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O2?(50).+(=/3+0)'

);0+2'+

`+,0+):/35(+**+,-
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M/3+0)':(0+,01:-)''/c+(B;-()0+(32-(0+20/+3-+.

M)0B'+7(,2)0:+(/3-+0'2,H/35(,01:-)':(2*(,)',/-+
b;)0-c/-+7(,2)0:+(/3-+0'2,H/35(,01:-)':(2*(P;)0-c

"23*2'/)-+.(=+-)=20>9/,(02,H:7

O)05+0(:,)'+(/3(-9+(,20+:(2*(=2;3-)/3:(B;/'-(B1(,2''/./35(>')-+:
`/0+,-+.(>0+::;0+:(20/+3-(C)'/53D(0+,01:-)''/c+.(=/3+0)':(C*2'/)-/23D
M2:-(/3-+3:+(/3(-9+k(022-:k(2*(=2;3-)/3(B+'-:

$+5/23)'(M+-)=20>9/:=

U')-+7(*/3+G(>)0)''+'(=/,)(*')H+:

Q91''/-+7(:'/59-'1(')05+0(*')H+:
U,9/:-7(*2'/)-/23(+):/'1(@/:/B'+

$+5/23)'(=+-)=20>9/:=(2*(:9)'+7()*=+

43+/::7(B)3.+.(20(,23-20-+.

g+01(-9/3(>)0-/35:

O2?(50).+(=/3+0)':

LN&Q#8$(j6 48%O%4!L(#!M8((VjXYVXRVYS

U;>+0>2:/-/237(+),9(B+.(/:(2'.+0(-9)3(-9+(23+()B2@+G()3.(12;35+0(-9)3(-9+(23+(B+'2?()*C+

%0/5/3)'(920/c23-)'/-17(:+./=+3-(/:(;:;)''1(.+>2:/-+.(920/c23-)''1

$+')-/@+(-/=+

&(*);'-(/:(12;35+0 -9)3(-9+(02,H(/-(,;-:
&(02,H(/:(12;35+0 -9)3(-9+(02,H(/-(,;-:

L02::6,;--/35(0+')-/23: )*H+

!3,';:/23:7(/3,';:/23:()0+(2'.+0 -9)3(-9+(02,H(,23-)/3/35(-9+=()*I+

&35;')0(;3,23*20=/-17(B+-?++3(*')-()3.(-/'-+.G(+02.+.(B+.: )*N+

`/:,23*20=/-17(B+-?++3(>)0)''+'(B+.: )*O+

"23,23*20=/-17(B+-?++3(*')-(B+.:(23(+02.+.(/53+2;:G(=+-)=20>9/,(02,H)*@+

<3,23*20=/-/+:(

L200+')-/237 )=P+

:,9/:-

=/,):

5)03+-

43+/::/,(B)3./35

O/59-E(.)0H(=/3+0)':(:+>+0)-+

S
R
Y

12;35+:-

2'.+:- YlRlS
((()5+

02,H:

F);'-6 12;35+0(-9)3(02,H(/-(,;-:

`1H+6 12;35+0(-9)3(02,H(/-(,;-:

:)3.:-23+

!3,';:/23:(2*(2'.+0G(>0+6+\/:-/35(C+02.+.D(02,H

M/::/35(02,H:(./+(-2(-/'-/35()3.(+02:/23

M/::/35(02,H:(.;+(-2(323.+>2:/-/35(20(+02:/23

M/::/35(02,H:(.;+(-2(+02:/23

U+./=+3-)01(02,H:
!53+2;:(02,H:

!3.+\(*2::/'

U)=+(/3.+\(*2::/'

%;-,02>(&((((((((((YVVYIH=(((((((((%;-,02>(_ L200+')-/23(?X*2::/':
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M)-,9/35(02,H(*+)-;0+:G(*2::/':AAA
F2::/'(:;,,+:/237205)3/:=:(+@2'@+.()'235(./:-/3,-(>)-9?)1:(-902;59(5+2'25/,(-/=+G('+*-(/3.+\(*2::/':

$)./2),-/@+(/:2-2>+:(C>)0+3-:D(.+,)1(-2(.);59-+0: 2@+0(-/=+
#/=+(/-(-)H+:(-2(.+,)1(-2(9)'*(-9+()=2;3-(2*(>)0+3-('+*-(/:(-9+(9)'*('/*+ 2*(-9+(/:2-2>+
L2=>)0+:(>)0+3-('+*-(?/-9(9)'*('/*+G(5/@+:(-/=+(:/3,+(02,H(*20=+.

((((((((((((((((((((((((

`)-/35(?/-9($)./2),-/@/-1 )='+

!3(205)3/:=:(LYJ.+,)1:(-2("YJ((?/-9(9)'*('/*+(2*(IZSV(10:(B;-(/:(0+>'),+.(B1(LYJ *02=(-9+()/0(
!3(*2::/':(LYJ.+,)1:(B;-(/:(32-(0+>'),+.d(;:+.(LYJXYR 0)-/2()3.(9)'*('/*+(-2(5+-(-/=+(:/3,+(.+)-9

$)./2,)0B23(CLYJD(̀ )-/35()=*+

L2=>0+::/23)'6 :P;++c/35()==+
U-0+:: C*20,+D(23(02,H:7

#+3:/23)'6 :-0+-,9/35

U9+)06 :'/>>/35(:/.+?)1:

6U-0)/3(0+:;'-:(*02=(:-0+::
<3.+0(:-0+::G(02,H:(,)3(+\,++.(-9+(+'):-/,('/=/-(B+*20+(*'2?/35(C.;,-/'+(.+*20=)-/23D(20(B+/35((*0),-;0+.(
CB0/--'+(.+*20=)-/23D
_0/--'+(.+*A(L2==23(3+)0(:;0*),+d(.;,-/'+(.+*A(L2==23(

U-0/H+6 )c/=;-9(2*()(920/c23-)'('/3+(23(-9+(:;0*),+(2*()(>')3+
`/>6 )35'+(2*(/3,'/3)-/23(2*(-9+(:;0*),+(*02=(920/c23-)'

M)>>/35(5+2'25/,(:-0;,-;0+:

&3-/,'/3+(C)0,9D
U13,'/3+(C-02;59D
M232,'/3+(C:-+>D(
`2=+(C2'.+:-(02,H(/3(-9+(=/..'+D()=H+54301151"4.-07RG&258-"S

_):/3(C12;35+:-(02,H(/3(-9+(=/..'+D

F2'.:7(,2=>0+::/23)'(*20,+:

m2/3-:7(*0),-;0+:(B;-(32(./:>'),+=+3-

`/>(:'/>7()'235(./>(20(*);'-
"20=)'6 9)35/35(?)''(?+3-(.2?3()=I+

$+@+0:+X-90;:-6 9)35/35(?)''(?+3-(;>

F);'-:7(./:>'),+=+3-(2*(02,H:

`+*20=)-/23

)=C+

LYJG(LYRG(.+)-9
L23:-)3-(0)-/2

LYJ 0+>'+3/:9+.

