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7HFKQR®JI LHV / HDLIQJ $ UHD

7HAKCRBJ LV IV DQDUHD R VSHADIVHG HEXFDMRQ LQ Z KIEK \AMGHQW DUH JLYHQ WH
RSSRUMQW R \BNH SDWQ D QXP EHUR H AMQY DQG UHZ DWEQ) SUDPUWFDCDRMYIMA 7 KH
VXEMIPW GHYHBS WH EHIIQQQIV R D IRWP DIVHG DSSURDFK \R G-MJQ SUREBP VROIQ) DQG
SUDFIFEDONGY GHYHBSP HQW/7 KHUH DUH R VXEMIPW Z MQ \WH 7 HFKQREJ IHV BDUQIQ) DUHD
7KH D' HVL]Q DQG 7HFKQR®J IHV DQG' LI IMIO7 HFKQR®RI LHV ( DFK VXEMIPWKDV

QXP HIRXV FRQM W Z KIEK DUH QAMG IQ\WH IRTZ 1Q) SDIHV
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' HVLJ Q 7HFKQIEDO" DSKLFV
7HRKQEDS WDSKIEV 1V IRUMMGHQW LOMUIHMG 1O GHYHBSIQ) W@ 1Q \WH DDV R

$ URKIWPYUH ( QIIQHHUIQ) DQG 7 HFKQEDQGWDIRQ 7 KLY VXEMPWORRGXFHY AXGHOW \R

EDVIE \WPKQTXHV VXFK DV @H Z RN IQAKP HQABIDZ 1Q) DQG IUHHKDQG WNHRKIQ) 7 KHUH IV
D IRFXV XSRQIQMRGXAIRQ\R ' ' GUDZ1Q) HDWD 1QWH VHP FVIMUXVIQJ QAN BIQEDLG
VREDUH 6 \MGHQW Z LGFRP SGM D VHUHV R JUDSKIEV SURWIFW 1Q 3 [EVRUDO 3 HY/SHAYH

2 E@XH DQG,VRP HWE DQG 2 WKRJ UDSKIF GUDZ 1Q) P HKRGY ) ICDCSURGXFW P D\ LQFOGH

' SUQING RUDVHUFXWRENMFW

'RRG 7THFKQRORJ\

Q WKLV FRQWH[W VWXGHQWYV GHYHO
SURFHVV VNLOOV DQG NQRZOHGJIH L«
FRQVROLGDWH KDQG VNLOOV 7KLV V
SRZHU WRROV DQG PDFKLQHV DV SDL
'HVLJQ PHWKRGV DQG SURMHFWYV [DU|
LOQWURGXFHG LQ SUHSDUDWLRQ IRU
BWXGHQWY ZLOO EH JXLGHG WKURXJ
WKDW ZLOO KHOS ZLWK
KDQG H\H GHYHORSPHQW FRRUGLQD
VROYLQJ

OHWDOV 7THFKQRORJ\
,Q WKLY FRQWH[W VWXGHQWYV GHY
WKH XVH RI D UDQJH RI PHWDOEZRL
VDIH ZRUN SURFHGXUHV ZLWK $R?Z
DVVRFLDWHG HTXLSPHQW DQG WK
ZRUNVKRS GUDZLQJV 1HZ VNLQOV
LQWURGXFHG LQFOXGH VKHHW [PH
SOHQLVKLQJ DQG WKH XVH RI VLP:
HTXLSPHQW B6WXGHQWYV XVH D |ZL¢
VSHFLDOLVHG PHWDOZRUNLQJ KD
HTXLSPHQW WR PDNH VLPSOH RHW
DQG SHUVRQDO XVH




0 HVBOS WADQG - HZ HIBUY

( [ SBUHWH H FMQ Z RIB R FUHDYIW DQG VHD H SUWMRQWURXI K RXUO HBCE WDQG

- HZ HOBW FRXWH 7KLY KDQGV RQSIRIWDP 1 GHVLI CHG \R LJ QW XGHOMULP DI IODWRQ DQG
QXU \WHUDWIYAF \BBIQN 6 \WGHQN HP EDINRQD RXUH R GVFRYHY  Z RINQJ Z W QRARQD
IHUWRXV DQG CRQYHURXY P HBO EXVZ W QYHWH UHAVIMBIQAP DIWUDY @\H Z RRG FHUIDP IFV DQG
SROP HY ®GDWQIQ) \WRKQTXHV \R VKDSH DQG P RXG WHP IQR IXQRIRQDCADQG YIVXD@® NG
REMFW $ BQIMCGH WLV \KH Z LOCHOH IQR \KH FDSWDIQ WHDE R YIVXDDW H SHUP HQY
Z WK GLIHHQAP HAXP V DQG VAWBN \R XQBDVK \WHUDMYAIF | QLU YXVKDY CRADD VXGHQN Z IO
DOR KDYH \H RSSRUWYQWY \R FUDIWH TXMWM MZ HBW SIHFHYV P DAMUQ) \WH DWR P HBOP LKIQ)
DQG FUHDIGY Z HDUDE®! Z RUN Rl DWAKDWAKRZ FOVH \IWHUIQAYIGKDOAVBI 7 KLY FRXWH LY WH
SHUHFVWEBIQG R FUDIWIW SUREGP VROIQ)  DQG DWHQIRQ \R GHVBIO DABRZ 1Q) VAMGHQW \R GHYHBS
YDODEG! VN Z KIBHH SUAMQI \WHP VHOHV \KURXI K YDURXV DUNAME P HAXP

