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‘HOFRPH WR WKH 0D\ LVVXH R RXU
QHZVOHWWHU 7TKDQNV WR -LD <DQ /DZ RXU
I1HZVOHWWHU (GLWRU WRJIJHWKHU ZLWK WKH
3XEOLFDWLRQV DQG 3XEOLFLW\ &RPPLWWHHVA
JUHDW HIIRUWYV ZH KDYH UHFHLYHG PDQ\
SRVLWLYH IHHGEDFN RQ WKH QHZ ORRN RI RXU
1HZVOHWWHU , KRSH WKLV ZRXOG RIIHU D TXLFEN
DQG HIILFLHQW FRPPXQLFDWLRQ WRRO IRU WKH
6RFLHW\ 30O0HDVH IHHO IUHH WR FRQWDFW -LD <DQ
RU P\VHOI LI \RX KDYH DQ\ VXJJHVWLRQV IRU
IXUWKHU LPSURYHPHQW



*345 0' "-- 8 06 ylpw RI WKH SUHYLRXV ILVFDOO\HDH
-* & 50 "//06/$& DOORFDWHG WR RXU RSHUDWLRQDO EXGJHW

(0O0% /&84 "#0657H6) &HFRQG SDUW LV a RI WKH HUIBRRUNW\

"0 U *5*Q/"- "--0$"5RQWKH PRQH\ LV VHW DVLGH IRU QHZ LQLV
O' "11309*."5&-:7KH WKLUG SDUW LV D N IURP WKH O0D.
?>>. 50 063 'LYHUVLW\ 7DOHQW DQG ,QQRYDWRRQGNXWGRE

WDEOLVKHG E\ 3DOODYL 'KDJDW DHIBUS5R * |
S[FEEERT & #6% (&b PEIERQ

$V WKH ,((( QRUPDOO\ ILQDOL]HV LR\WQO EX®JI

2XU EXGIJHWLQGLFDWLYH ILJXUH RI DQ DGGLWLBQBULGHG

FRQVLVWY RWR WKH )LQDQFH &RPPLWWHH &KDLUWQBQNL)

WKUHH SDUV¥EHBVHG RQ WKH YLUWXDO LQFOXVLRQ X®RIGW K
SRUWLRQ IRU WKH 6RFLHW\ WR W®& HDOVRF VX & PA
DQ\ QHZ LQLWLDWLYH SURSRVDOV XWR W K&D B E
ODMHWLFK

EDVHG RQ WKH IDFW WKDW WKH DYF

/05)&3 (00% /&84 ZHHNV IURP VXEPLVVLRQ WR ILUVW
*4 5)"'5 "(/&5*%4 RQOLQH SRVW LQ WKH IRXUWK TXDU
&558&34 *4 "("*/ DQG UHVSHFWLYHO\ 7KH DYH
) woa m HQWLUH \HDU ZHUH DQG UH
3&$0(/*;&% "4 ZRXOG OLNH WR FRQJUDWXODWH WK
)*() 1&3'03.&3 %RDUG QDPHO\ WKH FKLHI HGLWRI
#: 5)& G $TXLQR DQG KLV WHDP DQG , HQF

VXEPLW \RXU ZRUNV WR EH SXEOLVKF

806-% "-40 -*, &GP $QGULL UHSRUWHG WKDW WKLMW GHIRYU
. " RQWV RI DQG JURXS JUDQW\H FIHULRG
61% ?8‘ 063 (/ 5 Fg \HDU 7KH 67&8 KDV UHFHLYHBQG D
*[ ,3"*[/& 130(3"VHOHFWHG SURMHFWYV EDVHG RQ WHEHDUH Y

_&O/O H: "3" "+&5/\* P RI UHVHDUFKHUV LQFOXGHYJRW KMHK 1
oG LFDO &RPPLWWHH , WRWDO YHG UH

[% [%3** )6.", o 3
ILQDQFLDO VXSSRUW LQFOXGLQJ HQWWFDOHYV

7KH (GXFDWLRQ DQG

7HFKQLFDO &RPPLWWHHV

ZRUNHG ZLWK WKH 6FLHQFH

DQG 7THFKQRORJ\ &HQWHU

LQ SNUDLQH 67&8 WR

DXWKRULIJH N ODVW

\HDU 20HQD 7DEHUNR

67&8 20HNVDQGU $ IXOO UHSRUW ZLOO EH VXEPLWWIDE E\ WHKH
7RYVWRO\WNLQ ,QVW(GWADAMRRQ &RPPLWWHH FKDLUHG E\ +\XQVRF

ODJQHWLVP 7KH ODJQHWLFV 6RFLHW\ V ILQDQFLDO VXSS
UHVHDUFKHUV LQ 8NUDLQH ZDV EDVHG RQ WK
LQ WKH PDJQHWLFV FRPPXQLW\ DQG WKHLU Si
,((( DQG WKH ODJQHWLFYVY 6RFLHW\ DUH SROLW
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‘H GLVFXVVHG KRZ ZH FDQ FPBNMNHRXRQOLQH PHHWLQJV FI
BRFLHW\ DQG &RQIHUHQFHV PRIHIDWSHEDBWIDYBRVLWLYH RXWF
DQG EHQHILFLDO IRU PHPEHU&29,QIREMIIMHPLFE :H JHW XVHG
‘H SODQ WR PDWHULDOL]H VRPKIDRL QX XBKH DM UWXDO PHHWLQ
LQ WKH FRPLQJ PRQWKY DQG SJURBRWDIFLORRMHDWH VSHHG\ GHFL\V
QHZ LQLWLDWLYHYVY DW WKH 0DD®GP LUWQHVX\HLDDW IFRPPXQLFDWLRC
&RPPLWWHH $G&RP PHHWLQJRXHVBIDDMHY +RZHYHU WKHVH
ZHOFRPH \RXU FRPPHQWVUHGB®B WKH EHQHILWVY RI PHF
VXJIJHVWLRQV WR VXFFHVVIXOOMHWHERY MR I[URPUWDLQ GHJUH}
WKH GLIILFXOWLHV ZH IDFHG L QGUHAWHICRQ DD FWRQVLGHUDWLRQ
IRRWSULQW DQG UHFHQW WUDYH
‘H DOVR RUJDQL]HG DQ RQOLQMHR UQRXUFWRROQHWRQFHY ZH PD\ G
IRU $G&RP YRWLQJ PHPEHUV RIQQ G/ KK DYWKW EDODQFH EHWZ
JULGD\ LQ ODUFK 7KLV LQGXMWIGRQA REHUWRBQ FRPSRQHQWV
DQ RYHUYLHZ RI WKH B6RFLHW\OWRSEMH® WWK@PW WKH ,((( SO
LQFOXGLQJ JRYHUQDQFH VWRPMWOQHH DQK\EULG IRUPDW
EXGJHW :H KDG D OLYHO\ GLVRRVNURQFB®G IRU WKH IRUH"
ZLOO PDNH WKH UHFRUGLQJ IBWXIUMDE OMKHRWRQIHUHQFH  ([!

WKRVH ZKR FRX0OG QRW DWWHGRPPLWWHH FRQWLQXHV WR GL
EHVW EDODQFH IRU WKH 6RFLHW
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,W LV RXU KRSH WKDW WKLV ZLOGRAHBDWRLOHVWRQH L(
UHFRYHU\ ITURP WKH DERYH PHQWLRXWD&E HSLIILFXOWLHV
DOVR SODQQHG WR RUJDQL]H PDQ\DQOHZRFBWLYLWLHV \
ODERUDWRU\ WRXUV KHOS GHVNWFKHUWHDWR FDUHHU L
VWXG\ ZRUN LQ $VLD D VKRZFDVH RIQNRXWDFKLHYHPHQ)
ILHOGVY DQG PRUH :H ORRN IRUZBB@GLR VHHLQJ \RX LC

30HDVH QRWH WKDW ZH ZLOO KDYHEWMDRWUHHODQ®H FRQIHUHQFH\
DIWHU WKH ,QWHUPDJ

~

) ¢+3S,
*va_q: 3CNI al\,3-,1S3 §, \Q+2Q4a",
S| ONN

,QWHUQDWLRQDO 1HWZRWNHURWWLR@BQQ &DORULWURQLMK ;,QWHUQDWLRQDO

6SLOQWURQLFV (DUO\ &DPABHRVILXP RQ 0D\ 7TVXNXED &RQIHUHQFH RQ WKH
5HVHDUFKHUV OHHWMWHJUDWHG ODJQHWLBWDQ &RPSXWDWLRQ RI
0D\ 0D\ (OHFWURPDJQHWLF )LHOGV

6HQGDL -DSDQ 6HQGDL -DSDQ 0D\ ARWR -DSDQ
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| YKLV LV WKH WKLUG FRQIHUHQFH RI 0DJQF
..é@ KLV WKH SUHPLHU WRSLFDO FRQIHUH

FWV RI IXQGDPHQWDO DQG DSSOLHG

8)0FRQIHUHQFH SURYLGHV D XQLTXH HQYLUR

05 5)& --(/&5L)<I$SHDUFKHUV WR FRPPXQLFDWH DQG GLVI

LF GXH WR WKH UHODWLYHO\SODRDMOW Q

30/5*&34 0/'&3&/$&ORXW SHRSOH 7KH &RQIHUHQFH IRFX
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GHYHORSPHQWY LQ TXDQWXP SKHQRPHQD

@UWKHU GHWDLOV FDQ EH IRXQG LQ WKH
W

W/sv SK\WWVLFV Q\ X HGX PDJOHWLKIWRQWLHUYV
7R FRQWLQXH RXU VXFFHVV VWRU\
D FDOO IRU H[SUHVVLRQV RI LQWHUHVW L
QH[W ODJQHWLF J)URQWLHUV &RQIHUHQFH
LQ KDV EHHQ EURDGFDVWHG
RQ RXMEVLWH

. (3"5&'6- 50 3&1035 5)"5 5)& $0&408*/( $0/'&3&/
)"7& #&&/ "11307&% '03 4611035 #&5)& 0$*&5:

$0/4*% &3 "55&/%*/(, §Qﬂg§<URSHDQ &RQIHUHQFH 3K\VLFV R

ODJQHWLVP
-XQH 3R]QD BRODQG )LQDQFLDOO\)
VXSSRUWHMEY zzZ LIPSDQ SR]QDQ SO SP LQGH[ KWPO

ODIJQRQLFV -X0\ $XJIXVW 3DULV
JUDQFH 7HFKQLFDOO\ VSRQVRUHG
KWWSV PDJQRQLFV VFLHQFHVFRQI RUJ

WK ,QWHUQDWLRQDO &RQIHUHQFH RQ WKH
&RPSXWDWLRQ RI (OHFWURPDJQHWLF )LHOG)

&RPSXPDJ -XQH 1DSOHYV
,WDO\ 7HFKQLFDOO\ VSRQVRUHG
KWWS ZzZZ FRPSXPDJ FRP

7KH RUDO KLVWRU\ DG KRF FRPPLWWHH OHG E\ /LHVO
JRONV KDV EHHQ LQWHUYLHZLQJ VHYHUDO UHVHDUFKHUYV
ZKR KDYH PDGH VLJQLILFDQW FRQWULEXWLRQV WR WKH

6RFLHW\

7KLV LV SDUW RI WKH ,((( DQG ODJQHWLFV

6RFLHW\ SURMHFW WR DUFKLYH YLGHR UHFRUGLQJV RI
LOQWHUYLHZYVY DQG WKH DVVRFLDWHG WUDQVFULSWV )LYH
LOQWHUYLHZ YLGHRV DV ZHOO DV WKHLU PLQXWH
VXPPDULHVY KDYH EHHQ XSORDGHG WR WKH 6RFLHW\AV
ZHEVLWH DQG LHHH WY 7KH\ IHDWXUH EHKLQG WKH

