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.HPDO $ 'H +HZOHWW 3DFNDUG (QW&BIS 7KH $UW RIDQQRY
JUDQFLV )O 6RQDUGLP %RRWVWUDSSLQJ 6RQDYGSLRXUQMDUW
GLQEXUJK &HQWUH IRU 5RE
'DYLG /DQ ( B\SWHPV /DEgUDWRUDW-!W'IL JURP S5HVHDUFK WR S#NH GXHOH KI WKH
8QLYHUV&W\ ODUNHW
ODUWLQ 0 %OX(\H 5SRER®WURYLGLQJ XQGHLZDWHU
/IXGYLJVH »OX(\H SWERV $6 DQG 1718 DGYHQWXUHV IRU HYHU\RQH
7KH /LJKW $XWRQRPRXV 8QGHWZDWHU 91
/IXLV 0DGXL ZFH7DH?:?<ZE2QC))LS?R\QUHW§<\JVSNOHP\' $IIRUGDEOH WHFKQRORJ\ WR DGCGUHVV V
VRFLHWB G W
3HUH 5LG 8QLYHUVLW\ RI 6EDRQD ,48% S RERWLFV IURP ODE WR|PDUNH'
$VIHLU - 1RUZHJLDQ 8QLYHUVLW\ RI K\ DQG KRZ EHFRPLQJ D UHVHLC|UFKHU
6iUHQVHI( 7THFKQRORJW18 1RUZD\ HQWUHSUHQHXU™
'DUtR 6RV 7LWDQS5RE 7TLWDQUBEULQWHG 7LWDQLXP 0DQLSXO
&DEUHUIL ,QQRYDWLRQ LQ WKH 529 VAFWRU
&RPPHQWY RQ WKH ODQDJHPHQW |RI 7HFK
&OD\WRQ 6) 8QLYHUVLW\ &ROOHJH /RQ 6WDUWXS &RPSDQLHV




ODULQH 5RERWLFV 6HVVLRQ 0$52%

$EVWUDFW
8QPDQQHG VI\VWHP IRU PDULWLPEG/ HRYUUWRQBHQWDO PRQLWRULQJ

,Q WKLV WDON ZH ZLOO SUHVHQW D GHVLJQ DQG GHYHORSPHQW RI D IXOO\ RSHU
SURWRW\SH FRPSULVHG Rl DQ 8QPDQQHG $HULDO 9HKLFOH 8%$9 DQG 8QPDQQHG ¢
FDSDEOH RI DXWRQRPRXV LYGIGPERRSRIQ DHYHFXWLRQV UHODWHG WR HQYLURQPHQWD
VHFXULW\ WDNLQJ SODFH LQ G\QDPLF DQG QRQGHWHUPLQLVWLF HQYLURQPHQWYV

7KH SUHVHQWDWLRQ ZLOO EH PRVWO\ IRFXVHG RQ GHVLJQ DQG FRQVWUXFWLRQ R
SODWIRUP FDSOHEWHRIRYHU NJ RI SD\ORDG 6XFK D VI\VWHP UHTXLUHV D SDUDGLJP
WKH 8%9 7KHUHIRUH ZH SURSRVH XVLQJ PLQLDWXUH WZR VWURNH LQWHUQDO FRP
QHFHVVDU\ OLIW DQG HQGXUDQFH DQG FRPELQH WRHS&W I[EVOK HDG QRRYY MK i Rr@MW U B & LIRKC
WKH FHQWHU RI JUDYLW\ &R* RI WKH VI\VWHP VR FOIXO H:G ZRVIOQ 3 WHWHN QAR Q@ WEHRACD L C
VWDELOLW\ DQG VHQVLWLYLW\ DQDO\VLV RI WKH SURSRVHG FRQWURBRQVWKHPH DQG
FRQVWWRR) GHVLJQ SDUDPHWUL]DWLRQ $W WKH HQG VLPXODWLRQ UHVXOWYV IURP I
JLYHQ WKDW FRQILUP WKH UHVXOWYV RI RXU PDWKHPDWLFDO DQDO\VLV

%LRJUDSK\
6WMHSDQ %RBGDQYHUVIW\ RI JDFX®OB\ RI (OHFWULFDO (QJLOHHULQJ&R®WRBSXWLQJ

6WMHSDQ %RUNGDXOO 3URIHVVRERDMWRKH IRU SRERWLFY DQG ,QWH
&RQWURO 6\WWHPV 'HISWRG &RQWURO DQG &RPSXWHDFXQAWQHRHULQJ

(OHFWULFDO (QJLQHHULQJ ®QIGYBBWBEWWRQEDJUHE +LV UHVHDUFK L
LQFOXGH DXWRQRPRXV V\VWHPV DHDUBQW RERWHPV PRXOWODOLJIH
FRQWO V\WVWHPMVESLRIHG V\VWHPYV DQG GLVFUHWH HYHQW V\VWHPV
\HDU DV )XOEULJKW UHVHDUFKHU DW WKH $55, $UOLQJWRQ 86$% LQ

+H LV DDPRVKRU RI ERRNV DQG PRUH WKDQ FRQIHUHQFH DQG M
+H ZDV WKH DWOLQFYBSVWLIDWRU DQG D UHVHDUFKHU RQ QDWLRQDC
VFLHQWLILF SURMHFWY &XUUHQWO\ KH LV LQYROYHG LQ (8 )3

(2/2 (X5R& QR + (8 + SURMHFW
VXE&8/7URQ QR + DQG FRRUGLQDWHV6S6 1$72
LQWHUQDWLRQDO SURMHFW 02586 QR

+H VHUYHG DV DQ $VVRF (GW RI ,((( 7UDQV RQ $XWRPDWLRQ 6FLHQFH DQG (QJLQ

$VVRF (GW Rl - RI ,QWHOOLJHQW DQG 5RERWDABKDWHPNO ,@W 5BYLHZ7RDQV RI WK
,QVWLWXWH RI OHDVXUHPHQW &RQWURO - RI &RQWURO 7KHRU\ DQG $SSOLFDWLF
.6,& '"HQYHU 86% DQG *HQ &KDLU RI ,((( 06& 'XEURYQLN &URDWLD +H LV D Pt

DQG ,((( VRMMQPHPEHU +H LV DSSRLQWHG DV D PHPEHU RI ,((( 7& RQ ,QWHOOLJHQW &
Rl &URDWLD DW (8 &RQWURO $VVRFIHXDLRQRD @C ZKDW LD Q BRERWLFV 6 RFLHW\

+H LV UHFLSLHQW RI WKH EHVW \RXQJ VFLHQWLVW DZBQ&YHBRVYL¥WH7EDRRWILDQ 6RFL
6FLHQFH $ZDUG IRU H[FHSWLRQDO DFKLHYHPH®W(5.LQDV¥RDWMQWLRIXR FIHOVHDUFKUD Q
%RVQMNDNRYLF DZDUG IRU H[FHSWLRQDO DFKLHYHPH®W.WY HQWR\HRIFHDDQBEHGXFDW




ORGXODU SRYWDBHQQH URERWLFV

'XUuLQJ obvw ,WDOLDQ SRODU FDPSDLJQV SRUWDEOH 8QPDQQHG ODULQHHV¥HKLFOHYV

LQ JDWKHULQJ GDWD DQG VDPSOHV ERWKSDFGHIR WKW QW QU MWKIHF AFWDUFWLF 6LOY
FORVH WR $UFWLF LI@WODH\LW UJYD VMRIUQZI DWVKINL UFIHQWHUIDFHY 2Q WKH EDVLV RI WKLV H[St
323 $57 URERW GHVLJQ GHYHORSPHQW SURJUDP DLPV WR SURYLGH &15 ZLWK D I10F
UHFRQILIJXUDEOH FRRSHUDWLYH 809V ,Q SDUWLFXOBUV WEKHHWRUHOPRESRQHQMWW F
GHYHORSHG DQG YDOLGDWHG DW IBRADGNKWBRWWQE OHRPRIODU 529 GHYHORSHG LQ WK
Rl WKH 315% 32/( SURMHFW D QHZ K\EULWGXE@®RADYRHGHVHPGHUZDWHU YHKLFOH ZLOO E
DQG GHYHORSHI XOWHLQJ URERW FRQVWLWXWHG E\ SRUWDEOH PRGXOHV DVVHPEODI
FRPSRQHQW RI D PRGXODU XQPDQQHG FDWDPDUDQ DEOH WR FDUU\ RQ PRUH KHDY\ ¢

%LRJUDSK\
ODVVLPR &DFFLD

ODVVLPR &DFBEBEP LV WKH GLUHFW®&8J SRV BERFNVREH U +H
LV DXWKRU RI ERRN FKDSWHUV DQG PRUH WKDQ LQWHUQD)
FRQIHUHQFH SDSHUV 3ULQFLSDO LQYHVWLJDWRU RI WKH SURMHFWV
02GXODU XQLW’  IXQGHG E\ WKH 1DWLRQDO 3URJUDP RI 5HVHDUFK
+DUERXU DQG FRDVWDO XQGWMUXDMRHU DQWHP IXQGHG E\ ,$5
)(65 38QPDQQHG OXOWLSXUSRVH 9HVVHO  IXQGHG E\ WKH 6
7HFKQRORJLFDO 3DUN RI /LJXULR$6 &$57 DQG 0253+ SURMHFWYV
UHJDUGLQJ &15 FRQWULEXWLR®D )UREBG KH LV PHPEHU RI WKH ,)$§
7HFKQLFDO &RPPLWWHH ODULQH 6\WWHPV WKH %RDUG RI 'LUHF\
'LVWULFW RI ODULQH 7THFKQRORJLHYV

$EVWUDFW
$ GHFDGH Rl UHVHDUFK LQ XQGHUZDWHU FRRSHUDWLYH QDYLJDWLRQ ZKDW KDYH ZlI

‘XH WRQDYDLODELOLW\ RI *36 VLIQDOV XQGHUZDWHU QDYLJDWLRQ LV D FKDOOHQJLQ
DUHD LQ WKH GHYHORSPHQW RI DXWRQRPRXV XQGHUZDWHU YHKLFOHV $89V ,QHU
DQG 'RSSOHU YHORFLW\ ORJV '9/V DGR WDHNM WKLWIBQWEBPKW WHQG WR EH YHU\ H[SF
VXIITHU ITURPWHUPI HUURU DFFXPXODRL\RHG ¥HDOWFREY VXFK DV ORQJ EDVHOLQH /%/ L
VKRUW EDVHOLQH 86%/ DUH DOVR FRPPRQO\ XVHG EXW KDYH OLPLWDWLRQV GXH
GKBOR\PHQW IRU ODUJH DUHD RSHUDWLRQV

$W WKH $5/ 1DWLRQDO 8QLYHUVLW\ RI 6LQJDSRUH ZH VWDUWHG UHVHDODMUFK LQ WK
IRFXV KDV EHHQ FRYWVORRRSHUDWLYH XQGHUZDWHU QDYLJDWLRQ WKH NH\ LGHD L
FRRSHUDW LLYABQURWR QDYLJDWLRQ DFFXUDF\ ZKLOH NHHSLQJ WKH QHHG IRU H[SHQVL
‘H VWDUWHG RIlI ZIBMOVRQ JOBQDH QDYLIJDWLRQ SUREOHPV ZKHUH RQH $89 LQ D WHI
WKH VXUIDFH RUDKDFXKWKLRBXK QDYLIJDWLRQ VHQVRVUWWKHY $89VDLQ WKHLU QDYLJDWLF
WKHQ H[SORUHGD MBHEU FRRSHUDWLYH QDYLJDWLRQ ZKHUH DQ $89 WHDP PLJKW
EDWK\PHWULF PDS RI WKH DUHD RI RSHUDWLRQ :H DOVR GHULYHG LQ¥YSLUDWLRQ

GHYHORSHG PHWKXRGHD PRRIFRRE® $89V QDYLJDWH LQ D JURXS ZLWKRXW DQ\ H[SOLFL'
RU DFFXUDWH QDYLJDWLRQ VHQVRUYV

,Q GHYHORSLQJ DQG WHVWLQJ WKHVH LGHDV ZH KDYH OHDUQHG PDQ\ OHVVRQV RQ
QDYLJDWLRQ ,Q WKLV WDONRYHUDOHEZURIYLBHHDQ@O RI WKH LGHDV ZH KDYH WULHG
NH\ OHVVRQV WKDW ZH KDYH OHDUQHG LQ WKH SURFHVV

%LRJIJUDSK\

0DQGDU &KILMPDWH RODO 8QLYHUVLW)\ RI 681L@IMIMSSRWH

0DQGDU &KLWWHKUUHQWHDGWRHWKH $5/ DW 7URSLFDO ODULQH 6FLHC
,QVWLWXWH 706, DQG DQ $VVRFLDWH 3URIHVVRU DW WKH '"HSDUWF
&RPSXWHU (QJLQHHULQJ (&( RI WKH 1DWLRQDO 8QLYHUVLW\ RI 6LC
WR MRLQLQJ WKH $5/ LQ KH KHDGHGLWIKRQW R BKD B DRJID SR U H
EDVHG WHOHFRPPXQLFDWLRQ VRIWZDUH FRPSDQ\ IRU \HDUV

0ObQGDU ZDV DZDUGHG D 3K ' E\ 186 IRU KLV UHVHDUFK LQ WKH ILI
DFRXVWLF FRPPXQLFDWLRQV LQ ZDUP VKDOORZ ZDWHUV 3ULRU W
ODVWHUV GHJUHH IGRPHDBRESLQJ VLPXODWLRQV DQG DOJRULWKPYV

: 1RLVH ,PDJLQJ DQG DQRWKHU ODVWHUYV GHJUHH LQ %LRLQIRUPDW
7THFKQRORJLFDO 8QLYHUVLW\ 178 0DQGDU V UHVHDUFK LQWHUHVWVVMLERAXGH XQGF
XQGHUZDWHU FRRRQMLFOAMW.ZRUNLQJ DPELHQW QRLVH LPDJLQJ $1, DQG FRRSHU
URERWLFV

0DQGDU VHUYHV DV DQ ,((( 2(6 WHFKQRORDLEURRPXW®HHBZPRVHU FRPPXQLFDWLRQ QI
SRVLWLRQLQJ +H DOVR VHUYHV RQ VHYHUDO HQ[W-RXIUI® € RO LG W DIQQFO(QG L Q B MKLH




DQG WKH ,((( &RPPXQLFDWLRQV 0DJD]LQH DQG RQ PDQ\ FRQIHUHQFH 73&V VXFK DV ,

$&0 :8:1HW ,((( ,&&6 DQG 27& $VLD
. __________________________________________________________________________________________________________________________________________________|

$EVWUDFW

TKH + SURMHFW :L0867 :LGHO\ VFDODEOH ORELOH 8QGHUZDWHK® 6RQDU 7THFKQROF
RYHUYLHZ

7KH :LGHO\ VFDODEOH ORELOH 8QGHUZDWHU 6RQDU 7THFKQRORJ\ :L0867 SURMHFW
,QQRYDWLRQ $FWLRQ IXQGHG E\ WKH (XURSHDQ &RPPLVVLRQ 7KH DFWLRQYV PDL¢
WHFKQRORJLHV H[SORLWLQJ $XWRQRPRXFOBYGHBAIYWHRU JHRWHFKQLFDO VXUYH
JHRSK\VLFDO H[SORUDWLRQ 7KH QRYHO NH\ IHDWXUH RI WKH :L0867 V\VWHP FRQV
FRRSHUDWLYH DXWRQRPRXV PDULQH URERWVY DFWLQJ DV LQWHOOLJHQW VHQVLQ
UHFRQUIIXOH PRYLQJ DFRXVWLF QHWZRUN 7KH WDON EULHIO\ GHVFULEHV WKH SURM
WKH ILUVW \HDU RI DFWLYLWLHYV

