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2C@ B@JH@OMT JA OC@ HIG@>PG@ RDGG =@ KM@ JKODHDU@? PNDIB 3%$$ =T 7@A<PGO ,JO@ TJP ><I N@G@>0
JKODHDU@M QD< OC@ .M@A@M@I>@N JM PN@ < ?DAA@M@I0 KM@ JKODHDU@M =T MDBCO >GD>FDIB JI OC@ >JI
N@G@>0DIB OC@ H@0OCJ? OJ PN@ AMJH OC@ KJIK PK H@IP

' OC@ NO<OPN AD@G? =@GJR OC@ ?M<RDIB <M@< TJP ><| AJGGJR OC@ KM@ JKODHDU<ODJI DO@M<ODJI IPH=@N
@I@MBT M@G<ODQ@GT OJ OC@ NO<MODIB >JIADBPM<ODJI

>:L>C< |=: BDA:8JA:

*Dl6l: IG6CHAGI: DG ODDB

7JP ><I MJO<O@ OM<ING<O@ <I? UJJH TIPM HIG@>PG@ PNDIB OC@ HIPN@
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7P 1@@7? OJ ?M<B RDOC OC@ HIPN@ KM@NN <HJIPN@ =POOQJI <I? RCDG@ CJG?DIB DO ?JRI HIQ@ DO 5CD>C HJPI
=PO0JI <I? RCD>C HI?DAD@M F@T TIJP KM@NN <O OC@ N<H@ ODH@ ?@O@MHDI@N RC<O RDGG C<KK@I

0JO<O0@ *@AO

0JO<O@ DI KGWIG *@AO

2M<ING<O@ 0DBCO

8JJH +JPN@ RC@@G IM <GO *@AO ?M<B PK JM ?JRI

2C@ MJO<O@ OM<ING<O@ <I? UJJH JK@M<ODJIN >C<IB@ CJR TJP GJJF <O OC@ HIG@>PG@ OC@T ?J IJO >C<IB@
>JIM?DI<O@N

2CDN =@C<QDJPM DN OC@ ?@A<PGO =@C<QDJPM TJP ><I >C<IB@ RC<O OC@ MDBCO HIPN@ =POOQJI ?J@N PNDIB
M@A@M@I>@N

EB<D HG<> LHF>PA>K> BG >FIMR LI:<> MH F:D> LNK> GHMABG@ BL L>E><M>=

EB<D PBMA MA> E>?M FHNL> ;NMMHG :G==K:@
RHNK FHE><NE> PBEE KHM:M>

EB<D PBMA MA> E>?M FHNL> ;NMMHG PBMA MA> <MKE D>R :G==K:@
RHNK FHE><NE> PBEE KHM:M> BG IE.G>

EB<D PBMA MA> KB@AM FHNL> ;NMMHG :G==K:@
RHNK FHE><NE> PBEE ;> MK:GLE:M>=

EB<D PBMA MA> KB@AM *B==E> ;NMMHG B? :0O:BE:;;E> :G==K:@ NI :G==HPG
RHN PBEE SHHF <EHL>K MH HK :P:R ?KHF RHNK FHE><NE>

EB<D PBMA MA> E>?M FHNL> ;NMMHG PBMA MA> :EM D>R :G==K:@
RHN PBEE SHHF <EHL>K MH HK :P:R ?KHF RHNK FHE><NE>

2L> MA> FHNL> PA>>E B? RHN A:0> HG>
RHN PBEE SHHF <EHL>K MH HK :P:R ?KHF RHNK FHE><NE>

2LBG@ :EE MA>L> HIMBHGL MKR MH IHLBMBHG MA> >MA:GHE :L <EHL>ER :L IHLLB;E>:L

BG MA>
?HEEHPBG@ BF.@>
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IDB 8DADGH

2C@ <OJHN JA TIPM HIG@>PG@ RDGG C<Q@ < KM@ ?@ADI@? >JGIJM <N QDND=G@ DI OC@ HIG@>PG@ @?DOJM
OC@N@ >JGJIJMN DI ORI R<TN @DOC@M >C<IB@ OC@ BGJ=<G ?@A<PGO >JGIJM K@M @G@H@I0 IJM JQ@MMD?@ C
<NK@>DAD> <OJH 2C@ ADMNO H@OCJ? PN@N OC@ .M@A@M@I>@N >JHH<I? OC@ N@>JI? H@OCJ? PN@N OC@
"@O<DGN K<I@G QID88C@I6>AH DADG *69>JH %6HH ‘I OCDN OPOJMD<G R@ RDGG >C<IB@ OC@ ?@A<PGO
>JGJIM JA <GG !<M=JI <OJHN PNDIB OC@ .M@A@M@I>@N >JHH<I?

2L>MA> +% T (G:;:G:C8:H F>GN <HFF:G= MH LM:KM MA> IK>?>K>G<>L FH=NE>
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&G MA> IK>?>K>G<>L PBG=HP @H MH MA> MHF HEHKL I:G>E NL>MA> |.G>E ;K
HEHK F>GN
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EB<D HG MA> ;NMMHG :G=L>E><M :K;HG ?KHF MA> I>KBH=B< M:;;E> MA:M
IHIL NI
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7JP ><I IR >C<IB@ OC@ >JGJIM AIJM OC@ ><M=JI <OJHN @DOC@M =T >GD>FDIB JI OC@ >JGIM@? =GJ>F |@SO 0J OC
G<=@G

EB<D HG MA> <HEHK>= ;EH<D

0>E><M RHNK ?:0HKBM> <HEHK :G==BLFBLL MA> HEHK =B:EH@ <EB<D MA> ,(;NMMHG
HG FHLM IE:M?HKFL

EB<D MA> -K>0OB>P ;NMMHG BG MA> ;HMMHF H? MA> $2&IK>?L I:G>E
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'l "$DIKPO OC@ >JGJMN JA OC@ ><M=JI <OJHN RDGG UR =@ <?EPNO@? OJ OC@ >JGJM OC<O TJP C<Q@ N@G@>00@

2C@ .M@QD@R =POOJINCJRN OC@ @AA@>0 JATIPM I@R KM@A@M@I>@N DI <GG JK@I %3' HI?PG@N =PO RDOC
OC@H -I>@ TJIP <M@ >JIO@IO RDOC TJPM >C<IB@N TJP ><I PN@ OC@ 1<Q@ =POOJI OJNOIM@ OC@ I@R ?@A<PG

'‘ATIP >GIN@ OC@ .M@A@M@I>@N RDI?JR RDOCJPO N<QDIB TJPM JMDBDI<G N@OODIBN RDGG =@ M@NOJM@? D
HJ?PG@N

2 M@Q@MO OJ OC@ ?@A<PGO Q<GP@ JA ><M=JI TJP ><I M@HJQ@ OC@ ><M=JI >JGJM DI M@A@M@I>@N RDI?JR
KM@NNDIB OC@ =POOJIDIAMIIO JAOC@ ! >JGIM GDI@

EB<D MA> ;NMMHG BG ?KHGM H? MA> <HEHK EBG>
EB<D MA> -K>OB>P ;NMMHG
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I "$DIKPO TJPM ><M=JI <OJHN IJR NCJPG? C<Q@ OC@DM ?@A<PGO >JGJM <B<DI ?<MF BM<T

2L>MA> >A:T ADH: F>GN <HFF:G= MH <EHL> MA> $2&IK>?L FH=NE> MA> -K>?>K>G<>L
PBG=HP

5C@! LPDOODIB OC@ .M@A@M@I>@N HJ?PG@ RDOCJPO N<QDIB <IT >C<IB@N H<?@ QDND=G@ QD< OC@ .M@QDC
=@ PI?JI@

+6K: E>81JG:

7JP ><I N<Q@ < KD>OPM@ JA TIPM HIG@>PG@ PNDIB OC@ 1<Q@ .D>OPM@ >JHH<I? AMJH OC@ $DG@ H@IP
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2C@ AJMH<O PN@? DN OC@ .,% AJMH<O 7JP ><| >C<IB@ OCEN PEB@CEEB6I H@IP >JHH<I?

7JP ><I <GNJ >C<IB@ OC@ M@NJGPODJI NH<GG@M M@NJGPODJI RDGG M@NPGO DI < NH<GG@M ADG@ =PO RDC
LP<GDOT

4D< OC@ .M@A@M@I>@N >JHH<I|? DO DN KINND=G@ OJ N<Q@ TJPM KM@A@MM@? AJMH<O

0>E><M MA> >A: T +6K: (>81JG: <HFF:G=

"GM>K MA> G:F> ?HK RHNK IB<MNK> >MA:GHE

EB<D MA> 0:0> ;NMMHG

KD>OPM@ RDGG =@ N<Q@? OJ ?DNF >JIO<DIDIB OC@ DH<B@ JA TIPM HIG@>PG@ -IGT OC@ ?M<RDIB <M@< DN N
KD>OPM@ 1JO <GG OC@ DIKPO JKODJIN

%DA:8JA6G 8DC;DGB6I1>DC

*DI6l: HI8=1=61 NDJ ADD@ 6ADC< I=: 6M>H

/HM:M> RHNK FHE><NE> BGMH MA> ?HEEHPBG@ IHLBMBHG

30



+:A8l 1= IDE <GDJE

EB<D HG<> HG MA> MHI <:K;HG :MHF
2L>MA> +:A:8I T +:A:81 DCC:8I:9 F>GN <HFF.G=
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N TJP RDGG 1JOD>@ <GG <OJHN ?DM@>0GT >JII@>0@? OJ OC@ N@G@>0@7? <OJH <M@ <??@? OJ OC@ N@G@>0
TJIP ><I <GNJ H<F@ < N@G@>0DJI =T NCDAO >GD>FDIB JI OC@ @G@H@ION TJP R<IO OJ N@QG@>0

EB<D BG >FIMR LI:<>
EB<D HG MA> MHI <:K;HG :MHF
0AB?M EB<D HG<> PBMAHNM FHOBG@ HG >:<A H? MA> MHI AR=KH@>G :MHFL

2CDN C<N <GHJNO OC@ N<H@ @AA@>0 DI OCDN ><N@ TJP C<Q@ IJO N@G@>0@7? OC@ N@>JI1? ><M=JI <OJH

*DI6l: I=: H:A:8|>DC

5@ <M@ IJR OMTDIB OJ H<F@ <I @>GDKN@? B@JH@OMT

<MKE EB<D PBMA MA> E>?M FHNL> ;NMMHG >C DC: D; I=: H:A:81:9 =N9GD<:CH
:G==K:@ :KHNG= MH KHM:M> MA> L>E><MBHG BG IE:G>

/HM:M> MA> AR=KH@>G :MHFL BG :G :EFHLM ><EBIL>= IHLBMBHG
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7JP ><| HIQ@ OC@ N@G@>0DJI =T >GD>FDIB DI < N@G@>0@? J=E@>0 <I|? ?M<BBDIB RDOC OC@ HIPN@ GG PNP<
JK@M<ODJIN <M@ KINND=G@ MJO<O@ MJO<O@ DI KG<I@ OM<ING<O@ <I? UJJH 8JJH DI OCDN ><N@ H@<IN HJQLC
N@G@>0DJI K@MK@I1?D>PG<M OJ OC@ N>M@ @I

' OC@ NO<OPN AD@G? TIPN@@ OC@ >PMM@I10 MJO<ODJI <IBG@

7JP C<Q@ 0OJ >GD>F <I? NO<MO ?M<BBDIB <O < N@QG@>0@? DO@H 'A TJP >GD>F <I? ?M<B DI NK<>@ TJP RDGG HJQ(
@IODM@ HIG@>PG@

68@ ID +16<<:G:9 :DB:IGN

EB<D BG >FIMR LI:<> MH <E>:K MA> L>E><MBHG
EB<D HG MA> |IK> HIMBFBS> ;NMMHG

2C@ JKODHDU@M RDGG =MDIB OC@ NOMP>0OPM@ =<>F 0J OC@ JMDBDI<G NO<BB@M@? B@JH@OMT ‘A DO ?2J@N |
OCDN NO@K PIODG DO ?2J@N
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J1I>C< 6C9 H:1I>C< <:DB:IGN E6G6B:I:GH

DC9 A:C<I=

$DMNO N@G@>0 OC@ JSTB@I <OJH <I? OC@ >JIl@>0@? CT?MJIB@I| <OJH
2CDN ODH@ R@ H<F@ OC@ N@G@>0ODJI =T ?M<BBDIB < M@>0<IBG@ <MJPI? <GG J=E@>0ON OC<O R@ R<IO OJ N@C

2LBG@ MA> E>?M FHNL> ;NMMHG MH@>MA>K PBMA MA> LAB?M D>R =K:@ : K><M:G@E>
:KHNG= MA> HQR@>G :G= AR=KH@>G :MHF

[>E>:L> MA> FHNL> ;NMMHG :G= MA> LAB?M D>R

2C@ JSTB@I <OJH <I? OC@ CT?MIB@| <OJH <M@ N@G@>0@"?
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' OC@ NO<OPN <M@< TIPN@@ OC@ ?DNO<I>@ =@OR@@| OC@ N@G@>0@? <OJHN DIAIMH<ODJI <=JPO OC@ =JI
NGD?@M

7JP ><IN@O OC@ ?DNO<I>@ OJ <IT Q<GP@ TJP RDNC =T @?DODIB DO JM HJINO >JIQ@ID@IOGT =T PNDIB OC@ NGL

,JMH<GGT OC@ NH<GG@NO BMJPK JA <OJHN RDGG HIQ@ OJ >M@<0@ OC@ M@LP@NO@? ?DNO<I>@ 'A TIP KM@!
RCDG@ PNDIB OC@ NGD?@M OC@ G<NO <OJH N@G@>0@7? RDGG =@ DI OC@ BMJIPK JA <OJHN OJ HIQ@

2L> MA> LEB=>K MH FHO> MA> % :MHF

DC9 6C<A:

0>E><M ?BKLM HG> H? MA> MHI AR=KH@>GL ;R <EB<DBG@ HG BM

+>QM >QM>G= MA> L>E><MBHG LAB?M D>R ;R <EB<DBG@ HG MA> MHI <:K;HG :MHF
#BG:EER >QM>G= MA> L>E><MBHG LAB?M D>R ;R <EB<DBG@ HG :GHMA>K MHI AR=KH@>G
:MHF
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' OC@ NO<OPN <M@< DIAJMH<ODJI <=JPO OC@ =JI? <IBG@ JA OC@ N@G@>0@? OCM@@ <OJHN DN BDQ@!I <I? OC
<B<DI QDND=G@ 7JP ><|>C<IB@ OCDN Q<GP@ 0OJ < Q<GP@ TJP GDF@ HJINO >JIQ@ID@IOGT PNDIB OC@ NGD?@M

>=:9G6A 6C<A:

TN@G@>0DIB AJPM <OJHN R@ B@O DIAJMH<ODJI <=JPO OC@ ?DC@?M<G <IBG@ 1? JA>IJPMN@ TJP ><| <GNJ >C<I
<B<DI HINO >JIQ@ID@IOGT PNDIB OC@ NGD?@M

*HO> MA> FHE><NE> LN<A MA:M RHN <:G L>> :EE :MHFL

0>E><M ?BKLM HG> H? MA> MHI AR=KH@>GL ;R <EB<DBG@ HG BM

+>QM >QM>G= MA> L>E><MBHG LAB?M D>R ;R <EB<DBG@ HG MA> MHI <:K;HG :MHF
+>QM >QM>G= MA> L>E><MBHG LAB?M D>R ;R <EB<DBG@ HG MA> G>QM <:K;HG :MHF
#BG:EER >QM>G= MA> L>E><MBHG LAB?M D>R ;R <EB<DBG@ HG MA> HQR@>G :MHF
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DDG9>C6l:H
2J QD@R OC@ >JIM?DI<O@N R@ C<Q@ 0OJ BJ OJ < ?DAA@M@I0 DIKPO K<I@G 2C@ DIKPO K<I@GN ><| =@ N@G@>C
K<I@G =<M JI OC@ OJK JA OC@ DIKPO K<I@GN OC@ MDBCO C<GA JA OC@ RDI?JR

&G MA> KB@AM LB=> H? MA> #BGINM PBG=HP
EB<D HG MA> %D9:A M:; BG MA> I:G>E ;K
0>E><M MA> DDG9>C6I:H <HFF:G=
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7JP B@O < GDNO JA <GG <MO@ND<I >JIM?DI<O@N 2C@T RDGG =@ PK?<O@7? DI M@<G ODH@ RC@I TJP H<F@ >C<I
HIG@>PG@ <I? TIP ><I <GNJ @?DO OC@ Q<GP@N TIPMN@GA 'l OC<O ><N@ OC@ KD>OPM@ JA OC@ HIG@>PG@
<POJH<OD><GGT

,JO@ OC<O NJH@ <OJHN <M@ CDBCGDBCO@? 2C@N@ <M@ OC@ >PMM@IOGT N@G@>0@7? <OJHN

2C@ +JQ@ OJHN =POOJIN RDGG HIQ@ OC@ N@G@>0@? <OJHN PK JM ?JRI 'l OCDN R<T TJP ><| M@ JM?@M OC@
<OJHN

7JP H<T DINJH@ ><N@N RDNC 0J PN@ 'l0@MI<G >JIM?DI<O@N 2C@N@ RDGG =@ PK?<0@? DI M@<G ODH@ <N R
TJIP ><I <GNJ @?DO OC@ Q<GP@N TIPMN@GA 'A TIP M@ JM?@M OC@ <OJHN RCDG@ PNDIB OC@ 'lO@MI<G >JIM?L

H<OMDS RDGG =@ M@><G>PG<O@? AMJH N>M<O>C 2C@ 8 H<OMDS K<I@G DN DI OC@ "@O<DGN O<= =PO R@ RDC
JKODJI 0J B@O OJ DO

EB<D MA> L>:K<A B<HG :M MA> KB@AM H? MA> |:G>E ;:K
"GM>K MA>M>QM S F: BG MA> L>:K<A ?B>E=

,JO@ OC<O DI OC@ N@<M>C M@NPGON OC@ 8 +<OMDS K<I@G DN CDBCGDBCO@? <I? IJO0@ OC<O OC@ N@<M>C D
N@INDODQ@

EB<D HG MA> L>E><M>= HIMBHG 7 *:MKBQ HK NL>MA> K>MNKG D>R
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MI:C9>C< 6C9 8=6C<>C< NDJG BDA:8JA:

@AIM@ H<FDIB NJH@ >C<IB@N G@O N M@ JKODHDU@ 5@ ADMNO N@G@>0 OC@ +<DI K<I@G NJ OC@ >JIM?DI<
QDND=G@ ?PMDIB OC@ KM@ JKODHDU<ODJI -OC@MRDN@ OCDN H<T NGJR ?JRI OC@ KM@ JKODHDU<ODJI

EB<D HG MA> *BG M;;
EB<D HG MA> |IK> HIMBFBS> ;NMMHG

*@0O N OMT 0J >C<IB@ OC@ !& -& BMJPK DI < I--& BMJPK
2CPN R@ l@@? OJ

\ M@HJQ@ JI@ CT?MJIB@!I

\ >C<IB@ JI@ CT?MJB@I DIOJ <I JSTB@!

\ >C<IB@ < NDIBG@ =JI? DIOJ < 2JP=G@ =JI?

AO@M OCDN R@ RDGG M@Q@MO OJ OC@ @OC<IIG HIG@>PG@

:A:l: 6C 6IDB

$DMNO ?@G@0@ JI@ CT?MJIB@I

EB<D BG >FIMR LI:<> MH <E>:K MA> L>E><MBHG
EB<D HG<> HG MA> AR=KH@>G MH =>E>M> BM PBEE ;> L>E><M>=
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-K>LL MA> ;:<DLI:<> D>R
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2C@ N@G@>0@7? <OJH DN M@HJQ@?

=6C<: I=: INE: D; 6C 6IDB

,@SO R@ RDGG >C<IB@ < CT?MJIB@I DIOJ <I JSTB@| <OJH

0>E><M MA> , MHHE HK IK>LL MA> , D>R
IHN;E> <EB<D HG MA> AR=KH@>G MA:M LAHNE= <A:G@> BGMH :G HQR@>G
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=6C<: I=: 7DC9 INE: D; 6C :M>HI>C< 7DC9

JR OC@ JSTB@I| <OJH DN NDIBGT =JI?@? OJ OC@ ><M=JI R@ |@@? OJ >C<IB@ OCDN DIOJ < ?2JP=G@ =JI?

EB<D HG MA> ;HG= ;>MP>>G MA> <K;HG :G= MA> G>P HQR@>G
2L>MA> DCOHT DC9O'G9:GT DJ7A: F>GN <HFF:G= HK CNLM IK>LL MA> D>R
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2C@ NDIBG@ =JI? C<N >C<IB@? DIOJ < 2IP=G@ =JI?

IJOC@M R<T OJ HJ?DAT < =JI? OTK@ DN OJ >GD>F JI OC@ =JI? JI>@ RCD>C RDGG N@G@>0 OCDN =JI? 2C@I| >GD>F
=JI? 0JJG DI OC@ H@IP =<M =<GG <I? NOD>F GJBJ OJ OC@ MDBCO JA OC@ NO<MO <I? N@G@>0 OC@ KMIK@M =.

2C@ A<NO@NO R<T OJ >C<IB@ OC@ =JI? IM?@M DN OJ PN@ OC@ F@T=J<M? NCJMO>PON 'A TJP C<Q@ N@G@>0@
KM@NN AJM <NDIBG@ =JI? AIM<?IP=G@ =JI? AIJM<OMDKG@ =JI?<I? AIM <I <MIJH<OD> =JI?

2JB@0O < M@<NJI<=G@ B@IJH@OMT JKODHDU@ OC@ NOMP>OPM@
EB<D BG >FIMR LI:<> MH =>L>E><M MA> ;HG=

-K>LL MA> IK> HIMBFBS> ;NMMHG
&? GHM <HGO>K@>= IK>LL IK> HIMBFBS> :@:BG
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99 C:L 7DC9:9 6IDBH
JR OJM@Q@MO 0J OC@ @OC<IIG HIG@>PG@ R@ ADMNO M@HJQ@ OC@ I@R ?JP=GT =JI?@? JSTB@I| <OJH <I? O
Ji@ CT?MJIB@I <OJH

EB<D HG<> HG MA> =HN;ER ;HG=>= HQR@>G :MHF MH L>E><M BM
-K>LL MA> ;:<DLI:<> D>R MH =>E>M> BM

0>E><M MA> % MHHE HK IK>LL MA> % D>R
EB<D HG<> HG MA> <:K;HG :MHF <HGG><M>= MH MA> HQR@>G
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,JO@ OC<O OCDN R<T TJP NO<MO@? =JI?DIB HJ?@ <B<DI <N DI?D><0@7? =T OC@ =JI? OJ OC@ HIPN@ KJIJNDODJI

EB<D HG<> BG >FIMR LI:<> MH F:D> : AR=KH@>G :MHF <HGG><M>= MH MA> <:K;HG
EB<D HG<> DC I=: ?JHI 8G:61:9 :MHF MH LMHI ;HG=BG@

/>1>:M MABL MH :==: L><HG= AR=KH@>G MH MA> <:K;HG :MHF

-K> HIMBFBS> MA> FHE><NE>
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-I>@ <B<DI TJP C<Q@ >M@<0@? <l @0OC<IJG HIG@>PG@

+I:E +:A:81 86A8JA6I>DC DEI>DCH

(G:H:I

7JP NCIPG? <GR<TN NO<MO =T >CJJNDIB OC@ KMIK@M KM@N@O

"$ C<N H<IT ?2DAA@M@I0 HI?@N JA JK@M<ODJI "$DIKPO KM@N@ION OC@ >IJMM@>0 N@OODIBN AJM NJH@ >JHHJI
><G>PG<ODJIN OJB@OC@M <N KM@N@ON

1J OJ JKODHDU@ OC@ B@JH@OMT JA OC@ @OC<IIG HIG@>PG@ R@ >CJIN@ OC@ KMIK@M KM@N@O

0>E><M MA> $>HF>MKR ,IMBFBS:MBHG IK>L>M ?KHF MA> -K>L>M F>GN
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.M@N@ON HDBCO >C<IB@ <IT IPH=@M JA DIKPO JKODJIN 'l OCDN K<MOD>PG<M @S<HKG@ OC@ H<DI 2<NF RDGG >
AMJH 1DIBG@ .JDIO 0OJ %@JH@OMT -KODHDU<ODJI 7JP ><| @<NDGT N@@ RC<O AD@G?N C<Q@ =@@I| PK?<O@? "
KM@N@O OC@T <M@ >JGIM@? BM@@!I

'‘ATIP RIPG? PN@ OCDN KM@N@O <B<DI G<O@M OC@ DIKPO Q<GP@N OC<O <M@ N@O =T OCDN KM@N@O RDGG
Q<GP@N 'ATJIP H<?@ >C<IB@N 0J OCIN@ AD@G?N TJP RDGG GIN@ OCIN@ >C<IB@N

A

2CDN AD@G? >PMM@IOGT @HKOT C<N 1J NK@>D<G H@<IDIB AJM OC@ ><G>PG<ODJI MJPODI@ 'O RDGG =@ PN@?
AJM TIPM >JIQ@ID@I>@ DI OC@ M@NPGO ADG@N JA OC@ "$ ><G>PG<ODJI ' OCDN ><N@ G@O N N@O OC@ ODOC
OC@ HIG@>PG@

"GM>K "MA:GHE PBMAHNM JNHM>L BG MA> 1BME> ?B>E=
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,JO@ OC<O <N NJJI <N TJP NO<MO OTKDIB DI OC@ ODOG@ AD@G? OC@ >JGIM JA OC@ AD@G? >C<IB@N OJ T@GG.
>JGIJM C@M@ <I? DI JOC@M ><N@N DI?D><0O@N OC<0O TJP C<Q@ H<?@ < >C<IB@ RDOC M@NK@>0 OJ OC@ ?@A<P(
OCDN AD@G?

0 ;JC8I>DC6A

| DHKIMO<IO DIKPO JKODJI DN OC@ 6! API>0ODJI<G OJ PN@

$JM OCDN OPOJMD<G OC@ ?@A<PGO KJO@IOD<G ?PMDIB OC@ 1!$ DN NPAAD>D@I0O 1J EPNO G@<Q@ OCDN <O OC
HIM@ <>>PM<O@ M@NPGON TJP NCIPG? N@G@>0 < =@00@M 6! KIO@IOD<G

6H>H H:l

5DOC OC@ <NDN 1@0O KPGG ?JRIH@IP TIP N@G@>0 OC@ =<NDN N@O TJP R<IO OJ PN@
2C@ H@IP BDQ@N <>>@NN 0J OC@ =<NDN N@ON M@BPG<MGT PN@?
$JM OCDN OPOJMD<G R@ RDGG >CJIN@ < Q@MT NH<GG =<NDN N@O 2CDN RDGG TD@G? G@NN <>>PM<O@ M@NF

MPIN HP>C A<NO@M -=QDJPNGT DA TJP R<IO HIM@ <>>PM<O@ M@NPGON TJP NCJPG? PN@ < =@00@M LP<GDOT
2CPN
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0>E><M 07 ?KHF MA> :LBL 0>M INEE =HPG F>GN

&JB:G>86A FI6A>IN

2C@ "$ NJAOR<M@ K<>F<B@ PN@N < IPH@MD><G DIO@BM<ODJI N>C@H@ AJM QDMOP<GGT @Q@MTOCDIB DO H<
IPH@MD><G DIO@BM<ODJI N>C@H@ B@I@M<O@N NJH@ FDI? JA BMD? <I? >JMM@NKJI?DIB R@DBCON "$<I? ,
C<Q@ <GR<TN =@@I! PNDIB OC@ O@4@G?@ 4IMJIJD DIO@BM<ODJIN>C@H@ $IM H<IT ><G>PG<ODJIN OC@ @>F(
DIO@BM<0ODJI BMD? RIMFN =@00@M NJDI "$ OC@ @>F@ DIO@BM<ODJI BMD? H@OCJ? C<N =@ @I <??@? 'O IJR
OC@ ?@A<PGO H@OCJ? <I? IIMH<GGT TJP NCJPG? PN@ OC@ @>F@ BMD? JKODJI

IJOC@M IPH@MD><G ?@O0<DG DN OC<0O < ?@INDOT ADO DN PN@? AJM >JHKPO<ODJI<G @AAD>D@I>T 2C@ NKGDI(
OC@ ?@A<PGO ADO H@OCJ? OC@ JG? NG<O@M OTK@ ADO DN NODGG <Q<DG=G@

5DOC OC@ ,PH@MD><G LP<GDOT JKODJI TIP ><I N@G@>0 OC@ LP<GDOT JA=JOC OC@ @>F@ DIO@BM<ODJI <I? O
ADO <O OC@ N<H@ ODH@

'I>M@<NDIB OC@ LP<GDOT H<F@N OC@ M@NPGON HIM@ <>>PM<O@ =PO RDGG M@LPDM@ NP=NO<IOD<GGT HIM

1DHDG<MGT ?@>M@<NDIB OC@ LP<GDOT RDGG M@NPGO DI G@NN <>>PM<O@ M@NPGON =PO TJP H<T B@O M@!
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2C@ ?@A<PGO Q<GP@ RDGG DI HINO ><N@N =@ ADI@ >@MO<DIGT AJM OCDN OPOJMD<G 'ATJP BJOJOC@ "@O<
OC@ TJIP><IN@O ?@O<DGN JA OC@ DIO@BM<ODJI N>C@H@ <I? ADO H@0CJ? &JR@Q@M OC@ ,PH@MD><G LP
OC@ H<DI K<I@G DN OC@ HJINO >JIQ@ID@I0 R<T OJ N@G@>0 OC@ LP<GDOT

'I=:G >CEJI DEI>DCH

2C@ K<I@GN JI OC@ MDBCO ND?@ >JIO<DI H<IT HIM@ DIKPO JKODJIN 7JP N@G@>0 < K<I@G RDOC OC@ H@IPN DI
K<I@G =<M IM =T N@<M>CDIB AJM < K<MOD>PG<M JKODJI <N R@ ?D? 0J GJ><O@ OC@ 8 +<OMDS K<I@G 5C@IN@
AJIM <l JKODJI <IT O@SO DI OC@ K<I@GN RDGG H<O>C <N R@GG <N AMJH OC@ C@GK =<GGJJIN GNJ OC@ >IJMM@
"$ DIKPO F@TN RDGG H<O>C

2C@ H@IP DO@HN PN@ < >JGJIM >J?DIB OJ NCJR TJP RCD>C K<I@GN C<Q@ =@@| <AA@>0@? =T < KM@N@O BM@¢
OC@ PN@M T@GGJR IM=JOC M@?

N R@ RDGG 1JO ?J <ITOCDIB NK@>D<G MDBCO JR TJP ?J U0 1@@? OJ >C<IB@ <ITOCDIB DI JOC@M K<I@GN

+:E  *JC NDJG 86A8JA61>DC

+6K: NDJG >CEJI 6C9 8G:61: 6 ?D7 H8G>EI

$DI<GGT TIP RDGG R<IO OJ N<Q@ TJPM DIKPO
0>E><M MA> >A: T +6K: <HFF:G=

"GM>K MA> G:F> >MA:GHE BG MA> #BE>G:F> ?B>E=
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EB<D HG 0:0>

?D<GJB KJKN PK <NFDIB TJP DA TIP M@<GGT R<IO OJ N<Q@ OC@ MPI N>MDKO @Q@! OCJIPBC DO RDGG I1JO =@ >J\

2C@ MPI N>MDKO RDGG 1JO =@ >JMM@>0 =@><PN@ R@ PN@ OC@ AMJU@I >IM@ JKODJI 0JB@OC@M RDOC H@O+
R@M@ 0JG? =@AIM@ >>@KO OCDN <I? N<Q@ DO <ITCJR

EB<D 6>L MH L:0> MA> KNG L<KBIM

WJR TIP C<Q@ N<Q@? TIPM >PMM@I10 JKODJIN <I? HIG@>PG@ DIAJMH<ODJI 2C@ ADG@ RDGG <POJH<OD><GGT B(
@SO@INDJI <?A

"$DIKPO C<N <GNJ >M@<0@? < >JMM@NKJI?DIB N>MDKO ADG@ 2CDN N>MDKO ADG@ C<N OC@ N<H@ I<H@ =POR
@SO@INDJI MPI DINO@<? JA <?A
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10C@ "$EJ=N HI?PG@ TJP ><I N@@ RC<O ADG@N C<Q@ =@@I| >M@<0@?

EB<D HG<> BG MA> #CH;L PBG=HP MH :<MBO:M> BM
EB<D HG<> HG MA> MKB:G@E> BG ?KHGM H? MA> G:F> H? MA> CH; >MA:GHE

7JP RDGG N@@ OC@ <?A<I? MPIADG@N <I? < KD? ADG@ OC<O "$EJ=N PN@N OJ NOIM@ DIAJMH<ODJI 7JP HDBC
OC@ KD>OPM@ OC<O TJP N<Q@? DA TIJP PN@? OC@ I<H@ @OC<IJG AJM DO -IGT OC@ @SO@INDJIN <M@ GDNOC
ADG@I<H@N <M@ @OC<IJG <?A @OC<IIG MPI <I? @OC<IJG KD? ,JOD>@ OC@ EJ=NO<OPN D>JI OC@ JK@| >DM>G(
MDBCO OC<O "$EJ=N PN@N OJ DI?D><0@ < |I@R EJ=

*JC NDJG 86A8JA61>DC

2J <>OP<GGT K@MAIMH OC@ ><G>PG<0ODJI OC@ B@JH@OMT JKODHDU<ODJI JA OCR7/@CIxIIGC HIG@>PG@ PN@
H@IP >JHH<I? DI "$EJ=N

*:.D> LNK> MA> >MA:GHE CH; BL L>E><M>=BG #CH;L BM BL B? RHN ?HEEHP>= MA>
MNMHKB:E
0>E><M MA> "D7 T*JC  <HFF:G=

2CDN RDGG @S@>PO@ OC@ MPI N>MDKO OC<0O C<N EPNO =@@| >M@<0@7? 'A TJP C<Q@ |@Q@M H<?@ >C<IB@N [
N@OPK OC@ ?@A<PGO =@C<QDJM DN OJ MPI OC@ EJ= DI OC@ =<>FBMJPI? JI TIPM GJ><G >JHKPO@M PNDIB OC@
LP@P@ 2CDN LP@P@ RDGG H<F@ NPM@ OC<O DA TJP OMT OJ MPI HIM@ OC@! JI@ EJ= <O OC@ N<H@ ODH@ OC¢
JI@ <AO@M <lJOC@M

-I>@ TIPM EJ= NO<MON MPIIDIB "$EJ=N RDGG NCJR OC@ KMJBM@NN JA OC@ ><G>PG<ODJI OC@ G<NO A@R GDI@
GJBADG@

,JO@ OC<O RCDG@ MPIIDIB OC@ EJ= NO<OPN NTH=JG DI "$EJ=N >C<IB@N

'ATJP RDNC OJN@@ OC@ APGG GIJBADG@ RCDG@ OC@ ><G>PG<0ODJI DN MPIIDIB EPNO >GD>F JI OC@ GJBADG@
"$EJ=N RDI?JR

EB<D HG MA> EH@?BE> EBG>L BG MA> #CH;L PBG=HP

JR OC@ GIJBADG@ DN NCJRDIB DI OC@ "$0<DG RDI?JR
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+:E  *:HJAIH D; NDJG 86A8JA6I>DC

$D<;>A:  16>A

2C@ GJBADG@ DN N<Q@? <I? @SO@I1?@7? =T "$ <N DO DN MPIIDIB ,JMH<GGT DO DN HINO >JIQ@ID@I0 OJ QD@R DC
OC@ "$EJ=N RDI?JR OJ KM@Q@IO N>M@@! >GPOO@M

0DBCO IJR DO DN <GM@<?T NCJRDIB DI OC@ "$0O<DG RDI?JR <I? DIOC@ "$EJ=N RDI?JR =PO TJP >JPG? C<Q@ PN@
<IT O@SO @?DOJM

5<DO AJM OC@ ><G>PG<0ODJI OJ ADIDNC

4:BM NGMBE #M:BE LAHPL 'H; A:L ?BGBLA>= :L E:LM EBG>
&G MA> =B:EH@ MA:M IHIL NI <EB<D 6>L MH NI=:M> MA> @>HF>MKR

JR>GIN@ "$0<DG =T PNDIBX2C® ADH: H@IP >JHH<I?

