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$SEVWUDFW

+\SRWKHVHV DQG REMHFWLYHYV

7KH DXWKRULWDULDQ fJXUH RI WKH DUWLVW LV WKH XQGHDG RI D
DXGLHQFH DQG WKHLU FRQWULEXWLRQV ] LGHDV DFWLRQV ERGLF
RI' D FRQQHFWDEOH FRPPXQLFDWLRQ EXW MXVW DQRWKHU PDWHU
FROQWUROOHG E\ WKH DUWLVW 0\ SURMHFW DLPV WR fOO WKLV JD
LQQRYDWLYH RSWLRQV DQG LWV FRPSOH[LW\ LI LW PDNHV LWVHOI
RSHQV XS WR DFWXDO FR SURGXFWLRQ )RU VXFK DSSURDFKHV Wi
IRUPW GHPRQVWUDWHY HPSLULFDOO\ DQG DQDO\WHV WKHRUHWLF
VRFLDO DQG HSLVWHPRORJLFDO FRQVHTXHQFHY D GHFHQWUDOLYV
VXFFHHG

OHWKRGYV

JRU WKLV SXUSRVH WKH VWXG\ GHYHORSYVY DQ LQIUDVWUXFWXUH R
SDUWLFLSDQWY FDQ ,H[LEO\ XVH DQG UHVKDSH PRYH FRPELQH D
GLUHFWLYHV 7KHLU SHUIRUPDWLYH SRWHQWLDO ZLOO EH WHVWH (
LQWHUGLVFLSOLQDU\ SDUWQHUV ZKR DUH LQYLWHG WR LQWHUDFW
REVHUYDWLRQ DQG LQ GHSWK LOQWHUYLHRY BIROOSHH |RBWDRVL YWKR E
LQVWLIDWH VFEXOSWXUDO DFWV DQG VLWXDWLRQV DQG ZKLFK SDL
WKLV SURFHVV"

7KHRUHWLFDO IUDPHZRUN

7KH SURMHFW RSHUDWHYV IURP D SUD[HRORJLFDO SHUVSHFWLYH I
WKHRUHWLFDO SURSRVDOV ZKLFK GLVFXVV DHVWKHWLF PHDQLQJ |
DQG HPSKDVLVH WKH HPERGLPHQW RD W HW\WRHIWL E\Hf 8B HIS@/FVHWK |
REMHFWYVY DV VRFLDO DJHQWYV LQ DQ LQWHUGHSHQGHQW QHWZRUN
WKHRWKH LGHD RI TXDERXREBNDHEVRRMHEMH D, RUGDQFH RI WKLQJV
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JHYHO RI LQQRYDWLRQ

,Q FRPELQLQJ WKHRUHWLFDO IUDPLQJ DUWLVWLF SUDFWLFH DQG
IRXU FRPSOHPHQWDU\ JRDOV

, W SURSRVHVY DQ LQQRYDWLYH REMHFW EDVHG PHWKRGRORJ\ R
XQLTXH UHVHDUFK LQYHQWRU\ LOWR HPSLULFDO DHVWKHWLFV FH
ERWK DV FDWDO\VWYVY DQG DQDO\WLFDO LQVWUXPHQWY RI FUHDWL"

W SURYLGHV IXQGDPHQWDO LQVLIKWY LQWR WKH SURFHVV RI F

%\ SRVLQJ SURJUDPPDWLF TXHVWLRQV RQ DQ DOWHUQDWLYH Sl
HFRQRP\ RI DUW LW LQYHVWLIJDWHY WKH HPDQFLSDWLYH SRWHQW
RI DUWLVWLF SUDFWLFHVY WKDW ] GHSHQGLQJ RQ HGXFDWLRQ VRF
DXGLHQFHV ] FUHDWH QHZ RSSRUWXQLWLHYV IRU SDUWLFLSDWLRQ

$V D VXVWDLQDEOH SURMHFW LW SUHVHUYHV WKH REMHFW FRL
XVH ERWK DV DQ DQDORJXH FROOHFWLRQ DQG D GLJLWDO UHSRVL

3ULPDU\ UHVHDUFKHUV

7KH VWXG\ LV GHVLJQHG DV DQ LQGLYLGXDO UHVHDUFK LQ FROOD
PXVHRORJLFDO WHFKQLFDO DQG SV\FKRORJLFDO fHOGV RI H[SHU
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FI -XOLD 5HEHQWLVFK $HVWKHWLFV RI ,QVWDOODWLRQ $UW RULJ (uL

Rl 3BHUIRUPDQFH $ 1HZ $HVWKHWLFV RULJ *HUQRW % KPH 7KH $HVWKH
+DQV 8OULFK *XPEUHFKW 3U|VHQ] *HRUJ %HUWUDP $UW DV +XPDQ 3UDI

$OIUHG *HOO $UW DQG $JHQF\ %UXQR /IDWRXU 5HDVVHPEOLQJ WKH 6RFLDO’

7KHRU\

OLFKHO 6HUUHV 7KH 3DUDVLWH RULJ

6XVDQ /HLJK 6WDU -DPHV 5 *ULHVHPHU ,QVWLWXWLRQDO (FRORJ\ _7UDQVODWL

BURIHVVLRQDOV LQ %HUNHOH\"V OXVHXP RI 9HUWHEUDWH =RRORJ\ ] LQ 6RFL
SS A

-DPHV - *LEVRQ 7KH (FRORJLFDO $SSURDFK WR 9LVXDO 3HUFHSWLRQ 'RQDC

7KLQJV RULJ 7KH 3VA\FKRORJ\ RI (YHU\GD\ 7KLQJV






&RQWHQWYV

7TKRVH ZKR GDQFH

$VVXPSWLRQV K\SRWKHVHV REMHFWLYHV TXHVWLRQV
$XWKRULDQ DXWKRULWDULDQ DQG SROLWLFDO IRUP

&HQWUDO K\SRWKHVHYV

2EMHFWLYHYVY UHVHDUFK TXHVWLRQV DQG SURJUDPPH

6WXGLR 'HYHORSPHQW RI SHUIRUPDWLYH REMHFWV~/DE &ROODERUDWLYH ZRUI
6HQVRUV 7KHRUHWLFDO UH,HFWLRQ"3ODWIRUP (GXFDWLRQDO SURJUDPPH"$UF

., OHWKRGRORJ\

6WXGLR 3HUIRUPDWLYH 2EMHFWYV
*HVWXUHVA)RUPA&RPSOH[LW\"2EMHFW VWDWXV"*&RQWHI[W

/IDE (OLFLWDWLRQ WKURXJK @G26IRUPDWLYH 2EMHFWYV

(PSLULFDO DHVWKHWLFVA"2EMHFW EDVHG UHVHDUFKA"
/ILYLQJ ODE ([SHULPHQW REVHUYDWLRQ GHVFULSWLRQ GRFXPHQWDWLRQ LQV
5HVHDUFK KRUL]JRQV 6HQVH UH,H[LYLW\ FRQWLQJHQF\ FRPSOH[LW\"4XDOLW\ F

6HQVRUV 7KHRUHWLFDO UH,HFWLRQ
SUHVHQWDWLRQ"(FRQRP\*",QFOXVLRQ DQG H[FOXVLRQ"$HVWKHFWLF FRPSHWHQF

6WDWH RI UHVHDUFK DQG WKHRUHWLFDO FRQWHI[W
BURFHVV 'LVVROXWLRQ RI WKH ZRUN

3RVW LFRQLFV 'LVVROXWLRQ RI WKH LPDJH
SDUWLFLSDWLRQ 'LVVROXWLRQ RI WKH DUWLVW

.9 /HYHO RI LQQRYDWLRQ

SHIHUHQFHYV



7TKRVH ZKR GDQFH DUH WKRXJKW PDG E\ WKRVH ZKR KHDU QR

> @KHQ WKLV FRQFHSW WRRN VKDSH ODVW \HDU WKH WK ¢
HVSHFLDOO\ WKH FRQWURYHUVLDO 'RFXPHQWD GRPLQDWHG GLV
FXUDWRU &HFLOLD $OHPDQL SURFODLPHG WKH HQG RI D KXPDQ IR
H[KLELWLRQ WR DUWLVWV ZKR bEFXOWLYDWH D VHQVH RI NLQVKLS
FURVVLQJ bWKH ERXQGDULHV EHW ZHY @ ER\G KU X¥DIQI\G YREM HF WV ¢
FXUDWRUV RI 'REXPHQWD WULHG WR VKLIW WKH EDODQFH EHWZHt
LQGLYLGXDO DQG WKH ZKROH DQG LQYROXQWDULO\ VKRZHG KRZ ¢
FROOHFWLYH LUUHVSRQVLELOLW\ UXDQJUXSD FKRVH QRW WR LQ"
DQG LQLWLDWLYHV ZHUH LQYLWHG WKDW ZHUH EDVHG RQ D bFRPP
>h@ LQ ZKLFK UHVRXUFHV LGHDV RU NQRZOHGJH DUH VKDWHIG/ DV
FRPPRQ WR ERWK DSSURDFKHV LV WKH FRQYLFWLRQ WKDW FRQWH
D VRFLDO SROLWLFDO DQG HFRORJLFDO V\VWHP WKDW GLUHFWV
UDQJH RI DFWRUV DQG DGGUHVVHHV $UWLVWV GR QRW EHFRPH V>
7KHVH DUH FRQVLGHUDWLRQV WKDW LQWHUHVW PH YHU\ PXFK DV |
GLUHFWO\ DV DQ DUWLVW (YHQ WKRXJK , KDYH DOZD\V WULHG WR
YDULDEOH WKH TXHVWLRQ UHPDLQV ZKHWKHU LW LV QRW SRVVLE
SHUIRUPDWLYH UHVWOHVVQHVV WR WKH UHFLSLHQWY DQG WR LQY
UDWKHU DV DXWRQRPRXV FR FUHDWRUV WKDQ DV PHUH VSHFWDWF
, ZRXOG EH KDSS\ WR VHH SHRSOH GDQFH LQ P\ HIKLELWLRQV MX\
7KLV LV ZKHUH WKH LGHD Rl _SHUIRUPDWLYH REMHFWV" FRPH
LQYHVWLIJDWHY D FROODERUDWLYH IRUP Rl DUWLVWLF SUDFWLFH
UHVKDSH D JLYHQ VFXOSWXUDO LQIUDVWUXFWXUH 7KH FDOFXODW
HPDQFLSDWLRQ RI,WKH YLHZHUV ZKR PD\ HPSOR\ WKHLU LQGLYLG
H[SHULHQFH WKHPVHOYHV DV DXWKRUV Rl PHDQLQJ 3HUIRUPDWLY
EXW DUH QHYHUWKHOHVV GHFLGHGO\ VFXOSWXUDO LQ WKDW WKH\
GLPHQVLRQ RI DUW LQ FRPPXQLFDWLRQ DQG DFWLRQ 7KH\ HPSOR
VWRUH DHVWKHWLF RSHUDWLRQV DQG RSHQ WKHP XS WR GHEDWH
IRFDO SRLQWV IRU FULWLFDO LQWHUYHQWLRQV EXW UHSUHVHQWI
7KLV FRQFHSW VWDQGYV RXW IURP FRPSDUDEOH DSSURDFKHV |
DV D FRQWULEXWLRQ WR DQ IHW? SSRHV IQRWHXWEHWLEFEVDY QHXURDH

VWDWHPHQW E\ &HFLOLD $OHPDQL DFFHVVHG 0D\ ZZZ ODELHQQDOH RUJ H¢
VWDWHPHQW E\ UXDQJUXSD DFFHVVHG 0D\ ZZZ GRFXPHQWD fIWHHQ GH HQ
(XJHQ :DVVLOLZLIN\ :LQIULHG OHQQLQJKDXV :K\ DQG +RZ 6KRXOG &RJQLWLYH 6FI
7UHQGYV LQ &RJQLWLYH 6FLHQFHV -XQH YRO QR
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HIDPLQH DHVWKHWLF H[SHULHQFH DV D ELRORJLFDOO\ H[SODLQDE
EXW DV D PRGH RI SHUFHSWLRQ DORQJ VRFLDOO\ PHGLDWHG DQG
XQGHUPLQHY WKH IDOVH GLVWLQFWLRQ EHWZHHQ UHFHSWLRQ DQC
DQG DQDO\WLFDOO\ LQWHUZSHURAXQREWHRNWKWEBMEONBBOWY WR H[LVWI
VHQVH LQ WKHLWVREPYWKHWLF DFWLRQ ] DQG WKXV LQ WXUQ JHQHL
DHVWKHWLF FRPPXQLFDWLRQ