LYJ(((((((((( ((((( ((((( (("YJ

"2(0+>'+3/:9=+3-
F2::/'(9)'*('/*+
IZSV(1+)0:
LYJGLYR.+,0+):/35

F2'.()\/:
F2'.(Q)0-:

&\/)'(>')3+

'/=B

2'.+:-
:;0*),+

12;35+:-

%'.+:-(02,H

12;35+:-

:;0*),+
12;35+:-

2'.+:-

%'.+:-(02,H

12;35+:-

N)35/35(?)''

F22-(?)''
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$+@+0:+X-90;:-6 9)35/35(?)''(?+3-(;>

$/59-(')-+0)'7(02,H:(./:>'),+.(-2(-9+(0/59-

O+*-6')-+0)'7(02,H:(./:>'),+.(-2(-9+('+*-

U-0/H+(:'/>7(=2@+=+3-(')-+0)''1()'235(:-0/H+(2*(*);'-()=N+

8&$#Nb<&a8U6 LN&Q#8$(YV(((CYVXYIXRVYSD

U'/>>)5+()'235(*);'-(/3(-9+(,0;:-()-(-9+(*2,;:
%,,;0:(B+'2?(-9+(:>2-(>'2--+.(23()(=)>(,)''+.(-9+(+>/,+3-0+()=O+

8'):-/,(0+B2;3.7(02,H:(B+3.(;3-/'(-9+1(0;>-;0+(C+)0-9P;)H+DG(-9+3(:-0+::(B;/'.:(;>()3.(-9+1(:-)0-(
B+3./35()5)/3()=@+

F20+:92,H: )3.()*-+0:92,H: ,2==23(?/-9(=)/3(+@+3-

L);:+

U;0*),+(?)@+:7(:'2?+:-(C'D
_2.1(?)@+:7(-0)@+'(-902;59(02,H
L2=>0+::/23)' C'/H+(:'/3H1(-21DG(>0/=)01(C>DG(*):-+0
U9+)0 C:-)0-:(;>()3.(.2?3(=2-/23DG(:+,23.)01(C:DG(:'2?G(9)'*(-9+(:>++.(2*(>(?)@+

U+/:=2'251

$+,20.(>G(:(?)@+ )00/@)'(-/=+:G(-/=+(./**+0+3,+(23(-/=+6-0)@+'(,;0@+:(5/@+:(-9+(./:-)3,+(*02=(-9+(
:-)-/23(-2(-9+(+>/,+3-0+
Q'2-(./:-)3,+:(*02=()-('+):-(S(:-)-/23()0,:d(S()0,:(/3-+0:+,-()-(-9+(+>/,+3-0+)CP+

O2,)-/35(-9+(:2;0,+(2*()3(+)0-9P;)H+

$/,9-+0(:,)'+7(B):+.(23(+3+051 0+'+):+.(B1(-9+(+)0-9P;)H+
8),9(3;=B+0(YV -/=+:(')05+:-(?)@+ )=>'/-;.+ 20(̂ SR -/=+:(-9+(+3+0512*(-9+('):-(3;=B+0
M2=+3-(=)53/-;.+ B+--+0(*20(')05+(+)0-9P;)H+: )C'+

M+):;0/35(-9+(:/c+(2*(8)0-9P;)H+:

&-(=)-+0/)'(B2;3.)0/+:(>)0-(2*()(:+/:=/,(?)@+(/: 0+*'+,-+.G(>)0-(0+*0),-+.
T)@+(:>++.:(;>(20(:'2?:(.2?3(,02::/35(-9+(B2;3.)01

Q02B/35(8)0-9e:(/3-+0/20

L0;:-(=)3-'+7(B2-9(?)@+:(:>++.(;>
M)3-'+6,20+7(>(:'2?:(.2?3G(:(?)@+:(./:)>>+)0(/3()('/P;/.(2;-+0(,20+
!33+0(,20+7(>(?)@+:(:>++.(;>(/3(:2'/.(/33+0(,20+

M)h20(_2;3.)0/+:

LN&Q#8$((YY6 #N8(%L8&"(FO%%$((((YVXYSXRVYS

Q)::/@+7(32(@2',)32+:G(*+?(+)0-9P;)H+:d(S(>)0-:AAA()C*+
L23-/3+3-)'(M)05/3:

L2=>0+::/23)'
:-0+::

*22-?)''

*);'-

N)35/35(?)''

F2,;:
C02,H(B0+)HD

83+051(C:+/:=/,D(?)@+:
:;0*),+

8>/,+3-0+

$2,H:(B+3./35(;3.+0(:-0+::

$;>-;0+ F);'-
$2,H:(:3)>G(C0+B2;3.D
_),H(-2(20/5/3)'(,23./-/23

)CP+5T2-4"7.3"5%04&.-07

&

L

C-0/)35;')-/23D

$/,9-+0(:,)'+

S J I

YVVV\(+3+051

SR\(+3+051

YV\

YVV\()=>'/-;.+
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Q)::/@+7(32(@2',)32+:G(*+?(+)0-9P;)H+:d(S(>)0-:AAA()C*+
L23-/3+3-)'(M)05/3:

L23-/3+3-)'(:9+'*6 5+3-'+(50)./+3-(-2(̂ YSV=(.+>-9
L23-/3+3-)'(:'2>+6:-++>+0(:'2>+(B+123.(-9+(:9+'*
L23-/3+3-)'(0/:+6 5+3-'+(:'2>+(;3.+0(.++>6:+)(*)3(:+./=+3-:

