQWLQJ VXFK DV ORVV IDFWRU DQG SHUPLWWLYLW\ 7
DFLG 3(7 * SRO\HWK\OHQH WHUHSKWKDODWH JO\FRO DQC
WUDQVSDUHQW > @ 3/$ VDPSOHV ZHUH PDGH LQ WZR GLII
JUHHQ O* 7KH DLP RI WKHVH WZR GLITHUHQW FRORXUHG
SLIPHQWDWLRQ RQ WKH GLHOHFWULF SURSHUWLHV RI WKH
PHWKRG FDOOHG )XVHG 'HSRVLW ORGHOOLQJ )'0 3/$ VDF
$ DQDO\WHU 3(7 * DQG $%6 7 VDPSOHV E\ WKH $JLOHQW
ZHUH SHUIRUPHG LQ WKH UDQJH 0+] 7KH IROORZLQJ
FDSDFLW\ &S DQG 4 IDFWRU 7KH ORVV IDFWRU WJ/ LV C
7KH UHODWLYH SHUPLWWLYLW\ RI WKH PHDVXUHG VDPSOH
VDPSOH FDSDFLW\ DQG WKH FDSDFLW\ RI WKH WHIORQ FF
UHODWLYH SHUPLWWLYLW\ RI $%6 7 PDWHULDO ZDV LQ \
RI UHODWLYH SHUPLWWLYLW\ LQ WKH IUHTXHQFLHV UDQJH
3/%$ 6 3/$ 0* ,Q WKH IUHTXHQF\ UDQJH O+] LW UHD
3/%$ 6 3/% 0O* 7KH GLIIHUHQFH RI WKH SHUPLWWLYLW\ F
WKH ZKROH PHDVXUHG UDQJH DQG LW LV PRVW OLNHO\ FDX
7KH DYHUDJH YDOXH RI WJ/ Rl $%6 7 DQG 3/$ 0* ZDV 7KH
RYHU WKH HQWLUH PHDVXUHG UDQJH 7KH DYHUDJH WJ/
DW IUHTXHQF\ RI 0+] DQG WR DW KLIJKHU I[UHTXHQFLHYV

$FNQRZOHGJHPHQW

7KH ZRUN ZDV VXSSRUWHG E\ WKH LQWHUQDO UHVHDL
*$ 7KH DXWKRUV WKDQNV WR &78 LQ 3UD.
HQJLQHHULQJ IRU PHDVXULQJ RI FRPSOH[ SHUPLWWLYLW\ R

SHIHUHQFHYV
>@ 1LQJ ) &RQJ : :HL - :DQJ 6 =KDQJ 0 S$GGLWLY!
&RPSRVLWHV 8VLQJ )XVHG 'HSRVLWLRQ ORGHOLQJ (IIHFWYV
,Q >RQOLQH@ &KDUORWWH 1RUWK &DUROLQD 86% $60
@ GRL PVHF
> @ 9HVHOé 3 +RU\QRYi BWXGKKRI HOAAWURFDO SURSHU\
REMHFWRWQOLQH®@ >YLG @ KWWS SRVHLGR
SURFHHGLQJV 3RVWHUB 6HFWLRQB3( 3(B B9HVHO\ SG|
> @ 'LFKWO & 6LSSHO 3 .URKQV 6 'LHOHFWULF 3URSH!
$GYDQFHV LQ ODWHULDOV 6FROQERH@G £QJEYHEULQJ
@ GRL



WK , QWHUQDWLRQDO :RUNVKRS IRU <RXQJ 6FLHQWLVWY %LR3K\V 6SUI

39 SDQHO ZLWK HQHUJ\ DFFXPXODWLRQ
- 4DIUIQNMRBIRXOHBMHUIQHNMQHpPHNLEUD

&HFK 8QLYHUVLW\ RI /LIH 6FLHQFHYVY 3UDJXH .DPEé&FNIi
6RODUPRQLWRULQJ /WG 3UDJXH &]J]HFK 5HSXEOLF

&RUUHVSRQGLIOIMXANDKRBIQNRY I H PDLO MDQLFND VDIUDQN
.H\ZRUGNRWRYROWDLFVY 39 SDQHO EDWWHU\

$SEVWUDFW
%XLOGLQJ LOQWHJUDWHG 39 %,39 SDQHOV ZLWK LQWH

HPHUJHQF\ SRZHU VRXUFH %XW FRROLQJ RI /L LRQ EDWWI
LPSRUWDQW IRU VXFFHVVIXO GHVLIJQ ‘:H GHYHORSHG D FRF
LRQ EDWWHULHYVY LQ RXU ODERUDWRU\ > @ 7KH FRPSDFW
GHSDUWPHQW IDFLQJ VRXWK ZLWK WLOW DQJOH f ‘H PH
LQWHJUDWHG ZLWK 39
SDQHOV IRU SHULRG RI
RQH \HDU (YHQ DW
KLJK DPELHQW
WHPSHUDWXUH f&
LQ 3UDJXH W KH
WHPSHUDWXUH LQFUHDVH
RI' /LLRQ EDWWHULHYV
ZDV DW PDJ[LPXP

f& GXULQJ $

&
FKDUJLQJ GLVFKDUJLQJ
F\FOHYV VHH )LJ
6DIH XVH RI /L LRQ
EDWWHULHYV LV OLPLWHG WR

f& 7KH
DOXPLQXP FRROLQJ
SURILOH ER|[ ZDV
LOQOWHJUDWHG LIQWR 3®Xx®DQHO /L LRQ EDWWHU\ DLU WHPS
FRQVWUXFWLRQ T

7KH FRPSDFW XQLW VKRXOG ZRUN ZHOO LQ %,39 DSS

WHPSHUDWXUHYV f& W LV YHU\ LPSRUWDQW IRU FRPPF
LOWHIJUDWHG ZLWK 39 SDQHOV 7KH WKHUPDO GHVLJQ RI W
EH IXUWKHU LPSURYHG WR NHHS WKH EDWWHU\ WHPSHUL
HISHULPHQWYV

$FNQRZOHGJHPHQW
7KH ZRUN ZDV VXSSRUWHG E\ WKH LQWHUQDO UHVHDUF
* %

SHIHUHQFHYV
> @ 3RXOHN 9 'DQJ 04 J/LEUD 0 %HUIQHN 9 aDIUiG
,QWHJUDWHG /LWKLXP $FFXPXODWRUV IRU %$39 $SSOLFDW
,((( -RXUQDO RI 3BKRWRYROWDLFV S



WK  QWHUQDWLRQDO :RUNVKRS IRU <RXQJ 6FLHQWLVWY %LR3K\V 6SUI

JORFFXODWLRQ LQ DOJDO ELRPDVV
%DELDN , .UJHPL VND

,QVWLWXWH RI $JURSK\VLFV 3ROLVK $FDGHP\ RI 6FLHQFF
S3RODQG

&RUUHVSRQGLQROKMWERRWDELDN H PDLO Z EDELDN#LSDQ O
.H\ZRU®WJDH ELRPDVV KDUYHVWLQJ IORFFXODWLRQ

$EVWUDFW

2QH RI WKH VWDJHV RI DOJDO ELRPDVV SURGXFWLRQ
DLPHG DW VHSDUDWLRQ RI FHOOV IURP WKH OLTXLG FHOO
KDUYHVW GXH WR WKHLU VPDOO VL]H —P QHJIDWLY
FRQFHQWUDWLR®DKH KDUYHVWLQJ PAMEWRGYVI X OFWUXR® W HGL
FKHPLFDO FRDJXODWLRQ IORWDWLRQ ILOWUDWLRQ DQG L
HIILFLHQW ELRPDVV KDUYHVWLQJ EXW FRQFXUUHQWO\ UH
> @ $Q DOWHUQDWLYH PHWKRG LV IORFFXODWLRQ )OR
SDUWLFOHV LQ D FROORLG VROXWLRQ WR IRUP ODUJHU DJ
IDFLOLWDWLQJ VHWWOLQJ RI SDUWLFOHV ,QRUJDQLF VDOV
SRO\DFU\ODPLGH DUH WKH PRVW SRSXODU FKHPLFDO IORH
+RZHYHU V\QWKHWLF SUHSDUDWLRQV XVHG LQ WKH IORFF
ZKLFK LV XQDFFHSWDEOH LI DOJDO ELRPDVV LV LQWHQG
DSSOLFDWLRQV %LRIORFFXODQWY V\QWKHVL]HG E\ PLFUR
VROXWLRQ ([WUDFHOOXODU SRO\PHULF VXEVWDQFHV (3
SURPLVLQJ IORFFXODQWY GXH WR WKHLU KLJK PROHFXODL
DEOH WR V\QWKHVL]H WKHVH FRPSRXQGV LQ VSHFLILF
ELRGHJUDGDEOH DQG QRQ WRIJLF

SHIHUHQFHYV

> @ %OHHNH ) OLODV O 'LQFNHOPDQQ ' .O|FN *
PLFURDOJDO ELRPDVV KDUYHVW XVLQJ SRO\PHULF IORFFXO
> @ /Y - *XR - JHQJ - ILX 4 ;LH 6 $ FRPSDUDWLYH

DQG JURZWK SRWHQWLDO RI WZR PLFURDOWDRUH®RXUFEX
7HFKQRORJ\ +

> @ $ODP 0$ O9DQGDPPH ' &KXQ : =KDR : )RXEHUW |,

= %LRIORFFXODWLRQ DV DQ LQQRYDWLYH KDUYHVWLQ.
%LRWHFKQRO + 2,



WK , QWHUQDWLRQDO :RUNVKRS IRU <RXQJ 6FLHQWLVWY %LR3K\V 6SUI

,PSDFW RI GURXJKW SULPLQJ RQ WZR J
$ )XUWDN . 6LHFL VND . .RQGUDFND $ 1RVDC

,QVWLWXWH RI $JURSK\VLFV 3ROLVK $FDGHP\ RI 6FLHQFF
S3RODQG

&RUUHVSRQGLRGIPXYWKKIRMUDN H PDLO DIXUWDN#LSDQ OXEOL
.H\ZRUGVRXJKW PHPRU\ SKRWRVI\QWKHVLVY FKORURSK\OO |

$EVWUDFW
'URXJKW DUH H[SHFWHG WR EH PRUH SRWHQW DQG
JUDVVODQGY ZKLFK DUH LPSRUWDQW IRU DJULFXOWXUDO \
WR UHRFFXUULQJ GURXJKW LV FDOOHG GURXJKW PHPRU\
SURFHVVHV WKDW PD\ OHDG WR LPSURYHG UHVSRQVH WR U
7KH HIIHFW RI UHRFFXUULQJ VRLO GURXJKW RQ URRWYV
ZDV WHVWHG RQ WZR JUDVV)NSWKIHDV $ UGXURXLIE QS MOROR-XUIX
VHQVLRALP SHASHQB®®IDQWY ZHUH GLYLGHG LQWR JURXSYV
ZDWHU DYDLODELOLW\ SODQWV DIIHFWHG E\ RQH GURXJK\
ZLWK GD\V RI UH ZDWHULQJ EHWZHHQ WKHP '' B5HODWL
DQG URRW OHQJWK 5/ ZLWK VRLO GHSWKV ZDV DQDO\VHG
J2 SKRWRV\QWKHVLV UDWH $ondDDHU I HFCHDW X IS @ UDW X b
FKORURSK\0OO IOXRUHVFHQFH SDUDPHWHUV SKRWRFKHPLF
\LHOG RI QRQ SKRWRFKHPLFDO TXHQFKLQJ < 134 DQG UHC
'LIlTHUHQFHV LQ VRLO PRLVWXUH GLVWULEXWLRQ ZLWK
WUHDWPHQWY LQ FRPSDULVRQ WR ' WUHDWPHQWYV 'UR;
PDLQWDLQ KLJKHU VRLO PRLVWXUH DQG WKH GLIIHUHQFH\
GURXJKW LQ ' UHVXOWHG LQ VWURQJHU LQKLELWLRQ RI 5/
"' WUHDWPHQW 'URXJKW SULPLQJ DOORZHG IRU PDLQWDL
' WUHDWPHQW IRU ERWK )D DQG /S SODQWYV EXW HIIHFW :
LQ WKH UHVSRQVH WR VLQJOH DQG WZR G URXSHHIW HRHQW V
WKH FKORURSK\0OO IOXRUHVFHQFH SDUDPHWHUV WKH UHVS
LQ FDVH RI )D EXW VLJQLILFDQWO\ GLIIHUHQW IRU /S ZKHQ
7KH UHVXOWV VKRZV WKDW GURXJKW SULPLQJ KDV VW
WKDQ RQ GURXJKW UHVLVWDQW )D 6WURQJHU LPSURYHPH
/S ERWK VWRPDWDO DQG QRQ VWRPDWDO UHVSRQVH ZDV I
ZDV PRVWO\ OLPLWHG WR VWRPDWDO HIIHFWYV

$FNQRZOHGJHPHQW
7KH DXWKRUV ZLVK WR WKDQN 5LHQ /RXZHV IURP %DUHQE
PDWHULDO

SHIHUHQFHV

> @ 6SLQRQL - 9RJW - 1DXPDQQ * %DUERVVD 3 'RLVR
PRUH IUHTXHQW DQG VHYHUH LQ (XURSH" ,QWHUQDWLRQL
SS

> @ =DQGDOLQDV 6 G5LYHUR 5 ODUWtQH] 9 7ROHUDQFH
KLJK WHPSHUDWXUHV DQG GURXJKW LV DVVRFLDWHG WR V
UHGXFWLRQ LQ DEVFLVLF DFLG OHYHOV %0& 30DQW %LROF
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6WUHQJWK RI VRLO VLOW DJJUHJDWHV OH
(OHPHQW OHWKRG PRGHOLQJ