VFHQHYV

DFKLHYHPHQWYV
SURJUHVYV 3O0OHDVH FKHFN WKHP RXW

VWRULHV

PDMRU GLVFRYHULHV DQG
PRUH LQWHUYLHZV DUH LQ
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KLV \HDU WKH ,((( SODQYOMWMVH YI6\RIPWHRWAY ZHEVLWI]
7UHYLHZ RXU DFWLYLWIGHHWD DQWPIRUHWNERXW RXU DFFRPS
ODVW UHYLHZ ILYH \HDUXHUR WXDZLOO ILQG WKH ODW
ILUVW VWHS WKH 3UHVLGIOWROAFWRI BKP RIILFHUV FRPP
*ROGIDUE KDV EHHQ FROMHIXrwWEB&RMHBHPEHUV ,W DOVR LQF
FRPPHQWY \RX PD\ KDYH RORFKWRWHUV VLVWHU VRFLHWLHYV
&RQVWLWXWLRQ DQG %\ODZV VR QXKH IBREVHWQRG PRUH
ZKLFK DUH GXH WR EH XSGDWHG ELHQQLDOO\
,Q DGGLWLRQ WKH 3XEOLFDWLR®VFORNEOWWHHRXOG DOVR ORY
DWWHQGHG D PHHWLQJ LQ &KAFDRROQWY $8QGORU VXJIJHVWLRQV
ZKHUH WKH ,((( BHULRGLFDOWHREHHY Bod PDLO DQG DW FRQ
$GYLVRU\ &RPPLWWHH 35%$& URYXUH2MKREXKWY DQG IHHGEDFN
SXEOLFDWLRQV , G OLNH WRWHD® YR PKeMDHG IRU WKH IXWXUL
RI WLPH WKDW , OO EH JHWWPRO8JQRWWRWK R FAHW
WKH FRPPLWWHH FKDLUV IRU WKH ILYH \HDU
UHYLHZ LQ WKH HDUO\ VXPPHU

%XWYJYQM
MVSLEXE

BUHVLGHQW RI ,((( ODJQHWLEFV 6RF
(PDLO DWVXIXPL KLURKDWD#\RUN
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'SRIMVQIH 6IGSKRMXMSR
JSV 7LSVX 7YFQMWWMSR
XS 4YFPMGEXMSR 8MQIW

E\ODVVLPLOLDQR G $TXLQR
&KLHI (GLWRU ,((( ODJQHWLFV /HWWHUYV

, DP DEVROXWHO\ WKULOOHG WWMRPQQREQFHRMAOAWLRQ PDQDJHU
,((( ODIJQHWLFV /HWWHUV ,0/ KDNVRQ¥WDIWLQKDYH RQFH DJDLQ
EHHQ GHVLJQDWHG DV D KLJK SHWRLDPHWLEY WRRPLWPHQW WR XSKR
,((( THFKQLFDO $FWLYLWLHV %RDW® YGPHIGMBLAXOD LW\
&RPPLWWHH WKLV WLPH IRU WKH IRXUWK TXDUWHU
RI DQG DOVR IRU WKH IXOQ ZRBOG OLNH WR H[SUHVV P\ GHHSH
RI RXU WHDP PHPEHUV IRU WKHLU \
7KLV DFKLHYHPHQW IROORZV HRBEHELHWY WFFRODSH\HOO DV WR DOO
IRU WKH ILUVW DQG WKLUG TXWRWAHKEY OMIQHWLFV 6RFLHW\ V PLV
SHFHLYLQJ WKLV KRQRU WKUHH MERBDOHQFR V& EXEHOLFDWLRQV
\HDU LV UHPDUNDEOH 2XU MRXUQDO KDV EHHQ
UDQNHG LQ WKH ILUVW TXDUWLOSBILGRAH VKRYWHWWBEOURKPHQW LQ
ERWK VXEPLVVLRQ WR ILUVW GRPIPMMRORHG DR SXEOLVKLQJ VFKR
VXEPLVVLRQ WR SXEOLFDWLRQ VREVWBREOWIBRUMXUUHQW LQWHUHVW

TXDUWHU RI LQ IXO0 \HDWG ZLMEKIIDGHHULQJ RI  PDJQHWLYV
DYHUDJH RI MXVW ZHHNV PRVEHULDOV DSSOLHG PDJQHWLF
ZHHNV UHVSHFWLYHO\ DSSOLFDWLRQ RI PDJQHWLF GHYLF

PDJQHWR HOHFWURQLFV DQG VSLQ
$V &KLHI (GLWRU , FRXOG QRW BYikEYRELWH RV RXMFRIQLWLRQ ZH T
WHDP V RXWVWDQGLQJ DRkBOHRNRWVWR FRQWLQXH RXU H
ODLQWDLQLQJ H[FHOOHQFH LQ VX\F&KR B RHIKDHVWSHHWY BHYLHZHG DQG Il

ODQGVFDSH LV D WUHPHQGRXYV FKPWL QD Y& IRXUUHVHDUFK SHUIRUI
GHGLFDWHG (GLWRULDO 5HYLHZ BRPMBWLFYV FRPPXQLW\
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$O0 JUHZ XS LQ %HUNHOGIKW RQ WR MRLQ ,%0AV 5HVHDUFK
&DOLIRUQLD DQG DWWHRGIDGVBE\ LQ 6DQ -RVH LQ DQG
%HUNHOH\ IRU % 6 BHOSBGGIJXLGH WKH PDJQHWLF VFDOLQJ
3K' GHJIJUHHV LQ (OHFWMKWIUADE IRU KLJKHU GHQVLW\ GLVN GULYH
(QJLQHHULQJ FRPSOBWVYQJQKLWR IROORZ WKH 5%$0%$& 6WLOO LQ
3K ' LQ W K H V KH GLG HDUO\ WKHRUHWLFDO DQG
H[SHULPHQWDO ZRUN RQ SHUSHQGLFXODU
:KLOH VWLOO D UNPRBX®MH SUHSDULQJ IRU LWV SRWHQWLD
VWXGHQW DW 8& %HMMHOH® S$SORGXFWV VXEVHTXHQW WR WKH
EHIDQ FRQVXOWLQJ Z&0KE ,%OLIILFXOW\ GHYHORSLQJ D
RQ WKH PDJQHWLF GHBWILYIDRFUWRU\ SHUSHQGLFXODU UHFRUGLQJ
WKH 5%0%& WKH ILUWMMGLXIPYNDQG VXFFHVVIXO VFDOLQJ RI
GULYH SURGXFW DQG ORWHUWRGHQUDO UHFRUGLQJ UHVXOWHG LC
RI DOO GLVN GULYHMHWRL@IKHSHUSHQGLFXODU UHFRUGLQJ LQ
SUHVHQW GD\ WKRVH HDUO\ GD\V



3HUSHQGLFXOD
UHFRUGLQJ ZDV ILQ
UHDOL]HG LQ GLVN
SURGXFWV LQ ODWH
HDUO\ ZKHQ
VFDOLQJ RI
ORQJLWXGLQEL
UHFRUGLQJ ZDV G
ORQJHU YLDEO
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+H DQG -DPHV ORQVRQ
FROODERUDWHG WR ZULW
XSGDWHG YHUVLRQ RI WK
ERRN LQ 7KH ERRN
FRQWDLQV D SDUWLFXOD
HOHJDQW GHULYDWLRQ D
GLVFXVVLRQ RI UHFLSURF
EHWZHHQ UHDG DQG ZULYV
KHDGV XVHG WR FDOFXO
UHDG UHVSRQVH



$0 KHOSHG HVWDEOLVK WKH X
IRU PDJQHWLF UHFRUGLQJ DQG GDW
8QLYHUVLW\ RI &DOLIRUQLD 6DQ 'LHJ
&DUHQHJLH OHOORQ 8QLYHUVLW\ &08
DV WKH ILUVW GLUHFWRU RI WKH &H
DQG 5HFRUGLQJ 5HVHDUFK &055 DW !
UHWLULQJ IURP ,%0 LQ $0 MRLQH
8QLYHUVLW\ DQG HVWDEOLVKHG WK
,QIRUPDWLRQ 6WRUDJH DQG 7HFKQRO
PDQ\ VWXGHQWY IURP ERWK WKH XC
LQGXVWU\ RQ D ZLGH YDULHW\ Rl VWR
VSRQVRULQJ DQ DQQXDO FRQIHUHQF
WHFKQLFDO OHDGHUV DW /DNH $UURZ}

%DVHG RQ KLV HDUO\ DQG $O0 KDG D JUHDW SDVVLRQ IRU .
FROQOWLQXLQJ EHOLHI LQ WKHKKYWRH\ RI FRPSXWHUV LQ SDUWLF
RI FRPSXWLQJ WHFKQRORJ\ G®WYHORSPHQW RI GLVN GULYH VWRUD
ZDV YHU\ DFWLYH LQ HVWDEWKLNLRQRUWK KLV GHGLFDWLRQ WR HG?
DQG SURPRWLQJ LQGXVWULDWODDRD@IHG IRU ,%0 WR ORDQ D 5%0%$&
DFDGHPLF VRFLHWLHY DQG FRPSRQHQW WR 6DQWD &ODUD 8QL"°

FROODERUDWLRQV DVVHPEOHG D WHDP RI VWXGHQWV DC
DGYLVRUV WR EHJLQ UHVWRUDWLRQ |
Y : UNLQJ RUGHU )ROORZLQJ WKH LQL
& 8 "4 . &--08 0*05) VWRUDWLRQ KH UHFUXLWHG DGGL\
1"45 13&4*% &{®ILQHHUV DQG HQJIDJHG ZLWK WK
0' 5)& 0 165&3 *LVWRU\ OXVHXP WR SURYLGH D SHUF
. IRU UHVWRUDWLRQ GLVSOD\ DQG Gt

* : 0
0$*&5: "/% 5)& WKH 5%0$& +H DOVR HVWDEOLVKHG

. &3*%"/] &%W&3"5*0/'LON +HULWDJH &HQWHU WR SUHVH!L

' " % *KVWRU\ RI GLVN VWRUDJH DQG JDLC
/'03."5*01/ 30$&44 :7R1(U WKH KLVWRULFDO RULJLQ RI GL\
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$0 ZDV PDUULHG WR KLV ZLIH
-DQLQH IRU \HDUV DQG ZDV
DOZD\V GHGLFDWHG WR KLV IDPLO\
+H PRYHG WR 3RUWODQG

2UHJRQ WR EH ZLWK IDPLO\

DIWHU UHWLULQJ IURP 6DQWD
&ODUD 8QLYHUVLW\ +H LV
VXUYLYHG E\ KLV WKUHH
FKLOGUHQ DQG ILYH
JUDQGFKLOGUHQ









$IWHU REWDLQLQJ KLV 3K' 9LWDOLM VSOLW
EHWZHHQ WHDFKLQJ DQG DFWLYH UHVHDUFK -
OLNHG FRGLQJ DQG WRJHWKHU ZLWK D JURXS
PLQGHG LQGLYLGXDOV LQ /YLY DOVR LQFOX
$NVHOUXG <X *ULQ DQG 3 < =DYDOL LQ

