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ABOUT

The Everyday Concerned Citizen is a News & Media site and Magazine
for the everyday working person to easily get info & take online action in
the ongoing campaign to revive & restore our country—the original
Constitutional Republic of the USA on the Land, in sovereignty, in

freedom, and with full expression of our God-given rights in common law—&

world.

This is also the site of writer
Ramola D's journalism in
reports and commentary, as
she works with greater focus as
a journalist covering matters of
21st-Century Science and
Technology, History of

Science, Lack of Ethics in

Science,
MNeurotech/Nanotech, Subversion of all Extant US and International
Law in Secrecy, Surveillance, Intelligence, Security, Military
Aggression, Globalist Lunacy, International Banker and Pirate
Takeover of Governmenis, as well as matters of New and Emerging
Science in Consciousness, Freedom, Sovereignty, and the God-Given
Rights of all Living Beings, Animals, Flora and Fauna, Men, Women,
and Children on this Plane Earth.

&DUQLFRP ,QVWLWXWH VHSDUDWHG IURP <RX7XEH VHYHUIL
RQ WKH ZDOO DQG WKH UHDVRQ IRKHWIKDW 2ARXSDA DWERBP
ER\FRWW <RX 7XEH DQG *RRJOH WR WKH GHJUHH WKDW \R

3OHDVH DOVR QRWH WKH OLQN JLYHQ [EGHIEORVFWKDWLRIQVERL
FRQWHQG WKDW WKLV LQYROXQWDU\ VHL]XUH DQG FRQILC
H[SUHVVLYH RI WKH VWDWH RI KXPDQ ULJKWV YLRODWLRGC
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POLICE DEPARTMENT ON FALSE CLAIM FROM
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7KH IRO@RAVPIHQW FDQ EH UHJDUGHG DV IXQGDPHQWDO I
&DUQLFRP ,QVWLWXWH 'LVFORVXUH 3URMHEW &,'3  7KH !
GHFDGHV Rl ZRUN WKDW SUHFHGHY DQG LV KHOSIXO WR X
GRFXPHQW LV LQ 3') IRUPDW DQG SDJHV LQ OHQJWK

7KH GRFXPHQW FRQVLVWYV RI WKH WUDQVFULSW RI DQG V>
SXEOLF OLYH SUHVHQWDWLRQ E\ &DUQLFRP ,QVWLWXWH .
S*HR(QJLQHHULQJ %LR(QJLQHHULQJ 7KH 8QPLVWDNDEOH
6DQWD )H 10 $00 SULRU UHVHDUFK VKRXOG EH UHJDUGH
XQGHUVWDQGLQJ WKH FRQWH[W RI WKH &,'3 DQG WKH IRC
VXFFLQFW VXPPDU\ Rl WKH &, UHVHDUFK WKDW SUHFHGHYV

TKEBREXPHQW LV DYDLODEOH KHUH DQG DW WKH OLQN JLY

X
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“CARNICOM INSTITUTE : PAST, PRESENT & FUTURE”

Clifford E Carnicom

President, Carnicom Institute

BioEngineering & GeoEngineering : The Unmistakable Link
April 27 - 28, 2019
Santa Fe, NM

Carnicom Institute is a non-profit organization working solely for the benefit of humanity. Our goal
is to provide the public with beneficial and responsible information through scientific, educational,
environmental, and health research for the public welfare,
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7KH &DUQLFRP ,QVWLWXWH 'LVFORVXUH 3URMHFW KDV LQ WKH PDLQVWD\ EHHQ UH
UHFRPPHQGHG WKDW D JOREDO ER\FRWW RI <RX7XEH VHUYLFHV EH LQ SODFH E\ DO(
DOWHUQDWLYH ORFDWLRQ IRU YLHZLQJ LV SURYLGHG EHORZ
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%ORRG $OWHUDWLRQV , &RDJXODWLRQ

[l FPUQLFRPLQVVEIORREHFRDIXODWLRQ

I1RWH &DUQLFRP ,QVWLWXWH LV QRW RIIHULQJ DQ\ PHGLFDO DGYLFH RU GLDJQRVLYV .
LQGHSHQGHQW UHVHDUFK HQWLW\ WKDW LV SURYLGLQJ WKH UHVXOWY RI HIWHQGHG
HYLGHQW (DFK LQGLYLGXDO PXVW ZRUN ZLWK WKHLU RZQ KHDOWK SURIHVVLRQDO W
FRPPHQWY LQ WKLV SDSHU DUH IRU LQIRUPDWLRQDO SXUSRVHYV

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBEBBBBBEBBBBBBBBBBBBBBBBBBBBBBBBBBI
6800%$5<

%ORRG FRDIJXODWLRQ SKHQRPHQD DSSHDU WR EH HYLGHQW LQ WKH KXPDQ VSHFLHV
LQ KHDOWK WKDW UHVXOW IURP 23&29,"" HUD DFWLYLW\ RU SUDFWLFHV )XWXUH 3&29,'
WR 3YDFFLQDWLRQV ~ 6XFK DQDO\VLVY PD\ GLVFRYHU FXUUHQW XQNQRZQ RU FRPELQH(

7KH FRDJXODWLRQ IDFWRUV DSSHDU WR DVVRFLDWH ZLWK WKH SUHVHQFH DQG HIIHF)
IRUP LGHQWLILHG DQG VWXGLHG E\ &DUQLFRP ,QVWLWXWH RYHU WKH ODVW \HDUV
VXEMHFW WR WKHVH FRDJXODWLRQ IDFWRUV

BEBBBEBBBEBBBEBBEBBEBBBEBBEBBBEBBEBBBEBBBEBBBEBBBEBBBEBBBEBBBBBBBBBBBBBBBBBBBEBB!

7KLV SDSHU LV 3DUW 2QH RI D 6L[ 3DUW 6HULHV

7KH IROORZLQJ LQIRUPDWLRQ VKRXOG QRW EH RYHUVWDWHG DQG , ZLOO GR P\ EHVW
VKRXOG RQWHBENWDND WHKE\ DUH Rl JUHDW VLJQLILFDQFH WR WKH KHDOWK RI RXU VSHFL

, ZRXOG OLNH WR VHW WKH VWDJH IRU WKH LQIRUPDWLRQ IRUWKFRPLQJ LQ WKLV DQC
ODERUDWRU\ IDFLOLW\ DQG WKLV KDV EHHQ WKH FDVH IRU VRPH WLPH LQVWUXPHQW
H[LVWV

&DUQLFRP ,QVWLWXWH LV LQ D WUDQVLWLRQDO VWDJH RI UHOHDVH RI DOO LQIRUPDW
FRPSUHKHQVLRQ RI WKH LQIRUPDWLRQ DV FHQVRUVKLS HVS *RRJOH <RX7XEH HWF
VXFK IRU PDQ\ \HDUV QRZ ,QGLYLGXDOV DUH QRZ HIWHUPLQDWHG RU LQFDSDFLWDWF
&DUQLFRP . QVWILWXWH 'LVFORVXUH 3URMHFW OLQNV LPPHGLDWHO\ IROORZLQJ

BEBBBEBBBEBBEBBEBBBEBBBEBBBEBBBBBBBBBBBBBEBEBBBBBBBBB
/,1.6 72 7+( &$51,&20 ,167,787( ',6&/2685( 352-(&7

SUHUHTXLVLWH . QIRUPDWLRQ IRU WKH &DUQLFRP ,QVWLWXWH 'LVFORVXUH B3URMHFW
<RX7XEH 5HPRYHYV &DUQLFRP . QVWLWXWH 'LVFORVXUH B3URMHFW

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

+DYLQJ VDLG WKLV WKHUH LV QRZ UHVHDUFK E\ WKLV RUJDQL]DWLRQ WKDW UHTXLUF
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7KH PRWLYDWLRQ IRU WKLV SURMHFW LV WKH IROORZLQJ ,W LV WKDW RI FXULRVLW\
DQ HSLF OHYHO RYHU WKH ODVW IHZ \HDUV LQ PRVW HYHU\ PDQQHU LPDJLQDEOH 7Z
FRQWURO HVSHFLDOO\ ZLWK UHJDUG WR WKH 3&29,"" VLWXDWLRQ

&DUQLFRP ,QVWLWXWH KDV EHHQ REVHUYLQJ KXPDQ EORRG FRQGLWLRQV DOPRVW VL
UHVHDUFK SDSHUV LQ WKDW UHJDUG 2QH QDWXUDO TXHVWLRQ DULVHV DQG WKLV L
EORRG VDPSOHV EHIRUH DQG DIWHU WKH 3&29," DQG *YDFFLQDWLRQ  HUD WKDW ZH D
DQG LW GHVHUYHV DQ DQVZHU 8QIRUWXQDWHO\ LW LV QRW DW DOO FHUWDLQ RU V>
DQVZHU LW

*LYHQ WKRVH FRQGLWLRQV &DUQLFRP ,QVWLWXWH VWLOO ZLVKHV WR FRQWULEXWH '
KDQG

1IH[W ZH PXVW OD\ GRZQ VRPH JURXQGZRUN $ VWURQJ GLVWLQFWLRQ PXVW EH LQ W
HUDV $00 SDVW &, UHVHDUFK LV 35( &29," UHVHDUFK 7KH FXUUHQW ZRUN WDNHV S
H[DPLQHG ZLWKLQ WKLV UHSRUW DUH IURP LQGLYLGXDOV :,7+287 D &29," 3YDFFLQDW
VHULRXV LVVXHV DIRRW %()25( FRQVLGHUDWLRQ RI GLUHFW HIIHFWV I URP WKH YDULR
RQO\ LQWHQVLILHY WKH QHHG IRU UHVHDUFK WKDW LV FRPSOHWHO\ EH\RQG WKH UDC

2QH VWDQGDUG PHWKRG RI H[DPLQDWLRQ LV WR SUHSDUH D GULHG EORRG VPHDU RQ
SDVW $IWHU D VHYHUDO \HDU KLDWXV LQ EORRG REVHUYDWLRQ LW DSSHDUV WKDW
\HDUV 7KH OHYHO RI FRDJXODWLRQ URXOHDX[ RU DJJOXWLQDWLRQ DSSHDUV PRUH
GLIILFXOW WR DFKLHYH $ UHDO WLPH EORRG FRDJXODWLRQ REVHUYDWLRQ LV UHTXI

$ UHIHUHQFH LPDJH IRU D KXPDQ EORRG VPHDU DSSHDUV EHORZ $ FRXSOH RI REYLR
XQLIRUP FLUFXODU JHRPHWU\ DQG WKH IUHH VWDQGLQJ QDWXUH RI WKH EORRG FHOC

'L 8./ 9
08308 0 %

— —

SHIHUHQFH +XPDQ %ORRG 6PHDU
6RXUFH L\WPHG FRP

‘H QRZ GHVFULEH WKH VDPSOH VHW 7KH VDPSOH VHW FRQVLVWYV RI IRXU OLYH EORR
FLWL]JHQV ZLWK QR EORRG UHODWLYHV LQYROYHG )RXU TXHVWLRQV ZHUH DVNHG RI

$JIH
6H|

, I WKH LQGLYLGXDO KDV UHFHLYHG DQ\ &29,' 3YDFFLQDWLRQV"~

, ) WKH SDUWLFLSDQW OLYHV ZLWK RU LV LQ FORVH DVVRFLDWLRQ ZLWK DQ LQGLYL

7KH UHVSRQVHY DUH DV IROORZYV



6XEMHFW $JH 6H] 3&29," 9DFFLQDWLRQ" B39DFFLQH" 3UR[LPLW\

ODOH 121( 12
JHPDOH 121( 12
ODOH 121( 12
JHPDOH 121( 12

%HIRUH SURFHHGLQJ WR YLHZ WKH VDPSOHV LW LV KHOSIXO WR UHFDOO WKH IROOR:

7KH EORRG VDPSOHV DUH RI D GURS RI IOXLG KXPDQ EORRG FRYHUHG ZLWK D FRYF
VLIJQLILFDQW DLU H[SRVXUH GXULQJ WKH REVHUYDWLRQ SHULRG

7KH VDPSOHV H[DPLQHG DUH IURP LQGLYLGXDOV WKDW KDYH 127 UHFHLYHG DQ\ RI

7KH LQWHUSUHWDWLRQ RI WKHVH LPDJHV UHTXLUHV D OHYHO RI IDPLOLDULW\ ZLWEk

1RZ OHW XV ORRN DW WKH GDWD VDPSOHYV

6XEMHFW + ODOH % <HDUV

(ODSVHG 7LPH %ORRG &RDJXODWLRQ 6WDWXV YV (ODSVHG 7LPH
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PLQ

JURP WKH VWDQGSRLQW RI D UHVHDUFKHU OHW XV PDNH VRPH REVHUYDWLRQV DQG F
DVVHVVPHQWY RI DQ\ NLQG DUH EHLQJ PDGH W LV RI EHQHILW WR VWDUW ZLWK D E

7KH GLVUXSWLRQ RI EORRG LV H[KLELWHG DW H[WUHPH OHYHOV LQ WKH SKRWRV DER
DOO EH EURXJKW IRUZDUG LPPHGLDWHO\

5RXOHDX[ LV WKH FKDUDFWHULVWLF RI EORRG FHOOV DOLJQLQJ WKHPVHOYHV LQ URZ
EORRG VXFK DV ILEULQRJHQ RU JOREXOLQ $JJOXWLQDWLRQ LV WKH UDQGRP DQG GL
IRUPDWLRQ RI DQWLERG\ DQWLJHQ FRPSOH[HV &RDJXODWLRQ LV WKH SURFHVV E\ Z}
SUHVXPH WKDW DOO WKUHH SKHQRPHQD DUH OLNHO\ FORVHO\ UHODWHG RU DVVRFLD

7KHUH DUH ERWK GLITHUHQFHYVY DQG FRPPRQDOLWLHV ZLWKLQ WKHVH EORRG VDPSOH\
JHRPHWU\ DQG VSDWLDO EHKDYLRU 7KH PLFURVFRSH WKDW LV DYDLODEOH IRU WKLYV

[ &DUQLFRP ,QVWLWXWH UHVHDUFK KLVWRU\ LV DQ LPSRUWDQW DVVHW WR UHOD
FDOLEHU HTXLSPHQW 7KH SUHVHQFH RI WKH 3FURVVY GRPDLQ" EDFWHULD DV GLVFOF
WKHVH LPDJHV

/HW XV IROORZ ZLWK VRPH REVHUYDWLRQDO FRPPHQWY RQ HDFK VDPSOH VHW
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

6XEMHFW LV D PDOH RI \HDUV 7KH LQLWLDO DSSHDUDQFH RI WKH EORRG LV WKH
I[IUHH VWDQGLQJ DQG RI IDLUO\ XQLIRUP VSKHULFDO JHRPHWU\ W ZDV DOVR REVHUY}
VDPSOHVY DQG WKDW WKLV HYHQ IORZ HIWHQGHG ORQJHU LQ WLPH WKDQ ZLWK WKH F

7KH URXOHDX[ SKHQRPHQRQ PDUNHGO\ EHJLQV ZLWKLQ D IHZ PLQXWHV W LV RI DQ
FKRRVLQJ WR YLHZ OLYH IOXLG EORRG ZDV WKH XQXVXDO GLIILFXOW\ HQFRXQWHUHG
REVHUYDWLRQ RI IOXLG EORRG LV WKH PRVW LQVLIJKWIXO zZD\ LQ ZKLFK WR H[DPLQH

%\ WKH HQG Rl WKH PLQXWH ZLQGRZ RI H[DPLQDWLRQ ERWK URXOHDX[ DQG DJJOXV
XQGHU YLHZ WKDW WKH VXEMHFW KDV QRW UHFHLYHG DQ\ RI WKH *&RYLG YDFFLQDW
DQ\RQH WKDW KDV

BEBBBEBBBBBBEBBBEBBBBBBBBBBBBBBBBBBBBBBEBEBBBBBBBBB

6XEMHFW LV D IHPDOH RI \HDUV 6LJQLILFDQW URXOHDX[ DQG DJJOXWLQDWLRQ R/
FRQGLWLRQV RQO\ FRQWLQXH DQG LQWHQVLI\ GXULQJ WKH PLQXWH REVHUYDWLRQ
VDPSOHV DUH VWDELOL]HG LQ WKHLU DSSHDUDQFH E\ WKH HQG RI WKLV PLQXWH SF



BBEBBBEBBBEBBEBEBBEBBBEBBBEBBBEBBBBBBBBBBBBBEBEBBBBBBBBB

6XEMHFW LV D PDOH RI \HDUV 5RXOHDX[ DQG DJJOXWLQDWLRQ DW PRGHUDWH OH
EORRG DQG LWV DJJUHIJDWLRQ UHPDLQV UHODWLYHO\ VWDEOH DFURVV WKH PLQXW

$QRWKHU YDULDWLRQ WKDW LV VLIJQLILFDQW LV WKH GLVWXUEDQFH RI WKH JHRPHWU
SFURVV GRPDLQ EDFWHULD ™ &% LQ ODUJHU QXPEHUV VXUURXQGLQJ DQG ZLWKLQ WK
,QVWLWXWH DUH DYDLODEOH RQ WKLV VLWH DQG WKH UHDGHU LV HQFRXUDJHG WR E
LQ WKLV VDPSOH DUH GHSHQGHQW XSRQ WKDW NQRZOHGJH EDVH

$// VDPSOHV RI EORRG REVHUYHG RYHU WZR GHFDGHV VKRZ VRPH OHYHO RI &% SUHV
SUHVHQFH 7KLV SDUWLFXODU VDPSOH H[KLELWYV D KLJKHU &% SUHVHQFH WKDQ WKF
PRGHVW PLFURVFRSH YLHZ [ $Q H[DPSOH RI WKH &%' SUHVHQFH ZLWKLQ WKH VD
UHVHDUFK RI &DUQLFRP ,QVWLWXWH IRU HIWHQGHG GLVFXVVLRQ RQ WKLV PLFURELDC

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

6XEMHFW "LJLWDO ODJQLILFDWLRQ Rl %ORRG 6DPSOH ZLWK &'% 6KRZQ :LWKLQ 5HG
$SSUR]J [

BEBBBEBBBEBBEBBEBBBEBBBBBBEBBBBBBBBBBBBBEBEBBBBBBBBB

6XEMHFW LV D IHPDOH RI \HDUV 7KH FRQGLWLRQ RI WKLV EORRG VDPSOH IURP W
GHYDVWDWLQJ $ FRPELQDWLRQ RI H{WUHPH JHRPHWULF EUHDNGRZQ PDVVLYH &'% S
GLIILFXOW WR FRQFHLYH RI WKH EORRG LQ WKLY VDPSOH EHLQJ DEOH WR VDWLVIDFW

6DPSOHV RI EORRG FRPSDUDEOH WR WKLV VWDWH KDYH EHHQ VHHQ ZLWKLQ &DUQLFR
QRWLQJ WKDW 6XEMHFW LV WKH \RXQJHVW ZLWKLQ WKH VDPSOH VHW &KLOGUHQ D
QRW H[HPSW IURP WKH SUHVHQFH DQG H[LVWHQFH RI WKH &'%