- +RUDELN * -y]J]HIDFLXN

,QVWLWXWH RI $JURSK\VLFV 3ROLVK $FDGHP\ RI 6FLHQFF
3RODQG

&RUUHVSRQGLYJHIXVRKUDELN H PDLO M KRUDELN#LSDQ OXE
.H\ZRUBRLO VLOW DJJUHIJDWHV VWUHQJWK GLVFUHWH HOF

$SEVWUDFW

6RLO DJJUHIJDWHYV VWUHQJIJWK VWUXFWXUH DQG VWDELC
DQRG JHRWHFKQLFDO RXWFRPHV 3XUSRVH RI WKLV VWXG\ .
VLPSOHV FDVH DJJUHJDWHYV DUWLILFLDOO\ IRUPHG IURP \
&\OLQGULFDO DJJUHJDWHV RI PP LQ GLDPHWHU DQG
KRPRJHQL]HG ZDWHU VDWXUDWHG SDVWHV PDGH IURP PLJ[
SURSRUWLRQ RI FRPSRQHQWY DQG GULHG DW ODERUDWRU
GHWHUPLQHG LQ DQ XQLD[LDO FRPSUHVVLRQ WHVW DQG PR

)LJ D &RQWDFW PRGHO E ([SHULPHQWDO DQG '(0 VLP
XQLD[LDO FRPSUHVVLRQ

6RLO DJJUHIJDWHYV UHYHDOHG D VHPL EULWWOH EUHD
DJJUHJDWHY LQFUHDVHG DOPRVW OLQHDUO\ ZLWK WKH NEC
ILOOLQJ DOO PDFUR SRUHV EHWZHHQ VDQG SDUWLFOHV <
VORZHU WKDQ OLQHDUO\ ZLWK NDROLQLWH GRVH LQFUHD\
FRPSRVHG RI RI NDROLQLWH

'(0 VLPXODWLRQV ZHUH SHUIRUPHG ZLWK XVH RI WKH O
WKH SDUDOOHO ERQGV )LJ D > @ O6LPXODWLRQV UHSU
GXULQJ WKH XQLD[LDO FRPSUHVVLRQ WHVW )LJ E DQG D
Rl VRLO DJJUHJDWHYV EUHDNDJH DQG VHDUFKLQJ IRU UHC
YDULDEOHYV <RXQJTV PRGXOXV DQG FRPSUHVVLYH VWUHQ
VWXG\ ZHUH FRPSDUDEOH ZLWK YDOXHYV DSSOLHG E\ UHVHI
DJJORPHUDWHYV > @

SHIHUHQFHYV

> @ &XQGDOO 3 $ 6B6WUDFN 2 $ GLVFUHWH HOHPHOQ
*DRWHFKQLTXH +

> @ 3RW\RQG\ ' 2 &XQGDOO 3 $ $ ERQGHG SDUWLFOH

0LQ 6FL +

> @ .RWURF] . ORXD]JHQ $0 .HUpQ\L * 1XPHULFDO

SHQHWURPHWHU LQWHUDFWLRQ XVLQJ GLVFUHWH HOHPHQYV
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7KH (IlTHFW RI 6HOHFWHG 3KHQROLF $FLGV F
SURWHLQV LQ *OXWHQ 'RXJK 8VLQJ )7

0O .UHNRUD : 5XPL VND = 1LHZLDGRPVNL $ OL %

,QVWLWXWH RI $JURSK\VLFV 3ROLVK $FDGHP\ RI 6FLHQFF
3RODQG

&RUUHVSRQGLODIOROYHRD .UHNRUD H PDLO P NUHNRUD#LS
.H\ZRUGKHQROLF DFLGV JOXWHQ SURWHLQV )7 5DPDQ VSH

$SEVWUDFW

3RO\SKHQROV DUH FODVVLILHG DV KHDOWK SURPRWLAQ.
WR QHXWUDOL]H IUHH UDGLFDOV WKDW FRQWULEXWH WR
SRO\SKHQROV WZR ODUJH JURXSV FDQ EH GLVWLQJXLVKH
7TKH\ FDQ EH DGGHG WR WKH EUHDG DV FRPSRQHQWYV RI GL
SRO\SKHQRO H[WUDFWV > @ +RZHYHU DGGLWLRQ RI VXF
TXDOLW\ 7KH TXDOLW\ RI EUHDG LV FORVHO\ UHODWHG W
ZKHDW GRXJK $V D UHVXOW RI NQHDGLQJ WKH GRXJK WI
WKURXJK K\GURJHQ ERQGYVY DQG GLVXOILGH EULGJHV WR IR
RI WKLV QHWZRUN LV QHFHVVDU\ WR REWDLQ EUHDG RI DGt

7KH DLP RI WKH FRQGXFWHG UHVHDUFK ZDV WR VWXG
DFLGV FLQQDPLF IHUXOLF FRXPDULF FDIIHLF FKORURJH!
VWUXFWXUH RI JOXWHQ SURWHLQV LQ JOXWHQ GRXJK SUH.
DGGHG DW WKUHH FRQFHQWUDWLRQV DQG 7K
YLEUDWLQJ NQHDGHU 6) 7TKHQ WKH JOXWHQ ZDV ZDVKH(
ZDV IUR]JHQ O\RSKLOL]J]HG DQG SXOYHUL]J]HG 7KH VDPSOHYV
)7 5DPDQ VSHFWURVFRS\

$QDO\WLV RI WKH UHVXOWYVY REWDLQHG XVLQJ )7 5DP|
DGGLWLRQ RI FDIIHLF DQG IHUXOLF DFLGV WR WKH JOXWH
VHFRQGDU\ VWUXFWXUH RI SURWHLQV W LV SUREDEO\ GXl
DQWLR[LGDQW DFWLYLW\ DPRQJ WKH WHVWHG DFLGV $QI
SKHQROLF DFLGVY GR QRW FDXVH FKDQJHV LQ WKH W\URVL(
K\GURJHQ ERQGYV DUH IRUPHG EHWZHHQ WA\URVLQH DQG Stk
EDQG LQWHQVLW\ LQFUHDVHV ZKLFK LQGLFDWHYV WKDW WHK
UHVXOWYV PD\ DOVR LQGLFDWH WKDW JOXWHQ SURWHLQV
SKHQROLF DFLGY DUH HQFORVHG DQG WKHQ GR QRW IRUP L

SHIHUHQFHYV

> @ '|LNL ' 5y*\aR 5 *DZOLN '|LNL 8 ZLHFD 0 (
HQKDQFHPHQW Rl DQWLR[LGDQW DFWLYLW\ RI ZKHDW EUHE
SKHQROLF FRPSRXQGV 7UHQGV LQ )RRG 6FLHQFH 7HFKQR
> @ 1DZURFND $ 6]\PD VND &KDUJRW 0 OL $ 3WDV]\ VI
3 *UXV]HENL : ,QIOXHQFH RI GLHWDU\ ILEUH RQ J(
PRGHO IORXU ZLWK DSSOLFDWLRQ RI )7 5DPDQ VSHFWURYV
+

> @ 2]GDO 7 &DSDQRJOX ( $OWD\ ) $ UHYLHZ RQ
DVVRFLDWHG FKDQJHV )RRG 5HVHDUFK ,QWHUQDWLRQDO



WK  QWHUQDWLRQDO :RUNVKRS IRU <RXQJ 6FLHQWLVWY %LR3K\V 6SUI

/KH HITHFW RI VHOHFWHG ELRFKDU GRVHV [
VRLO

$ .XEDF]\ VNL $ :DONLHZLF] 0 %UJH]L VND

,QVWLWXWH RI $JURSK\VLFV 3ROLVK $FDGHP\ RI 6FLHQFF
3RODQG

&RUUHVSRQGLRADPXWKERE]\ VNL H PDLO D NXEDF]J\QVNL#LS
.H\ZRUBRLO ELRFKDU JDV H[FKDQJH

$EVWUDFW

&OLPDWH FKDQJHV DUH PRUH DQG PRUH YLVLEOH DQG
LQFUHDVH RI JUHHQKRXVH JDV *+3QG PEARLLARQV RPREFKLBM L
D RQH RI WKH ODUJHVW VRXUFHV RI *+*V RQ (DUWK EXW LW
RI VWXGLHV DUH IRFXVIHGGRAPUMGXEQQURP VRLO > @ 2QH
FRXOG EH XVH RI ELRFKDU DV D VRLO DGGLWLYH %LRFKD
S\URO\VLV XQGHU DQDHURELF FRQGLWLRQV /DUJH JURXS
ELRFKDU DV DQ DGGLWLYH LPSURYLQJ VRLO SURSHUWLHV
DOVR NQRZ EXW WKLV SURFHVV VWLOO QHHG IXWXUH UHVF

JROORZLQJ WKH JOREDO UHVHDUFK WUHQG DQ ODERUL
JDVHV H[FKDIRHV\RL2RQ YOSMD&ESOQF /XYWKRWKH DGGLWLRQ
RIIFXWV ELRFKDU 6RLO VDPSOHV ZHUH LQFXEDWHG IRU  (
GRVHV RI ELRFKDU FRUUHVSRQGD®QJ '+ & D OIBW H U0 J+ RKDG L
&DSDFLW\ DQG Y Y &+ LQ WKH KHDGVSDFH

2XU VWXG\ KDV VKRZQ WKDW ELRFKDU D G GXSMLIRNH KOG
WKH WHVWHG VRLO OHWKDQH R[LGDWLRQ LQ VRLO ZLW
0J KD ZDV VLJQLILFDQWO\ IDVWHU WKDQ LQ VRLO ZLWKRX\
LQFUHDVH®LWR2LRQ ZDV REVHUYHG GLUHFWO\ DIWHU ELRFK
DIWHU ELRFKDU DGGLW IZDY Q HWP LWMLRQLRD 2O\ KLIJKHU W
,PSURYLQJ RIWDBNH LQ VRLO VKRZHG HIIHFWLYHQHVV RI EL
HPLVVLRQ

$FNQRZOHGJHPHQW

SHVHDUFK ZDV FRQGXFWHG XQGHU WKH SURMHFW 3:DV
LPSURYLQJ WKH UHWHQWLRQ XVLQJ ELRFKDU™ QR %,2675
ZDV ILQDQFHG E\ 3ROLVK 1DWLRQDO &HQWUH IRU 5HVHDU
RI 3(QYLURQPHQW DJULFXOWXUH DQG IRUHVWU\" %,2675%"

SHIHUHQFHYV

> @ .DPPDQQ & ,SSROLWR - +DJHPDQQ 1 %RUFKDUG
)XHUWHV OHQGL]DEDO 7 -HIIHU\ 6 .HUQ - 1RYDN - 5I
6SRNDV . :UDJH 0|QQLJ 1 %LRFKDU DV D WRRO WR UHC
EXUGHQ+NQRZQV XQNQRZQV DQG IXWXUH UHVHDUFK QHH
SS +

>@ :X = B6RQJ < B6KHQ + -LDQJ ; /L % :;LRQJ = ¢
HPLVVLRQV E\ LPSURYLQJ PHWKDQRWURSKY IRU SURORQ.
(QYLURQ 3ROOXW Ss +

>@ +H < =KRX ; -LDQJ / /L 0O 'X = =KRX * 6KDR

%DL 6 :DOODFH + X & (IN'1HFWV RI ELRFKDU DSSOLFD
D PHWD DQDO\VLV *&% %YLRHQHUJ\ SS *
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*HQHWLF GLYHUVLW\ RI PLFURELDO FRPPXQL
ELRIHUWLOL]JHUV

0 0 FLN $ *U\WD 0 )UF

,QVWLWXWH RI $JURSK\VLFV 3ROLVK $FDGHP\ RI 6FLHQFF
3RODQG

&RUUHVSRQGLODWHKXWHRUFLN H PDLO P PDFLN#LSDQ OXEOI
.H\ZRUGVRIHUWLOL]J]HUV VRLO PLFURRUJDQLVPV DJULFXOW

$SEVWUDFW

OLFURRUJDQLVPV DUH FRQVLGHUHG DV D NH\ HOHPHC
VLIQLILFDQW IXQFWLRQV LQ ELRIJHRFKHPLFDO F\FOHV RI
EDODQFH +LJK JHQHWLF GLYHUVLW\ RI PLFURRUJDQLVPV
DIJULFXOWXUDO ODQGV VLQFH LW LV XVHG DV JRRG VRLO |
SUDFWLFHV L D IHUWLOL]DWLRQ FRQWULEXWH WR FKDQ
FRPPXQLWLHYVY 1RZDGD\V JUHDW HPSKDVLV LV SODFHG RQ
WKH QHJDWLYH HIIHFWYV DVVRFLDWHG ZLWK WUDGLWLRQ
ELRGLYHUVLW\ RI EHORZJURXQG PLFURRUJDQLVPV > @

7KH JRDO RI WKH VWXGLHV ZDV WR HYDOXDWH WKH L
SKRVSKRUXV PLQHUDO IHUWLOL]JHU RQ WKH JHQHWLF GLYH
VRLOV ZLWK WKH DSSOLFDWLRQ RI WHUPLQDO UHVWULFWLF
QH[W JHQHUDWLRQ VHTXHQFLQJ 1*6

7TKH VWXGLHV ZHUH FRQGXFWHG LQ WKH ILHOG H[SH
IROORZLQJ IHUWLOL]DWLRQ WUHDWPHQWY L RSWLPDO GF
GRVH FRQWDLQLQJ PLFURRUJDQLVPV DQG LLL PLFURELRO
6RLO VDPSOHYVY ZHUH WDNHQ RQ WKUHH GDWHV EHIRUH VR
DQG DIWHU PDL]H KDUYHVW

7KH REWDLQHG UHVXOWYV LQGLFDWH VKLIWV LQ WKH
WUHDWPHQWY ZLWK WKH DGGLWLRQ RI PLFURELRORJLFDO

DQG GRVHVY DV FRPSDUHG WR WKH FRQWURO VRLO ,[(
VRPH WHUPLQDO UHVWULFWLRQ IUDJPHQWYV ZHUH VSHFL
ELRIHUWLOL]J]HUV 7KH DQDO\VLVY SHUIRUPHG ZLWK WKH XVt
FOHDU FOXVWHULQJ RI EDFWHULD DQG IXQJL FRPPXQLWLI
HQULFKHG IHUWLOL]JHU ZDV DSSOLHG

$FNQRZOHGJHPHQW

7KH ZRUN ZDV FR ILQDQFHG E\ 7KH 1DWLRQDO &HQWUH
IUDPH R WK H SURMHFW %,2675%$7(* FRQ\
%,2675%$7(* 1&%5

SHIHUHQFHYV

> @ :DQJ 3 'LFN : $ OLFURELDO DQG *HQHWLF 'LYHUVLW

&URS /,PSURYHPHQW SS

> @ /RUL O 6\PQODF]LN 6 OIGHU 3 ‘'H "H\Q * *DWWLQJHU

VRLO PLFURELDO DEXQGDQFH DQG DFWLYLW\ + $ PHWD DQ
H
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'"HWHFWLRQ RI FUXFLDO IXQJDO SDWKRJHQV
VDPSOHY GHULYHG IURP RUJDQLF VWUD.