&RP SX\WUS$ LGHG 0 DOXIDRMUQI &$0 ° $XVRP DIMG 3 LRGXPURQ

7KLY FRQOM WOQRRGXFHY VMGHOV\R ' GHVLQDQG P RGHE) XVIQJ $ XWRGHWN , QYHQRUDQG
GHMIQVR\EDH 6\MGHOW Z L@BDWD\WH EDVEV R SIRGXFIQ) ' P RGHY P DIHV DQG GIDZ IQIV
IRUD YDUHW R SXISRVHV ' FROMQAQYROHY BDQIQ) KRZ R GHMVLI Q SURWIFW DQG SUHSDUA

\WHVH IRUP RGHD @D\ 1QGXAW SURGXPIRQ XMIQ) D OVHUFXWHU SOVP D XU ' SUQMUDQG
&1 & URA\MU 6 \WGHQN Z [@BDW)\WH EDVIEV Rl GHVLIQQJ DQG SURGXALQ) SURGXPW \WDWDUH P DCH
\WURXJ K DQ DX\RP DIMG SURFHW

+20( (&2120,86

) RRG 7 HFKQR®RJ\

7KH IRRG SURI WP P H RITHY VWYGHQN WH RSSRUMQW \R FUDMYH® SUHSDUH DQG SUAVHQD Z IGH
YDUHW R IRRGV 7KH Z I@KDYH WH FKDQFH \R GHYHES WHUSUDPWDARRG SUHSDUDIRQ VN

Z KI®! X\MQ) D WDQIH R 1QJ UHAHQW DQG HTXISP HONG \WGHQN Z L@EH DEGI \R LQYHM DM GlLIHHOW
SURGXPURQ WRKQTXHY GHP ROAMMG) VHO H SUAWMRQ DQG FUDWIW [QWH P DNQJ R IP S®1
PHDY 7KH ZI@FRP SBA D SURIWDP \WDWCFOGHY GHYHBSIQ) \WHURZ Q IRRG SURGXFW EDVHG
RQWHUNQRZ BIGIH R 1QJ UHAHQN DQG QAMRCDOHTXILHP HON

) DVKLRQ DQG 7H WBV

LQWH 7H BNV SIRIWDP P H WMGHQN Z l@H SBUWH FUHDWM DQG P DNH WHURZ Q GHMJI QY IRUD
IDVKIRQDE®! WP XVIQJ D YDUHW R FREXWY 1DEUEV DQG WM VWUHV 7 KLY IGFOGHY FUDIVWMRKQTXHV
VXFK DVHP EIRIGHY  DSSTXp TXIAT RUEHDAQ) ) DVKIRQLY D VXEMPWKDWY SGUHV YDURXY
DVSHAW R WH IDVKIRQIQGXW  IQFOGEQ) GAMIQ J DUP HONFRQMKPIRQ \M BN DQG WHQGY

6 \MGHQW Z LOBDY R GHYHES WHUFUHDIWYH DQG \MFKQEDONQY
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OXOWLPHGLD '"HVLJQ

6WXGHQWY DUH LOQOWURGXFHG WR D UDQJH RI VRIWZDUH SURJU
LQFOXGLQJ WKRVH LQ WKH OLFURVRIW DQG $GREH VXLWHV 6W
DUH WDXJKW KRZ WR PDQLSXODWH JUDSKLFV DQG DXGLR ILOH
DQG HGLW GLJLWDO SKRWRV DQLPDWH LPDJHV DQG KRZ WR R
WKHVH ILOHV IRU YLHZLQJ RQ VFUHHQ KDUGFRS\ RU WKH ZHE
6WXGHQWY ZLOO OHDUQ KRZ WR LQWHJUDWH WH[W JUDSKLFV
SKRWRV YLGHR DQLPDWLRQ DQG DXGLR LQ RUGHU WR
SUHSDUH SUHVHQWDWLRQV DQG SRUWIROLRV RI ZRUN



