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35(067(0 KDV UHFHLYHG IXQGLQJ IURP WKH (XURSHDQ 8QLRQ V +RUL]RQ UHVHDUFK I
SURJUDPPH XQGHU JUDQW DJUHHPHQW 1R 5HVXOWYV UHIOHFW WKH DXWKRU V YLH
&RPPLVVLRQ LV QRW UHVSRQVLEOH IRU DQ\ XVH WKDW PD\ EH PDGH RI WKH LQIRUPDWL
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. HERPHIWRP 3IHUH* UAXHY/
35(0 670 SRRBDRU

$V WKH FRRUGLQDWRU RI WKH 35(067(0 FRQVF
WR ZHOFRPH \RX WR %DUFHORQD IRU WKH PD]I
SURMHFW 35(067(0 VWDUWHG LQ DQG
RI RXU UHVHDUFK ZH DUH ORRNLQJ IRUZDUG
GD\V GLVFXVVLQJ DQG VKDULQJ UHVHDUFK LQ
DGGUHVVLQJ WKURXJK RXU GLITHUHQW ZRUN

$V \RX 00 VHH WKH SURJUDPPH DGGUHVVHV UHVHDUFK LQWR QI
DQG LW LV H[FLWLQJ WR KDYH WKH RSSRUWXQLW\ WR LQYLWH U
WKHLU ODWHVW HQGHDYRXUYV LQ WKHVH DUHDV

7KH DJHQGD IRU WKH FRPLQJ GD\V LQFOXGHYVY D VHVVLRQ RQ WK
RU PRUH PHPEHUV RI WKH 35(067(0 FRQVRUWLXP

e 1RYHO DQG LQQRYDWLYH DSSURDFKHVY WR VFUHHQLQJ

e 8VLQJ ODUJH DQLPDO WUDQVODWLRQDO PRGHOV DQG KRZ WR
e Q YLWUR VWXGLHV RI VWHP FHOO DFWLYLWLHYV

e 8HOO EDVHG WKHUDSLHYVY LQ DQLPDO VWXGLHYV

e PDJLQJ PRGDOLWLHYV

e SOWHUQDWLYHY DQG DGMXQFWV WR VWHP FHOOV H[WUDFHOC
e JURP SUH FOLQLFDO ZRUN WR DQ DSSURYHG WKHUDS\

e /HDUQLQJV IURP FR FUHDWLRQ LQYROYLQJ HIWHUQDO VWDNH

‘H DUH YHU\ SOHDVHG WR ZHOFRPH PHPEHUV IURP DFURVV WKH
LQFOXGLQJ FOLQLFLDQV VFLHQWLVWY SDWLHQW DGYLVRUV DQ
ZRUNLQJ WR LPSURYH WKH OLYHV RI WKH PRVW YXOQHUDEOH ST
WKHLU IDPLOLHV 7KLV LV LQGHHG YHU\ PXFK LQ WKH VSLULW R

2XU NH\QRWH VSHDNHU $WXO ODOKRWUD KDV IORZQ IURP $XVW
DQRG LQVLIJKWV RI EULQJLQJ D VWHP FHOO EDVHG WKHUDS\ WR W
DQG WKH VXFFHVVHV ‘H FDQQRW ZDLW WR KHDU IURP $WXO DQC

2Q EHKDOI RI WKH 35(067(0 &RQIHUHQFH RUJDQLVLQJ FRPPLWWH
I[UXLWIXO GLVFEFXVVLRQV DQG NQRZOHGJH VKDULQJ

35(067(0 KDV UHFHLYHG IXQGLQJ IURP WKH (XURSHDQ 8QLRQ V +RUL]RQ UHVHDUFK I
SURJUDPPH XQGHU JUDQW DJUHHPHQW 1R 5HVXOWYV UHIOHFW WKH DXWKRU V YLH
&RPPLVVLRQ LV QRW UHVSRQVLEOH IRU DQ\ XVH WKDW PD\ EH PDGH RI WKH LQIRUPDWL
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| ROOXRIVEGEP DORJOQVAY

(VWHOOH '"UREDF ,QVHUP )UDQFH

%REEL )OHLVV 50,7 8QLYHUVLW\ $XVWUDOLD
SLHUUH *UHVVHQV ,QVHUP )UDQFH

1LFROD 3HOL]]L &KLHVL )DUPDFHXWLFL ,WDO\
'"HOSKLQH 6PDJJKH,QVHUP 7UDQVIHUW )UDQFH

+DQQDK 7ULEH 50,7 (XURSH 6SDLQ
EHEQIUERRP P WRHOUGEAWRBMEZ HY
YR %HQGL] 8QLYHUVLW\ +RVSLWDO (VVHQ *HUPDOQ\

5HP\ %ODWFK :LOORBEBWEUDO 3DOV\ $OOLDQFH $XVWUDOLD
&DUROLQH GH 7KHIBME S8WUHFKW 7KH 1HWKHUODQGV

8UVXOD )HOGHUKRBQIL}WHWHWWYLW\ +RVSLWDO (VVHQ *HUPDQ\
OHJDQ )LOQFK (GPR@GWURHEUDO 3DOV\ $OOLDQFH $XVWUDOLD
ODUWLQD *DEULHO@QLS5 ,QVWLWXWH RI 1IHXURVFLHQFH ,WDO\ 1F
+HQULN +DJEHUJ 8QLYHUVLW\ RI *RWKHQEXUJ 6ZHGHQ
+HOPXW +XPPOHU *OREDO )RXQGDWLRQ IRU WKH &DUH RI 1HZER
&RUD 1LMERHU 80& SWUHFKW 7KH 1HWKHUODQGYV