7KH VWXG\ VXJIJHVWYVY ERWK DQ DUWLVWLF DQG D WKHRUHWLFI
SUDFWLFDOO\ DSSO\ ZKDW , FDOO _SROLWLFDO IRUPV" WR GHY
WKHLU DVVHVVPHQW DQG HYDOXDWLRQ DQG WR GLVFXVV FRQF

: $VVXPSWLRQV K\SRWKHVHV REMHFWLYHV TXHVWLRQV

$XWKRULDQ DXWKRULWDULDQ DQG SROLWLFDO IRUP
> @b7KH WKLQJV , PDNH DUH YDULDEOH DV VLPSOH DV SRVVLEO}
FRPSRQHQWYV RI D VSDFH h WKH\ FDQ DOZD\V EH UHDUUDQJHG LC
SRVLWLRQV 7KXV WKH\ DOWHU WKH VSDFH , OHDYH WKLV DOWHU
DQG DQHZ SDUWLFLSDWHVKH@ \BK MW EW\WM BKDR@RWWH 3RVHQHQVNH
UH,HFWLRQV LQ WKH PDJD]LQH $UW ,QWHUQDWLRQDO LQ VKH |
D \HDU ZLWK KHLMHNDOWHRKOWH WXEHY D VHW RI VL[ VWHUHRPH
PDGH Rl WKLQ VKHHW VWHHO WKDW FRXOG EH DVVHPEOHG LQWR D
VSHFLfHG E\ WKH DUWLVW 7KH FRPSOHWLRQ Rl WKH LQVWDOODW|
H[KLELWLRQ FXUDWRUV JDOOHU\ RZQHUV RU EX\HUVAQRW DUELW
JLYHQ E\ WKH HOHPHQWY 3RVHQHQVNH'V FRPPHQWDU\ ZKLFK DW
WR DUW UHIHUUHG SULPDULO\'MVR OVKLYLRQUIGHE\ RV KR ONPLWHG VI
KHU ZRUN ZKLFK VKH FRQVLGHUHG WR EH SROLWLFDO L H WDUJ
SDLQIXO IRU PH WR IDFH WKH IDFW WKDW DUW FDQQRW FRQWULEX
SUREOH®VHZ \HDUV HDUOLHU LQ 8PFHHWIW B S(FIRMAM2 8 WQ GR U N
KDG SUHVHQWHG DQ DHVWKHWLF EOXHSULQW WKDW 3RVHQHQVNH"
RI ,Q IDFW ZKHQ (FR VSHDNV RI bZRKNVGRHE LR WQKPRW LLRQELQG D
PRYHPHQW RI WKH ZRUN RU WKH YLHZHU EXW UDWKHU D G\QDPLF\

&KULVWLDQ 7HZHV 'LH .RQVWLWXWLRQ |VWKHWLVFKHU (UIDKUXQJ DXV GHU 3HUVSES

6FKZDUWH HG 9,,, FRQJUHVV Rl WKH *HUPDQ 6RFLHW\ IRU $HVWKHWLFV YR
&KDUORWWH 3RVHQHQVNH 6WDWHPHQW LQ $UW ,QWHUQDWLRQDO ;,, 0D\ F
3RVHQHQVNH PDQLIHVWR S

2WKHU VHULHV SXBKHIMONLKHY ‘DRI, WKHIYROYLQJ GRRUYV KDYH D YH
SDUWLFLSDWRU\ DSSURDFK

3RVHQHQVNH %UXQQ S

B8PEHUWR (FR 2SHUD DSHUWD *HUPDQ WUDQVODWLRQ SXEOLVKHG LQ (QJ

(FR RULJ S
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DQG V\PEROV ZLWKLQ WKH ZRUN EXW IRU KLP WRR LW LV WKH YL
WKHLU UHFHSWLRQ (FR FRQFHLYHV WKH FRQWHPSRUDU\ ZRUN RI I
UHODW LVRKODW LQLWLDWHY FRPPXQLFDWLRQ ZLWK WKH REVHUYHU
D FHUWDLQ WHQGHQF\ Rl PHDQLQJ EXW DUH LQ WXUQ UHDG FRQW
FXOWXUH VRFLDOLVDWLRQ DQG H[SHULHQFH RI WKH UHFLSLHQW
DUELWUDULQHVV RI LQWHUSUHWDWLRQ EXW UHFLSURFDO ELQGL(
> @,W LV UHPDUNDEOH WKDW (FR'V DHVWKHWLFV DOWKRXJK HPS
UHFLSLHQW OHDYHV WKH DXWKRULWDULDQ fJXUH Rl WKH DUWLVW
SUHVXSSRVHG WKDW DQ DUWLVW FUHDWHY WKH ZRUN DXWRQRPRX
REMHFW DQG WKDW WKH UHFLSLHQW UHPDLQV H[FOXGHG IURP WK
PHDQLQJ RI WKH ZRUN LV RQO\ OLPLWHG E\ WKH IDFW WKDW WKH :
LQDFFHVVLEOH WR HDFK RWKHUAWKH YLHZHU KDV QR FRPPDQG RY
ZRUN KDV QR FRPPDQG RYHU WKH YLHZHU'V SUHFRQGLWLRQV IRU
_VHQVH' PDNLQJ FRPPXQLFDWLRQ QHYHUWKHAKNWHF R B @ VD BRDOW
UHFLSLHQWY FDQ BWARPIDWEEQWK ZKDW LV SUHVHQWHG FDQ PD|
SRLQW IRU WKHLU RZQ FRQWLQXDWLRQ RI PHDQLQJ ,Q WHUPV RI \
7KH DUWZRUN'V FRPPXQLFDWLYH @K QX VADEGIWWDEOBVR PHDQV
IRU GHYLDWLQJ FRQQHFWLRQV ,QWHUHVWLQJO\ KRZHYHU /XKPDC
LPPDQHQW DPELJXLW\ Rl WKH ZRUN GRHV QRW QHFHVVDULO\ KDYH
DXGLHQFH /LNH (FR /XKPDQQ FRQFHLYHV WKH ZRUN DV D VWUXFW
FRPPXQLFDWLYH HOHPHQWYV $V WKH QXPEHU RI HOHPHQWYVY LQFUH
UHODWLRQV FDQ QR ORQJHU EH KDQGOHG E\ WKH DUWLVW 7KH FR
GLVSRVLWLRQ RI WKH REVHUYHU FUHDWHKWY ZRUN S8RW RL R PRIUH
SRVVLEOH PHDQLQJ WKDQ WKH DUWLVW KDV SXW LQWR LW

'KDW , fQG REMHFWLRQDEOH LQ (FR DV LQ /XKPDQQ WKH IUH
WKH IUHHGRP WR GUDZ WKHLU RZQ FRQFOXVLRQV %XW WKH IDFW
WKH ZRUN EXW WR WKH QDWXUH RI WKLQJV ,Q WKLV VHQVH IUHH
DEFWLRQAH[LVWY HYHQ LQ WKH PRVW UHSUHVVLYH V\VWHPV VLPSO
KHDGV ,Q DUW VXFK IUHHGRP RI LQWHUSUHWDWLRQ LV QRW WKH
H[SUHVVLRQ RI DQ DOWHUQDWLYH XVH RI DQ HYLGHQW FKDQJH +
7KLV LV WUXH QRW OHDVW RI PDQ\ SDUWLFLSDWRU\ DQG FROODER
DLPHG DW WKLV JDS VLQFH WKH V DQG DWWHPSWHG WR UHGLVYV
DQ HPLQHQW DUWLVW OLNH )UDQ] (UKDUG :DOWKHU ZKR LQWURGX

(FR RULJ S
ILNODV /I XKPDQQ 6RFLDO 6\VWHPV RULJ S
IXKPDQQ RULJ S HW VHT S
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VEXOSWXUH RU PRUH UHFHQWO\ ZLWK 7KRPDV +LUVFKKRUQ (UZLC
UHFLSLHQWY XOWLPDWHO\ IXQFWLRQ DV SHUIRUPHUV RI D PRUH R
ZLWK REMHFWV WKDW DOORZ RQO\ OLPLWHG DFWLRQV RU IRU UHLEL
XVDIJH UHVWULFWLRQV 7KH ERGLHVY DQG WKH JHVWXUHV RI WKH D
FUHDWRUV EXW HOHPHQWV RI WKH ZRUN +HUH WRR RQO\ WKH DL
LQYLVLEOH 2QO\ SURGXFWLRQ LV FRQQHFWDEOH FRPPXQLFDWLRC
HOLPLQDWHYVY WKH SRVVLELOLW\ IRU WKH DUWLVW WR UHFHLYH UH
FRQWULEXWLRQV DQG LQ WKLV WRR DUWLVWYV UHVHPEOH D UHJL
D FRUUHFWLYH LPPXQLVHG DJDLQVW FRQWUDGLFWLRQ

6XFK DQ DV\PPHWULFDO IRUP RI ZRUN ZKLFK LV GHWHUPLQHG
PDWLYH H[HFXWLRQ VROHO\ E\ WKH DUWLVW QRW FRQGLWLRQDEO
RU HYHQ _DXWKRULWDULDQ IRUP" , FRQWUDVW LW ZLWK ZKDW , FI
WKDW GRHV QRW FHQWUH WKH FRQWURO RI SUDFWLFH RQ WKH DU
LQGLYLGXDO RU FROOHFWLYHASURGXFWLRQ RI RUGHU DQG PHDQL(
LQVWHDG RI f[HG UH,H[LYH LQVWHDG RI RQH VLGHG VRFLDO L

&HQWUDO K\SRWKHVHYV

> @7KH UHVHDUFK SURMHFW LV JXLGHG E\ WKH FRQYLFWLRQ WKD
H[SHULPHQWYV WKDW EUHDN WKH PRGH RI _DXWKRU LWDU LDQ" IRU
WKH SDUWLFLSDWLRQ RI WKH UHFLSLHQWY WRZDUGYV D FR SURGXF
VHQVH P\ SURMHFW VHDUFKHV IRU ZD\V WR UHSODFH FRQWURO ZL
SURFHVV XQLODWHUDO ZLWK UHFLSURFDO FRQGLWLRQLQJ , GR Q
PRGH RI"DW EHVW FULWLFDOAFRQVXPSWLRQ EXW DV FUHDWLYH L
SURYLVLRQDO RUGHU IRU ZKLFK , DV WKH LQLWLDO DUWLVW PHU

7KHVH DUH QRW PRUDO GHPDQGV $ SURMHFW WKDW ZLWK UH
DUW DGYRFDWHV WKH H[SDQVLRQ RI SRVVLELOLWLHY FDQQRW VF
WKURXJK WKH PRQRSROLVDWLRQ RI _WUXWK> W LV QRW DERXW |
VXSSRVHGO\ EHWWHU RQH LW LV DERXW GL,HUHQFH 7KLV GRHV Q
fQG DQ DQVZHU WR WKH TXHVWLRQ RI KRZ WR FRQWLQXH LQ RWK
FDSDFLW\ IRU LQQRYDWLRQ ,Q P\ YLHZ WKHUH DUH WZR PDLQ UH(
BWHLJHUXQJVY HQKYOWNWHRAW M KHRU\ WHUPLQRORJ\

J)LUVWO\ WKH DXGLHQFH'V FUHDWLYH FRQWULEXWLRQV VHUY
UDLVH WKH UH,H[LYH OHYHO Rl WKH HQWLUH DHVWKHWLF FRPPXQL
FRPSOH[LW\ 6HFRQGO\ WKH JURZLQJ GHJUHHV RI UHFHSWLYH IUH
SUREDELOLW\ WKDW WKH DUWLVWLF FRPPXQLFDWLRQ ZLOO EH DFF
SHUFHLYHG DV D JDLQ LQ H[SHULHQFH DQG QRW DV RYHUVWUHVV
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WKH _YLHZHU® FRUUHVSRQGV WR DQ H[SDQVLRQ RI RSWLRQV RQ W
REWDLQ QHZ SRVVLELOLWLHYVY WR GLL HUHQWLDWH IRUPVY DQG JUDG
R,HU HI[DFWO\ WKLV DV WKHLU VSHFLfF DUWLVWLF DFKLHYHPHQW

