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47 " %/.(&$9+"/&.%&.%") %'+947 <%=)/!)%!+.%, %&,"+/. 8%,-%+.% 7+'"/!%'!+"" $/.0% G4 $/6
9 ."1%Q.(&$"#.+" 7-<%.+"#$ %/'%.&"%'&%'/947 1%3.%&. %)+.8<%") $ %/'%") %9&$ %" !)./!+7%
4$&,7 9% ")+"% &. % /'% #.+,7 % "&% 8 " $9/. % ") % '!+"" $/.0% !$&''% ' !"/&.% (&$% +77% :+7# '% &(%
9&9 ."#9%"$+.'( $%+!1%2) %9&$ %(#.8+9 ."+7%4$&,7 9<%)&= : $<%/'%")+"%.&$9+77-%") %
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ASENO ORJ @JHEI=IO EIOAM=?OEJIN/ ODA EIOAM=?OEJI JB ODA IAPOMJI REOD IP?GAE =I@ EON EIOAM
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6DOD QGD  OPQ QDOK CDPBOHADP QGD HLBHCDLQ NJ@LD T@SD @LC QGD PDBMLC QDOK CDPBOHADP @

PNGDOHB@J T@SD DKHQQDC EOMK QGD LRBJDRP% ) CDPBOHADP QGD PB@QQDOHLF @KNJHQRCD% 7L QGD

JHKHQ ME @ G@OC PNGDOD# QGD T@SD ERLBQHML ML QGD PROE@BD ME QGD LRBJDRP G@P QM S@LHPG

PHLBD QGD LDRQOML B@LLMQ NDLDQO@QD HLPHCD QGD G@OC PNGDOD% 9@QGDK@QHB@JJV QGHP HP CD$

PBOHADC AV QGD BMLCHQHML !!<"% ' MO ! ) %<% =GD PB@QQDOHLF JDLFQG HP CD LDC @P % /%! ) #

PM QG@Q HQP S@JRD HP NMPHQHSD EMO KMPQ LRBJDH% =GDODEMOD# EMO NROD 215(05, $. 4&$5 5(3 ,0* #
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OD$DKHPPHML ME QGD LDRQOML# TGDOD QGD LRBJDRP CDB@VP A@BI EOMK QGD DUBHQDC BMKNMRLC

PVPQDK HLQM HQP FOMRLC PQ@QD% =GHP NOMBDPP 0$8 3" 8$0 G@P @ BOMPP$PDBQHML FHSDL
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IKWGO KO =CDMG )%(% 7O UJGTG QSPEGTTGT# C OVEMGVT KT QSPFVEGF# XJKEJ EPOUCKOT POG CF$
FKUKPOCM OGVUSPO COF UJKT EPNQPVOF OVEMGVT FGECZT KOUP UJG ISPVOF TUCUG DZ GNKTTKPO
PH  $SCFKCUKPO% ;SPNKOGOU !2# " SGTPOCOEGT PEEVS HPS 2CFNKVN PS 5CFPMKOKVN XJGSG#
FGQGOFKOI PO UJG KTPUPQG# UJG CDTPSQUKPO ESPTT$TGEUKPO ECO DG WGSZ JKIJ# TGG =CDMG )%(%
=JGTG NGUCMT CSG PHUGO VTGF CT OGVUSPO CDTPSDGST KO TJKGMFKOIT PS FKCQJSCINT# XJKEJ
FG OG UJG TK[G PH UJG OGVUSPO DGCN% :OG TJPVMF# JPXGWGS# DG CXCSG UJCU KO UJGTG SG$
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0 TKNKMCS TUSPOI GOGSIZ FGQGOFGOEG PEEVST HPS UJG GMGNGOU 5CFPMKOKVN% >TVCMMZ# OGV$
USPO TECUUGSGST USZ UP CWPKF TCNQMGT EPOUCKOKOI 5CFPMKOKVN TKOEG KU KT UJG NPTU CDTPSD$
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CK XNTZQJ G[TOJ GQQ N^JWTMKS ITSYGOSOSM MQZK LTW  ]OSM TZW XGRUQKX YT G XGRUQK XYOIP&

9OSGQQ $̂ \K STYK YNGY JKZYKWOZR \OYN SZIQKGW XUOS ;& ) NGX G RZIN RTWK LG[TZWGHQK WGYOT

HKY\KKS ITNKWKSY GSJ OSITNKWKSY XIGYYKWOSM2
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ANK ITNKWKSY XIGYYKWOSM QKSMYNX TL N^JWTMKS "%+&/, LR# GSJ JKZYKWOZR ".&./ LR# GWK XOM%

SO IGSYQ^ JOLLKWKSY& ANOX IGS HK ZXKJ LTW ITSYWGXY [GWOGYOTS H^ OXTYTUK XZHXYOYZYOTS OS

GQQ XGRUQKX ITSYGOSOSM N^JWTMKS$ O& K& OS HOTQTMOIGQ XGRUQKX TW XTLY ITSJKSXKJ RGYYKW

XGRUQKX$ XKK ITWWKXUTSJOSM INGUYKWX& 5 LZWYNKW ORUTWYGSY KQKRKSY$ \NOIN XNT\X XYWTSM

SZIQKGW OSITNKWKSY XIGYYKWOSM$ OX [GSGJOZR& >GYZWGQ [GSGJOZR ITSXOXYX YT 11&/- ! TL YNK

OXTYTUK -)B \OYN SZIQKGW XUOS /'*& 6^ INGSIK$ YNK WGYOT HKY\KKS YNK XIGYYKWOSM QKSMYNX &%
GSJ &# TL YNOX OXTYTUK GWK GUUWT]ORGYKQ^ KVZGQ YT YNK WKIOUWTIGQ WGYOT TL YNK GHZSJGSIKX&

ANKWKLTWK$ YNK ITNKWKSY XIGYYKWOSM IWTXX XKIYOTS OX [KW^ XRGQQ GSJ YNK OSITNKWKSY IWTXX

XKIYOTS JTROSGYKX E0F2
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9TW YNOX WKGXTS$ 6WGMM XIGYYKWOSM LWTR [GSGJOZR OX JOL IZQY YT THXKW[K GHT[K YNK QGWMK

OSITNKWKSY HGIPMWTZSJ& :T\K[KW$ XOSIK OSITNKWKSY XIGYYKWOSM OX OXTYWTUOI$ YNK XIGYYKWOSM

LWTR [GSGJOZR IGS HK ZXKJ YT IGQOHWGYK RZQYO%JKYKIYTW GWWGSMKRKSYX&
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5DPD$ UD UHJJ LMR CHQBSQQ QB@RRDPHLF JDLFRGQ EMP ESPRGDP DJDKDLRQ @LC PDEDP RM RGD T@JSDQ
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:M E@P$ UD G@TD MLJW CHQBSQQDC RGD QB@RRDPHLF ME LDSRPMLQ AW RGD @RMKHB LSBJDH& 0N@PR

EPMK LSBJD@P QB@RRDPHLF$ RGD LDVR HKNMPR@LR NPMBDQQ HQ RGD QB@RRDPHLF ME LDSRPMLQ AW RGD

K@FLDRHB  DJC BPD@RDC UHRGHL RGD Q@KNJD EPMK RGD KMKDLRQ ME SLN@HPDC DJDBRPMLQ& ;GHQ

QM%B@JJDC K@FLDRHB LDSRPML QB@RRDPHLF BMKDQ @AMSR AW RGD K@FLDRHB CHNMJD%CHNMJD HLRDP%

@BRHML ADRUDDL RGD K@FLDRHB CHNMJD KMKDLR ME RGD LDSRPML @LC RGD K@FLDRHB  DJC ME

RGD SLN@HPDC DJDBRPMLQ$ UGHBG G@Q QNHL @LC MPAHR@J @LFSJ@P KMKDLRSK BMLRPHASRHMLQ&

;GHQ K@FLDRHB LDSRPML QB@RRDPHLF @JJMUQ SQ RM QRSCW RGD K@FLDRHB NPMNDPRHDQ ME @ Q@KNJD

ML @L @RMKHB JDTDJ$ H& D& UHRG @RMKHB QN@RH@J% @LC @RMKHB DLDPFW% PDQMJSRHML& 5DPD UD

CM LMR CHQBSQQ K@FLDRHB LDSRPML QB@RRDPHLF @LW ESPRGDP @LC PDEDP RM RGD BMPPDQNMLCHLF

BG@NRDP ML #:NHL 2DNDLCDLR @LC 7@FLDRHB :B@RRDPHLF#&
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6L RGHQ JDBRSPD$ UD G@TD QM E@P HLRPMCSBDC RGD DJDKDLR@PW EMPK@JHQK RM CDQBPHAD RGD QB@R%

RDPHLF NPMBDQQ @LC CHQBSQQDC RGD HLRDP@BRHML ME LDSRPMLQ UHRG K@RRDP& =D LMU U@LR RM

@QI RGD OSDQRHML$ EMP UGHBG NPMAJDKQ HL BMLCDLQDC K@RRDP PDQD@PBG LDSRPMLQ B@L AD SRH%

JHXDC QSBBDQQESJJW @JQM HL BMKN@PHQML RM MRGDP NPMADQ$ QSBG @Q V%P@W QB@RRDPHLF MP DJDB%

RPML KHBPMQBMNW @LC DJDBRPML QB@RRDPHLF& ;M @LQUDP RGHQ OSDQRHML$ UD G@TD RM JMMI @R RGD

P@LFDQ ME DLDPFHDQ$ U@TDYJDLFRGQ MP QB@RRDPHLF TDBRMPQ$ UGHBG B@L AD BMTDPDC AW T@PHMSQ

NPMADQ @Q UDJJ @Q RGD CHEEDPDLR BMLRP@QR KDBG@LHQKQ&

4HFSPD +&- QGMUQ @ CMSAJD JMF@PHRGKHB NJMR ME RGD CHQNDPQHML PDJ@RHML #U@TDJDLFRG TDPQSQ

DLDPFW# EMP RGD RGPDD NPMADQ LDSRPMLQ$ DJDBRPMLQ @LC NGMRMLQ& ;GD NJMR CDKMLQRP@RDQ

GMU RGDPK@J LDSRPMLQ ME DLDPFW *, KD< @PD HCD@JJW QSHRDC RM CDRDPKHLD HLRDP@RMKHB CHQ%

R@LBDQ HL RGD MPCDP ME (&) LK$ UGHJD RGD DLDPFW ME V%P@WQ MP DJDBRPMLQ EMP RGHQ U@TDYJDLFRG

HQ KSBG GHFGDP& 5MUDTDP$ UHRG KMCDPL RDBGLHOSDQ @R @ QWLBGPMRPML P@CH@RHML QMSPBD$ DL%

DPFW PDQMJSRHMLQ HL RGD KD<%PDFHML ADBMKD @BBDQQHAJD DTDL EMP NGMRMLQ ME @PMSLC )( ID<

BMPPDQNMLCHLF RM @ PDJ@RHTD DLDPFW PDQMJSRHML  3'3 ! )( ." ;GD FP@NG @JQM QGMUQ RG@R

BMJYJMHCQ UHRG @ RWNHB@J QHXD ME )(( LK @PD UDJJ QSHRDC EMP RGD HLTDQRHF@RHML UHRG JHFGR ME

DLDPFW @PMSLC * D<& ;GDQD JDLFRG QB@JDQ B@L$ GMUDTDP$ @JQM AD PD@BGDC UHRG RGDPK@J LDS%

RPML QB@RRDPHLF HL RGD QK@JJ @LFJD PDFHML& =GHJD 4HFSPD +&- RGSQ CDKMLQRP@RDQ EMP UGHBG

DLDPFW%U@TD%JDLFRG BMKAHL@RHML @ BDPR@HL NPMAD HQ N@PRHBSJ@PJW SQDESJ$ KMCDPL DVNDPH%

KDLR@J RDBGYLHOSDQ DVRDLC RGD P@LFD ME @NNJHB@RHML AW QDTDP@J MPCDPQ ME K@FLHRSCD&

6R HQ RGDPDEMPD SQDESJ RM BMKN@PD RGD QB@RRDPHLF BPMQQ QDBRHMLQ @Q HR HQ CMLD HL 4HFSPD +&.

EMP V%P@WQ @LC LDSRPMLQ& 8MRD RG@R RGD V%P@W QB@RRDPHLF BPMQQ QDBRHMLQ @PD HL FDLDP@J @

E@BRMP ME )( J@PFDP @Q BMKN@PDC RM RGD LDSRPML QB@RRDPHLF BPMQQ QDBRHMLQ& ;GHQ KD@LQ RG@R

RGD QHFL@J EMP V%P@W QB@RRDPHLF HQ QRPMLFDP EMP RGD Q@KD HLBHCDLR !SV @LC Q@KNJD QHXD& 1SR

B@SRHML G@Q RM AD @NNJHDC RG@R RGD BMLCHRHMLQ EMP IHLDK@RHB@J QB@RRDPHLF @PD ESJ JJDC& 4MP

V%P@WQ$ RGD BPMQQ QDBRHML HQ NPMNMPRHML@J RM RGD QOS@PD ME RGD LSKADP ME DJDBRPMLQ @LC
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POMZ UP IGU GOJCOEGF KOUGOTKUKGT$ DVU CMTP UP TUVFZ NCIOGUKTN XKUJ GMGNGOU% COF DCOF

TGOTKUKWKUZ&

?KUJ CQQSPQSKCUG TECUUGSKOI NGUJPFT$ GNQMPZKOI OGVUSPOT$ Y%SCZT PS MKIJU$ QSPEGTTGT KO

EPOFGOTGF NCUUGS PO WGSZ FKHHGSGOU UKNG COF TQCEG TECMGT ECO DG KOWGTUKICUGF& ?JKEJ

TECUUGSKOI NGUJPF KT CQQSPQSKCUG HPS XJKEJ SGIKPO XKUJKO UJG !TECUUGSKOI WGEUPS ; % GO%

GSIZ 1 QMCOG! KT QMPUUGF TEJGNCUKECMMZ KO 2KIVSG )&,& . TECUUGSKOI WGEUPS ; EPSSGTQPOFT UP

C EGSUCKO MGOIUJ TECMG$ CO GOGSIZ UP C EGSUCKO HSGRVGOEZ$ TP UJCU UJG EJCSCEUGSKTUKE MGOIUJT

COF UKNGT TECMGT HPS UJG WCSKPVT NGUJPFT ECO DG FKSGEUMZ FGUGSNKOGF HSPN UJG  IVSG&

1YCNQMGT HPS CQQMKECUKPOT COF KOHPSNCUKPO PO KOTUSVNGOUCUKPO XKMM HPMMPX KO TVDTGRVGOU

MGEUVSGT&

%'(','+&'-

A'B 3& 7& =RVKSGT$ !5OUSPFVEUKPO UP UJG >JGPSZ PH >JGSNCM 9GVUSPO =ECUUGSKOI! 0PWGS

"'--+#

A(B 6& =L[MF$ 0& :SKEG "1FT&#$ !8GUJPFT PH 1YQGSKNGOUCM :JZTKET! 9GVUSPO =ECU%UGSKOI

:CSU .%/$ .ECFGNKE :SGTT "'-,+#



*&(- A& JMVMWQV

$&% ! "# "')+/.2 +. (1'04'.%7 5 #.& 2%#33'1+.) 5'%3/1 B /1 '.'1)7 6 #.& ,'.)3* & 6*+%* %#.

$' %/5'1'& $7 5#1+/42 2%#33'1+.) -'3*/&2!

K*L ;& >& 4ZaWQc$ !5URR\MO^UZY ATc]UO]! ?Z\^T 9ZWWMYP$ 2X]^Q\PMX "(00,#

K+L D& H& =Z`Q]Qc$ !ETQZ\c ZR YQ_^\ZY ]OM^^Q\UYS R\ZX OZYPQY]QP XM^^Q\!$ 4WM\QYPZY

A\Q]]$ @bRZ\P "(0/.#

K,L 2& 7_\\Q\$ ;& >Q]Z^$ E& D^\f]]WQ$ d?Q_^\ZY DOM^^Q\UYS UY 4ZYPQY]QP >M^^Q\ ATc]UO]e$

HZ\WP DOUQY^U O$ =ZYPZY ")''0#

K-L ;& >& 4M\[QY^Q\$ 4&%<& =ZZYS$ !6WQXQY^] ZR DWZa%?Q_^\ZY DOM^^Q\UYS!$ 4MXN\UPSQ

FYU`Q\]U^c A\Q]] ")'(,#

K.L 3& H& 3M^^Q\XMY$ 9& 4ZWQ$ !5cYMXUOMW 5URR\MO^UZY ZR I%CMc] Nc AQ\RQO^ 4\c]^MW]!$ CQ &̀

>ZP& ATc]& *-$ -/( % .(. "(0-+#

K/L 2& 5UMYZ_b$ 8& =MYPQ\ "6P]&#$ !?Q_^\ZY 5M^M 3ZZVWQ^!$ :Y]^U^_^Q =M_Q%=MYSQ`UY

")'')#

K0L 5& 6& 8M\NQ\$ C& C& <UY]Qc$ !?Q_^\ZY 4\Z]]%DQO^UZY ::!$ 3?=%CQ[Z\^ "(0.-#$ MW]Z1 D&

>_STMNSTMN d2^WM] ZR ?Q_^\ZY CQ]ZYMYOQ]e 6W]Q`UQ\ ")''-#

K('L 6& A\UOQ "6P&#$ !:Y^Q\YM^UZYMW EMNWQ] RZ\ 4\c]^MWWZS\M[Tc$ GZW_XQ 4!$ :Y^Q\YM^UZYMW

FYUZY ZR 4\c]^MWWZS\M[Tc ")''+# % ]QQ MW]Z K-L %



8AONLJI 9LJKALNEAM )%'-

#0&,%(-&-

#" ! $/).(+)& %'*(%&

'% '% :DA NSKE?=G @E=HANAL JB =I =NJH EM ?GJMAMN NJ

 '  H

 ' !!

 ' "!

 '  !

(% :DA NSKE?=G @E=HANAL JB = IAONLJI EM ?GJMAMN NJ

 '  H

 ' !!

 ' "!

 '  !

)% 8AONLJIM =LA IAONL=G K=LNE?GAM# IAONLJI ?JOINEIC EM @JIA AGA?NLJIE?=GGS# E%A% =I AGA?$
NLJIE? KOGMA D=M NJ >A CAIAL=NA@ EI = IAONLJI @ANA?NJL% ;D=N QJOG@ SJO OMA =M
?JOINEIC C=M EI JL@AL NJ >OEG@ = IAONLJI @ANA?NJL/

 
)6A

 
*6A

 6

 3

*% <JO D=PA NJ >OEG@ = MGEN EI JL@AL NJ @A IA = >A=H META BJL IAONLJIM JB Q=PA$GAICND
' U% ;DE?D H=NALE=G ?JOG@ SJO OMA/

 9>

 5@

 2@

 1G

+% 4JL = M?=NNALEIC ARKALEHAIN JI 8E# SJO IAA@ = M=HKGA QEND MNLJIC ?JDALAIN M?=N$
NALEIC# >ON =M GENNGA >=?FCLJOI@ =M KJMME>GA% ;DE?D EMJNJKA HERNOLA QJOG@ SJO
?DJMA0

 '&&!+.8E

 '&&!,'8E

 '&&!,*8E

 +-!,(8E " *)!,'8E

,% 7EIAH=NE? M?=NNALEIC NDAJLS N=FAM EINJ =??JOIN



)&'+ 5& 9:C:D>C

 J>?J:<LBGF

 :LL>FM:LBGF

 EMDLBHD> K<:LL>JBF@

 FGF> G? LA> :;GN>

*& 8GM A:N> E>:KMJ>= LA> K<:LL>J>= BFL>FKBLQ 3"%# :K : ?MF<LBGF G? LA> K<:LL>JBF@ N><%

LGJ %& 7AB<A G? LA> ?GDDGOBF@ KL:L>E>FLK :J> <GJJ><L ?GJ CBF>E:LB< K<:LL>JBF@,

 6A> 1GMJB>J LJ:FK?GJE G? 3"%# BK HJGHGJLBGF:D LG LA> K<:LL>JBF@ =>FKBLQ&

 3"%# BK :DO:QK =>K<JB;>= ;Q LA> 4:M> ?MF<LBGF&

 3"%# BK LA> 5:LL>JKGF% GJ KL:LB< H:BJ <GJJ>D:LBGF ?MF<LBGF&

 6A> HA:K> HJG;D>E =G>K FGL :DDGO GF> LG =>L>JEBF> LA> :LGEB< HGKBLBGF =B%

J><LDQ ;Q : KBEHD> E:LA>E:LB<:D HJG<>=MJ>&

$" ! #,&)) -'&..(,*+)

/J:@@ A:= LA> B=>: LG =>K<JB;> K<:LL>JBF@ ?JGE : LAJ>>%=BE>FKBGF:D H>JBG=B< :JJ:F@>E>FL

G? K<:LL>J>JK ">&@& :LGEK BF : <JQKL:D# ;Q LA> BFL>J?>J>F<> G? O:N>K J>!><L>= ?JGE H:J:DD>D

:LGEB< HD:F>K$ K>> KC>L<A ;>DGO& 1GJ <GFKLJM<LBN> BFL>J?>J>F<>$ KA:JH BFL>FKBLQ E:PBE:

