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$OH[DQGHU 9 6XNKDUHY ' 6F 3V\FKRORJ\ 3URIHVVRU /HDGLQJ 5HVHRIOUFKHU DW 5%$6 ,QVWLWXWH
KWWSV RUFLG RUJ
( PDLO DOH[DQYE&NKDUHWEMFHWLPH]PRRU #PDLO UX

6FLHQWLILF ZRUNV RQ WKH KLVWRULF DQG SV\FKRORJLFDO DQDO\VLV \RR FRHGW DIOQ GSHMBVOARRIFORYUS/H
WKH GHYHORSPHQW RI VFLHQWLILF WKLQNLQJ DQB[INMRZQWN G DM D Q BKMLAHDWEMIQRLPH Rl QXFOHDWLR
NQRZOHGJH LQ DQFLHQW 5XV WR D FHUWDLQ DJH LV QRW RQO\ RI H[H RU\LLENHDD VDLERDG W D GWAKGHMEHRIAH
WRJHQHVHVY RI HDFK 5XVVLDQ VFLHQWLVW DUHDI®mL @R FBQG\L DWF MFONQIN. WIKOWSKRMVQ WILRI WKH ZKROM SL
VLDQ VFLHQFH SURGXFHV

7KH VXEMHFW RDRWHUWHDUFK DUH EHJLQQLQJV RI ERWK VFLHQWLILF FRQFHSWV DQ& LIKQNVORWERQG
LQ FOHUJ\TV PEQ® DMK\ PRWLYDWLRQ WR VFLHQFH NQRZOHGJH , XVHG KLVWRULFDVL DI ® Q B QRMA VF
LQ HWKQRIXQFWLRQDO PHWKRGRORJLFDO DSSURDFK IRU VWXG\LQJ FROOHFWLYH PHQWDOLW\

7KH FHQWUDO ILJXUH RI P\ URMIRRNYURKRG® .E URDN ZKR ZDV PRQN DW $QWRQLHY ORQDVWHU\ I
PRQN LQ WKH $UFKELVKRS 1LSKRQWYJV HQWRXUDJH .LULN EHFDPH IDPRXNW RAD ¥ UL KH. QL U3\ W BFEIODW B R
WLVH LQ (DVWHUQ 60DYGRP % HRU@HMG KBWBYVSDHWKHU RI WKHRORJLFDQ QWUH R W WHWYD @ MQD WH\G 4BCHV W
RURV , RI &RQVWDQWLQRSOHYV ZRUNV DQG WKH 3HQWDWHXFKSKRQ@®R FFKURIQZEWKUQ M\R DIR DR B/KIRY R
6R .LULN ZDSHDRWKLIXIONHUDWXV¥QBQ VFULEH ZKR HMDUHRRW BGWHWXLWURG® BXBHUVSHFEWULIYNMIV 4RHVW
LQJ" .LULNYV FRPPXQLFDWLRQ ZLWK ULSKRQ BOGRRRRD/®R®W LV YDOXDEOH VRXUFH RJ\AWXQRS$R UPKR
DERXW 1RYJRURG HRWMKHUGXV DQG 20G 5XV LQ ZKROH HBXYNEDDWX\UDBRXYG2DGLPLVWLF LPDJHV C
FLO\ LPSRUWDQW LV WKH IDFW WKD W IDRW DRWEBHHZK BQ GLAURWH WHHMHUHRZDKLEGRQRI®R DQG LQ 20G 5X\

$QDO\]LQJ 3. LULNYV 4XHVWLRQLQJ IURP WKH HWKQRSV\FKRORJ\FDO SRIQPRRBE N UHYR Q PZLNHSRMRHWFR
RI WKH PHQWDOLW\ RI ,WDOLDQ 5HQDLVVDQFH ZKLFK IRB UMNKLE WIKGJ BLHY MXH. @ R RH W@ L\HHOQWIH ~ WKH 2C
XQGHU VLPLODU KLVWRULFDO DQG SV\FKRORJLWKOFFR QKGLW KRGV SIUGR MLIEHHG OWKRI BEXVVLDQ 5HQDLVVD
EHJLQQLQJ Rl WKH GHYHORSPHQW R| WPLHYWLIRG WK HQED\QMB\R,IREDWRQIRIZEQRDFK ZH FDQ VHH WKDW LQ
WKHUH ZHUH FRQGLWLRQV IRU GHYHORSPHQW Rl VFLHQWLILF WKLQWH QMWK A §BDM XWRJ WEHORDVWR D
FXOWXUDO DQG WIWMRRUKD &/IFKRQJHG VR WMWK D Q/GWXWH RKR/MWRRILFDO FRQGLWLRQV RI GHYHORSPHQW RI
PHQWDOLW\ KDG EHHQ VXSSUHOMX®LRY VHYHUDO FH