EXLOW D ILUVW RI LWV NLQG \VWDWH RI WKH |
BWUXFWXUH 'HWHUPLQDWLRQ VRIWZDUH ZKLF
VLPSO\ FDOOHG &6' 7KH VRIWZDUH FDQ EH XVI
REWDLQ GHWDLOHG VWUXFWXUDQHQIRUPDWLRQ
FRPSRXQGVY EDVHG RQ WKH [ UD\ DQG QHXWURQ ¢
DQG PRQRFU\WWDOOLQH GLIIUDFWWRQ GDWD 7KL
RI KLV FDUHHU UHPDLQHG D SLOODU RI KLV WHEC
PHQWRULQJ DFWLYLWLHY :KHQ KH EHFDPH D SU
DW ,RZD 6WDWH 8QLYHUVLW\ O9LWDOLM WDXJKW
VWXGHQWY FU\WWWDOORJUDSK\ DQG [ UD\ GLII
GXULQJ WKHLU XQGHUJUDGXDWH DQG JUDGXDW!
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Q WRJIJHWKHU ZLWK *VF K QGILL\GRRYH U
D VLJQLILFDOQW PDJQHWRFDORULF GRORQLG
6LOLFRQ *HUPDQLXP6DBORAKLFK VSXUUHG
JOREDO SULQFLSDO UHVHDUFK DUHD ¢
PDJQHWRFDORULF UHIULJHUDWLRQ ZMRORJ\
VXLWDEOH IRU FU\RJHQLF DSSOLFDHAWDRDX DI
RQO\ 1RZ LW EHFDPH SRVVLEOH WRFDPRLU
FRROLQJ DV D YLDEOH PRUH HQHRH®QWDOR
IULHQGO\ DOWHUQDWLYH WR WKH MHRYYHR
WHFKQRORJ\ 7KH GLVFRYHU\ OH® MRUBXO W (
ZRUOGZLGH UHFRJQLWLRQ O9LWDOLMAVE\U]
PXOWLSOH JUDQWYV IURP WKH 86 'H®BOWWMHQ
GR]JHQV RI LQGLYLGXDOV DV SDUWKRI KLV JU
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$W WKH VDPH WLPH O9LWDOLM GLG ORW KDYH D
CFRPIRUW ]JRQH E DQG ZDV DOZD\V HDJHU WK
SXUVXH DQ\ UHVHDUFK GLUHFWLRQ KH ZRXOG
ILQG LQWHUHVWLQJ +LV LQWHUHVWYV VSDQ iURFP
EDVLF VFLHQFH RI UDUH HDUWK FHWDOV WR
K\GURJHQ VWRUDJH SRWHQWLDO Ri DOXPLQXP
K\GULGH ,Q DOO RI WKHVH UHVHDUFK DUHDV KH
SXVKHG IRU SHUIHFWLRQ +H ZDV DQ DXWKRU

RI PRUH WKDQ DUWLFOHYV LQ UHIHUHHG
MRXUQDOV KHOG RYHU SDWHQWV DOG VHUYHG
DV (GLWRU LQ &KLHI RI WKH -RXUQDO RI $00R\V
DQG &RPSRXQGV )RU PDQ\ \HDUV KH DOVR
VHUYHG DV DQ HGLWRU IRU WKH +DQGERRN RQ
WKH 3K\VLFV DQG &KHPLVWU\ RI 5DUH (DUWKV

D SUHVWLJLRXV VHULHV RI ERRN FKDSWHUYV
HQFRPSDVVLQJ DOO DUHDV RI JURXQGEUHDNLQJ
UHVHDUFK RQ UDUH HDUWK FRPSRXQGV +H
ZDV DQ DFWLYH PHPEHU RI UDUH HDUWKYV
FU\WWWDOORJUDSKLF DQG PDJQHWLF
UHIULJHUDWLRQ FRPPXQLWLHV DQG KHOSHG WR
RUJDQL]JH PXOWLSOH VFLHQWLILF FRQIHUHQFHV
DQG V\PSRVLXPV
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$ FFRUGLQJ WR GDWD IURP WKH :RUOG TVSTYPWMSR
+HDOWK 2UJDQL]DWLRQ > @ FDQFHU LV WKH GSR)>
VHFRQG PRVW FRPPRQ FDXVH RI GHDWK LQ
WKH ZRUOG ZLWK D PRUWDOLW\ UDWH JUHDWHU
WKDQ WV PDIJQLWXGH LV VXFK WKDW LI
DOWHUQDWLYH VWUDWHJIJLHY DUH QRW FRQVLGHUHG
LW LV H[SHFWHG WKDW WKH GLDJQRVLV RI QHZ
DQQXDO FDVHV LQ WKH ZRUOG ZLOO JR IURP WKH
FXUUHQW OHYHO RI PLOOLRQ WR PRUH WKDQ W
PLOOLRQ LOQ > @ 7KH XVXDO2ERSVSFSX
WUHDWPHQWY WR FRPEDW WKLV GLVHDVH DUH
EDVHG RQ D FRPELQDWLRQ RI VXUJHU\ ZLWK
ZKLFK WKH EXON RI WKH WXP
DQG UDGLRWKHUDS\ DQG =
ZKLFK DWWDFN WKH FDQFHU F
IURP WKH WXPRU WLVVXH 7
FDUU\ VLGH HIIHFWYVY WKDW
OLYHV RI SDWLHQWYV > @ 7KX
WR H[SORUH QHZ URXWHV I
DJDLQVW FDQFHU ZKLFK LQ
LOYROYH WKH XVH Rl QDQRWH

EGXYEXSV

7KH XVH RI QDQRURERWYV L
DWWUDFWHG WKH DWWHQWLR
FRPPXQLW\ DQG PRUH DQG PRUH

UHVHDUFKHUV DUH IRFXVLQJ WKHLU UHVHDUFK
RQ WKLV ILHOG 7KH RSHQ TXHWA3VRBUHYIHHWS OO\ FRPSRVHG RI D

FKDUDFWHULVWLFV VKRXOG D ZdWH&RD FERW HWOHAL UDQJLQJ TURP — WR

WR EH WKH SHUIHFW DJHQW'IRFLRHFBFRBWLEOH OD\HU 7KHKKDM
WKHUDSLHV" WKH WXPRU NQRZQ DV PDJQHWLF KISF

NH\ IHDWXUHV RI XVLQJ WKHP IF
,Q JHQHUDO D QDQRURE(BD%JPIXD\(JWH\EH: K\SHUWKHUPLD WK

FDSDEOH RI VHOI SURSHOMHEWHG LQWR WKH WXPRU DQG
UHDFWLQJ WR VWLPXOLDORVMHUQRUWLQJ PDIJQHWLF ILHOG $®

GHWHFWDEOH SURGXFIOOQ3V DOIGFRUWBH D K\WWWHUHVLY ORRS
WUDQVSRUWLQJ GUXJV SB @UWLRQDO WR WKH GLVVLSDWHG
ORFDWLQJ WXPRUV > @ WKH WHPSHUDWXUH LQ

QF HPSHUDWXUH D UR XLG
WR PHHW WKHVH QHHG\}EH %Er}@é\/ RVLV ZLWKRXW KDUP|

\HDUV GLIIHUHQW W\SHYV
QDQRURERWYVY KDYH EHHQ
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7KHVH SDUDPHWHUY DUH OLPLWHG E\
PHGLFDO IDFWRUV WKH GRVH RI
PDIQHWRVEPHWUKRXOG EH DV
VPDOO DV SRVVLEOH DQG WKH
SURGXFW RI WKH DPSOLWXGH E\ WKH
IUHTXHQF\ RI WKH ILHOG VKRXOG EH
EHORZ D VDIHW\ OLPLW
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JSV GEVHMSZEWGYPE

E\'DQLHO 20DWBIDLG &DEUHUD
8QLYHUVLW\ RI &DGL] 6SDLQ .HHOH 8QLYHUVLW\ 8QLWHG .LQJG

&DUGLRYDVFXODU GLVHDVHYV &9'V DUH RQH RI WKH PDMRU NLOOHUV LQ |
FORWWLQJ GLVRUGHUV LQYROYLQJ XQFRQWUROOHG FORW IRUPDWLRQ RFF
WKH EORRG FORWWLQJ VI\IVWHP SUHYHQWLQJ FRDJXODWLRQ DFFRXQW IRU
GLVDELOLWLHVY DQG HQWDLO D VLIQLILFDQW EXUGHQ LQ PRVW RI WKH :H\
Sbuw RI WKHVH IDWLGLF RXWFRPHVY UHOLHV RQ WKH VWLOO LPPHQVH URR
XWLOLVHG IRU WKH GLDJQRVLV RI EORRG FORWWLQJ GLVRUGHUV )URP
HFKRFDUGLRJUDPV WR WKH PRUH FRPSOH[ FRURQDU\ DQJLRJUDSK\ FRPS.
UHVRQDQFH LPDJLQJ 05, PDQ\ RI WKH FRPPRQ VKRUWFRPLQJYV DVVRFLD
UHODWHG WR OLPLWDWLRQV LQ WKH ILHOG RI YLHZ WKH UHVROXWLRQ FR(
WKDW FDQ EH H{fT WUDFWHG 7KHUHIRUH WKH VFLHQWLILF FRPPXQLW\ KDV
GHILFLHQW DVSHFWV RI H[LVWLQJ WHFKQLTXHV GXULQJ WKH ODVW GHFD(
QDQRWHFKQRORJ\ 2QH RI WKH PRVW SRSXODU WUHQGY KDV EHHQ PDJQHW|

05, XQGHUZHQW WKH JUHDWHVW H[SDQWAMQ%C@ZV\@KH FODVV

WKH XVH RI 013V GXULQJ WKH \%

DGYDQWDJH RI GHYHORSPHQWYV DOUHDG\@ELCSWL(D\VKHD QRQ VHC
V IRU WXPRXU LPDJLQJ DW ERWK WKHE

DQG FOLQLFDO OHYHOV > @  7KHVH ﬁ@@@@@v DJHQW

SDUDOOHOO\ OHG WR SURSRVLQJ WKH B RSAR MKHG WR

PHWKRGRORJ\ LQWR WKH ILHOG RI GLDJQRVL d

7KURXJK XVLQJ 013V 05, FRXOG SURYLEH P@#QHQWV LQ
HQKDQFHG FRQWUDVW DQG WKHUHIRUH PRUHFOREXIXWIHIDW LR Q
GLDJQRVLV LQ FOLQLFDO VFHQDULRYV VXF =

P\RFDUGLXP > @ +\SRWKHWLFDOO\ L@bv FH)bM/WV WR |
HQKDQFHPHQW RI FRQWUDVW FRXOG EH XWLOLVPII_G\/WEOH XQG)

SHUIRUP PRUH WKRURXJK LQVSHFWLR %
EORRGVWUHDP > @ 7KHUHIRUH KLGGH V?é'#@ W\)’LQ HRYPDOO IUDJPF
DEIJP(EH\%/WF gROH LQ WKH

EORRG YHVVHOV RU KDHPRUUKDJHV FRX® .
LQ D QRQ LQYDVLYH PDQQHU LQ GHHS F% ?XODWLRQ %\ DF
DUWHULHV ZKHUH RWKHU QRQ LQYDVLYH | ﬁbq% Ry L@xX¥KH VLWH RIS,

DV VRQRJUDSK\ DUH LQHIIHFWLYH RG YHVVHO SODWHOHWYV S
IXUWKHU EORRG ORVV LQ L

SURFHVYVY FDOOHG KDHI
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7UDGLWLRQDOO\ SODWHOHWY KDYH EHHQ ODEHOOHG XWLOLVLQJ UDC
:KLOH WKLV DSSURDFK KDV SURYLGHG LPSRUWDQW LQVLJKW LQW
FDUGLRYDVFXODU GLVHDVH DQG WUDQVIXVLRQ PHGLFLQH PRVW (XUR:
RI UDGLRDFWLYH WUDFHUV IRU UHVHDUFK LQ KXPDQV %\ ODEHOOL
FRPSRQHQWYV LQYROYHG LQ KDHPRVWDVLV ZLWK 013V VHOHFWLYH
SRZHUIXO WRRO WR LPSURYH RXU XQGHUVWDQGLQJ RI WKH G\QDPLF
FORWWLQJ GLVRUGHUV LQ KXPDQV



