4 LQWHUYDOOH\ WULRQV ILQH VWUXFWXUH D
-LDMLH 3HL :;XH /LX $QGUpPV *UDQDGRV GHO EJXLOD 'L %DR B6KHQJ /LX |
YHQJ =KDQJ &RQJ\D <RX <RQJ]KH =KDQJ .HQML :DWDQDEH 7DNDVKL 7DQ

&LWDWLRQ 3HL -- /LX ; GHO EJXLOD $* %DR ' /LX 6 HW DO 6ZLWFKLQJ RI . 4 LQ
G\QDPLFV LQ Q GRSHG PRQROD\HU :6 2SWR (OHFWURQ $GY

KWWSV GRL RUJ RHD

S5HFHLYHG JHEUXDU\ $FFHSWHG 0D\ 3XEOLVKHG RQOLQH 2FWREHU

SHODWHG DUWLFOHYV

/ILIJKW WULJJHUHG LQWHUIDFLDO FKDUJH WUDQVIHU DQG HQKDQFHG SKRWRGEH
PLIHG GLPHQVLRQDO SKRWRWUDQVLVWRUV

«¢™ic <A feo foe%d <*% —f*%Aa <o fe%da Ste%o—fe% S—& Ste%Zcs 14 <S—< <& fE—Ff-
<feS—f —fe%d <f'Z¢< S—& <«—E—fe S—fe%a ‘c% <& oZc<fs fo

2SWR (OHFWURQLF $GYDQFHYV GRL RHD

2SWLFDO SURSHUWLHY DQG DSSOLFDWLRQV RI 6Q6 6%V ZLWK GLIITHUHQW WK
te%oZ¢ <—A& ‘e%,' —& <ot< <—& ['"'e% [e% A <*% IT<A FeE—e+ «—a& f¢ —'a S t«
2SWR (OHFWURQLF $GYDQFHV GRL RHD

ORUH UHODWHG DUWLFOH LQ 2SWR (OHFWURQ -RXUQDOV *URXS ZHEVLWH

KWWS ZZZ RHMRXUQDO RUJ RHD 2(B-RXUQDO #2SWR(OHFWURQ$



$UWLFOH

$SULO 9RO 1R

~"A18 Z]vP }( <rY ]v8 EA oo C SCE
v SZ]JE Cv u] ¢ ]Jv vr }% u}vi}c
«fE«t t¢atd —3F «—va et"xe "feftie t1Z %o—«<.
‘Sfettae f'—" of"fva f<Ect Sf'Ua fe% Sfe%sa
‘e% St Sfe%v'A feE®< f—fef, w4 fefeSc fec%o-
fet <«<S—f < e%o*

ORQROD\HU JURXS 9, WUDQVLWLRQ PHWDO GLFKDOFRJHQLGHV 70'V KDYH UHFHQ
LF DQG RSWR YDOOH\WURQLF DSSOLFDWLRQV 7KH RSWRHOHFWURQLF SURSHUWI
VWURQJO\ JRYHUQHG E\ WKH WLIJKWO\ ERXQG HOHFWURQ KROH SDLUV VXFK DV H
RXV VSLQ DQG YDOOH\ FRQILIXUDWLRQV DW WKH FRQGXFWLRQ EDQG HGJHV LQ

YDOOH\ PDQ\ ERG\ FRPSOH[HV +HUH ZH ILQG WKDW WKH LQGLUHFW 4 YDOOH\ LQ
FULWLFDO UROH LQ WKH IRUPDWLRQ RI D QHZ H[FLWRQLF VWDWH ZKLFK KDV QR
HQFDSVXODWHG :6 ILHOG HIIHFW WUDQVLVWRU ZH DUH DEOH WR VZLWFK WKH H
WLRQ EDQG HGJHV &RQVHTXHQWO\ D GLVWLQFW HPLVVLRQ IHDWXUH FRXOG EH |
WXUH KDV D FRPSHWLQJ SRSXODWLRQ ZLWK WKH . YDOOH\ WULRQ DQG H[SHULH
QDPLFV XQGHU GRSLQJ 2XU ILQGLQJV RSHQ XS D QHZ DYHQXH IRU WKH VWXG\ RI
LQ VHPLFRQGXFWLQJ ' PDWHULDOV DV ZHOO DV SURYLGH D SURPLVLQJ ZD\ RI Y
SKRWRQLF GHYLFHV

.H\ZRUGYVY ' PDWHULDOV :6 FKDUJHG H[FLWRQV WULRQV LQGLUHFW 4 YDOOH\

W1 ::U>pyU o Pulo 'U } U >p*» & oX ~A]§ Z]vP }( <rY ]Jvs EA 00 C SE]}ve
uljvio C E tMX K%S}r o SE}v A oU 1T1118 ~TiTieX
,ZQWURGXFWLRQ GFDUT 5IF UJHIUMZ CPVOE FMFDUSPO

5SBOTJUJPO NFUBM EJDIBMDPHFOJEFIPG % JIPEHOW K BRMBBIPWOFEFUD  UIBU
HSFBU BUUFOUJPO BT QPUFOUJBMDBEBPEJBEBRGGFEGPSBHPWFMSPRHRUWZ DSVI
FMFDUSPOJD BQQMJDBUJPOT JO GFPEPIUIFBPTG EWH BP XHAMMBT UIFJ:
¥YOJRVF FYDJUPOJD QSPQFSUJFT BMEORUBBOWBWB\WORZTPERE F®DJUPOJD TI

&ROODERUDWLYH ,QQRYDWLRQ &HQWHU IRU 2SWRHOHFWURQLF 6FLHQFH DQG 7HFKQRORJ\ ,Q
2SWRHOHFWURQLF 6FLHQFH DQG 7HFKQRORJ\ Rl OLQLVWU\ RI (GXFDWLRQ DQG *XDQJGRQJ 3URYL
8QLYHUVLW\ B6KHQ]KHQ &KLQD &ROOHJH RI ODWHULDOV 6FLHQFH DQG (QJLQHHULQJ )X]KF
3K\WLFV DQG $SSOLHG 3K\VLFV 6FKRRO RI 3K\VLFDO DQG ODWKHPDWLFDO 6FLHQFHY 1DQ\DQJ 7H
&ROOHJH RI ODWHULDOV 6FLHQFH DQG (QJLQHHULQJ %HLMLQJ 8QLYHUVLW\ RI 7THFKQRORJ\ %
ODWHULDOV ,QWHUQDWLRQDO &HQWHU IRU ODWHULDOV 1DQRDUFKLWHFWRQLFV 1DWLRQDO ,QV
6WDWH .H\ /DERUDWRU\ RI /RZ 'LPHQVLRQDO 4XDQWXP 3K\VLFV DQG 'HSDUWPHQW RI 3K\VLFV 7VL
&RUUHVSRQGHQFH + =KDQJ ( PDLO K]KDQJ#V]X HGX FQ 4+ ;LRQJ ( PDLO TLKXDB[LRQJ#WVLQJK
5HFHLYHG YHEUXDU\ $FFHSWHG 0D\ 3XEOLVKHG RQOLQH 2FWREHU