.H\ZRUGVHWKQRIXQFWLRQDO DSSURDFK KLVWRULF SV\FKRQRUIQJPHQWDHQWU5RM R Q R/U REGH QW K L
VDQFH QDWXUDO DQG DQLPLVWLF LPDJHYV

SHIHUHQFHYV

$QWV\IHURYD /, 3V\FKRORJLFDO &RQWHQW RI 3KHQRPHGRQ LRYL 6\ ESBHBRNR FIEHP
6XEMHFW LQFBO\BKRERES 9 %UXVKOLQVN\ 0, 9RORYLNRYD DQG 9 1 'UX]K
SURHNW 3XEOLVKHU ,Q 588VLDQ

$OXFKLQ '1 2Q &XOWXUH IURP .RVWURPD ORXQGV DQG (VSHFLDO®QDERXW®Y G-}
7KHPODWHULDOV RQ $UFKDHRORJ\ RI BXW VAHDWH (NEWH LU Q1 31U ROVKLOQUFIHER Y B K\H U

Y®RPH ,,, SS ,Q 5XVVLDQ
%HOHQN\ '$ &URVVHV DQG ,FRQV IURP ORXQEWLHQYHEBORU\ORVPFPRZ 68 GBXIVY.L DQ
5XWLDQ

%ORFHSRORJI\ Rl OIRMFRZ\ 1DXND 3XEQQVIOHMVLDQ

%URPOH\ @/ DB\V RQ (WKQRVFRZHRIWDXND 3XEOLYKNMVLDQ

%UXVKOS: Q\BXEMHAHEMONLQJ /HDUQLRURVPRZILDAWOBA]K ,QVWISOWMIE BRVWKRORJ\ 2
02'(. 3XEOLVKHU,Q 5XVVLDQ

%XGRYQLBROLWLFDO 7KRXJKW RI| PXFEREPR 5 X8665VWEDGHP\ Rl 6FLHQFHV 3XEOL\

,Q 5XVVLDQ

WNKDUHYPONEKQRIXQFWLRQDO $QDO\VLV Rl (WKQLF 6 3HRBMIWIK)R UG DWWL RIR Y DREG |
5XWLDQ

% XUNKDUHEQWELVVDQFH &YORWRUEH <XQJ LWIWWOIXEOLVKHU

'"HOXPHD®LYLOL]DWLRQ RI \(WNMHWIFHHQENRMIQWBHS$ 67 3XEOLVBEHBXVVLDQ

'LND\D / * =KXUDYOBY\$KROFGN RI $GDSW DWIURY PIOGWs RFREGIVDUQ $S S U RIDMSHIF W3
ORVFRZ 5$6W)XWMW RI 3V\FKRORJ\ 3.0E BXVKHLQ

(IUHPRY .RUPFKBLEONDWH +LVWRWR®IDOOKREBBEOWYRULSW QR ,Q 20G &KXUFI

JUDQNOLQ 6 /LWHUDF\ DQG 'RFXPHQWDWG&RKFXQ XPUO\ ®HGLHYDO 5XVVLD

JUR\DQRBO)NWHU\ RI WKH %DBWERD JRRIEXEOLVKHUYQ 5XVVLDQ

*DIGHQNR (YRBOXWLRQ FMWWVKIH6&ERFNGFRZ 1D KNIV REK U
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*D\GHOQNR 3 3 3HWURQLYHWUVHIGINQG 6RX0O 6WXGLHV RQ 8QLYHUVHOIRYGRD Q3UQ J3L
7UDGLWVLKBBXEQQVXVVLDQ

*DONRYVNWKWLVWLDQLW\-V 6WUXJJOH ZLWEKLFHHPOQERIWER R | , DISIDLQNL 8 R ELAYL $K H Q
5XVVLDQ

*HUDVLPRYD , $ 3KLORVRSKLFDO 3UHFRQGLWLRQV Rl ODWKHPDMW MWRKW TRIPIRRIRX
5XVVLDQ &M VXL HLO WRYRGR 1RYJRURG 6WDWH 8QLYHUVLW\23XE QLNKHLQ

