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CYEEU AEGoeY A1WJyWR| W hv]

&RN {€ ASIWYLFXODULD ®EQRAUA«|IA cYEHEPM PAXA B @&
A [M eY€e %fE§PTUKAIRY Z] \'Pei 7] EEAAa KEFAEY{ E v»
—EY€c« (AZI® L EfTERE-TPH—\ISAX[f»Y «{ Yo EVYAAf» A 722G
Z»YAm A {BnEY €AEHAE |E|mE@M ftA A €3 Mo A{A AME A]A — -
oA JrSPA Bk AR |k €-f"» EeAZ §ip ERZIIAa \i €e «{ E|I.,” S-¢
cAvan» of °A A 1 -ZERAARAP{EGEPOELA{ BEHY A ®EY 2—7Z
o{ YRZE® Ef BrB¥ee HAHEA-Z¥EqQ 7] EBEAEA €A A] AMEASEAZI
Es€liq |e{Y{ ARtpe] {E¥A» (°(\*1 A A|lt. EpZBAZBaALM Ef],
IDTLQH]EDGESEZ Al Ef"Es °«SARYa A{« |cfz» EEEA -EELA
.DPUDHMX DOEAANMHW DO D FA/Aa of 88A 4RA pAXAESHAA-
*KDKUHPD GIMD HMB BEEVs < A Ef"E<TEZA[MZa »%ZABR, AZBA {

6KDWHIWIL.Y ERX V€ DA ARG Y A EeZfyZZBZAEBY (iA&ke Yo E
EvaA E3Eiy %Ho|xY,2*ADO E» E@EAa A{ UEY %ZAZI3 «f ©°,

;XQFDFRHDHRSK\OODFHPHAIBE ST Ay Z»A €AZeAEEZAZnEY A]
E¢Zf"AA™ {€}DEDRAMMIHUDFHDE] 1% ,1° 7Y €fA&LJSXUEXYEXQJIDU
VBZRZBY EZ3-Z$UPKHLEROB ( ZB3RO\JRQXP DPSKLELXAEa EZA
EYE€Eq {ABAZRZA{ {ZE+ EZ»n€} VAL ZH YARAPRIVAIRQ QRGR
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*KDKUHPD QDPWNMQE DO , D |Af A \.Z£ AHSAFEHEZAY{ |E|<
E°E{,¢E ppROUBWLDO HW DO WEY EBRA DN ¥f K] e AT {
|A{ LYEE—ZA» UEY EAZIV8KAA]Z8FL 1c o §ZE A 1ZZAZI3

A [MR%LJA Z>TE{fTZ&K |¢cZ» HEY Ee«Z3+Z1Dv]Am/Mdod
A %BZAZIi3 oY BeZZd " RZYZE ¢ M EXE], BAYBLBEEM » —Tv» Z] % Z
VBN |¢oY{sAy€] Z1¢{ «{ E¢ YAAERE {%o{ ¥t (¥ €AY CAGTHRE ~ A [N
€y '€ » o{At|®EZAATY ,{AwDKUHPDQUQHMIGY |« SAZ™
A E« AZ%EI»-EAA TE|"e ,EE°A. |Af A
°] «Y E¢ZAEmM cY€line A BRZEFY ZVED{T Y- {EEFZMY€am S
t"t SAZ™ «{ E I"— °F>» »>YHEEZYEVLI»m SEX>E€a Z] EAzZIs
ZE AAOMEy A ®Ey AL ZA»ZEHYBN €S ZBENIEAELHYE Y-Ae
-RRVWHQ DQG &PAUMMAKBZETZANY{ %EYc |o{Y{ <ZAflyY{Ay
EeZA [EXAAMEAKQRRUH a_7ZA» oY cAX¢ °f IRAEY:€IEY E
EY€q AMBEREAIEE3{ANEA Z] ¢ckKl'e ,%IACYIEEERA. EuYA,
112« A [AYYREEXEA «AAA ‘(W|fo|¥e¥{+{AZI3 . €fNANRIEKM Y|
cAAe “LARY,ENEEVEY{-Ay€]A |R¢X{IFZA8ZAY E<Z; \E€ze ,Ef]
E1Y|¢Z» EARIGAZZEEA. A BAZAASBEI€ E{ °£» TEO{ Y ,
6 QDWBOWJIDQLXP HRYAWXE]EPYENM " 11A”Y %EY «Zy EAZI3 S<A
A 1DTLQH]KDG %IDBPAJORUG *KDKUHPWQDO diY E¢Zf"AA™ E
IDTLQHAKMD GO 5DQXQFXOXV SIKSAWD&XVEA Y %BYAZ]ERKANE
“BM cAZfioA & ZKaVAk» YEY «YADYVEEY\AYer AMZXKE{"A» «{ EEZI§YE€
E1Y | ¢ 26 @UARAIARYLA | A YooY , ACOEd VP YA AEAZI® S<AR E€E-~a
E“ld>Ee AZBRAMFXOMREDIZ ¢ YA E€ETHAYZ ¢ E BARAED € Z Ya<
EYE] diY A|IEz] °fF ARA EdWRY YRR WFREY]€LA[AA nY
A EAAIBGABEYsAAe Y d>Z"u AEAZ|IBZEBZHEEEdm SA YE€U{A Ef I
L CAET E¢ZTEAMAIBYEBYEY E-BRZInZSIEXAN € E{ Z] +AX¢ E]Y)
t"f A 2y,Y EY €m@¢ oY [M EEAAAME Y |40, $&Y EZB ZT"AA™
d<Y{ 1»Z~ AmAe E3{A-MDTH QHHAD & pZ MY « € «[xA m