K %o v de2]e ES] o ]e o] ve pv & E 3$]A }Juu}ve E3E] psl}v X1 /v Ev §]}v o >] ve X
d} Al A 1% C }( 3Z]Z8F %W IU B&]«F3A JuulveX}ERIO] ve ol ClaXil
ZdZ pSZ}E~ee TiTIX Wp 0]°Z C /veS]SpsS }( K%S8] « v o SE}v] U Z]v - uC }( ] v X
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TP DBMMFE WBMMFZ NBOZ CPEZ WFBMIMENFDSJUJOBRISPMF PG UIF JOE
QSPWJEF UIF QPTTJCJMJUZ PG NBBUQRN ™ EG OWB MMF ZVEBIOIZE CBRDEMPNQMF
WJB PQUJDBM QSPCFT 5IFJS VOJRBP QRPE®IBIFIFT @B P2 WRIE FNEBM® BYVMBUJO
USBDUJWF QMBUGPSN GPS SFTFBSSIBOTJGYPEBNFORNME QDFENDPHFOJEF-
RVBOUVN PQUJDT WBMMFZUSPOJDWMFEUBPOJD BQQMJDBUJPOT

'PS NPMZCEFOVN DPNQPVOET .P4 .P4F OPS

NBMMZ UXP NBJO FYDJUPOJD TQFBIFXEW \VpcTFsSwWFE JO UIF
QIPUPMVNJOFTDFODF 1- TQFDUSB6@MEN KME UPFYDUR®B BIPEO UBU UIF 84 NP
PO PXOJOH UP UIFJS BMJHOFEUS@ OO BOH IPNDFOESD HFRIFSBUFE BOE
CBOE NJOJNVN $# BOE UIF WBMBROIFS ICB GE HFBFEBWF WBMMFZT PG UIF
74 *O DPOUSBTU SFDFOU TUVEJFE |BAW 5P \8BEFUUBUWBISFIPVT UZQFT
UVOHTUFO DPNQPVOET 84 84F IRWFPERJ PQABFWIPVQJIDUVEJFT GPVOE
DPOGJHVSBUJPO JO UIF DPOEVDUJEBOEBPE NBOPWNBN BOEAUIBT _ NF7 PG
WBMFODF CBOE NBYJNVN | XI1JDI UTFHOWBMMBOLUME BGGEDSTU #SIMMPVJ
UIFJS FYDJUPOJD FNJTTJPOT VOEPPQEVOUJROFWBOENRIPJIGEEN JT PQQPT
DJOBUJOH WBMMFZ FYDJUPOJD TUBBPE JOBYUINVNDPNQPIVFOEPIJOPHPOGJIH\
JOTUBODF UIF CSJHIUFOJOH PG TOR@ENBSL PRY TBUOFEOBOE WIBEMFODF CBOJI
PCTFSWBUJPO PG CJFYDJUPO | PS EWEDUIJBSRSY RS EBBFRBENBIOZGFSFOU DPM
CPEZ DPNQMFY IBWF CFFO SFQPBUF & BMBIREW MR UIFhEQ8JOUT PG UIF
FDU , BOE , WBMMFZT XFSF DPOTCEFSFEUBESIFEHF Y UF QDUNEBMZ 3FDFOU
QSFUBUJPO PG TVDI FYDJUPOJD TUBRBPVHIENTOEQEF BB DU WEMRG FMFD U S
TPNFUJNFT BMTP SFGFSSFE UP BTUESHNG BJB XFJD IWBMMEZ DHTSBUIFS TUSH
UIF TBNF TQJO BOE WFSZ DMPTF FUOFEMY IMFWEBRMYEF 2 FFY D WEPMMBD 84F 8.
JO UIF GJSTU #SIJMMPVJO [POF PG MPOHPASBEES BRUJWFRBNETFT PG UIF 2 WB
DFJWFE MFTT BUUFOUJPO 4VDI WBNWMFXBT SIHOFMBIMZFE®GVOIEPWFE SFD
TJHOJGIJDBOUMZ JOGMVFODF UIF FXDUIUEENFUSRTP B WIFES DGV UN PSR @B O H M|
EFS UIF BCPWF HBQ FYDJUBUJPO | NJIIFEF®B T QFD USPBDRQEZGGPS 84F BO
2 WBMMFZ PO UIF GPSNBUJPO PG NWPBIVREX \NBOZJSFRY DMBMMFZ FYDJU
QMFYFT IBT OPU CFFO XFMM TUVESBEIFB GEHEOJER VESBWFM UIF

FYBDU OBUVSF PG UIF FNJTTJPOT SUFJDIDSPEYBMUFE FIFFOUSPOT BU |,
USBOTJUJPO QSPDFTTFT PG UIF NBODWHPHEA FYEDRISTUKIUMF .h PS 2 WBI
NPEVMBUJOH UIF DBSSJFS EFOTJUJRBT YR IRSHJIGIGFBF OB MMBAMEMERSL FYD
BU DPOEVDUJPO CBOE FEHFT DJUPO CJOEJOH FOFSHJFT PG TVDI FYC
)FSF XF QSPCFE UIF JOEJSFDU 2 WBMMFZMDB NPFEF TAWBWRSBEMF UIBO Ul
UVOJOH UIF 'FSNJ FOFSHZ XJUI B 13 ®R&/BYRXEZWFS FOIBEQBSF OPSNBMMZ
TVMBUFE 84 GJFME FGGFDU USBOWURUPSTQFEUSBIDDVR AN UNFIPEO[FSP [
GFBUVSF NBOJGFTUT JUTFMG BT _NFORAN MP D JOIFOBSIQMBIE FMFDUSJ
DPNQFUJOH QPQVMBUJPO XJUI UIFIBRDWESQUWBNMFATSDBO €66 GIMMFE »
NPOPMBZFS 84 XBT TUJNVMBUFE 3P0 XMIUITENQMAVBMMEZ FYDJUPO EJS
QPTFE UP IJHI FYDJUBUJPO QPXFSDPEMFAEESFQUIBSIWEBEMMBD SPSIIPOT BT JM
EPQJOH 8F GPVOE UIBU UIF BD U GEPOUDEH MPROTFMIWE SIFF UP UXP U
TBNQMF IBT B TJHOJGJDBOU JNQB®UBPBJIOIBAQMXF GMBXFSAZQF IBT CFF
TQPOTF PG UIJT FNJTTJPO GFBUVSHF U'SIP QIGIDBSBUS S DMISFUQSFWIPVTM
PG TVDI BO FYDJUPOJD TUBUF QSPCIBE OPWOFRQINFQPSRMBAEEGPSF
QIPUPMVNJOFTDFODF 531- NFBTVS&NDPOBMIFFE IPEUIJBBM TQFDUSPTDF
TUSPOH HBUF EFQFOEFODF 5IF ORN®QPMBES QBXF $BBIQMFHBDFOGJIHVSFE
SFTQPOTF XFSF EVF UP UIF DIBOHGG B U RSNRION FWFAVE J UPVDGEBWFM UIF F
WBSJBUJPO PG UIF EBSL FYDJUPO GEDQVIMBWA P@P LAVGBUTBMERPEFMBUJP O
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)LJ _ 6FKHPDWLF GLDJUDP DQG GHYLFH FKDUDFWHUL]DWLRQ D 6FKHPDWLF GUDZLQJ RI WKH \
WLRQ EDQG DQG YDOHQFH EDQG DW . DQG .1 SRLQW RI WKH ILUVW %ULOORXLQ JRQH 7KH EDQGV
XVLQJ WZR GLIITHUHQW FRORUV EOXH DQG UHG DQQRWDWHG ZLWK DUURZV UHSUHVHQWLQJ GLI
KROHV UHVSHFWLYHO\ 6FDWWHULQJ SDWKZD\V RI HOHFWURQV DUH GHQRWHG E\ WKH RUDQJH DU
E 7KH SRVVLEOH YDOOH\ HIFLWRQ DQG WULRQV HPLVVLRQV IURP .9 YDOOH\ LQ WKH PRPHQWXP
FLWRQV DQG WULRQV ZLWK RSSRVLWH VSLQ FRQILIXUDWLRQV GHJHQHUDWHY +HUH ZH GLVSOD\
JHUPL OHYHO FKDQJHY DUH UHSUHVHQWHG E\ RUDQJH DQG JUHHQ GDVKHG OLQHV 7KH &RXORPE |
DUHDV ZLWK UHG RUDQJH DQG JUHHQ FRORUV F 2SWLFDO PLFURJUDSK RI WKH K %1 / :6 K 9
6FKHPDWLF SORW RI WKH KHWHURVWUXFWXUH GHYLFH H 7KH GUDLQ VRXUFH FXUUHQW DV D I1XQ
WKLV WUDQVLWLRQ FXUYH LW LV IRXQG WKH :6 PRQROD\HU LV DQ Q W\SH VHPLFRQGXFWRU 1RW
PHDVXUHG DW JHUR VRXUFH GUDLQ ELDV