%H\RQG WKHLU UROH DV D FRQWUDVW DJHQW 013V FRXOG
SURYLGH JURXQGV WR GHYHORS QHZ GLDJQRVLYV
WHFKQLTXHV LQ YLYR IRU WKH GHWHFWLRQ RI FORWWLQJ
GLVRUGHUV *LYHQ WKH FKDUDFWHULVWLF VLIQDOV
JHQHUDWHG E\ 013V FLUFXODWLQJ LQ WKH
EORRGVWUHDP VHYHUDO VWXGLHV KDYH UHPDUNHG RQ
WKH SRWHQWLDO RI WKLV WHFKQRORJ\ WR LPSURYH WKH
GHWHFWLRQ RI EORRG FORW IRUPDWLRQ LQ EORRG YHVVHOV

%\ XVLQJ WKH PHFKDQR
PDJQHWLF UHOD[DWLRQ
SURSHUWLHV RI 013V

SURRI Rl FRQFHSW VWXGLHYV
KDYH GLVSOD\HG WKDW 013V
FRXOG EH D SRZHUIXO WRRO
IRU GHWHFWLQJ EORRG FORW
IRUPDWLRQ LQ SDWLHQWV
VXIIHULQJ IURP YHQRXV DQG
DUWHULDO WKURPERVLV > @
7KLV ZRXOG HQDEOH XV WR
FUHDWH PHWKRGVY DEOH WR
WUDFN EORRG FORW IRUPDWLROQ
LQ YLYR LQ SDWLHQWYV
VXIIHULQJ IURP WKURPERVLV
LQO D PLQLPDOO\ LQYDVLYH
DQG HIIHFWLYH PDQQHU

&RPSOHPHQWLQJ GLDIJQRVWLF WHFKQLTXHV 013V
EDVHG WKHUDSHXWLF DSSURDFKHV DUH JDLQLQJ
WUDFWLRQ WR WDFNOH FDUGLRYDVEFXODU GLVHDVHYV
&9'V JRU LQVWDQFH VHYHUDO JURXSV KDYH
SURSRVHG WKH XVH RI WKHUDSHXWLF PRGDOLWLHYV
VXFK DV PDJQHWLF K\SHUWKHUPLD ODIJQHWLF
K\SHUWKHUPLD LV D WKHUDSHXWLF PRGDOLW\ XVLQJ
PDIJQHWLF QDQRSDUWLFOHV WR JHQHUDWH KLJKO\
ORFDOLVHG KHDW ZKHQ H[SRVHG WR DQ DOWHUQDWLQJ
PDJQHWLF ILHOG 7KLV HPHUJLQJ WKHUDS\ KDV
GHPRQVWUDWHG WR LPSURYH EORRG FORW GLVVROYLQJ
ZKHQ XVHG LQ FRPELQDWLRQ ZLWK
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WKH HQ]J\PDWLF GUXJ WLVVXH SODVPLQRJHQ
DFWLYDWRU W3D > @ +LJK GRVHV RI W3D
FXUUHQWO\ XWLOLVHG LQ FOLQLFV IRU VHYHUH
FRQGLWLRQV OLNH VWURNH DUH DVVRFLDWHG ZLWK
KDHPRUUKDJLF HSLVRGHYV 7TKH XVH RI
PDIJQHWLF SDUWLFOH EDVHG WHFKQRORJ\ ZRXOG
HQDEOH WR PDNH HQ]J\PDWLF WKURPER7 \%LU

i
PRUH HIIHFWLYH DQG WKHUHIRUH Wi QW L g?é EQ/IHEIE\V/VLVCF?VHiig\ﬁ
UHGXFH WKHLU DVVRFLDWHG VHFRQB E WYY R WKHUDSHXWLE |

WHFKQLTXHV LQWR VLQJOH WKHUD

20H RI WKH PRVW HPE(
HIDPSOHV LV WKH FRPEL
PDIJQHWLF K\SHUWKHUPLD ZL
SDUWLFOH LPDJLQJ 03, 7 K|
HPHUJLQJ LPDJLQJ WHFKQ
GLUHFWO\ TXDQWLILHV WKH
RI LOMHFWHG 013V LQWR W
PDLQ DGYDQWDJH LV WKDW
GHWHFWHG GLUHFWO\ IURP
WUDFHUVY DQG WKXV OLQHD
ZLWKRXW WLVVXH DW!

$V LW RQO\ LPDJHV WKH 013V DG
VIVWHPV LQFRUSRUDWH FRPSXWH
&7 VFDQQHUV WKDW DOORZV WKt
RI ; UD\ LPDJHV ZKLFK ZRXOG L
YLVXDOL]DWLRQ RI  WLVVXHV

VXSHULPSRVLWLRQ ZLWK WKH 03,
ORFDWLRQ RI WKH PDJQHWLF WUD
DFKLHYLQJ WKH PXOWLIXQFWLRQEC
WKH XQGHUO\LQJ SULQFLSOHV R
DSSOLHG FRQFRPLWDQWO\ WR
K\SHUWKHUPLD XVLQJ WKH VDPH
PDLQ DGYDQWDJH FRQVLVWV R
ORFDOL]HG KHDWLQJ Rl VSHFLILFC
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QDPH LV ODUFHOR .QREHO DQG , DP
FXUUHQWO\ WKH B3UHVLGHQW RI ,QVSHU D KLIKHU HGXFDWLRQ
LQVWLWXWLRQ ORFDWHG LQ 6;R 3IDXOR %UD]LO )URP WR
, ZDV WKH 5HFWRU RI WKH 8QLYHUVLW\ RI &DPSLQDV

IDFXOW\ PHPEHU IRU ~ \HDUY 3ULRG WE ERFeETAL . DF LGLWI
5SHFWRU , KDG EHHQ WKH ILUVW ([HFXLWLKIEI LU»—XW@UbRQ Wk 0DJQ
8QLFDPS ([SORUDWRU\ 6FLHQFH OXVHE®D dQAH WIuUFHGDWHULDOV
DV 9LFH 5HFWRU IRU 8QGHUJUDGXDWH @ M

IURP P\ OHDGHUVKLS UROHV DW 8QLFDP(SGT‘%EBOBO€QDMEQFLRD
9LFH 3UHVLGHQW RI WKH %UD]LOLD & ZKQMNXBERA L Qddt DQG V
([HFXWLYH '"LUHFWRU RI WKH %UD]JLOLDR DOPRWHKFKQBXREO LV KH G

1IDWLRQDO /DERUDWRU\ /11DQR D 9 O
&HQWHU IRU S5HVHDUFK LQ (QHUJ\}%&Q@FLOQJ\/E‘}% D?\/‘QFLHW\ IR
&13(0 RI 6FLHQFH 6%3& I|IRU



, FUHDWHG D FRPSHWLWLYH UHVHDUFK

JURXS E\ REWDLQLQJ JUDQWV WR

HTXLS WKH ODERUDWRU\ HVWDEOLVKLQ]J

LQWHUQDWLRQDO FROOD RQV

VKDSLQJ WKH FDUHHUYV REDiJU[S%\(\{-I@Gg\ FBE8FHU | EHFDPH DFWLYH LQ A
DOG 3K ' VWXGHQWYV 0\ SRIXODULIDWLRQ , ZDV UHVSRQVLEOH

UNVHDUFK LV PDJOHWLYV EHQFH OXVHXP  DQG , ZDV LWV ILUVW
R WR 7KLV DFWLYLW\ VKDSHG F
PRIQAWLE POWHULDOV PF%LS ELOLWLHV LQFOXGLQJ FRPPXQLFDWLR

SS?QRHPVBJR%HUVSEVVPSSSV% sk¥ HEBOGHUY = VXFK DV WKH JHOHUDO
JLDQW PDJQHWRUHVvay )@BE J|ﬁ2 \MRVXSURQQDVOR'-UVVWV RSV\L/JEA'JVV\';ESHDQOF\
24 IBEBLFOW Qo < BRI ) A S =
FKDUDFWHUL]H WKHLU V XuDlP 8 P/ H@KLEKITYV FRQVLGHUHG W
PDJOHWLF SURSHUWLHY D403 LQ WKLV DUHD IURP P\ DFWLYLWLHV

SXEOLVKHG PRUH WKDQ .. DUWLF ,

LQ UHIHUHHG MRXUQDOV X I%\%EVE&ZQ’ SDQGHPLF .

DOG PDIOHWLE PODWHULDBYXS j& RRN WR SURPRWH VFLHQFH

PRUH WKDO FLwpwL B kILIKW DIDLQVW ~ GHQLDOLVP ' DOQG
QVLIRUPDWLRQ C7KH ORRQ ,00XVLRQE

LQGHI JXUWKHUPRUH ,OXV|IR GD /BQG VWDUWHG D <RX7XEH
SUHVHQWHG PRUH LSURFOV®DBBDFHE
WKDQ T LovLwiG vHPLOGHY. RPPFXVY WKH LPSRUWDQFH R
LOYLWHG OHEWXUHV D IJ—'_| I-_Q%BFDWLRQ IRU WKH IXWXUH
FRQQIHUHQFHV Ii' H LW\ ,I—?QWKXVLD"‘“'""‘"\O\ EHOL
WKH VWUHQJIJWK RI QHWZRUN G GLDOEF
DGGLWLRQ WR WKDW , DP OV KLJk
DFWLYH LQ PDQ\ FRPPLVVLR UGV D

QHWZRUNYV

ORUH UHFHQWO\ , ZDV HOHFWHG E\ SHHUV "
%UD]LOLDQ $VVRFLDWLRQ IRU WKH $GY
BRFLHGDGH %UDVLOHLUD SDUD R 3URJUH
BUHVLGHQW RI WKH %RDUG RI WKH 3ULQ
BULQFLSLD 6HQLRU )HOORZ RI WKH ,QWFE
8QLYHUVLWLHV ,$8 DQG LQ WKH JRYHUQLC
2EVHUYDWRU\ 0&2 , DP DQ DFWLYH PHPE
$FDGHP\ Rl 6FL$FDFAHPLD %UDVLOHLUD, GHO ¥
VHUYHG DV DQ DGYLVRU IRU LQWHUQDWLRC
3DXOR 6WDWH )RXQGDWLRQ IRU 5HVHDUFK
, KDG WKH RSSRUWXQLW\ WR FKDLU V\PSR\
VHYHUDO FRXQWULHV LQFOXGLQJ 86% &DQ
.LQJGRP &KLQD DQG *HUPDQ\

, FXUUHQWO\ KROG WKH WLWOHV RI ,((( 6H
OHPEHU RI ,((( ODJQHWLFV 6RFLHW\ 6LQFH
FROODERUDWLQJ ZLWK ODJ6RF 7THFKQLFDC
WUDQVIHUULQJ WKH H[SHUWLVH WKDW , KD
FDUHHU DV D VFLHQWLVW DQG D OHDGHU R
KLIKHU HGXFDWLRQ WR WKH VXFFHVV RI W|









