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7KH 5ROH RI ,QIUDUHG 7KHUPRJUDSK\ ,5
5HVRQDQFH ,PDJLQJ 05, LQ %URZQ )DW
WKHLU $SSOLFDWLRQ WR 6WXG\ WKH (IIH]

%URZQ )DW $FWLYLW\ DQG :KLWH )DW

&DQGLGDWH $ 352) 0(/9,1 /(2: .+(( 6+,1*

6XSHUYLVRBURI %HUQKDUG %RHKP /.& OHG ,PSHUL
6XSHUYLVBUYVRF 3URI 1HZPDQ 6]H 6LX .ZDQ 6%
&OLQLFDO OBHOWRRFU3URI /LP 6X &KL .73+

6&+22/ 2) %,2/2*,&$/ 6&,(1&(6

<HDU RI 6 XEPLVVLRQ

$ WKHVLVY VXEPLWWHG WR WKH 1DQ\DQJ 7
8QLYHUVLW\ LQ SDUWLDO IXOILOPHQW RI W
GHJUHH RI '"RFWRU RI 3KLORVRSK\



6WDWHPHQW RI 2ULJLQDOLW\

, KHUHE\ FHUWLI\ WKDW WKH ZRUN HPERGLHG LQ Wi
RULJLQDO UHVHDUFK GRQH E\ PH H[FHSW ZKHUH R\
WKHVLVY 7KH WKHVLV ZRUN KDV QRW EHHQ VXEPL
SURIHVVLRQDO TXDOLILFDWLRQ WR DQ\ RWKHU XQLY!
WKDW WKLV WKHVLV LV ZULWWHQ E\ P\WHOI DQG LV
VXIILFLHQW JUDPPDWLFDO FODULW\ WR EH H[DPLQ
LQYHVWLIJDWLRQV ZHUH FRQGXFWHG LQ DFFRUG ZL\
LQWHVWIDQ\GDUGY RI 1DQ\DQJ 7HFKQRORJLFDO 8QLY}
UHVHDUFKSGBWHQMHG KRQHVWO\ DQG ZLWKRXW SUHN

WKEXIXV W

'DWH $ 352) 0(/9,1 /(2: .+(( 6+,1*

LL



6 XSHUYLVRU '"HFODUDWLRQ 6WDWHPHQW

, KDYH UHYLHZHG WKH FRQWHQW DQG SUHVHQWDWL
GHFODUH LW RI VXIILFLHQW JUDPPDWERB®W FODULW\
RI P\ NQRZOHGJH | WKH RVKHYRYLDYLVP DQG WKH UHV
ZULWLQJ DUH WKRVH RI WKHDFNQBZOGHWHIE HQF FBKN
$XWKRU $WWULEXWLRQ 6WDWEPHQWLJIDWRR QMW FZ HWKII
FRQGXFWHG LQ DFFRUG ZLWK WKHVBWEDEG\SROLFLH
1DQ\DQJ 7HFKQRORJLFDO 8QLYHUVLW\ DQG WKDW

SUHVHQWHG KRQHVWO\ DQG ZLWKRXW SUHMXGLFH

$XIXVW
'DWH 352) % (51+%$5' %2(+0
6XSHUYLVRU
/.& 6FKRRO RI OHGLFLQH 178
$XIXVW
'DWH $ 352) 1(:0$1 6=( 6,(: .8%1

&R VXSHUYLVRU
6FKRRO RI %LRORJLFDO 6FLHQFHV 17

LLL



$XWKRUVKLS $SWWULEXWLRQ 6WDWHPHQ

3O0HDVH VHOHFW RQH RI WKH IROORZLQJ GHOHWH DV DSS

$ 7KLV GRHVLRROWDLQ DQ\ PDWHULDOV IURP SDSHUYV
UHYLHZHG MRXUQDOV RU IURP SDSHUV DFFHSWHG DW FRC

DXWKRU

% 7KLV WKHVLV FRQWBIDEBEHWPOVENEDODDUKHURRAQ WKH IROC
UHYLHZHG MRXUQDO V IURP SDSHUV DFFHSWHG DW FRQ

DXWKRU

&KDSWHWRQWDLQV PDWHULDO XQGHU WKH OLWHUDWXUH
SXEOLVKHG DV 6XQ /- <DQ /MRBXNQ$/ 609GV E6RI %URZQ
$GLSRVH 7LVVXH ,PDJLQJ IRDESOWHOL PRI/ BEVHDUFK

GRL M GLDEHW ,PSDFW )DFWRU

7TKH FROQWULEXWLRQV RI WKH DXWKRUV DUH DV IROORZV

X, SURYLGHG WKH LQLWLDO SURMHFW GLUHFWLRQ FI
HGLWHG WKH PDQXVFULSW GUDIWV

x 'U 6XQ DQG 'U <DQ SUHSDUHG WKH LQLWLDO PDQXVEFI

X TKH PDQXVFULSW ZDV UHYLVHG E\ 'U 6HQGKLO 9HODQ

x $00 DXWKRUV FULWLFDOO\ UHYLHZHG DQG DSSURYH

VXEPLVVLRQ

LY



&KDSWHBQWDLQY PDWHULDO SXEOLVKHG DV $QJ 4< *RK -

63

6ZDLQ -/ +HQRUZ\ ®&$ 1HZ OHWKRG RI ,QIUDUHG 7KHUPR.

4XDQWLILFDWLRQ RI %YURZQ $GLSRVH 7LVVXH $FWLYDWLRC

D GRXEOH EOLQG SODFHER FRAKMVRPROHGELUDQGRPL]JHG WI

GRL \Y ,PSDFW )DFWRU

7TKH FROQWULEXWLRQV RI WKH DXWKRUV DUH DV IROORZV

X

, FRQFHLYHG RI WKH K\SRWKHVHV DQG SURMHFW V)
FRQGXFW RI WKH VWXG\ DQG HGLWHG WKH PDQXVFULS
'U $QJ DQG 0V *RK FRQGXFWHG WKH VWXG\ 'U $QJ Z
'U &DR GHVLJQHG WKH VRIWZDUH FRGH IRU %$7 VHJ
ZLWK 'U $QJ DQG PH 'U &DR DQG 'U /L DVVLVWH
PRGHOLQJ LPDJH SURFHVVLQJ RI WKH LQIUDUHG Y
HYDOXDWLRQ

‘U &KDQ DVVLVWHG ZLWK WKH VWDWLVWLFDO PRGHOL
B3URI 6ZDLQ DQG 3URI +HQU\ GLVFXVVHG WKH GDWD D
$00 DXWKRUV FULWLFDOO\ UHYLHZHG WKH PDQXVFU

YHUVLRQ VXEPLWWHG IRU MRXUQDO SXEOLFDWLRQ

&KDSWHRQWDLQV PDWHULDO SXEOLVKHG DV 7D\ 6+ *RK +-

&DPSV 6* +DOGDU 6 9HODQ 66 6MRZ 0L%URZOH QW & -

$FWLYLW\ GHWHUPLQHG E\ ,QIUDUHG 7KHUPRJUDSK\ DQG

XVLQJ :KROH %RG\ &DORULPHWVLR® 55 H/Q 6SWHOAY 30,

,PSDFW )DFWRU



7TKH FRQWULEXWLRQV RI WKH DXWKRUV DUH DV IROORZV

, FRQFHLYHG RI WKH K\SRWKHVHV DQG SURMHFW V)

x

FRQGXFW RI WKH VWXG\ DQG HGLWHG WKH PDQXVFULS
x 'U 7D\ OV *RK OV *RYLQGKDUDMXOX 'U +DOGDU DQ
WKH VWXG\ 'U 7D\ ZURWH WKH PDQXVFULSW ZLWK P\
x 'U &KHQ DQG 'U /L DVVLVWHG ZLWK PDWKHPDWLF
SURFHVVLQJ RI WKH LQIUDUHG YLGHRYV
Xx $ 3URI 9HODQ $ 3URI 6XQ DQG 3URI +HQU\ GLVFXVV
UHYLHZHG WKH PDQXVFULSW
X $00 DXWKRUV FULWLFDOO\ UHYLHZHG WKH PDQXVFU

YHUVLRQ VXEPLWWHG IRU MRXUQDO SXEOLFDWLRQ

&KDSWHRQWDLQV PDWHULDO SXEOLVKHG DV 6XQ /- *RK +-
6* 9HODQ 66 G6FKDHIIHUNRHWWHU - 7RWPDQ - 7RZQVHQG
%RHKP %2 +HQRJA &-&DSVLQRLGYV DFWLYDWH %$7 ZLWK LQF
HI[SHQGLWXUH DVVRFLDWHG ZXEWBNXEY RABHFVEROIGVLY H KX
FRQILUPHG E\$P(7 ¥PDQ 1XWU GRL

DMFQ QT ,PSDFW )DFWRU

7TKH FROQWULEXWLRQV RI WKH DXWKRUV DUH DV IROORZV

x 'U 6XQ FRQGXFWHG WKH VWXG\ DQDO\|JHG WKH GDW
ZURWH WKH PDQXVFULSW
x OV *RK DQG OV 3UL\D FRQGXFWHG WKH VWXG\ D

LQVWUXPHQWDWLRQ RI WKH ZKROH ERG\ FDORULPHWH

YL



x 'U -RVK 6FKDHITHUNRHWWHU DQDO\]HG WKH 3(7 LPDJL

x 3URI 'DYLG 7RZQVHQG 'U 6DQMD\ 9HUPD $VVW 3l
6HQGKLO 9HODQ $ 3URI 1HZPDQ 6]H $ 3URI /LP 6X
%RHKP DQG 3URI +HQU\ SURYLGHG LQWHOOHFWXDO
WKH PDQXVFULSW

X , FRQFHLYHG DQG GHVLIJQHG WKH VWXG\ SURYLGHG
FULWLFDOO\ UHYLHZHG WKH PDQXVFULSW

x $00 DXWKRUV UHDG DQG DSSURYHG WKH ILQDO PDQ

SXEOLFDWLRQ

&KDSWHRQWDLQV PDWHULDO SXEOLVKHGYDVYD&M{@ /6 9HUPD
6WHIDQ * &DPSV 6HQGKLO 9HODQ *RK +- 3UL\D *RYLQGKD
TRWWPDQ - 7RZQVHQG 'DYLG *RK 3DN 1DP -XOLDQ &KDQ
+RXFKHQ +DUU\ +X 6XQ /HL %RHKP PHRZ/IOPYEOLR QH 1HZPDC
$GLSRVH 7LVVXH $FWLYDWLRQ E\ &DSVLQRLGY DQG &ROG ¢
%RG\ &§DORULPHWU\ &RPELQHG ZLWK JULIRFNGWORW\ ,PDJLC
(PLVVLRQ 7RPRJUDSK\ )DW )UDFWLRQ ODJQHWLF 5HVRQDQ
7TKHUPRJUDSK\ 7$QERMLUW) 6LOYHU 6SULQJ GRL

RE\ ,PSDFW )DFWRU

7TKH FRQWULEXWLRQV RI WKH DXWKRUV DUH DV IROORZV

X 'U 6XQ /ILMXDQ FRQGXFWHG WKH VWXG\ DQDO\JHG WK
ZURWH WKH PDQXVFULSW
x 'U 6DQMD\ 9HUPD FRQGXFWHG WKH VWXG\ DQDO\]H

PDQXVFULSW

YLL



'U 1DYLQ OLFKDHO DQG 'U &KDQ 6LHZ 3DQJ SHUIRUP|
DQG ZURWH WKH PDQXVFULSW

'U <DQ SHUIRUPHG WKH LPDJH DQDO\VLV

'U 6XUHVK 6DGDQDQWKDP DQG 'U 6WHIDQ &DPSV DQD
OV *RK +XL -HQ DQG 0V 3UL\D *RYLQGDUDMXOX FRQG)
'U -RKQ 7TRWPDQ 3URI 7RZQVHQG 'U -XOLDQ *RK $V
1HZPDQ 6]H $ 3URI /LP 6X &KL 3URI %HUQKDUG %R
3URI &KULVWLDQL +HQU\ DQG $ 3URI B6HQGKLO 9HODQ
LQWHOOHFWXDO LQSXWV DQG FULWLFDOO\ UHYLHZHG

, FRQFHLYHG DQG GHVLJQHG WKH VWXG\ DQDO\]HG W

SURYLGHG LQWHOOHFWXDO LQSXWV HGLWHG DQG FUL

$XIXVW

'DWH $ 3URI OHOYLQ /HRZ .KHH 6KLQ

YLLL



$&.12:/("*(0(176

, DP JUHDWO\ LQGHEWHG WR P\ VXSHUYLVRU 3URI %HUQKDUG
IRU WKH 105& &OLQLFLDQ 6FLHQWLVW *UDQW DSSOLFDWLRQ D¢
RSSRUWXQLW\ WR SXUVXH P\ VHFRQG 3K' 7KURXJK 3URI %RHK
VWURQJ VXSSRUW DQG VXSHUYLVLRQ , KDYH FRSHG ZLWK WKL
JUDWHIXO WR P\ FR VXSHUYLVRU $VVRF 3URI 1HZPDQ 6]H 6LX
UROH +LV H[SHUWLVH LQ WKH EDVLF VFLHQFH DVSHFWV RI PH
VXJIJHVWLRQV NHSW PH DFWLYHO\ WKLQNLQJ DURXQG KRZ P\ S
DQG VFLHQWLILFDOO\ LOQOWHUHVWLQJ , PXVW DOVR H[SUHVV P\
$VVRF 3URI /LP 6X &KL ZKRVH GHHS H[SHULHQFH LQ PHWDERC
KHOS SRLQW P\ SURMHFW LQ D FOLQLFDOO\ PHDQLQJIXO SHUV.
-XGLWK 6ZDLQ ZKR PHQWRUHG PH WKURXJKRXW P\ SDVW GHFD
3URI -DPHV %HVW DQG 3URI /LP 7RFN +DQ ERWK RI ZKRP SDY
WKH 3K' SURJUDP

, ZRXOG OLNH WR WKDQN 'U 6XQ /LMXDQ IRU ZRUNLQJ ZLWK W
$ 6785 'U /L <LTXQ DQG 'U &DR <DQSHQJ WR GHYHORS WKH
,57 KHDW SRZHU FRPSXWDWLRQV WR 'U OHQJ )DQZHQ IRU WKF
DQDO\VLV RI WKH 6WHIDQ %ROW]PDQQ HTXDWLRQ WR 'U 6WHI
3UL\D *RYLQGKDUDMXOX IRU WKHLU H[SHUWLVH RQ WKH RSHUTL
&15& WR DOORZ WKH PHDVXUHPHQW RI WRWDO HQHUJ\ H[SHQG
DQG $ 3URI 6HQGKLO 9HODQ 'U B6XUHVK 6DGDQDQWKDQ DQG
KHOS ZLWK 05, VHJPHQWDWLRQ DQG WR 3URI 'DYLG 7RZQVHQ
IRU WKHLU KHOS ZLWK 3(7 05 VFDQQLQJ DW &,5& B6SHFLDO WKI
+HQU\ ZKRVH ZLVH WLSV VFKRODUO\ DGYLFH JHQHURVLW\ DQ
WR H[SUHVV P\ JUDWLWXGH WR WKH 7KHVLV $GYLVRU\ &RPPLW
<XVXI $0OL ZKR SURYLGHG XVHIXO FULWLTXH ZLVH LQSXWV DQ
7$& PHHWLQJ DQG DOVR DW P\ 3K' TXDOLI\LQJ H[DPLQDWLRQ
JUDWHIXO WR WKH 3K' VFKRODUVKLS SURYLGHG E\ 1DQ\DQJ 7H
1IDWLRQDO +HDOWKFDUH *URXS 178 &OLQLFLDQ 6FLHQWLVW )H
SURJUDPPH $V ZHOO , JUDWHIXOO\ DFNQRZOHGJH WKH 1DWLR
105& RI WKH OLQLVWU\ Rl +HDOWK IRU WKHLU JHQHURXV IXQC
FRPSHWLWLYH &OLQLFLDQ 6FLHQWLVW $ZDUG &6$% UHVHDUFK
VXSSRUW ZLWKRXW ZKLFK WKLV HQWLUH UHVHDUFK SURMHFW
RXW LQ WKH ILUVW SODFH

/IDVW EXW FHUWDLQO\ QRW WKH OHDVW |, WKDQN *RG IRU D PR
DQG OROO\ P\ VLVWHU *LQQ\ P\ EHORYHG ZLIH /DXUD DQG GD
DQG (XQLFH IRU WKHLU XQZDYHULQJ VXSSRUW WKURXJKRXW W
HQGHDYRU 7KLV GLVVHUWDWLRQ LV DOVR GHGLFDWHG WR WK
DOVR P\ LQVSLUDWLRQ WR SXUVXH P\ GRFWRUDO GHJUHH WKF
P\ JUDGXDWLRQ :LWKRXW D VKDGRZ RI GRXEW WKHLU ORYH
WKH\ VHOIOHVVO\ JDYH WR PH KDYH EHHQ DEVROXWHO\ YLWDC
VFLHQFH DQG UHVHDUFK

LI
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,03/,&%7,216 )25 0(',&,1( $1"' 35%3&7,&( «««x«««

6800$5< LUK KK KKK

[YL



5()(5(1&(6 LA KK LK KK

F33(1',& (6 «&&KKKKK KKK KK KKK KKK K KL LK KKK

6FUHHQLQJ IRUP = 73&7,&%/ ,, BWXG\| «««&««KKKKK KKK

,QIRUPHG FRQVHQW IRUP * 783$&7,&%/ ,, 6WXG\| ««««««««««

6FUHHQLQJ IRUP = 75,%87( BWXG\| «««&««KKLKK KKK KK

,QIRUPHG FRQVHQW IRUP = 75,%87( BWXG\| «««&«&«KKKKK KK

6HQVLWLYLW\ $QDO\VLY (UURU (VWLPDWH RI WKH 6WHIDQ

ORQWH &DUOR 6LPXODWLRQ S5HVXOWYV «&««&&KLKKL LK KL K K

(IWUD '"HWDLOV RI SBURWRFROV DQG $O0OJRULWKPV «««««««««.