&G MA> PBG=HP LAHPBG@ MA> EH@?BE> MA> #M:BE PBG=HP
0>E><M MA> >A: T ADH: <HFF:.G=

10C@ "$EJ=N RDI?JR 1JO@ OC<O OC@ EJ= NO<OPN D>JI C<N >C<IB@? OJ DI?D><O@ OC<0O OC@ EJ= DN M@<?T
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>A:H

"$ C<N >M@<0@7? < >JPKG@ JA ?<O< ADG@N <I? < >JPKG@ JA O@SO ADG@N 7JP ><|>C@>F OCDN DI OC@ "$EJ=N|

EB<D HG MA> #CH;L PBG=HP
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,JO@ OC<0O OC@ *J><G ADG@N <M@ QDND=G@ =@><PN@ @<MGD@M DI OC@ OPOJMD<G TJP <GM@<?T >GD>F@? .
OC@ ?@O<DGN AJM OCDN EJ=

2C@ <?A ADG@ DN OC@ DIKPO <N N<Q@? =T "$DIKPO

2C@ MPIADG@ DN OC@ MPI N>MDKO <GNJ N<Q@? =T "$DIKPO

2J @I<=G@ NK@>DAD> JKODJIN JA TIPM "$ EJ= >C<IB@N OJ OC@ O@SO JA OC@ MPIN>MDKO ><| =@ H<?@ JK@IDI
?2JIP=G@ >GD>F N@K<M<O@ O@SO @?DOJM RDI?JR KIKN PK <AO@M OC@ ?IP=G@ >GD>F OC@ I ?7@A<PGO O@¢
KMJIBM<H ><| =@ ?@ADI@? QD< OC@ #"2-0 Q<MD<=G@ K<NN@? 0J "$ %3' 5C@I TIJP MPI TJPM EJ= TJPM @?DO@?
MPIADG@ RDGG =@ PN@? ,JO@ OC<O RC@I! TIP N<Q@ TJPM DIKPO QD< "$DIKPO <B<DI TIPM MPIADG@ RDGG =(
JOQ@MRMDOO@I <I? OCPN TJP GIN@ <IT >C<IB@N TJP H<?@ RC@| @?DODIB OC@ MPI ADG@

2C@ EJ=ADG@ DN < N>MDKO ADG@ =<N@? JIOC@ MPIADG@ <I? DN>M@<0@? =T "$EJ=N 'O >JIO<DIN <GG >JHH=
M@LPDM@? OJ MPI TIPM EJ= <I? DN <>OP<GGT MPI =T "$EJ=N RC@I| TIP PN@ OC@ OPI >JHH<I?

2C@ KD? ADG@ DN < ADG@ OC<O >JIO<DIN TJPM EJ= NO<OPN <I? >JIADBPM<ODJI 'O DN PN@? =T "$EJ=N
2C@ JOC@M ADG@N <M@ KMJ?P>@? =T "$ 2C@ @MM ADG@ >JIO<DIN @MMJIM H@NN<B@N OC@ GJIBADG@ NCJR

JA OC@ ><G>PG<0ODJI OC@ JPO ADG@ DN OC@ H<DI O@SO JPOKPO ADG@ <I? OC@ JOC@M ADG@N <M@ =DI<MT
M@NPGON JA OC@ ><G>PG<0ODJI
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:DB:IGN 8=6C<:H BDK>:

"$ C<N JKODHDU@? OC@ B@JH@OMT <I? R@ ><I PN@ OC@ "$HIQD@ HJ?PG@ OJ QDNP<GDU@ OC@ KMJBM@NN
JKODHDU<ODJI 1J G@0O N NO<MO "$HJQD@ PNDIB OC@ 1!+ H@IP DI TIPM "$DIKPO RDI?JR

0>E><M MA> + % T %DK>: <HFF:G=BG #BGINM

2C@ "$HIQD@ HI?PG@ RDGG ?DNKG<T < HIQD@ JA OC@ B@JH@OMT JKODHDU<ODJI
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2J NO@K OCMJIPBC OC@ ?DAA@M@I0 B@IH@OMD@N PN@ OC@ NGD?@M =@GJR OC@ KD>OPM@ !GD>FDIB DI OC
NO@K OCMJPBC OC@ AM<H@N GO@MI<ODQ@GT TJP ><I BM<= OC@ NGD?@M <I1? HIQ@ OJ OC@ AM<H@ TJP RDNC
PN@ OC@ G@AO <I? MDBCO <MMJR F@TN OJ NDIBG@ NO@K OCMJPBC OC@ AM<H@N

7JP >JIOMJG KG<TDIB RDOC OC@ =POOJIN 5C@! TIPM HIPN@ KJDIO@M DN <=JQ@ <IT JA OC@ =POOQJIN <I? 1JO HJQ
< =<GGJJI RDGG KJIK PK NCJIRDIB RC<O OC<0O K<MOD>PG<M =PO0OJI RDGG ?J

'O DN JAO@I ID>@ OJ C<Q@ < BM<KC JAOC@ @I@MBT <N API>0ODJI JA OC@ B@IJH@OMT NO@K "$HIQD@ ><I NCJR |
BM<KCN @<NDGT

2L>MA> GO6E=T C:G<N F>GN <HFF:G=
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7JP ><I @Q@I NCIR N@Q@M<G BM<KCN AJM ?DAA@M@I0 KMIK@MOD@N <O OC@ N<H@ ODH@
2L>MA> GO6E=T 99 G6E= F>GN <HFF:.G=

0>E><M MPH <:K;HG :MHFL ;R LAB?M <EB<DBG@ HG MA>F
2L>MA> GO6E=T >HI6C8: C<A: >=9G6A F>GN <HFF:G=

JR TIP C<Q@ ORJ BM<KCN -1@ JAOC@H DN OC@ <>0ODQ@ BM<KC 5C@I TIP H<F@ < I@R BM<KC DO RDGG <GR<T!
OC@ <>0ODQ@ BM<KC 7JP ><| <GNJ H<F@ < BM<KC <>0DQ@ =T >GD>FDIB JI DO
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5C@1 TIP N@G@>0 < KMIK@MOT AMIH OC@ %M<KC H@IP #I@MBT "DNO<I>@ <I? NJ JI OC<O KMIJK@MOT RDGG =@
DI OC@ <>0DQ@ BM<KC

7JP ><| <GNJ C<Q@ HPGODKG@ >PMQ@N DI JI@ BM<KC DA KINND=G@ JI@ KMIK@MOT K@M 7 <SDN 7JP H<T C<Q(
>PMQ@N JI OC@ N<H@ 7 <S@N DA OC@T <M@ PNDIB OC@ N<H@ PIDO <GG IBNOMJHN AJM @S<HKG@

0>E><M MPH <:K;HG :MHFL :G= HG> HQR@>G :MHF ;R LAB?M <EB<DBG@ HG MA>F
2L>MA> G6E=T >HI6C8: C<A: >=9G6A F>GN <HFF:G=

IJOC@M A@<OPM@ DN OC<O TJP ><| >GD>F JI < KIDIO DI JI@ JA OC@ BM<KCN 'O RDGG =@ H<MF@? OC@ HJQD@ F
OC<0O K<MOD>PG<M NO@K <I? DA TIJP C<Q@ HIM@ OC@I JI@ BM<KC OC@ >JMM@NKJI?DIB KIDIO N RDGG <GNJ =@
OC@ JOC@M BM<KCN

2J MJO<O@ OM<ING<O@ JM UJJH OC@ KD>OPM@ PN@ TJPM HIPN@ EPNO <N DI "$DIKPO

2L> MA> LEB=>K MH @H MH : ?K:F> BG MA> FB==E> H? MA> HIMBFBS:MBHG

1@G@>0DIB <OJHN KMJQD?@N DIAIJIMH<ODJI <=JPO <OJHN =JI?N @O> 2C@ DIAJIMH<ODJI RDGG =@ PK?<O@? RC@
0J <IJOC@M KJIDIO DI OC@ HIQD@ < ?DAA@M@I0 B@IJH@OMT 7JP ><IN@@ @S<HKG@N JA OC@N@ DI OC@ KD>C

7JP ><| <GNJ NCJR OCDN DIAJMH<ODJI DI OC@ " RDI?JR

2L>MA> >.L T :DB:IG>8!C,DT C<A: F>GN <HFF:G=
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2C@ <IBG@ RDGG =@ QDNP<GGT <??@? 0J TIPM HIG@>PG@
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&G MA> I#FHOB> PBG=HP L>E><M >A: T ADH:

'G7>16A :C:G<N A:K:AH A:K:AH

0>E><M RHNK CH; BG MA> #CH;L PBG=HP ;R <EB<DBG@ HG MA> CH; G:F>
0>E><M MA> + % T $:K:AH  <HFF:.G=

"$G@Q@GN RDGG NO<MO <I? NCJR < ?D<BM<H JA OC@ @I@MBT G@Q@GN JA OC@ @OC<IJG HIG@>PG@
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' OC@ ?D<BM<H TJP ><IN@@ AMJH RC<O AM<BH@IO OTK@N OC@ HIG@>PG<M G@Q@GN <M@ >JHKIN@?
*HO> MA> FHNL> :KHNG= :;HO> =B??>K>GM E>0>EL PBMAHNM <EB<DBG@

<GGJJIN RDGG KJK PK RDOC DIAJMH<ODJI <=JPO OC@ G@Q@G <O OC@ HIPN@ KJNDODJI 2C@ +- IPH=@M @DB@!
J>>PK<ODJI <I? CIJR DO DN >JHKIN@? JA 1$-N AM<BH@IO JM=DO<GN

EB<D :G= AHE= HG MA> %,*, E>O>E H? MA> FHE><NE>

&G MA> [HI NI MA:M :lI>:KL L>E><M OAHP ):;>EL
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EB<D :G= AHE= HG MA> %,*, H? MA> , ?K:@F>GM MRI>
&G MA> [HI NI L>E><M OAHP ):;>EL

2J <>OP<GGT N@@ OC@ JM=DO<G N@G@>0 OC@ JM=DO<G AMJH OC@ OJK JA OC@ KIK PK H@IP

EB<D :G= AHE= HG MA> %,*, E>O>E H? >MA:GHE
0>E><M MA> <HFF:G=

RDI?JR RDOC < KD>OPM@ JA OC@ JM=DO<G NCJIPG? <KK@<M
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7JP ><| HIQ@ MJO<O@ OM<ING<O@ <I? UJJH OC@ JM=DO<G RDOC TJPM HIPN@

EHL> MA> PBG=HP LAHPBG@ MA>HK;BM:E >A:T ADH: BG MA>PBG=HP =BLIE:RBG@ MA>
HK;BM:E

A:8IGDC 9:CH>IN EDI:CI>6A 6C9 DG7>I6AH K>:L

0>E><M +% T .>.L

"$QD@R RDGG NO<MO PK <I? NCJR < KD>OPM@ JA TIPM HIG@>PG@

65



7JP ><IPN@ "$QD@R OJ QDNP<GDU@ <GG FDI?N JA AD@G? M@G<O@? KMIK@MOD@N ?@INDOD@N JM=DO<GN
<>0P<GGT C<Q@ <GM@<?T PN@? DO =@AIM@ OC@ KD>OPM@ JA OC@ JM=DO<G OC<0O R<N >M@<O@? PNDIB "$G
=T "$QD@R

3N@ OC@ HIPN@ OJ MJO<O@ OM<ING<O@ JM UJJH <N DI "$DIKPO

10C@ .MIK@MOD@N H@IP OC@M@ <M@ NJH@ KM@ ?@ADI@? OCDIBN OJ QDNP<GDU@ ?@INDOT NKDI ?@INDOT
<I?HIM@ 'ATIPN@G@>0JI@ JAOC@N@ TJP RDGG N@@ OC@ >IJMM@NKJI?DIB DO@H DHH@?D<O@GT &JR@Q@
><| ?2J HP>C HIM@ <I? BDQ@N TJP GJON JA >JIOMJG

$IM @S<HKG@ G@ON NCJIR < ?@INDOT DNINPMA<>@ >JGIM@? =T OC@ @G@>OMJINO<OD> KJO@IOD<G

0>E><M MA> 99 T IHDHJG;68: DADG:9 <HFF:G=

@GJR OC@ KD>OPM@ < >JIOMJG GDI@ RDGG =@ >M@<0@? "$QD@R >M@<O0@N JI@ NP>C GDI@ AJM <GG QDNP<(
NK@>D<G AD@G?N NPMA<>@N >PO KG<I@N ><G>PG<O@? AD@G?N @O> OC<O TJP <??

‘I OCDN K<MOD>PG<M ><N@ OC@ >JIOMJG GDI@ >JIO<DIN ORJ KPGG ?JRI H@IPN OC<O TJP PN@ OJ N@G@>0 OC@
R<IO OJ QDNP<GDU@

#KHF MA> ?BKLM INEE =HPG F>GN BG MA> <HGMKHE EBG> L>E><M  CH>INT +
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#KHF MA> L><HG= INEE =HPG F>GN BG MA> <HGMKHE EBG> L>E><M (DI:CI>6A T +

2J ?@HJIINOM<O@ NJH@ JOC@M KINND=DGDOD@N JA "$QD@R ?J OC@ AJGGJRDIB
0>E><M MA> (GDE:GI>HT '%' <HFF:G=

EB<D HG MA> <A><D ;HQ BG MA> #&/01 <HGMKHE EBG> MH AB=> MA> =>GLBMR
/HM:M> MA> FHE><NE> MH @>M : @HH= OB>P
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0>E><M MA> 99T JI EA6C: DADG:9 <HFF:G=

&G MA> G>P <HGMKHE EBG> IK>LL HG MA> INEE =HPG F>GN :G= L>E><M CH>INT +
EB<D MA> <A><D ;HQ BG ?KHGM H? MA> &LHLNK?:<> IHN;E> EBG> MH AB=> MA> %,*,
0>E><M MA> :K;HG :G=,QR@>G :MHFL MAK>>:MHFL

EB<D MA> PBMA :MHFL ;NMMHG G>QM MH MA> -HLBMBHG IE:G> HIMBHG MANL MA>
NMMHG GHM MA> <A><D ;HQ

EB<D MA> <A><D ;HQ BG ?KHGM H? MA> &LHLNK?:<> IHN;E> EBG> MH LAHP MA> %,*,
0>E><M MA> > A9HT G>9T %:9>JB <HFF.G=

EB<D 6>L MH K><:E<NE:M> MA> ?B>E=L

/HM:M> RHNK FHE><NE> MH @>M : @HH= OB>P
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7JP ><I N<Q@ OC@ KD>OPM@ TJP >M@<0@ PNDIB OC@ 1<Q@ .D>0PM@ H@IP >JHH<I?
0>E><M >A: T +6K: (>81JG:
"GM>K MA> G:F> PBMAHNM >QM>GLBHG H? MA> ?BE> RHN P:GM MH <K>:M>
EB<D 0:0>
KD>0OPM@ RDOC OC@ ADG@ I<H@ TJP NK@>DAD@? C<N =@@! >M@<0@?
7JP HDBCO R<IO OJ @SKGIM@ NJH@ HIM@ JA OC@ KINND=DGDOD@N JA "$QD@R Jl TIPM JRI +<IT ?2DAA@M@IO KI

><| =@ QDNP<GDU@? <N TJP KMJ=<=GT C<Q@ IJOD>@? DI OC@ KPGG ?JRIH@IPN @ ><M@APG RDOC <>0DQ<ODIB
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JR TIP ><IN@G@>0 OC@ NOMP>0OPM@ AMJH OC@ NOMP>OPM@N H@IP <I? 2DM@>0GT PN@ DO

0>E><M RHNK G>P LMKN<MNK> ?KHF MA> LMKN<MNK>L F>GN
IHN;E> <EB<D HG HG> H? MA> AR=KH@>GL

,JOD>@ OC<0O OC@ CT?MJIB@I <OJH DN 130 M@HJQ@? <I? OC<O OC@ ,& BMJIPK DN <O0<>C@? OJ DO 1DHDG<M =@
=@@! ?@HJINOM<O@? RDOC OC@ =D?@10<0@ GDB<I?N RC@M@ OC@ ?PHHT <OJHN <M@ <GNJ PN@?

‘A TIP R<IO OJ >G@<I PK TIPM NOMP>OPM@N TJIPHSISIN@HIOBA T %6C6<: +IGJI8IIG:H

>JHH<I? 'ATJP PN@ DO "$EJ=N RDGG JK@I <I? NCJR OC@ >JIO@ION JA TIPM 10MP>OPM@N ?DM@>0JMT N OC@
NOMP>OPM@N <M@ EPNO NDHKGDAD@? <?A ADG@N TJP ><IJK@! OC@H PNDIB "$DIKPO 1? PNDIB "$EJ=N TJP ><
M@I<H@ OC@H JM ?@G@0@ OC@H
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+I:E  HE=:G:D; J6IDBH 8JI DJI D; I=: 8GNHIGA

5@ NO<MO H<FDIB < IP >MTNO<G PNDIB < NPK@M >@GG NJ R@ C<Q@ H<IT M@<G P <OJHN

2J=PDG? OC@ >MTNO<G R@ I@@? OJ PN@ OC@ K@MDJ?D> OJJGN 2C@N@ RDGG RIMF JIGT AJM KMJIBM<HN NPKt
K@MDJ?D>DOT GDF@ "$2

OM:KM #BGINM HK NL> >A: T&L BG MA><NKK>GMER HI>G #BGINM PBG=HP
OPBM<A MH #1 FH=> I.:G>E ;K T,

0>E><M ->KBH=B<BMR NED

9> T GNHIBAT J7>8T ;88

EB<D ,(BG MA> [HI NI PBG=HP

9> T GNHIBA T :C:G6l: +JE:G :AA

EB<D ,(BG MA> IHI NI PBG=HP

2G<A><D .>.L T (:G>D9>8 T *:E:6l -C>| :AAH LH HGER HG> NGBM <>EE PBEE ;> LAHPG

JRR@ C<Q@ <=GJ>F JA'P RDOC @SKGD>DO !P <OJHN OC<O DN PNDIB < NPK@M >@GG ,@SO R@ RDGG >@I0@N
<I? N@G@>0 < NKC@M@ JA <OJHN <MJPI? OC@ JMDBDI

*:D> LNK> MA> HKB@BG BL BG MA> <>GM>K H? MA> ;EH<D 9> T +:1'G><>C
+:A:8| T +:A:8| IDB ADH: ,D'G><>C

+:A:81 T +:A:8l />|=>C *69>JH

EB<D ,(
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+:A:81 T ICK:GI +:A:8I1>DC

-K>LL MA> :<DLl:<> D>R MH =>E>M> MA> L>E><M>= :MHFL

&? BM =H>L GHM K>LIHG= <EB<D HG<> BG MA> =K:PBG@ :K>: MH ?H<NL HG BM :G=
IK>LL MA> :<DLI:i<>D>R :@:BG

OPBM<A MH # I:G>E ;:K , T

/HM:M> : EBMME>

N TIP ><IN@@ TJIP C<Q@ < Q@MT NH<GG NKC@M@ >JINDNODIB JA IP <OJHN DI OC@ HIG@>PG<M "$ KMIBM<H
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-=QDJPNGT =T H<FDIB <=DBB@M NPK@M >@GG <I? N@G@>0DIB <OJHN RDOCDI < GKMB@M M<?DPN TJP ><| H<F@ :
NKC@M@N

+I:E 86G7DC C6CDIJ7:

NH<GG KD@>@ JA I<IJOP=@ DN DI>GP?@? DI OC@ HIG@>PG@ ?<0O<=<N@ NJ TJP ><|I EPNO N@<M>C AJM DO <I? PN
&IR@Q@M OTKD><GGT JI@ R<ION NJH@ NK@>DAD> I<IJOP=@ NOMP>OPM@ |? H<F@ DO DIADIDO@ K@MDJ?D> DI
?DH@INDJI 2CDN ><| >JIQ@ID@IOGT =@ ?JI@ =T DHKIMODIB OC@ NOMP>0OPM@ <N AJPI? JI OC@ R@=

2L>: P>; ;KHPL>K MH @H MH MA> 2P=@%@] I<IJOP=@ NOMP>OPM@ B@I@M<OJM
[>IN>LM &# ?HKF:M :L HNMINM E>:0> HMA>K HIMBHGL :M MA> =>?:NEM O:EN>L
EB<D @>G>K:M>

10OC@ =MIRN@M RDI?JRN R@ B@O OC@ I<IJOP=@ NOMP>0OPM@ DI !'$ AIMH<O NJH@OCDIB GDF@ OC@ AJGGJRDIE
=:M:9G:GHMN;>

9:N=BM9<K>:MBHG9F>MAH= +:GHMN;> 1IN;>$>G '1#K>R
2GBO>KLBMR H? I>E:P:K>

9<>EE9E>G@MAQ9:
9<>EE9E>G@MADY9;
9<>EE9E>G@MA9<
9<>EE9:G@E>9:EIA:
9<>EE9:G@E>9;>M:
9<>EE9:G@E>9@:FF:
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http://turin.nss.udel.edu/research/tubegenonline.html

ILRFF>MKRILI:<>9@KHNI9G:F>9% * -
ILRFF>MKR9&GMO91:;E>LIGNF;>K

EHHI9
9:MHFOLBM>9E:;>E
9:MHFOLBM>9?K:<M9Q
9:MHF9LBM>9?K:<M9R
9:MHFOLBM>9?K:<M9S

,@SO R@ R<IO OJ B@O OCDN NOMP>0OPM@ DIOJ "$DIKPO

0>E><M MA> &# BG?HKF:MBHG BG RHNK ;KHPL>K
HIR

OM:KM #BGINM

9> T (6HI:

>LT M:H

/HM:M> MH @>M : @HH= OB>P
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5@ N@@ < KD@>@ JA I<IJOP=@ M@K@<O0@? DI <GG ?DM@>0DJIN >OP<GGT IDI@ I<IJOP=@N <M@ QDND=G@
,JOD>@ OC<O OC@ I<IJOP=@N <M@ JMD@I0@7? <GJIB OC@ 8 <S@N

2C@ %3' ><| C<I?G@ JI@ ?DH@INDJI<G NTNO@HN &JR@Q@M DI ><N@ JA < JI@ ?DH@INDJI<G NTNO@H < >C<DI OC
G<OOD>@ Q@>0OJM DN <GR<TN <GJIB OC@ 6 ?DM@>0DJI 1J 0J >C<IB@ JPM I<IJOP=@ DI < ID>@ K@MDJ?D> JI@ ?DF
NOMP>0OPM@ R@ I@@7? OJ MJO<O@ DO DI>GP?DIB OC@ G<OOD>@ Q@>0JMN NP>C OC<O OC@ OP=@ DN <GJIB OC
2L>MA> 9>| T *DI6l: F>GN <HFF:G= MH F:D> MA> G:GHMN;> EB> :EHG@ MA> 5 :Q>L

ABGM KHM:M> :KHNG= MA> 6 :Q>L
OPBM<A MH : HG> =BF>GLBHG:E LRLM>F <A:BG
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2C@ 0JO<O@ >JHH<I? ?D? 130 JIGT MJO<O@ OC@ >JIM?DI<O@N JA OC@ <OJHN =PO <GNJ OC@ G<OOD>@ Q@>0J
R@ C<Q@ < NH<GG KD@>@ JA I<IJOP=@ M@H@H=@M DO <GM@<?T DN M@K@<O0@? ODH@N AJM QDNP<GDU<OD
HDBCO =@ NPAAD>D@I0 AJM TIPM KPMKIN@N =PO DO DN @<NT OJ H<F@ < =DBB@M KD@>@

9> T GNHIGA T :C:G6l: +JE:G :AA
EB<D ,( MH K>I>:M MA> NGBM <>EE MBF>L
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1RDO>C OJ NJH@ 131 K@MDJ?D> >J?@ GDF@ "$ DA TJP RDNC OJ OM@<O OCDN KD@>@ JA I<IJOP=@ RDOCJPO DIAL
NTHH@OMT

JIDG>6A J>A9>C< GNHI6AH 6C9 +A67H

' OCDN OPOJMD<G R@ ?@HJINOM<O@ OC@ RJIMFDIB JAN@Q@M<G OJIGN OC<0O >JH=DI@7? BDQ@ TJP BM@<0O AG(
K@MDJ?D> NOMP>OPM@N

'ATIP <M@ 1J0 DIO@M@NO@? DI K@MDJ?D> NOMP>0OPM@N AJM @S<HKG@ DA TJP JIGT PN@ "$ TJP ><I NFDK OCI
2C@ DINOMPH@ION <O TJPM ?DNKJIN<G <M@

2C@ >MTNO<G NOMP>OPM@N 0JJG

2C@ KM@?@ADI@? >MTNO<G NOMP>OPM@N DI OC@ ?<0<=<N@ QD<OC@ N@<M>C AD@G?
I'$ ADG@ DHKIMO@M

IMTNO<G =PDG?@M AMJH NK<>@ BMJPK DIAJMH<ODJI

1IPK@M >@GG 0JJG OJ @IGMB@ OC@ PIDO >@GG

1GD>@ 0JJG 0J >PO JPO NG<=N AMJH <IT >MTNO<G

— - - - -
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2JPN@ OC@N@ OJIGN TIP I@@? OJ PN@ "$DIKPO DI K@MDJ?D> HJ?@ $IM @S<HKG@ =T NRDO>CDIB OJOC@ ,"
HJ?@ JM =T NRDO>CDIB OJ "$2 JM +JK<> <|? |@SO >C<IBDIB OC@ K@MDJ?D>DOT

,=: GNHI6A +IGJ8I1JG:H ,DDA
'A TIP <M@ GP>FT TIPM >MTNO<G NOMP>OPM@ DN <GM@<?T DI>GP?@? DI "$DIKPO +JNO JA OC@ >JHHJI NOMP>OF
OC@M@ ,<!G DN JI@ JA OC@H

OM:KM #BGINM :G= LPBM<A MH +! HK MH #1 :G=LPBM<A MA> |>KBH=B<BMR MH
NED

EB<D HG MA> LGHP?E:D> EBD> IB<MH@K:F HG MA> MHHE;:K

0>E><M: N;B< E:MMB<>:G=MA>G +: E

,@SO0 < ?D<GJIB KJKN PK RC@M@ TJIP ><| >C<IB@ OC@ K<M<H@O@MN JA OC@ NOMP>0OPM@ NP>C <N G<OOD>@ >J
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' OCDN ><N@ OC@M@ DN 1J |@@? 0J >C<IB@ <ITOCDIB
EB<D ,(

1JH@ODH@N < >MTNO<G DN 1JO ?DM@>0GT DI OC@ GDNO | @S<HKG@ DN *D$ 'O C<N OC@ N<H@ >MTNO<G NOMF
=P0O JOC@M @G@H@ION <I? < 2DAA@M@IO G<OOD>@ >JINO<IO I<H@GT
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JI>G :@:BG MA> +: E =B:EH@
A:G@> MA> E:MMB<> <HGLM:GM :G= MA> >E>F>GML L LAHPG

EB<D ,(
2C@ ,<!G >MTNO<G NOMP>OPM@ RDGG =@ M@KG<>@? =T OC@ I@R *D$ >MTNO<G NOMP>OPM@
1JH@ >MTNO<G NOMP>OPM@N C<Q@ HIM@ K<M<H@O@MN

0>E><M 1>MK:@HG:E :G= MA>G /NMBE> ?KHF MA> LGHP?E:D> MHHE
EB<D ,(
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NTIP><IN@@ DO C<N ORJ G<OOD>@ K<M<H@O@MN OC<O I@@7? OJ =@ NK@>DAD@? PO IJR <GNJ OC@ KJINDOL
JSTB@IN C<Q@ < KKM<H@O@M S

AO@M >GD>FDIB -F TIPM N>M@@| RDGG GJJF GDF@ OCDN
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,=: GNHIGA +IGJ8IJG:H 61676H:

GG >MTNO<G NOMP>OPM@N FIJRI OJ OC@ >MTNO<G NOMP>OPM@N 0JJG <M@ <GNJ <Q<DG<=G@ QD< OC@ N@<N
(PNO <N TJP ><I N@<M>C AIM < HIG@>PG@ TJP ><I N@<M>C AJM < >MTNO<G 1J G@ON H<F@ ,<!G <B<DI

SA:T &L

EB<D HG MA> L>:K<A B<HG HK IK>LL <HGMKHE HK <HFF:G= #

1RI> +: E PBMAHNM MA> JNHM>L

7JP NCIPG? B@O < >JPKG@ JA H<O>C@N
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1@G@>0 OC@ ,<!G >MTNO<G M@NPGO 1JO OC@ HIG@>PG@
EB<D HG MA> +: E L>:K<A K>LNEM BG MA> KRLM:EL L><MBHG

7JP IUR NCJIPG? C<Q@ < ,<!G >MTNO<G <B<DI
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IPMM@IOGT OC@ NOMP>0OPM@N JA H<IT NDHKG@ >MTNO<GN <M@ DI>GP?@? <N R@GG <N < A@R >JHKG@S NOMF
=T+-.! 2C@ U@IGDO@ AM<H@RJIMFN <M@ <GNJ DI>GP?@? <N < NO<MODIB KJDIO OJ H<F@ TJPM U@JGDO@ NOMF

GNHI6A 7J>A9:G ;GDB HE68: <GDJE >C;DGB6I>DC

2C@ NOMP>0OPM@ ?<0<=<N@ DN Q@MT >JIQ@ID@I0 =PO =T |@>@NNDOT DI>JHKG@O0@ HIM@ KIR@MAPG <KKM.
">MTNO<GN AMJH OC@ NK<>@ BMJPK DIAJMH<ODJI &@M@ R@ BDQ@ <l @S<HKG@ JI CJR OJ =PDG? 2D- OPODG@
IJR AMJH DON NK<>@ BMJPK

JI>G MA> <KRLM:E ;NBE=>K
EB<D HG MA> LGHP?E:D> MHHE :G= L>E><M #KHF 0l:<> $KHNI
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1?7 OC@ AJGGJIRDIB RDI?JR KJKN PK
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OPODG@ C<N OC@ NTHH@OMT JA NK<>@ BMJPK

BG MA> +NF;>K ?B>E= :G= IK>LL K>MNKG >GM>K D>R HG 4BG=HPL
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JO@ CIROC@ MIRN@M M@AG@>0ON OC@ >C<IB@ <I? <GNJCIJROC@ ,<H@ <I? *<O0D>@ Q<GP@N >C<IB@

JRN@O OC@ ORJ G<OOD>@ K<M<H@O@MN <N =@GJR

5@ NODGG I@@7? OJ ?@ADI@ OC@ <OJHD> >JIM?DI<O@N $IM NO<MO@MN >GD>F JI OC@ KGPN =@GJR 1JIM?DI<O(
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' <=JJF JI > MTNO<G NOMP>OPM@N TJP ><| ADI? OC<O 0PODG@ C<N ORJ NDO@N J>>PKD@? 2C@ 2D <OJH DN JI OC(

0>E><M MA> 1B :MHF :G= L>E><M MA> : LBM>

2C@ JSTB@IN J>>PKT OC@ A NDO@

EB<D HG MA> [ENL MH :==: LBM>
A:G@> MA> :MHF MRI>MH , :G=MA>LBM>MH ?