ODODUF]\N - 3DQHN 0 )U F

,QVWLWXWH Rl $JURSK\VLFV 3ROLVK $FDGHP\ RI 6FLHQFH\
3RODQG

&RUUHVSRQGL®RPDFIWNKIRODODUF]\N H PDLO G PDODUF]\N#L
H\ZRUBXOWUSO®W] WLPH 3&5 IXQJDO SDWKRJHQV HQYLURQ

$EVWUDFW

&EXOWLYDWLRQV RI VRIW IUXLWV LQ WKH ZRUOG DUH EI
JHQV VXFK DV |IXQ%R W BRERQH W BD/EEH B K\VX_AD IHQOAHLLMXP > @ 7K
IDFW FDXVHV UHGXFWLRQ RI \LHOG DQG ORVVHV GXULQJ VYV
RI WKH WKUHDW DOORZV WR LQWURGXFH DSSURSULDWH S
JLYHQ SDWKRJIHQ

7KH DLP RI WKLV VWXG\ ZDV WR
YHULI\ DQG YDOLGDWH PXOWLSOH[ UHDO WLPH
345 GHWHFWLRQ PHWKRG XVLQJ HQYLURQ
PHQWDO VDPSOHYV

7KH DvvD\ zDV WHVWHG RQ WKH
'1$ HHWUDFWHG IURP YDULRXV HQYLURQ
PHQWDO VDPSOHV FROOHFWHG IURP RUJDQLF
VWUDZEHUU\ ILHOGY ORFDWHG LQ (DVWHUQ
3RODQG 6DPSOHV FRQVLVWHG RI EXON
VRLO UKL]RVSKHUH VWUDZEHUU\ IUXLWYV
VKRRWY DQG URRWYV O

7KH JHQHWLF PDW )LJ SHUFHQWDJH RI HQYLURQPH
WHG ZLWK 03 %LRPH( LQIHVWHG ZLWK IXQJDO SDWKR
6SLQ .LW IRU )HFHV Dyuw WKH FXUWLDUH]|
UHDO WLPH 3&5 zZDV SHUIRUPHG $00 RI WKH UHDFWLRQ\
WKHUPRF\FOHU $SSOLHG %LRV\VWHPV ZLWK DSSOLFDWL
(85]

7KH UHVXOWY UHYHDOHG WKDW WHVWHG HQYLURQPH!
SDWKRJHQV 3DWKRJHQV ZHUH GHWHFWHG LQ RI EXON
VWUDZEHUU\ IUXLWYV RI VKRRWY DQG RI URRW VDPSC

'"HYHORSHG PXOWLSOH[ UHDO WLPH 3&5 DVVD\ ZDV FRQ
WKH GHWHFWLRQ RI FUXFLDO EHUU\ SDWKRJHQV

$FNQRZOHGJHPHQW
7KLV SDSHU ZDV ILQDQFHG E\ 7KH 1DWLRQDO &HQWUH
IUDPH RI WKH SURMHFW %,2675%$7(* FRQWUDFW QXPEHU

SHIHUHQFHYV

> @ 'HDQ 5 9DQ .DQ - $ / 3UHWRULXV = $ +DPPRQG .R
3 ' 5XGG - - 'LFNPDQ 0 .DKPDQQ 5 (OOLV - )RVWHE
SDWKRJHQV LQ PROHFXODU SODQW SDWKRORJ\ OROHFXOD!
> @ 2VERXUQ $ ( 9HUWLFLOOLXP ZLOW RI VWUDZEHUU\ 31
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‘'URS LPSDFW RQWR VDWXUDWHG JODVYV EHD
RI EHG HOHPHQWY DQG GHIRUPDWLRQ

5 0OD]XO0 5\*DN 6RFKDQDUFLWIX%HF]JHNDPRUVNL
$ LHIDQRZVNL

,QVWLWXWH RI $JURSK\VLFV 3ROLVK $FDGHP\ RI 6FLHQF!
SRODQG
ODULD &XULH 6NORGRZVND 8QLYHUVLW\ SO ODULL &XULH

&RUUHVSRQGLRIJOMAMKRH PDLO U PD]XU#LSDQ OXEOLQ SO
.H\ZRUGRM.OVHURVLRQ VSODVK FUDWHU

$EVWUDFW

7KH VSODVK LV WKH ILUVW VWDJH RI WKH ZDWHU HUR’
LPSDFW RI D GURS RQ WKH VRLO VXUIDFH ZKRVH SDUWLFC
'XH WR WKH VFDOH DQG G\QDPLFV RI WKH VSODVK FXUU
NQRZOHGJH RI WKLV SKHQRPHQRQ DUH EDVHG RQ WKH XVH
KLJK VSHHG FDPHUDV RU VXUIDFH VFDQQHUV ,Q DGGLWLFE
VWUXFWXUH LV UHSODFHG E\ VLPSOHU PRGHOV H J JODVYV

7KH ZRUN SUHVHQWV WKH UHVXOWY RI H[SHULPHQWYV |
EHGV RI JODVV EHDGV > @ 7KH UHVHDUFK ZDV FRQGXFWH
VDWXUDWLRQ RQ WKH FRXUVH RI WKH SKHQRPHQRQ 7KH L
SDUWLFOHY DQG GHIRUPDWLRQ RI VDPSOH VXUIDFHYV

7TKH ZDWHU GURSV ZLWK GLDPHWHUV RI PP XVHG L
KHLJKW RI P %9HDG EHGV ZHUH SODFHG LQ PP GLDPHW
7TKH ERWWRP RI WKH ULQJV ZDV VHFXUHG ZLWK FKLIIRQ )X
SODFLQJ WKHP LQ 3HWUL GLVKHV ZKLFK ZHUH ILOOHG ZL
VXUIDFH RI WKH VDPSOHV &RORXUHG EHDGV ZHUH SODFHG
PDUNHUV 'LVSODFHPHQW RI HOHPHQWY ZDV DQDO\VHG E\
RI WKH PDUNHUV 7KH VRXUFH RI GDWD LQFOXGHG SKRWR'
7KH GHIRUPDWLRQ DQDO\VLY ZzDV EDVHG RQ PHDVXUHPHQW

%»DVHG RQ WKH UHVXOWY WKH PRYHPHQW RI WKH GLYV
JURXSY GLVSODFHPHQW LQVLGH WKH GHIRUPDWLRQ DQG
LQLWLDOO\ ORFDWHG WR PP ITURP WKH SRLQW RI WKH
DYHUDJH GLVSODFHPHQW RI PP 6 PP ZDV QRWHG
WKH LPSDFW SRLQW 7KH LPSDFW RI WKH GURSV RQ WKH V.
FUDWHU FRQVLVWLQJ RI D KROH DQG D VXUURXQGLQJ ULP
DV IROORZV GLDPHWHU PP 6 PP GHSWK PP

PP 6' PP

$FNQRZOHGJHPHQW
7KH VWXG\ ZzDV SDUWLDOO\ IXQGHG IURP WKH 1DWLRQCL
RI SURMHFW QR (67

SHIHUHQFHV

> @ OD]XU 5 B5\*DN 0O 6RFKDQ $ ODUFLV]XN . %HF]JHN 0
$ 6XUIDFH GHIRUPDWLRQ DQG GLVSODFHPHQW RI EHG
&DWHQD
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$ELOLW\ RIHUPWHMWFVD WEB CBXXRDFFXPXODWH PL
PDFURHOHPHQWYV

SURF 3 %XODN ' L FHN $ %LHJDQRZVNL

,QVWLWXWH RI $JURSK\VLFV 3ROLVK BFDGHPORIDGE6FLHQFHY
3RODQG

&RUUHVSRQGLQDDXWHKRB H PDLO N SURF#LSDQ OXEOLQ S
.H\ZRUGWDFN VROGLHU IO\ ELRDFFXPXODWLRQ PLFURHOHF

$EVWUDFW

+HUPHWLD DOYRFFAQRO®OHG EODFN VROGLHU IO\ %6) L\
WKH RUGHU 'LSWHUD WKDW FRPHV IURP WKH VRXWKHDVW U
RQ DOO QRUWKHUQ KHPLVSKHUH %ODFN VROGLHU IO\ ODU
GXH WR WKHLU KLJK OHYHOV RI OLSLGY DQG SURWHLQV
KDYH D ZLGH UDQJH RI DSSOLFDWLRQV 7KH\ DUH FDSDEOH
VXFK DV FRIIHH YHJHWDEOH XUEDQ RUJDQLF ZDVWH DOQ
SURWHLQ DQG RLO ZKLFK FDQ EH XVHG IRU IHHGLQJ H J
WKHLU JURZWK SDUDPHWHUWV LB®OKE®NBI¥MR @ UZDH/GLI) J UFORQ D
IRU ELRJDV JHQHUDWLRQ EHFDXVH LW KDV D KLJK ELRPHWKk

'XH WR WKH FRQVWDQW®\ UORIED QWO BWHRGW FWDLRQ |
WHFKQRORJLFDO SXUSRVHV LW LV LPSRUWDQW WR LQYHVV
WKH LQVHFW 7KHUHIRUH WKH DLP RI WKH VWXG\ ZDV Wi
GLIIHUHQW HOHPHQWV VXFK DV PDFUR DQG PLFURQXWULH
=Q IURP RSWLPDO ODUYDH IHHG FRQVLVWLQJ RI D FRPPF
LQ WKH VWXG\ ZDV LQGXFWLYHO\ FRXSOHG SODVPD RSWLF
ZKLFK WKH FRQFHQWUDWLRQV RI LQGLYLGXDO HOHPHQWYV
ELRDFFXPXODWLRQ RI &X )H 0J OR 6H DQG =Q RFFXUUHG
DQG LQ SXSDULD ZKHUHDV &D 0Q 3 DQG 6 ZHUH ELRDFFX
VWD JHVLRIOX R QV

JLJOLFUR DQG PDFURHOHPHQWYV WKDWHEN RD EBRXORPMFEAHW H D C

SHIHUHQFHYV

> @ 3URF . %XODN 3 :L FHN '+HUWPLHHN D) REMOLELIIOW
ELRDFFXPXODWLYH SRWHQWLDO IRU GLIIHUHQW HOHPF
SURGXFWLRQ 6FLHQFH RI WKH 7RWDO (QYLURQPHQW
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'"HYHORSPHQW RI RSWLPDO JURZLQJ PHGLX
EDFWHULD

0 3\ODN . 2V]XVW 0 )UF

,QVWLWXWH RI $JURSK\VLFV 3ROLVK $FDGHP\ Rl 6FLHQFH"
3RODQG

&RUUHVSRQGLQ@LPEOKMNWXKBWDN H PDLO P S\ODN#LSDQ OXEOL
.H\ZRUGM35 UKL]RVSKHUH EDFWHULD JURZLQJ PHGLXP

$SEVWUDFW

30DQW JURZWK SURPRWLQJ EDFWHULD 3*3% DUH PLF
SODQWYV JURZWK UHGXFLQJ VHYHULW\ RI SDWKRJHQ GLVH
VWUHVVHYVY 3*3% DUH DVVRFLDWHG ZLWK QHDUO\ DOO SC
HQYLURQPHQWY ORVW RI WKH UHVHDUFK LV IRFXVHG RQ
3*35 FRORQL]JLQJ UKL]JRVSKHUH VRLO > @

*URZWK RSWLPL]DWLRQ RI WKHVH EDFWHULD LQ ODER
LPSRUWDQW IDFWRUV ZKHQ GHVLJQLQJ QHZ ELRSUHSDUDW
HQYLURQPHQW IURP YDULRXV HFRORJLFDO QLFKHV KDY
WHPSHUDWXUH RU S+ > @ :KHQ FRPSRVLQJ PHGLXP IRU ED
WR EH XVHG LQ LQGXVWU\ LW LV FUXFLDO IRU WKLV PHGLX
VWUDLQV RI EDFWHULD LQ VLPLODU FRQGLWLRQV > @

,Q RXU UHVHDUFK PHGLXP IRU WKH JURBWRGGRFRGENXYU
VS % 3VHXGRPREQDVN $UWKUREHFWHU XQLGHQWLILHG %
RSWLPLJHG $00O RI WKHP DUH HQYLURQPHQWDO LVRODW
UDVSEHUULHYVY 7KRVH LVRODWHY KDYH SURYHQ WR EH HIIH
D VHULRXV WKUHDW LQ UDVSEHUULHY GXULQJ RUJDQLF IDU
WKH EHVW FDUERQ VRXUFH QLWURJHQ VRXUFH S+ DQG V
JURZWK RI FKRVHQ EDFWHULDO LVRODWHY DQG ZLOO EH X
IRUPXODWLRQ