+

,5% '65% DSSURYDO = 73&7,&%/ ,, WXG| &KL

+

,5% '65% DSSURYDO £ 75,%87( BWXG\| «««&««KKK KKK K

+6%$ &OLQLFDO 7ULDO $XWKRUL]J]DWLRQ &7$ OHWWHU «««««

&OLQLFDO7ULDOV JRY 5HILVWUDWLRQ * 7%$&7,&%/ ,, ««cca««

105& &OLQLFLDQ 6FLHQWLVW $ZDUG UHVHDUFK JUDQW OHW

OXOWL LQVWLWXWLRQDO 5HVHDUFK 3URMHFW $JUHHPHQW «

O\ UHOHYDQW SXEOLFDWLRQV VXSSRUWLQJ WKLV VWXG\ ««c¢

[YLL



3K'" JUDGXDWH VWXGHQW PDWULFXODWLRQ «««&&&&KKKLKK KKK <

3K'" FRXUVHZRUN WHVW VFRUHY «««««&««KKKKKL KKK KKK K

3K'" 7KHVLV $GYLVRU\ &RPPLWWHH 7%$& SURJUHVV UHSRUW)\

3K'" 4XDOLI\LQJ ([DP 34( FRQILUPDWLRQ RI FDQGLGDWXUH -

178 5 HVHDUFK ,QWHJULW\ 2QOLQH &RXUVH &HUWLILFDWH «c«

178 &RXUVH LQ ,PDJH ,QWHJULW\ IRU 3XEOLFDWLRQV ««««««

&RPSXOVRU\ VFLHQWLILF VHPLQDUY DWWHQGDQFH «««««««c

(([HPSWLRQ IURP 7THDFKLQJ $VVLVWDQW 7% 'XWLHV «««««««

([HPSWLRQ IURP 5HVLGHQWLDO SURJUDP ««&««&&«KK KKK KK

((HPSWLRQ IURP 7TUDQVIHUUDEOH 6NLOOV 3URJUDP «««««««:

7THDFKLQJ $VVLVWDQW 7% &HUWLILFDWH IURP 1,( 178 «««s

7THDP %DVHG /HDUQLQJ &HUWLILFDWH 7%/ IURP /.&0HG 17¢

IDVHU /LFHQVH IRU 178 &RQIRFDO OLFURVFRS\ /DE &RXUVH -

SHUPLVVLRQ IRU UHSURGXFWLRQ RI ILIXUHV XVHG LQ WKLV

EXUULFXOXP 9LWDH DEULGJIHG «««&«««&KKKKKKKL KKK KKK

7TRWDO :RUG &RXQW

[YLLL



1,67 2) 7$%/(6

/7DEOH *DDQW FKDUW VKRZLQJ WKH H[SHFWHG PLOH)\
WKH FRXUVH RI WKH VWXG\

7DEOH %DVHOLQH FKDUDFWA&Lry&sL FOAWRIGY XEMHF WV

/7DEOH 52, WHPSHUDWXUH DUHD DQG KHDW HQHUJ\ R
& 6&&9 DW PLQ DQG PLQ RI FROG FKDOOHQJH

DEOH %DVHOLQH FKDUDFWHULVWLFV RI VXEMHFWYV

/DEOH &KDQJHV LQ WHPSHUDWXUH DQG KHDW SRZHU
DV ZHOO DV LQ FXPXODWLYH (( GXULQJ FROG \
6WXG\

7DEOH 6XEMHFW FKD3&D F&HUYLGWXKBY

7DEOH 5HJUHVVLRQ UHVXOWYV RI (( ZLWK LPDJLQJ SD
05 )) bQG ,57 7VFY DIWHU FDSVLQRLG LQJHVW

7DEOH ©6XPPDU\ RI LPDJLQJ SDUDPHWHUV UHODWLRC
PDUNHUV DIWHU FROG H[SRVXUH

/DEOH %DVHOLQH FKDUDFWHULVWLFV RI DOO VXEMH

[LI



7DEOH &RUUHODWLRQV EHWZHHQ WK\URLG KRUPRQF
PHWDEROLF UDWH DQG EORRG FKHPLVWU\ RI D

/DEOH 5HJUHVVLRQ UHVXOWY RI FKDQJH LQ HQHUJ\
DJDLQVW WKV\URLG KRUPRQHV DW EDVHOLQH D
FROG VWLPXODWLRQ

7DEOH 7K\URLG KRUPRQHV FRQFHQWUDWLRQV DW EC
LOWHUYHQWLRQ DQG FKDQJH IURP EDVHOLQH

DEOH %DVHOLQH FKDUDFWHULVWLFV 1 VXEMHF'
FKDQJHV LQ YDULRXV ELRORJLFDO YDULDEOHYV
HXWK\URLG VWDWH 3 YDOXH LV VWDWLVW

7DEOH O6HWWLQJ :$7 GHSRWV DV GHSHQGHQW YDULD|
SUHGLFWRUV IURP WKH K\SHUWK\URLG WR WKH
LV VWDWLVWLFDOO\ VLIQLILFDQW

7DEOH 3RROHG SODVPD VDPSOHV IURP VHOHFWHG V:
75,%87(

[[



/,67 2) ),*85(6

YLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

%YURZQ DGLSRF\WH FDQ EH VWLPXODWHG E\ F
VIPSDWKHWLF QHUYH GLVFKDUJH RI QRUHSLQI
EHWD $5 7KLV LV HQKDQFHG E\ WKV\URLG KR

,QFUHDVH LQ R[\JHQ FRQVXPSWLRQ YLD DGDS
D SK\WLRORJLFDO GHIHQFH DJDLQVW K\SRWKF
GHFOLQHV 7KH GLIIHUHQW VORSHV UHG JU}
SUR[LHV WR DPRXQW RI DFWLYDWDEOH %$7 LC

2ULJLQV RI :$7 DQG %$7 )LIXUH UHSURGXFH
DO 1DW 5HY ZLWK SHUPLVVLRQ IURP 6SUL:
VHH $SSHQGL]

5HIXODWLRQ RI %$7 GHYHORSPHQW E\ HQGRFL
DXWRFULQH VLIQDOV )LIXUH UHSURGXFHG IU
YURZQ DGLSRVH WLVVXH GHYHORSPHQW PHYV
%LRFKHP - GRL % -

SHUPLVVLRQ IURP 3RUWODQG 3UHVV SXEOLVK

$ VXPPDU\ RI WKH SUHVHQWO\ NQRZQ HQGR.
HQYLURQPHQWDO IDFWRUV WKDW FDQ LQGXFlI
EHLJH EULWH DGLSRVH WLVVXH )LIJXUH UHSU
VIPSDWKHWLF WRQH WKH QHZ EURZQ IDW DF)\
9LGDO 3XLJ &HOO OHWDE ZLWK SH
(OVHYLHU SXEOLVKHU VHH $SSHQGL]

JRRG LQJUHGLHQWY DQG QXWUDFHXWLFDOV
SURSHUWLHYV )LJXUH UHSURGXFHG IURP 6DLW
(QGRFULQRO OHWDE ZLWK SHUPL"
(OVHYLHU SXEOLVKHU VHH $SSHQGL]

[[L



JLIXUH 7KH OHIW SDQHO VKRZV ) )'* 3(7 LPDJH RI %$%$

FROG 7KH PLGGOH SDQHO VKRZV WKH &7 FRU]I
VDPH SODQH DV WKH JDPPD FDPHUD LPDJH 7K
WKH FR UHJLVWHUHG IXVLRQ 3(7 &7 LPDJH ZLV
GHPDUFDWHG XVLQJ D IDOVH JROGHQ FRORU

SHUPLVVLRQ IURP &\SHVV $ HW DO 1 (QJO -0
&RS\ULJKW ODVVDFKXVHWWY OHGLFDO 6RFLHW

JLIXUH 2Q WKH OHIW SDQHO LV D 05, LPDJH RI %%$7 :$

DUH GLIILFXOW WR VHSDUDWH DSDUW IURP D
PLGGOH SDQHO LV D IDW IUDFWLRQ 05 RI WKH
GLILWDO VXEWUDFWLRQ OHDGYVY WR D ZHOO LC
ULJKW SDQHO )LIXUH UHSURGXFHG IURP %UD

H XQGHU WKH WHUPV RI WKH &UHDWL)
SWWULEXWLRQ /LFHQVH ZKLFK SHUPLWYV XQUI
DQG UHSURGXFWLRQ LQ DQ\ PHGLXP SURYLGE
VRXUFH DUH FUHGLWHG

JLIXUH %2/' IXQFWLRQDO 05, RI %%$7 YLVXDOL]JHG RYHL

YLIXUH

UHJLRQ DV UHYHDOHG ZLWK PLOG FROG VWLP.
RULJLQDOO\ SDOE GKHKHBW. @O OHDVXUHPHQW
EURZQ DGLSRVH WLVVXH YROXPH DQG DFWLYL
LPDJLQJ DQG IXQFWLRQDO 05 LPDJLQJ - 1XFO

< 6100,-10 DOORZV UHXVH RI HIFHUSWHG R
PDWHULDO VXFK DV DEVWUDFWV VKRUW WHI\
SURYLGHG DSSURSULDWH FUHGLW LV JLYHQ W
WKH PDWHULDO LV QRW XVHG IRU FRPPHUFLD
XVHV LQFOXGH DUWLFOHV LQ SHHU UHYLHZ MJ
PDWHULDO DQG DFDGHPLF WKHVHV GLVVHUWI

, QIUDUHG WKHUPRJUDPV VKRZLQJ WKH UHJLR
VHIPHQWHG XVLQJ D FRPSXWHUL]HG LPDJH S
ZKLFK FRUUHVSRQG WR WKH XQGHUO\LQJ %$7
VXSUDFODYLFXODU UHJLRQV RI DQ DGXOW KX

[[LL



YLIXUH

JLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

,57 LPDJHVY FDSWXUHG IURP WZR %$7 SRVLWL"®
WKHUPRQHXWUDO PLGGOH SDQHO DQG FROG
SDQHO FRPSDUHG WR D %$7 QHJDWLYH SHUV
JROG VWDQGDUG ) )'* 3(7 &7 LPDJHV RQ WKH
J)LIXUH DGDSWHG IURP -DQJ & HW DO 3K\VLF
UHSURGXFHG ZLWK SHUPLVVLRQ IURP &UHDWI
KWWSV FUHDWLYHFRPPRQV RUJ OLFHQVHV E

7K\URLG KRUPRQHV DFWLYDWLQJ %$7 WKUR}

WKH K\SRWKDODPXV )LIJXUH UHSURGXFHG IUF

ZLWK SHUPLVVLRQ IURP 6SULQJHU 1DW
$SSHQGL]

6FKHPDWLF LOOXVWUDWLQJ WKH LQWHU GL\
%%$7 WK\URLG UHVHDUFK WKDW , DP LQYROY H(
SURMHFWY DUH LQ WKH GRPDLQ RI &0LQLFDO

,57 LPDJHV RI D %%$7 SRVLWLYH YV %$7 QHJD
FRROLQJ YHVW

, QWHULRU YLHZ RI WKH ZKROH ERG\ FDORULF
FDQGLGDWH VHDWHG DW WKH IDU HQG WR JL®
UHODWLYH SRVLWLRQV RI WKH ILIWXUHV

3LFWXUH Rl WKH DXWKRU GHPRQVWUDWLQJ K
VHDO WKH URRP KHUPHWLFDOO\ IRU SUHFLVH
FDUERQ GLR[LGH SURGXFHG PHDVXUHPHQWV
FRQWURO

5HVHDUFK GHGLFDWHG +RORJLF 'LVFRYHU\ :L
WKH &15& IRU PHDVXUHPHQW RI ERG\ FRPSRVL

[[LLL



YLIXUH

YLIXUH

YLIXUH

YLIXUH

JLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

6WDWH RI WKH DUW )/,5 7 PRGHO KLJK UHV
XVHG LQ bDbOO WKH VWXGLHYVY GHVFULEHG KHUH
OLJKW SKRWRJUDSK DQG YLGHR VFUHHQ IRU ,

)/,5 7 ,QIUDUHG 7KHUPDO &DPHUD PRXQWH(
DW WKH &15&

6HHG JURZLQJ DOJRULWKP 65* RI LPDJH VH.
SL[HO WHPSHUDWXUH

6HIPHQWDWLRQ RI 52, WR GHILQH %$7 SRVLW
QHFN DQG 6&9

,QFUHDVH LQ WHPSHUDWXUH RI 52, GXULQJ F
PLQXWHYV

6FKHPDWLF IORZ FKDUW RI 7%$&7,&%/ ,, SUR
YLVLWYV

3KOHERWRP\ DQG YHQLSXQFWXUH DV VKRZQ
GXULQJ VWXG\ YLVLWYV

$XWKRU DOLTXRWLQJ SODVPD VDPSOHV DIW|
VDPSOHYV

$XWKRU SHUIRUPLQJ EHQFK ZRUN LQ KLV ZH!

[[LY



JLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

JLIXUH

YLIXUH

05, RI DEGRPLQDO ZKLWH DGLSRVH WLVVX
DXWR VHIJPHQWDWLRQ XVLQJ SRLQW 'L[RQ
9$7 056 VSHFWUXP TXDQWLI\LQJ KHSDWLF W

)XVLRQ 3(7 05, VFDQQHU DW WKH &,5& IDFLO
186

6FKHPDWLF IORZ FKDUW Rl 7$&7,&%$/ ,, SURFI
YLVLWYV

05, VHTXHQFH ORFDOL]HU 7 :)6( 7
'L[RQ 7 PDSSLQJ

JORZ FKDUW RI1 75,%87( VWXG\

7KH DXWKRU H[SODLQLQJ DQG WDNLQJ DQ L«
UHVHDUFK SDUWLFLSDQW

JLIXUH UHSURGXREPHG UYRAZ RADJAIOQLFDO7UL
SUHVHQWDWLRQ 'HF ZLWK SHUPLVVLRQ IU
OHGLFLQH 1/0 &XVWRPHU 6XSSRUW VHH $SS
KWWS SUVLOQIR FOLOQLFEDOWULDOV JRY ZHELC

YLHZB+DQGRXWYV SGI

,PSOHPHQWHG %$7 GHWHFWLRQ PHWKRG DQC

[y



J)LIXUH 7TKHUPDO LPDJHV RI FROG LQGXFHG %$7 DFwWL"

YLIXUH

YLIXUH

LPDJHVY WDNHQ DW PLQ $ % & DQG PLQ
FKDOOHQJH VKRZLQJ LQFUHDVH LQ WKH DUHTL
WKHUPDOO\ DFWLYH UHJLRQ 7KH VXEMHFWT{V
$ DQG ' IDFLQJ IRUZDUG LQ % DQG ( DQG WXL
DQG ) 52, GHWHFWLRQ RYHU WKH & 6&9 UHJLF
E\ JUHHQ FRQMRRXN DU[GE@WHG SL[HOV

% \HOORZ SLGHO® & 6&9 FHUYLFDO
VXSUDFODYLFXODU 52, UHJLRQ RI LQWHUHVW

7KH EDU FKDUW )LJ D VKRZV D VLJQLILF

LQ KHDW IOX[ ZLWK FROG VWLPXODWLRQ )L.
DOWHULRU QHFN DQG VXSUDFODYLFXODU UH
52,V RYHU 6&5V HSBEHQWUHV WR

&KDQJH LQ HQHUJ\ HISHQGLWXUH DQG 6&9 Kt
FDSVLQRLGV EODFN FLUFOHV FRPSDUHG ZLW
VXEMHFWY ZLWK ORZ %$7 YV KLJK %$7 GHILQI
DERYH PHDQ LQ KHDW UHVSRQVH ZLWK FROG \

J)LIXUH &DSVLQRLGY LQFUHDVH HQHUJ\ HISHQGLWXUH

WKHUPR JHIDMNEK® QJH LQ HQHUJ\ H[SHQGLWXU/
PHDVXUHG RYHU KRXUV DIWHU LQJHVWLRQ
FDSVLORZGWK VWDQGDUG SRUWLRQ RI ULFH
UHVWLQJ ((3DQHOLBW LQGXFHG WKHUPRJHQHYV
PHDVXUHG RYHU KRXUV DIWHU SODFHER RU
H[SUHVVHG DV SHUFHQWDJH RI HQHUJ\ LQWDN
3 FDSVLQRLGY YV SODFHER 9DOXHV VKRZC
(QHUJ\ H[SHQGLWXUH ((

JLIXUH &DSVLQRLGY LQJHVWLRQ LQFUHDVHYV IDW R[LCG

R[LGDWLRQ LV VKRZQ RYHU KRXURUDIWHU L
PJ FDSVLQRLGY " ZLWK VWDQGDUG SRUWLRC
FDSVLQRLGYV YV SODFHER 9DOXHV VKRZQ DUH

[[YL



J)LIJXUH &DSVLQRLGV LQJHVWLRQ LQFUHDVHV WRWDO ¢

PHDVXUHG7EH,6KDQJH LQ KHDW HQHUJ\ RXWS)

KUV DIWHU LQJHVWUIRQPRIFEOVERGERGY " ZL

VWDQGDUG SRUWLRQ RI ULFH Q 3 FD

9DOXHV VKRZQ DUH PHDQ “ 6(0 %$7 EURZQ D¢
LQIUDUHG WKHUPRJUDSK\

J)LIXUH 7KH LQFUHDVH LQ KHDW RXWSXW IURP %$7 YD
PHDQ IDVWLQJ EORRG JOXFRVH 7KLV LV FRQV
RI %%$7 DV LWV JOXFRVH XSWDNH LV LQFUHDVF

JLIXUH 7$&7,&%/ VWXG\ LOOXVWUDWLQJ WKH VWURQJ
LQIUDUHG KHDW SRZHU HPLWWHG E\ DFWLYDW
HQHUJ\ HISHQGLWXUH PHDVXUHG E\ LQGLUHFYV

JLIXUH &ROG DLU H[SRVXUH ,57 DQG (( PHDVXUHPF
FDORULPHWHU

J)LIXUH , 97 LPDJH VHIPHQWDWLRQ DOJRULWKP XVLQ

J)LIXUH O6WDWLVWLFDOO\ VLIQLILFDQW SRVLWLYH UH
, 57 RXWSXW DQG HQHUJ\ HISHQGLWXUH GDWD

J)LIXUH 3DUWLFLSDQW UHFUXLWPHQW IORZ FKDUW R

J)LIXUH '"\QDPLF 3(7 IUDPHV LQ D %%$7 QHJDWLYH VXEN
SRVWHULRU YLHZV RI D VXEMHFW IURP WKH Kl
WKHUH LV DEVHQFH RI XSWDNH RYHU WKH VXS
UHJLRQV ZKHUH %$7 QRUPDOO\ UHVLGHYV

[[YLL



J)LIXUH '"\QDPLF 3(7 IUDPHV LQ D %%$7 SRVLWLYH VXEN
VWLPXODWLRQ 7KHUH LV D SURQRXQFHG OHY
VXSUDFODYLFXODU UHJLRQV ORZHU ODWHUD(C(
PHGLDVWLQXP

J)LIXUH . LQHWLF DQDO\VLV YLD FRPSDUWPHQWDO PR
SDUDPHWHUY EDVHG RQ SUHYLRXVO\ UHSRUWHF
VFDOHG WR WKH LQGLYLGXDO SDWLHQW WUDF

J)LIXUH *RRG DJUHHPHQW EHWZHHQ NLQHWLF DQDO\\

J)LIXUH %%$7 SRVLWLYH VXEMHFWY YLD )'* 3(7 E\ FRC
KDOI SDQHOV 689 RI FDSVLQRLG VWLPXODWLI
EHORZ WKH FXWRII IRU GHILQLWLRQ RI %%$7 SR
VKRZLQJ %$7 )'* XSWDNH ZKHQ UH ZLQGRZHG V
JUH\VFDOH YDOXHV RI WKH GLVSOD\HG ZLQGR=:
689 WKUHVKROGLQJ )LIJXUH DGDSWHG IURP P\
SHUPLVVLRQ IURP WKH MRXUQDO SXEOLVKHU
HW DO $-&1

J)LIXUH &RUUHODWLRQ EHWZHHQ HQHUJ\ HISHQGLWX
FDSVLQRLGYV

JLIXUH )XVHG FR UHJLVWHUHG 3(7 05, LPDJH VKRZLQJ

J)LIXUH )DW IUDFWLRQ IXQFWLRQDO 05, DIJDLQVW ) )’
SRVLWLYH VXEMHFWYV

J)LIXUH )DW IUDFWLRQ IXQFWLRQDO 05, DIJDLQVW )
QHIJDWLYH VXEMHFWYV

J)LIXUH ,QYHUVH FRUUHODWLRQ EHWZHHQ FROG H[SR

[[YLLL



YLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

JLIXUH

&RUUHODWLRQ EHWZHHQ 3(7 689 DQG IDW IUD

&RUUHODWLRQ EHWZHHQ +20% ,5 DQG IDW I1UD

&RUUHODWLRQ EHWZHHQ 1()$ DQG IDW IUDFW

&RUUHODWLRQ EHWZHHQ IDVWLQJ WULJO\FHU

&RUUHODWLRQ EHWZHHQ +'/ & DQG IDW IUDFW

8VLQJ D WKHUPDO FDPHUD WR FDSWXUH LQIU
VLIQDWXUH ZKRHYHU ZDV %$7 SRVLWLYH VK
VNLQ WHPSHUDWXUH RYHU WKH VLGHV Rl WKF
UHJLRQV ELODWHUDOO\ 3DQHOV $ % & 6XF
ZDV QRWLFHDEO\ DEVHQW DPRQJ D FRUUHVSR
VXEMHFW 3DQHOV ' ( )

&RUUHODWLRQ EHWZHHQ 3(7 689 GXULQJ FRR
PD[LPDO WHPSHUDWXUH RYHU WKH VXSUDFOD
LQ %$7 SRVLWLYH VXEMHFWV

&RUUHODWLRQ EHWZHHQ 3(7 689 DQG WHPSHL
WKH %$7 VLWH VXSUDFODYLFXODU UHJLRQ O
52,

&RPSDULVRQ EHWZHHQ KHDW SRZHU RXWS X\

YHUVXV %$7 QHIDWLYH VXEMHFWYV RYHU Pl
VWLPXODWLRQ XVLQJ D FRROLQJ YHVW DQG S

[[LI



Y)LJIXUH +HDW SRZHU GLIIHUHQFH EHWZHHQ 6XSUDFO
%es DQG UHIHUHQFH VNLQKKBDBMWSEBRBAMU +
+se5 ) DIWHU FRROLQJ YHVW $ FDSVLQRLG
LOQOWHUYHQWLRQV EHWZHHQ %$7 SRVLWLYH V.
%$7 QHIDWLYH VXEMHFWV Q IHPDOH LQ
DUHD XQGHU FXUYH LQ PLQV &