2EMHFWLYHVY UHVHDUFK TXHVWLURWYEDEG SURSHQEGPH
> @7KH SURMHFW SURPLVHV JHQXLQH UHVHDUFK WKURXJK DUW $
EDVHG UHVHDUFK LW LQWURGXFHV _SHUIRUPDWLYH REMHFWYV" DV
HPSLULFDO H[SORUDWLRQ DQG WKHRUHWLFDO UH,HFWLRQ $V DQ
WKH IRUPV LW LQYHQWY DV KHXULVWLF LQVWUXPHQWY WKXV DQD
7KH SURMHFW XQIROGV LQ fYH LQWHUUHODWHG PRGXOHYV
> @ 6WXGLR 'HYHORSPHQW RI SHUQRUPDWLYH R BMHPAWW ZRUNLQJ
FRQFHLYH DQG UHDOLVH D FRPSUHKHQVLYH FRUSXV RI _SHUIRUPD
RI JHVWXUHV WKDW WKHVH REMHFWV DUH VXSSRVHG WR HQDEOH
DQG E\ WKH ERG\ DUUDQJHG LQ VSDFH DQG FRPELQHG ZLWK HDFK
RSHQ VRXVUKEM\ PLJKW DOVR EH DGDSWHG IRU DQG IURP RWKHU FRQ
SRVVLEOH WKH GHFHQWUDOLVHG UHSURGXFLELOLW\ RI WKH REMH
DGGLWLYH PDQXIDFWXULSU LVQMAKXIL T X HV
> @%/DE &ROODERUDWLYH)RRUNYKRSY D VHFRQG FROODERUDWL
SHUIRUPDWLYH SRWHQWLDO ZLOO EH SUDFW L RDHO/O\DW A NXEMGKQ D H |
SDUWQHUV IURP GL,HUHQW GLVFLSOLQHV DQG VHOHFWHG DXGLHQ
FRPELQHVY FORVH REVHUYDWLRQ GHVFULSWLRQ DQG GRFXPHQWD
LQWHUYLHZV 7KH IRFXV RI WKLY SURMHFW VWDJH LV RQ WKH TXH'
LQVWLIJDWH VFXOSWXUDO DFWV ZKLFK VSHFLfF FRQVWHOODWLRQ
ZKLFK SDUDPHWHUV JXLGH WKH DHVWKHWLF GHFLVLRQV LQ HDFK 1
FRQWLQJHQF\ RI DQ DUWLVWLF SURSRVDO LV WUDQVIRUPHG LQWR
DHVWKHWLF RUGHQRIPHUJHYV
> @& 30DWIRUP (GXFDWLRQEBUSHNRIWBRRNLEOH WKH FUHDWLYH
UHVXOWYV ZLOO EH PDGH SXEOLF LQ WKH IRUP RI D SUHVHQWDWLR
E\ D VHULHV Rl SXEOLF FRQYHUVDWLRQV ZLWK WKH SDUWLFLSDQW
> @ 6HQVRUV 7KHRUHWIFQRWH,HFWLRK fQGLQJV IURP WKH VHF
SKDVH VHUYH DV WKH EDVLV IRU D WKHRUHWLFDO HPEHGGLQJ RI F
FRQFOXVLRQV RQ LWV DHVWKHWLF HSLVWHPRORJLFDO DQG VRFL
HPDQFLSDWLYH SRWHQWLDO EXW DOVR WKH H[FOXVLYH PHFKDQL\
UHFHSWLRQ VXFK DV WLPH RU FXOWXUDO FDSLWDO ZKQRK DUH X¢
DQG $OVR WKH H,HFWV RI _RSHQQHVV "WKH LQFRPSOHWHQH\
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_ZRUNV ' "RQ WKHLU HFRQRPLFDQ@® X\ KH IRUPDWYV RI WRRLU SUHVHC(
QHHG WR EH GLVFXVVHG 7KLV UH,HFWLRQ FDQ EH XVHG LQ D WZR
PRGHO RI DHVWKHWLF H[SHULHQFH LQ SDUWLFLSDWRU\ SUDFWLFH
RUJDQLVDWLRQ RI D FRQWHPSRUDU\ DUW V\VWHP

> @ $UFKLYH 6XVWDLQDBOHREMWHDVUFIGHYHORSHG ZLWKLQ WKH
SHUPDQHQWO\ DYDLODEOH IRU IROORZ XS VWXGLHVY DQG SXEOLF X
WH[W LPDJHV DQG SODQV RU LI DGGLWLYH PDQXIDFWXULQJ WHFI
fOHVb® DOORZLQJ WKH REMHFW IXQGXV WR EH UHSURGXFHG EXW
UHfQHG E\ RWKHUV ,Q DFFRUGDQFH ZLWK WKH LGHD RI RSHQ DFFl
EHHQ VHW XS DV DQ RQOLQH UHSRVLWRU\ IRU DOO PDWHULDO SUR
WKH LQWHUYLHZY DQG UHSUHVHQWDWLYH LQVLIJKWY LQWR WKH Z|
GLVVHPLQDWLRQ WKH SURMHFW UHYV X®3\6\HY HO O FIXKOYRYEDHOIR B X M/ H G
QRQ FRPPHUFLDO SXEOLVKLQJ SODWIRUP SURYLGHG E\ WKH 6RFLH
WKH ZHDYLQJ WRIJHWKHU RI WH[W LPDJH DXGLR DQG YLGHR fOHV

., OHWKRGRORJ\

6WXGLR 3HUIRUPDWLYH 2EMHFWYV

> @3HUIRUPDWLYH REMHFWV® DUH VEXOSWXUDO HOHPHQWYVY WKD
DFWLRQV ZLWKRXW WKHVH DFWLRQV EHLQJ SUHGHWHUPLQHG RU W
WKHP :KDW WKH\ DOO KDYH LQ FRPPRQ LV WKHLU FRPPXQLFDWLYF}
LQ WKDW WKH\ DOORZ EXW GR QRW IRUFH VRFLDO DFWLRQ WKUR.
> @HVWXUHFWLRQ LV LQKHUHQW LQ REMHFWY DV D FDXVH D SRV
VDPH WLPH DQG FRQQHFWYV WKHP RQ WZR VLGHV ZLWK WKRVH ZKR
FROQYHQWLRQDO WHUPLQRORJ\ DUH FDOOHG _DUWLVWV" RU _UHFL:¢
EUDFNHW WR GHVFULEH SURGXFWLYH DQG UHFHSWLYH DFWLYLW\ 1
P\ UHVHDUFK LV DQ LQGH[ RI SRWHQWLDO JHVWXUHV ZKLFK WKH R
HIWHUQDO UHIHUHQWLDO JHVWXUHV IROGLQJA"FRXSOLQJ RU KLHU
VWDFNLQJ*"OLQLQJ XS 'HSHQGLQJ RQ WKHLU VSHFLfF IRUP REMt
OHDQHG SXVKHG QHVWHG MRLQHG UROOHG EHQW ZUDSSHG DQ
SXVKHG LQ KRRNHG XQKRRNHG FRQGHQVHG GLVSHUVHG RSHQH
> @RUP_3HUIRUPDWLYH REMHFWV" DUH PRGXODU DQG VHULDO 7
HYHU\GD\"DOXPLQLXP UXEEHU WH[WLOH SUHVVERDUG SHUVSH]|

39& 7KH\ DUH FRPSDUDWLYHO\ HDV\ WR SURGXFH DQG PLJKWA"WKUR
HIDPSOH"EH UHSURGXFHG LQGHSHQGHQWO\ RI WKH _LQLWLDO"  SU]I
WR EH KDQGOHG PDQXDOO\ 6RPH REMHFWYV DUH UHODWHG WR WKHF
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IRU FRQQHFWLQJ WZR RU PRUH SHRSOH SK\VLFDOO\ RU LQ DFWLRC
HQDEOH PRUH RU OHVV LQWLPDWH UHODWLRQVKLSV RI VKRZLQJ"K
REMHFWVY FDQ EH FRQQHFWHG WR HDFK RWKHU RU XVHG WR VWUXI
WKURXJK DFWLRQ DQG FDQ EH H[SHULHQFHG WKURXJK SK\VLFDO S
FORVHQHVVAGLVWDQFH WXUQLQJ WRZDUGV~AWXUQLQJ DZD\ DERYF
> @RPSOH[ZMWHN REMHFWV DUH DEVWUDFW EDVHG RQ HOHPHQWD!
FRPSOH[LW\ 7KH FRQFHSW RI FRPSOH[LW\ GHVFULEHV WKH GHQVL
REMHFW VXFK DV PDWHULDO IRUP VL]H LQ UHODWLRQ WR WKH G
FKDQJHV 2QH FRXOG DOVR VD\ LW GHVFULEHV \WK® QUM OHDMME\RDHK
DQG D VWLOO RSHQ KRULJRQ RI _VHQVH' RU WKH GHJUHH RI FRQ\
FKDOOHQJHV ZLOO EH WR EDODQFH SUHFLVHO\ WKLV UHODWLRQVK
LQGHWHUPLQDF\ EHWZHHQ WRR PXFK DQG WRR OLWWOH RI RUGHU
VSDFH WKH SURPLVH RI _HYHU\WKLQJ LV SRVVLEOH" FDQ VWLPXOI
H[SHULHQFHG DV XQDFFHSWDEOH SUHVVXUH WR PDNH GHFLVLRQV
> @EMHFW VBWUNRKVPDWLYH REMHFWVY DUH WKXV RSHQ REMHFWYV
SRVVLEOH HQG 7KH\ UHWDLQ VX..FLHQW FRQWLQJHQF\ ERWK PDW
UHPDLQ FRQQHFWDEOH WR QHZ HOHPHQWY DQG WR LQWHJUDWH D:
QHLJKERXULQJ REMHFWV DQG DWWULEXWLRQV RI PHBQDEJHXKH\ I
_VHPL SURGXFWV  "LQ D YHU\ OLWHUDO VHQVH EXW DOVR LQ D +
WKH DUWLVWLF ZHRUN HTXE SPKIQW™ WKDW PDNHV LWVHOI VXEVHUYL
DUH IXQFWLRQDO EXW QRW LQ WHUPV RI D SUDFWLFDO HYHU\GD\
DHVWKHWLF DFWLYLW\ 7KHLU LQWHJUDWLRQ LQWR D VSDWLDO IU]
ZLWK RWKHU REMHFWVY DQG LQWR WKH SDUWLFLSDQWYV" DFWLRQV
DUWZRUNV LQ WKHLU RZQ ULJKW 5DWKHU WKH\ VHUYH DV PHGLD\
_VEXOSWXUDO DFWV' WKH SURFHVV RI DQ LQGLYLGXDO RU FROOH
RUGHU WKDW SODFHV WKH REMHFWV LQ D WHPSRUDU\ UHODWLRQYV
RU ZLWK WKH ERGLHV Rl RWKHUYV

> @RQWH[WRUGHU WR GHfQH WKH FRQFHSW RI _SHUIRUPDWLYH
DUW KLVWRULFDO SHUVSHFWLYH WKHUH DUH YDULRXV UHIHUHQFF
KLVWRU\ Rl WKHRU\ IRUPDWLRQ 3HUIRUPDWLYH REMBBWDEBYH Ft
DQ HYHU\GD\ REMHFW WKDW RQO\ WKURXJK DUWLVWLF DFWLRQ E
PDWHULDO IRUP EHFRPHV DQ DQFKRU Rl DHVWKHWLF REVHUYDWLI
SRLQW RI YLHZ WKHUH D WPK @ WRIBEMHIK \D ERD MK MAK M KH GLFKRWKR