N TIP><IN@@ DI OC@ !JIJM?N >JGPHI<I? OC@ .<M<H@O@MN >JGPHI OCDN NDO@ C<N <I PI?7@O@MHDI@?
K<M<H@O@M S 'O M@KM@N@ION < NTHH@OMT GDI@ AJM OCDN NK<>@ BMJPK 'l OC@ =JJF TJP ><| ADI? OC<O A

S
0>M Q MH

2C@ ADI<G ?D<GJB GJJFN GDF@
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-K>LL lIER :G=B? MA:M EHHDL :GR @HH= IK>LL EHL>
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+A>8:G 7J>A9>C< HA67H

2C@ NGD>@M DN < Q@MT @<NT T@O KIR@MAPG 0JJGNY FNKIND NSNENRMOIRM @

I=G:: A6N:GHA67D;I=: J HJG;68:

0>E><M ?<< ?KHF MA> N;B< <KRLM:EL

2C@ @G@H@IO <I? GOOD>@ >JINO<IO <M@ <GM@<?T >JMM@>0 AJM P
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-K>LL ,( MH @>G>K:M> MA> N E:MMB<>
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*@O PN DIQJF@ OC@ NGD>@M 0JJG 0J >PO JPO OC@ NG<= 2C@ NGD>@ 0JJG D>JI GJJFN GDF@ OCDN

EB<D HG MA> LEB<>K MHHE B<HG BG MA> MHHE;:K

2C@ AJGGJIRDIB ?D<GJB <KK@<MN

0>M MA> *BEE>K BG=B<>L MH
0>E><M :KM>LB:G
0>M MA> GNF;>K H? E:R>KL MH
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2C@ '<MO@ND<I JKODJIDN I@@?@7? =@><PN@ OC@ +DGG@M DI?D>@N <M@ PNP<GGT RDOC >P=D> G<OOD>@N
>JIQ@IODJI<G PIDO >@GG M<OC@M OC<| OC@ KMDHDODQ@ HDIDH<G PIDO >@GG

-K>LL

AO@M KM@NNDIB -) TJIP RDGG N@@ AMJH OC@ OJK

7JP H<T R<IO OJ MJO<O@ DO JM KM@NN OC@ ND?@ QD@R =POOJIN DI OC@ 0JJG=<M 0J >JIQDI>@ TIPMN@GA OC<
G<T@M NG<=
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CABG<>C< |=: JC>I| 8:AA

2CPN A<M R@ C<Q@ <GR<TN >M@<O0@? KMDHDODQ@ PIDO >@GGN OC@ NH<GG@NO KINND=G@ /PDO@ JAO@I T
G<MB@M G@NN NTHH@OMD> PIDO >@GG 7JP ><| ?J OCDN AJM >C<DIN NG<=N <I? >MTNO<GN =PO R@ RDGG ?@H
DO RIMFN AJM < NG<=

5@ RDGG >JIODIP@ OJ RIMF RDOC OC@ G<T@M !P NG<=

0>E><M MA> 9>l T GNHIBA T :C:G6l: +JE:G :AA <HFF.G=

2CPN DIQJFDIB OC@ 1PK@M !@GG 2JJG
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&@M@ TIP N@@ CJIR I@R G<OOD>@ Q@>0OJMN <M@ @SKM@NN@? DI O@MHN JA JG? JI@N @><PN@ R@ C<Q@ <
S H<OMDS

0>E><M MA> LIJKM Q LIJKM  HIMBHG ?KHF MA> -K>L>M F>GN

2C@ H<OMDS C<N IJR >C<IB@? DIOJ
-K>LL (

<I? TIP B@O < PIDO >@GG RDOC OCM@ @ <OJHN K@M G<T@M
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EHL> #BGINM

JIDG>6A M8>161>DC :C:G<>:H 6C9 -. .>H HE:8IGJB D; :I=:C:

$DMNO TJP RDGG >JINOMP>0 <| @OC@I@ HIG@>PG@ <I? JKODHDU@ DON B@JH@OMT N OCDN DN =<ND><GGT OC
KMJI>@?PM@ <N DI 2POIJMD<G JIGT NCIJMO DINOMP>0ODJIN RDGG =@ BDQ@!I

,@SO0 TJP RDGG N@O PK OC@ ><G>PG<0ODJI JA @S>D0O<0ODJI @I@MBD@N <I? G@0 "$ K@MAIMH OC@ ><G>PG<0OD:

$DI<GGT PNDIB "$G@Q@GN "$NK@>OM<<I? "$QD@R TJIP RDGG @S<HDI@ OC@ M@NPGON

+I:E  +I6Gl >CEJI

$JM OCDN OPOJMD<G R@ <B<DI KM@A@M 0OJ RIMF DI OC@ 2POJMD<G ?DM@>0JMT

7JP FIJR CJR OJ NO<MO "$EJ=N DI TIPM CJH@ ?DM@>0JMT <I? HIQ@ OJ OC@ 2POJMD<G ?DM@>0JMT

<= 0"

OM:KM #CH;L

EB<D HG MA> 1INMHKB:E ?HE=>K B<HG
,@S0O NO<MO "$DIKPO PNDIB OC@ 1!+ H@IP
0>E><M MA> + % T &:L ICEJI <HFF:.G=

,JO@ OC<O DA TJP NO<MO "$DIKPO QD< OC@ 1!+ H@IP TJP RDGG NO<MO "$DIKPO RDOCJPO GJ<?DIB<EJ= 'ATIJPR
JK@! "$DIKPO AJM < K<MOD>PG<M EJ= >GD>F JIOC@ "$ =POOJI DI AMJIO JA DO

$IM OC@ 4D@R >JHH<I? <I? +JQD@ *@Q@GN <I? NJJI OC@ =@C<QDJM DN ?DAA@M@I0 DO RDGG DHH@?D<O0O@G
EJ=0OC<O DN N@G@>0@? DI "$EJ=N

+I:E  G:61: NDJG :I=:C: BDA:8JA:

$DMNO R@ >JINOMP>0 <l @OC@I@ HIG@>PG@ <I? KM@ JKODHDU@ DON B@JH@OMT
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0>E><M MA> MHHE ;R <EB<DBG@ HG MA> ;NMMHG PBMA MA>
0>E><M MA> IHN;E> ;HG= FH=> DCO9 IDDA T DJ7A:

HK NL> MA> LAHKM<NM IK>LL MA> D>R
EB<D LHF>PA>K> BG MA> =K:PBG@ :K>: MH <K>:M> : <:K;HG :MHF
EB<D :@:BG MH <K>:M> : L><HG= <:K;HG :MHF PBMA : =HN;E> ;HG=
EB<D HG MA> CNLM <K>:M>= :K;HG :MHF MH LMHI ;HG=BG@
0>E><M MA> IDBH T 99 N9GD<:C <HFF.G=
EB<D MA> <H@ PA>>E MH IK> HIMBFBS>

7JPM @OC@I@ HIG@>PG@ NCIPG? GJIJF NJH@OCDIB GDF@ OCDN

+:E  'EI>B>0: |=: <:DB:IGN
2C@ 1@SO NO@K DN 0J JKODHDU@ OC@ B@JH@OMT PNDIB "$

"GM>K : MBME> BG MA> 1BME> ?B>E= EBD> "MA>G>
0>E><M MA> $>HF>MKR ,IMBFBS:MBHG IK>L>M
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5DOC OC@ KMJIK@M JKODJIN N@G@>0@7? IR MPI "$

0>E><M MA> >A: T*JC <HFF.G=

EB<D 6>L BG MA> IHI NI MH L:O0> MA> <NKK>GM BGINM
&G MA> ?BE> L>E><M ;HQ <AHHL> : G:F> ?HK RHNK ?BE>
?HK >Q:FIE> >MA>G> :G=<EB<D 0:0>

JR "$ RDGG NO<MO <POJH<OD><GGT <I? TJP ><I AJGGJR OC@ ><G>PG<ODJI PNDIB OC@ GJBADG@ OC<O DN <POJI
NCJRI

4:BM NGMBE MA> HIMBFBS:MBHG BL K>:=R LAHNE= M:D> O>KR EBMME> MBF>

2C@ AJGGJRDIB ?D<GJB NCJPG? <KK@<M
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EB<D 6>L MH NI=:M> MA> <HHK=BG:M>L

+I:E  6A8JAG6I: I=: :M8>161>DC :C:G<>:H

+:A:81 86 A8JAGI>DCH DEI>DCH

2JN@O PK OC@ ><G>PG<0ODJI JA OC@ @S>DO<0ODJI NK@>0OMPH

=CNLM MA> MBME> MH LHF>MABG@ EBD> "MA>G> >Q<BM:MBHGL
0>E><M MA> OBG@E> -HBGM IK>L>M
2L> MA> |:G>E ;:K (GDE:GI>:HT M8>I6I>DCH -. .>H <HFF.:G= MH @H MH MA>

"Q<BM:MBHGL I:G>E
#HK MA> 1RI> H? >Q<BM:MBHGL HIMBHG 0>E><M 0BG@E>M :G= 1KBIE>M
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$IM OC@ OPOJMD<G OCDN N@O PK DN ADI@ IIMH<GGT TJP RIPG? <GNJ I@@? OJ N@G@>0 <I 6! KIO@IOD<G OC<O
M@NPGON AJM @S<HKG@ 1 -.

*JC I=: 86A8JA6I>DC

JR @Q@MTOCDIB DN M@<?T OJ <>OP<GGT MPI "$ @AJM@ MPIIDIB R@ RDGG N<Q@ OC@ >PMM@IO DIKPO DI < ?D/
OCJPBC OCDN DN IJO M@<GGT M@LPDM@?

0>E><M >A: T +6K: H
"GM>K: ?BE>G:F> >MA>G> >Q<B :G=<EB<D 0:0>
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0>E><M HG> H? MA> FH=>L BG MA> |HI NI F>GN GHM MA> 0AHP EE

2C@ >IMM@NKJI?DIB IIMH<G HJ?@ NCJPG? =@ NCJRI J| OC@ G@AO

2J QD@R <IJOC@M IIMH<G HJ?@ HJINO >JIQ@ID@IOGT PN@ OC@ G@AO <I? MDBCO <MMJR F@TN OJ HIQ@ OCMJPE
GO@MI<ODQ@GT TJP ><I NCJR <IJOC@M HJ?@ EPNO <N TJP NCIR@? OC@ ADMNO HJ?@ >GD>F JI < K@<F JM PN@
KIK PK H@IP

7JP ><I H<F@ OC@ ?DNKG<>@H@ION G<MB@M JM NH<GG@M QD< H@IP >JHH<I?N -M HIM@ >JIQ@ID@IOGT PN@ C
<I? 2JRI<MMJR F@TN JI OC@ F@T=J<M? [? TJP ><I NCJR OC@ IIMH<G HJ?@ <N Q@>0OJMN
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2L> 6GGDL JED>R K>I>:M>=ER MH F:D> MA> =BLIE:<>F>GML E:K@>K
2L> 6GGDL 9DLCD>R K>|>:M>=ER MH F:D> MA> =BLIE:<>F>GML LF:EE>K

2L>MA> A;l :G= G><=l:KKHP D>RL MH LPBM<A ;>MP>>G FH=>L

2L>MA> >:L T >HEA68:B:Cl .:8IDGH MH OBLN:EBS> MA> GHKF:E FH=> PBMA O><MHKL

7JP ><I H<F@ OC@ Q@>0OJMN G<MB@M JM NH<GG@M PNDIB OC@ N<H@ >OMG >H? *) JM <MMJR PK <I? ?JRI
IJOC@M JKODJI DN OJ NCJR OC@ IIMH<G HJ?@ DI "$HIQD@
2L>MA> >LT'E:C %D9:!C BDK>:

'‘ATIP PN@ OC@ 1CJR GG >JHH<I? AMJH OC@ KJK PK GDNO DINO@<? JA JI@ NK@>DAD> HJ?@ <GG HJ?@N DI OCC(
PK GDNO RDGG =@ NCJRI DI "$HIQD@ RDI?JRN

'A< HJ?@ DN QDND=G@ DI "$HIQD@ TJP C<Q@ NJH@ @SOM< <?Q<I>@7? JKODJIN $JM @S<HKG@ OJ H<F@ < HKB
HJQD@ NCJRDIB OC@ HJ?@

1JH@ODH@N TJP RDNC OJ @S<HDI@ H<IT ?2DAA@M@IO 1IIMH<G HJ?@N -=QDJPNGT TJP ><I ?J OCDN <N EPNO ?@N>
=PO <IJOC@M R<T DN =T N@G@>0ODIB OC@ HJ?@ JA DIO@M@NO AMJH OC@ H@IP 1? OJ H<F@ DO HIM@ >JIQ@ID@
>C@>F H<IT JAOC@H TJP ><| 0O@<M JAA OC@N@ H@IPN EPNO <N TJP ?D? RDOC OC@ JM=DO<G N@G@>0JM H@IP
"$QD@R

&G #LI><MK: >A: T ADH: MH <EHL> :EE GHKF.E FH=>L MA:M FB@AM ;> LAHPBG@
OM:KM #LI><MK: :@:BG +% T +E:8IG6

EB<D HG MA>"N F>GN :G=L>E><M MA> =:LA>= ;K MANL +,1 HG> H?

MA> FH=>L

-HLBMBHG MA> MHKG H?? F>GN BG : <HGO>GB>GM EH<:MBHG
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EB<D HG >:<A H? MA> FH=>L BG MA> MHKG H? F>GN BG MNKG
,;,L>KO> MA> FHOB> PBG=HPL LAHPBG@ MA> GHKF:E FH=>L

5@ <M@ ?JI@ RDOC OCDN OPOJMD<G NJ >GJIJN@ <GG JK@I "$ %3' RDI?JRN

+% T)J>l AA
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9K6C8:9 - IJIDG>6AH

JIDG>6A & !'HDB:G>06I1>DC *:68I1>DC

2CDN OPOJMD<G >JINDNON JA N@Q@M<G NO@KN OJ NOP?T OC@ DNJH@MDU<ODJI M@<>0DJI JA &!,

%@IJH@OMT JKODHDU<ODJI

*DI@<M OM<INDO

/PD>F AM@LP@I>T ><G>PG<0ODJI
2M<INDODJI NO<O@ N@<M>C
>>PM<O@ AM@LP@I>T ><G>PG<ODJI
'0!

— - - - -

+I:E (G:E6G: I=: & BDA:8JA:

<= 0p*"

OM:KM #CH;L

EB<D HG MA> 1INMHKB:E ?HE=>K B<HG

OM:KM #BGINM NLBG@ MA> +% T &:L ICEJI F>GN <HFF:.G=

IK:P :G % + FHE><NE> ?BKLM MA> + G>QM MA> :G= ?BG:EER :G % :MHF
0>E><M MA> + ;HG=:G=F:D>BM : MKBIE> ;HG=

-K> HIMBFBS> MA> @>HF>MKR

7JP NCIPG? B@O < GDI@<M HIG@>PG@

0>E><M MA> $>HF>MKR ,IMBFBS:MBHG IK>L>M
0>E><M MA> !7- ;:LBL L>M
0>E><M >A: T*JC @BO>BM MA> G:F> % +9%,
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2C@ B@JH@OMT RDGG =@ JKODHDU@? PNDIB <"8. =<NDN N@O

EB<D 6>L PA>G :LD>= MH K>:= G>P <HHK=BG:M>L ?KHF MA> % +9%, M ?BE>
A><D MA> +:G= % =BLM:G<>L

2C@T NCIPG? =@ <=JPO <I? KH <I? IBNOMIJH M@NK@>0DQ@GT

4KBM> =HPG MA> O:EN> H? MA> ;HG=BG@ >G>K@R IKBGM>=
‘M MA> >G= H? MA> <:E<NE:MBHG BG MA> #M:BE PBG=HP

+I:E  G:6l: 6 GDJ<= 6EEGDM>B6I>DC ;DG I=: IG6CH>I>DC HI6l: <:DB:IGN
2C@ &!, HIG@>PG@ C<N <I & DNJH@M 2C@M@ DN <I @|@MBT =<MMD@M =@OR@@! OC@N@ ORJ NO<O@N 5@ <!
0J ADI? OC@ OM<INDODJI NO<O@ <I? ><G>PG<0@ DON C@DBCO

2J ADI? < =@00@M NO<MODIB KJDIO AJM OC@ OM<INDODJI NO<O@ N@<M>C R@ RDGG K@MAJIMH < GDI@<M OM<IN
MJIPBC <KKMJSDH<ODJI JA OC@ M@<>0DJI K<OC 5@ RDGG Q<MT OC@ & !, <IBG@ DI NO@KN =@OR@@! <I?
2@BM@@N <I? G@O "$ JKODHDU@ =JI? G@IBOCN <O @<>C <IBG@

2JN@O PK OC@ GDI@<M OM<INDO ><G>PG<0ODJI

0>E><M MA> )BG>:K 1K:GLBM IK>L>M

EB<D HG MA> ;NMMHG G>QM MH MA> $>HF>MKR,IMBFBS:MBHG M:LD MH @H MH MA>
$>HF>MKR HGLMK:BGML :G=0<:G |:G>E

0>E><M :EE MA> :MHFL

7JPNCIPG?N@@ , ! & <IBG@ 1JO@ DI OC@ MDBCO K<I@G IR
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EB<D MA> ;NMMHG MH :== MA> :G@E> <HGLMK:BGM
JR , I & <I?0C@ ORJAD@G?N <N GDHDON AJM OC@ ?@BM@@ K<M<H@O@M <KK@<M

"GM>K :G=  BG MA> =>@K>>L ?B>E=L

"$ RDGG C<Q@ OMJIP=G@ MPIIDIB OC@ >PMM@I0 N@O PK =@><PN@ OC@ &!, HHG@>PG@ DN K@MA@>O0OGT GDI@<
C@GK "$ =T >C<IBDIB OC@ <IBG@ OJ ?@BM@@N OC@ N<H@ <N OC@ ADMNO KJDIO JA OC@ *2 N><I|

2L> MA> LEB=>K MH <A:G@> MA> % + .G@E>MH =>@K>>L
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2C@ N@O PK DN >JHKG@O@ ,JR R@ RDGG MPI OC@ *2 ><G>PG<0ODJI =PO R@ RDGG N<Q@ DO RDOC < I@R I<H@ <!
OJF@@K OC@ M@NPGON JA OC@ &!,;%- ><G>PG<0ODJI

2L> >A:T+6K: H MH L:O> MA> ?BE> L % +9)1
ING MA> <:E<NE:MBHG

OPIIDIB HDBCO O<F@ < A@R HDIPO@N 5C@! OC@ MPI DN ADIDNC@?
EB<D 6>L PA>G :LD>= MH K>:= G>P <HHK=BG:M>L

7JP RDGG N@@ OC@ G<NO B@JH@OMT >GIJN@ OJ!,& 2JN@@ CIJR B@JH@OMT R<N >C<IBDIB ?PMDIB OC@ *2 MPI
"$HIQD@

0>E><M MA> + % T %DK>: <HFF:.G=

0>E><M :EE :MHFL NL> LAB?M =K:@ MH F:D> : K><M:G@E> :KHNG= MA> :MHFL

2L>MA> >L T A><C+8G::C <HFF:G=MH F:D> LNK> RHN <:G L>> :EE :MHFL

0>E><M MA> G6E=T C:G<N <HFF.G=

0>E><M MA> G6E=T >HI6C8: C<A: >=:9G6A <HFF.G= MH @>M MA>:G@E> @K:IA L
MAK>> :MHFL :K> LMBEE L>E><M>=

2L>MA> >.L T DCK:G<:9 :DB:IG>:H'CAN <HFF:G=

7HHF BG MH @>M : ;>MM>K OB>P H? MA> FHE><NE>

-K>LL MA> -E:R ;NMMHG MA> KB@AM IHBGMBG@ MKB:G@E> BG MA> <HGMKHEL :M MA> E>?M
HMMHF H? MA> #FHOB> PBG=HP

7JP RDGG N@@ OC@ CT?MJIB@| <OJH HIQDIB AMJH ! OJ, 7JP RDGG <GNJN@@ < BM<KC JA OC@ @I@MBT <N API>O
OC@ *2 NO@KN N OC@ HIQD@ DN KG<TDIB < ?JO NCJRN OC@ >IMM@NKJI?DIB KINDODJI DI OC@ BM<KC
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1IJH@RC@M@ <GJIB OC@ K<OC OC@M@ DN < OM<INDODJI NO<O@ R@ <M@ GJJFDIB AJIM 0@H@H=@M OC<O TJP I(
OC@ -KODHDU@? %@JH@OMD@N -IGT >JHH<I? OJ ADGO@M JPO <GG OC@ DIO@MH@?D<O0@ B@IJH@OMT NO@K
JIGT OC@ >JIQ@MB@? B@IJH@OMD@N AIM @<>C *2 NO@K

&G MA> @K:IA <EB<D PBMAHNM FHOBG@ HG MA> MHI H? MA> >G>K@R @K:IA
EM>KG:MBO>ER NL> MA> :KKHP D>RL <NKLHK D>RL MH FHO> ;>MP>>G =B??>K>GM

LM>IL HK NL> MA> LEB=>K
A><D PAB<A @>HF>MKR A:L MA> F:QBFNF >G>K@R

7JP NCJIPG? ADI? OC<O <O <MJPI? <I<IBG@ JA ?@BM@@N OC@ H<SDHPH @I@MBT DN M@<>C@? 2CDN DN $M<H
OC@ OC*2 NO@K

7JP ><I ADI? OCDN DIAJMH<ODJI <GNJ DI OC@ JPOKPO ADG@

0>E><M MA> + % T 'JIEJI F>GN <HFF:G=
&G MA> #HNMINM PBG=HP L>E><M MA> 'I=:G (GDE:GI>HT $, (6I= <HFF:G=

7JP RDGG N@@ OC<O DI?@@? OC@ B@JH@OMT IPH=@M >JMM@NKJI?DIB OJ $M<H@ DI "$HIQD@ C<N OC@ CDE
@I@MBT 'l OCDN K<MOD>PG<M @S<HKG@ OC@ >CJD>@ JA OC@ <IBG@ DN 1JO0 Q@MT DHKJMO<IO =PO DI B@l@M<
R<IO OJB@O OC@ =@NO <KKMJSDH<ODJI AJM OC@ OM<INDODJI NO<O@ <Q<DG<=G@

5@ RDGG IJR KM@K<M@ OC@ N@<M>C AJM OC@ OM<INDODJI NO<O@ NO<MODIB AMJH OCDN B@JH@OMT
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EB<D BG MA> #FHOB> PBG=HP
*:D> LNK> ?K:F> BL L>E><M>=
2L>MA> >A:T-E96I: :DB:IGN IC ICEJI <HFF:.G=

2C@ B@JH@OMT JA &!, DI TIPM "$DIKPO RDI?JR RDGG =@ PK?<O@? OJ H<O>C OC@ B@JH@OMT >PMM@IOGT N@G
OC@ "$HIQD@ RDI?JR

+I:E >C9>C< |=: IG6CH>I>DC Hl6l: EG:E6G: 6EEGDM>B6I: :HH>6C

' B@l@M<G DO DN DHKJMO<IO 0J C<Q@ < BJJ? NO<MODIB &@NND<I RDOC JI@ DH<BDI<MT AM@LP@I>T RC@| K@M
21 N@<M>C 5@ <M@ BJDIB OJ >M@<0@ NP>C < &@NND<I =T ?JDIB < LPD>F AM@LP@I>D@N ><G>PG<ODJI

0>E><M MA> #K>JIN>G<B>L IK>L>M ?KHF MA> *:BG I:G>E

*:D> LNK> MA> +NF>KB<:E JN:EBMR BL L>M MH +HKF:E

0>E><M MA> $>HF>MKR HGLMK:BGML :G=0<:G I:G>E OB: MA> MA> |.G>E ;K

/>FHO> MA> G@E> HGLMK:BGM <EB<D HG MA> BG ?KHGM H? MA> .G@E> <HGLMK:BGM
0:0> MA> FHE><NE> L % +9#K>J 0:0> L

ING MA> <:E<NE:MBHG

2C@ AM@LP@I>T ><G>PG<0ODJI DN IJR DI KMIBM@NN <I|? RDGG MPI Q@MT A<NO 5C@I| DO C<N ADIDNC@?

0>E><M MA> + % T +E:8I1G6  <HFF:G=
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'A @Q@MTOCDIB R<N 2JI@ >IJMM@>0GT TJP NCIPG? N@@ < NK@>OMPH RDOC OCM@ @ K@<FN ORJ DI OC@ M<IB(
>H <I1? JI@ K@<F DI OC@ M<IB@ JA 1@B<ODQ@ JM Q@MT GJR KINDODQ@ Q<GP@N 1@B<ODQ@ AM@LP@I>T Qs
<>0OP<GGT H@<IN OC<0O DO DN <I| DH<BDI<MT AM@LP@I>T

EB<D PBMA RHNK FHNL> HG MA> |>:D <HKK>LIHG=BG@ MH MA> BF:@BG:KR ?K>IN>G<R

2C@ IIMH<G HJ?@ >IMM@NKJI?DIB OJ OC<O AM@LP@I>T RDGG NCJR JI OC@ G@AO ND?@ !C@>F OC<O OC@ AM@
DI?7@@7? >IMM@NKJI?N OJ OC@ & <OJH HIQDIB K<M<GG@G OJOoC@ !, =JI?

+:E +:6G8= ;DG |I=: IG6CH>I>DC HI6l:

2C@ M@NPGO ADG@ &!,;$M@L O C<N <I DIDOD<G B@JH@OMT AJM JPM OM<INDODJI NO<O@ N@<M>C 'O <GNJ >JI
&@NND<| HKOMDS KMJ?P>@7? RDOC OC@ AM@LP@I>D@N ><G>PG<0ODJI OC<0 ><I=@ PN@? OJ FD>F NO<MO OC@

KBG@ '#BGINM PBMA MA> % +9#K>J <:E<NE:MBHG MH MA> ?HK>@KHNG=
0>E><M MA> 1K:GLBMBHG OM:M> 0>:K<A IK>L>M

<MKE <F=# :G= L>.K<A ?HK K>LM:KM L>E><M MA> #BE>L />LM:KM |.G>E

EB<D MA> ?BE> L>E><M ;NMMHG EHHDL EBD> : ?HE=>K BG ?KHGM H? MA> >FIMR
/[>LM:KM ?BE> ?B>E=

0>E><M MA> % +9#K>J M ?BE> :G=<EB<D ,I>G
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0:0> MA>L>M NI :.L % +910 0:0> L
ING MA> <:E<NE:MBHG

AO@M OC@ ><G>PG<0ODJI C<N ADIDNC@? <B<DI Q@MT A<NO TJP RDGG =@ <NF@? OJ M@<? OC@ |@R B@JH@OM
M@NPGON ADG@ &!,;21 O

GLP>K 6>L MH BFIHKM MA> E:M>LM @>HF>MKR

*:.D>: GHM> H? MA> ;HG= >G>K@R ?HK MA> MK:GLBMBHG LM:M> OBLB;E> BG MA>

EH@?BE>

"$DIKPO RDGG IJR ?DNKG<T OC@ OM<INDODJI NO<O@ B@JH@OMT

'‘ATIP >JHK<M@ OC@ =JI? @I@MBT RDOC OC@ =JI? @I@MBT JA OC@ JKODHDU@? &!, HIG@>PG@ AMJH OC@ ADMN

><G>PG<0ODJI OC@ ?DAA@M@I>@ NCIPG? =@ <=JPO @4 GNJ>C@>F OC<O OC@ B@IJH@OMT H<F@N N@IN@ O
1, ?DNO<I>@N NCIPG? =@ <MJPI?  <I? IBNOMJIH<I? OC@ & !, <IBG@ NCIPG? =@ <=JPO ?@BM@@N

+I:E  6A8JA6GI>C< ;G:FJ:C8>:H 6l I=: IGECH>I>DC HIG6I:

AO@M @Q@MT OM<INDODJI NO<O@ N@<M>C DO DN BJJ? KM<>0D>@ OJ Q@MDAT OC<O TJP DI?@@7? C<Q@ JI@ <I"
DH<BDI<MT AM@LP@I>T $JM OCDN R@ RDGG M@K@<0O OC@ AM@LP@I>T ><G>PG<ODJI <O OC@ 21 B@JH@OMT
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*:D> LNK> RHN A:0> % +910 HI>G BG #BGINM

0>E><M MA> #K>JN>G<B>L IK>L>M ?KHF MA> *:BG I|:G>E
0:0> PBMA G:F> % +9#K>J

ING

2C@ ><G>PG<O0DJI DN MPIIDIB NCJPG? 1JO O<F@ HP>C ODH@ AO@M OC@ ><G>PG<0ODJI C<N ADIDNC@?
0>E><M MA> + % T +E:8IG6  <HFF:G=

7JP RDGG =@ KM@N@10@? RDOC <I'0 NK@>OMPH JA OC@ HIG@>PG@ A@<OPMDIB OCM@@ =<I?N MIPBCGT GJ><(
<|? DH<BDI<MT >H

EB<D HG MA> ;:G=:M

2C@ QDNP<GDU<ODJI JA OC@ IIMH<G HJ?@ >IJMM@NKJI?DIB OJ OCDN AM@LP®@I>T NCIPG? H<F@ DO >G@<M OC<C
OC@ M@<>0DJI >JIM?DI<O@ R@ <M@ NOP?TDIB

+I:E DAADL>C< |=: G:68I>DC 8DDG9>C6I:

"$ ><I AJGGJR OC@ HDIDHPH @I@MBT K<OC AMJH OC@ OM<INDODJI NO<O@ 0J JI@ JM OC@ JOC@M KMJ?P>0 2C@
PN@? DI "$ AJM OCDN DN ><GG@? 'lOMDIND> 0@<>0DJI IJJM?DI<O@ '0! 7JP H<T R<IO OJ NFDK OCDN K<MO <N OC@
><G>PG<0ODJI HDBCO O<F@ NJH@ ODH@ OJ >JHKG@O@

KBG@ % +9#K>J BG #BGINM MH MA> ?KHGM

0>E><M MA> &/ IK>L>M

$H MH MA> &GMKBGLB< />:<MBHG HHK=BG:M> &/ |:G>E BG *H=>E HK OB: MA>
L>:K<A HK ;R <EB<DBG@ HG MA> :NMMHG

2CDN K<I@G <GGJRN TJP OJ NK@>DAT Q<MDJPN K<M<H@O@MN AJM OC@ '0! H@OCJ? 2C@ HINO DHKJIMO<IO K<Mx<
OC@ ?DM@>0DJI 0J AJGGJR 2C@ >CJID>@ DN HIM@ JM G@NN <M=DOM<MT T >CJINDIB $IMR<M? K<OC JM <>FR
RDGG G@<? TJP OJ JI@ JM OC@ JOC@M KMJ?P>0 =PO DO N C<M? OJ O@GG RCD>C JA OC@ ORJ DI RC<O ><N@ 5@
=JOC K<OCN <O J>@ NJR@ ?J1J0 I@@7? OJ >C<IB@ OC@ ?@A<PGO

IJOC@M JKODJI DN OC@ O0@MPI'0! KIDION 5C@I>C@>F@7? <AO@M OC@ '0! ><G>PG<0ODJI C<N ADIDNC@? <I @SON
NDIBG@ KJIDIO ><G>PG<0ODJI RDGG =@ K@MAIMH@? AJM @<>C >JIQ@MB@? KJDION <I? OC@ M@NPGON RDGG =@
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<GGJR TIP OJ I=N@MQ@ DI HIM@ ?@0O<DG RC<0O C<KK@IN <GJIB OC@ '0! K<OC AIM @S<HKG@ CJIR JM=DO<GN >Cx
OCDN OPOJMD<G G@ON NCJR CJR OCDN RIMF NJ OPMI OC<O A@<OPM@ JI

A><D MA> />KNG & IHBGML <A><D;HQ

5@ <GNJ R<IO OJ H<F@ NPM@ <GG JKODHDU<ODJIN >JIQ@MB@ NJ G@ON DI>M@<N@ OC@ H<SDPH IPH=@M JA DO
EB<D HG MA> ?M>K HGO>K@>G<> =>M:BEL

&G MA> +NF;>K H? @>HF>MKR BM>K:MBHGL ?B>E= LI><B?R

0:0> :L % +9&/
ING

AO@M NJH@ HDIPO@N OC@ ><G>PG<ODJI RDGG ADIDNC 7JP ><I PN@ "$HJQD@ OJ QD@R OC@ '0! K<OC -A >JPMN
1@@7? <B<DI OJ H<F@ NPM@ OJ NCJR OC@ >JIQ@MB@? B@JH@OMD@N JIGT

0>E><M MA> + % T %DK>: <HFF.G=

0>E><M MA> >.L T DCK:G<:9 :DB:IG>:H'CAN <HFF.G=

EB<D ,( PA>G MA> P.KGBG@ F>LL:@> :II>:KL :;;HNM MA> <A:G@>= HK=>K H? LM>IL
0>E><M MA> G6E=T C:G<N <HFF.G=

0>E><M :EE :MHFL

0>E><M MA> G6E=T >HI6C8: C<A: >=9G6A <HFF.G=

$MIH OCDN HIQD@ TJP ><IN@@ OC@ '0! K<OC <I? OC@ @I@MBD@N <O OC@ HINO DIO@M@NODIB KIDION N R@ ¢
><G>PG<O@7? OC@ AIMR<M? <I? =<>FR<M? K<OC DI JI@ MPI OC@ JM?@M JA OC@ AJMR<M? K<OC I@@?N OJ =@ M(
B@O < KMIJK@M @I@MBT BM<KC

7JP ><| <GNJ @S<HDI@ NJH@ KMIK@MOD@N <GJIB OC@ '0! K<OC =T NOP?TDIB OC@ JPOKPO ADG@

0>E><M + % T 'JIEJI MABL FB@AM M:D> : PABE> ;> I:MB>GM
2L>MA> 'I=:G (GDE:GI>H T I* (6l= F>GN <HFF.G=

7JP RDGG N@@ < O<=G@ RDOC OC@ KMIK@MOD@N <GJIB OC@ AJMR<M? K<OC 2JB@O OC@ =<>FR<M?N K<OC
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EB<D HG MA> ;EN> A>:=>K |BLM ?KHF 10

2C@ JPOKPO =MJRN@M NCJIPG? EPHK OJ OC@ I@SO N@>0DJI RDOC OC<0O C@<?@M RCD>C DN OC@ O<=G@ AIM C
K<OC

+I:E  DAADL>C< DG7>I6AH 6ADC< I=:I* G:EDGI>C<;GDB | ;>A:H

'1OC@ KM@QDJPN '0! ><G>PG<0ODJI TJP C<? <>0DQ<O0@7? OC@ 0@MPI '0! KIDION JKODJI N < M@NPGO OC@ ?<0O< AJ
>JIQ@MB@7? '0! KIDION DN <GNJ <Q<DG<=G@

KBG@ #CH;L MH MA> ?HK>@KHNG=
EB<D HG MA> MKB:G@E> ?HK MA> % +9&/ CH; MH L>> MA> CH; ?BE>L

'ATIP RDNC TIP ><IN@G@>0 OC@ O ADG@ JADIO@M@NO <I? PN@ OC@ %3' OJJGN "$QD@R "$G@Q@GN )$ MJ
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!H MABL LN<A MA:M HGER E>O>EL ;>MP>>G :G= >3 :K>LAHPG
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HP>C ODH@ AJM < OPOJMD<G OC@ >JI>@KON RDGG =@ NCJRI RDOC Q@MT NH<GG OJT NTNO@HN OC<0 <M@ 1JO
<KKGD><ODJIN

+I:E  *:<>DCH ;DG BJAI> A:K:A 86A8JA61>DCH K>HJ6A>06I>DC 6C9 <GDJE>C<

$IM <GG HPGOD G@Q@G ><G>PG<ODJIN TJP RDGG I@@7? OJ ?@ADI@ M@BDJIN

5DOCDI "$DIKP® G:<>DC >H 6 8DAA:8|>DC D; 6IDBRH H<I<B@ TIJPM M@BDJIN RDOC OC@ O0@BDJIN K<I@G DI
"$DIKPO 'O <GGJRN TJP OJ ?@ADI@ I@R M@BDJIN HJ?DAT @SDNODIB M@BDJIN <I? OJ <KKGT NJH@ >JHH<I?N JI
K<MOD>PG<M M@BDJIN

N <ADMNO @S<HKG@ R@ RDGG RIMF RDOC <I <>@0JI@ HIG@>PG@ !&!-!& 0OJ ?@HJINOM<O@ CJR OJ PN@ /3"*"
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:C:G6l: G:<>DCH

OM:KM #BGINM :G=;NBE=:G <>MHG> FHE><NE> HK L>:K<A ?HK BM
0>E><M HG> H? MA> F>MARE @KHNIL

2L> MA> I:G>E ;K %D9:AT *:<>DCH <HFF:.G=

EB<D HG MA> ;NMMHG MH :==: G>P K>@BHG

A:G@> MA> G:F> [>@BHG9 BGMH *>MARE MA> E:;>E BL >=BM:;E>

7JP C<Q@ EPNO ?@ADI@? < |@R M@BDJI RDOC < I<H@ +@OCTG 'l TIPM HIG@>PG@ RDI?JR TJP ><I N@@ RC<O <C
<M@ K<MO JA OCDN M@BDJI OC@T <M@ CDBCGDBCO@? RDOC N@HD OM<INK<M@IO NKC@M@N ,JO@ OC<0O OC@
ORJM@BDJIN ?@ADI@ OC@ M@BDJI OC<O TJP ?@ADI@? <I? < M@BDJI ><GG@? GG OC<O DN <GR<TN KM@N@10
OC@ GG M@BDJI DI>GP?@N <GG <OJHN 'ATJP >M@<0@7? OC@ <>@0JI@ HIG@>PG@ QD< OC@ N@<M>C >JHH<I?
C<Q@ < OCDM? M@BDJI OC<O R<N <POJH<OD><GGT H<?@

JR R@ RDGG ?@ADI@ T@O <IJOC@M M@BDJI OC@ M@NO JA OC@ HIG@>PG@ -l@ R<T OJ ?J OCDN DN EPNO OJ N
OC<O NCJIPG? =@ K<MO JA DO <I? KM@NNDIBOC@ =POOQJI<N TJP ?D? =@AIM@ &JIR@Q@M 0OJ ?@HJINOM<O@ N
OCDIBN TJP ><I ?J RDOC M@BDJIN R@ RDGG ?J DO DI <IJOC@M R<T