'DDQ 2SKHOGHUV ODDVWULFKW 8QLYHUVLW\ 7KH 1HWKHUODQG
7THUHVD 3ULPDYHVIEFGREHDIOR)RXQGDWLRQ IRU WKH &DUH RI 1HZER
JUDQFHVFD 5LFFL &KLHVL )DUPDFHXWLFL ,WDO\

OHUD\ 6HUGDU 8QLYHUVLW\ +RVSLWDO (VVHQ *HUPDQ\
OLFNDHO 7DQWHU ,FRQHXV ,QVHUP 3K\VLFV IRU OHGLFLQH 3DUL
<RKDQ YDQ GH /RRBNRLYHUVLW\ RI *HQHYD 6ZLW]JHUODQG
SHQDWH YDQ GHU GPGHERXGXPF 7KH 1HWKHUODQGYV

&ODXGLD 9HUGHUL®R15 ,QVWLWXWH RI 1ITHXURVFLHQFH ,WDO\

*DXUDY 9HUPD 8QLYHUVLW\ RI *RWKHQEXUJ 6ZHGHQ

7LP :ROI1V ODDVWULFKW 8QLYHUVLW\ 7KH 1HWKHUODQG?
35(067(0 KDV UHFHLYHG IXQGLQJ IURP WKH (XURSHDQ 8QLRQ V +RUL]RQ UHVHDUFK I
SURJUDPPH XQGHU JUDQW DJUHHPHQW 1R 5HVXOWY UHIOHFW WKH DXWKRU V YLH

&RPPLVVLRQ LV QRW UHVSRQVLEOH IRU DQ\ XVH WKDW PD\ EH PDGH RI WKH LQIRUPDWL
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TKHEDOIGMY LOWHS P DMHER QIQDANRP FHOIHOHIMROWAHDK

HERIN 35(0 670
SOOHQ VAP FHOKHIS, IR SWAMP ELRH/ERQZ NWE DO

&RRUGLQRWRWLWXW 1DWLRQDO GH OD 6DQW« HW GH OD 5HFKHU|

)XQGLQJ VFKRPH]RQ 5HVHDUFK DQG ,QQRYDWLRQ DFWLRQ
*UDQW DJUHHPHQW

9DOXH

'DWHV RI SURMBKWD U\ WR 'HFHPEHU

6FLHQWLILFRRKEHOLYHU WR WKH FOLQLF D UHJHQHUDWLYH WKHU
DQG HFRQRPLF LPSOLFDWLRQV RI QHXURGHYHORSPHQWDO LQM>
SUHPDWXULW\ (R3 EUDLQ GDPDJH DVVRFLDWHG ZLWK SUHWHL
JHVWDWHPQ@H YDOLGDWLQJ XPELOLFDO FRUG GHULYHG KXPDQ P
D SRWHQWLDO WKHUDS\ IRU (R3 WR LPSURYH WKH TXDOLW\ RI O
‘H KDYH DOVR GHYHORSHG QRYHO LPDJLQJ WRROV WR HQDEOH |
VWUDWLI\ SDWLHQWYV ZLWK (R3 DW WKH FRW VLGH

35(0 67(0 FRQRYP IMGHY

35(067(0 KDV UHFHLYHG IXQGLQJ IURP WKH (XURSHDQ 8QLRQ V +RUL]RQ UHVHDUFK I
SURJUDPPH XQGHU JUDQW DJUHHPHQW 1R 5HVXOWYV UHIOHFW WKH DXWKRU V YLH
&RPPLVVLRQ LV QRW UHVSRQVLEOH IRU DQ\ XVH WKDW PD\ EH PDGH RI WKH LQIRUPDWL
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7P H | RFDARQ $JHQGD
SP SBHVWDXUL /XQFK
SP JR\HU 5HILVWUDWLRQ GHVN RSHQ

6RXWK $PH 2SHQLQJ DGGUHVV

SP 5RRP 6SHDNHUV 3LHUUH *UHVVHQV DQ
1RYHO DQG LQQRYDWLYH DSSURD
&KDLU %REEL )OHLVYV
6SHDNHUV $QGUEV /DNDWRV 6L
<p BRXWK $PH 6WHIDQLH 2EVW
5RRP
30HDVH QRWH WKDW WKLV WDO|
GXH WR WKH QHHG WR SURWHFW
DULVLQJ IURP WKH FXUUHQW SUR
<p LRUWK $PH

SRRP

6RXWK $PH .H\QRWH DGGUHVYV
SP 5RRP &KDLU 3LHUUH *UHVVHQV
6SHDNHU $WXO ODOKRWUD

1RUWK $PH
SP 5RRP$ IHWZRUNLQJ DQG UHIUHVKPHQWYV

35(067(0 KDV UHFHLYHG IXQGLQJ IURP WKH (XURSHDQ 8QLRQ V +RUL]RQ UHVHDUFK I
SURJUDPPH XQGHU JUDQW DJUHHPHQW 1R 5HVXOWYV UHIOHFW WKH DXWKRU V YLH
&RPPLVVLRQ LV QRW UHVSRQVLEOH IRU DQ\ XVH WKDW PD\ EH PDGH RI WKH LQIRUPDWL
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7P H | RFDARQ $JHQGD

