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JLUVW 3UHVE\WHULDQ $FDGHP\ LV D &DOOLQJ 3UHS 6FKRRO ZKLFK JRHV IDU EH\RQC
VWDQGDUG KLJK VFKRRO ,W PHDQV SUHSDULQJ \RXU VWXGHQW IRU OLIH 2XU JRDC
*RG FUHDWHG WKHP WR EH VRPHRQH ZKR ORYHV *RG GHHSO\ ORYHV RWKHUV JHQ>
DQG HPEUDFHV D FDXVH JUHDWHU WKDQ WKHPVHOYHYV

2XU DFDGHPLF SURJUDP LV GHVLIJIQHG WR FKDOOHQJH VWXGHQWY LQWHOOHFWXDO(
7TKURXJK ULJRURXYVY FRXUVHZRUN GHGLFDWHG WHDFKHUV DQG D &KULVW FHQWHUH
NQRZOHGJH VNLOOV DQG KDELWV WKDW SUHSDUH WKHP IRU VXFFHVV LQ FROOHJH
VHUYLFH DQG SXUSRVH ‘H XQGHUVWDQG WKDW VWXGHQWY ZLOO KDYH GLIITHUHQW
VRPH ZLOO DWWHQG FROOHJH VRPH ZLOO JR VWUDLJKW LQWR WKH ZRUN IRUFH VF
DQG RWKHUV PD\ HQOLVW LQ WKH PLOLWDU\ :H DUH FRPPLWWHG WR SUHSDULQJ R
EHIRUH WKHP

7KLY DFDGHPLF RYHUYLHZ VHUYHV DV DQ DFDGHPLF PDS WR SURYLGH D EURDG ORF
$GYDQFHG 30ODFHPHQW $3 DQG 'XDO (QUROOPHQW FRXUVHV WKDW )3% FXUUHQWO\
VWXGHQWY IRU WKH ULJRUV RI FROOHJH DQG EH\RQG :H DOVR SURYLGH DPSOH RS
JLIWV DQG SDVVLRQV RXWVLGH RI WKH FODVVURRP 2XU DWKOHWLF SURJUDP RIIHU
DQG 9DUVLW\ OHYHO ZH RIIHU RSSRUWXQLWLHY WR VHUYH LQ RXU .H\ &0XE ,03%$&
SURJUDP ZH KDYH DFDGHPLF FOXEV LQFOXGLQJ WKH 1DWLRQDO +RQRU 6RFLHW\ Z
DQG GHEDWH WKURXJK OLGGOH DQG +LJK 6FKRRO <RXWK LQ *RYHUQPHQW SURJUDP
FOXEV DQG ZH SURYLGH RSSRUWXQLWLHV IRU FRPSHWLWLRQ DQG VWUDWHJI\ WKU

7KDQN \RX IRU DOORZLQJ XV WR SDUWQHU ZLWK \RX LQ \RXU FKLOG V HGXFDWLRQ
HGXFDWLRQDO MRXUQH\

6LQFHUHO\
$PEHU 7TKRPSVRQ
8SSHU 6FKRRO 3ULQFLSDO
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(YHY RWHU: HGOHVGD\ P RUQIQJ RXUS SSHUBRKRROAMGHQW JDWHUIRURQH RI RXUP RW
P HDQLQIIXOAP HV\VRIHWHU  &KDSHO 7KLY\ HDWWHP H  5RRWG [Q &KUMN LV IQVSILHG E\

( SKHVDQV ZKIFK VDV 6R WDWKUMAP D\ GZ HIIQ\ RXUKHDUVWURXJK | DIWY DQG,
SWD\ WDWRX EHQI URRMG DQG HWEQKHS LQ®YH P D\ KDYH SRZ HJ \RIHKHUZ IW DOMH/ RWGV
KRO® SHRS®! R JU\S KRZ Z 1GHDQG ®QJ DQG KLIK DQG GHHS LV WH®RYH R &KUMV

7KURXIK Z RUKIS WDFKIQI DQG LH BFARQ WXGHQW DUH GMARYHUQI Z KDAMP HDQVVR EXIQB
WHUQMV P ® RQWH IRXQEDMRQ Rl &KUMASVWHUURRW JLRZ GHHSHUIQ + IV ®RYH WHU

| DIV LV \VAHQI WHQHG DQG WHUUHDMRQWKLS Z W + [P IGXUVKHY &KDSHAY DWP HWDW
FKDABIQU HV DQG HQFRXDI HY RXUMMGHQW VR @YH RXVWKHLUI DIV Z MK FRQI LGHQPH DQG SXUSRWH

2 Q DOMUQDWOJ : HGOHVED\ V' Z KHQ WXGHQW DUH QRWIQ &KDSHORXUS SSHUBFKRRQI DWHWY 1Q
' % LRXSV ' IVASGMKIS * LRXSV WP D@ LRXSV GHVLIQHG VR KHS WXGHQW JURZ GHHSHULQ
WHUI DIV DQG EXIGS P HDQUQIIXCGFRP P XQIW / HG E\ \WIDRKHW DQG W I WHVH JURXSV
SWRYIGHWP HIRUGMFXWIRQ SUD\ HU DQG HQFRXWDIHP HQADV WXGHQW DSS® * RGV: RUG\R
WHUGDIO Q/HV