%LRJUDSK\
*LRYDQQL ,QGIBPHYHUVLW| GHO 6DOHOWR ,CQARGH

*LRYDQQL ,QGIZIPHWWEHRUQ LQ *HQRYD ,WDO\ LQ +H KROGV D /DXUHD GHJUHH LQ
DQG D 'RWWRUDWR GL 5LFHUFD 3K ' LQ (OHFWURQLF (QJLQHHULQJ DQ&P&RPSXWHU
WKH 8QLYHUVLW\ Rl *HQRYD ,WWR\ )URPZDV DGRRVWHVHDUFKHU DW WKH )UDXQKI
IRUPHUO\ *0' ,QVWLWXWH IRU ,QWHOOLJHQW $X\B RRQ BDRNWESX WHPWLYK**HUPDQ\ )UF
'"HFHPEHU WR -DQXDU\ KH ZDV 5LFHUFDWRUH $VVLVWDQW 3URLVMVRIU DW WK
WKH 8QLYHUVLW\ Rl 6DOHQWR LQ /HFFH ,WDO\ 6LQFH )HEUXDU\ KBIQISY $VVRFLD
&RQWURO (QJLQHHULQJ DW WKH VDPH 8QLYHUVLW\ +H VHUYHG DV PHPRHU RI WKH %
RI WKH '/LSDUWLPHQWR ,QJHYDPHURQH RORVKH 8QLYHUVLW\ Rl 6DOHQWR LQ WKH SHL
6LQFH 'HFHPEHU WK KH LV DJDLQ VHUYLQJ LQ WKH VDPH %RDUG 6LQFH
7HFKQLFDO &RPPLWWHH 7& RQ ,QWHOOLJHQW $XWRQRPRXV 9BMHFOGNWIZTRQDO ,$¢
JHGHUDWLRQ RI $XWRPDWLF &RQWFRQWHKWWRUZZZ KHD¥VHEKBGUDRI91&EH ,$9 LQ

WKH WULHQQLXP DV &KDLU LQ WKH WULHQQDXR LV FXUUHQ&KD\LYLBBDLQ +H LV
WKH 6FLHQWLILF 5HVSRQVLEOH IREDVMKH) WRLFHUNDWEKR8QLW RI WKH ,QWHUXQLYHU
,QWHJUDWHG 6\VWHPV IRU WKH ODULQH (QYLURQPHQW ,60( VLQFH QG 1RYHPEHU

RI WKH +  /(,7 ,&7 &DOO 3URMHFW :L0867 :LGHO\ VFDODEOH ORELOHW8WQGHUZDWH
)XQGLQJ VFKHPH O5HVHDUFK DQG ,QQRYDWLRQ DFWLRQ 3URSRVDO QXPEHU
OD[LPXP JUDQW DZDUGHG WR WKH $FWLRQ (XUR SURMHFW VWDUW GDW

KWWS 7277 ZLPXVW HX

$EVWUDFW
$TXDWLF OLFUR $HULDO 9HKLFOHV $TXDO0$9 IRU ZDWHU VDPSOLQJ DQG PDULQH H[SH

ORVW URERWYV DUH GHVLJQHG WR HLWKHU PRFRGLDQ DFLRERO LMD Z QWEHRW KO PQW D QG Z D\
DFURVV IOXLG ERXQGDULHV ZRXOG DORIRZ/LRQ XQSDEEDGWQMMH ® KDW FDQ QRW EH G
IO\LQJ RU VZLPPLQJ URERWYV )RU H[DPSOH LW ZRXOG HQDEOH DXWRQ RFVRWVOZDWHU
DUHDV EHWZHHQ IORDWLQJ LFH LQ WKH DUFWLF VHD DQG GXULQJ XUEDMKHORRGLQ.
ZDWHU LQKLELW DFFHPRGHWIR FRYVYOHRZHYHU WKH FRQIOLFWLQJ GHVLJQ UHTXLUH
LQ DLU DQG ZDWHU KDV SUHYHQWHG WKH GHPRQVWUDWXBRW LFI DRIERVD\ ,IQX QFKALIVRW D C
ZLOO SUHVHQW KRZ ELRWRRQFPMQLRWSBULQ WKH GHVLJQ RI VXFK YHKLFOHV DQG ZKD
DHULDIXDWLF DQLPDOV WRREGXOL.O® G PKRWN. , ZLOO DOVR SUHVHQW WKH FXUUHQW VWD
$HULDO 9HKLFOH $TXD0$9 UHVHDUFK DW ,PSHULDO &RBQMWUDWRGGRYXERHUWI XD
WUDQVLWLRQ SULQFLSOHV IURP DLU WR ZDWHU IDTX® WDF N RERLD LW \HIQD BERERWD AV LD

%LRJUDSK\
OLUNR .RYDESHULDO &ROOHJH BRQGRQ

'UOLUNR .RYDF GLUHFWRUS$SRULWRHS5RERWLFYV /DERUDWRU\ DW WKH $F
'HSDUWPHQW DW ,PSHULDO &RQOHUHVHIOQUFRKQLQWHUHVW LV WKH FRQFH
LPSOHPHQWDWLRQ RI QRYHO PRUSKRORJLHY DQG ORFRPRWLRQ PHWKRGV
DQDORJ\ LQ ELRORJLFDO W VMWHHRKXS KHWHKDKLGH Y H GPRRS3-DE0 PXRERIW YV W KD W

FDQ PRYH LQ DLU RQ JURXQG DQG LQXQIFWHEB QMDA GURZVRWVYLRQ VIVWHP\
ORFRPRWRU\ PRGXOHV +LV UHVHDUE®VBREX\G LWRERWEIGRHYHORSPHQW

VWUXFWXUH LQWHUDFWLRQJ DALGV i QMU DFW/ XURERWY %HIRUH KLV DSSRI
/IRQGRQ KH ZDGBRWRUDO UHVHDUFKHU DW DW +DUYDUG 8QLYHUVLW\ LQ
REWDLQHG KLV 3K' DW WKH 6ZLVV )HGHUDO ,QVWLWXWH Rl 7THFKQRORJ6 LQ /DXVDQC




GHJUHH LQ OHFXDQLIFQHHULQJ IURP WKH 6ZLVV )HGHUDO ,QVWLWXWH RI 7THFKQRORJ\
'XULQJ KLV VWXGLHV KH ZDV UHVHDUFK DVVRFLDWH ZLWK WKH 8QLYHUSLW\ RI &DO
$XWRPRWLYH 6ZLW]HUODQG WKH :$576,/$ 'LHVHOQ 767AKJRORDQGAYDWQ®RQ,6(59 LQ
6LQJDSRUH 6LQFH KH KDV SUHVHQWHG KLV ZRUN DW QXPHURXV LQWMUQDWLRQ
DQG KDV ZRQ VHYHUDO EHVW SDSHU DQG EHVW SUHVHQWDWLRQ DZDUGVQ +H KDV DO
DHULDO URERWX GEMVWRSISRDQG KH LV IRXQGLQJ PHPEHU RI WKH /RQGRQ 5RERWLFV 1H)\
FRPPXQLW\ EXLOGLQJ KXE LQ WKH ODUJHU /RQGRQ DUHD IRU URERWLFV LQ DFDGH
LQYLWHG OHFWXUHU DW PRUH WKDQ UHVHDUFK L@WWLWSVULHRG\Q WRWIE HLEHHDOE |
HGXFDWLRQ DQG LOQQRYDWLRQ DW WKH :RUOG .QRZOHGJH 'LDORJXH 6\PSRVLXP L
6XPPLW

"HESDIJHKWWS Z7Z7ZZ LPSHULDO DF XN DHULDOURERWLFYV
TZLWMWHSHULDOSRERWRFBFS5RERWLFV

$EVWUDFW
'HHS VHD VDPSOLQJ ZLWK VRIW URERWLFV HDUO\ UHVXOWY DQG IXWXUH GLUHFWLR(

%LRORJLFDO DQGQ UFDEXVBPRORLQJ ZLWK XQGHUZDWHU URERWYV LV DQ LQKHUHQWO\
RSHUDWHG YHKLFOH 529 SLORWYV PXVW  IKRQWPQWLRIOQVEERKRW DUP DQG KDQG SRVLV
SRRU YLVLELOLW\ LQ WXUELG ZDWHU 7KH 529 WHWKHL VMDY FDOXVHQX\WQS UHGE FI\U
GLVWXUEDQFHYVY RQ WKH DUP DQG RQ WKH YHKLFOH 7KHVH SUREOHPV DUH FRPSRXQ(
KDYH H[DFW NQRZOHGJH RI WKH VKDSH DQG FRQGLWLRQ RI WKH REMHFWV WR EH JU

‘H EHOLHYH WKDW VRIW URERWHL SR WIHSBWMUD/OKWRHWYB QVIRUP WKH ZD\ DUFKDHRORJL
VDPSOLQJ LV SHUIRUPHG LQ WKH RFHDQ 6RIW URERWLF JULSSHUV FPH) WKDGWHVLIQH
LV DSSOLHG WR IUDJLOH RU VHQVLWLYH REMHFWY DQG RUWRRKLYHRNGL QRW KHR\PIS & R[Q G
DGGLWLRQDO VHQVLQJ :KLOH VRIW JULSSHUV KDYH EHHQ VKRZQ WR GURPDWLFDOO
FRPSOH[ REMHFWV LQ DLU WKH\ KDYH RQO\ YHU\ UHFHQWO\ EHHQ WHVWHG LQ XQGH

,Q WKLV WDON WZR VRIQVIDUSSBUHFHWWHG ZKLFK XWLOL]JH WKH SK\VLFDO SKHQF
MDPPLQJ WR DFWLYHO\ VZLWFK GLIIHUHQW SDUWV RI D JULSSHU EHWZHHQ VRIW
PRGLILFDWLRQV DUH GHWDLOHG ZKLFK DUH UHTXLUHG WR WUDQWLRWYHD WRGWM JW KS S|
5HVXOWV IURP WKUHH ILHOG WULDOV RQ 529V RSHUDWLQJ DW GHSWKWDVDORQJILQJ IURF
ZLWK D GLVFXVVLRQ RI IXWXUH WDUJHW DSSOLFDWLRQV DQG GHVLJQ FRQFHSWYV

%LRJUDSK\
6WHSKHQ /LEBWHUVLW) RI 5KRGH 8§QOWEG 6 WDWHV

' 6WHSKHQ /L¥KWKH GLUHFWRU RI WKH 5RERWLFV /DERUDWRU!'
8QGHUZDWHU (QYLURGBRHQOWWIKH 8QLYHUVLW\ RI 5KRGH ,vVODQG 2>
WR GHYHORS PDULWLPH URERWV ZLWK WKH DERICFLWOQ® R RSHL
XQSUHGLFWDEOH HQYLURQPHQWY 7R WKLV HQG ZH LQYHVWLJDYV
SURSXOVLRQ DV D PHDQV Rl SURYLGLQJ KLJK DXWKRULW\ KLJK
GLVWULEXWHG SUHVVXUH VHQVLQJ IRU GHWHFWLRQ RI IORZ VWUXF
EDVHG RSWRRDMVWURO DQG WUDMHFWRU\ JHQHUDWLRQ VWUDWHJILHV
G\QDPLF FRQGLWLRQV DQG FRPSOLDQW XQGHUZDWHU PDQLSXOD

> LE £
WHFKQRORJLHYV
‘U /LFKW UHFHLYHG KLV 3K ' LQ 2FHDQRJUDSKLF DQG OHFKDQLFDO (QJLQHHULQJ L
-RQW SURJUDP ZKHUH KH FUHDWHG p)LQQHJIJDQ WKH 5RER7XUWOHY 3UHRURMR MRLQL
5HVHDUFK 6FLHQWLVW ZLWK WKH ODULWLPH 5HVHDUFK JURXS DW L5RERW DQG 6HQ
S5RERWLFV 'XULQJ KLV WLPH LQ WWHWH WRERMKWVGHYGXQYHG VLPXODWHG DQG ILHOG
EDVHG FRQWURO V\VWHPV IRU XQGHUZDWHU YHKLFOHY DQG JURXQG URERWYV GUL
SURSHOOHUV OHJV ZKHHOV DQG WUDFNV




$EVWUDFW
ODULQH URERWLWRRO IRU LQFUHDDMHEHBY IURP ODQG WR WKH GHHS VHD

5RERWLF WRROV SURYLGH HIILFLHQW PHDQV IRU LQIRUPDWLRQ UHWURGN]IHE LQ WKF
LOQVSHFWLRQ WDVNV WR ODUJH VFDOH VXUYH\LQJ RU PRQLWRULQJ URERWMH DOORZ
HQYLBRQW VXFK DV LPPHQVH DUHDV RU KRVWLOH DQG GDQJHURXV VFHQDULRYV
LQFUHDVHG DZDUHQHVV IRU KXPDQ DFWLYLW\ DQG SUHVHQFH DW VHD

6XUIDFH XQGHUZDWHU DQG DHULDO URERWY SOD\ D UHOHYDQW UROH QRW RQO\
HQYLUR@QWHW VXFK DV ULYHUV GDPV ODNHV RU RWKHU ZDWHU UHVHUYRLUV 3HUFHS
D NH\ IDFWRU GULYLQJ WKH GHYHORSPHQW RI VXFK VA\VWHPV

7KLYV WDON ZLOO SUHVHQW VRPH RI WKH ,1(6& 7(& H[SHULHQFH LQ PDULQH URER)
LQFUKDVDRZDUHQHVYV IRU ZDWHU HQYLURQPHQW RSHUDWLRQV &KDOOHQJHV DQG U
DGGUHVVHG IRU DSSOLFDWLRQV ZKHUH ZH KDYH EHHQ DFWLYHO\ LQYROYHG UDQJ
PLQLQJ WR VHDUFK DQG UHVFXH DSSOLFDWLRQVGRBB LWHLLP M\E WHEPNU SDWURO

%LRJIJUDSK\
$OIUHGR ODUWILER 7 (& 6(3 3RUWXJIDO

$OIUHGR ODUWLR® $GMRLQW 3URIHVVRU DW WKH (QJLQHHULQJ 6
3RO\WHFKQLF DQG VHQLR W KH WHRERMKIHY DWG DXWRQRPRXV VI\VWHP
Rl ,1(6& 7(& LQ 3RUWXJDO

+LV UHVHDUFK LQWHUHVWY DUH LQ WKH DUHDV RI SHUFHSWLRQ
FRRUGLQDWLRQ RI PRELOH URERWYV ZLWK SDUWLFXODU HPSKDVLV R

+H KDV D YDVW H[SHULHQBRERWPPVULRBYLQJ ZRUNHG ZLWK DXWR
XQGHUZDWHU YHKLFOHY VLQFH

&XUUHQWO\ LV DFWLYHO\ LQYROYHG LQ YDULRXV PDULQH URERWL
UHODWHG LQLWLDWLYHV VXFK DV WKH (XURSHDQ )3 SURMHFW 681
VI\VWHPV PDULQH ERHIGHID®KH RU WKH + 9$026 DQG 81(;0,1 SURMHFWYV DGGUHVVL
IRU XQGHUZDWHU PLQLQJ H[SORUDWLRQ DQG H[SORLWDWLRQ +H DOVRHHSLQYROYH
RFHDQ QDPHO\ LQ WKH 7857/( SURMHFW DQ ('$ (XURSHDWL'RQHDO®FSURMFW D QRLQJ
GHYHORS QHZ PDWHULDOV DQG WHFKQRORJLHV IRU ORFRPRWLRQ LQ WKH GHHS RFH

$EVWUDFW
7KH UROH RI XQGHUZDWHU URERWLFV LQ WKH JURZWK RI PDULQH UHQHZDEOH HQHU.