DP JR\HU SHILVWUDWLRQ GHVN RSHQ

8VLQJ ODUJH DQLPDO WUDQVODW
KRZ WR GR LW EHWWHU
RXWK $PH
DP 6 5RR§ &KDLU 7LP :ROIV
6SHDNHUV 6X]LH OLOOHU 7DPDU
&RXUWQH\ OF'RQDOG DQG 6DQQH

1RUWK $PH
0
DP 5RRP Yo UHD N

JURP SUH FOLQLFDO ZRUN WR DQ
6RXWK $PH &KDLUV 1LFROD 3HOL]]L DQG )UD

DP SP
5RRP 6SHDNHUV O£[LPR 9HQWR 6DUD °
%RNRE]D DQG O0DQRQ %HQGHUV
Sp 5HVWDXUL /XQFKEXIIHW VHUYHG sp
&HOO EDVHG WKHUDSLHV LQ DQLF
<p 6RXWK $PH &KDLUV —-YR %HQGL[ DQG 8UVXOL
5RRP 6SHDNHUV %HUQDUG 7K«EDXG 0
IDEXVHN DQG 0G 0XQQDI +RVVHOQ
1IRUWK $PH
p % UHDN
S 5RRP U
$SOWHUQDWLYHY DQG DGMXQFWYV
<p 6RXWK $PH &KDLUV &ODXGLD 9HUGHULR DQG
5RRP 6SHDNHUV $QWHQLR 6DOJDGR 5F
9DQGHQEURXFNH 6LOYLD &RFR D
35(067(0 KDV UHFHLYHG IXQGLQJ IURP WKH (XURSHDQ 8QLRQ V +RULJRQ UHVHDUEFK I
SURJUDPPH XQGHU JUDQW DJUHHPHQW 1R 5HVXOWY UHIOHFW WKH DXWKRU V YLH.

&RPPLVVLRQ LV QRW UHVSRQVLEOH IRU DQ\ XVH WKDW PD\ EH PDGH RI WKH LQIRUPDWL



7P H | RFDMIRQ $IHQGD
/HDUQLQJV IURP FR FUHDWLRQ L
VWDNHKROGHUV LQ UHVHDUFK
&KDLUV +DQQDK 7ULEH DQG 7HUH
0
SRXWK spH OSHDNHUV SOLVKLD %DOLQWLQH
DP ERR P +DQQDK 7ULEH 7HUHVD 3ULPDYH
:LOOLDP 'DZHV
3DQHO PHPEHUV O0DQRQ %HQGHU
&DUUHUD 'DDQ 2SKHOGHUV 1LFR
YDQ 6WHHQEUXJJH
DP )R\HU %UHDN
~-Q YLWUR VWXGLHV RI VWHP FHO
op gp BRXWK $PH &KDLU &RUD ILMERHU
5RRP 6SHDNHUV 5LFKDUG 6FK!IHU 6DC
*DXUDY 9HUPD DQG ODUWLQD *DE
SP )R\HU %UHDN
~PDJLQJ PRGDOLWLHV
<p 6RXWK $PH &KDLUV OLFNDHO 7DQWHU DQG <
5RRP 6SHDNHUV -DPHV %RDUGPDQ -H\
YDQ %UXJJHQ DQG 1LFRODV =XFN
<p 6RXWK $PH &ORVLQJ UHPDUNV

S5RRP

6SHDNHU %REEL )OHLVV

35(067(0 KDV UHFHLYHG IXQGLQJ IURP WKH (XURSHDQ 8QLRQ V +RUL]RQ UHVHDUFK I
SURJUDPPH XQGHU JUDQW DJUHHPHQW 1R 5HVXOWYV UHIOHFW WKH DXWKRU V YLH
&RPPLVVLRQ LV QRW UHVSRQVLEOH IRU DQ\ XVH WKDW PD\ EH PDGH RI WKH LQIRUPDWL
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7XHVGD\ 0 D\ 1 RYHODQG LOQRYDVIYH DSSLRDFKHV VR VELHHQLQJ
SP &KDIU %REEL) GIW 50 7 8 QLYHUAW $XVIADID

&RPSDULQJ 1IHXURSURWHFWLRQ E\ Q126 LQKLELWRUV RQ 1H?>
5DEELW ORGHO RI &HUHEUDO 3DOV\

6LGKDUWKDHEDQJWPHQW RI 3BHGLDWULFV :D\QH 6WDWH 8QLY

‘H FUHDWHG WKH ILUVW UDEELW PRGHO RI FHUHEUDO SDOV\
GXULQJ SUHWHUP SUHJQDQF\ 5HDFWLYH QLWURJHQ VSHFLH
UHR[\JHQDWLRQ LQMXU\ IROORZLQJ K\SR[LD LVFKHPLD +-
GHYHORSHG D SDUWLDO IXO0O +— PRGHO :H VHOHFWHG WKH
QLWULF R[LGH VIQWKDVH Q126 RYHU HQGRWKHOLDO QLWUL
DQG 7ZR Q126 LQKLELWRUV +- DQG =/ ZHUH HYDOXD
Rl Q0 DQG QO