/IDUV %OXQFN 'XFKDPSV 5HDG\PDGH
SHWHU :HLEHO HG XQVW RKQH 2ULJLQDO OXOWLSOH XQG 6DPSOLQJ DOV OHGL



&KULVWLDQ +DUWDUG 3HUIRUPDWLYH 2EMHFWV ] 5HVHDUFK SURJUDPPH

DQG FRS\ DQG ZKLFK DOORZVADW OHDVW LQ SULQFLSOH”ADQ XQOLP
DUUDQJHPHQW RI REMHFWV LV D VWUDWHJ\ RI GHFRQWH[WXDOLVD
I[URPROOIPRQWDJH DVVHPEODIHQG 3BSORGQULDMIROWIDULQW PRGHOV
WKRHRGXODWQVWMUL RO SMUIRUPDWLYH REMHFWY FDQ EH IRXQG LQ OL
6RO /H:LWW |, KDYH DOUHDG\ PHQWLRQHG &KDUORWWH 3RVHQHQV
SLRQHHUV IRU WRAVWDIKFEH AWWRHG DW WKLQJV LQ D VLPLODU ZD\ RE
SHUIRUPDQFH VRPHWLPHY DV PHUH SURSV FRP\E®RRHDW DHHW RZ MAKKR \
WKH FODLP WR SRVVHVV DV DXUDWLFDOO\ FKDUJHG UHOLFV RI Wk
RI DUW DV LQ -RVHSK %HX\V )LQDOO\ IURP WKH QRQ DUWLVWLF
PDWHBRQGEHSWY RI )ULHGULFK )U,EHO A DQG ODULD ORQWHYV
LQWHUHRWK WKH _J)URHEHO JLIWV' DQG WKH _ORQWHVVRUL PDWHU
ERGLO\ DQG LQWHOOHFWXDO DFWLYLW\ LQ D SXUSRVH IUHH SOD\ \

IDE (OLFLWDWLRQ WKURXJK 38 2BIRUPDWLYH 2EMHFWYV
> @PSLULFDO DHYRMMKBWRMWFW XVHV PHWKRGV RI TXDOLWDWLYH
LQVLIKWY LQWR PRWLYHV SURFHGXUHV DQG GHFLVLRQ PDNLQJ F
fuUvWw SKDVH RI WKH SURMHFW IRFXVHV RQ WKH GHYHORSPHQW RI
XVHV H[SHULPHQWDO ZRUNVKRSV WR LQYHVWLJDWH WKH IRUPDWL|
PDGH SRVVLEOH E\ SHUIRUPDWLYH REMHFWY |, FRRSHUDWH ZLWK
FKRUHRJUDSKHUV GDQFHUV SHUIRUPHUV EXW DOVR ZLWK SHGDJ
RU VRFLDO ZRUNHUV ZKR DUH LQYLWHG"LQGLYLGXDOO\ RU DV D W
PDWHULDO , SURYLGH IRUDQG WR LQWHU DFW ZLWK LW LQ WKHL
> @EMHFW EDVHG UX/GIDMBWLYH UHVHDUFK PHWKRGV WKDW XVH
DFWLRQ PRWLYDWLQJ PHDQV LQ LQWHUYLHZY RU REVHUYDWLRQV I
XQGHU WKH WHUP _REMH¥FBAWM HBWFR BPMELRW D IDGOH/®R UKN ZIRWMK
DORQJ VXSSRUWLQJ PDWHULDOV LV LQWHQGHG WR IRFXV WKH FRQ
WKHLU HPRWLRQDO LQYROYHPHQW DQG DW WKH VDPH WLPH UHGXF
WKH LQWHUYLHZHU RU WKH REVHUYHU LQVRIDU DV WKH SUREDQG
WKH REMHFWV $ FRPPRQ PHWKRG EWXW KK BEXRRRX VAW HBWYIPHDZ L O\

.DWKHULQH +R,PDQ HG &ROODJH &ULWLFDO 9LHZV %UHQGDQ 7D\ORU &RO
6WHIDQ 5 PHU .%QVWOHULVFKH 6WUDWHJLHQ GHV )DNH .ULWLN YRQ 2ULJLQDO X
$QGUHZ 6RIHU 7KH 6WDJH /LIH RI 3URSV

1RUPDQ %URVWHUPDQ ,QYHQWLQJ .LQGHUJDUWHQ

FI RQ WKH PRWLI RI SOD\ DOVR 5XWK 6RQGHUHJJHU )%U HLQH tVWKHWLN GHV 6S
(LJHQVLQQ GHU .XQVW

&DUOD :LOOLJ 5H,HFWLRQV RQ WKH XVH RI REMHFW HOLFLWDWLRQ LQ 4XDOLWD
801 :XJJHQLJ 'LH )RWREHIUDJXQJ DOV SURMHNWLYHV 9HUIDKUHQ LQ $QJHZDQGMW

N
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GHSLFWLYH V\PEROLF RU LQIRUPDWLYH FRQWHQW RI WKH PDWHUL
REMHFWVY LQ WKH QDUURZHU VHQVH LV UDUHU ZKHUHEW KWURKX ER X Q
REMHFWYV DQGROQRIEMBEWNK IRU H[DPSOH LQ DUW KLVWRU\ DQG DUF]
VKDUSO\ GUDZQ 7KHLU SRVVLEOH fHOG RI DSSOLFDWLRQ LV GLYH
PLJUDWLRQ UHVHDUFK RU UHVHDUFK ZLWKR RKL\OGRIHIF DQ & \I % & OHHX
PXVHRORDQG GHVLJQ URKHIPIHWKKRG SUHVHQWHG KHUH IRU DQDO\V
SUDFWLFH DQG H[SHULHQFH LV LQWHQGHG WR fW LQWR WKLV HQY
DHVWKHWLFV , SURYLVLEQFQ®DW\LIRQVKWH WRXIK 3HILIRUPDWLYH 2E
> @LYLQJ DWHE UHVHDUFK GHVLJQ WDNHV LQVSLUDWLRQ IURP WKF
WKMLYLQRODEIDO ZRUOG HPSHU LPHWY VWAL QRQ U H VW DLWF K
FKDUDFWHULVHG E\ D VHTXHQFH Rl VHOI FRQWDLQHG UHVHDUFK F
SUDFWLFH RI WKH SUREDQGYV LQ D PXOWL PHWKRG DSSURDFK WKU
GHVFULSWLRQ GRFXPHQWDWLRQ DQG LQWHUYLHZ

([SHULPH@WK ZRUNVKRS ZLOO EH FRQGXFWHG ZLWK D VLQJOH
VSDWLDO VHWWLQJ Rl WKH OR]JDUWHXP 8QLYHUVLW\ RU DQRWKHU I
D GHSRW DQG D _GHPRQNWUWMH RV RBRPH DQG DFWLYDWLRQ RI Wk
SDUWLFLSDQW UHFHLYHV D GHWDLOHG RYHUYLHZ Rl WKH DYDLODE
ZRUNVKRS DQG KDV WKH RSSRUWXQLW\ WR H[DPLQH WKHP GXULQJ
RQH ZHHN LV SODQQHG IRU HDFK ZRUNVKRS LWVHOI +RZ WKH JLYt
WKH SDUWLFLSDQWY 7KH\ FDQ VHOHFW REMHFWYV DUUDQJH WKHP
SHUIRUPDWLYHO\ 7KH\ PLJKW WDNH RYHU DQG FRQWLQXH VEFXOSW
SUHGHFHVVRUV RU VWDUW ZLWK DQ HPSW\ VSDFH 7KH\ FDQ OHW F
JURXSV RI SHRSOH RU HYHQ YLVLWRUV WR WKH LQVWLWXWLRQ 7K
ZLWK WKH REMHFWV DQG XVH WKHP LQ D SULYDWH VHWWLQJ RU S¢
7KH\ DUH DOVR IUHH WR GHFLGH ZKLFK SKDVHV RI DFWLRQ DUH YL

VRXUFH UHIHUHQFHY LQ 5SHLWVW|WWHU )LQHGHU VHFWLRQ

/IDXUHO 7KDWFKHU 80OULFK HW DO 7DQJLEOH 7KLQJV ODNLQJ +LVWRU\ 7TKURXJK 2

PDWHULDOLWLHYV RI EHORQJLQJ 2EMHFWYV LQ Rl H[LOH DFURVV WKH OHGLWHUUL
&RULQQH $OH[DQGUH *DUQHU $OH[DQGUD *DOLW]LQH /RPSHW /"REMHW GH OI

.DWKOHHQ + &RUULYHDX HW DO /LYLQJ /DERUDWRU\ $ OXWXDO 3URIHVVLRQDO "'/

5HVHDUFK 3DUWQHUVKLSYV

6RQMLD ,OWDQHQ 3|LYL 7TRSR 2EMHFW HOLFLWDWLRQ LQ LQWHUYLHZV DERXW FO

'HVLJQ 5HVHDUFK SS n

ODWWKLDV *URj +ROJHU +R,PDQQ 5LHP :ROIJDQJ .URKQ 5HDOH[SHULPHQWH “"NR(

:LVVHQVJHVHOOVFKDIW

XUW /HZLQ *URXS 'HFLVLRQ DQG 6RFLDO &KDQJH LQ 7 0 1HZFRPE ( ( +DUWOF
SVI\FKRORJ\ SS A
7KH WHUP LV ERUURZHG IURP (O /LVVLW]N\ A ZKR GHVLJQHG KLV _$EVWUDF

_GHPRQVWUDWLRQ URRP® 7KH H[KLELWLRQ URRP RQO\ VTXDUH PHWUHV LQ VL]
ZKLFK FRXOG EH VKLIWHG E\ YLVLWRUVY RQ PRYDEOH WDEOHDXV RU FRYHUHG E\ S
DFWLYDWLRQ /LVVLW]N\'V FDELQHW LV RI JUHDW LQWHUHVW IRU P\ LQYHVWLJDW
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HQWLUH SURFHVV RQO\ FHUWDLQ LQWHUPHGLDWH VWHSV D fQDO
RU LQ DQ\ RWKHU IRUP RQO\ D GRFXPHQWDWLRQ RU HYHQ QRWKL
RI VL[WHHQ ZRUNVKRSY DUH SODQQHG VSOLW EHWZHHQ WZR RU W
6DO]JEXUJ 9LHQQD OXQLFK

2EVHUYDWDRBORPSDQ\ WKH DFWLYLWLHV RI WKH WHVW SHUVRC
GHVLUHG DOVR SDUWLFLSDQW REVHUYDWLRQ )RU PH WRR WKH S
RI P\ SUHVHQFH L H LW LV WKHLU GHFLVLRQ ZKHWKHU WKH VEXO
SURFHVV RU RQO\ LQ VQDSVKRWV *DSV LQ REVHUYDWLRQ PXVW El
SDUWLFLSDQWY DQG LI SRVVLEOH fOOHG

'"HVFULSWIURFRUG WKH REVHUYDWLRQV LQ QRWHV ZKLFK DUH
GHVFULSWLRQV  LQ WKH VHQVRJRIMWMU RALGY KHWM KM ISHUIRUPDWLYH
WKHPVHOYHV DQG WKH GRFXPHQWDWLRQ WKH\ VHUYH DV WKH ED\

'REXPHQWD3WIRFGVVHY LQWHUPHGLDWH VWHSY DQG fQDO UH
SKRWRJUDSKLFDOO\ RU LI QHFHVVDU\ RQ fOP $OVR VNHWFKHV L
EH XVHG DV DGGLWLRQDO GRFXPHQWDWLRQ WHFKQLTXHV