&RP SX\WU&RGQ

" IWVFRYHUWH OQ) XDJ H EHKIQG WH \WFKQRBJI\ \ RX XVH HYHY @D &RP SXWUSURIWDP P 1Q) KDV
EHFRP H D QDMRQDARFXV IRUVAKRRY' DQG KLY FRXWH LV SHUHPWRUMMGHQW Z W D FXURVW |RU
FRAQJ DQGKRZ \MIQIV Z RIN 7 KURXIK KDQGV RQ DYV DQG VIP XOMRQY VXGHON H SGUH \WH
FRUH FRGFHSW Rl FRP SXWUVAHQRH DQG BDUWD KRZ \R P RGHOHDCZ RGPV $ VHUHV R
KLKO® HQIDJLQ) GAWMLI Q DQG EXIC FKDBIQI HV I XIGH WHP \WURXI K J HQXIGH SURMPWEHYHEBSP HQWY
XVIQJ 1O UHBIYDQADQI XDJ HV VXK DV 3\ WRQ - DYDS FUSWDQG&  EXICHQ) VNG \KDWADUY
DL KWOR IXUMHUMMG. DQGWH Z RINRIFH $BQJ \WHZ D, VMGHQN VKDSHQ WHUSUREGP
VROIQ) WMDY DQG ®J IFDOKIQNQ) WA+ \WH NQG Rl WICNQ) WDWERZ HY HYHY \KIQ) 1URP
DSSV DQG J DP HV \R URERWFV DQG DMUEIDAQMM HGFH 7 KH VSHALLE OQ) XDJ HV DQG \WRRY XVHG DUA
UHYLHZ HG UHI XOWD \R UH BPWEXWHQNQGAMN - SUDRIFH

*DPH' HLJQ

6 SDUN\ RXUIP DJ LQDWRQ DQG HP EDUNRQ DQH FMZ RXWH QR \WH Z R R JDP H GHYHBSP HQW
2 XUIQRRGXRARY * DP H' HVLQ FRXWH LV \BIBUHG IRUMNMGHQV IQ<HDU ~ SIRVIAQ) D IXQDQG
HQIDJIQ) ZD\ \R H SBUH FRAQ) DQG FUDWYIW 7 KURXJ K \WH XVHUIUHQED 6 FADRK SOWRP
AXGHQW Z LOBDY WH I XQGEDP HQBW RN SURJDP P Q) Z KIGI EUQILQ) \WHUJDP H IGHDV \R @H

6 FDWK|Y YIVXDOQMUIDFH DQG IQXMYH QDI DQG GRS FRAQI EGFNV P DNH WDV \R FUHDWM
IOMDPYH WRUH DQP DIRQV DQGJDP HV 6 \WGHQW Z LOXQBDVK FUHDIW SUREGP VROIQJ
W@ DQG KDYH D EOMWADV \WH GV QWHURZ Q XQTXH JDP 1Q) H SHUHQRHV 7KLY FRXWH LV \KH

SHUHPWABWIZY  SRIQVRUWRVH (QMIMMG IO \WFKQRBJ\ AR \MEL DQG IQMDAIYH P HAD
' WFRYHUKH R R JDP H GHYHBSP HQW

SRERWLFV

7DNH \RXU URERWLFVY VNLOOV WR WKH QH[W OHYHO 7KLV XQLYV
URERWLFYVY ZKHUH VWXGHQWY H[SORUH KRZ VHQVRUV DQG VLP
PDFKLQHV WR OLIH 7KURXJK D VHULHV RI HQJDJLQJ EXLOG DQ
WKHPHY VXFK DV UHQHZDEOH HQHUJ\ DQG VXVWDLQDEOH FLWL
WKHLU RZQ FUHDWLRQV &RGLQJ LV LQWURGXFHG WKURXJK D |
JLYLQJ VWXGHQWYV WKH FRQILGHQFH WR PDNH WKHLU URERWYV
XQLW VWXGHQWY ZLOO KDYH EXLOW D VROLG IRXQGDWLRQ LQ
LGHDO ODXQFKSDG IRU WKH <HDU S5RERWLFV XQLW ZKHUH WE
URERWY DQG VRIWZDUH XVHG DUH UHYLHZHG UHJXODUO\ WR U



/$1*8%* (6

-DSDQHVH

$V DQLOARGXPIRQ\R - DSDQHVH AXGHQN Z LOBDD \WH \MAKQTXHV R KHS VAXGHQN P DVMU
\WH EDVIEV Rl - DSDQHVH 6 FUSWS VWKH HQG Rl \WH FRXUWH AXGHQN Z L@EH DE®! \R WHDG
KILDI DQD \M W QAMQ R DQG XQGHIABQG WH EDVIE - DSDQHVH FRQYHWDMRQY Z WK D IRFXV RQ
UHAABXUDQAEDEI XHV DQG Z UM IQ RUP DMRQ DERXVWKHP VHOHV DQG WDYHI DURXQG - DSDQ
XVIQJ - DSDQHVH 6 FUSW 7KLV 1V D VHP HVMURQD