* URXSV DUH DQ LQWQWRQDOVSDFH | RUMMGHQW VIR DN TXHVARQV VKDUH @H VRIHWHU DQG
VWHQIWHQ WHUZ DO Z MK &KUMASYV Z HP HAWHYHY RWHUZ HHN Z HUH H WG VR VHH KRZ
* RG FRQWOXHV VR VKDSH KHDUN DQG GHHSHQ UHDMRQWKLSY WILRXIK WIHVH WP HV R

FRQQHPARQ DQG GIVASBMKLS

(; &(/ KHSVHYHY WXGHQWXAHHG QR P DWMUZ KHUH WH,
WBUV( DRK WXGHQAY XQTXH® FUHDWMG E\ * RG DQG WDIQHG
B Z RIN DBRQIMGH FOMMRRP  WDFKHUW/ VR SURYIGH

LOQGYMGXDA HG &KUMAFHQMUHG LOVAKPARQ DQG VXSSRUN
BWWGHOW UHFHLYH KHS WLRXJIK VP DI LRXS VMMRQV VLI HWAG ) a
>

FOMMRRP VXSSRUVDQG RQH RQ RQH DWAMBQAH DV QHHGHG .
BHUEHVP D\ LOQFOXGH DFFRP P RGCDMRQV P RGLIEDMRQV DQG HEELA -
WP D@JLRXS WAMARJ VR HQVXUH WXGHOW FDQ I X@ GHP RQVADM
WHUGDUOIQJ 5 HVHDURK EDVHG VADWI LHV DUH XVHG \R
VWHQIWHQ VNL@Y DQG SDUHQW DUH DRAYHO LQYROHG LQ

P RQMRUQJ DQG VXSSRUAQ WHURKIGBV SLIRIUHW

Q
%106, wRF
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,Q ODWK XVLQJ $00 7KLQJV $OJHEUD FXIMWRXO X P [ VORWGHQWKH IRXQGDWLRQV RI :
EXLOG D VWURQJ IRXQGDWLRQ LQ DOJHEURPFDWKLARMQWEZRHUHVKURXJK WKH ULVH R
VWUHQJWKHQLQJ WKHLU XQGHUVWDQGL@WRGRRWEHENYHORS VNLOOV LQ DQDO\]LQJ
RSHUDWLRQV DQG SUREOHP VROYLQJ 7XKQGHBRXWDBOGLQJ JHRIJUDSKLF LQIOXHQFHYV
HPSKDVL]HV FULWLFDO WKLQNLQJ SUHFKYVRRUREDBODSEBQMDWLIZR® FRXUVH HPSKDVL
RI PDWKHPDWLFDO FRQFHSWV SUHSDULQ®®WX®HQMRXYRGHYHORSPHQWY KHOSLQJ
KLJKHU OHYHO PDWK SDVW VRFLHWLHV WR WKH ZRUOG WRGD\

6&,(1 &( %, % (

6FLHQFH LQWURGXFHV VWXGHQWYV WR WKEMANVXEOHFURBU¥KPREXxcHQWY WR WKH 11
VSDFH HQFRXUDJLQJ FXULRVLW\ FULWLERO WK EBNLSL WAL KHOSLOQI WKHP JURZ LO
VFLHQWLILF LQTXLUV 7KURXJK KDQGV RQRQDEVRBE ﬁ%g%\@é%Q\éLEOLFDO SULQFLSO
DQG UHVHDUFK VWXGHQWV H[SORUH (DWHY KW VEYAEHOWY HISORUH KRZ WR XVH WK
LQFOXGLQJ WKH DWPRVSKHUH ZDWHUV WRENGRRE RILRHYRAYXUH DOG OHDUQ NH\

DQG VXUIDFH SURFHVVHV (PSKDVLV LV §@DBHER | Wk DJH DSSURSULDWH WH[WV D
XQGHUVWDQGLQJ QDWXUDO SKHQRPHQD KXPDQ'LPSDFW RQ

WKH HQYLURQPHQW DQG DSSO\LQJ WKH VFLHQWLILF PHWKRG WR
UHDO ZRUOG SUREOHPV

(/(&7,9(62))(5("
(1*/,6+ . suw

(QJOLVK HPSKDVL]HV WKH GHYHORSPHQ.W,&%E)RLIJHDGLQJ

ZULWLQJ DQG FULWLFDO WKLQNLQJ VNL:OO g O)—(Aﬁl L}/\W %L({.{/E ORYH
IRU ODQJXDJH DQG OLWHUDWXUH 6WXGI-.|Q %/ E é;D 7F2 E/ \ BNLOOV
YDULHW\ RI JHQUHYV LQFOXGLQJ QDUUDW.LY VS Dg/yéxl% \ﬁngs
SOD\V DQG FUHDWLYH ZULWLQJ ZKLOH S.U[g LFLQJ

YRFDEXODU\ JUDPPDU DQG UHVHDUFK V.NI_: OVR

GLVFXVVLRQ DQDO\VLV DQG ZULWLQJ V.V\\//ﬁ( UH%% V6§EE§EHWR
FRPPXQLFDWH LGHDV FOHDUO\ FLWH WH] >PD(5' YL DQG

TKURXJIK
PDNH PHDQLQJIXO FRQQHFWLRQV WR WH[WV
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3UH $OJHEUBXL&®HBY RQ IRXQGDWLR