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

7KHUH LV DQ LPSRUWDQW TXHVWLRQ KHUH DQG WKLV LV WKH KRZ OLNHO\ WKH HYHQ
DQ HI[DPLQDWLRQ RI WKLV TXHVWLRQ OHDGV WR VRPH LQWHUHVWLQJ UHVXOWV :KHC
WKH ODVW WZR GHFDGHV WKH UHVXOWY EHFRPH HYHQ PRUH FRQILUPLQJ RU GDPQLC

,Q WKH GLVFXVVLRQ WKDW IROORZV SOHDVH UHFDOO WKDW 12 KXPDQ EORRG VDPSO'l
WKHPVHOYHV WR ERUFRBMHQRPRIL /éEm FWeH LQPHQFODW XUH $V LW ZLOO EH VHHQ WK
WKDW LV PDGH KHUH

/HW{V VWDUW RXW DW D PRUH FRQFHSWXDO OHYHO



7R EHJLQ ZLWK D UHDVRQDEOH DUJXPHQW FDQ EH PDGH WKDW WKH LQGLYLGXDOV SC
EORRG UHODWLRQ EHWZHHQ WKHP WKH\ OLYH LQ YDU\LQJ JHRJUDSKLF ORFDWLRQV

FRPPRQ FKDUDFWHULVWLFV VKDUHG WKDW ZH VHH DUH WKDW QRQH RI WKH LQGLYLG>
HOGHUO\ WKDQ WKH JHQHUDO SRSXODWLRQ 7KH FRPPRQ WKUHDG RI QR 3YDFFLQDWL

$ ILUVW TXHVWLRQ LV KRZ OLNHO\ GR \RX WKLQN LW LV WKDW IRXU VHSDUDWH LQGL"
UHFRUGHG DERYH"

6RPH IROORZ XS TXHVWLRQV PLIJKW EH WKHQ

'R \RX WKLQN WKDW HYHU\RQH ZRXOG RU VKRXOG VKRZ VXFK D EORRG FRQGLWLRQ"
'R \RX WKLQN RQH Rl WZR SHRSOH VKRXOG VKRZ LW"
'R \RX WKLQN RQH LQ WHQ VKRXOG VKRZ LW"
20H LQ D KXQGUHG"
+RZ DERXW LQ
LQ D PLOOLRQ"

/HW{V VHH ZKDW KDSSHQV ZKHQ ZH WDNH RQ WKHVH TXHVWLRQV

,J0\RX DQVZHU \HV WR WKH ILUVW TXHVWLRQ WKHQ \RX DUH DOUHDG\ VD\LQJ ZH KDYH
WKH ZD\«

,Q IDFW , ZRX0OG FRQWHQG WKDW LI \RX JHW WKURXJK WKH ILUVW TXHVWLRQV DQG
RQH ELJ SUREOHP EHIRUH XV DQG WKDW KXPDQ KHDOWK LV LQ YHU\ VHULRXY MHRSDL

, ZLOO PDNH WKH FDVH KHUH VWDWLVWLFDOO\ VSHDNLQJ WKDW LI \RX DQVZHU \HV V
FRQFHUQ WKDW FDOOV LQWR TXHVWLRQ WKH FXUUHQW DQG IXWXUH KHDOWK DQG ZH(

7KH UHDVRQLQJ ZLOO EH WKDW \RX FDQQRW ZLQ QR PDWWHU ZKDW DQVZHU \RX FKRR

, ZRXOG WDNH RQ WKH ILUVW WKUHH RU IRXU TXHVWLRQV RQ DW DQ LQWXLWLYH OHY
DEQRUPDOLWLHYV RU FRDJXODWLRQ IDFWRUV WR WKLV OHYHO ZLWKLQ WKH UDQJH RI
KHDOWK LV DERXW , ZRXOG DFWXDOO\ vD\ WKH VDPH IRU LQ D DV ZHOO EXW OH
VZLWFK RYHU WR VRPH VWDWLVWLFDO WKLQNLQJ QRZ $V LW ZLOO EH VHHQ IURP Wt
OLNHO\ WR JHW ZRUVH

+HUH LV WKH PHWKRG RI DSSURDFK ,Q VWDWLVWLFV LI \RX KDYH HYHQWYVY WKDW DU
SUREDELOLW\ RI DQ HYHQW RFFXUULQJ ZLOO EH WKH SURGXFW RI WKH LQGLYLGXDO ¢
ZKDW DUH WKH FKDQFHV RI UROOLQJ D DQG WKHQ UROOLQJ D 7KH DQVZHU KHUH !

1RZ WDNH WKH FDVH RI KDYLQJ IRXU pUDQGRP™ LQGLYLGXDOV H[KLELWLQJ WKH EORR
SHRSOH VKRXOG EH 3H[SHFWHG" WR VKRZ WKLV FKDQJH 7KH SUREDELOLW\ RI WKF

LQ PLOOLRQ 7KLV PDNHV WKH FDVH WKDW WKH FRQW
QRQVHQVLFDO (YHQ DW DQ H[SHFWDWLRQ OHYHO RI LQ D SHRSOH H[KLELWLQJ V
FDQQRW EH GLVPLVVHG

‘H OLNHO\ XQGHUVWDQG WKDW ZH FRXOG IROORZ WKURXJK ZLWK WKH RWKHU H[DPSO

./ \RX FRPELQH WKLYV GLVFORVXUH RI WKH RYHUZKHOPLQJ &% LQFLGHQFH DQG EORRC
PXVW EH FRQFOXGHG WKDW ZH DUH EH\RQG WKH SRLQW RI 3VWDWLVWLFDO OLNHOLKR
IXWXUH H[LVWHQFH DQG ZHOIDUH RI WKH KXPDQ VSHFLHV /LIH LQ JHQHUDO LV VXEM

7KH LQIRUPDWLRQ LQ WKLV UHSRUW LV VLPSOH WR FRQILUP RU UHIXWH DQG WKH PH
UHVHDUFK ILQGLQJV PXVW EH FRQVLGHUHG LQ WKH SURFHVYV

30HDVH GLVWULEXWH DQG SUHVHUYH WKLV UHSRUW JOREDOO\ 7KDQN \RX

&OLIIRUG ( &DUQLFRP
%RUQ &OLIIRUG %YUXFH 6WHZDUW -DQ
$XJ



%ORRG $OWHUDWLRQV ,, OHDQV OHW

-FDUQLFRPLQVV\ELQ/‘R)R\ABHDF@N\UHUDWLRQV L PHDQV PHWKRGYV

7KLV SDSHU LV 3DUW 7ZR RI D 6L[ 3DUW VHULHV

$ VHULHV RI PHDQV DQG PHWKRGY KDYH EHHQ GHYHORSHC(
VDPSOHV 7KLV DGGLWLRQDO ZRUN ZDV FRPSOHWHG EHW
VHWWLQJ ZLWK SRUWDEOH LQVWUXPHQWDWLRQ 7KH ZRU
FRDIJXODWLRQ DFWLYLW\ UHF RAUGRESG LEO W ISUBIWILRRQW G D XH

7KH UHFRUG RI REVHUYDWLRQV IRU WKLV ZRUN LV FI
IRWHERRNY DQ®KHVH YROXPHYV KDYH EHHQ PDGH DYDLC
WKLV VLWH 7KH ZRUN LV HIWHQVLYH DQG GHWDLOHG LQ (
WKH PRVW DFFXUDWH UHFRUG RI ZKDW WUDQVSLUHG WKL
D VXPPDU\ QDWXUH

7KH HQWLUH VHW RI ODERIDDWRWYPRWHBHBERRNMWKLQ WKLYV

)XWXUH SDSHUV ZLOO GLVFXVV WKH QDWXUH RI DQ\ FKDQ.
FKHPLFDO FRQVWLWXWLRQ RI VXFK FKDQJH DV IDU DV LV
XVHG $GGLWLRQDOO\ WKH LPSOLFDWLRQV RI VXFK FKDQ

6RPH RI WKH PHWKRGV ZKLFK KDYH EHHQ XVHG LQ WKHVH

(OHFWURFKHPLFDO DQDO\VLYV

O9LVLEOH OLJKW VSHFWURPHWU\

1HDU LQIUDUHG VSHFWURPHWU\
OLFURVFRS\

SURWHLQ GHWHFWLRQ UHDJHQW EDVHG



(Q]\PH DQDO\VLV
&HQWULIXJDWLRQ
ODJQHWLVP

$ IHZ FRPPHQWY RQ VRPH RI WKH DERYH PHWKRGYVY DQG WI
XQGHUVWDQGLQJ WKH ZRUN WKDW ZLOO EH GLVFXVVHG L(

(OHFWURFKHPLFDO DQDO\VLYV

(OHFWURFKHPLVWU\ ZLOO EH DW WKH KHDUW RI WKH DQD(
SRZHUIXO WRRO HVSHFLDOO\ VR LQ WKH FDVH RI SRUWDE
FRPSOH[ DQG \RXQJHU GLVFLSOLQH ZLWK PXFK PRUH WR E
SURWRFRO 7KH GLVFLSOLQH DV LQ PRVW RWKHUV LQ VF
LWV RZQ ULJKW 2QH RI WKH JUHDW HVWDEOLVKHG EHQH|
LQRUJDQLF FKHPLFDO DQDO\WVLY 7KH GHWHFWLRQ RI LQR
H[FOXVLYH SXUVXLW RIWHQ UHTXLULQJ YHU\ H[SHQVLYH

&KURPDWRJUDSK\ £+ ODVV 6SHFWURPHWU\ ,QGXFWLYHO\ &
6SHFWURPHWU\ ,&03 HWF ,QIUDUHG HTXLSPHQW DW Ol
VXLWHG WR RUJDQLF DQDO\WVLV EXW QRW VR VWURQJO\ V
RI LQRUJDQLF DQDO\VLVY ZRXOG EH WKH GHWHFWLRQ DQG
(OHFWURFKHPLVWU\ RITHUV D YLDEOH DOWHUQDWLYH WR

$W WKH FRUH RI PXFK RI HOHFWURFKHPLFDO ZRUN ZLOO E
UHDFWLRQV LQ FKHPLVWU\ 7KLV LV RQH RI WKH PRVW LP
FKHPLFDO DQG ELRORJLFDO ZRUOG DV LW IRFXVHV RQ WK
HOHFWURQV LQ PDQ\ ZzD\V HTXDWHV WR WKH WUDQVIHU RI
LQ WKH ZRUOG DURXQG XV

$V DQ DVLGH IHZ SHRSOH PD\ EH DZDUH WKDW RQ RQH RI
DFFHVV WR DQ ,QGXFWLYHO\ &RXSOHG 0ODVV 6SHFWURPHW
Rl JUHDW VLJQLILFDQFH 7ZR \HDUV RI QHIJRWLDWLRQ LQ
ZHUH UHTXLUHG WR JDLQ WKLV DFFHVV 7KH VDPSOH LQ
J)LODPHQW"™ PDWHULDO WKDW KDV EHHQ WKH VXEMHFW RI
7KLV LV WKH VDPH PDWHULDO UHIXVHG IRU LGHQWLILFDW
$IHQF\ MPHSHIXVHY WR . GHQWLI\ 5HWXUQV 6DPSOH ORC

7R UHYLHZ WKH UHVXOWYV RI WKH ,&03 DQDO\VLVY SOHDVH

(QYLURQPHQWDO )LODPHQW 3URMHFW OHWDOV 7THVWLQJ /

FRQMHFWXUH WKDW IHZ LQGLYLGXDOV DUH DZDUH RI RU X
Rl WKLV SURIHVVLRQDO ODEKERUDWRU\ FHUWLILHG UHSRUW

&RQWLQXLQJ«



7R GHPRQVWUDWH WKH VFRSH RI HOHFWURFKHPLVWU\ WK
Rl VRPH RI WKH PDQ\ PHWKRGV WKDW KDYH HYROYHG LQ V

/ILQHDU 6ZHHS 9ROWDPPHWU\

'LITHUHQWLDO 3XOVH 9ROWDPPHWU\

6TXDUH :DYH SROWDPPHWU\

1RUPDO 3XOVH 9ROWDPPHWU\

$& 9ROWDPPHWU\

&\FOLF 9ROWDPPHWU\

SRWHQWLRPHWULF 6WULSSLQJ $QDO\VLYV
$PSHURPHWU\

3XOVH $PSHURPHWU\

)DVW $PSHURPHWU\

SRWHQWLRPHWU\ 2SHQ &LUFXLW 3RWHQWLRPHWU\ &Kl
OXOWLVWHS $PSHURPHWU\

OXOWLVWHS 3RWHQWLRPHWU\

(OHFWURFKHPLFDO ,PSHGDQFH 6SHFWURVFRS\ (,6

&\FOLF 9ROWDPPHWU\ ZRXOG DSSHDU WR EH WKH FODVVLF
OLWHUDWXUH RI WH[WERRNV RQ WKH VXEMHFW OXFK RI I
KDV EHHQ H[SORUDWRU\ ZLWK DQ HPSKDVLV DGRSWHG XS
DFKLHYHPHQWY ZHUH PDGH LQ SDVW \HDUV LQ WKH DQDO
9ROWDPPHWU\ DQG DOVR LQ *(QYLURQPHQWDO )LODPHQW
ZRXOG UHJDUG RXW RI QHFHVVLW\ DV RULJLQDO LQ WHL

7KH ZRUN GHVFULEHG KHUH ZLOO FHQWHU XSRQ WKH WHF
&KURQRSRWHQWLRPHWU\ $ YHU\ EULHI PHQWLRQ RI WKH'

&KURQRSRWHQWLRPHWU\ LV D UHODWLYH VLPSOH WHFKQL
VROXWLRQ WR D YDU\LQJ GLUHFW FXUUHQW '& YROWDJH
PD\ DOVR EH PHDVXUHG 7TKH LQVWUXPHQWDWLRQ XQGHU
DFFXUDF\ DQG VHQVLWLYLW\ 6RPH LQIRUPDWLRQ DERXW
R[LGDWLRQ UHGXFWLRQ PD\ UHVXOW IURP VXFK D VWXG\
VWXG\ LV WR EHWWHU XQGHUVWDQG WKH FKHPLVWU\ RI W
UHGXFWLRQ FKHPLFDO UHDFWLRQV WKDW WDNH SODFH ZL
LGHQWLILFDWLRQ RI VSHFLILF FKHPLFDO FRQVWLWXHQWYV
ZKDW D FKURQRSRWHQWLRJUDP FDQ ORRN OLNH IROORZV



6RXUFH UHVHDUFKJDWH QHW

$ YHU\ VWDQGDUG PHWKRG RI HOHFWURFKHPLVWU\ LV WKI
VDPSOH LV VXEMHFWHG WR D YDULDEOH '& YROWDJH RYHL
KDW GLVWLQJXLVKHV WKLV PHWKRG LV WKDW WKH SRODL
PHDVXUHPHQW SURFHVV UHSHDWHG 7KLV WKHUHIRUH FD
UHGXFWLRQ UHDFWLRQV ZLWKLQ WKH PHDVXUHPHQW SUR

$ PHWKRG XVHG WR JUHDW H[WHQW LQ WKLV ZRUN LV WKEC
HOHFWURFKHPLFDO PHWKRG DQG LW UHTXLUHV PRUH VRS
KDYH D VLPLODU VFHQDULR ZLWK WKDW RI D YDU\LQJ '& Y
FXUUHQW IORZ 7KH YDULDWLRQ LQ WKLV PHWKRG KRZH)
DOWHUQDWLQJ FXUUHQW $& VLJQDO WR WKH '& VLIQDO

LQFUHDVLQJ WKH VHQVLWLYLW\ RI GHWHFWLRQ RI FKHPLF
KDV IRXQG LW WR EH D YHU\ SRZHUIXO FKHPLEDO GHWHFW
\HDUV HVSHFLDOO\ LQYROYLQJ WKH VWXG\ RI LQRUJDQLF
HQYLURQPHQW ,W LV D YHU\ SRZHUIXO FKHPLFDO DQDO\)
DGYDQWDJHV LQ FRVW LQYROYHG SRUWDELOLW\ DQG ILH
GHPRQVWUDWH WKH SULQFLSOHV RI WKH PHWKRG DORQJ .



6RXUFH 8VHU O0DQXDO IRU (OHFWURFKHPLFDO OHWKRGV #

6RXUFH UHVHDUFKJDWH QHW

7KH H[DPLQDWLRQ RI WKH SHDNV DQG YDULDWLRQV LQ VO
YDOXDEOH DQDO\WLF HOHFWURFKHPLFDO PHWKRG WKH\ Z
LQIRUPDWLRQ WKDW LV WR FRPH IRUWK ZLWKLQ WKLV UH¢

/ILVWLQJV RI NQRZQ UHGXFWLRQ R[LGDWLRQ YDOXHV RI D
HVWDEOLVKHG DQG SXEOLVKHG WKH OLVWLQJV FDQ YDU\



O9LVLEOH OLJKW VSHFWURPHWU\

7KH SRUWDEOH YLVXDO OLJKW VSHFWURPHWHU XVHG KDV
QP 7KLV FRYHUV WKH YLVLEOH OLJKW UDQJH DV ZHOO
LQIUDUHG UDQJH 9LVLEOH OLJKW VSHFWURPHWU\ LV JHC
PDMRULW\ RI RUJDQLF VROXWLRQVY DUH FRORUOHVYV EORTF
FDQGLGDWH IRU WKLV W\SH RI VSHFWURPHWU\

1HDU LQIUDUHG VSHFWURPHWU\

7KH SRUWDEOH QHDU LQIUDUHG VSHFWURPHWHU KDV D UL
QP 7KLV LQVWUXPHQW LV VXIILFLHQW WR DFTXLUH DW O
JURXSV WKDW DUH OLNHO\ WR H[LVW ZLWK D VDPSOH D\
VDPSOH WR EH PRVW HIIHFWLYH 7TKH LQVWUXPHQW LV DC
GLVWLQFWLRQ RI D VDPSOH DPRQJ RWKHU DSSOLFDWLRQ

OLFURVFRS\

7KH SRUWDEOH PLFURVFRSH XVHG LV RI PRGHVW EXW LPS
PDJQLILFDWLRQ [ JHQHUDOO\ SUHIHUUHG OLFURVEFRES
IXQGDPHQWDO REVHUYDWLRQ RI D VDPSOH , W LV WKH VYV

SURWHLQ GHWHFWLRQ UHDJHQW EDVHG

2QH Rl WKH HVVHQWLDO DVSHFWV RI WKH ZRUN KHUH LV V
LQ D VDPSOH LQ D UHODWLYHO\ VLPSOH IDVKLRQ DORQJ ;
FRQFHQWUDWLRQ WKDW PLJKW EH WDNHQ SODFH 7KH GH
UHDJHQW IRU WKLV QHHG LV PRVW YDOXDEOH 7KH %UDG
KDV EHHQ XWLOL]JHG RQ PDQ\ RFFDVLRQV LQ WKH SDVW

&DUQLFRP ,QVWLWXWH KDV LQ WKH SDVW SHUIRUPHG RU
PRUH VHQVLWLYH DQG VWDEOH UHDJHQW IRU SURWHLQ Gl
GHYHORSLQJ D UHDJHQW ZKLFK DSSHDUV WR EH DW OHDV
SURWHLQ GHWHFWLRQ WKDQ WKH %YUDGIRUG WULDOV ZHU
YLHZHG DV D PRGLILFDWLRQ RI WKH %UDGIRUG UHDJHQW

