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-FUUFS GSPNUIF&EJUPS JO $I1JFG

IBUNBLFTBHPPE SFTFBSDVYPEBFWIBFXRISOUHBMFFBSDI JO B CSPBE
"MNPTU VOJWFSTBMMZ B DPOIMYROFRWIEGAAOBOIFDMBTTSPPN JU
TXFS XJMM CFDMFBS DPNN\BOQDHB EFPG #NUWIBRFS!IJTCFJOHBXBS
EFMWJOH EFFQFS JU RVJDUME QVORMNBB BIFRIBBSGQUIT WPMVNF $F
UIBU XIBUDMFBS TDJFOUJ -«D XSJUSEOSSBPRPLTREINBENOBSEQWOMARITTIP
BVEJFODF SSFEREFHMHGILWQJIJV RIODQLWBEDBEZRBRYEBSIJUPSXB + $IBMMJT B NFN
DWHG6FLHQFHDQG (Q92.GHHBT 8 CSHEEDR PR BVUIPS PG UIJT TVCNJTTJPO
BVEJFODF UIPTFJOUFSFTUFE JO UDAVRFEFEPGS.BIO BWMACBITVQEFBPO EFMJC
HSBEVBUF TDJFODFBOEFOHJOFFSDORJRYVEBORVOEIB LFBEXBPSEHS8PDIQJIFOL
JOHUIJTEJWFSTFBVEJFODFJT JO (BIFWRE B XBH BNB £ F BCEZ AOGRR/ N8 B B DS F $IB W
UFYUGPS UIFBSUJDMF UP CFBQQSPBBNBEOVEHURR BYUBPOPNQRMMFBHVFT
XJUI B DBSFGVMMZ TUSVDUVSFE *GBWBEXPE URPPSERVBBMABROYFBSIQU"
UBOUJTUIF $PODMVTJPO! QSPWJBIEHWB DR VB SPIEPIN S ¥ WJID B B NBDR/G D S JQ
UIF SFMFWBODF PG UIF SFTFBSDI| SFOMISKTBXPEOE F MINNB S S TBABPQOSPWJIEFE
FNQIBTJ[JOHPG JUTLFZ -«OEJOHT $MFBEXPVPSGBRJIJDBNIRNOBEETIJPO OPU
GVOEBNFOUBM WBMVF UP B TDJFOWEMWYE RBEVPVBSIHYREBBUBSEMEWRF BGFT
UIFWPMVNF OPWFMUZ PSJOEFFEFMEQUTVRROVT PSIQIFTSEAIGBSPUTIBSF
PSSFTVMUTPCUBJOFE "UIJSE BT (PRDYFAG BIMFIEPDENNV.B0DBBCBOT VOEF
JOTDJFOUJ-«DXSJUJOHJT TFMF D UUOBHBIWEID BOBFITICM K IBRIBT REBGEQFF
BHSFBUEFBMPGEBUBJOUP B TFU PSSP NSPY B QP IVOOFIM B NHSFFQ BNDET | F
UBCMFTUIBUCFTUDPOWFZUIFSFTFBYDIDWEMB/WIRMABU IBT CFFO UXP ZFB
4DJFOUJ-«D DPNNVOJDBUJPO IPRFWIFPOEWRETZ BDRVOSESIAIMWFIOUFSOBUJP
UIF QSFQBSBUJPO PG UIF NBOVTDS944U JBISAMBO F Q BOIM PTRYQW GETDSF U I
UISPVHI UIF SFWJFX QSPDFTT GPSWIPUFBVUWPSTBCGPSFWEBXBSUJDMF BS|
5lFCFTUNBOVTDSJQUT FYQMBJO UGN SIMIZAZBGHO BOPBUT SF UDFPRIOBINA/ F U P X
XFMM FOPVHIUIBUUIF SFWJFXFST QWAPSP:GBANROB S WFSIZPIGF8IS® NBZ -«OE
UJDVMBS -«FME BSFOPUMFG% RVFIQGPONBHJIWKF SEME AEEBERN NHFEYREBJF
PSDPODMVTJPOTPGUIFXPSL 5IF SNWJIFKFEBSDFBIOERPWIRRWBOBFSTJOP
SFTQPOTJCIJMJUZUPUIFBVUIPSTUP BOONVSHFUFBS BIFNBR\LFOAOBRG AEAE
CJHVPVTMZBEESFTTUIFTIPSUDPNSOBDOIBEGHIFINRBEG?PBES S@BWUPHBSITIJQ PG
UPFOTVSFJUTJIJNQSPWFNFOU QSJFOWR QNEMIDBVOEBSS HGB MBEFUMIZXJU | B
JO SFTQPOEJOH UP UIF SEFWJFXF S T3 FWPIN-NFTOACTN JBEVTU PROSTTGNPASTAP MV NF A 41
QSPWJEFBDMFBS SFTQPOTF UP UIBEFWBOPFT. BOROFAEIBOV RVBBBHUJUDG X
UJPOT XFSFJODPSQPSBUFEBOE XI1JDI XJUIKVTUJ-«DBUJPO XFSF
OPU 5IFTFSFTQPOTFTGBDJMJUBUYIBO LA GPTUSEBEL BOE GPSUICF
UXFFO BVUIPS SFWJFXFS BOE FEJUPS UP FOTVSFBUSBOTQBSFOU
SFWJFX QSPDFTTBOEVMUJNBUFMZBIJHIRVBMJUZQVCMJDBUJPO
51F BCJMJUZ UP DPNNVOJDBUF DPNQMFY DPODFQUT DMFBSMZ
BOE UP DPOTUSVDUJWEFMZ DSJUJRVF DPMMFBHVFT BOE SFDFJWF TVDI
GFFECBDL JTOPUPOMZBTLJMM SFMFWBOUUPBDBEFNJBPS SFTFBSDI
*UJTBMTPSFMFWBOUNVDINPSFCSPBEMZUPBOZDBSFFS SFRVJSJOH
DSJUJDBM SF,%FDUJPO PG POFT!PXO XPSL BOEPGPUIFST! GPSUIF
QVSQPTFTPG MFBSOJOHBOEPG JIJN@EIFWEOH NFHBERPOFHEVDU
5IFSFGPSF XJUBRIE*IPBWOEGHPBMBEPEEIJUPS JO $I1JFG
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60JWFSTJUZPG .BOJUPCB 'BDVMUZ 1SP -«

%S +PIO"OEFSTPO %S .BSL)BOTPO
BURIHVVRU &RPSXWHU G6FLHQFH 8RMWRFLDWH 3URIHVVRU (QYLURQPHQ
8IBUPQQPSUVOJUJFTEPVOEFSHSBEVBBRDMBNNIDIVUBVS MBCOEFSHSBEYV
OVS MBC EPFT XPSL JO BMOWAOYPNEVS JOIE MPWF UP IBWF B TUV
UFMMJHFOU TZTUFNT TEMEZDEGNRUP QBEXODIBTUVEZPS QSPK
QMFTPGBSUJ-«DJBMJOUFWMNE NBOP B R GBPAAVTHIRUIFFFOKPZ DPNJC
DPOTUSVDUJPOPG XIPMKRIJIWZTEBRPRVEF BXIHFOFENNFS SFTFBSDI G
UupPp GVODUJPO JO B HIWFOVERFNBRJIO C\B8B *IN KVTU POF QFSTPO
EP NBOZ PG PVS INQMFNEOEBBTBSF P®BZCFHFUUJOHTUBMF
IVNBOPJE SPCPUT BOE BRABNMTXIRTRHBSVFAYQFSJFODFWBMVBC
MJLF CBMBODJOH BOE IB®S5 VAE PFPHPSEBOBUFT
UJPOUIBUBSFNPSFDPNQMJDBUFEBBOENDPRIIASEFGDBEARVUNMECFINQVWMBS UF
XIFFMFESPCPUT 5IFSFBSFPQQPSBVOGOUFFIARIEM MB® UB BTUZE)YSHBE JORV
81ZJTSFTFBSDIFYQFSIJFODFWBMVBOMPEGRPFBOEWZBOBEEBBWMZIBOEDBOL
.PSFBOENPSFDMBTTFTBSFCSIJOHQOGBUOGNXYBNOMFMIPEG 36 ZPB/SEDIF XIMM
CVU ZPV HFUPOMZ B MINJUFE QFSTRIRPWBINBIFOB OMBETFSHIYBENBRE F FYD
UP TFFBO PWFSWIJFX PG B -«OJTIFBI¢FNQFBU PGB BAMSIIPPRMND TJTOQ IF EPPS
QSPHSFTT BOEUIJTIJTWFSZEJIGFBFOWRSBEOFBDESMFODBFCH BRGFSFHHP N N |
DFTTZPVSTFMG PVBMTPUFOEUP CBFTT\BEQPINFEBBMBRONVOEBDRNPOT XJU
BDUVBMMZ BQQMZ GSPNBMM UIF DBIBIUUTWB MNY¥ EBPWROEBSHG BENB KWTHFU
POFTZPVFOKPZFEUIFNPTUPSUIPTFHIPABWBID ORBK &F DAPSB-UMSFPS/FISW I F X T
«FME "MBCJTBMTPBCVTZQMBDF1BOEMYPVORRUIBIFPNOFDABOJPRNTCZ X1J
CFUXFFO ZPVS SFTFBSDI BOE MPU TR P DAPSNNR/SL) BBIFH UIBSRUXABU UIFZ |
SFTFBSDIQSPDFTTJTNVDICSPBEFGRVYBE K¥ITD BIDEZAPOF KNMSTIPRKEDUNQP SUB
8IBUWBMVFEPVOEFSHSBEVBUFT HBWG&EIMRNBGOVEE ITTIMNPHU *UBMTP SFWI
8IJIMFHFUUJOH B QVCMJDBUJPO JT(PRXASBPE TUWBET 6 G TQMANRDEAWDFX 1F
UFSNTPGIBWJOHBOBSUJGBDU DPR¥FPMUICG D BRITSFXPFHQ ME KWK TQFOE
KVTUBEEJOH TPNFUIJOH UP UIFJS $F QVIFFBUSIIPDATPIVIWT FAVBE JT D PRIF OF X |
TPNFUIJOHNPTUTUVEFOUTBSSIJWPOGRBILEGH NVDUBKPBOE/POFSHZ UP FW
POMZ EPFTHFUUJOH T TPNFUIJOH SFIBBERZFGPISTVEOMWEFBTBROBN B@SPWOGE UIF
XSJUJOH BOE DPNNVOJDBUJPO JO XIPGE 3B BIU GIFXEGRBJMFPBIEB DJEFEUIF Q
XPSLPGQSPQFSMZEPDVNFOUJOHE®SPKBOE BOEEBFVESOOHFUJTWPH FF U
UIBUPUIFSTDBO NBLFVTF PG JU IJXXOBRMWFT NBOZ PUIFS TLIMMT
-JUFSBUVSF SFWIFXTUIFNTFMWFTEHBSEHERFPINOQOBEEPBEGUCFEVRBS EPGVM
JOHBGFXZPVCFHIJOUPTFFUIBU TPNFWDIZNORDZIFO/SFBBKMYZ EFTD8IEG TIOHM
UJPOPGBQSPCMFNDBO DIBOHF B BORBRCEIHFHEENMVBODFPFZPBOERBOBFBE PG
SFMBUFUIF XPSLPUIFSTIBWFEPOFRQSPDMBIJNUPBMM XIP XJMM MJTUFO U
8IBUEPFTJUUBLFUPCFTVDDFTTGVENO@EPPANQYUFBUTDDSEEGEDEPOTICMFE GF
OVS - «FMEJTIVHFMZ CSPBE BOE QBSUPIG EBXOH *TNPRIOFF BEGVMMBOBIOH  *
XIMMJOHOFTTUPTFFBUMFBTU B MBOBMP &iBWW ULUCTFQ UASFTTU V EIHTH ES I
TVFUIPVHIJTCFJOHBCMFUPGPDVTURCOPROVXBRHOBOBEBENEIDUTUIBOWFSON
UPPMT UIFMBOHVBHFT TZTUFNT OBDBDIAMHEZPN-DTBMMEBHRIMMGBDF D
DPNFBOEHP FWFOCFJOHHPPEBUBIPUBEWNDF XPK WEFARNM B HWB™MUV EF O
FOU #FJOHBCMFUP GPDVT PO UIlF GRROLPININDPMVMEPOE B EBBY MIAFNAJIPFS BO
UIFQSPCMFNT BOEUPPMT ZPVTFFIRASFSTUBNPYHINOPGEBOUP UBLF B EJ
8IBUBEWJDF XPVME ZPV HIWF TUVEWIGFUDIGC OBRNROQWVUFESTOLDBBODWID T ‘JO
58ZUPFYQPTFZPVSTFMG UP B CSPBEHFSUWKEZPE8 & YAAFSUIFAOBRTSOIFAWRFPS T Q
EJTDPVOUBQBSUJDVMBS BSFB CFDBVY$HPBMPION OIFFBHESHPXNEIQPY CF L
WFSZNVDI :PVXIJMM - «OEPWFSUJNFM(BURUBESS D B MM IUBNDEWBEEW SPUF
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"CTUSBDU
OLFURSODVWLFVY SODVWLF SDUWLFO} PPLQ GLDPHWHU KDYH EHHQ GHWF
FRQFHQWUDWLRQV RIPLFURSODVWLFV LQ/DNH :LQQLSHJ ODQLWRED ZHUH VK
GHVSLWH ODUJH GLYHUHQF} EHWZHHQ WKH ODN} LQ WHUPV RI SRSXODWLRQ G
VRXUF} RIPLFURSODVWLFV LQWR /DNH :LQQLSHJ WZR LQ RZLQJ WULEXWDUL}
IHOVRQ5LYHU ZHUH VDPSOHG IRUPLFURSODVWLFV 7R GHWHUPLQH WKH URO
SROOXWLRQ PLFURSODVWLFGHQVLWL}XSVWUHDPDQGGRZQVWUHDPRIZDVW
QDOO\ WRGHWHUPLQHWKHELRDYDLODELOLW\RIPLFURSODVWLFV WR VK} ZF
RI'WZR VKVSHFL}$EQRBPGQTFDRSQIPR OHEF S DB OBREFOHBWHG IURP WKH 5HG 5LYH
LQWKH5HGDQG $VVLQLERLQHULYHUYVY ZHUH FRPSDUDEOH WR WKRVH IURP *UH
WR FRQFHQWUDWLRQV REVHUYHG LQ WKH 1HOVRQ 5LYHU VXfHVWLQJVLJQL F
PLFURSODVWLFV GRZQVWUHDP RIZDVWHZDWHU WUHDWPHQW SODQWYV ZHUH H(
L]JHG GDLO\H XHQW GLVFKDUJH IURP :LQGLSHI@ QBHUDHU VWIXRIFFRLEHREOR X @/
PLFURSODVWLF SDUWLFOHDQG FDUS ZHUH IRXQG WR FRQWDLQ VHYHQ PLFURS
LQJHVWHG GLG QRW DSSHDU WR DYHFW ERG\FRQGLWLRQ RI VKFROOHFWHG LC
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'JHVSODA RI VXUIDFH ZDWHU DQG VK 6HONLUN 3DUN VDPSOH FROOHFWLRQ VLV
VTXDU} B6RXWK (QG :DWHU 3ROOXWLRQ &RQWURO &HQWUH 8*<5(( 1RUWK (Q¢
‘DWHU 3ROOXWLRQ &RQWURO &HQWUH <*<5(( (PHUVRQ DQG &RXUFKDLQH 5R|
GRZQVWUHDP RI 8*<5(( 5R\DO ODQLWRED <DFKW &OXE 72>( GRZQVWUHDP RI 3*