:HH>:J :K : ?MF<LBGF G? K<:LL>JBF@ :F@D>& 6A>K> H>:CK :J> <:DD>= R/J:@@ J>!><LBGFKS&

:# .?L>J K<:LL>JBF@$ LA> O:N>K J>!><L>= ?JGE LA> LOG HD:F>K KAGO : H:LA D>F@LA =B?%

?>J>F<>& 7AB<A J>D:LBGF =G>K LABK H:LA D>F@LA =B??>J>F<> A:N> LG ?MD D BF GJ=>J LG

:<AB>N> <GA>J>FL KMH>JHGKBLBGF :F= LAMK :F BFL>FKBLQ E:PBEME-

;# 0>JBN> LA> <GF=BLBGF ?GJ LA> G<<MJJ>F<> G? KM<A : /J:@@ H>:C BF L>JEK G? O:N>%

D>F@LA !$ K<:LL>JBF@ :F@D> ( :F= =BKL:F<> ;>LO>>F LA> HD:F>K  $ LA> KG%<:DD>=

/J:@@ >IM:LBGF&

<# 2GO =G>K LA> /J:@@ >IM:LBGF J>D:L> LG LA> 4:M> <GF=BLBGFK-



<HVUSQP =SQRHSULHT -(+3

$"!" %+76421 5*(66+4.1- ,420 &. '4 (//285

>L DPG AS IQSO D FQPULPVQVT DNNQZ THSLHT XLUK KHYDJQPDN FSZTUDN TUSVFUVSH( @QVS UDTM LT
UQ EVLNG D TDORNH FKDOEHS ISQO D >LYAS+'Y DNNQZ IQS GLIISDFULQP HYRHSLOHPUT XLUK UKHS'
ODN PHVUSQPT( >KH FKDOEHS TKQVNG RSQGVFH DT NLUUNH EDFMJSQVPG GVH UQ FQKHSHPU 7SDJJ
SH!HFULQPT DT RQTTLENH(

D% ?KLFK TUQLFKLQOHUSZ XQVNG ZQV FKQQTH IQS UKH DNNQZ5 $;U LT TVI FLHPU UQ TRHFLIZ UKH
FQPGLULQP& UKH DFUVDN FDNFVNDULQP LT QRULQPDN%

E% ?KDU LT UKH GLTDGWDPUDJH QI TVFK D TDORNH FKDOEHS5

PVFNLG PDUVSDN TFDUUHSLPJ PVFNLG PDUVSDN TFDUUHSLPJ

DEVPGDPFH NHPJUK E BIOC PVFNLG DEVPGDPFH NHPJUK E BIOC
.0>L 2(,# .(3- 3* AS /+(./# 0(.
.1>L 1(/# -(0- 3+ AS ++(-,# 2(1
.2>L 1-(2# '0(*2 3, AS +1(+3# 1(.
.3>L /(.# +(*. 3. AS +1(,2# 2(,
/*>L /(,# 0(+2 30 AS ,(10# /(/

$"!# %+76421 ()52436.21

6NVOLPLVO KDT D IDFH FHPUSHG FVELF FSZTUDN TUSVFUVSH $FVELF FNQTH RDFMHG NDUULFH% XLUK D
NDUULFH FQPTUDPU QI  * " .(*.3/3 [( >KH DETQSRULQP FSQTT THFULQP IQS PHVUSQPT QI WHNQFLUZ
,,** O)T DOQVPUT UQ *(,-+ EDSP(

D% 8DNFVNDUH UKH DETQSRULQP FSQTT THFULQP QI 6NVOLPLVO IQS PHVUSQPT QI XDWHNHPJUK
 " + [(

E% 7HTLGHT RVSH DETQSRULQP& GQ XH KDWH UQ UDMH LPUQ DFFQVPU QUKHS RSQFHTTHT XKHP
FDNFVNDULPJ UKH UQUDN DUUHPVDULQP5

>KH IQNNQXLPJ HYHSFLTH RDSUT F DPG G DSH QRULQPDN"

F% F% 9VH UQ DETQSRULQP& UKH PHVUSQP EHDO LT DUUHPVDUHG DFFQSGLPJ UQ !; "  ! ! ; !!#
QS ;" ;*"

 !!# XKHSH ! LT UKH NLPHDS DETQSRULQP FQHI FLHPU( 8DNFVNDUH ! IQS PHVUSQPT
QI XDWHNHPJUK + [ IQS 6NVOLPLVO($:LPU4 8DNFVNDUH UKH DETQSRULQP FSQTT THFULQP RHS
VPLU FHNN DPG FQORDSH UQ UKH VPLU FHNN GLOHPTLQPT%(

G% 9HUHSOLPH UKH DUUHPVDULQP QI D + [ PHVUSQP EHDO LP DP 6N TNDE QI +* FO UKLFMPHTT
GVH UQ DETQSRULQP QPNZ LP RHSFHPUDJH QI UKH LPFLGHPU !VY(



$ -4BA?=< .=B?24@

& )40.7

&:810+/ ",375, -45 ',87543 (+0,3+, !

#456+/83.69,37582 &:810+/ $2*%

)=<A4<A@

$ ! ,<A?=3B2A8=<                                                    "

$ " +=C 3= C4 64A 5?44 <4BA?=<@(                                   #

)$'$& 2H8@:6E  FF>CB E:68GCEF $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ )

)$'$' 4D6@@6G>CB B:HGECB FCHE8: $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *

)$'$( .CAD68G 2:HGECB 4CHE8:F $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ +

)$'$) .CAD6E>FCB C; G=: 9>;;:E:BG FCHE8:F $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ +

$ # +=C 3= C4 ;094 5?44 <4BA?=<@ B@45B:(                          '

$ $ +=C 3= C4 1?8<6 A74 <4BA?=<@ A= A74 4D>4?8;4<A(               !!

$ % +=C 3= C4 34A42A <4BA?=<@(                                     !"

$ & /74 A094 7=;4 ;4@@064@                                        !#

*D4?28@4@                                                             !%

1:8GHE: 2CG:F C; G=: 0.24 167CE6GCEK .CHEF: 2:HGECB 486GG:E>B<$ 5=>F >F 6B 3D:B -88:FF

DH7@>86G>CB 9>FGE>7HG:9 HB9:E G=: G:EAF C; G=: .E:6G>I: .CAACBF -GGE>7HG>CB 1>8:BF: )$%#

J=>8= D:EA>GF HBE:FGE>8G:9 HF:# 9>FGE>7HG>CB# 6B9 E:DEC9H8G>CB >B 6BK A:9>HA# DECI>9:9 G=:

CE><>B6@ JCE? >F DECD:E@K 8>G:9$ !/CEF8=HB<FL:BGEHA 0MH@>8=# '%&,"



*&( 2& 5D?=I

" ! #'*)(%+$*&('

3;JIGDCH 7G; 7C ;MIG;B;AN K;GH7I?A; EGD8; ID ?CK;HI?=7I; I>; <JC:7B;CI7A EGDE;GI?;H D< B7II;G&

4>; EDHH?8A; 7EEA?97I?DCH G7C=; <GDB <JC:7B;CI7A FJ;HI?DCH ";&=& ;A;9IG?97A :?EDA; BDB;CI

D< I>; C;JIGDC# DK;G 9DC:;CH;: B7II;G E>NH?9H 7C: 9>;B?HIGN ID B7I;G?7A H9?;C9; 7C: A?<;

H9?;C9;H& 4>; G;7HDC <DG I>?H ?H I>G;;<DA:-

P 4>; C;JIGDC ?H ;A;9IG?97AAN C;JIG7A- >;C9; ?I 97C E;C;IG7I; :;;EAN ?CID B7II;G 7C: EGDK;

IGJAN I>; 8JA@ EGDE;GI?;H& 1< NDJ JH; DI>;G B7HH?K; E7GI?9A;H ID ?CK;HI?=7I; I>; EGDE;GI?;H

D< B7II;G HJ9> 7H  E7GI?9A;H DG ;A;9IGDCH$ NDJ EGD8; JHJ7AAN DCAN I>; G;=?DCH 9ADH; ID

I>; HJG<79;& 0K;C <DG M%G7N$ L>?9> ?H 7AHD 9DCH?:;G;: 7H 7 8JA@ I;9>C?FJ; ?C =;C;G7A$

NDJ E;C;IG7I; DCAN H;K;G7A >JC:G;:H D< CB$ ?< NDJ JH; I>; L7K;A;C=I> :;A?K;G;: 8N 7

A78DG7IDGN M%G7N IJ8;&

P 4>; C;JIGDC ?CI;G79IH L?I> I>; H7BEA; K?7 CJ9A;7G <DG9;H- >;C9; I>; ?CI;G79I?DC 9GDHH

H;9I?DC :;E;C:H DC I>; ?CI;GC7A HIGJ9IJG; D< I>; CJ9A;? ?C NDJG H7BEA; 7C: CDI DC I>;

B7HH DG ;A;9IG?9 9>7G=; D< I>; L>DA; 7IDB& 3;JIGDCH 7G; H;CH?I?K; BDG; DG A;HH ;FJ7AAN

ID >;7KN 7C: A?=>I 7IDBH$ B7@?C= I>;B 7C ?:;7A EGD8; <DG H7BEA;H 9DCI7?C?C= >N:GD=;C$

97G8DC DG DMN=;C C;MI ID 7CN DI>;G >;7K?;G 7IDB&

P 4>; C;JIGDC >7H 7 A7G=; B7=C;I?9 BDB;CI- >;C9; ?I ?H ;MIG;B;AN H;CH?I?K; ID I>; B7=%

C;I?9 EGDE;GI?;H D< NDJG H7BEA;& 4>; B7=C;I?9  ;A: 9G;7I;: 8N I>; H7BEA; H97II;GH I>;

C;JIGDC 7C: I>; 7C7ANH?H D< I>; :?G;9I?DC$ ?CID L>?9> I>; C;JIGDCH 7G; H97II;G;:$ 7C: I>;

CJB8;G D< H97II;G;: C;JIGDCH EGDK?:;H I>; ?C<DGB7I?DC 78DJI I>; B7=C;I?9 HIGJ9IJG;$

I>; H?O; D< I>; B7=C;I?9 BDB;CIH 7C: I>; 9DJEA?C= 8;IL;;C :?<<;G;CI B7=C;I?9 H?I;H&

3;JIGDCH 7G; ?C E7GI?9JA7G JH;<JA$ 8;97JH; I>; L7K;A;C=I> 9DGG;HEDC:H K;GN L;AA L?I> I>; ?C%

I;G7IDB?9 :?HI7C9;H 7C: I>; ;C;G=N ?H H?B?A7G ID I>; ;C;G=N D< INE?97A ;M9?I7I?DCH ?C 9DC:;CH;:

B7II;G EGD8A;BH& 6; 97A9JA7I; I>; @?C;I?9 ;C;G=N D< 7 <G;; C;JIGDC

%#"% *  

!
'!!!! "*&'#

*
! ! 

!$
"*&(#

* ! 

!$  
# "*&)#

JH?C= I>; :; /GD=A?; G;A7I?DC$ I>7I ;MEG;HH;H I>; L7K;A;C=I> D< 7 FJ7CIJB B;9>7C?97A E7GI?9A;

L?I> BDB;CIJB  -

! *
&

! !
"*&*#

1< L; ?CH;GI I>; C7IJG7A 9DCHI7CIH$ L; =;I

% !! * (#"("& B;5 !.
!

 ! ! "*&+#

( !! * %)&' BH  !.  !  "*&,#

1C DI>;G LDG:H$ ?< L; EGDK?:; C;JIGDCH L?I> 7 L7K;A;C=I> ""( $ ! $ $" !. HJ?I78A; <DG

G;HDAK?C= ?CI;G7IDB?9 :?HI7C9;H ?C 9DC:;CH;: B7II;G$ I>;H; C;JIGDCH 7G; 7AHD ?:;7AAN HJ?I;: ID

HIJ:N I>; :NC7B?9H ?C I>; ;C;G=N G7C=; """"# $ % $ #"" B;5&



7@ONLIH 9IOL>@M )%(

.JJ<L@HNFS NC@ JLIJ@LND@M IA NC@ H@ONLIHM G<E@ NC@G <H <NNL<>NDP@ JLI=@ AIL < QD?@ P<LD@NS

IA <JJFD><NDIHM% 3H NC@ L@GDH?@L IA NC@ F@>NOL@ 3 QDFF NLS NI <HMQ@L NC@ KO@MNDIH$ QC<N NC@

JLIPD?@LM IA H@ONLIHM$ @%B% 4079$ 186 33$ 355$ 979%%%$ ><H ?I NI G<E@ NC@DL OM@LM C<JJS%

:C@L@AIL@ Q@  LMN H@@? ?I OH?@LMN<H?$ QC<N OM@LM Q<HN% ;@ >IHMD?@L <H B@H@LD> H@ONLIH

MJ@>NLIG@N@L$ NC<N <FFIQM NI G@<MOL@ NL<HMA@L IA @H@LBS <H? GIG@HNOG =@NQ@@H H@ONLIH <H?

NC@ M<GJF@$ M@@ 1DB% )%'% 2IQ NCDM DM ?IH@$ SIO QDFF F@<LH DH NC@ INC@L F@>NOL@M IA NC@

>IOLM@ <H? G<DHFS ?OLDHB NC@ JL<>ND><F J<LN% :C@ MDBH<F SIO B@N  H<FFS <N NC@ ?@N@>NIL IA SIOL

&'/2.* 

!0'.78*3 

#*5*(513 

$101(,31/'513 
%3-/'37 

42*(531/*5*3 

&*(10)'37 

42*(531/*5*3 

   "*'/ +31/           

' 0*65310 4163(*              

&,+ # !$  #(#+%" &!/).- )$ !

(#.-+)( ,*#"-+)'#-#+

DHMNLOG@HN ><H =@ @RJL@MM@? DH NC@ AIFFIQDHB Q<S-

#"#) ! #  &' (#! "#)!( %&$#$( %&$#  =<>EBLIOH? ")%+#

# DM NC@ DH>D?@HN H@ONLIH =LDFFD<H>@$ D%@% NC@ HOG=@L IA H@ONLIHM J@L M@>IH? @GDNN@? ALIG

NC@ MIOL>@ HILG<FDT@? =S <L@<$ MIFD? <HBF@ <H? @H@LBS IL Q<P@F@HBNC DHN@LP<F$  * ?@HIN@M NC@

@A >D@H>D@M IA NC@ JLDG<LS <H? NC@ M@>IH?<LS MJ@>NLIG@N@L <H? NC@ ?@N@>NIL$ !( %&$#" $( %&$#

DM NC@ >LIMM M@>NDIH <H? NC@ PIFOG@ IA NC@ M<GJF@$ L@MJ@>NDP@FS% 3A SIO C<P@ <H DHN@L@MNDHB

M>D@HND > KO@MNDIH NC<N C<M HIN =@@H <HMQ@L@? S@N$ OMO<FFS NC@ =INC NC@ >LIMM M@>NDIH <H?

PIFOG@ <L@ MG<FF% 2@H>@ NI B@N BII? ?<N<$ SIO H@@?  LMN <H @A >D@HN DHMNLOG@HN QDNC < BII?

MDBH<F NI HIDM@ L<NDI$ QCD>C ?@N@>NM D?@<FFS <FF <H? IHFS NC@ H@ONLIHM M><NN@L@? =S NC@ M<GJF@%

9@>IH? SIO H@@? < FIQ =<>EBLIOH? NC<N <FFIQM SIO NI ?DMNDHBODMC <FMI NDHS MDBH<FM% .H? F<MN

=ON HIN F@<MN SIO H@@? <H DHN@HM@ MIOL>@ IA H@ONLIHM$ NC<N =LDHBM < FIN IA OM@AOF H@ONLIHM NI

NC@ DHMNLOG@HN%

# " '.3 (. 3) +)1 */)) -)21/.-0%

:C@ AL@@ H@ONLIH C<M < G@<H FDA@NDG@ IA <=ION ,&& M$ C@H>@ DN DM H@>@MM<LS NI JLI?O>@ NC@ AL@@

H@ONLIHM <M SIO LOH SIOL @RJ@LDG@HN% ;CDF@ GIMN HO>F@D <L@ >IHMNDNON@? NI GIL@ NC@H *& !

=S H@ONLIHM$ HO>F@<L AIL>@M >IH H@ NC@G <H? C@H>@ DN DM L<NC@L ?DA >OFN NI M@N H@ONLIHM AL@@%

7IQ<?<SM AL@@ H@ONLIHM AIL M>D@HND > <JJFD><NDIHM <L@ L@F@<M@? =S HO>F@<L L@<>NDIHM G<DHFS DH

 MMDIH L@<>NILM IL DH MJ<FF<NDIH MIOL>@M% /INC LION@M L@KODL@ F<LB@ M><F@ A<>DFDND@M$ NC<N IJ@L<N@



+&+ 6& ?NIGS

SHE RNTQCE AMD OQNUIDE RSASE%NF%AQS IMRSQTLEMSASINM& :ME EWALOKE FNQ SHE MTCKEAQ QEREAQCH

QEACSNQ IR SHE 4;8 55$ VHEQE XNT VIKK OEQFNQL SHE OQACSICAK OAQS NF SHE 7ABNQASNQX 2NTQRE&

=HE LNRS ONVEQFTK ROAKKASINM RNTQCE SNDAX IR SHE <9< IMRSAKKED AS SHE :AJ ;IDGE 9ASINMAK

7ABNQASNQX IM SHE ><0&

=HE METSQNM AR A FQEE OAQSICKE VAR DIRCNUEQED BX 6ALER 2HADVICJ IM (/*)$ VHEM HE IMUER%

SIGASED SHE QADIASINM FQNL 1EQXKKITL IKKTLIMASED VISH  OAQSICKER& 4IMAKKX HE DERCQIBED SHE

NMGNIMG QEACSINM AR
$

"
  

(

$
"&!

!"

&
#  

!

 
'! "+&.#
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SHE  QRS EWOEQILEMSAK QEACSNQR QEKEARED ABNTS "!' M CL "R !& 1ERIDE SHE IMUERSIGASINM NF SHE

MTCKEAQ QEACSINM$ RTCH A !TW EMABKED SHE  QRS RCASSEQIMG EWOEQILEMSR VISH METSQNMR& 5M SHE

FNKKNVIMG SHE SHEQLAK METSQNM !TW IMCQEARED DQALASICAKKX TMSIK IS RASTQASED IM SHE LID  FSIER&

=HE RSIKK LNRS ONVEQFTK QEREAQCH QEACSNQ AS SHE 577 BECALE CQISICAK IM (/-+& =HE LNDEQM
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(&)/ 8E?& 3ACH NF SHIR IMRSAMSAMENTRKX "VISHIM (' MR# ELISSED METSQNMR CAM  RRINM AMNSHEQ
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SHE LARR NF SHE  RRIKE LASEQIAK IR RLAKKEQ SHAM $ SHE MTLBEQ NF METSQNMR VIKK DECQEARE

NUEQ SILE AMD SHE MTCKEAQ CHAIM QEACSINM RSNOR& 5F XNT VAMS SN RTRSAIM SHE MTCKEAQ QEACSINM

FNQ A KNMG SILE IS IR MECERRAQX SN CNMSQNK SHE METSQNM !TW RTCH SHAS SHE MTLBEQ NF METSQNMR

SHAS DQIUE SHE CHAIM QEACSINM QELAIMR CNMRSAMS& =HE CNMSQNK NF SHE QEACSNQ IR ONRRIBKE$ IF SHE

MTCKEAQ QEACSINM IR MNS NMKX SQIGGEQED BX SHE OQNLOS METSQNMR& =HE  RRINM FQAGLEMSR AQE
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1ERIDE SHE CNMSQNK QNDR$ VHICH AQE TRED SN RSEEQ SHE QEACSNQ$ ADDISINMAK QNDR EWIRS SN FTKKX RSNO

SHE !TW NF METSQNMR AMD RHTS DNVM SHE QEACSNQ&
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ME QGD NOMQML NRJPD CDQDOKHLDP QGD JDLFQG ME QGD LDRQOML NRJPD' 2E MLD KD@PRODP QGD QHKD ME

!HFGQ ME @ LDRQOML EOMK QGD PMROBD QM QGD CDQDBQMO @Q VMRO HLPQORKDLQ% QGD LDRQOML SDJMBHQV

B@L AD CDQDOKHLDC% @P QGD !HFGQ N@QG HP @JPM ILMTL' ?MR THJJ JD@OL KMOD @AMRQ QHKD&ME&

!HFGQ PNDBQOMPBMNV @LC CHEEO@BQHML HL QGD ODK@HLHLF JDBQRODP' /KMLF QGD PN@JJ@QHML PMROBD

@$

A$

$&% " !# !#(%+"1)# -& " *-,' .2*0% ",$ " 0(-/1 .2*0% 0."**"1)-, 0-2/#% 

ML CHPQHLFRHPGDP PM B@JJDC JMLF NRJPD PN@JJ@QHML PMROBDP #48::$ @LC PGMOQ NRJPD PN@JJ@QHML

PMROBDP' <PHLF @ JHLD@O @BBDJDO@QMO @ NOMQML ARLBG THQG @ THCQG ME PDSDO@J KP B@L AD Q@HJMODC'