*:D> LNK> RHN A:O0> HGER MA> EE :G= MA>*>MARE K>@BHG B? RHN A:0> FHK> IK>LL
MA> :NMMHG BG ?KHGM H? MA> K>@BHG

EB<D MA> <A><D ;NMMHG BG MA> EE K>@BHG

EB<D MA> ;NMMHG MH <K>:M>: G>P K>@BHG :L RHN =B=;>?HK>

EB<D MA> <A><D ;NMMHG BG MA> *>MARE K>@BHG

EB<D MA> ;:NMMHG BG MA> />@BHG9 EBG> HG MA> KB@AM A:G=LB=>
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<ND><GGT RC<O TJP EPNO ?D? N@G@>0 <GG <OJHN H<F@ < I@R M@BDJI >JIO<DIDIB <GG <OJHN N@G@>0 OC@
OC@ +@OCTG M@BDJI M@HJQ@ OC@ N@G@>0@? <OJHN AMJH OC@ |I@R M@BDJI T >GD>FDIB JI OC@ N@G@>0
M@BDJIN TJIP ><| @<NDGT Q@MDAT OC<O TIPM M@BDJIN <M@ 1JR <N OC@T NCJIPG? =@

2C@M@ DN <GNJ < NCIMO>PO OJ LPD>FGT B@I@M<0@ < |@R M@BDJ! >JOBB DBLOCE@INCDGC@>0DJI

GDB +:A:81:9 IDBH  JM>H?>0MG %

>HJ6A>061>DC DEI>DCH E:G G:<>DC

7JP ><I @<NDGT >C<IB@ RC<O M@BDJIN <I? <OJHN RDOCDI OC<O M@BDJI GJJF GDF@

EB<D BG >FIMR =K:PBG@ LI:<> MH <E>:K MA> L>E><MBHG
EB<D BG MA> <A><D ;HQ BG ?KHGM H? MA> *>MARE K>@BHG G:F> MH NG<A><D BM

7JP NCIPG? J=N@MQ@ OC<0O OC@ BCJINO GDF@ M@BDJI QDNP<GDU<ODJI ?DN<KK@<MN .G@<N@ OPMI DO =<>F JI
EB<D BG MA> <A><D ;HQ BG ?KHGM H? MA> *>MARE K>@BHG G:F> MH <A><D BM

EB<D HG MA> KB@AM :KKHP :M MA> >G=H? MA> />@BHG9 EBG>
:G= NL> MA> OMB<DL <HFF:G=?KHF MA> F>GN MA:M :1I>:KL
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,JR <ITOCDIB DI 0@BDJI; RDGG =@ QDNP<GDU@? <N NOD>FN JIGT -=QDJPNGT TJP >JPG? <GNJ N@G@>O <IT JA OC
?DNKG<T JKODJIN

-H>C< G:<>DCH ID <GDJE BDA:8JA:H ;DG :9>I>C<

JP ><| PN@ M@BDJIN OJ BMJPK <OJHN OJB@OC@M AJM @?DODIB 5C@I >C<IBDIB OC@ ?DNO<I>@ <IBG@ JM ?DC@"
OC@ NGD?@M <OJHN OC<O <M@ DI Ji@ M@BDJI HIQ@ OJB@OC@M

N <l @S<HKG@ G@ON =M@<F OC@ <>@0JI HIG@>PG@ DIOJ OCM@@ AM<BH@ION =T ?@G@ODIB OC@ ! ! =JI?N

I>SE>SM> MA>  HG=L
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,JO@ OC<0 JI@ !& AM<BH@IO <I? OC@ !- BMIPK <M@ NODGG OJB@OC@M DI JI@ M@BDJI <I? OC@ JOC@M !& BMJIPI
DON JRI M@BDJI

0>E><M MA> ?KHF MA> , @KHNI :G= MA> ?KHF MA> % @KHNI MA:M BL BG:

=B??>K>GM K>@BHG
NL> LAB?M <EB<D HG :G :MHF MH :== :MHFL MH MA> L>E><MBHG
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2L> MA> LEB=>K MH <A:G@> MA> =BLM:G<> ;>MP>>G MA> L>E><M>= <:K;HGL

,JO@ OC<O OC@ !- BMIPK <I? OC@ !& BMJIPK DI OC@ N<H@ M@BDJI HIQ@ O0JB@OC@M OCPN OC@ M@BDJIN <>0 <
0J BMJPK OCDIBN OJB@OC@M AIJM @?DODIB RDOC OC@ NGD?@M 2CDN BMJPKDIB <GNJ RIMFN RC@! TJP R<IO O.
<IBG@ PNDIB OC@ NGD?@M

2] KM@K<M@ AJM OC@ 1@SO NO@K JA OC@ OPOJMD<G PI?J OC@ >C<IB@N TJP H<?@ DI OCDN NO@K PNDIB OC@
M@K@<0O@?GT

2G=H NGMBE MA> ;HG=L :K> IK>L>GM :@:BG
+LE )-1$

-I>@ TIP C<Q@ ?@ADI@? TIPM M@BDJIN DO DN @<NT OJ N@O PK OC@ /3*" ><G>PG<ODJI

2L> MA> I:G>E ;K T)J>A9 F>GN MH L>E><M MA> .NBE= |.G>E
EB<D MA> ;NMMHG MH :==:G :<MBHG
EB<D MA> ;NMMHG MH :==: L><HG= :<MBHG

&G MA> ?BKLM :<MBHG L>E><M l#1 BG MA> 2L> ?B>E=
&G MA> L><HG= :<MBHG L>E><M # BG MA> 2L> ?B>E=
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2C@ ADMNO <>0DJI 2JO<G ?@ADI@N RC<0O 0OJ ?J RDOC OC@ APGG HIG@>PG@ 'O IIMH<GGT RDGG <KKGT OJ OC
<I?OCPNOC@ GG M@BDJI DN KM@N@G@>0@? '0C@ 3N@ AD@G? TIJP C<Q@ NK@>DAD@? CJR OJ OM@<0O OC
RDOC "$2

2C@ N@>J1? <>0DJI 0@KG<>@ O@GGN /3*" OJ M@KG<>@ OC@ "$2 M@NPGO AIJM OC@ N@G@>0@? M@BDJI RDC
AMJH <IJOC@M H@0CJ? 2C@ M@BDJI AJM RCD>C R@ R<IO OJ?J OCDN DN OC@ +@OCTG M@BDJI <I? DO C<KK@II
<POJH<OD><GGT N@G@>0@? 7JP ><I PN@ OC@ M@BDJI KPGG ?JRIH@IP RDGG OJ N@G@>0 <IJOC@M M@BDJI <I
TJP < NCJIJMO >PO OJ H<F@ < I@R M@BDJI

10C@ 3N@ AD@G? JAOC@ N@>JI? <>0ODJI TIP C<Q@ N@G@>0@7? RC<O OJ PN@ <N < M@KG<>@H@I0 H@OCJ? "

10C@ 0@HIQ@ AD@G? DO NCJIPG? =@ NK@>DAD@? OC<O TJP RDNC OJ M@HJIQ@ OC@ "$2 M@NPGON AJM OCDN
"$DIKPO RDGG @IO@M OCDN <POJH<OD><GGT RC@I TIP N<Q@ TJPM EJ= 7JP ><| <GNJ N@O DO H<IP<GGT DA TJP R

2C@ /PDG? K<I@G JAA@MN TIP OJ N@O NJH@ ?@0O<DGN AJM OC@ /3*" ><G>PG<0ODJI ,JMH<GGT OC@ ?@A<PGON N
ADI@

0:0> RHNK L>M NI

$IPM O<=N ><| =@ AJPI? <O OC@ =JO0OJH JA OC@ /PDG? K<I@G /PDG? "$2 "$ <I? "$2 2C@N@ O<=N

<GGJR TJP OJN@O PK OC@ ?DAA@M@I10 K<MON JA OC@ ><G>PG<0ODJI 0DBCO IJR TJP >JPG? H<F@ <?EPNOH@ION
/3*" N@OODIBN 'ATIP KM@NNJIOC@ "$ O<= TJP RDGG C<Q@ OC@ JKODJI OJN@O OC@ ?@0O<DGNJAOC@ "$
><G>PG<0ODJI AIMOC@ +@OCTG M@BDJI 1? DATIP>GD>FJIOC@ "$2 O<=TJIP><IN@O PK?@O<DGNJAOC@ "
K<MO JA OC@ ><G>PG<ODJI 2C@ "$2 0O<=DNOC@ "$2 ><G>PG<ODJIJIOC@ +@OCTG BMJPK OC<0O RDGG =@ M(
AMJIH OC@ APGG NTNO@H ,JMH<GGT OC@ N@O PK AJM OCDN ><G>PG<0ODJI DN D?@I0D><G 0J OC@ APGG NTNO@
NIJH@ NK@>D<G ><N@N TJP RDGG |@@7? OJ HI?DAT DO 1@@ OC@ /3™*" H<IP<G AJM ?@O0O<DGN

EB<D HG MA> # M:;
JHHD MAKHN@A MA> =B??>K>GM I:G>EL MH L>> PA:M HIMBHGL !# PBEE NL> 'H +,1
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F:D><A:G@>L

EB<D HG MA> #1 M:;
EB<D HG MA> #1 M:;
EB<D HG MA> .NBE= M:;

JR G@O N MPI OCDN ><G>PG<0ODJI

>A: T*IC
EB<D +H PA>G :LD>= MH NI=:M> MA> @>HF>MKR

5C@| TIPM ><G>PG<ODJI DN ADIDNC@? TJP ><| QD@R OC@ M@NPGODIB JKODHDU<ODJI PNDIB "$HJQD@
2L>MA> +% T %DK>: <HFF.G=

=:@KIA G6E=T C:G<N

==:L><HG= @K:IA G6E=T 99 G6E=

0AHP MA> >G>K@R H? MA> !# LN;LRLM>F HG MA> L><HG= @K:IA
G6E=T)J>A9 C:G<>HT ?D7

7JP ><| <GNJ JK@| OC@ JPOKPO ADG@+PAIDIBIBZ@ >JHH<I? 2C@ JOC@M QDNP<GDU<ODJI OJJGN ><I 1JO
=@ <KKGD@? 0J OC@ APGG /3*" M@NPGON =PO OC@T ><I =@ PN@? OJ @S<HDI@ OC@ M@NPGO JA OC@ "$ ><G>F
OC@ +@OCTG M@BDJI 2CDN DN ?2JI@ DI LPDG?EJ=

OAHP MA> #CH;L PBG=HP
O0AHP MA> .2&)! CH; =>M:BEL <EB<D HG MA> MKB:G@E> MH LAHP MA> =>M:BEL
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3NDIB OC@ 4D@R H@IP >JHH<I? TIP RDGG OMT OJ JK@! OC@ O M@NPGO ADG@ AJM OC@ /3"*" EJ= 2C<0O RDGG IJC
R@ I@@? OJQD@RJIGTOC@ O ADG@ JAOC@ <?ANP=NTNO@H 2J?J OCDN R@ ADMNO JK@! OCDN M@NPGO Al
)$ MIRN@M 2CDN 0JJG <GGJRN TJP OJ DINK@>0 ?@O<DGN JA OC@ =DI<MT )$ ADG@N ,@SO PN@ OC@ 4D@R >JH}
1+ H@IP JA OC@ )$ MIRN@M 0OJ JK@! OC<O NK@>DAD> ADG@ DI "$QD@R

IHN;E> <EB<D HG MA> K>LNEML JNBE=CH; M ?BE>

&G MA> (# KHPL>K PBG=HP  +%T .>iL

&G MA> 1#0OB>P PBG=HP />FHO> :G= $N>LL ;HG=L MABL BL : PHKD :KHNG=: ;N@ MA:M
F>LL>L NI MA> ;HG= =BLIE:R

3BLN:EBS> MA> %,*, BG #OB>P

EB<D HG MA> &LHLNK?:<> IHN;E> INEE =HPG F>GN :G= NL> MA> OAHP I>M:BEL <HFF:G=
A.G@> MA> |:<BMR MH
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,JO@ OC<O /3*" C<N <??@7? < ?PHHT CT?MJB@I OJ ><K OC@ =MJIF@I =JI?

&G MA> #OB>P PBG=HP NL> MA> +%T$KAH <HFF.G=
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JRTIP C<Q@ OC@ "$ M@NPGO ADG@ AJM OC@ H@OCTG BMJIPK QDND=G@ DI "$QD@R <I? "$G@Q@GN 5DOC "$Q
"$G@Q@GN TJIP ><| @S<HDI@ OC@ "$ M@NPGON <N PNP<G

+% T)J> AA
+:E  )%%%
:C:G6l: :I=6CDA >C L6I:G

2J 2@HJINOM<O@ CJR OJ N@O PK < /3" ><G>PG<ODJI PNDIB "$DIKPO R@ RDGG PN@ @OC<IJG DI R<O@M <N <I
@S<HKG@ 2CDN RDGG <GNJ NCJR TJP CJR 0J <?? @SKGD>DO NJGQ@I0 HIG@>PG@N 0J TIPM NTNO@H

OM:KM #BGINM

NBE=:G >MA:GHE FHE><NE>

-K> HIMBFBS> MA> LMKN<MNK>

9> T +DAK:CI %DA:8JA:H

A:G@> MA> K:=BNL H? MA> LHEO>GM LIA>K> MH : LF:EE O:EN>

LN<A MA:M LHEO>GM FHE><NE>L PBEE ;> @>G>K:M>=
EB<D HG ==0HEO>GM
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NTIP><IN@@ "$DIKPO C<NB@I@M<0@? R<O@M HIG@>PG@N <MJPI? TIPM @OC<IJG HIG@>PG@ 'O <GNJ C<N
>M@<0@? ORJ M@BDJIN <1JGPO@ M@BDJI >JIO<DIDIB OC@ @OC<IJG HIG@>PG@ <I? <1JGQ@IO M@BDJI >JIO<DI
R<O@M HIG@>PG@N 2C@ QDNP<GDU<ODJI JKODJI AJM OC@ 1JGQ@I10 M@BDJI DN NP>C OC<O OC@ R<O@M HJIGC
NCJRI PNDIB < 5DM@ AM<H@ M@KM@N@I0O<O0DJI

+:1 JE 1=:)% %% 86A8JA61>DC

2C@ I@SO NO@K DN OJN@O PK OC@ /+ ++ ><G>PG<ODJI
T )%%% L>E><M MA> *** [:G>E

0>E><M MA> OHENM> K>@BHG BG MA> .*/[>@BHG INEE =HPG F>GN
A:G@> MA> *** 1:L D MH $>HF>MKR,IMBFBS:MBHG
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JR TIP RDGG C<Q@ OCM@@ O<=N OC@ H<DI /+++ O<= OC<O <GGJRN TJP OJN@O /+++ ?@0<DGN OC@ "$ O<=0O
DN OC@ N@OPK AJM OC@ "$ ><G>PG<ODJI AJM OC@ 1JGPO@ NP=NTNO@H <I? OC@ ++ O<=0C<O N@ON PK OCC(
><G>PG<0ODJI AJM OC@ APGG NTNO@H

"$DIKPO DN >PMM@IOGT 1J0 Q@MT NH<MO DI N@OODIB OC@ KMIK@M <OJH OTK@N AIM < ++ ><G>PG<ODJI 1J TJP
0OJ @S<HDI@ OC@ <OJH OTK@N <N OC@T <M@ B@I@M<O@? DI OC@ ++ DIKPO <I? ADS OC@H DA OC@T <M@ 1JO >
OCDN DA I@@?@7? PN@ OC@ OJH 'INK@>0JM K<I@G OJ N@O OC@ 2MDKJIN JM H=@M <OJH OTK@N <N |@@?@"?

EB<D HG MA> ** M:;
<MBO:M> MA> /NG 0<KBIM I:G>E BG MA> |.G>E ;:K I>M:BEL
A><D MA> :MHF MRI>L BG MA> KNG L<KBIM

*JC 1=: )%%% 86A8JA61>DC 6C9 H:: G:HJAIH

ING RHNK <:E<NE:MBHG >A:T*JC

OAHP MA> HIMBFBS:MBHG FHOB>

&G MA> #BGINM PBG=HP  + % T %DK>:
G6E=T C:G<N
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,JO@ OC<O "$HIQD@ <I? OC@ JOC@M %3 HI?PG@N RDGG JIGT NCJR OC@ M@NPGON AJM OC@ /+ K<MO JA TIPM
><G>PG<0DJI

2JB@0O ?@0<DG@7? DIAJMH<ODJI JI TIPM /+++ ><G>PG<0DJI TJP ><| >C@>F OC@ JPOWPIO ADG@ PNDIB OC@
JIEJI  >JHH<I?

+:E  )J6A>IN E:G G:<>DC

IJOC@M H@OCJ? OJ C<I1?G@ =DBB@M NTNO@HN DN OJ ><G>PG<O@ K<MO JA TIPM NTNO@H <N TJP RIPG? IIMH<G
<IJOC@M K<MO OC<O APMOC@M <R<T JA OC@ M@BDJI JA DIO@M@NO RDOC < GJR@M IPH@MD><G <>>PM<>T <I?.

N@ON N <l @S<HKG@ CJR OJN@O OCDN PK R@ RDGG PN@ OC@ N<H@ @OC<IJG R<O@M NJGQ@IO NTNO@H OC
AIM OC@ /+ ++ OPOJMD<G DI OC@ KM@QDJPN NO@K

OM:KM #BGINM

NBE= :G >MA:GHE FHE><NE>

-K> HIMBFBS> MA> LMKN<MNK>

9> T +DAK:Cl %DA:8JA:H

A:G@> MA> K:=BNL H? MA> LHEO>GM LIA>K> MH : LF:EE O:EN>
LN<A MA:M LHEO>GM FHE><NE>L PBEE ;> @>G>K:M>=

EB<D HG ==0HEO>GM
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JO@ OC<O TIJPM NTNO@H >JINDNON JA ORJ M@BDJIN OC@ 1JGPO@ <I? OC@ 1JGQ@I0 M@BDJI
2C@ |@SO NO@K DN OJ N@O PK OC@ ><G>PG<ODJI K<M<H@O@MN

0>E><M MA> $>HF>MKR ,IMBFBS:MBHG IK>L>M
EB<D HG MA> HG MA> +NF>KB<:E .N:EBMR EBG>
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#HK MA> OHEO>GM K>@BHG
<A:G@> MA> ><D>BGM>@K:MBHG MH :LB<
<A:G@> MA> OIEBG> 7EF ?BM MH :LB<
<A:G@> MA> :LBL JN:EBMR MH 07
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,@SO MPI OC@ ><G>PG<ODJI<I? N@@ < HIQD@ JA OC@ M@NPGON

/NG RHNK <:E<NE:MBHG >A:T*JC L:O>PBMA :G:F>RHN EBD>
OAHP MA> HIMBFBS:MBHG FHOB>

&G MA> #BGINM PBG=HP  + % T %DK>:

&G MA> #FHOB> PBG=HP G6E=T C:G<N
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,JO@ OC<O IJR TIP RDGG N@@ OC@ APGG NTNO@H DI >JIOM<NO RDOC OC@ /+ ++ M@NPGON

JIDG>6A G6<B:Cl C6ANH>H

2CDN OPOJMD<G RDGG NCJR TJP CJR OJ PN@ OC@ $M<BH@IO I<GTNDN RDOCDI "$ 2C@ ORJ @S<HKG@N PN@? C(

\ DI
\ .0IG&

7JP RDGG N@O PK OC@ ><G>PG<ODJIN MPI OC@H <I? QDNP<GDU@ OC@ M@NPGON

184



2C@ M@NPGODIB "$DIKPO DIKPO ADG@ <?A DN <Q<DG<=G@ DI OC@ @S<HKG@N ?DM@>0JMT DI>GP?@? DI OCG@
?DNOMD=PODJI 'l OC@ @S<HKG@N ?J>PH@I10<0ODJI TIP ><I M@<? CJR OJ N@O PK < NDHDG<M ><G>PG<0ODJI RDOC.
"$DIKPO

2C@ ADMNO @S<HKG@ DI OCDN OPOJMDSBIDNON A JI@ ,D AM<BH@IO <I? JI>@ !- AM<BH@IO OC<O DN
M@K@<O0@? AJPM ODH@N

2C@ N@>JI1? @S<HKG@ DEl .0!@® >JINDNON JA < .0!8M<BH@IO <I? JI@ &M<BH@IO 'O DN < BJJ?
@S<HKG@ JI CIR OJ NK@>DAT OC@ >C<MB@N JA OC@ AM<BH@ION

+E  J>A9 &>

2C@ NOMP>OPM@ DN K@MA@>0GT O@OM<C@?M<G 7JP NCIPG? =@ <=G@ 0J =PDG? OC@ HIJG@>PG@ TIPMN@G
O@>CIDLP@N ?@N>MD=@? DI @<MGD@M OPOJMD<GN -1@ KINND=G@ R<T

OM:KM #BGINM

NBE=: M>MK:A>=K:E F>M:E <HFIE>Q +1GJ8IJG: ,.DDA T %:16A DBEA:M:H T %$ 1:1G6=:9G6A
A:G@> MA> <>GMK:E :MHF BGMH : +B :MHF

0>E><M HG> EB@:G=

0>E><M :EE EB@:G=L +:A:8I T +:A:8| IDBH "; +6B: ,NE: F>GN <HFF:G=

A:G@> MA>F BG , EB@:G=L IDBH T *;EA68: N +IGJ8IJG: T $><6COH T '

AHHL> MA> $>HF>MKR ,IMBFBS:MBHG -K>L>M

0:0>:G=/NG

4A>G MA> KNG AL ?BGBLA>= <EB<D 6>L MH BFIHKM MA> HIMBFBS>= <HHK=BG:M>L
0:0>

7IJPM HIG@>PG@ NCJIPG? GJJF NJH@OCDIB GDF@ OCDN
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+I:E ::>C::G6<B:CIH

2C@ AM<BH@ION OC<O "$ PN@N <M@ =<N@? JI OC@ M@BDJIN OC<0O TJP ?@ADI@ 'l OCDN @S<HKG@ R@ RDGG B(
I@R M@BDJIN JI@ AJM @<>C JA OC@ !- GDB<I?N 2C@ M@BDJIN AJM OC@ !- GDB<I?N RDGG B@O NK@>D<G I<H@N C
NPM@ OC<O "$ M@>JBIDU@N OC@H <N JI@ AM<BH@IO M@K@<O@? AJPM ODH@N

2C@ ,D <OJH RDGG 1JO =@ DI < M@BDJI "$DIKPO RDGG <POJH<OD><GGT >M@<0@ <OJHD> AM<BH@ION AJM <GG <(
M@BDJI

0@K@<O@? AM<BH@ION <M@ DI?D><0@? RDOC OC@ AM<BH@IO I<H@ AJGGIJR@? =T | RDOCI|OC@ IPH=@M JA O
>JKD@N HPNO H<O>C NP>C OC<0 JI@ AM<BH@IO ><| =@ KINDODJI@? @S<>0GT JQ@M <IJOC@M AM<BH@IO =T MJC
OM<ING<ODJI "$>C@>FN AJM OCDN "$DIKPO ?J@N 1JO 'l OCDN K<MOD>PG<M @S<HKG@ <GG AJPM !- AM<BH@ION
J=QDJPNGT D?@I0OD><G =T NTHH@OMT

-G>E ;K %D9:A T *:<>DCH

0>E><M :EE :MHFL

EB<D MA> ;NMMHG MH :== :GHMA>K G>P K>@BHG <HGM:BGBG@ :EE :MHFL
0>E><M MA> +B :MHF

/>FHO> MA> +B :MHF ?KHF />@BHG9 <EB<D MA> ;NMMHG HG MA> KB@AM LB=> H?
MA> /[>@BHG9

A.G@> MA> G:F>H? [>@BHG9 BGMH ,

JRJII@ I@R M@BDJI C<N =@@| ?@ADI@? OC@ !- M@BDJI AJM OC@ GDB<I?N 2C@ I@SO NO@K DN OJ NKGDO OC@ (
M@BDJI DIOJ AJPM M@K@<O0@? M@BDJIN

-K>LL MA> MKB:G@E> HG MA> KB@AM LB=> H? MA> , K>@BHG EBG>
&G MA> [HI NI F>GN NL> MA> OIEBM R *HE><NE> <HFF:G=

2CDN NCJPG? M@NPGO DI OC@ AJGGJRDIB M@BDJIN
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+:E  H:lI JE |=: ;G6<B:Cl 6C6ANH>H GJC

2C@ 1@SO NO@K DN Q@MT @<NT R@ RDGG O@GG "$ 0OJ K@MAJIMH < 1DIBG@ .JDIO ><G>PG<ODJI AM<BH@IO <I<G
JIGT RIMFN RDOC < NDIBG@ KJDIO ><G>PG<0DJI <I? R@ O@GG "$DIKPO OJ PN@ OC@ M@BDJIN OC<O R@ EPNO ?(
AM<BH@ION

1>G MA> *BG |:.G>E

0>E><M MA> 0BG@E> -HBGM IK>L>M
-G>E ;K %JAI>$:K:AT G6<B:CIH
A><D MA> 2L> ?K:@F>GML <A><D ;HQ

'INO@<? TIP >JPG? <GNJN@G@>0 OC@ $M<BH@IO I<GTNDN KM@N@O RCD>C DN D?@IOD><G OJ OC@ 1DIBG@ ..
RDOC 3N@ AM<BH@ION <>0DQ<O0@?
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1OC@ $M<BH@ION K<I@G TIJP RDGG N@@ OC<0 JI@ AM<BH@IO DN KM@N@IO RDOCJPO >C<MB@ OC@ M@K@<O
"$ RDGG PN@ =<ND> <OJHD> <OJHN AJM <IT <OJHN 1JO KPO DI <IJOC@M AM<BH@IO 2CPN OC@ ,D <OJH RDGG =@ <
<OJHD> AM<BH@IO

+:E  *JC I=: ;G6<B:ClI 6C6ANH>H 6C9 K>:L I=: G:HJAIH
,@S0 TJP RDGG 1<Q@ <I? 0PI OC@ ><G>PG<ODJI 5C@! TIJP 2J OCDN "$DIKPO RDGG <>OP<GGT N<Q@ ORJ ?DAA@M

><G>PG<ODJIN

\ 2C@ !- ><G>PG<0ODJI RDOC H<O>CDIB <?A<I? MPIADG@
\ 2C@ .,D!- AM<BH@IO <I<GTNDN ><G>PG<0ODJI RDOC H<O>CDIB <?A<I? MPI ADG@

7IP 2] 1J0 1@@7?7 OJ N@O PK < N@K<M<O@ "$ ><G>PG<0ODJI AJM OC@ !- AM<BH@IO RC@I TIP MPI OC@ AM<BH@IO
<I<GTNDN ><G>PG<0ODJI OC@ MPI N>MDKO RDGG ?@0@>0 OC<0O OC@ DI?DQD?P<G AM<BH@ION ADMNO l@@? OJ:
NJ <POJH<OD><GGT ,@SO OC@ AM<BH@IO <I<GTNDN ><G>PG<0ODJI RDGG MPI

0:0>

ING

,,L>KO> MA> KNGGBG@ H? MA> ?K:@F>GM , :G=MA> ?BG:E ?K:@F>GM :G:ERLBL

2C@ - AM<BH@IO <I? ,D!- ><G>PG<ODJIN <GG C<Q@ =@ @ K@MAIMH@?

2CDN ><G>PG<0ODJI M@NPGON DI OC@ IJMH<G O <I? JPO JPOKPO ADG@N 7JP+% QD@R OC@H RDOC OC@

<I? +% T 'JIEJI >JHH<I?N +JIM@ DIO@M@NODIB DI OC@ ><N@ JA < AM<BH@IO <I<GTNDN DN OC@ DIO@M<>0DJI
?D<BM<H OC<0O TJP ><I QD@R PNDIB "$G@Q@GN

&G MA> LMBEE HI>G #BGINM PBG=HP NL> MA> +%T$:KIAAH <HFF:.G=
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10C@ >@10@M TIP N@@ OC@ G@Q@GN JA OC@ RCIG@ HIG@>PG@ JI OC@ ND?@N TJP N@@ OC@ !- AM<BH@IO
<OJH AM<BH@I0 2C@ DIO@M<>0DJI GDI@N O@GG TJP RCD>C HIG@>PG<M JM=DO<GN >JH@ AMJH RCD>C AM<BH(

' OC@ JPOKPO ADG@ TJP ><| ADI? ?2@0<DG@? DIAJMH<ODJI <=JPO OC@ >JHKJINDODJI JA OC@ HIG@>PG<M G@Q@
OC@ AM<BH@IO JM=DO<GN

+E J>A9 (1A

2C@ AJGGJRDIB DN < KD>OPM@ 8A OB@:@¥PG@ <AO@M JKODHDU<ODJI RDOC "$
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2J H<F@ OCDN HIG@>PG@ <I @<NT R<T DN O0J NO<MO RDOC <I J>0<C@?M<G >JHKG@S OJ @INPM@ NTHH@OMT (
>C<IB@N 0J B@O OCDN HIG@>PG@ @I1?DIB RDOC < B@JH@OMT JKODHDU<ODJI RDOC "$

NBE=:G H<M:A>=K:E F>M:E <HFIE>Q NLBG@ MA> OMKN<MNK>L ;NMMHG
+IGJ8IJG: ,DDA T %:16A DBEA:M:H T %$ D8I6=:9G6A

A.G@> MA> <>GMK:E :MHF BGMH : -M :MHF

A:G@> ?HNK =NFFB>L BG : IE:G> BGMH E :MHFL

/>FHO> HG> H? MA> K>F:BGBG@ =NFFB>L

A:G@> MA> K>F:BGBG@ =NFFR BG ,% OB: +IGJ8IJG: , DDA T $><6COH T
MABL PBEE >GLNK> MA> ?BG:E MPH % L =H GHM ;K>:D LRFF>MKR

A:G@> MA> , :MHF BGMH :G % :MHF

AHHL> MA> $>HF>MKR ,IMBFBS:MBHG -K>L>M
0>M MA> MHM:E <A:K@> MH

0>E><M MA> 0<:E:K 7,/ K>E:MBOBLMB< HIMBHG
ING

4A>G MA> KNG A:L ?BGBLA>= <EB<D 6>L MH BFIHKM MA> HIMBFBS>= <HHK=BG:M>L
0:0>

JO@ OC<O KM@ JKODHDU<ODJI PNDIB 3%$$ RDGG H<F@ OC@ B@JH@OMT RIMN@ DA TJP RDNC TJP ><| KM@ JKODI
+JK<> PO OC@ "$ B@IJH@OMT JKODHDU<ODJI RDGG <GNJ >JIQ@MB@ RDOCJPO KM@ JKODHDU<ODJI

+:E :;>C: :G6<B:CIH

"@ADI@ OC@ .03? & AM<BH@ION DI OC@ 0@BDJIN K<I@G
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-G>E ;K %D9:A T *:<>DCH

0>E><M MA> -M :G= E :MHFL

2L>MA> ;NMMHG MH :==: G>P K>@BHG :G=G:F>BM -M E
0>E><M MA> MPH % :MHFL

2L>MA> NMMHG MH :==: G>P K>@BHG :G=G:F>BM %
E>:K MA> :MHF L>E><MBHG <EB<D BG >FIMR LI:<>

JR OC@ AM<BH@ION <M@ ?@ADI@? ,@SO R@ N@O PK OC@ AM<BH®@IO <I<GTNDN ><G>PG<ODJI

0>E><M *:BG [:G>E

0>E><M MA> #K:@F>GM G:ERLBL IK>L>M

-G>E ;:K %JAI>$:K:AT G6<B:CIH

A:G@> MA> <A:K@> H? MA>-M E ?K:@F>GM MH

0:0>

2C@ JOC@M >C<IB@N OC@ JQ@M<GG HIG@>PG@ >C<MB@ <I? OC@ N><G<M 8-0 JKODJI C<Q@ <GM@<?T =@@! N
KM@QDJPNGT 2C@ $M<BH@IO I<GTNDN KM@N@O ?J@N 1JO >C<IB@ OC@N@
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5C@I TIP >GD>F JI OC@ -K@I| =POOJI OC@ =DB ?JO 1@SO OJ OC@ .0O!G AM<BH@IO TJP ><I| DINK@>0 OC@ .0!G
AM<BH@IO N@OPK

EB<D HG MA> ,I>G ;NMMHG MA>;B@ =HM G>QM MH MA>-M E ?K:@F>GM BG MA>
#K:@F>GML :G>E

A><D MA> <A:K@> H? MA> ?K:@F>GM BG MA> G>PER HI>G>= #BGINM LAHNE= ;>

EHL> MA> -M E ?K:@F>GM #BGINM PBG=HP

$IM HIM@ >JHKG@S ><G>PG<ODJIN TJP >JPG? H<F@ <??DODJI<G >C<IB@N 0J TIPM AM<BH@IO MPIN &JR@Q@M
IIMH<GGT OC@ N@O PK <N >M@<0@? =T "$DIKPO NCIPG? =@ ADI@

+:E  *JC I=: ;G6<B:ClI 6C6ANH>H 6C9 K>:L I=: G:HJAIH

,@SO TJP RDGG 0PI OC@ ><G>PG<O0DJI

ING

AO@M OC@ ><G>PG<0ODJI C<N ADIDNC@? TJP ><I QD@R OC@ M@NPGODIB DIO@M<>0DJI ?D<BM<H
2L>MA> +% T $KIAH  <HFF.G=

2L> MA> FHNL> =K:@ PBMA E>?M FHNL> L<KHEE PA>>E =K:@ PBMA KB@AM FHNL>
SHHF BG HG MA> BGM>K>LMBG@ K>@BHG KHN@AER ?KHF  MH

0>E><M MA> -M E % <HENFG ;R <EB<DBG@ HG MA> G:F> :M MA> ;HMMHF
2L>MA> >.LTICL.G68I>DCHT +=DL F>GN <HFF.G=

4BMA MA> [HI NI F>GN BG MA> % <HENFG LAB?M MA> % E>O>EL ;R

-IGT DIO@M<>0ODJIN =@OR@@| QDND=G@ G@Q@GN <M@ NCJRI 1J DA TJP UJJH JPO 1J DIO@M<>0ODJIN RDGG =@ Q
NIJH@ JAOC@ G@Q@GN 2C<O DN OC@ M@<NJI OC<O TJP RDGG I@@? OJ PN@ OC@ 1CJR 'TO@M<>0ODJIN H@IP >JH

5@ 1@@?@? OJ NCDAO OC@ & G@Q@GN OJ <>>JHHJ?<0O@ OC<0O DI OC@ ADI<G HIG@>PG@ OC@ AM<BH@IO @SK(

>C<MB@ =PO OCDN DN <=N@I0 AMJH OC@ & AM<BH@IO ><G>PG<0ODJI 2C@ DIO@M<>0DJI ?D<BM<H NCJPG? GJJF
GDF@ OC@ AJGGJRDIB
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1 OC@ JPOKPO ADG@ TJP ><I ADI? ?2@0<DG@? DIAJMH<ODJI <=JPO OC@ >JHKJNDODJI JA OC@ HIG@>PG<M G@Q@
OC@ AM<BH@IO JM=DO<GN

JIDG>6A :C:G6I>C< 6 7618=D; ?D7H 6C9 8DAA:8I>C< G:HJAIH

6H>H +:1 :::8IH :DG & ‘DB:IGN

2CDN OPOJMD<G RDGG C@GK TJP OJ

KM@ JKODHDU@ NOMP>OPM@N PNDIB ?DAA@M@I0 H@OCJ?N DI>GP?DIB +-. !