BOE E UIF NPOPMBZFS 84 TBNQNFOUTFQPBQIVWAB CFDBEVTF PG QFBL C.
UXP QJFDFT PG GFX MBZFS IJHI RWENWIOUZEZRGIOHP PNSIGONMEGIDIFOUMZ M|
UIF JOGMVFODF PG TVSGBDF EFGFDB U TNUBTUF TQ BPNUIGFF MMPTDBREAES BU _ F
5I1F 84 TBNQMF JT HSPVOEFE BOE WIF GOV HBUG RWRSMDBEEFIOIU TUVEZ 'Jt
BQQMIFE UP UIF EFHFOFSBUFMZ EPREERVHADNFPIOTRGRUF XJUQBDUSB BU
ON UIJDLOFTT 4J0 BT UIF EJFMRIFUSJDP BISEFFQPOBEIBH QBFCBDL HBUF W
QBSFE '&5 EJTQMBZT BO O DIBOOFM EFQMFUIF EPQREOH EFIGWIMUZ PG FMFDU
PS XJUl B UVSO PO WPMUBHF PG _ JQUFOTTJUE PG UIF 9 QFBL EFDSFBTFT |
51F 1- TQFDUSVN PG UIF TBNQMF WFGTVSF P B 9| FBIHBWESFBTF TMPXMZ

WPMUBHF BU , JT TIPXO JO 'JH 7BUP4JY 18IFQJUTBEROBGIEFBHIBUF WPMUBHF
UVSFT BSF DMFBSMZ PCTFSWFE UIWFPQFEL MIRNIOUOQFBIHERTB RODFBST BOE |
FSHzZ _ F7 BSJTJOH GSPN UIF FQBPBUPESPOQT BIBFQBEMEZDDO UIF DPOUSB:¢

BUFE OFHBUJWFMZ DIBSHFE FYDJUPPEBLIHSPKXT ENFNBOUBMBMMZ VOUJIM JU
9 UISFF MPXFS FOFSHZ QFBLT MBUFMAR BOU-SVNIEU BSF BP8 SFTVMU PG
NBMMZ BUUSJCVUFE UP MPDBMJ[FBOTUBUPTUIFSP$SBOEMBUFEI QIPSBBAF PG
WBMMFZ QIPOPO SFQMJDBT PG EBBBSHRROAF NBHOGUWVEF TRIGMDPLFT TIJC
UVSF PG USJPO 95 DPVME OPU CF SFEFPFMIGRE BG RMB NBEBPWOSBs BOE 95?2
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JLJ _ (OHFWULFDO WXQLQJ Rl WKH 3/ VSHFWUD RI H[FLWRQLF VSHFLHY D $ W\SLFDO 3/ VSHFW!I
ODVHU 7KH ODEHO ; DQG ;7 UHSUHVHQW EULJKW H[FLW R UMNY® QWW\ R QY DUCHO/HS\HF KLY HOG  VAK BIWGHD E
SHDNV DUH ODEHOHG DV /y UHSUHVHQWLQJ ORFDOL]JHG VWDWHV E &RORU SORW RI WKH PHDVX
YROWDJH DW : HIFLWDWLRQ SRZHU 7KH EODFN GDVKHG OLQHV DUH D JXLGH WR WKH H\H VKR:
DUURZ LOOXVWUDWHY WKH WUDQVLWLRQ WUHQG IRU ;;* SHDN LQWHQ WXWHX QG H Q VERBILIDW HBK 8 F K (
RI WKH ; EODFN FLUFOH ;; EBGHWRILWRIWH DIVG D IXQFWLRQ RI EDFN JDWH YROWDJH 7KH VROL
WLRQV LQ 6XSSOHPHQWDU\ LQIRUPDWLRQ 6HFWLRQ