2E QGD LDRQOML NRJPD PGMRJC AD PGMOQDO% QGD NOMQMLP G@SD QM AD BMKNODPPDC' ;GHP HP CMLD AV

EDDCHLF QGD NOMQMLP EOMK QGD 4HLD@O @BBDJDO@QMO HLQM @ PVLBGOMQOML' ;GD LDUQ ARLBG HP QGDL

EDDC HL% TGDL QGD EMOKDO MLD G@P ODSMJSDC MLBD% QM K@ID @ CDLPDO NOMQML ARLBG' <PHLF

QGD BMKNODPPMO% QGD * P CRO@QHML NRJPDP' >GHJD QGD J@QQDO QVND NOMSHCDP @ GHFGDO ND@I !RU%

H' D'% KMOD LDRQOMLP HL @ PGMOQ QHKD HLQDOS@JJ% QGD EMOKDO QVND VHDJCP @ PHFLH B@LQJV GHFGDO

@SDO@FD LDRQOML !RU% HL N@OQHBRJ@O HL QGD DLDOFV O@LFD QG@Q HP QVNHB@JJV RPDC EMO CHEEO@BQHML

DUNDOHKDLQP' ;GDODEMOD BDOQ@HL DUNDOHKDLQP @OD ADQQDO ME @Q @ :8::% TGHJD QGD 48:: NOMSHCDP

@ KMOD SDOP@QHJD PNDBQORK @LC BJD@OJV HP PRNDOHMO EMO "PJMT" LDRQOMLP' ;GD KMPQ NMTDOERJ

DUHPQHLF PN@JJ@QHML PMROBD% QGD *', 5> :6: @Q 7@I 9HCFD HP @ :8::% TGHJD QGD NJ@LLDC 1::

HL 4RLC% :TDCDL% THJJ AD @ 48:: THQG - 5> NMTDO'
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;FDFOUMZ XF PCTFSWF B USFOE UP FYQMPSF "MPX" FOFSHZ OVDMFBS SFBDUJPOT GPS UIF SFBMJTBUJPO

PG MPX UP NFEJVN !VY TPVSDFT% XIJDI BSF TVQQPTFE UP CF TDBMBCMF CPUI JO QPXFS BOE JO

DPTU @-% .A' =IFZ BSF BMTP BDDFMFSBUPS ESJWFO% CVU TJODF UIF QBSUJDMF FOFSHZ SBOHFT GSPN "  

!  !  LF>% UIF UBSHFU NPOPMJUI DBO CFDPNF NVDI NPSF DPNQBDU' 0 WBSJFUZ PG QPUFOUJBM

SFBDUJPOT FYJTU % F'H' QSPUPOT PS EFVUFSPOT PO 1F PS 7J PS FMFDUSPOT PO =VOHTUFO' =IF MPXFS

QSPKFDUJMF FOFSHZ FOBCMFT NPSF DPNQBDU UBSHFU&NPEFSBUPS BTTFNCMJFT #TFF CFMPX$% TP UIBU B

MBSHFS GSBDUJPO PG UIF QSPEVDFE OFVUSPOT DBO CF NBEF VTFGVM GPS UIF BDUVBM UIFSNBM PS DPME

OFVUSPO FYQFSJNFOU'

3PS UIF MPX FOFSHZ BDDFMFSBUPS DPNNFSDJBM TPMVUJPOT PGUFO FYJTU BMSFBEZ% F'H' GPS NFEJDBM

BQQMJDBUJPOT' =IJT NBLFT UIF DPOTUSVDUJPO BOE UIF PQFSBUJPO PG TVDI B GBDJMJUZ BO FBTJFS UBTL

DPNQBSFE UP SFBDUPST PS TQBMMBUJPO TPVSDFT' =IFSFGPSF JU JT FOWJTJPOFE UP DSFBUF B OFUXPSL

PG TVDI MPX QPXFS TPVSDFT% XIJDI QSPWJEF TVG DJFOU !VY UP QFSGPSN UIF FYQFSJNFOUT% XIJDI

BSF OPU WFSZ !VY EFNBOEJOH% CVU SFMZ PO B DMPTF EJTUBODF BOE JNNFEJBUF BDDFTT% F'H' XIFO

GFFECBDL GPS UIF TBNQMF QSFQBSBUJPO JT OFFEFE' 3VSUIFSNPSF TVDI TPVSDF DPVME CF FYUSFNFMZ

WBMVBCMF GPS UIF FEVDBUJPO PG GVUVSF OFVUSPO VTFST% BT TUVEFOUT DPVME BDRVJSF UIFSF NVDI NPSF

FYQFSJFODF UIBO PO B MBC DPVSTF MJLF UIJT POF'

# ! # $203(4.521 2, 6-+ *.,,+4+16 5274)+5

2PNQBSJOH UIF EJGGFSFOU TPVSDFT% XF IBWF UP DPOTJEFS B OVNCFS PG GFBUVSFT/

&+76421 %/78 9PXBEBZT SFBDUPS TPVSDFT TUJMM QSPWJEF UIF IJHIFTU BWFSBHF OFVUSPO !VY' =IJT

!VY JT TUJMM IJHIFS BT UIF !VY BU UIF )'+ 8? <:<<' =IF , 8? TQBMMBUJPO TPVSDF XJMM

BDUVBMMZ SFBDI B TJNJMBS BWFSBHF !VY' 4PXFWFS% GPS NPTU FYQFSJNFOUT JU JT OFDFTTBSZ% UP

TFMFDU POMZ B OBSSPX SBOHF JO FOFSHZ PS XBWFMFOHUI% SFTQFDUJWFMZ' 0U B QVMTFE TPVSDF

UIJT DBO CF EPOF OBUJWFMZ VTJOH UJNF&PG&!JHIU NPOPDISPNBUJ[BUJPO' =IFO OPU UIF BWFS&

BHF !VY% CVU UIF QFBL !VY% J' F'% UIF !VY EVSJOH UIF QSPUPO QVMTF% DPVOUT' 5O UIBU DBTF%

UIF NPOPDISPNBUJD JOUFOTJUZ BU UIF TQBMMBUJPO TPVSDF DBO CF IJHIFS' 3PS UIF DPNQBDU

TPVSDFT UIF !VY EFQFOEFT TUSPOHMZ PO UIF BDDFMFSBUPS QPXFS BOE IFODF UIF CVEHFU PG

UIF PQFSBUJOH GBDJMJUZ' <NBMM TPVSDFT XJUI MFTT UIBO )( 6? QPXFS IBWF B TBNQMF !VY *(

UP )(( UJNFT TNBMMFS UIBO TQBMMBUJPO TPVSDFT' 3PS UIF IJHI QPXFS DPNQBDU TPVSDFT XJUI

)(( 6? QPXFS% UIF TBNQMF !VY JT FYQFDUFE UP CF DPNQBSBCMF UP OPXBEBZT NFEJVN

!VY SFBDUPST'

'(,+69 ?IJMF UIF  TTJMF NBUFSJBM JOTJEF UIF SFBDUPS DPSF PG B SFTFBSDI SFBDUPS JT POMZ B TNBMM

GSBDUJPO PG UIF BNPVOU JO B OVDMFBS QPXFS QMBOU% UIFSF JT TUJMM B OVDMFBS DIBJO SFBDUJPO

POHPJOH% XIJDI JO QSJODJQMF DBO SVO PVU PG DPOUSPM' =IF TQBMMBUJPO TPVSDFT BOE UIF

DPNQBDU TPVSDFT SFMZ PO UIF PQFSBUJPO PG UIF BDDFMFSBUPS BOE BSF UIFSFGPSF JOIFSFOUMZ

TBGF'

0T BMM TPVSDFT VTF OVDMFBS SFBDUJPOT BOE DSFBUF IJHI FOFSHZ QBSUJDMFT% UIFZ CPUI QSPEVDF

SBEJPBDUJWF XBTUF% XIJDI NVTU CF USFBUFE PS TUPSFE BGUFS UIF PQFSBUJPO PG UIF GBDJMJUZ' 5O

DBTF PG UIF TQBMMBUJPO TPVSDF UIF XBTUF IBT HFOFSBMMZ TIPSUFS MJGF UJNFT' 2PODFSOJOH

SBEJBUJPO TBGFUZ% UIF FOFSHZ TQFDUSVN PG TQBMMBUJPO OFVUSPOT DPOUBJOT NPSF WFSZ GBTU

OFVUSPOT% DPNQBSFE UP UIF SFBDUPS TQFDUSVN BOE UIF TQFDUSVN PG UIF MPX FOFSHZ OVDMFBS
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UHDFWLRQ( 7HQFH VSDOODWLRQ VRXUFHV UHTXLUH KHDYLHU DQG PRUH FRPSOH[ VKLHOGLQJ DURXQG

WKH WDUJHW DQG DURXQG WKH EHDPOLQHV& ZKLFK LV DQ LPSRUWDQW FRVW GULYHU RI D VSDOODWLRQ

IDFLOLW\( 8Q SDUWLFXODU IRU WKH ORZ SRZHU FRPSDFW VRXUFHV& WKH UDGLDWLRQ OHYHO LV UDWKHU

ORZ& VR WKDW FRPSDFW VKLHOGLQJ DVVHPEOLHV HQDEOH D FORVH DFFHVV WR WKH VRXUFH DQG HDV\

RSHUDWLRQ(

'8)*0208; 8Q IDFW& WKH RSHUDWLRQ RI D 6HB SURWRQ DFFHOHUDWRU LV TXLWH GHOLFDWH( 1V DOUHDG\

PHQWLRQHG WKLV PDNHV WKH VRXUFH YHU\ VDIH( <Q WKH RWKHU KDQG& VRPHWLPHV LW PD\

DOVR KDSSHQ& WKDW WKH SURWRQ EHDP LV QRW DYDLODEOH IRU TXLWH VRPH WLPH GXULQJ \RXU

DOORFDWHG EHDP WLPH( @KH QHXWURQ UHDFWRU UXQV XVXDOO\ YHU\ VWDEOH ZLWKRXW LQWHUUXSWLRQ(

1GGLWLRQDOO\ WKH QHXWURQ !X[ LV PRUH VWDEOH DW WKH UHDFWRU PDNLQJ LW HDVLHU WR FRPSDUH

LQGLYLGXDO PHDVXUHPHQWV(

(-+/40+)2 .-)70*0208; @KH VRXUFH QHXWURQ !X[ DW D UHDFWRU FRXOG EH LQFUHDVHG RQO\ E\ DQ LQ'

FUHDVH RI WKH WKHUPDO SRZHU( @KHUH KDYH EHHQ DWWHPSWV WR EXLOG D PRUH SRZHUIXO UHDFWRU

LQ WKH A? LQ WKH QLQHWLHV& ZKLFK KDYH EHHQ DEDQGRQHG IRU HFRQRPLFDO UHDVRQV( @KH KHDW

UHPRYDO IURP WKH FRUH EHFRPHV H[WUHPHO\ FRPSOH[ DQG DOVR WKH UDGLDWLRQ GDPDJH WR

WKH LQVWDOODWLRQV QHFHVVDU\ IRU WKH H[WUDFWLRQ RI WKH QHXWURQ LV D VHYHUH LVVXH( 5RU WKH

?=?? H[LVW VLPLODU DUJXPHQWV( @KH LQWHQVH SURWRQ EHDP LPSODQWV D ODUJH DPRXQW RI

KHDW LQ D YHU\ VKRUW WLPH LQWHUYDO( 1JDLQ WKH PDMRU SUREOHP LV WKH UHPRYDO RI WKLV KHDW(

@KHUH VHHPV WR EH D WHFKQRORJLFDO OLPLW DOVR IRU WKH VKRUW SXOVH VSDOODWLRQ VRXUFHV WR

LQFUHDVH WKHLU SRZHU IDU EH\RQG WKH SUHVHQW VWDWH( 5RU WKH ORQJ SXOVH VSDOODWLRQ VRXUFHV&

WKH VLWXDWLRQ VHHPV WR EH VOLJKWO\ UHOD[HG( ?LQFH WKH KHDW LV LPSODQWHG GXULQJ D ORQJHU

WLPH LQWHUYDO& WKH KHDW UHPRYDO LV IDFLOLWDWHG( @KH . :C RI SRZHU IRU WKH 4?? FRXOG

SRVVLEO\ LQFUHDVHG XS WR *) :C( @KHUH H[LVW HYHQ HVWLPDWHV& WKDW RQH FRXOG GHVLJQ D

ORQJ SXOVH VSDOODWLRQ WDUJHW UXQQLQJ DW +) :C( 7RZHYHU& WKHVH DUH SODQV IRU WKH YHU\

IDU IXWXUH& DV DOUHDG\ WKH 4?? ZLOO EH RSHUDWLRQDO LQ WKH +)+)LHV RQO\( 5RU WKH FRPSDFW

VRXUFHV& WKH DFFHOHUDWRU LVVXH LV UHOD[HG( 5RU WKH UHDOLVDWLRQ RI WKH KLJK SRZHU YHUVLRQ&

WKH UHTXHVWHG EHDP FXUUHQWV DUH RQ WKH HGJH RI WRGD\#V WHFKQRORJ\( ?WLOO WKH SUHVVLQJ

TXHVWLRQ LV WKH KHDW WKDW KDV WR EH UHPRYHG( 5RU -(* LW LV FOHDU& WKDW WKLV UHDFWLRQ SUR'

GXFHV WKH VDPH KHDW IRU /) WLPHV OHVV QHXWURQV DV FRPSDUHG WR WKH VSDOODWLRQ UHDFWLRQ(

>HDFWLRQ 4QHUJ\ $6HB% ;HXWURQ \LHOG 3HSRVLWHG KHDW $:HB%

SHU HYHQW SHU HYHQW SHU QHXWURQ
 !"A  VVLRQ * *0)

=E VSDOODWLRQ * +) +,
#2H$G&Q% )()+. )())/ *+))

()*2- # !$  *(+!,'-*) *% )$/.,*) +,*#/"')& ,$!".'*)-

# " &5: ,5 :- 3)1- .6-- 4-986547 97-.92%

1IWHU WKH QXFOHDU UHDFWLRQ WKH UHOHDVHG QHXWURQV KDYH HQHUJLHV LQ WKH :HB UDQJH FRUUHVSRQG'

LQJ WR D ZDYHOHQJWK DFFRUGLQJ WR HT( $-(*)%   ! 
 " "1( @KH HQHUJLHV ZH DUH LQWHUHVWHG

LQ VROLG VWDWH SK\VLFV& FKHPLVWU\ RU ELRORJ\ UDWKHU UDQJH IURP WKH !HB UDQJH IRU UHOD[DWLRQ



<GVUSPO ?PVSEGT -(0

QJGOPNGOC UP UJG GA SCOIG HPS UJG DPOFKOI PH UJG WCMGOEG GMGEUSPOT KO NPMGEVMGT( =OG NZ

CMTP EPNQCSG UJG GOGSIZ TECMG UP UJG EPSSGTQPOFKOI UGNQGSCUVSGT WKC

$UJGSN * ' &# $-(**%

6SPN JGSG XG TGG UJCU * NGA KT GRVKWCMGOU UP C UGNQGSCUVSG PH **(/ : PS WKEG WGSTC ,)) :

CSG GRVKWCMGOU UP +.(/ NGA(

@JG FKTUCOEGT XG XCOU UP SGTPMWG KO C OGVUSPO TECUUGSKOI GYQGSKNGOU CSG PO C CUPNKE PS

NPMGEVMCS MGOIUJ TECMG COF SCOIG HSPN * "3 UP %!N COF UJGSGHPSG UJG OGVUSPOT TJPVMF JCWG

EPNQCSCDMG XCWGMGOIUJ UP JCWG CO CQQSPQSKCUG SGTPMVUKPO( 8H XG VTG CICKO UJG GYQSGTTKPO

HPS UJG FG 4SPIMKG XCWGMGOIUJ GR( $-(*)%& XG  OF UJCU C OGVUSPO XKUJ CO GOGSIZ $ * &'#(

NGA JCT C XCWGMGOIUJ  * %#) "3& HVM MMKOI DPUJ SGRVKSGNGOUT TKNVMUCOGPVTMZ( @JKT KT CMTP

UJG SGCTPO& XJZ OGVUSPO TECUUGSKOI KT TP WGSTCUKMG HPS TUVFKGT PH UJG FZOCNKET PH ESZTUCMMKOG

NCUGSKCMT& DGECVTG CMM CUPNT KO C ESZTUCM TJPX EPJGSGOU NPUKPOT FVG UP UJGKS CSSCOIGNGOU COF

DPOFKOI(

7PX ECO XG EJCOIG UJG OGVUSPO GOGSIZ UP UJG SCOIG& XG CSG KOUGSGTUGF KO2 @JG DGTU XCZ KT&

KH UJGZ EPMMKFG GMCTUKECMMZ XKUJ PUJGS QCSUOGST PH NVEJ MPXGS GOGSIZ COF TQSGCF UJKT GOGSIZ

KO C MCSIG WPMVNG $ FPO#U HPSIGU& UJCU * ;GA* %#( ! %$  " 9%( @JG GOGSIZ MPTT QGS EPMMKTKPO

FGQGOFT PO UJG NCTT PH UJG EPMMKFKOI QCSUOGST1 @JG JKIJGTU GOGSIZ USCOTHGS KT CEJKGWGF& KH UJG

NCTT PH DPUJ QCSUOGST KT GRVCM( @JGSGHPSG  % PS !% CSG UJG DGTU QCSUOGST& NCLKOI XCUGS CO

KFGCM EJPKEG HPS UJG NPFGSCUPS( ?KOEG QSPUPOT MKLG UP SGCEU XKUJ OGVUSPOT& UJG NPFGSCUPS PHUGO

EPOUCKOT JGCWZ XCUGS& K(G( 5!=& XJKEJ JCT C TNCMMGS CDTPSQUKPO ESPTT TGEUKPO( 6PS UJG 6>;

88 UJG SGCEUPS EPSG KT TVSSPVOFGF DZ UJG JGCWZ XCUGS UCOL( @JG PVUGS CSGC PH UJG XCUGS UCOL

KT  MMGF XKUJ MKIJU XCUGS& JGOEG UJG !VY PH OGVUSPOT JKUUKOI UJG DKPMPIKECM TJKGMFKOI PVUTKFG

UJG UCOL KT CMSGCFZ SGFVEGF(

@ZQKECMMZ KU UCLGT TGWGSCM UGOT PH !T UP NPFGSCUG UJG OGVUSPO UP UJG UGNQGSCUVSG PH UJG TVS'

SPVOFKOI XCUGS( @JKT QSPEGTT KT UJGSGHPSG ECMMGF UJGSNCMK[CUKPO( BKUJKO UJKT UKNG UJG OGVUSPO

USCWGM CXCZ HSPN UJG SGCEUPS EPSG& XJGSG UJGZ CSG QSPFVEGF( =O UJG PUJGS JCOF& UJGSG KT C

 OKUG QSPDCDKMKUZ HPS UJG CDTPSQUKPO PH C OGVUSPO& KH UJG !KIJU QCUJ KOTKFG UJG XCUGS KT UPP

MPOI( @JG NCYKNVN PH UJG UJGSNCM OGVUSPO !VY FGOTKUZ KT FKTQMCEGF HSPN UJG SGCEUPS EPSG

XKUJ UJG HVGM GMGNGOU DZ *) UP *. EN& CT TJPXO KO 6KI( -(- C%(

6PS CO GYQGSKNGOU KU KT OPX PH NCKO KOUGSGTU UP EPMMGEU CT NCOZ VTGHVM OGVUSPOT HSPN UJG

SGCEUPS& DVU OPU UP IGU UJG HCTU OGVUSPOT PS UJG  SCFKCUKPO UJCU CSG ESGCUGF KO UJG OVEMGCS

SGCEUKPOT KOUP UJG GYQGSKNGOUCM CSGC( @JGSGHPSG UJG DGCN UVDGT& CT KOFKECUGF KO 6KI( -(-

D% FPO#U HCEG UJG SGCEUPS EPSG& DVU UCOIGOUKCMMZ MPPL POUP UJG NCYKNVN PH UJG UJGSNCM !VY

FKTUSKDVUKPO(

8O UJG GOF PH UJG UJGSNCMK[CUKPO QSPEGTT UJG OGVUSPOT CSG KO UJGSNCM GRVKMKDSKVN XKUJ UJG

TVSSPVOFKOI NGFKVN( @JG GOGSIZ FKTUSKDVUKPO UCLGT UJG HPSN PH UJG ;CYXGMM FKTUSKDVUKPO1

!"$# *
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@JG OGVUSPOT CSG EPNNPOMZ EMCTTK GF HPS EGSUCKO GOGSIZ COF XCWGMGOIUJ SCOIGT CEEPSFKOI UP

UJG QPTKUKPO PH UJG NCYKNVN PH UJG ;CYXGMM FKTUSKDVUKPO HPS C IKWGO NPFGSCUPS UGNQGSCUVSG

&! 1
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6G :<<>KK LA> J>KH><LBN> >F>J@Q J:F@> LA> EG=>J:LGJ KAGMD= :@:BF >??><LBN>DQ EG=>J:L> LA>

F>MLJGFK ;ML :DKG ;> LJ:FKH:J>FL ?GJ LA> F>MLJGFK' - DBIMB= AQ=JG@>F N>KK>D ?MD DDK LA> J>&

IMBJ>E>FLK ?GJ <GD= F>MLJGFK' - EGJ> >??><LBN> ;ML :DKG EGJ> =B? <MDL L><AFBIM> >EHDGQK

KGDB= E>LA:F :K : EG=>J:LGJ BF : <GD= KGMJ<>' - <:J;GF ;DG<C A>:L>= LG : L>EH>J:LMJ> :;GN>

)((( 5 BK MK>= BF J>:<LGJK LG HJGNB=> :F BFL>FK> KGMJ<> G? AGL F>MLJGFK ' 3F 1B@' *'+ LA>

KH><LJ: ?GJ LA> =B??>J>FL EG=>J:LGJ L>EH>J:LMJ>K KAGO <D>:JDQ% LA:L LA> E:PBEME BK KAB?L>=

LGO:J=K KAGJL>J O:N>D>F@LA% OA>F LA> L>EH>J:LMJ> BK BF<J>:K>=' 3F : KAGJL HMDK> KH:DD:LBGF

KGMJ<> MKM:DDQ : =B??>J>FL JGML> BK MK>= LG QB>D= :F BFL>FK> ;>:E G? AGL F>MLJGFK, -DD F>MLJGFK

:J> J>D>:K>= =MJBF@ LA> N>JQ KAGJL H>JBG=% OA>F LA> HJGLGF ;>:E BFL>J:<LK OBLA LA> L:J@>L' .>&

?GJ> LA> LA>JE:D >IMBDB;JBME BK J>:<A>=% LA> >HBLA>JE:D F>MLJGF !MP BK LA>J>?GJ> >N>F AB@A>J

LA:F LA> !MP :L : AGL KGMJ<>' 0PLJ:<LBF@ LA> F>MLJGF BF LABK LJ:FKB>FL KL:L> N>JQ BFL>FK> >H&

BLA>JE:D F>MLJGF ;>:EK <:F ;> J>:DBR>=' 6A> LBE> KLJM<LMJ> G? LA> KGMJ<> EB@AL LA>F ;> MK>=

LG =BK<JBEBF:L> LA> >N>FLM:DDQ BF<J>:K>= ;:<C@JGMF='
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;L LRCNALJC PFGO MNL@ICJ% KCQPNLK EQGBCO ?NC QOCB' ;FCOC ALKOGOP LD , KCQPNLK JGNNLNO%

CKAILOGKE PFC !GEFP M?PF LD ? KCQPNLK' ;FC MNGKAGMIC LD PFC KCQPNLK EQGBC GO OGJGI?N PL IGEFP

S?RC EQGBCO. 1TPCNK?I PLP?I NC!CAPGLKO MNCRCKPO PFC KCQPNLKO DNLJ IC?RGKE PFC EQGBC ?KB PFCU

?NC PN?KOMLNPCB PL PFC CKB LD PFC EQGBC' 5K PFC A?OC LD PFC IGEFP S?RC EQGBC% PFC  @NC F?O

? I?NECN GKBCT LD NCDN?APGLK PF?K PFC OQNNLQKBGKE ?GN% EGRGKE NGOC PL PUMGA?I ANGPGA?I ?KEICO

   $%
!' 2LN PFC KCQPNLK EQGBC% PFC R?AQQJ GKOGBC F?O ? I?NECN GKBCT LD NCDN?APGLK ?KB PFC

ANGPGA?I ?KEIC GO EGRCK @U
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SGPF PFC M?NPGAIC BCKOGPU # ?KB PFC ALFCNCKP OA?PPCNGKE ICKEPF %!' ;FC CICJCKP SGPF PFC I?NECOP

ANGPGA?I ?KEIC GO 9GAHCI ?KB DLN PFC CICJCKP PFC ANGPGA?I ?KEIC A?K OGJMIU @C ?MMNLTGJ?PCB

  & !$"
! "/

 !

