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-V FUHDVIYIW D &RXQVIAU RUFH VIR 9 LRGIQFH!
-HQQ -XOXQHQ ) LQDXQG

3\t FKRWH.DSIMA2 FRXSDMRCDOMH.DSIMWERADCB M FKREJMADQG 0 DAMUIR $HWKHAE 3UDRARHY1Q
BRAHN \SHADD DWRQ LQ $UNTKHIDS\ VYGHIMD2 R 0 HARSROBQ 8 QLYH W

7KLV SUHVHQWDWLRQ H[SORUHV WKH LQWHUVHFWLRQ RI FUHDWLYLW
PXOWLGLVFLSOLQDU\N LQVLIKWY LQ IRUHQVLF SV\FKRWKHUDS\ DQG I
WKHRU\ DQG FOLQLFDO H[SHULHQFH IURP WKH SURMHFW )J)URP 9LROH(
WKH URRWY RI YLROHQFH DQG UHGXFH YLROHQW EHKDYLRXU WKURXJ
RITHQGHUV

7KH RULJLQ RI YLROHQFH LV GHHSO\ HPEHGGHG LQ KXPDQ UHODWLRQ
WKH PRVW SRZHUIXO SV\FKRORJLFDO PRWLYH IRU YLROHQFH LV WKH
KXPLOLDWHG ODQ\ LQGLYLGXDOV ZKR KDYH FRPPLWWHG DFWYV RI YLF
UHODWLRQDO DQG DWWDFKPHQW WUDXPDV 6KDPH DQG YLROHQFH DL
WHQG WR HYDGH ODQJXDJH $GGLWLRQDOO\ &DUWZULJIKW GHVF
DQG V\PEROL]H LOQWHUQDO SURFHVVHYV OHDYHV LQGLYLGXDOV PRUH )
:KDW KDSSHQV ZKHQ WKRVH ZKR KDYH FRPPLWWHG YLROHQFH DUH JL
GHVWUR\" 'DYLG *XVVDN KDV WKHRUL]J]HG WKDW DUW PD\ HPHUJH
GULYHV DV YLROHQW EHKDYLRXU &RXOG WKH DJJUHVVLYH GULYH DQ
LQWR VI\PEROL]DWLRQ LPDJLQDWLRQ DQG FUHDWLYLW\"

7KLV SUHVHQWDWLRQ H[DPLQHVY KRZ DUW PDNLQJ DQG FUHDWLYLW\ F
PHQWDOL]DWLRQ UHIOHFWLRQ WUDQVIRUPDWLRQ DQG GLDORJXH H
PHWKRGV IDOO VKRUW LQ WKH IDFH RI YLROHQFH %\ ZHDYLQJ WRJHW
H[SHULHQFH LW SURSRVHV WKDW FUHDWLYLW\ DQG DUW PDNLQJ DUH
7KH\ FDQ EH FRXQWHUIRUFHV WR YLROHQFH UHVWRULQJ UHVSHFW K.

-HQQ\ -XOIXQHQ LV DQH SHUIHIAHE KHDOMFDUH SLR HMRQDO+ HUFRUH
YDOXHY KXP DQW HTXDOW FRXUDIH DQG FUHDWIW KDYHJIXIGHG KHUIQ

P HHAMQ SHRS®IIURP DAY DOVR @HZ W UHVSHADQG FXURMW +HJ
SDWIRQ | RUXQGHIMIQEQ) WHKXP DQ FRQAMRQ KDV ®IG KHUVR SXUXH

P XGAS®! IHBVR MG $VDQ 2 AFXSDMRQDOYKHDSMAVBRADCB M FKREIIMAY
3\ FIKRIMHDSIMWDQG VRRQ VR EH$UAZKHDSIMAKH Z KRBKHDUME® DIUHHY
Z W . XUN HZ LQVIQUIKVINDW 1 RLQ) 1V \R SUDRAFDCDV D JRRG WHRU

2 QHR -HXQ VP DIQDUDVR IQMHMYYRBIFH  IWRRW W

P DQUHWEMRQY DQG P RWIP SRUBIQWD Z KDWADQ EH GRQH DERXWWGEKH
KDV GHYHEBSHG D SLRVMAMV®IG ) LRP 9LRBIAHVR &UHDWIW 1Q Z KIFK \KH
FUHDWV DUNRIHNHUZ IW YIRBOWR! | HOGHY 6KH LY GHHS® LOMIXHG E\ WH
TXHWMRQ +RZ DUHYIRGIQFH DQG FUHDWIW FRQOHAMG' -HJQ\ VIXIAQ)

P RAR ERW SHYRQDE DQG SIRHMRD® FRP HVILRP 6DP XHIA-FNHM
(YHUWHG (YHUIDIGG 1 RP DWHJ 70 DIDIQ ) DICDIDIQ ) DICEHAMU

VIO, MOXQHH ORYDIABRIL
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1 RZ VKDWP RQWHUKDV EHHQ RXWRXUFHG ILRP P H
([ SUMLYH $ UN 7KHWDS\ DV 6XSSRUAQI 5HFRYHU 3 LRFHWHV
1O D ) RUHQWF 3\A FKLDWLE + RVSLVIDO

0 DU / HHQD 3LLSSR ) LODQG

([ SUHWMYH$WN 7KHDSIMA2 FEXSDWRQDO? KHIDSIMADWL LXYDQQIHP L) RIHME 3M FKIDWIF + RVSIVO

7KLY WHY H DP LOHVWH HI1THPW DQG P HRKDQIVP VRI H SUHWLYH DUAKHLDS\ 1Q D | RUIHQME

SV FKIDWIF KRVSIVBOR VXSSRUASDMHQW LHRRYHU SIRFHWHY $VWHWHWDS\ Z RUINSWRIUHWWHG
IHARYHY EHIDQWR \KRZ 1QWH HP HUHQPH Rl KHDOKIHUWDIW Rl SDWHQW Z KIFK VSDUNHG
LOMHNQ FOUL\ LQJ WH | DRRYY LQI OXHQAQ) WL FKDQIH

—GHVFUEH DUAKHDS\ Z RUINZ W SDMHQW DQG WH WHP HVRI UHFRYHU WDWKDYH HP HUHG
ILRP WHWHWDS\ VXFK DVH SRUQJ LGHWN GHYHERSIQU DQ DADQAH 11QGIQI RQHVRZ Q
VWHQIWY DFFHSWQJ @YHG H| SHUHQRHV DQG VHHQI KRSHIQ RQHVRZ Q@H 7KH SLRFHWHY WDW
KDYH EHFRP H YIME®! 1Q DUMKHDS\ DUH LOWIQGHG VR FRQWOXH HYHQ DIWIUWHLDS\ DQG VR P DNH
IMHDMHUVR FRP P VIR RQHV RZ Q WHDWP HOW-Q WMXGLHY DUAKMHDS\ KDV EHHQ IRXQG VR KHS
SHRS®! VXITHUQJ ILIRP D SV FKRWE GVRUGHUEHFRP HP RUH DZ DUH Rl WHP VHOHY DQG WHURZ Q
DPARQV DQG VR DI HPWXQPARQDCFDSDAW E\ VWHQIWHQLQ) LHI XOWRQ WN.@Y DQG VHOVRU
SHUFHSMRQ 7KHVH W@ FDQ DRADV SLRWPAYH | DRRYY DI DIQWABM FKRRILFDOA P SVRP VDQG
UHSHWARQ Rl FUP LQDCEHKDYIRXU -QWMUP RGDOW DAR KHSV VR H SUHW WIQIVWDWP D\ EHVRR
GLI EEXOWR H SUHW YHEED® RULQ Z UWQJ  &RQFUHW FLHDWYH Z RUNV FDQ EH YIHZ HG | LRP

GLLI HHQWSHU/SHPRYHY DQG WILRXIK WHP 110G QHZ P HDQIQUVIRURQHVRZ Q H SHUHQAHVLQ
ROHVRZ Q@HDVDZ KR

7KH SKHORP HOR®JIFDCBHW/SHRRYH RI WH DUASLRAHW LV \KRZ 1QJ WH SDWHQW/ RZ QZ RUG R

H SHUHQPH DVWKH PHOWH Rl WH P DQUHWIMRQ Rl UHDONV 7KLY SURYIGHG D 1 LDP HZ RUINIRUWH
VDIH HP HUJHQFH DQG VKDUQJ RI [P DILQDMRQ P HP RUHV HP RARQV DQG VHQVRUY SHUFHSMRQV1Q
SDWHQWZ RN

0 DUND / HHQD 31LSSR KRTGVD 0 DWMUR! $UN GHIUHH DQG KDV
Z RINHG DVD VHD HP S® HG SRWAY DQG FHDP IEVDUNAVO $  DQ
DUAMDIKHUDQG DQ DUMAVBLOH \KHKDVZ RINHG DVDQ

RAFXSDWRQDOMHDSIMADQG DUAMHDSIMADVNH 1 IXYDQQLHP L
) RIHQME 3\ FKIDWIE + RVSIMBO

P DUDGHD SIUSSR# SILSRWL
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1RZ —&DQ-P DILQH6RP HVKLQJ ( OH

&DIRD %N 6Z HGHQ
SUNANS N KH DSIMADQG 5 HVHDURKHU

+XP DQVQHHG R EHRQJ ' MARQOHPWRQ FDQ BDG VR VHD GHVAKPAYHOHW DQG YIRGIQRH DI DIQW
RWHWY 7KLY GRMUH SHURWP DQRH LV FRQFHUOHG Z WK WH FDSDELOW RI EHQJ 1Q FRP SDWMRQDWM
LHOMRQWKISV $1WUS 1} ] ROWRY UHVHDURK JLRXS GIVARYHUHG WH P LULLRUQHXURQ IQWH P IG

V I XUMHUVXGLHY KDYH LHYROMRQL HG RXUXQGHUABQGIQI Rl IQMIDFIRQ 7RGD. Z HNQRZ

WDWKH P LLLRUQHXURQ VM VWP 1V FRQQHPMG VR DUHDVRI WH ELDLQ WDWARQWROBPWG! DQG
YIVXDCH, SHUHQRHV DQG LV @ONHG R RXUDELDN VR DRWZ I FDUH 7KDW7R Z DWK VRP HRQH HOH

EHQI VRXFKHG DPAYDWAV D VHQVDARQ Rl EHIQJ VRXFKHG P \ VHD VIV VBPAGI HP SDM\ P \
SUHVHQUMRQ VENHV DQ LOMIHWAIQ )RU P LOXWIV—Z L@IHP RYH SDIQALRP D SDIQWQI 1Q
VBIQFH %HKIQG P H—KDYH SHRS®I VWQI REVHYIQI $ K\ SRWHMY % Z DWKIQI P\ FRQFW
Z W WH FDQYDV D 1HHI Rl EHQI RXAKHG LY JHOHUIDMG LQ WH REVHUYHU 7KHDIP VR FUHDW
DVWYXDARQ Rl SUMVHORH 0\ EHIH IV WDWSUAVHORH LV WH NH. VROMRQ VR RXUHFR®RI LFDADQG
VRADCAUMY +HH  —FDQ UH BPWRQ DPWRQVEHQJ P DGH -P DIIQHKRZ \ RX IHHOKRZ

GH RUHWWEMRQ DI | HAW WH SOQHW R —UHD@® QHHG DORWHUVZ HDMU 1 RZ LV D VSDFH WDW
HQDE®V I DM Z KIFK SURP RWMIVP RUIDADPARQY ~EHIIQZ WD P LOXWM GIFUH SUHVHOWQJ
UHVXOVILRP P\ RQIRIQJ LVHDUAK RQ KRZ DUAP DNIQJ FUHDWAV SUHVHQPH DQG FXGRYDMV

HP SDW\ 3DUAASDQW Z LOWHQ EH LOVAKPMG VR Z DWK P HSHURWP DQG Z UMW GRZ Q

H SHUHQRHV 1Q WH QRWEERRN | RXQG RQ WH FKDIU Z KIFK LV GIVEHKIQG ' DV FRIPMG Z LOEH
XVHG 1Q IXUMHUUHVHDURK : HHQGZ W P LOXWAVRI RSHQ UH BPARQ

&DURD %I N LVD P I HG P H3D DUMAVDUAKMHDSIMADQG
UHVHDURKHU Z RINQJ Z W |RXQG REMPW SDIOMY \VFXG\MUH
SKRWJIWSK\  [QWBAMRQ DQG W WA HJZ RINLY IRRWG 1Q

HYHY GD\ @HVMDWRQY DQG VRXAKHY XSRQ IHDMRQDCERQGY DQG
WHULQ OHPHRQVHD DIHQR "Q HDU® DGROMAHFH &DURD B
FROWEANZ I KHUP RIMHUZ KLFK LQ D QDWUDCZ D\ KDV GHYHBRSHG
LR UVHDURK RQ HP RARQDCZ RXQGV DQG WH TXDOW R FDLHDQG
DWMOARQ ) XQGEDP HBOXEMPN DUHWDQU RUP DARQ DQG
SUHHIH &DIRD KRGVD 0 ) $ 1Q) IGHSUMD $ IQSUNTKHDS\ 0 $
IQ7KH7KHRY R 3WDRNFDQ QRZ BIGIHDQG % LQ 3KIBARSK\  6KH
KDV SDUANASDWMG LQ [QM.QDWRQDAFRQ HHOAHVIQ WH I IHT R $UNV
+ HDON DQG $UMME SHADURK 61QRH &DURD KDVEHHQD
ERDUGP HP EHJR! 7KH6Z HAMK 1 DARQDCBWRADWRQ R $UNV
7KHDSIMNV 650V

P Dl FDURDENRNWH
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( FRRILHVRI &DUH LQ $ UNTKHLDS\ 7WDLQLQ]
( QYLLRQP HOW I RU/ HDUDIQJ DQG 7KUYLQJ

3DP HD: KWIDNHU "UHDQG
" U/ HRYXUHJISWBM FKRIH DS\ 4HIDWWGFKRRCR $UAV8 U8 QYH MW

$QHR®JI\ Rl FDUH IV D UHWRUDWYH VSDFH | RUIRFXV LHYHQDMRQ DQG SV FKR®RILFDO

FRP SRVXUH Z IMIQ DUAKHLDS\ HGXFDWRQ SUDPWAH DQG SURIHWIRQDOMH®D FDUH Y D QXUAKUQ)
DQG [P DI LODWYH HQYILRQP HOWZ KIEK EHVRZ VFRP | RUADV D KRVSIMIOW | RFXVHG DUNQWEAMRQ
SURGXFHG E\ DUAKHUDS\ GDURHY DQG HGXFDWRYY 1 HXURVAHQRH UHVHDURK VXSSRUNV WH
WIQUIFDQFHRI FR GHMJIQHG FRAIDERWDWYHD FXUDMG DWAKHLDS\ GDUOIQ) HOYLLRQP HOW R
SWRP R\ GDURHUHDWGOHW FRQYLYIDOW DQG HP RARQDOHEXUW  7KHVH DUH DAMEX\WV Rl QRW
RQO DRRYH GDUDIQ) EXWARI QMYH SUIRFHWQU UHFRIQIMQI WH VLI QULLEDQAH Rl HDFK GDLUHWV
IGHQWN DQG SUH HUHQAHV | RUHQI DIHG GDUQIQ) 7KHHAR®J\ Rl FDLH HWRY HOFRXUDI HV
EHRQILQI DQG P DMUQ] VZ R NH DWMEXWAV | RUMUYIQJ 1Q KLI KHUHGXFDWRQ GDLOIQY
HQYILRQP HQW Z KIFK VXSSRUN ERW WMXGHQAH SHUHQRH DQG DUMMM. $Q HFR®J\ RI FDUH
IOWDA@MRQ IV DOR D P RGHRI SWDPWEH | RUVHD FDUH DAKRP H Z KHUHE\ DUAMHLDS\ WDIOHHV DLH
FXWDRY R WHURZ Q EHRQIIQIV FRP SRMQJ FRP |RUAT RQHV Z W Z KDWKH DOHDG. SRWHW
(TXD® DQHR®JI\ Rl FDUHFDQ EHFR SURGXFHG Z W DUAMHLDS\ VHUYLEH XVHYY Z KR FUHDW D
WHUDSHXWE DAHP EQUH XMQJ REMPW WDWP HDQ VRP HIQ) VR WHU@H H SHUHQRH

&XUDAQ) DWUH GIP HOMRQDOGMVS®\ DV WHDSHXWE VAHOHY LV DQ H SUAWIRQ RI FULHDWYH
WIONQJ DQG P DILQDWYH UHYHUH WDWDQ LQIRWP HP RMRQDAHI XOMRQ | RUHGXFDVWRY/ DUV
WHUDS\ WDLQHH DQG DUMKHUDS\ VHUYLEH XVHLY -W DQ DUAME DQG WHUDSHXWE SUDPAFH Z KLFK
SWRP RWV SDUARSDARQ DQG WH FR GHMIQ R BDUQIQJ HOYILRQP HQW Z KIFK DOR KDV
DSSTDAWRQV Z WIQ KRP H DQG DUMKHLDS\ \AXGIRV RXWIGH WH FOMARRP

' U3DP HD: KIVIDNHUWDIQHS DV DQ DUAKH DSMAQ 9DQFRXYHU
DQG KDVZ RINHG LQ &DQDED 0 DO\ MD DQG"IHDQG 6KHLY
FXUHQ D SUDRNAH EDVHG UAHDURKHJIDQG DUABM FKRMH DS\
GRMUHIDWKH YHIDWBFKRROR $LIVB OIS QLYHIMW 1 RUMHLQ
"IHDQG +HUDUHDVRI UVFDURK DUH FRQPH.QHG Z W FRQMP SRUDUY
DUAFUHDWYH KHDOM | HWARYDCDUWAKHDS\  \WHZ DOLQ) WGR
HOMURQP HABCDUAKH.DS\ DQG HRBIIHVR! FDUHIQ AVIE SUDRWFH
DQG KLIKHUHEXFDMRQ 3DP HD SXEQKHYRQWHH\RSLEY DQG

| DAQAMWA/Z RINKRSV DQG JDWHIQIV Z KIFK DOR LOFRUSRUDWM
SHJRUP DQRHDUWMKHDUAR JDUGHIQ) DQG FUHDWYH KRVSVBON

S Z KIMINHI# XOWUDF XN
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. KDW/VKH5R® Rl P DILODVIRQ LQ &KLGKRRG 7WDXP D
“QUHUYHOMRQV' $UATKHLDS\ DOGWKH  3DUABVRU. 0 HVKRG VR
) DFH &KLBKRRG 7WDXP D <HDU/5HVXAVRI D/ RQILWXGLODO
5 HVHDUFK

7DP DD * RQ £ &DVDGR 6SDLQ
5HVHDUAKHU $UWTKHIDSIMVADVERP SCOWMHS QYHMW R 0 DAUG

. HHSIQI FKIGBUHQ VDIHIRP YIRBIQRH LV \MMORQH Rl WH KDUGHVSLRE®P VZ HIDFH 8 1-&()
HVWP DV WDWDERXWA]  1Q WAQ FKLGBUHQ XQGHUILYH DUH LHIX@UD H SRVHG \R
SV FKRBRIIEDCRUSK\ MEDCKDLP—— H SHUHQPHV WDWBDYH UHDCP DNV RQ GHYHBRSP HOWDQG RQ
KRZ FKIGUHQ |HHOQ WH Z RUT 0 DBKIRGL 9DQ GHU. R®N 7KH%XQGEEEUS
SIRMPAABUMG | LRP WIDWKUWHQR DQGILRP WHS8 1 SGIGIH VR HQG YIRGIQRH DI DIQWIFKITHHQ
6 *
$UMNHDS\ DOGWH  3DUABVRUY 0 HWRG 360 KDYHHP HUHG DVH I HPAYH VRRY | RUZ RUINQJ
Z W FKLGUHQ DI THAMG E\ WDXP D $EKD /10 0 DBKIRGL © IWIQ WLV
ILDP HZ RIN WH SUHVHOWMUV 3K UHVHDURK XQIRGVDVD ®QJ WP NRXWOH DVE R\ HDU
BRQIWKGIQDOAMG FRQGXPAMG DRLRW WUHH FHOMY IQYROIQ)  FKIGBHQDQG  VHVWMIRQV SHU
FHOWU 4 XDQWRMYH DQG TXDDMYH GOV DUH FRGIMG DQG DQDO] HG XQGHUD FRQYHLI HOW
SDIDIIOGHMIQ 48$/  TXDQ &UHVZHD &UHVZ HD
QWHWXGR FKDIDPMY FKDQIHG VROMRQV Z HIH WIHG RXWDQG FRQI TEW VRRN RQ QHZ
KDSHV $ \RVECRI YWXDAIBN — HRWGQIV DG KRXW Rl WDQVRUEHG P DMUDO
FDSWXUH WH QMUIDOMMP RQ. Rl HDFK Rl WHVH FUHDWYH NRXUQH V ( DFK FKI@ BRZ ® EXIO\D
VKRUMDQG D SUYDWIVA P ERTFZ RUTS |Gf LEGIDQGDIYH  FUHDWRQ WDWBMKLAGBLHQ
UHKHDUH UHVSRQVHY WWMHQGIQIV DQG 11QG VP DAY D\ VVR NHHS JRIQI 7KURXJIK WHVH DUAAE
DQG QDUDWYH SURFHWHY FKIEHUHQ KDUOHW WHUIP DI LODWRQ VR WDQMRWP WHUH SHUHQAHV
LR UHMTHQNARUHY

7DP DUD* RQ £®] &DVDGR LV DQ$UNKH.DSMADQG 5 HHDURKHU
\SHADQ HG 1QZ RINQJ Z W P LORY/DQG | DP LOHVIQ WH
HEXFDWRQDODQG VRADGARQM W 6KH LY FXUHMD 1HQMKIQD KHJ
3K 1QDWWKHDS\ IQWHIDFHR YIRBIQFHDQGWDXP D 1Q
FKIGKRRG + HUWHY KRGV D SIHERARIDOFKRDUKLS SDUAR WH
5 ' AXQAEEU FRGALHAMGE\ 0 DUEQ/pSH &DR $QD6HIDQR
DQG &HID &DP 1@ ' XUQ) WH GHYHRSP HONR KHUGMHIBMRQ
VKH GG IQMODWRQDAQMUOKISVIQ 7DEQ 8 QLYHMW VKSHIYMHG
E\ (KD5%AMO(MRQD +$1 8 QYHMW R $SSTHG 6AHIAHVZ W
6X] DQQH+DH HQ 7KH 1 HMHDQGY DQG %AXQHB QYHMW R

/ RQGRQ 8QWG. IQIGRP ZIW' RP IQIN+DYWMHQ ) LDQNID WP JRO # XFP HY
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) LIRP -QQHU-P DIHV VR + HDQQJ 1 DUDVIYHV Z VKK 7UDXP D
) REXVHG $ UMTKHLDS\  7) $7

-DFNIH + HIV DQ 7KH 1 HHUDQGV
0 W -XQRUSHHDURKHJDW-$1 8 QYHMW Rl $SSTHG 6AHIAH
SHHDURK * LRXS $UNVDQG %R0 YDVHS 7KH.DSIHVIQ + HDOK &DUH

6X] DQQH + DH HQ 7KH 1 HIKHUDQGV

3K 3WRHAWRUDW$1 8 QYHMW Rl $SSTHG 6AHAH

3WRAHVMQI WDXP DME H| SHUHQRHV SRVHV D P DRUSW FKREBJLEDAFKD@IQIH $UAKHDS\ FDQ
SO\ D YMIOR®! 1Q WL SIRFHW RITHUQI DVSDRH Z KHUH [P DI LQDARQ VXSSRUN WH

WDQM RLP DMRQRI SDIQIXCP HP RUHVIQWR QHZ QDUDWYHY : KHQ LQGIVIGXDA EHILQ WDXP D
WHWDS\ RIWQ DIWUP DQ\ \ HDUW/ FRQOHPWQ) VR WHVH RYHLZ KH® QU H SHUHQPHV UHT XILHV
FRXUWDJIH DQG FUHDWYH HQIDIHP HQW

$UNMHLDS\ FRP SGP HOW S\A FIKRWHUDSHXWE DSSURDFKHV VXK DV(0 ' 5 DQG QDUDWYH
H SRVXUHWHWDS\ E\ SIRYIGIQI D QRQYHUEDOH SHUHQWDCP HDQVRI H SLIMWMRQ DQG
UHVAUSWQI 7KLY SURVHOWMRQ H SGRUHVWH [ LQGIQIVRI DWYG. H DP LQIQJ WH H I HRAYHQHW R
D  ZHHNIQGIMIGXDOYWDXP D) RFXVHG $UNKHIDS\ 7)$7 LOMUIHMRQ 7KH IQMIHOARQ
LOYIVWV SDUARSDQW \R YIVXDA H DQG UIHFRQWXPWERW GMAHWIQ) DQG SRVMYH P HP RUHV
HQIDJLQJ [P DILQDARQ DV D VRRA RULQMI LDARQ DQG KHDIR

8VQJ DP I[ HG P HMRG P X@S®! EDVHIRH VIQI ® FDVH H SHUP HQWBOGHWIQ 0 %6&( "
SDUAASDQW Z I St FKRBILEDOADXP D Z HH HQUR@IG 4 XDQWMWYH P HDVXUHV IOFOXGHG
WDXP DMP S\WRPV 3&  GHSUIHWRQ % — ZHOEHQ) 0 +& 6) UMIHQFH 56 DQGVHD
HAHP ' D Z HH DQDO] HG XMQJ WH SHIP XVIMRQ GMBQAH WAMN-Q DGGIMRQ 1Q GHSW
LOMINHZ V Z I WHIDSIMA DQG FTHOW H SBRUHG WH H SHUHQWDCDQG [P DI LODWYH SLRAHWHY
ZIWIQ7)$7 $WE RUIN FLHDWMG GXUQI VHVMRQV Z DV LOFOXGHG DQG GIVFXWHG R LAXP LODWA WH
LRGIRI [P DIHY DQG FLHDWYH UHVAUSWQD 1Q UHFRYHY © H Z L@WKDIH WH UHVXOVILRP WH WXG\
DQG WKRZ \ RX D YIGHR WDWZ H P DGH DERXVWKH SURMFW
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) LIRP -QQHU-P DIHV VR + HDQQJ 1 DUDVIYHV Z VKK 7UDXP D
) REXVHG $ UMTKHLDS\  7) $7

-DFNIH + HIV® DQ LV D MQRUUHDUKHUR! WH UVFDURK JURXS $UN

YRG. EDVHG 7KHIDSIHVIQ+ HDOM &DUHDWM-$1 8 QYHMW R
$SSTHG 6AHIAHY 6KH LY D YVXDODWNKHDSIMADQG D S FKREIMWY
B6KH SUHYRX\V® SXEQKHS RQ FRP SDWIRQ | REXVHG DUAKH.DS\
WDXP D | RFXVHG DWWKHDS\ DQG RSSRWVLQ DUMKHDS\  DQG LV
D3K  WMGHIRQWH\XEMPANR DUAKHDS\ |RUWDXP D

NDFNH KHI? DQ¥ KDQ QO

* U 6X] DQQH + DH HQ LVSLRIHAWRUR WH CSHWDURK * LRXS $UN
SV AKRP RIRUWH DSIHV1Q + HDOM &DUH DM $1 8 QYHMW R
$SSTHE 6AHYHY 6KHLYFRRIGCQDWRUR FROMAR WHO DViMU
SWRIWDP P H 6KH LY DQ DUAMH DSMNDQG UHHDURKHUDWOSFHID

H SHIWAHQWH I RUSHIRQDON SUREGP V DWP HOBICKHDAM FDLH
LOWYMWM C* * 1 HVFHQAH I RUP HQWIGKHDOM.  6KH KDV SXEQKHG
DUAFBN DERXWDUN WHDSIHV1Q SHYRQDON GMRUGHY DQG
FROMEX\WMG R WHP XGEVASTODY JXIGHIDHY | RUSHAVRQDON
GMVRUEHIJWHDW HIWDQG WH WBQGEDLG Rl FDUH I RUWH\VDP HVBLIHAY
JWRXS

VX] DQRHKDH H¥# KDQQO
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)WRP / LHBVRU VR/ LYH3HURW DQFH -QviAJ LDV 6KDGRZ
3XSSHW Z WK 0 RYHP HQWEDVHG -QVHUYHQVIRQ

SHOQ/IDQ) 86%
$WRADW 3R HAWRUL DWRQDCB QLYHMW R 61QIDSRUH

5HVSRQGLQJ WR -DPHV 7KRPSVRQ V LGHD Rl DHVWKHWLFV RI
IRFXVHV RQ FROODERUDWLQJ ZLWK ROGHU FRPPXQLW\ St
SHUIRUPDQFHY EDVHG RQ WKHLU OLIH VWRULHV -QIOXHQFH
WKHDWUH DQG 3LODWHV WUDLQLQJ - LQLWLDWHG 6WRU\ +
3HUIRUPDQFHYV D PXOWL LWHUDWLYH PXOWL DQG LQW
5HVHDUFK 3D5 7KURXJK WKH 3D5 — VHHN WR HVWDEOLVK S
LQWHJUDWLQJ PRYHPHQW EDVHG LQWHUYHQWLRQ LQWR WKH
3D5 KDV WZR LQWHUFRQQHFWLQJ JRDOV WKDW DLP WR LQWH
SK\VLFDO HQFRXUDJLQJ DXWRELRJUDSKLFDO VWRU\WHOO|
SURFHVVLQJ DQG LPDJLQDWLRQ DQG WR HQFRXUDJH PRYH
LOQWHUYHQWLRQ -Q WKH ILUVW LWHUDWLRQ P\ WHDP FUHDYV
EDVHG RQ WKH PDLQ FKDUDFWHU V DXWRELRJUDSKLFDO QDU
FRQVLVWVYV Rl FROOHFWLQJ RUDO KLVWRU\ PRYHPHQW WUDL:
REMHFWY DQG DXGLHQFH SDUWLFLSDWLRQ -Q WKLV  PLQX
DERYH PHQWLRQHG 3D5 IROORZHG E\ DQ LQWURGXFWLRQ W
FRPSRQHQWY DQG PDQLSXODWLRQ WHFKQLTXHV 7KH UHVW [
RQ VHVVLRQ WKDW IRFXVHV RQ H[SHULPHQWDWLRQ ZLWK PD
WKH FUHDWLRQ RI PLQL VKDGRZ SXSSHWU\ SHUIRUPDQFHV