J)LIXUH &KDQJH LQ HQHUJ\ HISHQGLWXUH NFDO DE
YHUVXV WKH 3(7 689 GXULQJ WKH FRROLQJ Y

J)LIXUH KRXU FXPXODWLYH HQHUJ\ HISHQGLWXUH
%05 IRU %%$7 QHIJDWLYH DQG %$7 SRVLWLYH
FRROLQJ YHVW VHVVLRQ

JLIXUH KRXU FXPXODWLYH HQHUJ\ HISHQGLWXUH
%05 IRU %%$7 QHIJDWLYH DQG %$7 SRVLWLYH
FDSVLQRLG VHVVLRQ

J)LIXUH OHDQ GHOWD “6(0 HQHUJ\ HISHQGLWXUH |
%05 IRU %%$7 QHIJDWLYH DQG %$7 SRVLWLYH \
FRROLQJ YHVW VHVVLRQ S

J)LJXUH OHDQ GHOWD “6(0 HQHUJ\ H[SHQGLWXUH F
%05 IRU %$7 QHIJDWLYH DQG %$7 SRVLWLYH \
FDSVLQRLG VHVVLRQ S

J)LIXUH &RUUHODWLRQ EHWZHHQ GHOWD HQHUJ\ H[S
FRPSDUHG WR EDVHOLQH GXULQJ WKH FDSVL
YHVW \ D[LV VHVVLRQ

(LI



JLIXUH

YLIXUH

YLIXUH

JLIXUH

YLIXUH

&RUUHODWLRQ EHWZHHQ GHOWD HQHUJ\ H[SH
FRPSDUHG WR EDVHOLQH GXULQJ WKH FRROL
KHDW SRZHU JUDGLHQW L$8& EHWZHHQ P

$Q H[DPSOH RI DQ ) )'* 3(7 LPDJH RI D %$7 S|
VXEMHFW 3(7 YROXPH XSWDNH LQ ZKLWH DJC
RQ WKH OHIW SDQHO DQG WKH FRUUHVSRQG
VDPH VXEMHFW VKRZLQJ VHIPHQWDWLRQ RI ©

) )'* 3(7 LPDJH FR UHJLVWHUHG ZLWK ,57 WK
KHDOWK\ YROXQWHHU SURYHQ %$7 SRVLWLYF
VXSHULPSRVHG XSRQ HDFK RWKHU ZLWK WKH
LQWHQVLW\ SURMHFWLRQ DOJRULWKP $V LO¢
VHIPHQWDWLRQ FRLQFLGHG ZLWK WKH )'* XS
UHDVRQDEO\ ZHOO WKXV VXSSRUWLQJ WKH X
LPDJLQJ PRGDOLW\

&RUUHODWLQJ WKH LPDJLQJ PRGDOLWLHV RI
$ 7 ZHLIJKWHG DQDWRPLFDO LPDJH VKRZLQJ
% 4XDQWLWDWLYH IDW IUDFWLRQ PDS ZKHUH
& )'* 3(7 PDS ZLWK FRORXU VFDOH VKRZLQJ
" 3(7 RYHUODLG RQ 05,

( ,57 PDS ZLWK FRORU EDU VKRZLQJ WHPS LQ
) ' SURMHFWHG 3(7 LPDJH RYHUODLG RQ WKH
* ZUDSSHG ,57 LPDJH RQ WKH 05 3(7 LPDJH

+ RYHUODLG LPDJHV RI ,57 DQG 05 3(7

7KLV ILIJXUH LV UHSURGXFHG IURP P\ RZQ SXEC(
2EHVLW\ XQGHU WKH WHUPV RI WKH &UHDYV
SWWULEXWLRQ SURYLGHG WKH RULJLQDO ZRUTN
XVHG IRU FRPPHUFLDO SXUSRVHYV

&RUUHODWLRQ EHWZHHQ KHDW SRZHU DQG H(
SRVW FROG VWLPXODWLRQ

[[IL



JLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

JLIXUH

YLIXUH

JLIXUH

YLIXUH

YLIXUH

&RUUHODWLRQ EHWZHHQ 6$7 DQG IDVWLQJ S

&RUUHODWLRQ EHWZHHQ 6%7 DQG 05 )) ZLWK

&RUUHODWLRQ EHWZHHQ 66%$7 VXSHUILFLDO |
FROG VWLPXODWLRQ

&RUUHODWLRQ EHWZHHQ 66%$7 DQG 05 )) ZLWK
VWLPXODWLRQ

&RUUHODWLRQ EHWZHHQ '6%$7 GHHS 6%$7 DQG
VWLPXODWLRQ

&RUUHODWLRQ EHWZHHQ '6%$7 DQG 05 )) ZLWK
VWLPXODWLRQ

&RUUHODWLRQ EHWZHHQ ';$ WRWDO ERG\ IDV

&RUUHODWLRQ EHWZHHQ 6%7 / |/ DQG ,57 KF
QHFN DQG 6&9

&RUUHODWLRQ EHWZHHQ 6$7 / / DQG ,57 KF
ODWHUDO QHFN

&RUUHODWLRQ EHWZHHQ 9$7 DQG IDVWLQJ SC

[[LL



JLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

JLIXUH

YLIXUH

YLIXUH

JLIXUH

YLIXUH

&RUUHODWLRQ

EHWZHHQ 9$7 DQG 05 )) SRVW

VWLPXODWLRQ RI %%$7

&RUUHODWLRQ
%$7

&RUUHODWLRQ
QHFN

EHWZHHQ 9$7 DQG 05 )) SRVW

EHWZHHQ 9%$7 DQG ,57 KHDW S

&RUUHODWLRQ EHWZHHQ (VW 9%7 PDVV J E\
YLVLW [ D[LV DQG %$7 YROXPH FP FDOFXO
689! DPRQJ WKH VXEMHFWYV ZKR KDG FRROLQ

%$7

&RUUHODWLRQ

&RUUHODWLRQ

&RUUHODWLRQ

&RUUHODWLRQ
%05

&RUUHODWLRQ

&RUUHODWLRQ

EHWZHHQ 3(7 689 DQG IUHH 7

EHWZHHQ ,57 KHDW SRZHU DQ

EHWZHHQ EDVDO PHWDEROLF |

EHWZHHQ IUHH 7 )7 DQG ED

EHWZHHQ IUHH 7 DQG IDW RJL

EHWZHHQ IUHH 7 DQG IDW RJL

[[ILLL



JLIXUH

JLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

JLIXUH

JLIXUH

&RUUHODWLRQ EHWZHHQ )7 DQG /'l &

&RUUHODWLRQ EHWZHHQ )7 DQG /'l &

/KUHH UHSUHVHQWDWLYH SDWLHQWYV ZLWK *L
WKHLU EDVHOLQH ) )'* 3(7 VFDQV DW 9LVLW
FRPSDUHG WR 9LVLW HXWK\URLG 7TKH 3(7
VKRZHG DQ LQFUHDVHG )'* XSWDNH ZKHUHDYV
oLvLw UHYHDOHG D VLIQLILFDQWO\ UHGXFH
$00 VFDQV ZHUH SHUIRUPHG DW DPELHQW W
HIWUD FROG RU FDSVLQRLG VWLPXODWLRQ

&KDQJHV LQ WRWDO IDW PDVV IURP WKH K\St
VWDWH 6LJQLILFDQW S

&KDQJHV LQ OHDQ PDVV IURP WKH K\SHUWK\L
6LIJQLILFDQW S

&KDQJHV LQ UHVWLQJ PHWDEROLF UDWH 505
WR HXWK\URLG VWDWH 6LIJQLILFDQW S
&KDQJHV LQ :$7 IDW GHSRWV IURP WKH K\SHL
VWD WH 6LIJQLILFDQW S

&KDQJHV LQ IDVWLQJ OLSLGV IURP WKH K\SH
VWDWH 6LIJQLILFDQW S

[LILY



JLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

&RUUHODWLRQ EHWZHHQ 6%$7 XPELOLFDO VC
DQWHULRU DVSHFW LQ K\SHUWK\URLG SDWLH¢

&RUUHODWLRQ EHWZHHQ 66%$7 XPELOLFDO V
DQWHULRU DVSHFW LQ K\SHUWK\URLG SDWLH

&RUUHODWLRQ EHWZHHQ '6$7 XPELOLFDO V
DQWHULRU DVSHFW LQ K\SHUWK\URLG SDWLH ¢

&RUUHODWLRQ EHWZHHQ 9%$7 XPELOLFDO VC
DQWHULRU DVSHFW LQ K\SHUWK\URLG SDWLH

9$7 DQG 7* LQ K\SHUWK\URLG SDWLHQWYV EL
VWURQJ FRUUHODWLRAQ

1HJDWLYH FRUUHODWLRQ EHWZHHQ 9%$7 DQG
SDWLHQWY EDVHOLQH VKRZLQJ VWURQJ LQY

3RVLWLYH FRUUHODWLRQ EHWZHHQ 6$7 DQG
SDWLHQWV

SRVLWLYH FRUUHODWLRQ EHWZHHQ 66%$7 DQ
K\SHUWK\URLG SDWLHQWYV

SRVLWLYH FRUUHODWLRQ EHWZHHQ '6%7 DQC
K\SHUWK\URLG SDWLHQWYV

[ILY



J)LIXUH SRVLWLYH FRUUHODWLRQ EHWZHHQ 9%$7 DQG
K\SHUWK\URLG SDWLHQWYV

JLIXUH 6WXG\ SURWRFRO RI %($&21 %($06 ZKLFK LV
WRZDUGV WKH HQG RI WKH RU EHJLQQLQJ

JLIXUH ,QIUDUHG LPDJHV IURP WKH )/,5 21( WRS S
7 ERWWRP SDQHOV Rl WKH VDPH LQG
FRUUHVSRQGLQJ WLPH SRLQWYV SURJUHVVLYH

JLIXUH (SSHQGRUI WXEHV FRQWDLQLQJ SRROHG SOD
VKRZLQJ WKH PRVW H[WUHPH UHVXOWV LQ %$
FDSVLQRLGY DQG WKH PRVW ELRFKHPLFDOO\
DJDLQVW HXWK\URLG VWDWHY /HJHQG WXEHI
K\SHUWK\URLG SDWLHQWY WXEH %O FDSVL(
EDVHOLQH WXEH 3&9 + SRVW FRROLQJ YHVYV
HXWK\URLG SDWLHQWY WUHDWHG ZLWK DQWL\
FDSVLQRLG = SRVW FDSVLQRLG VWLPXODWLRC
SUH FRROLQJ YHVW

JLIXUH 9ROFDQR SORW RI HIRVRPDO SURWHLQV LQ F
)& FXWRII ORJ

J)LIXUH 3DWKZD\V VLIQLILFDQW DW S IRU FROG
RI SDWKzZD\V DFWLYDWHG LQ FROG VWLP>
5+2 *73DVHV DFWLYDWH :$63V DQG :$9(V VLJQ

JLIXUH 9ROFDQR SORW RI H[RVRPDO SURWHLQV LQ FD
)'5 )& FXWRIlI ORJ

[[IYL



J)LIXUH 3DWKZD\V VLIQLILFDQW DW S IRU FDSVL
IRXQG RI SDWKzZD\V DFWLYDWHG LQ FDSV
VWLPXODWLRQ EHORQJLQJ WR SODWHOHW GH.

JLIXUH 9ROFDQR SORW RI HIRVRPDO SURWHLQV LQ K\
)& FXWRII ORJ

J)LJIXUH 3DWKZD\V VLIJQLILFDQW DW S IRU K\SHU
DFWLYDWLRQ 7KHVH LQFOXGH SODVPD OLSRS
DQG JOXFRQHRJHQHVLYV 5DS DQG *UE 626 VL
VIVWHP DQG LQWHUOHXNLQV VLIQDOLQJ SDWk

JLIXUH SHUFHQWDJH FRQWULEXWLRQV RI WKH GLIIH
IRU K\SHUWK\URLG DVVRFLDWHG %$7 DFYV

JLIXUH &RUUHODWLRQV RI HIRVRPDO SURWHLQ H[SL
FDSVLQRLG YV K\SHUWK\URLG VWDWHYV RI %$7

JLIXUH 'LITHUHQW TXDQWLWLHYV RI' 7 UHODWLYH WR |
WKV\URLG

J)LIXUH $ SRWHQWLDO QRYHO %$7 WK\URLG D[LV WR "

J)LIXUH 8QHTXDO DQG GLIIHUHQW JHQH H[SUHVVLRQ !
WUDQVLWLRQ IURP K\SHUWK\URLG WR HXWK\U
FRQWULEXWH WR LOQFRQJUXHQW RU GLVFRUGEL
HQGSRLQWYV 3 « 317 VXFK DV IDW GHSRWV OH
GXULQJ WKN\URWRI[LFRVLV EXW QR GHWHFWDEC
UHFRYHU\ WR HXWK\URLGLVP

[[IYLL



$%%5(9,$7,216

$03. + $SGHQRVLQH ORQRSKRVSKDWH 3URWHLQ .LQDVH
$6& + $GLSRVH GHULYHG 6WHP &HOO

$7' + SOWLWKAURLG 'UXJ

$73 + $SGHQRVLQH 7ULSKRVSKDWH

%%$7 + %WURZQ $GLSRVH 7LVVXH

% $5 + %HWD $GUHQHUJLF 5HFHSWRU

%,$ + LRHOHFWULFDO ,PSHGHQFH $QDO\VLV

+

%0' + %RQH OLQHUDO '"HQVLW\

%03 + %RQH ORUSKRJHQHWLF 3URWHLQ + VXEW\SH
%05 + %DVDO OHWDEROLF 5DWH

F$03 + &\ FOLF $GHQRVLQH ORQRSKRVSKDWH

F'1$ + &RPSOHPHQWDU\ '"HR[\ULERQXFOHLF $FLG
&,%%$ + &ROG ,QGXFHG %$7 $SFWLYDWLRQ

&,7 + &ROG ,QGXFHG 7KHUPRJHQHVLV

&0 =

I+

&DUELPD]ROH
&53

I+

& SHDFWLYH 3URWHLQ
', 7 # 'LHW ,QGXFHG 7KHUPRJHQHVLV
+ 7\SH 1 '"HLRGLQDVH
'6$7 + '"HHS 6%$7
';$ + 'XDO (QHUJ\ ; 5D\ $SEVRUSWLRPHWU\
(( £+ (QHUJ\ ([SHQGLWXUH
(0* + (OHFWURP\RJUDSK
)'* + JOXRURGHR[\JOXFRVH
)) £+ )DW )UDFWLRQ
))$
))0

I+

JUHH )DWW\ $FLGV

I+

)DW JUHH 0DVYV

[[[YLLL



I+

)*)
)1'& + )LEURQHFWLQ GRPDLQ FRQWDLQLQJ

JLEUREODVW *URZWK )DFWRU VXEW\SH

)$72: + )DW 2[LGDWLRQ

)7

I+

JUHH 7TULLRGRWK\URQLQH

I+

)7 JUHH 7K\UR[LQH

*'3

I+

*XDQRVLQH 'LSKRVSKDWH

*3&5

I+

*SURWHLQ &RXSOHG 5HFHSWRU

*5%$6

I+

*HQHUDOO\ 5HFRJQL]HG $V 6DIH

+$7 + +LVWRQH $FHW\O 7UDQVIHUDVH

+'$& + +LVWRQH 'HDFHW\ODVH

+'/ & + +LJK 'HQVLW\ /LSRSURWHLQ &KROHVWHURDO

+20$% ,5 + +RPHRVWDVLV ORGHO $VVHVVPHQW ,QVXOLQ 5HVLVWI
+37 + +\SRWKDODPXV 3LWXLWDU\ 7K\URLG D[LV

5% + ,QVWLWXWLRQDO 5HYLHZ %RDUG

57 + ,QIUDUHG 7KHUPRJUDSK\

/'l & + IRZ '"HQVLW\ /LSRSURWHLQ &KROHVWHURO

OHWUQO * OHWHRULQ /LNH

PL51$% + OLFUR 51$

00= + OHWKLPD]ROH

05 )) + ODJQHWLF 5HVRQDQFH )DW JUDFWLRQ

05, + ODJQHWLF 5HVRQDQFH ,PDJLQJ

P51%$ + OHVVHQJHU 5LERQXFOHLF $FLG

056 + ODJQHWLF 5HVRQDQFH 6SHFWURVFRS\

P725 + ODPPDOLDQ +RPRORJXH Rl WKH 7DUJHW RI 5DSDP\FLQ
1($7 + 1RQ H[HUFLVH $GDSWLYH 7KHUPRJHQHVLYV

1()$ + 1RQ HVWHULILHG )DWW)\ $FLGV

167 + 1RQ VKLYHULQJ 7KHUPRJHQHVLYV

[IILI



3(7 + 3RVLWURQ (PLVVLRQ 7RPRJUDSK\

3*& D + 33$5 JDPPD FR DFWLYDWRU DOSKD

33$5\ + 3HUR[LVRPH 3UROLIHUDWRU $FWLYDWHG 5HFHSWRU VX
35'0 + 35 'RPDLQ &RQWDLQLQJ

5+2 5DV +RPRORJRXV 6XSHUIDPLO\ RI *73DVHYV

I+

505 £+ 5HVWLQJ OHWDEROLF 5DWH

+

52, + 5HIJLRQ RI ,QWHUHVW
54 + 5SHVSLUDWRU\ 4XRWLHQW
637 + 6XEFXWDQHRXV $GLSRVH 7LVVXH

6&9 £+ 6 XSUDFODYLFXODU 5HJLRQ

+

65* + 6HHG 5HJLRQ *URZLQJ

66$7 £ 6 XSHUILFLDO 6%$7

689 + 6WDQGDUGL]HG 8SWDNH 9DOXHV
7%* £+ TULDF\OJO\FHURO

7)7 + TK\URLG )XQFWLRQ 7HVW

7* + TULJO\FHULGHYV

70= + 7TKLDPD]ROH

75 + 7TK\URLG +RUPRQH 5HFHSWRU

753 + 7TUDQVLHQW 5HFHSWRU 3RWHQWLDO
75+ + 76+ SHOHDVLQJ +RUPRQH

7TVFEY + THPSHUDWXUH DW 6XSUDFODYLFXODU 5HJLRQ

76+

I+

7K\ URLG 6WLPXODWLQJ +RUPRQH
8&3 * 8QFRXSOLQJ 3URWHLQ * W\SH

9%7 9LVFHUDO $GLSRVH 7LVVXH

I+

9/'/ £+ 9HU\ /RZ "HQVLW\ /LSRSURWHLQ
:$7 + :KLWH $GLSRVH 7LVVXH

% & £+ :KROH %RG\ &DORULPHWU\

[O



6800%$5< $%675%$&7

0\ SURSRVHG UHVHDUFK IO-HO/OIVERQG H B KMHKWRIE RO\GVRI EHLQJ WK
VXP WRWDO RI DOO DQDEROLF DQG FDWDEROLF DFWLYLWLHYV F
EDODQFH RI bOO YHUWHEUDWHY 7KH FRPSOH[ PHWDEROLF QH
IXQFWLRQDOO\ D GRZQVWUHDP HIIHFWRU OD\HU JRYHUQHG E\
WKRVH FRQVWLWXWLQJ D SDUW RI WKH HQGRFULQH V\VWHP $
FRQWUROOLQJ LQWHUPHGLDU\ PHWDEROLVP VXFK DV LQVXOLQ
WKH KRPHRVWDWLF HTXLOLEULXP HVWDEOLVKHG E\ WK\URLG K