NO<MODIB AMJH <l @SDNODIB <?A ADG@ >M@<0@ < =<0O>C JA NDHDG<M EJ=N PNDIB OC@ .M@K<M@ 0J.
DIO@M<>0DQ@GT NP=HDO < N@O JA EJ=N PNDIB "$EJ=N

PNDIB OC@ 0@KJIMO 0JJG DI "$EJ=N <I<GTU@ M@NPGON JA HPGODKG@ ><G>PG<ODJIN <O JI>@

— - - -

+I:E G:6l: 6C9 EG: DEI>B>0: NDJG BDA:8JA:

OM:KM #BGINM

K>:M>:G + :MHF

-K>LL "L< :G=<EB<D BG >FIMR LI:<> LH MA:M GHMABG@ BL L>E><M>=
K>:M>:G % :MHF GHM MHH ?:K :P:R

-K>LL "L< :G=<EB<D BG >FIMR LI:<> LH MA:M GHMABG@ BL L>E><M>=
== FHK> AR=KH@>G :MHFL MABL P:R

7JP NCIPG? N@@ JI@ IDOMIB@I <I? OCM@@ CT?MJB@! <OJHN DI OC@ ?M<RDIB <M@< IJR 5@ DIO@IODJI<GGT ?D?
<?? =JI?N =@OR@@I| OC@ , <I? & <OJHN
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$DMNO R@ RDGG OMT 0OJ JKODHDU@ OCDN NOMP>0OPM@ PNDIB OC@ ?@A<PGO KM@ JKODHDU@M 3%$$
EB<D -K> HIMBFBS> <H@ PA>>E ;NMMHG

3NDIB OC@ ?@A<PGO KM@ JKODHDU<ODJI <GBJMDOCH RDGG G@<? OJ < NOMP>OPM@ RDOC R<T OJ =DB, & ?DNO:-

,@SO R@ RDGG OMT OJ JKODHDU@ PNDIB +JK<>

2G=H MA> IK>OBHNL HIMBFBS:MBHG 9> T -C9D
/B@AM <EB<D HG MA> <H@ PA>>E L>E><M *HI:< MH IK> HIMBFBS>

2C@ H@NN<B@ +-.! M@<?T RDGG =@ ?DNKG<T@? DI OC@ "$DIKPO RDI?JR
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+JK<> RDGG KMJ?P>@ < BJJ? GJJFDIB KTM<HD?<G <HHJID< HIG@>PG@ RDOC OC@ , & =JI? G@IBOC JA <=JPO
IBNOMJIH

??DODJI<GGT DO RDGG >M@<0@ KMIJK@M , & >JQ<G@I0 =JI?DIB 2C@N@ =JI?N <M@ =<N@? JI OC@ =JI? IM?@MN -
><G>PG<O@7? =T +JK<>

+:E +:1JE 6 H>C<A: 86A8JA6I>DC

,JR RDOC JPM KM@ JKODHDURIBG@>PG@ R@ RDGG N@O PK < N@MD@N JA ><G>PG<ODJI OC@ JKODHDU<ODJI JA,
"$ PNDIB ?DAA@M@IO =<NDN N@ON 2C@ ADMNO NO@K DN OJ N@O PK < NDHKG@ B@JH@OMT JKODHDU<ODJI
0>E><M MA> *:BG I:G>E

0>E><M MA> $>HF>MKR ,IMBFBS:MBHG |IK>L>M

0:0>:L+%

5@ C<Q@ PN@? <GG ?@A<PGON AJM =<NDN N@O <I? NJ JI
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+I:E +I1JE676I8=D; ?D7H

,@SO R@ RDGG N@O PK < N@MD@N JA ><G>PG<ODJIN PNDIB OC@ .M@K<M@ 0JJG

0>E><M MA> #CH;L PBG=HP

&G #CH;L PBG=HP EH<:M> MA> +% CH; L:0O>=>KEB>K
EB<D HGMH +% EBG> MH L>E><M BM

2L>MA> DDAHT (G:E6G: <HFF.G=

2C@ .M@K<M@ ?D<GJB RDI?JR RDGG KJK PK

@><PN@ R@ C<Q@ N@G@>0@7? OC@ ,& EJ= @<MGD@M ,& <?A ADG@I<H@ DI>GP?DIB OC@ K<OC RDGG NCJR P!
OPI AD@G? JOC@MRDN@ R@ ><IN@G@>0 ,& PNDIB =POOJIJAOC@ OPI AD@G? 2CDNH@<INR@ <M@ BJDIB (
>M@<0@ EJ=N OC<O <M@ D?@I0OD><G OJ OC@ ,& EJ= =PO RDOC NJH@ ?@0O<DGN >C<IB@? OCDN RDGG I@SO =@
.M@K<M@ ?D<GJB

$H MH MA> 2L> MA>L> BGINM HIMBHGL :G=<EB<D

AHHL> :LBL 0>M :G=#KHS>G HK> T 07 T ):K@>

&G MA> LBFBE:K F:GG>K :==;.LBLL>ML 7 17- 17-
HIMBHG:EER 17 - :G= .7 -

2L> <HK> ):K@> ?HK :EE MA> ;.LBL L>ML
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2C@ =<NDN N@O JKODJIN N@G@>0@? RDGG NCJR PK DI OC@ 3N@ OC@N@ DIKPO JKODJIN AD@G? ,JO@ OC<O =
EJ=N RDGG =@ >M@<0@7? DI OC@ <POJEJ=N ?DM@>0JMT <N NK@>DAD@? DI OC@ .MJ?P>@ EJ=N N@>ODJI

+HP <EB<D ,( BG MA> -K>I:K> PBG=HP
2C@ .M@K<M@ ?D<GJB RDGG >GIN@ <I? "$EJ=N RDGG JK@! OC@ <POJEJ=N ?DM@>0JMT 3NDIB & <?A OC@ .M@
>M@<0@7? < N@O JA EJ=N DIND?@ <POJEJ=N I<H@? <N ,& 18 *<MB@ <?A ,& "8*<MB@ <?A @O> 2C@ ADG@N

I<HDIB DIOPDODQ@GT AJGGJRN OC@ =<NDN N@O JKODJIN RCD>C C<N =@@| PN@? <I? OC@ M@NO JA OC@ JKODJ
>M@<0@? ADG@N <M@ @S<>0OGT OC@ N<H@ <N DI ,& <?A 2C@ JMDBDI<G ,& <?A ADG@ C<N JO =@@| <GO@M@?
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+I:E *JCNDJGH:ID; ?D7H
JRR@ <M@ BJDIB OJ MPI OC@ =<0O>C JA "$ EJ=N RCD>C C<N =@@! <POJH<OD><GGT KM@K<M@? DI OC@ KM@QDJ
JA OC@ OPOJMD<G 3NDIB "$EJ=N JI@ ><I @DOC@M MPI OCDN N@O JAEJ=NJI@ =T JI@ IM <GG <O JI>@

EB<D HG MA> ?BKLM CH,;
0OAB?M EB<D HG MA> E:LM CH,;
/NG MA>CH;L "D7T*JC

2CDN RDGG MPI OC@ EJ=N DI OC@ ?@A<PGO LP@P@ ,JMH<GGT OCDN DN OC@ 1@LP@IOD<G LP@P@ <I? OC@ EJ-
MPI1 JI@ <AO@M <IJOC@M

2C@ EJ=N RDGG NO<MO MPIIDIB <I? OC@DM KMJBM@NN ><I =@ OM<>F@? DI "$EJ=N #<>C <HHJID< JKODHDU<ODJI |
NCJIPG? 1JO O<F@ HIM@ OC<I < A@R HDIPO@N

+I:E  C6ANO: G:HJAIH D; H:K:G6A 86A8JA61>DCH 6l DCS:

5C@| <GG OC@ <HHJID< JKODHDU<ODJI EJ=N <M@ ADIDNC@? R@ ><I>JHK<M@ OC@ M@NPGON 2C@ H<DI >JI>GPI
TJP RDGG M@<>C DN OC<0 "8 ?JP=G@ U@O< =<NDN N@O JKODHDU<ODJI EJ=I<H@ ,& "8 *<MB@ G@<?N OJOC@
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DI>IMM@>0 KG<I<M <HHJID< HIG@>PG@ N>JQ@M@? DI OC@ KM@>@?DIB OPOJMD<GN TJP ><| JKODJI<GGT PN@
%3' HI?PG@N 0J J=N@MQ@ OC<O

"$HIQD@ RCD>C RDGG NCJR OC@ B@JH@OMT JKODHDU<ODJI

"$DIKPO RCD>C RDGG JK@I OC@ G<NO >JIQ@MB@? B@IJH@OMT

"$QD@R RCD>C RDGG JK@! OC@ >JIQ@MB@? B@JH@OMT <I? <GNJ RIPG? ?DNKG<T Q<MDJPN ?@INDOT H<KN DI
$IM @S<HKG@ G@O PN PN@ "$QD@R 0OJ ?@HJINOM<O@ OC@ M@NPGON

E>:K MA> L>E><MBHG BG #CH;L IK>LL "L<

0>E><M CH; +% !7 ):K@> BG MA> #CH;L PBG=HP LAHNE= MA>G ;> AB@QAEB@AM>=

0>E><M +% T .>.L

0>E><M >A9HT G>9T >C:

0>E><M (GDE:GI>H T '%'

&G MA> BLHLNK?:<> <HGMHNK O:EN> ?B>E= PAB<A :lI>:K>=:M MA> ;HMMHF
<A:G@> MA> =>?:NEM MH

1RI> <MKE <F=FBGNL L>O>K:E MBF>L NGMBE MA> <>GMK:E + :MHF ;:EE
=H>L GHM HO>KE:| LMKHG@ER PBMA MA> %,*, HK;BM:E

/>1>:M ?HK MABL ?HK MA> I7- <.E<NE:MBHG

5C<O TJP RDGG J=N@MQ@ DN OC<O &-+- JA <HHJID< 2J@N 1JO C<Q@ OC@ <IOD>DK<O@? NK CT=MD?DU<ODJI RC@
=<NDN N@O DN PN@? 'l OC@ AJGGJRDIB KD>OPM@ TJP ><I N@@ =JOC OC@ "8 <I? "8. M@NPGON

2J QDNP<GDU@ M@NPGON AMJH N@Q@M<G EJ=N <POJH<OD><GGT TJP ><I PN@ OC@ 0@KJIMO 0JJG RDOCDI "$EJ

$H MH MA> #CH;L PBG=HP
0>E><M ,DDAH T &:L *:EDGI ,:BEAGI:
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2CDN RDGG JK@! PK 0@KJIMO ?D<GJB

10C@ 0@KIMO AD@G? TJP ><I>CJIN@ OC@ I<H@ AIM TIPM M@KJIMO ADG@ <I? DON AJMH<O &2+* JM 2<= N@K:
KG<DIO@SO 2C@ JOC@M AD@G?N %@I@M<G 'H<B@N O@NPGON >JIO<DI Q<MDJPN M@G@Q<IO JKODJIN TJF
AIM KM@K<MDIB TIPM M@KJMO

&G MA> [>IHKM 1>FIE:M> G:F> ?B>E= MRI> *R/>IHKM

&G MA> /[>LNEML L><MBHG <A><D !BIHE>*HF>GM :G= !BIHE> 3><MHK
&G MA> "QMK: #K>IHKM <HFF.G= EBG> HIMBHGL ?B>E= >GM>K :G@E> E:;>EL
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2C@ @SOM< >JHH<I? GDI@ JKODJIN PN@? DINOMP>0 "$M@KJMO OJ M@KJMO OC@ <IBG@ =@OR@@I| <OJHN  <I?
DI>GP?@ OC@ <OJH G<=@GN AJM OCDN <IBG@ JI JPOKPO 'l < NDHDG<M R<T HIM@ <IBG@N >JPG? =@ M@LP@NO@

?DNO<I>@N JM H<IT JOC@M KMIK@MOD@N $IM < ?@N>MDKODJI JA <GG JKODJIN KG@<N@ >C@>F OC@ <?AM@KJ
?J>PH@I10<0DJI

EB<D (

2C@ 0@KJIMO ?D<GJIB RDGG >GIJN@ N<QDIB JPM O@HKG<O@ I<H@? +TO@KJIMO ,JR R@ RDGG B@I@M<O@ <>0OP<
AJGGJRDIB OC@ N<Q@? O@HKG<O@

&G #CH;L PBG=HP L>E><M :EE MA> ?BGBLA>= CH;L ?KHF MA> +% L>M
0>E><M ,DDAH T J>A9 %N*:EDGI *:EDGI
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1<Q@ N ?D<GJB RDI?JR RDGG KJK PK NCJRDIB OC@ M@KJIMO COHG ?@A<PGO ADG@I<H@

AHHL> RHNK ?BE>G:F> :G= EH<:MBHG MA>G <EB<D 0:0>

JR "$ RDGG RIMF OCMJPBC <GG TIPM N@G@>0@? EJ=N <I? KM@K<M@ OC@ M@KJIMO $DI<GGT OC@ =MIJRN@M R
NCJRDIB TIPM M@KJMO ADG@ =T ?@A<PGO I<H@? M@KJIMO COHG

2C@ 0@KJIMO 0JIG >M@<0@7? < O<=G@ GDF@ M@KJIMO JA OC@ M@NPGON !GD>F JI OC@ DH<B@ <=JQ@ OJN@@

5@ ><I >G@<MGT N@@ OC<O JIGT AIM "8 =<NDN JKODHBUS@>:RGAVD& KG<I<M >C@>F OC@ G<NO MJR JA OC@
M@KJIMO O<=G@ 2C@ ?DKJIG@ ?<0< <M@ <GNJ NCJRI DI OC@ M@KJIMO -=QDJPNGT OC@ ?DKJG@ HIJH@I!O DN U@
KG<I<M ,& NOMP>OPM@

IJIBM<OPG<ODJIN R@ <M@ ?JI@ RDOC OC@ <HHJID< JKODHDU<ODJI OPOJMD<G

&? RHN P:GM MH >QBM :EE MA> $2& FH=NE>L :M HG<> L>E><M +% T)J> AA
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JIDG>6A  6;;:>C: 69:G % 6C6ANH>H :CO:C: &'
K>HJ6A>06I>DC 6C9 '88JE6I>DCH

+:E +:IJE 6C9 DEI>B>0: 6;;:>C:

OM:KM #BGINM

,@SOR@ I@@7? < M@<NJI<=G@ BP@NN AJM OC@ NOMP>0OPM@ JA |<AA@DI@ 2C@ LPD>F@NO R<T OJ ?J OCDN DN ¢
DI OC@ ?<0<=<N@ JA HIG@>PG@N DI>GP?@? RDOC OC@ "$ %3' <I? JKODHDU@ DO

-K>LL <F=# HK <MKE # MH :<MBO:M> MA> L>:K<A ;HQ
1RI> <:??>BG> BG MA> L>:K<A ;HQ
*HO> RHNK FHNL> IHBGM>K HG MHI H? MA> 1A>BG L>:K<A K>LNEM

NTIP><IN@@ OC@M@ <M@ N@Q@M<G H<O>C@N 'A TIJP KINDODJI TIPM HIPN@ JQ@M OC@ M@NPGON RDOCJF
=<GGJJI RDGG <KK@<M NCJIRDIB OC@ ?@0O<DGN JA OC<0O H<O>C $IJM OCDN OPOJMD<G R@ PN@ OC@ N@>JI? H<O:
OC@ ,I'?<0O<=<N@ 2C@DIDNJI@ JA OC@ >JHHJI I<KH@N AIM ><AA@DI@ <I?<NTIP><IN@@ OC@M@ <M@ H<T
<GO@MI<ODQ@ I<H@N

EB<D HG MA> 1A>BG L>:K<A K>LNEM

EB<D LHF>PA>K> BG >FIMR LIl:<> BG MA> FHE><NE> =K:PBG@ :K>: MH =>L>E><M MA>
:MHFL

OPBM<A MH #1 FH=> I.:G>E ;K T ,

0>E><M FH=>E 0 #1
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*:.D> LNK> MA> |:K:F>M>K L>M BL 'K>L=>G GHKF:EER RHN PHNE=P:GM MH NL>
>MM>K I:K:F>M>KL EBD> MA> BG<EN=>= , L>M

,JO@ OC<O JIGT OCIN@ K<M<H@O@M N@ON FIJRI OJ =@ <=G@ OJ C<I?G@ TIJPM NTNO@H RDGG =@ NCJRI DI OC@
'‘ATIP HIQ@ TIPM HIPN@ JQ@M OC@ K<M<H@O@M AD@G? OC@ DIAJMH<ODJI =<GGJJI RDGG <GNJ NCJR M@A@M
<KKGD><=G@ 0J OC@ N@G@>0@? N@O JA "$2 K<M<H@O@MN +JM@ ?@0O<DG@? DIAJMH<ODJI <I? M@A@M@I>@
?DNKG<T@? DA TJP >GD>F JIOC@ D =POOQOJI I@SO OJ OC@ K<M<H@O@M DIKPO AD@G?

EB<D MA> /NG ;NMMHG
&? MA> F>LL:@> L:RL +,1 <HGO>K@>= IK>LL /NG :@:BG

2C@ "$2 KMJBM<H NCJPG? C<Q@ >M@<0@7? NJH@OCDIB NDHDG<M OJ OCDN NOMP>OPM@
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+:E  6A8JA6I>DC H:IJE

,@SO R@ RDGG ><G>PG<O@ OC@ '+ >MDOD><G KJDION <I? K<OCN AJM OC@ >PMM@I10 NOMP>0OPM@
OPBM<A MH # FH=> I:G>E ;K , T

JRR@ R<IO OJ <>0DQ<0@ OC@ <?@M '+ <I<GTNDN OJ ADI? OC@ >MDOD><G KJDION <|? =JI? K<OCN 2J ADI? RC@N
JKODJI DN GJ><0@? N@<M>C AJM DO

<MBO:M> MA> L>:K<A ;HQ <F=<MKE #
1RI> <KBMB BG MA> L>:K<A ;HQ
2L> MA> />MNKG D>R MH :<<>IM MA> AB@AEB@AM>= F:M<A ,MA>K

"$DIKPO RDGG <>0DQ<0@ OC@ K<I@G OC<0O ?DNKG<TN OC@ JKODJI TIP <M@ GJJFDIB AJM 0OJ ><G>PG<O@ OC@
KJDION <I? K<OCN 2C@ H<O>CDIB DIKPO JKODJIN RDGG =@ H<MF@? RDOC =GP@ DO<GD> 0@SO ,JO@ OC<O R@ /
<>0DQ<0@ OC@ "$ HJ?@ OC@ DIKPO JKODJI N@<M>C RDGG M@NOMD>0 OC@ N@<M>C 0J K<I@GN OC<O =@GJIB
H@0CJ? "$ " "$2

A><D MA> ;HQ MH <:E<NE:M> :=>K &* KBMB<:E IHBGML ;HG=I:MAL :G=:MHFB<
IKHI>KMB>L

A><D MA> ;HQ MH <:E<NE:M> &* :MHFB< >G>K@B>L

A><D MA> ;HQ MH L:O> MA> :=>K ;:.LBGL
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/NG MABL L>MNI >A: T*JC

?D<GJB RDGG KJK PK DI RCD>C TJP HPNO NK@>DAT < ADG@I<H@ OJ PN@ AJM TJPM EJ= AJM @S<HKG@ ><AA@DI(
"GM>K <:??7>BG> :L:#BE>G:F> IK>LL MA> 0:0> ;NMMHG

AO@M CDOODIB OC@ N<Q@ =POO0OJI OC@ ><G>PG<0ODJI RDGG NO<MO 7JP RDGG B@0O ORJ @SOM< RDI?JRN ADMN
"$EJ=N OC<O <GGJRN TJP OJ H<I<B@ TJPM EJ=N <I? F@ @K OM<>F JA OC@DM NO<O@ AJM @S<HKG@ LP@P@? JM
7JP RDGG <GNJB@O < RDI?JR NCJRDIB OC@ "$ GJB ADG@ 2CDN NCJRN TJP RC<O DN BJDIB JI DI OC@ >PMM®@I10
><G>PG<O0DJI

"@K@I?DIB JI TIPM >JHKPO@M OC@ ><G>PG<ODJI NCIPG? =@ M@<?T <AO@M < A@R HDIPO@N <O HINO
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+I:E 'G7>I6AH (DI:.CI>6A 6C9 1% G:HJAIH

OM:KM #OB>P +% T .>iL
OAHP MA>%,*, (GDE:GI>HT '%'
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%B=> MA> %,*, ;R NG<A><DBG@ MA> <A><D ;HQ :M MA> EHP>K E>?M <HKG>K H? MA>
1#OB>P PBG=HP

99 T 'HDHJG;68: DADG:9

&G MA> ?BKLM ?B>E= L>E><MHK MH MA> KB@AM H? MA> &LHLNK?:<> HEHK>= M>QM :M
MA> ;HMMHF L>E><M CH>INT +

&G MA> L><HG= ?B>E= L>E><MHK MH MA> KB@AM H? MA> M>QM BG MA> L:F>

EBG> L>E><M (DI:CI>6AT +
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%B=> MA> LNK?:<> PBMA MA> [HM>GMB:E >G>K@R NG<A><D MA> <A><D ;HQ :M MA> EHP>K
E>?M <HKG>K H? MA> PBG=HP
(GDE:GI>HT 1% 69:G
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2C@ >MDOD><G KJDION <I? =JI? K<OCN <M@ NCJRI OC@ HIG@>PG@ =<GGN <I? NOD>FN M@KM@N@I0<ODJI DN CL
?2DAA@M@I0 OTK@N JA >MDOD><G KJDION <OJH !. =JI?!. MDIB !. <I? ><B@ !. <M@ DI?D><0@? =T ?DAA@M@IO >JGJ
2C@ <OJH I.N <M@ N><G@? =T ?@INDOT =T ?@A<PGO RCD>C H<F@N OC@H GJJF GDF@ <OJHN 2C@ =JI? K<OCN <N
>JGIM@? =T ?@INDOT =T ?@A<PGO

7JP ><| <GNJ QDNP<GDU@ OC@ &@NND<I JA OC@ "@INDOT DI OC@ >MDOD><G KJDION

2G<A><D MA> 0<:E> R I>GLBMR <A><D ;HQ BG MA> &* EBG>:M MA> ;HMMHF H? MA>
PBG=HP
(GDE:GI>HT 1% :HH>6C D; :CH>IN6I (H
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2JB@O < MJIPBC ?DNKG<TJAOC@ <?@M =<NDIN PN@ OC@ <?@M N<HKGDIB JKODJI

(GDE:GI>H T 69:G +6BEA>C<
7HHF BG
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2C@ ?DAA@M@I0 >JGIM@? KIDION NCJR OC@ ?DAA@M@I0 =<NDIN

"$QD@R C<N H<IT JKODJIN OJ QDNP<GDU@ OC@ M@NPGON OC@ JKODJIN EPNO PN@? <M@ H<DIGT OJ NCJR JAAT
A@<OPM@N .G<T <MJPI? RDOC OC@ ?DAA@M@I0 JKODJIN AIM @S<HKG@ OMT JPO RC<O OC@ >C@>F =JS@N ?J J
-M OMT JOC@M AD@G?N IM >JGIM@? >PO KG<I@N M

2CDN ADIDNC@N OC@ !<AA@DI@ <?@M '+ OPOJMD<G >GJIJN@ <GG DON RDI?JRN

+9%T)JI>l

+I:E  :CO:C: 69:G 8=6G<: 6C6ANH>H 6C9 & 'H

OM:KM #BGINM
*D>:;>GS>G> FHE><NE> ?HK >Q:FIE> ;R L>.K<ABG@ ?HK BM PBMA <F= <MKE #
0>M NI : OBG@E> -HBGM <:E<NE:MBHG PBMAHNM ?KHS>G <HK>L

-G>E ;K (GDE:GI>HT'l=:G IDI 69:G =6G<:,G6CHEDGI
A><D MA> MHFB< >G>K@B>L HIMBHG

A><D MA> 0:0> :=>K :MHFB< ;:LBGL HIMBHG

-G>E ;K (GDE:GI>:H T $D86A>0:9 'G7>I6AH &'

A><D MA> ->K?HKF +, :G:ERLBL HIMBHG

/>IN>LM HRL #HLM>K EH<:EBS>= HK;BM:EL

ING MABL L>MNI >A: T*IC

5C@I OC@ ><G>PG<0ODJI DN ?2JI@ DO NCJIJPG? MPI Q@MT A<NO R@ PN@ "$QD@R OJ @S<HDI@ OC@ <?@M >C<MB
>JHK<M@ OC@H RDOC +PGGDF@! >C<MB@N
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,I>G MA> K>LNEML PBMA #0B>P

O0AHP MA> :=>K :MHFB< <A:K@>L (GDE:GI>HT IDB!C,DT 69:G =6G<: T +=DL
HEHK MA> :MHFL ;R :=>K <A:K@>L (GDE:GI>HT DADG IDBH NT 69:G =6G<:
OAHP MA>*NEEBD>G <A:K@>L (GDE:GI>HT IDB!C;D T %JAA>@:C =6G<: T +=DL

,@SO R@ DINK@>0 OC@ , -N <I? JTN $INO@M GJI><GDU@? JM=DO<GN 2J M@HJQ@ OC@ >C<MB@ ?DNKG<T R@ >G.
JK@! "$QD@R =PO TJP >JPG? <GNJ C<Q@ PN@? OC@ 4D@R H@IP OJ M@HJQ@ OC@H =T C<I?

EHL> #OB>P

,I>G MA> K>LNEML :@:BG PBMA #0OB>P

== IHN;E> &LHLNK?:<>

2L> MA> ?B>E= F>GN BG MA> G>P <HGMKHE EBG> :G=
H;L>KO> MA> E:;>EL IK>L>GM PBMA MA> + L :G=+)*L

JI>G +, GNF;>K LAHNE=;>LBFBE.KMH %

&FIKHO> MA> @KB=;RNLBG@ >A9HT G>9T >C:
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-=QDJPNGT TJP ><| <GNJ QDNP<GDU@ OC@ ,*+-N JM OC@ JTN $INO@M GJ><GDU@? JM=DO<GN RCD>C <M@ EPNC
*J><GDU@7? -M=DO<GN DI OC@ AD@G?N H@IP

,@SO R@ DINK@>0 OC@ <?@M <OJHD> =<NDIN 2C@ IPH@MD><G DIO@BM<ODJI KJDION <M@ PN@? AJM OCDN KPN\
>JGJIM DI?D><O@N OJ RCD>C <OJHD> =<NDI OC@ IPH@MD><G DIO@BM<ODJI KIDIO =@GJIBN OJ

EHL> #OB>P
I>G MA> K>LNEML :@:BG PBMA #OB>P
(GDE:GI>HT 69:G +6BEA>C<
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-l@ ><I <GNJ N@G@>0 JI@ IM HIM@ <OJHN OJN@@ JIGT OC@ <?@M <OJHD> =<NDIN JA OC@ N@G@>0@7? <OJHN

+:E  '88JE6I>DCH
JRR@ RDGG M@HJQ@ JI@ @G@>OMJI AMIH < N@G@>0@? IM=DO<G =T NTHH@OMT PNDIB "$DIKPO <B<DI

,I>G RHNK ;>GS>G> <:E<NE:MBHG BG #BGINM
%D9:A T +E>C 6C9 '88JE6I>DC
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' OC@ 1KDI <I? ->>PK<ODJI K<I@G TIP N@@ RCD>C JM=DO<GN <M@ <Q<DG<=G@ =T NTHH@OMT <I? NKDI DA OC@
N@O PK DN PIM@NOMD>0@? 2C@ IPH=@MN <M@ OC@ J>>PK<ODJIN ,@SO OJ OC@ "$DIKPO RDI?JR "$G@Q@GN |
C<Q@ JK@I@? <I? DN NCJRDIB < G@Q@G ?D<BM<H JA TIPM >PMM@10 HIG@>PG@ 2CDN C@GKN TJP OJ N@G@>0
J>>PK<ODJI

2C@ G@Q@G ?D<BM<H DN =<N@7? JI OC@ @SDNODIB M@NPGO ADG@ O AJPI? 'AJI@ "$DIKPO RDGG NPBB@NO
BP@NN ><G>PG<0ODJI < CIK@APGGT A<NO ><G>PG<ODJI PNDIB <I DI<>>PM<O@ DIO@BM<ODJI BMD? <I? NOJKKDIB -
11$>T>G@N 2C@ G@Q@G ?D<BM<H NCJRI DI OC<0O ><N@ RDGG 1JO =@ <>>PM<0@ J=QDJPNGT =PO RDGG NODGG -
N@G@>0DIB OC@ KMIK@M J>>PK<ODJI

JR EPNO <N <l @S<HKG@ R@ H<F@ < CJG@ DI OC@ # B IJM=DO<G ,JO@ OC<O OCDNDN ,-2 0C@ &-+-

A:G@>MA> MH BGMA> " @ <HENFG MA> MABK=KHP
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EHL> MA> @N>LL :=?E>0O>EL

>A: T +6K:

EHL> MA> #BGINM PBG=HP

ING OB: MA> "D7T*JC <HFF:G=BG #CH;L

4A>G MA> KNG BL <HFIE>M>
JI>G HE>O>EL NLBG@ MA> +%T$K:AH <HFF:G=

&G MA> #E>O>EL PBG=HP NL> MA> > L T$67:AHT +=DL <HFF.G=
7HHF BG MH MA> K>@BHG H? BGM>K>LM ?HK >Q:FIE> NLBG@ RHNK FHNL> PA>>E
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'10C@ G@Q@GN ?D<BM<H TJP RDGG J=N@MQ@ OC<O OC@ &-+- OC@ # B DN >JHKG@O@GT ADGG@? RCDG@ O(
DO C<N < CJG@ 7JP ><I @<NDGT N@@ OCDN =T OC@ >JGJM ,JO@ OC<O R@ C<Q@ K@MAIMH@? < M@NOMD>0@"?
@AA@>0 OC@ CJG@ DN <Q@M<B@? JQ@M OC@ # JIM=DO<GN

JIDG>6A +E>C DJEA>C<>C :+ AJHILG

2CDN OPOJMD<G RDGG C@GK TJP OJ

\
\

\

+|:E

=PDG? OC@ NOMP>0OPM@ JA DMJI NPGAPM >P=<I@

>JIOMJG OC@ NKDI >JPKGDIB DI HPGOD >@10@M M<?D><G NTNO@HN DI ORJ ?2DAA@M@I0 R<TN 1KDI$GDK
+J?DAT10<MO.JO@IOD<G

OR@<F OC@ 1!$ >JIQ@MB@I>@ DI OC@ DMJI NPGAPM >P=<1@ ><N@

QDNP<GDU@ OC@ ?DNOMD=PODJI JA NKDI ?@INDOD@N DI "

G:61: 6C9 EG: DEI>B>O: I=: : + 8J76C: BD9:A

#H=@??@7? DIOJ KMJO@DIN <I? >JIM?DI<O@? =T >TNO@DI@ GDB<I?N DMJI NPGAPM >P=<I@N <M@ JAO@| PN@? =T |
@G@>0MJI OM<INA@M <I? ><O<GTNDN 5CDG@ OC@DM I<ODQ@ NOMP>0OPM@N ><| =@ @SOM<>0@? AMJH KMJO@
ADG@N R@ RDGG PN@ "$DIKPO HJ?PG@ OJ =PDG? < HI?@& @ BNIEHI@M<O>C DI OCDN @S<HKG@

OM:KM #BGINM

0>E><M MA> +IGJ8IJG: IDDA T (DAN=:9G6 T J7: LMKN<MNK>
EB<D :GRPA>K> BG MA> >FIMR LMKN<MNK> =K:PBG@ :K>:
1ABL LAHNE= IE:<>: <N;> BG MA> ;NBE=BG@ :K>: H? #BGINM
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2C@ >P=@ =PDGO DN >JINOMP>0@? JA ><M=JI <OJHN 5@ RDGG IJR >C<IB@ AJPM JA OC@N@ <OJHN OJ DMJI $@ <
OC@ M@H<DIDIB AJPM <OJHN DIOJ NPGAPM 1

3B: 0AB?M <EB<D L>E><M ?HNK <:K;HG :MHFL BG MA> <HKG>KL H? MA> <N;:G>

IDBHT =6C<: IDB ,NE: T : <A:G@> MA> ?HNK :MHFL BGMH #>
+:A:81>DC T ICK:GI +:A:8I>DC
IDBHT =6C<: IDB ,NE: T + <A:G@> MA> HMA>K :MHFL BGMH 0
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JR TIP NCIPG? N@@ OC@ $®@=<I@ DI OC@ NOMP>OPM@ ?M<RDIB <M@< JA "$DIKPO 2C@ KMJK@M >JIM?DI<ODJI
0J $@ <OJHN DN DHKJMO<IO DI HJ?@GDIB OC@DM @G@>0OMJID> NOMP>0OPM@ 'l KMJO@DIN DMJI NPGAPM >P=<1@

>JIM?DI<O@7? =T >TNO@DI@ GDB<I?N OJ OC@ $@ NDO@N &@M@ R@ RDGG HI?@C3DBER® 20@M >TNO@DI@N =T
KMJ>@?PM@ 0OJ <?? OC@N@ GDB<I?N DN ?@N>MD=@7? =@GJR

0>E><M :EE #> :MHFL ?HK >Q:FIE> ;R BGO>KMBG@ MA> L>E><MBHG
2L>MA> IDBHT :16AH DADG *69>JH %6HH F>GN <HFF:.G=
A:G@> MA> GNF;>K H? <HGG><MHKL ?HK :EE #> :MHFL ?KHF BGMH
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OPBM<A MH MA> *:BG |:.G>E
== AR=KH@>GL MH MA> LMBEE L>E><M>= #> :MHFL NLBG@ MA> IDBHT 99 N9GD<:C
F>GN <HFF:G=

0>E><M MA> G>PER :==>= AR=KH@>GL
2L>MA> IDBHT *:EA68: N +IGJ8IJG: T $><6CO9H T F>GN <HFF.G=

2CDN RDGG M@KG<>@ CT?MJB@I <OJHN DIOJ -& GDB<I?N
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0>E><M HG> H? MA> , :MHFL
2L>MA> +:A8I T +:A:8l IDBH ', +6B: ,NE: <HFF:G= MH L>E><M MA>F :EE
2L>MA> IDBHT =6C<: IDB ,NE: T + MH <A:G@> MA>F BGMH 0

2C@ |@SO NO@K DN 0J JKODHDU@ OCDN NOMP>0OPM@ 'O DN < ?DAAD>PGO NTNO@H <I? OC@ KM@ JKODHDU@M
PN@ "$ OJ JKODHDU@ OC@ B@JH@OMT

0>M MA> <A:K@> MH
0>E><M MA> $>HF>MKR ,IMBFBS:MBHG IK>L>M

EB<D MA> ORFF>MKBS> ;NMMHG MA> LM:K MH <A><D MA> LRFF>MKR LAHNE= ;> 1=
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>A: T*IC  >GM>K#>0:L G:F>

4A>G K>:=R <EB<D ,(MH NL> MA> HIMBFBS>= @>HF>MKR BG #BGINM
+ % T %DK>:

&G MA>*HOB> PBG=HP GG6E=T C:G<N
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EHL> MA> FHOB> PBG=HP >A:T ADH:
+I:E '716>C I=: HDAJI>DC ;DG I=: =><=HE>C + HI6l: D; I=: 8J76C:

1$@ 1 NTNO@HN OC@ DMJI NDO@N <M@ >JHHJIGT CDBC NKBl AQNWVIBNVINE> $@&  $IM

OC@ KM@N@I0O @S<HKG@ R@ RDGG PN@ OC@ DMJI NPGAPM >P=<I@ JSD?<0ODJI NO<O@ RC@M@ OC@ ORJ NDO(
M@H<DIDIB ORJ <M@ A@MMJPN 2CDN JSD?<ODJDB@EREDG IGHD| @2 <I? J>>PMN AIJM @S<HKG@ DI

MP=M@?2JSDI <I? CDBC KJO@IOD<G DMJI NPGAPM KMJO@DIN &N $JM JPM H12@ GOOMNOBHKGSO@N

OC@ 0JO<G >C<MB@ JA

2C@ M@G<ODQ@ ?DM@>0DJIN JM >JPKGDIB JA OC@ DI?DQD?P<G NDO@ NKDI Q@>0JMN DN < Q@MT DHKJIMO<IO
OC@ ?@NDM@? ?@INDOT API>0DJI<G NJGREOR@ GG H<IT JOC@M NTNO@HN RCD>C ?DNKG<T < HPGOD >@I0@M
M<?D><G >C<M<>0@M

5DOCDI OC@ >JHHJI JK@I NC@GG <KKMJ<>C OC@ NKDI Q@>0JMN <M@ @DOC@M K<M<GG@G JM <IOD K<M<GG@C
<GG OC@ NKDIN <M@ K<M<GG@G DN ><GG@? CDBC NKDI &1 -=0<DIDIB N@GA >JINDNO@? AD@G? 1!$ NJGPODJI /
><N@ DN IIMH<GGT NDHKG@M =@><PN@ OC@ KMJBM<H ?J@N 13O0 |@@? OJ M@NJIGQ@ OC@ <H=DBPDOT JA ?DNOI
NDO@N NKDI Q@>0JMN 5CDG@ OC@ A@MMJIH<BI@OD> &1 NJGPODJI >JHHJIGT ?J@N 130 >IMM@NKJI? OJ OC@ GJF
@G@>0OMJID> NO<O@ OCDN NJGPODJI ><I=@ PN@? OJ J=0<DI OC@ @G@>0OMJI ?@INDOT >IMM@NKJI?DIB OJ OC@
NKDI >JPKG@? NO<O@ 'l OCDN NO@K R@ RDGG J=0<DI OC@ &1 NJGPODJI AJM OC@ DMJI NPGAPM >P=<I@ RCD>C

G<O@M DI OC@ OPOJMD<G 2C@ &1 NJGPDOEAIM BE@SH@MM@NKJIIBN Cd a

0>E><M MA> #BGINM PBG=HP

0>E><M MA> 0BG@E> -HBGM IK>L>M
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(>>1 MA> MHM:E <A:K@> :M
0>M MA> LIBG IHE:KBS:MBHG MH  <HKK>LIHG=L MH S
A><D MA> NGK>LMKB<M>= ;HQ

>SA:T+6K: H
"GM>K #>09%0 L ?BE>G:F> :G=L:0>

>A: T*C

"$0<DG RDI?JR RDGG KJK PK NCJRDIB OC@ KMIBM@NN JA OC@ EJ=
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2C@ GIBADG@ NCJRN OC<0O OC@ >JIQ@MB@I>@ C<N =@@I J=0<DI@? DI 1!$>T>G@N

+I:E  DJEA:I=:HE>CH>C : + JH>C<I=:+E>C A>E DEI>DC

5CDG@ 1!$ NJGPODJI AJM OC@ CDBC NKDI &1 NO<O@ JA <HPGOD >@10@M NKDI NTNO@H ><I JAO@I| =@ @<NDGT .
NJGPODJI ?2J@N 130 |@>@NN<MDGT >JMM@NKJI? OJ OC@ GJR@NO @I@MBT NO<O@

2)B@I@M<O@ OC@ NJGPODJI RDOC OC@ ?@NDM@7? >JGGDI@<M NKDI <MM<IB@H@IO JI@ JKODJI DN OJ PN@ OCC
>JI>@KO OC<O C<N =@@I| @<MGD@M DIOMJ?P>@7? =T * ,JJ?G@H<I <I? >JRIMF@MN 'l OCDN ORJ NO@K KMJ>@?PM(
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\ ADMNO OC@ NKDI PIM@NOMD>0@? &1 NJGPODJI DN B@I@M<O@? RDOC <GG OC@ NDO@ NKDIN A@MMJIH
DI JI@ ?DM@>0DJI <GG NKDIN PK g

\ ,@SO0C@d g <I?l i @G@>0OMJI ?@INDOD@N >@I10@M@7? <O OC@ NDO@N RCD>C <M@ @SK@>0@? OJ -
<IODA@MMJIH<BI@OD><GGT >JPKG@? NKDIN ?JRI i OJ OC@ OJO<G NKDI Q@>0JM <M@ @S>C<IB@? AIM C
J=0<DI@7? &1 NJGPODJI PNDIB OC@ 1KDI$GDK JKODJI <I? OC@ ><G>PG<0ODJI DN M@NO<MO@?