3HLOLQ LMDRQ DVVRFLDWH SURIHVVRU RI WKHDWUH DQG
SHUIRUPDQFH VWXGLHV 6KH VWXGLHV VWRU\WHOOLQJ WKUF
VKDSHVKLIWLQJ REMHFWYV DQG WKH G\QDPLFV RI FURVV FX!
H[FKDQJH LQ UHODWLRQ WR WKH SHUIRUPLQJ ERG\ +HU PRV
UHFHQW UHVHDUFK IRFXVHV RQ WKH LQWHUVHFWLRQ RI SHU
KHDOWK DQG FRPPXQLW\ 6KH LV WKH DXWKRU RI %RGLHV D
7UDQVIRUPDQFH LQ 7DLZDQHVH &RQWHPSRUDU\ 7KHDWHU
DQG KDV SXEOLVKHG LQ 5HVHDUFK LQ 'UDPD (GXFDWLRQ 7K|
7RSLFV 3HUIRUPDQFH 5HVHDUFK &RQWHPSRUDU\ 7KHDWUH
5HYLHZ DQG 7KHDWUH 5HVHDUFK "QWHUQDWLRQDO DPRQJ F
MRXUQDOV DQG HGLWHG FROOHFWLRQV HOOOS#QXV HGX VJ
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KHWH-&RP H)WRP 0 HDQGO \ 3HWRQDO+ MRU

0 LD 6XINNDQHQ ) LODQG
$UW 3VIFKRWHUDSLVW DQG SV\FKRWKHUDSLVW WUDLQHU

-Q WKLV ZRUNVKRS ZH ZLOO H[SORUH RXU SHUVRQDO KLVWR
PDWHULDOV -W LV D PRPHQW IRU RXUVHOYHV OHWWLQJ XV
SDUWLFLSDQWY ZLOO WDNH D OLWWOH MRXUQH\ LQZDUG LQ'
D SLFWXUH RI D PHPRU\ RUDQ DWPRVSKHUH WKDW KDV VWD
OLIH 7KH DLP LV WR VWUHQJWKHQ RXU EHLQJ E\ DFWLYDWL!
WR VWUHQJIJIWKHQ RXU PLQGYVY LQ WKHVH FRQIXVLQJ WLPHV 7
sbvw WKH PRUH VWDEOH ZH IHHO QRZ :KLOH ZRUNLQJ WK
KRZ WKH\ KDYH FKDQJHG WKURXJKRXW WKHLU OLYHV -W LV
ODWHULDOV XVHG LQ WKH ZRUNVKRS DUH PHPRULHYV SDSHU"
PDWHULDOV VXFK DV ERRN SDJHV IDEULFV DQG SKRWRYV

OLD 6XLNNPDWQ@RUNHG ZLWK SHRSOH IRU PRUH WKDQ
\HDUV +HU EDFNJURXQG LV LQ HGXFDWLRQ DQG VSHFLDO

HGXFDWLRQ 6KH ILUVW TXDOLILHG DV D NLQGHUJDUWHQ WH
WKHQ ZHQW RQ WR TXDOLI\ DV D VSHFLDO HGXFDWLRQ WHDF
HDUO\ FKLOGKRRG HGXFDWLRQ 6KH ZRUNHG ZLWK SUHVFKRI
DQG WKHLU SDUHQWYV IRU \HDUV EHIRUH TXDOLI\LQJ DV D
VSHFLDO HGXFDWLRQ WHDFKHU DQG ZRUNLQJ LQ VFKRROV IF
\HDUV 6LQFH WKHQ OLD KDV DOVR TXDOLILHG DV DQ $UW

3VIFKRWKHUDSLVW DQG QRZ ZRUNV ZLWK FKLOGUHQ DGROH
DQG DGXOWV 6KH LV FXUUHQWO\ WUDLQLQJ WR EHFRPH D

SV\FKRWKHUDSLVW WUDLQHU PLD VXLNNDQHQ#NXYD
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+ HD@QJ 1LRP 5 HODVIRQWKILS $ EXWH 7KH (P SRZ HWP HQW
KHHOD RGHO

5DFKHOADQGRII 86$
3K /13& [&%$7 /3%7 $UW 7KHUDSLVW S$SQWLRFK 8QLYHUVLW\

5 HDMRQWKLS DEXVH KDV EHHQ DP SQIHGE\ WH &2 9+ SDQGHP IF WH P HRR P RYHP HOQW
DQGE\ LQRUHDVHG VSHDNIQJ RXVE\ YIFWP V DRIRWWH Z RUB $ U7 KHUIDSIW UHI XOUWD VHH
FOHQW 1Q WHDW HOWZ KR DUH VXUYRUW/ RI YDURXVIRWP VRl LHDMROWKLS DEXWH IOFXGIQ]

WH XDOAMDXP D RHDWRJ D QHHG | RUSWDRADADOQG HDM WR IP SGP HOWRRO'WR HP SRZ HURTHQW
WR P DILOH D I XWWH Z IW KHDOM\ UHDMRQWKISV

0 RHWDQ 1Q ZRP HQKDYHH SHUHQPHG WDSH SK\ EDOYIR®IQRH DQG RUMWBGIQ 1Q D

LHOMRQWKLS 1Q WHUQHWP HV %DFN HADO © RUG + HDOM 2 LI DQLJ DURQ 1 HIDWYH

IP SDFWIURP LHDMRQWKLS YIRBIQFH FDQ IQFOXGH SK\ MEDAQWUHY 376' P S\RP V

KRP HOM/QHW DQG GUDAMXHY 7UHDR HOALY RIWQ GHIYHUHG 1Q VKHIMUVHMQIV $@Q

- R] QDN Z W DQ HP SKDVY RQ WEELQ) DARQ DQG UHVRXURH DFFHW + RZ HYHU

UHVHDUEKHWY KDYH | RXQG WDWOQRRUSRUDWQ) HP SRZ HP HOANIQR YIFWP WHDW? HOAWLHVX AV 1Q

LQGMIGXDY H SHUHQAQJ DVSHAW Rl SRAMDXP DME JURZ W &REE 7HGHVAKL &DBRXQ  &DQQ
6RQU “QFRUSRUDWQJ WH (P SRZ HP HQW KHHO&JHWQ.  / DAMWU IOR

WHDW? HQATRUUHDMRQWKLS DEXVH FDQ EH H I HAAYH

7KLY SUHVHOEMRQ [QWRGXFHV 7KH ( P SRZ HPP HOW  KHHOD P RGHO RUWHUDSHXWE KHDOQU

ILRP LHODMRQWKIS DEXVH 7KH (P SRZ HPP HQW KHHOP RGHORW DQL] HV IQAMDSHIRQDO

DZ DUHQHW WULRXJIK WH XVH Rl M VHRRDY DQG WH XVH RI DUAKHDS\ GILHPARYHY WDWR\WMU

LOARVSHPARQ VHD HMHP  DQG HP SRZ HLP HQW3 DUARLSDQW 1Q WY Z RUINVKRS Z L@BDUD DERXW

DOV[ VHRRW/RI JURZ W DQG FUHDM WHURZ Q DUASLHAH GHP RQVMADWQ) H SBUDARQ LQ RQH

VHRRURI WH P RGHO 7KLY SUAVHQW RFXVHG IQWHQUWRQ KHSV FTHQW FRQPHSWD H DQG FUHDWM
D I XW{UH WDW DAQAWY WH WDQUMRQ I LRP YIEWP VR VXUYLYRU DQG X®P DWIO VR WUYHU

' U 5DFKHOADQGRI | VD SHIMMHG %RDUG &HIMIHG SUATKH DSV
$75 %8 DQGFUHEHOADBG VXSHIYMRU $7&6  6KH LV WHFR DXWRUR!
7KH(P SRZHP HOW KHD DQG 4 XIFN DQG &UHDWYH $UABURVFN
|RUSUHDWH 7KHDSIMIVZ I 9HY /P WG 9XGIHN SXEQKHG
B\ -. 3 DVZ HODV\HYH.DCERRN FKDSWAY DQG DUMEBN 6KHIYWHIRWP HJ
&RRUBQDWRUR WHSUATKHDS\ 3LRILDP LQWHERP P XQW DQG

7UDXP D &RXQWHIR) SLRILDP DWKRP DV-HIHYRQ8 QYHMW DQG
FXULHOM® WDRKHY DVSQWRAK 8 QYHW * U %ADQGRII P DIQEIQVD
FOQIFDOVKSHYMRQ SLDPWEH DQG FRQUKEOV Z W YDURXV RUIDQL] DARQY
IOFXGQ) P RWWHHOWD WHED\ BWGIR -HIHIRQ &HOMUIRUSXWP
DQG 1 HXLRGYHMW \WH?* UHDMU3KIMGHSKID 8XGMDOSADQRH DQG
6DQNRID + HDIQJ 6WGER 6KH LY D UHIXDUSUAVHIMIDWHIIRQDADQG UDFKHOEUDQGRII#JF

LOMLDWRQDAFRQ HHOAHY DQGLVZ RINQJ RQD IRTRZ. XS VR WH
(P SRZHP HW KHD
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3RUADIW | RUEKDQIH ([ SBRUQJ 6XE 3HURQDMHV VIKLRXIK
$ PVYH-P DILODVIRQ

. QX2 P KROV1 RWZ D\
3 0 6FDQG 3K 1Q SROAFDOVAHIH ' IS&P D LQ DUMWKHDS\ $WRADW 3LRHARU ' HSDUR HAR
7HDAKHJ( GXFDMRQ 1 RZ HIIDQ 8 QLYHMW R! / LIH6FAHQAHV

7KLV Z RUINVKRS LV IQVSILHG E\ WH QRYHD RRP LQYD@A 1Q 1 RYHP EHUE\ 7RYH -DQWRQ VBN.QU
WHWRY DVD WBUAM SRIQAR H SGUH SV AKREJ LIEDOADQM RUP DARQ GXUQJ SHURGVRI
FKDQIH $VDXWP Q WDQVMRQV IQWR Z QMU V] FKDUDRAMYY BDYH WHUUHVSHPWYH KRP HV DQG
P RYHIQRWH O RRP IOKRX\VH Z KIFK WHO RRP 1Q|DP L® KDV YDFDWG ( DFK AKDUDAMULHYHDY
DXQTXHZ D Rl UHVSRQGIQI VR WH QHZ ALLFXP \WBQFHV VKDSIQ! WHUIOWIDPARQY Z W RWKHLY
DQG H SRVQJ WSLFDOMQGHQAHV VRZ DUG VSHALLE P RGHVRI UHDPRQ

" WDZ 1QJ RQ SV FKR®RJ IFDOMHRUHY WDVWXJ JHWWZ H FRQMWARI P XGAS®! VXE SHORQDOAHV
VXK DV&*  -XQJ VDQDOWDOSM FKRRI\  Z HFDQ YIHZ WHVH M FKDUDRMLY DV DUFKHWSDO
DVSHFW Rl W(H SV FKHWDWP D\ P DQUHWAMHP VHOHY GXUQJ WP HV RI FKDQJIH

QWHZ RIWKRS Z HZ LOGXVH -XQJ VP HWRG Rl DPRYH [P DIIQDWRQ R DARZ SDUAFRSDQV\R
HOFRXQWUI LI XUHV Z IWILQ WHU LOOHUKRXVH 3 DUAFLSDQW Z LOVWNHWK SRUADIW RI RQH DQRWHU
UHVX®AQJ 1Q DVHWRI VDI KWD FURRNHG DQG FXURXV [P DIHVRI WHP VHOHV 7KH Z LOWHQ H S&RU
Z KIEK DVSHRW R WHUSHU/RQDON WH. UHRI QL] H LQ WHVH SRUADIW

7KH WHWDSHXWE | RFXV Z I@EH RQ LGHQW LQJ D SRUADIVYKDALHVRQDWY Z WK D QHI BIFMG RU

HP HULQJ LOOHUYRIEH RQH WDARSHQV XS D VSDFH | RUSHWRQDOKDQIH 7KLY .QQHUSDUAZ L@EH
LOYIWG VR H SUHW WIRXJK [P DIHY W SRWE®I FROMEXWRQ VR \WH SDUARSDQWY @H %
HQIDILQ 1Q GIDRIXH Z W WH LP DIH DWNQJ TXHWRQV DQG UHFHLYIQJ DQVZ HYY SDUAASDQW

Z LOGHHSHQ WHUXQGHUAMIQGIQI RI WH SRWE®! WDQVMRQ [LRP SDWAIR | XVMUH

. QX2 P KRG\ DQ DWRADM SR HWRUR! WDFKLQJ 1Q KLIKHU
HEXFDWRQ DWKH 1 RZ HILDQ 8 QYHMW R / LHBAHQAHY +HUHHYHG
KIV3K'  1Q SROAFDOVAHAH DQG Z DV D UMHDURKHULQ RUDQVOMRQ
GHYHBSP HQW) HHIQ) VAN L WH I IHTS KH FRQWOXHG KLV VMGV LQ
GLDP D WRY \WTJ DQG YWXDODUN DQG REWIQHS D GS®P D LQ DWW
WHDS\ [IRP WH QMMWMR $UNKH.DS\ 1Q' HQP DN +HLVD P HP EHJ
R WHSWZKHDS\ $WRADWRQIQ1REZ D WH' DQMWK $WRADWRQR
3\ AKRWHDSIMV DQG WH ( XURSHDQ ) HSHDWRQ R SUAPKHDS\  +HKDV
FU-DWG DUV EDVHG FRXUAHY RQ SHYRQDOGHYHERSP HONWRUMMGHOW DW
WH XQLYHMW DQG XVHS DUN EDVHG DSSURDAKHV LQ SUAVHIYEH WDRKHU

HGXFDARQ SHEDIRI\ FRXUAHVIRUMEI DQG\XSHMMRQR! 3K
XGHON NQXW RPKROW#QPE
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+ REIQJ DQG UHFRP 1QJ $Q ([ SHUHQWDO HP RQWUDMRQ | RU
$ UM KHDSIWWRQ: RINIQJ Z VK ( P HUILQJ $ UMW

+D\ QH<L&KIHQ &KDQI 7DLZ DQ %HJLXP

$SUWKH.DSIWV

UREE\ 6KXN3XL<X +RQ . RQJ 1 RZ D\
SURAN

» HQG &KIK 7XQJ /1Q 7DIZ DQ ) LQMQG
EXUDWRU

+ RGIQ) DQG %HRP LQJ 1V DQ H SHUHQWDOGHP ROMADARQ GHVLI QHG | RUDUNMHUDS N
IOMHIMG LQKRZ FRQWMP SRUDU DUADQG SM FKRBJ\ [QMIHPAR VXSSRUAHP HUILQJ DURAV 1O
WHUIGHQAA |RIP DARQ ' HYHRSHG E\ DUMMPREE) <X 6KXN 3 XL DUMMHIDSMAM D\ @H <L&KLHQ
&KDQJ DQG FXUDRU: HQG\ &KIK 7XQJ / 1Q WH Z RINVKRS SUHVHQW D FLRW GIVAS@RDY SURFHW
IRRWGLQ:  LQQIFRWA FRQPHSVRI WH LOWALP HGLDWA DUHD DQG WH XVH Rl WDQUMRQDCRENPW

3 DUAASDQW DUH LOYIWG VR H SHUHQRH VHBIPMG HBP HQWILRP WH Z RUINVKRS 1RUP DWRW QD@
GHMJIQHG IRU\ RXQJ DURAV  FRP ELQIQJ WHUWDSHXWE DUAP DNQU WRU W@ DQG A P ERTE
REMPAH SRUDARQ VR REVHUH KRZ FUHDWYH DQG S\ FKRERJ LEDCSLRAHWHVY LOWUE LOH 1O
SWDPWH 7KURXJK HP ERGIHG SDUARSDWRQ DQG UH GPWYH GIDBRIXH DUAMHIDSIMN H SRUH

P HWRGV| RUI DAQAWQ) VDIH SURFHW RUHQWMG VSDRHV WDAWQXUMUH UMMTHQAH DXWHQWAW
DQG SO\

7KHVHWRQ H, DP IQHVKRZ DUAMHDS\ FDQ VHUYH DV DQ DGGIMRQDOVXSSRUNRUDUAAN
QDYLDWQJ LGHQWN DQG FUHDWYH SURFHW -WRITHW D P RGHORUKRZ IQMGMVAS@DY
FRADERUDWRQ FDQ HQUFK WHUDSHXWE P HWRGR®J IHV DQG H SDQG WH [ LHGSV HQI DIHP HQWZ IWK

DUAAME H SHUP HQEMRQ

YREE\ 6KXN3XL<X +D\ @H&KDQ DQG: HXG &KIK 7XQ / LQIRP
DQIOMEMVASIDY WDP Rl DUAAMVDUANHIDSIMAVDOG FXUDWRUZ RINQY

DARRW1RZD %OXP DQG)IQDQG YREE\ VD YWXDIDUAMDQG

LB P DNHUH SGUQI LGHMW JHQGHJ DQG HP ERAP HOMKURXIK

YIGR IQWB@MRQ DQG SHIRWP DQFH RIWQ FUHDWQ] QAP DM
FRADERIDAWRQY WDVWEQXUI LEARQ DQG @YHG H SHUHOAH +D\@HLVD 8 6

WDLQHG DUAKHDSIMADQG DUNAZ KRVH FREIH EDVHG DQG WH.DSHXWF

SUDPWEHV IQMIUDM S\ AKREJ\ DQG DUAP DNQJ VR I RUMUHP RARQDO

URM@HOPH DQG SHARQDOILRZ W / 1Q LD FXUDRUDQG DUAMEZ KRVH

Z RINVSDQVSHJRWP DQFH [@VADWRQ DQG VRADCSWDRANAH |RPXAMQJ

ROSOD\ YXQHDEION DQG IHDMRQDOG QDP LFV 7RIHMHI WHU

FRAIDERUIDWRQ EUGIHYFRQMP SRIDU DUADQG SM KRB\ WLRXIK

. |OQIFRMYILDP HZ RINR| WDOWMRCDCREMAW LHIQIQ) DVDIH FROQWDFW#DUWWKHUD
SURAHW RUHQMG \SDFHZ KHH DU ILRP - GLYHYH GVASTHYFDQ

H SRHLGHMWV URMIHFH DQG DXWHAF H SLIHWMRQ
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6FUEE®V 6HOWWHV  6VRUHV

$WALS DNLDQQ =IHVBU

$UNKH.DSIWD $ %RDG P HP EHJ 1 RZ HILDQ $UA7KH DSIWSRADWRY
0 HP EHUR &HOWHIRUBHQRU&IMY HQ 6\ 1 DV2 VB0 HA2 @& 1 RZ D\

) RUP HUDWRADW SLR HARU 2 B0 HAR V&

7KLV Z RINVKRS LV EDVHG RQ WH WHRUHVRI ' RQDG :  LQQIFRWAD %4MYK SV FKRDQDOWW

Z KRZ IRWM LQ KLV ERRN 3@\ Q) DQG 5 HDOW WDASO) Q) Z DVWHNH VR HP RARQIX
DQG SV KRR IFDXZ HOEHQJ + H IRFXVHG P DIQ® RQ WH FRVH UIHDMRQWKLS EHVE HHQ P RWHLY/
DQG FKIGLHQ EXWGH LOHG SO\ LQJ | RUDGX@V DVP DNQUI DUVHQIDILQJ LQ KREEIHV KXP RU
P HDQLQI | XCFRQYHWDARQV HW + H LQWRGXPHG VRUEE®N RUVTXLIJ®NV Z KIFK VD Z D\ VR GUDZ R\
Z UMW VRP HWIQJ TXIEND RUFDUHBM/O

7KLV Z RINKRS LV SDU EDVHG XSRQ WHVH WHRUHY DQG SDUD XSRQP \ RZ Q H SHUHQAHV
ILRP Z RUINVKRSVZ W WH 1 RWZ HIIDQ DXWRU. MUM: R 6KH KRGV Z RIMWKRSV RQ
FUHDWYH Z UMQJ R\ RXUGH WRUHY DQGVKHVD\V - &UHDWYH Z UWQJ FDQEHDIRWP Rl VHD

H SUHWIRQ WDWDTRZ XV VR XVH RXULP DJLQDWRQ DQG FUHDWYW :  RUEV FDQ RSHQ FRVHG GRRW
LOR WH LRRP VZ KHIH @H | RUAH DQG Z @R Q/H KDV IW RWILQ

QWL H SHUHMDZ RINVKRS Z HZ I@H S&UH DQG FKDIHIQI H RXULP DI LQDWYH VNQY WLRXJIK

FUHDWYH H HIAMAV XMQJ RXUKDQGVDQG H HVY - ERW FRVHG DQG RSHQ :  H Z LOWKUVEHE HHQ
VAUEE®N DWZ RN DQG FUHDWYH WRY Z UMQJ IQD SO\ IXAZ D\ 7KIRXIKRXVWKH Z RINKRS Z H
Z IOFEH Z RINQJ LQGLYIGXD®  1Q SDILY DQG 1Q JURXSV

-QWH Z RUB DLIRXQG XVVRGD, ZHP D\ HDM® |HHCKRSHBMOQHW : HWHH RIH QHHG \R
UHGMVARYHURXURZ Q SRWQUWDCR! VWHQIWY P RUHWDQ HYHUEHIRWH 0\ H SHRVBMRQV IRU\ RXU
H SHUHQRH LQ WKLY Z RINVKRS LV WDW RX Z I@P D\ EH 1 1QG IMD QMBI FKDIQILQI EXVWP RD
FAKHHUXODQG LQVSIUQU 0 \ MIQPHUH KRSH LV WDV RX Z 1@ HAD GHHSHULQWI KWQUR \ RXUDELDN

R P DIIQDARQ Z KIFK FDQ BDG R FKDQIH ERW. RQ D SHIWVRQDADQG SURI HVMRQDABIVHO

$ VLS DNLDQQ =LHVBULY DQ RAFXSDWRQDOKNHDSIMAZ W P RIHWDQ
\HDWR H SHIHFHZ RINQJ Z W FDQRHJSDWHRW DQG DQ DUV
WHDSIMZ W DQO $ LQDUNWKMHDS\ 1LIRP 8 QYHMW RI 2 LHIRQ 86%
"Q \VKH UHAHG DV $\WWRADW 3 IR HAMRUDQG &RRUECDWUR
WH I XUMHJHEXFDWRQ 0 DMMUGIHSWWZKH.DS\ WDIQQ] SLRIWDP
(&76 DVW2 R0 HARSROEQ 8 QYHMW 2 VB0 HAVWYVQRZ DQ
OMODWRQDO (&7 0 DWMJSWRIWDP D2 MBO HW7KHSWRIWDP KDV
EHHQDP H° EHUR ( FDUMMQHH $VALZ DVWH EKDIURI \WH
1 RZHIDQ$SWWKHDS\ $WRADWRQ ILRP WR DGLY
FXUHM D ERDUG P HP EHUR WHVDP HDWRADWRQ 6KHZ DV\WH
GDGHIJR WHSUDQIHP HOMRP P MWMHIRUWH QG 1 RUEF $WWV
7KHDS\ &RAHHFHIQ(OHXP 1RZD 1Q DVWUL]J#RVORPHW (
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YHFRP LQJ 6HHQ -P DIHU DQGVKHO RYLQJ 6HD Q' DQFH
0 RYHP HQWZ KHLDS\

. DMVD. HID ) LQDQG

0 6F 3K S5HVDURKHJ 8QYHUMWR Y, W Q

6L0M 0 F1L DP DD ) LODQG
0% 3K URWVDUKHJDWDP SHH8 QYHMW

~QVSLUHG E\ 7TRYH -DQVVRQ V WDOH :KR :LOO &RPIRU\
ZRUNVKRS LQYLWHY SDUWLFLSDQWY WR H[SORUH WKH
PRYHPHQW /LNH 7RIIOH ZKR PRYHV FDXWLRXVO\ WKU
ORQHOLQHVV PDQ\ RI XV FDUU\ VWRULHY WKDW UHPD
ZKHUH ORQJLQJ DQG WKH QHHG IRU FRQQHFWLRQ FDQ
E\ RWKHUV 3DUWLFLSDQWY ZLOO HQJDJH LQ LPSURYL
HPERGLHG PHWDSKRUV WKURXJK ZULWLQJ WR H[SORU
SUDFWLFHG LQ GDQFH PRYHPHQW WKHUDS\ '07

7KLV ZRUNVKRS GUDZV PHWKRGRORJ\ IURP WZR 3K' VYV
SHRSOH ZLWK GHSUHVVLRQ DQG RQH UHVHDUFKLQJ 'O
EDVLV LV JURXQGHG LQ D PRGHO RI HPERGLHG DHVWK
WKH DHVWKHWLF SURFHVV RI DUWV WKHUDSLHYV DV DC
PRYLQJ DQG DHVWKHWLF SHUFHSWLRQ EHLQJ PRYHC
HIDPLQHVY WKH PHDQLQJ PDNLQJ PRGHO RI FRQVWUXF)\
PHDQLQJIXO SHUVRQDO QDUUDWLYHV 1HLPH\HU
FRQGXFWHG ZLOO DOVR EH SUHVHQWHG

TRIHWKHU ZH ZLOO LQYHVWLJDWH KRZ LQ '07 WKH QEF
LOOXPLQDWH KLGGHQ QHHGV WKURXJK LPDJLQDWLRQ
7RINTOH V RZQ WUDQVIRUPDWLRQ ZKHQ KH ILQGV WKH F
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YHFRP LQJ 6HHQ -P DIHU DQGVKHO RYLQJ 6HD Q' DQFH
0 RYHP HQWZ KHLDS\

.DLVD H®Y®DO3K' UHVHDUFKHU LQ SV\FKRORJ\ DW WKH
8QLYHUVLW\ RI -\Y|VN\O}| +HU UHVHDUFK IRFXVHV RQ WKH X\
RI JURXS GDQFH PRYHPHQW WKHUDS\ LQ WKH WUHDWPHQW F
GHSUHVVLRQ 6KH KROGV DQ O06F LQ 6SRUW 6FLHQFHY DQG D
SURIHVVLRQDO GLSORPD LQ 'DQFH 6WXGLHV 6KH LV D WUDL
GDQFH PRYHPHQW WKHUDSLVW DQG LQ DGGLWLRQ WR KHU
UHVHDUFK ZRUNV LQ SULYDWH SUDFWLFH 6KH KDV ZRUNHG
PRVWO\ ZLWK DGXOWY DQG \RXWK IDFLQJ PHQWDO KHDOWK
FKDOOHQJHV LQ JURXSVY DQG LQGLYLGXDOO\ +HU UHVHDUF
LQWHUHVWY LQFOXGH HPERGLPHQW DQG FUHDWLYLW\ LQ WHK
SURPRWLRQ RI ZHOO EHLQJ DQG LQ WKHUMDEN RWSL R FSQUREB #HN V>

6LOMD OF1IDRDDNBR IRXQGLQJ PHPEHU RI WKH $UWYV
&XOWXUH +HDOWK 5HVHDUFK WHDP DW 7DPSHUH 8QLYHUVL
KWWSV UHVHDUFK WXQL IL FHQWUH IRU KLDS DQG

VGK QHWZRUNYV

6KH KDV D ODVWHU V GHJUHH LQ 'DQFH ORYHPHQW 7KHUDS\
VSHFLDOL]LQJ LQ JULHI 5RHKDPSWRQ 8QLYHUVLW\ /RQGRQ
DQG LV DOVR D GDQFH DUWLVW %$ +RQV /RQGRQ OHWURSR
8QLYHUVLW\ 6KH ZDV VHOHFWHG WR SDUWLFLSDWH LQ WKH
SUHVWLJLRXV $UWV +HDOWK 5HVHDUFK "QWHQVLYH E\ :+2
&ROODERUDWLQJ &HQWUH IRU $UWV DQG +HDOWK DW 8&/ W|
8QLYHUVLW\ RI )ORULGD &HQWHU IRU $ YW MR FOHEO-FD QB # W
-DPHHO $UWV +HDOWK /DE DQG WKH 8QLYHUVLW)\ RI (GLQE X
3$7+6 5GHVHDUFK *URXS LQ (QJODQG LQ 0D\


https://research.tuni.fi/centre-for-hiap-and-sdh/networks/
https://research.tuni.fi/centre-for-hiap-and-sdh/networks/
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)WRP 7WDXP DVR* LRZ VK * LDVWXGH -P DJLQDVRQ DQG VIKH
( LDVHU7HWMLQ $ UAT KHLDS\