#;0B/./-1(,;00+3-:(.+>2:/-(-;0B/./-+:?/-9(50).+.(B+../35
&,-/@+7()-(:;B.;,-/23(c23+:(?/-9(.++>62,+)3(-0+3,9+:()3.(),,0+-/23)01(?+.5+:

U;B=)0/3+(,)3123:6 @)''+1:(,)0@+.(B1(0/@+0:(/3-2(-9+(,23-/3+3-)'(:'2>+(.;0/35('2?+0(:+)(
'+@+'(20(B1(-;0B/./-1(,;00+3-:

`++>62,+)3(-0+3,9+:7(&-(-9+(+.5+:(2*(:;B.;,-/23(c23+:
&B1::)'(>')/3:7(*')-6 9/.+(0;55+.(-+00)/3(,2@+0+.(?/-9(*/3+(:+./=+3-:A
U+)=2;3-:7(;3.+0?)-+0(@2',)32+:

`++>6%,+)3(_):/3

$++*7(:H+'+-)'(0+=)/3:(2*(,20)':(-9)-(502?(/3(?)0=(:;3'/-(:+)(?)-+0(;>(-2(JI=(.++>(C+\A(40+)-(
B)00/+0(0++*D
&-2''7(0/356:9)>+.(0++*()02;3.()(:;B=+05+.(@2',)32

L20)'($++*:()3.(&-2'':

F0+:9(:+)*'220(,22':()3.(,23-0),-:():(/-(=2@+:(-2?)0.()B1::)'(>')/3:
U;B=)0/3+(0/.5+(:1:-+=(?/-9(?/.+(0/*-(@)''+1:(-9)-()0+(2**:+-(B1(-0)3:*20=(*);'-:

M/.62,+)3(0/.5+:

LN&Q#8$(YR6 QO&#8(#8L#%"!LU(((((((((YVXRRXRVYS

M)53+-/,(=/3+0)': ),-('/H+(*2::/'(,2=>)::(3++.'+:(>2/3-/35(-2(?9+0+(>)'+2(=)53+-/,(>2'+:(;:+.(-2(
B+
`/@+05+3-(>2')0(?)3.+0/35(>)-9: :92?(-9)-(,23-/3+3-:(.0/*-+.()>)0-
U+)*'220(:>0+)./35(=2@+:(:+)*'220()?)1(*02=(2,+)3/,(0/.5+:(-2?)0.(2,+)3(-0+3,9+:
4+2=)53+-/,(0+@+0:)':7(=)53+-/,(>2'+:(9)@+(0+@+0:+.(>2')0/-1d(k:-0/>+.k(+)(*'220(5+-:(2'.+0()?)1(
*02=(2,+)3/,(0/.5+:()C=+

$/5/.(>')-+: 2*('/-92:>9+0+

L23-/3+3-)'(.0/*-()3.(>)'+2=)53+-/:=

Z(=)h20(>')-+: 2*(0/5/. '/-92:>9+0+ 0/.+(23(>'):-/,():-9+32:>9+0+
!3-+0),-/23:(2*(>')-+:(,);:+(+)0-9P;)H+:G(@2',)32+:G()3.(=2;3-)/3(B;/'./35

Q')-+(#+,-23/,:

`/@+05+3-7(>')-+:(=2@+()>)0-6 :+)(*'220(:>0+)./35G():(?+''():(0/*-(@)''+1:(23(,23-/3+3-:()CC+

L23@+05+3-7(>')-+:(=2@+(-25+-9+06 :;B.;,-/23)-(2,+)3(-0+3,9+: )CH+

Q')-+(_2;3.)0/+:

#0)3:*20=(*);'-7(>')-+:(:'/.+(>):-(+),92-9+0(:/.+?)1: )CI+

8)0-9P;)H+:7(=2:-(2,,;0()-(-9+(+.5+:(2*('/-92:>9+0/,(>')-+:
%,+)3(.0/''/357(:+)(*'220(:+./=+3-(5+-:(.++>+0()3.(2'.+0()?)1(*02=(=/.62,+)3(0/.5+:

#+:-/35(Q')-+(#+,-23/,:(M2.+'

U+)('+@+'
L20)'(0++* L23-A(:9+'*

L23-A(:'2>+

J&11-8"5607.-7"7.&%5G&39-7
^YSV=

#;0B/./-1(,;00+3-: 40).+.(B+../35

F/3+0(#;0B/./-+:

L23-A($/:+(2*(:+./=+3-(((((*20=(((
-;0B/./-1(,;00+3-:(23(.++>(:+)(((((
*)3:

L0;:-(6666l(20/5/3)'(0/*-(2>+3/35(2*(2,+)3(B):/3

8)0-98)0-9

"

U "

U

"20=)'
Q2')0/-1

$+@+0:+.(
Q2')0/-1

" " $ $"" $$

%'.+0%'.+0

$/.5+

"["20=)'

$[$+@+0:+.

%,+)3/,(
O/-92:>9+0+

M)5=)
Q')-+:Q')-+:

U+)(U;0*),+

%,+)3/,(L0;:-

U;0*),+
`++>(:+)(-0+3,9 g2',)32(L9)/3

%,+)3/,(L0;:-

L23-A(,0;:-

M+'-/35(U;B.;,-/23

Q')-+Q')-+

!3),-/@+

$/.5+(:+5=+3-

&,-/@+ !3),-/@+

$/.5+(U+5=+3-

   Earth Sci 1022aCOMPLETE Page 9    



8)0-9P;)H+:7(=2:-(2,,;0()-(-9+(+.5+:(2*('/-92:>9+0/,(>')-+:
%,+)3(.0/''/357(:+)(*'220(:+./=+3-(5+-:(.++>+0()3.(2'.+0()?)1(*02=(=/.62,+)3(0/.5+:

`0/@/35(M+,9)3/:=7(M)3-'+(,23@+,-/23

N2-(:>2-:XM)3-'+(>';=+7(?9+0+(,9)/3(2*(@2',)3/,(/:')3.:()3.(:+)=2;3-:(*20=:():()(>')-+(=2@+:(
2@+0()(=)5=)(>';=+(/3(-9+(=)3-'+