$FNQRZOHGJHPHQW

7KH ZRUN ZDV ILQDQFHG E\ 7KH 1DWLRQDO &HQWUH I
IUDPH R WK H SURMHFW %,2675%$7(* FRQ\
%,2675%$7(* 1&%5

SHIHUHQFHV

> @ &RPSDQW 6 'XII\ % 1RZDN - &OHPHQW & $LW %L
SURPRWLQJ %DFWHULD IRU %LRFRQWURO RI 30DQW 'LVHDYV
)XWXUH 3URVSHFWV $SSOLHG DQG (QYLURQPHQWDO OLFUF
> @ 'X -DUGLQ 3 30DQW ELRVWLPXODQWYV 'HILQLWLRQ
6FLHQWLD +RUWLFXOWXUDH +

> @ /DJJHWW 0 /HODQG - .HOODU . (SS % )RUPXODWLF
LQGXVWULDO SHUVSHFWLYH &DQDGLDQ -RXUQDO RI 30DQW
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7KH HIITHFW Rl VHOHFWHG GLHWDU\ ILEUH V
SRPDFH DIWHU RLO SURGXFWLRQ RQ WKH W
SURWHLQV

5XPL VND O .UHNRUD $ 1DZURFND

,QVWLWXWH RI $JURSK\VLFV 3ROLVK $FDGHP\ RI 6FLHQFF
SRODQG

&RUUHVSRQGLQIOXIWKRD H PDLO Z UXPLQVND#LSDQ OXEO
H\ZRUG®BW 7*$ *OXWHQ SURWHLQV RLO SRPDFHYV

$EVWUDFW

7KH SRPDFHV REWDLQHG DV D UHVXOWV RI RLO SURG:
XQVDWXUDWHG IDWW\ DFLGV GLHWDU\ ILEUH DQWLR[LGD
EUHDG LV VWLOO RQH RI WKH OHDGLQJ EDNHU\ SURGXFWYV
D YDOXDEOH FDUULHU RI PDQ\ KHDOWK SURPRWLQJ LQJU
SRPDFHV DQG VWXG\LQJ WKH LQWHUDFWLRQ EHWZHHQ WK
LQGXVWU\ 7KHUPDO DQDO\VLV LQFOXGHV PHWKRGV ZKLFK
SK\WLFDO SURSHUWLHY XQGHU WKH LQIOXHQFH RI WHPSHUI
HOHYDWHG WHPSHUDWXUH RQ IRRG SURSHUWLHV VLJQLILF
FRQGLWLRQV RI IRRG UDZ PDWHULDOV DQG LPSURYH WKH T

7KH DLP RI WKH UHVHDUFK ZDV WR GHWHUPLQH FKDQ
SURWHLQV REWDLQHG IURP PRGHO GRXJK DV D UHVXOW
WKHUPRJUDYLPHWU\ 7*$ DQG GLIIHUHQWLDO VFDQQLQJ
UHFRQVWLWXWHG IURP ZKHDW JOXWHQ DQG ZKHDW VWDUF
ZHUH REWDLQHG IURP SULPURVH 356 EODFN VHHG %/6
DQG KHPS +3 DQG ZHUH DGGHG WR PRGHO IORXU LQ WKH
VDPSOHV ZHUH ZDVKHG RXW IURP XQPRGLILHG DQG PRGL
VDPSOHYV DQG DQDO\VHG

7KH UHVXOWVY REWDLQHG IURP '6& LQGLFDWHY WKH SU
SKHQRPHQD $QDO\VLV RI '6& WKHUPRJUDPV VKRZHG WKDW
LQ WKHR& UDQJH WKDW LQGLFDWHYV ZDWHU HYDSRUDWLRQ
ZLWK %/6 +3 07+ DQG 356 RQO\ HIRWKHUPLF SKHQRPHQD T
3.,1 ERWK SKHQRPHQD DUH REVHUYHG 7KLV GLIIHUHQFH F
DPRQJ WKH UHPDLQLQJ SRPDFH FRQWDLQV WKH OHDVW ID!
VKRZ WKDW RLO SRPDFHV UHJDUGOHVV RI FRQFHQWUDWL
SDUDPHWHUV VR WKDW WKH JOXWHQ QHWZRUN FDQ EH FRC

SHIHUHQFHYV

> @ 1DZURFND $ 6]\PD VND &KDUJRW 0 OL $ :LOF]JHZ\
'LHWDU\ ILEUH LQGXFHG FKDQJHVY LQ WKH VWUXFWXUH

VWXGLHG E\ )RXULHU WUDQVIRUP 5DPDQ VSHFWURVFRS\

$IJULFXOWXUDO DQG )RRG &KHPLVWU\

> @ 1DZURFND $ 6]\PD VND &KDUJRW 0 OL $ :LOF]JHZ)\
(lITHFW RI GLHWDU\ ILEUH SRO\WDFFKDULGHV RQ VWUX

SURWHLQV + $ VWXG\ RQ JOXWHQ GRXJK ZLWK DSSOLFDWL

'6& )RRG +\GURFROORLGYV



WK , QWHUQDWLRQDO :RUNVKRS IRU <RXQJ 6FLHQWLVWY %LR3K\V 6SUI

$QDO\WLV RI WKH SXQFK WHVW RI SRV
- :DMV 0 6WDVLDN

,QVWLWXWH Rl $JURSK\VLFV 3ROLVK $FDGHP\ RI 6FLHQFH\
S3RODQG

&RUUHVSRQGLQ@JoDVDWHKBRY H PDLO P VWDVLDN#LSDQ OXEOL
.H\ZRUGRWDWR VWDUFK SXQFK WHVW IRRG SRZGHUV PHEF
SRZGHU TXDOLW\

$SEVWUDFW

7KH SRWDWR VWDUFK PDUNHW DFFRXQWYV IRU D YHU\ O
RI EXON PDWHULDOV QRW RQO\ LQ WKH IRRG LQGXVWU\ EX
WKH WH[WLOH DQG SDSHU LQGXVWULHYVY DV ZHOO DV WKH
SRWDWR VWDUFK UHTXLUHY DGGLWLRQDO SURGXFWLRQ HJS
LQ WKH VWRUDJH RI WKLV SURGXFW DQG SURYLGLQJ WKHP
RI WKH PDWHULDO PD\ DIITHFW WKH TXDOLW\ RI WKH SURG
LPSURSHU VWRUDJH FRQGLWLRQV WKDW UHVXOW LQ WKH !
DIHQWYV

7KH DLP RI WKLV VWXG\ ZDV WR LGHQWLI\ WKH FKDQJ}
GHYHORSPHQW Rl IXQJDO LPSXULWLHV RI SRWDWR VWDUFI
7KH VDPSOHV RI SRWDWR VWDUFK ZHUH VWRUHG LQ SHUIF

KXPLGLW\ D3 GRWW PRQWKYV 7KH VDPSOHV RI PDWHULDC
DIWHU VXEVHTXHQW GD\V RI VWRUDJH ZDV KDYH EHHQ PHI
ODWHULDOV 7HVWLQJ ODFKLQH OHDVXUHPHQW RI WKH GHJI
FRXQWLQJ FRORQLHYVY DFFRUGLQJ WR WKH SURWRFRO RI ,62

$V D UHVXOW RI WKH SXQFK WHVW WKUHH FDWHJRULH
VWDJH D ORQJ ODVWLQJ OLQHDU LQFUHDVH ZDV REVHUYH(
WKH OHQJWK RI WKH OLQHDU JURZWK VKRZHG D VWDWL
GHYHORSPHQW RI IXQJDO LPSXULWLHYV $Q LQFUHDVH LQ W
LOQFUHDVLQJ VWRUDJH WLPH

'XULQJ ORQJ WHUP VWRUDJH RI SRWDWR VWDUFK LQ
RFFXU ,Q WKH VWDUFK REVHUYHG FKDQJHV LQ WKH VWUHQ
LQFUHDVHG KXPLGLW\ DV ZHOO DV LQ VRPH FDVHV WKH GH®

SHIHUHQFHV

> @ )LW]SDWULFN - - 2Y&RQQRU - &XGPRUH 0 DQG 'RV €
IRRG SRZGHU ELQDU\ PL[HV FRQWDLQLQJ VWLFN\ DQG QR
SS

> @ :DMV - %D GD O SDQHN - 1DZURFND $ J)U F O
VWRUDJH XQGHU XQIDYRXUDEOH FRQGLWLRQV RQ WKH FDN
SRWDWR VWDUFK DQG ZKHDW IORXU ,QW $JURSK\V DFI
> @ +UXVNRYD O ODFKRYD ' &KDQJIJHV RI ZKHDW IOR
VWRUDJH &]HFK - )RRG 6FL SS

> @ ,62 OLFURELRORJ\ RI IRRG DQG DQLPDO IHHG

IRU WKH HQXPHUDWLRQ RI \HDVWYV DQG PRXOGV 3ROLVK &F
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/KH SRZHU FKDQJHYVY LGHQWLILFDWLRQ RI W
PRGXOHV FRQVWUXFWLRQ WHFKQR(

0 %LOpPptN O %RALNRYi - &VLOODJ $ 3HWURYLO 3

60RYDN 8QLYHUVLW\ RI $JULFXOWXUH LQ 1LWUD 77U $ +
SHSXEOLF

&RUUHVSRQGLOQJIJWDOMHPKRUH PDLO ELOFLNPDWXV#JPDLO FRP
.H\ZRUEGVSHULPHQW 39 V\VWHP PRQRIDFLDO ELIDFLDO

$EVWUDFW

7KH FRQYHUVLRQ RI VRODU HQHUJ\ WR WKH HOHFWULFI
I[URP UHQHZDEOH HQHUJ\ VRXUFHV 7TKH DUWLFOH SUHVH!
IRFXVHG RQ LGHQWLI\LQJ RI WKH WLOW DQJOH FKDQJHV LQ
VA\VWHPYV 7KH QH[W LOQWHUHVW RI H[SHULPHQWYVY ZDV GHWI
GLITHUHQW FRQVWUXFWLRQ WHFKQRORJLHV RI SKRWRYRO\
PRQRIDFLDO FODVVLF PRQRFU\WVWDOOLQH SKRWRYROWDL
ZHUH GRQH RQ WKH SKRWRYROWDLF V\VWHPV ZKLFK DUH I
HQHUJ\ VRXUFHV DW WKH )DFXOW\ RI (GXFDWLRQ ODVDU\I
FRPSDUHG UHVXOWY RI SRZHU EDODQFHV IRU 39 PRGXOHYV
ZLWK 39 PRGXOHV LQWHJUDWHG RQ WKH EXLOGLQJ IDoDG
FRPSDULVRQ ZDV GRQH IRU ELIDFLDO DQG PRQRIDFLDO WH
WKH ODVW ZHUH VLPXODWHG SRZHU FKDQJHV IRU ELIDFLDO
GLITHUHQW EODFN DQG ZKLWH VXUIDFH 7KH PHDVXUHG G
)521,86 ,* DQG S\UDQRPHWHU .LSS =RQHQ &03 7KH UH
WLPH +*+ SRZHU JUDSKLFDO UHODWLRQV )URP REWDLQHG UF
LOQOWR EXLOGLQJ IDoDGH KDG EHWWHU SRZHU EDODQFH WE
GXULQJ WKH WLPH UDQJH IURP 2FWREHU WR -DQXDU\ 7KH !
WKDQ SRZHU RI PRQRIDFLDO DQG WKH HQHUJ\ SURGXFWLRC(
RQ UHIOHFWLRQ FRHIILFLHQW RI URRI VXUIDFH PDWHULDO

$FNQRZOHGJIJHPHQW
7KLV ZRUN ZDV VXSSRUWHG E\ SURMHFW 9(*$
ELRPDWHULDOV OLQLVWU\ RI (GXFDWLRQ 6FLHQFH 5HVHDU

SHIHUHQFHV

> @ &YLNORYLp 9 20HMiU O 7HPSHUDWXUH GHS
HIILFLHQF\ ,QWHUQDWLRQDO &RQIHUHQFH 7UHQGV LQ DJL
8QLYHUVLW)\ RI /LIH 6FLHQFHV 3UDJXH &]HFK 5HSXEOLF

> @ 3RXOHN 9 /LEUD O 3KRWRYROWDLFVY WKHRU\ DQG S
3UDJXH SDJHV ,6%1

> @ 60IiGHN 3 N:S SKRWRYROWDLF VA\VWHP RQ
8QLYHUVLW\ LQ %UQR 7=% LQIR 3UDKD 7RSLQIR LQ &]HFK
> @ 60IiGHN 3 IRQJWLPH H[SHULHQFHV ZLWK RSHUDYV

SHGDJRJLFDO IDFXOW\ ODVDU\N 8QLYHUVLW\ LQ %UQR
FRQIHUHQFH %UQR &]J]HFK 5HSXEOLF * LQ &]JHFK
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(OHFWULFDO 3URSHUWLHYV RI 9DOXH $G
= +ODYipRYi 9 $UGRQRYi 3 +0ODYip ( ,YDQLAF
6ORYDN 8QLYHUVLW\ RI $JULFXOWXUH LQ 1LWUD 7U $ +OL

&RUUHVSRQGLOX|DRWKPWYipRYi H PDLO =X]DQD +ODYDFR)
.H\ZRUEBOHFWULFDO SURSHUWLHV FKRFRODWH DGPL[WXUH

$SEVWUDFW
7KH HOHFWULFDO SURSHUWLHV FDQ EH XVHG LQ YDL
UKHRORJLFDO UHVSRQVH RI PLON FKRFRODWH ZKHQ VXEMH
> @ 2XU PHDVXUHPHQWY ZHUH PDGH RQ VDPSOHV RI YDOX
THFKQRORJ\ DQG 4XDOLW\ RI 30DQW 3URGXFWV )DFXOW\ ¢
VDPSOH ZDV FRQWURO VHFRQG
ZLWK GULHG OHDYHV RI PLQW
OHQWKD SLSHWKWDG
ZLWK FDQGLHG \RXQJ VKRRWYV RI
VSUXHHHD DELHRXUWK
ZLWK FDQGLHG SXPSNLQ IOHVK
&XFXUELWD PRVFKDWD
% XWWHUQXW ILIWK ZLWK GULHG
FDSXFRURSDHROXP PDMXV
/ OHDYHV VL[WK ZLWK FDQGLHG
MRVSMIEHY QLGLJURODULD