PHWDEROLF UDWH ZKLFK LQIOXHQFHV WKH ERXQGDU\ EHWZHH(

SHFHQW ZRUN UHYHDOHG WKDW WKH SRWHQW WKHUPRJHQLF H
EURZQ DGLSRVH WLVVXH %$7 'LVVHFWLQJ WKH SK\VLRORJLFI
SDWKZzZD\V RI WKLV SURFHVV LV D YHU\ DFWLYH ILHOG RI LQYH
QDWXUH DQG UHTXLUHYVY D YDULHW\ RI DSSURDFKHY 5HVHDUFK
KDV DOORZHG PH WR H[SORUH DQG LQWHUURJDWH WKH HIIHFW
WKHUPRIJHQHVLY PHWDEROLF UDWH IDW GLVWULEXWLRQ ERC
FOLQLFDO VLIQLILFDQFH RI GHFLSKHULQJ WKH UHODWLRQVKL:
DFWLYDWLRQ DQG WKH EURZQLQJ RI ZKLWH IDW OLHV LQ XQUD
KHDOWK DQG TXDOLW\ RI OLIH RI QXPHURXV WK\URLG SDWLHQ
HQHUJ\ HISHQGLWXUH DV D VWUDWHJI\ WR FRXQWHU WKH SUHV
FRQIURQWLQJ WKH ZRUOG $Q RYHUDUFKLQJ JRDO LV WKDW RI
WKHUPRJUDSK\ ,57 WKDW LQFRUSRUDWHV D QRYHO LPDJH SU
HITOX] TXDQWLILFDWLRQ DQG DOVR HVWDEOLVKLQJ IDW IUDFW
PHDVXUHPHQW WR DGGUHVV P\ K\SRWKHVHYV DQG IDFLOLWDWH
XQGHUVWDQG WKH LOQWHU UHODWLRQVKLSY DERYH HVVHQWLD(

HQGHDYRU WKDW LV GHWDLOHG LQ WKH SDJHV RI WKLV 3K' WK

[OL
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%%$&.*5281"

%URZQ DGLSRVH WLVVXH %$7 KDV ORQJ EHHQ UHJDUGHG DV |
WKH SXUSRVH RI WKHUPRJHQHVLY WR GHIHQG DJDLQVW K\SRW
ZKRP WKH VNHOHWDO PXVFXODWXUH LV LQVXIILFLHQWO\ GHYH
UHSHWLWLYH FRQWUDFWLRQV YLD VKLYHULQJ )RU GHFDGHV ¢
LQ DGYOAMRYJ 7KLV YLHZ XQGHUZHQW D UDGLEFDO UHQDLVVDQ
D GHFDGH DJR DIWHU WKH VLPXOWDQHRXYV SXEOLFDWLRQV E\
GHPRQVWUDWHG WKH SUHVHQFH RI IXQRBWLHRQDBOW\IDFWLYH %$
9LUWDQHQ HW DO 7KXWDWKH VWDJH LV VHW WR XQUDYHO KRZ
KDUQHVVHG WR DFFHOHUDWH IDW R[LGDWLRQ DQG GLPLQLVK :

VWRUHV VR DV WR WUHDW REHVLW\ DQG FRQWURO WKH DFFXP

&855(17 .12:/('*( /,7(5%$785( 5(9,(:

,1752'8&7,21

%DFNJURXQG

,W LV D ZHOO NQRZQ FOLQLFDO REVHUYDWLRQ WKDW UDSLG Z
ZKLOH H[FHVVLYH ZHLJKW JDLQURFHRXWY LQ KUSRWR\QRDGGVRR
6DLWR 7K\URLG KRUPRQH VWDWXV LV DOVR ZHOO FRUUH
%05 DV GHPRQVWUDWHG E\ FDORULPHWU\ WRORHHIV K WHDWH V W
*HOIDQG HW KB WK\URLG JODQG LV D NH\ RUJDQ JRYHUQL

LQ WKH ERG\ 7K\URLG KRUPRQH VWLPXODWHG WKHUPRJHQHVI



DQG \HW WKH PROHFXODU PHFKDQLVPV E\ ZKLFK LW RFFXUV KI
QHZ HYLGHQFH VXJJHVWV WKDW WK\URLG KRUPRQH DFWLYDW!
UDWKHU WKDQ SHULSKHUDOO\ YLD WKH YHQWURPHGLDO K\S
PHGLDWHG E\ WKH V\P S D WKHMLEQ QY RUH\G MWW B B G /RS

+RZHYHU PXFK OHVV LV NQRZQ DERXW WKH FKDQJHV LQ
WK\URLG VWDWXV ,Q SDUWLFXODU WKHUH DUH IHZ KXPDQ VW
IDW SDUWLWLRQLQJ EHWZHHQ WKH VXEFXWDQHRXV DGLSRVH
VXEGLYLGHG LQWR VXSHUILFLDO 6%$7 66%7 DQG GHHS 6%7 '6%
9$7 GHSRWO®H\ HW DO 6PLWK HW DO %RXOHW HW

ZLWK FKDQJLQJ DPELHQW WK\URLG KRUPRQH OHYHOV GX
K\SHUWK\WBRHG LKW DO *DUGXQR *DUBLDGGHWHWQDWR ZKL
DGLSRVH WLVVXH :$7 %$7 PHULWV VSHFLDO FRQVLGHUDWLR
VWDWXV ERG\ ZHLJKW DQG PHWDEROLVP %$7 LV FKDUDEV
XQFRXSOLQJ SURWHLQ 8&3 ZKLFK ZKHQ DFWLYDWHG HQDE
WKH LQQHU PLWRFKRQGULDO PHPEUDQH UHVXOWLQJ LQ WKH
KHDDPQQRQ DQG 1HGHWBR@MHIXHQWO\ ZKHQ PD[LPDOO\ DFWL
JHQHUDWH XS WR : NJ Rl WLVVXH FRPSDUH&GDDIQ\RQ DEG IURP
1HGHUJDDUG/ KLY SURFHVV LV UHJXODWHG SULPDULO\ E\ WKH

VLWHV ORFDWHIRZHWKLQ 8&3DWRQ DQG 1LFKROOV 7UD\KX

W LV QRZ NQRZQ WKDW DGXOWV GR SRVVHVV YLDEOH EURZQ
PDLQWHQDQFH RI D QRUPDO EDWDPR®EWDEROLYDQDWHIN®%QS
ILFKWHQEHOW HW DO &\SHVV HW DO /ILGHOO DQG (Q
6DLWR &DUH\ DQG DIQW) ERGO ZHLIJKW GLVSHOOLQJ WKH F

RQO\ SUHVHQW GXULQJ LQIDQF\ IRU WKHUPRUHJXODWLRQ 7k



DVVRFLDWHG ZLWK LQVXIILFLHQW %$7 ,QWHUHVWLQJO\ %$7
FHUWDLQ SDWKRORJLFDO KRUPRQDO VWDWHV VXFK DV K\St
JURQWLQL HW DO THKLE HW ARDNVQ WWIARGR DALMWPID O PRGHO
REVHUYDWLRQV WKDW EURZQ DGLSRF\WH GLIIHUHQWLDWLRQ I
VXFK DV WK\URLG KRUPRQH QQBWFD W AKKRQBBDQHV WKDW %$7
EH SUHVHQW LQ VXERSWLPDO DPRXQWY DQG DFWLYLW\ LQ LC
RYHUW K\SRWKYURHGYMBWBAEH ZLWK KDXHIAR KU RIMG D\DP
,W KDV EHHQ VKRZQ FOLQLFDOO\ WKDW H[FHVV WK\WRLG KRUP
ZKLFK LQ WXUQ IDYRXUDEO\ DPHOLRUDWHY GLDEHWHV LC
LQVXOLQ UHWLWXDL.YFHW )XOWKHUPRUH WKHUH LV QRZ HYLGH(
SUHVHQFH RI :$7 SUHFXUVRUV DGLSRF\WH VWHP FHOOV $6&
DORQJ WKH OLQHDJH RI EURZQ DGLSRF\WHV JLYLQJ ULVH WR
WKH SRVVLELOLW\ WKDW WK\URLG KRUPRQH DQG RWKHU H[R
HQKDQFH WKH GHYHORSPHQW Rl PEHLJHY IDW 7KH SUHVHQEFEH
%$7 SKHQRW\SH ZLWKLQ :$7 FRPSDUWPHQWY WKXV UHSUHVHQ'
DGLSRF\WHV WKDW FDQ EH DFWLYDWHG E\ WK\URLG KRUPRQH
KRUPRQH UHFHSWRU OLJDQGY WR WDENOH WKHXSHWEOHP RI
DO 6SLHJHOPDQ % R VHHOQRFMH HBDWQHQWYV ZLWK WK\UF
GLVRUGHUV FRQVWLWXWH D VXEVWDQWLDO DQG YLDEOH SRSX
PRGHO LQ ZKLFK WR XQGHUVWDQG EURZQLQJ DQG WKH UHODYV
DQG %05 7KH VFRXUJH Rl WK\URLG GLVRUGHUV VWDFN XS DV

GLVHDVH EXUGHQ MKIWRUGG G E H WK PRUH UHWHDWIFHKY BEHGH

IURP HGLWWWISDVO 722Z27Z WKHODQFHW FRP MRXUQDOV ODQFHW DI

IXOOWH[W DUWLFOH,QIRUPDWLRQ




,Q WKLV SURMHEW WKDW , KDYH EHHQ IXQGHG E\ 105& DV

LQYHVWLIJDWH KRZ LQIUDUHG WKHUPRJUDSK\ ,57 IDW IUDF
FDORULPHWU\ FDQ EH XVHG DV %$7 DVVHVVPHQW WRROV DQG
VSHEFWUXP RI IUDQN K\SHUWK\URLGLVP WR HXWK\URLGLVP DV
KRUPRQHV >L H IUHH WK\UR[LQH )7 DQG WULLRGRWK\URQLQ
FRXUVH RI WUHDWPHQW DUH UHODWHG WR WKH TXDQWLW\ RI
LQIOXHQFH RQ PHWDEROLF UDWH ERG\ FRPSRVLWLRQ DQG ID\
WULJJHUV %$7 WKHUPRJHQHVLY DV D GHIHQVH PHFKDQLVP D¢
WHPSHUDWXUH GURSV ZLWK GHFOLQLQJ HQYLURQPHQWDO W!
SUHGLFWHG WR EH D VHQVLWLYH LQGLFDWRU RI %$7 DFWLY
SRWHQWLDOO\ WKH PRVW SUHFLVH PHWKRG WR DVVHVV %$7
WKHUPRJHQHVLY DQG FDORULPHWU\ ZDV DOVR KLVWRULFDOO
Rl DVVHVVPHQW DQG GLDJQRVLV Rl K\SHUWK\URLGLVP ORQJ

KRUPRQHV DQG WKH DGYHQW RI 5,$LDQG (/,63 KRUPRQDO DVVD

7KH NH\ REMHFWLYH LV WR YDOLGDWH WKHVH QRQ LRQL]JLQJ U
DV WR FDWDO\]H %$7 UHVHDUFK ZLWKRXW WKH REVWDFOHV F
DFTXLUHG IURP WKLV SURMHFW VKRXOG JHQHUDWH EHWWHU

KRUPRQHV WR RSWLPL]JLQJ HQHUJ\ OHYHO DQG ERG\ ZHLJKW \
UDWH DQG DSSURSULDWH DPRXQWYVY DQG GLVWULEXWLRQ RI E
DVVHVV :$7 DQG %$7 LQ SDWLHQWV ZLWK K\SHUWK\URLGLVP

SDUDPHWHUYV DV WKH SDWLHQWYV XQGHUJR WUHDWPHQW .QRZ
LQFUHDVH RXU XQGHUVWDQGLQJ RI WKH UROH RI WK\URLG KR

UDWH HQHUJ\ HI[SHQGLWXUH DQG UHJXODWLRQ RI ERG\ ZHLJ



JLIXUH %URZQ DGLSRF\WH FDQ EH VWLPXODWHG E\ FROG ZKL
GLVFKDUJH RI QRUHSLQHSKULQH WKDW LQ WXUQ DFWV RQ EHW
KRUPRQH



)LIXUH ,QFUHDVH LQ R[\JHQ FRQVXPSWLRQ YLD DGDSWI
SK\WLRORJLFDO GHIHQFH DJDLQVW K\SRWKHUPLD ZKHQ W
VORSHY UHG JUHHQ EOXH OLQHV VHUYH DV SUR[LHV W
GLITHUHQW SHRSOH



%52:1 )$7 ,1 1(21$7(6 $1' ,1)$176

7KH )DW HQJLQHHUHG E\ 1DWXUH IRU 7TKHUPRJHQHVLV

ODPPDOLDQ YHUWHEUDWHY VXFK DV PLFH VTXLUUHOV KLEHU
LQFOXGLQJ KXPDQV DUH KRPHRWKHSIPRPBOYE& D 6@ 7BV VHVV EL
NH\ IXQFWLRQ RI EURZQ IDW LQ WKHVH VSHFLHV LV WR JHQ
GHIHQVH DJDLQVW FROG VWURKNRCMPRQDEBRRFKWRBQPYV WKLV

LV HYSHFLDOO\ UHOHYDQW LQ QHRQDWHY DQG LQIDQWYV LQ ZK
IRU QRQ VKLYHULQJ WKHUPRJHQHVLV 167 DV WKH PXVFOH)
GHYHORSHG WR JHQHUDWH DGHTXDWH KHDW WRERXQK PHFKDQ
DQG 6FRSHV +HLP ,AWQHBHRQDWHY DQG LQIDQWY FODVVLE
ORFDOL]JHG WR WKH LQWHUVFDSXODU VXSUDFODYLFXODU S
SDQFUHDWLF DQG SPHDWRIQDDRWBECRQWKHVH DUH PRVWO\

DURXQG WKH GHHS VHDWHG RUJDQV RI WKH ERG\ ZKHUH WKH
WKDW PDLQWDLQV FRUH ERG\ WHPSHUDWXUH +HDW SURGXFW
FRUH WHPSHUDWXUH RI WKH EDELHV IDOO EHORZ D FULYV
WKHUPRUHJXODWRU\ KRPHRVWDVLY LQWHJUDWHG DW WKH OH"
WR HQVXUHIDXDPXYDO DQG ORUWIKHMH QHXURQV LQ WXUQ

QRUHSLQHSKULQH RXWSXW YLD WKH VIPSDWKHWLE QHUYRXV S
UHFHSWRU SRWHQWLDO YDQLOORLG SOD\V D UROH LQ PHG

$ODZL HW DO
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%$7 HILVWV LQ KXPDQ DGXOWYV

)RU GHFDGHV LW KDV EHHQ EHOLHYHG WKDW %$7 DWURSKLHV
LQIDQW JURZV LQWR D \RXQJ DGXOW 7KLV YLHZ KDV EHHQ OD|
ZKHQ %$7 ZDV ILUVW VXV SHSERKHDGE W R WRAFXU LQED GREWGH HW L
+DQ\ HW D@ QG ODWHU SURY HIQ{ @HRUH PLD/ANWG LHOVDIEX OW YV &\SHVV

9LUWDQHQ HW.YVHQ WKDW %$7 KDV DQ LQKHUHQW FDSDFLW
SURGXFH KHDW KDUQHVVLQJ WKLV YHU\ QDWXUH RI %$7 WR FI
PHWDEROLF GLVRUGHUV LQFOXGLQJ W\SH GLDEHWHV LV WKH
VWUDWHJI\ JURP D SDWKRSK\VLRORJLFDO SHUVSHFWLYH REHYV
SRVLWLYH HQHUJ\ EDODQFH +HQFH LW LV ORJLFDO WR WDFNC
HJ FODVVLF ORZ FDORULH LQWHUYHQWLRQV RU YLD LQFUHD
SK\VLFDO H[HUFLVH RU XSUHJXODWLQJ WKHUPRJHQHVLV :KLC
IDYRUDEOH HIIHFWV RQ ZHLJKW DQG ERG\ IDW PDQ\ VWXGLHV
IUHTXHQWO\ RFFXUV DIWHU VRPH WLPH 7KH KLJK IDLOXUH UD!
FDORULH GLHW VKRZV WKDW VXFK OLIHVW\OH PHDVXUHV DUH °
LV SUREDEO\ UHODWHG WR WKH KDUG ZLULQJ Rl WKH DSSHWLYV
HSLJHQHWLF PRGLILFDWLRQV FRQIHUUHG E\ WKH LQWUDXWHUL
REHVRJHQLF H/®Y EGIRQRW /D 6 X P LTAKKHIWIHQ RHUW DION LV VW UL
WR H[SORLW IHDVLEOH ZD\V Rl LQFUHDVLQJ HQHUJ\ H[SHQGLW

EDODQFH



2Q WKH VLGH RI WKH HQHUJ\ H[SHQGLWXUH HTXDWLRQ VHYHU
yLuvw WKH OLRQYV VKDUH VOLJKWO\ RYHU RI WKLV LV ED
FRQWULEXWHG E\ RUJDQV UHVSRQVLEOH IRU RXU KHDOWK DQC
DQG NLGQH\V 3K\WWLFDO H[HUFLVH GHSHQGLQJ RQ WKH VHGHC
XS WR DERXW RI GDLO\ HQHUJ\ H[SHQGLWXUH 1RQ H[HUFLV
PDNHV XS DSSUR[LPDWHO\ RI WRWDO HQHUJ\ HI[SHQGLWXUH

VKLYHULQJ WKHUPRJHQHVLY DUH UHVSRQVLEOH

1RQ VKLYHULQJ WKHUPRJHQHVLY 167 LWVHOI LV RIWHQ DVFU
DSSHDUV WR EH OLQNHG WR PXVFOHV QDPHO\ LQKLELWLRQ RI
UHWLFXOXP E% UDUFR DIDSBLQHOO DV IXWLOH F\FOHV GXH WR ELI
DFWLQJ VLPXOWDQHRXVO\ LQ RSSRVLWH GLUHFWLRQV FDXVLQ
PHWDEROLF ZRUN GRQH HJ OLSRJHQHVLV DQG OLSRO\VLV RU
OHDG WR KHDW JHQHUDWLR@RLWHKRXNQGHWHSY3 VIQWRARLORY

(YHU VLQFH WKH GLVFRYHU\ WKDW %$7 H[LVWV LQ DGXOW
XQGHU VXLWDEOH FRQGLWLRQV WKH GUHDP Rl DFWLYDWLRQ F

IDW FRPHVY RQH VWHS FORVHU WR UHDOLW\

LW WXUQV RXW WKDW WKHUH LV PXFK HYLGHQFH VXJJHVWLQJ
YHU\ IDYRUDEOH HIIHEFW RQ ZKROH ERG\ PHWDEROLVP ZKLFK E
UHQDLVVDQFH L@W$Q B MHBGHDW FKO &KRQGURQLNROD HW D
+HHUHQ *LYHQ WKDW D NH\ SXUSRVH RI %$7 LV WKHUPRJHQHYV
DGDSWLYH PHFKDQLVP WR GHIHQG DJDLQVW WKH GHYHORSPHC
WDXWRORJLFDO WKDW FROG H[SRVXUH VKRXOG VWLPXODWH E|
EURZQ IDW UHVHUYHV DV ZHOO DV WKH EURZQLQJ RI ZKLWH D
FRXQWHU WKH FROG DQG PDLQWDLQ ERG\ WHPSHUDWXUH ,Q V

RI VWRUHG OLSLGV LQ :$7 GHSRWV DQG OHDG WR UHGXFHG ER



WLPH 7KH DGYDQWDJHV RI WKLV IRUP Rl ZHLJKW FRQWURO LV
PDLQWDLQLQJ RU HYHQ ORVLQJ ZHLJKW E\ DEWLYDWLQJ %$7 W
QHHG WR QHFHVVDULO\ JR RQ D ORZ FDORULH GLHW WKDW KD\
IROORZ LQ UHDO OLIH 1RWDEO\ WKHUH H[LVW D QXPEHU RI IR
SK\WRFKHPLFDOV WKDW FDQ FRXQWHU REHVLW\ E\ DSSHWLWH
DEVRUSWLRQ DSRSWRVLV RI DGLSRF\WHVY PRGXODWLRQ RI FH
WKH LQGXFWLRQ RI WKHUPRJHQHVLY RU D FRPELQDWLRQ RI W
UHGXFH ER®DUMIHBWW DKLV RSHQV XS WKH SDUDGLJP RI FRQV
ZHLJKW DQG IDW YLD IRRG VHOHFWLRQV WKDW FDQ WZHDN FH«
QHJDWLYH HQHUJ\ EDODQFH 7KH QRWLRQ WKDW pIRRG LV WKF
KHDOWK LQWHUYHQWLRQV VLQFH IRRG DV D UXOH LV HDVLO\ L
JHQHUDOO\ FRVW D VPDOO IUDFWLRQ WR WKDW RI SKDUPDERO
H[SORUDWLRQ RI WKH XVH RI FDSVLQRLGV IURP QRQ VSLF\ VZ
DFWLYDWLRQ 2XU SUHVHQW SURMHFW H[SORUHV FKLHIO\ KRZ
WKHUPRJHQHVLY DV D YLDEOH ZD\ RI WDFNOLQJ REHVLW\ DQG