USBY-«D XBUFS UVSCVMFODF FWFQWIF B BB VRY RN BWFD B G NEIUSPSQU/FENT U
QFSBUVSF XFBUIFS FWFOUT BOE WFREBPS BN f4T D BRVS DR B ABSEF SXB UF
JTUJDT NBZ BMM JO % VFODF NJDSFPRMBFNLB IS BOTOWS B BE B RXPUJEM D
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MPBEJOH JOFBDFBOFSBAERAU BMFUUD EFOTJUJFT XPVME CF HSFBUFTU E|
NBUFEUIBUUIFSFBSFEFBNJOJNVN PG SEBENBEOMMNBOQUMB BOI @BSUDISPQM
DMFTDVSSFOUMZJOUIF XPSME!T PBBBOHI PSFON NOHSEQQSIHIQWIBDFRAWFE JO
AEE EEEQPOAFRAEARBM BSFMJLFMZUPCFEFOTFTU S5IF"TTJOJ

.JDSPQMBTUJDT IBWF CFFO GPVGHEWPSTEFSBWJIEFEHBET PBUBGPS NBOZ -«
XJEF WBSJFUZ PG NBSJOF BOE G S FBIOE BSFSDVSHB/SBNM Z BOMFBPOPNJDE
JOH JOWFSUFCSBUFT -«T(&CJ3ETCBOE NBBBNBEODWFSJI[JOHTPVSDFT JOHF"
AEAEVUUIFMPOH UFSNJNQBDUT PGN\IBBPDREG NUDBPRGBRYBDIXJIJUIJO U
XJMEMJGF BSF OP UBFWE\B \AWERAEIT UPFPMETPO SIWFSTBSFIJNQPSUBOUTUFQT
DSPQMBTUJDT NBZ QPTF B QPTTJCMMHIBGBS B TUMN PSNHRIO HIFBMMUISPONFOUB
UISPVHIIVNBODPOTVNQUJPO PG BRMBUTDTIUFRADIJFTUIBUDPOUBJO
QMBTUJDS@BISP FAMBRMEVU UIFSFJTOPFWJEFODF
PGBOZIVNBOIFBMUIJNQBDUTBUUIJTUJNF .

“BLF 8JOOJQFH JT UIF -«G%| MBSHFTU $BOBEJB 8l A @AE
IBT UIF TFDPOE MBSHFTU XBUFSTIFE JO $BOBEB PWFS EEA EEE
LR "OEFSTPOAEWBSMF XBUFSTIFE JT IRMF UBNQMJOH 4JUFT
TFWFONJMMJPOQFPQMF AE PGUIF$BOBEJBOQPQVMBUJPO BOE
TQBOTGPVS$BOBEJBO QSPAMDIQOE MBSEBRVFSXEBIURIBOEEPN TIJY TUVEZ TIUF
AEEE-BLF 8JOOJQFH IBT B HSFBUFS3FEOBOEZ PTIDSPWMEBITIO .BOIJUPCB
UJDT OFSEEANAAEA ACE NJDS3PIHAWMWNB GPIONIJDRPQMBTUJD EFOTJUJFT '"JHVS
QOBSFE UP -BLF4VQ¥X S NEDAFPOQOVMBFODUBSE CBTFE PO BDDFTTJCJIMJIUZ XIF
BOE -BLF)VSPOA AAKERIDSPOMBTUBWE UNFIJS MPDBUJPO BMPOH UIF SIWF
EFSTPOAEWBM DPOUSBTU -BLF &SIFUYDBNBOGTBANAJIRFHIT UISFF XBTUFX!
MJPO QFPQMFJO B XBUFSTIFE A AEURBUH & O[F $BU-MBI. LBV OV VPR OBOESPM
"OEFSTPAEANBMW DPNQBSBCMF EFAPMUIFETEBXBED LPMMV ARG GBOUSP M
-BLF &SJF AAHA AEH/A NIJDSPROBTRIIEF IME 3JWFS BOE UIF 8FTU &0OE 8BUFS
8JOOJQFH AEAA MECE NJD3PTOWHBHTRYEOTESXMAO®O UIF "TTJOJCPJOF 3JWFS
UIBUFJUIFSMPOH SBOHFUSBOTQP.Y1PXANVBZRIWBTXRDAR GHNFS$ FTBWFSA B
JTBNBKPSDPOUSJCVUJOH TPVSDH IFS 8 JPAEFANBIBAV T BWPYSP IBIJORF3PBE ¢
XBUFSTIFENBZCFNJTTFE XJUI FYJ$MY®H U IENBMIO)H DBRIJBIHBIM #SIEHF
"OEFSTPQAEWBMBSNIF 3FE BOE "TTJOJGRPAECBSBWHBEFVBOE UIF PVU,%PX TUVE.
%PXJOUP -BLF8JO0OJQFH BOE HJV\JLFIELFlMIS’Q§BWG§w©wP§P<\BIZI)PVTF$SFF
UIFDJUZPG8JOOJQFHMJILFMZDPOUSHESBANIDSPQMBTUJIDT JOUP UIF
MBLF 5IF/FMTPO 3JWFS ESBJOT-BLF8JO0OJQFH BOENBZCF
UBLJOHNJDSPQMBTUJDTPVUPGUIF NBALFA¥VGEBITUBRBHEFGHBINQ@WAF $P M\
UFOUJBMJO,%PXBOEPVU,¥%PXPGNBDEPOWBOUJIDIDBUBIPRKBIJOOJQFH
CZUIFTFUISFFSIWFSTQSPWJEFTJIJNQPSUBOUDPOUFYU GPSVOEFS
TUBOEJOHUIFIJHI EFOTJUICEPETHEIWFEDRDOXBY MBKBT TBNQMFE GPS NJD
FU BKAE USBXM 5IFNBOUBUSBXMIBTB ®FUXJUI

51F QVSQPTF PG UIJTTUVEZ XBT UPAPRMRMNMPROEIRYBOBRIFASUVSF XJEL
NJDSPQMBTUJD EFOTJUJFTJOUIF RESEBDNXBUFSTBPEMUXEFEROVYDAFE GB
CBO SJWFST BTXFMMBTUP RVBOUPREE RG CiOEHTFT IRPDOERPNTD 5P BWEM PG /
UJDTUP FTUBCMJTIBCBTFMJOF GPSESIEAVWNIWISFTNY O YYEZIINY FE1FOEBUBF 3FE
DPMMFDUFEPOUIFEFOTJUJFT PG NBO&EROMYMZI $SPYSDIBIOF BPREFHSIEHF
BOE"TTJOJCPJOF SIWFST BOEPVUSMP¥R /RHMREGOFWREFSGENEBTPO 3FEC
8JO0OJQFH XJMM IFMQ UP DBMDVMB 8¥XG D'8B&MAREAG pDBPER B Z0 H MJ BOF3IW
MBLF 5IF TUVEZ XBTBMTP EFTJHOPEFRMMBDIBEPE PHEURUNEBPTURB TBNQMF
UJBMJO ,%VFODFUIBUXBTUFXBUFSIJEPBODRMAUIOMBAYPNBZABREIPE BOE
QMBTUJD EFOTJUJFTJO UIF SIWFSNPEOUXFRMMSETDI 8 BUOEW RBE WFRHIFJID

SBMUSFOET 4QFDJ-«DBMMZ XF IZ@PUKFMEFEFBIBRO BWRIMEBEIMBYZ 4FB
SPMFJOUIFEFOTJUJFTPGNJDSPQMBT!
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TBNQMJOHTJUFT XBTBDDPVOUFE GREXE HBSPVOMPHGBYOE BORE DBDPF T
HPSJFT VQTUSFBNWFSTVTEPXOTUBWFBNUBD BV T YG M Bl ZV/DPPANBUSFE XJU I L
UPDPSSFDUGPSEJIGFSFODFT JO XBUPSH TORXORD ©HTAMFBRINUEWPJIONHI DISPFTID
BOEUJNFT 5IFTIPSUFSTBNQMJOHSBRF QG BVOEKBHFBEGSEDNBWE PEOTIJUJF
IJHI SIWFS ,%PXT NBLJOH MPOHFSNEJDEWRINFTAUJUDP G QP SBPE BFSF XFSF
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USBXMWFSZDIBMMFOHJOH .BUFSIBBWNUBBCURSFEJDSPIENBBXNMXEFSFTJU
QBTTFE UISPNHUBWHEYETJOH .JMMJ2 XBUFS %FCSJT
SFUBJOFEJO UIFTJFWFXBTQMBDFEAOAJP NIBC$ MM M DRITAPEOK BLSTPETET T L
QSFTFSWFE XJUIEE FUIBOPMGPSGJ\/JP\/QSFQSPDFTTJOH BOEBOBMZ
TJIT

"UUIJNFPGBOBMZTJT TBNQMFT CEEI =M @ﬁf!: 53%4":(7%/',@5;8[;1,\/'8,\?;
NNFTICSBTTTJFWF BOE SJOTFE xg 0/ * DB 5 Q GHOE
UP SFNPWF UIF FUIBOPM %* XBUFS T [ B OFE XJUI U
UP SFDPOTUJUVUFJUUPA AZE N- HB | BOT
XBTDPMMFDUFE BOE 0SPDFTTEE vRETHA SO BES P T FRES
810 USFBUBNFRSB Al BET PO FABA CGESFOUFDPMPHJIDBA
5|FA/EEN-~T__\/CTBNQMFXBTTL$JS§5>H§/_E« E BVHFS BSF B QFM
MPXFE CZAEN-BEEJUJPOTPGBE : J C-)BF%HS—'UIFTIPSFMJC
AE IZESPHFO QB,SRPIEEDYMIUBUF Ul ] OH |
UJPOPGPSHBOJD NBUFSJBM "MM E]J _ Fs% UE <
MBNJOBS ,%PXIPPE "UBQQSPYJN A VE é; fFEPOT
TBNQMFT XFSFSF FYBNJ@ XBBEBGEB B : 4 KR
5IF QSPDFTT XBT SFQFBUFE VOUJM B, % éﬂ % JDF E
HFTUFE 4BNQMFT XFSFDPWFSFE BDE %
GVMMZ #MBOLT XFSFEFQMPZFEUP ] d:PGQ.;k
GPSLBO

BOE XBUFSCPSOF JO PVS%*XBUFSF %33?%

UJPOGSPNUIFMBC XIJMFTBNQMFT.