FMFDUSPO EPQJOH 'JH C 'JHVMBLFMZTIPXT WAF BOOFRMYDJUPO FNJTT
SBUFE 1- JOUFOTJUJFT PG TVDI FNSFIRB8OFGFBUVIBIFVMB FMBP SBDUBE CFFO )
GSPN EFUBJMFE GJUUJOH SFTVMUTUIBG BNM CIRELIO B TF DIFPXHZ JAG ' CHFYDJU
4 *U JT JOUFSFTUJOH UP GPVOE WIFSJOIBRO UJIBUFAGPGI P:UBOEO
BQQFBS UP CF B DPNQFUJUJWF SFMB WHBPWTERQROBEBODBQPEFS MBX SFT
TXJUDIFE CZ UIF HBUF 'JH D OQMBIDFEGBNMMPRMMBXT 'PS UIF o 7 C
#PMU[NBOO EJTUSJCVUJPO XJMM CAFSBBWFWWFBUFE GRWES UIF MPXFS JOE
QMFNFOUBSZ JOGPSNBUJPO 4FDUJR®XFS FYDJUBUJPO NPTU PG UIF FMFD
51F QPXFS MBX BOBMZTJT XBT OPSINBWMMZS WEIJOR WBSWEFS GPSNJOH Ul
DIBSBDUFSJ[F UIF OBUVSF PG FXBMMBGNPVOBNOMBEYFTQIPUPFYDJUFE
)PXFWFS XF GPVOE UIBU UIF \QPXR® WBRK QEPROPAMFRJOFTDFODF QSPDFTT
JFT XJUI UIF BDUVBM EPQJOH PGBUIRMMXDWSBURBE JOBUCF TDIFNBUJD E
X1JDI DPVME CF EVF UP UIF WBSJBECPRQ PG PEDIWPO DSJIPO WFQFYDJUBUJ
VMBUJPO JOEVDFE CZ 'FSNJ MFWFW FDFBIGBUSH OSEFODPSBHD UIF JOEJSFI
QPOEJOH JOUFHSBUFE QFRIOBF OB JBZD®PBTF VOUJM JU GJOBMMZ SFBDIF"
UJPO PG FYDJUBUJPO QPXFS JT TIFXGDIUWDSPIHIT TOIJIMMFEFNBEO JO UIF EJSI
TBNQMF JT BU o0 7 CBDL HBUF UVQJIGHSJHIUQPXEESMBB AR PFG 'JH D
PG TVDI B QFBL JT [_ .FBOXIJMFNUTFJPOD SFRFSF®FNE B TVQFS MJOF
DJUPO 9 BT B GVODUJPO PG FYDJWQRPXFSOUPPXHS QFRPSIFTPSWAF 7 TJUV
MJOFBS XJUI B QPXFS MBX TMPQWENSMEZ IBT X8MBFBEF CFFO GJMMFE X
QPXFS MBX TMPQF GPS UIF USJPO ®mFGU VQQFSJ®RBAFM O 'JH D "U FI
USBOTJUJPO GSPN FYDJUPOT UP URYPIUF P FMFHTU BAOTIKIKWD SFB®PNCJOF
UJPO QPXFS JODSFBTFT *O DPOUBBZUGGIFDIROEMBSQMWFSITUIBO TDBUU
IFBWJMZ O EPQFE BU 7 CBDL HFEYR MBDGDKIZ W F @QPXFS MBX TMPQF P
MBX TMPETFPBNFT [_ 'JH D PBMPTWBEPRPOTVOEFS 7 CBDL HBUF WPMI
UIBU UIF 1- JOUFOTJUZ PG TVDI GFBINFEFIP NO/FEFG TROMMUNBOFTDFODF
MJOFBS XJUI UIF FYDJUBUJPO 5IF QPXFS . MBXPEMPRBTPETWIE UP GVSUIFS
DPVME CF UVOFE DPOUJOVPVTMZ GZPOBNJIDUPPG TERITKBMIUPOJD TQFDJF
QJOH UIF CBDL HBUF WPMUBHF GSRINFoOF'SMBMJ[FEJ531-DTQFDUSRJIGPS Ul
%VF UP UIF WBSJBUJPO PG UIF QPXBBOMBXBIUWFSFR X IRUFTBINBWRJIF GBTU
EPQJOH JU JT JNQPSUBGEBULP ®P UFVWIFE UFSF TJODF JU BQQSPBDIFT P
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JLJ _ ,QAXHQFH Rl HOHFWULFDO GRSLQJ RQ WKH FDUULHU G\QDPLFV RI H[FLWRQLF VSHFLHV D
IRU PRQROD\HU :6 DV D IXQFWLRQ RI H[FLWDWLRQ SRZHU DW + 9 DQG 9 EDFN JDWH YROWDJH'
SHDN SRVLWLRQV FA ;/RIQ®RJ SORW RI WKH LQWH DWDB HGQEWLERY HI VWL WIOUWLRQ SRZHU DQG JDWI

9 7KH VROLG OLQHV DUH SRZHU ODZ ILWWLQJV ZLWK ,3; 3 7KH GDVKHG OLQH LV JXLGHG WR \
WUDWHV WKH HOHFWURQ FRQFHQWUDWLRQ LQ WKH GLUHFW DQG LQGLUHFW YDOOH\ DW ORZ DQ
GRWV IRU WKW DWHPSHUDWXUH RI . ZLWK SXOVHG ODVHU H[FLWDWLRQ DW D SKRWRQ HQHU
,5) LV WKH LQVWUXPHQW UHVSRQVH IXQFWLRQ 7KH VROLG OLQHYV DUH GRXEOH H[SRQHQWLDO ¢W
RQ WKH FRQYROXWLRQ ZLWK UHVSHFW WR WKH LQVWUXPHQW U HAMSR WHW BBHFWBGWVRHEBD\ O Ll HS

SV UHVSHFWLYHO\ 7KH VORZ GHFD\ QHUMWIHIWUDFRUH® KWHR; EBQG* SV DQG “ SV UHVSHF\
WLPH UHVROYHG 3/ WUDFBW GIRWWHQW WBRHAN JDWH YROWDJHV IURP = 9 WR 9 7KH VROLG OL
WLDO (WWLQJ FXUYHV I 7KH VWDWLVWLFDO YDOXHV RI WKH IDVW GHFD\ OLIHWILW HGL | IHQG QW R

EDFN JDWH YROWDJHV

5IF 531- TQFDUSB FYQFSJFODF B TUNBMBSIHIBTRGS 3BE BB UWH (ERFFDBZ
HJOOJOH CVU UIF GPMMPXJOH EFDBAHA QSPDFTRSF BOGGEBESE TIUIHOXHINGIDUIF E
BOUMZ 'PS UIF USJPO 95 UIF EFDBZFQISPDFRO OPPXUBI®TTUIZPOH HBUF
EJTUJODU UJNF TDBMFT OBNFMZ B FoBSTU EFPSZBTI UDFJUBSJPO 95 IBT OFHM
PG UIF XFJHIU BOE B TMPX EFDBZHBUFXDUBOHFTPGQHIFG BOE 'JH 4
XFJHIU #Z B EPVCMF FYQPOFOUJBMOGJUIFI®H IRHB FIB\CEEMVER PGTIFSWFE TJ
BOE I GPS UIF 95 BSF FYUSBDUHRHBOMJOH UIFE®&@YDQOUBUJPO QPXFST BT
BOEE€ (o] QT SFTQFDUJWFMZ S5ISEBIBUENBPBZIGC G NUFFOIT P& 95 EPFT (
QJDPTFDPOET IBT CFFO BUUSJCVUBPEBOPMRUBH GP®BBEUBRPOWFG BMBTFS QP X'
DBZ MJGFUJNF DBVTFE CZ UIF DB3WJFF & DEBEEEINES MOMBBEFAS GG NPS QT U
DBSSJFS QIPOPO TDBUUFSJOH XIMXXMFOUXF JOPISFEFPBAFI MBGFS QPXFS G
IVOESFET PG QJDPTFDPOET JT UIKBIFEEISETWHUEFDBEZI MBGFWIBE UIF JOD
uilBU JT SFMBUFE UP UIF JOUFSCB @QF FMEIDFIP 6 [MPINIB MED RNSPIIMBIT PG D
UJPO *O bPOUSBTU UIF WBMVFFWEBDUSPO BPQQOHBIDE NPOPMBZFS 84
e QT GPEFNIFTIPO BSF NVDI MP EHEOBNBOE BGEBUMSF JNQMJIFT UIF
1
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SFMBUJPOTIJQ CFUXFFO UIFTF UXB GBQETEFOGBUZSBBOFS "U QBHBIB O X BISWFT |
'FSNJ MFWFM UIF FMFDUSPOT TDBRENFSHPHB U 8PV Ot WBMMFZ RYBOUJU
BMXBZT FGGJDJFOU EVF UP UIFJS MFBESFBEGEHHET BUE JOIBFHEBEBUFE 1- JO
BUJWF MJGFUJNF | PG 95 USJPO JIPEOMEZBBUVISPSBSP D PBMMMBDUFE JO 'J
JODPOTQJDVPVT SFTQPOTF UP UIFEEPBJMHE 'GHBUUEBOH SIKMWAMUT BT TIPXO
JO UFSNT RUBJA® GPSNBUJPO JU JOHAMQQORFQFSEEFBWDL MBXCMVF TIJGU XIFO
'FSNJ MFWFMT CVU CFDPNFT NPSF GSBMBPISSBC BO KIBOF WQFBESMNJFSHJFT DBO
MFWFM SFBDIFT UIF 2¢ WBMMFZ BVTBOSIF BYNUBPE&BSIE TEHSPOHFEVDUPS (
CJOEJOH TUSFOHUI PG 23 ,7 FMFDURSRP\OB LRWP QBUIKTOUFHSBUFE 1- JOUFOT
UIF SBEJBUJWF MJGFIURO FYIQFBGFOIABIUBSESIBGJU XJUI UIF NPEFM QSPWJ
NBUJD EFDSFBTF VOUJM JU SFBDIRD GRS NBNF Q AFOIWDIPMF /PUJDFE UIBL
QT BT UIF 95 'JH G VOEFS EPQYO9HBOE GPMMPXT B NPOPUPOJD JODSFI
"U MBTU XF TIPX UIBU UIF TXJUDIDOHWIPWEFUF O VISMDF UBKIP B GVODUJPO P
UZQFT PG JOUFSWBMMFZ USJPOT RV MBSB KB VMBIWFEVOF EXB TG X MW FENVURI N B U
UP UIF UIFSNBMJ[BUJPO JOEVDFE ORVWSRWFZ BOESBIBSMEEITUBUFT 9°
BUJPO 'JH B "T UIF UFNQFSBUNBEFBMWDSFBOFTUIGSERQVMBUJPOT PG O
, UIF JOUFOTJUZ PG 9 QFBL EFDSFBBRTF HIBES¥BGWRA IKSINMQMIB JOUP UX|
JOUFOTJUZ PG 95 QFBL JODSFBTFTV®IIS PG BROE ROFC HZP MMUMWXFEIJOH PG UIF