K\SHUWK\URLGLVP
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%%$7 FHOO RULJLQ DQG GHYHORSPHQW

OXFK GHEDWH VXUURXQGV WKH FHOO OLQHDJH RULJLQ RI %$7
WKH SRWHQWLDO VRXUFHVY DQG PHWKRGV RI GHULYDWLRQ )UF
NQRZ WKDW EURZQ DGLSRVH WLVVXH LV GHULYHG IURP WKH Pl
ULVH WR DGLSRF\WHV P\RF\WHV DQG FKRQGURF\WHV &ODVVL
PHVRGHUP WKDW DUH FDSDEOH RI DFWLYDWLQJ WKH P\RJHQLF

VKDUHG E\ P\RF\WHV EXW QRW E\ :$7 ZKLFK LPSOLHV WKDW FO



KDV D FORVHU DQFHVWUDO OLQRNDWR PXV BFOtHH KB QHWYRWRW VS
H[SUHVV D P\RJHQLF JHQH VLIQDWXUH ZLWK KLJK P51%$ OHYHO
RI ZKLFK GLPLQLVK DV WKH FHOOV GHYHORS LQWR PDWXUH %3¢
WUDQVFULSWLRQ IDFWRU WKDW GHWHUPLQHYVY WKH GHYHORSPI
LOQWR %$7 RU PXVFOH FHOOV KDV EHHQ VKRZQ WR EH 35'0 35
ZKLFK WKH SUHVHQFH RI 35'0 VKLIWV WKH 0\l 3D[ SDUDJ[LD
PHVHQFK\PDO VWHP FHOOV GRZQ WKH F%$7 SDWKzZD\ DV ZHOO
F®W$jLI 35'0 DFWV E\ ELQGRRDFWRYBWIR U 3* &E

& (%BDQG 3B&BDOH HW DO 6HDOH HW DO .DMLPXUD |

7KH VHFRQG IRUP Rl %$7 GHULYHG IURP :$7 LV UHIHUUHG WR
U%$7 7KH GHYHORSPHQWDO RULJLQ RI WKLV W\SH RI %$7 R\
EURZQ LQ ZKLWH T IDW ZDV ILUVW REVHUYHG WR EH UHODWH
QRUHSLQHSKULQH DQG HSLQHSKULQH KRUPRQH VWLPXODWLRQ
QHXUREO/BDVDWRPW DO7KH QDWXUH RI LWV GHULYDWLRQ IURP :$7
VXEMHFW Rl PXFK FRQWURYHUV\ $W OHDVW WZR GLVWLQFW S
LQYROYHV D SURFHVV RI WUDQV GLIIHUHQWLDWLRQ IURP PDW)
DGLSRF\WHV *+ D UHYHUVLEOH LQWHQ®HOOXOBRUMKHQRW\SH FI
RWKHU SDWKZD\ LV YLD D SURFHVV RI LQGXFWLRQ RI GLIIHUHC
SURJHQLWRUV SUHVHORKZXDOWKMQD®7 LWVHABH HW DO X H

yLJ

'"HVSLWH WKHVH VHHPLQJO\ GLFKRWRPRXV SDWKZD\V RI %$7 D
GDWD VXJJHVWYV WKDW WKH DFWXDO VLWXDWLRQ LV SUREDEO)
ELRORJLVWY DQG DGLSRF\WH UHVHDUFKHUV ZRXOG OLNH WR L
WKDW VRPH :$7 GHSRWV IURP WKH UHWURSHULWRQHDO DQG L«

0\l OLQHDJH ZKLOH FODVVLFDO :$7 GHSRWV OLNH VXEFXWDQ'



FHOOMWQFKH] *XUPDFKHV7HIWDUKXSSRUWY WKH QRWLRQ WKDW WK
SUREDEO\ PRUH KHWHURJHQHRXV WKDQ RQFH DVVXPHG ,QWHL
SUHFXUVRUV ZLWKLQ PXVFOH WLVVXH LWVHOI FDQ EH LQGXFH

UHFUXLW DBE®NCH) W DO

7KH DELOLW\ WR LQGXFH UHFUXLWDEOH RU LQGXFLEOH %$7 IU
SRVVLELOLW\ RI LQFUHDVLQJ HQHUJ\ H[SHQGLWXUH DPRQJ WK
HYLGHQFH VKRZV WKH H[LVWHQFH RI VWHP FHOOV DQG SUHDG
SRWHQWLDO UHVLGLQJ ZLWKLQ :$7 GHSRWV 7KH KLJK GHJUHH
RI FHOOV LQ :$7 JLYHV KRSH RI GLVFRYHULQJ SRWHQW JURXS
EHLIJH SKHQRW\SH %HLJH DGLSRF\WHV H[SUHVY ORZ OHYHOV I

LQFUHDVHG GHSHQGLQJ RQ WKH SUHVHQFH RI WKH DSSURSULL



J)LIXUH 2ULJLQV RI :$7 DQG %$7 )LIJXUH UHSURGXFHG IURP +LC
ZLWK SHUPLVVLRQ IURP 6SULQJHU 1DWXUH SXEOLVKHU VH



JLIXUH 5HIXODWLRQ RI %$7 GHYHORSPHQW E\ HQGRFULQH SDI
JLIXUH UHSURGXFHG IURP 6FKXOW] 7- 7VHQJ <+ %URZQ DGLSH
PHWDEROLVP EH\RQG %LRFKHP - GRL %
SHUPLVVLRQ IURP 3BRUWODQG 3UHVV SXEOLVKHU VHH $SSHQGI
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&KURQLF FROG H[SRVXUH KDV EHHQ VKRZQ WR LQGXFH WKH DS
EULWH DGLSRF\WHV LQ XVXDO %$7 GHSRWJLOW DFEH RYHU WKL
7KLV ZDV IRXQG WR EH PHGLDWHG E\ VIPSDWKHWLF VWLPXODW
VKRZQ WR ZRUN WKURXJK WKH LQGXFWLRQ Rl HRVLQRSKLO LQ
N ZKLFK IDYRU WKH 0 PDFURSKDJH SKHQRW\SH ZKLFK LQ W
SURGXEBWLRIQY DO6XEVHTXHQWO\ LVE BHRDHPGHH B0 HMD V WWLKPDAMD D W L
FDWHFKRODPLQHV LV DEOH V&R X\QLGX AM D IOWSK WK H QGRIW\SRIY H U \
RI 33$5 LW ZDV IRXQG WKDW WKLD]ROLGLQHGLRQHV FRXOG DO
SHWURYLF HW[BOFLVH KDV PXOWLSOH EHQHILWY RQ PHWDERO
LQVXOLQ VHQVLWLYLW\ DQG HQHUJ\ H[SHQGLWXUH +RZHYHU

ODERUDWRU\ Rl 6SLHJHDWRBY ZKUHWE B\ HBHUFLVLQJ PXVFOHV G
VWLPXODWHYV ILEURQHFWLQ GRPDLQ FRQWDLQLQJ )1'& DP
FOHDYHG LQWR D VHFUHWHG SURWHLQ FDOOHG LULVLQ LQ DG
PLWRFKRQGULDO ELRJHQHVLYVY DQG PXVFOH ILEUH W\SH VZLWF
VXUURXQGLQJ ZKHWKHU WKLV EHLQJ D SURFHVV VSHFLILF WR
LV D SUHYDLOLQJ YLHZ WKDW H[HUFLVH LQGXFHG LULVLQ VHFL
EURZQLQJ BIRSWURP HWOROH UHFHQWO\ DQ LQWHUHVWLQJ P\I
PHWHRULQ OLNH OHWUQO ZDV IRXQG WR EH VBIGXHIWMHG E\ PX'
H[HUFLVH OHWUQ LQ WXUQ DFWLYDWHVY 0 PDFURSKDJHV DQG

RI :$75DR HW DO

7TRGD\ WKH IDFWRUV DQG FROOHFWLYH JURXSV RI PROHFXODU
FRQWLQXH WR JURZ 7KHVH HQFRPSDVV FROG H[HUFLVH HQGH
SKDUPDFRORJLFDO IDFWRUV ZKLFK IRUP D SURPLVLQJ DUUD\ R

HPSOR\HG WR FRPEDW REHVLWMAIYLD B®GEDYHG PHWKRGYV



JLIXUH $ VXPPDU\ RI WKH SUHVHQWO\ NQRZQ HQGRJHQRXV DQ
FDQ LQGXFH WKH EURZQLQJ Rl :$7 WR EHLJH EULWH DGLSRVH W
WKH VIPSDWKHWLF WRQH WKH QHZ EURZQ IDW DFWLYDWRUV )

ZLWK SHUPLVVLRQ IURP (OVHYLHU SXEOLVKHU VHH $

JLIXUH )RRG LQJUHGLHQWY DQG QXWUDFHXWLFDOV ZLWK %$7
UHSURGXFHG IURP 6DLWR 0 HW DO 7UHQGV (QGRFULQR
ZLWK SHUPLVVLRQ IURP (OVHYLHU SXEOLVKHU VHH $SSt



0(7+2'6 2) $66(660(17 2) %52:1 )$7 $&7,9,7<
326,7521 (0,66,21 7202*5$3+< 3(7 &7 6&$1

) JOXRUR '"HR[\JOXFRVH 3RVLWURQ (PLVVLRQ 7RPRJUDSK\ &7

(YHU VLQFH LW ZDV GLVFRYHUHG WKDW WKH KLJK )'* XSWDN]|
PRQLWRULQJ Rl FDQFHU SDWLHQWY XQGHUJRLQJ WUHDWPHQW
WR WKH FROG DLU FRQGLWLRQHG VFDQQHU URRP DQG YDQLVK
ZHUH %$7 WKH JROG VWDQGDUG IRU %$7 GHWHEWLRQ KDV EHl
ZRUOG DV 3(7 &7 VEDQ %DVLFDOO\ WKH UDGLRQXFOLGH XSWEC
UHJLVWHUHG ZLWK WKH DQDWRPLFDO LPDJHV RORRPSRWHG WF
ODEHOOHG GHR[\JOXFRVH WUDFHU WKDW FDQ EH WDNHQ XS E\
DV DFWLYDWHG %$7 YLD JOXFRVH WUDQVSRUWHUV */87 ZKHU
GHR[\JOXFRVH SKRVSKDWH E\ WKH JO\FRO\WLF SDWKZD\ %HF
PHWDEROL]JHG IXUWKHU GRZQVWUHDP LW UHPDLQV WUDSSHG

WLVVXH WR EH LPDJHG YLD D JDPPD FDPHUD

+RZHYWHKH LVVXH ZLWK WKH XVH RI ) )'* 3(7 &7 LV WKH VLJQLI
GRVH DQG LWV KLJK FRVW 7KLV PDNHV 3(7 &7 VFDQ D PHWKRG
URXWLQHO\ IRU UHVHDUFK SXUSRVHV EHFDXVH LW LV QRW HW|
SDWLHQWYV WR UHSHDWHG ) )'* 3(7 &7 WR PRQLWRU WKH HIIHF
RI :$7 RU WKH PHWDEROLF HIIHFWV RI %$7 ORUHRYHU ) )'* 3
I[UDXJKW ZLWK LQDFFXUDF\ GXH WR WKH IDFW WKDW JOXFRVH

PDMRU IXHO WKDW LV R2XGIOEBBVEHMWFD/QYH %$7

$OVR LI WKH WUDFHU XSWDNH GRHV QRW H[FHHG D WKUHVKRUC

3(7 &7 ZLOO OHDG WR IDOVH QHJDWLYH UHVXOWYV 7KLV LV ZK\



D WHFKQLTXH ZLWK SRRU VHQVLWLYLW\ DQG UHSURGXFLELOLYV
PHWKRGV RI %%$7 GHWHFWLRQ WKDW DUH IDVWHU EHWWHU FK
EH IXUWKHU DFFHOHUDWHG 7KLV ZLOO KRSHIXOO\ LQFUHDVH

%%$7 EDVHG WUHDWPHQW VWUDWHJILHY IRU REHVLW\ LQ WKH QtFt

JLIXUH7KH OHIW SDQHO VKRZV ) )'* 3(7 LPDJH RI %%$7 VWLPXC
PLGGOH SDQHO VKRZV WKH &7 FRURQDO VHFWLRQ WKURXJK Wt
LPDJH 7KH ULJKW SDQHO VKRZV WKH FR UHJLVWHUHG IXVLRQ
GHPDUFDWHG XVLQJ D IDOVH JROGHQ FRORU S5HSURGXFHG ZL\
(QJO - OHG &RS\ULJKW ODVVDFKXVHWWY OHGLFDO 61

05,

ODIJQHWLF 5SHVRQDQFH ,PDJLQJ 05,

8QOLNH 3(7 &7 VFDQQLQJ 05, GRHV QRW HPSOR\ LRQL]JLQJ UDC
DWWUDFWLYH DQG VXLWDEOH WHFKQLTXH IRU UHSHDWHG PHD
IRU %$7 LPDJLQJ LQ FKLOGUHQ DQG KHDOWK\ SHRSOH +XP
SULQFLSDOO\ KHFD XV ®WISQVLFDOO\ KLJK H{IWUDFHOOXODU DQ
WKDW OHDGV WR LWV KLJKHU ZDWHU WR IDW UDWLR WKDQ :$
KLJK GHQVLW\ RI PLWRFKRQGULD DQG HQULFKHG YDVFXODU V
7 UHOD[®KMIREW DO 5DVPX$VHXFHKW W&H RYHUDOO IDW

VLIJQLILFDQWO\ ORZHU LQ %$7 WKDQ LQ :$7 LQ LQIDQWYV DGRO



)$7 )5$&7,21 7 $1' 7 05,
$ ZLGH UDQJH RI IDW IUDFWLRQ YDOXHV ZDV IRXQG LQ %$7
XVLQJ FKHPLFDO VKLIW HQFRGHG ZDWHU IDW 05, D ILQGLQJ S
FKDQJHV LQ IDW FRQWHQW ZLWKLQ WKH EURZQ DGLSRF\WHV R
DFWLYDPMWLRARLMHQ HWH BKDOOHQJH ZLWK 05 DSSURDFKHV LQ
RYHUODSSLQJ IDW IUDFWLRQ )) DQG UHOD[DWLRQ YDOXH IRU
GLVWLQFW DGYDQWDJH RI 05, LV GXH WR WKH IDFW WKDW PHW
GHWHFWLRQ YLD 3(7 &7 FDQ EH LPDJHG XVLQJ 05, XQGHU URRF
SRWHQWLDO IHDVLELOLW\ RI 05, LQ GHWHFWLQJ %$7 LQGHSHQ
VWDWXV DQG VXSSRUWHG WKH YLHZ WKDW WKH PHUH 3DEVHQ
GRHV QRW QHFHVVDULOW+RRQ/Q R H? Rot$ 0 DEFCHQEWHG IDW VLJIQD
IUDFWLRQ RI DEWLYH %$7 ZDV VLJQLILFD'QWBUGRZMW WKDQ Wi
)LJ 05, GHULYHG WHPSHUDWXUH GLIIXVLRQ DQG SHUIXVLRC
LQGHSHQGHQW RI LWM IBE\G LY\ VDR B QUAB\DXWW D O
YHULILHG WKDW WKH ORFDWLRQ YROXPH RI %$7 YLD 05, ZHUH

WKHUPR QHXWUDO FRQGLWLRQV DQG KDRXKLVIKQLOW WD DQG LG

JLIXUH 2Q WKH OHIW SDQHO LV D 05, LPDJH RI %$7 :$7 DQG PX
WR VHSDUDWH DSDUW IURP D 7 ZHLJKWHG LPDJH 7KH PLGGOF
ZKLFK XSRQ GLJLWDO VXEWUDFWLRQ OHDGVY WR D ZHOO LGHQV
JLIXUH UHSURGXFHG IURP %UDQFD 75 MWGHY B/IRHE WK PV RI V
&UHDWLYH &RPPRQV $WWULEXWLRQ /LFHQVH ZKLFK SHUPLWYV
UHSURGXFWLRQ LQ DQ\ PHGLXP



% /22" 2;<*(1 /(9(/ "(3(1'(17 %2/ )81&7,21$/ 05,

':DWHU IDW 05, GRHY QRW GLIIHUHQWLDWH EHWZHHQ DFWLYH C
WHPSHUDWXUH %ORRG R[\JHQ OHYHO GHSHQGHQW %2/' LPD.
R[\JHQ FRQVXPSWLRQ DQG EORRG IORZ GXULQJ DFWLYDWLRQ F
H[SORLWHG WR GHWHFW DFW LXYQ® HBD%I$QDLOQ D RIGHR W U XY J

%2/' FRQWUDVW FDQ EH XVHG LQ 05, WR GHWHEW %$7 DF
&KHQ HW D)@J %2/' 05, LV EDVHG RQ WKH SULQFLSOH WKDW
FRQVXPSWLRQ DQG EORRG IORZ DOLJQHG ZLWK D FKDQJH LQ W
KHPRJORELQ WR SURGXFH D GHWHFWDEOH.RRRQDHDL@QGWKH LQ\

%UDQFD

,W KDV EHHQ UHSRUWHG WKDW %2/' 05, GHWHFWHG D FKDQJ
H[SRVHG WR FROG FRPSDU&IGH Y RHH Y ROIKDLOKFHEDGYMAM RUKH SRV VL
WR VWXG\ %$7 DFWLYDWLRQ LQ G\QDPLF VWXGLHV XVLQJ %2/

G\QDPLF 7 ZHLJKWHG LPDJLQJ LV DQRWKHU IXQFWLRQDO 05,

EDVHG RQ WKH %2/' 05, WHFKQLTXH ,Q D VWXG\ RI KHDOWK\
ZHLIJKWHG LPDJLQJ GXULQJ FROG VWLPXODWLRQ UHYHDOHG VI
%%$7 DFWLYDWLRQ 7KH SUHVHQFH RI WKHVH FRPSRQHQWYV VLJ(
DFWLYDWLRQ TXDQWLYIDEGRRRMHG BBWMRZHYHU WKHUH LV D ORZ

VSHFLILFLW\ RI PHDVXULQJ %$7 DFWLYDWLRQ XVLQJ 7 ZHLJK\



JLIXUH %2/' IXQFWLRQDO 05, RI %%$7 YLVXDOL]J]HG RYHU WKH VX:
UHYHDOHG ZLWK PLOG FROG VWLPXODWLRQO 7&KN Q LHWUMHOZD V
OHDVXUHPHQW RI KXPDQ EURZQ DGLSRVH WLVVXH YROXPH DQC
LPDJLQJ DQG IXQFWLRQDO 05 LPDJLQJ - 1XFO OHG

-10DOORZV UHXVH Rl HIFHUSWHG RULJLQDO PDWHULDO VXFK
ILIXUHV DQG WDEOHV IRU QRQ FRPPHUFLDO SXUSRVHV VXFK L

,17(502/(&8/$5 =(52 48$1780 &2+(5(1&( 05,
,QWHUPROHFXODU PXOWLSOH TXDQWXP FRKHUHQFHV L04&TV
ILHOG DQG FDQ EH XWLOL]HG LQ LPDJLSQF PWBUBWFWMRVFRSLI
7KLV WHFKQLTXH SHUPLWV PRGXODWLRQ Rl WUDQVYHUVH PDJ¢
JUDGLHQWY ZKHUH WKH VLJQDO FDQ EH GHWHFWHG IURP VSLQ
7KLV PHWKRG KDV EHHQ H[WHQGHG WR SUREH WKH VSDWLDO F
D FHOOXODU OHYHO LQ %$7 DQG :$7 XVLQJ LQWHUPROHFXODU
=4&T%UDQFD DQG :DUS\H@®@J WKLY DSSURDFK L =4& VSHFWUXP F
ZDWHU + PHWK\OHQH FURVYV SHDN LQ %$7 ZKHUHDV LW LV DEV]
URGHQWY DQG MMOMROEQ KXP RBKHPLFDO VKLIW HQFRGHG 'L[RQ F
DSSURDFK KDV EHHQ FRPELQHG ZLWK LQWHUPROHFXODU GRXE

