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$VVXP P HUEWQIVAKDQIH 81 ( 1( IVEXW JURZ Q) DQGDEDSUZY RXUDRIYMAY Dv/ \KH QXFEDIVHARUDFFHBIDMY DQGHYROHV 7KH
QMR QHZ VKHDGIHV IQ RXUQXFBDLZ RG Y H WIRBEDY ( YHY Z HHNEUQIVQHZ VR GHZ. SURMRW DQG IQUIDIYHY FKDP SRGHG B\
ERW SXECF DQG SUYDAM VHRRY QHZ \WAKQRBI\ DGYDQRHP HQW DQG QHZ. DRIYAMAV B\ RXUXQYHWARAV & DQDED IV HP HJIQ) DVD
GDCHUQGHSA 1Q) QFEDUINMKCRBIIHY Z M D SURP ICHOAQMIDIRDCEURIGH $QG8 1 ( 1( IVIURZIQ) DV SDWR \KIY

,Q$SUDZHZ HH GHDKWG\R Z HBRP HQHZ P HP EHW\R 81 ( 1( 8 QYHWWR &DODY DQG8 QYHYAWR 2 WBZD 7KH Z IQFUQ)
QHZ HQHJ\  @YHYAW DQG J HRIUDSKIE WHDRK \R RXUGHERIN $ QG Z H DUH Z RINQ) FEVHD Z W RKHUIP SRUDQVEURVSHRAIYH

P HP EHY° VR Z DIRK RXUZ HEVIW DQG/ IQNHG QIHHG IRUP RUH XSCDW IQWH GH V2 HHNV : H KDYH DOR DEGHG\RWHS 1 (1 (
\WDP Z ¢ \KH DUIYDCR! 3 HMU2 | HP R\ DK 1Q$ SUDDV 0 DQDIHU ( GXFDMRQ DQG 2 XWHDFK DQG- RVK & KIDARQIQO D\ DV

$GP IQVIDIYH ( GXFDIRQ & RRECDVRU 3 HMUEWQIV K1Y H SHIHGRH DRIRW \WH QXFEDUVHRRU DQG VARQ) BDGHYKLS VKRZ QDV D
SDWBUMCHQR \KH & DQDADQ 1 XFBDUS RAHM - RAKXD KDV UHFHQ® IRIGHG XV \KURXIK 0 FO DVIMU Z KHUH KH KDV VSOV
UAVSROUEIDIAV+ ZRINQI ZIW 81 ( 1( DVZHODV VXSSRMZ) QXFEDUHVHDUK DQG DAYMA RQFDP SXV : HBRP H\R RXUWDP

81(1( ,VARMERING P R DQGP RIHZ W FRBDIXH DG \WIN-KRTHURW DY) DIRQY KHH IQ& DDA DQGIQVXSSRUR
DIRDHY DIHP HQNGEDD® & RXQNHY VXK DV \KH 3 KITSSICHY DQG, QGRQGHVID KDYH UHDFKHG RXVZ W IQMIAVAQ Z RINQJ Z MK
81 (1( DQUGRXUP HP EHUXQYHWAMAV \R GHYHBS \WHUQKFBDUFDSDEIDIAY GHSHQAQ) RQJRYHIP HONXSSRWWKHVH
FROMWYDIRQY P D\ RSHQGQHZ. KRUL RQV IRUWKH QXFBDURRP P XQW $QG8 1 (1 ( IVZRINQI ZIW 8. FRXQMSDWNRIDQ] DIRQ/
DQG\WURIK \WH,$( $ \R H FKDQIH IQIRUP DIIRQ DQG GDLD DERXVKRZ RKHY DUH P HHIY \WH FKDBIQI HV Rt QXFODUGHYHBSP HQV