=VX] VDQQD 9 DKL * HKE +XQIDU
EMIFDCEM KRR MNVSWWMHDSIVWWEK FDQAGDW

7KLY H SHUHQADCZ, RUNVKRS LOQYIWV SDUARSDQW VR XVHWHULP DI LODWRQ DQG HQJ DIH LQ VBFWBI
DUR DNQJ VR WDQVRLP SHYWRQDE P HDQLQJ I XADGYHWH H SHUHQPHV LR VRXUFHVRI JURZ W DQG
FRKHUHOPH %4-U10QIQJ Z W D EUH UH GPWYH H HIAMH IQVSILHG E\ 0 R* DZ GDW/ ( IDVHU7HWV Z KIFK
DV\V Z KHWHUHIDMQI DWDXP DWE HYHQWZ RX@ DOR UHP RYH WH VXEVHT XHOABMRQY
IHDMRQWKISY DQG VWHQIWY WDWRERZ HG SDUAALSDQW FROMGHUWH SDUDGR] LFDOR®! Rl DGYHUMW

LQ VKDSLQ) UHVITHORH

7KHP DIQH SHUHOWDCSKDVH XVHVMP S®IFD\ Z RINVR FUHDM  JUDWIXGH VEXGWMUHY WDW
VA P ERQ} H BMRQV BDUOHG GMARYHUHG LOOHUUHVRXURHY DQG VXSSRUAYH VRADCERQGY WDW

HP HUHG ILRP D FKDOIQIIQ) @HVWYDWRQ 6KRUANH GRAYH Z UMQJ SLRP SWVR GONHP ERGHG

P DWUDCH SUHWIRQ Z W QDULDWYH P HDQIQJ P DNIQJ HP SKDM] LQJ LOWAT LDWRQ DQG SRWMADXP DUE
JURZ W, LDKHUWDQ JLRXS DQDOMY

* LRXQGHG LQ -XQI LDQ IQGIYIGXDARQ SRWADXP DME JLRZ W WHRU  DQG FRQWP SRUDUY P RGHY
VXK DVWH GRG0 1QG0 RGHOWH Z RINWKRS GLDZ VRQ$ 7% 6+ 2 7 UAVHDUK GHP RQVADWQJ

W P ERGF WDQM RWP DWRQ FRKHUIHOWHD H SHUHQRH DQG DIl T HRAHI XGMRQ WILRXIK MP S®I DUV
VMV 7KH IRUWP DASURUM] HV LOGYGXDOVHD H SHUHOQRH RYHUJ LRXS WKDUQJ SDUAASDQW GIDYH Z [W

VBQILE®I DWZ RIN VKRUAZ UMIMQ UH GPMRQV DQG DGDSVBE®! FORIFDCH HIAVHY 7KH VHWMRQ
GHP RQMDWVKRZ P DILQDWRQ DQG KXP E® DUMAME SUDPWAH FDQ UHILDP H DGYHUAW LQVR JUDAMXGH

DIHQR  DQG SV FKRRJIEDOILRZ W

=VX]VDQQD *HU«E PP @DFRLQkKFDO SV\FKRORJLVW DUW
WKHUDSLVW DQG 3K' FDQGLGDWH DW WKH 'RFWRUDO 6FKRRO RI
3V\FKRORJ\ (_WY.,V /JRUEQG 8QLYHUVLW\ (/7( +XQJDU\ 6KH LV D
PHPEHU RI WKH (0”1' '"HYHORSPHQWDO 1HXURSV\FKRORJ\

5HVHDUFK *URXS DQG FXUUHQWO\ VHUYHV DV WKH SUHVLGHQW RI WK
+XQJDULDQ $UW 7KHUDS\ $VVRFLDWLRQ DV ZHOO DV D IRXQGLQJ
PHPEHU RI WKH (XURSHDQ HGHUDWLRQ RI $UW 7KHUDS\ ()$7
=VX]VDQQD V SURIHVVLRQDO EDFNJURXQG VSDQV FOLQLFDO ZRUN ZL\
FKLOGUHQ DGROHVFHQWV IDPLOLHV DQG DGXOWV LQ KRVSLWDO
HGXFDWLRQDO DQG SULYDWH SUDFWLFH VHWWLQJV 6LQFH KHU
GRFWRUDO UHVHDUFK KDV IRFXVHG RQ WKH PHFKDQLVPV DQG HIIHFW
DUW WKHUDS\ EDVHG RQOLQH VHOI KHOS LQWHUYHQWLRQV WKH FXO
RI HPRWLRQDO UHVLOLHQFH DQG UHKDELOLWDWL SSHUBREKHV IR
&29”" V\PSWRPV =VX]VDQQD SXEOLVKHYV LQJE'_%EM G
MRXUQDOV DQG UHJXODUO\ FRQWULEXWHYV UHVHDUFK OHFWXUHV DQG
H[SHULHQWLDO ZRUNVKRSYVY DW LQWHUQDWLRQDO FRQIHUHQFHV



25.6+236 — )5- $<
25.6+23

1IRUGLF $UW 7KHUD
7DPSHUH )L

60ORWN LQ $ UMKHLDS\  $ UNPKHLDS\ DQG 1 HXURGLYHUMW
&HDOH 6FKZ H] HU 7KH 1 HVIKHUDQGV

3K $SUNTKHDSIMWORMUHI VXSHYVRU DQG UHVFDUAKHU DWL +/ 6WQGHQ 8 QYHMW R DSS@HG
BRHQAHV / HXZ DLGHD

3HRSOH RI DOO DJHV HVSHFLDOO\ LQ WKH 1RUGLF FRXQWUL
FXWH FRPIRUWLQJ LQVSLULQJ VWXSLG VDG ZLVH HWF O
H[SHULHQFHV 6QRUN LV D ORRPLQ IDPLO\ PHPEHU ZLWK DXV
6QRUN V GLIITHUHQW EHKKRDWERXURXWXEH [$W] MG-V-4"VL 56

BQRUN VKRZV XV KRZ KH H[SHULHQFHV VRPH GLVFRPIRUW H
XQGHUVWDQGLQJ VRFLDO VLWXDWLRQV 7KHVH FRQFHUQV D
LPDJLQDWLRQ DQG WR KLV VHQVLWLYLW\ +LV DSSHDUDQFH
WKH VKRUW DQLPDWLRQ PLQXWHV DERXW —PDJHV RI VHOI
KWWSV \RXWX EH M<ZK 59)Z

-Q WKH 1IHWKHUODQGYV RXW RI DUW WKHUDSLVWY WUHDW
'XWFK 1DWLRQDO 5HIHUUDO 'LUHFWLRQV IRU \RXWK ZLWK D>
DUH PHQWLRQHG DV DQ LPSRUWDQW RSSRUWXQLW\ WR GHY
DQG VHOI LPDJH 6FKZHL]J]HU HW DO

$UW WKHUDSLVWY DUH HGXFDWHG LQ H[SORULQJ LPDJLQDW
WKH VDPH WLPH PDQ\ DUW WKHUDSLVWYV ZKR ZRUN ZLWK SH
DUHD RI FRPPXQLFDWLRQ DQG PLUURULQJ 7KHVH GLIILFXOV
LPDIJLQDWLRQ FDSDELOLWLHY DQG DOVR ZLWK GLIILFXOWLH

~Q WKLV H[SHULHQWLDO SDSHU WKHRU\ IUDPHG ZRUNVKRS
WKHLU XQGHUVWDQGLQJ RI 6QRUN DQG KRZ WR LQYLWH KLP
SURFHVVHV E\ PHQWDOL]DWLRQ PLUURULQJ DQG DUW PDNL

' U &HDQH 6FKZ H] HU DUNKHIDSIMABRMUHI VXSHUMRUDQG
UM-DURKHUDW/S $UN 7KHIDSLHV DL +/ 6WQGHQ 8 QYHMW R
$SSTHE 6AHYAHY / HXZ DLGHR 1 HMKHDQGVDQG 0 $ $UNV
7KH.DSIHY DW- DQ 8 QYHMW Rl $SSTHG 6AHAHY 1 1M HIHD

1 HNHUDQGV +HJ3K FRQAH.QHG P DIHVR! 6HD LAV
HYDODWRQ R D WHDW HWSLRIWDP | RUFKI@UHQ GIDIQRHG
ZIW $SXWP 6SHRAKP ' DMRUGHY &HICHLVP HP EHUR! WH
SHHDURK &RP P IMMHRI ()$7 () $7V6™ SUAKMHDS\ 1Q

P XVHXP V/ Z RUNV DWHYHLDOSUDRARH EDVHG UAVHDURK SLRVIFW
DERXVDUWANHIDS\ DQGDXWP  SXEQKHYDQG JLYHV

Z RUINKRSV DQG BRMUHV DURXQG ( XURSH

FHIQH \FKZ H] Hi#t QKOWOGHQ FRP


https://youtu.be/xAtz1jdIsJQ?si=RSaMauoTyx4CzCni
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P DILODVIRQ DV6RAGDUW 3DV &DUH 0 RRP LOYD@\ DQG
VIKH 7UDQVIRLP DVIYH &RP P RQVRI $ U7 KHLDS\

(PPDO L@ 8QWG. LQIGRP

0 $ SUABM FKRIMHDS\ +&38& 5HIMMHS $UBM FKRWHDSMASWRADW/ HAXUHIDW RGWP WV
&R®UH 8 QYHMW R / RQGRQ 3WRIWDP P H/ HDG 0 HBGBRXWHG &RQQHRAW  &UHDW

&RP P XQW $WV: HEHQ

7KLV H[SHULHQWLDO ZRUNVKRS LQYLWHYV SDUWLFLSDQWYV W
RI FDUH UHVLVWDQFH DQG UHQHZDO ZLWKLQ DUW WKHUDS
-DQVVRQ V ORRPLQYDOOH\ DQG WKH IUDPHZRUN RI 3LUDWH
VHVVLRQ ZHDYHV WRJHWKHU VWRU\ LPDJH DQG UHODWLRC
WUDQVIRUP LVRODWLRQ LQWR EHORQJLQJ

7TKRXJK JXLGHG FUHDWLYH H[HUFLVHVY SDUWLFLSDQWYV ZLO
RI WKH ORRPLQ ZRUOG ZKHUH FKDUDFWHUV V\PEROLVH DWW
8vLQJ VLPSOH DFFHVVLEOH PDWHULDOV ZH ZLOO ZRUN LQ
REMHFWVY VWRU\ IUDJPHQWY RU YLVXDO DFWV RI FDUH WE
FDUH ZKHQ WKH V\VWHP VD\V QR"

7TKH ZRUNVKRS GUDZV RQ FRPPXQLW\ SUDFWLFH IURP &RQQ
KLHUDUFKLFDO DUWY DQG ZHOOEHLQJ SURJUDPPH ZKHUH S
UHIOHFW RQ KRZ FROOHFWLYH PDNLQJ DQG VWRU\WHOOLQJ
PXWXDO UHSDLU LQ WKH IDFH RI EXUHDXFUDWLF DQG VRFLI

*URXQGHG LQ WUDXPD LQIRUPHG DQG SRVW -XQJLDQ WKLQP
IRU FUHDWLYH VROLGDULW)\ DQ RSSRUWXQLW\ WR H[SHULHC
PDNLQJ FDQ EXLOG FRPPRQV RI FDUH FRQQHFWLRQ DQG K

(PPD OLQ®VD 8. EDVHG +&3& UHJLVWHUHG $UW 3V\FKRWKHUDSLVW
OHFWXUHU DQG VXSHUYLVRU ZKRVH SUDFWLFH OLHV DW WKH LQWHU\
QDWXUH LPDJLQDWLRQ DQG WUDXPD LQIRUPHG FDUH 6KH FRRUGLQTL
&RQQHFW &UHDWH DW OHWDO &XOWXUH LQ 6RXWKHQG RQ 6HD D FU
KHDOWK LQLWLDWLYH GHYHORSHG IURP WKH DZDUG ZLQQLQJ 1HW3DL
‘HOOEHLQJ SURMHFW +HU FOLQLFDO DQG UHVHDUFK LQWHUHVWV LQ
VI\PEROLF SOD\ FRPPXQLW\ DUW WKHUDS\ DQG WKH XVH RI LPDJLQD\
ZRUOGV VXFK DV 7RYH -DQVVRQ V ORRPLQ VWRULHV WR IRVWHU
HPRWLRQDO VDIHW\ DQG WUDQVIRUPDWLRQ (PPD V ZRUN RIWHQ H[SC
KRZ DUW DQG VWRU\WHOOLQJ FDQ EXLOG FRQQHFWLRQ UHVLOLHQFH
EHORQJLQJ ZLWKLQ FRPPXQLW\ DQG FOLQLFDO FRQWH[WV 6KH OHFW
WKH 0$ $UW 3V\FKRWKHUDS\ DQG WKH 0$ 'RPHVWLF 9LROHQFH DQG
7UDXPD SURJUDPPHV *ROGVPLWKV 8QLYHUVLWWNRyRFSBRgrS S 7
DQG KDV FR DXWKRUHG SXEOLFDWLRQV LQ WKH "QWHUQDWLRQDO -RX
7KHUDS\ IRUPHUO\ "QVFDSH


mailto:emmamarymills@gmail.com
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' HHS &RQYHUDVIRQ Z LYK D 3@QWDQG 7WDOVIRWP DURQRI / UH
5 HD@ DVRQ VKLRXJK $ UN-P DILODVRQ DQG VIKH * RHVIKH V
3@QW 2 EVHUYDVRQ

0 LHNR $LCD -DSDQ
8. VWM S5 HIMMHG $UNKHDSIMBDVDHDI RUR] X &QQE -DSDQ

*RHWKH WKH IDPRXV SRHW ZDV WKH ILUVW WR UHYHDO Wk
WKURXJK GHWDLOHG REVHUYDWLRQ RI SODQWYV LQ WKHLU (
DQWKURSRVRSK\ EDVHG DUW WKHUDS\ *RHWKH V PHWKRG |
VHOIl UHIOHFWLRQ DQG LWV WKHUDSHXWLF HIIHFW OLHV L
WKH SRWHQWLDO IRU WUDQVIRUPDWLRQ WR D KLIJKHU OHY'}

7LV ZRUNVKRS DLPV IRU SDUWLFLSDQWYV WR H[SHULHQFH II
GUDZLQJ VHVVLRQ FXUUHQWO\ HPSOR\HG E\ WKH SUHVHQW
SV\FKLDWULF GD\ FDUH JURXS DUW WKHUDS\ LQ -DSDQ

SDUWLFLSDQWY VHOHFW RQH ZHHG EURXJKW WR WKH YHQX
SODQW WKURXJK IRXU GLVWLQFW VWHSY WKURXJK PLQGIXC
SURFHVY SDUWLFLSDQWY HQJDJH WKHLU LPDJLQDWLRQ WF
XQGHUVWDQGLQJ RI LW DQG UHFHLYH PHVVDJHV IURP LW
JDLQHG LQ D JURXS FLUFOH

~W LV DQWLFLSDWHG WKDW FROOHFWLYHO\ LPSOHPHQWLQ.
HPSKDVLVLQJ LPDJLQDWLRQ ZLOO HQDEOH SDUWLFLSDQWYV
SRWHQWLDO RI DUW DQG LPDJLQDWLRQ

OLHNR $0$5RDV RYHU \HDUV Rl FOLQLFDC
VWDWH UHJLVWHUHG DUW WKHUDSLVW LQ
IRU WKH 5DSKDHO +RVSLWDO DQ DQWKUR
KRVSLWDO LQ WKH 8. IRU \HDUV ZKHUH"'
SDWLHQWY LQ PLQLPXP FRQVFLRXV VWDW

OLHNR FXUUHQWO\ VHUYHV DW D PXOWLIX
ZKHUH VKH LV GHGLFDWHG WR KHOSLQJ F:
FOLQLFDO FRQGLWLRQV WR JURZ WKHLU
KHDOWK LVVXHV

OLHNR KROGV D ODVWHU RI $UW 3V\FKRWK
&ROOHJH 8QLYHUVLW\ RI /RQGRQ D GLSO
7KHUDS\ IURP WKH +LEHUQLD 6FKRRO RI $ P LENRDIGD# \ DKRRAR XN

OLHNR VSHQW WKUHH \HDUV LQ WKH GRFW
RI t:HVW Rl (QJODQG UHVHDUFKLQJ YDULR
DOVR KDV OHDUQW %LRG\QDPLF $JULFXOV


mailto:emmamarymills@gmail.com
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$QG: KDW+ DSSHQHG 1 H W 9 LVXDCDQG 6VRU VIATQJ
. RUINVKRS LQVWKHO RRP LQYD@A

-HQQL/ HKP RQHQ ) LQMXQG
SUAMH.DSIMA) [QQMK SWRADMRQ R * LRXS $UNTKH.DSIMV

0 DI 0 XODOHQ ) LODQG

SUNMHDSIMN+ 8 6 -+ HIIGON.8 QLYHIAW + RVSLMBO

7KLV Z RUNVKRS LQYIWV SDUARSDQW VR IMS IQWR WHO RRP LQYD®A Rl WHUP 1QGV D SOFH Z KHU
FXURVIW SO\ IX@HW DQG VXUSUMQI VI MV DQG WLV BDG VR QHZ SHWSHPRYHY -Q 7RYH
-DOWRQVVRUHV WH FKDUDPMLY HOFRXQWUMADQI H HYHOW DQG VXLBUMQJ SKHQRP HQD EXVDA
WHUFRUH UHP DIQ NQGQHW DFFHSVBQRH DQG FRXUDIH - DIMYMGHY WIDWHVRQDWM Z W WH FRUH
YDOHV DQG SURFHW RUHQMG SKIRVRSK\ Rl DWKHDS\ 7KHZ RUGRI 0 RRP QYDA FDQEH

VHHQDVD SRWQWDOVSDRH  Z KHUH IQWAURDADQG H WLQDOUHDDAHY P HHVW/DIHO EXVWIYIGO

QWLVZ RINWKRS ZHZ IQH S®RWHKRZ DGYHQMUH DQG FAKDQRH FDQ VHUYH DV FUHDWYH | RUFHVIQ
WHWDS\ DQG RSHQ SDWV/ VR LOVLI KW WDWFRX@ QRWEH DFKLHYHG WILRXJ K DGYDQRH SOQQIQI 7KK
Z RINVKRS LQYROHV YWWXDCH, SHUP HQMRQ DQG REVHIYIQI WDQGRP IQMUYHOMRQV DABZ 1QJ
SDUAASDQW R H SBUH TXHWMRQVVXFK DV : KDWKDSSHQV Z KHQ —GRQW HWRQRZ Z KHLH-P
JRIQI" +RZ FDQ VXLBUVH VXSSRUMAKVDQG LOOHUI ®f LELON' + RZ FDQ DUARSHQ XS VSDFH | RUW(H
XQH SHAMG' 7KH Z RINLY XQGHBLQQHG E\ WH IGHDRI D WM Rl FROWEQWAKDQIH D NRXUDH
QRWHDG\ P DGHDQVZ HYW 7KHZ RUNVKRS SURYIGHV D VSDFH | RUDUAME Z RUN DQG LOVLI KW WDW
DUVH SUHAVHOD Z KHQ Z H DWW DQG Z KDWKDSSHQHG QH W

-HQQL/ HKP RQHQO $ \SHADDHVIQ DUNKHIDS\ P HKRGVIQWHIIHB R
HEXFDWRQ DQGWDIQQ) $VD JURXS DUAKMHDSIMKKHKDVZ RINHG Z IW
FKLEUHQ DGROMAHIW DQG DEXWV -HOQLLY SDUAFX@UD QM HIMG 1Q
WDXP D LQIRWP HG FRP P XQWAY WH LOMIUDAWRQ R DUAMHDS\
P HMRGVLQ VFKRRY WH\VHD UHIX@WYH P HMRGVLQ FKIGIHQVDQG
\ RXQJ SHRSGIVWIMMR DIRXVDCDQG IMXHVR! LOMIPXEMUDQILRZ W
-HUQLKDVZ RUINHG DV D JXHMBRMUHUDQG Z RINVKRS | DAQBMRULQ D
YDUHW RN HGXFDMWRQDOFRQM, W -HQQL LY WH FXUHQWAKDIUR WH) LQQMK
$WRADMRQR! * LRXS $UNKH.DSIMV

MQQLOKP RQH# JP DICFRP
0 DI 0 XODQHQ Z RINVDVDQ DUNKMHDSMADW-8 6 1 HZ. &KIGBUHQV
+RSIMIAQ ERM S FKIDW DQG VRP DWF FDUH 0 DI LV SDWMRQDW
DERXWHHDUKIQ) DQG GHYHBSIQI P HMRGYWDWELRP RMZ HOEHQ)
WURXIK DUASVD JURXS DUNKHDSIMAO DI KDVZ RINHG Z W \SHADO
HEXFDWRQ DQG BDLOIQ) VXSSRUNQ HBP HQMU VAKRRY 6KHKDVDOR
\VHUYHG DVD IXHABRMUHIDQG Z RINVKRS GDGHJLQ WDFKHUDQG
HEXFDWRUWDIQIQ) SLRILDP V

P DIM# IMDWILYD 1L
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%H RQG VKH 6FUHHQ ' HYHIRRSLQJ 7KHWDSHXWIF ) L 3 WDRAFHY
TKWIRXIKVKHO IH&W Q P XXYL3 LRMIFW

. DUIRAQD 0 DDQP HD ) LODQG

3K GRAHOW3RWAGRF VAKROU 8 QYHMWR! A\ Y WW O

7KLV SUHVHQWDWLRQ LOQOWURGXFHV WKH OLHOHW,Q PXXYL
SDUWLFLSDWRU\ FDVH VWXG\ LQ ZKLFK \RXQJ DGXOWV FRC
7THUDSLDQ WDUSHHVVD —-Q 1HHG RI 7KHUD S\ 7KH SURMH
ZLWK ELEOLRWKHUDSHXWLF PHWKRGY EULQJLQJ WRJHWK
FLQHPDWRJUDSKHUVY DQG WZR JURXS IDFLOLWDWRUYV

6LQFH WKH HDUO\ V QXPHURXV DUW EDVHG SURMHFWYV
PDQ\ GHPRQVWUDWLQJ WKDW FUHDWLYH PHWKRGV FDQ HQ
SDUWLFLSDWLRQ DQG ZHOO EHLQJ +RZHYHU SUHYLRXV V
VXFK SURMHFWY DUH FDUULHG RXW -Q WKLV SUHVHQWDW
RXWOLQLQJ WKH PHWKRGY FKDOOHQJHVY DQG VROXWLROQ\
WKRVH SODQQLQJ VLPLODU LQLWLDWLYHV ZLWK \RXQJ SHF
FXOWXUDO DQG WKHUDSHXWLF FRQWH[WV

'UDZLQJ RQ D ULFK HWKQRJUDSKLF GDWDVHW LQFOXGLQJ
- DQDO\WH KRZ SDUWLFLSDQWY PDGH VHQVH RI WKHLU H|
SURFHVY ZKHQ LOWHUWZLQHG ZLWK ELEOLRWKHUDSHXWL
HPRWLRQDO H[SUHVVLRQ 7KH ILQGLQJV DOLJQ ZLWK HDUC
QDUUDWLYH PHWKRGV VWUHQJWKHQ \RXQJ SHRSOH V VHQ)
%LEOLRWKHUDSHXWLF WHFKQLTXHYVY VXSSRUWHG ERWK LQ(
LQWHJUDWLQJ SHUVRQDO H[SHULHQFHV LQWR VKDUHG VWI

%XLOGLQJ RQ WKLV SURMHFW - KDYH SXEOLVKHG WZR DU
THUDSHXWWLVHW WDULQDW ERRN — DOVR KDYH GHYF
SUDFWLFH VXFK DV D UHJXODUO\ RUJDQL]JHG VHPLQDU RQ
LV WR HVWDEOLVK FRQWLQXLQJ HGXFDWLRQ LQ ILOP WKHL

. DLRQAOQD 0 DDQP IHQLYD' RAHOAR %AECRWH.DS\ DQG &UHDWYH
- UMW DQGKRTVD 3K 1Q FUDWYHZ UMY 6KHFXULHOD
Z RUNVDV D SRWERPRUIDOLHVFDURKHUDWH' HSDUR HOAR O XME
$UNDQG EXOMUHEWGEHVIQWHS QYHMWR A Y WO +HJ
UHVHDURK | REXVAV RQ WH WHDSHWE X\VHR (LB
DXVRHMQRIUDSKLE DQG WHIDSHWE Z UMEQ)  ELECRMH.DS\
WDQWI HOHIDWRQDODXWR! LEWRQ DQG @HZ UMY $GRQIMGH

. DIROCDVDFDGP LF Z RIN \KHARP EIQHVKHJIQMHWVIQ
FUDWYIW WH.DS\ DQG Z HIEHQI WURXIK DUV EDVHG DQG

UH GRAYH SUDRARHY

NDURT@QD WP DDCQP [HT¥# NIX L
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9 LVXDCB UM KHLDS\ LQ D 8 QLYHUAW &KLABLHQV + RVSLVIDO
P SOP HQDVIRQ &RADERWDVRQ DQG ( DU ) LQGLQIV

0 DI 0 XODOHQ ) LODQG

SUNKHDSIMV+86 1 HZ &KIGBUHQV+ RSO

7KH SRVWHU SUHVHQWY DQ DUW WKHUDS\ SURMHFW ODXQF
DXWXPQ ZLWK D VSHFLILF IRFXV RQ WKH LQWURGXFWLI
RQJRLQJ SURMHFW DLPV WR VWUHQJIJWKHQ WKH DYDLODELC
QHZ QRQ YHUEDO PRGHV RI VXSSRUW DORQJVLGH VRPDWLF
H[SORUHV SUDFWLFDO zZzD\V WR LQWHJUDWH YLVXDO DUWYV
DGROHVFHQWY LQ ERWK VRPDWLF DQG SV\FKLDWULF VHUYI
WKH ZHOOEHLQJ EHQHILWY RI DUWYVY EDVHG LQWHUYHQWLR"
VSHFLDOLVHG KHDOWKFDUH LQ )LQODQG UHPDLQV DW DQ F

7KH SRVWHU GHVFULEHV WKH LQLWLDO LPSOHPHQWDWLRQ
KRVSLWDO HQYLURQPHQW -W H[DPLQHV RSSRUWXQLWLHV
IDFWRUV LQ WKH SURFHVV DQG SUHVHQWY SUHOLPLQDU\ R
H[SHULHQFHV 7R GDWH YLVXDO DUWV WKHUDS\ KDV EHHQ
FOLQLF RQ FKLOG DQG DGROHVFHQW SV\FKLDWULF XQLWYV
LQWHUYHQWLRQ KDV VKRZQ SURPLVH DV D VXSSRUWLYH WI
HPRWLRQDO UHJXODWLRQ H[SUHVVLRQ DQG HQJDJHPHQW
VXSSRUWHG FKLOGUHQ LQ SURFHVVLQJ HPRWLRQV UHODW
VWUHQJWKHQLQJ WKHLU VHQVH RI DJHQF\ -Q SV\FKLDWUL
HVWDEOLVKLQJ D VDIH UHODWLRQDO VSDFH DQG FRPELQLC

9LVXDO DUWV WKHUDS\ FRPSOHPHQWYV WKH KRVSLWDO V H]
IRU HIDPSOH WKH GHYHORSPHQW RI D QDWLRQDO SHGLDW
LOQFOXGH GHYHORSLQJ JURXS EDVHG LQWHUYHQWLRQV DQC
FULWHULD 6WUXFWXUHG DVVHVVPHQW WRROV DUH QHHGH
PRGHO 7KH SRVWHU GUDZV RQ FOLQLFDO REVHUYDWLRQV
PXOWLGLVFLSOLQDU\ VWDII DQG H[SHULHQFHV VKDUHG E\

0 DI 0 X@DQHQ Z RNV DV DQ DUNMHDSMADW8 6 1 HZ
SKITHQV+RSIMIAQ ERM S FKIDA DQG \VRP DWE FDUH 0 DI LV
SDWRCDW DERXWHDURKIQ) DQG GHYHBSIQI P HMRGY\WDW
SURP RWMZ HOEHQI WURXIK DUMSVD JURXS DUNKH DSIMAMKH
KDVZ RINHG Z 1M VSHADCHEXFDWRQ DQG BDLQIQ) VXSSRUIANQ

HBP HQBU VAKRRY 6KHKDVDOR VHYHG DVD IXHWBRMUHIDQG
Z RINKRS GDGHULQ WDRKHJIDQG HEXFDWRUMDIQQ) SLRIDP V/

P DIM P XGBQH KXVIL
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$ SSAFDVIRQ RI 9 LVXDGH UN7KHLDS\ LQ &RSLQJ Z IMK $ QJHUVR
&KDQJH VIKH ¥HKDYLRU 3 DWHLR DQG VIR 6 XSSRUM YHU GD\ / UH
XMQJ WKH ([ DP S®IRI D: RP HQV6XSSRUN LRXS

$ICHVSOHD (WRQD

SUNKHIDSIMWV 0 6F

7KHP DWMUVWHWY GHHQGHG IQ DWZ DAQ 8 QLYHUAW  LQYHVIAJ DWAV DGXOMMHLDS\  VSHALLEDD
H DP 1QIQJ KRZ YIVXDODUAILRXS Z RINVXSSRUN Z RP HQ Z IW FKLGUHQ LQ FRSLQJ Z IW DQIHULQ
HYHU GD. @H 7KHWXG KLIKQKWWH XVHRI YIVXDCDUMMHDS\ VR KHS Z RP HQ SURFHW DQIHUDQC

SDWH SHUHQRHVRI YIRBIQFH ( QI DILQU 1Q WH FUHDWYH SLRFHW \MP XOWV P DIIQDARQ | RAMUQ]
SHYWRQDORKDQIH DQG D GHHSHUXQGHUARQGIQI RI RQHVHD DQG RWHLY