7KH UHDJHQW GHYHORSHG LV TXLWH VHQVLWLYH WR GH\
7KH PRGLILHG UHDJHQW GHYHORSPHQW LV UHFRUGHG ZLW
DQG WKH UHFRQVWUXFWLRQ RI WKH UHDJHQW IRU WKLV S



FRPELQDWLRQ RI D PRUH VHQVLWLYH SURWHLQ GHWHFWLI
VSHFWURPHWU\ EHFRPHVY D YHU\ YDOXDEOH ODERUDWRU\
GRQH WR JUHDW DGYDQWDJH ZLWKLQ WKH FXUUHQW EORF

(Q]\PH DQDO\VLV

(QJ\PHVY DUH RI SULPH LPSRUWDQFH LQ WKH GLJHVWLRQ D
VSHFLDO LPSRUWDQFH LQ WKH FXUUHQW LQYHVWLJDWLRC
Rl WKDW LPSRUWDQFH ZKLFK LV IRUWKFRPLQJ DQG WR EH
ZLOO ILQG VHYHUDO UHIHUHQFHVY WR WKH LPSRUWDQFH R
SHVHDUFK LQFOXGLQJ WKH IROORZLQJ SDSHUYV

&DUQLFRP . QVWLWXWH 1HZVOHWWHU * -XQ

ORUJHOORQY $ 6XSSOHPHQWDO 'LVFXVVLRQ = -DQ

&% /[LSLGV $Q QWURGXFWRU\ $QDO\VLV = 0DU

ORUJHOORQV _$_ :RUNLQJ +\SRWKHVLY 3DUW ,,, + 3BRWHQW

%DVHG + 'HF

ORUJHOORQV _$_ :RUNLQJ +\SRWKHVLY 3DUW ,, + SRWHQW!/

IXQFWLRQDO *URXSY &RPSRQHQWYV * 'HF

ORUJHOORQV $ 7KHVLV + 2FW

ORUJHOORQV $ 6WDWXV 5HSRUW + 2FW

7KH ODERUDWRU\ PHWKRG WR EH UHIHUHQFHG KHUH LV W
FRQFHQWUDWLRQ RU FRPSRVLWLRQ GXH WR WKH DSSOLFC
FRPELQHG XVH RI HQ]J\PHV SURWHLQ GHWHFWLRQ UHDJHQC
ODERUDWRU\ PHWKRG HPSOR\HG ZLWKLQ WKLV UHVHDUFEK
IXWXUH GLVFXVVLRQ RI PLWLIJDWLRQ VWUDWHILHYV

&HQWULIXIDWLRQ

&HQWULIXJDWLRQ LV D IXQGDPHQWDO ODERUDWRU\ WHFK
ZLWKLQ D PL[WXUH RU VROXWLRQ 7KH VHSDUDWLRQ DFK
FRPSRQHQWYV



ODJQHWLVP

7KH LVVXH RI PDIQHWLVP DQG WKH DSSOLFDWLRQ RI PDJC(C
DQ LOWURGXFWRU\ OHYHO ZLWKLQ WKLV UHVHDUFK SDSHI
OLNHO\ EULQJ WKLV VXEMHFW WR WKH IRUHIURQW RI LQT?

30HDVH GLVWULEXWH DQG SUHVHUYH WKLV UHSRUW JORE

&OLIIRUG ( & DUQLFRP
%RUQ &OLITRUG % UXFH 6WHZDUW -DQ
-X0O




%ORRG $OWHUDWLRQV ,,, /fUDQVIRUP

- FDUQLFRPLQVVEIORRGBGHDRVWHUDWLRQV LLL WUDQVIRUPDWLRQ

SURWHLQ 6HSDUDWLRQ OLFUREH ,GHQWLILFDWLRQ %ORF
7KLY SDSHU LV 3DUW 7KUHH RI D 6L[ 3DUW VHULHYV
7TKHUH LV QR SRVVLELOLW\ RI DYRLGLQJ WKH IROORZLQJ \

'LUHFW HYLGHQFH LQGLFDWHY WKDW WKH DSSOLFDWLRQ |
RU ZLOO WUDQVIRUP D EORRG VDPSOH WR WKH SRLQW WK
LQ DQ\ FRQYHQWLRQDO VHQVH DQG WKH QDWXUH RI WKH
SUHVHQFHPRJURNNHGRPDLQ RDHWHRULDRPHQFODWXUH PLFUR
DQG LWV PDQLIHVWDWLRQV 7KH EORRG VDPSOH H[DPLQH
GLVFXVVHG SUHYLRXVO\ ZLWKLQ WKLV VSHFLILF VL[ SDUW

7KLV ZRUN WRRN SODFH EHWZHHQ )HEUXDU\ DQG 0D\ RI
LOQVWUXPHQWDWLRQ 7KH ZRUN LV PRWLYDWHG E\ WKH UI
UHFRUGHG LQ D SUHORRXVOEGWEHDWLRQXQ &R D JXGIDWHRR,
REVHUYDWLRQV IRU WKLV ZRUN LV LQ WKH &DUWVWRIOF R PD UG/
WKHVH YROXPHY DUH DYDLODEOH WR WKH SXEOLF WKURX.
GHWDLOHG LQ QDWXUH DQG WKH ODERUDWRU\ QRWHV ZLC
WUDQVSLUHG 7KLV SDSHU ZLOO EH D VXPPDU\ RI WKH SU
WKH FRXUVH RI WKLV UHFHQW ZRUN% OKRIGSIHVY HRDOWERGQW
OHWKR&VD KHOSIXO DGMXQFW WR WKLV SXUSRVH

$Q H[SODQDWLRQ LV QRZ UHTXLUHG WR MXVWLI\ WKH RSH
IRUHZDUQHG WKDW D VHULHV RI FRPSOH[ VWHSV LV LQYR(

7KH ILUVW VWDJH RI HIDPLQDWLRQ VXJIJHVWHG WKDW $& )
H[SORUH VRPH RI WKH FKHPLFDO FKDQJHV WKDW PLJKW E
FDXVH WKH SURIRXQG FRDJXODWLRQ WKDW DSSHDUV 7Kl
SROWDPPHWU\ LV GHVFULEHG LQ WKH SUHYLRXV SDSHU RI
XVH RI WKLV PHWKRG ZDV HQWLUHO\ HI[TSORUDWRU\ DW WK
ZKDWVRHYHU RI ZKDW ZDV HYHQWXDOO\ WR RFFXU

7KH VDPSOH XQGHU H[DPLQDWLRQ KHUH LV WKH LQWURGX
LQWR D YLDO RI PO RI GLVWLOOHG ZDWHU 7KH DXWKF
GLVWLOOHG ZDWHU XSRQ HU\WWKURFW\HV UHG EORRG FHC
Rl EORRG FRPSRVLWLRQ DW WKLV SRLQW 7KH VSHFLILF
HPSOR\HG DUH GHVFULEHG LQ GHWDLO ZLWKLQ WKH ODER



2QH RI WKH ILUVW REVHUYDWLRQV LV WKDW WKH DSSOLFL
VDPSOH SURGXFHG D }IURWK\" RU IRDP OLNH PDWHULDO \
7KLY LQYHVWLIJDWLRQ KDV QHYHU EHHQ GRQH EHIRUH DQ!
ZKDW ZLOO RFFXU RU ZKDW LV WR EH IRXQG 7KLV PRGH |
EORRG VDPSOH RQ QXPHURXV RFFDVLRQV DQG WKH IURW
GHYHORSHG DJDLQ HDFK WLPH

2ZWKHU REVHUYDWLRQV ZHUH UHFRUGHG LQ WKH SURFHVYV
WKH YLDO EORRG VROXWLRQ XQGHUZHQW D VHULHV RI DF
HYHQWXDOO\ FODULILHG LWVHOI ZLWK D VHWWOLQJ RI EU
SUHVXPDEO\ HU\WKURF\WHVY VXEMHFWHG WR RVPRWLF GL\
YDULRXV HOHFWURGHYV LQYROYHG ZDV UHFRUGHG ZLWKLQ

7KH SURFHVYVY ZDV UHSHDWHG DQG WKH IURWK\ PDWHULDO
LQWHUHVW 7KH REYLRXV DQG IRUHPRVW DFWLRQ LV WR
PLFURVFRSH 7KLY SUHVHQWYV WKH ILUVW SKHQRPHQDO R
SURFHVV WKLV UHVXOW VWLOO LV FRPSOHWHO\ XQH[SHF)
XQH[SODLQHG 2QH H[DPSOH RI WKH UHVXOW LV EHORZ

+XPDQ %ORRG 6DPSOH 6 XEMHFWHG WR $& 9ROWDPPHWU\ (
&% 3UHVHQFH )LODPHQW )RUPDWLRQ LV (YLGHQW
ODJQLILFDWLRQ a [



'KDW ZH VHH KHUH LV QRW EORRG LQ DQ\ FRQYHQWLRQDO
HIWHQVLYH KLVWRU\ RI VWXG\ Rl WKH FURVV GRPDLQ EDF
WKDW LV GHHSO\ HPEHGGHG ZLWKLQ KXPDQ DQG DQLPDO
KDV WDNHQ SODFH IURP DSSOLHG HOHFWURFKHPLFDO HQ}
&'% PLFUREH ,W LV DOVR LPSRUWDQW WR QRWH WKDW Q
WKH &'% ZDV YLVLEOH LQ HDUOLHU REVHUY DV8DRHW R G W
&RDJXODWLRQ

$Q HDUOLHU SDSHU WKDW SURYLGHV D JUHDW GHDO RI LQ
DQG DVVRFLDWHG ILODPHQW &UR Z W K RVAWKX & WRKIUH Y V LR IQW
FRXSOH RI LPDJHV IURP WKDW SDSHU IROORZ DQG VKRZ W
WKH &'% DQG ILODPHQW IRUPDWLRQ

&'% + /LQHDU $OLJQPHQW 3URFHVV 3ULRU WR
JLODPHQW )RUPDWLRQ

2ULJLQDO ODJQLILFDWLRQ $SSUR] [
BRXUEBRZWK 3URJUHVVLRQV -XOQ




JLODPHQW '"HYHORSPHQW ZLWK ,QWHUQDO &'%
2ULJLQDO ODJQLILFDWLRQ $SSUR] [
6RXUFBHRZWK 3URJUHVVLRQV -XQ

%YHVLGHYV WKH REYLRXV ILODPHQW VWUXFWXUH IRUPDWLR
DSSOLHG FXUUHQW ZH FDQ IXUWKHU RSHQ GLVFXVVLRQ R
SUHVHQW 'H FDQ DVN ZKDW LV WKH JHQHUDO RFFXUUHQI
DQG ZKDW LV LWV H[SHFWHG FKHPLFDO QDWXUH"

7KHUH DUH WZR IUHTXHQW VRXUFHV RI IRDP PDWHULDOV
UHVXOW RI SROOXWLRQ DQGGW K B VRXVKHGI3WRRMHKHOQANHQY D W |
D SULPDU\ WDUJHW RI LQWHUHVW DV ZHOO DV WKH SUHVH
VWUXFWXUHV ,QGHHG ZH GR REVHUYH D JUDQXODU W\St



*UDQXODU VWUXFWXU ZLWKLQ EORRG VDPSOH a [
(OHFWULFDO FXUUHQW KDV EHHQ DSSOLHG WR WKH VDPS(
3ULPDU\ FDQGLGDWH GHWHUPLQDWLRQ LV WKDW RI D JHQ

7KH UHVXOW DERYH LV RQH RI RXU HDUO\ FOXHV WKDW R X
YROWDPPHWU\ FRQVLVWY RI WKUHH PDMRU FRPSRQHQWYV
IRUHLJQ &' % JHQHUDWHG SURWHLQ 7KH IRDP PDWHULDO
UHPDLQLQJ VHWWOHG UHG FRQWHQWYV LQ WKH YLDO DQG

7KH TXHVWLRQ RI ZKHWKHU D SURWHLQ H[LVWV LV DQVZH
GHWHFWLRQ UHDJHQW WHVW 7KLV UHDJHAORRG & & WHWLCEW
OHDQV OHWHKRBGEHW 7KH UHVXOW RI WKLV WHVW LV SRVLW

VXVSHFWHG WR EH D IRUHLJQ SURWHLQ WKDW LV FUHDWH
DQERDO\WVLV RI WKH QDWXUH RI WKDW SURWHLQ ZLOO RFFXL
VRGLXP K\GUR[LGH LV XVHG WR VROXELOL]H WKH SURWHL

$00 WKUHH FRPSRQHQWYVY KDYH DOVR EHHQ LVRODWHG LC
ZRUN RYHU SDV®XQGHHEDMGRHY VXUSULVH KHUH LV WKDW WKH
EH VIQWKHVL]HG LQ VRPH IDVKLRQ LQ D EULHI SHULRG [
FRQGLWLRQV DSSOLHG WR WKH EORRG



3URWHLQ GHWHUPLQDWLRQ LV HQKDQFHG FRQVLGHUDEO\
FRPELQDWLRQ ZLWK WKH GHYHORSHG UHDJHQW 6XEWOH
SURWHLQV VXEMHFW WR HQ]\PDWLF DFWLRQ FDQ EH GHW
FRORUHG UHDJHQW DQG YLVLEOH OLJKW VSHFWURPHWU\

VXSSRUWLYH WHFKQLTXH WR HVWDEOLVK WKH H[LVWHQFH

7KH WULDOV WKDW HPSOR\HG $& YROWDPPHWU\ ZHUH UHS
UHVXOWYV

$Q LPSRUWDQW TXHVWLRQ QRZ DULVHV DW WKLV SRLQW

VSHFLILF SDUDPEBMRHEIVRGXFH WKH UHPDUNDEOH FKDQJHV
TXHVWLRQ QRZ LV ZKHW KHQH¥H Y RMORWVDPREGXWHH W\KH FKDQJ
PHQWLRQHG WKDW $& YROWDPPHWU\ LV D PRUH FRPSOHJ"
HOHFURFKHPLVWU\ EXW QRW VR PXFK DV WR SUHYHQW LV

, W GRHV EHJ WKH TXHVWLRQ KRZHYHU Rl ZKHWKHU D VLF
SURGXFH WKLY VDPH FKDQJH EORRG 7KH DQVZHU LV \HV

W KDV EHHQ IRXQG WKDW FKURQRSRWHQWLRPHWU\ LV VX
WUDQVIRUPDWLRQ WKDW LQFOXGHV &'% DQG ILODPHQW D
IRUPDWLRQ &KURQRSRWHQWLRPHWU\ LV D UHODWLYHO\
FXUUHQW LV DSSOLHG WR WKH VDPSOH DQG WKH YROWDJI
WLPH 7KLV LV D PXFK VLPSOHU 3V\VWHP~ WR GHYHORS D
SURGXFH WKH UDGLFDO EORRG WUDQVIRUPDWLRQ LV LPSH
SLFWXUH ZKHQ SURWHLQ DQDO\VLV LV GLVFXVVHG ODWHU

, WLV DSSURSULDWH WR PHQWLRQ WKH PDIJQLWXGHV RI YI
JHQHUDO WKH WULDOV XQGHUZD\ LQYROYH WKH XVH RI D
FXUUHQW WKLV LV TXLWH ORZ IURP DQ\ SUDFWLFDO SHU\
VHQVLWLYH DQG LV DEOH WR PHDVXUH FXUUHQW GRZQ WHF

W LV ZRUWKZKLOH TXHVWLRQ WKH DPRXQW RI FXUUHQW I
GDQJHURXV KDUPIXO RU HYHQ OHWKDO W UHTXLUHV D
SURGXFH KDUP RU GHDWK S5HVHDUFK LQGLFDWHYVY WKDW !
DSSUR[LPDWHO\ P$ RU JUHDWHU DQG WKDW GHDWK FD
DSSUR[LPDWHO\ P$ 7KH VLIJQLILFDQW ILQGLQJ KHUH L\
PLOOLDPSV LV HQRXJK WR SURGXFH D FRPSOHWH WUDQVI
FRQVWLWXWLRQ ,W LV GLIILFXOW WR FRQFHLYH RI EORR
SURWHLQ DQG PLFURELDO WUDQVIRUPDWLRQ WDNHV SODF

7KH HOHFWURFKHPLFDO SURFHVV FKURQRSRWHQWLRPHW
VHSDUDWLRQV WKH IURWK\ PDWHULDO XQGHU VWXG\ DER
WR WKH ERWWRP DV WKH VROXWLRQ FODULILHYVY 7KLV OR
HQG UHVXOW %\ PRWRWH PRHKWDMOL\RLM VXUPLVH WKDW W



SULPDULO\ RU HQWLUHO\ FRIPBHQWVH QR RP EW RRISOPN GBA WV U X ¢
H[SHFWHG WR EH DW OHDVW VRPH KHPRJABWEW® HWRH) WUHER
IRUHLJQ ELRORJLFDOV WKDW SUHGREHEWWE RHEUWRBK WM R
VKRZ WKH VHULRXVQHVV RI WKH SUREOHP 7KH LPDJHV D
UHSUHVHQWDWLYH RI WKH EORRG VDPSOH WKDW LV WUDQ
FXUUHQW

&% )LODPHQW )RUPDWLRQ LQ %ORRG 6DPSOH /RZHU /D\H
6XEMHFWHG WR /RZ /HYHO (OHFWULFDO &XUUHQW
a |



/ILQHDU RU 3)LHOG ™ $OLJQPHQW RI 3UHVXPHG &'% *HQHUD
LQ ORRG 6 XEMHFWHG WR /RZ /HYHO (OHFWULFDO &XUUH:!
a |



&% )LODPHQW )RUPDWLRQ LQ %ORRG 6DPSOH /RZHU /D\H
6XEMHFWHG WR /RZ /HYHO (OHFWULFDO &XUUHQW
a |



/ILQHDU RU 3)LHOG ™ $OLJQPHQW RI 3UHVXPHG &'% *HQHUD
LQ ORRG 6 XEMHFWHG WR /RZ /HYHO (OHFWULFDO &XUUH:!
a |



/ILQHDU RU 3)LHOG ™ $OLJQPHQW RI 3UHVXPHG &'% *HQHUD
LQ ORRG 6 XEMHFWHG WR /RZ /HYHO (OHFWULFDO &XUUH:!
a |



SUHVXPHG &% *HQHUDWHG 3URWHLQ

&RPELQHG ZLWK 3UHVXPHG 2VPRWLFDOO\ 'LVUXSWHG (U\W
LQ ORRG 6 XEMHFWHG WR /RZ /[HYHO (OHFWULFDO &XUUH!
2FFDVLRQDO (U\WKURF\WH LV 9LVLEOH

a |



&'% )LODPHQW 3DLU )RUPDWLRQ LQ %ORRG 6DPSOH /RZHL
6XEMHFWHG WR /RZ /[HYHO (OHFWULFDO &XUUHQW
a |

7KH DERYH LPDJHV DUH UHPDUNDEOH LW ZRXOG EH GLIIL]
WUDQVIRUPDWLRQ RI EORRG 7KH WUDQVIRUPDWLRQ FDQ
LV WR WKH FRQWUDU\ UHSUHVHQWDWLYH RI WKH VDPSOt
PDQLIHVWDWLRQV QRZ GRPLQDQW WKH WKH EORRG VDPSC
RI ORZ OHYHO HOHFWULFDO FXUUHQW 7KLV VDPH EORRG
PLFURELDO IRUP EHIRUH XVH Rl WKH HOHFWURFKHPLFEDO |
H[DPLQHG DUH LPPXQH IURP WKH SUHVHQFH RI WKH &'% F