$ FRP P RQWHP H DUMQJ IV \WH H SRGHQID® JURZ IQ) GHP DQG | RUVAHQIVAV DQG HQJ IGHHY IQ\WWH QXFEDUZ RINRUFH © HVHHIW
LQWWH HQFRXUI1Q) LQRUHDVH LQ VIWGHQOMHQUUR® HOAQRXU0 ( Q) SIRIWDP  IQWWH IQMIAVE. RXUP HP EHUFRP SDQHV \XFK DV
UHPHQAQMIMYHY Z W %4 XFH 3 RZ HUDQG \WH 1 XFODU, QQRYDIRQ, QAMMM 1Q GHIYHUQ) QXFEDUWRKQRRI\ WDIQIQ) FRXWHY DQGIQ
UHTXHVIV | RURXWHDRK. DQG QKFBDUIDP [0, DIRQIURP RXAMGH RU DQY) DIRQY

7KH GHP DQG IRUQXFEDUSIRIHVMRDY 1V KL KHAKDQ VKDV HYHUEHHQ® D FKD@IQJHIRUS 1 ( 1 ( W SURYIGH \WH HWWHQIDGXFBDU
NCRZ GG H DQG PXOXUH R VXSSRWWDIH DQG HYILRQP HAR® UWHVSROME®I QKFEDUZ RN 6 R Z H DUH DGYRFDIQY) |RUD (DIRCD®
FRRACOWG HIRWO Z RINRIFH GHYHBSP HOWV

$OR WY1V DEAQ) R RXUH MY UHAVHDUK DQG HEXFDMRQ SURIUDP V Z KIFK DUH \WUMIQ) \RGED, : H DUH SBDVHG\R VHH HQUR® HQW
DQG SDMASDIRQIQWHS 1 ( 1( 0 ( Q) DQG' ISEP DSIRIWP VIURZIQ) DV RXUXQYHWAMIAY FRONEX\M H| SHWOWKRRY DQG
SUDRIFDOH, SHUHQRH 2 XUS 1 ( 1 ( DOP QLDUH DVWRQJ JURXS \BINGQ) RQ BDGHWALS URBV IQ\WH QXFBDUFRP P XQW DQGQHZ
VIXGHON Z IOFUQ) \WWHURZ QP SDPAQWKH [XVMUH

. HHSIQJ XS Z \W DOR WLV IV D FKDBIQIHIRUS 1 ( 1 (  DQGZ H DUH SBDVHG\R BAVSRQG Z RINQJ Z W RXUXQYHWAW P HP EHY/\R
GHHUWKH P SRABQAXFBDUBHVHDURK DQG HEXFDRQ VXSSRM) QMRQDAFBDQ\MAKGQRBYI\ JRDY
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,Q$ SUDWH & DQDADQ 1 XFBDUS DIHIV&RP P MWRQ &168& FRQIP HG

\KDVWKH ( QLRGP HQBGS WHWP HOV( $  IRUWH' DUE\RQ1 HZ

1 XFODU3 IRWAW 113 UHP DIQV YDES IRU2 QBUR 3 RZ HJ* HOHIMRQY

23* FKRVHQ6P DOD RGXOUS HDRRU 60 5 WIKQRBI\ \KH* (

+MFKLY% 5 7KH&1 6& GNP IGHGWDW

e 7TKH% 5; UHDRRUGHWLI Q DI QV Z W SUHYIRXVD DAVHWHG
\WFKQRBI HV IQ\KH ( $

o TKH($ IVWRURXIK DQG FRP SBMW 'DUOLQJWRQ '113 605 VLWH SUHSD

o« 23* KDVDUREXWIDQG DEDSWEG! P RQRUQ) DQGIRMZ. XS SURI P
IROHY% 5; BDRRU

7KH QH WHIXOWY WAMS LV D SXEGF KHDUQY 1Q DO \RUHYIHZ 2 3* |V

DSSEDMRQIRUD/ IFHQAH \R & ROMKXPW/ 7& WHIIAB0 5 | DSSIRYHG
\KLY @FHQRH Z LOSHUP IMWH IBWR QXFEDUFRQARKRIRQ IRUWH [IANR IRXU
SDQHG60 5 XQWDWH' DUIY\RQMM 7KLY SIRFHW IGFOGHV
RSSRUNMQUIAV |RU,QALIHQRXV 1 DIRQY FRP P XQUIAV DQG\WH SXETF \R
QVFXW WH DSSEDMRQ DQG WDVH FRGFHDY