LN&Q#8$(YS6 M%<"#&!"(_<!O`!"4(&"`(%$%48"8U!U((((((YYXVJXRVYS
!:2:-):16 L23-/3+3-)'(,0;:-(/:('/59-+0(-9)3(-9+(2,+)3/,
L0+)-/23(2*(2,+)3(B):/3:(*02=(./@/:/23(2*()(:;>+0,23-/3+3-(C>)35+)D

`/@+05+3-6 ,23-/3+3-)'('/-92:>9+0+(;>'/*-+.G(:>'/-:(2@+0(=)3-'+(>';=+(0/*-(@)''+1G(@2',)32+:()'235(
:/.+:
Q)::/@+6 0/*-(?/.+3:(-2()3(2,+)3(B):/3(?/-9(P;/+-(=)05/3:G(:+.:A
L23@+05+3-6 @)0/2;:(-1>+:)CN+

M2;3-)/3:()3.(Q')-+(#+,-23/,(83@/023=+3-:(C=)05/3:D

&3.+)37(2,+)3/,(,0;:-(:;B.;,-:(;3.+0(,23-/3+3-)'(,0;:-G(*20=/35(),,0+-/23)01(?+.5+G(
,23-/3+3-)'(@2',)3/,()0,()3.()3.+:/-/,(-2(50)3/-/,(>';-23:

Q';-23:

&'+;-/)3(-1>+7(2,+)3/,62,+)3/,(@2',)3/,(/:')3.()0,

L23-/3+3-)'(,2''/:/237(2,+)3(,'2:+:G(:;B.;,-/23(:-2>:G(9/59(=-3:A

&,,0+-+.(-+00)3+:7(*20+/53(,0;:-)'(*0)5=+3-:(:-;,H(23-2(=)05/3 )HP+

<>'/*-6=)3-'+(;>?+''/35(>;:9+:(;>('/-92:>9+0+(/3(,23-/3+3-)'(/3-+0/20:
U;B:/.+3,+6 :+./=+3-('2).()'235(>)::/@+(=)05/3:G(20(.2?3?)0.(*'2?(/3(-9+(=)3-'+(;3.+0(
,23-/3+3-)'('/-92:>9+0+

_02).(g+0-/,)'(M2@+=+3-:

%0/5/3)'(,23-/3+3-)'(,0;:-(>02B)B'1(*20=+.(B1(,2)'+:,/35(@2',)3/,()0,:()B2@+(:;B.;,-/23(
c23+:
#2.)1(-9+(+)0'/+:-(,23-/3+3-)'(,0;:-(/:(*2;3.(/3(:9/+'.()0+):(2*(,23-/3+3-)'(/3-+0/20:

%0/5/3()3.(8@2';-/23(2*(,23-/3+3-:

LN&Q#8$(YJ6 M&UU(T&U#!"4(((((YYXVZXRVYS

T)-+0 :)-;0)-+:(=)-+0/)':(23(:'2>+:6 0+.;,+:(,29+:/23G(*0/,-/23()3.()..:(?+/59-()H*+

%@+0:-++>+3+.(:'2>+:7(*02=(;3.+0,;--/35G('2::(2*(:;>>20-)H=+

40)@/-1 /:()'?)1:(>;''/35(02,HG(0+52'/-9G()3.(:2/'(.2?3(:'2>+:d(=20+(+**+,-/@+(/*AAA
L23-02':()3.(#0/55+0:

&,00+-A(?+.5+

%,+)3/,(,0;:-

L23-/3+3-)'(@2',)3/,()0,

L23-A(,0;:-

U;B.;,-/23

Q')-+Q')-+

%,+)3/,(L0;:-
%,+)3/,(,0;:-

U;B.;,-/23

N/59+:-(M-3:A

L23-A(,0;:-
L23-A(L0;:-

&:-9+32:>9+0+
Q')-+ Q')-+

%0/5/3)'(M)05/3F20+/53

#+00)3+:

M2.+03(M)05/3

L23-A(L0;:- U*,A
!3-+0/20(:+)?)1

=)3-'+

U-0235(,23@+,-/23

Q20+(:>),+

F/''+.(?X(?)-+0
6$+.;,+:(*0/,-/23
6&..:(?+/59-

U&."351&.$3&.-07

g+5+-)-/23
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g+5+-)-/23(0+=2@)'7(>')3-(022-:()3,920()3.(:-)B/'/c+(:2/'
8)0-9P;)H+:7(./:'2.5+(:'2>+(=)-+0/)':G(:-)0-(')3.:'/.+:

U';=>7(02-)-/23(2*()(B'2,H(2*(:'2>+(=)-+0/)':()'235()(:'/./35(:;0*),+

$2,H:'/.+7(,2==23(?9+0+(02,H(:-0;,-;0+:(>)0)''+'(:'2>+G(>02@/.+(:'/./35(:;0*),+G(20(?9+0+(:-0235(
02,H(0+:-:(23(?+)H+0(02,H )HH+

`+B0/:(*'2?7(*):-(*'2?(2*(:)-;0)-+:(:2/'()3.(0+52'/-9(.2?3(@)''+1:(*2''2?/35(9+)@1(0)/3d(/3,';.+:(
g2',)3/,():9(/3(')9)0:
8)0-9*'2?7(2352/35(=2@+=+3-(2*(=;.(.2?3()(9/'':/.+()*-+0(9+)@1(0)/3(20(:32?=+'-
L0++>7(50).;)'(.2?3:'2>+(=2@+=+3-(2*(:2/'()3.(0+52'/-9(B1(50)@/-1G(*0++c/35(E(-9)?/35

U2'/*';,-/237(*'2?(/3(:)-;0)-+.(502;3.()B2@+(/=>+0=+)B'+((02,HG(,')1G(20(>+0=)*02:-

U;B=)0/3+(')3.:'/.+:7():(:';=>:G(.+B0/:(*'2?:G(-;0B/./-1(,;00+3-:

L')::/*/,)-/23

L9)>-+0(YI6 $;33/35(T)-+0(((((((((YYXYRXYS

!3*/'-0)-/23G(0;32**G(+@)>20)-/23G(-0)3:>/0)-/23(B1(>')3-:G(:2=+('2,H+.(;>(/3(5'),/+0:
M2:-(0+-;03+.(B1(:-0+)=:

T)-+0(/:(-0):*+00+.(*02=(-9+(2,+)3:(-2(')3.(-9+3AAA
N1.02'25/,(C?)-+0D(L1,'+

L02::(:+,-/23)'(:9)>+7(,)3(:'2?(:-0+)=(*'2?(B1(*0/,-/23
40)./+3-7(,9)33+'(:'2>+6:-++>+0G(*):-+0(*'2?