VHSDUDWH %$7 DQ¥%D:B7HWL D@D OV



,1)5$5(' 7+(502*5$3+< ,57
7KHUPDO LPDJLQJ FDPHUD GHWHFWV LQIUDUHG ,5 UDGLDW
VSHFWUXP DQG SURGXFH YDULHG LPDJHV ZLWK GLIIHUHQW W
RUJDQ LW FDQ WUDQVIHU KHDW HQHUJ\ DFURVV WKH RYHUO\L
VWLPXOL VXFK DV FROG ,QIUDUHG WKHUPRJUDSK\ ,57 KDV
DQLPDOV ,Q VWXGLHV Rl %$7 LQ PLFH ,57 LPDJHV RI KLVWR
KDV EHHQ VKRZQ WR FRUUHODWH ZHDQHZHWKDRY )% $F(7 VEDQ\
LPDJLQJ LQ KXPPQV YLWKEY LPDJLQJ WHFKQLTXH LV VWLOO Ol
WKH LPDJH DQDO\VLV LV QRW VWDQGDUGL]HG \HW +RZHYHU
WROHUDEO\ LQ ERWK6FKRQGV HQVDIQIG D G X ONBD WWODWHFHQW O\
RQO\ RQH JURXS KDV VXFFHVVIXOO\ YHULILHG WKH HTXLYDOH
IRU %$7 LPDJLQJ DRQJIKKXWDIAKH KLIKHVW LQFUHDVH LQ VNLQ WI
%$7 DFWLYDWLRQ ZDV IRXQG WR EH WKH VXSUDFODYLFXODU
%$7 GHSRW LQ KXPDQ DGXOWV )ROORZLQJ FROG H[SRVXUH
GHFOLQHG PXFK OHVV WKDEHVKW POZKLOBWLDAP. QEUBIDVH LQ
WHPSHUDWXUH ZLWKLQ WKH VXSUDFODYLFXODU UHJLRQ KDV E
VWLPXODWHG FRQGLWLRQV GHVSLWH WKH SUHVHQFH RI DQ |
6\PRQGV HW DOKH WHPSHUDWXUH GLIIHUHQFH EHWZHHQ VXSU
FRQVLVWHQWO\ JUHDWHU GXULQJ FRROLQJ LQ %$7 SRVLWLY
VXEMHFWY DV YHULILHIBQE\H3Y7D&M VFDQ8QGHU WKHUPR QHXW!
FRQGLWLRQV ORFDO VNLQ WHPSHUDWXUHV Rl WKH VXSUDFOD
LQGLYLGXDOV ZLWK DFWLYH %$7 FRPSDUHG WR LQGLYLGXDC
3(7 &7 +RZHYHU VXSUDFODYLFXODU VXEFXWDQHRXV DGLSF
VXSUDFODYLFXODU VNLQ WHPSHUDWXUH D IDEWRU WKDW U
GHWHFWLRQ XQGHU WKH DR ®H/X WW PIOHF R Q &KW LRIQPMLWDWLRQV

LV WKDW LW PDLQO\ GHWHFWV %$7 WKDW LV ORFDWHG VXSHUI



DUHD 7KH WKHUPRJHQLFLW\ RI %%$7 ORFDWHG LQ GHHSHU DU
7TKHUHIRUH WKH VWXG\ RI %$7 DFWLYLW\ LQ KXPDQV E\ ,57
GHSRwWV 2YHUDOO WKH H[WDQW OLWHUDWXUH VXSSRUWYV WK

LQYDVLYH WRRO LQ %$7 GHWHFWLRQ PRQLWRULQJ LQ DGXOW |

J)LIXUH ,QIUDUHG WKHUPRJUDPV VKRZLQJ WKH UHJLRQV RI LQ\
XVLQJ D FRPSXWHUL]J]HG LPDJH SURFHVVLQJ DOJRULWKP ZKLFK
LQ WKH FHUYLFDO DQG VXSUDFODYLFXODU UHJLRQV RI DQ DGX

&255(/$7,21 :,7+ )'* 3(7
,57 KDV ILUVW EHHQ FRUUHODWHG ZHOO DJDLQD®QJ HW* 3(7 &7
DO  )LJ ,QWHUHVWLQJO\ WKHUH KDV QRW EHHQ DQ\ SXEO
Rl ,57 YHUVXV 3(7 &7 IRU WKH SXUSRVH RI %$7 GHWHFWLRQ +F
WKDW GHVFULEHV ,57 LQ PLFH ZKLFK FRUDEB HWMHBOZLWK ELRS
7KHUH KDYH QRW EHHQ DQ\ RWKHU JURXSV ZKR GHPRQVWUDW
3(7 &7 HYHU VLQFH +HQFH WKLV SUHVHQW VWXG\ UHSUHVHQW

FKDOOHQJH WR UHSHDW WKH YDOLGDWLRQ RI ,57 DIJDLQVW 3(7



JLIXUH ,57 LPDJHVY FDSWXUHG IURP WZR %%$7 SRVLWLYH SHUVR
PLGGOH SDQHO DQG FROG VWLPXODWLRQ VWDWHY ULJKW SD
DQG FRUUHODWHG DJDLQVW JROG VWDQGDUG ) )'* 3(7 &7 LPD
DGDSWHG IURP -DQJ & HW DO 3K\VLRO 5HS DQG UHSURGXF
&RPPRQV && 2%&% WIl E 3]A YuulveX}EPIo] ve ol CliXil
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7KH WK\URLG LV D NH\ HQGRFULQH JODQG VHFUHWLQJ WK\URL!
WLVVXHV DQG FHBONEHD VWKHEEWGIOVR LPSDFWV GLUHFWO\ RQ
EDODQFH DQG /RBGI\| ZHL IKOW KDV EHHQ NQRZQ HYHU VLQFH WK

ERG\ FDORULPHWHU ZDV LQYHQWHG WKDW K\SHUWK\URLG SDW



UDWDHK H\ 7KLV LV OLQNHG WR LQFUHDVHG UDWHV RI $73 V\Q
FRQVXPSWUBRU DQG % UBKQUWRLG KRUPRQH LQFUHDVHY OLSLG V
FKROHVWHURO DQG FDUERK\GUDWH PHWDEROLVP %XW IRU Gl
HI[DFWO\ DUH WKH PHFKDQLVPV WKDW WK\URLG KRUPRQHV GUL
GLVFRYHUHG LQ DGXOWV 6LQFH WKHQ PDQ\ UHVHDUFK JURXS
EHWZHHQ WK\URLG VWDWXV %$7 DFWLYDWUWDDGHE BRDFIKM] R
HW DO OLDR HW DO IDKHVPDD HW DO &DQQRQ
DO $OWKRXIK LW XVHG WR EH WKRXJKW WKDW WULLRGRWK
%%$7 PRUH UHFHQW HYLGHQFH VXJJHVWY WKDW WKH PDLQ SDW

WKH K\SRWKDODP XV

J)LIXUH 7K\URLG KRUPRQHYV DFWLYDWLQJ %$7 WKURXJK FHQW
K\SRWKDODPXV )LIXUH UHSURGXFHG IURP 1DWXUH OHG
6SULQJHU 1DWXUH SXEOLVKHU VHH $SSHQGL]



7TKURXJK WKH DFWLYDWLRQ RI FODVVLFDO %$7 DQG EURZQLQJ
VWRUHG IDW GHSRWV FDQ JUDGXDOO\ GHFUHDVH IDW PDVV DV
LQ ERG\ ZHLJKW DQG LQVXOLQ VHQVLWLYLW\ ,W LV SRVVLEOH
D SUHVXPHG HXWK\URLG VWDWH WKDW LV LQ IDFW EHORZ WKH
K\SRWKDODPXV SLWXLWDU\ WK\URLG +37 D[LV 3HUKDSV WKH
WRZDUGV WKH ERG\TV HXWK\URLG VHW SRLQW PD\ RSWLPL]JH W
UDWH LQ VXFK D ZzD\ bV WR LPSURYH HQHUJ\ OHYHO RYHUDOO
ZHLIJKW +RZHYHU WKLV IDOOV RXWVLGH WKH PDLQ VFRSH RI |

WKH LQWHUDFWLRQ EHWZHHQ %$7 DQG WKH WK\URLG VWDWXV

J12:/('*( *$36 72 $''5(66

+LVWRULFDOO\ WKH UHQDLVVDQFH WKDW IROORZV WKH GLVFF
DVWXWH REVHUYDWLRQV RI LQWHQVH IRFL RI ) )JOXRURGHRI\
GHSRWV LQ SRVLWURQ HPLVVLRQ WRPRJUDSK\ 3(7 FRPSXWHG
ZKR ZHUH VKLYHULQJ LQ WKH FROG HQYLURQPHQW RI WKH VFD
JHQHUDOO\ ORFDWHG LQ DUHDV WKDW DUH GHHS ZLWKLQ WKH
LQYDVLYH ELRSV\ VXFK DV WKH SDUDYHUWHEUDO VSLQH WKH
WKH VWXG\ RI KXPDQ %$7 ZRXOG EHVW EH DFFRPSOLVKHG QRQ
PRGDOLWLHV +RZHYHU WKH LVVXH ZLWK 3(7 &7 VFDQV LV WKI
HISRVXUH SHU VFDQ TXDQWLILHG DV WKH GRVH HTXLYDOHQW [
HTXDO WR FKHVW ; UD\V HDFK ; UD\ P6Y DQG D OLIHWL

LQFLGHQFH RI OHVV WKDQ FDVHV SHU VXEMHFWYV RI GHYI



VFDQ H[SRVXUH RU DSSUR[LPDWHO\ DFFRUGLQJ WR WK|
(ITHFWV RI ,RQL]JLQJ 5D&XDQLRQ D PEHUISRXIWO\ WKLV OLPLWV W
QXPEHU RI UHSHDWHG 3(7 &7 VFDQV WKDW FDQ EH SHUIRUPHG
UHVWULFW WKH DELOLW\ WR VWXG\ %$7 ORQJLWXGLQDOO\ DQ
PDQQHU WKDW %$7 LV DFWLYDWHG E\ YDULRXV H[RIJHQRXV VXE
KRUPRQHV DQG KRZ LW FKDQJHV RYHU WLPH ZLWK H[SRVXUH \
7TKHUH LV WKXV PXFK LPSHWXV WR DWWHPSW GLVFRYHULQJ YD
IRRGV DQG QXWUDFHXWLFDOV WKDW FDQ DFWLYDWH %$7 DQG
NH\ PRWLYDWLRQ IRU XV WR GHYHORS KDUPOHVV PHWKRGV VX

LPDJLQJ PRGDOLWLHV IRU %$7

&OLQLFDO B6LJQLILFDQFH

7K\URLG KRUPRQDO GLVRUGHUV FRQVWLWXWH WKH QH[W PD
EXUGHQ DIWHU W\SH GLDEHWHV $OPRVW LQ LQGLYLGXDC

KDV WK\URLGSUGWYNBVHK\URLG RBHVYVIRFDQ WKRURLG $VVRFLDWLRQ

&ROG VWLPXODWLRQ DSSHDUV WR EH WKH PRVW SRWHQW VWL
DUJXDEO\ uJROG VWDQGDUGYT PHWKRGRORJ\ Rl @SHYPDJILQJ L
HW DO <HW ) )'* 3(7 LPDJLQJ KDV VLJQLILFDQW OLPLWDWL
VSDWLDO UHVROXWLRQ DQG LWV QRQ WULYLDO OHYHO RI LRQ
&RPPLVVLRQ IRU 5DGLRORJLFDO 3URWHEFWLRQ UHFRPPHQGV
JHQHUDO SXEOLF VKRXOG QRW H[FHHG P6Y \HDU DQG P6Y
,RQLVLQJ UDGLDWLRQ 1DWLRQ® ® GCGLMWLR@PHQW'$ BHOFGHSHQC
JOXFRVH XSWDNH E\ %$7 WKDW GRHV QRW GLUHFWO\ PHDVXUH

DFLG R[LGDWLRQ )LQDOO\ 3(7 VFDQV DUH YHU\ FRVWO\ 7KL\



IURP LGHDO DV D UHVHDUFK WRRO IRU LQYHVWLJDWLQJ %$7 S
GHYHORSHG DQ DOWHUQDWLYH DFWLYDWHG %$7 LPDJLQJ PFh
UDGLDWLRQ $V VXFK ZH H[SHULPHQWHG ZLWK LQIUDUHG ,5
PHWKRG FRXOG DVVHVV %$7 DFWLYLW\ SDUWLFXODUO\ ZKHQ
,5 WKHUPRJUDSK\ ZHUH DSSOLHG OXFK H[WDQW OLWHUDWX
WHPSHUDWXUH" LQVWHDG RI ,5 KHDW IOX[ XVLQJ WKH SK\VLF
DQG WKHUPRG\QDPLFV WR TXDQWLI\ KHDW IURP %$7 $OVR
HPSOR\HG LQ WKH SDVW ZKHUHDV QRQH KDYH UHSRUWHG Wi
VHTXHQFH ZKLFK PRUH DFFXUDWHO\ LQWHJUDWHY WLPH YD
SUHFLVLRQ LQ FDSWXULQJ DQG SURFHVVLQJ WKH ULFK ,5 GDW
IRU %$7 UHVHDUFK LV OLPLWHG ,W LV WKXV FUXFLDO WR FR
UHIOHEWY HQHUJ\ RXWSXW :H VXFFHVVIXOO\ GHYHORSHG YDt
SURFHVVLQJ ZLWK FRPSXWHU VRIWZDUH WKDW HIILELHQWO\ F
ZH DOVR LPSURYHG DQG YDOLGDWHG DQDWRPLFDO IDW IUDFV
YROXPHV EDVHG RQ WKH KLJKHU ZDWHU FRQWHQW LQ %$7 FRF
LPDJLQJ E\ 05, KDV EHHQ SURSRVHG EXW QR SURSHU YDOLG
GLIILFXOW\ LQ PDWFKLQJ 3(7 DQG 05, GDWD RQ %$7 :KLOH D2z
HIITHFWLYH SKDUPDFRORGUA @HUDVEVUHFB SWRU DJRQLVWV VXFk
FDQ EH DGPLQLVWHUHG WR DFWLYDWH %$7 LQVWHDG RI FRO
FDSVLQRLGV * QRQ VSLF\ DQDORJXHV Rl FDSVDLFLQ LQ SHSS}H
WR HIIHFWLYHO\ VWLPXODWH %%$7 LQ WKHUPRQHXWUDO FRQ
<RQHVKLUR HWHOD®DYH FRQGXFWHG D SUHOLPLQDU\ VWXG\ WF
VWXGLHV DUH6HDWILEQ@H,, VBEHUH DUH SXEOLFDWLRQV GREXPH:
05, LQ GLVWLQJXLVKLQJ %$7 IURP :$7 HDFK ZLWHKXWHKMLU DGYI
DO +X HW DO 5HGG\ HW DO YDQ 5RRLMHQ HW

WKLV SUHVHQW VWXG\ ZH SHUIRUPHG D SURRI RI FRQFHSW \



05, DQG ) )'* 3(7 LQ D GXDO PRGDOLW)\ IXVLRQ 05, 3(7 VEDQQF
,PDJLQJ 5HVHDUFK &HQWUH &,5& WR LPDJH %$7 LQ KXPDQV
WKHUPRJUDSK\ RI WKH FHUYLFDO DQG VXSUDFODYLFXODU UH.
UDWH DFFXUDWHO\ PHDVXUHG LQ D ZKROH ERG\ FDORULPHWH
) )'* 3(7 LQ PLFH DQG URGHQWY EXW HTXLYDOHQW YDOLGLE
SXEOLVKHG 7KLV GLVVHUWDWLRQ GRFXPHQWYV P\ GHPRQVWU
DOWHUQDWLYH WR ) )'* 3(7 LPDJLQJ IRU %$7 LPDJLQJ 7KH ¥
DULVLQJ IURP WKLV WKHVLYV FDQ XOWLPDWHO\ FRQWULEXWH W

DV D QHZ JROG VWDQGDUG LQ %$7 LPDJLQJ ZKLFK LV D ERRQ |

'HYHORSLQJ .QRZOHGJH LQ %LRPHGLFDO 6FLHQFHYV ,PSURYHPH

J)LUVW WKH XQGHUVWDQGLQJ RI KRZ WK\URLG KRUPRQHV LF
WKHUDSHXWLF VWUDWHJLHY EDVHG RQ VHOHFWLYH WLVVXH F
UHFHSWRU FRPSOH[ 6HFRQGO\ WKH GHYHORSPHQW RI WK\U
WLVVXHV VXFK DV :$7 DQG %$7 LV SUHGLFWDEO\ SURPLVLQ
PHWDEROLF VIQGURPH DQG W\SH GLDEHWHYV PHOOLWXV $W
VXLWDEOH WKHUDSHXWLF DJHQW IRU WUHDWLQJ REHVLW\ GXH
D KRVW RI RUJDQ V\VWHPV %XW WKH HOXFLGDWLRQ RI WKH
H[FHVV DQG WKH LPSDFW RI WKHLU FKDQJLQJ FLUFXODWLQJ
YROXPH DFWLYLW\ GXULQJ QRUPDOL]DWLRQ WRZDUGV ELRFK
SDWLHQWY KDYH QRW EHHQ ZHOO VWXGLHG 7KH SURSRVHG \
IRU WKH GHYHORSPHQW RI IXWXUH WK\URPLPHWLF GUXJV W

PHWDEROLF GLVHDVHYV



+<327+(6(6 63(&,),& $,06 $1' 2%-(&7,9(6

5DWLRQDOH 7K\URLG KRUPRQH LV KLJKO\ SRWHQW LQ LQ
DSSHWLWH DQG LQ UHJXODWLQJ ERG\ ZHLJKW 7K\URWR[LERYV
LQFUHDVHG DSSHWLWH ODUJHO\ IURP ERG\ IDW DQG OHDQ
LQVLIJKWY LQWR WKH DFWLRQV Rl WK\URLG KRUPRQH LQGXFH
SDUWLWLRQLQJ FDQ EH H[SHFWHG WR RSWLPL]H RXWFRPHV RI
IURP EHWWHU GHILQLWLRQ DQG XQGHUVWDQGLQJ RI WKH HXW
QRYHO WUHDWPHQW VWUDWHJILHY IRU WKRVH ZLWK REHVL

PDQLSXODWLQJ DQG ILQH WXQLQJ WKHLU PHWDEROLF VWDWH

,Q WKLV SURSRVDO WKH UHODWLRQVKLS EHWZHHQ WK\URLG V
DQG YROXPH ZKLWH DGLSRVH WLVVXH :$7 GHSRWV DQG PHW
HXWK\URLG VXEMHFWYV ZLWK WKH JRDO RI XVLQJ WKLV NQRz
JXLGLQJ WKH SKDUPDFRORJLF WKHUDS\ RI K\SHUWK\URLG SDW
PHWKRG WR DVVHVV %$7 YROXPH DQG DFWLYLW\ ZLOO EH GHY
HPSOR\LQJ LQIUDUHG ,5 WKHUPRJUDSK\ DQG 05 LPDJLQJ \
FXUUHQW PHWKRG IRU DVVHVVLQJ %$7 )'* 3(7 D PHWKRG W
PHDVXUHPHQWY EHFDXVH RI UDGLDWLRQ H[SRVXUH DQG H[SF
LPDJLQJ LV DQWLFLSDWHG WR KDYH H[WHQVLYH DSSOLFDYV
XQGHUVWDQGLQJ DQG WUHDWLQJ PHWDEROLF GLVHDVHV VXFK