-Q WKH SDUWLDO IXO0 +- PRGHO RI XWHULQH LVFKHPLD DW
SUHJQDQW UDEELWYV UHFHLYHG HLWKHU +- =/ RU VDOLQ
7KH GDPV WKHQ GHOLYHUHG VSRQWDQHRXVO\ DW WHUP

$ QHXUREHKDYLRUDO WHVW EDWWHU\ FRQGXFWHG RQ WKH I
=/ DW DQG PJ NJ SHUIRUPHG ZRUVH WKDQ VDOLQH [
GLITHUHQW IURP VDOLQH

=/ DW PJ NJ SHUIRUPHG VLIJQLILFDQWO\ EHWWHU ZLWK |
VHYHUH DQG GHDG FRPSDUHG WR QRUPDO PLOG
VDOLQH JURXS S JLVKHU V HIDFW WHVW ZLWK %RQIH
%RWK GRVHV RI +- DQG PJ NJ ZHUH VLJQLILFDQWO)
S UHVSHFWLYHO\ +RZHYHU WKH KLJKHU GRVH RI \
ORZHU GRVH RI PJ NJ ZLWK RXWFRPHV RI QRUPDO
FRPSDUHG WR QRUPDO PLOG VHYHUH DQG GHDG

IRZ GRVHV RI Q126 LQKLELWRUV SURYLGH VWURQJ QHXURSU
EUDG\FDUGLD DJDLQVW PRWRU GHILFLWYVY FDXVHG E\ SHULQTL
KDYLQJ D VPDOOHU LQKLELWLRQ FRQVWDQW .L D KLIKHU (
RI QHXURSURWHFWLRQ DV +-
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7XHVGD\ 0 D\ 1 RYHODQG LOQRYDVIYH DSSLRDFKHV VR VELHHQLQJ
SP &KDIU %REEL) GIW 50 7 8 QLYHUAW $XVIADID

$ QRYHO PRGHO IRU VLPXOWDQHRXV HYDOXDWLRQ RI K\SHUF
LQMXU\ LQ QHRQDWDO UDWV

6WHIDQLH 22HES™MUWPHQW RI SIDHGLDWULFV - 1HRQDWRORJ\ D
IHXURVFLHQFHVY &HQWUH IRU 7UDQVODWLRQDO 1HXUR DQG
+RVSLWDO (VVHQ 8QLYHUVLW\ 'XLVEXUJ (VVHQ (VVHQ

%DFNJURXQG 3UHWHUP LQIDQWYV VXIIHULQJ IURP EURQFKRS
ULVN IRU WKH GHYHORSPHQW RI HQFHSKDORSDWK\ RI SUHPL
QHXURGHYHORSPHQWDO RXWFRPH +RZHYHU WKH OLQN EHW
XQFOHDU 7KHUHIRUH ZH HVWDEOLVKHG D FRPELQHG PRGHC
LQMXU\ WR DVVHVV GLVWXUEHG RUJDQ GHYHORSPHQW VLPX

OHWKRG 7R HVWDEOLVK D FOLQLFDOO\ UHOHYDQW PRGHO \
RUJDQV SRVWQDWDO GD\ 3 :LVWDU UDWV ZHUH H[SRVHG
Q JURXS %UDLQ DQG OXQJ WLVVXHV ZHUH DQDO\VHG Y
LPPXQRKLVWRFKHPLVWU\ UHDO WLPH 3&5 DQG ZHVWHUQ EO
3

5HVXOWYVY 6HYHQ GD\V RI K\SHUR[LD LQGXFHG DQ LQFUHDVH
PLFURYDVFXODU GHQVLW\ DQG LQFUHDVHG PDFURSKDJH LQI
ZHUH DFFRPSDQLHG E\ GLVWXUEHG EUDLQ GHYHORSPHQW UI
DVVRFLDWHG SURWHLQV GHFUHDVHG QXPEHU RI ROLJRGHQ(
PLFURJOLDO FHOOV -QWHUHVWLQJO\ LQ FRQWUDVW WR WK
EUDLQ VKRZQ E\ D VLIJQLILFDQWO\ HQODUJHG Y:) SRVLWLYH
WKH EUDLQ FRUUHODWHY ZLWK DUUHVWHG DOYHRODUL]DWL

&RQFOXVLRQV 6HYHQ GD\V Rl K\SHUR[LD LQLWLDWHG DW 3
DQG (R3 LQ QHRQDWDO UDWV OLQNLQJ LPSDLUHG OXQJ DQG
FRUUHODWLRQV IDFLOLWDWH IRFXVHG DQDO\VHV RI PHFKDQ
RUJDQ LQMXULHV -Q DGGLWLRQ IXWXUH DQDO\VHV ZLOO IR
IXQFWLRQV LQ \RXQJ DQG DGXOW UDWYV

6LIJQLILFDQFH 7KLV QHZO\ GHYHORSHG PRGHO RSHQV RSSRI
WKH OXQJ EUDLQ D[LV )XUWKHUPRUH WKLV PRGHO FDQ EH
DSSURDFKHV WR WUHDW ERWK SUHWHUP ELUWK UHODWHG F
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8 MQJ MUWH DQIP DONDQVDMRQDCOP RGHY DQG