BEJTTFDUJOH NJDSPTDPQF JDS T \%
UZQFT XFSF SFDPSEFE O0VS NJDSPQ U Q MF
FHPSJ[FE JOUP -«WF TIBQF DBUFHPSJFT GSBHNFOUT IBSE XJUI
KBHHFE FEHFT GPBNT TQPOHF MJLF BOE MJHIU XFJHIU -«CSFT
UulJo MJOFT QFMMFUT IBSEBOETQIFSIJDBMJO TIBQF BOE -«MNT
UIJO BOE ,“%JNTZ 'JHVSFA G5IFTFUZQFT XFSFQBSUPGPVS
QSINBSZTFBSDIQBUUFSOCBTFEPOUIFISQSFTFODFJOPUIFS NB
SJOFBOEGSFTIXBUFS TBNQMFT SFQPSUFE JO UIF MJUFSBUVSF F H
&SILTFAEABNEFSTPARAEAEBWEXJO FU BM
AEAC.JDSPQMBTUJD QBSUJDMFT XFSFUSBOTGFSSFEVTJOHB -«OF
UIQQFE QSPCFUP B HMBTT WJBM DPOUBJOJOH FUIBOPM BOE TFBMFE
XJUIBSVCCFSTUPQQFSGPSMPOH UFSNTUPSBHF S5IFOVNCFSPG
NJDSPQMBTUJD QBSUJDMFTDPMMFDUFE XBTDBMDVMBUFE GPSFBDIUSB
BOEVTFEUPDBMDVMBUFUIFEFOTJUJFTPGNJDSPQMBTUJDT LN

5/F TBNFNFUIPET MBC BOE QFS THYGSHF® X ¥ ¥ WOTFHERUPLWIYRSODVWLFV

TVBMMZ TPSU BOE JEFOUOGESJ'HP@I.IF@SB@@MIB@UU@'IPBT H SHOOHWV 3KRWR
YHUVLW\RIODQLWRED

JOTF

BUFE 5IF 810 USFBUNFOUIBTUIFQ-IB ?—'I I':U« $J§ OEUI
PGUIFNJDSPQMBTUJDT XJUIJO PV &I F UIF FPQIB
FMFWBUFE URNEEJBUFMZ BG¥%FS Q SEBDI

"G¥%FS -«MUFSJOHUIFTBNQMF Ul IQQF%J:?BE%%FEIHFTU
XJUI %* XBUFS Y& SENPWPFO)UFOUT X f (5| TUNFOU
JOUPHMBTT 1FUSJEJTIFT 5IF OVN % I%M U B
UJb QBSUJDMFT XFSF WJTVBMMZ F S (#EEC# NQ N

JURQWLHUVRI8B8QGHUJUDGXDWHS5HVHDUFK
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NFBO TUBOEBSE EFWJBUJPO 4UBOE
UIF; TDPSFBMMPXFEGPSDPNQBSJTPO
DVMBUJPOXBTVTFEUPVOEFSTUBOEUI
JOBDSPTT TFDUJPOBMBSFBJOUIF SJW
JOHGPSEJYGFSFODFTJOEJTDIBSHF W|
TIUFT %JYOMBSBSHEBW XBT PCUBJOFE G
FSONFOUPG $BOBEBI!TIZESRRWESID NP
NFOU PG $BOBEB ASBAIEFTS OB WK IPFO DMPT
PVSTJUF XBTTFMFDUFE BOE BO BWFSE
BOE NJOJNVN EJTDIBSHF WBMVFT XFSF
TJPO XBTVTFE UP DPNQBSF DPVOUT PG
XJUIl «TIXFIJHIUWUFOVUEBAOWBIMTP VTFE U
UIFOVNCFSPGNJDSPQMBTUJDTJOHFT
UP IFMQ EFUFSNJOF JG «TI TQFDJFT IB
'"JHVSHAVLWL} RI PLEEFR®CEXOW WHG N RUSHIFKB/DWPID JOHFTUJPO "MM TUBUJT!

SOLQJ GDWHDW IRXUSHG SLYHU VLWIPPMUDIR AGE §BIWIH WK IBY WKBQITWIDBM |
UHFWLRQRI RZ (PHUVRQ &RXUFKDL 5REGWULGIH 5HGERLQH %RDW

&OXE DQG WKH 5R\DO ODQLWRED <DFKW &OXE 72>( WKH $VVLQL
ERLQHS5LYHU DW WKH )RUNV DQG WKH 1HOVRQ 5LYHU 'HQVLW\ FDOFXOD

WLRQVZHUHGHWHUPLQHG EDVHGRQWKHQXPEHU RI P?%%/%(?%Vé‘LFV FRXQWHG
LQDIJLYHQ VDPSOHDQG WKHDSSUR[LPDWH VXUID DUHD G E\ WKH

PDQWD WUDZO RYHU DJLYHQ GHSOR\PHQW WLPH $ WULSOLFDWH VDPSOH

Z| FROOHFWHG LQ -XO\DW WKH 72>( WKA DA HONIBIND G2/ WIDTQGRIG B B BRAE O VB
FDOFXODWHG Z| PLFURS®DVWLFV NP

XIFOTJFWJOHUPHFUSJEPGBOZFYDIFT% BB OMBOZII0ERG OBPIOFE AA A
EJHFTU OODFBMMPSHBOJD NBUFSXEMXBT PIHFR B8BE BUl¥HRPOIULBIBY PO
XFSFTJFWFE QMBDFEJOUPHMBTTYPSZEIBOFINEBEROMBYNEPS|EOH JT JOL
UZQFPGNJDSPQMBTUJD QBSUJDMPAFBERB I VBIMXMZF PYBARDFENMOIOH I T
EJTTFDUJOHNJDSPTDPQF 5IF OVNEFSTHGEIN N PFEOBVIBBINQ M F &P Aav@ME NJOV U
XJUIJOFBDIJOEJWJEVBM -«TIHTEJHFNIUQWERU sSBBU SEPBPVB IYEWBIFO UP A
USBOTGFSSFEUPFUIBOPMJO B HMBIMWIH M K J Y MBUIVHFOS P O BWVTEBE P SBC

MPOH UFSNTUPSBHF EVDFEUPPVS TBNQMFT GSPN %* XBUFS
SFDPSEFEFJHIUBOETFWFO -«CSFTPWF
AA #MBOLT PSE A-«CSFT IPVS 8JUIBOBWFSBHF N.

PG GPVS IPVST XFFTUIJNBUF UIBU PO B
-BCCMBOLT XFSFVTFE UP EFUFSNJOFOQPEIU CMNWHIPXORSE-NJJIOBSPIP\OD FE GS P
GSPNFJUIFSBJSPS %*XBUFS %* XBAUSPIDEMBOQH XBSRMFO VEXER\BU UXP -« C¢
UIF %* XBUFSUBQBUBSBUFPG FJHIWSPREYD® FAEEVRUPP BM XBWEFSFBOE BJS "I
60JWFSTJUZPG.BOJUPCBGPS Q\ NOMFUIFPIOTU © M BIFMOFIBISABEFE CZ UIJT (
CSBTTTJFWF "JSCMBOLTXFSFFNQWBZBERE Z WFEFBSBDWHFECFS-ANBBMM -«CSF
TPOKBSTPG.JMMJ 2XBUFSPVU PO UFPNYBEGONPNDGPRMVMBAYARTAWETFMZ BIGF
DSPQMBTUJDTJOUIFHBTUSPJOUFTUJC
A E %YBUB"OBMZTJT TIJHOJ-«DBOUMZ UIBO TVSGBDF XBUFS T
«TIXFSFNVDI MPXFS UIBDIY-¥BSRMEBF
.JDSPQMBTUJDEFOTJUXFSHWNBOBRQ@WMHETIWZIDT LN
B4UVBERMOAIT!OVTIOHEFOTJUJFTBOE THSBWDBRUP @ BW@MISIFRNSF UBLFO E
WFSTVTEPXOTUSFBN PG XBTUF X B UiRS OSAHBQNUFORER@ PEO W V MEZT WIESF UIF N
BCMFT "1FBSTPOMJOFBSDPSSFMBISEXVXBETVEFEUPARMEBIMSBBRIBNTFR UP F
DIJBUJPO CFUXFFO SIWFS WFMPDJWCREOMBUZIF EIFQUTIBE EE NDDEHQJNPEBTNJID S
UJDTTBNQMFE BTXFMMBTBTTPDJRBIFPOAFA AEFAD THFX EHRAEBDEBIASK E CE |
BOE ,%VYPGNJDSPQMBTUJDTJOUIBWFSBSF5BPRBUBPE BRBREGE MR FENBV
VTJOH; TDPSFT DBMDVMBUFE GP SAARU E BAY X BN JDISTRQ MBH ) WD B M\NF
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AA 4VSGBDFS8BUFS

.JDSPQMBTUJDT XFSF GPVOEJO TBNQMFT GSPNBMM TJUFT 8JUIJO
UIF 3FE 3JWFS JO %PX UIFSF XBTBO BWFSBHF TVSGBDF EFOTJUZ
PGCAA AEENJDPSPQVBEOQHXTUWNO UIF"TTJOJ

CPJOF 3JWFS JO %PX UIFSF XBTBO BWFSBHF TVSGBDF EFOTJUZ PG
EAA CEANJDSPOVMBTRDOATONBMM TBNQMJIOH TJUFT

BOE EBUFT 'JHVSFA %FOTJUZDBMDVMBUJPOT XFSFEFUFSNJOFE
CBTFE PO UIF OVNCFS PG NJDSPQMBTUJDT DPVOUFE JO B HIWFO
TBNQMF BOE UIF BQQSPYJNBUF TVSGBDF BSFB TBNQMFE CZ UIF
NBOUB USBXM PWFS B HIWFO EFQMPZNFOU UJNF 4VSGBDF BSFB
XBTDBMDVMBUFE GSPNUIFEJTUBODFUSBXMFE EFUFSNJOFE VTJOH
B(FOFSBM ODFBOJDT AEAE3 NFDIBOJDBM ,%4PX NFUFS BOE UIF
XJEUI PG UIF NBOUB OFUPQFOJOH CADN "GVOEBNFOUBM
BTTVNQUJPO UP UIFTF DBMDVMBUJRPOTsETe RUGB RIW W B UxX RIME XFRsoD v

SFQPSU TVSGBDF EFOTJUJFT JO GBMUQUERESH UBYWBWMNWFREGDWBHG ZL W
UFS CFJOH TBNQMFE OOF UIJSE PG HRWCGROW B BT PG MREZFEQEPHG VLIQL |