U-0+)=(*'2?

&:(./:,9)05+(/3,0+):+:(2-9+0(:-0+)=(>)0)=+-+0:(C?/.-9G(.+>-9G(@+'2,/-1D()':2(/3,0+):+
`/:,9)05+7(@2';=+(2*(?)-+0(*'2?/35(-902;59(:-0+)=(,02::(:+,-/23(+),9(:+,23.

802:/237(;:+(>)0-/,'+:():(-22':(-2 )B0).+ C:)3.(B'):-D(,9)33+'(?)'':()3.(*'220G(/3,';./35 >2-92'+:
#0)3:>20-7(:-0+)=:(,)001(:+./=+3-('2).:(/3(S(?)1:7()HO+

`/::2'@+.6/23:(/3(:2';-/23(*02=(,9+=/,)'(?+)-9+0/35(C/3@/:/B'+DYA
U;:>+3.+.6*/3+0(>)0-/,'+:(/3(-9+(?)-+0(,2';=3RA
_+.('2).6 L2)0:+0(>)0-/,'+:(:'/./35()3.(02''/35()'235(-9+(,9)33+'(*'220SA

T20H(2*(:-0+)=:

U)'-)-/23(2,,;0:(?9+3(>)0-/,'+:()'-+03)-+(B+-?++3(-9+(B+.()3.(:;:>+3.+.('2).:(( )H@+
A&%.&.-075
V$G2-795W51X-22-79

8\,)@)-/23
U'2>+

O2::(2*(:;>>20-G(*)/';0+

g+5+-)-/23

$22-:()3,920(:2/']0+52'/-9

U'/./35(U;0*),+

U';=>(_'2,H

U,)0>

8\,)@)-/23

U*,A(%*(*)/';0+

F):-G(.+:-0;,-/@+

T)-+0(';B0/,)-+:(B+.:

F0++c+
#9)? Q2'+

#/'-+.(B1(,0++>
"+-(=2@+=+3-

T)-+0(U)-;0)-/23

Q+0=)*02:-
C/=>+0=+)B'+D

U2'/*';,-/23('2B+

`/::2'@+.('2).
U*,A

$2''/35X:'/./35 6_+.('2).
_+.
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V$G2-795W51X-22-79

L2)0:+0(,9)33+'(.+>2:/-:():(B)0:d(*/3+0(*'22.>')/3(.+>2:/-:
`+>2:/-/23(2,,;0:(?9+3()(:-0+)=(:'2?:(.2?36 B/5(>)0-/,'+:(:+--'+(*/0:-G(-9+3(:=)''+0(23+:AAA

")002?7(g6:9)>+.(B1(.2?36 ,;--/35(23()(:-++>(50)./+3-():(-9+(:/.+:(,)@+(/3d(?)-+0*)'':()3.(0)>/.:(
,2==23 )IP+

T/.+7(=)/3'1(:/.+?)1:(,;--/35()(5+3-'+(50)./+3-d(*'22.>')/3:()I'+

M+)3.+0:(*20=(23()(*'22.>')/3():(-9+(:-0+)=(:9/*-:(:/.+?)1:(B1(,;--/35(/3-2(-9+(2;-:/.+:(2*(
=+)3.+0(B+3.:()-(,;-(B)3H:()3.(.+>2:/-/35(23(-9+(/3:/.+:(2*(B+3.:()-(>2/3-(B)0:( )I*+
E"&7:"31

U-0+)=(@)''+1:

L;-2**:()3.(2\B2?(')H+:(0+:;'-(*02=(:-0+)=:(-01/35(-2(:-0)/59-+3(-9+/0(,9)33+':
&(.+'-)(*20=(?9+0+()(:-0+)=(*'2?:(/3-2(:-)3./35(?)-+0()3.(:>'/-:(/3-2(./:-0/B;-)0/+:G(-01/35(-2(,)001(
/-e:('2).(.2?3(:-++>+0(:'2>+

`+3.0/-/,7(23(;3/*20=(B+.02,H(C-0++('/H+D
$)./)'7(*02=()(=2;3-)/3(>+)H(C20(@2',)32D
$+,-)35;')07(,23-02''+.(B1(h2/3-(20(*);'-(:1:-+=d(0/59-()35'+(B+.:

`0)/3)5+("+-?20H:

&0-/*/,/)'('+@++:7(+)0-9(=2;3.:(23(:-0+)=(B)3H:(-2(/3,0+):+(-9+(@2';=+(2*(?)-+0(/3(,9)33+'
`)=:7(-2(0+5;')-+(?)-+0(:-20)5+()3.(*'2?d()':2(*20(/00/5)-/23G(91.02+'+,-0/,(>2?+0G(0+,0+)-/23

F'22.:()3.(*22.(,23-02'

LN&Q#8$(YK6(((((4$%<"`T&#8$((((((((((((((((((((((((((((((((((((((((((((((((YYXYJXRVYS

`/:-0/B;-/23(2*(;3.+0502;3.(?)-+0()I=+
Y30$7:S&."35Z07"1

n23+(2*(:)-;0)-/237(>20+:(*/''+.(?/-9(?)-+0
n23+(2*()+0)-/237(>20+:(*/''+.(?/-9()/0()3.(?)-+0
T)-+0(-)B'+7(:+>+0)-+:(-9+(c23+:

Q202:/-17()=2;3-(2*(2>+3(:>),+(/3(02,H(20(:+./=+3-
Q+0=+)B/'/-17(N2?(?+''(?)-+0(*'2?:(-902;59(02,H(20(:+./=+3-()IC+

&3()P;/-)0. /:(/=>+0=+)B'+
&3()P;/*+0 /:(>+0=+)B'+

F'2?(;3.+0(50)@/-1(*02=(9/59 )0+):(-2('2?)0+):()'235(,;0@+.(>)-9: )IH+
Y30$7:S&."355D%0S55J&./1

U>0/35:7(3)-;0)'(2;->2;0/35(2*(?)-+0(23-2(-9+(502;3.(:;0*),+d()II+

M2@+=+3-(2*(502;3.?)-+0

U*,A

U/.+:(,)@+(/3 T/.-9o(̀ +>-9

T/.-9(l(`+>-9

U+.A(F/''
F'22.(Q')/3 L9)33+'

M/50)-+:

L;-(B)3H
C+02:/23(2;-:/.+D

L;-(_)3H

`+>2:/-/23
Q2/3-(B)0

U)-;0)-+.(c23+

T)-+0(-)B'+

U*,An23+(2*()+0)-/23

Q20+:

L233+,-+.(?)-+0G(*'2?:(-902;59

T)-+0
#)B'+

F'2?>)-9(2*(?)-+0(=2'+,;'+:

Q+0,9+.(?A-

&P;/-)0.