7KH UHAVHDUAK HP S®\ HG QDULDWYH LOMUNEHZ VVRR H| S&UH SDUAASDQW H SHUHQFHV RI FKIGKRRG
YIRBIQFH DQG WH VADMI LV WH. XVHVR FRSH 7KH WHRUMEDQ LDP HZ RUN DGGLHWHY WH QDWLH R
YIRGIQFH DQG DQIHU FRP P RQ XQGHWDLQJ FDXVHVRI SK\ MFDOYIRBIQFHE\ ZRP HQ WH : RP HQ

. IWRXVBLRGIQAH SWRIWDP  DQG WH EHQHIWRI JURXS WHWDS\ 61 Z RP HQ Z HUH IQMUYLHZ HG SURL
VR SDUAASDWOJ 1Q JURXS DUMKHIDS\ | RFXMQI RQ WHUH SHUHQAHVRI YIRBIQRH GXUQU FKITKRRG
4 XDOAMYH GDVID Z HIH DQDO] HG XMQJ D QDVWUDDME DSSLRDFK HP SKDV] LQJ GHVIBLBIG FROMQWLRP
SDUARSDQW QDUDWYHV . H WHP HV LGHQWIHG LOFOXGHG 0 RWHWY QDULDWYHY DERX\WILH DV D QMBI
JILO ([ SHUHQAHRI YIRBIQFHH 0 RWMQRWZ RUM\ HYHQW LQ WH @H FRXUH DQG -P SRUBQWDGX@V
* IRXS DUAKHDS\ LQYROHG IRXUZ RP HQ RYHUM] Z HHND VHWMRQV GXUQJ Z KIFK SDUARSDQW
FRXUDIHRXVO H SBRUHG WHUHP RUARQV $QIHUHP HUHG DV D FHQWDA HHIRI WH Z MKHG VR
SIRFAHW\R P SURYH WHUSDUHQWQI H T HPRYHOHW 3DUARSDQW I RXQG ML VHWMRQV JHQHLD®

VX IEHQAEXWH, SUMWHG LOMUHWIQ [RTRZ XS VHWIRQVVR SLRYIGHD VDIH LHBDVH | RUUH GPARQ RG
WH JURXS SURFHW DQG UHP DIQIQJ DMAXHV

7KLY UHVHDURK XQGHU/FRUHVWH YDOXH Rl YLVXDCDUAKHUDS\ DV D WHUDSHXWE LOMUYHQOWRQ | RU
Z RP HQFRSIQJ Z IW SDWDXP D DQG DQUHU RITHUQI D FUHDWYH VXSSRUAYH HOYLLRQP HQWRU

HP RWRQDOSLRAHWIQI DQG SHURQDQILRZ W

$JOHV$ OHD LV DQ H SHIHQAHG VRADZ RIN SR HMRQDODQG HEXFDRU
KRTIQJ DO DWMIVGHIUHHIQBRADA RUINILRP WHS QYHMW R 7DUIX
DQG D 0 DWMIVGHIUHHIQ$UATKHIDS\ [URP 7DANQ 8 QYHMW 6KHKDV
DOR UHHYHS DEAMRCDOADIQQ] [Q1DP 1O WH.DS\  $IWUFRP SGMW KHU

0 DWMWVIQ6BRADQ RN $JQHY FROWOXHS LQWHBRAR®I\ GRARDCSLRILDP
DVIKHS QYHMW R 7DUX IRPXMQI RQWHMMG R VH XDCEHKDYIRU
$JIQHVFXUHMD Z RINV DV D VAKRRORADCBHEDIRIXH DQG DV DQ RQIOH
WH.DSMADWMH &KL + HSOOH Z KLBI DOR SUDPWAQJ | UHHDIQRH DUAKH.DS\
LOWD UDWQ) FUHDWYH DSSURDFKHV LR KHUGDI® Z RINLQ D SUP DU VFKRRO
VHMOQI $IQHVKDV SUHMRX\V® Z RINHG [ URP W DVYMH ( WRQIDQ

6H XDO HDOM $VWRADMRQ DVD FRRUGQDRUIRUWH <RXW IRU<RX\WM SLRILDP
DQG GG [QMODARQDCSURWAN DOR VHYMQJ DVD GRMUHJ ) RUWH SDUWWRXU

\ HDW/ VKHKDVDOR EHHQ WH I DAQAVRUR WH @ RP HY: IWRXVOLRGIFH DIQHDOHD¥ JP DICFRP
JURXS SIRYIGIQ) VXSSRUNDQG JXIGDGFHWR Z RP HQ Z KR KDYHH SHIHQAHG
YIRBIFH $JQHVV FDUHHUEUGIHY HEXFDMRQ VRADXZ RN DQGWHDS\  RITHUQ)
D KROMF DSSURDAK VR VXSSRUMY FKICHLHY \ RX\W DQG DXV
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&R®RUW/ 0 LQGV

( VDEHVK "RDQQALGHV * UHHAH

(0 p7 _ 1 DWRQDAD XVHXP Rl &RQMP SRIDY $UNSWHQY ( GXFDMRQ EXIDRU. - $UNBW FKRWMHDSIM
' P MAV. DQQDV * UHHH

(0 p7 _ 1 DARQDAD XVHXP R &RQMP SRIDY SUNVSWHDY $QUP DIMXU  SUMAV

0 DUQD 7MLRQL * UHHH

SUWY

7KH 1 DARQDAD XVHXP Rl &RQWP SRWDY $UNSWHQV (0 pg LVFRP P WG VR [QFOMYIW

DIP 1QJ R UHGXFH VRADCH FOMRQ SURP RW LOWAT LDWRQ DQG HQVXUH HT XDCDAFHW VR DUADQG
FX@XWH ) IRP 2 AREHU VRO D\ WP SOP HQMG&R®Y/ 0 LQGV DQH SHUHQWDO
SWRIWDP P HGHWLIQHG VR VXSSRUA RXQJ SHRS®! 1Q WH SV FKRVRADOHRARUZ KLBI QXUMUQJ

IP DILQDARQ DQG FUHDWIW  7KH LQMDWYH HQFRXUDI HG SDUAFLSDQW VR XQGHUMBQG DQG DFFHSW
WH Z RUT DLIRXQG WHP WURXJK YIVXDODUV |RAMUQI D P RUH RSHQ DQG Z HBRP 1QJ

HMLRQP HQW

7KHSWRIWDP P H ELRXJKVWRI HWHUGLYHUH JURXSV WXGHQW ILRP WH $WHQV6FKRRCRI ) LOH
$UV WH $UADQG 3Vt FKRWHLDS\ &HQWH DQG LHASIHQWRI P HQWCKHDOM VHUEHV ILRP WH
$WRADWRQ | RUSHILIRQDO  HYHRSP HQWDQG 0 HQWIOH HDOK, (3$36< 3 DUAASDQW FRIDERUIDWG
QP I HG JWRXSV H SBRUQ DUNMME H SUHMRQ DV D EUGIH DRLIRW GLLI HIHQWH SHUHORHV DQG
SHU/SHARYHY

“QVSILHG E\ 9@WLY &DQDUY IOWBTMRQ + RSVFRWK WH Z RINVKRSV HOFRXUDIHG

H SHUP HQWMRQ DRIRWP XGAS®IP HGD GUDZ Q) SKRWRIWDSK\ YIGHR VFXGWUH
IOAMDAMRQ SHURWP DQFH DQG W W7KLY 1 LDP HZ RUN DARZ HG SDUARSDQW VR H| S&UH WH
FRQFHS\WMDAD\ HW/RI &DQIDUY SIHAH Z KIBI XMQJ 1P DILODARQ VR FUHDM WHURZ Q QDUDWYHY
DQG DUAME UHVSRQVHV

7KHFX® LODWRQ Rl WH SURILDP P HZ DV D SXEQE SUIHVHQWMRQ Rl DWZ RUNVILRP 0 D\
RITHIQJ YIMELDN VR SDUARSDQW YRIFHV DQG SHWSHPRYHY Z IWIQ WH P XVHXP  FRQM W

&R®RY/ 0 IQGVZ DVNRIQM RUDQHGE\ (0 pgq WH$WRADARQ R 6RADCE HVSRQUELDV [RU

&KLBUHQ DQG <RXW 6. (3 WH $WRADMRQ | RU5HILRQDO HYHRSP HQADQG 0 HQWIOH HDMM

(3$36< DQGWH YROQEU DUAME LQMDWYH 7DBN  &UDIW UHGPAQ) D FRAERUDWYH

FRP P WP HQWIR VRADODQG FXOMUDCSDUAASDMRQ

KWBV ZZZ HP WU GDUIQI HGXFDWROQDOSWRILWDP P HY FRAW DQG P 1QGV



3$3(56 — 6$785' $<
3 RVWHU SUHVHQWWRQ

&R®RUW/ 0 LQGV

(OLVDEHWIKLIBNVDQ HGXFDWLRQ FXUDWRU
DW (0p7 _ 7KH 1DWLRQDO OXVHXP RI &RQW
3K' FDQGLGDWH DW WKH 8QLYHUVLW\ RI 3|
LQFOXVLYH HGXFDWLRQDO SURJUDPPHV IFf
LQWURGXFLQJ SDUWLFLSDQWY WR FRQWH
LPDJLQDWLRQ DQG FULWLFDO WKLQNLQJ
DUW SV\FKRWKHUDS\ SURJUDPPH ([SORULC(
(ISORULQJ 0\ "PDJH DQG FXUUHQWO\ FR U
JURXS ZLWK . 5DPDGDQL DV SDUW RI WKH
*UHHFH 6KH KDV VHUYHG RQ $GYLVRU\ &R
&XOWXUH DQG 6SRUWYV HYDOXDWLQJ SUR
FXOWXUH $ QRPLQHH IRU WKH *UHHN "QW

DQG $UW DQG &XOWXUH FDWHJRU\
WHDFKLQJ DQG PHQWRULQJ H[SHULHQFH
OHDUQLQJ DUW SV\FKRWKHUDS\ KHDOWK
FXOWXUDO SDUWLFLSDWLRQ

'LPLWULV .DQD®XDWHG IURP WKH 3DLQWL(
$WKHQV 6FKRRO RI )LQH $UWV $6)$ LQ
ZRUNLQJ DW (0p7 _ 7KH 1DWLRQDO OXVHXEF
$WKHQV DV DQ DQLPDWHXU DUWLVW +H
(SKRUDWH RI 3LUDHXV DQG "VODQGV IURF
FDUULHV RXW HGXFDWLRQDO SURJUDPPH\
VSHFLDO JURXSV LQ ZKLFK KH FR RUJDQL]
SDUW RI WKH (GXFDWLRQDO 3URJUDPPHYV
'HSDUWPHQW V HGXFDWLRQDO OHDIOHWYV
JURXS H[KLELWLRQV DQG LQ 2FWREHU

ODULQD 7VUIMURQLKRQRXU JUDGXDWH RI WK
DQG $SSOLHG $UWV RI 82:0 DQG D PDVWH
$WKHQV 6FKRRO RI )LQH $UW $6)$ +HU S
$UW DQG 3V\FKRORJ\ WKURXJK YLVXDO DU
HGXFDWLRQDO SURMHEWY 6LQFH VKH
HGXEFDWRU FRRUGLQDWRU LQ WKH PHQWD
HGXFDWLRQ 6KH LV WKH IRXQGHU RUJDOQ
YROXQWHHU DUWLVWLF LQLWLDWLYH 7DOI
EHWZHHQ *UHHN FRQWHPSRUDU\ DUWLVW\
WKLY FRQWH[W ODULQD FROODERUDWHYV I
6.(3 DQG cjpgq_ 1DWLRQDO OXVHXP RI &RQW
KDV DWWHQGHG FHUWLILHG SV\FKRORJ\ V
SUHVHQWHG LQ UHQRZQHG DUW VSDFHV

1IRUGLF $UW 7KHUD

7DPSHUH )L

HRDQQGH KRW DIGRRP
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SUN7KHWDS\ DQGVKHSBKHP \ Rl -P DILODMRQ &R FUHDMIRQ
Rl * W/ DE\ UQWYV D %UGIHIRU7WDOV RWP DMRQ

+HQUL&DUDWD 6RXVKK $1UFD ) LODQG
03+ (SIGP IRBIMV* QW DUMADAL XXVEIUAL

6LMR 0 LHWMOHQ ) LODQG

0 6F %% $UNB FIKRIHDSIMAV* LRXS 3 FKRWHIDSIMWEXSHIYVRU 3UYDW 3 UDRWAH 7DINNDUL

7KHWDQV RUP DWYH SRIMQWDCRI DUADQG P DI LODWRQ LV H SBRUHG E\ D J@W DUNMDQG DQ DUV
WHUDSMA7 KH DUAAVD |RUP HUHSIGHP [RBRIMAZ KR GIVGRXW. $1UFD 1O QRZ FUHDMV JOW
VAXGWUHV1Q ) LODIQG LQI XHQPHG E\ FXEXWDADQG SURIHWIRQDOM] VBSRMMRQV 7KH WHUDSMAIX

H SHUHQRHG DUADQG JURXS SVt FKRWHUDSIMAIQYHMAS DAQJ WH QDWYLH Rl HYLODQG WH KHDIOQJ
LRGIRI FUDWYIW VHHNV DQVZ HWILRP KXP DQ KIMRY DQG DQAHQWMDY

7KHUFR@ERWDAWRQ EHIDQ Z IWK D VKDUHG Z DO WILRXJ K DQ DQAHQWARGH @E\ UQW. 7KLY

H SHUHQPH LQVSILHG WH FUHDARQ Rl JOW @E\ UQWY DV P HVBSKRWY/ | RUMDQM RLP DARQ 7KHH
Z RNV H KIEIWG DWH KIEMRQRQ6\ P ERDP  H SERUH XQLYHWDKXP DQWHP HV VXFK DV
SXIBRVH VDIHW UHQHZ DODQG WH VHDURK | RUFDUW &RQADVQJ P D) HV DV P ER/RI
FRQIXVIRQ DQG GHDG HQGV Z I @E\ UQWY D MQI®I SDK VRZ DUG LI KWUH GPWAKH DURNAY
HQIDIHP HQWZ W UMXDOS@FH DQG WH UIHWRUDWYH SRZ HURI [P DILQDWRQ

7KH WHDSIMADQG DUAAMIMHQ FR FLHDWG D J@W @E\ UQW | RUDQ LOMUDDMRQDY. RINVKRS 1Q
-DSDQ 7KH SDUARSDQW H SHUHQRHG DQG WRXJ KVWDERXWKH DQAHQWIMYDCRI GDYIQU A P ERY
Rl HYLCY IWIQ WH @E\ UQK * W DLHO XVHG LQ DUMKHIDS\  HP ERGIHV ERW | LDILON DQG
UMIHQAH -WWDQVRWP DMRQ ILRP VDQG VR WDQVSDUHQAP HGIXP  DQG IW UH GPAYH UH LDPRYH
DQG OXP LORXV FKDLIDPMUIMAEY P LLLRUWH WHUIDSHXWE SURAHW

7KHHRXWRP HV  DUZ RNV Z RINVKRSV DQG SXEGFDARQY  LHYLYH IQWMUHVNIQ DQRHQW
DUADPW UMDY ' HVSIW YDWARQRZ BIGI H DQG FRQOHPRVIW P RGHLD KXP DQW LHSHDW RG
SDWMALDV DQG LLRQIFD® UHP DIQV GVFRQOHPMG ILRP VHD DQG RWHLY <HWIMLRXJ K WIKVWMWLY FR
FUHDWRQ IHYHDY KRZ VKDUHG [P DI LODWRQ FDQ UHWRUH P HDQLQU DQG FRQOHPARQ DQG WH
SRWIQUWDOXVH Rl J W DUNRULQQHUMDQM RLP DMRQ

+HQUL.&DUDWD IVDQH DFDGHP LF DQG DQDOWDAHSIGHP IRBIIMNLRP
6RXW $1UFD QRZ WDIQHG * MW DUMMZ RINQJ 1Q 1 XXVEVIUIL* @W
ILADIH ) LQDQG + HIU KDV SURVHMG DWARQ HHORHVDVDQ

HSIGHP LRERIMVQRWDQ DUNAN

6LMNR O LHMOHQ KRGVD 0 DWMUR! 6AHQPHLQ 6RADCBM FKRBJ\ DQG L
YDFKHRUR $UN1Q/ MIDWH 6KHLYD TXDOIHG $UNDQG* LRXS

3\ FKRIWMH.DSMAVD WDIQHUR! JURXS SV FKRWHDS\ IXGHQW DIRWP H.
AXUODOMDQG D SXEQKHS | IPARQ DXWRU 6LM\R LV DOR D ERDUG

P HP EHUR ()33 DQGDP HP EHJR "$* 3 DQGWH) LOQMWK SUNTKH.DS\

$WRADWRYQ 6KH BRMUHV DQG FRQGXPAN Z RINKRSV DRLIRW ( XURSHDQG VMUP L # KRW DIORP
-DSDQ DQG P DIQEAQVD | X@WP HSUYDWM SUIDPWFHLQ 7DP SHH ) IQDQG KHQULFDULDLD# JP DICFRP
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* HWXUWHVRI 7IDOV RWP DVIRQ ' IMXSVIRQ 2 WGHUDQG VKH
+ DQGV5R®

. QX2 P KROW1 RWZ D\
0 6F DQG 3K'  1Q SROAFDOVAHAH ' IS&P D 1Q DUMMHDS\ $WRADWM 3URHAWRU ' HSDUR HOAR!
7HDFKHU( GXFDWRQ 1 RZ HIIDQ 8 QYHWMWR! / LIH

1HZVSDSHUV DQG RWKHU PHGLD IUHTXHQWO\ XUJH XV WR V
OLYHYV WKHVH DUH WKH JULSV \RX QHHG WR WDNH &XOV
DQG IHDU FKDRV 2IWHQ WKH ODQJXDJH XVHG GUDZV GLUF
ZH VKRXOG WDNH KROG RI JHW D JULS RQ RU JUDVS WKH

+RZHYHU VHYHUDO SKLORVRSKHUV KDYH H[SORUHG WKH J
RI RUGHU VXFK DV OLFKHO 6HUUHV LQ *HQHVLV )ULHGULF
DQG *LOOHV 'HOHX]H DQG )«OL[ *XDWWDUL LQ $ 7TKRXVDQG

-Q buUw WKHUDS\ WKLV LV D ZHOO HVWDEOLVKHG SHUVSHF
-XQJ WKURXJK WKH PHWKRG RI DFWKBBS\LZBIIDQBWLERRKR XUD.
RXU JULS RQ UDWLRQDO FRQWURO DQG DOORZ WKH XQFRQ
FKDQJH ODQ\ KDYH FDUULHG WKLV YLHZ IRUZDUG VXFK DV
DVVHUWY WKDW ZKHQ ZH UHOHDVH RXU KROG D FUHDWLYF

-Q D SURFHVV Rl WUDQVIRUPDWLRQ LPDJLQDWLRQ LV WKH
KDQGV RIWHQ SOD\ D FHQWUDO UROH LQ VKDSLQJ DUWLVW
SUHVHQWDWLRQ - ZLOO VKRZ KRZ — KDYH H[SORUHG SK\\
UHODWLRQVKLS EHWZHHQ GLVUXSWLRQ WUDQVIRUPDWLRC
UHOHDVLQJ DQG JULSSLQJ ZLWK WKH KDQGV 3KRWRJUDSK
JHVWXUHV GUDZLQJ DQG VKDSLQJ DUH DFEFRPSDQLHG E\ L
WUDQVJUHVVLRQ RI RUGHU DQG HPHUJHQW IRUP

. QX2 P KRG DQ DWRFADWM SUR FWRUR! WDKLQJ 1Q KLIKHU
HEXFDWRQ DWAKH 1 RZ HILDQ 8 QYHMW R / LHEAHQAHY + HUHHYHG
KIV3K'  1Q SROAFDOAHIAH DQG Z DV D UMHDUFKHUIQ RUDQVOWRQ
GHYHBSP HQW) HHIQ) VAN LQ WH I IHTS KH FRQWOXHG KLV VMGV IQ
GLDP D WRUY \WTRJ DQG YWXDODUN DQG REWIIQHS D GS®P D LQ DWW
WHDS\ I[IRP WH QMMMR $SUNKH.DS\ 1Q' HP DN +HLVD

P HP EHJR WHSUAKHDS\ $WRADMRQIQ1RZ D\ WH' DQMK
$WRADWRQ R 3\ FAKRWHDSIVV DQG WH ( XURSHDQ) HSHDWRQR! $LWV
7KHDS\  +HKDVRHDWG DUV EDVHE FRXUHYRQ SHIRQDO

GHYHBSP HOWRUMMGHQN DAWKMH XQLYHMW DQG XVHG DUV EDVHG
DSSURDAKHVLQ SURVHIMEHWDRKHUHGXFDWRQ SHEDIRI\ FRXUAHVIRU
WBI | DQG \KSHUMMRQRI! 3K \MMGHOW NOXWRP KROW QP EX QR
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7KH 2 SHQ BVXGIR LQ $ UA7KHLDS\ 7DLOLQJ
0 DUND 5DVQIN ( \WRQLD

3K +HOGRI DUV WHDSIH EXUWEXOP 1Q 7D@Q 8 QYHIMW
SUWMHDSIMWXSHYMVRUDQG | DP 1O WH.DSIMV

7KH MRXUQH\ WR EHFRPLQJ DQ DUW WKHUDSLVW RIIHUV FK
NQRZOHGJH DQG VNLOOV FUHDWLQJ D WKHUDSLVW LGHQW
WKLV MRXUQH\ LW LV LPSRUWDQW WR PDLQWDLQ FXULRVL
XV MXVW DV WKH ORRPLQ IDPLO\ PDLQWDLQHG FXULRVLW\
ORRPLQYDOOH\

/X]]DWR KDV GHVFULEHG DQ RSHQ VWXGLR DV D SODF}
H[SHULHQFH Rl EHLQJ ZLWK RQHVHOI DQG RQH V FUHDWLR(
GHYHORS DUWLVWLF VNLOOV DQG UHOD[ -Q D IDFLOLWDWI
GR \RX VHH" WR SURYLGH VWXGHQWY ZLWK DQ RSSRUWXQL
KDYH EHHQ ZKR WKH\ KDYH EHFRPH DQG \®KHBEHRVHKWY L@
GHYHORSPHQW

7KH SUHVHQWDWLRQ GHVFULEHV WKH RSHQ VWXGLR H[SHU
UHODWLRQ WR WKH LGHQWLW\ DQG SHUVRQDO JURZWK RI [
SODFH GXULQJ WKH DFDGHPLF ZHHNV Rl WKH ILUVW DFDGH
OHFWXUHU DV WKH FUHDWRU Rl WKH VWXGLR VSDFH DQG V
7KH UHVHDUFK PHWKRG XVHG ZDV YLVXDO VWRU\WHOOLQJ
YLVXDO VWRU\WHOOLQJ UHGXFHV WKH GHSHQGHQFH RQ YH
RSSRUWXQLWLHY WR GLUHFW WKH FRQYHUVDWLRQ -QWHU

6PLWK ZDV XVHG WR SURFHVV WKH H[SHULHQFHV ZK
PHDQLQJ RI DQ LQGLYLGXDO V H[SHULHQFHVY DQG DWWHPS)
ZKHQ LQWHUSUHWLQJ WKHP

0 DUND 5DV@IN 3K 1Q ( GXFDMRQDOBAHAHY ' RARUR
3KIRVRSK\ 0 DWMUR! + HDOM 6AHAHY SUKHIDSIHY - &UHDWYH
WH.DSMVDUAKHDS\  IXSHYWRUDQG | DP 1O WHDSIMAAH HDG R WH
DUAKHIDS\ FXULIEXOP DWKH QWMMMR 1 DWIDCDQG + HDOM
6RHQFHY 7DaNQ 8 QLYHMW DQG GRMUHULY YWXDCDWAKHDS)
SURWAWP DQDIHUR WH FRADERIDWRQ SURWRV9AIGIHVR
YHRQILQ EHEHQ1* 2 0 RQGER DQG 7DARQ8 QYHMW DUAKHDS\
IRUS NDIQIDQ UH XIHHFKIEBLHY  7KH SURWPAY IXQGHG E\ WHS QWG
1 DWRQV+ LIK &RP P MMRQHUIRUSHXIHHY 81 +&5  3UYDWM SUDPWFH
R DWWHIDS\ Z W FKIGIHY \ RXQJ SHRS®IDQG | DP LOHV

P DUND LDVIN# VX HH
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" IMFRYHU RI YHHVZ D DV DQ $ UM/KHWDS\ 0 DVIAUDOO0 DQGDM
O DNIQJ Z W yHHVZ O &DQYHHVZ Of YDWBHH$ QY LHW DQG+RzZ™

(P HVH 3£V VRU + XQIDU
SUNWKHDS 0 DMWMUMMGHIN2 VR 0 HARSROAQ 8 QAYHMW 1 RZ D\

7KLY SUMVHQIMRQ H SBUHV WH WHDSHXWE SRWMQADCR! EHHAVZ O] DV DQ DUWAKHIDS\ P DWAUDO
WURXJK WH SLIRFHWRI P DQGDD P DNQI %HHVZ D) DQ DQRHQADQG VXMIQDE®! P HGLXP

RITHW/ XQITXHVHQVRY DQG M P ERTE SURSHUAHV WDWFRX@ VXSSRUADQ LHW LHGXPURQ DQG

HP RURQDOLHIXOMRQ %HHVZ D LV VBPABH UMMAYH DQG JLIRXQGLIQI  TXDOAHV WDWADQ SURP RWM
FROWIQP HOWDQG D VHOVWH RI VDIHW [ RUFTHQW H SHUHQAQ DY LHW

5RRWG LQ -XQIIDQW P ERDP  WH P DQGDD HSUAVHQW Z KRBIGHW DQG EDDQRH Z KIB! W
ALFX@UIRWP KDV EHHQ WKRZ QR XSAWP RRG DQG | RAMUFHQMUHGOHW ' DZ LQJ RQ H IMMQWDC
DQG VHQVRUP RVRUDUAMHLDS\ WHRUHY WLV H SGRUMRQ H DP LOHV DP RQJ RWHY/ KRZ
EHHVZ D[ P DQGD@V FDQ DGGUHW H MMQUWDTFRQPHUDV VXFK DVGHDW( [LHHGRP  MROMRQ DQG

P HDQIQI BMQHW <DBRP E\ HQFRXUDJIQU DFFHSVBQRH JURXQGIQI FRQOHPARQ DQG

LH GPARQ

7KHP XGWHOVRUY HQIDIHP HQARI VRXFK MIJKWDQG WP HGHQKDQRHV ERG\ DZ DUHQHW DQG
UHO[ DARQ DI QIQJ Z IWK ( BUHKW I LQGLQIV RQ VBPWB! P HGID |RUMDXP D UHFRYHU

4 XDOAWYH GDVD Z HH FRGPMG XMQJ WH + RZ : H) HHDSS EH RUH DQG DIWUEHHVZ O

P DQGDD VHWMRQV VXSSRUMG E\ VHD REVHUYDWRQ DQG UH GRWYH QRWV ) LOGIQIV IQGIFDM
LOFUHDVHG SUAVHQAH HP RARQDOLHBDVH DQG D JUHDWUFDSDAW |RUGMWIQJ JR A P ERQ HG E\
P HOMY WHZ D[ DIWUHDRK FUDMRQ

%HHVZ D[ P DQGDD P DNQJ HP HUHV DV D VXWRIQDE®! LOFOMYH DQG HP RURQD@ J URXQGIQU
P HWRG Z IMIQ DUAMHLDS\  ARI THY FTHQW D VWKPMUHG \ HW G LEE®I Z D\ VR H WILDDG H FRQWIG

DQGWDQVRWP DY HW WLRXJIK P XGMWHVRY HQIDIHP HOWDQG i P ERTF FUDMRQ H SDQGIQ]
WH WDQUH RI DFFHVME®! P DMUDY 1Q FRQMP SRUDY DUMKHDS\ SUDPAFH

(PHVH 3£VIWRUWERUQ RQ )HEUXDU\ LQ '"HEUHFHQ +XQJDU\

ZKHUH VKH KDV OLYHG PRVW RI KHU OLIH $W WKH DJH RI VKH GHF
JDS \HDU DQG YROXQWHHU DEURDG SDUWLFLSDWLQJ LQ D YDULHW\ F
(PHVH ZDV WZR DQG D KDOI \HDUV LQWR KHU 3V\FKRORJ\ %$ GHJUHH
IRXQG KHUVHOI TXHVWLRQLQJ ZKHWKHU LW ZDV WUXO\ ZKDW VKH ZDC
+RZHYHU WKURXJK ZRUNLQJ RQ VXVWDLQDEOH IDUPV YLVLWLQJ ORQ
BWHLQHU VFKRROV DV DQ REVHUYHU HQFRXQWHULQJ DOWHUQDWLYH
DSSURDFKHY DQG PHHWLQJ LQFUHGLEO\ LQVSLULQJ SHRSOH DORQJ \
UHJDLQHG KHU LQLWLDO HQWKXVLDVP IRU SV\IFKRORJ\ DQG GHFLGHG
KHU GHJUHH DIWHU DOO "Q (PHVH PRYHG WR 1RUZD\ EHFDXVH R
SDUWQHU DQG VSHQW D IHZ \HDUV ZRUNLQJ WR JDLQ ILQDQFLDO VWD
EHLQJ DFFHSWHG LQWR WKH 0$ SURJUDP LQ $UWHPKEHYD S\#RY QR BIRW 6
IHHOV H[DFWO\ ULJKW IRU KHU DV VKH KDV ORYHG SDLQWLQJ DQG Gl
OLIH 6KH IHHOV GHHSO\ LQVSLUHG E\ WKH SRZHU RI DUW WKHUDS\ H
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P DILQIQJ ([ SRUQI DQG) LQGLQJ $ FFHSVIDOFH 7RI HVIKHU
' o7 LQIRWP HG $ UAMKHLDS\ Z VK 7HHQDIHUY