MPX UIF TVSGBDF PG UIF XBUFS EV SURM/E® BMWPZRIEOHD XWLRIQX BIT Q s

VTFEUP DBMDVMBUF UIF WPMVNF PG XBRISOHE REWUEDPRRNBKHERXWK (

DPOTJTUFOU XJUI UIF DVSSFOU MJ@JH&%gUWsV#KW(r‘— §¢{§5|%\’J%°§QH@JGRZQVW
: ~ e A PP OOXWLRQ &RQWURO &EHOWUH DQG 5R\D

DSPQMBTWEIIVEGBOBRF S TPAFABM |/ hp50HG GRZQVWUHDP RI 1IRUWK (QG |

BOE WPMVNRBNMEXIRER BBICMF A %SWUH

HSFBUFTU JO %PX EFOTFWIFURFGINREDSPQMBTUJDT LN

3JWFS XFSF PCTFSWFE JO +¥0FaEPXOTUSFBN PG UIF

A EAE EEANJD'SBOEBDUPLFEEPXOTUSFBN PG

UlexéaO@ EAE EAA NJDSPQMBTBBFE LN

3JWFS UIF EFOTJUZ PG NJDSPQMBTUJDT DPMMFDUFE JO +VOF BOE

ODUPCFS JODSFBTFE XJUI UIF EJSFDUJPO PG ,%PX GSPN TPV UI

"JHVYPE[RIPLFURSODVWRBY® ZLWKLQ W

$VVLQLERLQHULYHUV |DIXQFWLRQRIVH

RI PLFURSODXWILBXHU LQ HDUO\ VXPPHU

ORZHULQ ERWKPLG VXPPHUDQG IDOO -}
'"JHVSOHD Q GHQVLWL} RPAIFWREGBGVBLAWRRSOHG GRZQVWUHDP RIWKH 6RXWK (
VWUHDP DQG GRZQVWUHDP RI WKH 6R X VOWBH: D& H Y(8 R QVAHW RR Y ¥ E QWDARS®O H G
&HQWUH 8*<5(( 1R XSVWUHDP VLWH ZRDPIGHSEBRPOCOMLRQ EBRWURO &HQWUI
OLPLQDU\VDPSOLQJ 8SVWUHDP 8*<5{WRIER}<RPFKWWRAXEBEQB2&R XA VDPSOHG GR
FKDLQHS5RDG %ULGJH DQG GRZQVWUHDW I t<ITROOQXWHL BQA & RR WJIRDRINVQWUH 3*
&OXE

JURQWLHUVRI8BQGHUJUDGXDWHS5HVHDUFK



:DUUDFNHWDO >>

5BCMALFURSODVWLF GHQVLWL} LQ?/>0lQIG HRDMYRH PRELFABRESSIIDMWLLFRN NPP
(PHUVRQ &RXUFKDLQH 5HGERLQH 5R\DO ODQLWRED <DFKW &OXE 72>
DUUDQJHG IURP VRXWK WR QRUWK RQ WKH5HG 5LYHU

%BUF 4JUF 3JWEFS 4VSGBDF"SFBPMVNF
%WFOTJUJFTFOTJUJFT

obuU &NFSTPO 3FE

+VM $PVSDIBJOF 3FE

+VO 3FECPJOF 3FE

+VM 3FECPJOF 3FE

obu 3FECPJOF 3FE

+VO 3.:% 3FE

+VM 3.:% 3FE

obuU 3.:% 3FE

+VO 'PSLT "TTJOJCPJOF
+VM 'PSLT "TTIJOJCPJIOF
obuU 'PSLT "TTIJOJCPJIOF
.BZ IEMTPO IEMTPO

UP OPSUI 'JHVSFA *OO0ODUPCFS W R\BA\OVIR EZEPEENJD SRIGIMBF £ 'MVY P
UJDT BMPOH UIF TPVUIFSO QBSU P&FEIBGE ETIIVWE S XBIFNGIPMNP XFE B TFB
&NFSTPO TJUF BOE QMBUFBVFE BIOTUQSFTONP WY EB RO BOEIMPKES JOCPUI TV
CPJOF #P BB &M GIF EFOTJUJFT PG NODSPQHMSTUIUHDVMSIFOC BT XBTEJTDIBSHF
UIF"TTJOJCPJOF3JWFSTBNQMFE BNFROKE ' @EBDLO+VOF AEAC IBE
UIFHSFBUFTUEFOTJUZPGNJDSPQMBTFIFIDATPGHBMMWPIF TZQFTP G MIAES B Q @ B
NJDSPQMBTUONTFL'NTJOJCPJOF 3JWBS JHFEFDXFBIFT -«CSFT EE 'JHVS
PGNJDSPQMBTUJDTEFDSFBTFE GSERBHNO EUPAOD BPEFSMBITF lEM XFSF UII
TPO3JWFS IBE EE EAA NIPOPIBMBMFEPXPMB TUIJD UZQFTEFUFDUFE 'JHVSF
.BZ 51FFTUJNBUFEEBJMZJO “%4PX PG NJDSPQMBTUJDT GSPN UIF
3FE3JWFSJOUP-BLF8JOOJQFHJTA AEE EEENJDSPQMBTUJDT TP
UIF3FE3JWFSJTDPOUSJCVUJOH AEA ZEE EIFENIDSPQMBTUIDTBO
OVBMMZ UP -BLF 8JOOJQFH XIJDIDPOUBJOTBUPUBMPG BCPVU
A EEE EEE EEE NOEFTSURMERBWBWF 1MBTUJDT XFSF EFUFDUFE JO TFWFO F
FTUJNBUFE EBJMZ PVU %PX PG NJIXYPQMBSSFDVYEEEBRSRIATIJOMF DPOURB
OJQFHUPUIF/FMTPO 3JWFSJT AE HIOHN POMZQGIMAVTUB 6 1O LD F STBA/MIFS DPOL
UIF/FMTPO3JWFSJTUBLJOHPVUA EAR BRESBDYPFE MPEPMOUWBLRGRPNSPQMB-
-BLF8JOOJQFHBOOVBMMZ XFSFPOFNJDSPQMBTUJD QBSUJDMF Qf
*OUIF 3FE 3JWFS VRJIdASRRMPR G IPACTBVHFES XBE AAAASBNT BOE BWFSBHF
BOE ODUPCFS AEAC UIF NJDSPQMBXRTI B PN JFFULE M FEHDODMNBT-A6 A
DBOUMZ EJIGFSFOU G S EOP@QRPUBGBSN PBSFHFTIPO JOEJDBUFE OP TJHOJ:
UJBMMZ EVF UP XBTUFXBUFS JOQVWUTFDRVEHAPEOW USRQAMB BUBDT® GE TE
EG A QE EEEEA S5IF"TTJOJCPJOF WIBWASFFE UE/ST UIF 3FE
3JWFSBUUIF'PSLT XIJDEREOVQTUSFBNWESTUWAD T XFSF EFUFDUFE JO FJHIU F
" MJOFBS SFHSFTTJPO JOEJDBUPP DFFDUHFEIGCIB QB TIFNEBFIPBOUBNJIO
TIJQCFUXFFONJDSPQMBTUJD BEETROVMETRNBG PGB HUUDBIQDPOUBJIOFI
SIJWFS WEFNPHDBBEZA30 AA Q WBMVFSEDAEFE *DMWA@U PG NJDSPQMBTUJDT X.
USBTU UIFSF XBT B TJHOJ -«DBOU D FSFFAVNILIPRQMFBUNURIOQBISURIWDBVG- T 51 F
EBSEJ[FE ; TDPSFE WPMVNF PG X XBUFXBAAEZFAIBEBYN BOE BWESBHF GPSL
EJTDIBSHF BOE TUBOEBSEJ[FE ; TDESHFHEDNJDBE BM BITHOEHA DABYT-GE@ FBS SF
UIF 3BFEBOE "TTJOJCPJOF SIWFST BURFSFWOBUFBIXBU UFXKBRUKBT OP TJF
USFBUNFOUQMBOUT 1FBSTPO -JOFRRSFFSBREVIBUT PG NMIP FROBEETAUIDEBOL
Q WBMVF E CA
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4JHOJ-«DBOU EJYGFSFODFT JO UWFFGI\BNCBS PIGEGXBPGBITWFE ROE 8J00JQ
DSPQMBTUJDT XFSF PCAT B WFE GRIEDERIHEFBFAF UIFZ UPHFUIFS DPOUSJC!
E AE O E DPMMFDUFE XJUIJO UIF3FE 309W¥8 UBOBUPEBOOJQFH .BOJUP
$BOBEBJOODUPCFSWVEARQG UNPEEBBEVMHKEAA 5IVT XBUFSJOQVUTGSPNUIFT
EGAE QEEA #PUIDBSQBOE TBBMHFSREEBNOHFTDORE WTCSBEPN UIF 3FE
BOE GSBHNFOUT OOMZ POFDBSQ IBERDHFUUFEFRPR WKWME USGAVEBSJFT BSF
AE -«TIQSPDFTTFE CA DPOUBJOFERQWMBIODD QFH PBVIBE BFBBTFEVFO HSF
EE PGDBSQ UJDTJOUIJTTZTUFENUIBO TVHHFTUFE
%FOTJUJFT PG NJDSPQMBTUJDT JO

3FE BOE "TTJOJCPJOF SIWFST BQQFE

A %U&0cdadlaa EBJMZ EJTDIBSHF PG FY,%VFOU GSPN
UFSUSFBUNFOUQMBOUT 'JHVSF & *
A A 4VSGBDF XBUFS UFOU XJUIPUIFS TUVEJFT UIBU IBWF G

UJPOCFUXFFOXBTUFXBUFSUSFBUNF(
.JDSPQMBTUJDT XFSF QSFTFOU JPjVYJF TP 6303 P 2§ Siisd®InEEFEACE MO
UIF AA TBNQMFT FYBNJOFE BOE TDB@KBA B NEDR® OBMBA JDT XFSF HSFE
BHF EEC AEA NJIDSFEMBIWBSOT IANAAA ERESFA XIJDIJTDPOTITUFOU XJI
NJDSPQMBTUDDIOURPIOF 3JWFS «BREOAIM EGEFUFE4UBUFT XIJDIGPVO
NJDSPQMBTEMDPQABIWFS 5BCMFATJUJFTEPXOTUSFBNPG XBTUFXBUFS L
S5IFEFOTJUJFT PG NJDSPQMBTUJDPA VOTMUEBEB ¥ IWAFW A8 P¥ER OB SIW|
BSFDPNQBSBCMF UP UIPTF JO PUIFSpSNYBS AP 8YPBOEMIBXINSF CF ES
*OUIF3IJOF3JWFSJO (FSNBOZ £EASARBYIPESREVREPIXBENFXBUFS USF
XFSF SFQPCGUFEABNAPVS FTUVBSJONJIDRPOMBIQUJIDT JO UIF TV SREBRIPH ¥RU
$IFTBQFBLF#BZ 64" GPVOE BWF SB HMEARTLWIFH IBE NP SHQMBUIXBTUFXB
UJDTUP SBOHF CFUXFFOAE EE£ABOSBAMAEAED BIDFPRYEEN EFRTYAMNOU G
'POLPT AEBR7PMVNFUSJD FTUIJNBYWBT B EXBIUESPRMBTUNFEO U QI\;IBOUT!BO
UJDT XJUIJO UIF 3FE "TTJOJCPJOF Bl HFMNPEOSPIMEBTUIBI XEBI1JO UIF 3
GSPNE E NJDSR@MENUIIDSF RMBTBIDENFS JOWFTUJHBUJPO JT SFRVJISFI
BWFSBHF PG £ AANIBPGMRMBTIFDF NPYBMBYWEFOET JONIDSPQMBTUJID EFC
BSFBMTP DPNQBSBCMF UP UIPTF SFOQRPYPHWMBT USBEFY BEFITYBIE XBUFS
VUBSJFT XI1JDI SBOHFE GSPNEXZIUPxAA NSR KRABIBT 5 8 0 & MnGFORERART
BO BWFSBHF PG A A NBDIERQOAEBIBINM TEFY DBO USBOTGFS UFSSFTUSJBM EFC
4PNF FWJEFODF FYJTUT UP TVHHF TibW!8 H- e INDES\PARM B & Wi E B eFeRIRIFipT
BSFIJHIFSJO SIJWFST XJUI HSFBWHTg (RREQWMBY PRYMBRFOTHIUZFOTIUIFT XFS
FUBMARBFBMTP GPVOE UIJT UP CF UJ FeDRTEFRBI®EPYS T YEZIOFE SIWEST 'JH
XIFSFUIFEFOTJUZPG NJDSPQMBTWIPICYBTF MRPFSBIO WIBIFMIBOSSFE B
3JWFS EPXOTUSFBN PG /PSXBZ)PVirs QRQAVMERREP R BROSENIMIOH JUSE
NBUFMZ £ EEE DPNQBSFEUPUIF3EEMNVEBD PROESRNB RPRP G AS AUN UF
VMBUJPO BQQSPYIJNBUFMZ EEE EE G §9BREMINWZ NIPSLOQYBIAIBNI M St
BQQFBS UP CFBU MPXFTU EFO/IB SE TABNNI dip | $3M B R ANEK D 810 OEOAIEPFSH
FU BWEAALMBTUJDT IBWF BO BOUISRQPHF RO FRSE HVIOA BPENQMJIOH JU SB.
BT MBUJUVEF JODSFBTFT IVNBO QBERYMBYHRES ER G WX P& EFD @k BIPFRG J
#SPXOFARDABBMILTFAENABM 8JOOJREMBIFSFGPSFJUSBJOFENPSF
OGOPUFJTUIBUUIFJO %PXEFOTEHHIIOMECESFRIBOENBZIBWEFE BEEFE U
CPJOF SJWFSTBSF GPVS UP TJY UJNETNHBERPONSBY IB®FFO TIHFT PC
TFSWFE:]OA—BLFBJOOJQFH REECEEE NJSROMBEHIPE @@FEPNJOBOU uzQ
EFSTPOAHABMFSFBT UIF PVU,%PX EGPOMEFFETPR/OFERNOMMAF TVSGBDF XBUFS
AE PGUIFNFBOMBLF XJEFEFOTIJUZBSIITIMRSHREOFHBBEEMINSEBET JO GS
EJFOUJOTVSGBDFEFOTJUJFTGSPRYEFMEESIWEWEWGRYEIPBEE UIE NBK