A23-79
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N2-(:>0/35:7(?9+0+(502;3.?)-+0(/:(9+)-+.(B1(-9+(5+2-9+0=)'(50)./+3-(20(B1(,22'/35(=)5=)
4+1:+0:7(,1,'/,(+@+3-:(?9+0+(502;3.?)-+0(/:(9+)-+.(/3()(02,H(>/>+G(B2/':G(-9+3(@)>20/c+:()3.(
+0;>-:

M)1(/3@2'@+()(?)-+0(-)B'+(-9)-(/: k>+0,9+.k23()3()P;/-)0.

T+'':7(?9+0+(9;=)3:(.0/''(/3-2(-9+(?)-+0(-)B'+G(,0+)-/35()(,23+(2*(.+>0+::/23(/3(/-
&0-+:/)3(?+'':(>+3+-0)-+()3()P;/*+0(,23*/3+.(B1()P;/-)0.:d(0+P;/0+:(=/3/=)'(>';=B/35()IO+

T+'':

U;B:/.+3,+7(,)3(0+:;'-(*02=(+\,+::/@+(>;=>/35(2*(?)-+0(-9)-(,);:+:()P;/*+0(:+./=+3-(-2(,2=>),-(
)3.(502;3.(:;0*),+(-2(:+--'+
402;3.?)-+0(,23-)=/3)-/237(*02=(:+>-/,(-)3H:G(,9+=/,)'(:>/'':G(*+0-/'/c+0:G('+)H/35(>/>+:G(-)3H:G(
')3.*/'':()I@+

Q2'';-)3-:(,)3(=)H+(-9+/0(?)1(/3-2()P;/*+0:(;:+.(*20(.0/3H/35(?)-+0d('2,)-+(')3.*/'':(23'1(/3(
)P;/-)0.:

Q02B'+=:(?X(502;3.?)-+0

&*-+0(-9+(?)-+0(-)B'+(/:('2?+0+.(:-)'),-/-+:(502?(.2?3(,)@+(,+/'/35:()3.(:-)')5=/-+:(502?(;>(
*02=(,)@+(*'220:()NP+

L)@+03:7(*20=(B+'2?(-9+(?)-+0(-)B'+(?9+0+(502;3.?)-+0(./::2'@+:(:2';B'+(02,H:
T20H(2*(502;3.?)-+0

L)@+6/3:(2*(,)@+03(,+/'/35:(0+:;'-(/3(:/3H92'+:(/3-2(?9/,9(:-0+)=:(,)3(./::)>+)0
a)0:-(-2>250)>917(')3.:,)>+(*20=+.(B1(502;3.?)-+0(./::2'@/35(:2';B'+(02,H:

LN&Q#8$(YZ6 4O&L!8$U(&"`(4O&L!&#!%"(((((((((YYXYWXRVYS

!,+(:9++-7(,23-/3+3-)'(:,)'+G(0)./)'(*'2?(*02=()(,+3-0)'()0+) )N'+

g)''+17(/3(=2;3-)/3:G(*'2?(.2?3(@)''+1:(B1(50)@/-1

4'),/+0:

<>>+0(B0/--'+ c23+(2*(*0),-;0+(0/.+:(>)::/@+'1(23('2?+0(.+*20=/35(>'):-/, c23+(-9)-(=)1()':2(:'/.+
2@+0(-9+(5'),/+0e:(B+.()N*+

M2@+=+3-(2*()(5'),/+0

&,,;=;')-/23l)B')-/23G
#+0=/3;:().@)3,+:

&,,;=;')-/23o)B')-/23G
#+0=/3;:(0+-0+)-:

_;.5+-(2*()(5'),/+07

&P;/-)0.

TA-

Q';-23(,22'/35

N+)-

")-;0)'(Q/>+402;3.(T)-+0(F'2?

80;>-/23(2*(:-+)=G(92-(?)-+0

U*,A

?A-

&P;/*+0
C,23*/3+.D &P;/-)0. M/3/=)'(Q;=>/35

Q0+::;0+(:*,A

T):-+

40)@+' T+''
402;3.?)-+0(*'2?&P;/*+0

40)@+'
U*,A

L+/'/35

U-)'),-/-+

U-)')5=/-+
F'220

$)./)'(F'2?

Q'):-/,(F'2?

_0/--'+ IV(=

4'),/+0(/,+
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#+0=/3;:(0+-0+)-:
M2@+=+3-(/:()'?)1:(*20?)0.

Q';,H/357(*0++c+623(2*('22:+(02,H )N=+

$+:;'-:(/3(:-0/)-/23:G(5022@+:23(02,H
&B0):/237(02,H(.+B0/:(/3(5'),/+0e:(:2'+(50/3.G(:,0)>+G(:,2;0(02,H

4'),/)'(+02:/23

4'),/)-+.(@)''+1:7(<6:9)>+.
L/0P;+:7(02,H(B2?':()-(9+).:(2*(@)''+1(5'),/+0:
Fh20.:7(<6@)''+1:()'235(,2):-:
&0p-+:G(9203:7(U9)0>(=2;3-)/3(0/.5+:()3.(>+)H:

O)3.*20=:(,0+)-+.(B1(5'),/)'(+02:/23

M)/3(=)-+0/)':(/3=20)/3+: )3.(.0;='/3: -9)-(*20=()'235(-9+(+.5+(2*(20(;3.+0(-9+(5'),/+0(
)NC+5E03&-7"15).-%%+

#/''7(:-231(=/.(?/-9(:-0/)-+.()3.(>2'/:9+.(:-23+:
4'),/)'(̀ +>2:/-:

)NH+5[3$G%-7

a+--'+6 02;3.+.(>/-(*02=()(=+'-+.(/,+(B'2,H()NI+

a)=+6=2;3.('2?+0+.(*02=(5'),/+0e:(:;0*),+(23(=+'-/35( )NN+

8:H+06?/3./35(0/.5+(*02=(:;B5'),/)'(-;33+'()NO+

U-0)-/*/+.(.0/*-7(:)3.()3.(50)@+'(*02=(=+'-6?)-+0d(*20=:AAA

Q')-+(-+,-23/,:
M/3/=;=(,23-0):-(/3(:+):23:(/3(=/.69/59(')-/-;.+:

L);:+:7

LN&Q#8$(Yj6 `8U8$#U(&"`(T!"`U((((((YYXRYXRVYS
%,,;0(/3()0+):(?/-9('2?(>0+,/>/-)-/23G()3.('/--'+(@+5+-)-/23

T+)-9+0/357(=)/3'1(=+,9)3/,)'(?/-9(:2=+(2\/.)-/23
T)-+07(=)/3'1(+>9+=+0)':-0+)=:()3.(k*'):9k(*'22.:

4+2'25/,(>02,+::+:

_+.'2).7(=)/3'1(B1(:)'-)-/23(CB2;3,/35G(:H/>>/35Dd(.+>+3.:(23(50)/3(,2''/:/23(()N@+
["1"3.5A&%.&.-07

U;:>+3.+.('2).7(.;:-(:?+>-(/3-2(-9+()/0()3.(,)00/+.(*)0()?)1

#0)3:>20-)-/23(2*(:+./=+3-(B1(?/3.

T/3.(+02:/23

4'),/+0('22:+3+.

_'2,H(>';,H+.6
F0++c+:(-2(B):+(2*(B+.(5'),/+0

M)>(@/+?

4'),/+0

&

_ 83.(=20

O)-+0)'(=20A

q6U+,-/23
&

_
83.(M20A

M)>(g/+? L02::(:+,-/23

#/''

!,+(F'2?

!,+

4'),/)'(.0/*-

U*,A
M+'-/35 T)-+0(/3(N2'+

`+B0/:

4'),/+0

M+'-/35 402;3.
U*,A

M2;3.

U)3.(E(50)@+'

U/3;2;:(0/.5+6 :9)>+(2*()(:;B5'),/)'(-;33+'

_+.
`+>+3.:(23(50)/3(,23./-/23:

40)/3: !=>),-

T/3.(:?++>:(.;:-(/3-2()/0

U)'-)-/23(./:-;0B:(.;:-
`+:+0-(*'220
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`+*')-/237(?/3.(0+=2@+:(*/3+:G('+)@/35(B'2?2;-:G()3.(,2)0:+(>)0-/,'+:():(.+:+0-(>)@+=+3-:()OP+

&B0):/237(:)'-)-/23(:).B'):-:(02,H()3.(:-23+:G(,0+)-/35@+3-/*),-: )3.1)0.)35:

T/3.(+02:/23

U)3.(.;3+:7(*20=(.2?3?/3.(2*(2B:-),'+:(?9+0+()(:-++>+0:'/>(*),+ .+@+'2>:(2>>2:/-+(-9+(
:9)''2?+0(;>?/3.(:/.+()O'+
[$7"5-7-.-&.-07

`;3+:(=/50)-+(.2?3?/3.

T/3.(.+>2:/-:

_)0,9)37(,0+:,+3-6:9)>+.(.;3+:(?92:+-/>: >2/3-(.2?3?/3. )O*+

#0)3:@+0:+7(0/.5+:()3.(-02;59:()-(0/59-()35'+:(-2(-9+(?/3.

O235/-;./3)'7('235(0/.5+:(>)0)''+'(-2(-9+(?/3.(

Q)0)B2'/,7(,0+:,+3-6:9)>+.(.;3+:(?/-9 -/>: >2/3-/35(;>?/3.G()3,920+.(B1(>')3-:()#%0S0$.+

`;3+(-1>+:7

L)00/+.(*)0(-9+3(.+>2:/-+.G(-2.)1(=)H+:(522.(*)0=')3.
O2+::7(.+*')-+.(.;:-(*02=(.+:+0-:(20(*02=(*0+:9'1(+\>2:+.(5'),/)'(:+./=+3-:

LN&Q#8$(YW6 UN%$8O!"8U((((((((((YYXRKXRVYS

T)@+: )O=+

T/3.65+3+0)-+.(+3+051(*20=:(-9)-(=2@+(-902;59?)-+0

U?):9 )3.(B),H?):9
k*++'(B2--2=k():()>>02),9(-9+(:920+(-9+3(B0+)H(/3-2(:;0*

802:/237(=)/3'1(B1()B0):/23(2*(9+).')3.:

T)@+(0+*0),-/237(?)@+:(B+3.(-2?)0.(/00+5;')0(:920+'/3+(-2(+02.+(9+).')3.:G()3.(.+>2:/-(/3(B)1:

_+),9(.0/*-G('235:920+(,;00+3- -9)-(-0)3:>20-(:+./=+3-()'235(-9+(:920+()OH+
M"&4/5:3-F.

U)?-22-9(>)--+03(2*(:?):9()3.(B),H?):9(0+:;'-:(/3AAA

U)3.(=2@+=+3-(23(-9+(_+),9

T)@+6,;-(,'/**:7(B1(:;0*(+02:/23G('+)@+:() ?)@+6,;-(>')-*20=
802:/23)'(F+)-;0+:

_'2?2;-

F/3+0(>)0-/,'+:(0+=2@+.(B1(?/3.

`+:+0-(>)@+=+3-

`+:+0-(F'220

U)'-)-/35(50)/3:
%B:-),'+

T/3.

U'/>(*),+((^(SJ2(

`+:+0-(*'220

U'/>(F),+

T/3.
U'/>*),+

#/>:(>2/3-(.2?3?)0.

$/.5+
$/.5+

T/3.

-02;59

YVe:(H=

T/3.

U'/>(F),+
Q2/3-:(/3-2(?/3.

?/3.