IUXLW DQG GYRWD) YURVHyYHTXHQF\ GHSHQGHQFH RI UHODYV
FDQLQDSHWDOV 7Ky HR HVHWERY 6 RKRRQ O DWE § X B B/KL Q

VDPSOH KDV WKH KLJ y
PDWWHU FROQWHOW FIEBSY e R QUXFRLQWRVWD DQG URVH

IRZ TUHTXHQF\ HOHFWULFDO

SURSHUWLHV RI FKRFRODWH ZHUH PHDVXUHG E\ *RRG:LO
IUHTXHQFLHV XVLQJ IRXU HOHFWURGH WHWUD SRODU V\V
KROGHU ‘:H PHDVXUHG FDSDFLWDQFH UHVLVWDQFH LPSHC
PHDVXUHG LQ WKH IUHTXHQF\ UDQJH IURP N+] WR N+’
)LJ DUH VKRZQ IUHTXHQF\ GHSHQGHQFLHV RI UHODWLY
5SHODWLYH SHUPLWLYLW\ ZDV FDOFXODWHG RQ WKH EDVH
SODWH )RU IUHTXHQF\ GHSHQGHQFLHV RI HOHFWULFDO S|
PRGHO GHVFULEHV WKH FXUYHV YHU\ ZHOO DQG KDV KLJK
DGGHG VXEVWDQFHY FDXVH WKH GLVSODFHPHQW RI FXUY
FRXOG XVH WKH FXUYHVY GLVSODFHPHQW WR GHWHUPLQH W

$FNQRZOHGJHPHQW
7KLV ZRUN ZDV FR IXQGHG E\ WKH (XURSHDQ &RPPXQLW\ X
%XLOGLQJ WKH 5HVHDUFK &HQWUH $JUR%LR7HFK

SHIHUHQFHYV

> @ 'DXEHUW & 5 6WHIIH - ) 6ULYDVWDYD $ . SUHGLFW
PLON FKRFRODWH -RXUQDO RI )RRG 3URFHVV (QJLQHHULQ
> @ .HUWpV] E +ODYipRYi = 6WDUR RYi / (OHFWULFDO ¢

-RXUQDO RQ 3URFHVVLQJ DQG (QHUJ\ LQ $JULFXOWXUH



WK  QWHUQDWLRQDO :RUNVKRS IRU <RXQJ 6FLHQWLVWY %LR3K\V 6SUI

6WUXFWXUH RI WKH )ORXU
. XEtN
6ORYDN 8QLYHUVLW\ RI $JULFXOWXUH LQ 1LWUD 7ULHGD $

&RUUHVSRQGLRIPDKWKRRERPLU . XELN#XQLDJ VN
.H\ZRUGRZGHU IORXU IUDFWDO

$EVWUDFW

7KH SURSHUWLHV RI WKH IORXU DUH YHU\ LPSRUWDQW
7KH H[DPLQDWLRQ KRZ D VOLJKW PRGLILFDWLRQ RI WKH V
HYDOXDWLRQ RI ZKHDW FXOWLYDUV =YH]GDQD DQG 16 6
UHDOL]JHG IURP WKH IORXU RI WKHVH VDPSOHV &LYDQpPpHY
XVHG IRU HYDOXDWLQJ RI WKH IUDFWDO SURSHUWLHV RI W
XVHG WR GHWHUPLQH IUDFWDO ER[ GLPHQVLRQ RI GLJLWL"
DO DQG % XFKQtpHN HW DO KDYH LPSOHPHQWHG
FDOOHG +DU)$ YHU +DU)$ VRIWZDUH DQDO\VHYV EODEFN

7KH HYDOXDWLRQ RI WKH PLFURVFRSLF SRZGHU VDPSC
DERDO\VLYVY ZDV UHDOL]JHG 7KH WKUHH IORXUV ZHUH VWXGL
IORXU 7KH ILYH VDPSOHV RI WKH HDFK VRUW RI WKH IORX
VDPSOHYV ZHUH GLJLWL]HG E\ WKH GLJLWDO PLFURVFRSH |
,PDJH 30XV YHU (DFK LPDJH ZDV SURFHVVHG E\ WKH W
DEDO\VLYVY ZzDV UHDOL]HG E\ WKH VRIWZDUH +DUID YHU
FRUUHODWLRQ DQDO\WVLV 7KH REWDLQHG IUDFWDO GLPF
GLVWULEXWLRQ RI IORXU SRZGHU DQG WKH IUDFWLRQV R
VPRRWK IORXU ZDV ' Rl WKH VHPL IORXUDQG RI WKH WKLFI
1% 2Q WKH EDVH RI WKH SDUWLFOHV GLVWULEXW
IORXU YHU\ VLPLODU EXW RQ WKH EDVH RI IUDFWDO DQDC(
WKHP

$FNQRZOHGJHPHQWYV

$XWKRU H[SUHVV WKH DSSUHFLDWLRQV RI WKH 6FLHQ!
(GXFDWLRQ RI 60ORYDN 5HSXEOLF DQG WKH 60ORYDN $FDGHF
WKH UHVHDUFK ZDV UHDOL]J]HG LQ WKH SURMHFW 4XDOLW

SHIHUHQFHYV

> @ %XFKQtpHN O 1HaAiGDO O =PHaGNDO 2 1XPH
'LPHQVLRQ UG &RIHUHQFH RQ 3UHGLFWLRQ 6\QHUJHWLF L
%87 YUQR 2FWREHU ,6% 1 S

> @ 1HaiGDO 0 =PHaANDO 2 %XFKQtpHN O TKH %R][

&RQIHUHQFH RQ 3UHGLFWLRQ 6\QHUJHWLF DQG PRUH \
,QIRUPDWLRQ 7THFKQRORJLHV )DFXOW\ RI THFKQRORJ\ 7RP

,6%1 S
> @ aLYDQpHY -RFNRYLUO % OLURVDYOMHYLO O ORPDL
SULELGO O +RZ D 60LJKW ORGLILFDWLRQ RI WKH %l

(YDOXDWLRQ RI :KHDW &XOWLYDUV DIIHFWV WKH PRVW LPS
DQG %UHDG &UXPE -RXUQDO RQ 3URFHVVLQJ DQG (QHUJ\ 1



WK  QWHUQDWLRQDO :RUNVKRS IRU <RXQJ 6FLHQWLVWY %LR3K\V 6SUI

SHODWLYH 3HUPLWWLYLW\ OHDVXUHPHQ
O9LJQD 5DGLDWD /

- 1RYIN
60RYDN 8QLYHUVLW\ RI $JULFXOWXUH LQ 1LWUD 7U $QGUF

&RUUHVSRQGLQOQQ® DRWIKNRWH PDLO MDQ QRYDN #XQLDJ VN
.H\ZRUG®WHODWLYH SHUPLWWLYLW\ HOHFWULF SURSHUWLHV

$SEVWUDFW

7KLY SDSHU FRQWDLQV WKH UHVXOWY RI PHDVXULAQ.
FRQVWDQW RI PXQJ EHDQV 9LJQD uDGLDWD / VHW 0XQJ
KDV EHHQ FXOWLYDWHG LQ ,QGLD VLQFH SUHKLVWRULF WL/
> @ ,W LV FXOWLYDWHG WKURXJKRXW 6RXWKHUQ DQG (D
&KLQD 6RXWK DQG 1RUWK $PHULFD DQG $XVWUDOLD SDUYV
EHDQ LV D ZzDUP VHDVRQDO DQQXDO OHJXPH JURZQ PRVW
ZKHDW DQG ULFH 7KLV FURS KDV EHHQ LQWHQVLYHO\ UHVFE
DQG GHWHUPLQDWLRQ RI SK\VLFDO SURSHUWLHV RI DJULT
GHYHORSPHQW RI PDQ\ LQVWUXPHQWY 7KH VWXG\ RI HC
SUHGLFWLQJ WKH EHKDYLRXU RI D PDWHULDO LQ HOHFWUL
PDWHULDO FDQ LQIOXHQFH WKH ILHOG RU DVVRFLDWHG HO
WKHVH PDWHULDOV DUH RI IXQGDPHQWDO LPSRUWDQFH L
DEVRUEHG ZDWHU DQG GLHOHFWULF KHDWLQJ FKDUDFWHU
XWLOLVHG LQ PDQ\ WHFKQLFDO DSSOLFDWLRQV OHDVXUHEF
PRLVWXUH FRQWHQW WKH VXUIDFH OHYHO RI OLTXLG DQG
SHVWYV LQ VHHG VWRUDJH WKH TXDQWLWDWLYH GHWHUPLQ
FDVHV 7KH UHODWLYH SHUPLWWLYLW\ LV RQH RI WKH PDL
SURSHUWLHV 7KH HOHFWULFDO SURSHUWLHV RI PXQJ EI
PHDVXUHG DQG WKH DLP RI WKLV ZRUN ZDV WR SHUIRUF
OHDVXUHPHQWY ZHUH SHUIRUPHG XQGHU YDULDEOH PRLVW
ILHOG IURP 0+] WLOO 0+] XVLQJ 4 PHWHU W ZDV FR
LOQFUHDVHG ZLWK LQFUHDVH RI PRLVWXUH FRQWHQW DQ
IUHTXHQF\ RI HOHFWULF ILHOG LQFUHDVHG 7KH PHDVXUH
I[UHTXHQFLHY RI DOWHUQDWLQJ HOHFWULF ILHOG IRU GLHO
0+] 7KH UHODWLRQVKLSY RI WKH UHODWLYH SHUPLWWLYL
EDVLV IRU WKH GHVLJQ RI PDQ\ FRPPHUFLDO PRLVWXUH \
SHUIRUPDQFH RI DGGLWLRQDO PHDVXUHPHQWY DW D ZLGHL

SHIHUHQFHYV

> @ 'DKL\D 3 . /LQQHPDQQ $ 5 9DQ %RHNHO 0 $ - 6
1IRXW 0 - 5 0XQJ %HDQ 7HFKQRORJLFDO DQG QXWU
LQ JRRG 6FLHQFH DQG 1XWULWLRQ Ss &

> @ .KDOHG $ < $EG $]L] 6 .KDLUXQQL]D %HMR 6 |
J]JIXGGLQ 0 $ 'HYHORSPHQW RI FODVVLILFDWLRQ P

GLVHDVH LQ RLO SDOP XVLQJ GLHOHFWULF VSHFWURVFRS\



WK , QWHUQDWLRQDO :RUNVKRS IRU <RXQJ 6FLHQWLVWY %LR3K\V 6SUI

'6& PHWKRGY DV D WRRO RI IDVW RULJL
9 9R]iIURYi $ 3HWURYLU ' .XQHFRYi - &VLOO
6ORYDN 8QLYHUVLW\ RI $JULFXOWXUH LQ 1LWUD 7U $ +OL

&RUUHVSRQGLOODDMWKRBR]IURYi H PDLO YODVWD YR]DURYL
H\ZRUWNKHUPDO DQDO\VLV GLIIHUHQWLDO VFDQQLQJ FDOR

$EVWUDFW

7TKH FRQWULEXWLRQ GHDOV ZLWK WKH SRVVLELOLWLHY)
RI WKHUPDO DQDO\VLYV +# GLITHUHQWLDO VFDQQLQJ FDORUL
SURGXFWV '"LITHUHQWLDO VFDQQLQJ FDORULPHWU\ SUR®
HIRWKHUPLF SURFHVVHV LQ WKH PDWHULDO DQG LQIRUPD\
VDPH ([SHULPHQWDO UHVXOWY LQ JUDSKLFDO IRUP %= '6& |
UXQQRLQJ LQ WKH PDWHULDOV FKDQJHV RI SK\WLFDO DQG
XQGHU ZKLFK WKH\ WDNH SODFH

7KH SUHVHQW ZRUN GHDOV ZLWK '6& VWXG\ RI GLIITHUHC

f IRRG PDWHULDO * RLOV SXUH ROLYH RLO DQG PL[WXUFE
f QRQ IRRG PDWHULDO + WHFKQLFDO OLTXLGV SXUH FRR

ORQLWRULQJ RI FU\WWWDOOLVDWLRQ DQG PHOWLQJ EI
WUDQVLWLRQV LV SURYLGHG E\ '6& PHWKRG > @ %DVHG R(
LQWHUYDO RI VDPSOHV WKHUPDO VWDELOLW\ LV GHILQHG
PHOWLQJ EHKDYLRXU LQFOXGLQJ HQWKDOS\ RI WUDQVLWLF
PLIHG ZLWK VXQIORZHU RLO DQG SXUH FRRODQW DQG PL[W.