)LJ _ 7THPSHUDWXUH GHSHQGHQW 3/ VSHFWUD RI WKH PRQROD\HU :6 D 3/ VSHFWUD DW GLIIHL
DUH YHUWLFDOO\ VKLIWHG IRU FODULW\ 7KH GDVKHG OLQHV DUH D JXLGH WHDWKHQHWI\WRRZLQAJ
DQG HPLVVLRQV LQ GHSHQGHQFH RI WHPSHUDWXUH 7KH VROLG OLQHV DUH ILWWLQJ FXUYHV ZLV

(5 6 &>FRWKNy7 i @ ZKHUH (3 LV WKH JURXQG VWDWH WUDQVLWLRQ HQHUJ\ DW . 6 LV D GLI
HUDJH SKRQRQ HQHUJ\ 7KH ILWWLQJ SDUDPHWHUV IRU ; DUH (; H9 6 «& PH9 WK
H9 6 «& PH9 WKH ILWWLQDWB®WUQRPHWHUVHIR W «& PH9 F ,QWHJUDWHG 3/ L

77 DQGHPLVVLRQV LQ GHSHQGHQFH RI WHPSHUDWXUH 7KH VROLG OLQHV DUH ILWWLQJ FXUYHV Z
7KH YLROHW GDVKHG OLQH LV WKH VXP RI WKH UHG DQG EOXH VROLG FXUYHV G 6FKHPDWLF GL
RI ODWWLFH DQG UHODWHG EDQGJDS UHQRUPDOL]DWLRQ H 7KH 4 . YDOOH\ HQHUJ\ GLIIHUHQFH
PHQWDO UHVXOWY LQ F EDVHG RQ WKH HTXDWLRQV LQ 6XSSOHPHQWDU\ LQIRUPDWLRQ 6HFWLRQ

RIITVHW YDOXH RI WKH ; SHDN ZKLFK LPSOLHV WKDW WKH RIIVHW EHWZHHQ WKH . 4 YDOOH\V LV L
|
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3HL -- HWWR (OHFWURQ $GY KWWSV GRL RUJ RH

FOFSHZ TQMJU TVCTUSVDUVSFT BWB®GBD] UFNKYFSBEWSEBEUDPMMETCRBU JT TI
FTUIJNBUFE XJUI UIF #PMU[NBOO EBNQIMEVUBWE IJHVOQMREBM EPQJOH P
NFOUBSZ JOGPSNBUJPO 4FDUJPO JFBMMB XEMOERSBREBBBASRGEIGGFST G
UIF 2, WBMMFZ FOFSHZ EJGGFSFOQEFWIPVBMZFBPOQRFUEIISIPO FYDJIUP
BUVSF JT OFDFTTBSZ "DDPSEJOH "DBDRBEJBHOUBUZIFGYGPWIJPUBMCTFSWB
UIFPSZ DBMDVMBUJPO UIF UFNQKESBSEWEF BW BBIFB WFEQZ VPKXVPPFQJIOH SFH.
TUSBJO DBO SFTVMU JO B CBOE SROPSHBWH [BRNQJPOEFIBW DOBGBRIUZ FYQ
UIF WBMVF PG E&,, JF UIF CBOENBEOEY YBEEFS FMEDUSPOBEPQJIJOH BT J
MFZ BOE DPOUSBDUT BU UIF 2 WBMAMBFZ PEl BB IPKX TENQMF JT TVA@ TPNF M.
KFDUFE UP DPNQSFTTJWF TUSBJOGBBUWMWSMVIBUSEBBFG POTHEHSWFE BU UIF |
5/|F DBMDVMBUFE SFTVMU NBUDIFT KFFQVAW B ZEB 5 U8 B FF Y QIBLI NFEOGUFBMFE BT B

EBUB 'JH D '‘JH 4 CzZ BEEJOHSUPd UFBS JWUBFYIF DIBSHJOH TUBU
#PMU[NBOO EJTUSJCVUJPO FRVBUIWRPO PR IVMFNFBDBSABUWSF XBT MBDL
GPSNBUJPO 4FDUJPO 5IF 2, WBMMROZ TVMHHFHA FEEE QUGB B FODIFFUSJPO GFBL

BT B GVODUJPO PG UFNQFSBUVSFFXBTUPOJJIJOPFGBBUIJER, XJUI TIPSU SB
L#5 BOE UIF UFNQFSBUVSF EFQFOBPEUSDNBMNEPYOET PS BO FYL
TIPXO JO 'JH F 4JODF UIF QFBLYXXWASBHZFBRJIFYORWROFY DDATT DBSSJFST
CMVF TIJGUFE 'JH C BOE UIF W\MBB/BWFOP G FER 2 PEFDSGBVBET "DUVBM
BU MPX UFNQFSBUVSF 'JH F X0 JNOWNJITBUIBMARUXKIUI CPUI CZ DP
TBNQMF UFOET UP FYQFSJFODF DPN@WSKMRXIVF5 TY SBPINNOBTCRIRMNIFXFE BT E
QFSBUVSF EFDSFBTFT FYDJUPO JOUFSBDUJOH XJUI TIPSU SB
5|F QPQVMBUJPOBPIGB9S BOBUJPO REAJIBBRAF JOEJSFDU 2 ,h WBMMFZ JO
JOH MFWFM DBO CF FTUJNBUFE CZP&GVSHIWSHRXEEIBH B8QUPYBDDP®OWPMBSP
UIF HBUF EFQFOEFOU 'FSNJ FOFSHZFBINB OB DE&"OZMQQMWKS PCTFSWBUJP
NFOUBSZ JOGPSNBUJPO 4FDUJPO EJSFDUFSNNBMMRSHEIBBTBBIJHOJGJIJDBOU
GVODUJPO PG CBDL HBUF WPMUBHBBEBIXKBEXTU PEDEZBIGSPBONDWPINQIFYFT XIF
GMFDUBODF DPOUSBTU TQFDUSB MPKXFS PSODMFTPBWDWUNBWIPO® UIF EJ!
UIF SBOHF PG 2 , WBMMFZ FOFSHZQBIGNIEFFO® P EXQ XBIMQFBUJIWF GPS VC
BT GSPN o NF7 UP NF7 UP JO WM WHFWUFISUDPNDFGTIH VMBBBSF FYQFSJNFOUT
UJPOT PG PUIFS 5. %T NBUFSJBMT BVMSPBMDEMBMEZESEMTPBWU UIBESEPMF PG
TIPXO JO '"JH 4 JO XIJDI UIF 2 , WBRWRAFFQRABBIMMEIFZGB8BSUIF GJSTU #SJI
FODFT GPS UIF NPOPMBZFS .P4 _ UIRFTUSPOWF IZCSJEJ[BUJPO PG Q BOE
NF7 84F _ NF7 NPOP BOE CIMBAM®PBE40O BUPN 9 BOE UIF USBOTJU.
BOE _o NF7 NBSLFE XJUI EBTIFEXMIOOFNBXFSFUFWTIFSBMBMMFZT IJHIMZ TF
UFE GSPN UIF EFOTJUZ GVODUJPOPWNHEP8K DBRINRVMBUJIJARODISBF UIF TUS
WBSJBUJPO PG FMFDUSPOJD CBOEGUB®ED EVENMPOWS IDMEDUNMED FRUJIFMEF T
DBO CF JHOPSFE IFSF TJODF UIF WU IPVMHEHEPISTCBOHU TWEVIDTUBUFT BS