GHHSHQLQJ VWXGHQWY XQGHUVWI +LVWRUXLGHVY VWXGHQWY WKURXJK JOREDO
FRQFHSWV QXPEHU RSHUDWLRQV FLYLOL]IDWLRQV IURP WKH OLGGOH $JHV WR
VWUDWHILHY 7KLV FRXUVH HPSKD 6WXGHQWY GHYHORS KLVWRULFDO WKLQNLQ
UHDO ZRUOG DSSOLFDWLRQ DQG S SULPDU\ DQG VHFRQGDU\ VRXUFHYVY DQG HJ[S
PDWKHPDWLFV LQFOXGLQJ ZRUN Z JHRJUDSK\ FXOWXUH DQG VRFLHWDO VWUX
HTXDWLRQV JHRPHWU\ UDWLRV D KXPDQ HYHQWY (PSKDVLV LV SODFHG RQ XQ

WKH FDXVHVY DQG HIIHFWV RI PDMRU SROLWIL

3UH $OJHEUD FRD®OMQJHV VWXGHQWWRR. BB HPRYPPHQWY ZRUOGZLGH

WKHLU DOJHEUDLF UHDVRQLQJ DQG SUREOHP VROYLQJ VNLOOV

ZKLOH H[SORULQJ DGYDQFHG FRQFHSWV LQ QXPEHUV

H[SUHVVLRQV HTXDWLRQV DQG JHRPH%J{\)/d? LV FRXUVH

HPSKDVL]JHV FULWLFDO WKLQNLQJ UHDO ZRUOG DSSOLFDWLRQV

DQG SUHSDUDWLRQ IRU KLJK VFKRRO P®OHWKGH{SWREWY WKH OLIH PLQLVWU\ DQG W|
-HVXV &KULVW WKURXJK D GHWDLOHG VWXG!
6WXGHQWYVY H[DPLQH WKH KLVWRULFDO FXO\

6&,(1 &( FRQWH[WV RI -HVXV OLIH FRQQHFWLQJ 20G
6FLHQFH{SORUHV WKH OLYLQJ zRUOG HPESKBRRPNY WRAVKH IXOILOOPHQW RI *RG V
VWUXFWXUH IXQFWLRQ DQG SURFHVV Vel o W R H WK Ey RVSHOV RIFODUN - 0D

N
FODVVLILFDWLRQ SODQWYV DQLPDOV & kBEBo BWRERHQWY OHDUQ KRZ -HVXV UH
VIVWHPV 6WXGHQWYV GHYHORS FULWLFYEH VXTI BYNLRY $GELRU DQG 6RQ RI *RG DQC
VFLHQWLILF LQTXLU\ VNLOOV zKLOH LOYRGWYHBWM 9IIE iRPW @RW YR LPSDFW RXU
WKH PLFURVFRSLF DQG RUJDQLVPDO OHYHOV +DQGV RQ ODEV

H[SHULPHQWY DQG REVHUYDWLRQ DFWLYLWLHY KHOS VWXGHQWYV

XQGHUVWDQG ELRORJLFDO SULQFLSOHY bO&WB(6 2)) (5("

LQWHUFRQQHFWLRQ RI DOO OLYLQJ WKLQJY,

e &KRLU
e 'UDPD

*

(1*/,6+ e ([SORUDWRU\ 6SDQLVK

(QJOLWPSKDVL]HV UHDGLQJ zULWLQJ bPEGeRW SFFKERO 6WXGY 6NLOOV

WKLQNLQJ VNLOOV JXLGLQJ VWXGHQWY WE'MbPRRCEERWLBR xuH
DQG QRQILFWLRQ ZKLOH H[SUHVVLQJ L&HBDX*oHDUO\ DQG
HITHFWLYHO\ 7KURXJK QRYHOV VKRUW'VWRRULRY' srHwuU\
6KDNHVSHDUH DQG LQIRUPDWLRQDO W H[R#RYLRNBHIVRFH
H[SORUH WKHPH ILJXUDWLYH ODQJXDJH DQG OLWHUDU\
VWUXFWXUH :ULWLQJ LQVWUXFWLRQ IRFXVHV RQ QDUUDWLYH
SHUVXDVLYH DUJXPHQWDWLYH DQG FUHDWLYH SLHFHV ZLWK
JUDPPDU YRFDEXODU\ DQG FRQYHQWLRQV LQWHJUDWHG
WKURXJIKRXW
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,BUH SOJHEUD/WXBHQWV VWUHQIWKHQ WKHLWRSWRYLGHY D FKURQRORJLFDO VWXC
XQGHUVWDQGLQJ RI IRXQGDWLRQDO PDWKghffr iy WYrRPKUSBRUDWLRQ WR WKH SUHYV
WUDQVLWLRQLQJ WRZDUG KLJK VFKRRO OHY QY RPIHEY DIFDONPMR HRBIvH DQG HIIHF

7KLV FRXUVH HPSKDVL]HV SUREOHP VROYLRJr WP SARYREFDO DQOG HFRORPLF GHY]
DSSOLFDWLRQ DQG ORJLFDO UHDVRQLQJ DV VWXGHQWYVY H[SORUH