6DLD 6V QH 86$ 6Z HGHQ
SUNMNMHDSMMHI MM HG SM FKRIWH DSIWV&YY  UHTIMIMUHG RAXSDWRQDOWH DSV

6RSKLD 3DQNHQIHU 6Z HGHQ

SUWWHDSIMMH MMHSG QXUH DU

' o7 IQIRWP HG DUNKHDS\ RITHY DQ DSSTMRQ RI DQ HYIGHQAH EDVHG P HWRG LQ D IRWP
DFFHVWLE®! VR WHQDI HWY LQ QHHG RI LOWIQWLYH SVt FKIDWIE FDUH $UAWHUDS\ FRP ELQHG Z W' %
SWRYIGHV WHQDIHWY/ Z IW D FUHDWYH [RUKP VR H SGRUH DQG FRSH Z IW WH FRP SG{ IMHV Rl WHLU
RZ Q VWKJJ BN Z IMIQ WH VKUWQI FRQWM W RI SV FKIDWIE LA)HW UHFRYHY DQG DGROMAHQAH

) HHGEDAN I LRP  SDUAALSDQW KDV FRQILLP HG WH WHDW? HQW/ LHBIYDQPH H I HRWDQG LR®I 1Q
UHRYHY 7KH KDYH DOR SIQSRIQWMG | DFRW/ XQTXH VR WH P HRG VIXFK DV KDYLQJ RQH DUV
WHWDSIMADZ D\ V SDUARSDAQ] 1Q JURXS H HIAVHY -QUD® WLV VADWAI\ | RFXVHG RQ SLRYIGLQJ
D LR®I P RGHOMDWARX@ DOR DWIMAIQ YDIGDWQJ DQG VXP P DU} LQJ WH YHUIEDCBRUARQ Rl WH
JURXS EXWZ DV RXQG WURXJIK SDAHQAHYDXDARQ VR EH NH VR WH WHUDSHXWE DADQAH DQG
VHEXUW Z IWKIQ WH JURXS 3 DUAALSDQW KDYH GHVRUEHG WLY | DRRUDV P HDQIQJ 1 XAQ RUEHUVR
JHOXIQH® HQIDUHLQ P RUH FKDEIQILQY H HIAVHY 2 QH\ RXW( UHP DUNHG WDWIMH. KDG FUHDWAG
GR] HQVRI WHURZ Q P HQBCKHDOK FUMY SOQV | RURWHUSHRS®! EXWIQ WH DUMKHIDS\ JURXS
WH 1IUAMP DGH RQH IRUWHP VHIHV 7KRXJIK WHUH LV RI FRXUH D GLLIHIHORH LQ WH GHIUHH R

XWHQR DQG VXI 1 HUQI EHVE HHQ WH SDWHOW H| SHUHQRH DQG WH DUAMHUDSIMAY ERW KDYH
JHQXIOH DQG UHBYDQWH, SHUHQRHV DQG XVH | RUWH VNG DQG IOV KW WDVWIKH JURXS FDQ
SWRYIGH 7KLV P LIKWHDVRQDE® DAR KDYH D SRUYH H I HRARQ SDUARSDQW VHD VWP D DQG
VHO DFFHSVBQRH 2 QH SDUARSDQAGHVRUEHG 1L \ RX VMUQ\ RXUHD P RUH LQZ DUG VR \ RXURZ Q
WRXJKW DQG | HHIQU V WHQ WH SDSHUDFFHSW IW

6DUD 6D\ QH DQG 6RSKLD 3DQNHQAHUDUHERW,
DUNKHIDSIVWDVBVRANKR® &KITS DG

$CROMHIND HOBOH HDIM ' D\ XQWZ IWIQWH

"QIMMYH 2 XVEDWHOWSHRARU 6DLD IVDQ

DXWRU] HG DUANHDSIMARDIQHG DWKH

8 QYHMW R +HWRWGBWKILH 8. DVZ HODVD

UHJIMMUHG 894 S FKRIMHLDSIMADQG UHIIMMUHG

RAFXSDAWRQDONHIDSIMABKH KDV D GQJ FDUHHJ

ZRUINQJ Z W FRP SB[ FKLEGKRRG S\ FKIDW

B6RSKLD 1V DQ DUNKHDSIVZ IV D O DMLY I LRP

WHS QYHMW R 8P Hs 6KHLYDOR D UHIIMMHG |DP O Wi\ GH: JP DICFRP
QXUH DQG KRGV D YDFKHRW GHIUFHIQ $UNDQG
' MMJQ 3URUVR EHFRP 1QJ DQ DUNKHIDSIVW
BRSKLD KDVZ RINHG H WQLYHD Z W YX@H DE®
JURXSVXMQI FUDWYH DUV

VRSKIDDXIXWH SUIRRQP DICHRP
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6RFIDO IVKGLDZ DAQWHO RRP LQYD@\ 7KH3RWELDMHY
Rl $ UABM FKRVIKHLDS\

6DQQD 3LNNX 3\ K! @y

3\l AKRWH.DS\ WDIQHU DUASM FKRIMH.DSIMAV3V0 3K IMGHIWSUASM FKRWHDSIMVSUATKHDS\
+RXVH $571V / HAXUHJ DABDVENXQWD 8 QYHMW R $SSTHG 6AHIHY 3K XGHIVS QYHMW R
AY WO

/IRQHOLQHVY DQG ZLWKGUDZDO IURP WKH FRPSDQ\ RI RWKFt
WDOHYV MXVW WDNH D ORRN IRU H[DPSOH DW WKH *URNH
WKH ORRPLQ VWRULHY DUH D IUXLWIXO VWDUWLQJ SRLQW
FHQWUDO WKHPH LQ P\ GRFWRUDO UHVHDUFK 7KH IRFXV R
VRFLDOO\ ZLWKGUDZQ DGROHVFHQWY DQG \RXQJ DGXOWYV

7KH UHVHDUFK FRQVLVWYV RI WKUHH SKDVHV ILUVWO\ WKt}
SVI\IFKRWKHUDSLVWV RI ZRUNLQJ ZLWK VRFLDOO\ ZLWKGUD
DQ DUW SV\FKRWKHUDS\ LQWHUYHQWLRQ IRU WKLV JURXS
H[SHULHQFHV RI DUW SV\FKRWKHUDS\ IURP WKH FOLHQWYV
-Q WKH RQJRLQJ ILUVW SKDVH RI WKH VWXG\ — OO H[DP WK
SV\FKRWKHUDS\ ZLWK VR FIOOL.G@WZ2% KW IUADXZAD UO\ VLIQLILFI
SV\FKRWKHUDSLVWV" — P ORRNLQJ IRU DQVZHUV XVLQJ TXIL
PHWKRGRORJLFDO ZzD\ WKH UHVHDUFK PHWKRGV LQFOXGH
JURXS LQWHUYLHZ

-Q WKH FRQIHUHQFH SUHVHQWDWLRQ - OO VXPPDUL]H REV
WKH JURXS PHHWLQJYV DQG GHVFULEH ZKLFK HOHPHQWV RI
VLIJQLILFDQW IRU WKHVH FOLHQWY DFFRUGLQJ WR WKH WK
HOHPHQWYV RI DUW SV\FKRWKHUDS\ WR WKH FKDUDFWHUV [
WR RIIHU 1LQQ\ RU WKH *URNH DFFHVV WR WKH WUDQVIRUI
VKRXOG ZH WDNH LQWR DEFRXQW"

6DQQD 3LNNX 3\ K! @V Z RUINVERWM 1Q KHIRZ Q DUAB\ FKRMH.DS\

SUWDAWAH  HVSHAD@ Z 1M \ RXQJ DGXAV'Z IV D WDXP DWE EDANJURXQG
DQG LQ WH HEXFDWRQ RN EDFKHRUY/R! VRADOHIMFHY\VSHAD LQJ 1Q

DUNMH.DS\ P HKRGY DASDINXQD 8 QYHIW R $SSTHG 6AHAHY +HJ

GRARDOGMHIBMRQ H SRUHVWH SRMELDAVR DBV FKRWHDS\

Z W VRAD® Z WGEDZ Q FTHIW 6DQQD KDVERYHGWHO RRP LQVMQFH

\KHZ DVD FKI@ DQG\KHDOR KDVD 0 RRP IQVDARR  \XLWMDE® UHDWG

R VRADCY IWGDZ DCDQG BQHIDHW 7KH QMME®I &KL 1 1QQ,

\DQQD# SINNXS\ KDAR IL
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7KH ([ SHUHQFHRI 6DIHW DQG-P DILQDMRQ  $W7KH
( QFRXQWAWRI -P DIH 6RXQGDQG0 RYHP HQW

&ROPVIYH 7DIGHVADSIDD®R $571V  &UHDWYH $UNV
7KHDSLHV+ RX\VH $57LV 7DP SHH ) LODQG

7KH VDIHW\ H[SHULHQFHG E\ WKH FOLHQW LV D NH\ IDFWRU L
H[SHULHQFH RI VDIHW\ DFWLYDWHY WKH VRFLDO HQJDJHPHQ
EHORQJLQJ DQG HQDEOHVY PHQWDOL]DWLRQ -Q FUHDWLYH D
RFFXUV QRW RQO\ EHWZHHQ WKH WKHUDSLVW DQG WKH FOLF
H[SUHVVLRQ DQG WKH WRROV XVHG IRU LW $UWLVWLF H[SUF
EHWZHHQ WKH WKHUDSLVW DQG WKH FOLHQW DQG SURPRWH
H[SHULHQFH RI VDIHW\ DQG FRQQHFWLRQ 'HSHQGLQJ RQ WK
LQVHFXULW\ DQG XQFHUWDLQW\ ZKLFK LV DQ LQWHUHVWLQJ
WKHUDSHXWLF SHUFHSWLRQ LQ LWVHOI

~Q WKH ZRUNVKRS SDUWLFLSDQWY ZLOO JHW WR H[SORUH W
DUWV WKHUDSLHV LQ DQ HDV\ DQG DFFHVVLEOH ZD\ 7KH ZRL
WKH PHWKRGV Rl DUW WKHUDS\ PXVLF WKHUDS\ DQG GDQFH
ZRUNVKRS RIIHUV D VKDUHG SRWHQWLDO VSDFH IRU MRLQW
7KH H[SORUDWRU\ SOD\ VSDFH HQDEOHV WKH LQVLJKWV WKD
RZQ H[SHULHQFHY DERXW H[SHULHQFHV RI ERWK VDIHW\ DQG
WRJHWKHU LQ WKH ZRUNVKRS 7KH ZRUNVKRS V RSHUDWLQJ
QRQ MXGJPHQW DQG FRQQHFWLQJ ZLWK WKH VHQVHV 7KH H|
ZRUNVKRS DUH FRQILGHQWLDO

7KLV H[SHULHQWLDO ZRUNVKRS LV RITHUHG DV D FROODERUL
WKH &UHDWLYH $UWV 7KHUDS\ +RXVH $57LV FRRSHUDWLYH {
DUWV WKHUDSLVWY DQG D SURPRWHU RI FUHDWLYH DUWYV DF
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7KH ([ SHUHQFHRI 6DIHW DQG-P DILQDMRQ  $W7KH
( QFRXQWAWRI -P DIH 6RXQGDQG0 RYHP HQW

-XOLD /XRRPLF WKHUDSLVW PXVLF SHGDJRJXH -XOLD LV
SDUWLFXODUO\ LQWHUHVWHG LQ WKHPHV RI VHOI FRPSDVVLI
XVH RI PXVLF WR VXSSRUW \RXQJ SHRSOH V VHOI H[SUHVVLR
LQWHUDFWLRQ

MXOLDPDWOHHQDOXRPD#JPDLO ERP

6DQQD 3LNNX 3\QVOWUUDWLYH WUDLQHU SVI\FKRWKHUDSLVW
SV\FKRG\QDPLF DUW SV\FKRWKHUDSLVW SV\FKRORJLVW OHI
DUW WKHUDS\ GRFWRUDO VWXGHQW LQ SV\FKRORJ\ 6DQQD
SDUWLFXODUO\ LQWHUHVWHG LQ VWUHQJIJWKHQLQJ WKH H[SH
VDIHW\ RI VRFLDOO\ ZLWKGUDZQ FOLHQWY LQ DUW WKHUDS\
VDQQD#SLNNXS\KDOWR IL

.LPPR 3\K|OXR®WMHIJUDWLYH SV\FKRWKHUDSLVW PXVLF
WKHUDSLVW ODVWHU RI 6RFLDO :RUN UHKDELOLWDWLRQ LQ
"QWHUHVWY LQWHJUDWLYH SV\FKRWKHUDS\ IRU DGXOWYV DQ
DGXOWYVY YLEURDFRXVWLF WKHUDS\

PXVLLNNL SVA\NRWHUDSLD#JPDLO FRP

3'LYL 3\OY'QSWARRORJLVW 3K' GDQFH PRYHPHQW
WKHUDSLVW 0$ LQ &UHDWLYH $UWV LQ 7KHUDS\ OHFWXUHU
PRYHPHQW WKHUDS\ 3!LYL LV SDUWLFXODUO\ LQWHUHVWHG
SK\WLFDOLW\ PRYHPHQW ERG\ LPDJH DQG WKH WUHDWPHQ\
SUHYHQWLRQ RI PRRG GLVRUGHUV LQ DGXOWYV

SDLYL S\OYDQDLQHQ#WDQVVLWHUDSLD IL

6XVDQQD 6!UBIRAMI®D PRYHPHQW WKHUDSLVW PHQWDO KHDOW
QXUVH %$ VKRUW LQWHUYHQWLRQV WKHUDSLVW 6XVDQQD
LQFOXGH WUDXPD LQIRUPHG DQG FRPSDVVLRQDWH ZRUNLQJ
GLPHQVLRQV RI ERGLO\ LQWHUDFWLRQ

VXVDQQD VDUNLRMD#JPDLO FRP
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6HD 3RUANDIWQ -P DILQDVMRQ $Q (P ERGLHG ( QFRXQWAUZ VK
VIKH 6HO

$QALIDP  (WRQD

SUNKHDSIMAO 6F ' HMIQHU " G\VADWRU

7KLY H SHUHQADZ. RUINVKRS EXL@V XSRQ D SUDPWEH EDVHG UHVHDURK SLRMIPWERQGXPWC
Z M SURIHWMRQDDUAAN 7KURXIKRXWKMH WXG  —KDG WH RSSRUMQIW VR REVHUH

P RP HQW Z KHQ DUMAN UH HOFRXQWALHG WHP VHOHV WILRXJIK P DIIQDWRQ P DWAUDO
HQIDIHP HQWDQG HP ERGIHG FUHDWAW

7KHZ RINVKRS LQYIWV SDUAASDQW VR H SGRUH WH SRWIQADA RUVHD HQFRXQWUDQG P HDQIQJ

P DNQJ WURXJK DQ HP ERGIHG DUASLRAHW 7KH IRFXV LV RQ GILHPWMVHQVRY HQIDIHP HQWZ IWK
P DWUD® DQG [P DI LODWYH LQT XL WDWDAQAWY VHO GMVARYHY DQG VHD YIMELOV

7KURXJIK VE R VHT XHOWDCFUHDAYH H HLAVHY SDUARSDQW EHILQ ERW @MUD@® DQG Vi P ERTFDE
ILRP DE@QNSDUH  5DMHUWDQ FUHDWQJ DQ [P DIHRQ SDSHU WH DUH IQYIWG VR Z RUINZ W
WH P DMUDCSK\ VFD® SUHAVHOW DQG SHIWVRQD@  7KH SLRFHW SLRILMWWHVILRP \BPAWB! ERGLA
FRQWPADQG VHD DZ DUHOHW VRZ DUG WH FR FUHDWRQ RI D VEXGWDOMHD SRUADMKDAHP HUI HY
WURXJK GIDRIXH Z WK WH P DMUDO 7KLY FRQWIXWY DQ HP ERGIHG HOFRXQWMUZ I WH VHO LQ

WHKHHDQGQRZ  7KH Z RINVKRS GLDZ V RQ WH WDQM RUP DAYH SRIMQUWDCR! P DIIQDARQ DQG
HP ERGIHG FUHDWYH SLDPWEH RITHUQJ D VDIH VSDFH | RUH SHUHQWDOHD H SBUDARQ

$QD 9DUFROGY D ODVWHU RI 6FLHQFH LQ $
GHVLJQHU LOOXVWUDWRU DQG SURMHFW
DUW WKHUDSLVW SULPDULO\ VXSSRUWLQ

$QQL KDV H[WHQVLYH H[SHULHQFH LQ WKt}
SURIHVVLRQDO EDFNJURXQG LQFOXGHV ZI
SURMHFW PDQDJHU OHDGLQJ DQG FRQWU
LQLWLDWLYHV IURP GHYHORSLQJ YLVXDO
HYHQWY WR LOOXVWUDWLQJ FKLOGUHQ V
WH[WLOH DUW FRPELQHG ZLWK RQJRLQJ !
WUDLQLQJ DQG LQWHUQDWLRQDO FRQIHUI
OLIHORQJ OHDUQLQJ DQG WKH FXOWLYDW

$QQL LV D PHPEHU Rl VHYHUDO SURIHVVLF DA YDUP MWWGER FRP
(XURSHDQ J)HGHUDWLRQ RI $UW 7KHUDS\
&UHDWLYH 7KHUDSLHV WKH (VWRQLDQ $V
(VWRQLDQ $VVRFLDWLRQ RI *UDSKLF '"HVL.
H[SHUWLVH LQ DUW WKHUDS\ DUW DQG S
GHHS LQWHUHVW LQ LQWHJUDWLQJ FUHDYV
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P DJLQDVIRQ DQG $ UA0 DNLQJ LQ $ UATKHWDS\ 5 HVHDUFK
( GXFDVRQ

' U 8 QQXUs WIDU/GUWL "FHDQG
7KH5H NDYINSFDGHP | 7KH"PHDQGE 8 QYHMW R WHSUNV &RQADXIQ) ( GXFDMRQ
' HSDUR HOAR 8 QLYHMW Rl $NXUH UL

3WRI 0 DUEQ/uSH )G &DR 6SDIQ
+HDG R $UN GXFDMRQ DQG $UKH.DS\ 8 QUDVWNMHERP SOWQVH 8 QYH)W R 0 DGUG

' U &HIOH 6FKZ H HU 7KH 1 FVIKHUDQGY
1+/ 6WQGHQ 8 QYHMW R $SSTHG 6AHAHY

3WRI 0 P P X 5DONDQHQ ) LQMAQG
3URHARUDV2 R 0 HARSRDQ 8 QLYHMW ) DFXGV R 7HKQREBI\ $UNDQG" HAJIQ
' HSDUR HOAR $UV HMIQDQG' WDP D

3R ' RP LQIN + DYMWKHQ ) LDONI) 8 QWG . LQIGRP
&OUQFDCHFDGHP LF DW/AXQHDB QLYHIMW 9LEH3UMGHIR WH ( XURSHDQ) HGHIDWRQ
R $UAPKH.DS\

7KLV ZRUNVKRS URXQGWDEOH H[SORUHV WKH WUDQVIRUPI
ZLWKLQ bUW WKHUDS\ UHVHDUFK HGXFDWLRQ $UW PDNLQ
LOQOWHIJUDWLRQ DQG WUDQVIRUPDWLRQ ERWK ZLWKLQ WKI
IRUP WR LQQHU LPDJHV WKURXJK FUHDWLYH SUDFWLFH V
G\QDPLF GLDORJXH EHWZHHQ H[SHULHQFH WKHRU\ DQG L
HPSDWK\ UHODWLRQDO DZDUHQHVV DQG D GHHSHU XQGH
SURMHFW

%DVHG RQ WKH LGHD RI SOXULYHUVDOLW\ WKLV DSSURDF
ZD\V RI NQRZLQJ VHQVLQJ DQG EHLQJ $UW PDNLQJ EHFR
HSLVWHPRORJLHVY HPERGLHG FXOWXUDO HPRWLRQDO U
FRQYHUVH 7KURXJK WKLV OHQV LPDJLQDWLRQ DQG FUHD
SHUVSHFWLYHV DQG PHDQLQJV WKDW FR FUHDWH DUW Wk

7TKH ZRUNVKRS URXQGWDEOH KLJKOLJKWYV KRZ FUHDWLYH
UHIOHFWLYH FUHDWLYH DQG HWKLFDOO\ DWWXQHG DUW
GLDORJXH SDUWLFLSDQWY ZLOO FRQVLGHU KRZ LPDJLQD)\
D SURIHVVLRQDO UHVHDUFKHU LGHQWLW\ JURXQGHG LQ F:
KXPDQ DQG V\VWHPLF FRPSOH[LW\ 7RJHWKHU ZH ZLOO Ut
XQGHUVWDQGLQJ QHZ SHUVSHFWLYHV GHSWK DQG WUDC
XQFHUWDLQWLHY RI WKH UHVHDUFK SURFHVYV
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1IRUGLF $UW 7KHUD
7DPSHUH )L

P DJLQDVIRQ DQG $ UA0 DNLQJ LQ $ UATKHWDS\ 5 HVHDUFK
( GXFDVRQ

7KIRXIK SIHVHQEMRQV P DIHP DNQJ  DQG GIMAXWIRQ SDUARSDQW Z I@H SBWHKRZ

LOWI LDWQ 1P DILQDARQ DQG DUAP DNIQJ LR UHVHDUAK SHEDIRJ\ FDQ GHHSHQ LV KWI RMU
WDQV RLP DARQ DQG H SDQG WH FUHDWYH SRIWQADCRI DUAKHLDS\ UHVHDURK HGXFDWRQ

' U 8 QQXUe WDU/GUWILLY DQ DUAKHDSIMAVDUAMDQG
UVHDURKHULQ "FHDQG + HUUAVHDURK LQMH LOFOXGH DUV
HEXFDWRQDOMH.DS\ P HP RY GLDZ 1QJ DQG YDURXVZ D\ V
R GUDZ QI | RUUAVHDURK DQG Z HOEHQ

XQOXU# XQOXUDUMNKH.DS\ LV

3WR 0 DUEQ/uSH )G &DRILVD IDEX®V P HP EHUDW
&RP SOWMQHS QYHMW \SHADA Q) 1Q DUWNKHDS\ DQG
VRADAQFOMRQ 6KHEGDGV UIMHDURK JURXSV KRGV P XOE®!
DZ DUBV DQG VHIYHVDVILFH SUMGHIAR! ( &$L1(

' U &HIOH 6FKZ H HULY DQ DUAKHDSIMADQG UVFDURKHU
LQWH 1 HKHUDQGV |RPXMQI RQDXWP \SHAXP
QMRGHY 6KH®DGVP XGB®! UMWHDURK SLRWAN DQG
DRAYHD FROMEXWMV\R () $7 FRP P M-V
FHIOHVAKZ H] H#t QKOWOGH FRP

3WR 0 P P X 5DQNDQHQ LV FRRUECDWY WH DUAKHDS\
0 DWMWVSWRIWDP  DQG VXSHIMQI P XEIS®! UAVFDURK
SURVFW D2 B0 HAVBKHVWHFKDIUR! () $7 SHWDUK
&RP P \WkH DQG DOR FRQMDXHV FOIFDCSUDRWEH DV DQ DWW
WHDSIMAS\ FKRMH DSMADQG VIXSHYMVRU

P [P P XUDQ¥ RVBP HACR

3WR ' RP LQIN +DYWHHQ ) LDQNIQ LV D &OQIFDCEFDGHP LE
DVW/AXQHCB QLYHIMW VSHAD LQJ LQ DUV EDVHG KHDOMFDUH
LOMYHIMRQY +HKRGVIQM.QDARQDOBDGHIKLS LRBV
LOFOXAQ) 9LFH3UMGHIAR WH ( XURSHDQ) HGHIDWRQR! $UNV
7KH.DS\

GRP IQAINKDYWMHQ 1 LDONIRY ELXQHIDF XN
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1IRUGLF $UW 7KHUD
7DPSHUH )L

“QOHU7XUEX®BQFH DQG * LI VGOHW VIKH 7UDQM RLP DVIYH ) XQPVRQ
Rl $UA7KHWDS\ 1O $WXQLOJ VIKH 3 DUHOWEKLAS 5 HIDVIROWKLS

6LODOD &DWHAXFFKIR "ViD®
SUNKHDSMADICHU

6DLDK ) DDWH 7KH 1 HVKHUDQGV
0% SUWKHDSIMAYDRKHRUR $UV WHDS\ WDRKHJ

"RUNLQJ ZLWK JLIWHG SHRSOH FDQ EH D FKDOOHQJLQJ H[SHI
JLIWHGQHVYV LV D FRPSOH[ FRQVWUXFW FRPELQLQJ QHXURDC
JHQHWLF VRFLR FXOWXUDO IDPLO\ DQG HQYLURQPHQWDO 1
JXUWKHUPRUH JLIWHG LQGLYLGXDOV RIWHQ H[SHULHQFH RY
'"CEURZVNL DV DERYH DYHUDJH UHDFWLRQV LQ LQWHQVLW\ D
OHYHOV RI VWLPXOL 'DEURZVNL

SURIHVVLRQDOV GHDOLQJ ZLWK JLIWHG SHRSOH QHHG WR EH
DQG HQJDJLQJ ZLWK WKHVH HPRWLRQDO SV\FKRPRWRU RU"
WKHUDSLVWY D XQLTXH RSSRUWXQLW\ WR WUDQVIRUP LQWH
SUHVHG@KH SURSRVHG ZRUNVKRS IRFXVHV RQ WKH LQWHUDFYV
FKLOG DQG WKH SDUHQW ZKHWKHU JLIWHG RU QRW 7KLV L
WKHUDSLVWY WR LQYHVWLIJDWH KRZ WKH SURGXFWLRQ RI LP
RYHU H[FLWDEOH UHODWLRQVKLSVY LQWR DWWXQHG RQHV -\
LQ ERWK UHODWLRQDO DUW WKHUDS\ *HUOLW] HW DO l
6RGHUJUHQ HW DO ORUHRYHU WKH ZRUNVKRS LV DUW
RQ WKH PXOWLIDFHWHG ODQGVFDSHY DQG ZRUOG RI SRVVLE
FKDUDFWHUV DQG WKHLU FRQVWLWXWLYH SKLORVRSK\ "\PHC(
-DQVVRQ V VHQWHQFH DOO WKLQJVY DUH VR YHU\ XQFHUWDL
PHIHHO UHDVVXUHG ZLOO OHDG SDUWLFLSDQWY WKURXJK J
UHIOHFWLRQ DQG SDLUHG GLDORJXH $UW WKHUDSLVWYV ZLO
RI WUDQVIRUPDWLRQ FKDQJH DQG DFFHSWDQFH RI QHZ SRV'
IUDPHZRUNV DQG HPERGLHG SUDFWLFH ZLOO H[SDQG WKHLU
IDPLOLHVY WRZDUGY GHHSHU FRQQHFWLRQ DQG DXWKHQWLFL
FUHDWLYH DQG UHODWLRQDO YLWDOLW\
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1IRUGLF $UW 7KHUD
7TDPSHUH )L

“QOHU7XUEX®BQFH DQG * LI VGOHW VIKH 7UDQM RLP DVIYH ) XQPVRQ
Rl $UA7KHWDS\ 1O $WXQLOJ VIKH 3 DUHOWEKLAS 5 HIDVIROWKLS

BLOYDOD &DWHEXFRKLR 1V DQ "MBIDQ DWNNHDSIMAVEDVHG LQ
DO 6KHKDVZ RINHG DV DQ DUAKMH DSMAQ FRAIDERIDARQ

Z W WHS QYHYW R 3DYID "BO DW DE7DBQR "\BIDQ

/ DERIDRU R 5HVHDURK DQG' HYHBRSP HOAR 3RMWDO
7DBOWDQG "QMBRMDO LLIWEOHW

KW OEBBRRXQASYIMZKR  SURP RAQ) UHHDURK SURWRNV
DERXWALHDWW DQG JUWGEQHW 6KH LY D FRRUACDWRUDQG
IRXQGHJIR WH() $7 6SHADOQMHMY URXS GHAFDIMG\R $UV
7KHDS\ DQG* UWGQHW DQG D R IRXQGHJR! WH\BIDQ $LWV
7KHDS\ $WRADMRQ' XHHYHOW Z ZZ GXHAYHQWFRP
GHEFDWG \R WH UAMHDUAK DQG WHZ RINZ W JLLWG SHRSG!
IURP FKL@XRRG \R DGXOMRRG 610DQD LVDOR D P HP EHUR!
()$7 5HVHDURK &RP P IWHH6WHLIQJ %RDUG R 0 HQWD\WEIO [Q
DGEWRQVR EHQJ DP HP EHUR! \WH$UA"&DUH SURMAW

ZZZ DURAFDIHFRP DWKHS QYHMWR! / X[ HP ERXU DVDQ
DUNKHDSIMADQG FRQUXGBIQWEKH LY FXUHW® Z RINQJ DVD
\HD HP SB HG DUAMH DSMAVSURYIGIQ] LIQEMGXDADQG JURXS
WH.DS\ DVZ HODVDUAMHDS\ 1QVKRRY