ﬂ\l]{'YEﬂﬁ(}QBﬂA)EEZ?AfIE'EA,EE\ E}(»|—|»
5HIHUHQFHYV -DOLOL % $ 1IDTLQH]KDG $ .DP
$QRQ\PRXV $YDLODEOHHWOR®G HFRORJ\ ZLWK DQ HVS
KWWS ZZZ WKHSODQWOLVW RQJ ZHWEOSBSWEHAREDHRJLWDWY RI VR
SQLYHUVLW\DRIDOD IXE®LFDWLRQ
SUFKLEROG 2 (FRORJ\ Rl :RUDG
O9HJHWDWLRQ &KDSPDQ DQG HD@®L/RYGHQ +DPJHK HH 8 $VUL

S 0 . KRVKQHYLYV 0 3DNSDUYD
$VVDGL 0 $ $ ODDVVRXPL O$SNEDWIDRHX 5 6DIDYL = )DU
9 OR]DIIDULDQ #(GV )ORUD 6KDKPLU ) .D]JHPL 6DHLG = %

RI ,UDQ 9R®WHVHDUFK ,QVWLWXWHORHVWLIDWLRQ RQ HFROR
YJRUHVWY DQG 5DQJHODQGY RIRVYBOQ 7RIK UG D QOdV D BVIRRRXQ DYCHI |

3HUVLDQ WKHLU UROHV LQ HFRV\VWHP
&RRN & ' . $TXDWLF SODORKERRAN RIBGFLHQFHV 8QLYHUVI
DFDGHPLF 3XEOLVKLQJ $PVWHUGDP,Q BKIWVLDQ

1HWKHUODQGV S -RRVWHQ + ' &ODUNH LV
'DYLV 6 9 + +H\ZRRG PLURY DQG SHDWODQGV ,QWH
+DPLOWRQ (GV &SHQW&HRQVRU Y3IWIRY *URXS DQG ,QW|

'LYHUVLW\ $ JXLGH DQG VWBBRMWHMWSIRU WKHLU
&RQVHUYDWLRQ 9RO 6RXWKRDPUPQLF®F $ I1IDTLQH]KDG )
‘HVW $VLD DQG WKH OLGGOH (DVWORDPE&SKEHWIOWQG IORUD D
,8&1 3XEOLFDWLRQV 8QLW GLYHUVLW\ RI WKH :HVWHUQ $OE
'MDPDOL 0 + $NKDQL 5 .KRVKUWWKHURRIDRILD %DOFDQLFD
$QGUIRIQHO 3 3RQHO 6 %UHZHU
$SSOLFDWLRQ RI WKH JORPMNOPIELRFOLEDWIVPDQL $ $ $O
FODVVLILFDWLRQ WR ,UDQ LPSO3GDQUQWNQVRIIRUWDWEDQIQ :
XQGHUVWHQ PRGHWQ YHJIHWDWILRRPY QUK® K-RXWD@O Rl 6FLHQ!
ELRJHRJUDPBKORJILD OHGLWHUVODQMIDF 5SHSXEOLF RI ,UDQ
.DULPL / 0 5 ODUYLH ORKDGN
YJUH\ : + .+UVFKQHU : 3UREDWKHEOHEL 0 1DPLUDQLDQ
JORUD DQG YHJHWDWLRQ LQF®KIINQJIOIOH RUPSPIBGHVKRUROR.
DQG ODUJHU YHJHWDWLRQ FRPEBHVKYV IRQHWUWBHILRQ LQ 1R
,Q <DUVKDWHU ( (GV SQRFHOR BRHEH \DW 5HVHDUFK C