@><PN@ OCDN <KKMJ<>C JAO@I| M@NPGON DI GJR@MDIB OC@ @G@>0OMJID> NTHH@OMT JA OC@ NTNO@H RCDC
NOMP>0OPM<G NTHH@OMT < NJGPODJI J=0<DI@? DI NP>C R<T DN JAO@I ><GG@7? OC@ =MIF@| NTHH@OMT 1 NO<
><N@N TJP RDGG I@@7? OJ HKF@ NPM@ OC<O TJPM 1 ><G>PG<0ODJI DN ?JI@ RDOC GJR@M NTHH@OMT

2C@ >JI>@KO JA 1KDI$GDK <I? 1 NO<O@ ><I =@ DGGPNOM<O@? >JIND?@MDIB JPM DMJI NPGAPM >P=<I@ ><N@ RD!

A@MMJIPN $& <I? ORJA@MMD> $@ NDO@N -1@ JAOC@ R@GG >C<M<>0@MDU@? 1 NO<O@N AJM OCDN
G@Q@G JA $BD?<0DJI >JMM@NKJI&N 0OJ gi

0>E><M MA> #BGINM PBG=HP PBMA RHNK #>09%0 <:E<NE:MBHG
*:.D> LNK> MA> *:BG |:G>E BL OBLB;E>
A:G@> MA> LIBG IHE:KBS:MBHG ?KHF MH

2CDN NKDI KJG<MDU<ODJI N@OODIB >JSIM@EHIIINKDI JA OC@ 1 @G@>0OMJID> NO<O@

-G>E ;K %D9:A T +E>C 6C9 '88JE6I>DC

"$G@Q@GN RDGG NCJR OC@ G@Q@GN AMJH TIPM KM@QDJPN ><G>PG<ODJI N R@ <M@ 1JO >C<IBDIB OC@ J>>P¥
DIAJ DN JO l@@?@? AJM OCDN OPOJMD<G

EHL> MA> PBG=HP LAHPBG@ MA> >G>K@R E>0O>E =B:@K:F #E>O>EL
0>E><M MA> MPH HNM H? ?HNK :K;BMK:KR #> LBM>L BG MA> =K:PBG@ :K>:
EB<D G>QM MH MA>+E>C A>E DC *:HI6GlI DGEBG>
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2)<>CD@Q@ OC@ ?@NDM@7? 1 NJGPODJI OC@ 1KDI$GDK KMJ>@?PM@ NCJIPG? =@ <KKGD@? OJ JPO JA $@ NDC
10C@ <=JQ@ @S<HKG@ R@ N@G@>0@? NDO@N $@ <I?$@ 2CDN RDGG DINOMP>0 1KDI$GDK <GBJMDOCH 0J
dg<l?li @G@>0MJI ?@INDOD@N <NNJ>D<O@7? RDOC OC@N@ ORJ $@ NDO@N RC@! OC@ EJ= RDGG =@ M@NO<|
OC@ &1 g i NKDINO<O@ OJOC@ 1 g i NKDINO<O@

2C@ 1KDI $GDK JKODJI JIGT RIMFN RC@1 M@NO<MODIB NJ N@O PK OC@ M@NO<MO ><G>PG<ODJI AMIJH OC@ &1 M
-G>E ;K A6>AH T >A:H *:HI6GI
EB<D ?HE=>K B<HG BG ?KHGM H? MA> />LM:KM ?BE> ?B>E=

0>E><M MA> #>9%0 M ?BE> BM LAHNE= :EK>:=R ;> L>E><M>= LH CNLM IK>LL MA>
,1>G ;NMMHG
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2C@ <=JQ@ RDGG DINOMP>0 "$ OJ M@<? OC@ >JIQ@MB@? &1 NJGPODJI R@ J=0<DI@7? DI OC@ KM@QDJPN NO@K
OPOJMD<G 2CDN NJGPODJI C<N =@@I| N<Q@~? DI OC@ $@;&1 O

-G>E ;K :I6>AH T +NBB:IGN

0>M MA> LRFF>MKR LRF;HE MH +,06*

>A:T+6K: H L:O>MA> CH; :L #>09 090-&+#)&-
>A: T*JC
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NTIPN@@ JPM $@1,; 1;1.",$*. EJ=>JIQ@MB@N DI >T>G@N

+I:E DJEA>C< |=: HE>CH JH>C< I=: %D9>;N+I6GI(DI:CI>6A DEI>DC JH:
* + 8DCK:G<:C8: B:I=D9
2C@M@ DN <l <GO@MI<ODQ@ 0J 1KDI$GDK <Q<DG<=G@ DI "$ RCD>C DN <DH@? 0J <>CD@Q@ < NK@>DAD> NKDI :

NJGPODJI DI < NDIBG@ ><G>PG<ODJI JIGT 2CDN DN ?JI@ PNDIB OC@ +-"$712 02.-2#,2' * F@T DI "$ DO <GGJRN
TIP OJ >M@<0@ < NKDI KIG<MDU@? KIJIO@IOD<G <O OC@ Q@MT NO<MO JA OC@ ><G>PG<ODJI

.G@<N@ M@<? OC@ K<B@ JA "$ PN@M N BPD?@ JI +-"$712 02.-2#,2' * F@T KMDJM OJ KMJ>@ @?DIB RDOC OCDN
NO@K JA OC@ OPOJMD<G N AJGGJRN AMJH OC@ +-"'$712 02.-2#,2' * ?2@N>MDKODJI OCDN F@T <GGJRN 0J >JIOMJG
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OC@ M<ODJ JA NKDI d <I? NKDI | @G@>0OMJIN <NNJ>D<O@7? RDOC AM<BH@ION QD< <GKC< <I? =@0< IPH=@MN $JI
KPMKIN@ JA OC@ KM@N@IO OPOJMD<G R@ RDGG >JIND?@M OC@ AJPM $@ NDO@N <N AM<BH@ION KK<M@IOG’
IPH=@MN RDGG >IMM@NKJI? OJ OC@ IPH=@M JA NKDI d <I? NKDI | @G@>0OMJIN >IMM@NKJI?DIBGT <NNJ>D<O@? R
$@ NDO@

1J AJGGJIR OC@N@ DINOMP>ODJIN 0J J=0<DI OC@ 1 NJGPODJI QD< OC@ +-"$712 02.-.2#,2' * JKODJI

,I>G RHNK #>09%0 <:E<NE:MBHG BG #BGINM
A:G@> MA> LIBG IHE:KBS:MBHG ?KHF MH

-G>E ;K :16>AH T +NBB:IGN
0>M MA> LRFF>MKR MH +,06*

-G>E ;K %D9:A T +E>C 6C9 '88JE6I>DCH
EHL> MA> #E>O>EL PBG=HP

0>E><M MA> ?HNK #> :MHFL
EB<D MA> BG ?KHGM H? *H=B?R OM:KM -HM>GMB:E
0>M MA> :EIA: :G= ;>M: H<<NI:MBHGL ?HK MA> ?HNK #> :MHFL

EIA: .G= >M:
EIA: .G= >M:
EIA: :G= >M:
:EIA: :G= >M:

$IMOC@ NKDIPK $& OC@ <GKC< <I? =@O0< IPH=@MN RIPG? =@ <I? >IJMM@NKJI?DIBGT <I? AJM OC@

NKDIPK$@ S OC@N@ IPH=@MN<M@ <I? $IJM OC@ NKDI ?JRI $@ NDO@N <GKC< <I? =@0O< IPH=@MN
NCIPG? =@ <KK<M@IOGT OM<INKIN@? GNJ JPM ?@NDM@? 1 NO<O@ AISDOCONIG@RIAGNKBEN OJ
S gi
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,JO@ OC<0 1!$ KMI>@?PM@ HDBCO =@ KMJ=G@H<OD>

7JP ><| KG<T RDOC N@Q@M<G JKODJIN OJ C@QGK OC@ >JIQ@MB@I>@ ' OC@ 1!$ K<I@G DI "@O<DGN TJP ><| @SK(
RDOC N@Q@M<G H@CJ?N GDF@ *'12D "1 #"™1<I? 0& 'lOC@ 1!$>JIQ@MB@I>@ ?@O0O<DGN K<I@G APMOC@M
JKODJIN <M@ <Q<DG<=G@ GDF@ HDSDIB G@Q@G NCDAODIB JM=DO<G AM@@UDIB <I? "1 ?@O0O<DGN

' OCDN K<MOD>PG<M ><N@ OC@ 0& H@OCJ? DI OC@ 1!$ K<I@G RIMFN <GOCJPBC DO I@@7?N < GJO JA DO@M<OI
-:G>E ;K 6>AH T +

0>E><M MA> /% <HGO>K@>G<> F>MAH=
0>M MA> F:QBFNF GNF;>K H? 0 # <R<E>L MH

>A: T+6K: H  L:O>MA> CH; :L #>09 09*,1&#601 /1-,1"+1& )
>A: T*C
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&IK@APGGT TJP RDGG =@ <=G@ 0J >JIQ@MB@ OC@ EJ= OJ OC@ N<H@ @I@MBT <I? NO<O@ <N OC@ 1KDI$GDK EJ

2CPN =JOC OC@ 1KDI$GDK <I? OC@ +J?DAT10<MO.JO@IOD<G JKODJI <GGJR TJIP 0J J=0<DI < 2@NDM@? $@ NKDI >J
K<OO@MI DI OCI@ $@@ 5CDG@ 1KDI$GDK DN < ORI NO@K <KKMJ<>C <I? +J?DAT10<MO.JO@IOD<G RIMFN <N DI <
NDIBG@ NO@K OC@ 1KDI$GDK <KKMJ<>C NCJIRN < =@00@M K@MAIMH<I>@ ?PMDIB 1!$ HP>C =@00@M <I? A<NO(
>JIQ@MB@I>@

+:E .>:LI=: HE>C 9:CH>IN D; I=: 7GD@:C HNBB:IGN + HDAJI>DCH

'1OC@ ORI KM@QDJPN NO@KN JA OCDN OPOJMD<G R@ C<Q@ B@I@M<O@? OC@ =MJIJF@I NTHH@OMT 1 NJGPOD
$@1 >P=<I@ PNDIB <GO@MI<ODQ@GT OC@ 1KDI$GDK <I? +J?DAT10<M0O.JO@IOD<G JKODJIN &@M@ R@ RDGG <I<
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1 NJGPODJI QD@RDIB OC@ $@ NKDI ?@INDOD@N PNDIB "$QD@R <I? >JIADMH OC<O OC@ NKDI <GDBIH@I0O JA OC(
NDO@N DN g i 2CDN OTK@ JA <I<GTNDN ><| <GNJ =@ KIR@MAPGGT PN@? ?PMDIB KM@N@IO<ODJIN <I? AJM N>D@|
DGGPNOM<ODJIN

0>E><M RHNK #>09 090-&+#)&- <:E<NE:MBHG BG #CH;L
2L>MA> +% T >L F>GN <HFF:G= MH :<MBO:M> #0OB>P

7JP NCIPG? N@@ OC®@ 98@ : NTNO@H DI OC@ "$QD@R RDI?JR
2C@ NKDI ?@INDOT DN <Q<DG<=G@ <N < NCJMO >PO DI OC@ .MIJIK@MOD@N H@IP
(GDE:GI>:H T +E>C :CH>IN

7JP NCIPG? N@@ IJR OC@ ORJ $@ DJIN NPMMJIPI?@? =T =GP@ =GJ=N NKDI PK g <I? OC@ JOC@M ORJ =T M@? =GJ-
NKDI ?JRI i

A:G@> MA> BLH O:EN> MH

,JO@ OC<O TJP IJR C<Q@ ORJ QDNP<GDU<DJI GDI@N JI@ DN < ><G>PG<O@? AD@G? OC<O <>OP<GGT ><G>PG<0@
=@OR@@| OC@ <GKC< <I? =@0< NKDI ?@INDOT 2C@ JOC@M DN < ?JP=G@ DNIJNPMA<>@ OC<O QDNP<GDU@? OC
AD@G? 7JP ><| PN@ OCN@ ><G>PG<O0@? AD@G?N AJM H<IT KPMKIN@? $JM @S<HKG@ =T >C<IBDIBOC@ DIOJ <
<M@ QDNP<GDUDIB OC@ 0JO<G ?@INDOT DINO@<? JA OC@ NKDI ?DAA@M@I>@ ?@INDOT

'1 OC@ N<H@ R<T TJP ><I <GNJ >C@>F OC@ NKDI ?@INDOD@N AJM OC@ $@1;&1 <I?
$@1; 1;+-"$712 02.-2#,2' * M@NPGON
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JIDG>6A  :C:G6I>C< 6C9 JH>C< 8DC;DGB:GH

2C@ "$ %3' ?2J@N C<Q@ NJH@ =<ND> NPKKJMO AJM C<I?GDIB >JIAJMH@MN 2CDN DI>GP?@N OC@ B@I@M<ODJI JA
>JIAJMH@MN OC@ M@ADI@H@I10 JA >JIAJMH@MN PNDIB ?DAA@M@10 OC@IM@OD><G H@OCJ?N <I? OC@ ><>GP(
KMIK@MOD@N GDF@ NK@>0OM< 34 4DN '0 ,+0 <I? JOC@MN 2C@N@ NK@>OM< <M@ OC@ R@DBCO@? NK@>0OM<
DI?DQD?P<G >JIAJMH@MN OTKD><GGT PNDIB < JGOUH<II R@DBCODIB

2C@ ?DAA@M@I0 >JIAJMH@MN OJ C<I?G@ <M@ NOIJM@? DI < N?A ADG@ 2CDN N?A ADG@ DN < NO<I?<M? 1"$ ADG
><G>PG<O0@7? @I@MBT DI OC@ ODOG@ AJM @<>C >JIAJMH@M 'O <GNJ >JIO<DIN DIAJMH<ODJI R@M@ 0OJ ADI? ><G>
AJM OC@ DI?DQD?P<G >JIAJMH@MN DA KM@N@IO

‘A TJIP R<IO OJ ><G>PG<O@ NJH@OCDIB PNDIB OC@ >JIAJMH@MN JA TIPM HIG@>PG@

%@I@M<0@ <I? QD@R OC@ >JIAJIMH@MN <I? OCPN OC@ N?A ADG@ OC<O >JIO<DIN OC@H

0@ADI@ OC@ NOMP>OPM@N JA CO@ >JIAIMH@MN AJM @S<HKG@ RDOC "$ OCDN BDQ@N < I@R N?A AD
I<G>PG<O@ OC@ NK@>OMPH JA DIO@M@NO AIM N@G@>0@? >JIAIMH@MN

AD@R OC@ JGOUH<II <Q@M<B@? NK@>OMPH

— — - -

#<>C NO@K RDGG ?J NJH@OCDIB AJM <GG JM OC@ N@G@>0@? >JIAJIMH@MN <I? <O OC@ @1? JA @<>C NO@K < I(
B@I@M<O@? =<N@? JI OC@ M@NPGON JA OC@ ><G>PG<ODJIN 2C@ JMDBDI<G N?A ADG@ DN F@KO DIOC@ M@N
ODH@NO<HK AIM M@A@M@I>@ KPMKIN@N

$JM OCDN OPOJMD<G R@ RDGG ?J OCDN AJM < NH<GG @S<HKG@ HIG@>PG@ KMJIK<IID><>D?

+:E +:1 JE EGDE6CD>8 68>9 >C >CEJI

OM:KM #BGINM
NBE= IKHI:GHB< :<B= ?HK >Q:FIE> OB: L>:K<A BG #BGINM
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+I:E :C:G6l: I=: 8DC:DGB:GH

KBG@ NI MA> HG?HKF>KL MHHE PBMA MA> 9>I T DC;DGB:GH F>GN <HFF.G=
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' OCDN K<I@G TJP N@O PK CJR OJ B@I@M<O@ OC@ >JIAJMH@MN PNDIB 0")DO

2C@ ?@A<PGON NCJPG? RIMF ADI@ B@I@M<O@ M<I?JH >JIAJMH<ODJIN ADGO@M OC@H RDOC <I 0+1 ADGO@M
?PKGD><O@ NOMP>OPM@N ,@SO JKODHDU@ RDOC 0")DO 3%$$ NJ @<>C >JIAJMH<ODJI MPIN DIOJ NJH@ GJ><G HDIC
>JIAJMH@M <I? <B<DI ADGO@M RDOC <I 0+1 ADGO@M 0J <QJD? ?PKGD><0@ NOMP>OPM@N

'‘ATIP @SK@MD@I>@ KMI=G@HN JM <M@ >PMDJPN >C@>FDIB OC@ 1CJR GJB >C@>F =JS =@AIM@ B@I@M<ODIB
>JIAJMH@MN RDGG BDQQ@ NJH@ A@ @?=<>F ?PMDIB OC@ >JIAJMH@M B@I@M<ODJI

,JO@ OC<0 OC@ NO<MODIB B@JH@OMT ?J@N 1J0 H<OO@M 0")DO EPNO GJJFN <O OC@ =JI?DIB NOMP>0OPM@ <I? 1J
<OJH KINDODJIN 2C@ >JIAJMH<ODJIN <M@ B@!@M<0O@? PNDIB ?DNO<I>@ B@JH@OMT >JIAIMH<ODJI B@I@M<OIM
HIM@ DIAJ N@ @'QBER@= NDO@

EB<D MA> $>G>K:M> HG?HKF>KL ;:NMMHG
0:0> RHNK FHE><NE> PA>G :LD>= MH =H MABL IKHI:GHB<:<B=
4:BM NGMBE <HG?HKF>K @>G>K:MHG BL =HG>
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EB<D HG MA> OAHP HG?HKF>KL ;NMMHG
&G MA> #FHOB> PBG=HP NL>MA> G6E=T C:G<N F>GN <HFF:.G=

3NDIB "$HJQD@ TJP ><I IJR @S<HDI@ OC@ B@l@M<0@? >JIAJMH@MN ,JO@ OC<O OC@ @I@MBT DN OC@ 3%$ @@
<N ><G>PG<O@? =T 0")DO

+:E *:;>C: I1=: 8DC;DGB:G <:DB:IG>:H L>I=

,@SO NO@K DN OJ DHKMJQ@ OC@ B@JH@OMD@N JA OC@ >JIAJIMH@MN 'A OC@M@ <M@ H<IT >JIAJIMH@MN OCDN
@SK@INDQ@ NJ TJP H<T R<IO OJ GDHDO OC@ >JIAJMH@MN 0OJ =@ JKODHDU@? OJ OCIN@ RDOC < >@MO<DI @|@!I
AMJH OC@ GJR@NO >JIAJMH@M ,JO@ OC<O OCDN @I@MBT M<IB@ DN <>MP?@ @NODH<O@ =T 3%$$ 'l OC@ "$HJIQL
RDI?JR TIP ><IN@@ OC@ @I@MBD@N JA OC@ >JIAJMH@MN

EHL> MA> #FHOB> PBG=HP

&G MA> #BGINM PBG=HP
EB<D EHL>BG MA> HG?HKF>KL MHHE

*:.D> LNK> RHN :K>BG # FH=>
0>E><M MA> $>HF>MKR ,IMBFBS:MBHG IK>L>M

OPBM<A MH MA> HG?HKF>KL I:G>E BG MA> *H=>E L><MBHG
A><D MA> HIMBHG MH KNG RHNK CH; ?HK L>E><M>= <HG?HKF>KL
0>E><M :EE <HG?HKF>KL PBMA >G>K@R ;>EHP D<:E FHE

,MA>K HIMBHGL FHO> MA> FHNL> HO>K MA>F :G= <A><D MA> ;;EEHHGL MA> =>?:NEM
O:EN>L :K> <HKK><M
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2C@N@ N@OODIBN DI OC@ >JIAJIMH@MN K<I@G RDGG MPI TIPM EJ= RC<O@Q@M TJP NK@>DAT DI "$DIKPO OJ ?J
JKODHDU<ODJI MDBCO JR AJM <GG N@G@>0@7? >JIAJMH@MN OC@ >JIAJMH@MN RDOCDI F><G HJG AMJH OC@ !
>JIAJMH@M 'l OCDN ><N@ OC<O DN <GG >JIAJMH@MN R@ C<Q@ <I? R@ ?J OCDN OJN@@ OC@ @AA@>0 JI OC@ N
JI <O CDBC O@HK@M<OPM@N 'A TIP C<Q@ H<IT >JIAJMH@MN TJP H<T RDNC OJ M@NOMD>0 OC@ @I@MBT M<IB@
>JHKPO<ODJI ODH@

'ATIP RDNC OJ N@@ OC@ >JIAJMH@MN <B<DI >GD>F JI OC@ 1CJR =POO0JI @S0 0J OC@ $DG@ RDOC >JIAJIMH@MI
RCD>C NCJPG? =@ @HKOT MDBCO IJR

AO@M OC@ ><G>PG<ODJIN C<Q@ =@ @I 2JI@ <I@R N?A ADG@ RDGG =@ >M@<0@7? OC@ >JIAJMH@MN RDGG =@
@I@MBT ADGO@M@? OJ <QJD? ?PKGD><O@N <I? <GDBI@? ,JMH<GGT TJP RIPG? PN@ <=@00@M =<NDN N@O =|
OPOJMD<G R@ NOD>F OJ OC@ "8 =<NDN N@O OJ B@O NJH@ M@NPGON A<NO

ING RHNK L>MNI >A: *JC <EB<D 0:0> MH L:0> RHNK L>M NI
,G<> MA> CH; BL KNGGBG@
?HEEHP BM PBMA #FHOB> BG #CH;L +9% T %DK>:
BG #FHOB> LAHP MA> >G>K@R G6E=T C:G<N

4:BM NGMBE MA> <:E<NE:MBHGL A:0> ?BGBLA>= :KHNG= FBGNM>L HG : K><>GM
=> DMHI F:<ABG>
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EHL> #FHOB> LAHPBG@ MA> EH@?BE>
,>G #FHOB> GHP BM LAHNE= LAHP MA> G>P L=? ?BE> L>> MBME>
O0AHP >G>K@R I:G>E #FHOB> PBG=HPL G6E=T C:G<N

&G MA> #CH;L PBG=HP HI>G MA> =>M:BEL ;R <EB<DBG@ HG MA> MKB:G@E>
)JH<:M>MA>HKB@BG:E L=? ?BE>BG MA> K>LNEML ?HE=>K PBMA MBF> LM:FI
EB<D HG BM MH L>E><M BM

,I>G BM BG #FHOB> +% T %DK>:

OAHP >G>K@R I:G>E BG #FHOB> PBG=HP G6E=T C:G<N

NTIP><IN@@ OC@ >JIAJMH@M B@JH@OMD@N <I? @l@MBD@N <N JKODHDU@? =T "$ ?DAA@M BM@<OGT AMJH C
M@NPGON
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10C@ "$EJ=N RDI?JR TIP >JPG? <GNJN@G@>0 OC@ M@NPGON AJM DI?DQD?P<G >JIAJMH@MN N@G@>0 OC@ M(
DIO@M@NO <I? PN@ OC@ 1!+ H@IP -POKPO 1K@>OM< )$ MJIR@M 0OJ @S<HDI@ DO

+I:E  6A8JAGI: I=: I* HE:8IGJB

2) ><G>PG<O0@ OC@ '0 NK@>OMPH AIM <GG >JIAJMH@MN DI OC@ >PMM@IO N?A ADG@ RDOC JKODHDU@? "$ B@
N@O PK <I'0 ><G>PG<0DJI DI "$DIKPO <N TJP RIPG? AJM < NDIBG@ HIG@>PG@ |1? EPNO <N AJM OC@ B@JH@OMT
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OM:KM I#<KL

0>E><M >A:T'E:C

0>E><M MNMHKB:E <KL BG MA> #BE>G:F> ?B>E=
0>E><M >A: T +6K: H

"GM>K MA> G:F> MNMHKB:E BG MA> #BE>G:F> ?B>E=

GO@MI<ODQ@GT JI < 3IDS GDF@ NTNO@H JI@ H<T >JKT OC@ !-1+- M@NPGO ADG@N R<O@M >INFA H@OC<IJG >JI
@OC<IJG >INFA <I? =@IU@I@ >INFA DI OC@ ?DM@>0JMT "$&-+# @S<HKG@N >MN 2POJMD<G 0J <| @HKOT ?DM@
<1? @I0@M OC@ AJGGJIRDIB >JHH<I? DI OCDN ?DM@>0JMT RC@M@ OC@ !-1+- M@NPGO ADG@N <M@ KM@N@IO

# &+ :=?<KL ;>GS>G> <HLD? >MA:GHE <HLD? F>MA:GHE <HLD? P:M>K <HLD?
JO@ OC<0O JI@ C<N OJN@O OC@ IPH=@M JA MDIB <OJHN AJM OC@ =@IU@I|@ >JHKJPI?

0>E><M DBEDJCO9H T DBEDJC9H

EB<D HG MA> E>?M LB=> ;>GS>G>

"GM>K PBMAHNM JNHM>L BG MA> +KBG@ ?B>E=
0>E><M >A: T +6K: H

"GM>K MA> G:F> MNMHKB:E BG MA> #BE>G:F> ?B>E=

' OC@ >JHKJPI?N RDI?JR JI@ ><I <GNJ N@O OC@ Q<KIJM KM@NNPM@ JA OC@ KPM@ >JHKJPI?N <O < BDQ@!I
O@HK@M<OPM@ JM N@O OC@ 10JDI@ K<M<H@O@MN 'A OC@N@ Q<GP@N <M@ 13O NK@>DAD@? DA OC@T <M(
>JHKJIPI? Q<KIM KM@NNPM@ RDGG =@ <KKMJSDH<O@? PNDIB OC@ !-1+- 01 H@OCJ? 2CDN DN M@G@Q<IO AIM
@S<HKG@ AIJM OC@ ><G>PG<ODJI JAOC@ K<MOD<G Q<KJM KM@NNPM@N JA HDSOPM@N ><G>PG<0ODJI JA =JDG
HDSOPM@N <I? ><G>PG<0DJI JA &@IMT N G<R >JINO<ION

+I:E .6EDG EG:HHJG:

2C@ Q<KIM KM@NNPM@ JA < NJGQ@IO <O ?DAA@M@I0 O@HK@M<OPE@H: G+t HA 6EDEG<O@? RDOC
(G:HHJG: (JG: +DAK:CIHIMGDE:GI>:H T .6EDG (G:HHJG: %>MIJG:

0>E><M (GDE:GI>:H T .6EDG (G:HHJG: (JG: +DAK:CIH

A><D MA> ;NMMHG MH :== F>MA:GHE

0>E><M NGP:GM>= LHEO>GML BG MA> MA> EBLM

A><D MA> ;NMMHG MH K>FHO> MA>L> NGP:GM>= LHEO>GML
-K>LL /NG
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http://www.scm.com/Doc/Doc2014/COSMO-RS/metatagCALCULATION_OF_PROPERTIES.html
http://www.scm.com/Doc/Doc2014/COSMO-RS/page1.html

' OCDN ><N@ OC@ M@NPGO DN < O<=G@ RDOC JI@ @IOMT

0>E><M :AH>JH ?HK MA> NGBM H? M>FI>K:MNK>

"GM>K PBMAHNM JNHM>L BG MA> 1>FI>K:MNK> ?KHF ?B>E=
"GM>K BG MA> MH ?B>E=

-K>LL /NG

' OCDN ><N@ OC@ M@NPGO DN < BM<KC <I? < O<=G@ 'A JI@ >GD>FN DI OC@ BM<KC RDI?JR <O OC@ G@AO JM =@
KJKPK RDI?JR RDGG <KK@<M DI RCD>C JI@ ><I N@O ?@0O<DGN AJM OC@ BM<KC RDI?JR AO@M NJH@ H<IDKPG<OL
?@O0O<DGN JA OC@ BM<KC OC@ BM<KC ><| GJJF GDF@
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' OCDN ><N@ !-1+- 01 KM@?D>0ON < Q<KIM KM@NNPM@ JA <=JPO =<M <MJPI? 2JMM <O )
[ AJM OC@ KPM@ GDLPD? H@OC<IJG

+I:E  D>A>C< ED>CI

2C@ =JDGDIB KJDIO JA < NJGQ@IO <O ?DAA@M@I0 KM@NNPM@NGRE=@>:KT>PSA@ARBOIIG:
+DAK:CIHIMGDE:GI>:H T D>A>C< (D>Cl %>MIJG:

0>E><M (GDE:GI>:H T D>A>C< (D>CIl %>MIJG:

0>E><M <HFIHG>GML BG MA> IHINI F>GN G>QM MH OHEO>GM
0>E><M F>MA:GHE ?HK MA> ?BKLM <HFIHG>GM BG MA> OHEO>GM
0>E><M >MA:GHE ?HK MA> L><HG= <HFIHG>GM BG MA> OHEO>GM
"GM>K  ?HK MA> *HE> ?K:<MBHG H? F>MA:GHE

"GM>K  ?HK MA> *HE> ?K:<MBHG H? >MA:GHE
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0>E><M 61B ?HK MA>NGBM H? IK>LLNK>
"GM>K  BG MA> -K>LLNK> ?KHF ?B>E=
"GM>K  BG MA> MH ?B>E=

-K>LL /NG

' OCDN ><N@ OC@ M@NPGO H<T O<F@ N@Q@M<G N@>JI?N DN < BM<KC <I? < 0<=G@

2C@ M@? >PMQ@ DN OC@ 0OJO<G Q<KIJM KM@NNPM@ OC@ =GP@ >PMQ@ OC@ K<MOD<G H@OC<NG Q<KIM KM@
>PMQ@ DN OC@ K<MOD<G @OC<NJG Q<KIM KM@NNPM@ 2C@ O<=G@ BDQ@N OC@ IPH@MD><G Q<GP@N
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2CPN DI OCDN ><N@ !-1+- 01 KM@?D>ON < =JDGDIB KIDIO JA ) [ <O <OH AJM OCDN HDSOPM@ JA
HIG@ AM<>0ODJI H@OC<IG <I? HIG@ AM<>0ODJI @OC<IJG O OCDN O@HK@M<OPM@ !-1+- 01 KM@?D>0ON OC<O O(
Q<KJIM >JINDNON <=JPO JAH@OC<IIG

3NDIBGBE=T1 M:HT JI@ ><| QD@R ?DAA@M@10 KMIK@MOD@N DI OC@ BM<KC GDF@ <>0ODQDOT >J@AAD>D@
@S>@NN @I@VBD@N

377



+I:E  A6H= ED>CI

2C@ AG<NC KJDIO JA < HDSOPM@ ><I| =@ ><GePG@&H RBPOLK:Cl A6H= (D>CIDA KPM@ >JHKJPI?
AG<NC KJDION <M@ BDQ@I <N DIKPO

&@M@ R@ HDS @LP<G QJGPH@N JA R<O@M <NNPHDIB < ?@INDOTJA  FB* <|? @OC<IJG <NNPHDIB < ?@INDOT
FB* $JM < AG<NC KJDIO ><G>PG<0ODJI OC@ KPM@ >JHKJIPI? AG<NC KJDION <M@ I@@?@? <N DIKPO NDI>@

1-1+- 01 ?2J@N 1JO KM@7?D>0 KPM@ >JHKJPI? AG<NC KJDION 2C@ "$!-1+- 01 HI?PG@ PN@N *@

IC<O@GD@M N HDSDIB MPG@ 0OJ ><G>PG<O@ OC@ AG<NC KJDIO JA < HDSOPM@

0>E><M DBEDJC9H T $>HI D; 99:9 DBEDJC9H

0>E><M >MA:GHE

"GM>K  ?HK MA> #E:LA IHBGM H? >MA:GHE

0>E><M (GDE:GI>:H T A6H= (D>CI

A:G@> MA> [HINI F>GN *HE> ?K:<MBHG BG *.LL ?K:<MBHG
0>E><M >MA:GHE ?HK MA> ?BKLM <HFIHG>GM BG MA> OHEO>GM
0>E><M P:M>K ?HK MA> L><HG= <HFIHG>GM BG MA> OHEO>GM
"GM>K ?HK MA> *:LL ?K:<MBHG H? >MA:GHE

"GM>K ?HK MA> *:LL ?K:<MBHG H? P:M>K

-K>LL /NG

' OCDN ><N@ OC@ ><G>PG<O@7? AG<NC KJDIO RDGG =@ >GIJN@ OJ [!
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+|:E 8I>K>IN 8D:;:>8>:CIH :CGN 8D:;;:>8>:CIH +DAK®6I>DC :G:: :C:G<>:H

2C@ <>0DQDOT >J@AAD>D@ION < NJGQ@IO <I? OC@ <>0DQDOT >J@AAD>D@ION JA DIADIDO@GT ?DGPO@? NJGP(
><G>PG<O@?(BDEBGI>:HT 8I>K>IN 8D:;;>8>:CIHO OC@ N<H@ ODH@ &@IMT >J@AAD>D@ION <I? NJGQ<ODJI AM@ @
@I@MBD@N RDGG =@ ><G>PG<O0@7?