UVSF UVOJOH JT BCPVU 7 U UVONOBDWIFSEQOH WBMMFZ FOUBOHMFI
UIF bBMDVMBUJPO XIJMF UIF NBYBNENUWBMMEUWOSPVYO8 SAAMOQURS FT
JNFOUT JT 7 7 ON 5|[F DBMDVMBUFE HBUF

EFQFOEFOU 1- USBOTJUJPO DBSWFTREFREKAOL B,QBOE

TIPXO JO 'JH 4 X1JDI BSF DPOTJBBFMBWRJIEFNRD TRNSBRFE UIBU UIF JOE
NFOUBM PCTFSWBUJPO 'JH FNJBOMNPOPMBIZFS58% TJHOJGJDBOUMZ BGGFI
TJPO QFBL JO CJMBZFS 84 EPNJOKBET BIG FNQFINPIB DFRNFXM BYUFT BU UIF C
o 7 CBDL HBUF WPMUBHF 'JH 4 UHVWFCBBLUHBWNDXMBSFSBCMF UP TXJUD
2 WBMMFZ FOFSHZ MFWFM _o NFUSBPSPROPRPMBQAFEIFP4 BOE 2 WBMMFZ
BOE .P4F UIF 2 WBMMFZ JT OPU OPGEBMME BODWAUTJBMFFRESLBCMF 1-
HBUF UVOJOH CFDBVTF PG UIF NVDBUFIEIBS HOFSHZNMFWIPMFS FOFSHZ TJE
]
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3HL -- HWWR (OHFWURQ $GY KWWSV GRL RUJ RH

USJPO DPVME CF FYDJUFE BOE FWHOI|CFDEPERGBTEPRNGOBON BUF CBDL HBL
IJHI FMFDUSPO EPQJOH 8JUIl JODSEEPNOH 7TFSRJ MEFWBM BLOBEMJIFE CZ B
TDBUUFSJOH PG FMFDUSPOT UP UINQ@JWBMM BZ TFRMNFIENBSP F GI®BISBNF U |
DJFOU GBDJMJUBUJOH UIF GPSNBUJPO P®&JUV DI 821 BESWE EF THISSFUFO E FE
$POTFRVFOUMZ XF BSF BCMF UP UVOF JUT QPXFS MBX SF

TQPOTF GSPN MJOEBS [_ UP TVt blEBFsH V. BOE

SBEJBUJWF MJGFUJNF | GSPN QT WP ) 6KPR F GHRMRIEDYUARE RSHVRHOHFWURQ
HBUF NPEVMBUJPO S5IFTF GJOEJOHT YSBWIEFBYOEX QY YRS PorRIneLe
JWF GPS VOEFSTUBOEJOH BOE NBOJQYMBLQH, UkEQWBMMEZ+sE Zxp0J < HW D
OBNJDT PG UIF NPOPMBZFS 5.%T 5IFEDROW BNVMIERYVEYLFMXPEVI DQG GHYLFHV 1DW
TUBUFT JO UXP EJNFOTJPOBM 5.%T BSF FYQFDUFE UP OMBZ
DSJUJDBM SPMFT JO EFWFMPQJOH @gH L, H govﬁﬁ_gggcg(Fﬁ,Qd,{/Bgd—{(l\/ég\ﬁ
QIPUPOJDT BOE WBMMFZUSPOJDT BQQDMJ]DBLQHB@E—LWVNL\ . (GD * (OHFWUROXPLG

EDVHG RQ ' VHPLFRQGXFWLQJ WUDQVLWLRQ PH

$GY ODWHU
ODWHULDOV DQG PHWKRGYV 6DUNDU 6 *RVZDPL 6 7UXVKLQ 0O 6DKD 6 3DQDK

4BNQMF SFQBSBUJPOT 65IF IFUFSPTUWUHVIDU Yo uRE QR TWILHI® BwP¥xH ors su7L2
CPUUPN | #/ NPOPMBZFS 84 BOE UPQ | #/ XBT GBCSJD

BUFE CZ TUBOEBSE 1%.4 TUBNQ ESZ%'@%%T@@@WF—“{%éJﬂ’\?lﬁJXFKL 7 ‘DWDQDEF
LYH SDUWLFOH LQWHUY|

'FX MBZFS | #/ — ON BOE NPOPMEPZD%%\ML(%\'/:HSPLFRQGXFWRU 1DW &RPPXOQ
FYGPMJBUFE GSPN UIF CVML DSZTUBMVYV VeTJO &) EFOPUDBDILRALB E- RPOJHR $0 HW D

1%.4 TUBNQ GJSTU 5IFO FBDI % MB%@@’U%BW@SBVQJ?QGPQQFEEDUJHG HIFLWRQV |
POUP  ON 4J0 43 TvcTusBUF UP GBSN UIE JFUFSP TUBDLon - nw 0o 70skw
JOH SFHJPO 5IF BMJHONFOU XBT DBRS)R/QMMMOE)H—QFOR@PlEW@MFEJ +

QBSU PG UIF 84 GPS UIF DPOUBDUT=KDRMMP&ORE? C/X FMHAD 8 PEXDQJ ) HW DO

CFBN MJUIPHSBQIZ QBUUFSOJOH sEUgJR’j,cVS"HNFi'*W DQG BFi\PWURO RI'GDUN HIFLWRQV

DPOUBDU MBZFS XBT EFQPTJUFE CZ.4JRSBM E<WB<QFPL§,BQJP>QE) SLYDILDQ * H
MJGU PGG QSPDFTT JO BDFUPOF XBTDWTIFEHUPWSHANP W FF LWIRRQ LFBD 8 I B JFRKHUHG

0DQ

DJBM 1.." MBZFS 5IF BT GBCSJDBUFl@WTl@Q EXGEEPT B
. éOHF I * 1PJOHU 3 $URUD $ 6FKPLGW 5 &
OFBMFE BU i$ GPS IPVST VOEFS ul_ﬁa |LW|—$PVVU><II\-'WXUH DQG FRXSOHG VSLQ YD