,Q WKH UHFHQW PRQWKY , YHHEHHQ DEOH WR RUJDQL
EHWWHU WKDQNV WR P\ PHPRULHV RI WKDW 6XPPHU
6FKRRO H[SHULHQFH , DSSOLHG WR WKH 6FKRRO LQ 1HZ
2U0HDQV DW WKH HQG RI MXVW D IHZ PRQWKV
EHIRUH P\ 3K ' GHIHQVH ,Q 0D\ WKH DPD]LQJ
FLW\ RI MD]] ODUGL *UDV DQG WKH JUHQFK 4XDUWHU
ZHOFRPHG PH DV D UHFHQW 3K ' JUDGXDWH HDJHU IRU
QHZ H[SHULHQFHV DQG VFLHQWLILF DGYDQFHPHQW , FDQ
UHFDOO PDQ\ GHWDLOV Rl WKDW 6FKRRO DQG QXPHURXYV
DQHFGRWHY , ZLOO QHYHU IRUJHW WKH H[FLWHPHQW , IHO
GXULQJ WKH ZHOFRPH RI WKH RUJDQL]JHUV HVSHFLDOO\
ZKHQ WKH\ VKRZHG D VOLGH ZLWK WKH GDWD VWDWLVWLFV
RQ WKH RULJLQV Rl WKH VWXGHQWY WKHUH ZHUH
VWXGHQWY DQG LQ WKH SLH FKDUW RI WKHP ZDV
FRPLQJ IURP ,WDO\ WKDW ZDV MXVW PH

)"% 5)& *.13&44*0/ 5)"5

8"4 */ 5)& 3*()5 4105 "5 5)&
3*()5 5*.& '30. " 4$*&/5*'*$
45"/%10%/5

'XULQJ P\ 3K' , GLG D ORW RI UHVHDUFK RQ
PLFURPDJQHWLFV UHODWHG WR VSLQWURQLFV $W WKH
6FKRRO , ZDV DEOH WR H[SDQG P\ NQRZOHGJH RQ WKH
IXQGDPHQWDOV RI PDJQHWLVP DQG JDLQ D EURDG
RYHUYLHZ RI VHYHUDO DSSOLFDWLRQV OQHLWKHU RI ZKLFK
KDG EHHQ WKH IRFXV RI P\ SULRU VWXGLHV 7KH
FRQVWDQW LQWHUDFWLRQ ZLWK RWKHU VWXGHQWNE&/ROR I §J
GLYHUVH ILHOGV RI UHVHDUFKAPDQ\ RI ZKgE&&(DYO—I &$
HYROYHG LQWR FROODERUDWRUV RYHU WKH4N§
IULHOQGVAIXUWKHU VWLPXODWHG WKLV RIIRU wa ' Q!
WKH SRVWHU VHVVLRQ , SUHVHQWHG P\ ZRBNSD)EFSX)V&WISH'4

QRQOLQHDU PRGHO RI DQDORJ PRGXOD\@EB/QQ%%W&%XE\ "

PHDQV RI QXPHULFDO VLPXODWLRQV R
PRGXODWRU ,W ZDV YHU\ H[FLWLQJ WHR JAW/er&vﬁbvl&@F‘c&/
E\ WKH VDPH VWXGHQWV ZLWK ZKRP ' (BGHEHIXQ WR & 34
IRUP IULHQGVKLSV

0 “I% 130'&44*0

%&7&-01.&/



,QGHHG VRFLDO DFWLYLWLHV SOD\ D
VFLHQWLILF HYHQW DV WKH\ DOORZ

LQWHUDFW RXWVLGH RI WKH XVX
HQYLURQPHQWY DQG VFKHPHV 1HZ
RITHUHG XV D KXJH YDULHW\ RI H[SHL
EHFDPH XQIRUJHWWDEOH PHPRULHV \
GLQQHU RQ WKH ULYHUERDW QDY
OLVVLVVLSSL WKH *UHHN VW\OH IHVW
PDWFKHV DPRQJ WKH VWXGHQWY DQC
WKH )UHQFK 4XDUWHU OLVWHQLQJ V
FRQFHUW

7KHVH PHPRULHV RYHUODS ZLWHK
UHVSRQVLELOLWLHY EHFDXVH WKH\ F
RUJDQL]H D UHQHZHG RSSRUWXQLW\
JHQHUDWLRQ RI VFLHQWLVWV ZKR Z
QH[W IURQWLHUV RI PDJQHWLVP WR Jl
DQG VFLHQWLILFDOO\ 6LQFH
DGYDQFHPHQWY KDYH EHHQ PDGH LQ
UHVHDUFKAIRU H[DPSOH WKH GLVFR"
PDWHULDOV QHZ VSLQ UHODWHG HIIF
WR REWDLQ XOWUD IDVW PDJQHWLF
WKH DSSOLFDWLRQV RI PDJQHWLVP
HGJH ELRPHGLFDO FKDOOHQJHV RU X
FRPSXWLQJ DSSOLFDWLRQV

& 8*-- &91-03& 5)&4& 50
"-0/( 8*5) '6/%".&/5"-4 5)&
4% .6-"5*0/4 "/% &91&3*.&
3&-"5&% 50 ."(/&5*4. "5 5
$)00- /&95 6/&



7KH HGLWLRQ RI WKH 6FKRARODV ZKRVH KLVWRU\
LOQWHUUXSWHG IRU D FRQVLGHUDEOH DPRXQW RI WLPH E\ W]
&29,"' SDQGHPLF PDUNV D IUHVK EHJLQQLQJ IRU WKH
ODIJQHWLFV G6RFLHW\ ORUH WKDQ HYHU ZH VKRXOG
HPSKDVL]H WKDW UHVHDUFK LV HOQOMRBDEOH RQO\ ZKHQ VKDU
DQG WKDW VWXGHQWY DWWHQGLQJ @WKH XSFRPLQJ 6FKRRO Z
KDYH DQRWKHU FKDQFH WR GR LWDVRGHUVRQ )RU WKLV UH
ZH ZLOO HQFRXUDJH WKHLU LOQWHWFWLRQV GXULQJ OHFW.
DQG WKURXJK VRFLDO DFWLYLWLHYWZKLFK ZLOO EH DEXQGD
WKH VWXQQLQJ VHWWLQJ RI WKH 5LYD 0ODULQD 5HVRUW



+HUH LQ %DUL VSULQJ KDV DUULWHKHOWGHWSLWH WKH IDFW
LV QRZ RWFORFN LQ WKH HYHQLQUOJKWKH VN\ LV VWLOO E
RXWVLGH 7KHUH LV D ORW WR GRKHHIRUH WKH VWDUW RI
6FKRRO 'H DUH ZRUNLQJ FRQVWDQWO\ ZLWK WKH JUHDW
VXSSRUW RIl ,((( ODIJQHWLFV 6RFLHWHHGXFDWLRQ &RPPLWW
ZLWK VSHFLILF REMHFWLYHV 0D\ WKWMKWHNVXGHQWY FRPLQJ W
XSFRPLQJ 6FKRRO KDYH WKH RSSRUWXQLW\ WR IRUJH JRRG
ORQJ ODVWLQJ PHPRULHV DQG HQULFK WKHPVHOYHV WKUR)
VFLHQWLILF FROODERUDWLRQV DQGRIULHQGVKLSV 0D\ RQH
WKHP EH OXFN\ HQRXJK WR OHDG RQHWI WKH ,((( ODIJQHW
6RFLHW\ 6 XPPHU 6FKRROV LQ WKH IXWXUH

)RU PRUH
LQIRUPDWLRQ
DERXW WKH
((( ODIQHWLFV

RITLFLDO SDJH
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&RQIHUHQFHV UDQJH IURP ODUJH VFDOH HYHQWYV OLNH
$36 ODUFK OHHWLQJ ZKLFK MXVW WRRN SODFH LQ /DV
9HJDV ZLWK DSSUR[LPDWHO\ DWWHQGHHYV WR
PRUH VSHFLDOL]JHG JDWKHULQJV ZLWK RQO\ D IHZ GR|HQ
RU D KXQGUHG DWWHQGHHYV ULRU WR VLIQLQJ XS 'RU D
FRQIHUHQFH LW LV D JRRG LGHD WR GHFLGH \RXU JRDOV
DQG LGHQWLI\ ZKLFK PHHWLQJ ZLOO KHCS \RX JHW WKHUH



, KDYH PHW WRR PDQ\ SHRSOH ZKR DWWHQGHG D
FRQIHUHQFH WKDW GLG QRW PHHW WKHLU H[SHFWDWLRQV VR
SOHDVH DYRLG WKLV E\ SODQQLQJ DKHDG 3HUVRQDOO\ |,
OLNH WR XVH ODUJH VFDOH FRQIHUHQFHV IRU GHYHORSLQJ
QHZ LGHDV EDVHG RQ SUHVHQWDWLRQV DQG LQWHUDFWLRQV
ZLWK SHRSOH ZKR PD\ QRW ZRUN LQ P\ ILHOG ZKHUHDV

, DWWHQG VPDOOHU PRUH VSHFLDOL]HG FRQIHUHQFHV ZLWK
WKH JRDO RI QHWZRUNLQJ DQG EULQJLQJ P\ ZRUN WR

WKH DWWHQWLRQ RI RWKHU SHRSOH LQ P\ UHVHDUFK
FRPPXQLW\ +RZHYHU , ZRXOG QRW EH VXUSULVHG LI
RWKHUV KDYH D GLITHUHQW DSSURDFK WR WKLV
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) | \R X DUH LQH[SHULH
LOQOWURYHUWHG LW FDQ |
SUHSDUH FRQYHUVDWLRQ V
HOHYDWRU SLWFK )RU HJI!
0 - __IRXQG D W ON LQWHUHVWL

EéaGEUO HH WR WDON W]

(o)

x S FRQVLGHU VHC
Eaasu aa$>A UE)VVLQJ \RXU I
JIHV D VSHFLILF
GLVFXVVLRQ $GGLWLRQDO

7DONLQJ WR RWKHU DWW HQIGSSHAR BFKI U OROQFKEDV H G
RU GXULQJ RQH RI WKH QX PHIURMW AWIWHHRQ \RX JDYH
EUHDNV LV FUXFLDO WR PDRILIDIFWKH KRWHWVHYHQ H[SH
RI \RXU FRQIHUHQFH H[SHUDBQFHQ JIQWYJ SUHVHQWD:
SHRSOH FRQOVLGHU WKLVVXWWBE®RWWHVVLRQ PD\ (
LPSRUWDQW DVSHFW RI D FRROOWDHEREWDWLRQV A LQ P\
DJUHH IRU WKH PRVW SDUWQWMNWDEWLRD DW D FROQI
GHSHQG RQ WKH W\SH RI| FIRRORHUHRSOHFW RQ WKH PR
DQG \RXU UROH LQ WKH FRARODBIWHU RI P\ 3K ' WKHVL)

EAbP-—-SU éb-AY¥
PEe- % AS—-.