0>E><M (GDE:GI>:H T 8I>K>IN 8D:;;>8>:CIH

0>E><M P:M>K ?HK MA> ?BKLM <HFIHG>GM BG OHEO>GM

== ;>GS>G> >MA:GHE :G= F>MA:GHE MH MA> EBLM H? OHENM>L
-K>LL /NG

'‘AJI@ ?J@N 1J0 NPKKGT < ?@INDOT JA OC@ NJGQ@IO DI OC@ DIKPO OC@ KMIBM<H ><G>PG<O@N OC@ ?@INDOT .
=T ?DQD?DIB OC@ H<NN JA < HIG@>PG@ RDOC DON !-1+- QIGPH@ ,JO@ OC<0O OC@ ><G>PG<O@? <>ODQDOT >J@!/
130 ?@K@1? JI OCDN ?@INDOT -I@ H<T DHKMJQ@ OC@ M@NPGON AJM OC@ ><G>PG<ODJI JA OC@ &@IMT >JINO<IO
N@G@>0DIB < >JHKJPI? CH>BIC@ 99:9 DBEDJC9H <I? DI>GP?@ KPM@ < >JHKJPI? Q<KIM KM@NNPM@ <O <

BDQ@I O@HK@M<OPM@

2C@ M@NPGO JA OC@ ><G>PG<0DJI DN BDQ@!I DI OC@ AJMH JA < O<=G@
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0@G@Q<IO AJM OC@ ><G>PG<0ODJI JA OC@ %D==N AM@@ @I@MBT JA NJGQ<ODJI j% AMJH OC@ B<N KC<N@ 0J OC
KC<N@ DN OC@ M@A@M@I>@ NO<O@ PN@? C@M@ DN HJG * DI =JOC KC<N@N

+:E  (6GI>I>DC 8D:;;>8>:CIH AD< (

(G:H:1'8I6CDA /61:G :CO:C:/6l:G 1=:G/6l:G :M6C:/61:G

2C@ K<MODODJI >J@AAD>D@ION GJB. JADIADIDO@GT ?DGPO@? NJGPO@N DI < HDSOPM@ JA ORJ DHHDN>D=G@
><G>PG<O@?(BDEGI>:H T +DAK:CI $D< (6GI>I>DC D:;;>8>:.CIRC@M@ <M@ KM@N@ON AJM OC@ ><G>PG<0DJI JA
->0<lJG 5<0@M @IU@I@ 5<0@M #OC@M 5<0@M <I? &@S<I@ 5<0@M K<MODODJI >J@AAD>D@ION 2C@ KM@N@!(
>JHKJPI?N OC<O <M@ KM@N@IO DI "$&-+# <OJHD>?<0< "$!01 $DMNO OC@ KM@N@O ->0<I1JG 5<0@M DN PN@?

0>E><M (GDE:GI>:H T (6GI>I>DC D:;;>8>:CIH $D<(

0>E><M -K>L>M ,<M:GHE 4:M>K BG MA> IHINI F>GN G>QM MH OHEO>GM
== ;>GS>G> >MA.GHE :G= F>MA:GHE MH MA> EBLM H? OHENM>L
-K>LL /NG
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I ><N@ JA K<MOGT HDN>D=G@ GDLPD?N GDF@ OC@ ->0O<IJG MD>C KC<N@ JA ->0O<IJG <I? 5<0@M =JOC >JHKJI@IO
JIU@MJ HIG@ AM<>0ODJIN 2C@ KM@N@O <GNJ BDQ@N < Q<GP@ AJM OC@ HIG<M QJGPH@ LPJOD@IO JA OC@ OR

2C@ M@NPGO JA OC@ ><G>PG<0ODJI DN BDQ@I DI OC@ AJMH JA < O<=G@

-H:G 9:;:>C:9
PN@M ><I <GNJ ?@ADI@ KC<N@N JA < HDSOPM@ JA ORJ JM OCM@@ DHHDN>D=G@ NJGQ@ION

0>E><M (GDE:GI>:H T (6GI>I>DC D:;;>8>:CIH $D<(

0>E><M 2L>K I>?BG>= <HFIHG>GML BG MA> |HINI F>GN G>QM MH OHEO>GM
0>E><M ;>GS>G> ?HK MA> ?BKLM <HFIHG>GM BG MA> LHEO>GM

0>E><M P:M>K ?HK MA> L><HG= <HFIHG>GM BG MA> LHEO>GM

EB<D MA> <A><D ;HQ 2L> BGINM OHENF> LHEO>GM IA:L> |A:L>

"GM>K BG MA> 2L>BGINM OHENF> LHEO>GM IA:L> |A:L> ?B>E=
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== >MA:GHE :G= F>MA:GHE MH MA> EBLM H? OHENM>L
-K>LL /NG

&@M@ <I DIKPO Q<GP@ DN PN@? AJM OC@ QJGPH@ LPJOD@I0 JA OC@ ORJ NJGQ@ION 'AJI@ ?J@N 1JO DI>GP?@ |
OC@ KMJBM<H RDGG PN@ OC@ !-1+- QIGPH@N 0J ><G>PG<O@ OC@ QJGPH@ LPJOD@IO 2C@ !-1+- QIGPH@N ><| -
AJPI? =T N@G@>O0DIB < >JHKJPI? B-BO® 99:9 DBEDJC9H

2C@ M@NPGO JA OC@ ><G>PG<0DJI DN BDQ@I <B<DI DI OC@ AJMH JA < O<=G@

382



+I:E  +DAJ7>A>IN

2C@ NJGP=DGDOT JA < NJGPO@ DI < NJGQ@I0 ><| =@=BHEePaE<0@DRRISL>IN >C (JG: +DAK:CM
(GDE:GI>:H T +DAJ7>A>IN >C %>MRIG@ NJGPO@ ><| @DOC@M =@ < GDLPD? NJGD? JM B<N

+DAJ7>A>IN A>FJ>9 >C 6 HDAK:CI

$DMNO OC@ NJGP=DGDOT JA =@IU@I@ DI R<O@M AIM < M<IB@ JA O@HK@M<OPM@N

0>E><M (GDE:GI>:H T +DAJ7>A>IN >C (JG: +DAK:CIH

A><D MA> ;NMMHG MH == P:M>K

0>E><M ;>GS>G> ?HK MA> OHENM>

"GM>K PBMAHNM JNHM>L ?HK MA> M>FI>K:MNK> BG MA> ?KHF ?B>E=
"GM>K BG MA> MH ?B>E=

-K>LL /NG

'‘A<M<IB@ JA O@QHK@M<OPM@N DN M@LP@NO@? < BM<KC DN NCJRI

383



2C@ <NNPHKODJI H<?@ DI OC@ NJGP=DGDOT ><G>PG<0ODJI H<T =@ DIQ<GD? DI ><N@ JA < NJGP=DGDOT JA < GDLP
NIGQ@IO @NK@>D<GGT DA OC@ NJGP=DGDOT JA OC@ NJGQ@IO DI OC@ GDLPD? DN CDBC $JM =DI<MT NTNO@HII
=T ><G>PG<0ODIB OC@ HDN>D=DGDOT B<K DI OC@ =DI<MT HDSOPM@ JA OC@ ORJ GDLPD?N | @S<HKG@ DN BDQ@
><G>PG<0DJI JA OC@ HDN>D=DGBOKBRKDISII® @ JA +@OC<IIG <I? &@S<I@

JO@ OC<O @SK@MDH@IO<GGT =@IU@1@ DN < NJGD? =@GJR [! <I?<B<N<=JQ@ [! 2CDN C<N JO =@ @I O<F@I
DIOJ <>>JPIO DI OCDN ><N@ 1@@ OC@ I@SO @S<HKG@N

+DAJ7>A>IN HDA>9 >C 6 HDAK:CI

$JM OC@ NJIGP=DGDOT JA < NJGD? >JHKJPI? DO DN I@>@NN<MT OJ DI>GP?@ OC@ H@GODIB KJDIO OC@ @IOC<GK
JKODJI<GGT NDI>@ DO DN JAO@I 130 NJ DHKIMO<IO OC@ j C@<O ><K<>DOT JA APNDJI JA OC@ KPM@ >JHKJPI? 2C
Q<GP@N ><| =@ BDQ@| AIM @<>C >JHKJPI? DA JIBE@GE@HDS>HI D; 99:9 DBEDJCOH  &@M@

NJH@ @SK@MDH@10<G Q<GP@N RDGG =@ DI>GP?@? AJM =@|U @U@ KN @@R B GESBKB@ RDFD

@uUEl@

0>E><M DBEDJCY9H T $>HI D; 99:9 DBEDJC9H
EB<D HG MA> E>?M LB=> ;>GS>G>

"GM>K BG MA> *>EMBG@ IHBGM ?B>E=
"GM>K BG MA> U9?NLBHG % ?B>E=
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http://www.scm.com/Doc/Doc2014/GUI/GUI_tutorial/metatagcrsMETHANOL_HEXANE.html
http://en.wikipedia.org/wiki/Benzene
http://en.wikipedia.org/wiki/Benzene

GNJ <I| @SK@MDH@I10<G Q<GP@ AJM OC@ ?@INDOT JA R<O@M RDGG =@ PN@?

0>E><M (GDE:GI>:H T +DAJ7>A>IN >C %>MIJG:

0>E><M P:M>K ?HK MA> ?BKLM <HFIHG>GM BG OHEO>GM

A><D MA> ;NMMHG MH :== ;>GS>G> BG MA> EBLM H? OHENM>L
EB<D MA> <A><D ;HQ 2L>BGINM =>GLBMR LHEO>GM D@ )
"GM>K  BG MA> 2L>BGINM =>GLBMR LHEO>GM D@ ) ?B>E=
A:G@> HG>H? MA> IHINIF>GN L (>EOBG BG >ELBNL

"GM>K  PBMAHNM JNHM>L BG MA> ?KHF ?B>E=

"GM>K BG MA> MH ?B>E=

0>E><M G6E=T1 M:H T HDAJ7>A>IN < $ HDAK:CI

A:G@> MA> IHINI F>GN G>QM MH OHENM>L ?KHF )BIJNB= MH OHEB=
-K>LL /NG
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BM<KC <I? O<=G@ DN NCJRI RCD>C <AO@M NJH@ H<IDKPG<ODJIN >JPG? GJJF GDF@

386



+DAJ7>A>IN <6H >C 6 HDAK:CI

$IM OC@ NIGP=DGDOT JA < B<N JI@ NCJPG? OC@ >C<IB@ OC@ *DLPD? KJKPK H@IP DI

KM@NNPM@ DI OC@ .M@NNPM@ AD@G?

0>E><M DBEDJCO9H T DBEDJC9H

EB<D HG MA> E>?M LB=> ;>GS>G>

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K BG MA> :M M>FI>K:MNK> ?B>E=

0>E><M (GDE:GI>:H T +DAJ7>A>IN >C %>MIJG:

0>E><M P:M>K ?HK MA> ?BKLM <HFIHG>GM BG OHEO>GM
A><D MA> ;NMMHG MH :== ;>GS>G> BG MA> EBLM H? OHENM>L
EB<D MA> <A><D ;HQ 2L>BGINM =>GLBMR LHEO>GM D@ )
"GM>K BG MA> 2L>BGINM =>GLBMR LHEO>GM D@ ) ?B>E=
2L> (>EOBG :L NGBM ?HK MA> M>FI>K:MNK>

"GM>K PBMAHNM JNHM>L BG MA> ?KHF ?B>E=

"GM>K BG MA> MH ?B>E=

A:G@> MA> IHINI F>GN G>QM MH OHENM>L ?KHF OHEB= MH $.L
2L> :MF NGBML ?HK MA> IK>LLNK>

"GM>K ?HK MA> [:KMB:E O:IHK IK>LLNK> H? ;>GS>G>

0>E><M G6E=T1 M:H T HDAJ7>A>IN BDA $ HDAK:CI

-K>LL /NG

387
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BM<KC <I|? O<=G@ DN NCJRI RCD>C <AO@M NJH@ H<IDKPG<ODJIN >JPG? GJJF GDF@

2C@ NJGP=DGDOT JA < B<N DI < NJGQ@IO ><I <GNJ =@ ><G>PG<O@? PNDIB &@IMT N G<R RCD>C DN Q<GD? AJM D?
NJGPODJIN

0>E><M (GDE:GI>:H T 8I>K>IN 8D:;;>8>:CIH

0>E><M P:M>K ?HK MA> ?BKLM <HFIHG>GM BG OHEO>GM

EB<D MA> <A><D ;HQ 2L>BGINM =>GLBMR LHEO>GM D@ )

"GM>K BG MA> 2L>BGINM =>GLBMR LHEO>GM D@ ) ?B>E=

2L> >ELBNL :L NGBM ?HK MA> M>FI>K:MNK>

"GM>K ?HK 1>FI>K:MNK>

0>E><M HGER ;>GS>G> BG MA> EBLM H? OHENM>L BG?BGBM> =BENM>
-K>LL /NG

2C@ ><G>PG<O@7? &@IMT >JINO<IO AJM =@IU@I@ DIADIDO@ ?DGPO@ DI R<O@M RDGG =@ >GIN@ OJ HJG * <O
[t

,JO@ OC<O AJM =@IU@I@ DI OC@ >JHKJIPI?N RDI?JR OC@ Q<KIJM KM@NNPM@ JA =@IU@I@ <O )@GQDI R<N
@IO@M@? 'AOC@N@ Q<GP@N <M@ IJO NK@>DAD@? DA OC@T <M@ U@MJ OC@| OC@ Q<KIM KM@NNPM@ RDG(
PNDIB JIGT OC@ !-1+- 01 H@OCJ? 2CDN DN M@G@Q<IO AIM <GG KMIK@MOD@N RC@M@ OC@ Q<KIJIM KM@NNPM@
OCPN DO DN M@G@Q<IO AJM OC@ ><G>PG<0ODJI JA &@IMT N G<R >JINO<ION <I? M@G@Q<IO AJM OC@ ><G>PG<OD
JA <B<N DI <NJGQ@IO

388



+:E  >C6GN B>MIJG:H .$ $$

KC<N@ ?D<BM<H JA < HDSOPM@ JA ORJ >JHKJI@ION ><| =@ ><@EPE&>»@? RDOGGN %>MIJG:
$ 83 2C@ =DI<MT HDSOPM@ RDGG =@ ><G>PG<O@7? AJM < GDNO JA HIG<M AM<>0ODJIN =@OR@@| U@MJ <I? JI(
=@ ?J1@ <O >JINO<IO O@HK@M<OPM@ DNJOC@MH<G JM <O >JINO<IO Q<KIM KM@NNPM@ DNJ=<MD>

IHDI=:GB6A

=DI<MT HDSOPM@ DN ><G>PG<O@? DI RCD>C OC@ KPM@ >JHKJIPI? Q<KIM KM@NNPM@N <M@ <KKMJSDH<O@? P!
I-1+- 01 H@OCJ?

0>E><M (GDE:GI>:H T >C6GN %>MIJG:.$ $$
0>E><M P:M>K ?HK MA> ?BKLM <HFIHNG=
0>E><M F>MA:GHE ?HK MA> L><HG= <HFIHNG=
2L> (>EOBG :L NGBM ?HK MA> M>FI>K:MNK>
"GM>K BG MA> 1>FI>K:MNK> ?B>E=

-K>LL /NG

| <>ODQDOT >J@AAD>D@I0 KGJO AJM R<O@M <I? H@OC<IJG RDGG =@ NCJRI
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2C@ M@NPGON JA OC@ ><G>PG<0DJI <M@ <GNJ BDQ@! DI OC@ AJMH JA < O<=G@ RCD>C NCJRN OC@ HJIG<M <I?
AM<>0DJI JA @<>C >JHKJPI? DI OC@ GDLPD? OC@ <>ODQDOT >J@AAD>D@ION OC@ <>ODQDOD@N OC@ O@HK@
K<MOD<G Q<KIM KM@NNPM@N OC@ HJG<M AM<>0DJI JA @<>C >JHKJPI? DI OC@ Q<KIM 7 OC@ @S>@NN %D==N

%" 0C@ @S>@NN @IOE<SHERG<O@? RDOC OC@ %D==N &@GHCIGOU @LP<ODJI OC@ @S>@NN @IOMJIKT JA HD

21% 0C@ %D==N AM@@ @|@MBT TR}DS@IBIOC<GKT JA Q<KIMBLKORBPG<O@? RDOC OC@ !G<PNDPN
IG<K@TMJI @LP<ODJI
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2C@ON@ Q<GP@N ><I <GNJ =@ NCJRI DI < BM<KC 2C@ KMIK@MOT AIMOC@ S <I? T<S@N ><I =@ N@G@>0@7? AMJt
%M<KC +@IP $IJM @S<HKG@ <BM<KC JAOC@ @S>@NN @I@MBD@N ><I=@ NCJRI =T

0>E><M G6E=T1 M:HT :M8:HH :C:G<>:H
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KGJO JAOC@ @S>@NN @I@MBD@N RDGG =@ NCJRI

2C@ M@? >PMQ@ DN OC@ @S>@NN %D==N 3@ @@ MENQ@ DN OC@ @S>@N~2E0CBUMED |
>PMQ@ DN 2 ODH@N 0C@ @S>@NN @IOMJIKT 1

IHDI=:GB6A >CEJI EJG: 8DBEDJC9 K6EDG EG:HHJG:

=DI<MT HDSOPM@ DN ><G>PG<O@? RDOC DIKPO ?<0O< AJM OC@ KPM@ >JHKJPI? Q<KIM KM@NNPM@N 2C@N@ ><
@S<HKG@ @SK@MDH@IO<GGT J=N@MQ@? KPM@ >JHKJPI? Q<KIM KM@NNPM@N ,JO@ OC<O OC@ ><G>PG<O@?
0JO<G Q<KIM KM@NNPM@N RDGG R ?@K@1? J OC@N@ DIKPO KPM@ >JHKJPI? Q<KIJIM KM@NNPM@N

0>E><M DBEDJCY9H T $>HI D; 99:9 DBEDJC9H

EB<D HG MA> E>?M LB=> P:M>K

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K BG MA> :M M>FI>K:MNK> ?B>E=
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EB<D HG MA> E>?M LB=> >MA:GHE

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K BG MA> :M M>FI>K:MNK> ?B>E=

0>E><M (GDE:GI>:HT >C6GN %>MIJG:.$ $$

0>E><M P:M>K ?HK MA> ?BKLM <HFIHNG=

0>E><M >MA.GHE ?HK MA> L><HG= <HFIHNG=

"GM>K BG MA> 1>FI>K:MNK> ?B>E=

0>E><M G6E=TO0 M:HTM BDAG6G ;G68I>DC

0>E><M G6E=T 1 M:HT E6GI>6A 6C9 IDI6A K6EDG EG:HHJG:H
-K>LL /NG
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Q<KJIM GDLPD? @LPDGD=MDPH 4*# ?D<BM<H AJM R<O@M <I? @OC<IJG RDGG =@ NCJRI

2C@ M@? >PMQ@ DN OC@ 0JO<G Q<KIJM KM@NNPM@ OC@ =GP@ >PMQ@ DN OC@ K<MOD<G R<O@M Q<KJIM KM@
>PMQ@ DN OC@ K<MOD<G @OC<IJG Q<KIM KM@NNPM@ -1@ ><I <GNJ >C<IB@ OC@ S <I? T <S@N AIM @S<HKG@

0>E><M G6E=TO M:HTM N
0>E><M G6E=T1 M:HT IDI6A K6EDG EG:HHJG:

IHDI=:GB6A B>H8>7>A>IN <6E $$

5<0@M <I? =@IU@I@ ?J IJO HDS R@GG OCPN OC@M@ RDGG =@ < HDN>D=DGDOT B<K
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0>E><M (GDE:GI>:HT >C6GN %>MIJG:.$ $$
0>E><M P:M>K ?HK MA> ?BKLM <HFIHNG=
0>E><M ;>GS>G> ?HK MA> L><HG= <HFIHNG=
2L> >ELBNL :L NGBML ?HK MA> M>FI>K:MNK>
"GM>K BG MA> 1>FI>K:MNK> ?B>E=
"GM>K ?HK +NF;>K H? FBOQMNK>L

' OCDN ><N@ < < GDLPD? GDLPD? @LPDGD=MDPH **# DN ><G>PG<O@? 2C@ IPH=@M JA HDSOPM@N AJM RCD>C O
HDSOPM@ DN ><G>PG<O@? NCIPG? =@ 1JO 0JJ NH<GG JOC@MRDN@ OC@ KMIK@MOD@N JA OC@ DHHDN>D=G(
1JO0 =@ NJ <>>PM<O@

'‘AOC@ >C@>F&8E=TO06M:HT ;DG8: A>FJ>9 E=6H: L>I=>C EDHH>7A: B>H8>7>A>INBEP@N@G@>0@?

OC@! M@NPGON RDGG =@ NCJRI DI OC@ BM<KC <I? O<=G@ JIGT AJIM OCIN@ >JHKJIJNDODJIN JA OC@ HDSOPM@ RC
JPOND?@ JA OC@ HDN>D=DGDOT B<K 'AGEE® FOE@MF=DIDG8: A>FJ>9 E=6H: L>I=>C EDHH>7A:

B>H8>7>A>IN <bH N@G@>0@? OC@! M@NPGON RDGG =@ NCJRI <GNJ RDOCDI OC@ HDN>D=DGDOT B<K RDOC OC
>JI?DODJIN OC<O OC@ ORJ GDLPD?N <M@ AJM>@? OJ HDS

ISL>E><M <A><D ;HQ

G6E=TO6M:HT ;DG8: A>FJ>9 E=6H: L>|=>C EDHH>7A: B>H8>7>A>IN <6E
0>E><M <A><D ;HQ

G6E=TO06M:HT ;DG8: A>FJ>9 E=6H: L>I=>C EDHH>7A: B>H8>7>A>IN <6E
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IHD76G>8

=DI<MT HDSOPM@ DN ><G>PG<O@? DI RCD>C OC@ KPM@ >JHKJPI? Q<KIM KM@NNPM@N <M@ <KKMJSDH<O@? P!
1-1+- 01 H@OCJ? DA OC@ DIKPO Q<GP@N AJM OC@ KPM@ >JHKJPI? Q<KIM KM@NNPM@N <M@ U@MJ GO@MI<ODQ
><| >GD>F <>C@>F =JSDIOC@ +@0OCJ? +@IP

0>E><M %:I=D9 T (6G6B:1:GH

EB<D HG MA> <A><D ;HQ NL>BGINM HFIHNG=L *>GN INK> <HFIHNG= O:IHK
IK>SLLNK>L L

MH =>L>E><M BM

0>E><M (GDE:GI>:HT >C6GN %>MIJG:.$ $$
0>E><M F>MA:GHE ?HK MA> ?BKLM <HFIHNG=
0>E><M >MA:GHE ?HK MA> L><HG= <HFIHNG=
"GM>K  ?HK +NF;>K H? FBQMNK>L

0>E><M !HDI=:GB >HD76G ;A6H=ED>CI T >HD76G
0>E><M G6E=TO0 M:HTM BDAG6G ;G68I>DC
0>E><M G6E=T1 M:HT I:.BE:G61JG:

-K>LL /NG

2C@ ><G>PG<O@7? =JDGDIB KIJDION H<T O<F@ N@Q@M<G N@>JI?N AJM < =DI<MT HDSOPM@ JA H@OC<IIG <I? @¢
RDGG =@ NCJRI
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'‘AJI@ >GD>FN DI OC@ BM<KC RDI?JR <O OC@ G@AO JM =@GJR OC@ <S@N < KJKPK RDI?JR RDGG <KK@<M DI RCD:
N@O ?@O<DGN AJM OC@ BM<KC RDI?JR '1 OC@ BM<KC <=JQ@ OC@ 3IDON AJM OC@ *@AO 7 S@N R@M@ >CIN@
I@GNDPN

,@S0O OC@ N<H@ =DI<MT HDSOPM@ DN ><G>PG<O@? DI RCD>C @SK@MDH@10<G KPM@ >JHKJIPI? Q<KIM KM@NNP

0>E><M %:I=D9 T (6G6B:1:GH

EB<D HG MA> <A><D ;HQ NL>BGINM HFIHNG=L *>GN INK> <HFIHNG= O:IHK
IK>SLLNK>L L

MH L>E><M BM

0>E><M DBEDJCO9H T DBEDJC9H

EB<D HG MA> E>?M LB=> F>MA:GHE

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> 7?B>E=
"GM>K  BG MA> :M M>FI>K:MNK> 7?B>E=

EB<D HG MA> E>?M LB=>>MA:GHE

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K  BG MA> :M M>FI>K:MNK> ?B>E=

0>E><M (GDE:GI>:H T >C6GN %>MIJG: .$ $$

-K>LL /NG

2C@ ><G>PG<O@? BM<KC RDGG GJJF IJO0 Q@MT ?DAA@M@I10 =PO DO RDGG =@ HIM@ <>>PM<0@

+:E ,:GC6GN B>MIJG:H .$ $$

KC<N@ ?D<BM<H JA < HDSOPM@ JA OCM@@ >JHKJI@ION ><| =@(STE:BG<I0®;2GRIBBOI %>MIJG:
$3$$ 2C@ O@MIKMT HDSOPM@ RDGG =@ ><G>PG<O@? AJM < GDNO JA HIG<M JM H<NN AM<>ODJIN =@OR@@|
AIM @<>C JA OC@ >JHKJIPI?N 2CDN ><I =@ 2JI@ <O >JINO<IO O@HK@M<OPM@ DNJOC@MH<G JM <O >JINO<IO Q<K
KM@NNPM@ DNJ=<MD>

' OCDN NO@K R@ RDGG PN@ @SK@MDH@10<G =JDGDIB KJDION <N DIKPO

0>E><M DBEDJCO9H T DBEDJCO9H

EB<D HG MA> E>?M LB=> P:M>K

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> 7?B>E=
"GM>K BG MA> :M M>FI>K:MNK> ?B>E=

EB<D HG MA> E>?M LB=> F>MA:GHE

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K  BG MA> :M M>FI>K:MNK> 7?B>E=
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EB<D HG MA> E>?M LB=> ;>GS>G>

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K BG MA> :M M>FI>K:MNK> ?B>E=

EB<D HG MA> E>?M LB=>>MA:GHE

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K  BG MA> :M M>FI>K:MNK> ?B>E=

IHDI=:GB6A

0>E><M (GDE:GI>:H T ,:GC6GN %>MIJG: .$ $$
0>E><M F>MA:GHE ?HK MA> ?BKLM <HFIHNG=
0>E><M >MA:.GHE ?HK MA> L><HG= <HFIHNG=
0>E><M ;>GS>G> ?HK MA> MABK= <HFIHNG=

2L> *HE> ?K:<MBHG

"GM>K  ?HK +NF;>K H? FBQMNK>L

0>E><M G6E=TO0 M:HTM BDAG6G ;G68I>DC
0>E><M G6E=T1 M:HTM BDAG6G ;G68I>DC
0>E><M G6E=T 2 DADGBG6E T IDI6A K6EDG EG:HHJG:H
0>E><M !HDI=:GB >HD76G ;A6H= ED>CI T >HDI=:GB
2L> >ELBNL :L NGBML ?HK MA> M>FI>K:MNK>
"GM>K BG MA> 1>FI>K:MNK> ?B>E=

-K>LL /NG

2C@ M@NPGO RDGG =@ < BM<KC <I? < 0<=G@ 'l OC@ O<=G@ JI@ ><I| ADI? OC@ M@NPGON JA OC@ ><G>PG<ODJI <
I RDOC | ?DAA@M@IO >JHKINDODJIN O OCIN@ >JHKJINDODJIN OC@ O<=G@ NCJRN OC@ HJIG<M <I?