0 HDQZ KIBH \WH' 113 \WDP FRQIQXHV \R Z RINRQ SODQAGHWI Q DQG WM
SUHSDUDIRQ IGFEAQ) QARG SHUIP DOHQNFRQAKRIRQ SRZ HU
SUHSDUR) \WH OQG DQG FROAKRIQ RQ VWM VXSSRWEXITIQIV $UWLVW UHQGLWLRQ RI %:5; VLA

%58&( 32:(5 (1'2:6 1(: 7+(50$/+<'5$8/,86 /$% 217$5,2 7(&+ 6
5(6($5&+ &(175(

%UXFH 3RZHU KDV GRQDWHG WR VXSSRUW WKH HGXFDWLRQ RI IXWXUH
278 LQ 2VKDZD 21 2Q OD\ 278 DFNQRZOHGJHG WKLV FRQWULEXWLRQ E\ QI
(QHUJ\ 5HVHDUFK &H QWWXF H5%¥R 2WWMKH7 KHUP D OK\G U D X® HF {5 &D EKRPHIWRR \W K H
)DFXOW\ Rl (QILQHHULQJ DQG $SSOLHG 6FLHQFHMV 1XFOHDU (QJLQHHULQJ SL
VHUYHV DV D KXE IRU VSHFLDOL]HG HGXFDWLRQ LQ JHRWKHUPDO K\GURJHQ
WHFKQRORJLHV

7KH 8QLYHUVLW\ KLIKOLJKWHG WKDW %UXFH 3RZHU V GRQDWLRQ ZLOO VLJQL
IDFLOLWLHY DQG UHVRXUFHV 22XU FROODERUDWLRQ ZLWK 2QWDULR 7HFK 80Q
ZRUNHUVY DQG OHDGHUYV 3 VDLG OLNH 5SHQFKHFEN %UXFH 3RZHUpV 3UHVLGHQW

%UXFH 3RZHU 3UHVLGHQW DQG &(2 OLNF
FXWV WKH ULEERQ RQ WKH %UXFH 3RZH
7KHUPDOK\GUDXOLFV /DERUDWRU\ DW 2
8QLYHUVLW\ -RLQLQJ KLP IURP OHIW :
OLYLOOH VWXGHQW DQG 3UHVLGHQW 1
7HFK &KDSWHU 6WHYHQ OXUSK\ 3UHVL
9LFH &KDQFHOORU DQG +RVVDP .LVKDZ
YDFXOW\ Rl (QJLQHHULQJ DQG $SSOLHG
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7KHO FO DWMUL XFEDUS HDRRU 0 15 1Q+DPIGRQ 21 KDVEHHQUA
GTHQHGIRU  \ HDWY/° D KMRUE P IBMRH IRU& DQDEDY P RABRZ HUXO
QFEDUUHVHDURK UHDRRU 7 KH UHQHZ HG RSHUIDIQY @FHQRH Z DV JIDQMG RQ
-XH E\ \WH &DCDADQ 1 XFBDUS DIHW&RP P MRQ &168& °

& DQDADY QXFODUHI XOWRU WY/ \KH BQI HWEXUMRQ TFHQFH MXHG \R
015 LQWH UDRRYY KMRY

VXN \KH O FO DMUL XFODUS HDRRUZ DV \KH ILWAXQYHWAW EDVHG
QXFEDUUHDRRUIQ \WH Y4IMYK &RP P RZHDIK 0 15 IVRQHR \WHZ R@Y
GDAQ) WXSSHYR IRACH D P HAFDAVRRSH XVHG \R WHDVSURADAM
DQG RKHUFDGRHY 7 KH UDRRUDOR SDWGHLY Z W IQGAMY DQG DFDGHP ID
RQDZIGH DQIH R UVHDURK DAYV 7 KH GFHQPH UHQHZ DO LOHQUXUH \WH
0 FO DWMUUHDRRUFRQIQXHV R VXSSRWA URXQG EUHDNQI UVHDUK [Q