W LV FRQFOXGHG WKDW WKH SRXU SRLQW RI WKH Pl
SHUFHQWDJH RI DGGHG VXQIORZHU RLO ,Q FDVH RI WHFKQC
WKH SRXU SRLQW VORZO\ LQFUHDVHYV ZLWK SHUFHQWDJH R
DSSOLFDWLRQ RI '6& PHWKRG LV SURPLVLQJ WRRO IRU G|
VXQIORZHU RLO > @ '6& PHWKRG DOORZV IDVW RULJLQDC
HIDPSOH FRRODQW DV ZHOO

, QYHVWLIJDWLRQ PHWKRGV DQG XVHG H[SHULPHQWDO
PRUH LQ GHWDLOV 5HVHDUFK RI WKHUPDO EHKDYLRXU RI |
'6& PHWKRGV ZDV SURYLGHG LQ WKH /DERUDWRU\ RI 3K\VL
JRRGVWXIIV 5HVHDUFK &HQWUH 3$JUR%WLR7HFK”™ Rl 60RYDN

$FNQRZOHGJHPHQW
7KH ZRUN ZDV VXSSRUWHG E\ (XURSHDQ &RPPXQLW\ X
%XLOGLQJ 5HVHDUFK &HQWUH ASJUR%LR7HFK3® E\ WKH SUR|

SHIHUHQFHYV

> @ :DJQHU 0 7KHUPDO DQDO\VLV LQ 3UDFWLFH 6ZLW

> @ &KLDYDUR ( 9LWWDGLQL ( 5RGULJXH] (VWUDGD 0 7
'LIIHUHQWLDO VFDQQLQJ FDORULPHWU\ GHWHFWLRQ R

LQ H[WUD YLUJLQ ROLYH RLO -RXUQDO RI )RRG /LSLGV



WK , QWHUQDWLRQDO :RUNVKRS IRU <RXQJ 6FLHQWLVWY %LR3K\V 6SUI

,PSURYHPHQW $WWHPSWYV IRU WKH (IILFLH
&ROOHFWRUYV

$KVVDQ 0 $ $OVKLELO , )DUNDV 3 9tJ
6]HQW ,VWYiQ 8QLYHUVLW\ 3iWHU . X *IG|OO  + + X Q

&RUUHVSRQGL®KVIOWKRY $OVKLELO H PDLO LKVVDQP DOL
.H\ZRUBOHFWULFDO HIILFLHQF\ WKHUPDO HIILFLHQF\ VRO

$EVWUDFW

%HWZHHQ WR RI WKH VRODU UDGLDWLRQ IDOOV
FRQYHUWHG WR WKH HOHFWULFDO HQHUJ\ ZKLOH D SDUV
VLIJQLILFDQW SDUW LV WXUQHG LQWR KHDW HIILFLHQF\ DQ
VRODU FHOO WHPSHUDWXUH WR LQFUHDVH DQG UHGXFH W|
DQG )DUNDV KDYH EHHQ FRQFOXGHG WKDW KLJK WHP
ZLOO UHGXFH WKH SRZHU FRQYHUVLRQ FDSDELOLW\ 7KH ¥
GHFUHDVH WKH VXUIDFH WHPSHUDWXUH Rl WKH 39 PRGXOH
LQFUHDVLQJO\ LGHDO DQG WKH KHDW HQHUJ\ JDWKHUHG
HOHFWULFDO DQG WKHUPDO HQHUJ\ FDQ EH H[WUDFWHG IU
FROOHFWRU HJ 39 7 VRODU FROOHFWRU

7KLV VWXG\ UHYLHZV QHZ LQQRYDWLRQV WHFKQROR
LPSURYH DQG HYDOXDWH WKH K\EULG VRODU FROOHFWRL
DVVHVVPHQW WHFKQLTXHYV DSSOLHG WR WKHP LQ RUGHU W
7KH SHUIRUPDQFH RI 39 7 FROOHFWRUV KDV EHHQ WKRURX
UHJDUGV WR DSSURDFKHV XVHG DQG WRROV DQG WHFKQLT:

7KH UHFHQW ZRUN IRFXVHV RQ FRQFHSW RI K\EULG
SHUIRUPDQFH DSSUHFLDWLRQ DLU RU DQG ZDWHU EDVHG
EDVHG 39 7 FROOHFWRUV FRQFHQWUDWHG 39 7 VIVWHP 7
FKDQJH WKH RULJLQDO GHVLJQ RI WKH K\EULG VRODU FRC
6XFK DSSURDFKHV LQFOXGHG ERWK WKH H[SHULPHQWDO DG
FRQVLGHUDWLRQ WKH PRVW DIIHFWLQJ SDUDPHWHUYV

$GGLWLRQDOO\ WKH GLIIHUHQW PDWHULDOV WKDW D
WKHUPDO FRQGXFWLYLW\ FDQ DOVR EH XVHG WR LPSURYF
JHQHUDO FRQILJXUDWLRQ RI 39 7 FROOHFWRUV ZKLFK HQI
DEVRUEHU DQG WKH FRRODQW

)LQDOO\ LW FDQ EH FRQFOXGHG WKDW VWLOO WKHU

LPSURYHG WR LQFUHDVH WKH HIILFLHQF\ Rl 39 7 FROOHFWF

$FNQRZOHGJIJHPHQW
7KLV ZRUN ZDV VXSSRUWHG E\ WKH 6WLSHQGLXP +XQ
OHFKDQLFDO (QJLQHHULQJ 'RFWRUDO 6FKRRO 6]J]HQW ,VWYi

SHIHUHQFHYV

> @ GL 6 9tJ 3 J)DUNDV | SRVVLELOLWLHV RI LPS
+XQJDULDQ $JULFXOWXUDO (QJLQHHULQJ SS KWW S
> @ 5XVLUDzZDQ J)DUNDV ,GHQWLILFDWLRQ RI PF

VRODU FHOOV (QHUJ\ BURFHGLD SS KWWSV GRL |



WK , QWHUQDWLRQDO :RUNVKRS IRU <RXQJ 6FLHQWLVWY %LR3K\V 6SUI

2Q 7TKHUPDO (ITLFLHQF\ RI SADUDEROLF 7UR>
$VDDG <DVVHHQ , )DUNDV DQG , 6HUHYV
6]HQW ,VWYiQ 8QLYHUVLW\ 3iWHU . X *|G|loO + +X ¢

&RUUHVSRQGLXYVIDD®SWORMWBEHQ DVDDG\DVVHHQ#JPDLO FRP
.H\ZRUGMUD BWRKRXK K VRODU FROOHFWRU VRODU HQHUJ\ FR

$EVWUDFW

7KH HQHUJ\ GHPDQG LQ WKH ZRUOG LV FRQWLQXRXVC
FRQYHQWLRQDO HQHUJ\ VRXUFHV 7KH SDUDEROLF WURX!.
PDLQO\ XVHG IRU SRZHU JHQHUDWLRQ VXFK DV VWHDP WHF
> @ 7KH FROOHFWRU UHFHLYHV WKH GLUHFW VRODU UDGLI
$ IOXLG IORZLQJ LQVLGH WKH WXEH DEVRUEV WKH KHDW H
UDGLDWLRQ UDLVHV LWV HQWKDOS\ DQG FDXVHV DQ LQFU
*HQHUDOO\ FRQFHQWUDWHY VRODU WKHUPDO HQHUJ\ LC
WHPSHUDWXUH 'HSHQGLQJ RQ WKH DSSOLFDWLRQ WHPSH
VIVWHPV > @

7KH JRDO Rl WKLV UHVHDUFK LV LQFUHDVLQJ WKH WKH
RI WKH ZRUNLQJ IOXLG SDVVLQJ WKURXJK WKH DEVRUEHU
WXEH PDWHULDO HIIHFWV RQ WKH KHDW WUDQVIHU EHWZ}
UHVHDUFK XVLQJ $16<6 VLPXODWLRQ PRGHOV GHVFULELQJ
376& V\VWHP 7KH HIIHFWLYH PHWKRG WR LQFUHDVH WKH W
WR WKH ZRUNLQJ IOXLG 7KH YROXPH IUDFWLRQ Rl QDQRSI
WKHUPDO HIILFLHQF\ Rl WKH 376& 7KH WKHUPRSK\VLFDO S
YLVFRVLW\ VSHFLILF KHDW FDSDFLW\ DQG WKHUPDO FRQ(
ZRUNLQJ IOXLG > @ 7KHUHIRUH LW FRXOG UDLVH WKH Kt
WKHUPDO FRQGXFWLYLW\

$FNQRZOHGJIJHPHQW
7KLV ZRUN ZDV VXSSRUWHG E\ WKH 6WLSHQGLXP +XQ
OHFKDQLFDO (QJLQHHULQJ 'RFWRUDO 6FKRRO 6]J]HQW ,VWYi

SHIHUHQFHV
> @ <LOPD] 6 2]FDOLN + 5 'LQFHU ) ORGHOLQJ DQG
SDUDEROLF WURXJK FRQFHQWUDWRU DQG LWV HQYLURQPH
HS

> @ ORQWHV , ( 3 %HQLWH] $ 0 &KDYH] 2 0 +HU
&RQVWUXFWLRQ RI D 3DUDEROLF 7URXJK 6RODU &ROOHFW
3URFHGLD SS +

> @ 7LDQ < =KDR & < $ UHYLHZ RI VRODU FROOHFWRUYV
WKHUPDO DSSOLFDWLRQV $SSOLHG (QHUJ\ SS +
> @ 3DN %& &KR <, +\GURG\QDPLF DQG KHDW WUDQVIH
VXEPLFURQ PHWDOOLF R[LGH SDUWLFOHV ([SHULPHQW +HD



WK , QWHUQDWLRQDO :RUNVKRS IRU <RXQJ 6FLHQWLVWY %LR3K\V 6SUI

/IRQJ 7THUP 3HUIRUPDQFH $VVHVVPHQW RI D
SKRWRYROWDLF 6\VWHP

$WVX , 6HUHV , )DUNDV
6]HQW ,VWYiQ 8QLYHUVLW\ 3iWHU . X *IG|OO  + +XQ.

&RUUHVSRQGLOBWXWKRWDLO DWVXG #\DKRR FRP
.H\ZRUGMUIRUPDQFH VRODU 39 HQHUJ\ \LHOG

$SEVWUDFW

6RODU UDGLDWLRQ OHYHOV DQG WKH SRWHQWLDO IR
FRPSDUHV IDYRXUDEO\ ZLWK RWKHU FRXQWULHV LQ WKH
DWWUDFWLYHQHVV +XQJDU\ UDQNV DPRQJ WKH WRS WHQ
6RXWK (DVWHUQ (XURSH +RZHYHU +XQJDU\ KDV VHHQ D
VI\VWHPVY GLVVHPLQDWLRQ RYHU WKH \HDUV 7KLV VWXG\
+XQJDU\ ,W DOVR DVVHVVHV WKH SHUIRUPDQFH RI 39 V\V\

\HDU ROG N:S URRI PRXQW JULG FRQQHFWHG VRODU 3

8QLYHUVLW\ *|G|OO > @ DV D FDVH VWXG\ 7KH V\VWHF
DPRUSKRXV D 6L WHFKQRORJ\ GLYLGHG LQWR WKUHH V)
WR D VHSDUDWH LQYHUWHU 39V\VW VRIWZDUH ZDV XVHG
SHU LWV VSHFLILFDWLRQV DQG FRQVWUDLQWY 5HVXOWYV Z
GDWD LQ DVVHVVLQJ WKH SHUIRUPDQFH RI WKH VA\VWHP | W
39 buub\ HQHUJ\ LQMHFWHG LQWR WKH JULG SHUIRUPEL
SURGXFWLRQV SHU LQVWDOOHG N:S

7KH DQQXDO HQHUJ\ RXWSXW IURP WKH WRWDO V\VWHF

7KH HQHUJ\ RXWSXW IRU WKH VXEV\VWHPV LV N:K
$6( SF 6L '6 D 6L DQG '6 D 6L UHVSHFWLYHO\ 7KH DQ
DQG IRU $6( SF 6L '6 D 6L DQG '6 D 6L Ut

HQHUJ\ zDV IHG LQWR WKH JULG E\ WKH $6( SF 6L V\VWHPF
6L DQG '6 D 6L UHVSHFWLYHO\ > @

$FNQRZOHGJHPHQW
7KLV ZRUN ZDV VXSSRUWHG E\ WKH 6WLSHQGLXP +X
OHFKDQLFDO (QJLQHHULQJ 'RFWRUDO 6FKRRO 6]J]HQW ,VWYi

SHIHUHQFHV

> @ )DUNDV , 6HUHV , .RFVLV / 'HYHORSPHQW RI D N:S
+ GHVLQJ RI 39 DUUD\V DQG GDWD ORJJLQJ &' 520 3URFH
*HUPDQ\ SsS

> @ $WVX ' B6HUHV , )DUNDV , 3HUIRUPDQFH DQDO\VLV
DPRUSKRXV SKRWRYROWDLF V\VWHPV %RRN RI $EVWUDF
(QYLURQPHQW *|G|OO +XQJDU\ 1RYHPEHU S



WK , QWHUQDWLRQDO :RUNVKRS IRU <RXQJ 6FLHQWLVWY %LR3K\V 6SUI

ODLQ &KDUDFWHULVWLFV RI WKH 5HFHQW 6R
, )DUNDV
6]HQW ,VWYiQ 8QLYHUVLW\ 3iWHU . X *|1G|OO + +X Q

&RUUHVSRQGLQWIDXY KRUNDYVY H PDLO IDUNDV LVWYDQ#JHN
.H\ZRUGWREDO PDUNHW WKHUPDO FDSDFLW\ VRODU HQHJ\

$EVWUDFW

7KH SDSHU GHDOV ZLWK WKH UHFHQW VWDWXV Rl WK
ZRUOGZLGH VLWXDWLRQ LV DQDO\WVHG EDVHG RQ WKH WRSI
RUJDQL]HG E\ WKH QWHUQDWLRQDO 6RODU (QHUJ\ 6RFLHW
(XURG6XQ 6RODU &RQIHUHQFH RUJDQL]JHG LQ 5DSSHUVZL
WKH PRVW UHFHQWO\ SXEOLVKHG ERRNV LQ WKLV WRSLF VI

7KH NH\ WKHPDWLF TXHVWLRQV VSHFLILFDOO\ UHODW
VRODU EXLOGLQJY DQG DUFKLWHFWXUH VRODU WKHUPDO
FROOHFWRUV VRODU KHDWLQJ DQG FRROLQJ VRODU EXLC
DVVLVWHG GLVWULFW KHDWLQJ DQG FRROLQJ DQG ODUJH V