7KH *DOLJQPHQW" SKHQRPHQD RI WKH JHQHUDWHG SURWH
XQH[SORUHG ILHOG RI UHVHDUFK ODJQHWLFV DQG HOHFV
RWKHUZLVH DUH XQGRXEWHGO\ WDUJHWV RI LQWHUHVW

LQIOXHQFH RI 3YDFFLQHV" RU RWKHU LQMHFWLRQV XSRQ \

7KLV SRUWLRQ RI WKH VDPSOH DOVR WHVWV SRVLWLYH IR
VHSDUDWH EHWZHHQ KHPRJORELQ DQG D IRUHLJQ SURWHI
DORQH $QDO\VLV Rl WKH SURWHLQ LQ D ODWHU SDSHU Z



7KH LQIRUPDWLRQ DERYH SURYLGHV WKH MXVWLILFDWLRC
30HDVH GLVWULEXWH DQG SUHVHUYH WKLV UHSRUW VHUL

&OLIIRUG ( &DUQLFRP
$XJ

%RUQ &OLIIRUG %UXFH 6WHZDUW
-DQ

BBEBBBBBBBBBBBBBBBBBBBBBBBBBEBBBBBBBBBBBBBBBBBBB
)8785( 3$3(5 68%-(&7 7,7/(6

%ORRG $OWHUDWLRQV ,9 3URWHLQ $QDO\VLV

%ORRG $OWHUDWLRQV 9 ,PSOLFDWLRQV &RQVHTXHQFH"

BBBBEBBBBBEBBBBBBBBBBBBBBBBBBBBBEBBBBBBEBBBBBBBBBBI



%ORRG $OWHUDWLRQV ,9 )RUHLJQ 3URWHL

[l FODUQLFRPLQVVEIORREHDRWHUDWLRQV LY SURWHLQ DQDO\VLYV

7KLV SDSHU LV 3DUW )RXU RI D 6L[ 3DUW VHULHYV

7KLY SDSHU ZLOO GHVFULEH WKH XVH RI YDULRXV DQDO\WLFDO O
HOHFWURFKHPLVWU\ WR DVVHVV WKH FKHPLFDO QDWXUH RI SURV
VDPSOH GLVFEFXVVHG LQ WKH SUHFHGLQJ UHSRUW 7KH PHWKXERBRA
$OWHUDWLRQ ., OHDQ® ZLOHWRR®VEH UHSHDWHG DW OHQJWK KHL
SUHVHQWDWLRQ RI WKH HQG UHVXOWY RI DQDO\VLYV

$& 9ROWDPPHWU\N LV D PHWKRG RI SULPDU\ XVH KHUH WKLV PHWK
FRQVWLWXHQWY WKDW DUH VXEMHFW WR R[LGDWLRQ DQG UHGXF\
FXUUHQW 7KH UHDFWLRQV LGHQWLILHG DUH RI JUHDW YDOXH LQ
EORRG VDPSOH ,W KDV EHHQ DOUHDG\ HVWDEOLVKHG WKDW WKH
GRPLQDWHG E\ WKH H[LVWHQFH RI WKH FURVV GRPDLQ EDFWHULD
SURWHLQV DUH FRQVHTXHQWO\ ZLWKLQ WKH EORRG VDPSOH DIWH

3OHDVH UHIHU R R\RGEH SSDBHUDWLRQ JRU WMKRYVSRHFE®HR Y

$Q $& YROWDPPRJUDP FKDUDFWHULVWLF RI WKLY UHFHQW ZRUN L



5HSUHVHQWDWLYH $& 9ROWDPPRJUDP £+ %YORRG 6DPSOH $QDO\VLYV
&DUQLFRP ,QVWLWXWH

$V PHQWLRQHG PDQ\ RI WKH SURWRFROV HVWDEOLVKHG IRU WKH
WKH DVSHFWV WKDW DUH LPSRUWDQW WR WKH PHWKRG LQFOXGH

7KH HOHFWURGH FRQILIJXUDWLRQ HPSOR\HG JUDSKLWH HOHFWL
7KH WZR VHWV RI FXUUHQW SURILOHY DUH GXH WR D UHYHUVDO

7KH EORRG VDPSOH LV D G\QDPLF HQYLURQPHQW ZKHQ VXEMHEF\
LQ HDFK SURILOH ZLWKLQ WKH SDUWLFXODU HOHFWURGH SRODUL

$ W\SLFDO DQDO\VLV VHVVLRQ PLIKW LQYROYH WKH FROOHFWLF

(DFK LQGLYLGXDO SURILOH W\SLFDOO\ UHTXLUHYV PLOQXWHYV |
HDVLO\ LQYROYH VHYHUDO KRXUV RI ZRUN RI GDWD FROOHFWLRQ

7KH ZRUN ZDV UHSHDWHG RQ QXPHURXV RFFDVLRQV IRU HDFK W
HQFRXQWHUHG XOWLPDWHO\ VHYHUDO ZHHNV RI VWHDG\ ZRUN ZC
VDPSOH KHUH LV WKH VDPH DV WEKOWHIUHSRUIRMHBI LLYQOWREB SDSHUD:

&RQVLGHUDEOH HIIRUW KDV EHHQ GHYRWHG WR WKH DQDO\VLV
LV NQRZQ SULRU WR DQDO\VLVY H[DPSOHV RI WKLV ZRXOG LQFOXC
ZDWHU VDPSOHVY LQFOXGLQJ 3GLVWLOOHG® ZDWHU QRW DV 3SXUH’

7KH PHWKRGY GHYHORSHG KDYH GHPRQVWUDWHG WKHPVHOYHV
PLOOLRQ SSP FDSDELOLW\ EHLQJ H[SHFWHG LQ PRVW FDVHYV

&RQFHQWUDWLRQ RI WKH VDPSOH H[DPLQHG LV DQ LPSRUWDQW
WKDW YHU\ VPDOO FRQFHQWUDWLRQV LQ VROXWLRQ DUH QRUPDO

5HIHUHQFH R[LGDWLRQ *+ UHGXFWLRQ WDEOHY DUH DYDLODEOH
FRQVWLWXHQWY OLNHO\ WR EH SUHVHQW 6XFK WDEOHV YDU\ LQ
GHWDLOHG OLVWLQJY ERWK KDYH YDOXH LQ WHUPV RI DVVHVVLQJ

7KH SULPDU\ PHWKRG RI LGHQWLILFDWLRQ LQYROYHV WKH YHU
FROOHFWHG RYHU WLPH LQ D G\QDPLF HQYLURQPHQW 7KLV DQD(
LQIOHFWLRQ FKDQJHV LQ WKH SURILOH HVVHQWLDOO\ ILUVW GHU
VXEWOH GHWHFWLRQ RI FKHPLFDO FRQVWLWXHQWY LV D PDMRU E
WUXH LQ WKH GRPDLQ RI RUJDQLF FKHPLVWU\

5HSHDWDELOLW\ RI WKH UHVXOWYV DFKLHYHG LV D WUDGHPDUN
LQ WKLV ZRUN 7KH WUDQVIRUPHG EORRG VDPSOH LV LQGHHG D F
VXEMHFWHG WR HOHFWURFKHPLFDO HQHUJ\ 6XEVWDQWLDO GHYF
WKLV FRQILGHQFH LQ WKH ZRUN UHSRUWHG KHUH

7KH SULPDU\ HQG JRDO RI WKH ZRUN LV WKH GHWHUPLQDWLRQ
VSHFLHV ZLWKLQ WKH WUDQVIRUPHG EORRG RU NQRZQ SURWHLQ
SVWHSSLQJ VWRQH™ WKDW EXLOGV XSRQ WKH ZRUN WKDW KDV EHIt



&RPSDULVRQ RI WKH UHVXOWY IRXQG KHUH ZLWK SUHYLRXV ZR
WHFKQLTXHV LV LPSRUWDQW WR WKLV FRUURERUDWLRQ SURFHVYV

$GGLWLRQDO DQDO\WWLFDO WHFKQLTXH¥ORREKSDW WWKRW HRRH QW
SDSHU DUH DOVR FULWLFDO LQ WKH SURWRFROV WKDW KDYH EHH
WUDQVIRUPHG EORRG VDPSOH

7KH UHVXOWYVY RI WKH SURWHLQ DQDO\VLV E\ $& YROWDPPHWU\ HO
S5HGXQGDQW WULDOV ZHUH FRQGXFWHG OHDGLQJ WR WKH VDPH Jt
VKRXOG EH FRQVLGHUHG DV IRUHLJQ WR EORRG DQG QRW H[SHFV
JUHYLRXV SDSHUV LQ WKLV VHULHVY SURYLGH DGHTXDWH MXVWLIL
FRQGXFWHG DUH VWDWHG LQ GHWDLO ZLWKLQ &, / DERUDWRU\ 1RV
RFFDVLRQV RQ WKLV VLWH DQG LQ WKLY UHVHDUFK SDSHU VHULH

, W EHDUV UHSHDWLQJ WKDW WKHUH DUH WZR VHSDUDWH OD\HUV
HOHFWULFDO FXUUHQW ILUVW WKH IRDP SUHFLSLWDWH PDWHUL
OD\HU WKDW VHWWOHY WR WKH ERWWRP %RWK OD\HUV H[KLELW
IRUP ZLWKLQ WKH EORRG DOVR GHVFULEHG SUHYLRXVO\ ZLWKLQ
LGHQWLILHG ZzZLOO WKHUHIRUH EH OLVWHG VHSDUDWHO\ IRU HDFK
WKRXJK WKH JURVV SK\VLFDO DSSHDUDQFH RI HDFK OD\HU LV GLV
VLIQDO WR IRUPDO ODERUDWRULHY WKH FKHPLFDO FRQVWLWXHQ'
DV ZHOO DV DUH OLNHO\ WR EH DVVRFLDWHG ZLWK WKH EORRG FF
VHULHV

BEBBBBEBBBEBBBBBBBEBBBBEBBEBBBBBBBEBBBEBBBEBBBBEBBBBBBBBBBBE

%ORRG 6 XEMHFWHG WR (OHFWULFDO &XUUHQW
JRDP 3UHFLSLWDWH &DQGLGDWH &KHPLFDO &RQVWLWXHQWYV

+DORJHQV &0 )O %U |,
3HUR[LGH + R[LGL]HU
+\GUD]RLF $FLG +1
(OHFWURO\WHV 1D &D 0J HWF
OHWDOV LQ LRQLF IRUP )H $0 00Q

ILWURJHQ 6XOIXU FRPSRXQGYV

BBBBBBBBBBBBBBBBBBEBBBBBBBBBBBBEBBEBBBBBBBBBBBBBBBBBBBBE

%O0ORRG 6 XEMHFWHG WR (OHFWULFDO &XUUHQW
6HWWOHG /D\HU &DQGLGDWH &KHPLFDO &RQVWLWXHQWYV

+DORJHQV &0 %U

3HUR[LGH + R[LGL]HU



3KRVSKDWH FRPSRXQG + 32

OHWDOV LQ LRQLF IRUP &D )H 0J $0O

+\GUD]RLF $FLG +1

,JURQ + F\ADQLGH FRPSOH[ >)H &1 @

OHWDOV LQ LRQLF IRUP )H $0 00Q

ILWURJHQ 6XOIXU FRPSRXQGV
BBEBBBBBBBBBBBBBBBBBBEBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBE

$Q HITWHQGHG SDSHU FRXOG EH ZULWWHQ RQ WKH LPSOLFDWLRQV
EORRG WKLV ZLOO QRW EH FRPSOHWHG RU UHSHDWHG KHUH %U
SUHFHGHQW IRU GLVFXVVLRQ HDFK RI WKHVH WHUPV FDQ EH VHD
&DUQLFRP ,QVWLWXWH 6RPH RI WKH UHIHUHQFHV IRXQG ZLOO L(C

+DORJHQV

'LWK WKH H[FHSWLRQ RI LRGLQH WKH KDORJHQV DUH VHULRXV W
ERG\ DOVR KRZHYHU LV D VHULRXV LVVXH DQG DIIHFWV WKH IXQ
JHQHUDO PHWDEROLVP

BUHFHGHQW UHIHUHQFHYV

&DUQLFRP QVWILWXWH 1HZVOXWWHU + 6XPPHU

ORUJHOORQY $ 6XSSOHPHQ@WDO 'LVFXVVLRQ

$ ' HHN LQ WKH /LIH RI &DORLFRP ,QVWLWXWH

7THUWLDU\ 5DLQZDWHU $QDO\WILVIR¥XHVWLRQV RI 7R[LFLW\

SBUHOLPLQDU\ 5DLQZDWHU $QDO\WLVIROXPLOQXP &RQFHQWUDWLF

&% /[LSLGYV $Q QWURGXEFWRU\ $QDO\VLV 0DU

ORUJHOORQV _$ :RUNLQJ +\SRWKHVLY 3DUW ,,, HF3RW{SWLO 6 0L
8321 7+,6 3$3@5

ORUJHOORQV _$ :RUNLQJ +\SRWKHVLYV 3DUW ., + SBRWHQWLDO_ +HI
DQG &RPSROHBRWV (3+$6,6 8321 7+,6 3¥B(5

ORUJHOORQV _$ :RUNLQJ +\SRWKHVIHF3DUMWS3,+%6,6HIB?LIT+,BVBIKR (

&DUQLFRP QOWHWRWHERUDWRU\ 1IRWHERRNV 9RO

&, IDERUDWRU\ ¥ RWIHERRNWRO 3DJH

BEBBBBBBBEBBBBBBBEBBBBEBBEBBBBEBBBBBBEBBBEBBBEBEBBBBBBBBBBBE



2[LGDWLRQ

7KH LVVXH RI RILGDWLRQ HTXLYDOHQWO\ UHFHLYHV SULRULW\ DW
,QVWLWXWH 7KH VDPH IRU DQWL R[LGDQWYV

3UHFHGHQW UHIHUHQFHYV

&DUQLFRP QVWILWXWH 1HZVOXKWWHU + 6 XPPHU

7KH 'LVFRYHU\ Rl 7TKLRF\DQDWHY ZLWKLQ-XXXKH &URVY 'RPDLQ %D

ORUJHOORQY $ 6XSSOHPHQ@WDO 'LVFXVVLRQ

SUHOLPLQDU\ 5DLQZDWHU $QDO\WLVIRMOXPLQXP &RQFHQWUDWLI

&% /[LSLGV $Q QWURGEBWRU\ $QDO\VLV

&' % *URZWK BURJIXQVVLRQV

%LRILOP &'% DQRG $SEWDPLQ

*URZWK . QKLELWLFO@$FKLHYHG

ORUJHOORQV _$ :RUNLQJ +\SRWKHVLV 3DUW ,,,HF3RW({0SWLD 6 0L
8321 7+,6 3$3@5

ORUJHOORQV _$ :RUNLQJ +\SRWKHVLY 3DUW ,, + SBRWHQWLDO +H
*URXSY DQG &RPSRQHQWE+%$6,6 8321 7+,6 3%B(5

ORUJHOORQV _$ :RUNLQJ +\SRWKHVIHF3DUMW3,+%$6,6GEHJRLITFBWLR
3$3(5@

ORUJHOORQV _$ :RUNLQJ +\SRWKHVLY £+ QWURGXFWLRQ

ORUJHOORQV 7KH %UHDNLQJ RI %YRQGYRIXQG WKH SHGXFWLRQ F

$PLQR $FLGV 9HRYLILHG

ORUJHOORQV 2% WKHVLYV

ORUJHOORQV .Q WREB\/DERUDWRU\

ORUJHOORQV 7KH ([WHOW®I WKH 3UREOHP

ORUJHOORQV *URZWK . QKIEUWLRQ &RQILUPHG

ORUJHOORQV _$ 'LVFRYHU\WHEQG D 3URSRVDO

SUWLILFILDO$S%DRRG *1RWH WKDW D VHDUFK IRU UHVHDUFK SDSF
HIWHQVLYH OLVW RI UHOHYDQW SDSHUV WR WKLV SDSHU DV ZHOO



3bUWLDO /LVWLQJ
&DUQLFRP QWOWWHWRWHYERUDWRU\ IRWHERRNYV
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&, IDERUDWRU\ ¥ RWHHERRNWYRO 3DJH

&, IDERUDWRU\ ¥ RWIHERRNWRO 3DJH

&, IDERUDWRU\ ¥* RWHHEERRNWYRO 3DJH

&, /IDERUDWRU\ ¥* RWIHERRNWRO 3DJH

&, IDERUDWRU\ *RWSHERRNWRO 3DJH

&, IDERUDWRU\ ¥ RWHHERRNWYRO 3DJH

BEBBBBBBBEBBBBBBEBBBBEBBEBBBBEBBBEBBBEBBBEBBBEBEBBBBBBBBBBBE

+1

+\GUD]RLF DFLG +1 LV D QHZ FDQGLGDWH RQ WKH OLVW ZLWKLQ
LV DOVR WUXH WKDW WKH UHFHQW HOHFWURFKHPLFDO ZRUN LV W
LQRUJDQLF DQDO\VLY WKDW KDV EHHQ FRQGXFWHG WKXV IDU 7K

1 J + H o+1

,/ WKH HI[LVWHQFH RI K\GUD]JRL B BRIRG XV W RQ I WKMHHIBOHFWURFKHPL
EORRG VOMPEWHGRHY UHSUHVHQW D VLIQLILFDQW WKUHDW WR KXP
FRORUOHVY OLTXLG DW URRP WHPSHUDWXUH DQG SUHVVXUH , W
HITHFWV DW SSP

D 8QGHU LQKDODWLRQ LW SURGXFHV VWUXFWXUDO RU IXQFWLRC
E W FDXVHV FKDQJHVY LQ WKH FHQWUDO QHUYRXV V\VWHP
F W FDXVHV FKDQJH LQ WKH FDUGLDF UDWH

6WXG\ DQG wWUuLDOV RI WKH QDWXUH UHFRUGHG ZLWKLQ WKLV UHYV
FRQILUP RU UHIXWH WXRNURR®GIUHSHWLWLRQ WULDOV ZHUH SHUIR
UHVXOW DQG WKH UHGR[ YROWDJH HQFRXQWHUHG LV XQXVXDO Lt
9 , ] DQ\ GLUHFW LQIRUPDWLRQ FRQWUDU\ WR WKLV ILQGLQJ
LOWHIJUDWHG ZLWKLQ WKLV UHSRUW DV LV DSSURSULDWH

BBBBBBEBBBBBBBBBBEBBEBBEBBBBBBBBBBEBBEBBBBBBBBBBBBBBBBBBBBE

(OHFWURO\WHYV



&RPPRQ HOHFWURO\WHV VXFK DV VRGLXP PDJQHVLXP DQG FDOFl
&RQFHQWUDWLRQVY DQG UDWLRV RI VXFK HOHFWURO\WHV KRZHYH
EHIRUH RU DIWHU EHLQJ VXEMHFWHG WR WKH HOHFWURFKHPLFDO