T)@+(k*++':k(B2--2=

L02::(:+,-/23

:?):9

B),H?):9

:;0*

Y R S

:?):9
B),H?):9 B+),9.0/*-

:920+'/3+

T)@+(,0+:-:

O235:920+(,;00+3-
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T)@+6,;-(,'/**:7(B1(:;0*(+02:/23G('+)@+:() ?)@+6,;-(>')-*20=
&0,9+:7(?9+0+(:;0*(,;-:(-902;59(,)@+:(/3()(9+).')3.d(=)1(,2'')>:+(-2(*20=(:-),H:

802:/23)'(F+)-;0+:

U>/-:7(B+),9(.0/*-(*20=:(:)3.(0/.5+:(/3-2(=2;-9:(2*(B)1:d(=)1(B+,2=+()( B)16=2;-9(B)0

8@+3-;)''1(:920+'/3+:(:-0)/59-+3
#2=B2'27(:)3.(0/.5+(,233+,-/35(=)/3')3.(-2()3(/:')3.

`+>2:/-/23)'(*+)-;0+:

m+--/+:7(+\-+3.(-9+(0/@+0(,9)33+'(B+123.(/-:(=2;-9(-2(/39/B/-(B+),9(.0/*-()OI+

402/3:7()-(0/59-()35'+:(-2(-9+(:920+d(:)3.(.+>2:/-+. 23(;>6.0/*- :/.+G(+02:/23 23(.2?36.0/*- :/.+(
)ON+

_0+)H?)-+0:G(:+)?)'':7(>)0)''+'(-2(-9+(:920+(-2(>02-+,-(*02=(:-20=:()OO+5#3"&XS&."3

U-)B/'/c/35(-9+(:920+'/3+

)O@+51"&S&%%

_+),9(32;0/:9=+3-7(0+P;/0+:()('2-(2*(:)3.G(@+01(+\>+3:/@+
$+'2,)-/237B+:-(=2@+()?)1(*02=(?20:-(:-20=(+02:/23()0+):

LN&Q#8$(RV6 M!"8$&O(&"`(8"8$4i($8U%<$L8U(((((((((YYXRjXRVYS

M)5=)-/,7(+)0'1 ,01:-)'(:+--'/35 2*(,902=/-+G(=)53+-/-+G(>')-/3;=d
O)-+(,01:-)'/c)-/23(2*('/59-+:-(=/3+0)':(/3(>+5=)-/-+:
N1.02-9+0=)'7(92-(*';/.:(?/-9(=+-)':(>0+,/>/-)-+(20+(/3(@+/3(.+>2:/-:(C52'.G(:/'@+0Dd
`/::+=/3)-+.(.+>2:/-:(:>0+).(-902;59(92:-(02,Hd
g2',)325+3/,(=)::/@+(:;'>9/.+(.+>2:/-:(/3()3,/+3-(:+)(*'220()-(2,+)3/,(0/.5+
U+./=+3-)017(B)3.+.(/023(*20=)-/23 /3(Q0+,)=B0/)3(:+)d
Q'),+0(.+>2:/-: 2*(52'.G(./)=23.:(B1(0;33/35(?)-+0

L)''+.(20+(/*(=/3+.(*20(>02*/-

M+-)=20>9/:=7(:H)03: B1(>';-23:(,22H/35('/=+:-23+
T+)-9+0/357(B);\/-+ *20=:(/3(-02>/,:G(>02@/.+:()';=/3;=(20+

M+-)''/,(=/3+0)'(.+>2:/-:

&550+5)-+()3.(:-23+7(,0;:9+.(:-23+G(:)3.G(50)@+'(=/3+.(*20(,23,0+-+()3.():>9)'-d
L;-(:-23+(*20(.+,20)-/23

L')1 *20(B0/,H:G(.0)/3)5+(>/>+:G(>2--+0d(?+)-9+0+.(:/'/,)-+:d
L)',/-+ *20(,+=+3-G():>9)'-
8@)>20/-+(:)'-:7(51>:;=(*20(>'):-+0G(:)'-(*20(*22.(+-,AG(>2-):9(*20(*+0-/'/c+0
Q92:>9)-+ )3.(:;'>9;0 *20()50/,;'-;0+

!3.;:-0/)'(=/3+0)':7(./)=23.: *20()B0):/@+:G(5+=:-23+:d(*20=(.++>(/3(=2;3-)/3(B+'-:(B;-(=/3+.(
*02=(H/=B+0'/-+(>/>+:d

"23=+-)''/,($+:2;0,+:

%/'G(5):(=/50)-+(;>(/3-2(0+:+0@2/0(02,H:G(5+-(-0)>>+.(/3(>+-02'+;=(-0)>: ?9+0+(-9+1(9/-(,)>(
02,H

Q+-02'+;=7(*20(*;+'G(>'):-/,:d(*20=:(*02=(.+,)1+.(=)0/3+(>')3H-23(;3.+0(.++>'1(B;0/+.(:+./=+3-:

L2)'7(*20(*;+'G(*02=(B;0/+.G(.+,)1+.(')3.(>')3-:(/3()3,/+3-(:?)=>:
N+)@1(2/'(:)3.:7(9259'1(@/:,2;:G(9)0.(-2(+\-0),-(2/'(*02=(:)3.
";,'+)07(*02=(;0)3/3/-+(20+G(+3+051(*02=(:>/--/35(;0)3/;=()-2=

"230+3+?)B'+(83+051($+:2;0,+:

N1.02+'+,-0/,7(.)=:(23(:-0+)=:(>02@/.+(,'+)3(+3+051(B;-(0+:+0@2/0:(*/''(?/-9(:+./=+3-
4+2-9+0=)'7(:-+)=(/3(@2',)3/,()0+):(/:(>/>+.(-2(-;0B/3+:(-2(5+3+0)-+(+'+,-0/,/-1

$+3+?)B'+(*;+'(0+:2;0,+:

0/@+0

`+>2:/-/23

:920+'/3+

O235:920+(,;00+3-

+02:/23

O235:920+(,;00+3-

`+>2:/-/23 +02:/23

:920+'/3+

+02:/23

O235:920+(,;00+3-

L23-/3;)'(0+>)/0

!"#$%&'(&)*"+&',-.*/&0
1)"2&3'*&)-4&'
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