7KLY DGYLFH LV FHUWDLQO\ LQ OhQE ZLWK WKH ]HLWJHLVW
SHUKDSYVY D ELW FRQWURYHUVLD@ RBBROZLOO OLNHO\N JLYH D
WDON RU SUHVHQW D SRVWHU DW WWKRH FRQIHUHQFH \R X SODQ
DWWHQG DQG LW LV REYLRXVO\ GHVLUDEOH WR GHOLYHU DAQ
H[FLWLQJ SUHVHQWDWLRQ TKHUH DUH PDQ\ KHOSIXO
UHVRXUFHYVY WKDW FDQ [DRAVAVAIRRVATVARRY >3 ¢ LQ SUHSDULQJ DQG
GHOLYHULQJ D) FDSWLYDWLQJ SUHVHQWDWLRQ VR , DP QRW

JRLQJ WR GLVFXVV WKLV KHUH ,QVWHDG , ZDQW WR GUDZ
DWWHQWLRQ WR KRZ VRFLDO PHGLD KHOSV’N\FF@@W %RWH RXU

ZRUN $ JURZLQJ QXPEHU RI VFLHQWLVWYV \RY [RUH g c
WKHLU SUHVHQWDWLRQV RQ SODWIRUPV @@ z.lo\@vﬁlﬁ’@DQQE?Q
ILQNHG,Q KLJKOLJKWLQJ SRWHQWRQW®QO\ |RWHL RQ Iwk D sy
DQG FRQQHFWLQJ ZLWK IHOORZ DWMWHQGHH\WVEH) LVHWFGK }EBRQO
DQG HYHQ DIWHU WKH FRQIHUHQFH W\ R ‘RXqu\,é‘
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&EYY,EO0=¢6 X
2QFH WKH FRQIHUHQFH LV RYHU JR WKURXJK \RXU
QRWHV ZULWH HPDLOV WR WKH SHRSOH \RX PHW DQG
FRQVLGHU SUHVHQWLQJ WR \RXU WHDP FROOHDJXHV
DERXW \RXU FRQIHUHQFH H[SHULHQEFH 7KLV LV
VRPHWKLQJ , OLNH WR GR UHJXODUO\ WR PRWLYDWH
\RXQJHU JURXS PHPEHUV WR UHWKLQN WKHLU
DSSURDFK WR FRQIHUHQFH SODQQLQJ )XUWKHUPRUH
LW JLYHV PH D FKDQFH WR UHSRUW RQ WKH FXUUHQW
KRW WRSLFV LQ RXU ILHOG DQG VKDUH QHZ LGHDV
UHOHYDQW WR RXU RZQ UHVHDUFK ZLWK WKHP /DVWO\
P\ FROOHDJXHV EDFN DW KRPH DOZD\V HQMR\ WKH

SKRWRV . VKDUH ZLWK WKHP ZKHEQWSR Ok QoW B R XM g0\ D
P\ FRQIHUHQFH H[SHULHQFH $36 ODUFK OHHWLOJ HU\NDL\N\_QJ
LQ /DV 9HJDV “ZLWRT I \jHY U H
WKH +LJK 5ROOHU LQ,Q/WHD ERQ\H HL

EDFNJURXQG {RU y DQG S \

YHQRG LGHDGO\

%HZDUH RI SUHGDWRU\ RU IDNH FRQIHUHQFHV 'LG
\RX UHFHLYH D UDQGRP LQYLWDWLRQ WR JLYH D
SOHQDU\ WDON DW WKH :RUOG &RQJUHVV RQ ,QVHUW
VRPH EX]]ZRUGV KHUH ZKLFK WDNHV SODFH RQ D
FUXLVH VKLS VRPHZKHUH LQ WKH &DULEEHDQ IRU D
UHGXFHG UDWH RI CRQO\E LQVWHDG RI

ORVW OLNHO\ WKLV ZLOO EH D VFDP 3OHDVH
PDNH VXUH WR GR D EDFNJURXQG FKHFN LI \RX DUH
QRW IDPLOLDU ZLWK WKH FRQIHUHQFH

'H ZRXOG ORYH WR KHDU DE

&&1*/( 5)&4& 5*14 "/ LSV&ﬁ%FDAVHX[ZETJVLﬁ'éé’HDQRG

*/ .;;% $" )&-1 :06 ."9*, *-& ZL(B’ @OHU RUSODUSHY PHH\[NLQ
$0/'&38&/$& &918&3*&/$& "I% % PHERUDEOH HISH!
5)"5 :06 #6%-% -"45*/( $0//&$Y L%S'WFKEQQ\'SQQ%FX%
WL TR ENERE IR %PSUHRQYFHHVL%SSSMVRR\&
130.05& :063 803, .03& &'

0O 1-"/ ")&"% /&5803, *5) Hgdéﬁl\—/lvgllz_l—?\l/\lZDKEHRCS(VI\:/RYPLSUDV\(J)E[(
"55&/% & &4 "/% 3&.&.#&3 50 4)"B&SHUVRQ PHHWLQJV"
063 $0/'&3&/$& &91&3*&/$& :{b"HEJ)/H \//HQG I\DQ HPDLO WR\
063 $0--&"(6&4 8)0 ODUWLQ /RQVN\ DQG ZH PD
%*% /05 "55&/% )\(F;)I(:LFJQPULHQVJSLRVQVVXHHI\_/QR??VHKI-IIQ

ODIJQHWLFVY 6RFLHW\ 1HZVC
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FI1E] -RR 7MQ 1EVS8E 7TEPZEHSV
TXYHIRXW MR 1E

% TVSYH +ISVKI

+VELEQ WLS[W SJJ
7M1..W QET SJ
QIEWYVIH )EVXL..W
QEKRIXMG JMIPH ZEPYIW



7KH ODXQFK RXW U HDRBK HHW HELW +RZ RQ ($57+ GR

ZH PHDVXUH WKH ($57+AV PDIJQ@HWWERPIHBOBXULRXYV
VWXGHQWY IURP DOO RYHU WKH ZRUOG WR FRPPHPRUDWH
DQQLYHUVDU\ RI *HRUJH *UDKDPAV GLVFRYHU\ RI (DUWK V DJI
ZHOO NQRZQ %ULWLVK ZDWFKPDNHU ZKRVH EUDQG RI ZDWF
KLJKO\ UHJDUGHG ZDV WKH ILUVW WR REVHUYH WKH UDSLG
(DUWKAV PDJQHWLF GHFOLQDWLRQ RYHU D VKRUW SHULRG
PRQXPHQWDO DFKLHYHPHQW LV EHOLHYHG WR EH WKH
REVHUYDWLRQ RI D JHRPDJQHWLF VWRUP

ODJQHWL6LO DOVR FHOHEUDWHG WKH WK DQQLYHUVDU\ R
JULHGULFK *DXVV V LQLWLDO PHDVXUHPHQW RI WKH (DUWK V
LOQWHQVLW\ ZKRVH ZRUN VHUYHG DV D IRXQGDWLRQ IRU JHI
VWXGLHY DQG HVWDEOLVKHG D EHQFKPDUN IRU SUHFLVH PHD
WKH (DUWKAV PDJQHWLF ILHOG

$V D JOREDO RXWUH|I
WKHDIQHWLEVHMULHY UH
RXW WR HYHU\RQH UH
JHRJUDSKLFDO ORFI
KRZ FRXOG ZH HQV?>
HYHUVRQH LQ WKH ZF
DVVHVY D PDIJQHWLF
PHDVXUH WKH (DUWKA
ILHOG

'HOO W

DQVZHU OL

WKDW YHU\ G

WKDW ZH FD

GR ZLWKF

'HDU UHDGHU SOHDVH GR FRQVLGHU
YLVLWLQJ RXU ZHEVLWH WR VXEPLW D
YDOXH IRU \RXU ORFDWLRQ 4XLFN
PHDVXUH LQVWUXFWLRQV DUH
DYDLODEOH RU \RX FDQ VNLS WKH
JXLGHG DFWLYLWLHV LI \RX DUH D
ZHOO OHDUQHG LQGLYLGXDO



6PDUWSKRQHY DQ LQWHJUDO SDUW RI RXU
OLYHV WKDW KDV EHFRPH LQGLVSHQVDEOH ,W
KHOSV XV VWD\ LQ WRXFK ZLWK SHRSOH ZKR
PDWWHU PRVW LQ RXU OLYHV ZKHQHYHU DQG
ZKHUHYHU $V ORQJ DV ZH FDQ JHW D

UHOLDEOH LQWHUQHW FRQQHFWLRQ LW HQDEOHV
XV WR KROG DOO RI KXPDQ NQRZOHGJH LQ

WKH SDOP RI RXU KDQGV $UH ZH

KRZHYHU UHDOO\ DEOH WR FODLP WKDW ZH

IXOO\ FRPSUHKHQG RXU GHSHQGDEOH

KDQG\ CFRPSDQLRQE WKDW LV DOZD\V

ZLWKLQ DUPAV UHDFK"

7KH VPDUWSKRQH FDPHUD PD\ EH RC
XWLOL]JHG FRPSRQHQWV RI D VPDU\
GHILQLWHO\ KDYH ZLWQHVVHG WKH XE
RI 7LN7RN DQG PDQ\ RWKHU VRFLDO PI

$Q H[DPSOH RI D VPDUWSKRQH V PR
IHDWXUH LV LWV SKRQH ZKLFK FRQV
PLFURSKRQH WKDW HQDEOHV WKH XV
WUDQVPLWWHG WR WKH UHFLSLHQWYV
PLFURSKRQH FDQ EH XVHG LQ D YDULF
ZRUN DV DQ DSSODXVH PHWHU WR
UHFHLYHG \RXU SUHVHQWDWLRQ LV <
PHDVXUH KRZ DJJUDYDWLQJ \RXU ORY
QDJJLQJ LV

$QRWKHU H[DPSOH RI VXFK VHQVRUYV
EULIKWQHVYV DGMXVWPHQW IHDWXUH
H\HV DUH FRQVWDQWO\ DSSUHFLDWLY |
LOQWHOOLJHQWO\ VHQVH WKH EULJKW(
DQG DGMXVW WKH VFUHHQ EULJKWQ
FRPIRUW PDNLQJ VFUROOLQJ WKURXJ
FRPPRQ QLJKWFDS 1DWXUDOO\ WKL
EULIKWQHVYV VHQVRU WR HQDEOH XV
KRZ EULIJKW D VRXUFH RU DUHD LV



1IEKRIXM7M1 ,S[ SR
)%68, HS [I QIEWYVI XLI
)%68,..W QEKRIXMG Y%IPH
GSQTVMWIW SJ EGXMZMXMIW
[LMGL MRZSPZI XLI YWI SJ
SYV WQEVXTLSRIW XS
QIEWYVI XLI JEVXL...W
QEKRIXMG %IPH EX SYV
PSGEXMSR 8LMW XETW
MRXS XLl JEGX XLEX

[l LEZI E

QEKRIXSQIXIV

IQFIHHIH MR

SYV TLSRIW

'XH WR PDUNHW FRPSHWLWLRQ FR
ZLGH VHOHFWLRQ RI EUDQGV DQG F
IURP ,Q OLQH ZLWK WKLV WKH PDJ
Rl WKHVH VPDUWSKRQHV GLIIHU
3DUWLFLSDQWQHRIL6LO +RZ RQ (9
GR ZH PHDVXUH WKH ($57+AV PDHQ}
HQJDJHG KDQGV RQ WR EHWWHU .
(DUWKAV PDJQHWLEF ILHOG ZLWK W
WKDQNV WR WKH VSHFLDOO\ FUDIWF
VLPSOH WR IROORZ VWHS E\ VWHS
ZRUNVKHHWV DQG LQ SHUVRQ RU ZH

'LWKLQ D SHULRG RI IRXU PRQWKY EHWZHHQ 6HSWBPEHWLG6LO WK L
-DQXDU\ WKH 6LO WHDP LV SOHDVHG WR UHSRUW WKDW WKH

PHDVXUHG YDOXHV IURP WKH
ODOD\VLD -DSDQ 6RXWK

IROORZLQJ FRXQWULHV 8QLWHG 6WD'
.RUHD ,WDO\ 7DLZDQ *XDWHPDOD 1HW

-RUGDQ ,QGLD 6UL /DQND DQG (J\SW <RX PD\ ILQG RXU XS WR GI
IRUZDUG WR UHFHLYLQJ PRUH VXEPLVVLRQV VRRQ



,Q WKH VKRUW WLPH VLQFH WK
6LO LQ WKH WHDP LV SURXG
VXFEHVVIXO HYGNMOWHWLR/AP WK DW
WRRN SODFH DOO RYHU WKH ZRU

IRU WKH VXSSRUW DQG FROODI

((( ODIJQHWLFV BRFLHW\

DQG ORFDO FRPPXQLWLHV

LQ PDNLQJ WKH HYHQWYV
VXFFHVVIXO

cag wag
cU,638%-A¥ "e-3A¢3 SEA-3UDPS BEUODaEX$ [&2,¢,$ g”