BEBBBBBBBEBBBBBBBEBBBBEBBEBBBBEBBBEBBBEBBBEBBBEBBBBBBBBBBBE

OHWDOV

$Q H[FHVV RI DOXPLQXP ZLWKLQ WKH ERG\ LV QRW UHJDUGHG ZLW
DOZD\V FRQFHQWUDWLRQ LV D SDUDPRXQW FRQVLGHUDWLRQ 8¢
WR EH GHWULPHQWDO DQG VRPH UHOHYDQW &, UHVHDUFK SDSHU\

SBUHOLPLQDU\ 5DLQZDWHU $QDO\VLVIROXPLQXP &RQFHQWUDWLF

*OREDO 9DOIRYDODWLRQ

(QYLURQPHQWDO )LODPHQW 3URMHEW__ OMWDOV 7THVWLQJ /DERU|

RUJHOORQY $ 6XSSOHPHQ®WDO 'LVFXVVLRQ

7KH '"HPLVH RI 5DIX@Q¥ DWHU

7THUWLDU\ 5DLQZDWHU $QDO\WVILVIR¥XHVWLRQV RI 7R[LFLW\

6HFRQGDU\ 5DLQZDWHU $QDO\WLY 1RYIDQLFVY ,QRUJDQLFV

ORUJHOORQV _$ :RUNLQJ +\SRWKHVLY 3DUW ,,,HF3SRWHQWLDO OL
0

RUJHOORQV _$ :RUNLQJ +\SRWKHVLY 3DUW ,, + SRWHQWLDO +HlI

DQG &RPSRQHR WYV

ORUJHOORQV $ 1DWXUDO OBGQGLFLQH $SSURDEFK

&DOFLXP DQGP3IRWDVVLX

IDWXUDO OHGLFLQHOIMRW WKH 7LPHYV

"URXJKW . QGXEFSHPHQW

/KH ([SHFWHG &RP®PRVLWLRQ

$HURVROV DQG #DQOOWHUIYLIMZ 1RY

5DLQZDWHU 6DPSOHY O,FERNFRSH 9LHZV ,,

_,RQLIDWLRQ $8BDUHQW

&DUQLFRP QOWHWRWHERUDWRU\ IRWHERRNV 9RO

&, /IDERUDWRU\ ¥ RWIHERRNWRO 3DJH




JURQ LV D IXQGDPHQWDO DQG SULPDU\ FRPSRQHQW RI EORRG 7K
GLVUXSWLRQ DQG FKHPLFDO WUDQVIRUPDWLRQ RI LURQ WKDW LV
DOWHUDWLRQ LV DW WKH KHDUW Rl UHVSLUDWLRQ DQG HQHUJ\ IO
OLWHUDWXUH RQ WKLV LVVXH LV HIWHQVLYH DQG TXLWH VHULRX\

$V WKHUH DUH FRQVHUYDWLYHO\ PRUH WKDQ UHOHYDQW UHVH
ZLOO QRW EH OLVWHG KHUH +RZHYHU D VHDUFK RQ WKH VLWH C
WKLV SURFHVV RI GLVFRYHU\

&DUQLFRP QVWILWXWH 6HDUFK /LVWLQJ IRU 3DSHUY 5HOHYDOQ\

,Q DGGLWLRQ WKH &, /' DERUDWRU\ 1RWHERRNVY ZLOO GHPRQVWUD
WRSLF

&DUQLFRP QOWWHWRWHERUDWRU\ 1IRWHERRNV 9RO

$V ZH GR VHH D OLVWLQJ IRU DQ LURQ F\DQLGH FRPSOH[ LW LV S
F\DQLGH =+ F\ADQDWH WRSLF WKDW LV PRUH GHHSO\ HPEHGGHG LQ
UHIHUHQFHY EHORZ WKLY WRSLF &L OO0 HROMRNRHW \I| RRWGHERWR K NVQD @
LQIUDUHG VSHFWUD OLEUDU\ DOVR QRZ DYDLODEOH RQ WKLV VLW

7KH 'LVFRYHU\ RI 7KLRF\DQDWHYV ZLWKL QXMKH &URVYV 'RPDLQ %D

$ 3RLQW RI 5HFRRWYLQJ ,,,

$ 3RLQW RI 5HF6IRKLQJI ,,

ORUJHOORQYV $ 6XSSOHPHQ®DO 'LVFXVVLRQ

o

RUJHOORQV _$ :RUNLQJ +\SRWKHVLYV 3DUW ,,,HFSRWHQWLDO OL

UJHOORQV _$ :RUNLQJ +\SRWKHVLY 3DUW .. + 3BRWHQWLDO +HI
DQG &RPSROHBWYV

=
0

ORUJHOORQYV 7KH %UHDNLQJ RI %RQGVYRYQG WKH 5HGXFWLRQ R

ORUJHOORQV 2% WKHVLYV

,W LV WR EH PHOQWLRQHG WKDW PLFUR VFDOH S\URO\VLV RI WKH &
VLIQLILFDQW KHDOWK UHDFWLRQ LQYROYLQJ WKH QHFN WK\URLG
GHWDLO WKH QRWHV LQYROYLQJ S\URO\VLV H[IDPLQDWLRQ DUH G
FRQFXUUHQW JDV FKURPDWRJUDSK\ VWXG\ 7KLV ZRUN LV UHFRUG
ODERUDWRU\ QRWHERRNYV

&DUQLFRP QWWHWRWHERUDWRU\ IRWHERRNV 9RO

30HDVH DOVR UHFDOO WKH VHULHV RI GHYDVWDWLQJ WR[LFRORJ\
PHWDEROLF SURGXFWYV DSSOLHG WR SODQWY SURWR]RD DQG RWI
ZLWKLQ



ORUJHOORQV 7R[LFLW\ W &BRMWLQXHG 5HSRU

$ 7TR[LFRORJ\'BWXG\

SURWRIRD ORWLOLWYHDRQG ORUWDOLW\

BBBBBBEBBBBBBBBBBBBEBBEBBBBBBBBBBEBBEBBBBBBBBBBBBBBBBBBBBE

+ 3 + 3KRVSKRULF $FLG

$00 RI WKH OLVWHG FRQVWLWXHQWY DUH RI HYHQWXDO VLJQLILF
WKLV LV SKRVSKRULF DFLG 7KLV FRPSRXQG KDV EHHQ SUHYLRXYV
WKLV LV GHHSO\ HPEHGGHG ZLWKLQ WKH ODERUDWRU\ QRWHV PRI
LGHQWLILFDWLRQ RI SKRVSKRULF DFLG UHSUHVHQWY D WXUQLQJ
WKDW HYROYHG WKH \HDUV W UHTXLUHG FRQVLGHUDEOH ZRUN |
HILVWHQFH ZLWKLQ WKH &'%

3KRVSKRULF DFLG LV DEOH WR ZHDNHQ DQG GDPDJH WHHWK DQG
WR KHDUW DQG NLGQH\ SUREOHPV PXVFOH ORVV DQG RVWHRSRUI

7KH LQYHVLIJDWLRQ DQG UROH RI SKRVSKRUXV LQ WKH UHVHDUFK

ORUJHOORQYV $ 6XSSOHPHQ®DO 'LVFXVVLRQ

7KH '"HPLVH RI 5DIX@Q¥ DWHU

$ ' HHN LQ WKH /LIH RI &DORLFRP ,QVWLWXWH

HUWLDU\ 5DLQZDWHU $QDO\WILVIR¥XHVWLRQV RI 7R[LFLW\

&% /[LSLGV $Q QWURGEBWRU\ $QDO\VLV

ORUJHOORQV _$ :RUNLQJ +\SRWKHVIHF3DUW , + GHQWLILFDWLRC(

ORUJHOORQV 2% WKHVLYV

&DUQLFRP QOWWHWRWHOERUDWRU\ IRWHERRNV 9RO

&, IDERUDWRU\ ¥*RWBIERRNYRO 3DJH

&, IDERUDWRU\ ¥ RWHFERRNYRO 3DJH

&, IDERUDWRU\ ¥ RWHFERRNVYRO 3DJH

&, IDERUDWRU\ ¥ RWHFERRNYRO 3DJH

&, IDERUDWRU\ *RWHFERRNVYRO 3DJH

&, IDERUDWRU\ *RWHERRNWRO 3DJH




&, /IDERUDWRU\ *RWXERRNWRO 3DJH

&, IDERUDWRU\ ¥* RWHERRNWRO 3DJH

&, /IDERUDWRU\ ¥ RWIHERRNWRO 3DJH

&, /IDERUDWRU\ ¥* RWIHERRNWRO 3DJH

&, IDERUDWRU\ ¥ RWHERRNWRO 3DJH
&, IDERUDWRU\ ¥ RWHHFERRNVYRO 3DJH
&, IDERUDWRU\ ¥ RWHFERRNVYRO 3DJH

&, IDERUDWRU\ ¥*RWBIERRNWRO 3DJH

&, /IDERUDWRU\ ¥* RWHERRNVI9RO 3DJH

&, IDERUDWRU\ *RWSHERRNVI9RO 3DJH
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I1H[W OHW XV VHH ZKDW ZH FDQ OHDUQ DW OHDVW LQ SDUW IUR
WKH UHFHQW H[DPLQDWLRQ RI EORRG ,QIUDUHG DQDO\VLV LV RU
QHDU LQIUDUHG 1,5 LV OLPLWHG LQ UHVSHFWYV LQ FRPSDULVRQ "
DW D PDFUR OHYHO DQG LQ WKLV FDVH VHUYHYVY DV D YDOXDEOH I
SDVW UHVHDUFK & 9BBRURWRKHIRWHERRNY WKH IROORZLQJ L(

JXQFWLRQDO *URXSV ,GHQWLILHG E\ 1HDU ,QIUDUHG $QDO\VLYV

JRDP *+ BUHFLSLWDWLRQ 8SSHU /D\HU 6HWWOHG /D\HU

&+ 51+
&+ 52+
52+ &+
&+ $U
$U &+
$U2+ $U&+

$U&+ U2+




&+

,GHOQWLILFDWLRQ RI RUJDQLF IXQFWLRQDO JURXSV H J 52+ YLD
&DUQLFRP ,QVWLWXWH UHVHDUFK IROLIFOPUHBRIUVQIURHHUB V& HDF WL
JDWKHUHG DQG DQDO\|JHG WR WKH GHJUHH SRVVLEOH ,QIUDUHG
UHPDLQV D ZHDOWK RI LQIRUPDWLRQ \HW WR EH XQFRYHUHG DQG
WKDW OLEUDU\ %ORRG VDPSOHV DUH D FRUH VDPSOH W\SH ZLWK
SUHFHGHQFH DQG LPSRUWDQFH RI WKDW WLDGDOWQYV VEKIR SWMISHI +N
+ GHOWILILHFBWLRQV GHYRWHG ODUJHO\ WR WKH SXUVXLW RU IXQ
JHQHUDWHG ZLWKLQ WKDW SDSHU KDYH ODUJHO\ ERUQH WKHPVHC(
UHVHDUFK $OWKRXJK WKH IXQFWLRQDO JURXS LGHQWLILFDWLRQ
LWLV QHYHUWKHOHVYV LPSRUWDQW DQG KHOSIXO

2 JUHDWHVW LQWHUHVW KHUH ZLOO EH WKH SUHVHQFH RI WKH D!
WKH 51+ IXQFWLRQDO JURXSV $OWKRXJK WKHVH JURXSV ZLOO Q
SRLQW WKH\ GR SURYLGH DQ LPSRUWDQW OD\HU RI FRUURERUDW

7KH 52+ JURXS LV D IXQFWLRQDO JURXS WKDW LQGLFDWHY OLNHO
GHWHFWLRQ LV RQH RI WKH PRVW IXQGDPHQWDO DQG LPSRUWDQV
WKDW Rl D ZDWHU VROXEOH SURWHLQ LV FUXFLDO WR XQGHUVWEL
FRQVWLWXHQW RI WKH KXPDQ IRUP DQG WKHUHIRUH ZDWHU VRO X
ERG\ LQ LQXPPHUDEOH ZD\V $ ZDWHU VROXEOH SURWHLQ LQ WK}
KRPRJHQHRXV GLVWULEXWLRQ Rl WKDW SURWHLQ ZLWKLQ WKH EF
WKH ILHOG RI ELRFKHPLVWU\ 7KH 35" LQ IXQFWLRQDO JURXS DQD
WKDW LV LQ FRPELQDWLRQ ZLWK WKH K\GUR[\O JURXS D 3ZLOG FI

7KH DURPDWLF JURXSV $U DUH DQ HTXDOO\ LPSRUWDQW DVSHFW
DUFKHW\SH RI DURPDWLF FKHPLVWU\ LV WKH EHQ]JHQH ULQJ NQRz
SRO\PHUV $ JUHDW GHDO RI DWWHQWLRQ KDV EHHQ SDLG WR WK
DQG WKH LQWHUHVW UHPDLQV DV VWURQJ WR WKH SUHVHQW GD\
WKH ODWWHU SRUWLRQ RI WKH &DUQLFRP ,QVWLWXWH 'LVFORVXU
FKHPLFDO VWXG\ VLQFH LQIUDUHG HTXLSPHQW ILUVW EHFDPH DYL

JXUWKHUPRUH WKH GHWHFWLRQ RI $U2+ DQG $U&+ JURXSV IXUWK
ZLWKLQ WKH SURWHLQ 7KH FRPELQDWLRQ RI WKH $U DURPDWLF
FKHPLFDOO\ DV LW WKHUHIRUH LPSDUWV ERWK VWDELOLW\ DQG V
SRO\PHU ZRXOG VHOGRP EH VROXEOH DQG WR EULQJ WKDW SURS
SRVVLELOLWLHYVY 7KH $U2+ JURXS LQ LWV PRVW EDVLF IRUP LV W

7KH $U&+ JURXS SURYLGHV IRU WKH MRLQLQJ RI DOLSKDWLF FDUE
DURPDWLF

7KH 51+ DPLQH JURXS LV KLJKO\ FRUURERUDWLYH RI WKH SURW
WKH UHVHDUFK

,Q JHQHUDO WKH QHDU LQIUDUHG LQIRUPDWLRQ DFTXLUHG ZLWKI
FRUURERUDWLYH RI DOO SDVW UHVHDUFK RI &DUQLFRP ,QVWLWXWV



BBBBBBEBBBBBBBBBBBBEBBEBBBBBBBBBBEBBEBBBBBBBBBBBBBBBBBBBBE

2QH ILQDO WRSLF UHPDLQV WR EH FRYHUHG ZLWKLQ WKLV SDSHU
D PDMRU UROH ZLWKLQ WKH GLIJHVWLRQ RI SURWHLQVY L H WKHEL
VWUXFWXUH $ QDWXUDO TXHVWLRQ DURVH ZLWKLQ WKLV UHVHD!
EHQHILW RU UROH LQ GLVUXSWLQJ WKH VWDWH RU H[LVWHQFH RI
EHHQ GLVFRYHUHG WKURXJK HOHFWURFKHPLFDO LQYHVWLJIJDWLRC
WKH UHVXOWY GR LQGLFDWH WKDW LW LV D YLDEOH UHVHDUFK SLC

7TKH ZRUN FRQVLVWYV Rl WZR SULPDU\ VWDJHV

6XEMHFW NQRZQ SURWHLQV WR HQ]J\PDWLF DFWLYLW\ DQG GHWI}
UHFRUGHG

6 XEMHFW WKH IRUHLJQ SURWHLQV ZLWKLQ WKH EORRG WR WKH
FKHPLFDO DOWHUDWLRQ WDNHV SODFH

7TKH PHWKRG DYDLODEOH DQG FKRVHQ WR GXH WKLV LV ZLWK YLV
FRPSDULVRQ RI NQRZQ SURWHLQ GHFRPSRVLWLRQ ZLWK WKDW RI
VHULHY 7KH UHVXOW Rl WKH WULDO LV SRVLWLYH LQ WKDW WKF
DIWHU VXEMHFWLRQ WR HQJ\PHV 7KLV SURYLGHYVY DW OHDVW RQH
SURWHLQ IRUPDWLRQ RU HILVWHQFH ZLWKLQ WKH EORRG

7TKRVH IDPLOLBODUQMAR W KAIVWILWXWH SXEOLF SUHVHQWDWLRQ LQ
DGYDQFHG UHVHDUFK WKDW LV \HW WR WDNH SODFH DQG WKLV L
IXQGDPHQWDO VWUDWHJI\ LQ GLVHDVH SUHYHQWLRQ 7KH H[LVWH
KDV EHHQ HVWDEOLVKHG RYHU WKH \HDUV WKURXJK WKH UHVHDU
FRPSUHKHQVLYH NQRZOHGJH RI SURWHLQ VWUXFWXUH DQG FRPSF
IXWXUH

30HDVH SUHVHUYH DQG GLVWULEXWH WKLV UHSRUW JOREDOO\ D'

&OLIIRUG ( &DUQLFRP
$XJ

%RUQ &OLIIRUG %UXFH 6WHZDUW -DQ

1 352*5(66



%ORRG $OWHUDWLRQV 9 6RXUFHV RI &>

FDUQLFRPLQVVEIORRWHDRPWHUDWLRQV Y VRXUFHV RI FXUUHQW

7KLV SDSHU LV 3DUW )LYH RI D 6L[ 3DUW 6HULHV

7KLV UHVHDUFK VHULHV ZDV IRUHVHHQ WR FRQVLVW RI ILYH
DULVHV 'UDPDWLF WUDQVIRUPDWLRQ RI KXPDQ EORRG VDP!
RI HOHFWULFDO FXUUHQW WR WKH EORRG 7KLV VLWXDWLRQ
XQLTXH PLFURELDO OLIH IRUP ZLWKLQ EORRG WKDW KDV EHL
, QVWLWXWH $ TXHVWLRQ WKDW GHVHUYHV LQTXLU\ LV

KDW DUH IMRYXUREBW XUUHQW WKDW PLIKW EH DYDLODEOH Wt
VHHQ"

'LWK RQO\ DQ LQLWLDO UHYLHZ WKHUH DUH PRUH WKDQ D G
FRQVLGHU 7KHVH PLJKW LQFOXGH IRU H[DPSOH

7KH KXPDQ ERG\ LWVHO

ORWLRQ RI D FRQGXFWRU KXPDQ ERG\ ZLWKLQ D PDJQHW
$Q DUWLILFLDO ORZHU 3LRQRVSKHULF" OD\HU FRPELQHG Z
7KH DSSOLFDWLRQ RI DQ HOHFWURPDJQHWLF ZDYH WR D K
&\FORWURQLF UHVRQDQFH

*URXQG ZDYH SURSDJDWLRQ RI DQ HOHFWURPDJQHWLF ILH
7URSRVSKHULF * 3, RQRVSKHULF" 'XFWLQJ 3URSDJDWLRQ
$PELHQW (/) HOHFWURPDJQHWLF ILHOGV E\ DOO HYLGHQF]
ORWLRQ RI D PDJQHWLF ILHOG KXPDQ ERG\ ZLWKLQ D FRC

'LUHFW ODERUDWRU\ HYLGHQFH RI HOHFWURPDJQHWLF LQ
PLFURELDO FXOWXUHYV

,RQRVSKHULF KHDWHU *+ LRQRVSKHUH WHFKQRORJ\ H J

6DWHOOLWH SURSDJDWLRQ RI DQ HOHFWURPDJQHWLF ILH



ORGHUQ GHYLFHV DQG WHFKQRORJ\ WKDW QRZ SHUPHDWH
DQG ZLUHOHVV (0)

(OHFWURPDJQHWLF PRGLILFDWLRQ RI KXPDQ ELRORJ\ H J
LOQMHFWLRQV ELRORJLFDO H[SHULPHQWDWLRQ PRGLILFDWLF

7KLV OLVW HDVLO\ VSDZQV QHZ DQG FRPSOH[ DUHDV RI ELRF
LV QRW FRPSUHKHQVLYH :KDW FDQ EH GRQH KHUH LV WR RII

BEBBBBBBBBBBBBBBBBBBEBEBBBBBBBBBBBBBBBBBBBBBBBBBBBI

7KH +XPDQ %RG\

7TKH KXPDQ ERG\ LV D SRZHU VRXUFH LQ LWVHOI (VWLPDWH
KXPDQ EHLQJ DSSHDU WR UDQJH EHWZHHQ DQG ZDWWYV
FRUUHVSRQG ZLWK D EDVDO PHWDEROLVP UDWH DQG YDOXEFE
IRU VKRUW SHULRGV RI WLPH XQGHU H[WUHPH RU KLJK OHYH
PDIQLWXGHYV KHUH WR FRQVLGHU

W LV EHQHILFLDO WR JDLQ VRPH SHUVSHFWLYH RQ D IHZ SD
RI YROWDJH DQG FXUUHQW 3RZHU LV LQ ZDWWV YROWDJH
EH FRQVLGHUHG DV WKH WKH 3SUHVVXUH" ZDWHU DQDORJV
FXUUHQW LV WKH IORZ RI HOHFWURQV DQDORJRXV WR ZDWE
FRPELQDWLRQ RI ZDWHU IORZ DQG ZDWHU SUHVVXUH FDQ IL
SRZHU RI WKH ULYHU \RX VHQVH DJDLQ IURP D ZDWHU DQDO
LGHD WKH SURGXFW L H FRPELQDWLRQ RI RI YROWV SUH
ZDWWV RI WKH HOHFWULFDO IRUFH LQYROYHG O0ODQ\ GLIIH!