QXPHULFDO UHODWLRQVKLSY H[SUHVVLRQV HTXDWLRQV DQG
JHRPHWULF FRQFHSWYV 0/0,0/0/(

*HRPHWU\ +RIRRIWLGHY D ULJRURXV VWXG\YRLEQBRRYWEHY DQ LQ GHSWK VWXG\ RI $F
UHDVRQLQJ DQG UHDO ZRUOG DSSOLFDWLFGVWEOMNYG HRAMWY Iy RO P UON FKXUFK KL
SUREOHP VROYLQJ DQG VSDWLDO UHDVRQWEHRARDOV QR LDUDPAYSEIFDPLOSSOLFDWLRC

UHODWLRQVKLSYVY EHWZHHQ ILIXUHV WUDQ@®WMRUPBWARYVHIBPFSOH VWXGHQWYV GHYHC
SUREDELOLW\ DSSURDFK WR NH\ DSRORJHWLF TXHVWLRQ

LQWHUSUHW 6FULSWXUH ZLWKLQ FRQWHI[W
IDLWK DQG OHDGHUVKLS DQG XQGHUVWD (
6&:(1&( QDUUDWLYH RI WKH 1HZ 7THVWDPHQW

6FLHQF$HURYLGHYV D FRPSUHKHQVLYH VWXG\ RI SK\VLFDO

VFLHQFH LQFOXGLQJ PDWWHU PRWLRQ HQHUJ\ ZDYHV PRWLRQ

DQG IRUFHV BWXGHQWYV HQJDJH LQ KDQGv(r{c( &[E,FQJ(L6H2\)/\) (DEQ'
UHDO ZRUOG DSSOLFDWLRQV WR GHYHORS VFLHQWLILF UHDVRQLQJ DQG
PHDVXUHPHQW VNLOOV 7KLV IRXQGDWLRQD&RFROPWHIUHSDUHYV

VWXGHQWYV IRU KLJK VFKRRO &KHPLVWU\ DQEUBW\VLEV
e &KRLU

. « 'UDPD
(1*/,6+ « ([SORUDWRU\ 6SDQLVK
« OLGGOH 6FKRRO 6WXG\ 6NLOOV

(QJOLVK HRSKDVL]HV UHDGLQJ FRPSUHKH QW l3kQv IGFLOHUDKED W L R Q
DQDO\VLV ZULWLQJ VNLOOV DQG YRFDEXQDgAGHYHORSPHQW

BWXGHQWYV H[SORUH D YDULHW\ RI WH[WV L QFORX$RQAJ QRYHOV VKRUW
VWRULHV SRHWU\ DQG PHPRLUV ZKLOH SWDFEWHFOQ b QIDHGHDHW LY H
SHUVXDVLYH DQG UHVHDUFK ZULWLQJ *UDPPDU V\QWD[ DQG

SXQFWXDWLRQ VNLOOV DUH LQWHJUDWHG W K3RAA EHRIMBAHY RRIYKMK X RBOEIHEW
FRPPXQLFDWLRQ DQG DQDO\WLFDO WKLQNLQJ

(QJOLVK +R@RYVGHY DQ LQ GHSWK H[SORUDWLRQ RI

OLWHUDU\ JHQUHV ZULWLQJ WHFKQLTXHV DQG FULWLFDO DQDO\VLV
VNLOOV BWXGHQWY UHDG DQG DQDO\]H QRYHOV VKRUW VWRULHV
SRHWU\ DQG GUDPD ZKLOH GHYHORSLQJ QDUUDWLYH SHUVXDVLYH
DQG UHVHDUFK ZULWLQJ VNLOOV (PSKDVLV LV SODFHG RQ ILIJXUDWLYH
ODQJXDJH OLWHUDU\ HOHPHQWY JUDPPDU DQG HIIHFWLYH
FRPPXQLFDWLRQ WKURXJK ERWK ZULWWHQ DQG RUDO H[SUHVVLRQ



*HRPHWUWSBUHQJWKHQV VWXGHQWV UH@%%QVQJS@QJ\BLWDQ LQ GHSWK H[SORUDW
VROYLQJ DQG VSDWLDO YLVXDOL]DWLR VVDIHQQU\ZJ}%%U[SZQJFEWL WS KQLTXHY |
SURSHUWLHV DQG UHODWLRQVKLSV RI V&S \L S\ R Wil AP ®G DODOVH OR)
DQG FRRUGLQDWH SODQH FRQWH[WV 6WRGHRW ok QBWDD(%%—L%LHD&;E'YHORSLQJ B
DQG JHRPHWULF FRQFHSWYV DQG DSSO\ WKHAL ¥ Rk uya@ggvgvbw@ ZULWLOI YNLC
FRPSOH[ SUREOHPYV SODFHG RQ ILJXUDWLYH ODQJXDJH OLWHUD

JUDPPDU D G HIIHFWLYH FRPPXQLFDWLRQ
$OJHEUD +BQRYYGHYV D ULJRURXYV DFF lPLH/\P\H O H[SUHV\\//LRQ

Rl IRXQGDWLRQDO DOJHEUDLF FRQFHSWYV WKDW SDUH VWXGHQW

IRU DGYDQFHG KLJK VFKRRO PDWKHPDW%@yOEvMRﬁwgﬁmeHQWV FULWLEI
DSSOLFDWLRQ SUREOHP VROYLQJ DQG MHFr&QREDY 0 WMAIYPWH-RE FRPPXQLFDWLR
VWXGHQWYV GHHSHQ WKHLU XQGHUVWDQELQH R/HXRWHRRIVZRUOG OLWHUDWXUH 6V
HTXDWLRQV DQG UHODWLRQVKLSV ZKLO@RQIﬁi\éH/O%%lDQ\} WWRRQP VWRULHY HVVD\V I

DQDO\WLFDO UHDVRQLQJ VNLOOV WH[WV DQDO\]LQJ WKHPHV OLWHUDU\ GHY!