' 5D SC GKOP?II OQAF ? KCQPNLK EQGBC @CFGKB ? @C?J PQ@C% ?II KCQPNLKO% PF?P

GJMGKEC LK PFC 9G OQND?AC QKBCN ? OF?IILSCN ?KEIC PF?K PFC ANGPGA?I ?KEIC% SGII @C EQGBCB PL

PFC GKOPNQJCKP' 5D SC A?IAQI?PC DLN ! & % "/ KCQPNLKO SC ILLOC LKIU , LNBCNO LD J?EKGPQBC

GKBCMCKBCKP LD PFC BGOP?KAC DNLJ PFC NC?APLN ALNC' 4CKAC OQAF ? KCQPNLK EQGBC A?K @C QOCB

PL MNLRGBC JLNC OM?AC DLN GKOPNQJCKPO @U ELGKE DQNPFCN ?S?U DNLJ PFC NC?APLN' 9LS?B?UO

OL A?IICB OQMCNJGNNLNO ALKOGOPGKE LD PFGK I?UCNO LD C'E' 9G ?KB ;G GKANC?OC PFC ANGPGA?I ?KEIC

LD 9G @U ? D?APLN QM PL -' 5K PF?P A?OC GP @CALJCO MLOOG@IC PL @QGIB KCQPNLK EQGBCO KLP LKIU

DLN ALIB KCQPNLKO @QP ?IOL DLN PFCNJ?I KCQPNLKO' 2QNPFCNJLNC ALJMICT DLAQOGKE LMPGAO A?K @C

NC?IGVCB @U KCQPNLK EQGBCO PL GKANC?OC PFC KQJ@CN LD QOCDQI KCQPNLKO ?P PFC OMCAPNLJCPCN ?KB

OGJQIP?KCLQOIU HCCM PFC @?AHENLQKB ILS'

/P IC?OP ?O GJMLNP?KP ?O E?GKGKE OM?AC GO PFC D?AP% PF?P PFC BGNCAP OGEFP DNLJ PFC GKOPNQJCKP

LKPL PFC NC?APLN ALNC A?K @C LJGPPCB' 2?OP KCQPNLKO ?KB  N?BG?PGLK IC?RC PFC JLBCN?PLN

PFNLQEF PFC FLICO DLN PFC KCQPNLK @C?JIGKCO' ;FCU EL J?GKIU GK ? OPN?GEFP IGKC DNLJ SFCNC

PFCU F?RC @CCK ANC?PCB% @CA?QOC PFCGN OA?PPCNGKE ANLOO OCAPGLK GO RCNU OJ?II' >FCK PFCOC

M?NPGAICO ?NC A?MPQNCB PFCU NCIC?OC ? OFLSCN LD OCALKB?NU M?NPGAICO% PFC FGEFCN PFC CKCNEU

LD PFC MNGJ?NU M?NPGAIC GO' 5K PFC A?OC LD PFC KCQPNLK NC?APLN% PFC OMCAPNQJ LD FGEF CKCNEU

M?NPGAICO GO IGJGPCB @U PFC CKCNEU LD PFC KQAIC?N NC?APGLK% A?' *(( 8C=' /P OM?II?PGLK OLQNAC

KCQPNLKO A?K @C ECKCN?PCB QM PL PFC CKCNEU LD PFC MNLPLK @C?J% G'C' + 3C='

;FC MNGJ?NU ?KB PFC OCALKB?NU M?NPGAICO ALKPNG@QPC J?GKIU PL PFC N?BG?PGLK @?AHENLQKB

?NLQKB PFC GKOPNQJCKPO' ;FCU A?K LD ALQNOC ?IOL ALKPNG@QPC PL PFC @?AHENLQKB GK ULQN BCPCA&

PLN' ;FC M?NPGAICO ?NC HCMP ?S?U DNLJ QOCNO ?KB BCPCAPLNO @U J?OOGRC OFGCIBGKE% ALKP?GKGKE ?

ILP LD ALKANCPC #DLN D?OP KCQPNLKO$ LN IC?B #DLN  N?BG?PGLK$' 5D ? KCQPNLK EQGBC GO @CKB SGPF

? I?NEC N?BGQO% PFC BGNCAP IGKC LD OGEFP FGPO PFC S?II LD PFC KCQPNLK EQGBC ?P ? MLOGPGLK% PF?P

A?KKLP @C OCCK DNLJ PFC O?JMIC MLOGPGLK ?KB PFC @?AHENLQKB LD PFC GKOPNQJCKP A?K @C DQNPFCN

OQMMNCOOCB' :D ALQNOC ULQN OFGCIBGKE JQOP PFCK @C OPNLKECOP GK PFC BGNCAP IGKC LD OGEFP'

! " $). &) .' &','%, ('-,*)(+#

:K LD PFC OPNLKECOP ?BR?KP?ECO LD PFC KCQPNLKO GO PFCGN KCQPN?IGPU' 5P ?IILSO PL MNL@C BCCMIU

GKPL J?PPCN' :K PFC LPFCN F?KB% PFGO J?HCO PFC BCPCAPGLK LD ? KCQPNLK BGD AQIP% ?O GP MCKCPN?PCO

I?NEC RLIQJCO LD J?PPCN SGPFLQP GKPCN?APGLK' 7QAHGIU PFCNC CTGOPO ? F?KB DQII LD GOLPLMCO PF?P

F?RC ? I?NEC ?@OLNMPGLK ANLOO OCAPGLK DLN PFCNJ?I LN ALIB KCQPNLKO% OQAF ?O #4C ! 0% 3B LN
"#$<' ;FC KQAIC?N NC?APGLKO ANC?PC AF?NECB M?NPGAICO% SFGAF A?K @C ?K?IUVCB @U GKPCN?APGLK
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1 UEQX CNLLNM VAX NF EWOQERRIMG RCASSEQIMG EF CIEMCX IR TRIMG EKECSQNM TMISR' 1R CAM BE

REEM IM 4P'-')+ SHE RCASSEQIMG ALOKISTDE IR NMKX DESEQLIMED BX SHE <83 NF A RIMGKE EKECSQNM

AOAQS FQNL SHE 5NTQIEQ SQAMRFNQL NF SHE KNCAK DEMRISX' =HIR LEAMR SHE RCASSEQIMG IMSEMRISX IM

EKECSQNMIC TMISR CAM BE EWOQERRED AR

##'!$" )
#!$"

# &"#
#-')/$

=HIR LEAMR% VISH AOOQNOQIASE CAKIBQASINM% IF SHEQE IR AM IMSEMRISX NF ##' ) %## &
"

#
AS A CEQSAIM

;% SHAS SHE RIYE RCAKE CNQQERONMDIMG SN SHAS ; UECSNQ HAR *(( EKECSQNMR OEQ TMIS UNKTLE'

<IMCE OHNSNMR IMSEQACS LAIMKX VISH SHE EKECSQNM RHEKK% SHEQE IR AKRN AM AMGKE DEOEMDEMCX

ACCNTMSIMG FNQ SHE SILE AUEQAGED KNCASINM OQNBABIKISX NF SHE EKECSQNMR IM SHE RHEKK% VHICH LAX

NQ LAX MNS BE ROHEQICAK% DEOEMDIMG NM SHE EKECSQNMIC CNM GTQASINM NF SHAS ROECI C ASNL' =HIR

VNTKD SHEM KEAD SN A <83 IM SEQLR NF &#!$" ) &#(&!$" VISH (& BEIMG SHE ASNLIC RCASSEQIMG

FACSNQ FNQ AMX ROECI C EKELEMS' =HIR ILONQSAMS SN SAJE MNSE NF% VHEM SHEQE IR A RSQTCSTQE NQ

FNQL FACSNQ NM SHE RALE RIYE RCAKE AR A RIMGKE ASNLIC DIRSAMCE $ ) " 

!!$# !1
) &"#( !1

 !

' =HIR

IR TRTAKKX MNS IM SHE QEGILE NF IMSEQERS FNQ RLAKK&AMGKE RCASSEQIMG AMD VIKK LNRSKX UAMIRH IM

SHE IMCNHEQEMS BACJGQNTMD'

1MNSHEQ IMCNHEQEMS BACJGQNTMD EFFECS IR 2NLOSNM RCASSEQIMG% VHEQE IMEKARSIC OQNCERRER

CHAMGE SHE VAUEKEMGSH DTQIMG SHE RCASSEQIMG OQNCERR' =HIR IR HNVEUEQ AGAIM RSQNMGKX RTO&

OQERRED AS RLAKK AMGKER' =HE VAUEKEMGSH RHIFS NCCTQQIMG BARED NM 2NLOSNM RCASSEQIMG IR

FNKKNVIMG SHIR EWOQERRINM
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=HE OQEFACSNQ IR $

%"
) #"#%&%' !1' 7S IR AKRN NBUINTR SHAS AS KAQGE AMGKER % ) $(#!SHE EMEQGX

SQAMRFEQ IR LAWILAK' <IMCE VE AQE AKVAXR IMUERSIGASIMG AMGKER CKNRE SN  ) # SHE VAUEKEMGSH
RHIFS AMD HEMCE SHE IMCNHEQEMS BACJGQNTMD IR MEGKIGIBKE CNLOAQED SN NSHEQ EWOEQILEMSAK FAC&

SNQR% RTCH AR RKISR AMD VIMDNVR RCASSEQIMG'

" # ! $&%//'-*+( 1*/) +'0/-,+.

:ETSQNMR IMSEQACS VISH SHE MTCKEI DIQECSKX% VHICH QERTKSR IM SHE ASNLIC FNQL FACSNQ BEIMG AK&

VAXR ROHEQICAKKX RXLLESQIC #BIKKIAQD BAKKR$ AMD SHEL BEIMG REMRISIUE SN DIFFEQEMS IRNSNOER AMD

ROIM&ROIM CNTOKIMG' 7M CNMSQARS SN W&QAXR% SHEQE IR MN RILOKE EWOQERRINM FNQ RCASSEQIMG RSQEMGSH

AR A FTMCSINM NF IRNSNOE NQ ASNLIC MTLBEQ' 3IQECSKX MEIGHBNQIMG EKELEMSR AMD IRNSNOER LAX

HAUE UARSKX DIFFEQEMS CQNRR RECSINMR'

=HIR IR DTE SN SHE FACS SHAS SHE <CHQZNDIMGEQ EPTASINM HAR SN BE RNKUED FNQ EACH CNLBIMASINM

NF IMCNLIMG METSQNM AMD MTCKETR' =HE RNKTSINM FNQ SHE OQNBKEL IR IKKTRSQASED BX 6ALLNTDA

NQ =NMG ?-% .@ IM LNQE DESAIK' 5NQ HEQE IS IR RTF CIEMS SN MNSE SHAS <CHQZNDIMGEQ"R EPTASINMR

IR RNKUED BX SAJIMG IMSN ACCNTMS AM AOOQNWILASEKX 9E> DEEO RPTAQE VEKK FNQ SHE MTCKETR

VISH A FQEE OAQSICKE NTSRIDE SHE VEKK' =HIR QERTKSR IM AM AOOQNWILASE RNKTSINM FNQ SHE QEKASINM

BESVEEM SHE QADITR NF SHE ASNLIC MTCKETR % AMD SHE RCASSEQIMG KEMGSH &0
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2PRQJ WKH SURSHUWLHV WKDW PDNH WKH QHXWURQ D XQLTXH DQG YDOXDEOH SUREH IRU FRQGHQVHG

PDWWHU UHVHDUFK$ LWV VSLQ DQG PDJQHWLF PRPHQW LV RI SDUWLFXODU LPSRUWDQFH LQ WKH VFDWWHULQJ

SURFHVV& =KHUH DUH WZR DVSHFWV WR FRQVLGHU$  UVWO\$ WKH VWURQJ QXFOHDU LQWHUDFWLRQ RI WKH QHX%

WURQ ZLWK DQ QXFOHXV GHSHQGV RQ WKH HLWKHU SDUDOOHO RU DQWLSDUDOOHO DOLJQPHQW RI WKH VSLQV RI

QHXWURQ DQG QXFOHXV$ DQG VHFRQGO\$ WKH QHXWURQ!V PDJQHWLF PRPHQW LQWHUDFWV ZLWK WKH XQ OOHG

HOHFWURQ VKHOOV RI DWRPV RU LRQV LQ PDJQHWLF VFDWWHULQJ& =KH VFDWWHULQJ SURFHVV ZLOO DOVR KDYH

DQ LPSDFW RQ WKH VSLQ VWDWH RI WKH QHXWURQ SUREH& 5HQFH$ RQH PD\ H[SHFW WKDW FRQWUROOLQJ

WKH QHXWURQ VSLQ LQ D VFDWWHULQJ H[SHULPHQW ZLOO SURYLGH IXUWKHU YDOXDEOH LQIRUPDWLRQ$ ZKLFK

OHDGV XV WR WKH VXEMHFW RI WKLV OHFWXUH1 SRODUL]HG QHXWURQ VFDWWHULQJ DQG SRODUL]DWLRQ DQDO\VLV&

6QGHHG$ LW LV SRVVLEOH E\ ZRUNLQJ ZLWK SRODUL]HG QHXWURQ DQG SRODUL]DWLRQ DQDO\VLV WR VHSDUDWH

VFDWWHULQJ WHUPV ZLWK UHVSHFW WR WKHLU GLIIHUHQW VWUXFWXUDO RU PDJQHWLF RULJLQV$ DQG PRUHRYHU$

WR XQFRYHU VFDWWHULQJ FRQWULEXWLRQV WKDW UHPDLQ KLGGHQ LQ XVXDO XQSRODUL]HG VFDWWHULQJ H[SHU%

LPHQWV&

=KH PHWKRG RI SRODUL]HG QHXWURQ VFDWWHULQJ LV PDWXUH DQG ZHOO GHYHORSHG& =KH WKHRUHWLFDO

GHVFULSWLRQ RI PDJQHWLF QHXWURQ VFDWWHULQJ E\ 5DOSHUQ DQG 7RKQVRQ (0*0 B(C ZDV HVVHQWLDOO\

FRPSOHWHG E\ WKH JHQHUDO WKHRU\ E\ 3OXPH DQG :DOH\HY$ LQGHSHQGHQWO\$ LQ (0-* B)$ *C& =KH

 UVW LPSOHPHQWDWLRQ RI QHXWURQ SRODUL]DWLRQ DQDO\VLV E\ :RRQ$ ;LVWH DQG 8RHKOHU B+C ODLG

WKH IRXQGDWLRQ IRU H[SHULPHQWDO ZRUN DQG VRPH RI WKHLU H[DPSOHV ZLOO EH GLVFXVVHG LQ WKLV

OHFWXUH& 6Q (0.)$ :H]HL B,C GHYHORSHG WKH QHXWURQ VSLQ HFKR WHFKQLTXH$ WHQ \HDUV ODWHU <FKD̂USI

DFFRPSOLVKHG WKH ?@A SRODUL]DWLRQ DQDO\VLV RQ D PXOWLGHWHFWRU VSHFWURPHWHU$ WKH 4. DW 699

B-C$ DQG IURP (0// =DVVHW DQG 3URZQ GHYHORSHG QHXWURQ SRODULPHWU\ B.$ /C&

=KLV OHFWXUH ZLOO JLYH DQ LQWURGXFWLRQ  UVW WR SRODUL]HG QHXWURQV$ KRZ WKH\ LQWHUDFW ZLWK PDJ%

QHWLF  HOGV DQG XSRQ H[SHULPHQWDO GHYLFHV& =KH IROORZLQJ VHFWLRQV ZLOO FRYHU WKH VFDWWHULQJ

LQWHUDFWLRQ RI SRODUL]HG QHXWURQV ZLWK PDWWHU$ WKH QXFOHDU DQG PDJQHWLF VFDWWHULQJ$ IROORZHG

E\ DSSOLFDWLRQV&
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=KH QHXWURQ KDV D VSLQ ' - "$&% ZLWK DQJXODU PRPHQWXP  -  !& =KH PDJQHWLF PR%

PHQW RI WKH QHXWURQ UHVXOWV IURP WKH VSLQV RI WKH LQGLYLGXDO TXDUNV DQG WKHLU RUELWDO PRWLRQV$

DQG WKH UHODWLRQ EHWZHHQ VSLQ DQG PDJQHWLF PRPHQW LV JLYHQ E\ WKH QHXWURQ (%IDFWRU$ ($ -

 &$+%)#+&* $+!$ LQ XQLWV RI WKH QXFOHDU PDJQHWRQ "! - " 

!#!

- ($#(#*+&%' $&! ! $# !"./  

"$ - ($'"! % #$$,$&"! - "!$"! %

ZKHUH !$ -  ($' LV WKH J\URPDJQHWLF IDFWRU RI WKH QHXWURQ "VHH ;HIV& B0C# & 3HFDXVH RI

WKH VPDOO UDWLR "$&" - )"&)%$ WKH QHXWURQ PDJQHWLF PRPHQW "$ LV VPDOO FRPSDUHG WR WKH

PDJQHWLF PRPHQW RI WKH HOHFWURQ "" - ("'" $ $" $ ZLWK WKH 3RKU PDJQHWRQ " - " 

!# 

DQG WKH 9DQGH%IDFWRU (" - % $ "  &%#  #$&%+ !&#!! $ % "VHH ;HIV& B('C #$  LV WKH  QH

VWUXFWXUH FRQVWDQW& 2 SHFXOLDULW\ WR QRWH LV WKDW GLIIHUHQW WR WKH HOHFWURQ DQG SURWRQ$ WKH

QHXWURQ PDJQHWLF PRPHQW LV DOLJQHG RSSRVLWH WR LWV VSLQ&
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7C@ ?DKJG<M DIO@M<>ODJI KJO@IOD<G JA < I@POMJI RDOC OC@ H<BI@OD>  @G? DN BDQ@I =T
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RC@M@ ! DN OC@ H<BI@OD> DI?P>ODJI% /JM I@POMJIN K<NNDIB AMJH U@MJ$ @G? DIOJ < H<BI@OD>  @G?