RXU DLPV LQ WHUPV RI DGGUHVVLQJ WKH IROORZLQJ K\SRWKH"



+\SRWKHWWRZQ DGLSRVH WLVVXH %$7 WKHUPRJHQHVLV FD¢
WKHUPRJUDSK\ ,57 WKH DFFRPSDQ\LQJ LQFUHDVH PHWDERO

ERG\ FDORULPHWU\ :%& DQG %$7 YROXPH FDQ EH SUHFLVHO\

SDWLRQDOH $FWLYDWHG %$7 GLVVLSDWHYV ,5 HQHUJ\ ZKLFK
FDQ EH DQDWRPLFDOO\ GHOLQHDWHG IURP :$7 E\ IDW IUDFWLI
FRQWHQW 7R HVWDEOLVK IDW IUDFWLRQ 05 LPDJLQJ DQG ,5 W
WR WKH SUHVHQW JROG VWDQGDUG ) )'* 3(7 VFDQ IRU DVVHV
QHHG WR ILUVW YDOLGDWH WKLV PHWKRG LQ D JURXS RI K
GHWHUPLQHG WKH DFFXUDF\ RI 05, DQG ,57 DPRQJ KHDOWK\ |
DSSO\ bQG bDVVHVV WKHVH DOWHUQDWLYH %$7 LPDJLQJ WHFK

SDWLHQWYV ZLWK K\SHUWK\URLGLVP D FRQGLWLRQ DVVRFLDWt

+\SRWKHVIRG\ FRPSRVLWLRQ :$7 SDUWLWLRQLQJ HFWRSLF

DFWLYLW\ DQG YROXPH ERG\ ZHLJKW DQG PHWDEROLF UDWH L

5DWLRQDOH 2QFH WKH ,57 PHWKRG IRU DVVHVVLQJ %$7 DFW
FDQ EH XVHG WR DGGUHVV WKH UHODWLRQVKLS RI %$7 DFWL
SXEOLVKHG H[SHULHQFH LQGLFDWHV WKDW 05, FDQ EH XWLOL
LQWR VXEEXWDQHRXV DGLSRVH WLVVXH 6%7 VXSHUILFLDO
YLVFHUDO DGLSRVH WLVVXH 9$7 DQG WKDW 056 FDQ EH X\
P\RFHOODU WHDRED\EBHQWK®DY) HW DO 7KK RAH GIMFWORQ RI W
&KLQHVH HWKQLF JURXS LV EDVHG RQ WKH ILQGLQJ WKDW ID
LQFUHDVHV YDULHG VLJQLILFDQWO\ E\ HWKQLFLW\ %\ OLPLW
HOLPLQDWH WKH FRQIRXQGLQJ IDFWRU RI LQWHUHWKQLF YDU

RI LQOWHUHVW DUH DQDO\]JHG DFFRUGLQJ WR FKDQJHV GXH WR



6SHFLILF $LPV

$ QHZ PHWKRG WR DVVHVV EURZQ DGLSRVH WLVVXH %$7 YRC
XVLQJ LQIUDUHG WKHUPRJUDSK\ ,57 DQG IDW IUDFWLRQ 05,

) 3(7 7KLV QHZ LPDJLQJ PHWKRG ZLOO EH XWLOL]JHG LQ GF
VWDWXV RQ %$7 ZKLWH DGLSRVH WLVVXH SDUWLWLRQLQJ E

PHWDEROLF UDWH

&217(;7 2) 678'< $1' 6&23( 2) 5(6($5&+

,GHDOO\ WK\URWR[LF SDWLHQWY VKRXOG EH UHFUXLWHG SL
+RZHYHU SDWLHQWYV RQ $7' ZHHNV PD\ EH LQFOXGHG DV P
WLPH WKH\ SUHVHQW WR WKH HQGRFULQRORJ\ FOLQLF 7KRVH
FKDQJHV LQ ERG\ ZHLJKW IDW PDVV DQG SDUWLWLRQLQJ HQ
OHYHOV DIWHU WKH VHFRQG ZHHN RI WUHDWPHQW FRXOG UHG
LOQWHUHVW VXFK WKDW GLIITHUHQFHVY FRPSDUHG WR WKH HX\
VLIQLILFDQFH ,Q WKH 75,%87( VWXG\ DOO WK\URLG SDWLHQYV
SDWLHQW ZLOO EH HYDOXDWHG DQG FRPSDUHG DW OHDVW DF
DFWLYH SKDVH RI WKH WKA\URLG KRUPRQH G\VIXQFWLRQ DQG
WUHDWPHQW ,W LV DOVR ZRUWKZKLOH DV D VXE VWXG\ WR C
HXWK\URLGLVP DQG %$7 H[LVW ,Q WKLV UHJDUG 76+ KDV UHI
VWDWXV DQG LW LV GHEDWDEOH LI 76+ GHILQHV HXWK\URLG
FOLQLFDO DQG ELRFKHPHAFBDOP GOOQL WV IDRQ H[LVWLHWULFK HW
6LPLODUO\ QR VHUXP PDUNHUV LQGLFDWLYH RI %%$7 YROXPH

WKHLU LVRODWLRQ FOLQLFDOO\ XVHIXO 0\ SODQ LV WKXV WR



%$7RNLQHYV LH SURWHLQV WKDW DUH UHOHDVHG GXULQJ %#¥
ELRPDUNHUV RI %$7 'H ZLOO ILUVW UHFUXLW HXWK\URLG KH
DQG YDOLGDWH ,57 DQG 05 )) LPDJLQJ IRU %$7 TXDQWLILFDWL
3(7 JROG VWDQGDUG &DSVLQRLGV ZLOO EH XVHG WR LQGXFH
%$7 7KH RSWLPL]HG SURWRFRO RI 05, bDQG ,57 LPDJLQJ ZLOO
GRXEOH EOLQG IL[HG VHTXHQFH FOLQLFDO VWXG\ RI K\SHUW
DQWL WKV\URLG GUXJV DQRG WKHLU WKHUDS\ JXLGHG HLWK
K\SRWKDODPXV SLWXLWDU\ WK\URLG D[LV VHW SRLQW WDUJHW
EDVHOLQH DQG UH HYDOXDWHG DW VWDEOH ELRFKHPLFDO HX!
DFWLYDWLRQ ZKLWH DGLSRVH WLVVXH :$7 SDUWLWLRQLQJ

ELRPDUNHUYV

&21&(378%$/ )5$0(:25. 2) 5(6($5&+ 3/$1

, DP DQ DUGHQW FOLQLFLDQ VFLHQWLVW GHHSO\ LQWHUHVWH(
NQRZOHGJH ZLWK SRVLWLYH LPSDFW RQ KXPDQ KHDOWK RXWF
HQHUJ\ PHWDEROLVP WK\URLGRORJ\ DQG GLDEHWRORJ\ *LYH(
LQ WKH FRQWURO RI HQHUJ\ PHWDEROLVP DQG ERG\ ZHLJKW K
DW WKH LQWHUVHFWLRQ RI WK\URLGRORJ\ PHWDEROLVP DQG
IDW OLHV DW WKH KHDUW RI WKLY LQWHUVHFWLRQ , FROODER
JRDO Rl XQGHUVWDQGLQJ WKH FRQWULEXWLRQ Rl HQYLURQPH
PHWDEROLF GLVHDVH LQ WKH GLITHUHQW HWKQLF SRSXODWLR
XQGHUVWDQGLQJ KRZ EURZQ IDW SOD\V D UROH LQ WKH GLIIHL
FRXQWU\ 0\ UHVHDUFK LV SDUW RI D PXOWLGLVFLSOLQDU\ WH

SK\WLRORJLFDO DQG FOLQLFDO VWXGLHVJIDV GLDJUDPPHG VFKI
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J)LIXUH 6FKHPDWLF LOOXVWUDWLQJ WKH LQWHU GLVFLSOL
UHVHDUFK WKDW , DP LQYROYHG LQ 7KLV SUHVHQW 3K' SUR
6WXGLHV

'LWK WKLV 105& &6%$ DzbUG P\ VKRUW WHUP UHVHDUFK REMHF
WKH YDOLGDWLRQ DQG HVWDEOLVKPHQW RI VDIHU DQG QRQ LC
DGLSRVH WLVVXH L H EURZQ IDW RU %$7 6XFFHVVIXO LPSOH
DQG IDW IUDFWLRQ 05, DV 3(7 HTXLYDOHQW IRU %$7 LPDJLQJ Z
IXUWKHU RXU QH[W JRDO ZKLFK LV WR SUREH KRZ WK\URLG KF

LQIOXHQFHVY %$7 WKHUPRJHQHVLYVY 7KHVH DUH WKH NH\ UHVHD

O\ LQWHUPHGLDWH WHUP UHVHDUFK REMHFWLYHV KLQJH RQ XC
YDULHW\ RI WHFKQLTXHV 8VLQJ D UHSHUWRLUH RI VWDWH RI
UHVHDUFK FHQWUH ZH ZLOO LQWHUURJDWH WKH LQWULFDWH
:$7 VNHOHWDO PXVFOHV WK\URLG VWDWXV DQG HQHUJHWLF
LPDJLQJ VWUDWHJILHYVY LQ SODFH WKLV ZLOO FDWDO\]H RXU %3
ZRUNLQJ XSVWUHDP LQ DGLSRF\WH DQG PXVFOH ELRORJ\ DQG
7KLY DSSURDFK VSDQV WKH FRQWLQXXP RI SURFHVVHV XQGHU
DQG LQVXOLQ UHVLVWDQFH DQG PD[LPL]JHV RXU DELOLW\ WR >

DSSURDFK ZLOO GLUHFWO\ DFFHOHUDWH ELRPDUNHU GLVFRYH



GLDIJQRVWLFVY DQG PHWKRGRORJLHV DQG SRWHQWLDOO\ OHDC

REHVLW\ DQG GLDEHWHYV

'"HVSLWH DGYDQFHV LQ WKH NQRZOHGJH RI WKH EURDG DUUD\
KRUPRQH LW UHPDLQV VSHFXODWLYH DV WR KRZ WKH WK\URL
WKH WK\URLG ZRUNV VROHO\ WKURXJK %$7 DV WKH PHGLDWRU
RSSRUWXQLWLHY IRU QRYHO UHVHDUFK LQ WKLV VSDFH WR DQ
LPSDFW RQ %$7 DQG PHWDEROLF UDWH LQ WKH ORQJHU WHUP
QXWULWLRQDO VFLHQFH DV RXU ILQGLQJV ZLOO LQIRUP DQG S
RI' IXQFWLRQDO IRRGY DQG QXWUDFHXWLFDOV ZKHUH QDWXUL
DQG WHVWHG IRU WKHLU DELOLWLHVY WR VWLPXODWH EURZQLC

UHFUXLW FODVVLFDO FRQVWLWXWLYH %$7

,Q WKH ORQJ WHUP P\ %$7 UHVHDUFK SURJUDP ZLOO SUHVHQYV
FROODERUDWRUV WR VFDOH XS RXU UHVHDUFK SURMHFWYVY DQC
OHYHO 'H FDQ WKHQ PRYH RXU SURRI RI FRQFHSW SLORW VWX
GHPRQVWUDWH UHVXOWYV ZKLFK YDOXH DGG WR WKH H[LVWLQJ
DSSOLFDWLRQV LQ WKH ODERUDWRU\ DQG FOLQLFDO VHWWLQJ
QLFHO\ ZLWK QXWULWLRQDO VFLHQFH DV LW RSHQV XS WKH IL
IRU WKHLU DELOLWLHVY WR DFWLYDWH EURZQ DGLSRF\WHV W
HOQGRFULQRORJLFDO UHVHDUFK LQWHUHVW LQ WK\URLG KRUPF
ZLOO DOORZ PH WKH WLPH DQG UHVRXUFHV WR IXUWKHU GHYH
FDUHHU 7KLV HQWLUH UHVHDUFK SURJUDP PD\ EHQHILW 6LQJI
LWV SRWHQWLDOV WR JHQHUDWH VDIH HIIHFWLYH DQG SUDFW

WR FXUE WKH ULVLQJ REHVLW\ HSLGHPLF



5(6($5&+ 352-(&7 &20321(176

SLORW VWXIGDUHG 7KHUPRJUDSK\ IRU 4XDQWLILFDWLRQ

7LVVXH $FWLYDWLRQ "$& #KBOYWKGEGXOWV’

SBLORW 6WMURZQ IDW DFWLYLW\ E\ ,5 LPDJLQJ WKHUPRJUI

WKHUPRJHQHVLYV XVLQJ ZKROAB FRBAWOD®\RULPHWU\ + WKI

3DUW%URZQ $GLSRVH 7LVVXH %$7 $FWLYDWLRQ DQG (Q
&DSVLQRLGYV 6WLPXODWLRQ ZLWK 7ULPRGDOLW)\ ,PDJLQJ

JUDFWLRQ 057 ®&7G&S/7,,

S3DUW7KH 5ROH RI 7K\ URLG 6WDWXV LQ 5HIXODWLQJ %$7

7LVVXH 3DUWLWLRQLQJ DQG ¥BywaJ (QHUJI\ ([SHQGLWX



6,*1,),&%$1&( 2) 7+( 5(6($5&+

,PSRUWDQFH WR 6FLHQFH RU OHGLFLQH

7KLY UHVHDUFK ZLOO RIIHU LQVLJKWY LQWR WKH QDWXUH RI
DFFRUGLQJ WR WK\URLG VWDWXV DQG SK\VLRORJLF VWDWH 7
05, DQG FDORULPHWU\ IRU %$7 DVVHVVPHQW ZKLFK ZLOO ID
DGGUHVVLQJ REHVLW\ DQG GLDEHWHV 7KHVH VWXGLHV PD\ O

WK\URLG WKHUDS\ LQ K\SHUWK\URLGLVP

&OLQLFDO B6LJQLILFDQFH

'"HYHORSLQJ D QHZ PHWKRG IRU %$7 LPDJLQJ WKDW HOLPLQDW
LPSRUWDQW DGGLWLRQ WR %%$7 UHVHDUFK (VWDEOLVKLQJ D -
WK\URLG PHGLFDWLRQ WKDW RSWLPL]JHV %$7 HQHUJ\ PHWDER

ZHLIJKW LV DQ LPSRUWDQW SXEOLF KHDOWK SULRULW\

&255(/$7,21 2) ,57 :,7+ ,1',5(&7 &$/25,0(75<

, VWDUWHG RIl ZLWK D SLORW GRXEOH EOLQG SODFHER FRQWL
5,QIlUDUHG 7KHUPRJUDSK\ IRU 4XDQWLILFDWLRQ RI %URZQ $GL
$CXOMWPE7,&$NWXG\ ZKLFK XWLOL]JHG ERWK FROG H[SRVXUH DC
VWLPXODWLRQ DQG LPDJLQJ WKH KHDW JHQHUDWHG XVLQJ ,57

ZLWK WKHUPRJHQHVLYVY DV PHDVXUHG YLD LQGLUHFW FDORULPI



&+$37(5

0$7(5,%/6 $1' 0(7+2'6



&$36,12,'6

&HUWDLQ IRRGV VXFK DV FDSVDLFLQ DQG LWV QRQ SXQJHQW
LQ &DSVLFXP DQQXXP LQFUHDPROHNRHUR\ HHYSEQGLWXUHHQU\
(PHU\ E\ VWLPXODWLQJ %$7 YLD WUDQVLHQW UHFHSWRU
VHQVRU\ QHXURQV OHDGLQJ WR V\PSDWKHWLF QHUYH DFWLY
6KLQWDNX HW DO 6\ PIRFKG FDFSW XOIDOH RI FDSVLQRLG FRQVL)
RI FDSVLDWH GLK\GURFDSVLDWH DQG QRUGLK\GURFDSVLDWH
KDYH PLQLPDO WR[LFLW\ RQ WKH EDWI) YRDVRGRIFWMRH PXWD.

FODVWRJIJHQLFLW\ LQ SUH FOLQLFDO WHVWLQJ

7KH 6LQJDSRUH +HDOWK 6FLHQFHV $XWKRULW\ RU +6$% WKH HT
KDV H[HPSWHG FDSVLQRLGV IURP WKHLU MXULVGLFWLRQ 5HJX
LV QRW UHTXLUHG LQ PDQ\ FRXQWULHYV DW SUHVHQW DV VXF
RIILELDOO\ FRQVLGHUHG D IRRG LQ DQG KDX EHHQ RQ Wt

VLQFH WKHQ 7KH &]HFK 5HSXEOLF LQ (XURSH RIILFLDOO\ UHF

IRRG VXSSOHPHQW LQ ,Q JUDQFH &+ 6ZHHW ([WUDFW LV
DQG IRRG VXSSOHPHQW 7KH )'$ LOQGLFDWHG WKDW FDSV
'LHWDU\ ,QJUHGLHQW 1', LQ DQG KDV EHHQ RQ WKH PDUN

VDIHW\ ZH LQYHVWLJDWHG ZKHWKHU FDSVLQRLGV FRXOG UHSE
IRU PHDVXUHPHQW RI %$7 DFWLYLW\ 7KLV VWXG\ WKXV FRQW
RI GHILQLQJ QHZ WKHUDSHXWLF WRROV IRU SUHYHQWLRQ RU

%%$7 HQKDQFLQJ VWUDWHJILHV



&2/' 67,08/%$7,21

'"HSHQGLQJ RQ WKH H[SHULPHQWY DQG WKH REMHFWLYH K\SRW
HLWKHU XVLQJ D FRROLQJ YHVW ZLWK D IL[HG WHPSHUDWXUH
YLD DLU FRROLQJ LQ D ZKROH ERG\ FDORULPHWHU :%& ZKLFK

f& %URZQ IDW DFWLYDWLRQ FDQ EH UHDGLO\ YLVXDOL]HG S

VKRZQ EHORZ

%$7 SRVLWLYH VXEMHFW

%$7 QHIDWLYH VXEMHFW

%DVHOLQH KRXU FRROLQJ YHWWRXUV FRROLQJ YHVW

JLIXUH 57 LPDJHV RI D %$7 SRVLWLYH YV %$7 QHIDWLYH VXEMHFV



+2/( %2'< &$/25,0(75<

OHDVXUHPHQWY Rl HQHUJ\ H[SHQGLWXUH (( NFDO PLQ DQG U
WKURXJKRXW WKH VWXG\ VHVVLRQV ZHUH FRQGXFWHG LQ WKH
XQGHU ERWK WKH WKHUPR QHXWUDO DQG FROG H[SRVXUH FRQ
JDVHRXV H[FKDQJHV LQ WKH RSHQ FLUFXLW DLU WLJKW LQGLU
P (DFK FKDPEHU LV IXUQLVKHG ZLWK D IXO0 VL]HG IROGDZ
WHOHYLVLRQ D ODSWRS D FRPSXWHU QHWZRUN FRQQHFWLRQ
IUHH]H WRLOHW D EXLIOW LQ@KH G WQBQFFIHUWRUHDFK FKDPEHU
D VSHELDO VWHHO GRRU WKDW FDQ EH ORFNHG DQG RSHQHG |
WKH URRP WR EH KHUPHWLFDOO\ VHDOHG IRU SUHFLVH PHDVX!
ZHOO DV IRU UREXVW FRQWURO RI WKH URRP FQLPDWH LQFOX(
3ULRU WR HDFK VWXG\ YLVLW WKH :%& ZDV FDOLEUDWHG DJDI
JDVHRXV H[FKDQJHV ZHUH PHDVXUHG FRQWLQXRXVO\ DV R[\JH
SURGXFWLRQ WKURXJK GLIIHUHQFHV EBIQ'Z FIDQ ELR® IEWRDIQGEHR %
FRQFHQWUDWLRQV 2[\JHQ FRQFHQWUDWLRIQDPDY]RHDVXUHG X'
ORGHO $2 PRGXOH ODJQRYV $%% $XWRPDWLRQ *PE+ *HUI
GLR[EBEFHQWUDWLRQ ZDV PHDVX WHRGHD L QP DEX FHSKRWRP HW t
8UDV  $%% $XWRPDWLRQKPEBLUHDPB@HY DUH PHDVXUHG LQ
VHTXHQFH DQG DOWHUQDWHG ZLWK RROLEG EW O Mi$ MQ WD R J |
DQG ]JHUR QLWURJHQ JDVHV XQGHU VWDQGDUG WHPSHUDV
DFFXUDF\ Rl WKH :%& FKDPEHUV ZDV URXWLQHO\ WHVWHG WKU
DPRXQW Rl PHWKDQRO DIXG3 @HBXXNDAPRQWY LQ RXU :%& IDFLO
2 “ FKDPEHU DQG “ FKDPEHU DQG &2
FKDPEHU DQG “ FKDPEHU ZKLOH WKH FRHIILEFLHQYV