H<NN AM<>0DJI JA @<>C >JHKJPI? DI OC@ GDLPD? OC@ <>0ODQDOT >J@AAD>D@ION OC@ <>0ODQDOD@N OC@ O

0JO<G <I? K<MOD<G Q<KIM KM@NNPM@N OC@ HIG<M AM<>0DJI JA @<>C >JHKJPI? DI OC@ Q<KJM 7 OC@ @S>@

AM@@ @I@KAB]C@ @S>@NN @IO&<8FG5&G<O@? RDOC OC@ %D==N &@GHCJGOU @LP<ODJI OC@ @S>@NN @ION

JAHDSDIB #10C@ %D==N AM@@ @I|@MBT TR} DSBIBIOC<GKT JA Q<KIMBPLIEOCBIPG<O@? RDOC OC@
IG<PNDPN !IG<K@TMJI @LP<ODJI

2C@N@ LP<IODOD@N ><I <GNJ =@ NCJRI DI OC@ BM<KC <N < >JGJMH<K DI RCD>C OC@ >JGIJM M@KM@N@ION OC(

OC@ LP<IODOT <O <>@MO<DI >JHKINDODJI -|OC@ 6 <S@N JA OC@ BM<KC JI@ ><I >CJIN@ OC@ HIG<M JIM H<NN
AM<>0DJI JAJI@ JA OC@ >JHKJIPH?N JIOC@ 7 <S@N JI@ ><I >CJIN OC@ HIG<M JIM H<NN AM<>0DJI JA <IJOC@M
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>JHKJIPH? 2C@ HIG<M JM H<NN AM<>0ODJI JA OC@ OCDM? >JHKJPI? DN OC@| ADS@? NDI>@ OC@ NPH JA OC@ AM
DN

' OCDN ><N@ OC@ >JGIMH<K NCJRN OC@ OJO<G Q<KIM KM@NNPM@

-l@ ><I DHKMJQ@ OC@ LP<GDOT JA OC@ BM<KC =T DI>M@<NDIB OC@ IPH=@M JA >JHKINDODJIN ,JO@ OC<O OC@
?DAA@M@I10 >JHKINDODJIN AJM | DN I

"GM>K ?HK +NF;>K H? FBQMNK>L
-K>LL /NG

'‘AJI@ >GD>FN DI OC@ BM<KC RDI?JR <O OC@ G@AO JM =@GJR OC@ <S@N < KJIKPK RDI?JR %M<KC ?@0O<DGN RD(
RCD>C JI@ ><I N@O ?@0O<DGN AJM OC@ BM<KC RDI?JR 'AJI@ >CJIN@N DI OC@ 8 JGIMH<K K<MO JA OCDN KJKPK
RDI?JR <N OC@ HDIDHPH >JGJM H<B@I0O< <N H<SDHPH >JGJM M@7? PN@ <N IPH=@M JA >JGJMN <I? >C<IB@
OC@ HDIDHPH <I? H<SDHPH Q<GP@N OC@I| OC@ BM<KC >JPG? GJJF GDF@ OCDN
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IHD76G>8

,JO@ OC<O DNJ=<MD> ><G>PG<ODJIN <M@ HIM@ @SK@INDQ@ OC<I DNJOC@MH<G ><G>PG<ODJIN 2CPN OC@ AJC
O<F@N LPDO@ NJH@ ODH@ NDI>@ <B<DIAJM| OC@ IPH=@M JA ?DAA@M@10 >JHKINDODJIN DN

0>E><M (GDE:GI>:H T ,:GC6GN %>MIJG: .$ $$
0>E><M P:M>K ?HK MA> ?BKLM <HFIHNG=
0>E><M >MA:GHE ?HK MA> L><HG= <HFIHNG=
0>E><M ;>GS>G> ?HK MA> MABK= <HFIHNG=
21> *HE> ?K:<MBHG

"GM>K  ?HK +NF;>K H? FBQMNK>L

0>E><M !HDI=:GB >HD76G ;A6H=ED>CI T >HD76G
2L> ;:K :L NGBML ?HK MA> IK>LLNK>

"GM>K BG MA> -K>LLNK> ?B>E=

0>E><M G6E=TO0 M:HTM BDAG6G ;G68I>DC
0>E><M G6E=T1 M:HTM BDAG6G ;G68I>DC
0>E><M G6E=T 2 DADGBG6E T I:.BE:G61JG:
-K>LL /NG
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2C@ M@NPGO RDGG =@ < BM<KC <I? < 0<=G@ ,JO@ OC<O OCDN H<T O<F@ NJH@ ODH@ NDI>@ DNJ=<MD> ><G>P(
HIM@ @SK@INDQ@ OC<I DNJOC@MH<G ><G>PG<ODJIN !GD>F DI OC@ BM<KC RDI?JR <O OC@ G@AO JM =@GJR OC
>CJIN@N DI OC@ 8 lJGIMH<K K<MO JA OC@ %M<KC ?@O<DGN <N OC@ HDIDHPH >JGIM =GP@ <N H<SDHPH >JGJ\
PN@ <N IPH=@M JA >JGJMN >C<IB@ OC@ PIDO 0J !@GNDPN <I? >C<IB@ OC@ HDIDHPH <I? H<SDHPH Q<GP@N OC

OC@ BM<KC >JPG? GJJF GDF@ OCDN

'l <?2?2DODJI 0J OC@ >JGIMH<K JA OC@ O@HK@M<OPM@ <I <KKMISDH<O@ HDN>D=DGDOT B<K JA OC@ O@MI<MT F
NCJRI DI OC@ BM<KC 'l OCDN ><N@ RDOCDI OC@ HDN>D=DGDOT B<K OC@M®@ <M@ ORJ DHHDN>D=G@ KC<N@N J.
@LPDGD=MDPH 2C@ >JHKINDODJI JA OC@ ORJ KC<N@N RCD>C <M@ DI @LPDGD=MDPH ><| =@ AJPI? <O OC@ @!*
OC@ OD@ GDI@ OC<O <M@ ?M<RI 2C@ ><G>PG<0@? O@HK@M<OPM@N RDOCDI OC@ HDN>D=DGDOT B<K <M@ >
PIKCTND><G >JI?DODJI OC<O OC@ OCM@@ GDLPD?N <M@ AJM>@? OJ HDS OCPN OC@N@ ><G>PG<0@7? O@HK@N\
LP<IODOD@N RDOCDI OC@ HDN>D=DGDOT B<K NCJPG? 1JO =@ PN@? T DINK@>0ODJI JA OC@ BM<KC JI@ ><| J=N@
0OC@ ><G>PG<O@? HDIDHPH =JDGDIB KJDIO <U@JOMJK@ DN <MJPI? [!
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+I:E  8DBEDH>I>DC A>C: 7:IL::C HDAK:CIHH 6C9 H

KC<N@ ?D<BM<H JA < HDSOPM@ JA ORJ NJGQ@ION RCD>C =JOC >JPG? =@ HDSOPM@N ><| =@ ><G>PG<O@? RDC
(GDE:GI>HT +DAK:CIHH H DBEDH>I>DC $>C:2C@ HDSOPM@ RDGG =@ ><G>PG<O@? AJM < GDNO JA HIG<M JM
H<NN AM<>ODJIN JA OC@ NJGQ@ION =@OR@@I| U@MJ <I? JI@ <I? OC@ >JHKINDODJIN JANJGQ@IO <I? NJGQ@IO
GDI@<MGT DIO@MKJIG<O@? 2CDN ><| =@ ?JI@ <O >JINO<IO O@HK@M<OPM@ DNJOC@MH<G JM <O >JINO<IO Q<KJ
DNJ=<MD>

' OCDN NO@K R@ RDGG OMT OJ DIQ@NODB<O@ JI@ JA OC@ OD@ GDI@N JA OC@ O@MI<MT HDSOPM@ JA R<O@M
DIHIM@ ?@0<DG | <OO@HKO DN H<?@ OJ PN@ OC@ OD@ GDI@ JI RCD>C @I?N OC@ ><G>PG<O@? HDIDHPH =JDC
AJPI? N@@ OC@ OD@ GDI@ RCD>C DN =@GJR OC@ =G<>F GDI@ DI OC@ |@SO KD>OPM@

2C@ >JHKJINDODJIN JANJGQ@ION N <I? N <M@ >CIN@| RC@M@ OC@ =G<>F GDI@ DI OC@ KD>OPM@ <=JQ@ >MJN
=JPI?<MT JA KINND=G@ >JHKINDODJIN 2CDN H@<IN OC<O NJGQ@IO N <I? NJGQ@IO N <M@ HDSOPM@N JA >JHKJ
B<Dl @SK@MDH@I0<G =JDGDIB KJDION <M@ PN@? DI OC@ ><G>PG<0ODJI

0>E><M (GDE:GI>:H T +DAK:CIHH H DBEDH>I>DC $>C:

2L> *HE> ?K:<MBHG

0>E><M <HFIHG>GML BG MA> IHINI F>GN G>QM MH OHEO>GM
0>E><M P:M>K ?HK MA> ?BKLM <HFIHNG=

0>E><M >MA:GHE ?HK MA> L><HG= <HFIHNG=

0>E><M ;>GS>G> ?HK MA> MABK= <HFIHNG=

"GM>K ?HK MA> FHE> ?K:<MBHG H? <HFIHNG= H? LHEO>GM L
"GM>K ?HK MA> FHE> ?K:<MBHG H? <HFIHNG= H? LHEO>GM L
"GM>K ?HK MA> FHE> ?K:<MBHG H? <HFIHNG= H? LHEO>GM L
"GM>K ?HK MA> FHE> ?K:<MBHG H? <HFIHNG= H? LHEO>GM L
"GM>K ?HK MA> FHE> ?K:<MBHG H? <HFIHNG= H? LHEO>GM L
"GM>K ?HK MA> FHE> ?K:<MBHG H? <HFIHNG= H? LHEO>GM L
"GM>K ?HK +NF;>K H? FBQMNK>L

0>E><M 'HDI=:GB >HD76G ;A6H=ED>CI T >HD76G

2L> ;:K :L NGBML ?HK MA> IK>LLNK>

"GM>K BG MA> -K>LLNK> ?B>E=

0>E><M G6E=TO0 M:HTH5M BDA6G ;G68I>DC H
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0>E><M GG6E=T1 M:H T EJG: 8DBEDJC9 68I>K>I>:H
-K>LL /NG

2C@ M@NPGO RDGG =@ < 0<=G@ <I? < BM<KC

2C@ <>ODQDOD@N JA OC@ KPM@ >JHKJPI?N NCIPG? =@ @LP<G <O OC@ @? KIDIO JAGD@ GDI@ <

< 'AR@ GJJF <O OC@ BM<KC RDOC >GJN@ DINK@>ODJI OCDN DN <KKMJSDH<O@GT OMP@ AJM OC@ HJIG<M AM<
RDOC <KKMJSDH<O@GT N ;S <I?N;S O <HJG<M AM<>0ODJIJA JANJGQ@ION OC@ ><G>PG<O@?
O@HK@M<OPM@ DN <KKMJSDH<O@GT [!
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,@SO R@ RDGG PN@ OCDN O@HK@M<OPM@ JA  [! <I? GJIF <O OC@ %D==N AM@@ @!/@MBT JA HDSDIB 2CDN RD(
DIAJMH<ODJI <=JPO OC@ HDN>D=DGDOT B<K

0>E><M IHDI=:GB >HD76G ;A6H=ED>CI T >HDI=:GB

2L> >ELBNL :L NGBML ?HK MA> M>FI>K:MNK>

"GM>K BG MA> 1>FI>K:MNK> ?B>E=

0>E><M G6E=TO0 M:HTH5M BDAG6G ;G68I>DC H

0>E><M G6E=T1 M:HT >77H :C:G<N D; B>M>C< LGI EJG: SDBEDJC9H
-K>LL /NG
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2C@ =G<>F GDI@ R<N <??@7? OJ NCJR OC@ HDN>D=DGDOT B<K HIM@ >G@<MGT '1?7@@7? <O [! AJM HIG<M AM<>0
=@OR@@I N ;S <I?N;S OC@ %D==N AM@@ @I@MBT JA HDSDIB RDGG =@ GJR@M DA OC@ GDLPD? C<N
KC<N@N

JO@ OC<O JI@ NCIPG? PN@ DNJOC@MH<G >JI?DODJIN DA JI@ R<ION OJ PN@ OC@ ><G>PG<O@? %D==N AM@@ (¢
HDSDIB 0J ?@O0@MHDI@ RC@OC@M OC@M@ DN < HDN>D=DGDOT B<K ,JO@ <GNJ OC<O 1J HDN>D=DGDOT B<K DN
PN@(GDE:GI>:H T +DAK:CIHH H DBEDH>I>DC $>C.@Q@I| DA OC@M@ DN JI@ GDF@ DI OCDN ><N@ 2CDN DN

=@><PN@ RDOC OC@ ><G>PG<O@? Q<GP@N AIJM JIGT >JHKJINDODJI GDI@ =@OR@@! NJGQ@ION OC<O DIQIGQ(
>JHKJIPI?N DI B@I@M<G JI@ ?J@N IJO C<Q@ @IIJPBC DIAJMH<ODJI OJ ?@O0@MHDI@ OC@ @S<>0 HDN>D=DGDOT B<

JIDG>6A M6BEA:H JH>C< |=: '+%' *+ 8DBEDJC9
961676H:

"$ C<N < ?<0<=<N@ JA !-1+- M@NPGO ADG@N-OC@HKJPI? ?<0<=<N@ "$!01
ICHIGAA 6C9 JH: I=: '+%' *+ 8DBEDJC9 961676H:

+:E ICHIGAA 961676H:

$JM OCDN OPOJMD<G R@ <NNPH@ OC<O TJP FIJR CIJR NO<MO "$>MN ,@SO R@ RDGG DINO<GG OC@ "$!01
?2<0<=<N@

8GH T DBEDJCOH T ICHIGAA '+%' *+ 96I67H:
#HEEHP MA> BGLMKN<MBHGL

2C@ ?JRIGJI<?DIB <I? M@<?DIB JA NJH@ DIAIJIMH<ODJI <=JPO <GG >JHKJPI?N H<T O<F@ < HDIPO@ +IM@

DIAIJMH<ODJI OCDN ?<0<=<N@ ><| =@@0JPI? BKBIP HPNO C<Q@ OC@ K@MHDNNDJI OJ RMDO@ OCDN ?<0O<=<N@

DI "$&-+# <OJHD>?<0< "$!01 7IPH<T I@@7? OJ C<Q@ <?HDIDNOM<OJM KMDQ@G@B@N OJ ?J NJ $IM

OCDN OPOJMD<G DO DN I@>@NN<MT OC<0O OC@ !-1+- 01 >JHKJPI? ?<0O<=<N@ DN ?JRIGJI<?@7? DI OC@ >IJMM@>O ?DI
"$&-+# <OJHD>?<0< "$!01

+:E 99 DG H:6G8= 8DBEDJC9H

2C@OM@ <M@ N@Q@M<G R<TN OJ N@G@>0 < >JHKJIPI? AMJH OC@ ?<O<=%M®DB5|D9%? DO 0JJ OC@
DBEDJCO9H 2C@ @<ND@NO R<T DN OJ PN@ OC@ N@<M>C =PO0OJI N@K<M<O@ N@<M>C RDI?JR RDGG KJKPK DA
>GD>FN OC@ N@<M>C =POGIHIICD®@9 DBEDJC9H OCDN N@<M>C =POO0JI GJJFN GDF@

'1JOC@M RDI?JRN DO ><I GJJF GDF@ N@G@>0 >JHKJIPI? JM 0J<?? HPGODKG@ >JHKJPI?N

0>E><M DBEDJCO9H T DBEDJC9H
EB<D HG MA> L>:K<A ;NMMHG
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http://www.scm.com/Downloads/download2014/COSMO-RS-Database.html
http://www.scm.com/Downloads/download2014/COSMO-RS-Database.html

EB<DHG 0 MHLHKM:R 0K>@BLMKR GNF;>K
EB<D :@:BG MH K>O>KL> MA> HK=>K

EB<D HG +K MH LHKM ;R GNF;>K

EB<D HG =+K MH LHKM ;R =:M:;:L> GNF;>K
EB<D HG +:F> MH LHKM ;R G:F>

EB<D HG #HKFNE: MH LHKM ;R ?HKFNE:

"GM>K [>GM:GHE BG MA> 0>:K<A ?B>E=

EB<D HG R<EHI>GM:GHE

EB<D (

JRIT>GIK@IO<IJG DN <??@7? O$MI@; 99:9 DBEDJC9H 'AOC@ N@<M>C =POO0OJI DN PN@? <B<DI
IT>GIK@IO<IIG RDGG C<Q@ IPH=@M

10C@ !-1+- 01 ?7<O0<=N@ OC@M@ DN < ADG@ ><GG@? <GG >JHKJIPI?GDNO RCD>C DN < KG<DI O@SO ADG@ DI RCI
GDI@ < ADG@I<H@ JA < "$!-1+- M@NPGO ADG@ DN BDQ@I -1@ >JPG? H<F@ < ?DAA@M@IO0 >JHKJIPI?GDNO ADG@ F
>JIO<DIN < JIGT < N@G@>0DJI JA OC@ >JHKJIPI?N 2CDN ><| =@ C<I?T DA JI@ R<ION 0J <?? >$HHKUPI?N OJ OC@

D; 99:9 DBEDJC9H

2C@ >JHKJIPI?N >JPG? <GNJ C<Q@ =@@| <??@7? =T <??DIB HPGODKG@ >JNFA ADG@N =T N@G@>ODIB !-1+- FA ADC
>INFA AJM OC@ KIKPK H@IP $DG@N JA OTK@ JIM $DGO@M <I? N@G@>ODIB <GG >JNFA ADG@N -I 5DI?JRN D¢
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CIR@Q@M A<DG 0J <?? HIM@ OC<I < A@R CPI?M@7? >INFA ADG@N <O < ODH@ DI OCDN R<T 'A OC<O A<DGN Ji@ |
OC@ >JHKJIPI?GDNO ADG@

+:E +:1 EJG: BDBEDJC9 9616

$IM OC@ >JHKJIPI?N DI OCDN ?<0O<=<N@ OC@ IPH=@M JA MDIB <OJHN ,MDIB DN KMJQD?@? RCD>C DN I@@?@? DI
-1+- 01 HI?@G N@@ O0@A 9: DI OC@ !-1+- 01 H<IP<G DI IM?@M OJ ><G>PG<O0@ < MDIB >JMM@>0DJI O@MH

AO@M N@G@PEEMBCOH T $>HI D; 99:9 DBEDJC9H <I? N@G@>0DIB < >JHKJPI? DO DN <GNJ KINND=G@ OJ
<?? NJH@ KPM@ >JHKJPI? DIKPO ?<0< .PM@ >JHKJPI? ?<O< >JPG? =@ AJPI? AJM @S<HKG@ <O O0@AN 9
'AJI@ R<ION OJ N<Q@ OC@ KPM@ >JHKJPI? DIKPO ?<0O< DI < >JNPBERIGEHL @6 >6)6

+:A:81:9 DBEDJC9 H

*..:G:C8:H
9 : 5DFDK@?D<

9 : 12 !IC@QHDNOMT 5@= JJF

9 : 1&#0" )JIM@< 2C@MHJIKCTND><G .MIK@MOD@N "<O< <IF .PM@ 'JHKJI@IO .MIK@MOD@N

+:E . >HJB6A>0: I=: '+%'HJG;68: K>:L

7JP ><I PN@ "$QD@R 0J C<Q@ < GJJF <O OC@ !-1+- NPMA<>@ <I? OC@ !-1+- NPMA<>@ >C<MB@ ?@INDOT &@M@
R@ PN@ OC@ N@G@>0@7? >T>GJIK@I0<IIG JA OC@ KM@QDJPN NO@K

0>E><M DBEDJCO9H T $>HI D; 99:9 DBEDJC9H
EB<D HG MA> E>?M LB=> R<EHI>GM:GHE
0>E><M DBEDJCO9H T +=DL +:A:81:9 DBEDJC9
0>E><M MA> #3B>P PBG=HP R<EHI>GM:GHE
0>E><M K>LT 99T '+%' +JG;68: =6G<: :CH>INT
DC '+%' HJG;68: G:8DCHIGJS8I:9
0>E><M  K>LT 99T '+%' +JG;68: =6G<: :CH>INT
DC '+%' HJG;68: ED>CIH
0>E><M K>.LT .>LT 68@<GDJCIO T /=>I:
&G<K>:L> MA> LBS> H? MA> #3B>P PBG=HP LN<A MA:M <HGMKHE EBG>L
‘M MA> ;HMMHF H? MA> #0OB>P PBG=HP :K> OBLB;E>
&G MA> <HGMKHE EBG> <EB<D HG MA> HLFH LNK?:<> INEE =HPG F>GN :G=
NL> MA> OAHP '>M:BEL <HFF:G=
0>E><M BG MA> EHP>LM EBG> DADGBG6E T *6>C7DL
&G MA> <HGMKHE EBG> <EB<D HG MA> HLFH LNK?:<> INEE =HPG F>GN :G=
NL> MA> %B=> |>M:BEL <HFF:G=
IH MA> L:F> ?HK MA> HLFH LNK?:<> |[HBGML
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http://www.scm.com/Doc/Doc2014/COSMO-RS/metatagREFERENCES.html
http://www.wikipedia.org
http://webbook.nist.gov/chemistry
http://www.cheric.org/research/kdb/hcprop/cmpsrch.php

,@SO R@ RDGG >GIJN@ OCDN "$QD@R RDI?JR

0>E><M MA> #3B>P PBG=HP R<EHI>GM:GHE
0>E><M K>:L T >A: T ADH:
0>E><M MA> ,0*, /0 $2& PBG=HP

'‘8I6CDA /61:G E6GI>I>DC 8D:;;>8>:CIH AD< (v

' OCDN @S<HKG@ OC@ ->0<IJG 5<0@M K<MODODJI >J@AAD>D@ION AJM ?DAA@M@I10 >JHKJIPI?N <M@ ><G>PG<C
>JHK<M@? OJ @SK@MDH®@10

1 ><N@ JA K<MOGT HDN>D=G@ GDLPD?N GDF@ OC@ ->0O<IJG MD>C KC<N@ JA ->0O<IJG <I? 5<0@M =JOC >JHKJI@IO
JIU@MJI HIG@ AM<>ODJIN ,@SO <I DIKPO Q<GP@ DN PN@? AJM OC@ QJGPH@ LPJOD@IO JA OC@ ORJ NJGQ@ION
AJM OC@ NIU@MJI HIG@ AM<>0ODJIN DI OC@ ->0<IJG MD>C KC<N@ <I? OC@ HIG<M QJGPH@ LPJOD@I0 JA OC@ OR.
R@OM@ O<F@! AMIH 0@AAI@ ?J@N 1JO DI>GP?@ NP>C Q<GP@ OC@ KMJBM<H RDGG PN@ OC@ !-1+- QIGPH@N OJ
><G>PG<O@ OC@ QJGPH@ LPJOD@IO 2C@ !-1+- QIGPH@N ><I =@ AJPI? =T N@G@>OD#B-HIMIHKJPI? DI OC@

99:9 DBEDJCY9H

0>E><M (GDE:GI>:H T $D< (6GI>I>DC D:;;>8>:CIH

0>E><M -K>L>M ,<M:GHE 4:M>K BG MA> IHINI F>GN G>QM MH OHEO>GM

"GM>K ?HK MA> 1>FI>K:MNK> BG (>EOBG

A><D MA> ;NMMHG MH ;== <>M:FB=>
*>MA:GHE #HKFB< :<B= IB>MARE >MA>K | !B<AEHKH;>GS>G>
%>Q:F>MARE;>GS>G> :G= ->GM:<AEHKH;BIA>GRE

-K>LL /NG

"GM>K MA> G:F> MNMHKB:E BG MA> #BE>G:F> ?B>E=
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2C@ M@NPGO JA OC@ ><G>PG<ODJI H<T O<F@ < A@R N@>JI?N DN BDQ@I DI OC@ AJMH JA < 0<=G@ ,JO@ OC<O |
>JHKJIPI?N R@M@ N@G@>0@? <N NJGPO@N JOC@MRDN@ OC@ ><G>PG<ODJI RIPG? O<F@ HP>C HIM@ ODH@

10C@ ?<0<=<N@ OC@ I<H@ #OCJST@OC<I@ DN PN@? AJM "D@OCTG @OC@M <I? OC@ I<H@ "D>CGIMI=@IU(
PN@? AJM K"D>CGIJMJ=@IU@I@ 'l OC@ N@<M>C RDI?JR OC<0O KIJKPKN DA OC@ N@<M>C =POQJI DN >GD>F@7? NJ\
<GO@MI<ODQ@ I<H@N <M@ BDQ@! AJM NJH@ JA OC@ >JHKJPI?N

@S0 OC@ ><G>PG<0@? ->0<IJG 5<0@M K<MODODJI >J@AAD>D@ION <M@ >JHK<M@? OJ @SK@MDH@I0 DI OC@ £

‘ME:G>B:CI6A AD<|86A8JA6I:9

+DAJ: 3 4 AD< (

>@O<HD?@

+@O0C<IIG

$IMHD> <>D?

"'D@OCTG @OC@M

K "D>CGIMJI=@IU@I|@

&@S<H@OCTG=@IU@I@
.@10<>CGIMI=DKC@ITG

*:G:C8:H

9 :1 2 *DI<I?1' 1<I?G@M Prediction of Octanol-Water Partition Coefficients Using a Group
Contribution Solvation Model '?PNOMD<G #IBDI@@MDIB |{C@HDNOMT M@N@<M>C
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http://dx.doi.org/10.1021/ie990391u

9 :#SK@MDH@I0<G IPH=@MN O<F@I| AMJH 5DFDK@7?D< <O(R®K @| RDFDK@?D< JMB RDFD
.<MODODJI;>J@AARCRCASK@MDH@IO<G IPH=@MN H<T C<Q@ =@@I| ?7@0@MHDI@? <O < ?DAA@M@I0 O@HK@M<C
[!

:CGN H A6L 8DCHI6CIH

' OCDN @S<HKG@ &@IMT N G<R >JINO<ION AJM ?DAA@M@I10 >JHKJIPI?N <M@ ><G>PG<O0@? <I? >JHK<M@? OJ
@SK@MDH@I0O

2C@ &@IMT N G<R >JINO<ION ?@K@I? JI OC@ ?@INDOT JA OC@ NJGQ@IO 5<O@M DI OCDN ><N@ 'A JI@ ?J@N 1JO N
?@INDOT JA OC@ NJGQ@IO DI OC@ DIKPO OC@ KMJIBM<H ><G>PG<O@N OC@ ?@INDOT JA OC@ NJGQ@IO =T ?DQD
HIG@>PG@ RDOC DON !-1+- QIGPH@ 2C@ ?@INDOT JA 5<0@M <O [! ) DN <KKMJSDH<O@GT FB*

JO@ OC<O OC@ ><G>PG<O@7? <>0ODQDOT >J@AAD>D@ION ?J 130 ?@K@I1? JI OC@ ?@INDOT JA 5<0@M

0@H<MF 2J JIGT <?? OC@ >JHKJIPI?N |@@?@? DI OCDN @S<HKG@ JI@ ><I <GNJ JK@I| < I@R !-1+- 01 %3'

RDI?2JR +% T '+9%' *+ 1@G@EBEDJCOH T 99 DBEDJCIO H BJ 0J OC@ ?DM@>0JMT RC@M@ OC@

1-14- 01 >JHKJPI? 2<0<=<N@ DN ?JRIGI<?@? "$&+# <OJHD>?<O< "$101  <I? N@G@>O

OPOJMD<G >JHKJPI?GDNO 2CDN DN M@>JHH@I?@? 2C@| OC@ <??@? >JHKJIPI?N <M@ <O OC@ OJK JA OC@ GDN(
PN@N OC@ =POOJI IM N@<M>C =POOJI 2C@ OPOJMD<G >JHKJPI?GDNO DN < ADG@ RDOC < GDNO JA >JHKJPI?}
GDHDO@? 0J OC@ >JHKJIPI?N |@@?@? DI OCDN @S<HKG@

0>E><M (GDE:GI>:H T 8I>K>IN 8D:;;>8>:CIH
0>E><M 4:M>K ?HK MA> ?BKLM <HFIHG>GM BG OHEO>GM
"GM>K ?HK MA> 1>FI>K:MNK> BG (>EOBG

EB<D MA> <A><D ;HQ 2L>BGINM =>GLBMR LHEO>GM D@ )
"GM>K BG MA> 2L> BGINM =>GLBMR LHEO>GM D@ ) ?B>E=
A><D MA> ;NMMHG MH ==

<>M:E=>AR=> <>MHG> <>MHGBMKBE> >GS>G> AEHKHF>MA:G>
R<EHI>GM:G> |BF>MARE LNE?B=> "MA:GHE #HKF.E=>AR=>
*>MA:GHE *>MARE :<>M:M> *>MARE ;KHFB=> *>MARE ?ENHKB=>
*>MARE BH=B=> -RKB=BG> 1ABHIA>G> :G= 1HEN>G>
-K>LL /NG

2C@ M@NPGO JA OC@ ><G>PG<ODJI H<T O<F@ < A@R N@>JI?N ?@K@I?DIB JI OC@ IPH=@M JA >JHKJPI?N N@QG@>
BDQ@I DI OC@ AJMH JA < O<=G@
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http://en.wikipedia.org/wiki/Partition_coefficient
http://en.wikipedia.org/wiki/Partition_coefficient

2C@ &@IMT N G<R >JINO<ION <GNJ ?@K@I? JI OC@ Q<KIM KM@NNPM@ JA OC@ KPM@ >JHKJPI?N DI OC@ B<N KC<M
OC@ >JHKJPI?N RDI?JR JI@ ><I <GNJ N@O OC@N@ Q<KIM KM@NNPM@N JA OC@ KPM@ >JHKJPI?N <O < BDQ@I
O@HK@M<OPM@ JM N@O OC@ I0JDI@ K<M<H@O@MN 'A OC@N@ Q<GP@N <M@ 1JO NK@>DAD@? DA OC@T <M(
>JHKJIPI? Q<KIM KM@NNPM@ RDGG =@ <KKMJSDH<O@? PNDIB OC@ !-1+- 01 H@OCJ? @NO DN OJ DI>GP?@ OC@
@SK@MDH@I10<G Q<KIM KM@NNPM@ AIJM < KPM@ >JHKJPI? <O OC@ PN@? O@HK@M<OPM@ OCPN DI OCDN ><N(

2J DI>GP?@ <GG @SK@MDH@10<G IPH=@MN DN M<OC@M O@7?DJPN OCPN JI@ >JPG? NFDK OC@ AJGGJIRDIB K<MQ
OC@ M@NPGON =@GJR

0>E><M DBEDJCO9H T DBEDJC9H

EB<D HG MA> E>?M LB=> <>M:E=>AR=>

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K BG MA> :M M>FI>K:MNK> ?B>E=

EB<D HG MA> E>?M LB=> <>MHG>

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K BG MA> :M M>FI>K:MNK> ?B>E=

EB<D HG MA> E>?M LB=> <>MHGBMKBE>

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K BG MA> :M M>FI>K:MNK> ?B>E=

EB<D HG MA> E>?M LB=> >GS>G>

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K BG MA> :M M>FI>K:MNK> ?B>E=

EB<D HG MA> E>?M LB=> AEHKHF>MA.G>

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K BG MA> ‘M M>FI>K:MNK> ?B>E=

EB<D HG MA> E>?M LB=> R<EHI>GM:G>

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K BG MA> :M M>FI>K:MNK> ?B>E=

EB<D HG MA> E>?M LB=> |BF>MARE LNE?B=>

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K BG MA> :M M>FI>K:MNK> ?B>E=

EB<D HG MA> E>?M LB=> "MA:GHE

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K BG MA> :M M>FI>K:MNK> ?B>E=

EB<D HG MA> E>?M LB=> #HKF.E=>AR=>

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K BG MA> :M M>FI>K:MNK> ?B>E=

EB<D HG MA> E>?M LB=> *>MA:GHE

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
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"GM>K BG MA> :M M>FI>K:MNK> ?B>E=

EB<D HG MA> E>?M LB=> *>MARE :<>M:M>

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K BG MA> :M M>FI>K:MNK> ?B>E=

EB<D HG MA> E>?M LB=> *>MARE ;KHFB=>

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K BG MA> :M M>FI>K:MNK> ?B>E=

EB<D HG MA> E>?M LB=> *>MARE ?ENHKB=>

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K BG MA> :M M>FI>K:MNK> ?B>E=

EB<D HG MA> E>?M LB=> *>MARE BH=B=>

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K BG MA> :M M>FI>K:MNK> ?B>E=

EB<D HG MA> E>?M LB=> -RKB=BG>

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K BG MA> :M M>FI>K:MNK> ?B>E=

EB<D HG MA> E>?M LB=> 1ABHIA>G>

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K BG MA> :M M>FI>K:MNK> ?B>E=

EB<D HG MA> E>?M LB=> 1HEN>G>

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K BG MA> :M M>FI>K:MNK> ?B>E=

EB<D HG MA> E>?M LB=> 4:M>K

"GM>K BG MA> -NK> <HFIHNG= O:IHK IK>LLNK> ?B>E=
"GM>K BG MA> :M M>FI>K:MNK> ?B>E=

0>E><M (GDE:GI>:H T 8I>K>IN 8D:;;>8>:CIH

-K>LL /NG

$IM NJH@ JA OC@ >JHKJIPI?N OC@ &@IMT N G<R >JINO<ION ?DAA@M LPDO@ NP=NO<IOD<GGT

#SK@MDH@I10<G ?@O0@MHDI@7? &@IMT N G<R >JINO<ION HDBCO AJM @3RHKKEBER T@APN 8OR JMB

RC@M@ < >JHKDG<ODJI JA &@IMT N *<R >JINO<ION AJM DIIMB<ID> <|? JMB<ID> NK@>D@N JA KIO@IOD<G DHKJIMO«
@IQDMJIIH@10<G >C@HDNOMT R@M@ GDNO@? =T 0 1<I?@M <I? RC@M@ <GNJ <I @SKG<I<ODJI ><| =@ AJPI? JA OC
?DAA@M@I10 ?@ADIDODJIN <I? PIDON AJM &@IMT N G<R >JINO<ION

2C@ ><G>PG<O@7? &@IMT N G<R >JINO<ION RDGG =@ >JHK<M@? OJ @SK@MDH@I0<G Q<GP@N DI OC@ 1@SO BM<!
2C@ @SK@MDH@I0<G IPH=@MN R@M@ O<F@i RCHN@POO@ @SK@MDH@IO<GGT ?@0@MHDI@? ?DH@INDJIG@N

&@IMT N G<R >JINO<IOEN OC@ DIQ@MN@ JA OC@ ?DH@INDJIIG@NN &@INT NABLO-DNPK@FDI OC@
I-1+- 01 HI?PG@
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http://www.henrys-law.org

&>> F& D|Q>> E &>>

+DAJI:

"ME:G>B:CI6A % Q 3

86A8JA61:9 88 Q

+@OCTG;=MIJHD?@

ICGIMIH@OC<I@

+@OCTG;AGPIMD?@

+@OCTG;DJ?D?@

IT>GIK@IO<I@

@UE@l@

2IGP@I@

+@OC<IIG

H#OC<IIG

$IMH<G?@CT?@

>@0<G?@CT?@

>@OMJI@

+@OCTG;<>@0<0@

>@0JIDOMDG@

.TMD?DI@

"'DH@OCTG;NPGAD?@

2CDJKC@I@
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' HINO ><N@N OC@ ><G>PG<O0@7? &@IMT N G<R >JINO<ION <M@ LPDO@ >GIJN@ OJ OC@ @SK@MDH®@I0<G JI@N @
$IMH<G?@CT?@ <I? .TMD?DI@

2C@ &@IMT N G<R >JINO<IO JA $JMH<G?@CT?@ DN HIM@ OC<RMHBQBIAMDBDI JA OCDN @MMJM DN OC<O

DI 5<0@M NJGPODJI OC@ CT?M<ODJI JA $IMH<G?@CT?@ G@<?N OJ +@0OC<I@7?DJG <I? +@O0C<I@?DJG DN @Q@I O
?JHDI<IO AJMH DA JI@ ?DNNJGQ@N $JMH<G?@CT?@ DI 5<O@M 2CDN DN 1JO O<F@I DIOJ <>>JPIO DI OC@ ><G>PG<(
0@A 9 :<7?DNODI>ODJI DN H<?@ =@OR@@| OC@ <KK<M@IO <I? DIOMDIND> &@IMT N G<R >JINO<ION RCD>C ?DAA

@<>C JOC@M =T <KKMJISDH<O@GT < AAHOININKH<G?@CT?@ <I? < A<>0IM JA <KKMJSDH<O@GT AJIM
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Activity Coefficients

Kill | Run |

Solvent 2 components

v | Mole fraction

IL cation_1-ethyl-3-methyl-imidazolium

v

Q
C, | IL_anion_tetracyanoborate

L

[~ Use density solvent (kg/L):

E |

0.5

0.5

1.0

Temperature: | 3D815||Kﬂvm

Solutes (infinite dilute)

+ |Hexane
Heptane

- : [Octane
............. Decane

'‘AJI@ ?J@N 1JO NPKKGT < ?@INDOT JA OC@ NJGQ@I0O DI OC@ DIKPO OC@ KMJIBM<H ><G>PG<O@N OC@ ?@INDOT.
=T ?DQD?DIB OC@ H<NN JA < HIG@>PG@ RDOC DON !-1+- QIGPH@ ,JO@ OC<0O OC@ ><G>PG<O@? <>0ODQDOT >J@!/
130 ?2@K@1? JI OCDN ?@INDOT 2C@ M@NPGO JA OC@ ><G>PG<0ODJI DN BDQ@I DI OC@ AJMH JA < O<=G@

Solvent

s1: IL anion_tetracyanoborate

s2: IL cation_l-ethyl-3-methyl-imidazolium
Solutes (infinite dilute)

cl: Hexane

c2: Heptane

c3: Octane

cd: Decane

,JO@ OC<0 AIM < >JHK<MDNJI 0J @SK@MDH@I0<G IPH=@MN OC@ ><G>PG<0@? <>0ODQDOT >J@AAD>D@ION C<Q
RDOC <N R<N ?DN>PNN@? =@AJM@ 'l OC@ |@SO ADBPM@ OC@ M@NPGON JA OC@ ><G>PG<O@? <>0DQDOT >J

Activity

Coefficient
(o alalalalalala]
0, 00000010

B3.85793286
163 . 95440920
189.51520802
573.57596278

?DAA@M@I0 O@HK@M<OPM@N <M@ >JHK<M@? OJ @SK@MDH@I10
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Henry Ceonstant
(mol/(L atm))
1. 167500e+29
4,983206e+33

2.843771e-01
5.312843e-01
1. 106209e+00
4.391703e+00
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X X
X
2.5
2
2.75 2.85 2.95 3.05 3.15 3.25 3.35
1000/(T/K)
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Activity Coefficients Kill | Run |

Solvent 2 components |« | Mole fraction |v
Cl, | IL_cation_1-hexyl-3-methyl-imidazolium - | 0.5
Cl, | IL_anion_bis(trifluoromethylsulfonyl)amide |+ | 0.5
o =
a ]
a v |
[~ Use density solvent (kg/L): | 1.0
Temperature: | 29815 | Kelvin -
Solutes (infinite dilute)
j Carbon dioxide
2C@ M@NPGON JA OC@ <>0DQDOT >J@AAD>D@ION
Activity Coefficients
Method: COSMO-RS
Temperature: 298. 15000 Kelwin
Solvent Mole Fraction Mass Fraction
s1: IL_anion_bis(triflucromethylsulfonyl)amide 0. 50000000 0.62611217
s2: IL cation_1l-hexyl-3-methyl-imidazolium 0.50000000 @.37388783
Activity Henry Constant
Solvent Coefficient (mol/(L atm})
sl: IL_anion_bis(trifluoromethylsulfonyl)amide 0. DDOO0OE2 3.228765e+31
s2: IL cation_l-hexyl-3-methyl-imidazolium 0. DOOOOE35 1. 169083e+35
Solutes (infinite dilute)
cl: Carbon_dioxide 1.01477613 1.134397e-01
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RDOC < A<>0JMJA  &@IMT N G<R >J@AADEB@ID O8@ N<OPM<O@? Q<KIM KM@DINPN@ JA !-

=<M $JIM !- DI 9&+'+: 92A . OC@ ><G>PG<O@7? & =<M KKGTDIB OC@ N<H@
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