,QWHUYQH®KH FRXUVH RU DW WKH HQG RI HDFK ZRUNVKRS , L
WKH FUHDWLYH SURFHVV WRJHWKHU ZLWK WKH SDUWLFLSDQWYV LQ
SRVVLEOH WKH\ DUH FDUULHG RXW DV LQ VLWX _IRUD\V' LQ RUGH
FRQYHUVDWLRQ UHHQDFWPHQW DQQ®PRDY IQRVONR DQEHGE R A%MHQ\
EXW DOVR UH,HFWLRQ PDWHULDO Rl WKH DFWRUV VXFK DV SKRWHR
UHFRUGLQJY PDGH GXULQJ WKH ZRUNVKRS HQULFK WKH LQWHUYL
> @HVHDUFK KRIKHR®WQVHO\ IRFXVHG PXOWL PHWKRG DSSURDF
WKURXJK 3HUIRUPDYSRE HZ2ZBDMHFWRY LGH DXWKHQWLF fUVW KDQG L
FDWHJRULHV RI WKH FUHDWLYH SURFHVV XQGHU WKH FRQGLWLRQ)\
WR GHYHORS DQ HPSLULFDOO\ EDVHG PRGHO RI DHVWKHWLF H[SHL
JXLGH WKH REVHUYDWLRQ DQG LQWHUYLHZV Rl WKH IROORZLQJ ZR
WHVWHG FRQfUPHG RU PRGLfHG ZLWK HDFK QHZ UHVHDUFK FHOO
LQ D SURYLVLRQDO GHfQLWLRQ DV LQWHQVLfHG VXEMHEWLYHO\
JRU WKH RSHUDWLRQDOLVDWLRQ RI WKH WHUP FDWHJRULHV EDVH
&OL,RUG *HHUW] 7KLFN GHVFULSWLRQ 7RZDUG DQ LQWHUSUHWLYH WKHRU\ RI FX
&XOWXUH 6HOHFWHG (VVD\V
FI' WKH VXJJHVWLRQV IRU VXFK QRWDWLRQVAVXFK DV LQYHQWRULHV QDUUDWLYF
=XJ}|QJH ]XU NLQGOLFKHQ 3HUVSHNWLYH OHWKRGHQ GHU .LQGKHLWVIRUVFKXQJ )
3VIFKRORJLH LP ,QVWLWXW [%U 6RJLDOZLVVHQVFKDIWHQ GHU 7HFKQLVFKHQ 8QLY
'HSDUWPHQW RI 3VA\FKRORJ\ DW WKH ,QVWLWXWH Rl 6RFLDO 6FLHQFHVY DW WKH 7H
FI DV D PHWKRGRORJLFDO H[DPSOH /XLVH 5 HLWVW | WWHU ODUWLQD )LQHGHU 'HL
OHWKRGH ([SHULPHQWHOOHYV )RUVFKHQ PLW 2EMHNWHQ DP %HLVSLHO GHU :DKUQ

([KLELWLRQ ,QWHUYLHZ :DON (,: DV D OHWKRG ([SHULPHQWDO 5HVHDUFK :LWK 2
/RIJLFV $UH 3HUFHLYHG LQ )46 )RUXP 4XDOLWDWLYH 6RJLDOIRUVFKXQJ -DQX
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H[SHULHQFH SURSRVHG E\ *HRUJ 3HH] FDQ EH XVHG HJ VXUSULVH
WHQVLRQ GLVVROXWERE IRFXNUAMLRRM EH RQ WKH IROORZLQJ LVVX

BHQYRU +RZ GRHV DHVWKHWIZRHRPOHQ ARHUWHRQ KHUH LV ZK
ZKLFK DVSHFWV WKH SDUWLFLSDQWY VHOHFW RU UHMHFW REMHFW
DFWLRQV DQG GHWHUPLQH HQG SRLQWV RI WKH DFWLRQ :KLFK VS
WKLV VWUXFWXULQJ DVSHFW VHW EHIRUHKDQG RU GRHV LW GHYH
SURFHVV" :K\ GR GL,HUHQW SDUWLFLSDQWY UHDFW GL,HUHQWO\ W
SODVWLF JHVWXUHV _PDNH VHQVH® WR WKH SUREDQGY RWKHUV G
JXLGHG E\ WKH REMH FIN R UNGKHPRMH GRHWKH\ UHVXOW IURP H[WHUQD
ELRJUDSKLFDO GLVSRVLWLRQV" :KDW UROH GRHV RQH'V RZQ FRU:
DHVWKHWLF VHQVH " $QG KRZ FRPPXQLFDEOH LV ZKDW RQH H[SH!

5H,H[LYRW\ +RZ GRHV SUDFWLFHRREKNBWYH WWQWODUH WKH SDU
DZDUH Rl WKH FRQGLWLRQV Rl SUDFWLFH LQ WKH FUHDWLYH SURF
RXW" +RZ LPSRUWDQW DUH LPPDQHQW IRUPV Rl UH,H[LYLW\ LPSUF
RQHV SODQQLQJ VNHWFKHV "

&RQWLQJHQF\ DQG@ REPSRHE[GWNYV RSHQQHVV EHFR#FRZ GGHRWH UP L
WKH SDUWLFLSDQWY GHDO ZLWK WKH H[LVWLQJARU DOVR PLVVLQ.
GHQVLW\ Rl JLYHQ RUGHU GR WKH\ SHUFHLYH DV D VWLPXODWLQJ
FRPPXQLFDWLRQ" $W ZKLFK SRLQW GRHV KHOSIXO VWUXFWXUHGQF
2Q WKH RWKHU KDQG FDQ DQ H[FHVV RI RSHQQHVYV PDNH HYHU\ SF
> @XDOLW\ PDQDJHRWGWU WR HQVXUH FRPSOLDQFH ZLWK WKH V
WKH HPSLULFDO SKDVH ZLOO EH SUHSDUHG WKURXJK H[SHUW LQW
RWKHU UHVHDUFKHUV LQ SDUWLFXODU , DP SODQQLQJ WR FRQVX
$HVWKHWLFV LQ )UDQNIXUW D 0 DQG KHUH HVSHFLDOO\ WKH 9LV
'RPLQLN :HONH DQG (GZDUG $ 9HVVHO 7KH REVHUYDWLRQ GHVFL
FDWHJRULHV DV ZHOO DV WKH LQWHUYLHZ JXLGH DQG WKH TXHVW
FRRSHUDWLRQ ZLWK DQ DGYLVRU IURPRQWKH f KIDFRX RZIRSNWFKR O BRI G\
DQ HYDOXDWLRQ E\ WKH SDUWLFLSDQWY 6LQFH WKH SURMHEW LV
VWDWLVWLFDO DQDO\VLY DQG WKHUHIRUH D VWULFWO\ VWDQGDU
SRVVLEOH WR DGDSW WKH TXHVWLRQQDLUH DQG WKH REVHUYDWLI
HPSLULFDO SKDVH 7KH fQGLQJV RI HDFK UHVHUFK FHOO FDQ WKH
FHOOV WKXV FUHDWLQJ D OHDUQLQJ VHOI FRGGLWORQLGR VFKW A
DGDSW F\FOH

*HRUJ 3HH] (LQI%KUXQJ LQ GLH .XQVWS!GDJRJLN S
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BHQVRUV 7KHRUHWLFDO UH,HFWLRQ
%HVLGHY WKHVH DHVWKHWLF TXHVWLRQV WKHUH DUH VLJQLf
FRQVHTXHQFHV RI DQ DUW WKDW LV QRW FHQWUHG RQ WKH DUWL\
RQ WKHP WKHRUHWLFDOO\ DV ZHOO DV LQ FRQYHUVDWLRQ ZLWK W
IROORZLQJ VHFWLRQV RXWOLQH FHQWUDO GLPHQVLRQV RI LQYHVV
FODULI\LQJ FRQWULEXWLRQV
> @UHVHQWRWLRRZ GRHV DUW,WKRZ REMLRXIY WKDW LI DUW GRH\
SURGXFLQJ H[KLELWDEOH ZRUNV LW FDQQRW GR PXFK ZLWK WKH F
PXVHXP FDQQRW GR PXFK ZLWK WKLV NLQG RI DUW &RQVHUYDWL!
KRXUV OLPLWHG fQDQFLDO DQG KXPDQ UHVRXUFHV RIWHQ VWDQG
EHFRPHV HYHQ PRUH GL..FXOW ZKHQ FHUWDLQ DUWLVWLF JHQUHYV
HYHQ GHPDQG D SOD RZHK IRWMWVIXEHH W KH O H[KLELWLRQ LQVWLWXWL
WKHLU H[LVWHQFH H[DFWO\ E\ fOOLQJ WKHLU KRXVHV ZLWK DUW I
FUHDWHY UH SUHVHQWDWLYH PXVHXPV DQG PXVHXPV FUHDWH P;
PXVHXP ZRXOG KDYH WR GHYHORS LQWR D IDFLOLW\ WKDW ZRUNYV
SDUWLFLSDWLRQ RI WKH SXEOLF DQG QRW QHFHVVDULO\ LQ D FOR
PHGLDWVIRQN UDWKHU WIRDMUMHGLDWLRQ
> @ FRQRPRU :KR RZQO\ DBWURDFK LV EDVHG RQ WKHSKERQRPLF |
GRPDLEKRQFHSWV FRFIOPEBBHQ VRSXNBMXH VLPLODU JRDOV 3HUIRUPI
DUH IUHHO\ FRS\DEOH SURWRW\SHVY 2Q WKH RQH KDQG WKH\ XQG|
DSSURSULDWLRQ ZKLFK KDV WR EH UHSODFHG E\ D ,XLG LQFOXVL
YDOXHV WKH _ PLV DSSURSULDWLRQ' RI FXOWXUDO HOHPHQWYV 2¢
DOVR UHVLVW WKH PDUNHW ORJLF RI VFDUFLW\"QRW RXW RI DQ DC
H[SHFWDWLRQ WKDW D SURFHVVXDO SURYLVLRQDO SDUWLFLSDW!|
VXFK DV RULJLQRQLIWXWIORW/KLS VLPSO\ FDQQRW EH HFRQRPLFDO
TXHVWLRQ LV ZKDW DOWHUQDWLYH fQDQFLQJ PRGHOV WKHUH DUH
WKH QHZ GHSHQGHQFLHV WR ZKLFK RQH JHWV LQYROYHG LQVWHDC
DFWXDOO\ DOORZ PRUH IUHHGRP WKDQ GHSHQGHQFH RQ WKH PDUI
> @QFOXVLRQ DQG H[FOXVLRKQH MHVWRHWLEQRUP LQFOXGHV DQG
WKDW VHHY LWVHOI DV SDUWLFLSDWRU\ RU HPDQFLSDWLYH PXVW
REMHFWVY SURPLVHV DQ H[SHULHQFH RI IUHHGRP WKDW DXWKRU LV
PDQ\ GLUHFWLYHV WRR PXFK UHDG\ PDGH _VHQVH 2Q WKH RWKH
SDUWLFLSDWH WKDW LV XQXVXDO LQ DUW DQG WKXV SUHVXSSRVH
LQ VRFLHW\ VXFK DV WLPH RU FXOWXUDO FDSLWDO ,Q WKH ZRUYV

2Q WKH FRQFHSW RI DXUD FI :DOWHU %HQMDPLQ 7KH :RUN RI $UW LQ WKH $JH R
'LHWHU OHUVFK (UHLJQLV XQG $XUD 8QWHUVXFKXQJHQ ]X HLQHU SHUIRUPDWLY}
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GHPRQVWUDWH WR WKH REVHUYHUV WKHLU RZQ FUHDWLYH IDLOXU
QHFHVVLW\ RI D _SURIHVVLRQDO  DUWLVW 7KH PRUH DUW PDNHV |
FRPPLWPHQW RI LWV SDUWLFLSDQWY WKH PRUH VKDUSO\ LW PXVV
SDUWLFLSDWLRQ LW VHWV XS ZKLFK VSHFLfF SDUWLFLSDWRU\ SR
GHSHQGLQJ RQ VRFLR GHPRJUDSKLF IDFWRUV OLNH VH[ JHQGHU I
EHFRPH UHOHYDQW DQG KRZ LW FRPPXQLFDWHY DFFHVVLELOLW\

> @HVWKHFWLF FRPSHWHQFHARW LYKREEYHL @M YWWKDW WKH LQGLYL:
UHDGLQHVV DQG DELOLW\ WR SDUWLFLSDWH DV ZHOO DV WKH SHL
GHSHQGHQW RQ WKH OHYHO RI HGXFDWLRQ &RPSHWHQFH LV LQGL
DUWLVWLF IRUP LV QRW WR EH UHSODFHG E\ GLGDFWLFLVP DUW L
IHYHUWKHOHVV FRPSHWHQFH FDQ EH DFTXLUHG DQG FRQVLGHUD
RI KRZ WKH PHDQV WR GR VR FDQ EH PXOWLSOLHG DQG PDGH ZLG}t
XQHTXDO RSSRUWXQLWLHV RI DFFHVV %HIRUH WKDW LW KDV WR
QHFHVVDU\ LQ GHWDLO $V D SRLQW RI GHSDUWXUH , FDQ XVH WK
5HIHUHQFH IRU 9LVXDO &RPSHWHQF\ ZKLFK ZDV SUHVHQWHG LQ
JURXS Rl DUW HGXFDWRUV IURP DPRQJ RWKHUV WKH OR]JDUWHXP
RI )LQH $UWV OXQLFK *ROGVPLWKY /RQGRQ DQG 6RUERQQH 3DUL\