KHDGK FODQHQHJ\ DQG P DWUDY

4 03A0«z]P ZzE!'n0 «RE n Ez!Ri A.E« x «!RBl B

$ D 1XFODU+XE/ DXQRK DQGZ RIWKRS ZDVKRAMGE\ 8: 2 : HAM®Q5 HVHDUK 3 DUGHYKISY DWKH , YH 6 SHORHU

/ HDGHWAKLS & HQWH 1Q/ RQGRQ ZIWRYHU  SDMFASDQW IGFOIAQ) XQAYHYAW IDFXQV  BDGHIAKIS IQGAMY RU DQ] DIRQY DQG \KH
P HAFDIDQG KHDEK VHARU , QMDRIYH WDP EUHDNRXW Z HIH FRQGXPWG CDIO \R VRIAVOSXWDQG SHYSHARYHY RQ+ 8 % DP EMRQY
YIMRQ DQG P MWRQ FRUH WD IHY QXFEDUHGXFDMRQ DFDGHP IE SURIUDP V DQG GHYHBSP HOMR KLIK® TXDOIHG SHYRQQHO
+43 IRB ' DQGIQEMY VQXFEDUZ RINRIH - HIY +RSZ RRGDQG$ MQ/ HZ DWHQGHGRQEHKDDR 81 ( 1( 2 \WWHUS 1 ( 1(
QG P HP EHURU DQ] DIRQY DIWHQAQ) IQFOGHG&1/ . IGHAEVDQG1: 02 7KHZ RIWKRS IQSXVWDIQG SHYSHRIYHY Z IQEH
IXUKHUHYDODWMG B\ WH XQYHYAW AR UHIGH \WH FROAKPADQG H| SHABMRQY IRUKH ;- HMD 1 XFODU+ XE RSHIMRQ/

© VMOS8 QYHWA IV XQATXHD SRMRGHG R EXIG D UMVHDURK LQMQUYH + XE \R VXSSRUVANMI LE SURIMIAV |RAKH QKFBDUDQG
P HAFDOHRRY HJ P DMIDCSUIRSHMY  DQDOMY IXHOWDRRY DQG DGYDGRHG WDRRY Z DM P DQDIHP HOADQG

WARVRRSHY 7KH + XE / DXQFK VHWMRQ DOR IQFGGHG D YMVDQG \RXUR VRP H 8 QYHWAW ( QIIQHHUQ) DQG &KHP MY
OERIDRUHY DQG\MMDADIAY IQFBAQ) KLIK WP SHIDXUH P DMID® \WWAWDE P HRKDQEDOAWHW DQG 1 UDRMUH OE IDAMV HBPWR
FKHP IFDOMAMDE IDARFKHP MY OF UDARBJ IEDOVRXUAH IDAMIV
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7TKHWHP HR &1$ ) RXQGDAWRQV |RUB XFFHW XQGHWFRUAV WH [P SRAUGFH R O\ 1Q) VWRQJ JURXQGEZ RINIRU
ERW \WH VXFRHW DQG DGYDQRHP HQAR \WH QXFEDUHQHUN 1[G 1Q& DDA 7KLY Z IOHTXILH \BNQ) IXQDGYDQMIH
R RSSRUNQUAV IQFGAQ) FDSMNQ 1Q) RQ DQG EXL@IQ) KXP DQ\BGIQMRWMIQ) SXETF DQG SUYDWM [ICDQAQ)