SXUSRVH ZKLOH VWUHQJWKHQLQJ JUDPPDU

6&,(1 &( DQG FRPSRVLWLRQ VNLOOV (PSKDVLV LV S¢
H

UHDGLQJ HYLGHQFH EDVHG DQDO\VLV DQG

%LRORJGHIYHORSY VWXGHQWYV XQGHUVVHR QEUPIWVKIUALWRAKWLYVWRULFDO FXOWXUDO
VI\VWHPV VFLHQWLILF LQTXLU\ DQG WKH LOQWHUFRQQHFWLRQV RI OLIH

BWXGHQWY H[SORUH FRUH FRQFHSWV LQ Frﬁ? DU ELRORJ\

JHQHWLFV HYROXWLRQ DQG HFRORJ\ HPS L%QJ FULWLFDO

WKLQNLQJ GDWD DQDO\VLV DQG DSSOLFORPROHRI WRSHKNSR OMM. HRZ SHRSOH DURX
PHWKRG +DQGV RQ LOQYHVWLJDWLRQV DWEHUARWOLREVIO R MREDHWLHY DQG VKDSH !
UHLQIRUFH KRZ ELRORJLFDO SULQFLSOHVKYIREIHY R¥Q@ 7RSLFV LQFOXGH SRSXODWL!

XQGHUVWDQGLQJ RI OLIHDQG WKH QDWKUWRI-QRuD@G FLWLHYV 8VLQJ PDSV DQG GD\
VWXGHQWY LQYHVWLJDWH JOREDO FKDOOHC

%LRORJ\ +REQRWLGHY DQ LQ GHSWK H[sORUDWIRBYH 3P PFHy PUH FRQQRHFWHG
VIVWHPV HPSKDVL]LQJ VFLHQWLILF LQTXLU\ DQDO\WLFDO WKLQNL J

DQG UHDO ZRUOG DSSOLFDWLRQV 6WXGHoWV DR X EB%WB%‘%(Q) gWURGXFWRU\ WKDW
SURFHVVHV JHQHWLFV PROHFXODU ELRY %ﬂRWﬂﬁ BRFLHWLHV DUH VWU.
HFRORJ\ ZKLOH GHYHORSLQJ ODERUDWRYKYNESYW U \W d/‘{{?t'\}U HQYLURQPHQ
DQG FULWLFDO UHDVRQLQJ 7KH FRxUVHTERBOUYLG YU T % '6v9\(N RRSXODWLRQ F
PDNH FRQQHFWLRQV DFURVV ELRORJLFD%JHE’(})&%@% (? EDQ GHYHORSPHQW 1

H
XQGHUVWDQG WKH LQWHUGHSHQGHQFH RRELLRTELHY, \sD Y é?i’ WHQ¥ EWXGHQWYV JDLG

IRU DGYDQFHG VWXGLHV LQ VFLHQFH  XVLQJ JHRJU WRROV LQFOXGLQJ PDSS
DQDO\WLV WR LQWHUSUHW JOREDO FKDOOH

SDWWHUQV DQG KXPDQ HQYLURQPHQW FRQ

%, % (

%LEOH 20G 7THVWDPHQW +LVWRU\ DQ(€/7(F&Q7)F9] 6 223
H[SORUHV WKH KLVWRU\ WKHRORJ\ DQG OLWHUDU ULF va RI WKH

20G 7THVWDPHQW JXLGLQJ VWXGHQWV WR &OR4E¥RHPH e *REIQRFK &3 RQOLQH RQO\
XQIROGLQJ SODQ RI UHGHPSWLRQ WKURXJKHFQSMP g BRMIBBOWE3 RQOLQH RQO\
H[DPLQH NH\ QDUUDWLYHV ODZV SURSKHPUYW DQG SRAWSDPQLVK &3
UHIOHFWLQJ RQ *RG V FKDUDFWHU FRYHQBOWP QBB WUNGRAH YN IH8LIQ /DQIXDJIH
+LV UHGHPSWLYH ZRUN SRLQWLQJ WR -HYXAHOQBERBVYLY tv3§6BRMBSK)

RQ ELEOLFDO OLWHUDF\ FULWLFDO WKLONKYLDD® EFERFTEPMWR I 206

7HVWDPHQW WUXWKYV WR D &KULVW FHQWHUHG ZRUOGYLHZ



FRPPXQLFDWLRQ 6WXGHQWV H[SORUH &HWHH 0P Qe+ DRDRMPIRRPIOVELRQ VNLOOV WKURD
DQG IXQFWLRQV ZKLOH OHDUQLQJ WR PREHXCDAANHEYBWfH HHDOXGHQWY H[SORUH QRY
ZRUOG VLWXDWLRQV XVLQJ DOJHEUDLFHMYBWAV\A RS WV X$PLHWHRYMP O WH[WV DQDO\]LQ
DQG JUDSKV (PSKDVLV LV SODFHG RQ FROGHEHWLER ® PrHENBYEDO SXUSRVH ZKLOH VW
FRQFHSWV WR SULRU NQRZOHGJH RI DULRAENPIOY b R SUHEHDIAWWWLRQ VNLOOV (PSK
VWXGHQWYV IRU KLJKHU OHYHO PDWK FORVH UHDGLQJ HYLGHQFH EDVHG DQDO\VLV
OLWHUDWXUH WR KLVWRULFDO FXOWXUDO DQ