,,,6WDWH RI UHVHDUFK DQG WKHRUHWLFDO FRQWH[W

> @Q OLQH ZLWK WKH LGHD RI DUWLVWLF UHVHDUFK P\ SURMHF\
ERWK DV D WKHRUHWLFDO FRQFHSW RI DHVWKHWLF UH,HFWLRQ DC
SURGXFWLRQ 7HUPLQRORJLFDOO\ D@G ERQFRIFSHY VLK HRIU R P PXIEH \E X \
XQLIRUPHGVWEHPYV WBHRD® UHVHDUFK RQ WKH VRFLRORJLHV RI DU\
DQG 3LHUUH %RXRNGLLGIKY D JRRG EDVL\S UDYHRONSHEDIHFNLYH DV Z
$V SHUIRUPDWLYH UHVHDUFK WKH SURMHFW WKXV fWV LQWR WKH
WXUQ' LQ WKH VRF,MW OWEQMWGQFHWWHG LQ VRFLDO DQG PRUH SUHF
RQO\ DV REMHFWV Rl VWXG\ EXW DOVR XVHV WKHP DV DQ HSLVWH

'LWK UHJDUG WR WKH DUW V\VWHP WKH SURMHFW UHVWV RQ
DHVWKHWLF FRQFHSWVAZRUN LPDJH DUWLVWAKDYH EHFRPH SRUR
JXLGLQJ FDWHJRULHY FRPH LQWR YLHZ ZSUEKHNNY@EMN GHVFULEHG

(UQVW :DJQHU 'LHGHULN 6FK, QDX HGV &RPPRQ (XURSHDQ )UDPHZRUN RI 5HIHUI
BURWRW\SH

VXFK bV HOHPHQWY DQG UHODWLRQV VWUXFWXUH FRQQHFWLYLW\ VHQVH FRPE
&KULVWLDQ +DUWDUG . XQVWDXWRQRPLHQ /XKPDQQ XQG %RXUGLHX

FI $QGUHDYV 5HFNZLW] *UXQGHOHPHQWH HLQHU 7KHRULH VR]LDOHU 3UDNWLNHQ
=HLWVFKULIW I%U 6R]JLRORJLH \U YRO $XIXVW SS n
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SRVW LR SDUWLFLSBWRDFFHQWXDWH WKH XQVWDEOH VLW
LOQYROYHPHQW WKH FRQFUHWHQHVYV RI WKLQJV VSDFHV ERGLI
DXWKRUVKLS RI bOO SDUWLFLSDQWY , DP FRPPLWWHG WR SUDFWI
UH,HFW WKLYV SDUDGLJP VKLIW 7KH\ R,HU RULHQWDWLRQ LQ WKH ¢
EXW DW WKH VDPH WLPH DUH WR EH WKRXJKW IXUWKHU DQG UDGL

3URFHVV 'LVVROXWLRQ RI WKH ZRUN
> @LQFH DW OHDVW WKH V RQH FDQ ZLWQHVV KRZ WKH YLV]
*\RUJ\ .HSHADV FDOOHG D _SODVWLF WKLQNLQJ DQ RSHUDWLYH W
LQVWHDG Rl DQ RQWRORJLFDO WKLQNLQJ LQ VXEVWDQFHV 1RW R(
QDUURZHU VHQVH EXW DOVR LQVWDOODWLRQ HQYLURQPHQW OD
FRPSDFW VWDWLF ZRUN VLQFH WKH\ FRQFHLYH DHVWKHWLF H[SH
H[SHULHQFH Rl DFWLRQ ERG\ DQG LQWHUDFWLRQ DQG WKLV SUH
ZRUNV WKHPVHOYHV $FWLRQ RULHPME @SSWRE B RIGVWKR VD BWW K L
QRW VXEVWDQWLYHO\ EXW SURFHVVXDOO\ DUW GRHV QRW H[LVW
PRPHQW RI DFWLRQ DQG LQ WKH DFWLQJ ERG\ 7KLV LGHD RI D VRI
DQFKRUHG H[SHULHQFH RI DUW LV WKH JXLGLQJ SULQFLSOH IRU P\
VWULFWO\ SUD[HRORJLFDO GHVLJQ RI WKH SURMHFW 7KH UHVHDU
RI FRIQLWLYH VFLHQFH RQ WKH SUDFWLFH DQG ERG\ ERXQG QDW:
NQRZOHGJH SURQRFWLHA®MPGLPHRKLFK +RUVW %UHGHNDPS 'V _7KHF
,PDJH $FRW 5LFKDUG 6KXVWHUPDQ NDWRIPPBGWHKHWLWMO IRU DUW V
VDPH WLPH RQH PXVW QRW ORVH VLJKW RI WKH TXHVWLRQ RI ZKR
REVHUYHG LQ WKH PDWHULDO ZRUOG WKH KXPDQ EHLQJ" WKH ERC
WKHPVHOYHV" %UXQR /DWRXU'V DEFWRU QHWZRUN WKHRU\ GLVFXV\
VRFLDO DJHQWV LQ DQ LQWHUGH SH @&H B VD RHIWRDFEKNF R IQDERV XK € &
IRU P\ SURMHFW DV FDQ UHODWHG FRQFHSWV VXFK DV WKH DVVX

*\RUJ\ .HSHV /DQJXDJH RI 9LVLRQ S
FI 'RURWKHD YRQ +DQWHOPDQQ +RZ WR 'R 7KLQJV ZLWK $UW 7KH OHDQLQJ RI $U
(ULND )LVFKHU /LFKWH 7KH 7UDQVIRUPDWLYH 3RZHU RI 3HUIRUPDQFH $ 1HZ $HVYV
%HUWUDP $UW DV +XPDQ 3UDFWLFH $Q $HVWKHWLFV RULJ .DULQ *OXG
6FKLHGHU 'RURWKHD YRQ +DQWHOPDQQ HGV .XQVWKDQGHOQ 'DQLHO 0DU!
XQG +DQGOXQJ TVWKHWLVFKH XQG KDQGOXQJVWKHRUHWLVFKH 3HUVSHNWLYHQ
JUDQFLVFR 9DUHOD (YDQ 7KRPSVRQ (OHDQRU 5RVFK 7KH (PERGLHG 0LQG &RJQL
6KDXQ *DOODJKHU +RZ WKH %RG\ 6KDSHV WKH OLQG DV DQ RYHUYLHZ 0
-RHUJ J)LQJHUKXW HGV 3KLORVRSKLH GHU 9HUN,USHUXQJ *UXQGODJHQWH[WH ]
+RUVW %UHGHNDPS 7KHRULH GHV %LOGDNWYV
5LFKDUG 6KXVWHUPDQ %RG\ &RQVFLRXVQHVV $ 3KLORVRSK\ Rl OLQGIXOQHVV DQ
6KXVWHUPDQ 7KLQNLQJ WKURXJK WKH %RG\ (VVD\V LQ 6RPDHVWKHWLFV
%UXQR /DWRXU 5HDVVHPEOLQJ WKH 6RFLDO | $Q ,QWURGXFWLRQ WR $FWRU 1HW?Z
*HOO $UW DQG $JHQF\
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OHVYV VXJIJHVWLYVYHRUDEDQMWHKHW.GHD RI TXDVL REMHFWY OLFKHO 6H
WKH EDOO LQ D IRRWEDOO PDWFK"ELQEB®BDRXRQ RIS RIFW BFARFVYDO DF
FRRUGLQDWH VRFLDO DFWLRQ ZLWKRXW WKH QHHG WR HVWDEOLV|
DERXW WKH PHDQLQJ RI WKH REMHFW

> @»WDVLVKH FRQFHSW , SURSRVH WHPSRUDOLVHVY WKH DUWZRUN
GLVVROYLQJ LW LQWR SHUIRUPDWLYLW\ WKXV UH,HFWLQJ WKH GL
EDVHG RQ DFWLRQ DQG DFWLRQ LV RULHQWHG WRZDUGV WKH F|
DUH QRW ZRUNV RI DUW LQ WKHPVHOYHV EXW HOHPHQWYV RI DHVW|
OLHV ZLWKLQ WKH SHUIRUPDWLYH FRQVWHOODWLRQ RI REMHFWYV

3RVW LFRQLFV 'LVVROXWLRQ RI WKH LPDJH
> @ SRVW LFRQLF DHVWKHWLFV PXVW DGGUHVV WKH IDFW WKDW
LQVWDOODWLRQ SHUIRUPDQFH DFWLYLVW DUW IRU H[DPSOH”QR
IURP WKH SLFWRULDOLW\ Rl WKHLU ZRUNV 7KH\ GR QRW FUHDWH |
WKHPVHOYHV FRPH LQWR IRFXV WKHLU LPPHGLDWH SK\VLFDO SUH
WKH ERG\ VRFLDO DFWLRQ 6XFK D VKLIW IURP UHSUHVHQWDWLRQ
YLVXDO DQG XSJUDGHV GLPHQVLRQV Rl DUWLVWLF H[SHULHQFH W}
VKDGRZV IHHOLQJ YHUVXV VHHLQJ PDWWHU YHUVXV VSLULW $FF
LQVSLUDWLRQ SDUWLFXODUO\ IURP DUW KLVWRULFDO WKHRULHV \
LPDJH WKH _HURW IBKMOFRQRERMUWWDJ WKH RDWSRNIS KHUHORW %, KPH
_SUHVHQFBIQV 80ULFK *XPEUHFKW R 0 DWKML QDBISH® URQWKH ZRUN
SRVW LFRQLF DHVWKHWLFV LQFOXGHVALQ DGGLWLRQ WR WKH DOU
DJHQF\ Rl WKLQJV DQG RQ DHVWKHRWLF SHIQGRUPPRMWIWAHG % RHKF
Rl _SODVWLP@SIDBSURDFKHV RI _PDWHULDO FXOWXUH" ZKLFK UHG
YDOXH RI PDWHULDO DQG LWV SODVWLFLW\

-DPHV - *LEVRQ 7KH (FRORJLFDO $SSURDFK WR 9LVXDO 3HUFHSWLRQ "RQDO

7KLQJV RULJ 7KH 3V\FKRORJ\ Rl (YHU\GD\ 7KLQJV

OLFKHO 6HUUHV 7KH 3DUDVLWH RULJ

6XVDQ /HLJK 6WDU -DPHV 5 *ULHVHPHU ,QVWLWXWLRQDO (FRORJ\ _7UDQVODWLF

3URIHVVLRQDOV LQ %HUNHOH\"V OXVHXP RI 9HUWHEUDWH =RRORJ\ ] LQ BRFL
Ss A

6XVDQ 6RQWDJ $JDLQVW ,QWHUSUHWDWLRQ

*HUQRW % KPH 7KH $HVWKHWLFV RI $WPRVSKHUHV RULJ

+DQV 8OULFK *XPEUHFKW 3URGXFWLRQ RI 3UHVHQFH :KDW OHDQLQJ &DQQRW &R

ODUWLQ 6HHO $HVWKHWLFV RI $SSHDULQJ RULJ

*RWWIULHG %RHKP 30DVWLN XQG SODVWLVFKHU 5DXP LQ 6NXOSWXU $XVVWHOC

'LHWHU OHUVFK :DV VLFK JHLJW ODWHULDOLW!W 3U!VHQ] (UHLJQLV ORQLND

DQGHUH *HVFKLFKWH GHU ORGHUQH &KULVWLDQH +HLEDFK &DUVWHQ 5RKGH

.HUVWLQ 6WDNHPHLHU 6XVDQQH :LW]JDOO HGV 3RZHU Rl ODWHULDOA3ROLWLF\
30DVWL]LW!W (LQH .XQVWJHVFKLFKWH GHV 9HU!QGHUOLFKHQ
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>  @DVLWKH DVVHUWLRQ WKDW WKH LPDJH LV LQ FULVLV PD\ EH
FODLPHG _LFRQLF+WXHQHWQWKHVWHQGHQF\ LQ FRQWHPSRUDU\ DU\
UHSODFH LPDJH DQG PHDQLQJ ZLWK DQ HPSKDVLV RQ PDWHULDO
LJQRUHG 0\ FRQFUHWH DHVWKHWLFV> WDNHV LQWR DFFRXQW WK
LQ WKH VRFLDO VFLHQFHV XQGHU WKH ODEHOV Rl _PDWHULDO" _\