,UDQLFD 1HZ <RUN %LEOIHRWIORFPP BWVLDQ 3HUVLDQ
3UHVV SS .OHLQ - & $ /DFRNWH
*KDKHUPDQLQHMDG ) + 1BRJVUQEBBOB[ RUEWRKRWW LYXEVS

JORULVWLF VWXG\ RI 0XQMXJKNRWVYD & EWEDEIRHRYOH FHQWUDO
LQ ODUDNDQ SURWHFWHG DUHDN R KSR HQWMLCED OMDEKDUQLqUH C

SURYLQFH 2RYWDQLKD VLEHULHQQH HW HLFR@RWIRXUD C
,Q 3HUVLDQ OHGLWHUUDOQHD

*KDKHQP@HMDG ) $ 1DTLQHQQ@@GB $ 0 + 5 ORJKDGGDP

%DKDUL 5 (VPDHLOL $ Q5IDMVPHR EW KWL RO WKH JHRPRUSKR

WR IORUD OLIH IRUP DQG GLNWRAXWWRRQRRI WD QWNRU /DNH
LQ WZR SURWHFWHG ORZOBHRQ IRUHNRDW@DSHKYHDUFKHYV
6HPHVNDQGHKHDIDG 'DMKDMGDUDQ ,Q 3HUVLDQ

1 ,UDRXUQDO RI WD[RQRPRRD®G3 ' :HWODQGV UHYLV
%LRV\WVWHPDWLFW 3HUVLDQ HGLWLRQ )DFWV RQ )LOH ,QF
*KDKUHPDQ $ $ 5 1DTLQH]RDGLQHIWWDS 0 %LGDUORUG
% +DP]HKOHHVVDGL 7KH NOHFQXY 6SDWIBRDEADH LQ ,UDQ
RI WKUHDWHQHG EODFN DOGHZ IRGENVWINVRQY INRKHWKH )ORU|
&DVSLDQ ORROW RISV WD@LKDUDQLDQ -RXUQDO RI %RWDQ\

,Q 3HUVLDQ IDTLQH]KDG $ )D®OWOMWDU .$ -
-DIDUL 6 0 + $NKDWQLRI OBBOCOQIKROL D 30DQW %LRCG
-DKD 1DPD SURWHFWHG DUHWODR® HREDWYBWWSSHY RI &HC
SURYLQFH 2DNUDWDQ -RXUQIXOERRI] OWV $XVWUDQLDQ -RXUQI
%RWDQ\ %DVLF DQG $SSOLHG 6FLHQFHV
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IDTLQH]KDG $ - 1RURR]L 0 W )WRURBRWBRUIZVFKHY OXVHXP
(QJOPDLHU GHORHWY RHYID +

KHWHURSK\OORXV 5DIMWXBQEXFUVRIZKRRWDHU & 7KH OLIH IRU
SHOWDWXYXQFXODFHDH LQ DQGQWDWUVWLFDO SODQW JHR.
SK\WRJHRJUDSKLFDO LPSOLFBWHRRRUBQG D QHZ
GHWHUPLQDWLRQ NH\ IRU ,UPKQRDRIL%DWUBFKDXORLOL 6+ *DV
$QQDOHQ GHV 1DWXUKLVWRULDAKRO]ERRGHXP)Y LEJLPL ORWHP

'LHQ BWXG\ RQ IORULVWLF OLIH IR
IDTLQH]KDGRWVHA QL 0 $ 5DMBPWRORI\ Rl ZHWODQGV LQ Q
6+ 6DHLGL $ IORULVWLHDVWKGQ RGORSHY RI 6DEDODC

ODJLERQ DQG 6LERQ SURWHRWUHGD/@RRRBRWY DQG %LRV\VWHEF
5DPVDU DFURVV WKH DOWLWXGLQDO QUIHILHDOW

P -RXUQDONDFRQRP\ DQ&XDULIL - $ -DOLOL 6+ *KD
%LRV\WWHPDWLFVQ 3HUVLDQ 1DJKLQHMDG $ $ ,PDOQL 2 U
3LQJ : < =KDQJ - <X * )XRI)FRKORJILFDO 6SHFLHV *LYHQ (