FOWMOXAK# JP DICHRP

6DLDK ) DDWH 0 $ VD' XWK DUWNMNHDSMVEDVHG LQ 7KH

1 HMH.DQGV 6KHFXUHAD Z RNV DV D \WDRKHJIDVWH DUV
WHDSIHV EDFKHRUMNG. DWW RIHVAKRRCB WHRKWBKH KDV
ZRINHG IRUWHSDW  \ HDU/DWD FDUH | DALOV | RUGLRSSHG
RXWILLWG WHQDIHY DQG LV QRZ EXIEHQI XS KHIRZ Q SUDPWFH
VR Z RINZ W JLLWG DGXOV 6DUDK VD | RXQGHUDQG [ LMW
FKDLLP DQRI WH' XK NORZ BGIHQHE RN $UNWH DSIHY
DQG JUWECOHW DQG D IRXQGHUR! WH' XWRK DUV

\DWDKIDDWH  # JP DIORP
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P DILQIQI 2 XU: D\ +RP H $Q ([ SUHWLYH $ UN ([ SSRIDMRQ R
“QWALDDQ' DQGVFDSHV DQG 2 XU&DSDFLW | RU&KDQIH

(P P D 6X@YDQ 8 HEH®I 8 6%
0% (7 ([ SHMYHSUN 7KHDSIMASK\ WP VR &DUH ) RXQGHJ HP P DVX@YDQ DUV

"RDQQD: WEGZ VWD 3RDQG %HILXP
0( $7 3K OMXDCBUMAV ([ SUMAYHSUN 7KHDSMASUMBWGER = ) RXQGHU DUMMGRYE FRP ) LW
$IGR 7KHBRX0)$6 "QWAMMO LOGVHNSUATKH DSIMADWIKH 5 HG 3HJAO SURMPNEDVHG FRAIDERIDWRQ

7KLV ZRUNVKRS LQYLWHY SDUWLFLSDQWY WR XVH LPD
QDWXUH WR IDFH ZKDW KDV EHHQ FDOOHG WKH H[WL(
EDVHOLQH VIQGURPH WHUPV WKDW GHVFULEH RXU C
WKH QDWXUDO ZRUOG 6WXGLHV VKRZ WKDW DV ZH OR
ZRUGY RQFH XVHG WR GHVFULEH LWV EHDXW\ IRUJHW
(DFK JHQHUDWLRQ DFFHSWV FXUUHQW HQYLURQPHQW
IXOO\ UHFRJQL]H WKH GHJUDGDWLRQ RI HFRV\VWHPV |
FDQ HYRNH IHDU JULHI VDGQHVV DQG DQ[LHW\ <HW
UHPLQGV XV DUW UHPHPEHUV XV ZKHQ ZH IRUJHW RX

%HOLHYLQJ LQ WKH WUDQVIRUPDWLYH SRZHU RI LPDJI
DUWV ZRUNVKRS FHQWHUHG RQ WKH UHVWRUDWLYH S
7TKURXJK DQ DWWHQWLYH LQWHUPRGDO SURFHVV ZH .
PLQGV WR UHGLVFRYHU UHVRXUFHV VWUHQJWKHQ RX
VSDFH IRU WUDQVIRUPDWLRQ DQG KRSH

SDUWLFLSDQWY ZLOO EH JXLGHG E\ D VHOI SDFHG PLF
WKURXJK LPDIJLQDWLYH PRXQWDLQV YDOOH\V ZRRGV
DORQJ WKH zZD\ 8VLQJ VLPSOH HFR IULHQGO\ PDWHUI
H[SUHVVLRQ DV D SDWKzZD\ WRZDUG UHVWRUDWLRQ U
ZRUNVKRS RIITHUV D VSDFH ZKHUH DUW LPDJLQDWLRQ
XV WKDW HYHQ LQ WLPHV RI ORVV FUHDWLYLW\ FDQ k
OLYLQJ ZRUOG
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1IRUGLF $UW 7KHUD
7TDPSHUH )L

P DILQIQI 2 XU: D\ +RP H $Q ([ SUHWLYH $ UN ([ SSRIDMRQ R
“QWALDDQ' DQGVFDSHV DQG 2 XU&DSDFLW | RU&KDQIH

(P P D 6X@YDQ 8 HEH®1 IV DQ H SUHWLYH DUV WHDSIMWADQG
WDXP D 1Q RIP HG FDUH FRQUXGRIQNEDVHG LQ 6HDWBH 8 6% 6KH
KRGVDQO $ 1Q ([ SAHWMYH$SUN 7KHDS\ IRUSRQTFW

7UDQU RUP DWRQ DQG 3HDRHEXIAHQI DQG D % 1Q "QMUODWRQDO
&RP P XQFDMWRQV +HUP XOMDFHMG SUDPWAH LQFOXGHY Z RINQJ
Z \W LQGMGXDOFGHIN WIURXIK H SUHALYH DUV WHIDS\

| DAY LOMODWRCDORP P XQW SURWRV 1Q FROM WRI
FUMY DQG SLIRVIGQ) WDXP D LQ RWP HG FDUH FRQUXGIMRQ | RU
RUDQ] DWRQY DQG JRYHLOP HONHOWAHY +HJUZ RINFHOMY/ RQ
XQGHIMIQGEQI WHIP SDAWR WDXP D Z KHWHUH SHUHOARHG
GULHAD RUMFDURX\D  DQG VXSSRUMY LHWRUDWRQ WIURXJIK
LOMP RGDCH SUHALYH DUV S FKRHEXFDWRQ DQG \VRP DWF
SWDPWEHY * XIGHGE\ D FRP P LW HQWR URIRUQ) KRSHDQG
FXONDWQI UK\ WP VR FDWH (P P D VHHWWR QXUMUHP RH
KXP DQH DQG FRP SDWRQDW UHVSRQVAY R XI THIQJ Z WIQ
LOAMGXDY FRP P XQWAY DQG WP V

HP P D# WK\ WP \RIFDUIHFRP

"RDQQD:  EGZ VND LV D YWXDCDUMAMDQG H SURAMYH DUV
WHDSIMAEXUHQD EDVHG IQ%HIIXP  6KHKR@VDQO $ 1Q

"QMP HAD* WDSKIE' HVJQ D3K' LQ9XDGBUN DAGDQO $
1Q ([ SHWMYH$UN 7KH.DS\ Z W DO LORULQ 3\ FKRBI\
"RDQQD Z RUNVSUP DU® Z W LOAMGXDY'Z KR KDYH

H SHIHOAHG P LUIUIDMRQLODQ, IRP DVZ HODVWRH
VFDUKIQJ |RUD VHOWHR! EHRQIIQ) + HUSLDRIEH LYV IRRMG 1O
JHO@I WDXP D LQRIP HG DQG FLRW FX@MUDCDSSURDFKHYWDW
Z FDYHVRIHMHUYDURXY DUAEDVHG VRRY \RP DWE DZ DUHHW
IXIGHG P DIHY  DQG GHHS UHD] DWRQ WRKQIT XHV KA DV
<RID 11GD -RDQQDVFUHDWYH DQG WH.DSHXWE Z RINLY GHHS®
IOSILHGE\ WHODWIDZ R HVSHAD® WHTXIHASUIRHORH  TRQERKF DUMMGRM FRP
Rl JUHHOHY DQGIRIAWV 7KLIRXIK KHIFRQQHANRQ Z WK QDWLH
VKH LGV ERW DUAME H SUMMRQ DQG WH FDSDAW R KRG
UHRIDAYH FRP SDWRQDW\SDRHV | RUSHRS®! CDYLI DWW
FX@YUDOADQUMROY GROHIDHW JXLOVERXEWMDGOHW DOG WH
P DQ HP RARQV\WWDWDFFRP SDQ. P RP HONR FKDQIHDQG
WDV RIP DARQ


mailto:emma@rhythmsofcare.com
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7UDQVIRLP 1QJ 0 DVAUDY ( QKDQFLQJ -P DILQDVIRQ D 3DVK VR

6HD FDUH DQG + HDOQJ
"UQD . DW 0 D] LX) IDQFH

SUMHDSIMNV7WDICHJ 6XSHIMVRU 9IVXDCBUNAN

$UAP DNQJ VD SUDPAFDCY D VR SUIRFHW P HOBA XQPARQIQ) DERG\ P 1OG WIRKQITXH
| RUVHO FDLH DQG KHDXIRJ SRAWMADXP DAE SKHQRP HQD 7KLY Z RUNVKRS DIP VR JXIGH
WH SDUARSDQW WURXJIK WH FRP S® LW RI WH DUARUHDWYH SURFHW LW RSSRUMQIMEV
EXVWDOR GIGP P DV ) LIRP LQMDAP P HMRQLQ D SO\ I XQIURXS DP EIDQFH WHQ WIULRXJK
LOGIVIGXDODAFHW VR WH [P DI QDY DQG DIDIQ R JURXS SO\ LQJ WH SDUARSDQW Z L@
H SHUHQFH WH EDAN DQG |RUM RI DQ H MMQUWDCP HDQIQJ VHHNIQD SLRFHW

7KHZ RINKRS Z LOWMIINZ WK D JXIGHG SDSHUKDQGIQ) WHQ Z LORI IHUD WP HRI
LOGIVIGXDORUHDARQ RI D P DWN FKDUDAMUEH RUH SO\ 1QJ IMIQ DWP DAILRXS ( DAK JURXS
Z LOKHQ SUVHQWKHULP SLRYLVDVMRQ VR WH RWHUSDUARSDQW DRWQJ DV D SXEQE ) LQD
GIVAXWIRQ DQG VKDUQI Z LORI I HUWH RSSRUXQW RI H SUMWMQJ 1 HHIQIV DQG WRXJIKW
RQWLY H SHUHQFH YDVHG RQWH ([ SUMMYH &RQWOXXP 7KHIDS\ WHRUHWEDO

EDANJ LRXQG DQG WH + XP DQMAE 3HW/RQ &HOMUHG DSSIRDAK. WLV P HWRG RITHWY/

YDURXV DSSTDWRQV 1Q WH DUAKHIDS [1HGBV

"UQD . DV} 0 D] LOX IV@MQI 1Q3DUY Z RINQJ DV DQ DUNKHDSIM
D WDIQHUDQG D VXSHIMWRU 6KH I LUAMIWDGXDWG ILRP WH) LOH
SUN" QUM LQ 96<PKDUAMMHQ WH ( FRGI 1 DWRQD®I GHV$UN

' «FRUDWVIQ 3DUY DQG OWUWHS QYHMW' IS&P D 0 $ LQ$UV
7KHDSIHVR! WHS8 QYHIAW 3DUYV9 5HX< ' HVFADUMY

"UCD LV DRAYHD LQYROHG LQ SURP RWQ) WH IGHOWA DQG
UHFRIQURQ R DUMKHIDS\ DVD SIRIHWRQ 6KHLYFXULHM D IXC
PHPEHUR ()$7 (XURSHDQ) HEHDMRQR $UWKHDS\ DQG

P HP EHJR VHYH.DCDWRADMRQVLQ) IDQFHDQG 5RP DQD 6KHKD!
DWHOGHS P DQ' QDWRQDCDQG LQMODWRQDCP HHWQIV SURVHWY
GRXUHVDQG Z RINKRSV DQG KDV SXEQKHS DUNFBN DQG ERRN
FKDS\WMLY/

"UCD . DW 0 D] LX IVDOR D YIVXDCDUMAP HP EHUR WH+RXVHR
SUANANQ 3DV 6KHVKRZ VKHJIDWE RINLQ SHYRQDADQG JURXS

H KIEMRQV + HIDUWAKMHDSHXWE DRAMW LV EDVHG RQD GHHS
FRQQHARQ R ERW DUMAF DQG WHDSHXWE SURFHWHY

LLIQD NDWP D) lO# JP DICFRP
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7DPSHUH )L

P DILQLQJ 3DD@HO) XVKUHV YLD LI LVIDCS UV

. DD 2 @NDLOHQ ) LOMQG
YDFKHRUR 6RADCSHYFHY SURVPWFRRUGQDVRU 6DWHNDDLL. R LY

-Q WKLV ZRUNVKRS SDUWLFLSDQWY ZRUN LQ SDLUV WR FL
7KH SURFHVV LQYROYHV WHFKQLTXHV VXFK DV GLJLWDO S|
'XULQJ WKH ZRUNVKRS SDUWLFLSDQWY LPDJLQH DQG YLVX
XVLQJ 9LMD /XVHEULQN V ([SUHVVLYH 7KHUDSLHV &RQWLQ:
EHWZHHQ SDUWQHUYV

‘H EHJLQ WKH SDLUHG ZRUN E\ GLVFXVVLQJ YLVLRQV RI WE
XWRSLD DQG SURWRSLD $IWHU WKLV RQH SDUWQHU FUHI
LPDIJLQHG IXWXUH ZKLOH WKH RWKHU IDFLOLWDWHY WKH -
SDUWQHUV WKHQ VZLWFK UROHYV

-Q WKH ILQDO SKDVH ZH JDWKHU DOO DUWZRUNV WRJHWK
FDQ EH XVHG DV D WRRO IRU HQYLVLRQLQJ IXWXUHV :H HI
H[DPLQH WKH FUHDWLYH (7& SDWKzZD\V WKDW GLJLWDO PH'

7TKH ZRUNVKRS LV EDVHG RQ .DWMD 200LNDLQHQ V %DFKH(
WKH ([SUHVVLYH 7TKHUDSLHV &RQWLQXXP (7& FDQ EH REV
DOVR H[SORUHG KRZ (7& V PDWHULDO FRQWLQXXPV FDQ EF
SUDFWLFHY 7KH WKHVLVY SUHVHQWY WKUHH FRQWLQXXPV
FRIQLWLYH GLPHQVLRQV RI GLIJLWDO DUW PHWKRGYV DQG &
IURP VLPSOLFLW\ WR FRPSOH[LW\ 7KHVH FRQWLQXXPV SUF
SHUVSHFWLYHVY RQ WKH XVH RI GLIJLWDO PHGLD LQ YDULRX

.DWMD 200KRDIGYHD %DFKHORU V GHJUHH
6DWDNXQWD 8QLYHUVLW\ RI $SSOLHG 6FL
SUDFWLWLRQHU DQG VRFLDO VHUYLFHV £
LOWHUVHFWLRQV RI GLIJLWDO DUW DQG D
HIDPLQHG KRZ GLJLWDO DUW SUDFWLFHYV
PHWKRGV WR VXSSRUW ZHOO EHLQJ DQG

)RU WKH SDVW WZR \HDUV .DWMD KDV ZR!
WKH 971&( 3URMHFW GHYHORSLQJ D GLJL
LQWHJUDWLRQ WKURXJK SDUWLFLSDWRU)
DSSURDEKBGGLWLRQ VKH LV DQ DFWLYH
ZLWK RYHU D GHFDGH RI H[SHULHQFH RU.

.DWMD V SURIHVVLRQDO LQWHUHVWYV LQF  RE@DQQNWY JP DIGHRP
PXOWLFXOWXUDO FROODERUDWLRQ DQG
IRFXVLQJ RQ KRZ FUHDWLYH PHWKRGV FD
DQG SHUVRQDO JURZWK DFURVV GLYHUVF
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1IRUGLF $UW 7KHUD
7DPSHUH )L

P DILQIQI -XWIFH 7KH 7WDOM RLP LQJ 3RVWQUDCRI ' HHS
/ DVHQLQJ DQG $ UNDVHG' LDARIXH

$QW =P P HP DQQ 7KH 1 HVKHUDQGV

0% /HAMWHISUWKHDS\ UWHDURKHY 3K FDQAGDW 8 Y+

7KLV Z RINKRS LQYIWV SDUAASDQW VR HQIDJH Z IW DU DNQJ DV D SLDPWFH RI GHHS OAMQIQ) DQG
IP DILQDARQ H SGRUQJ WHWDQM RUP DAYH SRWMQWDCR! DUAIQ UHDMRQ VR GVDELOV DQG VRADO
MVIAFH ' WDZ LQU RQ HYRFDWYH DXVRHWQRI UDSKIE UAVHDURK Z IV DUAEDVHG FRP P XQMHV WH

Z RUINVKRS WDQVDWAV NH. 11IQGIQIV D OAMQIQ) VSDFHDIILP 1QJ GLIQIW SDUAASDARQ EH RQG

Z RWV DQG EHRQIIQU EH RQG FDMIRUHY QR DQ HP ERGIHG DUASLRAHW

5 DIHUWDQ GIVRXWIQJ SHWRQV Z IW LOWMDOGVDELDAHV 1Q WHUDEVHORH SDUAALSDQW Z LML
VR WHURZ QA P ERTF DQG DUMME ULH BFARQV DWQJ : KDWERHV VRADOMVMEH RN DQG | HHOINH
Z KHQ WH SUQASBVRI WH8 1 &RQYHOMRQ RQWH 5LIKWRI 3HWRQVZ W' VDEIOAHY DUH QYHG 1Q
SWPWEH' :  KDASRWIELDAHV DQG FKDABIQI HV GRHV WL FLHDW | RURXUFRP P XQUWHV DQG | RUDUV
WHDS\ "

7KHZ RINVKRS EHILQVZ IW DQ LOARGXPURQ VR GIVDELDN DQG VRADAWWMEH |RMRZ HG E\ DQ
H SHUHOWDCH SBRUDARQ RI GHHS GAMQIQU D SUDPAFH LRRWG LQ $ ERUI IQDOADGIMRQV RI OAMQIQ)

Z IW DOVHQVHV DQG | X@BUHVHORH -Q SDILHG H FKDQIHV SDUARSDQW Z L@HQIDIH LQ A FBVRI

DUR DNQJ GHHS OAMQQI DQG UHVSRQVH DUVHQDPAQI SDUARSDMRQ EH\ RQG Z RUGV 7KH SLRFHW
WHQ H SDQGV LR D FREGFWYH DUAEDVHG GIDEBJI XH RQ D @ H VKDUHG FDQYDV Z KHIHWH JURXS Z 1@
SWDPAFH FUHDWQJ FRP P XQIW WLRXJK UHVSRQWYH P DIN P DNIQJ DQG M P ERTE H FKDQIH

7KURXJIK WHVH SUDPWEHY SDUARSDQW Z LGH SHUHQFH KRZ 1P DILODMRQ HQDPMG WURXIK GHHS
QMQQI DQG DUVFDQ RSHQ QHZ Z D\ VRI SHURHYIQ) VRADOMVMWAH GLIQIW DQG EHRQILQ) 7KH

Z RUNVKRS HP SKDV] HV DUAQRVDV [@O\VMDMRQ Rl LGHDV EXVDV D WDQV RUP DWYH VSDRH Z KHUH VRADO
MVARH LV SHURWP HG DQG P DI LOHG DQHZ

$QW=LP P HP DQQ 0 $ VD WDFKHUR DUNKHDS\ DW$1
8 QYHWMW Rl $SSTHG 6AHIFHVIQWH 1 HKHDQGV DQG D UAVFDUAKHULQ

WH (WIEVR 8RQOHARQ Z W 3HRSBIZ W "QMBRMDO  VDELOALY

UHVFDURK JURXS : W H WIMYH H SHUHORH DV DQ DUNKHDSIMVY

Z RINQJ Z W SHYRQVZ W [QMBRMDOEMDELOA VKH FRADER DWW/

Z W FREDIXHYDQG FRP P XQW P HP EHYERW Z W DQG Z MRXW

G\DELOAV 6IGFH \KHKDV SXUXHS GRARUIDOHWDURK RQVRADO

IMVIAEH | RUSHIRQVZ W LQMBRMDCEVDELOAA \WWILRXIK DUAEDVHG

FRP P XQWAVZ WIQ DUNKH.DS\  $QWBV SHIRQDCH SHUHRHY

ICFXGAQ) EHQ) DMEQY R D SHYRQZ W LOMBRMDOGMDELQNA

\KDSHKHJUFRP P V? HOWR D \RAHW EDVHG RQ HTXIW IDWLOHW DQG

KXP DQUIKW $QB VARQI® XSSRUN WH QRARQ WDVWSHIRQVZ W

I QMBRMDOGEVDELOA DQG WIHUDXWRU] HG UHSUAVHQEMYHY KDYHWH DQB]LP P HP DQ¥ KDQQO
WIKVWR EH KHDUG DQG DANGRZ BIEIHG DRIRWWHKXP DQ DQG VRADO

WKW FROWOXXP
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1IRUGLF $UW 7KHUD
7DPSHUH )L

&UHDVIYH 6 XSHWYIMRQ ( WHOVDY

5DFKHOXADQGRII 86%
3K'  $UNKHDSIMASQURAK 8 QYHIAW

5HQD/ RP EDUGL 86$
0% /HAMUHISUWKHDS\ UWVHDUKHY 3K FDQAGDW 8 Y+

$UW WKHUDS\ VXSHUYLVLRQ FDQ EH G\QDPLF FUHDWLYH DQ
VXSHUYLVLRQ FDQ EH PRUH LOQWHQWLRQDO DQG UHOHYDQW
GLUHFWLYHV XVHG ZLWK FOLHQWYV 7KLV VHVVLRQ DGYRFDW|
VXSHUYLVLRQ IRU DOO WKHUDSLVWYV

(PSKDVLV LV RQ KHOSLQJ VXSHUYLVRUV HVWDEOLVK D UHOH
UHODWLRQVKLS DQG KHOSLQJ VWXGHQWY DQG QHZ SURIHVV
HIILFDF\ 7KLV VHVVLRQ ZLOO DGGUHVV GLIIHUHQW DSSURDF
IRU DGYRFDWLQJ IRU WKH VXSHUYLVLRQ WKDW ZLOO ZRUN E
DUW WKHUDSLVWYV PDNH GXH ZLWK WKH VXSHUYLVRU WKH\ D
VXSHUYLVLRQ RU ODFN WKH NQRZ KRZ WR VWHHU WKHLU VX
)XUWKHUPRUH DUW PDNLQJ LQ VXSHUYLVLRQ RIWHQ HPSOR\
FOLHQWYV ZKLFK PD\ QRW JHW WR WKH KHDUW RI LVVXHV WK
DGGUHVV LQ VXSHUYLVLRQ

7KLY VHVVLRQ ZLOO KHOS VXSHUYLVRUV DQG VXSHUYLVHHYV
VXSHUYLVLRQ DQG KRZ WKH\ ZDQW WR VWUXFWXUH WKH ZRU
DUwW PDNLQJ LQWR VHVVLRQ WR IXUWKHU WKH ZRUN
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&UHDVIYH 6 XSHWYIMRQ ( WHOVDY

'U5DFKHO %UBRGRIN3& /&$7 /3$7 LV D
5HILVWHUHG %RDUG &HUWLILHG $UW 7KHUDSLVW $75 %& D
FUHGHQWLDOHG VXSHUYLVRU $7&6 6KH LV WKH FR DXWKRL
(PSRZHUPHQW :KHHO DQG 4XLFN DQG &UHDWLYH $UW
3URMHFWV IRU &UHDWLYH 7KHUDSLVWV ZLWK 9HU\ /LPLWHG
SXEOLVKHG E\ -.3 DV ZHOO DV VHYHUDO ERRN FKDSWHL
DQG DUWLFOHV 6KH LV WKH IRUPHU &RRUGLQDWRU RI WKH §
7KHUDS\ 3URJUDP LQ WKH &RPPXQLW\ DQG 7UDXPD
&RXQVHOLQJ SURJUDP DW 7KRPDV -HIIHUVRQ 8QLYHUVLW\ D
FXUUHQWO\ WHDFKHV DW $QWLRFK 8QLYHUVLW\ 'U %UDQGR
PDLQWDLQV D FOLQLFDO VXSHUYLVLRQ §UEWLEH Q6 FRQ
YDULRXV RUJDQL]DWLRQV LQFOXGLQJ PRVW UHFHQWO\ WKH
BWXGLR -HIIHUVRQ &HQWHU IRU $XWLVP DQG 1HXURGLYHUVI
*UHDWHU 3KLODGHOSKLD &XOWXUDO $OOLDQFH DQG 6DQNRI
+HDOLQJ 6WXGLR 6KH LV D UHJXODU SUHVHQWHU DW UHJLR
LQWHUQDWLRQDO FRQIHUHQFHVY DQG LV ZRUNLQJ RQ D IROC
WKH (PSRZHUPHQW :KHHO

5HLQD /RPEPASGHE& $7&6 /0+& 46 LV D %RDUG

&HUWLILHG $UW 7KHUDSLVW $UW 7KHUDS\ &UHGHQWLDOHG
6XSHUYLVRU DQG /LFHQVHG OHQWDO +HDOWK &RXQVHORU D
RZQHU IRU J)ORULGD $UW 7KHUDS\ 6HUYLFHV //& ORFDWHG L
O\HUV 6KH LV D FRQWULEXWLQJ DXWKRU LQ PXOWLSOH WHI[V
WRSLF RI DUW WKHUDS\ DQG D IUHTXHQW SUHVHQWHU DW OF
QDWLRQDO FRQIHUHQFHV VSHDNLQJ RQ WKH WRSLFV RI PHQ)\
KHDOWK DUW WKHUDS\ DQG FOLQLFDO VXSHUYLVLRQ 6KH D
WHDP RI WKHUDSLVWY SURYLGH H[SHULHQWLDO IRFXVHG LQ¢
DQG JURXS WKHUDS\ VHUYLFHV FOLQLFLDQ VXSHUYLVLRQ
FROQWLQXLQJ HGXFDWLRQ DQG PHQW D I BERMNARQMNMTE
RSSRUWXQLWLHV IRU SDUHQWY DQG KXPDQ VHUYLFHV SURYL
6KH LV WKH RZQHU RI WKH &UHDWLYH &OLQLFLDQ V &RUQHU
SUDFWLFH EXLOGLQJ UHVRXUFH IRU FUHDWLYH WKHUDSLVW\
GHVLUH WR EXLOG D WKULYLQJ SULYDWH SUDFWLFH DQG WK
7KH &UHDWLYH 3V\FKRWKHUDSLVW SRGFDVW 6KH LV DOVR D
$VVRFLDWH 3URIHVVRU LQ WKH 3HQQ :HVW &RXQVHOLQJ 3UR
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)WRP VKH (P HULQJ (JJ WDBSWHDGIQ] : LQIVIRUD) @KW

" DAHOMOR® /DWID
' USDHG 0 J \F\DO"QIMODWRCDOARAHMIE 5HHDUK $FDGHP \

7TKH ZRUNVKRS SURYLGHV DQ LQVLIKW LQWR KRZ WKH LQQF
LQ DUW WKHUDS\ FDQ EH XVHG DV D PHWKRG RI KDQGOLQJ
LPDJLQDWLRQ DQG FUHDWLYH H[SUHVVLRQ ZLWK ZKLWH FO
SRWHQWLDO VSDFH IRU D KROLVWLF DUW WKHUDSHXWLF FI

7HH PHWKRGRORJ\ RI WKH DSSURDFK LV EDVHG RQ &DUO *X'
&DUO 5RJHUV DQG 1DWDOLH 5RIHUV KXPDQLVWLF SHUVRC(C
WKHRULHY DQG UHVHDUFK ZKLFK LV VXSSRUWHG E\ D ELEC(
GHVFULEHG LQ WKH UHFHQWO\ SXEOLVKHG ERRN &RORUV
SURIHVVLRQDO H[SHULHQFH LQ DUW WKHUD S\

-Q WKH ZRUNVKRS WKH LPDJH RI WKH ELUG DV D VI\PERO R
ZHOO DV PHWDSKRUV WKH VRXO ULVHV LQ ZLQJV V\PEROL
PRPHQWY DQG LQWXLWLRQ RSHQV WKH JROGHQ JDWH WR
FUHDWLYH VROXWLRQ WR D OLIH REVWDFOH DUH FRQVLGH

7KH JRDO RI WKLV ZRUNVKRS LV WR H[SHULHQFH WKH VWH¢
IRFXVHG DFWLYH LPDJLQDWLRQ E\ JLYLQJ D SODFH WR RQ
PDJLF RI WKH LQVSLULQJ PRPHQW RI H[SUHVVLYH DUWV E\
HJJ V HPHUJHQFH WR WKH VORZO\ DXWKHQWLF FUHDWLRQ
IHHOLQJV DQG HPRWLRQV UHO\LQJ RQ RZQ JROG YDOXH D¢
ZLQJV WR IO\ HPSRZHUHG LQ WKLV ZRUOG

' DFHOLVQR® L' USDHG 0 DI \F\VDO AHINLHG DUAKHDSIMAFHINIHG
VXSHIYMRU FHIMLHG \VDQG SO WH.DSMAVDUAMDAKHU GRXUHJ DQG
FU-DWAW WDICH YDVHG 1Q/ DIMD ' DFHKDVEHHQ SUDRARQ) DUV
WHDS\ IRU  \ HDL/ILQ YDURXVRUDQ] DAWRQV BLIX@D +RSIMIO

/ DMDV EKIGHQV+RSMIO1 * 2 VIRUSHRS®IZ W \SHADAQHHEY DQG
LQ SUYDWM SUDRANAH ' DFH KDV EHHQ D GRXUHJLQ VHYHIDCDFDGHP LE
LOWMYMWRQY 8 QYHMW R / DD DQG RMHY  6KH SURYIGHV JLRXS DQG
IQEMGXDIDUWNKMH DS\ |RUERW FKICIUHD DQG DGXAV ' DFHVP DIQ
DUHDVR! LOMHWAQ DUWNKH.DS\ DUH S FKRVRP DWE DQG P HQWIO
GMRUEHY HP RARQDOGLI LEXEY GMAHW D LHV P DQDIHP HOAVDQG
SHIRQDQIURZW ' DFHKDVZ UM SXETEDWRQY JLYHQ BRMUHY