4VSJ 7S]

WXVIEQMRK JVSQ /M1..W ZIV] S[F
LMW SJIMGI [LMGL WIGVIXEV] ERH
LI GYWXSQMAIH MX XVIEWYVIV %Y
EW E WXYHMS JSV FVMREKBRKIXM7
NTIVMQIRXW MR XLI JSV¢

SJ E [SVOWLST
XS EZMH LMKL
WGLSSP WXYHI

,Q BHSWHPEHU PRUH WKDQ VQV X B\W R BH/U WKH 6L0 ERDUG P
IURP DOO RYHU $VLD DJHV DQG %$®GHH ZHUH FROODERUD®RIGQ HQ
LQWURGXFHG WR WKH (DUWKAV PDJSQHIWNIFUILHRG DOPAWHULDOV 5HV}
ODJQHWL®M 3URIHVVRU B6RZ &KRUQIZXWUMBNK &RPPURWEHYHORS O
SRSXODU RXWUHDFK 7RHIUIBKYVLFYVY PDWHULDONVJQRHWLGLO $XGUH IXUYV
BURIHVVRUAV 6XLWFDVH RI 7UDYHEOR@GXFEHBQFBEH ZRUNVKRS RU
'RQGHUYURIHVVRU 6RZ &KRUQJ +DXUKRRRWIKRROLQJ JURXS ZLWK WK
ZRQ PXOWLSOH WHDFKLQJ DZDUGV IR&GSELYV $NUHPHIGE DEGWK D VNLOOIX
LQIHFWLRXV WHDFKLQJ VW\OH HP EUDFWHNV WHIFWQROR WUHDWYV $XGUH
WR GHPRQVWUDWH IXQ ZLWK VFLHQVMXGHQWWRMWXURXJIJK D WKUHH
DXGLHQFH RI PRVWO\ KLJK VFKRRO NSORHWQYY WKRIPPDIJQHWRPHWHUYV
YDULRXV FRXQWULHV LQ $VLD $W DVKGE W LWKHDOW]LQKMKH (DUWKAV |
VWXGHQWY ZHUH JLYHQ D JOLPSVHZRUNNKRS(RQWRXGHG D KDQGV RC
LWVHOI LQFOXGLQJ WKH PDJQHWLWKPDUYVWXGHQWRKDW[SORUHG WKH
PDNH LW WLFN YDULRXV VHQVRUV RQ WKHLU SKR

ZDV PDUNHG DV VXFFHVVIXO DV

SURYLGHG SRVLWLYH IHHGEDFN IF

HDV\ DQG HIIHFWLYH SKRQH PDJQ}

HIQSRWXVEXMSR
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TM1..W QYPXM
XEPIRXIH HITYX]
l1EVEE WIGSRH
JVSQ VMKLX ERH
LIV XIEQ EJXIV E
NSF [IPP HSRI EX
7IQERE HI PE
'"MIRGME

7KH 6LO WHDP SDUWLFLSDWHG LQ WKH FXUDWHG
VHPLQDMWXGLDQWHYV HQ O0BIHINHQ/W R

LQ ODIJQHWLVP ZKLFK MREQWDQPFHOHEUDWHG

GH OD &LHEAAUIHQFH :HHN RUJDQL]HG E\ WKH
6FLHQWLILF &XOWXUH DQG ,QQRYDWLRQ 8QLW 8&& ,
8QLYHUVLW\ RI 2YLHGR 6SDLQ JRXU LQYLWHG
VSHDNHUV JUDFHG XV ZLWK WKHLU SUHVHQFH DW WKH
6DOD GH *WDDAIRAS XV GH *EMIQJLQJ WKH

DXGLHQFH RI VWXGHQWY DQG SURIHVVRUV DQ
LQIRUPDWLYH WLPH DERXW D YDULHW\ RI PDJQHWLVP
WRSLFV 7KHVH FRPSHOOLQJ WDONV FRYHUHG D UDQJH

RI  WRSLFV LQFOXGLQJ WKH ZRUN R/

PDJQHWLF ILH%G LQ FQRQMXQFWLRQ %&%ﬁ%gﬁf&@%ﬁ%ﬁ%&w
WKH XVH RI IHUURHOHFWULF WIDEW'HVJLLPID@\V'D}L UDWLRQV WR

PRGHUQ OLIH PDJQHWV DQG VHQVRRE* Q@@HM@%RRS[SGULW\?\

QDWXUH RI PDJQHWRWDFWLF EDFWHULD DOQGRKR £ WHO

FDQ EH XVHG WR ILJKW DQG FXUH LOOQHVVHV 6HHLQ.J

KRZ PDJQHWLVP VWXGLHV FDQ EH DSSOLHG WR D

YDULHW\ RI VLWXDWLRQV LQ RXU GDLO\ OLYHV ZDV

XQGRXEWHGO\ H\H RSHQLQJ IRU WKH SDUWLFLSDQWV
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6HQGDL LV NQRZQ DV WKI
*UHHQ3® DQG EHQHILWYV
EHDXWLIXO QDWXUDO HC
GHOLFLRXV IRRG DQG X
VSULQJV (DUO\ FRQI
UHJLVWUDWLRQ VWDUWYV

IRU IXUWKHU GHWEL
WKH FRQIHUHQFH
YLVLW KWWSV LQV

'H ORRN IRUZDUC



LI ;VMXI| 7XYJJ

E\5RQ *ROGIDUE
3UHVLGHQW (OHFW
((( ODIJQHWLFV 6RFLHW\
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2QH PHPEHU RI RXU

JURXS RIWHQ XVHG
LGLRPV LQ
FRQYHUVDWLRQ :KLOH ,
HVFRUWHG RXU IRUHLJQ
YLVLWRUV |, ZRXOG RIIHU

UHDO WLPH WUDQVODWLRQ

-QEKI EHETXIH JVSQ LXXTW GSQQSRW
[MOM *MPI 1YVRIV 2IVVIRFIWGL[IVYR

g QJOLVK LV ULFK ZEWK
L

LRPV ILIXUDWLYH Q¥ %DEV /I[HVVRQ :K
H[SUHVVLRQV FRPPRQO\ )25(,*1 9,6,725 VSHDNLQJ
XQGHUVWRRG LQ D UHJL OBRNLQJ DW PH
RU D FRXQWU\ ODVWH-UITIPE%O L1 \RX "ZULLWV{;Sd IDR\‘
LGLRPV GHQRWHV FxdwkQ R HG Wl ypwKzpwHU Q Q
OLWHUDF\ ,Q $SPHULFD HI||HFW R33! 26725 DXGLHQFH
PDQ\ LGLRPV DUH UHQDWIEG - QRENLQIDW FH VWDQGDUG (
WR VSRUWV ([DPSOH d\%j&H DQLFBO DQG JHQHL
EDOO LV LQ \RXU FRXxUWMWUDLQ RQ DYRLG LGLR
P<RRUXHF%(EJV¥CVLS|I\: \F/QVF:KEJFIE]B\PNFDO FXUUHQW \RX GR XVF

GLRPV DUH JU \\Ah%)/(AG = LGLRP H[SO
! LQJ WKH DV D ZD\ WR
é\éHFDLonFRE%vH%VR[ivWé/gé?ha%\xw ZLWK CGULYH KF
6 WO0LLO) WKPEEDWKZDWHU E \RXU SRI

'H XVHG WR KDYH PDQ%283 0(0%(5
IRUHLJQ YLVLWRU\/—B‘W'—P'\—T
ODE ZKR ZHUH LQWHUHVWHG

LQ RXU PHDVXUHPHQWY RQ

VXSHUFRQGXFWRUV 22l



&OLFK-V DUH OLNH LGLRPKDNH WF®WFK-V SHFXOLDU WR
WKH SKUDVHV DUH RYHUW®ALH® PHRZWKWLQJ SKUDVHV WKDW
SRLQW ZKHUH WKH\ KDWHP SOHRARBID XJKW\ ZRUGV %)\
WULWH W KDV EHHQQURILIGW\WHKID/M® RYHUXVHG
6KDNHVSHDUH ZDV D JRRDBFXBXWHBRUGVY WKDW PHDQ
H[FHSW KH XVHG WRR PDQDXBRWFK-V

&OLFK-V DUH H[SUHVVLRQV WKDW KDYH

VHHQ EHWWHY RXV/LNH ,WKLQN WKH QDXJKWLHVW ZRUG LQ

$FW 6FHQH 9,, 8VH WKHPFRWQWKH ULWLQJ LV
ULVN RI EHLQJ ERULQJ

A JdW

0DQ\ DXWKRUV ORYH WR REVHUYHRUWUKH\[SWKUQRH@WDOLVWYV
PDNHV WKHLU SDSHUV PRUH VFLH@HDLFX TWHR IWKHQND Q

LW VKRZV WKH\ DUH GHWDFKHG SIYBRS WE'D'WH FKRLEH
H[SHULPHQWV WKDW WKH\ DUH GLVSDVVLR

XQELDVHG REMHFWLYH REVHUYHU+\,{-|U|-1Iblﬁ-|D@|:1|3IH \RDPSOH VXEVWL
FRQILUPDWLRQ ELDV WKHUH )RU IXQ , VRPHWLPHYV
VHDUFK DUWLFOHV IRU DOO RFFXUUMNKLENWRY HARWBMAMRGKEQRPHQRQ

H LV PHDVXUHG
,QVWHDG RI REVHUYLQJ RQH FDQ Gﬁé)?iEH #ﬁ@%l{@ 25 LV EKDUDF W

GHWHUPLQH GLVFRYHU ILQG LGHQW S
QRWH QRWLFH REWDLQ UHSRUw "RY VW\SLFDO \ REVHUYHG L

D LQLPXP RI WKH FXUYH ZDV RI
9 WKH FXUYH KDV D PLQLPXP D
D QHIJDWLYH SHDN LV REVHUYHG
z
S

KLFK LQG2FDWHYV D QHIJDWLY
HDN LQGLFDWHYV
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VWDWHPHQWV R}
REVHUYDWLRQ FDQwkLV KDV DOVR EHH
EH PRGLILHG

@ REVHUYHG L@

'KHQ SRVVLEOH MXVW b o Pt
GHOHWH WKHP o5V 9% o,
WKH REVHUYHG IOXFWXBWLRQ DAL X&He, Say)
DPSOLWXGH TR
D
WKH REVHUYHG HITHF®LYH UHGXJmu(FFQVLRQWKﬂéE

WKLYV REVHUYDWLRQ BV LQ DJUHHPHQW WKLV
WKLV REVHUYDWLRQ O LQ DJU HHPH QW WKLV

WKH ORQJHVW RE9HUYHG WLPH WKH ORQJHVYV

/ZR ILHOGYV
ZKHUH

PD\ EH XVHG OHJLWLPDWHO\
, WKLQN DUH DVWURQRP\ DQG
PLFURVFRS\ ZKHUH
KLVWRULFDOO\ RQH
XVHG RQHAV H\HV



W D SUREOHP

R

ZLWK

SURSHUO\ PHDQLQJ D VXEMHFW RI GLVFXVVLRQ RU
FRQWURYHUV\ DQ HGLWLRQ RI D PDJD]LQH RU SRVWDJI
VWDPS DQ H[LW RU RXWOHW RU SURJHQ\ LQ D OHJEC
VHQVHVVXDV EHFRPH D ZRUG IRU DOO VHDVRQV

EXW PRVWO\ D HXSKEHREWDRIPRRIX VHDUFK

WKH ZHEVLWHV RI VRIWZDUH FRPSDQLHV \RX PD\ ILQG
D OLVW RI NQRZQ LVVXHV EXW QHYHU NQRZQ SUREOH
7TKHUH DUH QR SUREOWPRPNV RQO\