7+( $576

7KH3HURWP 1QJ $ WV

7KH 3 HURP 1Q) $ W FOWHV IRFXV RQWH W@ DQG SURFHW IRUFIHDIGY  Z RIWKRSSIQ)
DQG SHURWP 1Q) RUILQDCBIHAHY DQG VHWIMNY & OWHY DOR LQFOGH Z UMW M\ \R
VXSS®P HQAKHVH VNG \WDWEBRN DABHBIYDQWIMRUFDCDQG VRADHBP HOV 6\MGHON Z KR
H FHAQ J HQHUDOFRXWHV Z I@EH DSSURDFKHG R DXQMRQ [RUKH 6 SHADOAMB HURWP 1QJ $ W
SIRIDP R GHYHES WHUVND 1Q VSHADDHG FOWHY 6 \WGHQN Z KR Z VK R DXQURQ IRU
\WHVH FOWHV DUH DOR HQFRXUDJ HG R DSSURDFK \WH 3 HURWP [Q) $ W \WMDP 0 RUH

IQRWP DIRQRQ63$ FOMWHV FDQ EH IRXQG DV \WGHQN HYIEHV

* HQHWDO WDP D

6 \WGHQW Z LGHQIDIH 1Q" WDP D VIM\V Z KIEK IQYRGOH

IP SIRYWVDMRQ VHOD GHYIVHG GLDP D DQG IQMSUAIMRQ R
H WDFW R SO\ V DQG RKHUWM W 0 XFK R WHUZ RINZ L@
EH 1Q JURXSV HOFRXUJ Q) \KHP \R EXIC \WHUWDP Z RIN
7 KHUH Z LOEH D Z UNWIQ HBP HQAR \WHUFRXWH FRQAGQ]
Z MQ FOW SHURWP DQFHV

* HQHDO DQFH

6 \MGHQN DUH \BIXJI KWNQ' B\ SDMFLSDUQ] 1O WFKQTXH
FOWHV ) IRP KHUH \KH Z RINIQ VP DI RXSV R
FKRUHRI UDSK \WHURZ Q URX\IZH DQG SHURP 6 \WGHQNV
GHYHBS JURXS W@ DU FUDWH DSSUHADWM GDQFH DV D
IRP R HOMIMOQP HQNDQG EXI@G VHD FRQIGHQRH
$WHWP HQN IGFOIGH D' DQFH IRTR UHVHDUFK

DWLI QP HOVFKRUHRIWDSK\ DQG 1Q FOW SHURIP DQFHV



* HQHWDOD XVIF
7KH P XVIE FRXWH RIHY VIXGHQW GMRQV 1Q SO IQJ \WH JXMBUDQG NH ERDUG IRUWRVH
Z KR GRQYWAXG. DQ IQMKP HQASUYDMD 6 \MGHQW DOR H SGRUH JHQUH FKDUDPMUIMIFY DQG
FRQMP SRIDY P XVIE HBP HQWV \WURXI K. LQYHV DIRQY DQG SUMVHQBMRQY 6 \WGHQN DOR
GRN DWDUDQI Q) DQG FRP SRQ) P XVIE XMQJ SURIWDP V VXFK DV'* DU HEDQG

0 XVIF: ,QWWXP HQWIOD XVIE 6 FKRROB HIYLEHV ,0 66
6 \MGHQW Z KR HBIFWMG \WH IQAKP HQBICP XVIE FRXWH IO\ HDU  DUH H SHRMG \R FRQIDXH
WHUMNG. Z W ,0 66 DQG\WH IQAKP HOBFRXWH ICFOAQ) YRFH 1 HZ \AMGHQN \R \WH
VKRR KR KDYH H SHIHQFH [Q SO LQJ D P XVEDAQAKP HQW YRFDY RUDUH FXUHQW®
XQGHJ RQJ) GMWRQY DUH IQYIWG \R HQURAQ \KLY FRXWH

7+( 9,68%/ $576

$WV' WDZLQJ 3DIOWQ

6 \WGHQW Z LOCHYHBS WHUS$ W6 NQ@Y 1Q D IDQIH R P HAD DQG EXIG RQ WH WRKQTXHV
GHYHBSHG IQ \WH SUHYIRXV\ HDU 6\MGHQONV Z 1GH SR D YDUHWR ' DQG ' P HAD DQG
FROIXH \R UH IQH WHUSOQQQ) DQG GAMIQIGHDV 6 \WGHQW Z LGDOR EHIIQWR H SDQG RQ
SUHYIRXVO GDUDNFREBXUMHRY DQGP I 1Q) DQGKRZ \R DSSO \KY NQRZ BIGIH Z KIOW

H SEUQ) \KH HBP HQN DQG SUCFISBNV R 9 IVXDCH W
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