9HJHWDWLRQ G\QDPLFV eRBGXFHGHWELQ 1RUWKHUQ DQG (I
JURXQGZDWHU IOXFWXDWLRQWOLEDORKE OCORRGUIVORIQKHRI 1DWXU
5LYHU %DVLQ QRUWKIZGYW RU@ BKLR@PHMQAQLDQ MRXUWDD RI
30DQW (FRORJ\ UHVRXUFHYV ,Q 3HUVLDQ
3RQHO 3 93RQBOLKX 'MDPDG®IYLWRN O 5 +ULYQiN + 2"DKI
IDKLMDQH\GHW 0 ODVKNRXU'~EUDYNRYi 3 % [BODRNH 9
JRVVLO EHHWOHV DV SRVVLEORERGOQGMQFH IRKH LPSRUWDOQ
WUDQVKXPDQFH GXULQJ WKHDPIGG GEHLRPQBO OMWWRUY RQ WK
+RORFHQH LQ WKH KLJK PRXQAUBIDQWHR! 7ZHOMOPKGY LQ &HQ!
7DOHVK LQ 1(QYUDRQPHQWBWODQGYV

$UFKDHRORJ\ =RKDU\ O *HRERWDQLFDO )
SHFKLQJHU . + HG )ORUD RI WKH QDE®OHMHHSDUWPHQW RI %
,UDQLFD $NDGHPLVFEKE *AVAFDY )LVFKHU 9HUODJS 6 WXWW

9HUODVDQVWDOW *UD] YROV



-RXUQRW BHMWHDUFK DQG '"HYHDRSPHQW 9RO

$ SUHOLPLQDU\ IORULVWLF VW NX®ORIQTH RBW GHEK M S WR WIXGAH

K $OLQH(MDBH]D@LIDTLQH]KDEDPDOL

0 6F RI JRUB¥WOW\ RI 1DW 8U P BRANHROUPRHNG ,UD Q

$VVRFIADMHVWRNUWPHQW RI )RUHVW GBMVFOFAKEIRY\D RS QUDWMX WD &\ 8SUPLLC
,ubQ

$VVRFLDWH 3O HWPRLE ®RRAX OW\ R %DVLHBNLMQRIVODEQOGDUDQ %l
, 5 ,UDQ

,0 %( $ADUVHLOOH 8QLYHUVLWp &156 ,5' $YLIJQRQGSH) OYHUERMS %BL

) SLHGBURYHQFH FHGH] JUDQFH

SHFHLYHG $FFHSWHG

$EVWUDFW

7KH KROKVLWXGH /DNH 1HRU DORQJ ZLWK LWV VRXWKHUQ DQC
QRUWKZHVWHUQ ,UDQ $UGHELO SURYLQFH DUH XQLTXH LQ Wt
IORULVWLF VWXG\ SUHVHQWYV WKH MRR@IOFRIPSWVLRILWE&HR VBXW
ODNH DQG LWV PDUJLQDO SHDWODQGV DORQJ D KXPLGLW\ JUDG
RQ YHJHWDWLRQ FRPSRVLWLRQ DQG ZDWHU DYDLODELOLW\ $ V
JHQHUD DQ®LHVDPHUH LGHQWLILHG 7KH PRVW DEXQGDQW IDPL
&\SHUDFHDH VSHFLHVY $VWHUDFHDH DQG )DEDFHDH VSHF|
6DQWDODFHDH VSHFLHV HDFK 7KH OLIH IRUSHB RO \V LV DUHY |
KHORSK\WHV VSHFLHV SUHGRPLQDWHG LQ WKH IHUVW VK]
SHDWODQG WUDQVLWLRQ ]JRQHV :KHUHDV KHPLFU\SWRSK\WH Z
DQG IRXUWK ZHW PHMORZN ZYMHNKWDWLRIDQE VSHFLHV UH
FKRURORJLFDO YLHZSRLQW WKH YDVW PDMRULW\ RI WKH IORUI
DQG RU7XUMDIADQ RULIJLQV 7KH 1HRU PRQWDQH ZHWOAKQEKLY RQ
LQKDELW D QXPEHU RI UD Wb CSLDID@W XY THFERHW/L XX 6 B UIB\DY UPLLFYR U
FRQVHUYDWLRQ RI VXFK XQLTXH YXOQHUDWG®H PHBRWWHWUNMWER Q
JHQHWLF GLYHUVLW\ Rl WKH FRXQWU\

.H\Z RUGRL V WXIVGIIORQWODNIHHRU 3HDWODQG 5DUH DTXDWLFV

&RUUHVSRQGLQJ DXWKRRPUOUDPH]DQL#XUPLD DF LU