P

+HUH DUH H[FHUSWYV IURP D VLQJOH PHPR
I[URP P\ RUJDQL]DWLRQ ZULWWHQ LQ )JRU
HDFK LOQVWDRVHHRIQGLFDWH D VXSHULRU
DOWHUQDWLYH

i DGYLVH PDQDJHPHQW RQ GLYHUVLW\ UHODWHG
LVVXHUXHVWLRQV@ | ZKLOH QR RYHUZKHOPLQJ
FODVVILWWPXHMWREOHPV@ ZHUH DSSDUHQW |

D FRQVLVWHQWO\LFNMBMLRIIHF® IRU

WKRVH IHHOLQJ OHVV YDOXHG | RXU UHVSRQVH WR
WKHVVXHLWXDWLRQ@ Rl SHRSOH IHHOLQJ OHVYV

YDOXHG | RQ L WH*VXEMHFW®@ RI
PLFURPDQDJHPHQW | DQ LVR/XRHUWDQW i
>IDFWRU@ DITHFWLQJ VWDII SHUFHSWLRQV I

DSSDUHQWO\ WUHDWHG GLIITHUHQWO\.RB\RQH UHDVRQ
RU DQRWKHU SHUKDSV EHFDXVH RIRSULYHRQ LW\

UHODWHVXBHFRQVLGHUDWLRQV@ | IRODR¥KRYYV DQG
WKH VXUYH\ ZLWK LQWHUYLHZV WRVSBDOHPRUIKR
LQVLIKW LQWR/ YHRBWWHUV @ UHIOH[LYHO\ XVH

LVVXDHUH OD]\



%YHORZ DUH RWKHU IDVKLRQDEOH ZRUGV DQG
SKUDVHV ZRUWK DYRLGLQJ

UHFHQWO\ i KDV DWWUDFWHG FRQVLGHUDEOH LQWHUHVW
'LG \RX ZULWH WKLV SDSHU MXVWVESRSXUBUNKH VXEMHFW

IRU QH[W JHQHUDWLRQLRIGRW SUDFWLFDO QRZ KRZ GR \RX NQI
ZLOO EH"

ZH VKRZ IRU WKH BUHW W WDEHNROXWHO\ VXUH" $QG LI WUXH GR
UHDOO\ FDUH"

ZH FUHDWHG D QHZ )PRUFFD FZRIWPGYV WKDW PHDQ CLPSURYHG PHWK

WKH WHFKQLTXHOIDABIRERRX¥ WHDOO\ PHDQ CUHOLDHEGHE DQG QRYV
KHDOWK\E"

WKH SUHFLVLRQ LV XORRQUAWHEBN QWMIBPG® O\ PHDQ CLPSURYHGE"

ZH VAVWHPDWLFDO O'\RPHRXVXMBIG XQOLNH \RXU XVXDO XQV\VWHP
PHDVXUHPHQWV"



XS TYVWY!| (
KSEP MR 7G
E\ 9LYLDQ 0 $QGUDGH

&HQWUR GH 7THFQRORJLD GD ,QIRUPDomR 5HQDWR $UFKHU %UD]L

.HHS ZRUNLQJ RQ UHVHDUFK QRW MXWW MR PIDKIWNDWVINV R KIDW VKRXOG E
SDVVLRQ DQG SHUVLVWHQFH +RZHYRBWKRXUDSYPVMIWRFIKDAWG ZHH GR DUH
IDFWRUV WKDW PRWLYDWH XV PHQWDDQWRPSIKWWNYW OV Q@D RXU GD
SHUVHYHUH $V , HPEDUNHG RQ WKHVSEHDWEHFWDY B HR® WHRZ WR EDODQFF
ZLWK SDVVLRQ DQG SHUVHYHUDQFH

,wP IURP 5LR GH -DQHLUR %UD]LO ZKHUH ,
UHFHLYHG P\ SK\VLFV GHJUHH ZLWK WKH JRDO RI
ZRUNLQJ DV D UHVHDUFKHU LQ PDJQHWLF
PDWHULDOV , FRQWLQXHG E\ SXUVXLQJ ODVWHU V
GHJUHH DQG VWXGLHG WKH PDJQHWLF SURSHUWLHYV
RI QDOQRVWUXFWXUHG PDQJDQLWHYV WKRXJK , KDG
WR VWUXJJOH LQ WKH SXUVXLW GXH WR ODFN RI
IXQGLQJ UHVRXUFHV DQG HTXLSPHQW :KDW LV
ZRUVW WR DGG LV WKDW , vDZ P\VHOI LQ D ZRUOG RI
FRQFHSWV , GLGQAW IXO0O\ FRPSUHKHQG KRZHYHU |,
NHSW RQ JRLQJ WR DFFRPSOLVK P\ UHVHDUFK

*URZLQJ

XS P\

PRP XVHG

WR VD\ WR L A\RX UH QRW
XV JRLQJ WR GR

LW ULJKW WKHQ
GRQ W GR LW



, PDQDJHG WR ILQLVK P\ ODVWHUV SURJUDP
ZLWK WZR SXEOLFDWLRQV XQGHU P\ EHOW
DQRG P\ VXSHUYLVRUV 3URI ODULR 5HLV
DQG 3URI 'DQLHO 5RFFR DOVR
VXJIJHVWHG PH WKH JR DKHDG WR

SXUVXH 3K ' VWXGLHV 7KH

RSSRUWXQLW\ WR DSSO\ IRU &Q
LOWHUQDWLRQDO VFKRODUVKLS iRU

3K'" VWXGLHV RXWVLGH %UDI1LO ZDYV

RQH RI WKH PDQ\ RSWLRQV SURYLGHG

%\ WKDW WLPH , ZDV RQO\ DZDWUH RI.D

IHZ TULHQGYV ZKR KDG VWXGLHG DEURDG
VLQFH LW LV D YHU\ UDUH RSSRUWXQLW\
LW KDG QHYHU FURVVHG P\ PLQG WKDW LW

FRXOG EH D SRVVLELOLW\

IRU PH 6R P\

LOWHUHVW ZDV SLTXHG ZKHQ , VDZ LW ODLG RxWHQ WKRXJK 3RU

LQ IURQW RI PH DQG ,

JURQWHLUDVE SURJUDP
C6FLHQFH ZLWKRXW

ERXQGDULHVE VLPLODU WR

(UDVPXV WR SHUIRUP
P\ 3K' VWXGLHV DW
8QLYHUVLW\ RI 3RUWR

WKRXJIKW
K\ QRW JLYH LW D VKRW"
WKURXJK ODULR , PHW 3URI
-RIR 3BHGUR DQG DSSOLHG
IRU D JUDQW XQGHU WKH
%UD]LOLDQ C&L-QFLDV VHP

LV RXU VKDUHG ILU\
LW WRRN PH D IHZ F
XQGHUVWDQG WKH DI
GLG , UHDOL]H W
FRPSOHWHO\ RXW RI F
]JRQH DQG WKDW , VKR X
WKH QHZ HQYLURQPH
ZHUH FRQGXFWHG LQ (G
, NQHZ OLWWOH DERX

, HQUROOHG LQ DQ (Q
DQG DOVR KDG WR TXL
VFLHQWLILF ZULWLQJ VI
EHLQJ DEOH WR GHOL
SDSHUV DQG SUHVF



1H[W , KDG WR TXLFNE@\ D@DENMWQWRWR P\ FROOHMDJIXHVY
WKH GLIIHUHQW ZRUNXSMDBHUWWRREG WKDW P\ VLWXDWLRQ ZDV
FXOWXUHV LQ WKH ODERW DGARIGIIUHNQ W RURP PRVW RI WKHP DQG
DFFHVV WKH UHVRXUFBEN FRXDHGWBSSRUW HDFK RWKH'/ KQ WKLV
WR DGYDQFH P\ UIDHMDKFK:LWK P\ PRWKHU V ZRUGV LD
'HVSLWH WKLV , FRQWKIHQRBEBN WRRP\ PLQG , UHIRFXVHG ROQ
IDFH REVWDFOHV RQP\ RREMWKFWLYH E\ JDWKHULQJ P\VHOI
ZDV WKDW DW WKH HQBDENPD QIGUWWORRNLQJ DW P\ UKVEDUEY
\HDU , UHDOL]HG WKDWPDDO GUKIHUHQW SHUVSHFWLYHY
VDPSOHV , SURGXFHG AKRDGG XRWHG QHZ H[SHULPHOQWV DQG
NLQG RI SUREOHP DQMGKDWMKDBMOQ OHG PH WR CGHYHOS®S D
VKRXOG VWDUW DOO VREMWDRWWLIMO DPRXQW RI ZRUN UDQJILOJ
7KHUH ZHUH GLIILEXOW RR PEEXOMN KDRV PLFUR FRPSRYLWHV DQG
PDGH PH FRQVLGHU SDPNREDX®LFOH PDJQHWLF V\VWHFV E\
DQG UHWXUQLQJ KRPHWKRIZHFEWRI P\ 3K '

>j dfSdVbf

Z eVc _ReZ R]

hRd : eVc”*R
T WVcV
DZ XRa

, KDG QHYHU EHHQ WKHUH
EHIRUH DORQJ ZLWK WKH FRQIHUHQFH
VR , KDG QR SULRU DFTXDLQWDQFH ZLWK DQ\
DWWHQGHHY , ZDV VR QHUYRXV WKDW
FRQVLGHUHG QRW JLYLQJ P\ SUHVHQWDWLRQ
JRUWXQDWHO\ , UDQ LQWR D IULARGO JURXS RI
GRFWRUDO FDQGLGDWHV ZKR ZHUE HQFRXUDJILQJ
RQH DQRWKHU V SUHVHQWDWLRQV DQG ZKR JDYH
PH FRQILGHQFH LQ PLQH 0\ UHVXCW\ ZMHUH
LQ WKH HDUO\ VWDJHV DQG WXLV H[SHULHGQFH
HQDEOHG PH WR UHDOL]H WKDW , FRXQG VWLQO
SUHVHQW WKH ZRUN DQG HQJDJH LQO GLVFXVVLRQ
ZLWK RWKHU UHVHDUFKHUV 7KLV RFFDVLR?2 WKHLU
TXHVWLRQV DQG IHHGEDFN ZHUM ViLJQLILFDOW
EHFDXVH LW JDYH PH WKH VHOI DVVXUDQFH
, QHHGHG WR FRPSOHWH P\ GRFWRULGC VWXGLHYV
DQG DSSO\ IRU SRYVWGRFWRULO SRVLVW.RQWV



$IWHU P\ 3K ' , JRW LQYROYHG ZL‘B/K*M\/P@-}_;OGQ 5)&4 &
RUJDQL]LQJ FRPPLWWHH RI $W& $W* J = : :
FRQIHUHQFH DQG WKH :RUNVKRS gqg@%& &4 5)"S )"7&

(IITHFWV :L&( IURP ZKLFK , IHOW #&®d WR-&H50 */41*3 &

PRUH DFWLYH DQG DOVR H[SDQG R)5QRWZRUN 4 50 $3&"58& "/%
7R JR EH\RQG WKH VFLHQWLILF FRPPX® : -
DOVR SDUWLFLSDWH LQ WKH 0$)%0/'$ PG ER 03&".4 */

WR HQFRXUDJH KLJK VFKRRO VWXGH&W B 538038 &7 (0
6FLHQFH 7HFKQRORJ\ (QJLQHHULQJ DQG

ODWK WKURXJK VFLHQWLILF DFWLYLWLHVY YLVLWLQJ
IDFLOLWLHY ZRUNVKRS DQG VHPLQDUYV
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