*HUDVLPRYD , $ 3ULQFLSOHVRRIRYDBRRRGRURVWIUNWKH 1RYJRURGLDQ DQG290@® -
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 NRQQLNRMSHBELHQFH LQ 6WXGLHV RQ &XOWXUDO 6LJQLILLLADQ FH SARIJ 6D IKQ WRL XPQ
3XOLVKHU ,Q 5XVVLDOQ

.DSWHUHYKH) +LVWRU\ RI 5X\6WAL DIH SBWHAD/ERXIV ) KSIQHW K B LDXSXEDQV

O\XFKHYVN&RXUVH RI 5XVVORQFRZA/ VGRWY HRHIL] 3XEOSDWW5XVVLDQ
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3 ,Q 5XVVLDQ
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ILNKDFKHY ' BDOHGRI| %\JROQRW KRIDDWG /HQLQJUDG 8665 $FDGHP\ Rl 6FLHQFHY 3
5XWLDQ

IRPRY %BVY\FKLF 5HJXODWLR® AR WI$BLWVAMM WXWH RI 3V\FKRGKIMVAOEOLVKHU

ODFDULXV %XQYDMNRRM Rl WKH 5XRWIEFRQE &KXDEFEKRIQXRQDVWHU\ 3XEOLVEHXVVLD@

ODNDURY 1 $ 7RZDUGV (VWLPDWLRQ RI 5XVVLDQ &RXQWKURFU G H | SSHISIRWNVWDXR HX
FKROR J\ 3 ,Q 5XVVLDQ

ODNDURY 1 $ 7RZDUGYV ,QWHUSUHWLQJ JLQGLQJV RI &KULVVBURG HD G BRIKEVEREM IHHR
T1IRYJRURGYJRQEBGRDQG +LVWRU\IRQIRDRGKHRO®RRURG 6XVBIWHHIYE UWH G3XEO

Ss 3 ,Q 5XVVLDQ

ODNVLPRYLFKSR$WROLF )DWKHUV- &RPPBBGWHKQW ¥H QR W H@ WLLIKWKQ VOKXNLFKQ 6 C bl
7H[WRVFRZ 6W 7LNKRQ 2UWKRGR[ +XPDQLWD UL P 53QLWLHDUNV LW\ 3XEOLVKHU

ODUNRYVNDBW\FKLF 5HWRYGEBRWLRPSHQV 7VHQWU 3XBEVVKEQ

OLO-NRY &X0OW RI 5RG DQG 5R]KDQLWV\ DQG ,WV )HDW X UH M WION WRK HL RLYJXRW RRG ' 16
7KLOQNMW 9 9 OLOGNRE¥ OIPRQRY ORVFRZ .UXJ 3XEDLVKKUSXVVLE®R

OLO-NRY 9 9 .LULN R(QIRRFORBRIGLD RI 5XVYEDQO3CRLVRVRSE\3 $SU\WKNR $V3 3
FRZ 7HUUD 3XHEIRWHNMBXE®LVKHU ,Q 5X§VLDQ

OLO-NRY 9 9 3KHQRPHQD @®LULJERKM L IHQGFER NG\ § 4 XWHR WIURQLRIJIRYJRURG @FLH
HU(GV 9 9 OLO-NRY DQG 5% 6LPRQRY ORVFRZ 3. UXJ, QXGEYMLIOHU SsS

OLO-NRY 9 9 7KH )LUVW 6FLHQWLVW RI 5XVVLD /LIH &UHDWILKH W\WXUS$QIQQDLE UW
ULN RI 1IRYBSRWRGD RI VW &HQWXU\,Q 5XVVLDOQ

OLO-NRY 9 9 7KH ODLQ 'LUHFWLRQV RGRRGRSX VD DDEF MRKRX KMGYO ® 35XV VRPA Y7 K
9 9 OLO-NRMVHUVEXUJ 5XWALIDIQ +&KDIQLWDUXKBEQLWKMULWXWHES,Q 5XVVLDQ