7KH )LJ VKRZV WKH JOREDO VRODU WKHUPDO FDSDFL

,($ 6RODU +HDWLQJ DQG &RROLQJ 3URJUDPPH 0D\

)LJ *OREDO VRODU WKHUPDO FDSDFLW\ DQG HQHUJ\ \L

7TKH PDLQ FKDUDFWHULVWLFV RI WKH UHFHQW VRODU WKHU
7KH FXPXODWHG VRODU WKHUPDO FDSDFLW\ LQ RSHUD\
PLOOLRQ VTXDUH PHWHUV RI FROOHFWRU DUHD FRPSDUHG
E\ D IDFWRU RI
7KH FRUUHVSRQGLQJ DQQXDO VRODU WKHUPDO HQHUJ)\
ZKLFK FRUUHODWHY WR VDYLQJV RI PLOOLRQ WRQV RI F
$OWKRXIJK WKH JOREDO VRODU WKHUPDO PDUNHW IHO
JURZWK ILIJXUHYVY LQ QLQH RI WKH WRS FRXQWULHV 7KLV
7KH WUDGLWLRQDO PDVV PDUNHWYV IRU VPDOO VFDOH
IDPLO\ KRXVHVY DUH XQGHU PDUNHW SUHVVXUH IURP KHDW

SHIHUHQFHYV
> @ :HLVV : 6S|UN 'U 0 6RODU KHDW ZRUOGZLGH
WUHQGV LQ 6+& 6RODU +HDWLQJ DQG &RROLQJ 3URJU|



WK , QWHUQDWLRQDO :RUNVKRS IRU <RXQJ 6FLHQWLVWY %LR3K\V 6SUI

([SHULPHQWDO 6WXG\ RI &KLPQH\ 8VHG L
$SSOLFDWLRQV

* +DEWD\ - %X]DV , )DUNDYV
6]JHQW ,VWYDQ 8QLYHUVLW\ 3DWHU . X *|G|OO + +X

&RUUHVSRQGLQIWIXWKRUNDYVY H PDLO IDUNDV LVWYDQ#JHN
.H\ZRUG6KLPQH\ GU\HU WHPSHUDWXUH

$EVWUDFW
7KH XVHV Rl VRODU GU\HU LQ SUHVHUYLQJ DJULFXOWX
RI WLPH ZLWKRXW GHWHULRUDWLRQ 'U\LQJ UDWH RI DQ\ D
RI WKH DLU XVHG IRU GU\LQJ :HOO GHVLJQHG FKLPQH\ GH
UDWH Rl WKH SURGXFW > @ ,Q SDVVLYH VRODU GU\HUV W}
HQKDQFLQJ WKH DLUIORZ PRYHPHQW LQVLGH WKH GU\LQJ V
7KH FKLPQH\ ZDV FRQVWUXFWHG ZLWK D P 39& PDWHU
LQVWDOOHG DERYH WKH GU\LQJ
FKDPEHU DQG WKH H[SHULPHQWYV
ZHUH GRQH XQGHU QR ORDG
FRQGLWLRQ )LYH WKHUPRFRXSOH
SUREHV ZHUH SODFHG DORQJ WKH
FKLPQH\ KHLJKW 7ZR VLPLODU
SUREHV ZHUH XVHG PHDVXULQJ
WKH FKLPQH\ VXUIDFH DQG
DPELHQW WHPSHUDWXUHV ,W ZDV
FOHDUO\ VKRZHG WKDW WKH
WHPSHUDWXUH DORQJ W K H
FKLPQH\ ZHUH KLJKHU WKDQ WKH
DPELHQW WHPSHUDWXUH ZKLFK
LQGLFDWHG WKDW WKH FKLPQH\
XVHG LQ WKLV H[SHULPHQW KDV
VLIQLILFDQWO\ DITHRAW QXH. DWURXRR!I WHPSHUDWXUH DORC
LQVLGH WKH V\VWHP )LJ > @
$GGLWLRQDOO\ VRODU UDGLDWLRQ DQG VXUURXQGLQJ W
SHUIRUPDQFH RI WKH FKLPQH\ ,Q WKLV SDSHU ZH DUH VK
FKLPQH\ FDQ HQKDQFH WKH DLUIORZ PRYHPHQW LQ GU\LQJ

$FNQRZOHGJHPHQW
7KH ZRUN ZDV VXSSRUWHG E\ WKH 6WLSHQGLXP +XQJ
OHFKDQLFDO (QJLQHHULQJ 'RFWRUDO 6FKRRO 6]J]HQW ,VWYL

SHIHUHQFHYV

> @ S$IUL\LH - . 1D]KD 0 $ 5DMDNDUXQD + )RUVRQ ) . (
FKLPQH\ GHSHQGHQW VRODU FURS GU\HU 5HQHZDEOH (QHU
> @ +DEWD\* )DUNDV , +HDW WUDQVIHU FDOFXODWLRQ

SURFHHGLQJVY WK (XURSHDQ 'U\LQJ &RQIHUHQFH 3ROLWHI
SS
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(ITHFWV Rl 6RODU 5DGLDWLRQ RQ WKH ¢

., .RFViQ\ , B6HUHV , )DUNDYV
6]HQW ,VWYiQ 8QLYHUVLW\ 3iWHU . X *|G|OO + +XQ

&RUUHVSRQGLQJPKW®RW PDLO NRFVDQ\ LYHWW#JPDLO FF
H\ZRUBROGIMWHUI\ DEVRUEHU KHDW WUDQVIHU FRHIILFLHQYV

$SEVWUDFW

,Q VRODU FROOHFWRUV WKH KHDW LV FROOHFWHG E\ V
WXEHV +RZHYHU WKH DEVRUEHU DQG WXEH ZDOO PDWHUL
EH WDNHQ LQWR WKH DFFRXQW LQ DQ DSSURSULDWH PRGH
WKURXJK WKH WXEH ZDOO KDV EHHQ DQDO\|HG $ QXPHULF
UHODWLRQ EHWZHHQ WKH DEVRUEHG VRODU HQHUJ\ DQG \
SODWH RI D 1IODW SODWH FROOHFWRU 2XU PRGHO LV EDVI
SODWH WR FRSSHU WXEHYV

$FFRUGLQJO\ LW PXVW EH FRQVLGHUHG KRZ WKH RS
LQIOXHQFHV WKH HIILFLHQF\ RI D IODW SODWH FROOHFWR
E\ WKH DEVRUEHU SODWH KDV EHHQ GHWHUPLQHG LQF
WUDQVPLWWDQFH DQG DEVRUSWDQFH RI WKH DEVRUEHU SC
DQG IObDW SODWH VRODU FROOHFWRUV %DVHG RQ VLPX
SHUIRUPHG

,Q WKLV SDSHU WKH DXWKRUV LQYHVWLIJDWHG WKH SU
LV WR EH VWXGLHG ,W LV LPSRUWDQW WR GHFUHDVH UH
FROOHFWRU FDQ EH VROYH WKLV SUREOHP 7KH UDWLR RI
SRVLWLRQ WR JOREDO LUUDGLDQFH KDV EHHQ FDOFXODW
UDGLDWLRQ 7ZR QXPHULFDO PRGHOV ZHUH GHYHORSHG W
WKH FROOHFWRUV DQG DQRWKHU RQH WR GHWHUPLQH WK
DEVRUEHU SODWH DQG WKH KHDW WUDQVIHU FRHIILFLHQW

$FNQRZOHGJHPHQW
7KH ZRUN ZDV VXSSRUWHG E\ WKH OHFKDQLFDO (QJLQH
8QLYHUVLW\ *|G|OO

SHIHUHQFHYV

> @ 'XIILH -$ %HFNPDQ :$ 6RODU HQJLQHHULQJ RI 7KHUP
DQG 6RQV ,QF 1HZ <RUN

> @ 6SXFNOHU & 0 6LHJHO 5 GS5HIUDFWLYH LQGH[ HIIHF

DEVRUELQJ HPLWWLQJ OD\HU - 7KHUPRSK\V +HDW 7UDQVIF
> @ 6KDK /- )XUER 6 O9HUWLFDO HYDFXDWHG WXEXODU F
GLUHFWLRQV $SSOLHG (QHUJ\ SS *

> @ $UL 5DEO $FWLYH 6RODU &ROOHFWRUV DQG 7KHLU §
1HZ <RUN Ss +

> @ .RFViQ\ , 6HUHV , 3HUIRUPDQFH RI VRODU FROOHF'
6]HQW ,VWYiQ 8QLYHUVLW\ )DFXOW\ Rl OHFKDQLFDO (QJLQ!
*|G|OO +XQJDU\ 9RO Ss
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([FLWRQ 7KHRU\ DW 6RODU (QHUJ\ $SS
& OpV]iUEBV %iOLQW

6]HQW ,VWYiQ 8QLYHUVLW\ 3iWHU . X + *|G|O00 +XQ.
[EXGD 8QLYHUVLW\ 'REHUGY X %XGDSHVW +XQJDU\ +

&RUUHVSRQGL&IMPpX¥WKRNVN H PDLO OHV]DURV &VDED#JHN V]
.H\ZRUGKDLQ W\SH PROHFXOHV H[FLWRQ W\SH FROOHFWLY|

$SEVWUDFW

,W LV ZHOO NQRZQ QRZDGD\V WKDW WKH GHWDLOHG H|
RI EDVLF VWUXFWXUDO DQG SK\VLFDO SURSHUWLHV RI GLI
UROH RI FRQWLQXRXVO\ LQFUHDVLQJ LPSRUWDQFH LQ Wi
EHFDXVH RI WKH YHU\ SURPLVLQJ H[SHULPHQWDO LQYHVWL

$PRQJ WKHP WKH YHU\ SRZHUIXO DQG XVHIXO V\PPHW
UHSUHVHQWDWLRQ WKHRU\ RI OLQH JURXSVY L H TXDVL f
UHFRJQL]HG DV WKH PRVW SURPLVLQJ RQHYV

7KH TXDQWXP WKHRU\ RI FROOHFWLYH HOHPHQWDU\ H
GHWDLO DQG YHU\ DFFXUDWHO\ H J > @ EXW VXUSU
UHSUHVHQWDWLRQ WKHRU\ RI OLQH JURXSYV

ORUHRYHU WKH DSSOLFDWLRQV RI WKH SURMHFWLYH
JURXSV LQ VROLG VWDWH SK\WLFV DUH NQRZQ IRU GHFDGH
I[JURP WKH PRVW FRPSOHWH UHFHQW ZRUNV DERXW DSSOLF
VWUXFWXUDO LQYHVWLIJDWLRQV RI FRQGHQVHG PDWWHU V\

7TKHUHIRUH ZH GHFLGHG WR ILOO WKLV JDS DQG KDYH
WKH SURMHFWLYH L H UD\ UHSUHVHQWDWLRQV RI OLQH
LOQWR WKHRU\ RI WKH LQFRPPHQVXUDWHO\ PRGXODWHG FU\

,Q WKH SUHVHQW ZRUN ZH GHPRQVWUDWH H[SOLFLWO)
LQ WKH FDVHV RI VLPSOH DQG PXOWLSOH WASH RSWLFCL
VIVWHPYVY LQFOXGLQJ PXOWLSOH W\SH 5DPDQ SURFHVVHV \

SHIHUHQFHV

> @ %DUURV ( % -RULR $ 6DPVRQLG]H ** &DSD] 5 %
- 'UHVVHOKDXV *0 6'UHBWWHEEDRY WKH V\PPHWU\ UHODWHC
QDQRWXEHV 3K\VLFV 5HSRUWYV Ss

> @ 'DPQMDQRYLUG O OLORAHYLU |, JLQH *URXSV LQ 3
WR 1DQRWXEHV DQG 3RO\PHUV 6SULQJHU 9HUODJ %HUOLQ
> @ $JUDQRYLFK 9 ([FLWDWLRQV LQ 2UJDQLF BROLGYV

RQ 3K\VWLFV 8QLYHUVLW)\ 3UHVV 2[IRUG

> @ 6WUHLWZROI + : *URXS 7KHRU\ LQ 6ROLG 6WDWH
> @ OpV]iURV &V 1LNROpQ\L , %iOLQW E 6\PPH
BWUXFWXUDO 3URSHUWLHV Rl ,QFRPPHQVXUDWHO\ ORGXOD
RI 8QLPRGXODU *URXSV 3K\VLFD 6WDWXV 6ROLGL Ss



WK , QWHUQDWLRQDO :RUNVKRS IRU <RXQJ 6FLHQWLVWY %LR3K\V 6SUI

+XEEDUG ORGHO IRU (IILFLHQF\ (VWLPDWLRQ
, 5 1LNROpPQ\L - 7ywK
6]HQW ,VWYiQ 8QLYHUVLW\ 3iWHU . X *|1G|OO + +XQ

&RUUHVSRQGLOUNBROWRKRRU, 5 H PDLO QLNROHQ\L LVWYDQ#
.H\ZRUBWM[LPDO HIILFLHQF\ SRO\WKLRSKHQH 3&%0

$EVWUDFW

SRO\PHU+*tEDVHG VRODU FHOOV 36& DUH XQGHU JUHI
HI[ISHULPHQWDO UHVHDUFK ZRUNV QRZDGD\V WKDQNV WR W
SURGXFWLRQ WHFKQRORJ\ DQG WKH FRPSDWLELOLW\ RI 101
RI GHYLFHV LV WKH HOHFWURQ GRQRU DFFHSWRU LQWHUID
JHQHUDWLRQ WDNHV SODFH E\ WKH LQIOXHQFH RI WKH L
PDMRULW\ RI FDVHV LV WKH SRO\PHU IXOOHUHQH FRXSOL
36&V LV LQ UHODWLRQ ZLWK WKH HQHUJ\ OHYHO DOLJQPHQ

)LJ OD[LPDO HIILFLHQF\ IRUPXOD RV 36& DQG HQHUJ\
GRQRU DFFHSWRU PDWHULDOV > @

,Q RXU SUHVHQWDWLRQ ZH ZLVK WR GHPRQVWUDWH W
EDQG VWUXFWXUH WHFKQLTXH RQ WKH WKHRUHWLFDO HVW
VRODU FHOOV (T %\ WKH KHOS RI WKLY WRRO ZH DEOH
IRU SRO\WKLRSKHQH 3&%0+EDVHG 36& 7KH REWDLQHG GL
PROHFXOD GHVLIJQHUYV