YROWY DQG DPSV ZRXOG JLYH XV ZDWWV DV ZHOO DV
VDPH SRZHU OHYHO RI ZDWWYV

SHFDOO WKH PDJQLWXGH RI WKH FXUUHQW OHYHOV WKDW WI
UHSRUW 7KH FXUUHQW OHYHO GHPRQVWUDWHG WR SURGXF
GHOQDWXUDWLRQ WUDQVIRUPDWLRQ HWF LV RQ WKH OHYH

RI DPS ,Q WKH HDUOLHU SDSHUV WKH OHYHO RI KDUP
GLVFXVVHG DQG LW DOVR LV VXUSULVLQJO\ ORZ O0LOOLDPS
HISHFWHG PDJQLWXGHVY ORZHU WKDQ YROWV DQG ZDWWV W

$ IDFWRU DIIHFWLQJ FXUUHQW OHYHOV LQ WKH ERG\ LV FRQI
HOHFWURFKHPLFDOO\ ZLWKLQ WKLV UHSRUW VHULHV ZDV GL

7KLY PHDQV WKDW WKH FXUUHQW OHYHOV UHTXLUHG WR
ORZHU WKDQ WKH P$ UHFRUGHG DQG LW PD\ EH RQ WKH F
PLFURDPSYV $OVR ORZHU FXUUHQWYV IRU SURSRUWLRQDC



VDPH QHW HIIHFW 7KHVH DUH YHU\ ORZ FXUUHQW OHYHOV I
IRUFHV HIWHULRU WR WKH ERG\ PD\ QRW EH UHTXLUHG 7KH
DOUHDG\ EH ZLWKLQ WKH LQKHUHQW HOHFWULFDO QDWXUH |
QHHGHG 7KLV LV DFWXDOO\ LQ DFFRUGDQFH ZLWK WKH GDV
GHVFULEHG LB@OWHWDSMMORRG , &RDJXODWLRQ VKRZV XQX
RQVHW

8QGHUVWDQGLQJ WKDW SRZHU OHYHOV WKHPVHOYHV FDQ IO
LQGLFDWHG E\ WKH UDQJH DERYH ZDWWV ZH FDQ DO
I[URP SK\VLFDO DFWLYLW\ OHYHOV DORQH FRXOG HDVLO\ SUF
WUDQVIRUP WKH EORRG VDPSOH DV LW KDV EHHQ UHFRUGHG
YHU\ FDUHIXO FRQVLGHUDWLRQ DV ZHOO DV DGPLWWHGO\ Yt
WR UXQ LWV FRXUVH DQG WKHQ FRQIURQW WKH WUXWK ZKL|

W LV XQIUXLWIXO WR DWWHPSW WR RYHUVLPSOLI\ RU JHQHL
HYHQWXDOO\ FUHDWH D EORFN RI XQGHUVWDQGLQJ LQ WKH
KHOSIXO WR DW OHDVW PDNH DQ HOHFWULFDO GLVWLQFWLR
DQG WKH LQWHUQDO RUJDQ VWUXFWXUH 6NLQ LQ JHQHUDO
RUJDQ WKDW KHOSV SURWHFW XV DJDLQVW WKH GDQJHUV R
ERG\ &XUUHQW LQ WKH LQWHULRU RI WKH ERG\ LV RI PXFK
YDULDWLRQ LQ FRQGXFWLYLW\ ZLWKLQ WKH RUJDQV WKHPVF
FRQVLGHUDEO\ PRUH FRQGXFWLYH WKDQ RWKHU SDUWV RI W

7TKHUH LV D ZHDOWK RI LQIRUPDWLRQ WKDW KDV GHYHORSHC
QDWXUH RI WKH KXPDQ EHLQJ SHVHDUFK SDSHUV DERXQG

FKDQJHV WKDW DUH RFFXUULQJ LQ RXU VXUURXQGLQJ HOHF)
XQGLVFORVHG 7KH UHVXOWY UHSRUWHG LQ WKLYV UHVHDUF
SRSXODWLRQ LV EHKLQG WKH FXUYH LQ FRPSUHKHQGLQJ WK
HPEHGGHG ZLWKLQ XV 7KH XQXVXDO HOHFWURPDJQHWLF LF
VHYHUH zD\V |, DGYRFDWH DQ LPPHGLDWH HIIRUW WR XQGH

BEBEBBEBBBBBBBBBBBBBBBEBEBBBBBBBBBBBBBBBBBEBBBBBBBBBBI

ORWLRQ 21 $ &RQGXFWRU +XPDQ %RG\ :LWKLQ $ ODJQHWL

7KH IROORZLQJ YLGHR FOHDUO\ SUHVHQWY D GLVFXVVLRQ R



6RXUFH__6WHS E\ 6WHS 6FLHQFH

,Q RXU FDVH WKH KXPDQ EHLQJ LV FRQVLGHUHG DV WKH FR(
DQG WKH YHORFLW\ RI WKH FRQGXFWRU DUH FRQVLGHUHG D
ZLVK WR FRQVLGHU

$ ZULWWHQ IRUP RI DQ HIDPSOH VLWXDWLRQ LV VXPPDUL]HG

(IDPSOH &DVH (OHFWURPRWLYH )RUFH LQ D 6WUDLJKW &RQGXFWR

, D VWUDLJKW FRQEGAFWRYLRU @H ¥ XWHHRORIKLW\XQLIRUHMA PLC

VXFK WKDW WKH D @QI@GL\E MWKHQH®Y KH H O H F W ULRPFGRAF HYGH LI U
FRQGXFWRU LWLQ

7TKH LQGXFHG HOHFWURPRWLYH IRUFH RIWHQ ZULWWHQ 3|
GLITHUHQFH LQGXFHG DFURVV D ZLUH PRYLQJ WKURXJK D

,Q WKLV HFXDWIKRHQOHQIJIWK RI WKH GLPHQVLRQ RI WKH FR:

VRXUFH KWWSV ZzZZ QDJZD FRP HQ H[SODLQHUYV

$V D QXPHULFDO H[DPSOH RI DSSOLFDWLRQ D PHWHU FR

HDUWKYVY PDIJQHWLF ILHOG DW PLOHV SHU KRXU ZRXOG OH

P9 D VPDOO EXW PHDVXUDEOH TXDQWLW\ O PHWHUV %
P (7 P VHF P9
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$Q DUWLILFLDO ORZHU 3LRQRVSKHULF" OD\HU FRPELQHG Z

7KLV VFHQDULR LV FRPSULVHG RI ERWK D K\SRWKHVLV DQG I
OHDVW WR VRPH H[WHQW ZLWK WKH SURSDJDWLRQ RI UDGL}
JOREH LQ FRQMXQFWLRQ ZLWK WKH LRQRVSKHUH 7KLV LV C
LQ FRPPXQLFDWLRQ DV ZHOO DV PRUH LQ PRUH DGYDQFHG V
DSSOLFDWLRQV HJ +$$53 ,Q D PRUH JHQHUDO VHQVH ZH
HOHFWURPDJQHWLF HQHUJ\ WKURXJK DQ LRQL]JHG JDV SODV
RI &DUQLFRP ,QVWLWXWH UHVHDUFK IRU GHFDGHV LQ DVVRF
SODFH

$ VWXG\ Rl WKH DHURVRO RSHUDWLRQV DQG KRZ WKH\ UHOD
HOHFWURPDJQHWLF (0 HQHUJ\ GLUHFWO\ WR WKH KXPDQ EF
DQ :DUWLILFLDO" LRQRVSKHULF W\SH OD\HU SRVLWLRQHG P>
DW WKH DOWLWXGHV RI DLUFUDIW NQRZQ WR EH FDSDEOH RI
WR FRQVLGHU DQG D VLPSOLILHG PRGHO KDV EHHQ FUHDWH
7KH PRGHO LV IRU LQYHVWLIJDWLRQ RQO\ DQG DOWKRXJK QF
DYDLODEOH DW WKH IROORZLQJ ORFDWLRQ

/IRZ /HYHO .RQRVSKHUH 3URSDJDWLRQ ORGHO

KWWSV FDUQLFRPLQVWLWXWH RUJ MDYDVFULSW ORZBOHY'

7KH REMHFWLYH RI WKLV PRGHO LV WR GHWHUPLQH LI LW LV
OHYHOV FDQ EH SURSDJDWHG UHPRWHO\ WR D WDUJHW UHJL
SLRQRVSKHUH® DW UHODWLYHO\ ORZ DOWLWXGHV H J *

PRGHO XQGHU VXLWDEOH FRQGLWLRQV GRHV LQGLFDWH WKL

$GGLWLRQDO VWXG\ ZLOO QHHG WR EH GRQH WR PRGHO WKF
LQVLGH WKH ERG\ 3UHOLPLQDU\ FLUFXLW PRGHOLQJ RI WKF
DGGLWLRQDO VWXG\ DW WKLV WLPH

$Q DGGLWLRQDO SDSHU WKDW PD\ RI LQWHUHVW WR UHDGHL

7KH 30DVPD JUHTXHQF\ 5DGDU $SSOLFDWLRQV 1RY

BEBEBBEBBBBBBBBBBBBBBBEBEBEBBBBBBBBBBBBBBBBEBEBBBBBBBBBL

7KH DSSOLFDWLRQ RI DQ HOHFWURPDJQHWLF ZDYH WR D K



7KHUH DUH PDQ\ ZD\V LQ ZKLFK WKLV TXHVWLRQ FRXOG EH D
PRGHOLQJ XQGHU UHYLHZ DV PHQWLRQHG DERYH $QRWKH
IUHTXHQFLHY SHQHWUDWH WKH ERG\ DQG WR ZKDW GHSWK
UDGLR IUHTXHQF\ ZDYHV DQG WKH\ ZLOO WKHQ KDYH LPPHG
SUHYLRXVO\ EHHQ UHIHUHQFHG L H WKH XVH RI DQ DUWLIL
HQHUJ\ WR D VSHFLILF ORFDWLRQ

JRUWXQDWHO\ WKHUH LV VRPH LQIRUPDWLRQ UHDGLO\ DYDL
UHIHUHQFH SDSHU LV RI LPPHGLDWH YDOXH

LQYHVWLIDWLRQ RI1 5) 7UDQVPLVVLRQ 3URSHUWLHV RI +XPDC
VRXUFH $GYDQFHV ,Q 5DGLR 6FLHQFH *+ KWWSV Z7ZZZ DGYD

,Q WKLY SDSHU ZH OHDUQ WKDW D UDGLR IUHTXHQF\ WKDW L
DEVRUEHG E\ WKH KXPDQ ERG\ PDWFKHV RQ SDU ZLWK WKDW
LRQRVSKHUH® PRGHO DQG VFHQDULR GHYHORSHG DERYH 7K
0K] 7KHUH PD\ EH D FHUWDLQ OHYHO RI FRLQFLGHQFH LQ W
EH HIITHFWLYH EXW LW FRQWLQXHV WR VXSSRUW WKH QRWLF
KXPDQ ERG\ LV IHDVLEOH XQGHU WKH PRGHO GHYHORSHG $\
ZLGH UDQJH RI IUHTXHQFLHYV FDQ KDYH VXEVWDQWLYH HIIHF
FHUWDLQO\ ZRUWK FRQVLGHULQJ XSIURQW 7KH PRGHO YDO
ZDV DUULYHG DW LQ FRPELQDWLRQ ZLWK WKH RWKHU LQSXW
ZLWKLQ WKH DUWLILFLDO SORZHU OD\HU"™ VXFK DV WR PLPLF
UHSUHVHQWDWLYH RI HITHFWLYH LRQRVSKHULF SURSDJDWLR

7KHUH DUH D YDULHW\ RI VRXUFHV WKDW KHOS XV WR XQGH!
HITHFWLYHO\ SURSDJDWH LQWR WKH KXPDQ ERG\ DQG WKDW
HITHFWLYH WKDQ RWKHUV 7KLV HQHUJ\ ZRXOG HIIHFWLYHO\
ZLWKLQ WKH ERG\

SHFDOO WKDW WKH FXUUHQW OHYHOV WKDW DUH VXIILFLHQYV
VXUSULVLQJO\ ORZ RQ WKH RUGHU RI MXVW D PLOOLDPS RU
UHTXLUHG PD\ DFWXDOO\ EH LQ WKH PLFUR DPS UDQJH GXH
VWXGLHG &RQVLGHULQJ WKLV WKHUH LV DQRWKHU UHIHUH
FRPSOH[LW\ WR RXU UHVHDUFK TXHVWLRQ 7KLV LV WKH ERI
SREHUW %HFNHU 0" 'U %HFNHU LV TXLWH ZHOO NQRZQ LQ
HOHFWULFLW\ DQG HOHFWURPDJQHWLFV LQ WKH ERG\ +LV z
UHVHDUFK RI \HDUV SDVW HVSHFLDOO\ RQ WKH WRSLF RI F\|
WR KXPDQ PHWDEROLVP DQG KHDOWK

'U %HFNHU JLYHV XV D JRRG VHQVH RI VFDOH DV WR ZKDW C
KDYLQJ DQ HIIHFW XSRQ WKH KXPDQ ERG\ 7KHVH OHYHOV D
PRGHO GHYHORSPHQW DERYH DV D PRVW FUXGH DQG REYLRX



KXPDQ ERG\ %\ KLV ZRUN LW LV IDLUO\ REYLRXV WKDW LV
XSRQ WKH KXPDQ ERG\ DQG LQ WKLV FDVH , SRVWXODWH WK
KDYH QRW \HW HYHQ EHHQ FRQVLGHUHG

‘U %HFNHU VWDWHYV LQ KLV FKDSWHU 30HFKDQLVPV RI %LRO
WKDW

S%7KH PRVW IHUWLOH JURXQG IRU XQGHUVWDQGLQJ WKH SK\VI
LQYROYHV WKRVH SURFHVVHV WKDW ZH KDYH OXPSHG WRJH\
PHFKDQLFDO DQG FODVVLFDO SURFHVVHYV DQG LQFOXGH IRL
FRQYHUVH SLHIRHOHFWULF HIITHFW FRRSHUDWLYH GLSROH L
SODVPD RVFLOODWLRQV 7\SH VHQVLWLYLWLHYV DV ORZ DV
DUH WKHRUHWLFDOO\ FDSDEOH RI VHUYLQJ DV WKH XQGHUO
ELRORJLFDO HIIHFW

, ZRXOG VD\ WKDW ZH KDYH RXU ZRUN DKHDG FXW RXW IRU X
QHHG WR IROORZ 7KH PRGHO DERYH PD\ VHUYH RQO\ DV D F
PD\ EH GHSOR\HG XQZLWWLQJO\ XSRQ WKH FLWL]HQU\

JHWIV FRQWLQXH WR SXW 'U %HFNHUJV FRQFHUQV LQWR SH
DERYH ,W GRHV QRW VHHP GLIILFXOW LQ DQ\ IDVKLRQ WR F
LOQWHUHVW LQ WKH OLNHOLKRRG RI LQFUHDVLQJ FXUUHQW L
EHHQ H[DPLQHG DQG LQ FRQMXQFWLRQ ZLWK WKH FRQFHUQ
GLIILFXOW\ WR PDWFK WKRVH FRQFHUQV

&R DXWKRU $QGUHZ ODULQR KDV SURYLGHG D FKDSWHU ZLW|
$UWLILFLDO (OHFWURPDJQHWLF (QHUJ\ LQ WKH (QYLURQPHQ
VWXG\ Rl ELRORJLFDO HIIHFWV NQRZQ WR RFFXU ZLWK UHOD
SURGXFH D WUDQVIRUPDWLRQ RI WKH EORRG LV DOUHDG\ NC
ORZHU WKDQ WKDW DOUHDG\ PHDVXUHG $ SUDFWLFDO TXH\
VRXS WKDW ZH ILQG RXUVHOYHV OLYLQJ LQ LV DOUHDG\ VXII
ZLWQHVVHG WR H[LVW ,W VKRXOG QRW FRPH DV DQ\ VXUSU

BBEBBEBEBEBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI

&\FORWURQLF UHVRQDQFH

7KLV WRSLF ZLOO QRW EH GHYHORSHG IURP VFUDWFK DW WK
RFFDVLRQV ZLWKLQ &DUQLFRP ,QVWLWXWH UHVHDUFK ([DP:
UHVRQDQFH DUH OLVWHG DV IROORZYV



SRWDVVLXP QWHUIHUH®HB ,V ([SHFWHG

'LUHFWLRQ RI (/) 9/) (QHUGD YV 9HULILHG

OXOWLSOHY 6KLIOMMWR +HUW]

() '"LVUXSWLRQ DQG &RXITRMHUPHDVXUHYV

$ 'LUHFW &RQQOHFWLRQ 7KHOPXPDQ $QWHQQD ,,

7KH (DUWK .V ZKHBQWHQQD

(/) 7KH +XPDQ $QVWHQQD

BEBBEBEBEBBBBBBBBBBBBBBEBEBBBBEBBBBBBBBBBBBBBBBBBBBBBBL
*URXQG ZDYH SURSDJDWLRQ RI DQ HOHFWURPDJQHWLF ILH

7KH FODVVLF UHSUHVHQWDWLRQ RI JURXQG ZDYH SURSDJDW
DIIHFWLQJ JURXQG ZDYH SURSDJDWLRQ FDQ KRZHYHU EHFR
FRPSOH[ *URXQG ZDYH SURSDJDWLRQ LV JHQHUDOO\ UHJDU
0K] 7KH IUHTXHQF\ XVHG LV LPSRUWDQW DQG WKLV UDQJH
JUHTXHQF\ (/) O9HU\ /RZ )UHTXHQF\ 9/) DQG OHGLXP )UHTXFE
RZQ FKDUDFWHULVWLFV $QWHQQD VL]JHV DOVR DUH LPSRUW
ORZHU IUHTXHQFLHV ZLOO UHTXLUH ODUJHU DQWHQQDV ER\
IUHTXHQFLHV 7KLV ZLOO KDYH DQ LPSRUWDQW EHDULQJ RQ
VIVWHP WKDW LV XVHG