OLO-NRY 9 9 3LO\XJLQD 1 % &KULVWLDQLW)\ DQG&XILVIVQD\QFL]BWR RG HBI 'S D6 WDKK
ORVFRZ 0\VO SSQ 5XVVLDOQ

OLO-NRY 9 9 3RO\DQVN\ 6 0 6FLHQWLILF $VSHRRAHHBL @ OWF LR QAR @ RMPHRIARIV 5 X V
WKH &XOWNXUBURFBXDUG WK $QQLQHUWDWR WRI 3BRIHVVRARE $ GHERGRY OR
60PDULQ ORVFRZ 1DXND 3XEOLYKXWVLDQ S

OLO-NRY 9 9 6LPR@RNX RI$1IRYJRURG 6FLBRWLRZV JXGE 3XKEQN® KXY VLD Q

OXVLQ ®KULVWLDQL]DWURQRLOQRWKRBRG7KH )XQHUDO 5LWXDO B®G ZHW HUWE K Q
EXUJVNRH YRVWRNRYHGHQDRH5XXEQDWQKH U

1IDVRQRYONMROQJIJROV DQGBXSMIWMHUVEXUJ 1D XN PQ3508\OLMKH U

1IHGRVKLYLQD 1 * 2Q 9LDWLFKL W BE0LRLRWK FORSEIHINDDONVDXW VLD 6WXGLHV LQ
(G ), *UHHQBFRZL DRXND 3XEOLVKHU ,Q 5X§¥VLDQ

3DQFKHONRON 2UWEKRGREWHUVEXUJ $OHWH\D 3XEOLVKHU
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3DQRIVEHQEDLVVDQFH DQG f5HQDLSWD @ FMAVHUME XHODWSNEQ EBDBW E O L QKXW VLD Q
3DXOVHQVWWRULFDO 6NHWFK Rl (GXFDW IORE RHEY H OFRREIRIHDBW\QRW EB UMW BQUWQHU VKL
,Q 5XVVLDOQ
SHWUXKLO\WKD RI $QFLHQWORNTFRGL @GP WO 3¥FO3VEKO L V,IOHEXV VLD Q
3URNKRURY¥QFOHQW 5XVVLD DV +LVWRULF DEWD G B WHKIDWEXWD O 23KHHIQ REP\W, @RI B R DO L
3UR]JRURBDJIJDQV Rl %D SMVFHREZ5XNVPR 3XEOLVKHU
5\DELQ ( RVWURPD /DQG DORQJ WKH 9ROJD DG WRKNNDL GX DO LYIFHAVLDQ
5\DQ : ) B6FLHQFH LQ OHGLHYDO 5XVVLD 6RPH+iWWRBEWRRONLRQAH5HFHQW %RR|
S5\EDNRY 3D $DQLVP Rl $QFRMBERZ5XXVVN\ \D]\N 3XE® BXKNUD Q
6DPDULQ $ SR HOIWLILF %RRNOR UHORY BRKD WDDXH R 13X EOVYISEHV VLD Q
BHGRY 9 9 6SUHDG RI &KULWWLBREWSROQWKRVLDVWLWXWH RI,$UFPKDHD@R J\
6KDSRUHYDKER OHWK QX O FW L7TFOGER IQ WIHEDN P RRQOKIR J Q L W LMPHR W Q B\DIDHIR BHVO D W L REKWDK L S
GUHQ$BAGHVAKRRWV\V Rl 3KORVERIV ,Q 5XVVLDQ
BKFKDSRY XMG15XBULD@EKDUWHWAK L\JRF ORVFRZ 1DXENDLVKHUQ 5XVVLDOQ
6KFKDSRY (ADDWKXQBKQFLHQRI W/ WRFORVFRZ 1DXXENDLVKHUQ 5XVVLDOQ
6LPRQRY5X$VLDQ $VWURORJLFDOUNRRMNCRIUWAHRI R RAAKZ& 18 DW XQLJ 3 X E QL MKIHIIQ
BREROHY 9 <X 3HQGD@\WYV6YRERO KR LL\QVIXO HQ W\ RR QY KHHV WRBWWKH 1RYJRWRR G
FHBHQJV RI S5WWLD® &RQIHUHQFH RQ &KXUFK $UFKHRORJ\ GVRREBW RHKW HVUWE I
3VNRY 3VNRY 6RFLHW\ RI 6W 20JD RISBXV V,IQD530VE/Q D\OK H