$OJHEUD +REQRIBHQV VWXGHQWYV XQGHUVWDQGL

IXQFWLRQV HTXDWLRQV DQG KLJKHU cS ‘onSOJFTE’JG@LOﬁX’z PR Y FHPMRMY PRYHPHQWY DX
ZKLOH VWUHQJWKHQLQJ DQDO\WLFDO W g\f/ Q 3BRYSHFRROHPNVHUDWXUH TURP WKH 3.
VROYLQJ VNLOOV BWXGHQWYV H[SORUH PV EH >EQUJ\H W XLeHRW R GHYHORS FULWLFDO
IDPLOLHY OLQHDU TXDGUDWLF H[SRQHRAFCDH- o rIHUH R FPQRG ZULWLQJ VNLOOV 2

UDWLRQDO DQG WULJRQRPHWULF DQG OHPURYWR ﬁf"é‘ébD\D\)WLHV%HYHORSPHQW DQG $3

FRQFHSWV WR PRGHO DQG LQWHUSUHW UHDO ZRUOG VLWXDWLRQV
(PSKDVLV LV SODFHG RQ FRQQHFWLRQV4DRRRQZ BQIHEUDLF

JUDSKLFDO DQG QXPHULFDO UHSUHVHQWRWWERQY, SYHSRY YA sROLWLFDO HFRQRPL
VWXGHQWV IRU DGYDQFHG PDWK FRXUVdﬂ’YH@ﬁSFﬁ-b WKH 8QLWHG 6WDWHV IURP L

UHDGLQHVV H[DPV WKH HDUO\ VW FHQWXU\ 6WXGHQWY DQDO\]H
PRYHPHQWY DQG ILJXUHV GHYHORSLQJ FULWIL
6&’(1 &( UHVHDUFK DQG KLVWRULFDO LQWHUSUHWDWLI

&KHPLVWURQURGXFHY VWXGHQWY WR WHJO | KQUBEFROFPHIRMNPPD 86 +LVWRU\ WKURXJIK &HGD L
SULQFLSOHV RI FKHPLVWU\ HPSKDVLILQUAWKHs M7 LH QWIRIURXYVY FROOHJIJH OHYHO VWXG
PHWKRG SUREOHP VROYLQJ DQG UHDOURKGGHERORBDLWORRYVPHYV WR WKH ODWH Wk
EWXGHQWYV H[SORUH DWRPLF VWUXFWXGHYHRIORBLEBGY BERQAGL QHDO\WLFDO UHVHDUFK

VWRLFKLRPHWU\ WKHUPRFKHPLVWU\ JDYWHZ HDWWbAY PR ENLOOV ZKLOH H[DPLQLQJ
EDVHV RUJDQLF FKHPLVWU\ DQG ELRPRRHIFX® HYQIXERBWXUDO GHYHORSPHQWY WKD\
GHYHORSLQJ DQDO\WLFDO UHDVRQLQJ s@DBRRLD MRHYWMNLOOV DQG

TXDQWLWDWLYH DQDO\VLYV 7KH FRXUVH SUHSDUHV VWXGHQWYV IRU

KLJKHU OHYHO VFLHQFH FRXUVHV E\ IRYWHMLQJ FULWLFDO WKLQNLQJ

DQG D GHHS XQGHUVWDQGLQJ RI PDWWHD 0% FKHPLFDO
SURFHVVHV %LEOH +HUPHQEWWREBWKFHY VWXGHQWYV WR

SULQFLSOHY DQG SUDFWLFH RI ELEOLFDO LQW
&KHPLVWU\ +BQRYNVGHYV DQ LQ GHSWK V@& IRbPPWWWEINEI) KLVWRULFDO DQG OLWHUDL
FKHPLFDO UHDFWLRQV DQG WKH XQGHWRY @HBEHRFLE O GWEPWDQGLQJI 6FULSWXUH
JRYHUQ WKH SK\VLFDO ZRUOG 6WXGHQWMW GHVH QRS Py DIQFFEXGLQJI QDUUDWLYHV H
SUREOHP VROYLQJ ODERUDWRU\ DQG BRARWLEZPPGCRYLBPOW HKDR X UH SURSKHF\ DQCG
H[SORULQJ DWRPLF VWUXFWXUH FKHPLEDPYHER@EHYI NLOOV LQ H[HIHVLY FULWLFDO

VWRLFKLRPHWU\ WKHUPRFKHPLVWU\ UHDRW ERQ MURHWKLF YD L WK IX 0 O\
HTXLOLEULXP DFLGV DQG EDVHV RUJDQLF FKHPLVWU\

ELRFKHPLVWU\ DQG QXFOHDU FKHPLVW¢JZ| &?K%V ?v CZ;EELFJC'