IRU UHSHDWHG PLQXWH UHVWLQJ PHWDEROLF UDWH 505 PH



JLIXUH ,QWHULRU YLHZ RI WKH ZKROH ERG\ FDORULPHWHU ZL
VHDWHG DW WKH IDU HQG WR JLYH D VHQVH RI SHUVSHFWLYH |

JLIXUH 3LFWXUH RI WKH DXWKRU GHPRQVWUDWLQJ KRZ WKH \
KHUPHWLFDOO\ IRU SUHFLVH JDV R[\JHQ FRQVXPHG YV FDUER
DQG LQWHULRU FOLPDWH FRQWURO



'8$/ (1(5*< ; 5%$< $%62537,20(75<

%RG\ FRPSRVLWLRQ LQFOXGLQJ ERQH PLQHUDO GHQVLW\ %0"
UD\ DEVRUSWLRPHWU\ +RORJLF 'LVFRYHU\ :L $3(; 6RIWZDUH
ZLWKLQ WKH &15& ZKHUH ,)ERQG %RW KU RSRPGMHWVLF PHDVXUHYV
%0, ZDV FDOFXODWHG DV WKH ERG\ ZHLJKW LQ NLORJUDPV Gl
PHWUHV MRB ERG)\ IDW SHUFHQWDJH ZDV HVWLPDWHG XVLQJ

LPSHGDQFH PHWKRG 7DQLWD 0& 0$ 3 7DQLWD ,QF -DSDQ

)LIXUH 5HVHDUFK GHGLFDWHG +RORJLF 'LVFRYHU\ :L ";$ VFD
IRU PHDVXUHPHQW RI ERG\ FRPSRVLWLRQ



,1)5$5(" 7+(50%/ &$0(5% 6(7 83

7KH IROORZLQJ LOOXVWUDWHY WKH PDIQQHU RJLMHW XS RI WKH

JLIXUH 6WDWH RI WKH DUW )/,5 7 PRGHO KLJK UHVROXWLRQ
VWXGLHY GHVFULEHG KHUH VKRZLQJ ERWK QRUPDO YLVLEOH O
LPDJHV

JLIXUH )/,5 7 ,QIUDUHG 7KHUPDO &DPHUD PRXQWHG RQ D W



,1)5$5(" 7+(502*5$3+< ,57 352&('85(

6 XEMHFWY ZHUH VHDWHG LQ DQ XSULJKW SRVWXUH RQ DQ DU
SRVLWLRQ DQG DUPV DGGXFWHG $ WKHUPDO LPDJLQJ FDPHUD
ZDV PRXQWHG RQ D WULSRG SODFHG RQ WKH OHIW RI WKH V>
PHWUH DzZD\ I[IURP WKH VXEMHFW({V IDFH $00O ,57 YLGHR UHFR
UHFRUGLQJ SHULRG RI VHFRQG DW D UDWH RI I UDPHV SHU
RI WKH OHIW FHUYLFDO DQG VXSUDFODYLFXODU & 6&9 UHJLR
GHOWRLG ZHUH FDSWXUHG 7KH GHOWRLG ZDV VHOHFWHG DV
GHYRLG RI %%$7 6XEMHFWV ZHUH UHTXHVWHG WR UHPDLQ DV
DSSRVHG DJDLQVW WKH EDFN RI WKH FKDLU WR PLQLPL]H PRY

WKHUPDO YLGHR UHFRUGLQJV

,1)5$5(' 9,'(2 $1$/<6,6

7KHUPDO GDWD ZDV LQLWLDOO\ UHFRUGHG LQ D UDGLRPHWUL
LQWR DYL DQG FVY ILOHV XVLQJ WKH )/,5 5HVHDUFK,5 6RIW?Z
86$ :RUNLQJ RQ WKH H[SRUWHG ILOHV DQ LQ KRXVH DOJRUL
5HJLRQ *URZLQJ 65fLIWHRHDYLWXHQ XVHG WR GHWHFW ORFDO
52,V ZKLFK LQ WKLV VWXG\ UHIHU WR WKH KRW UHJLRQV R
GHSRWV %$7 WKHUPRJHQHVLV OHDGV WR DQ HOHYDWLRQ f
ERXQGDU\ RI VNLQ RYHUO\LQJ DFWLYH %$7 GHSRWV PD\ WKXV
D VKDUS FKDQJH LQ WHPSHUDWXUH EHWZHHQ %$7 DQG QR

UHVHDUFKHUV XWLOL]HG D WKUHVKROG VHIJPHQWDWLRQ WHFK



YDOXH RI WKH KLJKHVYW5 5HWHDYIFK,GVZHEOLQN +R\W HW DO
PRGLILHG WKLV #DJIWHHKWQDDOH DSSOLHG LW WR ,5 YLGHR WR

RI LQWHUHVW 52,V RU QDPHO\ WKH KRWY UHJLRQV RYHUOD\L(

,0$*( 352&(66,1* 6(*0(17$7,21 $/*25,7+0

¥% TKH WKUHVKROG XVHG LQ WKH VHIPHQWDWLRQ PHWKRG L\
WKUHVKROG 7KH VHIPHQWDWLRQ VWDUWYV IURP D XVHU C

JURZV WR LWV QHLJKERUV JUDGXDOO\ 7KH WKUHVKROG L\
¥% 7TKH VHIPHQWDWLRQ PHWKRG LV FDOOHG 3UHJLRQ JURZWK
6WHS OHW XVHU LQSXW D VHHG RQ WKH SLFWXUH 7KL
6WHS FRPSXWH WKH PHDQ WHPSIHHDDQMBXUH RI WKH FXUL
6WHS JURZ WKH 52, E\ LOQFOXGLQJ WKH QHLJKERULQJ ¢

6WHS SLFN RQH SL[HO DPRQJ DOO WKH QHLJKERULQJ ¢
KDV WKH PLQLPXP WHPSHUDMNXBIJHAKGE VI IGILU HIARHQ Z HWLKV

QRWDWIHEBDYHW WKLV SLFNHG SL[HO DV WKH QHZ VHH

6WHS FRPGBUYHWK WKH SUH GH QLB "WKWHHWKKHRR@G |, |

JR WR VWHS RWKHUZLVH VWRS

%DVHG RQ RXU H[SHULHQFH WKH WKUHVKROG YDXQJHV IURP



B> B = g =

6 WH 6WHS 6WHS 6WHS

JLIXUH 6HHG JURZLQJ DOJRULWKP 65* RI LPDJH VHIPHQWDW
WHPSHUDWXUH

7KH PD[LPL]HG 52, LV WKH XQLRQ RI DOO WKH 52,V RI WKH WLPF
Rl WKH 52,V 6LQFH WKH PD[LPL]HG 52,V PD\ FRQWDLQ VRPH EL
UHILQHG LW E\ UHPRYLQJ WKH SL[HOV ZKRVH WHPSHUDWXUH Y

SUDFWLFH WKLV WKUHVKROG LV GHILQHG WR EHLWKH PLQLPXT

yLJ

SLFWXUH VHULHV DIWHU FDOLEUDWLRQ

OD[LPLIHG 5HILOHG

JLIXUH 6HJPHQWDWLRQ RI 52, WR GHILQH %%$7 SRVLWLYH UHJI

6&9



5LJKW /DWHUDO

7LPH PLQ PLQ PLQ PLQ

/HIW /DWHUDO

JLIXUH ,QFUHDVH LQ WHPSHUDWXUH RI 52, GXULQJ FROG VWL

+($7 32:(5 &20387%$7,21

7KH DOJRULWKP FDOFXODWHYVY WKH PHDQ WHPSHUDWXUH RI Wk
RYHUDOO 52, )UDPH DYHUDJLQJ LV ILUVW SHUIRUPHG DFURVYV
WR DXJPHQW VLIQDO WR QRLVH UDWLR IROORZLQJ ZKLFK WK

DYHUDJHG LPDJH IRU GHULYDWLRQ RI WKH 52,1V PHDQ WHPSHI

7KH DOJRULWKP VXEVHTXHQWO\ TXDQWLILHV KHDW SRZHU R

%ROW]PDQQ ODZ

Stf- '™t ‘————L YBAEUNU#UG®G



"KHUHEVHIHUV WR HPLVVLYLW\ & LV VRKHK&PBI® ¥ NCROW]PDQQ
[ :P. NGHILQHV WKH SL[HO WR PHWUH FRQYHUVLRQ ID
WKH DUHD HQFORVHG E\ WKH IDFLDO PDUNHU¥ LYKLRKK GHPD!

DUHD RI WKH RYHUD® O KBIHWQ V6R [WB&HW PRIBQ 52, WHPSHUDWXUH

,Q RUGHU WR FRPSDUH WZR WLPH SRLQWV ZH FDOFXODWH WK

%ROW]PDQQYY HTXDWLRQ RI UDGLDWLYH HQHUJ\ WUDQVIHU

: 0 1
W@t 5 1m 7. LM@
L M
ZKHUH
» 3™ LV IRU HPLVVLYLW\ ZH XVH IRU KXPDQ VNLQ
» 3V LV WKH 6WHIDQ %ROW]PDQQYV FRQVWDQW H
,3$" LV WKH 52, DUHD ZH FDOFXODWH $ H o
52,

, 37" PHDQV 52, WHPSHUDWXUH LQ .HOYLQ

678'< 35272&2/ T7%$&7,&%$/ ,,

%URZQ $GLSRVH 7LVVXH $FWLYDWLRQ DQG (QHUJ\ ([SHQGLWXU

7UL PRGDOLW\ ,PDJLQJ XVLQJ ) )'* 3(7 )DW )UDFWLRQ 05, DQ(

7KH SURFHGXUDO DVSHFWYV RI 7%$&7,&%DQGLWRKKBRDVULIVOE EQQ

IRXQG LQ $SSHQGL]



J)LIXUH 6FKHPDWLF IORZ FKDUW RI 7$&7,&%/ ,, SURFHGXL

%ORRG VDPSOLQJ ZHUH WDNHQ YLD ERWK GLUHFW YHQLSXQF

LQGZHOOLQJ LQWURYHQREQIPNDRDQ XDV HREWDLQHG E\ VSLQQLQJ



XVLQJ D ODERUDWRU\ FHQWULIXJH DQG SLSHWWHG FDUHIXOC(

GRZQVWUHDP EHQFKLZRUN DQOGQIVHYV

)LIXUH SKOHERWRP\ DQG YHQLSXQFWXUH RI D VWXG\ VXEMHE



JLIXUH $XWKRU DOLTXRWLQJ SODVPD VDPSOHV DIWHU FHQW

JLIXUH $XWKRU SHUIRUPLQJ EHQFK ZRUN LQ KLV ZHW ODERU



05, 056 SBURWRFR®9RINV LW

7KH VXEMHFWV XQGHUZHQW DQDWRPLFDO 05, WR GHWHUPLQH
OHYHOV DQG 056 WR GHWHUPLQH KHSDWLF WULJO\FHULGH FRC
RQ D VHIPHQWDWLRQ SURWRFRO ZH SXEOLVKHG LQ DQRWKHU
ZKLFK DEGRPLQDO IDW FDQ EH VHIPHQWHG LQWR YLVFHUDO D
DGLSRVH WLVVXH 6%$7 GHSRW ZKLFK FDQ EH VXEGLYLGHG LQ

6$7 '6$7)LJ

6XEFXWDQHRXYV

$GLSRVH 7LVVXH

687 9LVFHUDO $GLSRVH
7LVVXH 9%7

J)LIXUH 05, RI DEGRPLQDO ZKLWH DGLSRVH WLVVXHV :$
VHIPHQWDWLRQ XVLQJ SRLQW 'L[RQ DOJRULWKP LQWR 6%$7 D
KHSDWLF WULJO\FHULGHYV



3(7 DQG 05 ,PDJLQJ BURWRFRO IRU %$7

7KH 7 05, 3(7 V\VWHP P05 6LHPHQV DW WKH $ 67%$5 186 &OLC

&HQWHU &,5& ZDV EHLQJ)XVYHG IRU WKLV SURMHFW

)LIXUH )XVLRQ 3(7 05, VFDQQHU DW WKH &,5& IDFLOLW\ DW 0

JLUVW WHVAEYVYMVYWLRQ

7KH )'* 3(7 DQG 05, ZHUH FRQGXFWHG ZKHQ %$7 ZDV DFWL)Y
YLD D SXEOLVKHR® HSBWUKRWRFRAMHW DWKIBW&YKRZHG XQHTXLYRFD
VWLPXODWLRQ E\ FDSVLQRLGV 2XU SUHGER|&ID WDOVWRXGLHYV

LQGLFDWHG WKDW RUDO FDSVLQRLGY DFWLYDWH %$7 WR D PH

6 XEMHFWYVY LQJHVWHG JHO FDSVXOHV RI FDSVLQRLGYV PJ

05, 056 RI IDW |1UDREWLER Q&



6HFRQG WHW® MHWLRQ

JRU VXEMHFWY ZKR GHPRQVWUDWHG )'* QCSWDNW L& KMKH |

XQGHUZHQW D 3(7 IDW IUDFWLRQ 05, RI %%$7 :$7 ZLWKRXW FDS)\

7KHVH VXEMHFWV ZHUH QRW EH UHTXLUHBNARLIARPH EDFN IRL

JRU VXEMHFWY ZKR GLG QRW GHPRQVWUD®FY VL WS WDKK\ LQ
XQGHUZHQW D 3(7 IDW IUDFWLRQ 05, RI %$7®R&SIXYLYK FROG \
FRROLQJ YHVW 6XEMHFWYV ZRUH D FRROLQJ YHVW DQG XQGHU
GLITHUHQW XSSHU ERG\ ORFDWLRQV IRU DSSUR[LPDWHO\ DQ KI
ORFDWLRQV ZKH WH WK I$ QRFHNGWERWQY DV IROORZV
R /HIW 5LJKW VXSUDFODYLFXODU
R /HIW 5LIJKW XSSHU DUP

R $ERYH WKH QDYHO DW WKH DEGRPHQ

7KHVH VXEMHFWV ZHUH DOVR EH UHTXLUHBYWRLMRPH EDFN IR

6XEMHFWV WKHQ SURFHHGHG WR &,5& $IWHU WKH\ ZHUH SRVl
LQMHFWHG ZLWK )'* DQG XQGHUZHQW G\QDRUF 3(7 VFDQOQL
%HIRUH LPDJLQJ LQWUDYHQRXV LQMHFWLRQ RI P&L 0%
WKURXJK DQ LQWUDYHQRXV FDQQXOD LQ D YHLQ RI WKH XSSt
3(7 VFDQQLQJ FRPPHQFHG IURP WKH QHFN WR WKH VKRXOGHU
UHVXOWHG LQ D UDGLDWLRQ H[SRVXUH QRW H[FHHGLQJ P
LQFOXGHG D 7 VHTXHQFH IROORZHBDB'SZOW HAK HD®5 ,L B D RMORIFE
ZDV UHSHDWHG GXULQJ WKH PLQ LPDJLQJ VHVVLRQ WR

UHSURGXFLELOLW\ )RU ZDWHU IDW LPDJLQJ D "' PXOWL HFKR



SHUIRUPHG )URP WKH LPDJHV FRQWDLQLQJ HLWKHU WKH VXP
SKDVH RI WKH ZDWHU DQG IDW VLIJQDO DQG PXOWLSOH HFKR
RXW PRUH DFFXUDWHO\ ZLWK 7 DQG SKDVH FRUUHFWLRQ XV

ZHUH DFTXLUHG XVLQJ PXOWL HFKR VSLQ HFKR VHTXHQFHYV

T 7LPH PLQ

,QMHFW )'*

YLIXUH 05, VHTXHQFH ORFDOL]HU 7 1 )6( 7 PXOWL
PDSSLQJ

:KROH ERG\ FDORULPHWU\ :%& DQG ,57 LPDJLQJ

7KLUG WHVWYVNVWLRQ

7KH WZLQ URRP FDORULPHWHWDRDNFKDLRX\DLQHF KDPEHXUQLVRHG ZI
WDEOH FKDLU VLQN PLUURU IUHH]H GU\ WRLOHW ERZO WHO
FRQQHFWLRQ DQG ZLQGRZV W LV HTXLSSHG ZLWK VDIHW\ IHD
DQG D ILUH HPHUJHQF\ VA\VWHP DQG LV KHUPHWLFDOO\ VHDOH (
DGMXVWDEOH UHODWLYH KXPLGLW\ DQG WHPSHUDWXUH 3UHFI
GLR[LGH FRQFHQWUDWLRQV RI LQOHW JDVHV DQG H[SLUHG JD\
PRGLILHG :HLU HTXDWLRQ DQG UHVSLUDWRU\ TXRWLHQW 54

EH DFFXUDWHO\ FRPSXWHG E\ VRIWZDUH EDVHG RQ UHFRUGHG

GLR[LGH SURGXFWLRQ LQ WKH URRP FDORULPHWHU



6XEMHEWVY ZHUH IDVWHG RYHUQLJKW DQG DYRLGHG FDIIHLQH I
WHVW DW K DQG DYRLGHG VWUHQXRXV DEWLYLWLHV WKH Z
WHVWLQJ DWWLUH RI VLQJOHW DQG VKRUWYV ZLWK FORWKLQJ L
RI LQVXODWLRQ PHWULFDQ FRXQW RIPLQVXODWLRQ WKDW DO
UHVW WR PDLQWDLQ WKHUPDO HTXLOLEULXP LQ DQ HQYLURQP

PV DLUPRYHPHQW $V DQ H[DPSOH RI LQVXODWLRQ YDOX

D SRODU GRZQ GXYHW KDV DERXW FOR XQLWYV

$W EDVHOLQH WKH VXEMHFW VDW TXLHWO\ RQ D FKDLU ZLWKL

WKHUPRQHXWRDIRIUW\ FlaQ IRU %05 PHDVXUHPHQW DQG ,5 WKHL

WDNHQ VLPXOWDQHRXVO\ GXULQJ WKH %05 PHDVXUHPHQW W

SDUDPHWHUV pu$XWR IRFXVY pUDLQERZ OLQHDU VLIJQDOY SL[H
& HPLVVLYLW\ GLVWDQFH P

7KH VXEMHFW QH[W LQJHVWHG PJ RI FDSVLQRLGYV JHO FDS\

UHSHDWHG RYHU PLQ GHWHUPLQHG DV WKH RSWLPL]JHG SUI

JRXUWK WHWMAYY MHW LR Q

IRW2HQ O\ IRU VXEMHFWYV ZKR GLG QRW GHPRQVWUDWH )'* XSWD

XQGHUZHQW D FROGRVWIVRXOODNVERROZA@J YHVW RQ WKH VHFRQC

6XEMHFWVY ZHUH IDVWHG RYHUQLJKW DQG DYRLG FDIIHLQH DQ¢
DW K DQG ZHUH UHTXLUHG WR DYRLG VWUHQXRXV DFWLYLW
VWDQGDUGL]HG WHVWLQJ DWWLUH RI VLQJOHW DQG VKRUWYV Z
XQLWYV ,Q WHUPV RI LQVXODWLRRQPEWRX.EW RIFO®RVXODWRRQ W

DOORZV D SHUVRQ DW UHVW WR PDLQWDLQ WKHUPDO HTXLOLE



QRUPDOO\ YHQWLODWHG URRP PV DLUPRYHPHQW  $V DQ

QDNHG ERG\ KDV FOR ZKHUHDV D SRODU GRZQ GXYHW KDV DE

$W EDVHOLQH WKH VXEMHFW VDW TXLHWO\ RQ D FKDLU ZLWKL
WKHUPRQHXWRDIRIUW\ FlaQ IRU %05 PHDVXUHPHQW DQG ,5 WKHL
WDNHQ VLPXOWDQHRXVO\ GXULQJ WKH 