OXFK KDV EHHQ ZULWWHQ RQ WKLV VLWH DERXW (/) SURSDJD
IRU FRPPXQLFDWLRQ DQG ELRORJLFDO LPSDFW DUH FRUH WE
XVHG IRU JOREDO VXEPDULQH FRPPXQLFDWLRQ IRU H[DPSOtl
V\VWHP LV ODUJHO\ RSHUDWLQJ LQ WKLV VDPH (/) UDQJH

6RXURMKHVHDUFEKIJDWH FRP




7KH LPDJH WKDW IROORZV VKRZV WKDW D PRUH UHDOLVWLF
FDVH LV QRW VR VLPSOH WKDW WKH (0 ZDYH VLPSO\ IROORZ)
WLV JHQHUDOO\ VWDWHG WKDW JURXQG ZDYH VLJQDOV DW'
FDQ QRW EH XVHG WR VSDQ ORQJ GLVWDQFHV +RZHYHU WE
WUDQVPLVVLRQ LV LPSRUWDQW DV KDV EHHQ PHQWLRQHG U
ORZ IUHTXHQFLHV ZLOO WUDYHO IXUWKHU WKDQ VKRUW ZD

‘H VHH EHORZ WKDW ZKDW WKH VLJQDO LV UHIOHFWLQJ IURFP
EH YHU\ LPSRUWDQW DV WR KRZ WKDW ZDYH ZLOO EH DEVRU
ZRXOG QRZ EH YHU\ ZLVH WR FRQVLGHU WKH SUHVHQFH RI D
KDV EHHQ SRLQWHGO\ LQWURGXFHG DERYH 7KLV ZRXOG XQ
UHIOHFWLQJ RU FRQWDLQLQJ WKH (0 HQHUJ\ LQ D PRUH FRQ
7KLV PHDQV E\ DOO H[SHFWDWLRQV WKDW WKH SURSDJDWL
ORQJHU UDQJHV WKDQ ZLWKRXW WKLV OD\HU

,W PD\ ZHOO EH WKDW 3JURXQG ZDYH" SURSDJDWLRQ LV QR (
HISORLWDWLRQ RI DQ ORZ OHYHO DUWLILFLDOO\ FUHDWHG F
SRVVLELOLWLHYV

VRXUH®OHFEFWURQLFVIRUX FRP

BEBBBEBBBBBBBBBBBBBBEBEBEBBBBBBBBBBBBBBBBBEBEBBBBBBBBBI

7TURSRVSKHULF *# 3 RQRVSKHULF" 'XFWLQJ 3URSDJDWLRQ



W LV QRW MXVW *UHIOHFWLRQ IURP WKH ORZ OHYHO DUWLI
SURSDJDWLRQ LW LV FRQGXFWLRQ WKURXJK WKH OD\HU LW\
FDOOHG 3GXFWLQJ" L H WKH FRQILQHPHQW RI (0 HQHUJ\ ZL)
37URSRVSKHULF GXFWLQJ LV RQH VXFK H[DPSOH WKDW LV P

, ZRX0OG VXJIJIHVWXWE K D\WWAHRBL RRQGXFWLYH ORZ OHYHO DUWL
WKH WUDGLWLRQDO WURW RN SKMUWBIWRMIKHUB & CSOOMKDR H (YHE
+ 7KH 5HDOLWLHY RI 6RODU 5DGLDWLRUODQ @JHARNXD/EG S$BRY L

REYLRXV HQKDQFHPHQW RI (0O SURSDIJDWLRQ RQ ORFDO UHJ
SGXFWLQJ" RI WKH VLIJQDO LV H[SHFWHG

,Q WKLV FDVH WKH *DUWLILFLDO® SODVPD OD\HU LWVHOI VH

7TKHUH LV JRRG UHDVRQ WR NQRZ WKDW WKLV VFHQDULR LV
UHIHUHQFHY DUH SURYLGHG WR VXEVWDQWLDWH WKLV SKHQ
UHDFKHV LWV PD[LPXP DW DSSUR[LPDWHO\ + N+] $OVR Q
SURSDJDWLRQ LQ WKH LRQRVSKHUH DUH DVVRFLDWHG ZLWK
S3URJUDP DFWLYLW\ D FORVH FRXVLQ WR WKH SURSDJDWLR(
1RWH bOVR WKH UHIHUHQFH WR WKH *DUWLILFLDO JHQHUDW
I1XPHURXV RWKHU UHIHUHQFHYVY GHVFULEH WKH H[LVWHQFH R

3$UDGLR ZDYH SURSDJDWLRQ WHFKQLTXH WKDW DOORZV V
HOHFWURPDJQHWLF ZDYHV WKURXJK W kEMHH FERP@ HOQAWDW D\
OD\HU RI WKH DWPRVSGKEW BV RSIFADWDRROO\ LQ GXFW SU
EHLQJ UHIOHFWHG IURP WKH LRQRVSKHUH RU JOLGLQJ RY
SURSDJDWH IURP DQ HQG WR DQRWKHU E\ XQGHUJRLQJ VX
'XFW SURSDJDWLRQ LV VRRFMN®HBHWHUHVAWOROR DY WKH SUR
VLIJQDOV EH\RQG WKH KRUL]JRQ 7KLV PHDQV WKDW XQOLM
VLIJQDO WUDQVPLVVLRQ ZLWKRXW DVVXULQJ WKH QHHG IR
WZR DQWHQQDV ~

6RXUFH KWwWSV HOHFWURQLFVGHVN FRP GXFW SURSDJL



"KLVWOHU 3URSDJDWLRQ LQ ,RQRXVQDUL RIHEBRBW\V XFMMO/ !

32Q 2FWREHU WKH "HWHFWLRQ RI (OHFWURPDJQHWL
(DUWKTXDNH 5HIJLRQV '(0(7(5 VDWHOOLWH REVHUYHG 9/)
DQ LRQRVSKHULF KHDWLQJ H[SHULPHQW FRQGXFWHG DW -
PHDVXUHPHQWYV E\ "(0(7(5 LQGLFDWH WKH SUHVHQFH RI P>
8VLQJ DQ HOHFWURQ 0+' PRGHO ZH VKRZ WKDW WKH GLVV
"(0(7(5 LV FRQVLVWHQW ZLWK WKH SURSDJDWLRQ RI ZKLV\
REVHUYHG GHQVLW\ HQKDQFHPHQWY :H DOVR GLVFXVV R\
LQFOXGLQJ FRXSOLQJ RI WKH ORZHU K\EULG DQG ZKLVWO
GXFWV DQG WKH LQWHUIHUHQFH RI ZKLVWOHUV ZDYHV |U

6RXUFH KWWSV DJXSXEV RQOLQHOLEUDU\ ZLOH\ FRP GFk

SURSDJDWLRQ RI :KLVWOHU ORGH :DY HARMMKQYRX I WHKRIS KR §
5HVHDUFK $XJ

3:H SUHVHQW UHVXOWYV IURP QXPHULFDO VWXGLHV RI ZKL"
LRQRVSKHUH ZKHQ DUWLILFLDOO\ FUHDWHG SODVPD GXFW
IURP WKH 6$0, LRQRVSKHULF FRGH ZH VROYH WKH WZR G
PDIJQHWRK\GURG\QDPLFV HTXDWLRQV WR VWXG\ WKH WUD
JHQHUDWHG ZKLVWOHU ZDYHV DW +$$53 ODWLWXGHV /
SURSDJDWLRQ LV FRQVLGHUHG EXW RQO\ GXFWHG ZKLVW
UHGXFWLRQ LQ ZDYH DPSOLWXGH 7KH FRQGLWLRQV QHFH
DQG ORZ GHQVLW\ GXFWV DUH GLVFXVVHG ZLWK SDUWLFX
RI WKHVH SDUDPHWHU UHJLPHV’

BBEBBEBEBEBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI

$PELHQW (/) HOHFWURPDJQHWLF ILHOGV E\ DOO HYLGHQF|

7KH WRSLF RI (/) (0) SURSDJDWLRQ LV SURPLQHQW ZLWKLQ &
SDSHUV RQ WKLV WRSLF KDYH EHHQ ZULWWHQ RQ WKLV WRS

(/) JUHTXHQF\  GHQWLILFDWLRQ 1RY




(@8] SRVLWLYH _ GHQWILFDWLRQ 0D\

'LUHFWLRQ RI (/) 9/) (QHUJ\ ,GHQWLILHG O0DU

(/) 9/) $XGLR )LOHYVY $ &RQWULEXWLRQ O0ODU

(/) QOHULILHG LQ 8WDK O0DU

SRVLWLYH (/) 6SHFWUXP ,GHQWLILFDWLRQ ODU

$ 7KLUG 3DWWHUQ 2EVHUYHG _9HU\ /RZ )UHTXHQF\ 3XOVH ¢

&KDFR &DQ\RQ 1DWLRQDO 3DUN 6HFRQG (/) 3XOVH 2EVHI

$ SRQQHFWLRQ (/) + 6DWHOOLWHYV = +$$53 + $SHURVROV )t

(/) DW JHHW )HE

(/) LQ %DQGDOLHU 1IDWLRQDO ORQXPHQW -DQ

(/) &LUEXLW "HVLJQ -DQ

(/1) 7KH +XPDQ $QWHKQQD

(/) 'LVUXSWLRQ DQG &RXITRWHUPHDVXUHYV

(/) SDGLDWLRQ LV &RQILUPHG 1RY

(/) (YLGHQFH 6XUIDFHV 1RY

[) JUHTXHQF\ ORQLWRULQJ %HJLQV 1RY

BBEBBBEBBBBBBBBBBBBBEBBBBEBBBBEBBBEBBBBEBBBBEBBBBBBBBBBL

ORWLRQ RI D PDJQHWLF ILHOG KXPDQ ERG\ ZLWKLQ D FRQ

7KH EDVLF SULQFLSOH LQYROYHG LV H[SUHVVHG DV IROORZ\

ODIQHWLF ILHOGY FDQ EH XVHG WR PDNH HOHFWULFLW\
37TKH SURSHUWLHYV RI PDIJQHWY DUH XVHG WR PDNH HOHFW
HOHFWURQV OHWDOV VXFK DV FRSSHU DQG DOXPLQXP KD
PDJQHW DURXQG D FRLO RI ZLUH RU PRYLQJ D FRLO RI ZL
WKH ZLUH DQG FUHDWHY DQ HOHFWULFDO FXUUHQW ~

BRXUFH 8 6 (QHUJ\ ,QIRUPDWLRQ $GPLQLVWUDWLRQ



6HSDUDWH IURP WKH LVVXH RI PDJQLWXGH LW LV WR EH DF?"

JHQHUDWH D PDIJQHWLF ILHOG 7KLV WRSLF FDQ EH SXUVXH
SURYLGHG

+RZ VWURQJ LV WKH PDJOQHWLF ILHOG SURGXFHG E\ WKH KXP

6RXUFH SK\VLFV VWDFNH[FKDQJH FRP

7KH PDIJQLWXGH RI WKH ILHOG PD\ QRZ EH VXEMHFW WR DGG
WUDGLWLRQDOO\ FRQVLGHUHG 30OHDVH UHIHU WR LWHP C
PDJQHWLF ILHOG RI WKH KXPDQ ERG\ LV DOWHUHG WR WKH C
XQGRXEWHGO\ DIITHFW WKH PDJQLWXGH RI WKH HIIHFWV IURF

7KH SRLQW KHUH LV WKDW ZH PXVW FRQVLGHU DW DOO WLPF
PDJQHWLF ILHOGYVY DV WKH\ DUH PDQLIHVWHG VLPXOWDQHRX
KDYH RXU ZRUN FXW RXW DKHDG RI XV DQG WKH SDWKZD\ IU
LV JLYHQ WR XV ZLWK WKH ZRUN RI OD[ZHOO

OD[ZHOOYfV (TXDWLRQV

$ PRUH FRPSOHWH GHVFULSWLRQ RI OD[ZHOOfV HTXDWLRQV
KWWSV VLPSOH ZLNLSHGLD RUJ ZLNL OD[ZHOO VBHTXDWLE

OD[ZHOOYV HTXDWLRQV GHVFULEH WKH UHODWLRQVKLSV RI L
ILHOGV :H DUH XQGRXEWHGO\ LQ FRPSOH[ WHUULWRU\ DKH|
KXPDQ ERG\ LV LWVHOI LQ LQIDQF\ 7KH LQWHUDFWLRQ RI W
ILHOGY NQRZQ RU XQNQRZQ GLVFORVHG RU XQGLVFORVHG
EH\RQG OD\ JUDVS DW WKLV SRLQW ,W LV PRUH WKDQ IDLU
EDVH WR EHJLQ DVNLQJ WKH TXHVWLRQV WKDW GHVHUYH DQ



KDW LV LQ JUDVS DW WKLV SRLQW LV GLUHFW VFLHQWLILF F
ZRXOG VXJIJHVW WKDW WKH GLVFXVVLRQ XQGHU ,WHP RI W
RI WKLV UHSRUW PD\ EH ZRUWKZKLOH DV ZHOO

BEBBBBBBBBBBBBBBBBBBEBEBBBBBBBBBBBBBBBBBEBBBBBBBBBBI

'LUHFW ODERUDWRU\ HYLGHQFH RI HOHFWURPDJQHWLF LQ
&% PLFURELDO FXOWXUHYV

7TKHUH LV D ERG\ RI ODERUDWRU\ VWXG\ RQ HOHFWURPDJQH\
&'% WKDW LV UHFRUGHG EXW LV XQSXEOLVKHG LQ UHVHDUF
UHFRUGHG VROHO\ ZLWKLQ WKH &DUQLFRP ,QVWLWXWH ODEH}

7KH VWXGLHY DSSHDU WR EH FHQWHUHG ZLWKLQ 9ROXPH R
HOHFWURPDJQHWLF DVSHFW RI WKH ZRUN EHJLQV DW WKH R
-XQH RI WKH VDPH \HDU EHIRUH LW VKLIWYV WR LQFOXGH DGC

7KH SULPDU\ PRWLYH RI WKDW ZRUN ZDV WZRIROG ILUVW WI
IXQGDPHQWDO RI +] GLVFRYHUHG LQ SUHYLRXV \HDUV UHPL
HVWDEOLVK LI HOHFWURPDJQHWLF ILHOGV KDG DQ\ REVHUYL
GHYHORSPHQW 7KH DQVZHU ZDV \HV LQ ERWK FDVHYV

2QH RI WKH HYHQWYVY ZKLFK WRRN SODFH DW WKH WLPH WKLYV
D SHUVRQQHO GLVWXUEDQFH ZLWKLQ &DUQLFRP ,QVWLWXWH
ZDV LQ SODFH $V VXFK WKH ZRUN QHYHU PDWXUHG LQWR V
DV D VHW RI SHUVRQDO QRWHV RI GLVFRYHU\ W FDQ EH UH
UHVSRQVLEOH IRU WKLV LOWHUUXSWLRQ GLG KDYH DW OHDV
UHWURVSHFW WKH LPSRUWDQFH RI WKH ZRUN WKDW ZDV XQ
VXEMHFWYV RI WKLV UHSRUW VHULHYV

6L SRLQWV RI QRWH DV D PLQLPXP GLG UHVXOW IURP WKD'

7KH H[LVWHQFH RI WKH +] DPELHQW (/) ILHOG zZzDV DJDLQ
SXEOLFDWLRQ RI WKH RULJLQDO UHVHDUFK DQG GLVFRYHUL|

$Q DGGLWLRQDO DPELHQW (0 VLJQDO DV DSSUR[LPDWHO\
EDVLV 1R VRXUFH RI WKDW ILHOG ZDV LGHQWLILHG KRZHYI
FKDUDFWHULVWLFV RI WKDW IUHTXHQF\ UDQJH ZHUH VWXGLF
I[UHTXHQF\ ZDV LQFRUSRUDWHG LQWR WKH (0 VWXGLHV XSRQ

,Q JHQHUDO WKH DSSOLHG (0) ILHOGYV GLG KDYH D VLJQLI
JURZWK 7KH HIIHFWV ZHUH SULPDULO\ RI JURZWK HQKDQFH
UDQJH RI IUHTXHQFLHYV ZDV VWXGLHG



7KH (0) ILHOGV GLG DIIHFW &% FXOWXUH JURZWK DQG DO
WKH UHVHDUFK_ SO5 HH ZWh WRIBHEHDVHG LQ -DQ WKURXJK 11

7KH ZRUN FRPELQLQJ HOHFWURPDJQHWLF VWXG\ ZLWK FXC
GHHSHU OHYHO LI WKH LQWHUUXSWLRQ UHIHUUHG WR KDG Q

7KH ZRUN XQGHUZD\ DW WKDW WLPH LV IXOO\ GHVHUYLQJ

BBEBBBEBEBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI

,RQRVSKHULF KHDWHU *+ LRQRVSKHUH WHFKQRORJ\ H J

7KH H[LVWHQFH RI WKH +LJK $FWLYH $XURUDO 5HVHDUFK 3U
SUREHG UHSHDWHGO\ ZLWKLQ WKH KLVWRU\ RI &DUQLFRP ,Q
UHODWHG WRSLFV FDQ EH IRXQG ZLWKLQ WKH IROORZLQJ SD

$ SRQQHFWLRQ (/) + 6DWHOOLWHYV £ +$$53 + $HURVROV )t

9/) 3XOVHV DQG +$$53 0DU

5DGLDWLRQ DQG +$$53 ,PSOLFDWLRQV 1RY

&RQGXEWLYLW\ 7KH $LU 7KH :DWHU DQG 7KH /DQG $SU

3UHOLPLQDU\ )LQGLQJV 'HF

S5HVHDUFK 7UHQGY DQG $SSHDOV 'HF

/KH 2FWREHU 6RODU 6WRUP 2FW

ODJOQHWLEYVY $HURVROV DQG 9/) $SU

$Q . OTXLU\ . QWR 3RZHU $SU

9/) 3IXOVHV 5HWXUQ $SU

'LUHFWLRQ RI (/) 9/) (QHUJ\ QHULILHG O0DU

(/) 9HULILHG LQ 8WDK ODU

7KH (DUWK LV WKH $QWHQQD O0DU

(/) DQG WKH +XPDQ $QWHQQD -DQ

(/) (YLGHQFH 6XUIDFHV 1RY




$ AXHVWLRQ RI $OIYHQ 1RY

SUHGLEFWILQJ WKH 2SHUDWLRQV 6XQVSRWYV DQG +XPLGLW

BEBEBBEBBBBBBBBBBBBBBBEBEBEBBBBBBBBBBBBBBBBEBEBBBBBBBBBL

6DWHOOLWH SURSDJDWLRQ RI DQ HOHFWURPDJQHWLF ILH

W FRPHV DV QR VXUSULVH WKDW VDWHOOLWHY FDQ EH XVH(
PDQNLQG RU RWKHUZLVH 6DWHOOLWHY KDYH WKH FOHDU D
WDUJHW Il WHFKQRORJ\ LV DW WKH OHYHO RI SURYLGLQJ J
SRZHU HPHUJLQJ DQG ZHDSRQU\ LW LV D FHUWDLQW\ WKDYV
VDWHOOLWH LV LV KHUH WR VWD\ 7KH WDUJHW LV OLNHO\ V
WKDW WKH 326SDFH )RUFH" QRZ H[LVWV DV D IRUPDO EUDQFK
DZDUHQHVY DW WKH OHYHO QHHGHG KHUHEHGERPH WDHEDGHUR/ |
LQFUHDVLQJO\ EOXUUHG OLQHV RI _KWKUH 2XWHU 6SDFH 7UF