N5PSS 5PSS 1B OD\HU WXQJVWHQ GLVXOILGH 1DW &RPPXQ
OQUJDBM NFBTVSFNFOUT 4UFBEZ TUWBWUFDQIPIPMYNIGFETSOWDLDU\ 00 7DQL!
DFODF TQFDUSPTDPQZ XBT DPOEVDUFENVYIFCE FUFDULBR'EUE §RQRODIHU =

)JPSJCB )3 &WPMVUJPO FRVJQQFE XAH&vBrMIRMIEL HOIH HBRAQ o :LwkHuv ) 7
DPPMFE DIBSHF DPVQMFE EFWJDF $%% YDOOH\ QINPT® MUKEFW LQ LQWHU DQG L

TUBUF MBTFS XBT VTFE BT FYDJUBUJUBRGCOPPVSDF XY PTE PP XFS

QJ Q =KX &* HW DO /LJK
XBT DIBOHFE GSPN B GFX NJDSP XBudeNMP %%%Q'%oumegv&i%vmu 06 HOKDOE

B DPOUJOVPVT OFVUSBM EFOTJUZ GXMEHFSo6 5o N e BMs BRQRS GLPHOVLR
UVSF PG UIF PCKFDUJWF VTFE JO PWSVARRQF SINFQUFYTRA $GY

'PS UJNF SFTPMWFE Q|PUPMVNJOFT1E>V¥&P6[5F SGr%WrS’ES%J%PFﬁ%PF’?zORVHU 6 OF&UHD!
VSL LWWL DS UHQRUPDOL]DW

NFBTVSFNFOUT * 51 TBQQIJSF GFNUPTLEDPOE G VeMd B E (MBI RS woxrwxony 1o
ON GSFRVFODZ EPVCMFE XJUl  GT QVMTF EVSBUJPO

BOE .)[ SFQFUJUJPO SBUF XBT VTFEVIGRERE ¥ DIPBBUPPPOGLOPE $ 7UDQ . .RODU

MJGFUJNF XBT NFBTVSFE Ccz B TIMJHBO'@WEMESBIE" +ISARGECY WuPey

QIPUPO EFUFDUPS NPVOUFE PO B )P.RJICBLX)3 6rkPRFWPYSHKDR :- /x ; HW DO &R
NFUFS EJTQFSTFE CZ B HSPWFT NNXXRSBUHQHH EBEOSQMLRO LG AVAR GLPHQVLRQDO

UJNF DPSSFMBUFE TJOHMF QIPUPO DV#V\VéﬁXVj((HWTlf’!‘VE‘J‘#“N 5$4 $
%DXPD 'DYDQFR 0 HW

TZTUFN 1JDP2VBOU SIF DPMMFDUF, ELV%LR%%TVI&%P%%@/\M \ZIURP WKH ELH[F
GJMUFSFE CZ B HSPWFT NN HSBWHOHOWRKEPPODIJSPNBUPS
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3HL -- HWWR (OHFWURQ $GY KWWSV GRL RUJ RH

6FKDLEOH\ -5 <X +< &ODUN * 5LYHUD 3 5RWMWQSE HW /BM®<9IDIO:+ +XDQJ <& &KHQ <+ HW DO
OH\WURQLFV LQ ' PDWHULDOV 1DW 5HY ODWHWLIJQDWXUHV RI WKH VSLQ DQG PRPHQWXP IRUE

;X ;' <DR : ;LDR ' +HLQ] 7) 6SLQ DQG SVHX@PWHWVYQLWKH SKRWROXPLQHVFHQFH RI VWUD
OD\HUHG WUDQVLWLRQ PHWDO GLFKDOFRJHQDGHIHU WKHBUPDOL]DWLRQ 1DQR /HWW +

ODGpR - 0DQ 0./ 6DKRR & &DPSEHOO 0 3DUHHN
=KDQJ + /X 6% =KHQJ - 'X - :HQ 6& HW DO OHRPOWEDG HQAXBOL]LQJ WKH PRPHQWXP IRUELGGHC
VXOILGH OR6 DV D EURDGEDQG VDWXUDE O HWKENIRU BNQ DIFRLLF X Q\§ UDWIRRMEDO O\ WKLQ VHPLFR(
SKRWRQLFV 2SW ([SUHVV + +

6LGOHU 0 %DFN 3 &RWOHW 2 6ULYDVWDYD $:DOOQOBXHHW D®HYUHDPIDIKRLQ 5 O0OXQVWHU / =DMX
ODURQ SRODULWRQV LQ FKDUJH WXQDEOH DWR®LERPKO WAL @ HWHRROLWFHR®Q GREEWHUYDWLRQ RI H[F
RUV 1DW 3K\V + QDPLFV LQ PRQROD\HU :6 1DQR /HWW +

%DFN 3 6LGOHU 0 &RWOHW 2 6ULYDVWDYD $% DRBRNHPKY EJIXHWDDI *R 77+ /LX 6 3HL -- HW DO
DQW SDUDPDJQHWLVP LQGXFHG YDOOH\ SRODPHQWWXPRI RL UHFRFWFRQRQAWY E\ QHDU UHVRQD
FKDUJH WXQDEOH PRQROD\HU OR6H 3K\V 5HYHIQWM H[FLWDWLRQ VSHFWURVFRS\ LQ :6 PRQR!

/ILX 0/ :X +% /LX ;0 :DQJ <5 /HL 0 HW DO 2SWH BPBOS5EYRBBU3 9DQ 7XDQ ' :LOVRQ 13 <DQJ O
WLHYV DQG DSSOLFDWLRQV RI 6Q6 6%V ZLWK GEKRQRQW DMXE FNBRIHWR Q 2EFRPFSOH[HV LQ D PRQROCL

(OHFWURQ $GY 1DW &RPPXQ

3HL -- <DQJ - :DQJ ;% :DQJ ) ORNNDSDWL 63WARXQQJHWUWHG@DJOHU 3 .UDXV - 3DUDGLVR 1

VWDWH ELH[FLWRQV LQ DWRPLFDOO\ WKLQ ,GRIEHVLILEO WIDRIQR RI H[FLWRQV WULRQV DQG EI
£ :6 3K\V 6WDWXV BROLGL 55/ 5DSLG 5HV /HW

3HL -- <DQJ - ;X 5- =HQJ <+ O0\LQW <: HW DO ([FLWRQ DQG WUL

RQ G\QDPLFV LQ ELOD\HU OR6 6PDOO + 3DXU 0 OROLQD OHQGR]D $- %UDWVFKLWVFK 5

ODOLF ( 6HOLJ 0 )HLHUDEHQG 0 %UHP 6 &KURQWIXFKYLHQ HWHW®®O(OHFWUROXPLQHVFHQFH IU
'DUN H[FLWRQV LQ WUDQVLWLRQ PHWDO GLFKHPOWRRHBRBHYH [HML @HWUARVLWLRQ PHWDO GLFK