RQ FULWLFDO WKLQNLQJ TXDQWLWDWL (J v ééo )32 DO ZRUOG
DSSOLFDWLRQV SUHSDULQJ VWXGHQWW BRR K EKFRLW OH¥HPUMBIEKQRIZ RQOLQH RQO\
FRXUVHV DQG 67(0 IRFXVHG SDWKZD\Ve 7HFKQLFDO 7KHDWHWPDQ &3 RQOLQH RQO\

e SUW e 6SDQLVK &3
e $GYDQFHG $UWe $PHULFDQ 6LJQ /DQJXDJH &
e <HDUERRN ¢ 3KLORVRSK\

e 3K\WLFDO (GXFDWLRQ



$OJHEUD VWBHQIWKHQV VWXGHQWYV X? j_HJL %T]-H'?I%ULWLVK OLWHUDWXUH IURP
R

96
IXQFWLRQV HTXDWLRQV DQG DGYDQFH LPL%J&'%% x TRAREHVB LVP ewxGHQWV GHY!
BWXGHQWV GHYHORS SUREOHP VROYLQY, DRPOIWLFR Y, BRC

"DQDO\VLV UHVHDUFK DQ
PRGHOLQJ VNLOOV ZKLOH H[SORULQJ UF£-|

%L FQL?‘LPSSQ:H:&)\W F\/\PVWKHPDWLF GHYHOR

DQG SUHSDULQJ IRU VWDQGDUGL]HG PIB B@\Y/YUV\[S%%Q%VHDWLYH H[SUHVVLRQ

$3 3UHFDOBX®SDUHV VWXGHQWYV IRU D&Y DRFHEDJIJH DQG &RPGRYHWRBY VWXGHQWYV VI
PDWKHPDWLFV LQFOXGLQJ FDOFXOXV UEKHWMR BIOFRS). QD DDIRURXNYUIXPHQWDWLRQ DQ:
SUREOHP VROYLQJ DQDO\WLFDO DQG WRZHPHQJ6WNLOWYWY UHDG D YDULHW\ Rl QRQI
6WXGHQWY H[SORUH SRO\QRPLDO UDWWRQD®G HU ¥ RPHGWM DD VW\OH SXUSRVH DQG D
ORJDULWKPLF WULJRQRPHWULF DQG FROMU QX Q FMEKRIOM VDIW Z$H®IFHG RQ ZULWLQJ IR
DV LQWURGXFWRU\ FDOFXOXV FRQFHSWWG VIQWKHVLY LQ SUHSDUDWLRQ IRU FROOHJ

6&,(1 &( +,6725<
+XPDQ $QDWRP\ B3K\VLROSORWRBYV WKH :RUOG +LVWRH)DP&®HV JOREDO KLVWRULFDO G
VWUXFWXUH DQG IXQFWLRQ RI WKH KXRDRPER®RH FRWHWL@L OH $JHV WR FRQWHPSRUD
WKH RUJDQL]DWLRQ RI FHOOV WLVVXHEXx BWXR®O BRO MWYWHBVHFRQRPLF DQG VRFLI
EWXGHQWYV VWXG\ WKH UHODWLRQVKLSyWBHEMBGWNR PRPINRPWKH FDXVHV DQG FRQVHT?
DQG SKRWRJ\ DSSO\LQJ NQRZOHGJH WRHKkHB QW Kb ¢&d- PRI  HQWV ZRUOGZLGH
DQG FOLQLFDO VFHQDULRYV

$3 (XURSHDQ +IZMUWMRBRXUVH H[SORUHV (XURSHI
$3 (QYLURQPHESMRWHV WKH LQWH U D FWIWRPVWEKHW ZHMIKY OLGGOH $JHV WKURXJK PRGHUC
KXPDQV DQG WKH HQYLURQPHQW FRY HWR QK DHARVOVYVEHRRM. WLFDO VRFLDO LQWHOOHF!
ELRGLYHUVLW\ SRSXODWLRQ G\QDPLFW HDUWRUBWHRYY 6WXGHQWY GHYHORS VNLC
UHVRXUFH XVH SROOXWLRQ DQG JORED®GFKD QBN SEMBOHQWVRQ
DQDO\]H HQYLURQPHQWDO LVVXHV DSSO\ VFLHQWLILF
SULQFLSOHV DQG HYDOXDWH VXVWDLQDEOH YROXWLRQV

0,

3K\VLFV +RBFRUWDWRUHV WKH SULQFLSOHVEGRVWKPRLWYF 7TEHRERRSY VWXGHQWY XQGHUV\
HPSKDVL]LQJ PRWLRQ IRUFHV HQHUJ\ FRWHH&K BIOHFMWOUQ BIRFWULQHY DQG WKH ORJLF
PDJQHWLVP DQG QXFOHDU SURFHVVHVWAWMNEKHBWX®DHEGWYV H[SORUH WKH QDWXUH RI °

PDWKHPDWLFDO DQG FRQFHSWXDO UHDVRQYQDWMWRR DYBE\FKXUFK DQG WKH HQG WLPH
SK\WVLFDO SKHQRPHQD DQG VROYH UHDOHARBRIGQI URE @WHPN DQG IDLWK