':DYH DQG 7LGDO HQHUJ\ LV VWLOO LQ WKH HDUO\ WV \F R UKW QW GHYF-KERRSPRUQ W VD DHEQ W !
IRFXVHG XSRQ V\VWHP GHPRQVWUDWLRQ LPSURYLQJ UHOLDELOLW\ DQG ORZHUL
RSHUDWLQJ HQYLURQPHQWY PHDQ WKDW URERWLF DQG DXWRQRPRXV V\WWHPV K
VLIQLILFDQW LPSDFRXWRKDIOOMRQUHY IDFLQJ WKLV LQGXVWU\ 7KLV OHFWXUH ZLOO S
WKH SULQFLSOHV RI ZDYH DQG WLGDO HQHUJ\ ZLWKLQ RVW I ERRQ WHH[MK @ R RKH BRGU -
KLIKOLJKW WKH H[WUHPHO\ LQWHUHVWLQJ FKD®BHARWIN EBEBDG GRQMPPIDVUK RKQWHUZC
VIVWHPV DW WKH 8QLYHUVLW\ RI :DVKLQJWRQ ZLOO IROORZ VXFK DV 529V IRU G
PRQLWRULQJ $XWRQRPRXV 5HVRXUFH $VVHVVPHQW 6\WWHPV DQG K\GURG\QDPLF
LQFUHDVH SRZHU LQ\ZONWLABMUIR FRQFOXGH , ZLOO KLJKOLJKW VSHFLILF FKDOOHQ
URERWLFV FDQ SRWHQWLDOO\ PDNH D ELJ LPSDFW WR WKLV ILHOG

%LRJIJUDSK\

7LPRWK\ OXQGRILYHUVLW\ Rl :DVKLEBEVRQ

- 'U 7LP OXQGR®QV PRUH WKDQ \HDUV H[SHULHQFH ZRUNLQJ RQ WKH
GHYHORSPHQW RI ZDYH HQHUJ\ +LV SULPDU\ UROH LV DV WKH &KLH
2VFLOOD 3RZHU ZKHUH KH LV UHVSRQVLEOH IRU WKH GHVLJQ DQG G
7ULWRQ :DYH (QHUJ\ & RQYHUWHU +H D OD/RXBXW LBHROYWWL REA®V D |
OHFKDQLFDO (QJLQHHULQJ DW WKH 8QLYHUVLW\ RI :DVKLQJWRQ

'U 0OXQGRQ UHFHLYHG KLV 3K ' IURP WKH 8QLYHUVLW\ RI (GLQEXUJK
VWXGLHG WKH XVH RI DFWLYH FRQWURO WR RSWLPL]JH ZDYH HQHU]J
JDLQHG H[SHULHIQFHRZRWNXH GHVLJQ DQG GHYHORSPHQW RI D QXPEH
ZDYH HQHUJ\ GHYLFHV SOXV FRPSOHPHQWDU\ H[SHULHQFH RQ D Q
RINVKRUH ZLQG SURMHFWYV

+H LV FXUUHQWO\ LQYROYHG ZLWK D QXPEHU RI UHVHDUFK SURMHRWWY DKL QV DQ L
WKH OHFKDQLFDO (QJLQHHULQJ GHSDUWPHQW DW WKH 8QLYHUVLW\ RI :DVKLQJWRQ




$EVWUDFW
5RERWLFV IRU FKDOOHQJLQJ RFHDQ LQWHUYHQWLRQ LQ PDULQH UHQHZDEOH HQHUJ\

2LO0 DQG JDV LV JRLQJ IXUWKHU GRZQ WKH VORSGHWLQWRIGHMEHU B P WHILQ D Y& PVOR U V
ODUJH RIlI VKRUH LQVWDOODWLRQV LQ FKDOOHQJLQJ HQYLURQPHBWWDRQYROXGH 0D!
WLGDO RIIVKRUH ZLQG DQGFXIOWWRIUH BQMHU DOLD /DUJH LQIUDVWUXFWXUH L
HQYLURQPHI®WVVRIQLILFDQW FKDOOHQJHV IRU URERWLF RSHUDWLRQV LQ FRQVWU>
UHSDLU PDLQWHQDQFH ,50 GHFRPPLVVLRQLQJ UHPHGLDWLRQ VDOYDJH VHDUFK
UHTXLUH LQWHUYHQWLRQ URERWLF FDSDELOGWUH YV VB R@G RWIK i RAKHD /G IF @/ RUW D/ X F |
DQG JDV SURGXFWLRQ ZKLFK XVHV 529 WHFKQRORJ\ VXSSRUWHG E\ VXUIDFH YHVV#
$89V IRU UHPRWH VXUYH\ LQVSHFWLRQ 7KH WDVNV URERWY ZLOO IDFHYHLOO XQGH
RSHUDWRIQUVORI 529 SODWIRUP WHFKQRORJ\ $89 VROXWLRQV ZLOO QRW EH FDSDEOH
FKDOOHQJHY RQ LQWHUYHQWLRQ LQ WKHVH HQYLURQPHQWY LQ D VDIH RWQBHU 5REX
VROXWLRQV DUH UHTXLUHG DV LOOXQLBYDWWE U\ | R LVMQWBORD® WV R5Q 9R/Q XX/RIU N
K\GUDXOLF V\VWHPV DQG DUH IXO0O\ UHOLDQW RQ SLORW LQ WKH ORRSJIRU FRQWU!
FDPHUDV ZLWK OLWWOH PRWLRQ GLVWXUEDQFH RI WKH 529 RU WD UJH@HUDI®OWVW U X F
LPSOHPHQWHG MSLORW LQ WKH ORRSYT IURP VXUIDFH VXSSRUW YHVVHOV )RU KL.
FRQYHQWLRQDO URERWLF WHFKQRORJ\ VIVWHP DSSURDFKHV DUH OLNMWL\RWR IDLO
DUH RIWHQ LQ PRWLRQ 7KL AKDON ZQOWVRXR EHQIDFHG DQG VROXWLRQV WR DGGUH:
XQGHU GHYHORSPHQW DW WKH ORELOH ODULQH 5RERWLFV 5HVHDUFK &HQWUH L
'HYHORSPHQWV IRU EDVH YHKLFOH FRQWURO WLPG REBURWDLAG KALW KIRHMBUO X W LR
VHUYRLQJ VIVWHPV WR GHYHORS FRQWURO VWUDWHJLHV IRU LQWHUYM@WLRQ LQ PR

%LRJUDSK\
'DQLHO 7RDO

'DQLHO 7RD® FKDUWHUHG HQJLQHHU LQ (OHFWULFDO DQG 6\WWHPV
'LS (OHF (QJ 'XEOLQ ,QVWARORVMN RU6FHHQJ 8QLYHUVLW\ RI 'XEOLQ
06F ODQXIDFWXULQJ 6\WWHPV (QJLQHHULQJ &UDQILHOG 8QLYHUVL)
5RERWLFV 8QLYHUVLW\ RI /LPHULFN 8/ +H LV FXUUHQWO\ DQ $VV
DQG KDV WDXJKW $XWRPDWLRQ 5WHRWRRY $QMQUFRHGHQVRUV I
(OHFWULFDO ODFKLQHV 'DQLHO LV DOVR D &R 3, ODIUWBH 6), &HQW
5HQHZDEOH (QHUJ\ ,UHODQG ZZZ PDUHL
'DQLHO LV WKH IRXQGHU DQG GLUHFWRU Rl WKH ORELOH ODULQH 5F
ZZZ 0055& XO LHKHDWQWYHUVLW\ Rl /LPHULFN :LWK WKH 0055& UHVH
'DQ KDV OHG WKH GHVLJQ EXtDG RIBIDHOMLYDWHG pVPDUWY YHKL
DORQJ ZLWK PDQ\ RWKHU SRD®J RIHPAHDAUF K DGGUHVVHV XQLTXH FKEC
RI RSHUDWLQJ LQ JKLJK HIM¥MUDQZ MG DD UHJILPHV Rl PDULQH UHC
DQG DLUERUQH ZLQG HQHUJ\ 5HVHDUFK DOVR DGGUHVVHV URERWLI
IRU UHVSRQVH LQ RIIVKRUH PDULQH LQFLGHQWY VHDUFK DQG UHVFXH HE$5 DQG PD
FKLHI VFLHQWLVW IRUVERRHUBKVHDIUFK VXUYH\V RQ &HOWLF ([SORUHU &HOWLF 9R\
DQG RWKHU YHVVHOV +LV YLVLRQ LV WKDW WKH ODULQH ODULQH 7HFKBRORJ\ 2FH
(QHUJ\ 6HFWRUV ZLOO JURZ LQ FUXFLDO LPSRUWDQFH

$EVWUDFW
OHWKRGRORJ\ RUGHFRDQG DQDO\]LQJ VKLSZUHFN VLWPDNIXVSEIQRWXIIDIP HW U\

,Q UHFHQW \HDUV DSSOLFDPDURQS KRIWRIOWEBPHWU\ EHFDPH SRSXODU LQ PDULWLPH
7KLV WHFKQRORJ\ KDV EHHQ UHSHDWHGO\ WHVWHG LQ DUFKDHROGRVULF@P® VXUYH)
VXEPHUJHG HQYLURQPHQWY <HW WKHUH DUH VWLOO DFWLYH GLVFXWPWXIORMLY DERXW
LPDJH SKRWRJUDPPHWU\ PRGHOV

$ WHDP IURP WKH 1DXWLFDO $UFKDHRORJ\ 3URJUDP DW 7H[DV $ 0 8QLYHUVLW\ GH
UHFRUG DQGHD@RGHUZDWHU VKLSZUHFN WKWKNOEZLWKHWRDUH LQFORBLIYJ PXOWL
SKRWRJUDPPHWU\ 7KLV PHWKRGRORJ\ SURGXFHG UHOLDEOH DUFRRERWR DILEXHIE GDW
SKRWRJUDPPHWU\ PRGHOV VXFK DV ' VLWH SODQWXKIXHWLQHY DQG WLPEHU FDW

7KLY SUHVHQWDWLRQ IGHWQ GOY PH¥WKIRIGRORJ\ IRU XQGHUZDWHU DUFKDHRORJLFDO U
VWHS E\ VWHS WKH WDVN UHTXLUHG WR SURGXFUHDHFNXQ B MAE HKLRPRROMIRQ FHR W R
PRVDLFV VHFWLRQ SURITRBWL PIMXBOIJWRXU DQLPDWLRQV



%LRJUDSK\
.RWDUR <DPDIXQH

'U . RWDUR <DPDIXOFHHLYHG KLV %DFKHORU RI $UWV GHJUHH LQ KLVWRU\ IURP +RVH]
+H HQWHUHG WKH 1DXWLFDO $UFKDWRIDRIQWKRREIRGRUY 'HSDUWPHQW DW 7H[C
8QLYHUVLW\ LQ 6HSWHPEHU DQG UHFHLYHG KLV ODVWHU RI $UWV GHJUHH LQ $X
VWXGLHV LQ WKH 7H[DV $ 0 8QLYHUVLW\ 1DXWLFDO $UFKDHRORJ\ 3URJUDP DQG HDU(
+LV UHVHDQWHUHVWY LQFOXGH VKLSEXLOGLQJ LQ OHGLHYDO (XURSH DQG WKH (XURS
UHFRQVWUXFWLRQ ERWK PDQXDOO\ DQG WKURXJK WKH XVH RI GLILWIHRWRROV VXFK
KH IRFXVHV RQ SKRWRJUDPPHWULF UHFRUKGE QOB WRWKHYXHBAHDO FXOWXUDO KHULW
VKLSZUHFN VLWHV +H DOVR H[SDQGV KLV VWXG\ LQWHUHVW WR PXVHRORJ\ IR
PDQDJHPHQWYVY RI FXOWXUDO KHULWDJH XVLQJ SKRWRJUDPPHWULF GDWD $0V
SKRWRJUDPPHWU\ YRMNBGKRSEUHQW FRXQWULHYV WR VSUHDG DQ LGHD RI "LJLWDO LQ
WR SURWHFW LQIRUPDWLRQ RI FXOWXUDO KHULWDJH IRU WKH QH[W JHQHUDWLRQYV

ODULQH %LRORJ\ 6HVVLRQ 0%$5%,2

$EVWUDFW
2EVHUYDWLRQV IURP WKH ,QYLVLEOH )RURIVR\D ULRH CGKYWBSDODWQNWRQ

ODULQH SK\WRSODQNWRQ DUH WLQOLRHFRBYPQBVYFVSORDX@E PRVWO\ LQ WKH VXQOLYV
ZDWHU FROXPQ $OWKRXJK PLQXWH LQ VL]IH WKH\ DUH LPPHQVHO\ VLIQHILFDQW SO
7KHVH RUJDQLVPVDODUKMW KN PRVW DEXQGDQW DQG WKH PRVW WD[RQRPLFDOO\ DQG
RUJDQLVPV LQ WKH PDULQH UHDOP 7KH\ SOD\ D FULWLFDO UROH LQ WHIROIKWLQJ Wk
WKHLU SKRWRV\QWKHVLY FRQVXPHY FDUERQ GLR[LGI$S GRIRQW V FBRMHHR XWKD O HPW BARRY
FDUULHG WR WKH GHHS RFHDQ ZKHQ SK\WR FHOOV GLH DQG VRPH LV WUDQVIHUUF
PLFURDOJDH DUH WKH IRXQGDWLRQ RI WKH DTXDWLF IRRG ZHEV IHHGIOQQNHYHU\WKL
JRRSODQNWRQPDP KXOM 7KH SK\WRSODQNWRQ DUH WKH RQO\ RFHDQ OLIH IRUP WKD!'
VFDOHYURP D GURS RI VHDZDWHU LQ VLWX VHQVRUV RQ DXWRQRPRXV SODWIRUP
REVHUYDWLRQV GXH WR WKH SUHVHQFH RI SLIPHYWVYHVXIHFR DWVFRORURBKVAG DWR XD U
LOWHJUDWHG DSSURDFK WKDW FRPELQHV FRQYHQWLRQDO DQDO\VHV RI GLVFUHWH
F\WRPHWU\ DQG PROHFXODU LGHQWLILFDWLRQ PHWKRGV ZLWK RSWLFDO WRROV (
VHQVLQJ SODWHRUWMON ZLOO SUHVHQW SK\WRSODQNWRQ ELRORJLFDO DQG IXQFWI
VSHFWUD YLD WKH PRVW UHSUHVHQWDWLYH H[DPSOHVY WRJHWKHU ZLWK DQ RYHUY
UHVHDUFK RI SDUWLFXODU SK\WR JURXSV