8JOOJQFHBOEJOUPUIF/FMTPO JT I9 NI HIHFA 1 JNER B @ Fkll @uiPArmM
DBOUMPTTFTEVFUP TFUUMJOH XJUIJOUIFMBLF 8IJMFJOQVUTGSPN
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'JHVSFKH SURSRUWLRQ RI WKH IRXU W\S} RIPLFURSODVWLF SDUWLFO}D EU} E
5LYHUVLW}ZHUH (PHUVRQ &RXUFKDLQH 5HGERLQH DQG5R\DOODQLWRED <DFK
WKH1HOVRQ 5LYHU VLWH 7KH1HOVRQS5LYHUVLWHRQO\FRQWDLQHG EU}

EFSTPOARAEEW Q CFMAMERAE*BRIMS FNBJODS\P@ MBTUJDT PWFS UISFF ZFBST PG T
DMFBS XIFUIFS XBTUFXBUFS FY,%VRONSA@WESTINFESZ PWYFABEV 8 NVSGBDF |
DSPQMBTUJD -«CSFT 4PNF TUVEJFAG BWFMEBALFBE QIBRIYX BFRUFFZBRGS G E £ U 5
FT.%VFOUJT B TJHOJ #95BOUFRPEBOIFFPEB XEBFLVY GSPNUIF3.:$ TIUFDMP
" D$PSNIDBEAB™W O FUBBMXIJMF PBIF®0JQFH PGAE EEENJDSPQMBTUJDT
TUVEJFTIBWF GPVOE UIBU XBTUFXBUA SISSTFBUNFOLUPON BB SEBSICAEF 3FE
GFDUJWFBUSFNPWJOHQMBTUJD QBSNBDF ETF@®IJNBEM N2 QMISFEG NBIDNSPTU
JGOPUBMMQBSUJDMF B BEB BAERRY T TDOUIFPIMFEHIRVFST JT SPVHIMZ E A C
%SJT FAEBI)PXFWFS UIF SFNBJOJO®BAS A FRGc OMBYTEDTDIJNBUFT GSPN UIF /F
QBSUJDMFT JO XBTUFXBUFS USFBUNFIOD R HBAOIAMMAPPONU DB R IQM BFT VIMIL
JOBNBKPSTPVSDFPG NIJMMJPOT PEFNJBGP OMBDULPTEFTDIWESFEBSF MP®
S JW F S TBHBPIMFRAJEBAG /IEFMTPO 3JWFS PVU,%PX PG -BLF8J0OO0OJ

OVSBOBMZTJT TVHHFTUT UIBU M B $SBIF BINFFDWEWISE G WU DRPMBRUIFS USJ
UJDT BSF CFJOH EFQPTJUFE JO -B LFSPIDIEFREFGIFHAVEUHNIFCOMFTBANVP VOUT PG N
FSZZFBS 5IF FTUJNBUFE UPUBM TYSSWBE F\W6E BIUX RGQ WIMG P Q METU IF SJ\
UJDT JO -BLF 8JOOJQFH BQQFBST WBBROEF DIP@UCPO0 BYIBWFSSPPYIE A CIMM.
NBUFMZA ECIMMJIPO GSPNAEAAURARBDAESFBWSEFEBSTFEG OBHXIRE KB HSFBU

JURQWLHUVRI8BQGHUJI
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GSPNUIF/FMTPO 3JWFS MFBWJOH KB TRG @IFPNENESFEGRNGZBRU F OB JDMF T |
UFSJOHUIFMBLFUISPVHIUIF 3FE 3JWBMWOBPDPMNOYFETBRMFE JOUIJTT
JODMVTJPOPGBOZQPUFOUJBM BEEBVIFQBM BDQMUBM E MP DABMHN URE CF .
4PVUI4BTLBUDIFXBO3JWFS XPVMEPWNMZUPD BEHEBE N GIVING B P DB BE BB U J
FWFO IJHIFS OOF QPTTJCMF SPVUPRGHFSUNPPIIFFM P)GONMBDSPRMBG INIMTS P Q |
JTTFUUMJOHPS TFEJNFOUBUJPO JFWE $1J0HMFWHED VB E£PFUJT N2 UCBRX®F B
BCPVU TFEJNFOUBUJPO SBUFT PG NCJDEAMAMBETILIIPTO BOBIBRYISBVEYMUT

TUSPOHMZTVHHFTUWBMVFJO QVSTV30 WJIDWIFUNUBH BUU FRINTPMOUP R BOD S
GZJOHNJDSPQMBTUJDTFUUMJOH SBXF T80 EEGFDFBENJDEOG X OEBBRDAFS |

BOJTNTJO %“VFODFTFUUMJOH A £ BOEGFFEJOHTUSBUFHZBBRDFYQ
CFMM EBAEME OPU -«OE TJHOJ-«DBOU
A A '"JTI OVNCFSPGNJDSPQMBTUJDTJO UIF HB

GFSFOU CFOUIJD BOE QMBOLUJWPSP\
.JDSPQMBTUJD JOHFTUJPOCZ -«T| Y UeFBEERWBHSKBE JRE IFAFTUFE U
EFQFOEFOU $BSQIBE BOBWFSBHF D@ THMFQNIDS PGMB DSIOMBIWI DT N

DMFT XIFSFBT TBVHFS IBE BO BWFSBH$§ P& R P SNIPW B RUIMBD TUGRANS SoFHVAVT E
UJDME JO UIFJS HBTUSPJOUFTUJOBRMAESEDUT BU UIF UIJNEPG TBNQMJOH

51JT EJIGFSFODFCFUXFFOTQFDJFTNBZCFEVFUPUIFJSGFFEJOH
TUSBUFHZ .JDSPQMBTUJD JOHFTUJPO NBZ CF PDDVSSJOH BDDJEFO
UBMMZ XIFO UIF -«\T BFSFEEFBHBIO$HF B U | A $aaObcaUaaa

JOH $BSQBSF CFOUIJD GFFEFST BOEJOHFTUBMM QBSUJDMFT GSPN
UIFCPUUPNMBZFS PG UIF SIWFS 0OR® ISP RIBRSIPIDMST ¢ P ¥ PNFREUUTF 3F
BOEQMBTUJDT BSF SFMPPREFEQH SHIP §IWFSHIMMINBKPSIJUZ PG NIJDSPCQ
DVMUVSFOSHBOJBUJPO REGAEIF pB $SYWFEFBUIPOIT EE  OUIFSTUVEJFTIBWF
EPUIJT UIFZTUJSVQUIF TFEJNFOUWRSOWYZ P QMM BSTR HHBRGEOEYBHE B S F -
NJDSPQMBTUJDT WPBE BOWFHSUDWFES SR DEBBWQCFMMERABBMF XFSFTJIH
HBOJBUJPO PG UIFADAEBY HFRSIBOWOBPRBEIJITGFSFODFTJO UIFEFOTJUJF
UPST BOENBZCFMFTTMJLFMZ UP FOBPENOWYE S DWIBERXN® TUWSHHNBONESFXB T U

UP .- «MUFS GFFEJOHDBSQ BOE UIFYFGPSEIODUET UTMBEXES BFOR U BETXBAE
NJDSPQMBTUJDT BSFBQPJOUTPVSDFPG NJIJDSSFFGMBTU.

OVS -«OEJOHT EJVGIFSFEUER®RN -FSBOEP REBAIF MPOH SBOHF USBO™

GPVOE OP TJHOJ - «DBOU EJYGFSFODPRERYBARG DTHRONRWG P PENB NBKPS I
DSPQMBTUJDTJOCFOUIJDWFSTVT BEMBMY P & NIPHH I@EMBTHM PO ¥ Fa3diIRooU
OFM TBMUXBEASFEEBR®BPVOE UIBU CP &M@ AERIFDSFEBOE "TTJOJCPJOF SIWH
BOE CFOUIJD -«TI TQFDJFT JOHFTU#@HREAAQHMHMIRBN UDBR @MBESIWRH T BO
BHF BOEUPUBMJOHFTUJPO SBOHFBREPRAUPAKRIDENBKBF OO HIEVUP
TUVEZ GPVOE JOHFTUFE NJDSPQMBNOIPHIQBEHUIJDMFT SBOHJOH GSPN A

AA "CPVUCAE PGBMM -«TIIBE JOHFTUMUEWIIDSIPITMBEPUFSEBEE WYV EIPVME G
TUVEZ BG%FS CMBOL DPSBFIFSIPWBMYOPINGSBSHEBYPE TFEIJNFOUBUJPO Q!
AEAAIFSFPOMZAE PGBMM -«TIIBE $SHFMNBUENIDESIRUFWBETORPYTSIWFEST B(
51 JTBMTPTVHHFTUTUIBU UIFSF NBAMIQHSFBNIDISPONMEBErIRONMBOWIPT XJIM
TFEJNFOUTPGUIFSIJWFST BOE GVUNPEPRVMBMYIR TI@RRMBE EPBQTCHRY | MF
TFEJNFOU TBNQMJOH PG NJDSPQMBPUHIVITF Qb PFRKNEDFTYBRAFIOPRSE BTF Ul
DPOEVDUFE PO FYDSFUJPO PG NJDSPQMBTUJD QBSUJDMFT TP XF BSF

VOTVSF PGIPXNBOZQBSUJDMFT-«TIBSFJOHF%Q@%#&%P§§I§)VU
UIFISMJGF 5IFQSFTFODFPGQMBTUJDT XJUIJO U T UIF NP

NFOUPG  TBNQMJOH POMZ JOEJDBUFET |F -« FSFD z
JOHFTUF®PG VMBNRADAS F NJDSPQMB?ﬁ%é?gH,B&SfAéEBzéEéE%/BS§PQ'5gO$%IJ%D7 Pf,l',a
UJDMFTBSFBTTNBMMBT PSFWFO T@g@@(@ﬁ@l@@g@ﬁ,@oﬁméﬁg@gp@&Mz