OC@ KJO@IOD<G @I@MBT >C<IB@N =T OC@ 9@@H<I O@MH #!") ?@K@I?DIB JI OC@ M@G<ODQ@ JMD@IO<ODJI

JA OC@ H<BI@OD> HJH@IO% 7C@ <>>JM?DIB >C<IB@ DI FDI@OD> @I@MBT OJ >JIN@MQ@ OC@ OJO<G @I@MBT

DN NH<GG# !$!%!0/'.# RCD>C DI @SK@MDH@IO<G KM<>OD>@ DN JA M@G@Q<I>@ JIGT DI M<M@ ><N@N%

%7;*:154 5. 35:154 *4, '*8358 68-+-99154

7C@ >C<M<>O@MDNOD> HJODJI JA OC@ I@POMJI H<BI@OD> HJH@IO DI < H<BI@OD>  @G? DN 1<MHJM

KM@>@NNDJI# RCD>C AJM NDHKGD>DOT ><I =@ >JIND?@M@? DI < >G<NND><G OM@<OH@IO% 0I A<>O# @Q@I OC@

LP<IOPH H@>C<ID><G OM@<OH@IO# RCD>C DIOMJ?P>@N 5<PGD NKDI H<OMD>@N &! DIOJ OC@ 6>CMVJ?DIB@M

@LP<ODJI# DN @AA@>ODQ@GT < >G<NND><G OM@<OH@IO >JIND?@MDIB OC@ JMDBDI JA OC@N@ H<OMD>@N% 4MDB$
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RCPD?ACQ MP RFC QRPSARSPC MD @GMKCK@P?LCQ =)>' ;FMQC QRSBGCQ @CLC R ? JMR DPMK RFC NMQQG@GJGRW

MD AMLRP?QR T?PG?GRML% G'C' RFC CVAF?LEC MD FWBPMECL @W BCSRCPGSK'

4L RFC KGB )/.("Q ? LCU  CJB MD ?NNJGA?RGML MD LCSRPML PC!CARMKCRPW CKCPECB' 2MJJMUGLE RFC

BGQAMTCPGCQ MD GLRCPJ?WCP CVAF?LEC AMSNJGLE ?LB EG?LR K?ELCRMPCQGQR?LAC CDDCAR GL K?ELCRGA

KSJRGJ?WCPQ =*>% RFCPC F?Q @CCL ?L GLRCPCQR RM BCRCPKGLC% BCNRF&PCQMJTCB% RFC K?ELCRGA NPM JC

#QCC JCARSPC )) MD RFGQ @MMI$'

6MPC PCACLRJW% RFC GLRCPCQR CTMJTCB RMU?PBQ RFC BCRCPKGL?RGML MD RFC AMPPCJ?RGMLQ MD GL&NJ?LC

!SARS?RGMLQ GL RFGL  JKQ' ;FMQC !SARS?RGMLQ A?L @C LSAJC?P MP K?ELCRGA% GL RFC @SJI MD RFC

J?WCPQ MP ?R RFCGP GLRCPD?ACQ% MP L?LMKCRPGA M@HCARQ BCNMQGRCB ML ? QSPD?AC' ;FC @PC?IGLE MD

GL&NJ?LC GLT?PG?LAC GLRPMBSACB @W RFMQC !SARS?RGMLQ NPMBSAC QA?RRCPGLE MD P?BG?RGML MSR MD RFC

QNCASJ?P BGPCARGML% A?JJCB EP?XGLE GLAGBCLAC QK?JJ ?LEJC QA?RRCPGLE #34:0:$'

4L RFGQ JCARSPC% UC UGJJ AMLACLRP?RC ML LCSRPML ?LB V&P?W PC!CARMKCRPW ?LB 34:0: DMP RFC

BCRCPKGL?RGML MD LSAJC?P ?LB AFCKGA?J NPM JCQ' :CARGML )('* QFMUQ RFC A?JASJ?RGML MD QNCAS&

J?P PC!CARGML ?R !?R ?LB FMKMECLCMSQ QSPD?ACQ% GLRPMBSAGLE RFC AMLACNRQ MD QA?RRCPGLE JCLERF

BCLQGRW% GLBCV MD PCDP?ARGML ?LB RMR?J CVRCPL?J PC!CARGML' 4R RFCL BCQAPG@CQ RFC PC!CARGTGRW DPMK

T?PGMSQ RWNCQ MD J?WCPCB QRPSARSPCQ ?LB RFC CDDCAR MD GLRCPD?AG?J PMSEFLCQQ ?LB GLRCPBGDDSQGML'

;FC RUM RWNCQ MD PC!CARMKCRCPQ MLC A?L CLAMSLRCP ?LB RFC NP?ARGA?J ?QNCARQ MD ? PC!CARMKCRPW

CVNCPGKCLR ?PC BGQASQQCB GL QCARGML )('+' 2GL?JJW% ?L CV?KNJC MD RFC ?NNJGA?RGML MD EP?XGLE

GLAGBCLAC QK?JJ ?LEJC V&P?W QA?RRCPGLE #34:0<:$ DMP RFC BCNRF&PCQMJTCB GLTCQRGE?RGML MD RFC

J?RCP?J ?PP?LECKCLR MD L?LMN?PRGAJCQ GQ BCNGARCB #QCARGML )(',$'

#"!$ %*2(1,03,/. /+ 20*(4-'1 1* *(3,/.)

0 KMLMAFPMK?RGA% UCJJ AMJJGK?RCB @C?K GKNGLECQ SLBCP ? UCJJ BC LCB% QK?JJ ?LEJC  " ! !

#GL KMQR A?QCQ !   
#$ MLRM RFC QSPD?AC MD RFC Q?KNJC' 4R GQ RFCL N?PRJW PC!CARCB QNCASJ?PJW

DPMK RFC QSPD?AC% G'C' RFC MSREMGLE ?LEJC  ! ! ! ?Q UCJJ% ?LB N?PRJW PCDP?ARCB GLRM RFC K?&

RCPG?J #:CC 2GE' )(')$' 0Q UC UGJJ BCPGTC @CJMU% RFC PC!CARGML DPMK ? J?RCP?JJW FMKMECLCMSQ

KCBGSK A?L @C RPC?RCB ?AAMPBGLE RM AJ?QQGA?J MNRGAQ' 8LJW RFC NPMNCP GLBCV MD PCDP?ARGML #

F?Q RM @C SQCB'

2MP KMQR K?RCPG?J% RFC GLBCV MD PCDP?ARGML DMP LCSRPMLQ GQ QJGEFRJW QK?JJCP RF?L )% JC?BGLE

RM RMR?J CVRCPL?J PC!CARGML DMP QK?JJ ?LEJCQ MD GLAGBCLAC ! " ! % UFCPC ! BCNCLBQ ML RFC

K?RCPG?J'

4L RFC A?QC MD ? QGLEJC J?WCP ML RFC QS@QRP?RC% PC!CARGML ?LB PCDP?ARGML R?IC NJ?AC ?R @MRF RFC

QSPD?AC ?LB RFC GLRCPD?AC #2GE' )('*$' ;FCL% RFC PC!CARCB @C?KQ DPMK RFC BGDDCPCLR GLRCPD?ACQ

GLRCPDCPC UGRF C?AF MRFCP' 6?VGKSK GLRCLQGRW GQ PCACGTCB% UFCL RFC N?RF JCLERF BGDDCPCLAC

@CRUCCL RFC RUM PC!CARCB @C?KQ GQ ?L GLRCECP KSJRGNJC MD RFC U?TCJCLERF'

) 0 J?PEC N?PR MD RFGQ QCARGML GQ R?ICL DPMK 9CD' =+Y->'
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TFGAF GP QFC DLOJRI? DLO QFC OC!CAQGSGQV TGQFGK QFC 1LOK ?MMOLUGJ?QGLK =->& ;FGP PFLTP QF?Q

QFC OC!CAQGSGQV ?@LSC QFC AOGQGA?I ?KEIC BCAOC?PCP PF?OMIV TGQF 8&

7KAC ?E?GK% ALJGKE @?AH QL QFC T?SC DRKAQGLK GKPGBC QFC PROD?AC% LKC  KBP RPGKE 2N& #('&(,$

QF?Q% TFCK  %  !.
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;FGP OCPRIQ GP SCOV GJMLOQ?KQ% @CA?RPC GQ PFLTP QF?Q TFCK QFC CKCOEV LD QFC M?OQGAIC KLOJ?I

QL QFC PROD?AC GP PJ?IICO QF?K QFC MLQCKQG?I @?OOGCO% QFC T?SC PQGII A?K MCKCQO?QC QFC JCBGRJ

LK ? AF?O?AQCOGPQGA BCMQF LD %&
!

(!
!  (!& ;FGP CS?KCPACKQ T?SC MOLM?E?QCP GQPCID ?ILKE QFC

PROD?AC TGQF ? T?SC SCAQLO CNR?I QL  +$$ +%! ?KB QFCK IC?SCP QFC SLIRJC GK QFC PMCARI?O

BGOCAQGLK& 3LO CU?JMIC DLO 6G #! ) (#&$ ! $# # "' !$% QFC MCKCQO?QGLK BCMQF GP LD QFC LOBCO

LD %## "' ?Q ( ) #/ GD LKC KCEICAQP ?@PLOMQGLK% GQ O?GPCP O?MGBIV QL GK KGQV ?Q ( ) (!&

6L ALKPCOS?QGLK ORIC GP @OLHCK. QFC OC!CAQGSGQV CNR?IP ( @CA?RPC QFGP T?SC OCMOCPCKQ KL

QO?KPJGQQCB !RU GK QFC JCBGRJ&

3GE& ('&* OCMOCPCKQP% LK ? IGKC?O PA?IC% QFC OC!CAQGSGQV ?KB QFC QO?KPJGPPGSGQV LD ? PR@PQO?QC

?P ? DRKAQGLK LD QFC ?KEIC LD GKAGBCKAC  & ;FC OC!CAQGSGQV CNR?IP ( DLO ?KEICP PJ?IICO QF?K

QFC AOGQGA?I ?KEIC  ! ?KB BCAOC?PCP O?MGBIV ?@LSC QFGP S?IRC #2N& ('&)'$& ;FC QO?KPJGPPGSGQV

GKAOC?PCP JLKLQLKLRPIV RM QL ? S?IRC LD * ?Q  ! ?KB BCAOC?PCP QL ( ?Q I?OEC ?KEICP& ;FGP OCPRIQ

JGEFQ ILLH SCOV PROMOGPGKE ?Q  OPQ PGEFQ& ;FC S?IRC LD * DLO QFC QO?KPJGPPGSGQV ALJCP DOLJ

QFC D?AQ QF?Q QFC GKAGBCKQ ?KB QFC OC!CAQCB T?SCP GK S?ARRJ PRMCOMLPC QL DLOJ ? PQ?QGLK?OV

T?SC LD ?JMIGQRBC CU?AQIV CNR?I QL ) ?Q QFC GKQCOD?AC TGQF QFC JCBGRJ& 3LO QFC GKQCKPGQV% TC

L@Q?GK ? D?AQLO LD *&
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4K > I>VBOBA PVPQBJ% QEB P>JB 0KP>QW >P FK 1N' ")('.# @>K ?B TOFQQBK FK B>@E I>VBO I' :EB @L&

BC @FBKQP LC OB!B@QFLK &$ >KA QO>KPJFPPFLK '$ @>K ?B ABAR@BA OB@ROPFSBIV COLJ QEB @LKQFKRFQV

OBI>QFLKP LC QEB T>SB CRK@QFLK >KA FQP ABOFS>QFSB >Q B>@E FKQBOC>@B' 4C 6 FP QEB KRJ?BO LC I>V&

BOP% >KA @LKPFABOFKD QEB S>@RRJ LK QLM LC QEB JRIQFI>VBO >KA QEB PR?PQO>QB ?BILT% *"6$*# @L&

BC @FBKQP E>SB QL ?B @>I@RI>QBA' :EB KRJ?BO LC FKQBOC>@BP ?BFKD 6$)% QEB @LKQFKRFQV OBI>QFLKP

IB>A QL *"6$)# BNR>QFLKP' :TL LQEBO BNR>QFLKP >OB L?Q>FKBA @LKPFABOFKD QE>Q QEB QO>KPJFPPFLK

FKQL QEB S>@RRJ FP BNR>I QL LKB "'! & $# >KA QE>Q% FK QEB PR?PQO>QB% QEBOB FP KL OB!B@QBA T>SB
"&" " & ##% IB>AFKD FK QLQ>I QL > KRJ?BO LC BNR>QFLKP BNR>I QL QEB KRJ?BO LC @LBC @FBKQP

QL ABQBOJFKB' :EB @>I@RI>QFLK LC QEB @LBC @FBKQP LC OB!B@QFLK >KA QO>KPJFPPFLK FK B>@E I>VBO

>KA% FK M>OQF@RI>O% QEB @>I@RI>QFLK LC QEB OB!B@QFSFQV FK >FO >OB QEBOBCLOB MLPPF?IB <)(='

3BOB TB GRPQ T>KQ QL ABJLKPQO>QB TFQE SBOV PFJMIB >ODRJBKQP ELT FKQBOCBOBK@B BCCB@QP COLJ

I>VBOBA PQOR@QROBP >OFPB >KA ELT QEB FKQBKPFQV JLARI>QFLKP FK 8&PM>@B >OB OBI>QBA QL OB>I PM>@B

IBKDQE P@>IBP'

2FD' ")('*# PELTP ELT FKQBOCBOBK@B @>K L@@RO FK > PVPQBJ @LJMLPBA LC > PFKDIB I>VBO LC

QEF@HKBPP A ABMLPFQBA LK > PR?PQO>QB' 4KQBOCBOBK@B L@@ROP ?BQTBBK ?B>JP OB!B@QBA COLJ QEB

PROC>@B >KA QELPB  OPQ QO>KPJFQQBA FK QEB I>VBO% OB!B@QBA COLJ QEB FKQBOC>@B ?BQTBBK I>VBO >KA
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PRO LE OF SCATTERING LENGTH DENSITY NORMAL TO THE INTERFACE' >HIS MEANS THAT A RE!ECTIVITY

MEASUREMENT CAN NOT DIFFERENTIATE BETWEEN INTERFACIAL ROUGHNESS AND INTERDIFFUSION% AS INTER&

DIFFUSION WILL INDUCE THE SAME PRO LE OF REFRACTION INDEX AS IN 4IG' )('+' 1UT WHAT HAPPENS TO

THE INTENSITY LOSS DESCRIBED BY THE EXPONENTIAL FACTOR OF 3Q' #)('*+$/ 6N THE CASE OF A DIFFUSE

INTERFACE% THIS INTENSITY GOES INTO THE TRANSMITTED BEAM BECAUSE THERE IS NO POTENTIAL GRADIENT

IN A DIRECTION DIFFERENT THAN THE ONE NORMAL TO THE INTERFACE' ;N THE OTHER HAND% IN THE CASE

OF A ROUGH INTERFACE% THE INTENSITY LOSS COMES FROM SCATTERING BY LATERAL !UCTUATIONS OF THE

POTENTIAL% LEADING TO INTENSITIES THAT CAN BE OBSERVED IN DIRECTIONS OTHER THAN THE SPECULAR DI&

RECTION. THIS IS OFF&SPECULAR DIFFUSE SCATTERING' 0 STATISTICAL FUNCTION LIKE THE HEIGHT&HEIGHT PAIR

CORRELATION FUNCTION CAN BE DETERMINED FROM THE MEASUREMENT OF OFF&SPECULAR SCATTERING ?+@'

#"!$ %(&02/(,(-1 .) -(21/.- /( ('1+3+14

>HE PRINCIPAL COMPONENTS OF A RE!ECTIVITY EXPERIMENT ARE #I$ A RADIATION SOURCE% #II$ A WAVE&

LENGTH SELECTOR #MONOCHROMATOR% CHOPPERS$% #III$ A COLLIMATION SYSTEM% #IV$ THE SAMPLE AND #V$

A DETECTION SYSTEM'

>HE AIM OF A NEUTRON SPECULAR RE!ECTIVITY EXPERIMENT IS TO MEASURE THE RE!ECTIVITY AS A FUNC&

TION OF THE SCATTERING WAVE VECTOR # PERPENDICULAR TO THE SAMPLE SURFACE.

# !
 "

!
$"#  #)('*,$

>HE MEASUREMENT CAN BE DONE BY CHANGING EITHER THE ANGLE OF INCIDENCE  ON THE SAMPLE OR

THE WAVELENGTH !% OR BOTH'

#"!$!# %.-.'*/.,&1+' +-01/2,(-10

0T A NUCLEAR REACTOR SOURCE% THE MEASUREMENTS ARE USUALLY PERFORMED AT A  XED VALUE OF !%

USING  &* SCANS #* BEING THE DETECTOR ANGLE$' >HE WAVELENGTH SELECTION CAN BE OBTAINED

BY 1RAGG SCATTERING ON A MONOCHROMATOR CRYSTAL OR BY USING A VELOCITY SELECTOR' 4IG' )('-

DESCRIBES SUCH AN INSTRUMENT' >HIS IS THE 90<60 RE!ECTOMETER OF THE 72:= LOCATED AT THE

4<9&66 SOURCE IN 5ARCHING ?)*@' >HE NEUTRONS ARE BROUGHT FROM THE COLD SOURCE TO THE IN&

STRUMENT USING A SUPERMIRROR COATED GUIDE #SEE LECTURE * OF THIS BOOK$' 0 CERTAIN WAVELENGTH

WITH A SPREAD OF )( " IS CHOSEN BY ADJUSTING THE ROTATION SPEED OF A VELOCITY SELECTOR' >HE

WAVELENGTH SPREAD CAN BE REDUCED BY USING A 4ERMI CHOPPER AND TIME&OF&!IGHT DETECTION'

>HE NEUTRON BEAM IS THEN COLLIMATED BY A PAIR OF SLITS IN ORDER TO DE NE THE ANGLE OF INCI&

DENCE OF THE NEUTRONS RELATIVE TO THE SAMPLE SURFACE WITH A CERTAIN PRECISION' >HE NEUTRONS

ARE THEN DETECTED ON A TWO DIMENSIONAL POSITION SENSITIVE DETECTOR' =UCH A DETECTOR ALLOWS

TO RECORD AT THE SAME TIME NOT ONLY THE SPECULAR RE!ECTIVITY SIGNAL BUT ALSO THE SIGNALS OF

OFF&SPECULAR SCATTERING AND GRAZING INCIDENCE SMALL ANGLE SCATTERING' >HE PROJECTION OF THE

SPIN OF THE NEUTRON ON A QUANTIZATION AXIS CAN BE SELECTED BEFORE INTERACTION WITH THE SAMPLE

BY USING A POLARIZER AND AFTER INTERACTION WITH THE SAMPLE BY USING A POLARIZATION ANALYZER%

ALLOWING TO RETRIEVE INFORMATION ABOUT THE NORM AND ANGLE OF THE LAYER MAGNETIZATIONS IN A
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J>DKBQF@ P>JMIB #PBB IB@QROB )($' 9EB MLI>OFWBO RPBP J>DKBQF@ PRMBOJFOOLOP >KA QEB >K>IVWBO

RPBP > KR@IB>O MLI>OFWBA !2B D>P QL PBIB@Q QEB PMFK MOLGB@QFLK'
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/Q > PM>II>QFLK PLRO@B% QEB JB>PROBJBKQP >OB MBOCLOJBA >Q  UBA S>IRBP LC ! >KA >P > CRK@QFLK

LC "' 9EFP FP QEB QFJB&LC&!FDEQ QB@EKFNRB% QE>Q @LKPFPQP FK PBKAFKD > MRIPBA TEFQB ?B>J LK

QEB P>JMIB' 8FK@B QEB PMBBA LC QEB KBRQOLK S>OFBP >P QEB FKSBOPB LC QEB T>SBIBKDQE% QEB I>QQBO

FP AFOB@QIV OBI>QBA QL QEB QFJB ' Q>HBK ?V QEB KBRQOLK QL QO>SBI COLJ QEB MRIPBA PLRO@B QL QEB

ABQB@QLO #LSBO QEB AFPQ>K@B $$ ?V.
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0LO > OB!B@QFSFQV JB>PROBJBKQ% QEB >KDIB FP  UBA >KA QEB OB!B@QFSFQV @ROSB FP L?Q>FKBA ?V

JB>PROFKD QEB OB!B@QFSFQV PFDK>I CLO B>@E T>SBIBKDQE LC QEB >S>FI>?IB PMB@QORJ% B>@E T>SB&

IBKDQE @LOOBPMLKAFKD QL > AFCCBOBKQ P@>QQBOFKD T>SB&SB@QLO J>DKFQRAB' 8LJBQFJBP FQ FP KB@BP&

P>OV QL RPB PBSBO>I >KDIBP LC FK@FABK@B ?B@>RPB QEB 6 O>KDB FP KLQ I>ODB BKLRDE'

/K BU>JMIB LC QFJB&LC&!FDEQ OB!B@QLJBQBO FP MOBPBKQBA FK 0FD' )(')(' 9EFP FP QEB J>DKBQFPJ

OB!B@QLJBQBO LC QEB 8M>II>QFLK 4BRQOLK 8LRO@B #848$ FK 5>H 7FADB% :8/ <)+=' 4BRQOLKP

@LJFKD COLJ QEB JLABO>QLO >OB  OPQ AB!B@QBA ?V *', RPFKD > @E>KKBI ?B>J ?BKABO% @LJ&

MLPBA LC > PQ>@H LC PRMBOJFOOLOP% FK LOABO QL >@EFBSB BKLRDE PBM>O>QFLK TFQE QEB KBFDE?LRO

FKPQORJBKQ #> IFNRFA OB!B@QLJBQBO$ >KA FK LOABO QL ABIFSBO QL QEB P>JMIB > X@IB>KY KBRQOLK

?B>J% BPPBKQF>IIV COBB LC C>PQ KBRQOLKP >KA  O>AF>QFLK' /P JR@E RPBCRI KBRQOLKP >P MLPPF&

?IB >OB QO>KPMLOQBA QL QEB P>JMIB ?V RPFKD > PRMBOJFOOLO @L>QBA Q>MBOBA KBRQOLK DRFAB QE>Q

CL@RPBP QEB ?B>J ELOFWLKQ>IIV >KA SBOQF@>IIV QL > PFWB @LJM>O>?IB QL RPR>I P>JMIB PFWBP% F'B'

PBSBO>I @J ' 9EB ?>KATFAQE @ELMMBOP >OB RPBA QL PBIB@Q > T>SBIBKDQE TFAQE #" COLJ * QL ,
"/$% FK LOABO QL >SLFA CO>JB LSBOI>M' / @ELMMBO FP > OLQ>QFKD AFPH TFQE TFKALTP QO>KPM>OBKQ

QL KBRQOLKP' ;EBK QTL @ELMMBOP >OB JLRKQBA >Q > @BOQ>FK AFPQ>K@B LKB TFQE OBPMB@Q QL QEB

LQEBO% QEB ABI>V ?BQTBBK QEB TFKALT LMBKFKDP >KA QEB TFAQE LC QEB TFKALTP @>K ?B @ELPBK

QL >@EFBSB > QO>KPJFPPFLK LC LKIV QELPB KBRQOLKP E>SFKD PMBBAP @LKQ>FKBA FK > @BOQ>FK O>KDB'
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5ROM THE DE NITIONS #)*'+/$ AND #)*'+0$ IT IS IMMEDIATELY CLEAR THAT THE VAN 6OVE CORRELATION

FUNCTIONS #AS DE NED HERE$ ARE SYMMETRIC IN TIME

%!#"!!# +" # %!#"!!# +" " #)*'-($

IF THE SYSTEM IS DYNAMICALLY SYMMETRIC TO AN INVERSION OF SPACE' 5ROM #)*'-($ AND GENERAL

PROPERTIES OF THE 5OURIER TRANSFORM IT FOLLOWS THAT &! # +" IS REAL AND THAT IT IS ALSO SYMMETRIC
IN TIME2

&! # +" # &! # +" " #)*'-)$

7N TURN THIS IMPLIES THAT THE SCATTERING FUNCTIONS ARE REAL AND SYMMETRIC IN ENERGY TRANSFER

 !2

(! # !" # (! # !" " #)*'-*$

7T CAN BE SEEN THAT THIS IDENTITY VIOLATES THE PRINCIPLE OF DETAILED BALANCE' <P& AND DOWNSCAT&

TERING SHOULD RATHER BE RELATED BY

(! # !" # %'&

 
 !