B Z RINWKRSV DQG SUHVHIWMG UHSRUN DQG VAHQWIE [LQAQIVIQ
\HYHDCFRXQMIHY YONORDGDRH JP DICFRP
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7KH6VRUHV Rl $ EDQGRQHG 2 EMIFW
BLOINND 1 XLP LOHQ ) LODQG

([ SHWMYHSWNV 7KHDSIMWV "QDUMY " QUAYX\M

0 LQQD +XNbQHQ ) LQDMQG
([ SIHMYHSUN 7KHDSMA "QDUM/ " QUMM

2K P\ EHDXWLIXO ZRQGHUIXO DFFLGHQW VD\V 9LOLMRQN
EHORYHG PHPHQWRYV -Q 7RYH -DQVVRQ V VWRU\ D VWRUP
KDG DOZD\V IHDUHG

7KH ZRUNVKRS VWDUWY ZLWK EURNHQ DEDQGRQHG RKERWHF
RIWHQ GLVFDUG DQG WKURZ DzZD\ :KDW KDSSHQV ZKHQ ZH
VWRU\" :KDW KDV KDSSHQHG WR WKHP" :KHUH GLG WKH\ FR
WR" 6RPHWLPHYV ZH ILQG RXUVHOYHV LQ DQ LQ EHWZHHQ V
EHWUD\HG 6KDXQ OF1LIIl D SLRQHHU RI H[SUHVVLYH DUW YV
XQSOHDVDQW IHHOLQJV 6WLFN ZLWK LW KH VD\V -W ZRX(
9LOLMRQNND

-Q WKH ZRUNVKRS ZH PRYH IURP RQH DUW IRUP WR DQRWEk
PXOWL VHQVRU\ LQ QDWXUH -QWHUPRGDOLW\ VWUHQJWKH
H[SHULHQFH ZKHUH HYHU\WKLQJ LV SRVVLEOH :H XVH UHF
WKH EHILQQLQJ WKH H[SHULHQFH LV IRUPOHVV 7KH MRXU(
PDNLQJ FROODJHV 7KHUH LV QR QHHG IRU SHUIHFWLRQ RU

‘H H[DPLQH WKH HPHUJLQJ DUWZRUN SKHQRPHQRORJLFDOC
'LDORJXH ZLWK WKH DUWZRUN VWUXFWXUHYV WKH H[SHULHC
RzZzQ OLIH &DQ DUW SURFHVV FKDQJH RXU YLHZ WR VFUDS
WKH\ RSHQ WKH GRRU WR FKDQJH"

6LQLNND 1XURLREA@®UW WKHUDSLVW ZKR
"QVWLWXWH 6KH KDV EHHQ RQ WKH ERD!
\HDUV DQG LV LQYROYHG LQ RWKHU DFWI
ZRUNHG DV DQ HGXFDWLRQDO DUW WKHU
KROGV D ODVWHU RI 3KLORVRSK\ GHJUHH
ZRUNHG DV D SULYDWH VSHHFK WKHUDSL
DFWLYHO\ JXLGHV DUW WKHUDS\ JURXSV

OLQQD +XMDWQBEQ H[SUHVVLYH DUW WKHUL
ERWK "QDUWHY "QVWLWXWH DQG WKH (XLl
KROGV D ODVWHU RI 3KLORVRSK\ LQ DUW
RFFXSDWLRQDO WKHUDSLVW 6KH KDV WL
\HDUV DQG LV WKH HGLWRU LQ FKLHI RI "~
VSHFLDOLVW MRXUQDO RQ H[SUHVVLYH D
DQ RFFXSDWLRQDO WKHUDSLVW LQ WKH -

KXMDQHQ PLQQD#JPDLO FRP
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([ SRUQJI VKH 6H® DQG-P DILQIQJ 1 HZ : D\ VVR -QVALDPWZ VK
VKH: RUT D' 0 7 %DVHG $ SSURDFK | RU&KDQJILQJ

) HUODQGR YDWIAD VDO

SVWRADWM3WIRIHARU / IQN&DP SXV8 QYHMW 5RP H

(GO0 LUQRWL "VIDO

$SWRADW SLIRIHARU 8 QYHMW RI 3DGIP R

+XPDQ LGHQWLW\ LV EXLOW WKURXJK LQWHUDFWLRQ ZLWK W
ELUWK 6WHUQ 7KLV LQWHUDFWLRQ LV OLQNHG WR '
DQG WR FRQWDFW ZLWK RWKHUV 6KDULQJ WKH VDPH VLWXD
LQWHQWLRQDO SXUSRVHV PDNHV LQWHUFRUSRUHLW)\ D SULY
RWKHU *DOOHVH 6LIQLILFDQW H[SHULHQFHV JOREDOO'
DFWLYDWLQJ FRQWDFWV ZLWK RQH V VRPDWRVHQVRU\ SHUF}|
GLPHQVLRQ 7KH\ FDQ DOVR DOORZ WKH FUHDWLRQ RI GHHS
WUDQVLWLRQDO DUHD DUHD :LQQLFRWW 3V\FKRORJLFI
UHVHDUFK XQGHUOLQHG WKDW DW WKH EDVH Rl WKH KXPDQ

EHWZHHQ WKH LQWHUQDO DQG H[WHUQDO WKDW FDQ SURGXI
LQ WHUPV RI LPDJHV YLVXDO DXGLWRU\ VHQVRU\ HWF &6
WKH RUJDQLVP DQG WKH HPRWLRQDO VWDWH RI WKH ERG\

SURFHVVHV 'DPDVLR ~Q WKLV SHUVSHFWLYH RXU FRQ!
GHHSHQLQJ WKH IRUPDWLYH YDOXH RI 'DQFH ORYHPHQW 7KH
WKH ERGLO\ GLPHQVLRQ DQG WKH DUWLVWLF GLPHQVLRQ DV
LGHQWLW\ FRQVWUXFWLRQ '07 LV FRQILJXUHG DV D V\PEROL
RI DFWLYDWLQJ WKURXJK PRYHPHQW FRJQLWLYH DIIHFWLY
UHVRXUFHV SURPRWLQJ LQWHJUDWHG DQG HPERGLHG OHDU
WKHUHIRUH FRQWULEXWHVY WR WKH GHYHORSPHQW RI VRFLR
UHJXODWLRQ DQG ERG\ DZDUHQHVYVY .DUSDWL HW DO 7
WKH ERG\ DV DQ HSLVWHPLF SODFH ZKHUH PHDQLQJV DUH JH
SURFHVVHVY DUH FRQVROLGDWHG DV ZHOO DV LQWHUVXEMHF
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([ SRUQJ ViKH 6HO DQG-P DILQIQI 1 HZ : D\ VVR -QVIHLDPWZ LYK
VKH: RUB D' 0 7 %DVHG $ SSURDFK | RUGKDQILQJ

) HUDDQGR YDWIAM LV DQ $WRADW 3UR HARU 6FHWLE
QWASEDY VHRRU3S("  $ * HOHDODQG 6RADCBHEDIRI DWW
/ LON&DP SXV8 QLYHMW LQ5RP H 6LQFH KHKDVEHHQD
GRXUHJIQWHO DWMIV3LRIDP [Q$UATKHIDS\ DWSRP D 7WH

8 QYHW DQG MQFH DVINH &DWRIF 8 QYHMW R! 0 LOQ
$ORVQH KH KDV VHYHG DV GRMXUHUDQG WDRKLQ) DWIMBIQW
LQWHO DUWMIV3URILDP 1Q " QMUFXEMUDO GXFDWRQ DWERP D 7LH
8 QYHMW +HLVD' DQFHO RYHP HOAPTKHDSMAG9  7UDIQHU

$3” p DQGP HP EHUR WH$3” 5HDUK &RP P IWWYH DQ

([ SUHMYH&RXQUHBRUDQG 7WDIQHU 69 $WRARXQUHIQJ
YDWRAD LV WHDXWRUR QXP HRXV SXETFDWRQV LQ QDWRQDADQG
LOMCDWRCDCERRNY DQG MBXULDEY $P RQJ KLV P RAMHHIAZ RNV
LVWH YRO(P H3HEDIRIID GHRRQIIQH -XQRU 6SDIJLDU( GUWRQY
UHASIHOAR WH6E™3(' $ZDUG D URVHDURK SURVIPNQYROLQ]
VXGHONVIWRP D 5RP DQKLIK VAKRRODQG P LIWDQWIURP GYHIH
EDANIURXQGV DQG FXOMUHY GHMIQHG VR KLIKQIKW DQFH

0 RYHP HQWKH.DS\ DQG DUAAE @QIXDIHY DV IQMFXGXUDO
HEXFDWRQDORRY R FRXQIMUSUHMGIFH

IHLDQGR EDW JP DIGHRP

(3D 0 LIQRVLLYSIRHARUR! * HH.DCDQG 6RADCBHGDIRI\ DW
\KH8 QYHMW Rl 3DBLP R Z KHHVKHWDRKHY VIQFH

7KHRUHY \WDWILHVDOG L VWP VR HGXFDMRQ 3HGDUR)\ R ERG,
FRP P XQIEDWRQDQG R HGXFDWRQDOLHIMRQWKLS DQG 3HEDIRI\
R P XME 6KHKDVD IRXU\ FDUWDIQQJ 1Q1DP 1® \k VWP LE
WHDS\ DQG\KHKDVEHDQ$3" GDQFHP RYHP HOMNMH.DSMV
MOH  +HJUAWHDURK [OMHVIREXVRQ WHWDIQIQ) R
WDICHY YHEDCDQG QRQ YHEDCFRP P XQEDWRQ DQG WHP 1OG
ERG. LHDMRQWKLS WHFUHDWYH SURFHWHVIQ GHYHRSP HWDQG
WDIQQ) \WH DCXOFKLE IHDMRQKLS [Q BDLIQ) DQG

GHYHRSP HOABLRFHHY [OMUPXGMUDCSHEDIRI\ DQG WH
SHEDIRI\ Rl GlLIHHFHY 6KHDOR GHDYZ W RUDQ DARQ HBLD P LIQR XQSDIW
\WHRUHVDQG TXDOW R HEXFDWRQDOHEHY HYDODWRQ 6KHKDV
Z UMMO QXP H.RXV DUNFBN DQG ERRNV RQ KHJUHDURK RSV

Z KIFK FDQ EHIRXQG DAWHIRTZ 1QJ) 258" QN

KWV RUAGRU
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' DQFHO RYHP HOW/KHWDS\ $ QG -XQJLDQ 3k FKRARJI\
QMIDWG 1 HZ -QWIKW-QUR' HSUHWIRQ 5HFRYHU

3 M3\ Q) Q LHQ ) LODQG

3K 0$108&$7 3\ FKRBIMAVGDQRH P RYHP HONKHDSMAVBRXUHULQ' 0 7

7KLY SUHVHQMRQ LW DMV VE R VRXUAHVRI LOIRWP DARQ  RXUUHVHDUK 11QGIQIV RQ WH X\VH
Rl GDQFHP RYHP HQWAHWDS\ ' 0 7 1QWHWHD® HOWRI DGXOV Z W GHSUHWIRQDQG  \WH
XQIIDQ FRQFHSWRI SV FKH 7KH SUHVHQOMUZ L@H S&UHKRZ WH -XQJLDQ FRQFHSW UHVRQDWM
Z M WH HP ERGIHG H SHUHQPHV DQG ERG\ P DIH FRQWMQW WH SDAHQW Z I GHSUHWRQ KDYH
7KH SIWVHOWMRQ Z @HDERIDM KRZ WH FRP EIQDARQRI ' 0 7 DQG -XQIIDQ SM FKR®J\ RSHQV
DQHZ YIHZ IRUWH P HDQQJ RI GHSUHWIRQ DQG | RUWH FHOWDOMWNY LQ WH WHDWR HOAR
GHSUHWIRQ 7KLY RSHQVD P RUH FRQWAKPWYH QDUDAYH VSDFH | RUMH SHWVRQ Z I GHSUHWIRQ
HQDE@QU WH IQFOMRQ Rl HP ERGIHG H SHUHQPHV DQG IP DIHY WIDWSLRP RV LHFRYHU
7KHFRQFHSVIRI ERG\ P DIH Z DV XVHG LQ RXUUHVHDURK RQWH RXWRP HVRI ' 0 7 1QWH

WHDR® HOWRI GHSUHWIRQ ©  IW WH %RG\ -P DIH $WHWP HOWQMUYIHZ  Z KIFK LV EDVHG RQ WH
WISDUNM P RGHORI ERG\ P DIH WH FKDUIDPMUMAEY IQ WH ERG\ P DIH RI SDAHQW VXI 1HUQJ
IURP  GHSUHWRQ Z HH HXAGDWG $ SRRUDZ DUIHQHW Rl WH HP ERGIP HQWXQHDVH DQG
GIVFRP |IRUAZ I WH ERG\  FRQFHUQVKRZ RWHWY/ SHUFHYH RQHVERG. DQG D @FNRI WH VHQWH
Rl GLHPARQ Z HH GMVRYHUHG

5HVRQDWQJ WHVH ERG\ 1P DIH FKDUDPMUMAEY Z W WH -XQJ LDQ FRQPHSW RI 6KDGRZ  3HURQD
$QP XV $QP D (JR DQG 6HD LQYIWV D QHZ QDUDWYH RI WH QHVE RIN RI WHVH FKDUDPMUMVARY
7KLY QDUDAYH P D\ VXSSRUANH SDWHQW P RWDVMRQ | RUVHDURKIQU |RULHARYHUY DQG

LOGLYIGXDMRQ Q' 0 7 WH FDQ HQJ DI HWHUHP ERGIHG H SUAWWIRQV DQG NQRZ BIGIH LQ WH
SWIRAHW

3! L3\ O Q LOHQ VD S FKRBIMADQG D GDQRHP RYHP HQW
WHDSIMAWBKH JUDGXDWG ILRP WHO &3 + DKQHP DQQ 8 QLYHIMW

" IH{HBQYHMW ' 070 $ SIRILDP 1Q 6KHKDVEH
GRIQI FIQIFDCY RINLQ SW FKIDWIE RXAVSDWHWAHDW HONRURYHU
\ FDW/ 6KHFRQAMEXWV\RWH' 0 7 WDIQLQJ 1Q) LODQG DVWKH
(LQR 5RIKD "QIMM 6KH FRP SOWS KHIGRRRUDOGIWHIEMRQ DV
WHS QYHMWR A Y WO ) 100G 1Q 7KH GMHIBRQ
LOWMIUDWG KHUUHVFDURK DQG QM .QDWRQDCSXEQFDWRQVRQ ERG
IP DJH ERG PHPRY ' 0 7 DQGGHSIHMRQ 7RSLRP RM
FROIDERIDARQ EHE HHQ FU-DWYH DUV WHIDSIHY VKH GRAVKHU
SUYDW SUDRAWEH DVSUAY D ARRSHDWYH YHOXH I RXQGHG E)
FU-DVYH DUV WH.DSIMNVLQ 7DP SHH
KWBY RAGRU

SDIYLS\ ODQDIQH BQWAMDSID L
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$ &DWHEVXG RI D/ RQJ 3V FKRG\ QDP LF 3V FKRWWKHLDS\
SWRFHW Z IVK $ UANO DNILQJ

6DDLD $DAR ) LODQG
S\ KRG QDP LE\ RXW WDIQIQ) S\ AKRIMHDSIMAS\M FKRDQDOWE LQEYGXDADGXOWY
S\t FKRMHDSIMAVDUANH DSV

7KLY SDSHU SUHVHQWY D ORQJ SVI\FKRWKHUDS\ SURFHVV LC
UHPDUNDEOH NH\ WR WKH SDWLHQWvVYVY IHHOLQJV LQ DGGLWI
WRIJHWKHU ZLWK WKH WKHUDSLVW 7KH SUHVHQWDWLRQ GHEL
VWUHQIWKHQLQJ RI WKH SDWLHQWvVvV VHOl HVWHHP DQG KR.
KHUVHOI ZLWK RWKHU SHRSOH

7KH SDWLHQW ZDV GHSUHVVHG DQ[LRXV DQG YHU\ VHQVLWL
LGHQWLW\ DQG DOO NLQGV RI IHDUV IURP KHU FKLOGKRRG -
HIKDXVWHG EHFDXVH RI KHU ZRUN DQG OLIH FLUFXPVWDQFH
VKH KDG RQO\ EHHQ SUHVFULEHG PHGLFLQH DQG KDG EHHQ
VIPSWRPV 7KH SDWLHQW ZDV ZHOO DEOH WR WDON DERXW K
EHHQ KLGGHQ GHHS LQVLGH KHU 6KH KDG JRRG PHPRULHV Fk
KRPH GXULQJ KHU FKLOGKRRG DQG RI SDUWLFLSDWLQJ LQ D
\HDUV )RU WKHVH UHDVRQV VKH ZDV NHHQ RQ WU\LQJ DUW I

6DDUDOMIR DQ RFFXSDWLRQDO WKHUDSLVW VSHFLDOL]JLQJ LC
SV\FKLDWU\ 6KH KDV ZRUNHG DV DQ RFFXSDWLRQDO WKHUD
DQ DFXWH SV\FKLDWULF ZzDUG DQG LQ RXWSDWLHQW FDUH IF
WKDQ WZHQW\ \HDUV 6DDUD KDV SXUVXHG IXUWKHU WUDLQL
SV\FKRDQDO\WLF DUW WKHUDS\ FRXUVHVY DQG SKRWRWKHUD:
VSHFLDOL]DWLRQ SURJUDPV DQG KDV OHG VHYHUDO DUW W|

JURXSV DQG XVHG DUW EDVHG PHWKRGV LQ KHU ZRUN
6DDLD LV/D S\ FKRG. QDP LFWDIQIQ) SV FKRWH.DSMADQG

XSHUMMRUZ RINQJ Z W DGRBMAHIW DQG D S FKRDQDOWF

SM FKRIHIDSIMAYRUDGX@V 6KHKDVKDG KHIRZ Q SUYDWM SUDRWFH

IRUP RUH\WDQ\E HIW \ HDWY *Q UHAHQW HDU/\KHKDVDOR Z RINHG DDARVDDLD - # JP DICHRP
LQD SUYDWMWH.DS\ FHOWMU
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$UNMKHWDS\ Z VK" HDI QHW DQG $ XVIMP 5 VKDAW DV D
* DWAZ D\ VR &UHDVIYIW

. WH 9IHWH® DQ 1 RWZ D\
SUNMHDSIMADQG 8 QYH MW 9/XGEKIMEKDSDIQ

"KHQ ZRUNLQJ ZLWK GHDI FOLHQWYV ZKR DOVR KDSSHQ WR EF
&UHDWLYH DJ[LV RI WKH ([SUHVVLYH 7KHUDSLHV &RQWLQXXF
FDQ EHFRPH D SUREOHPDWLF FRQFHSW GXH WR D QXPEHU R
LOQWHUPLQJOLQJ FDXVHV 5LWXDOLW\ FDQ VHHP OLNH WKH R
LWLV ZKHQ ZRUNLQJ ZLWK GHDI DXWLVWLF FOLHQWYV - KD
RSSRVLWH SROH LQ D UH LPDJLQHG (7& 7KH SURMHFW - G O
ZRUN DV DQ DUW WKHUDSLVW ZLWK D JURXS RI WZR GHDI ZR
WKHUDS\ DW 6LJQR &4RQUDG 6YHQGVHQ 6HQWHU RYHU WKH F
PHPEHUV RI WKLV JURXS VKDUH WKH VDPH WZR PDLQ GLDJQF
$XWLVP 6SHFWUXP 'LVRUGHUV $6°'

— G OLNH WR H[SORUH WKH SRVVLELOLW\ Rl KRZ WKH XVH RI
WKHUDS\ VHVVLRQV FDQ EH IXQGDPHQWDOO\ DSSOLFDEOH L
ZLWK FR PRUELG GLDJQRVHV WR DFFHVV DOO OHYHOV RI WKI
HVSHFLDOO\ DV LW LV XVHG DV DQ DSSURDFK WR HQFRXUDJ}F

.UHO3LHVVHORBRLYHG KLV HGXFDWLRQ LQ DUW WKHUDS\ DW
2VOROHW +H FRPSOHWHG KLV SUD[LVY DQG WKHQ
FRQWLQXHG ZRUNLQJ DV DQ DUW WKHUDSLVW IRU FOLHQWYV
KHDULQJ LPSDLUPHQW DQG RIWHQ RWKHU FR PRUELG GLDJQ
+HLV FXUUHQWO\ FRPSOHWLQJ KLV PDVWHU V GHJUHH LQ
&KDSODLQF\ DW WKH 8QLYHUVLW\ RI 2VOR ZKHUH KH DOVR Z
DV D %XGGKLVW FKDSODLQ +H OLYHV LQ 2VOR 1RUZD\

NHIYIHW JP DIORP
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$ ' LYHVR VKH 7KHWDSHXMFVRI ' LIJMVDOP DIH ([ DP LQLQJ
([ SAHWALYH 7KHWDSLHY &SROQMOXXP 1Q" LILMDCH UV

. DD 2 @NDLOHQ ) LOMQG
YDFKHRUR 6RADCEHYEH SLRWPWFRRUEQDRU 6DWHNDDLL. RR U

7KLV WKHVLVY H[SORUHG KRZ ([SUHVVLYH WKHUDSLHYV
DUW JURXSV -Q DGGLWLRQ WKH WKHVLV H[DPLQHG Z
FDQ EH XVHG LQ GLJLWDO DUW WKHUDSHXWLF DFWLYL

JRU WKLV WKHVLV LQWHUYLHZVY DQG REVHUYDWLRQ G
ZHOO EHLQJ GLJLWDO LPDJH JURXSV -Q WKH LPDJH <«
L3IDGV PDNLQJ GLJLWDO FROODJHV SKRWRJUDSK\ Gl
LPDJHV 7KHVLV SUHVHQWY WKH PDQLIHVWDWLRQV RI
VSHFLDO IHDWXUHV RI GLIJILWDO DUW

7TKHVLY SUHVHQWY WKUHH FRQWLQXXPV WKDW GHVFU
FRIQLWLYH DVSHFWV RI GLILWDO DUW PHWKRGV -W |
PHGLD IURP VLPSOH WR FRPSOH]

7TKHVH FRQWLQXXPV RIITHU SURIHVVLRQDOV ZKR JXLGI
SHUVSHFWLYHV RQ WKH FKRLFH RI GLILWDO PHGLD L(C

.DWMD 200KRDIGYHI % D F K HIOR B RF IGIH3 U
IURP 6DWDNXQWD 8QLYHUVLW\ RI $SSC
DUW EDVHG SUDFWLWLRQHU DQG VRFL
WKH LQWHUVHFWLRQV RI GLIJLWDO DUV
WKHVLV H[DPLQHG KRZ GLJLWDO DUW ¢
DUW WKHUDS\ PHWKRGV WR VXSSRUW
H[SUHVVLRQ

JRU WKH SDVW WZR \HDUV .DWMD KDV |
FRRUGLQDWRU LQ WKH 971&( 3URMHFW
WR VXSSRUW VRFLDO LQWHJUDWLRQ W
XVHU FHQWHUHG DSSURDFKHV "Q DGG RANDICHO NDWB¥ JP DICFRP
LOOXVWUDWRU DQG DUW FXUDWRU ZL
RUJDQL]LQJ DQG H[KLELWLQJ DUWZRU?

.DWMD V SURIHVVLRQDO LQWHUHVWV L
WKHUDS\ PXOWLFXOWXUDO FROODERU
KHDOWK SUDFWLFHV IRFXVLQJ RQ KRZ
FRQQHFWLRQ UHVLOLHQFH DQG SHUYV
FRPPXQLWLHV
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3 DLOVIQJ VIKH -QQHU/ DQGVFDSH $ 3 LRI HVWLRQDOS UMY
"RXUDH VKLRXJK -P DJLQDVRQ DQG $ UA7 KHLDS\

$QQLIDP (WRQID

SUNKHDSIMAO 6F ' iMIQHU " GA\VADWRU

7KLV SUHVHQWDWLRQ RIIHUV DQ LQ GHSWK H[SORUDWLRQ RI D VHULH
FRQGXFWHG ZLWK D SURIHVVLRQDO DUWLVW DV SDUW RI D SUDFWLFH
DLPHG WR H[DPLQH ZKHWKHU DUW WKHUDS\ FDQ VXSSRUW SURIHVVLR
LGHQWLW\ DQG FUHDWLYH SUDFWLFH RIWHQ HQWDLO GLVWLQFWLYH ¢
UHVHDUFK ZHUH ILUVW VKDUHG DW WKH ()$7 FRQIHUHQFH DV D SR
'KLOH WKH HDUOLHU SUHVHQWDWLRQ DGGUHVVHG WKH LPSDFW RI JU
SURIHVVLRQDO DUWLVWV WKH FXUUHQW SUHVHQWDWLRQ WXUQV WR
MRXUQH\ RI D VLQJOH SDUWLFLSDQW WUDFLQJ WKHLU LPDJLQDWLYH
BWUXFWXUHG DV D VL[ VHVVLRQ SURJUDPPH WKH SURFHVV HQDEOHG
UHIOHFWLRQ WR GHYHORS LQWR D YLVXDO GLDU\ LQ ZKLFK LPDJLQD!
YLVLEOH DQG LQYLVLEOH WKH FRQVFLRXV DQG XQFRQVFLRXV &UHD\
HPRWLRQDO H[SUHVVLRQ DQG V\PEROLF PHDQLQJ PDNLQJ

7KH SUHVHQWDWLRQ IXUWKHU FRQVLGHUV WKH GXDO SRVLWLRQ RI W
DQG SDUWLFLSDQW LQ WKH WKHUDSHXWLF SURFHVV DQG H[DPLQHV ¢t
DHVWKHWLF FRQWURO DQG PDWHULDO EDVHG SUDFWLFH LQWHUDFWYV
DWWHQWLRQ LV JLYHQ WR WKH XVH Rl PDWHULDOV DQG WHFKQLTXHV
JURXS VHWWLQJ KLJKOLJKWLQJ KRZ SURIHVVLRQDO VNLOO VKDSHV E
VHOI H[SUHVVLRQ

'UDZLQJ RQ YLVXDO GRFXPHQWDWLRQ DQG WKH SDUWLFLSDQW V UHIC
GLUHFW LQVLJKW LQWR DQ LPDJLQDWLRQ OHG DQG HPERGLHG DUW P

$QQL 9KIRROGY D BDBWIHHIQFH LQ $UW 7KHUDS\ DQG ZRUNV DV D
GHVLJQHU LOOXVWUDWRU DQG SURMHFW PDQDJHU ZKLOH DOVR SUI
DUW WKHUDSLVW SULPDULO\ VXSSRUWLQJ DGXOWYV ZRUNLQJ LQ FUHI
$QQL KDV H[WHQVLYH H[SHULHQFH LQ WKH FUHDWLYH LQGXVWULHV
SURIHVVLRQDO EDFNJURXQG LQFOXGHV ZRUN DV D IUHHODQFH DUWL\
SURMHFW PDQDJHU OHDGLQJ DQG FRQWULEXWLQJ WR GLYHUVH FUHEL
LQLWLDWLYHV IURP GHYHORSLQJ YLVXDO LGHQWLWLHYV IRU QDWLRQ]
HYHQWV WR LOOXVWUDWLQJ FKLOGUHQ V ERRNV +HU DFDGHPLF IRXC
WH[WLOH DUW FRPELQHG ZLWK RQJRLQJ SURIHVVLRQDO GHYHORSPH
WUDLQLQJ DQG LQWHUQDWLRQDO FRQIHUHQFHV UHIOHFWV KHU FRPF
OLIHORQJ OHDUQLQJ DQG WKH FXOWLYDWLRQ RI FUHDWLYLW\ $QQL 1
VHYHUDO SURIHVVLRQDO RUJDQL]DWLRQV LQFOXGLQJ WKH (XURSHDC
RI $UW 7KHUDS\ WKH (VWRQLDQ $VVRFLDWLR QR GHRR 7KHUDS
(VWRQLDQ $VVRFLDWLRQ RI 'HVLJQHUV DQG WKH (VWRQLDQ $VVRFLD
*UDSKLF '"HVLJQHUV +HU LQWHUGLVFLSOLQDU\ H[SHUWLVH LQ DUW W
DQG SURMHFW PDQDJHPHQW GHPRQVWUDWHY D GHHS LQWHUHVW LQ |
FUHDWLYLW\ ZLWK WKHUDSHXWLF SUDFWLFH
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7KH7WDOQVIRLP LQJ 3RZ HURI $ UADQG -P DILODVIRQ (P RURQ
5 HI X@WRQ DQG 6HD P DIH LQ 3HURQDAW ' LVRUGHUY VIKLRXJIK
$UNV DQG 3\t FKRP RVRU7KHUWDSLHV

6X] DQQH + DH\ HQ 7KH 1 HVKHUDQGV
+$1 8 QYHMW R $SSTHE 6AHIAHY SHDUFK * LRXS $SUV SV AKRP RIRUWHLDSLEV 1O + HDO
&DUH 1 1 HIHQ * * 1 HAV&HQWHIRUO HQWBOH HDOK. 6FHID ( [ SHIAHAH | RUHIRQDON

' WRGHY $SHTRRUD 7KH1 HMH.DQGY

$UN DQG SM FKRP RIRUWHUDSLIHY DUH H SHUHQWDCDSSURDAKHY WDWKVH FUHDWYH VRROY VXK DV
GUWDP D GDQFH P DIHY P RYHP HQWDQG P XVIF VR SLRP R WHUDSHXWE FKDQUH © IWIQ

P XGGMVASTDY WHDW HOABLRIDP VI RUIQGLYIGXDEY Z IW SHIRQDON GIVRUGHY WHVH WHUDSIHY
RIIHUD XQITXH SDMZ D\ | RUWDQM RUP DARQ Z KHUH YHUIEDCRUFRJ QWYH P HKRGVP D\ EH