SDUWLFLSDWLRQ 'LVVROXWLRQ RI WKH DUWLVW

> @ KH GHWDFKPHQW RI DUWLVWLF PHDQLQJ IURP WKH UHIHUHQV
FRQVHTXHQFHV IRU WKH UROH RI WKH DUWLVW 7KH DUWLVW' 'V FH
SUDFWLFH EXW DOVR FULWLFLYV G RGHRUIHRQL BB ONKWHNDIFRY RV R |
IRUPHG DJDLQVW DOO UHPQDQWYV RI WKH LGHD RI JHQLXV E\ SRLQ)
DUWLVW %RXUGLHX RU WKHLU GHSHQGHQFH RQ WKH LQWHUQDO ¢
WHUPYRRIUN DHVWWHKWLIFXYWKRU 'V LQWHQWLRQ LV UHODWLYLVHG LQ
WKH ZRUN DV LPPDQHQWO\ DPELJXRXV (FR RU WKDW DVFULEH WR
DIHQFYRWHFHSWLRQ DHQWRPWILWKH DFWXDO VRXUFH RI DUWLVWLF
DHVWKHWLF H[SHULHQFHE KRR WRB QWHLSIAHNYW WKHPVHOYHV LQ WZR ZD
UH,H[LYLW\ L bH WKHLU SRWHQWLDO IRULQWHUSUHWDWLRQ DQG
ZKLFK PDUNV HDFK LQGLYLGXDO DSSURDFK WR WKH ZRUN DV DXWK
> @ KDYH DOUHDG\ QRWHG WKDW WKLV FULWLFDO YLHZ RI WKH L
FRQWURO RYHU WKH IRUP RI WKH ZRUN )RU WKLV UHDVRQ FODUL,;
DUH LPSRUWDQW WR PH EXW ZKLFK QHHG WR EH VKDUSHQHG 7KL
SDUWLFLSIRWMR@ LW UHIHUV WR WKH DFWLYDWLRQ RI WKH DXGLHC
DUUDQJHPHQW SURJUDPPHG E\ WKH DUWLVW EXW QRW QHFHVVDU]
DFWXDO SURGXFWLRQ RU FRQFHSWLRQ ,Q VXFK IRUPDWY WKH KX
PDWHULDO ZKLFK DQ H[SDQGHG FRQFHSW RI DUW KDV LQWURGXFH
SUHYLRXVO\ XQIDPLOLDU VXEVWDQFHYV DV IDW FRUQHUV PRXOG\ F
_SDUWLFLSDWRU\ DUW" DOVR VWDQGV IRU DQ H[SHULHQFH LQWHQ"
%UXFH 1DXPDQ 'V FRUULGRUV WKXV UHPDLQLQJ HVVHQWLDOO\ D |
VHFRQG OPXGIWLRIRYHKHRUVWLEVXDOO\ PHDQV DUWLVWLF ZRUN LQ D W
UHODWLYLVHVY WKH LGHD RI VROH DUWLVWLF UHVSRQVLELOLW\ EX
SURIHVVLRQDO SURGXFHUV DQG UHFHSWLYH DXGLHQFHV

&KULVWD 0DDU +XEHUW %XUGD HGV ,FRQLF 7XUQ 'LH QHXH ODFKW GHU %LOGH
-RKQ 'HZH\ $UW DV ([SHULHQFH
6LONH )HOGKR, 3DUWL]LSDWLYH .XQVW *HQHVH 7\SRORJLH XQG .ULWLN HLQHU ..
*HW LQYROYHG 3DUWL]LSDWLRQ DOV N%QVWOHULVFKH 6WUDWHJLH .XQVWIRUXP
5DFKHO ODGHU +J .ROOHNWLYH $XWRUVFKDIW LQ GHU .XQVW $OWHUQDWLYHYV -
7HUNHVVLGLVY .ROODERUDWLRQ
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> @DVLW\ SURMHFW UH DGMXVWV WKLV WHURPGRRWIRRQ RO VWKKIHHV
DV WKH DUWLVW'V ORVV RI FRQWUR OZRYHNUDW K W/ NI®WE E BHRO/OIQW HV RV
ZRUN WKDW LV QRW PHUHO\ VHP D Q WLHHHIZW LEXQNDFHKAW KREM [B® R ARQ
SURGXFWLYH REVHUYDWLRQ WKDW FKDQJHV ZKDW LW REVHUYHV

)9 /[HYHO RI LQQRYDWLRQ

> @Q VHYHUDO FHQWUDO GLPHQVLRQV RI FRQWHPSRUDU\ DUW S
ZKLFK , KDYH GHVFULEHG DV D WXUQ WRZDUGVY SURFHVVXDO SRVV
IRUPV IURP WKH FORVHG ZRUN RI DUW WR RSHQ DHVWKHWLF DFWI
LPDJH WR WKH SUHVHQFH RI WKH FRQFUHWH IURP LQGLYLGXDO W
GHVLGHUDWXP WR WUDFH DQG WKHRUHWLFDOO\ VXEVWDQWLDWH V
WKHVH FKDQJHG SDUDPHWHUV 0\ SURSR \DIJQV P VN VSO & DV \FIKDIOW K
GLVVROXWLRQ RI ZRUN LPDJH DQG DUWLVW DQG DW WKH VDPH W
LQVWUXPNGUWI/QRWIHE REVHUYDWLRQ ,Q FRPELQLQJ WKHRUHWLED
DQG HPSLULFDO FRQWURO P\ SURMHFW DFKLHYHV IRXU FRPSOHPH
> @W GHYHORSV DQG WHVWV DQ LQQRYDWLYH PXOWLSHUVSHFW
LQVWLJIJDWLQJ DQG DQDO\VLQJ WKH FROODERUDWLYH FUHDWLRQ R
3HUIRUPDWLYH32EMHFEWAKH LQWHUWZLQLQJ Rl DUW UHFHSWLRQ DQ
DSSURDFK JRHV EH\RQG UHVHDUFK GHVLJQV WKDW LQYHVWLJDWH
WKH SDUW RI HLWKHU WKH DUWLVW RU WKH DXGLHQFH :LWK WKH
FRQFHSW LQWURGXFHV D XQLTXH UHVHDUFK LQYHQWRU\ LQWR HPE
VEXOSWXUDO SURSRVDOV FDWDO\VWV RI VRFLDO DFWLRQ DQG DQ
VHUYH WR SURGXFH DHVWKHWLF VLWXDWLRQV WKDW , DV WKH LQL
VFLHQWLVW FDQ REVHUYH IURP DQ DUW WKHRUHWLFDO VRFLRORJ
SHUVSHFWLYH ,Q WKLV UHVSHFW WKH SURMHFW LV EDVLF UHVHD
> @KH HPSLULFDO SKDVH UHVHDUFK FHOOV ZLOO JDLQ IXQGDPI
FRQGLWLRQV RI DUWLVWLF _VHQVH  PDNLQJ LQ RUGHU WR HVWDE
XQGHU WKH VLJQ RI PXOWLSOH DXWKRUVKLS ,Q LQWHQVLYH REVH
LQWHUYLHZV WKH VWXG\ ZLOO ZRUN RXW KRZ DQG XQGHU WKH LQ
_VHQVHIXO RUGHU FDQ EH JHQHUDWHG FKDQJHG DQG FROOHFWL
> @KH SURMHFW LV RULHQWHG WRZDUGVY WKH FRQFHSW RI _SRO
LQWR WKH DUW VFLHQWLfF GLVFXVVLRQ DV D WHUP IRU GHFHQWU
SUDFWLFHV 2Q WKLV EDVLV WKH VWXG\ GHOLYHUV SURJUDPPDWL
LQ WKH RUJDQLVDWLRQ RI WKH DUW V\VWHP ,W RXWOLQHV ZD\V W
DQG GLVWULEXWLRQ DQG WR DQ DOWHUQDWLYH HFRQRP\ RI DUW
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SRWHQWLDO EXW DOVR WKH SRVVLEO\ H[FOXVLYH PHFKDQLVPV RI
VRPHWLPHY QDLYH DQG LGHDOLVHG YLHZ RQ WKH VRFLDOLW\ RI D
> @V WKH VHW RI SHUIRUPDWLYH REMHFWYV FDQ IUHHO\ EH UH X\
VWLPXODWH IXUWKHU HPSLULFDO HYDOXDWLRQ HQKDQFHPHQW D
WKH REMHFW FRUSXV FDQ EH DSSOLHG IRU VWXGLHV WKDW RSHQ
FRRSHUDWLYH ZRUN ZLWK VSHFLfF VRFLDO JURXSV VXFK DV FKLO
DOVR VHUYH DV SLRQHHULQJ ZRUN IRU LQ GHSWK UHVHDUFK ZLWK
SDQHOV WKDW DOORZ D VWDWLVWLFDO DQDO\VLYVY DORQJ VRFLR Gt
JDLQ QHZ LQVLIKWY LQWR WKH VRFLDO FRQGLWLRQDOLW\ RI DHVW
WKH SRWHQWLDO IRU DSSOLFDWLRQV LQ DUW DQG PXVHXP SHGDJF
FRPSHWHQFH DV ZHOO DV LQ DUW WKHUDS\ DQG LQWHJUDWLRQ ZR






S5HIHUHQFHV

&LWHG OLWHUDWXUH

JULHGULFK %DONH ODULD OXKOH $QWRQLD YRQ 6FK,QLQJ HGV
'DOWHU %HQMDPLQ 7KH :RUN RI $UW LQ WKH $JH RI OHFKDQLFDO ¢
*HRUJ %HUWUDP $UW DV +XPDQ 3UDFWLFH $Q $HVWKHWLFV F
/IDUV %OXQFN 'XFKDPSV 5HDG\PDGH

*RWWIULHG %RHKP 30DVWLN XQG SODVWLVFKHU 5DXP LQ B6NXOS)\

(QWZLFNOXQJ GHU DEVWUDNWHQ 6NXOSWXU LP -DKUKXQGHUW X
*HIHQZDUW
*HUQRW % KPH 7KH $HVWKHWLFV RI $WPRVSKHUHV RULJ

+RUVW %UHGHNDPS 7KHRULH GHV %LOGDNWYV

1RUPDQ %URVWHUPDQ ,QYHQWLQJ .LQGHUJDUWHQ

-RKQ 'HZH\ $UW DV ([SHULHQFH

BPEHUWR (FR 7KH 2SHQ :RUN RULJ

'DQLHO ODUWLQ )HLJH -XGLWK 6LHJPXQG HGV .XQVW XQG +DQG
KDQGOXQJVWKHRUHWLVFKH 3HUVSHNWLYHQ

6LONH )HOGKR, 3DUWL]LSDWLYH .XQVW *HQHVH 7\SRORJLH XQG .
6SLHO XQG 3ROLWLN

(ULND )LVFKHU /LFKWH 7KH 7UDQVIRUPDWLYH 3RZHU RI 3HUIRUPDC
RULJ

6KDXQ *DOODJKHU +RZ WKH %RG\ 6KDSHV WKH 0LQG

&OL,RUG *HHUW] 7KLFN GHVFULSWLRQ 7RZDUG DQ LQWHUSUHWLY|
7KH ,QWHUSUHWDWLRQ RI &XOWXUH B6HOHFWHG (VVD\V

$OIUHG *HOO $UW DQG $JHQF\

*HW LQYROYHG 3DUWL]LSDWLRQ DOV N%QVWOHULVFKH 6WUDWHJL
-DPHV - *LEVRQ 7KH (FRORJLFDO $SSURDFK WR 9LVXDO 3HUFHSWI
.DULQ *OXGRYDW] OLFKDHO /%WK\ %HUQKDUG 6FKLHGHU 'RURWK!
XQVWKDQGHOQ

ODWWKLDV *URj +ROJHU +R,PDQQ 5LHP :ROIJDQJ .URKQ 5HDOH[SFH
*HVWDOWXQJVSURJHVVH LQ GHU :LVVHQVJHVHOOVEKDIW
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+DQV 8OULFK *XPEUHFKW 3U!VHQ]