FBU 5IFSFGPSF JUJTOPUMILFMZ UsB Uy Ty BEELFEUB JOUENEGB BET F QBRSAE
UJDMFTBOEUIFZBSFNPTUMJLFMZ CIROIUCFS 6 BODBSFABMESEITEFBIS DA RRISEBIPQ PC
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GBUFPGNJDSPQMRBZ8Y DHFEKSJIOFDEF@HSRPREBQE "HSJDVMUVSFOSHBOJBUJPO PG U
GXP 126 25 5 $PNNPO DBSQ /BUVSBM GPPE BOE GFFE
#BMEXJO " , $PSTJ 4 3 .BTPO 4 " AWAGMA®MBFUGBSPRNCIUUQ XXX GBP PSH
JOAE (SFBU-BLFTUSJCVUBSJFT 3FMBQS$POIMPTXBRNSPIFPBBQSIBVUSEEM GPPE
BOE IZESPOMIHIRQPHQWDO 6FLHAEH (YHFKQRERAE 4PVSDFT GBUFBOEFYGFDU
AEAEE AEAEE NBSJOF FOWJSPONFOUS5B SRIPWE N B GTEW
#SPXOF . " $SVNQ 1 /JWFO 4 + S5FVUEES® 5FR0EQO "
5/PNQTPO 3 AEAA "DDVNVMBUJPO FPGWBIXS\PROMBP® $BOGBHEHBPSBUFS 0-«DF A
MJOFT XPSMEXJEF 4OQVEDROBOGWDOLAFIWSIPHEBUB 3FUSIJFWFEGSPNIUUQT X
7THFKQROW, EAEAZAE EAEE NFOV SFBM@UJIJNF@EBUB@JOEFY@F IUN|
#SPXOF . " (BMMPXBZ 5 5IPNQTPOQMBJOAE£EBPSDI & ,OFQQFS 5 1 AEAE
DSPQMBTUJD "O FNFSHJOH DPOUBNJOBBUJIBMMERUBSO UJEBMIPRODFSODSPQMBTL
,QWHJUDWHG (QYLURQPHQWDO $V VHVVIFH:QWOFQE8 D™ BHPRB B RF QBB RBERDOWDO 6FL
EEE ECA 7THFKQROWE, CEEE CEEC
$BNQCFMM 4 ) 8JMMJBNTPO 1 3 YBWMIMF# % - ABAEHI .J S5IPNQTPO 3 $ AE
DSPQMBTUJDT JO UIF HBTUSPJOUFTUJIDIVEBEGBE PTG NGDSPIQAVEETUUM XBORSF HB T
GSPNBOVSCBO)3&BI6G JADA FFHE BOEEFNFSTBM -«T| GS P NOWIF 8D SR @ 0 B/
$BSS 4 " -JV + 5FTPSP " ( AEAC %$BORAMBUEROEEGBUF
PGNJDSPQMBTUJD QBSUJDMFTDWMBMIHRBUFS USFBRMED 7 QMBEODPS * 0f -«
5HVRXUKEA AEA DSPQMBTUJDT JO "SDUJD QPMBS XBUFST
$JUZPG8JOOJQFH AEAE 3BJOGBMM §BGRSDMEBUB TMSEB 3 F GFELEFQWCE TRV SHGBRE
GSPNIUUQ XXX XJOOJQFH DB XBUFSBAAKBHEUR ESBJOBHF,%PPE
JOH SBJOGBMMSFQPSUT EFGBVMU TB®J 5 )BVL " B8BMUFS 6 #VSLIBSEU
$PMF . 8FEE ) -JOEFRVF 1, 'JMFNBOSSPQMBEMTIDB QB P «MBBMHPQ@W IU FF53H $SE B
(BMMPXBZ 5 4 AEAA *TPMBUJPO PSEEIBSFQMBTUJDTJO CJPUB
SIDITFBXBUFSTBNQMFT6HFQEQABWIIPEBSRBWITNT(BSOFBY % 4VUUPO 3 $IV
AEAE A E #BSOFT + + 3PHFST % - AEAC .JDSP
%SJFEHFS " ( + %VSS ) ) .JUDIFMM XJEWBDBBQRIFWAEFD YT NVOJIJDJQBM XBTL
AEAZ 1MBTUJDEFCSJTJOUIF-BVSFQOWIBQYSERQ P B IQRT D OSEATEIRAEVE R Q
-RXUQDO RIWKH *UHDAWV /BENQBEHVHDUFKTVSB + #BLFS + 'PTUFS ( "SUIVS $
%SJT 3 (BTQFSJ + 4BBE . .JSBOEF $8CPRBBUPSZANFBEAT GPSUIFTOBMZTJTF
4ZOUIFUJD -«CSFTJOBUNPTQIFSJD GBMMWFE\FO® WIBP\ONFRORG NIDSPOMBEBUJPOT
UJDTJO UIF FOMDUSRAHNFROOULO XWLR A % XQBSWIDMF T JO X B U B $$BTHE RE FNDFOOAHIP R U
AEE AEA GXP 12625 5
&FSLFT .FSBOEP % G5IPNQTPO 3 $ ‘"REBSIEBBLY $)PAMAMEIO 5 + .BTPO 4 " /
.JDSPQMBTUJDTJO GSFTIXBUFS TZTURNTF "SEAMAF XIPG B QAVFENTREIHDIIOMHB O BCVOEB
UISFBUT JEFOUJ-«DBUJPO PG LOPXMFIBRHHBQ T OBBEIRETIHFBIOMBMDP B PGHQFH
SFTFBSDDWHHRESH YV HDUEK AE AAECA AAEEA
&SJLTFO . -FCSFUPO - $ . $BSTPO )DSPSNIPM " 3PPPFMMFIOH 5 + -POEPO
$ + (BMHBOJ ' +3FJTTFS + AEAA 4DWRTUIDRRPNMAMWNZP 40 BEFAC .JDSPQN\
XPSME!TPDFBOT .PSFUIBO £USJMMJPGANEBWOIDIWFOF THEFIBFDAISBWFBSO TPV
AEE EEEUPOTH R6RPBUARU AFB A SJBM BTTFAROWSEKHARITH A A A
&SJLTFO . .BTPO 4 $PY $ ;FMMFSTPPSEEXBSEBWUJBSMFZ ;FMMFST " ' AE
) "NBUP 4 AEAA .JDSPQMBTUJD QB KQNPBGRMEI UUDTRFAIGRIOFE %PXJOH GSPN
XBUFSTPG UIF-BVSFODIBQHSFBOUORWKRQREXMBOE CFBDIFT P G-RRMQ BORS BR DY/
OHWLAQA AEE AEA =RQH 0D QDJHP HIA E A
&VSPQF 1 AEAZ 1MBTUJDTUIFGBDBPMRERASAEAAUBO BOHBNMEZEBT $G &ROTPMJ
SPQFBO QMBTUJDT QSPEVDUJPO EFNBAEARDE XESTTWFFARBIEF OWB PMEBXIWHA FODF P (
GSPN I1UUQ XXX QMBTUJDTFVSPQF PG N EPHDNVQF®BHQ B BJTU JMDWILFQ A BROFGS\B |
UIF GBDUT AEAZE BTQY %XOOHAVLREE ACA
'JTDIFS & , 1BHMJBMPOHB - $[FDI &DIFGBEMFCSH® 8 AEKEBREE -BLFTBTTFOUJO
.JDSPQMBTUJD QPMMVUJPO JO MBLFT BCFEFNIBEP UMTPRSG M VORNBBEIDNBOHF PO XBUI
"DBTF TUVEZ PO -BLF #PMTFOB BOE -BIOPSIQPTJRDRODSQ BN EH BIRRAEUR S £ \E

(QYLURQPHQWDCGAEOOEWLRQ :POLPT - 5 'SJFEFM & " 1FSF[ 3FZFT "
'"PFLFNB & . %F(SVJKUFS $ .FSHJB . SAE\NBO'.S(SPIQFMSB'-FU"JDTJOGPVSNFTUVBS;
.VSL " + ,PFMNBOT " " AEAA 1MBBUJDP JQQNESURLFHQWDO 6FLH@RH 7HF.

«TIQYLURQPHQWDO 6FLHRAH ERAK GRBOWAE £ AAAEA
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HUJUDGXDWHG6FLHQFH DQG(QJLQHHUL&}SJ%H\B%IIUSFK
OM?L « > 8eej '2,>85 YesSe SPXVHU @8>

&WBMVBUJPOPG1VODIJOH4IFBS4USFOHUI.PEFMT C
(‘31 3FJOGPSDFE $PODSFUF 3% '"MBU1MBUFT 4V
.PNFOU 4IFBS5SBOTGFS

+PSEBO, $SBRIBEBLWMFABMBLBXZ

1%FQBSUNFOUPG $JWJM &0HJOFFSJOH 60JWFSTJUZPG.BOJUPCB 8JOOJQFH
$PSSFTQPOEJOH"VUIPS +PSEBO, $BSSFUUF KPSEBO DBSSFUUFINBJM VUPS

"CTUuSBDU
7KH SURYLVLRQV IRU WKH SXQFKLQJ VKHDU VWUHQJWK RIJODVV EUH UHLQ|
FXUUHQW 1RUWK $PHULFDQDQG -DSDQHVH VWDQGDUGY ZHUHLQYHVWLJDWH
HGJHVODE FROXPQ FRQQHFWLRQV ,Q WRWDO WKHUHVXOWV RI VODE FRO
SURSHUWL} ZHUH FROOHFWHG IURP WKH OLWHUDWXUHDQG DQDO\|JHG WR DVYV
DSSOLFDELOLWARIHLIJKW SURSRVHGDQDO\WLFDOPRGHOVIURP WKHOLWHUD
WKDW WKH &DQDGLDQDQG -DSDQHVHVWDQGDUGY SURYLGH WKHPRVW FRQV!
KLIKO\ XQGHUHVWLPDWH WKH FDSDFLWL} ,Q FRQWUDVW PDQ\RIWKH SURSF
ZKHQDSSOLHGWRERWKFRQFHQWULFDOO\DQGHFFHQWULFDOO\ORDGHG LQ)\
SURSRVHGE\WKHHFFHQWULFVKHDU VWUHVV PRGHO Z|YDOLGDWHGIRU ,+75

,FZXPSET SFJOGPSDFEDPODSFUF QVODIJOHTIFBS HMBTT  -«CSF SFJO(

A *axeaa0c¢cOaxeUaa BOVOCBMBODFE NPNFOU 5IF OBUVSF
SBOUT GVSUIFS SFTFBSDI BOE TP JU .

E B WBMJEJUZI
XP XBZ %BUQMBUFTZTUFNTE/% WEQFL,E LEPZ (yNPEFMTX
UMF GBJMVSF NPEF UFSNFE =

SBM UIF BQQMJDBUJPO PG Usf\ADCBFMT'\fFZ,Q

IF TMBC SFTVMUT JO 1/4FYVS\)§ | PVOIW

JOJUJBUF JODMJOFE DSBDL QSP QBB ®OT

XJUIDJSDVNGFSFOUJBMDSBDLJOH a\ll T EE
ZQVOD v

FSZ DBODBVTFUIFDPMVNOUP FTTFOUJB

TMBC S5IJTTVEEFOESPQJODPOOFD JPO% \%ggg BJ‘DPFO?W%F%L@Pi
QSPHSFTTJWF DPMMBQTF NFDIBOJTI\LII&BAf'B '% U@; d #ERBS &
RVJSFEUPTVQQPSU UI&IBHEEJUBP CBYAMGFHBEM PXKIJOH TFDUJPO PVUMJIOFT U