* )

!

(! # !" " #)*'-+$

;HE REASON FOR THIS IS THAT #AS MENTIONED IN FOOTNOTE *$ THE IN!UENCE OF THE NEUTRON"S IM&

PACT ON THE MOTION OF THE SYSTEM PARTICLES IS NEGLECTED' ;HIS WOULD BE INCLUDED IN A FULL

QUANTUM&MECHANICAL TREATMENT AS CARRIED OUT IN REF' * OR REF' 0 WHERE THE DETAILED BALANCE RE&

LATION #)*'-+$ EMERGES IN A NATURAL WAY' 8OTE THAT EQUATION #)*'-+$ IMPLIES THAT BOTH &! # +"
AND %!#"!!# +" ARE COMPLEX FUNCTIONS' #;HIS IS NOT @UNPHYSICAL" BECAUSE THEY ARE NO DIRECTLY

MEASURABLE QUANTITIES IN CONTRAST TO (!'#!" WHICH IS PROPORTIONAL TO $ $$ $!' 4VEN NEU&

TRON SPIN&ECHO MEASURES ONLY THE REAL PART OF &!'# +"% SEE EQUATION #)*'/($'$

3ECAUSE THE DETAILED BALANCE RELATION #)*'-+$ IS ALSO VALID IN CLASSICAL THERMODYNAMICS #AND

ALSO RECOIL CAN BE UNDERSTOOD IN THE FRAMEWORK OF CLASSICAL MECHANICS$ THERE SHOULD BE A WAY

TO DERIVE A CORRECT RESULT FROM A CLASSICAL TREATMENT OF THE SYSTEM TOO' ;HIS TASK IS IMPORTANT

BECAUSE ONLY RATHER SIMPLE SYSTEMS CAN BE TREATED QUANTUM&MECHANICALLY' 4SPECIALLY% RESULTS

FROM MOLECULAR DYNAMICS COMPUTER SIMULATIONS ARE CLASSICAL RESULTS' ;HE RESULT FOR (! # !"
DERIVED HERE IS OBVIOUSLY ONLY A CRUDE APPROXIMATION' 3ETTER APPROXIMATIONS CAN BE OBTAINED

BY APPLYING CORRECTION FACTORS RESTORING #)*'-+$ >).Z)0?' ;HE EXACT CLASSICAL CALCULATION IS

RATHER COMPLICATED >)1? AND REQUIRES KNOWLEDGE OF THE SYSTEM BEYOND JUST THE TRAJECTORIES OF

THE PARTICLES'

7NELASTIC SCATTERING IS OFTEN ALSO CALLED NEUTRON #SCATTERING$ SPECTROSCOPY' ;HAT THERE IS INDEED

A RELATION TO BETTER&KNOWN SPECTROSCOPIC METHODS AS LIGHT SPECTROSCOPY% CAN BE SEEN FROM THE

DEPENDENCE OF THE SCATTERING FUNCTION ON A FREQUENCY !' 7T CAN BE SAID THAT INELASTIC NEUTRON

SCATTERING% FOR EVERY  % PRODUCES A SPECTRUM% UNDERSTOOD AS THE FREQUENCY DEPENDENCE OF A

QUANTITY% HERE THE SCATTERING CROSS SECTION' ;HE OPTICAL METHODS :AMAN& AND 3RILLOUIN SPEC&

TROSCOPY ARE COMPLETELY ANALOGOUS IN THIS RESPECT% YIELDING THE SAME (! # !" BUT DIFFERENT
MEASURED DOUBLE&DIFFERENTIAL CROSS&SECTIONS BECAUSE PHOTONS INTERACT WITH MATTER DIFFERENTLY'

9THER METHODS% AS ABSORPTION SPECTROSCOPY% IMPEDANCE SPECTROSCOPY OR RHEOLOGY DO NOT YIELD

A  DEPENDENCE AND ARE THUS INSENSITIVE TO THE MOLECULAR STRUCTURE' ;HEY PROVIDE ONLY IN&

FORMATION ABOUT THE OVERALL DYNAMICS' ;HE DEEPER REASON FOR THIS ANALOGY IS THAT SCATTERING

EXPERIMENTS AS WELL AS @ORDINARY" SPECTROSCOPY CAN BE EXPLAINED BY LINEAR RESPONSE THEORY

#APPENDIX 3 OF REF' * OR REF' )-$'
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1VGQ ( RSPLQ RFC KMLMAFPMK?RMP APWQR?J' 2W BMGLE RFGQ RFC LCSRPML U?TCJCLERF DSJ JJGLE RFC

2P?EE AMLBGRGML A?L @C AF?LECB' 8L RFGQ U?W RFC U?TC TCARMP ( # ""%! MD RFC LCSRPMLQ

GKNGLEGLE ML RFC Q?KNJC GQ BCRCPKGLCB' 1VGQ ) RSPLQ RFC ?PK A?PPWGLE RFC ?L?JWQCP APWQR?J

?PMSLB RFC Q?KNJC NMQGRGML' <FGQ BC LCQ RFC QA?RRCPGLE ?LEJC " ' 5GL?JJW% ?VGQ * RSPLQ RFC

?L?JWQCP APWQR?J ?PMSLB GRQ MUL ?VGQ QSAF RF?R MLJW RFC BCQGPCB ( GQ ?BKGRRCB RM RFC BCRCARMP'

5MP ? EGTCL QCRRGLE MD ?VGQ ( ?JJ NMGLRQ GL RFC IGLCK?RGA?JJW ?JJMUCB  '$#! ?PC? #QCC 5GE' ()')$

A?L @C ?BBPCQQCB @W QSGR?@JC QCRRGLEQ MD ?VGQ ) ?LB *' 4'E'% DMP RFC QRSBW MD NFMLMLQ SQS?JJW

? >AMLQR?LR&' QA?L" GQ NCPDMPKCB UFCPC  # ! 

 ! GQ FCJB AMLQR?LR ?LB MLJW  # # & 

 &
GQ T?PGCB' 5MP RFGQ NSPNMQC ? AMMPBGL?RCB AF?LEC MD RFC ?LEJCQ MD ?VGQ ) ?LB * GQ PCOSGPCB

UFGAF GQ ?AAMKNJGQFCB @W AMKNSRCP AMLRPMJ'

7GQRMPGA?JJW% RFC RPGNJC&?VGQ QNCARPMKCRCP GQ RFC  PQR GLCJ?QRGA LCSRPML QA?RRCPGLE GLQRPSKCLR'

<FC  PQR NPMRMRWNC U?Q AMLQRPSARCB GL (/,, @W 2CPRP?K 9' 2PMAIFMSQC' 8L (//+% 2PMAIFMSQC

PCACGTCB RFC 9M@CJ NPGXC DMP RFGQ ?AAMKNJGQFKCLR #RMECRFCP UGRF 3JGDDMPB 6' ;FSJJ DMP RFC

BCTCJMNKCLR MD LCSRPML BGDDP?ARGML$'

<FC *1= QNCARPMKCRCP GQ QRGJJ UGBCJW GL SQC DMP NSPNMQCQ UFCPC ? FGEF ' PCQMJSRGML GQ LCA&

CQQ?PW ?LB MLJW ? QK?JJ PCEGML GL RFC  '$#! NJ?LC F?Q RM @C CV?KGLCB' <FGQ GQ KMQRJW RFC

QRSBW MD NFMLMLQ ?LB K?ELMLQ GL APWQR?JQ' 8L MRFCP  CJBQ% C'E' DMP >QMDR K?RRCP" QWQRCKQ%

GR F?Q @CCL PCNJ?ACB @W GLQRPSKCLRQ QFMUGLE @CRRCP NCPDMPK?LAC' <FC KMQR GKNMPR?LR MLCQ

UGJJ @C BGQASQQCB FCPC0 RGKC&MD&!GEFR #<:5$ QNCARPMKCRCP% @?AIQA?RRCPGLE #2;$ QNCARPMKCRCP%
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@HIRL )*') YOU]Y YUSL XLVXLYLTZHZP\L @<6 PTYZX[SLTZY ]PZO ZOLPX IHYPJ YVLJP JHZPUTY' 4L&

VLTKPTN UT ZOL KLYPXLK PTJPKLTZ ]H\LRLTNZO ZOL PTYZX[SLTZY HXL JUTYZX[JZLK LPZOLX [YPTN TL[&

ZXUTY KPXLJZR_ MXUS ZOL XLHJZUX SUKLXHZUX #ZOLXSHR TL[ZXUTY%  #!$  $#' !2$ UX H JURK YU[XJL%

]OLXL HT HKKPZPUTHR SUKLXHZPUT% L'N' I_ RPW[PK O_KXUNLT% ZHQLY VRHJL # #!$  % !2$' @OLXSHR

TL[ZXUTY SHQL H RHXNLX % XHTNL HJJLYYPIRL ]OPRL JURK TL[ZXUTY _PLRK ILZZLX LTLXN_ XLYUR[ZPUT'

@OLXLMUXL% ZOL JOUPJL UM ZOL PTYZX[SLTZ KLVLTKY UT ZOL Y_YZLS ZU IL UIYLX\LK I[Z PT NLTLXHR

GJURK TL[ZXUT" PTYZX[SLTZY HXL VXLMLXXLK MUX PTLRHYZPJ TL[ZXUT YJHZZLXPTN PT YUMZ SHZZLX Y_YZLSY

]OPRL GZOLXSHR TL[ZXUT" PTYZX[SLTZY HXL [YLK MUX YZ[KPLY UM VOUTUTY HTK SHNTLZPYS'
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2 XLJ[XXPTN VXUIRLS UM PTLRHYZPJ TL[ZXUT YJHZZLXPTN PT\LYZPNHZPUTY PY ZOHZ VXUJLYYLY HXL ZUU

YRU] ZU IL UIYLX\LK' BPZOU[Z XLYUXZPTN ZU L^ZXLSL YLZ[VY ]OPJO RLHK ZU H RUYY UM PTZLTYPZ_%

ZOL LTLXN_ XLYUR[ZPUT UM @<6 YVLJZXUSLZLXY PY RPSPZLK ZU HIU[Z $#!LA% ]OPJO JUXXLYVUTKY ZU
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YNK SKZYWTS HKGR GWKG TW UZYYOSM OY TS G WTYGYOSM JOXP \NOIN WKRT[KX OY GY YNK RTRKSY \NKS

YNK SKZYWTSX ITRK HGIP LWTR YNK RTSTINWTRGYTW( =L ITZWXK GQQ YNKXK RKGXZWKX GWK YGPKS

GY YNK K]UKSXK TL OSYKSXOY (̂ $+% ANK XKITSJ UGXXGMK TL YNK XIGYYKWKJ SKZYWTSX YNWTZMN YNK

XGRUQK IGZXKX GJJOYOTSGQ RZQYOUQK XIGYYKWOSM GSJ GHXTWUYOTS( 3TYN UWTHQKRX IGS HK G[TOJKJ

H^ QKG[OSM K]GIY HGIPXIGYYKWOSM ITSJOYOTS HZY \OYN YNK ITSXKVZKSIK YNGY YNK KSKWM^ WKXTQZYOTS

JKMWGJKX(

@T LGW OY XKKRX YNGY YNK HGIPXIGYYKWOSM OSXYWZRKSY IGS TSQ^ THXKW[K KQGXYOI XIGYYKWOSM $#! !

#% OL YNK XGRK IW^XYGQX GWK ZXKJ LTW RTSTINWTRGYTW GSJ GSGQ^_KW( 9S TWJKW YT JT OSKQGX'

YOI XIGYYKWOSM TSK NGX YT INGSMK KOYNKW # TW # !( 9Y YZWSX TZY YNGY YNOX OX RZIN KGXOKW LTW

YNK OSIOJKSY KSKWM^ H^ KOYNKW ZXOSM G RT[OSM RTSTINWTRGYTW $5TUUQKW KLLKIY% TW G NKGYKJ

RTSTINWTRGYTW $YNKWRGQ K]UGSXOTS RTJOL^OSM YNK QGYYOIK UQGSK JOXYGSIK %%( ANK QGYYKW YKIN'

SOVZK ZXZGQQ^ GQQT\X QGWMKW KSKWM^ YWGSXLKWX( 7TW [KW^ QGWMK KSKWM^ YWGSXLKWX& JOLLKWKSY IW^X'

YGQX GWK ZXKJ LTW RTSTINWTRGYTW GSJ GSGQ^_KW& ^OKQJOSM GS TLLXKY TL YNK \NTQK  " WGSMK(

AGHQK *+(+ ITRUWOXKX XUKIO IGYOTSX TL WKUWKXKSYGYO[K 3@ XUKIYWTRKYKWX(

!" # $ '06-34- )(& 42-,531/-5-3

ANK OS[KWXK A=7 XUKIYWTRKYKW OX G POSJ TL TL N^HWOJ HKY\KKS YNK A=7 XUKIYWTRKYKW GSJ YNK

HGIPXIGYYKWOSM XUKIYWTRKYKW( BXZGQQ &̂ XZIN OSXYWZRKSYX GWK HZOQY GY XUGQQGYOTS XTZWIKX \NOIN

UWTJZIK XNTWY UZQXKX TL SKZYWTSX( 9L YNK SKZYWTSX GWK UWTJZIKJ OS UZQXKX TSK IGS ZXK YNKOW

IWKGYOTS YORK YT XYGWY YNK A=7 IQTIP GSJ OS UWOSIOUQK YNKWK OX ST SKKJ LTW G INTUUKW( 9S YNOX

\G &̂ TS G UZQXKJ XTZWIK& GQQ SKZYWTSX IGS HK ZXKJ OS ITSYWGXY YT ITS[KSYOTSGQ A=7 XUKI'

YWTRKYKWX \NOIN ZXK TSQ^ G LK\ UKWIKSY( ANK UWOSIOUQK IGS GQXT HK WKGQOXKJ H^ INTUUOSM G

ITSYOSZTZX HKGR OSYT UZQXKX TS WKGIYTWX \OYN G QTXX TL OSYKSXOY^ ITRUGWGHQK YT YNGY TL GS TW'

JOSGW^ A=7 OSXYWZRKSY $K(M( 32A@ OS AGHQK *+(,%( 3KIGZXK YNK KSKWM^ WKXTQZYOTS JKUKSJX TS

YNK QKSMYN TL YNK UZQXKX YNOX FUZQXK XNGUOSM# RG^ GQXT HK SKIKXXGW^ TS G QTSM'UZQXK XUGQQGYOTS

XTZWIK(

7TW OS[KWXK A=7 OSXYWZRKSYX& YNK OSIOJKSY KSKWM^ # OX [GWOGHQK GSJ RKGXZWKJ H^ YNK YORK'TL'

!OMNY GSJ YNK  SGQ KSKWM^ # ! OX PKUY ITSXYGSY H^ G  ]KJ XKY TL GSGQ^XKW IW^XYGQX( ANOX OX TLYKS

IGQQKJ `OS[KWXK MKTRKYW^a TW `OS[KWXK YORK'TL'!OMNYa( 3^ UZYYOSM YNK GSGQ^XKW IW^XYGQX OSYT

SKGW HGIPXIGYYKWOSM UTXOYOTS OY OX UTXXOHQK YT THYGOS G [KW^ MTTJ KSKWM^ WKXTQZYOTS GQWKGJ^
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KT UJG OPSNCMKTGF #%'"&$"!# '" TECUUGSKOI HVOEUKPO) ?JKT HVOEUKPO KT PHUGO NPSG VOFGSTUCOFCDMG

COF GCTKGS UP KOUGSQSGU UJCO UJG HSGRVGOEZ FGQGOFGOU TECUUGSKOI HVOEUKPO)

9O PSFGS UP GTUKNCUG UZQKECM 7PVSKGS UKNGT '"#! XJKEJ ECO DG CEEGTTGF DZ ;>6 XG EPOTKFGS

NCYKNVN  GMFT PH $ ( $! ( %!!)+/.. KO QSGEGTTKPO EPKMT PH & ( &! ( # N MGOIUJ PQGSCUKOI

CU  ( ' "4) ?JGO %,-)12& SGTVMUT KO C UKNG PH CDPVU ,+ OT XJKEJ ECO DG SGCEJGF)

7SPN UJKT GRVCUKPO KU CMTP DGEPNGT EMGCS UJCU UJG NPTU GH EKGOU XCZ UP GOMCSIG UJKT UKNG

KT UP VTG MPOIGS XCWGMGOIUJT DGECVTG  GOUGST KO UJG UJKSF QPXGS) ?JKT KO UVSO SGFVEGT UJG

CEEGTTKDMG % SCOIG XJKEJ EPOTUKUVUGT C FSCXDCEL HPS TUVFKGT PO MPX NPMGEVMCS NCUGSKCMT DVU

OPU HPS UJG MCSIG TECMG QSPQGSUKGT PH QPMZNGST XJKEJ JCWG UP DG PDTGSWGF CU MPX % COZXCZ)

5GECVTG ;>6 XPSLT KO UKNG FPNCKO' UJGSG KT OP XGMM(FG OGF XCZ UP SGMCUG UJG NCYKNVN

7PVSKGS UKNG '&$( PH CO ;>6 TQGEUSPNGUGS UP UJG SGTPMVUKPO   " PH POG PH UJG KOTUSV(

NGOUT NGOUKPOGF DGHPSG) 4 SVMG PH UJVND XPVMF DG UJCU , OT EPSSGTQPOFT UP "!G@' UJVT
  "#!,* ( -.#'&$() 5GECVTG PH UJG KOWGSTG SGMCUKPO DGUXGGO UKNG COF HSGRVGOEZ' UJG EPS(

SGTQPOFKOI MKNKU UP  "&$( PO DCELTECUUGSKOI COF KOWGSTG ?<7' PO CO ;>6 TQGEUSPNGUGS KT

UJG TNCMMGTU UKNG CEEGTTKDMG' '&%') ?JKT UKNG FGQGOFT TUSPOIMZ PO UJG UGEJOKECM TGU(VQ PH UJG

TQGEUSPNGUGS) 9O NPTU ECTGT KU KT CDPVU UJSGG PSFGST PH NCIOKUVFG DGMPX '&$()

?JGSG CSG UXP SGTUSKEUKPOT PH UJG CQQMKECUKPO PH ;>6 XJKEJ NCZ KNQGFG KUT VTG GWGO KH UJG

FZOCNKECM SCOIG KT CFGRVCUG HPS UJG TZTUGN UP DG TUVFKGF3

] 9H UJG TCNQMG EJCOIGT UJG QPMCSKTCUKPO PH UJG DGCN UJG KOHPSNCUKPO GOEPFGF KO UJG

OGVUSPO TQKOT IGUT BTESCNDMGF$) ?JKT KT UJG ECTG HPS NCIOGUKE TCNQMGT DVU CMTP HPS

TZTUGNT XKUJ TQKO(KOEPJGSGOU TECUUGSKOI) 5GECVTG  8 JZFSPIGO KT C TQKO(KOEPJGSGOU

TECUUGSGS UJKT PHUGO NCLGT EJGNKECM FGVUGSCUKPO OGEGTTCSZ) ;PXCFCZT' ;>6 GYQGSKNGOUT
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7PS QSPEGTTGT MKLG FKHHVTKPO XJKEJ JCWG C DSPCF FKTUSKDVUKPO PH " %TGG %,-)1,&& UJKT KT

VTVCMMZ OPU KNQPSUCOU) 5VU HPS NGEJCOKTNT XJKEJ QSPFVEG XGMM(FG OGF GOGSIZ USCOT(

HGST  " UJKT KT QSPDMGNCUKE COF OGVUSPO DCELTECUUGSKOI KT QSGHGSCDMG)