HGQHVGD\ 0 D\ KRZ VIR GR M\ EHWIHU
DP &KDWU 7IP : ROV 0 DDVWMFKWB QiYHUAW 7KH
1 HWHUDQGV

7KHUDSHXWLF (IILEDF\ Rl +XPDQ $PQLRWLF (SLWKHOLDO &HC
DQ 2YLQH ORGHO RI $QWHQDWDO -QIODPPDWRU\ %UDLQ —-QM

7DPDUD <DZHEFOUWPHQW RI SDHGLDWULFV ORQDVK 8QLYHUVI

%DFNJURXQG &KRULRDPQLRQLWLYV LPSDLUV EUDLQ GHYHOR
DQG LV OLQNHG WR ORQJ WHUP QHXURGHJHQHUDWLYH GLVR
YHVLFOHV (9V GHULYHG IURP KXPDQ DPQLRWLF HSLWKHOLL
DQG UHJHQHUDWLYH SURSHUWLHYV VXJJHVWLQJ WKHUDSHXW
VWXG\ DLPHG WR LQYHVWLIJDWH WKH WKHUDSHXWLF HIILFDF
RYLQH PRGHO RI DQWHQDWDO LQIODPPDWRU\ EUDLQ LQMXU\

OHWKRG )HWDO VKHHS ZHUH H[WHULRULVHG DW GD\V JHV
LPSODQWHG LQWR WKH IHPRUDO DUWHU\ IRU EORRG JDV FR(
GHOLYHU\ -QWUDXWHULQH LQIODPPDWLRQ ZDV LQGXFHG YL
QJ RQ GD\V DQG G*$ 7UHDWPHQW DQLPDOV UHFHL
PJ SHU GRVH DW DQG G*$ 'DLO\ EORRG JDVHV DQG FR
ZHUH FROOHFWHG %UDLQ KLVWRSDWKRORJ\ ZDV DVVHVVHG

5HVXOWV /36 FDXVHG PLOG K\SR[LD DQG SDUWLDO WDFK\FD
HQG RI WKH H[SHULPHQW /36 DOVR VLJQLILFDQWO\ LQFUHD)
K$(& (9V IROORZLQJ /36 VKRZHG QRUPDOLVHG KHDUW UDWH
VLIJQLILFDQWO\ UHGXFHG WKH QXPEHU RI PLFUREOHHGYV LQ .
RWKHU EUDLQ LQMXU\ LQGLFHV LV RQJRLQJ

&RQFOXVLRQV 7KH DGPLQLVWUDWLRQ RI WZR GRVHV RI P
QHXURYDVFXODU LQVWDELOLW\ DQG LPSURYHG SK\VLRORJLF

6LIJQLILFDQFH 7KHVH ILQGLQJV KLIJKOLJKW WKH SRWHQWLD
GLVHDVHVY OLQNHG WR YDVFXODU LQMXU\ DQG ZDUUDQW IXU
EUDLQ LQMXU\ WR YDOLGDWH WUHDWPHQW HIILFDF\



PUOT5T&T6

8 MQJ MUWH DQIP DONDQVDMRQDCOP RGHY DQG

HGQHVGD\ 0 D\ KRZ VIR GR M\ EHWIHU
DP &KDWU 7IP : ROV 0 DDVWMFKWB QiYHUAW 7KH
1 HWHUDQGV

SHUVLVWHQW -QIODPPDWLRQ DQG :KLWH ODWWHU 'DPDJH LQ
D 1RYHO 2YLQH ORGHO RI &4KURQLF —-QIODPPDWLRQ

&RXUWQH\ OF'RIXKHOTLWFKLH &HQWUH +XGVRQ - QVWLWXWH F
$XVWUDOLD

%DFNJURXQG 3UHWHUP EUDLQ LQMXU\ D OHDGLQJ FDXVH R
LQYROYHV SHUVLVWHQW LQIODPPDWLRQ EH\RQG WKH QHRQTL
WKHUDSHXWLF WDUJHW &XUUHQW ODUJH DQLPDO PRGHOV |
XQGHUVWDQGLQJ RI ORQJHU WHUP HIIHFWYV

OHWKRG )HWDO VKHHS ZHUH LQVWUXPHQWHG DW JHVWDWLEF
DQG GLYLGHG LQWR WZR JURXSV RQH JURXS UHFHLYHG OLS

DQG JHVWDWLRQ HTXLYDOHQW WR ZHHNV K>
FRQWURO JURXS UHFHLYHG QRUPDO VDOLQH Q %LUWK ZLC
RQ GD\ DQG HZHV DQG ODPEV ZHUH HXWKDQL]JHG ZLWKLQ

FROOHFWHG IRU HIDPLQDWLRQ RI ZKLWH PDWWHU LQMXU\ P

5HVXOWYV /36 DGPLQLVWUDWLRQ ZDV DVVRFLDWHG ZLWK DQ
REVHUYHG LQ WKH SHULYHQWULFXODU ZKLWH PDWWHU 39:0
6&:0 3 DQG FRUWLFDO ZKLWH PDWWHU &:0 3 7KI
URG PLFURJOLD LQ WKH 39:0 3 RI /36 H[SRVHG ODPEV |
20LJRGHQGURF\WH FHOO QXPEHU ZDV UHGXFHG LQ WKH 39:0
3 DQG P\HOLQDWLRQ ZDV VLJQLILFDQWO\ UHGXFHG LQ
DQG 0%3 3 DQG WKH 69= 0%3 3 LQ /36 H[SRVHG OD
GLIIHUHQFH LQ DVWURJOLRVLY RU PLFURKDHPRUUKDJHV ZD\