DFFHBUMEY UHVHDURK DQG LQQRYDIRY IRUIQ) P HDQIQI I XADQG OMIQY |, QAT HQRXV SDWGHWKISV DQG HQUXUQ) 1X\WMUH
IXHO/XSS® ) RUWH QXFEDUIQGAWY \R [X® WHDQ H WHVH RSSRUNQUAV DQG HQVXUH QXFEDUFDQ SO\ DQHYHQP RUA
IXQEDP HQBARGI 1Q & DDADY FBDQHGHU\ XMW FRRSHIDARQ FRADERUDARQ DQG FRRUGLODWRQ DUH P RUH

IP SRUBQARCD, \KDQHYHUEHRUH &DQDGD IV VHWR WDSIGD H SDQG IW QKFEDUVHRRUIQ ERW H MIZY DQGQHZ P DUNHW

7TKHHZHHRMHU  DWQEHY OUHWHW  ZDWDANG [URP DOFRCHY R \WH QXFEDUVHRRU DOBIYHY R
JRYHIP HON IQGAMY VXSSO FKDIQ DFDGHP ID ! VAMGHON  UHVHDURK IQANAIRQY 1QET HQRXV UHSUVHQBAYHY DQG
D OU H IQMIDMRCDMWHEDGRH 7KLY\ HDUV DIHQEDGRH VXFPHW KDV DOHDG. JHQHIDMG D QGHZ. DQG QW HUYHQXH
EHQ) SOQQHG DWKH 2 WIZ D 6 KDZ & HOMH IRU&.1 $

" HBU DMV KHDUB XSEDMV DOVR QXP HIRXV IURP DFURW \WH FRXQWY - SURVIGRIDCDQG | HGHUDQ) RYHWEGP HOWP LOMMY
XQWGIQFRP P RQFRP P W HQWDQG FRRSHUDIYH 1Q SDWZHWKLS \R DFFHBUDM \KH QXFGDUFBDQ HHU\ WDQUMRQ 8 \IDW
&( 2 VFRQRIQHG DQG VXSSRMYH LQ HDFK RINHUWY QHZ. QXFEDUGHSE P HOAQUIDAYHY \KH XQYHWAMAN DQG HEXFDURQ
VHARUI HDUHG \R VXSSRWD QHZ JHHIMRQ R HQHU\ Z RINRUFH QXFEDUUHVHDURK DQG LQQRYDUMRQ GHYHBSP HQW
SIRILW 60 5 DQGQHZ UHDRRUYHQERY VKDUQ) \WWHUGHYHBSP HQW DQG SHYSHRAIYHY 1 XFBDUIXHAR FE! P IQQ) DQG
KD®IX P HAFDAVRRSH DGYDQFHY DQG H WATDO/SHDNHLY IURP \KH 8 QUMG 6 \BAMY DQG DEURDG

) RUXUKHUIQRUP DIRQ EH VXUH W FKHAINRXAWWKH $JHQED  3URIWDP SUHVHQBMRQY VHP ICDLY DQG GVSO\
ERRW YHQCRUWNEGI QAIQ) RQWH &1 $ ZHEV\M




92/80( ,668( _6800(5

X Ox 0«3 E"( A03 1} nave-

zn z (Xz3x nnx .(En ««0 1A .«3Bx«3c z( (& z!0(
«0 A .«3 «i( & .«k3R..”K0 «E «¢ BB PO

$ RCH @D\ Z RUWKRS IRFXVHG RQ QXFEDUUHVHDUK RO KRWMGE\ 81(1( $( &/ &2* &1$ &16& DG
15&DQ ERXIKWRIHWHURYHU  SDUWFLSDQN IURP JRYHUP HQADFDGHP ID DQG \WH QXFEDUIQGXY 7 KH JRDCZ DV
R DWHW RSSRUMQUHV DQG EDUIHY \R 6 P D@D RGXOUS HDRRY 60 5V DQG DGYDQFHG UHDRRUGHS® P HOWDQG R
H SEUH WH UAVHDUFK  FDSDELDM  DQG LQUDMAKPXUH QHHGHG [RUWHULP SBP HQBMRQ 1Q & DQDGD