?ZQKECM ;>6 TQGEUSPNGUGST XKUJ UJGKS TQGEK ECUKPOT CSG MKTUGF KO UCDMG ,-)/) ;>6 TQGEUSPN(

GUGST CSG WGSZ !GYKDMG KOTUSVNGOUT PHUGO VTGF XKUJ FKHHGSGOU TGUVQT PH XJKEJ POMZ [UZQKECM\

POGT JCWG DGGO KOEMVFGF) 4T TQGEKCM HGCUVSGT JCWG UP DG NGOUKPOGF UJCU 9;,, COF A4>=

JCWG POG(FKNGOTKPOCM FGUGEUPS CSSCZT XJKEJ TQCO &! COF "$! FGISGGT SGTQGEUKWGMZ' CMMPX(

KOI UJG TKNVMUCOGPVT PDTGSWCUKPO PH C SCOIG PH % WCMVGT) ?JG KOTUSVNGOUT 9;,0 COF :(;>6

JCWG UXP(FKNGOTKPOCM FGUGEUPS CSSCZT XJKEJ ECO DG VTGF HPS TUVFZKOI COKTPUSPQKGT DVU EPWGS

C TNCMMGS COIVMCS SCOIG) 9;,0 VTGT C HPEVTKOI NKSSPS KO PSFGS UP KOESGCTG OGVUSPO !VY XJKEJ

XPVMF DG PUJGSXKTG WGSZ MPX FVG UP KUT MPOI QSGEGTTKPO EPKMT)
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&! ,! '
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>JA PEB >NDQIBJP , '  #$#!
!& 0 ;0:; BTLBNFIBJP SFPE  P PK PEB 2B?UB CQJ@PFKJ FO LNB%

OBJPBA FJ 3FD& (+&(- FJ > HFJB>N O@>HB >JA FJ PEB CKNI KC > OB@KJA IKIBJP 7N>PGU NBLNBOBJ%

P>PFKJ >@EFBRBA SEBJ &! ,! FO IQHPFLHFBA ?U #!& <EB 7N>PGU NBLNBOBJP>PFKJ BILE>OFOBO PEB

EFDE #%NBDFIB& 3KN 4>QOOF>J @E>FJO SFPE >J >OUILPKPF@ # ! ?BE>RFKQN PEB EFDE # NBDFIB

PEBJ >OOQIBO > LH>PB>Q& 0O OEKSJ PEB A>P> >NB FJ LBNCB@P >DNBBIBJP SFPE PEB 4>QOOF>J @E>FJ

NBOQHPO ABNFRBA >?KRB&

!$ # " %*,+' )*&'(

6C SB S>JP PK ABO@NF?B PEB IKPFKJ KC > LKHUIBN$ SB @KQHA OP>NP SFPE PEB >PKIO KC > LKHUIBN

@E>FJ >JA OKHRB :BSPKJ!O BMQ>PFKJO& <EFO >OGO QO PK AB>H SFPE RBNU I>JU R>NF>?HBO % >HNB>AU

PEB OFILHBOP LKHUIBN @E>FJ LKHUBPEUHBJB ?QFHP CNKI 15) QJFPO$ >P > NB>OKJ>?HB HBJDPE KC

>?KQP > PEKQO>JA QJFPO CB>PQNBO >HNB>AU * ''' >PKIO& 0 IBHP KC OQ@E @E>FJO DBPO AFC @QHP PK

PNB>P >HNB>AU CKN >AR>J@BA IKHB@QH>N AUJ>IF@O OFIQH>PFKJO& =B I>U I>GB > OPBL CQNPEBN >JA

@K>NOB DN>FJ FJ > S>U$ PE>P SB ABO@NF?B PEB >PKIO >HKJD KJB ?KJA$ FJ PEFO @>OB PEB 15) QJFP

?U KJB BJPFPU HB>AFJD PK PEB QJF BA >PKI IKABH& 6J PEFO @>OB$ SB OPFHH E>RB PEKQO>JA >PKIO FJ

KJB @E>FJ& 0D>FJ SB JBBA OBRBNB 92 OFIQH>PFKJ FJ KNABN PK OKHRB PEB LNK?HBI >JA SB OPFHH
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AKJ!P E>RB > IKABH& 4J KNABN PK DK CQNPEBN$ SB E>RB PK @K>NOB DN>FJ OFDJF @>JPHU IKNB >JA

OPFHH GBBL PEB BOOBJPF>HO KC PEB LNK?HBI "1FD& ('#& 9EFO FO >@EFBRBA SFPE PEB 8KQOB IKABH <+=&

3BNB PEB LKHUIBN @E>FJ FO ABO@NF?BA ?U > OBMQBJ@B KC ?B>AO >JA OLNFJDO SEBNB PEB ?B>AO

QJABNDK CNF@PFKJ SFPE > EB>P ?>PE& 9EB OLNFJDO KNFDFJ>PB CNKI PEB @E>FJ BJPNKLU PE>P LNBCBNO >

2>QOOF>J @E>FJ @KJCKNI>PFKJ& /JU ABRF>PFKJO CNKI OQ@E @KJCKNI>PFKJO QJABNDK > NBOPKNFJD

CKN@B KC E>NIKJF@ @E>N>@PBN&

:FPE PE>P SB @>J SNFPB AKSJ > 6>JDBRFJ BMQ>PFKJ CKN PEB @E>FJ OBDIBJP>H IKPFKJ.
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:OW THE MOTION OF THE POLYMER CHAIN CAN BE PRESENTED BY THE RELAXATION OF IT"S SUBSECTION

#MODE Z,Z$ AS THE WHOLE CHAIN WITH THE RELAXATION TIME "& ' " !&$,"!' 2T THE TIME "& THE
CHAIN SUBSECTION WITH &$, MONOMERS MOVES OVER ITS OWN DISTANCE' >HUS%

!!-%!"&" -%!#""
!" ' +!
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' +!
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#*-'+*$

=INCE THIS #*-'+*$ HOLDS FOR ALL ,% THE CHAIN SEGMENTS AT TIMES SHORTER THAN "! MOVE IN A

SUBDIFFUSIVE WAY' >HE MEAN SQUARE DISPLACEMENT ONLY INCREASES WITH THE SQUARE ROOT OF TIME'

>HIS IS A BASIC PREDICTION OF THE <OUSE MODEL' ;ERFORMING THE FULL CALCULATION STARTING FROM

#*-'*.$&#*-'*/$ % THE  NAL RESULT FOR THE TIME DEPENDENT MEAN SQUARE DISPLACEMENT IS1

!-!%!."" '

$
$%+!* )

!  
. #*-'++$

>HE SEGMENT SELF CORRELATION FUNCTION THAT IS MEASURED WITH QUASIELASTIC INCOHERENT NEUTRON

SCATTERING DIRECTLY ACCESSES THIS QUANTITY' 8N 6AUSSIAN APPROXIMATION WE HAVE1
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>HE SECOND PART OF THIS EQUATION IS OBTAINED BY INSERTING OF 4Q'#*-'++$'  !!'" IS THE CHAR&
ACTERISTIC RELAXATION RATE% THAT INCREASES WITH THE MOMENTUM TRANSFER AS '"'

4VEN THOUGH A CLEAR CUT PREDICTION% EXPERIMENTALLY THE OBSERVATION OF THE SELF CORRELATION

FUNCTION OF A <OUSE CHAIN IS AN IMPORTANT CHALLENGE' >HE NECESSARY RESOLUTION AT THE LOW

MOMENTUM TRANSFERS REQUIRES% NEUTRON SPIN ECHO SPECTROSCOPY ?/% 0@' 7ERE% INCOHERENT EX&

PERIMENTS ARE DIF CULT% SINCE INCOHERENT SCATTERING DEPOLARISES THE NEUTRON BEAM TO A LARGE

EXTEND #+(, SPIN !IP SCATTERING$' >HEREFORE% USING A TRICK THE  RST SUCCESSFUL EXPERIMENTS

WERE CARRIED OUT' >HE CHEMISTS PRODUCED DEUTERATED ;39= WHERE RANDOMLY SHORT PROTONATED

SECTIONS WERE COPOLYMERISED' >HESE PROTONATED SECTIONS IN A GENERALLY DEUTERATED ENVIRON&

MENT GAVE RISE TO COHERENT SCATTERING% HOWEVER% SINCE THE SCATTERING FROM DIFFERENT LABELS WAS

UNCORRELATED THE SELF CORRELATION FUNCTION WAS MEASURED'

5IG' *-'0 DISPLAYS THE OBTAINED SELF CORRELATION FUNCTION FOR ;39= ?*)@ IN A PRESENTATION

WHERE THE LOGARITHM OF THE SCATTERING FUNCTION IS PLOTTED VERSUS ! !!'"."
 

! % THE SCALING VARI&

ABLE OF 4Q'#*-'+,$' 8N THIS WAY ALL THE DATA COLLAPSE ON ONE SINGLE MASTER CURVE THAT ACCORDING

TO 4Q'#*-'+,$ SHOULD BE A STRAIGHT LINE' >HE EXPERIMENTAL RESULTS BEAUTIFULLY VERIFY THE MAJOR

PREDICTION OF THE <OUSE MODEL AND SHOW THAT THE SIMPLE APPROXIMATION OF THE BEAD & SPRING

MODEL PROPERLY ACCOUNTS FOR THE SEGMENTAL DYNAMICS OF THE ;39= CHAIN ON THE SPACE TIME

FRAME INVESTIGATED'

5OR THE SINGLE CHAIN DYNAMIC STRUCTURE FACTOR% WHERE WE LOOK ON A LABELLED ! " PROTONATED

CHAIN IN A DEUTERATED ENVIRONMENT% WE HAVE TO DEAL WITH THE INTERFERENCE OF SCATTERED WAVES

ORIGINATING FROM THE DIFFERENT ATOMS OR MONOMERS OF THE CHAIN' >HE DETAILED CALCULATIONS

ARE GIVEN IN REFERENCE ?**@' >HE RESULT MAY BE EXPRESSED IN TERMS OF THE <OUSE MODES 4Q'



%($%& 0$ /ADC7E3" 1$2?A>

 ! !

 

!

 ! " 

 
 
!
"#

!
"#

 
 
$
%
&'

!
"$

&(' !" #% $A7,64. ;<:=.<=:0 1,.<8: 18: <30 ;02607<,5 ;051 68<487 47 , ($&* 605<# +30 /,<,

,:0 ;.,50/ ?4<3 <30 )8=;0 >,:4,-50  %($&'!# *854/ 5470 9:0/4.<0/ / !! :05,@,<487 -A <30 )8=;0

68/05#

 !
"#

 !
"$

 !
" 

 !
!

 !
 

 !
$

!%!

!%$

!%&

!%'

!%(

 %!

 

!
"#

$%
&'

!
"#

$(
&

 !"!#$

&(' !" $% '*% /,<, 18: <30 985A/460<3A5;458@,70 !($&*" 605< 60,;=:0/ ,< /4110:07< >,5=0; 81

<30 68607<=6 <:,7;10: (# $,;30/ 5470; 9:0;07<  <<472 .=:>0; 8-<,470/ -A =;472  %($&*!#

 %($%+! 3>6 C:7 5?AA7B@?>6;>9 A7<3G3C;?> C;=7B !, ' !"$.
! $

*$'#(+ (" /! '
#

'
)-+

 
(!&"/

!&
( )

)-+

"
 

#

&
!+ ,!(!-!

#

)-+

$
 

$

%

)!

%%(
!

 !

&
,

#

.!
(*,

"
 .+

'

#
(*,

"
 .,

'

#"
# )-+

"
 
/.!

!,

##%  %($&(!

8?A B=3<< (  ()%% # #! C:7 B75?>6 3>6 C:;A6 C7A=B 3A7 >79<;9;4<7 3>6 *$'#(+ (" /! 67B5A;47B

C:7 57>CA7#?8#=3BB B7<8 6;88DB;?> ?8 C:7 5:3;>$

*-%*&  (" /! '
#

'
*$'#(+ (" /! ' )-+

 
(!&"/

!
 %($&)!

.?A ()%% % # 3>6 / # !" C:7 ;>C7A>3< A7<3G3C;?> @A?57BB7B 6?=;>3C7$ .?A / ' " F7
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LDSRPML QNHL DBGM #7;1$ CHPDBRJW KD@QSPDQ RGD BMGDPDLR QHLFJD BG@HL CWL@KHB QRPSBRSPD E@B&

RMP &#%"&' $! *! RG@R HQ RGD QN@RH@J 2MSPHDP RP@LQEMPK ME RGD KMLMKDP&KMLMKDP CWL@KHB N@HP

BMPPDJ@RHML ESLBRHML' /Q @L DV@KNJD% RGD 7;1 C@R@ EMP RGD ASJI 906; KDJR @PD QGMUL HL

2HF' ),'.'

"$ # # ')/1(1,.- 1+).02

6@BPMQBMNHB@JJW RGD CWL@KHBQ ME JMLF BG@HL NMJWKDP KDJRQ HQ BG@P@BRDPHQDC AW @ NJ@RD@S

PDFHKD HL RGD CWL@KHB KMCSJSQ 2HF' ),'+' <GSQ% RGDPD HQ @ EPDOSDLBW MP RHKD PDFHKD UGDPD

@ NMJWKDP KDJR PDQNMLQDQ DJ@QRHB@JJW JHID @ PSAADP' <GDPD% RGD DJ@QRHB NPMNDPRHDQ @PD CDPHTDC

EPMK RGD DLRPMNW DJ@QRHBHRW ME RGD BG@HLQ ADRUDDL NDPK@LDLR BPMQQ JHLIQ' <GD KMCSJSQ ME

@ PSAADP HQ HLTDPQDJW NPMNMPRHML@J RM RGD KDQG QHXD @LC NPMNMPRHML@J RM RGD RDKNDP@RSPD' 5L

@L@JMFW HR HQ QSFFDQRHTD RM @QQSKD RG@R HL @ NMJWKDP KDJR DLR@LFJDKDLRQ MP RMNMJMFHB@J HLRDP&

@BRHMLQ ADRUDDL BG@HLQ R@ID RGD PMJD ME RGD PSAADP BPMQQ JHLIQ' <GDW @PD QSNNMQDC RM EMPK

@ RDKNMP@PW LDRUMPI% UGHBG CHQNJ@WQ RGD PSAADP DJ@QRHB NPMNDPRHDQ' 4MUDTDP% MRGDP RG@L HL

@ PSAADP% EMP JMLF RHKDQ RGD BG@HLQ K@W CHQDLR@LFJD @LC RGD KDJR !MUQ' <GDPDEMPD% RGD CW&

L@KHB KMCSJSQ CDB@WQ EMP JMLF RHKDQ MP JMU EPDOSDLBHDQ' =QHLF RGD @L@JMFW RM RGD KMCSJSQ

ME @ PSAADP% UD K@W DQRHK@RD RGD CHQR@LBD ADRUDDL DLR@LFJDKDLR NMHLRQ EPMK RGD T@JSD ME

RGD KMCSJSQ @QQMBH@RDC RM RGD NJ@RD@S% RGD NJ@RD@S KMCSJSQ " 

!
' 2MP CHEEDPDLR NMJWKDPQ RGDQD

CHQR@LBDQ BMKD MSR RM AD ADRUDDL @AMSR +( @LC )(( "/' 8L RG@R A@QHQ @ LSKADP ME RGDMPHDQ

EMP THQBMDJ@QRHBHRW G@TD ADDL CDTDJMNDC' <GD KMQR E@KMSQ ME RGDK HQ RGD PDNR@RHML KMCDJ AW

CD 3DLLDQ >))? @LC 0MH @LC 1CU@PCQ >),?' 5L RGHQ KMCDJ RGD CMKHL@RHLF BG@HL KMRHML HQ

RGD PDNRHJD JHID BPDDN @JMLF RGD BG@HL NPM JD' <GD J@RDP@J PDQRPHBRHMLQ AW RGD HLRDPNDLDRP@RHLF

BG@HLQ @PD KMCDJJDC AW @ RSAD ME QHXD ( N@P@JJDJ RM RGD BM@PQD FP@HLDC BG@HL NPM JD' /BBMPCHLF

RM RGDMPW ( PDJ@RDQ RM RGD NJ@RD@S KMCSJSQ ME RGD KDJR'

(! $
"

#

%!

$$

#

) '

" 

!

#),'*-$

5R G@Q RM AD LMRDC RG@R RGHQ THPRS@J RSAD HQ LMR YRHFGR& RRHLFY ASR PDQRPHBRQ RGD KMRHML ME @

NMJWKDP BG@HL ML @L HLRDPKDCH@RD JDLFRG QB@JD (  # LK J@PFDP RG@L RGD CHKDLQHML ME @

KMLMKDP' <GDPDEMPD% @R QGMPR RHKDQ RGD PDQRPHBRHML HQ LMR @BRHTD @LC RGD KMRHML HQ :MSQD&JHID'

<GD MLQDR ME RGD RSAD HLRDP@BRHML CD LDQ @ LDU HLRDPKDCH@RD RHKD QB@JD% RGD DLR@LFJDKDLR

RHKD  "' 5L RGHQ QHKNJD HLRSHRHTD KMCDJ RGD DVNDPHKDLR@J PDQSJRQ EMP THQBMQHRW @LC CHEESQHML
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?=J >A EIIA@E=PAHU QJ@ANOPKK@% :DA REO?KOEPU KB = LKHUIAN IAHP EO @APANIEJA@ >U PDA HKJCAOP

NAH=T=PEKJ PEIA ! # EJ PDEO IK@AH PDA PEIA SDE?D EO JA?AOO=NU BKN = LKHUIAN PK HA=RA EPO EJEPE=H
PQ>A =J@ ?KJOPEPQPA = JAS KJA% ;EPDEJ PDA PQ>A PDA ?D=EJ LANBKNIO = 8KQOA @EBBQOEKJ SEPD

$#  &  % :DA ?D=EJ D=O ?KILHAPAHU HABP EPO EJEPE=H ?KJ CQN=PEKJ SDAJ EP D=O IKRA@ >U

PDA ?KJPKQN HAJCPD %  &(% !5KPA PD=P DANA PDA NAOPNE?PEKJ >U PDA PQ>A AJPANO- 2P EO JKP PDA

AJ@$PK$AJ@ @EOP=J?A
!
&( PD=P ?KQJPO >QP PDA H=NCAN =N? HAJCPD%" :DQO KJA ATLA?PO

  !  %!#$#  &" !&)%'*"

= ?Q>E? EJ?NA=OA KB REO?KOEPU SEPD IKHA?QH=N SAECDP% :DA =?PQ=H ATLKJAJP EO IKNA HEGA (%) EJ

PDA ATLANEIAJP !0EC% &)%)!=" " >QP PDANA =NA EJ@E?=PEKJO PD=P BKN RANU H=NCA ?D=EJ HAJCPDO PDA

HEIEP KB ( EO =PP=EJA@% 2J NA=H OL=?A PDA ?KJPKQN KB PDA ?D=EJ BKHHKSO = 1=QOOE=J N=J@KI S=HG#

E%A% @QNEJC PDA PEIA ! EP IKRAO >U @EBBQOEKJ KRAN = @EOP=J?A ?KIL=N=>HA PK EPO AJ@$PK$AJ@

@EOP=J?A '$  
!
& % 0NKI PDEO KJA K>P=EJO PDA OAHB$@EBBQOEKJ ?KJOP=JP KB PDA SDKHA ?D=EJ

$  '$
!#!  & ! " !&)%'+"

:DEO NAOQHP =CNAAO SEPD PDA AT=ILHA ODKSJ EJ 0EC% &)%)!>"# >QP OUOPAI=PE? OPQ@EAO ODKS PD=P

PDA ATLANEIAJP=H ATLKJAJP EO EJ CAJAN=H OKIASD=P DECDAN%

.HPDKQCD PDA ATLH=J=PEKJ KB PDA ATLANEIAJP=H NAOQHPO >U PDA NALP=PEKJ IK@AH EO MQEPA O=PEO$

B=?PKNU# BKN = NA=H ?KJ NI=PEKJ KB PDA IK@AH EP EO JA?AOO=NU PK RANEBU @ENA?PHU PDA IKHA?QH=N

>AD=REKQN% 6JA S=U PK @K PDEO EO ?KILQPAN OEIQH=PEKJ% 0ECQNA &)%&& ODKSO NAOQHPO BNKI =

>A=@$=J@$OLNEJC IK@AH% 2J@AA@# KJA ?=J ?HA=NHU OAA PD=P PDA IKPEKJ KB PDA @EOLH=UA@ LKHUIAN

IKHA?QHA EO NAOPNE?PA@ PK = PQ>A AT?ALP BKN EPO AJ@O% 5ARANPDAHAOO# PDEO EO JK PNQA ATLANEIAJP=H

PAOP >A?=QOA PDA QJ@ANHUEJC I=PDAI=PE?=H IK@AH EO = CNKOO OEILHE ?=PEKJ KB PDA ?KILHATEPU KB

= NA=H I=?NKIKHA?QHA SDE?D ?=J KJHU >A FQOPE A@ >U PDA QJERANO=HEPU KB H=NCA O?=HA @UJ=IE?O%

. PAOP KJ NA=H LKHUIANO EO =C=EJ LKOOE>HA >U PDA 59/ PA?DJEMQA% 0EC% &)%&' ODKSO NAOQHPO KB

LKHUAPDUHAJALNKLUHAJA !7/7" QOEJC = OEIEH=N IETPQNA KB DU@NKCAJ=PA@ =J@ @AQPAN=PA@ LKHU$

IAN =O >ABKNA EJ 0EC% &)%,% 2P ?=J >A OAAJ PD=P PDA JKNI=HEOA@ EJPANIA@E=PA O?=PPANEJC BQJ?PEKJ
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''#%$ !%! )"#''#%$ !%! #" BLCP KLQ PA?IC TGQF QFC 8LRPC S?OG?@IC #(+')*$' 5KPQC?B LD BCAOC?PGKE

CUMLKCKQG?IIV DLO ILKE QGJCP GQP S?IRC QCKBP QL EL QL ? MI?QC?R' 3GE' (+'(* SGPR?IGPCP QFC ALK&

ACMQ% QF?Q TC TGII KLT EL QFOLREF ?P ? DRKAQGLK LD QGJC. #G$ /Q PFLOQ QGJCP ) "  # QFC AF?GK

TGII MCODLOJ RKOCPQOGAQCB 8LRPC JLQGLK ?KB QFC BVK?JGA PQORAQROC D?AQLO DLO 8LRPC JLQGLK

MOCPCKQCB @V #(+')-$ PFLRIB TCII BCPAOG@C QFC BVK?JGAP' /Q PFLOQ QGJCP QFC QR@C ALKPQO?GKP

?OC KLQ VCQ CDDCAQGSC' 5K QFGP T?V QFC AF?GK CUMILOCP QFC I?QCO?I ALKPQO?GKQP PCQ @V QFC QR@C'

1CKPGQV !RAQR?QGLKP LD QFC AF?GK ?OC I?QCO?IIV CNRGIG@O?QCB ?AOLPP QFC QR@C MOL IC' #GG$ 7KAC%

QFGP GP ?AFGCSCB DROQFCO BCKPGQV !RAQR?QGLKP LD QFC I?@CIICB AF?GK TGII LKIV @C MLPPG@IC SG?