BXNKDUHY $ 9 (WKQRIXQFWLRQDO $QDO\VLWMIRXUHIHREO H\G RS WIDPFIKDQV R D , THCULU
\DN DQG 5XVVLDE®OBPHKRORJILFDO -RXUQDOQ 5XVVLDQ
BXNKDUHY $ 9 (WKQRIXQFWLRQDO $VSHAWKREREY X& X DIDIH GW D O,IQN5XVVLDQ
6XNKDUHY $ 9 ([SHULHQFH LQ 2YHUFRPLQJ WKH OHWKRGRORJLFQPH&DQ GL W KE&
WLRQDO BRODTBM\FKRRBEOG RI 3VI\IFKROR3\ ,Q 5XVVLDOQ
BXNKDUHY $ 9 G6WUXFWXUH RI OHQWDOLW\ RI 5XVVLDQ DQG :HVXWHUML RS B Q
3VFKRORJLFDO -RXUQBPO ,Q 5XVVLDOQ
BXNKDUHY $ 9 7KH +LVWRU\ RI 0HRVWDG MW\ R D HRFDAMENDH PWKRQ +LVWRIRVBRZ. QR
 QVWLWXWH RVRRUGBEQOLVKHUW L QSEXVVLDQ
6XNKDUHYWK®D R IXQFWARIPDIOQ 3DV BRR/FRY. 8 XWH RI1 3VIFKRORJ\ 3,.Q0E DX VKHLQ
BXNKDUHY $ 9 &KXOULKW@RRIXFFWLRQDO &RUUHFWLRQ Rl 6KDSHG 6SKHIRWFRD Si$!
QV W L W X WAK RRO RBNEQBLY K H U 3 SSQ 5XVVLDQ
6XVRNRORY $ $ 6WUXFWXRLUDO QDFOMRIRQ RR | 6(EOFHMN D Q B XERIRBSOHYV,QVWLWXWH RI
DQG $QWKURSRRHRUI\ 3XEQVV X H SB 5XVVLDQ
6Y\DWVN\$VIVURQRP\ Rl $QRVHFRW HXWVND\D SDQR UD P PQ 3508\OLLMKMH U
7LPRNKLQWKQRIXQFWLRQDO $VSHFW R 018 QQRBO \'H'RICARSYPBQWFRIRBENVVLDQ
8VW\XJ .RUPBKDVDDQ 6WDBXR\OLEWBHY &R O CWFWLRO QRD Q ,Q 20G &KXUFK 60D
9DUEXUUSIDW OLJUDWLRY RHWHBDUMEX.DID\BENBPD3XEO LY IGKKWVLDQ
9\GULQ (WMKQRIXQFWLRQDO3SMSHAWDHLBWRFRROG OHQWDO 5HWDAJQRBNRR/G K QO 3L
OR¥RZ ,Q 5XVVLDOQ
<XUHYLFRBW\BKRORJ\ Rl 6RFLORPVERZQE$E QPV WHKRORNERI LAAKHUQ 5XVVLDQ
=KXUDYOHY $/ &ROOHFWLYH 6XEMHFW 7K HRO®OPR.LICF DIODIVE EIKIR/O RH Y FIDDY RXE QU OF
,Q 5XVVLDQ
=KXUDYOHY $/ 3V\FKRORJLFDO &KDUDFWH ULM/MRIEFO/H RV R K H XERRHIARNFIMF DYOBVEELE
$ 9%UXVKOLQVRORYLNBRYD DQG 9 1 'UX]JKLQLQ ORVFRZ $NDGHPLFKHVANL\ !
,Q 5XVVLDOQ
=KXUDYOHY $ / 'LKHWMPWLRQV 3URJUDP RI 'HYHORSPHQW RI 5$6 ,QVWLWXWR RI
OREIDO -RXUQDO 3 ,Q 5XVVLDQ
=KXUDYSOHB¥HUJLHG@NRHG3KHQRP IDQRRWH FRUDW X UBN\FKR ®RIAFRZ .ROLMEWU 3XEO
,Q 5XVVLDQ

R

&LWH 0/$
6XNKDUIBY9 ,QFLSLHQFH RI 6FLHQWLILF .QRZOHGJH LQ $QFLHQW 5XV +L\ROMWLEDO DY GVIRKPKR
5XVVIEBIQDLVVDQFH 2RIWKNEHQWXWQHVWURQLF 6FLHQWLILF (GLWLRQ $OPDQDF 6SDIFE DQG TLPF
H DSURY DB/AV I ,Q 5XVVLDOQ
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