2 SHQQJ BHP DUW ZHHP DGHE\ ) UHG' HUWP DUDU 3UMGHOV &( 2 R $WRP IF ( QHU\ R &DQDGD/ V8 DQG- RKQ
* RUPDQ 3UMGHOW &( 2 R WH &DQDADQ 1 XFODUS WRFIDIRQ 7KH KLI K@ K\WMG D SURP IMQJ [XWUH | RUQKFBDU
HQHU\ 1Q&DQDED SRMRQQ) IMDV D NH VROMRQ IRUFTP DM FKDQIH DQG HQHU\ VHRXUW 7KH HP SKDV] HG \WH
IP SRWUQFH R & DQDGD P DIQEAQIQ) W BDGHUKIS 1060 5 \WFKCQRBJ\ WURXIK WP HO DQG EXGI HWFRQVFIRXV
GHS® P HOAR SDQUHG 60 5V DQG QHZ QXFEDUSIRWIFW

7KH Z ROWKRS V QYFXWIRQY IQYRYHG \WWUHH P DIQ SDQHY
1 XFODU( QG 8 VHY ) HDWUQ) 2 QIBUR 3 RZ HU* HGHIDWRQ 1 HZ 9%4XQVZ IFN 3 RZ HU %XFH 3 RZ HU
6 DVNDWKHZ DQ 5 HVHDUFK & RXQFIO) LML DMRQV 3 RZ HUS XWRUN DQGWH ) HGHIDO HSDW HQAR! 1 DWRQDO
' HHOH
5 HVHDUFK , QUYM\MV DQG 1 DARQDO' DERIDRUHY |, QFOXGIQ) UHSUMVHQEMYHV IURP \KH 8 QYHWW RI 1 HZ
%WXQVZIEN : HAMDS QYHWIW 8 QYHWIW R 2 WIZ D 2 QIEUR 7HK 8 QYHYAW 0 FO DVMUS QYHYAW 8 QYHWAW
Rl 6 DVNDWKHZ DQ 2 QIR 7 HFK 7 DBIQWDQG & DQDADQ 1 XFGDU/ DERIDRUHY
1 XFODUI HQGRWY ) HDWMUQ) $5 & &BDQ7HFKQREJI\ * HGHIDQ, BFWE + MIFKLE0 5 7 HFKQRBIIHY 0 RGM|
7HUHMD GHU\ © HMIKRXVH ( BFME &R : (& S@D6DIH1XFODULRS 861& DQG; ( QHU\

. H WHP HV DQG IMVXHV KLI K@ K\WWMG GXUQ) WH Z RUIWKRS LQFOIGHG

7KHXUHQR R 605 DQGQHZ QXFBDUGHS® P HQADQG \WH QHHG | RUH WUDAQYHWR HQW

7KH QHFHWIW R GHYHBSIQI \WMFKQEDOBBIQADQG Z RN RUFH | RUBHDRRUGHYHBSP HOADQG GHS® P HOW

7KH QHHG I RUIXUWHUFRREICDUWRQ R QXFBDUS

7KH [P SRMIQFH R P DIQBIQIQ) & DQDEDV BDGHKLS 1Q QXFBDUGHSE P HOMVXSSRWG B\ RQIRIQI UHVHDUFK
7 KH QHHG | RUFRMERIDIRQ RYHUFRP SHIMRQ

7KH FD@IRUD QHZ & DQDADQ 1 XFODU5 HVHDUFK 5 HDRRUDV D QDMRGDCDWHWKQGHUD QDMRQDOMDWMI\

7KH Z ROWKRS FRQFOIGHG Z W D FDOR DRIRQ HP SKDV] 1Q) WDWIHVHDURK DQG GHYHBISP HQADUH FUXFIDOR XQBFNQY
\WH IX@BRWMQIDCR! &DQDEDY QHZ QXFBDUFKDSWU