%LRJUDSK\
6XQpLFD %REONYHUVLW\ RI =DJUHE )DEXOW)\ RI 6FLHQFH 'HSDJWRMHMIMVD RI %LRORJ\

6XQpLFD %RMDNQ DVVLVWDQW SURIHVVRU DW WKH 8QLYHUVLW\ RI
6FLHQFH ZKHUH VKH WHDFKHYVY FRXUVHVRUREDLWERIJWBRPDELRBRILF
RFHDQRJUDSK\ 6KH UHFHLYHG KHU 06F GHJUHH LQ %LRORJ\ (FROR
ZLWK D WKHVLV GHDOLQJ ZLWK WKH SKRWRVI\QWKHWLF UHJX
F\DQREDFWHULD ,Q VKH UHFHLYHG KHU 3K' GHJUHH LQ 1D\
*HRVFEH® 2FHDQRORJ\ DW WKH VDPH XQLYHUVLW\ 6KH KDG DFW
I[UDPHZRUN RI GLIIHUHQW QDWLRQDO DQG LQWHUQDWLRQDO SURN
UHVHDUFKHU LQ VHYHUDO RFFDVLRQV DW 6WD]JLRQH =RRORJLFD $Q
(8 $66(0%/( SURMHFWDUBKH ISSDWHG DW VFLHQWLILF FRQIHUHQFHYV 7~

SUHVHQWDWLRQV DQG DXXWKRRIUBIKEG FRUH WKDQ SXEOLFDWLR
LOWHUQDWLRQDO SHHU UHYLHZHG MRXUQDOV 'U %RVDNfV UHVHDUFKRIORVHUHVWYV I
Rl PDULQH SK\WRSIODEHNWLRQO\ IRFXVLQJ RQ WKH SODQNWRQLF GLDWRPV +HU UF
GLVWULEXWLRQDO VWXGLHV RI SLFRSK\WRSODQNWRQ VPDOOHVW SKRWRO\QWKHW.L
FRQGLWLRQV LQ WKH ROLIJRWURSKLF ZDWHUV RI WKR®\GBLIPWEB RBMH®IDQ &HYHIUQY. MM
HFRORJ\ VKH XVHV D YDULHW\ RI PHWKRGV VXFK DV VHYHUDO W\SHV RI PLFURVFRS
F\WRPHWU\ FKHPRWD[RQRPLFDO +3/& DQG PROHFXODU WRROV XVLQJ ERWK ODER!
EDVHG RFHDQRHMHEXKULFKU




$EVWUDFW
&RH[LVWHQFH RI WRS PDULQH SUHGDWRUY DQG KXPDQV« DQG WKH UROH RI WHFKQR

7RS PDULQH SUHGDWRUV VXFK DV VHDOV FHWDFHDQV DQG VHDELUGVMJUH RIWHQ
ZLWK JHQHUDO SXEOLF DSSHDO 7KH\ VWKDDUHV UHVRXXDAEHWDWVKRRG DQG ZLWK LQFU
KXPDQ DFWLYLW\ DQG GZLQGOLQJ UHVRXUFHV JOREDOO\ SRWHQWLDORRU FRQIOLI
WKHVH NH\ PDULQH SUHGDWRUYV DUH SURWHFWHG E\ FRQVHUYDWLRQUWHBRLIVODWLRQ
LOWHUDFWLRQV ZLWK KXPDQV DQG LPSDFWV RI KXPDQ DFWLYLW\ H J EORP ILVKHUL
HQHUJ\ DQG RLO DQG JDV LQGXVWULHY QHHG WR EH DVVHVVHG DQG PLQLPLVHG 7K
RI WKHLU WLPH DW VHD DQG XQGHUWZDOWHULQDBEFEVHLEWOMH DQG WKHUHIRUH FKDOOH
+RZHYHU ZLWK DGYDQFHV LQ UHPRWH WHFKQRORJLHV VXFK DV ELRWHOHPHWU\ EL
ZH FDQ OHDUQ PRUH DERXW WKHVH NH\ VSHFLHVY WKHLU GLVWULEXWDRQH¥HKDYLR)
XV WR SUHGLFW DQG DVVHVV LOQWHUDFWLRQV ZLWK KXPDQ DFWLYLW\D JHEFEWOYWORJI\ D
QHJDWLYH LPSDFWV HJ DFRXVWLF GHWHUUHQW WHFKQRORJ\ WR GHWHU PDULQH F
DFWLYLWLHV VXFK DV ILVEKHQHHDWIQ®W GRHMWMHHY 7KLV SUHVHQWDWLRQ ZLOO SURYLG
WHFKQRORJ\ KDV KHOSHG VFLHQWLVWY LQ WKH 1RUWK (DVW $WODQWLF OHDUQ
SRSXODWLRQV DQG KDV SURYLGHG LQVLIKWY LQWR WKH RYHQXO®LSQZ LIWKKWHIH HM LR K
,ULVK ZDWHUV :H ZLOO GLVFXVV WKH PDLQ FKDOOHQJHV \HW WR EH RYHUFRPH

%LRJUDSK\
ODUN -HVVRSS

'UODUN -HVVRYSD 5HVHDUFK )HOORZ LQ WKH 0D5(, ODULQH (FROR
8QLYHUVLW\ &ROOHJH &RUN ODUN &RPSOHWHGRKIOW OEBEXDWHV KH 8¢
$XVWUDOLD LQ DQG KLV 3K' DW 8QLYHUVLW\ &ROOHJH &RUN
UHVHDUFK KDV HQFRPSDVVHG ZRUN DFURVV PXOWLSOH WURSK
SK\WRSODQNWRQ DQG JRRSODQNWRQ FRPPXQLW\ G\QDPLFV WKURX.
IRUDJLQJ HFRO@RJIJFXUUHQW UHVHDUFK IRFXVVHV RQ GLHW DQG KDI
SUHGDWRUV PDLQO\ VHDELUGYV DQG VHDOV DQG LQWHUDFWLRQV
HQHUJ\ LQVWDOODWLRQV DQG RIIVKRUH RLO JDV 'U -HVVRSS L
H[SHULHQFHG ELRWHOHRHWU\QUHMHDFEG KDYLQJ XQGHUWDNHQ
VWXGLHV RQ D ZLGH UDQJH RI VSHFLHVY DQGBXEBINMGHSDRMHY S
LQFOXGLQJ SDSHUV DW WKH KLIJKHVW OHYHO LQ 6FLHQFH ,PSDFW )I

%LRORJ\ ,)

ODUN KDV VXFFHVVIX0XOQG/IHFX UG Gi [%HV VDRIG LV 3,3RIRORD UDQJH Rl SURMHFWYV LQFO»
DWHD VXUYH\V IRU PDULQH PDPPDOV DQG VHDELUGY WUDFNLQJ RI VHDOV VHDE
GHYHORSLQJ FHQVXV WHFKQLTXHV IRU VHDELUGV 'U -HVVRBEVGAS BRL® 0 HDHY KQR
EHHQ UHFRJQLVHG WKURXJK KLV FRQWULEXWLRQ WR SUHVWLJLRXV QDWLRQDOO\ |
%HDXIRUW (FRV\WWHP $SSURDFK WR )LVKHULHY 0DQDJHPHQW )3 .QRZ6HDV + 5L
WKH ,ULVK QDWLRQDLOY i RSUWYKHQW@®BW RUNLQJ *URXS RQ ODULQH 5HQHZDEOH (QHUJ\
LV DOVR WKH FXUUHQW &KDLU Rl WKH 8&& 5HVHDUFK 6WDII $VVRFLDWLR@ PHPEHU R
JURXS DQG PHPEHU RI WKH 8&& $QLPDO ([SHULPHQWDWLRQ (WKLFV &RPPLWWHH

$EVWUDFW

,QYHVWLIDWLQJ WKH VXEPDULQH FDQ\RQV DQG VHDPRXQWYV LQ 6SDXYIDAKLYBWHUV Wk
PHWKRGRORJLHYV

6HDPRXQWY DQG VXEPDULQH FDOQNRQNUBIDYN &HBDW FDQ H[KLELW KLJK ELRGLYHUVLW\
RI HQGHPLVP 7KHVH PDULQH IHDWXUMXODQWH DEROMH QYW LD.YELQJ LPSDFWV DQG RW!
DFWLYLWLHV ZKLFK H[DFHUEDWHV WKHLU QHHG IRU SURWHFWLYH FRQVHUYDWLRQ
PDULQH QHWZRUN RI FRQVHUYDWLRQ DUHDV XQGHU 1DWXUD QHHGVEW® LGHQWLI'
LQ WK8 'LUHFWLYHV IRU SURWHFWLRQ &XUUHQWO\ 03%$V DUH EHLQJ FUHDWHG WR
HFRV\VWHPV EXW WKLV LPSOHPHQWDWLRQ LV QRW DQ HDV\ WDVN GXH WR WKH

LQIRUPDWLRQ RQ WKHP :H VKRZ WKH GLIIHUHRFQWVWHPFKCORREBBJEFWE HD SQUWR VWXG\ W
HFRV\VWHPVY WR D PD[LPXP GHSWK RI P ,Q WKH ILUVW DSSURDFK WKH VWXG\
PDSSLQJ RI WKNHOHKBELWDWY KDV EHHQ FRQGXFWHG 'LIITHUHQW WRZHG YHKLFOHYV
DQG EXLOW MORRIHAHRUP FRQWUROOHG WUDQVHFWY YHU\ FORVH WR WKH VHDEHG LC
FRPSOH[ WRSRJUDSK\ )RU WKLV UHDVRQ WKHVH YHKLFOHV QHHG WR LQFRUSRU
ELGLUHFWLRQDO WHOHPHWU\ DQG YLGHR PRQLWRWRW WWR DWW BIOC/ RV IQH FUHLWWD R\ W IRHL
WKH VSHFLHVY WKDW RFFXS\ WKHVH KDELWDWY ZKLFK LQ PDQ\ FDVHV DIUH XQNQRZ
VDPSOHV IRU WKHVH VSHFLHV LV GRQH XVLQJ 529V HTXLSSHG ZLWK VERRIZDO DUPV

WKH PRHRIUDSKLF G\QDPLF FORVH WR WKH VHDEHG DQG LWV LQIOXHQFH RQ WKH SU
HQYLURQPHQWDO UHTXLUHPHQWY )RU WKLY SDUWLFXODU SXUSRVH ZH KDYH GHVLJ
ODQGHUV ZLWK GLITHUHQW VHQVRUV DWW & B IREEMUIDLNQ WKLIPWM VB OREVXGDWD IRU ORQJ



%LRJUDSK\
JUDQFLVFR 6iQFKH] "HOOWERWXWR (VSDXxRO GH 2FHDQREEIDILLD ,(2

'U )UDQFLVFR 6iQRRM]EURDG H[SHULHQFH LQ FRRUGLQDWLQJ PXO
UHVHDUFK SURMHFWYV DQG KH LW D) HWVXHBULWW B EBHHISQWO\ KLV UH\
LV IRFXVHG RQ GHYHDO®RBLQYUYGRWDPSOLQJ WHFKQLTXHV WR ZRUN R
KDUG ERWWRPV XVLQJ SKRWRJUDPPHWULF VOHGJHV 5279V 5
SDUDPHWULF VXEPHURWG ODAMMBMIIRW WR XS WR P GHSWK +H
FRQGXFWHG PDQ\ VXUYH\V EHLQJ WKH OHDGHU RI XVLQJ ODUJH
WKH (8 IOHHW +H KDV SDWHQWHG D WRZHG VXEPDULQH YHKLFOH IR
VHD WKURXJK SKRWRJUDPPHWU\ +H LV KMKHHSHRPRW HIURANS W
(&20$5* ZZZ HFRPDUJ QHW DQG LV FXUUHQWO\ WKH VFLHQWLIL
VHYHUDO UHVHDUFK SURMHFWYV RULHQWHG WRZDUGV WKH FUHDWLF
LQ 6SDLQ +H KDV DFWLYHO\ SDUWLFLSDWHG LQ UHVHDUFK Sl
LQWBWQRQDO DQG KDV EHHQ WKH FRRUGLQDWRU RI Rl WKHP 7KH PDLQ REMHFWLY
WKH VWXG\ Rl ILVK FRPPXQLWLHV Rl WKH &DQWDEULDQ 6HD VKHOI PFRUWMGHR FLSOLQ
RU WKH LPSDFW RI RLO VSLOOV PH WDNOFNEDQWKFHGEH QWLILF MRXUQDOV DQG KDV PDC
SUHVHQWDWLRQV ,Q WKH (&20$5* UHVHDUFK JURXS ZDV DZDUGHG WKH % %9$
BURMHFWV RQ %LRGLYHUVLW\ &RQVHUYDWLRQ  IRU GHYRWLQJ HLJKW LEDUV RI UH
LQIRUPDWLRQ QHHGHG WR FUHDWH DQG HVWDEOLVK WKH ILUVW RFHDQLR03$ LQ 6S
WKH %D\ Rl %LVFD\ LQFOXGHG LQ ERWK WKH 263%$5 1HWZRUN RI 03$V DQG WKH (XUR

ODULWLPH 1DXWLFDO DQG 6KLS $UFRDIOBRBD&RI\ 6HVVLR

$EVWUDFW

S5HFRUGLQJ LQ WKH GDUN 7KH FKDOOHQJHV RI UHFRUGLQJ D VXEPHUJHG WK FHQW
6FKOHL )MRUG 1RUWKHUQ *HUPDQ\

7KH 'DQQHYLUNH LV D GHIHQVLYH VWUXFWXUH ZKLFK VWUHWFKHYV I[URR®KH PDUVK
(LGHQ WKH ZHVW DFURVV WKH &LPEULDQ SHQLQVXOD WR WKH %DOWLF FRDVW LQ
VWDUWHG DV HDUO\ DV WKH WK FHQWXU\ $' EXW WKH PDLQ SDOLVDGH UDPSDUWYV
GHQGURFKURQRORJLFDOO\ GDWHG WR $'

$OWKRXIK WKHUD XBYLEHHQ VXEMHFW RI DUFKDHRORJLFDO LQYHVWLJDWLRQV VLQF
QRW IXO0O\ XQGHUVWRRG DQG UHFHQW H[FDYDWLRQV KDYH SURGXFHG XQM[SHFWHG
PDLQO\ IRFXVHG RQ WKH SDUWYV RI 'DQQHYLWKH QRODEKVBPDSHYLVLEOH LQ

%XW 'DQQHYLUNH DOVR VHHPV WR KDYH D PDULWLPH FRPSRQHQW ,Q D VXEPHL
GLVFRYHUHG LQ P RI ZDWHU QHDU WKH 3HQLQVXOD 5HHVKROP GXULQJKWKH GUHGJI
6FKOHL )MRUG RQ WKH HDVWHURDRRDWWWH WKRIONWHLUQ :LWK WKH 6FKOHL )MRUG S|
PDULQH DFFHVV WRQRKIQ DHDOD®E\ WUDGLQJ VLWH +DLWKDEX DUFKDHRORJLFDO DXWK
WKH GLVFRYHU\ DW WKH WLPH %XW WKH ZRRGHQ VWUXFW XWH SARW FXWFINROQ B L WKH
VKLSSLQJ FKDQQHO DQG UHFHLYHG QR IXUWKHU DWWHQWLRQ XQWLO %HWZHE
VWUXFWXUH ZDV SDUW RI D UHVHDUFK SURMHFW ZKLFK UHVXOWHG LQ LWV LQWHUSL