$FNQRZOHGJHPHQW
7KH DXWKRUV ZRXOG OLNH WR WKDQNV WR 3URI *XOiF\

SHIHUHQFHYV
>@ OLQQDHUW % %XUJHOPDQ 0 (IILFLHQF\ 3RWHQWLDO
&HOOV 3URJUHVV LQ 3KRWRYROWDLFV 5HVHDUFK DQG $SS
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&RORXU VHQVLQJ
, 6HUHYV
6]HQW ,VWYDQ 8QLYHUVLW\ 3iWHU . X + *|G|OO +XQ

&RUUHVSRQGLQWIDXQKRUHY H PDLO 6HUHV ,VWYDQ#JHN V
.H\ZRUGXPDQ VHQVLQJ FRORXUV 5*% UHODWLYH VFDOH

$SEVWUDFW

'XULQJ WKH ODVW VHYHUDO \HDUV ZH WUDGLWLRQDOO
GHPRQVWUDWH WKH LPSRUWDQFH Rl WKH SUDFWLFH EHVLG
HQMR\DEOH LI RQO\ \RX ZDWFK WKHP SHUVRQDOO\ QRW ZD
ZK\ WKLV \HDU D GLIIHUHQW WRSLF ZDV FKRVHQ ZKLFK I
VFUHHQV DQG JLYHV VRPH DQVZHUV IRU SUDFWLEDO TXHVW

JURP WLPH WR WLPH VSHELDO SLFWXUHYV
DSSHDU LQ WKH VRFLDO PHGLD ZKLFK JHQHUDWH
KXJH GHEDWHY DERXW WKH FRORXU RI D JLYHOQ
REMHFW $V DQ H[DPSOH \RX FDQ VHH ROQH
KHUH EXW WKH SULQWLQJ FDQ FKDQJH LWV VKDGHYV
HVSHFLDOO\ LI LW LV SULQWHG LQ JUH\ VEDOH VR
\RX VKRXOG ZDWFK LW LQ D GLVSOD\ RU RQOLQH =
KRSHIXOO\ LQ WKH SUHVHQWDWLRQ RI WKLY DEVWUDEW

1 ZH FKHEN WKH LOWHUQHW IRU WKH
3:KDW LV WKH FRORXU RI WKLV GUHVV’' GHEDWH WKH
JRRJOH VHDUFK HQJLQH ILOQGY QXPHURXV KLWV
DOG KXJH QXPEHU RI SLEWXUHV WR GHVFEULEH
ZK\ HYHU\ERG\ LV ULJKW LQ WKLV GHEDWH
'XULQJ WKH SUHVHQWDWLROQ ZLO
ZRUNLQJ RI WKH KXPDOQ VH%§€ﬁ (%% g% FRORXU R
WKH KXPDQ H\H + DQG SURY Yy EOXH DQ
YLVLRQ FDQ EH PDGH IRRO TXLWH HDVLO\

20H SDUW RI WKH SUHVHQWDWLRQ EHVLGH RI WKH Ut
VROXWLRQV KRZ ZH FDQ PDNH PRUH REMHFWLYH WKH LQY}
EH XVHG LQ WKH WHEKQRORJ\

'XULQJ WKH SUHVHQWDWLRQ PRUH H[DPSOHV RI WKH S
VWXGLHG SLFWXUHV ZLOO EH DQDO\VHG

$FNQRZOHGJHPHQW
7KH ZRUN ZDV VXSSRUWHG E\ WKH OHFKDQLFDO (QJLQH
8QLYHUVLW\ *|G|0O

SHIHUHQFHYV

> @ KWWSV ZZZ QDWLRQDOJHRJUDSKLF FRP DX VFLHQFH E
GLIIHUHQWO\ DVS]

> @ 'DQLHO .HUQHOO &RORXUV DQG &RORXU O9LVLRQ $
8QLYHUVLW\ 3UHVYV
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ORGHO SUHGLFWLYH &RQWURO RI D 6ROL
- 7yWK , )DUNDV
6]HQW ,VWYiQ 8QLYHUVLW\ 3iWHU . X *|1G|OO + +X Q

&RUUHVSRQGLQITPWWKRWPDLO WRWK MDQRV#RXWORRN FRP
.H\ZRUGNVPXOLQN 03& VRODU HQHUJ\

$EVWUDFW
7KH GHYHORSPHQW RI WKH VRODU VA\VWHPV LV KLJKO\ '
UHDVRQ D ORW RI H[SHULPHQWY ZHUH FDUULHG RXW DQ
*HQHUDOO\ VD\LQJ LW LV H[SHQVLYH WR EXLOG D IXOO VFI
WKH KHOS RI WKH FRPSXWHU DLGHG PRGHOOLQJ PHWKRGYV
7KH PRGHO EDVHG GHVLJQ LV D SRVVLEOH ZD\ WR UHV
XVHV PDWKHPDWLFDO PRGHOV DQG WKH VLPXODWLRQ RI W
GHYHORSPHQW 6XFK DSSURDFK LV XVHIXO WR DQDO\VH DQ
$ YHULILHG PDWKHPDWLFDO PRGHO FDSDEOH RI GHVFI
GHYHORSHG GXULQJ WKH UHVHDUFK > @ )LUVW WKH RQ R
VXFFHVVIXOO\ WHVWHG XVLQJ WKLV PRGHO RI WKH VRODU
, Q WKH FXUUHQW VWDJH RI WKH UHVHDUFK WKH PDLQ |
PRGHO SUHGLFWLYH FRQWUROOHU 03& 7KH SUHOLPLQD!
SUHVHQWHG LQ WKLV ZRUN 7KH LPSOHPHQWDWLRQ RI WKH

yLJ 6LPXOLQN LPSOHPHQWDWLRQ Rl WKH 03& FR
$FNQRZOHGJHPHQW
7KLV ZRUN ZDV VXSSRUWHG E\ WKH OHFKDQLFDO (QJL
,VWYiQ 8QLYHUVLW\ *|G|OO +XQJDU\

SHIHUHQFHYV

> @ 7yWK - )DUNDV , ODWKHPDWLFDO PRGHOOLQJ RI VR
7HFKQRORJLFD $JULFXOWXUDH SS
> @ 7yWK - (UGpO\L 9 -iQRVL / )DUNDV , 2Q RIlI DQG

VIVWHP %RRN RIWERUWUPR®RQ (QHUJ\ DQG (QYLURQPHQW
1RYHPEHU S
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/I/LIKW SRODULVDWLRQ DW VRODU P
3 9tJ
6]HQW ,VWYDQ 8QLYHUVLW\ *|G|OO 3iWHU . X + +XQ

&RUUHVSRQGLBUURXYWRRMJ H PDLO 9LJ 3LURVND#JHN VI]LH
.H\ZRUGKRWRYROWDLFV SRODULVDWLRQ UHIOHFWLRQ

$EVWUDFW

$ QHZ IRUP RI HQYLURQPHQWDO SROOXWLRQ LV FDXVH(¢
WKH DUWLILFLDO OLJKW VRXUFHV ZLWK LWV IOXFWXDWLRC
ZKLFK LV DIIHFWHG RQ WKH VHQVLWLYH RUJDQLVPV 7KH U
LQWHQVLW)\ ZKLFK GLIIHUV IURP WKH QDWXUDO HQYLURQP}
UHVXOWLQJ PRUH DQG PRUH OLJKW SRODUL]DWLRQ > @
SHUFHLYHG E\ WKH KXPDQ H\H WKH UHVHDUFK Rl SRODU
DERXW RXU ZRUOG

,Q SDUWLFXODU WKH ZDWHU LQVHFWY DUH QRW RQO\
RULHQWDWLRQ ,Q QDWXUDO RSWLFDO HQYLURQPHQW
RQO\ WKH UHIOHFWHG OLJKW IURP WKH ZDWHU
VXUIDFH LV SRODUL]JHG EXW DV WHFKQRORJ\
DGYDQFHV WKHUH DUH PRUH DUWLILFLDO VXUIDFHV
ZKLFK UHIOHFW SRODU OLJKW HJ DVSKDOW
VXUIDFHV EODFN SODVWLF IRLOV XVHG LOQ
DJULFXOWXUH JODVV ZDOO GDUN FDU ERGLHV
VRODU PRGXOHV ZLWK GDUN VXUIDFHV 7KH
LQVHFWY ZKLFK DWWUDFWHG WR WKHVH VXUIDFHV
PD\ GU\ RXW DQG WKHLU VXUIDFH GHSRVLWHG
HJJV GLH VR VXFK VXUIDFHV DUH DQ HFRORJLFDO
WUDS IRU SRODULVDWLRQ RULHQWHG LQVHFWYV

7KH DLP Rl WKLV ZRUN LV WR VWXG\ RI
WKH OLJKW SRODUL]DWLRQ HVSHFLDOO\ DW VRODU

PRGXOHV ,I WKH VRODU N DM NN LI/ N/ L1111\ L1 m\/ m N
HFRORJLFDO WUDS LW P )L %DVLF WRROV DWRRHHD VX
LQ LOQVHFW SRSXODWLRGQ cwe cwviv wireons Cwo v H

HITLFLHQF\ RI WKH PRGXOHV GXH WR WKH SUHVHQFH RI FR
RI SRODUL]DWLRQ DW VRODU PRGXOHV LV LPSRUWDQW DQ
XVHG LQ WKH H[SHULPHQW ZHUH QDWXUDO DQG SRODULI]H
ZDV VWXGLHG E\ SRODU ILOWHU )LJ

7KH ZRUN GHWDLOV WKH UHVXOWY REWDLQHG E\ VWXG
IURP WKH VRODU PRGXOHV LQ GLITHUHQW GLUHFWLRQV

SHIHUHQFHYV

> @ +RUYiIWK * .ULVND *\ ODOLN 3 DQG 5REHUWVRQ % =
RI HFRORJLFDO SKRWRSROOXWLRQ )URQW (FRO (QYLURQ

> @ $GLQR\L O - 6DLG 6 $ O (ITHFW RI GXVW DFFXPXOI
SKRWRYROWDLF PRGXOHV 5HQHZDEOH (QHUJ\ 9RO
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+\GURFROORLGY DV WH[WXUH IRUPLQJ DGGI
SURGXFW EDVHG RQ DFLG FDVHLQ DQG

- 2 6]DIUD VND % * B6RARZLHM
8QLYHUVLW\ RI /LIH 6FLHQFHV LQ /XEOLQ 6NURPQD /

&RUUHVSRQGLQJI2DEVWKBD VND H PDLO MDJRGD V]DIUDQVNI
.H\ZRUGVGURFROORLGY WH[WXUH SURFHVVHG FKHHVH VDX

$EVWUDFW

$V IXQFWLRQDO DGGLWLYHV WKH PRVW FRPPRQ XVHC
VDXFH SURGXFWLRQ DUH DOJLQDWHY [DQWRBQHIXNF QDU
GLHWDU\ ILEUHV FDQ EH DOVR XVHG WR SUHSDUH GDLU\ S
7KHUH DUH YHU\ XVHIXO QXWULWLRQDO FRPSRXQGV WKD
FDUERK\GUDWH SRO\PHUV DQG SRO\WDFFKDULGHVY FHOOXOC
SHFWLF PDWHUZRIBW DRIH LRW LGLIJHVWHG DQG DEVRUEHG L
> @ DQG FDQ FDXVH SRVLWLYH HIIHFWV RQ WKH KXPDQ ER
WKH GLJHVWLYH WUDFW DQG LQFUHDVLQJ WKH VWRROV E
JOXFRVH DQG LQVXOLQ OHYHOV > @ $OVR QXWULWLRQI
GLVFRYHUHG GXULQJ UHVHDUFK IRFXVHG RQ UHGXFLQJ SR(
E\ SURGXFHUV DUH LPSRUWDQW WR ILQDO UKHRORJLFDO It

,Q RXU VWXG\ ZH KDYH WHVWHG IRXU GLIIHUHQW ILEL
ILEUH %HFDXVH RI WKHLU GLIIHUHQW FKHPLFDO FRPSRVLYV
SURFHVVHG FKHHVH VDXFH WKH\ DUH JRRG H[DPSOHV RI Q
WHVWHG UKHRORJLFDO SURSHUWLHV RI ILQDO SURGXFWYV D

,PSURYHPHQWY LQ WH[WXUDO SURSHUWLHV RI SURFHV
KDUGQHVYV DQG DGKHVLYHQHVYV LQ PRVW VDPSOHV VXJJHV
DGGLWLRQ WR WKH DERYH PHQWLRQHG SURGXFWV EDVHG |
:38& 7KH FRQGXFWHG UHVHDUFK LV WKH EDVLV IRU IXU\
GLHWDU\ ILEUHV LQ GDLU\ SURGXFWV HVSHFLDOO\ FKHHVH

SHIHUHQFHYV

> @ +bvvbDQ = 0 5 $zZDUG 5 $ (O ODKGL [/ ' 6DDG 6

LQ PDQXIDFWXUH RI FKHHVH VDXFH -RXUQDO RI %LRORJLFI
SS

> @ *Db]L 6 . 1 +RVVHLQL 6 ( + <DNKFKDOL 6 < %R

VWDWLVWLFDO PHWKRGYV WR PHDVXUH WKH HIIHFW RI DGGL
FROODJHQ RQ WKH SK\WWLFDO FKHPLFDO DQG VHQVRU\
,QWHUQDWLRQDO &RQIHUHQFH RQ /LWHUDWXUH +LVWRU\

KWWSV GRL RUJ & (+0 (
> @ 3KLOOLSV * 2 'LHWDU\ ILEUH $ FKHPLFDO FDWHJR
&DUERK\GUDWHY DQG 'LHWDU\ )LEUH SS +
> @ %URGJLDN $ .UyO - /LWZL F]JXN = :KH\ SURWHL

DSSOLFDWLRQ 3U]JHP\Va 6SR*\ZF]\ SS >,Q 3ROL
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