HPSEAA VTFE JO UIJTBTTFTTNFOU 'VSUIFSNI

SIFQVODIJOHTIFBS CFIBWJIPVS Py SFBY NMBFW &PWHBPXNBFPHFE TIFBS B(
QMFY BOE EFTQJUF DPOUJOVFE JGWHUEEHBUIPO UIF GVOEBNFO

UBMGBJMVSFNFDIBOJTNPGTMBC DPMVNODPOOFDUJPOTDBOOPUCF
GVMMZ EFTDSJCFE CZ FYJTUJOH UIFPSJEDWILASQWIQ 16 WU GIB O 7
PGUIFQSPQPTFENPEFMTBOEDVSSHD §BHPEEIBOPWIRQEBSB BEFMOEAUBAL
QJSIJDBMMZCBTFE BOEJONPTU DB'TFITPBIR ERBOQWHFE wFSAMBUIHKFE SBD UP !
TIJPOBOBMZTFT pQ\/cy\ch\MJATQPEFEFB\A,jBQTUBODFPCGED\PFOLIDFSQUBDIJOH TIFBS T
UIFVTF PG OPOZEBBSPIOWRFV PG BAOWE OIUPPRYE M PAGA&KRR\BRIUSPROOB A JP O
TUFFM SFJOGPSDFNFOU IBT NBEF (B3FEFDHDUVOHSBRIB PGUIFMBROBESEF Ul
JUZ TJHOJ-«DBOUMZ NPSF EJY-«DVVMNOBITWB RESRNB LBFGIYBRVE @YSPPEPHEP VO
UJFTBSFWFSZEJTUJODU GSPN UIP TFRIVN® MW M EF BPFSCRZE SN BUSIETFIRUB@
WBMJEUPTINQMZBQQMZUIFTBNF BPIIE B S P BAD G BEG FFRGIBW BB VY /E P (
GPSDENFOUUZQFT $PVQMFE XJUI| WD K @PNGFYI FUNSRSEIN DCEHOBNG DU . 1§
BCPWF GVSUIFSVODFSUBJOUZJT w®RJ,3/PFEYWDSFEE\AXSFa)c11m@$3:BFB\H=n.lmBIQ$H!
QBUUFSOTIJG%TGSPN DPODFOU S JDJWFFUSFOWII P GAODP I MESSFE N BB SP\GT
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DPVOUGPS UIFMPDBUJPO PG UIF DPWBMANBOSNRSFALRY BNBEOFMREZ\DBPND TJEFST
UPAGPSJOUFSIJPSDPMVNOT AGPPGEBHYIBRMUNOGOFTHE RGPSADPBODIJOH
OFS DPMVNQTF FIGFDUJWF TMBIO EFQWUIRN" EEQE | PGUIFDSBDLFEUSBOT
UIFMFOHUIPGUIFDSJUJDBMTIFBS QB3$B NBQBONF B TTVBHEEREET4AMEPEE. PG
d2 GSPNUIFDPMVNO GBDF NN &OHIJOAEEFPFMW FMPQFE X RWIBMBBOBCMF
5/lFTFFRVBUJPOTBSFCBTFE PO U KOG ¥ CZ ISFNBRRABEEIRPBB DPVOU GPS U |
UJPOT GRBMBEFBTPVUMJOFEJO UIFGBOBENBC TUBFOBESDGPSDFNFOU UZ(
$4""AA ASBOBEJBO 4UBOEBSETANTF D[FBRIQOPOF QVODIJOHTIFBS DBRBDJIUZ
(BNBM AEEGP VOEUIBUUIFOFVUSBMBYJF BEF EIHOUDPEQSFTTJWF T,WSFOHU
UIFDSBDLFETFDUJPOEFDSFBTFTDBPDBGEB 2 BEBVMY BEHEFIUDRE B HWMRA RG F
UPUIFSFMBUJWFMZ MP XUNZPER TV BODEF MG TUFFMIZRBEF RFSINFUFS PG UIF
DPOTFRVFOUMZ UIBJ tRBBOBCIZOUBWNGERBPFYT 4DJF®OQEUBLF JOUP DPOTJEF
DPNFTIJHIMZJO ,%VFODFECZUIF  WFN¥$6FDBFPCCGAVBEFEFQUISBBIJRPGPSD
5P BDDPVOU GPEUJJLOPXQWBISNIF BWRBEMFP8SFB DPMVNO TJ[F PO UIF QV
FMBTUJD TUJYGOFTT XBT JOUSPEYPFERIDUUVFNBD BSEB EC TIHBDEBSESFTT
$4"AEEGHRABGBEJBO 4UBOEBSHEAATTPDBRBDYMNMBUFE X BICEHDSBRO/BRIUJ PODFFE U I F
MINJUPGA A.1BBOEUIFSFGPSFEPFTO
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UFF AKRQS P QP T F EABFROVEBRI\FRP TPBOM D V
MBUFUIFQVODIJOHTIFBSDBQBDJUZ PG $&6 LX\BLZRTQVDBZC TP S FUROYGFPSDORVE V
XIJWPZLBST BIHWIFVMUINBUF QV GDFJCOHTUIRBBWDABPG 4USVMD S VEBAFRL O H J C
QBXJBRVBMUPUIF /" EFQUIPG UIF D$BDUFEIPERIHBIPXJBUJPO SFDPNNFOEFE
NNk JTUIFSBUJPPGUIF/"EFQUIUPSFJOGPSDFNFOU §B QU@ ®BUWIJPOFR KB WJ
BOEJTUIFNPEVMBS SBUJP RVPUJFEONUFFOGJNBFSHF\BMP\GTTRIG-FMB EFJROFE BT UIF
JUZWPEGEABET BOENPEVMVT PG FMBTGPBDFAFG D B @IKRHFHUIS BPSINVBWMFOU BSFI
Ec. *UTIPVME CF OPUFE UIBU UIF QNPBYMB BIFBSADRRBBUUEZO
V. DBOCFUSBOTGPSNFE UP W FQ@Q OD3JOHIEBBS A USSAAMEBII POCTUJUVUFE J
TINQMZ EDWJIEJOH CZ PSJHJOBM QVODIJOH TI&BSVIBROVIB & RAV/G
&RVBBIBDEFSIJWFE GSPN UIF PO B 288 V ILF\B BONFFEEEJRMU | F #SJ U J BISDWB DE B ¢
EFWFMBQSEXLZO 'BPEBROEBTTVNFTWUUBOWEBBSET AEBAIBVZUBRIE UIF NPEJ -«F
VODSBDLFEDPODSFUF TFDUJPO JTRQPB MO MEGABSHRIBETF K/KA SO DM WF MRV B
SFTJTUJOHBQQMJFE TIFBS GPSDFTUJIPROUSJEVUBF U B 6 SGCBITHSPRHBE BB (
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JDBM TIFBS TFDUJBRO BISFFQEPEN CUWPRBBE $SOGPSDFE UXP XBZ ,%BU QMBUF"
JDBM TIFBS QFSINFUF@NGSFNSHAE PEBUBBQBFOHUI GCE .1B A TRVBSFD
VNO GBHOFUBPEIGFDUJWB T MBEGESBDWR e e PBOJD MPBEJOH /A& OP USBOTWF
UIF GBDUPSFE VO C\BM BOIBREIN ENFRHOBWES BOTJOHMZ SFJOGPSDFE XJUISFJO
GFSSFEUPUIFDSJUJDBM TIFBS,TFIPWMND UISPVHITIFBS TUSFTTFT
JTBHFPNFUSJDQSPQFSUZPG UIF DS J%IFDBBAFMNBXPSDPIPROFRY/BWEAPY B O
UPUIFQPMBS NPNFOU RGH B FSWH 6 DEMEIIRPOFMOPEFMT XFSF BQQMJFE UP CP|
UIFDFOUSPJEPG UIFDSJUJDBM TI|HABROIUFDIDIEPMOVEZONE LB E AVEPDBURIPIPB® O E F
UIFNBYJNVNTIFBSTUSFTT UJPO GBDUPSTBOE TBGFUZ GBDUPST X
*OUVJUJWFMZ JOUIFBCTFODF PG MPVBUEASUTIIOHIERBS\FIER S UQBOOPNJOB N
ESFMT BMMUIFBQQMJFE MPBET BDMJI®H PIF WIFTIMBE QB FE CFUFEBTOFBS T
GFSSFEEJSFDUMZ UP UIFDPMVNO BPERWFBEIFRMEUBBQ@ IBENFFF DPODMVT
NFOU USBOTGFSSFE CZ TIFBS BOE ROBW B WBONVEFSS\EEHE % B BPY SHIBG
NVTU FRVBM UIF UPUBM VOCBMBODIFEBRFPWF® DRHERQHSBIFOMMZEQSFEIJDUT L
UIFDPOOFDUJPO 51JTJTAREQSESFT DBQBORVEYIFR@G < 1 UIF NPEFM PS DP
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BTTIPXOJOARVBUJPO UIFUISFFDBTFT NFOUJPOFE BCPWF Ul
*UDBO FBTJMZ CFTIPXO UIBU GP X B-GJ0 B USIRS D PBKHE MIWFE SBUJIP BQ
TRVBSF HE PN USSR VBASPBVDFE UP
0:60 UIBUJT GE PGUIFVOCBMBODFENPNFOUJTBTTVNFEUP R
CFUSBOTGFSSFECZ ,%FYVSFBOE UIF SFNMBJGXECAEseUP c UsssOTaalaa
GFSSFE B2 HIBBSB D (SFEPiS

5IF FDDFOUSJD TIFBS TUSFTT NPERMBTINNE =

TUSFTTFT BDUJOH PO UIF DSJUJDBM @BS%&S%EE%%@V%@Q,EPFS?Béﬁ
XJUI UIF EJTUBODF GSPN UIF DFOUWSP 158\ B¥J gﬁEngqus_JTqﬁlggl\gBUJpT
QFSJNFUFS SIFUPUBM DPNCJOFEAdPBREYUDUFISIPYBPODOEB FPOT /PUT
UIFTVQFSQPTJUJPOPGUIFEJSFDUTIFBS Td S fgh BEvRO B UHESRRD AL B OA E
PGUIFVOCBMBODFE NPNFOU USBO EGFSS 95 ££UE bR B A rw®Bvadses T
TJHIU JOUPAERWRIUTREFT DBO CF NVMIUE® WA/ OWFOOFDUJPOT POMZ BOE
DSJUJDBM TIFABSTohdD WPPZIBBERAR VB Ug|ROg+* HYIJEEMJBE R REFBDEROIHIMZ D

8IFOFYQSFTTFEJOUIJTGPSN JU Dmgg\ﬁag¢ma§|ﬁqp VIEREPEBb G A EEA
UIFFDDFOUSJDTIFBSTUSFTTNPEFM X P,ypq:q[H«erﬁbglFB@@y@pg:@ﬁ:O $0

FRVBUJPOIBWJOH BXlg\BGDUENFB\JDFF@FU W PO XBT EFWFMPQFE CBTFE PO
vAce/J. /PUF UIBU UIF TM PAQYFTIRDOS. VEY)) SP ©Z APEBOEBTTVNETUI
BCMFOVNCFSUIBUJTBGVODUJPO BRpWlF BB HRFSYIEURPBPOUS

UIFTMBC DPMVNO DPOOFDUJPO BQEF@Q‘B&@JMM# UUFDWENIMENEMZ OFHN
TIFBSTUSFTT JODSFBTFT QSPQPSUJROBMMELKBYIFUIS NBSIPPHY BOBRQIF EI
UIFBQQMJIFE VO CBAWPBHIRERAN®PNFOUs pSDIJOH CBST BOE UIFSFGPSF TJHOJ -«
. ) TUSFOHUIPGUIFDPOOFDUJPO 5IF $BC

A xaeUadi UJRORVBUBIE +BQBOFTF TUB@BKPSE &
EVDFNPSFBDDVSBUEF SRRAY BMWT ARG ACEA

%BUB GSPN AE JOUFSJPS BOE FEHBORRACAABERAND DPOORBUIBGTQFDUJIW
XFSF DPMMFDUFE GSPN&WV @ NEZF R MJIUFESBUWSHASPVQ UIF $BOBBIBR TUB
4ABMB LB (IBOEPVAERALHBAMPVEB EJBO 4UBOEBSEAEAATAADRIBRIBROVSBUF U
&M 4BMBEROZQJOB EBEBMTTFJO FUBORIBOFTFARBEREBBEIJFUZ PG AEWHM &0
AEEBHIMPVM 3B\BRHVFUAENMEY BUQSFEJDUJOHUIFQVODIJOHTIFBS TU
MVEF AERAEMVZFO .JOI 3ARAWAAMM UMPBEFE JOUFSJPSTMBC DPMVNODPOO

JURQWLHUVRISQGHUJI



e e JGOM?L e8>j -

5 BCMRPSDULVRQ EHWZHHQ H[SHULPHQWDODQG SUHGLFWHG VWUHQJ
FROXPQ FRQQHFWLRQVIURP SXEOLVKHG OLWHUDWXUH

$PEF1SPWJTJPO Vrest VPRED
&RVBUJPO .FBO 4UE %FW $07 —

--$* a
#4 2

||$*

$4" 4 .JO
+4%$&

&M (IBOEPVSFUBM
.BUUIZT BOE 5BFSXF

0TQJOBFUBM
&M (BNBM FUBM
S5IFPEPSBLPQPVMPT
BOE 4XBNZ
‘BHIMPVM BOE 3B[B
RQVS

*4USVDU&

&M (IBOEPVS FU BM

*&RGHSURYLVLRQIRUVWHHO L=VODE FROXPQFRQQHFWLRQV RQO\

UZ&aaMM UISFFDPEF QSPWJTJPOT UFDEIOB ¥ B EBRFFTRAJARMBLI(B NBAVA E 8 B M
WBSZJOHEFHSFFT UIFQVODIJOH TBROESSRBBSDPRIE P'S\BM RJQP B WAEEBRHEPB N Z
UFTU UP QSFEJDUFEQVODIJOHTIFBGSORBEDWSBURM FSEFGRRHE BHRESE SIBOU | B\
EJDBUJOHUIBU UIF QSFEJDUFE DB QRIPJWBQIJIWHTN B LBRMLZ | FARSOETNF ISV & FEVES
DBQBDJUZ BOEUIVTBSF TVJUBCM FORREFOUSPRV DB EREHFUFSBIP &RVBUJ