%XLOGLQJ RQ WKLV SURMHFIW IDRQHZI MKHHVWEPHUJHG VWUXFWXUH LQ WKH 6FKOHL |
ILHOGZRUN VHDVRQ ZDV XQGHUWDNHQ LQ DQG ZRUN FRQWLQXHG LQ DQG
WKH SUHOLPLQDU\ UHVXOWV RI WKH RQJRLQJ SURMHFW E XW HRRIQ®N QIR EXW LRHG W K
VWUXFWXUHV LQ D VKDOORZ ZDWHU HQYLURQPHQW ZLWK ORZ RU QRDYOLOREZLOLW\ XV
FRVW WHFKQLTXHY DQG JHRSK\VLFDO PHWKRGYV

%LRJUDSK\
-HQV $XHU 8QLYHUVLW\ RI 6RXWKHUQ '"HQPDUN 'HQPDUN

-HQV $XHV DQ $VVRBAUIRWWVRU DW WKH ODULWLPH $UFKDHRORJ\ 31
8QLYHUVLW\ RI 6RXWKHUQ '"HQPDUN +H VSHFLDOL]HV LQ VKLSZUI
LV LOWHUHVWHG LQ GHYHORSLQJ DQG IXUWKHULQJ UHFRUGLQJ P
Rl PDULWLPH DUFKDHRORJ\ ,Q KLVGPDDWHWUIY ONVRHIVQ WK DWY 3K' K
IRFXVHG RQ WKH DUFKDHRORJ\ DQG KLVWRU\ RI VPDOO ZDUVKLS
EHWZHHQ DQG 2QH RI KLV UHFHQW ILHOGZRUN SURMHF
H[FDYDWLRQ DQG DQDO\VLV RI WKIDBZUEAIOWHWPDOQFHGYLI 6RSKLD
ZKLFEKDV ORVW GXULQJ WKH *UHDW 1RUWKHUQ :DU -HQV LV DO)
WKH FRPPHUFLDO GLYHU WUDLQLQJ FHQWUH ZKHUH KH WHDFK
FRXUVHYV



-HQV VWDUWHG ZRUNLQJ LQ PDULWLPH DUFKDHRORJ\ LQ ZKHQ KH MRL
8QWHUZDVVHUDUFKDHRQR*HUPPHQ\FRPSOHWHG DQ 0$ LQ DUFKDHRWRUZDQGV KH
ZRUNHG DV D GLYLQJ DUFKDHRORJLVW IRU WKH *HUPDQ KHULWDJH D®%WIKRRJH.- W\ LQ O

KH FDPH WR (QJODQG LQ KH ZDV HPSOR\HG DV FR P PRIWH IFIR® BW YUK B VE L RIGX DRP Sk
LQ IRUWKHUQ *HUPDQ\ %HWZHHQ DQG -HQV ZRUNHG DV 6HQLRU 3URMHFW 2111
ZLWK :HVVH[ $UFKDHRORJ\ /WG ,Q KH PRYHG WR 'HQPDUN DQG KHOSHG HVWEL

$UFKDHRORJ\ 3URJUDPPH DIOBVW&HABPFRBFLDO GLYHU WUDLQLQJ FHQWUH

$EVWUDFW
IDXWLFDO DUFKDHRORJ\ IURP WKH QDYDO DUFKLWHFWXUH SRLQW RI YLHZ

IDXWLFDO DUFKDHRORJ\ H[DPLQHV WKH DUFKDHRORJLFDO DQG KLVWRQUFDO HYLGH
WKURXJK DJHV :KDW VHHP OHRRKRODPOWWHRLDOKH SDVW WRGD\ ZHUH RQFH REMHFWYV F
WKH SULQFLSOHV RI WKH RUJDQL]DWLRQ RI ZRUN DQG WKH DSSOLFOWHR® @ FUDIW"
LOWHUGLVFLSOLQDU\ DSSURDFK LQFOXGLQJ ERWK DUFKDHRIOR LIQOWMLYKIVQBVHWRLWKHU
UHFRQVWUXFWLRQ RI QRZ JRQH HYHQWYV :LWKLQ WKH IUDPH RI UHFHQWIFRRSHUDW
WKH $GULD6 SURMHFW SDUWLFXODU DWWHQWLRQ ZDV JLYHQ WRHNZRSWRBEDHVY ILUVW
DV RQH RI WKIRFRUMDIQW DQG SRSXODU FRQWDLQHUV IRU WUDGLQJ JRRGV DQG VHF
ZRRGHQ VKLS FKDUDFWHULVWLF SURSHUWLHV ,Q ERWK FDVHV WKH WBALGW LV VWD
DQG ZRRG DUH QRW FRPPRQ PDWHULDOV LQ PRGRQQDQDERYVYDE DMIUALKQRWSRRIWKIUW 7 K H
WKH UHVHDUFK RQ WKHLU SURSHUWLHYV WRGD\ LV UDWKHU OLPLWHGD GIHWW WKHVH ¢
VLPXODWLRQ RI WKH EHKDYLRXU RI FHUDPLF YHVVHOV DQG ZRRGHQ VWIKSV $Q RYH
VWDRIWKBUW VRIWZDUH SDFNDJHV WR HYDOXDWH FRPSOH[ EHKDYLRXU RI WKH VWUX
LV WKH HQJLQHHULQJ WRRO WKDW ZLOO EH XVHG WR ILQG DQVZHUV WR DXHVWLRQV
XQLTXH VKDSH RU ZKDW ZH FDQ OHDRIQ PERXMA. WMKHLAVWRIWQ DQFLHQW VKLS E\ WKH
RI WKH ZUHFN 7KURXJK WKH LOOXVWUDWLYH H[DPSOHV RI VWUXFW X\WLRE® DD O\V LV
WKH GLVFXVVLRQ DERXW KRZ WKH LQWHUGLVFLSOLQDU\ DSSURDMXUFRQ VXSSRUW QI

%LRJIJUDSK\

6PLOMNR 5XGDQ 8QLYHUVLW\ RI =DJUHE )DFXOW\ Rl OHFKDQLFDO (QJLQHHULQJ DQG
&URDWLD

6PLOMNR 5XJXJDEXDWHG IURP WKH )DFXOW\ Rl OHFKDQLFDO (QJLQHF
$UFKLWHFWXUH )$0(1$ B8QLYHUVLW\ Rl =DJUEESRQQHEUXBU\
VWDUWHG WR ZRUN DV D MXQLRU UHVHDUFKHU DW WKH 'HSDUWPH
DQG ODULQH (QJLQHHULQUJ Y$0(1$
2Q WKUHH RFFDVLRQV LQ \HDUYV DQG KH YLVLWHG ,QV\
7HFQLFR /LVERD 3RUWXJDOHDNDD YHKINUWZRHUH KH SDUWLFLSDWH
(8 SURMHFW )DWBWAJXH %DVHG 'HVLJQ 5XOHV IRU WKH $SSOLFDYV
7HQVLOH 6WHHOV LQ 6KLSV
+H REWDLQHG KLV ODVWHU V GHJUHH LQ ZLWK D WKHVLV HQWL
$QDO\VLV RI 6KLS 6WUREWMIOWIPHG #HV 3K' GHIJUHH LQ ZLWK D WKHVLVY HQWLWOH
7DQN 6WUXFWXUH RQ /LTXHILHG *DV &DUULHUYV

,Q KH ZDV HOHFWHG WR WKH SRVLWLRQ RI $VVLVWDQW 3URIHVVRW DR RIQ KH
$VVRFLDWH 3URIHVVRU
+LV UHVKHZBBN LV UHODWHG WR VWUXFWXUDO DQDO\VLV RI VKLS DQG RIIVKRUH VWU
DQG JURXQGLQJ RI VKWEXFVOXUWIE LQWHUDFWLRQ DQG DGYDQFHG XVH RI ILQLWH HOHF
DQDO\VLYV

&XUUHQWO\ KH LV D SURMKH W8 OIXDGHE BMQYRMHFW (TXLSSLQJ RI WKH 5HJLRQDO F
ODERUDWRU\ UHVHDUFK LQ K\GURPHFKDQLFV WKDW DLPV WR HTXLS WKH
+H LV D PHPEHU RI WKH &URDWLDQ 6RFLHW\ RI OHF KIDXQN KR U $SR/HWKKOH CEXXVE BR U KRG FPRR |
WKDQ FLIMHQWLILF DQG SURIHVVLRQDO SDSHUV

$EVWUDFW
8QGHUZDWHU DQG ,QVWUXPHQWDO $UFKDHRORJ\ $ 6SHFLDO 5HODWLRQVKLS

7KH VSHHFK SURSRVHG E\ WKH DXWKRU GHDOV ZLWK WKH 3VSHFLDO UHODWLRQVKI
$UFKDHRORJ\ DQG ODULWLPH 5REVMRRVGRY FXKNW BLWKWH[SHUWY DQG VWXGHQWY ZKDW D
DVN RI URERWLFV LQ WKH QHDU IXWXUH DQG RQ WKH RWKHU KDQG KRWWDULWLPH
SK\VLFLVWV DQG JHRORJLVWV FDQ KHOS DUFKDHRORJLVWYV WRRBSRLBXQLIKNQRZ RSH
ZRUNLQJ LQ PDQ\ GLITHUHQW SURMHFWY DURXQG WKH ,WDOLDQ FRDW¥YW 29\WQFH GL
ZLWK 666 6%3 0%(6 DQG PDIQHWRPHWHUV RQ ERDUG WWKHDYYGCHWHIDYG DQ ¥ HO 8UMHW R
GDWD DQG VRQRJIJUDPWRW BIALWWKHEQW VFRSHY KDV PDGH LW SRVVLEOH WR REWDLQ |



DERXW KRZ GLIIHUHQW GHYLFHVY RSHUDWH LQ GLIIHUHQW VFHQDULRWDV)RQWKHU W
666 WHFKQLFLDQ DQG 529 SLORW DV ZHOO DV DQ DUFKWHKORRG®I FFORXR VKON
(YDOXDWLRQ KDV SHUPLWWHG WKH DXWKRU WR FRPSDUH KRZ GLIIHUHQW WRROV

GLITHUHQW JRDOV RI WKH SURMHFWYV 7KXV WKH DXWKRU ZRXOG OLNWKWMR GLVFXYV
UHVXOWY DFKLHYH®QURPODSWHE®W RI YLHZ 3DUWLFXODUO\ WKH LGHD LV WR SXW

OLPLWDWLRQV RI VRPH RI WKH LQVWUXPHQWY QRUPDOO\ XVHG LQ DUFK® HRORJI\ DV
SRVVLEOH WR VXUSDVV WKH GLIILFXOWLHYV O IHQX® GHW R DWKHJ SIURFSHDH B © RUWWWR/I MCKY
WKHLU XVH DQG LQWHUSUHWDWLRQ 7R GR VR WKLV VSHHFK ZLOO GHWOWLW® WKH
RI DFRXVWLF UHOLHIV WKH UHDGLQJ RI SKRWRJUDPPHWU\ DQG WRPWRMD®GEWXDO H
WHFKQLTXHY LQ XVH LQ DUFKDHRORJ\ EXW ERUQ IRU RWKHU VFRSHV HFWHGGHD LV \
DQG ZKDW LV DFWXDOO\ REWDLQHG

%LRJUDSK\
JUDQFHVFR 7LERQB &X0D1D8QLYHUVLW\ RI *H@DYOD

JUDQFHVFR 7UBRQL 1DYDO DQG 8QGHUZDWHU $UFKDHRORJLVWYV

&RPPHUFLDO DQG ,QVWLWXWLRQDO SURMHFWY DURXQG WKH FRDVW

$V DQ XQGHUZDWHU DQG PDULWLPH DUFKDHRORJLVW KH KDV GL

FDPSDLJQV DQG HKHXDKHE WDOLDQ PHPEHU RI WKH ,QWHUQDWLRQDO

Rl WKH 81(6&2 3LOH '"ZHOOLQJ 6LWHV RI WKH $0SV SURMHFW +H KDV (

WKH FRPSOHWH H[FDYDWLRQ DQG UHFRYHU\ RI D 5RPBQLHYHRN LQ 6LF

ZUHFN LQ 3XJOLD BQAMRIRRUMWKD QW VLWHYV LQ ,WwDO\ DV ZHOO DV WK

WKH KDUERXUV RI *HQRYD 7DUDQWR 3RQ]D DQG 3LRPELQR 6LQFH

ZRUNLQJ LQ PDULWLPH LQVWUXPHQWDO DUFKDHRORJ\ DQG KH KDV G

RSHUDWLRQV RI WKH $UFKHRRD6,$ UWRMBHERXW WHQ 6XEPHUJHG VWUDWHJILF LQIUDYV

SLSHOLQHV LQ ,WDO\ DQG DEURDG ZRUNLQJ ZLWK GLIITHUHQW SULYDMWHFRPSDQLHV

Rl $7(1$ &X0D1D DQG RI WKH &HQWUH &DPLOOH -XOOLDQ LQ $L[ HH3WRDNBQFH KH k
VFLHQWLILF SDSHUV PRVWWHWLKARQ @ BXBIQD OV

$EVWUDFW

7KH 8QGHUZDWHU $UFKDHRORJ\ &HQWUH RI &DWDORQLD 7KH ZRUNV ZLWK $89 DQG \
DUFKDHRORJLFDO VLWHYV

‘H SUHVHQW WKH UHVXOWY RI WKH FROODERWDWLRRQURIQ\DK DOQFERWKE ,FQULLYGHNXYW BXPH U\
%DUFHORQD 6SDLQ :H KDYH GRQH VXUYH\V LQ &DS GHO 9RO VKLSZUHFNUBIQG WKH &
VKLSVY VXQNHG LQ WKH ILUVW &HQWXPHWEBUVKRI IEGHSWKLDQG WKHPMWHRQYGRLYV
GHSWK

‘H KDYH WHVWHG WKLV LQVWUXPHQWY ZLWK WKH REMHFWLYH WR JR AMMDK WKHVH \
DUFKDHRORJLFDO H[SORUDWLRQ

%LRJUDSK\
*XVWDX 9LYSOHIQWUH G $UTXHRORJLD 6XEDTXjWLFD GH &DWDOXQ\D &DWDORQLD 6SD

*XVWDX 9LXDV ERUQ LQ %DWHHQRDWKHG KLV EDFKHORU LQ +LVWRU\ LQ DW WKI
%DUFHORQD DQG KH VWXGLHG D ODVWHU LQ OHGLWHUUDQHDQ 1DXWLFDO $UFKDHRC