WHU RUV 1DW &RPPXQ

=KDQJ ;; <RX <0 =KDR 6<) +HLQ] 7) ([SHULPKOWBO<RQL® %HUWROD]]L 6 %ULYLR - *DR %

HQFH IRU GDUN H[FLWRQV LQ PRQROD\HU :6HQBRLFV5LQ M XWMEHQGHG PRQROD\HU DQG IHZ OD\
WDOV $&6 1DQR +

6HOLJ 0 %HUJKIXVHU * 5DMD $ 1DJOHU 3 6Fk.-®DHAKK -HWLD® 6¢fL ;< ;X +< HW DO 8OWUDIDYV
FLWRQLF OLQHZLGWK DQG FRKHUHQFH OLIHWLPWY L@ WRR Bd B HHUY WRDRL WWIDRQVLWLRQ PHWDO
PHWDO GLFKDOFRJHQLGHV 1DW &RPPXQ &KHP & *
:DQJ * 5REHUW & *OD]RY 00 &DGL] ) &RXUWHKHIRQENRDE SPQ 'HU =DQGH $0 +LOO +0 5LJF
SODQH SURSDJDWLRQ RI OLJKW LQ WUDQVLWIKDSLEHRD 0F &IV 00 FPIHWBLH DO WXQLQJ RIH
PRQROD\HUV RSWLFDO VHOHFWLRQ UXOHV 3RRQBOP\HUvye 3K\V 5HY /HWW

=LERXFKH 1 3KLOLSVHQ 3 +HLQH 7 .XF $ (OHF

3DUN .' -LDQJ 7 &ODUN * ;X ;' 5DVFKNH 0% BB®HSWRRARRHHUV LQ WKH SUHVHQFH RI DQ
WURO RI GDUN H[FLWRQV DW URRP WHPSHUDWKOG EAKQD & RHES M HED G KD\Q +

WHQQD WLS 3XUFHOO HIIHFW 1DW 1DQRWHFK®ORB®3 :DQ@J 70 /X =* .KDWRQLDU 0 /LDQ = HW DO
<RX <0 =KDQJ ;; %HUNHOEDFK 7& +\EHUWVHQODMLRF}H RA KIPDNH WXQDEOH GDUN WULRQV LQ PR
'5 HW DO 2EVHUYDWLRQ Rl ELH[FLWRQV LQ PRQR®D\HU :6H 1DW

3K\V + 9DQ 7XDQ ' B6FKDUI % :DQJ =) 6KDQ - ODN .) H\
6KDQJ -= 6KHQ ;1 &RQJ &; 3HLP\RR 1 &DR WL HWDRO ERE\ LQWHUDFWLRQV LQ PRQROD\HU W

VHUYDWLRQ RI H[FLWRQLF ILQH VWUXFWXUH E®Jb QL @/HN QKW L5RIY PHWDO GL

FKDOFRJHQLGH VHPLFRQGXFWRU $&6 1DQR 5REK -* OLVHUHY ' )URHKOLFKHU * /HLVJDQJ 1
1DJOHU 3 %DOORWWLQ 09 OLWLRJOX $$ 'XUGMYDQ® )ABYWXRAKGHU PWIQHWLF SKDVH WUDQVLW
DO =HHPDQ VSOLWWLQJ DQG LQYHUWHG SROPRQRWRL\HY RR € L BIH\WWRQY HipWwW

VLRQ LQ PRQROD\HU :6 3K\V 5HY /HWW &DVWHOODQRYV *RPH] $ %XVFHPD 0 OROHQDDU
%DUERQH 0 ORQWEODQFK $53 .DUD '0 3DODFLRUV¥HQUDHWHRD® &HWHUPLQLVWLF WUDQVIHU R
&DGRUH $5 HW DO &KDUJH WXQHDEOH ELHWHWRRQOV¥RP\SORMHBULNQYLVFRHODVWLF VWDPSLQ.
PRQROD\HU :6H 1DW &RPPXQ

/L =3 :DQJ 70 /X =* -LQ &+ &KHQ <: HW DO 5HYHDOLQJ WKH

ELH[FLWRQ DQG WULRQ H[FLWRQ FRPSOHEVNIRR 2O HGRHP HPWHNGC

:6H 1DW &RPPX
Q 9JPOH SBUFGVMMZ BDLOPXMFEHFT UIF TUSP!

: 2
5ROGIQ 5 6LOYD *XLOOpQ -$ /ySH] GDQFKR.JOO')JT*L)J(é?FI!’% e EXDBUJPO WJB "D3' 5JFS 1SPHSBNNI
SHOOXWL ( HW DO (OHFWURQLF SURSHUWLHY R¥LIUOHRP\HY DQG RXQWIOD\: ks nwspouT
HU WUDQVLWLRQ PHWDO GLFKDOFRJHQLGHV 0:y 0. /g% s PP XMPEHFT GJOBODIBM TVQQPSU C
6H $QQ 3K\V t 4DJFODF 'PVOEBUJPO PG $1JOB (SBOU /P +
/IR 3< 3HQJ *+ /L :+ <DQJ < &KHQJ 6- )XQ¢ |RQUHPOBYMOHBUVSBM 4DIJFODF 'PVOEBUJPO PG $I
SRODUL]DWLRQ ODQGVFDSH RI ILQLWH PRPAHRWXFOB [FRWMREP HOPWRW AVUWOERR® 'PVOEBUJPO (SB
PHWDO GLFKDOFRJHQLGH PRQROD\HUV 3KJM 3BYVSBW 4DJFODF 'PVOEBUJPO PG 'VKJBO 1SPW.J
: :IBOH BDLOPXMFEHFT UIF /BUJPOBM /BUVSBM
|
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3HL -- HWWR (OHFWURQ $GY KWWSV GRL RUJ RH

$1JOB (SBOU /P UIF #FJKJOH .V0OJDJQBM8BUBCSHBOF 480 E &GD KB BROWGIFDIJ QSPWJIEFE UIF | #/ D
BUJPO (SBOU /P " ( EFM «HVJMB HSBUF GMWMZ BD IEFRXMHFEHWB BOFE @JQ 9JPOH BOBMZ[FE
BODJBM TVQQPSU PG UIF 1SFTJEFOUJBM 1PTUEP®DUPSBMB'EGMNRXT)J QI BXSH HEBQYFEGKWIF UIF UIFPSF
/BOZBOH 5FDIOPMPHJDBM 60JWFSTJUZ , 8BUKGPUOF BOE NBHBODHIYQIY BDUOR®QVU GSPN BMM BV

MFEHF TVQQPSU GSPN UIF &MFNFOUBM 4USBYFHYH " TOLMQRESW I WHFE IR P XY PMF EQ $ZK UbU
.&95 +BQBO BOE UIF $3&45 +1.+$3 ' +45

&RPSHWLQJ LQWHUHVWYV
$XWKRU FRQWULEXWLRQV 5|F BVUIPST EFDMBSF OP DPNQFUJOH GJOBODJBM JC

+ + 1FJ ) ;IBOH BOE 2 ) 9JPOH DPODFJWFE UIF JEFB + + 1FJ 9 -JV BOE "

( EFM «HVJMB EFTJHOFE UIF FYQFSJIJNFOUT +,. & géa?: @W%FEUF T 2% F;i‘aﬁ

QFSGPSNFE UIF FYQFSIJNFOUT % #BP 4 —JVQ!—XVI% Ull-(? | \\/LQ& gUZI\I/IS RQ
UFNQFSBUVSF NFBTVSFNFOU . 3 "."3" IFMQFEVXQIUNIRANFOUBL X QOGS VBIBIP O GPS UIJT QBQFS JT |
UJNF NFBTVSFENFOU $ : :PV BOE 9 -JV IFMQFE XQUI! WHFJEFWIDF GBGSIDBUJIJPO

-

-
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