&RQFOXVLRQYVY ‘H KDYH GHPRQVWUDWHG LQ D ODUJH DQLPD
SUHWHUP EUDLQ LQMXU\ WKDW ORQJ WHUP SHUVLVWHQW LQ
ZKLWH PDWWHU LQMXU\ LQFOXGLQJ ORVV RI ROLIJRGHQGURI
ZKLWH PDWWHU UHJLRQV

6LJQLILFDQFH 7KLV PRGHO SDYHV WKH ZD\ WR DVVHVV WKH
LQIODPPDWLRQ DQG EHKDYLRXUDO DVVHVVPHQW LQ D ODUJ}
RI SURPLVLQJ WKHUDSHXWLFV WKDW DOLJQ ZLWK FOLQLFDO
FDQ EH GHWHFWHG ZLWK KLJK FHUWDLQW\ LQ KXPDQV
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8 MQJ MUWH DQIP DONDQVDMRQDCOP RGHY DQG

HGQHVGD\ 0 D\ KRZ VIR GR M\ EHWIHU
DP &KDWU 7IP : ROV 0 DDVWMFKWB QiYHUAW 7KH
1 HWHUDQGV

([SORULQJ WKH 7TKHUDSHXWLF 3RWHQWLDO RI 6WHP &HOOV L
-QMXU\ ITURP D VKRUW WHUP WR D ORQJ WHUP RYLQH PRGH(

6DQQH -&0 &ODBHYNVUHWPHQW RI 3HGLDWULFV ODDVWULFKW 8C
ORVD.LGV &KLOGUHQ V +RVSLWDO ODDVWULFKW 7KH 1HWKH

%DFNJURXQG -QIODPPDWRU\ QHRQDWDO EUDLQ LQMXU\ DV
LQIODPPDWLRQ UHVXOWYV LQ ORQJ WHUP QHXURORJLFDO GF
GULYHU RI QHRQDWDO EUDLQ LQMXU\ $ VIVWHPLF LQIODPPELC
QHXURLQIODPPDWLRQ DQG GLVUXSWHG QHXURQDO GHYHORSE
VKRZ JUHDW SURPLVH DV QHXURWKHUDSHXWLFV GXH WR WK
SRWHQWLDO +HUH ZH LQYHVWLJDWHG WKH QHXURORJLFDO
WKH WKHUDSHXWLF SRWHQWLDO RI 0&6 LQ DQ RYLQH PXOWL
EUDLQ LQMXU\

OHWKRGYV -QVWUXPHQWHG RYLQH IHWXVHV ZHUH VXEMHFWF
LOQOWUDXWHULQH OLSRSRO\WWDFFKDULGH /36 H[SRVXUH SUH'
$QLPDOV ZHUH HLWKHU VDFULILFHG DIWHU KRXUV RI PHFK
\HDU 1RQ YHQWLODWHG JHVWDWLRQDO DJH PDWFKHG DQLF
UHIHUHQFH JURXSV IRU VKRUW WHUP DQG ORQJ WHUP PRGH!
GHULYHG PHVHQFK\PDO VWHP FHOOV KO06&V &KLHVL )DUPDF
LOQOWUDYHQRXVO\ VKRUWO\ DIWHU ELUWK DQG RU LQWUDQDYV
EUDLQV ZHUH FROOHFWHG IRU DQDO\VHV LQFOXGLQJ KLVWEF
HITHURF\WRVLV RI LVRODWHG PLFURJOLD

5HVXOWY OHFKDQLFDO YHQWLODWLRQ LQFUHDVHG PLFURJO
GHFUHDVHG 667 LQWHUQHXURQ QXPEHUV DQG HQKDQFHG P
3UHQDWDO LQIODPPDWLRQ UHVXOWHG LQ DQ LQFUHDVHG QX
HITHURF\WRVLV FDSDFLW\ K06& WKHUDS\ OHG WR DQ LQFUH
DPRHERLG PLFURJOLD DQG FKDQJHV LQ &DOELQGLQ DQG 6¢



PUOT5T&T6

8 MQJ MUWH DQIP DONDQVDMRQDCOP RGHY DQG

HGQHVGD\ 0 D\ KRZ VIR GR M\ EHWIHU
DP &KDWU 7IP : ROV 0 DDVWMFKWB QiYHUAW 7KH
1 HWHUDQGV

&RQFOXVLRQV OXOWLSOH SHULQDWDO LQVXOWY OHG WR VX
SRSXODWLRQV ORUHRYHU PLFURJOLDO QXPEHUV LQFUHDVH
DPRHERLG PRUSKRORJ\ ZKLFK ZDV DVVRFLDWHG ZLWK IXQF)\
LQFUHDVHG PLFURJOLDO QXPEHUV UHGXFHG DPRHERLG PLF
VXESRSXODWLRQV /RQJ WHUP FRQVHTXHQFHV RI WKHVH FKI
XS DQLPDOV