+DQV 8OULFK *XPEUHFKW 3URGXFWLRQ RI 3UHVHQFH :KDW OHDQL
&KULVWLDQ +DUWDUG .XQVWDXWRQRPLHQ /XKPDQQ XQG %RXUGLI
&KULVWLDQ +DUWDUG :HOWPDVFKLQH ZZZ KDUWDUG FRP WH]J\
&KULVWLDQH +HLEDFK &DUVWHQ 5RKGH HGV tVWKHWLN GHU 0D
.DWKHULQH +R,PDQ HG &ROODJH &ULWLFDO 9LHZV

*\RUJ\ .HSHV /DQJXDJH RI 9LVLRQ

%UXQR /DWRXU 5HDVVHPEOLQJ WKH 6RFLDO ] $Q ,QWURGXFWLRQ \
. XUW /HZLQ *URXS 'HFLVLRQ DQG 6RFLDO &KDQJH LQ 7 0 1HZFRIH

SHDGLQJV LQ VRFLDO SV\FKRORJ\ SS A
1LNODV /I XKPDQQ 6RFLDO 6\VWHPV RULJ
&KULVWD 0ODDU +XEHUW %XUGD HGV ,FRQLF 7XUQ 'LH QHXH ODF
SDFKHO ODGHU HG .ROOHNWLYH $XWRUVFKDIW LQ GHU .XQVW $

'LHWHU OHUVFK :DV VLFK JHLJW ODWHULDOLW!W 3U!VHQ] (UHLJQ
'LHWHU OHUVFK (UHLJQLV XQG $XUD 8QWHUVXFKXQJHQ ]X HLQHU
*3%QWHU OH\ =XJ!QJH ]XU NLQGOLFKHQ 3HUVSHNWLYH OHWKRGHQ |
JRUVFKXQJVEHULFKW DXV GHU $EWHLOXQJ 3V\FKRORJLH LP ,QVWL\
7HFKQLVFKHQ 8QLYHUVLW!W %HUOLQ 5HVHDUFK UHSRUW IURP WK
,QVWLWXWH RI 6RFLDO 6FLHQFHV DW WKH 7HFKQLFDO 8QLYHUVLW\
'RQDOG 1RUPDQ 7KH 'HVLJQ RI (YHU\GD\ 7KLQJV RULJ 7KH 3V\FKF

*HRUJ 3HH] (LQI%KUXQJ LQ GLH .XQVWS!GDJRJLN
&KDUORWWH 3RVHQHQVNH B6WDWHPHQW LQ $UW ,QWHUQDWLRQDO

%UXQQ HG &KDUORWWH 3RVHQHQVNH PDQLIHVWR S
$QGUHDV 5HFNZLW] *UXQGHOHPHQWH HLQHU 7KHRULH VR]JLDOHU 3
SBHUVSHNWLYH LQ =HLWVFKULIW I%U 6R]JLRORJLH \U YRO $ X

/IXLVH 5HLWVW WWHU ODUWLQD )LQHGHU 'HW SXDMOWHEOWXRLEH QW
([SHULPHQWHOOHYV )RUVFKHQ PLW 2EMHNWHQ DP %HLVSLHO GHU :IL
/IRILNHQ46 QRUXP 4XDOLWDWLYH 6R]JLDOIRUVFKXQJ -DQXDU\
6WHIDQ 5,PHU .%QVWOHULVFKH 6WUDWHJLHQ GHV )DNH .ULWLN Y
'LHWPDU 5%EHO 3O0ODVWL]LW|W (LQH .XQVWJHVFKLFKWH GHV 9HU,C
ODUWLQ 6HHO $HVWKHWLFV RI $SSHDULQJ RULJ

OLFKHO 6HUUHYVY 7KH 3DUDVLWH RULJ

ODUNXV 6FKURHU HG 6R]JLRORJLH GHV .,USHUYV



&KULVWLDQ +DUWDUG 3HUIRUPDWLYH 2EMHFWYV

S5LFKDUG 6KXVWHUPDQ %RG\ &RQVFLRXVQHVV $ 3KLORVRSK\ RI OL

5LFKDUG 6KXVWHUPDQ 7KLQNLQJ WKURXJK WKH %RG\ (VVD\V LQ 6

$QGUHZ 6RIHU 7KH 6WDJH /LIH RI 3URSV

5XWK 6RQGHUHJJHU )%U HLQH fVWKHWLN GHV 6SLHOV +HUPHQHX

(LJHQVLQQ GHU .XQVW

6XVDQ 6RQWDJ $JDLQVW ,QWHUSUHWDWLRQ

. HUVWLQ 6WDNHPHLHU 6XVDQQH :LW]JDOO HGV 3RZHU RI ODWHL

6XVDQ /HLJK 6WDU -DPHV 5 *ULHVHPHU ,QVWLWXWLRQDO (FRORJ'

2EMHFWV $PDWHXUV DQG 3URIHVVLRQDOV LQ %HUNHOH\'V OXVHXP

BRFLDO 6WXGLHV RI 6FLHQFH YRO QR $XJ SS A

%UHQGDQ 7D\ORU &ROODJH 7KH ODNLQJ RI ORGHUQ $UW

ODUN 7HUNHVVLGLY .ROODERUDWLRQ

&KULVWLDQ 7HZHV 'LH .RQVWLWXWLRQ !VWKHWLVFKHU (UIDKUXQJ

IHXUR!VWKHWLN LQ /XGJHU 6FKZDUWH HG 9,,, FRQJUHVV RI W
YRO ([SHULPHQWHOOH tVWKHWLN

JUDQFLVFR 9DUHOD (YDQ 7KRPSVRQ (OHDQRU 5RVFK 7KH (PERGLI

+XPDQ ([SHULHQFH

'RURWKHD YRQ +DQWHOPDQQ +RZ WR 'R 7KLQJV ZLWK $UW 7KH OH
RULJ

(UQVW :DJQHU 'LHGHULN 6FK, QDX HGV &RPPRQ (XURSHDQ )UDP

9LVXDO /LWHUDF\*"3URWRW\SH

ORQLND :DJQHU 'DV ODWHULDO GHU .XQVW (LQH DQGHUH *HVFKLF

(XJHQ :DVVLOLZL]N\ :LQIULHG OHQQLQJKDXV :K\ DQG +RZ 6KRXOG

DERXW $HVWKHWLFV" LQ 7UHQGV LQ &RJQLWLYH 6FLHQFHV -XQH

3HWHU :HLEHO HG .XQVW RKQH 2ULJLQDO OXOWLSOH XQG 6DPS!

7UDQVIRUPDWLRQHQ GHU .XQVW

ODUNXV :LOG 5HEHNND +XIHQGLHN -RHUJ )LQJHUKXW HGV  3KLO

*UXQGODJHQWH[WH ]X HLQHU DNWXHOOHQ 'HEDWWH

&DUOD :LOOLJ 5H,HFWLRQV RQ WKH XVH RI REMHFW HOLFLWDWLR

SS A

801 :XJJHQLJ 'LH )RWREHIUDJXQJ DOV SURMHNWLYHV 9HUIDKUHQ

Ss A



&KULVWLDQ +DUWDUG 3HUIRUPDWLYH 2EMHFWYV

2ZWKHU OLWHUDWXUH

7KHRGRU : $GRUQR (OVH )UHQNHO %UXQVZLN 'DQLHO /HYLQVRQ
3HUVRQDOLW\

$UWLVWLF 5HVHDUFK 7H[WH ]XU .XQVW

-XG\ SWWfHOG :LOG 7KLQJV 7KH ODWHULDO &XOWXUH RI (YHU\GD\
*HRUJ %HUWUDP 'DQLHO ODUWLQ )HLJH )UDQN 5XGD HGV  'LH 6L
XU 'VWKHWLVFKHQ 5H,H[LYLW!W

(ONH %LSSXV .XQVW GHV )RUVFKHQV 3UD[LV HLQHV !VWKHWLVEKF
*RWWIULHG %RHKP 5HSU!VHQWDWLRQA3U!VHQWDWLRQA3U!VHQ] $>

LQ *RWWIULHG %RHKP HG +RPR SLFWRU ss »
&HQWXU\ RI WKH &KLOG *URZLQJ E\ '"HVLJQ A OXVHXP RI ORG
OLFKHO GH &8HUWHDX 7KH 3UDFWLFH RI (YHU\GD\ /LIH RULJ

+DQV ' &KULVW ,ULV 'UHVVOHU HGV 3ROLWLN GHU )RUP 3ROL\
$0DQ &RVWDOO 20H 'UHLHU HGV 'RLQJ 7KLQJV ZLWK 7KLQJV 7k
2EMHFWYV
OLFKDHO )ULHG $UW DQG 2EMHFWKRRG $UWIRUXP \U YRO
(ULFK )URPP (VFDSH IURP )UHHGRP
$QNH +DDUPDQQ $UWLVWLF 5HVHDUFK (LQH HSLVWHPRORJLVFKH
'ROIJDQJ .HPS 'HU H[SOL]JLWH %HWUDFKWHU =XU 5HJHSWLRQ JHLW
6FRWW /DVK 5H,H[LYH ORGHUQL]DWLRQ 7KH $HVWKHWLF 'LPHQVLF
sSs A

1ILNODV /XKPDQQ $UW DV D 6RFLDO 6\WWHP RULJ
'LHWHU OHUVFK (SLVWHPRORJLHV RI $HVWKHWLFV

- 7 OLWFKHOO %LOGWKHRULH
&KDQWDO ORX,H $JRQLVWLFV 7KLQNLQJ WKH :RUOG 3ROLWLFDOO\
-HDQ /XF 1DQF\ 7KH *URXQG RI WKH ,PDJH RULJ
2,HQH 2EMHNWH =HLWVFKULIW 1%U OHGLHQ XQG .XOWXUIRUVFKXQ
2,HQH 2EMHNWH 2SHQ 2EMHFWV Rl WKH ,QWHUQDWLRQDOHYV .ROO
OHGLHQSKLORVRSKLH DW WKH %DXKDXV 8QLYHUVLW\ :HLPDU
+HLQ] 3DHW]ROG ftVWKHWLN GHU QHXHUHQ ORGHUQH 6LQQOLFKNEF
NRQJHSWLRQHOOHQ .XQVW GHU *HJHQZDUW
-XOLD 5HEHQWLVFK $HVWKHWLFV Rl ,QVWDOODWLRQ $UW RUL
*XVWDY 5R{OHU 'HU $QWHLO GHU 'LQJH DQ GHU *HVHOOVFKDIW
*XVWDY 5R{OHU .OHLQH *DOHULH QHXHU 'LQJEHJUL,H +\EULGHQ ¢
HSLVWHPLVFKH 'LQJH LQ *HRUJ .QHHU HW DO HGV %UXQR /DW



&KULVWLDQ +DUWDUG S3HUIRUPDWLYH 2EMHFWYV

SURMHFW PRGXOHYV

$ 6WXGLR 'HYHORSPHQW RI SHUIRUPDWLYH REMHFWYV

GFRUSXV RI PRGXODU HOHPHQWY WKDW PLJKW IUHHO\ EH XVHG DQG U}

% /DE &ROODERUDWLYH ZRUNVKRSYV

GUHVHUDFK FHOOV ZLWK SDUWQHUV IURP GL,HUHQW GLVFLSOLQHV VXF
DUFKLWHFWXUH RU VRFLDO VFLHQFHYV
GSDUWLFLSDWRU\ REVHUYDWLRQ DQG TXDOLWDWLYH LQ GHSWK LQWHU

& 3ODWIRUP (GXFDWLRQDO SURJUDPPH

GSUHVHQWDWLRQV SHUIRUPDQFHV OHFWXUHV SXEOLF FRQYHUVDWLR

6HQVRUV 7KHRUHWLFDO UH,HFWLRQ

GWKHRUHWLFDO HPEHGGLQJ
GGHYHORSPHQW RI D PRGHO RI DHVWKHWLF H[SHULHQFH LQ SDUWLFLS
GDVSHFWV RI SUHVHQWDWLRQ GLVWULEXWLRQ LQFOXVLRQ H[FOXVLEF

( $UFKLYH 6XVWDLQDEOH UHVHDUFK

GZHEVLWH Z27ZZ LFDURVY RUJ DV PXOWL PHGLD UHSRVLWRU\ IRU REMHFW
GSXEOLFDWLR®5 SHY HDKUFK &DWDORJXH