#PUIUIF $BOBEJBO TUBOEBSE BOAASGPNNIR USBEVERSEWBMPFQ UIFJS -«
UIF DVCJD SPPU PG YKE:B¥ IR DUBYBNOGEBSITPO PG UIF SF AMAVDETSRI/MBNA& F
QSFEJDUJPO FRVBUJPOT "EEJUJPAEMNKZ NIJPBBORBDIPWFWEFOEHESBIF VC
UBLFTUIFDVCJIJD SPPUPGUIFDPNQAKPFIWFPFIWSEPEHVYDF®BPOPSWBE JWF
XIFSFBTUIF+BQBOFTFTUBOEBSE UBLFAFQHETRVBSBE SRISFBEBUNXIJUI B NI
QPTFTB MJNJU PO JUT EFTJHO DPNQISFNHH Wk A E S GAHA [ AREN F GHBPAREWP MPSOF U
FSOJOH $4" FRVBUJP O X/B TPESVRXBWEI AP BIFRNWBOT DPOTFSWBUJWF SFTVMUT
ABOE &RVBURIABWFSO UIF DPMYNOIBUGPEY SBIURG PG UIF BAKBWFWWIEN JC
NVTUCFMBSHFSUIBOAPSUIFDSJUTNBMIQMZIMBSRES PFEGEBBEWFWNIBGQ
EFQiYd NVTU CF MFTT UIBO AE SFTQFBUAWE MZE )BRVSIUSPON JU UKFEMA E
UIF+BQBOFTFTUBOEBSE DPOTJEF XBUIG ¥ $§ G FOSSG &N BBFECETRIY BARIP O
JOGPSDFNFOUUZQFBOE SBUJP BOEDPRONIEFHFAHZ UOFUBPEBAND TOBIJYGOF"
UISFFQBSBNFBBETSFTQFDUIJWFMZ JDIGFSDIFNF® U BOE UIF DPOUJOVJUZ F
GFDUPGUIFTFQBSBNFUFSTJT JODWMMNEHEILD BWB BZ@QSFEWMH PIGBRSEBSF
CZUIF +BQBOFTFEFTJHO FRVBUJPBSEWBPRT USRZIBSHA BOEMZLZPYOEBSZ D!
DMVEFE JO UIF $BOBEJBO TUBOEBSIEIBG UIFRQVBWITGH UIFBIRFRQBMIUZ P
DPOTUSBJOUT JUJTSFTUSBJOFECZBEKBDFOUTMBCT

&RVBAAROSWVEE&RVBAURRMO(IBOERS/SPN NPWFNFOU 5IFSFTVMUTPG UIJ-
FUBMEEBBOE &RXBEBUROZT SBAETLBMM)PSUUIFNPEJ - «DBVU JBRBNBBEBOZME
QSPEVDFVOEFSFTUJNBUFE DBRBDJOHHT BHAEEFAB BE&RVBAIPO S5I1IJTITBT
(IBOEPVSAHEEWE & RAEBIHPIMPVM 3BEPWFNFOU GSPN UIF SFTVMURQOESPE!
RQWEEARAIJFME PWFSFTUJNBUFEAES RRMBAIAT &RVBUJPO

JURQWLHUVRI8BQGHUJUDGXDWHS5HVHDUFK



&DUUHWWH (O 6DODND2Zz\ e

5BCMSFRPSDULVRQ EHWZHHQ H[SHULPHQWDO DQG SUHGLFWHG VWUHQJV
FROXPQ FRQQRK\®DR Q@ IBRPDN D Z\

$PEF1SPWJTJPO VresTt VPRED
&RVBUJPO .FBO 4UE %FW $07 —

--$* a
#4 2

||$*

$4" 4 .JO
+4%$&

&M (IBOEPVSFUBM
.BUUIZT BOE 5BFSXF

0TQJOBFUBM
&M (BNBMFUBM
5IFPEPSBLPQPVMPT
BOE 4XBNZ
‘BHIMPVM BOE 3B[B
RQVS

*4USVDU&

&M (IBOEPVS FU BM

*&RGHSURYLVLRQVIRUVWHHO L=VODEV RQO\

5/F DVSSFOU "NFSJDBO HAVGPBMII-GFES&RVBRYBOJPO PG .B U UAZT Z5BFIS X F
VMUJNBUF QVODIJOH TIFBS PG DPOQDSFWIF TRBBT S EPO G ERBEFIBE KPHIV BB B G
UZEBSTPSHSJETQPTTFTTFT UIF TBRPGE SN BPTPWI B PIGINISPWFE UIFUFT
AAE EE &RABEIRDE &RAVBBOAOEFSMUHAUMZ SFEVDFEUIFTUBOEBSE EFW.
FIGFDUPG SFJOGPSDFNFOUTUJIGDFUTFBYIBRBRTRPCTGEOWFE GZIMABTUNIRG L
DBMDVMBUJOH BDSBDLFE USBOTGPSRSEE ToF D&RABDMIEGRIQ PFIRIENBLIOH L
/"EFQUIJTBGVODUJPOPGUIF %“FYVS$SBMBF UOGPSIFNFOUBBEBBP&JUI BO
UIBG®BFIJOGPSDFNFOUBT XFMM BT WIW NIBEOVEWBAEERIBIMQRTFEB TFDPOE NPE
UJPPGFMBTUIDAEP EMIB VU PN P EVMWYWJIABE BROOJMSJISPFEEVDFEBEJYGFSFOU FR!
&RVBHAADSPQPEME(BRBMEBMBMUUFSNSHF@U SBUJP XIJDIJNQPTFT B U@3BJO M.
SFTFOUTUIFQVODIJOHTIFBS PG D BODFOWSUODBMNZ M@ BEPP JOBESIPSTI T
DPOOFDUJPOT JODPNQBSJTPO UPRGFEDNREFRATU SUBOEBIAEVTBPNQBSJITP
QSBDUJDF C'3*$PAAB UUAEAEEM FRYUBF SFTVMUT GSPN UIF *OTUJUVUF PG 4
UJPOTEJTDVTTFE BCPWF UBLF UlF RRWRDABNDE I&B S (BROEINFS FAEBTR FO&R V B
MPDBUFE BUJR EISRM O DFFOPFAMVNO GRIDBU UIF FRVIWBMFOU TUOM RMBOEDR VS G &

5/F #SJUJTI TUB O BB E) GNRMEUE PERDEAMSPEVDFT SFTVMUTDMPTFS UP U/
UZaaQFDJIJNFOT VOEFSFTUJNBUFT UBP B %6 B YIDOH TUIFBSUBBEBSBE EFWJIBUJP
JUZ BTFYQFDUFECBTFE PO UIF SFBFMBJIT®ILOHIBFO UVE@®) QI UOHTUIFFU P G
"$* AAE EA£ DPEF 5IFSFGPSF CPUIMRFEMWPROEFT ZIFMEIUUHIBS TIFBS QFS.
QSFEJDUFETUSFOHUITDPNQBSFE UPR BOEBSEV B 6 P 5RUNFES BVEEHREOBHE) D PUVB/ON

5/F #SJUJTI TUBOEBSE XBT -«STUQNBENKBESZ .BUUIZT
5BFSXF &RAERPIPDDPVOU GPS UIF BYJBWINMBYWVG CGRBIBRQGXECBRFVBWIPDS Q S
UIHNZERFJOGPSDJOH CBST " TVCTOQPUFEJFFROVEBIMNBEG UOF POF XBZTIFBS
UIF #SJUJTI TUBOEBSE GPS BO=FR\EIJVBBMFUBWD EBEE$RRBAEIBOEAUBOEBSET
tEf/Es 5IF FIGFDU PG UIJT TVCTUJUVBEABOETYBLFET JONP PP OTIEFSBUJP
BDDVSBUF QSFEJDUJPOT PG BIRQARCDUIPEFIGBE SO ARACBST 51JTQSPEV
$07 AA AE 0TQJOB FLAEMIFGRP?PBWIP® NFBO P& EAGE £07 AA CA 0G UIF
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FRVBUJPOT DPNQBSFE UIF BOBMBOMDBBQVEOE F B JW B ABFREEVE RIGB UJ M 2
5IFPEPSBLPQPVMPT 4XRQNIPYWEEBIMBRIFE QSFEIRLIPPREXIBIEEA EAA
UIFNPTUBDDVSBUF *UXBTGPVOE U$BU GP AANT &E/FMEC TAB O BB EFFAE $07
UIFNFBO PG UIFUFTU UP QSFEJDUFE @\¥EO D BFOH) F FBBBNTRMF GHRUTUB OE B S
XBTA EEERAAA $07 AA AE 51JT NPEFMQPKIDIBFFAQUMEZ MPXFS GPS UIF FDDF(
UIFTNBMMFTUTUBOEBSEEFWJBUJ®OGEBOEBOTRNBOKBEB MIFIBFRDBOUSJID
UJPOTUFTUFE JOBEEJUJPO UP UIEMNFGD BFRITH PQIPOBFE GPPNBE NBMM
51IJTNPEFMDPOTJEFSTTJ[FFIGFDWBLKONUWBHF CPOEJEM3$B CFRXKFPOO DP
UIB@&FIJOGPSDFNFOUBOE DPODSFBDI"EEVBUBPBG MM AUIXIPD/ME CF NJTMF
TJEFSTUIFDPNQSFTTJWF TUSFOHWIPEG BRYBS FREG BOIHF WEFYN SBMSSSH T VI
JOGPSDFNFOU SBUJP UP CF DP EFQroEFPQUYDMBBEJORY 0TURMBUWRR | F
FOUJUJFTBTTVHHFTUFE CZ UIF PUIF XS fIBICEPMSOFR BABE. BRRNET JBBF S X
&RVBBEPEOE *4USVDURAGQKRNBIDIWP O F |
A A *OUFSJPS4QFDJNFOT &DDrEOUsRID WEMYFEPHEFBFEUFS UIBO A EE
DPODFOUSJDBMMZ MPBEFE TQFDJNFC
5|FTF FRVBUJPOT XFSF BQQMJFE UPPOIFFBMMEBROIUT SIJDBBMYS M P BREBEFM Z U
JOUFSJPS TMBC DPMVNQPWVER FRVMDPWW AVBEOEFHDOEOUSIDBMMZ MPBEFE
4ABMBIAEAZEIF %4 FYVSBM SFJOGPSDANRABWSBOITZBEWEPMPFS FTUIJNBUFE SF
OFDUJPOT SBOHFE GSPNE CA UP AGH TBEBSUIFNFONHO W SIPBUFS UIBO U I
TIFBSMB/UXBRT DPOTUBOUBUAZLZE NNTEBEFOMWITGAPINSEOA NPTU BDDVSBUF
SBCAMYSFTFOUTUIFSFTVMUT PG FBDDFRVSUD BOBMKNIIUQSHEIBUFE VOEF
NFBfst/Vprep WBMVF TUBOEBSE EFWJIBBDDF BWEIPOHSPVQ 0G UIF FRVBU
$PNQBSJTPO PG UIFUISFF NBKPS &R ¥ B AP ILTIIPRETIEFQNIOTWIBDDV SBU
B TINJMBS USFOE BT XJUOFTTFE OZgkhl/INpRR O AFDAS FxBM I 2 7M BB B BE
JOUFSJPS DPOOFDUJPOT 4QFDJ-«DBMMZ UIF "NFSJDBO HVJEF
MJOF &RVBIREVDFTIIJHIMZPWFSFTUANBULE QS BB OAT &DDFOUSJI
XJWiest/Verep A EEEE AAE $07 C EE
XIFSFBT UIF $BOBEJBO AKRYBRISP G&A4RVBHBAQ FONINFOERG&M ABMBEBXZ
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A BOE FEHF PPN/ TVrrep E EAE TIFBSTUSFTTNPEFM

E EAA $07 EAVEST/%Qd A EEE AEE
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DPMVNODPOOFDUJPOT
5|1SFF FEHF TQFDJNFOT XFSF QMPUUFE BHBJOTU UIF VOCBM
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UJRD XBT DBMDVMBUFE UP CF EA 5|JTTVHHFTtﬁT<éLéJgFSF

GPSF UIBUUIFSFJTBMJOFBS SFMBUJPOTIJQCF UIFNPNFOU
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5IFPEPSBLPQPVMPT % % AXBNZ /| BEMBRPEFOMBWMZQIBFENMDU QVODIJOHTIFBS
NPEFM UP QSFEJDU QVODIJOH TIFBS TDBOO0OB BU P{g/; BIWIRB®EPEIDEAEX UQD O
DPODSFUR&BWIUMBWXUDD -RXBEQACEYSFZFO " 'SPTDI 3 AEEA $PODSFUF"
5IFPEPSBLPQPVMPT % % 4XBNZ 3 / PUAEBAK F STQBMRIXFWV X UD & - RDEEQ O DA
QVODIJOH T TIFBS TUSFOHUIBOBMZTJER3UMBC DPBVWK BDHFPIHLFD RUFAE FRQFUH
&HPHQW DQG &RQFUHBEHE &RRSRVLW} FKDQLFVD@BTH\WLIQ 64" 1SFOUJDF )BM!
5IFPEPSBLPQPVMPT % % 4XBNZ 3 {BHAMBEB ""EBBPBIROQVS " AEEA 1VODIJC
NPEFM GPSQVODIJOHTIFBSPG'31 SFIDBEBSHFER WBI DRMBWUNGDG BBDBERAEGER X\ L
OFDU&PBOHQW &RQFUHMAAREPBSAEVLWWKH WK&RQIHUHQFHRQ$GYDQFHG &RPS
5IFPEPSBLPQPVMPT % % AXBNZ 3 /| DAEBMMUXFOBMZWRIDOVUEU\ $% &DQDGD
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