6LIJQLILFDQFH 7KHVH ILQGLQJYVY GHHSHQ RXU XQGHUVWDQGL
FRQWULEXWH WR WKH GHYHORSPHQW RI SRWHQWLDO WKHUL

7KLY SURMHFW KDV UHFHLYHG IXQGLQJ IURP WKH (XURSHDQ 8QLRQ V +RUL]JRQ UH)
SURJUDPPH XQGHU JUDQW DJUHHPHQW 1R 5HVXOWYV UHIOHFW WKH DXWKRU V YL
&RPPLVVLRQ LV QRW UHVSRQVLEOH IRU DQ\ XVH WKDW PD\ EH PDGH RI WKH LQIRUPDYV



PUOT5T&T6

) LIRP SUH FQQLFDQZ RWN VR DQ DSSURYHG VIKHLDS\
&KDWWY 1 IFR® 3H{ | LDQG ) WDQAHVAD 51FAL &KIHML
) DUP DFHXWEL DO

HGQHVGD\ 0 D\
DP  SP

-QWUDQDVDOO\ DSSOLHG PHVHQFK\PDO VWHP FHOOV DUH HI
QHZERUQ QRQ KXPDQ SULPDWHYV DIWHU K\SR[LD LVFKHPLD

ebubl SDOPDHSDUWPHQW IRU '"HYHORSPHQWDO 2ULJLQV RI "L
SBWUHFKW %UDLQ &HQWHU DQG :LOKHOPLQD &KLOGUHQ V +R)\
IHWKHUODQGYV

%DFNJURXQG 1HRQDWDO K\SR[LF LVFKHPLF +- EUDLQ LQM:
QHXURORJLFDO PRUELGLW\ ZLWK OLPLWHG WUHDWPHQW RS\
06& WKHUDS\ RIIHUV SURPLVLQJ UHVXOWYV ZLWK VWXGLHV
GHPRQVWUDWLQJ VDIH DQG HIIHFWLYH 06& PLIJUDWLRQ WR V
DQDWRP\ EHWZHHQ URGHQWY DQG KXPDQV KRZHYHU KLQGHL
WR YDOLGDWH HIITHFWLYH LQWUDQDVDO 06& GHOLYHU\ LQ D
HQVXUH VXFFHVVIXO FOLQLFDO DSSOLFDWLRQ 7KH UHTXLVL
K\DOXURQLGDVH ZDV DVVHVVHG DV ZHOO

OHWKRG -Q WHUP EDERRQV +- ZDV LQGXFHG RQ SRVWQDWTI
RFFOXVLRQ DQG V\VWHPLF K\SR[LD $W K SRVW +- EDERRC
KXPDQ XPELOLFDO FRUG GHULYHG 06&V LQWUDQDVDOO\ ZLV
RI WKH QRVH 06& PLIJUDWLRQ ZDV DVVHVVHG K ODWHU E\ @

SHVXOWV 3.+ DQG +/$ * VLJQDO ZDV GHWHFWHG LQ FRUWLI
06& WUHDWHG EDERRQV LQGLFDWLQJ UDSLG DQG HIIHFWLY}
EDERRQ EUDLQ -PSRUWDQWO\ +/$ * FHOOV LQGLFDWLQJ K
WKH EUDLQ SDUHQFK\PD L H LQ WKH IRUHEUDLQ PLGEUDLC
ZLWK K\DOXURQLGDVH DV ZHOO DV LQ DQLPDOV LQ ZKLFK S
K\DOXURQLGDVH SUHWUHDWPHQW LV QRW UHTXLUHG IRU HII

&RQFOXVLRQV 7KLV VWXG\ VKRZV WKDW LQWUDQDVDOO\ DG
LQMXUHG EUDLQ UHJLRQV RI DQLPDOV FORVHO\ UHVHPEOLQ.
DJUHHPHQW ZLWK SUHYLRXV URGHQW VWXGLHV 2XU GDWD I
SUHWUHDWPHQW RI WKH QDVDO FDYLW\ SULRU WR 06&V DSS
URGHQW PRGHOV LV QRW UHTXLUHG IRU HIILFLHQW 06& GHC

6LJQLILFDQFH -QWUDQDVDO 06& WKHUDS\ LV D QRQ LQYDVL
LPSURYH QHXURGHYHORSPHQWDO RXWFRPH RI LQIDQWYV ZLW



PUOT5T&T6

) LIRP SUH FQQLFDQZ RWN VR DQ DSSURYHG VIKHLDS\
&KDWWY 1 IFR® 3H{ | LDQG ) WDQAHVAD 51FAL &KIHML
) DUP DFHXWEL DO

HGQHVGD\ 0 D\
DP  SP

7TRZzDUGV (I IHFWLYH 1HXURWKHUDSLHV IRU 3BUHWHUP %UDLQ
TUHDWPHQW 2SWLPL]DWLRQ

&LQG\ RNBRBEIDYHUVLW« 3DULV &LW« 1HXUR'LGHURW -QVHU

~QWURGXFWLRQ 3UHWHUP ELUWK GHILQHG DV GHOLYHU\ Et
PDMRU FKDOOHQJH GXH WR WKH ODFN RI HITHFWLYH WKHUD ¢
$PRQJ WKH PRUH WKDQ PLOOLRQ SUHWHUP LQIDQWY ERUQ
QHXURORJLFDO GLVRUGHUV &XUUHQW WUHDWPHQW RSWLRC
~QWHJUDWLQJ D GHWDLOHG XQGHUVWDQGLQJ Rl SDWKRSK\V
DSSURDFKHY UHSUHVHQWY D SURPLVLQJ VWUDWHJ\ IRU RSW