(/(&7,9(62))(5("

e 6KRZ &KRLU e JUHQFK &3 RQOLQH RQO\
e 7THFKQLFDO 7KHDWHUPDQ &3 RQOLQH RQO\

e SUW e 6SDQLVK +RQRUV
e $GYDQFHG $UWe $6/ +RQRUYV
e <HDUERRN e 3KLORVRSK\

e 3K\WVLFDO (GXFDWLRQ



3UH &DOFX®GIXYOKIHY DGYDQFHG DOJHEUD
WULJRQRPHWU\ DQG SUH FDOFXOXV FRYFHIWYV &SuHEDRQLBRY LRIFFFORIWLRQYDQFHG
VWXGHQWYV IRU FDOFXOXV 6WXGHQWHW WXV )WHDELRJyDQG DQDOVWLFDO VNLOOV
HTXDWLRQV V\VWHPV DQG PDWKHPDWUFBDROEPAHIHAQHYHO FRPSRVLWLRQ 6WXGHQW

ZKLOH GHYHORSLQJ SUREOHP VROYLGHBBWLFHDWKIWWRYGFDO DQG SHUVXDVLYH ZUL
VNLOOYV JUDPPDU DQG SXQFWXDWLRQ VNLOOV 3URMHF

DVVHVVPHQWY HPSKDVL]H FULWLFDO WKLQNLC
$3 6WDWINQMWFRGXFHV VWXGHQWY WRoBBVWIYHEWLYH FRPPXQLFDWLRQ

DQG LQIHUHQWLDO VWDWLVWLFV SUREDELOLW\ DQG GDWD

DQDO\VLV SUHSDULQJ WKHP IRU $3 OfBY Y & WKW L VW IWFAR@XRIS'Y DGYDQFHG OLWHUD L
UHDVRQLQJ DQDO\VLY FULWLFDO WKLQNLQJ DQG FRPSRYV

$3 &DOFXPIEUYRUHV WKH IXQGDPHQWDWIIQ_F'Q HVI-?%S/\[I)\/R'R§RHWU\ GUDEDFRDQVSHS\EJV?/VZV\I/L)J(E
FDOFXOXV LQFOXGLQJ OLPLWYV GHUL D é I9 %Q \QBBQ Q [

ZLWK DSSOLFDWLRQV WR UHDO ZRUO(\é\”%H LSOhI-\?\'IZKR 2H TXHVDVl\:/)LZRLV\</KDULGJRILLjSI>-|<VU§|l\J/[‘
SUHSDUDWLRQ IRU WKH $3 &DOFXOXVH Q Q ‘
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3K\VLFV +RRRBWRUHV WKH SULQFLSOH@YFH q<P?gﬁ/\(/VDISIG$(PFHRUQL[FSF[(}H:%VE&;?’HV\GKHPH W DOR
HPSKDVL]LQJ PRWLRQ IRUFHV HQHU \ Q Q Q Q

HOHFWULFLW\ PDJQHWLVP DQG QXF m% HIQAA{—R/Q/ FRQRPLF SULQFLSOHV 6WXGH
6WXGHQWY DSSO\ PDWKHPDWLFDO D(%:% 8 VWUXFWXUHV DQG HFRQRPLF
UHDVRQLQJ WR DQDO\]JH SK\VLFDO SK \QVI\?;EJ(;% HOSRHSULVQRJQ?D%DIFLV(\SLDFQDFOLDV(’)\ILF
UHDO ZRUOG SUREOHPV

$3 (QYLURQPHQIMRWHY WKH LQWHUDFQyL (98(
EHWZHHQ KXPDQV DQG WKH HQYLURQ @1§ FRYHULQJ

HFRV\WVWHPV ELRGLYHUVLW\ SRSXOBWRRR® JGNGEOOREWVHODKIWKWLDQ DSRORJHWLFV
VI\VWHPYV UHVRXUFH XVH SROOXWLR@WRXGQGE QJWREDRO GHHQUEAWKH IDLWK WKURXJK S
6WXGHQWY DQDO\|H HQYLURQPHQWD®RYVDNXHD QGSBIOROLFDO UHDVRQLQJ ZKLOH HQJ
VFLHQWLILF SULQFLSOHVY DQG HYDOXRWW WXYRUDLW\DEXOHHW XUDO DQG HWKLFDO LVV
VROXWLRQV

SBHTXLUHG 5HDHUMRIQ RI ,QWHUHVW E\ - :DUQH
3V\FKRORJ\ +RQRUNRGXFHV VWXGHQW\M WRDFKHD QW XGYXHVWLRQV (YHU\ &KULVWLDQ
RI KXPDQ EHKDYLRU EUDLQ IXQFWLR®VMHWOQ ® $QWDU E\ 5SHEHFFD OF/DXJKOLQ
SURFHVVHV 6WXGHQWY H[SORUH ELRORJLFDO VRFLDO DQG
GHYHORSPHQWDO SV\FKRORJ\ ZKLOH OHDUQLQJ VWUDWHJILHV

IRU HIITHFWLYH OHDUQLQJ PHPRU\ D(Qgé(s&%\g{(ﬁ)@)J)u(F&(/\/K

6KRZ &KRLU
e 7THFKQLFDO 7KHDWUH
e SUW
e« $GYDQFHG $UW
e« <HDUERRN
e 3K\WLFDO (GXFDWLRQ
e 7THDFKHU V $VVLVWDQW
e 3KLORVRSK\
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