LQVXI 1 LFLHQW3 HWRQDON GIVRUGHLY RIWIQ LOYRIH FKDIBIQI HV 1Q HP RWRQDCDZ DUHQHW HIXOMRQ
DQG VHOD P DIH 7KWRXJK [P DI LQDWYH DQG DUAME HQIDIHP HQWQHZ  SRWELDAHV | RUFRQQHPARQ
H SIHWRQ DQG XQGHUARQGIQJ FDQ HP HUH

7KLY SUIHVHQIMRQ H SBUHVWHWDQV RLP 1QJ SRWIQADCR! DUADQG P DIIQDWRQ LQ DUV DQG

SVt FKRP RRUWHLDSLHY 1 RFXMQI RQWUHHNA WHP HV WH SRZ HUXCH SHUHQRH HP RURQ
UHIXOMRQ DQG VHO LP DUH IRWP DMRQ * LDZ 1Q) RQ UHFHQWI X DQWAMYH DQG TXDOMYH UHVHDURK
WH SUAVHQWARQ H DP LOHV KRZ WHVH FLHDAYH P RGDOAHV | DA DFFHW R HP RARQV | RVIMU

VHO UH GPUWRQ DQG HOKDQRH LOMUSHWRQDA XQPARQIQU

) LQAQIVKRZ WDWSDWHQW H SHUHOQRH WHVH WHUDSIHY DV SRUMYH DQG HIIHRWYH Z D VR
UHFRQOHAWZ IW HP RMRQV JDIQ VHD IOMIKWDQG [P SLIRYH VRADCEHKDYIRU 7KHHP ERGHG DQG

P DI1QDWYH QDVXIH Rl DUNMF SUIRAHVWHY HODE®N WH FROWMKPARQ RI QHZ QDULDWYHV Rl W(H WVHD DX
VXSSRUNV WH GHYHRSP HOARI DP RUH WRE® DQG SRWYH LGHOWN

-Q @H Z M WH FRQUHUHOPH WHP H WAL SUHVHQIMRQ KLIKQIKW KRZ DUADQG P DILQDMRQ FDQ
EUGIH IQQHUDQG RXWUZ RUBV HQUFKLQJ SUHVHOWHDON DQG RSHQIQU VSDFH | RUKRDME
WHUDSHXWE FKDQIH RQ HP RARQDOUHIMRQDODQG SURFHGXUDOBIYHY ) XUMHUWHRUHAFDODQG
SUDPAWFDAHVHDURK LY QHHGHG VR GHHSHQ RXUXQGHUABQGLQI RI WHVHWDQM RUP DWYH P HRKDQLWP V

1Q SHURQDDV GMVRWGHUWHDR HQW

'U6X]DQQH HOIHM SURIHVVRU RI WKH C5HVHDUFK *
SV\FKRPRWRU WKHUDSLHV LQ +HDOWK &DUH DW
6FLHQFHV 6KH LV FRRUGLQDWRU RI FRKWMHQW R
Lv DQ DUW WKHUDSLVW DQG UHVHDUFKHU DW C6
SHUVRQDOLW\ SUREOHPYVY DW PHQWDO KHDOWK F
IRU PHQWDO KHDOWK 6KH KDV SXEOLVKHG VHY!
WKHUDSLHYVY LQ SHUVRQDOLW\ GLVRUGHUYV DQG F
PXOWLGLVFLSOLQDU\ JXLGHOLQHV IRU SHUVRQD
VWDQGDUG RI FDUH IRU WKH VDPH WDUJHW JURX

VX] DQCHKDH H¥ KDQQO


mailto:suzanne.Haeyen@han.nl

3$3(56 — 681" $<
3DSHU SUHVHQWWRQ %

1IRUGLF $UW 7KHUD
7DPSHUH )L

7KH' RRU: LWKRXWD +DQG® ([ MQJ VKLRXIK -P DILQDVIRQ LQ
DQ $ UA7 KHUDSHXVE &RXUM

. DWLSRHG 1 RZ D\
3 FKIDMMADQG DUWNKH DSV
* DXWEIG 2 XVBDWHOWRAOIF IRU( DWQJ ' MRUGHLY 2 V@R 8 QLYHMW + RVSIMBO

- KL H SHUHQAQJ EHQJ WXFN LY D FRP P RQKXP DQ H SHUHQFH MY D SDUAEX@UD FRP P RQ
I HDV(UH LQ SHIWRQV VXI THUQJ 1URP HDWQJ GMVRUGHY GDGIQI VR\ HDW/RI VAKIJ B -Q
HQFRXQWUQU WH UHVLI QDARQ DQG @AN R KRSH WDWR@RZ V DGGUHWIQI WH KXP DQ FDSDAW
IRUIP DIIQDARQ VRI YMBAP SRUBQRH VKRZ QR FLHDW QHZ SDWZ D\ VIQ RXUEWDIQV 7KLV
SKHQRP HQRQRI QHXIRSOWAAW LVRI JUHDWP SRUBQAH LQ KHDIQU DV VXSSRUMG E\ UHVHDURK
DV Z HGDV WH DSSHDWDQRH Rl QHZ P HGIFDCBURFHGXUHV 1Q WH WHDWP HQWRI FKURQIE SDIQ DQG
UHFHQWD DOR SRWIFRYIG

7KH SUIWVHOWMRQ Z L@ RARZ WH FRXUH RI DQ DUASVA FKRWHUDSHXWE WHDW? HOWRI DZ RP DQ
VXITHUQJ ILRP DQRUH] ID 7KH HP HUHQRH IQ RQH RI KHUSIEWUHV RI DQ DEDQGRQHG K@ DQG D
FBRVHG GRRUZ IWRXWD KDQG®! EHFRP HV WH WA SRIQARI D VHUHV RI DUAZ RIWH SGRUQ
GLLI HHQAD\ HY/ Rl WL QDUDWYH 7KH GHIFDWM P RYHP HOWSRWE®! WURXIK WH GIQVHVRI

IP DIIQDMRQ | DAMAWG H SRUQI @\ HY Rl HP RURQDOWEMA HP EHGGHG LQ ERGI® VHQVDARQ
DQG FDSWUQI WHP 1Q DUAZ RUNV RITHUQI WP H DQG VSDFH |RUJ WDGXD@® H S®RUQJ WH
XQNQRZ Q 7KHV®Z SDFHDQG &Z GRVDIHRI WLV ERG RUHQWMG DUASVI FKRWHDS\  \WH J HQWB
DE RWWEPABI Z D RI GMARYHUQU @\ HYY DQG WH SO\ IX@HW Rl FHDWQJ Z DV UHIDUGHG D
QHFHWIW 1Q UHHBEQKIQ) FRQUBPAZ I KHUMMAN SDURD XQFRQVARXY SDUVRI 6HD

P DILQDWYH FKDQIH DQWASDWA UHDAT H DOMUQ) FKDQIH EXVDVWKLY Z RP DQ WDRKHV XV W
VENHV ERW FRXUDIH DQG VHD FRP SDWMRQWR GR\R

. DUL5RHG REVILQHG KHUP HAFDOGHIUHHLQ DQG \SHADG HG 1Q
SV FKIDW 1Q 6KHKDVZ RINHG LQWH I IHT R HDWQJ GMVRUGHLY
IRU  \ HDUDQG SXUXHS | XUMHUHGXFDWRQ LQ DUMKHIDS,  RY
GDQAQI DQGWDXP DWHDS\  6KHKDVVENHQ VSHADAQMHNQ
GUDP Z RUINDQG BDGVDQQXDAHAHDWV . DU FXUH® LOYROHG 1O
D SURVIPADVINH 1 DARQDAD XVHXP 1Q2 VB Z W FXUDRU* XGKQ
(LGWIN DQG DUNKH.DSMM-DQHA ( HN-HHQ | DDA

H SHUP HQEBCDUAILRXSV DWKHP XVHXP | RUERW SDAHQW I URP

* DXWDIG 2 XVBDWHOAQQLE | RUFDWQ) GMRUGHLY 2 R 8 QLYHIMW

+ RSIMICDVZ HODV FRBDIXHY

LRHNDU# RXVKI QR
NDUGHQUDXGH# JP DICFRP
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. KHQ YRGIHVB6RXQG 7KH 8 QH[ SHRVIHG DV D 6SDFH | RU
P DILODVRQ DQG 7WDQM RLP DVRQ

(ADQD" DY ®" DO

3K WYXGHONDWAKH 8 QYHMW R 3DBIP R

$@MIQIVDHWR YHY XQFHIBIQ DQG WDW/H DR Z KDWP DNHVP HIHHOUHDWXUHG
7RYH-DQWRQ

7KH IHDMRQWKLS EHVE HHQ VRXQG DQG FRUSRUHDON LHYHDAY GHHS A P ERTE DHMHWE DQG
UHDMRQDOGP HOVMRQV RITHUQI D SDZ D VR H S&UH WH WDQM RUP DAWYH SRMOWDCRI
[P DILODARQ -Q HGXFDWRQDODUMME DQG DUWMMHUDSHXWE SIDPWAHY ERG\ DQG VRXQG EHFRP F
LIOVAKP HQWRI NQRZ BIGIH DQG FKDQIH 7KLV Z RINWKRS GLDZ V IQVSILDWRQ [LRP \WWKH
. IHUNHIDDUEDQ ®DS RI 1DW DQ DPARI WXWRZ DUG WH XQH SHAMG : KHQ | DAQMRLY BDU
VR UHFHLYH LDWHUWDQ VR FRQAWROMRUHY DQG HP RARQV HP HUH VSRQEQHRX\WD 110GIQ]
H SIHWRQ WURXJK VRXQG %RG SHUIPXWMRQ Z LOMHYH DVWH SUP DY P HGIXP |RUWLY
H SRUDARQ D FRUSRUHDCDUNRLP WDWADQMRLP VERG! VRXQGVIQR P XVIE LW LDAQU
P RYHP HOWWK\ WP DQG UIHDMRQDCDZ DUHQHW WRIIHY/ DQ HP ERGIHG DQG SDUAASDVRY
GDUQIQI VSDFH 1Q Z KIFK VRXQG WHD EHFRP HVWH REMPARI IQTXIL Z KHUH GR\ RX FRP H
ILRP " : KDWGR\ RX KDLP RQIHZ " +RZ GR\ RX WDQMRUWP " :  IWIQ WLV SHY/SHPRYH
P XVIEDOWV LV XQGHUAMRRG DV D XQLYHU/DO HWKQITXHD SHWRQDOFRP SHWQRH LRRWG 1Q
DHWHWE DQG VHQVRUP RVRUH SHUHQRH -P SLRYMDURQ SO\ DQG XQSIHGIREIDN EHFRP H
VADWI LHV | RUPXGRYDAQJ 1 B LELDN DQG WH FDSDAW VR UHVSRQG VR RWKHLY DQG VR WH Z RUTS
Z M. RSHQQHW DQG UHVSROVELDV 7KURXJK DP X®P RGDADQG HP ERGLHG DSSURDAK
SDUARLSDQW Z L@HQJ DIH LQ D VKDUHG FUHDWYH H SHUHQRH DQG LHBPRQ KRZ P DI LODARQ
DRAYDWG WILRXJ K WH VRXQGIQJ ERG\ FDQ | RAMUFRQOHPARQ HYRNH WRUHY DQG | AWM
HP SDWIE XQGHUABQGIQI Rl VHD DQG RWHU

(QDQD' DQY RLYSUP DU DQG VHARQEDY VKRROMDAKHJ P XVADQ
DQG WDIQHULQ WH I IHBVR SHEDIRI\ DQG P XVIE HSXFDWRQ DVZ HODV
D FHWIHG H SHWQWH2 Ul 6AKX@ HINP HMRGREI\
+HJSDWRQIRUERG. P XME KDV®G KHIVR SDUAASDWMLQ Z RINVKRSVIC
"\BO ) IDQH * HP DQ 6HQHIDO%AD] LODQG * UHHH 6KH FRQGXPW
ERG. SHIAXWRQZ RINWKRSVDQG WHP LQDLYIRUP DNRUVBADQ P XME
LOWMMWRQY DQG DWRFLDWRQY DQG FRADERUDWA/ DV D \SHONHUZ [\

"' "5( 1 DARQDOQUMNWMIRU' RAXP HOBMRQ "QQRYDWRQ DQG

( GXFDWRGDCE HHDURK

B6KH LV PXUHMD SXUXIQI D3K'  1Q 7HAKQREJIHYDQG 0 HMRGVIRU

8 QLYH)MW ( GXFDWRQ DWKH S QYHVAW R 3DBLP R + HJUVFDUK @HVD,

WH IOMIMHARQ Rl SHEDIRIIFDOHAHIAHY HP ERGHG WHRUHY DQG HIDQD GDQ) I# XQSD W
P XMF 1QVWHRQEDY VKRRY Z W D SDUFXOUIRFXVRQKRZ HP ERGIH

H SHIHPHV FRQMEXWMVR BDLQQ)  LOFXGIQ) DEVWDRWFRQAHSW
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5 HAMFRYHUQJ &UHDVIYIW DQG -QVSLLDVIRQ 7KIRXJK 3@\
6LP S®1* DP HVLQ $ UWKHLDS\ Z IVK &KLTEUHQ DQG <RXWIK
(SS 6XWHQ (WRQID

9LVXDODUN WHDSMV1* 2 2 NIYHHH (GMRUIQFKIH R (/ 72V P DIDIQH (/72 DMONLL
( HA RRYWM.DDSIDM

0DQ\ FKLOGUHQ DQG \RXQJ SHRSOH DSSURDFK WKHLU ILUVW
7KH\ RIWHQ EHOLHYH WKH\ DUH QRW FUHDWLYH RU IHDU PLC
VLPSOH FUHDWLYH DFWLYLWLHVY RU FRORULQJ FDQ IHHO RYF
SRZHUIXO WKHUDSHXWLF EULGJH "Q P\ SUDFWLFH ” KDYH G
VRPHWKLQJ DV IDPLOLDU DV WLF WDF WRH FDQ VHUYH DV C
FUHDWLYH H[SUHVVLRQ :KHQ FRPELQHG ZLWK VPDOO DUWLYV
LOQWHUDFWLRQV KHOS FOLHQWY UHFRQQHFW ZLWK WKHLU LP
FUHDWLQJ ZLWKRXW IHDU RI MXGJPHQW

"Q WKLV ZRUNVKRS SDUWLFLSDQWY ZLOO H[SORUH DQG H[SHI
DGDSWDEOH JDPHV WKDW VXSSRUW FOLHQWYV LQ UHGLVFRYH
UHIOHFW RQ KRZ SOD\IXO ORZ SUHVVXUH DFWLYLWLHV FDQ
FXULRVLW\ LQ DUW WKHUDS\ VHVVLRQV 7KH IRFXV ZLOO EH
FOLHQWYV WR HQJDJH ZLWK DUW PDWHULDOV IUHHO\ DQG WR
IXUWKHU FUHDWLYH ZRUN

(SS 6XWHQ Z RINVGDIO® Z W FKIEUHQ DQG\ RXQJ SHRS®I DVWKH
2 NDYHHHO HQWEIOH HDOK &HOWH DQG DVSDUAR WH UHKDELQAMRQ
WDP DWEDSD + RSIMIO( SS KRTGVD 0 DUWMN GHIUHHIQ SV
7KHDS\ 1LRP 7D@NQ 8 QYHMW DQG KDV DOR WDIQHS LQ WH
3HYRQ &HIWNHG $SSLIRDFK WILRXIK $33&$ 6KHLVD P HP EHUR!
WH (WRQIDQ $VWRADWRQ R &UHDWYH 7KHDSLHY DQG VHIYHY DV WH
HAVRULQ FKIH R WH DWRADWRQV MXLDO$GEWRQDM ( SS
U-SUHVHOW WHURUIDQL] DWRQ Z IWILQ WH ( XURSHDQ ) HBHDWRQRI
SUKHDS\ ()$7 6KHILQGVWDWKHIFTHON FROMXHWR
VXUSUMH KHUDQG WDRK KHUVRP HMILQ) QHZ 1Q DB RWHYHY
VHWMRQ 6KH LY GHHE® JUDW XA RUMHUMKWMADQG | RUWH
RSSRUMQW R DFFRP SDQ. WHP RQWHUNBRXUOH VR JURZ W

H SUIHWMRQ DQG KHDIY

HSS \XWH¥ JP DIOFRP
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) DFLOVDVQJ (P RARQDO HOEHIQJ DQG 0 HP RU. VKLRXJK VIKH
7WDQVIRWP 1QJ 3RQUDCR! ' WDZ LQJ DQG-P DILODVRQ
8 QQXU*  » WIDU/GUWIL "FHDQG

7KH SHNDYIN $FDGP\  7KH "FHDQAEF 8QYHMW R WH $UN SROWOXIQ) ( GXFDMRQ
' HSDUR HOAR 8 QLYHW R $NXUH WL

7KH HPHUJLQJ UROH RI GUDZLQJ DV D WUDQVIRUPDWLYH W
HPRWLRQDO LQWHJUDWLRQ ZLOO EH H[SORUHG LQ WKH ZRI
KLIJKOLJKWV KRZ GUDZLQJ IDFLOLWDWHY ORQJ WHUP UHWH
ZLWK ZRUG EDVHG PHPRULVDWLRQ EXW DOVR IRU WKRVH Z
EHWZHHQ WKH GUDZQ HQFRGHG ZRUGY DQG WKH FRQVFLR X
WKH LPDJH

7KH DSSOLFDWLRQ RI PHPRU\ GUDZLQJV LQ WKHUDSHXWLF
H[DPLQHG 7UDXPD FDQ IUDJPHQW ERWK PHPRU\ DQG QDUU
FUHDWH FRKHUHQW VWRULHV RI VHOI <HW WKURXJK LPDJL
FDSDFLW\ WR VKDSH DQG UHIUDPH SHUVRQDO H[SHULHQFH
LQWR YLVLEOH IRUP HQDEOHV LQWHJUDWLRQ RI IUDJPHQW
HQKDQFHV WKHLU FDSDFLW\ IRU OHDUQLQJ ”"Q WKLV ZD\ C
WUDQVIRUPDWLRQ EULGJLQJ SDVW H[SHULHQFHV DQG QHZ

&DVH PDWHULDO ZLOO LOOXVWUDWH KRZ PHPRU\ GUDZLQJ
GXDO IXQFWLRQ IRVWHULQJ HPRWLRQDO ZHOO EHLQJ ZKL(
SDUWLFLSDQWY ZLOO EH LQYLWHG WR HQJDJH LQ DQ H[SHL
WUDQVIRUPV WKH DFW RI UHPHPEHULQJ

' USQQXU*  » WIUVGUWMUKDV SUDRMHS DUNKHDS\ 1Q YDURXY
LOWAMNRQY | RURYHUWLLIA [ LYH\ HDUY 6KH LY DOR D UAMHDUAKHUDVWIKH
5H NBDYINSFDGHP \ 8 QQXUKDVVBXIKVWDUAKMHDS\ 1Q XQLYHMWHY DQG
DWRADWRQV LOMODWRQD®  6KH LY WH AKDLUR! DQ HEXFDWRCDO

FRP P IWYH I RUWH"FHDQGE $WRADMRQ R SUNKHIDSIMV Z KIFK LV

Z RINQJ \RZ DUG VHMQJ XS DQ DUAKHDS\ HEXFDMRQ 6KHVHIYHVRQ
WHVMHIQI JURXS Rl WIHSHWHDURK &RP P MH DVWKMH ( XURSHDQ

) HGHDWRQR $UPKHIDS\  DQG VKHVMWRQWHERDUG R WH5H NBYIN
$FGP\ 8 QQXUVRCHR WHGDGAQ) VAHMINV RQ WH VXEMPANR
PHP RY GDZIQI +HJZ RINKDVEHHQ SXEQKHG Z RUBZ IGH FRYHIQ
VRSIEVVXAK DVDUMKHIDS\ P HP RY GUDZIQ) GUDZ LQJ VR FRQQHAW
UHVHDURK WILRXIK DUVDQG JURXQGHG WIHRU P HIMRGRBI\

777 XQOXWDUMHDS\ IV HD XQQXU# XQOXIDUMNHDS\ 1V
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&DUEDP RP 9%XQ: RINVKRS 0 HHVIQJ Z WK -QOHU&KLABUHQ

0 DU/ LQARY/ ) LODQG

SV FKRWHIDSIMAVO R$ 0 6F 3\ IKRWH.DSIMWY

7KH DLP RI WKH ZRUNVKRS LV WR FUHDWH D VSDFH IRU OL
DQG RWKHUV ZLWK FRPSDVVLRQ &DUGDPRP EXQ GRXJK D
QXUWXULQJ LV XVHG IRU LPDJH PDNLQJ

7KH ZRUNVKRS EHJLQV ZLWK OHG WXQLQJ LQWR WKH ERG\
LQYLWHG WR IUHHO\ VKDSH WKHLU LQQHU FKLOG 7KH ZRU
VHFRQG SDUW EHJLQV ZLWK DQ HQFRXQWHU ZLWK WKH ZD
WR SODFH WKHLU ILIJIXUH LQWR D FROOHFWLYH LQVWDOOD

7KH ZRUNVKRS LV XQGHUSLQQHG E\ DUW SV\FKRWKHUD S\

DQG FRPPLWPHQW WKHUDS\ DQG FRPSDVVLRQ IRFXVHG Wi
HPERGLPHQW JHQWOH SUHVHQFH DUW DQG SOD\ ZH FDQ
XQPHW "W DOVR DLPV WR RIIHU DQ H[SHULHQFH RI KHDUW

7KH URRWYV RI WKLV ZRUNVKRS JR EDFN WR ZKHQ ” SUt
$WKHQV DV SDUW RI P\ ODVWHU RI $UWV VWXGLHVY DQG OD
"RUN ZLWK EXQ ILIXUHV FRQWLQXHG LQ DW WKH 1RUGL
SURSRVHG ZRUNVKRS IRFXVHV RQ FRPSDVVLRQ DQG HPERC(

0 DU/ LQG RU/LVD S\t FKRWH.DSIMAZ [V D EDRNILRXQG LQ $SUV
(GXFDARQ 0 RS DQG$WBM FKRIWHIDS\ 0 6F 7KURXIK
\XSSGP HBU WDIQQ) \KH KDV \SHADDVHS LQ S\ FKRSK\ MFDO
S\ FKRMHDS\  DOR NQRZ QDVERG. S FKRWH.DS\

0 DULKDVZ RUNHG DV DQ DUNKHIDSIMAQRH DQGDVD
SV FIKRHDSIMV&YE  IQAH 7ZR\HDWDJIR \KHP RYHGKHJ
SUDPWEHILRP D S FKRWHDS\ FHQMULQ + HOIQNLVR D SUYDWM
RIFHIQ3RURR

IQR# P DUGDGERW/IL
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/ DQGS UADVD' RRU2 SHOHUVR -QQHU/ DQGVFDSHV

5XVK + RO0 \dQIHU 1 RWZ D\
SLIRHARULQ GLDP D DUADQG FX@YUH DQG P DWMUMMGHINIQ DUV WH.DS\  $57RIWDIHJ
1/$ 8 QYHMW &RBUH

7KLY RAVEZRRUZ RINKRS QYWY SDUAASDQW VR HIDIHZ IW \WHWHP H 3DWVIQ/ LIH WURXIK D VWM
UHVSROUYH DUNKHDS\ LOMYHANRQ EDVHG LQ DUMAME SUDPWEH 7KHLOMIYHMRQ EHILQVZ W DQ
HOFARXQMUZ IV JOW VFXGVMUHV QDP HG ([ SUIWMRQVR! %DM REMPWWDVWHYRNH SURVHOAH $
U-P LOGHJR! WHIQWME®IFRP P XQW Z HVKDUHWURXJIK WH DLU 3DUARSDQW WHQ HP EDINRQD
VIGQWFRGARYHZ DOl FDUY LQJ WH VEXGWWUHY

$VD VHBRMG VWM SDUARSDQW DUH LOYIWG VR DWKQH WHP VHYHV VR WH @QGWDSH "Q UAVSRQWH HDFK
SDUANASDQAPUHDWAY DQ LOGAMGXDAO DQG $UNSLHH VKDSHG E\ WH GIDBIXH EHE HHQ LQQHUH SHUHA
DQG RAMUDQGVDSH 7KH SURFHW FX® LODWA/LQ D UH GRAYH\KDUQ) IRTRZ HSE\ D GRNHMD

Z DOIVR WH FRQ HHOPH YHOXH

1 RWM 7KHWHP DWE IRFXVP Di VKLWQ UHVRQDQRH Z W WH TXDDAVR WH VW DARZ LQJ \WH
Z RUINKRS \R UHP DIQ RSHQ VR VW \SHALLE LQIRUP DARQ

7KHZ RINKRS EXI@VRQ LOMYHWNRQY GHYHERSHS GXUQ) 0 NDQIHJV SUDPAFDOADIQIQ) VARV LQ W
DUNVWH.DS\ P DWMUVSURILDP P HIQ 7KHGHMJIQ DQG WHRUHAFDO RXQGDWRQ R WHH
LOMYHMRQV DUH PXULHD 1Q SURIUHW DV SDUNR KHUMAP RAMUDWLIQP HMWDQG Z L@EHFRP SGWMG

QWP HIRUWHFRQHHXHLQO D\

5XWK +RO OMDQIIBWRIHVVRU LQ GUDPD DUW
8QLYHUVLW\ &ROOHJH LQ 2VOR 1RUZD\ 6K
$ 5 7TRJUDSK\ ZRUNLQJ DFURVV UROHV DV
DQG KDV KHOG PXOWLSOH OHDGHUVKLS SR
HGXFDWLRQ IRU RYHU WZR GHFDGHV ZLWgk
LQWHUGLVFLSOLQDU\ DQG LQWHUQDWLRQL

5XWK V DUWLVWLF SUDFWLFH LV LQ WKH D
SDUWQHUVKLS ZLWK ODULD $OP8V )UDQW]\
WKH\ GUDZ RQ LQWHUGLVFLSOLQDU\ FRPS}
FRQYHQWLRQDO JODVVPDNLQJ PHUJLQJ FlI
FRQWHPSRUDU\ DUW ZZZ IUDQW]VHQPMDQ

"Q ERWK DUWLVWLF DQG HGXFDWLRQDO FR KW P \dQIH QD QR
WKH WKUHVKROG RI WKHUDSHXWLF SUDFW
PDVWHU V GHJUHH LQ DUWV WKHUDS\ DW 2
SURIHVVLRQDO FRPSHWHQFH 6KH LV SDUW
WKHUDS\ LQVSLUHG E\ IULOXIWVOLY WKH
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) DFH DQG ) DFLQY
. DU+HNNO ) LODQG

WDIOHU SV AKRWMHDSIMV 1IQAYIGXDO SDIU  IDP 1O® DUV DQG JURXS WHDSIMWV JURXS
DQDOWVE( 2 3 NRWLDSIDNAMNXVO IHBN V2\ 3M FKRKHDS\ &HAMUO IHBNDV/ BB

"Q WKLV WUDGLWLRQDO ZRUNVKRS SDUWLFLSDQWYV F
7KH SRUWUDLW LV GUDZQ IURP D IURQWDO YLHZ RQ D
EDFN VLGH RI D GUDZLQJ ERDUG 7KH GUDZHU FDQQR\

$ VHULHV RI SRUWUDLWYV LV SURGXFHG LQ UDSLG VXF
WDNHV WR VHFRQGY WR FRPSOHWH 7KH SXUSRVH
LPDJHV WR HPHUJH IUHHO\ DQG LQWXLWLYHO\ 7KH LP
FXUUHQW OLIH VLWXDWLRQ DV UHIOHFWHG WKURXJK
IURP WKH LPSUHVVLRQV FUHDWHG E\ WKH LPDJHV LQ

$ UHODWHG YDULDWLRQ LQYROYHVY FUHDWLQJ SRUWU|
ZLWK D WKLFN EUXVK "Q WKLV YHUVLRQ WKH SDUWLI
JURXS GLDORJXH IROORZV VLPLODUO\

$Q DOWHUQDWLYH DSSURDFK LV WR FRQGXFW D FROO
HQG RI WKH FRQIHUHQFH LQ ZKLFK DOO SDUWLFLSDQ
ZHOO SODQQHG IDFLOLWDWLRQ WKH VHVVLRQ FDQ EF
(DFK GUDZLQJ ERDUG KROGV WZR $ VKHHWV RI FRS\ ¢
SDUWLFLSDQWY ZRUN LQ SDLUV HLWKHU VLPXOWDQH
PD\ JXLGH WKH RWKHU WKURXJK WKH SURFHVV ZLWK \
'UDZ D IDFH IURP WKH IURQW

.DUL +HLKRIO®G)V D RDVMVIWHDWLRQ GHIJUHH DQG KDV

ZRUNHG DV D VFKRRO FRXQVHORU D SULPDU\ VFKRRO WHDFI

WHDFKHU RI PDWKHPDWLFVY DQG YLVXDO DUWV +H DOVR KDV
\HDUV RI H[SHULHQFH ZRUNLQJ DV D SVI\FKRWKHUDSLVW I

EHJDQ DV D IDPLO\ WKHUDSLVW DQG KDV VLQFH FRPSOHWHG

WUDLQLQJ LQ LQGLYLGXDO DQG DUW WKHUDS\ DV ZHOO DV I

WUDLQLQJ LQ DQDO\WLFDO JURXS SV\FKRWKHUD S\

RXGQMDSIDKXRQH: JP DIOARP
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