,Q $SULO FRQFOXGHG WKH 3K' DW WKH 8QLYHUVLW\ RIQWIUEF @REPLOVPEG U R
LQ WKH 1DWLRQDO 30DQ IRU WKH 3URWHFWLRQ RI 8QGHUZDWHU +HWLWDUE RI WKH
LOQOWHUHVWY DGGUHVV WKH QDXWLFDO DUFKDHRORJ\ ZLWK HPSKDVLV RQFBODGH DQC
WLPH +H ZRUNV REBDWRKK WHMWHFWLRQ SUHVHUYDWLRQ DQG GLVVHPLQDWLRQ RI
KHULWDJH +H LV FRPPLVVDU Rl H[SRVLWLRQ 'HOWHEUH , 3+LVWRU\ RI D 6KLSZL
DUFKDHRORJLFDO XQGHUZDWHU YLVLW RI $LIXDEODYD RIXQBIWHANHOWMRQ® , +H
VKLSZUHFN H[FDYDWLRQ LQ SURFHVV &DS GHO 9RO VKLSZUHFN H[FDNPWLRQ ILQI
H[FDYDWLRQ LQ SURFHVV +H SDUWLFLSDWHG LQ VHYHUDO JUHDW QXPBIFHV LQ QDW
DQG V\PSRVLD

JURP "HFWRU RI WKH 8QGHUZDWHU $UFKDHRORJ\ &HQWHU RI &DWDOXQ\D '
*HQHUDOLWDW GH &DWDOXQ\D

6HOHFWHG SXEOLFDWLRQV

X ,00D 3HGURVD &RPHUo PDUtWLP L [DU[HV GH UHGLVWULEXFLY HQ gSRI
PHGLWHUUDQR FHE®MQMIDRIUDRLHY GHO &$6& 17 *LURQD
X 'LWK &LDUOR 5RVD ODUWt &DVW LURQ SURGXFWLRQ IRU DUBALOOHU\ 7K

ORGHUQ VKLSZUHFNV 6%6 %XOOHWLQ
X '"HOWHEUH , /D KLVWzULD GfXQ QDXIUDJL &DWjOHJ GH OfH[SRVLFLY *LU



/LW RI FXUUHQW UHVHDUFK SURMHFWY VHOHFWLRQ

X 6WXG\ RI WUDGH H[SRUW DQG UHGLVWULEXWLRQ RI ZLQH EHWZHHQ ILUVW FHQ
LQ WKH &RQYHQWXYV 7DBHDFRQVIOBMAN IRU WKH SURMHFW *XVWDX 9LYDU

X 'HOWHEUH , D VKLEHUHFNRBRHWQLF :DUV 5HVSRQVLEOHV IRU WKH SURMHFW ;D
9LYDU DQG 5XW *HOL

ODULWLPH 6HFXULW\ 1DYDO DQG &RDVW *XDUG 2SHUDWLRQV 6HVVL

$EVWUDFW
OLWLJIJDWLRQ RI 8;2 LQ WKH 2IIVKRUH ,QGXVWU\

7KH OHFWXUH ZLOOHFHWREWDHHR @ WEQH[SORGHG 2UGQDQFH 8;2 ZKLFK IDFHV WKH 211V¥
,QGXVWU\ WKH PDQDJHPHQW DQG GLVSRVDO RI LWHPV RIRBEDWLRR LQEAMQW DI IEIXW HR
DQG ([SORVLYH 2UGQDQFH 'LVSRVDO (2°

6HYHUDO WUXBLHV ZLOO EH ZAKUHKHKDAMH DPRXQWHG WR RYHU GLVSRVDOV RI /LYH L
WKH %DOWLF DQG 1RUWK 6HD DUHDYV

7KH 9HUVDWLOH ([SORVLYH 1HXWUDOLVHU 2UGQDQFH OXQLWLRQV 9(1®W&¥ ZLOO DO
5DGLR JUHTXHQF\ DQGDMWHRXQKWLDWLRRUBPEQ@ULOP DOVR SUHVHQW DQG GLVFXVV W
HQYLURQPHQWDO PLWLIJDWLRQ PHDVXUHV ZKLFK DUH UHTXLUHG WR UHGXFH WKH LF
XSRQ IDXQD DQG IORUD LQ WKH YLFLQLW\

%LRJIJUDSK\
$GULDQ 'DUQ5&$ 8.

$GULDQ 'DIORQ D IRUPHU 6SMALDW 5R\DO 1DY\ /LHXWHQDQW &RPPDQGHU %RPE OLQ
2SHUDWRU ZKR FRPSOHWHG \HDUV RSHUDWLQJ DV D ODULWLPH OLQHZDUIDUH .
OLQHKXQWHUV D@®%®WHEUHRPE OLQH 'LVSRVDO 7HDPV

+DYLQJ OHIW WKH 5R\DO 1IDYVIZRUNHBHRKQVLVWHQWO\ LQ WKH 2IIVKRUH ,QGXVWU\ V
UHORFDWLRQ LGHQWLILFDWLRQ DQG ([SORVLYH 2UGQDQFH 'LVSRVDO (2°' R1 8¢
SDUWLFXODUO\ LQ VXSSRUW RI WKH 5HQHZDEOHY :LQG DQG 7LGDOVQS®ULRQVKRUH
KDV FRQVLGHUDEOH H[SHULHQFH LQ WKH %DOWLF 6HD DQG 1RUWK 6HKHWHDY DQG I
LQ WKH OLQH &RXQWHUPHDVXUHV 9HVVHO +06 %,&(67(5 RQ ZKLFK KH ZDV WK
FROQGXFWHG WKH PDLQ OLQH &OHDWDKH B SHRDAMKIHRQW R QXZDLW +DUERXU

+H KDV GHYHORSHG DQG RSHUDWHY KLV RZQ %RPE OLQH 'LVSRVDO 6\VWHHPUFDOOHG !
2UGQDQFH OXQLWLRQV 9(120 ZKLFK LV XVHG LQ &RPPHUFLDO DQG OLOLWDU\ (2" 2¢

$EVWUDFW

ODULQH 5RERWEPVURBBWLRQV LQ +XPDQLWDULDQ 6HDUFK 5HVFXH DQG &LYLOLDQ )R
2SHUDWLRRKDW PLJKW WKH IXWXUH KROG"

7KH XVH RI PDULQH URERWLFV WHFKQRORJ\ DQG VROXW L RRDW LW LPHO @ DHIWD B Q GV K
VHFXULW\ DSSOLFDWLRQV UGRW QGFAMPGOWSARVDO VSHFLDO IRUFHV WUDQVSRUW V>
LQWHOOLJHQFH JDWKHULQJ $ PRUH UHFHQW DQG LQFUHDVLQJO\ FRPPRQ WDVNL
FRDVWJXDUGY DQG QDYLHV KDV EHHQ KXPDQLWDULDQ VHDUFK UHVFXH DQG VHFXL
FLYLOLDQV GLVSODFHG E\ FRQIOLFW RU PDNLQJ MRXUQH\V E\ VHD IRW FOWKHU UHDV
RIWHQ SHULORXV RU ZKHUH WKH\ KRSH WR DYRLG GHWHFWLRQ 7KHWWRG®MYJ PBULQH U
RQO\ EHJLQQLQJ WR HYROYHMHEQXWKYVZIWDMDNHW RXW ZKDW UROHV PDULQH URER
WHFKQRORJ\ DUH SOD\LQJ LQ VXFK PLVVLRQV WRGD\ DQG FRQVLGHUV 2KDGV UROHV )
SOD\ LQ IXWXUH KXPDQLWDULDQ VHDUFK UHVFXH DQG VHFXUIRQIPLYY LRQW KHKFK D\
OHGLWHUUDQHDQ 6HD 7KLV WDON GUDZV RQ H[SHULHQFH DQG OHDUQLQOWKH +DOSI
ZLWK WKH ,ULVK 1DYDO 6HUYLFH LQ LWV DFWLYLWLHV DV SDUW RI 28\HAXHVLRQ 3RC
PLJUDQWYV IOHHLQJ 1RUWHKDBUBKFIDQG UHVFXH DQG GUXJ LQWHUGLFWLRQ RSHUDWLRQ
DQG RXW LQWR WKH GHHS $WODQWLF DQG IURP SURMHFWV VXFK DV '$5,86 )3
XQPDQQHG DLU VXUIDFH DQG VXEVHD YHKLFOHV WR DLGHRDHQW\LFHWXDWLI RQW SR QG



%LRJUDSK\
&RUPDF *HEUXHDWILRQDO ODULWILPH &ROOHJHHRIDQIBODQG

&RUPDF *HEUXMWUWKH IRXQGLQJ 'LUHFWRU RI WKH +DOSLQ &HQWUH |
,QQRYDWLRQ DW WKH 1DWLR®D® RDUUWDPH)GLROM&, 10&, LV D
SDUWQHUVKLS EHWZHHQ RQH RI ,UHODQGYV ODUJHVW WKLUG OHYH
WKH &RUN ,QVWLWXWH RI 7THFKQRORJ\ DQG WKH ,ULVK 1DYDO B6HUY
SDUWQHUVKLS WKH +DOSLQ &HQWUH LVLW®&HD UR \RH DUKH DQE K. QRR\Y L
*HEUXHUV EHJDQ KLV FDUHHU LQ WKH PHUFKDQW QDY\ DQG ZKLOH
H[WHQVLYHO\ LQYROYHG LQ PDULWLPH ,7 DQG FRPPXQLFDWLRQV UHC
DVKRUH KH VHW XS DQG UDQ D PDULWLPH WUDQVIRJGN DQG OF
LQQRYDWLRQ FRPSDQ\ EHIRUH WKHQ VSHQGLQJ WLPH LQ FRPSXW
VSHFLDOLVLQJ LQ PDFKLQH OHDUQLQJ %HIRUH MRLQLQJ 10&, WR V
LQ KH VSHQW D GHFDGH ZLWK 75%$16%$6 D PDULWLPH QDYLJI
PXOWLQDWLRQDQ VOHFHWWHOLQUDIILF 6HUYLFHV 976 DQG FRDVWD
DQG VXUYHLOODQFH VI\VWHPV ,Q WKLV SHULRG KH ZRUNHG H[WHQVLYHEBDDURXQG Wi
LQ &KLQD VXSSRUWLQJ WKH FRPSDQ\fV RSHUDWLRQV WKHUH *HEYX® WW ZRIUMNV FOR
RQ D UDQJH RI SURMHFWYVY VSDQQLQJ PDULWLPH PHFKDWURQLFV VDIHW\ VHFXULW\

,QQRYDWLRQ ODQDJHPHQW 7UDLQLQJ ,1129%$7,21

$EVWUDFW
9DOXH FUHDWLRQ IURP UHVHDUFK WKURXRKIXQLYHUVLW\ VSLQ
9DOXH FUHDWLRQ IKRWPKURXHR XRQLYHRMNVW\ VSLQ

%LRJUDSK\

$QGHUV $XDRMUZHJLDO 8QLYHUVLW) RI 6FLHQFH DOG/ITHFKRROQRORI\ 7UDQVIHU
1RUZD\

$QGHUV $XQYHFXUUHQWO\ +HDG RI 7THFK7UDQVIHU DW 1718 7HKRY RORUXH/G DYVDHU $
SURMHFW PDQDJHU IRU PRUH WKDQ WHFK RMU BRNSDURMNFWN RDQDWG YVGYR VHUYHG DV
PHPEHU DQG &KDLUPDQ RI WKH %RDUG RI VHYHUDRI IKLBK Z2KH FK BRRMHGRIPWK B LY .DKRF
$6 ZZZ JHWNDKRRW FRPXUWHQWO\ WKH &KDLUPDQ RI WKH % RDUGRRIXWKR @ B1HHWY$IUQ

$6 IRFXVLQJ RQ RSWLPL]LQJ RLO SURGXFWLRRXBEHE UWWR MWKHNOMKIQHF RFFRSDQ\ 'HULJI
ZKLFK ZDV ODWHU DFTXLUHG E\ 9LVPD $6% RQH RI WKH ODUQHMWN WIHVRI\VZADRISHFR |
$XQH DOVR VHUYHG DV DQ H+HDOWK 6DOHYV ODQDJHU LQ 9LVPD EHIRUH KH MRLQHG
KHOS QHZ XQLYHWMLWYV XBSEIPHG

$XQH KROGV D 06F LQ FKHPLFDO HQJLQHHULQJ DQG HQWUHSUHQHXUBMLEQFRIRP WKH :
DQG 7HFKQRORJ\ DQG KDV DOVR VWXGLHG LQQRYDWLRQ DQG VWUDWHJI\ DW 0,7 DV
3URJUDP $XQH ZDV RQH Rl WKH LQLWLDWRUV Rl WKH VWXGHQW RUJDQN]IWLRQV 6WTL
WR PRWLYDWH DQG LQVSLUH KMWIXGRQ® \EXWR. RMADW W HVD OVR L Q L WOLFDRMIDG WDKWHR U7 18 |
1718 $SSODE KWWS DSSODEQWQX QR &XUUHQWO\ $XQH ZRUNV WRJHWKHU ZLWK
6FKRRO Rl ,QQRYDWLRQ LQWR 1718 6FKRRO Rl ,QQRYDWLRQ

$EVWUDFW
7KH $UW Rl ,QQRYDWLRQ

7KLV MHSDUW WDON VWDUWWE ZXWK RYRUBHHZ RI LQQRYDWLRQ KLVWRU\ ZKHUH |,

LPSRUWDQFH IRU WKH UHQHZDO Rl VRFLHW\ HFRQRP\ DQG WHFKQRORJIGHV ODMRU

DQG DQHFGRWDO HYLGHQFH JLYHQ ,QWHOPHGWXDDL W RSHWWHILQHGHDEG VRPH f
H[SODQDWLRQV JLYHQ 7KH VHFRQG SDUW ZLOO DGGUHVV FUHDWLRQLMWHP VORZ IURF
DQG ORPPNWLQJ DVVHWV OHFKDQLFV RI WKLV SURFHVV ZLOO EH GHSLFWHG DQG H[S
PHQWQHG PHWKRGV Rl FXOWLYDWLRQ JURZWK DQG WUDQVIRUPDWLRQ LQWR SURG X
H[SODLQHG , ZLOO VKDUH VRPH RI P\ H[SHULHQFHY RQ SDWHQWYV LQQRWDWLRQ DQ
JXLGDQFH ,Q WKH FRQFOXGLQJ SDUWPSRUXO QRFH RIRSFWHDRHY IRU WKH IXWXUH GF
DQG DGGUHVV VSHFLILF ILHOG Rl XQGHUZDWHU URERWLFV , ZLOO R/H{SMORBNWOLQH
DQG FRYHU ZLWK VSDUNV RI D IHZ LQQRYDWLYH LGHDV 6RPH NH\ BRDSRLHW HRUZLO O