8LRPC OCI?U?QGLK ?ILKE QFC QR@C' ;KBCO PRAF AGOARJPQ?KACP QFC PQORAQROC D?AQLO QL ?  OPQ ?M&

MOLUGJ?QGLK JGOOLOP QFC DLOJ D?AQLO LD QFC QR@C' :FC ALOOCI?QGLKP TGII PQ?V ?KB QFC PA?QQCOGKE

CUMCOGJCKQP TGII OCSC?I QFC PGWC LD QFC QLMLILEGA?I ALKPQO?GKQP' #GGG$5K QFC AOCCM OCEGJC ) $  !
QFC JCJLOV LD QFC QR@C ALK KCJCKQ TGII @C EO?BR?IIV ILPQ ?KB QFC BVK?JGA PQORAQROC D?AQLO

PFLRIB OCSC?I QFC DO?AQGLK LD QFC PQGII ALK KCB MLIVJCO PCEJCKQP' #GS$ 3GK?IIV GK QFC BGDDRPGSC

OCEGJC QFC AF?GK OCMQ?QGLK BGDDRPGLK ALCD AGCKQ TGII @C JC?PROCB'

:FC OCMQ?QGLK JLBCI MOCBGAQP DLRO OCEGJCP TGQF BGDDCOCKQ BCMCKBCKACP LD QFC JC?K&PNR?OC

BGPMI?ACJCKQ #691$ IGPQCB GK :?@IC (+'(' /P ILKE ?P QFC 691 GP PJ?IICO QF?K QFC QR@C

BG?JCQCO% QFC AF?GK TGII KLQ >DCCI" QFC ALK KCJCKQ ?KB GQP JLQGLK TGII @C 8LRPG?K% ! (!"  

)  !' 3LO ILKECO QGJCP% QFC AF?GK TGII ALKQGKRC QFC 8LRPC JLQGLK @RQ ?ILKE QFC ALKQLRO LD QFC

QR@C' 0CA?RPC QFC I?QQCO GP ? O?KBLJ T?IH QFC CUMLKCKQ OCBRACP @V ?KLQFCO $#%% ! (!"  )  "'

3LO ) $  #% QFC 8LRPC JLQGLK AOLPPCP LSCO QL BGDDRPGLK% @RQ PQGII ?ILKE QFC QR@C' 9L LKC LD QFC

$#%&P OCJ?GKP% ! (!"  )  !' 3GK?IIV% TFCK QFGP JLQGLK OC?AFCP QFC ICKEQF PA?IC LD QFC AF?GK

PGWC #&$$% QFC JLQGLK @CALJCP QORIV BGDDRPGLK&IGHC% ! (!"  )' 1C 4CKKCP <((= ?KB 1LG ?KB

2BT?OBP <(+= F?SC DLOJRI?QCB QO?AQ?@IC ?K?IVQGA CUMOCPPGLKP DLO QFC BVK?JGA PQORAQROC D?AQLO'

:FCOC@V% QFCV KCEICAQCB QFC GKGQG?I 8LRPC OCEGJC G'C' QFC BCOGSCB CUMOCPPGLK GP S?IGB LKIV DLO

) $  $ LKAC ALK KCJCKQ CDDCAQP @CALJC GJMLOQ?KQ' :FC BVK?JGA PQORAQROC D?AQLO GP ALJMLPCB

DOLJ QTL ALKQOG@RQGLKP '%&" ?KB '#'" OC!CAQGKE ILA?I OCMQ?QGLK ?KB CPA?MC MOLACPPCP DOLJ QFC
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<GPF   & $%" ')#%#! GO NCH?PCB PK PFC 9KQOC N?PC ' & 0 ECJCN?H CTLNCOOGKJ DKN &#)! %! *!
BQC PK LQNC NCLP?PGKJ S?O EGRCJ @U 2KG ?JB 3BS?NBO =(+>& 4KN OFKNP PGICO &!$ %' %! *! BCA?UO
I?GJHU BQC PK HKA?H NCLP?PGKJ " NOP PCNI# SFGHC DKN HKJECN PGICO "?JB HKS %# PFC OCAKJB PCNI
NCOQHPGJE DNKI PFC ANCCL IKPGKJ GO GILKNP?JP& ;FC N?PGK KD PFC PSK NCHCR?JP PGIC OA?HCO   
?JB  " GO LNKLKNPGKJ?H PK $"& ;FCNCDKNC$ DKN HKJE AF?GJO ?P GJPCNICBG?PC PGICO ? LNKJKQJACB

LH?PC?Q GJ &!$ %' %! *! GO LNCBGAPCB& :QAF ? LH?PC?Q GO ? ECJCNGA OGEJ?PQNC DKN AKJ JCB IKPGKJ&

4GE& (+&(+ OFKSO PFC NCOQHPO KD 7:3 CTLCNGICJPO KJ LKHU"CPFUHCJC KTGBC# AF?GJO =(.>& 5P A?J

@C OCCJ BGNCAPHU DNKI PFC B?P? PF?P PFC LNKJKQJACB NCLP?PGKJ LH?PC?Q BCRCHKLO& 2COANGLPGKJ

SGPF PFC NCLP?PGKJ PFCKNU NCOQHPO GJ PFC R?HQC DKN PQ@C BG?ICPCN ( CMQ?H PK +,&/ JI&

5J KNBCN PK AQNC PFC OFKNP AKIGJEO ? JQI@CN KD ?BBGPGKJ?H NCH?T?PGKJ LNKACOOCO SCNC GJPNK%

BQACB$ PF?P ?NC AKJOGOPCJP SGPF NCLP?PGKJ& ;FC IKOP LNKIGJCJP ?IKJE PFCI ?NC AKJPKQN HCJEPF

!QAPQ?PGKJO "164# ?JB AKJOPN?GJP NCHC?OC "19#& ;FC 164 CDDCAP CRKHRCO DNKI PFC L?NPGAGL?PGKJ

KD PFC AF?GJ CJBO GJ PFC HKA?H NCLP?PGKJ LNKACOO ?JB GO ?J GJFCNCJP LNKLCNPU KD PFC AKJ JCB

AF?GJ GPOCHD& 8J PFC KPFCN F?JB AKJOPN?GJP NCHC?OC "19# OPCIO DNKI PFC IKRCICJP KD PFC

KPFCN AF?GJO @QGHBGJE PFC PQ@C PF?P KD AKQNOC QJBCNEK PFC O?IC BUJ?IGA?H LNKACOOCO ?O PFC

AKJ JCB AF?GJO& ;FGO GO ?J GJPNGJOGA I?JU @KBU LFCJKICJ? ?JB IQAF IKNC BGD AQHP PK PNC?P

PF?J 164& 5J KNBCN PK AH?NGDU 164 ?JB 19 DQNPFCN ?JB OCL?N?PC PFCOC BGDDCNCJP BUJ?IGA LNK%

ACOOCO$ ? JQI@CN KD LGKJCN CTLCNGICJPO SCNC BCOGEJCB ?JB LCNDKNICB "OCC 4"6" =(/>% =)'>#&
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8EIC KJGTHAMN =MA QAMT EIOAMANOEIC H=?MJHJGA?PGAN EI OD=O ODAT @EBBAM NOMP?OPM=GGT =I@ @T%

I=HE?=GGT BMJH ODA OTKE?=G GEIA=M KJGTHAMN @PA OJ ODA OJO=G =>NAI?A JB ?D=EI AI@N OD=O =MA

@JHEI=OEIC BJM ODA @TI=HE?N EI ODA HAGO& 3I HAGON JB GEIA=M ?D=EIN$ ODA HPOP=G EIOAM=?OEJI

EN N?MAAIA@ =I@ ODA ?D=EIN KAMBJMH =I PI@ENOPM>A@ 2=PNNE=I M=I@JH R=GF& 0QAI ODJPCD

EI HAGON JB MEIC KJGTHAMN ODA AS?GP@A@ QJGPHA EIOAM=?OEJI EN N?MAAIA@ =N RAGG$ OJKJGJCE?=G

?JINOM=EION OD=O =MENA BMJH ODA MEIC OJKJGJCT MAH=EI& 1JM MEIC KJGTHAMN EIOAMKAIAOM=OEJI EN

?JNOGT AIOMJKE?=GGT =I@ ?JHK=?O NOMP?OPMAN OD=O AQJGQA BJM DECD HJGA?PG=M RAECDO =MA EI@P?A@

% ODA MEIC ?JIBJMH=OEJIN =MA =NNPHA@ OJ >A?JHA H=NN BM=?O=GN ?JI IEIC MEICN EIOJ OAMMEOJMEAN&

7=OPMA ASKGJEON ODEN KDAIJHAIJI A&C& EI K=?FEIC ?DMJH=OEI MEICN EI IP?GAJNJHAN KMJQE@EIC

ODAMA>T A=NT =??ANN OJ CAIAOE? EIBJMH=OEJI& 5EFARENA$ ODA MEIC @TI=HE?N EN BPI@=HAIO=GGT

@EBBAMAIO OJ GEIA=M KJGTHAMN$ RDAMA ?D=EI MAG=S=OEJI O=FAN KG=?A QE= ODA ?D=EI AI@N GA=@EIC

OJ MAKO=OEJI$ ?JIOJPM GAICOD !P?OP=OEJI "/51# =I@ ?JINOM=EIO MAGA=NA "/8#& 9DA MEICN D=QA

>A?JHA JB MAIARA@ EIOAMANO EI ODA G=NO TA=MN @PA OJ ODA NTIODAOE? ABBJMON EI KMJ@P?EIC GEI%

A=M ?JIO=HEI=IO%BMAA MEIC NOMP?OPMAN RDEGA HEIEHEUEIC ?JI?=OAI=OEJI MA=?OEJIN& -N 1EC& '*&'+

NDJRN$ ODAMA =MA ( @EBBAMAIO R=TN OJ @A IA ODA EIOM=%?D=EI ?JMMAG=OEJI >AORAAI ORJ NACHAION

" =I@ #& .JOD R=TN =MA ALP=GGT KMJ>=>GA =I@ ODA J??PMMAI?A EN O=FAI EIOJ =??JPIO >T HPGOE%

KGTEIC ODA KMJ>=>EGEOEAN JB NAGA?OEIC A=?D @EBBAMAIO K=OD& 9DA BJMH B=?OJM BJM = KJGTHAM MEIC

?=I >A ?=G?PG=OA@ PNEIC = HPGOEQ=ME=OA 2=PNNE=I @ENOME>POEJI =KKMJ=?D ;('<& 1JM = 2=PNNE=I

KJGTHAM MEIC$ ODA BJMH B=?OJM   $! ?=I >A ?=G?PG=OA@ PNEIC "'*&')#%"'*&'*#& 1JM ODA HA=I

NLP=MA @ENO=I?A >AORAAI ( NACHAION =I@ ODA ?JMMANKJI@EIC BJMH B=?OJM   !! RA J>O=EI ODAI
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9C@ MDHBF@ >C<DH MNLO>NOL@ A<>NIL ?DAA@LM DH < M@HMDNDP@ Q<S ALIG NC@ JOL@ FDH@<L >OLP@ <M ><H

=@ M@@H DH 0DB% &)%&*% 2N F@<?M NI < J@<E@? MNLO>NOL@ DH NC@ 3L<NES L@JL@M@HN<NDIH% 9CDM @R$

JL@MM@M NC@ MDGDF<LDNS IA < LDHB JIFSG@L QDNC < MN<L IL =L<H>C@? JIFSG@L :'&;% 9C@ GIHIG@LM

IA < LDHB <L@ IH <P@L<B@ FI><N@? <N >FIM@L ?DMN<H>@ NI NC@ >@HN@L IA G<MM NC<H DH < FDH@<L >C<DH#

MI <H @HC<H>@G@HN IA NC@ >IGJ<>ND>DNS IA NC@ MNLO>NOL@ ><H =@ @RJ@>N@?% 9C@ J@<E <LDM@M ?O@

NI NC@ DH>L@<M@? >ILL@F<NDIH NCLIOBC NC@ >FIM@? >S>F@ <H? DM NC@L@AIL@ L@F<N@? NI (% IA NC@

LDHB% 4<NN@L ><H =@ ><F>OF<N@? NI =@ MG<FF@L NC<H NC@ FDH@<L =S
&

$%

7DHB JIFSG@LM DH NC@ G@FN <L@ MDBHD ><HNFS GIL@ >IGJ<>N NC<H NC@ 1<OMMD<H JL@?D>NDIH% 9C@

AILG A<>NIL G<S =@ KO<HNDN<NDP@FS ?@M>LD=@? DH N@LGM IA 1<OMMD<H FDH@<L >C<DH <H? DH>FO?$

DHB NC@ >FIMOL@ L@F<NDIH% 9C@ MNLO>NOL<F JLIJ@LND@M IA NC@ JIFSG@L LDHB M><F@ QDNC NC@ MDT@

!% "% 2H J<LND>OF<L# NC@ I=N<DH@? M><FDHB @RJIH@HN  >IHMDMN@HNFS ?@M>LD=@M HIN IHFS NC@ >C<DH

MN<NDMND>M =ON <FMI NC@ % ?@J@H?@H>@ IA NC@ L<?DOM IA BSL<NDIH ( 

%!*&)% " %  <M Q@FF <M NC@

% $?@J@H?@H>@ IA NC@ J@<EDHB DH NC@ 3L<NES JFIN% 9C@ @RJIH@HN  ) "!&% DM ?DAA@L@HN ALIG NC@

FDH@<L 1<OMMD<H >C<DH ! ) "!'"% 0IL NC@ F<LB@L LDHBM NC@ @PIFONDIH NIQ<L?M < >IHAILG<NDIH DH

NC@ ?DL@>NDIH IA < G<MM AL<>N<F DM I=M@LP@? :'';%

-M DN C<M =@@H ?@GIHMNL<N@? <=IP@ NC@ LDHB JIFSG@LM @RCD=DN OHDKO@ NIJIFIBS% 2HN@LJ@H@NL<$

NDIH IA LDHB JIFSG@LM DM @HNLIJD><FFS CDH?@L@? <H? NC@L@AIL@ LDHBM <L@ JL@?D>N@? NI JL@A@L NC@

>IHAILG<NDIHM IA < >LOG=F@? BFI=OF@ IL NC<N IA < F<NND>@ <HDG<F% 9C@ F<>E IA @H?M >C<HB@M NC@

?SH<GD>M KO<FDN<NDP@FS% -FF L@JN<NDIH L@F<N@? JLI>@MM@M =@>IG@ DGJIMMD=F@ <H? KO<FDN<NDP@FS

?DAA@L@HN GINDIH<F G@>C<HDMGM <L@ @RJ@>N@?% 9CDM @RJF<DHM NC@ DHN@HM@ M>D@HND > DHN@L@MN DH

NC@ ?SH<GD>M IA LDHB JIFSG@LM%

8DH>@ NC@ MSHNC@MDM IA Q@FF$?@ H@? <H? JOL@ F<LB@ LDHB JIFSG@LM DM CDBCFS ?@G<H?DHB# L@$

>@HNFS NC@L@ C<M =@@H < AI>OM IH MDGOF<NDIHM IA NC@DL MNLO>NOL@ <H? ?SH<GD>M% 5. MNO?D@M IH

=@<? <H? MJLDHB LDHBM >IH>FO?@? < L<NC@L >IGJ<>N MNLO>NOL@ <H? <H <MSGJNIND> >IHAILG<NDIH

IA < >LOG=F@? BFI=OF@ AIL F<LB@ LDHBM% 9C@ MNO?D@M OHL<P@F@? < MO=?DAAOMDP@ >@HN@L IA G<MM

!>%I%G%" =@C<PDIL #- #( .!$ ! .
!

" <N @<LFS NDG@M# =@AIL@ NC@ NL<HMDNDIH NI HILG<F NL<HMF<NDIH<F

?DAAOMDIH N<E@M JF<>@ <N <=ION #- #($ ) $!'( 

%% -N CDBC@L GIF@>OF<L Q@DBCNM $ ! %  Q<M

AIOH?% 7@B<L?DHB NC@ M@BG@HN<F L@F<R<NDIH# MDGOF<NDIHM I=M@LP@ < MDBHD ><HN MFIQDHB ?IQH

NIQ<L?M #- +$% .!$ ! . QDNC  ) "!$' "!%'% 8O>C < JIQ@L F<Q DM <FMI >C<L<>N@LDMND> AIL NC@

FI><F L@JN<NDIH L@BDG@ QC@L@ NC@ 7IOM@ GI?@M L@F<R QDNCDH NC@ MNDAA >IH HDHB NO=@ SD@F?DHB

#- +$% .!$ ! .
 

" % 9C@ L@<MIH AIL NC@ I>>OLL@H>@ IA MO>C < NDG@ L@BDG@ AIL LDHBM DM OH>F@<L%

-H<FSMDM IA DHN@LH<F ?SH<GD>M IA LDHB JIFSG@LM I=N<DH@? =S 68/ Q<M  LMN ?IH@ =<M@? IH
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OB?J? !&' >?ECG?;L?K LB? =HG@HJF;LCHG;E =JHKKHN?J @JHF 1;MKKC;G KL;LCKLC=K ;L KBHJL >CKL;G=?K

%) *% % '%# LH =HFIJ?KK?> <?B;NCHMJ ;L E;JA?J >CKL;G=?K%  + CK LB? =B;J;=L?JCKLC= J?E;P;LCHG

J;L? !K?? 9)-: @HJ LB? >?L;CEK"%

7B? KMF CG !(+%**" HN?J LB? CG>C=?K )$ * JMGK HN?J ;EE FHGHF?J =HHJ>CG;L?K H@ LB? JCGA#

LB? KMF HN?J , CG LB? ?PIHG?GL ;>>J?KK?K ;EE 6HMK? FH>?K !(+%(." S @HJ ; JCGA HGEQ ?N?G

FH>?K , =HGLJC<ML?K% 2L LMJG?> HML LB;L GHL ;EE 6HMK? FH>?K ;J? =HGLJC<MLCGA LH LB? CGL?JG;E

J?E;P;LCHG% 2G HJ>?J LH ;KK?KK LH OB;L ?PL?G> 6HMK? J?E;P;LCHG L;D?K IE;=?# LB? >;L; O?J?

;G;EQR?> CG L?JFK H@ ; J?>M=?> GMF<?J H@ 6HMK? FH>?K% 2L CK J?F;JD;<E? LB;L @HJ >C@@?J?GL

JCGA KCR?K !(' DA&FHE $ ('' DA&FHE" LB? GMF<?J H@ J?>M=?> 6HMK? FH>?K ,(&) J?@?JK LH ;

JCGA K?=LCHG H@ +, FHGHF?JK LB;L =;G J?E;P OCLBHML LHIHEHAC=;E BCG>J;G=? 9)+:% 4;L?J LB?

=?GLJ?$H@$F;KK >C@@MKCHG H@ LB? JCGAK O;K L;D?G CGLH ;==HMGL >?FHGKLJ;LCGA ;>>CLCHG;E ?@@?=LK

H@ =HJJ?E;LCHG BHE? ;G> LJ;GKCLCHG LH LB? 0C=DC;G >C@@MKCHG 9),:% 7B?K? ?PI?JCF?GLK ;EEHO?>

LB?  JKL ;==?KK LH LB? >QG;FC=K H@ JCGA KQKL?FK HG ; FHE?=ME;J K=;E?% 2G I;JLC=ME;J# LBJ??

>QG;FC= J?ACF?K @HJ =?GL?J H@ F;KK >C@@MKCHG KL;JLCGA !C" OCLB ; KLJHGA KM<>C@@MKCN? >HF;CG

#-!$*( !."$ " . !##' !  ! ##)(" !CC" ; K?=HG> KM<>C@@MKCN? J?ACHG LB;L !CCC"  G;EEQ# =JHKK?K

HN?J LH #-!$*( !."$ " . "#"# LB;L  G;EEQ =JHKK?K HN?JK LH 0C=DC;G >C@@MKCHG% /L E;JA?J K=;E?K

LB? >QG;FC=K CK K?E@$KCFCE;J ;G> @HEEHOK N?JQ O?EE LB? IJ?>C=LCHGK H@ K=;ECGA FH>?EK OCLB ;

IJ?@?J?G=? @HJ LB? @J;=L;E EHHIQ AEH<ME? FH>?E%
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