BEBEBBEBEBBBBBBBBBBBBBEBEBEBBBBBBBBBBBBBBBBBEBEBBBBBBBBBL

ORGHUQ GHYLFHV DQG WHFKQRORJ\ WKDW QRZ SHUPHDWH
DQG ZLUHOHVV (0)

$Q HI[DPSOH RI JHQHUDWLQJ FXUUHQW E\ WKLV PHDQV LV VLI
JUHDWHU DZDUHQHVYVY RI WKH PHWKRGVY RSHQHG WR UHYLHZ

$Q HOHFWURPDJQHWLF ILHOG VWUHQJWK PHWHU LV DYDLOD'
DUWLILFLDO LRQRVSKHUH VLPXODWLRQ GHVFULEHG LQ WKLV
WHUP 3SRZHU GHQVLW\" DQG WKH DVVRFLDWHG XQLWYV RI PL:
PHDVXUHG DQG PRGHOHG

7KH EDFNJURXQG RU DPELHQW SRZHU GHQVLW\ KDV EHHQ P
ZLWK WKH IROORZLQJ UHVXOWYV

SHPRWH UXUDO 1: 8 6 PRXQWDLQ VLWH ZLWK ORZ OHYHO \
%DFNJURXQG SRZHU GHQVLW\ UHDGLQJ LV PLOOLZDWWYV 'V

7TUDLOKHDG LQ 1: 8 6 UXUDO PRXQWDLQ ULYHU YDOOH\ DU
DGMDFHQW %DFNJURXQG SRZHU GHQVLW\ UHDGLQJ LV P: |

6PDOO UHVLGHQFH LQ UXUDO 1: 8 6 ULYHU YDOOH\ FRQQHF
YLFLQLW\ DW DSSUR] IW GLVWDQFH IURP PHWHU LQFOXC
KRWVSRW RSHUDWLRQ %DFNJURXQG SRZHU GHQVLW\ UHDGL



,W LV FRPPRQO\ VWDWHG WKDW WZR RI WKH VWURQJHVW GH
HISRVXUH DUH WKDW RI GHFUHDVLQJ H[SRVXUH WLPH DQG L(
WUXWK RI WKHVH D[LRPV HVSHFLDOO\ ZLWK UHVSHFW WR GlI
WKH ILHOG VWUHQIJWK PHWHU 7KH UHVXOWY FDQ VWLOO EF

1RZ LW LV WLPH IRU WKH H\H RSHQHU 7KH GLVWDQFH IURP
IURP DSSUR[LPDWHO\ IW WR ZLWKLQ DQ LQFK RI WKH SKRQ
SDWK 7KH LQLWLDO DPELHQW ILHOG VWUHQJWK DW D GLVW
UHIHUHQFHG DERYH $Q H[SRQHQWLDO LQFUHDVH ZDV FOHDL
FRPLQJ LQWR SOD\ UDSLGO\ ZLWKLQ D IRRW RU VR RI WKH FI
SKRQH DV LI WKH SKRQH ZHUH KHOG QH[W WR D KXPDQ KHD!
RUGHU RI P: PA

7KLV LV DQ DVWRQLVKLQJ YDOXH LQ FRPSDULVRQ WR WKH PI
WR DIIHFW KXPDQ KHDOWK LQFOXGLQJ EORRG WUDQVIRUPD)
OLNHO\ WR LQFUHDVH FXUUHQW IORZ LQ WKH KXPDQ ERG\ D
WKDQ WKH XELTXLWRXV FHOO SKRQH KHOG XS WR WKH QHDU
EUDLQ DQG KHDUW DUH WZR RI WKH LI QRW WKH PRVW FRQ
RI WKH SUR[LPLW\ RI DQ DFWLYH SKRQH WR WKH KXPDQ ERG'
FRQVLGHU 'LVWDQFH DQG GXUDWLRQ DUH LQGHHG WKH KRW

0DQ\ SHRSOH DUH LQVWLQFWLYHO\ LQWXLWLYHO\ DQG H[SH!
ZLUHOHVV KLJK IUHTXHQF\ WHFKQRORJ\ VRPH PRUH WKDQ R
PDQ\ ZLWK QR DZDUHQHVV RI WKLV ILHOG VWUHQJWK OHW D
UHSRUW VHULHV

,Q VXPPDU\ ZH QHHG QRW ORRN IDU IRU D VRXUFH RI LQFUHEL
FORVH WR WKH KXPDQ EUDLQ DIIHFWLQJ D PDVV RI WKH JHQ

BEBBBBBBBBBBBBBBBBBBEBEBBBBBBBBBBBBBBBBEBBBBBBBBBBBI

(OHFWURPDJQHWLF PRGLILFDWLRQ RI KXPDQ ELRORJ\ H J
SKDUPDHFHXWLFDO LQMHFWLRQV ELRORJLFDO H[SHULPHQW
HWF

‘H PD\ FRQVLGHU WKLV WRSLF DV D K\SRWKHVLV EXW , WKL(

7TKH KXPDQ KHDOWK VLWXDWLRQ LV QRZ NQRZQ WR EH GLUH
SYDFFLOQDWLRQY LVVXH DQG HUD WKDW LV QRZ LPSRVHG 1H
IXUWKHU ZLWK RYHUW RU FRYHUW IRU WKDW PDWWHU PRG
REOLIJDWHG WR SXUVXH WKDW WUXWK



7R FXW WR WKH SRLQW WKH LPPHGLDWH TXHVWLRQ LV WKLYV

,V WKH FXUUHQW DJHQGD DQG UHJLPH RI 3YDFFLQDWLRQV"™ G
SRSXODWLRQ DOWHULQJ WKH HOHFWURPDJQHWLF QDWXUH R
UHDVRQ WR WKLQN WKDW LW LV 7KHUH LV QRZ LQIRUPDWLF
VR 7KH SURFHVV XQIROGLQJ KHUH UHTXLUHV FXUUHQW IOR
TXLWH ORZ 2QO\ DGGLWLRQDO SURSHU UHVHDUFK ZLOO DQ
, QVWLWXWH PD\ RU PD\ QRW KDYH WKH RSSRUWXQLW\ WR GR
FDVH WKDW D GLUHFW DQVZHU WR WKH TXHVWLRQ LV UHTXL
SURYLGHG ZLWKLQ RXU OLIHWLPH ZLWKRXW PRUH GLUHFW H
HOHFWURPDJQHWLF DQG HOHFWURFKHPLFDO FKDQJH KDV OL
FKDQJH ZLOO FRQQHFW GLUHFWO\ WR WKH GLVFORVXUHV ZL

1 WKH 3YDFFLQH" UHJLPH GRHV DOWHU WKH KXPDQ HOHFWUF
RQO\ FRPSRXQG WKH XQIROGLQJ KHDOWK WVXQDPL :H FDQ
FRUURERUDWH WKH KLVWRU\ Rl &DUQLFRP ,QVWLWXWH UHVH
2QH VLJQ RI D SUREOHP LV LI D ZHOO GRFXPHQWHG REVHUYI
PDUJLQDOL]DWLRQ RU LI LW UHFHLYHV IXUWKHU LQTXLU\
WKDW FRQWLQXH WR UHSHDW DQG RU LQFUHDVH ZLWK QR Sl
WR WKHVH UHSRUWYV DSSHDUV WKXV IDU LQDGHTXDWH DQG L
D LQFUHDVHG PDJQHWLVP UHSRUWYV HVSHFLDOO\ DW LQMHF
E FORWWLQJ DQG FDUGLRYDVFXODU LVVXHV

F XQH[SODLQHG 3VXGGHQ GHDWK  LQFUHDVH

G LQVXUDQFH UHSRUWV RQ PRUWDOLW\ LQFUHDVH

H PRUWLFLDQ UHSRUWYV RI XQXVXDO DUWHULDO RU YDVFXOI

| HOHFWULFDOO\ FRQGXFWLYH FRPSRXQGV ZLWKLQ WKH 3YD
UHGXQGDQF\

J ODERUDWRU\ DQDO\VLV RI DQ\ VDPSOHYVY DVVRFLDWHG ZLW

K PHGLD DQG 3SH[SHUW®™ DVSHUVLRQV PDUJLQDOL]H TXHVWLR
MRXUQDOLVWLF FRQGXFW

L FHQVRUVKLS DQG RU UHVWULFWLRQ RI DFFHVV WR LQIRUP



‘H FRXOG VSHQG VRPH WLPH H[DPLQLQJ WKH FUHGLELOLW\ R
JRRG IRUP DQG QHFHVVDU\ WR GR VR

$W WKH YHU\ OHDVW ZH PXVW DGPLW WR D SDWWHUQ LQ SOI
SRLQW , VXVSHFW WKDW WKH FDPSDLJQ WR 3LQGXFW"™ WKH ¢
KHDOWK SWKHUDSLHV™ PRGLILHV KXPDQ HOHFWURPDJQHWLF\
FKDQJH LV VXIILFLHQW WR WUDQVIRUP KXPDQ EORRG

7KH VFLHQWLILF DQG MRXUQDOLVP SURIHVVLRQV H[LVW WR |

UHVSRQVLELOLW\ WR HQVXUH WKDW WKLV SURFHVV WDNHV ¢
ORQJHU DW \RXU RSWLRQ

BEBEBEBEBBBBBBBBBBBBBBEBEBEBBBBBBBBBBBBBBBBBBBBBBBBBBBL

3OHDVH GLVWULEXWH DQG SUHVHUYH WKLV UHSRUW JOREDO

&OLIIRUG ( &DUQLFRP
2FW

%WRUQ &OLIIRUG WUXFH 6WHZDUW -DQ



%ORRG $OWHUDWLRQV 9, ,PSOLFDWLEF

B FODUQLFRPLQVVEIORRGHDRWIHUDWLRQV YL LPSOLFDWLRQV DQG FRQVHTXH(

6RXUFH $ 6SDFH 2G\VVH\

7KLV LV WKH ILQDO SDSHU LQ D UHVHDUFK SDSHU VHULHYV
S%ORRG $OWHUDWLRQV , £ 9,

, ZLOO LQWURGXFH WZR SKUDVHV KHUH NDIVD @ K H71RADRKH MU VW
NQRZQ DQG WKH VHFRQG SKUDVH FRPHV WR PLQG DV D VC
SVHOHFWLYH GHFLPDWLRQ

, DP ZULWLQJ IURP WKH VWDQGSRLQW RI PDQDJLQJ D VFLI
GHFDGHV QRZ WKH H[SUHVVLRQ KHUH LV QRW VROHO\ WK

7TKHUH LV QRZ D UHFRUG RI PRUH WKDQ UHVHDUFK SDS
SDJHV RI ODERUDWRU\ QRWHV WKDW SDLQWYV D FRPSOHWt
ELRORJLFDO WUDQVIRUPDWLRQ RI WKLY SODQHW 7KH UHI
UHSHDW UHIXWH RU FRQILUP 1R IRUPDO SURFHVV RI WKF
WRIJHWKHU DV D VSHFLHV WR IUDPH RXU XQGHUVWDQGLQ
WDNH SODFH LQ RXU IXWXUH

, DP LQFUHDVLQJO\ RI D PLQGVHW WKDW LW ZLOO EH OHIV
UHWURVSHFWLYH ZLOO HYHU WDNH SODFH ,W PD\ RU PD\



, WKLQN WKDW WKLV SDSHU FDQ EH NHSW UHODWLYHO\ VL
EHHQ FRPSOHWHG DQG ZULWWHQ

7KH PHDQLQJ RI D 3NLOO VZLWFK LV QRW KDUG WR HQYL\
&RQFHSWXDOO\ DQG WKHRUHWLFDOO\ LW ZRXOG DSSHDU
H[LVWV ,W LV RQH RI RXU TXHVWLRQV DV D VSHFLHV LI Zt
RU QRW

JURP WKH HYLGHQFH WKDW KDV SURJUHVVLYHO\ DFFXPXO
VXIILFLHQW FXUUHQW DSSDUHQWO\ TXLWH PLQLPDO LQW
FRQFHLYDEO\ DQQLKLODWH WKH KXPDQ VSHFLHV 7KH PHF
WKH EORRG DV RXWOLQHG LQ WKLV SDSHU VHULHV :H PD!
WKH FRPIRUW UDQJH RI WKH KXPDQ SV\FKH EXW , ZRXOG
KDYH EHHQ XQDWWHQGHG QRZ IRU IDU WRR ORQJ WR HVFI

$OWKRXIK XQZLWQHVVHG LQ RXU KXPDQ KLVWRU\ D JORE
PDIQLWXGH PLJKW EH RQH PHFKDQLVP RI VXFK H[WLQFWL
VSHFLHY GRHV QRW QHFHVVDULO\ PHDQ WKH H[WLQFWLRC
PDNH WKDW GHWHUPLQDWLRQ ULJKW QRZ

7KH FRLQHG SKUDVH RI 3VHOHFWLYH GHFLPDWLRQ™ FRXOG
FDVH ZH KDYH WKH IXOO UDQJH RI OHWKDOLW\ WR DSSO\
JURXS RU WKH JOREDO SRSXODWLRQ HQ PDVVH 7KLV SU
DQG LW LV GRXEWIXO WKDW LW FRXOG EH HDVLO\ LGHQWL
LW FRXOG EH FKDUDFWHUL]HG DV D SHUIHFW 3ZKRGXQQLW
RQO\ VLJQ WR DWWUDFW DQ\ QRWLFH ZRXOG EH DQ LQFUF
EHFRPH VLPSO\ DQRWKHU LQIRUPDWLRQ PDQDJHPHQW LV\
GHDWKYVY" FDUGLRYDVFXODU PRUWDOLW\ DXWRSV\ DQRPD
UHSRUWYV PLJKW EH RWKHU FOXHV WKDW DUH SUHVHQW

FKDQJH LV LQ SODFH EXW LW DSSDUHQWO\ UHPDLQV XQGF

&RXSOLQJ UHVHDPDFKLRBWKMHLIQ FRQVHTXHQFHV ZLWK WKFE
 QVWLWXWH LV D UHTXLUHPHQW WR XQGHUVWDQG WKH VF
LV QRW D JLYHQ LQ DQ\ IDVKLRQ WKDW &DUQLFRP ,QVWL
UHTXLUHPHQW

, WKLQN WKDW WKH IRXQGDWLRQ IRU IXUWKHU WUDQVIRU
7KH FOXHV KDYH EHHQ WKHUH IRU VRPH WLPH QRZ DQG W
GLVSRVHG WR FDULQJ DERXW DQG UHFRJQL]JLQJ VXFK FOX
UHVSRQVLELOLW\ WR OHW WKHP EH NQRZQ 7KH TXHVWLR
HYHQ JLYHQ DGHTXDWH DZDUHQHVYV LV QRW DW DOO FHU'
ZULWLQJ WKDW KLVWRU\ IRU VRPH WLPH QRZ DQG ZH DV
IRU LWV IXWXUH



30HDVH GLVWULEXWH DQG SUHVHUYH WKLV UHSRUW JORE

"ULWWHQ LQ WKH KLJK GHVHUW RI 1HYDGD

&OLIIRUG ( & DUQLFRP
2FW

%RUQ &OLIIRUG %UXFH 6WHZDUW -DQ



$HURVRO &ULPHV £ &DUQLFRP ,QVWLW

-FDUQLFRPLQVV\DLH/‘IU)RWR@E’UJLPHV FDUQLFRP LOQVWLWXWH GRFXPHQWDU\

0DQ\ WKDQNV DUH HPOMQGH@WRNXYEHSUFKLYH FKDQQHO R
PDNLQJ WKHVH GRFXPHQWDULHY RQFH DJDLQ DYDLODEOH
7KH\ KDYH EHHQ VRPHZKDW GLIILFXOW WR DFFHVV RYHU V
UHDVRQV

$HURVRO &ULPHYV




&ORXG &RYHU
$ SKLODQWKURSLF HGLW RI $HURVRO &ULPHYV



TUDQVODWLRQ *OREDO 'LVWULEXWLRC

B FOUQLFRPLQVWALWXQWHOBWLRQ DYDLODEOH

7TUDQVODWLRQ VHUYLFHYVY DUH QRZ DYDLODEOH RQ WKH &L
PHQX WKDW LQFOXGHV WKH PDMRULW\ RI ODQJXDJHV LV D
DV LV VKRZQ EHORZ 7KH WUDQVODWLRQV ZLOO RFFXU LC
ODQJXDJH DFURVV WKH YDULRXV SDJHV RI WKH VLWH

$ VHDUFK ER[ IRU WKH &DUQLFRP ,QVWLWXWH VLWH RQO\
SDSHUV RQ WKLV VLWH WKDW FRQWDLQ \RXU VHDUFK WHU

$GGLWLRQDO VHDUFK QRWH 7KH UHDGHU LV GLVVXDGHG
UHWULHYH LQIRUPDWLRQ RQ RU DERXW &DUQLFRP ,QVWLYV
SODWIRUPVY DQG WKH UHVXOWY ZLOO EH KLJKO\ UHVWULF'
%LWFKXWH PD\ RITHU YLDEOH DOWHUQDWLYHYV WR D PRUH



30HDVH SUHVHUYH DQG GLVWULEXWH WKLV LQIRUPDWLRQ
JOREH OLUURULQJ DQG FRS\LQJ RI WKH HQWLUH ZHE VLW
HQFRXUDJHG , I \RX ZLOO VHQG HPDLO WR >LQIR#FDUQLF
ZLWK WKLV JRDO LW ZLOO EH KLJKO\ DSSUHFLDWHG

, I \RX FDQ VWDWH WKH FRXQWU\ ZKHUH WKH LQIRUPDWLR(
DOVR YHU\ KHOSIXO 7KDQN \RX

$GGLWLRQDO QRWH IRU PRELOH XVHUYV

7KH &, ZHEVLWH VKRXOG SUHVHQW LWVHOI UHDVRQDEO\ Z
LI RULHQWHG LQ D ODQGVFDSH ORQJ D[LV YLHZ YV D SR
PRELOH GHYLFH VLGHZD\V WR GHWHUPLQH LI LW ZLOO KH(
UHGXFH RU HQODUJH WKH FRQWHQW RQ \RXU VFUHHQ ZLW

$QRWKHU FKRLFH IRU D PRELOH GHYLFH LV WR FKRRVH 3
SURYLGHV VXFK DQ RSWLRQ