WHFKQRORJ\ GHYHORSPHQWY DQG ,3 SURWHFWLRQ )LQDOO\ , ZLOO SRUQW RQ LP:
WHFKQRORJLFDO DGYDQFHVY DQG FRPPHUFLDO VXFFHVV

%LRJUDSK\
.HPDO $ 'HOtAZOHWW 3DFNDUG (QWHUSULVH )UDQFH

.HPDO $ 'HQNMFD VHQERQRMHRJILVW DQG SUDFWLFLQJ HQWHUSULVH |
+HZOBBWWNDUG &R +H LV DOVR DGMXQFW SURIHVVRU DW ,$( EXVLQH\
8QLYHUVLW\ +H VHUYHV DV DVVRFLDWH HGLWRU WR $&0 8ELTXLW\
DQ DGYLVRU DQG FRQVXOWDQW WR (XURSHDQ &RPPLVVLRQ RQ )(7 ¢
86 DQG (8 SDWHIQWLQL*UHQREOH )UDQFH +H KROGV 'LSO (O ,QJ
WKH 8QLYHUVLW\ RI 6DUDMHYR "XULQJ WKH ODVW \HDUV KH
LQ WKH DUHD RI YHU\ ODUJH VFDOH V\VWHPV HLWKHU RQ LQGXVWU
RU DFDGHPLF UHVHDUFKSDOLVL BWHQAVW LV LQ DUFKLWHFWXUH
HQJLQHHULQJ RI WKH YHU\ ODUJH VFDOH V\WWHPV ,Q DQG
YLVLWLQJ SURIHVVRU DQG UH¥HWDBOKEQ ZIDWKRQABO 5HVHDUFK &RXQ
KDV SXEOLVKHG SDSHUV DUWLFOHRW @DEY HPODDLDBI VMRQG
FRQIHUHQFHV +H KDV JLYHQ WDONV GHOLYHUHG OHFWXUHV DQG R
FRQIHUHQFHVY ,Q LHV KH KDV SXEOLVKHG RULJLQDO ERRN RQ 3DWWERRNSHFRJQLW
FKDSWHUV RQ (QWHUSULVH .QRZOHGJH ®ORUBFHQW UHVHDUFK LQWHUHVW LV LQ WK
SUDFWLFH RI K\EULG FRPSOH[ V\VWHPV

$EVWUDFW
%RRWVWUDSSLQJ 6RQDUGKXE -REWQHW

$ 6WDUWXSTV MRXUQH\ LV QHYHU VWUDLJKWIRUZDUG DQG QHYHU WKHLWHFH 7KLV S
HSHULHQFH IURP FRQFHSW WR VDOHY DQG ZKDW ZH KDYH OHDUQHG DORQJ WKH ZD\

+RZ GR ZH IXQG RXU SURGXFW GHYHORSPHQW VHH JDSV LQ WKH PDUNHW URXWHYV
PDUNHW G\QDPLFV I1LQG DQG FROODERUDWH ZLWK SDUWQHDVPJHR IRRPVIRPHBIOV DQ
DGRSWHUV WR VFDOLQJ DFURVV RXU PDUNHW

6RQDUGLP KDV KHOSHG RUJDQLVDWLRQV LPSURYH WKHLU SHUVRQQHO WUDLQLQJ
VLPXODWLRQ WR GHWHUPLQHI IWKWLFRVAMRGRVWUDWLRQ WR H[HFXWH D MXUYH\ SOD
FRQWURO VKILBQVHQVRUV DQG QDYLJDWLRQ DQG XVH VRQDU VXUYH\ VLPXODWLRQ
VWUDWHJILHYV EHIRUH GHSOR\PHQW

2XU ODWHVW SURGXFW 0$3 LV DQ DXWRPDWHG YHVVHO UXQOIZQM HHAXUDWREWDRU X\
VXUYH\ SODQQLRUVLWERQ RSHUDWLRQV W FDOFXODWHY WKH RSWLPDO YHVVHO ZD
VXFFHVVLYH UXQOLQHV WRJHWKHU ZLWKRXW KROHVY DQG FRPSOHWH D VXUYH\ LQ Wt

%LRJUDSK\
YJUDQFLV )ODQQHU\

JUDQFLV )ODQOHW\VLUHFWRBRXQEFRHBLRQDUGLP +H KDV D %DFKHORU RI (OHFWURQLF (

DQG D 5SHVHDUFK ODVWHUV LQ 3$XWRPDWLQJ WKH )RUPDO 9HULILRDR?PLRQ RI 6HF
WKH 8QLYHUVLW\ RI /LPHULFN +H KDV RYHU \HDUV VRIWZDUH 5 ' FRPPHUFLDOL
PXOWLQDWLRQDOV UHVHDUFK RUXBQLVDWLRQV DQG VWDUW

BUHYLRXV WR 6RQDU6LP KH ZzDV D '"HYHORSPHQW 3URJUDPPHU DW WKHLERLYHUVLW\
WKH ORELOH ODULQH 5RERWLFV 5HVHDUFK &HQWUH 0055& ZLWK FRUH QHVHDUFK L(
JURP KH ZDV HPSOR\HG E\ ,QWHO LQ FU\SWRJUDSKLF ILUPZDUH 5HVHDUFK 'H




$EVWUDFW
JURP 5HVHDUFK WR 5HYHQHXBX]]JOH RI WKH ODUNHW

7KH SUHVHQWDWLRQ ZLOO GHVFULEH VRPH RI WKH HVVHQWL DO RRDUYH B QB VWRQ IV >
D EXVLQHVV XVLQJ WHFKQRORJ\ DQG SHRSOH IURP WKH UHVHDUFK EDVH 5HVHD
XQGHUVWDQGLQJ D PDUNHW DQG WKHUH V QR WH[W ERRN

%LRJIJUDSK\

'DYLG /DQHGLQEXUJK &HQWUH IRU 5RERWLFV 2FHDQ 6\UWWMHPRWWBRUDWRU\
8QLYHUVI8W\

'DYLG /DQN 3URIHVVRU DQG )RXQGLQJ 'LUHFWRU LQ WKH (GLQEX

5RERWLFV D .. 0 MRLQW YHQWXUBIWEMWRKH G tEBXBWK 8QLYHUVLW

WUDLQLQJ LQQRYDWLRQ UHDG\ KHK'VRX)@RRG DQG OHG 6HH%\WH

/WG ,QF WR DPPBOWMWRQ 8.86 FRPSDQ\ LQ GHIHQFH DQG RIIVKRUH

ZLQQLQJ WKH 3UD[LV 8QLFR %XVLQHVV ,PSDFW $FKLHYHG $ZDUG

'LJLWDO 7HFKQRORJ\ $ZDUG IRU ,QWHUQDWLRQDDQ*URZRKH W H[LW

VKDUHKROGHUV EHQHILWHG 3UHYLRXVODWW fHW BWTHDOQL B K\HVBH-PH/U L R

/IDERUDWRU\ ZLWK DQ LQWHUQDWLRQDO UHSXWDWLRQ LQ PDULQH L

FLWHG SXEOLFDWLRQV ZLWK LQWHUQDWLRQDO IXQGQQJ IURP WK

+H KDV EHHQ D YLVLWLQJ )HOORZ DW WKH :RRGV +ROH 2FHDQRJUD

6FLHQWLILF $GYLVRU WR WKH 1$72 8QGHUVHD 5HVHDUFK &HQWUH

KH OHG GHYHORSPHQW Rl WKH 8.1V QDWLRQDO URERWLFV LQQRYRWHRQ VWUD!

0 RI 8. *RYW VSHQG WR GDWH DQG zZDV D 'LUHFWRU Rl HX5RERWLFV DLVEO

+RULJRQ SRERWLPWSXBWHFSDUWQHUVKLS :H ZDV DSSRLQWHG &RPPDQGHU RI WKH
(PSLUH IRU VHUYLFHV WR (QJLQHHUL®QV LE82WKHDU +RRRNQV OLVW

$EVWUDFW
%OX(\H 5SRERWEBPRYLGLQJ XQGHUZDWHU DGYHQWXUHV IRU HYHU\RQH

%OX(\H 5RERWLFV $6 LV DQ RIIVSULQJ IURP WKH 1718 $026 FHQWUH 7KH FRPSDQ\ Z
DQG KDYH WRGD\ DSSUR[ HLJKW HQJLOQMFHUMID®G7TEBHVOLNR HUWVGHUZDWHU YHKLFOHV
XQGHUZDWHU HQYLURQPHQW DYDIODIHONLWQDWKHEQR@DSWLQJ XQGHUZDWHU WHF
LOQGXVWULDO DSSOLFDWLRQV LV WKH FHQWUDO FRQFHSW RI WKH FRPSDQ\

,Q WKH DLU 8%$9V RU GURQHV KDYH BMFRPHH REWRDLQBDHERDKXVH WKH\ DUH HFRQRTF
DFFHVVLEOH DQG WKH\ QR ORQJHU UHTXLUH H[SHUWV IRU VXFFHVVIXO RSHUDWLR
ORZHUHG WKH XVHU HQWU\ SRLQW %OX(\H 5RERWLFV LV FRQYLQFHGHAHZRWHQ VHH D \
YHKOHYVY 'HYHORSLQJ XQGHUZDWHU YHKLFOHV VXLWDEOH IRU WKH FRQVXPHU PDU
SUREOHPV EXW YHKLFOH WHFKQRORJ\ LV RQO\ D SDUW RI WKH FKDOOHRUH WR RSH
WKH JHQHUDO SXEOLF 7R VXFFHHG ZH EHOILSNULWEHHXFHUQY KRMHVHQW XQGHUZL
XQFRPSOLFDWHG DV SRVVLEOH DQG LW VKRXOG EH FRPSDWLEOH ZLWKRRBGHUQ GLJ
I[IULHQGYVY RQ VRFLDO PHGLD

%OX(\H 5RERWLFV KDYH GHYHORSHG WZR JHQHUDWLRQV RI SURQR WRPISW WHRQFFF X P X
FRQFHUQLQJ YHKLFOH GHVLJQ RSHUDWLRQ PRGHV DQG H[SHULHQFHV RIWRXU WDUJH
DIWHU WKH VWDUW XS %OX(\H 5RERWLFV HQFRXQWHUV D VWURQJ SXOO IURP WKF
EXVLQHVV LGHD VKRZV D ODURM V8 RW N@WUMNO WKH 7THFKQRORJ\ 7UDQVIHU 21ILFH 772
ORFDO LQYHVWRUV LQ 7URQGKHLP VXSSRUWHG WKH FRPSDQ\ 7KH FRQ®MFWLRQ WR
KDYH DVVLVWHG WKH FRPSDQ\ KD QG O LQSVWH FIHDIOHQE B JY QCND@RMIGGHIIEIEBOH QW V

EHWZHHQ %OX(\H 5RERWLFV DQG 1718 IRU DFFHVV WR JURXSV RI H[SHUMWMV DQG LQIl
LPSRUWDQW WR WDNH DQG KROG D SRVLWLRQ ERWK IRU RXU IXWXUH FXVWRPHUV E

%LRJUDSK\
ODUWLQ /XGYLINM®H 5SRERWLFV $6 DQG 1718 1RUZD\

BURIHVVRUWLQ /XGY LREWRLQHG 06F GHJUHH LQ ODULQH 7THFKQRORJ\
1718 DQG 3K' GHJUHH DW 1718 LQ +LV UHVHDUFK IRFXV LV D
XQGHUZDWHU URERWLFVY FDPHUDV DQG DFRXVVEHRDP ZIRKQMW.QXPH QW
ZLWK 6SHUUH $6 SURYLGLQJ 529V WR WKH LQGXVWU\ LQVKRUH DQC
LQYROYHG LQ WKH ILHOG RI ,QVSHFWLRQ ODLQWHQDQFH DQG 5HSDLI
KH OHG WKH GHYHORSPHQW DQG GHOLYHU\ RI DQ ,05 WRC
FRPSHQWDWWRGXOH KDQGOLQJ VI\IVWHP IRU WKH ¢cVJnUG ILHOG IRU $;7
/IXGYLIJVHQ ZDV JXHVW LQYHVWLIJDWRU DW :RRGV +ROH 2FHDQRJUD
J)XOEULJKW VFKRODUVKLS -XQH I XGIRXIYEIQU ZBNV WKHR1718



WHFKQRORJIJRIVSLMXH\H 5RERWQFWR SURYLGLQJ XQGHUZDWHU YHKLFOHV WR D ZLGHU
DQG KH LV FXUUHQWO\ WKH &B2 RLQ¥KLYV VWOAMLIVHQ KDV KHOG WKH SRVLWLRQ RI
8QGHUZDWHU 7HFKQRORJ\ DW WKH 'HSDUWPHQW RI ODULQH 7HFKQRPRIFHG718 ,Q
$GMXQFW $VVRF 3URIHVVRU LQ ODULQH 7THFKQRORJ\ DW WKH 6YDOEDUG @QLYHUVLW!

3DUDOOHO WR KLV LQGXVWU\ DFWLYLWLHV /XGYKXBVHRQ \&BHWLFSSC DM G QLGH WZKDHN |
/DERUDWRU\/DEB5DW 1718 LQ  QLSXIQD FRPPRQ SRRO RI DGYDQFHG XQGHUZDWHU HT>
PDLQWDLQLQJ WKH LQWHUGLVFLSOLQDU\ VFLHQWLILF DSSURDFK WKH UHVHDUFK
HQJLQHHUV DQG VFLHQWLVWYDERGDAR@\KIHGH&5HG DQ HVVHQWLDO DVREWLRU PXOWL!
UHVHDUFK DW 1718 IDFLOLWDWLQJ D ODUJH ERG\ RI UHVHDUFK /XGYLJNMEQ KDV EHF
VLQFH LWV LQLWLDWLRQ

$EVWUDFW

7KH /LIKW $XWRQRPRXV 8QGHUZDWH URUKKILEFFAWH WHFKQRORJ\ WR DGGUHVV VFLHQWLI!
VRFLHWDO QHHGYV

7TKLWEHVHQWDWLRQ ZLOO IRFXV RQ WKH /$89 /LJKW $XWRQRPRXV 8QGRD@QDWHU 9HKL
SRUWDEOH XQGHUZDWHU YHKLFOH VSHFLDOO\ GHVLJQHG WR EH D KLRKOONRRISHUDWLF
RFHDQRJUDSKLF K\GURJUDSKLF VHFXWLS/S\O IDADAW LRQNSHFWHRUHVHQWDWLRQ DGG
PRWLYDWLRQ ZKLFK OHG WR WKH GHYHORSPHQW RI D FRPPHUFLDO $89 SURGXFW
WHFKQRORJLFDO VROXWLRQ WKDW ZLOO IDFLOLWDWH DFFHVV DQG WSHHNGARUH SURT
RI DXWRROKRY VI\VWHPV DV HIILFLHQW WRROV WR DQVZHU FXUUHQW VFLHQWLILF DQG V

%LRJUDSK\
/XLV ODGXUH2ZRHDDQG6FDQODULOH 6\VWHPYV 7HFK@RWRIXJIDO

/XLV ODGXUHNMUBRQH RI WKH IRGPOEHIDIBDWY RI 2FHO@QBEDPH 6\VWHPVY 7HFKQRORJ\ /GD
D 3BRUWXJXHVH FRPSDQ\ GHYRWHG WR WKH GHYHORSPHQW PDQXIDFWXUHQJ DQG FRI
RQHPDQ SRUWDEOH $XWRQRPRXV 8QGHUZDWHU 9HKLFOHV $89V

/IXtV UHFHLYHG KLV GLSORPDIGRBUMKHLQHFWULFDO DQG &RPSXWHU (QJLQHHULQJ GF
(QJLQHHULQJ )DFXOW\ Rl WKH 3RUWR 8QLYHUVLW\ 3RUWXJDO ,Q RW UFIRFFDSCD H W H G
DQG &RPSXWHU (QJLQHHULQJ ZKHUH KH GHYHORSHG KLV WKRAVLMBR@XOFRXSOHF Q
XQGHUZDWHU YHKLFOHV )URP WR KH ZDV SDUW RI WKH 8QGHUZDWHU 6\\
/IDERUDWRU\ UHVHDUFK JURXS RI WKH 3RUWR 8QLYHUVLW\ ZKHUH KH GHYHORSHG 72
GHSOR\PHQW DQG HYDOXDWLRQ R IVXIBG VXDWHIRVY HKLFOH