2EMHFWLYH DQG OHWKRGV 7KLV VWXG\ HYDOXDWHV WKH SR
DVVHVVLQJ GRVH WLPLQJ DQG URXWH RI DGPLQLVWUDWLRC(
LQMXU\ SRVWQDWDO -/ « DGPLQLVWUDWLRQ 7KH JRDO LV
UHJLPHQ IRU RXU ZHOO FKDUDFWHUL]HG FRUG GHULYHG PHV
‘H DSSOLHG D FRPELQHG FRPSXWDWLRQDO ELRORJ\ DQDO\VL
P\HOLQ SURWHLQ H[SUHVVLRQ WR TXDQWLI\ WKH WKHUDSHX

SHVXOWYV 2XU ILQGLQJY GHPRQVWUDWH WKH VXSHULRULW\
RYHU DFXWH RU VXEDFXWH LOQWHUYHQWLRQV )XUWKHUPRUF
SURYHG PRUH HIIHFWLYH WKDQ LQWUDYHQRXV GHOLYHU\ Zl1
GRVHVY 7KH RSWLPL]HG WUHDWPHQW UHJLPHQ OHG WR VLJQ
FRQQHFWLYLW\ DQG EHKDYLRUDO GHILFLWY DVVRFLDWHG Z

&RQFOXVLRQ 7KLV VWXG\ HYWDEOLVKHV D UREXVW VFRULQ.
LGHQWLILFDWLRQ RI RSWLPDO GRVH WLPLQJ DQG DGPLQLV
WUDQVODWLRQDO SRWHQWLDO RI +X06& WKHUDS\ 7KHVH IL(
GHVLJQ RI ODUJH DQLPDO VWXGLHY DQG FOLQLFDO WULDOV
WKHUDSHXWLF RXWFRPHV



PUOT5T&T6

) LIRP SUH FQQLFDQZ RWN VR DQ DSSURYHG VIKHLDS\
&KDWWY 1 IFR® 3H{ | LDQG ) WDQAHVAD 51FAL &KIHML
) DUP DFHXWEL DO

HGQHVGD\ 0 D\
DP  SP

SHULQDWDO $UWHULDO 6WURNH WUHDWHG ZLWK 6WURPDO F
\HDU VDIHW\ DQG QHXURGHYHORSPHQWDO RXWFRPH

ODQRQ %YHQGHY¥NVUWPHQW RI 1IHRQDWRORJ\ 8QLYHUVLW\ OHG
&HQWHU DQG :LOKHOPLQD &KLOGUHQ V +RVSLWDO 8WUHFKYV

%DFNJURXQG 7KH 3%$66-R1 VWXG\ GHPRQVWUDWHG WKH IHD"
GRVH DOORJHQHLF PHVHQFK\PDO VWURPDO FHOOV 06&V DC
ZLWK SHULQDWDO DUWHULDO LVFKHPLF VWURNH 3%$-6 -Q
VDIHW\ DQG QHXURGHYHORSPHQWDO RXWFRPHV DQG H[SOR
3$66-R1 FRKRUW DQG D UHJLVWU\ FRKRUW

OHWKRGRORJ\ :H HYDOXDWHG VDIHW\ RI LQWUDQDVDO ERQF
HYDOXDWLQJ EUDLQ WLVVXH ORVV RQ 05- DW WKUHH PRQWK
QHXURGHYHORSPHQWDO RXWFRPHV DW WZR \HDUV RI DJH 7
XVLQJ VHPL DXWRPDWLF VHIPHQWDWLRQ IURP QHRQDWDO D
DVVHVVHG WKH RFFXUUHQFH RI FHUHEUDO SDOV\ &3 PRWR
EHKDYLRUDO SUREOHPV ODQJXDJH GHOD\V YLVXDO ILHOG ¢
WUHDWHG FRKRUW Q IURP RXU VWURNH UHJLVWU\ ZKR Pt
ZHUH ERUQ RXWVLGH WKH VWXG\ SHULRG DQG FRPSDUHG FF
DQG WZR \HDU RXWFRPHV EHWZHHQ ERWK FRKRUWYV

SHVXOWV $W WKUHH PRQWKV WKH 7/5 ZDV s LQGLFDWLG
RQ LQLWLDO VWURNH YROXPH $W WZR \HDUV RI DJH QR UH!
WKH WHQ 3$66-R1 SDUWLFLSDQWY 7ZR FKLOGUHOQ GHYH
ODQJXDJH SUREOHPV DIIHFWHG QRQH KDG HSLOHSV\ &
3$66-R1 SDUWLFLSDQWY VLJQLILFDQWO\ OHVV RIWHQ VKRZH
LQWHUQDO FDSVXOH YV DQG FHUHEUDO SHGXQFOH
KDG VLJQLILFDQWO\ EHWWHU PRWRU SHUIRUPDQFH DW DJH )
DQG VWDUWHG ZDONLQJ VRRQHU YV PRQW

&RQFOXVLRQ 7KLV VWXG\ GHPRQVWUDWHY ORQJ WHUP VDIH
LQIDQWYV ZLWK 3%$-6 DQG VXJIJHVWV EHWWHU PRWRU RXWEFR
UDWHV LQ OLWHUDWXUH 5DQGRPL]JHG FRQWUROOHG















































































