$EVWUDFW
,48%$ SRERWLFVY IURP ODE WR PDUNHW

,48%$ 5RERWLFV LV D VWDUW XS FRPSDQ\ RI WKH 8QLYHUVLW\ RI *LURQD WKDW

WHFKQRORJLHY 5HFHQWO\ FUHDWHG LW LV WKH UHVXOW RI WKHHHWRI® XOWERW R | W K
WKH FRPPHUFLDO ZRUOG :H ZLOO JLYH D JHQHUDO LGHD RI WKH H[SHWHQFH RI VH
UHVHDUFKHU SRLQW RI YLHZ FRQVLGHULQJ JHQHUDO ,35 LVVXHV DQG WLPH PDQDJH

%LRJUDSK\
BHUH 5LGORLYHUVLW)\ RI *I6BRQOQ

3HUH 5LGDHRFHLYHG WKH 3K ' GHJUHH LQ FRPSXWHU HQJLQHHULQJ L
8QLYHUVLW\ RI *LURQD 6SDLQ 6LQFH KH KDV SDUWLFLSDWHG L
(XURSHDQ DQG 1DWLRQDO KH LV WKH DXWKRU RI PRUH WKDQ
KH KDV GLUHFWHG 3K'V WKHVHV PRUH FXUUHQWO\ XQGHU GLU
WKHVHV +LV UHVHDUFK DFWLYLW\ IRFXVHV RQ GHVLJQLQJ DQG G|
8QGHUZDWHU 9HKLFOBIYSLRJ DQG ,QWHUYHQWLRQ +H LV WKH GLUF
&RPSXWHU 9LVLRQ DQG 5RERWLFV 5HVHDUFK ,QVWLWXWH 9,&252%
8QGHUZDWHU 5RERWLFV 5HVHDUFK &HQWHU &,56 DQG DQ $VVRFLD!
'"HSDUWPHQW RI &RPSXWHU (QJLQHHULQ\ RIl WKHRDPLYU 5LGDR LV V

FKDLU Rl WKH ,)$& V 7THFKQLFDO &RPPLWWHH RQ ODULQH 6\VWHPV

$EVWUDFW
K\ DQG KRZ EHFRPLQJ D UHVHDUFKHU DQG HQWUHSUHQHXU™

7KH OHFWXUHU KDV EHHQ ZRUNLQJ ZLWK D IRRWKROG ERWK LQ WKHKLYGKYWUVYH QG D
FDUHHU ([SHULHQFH DQG UHIOHFWLRQV IURP D UHVHDUFKHU HQWUHE&EBHQHXU DC



VKDUHG 7KH OHFWXUH FRYHUV LPSRUWDQW VWHSY DQG VXFFHVV IDF@WRVVLRQ FRPP!
WHUPV RI WHFKQRORJ\ GPHOYUHNOHRAS PH)@GW DOHYV RUJDQL]DWLRQ GHYHORSPHQW DQG ILC
IURP WKH HVWDEOLVKPHQW DQG GHYHORBPHERWP RD QUKIH I0MIBLYFHLR\EHUQHWLFV $6 IR
LQ DQG DFTXLUHG E\ "19 */ LQ (FRWRQH $6 IRXQGHG L@XQGHW®GQEHOXPH $6 |
ZLOO EH VKDUHG )LQDOO\ ZH ZLOO VKRZ KRZ LQQRYDWLRQ KDV EHHIQ1IVWaJ XFWXUHG
&HQWUH IRU $XWRQRPRXV 0DULQH 2SHUDWLRQV DQG 6\VWHPV 1718 $026

%LRJUDSK\
$VIHLU - 6jUHQWRIUUZHILDQ 8QLYHUVLW) RI 6FLHQFH DO/ 78 FIKRQURZDR J\

BURIHV¥WRIHLU - 6jUHREMW@®LQHG 06F GHJUHH LQ ODULQH 7HFKQR
DQG 3K' GHJUHH LQ (QJLQHHULQJ &\ EHUQHWLFV LQ ERWK
6iUHQVHQ ZDV HPSOR\HG DWQWHXKH SHULRG RI
6iUHQVHQ ZDV HPSOR\HG LQ WKH $%% *URXS DV UHVHDUFK VFLF
PDQDJHU DQG %XVLQHVV $UHD ODULQH DQG 7XUERFKDUJLQJ 7HF
,Q '"HFHPEHU 6i{UHQVHQ DQG SDUWQHUV IRXQGHG WKH FRF
&\EHUQHWLEXHWBH KH ZDV DFWLQJ DV 3UHVLGHQW DQG &KLHI ([HF
&(2 XQWLO -XQH 6{UHQVHQRXQY @HW RIFRKH 1RI8 VSLQ
FRPSDQLHV (FRWRQH $6 DQG (HOXPH $6 6LQFH 6{UHQVHQ K
SRVLWLRQ RI 3URIHVVRU RI ODULQH &R'Q\SD R @ FSNQWH R M OIDW LK
7HFKQRORJ\ 1718 +H LV FXUUHQWO\ DFWLQJ DV WKH 'LUHFWRL
$XWRQRPRXV ODULQH 2SHUDWLRQV DQG 6\WWHPV DW WKH 1RUZF
6FLHQFH DQG 7THFKQRORJ\ 1718 $026

$EVWUDFW
7LWDQURE G SULQWHG 7LW DQURWPYOMBFSKIMDWLRQ LQ WKH 529 VHFWRU

7LWDQ5RE LVRDI VSR® $&60 DQ 529 VHUYLFH FRPSDQ\ WKDW KDV EHHQ DEOH WR ILQ¢
PDUNHW WKDQNV WRKRRZWYDNQWRE LQ D GDLO\ EDVLV VHUYLFLQJ ZRUN IRU PDQ\ C
DSSOLFDWLRQV ¥WEOH2,OGXFLHQWLILF OLVVLRQV $UFKDHRORJ\ S5HVFXH HWF 7KL
WRJIJHWKHU ZLWK WKH 8QLYHUVLW\ RI 9LJR DQ 5 ' SDUWQHU IRU PDQ\ QRZUV WKHUH
KRZ RI $&60 ZLWK WKH GHVLJQ DQG 5 ' PDQDJHPHQW HDGDW L OLK\H IF R FRSIDIDK HL\8 ¥ H O O L
WKLV \HDU D QHZ SDLU RI PDQLSYV EHLQJ WKH QH[W VWHSV WR ILQG LRONHVWPHQW
QHHGHG VSHHG

%LRJUDSK\
'DUtR 6RVD &DEUHUD

'DUtR 6RVD &DEREWDLQHG KLV OHFKDQLFDO (QJLQHHU 'LB\WRR D /DR BDDRHD 8 GLHY HWIQ
&DQDULD ZLWK DQ (UDVPXV JUDQW DW WKH ,QVWLWXWH )UDQoDLV GH OpFDQL"
GRFWRUDWH LQ ,&7V IRFXVLQJ RQ WKH ELRPHGLFDO ILHORX®E CDVWRHEGDBKY BR' F
DIWHU DQ LOQWMURKKLSQLYHUVLW\ RI 7H[DV +HDOWK 6FLHQFH &HQWHU DW +RX)
FRXUVHG D ODQDJHPHQW RI 7HFKQRORJ\ ODVWHU DW WKH 8QLYHUVLW\ RI 7

+H KDV ZRUNHG LQ WKH ,QVWLWXWH IRU $VWURSK\VLFV Rl WKH &B@LWIH\L S®& QI D P
LQ WKH GHVLJQ RI GLIHUHQW DVWURQRPLFDO LQVWUXPHQWDWLRQ IRQDWKHV7& WKH
DQG IRU WKH (XURSHDQ ([WUHPH /DUJH 7D IBWWRSB DQG LQWHJUDWLRQ RI WKH DV
LQVWUXPHQWY LQFOXGHBMNFKD\WURQILFY DQG 2SWRPHFKDQLFV /DWHU KH ZRUNHG DW
3O0DWIRUP RI WKH &DQDU\ ,VODQGV DQG KLV ZRUN IRFXVHG RQ 529 V $89 V DQG *C
PDLQWHQDQFH HQJLQHHU WRJHWKHU ZLWK GXWLHV UHODWH Q@ M\RK R/ H BHYWIRUPQG |
WKDW ZLOO EH WKH FHQWUDO IDFLOLW\ RI WKH LQIUDVWUXFWXUH VSHi EVDRXJHWE QW O\
LQ 529 VHUYLFHV DQG YHVVHO PDQDJHPHQW DV EXVLQHVV GHYHORSHU IRU WKH 8%
$W WKH VDPH WLPH RRKEBMNGFRVKH FRPSDQ\ 6 XEVHD OHFKDWURQLFV WR GHYHORS PL
ZLWK HPSKDVLV LQ URERWLF

+H KDV EHHQ D MXGJH VQQF$B& DQG KH SDUWLFLSDWHG LQ WKH HX5DWKORQ )3

UHYLHZHU IRU WKH 60( RULHQWHG (85267$56DQX® RYHDIQUS PRFKDPQYROYHG LQ SURP]
WHFKQRORJLKB® VRVDIUWI| WKH PHDQV EHLQJ WKH P DARUNH. @ $ WSIDIFGIL PHO® IFGRH 3DUN  +|
LV DOVR LQYROYHG LQ WHFKQRORJ\ RXWUHDFK WKURXJK WKH DVVRFLDWLRQ /SD )DE




$EVWUDFW
&RPPHQWY RQ WKHHDH®W RI 7THFKQRORJ\ 6WDUWXS &RPSDQLHV

0ODQDJLQJ D WHFKQRORJ\ VWDUWXS FRPSDQ\ LV DNLQ WR ZDONLQJ LQWR D JDPEOLQ
2QH FDQ UHGXFH WKH DVVRFLDWHG ULVNV E\ GRLQJ WKH KRPHZRUN EHIRUHKDQG

FDWDVWURBXULIEVHXY 7KLV WDON ZLOO RXWOLQH WKH YDULRXV WRSLFV ZLWK ZKLFK W
EHFRPH IDPLOLDU 7\SLFDOO\ WKLV SHUVRQ LV YHU\ ZHOO TXDOLILHGDWHFKQLFDC
H[SHULHQFH RU NQRZOHGJH 7KLV SHUVRROMKWRKDW RWKKWHOMDDAHUPRWLYDWHG WR IR
HOQOWUHSUHQHXU GRHV QRW IHHO WKH\ FDQ DVVXPH WKH OHDGHUVKLSMRROH WKH\ .
ZKR FDQ ILOO WKDW UROH ,Q IDFW VWDIILQJ LQ JHQHUDO LV H[WURMPHRZ\LORSRUWDQ
EH \RXU VWDII 6HOHFW WHFKQLFDO VWDII WKDW DUH EULJKW NQRZOHWKHPEOH DQ
OLNH DGXOWYV :KHQ \RX FDQ DIIRUG LW \RX ZLOO QHHG WR KLUH DQRBPLQLVWUI
VKRXOG EH EURDG VLQFH WEKHDQ ZQAW RQHHGDWRLDOV EXVLQHVYVY ODZ FRQWUDFWV KX
JHQHUDO DGPLQLVWUDWLRQ <RX ZLOO QHHG WR VHFXUH IXQGLQJ WR BNW \RXU SU
FDQ LQFOXGH YHQWXUH FDSLWDOLVWY SHUVRQDO VRXUWPBHMW HQIXD FRODLEFB AW X Z1KLY
OLNHO\ OHDG DQG D EXVLQHVY SODQ <RX ZLOO QHHG WR PDQDJH \RXUZLQEBQFLDOV
WKLV EXW \RX ZLOO XOWLPDWHO\ EH UHVSRQVLEOH <RX ZLOO QHHGWIRRRXVY RQ W
\RXU LOWHO®OOHEURSHUW\ 7KHUH KDV WR EH D VHQVH RI XUJHQF\ KHUH VLQFH WLPH
PDVWHU WKH WRSLFV PHQWLRQHG \RX ZRQfW HOLPLQDWH ULVNV DVVRFLDWHG ZL
VWDUWXS EXW \RX FDQ DW OHDVW PLQLPL]H WKHP

%LRJUDSK\
&OD\WRQ 6WHZDUW 8QLYHUVLW\ &ROOHJH /RQGRQ 8.

&OD\WRQ 6WHXYDWXUUHQWO\ 9LVLWLQJ 3URIHVVRU (OHFWURQLF
(QJLQHHULQJ 'HSDUWPHQWRBQHYHURDRWRQ FRQVXOWDQW '$53% 16)
$3/ 3, RQ (8 +RUL]RQ 6SHHFK;5D\V ELRPHW3IJLENWKURNHFW &R
*ULIILWKV RQ 5DGDU 9HFWRUV :RUNVKRS DW 8&/ PHPEHU 1$72 3DVV
DQG &RJQLWLYH 5DGDU SDQHOV /HFWXUHUHRUDQILHOG 'HIHQFH $
7HFKQLFDO 'LUHFWRU 86 2IILFH RI 1DYDO 5HVHDUFK *OREDO
HQJLQHHUV VFLHQWLVWYV DURXQG ZRUOG $GPLQLVWHUHG 0 LQW
&RUSRUDWH 93 *HQHUDO ODQDJHU 5HFRQQDLVVDQFH DQG
2SHUDWLRQ 6WMNH@RLWK '$53$% 215 $)5/ 1*$ 152 )%, RQ 5DGDU 88$!
,QIRUPDWLRQ ([SORLWDWLRQ HWF VXSHUYLVHG VWDII RI WHF
0 DQQXDO UHYHQXHV $VVRFLDWH 3URIHVVRU RI (&( DQG $VVR

'LUHFWRU Rl &HQWHU RI ([FHOIGWQRHODYR& ,8QLYHUVLW\
3URJUDP O0DQDJHU $UWLILFLDO ,RQRVSKHULF OLUURU 27+ UDGDU
VSRQVRUVKLS 3, 6LJQDO 3URFHVVLQJ 6SHUU\ &RUSRUDWH 7HFKQRORJ\ &HQWHU
PXOWHQVRU IXVLRQ (: VLJQDO SURFHVWS®W\ 'LUHFWRU 7DFWLFDO 6\WWHPV 'LYLV
YRUFH 6WXGLHV $QDO\VHV 3HQWDJRQ VXSHUYLVHG VWDII GRLQJ DQDO\VHV RI & ,¢
-7,'6 +$50 +DYH 4XLFN 6HHN 7DONSVVRFLDWH 3URIHVVRU (( 86 $LU )RURH $FDGHP\
UDGDU FRPSXWHU DUFKLWHFWXUH FRPPXQLFDWLRQV V\VWHPV (: VLJRKWO SURFHV\
*UDGXDWH VWXGHQW 06(( DQG 3K'(( $LU )RUFH ,QVWLWXWS86R)I 7HFKQROR
RIILFHU 1DYLJDWRU (: 211(%HU D@G 0& &7 DLUFUDIW LQFOXGLQJ FRPEDW WRXU LQ 6

(/,17 FHOO $ZDUGHG ')&




