
!"#$%$&'()*+(),,%-.)/-$*($0(/"#12$1#3#14-5%#(,$%'2#1(*#/6$174(

5)4#+($*(/"#(8-#%49:%+#1(.'.%$)++-/-$*(

5'(

!-.")1+(;)2#4(<"#1-+)*(

!"#"$%&''()*(+%&)+,(,-,.%*/%0.12)*'*34$%5667%

8"#"$%9)(:.;+(,4%*/%<*'*;=>*$%566?%

%

%

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

-./(0#1",2"#$%"34.+(.#%"5/$,,0",2"#$%""

67'8%4&'#1",2"9,0,4.+,"'7":.4#'.0"2(02'00*%7#"

,2"#$%"4%;('4%*%7#&"2,4"#$%"+%<4%%",2"

=,/#,4",2">$'0,&,:$1"

=%:.4#*%7#",2"9$%*'/.0".7+"?',0,<'/.0"@7<'7%%4'7<"

ABCA"



D$'&"#$%&'&"%7#'#0%+E"

F$%,0,<1".7+".::0'/.#',7",2"#$%4*,4%8%4&')0%":,01*%4"7%#G,4H&"

).&%+",7"#$%"='%0&I!0+%4"91/0,.++'#',7"

G4'##%7")1"F'/$.4+"J.*%&"5$%4'+.7"

$.&")%%7".::4,8%+"2,4"#$%"=%:.4#*%7#",2"9$%*'/.0".7+"?',0,<'/.0"@7<'7%%4'7<"

%

%

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@%

<*AA(,,..%<2=(;B%C;*/.++*;%<2;(+,*D2.;%E"%!*FA=)%

%

%

%

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@%

C;*/.++*;%G=)(.'%H"%#12F=;,I%

%

%

%

G=,.B%@@@@@@@@@@@@%

%

%

D$%"2'7.0"/,:1",2"#$'&"#$%&'&"$.&")%%7"%K.*'7%+")1"#$%"&'<7.#,4'%&L".7+"G%""

2'7+"#$.#"),#$"#$%"/,7#%7#".7+"#$%"2,4*"*%%#".//%:#.)0%":4%&%7#.#',7"&#.7+.4+&"

,2"&/$,0.401"G,4H"'7"#$%".),8%"*%7#',7%+"+'&/':0'7%M"



! """!

!"#$%&'$(

)*+%,-&./(0,'*&%-(1&2+#(34*565/(6+7$5(89(:*+25(&.-(;,8<5(=.>,.++%,.>?(

(
0*+8<8>@(&.-(&77<,'&$,8.(89($*+%28%+A+%#,"<+(78<@2+%(.+$B8%C#((
"&#+-(8.($*+(6,+<#D!<-+%('@'<8&--,$,8.(

(
E*+#,#(-,%+'$+-("@(4%89+##8%(:*%,#$87*+%(F5(;8B2&.(
!

#!$%&'(! )*'+$%+','+-".('! /')0%+1! .2-'&! %/! )*'! 3"'(-4#(&'+! 565(%2&&")"%/!

+'25)"%/! 02-! -6/)*'-"7'&8! 9*'-'! $2)'+"2(-! ':*".")! ':)+'$'! 5*2/;'-! "/! $2)'+"2(!

<+%<'+)"'-! /'2+! 2! 5+")"52(! )'$<'+2)=+'8! 9*'! $%&'(! /')0%+1! 02-! =-'&! )%! )'-)!

)*'%+')"52(!<+'&"5)"%/-!%>!,"-5%'(2-)"5")6!/'2+!)*"-!5+")"52(!)'$<'+2)=+'8!9*'!+'-=()"/;!

&2)2!-=<<%+)'&!)*'!)*'%+6!2/&!2((%0'&!>%+!)*'!&'-5+"<)"%/!%>!)*'!5%$<(':!<+%5'--!%>!

-)+'--! +'(2:2)"%/! "/! )+2/-"'/)! /')0%+1-! )%! .'! 0+"))'/! "/! )'+$-! %>! 2! -"$<('! ("/'2+!

-52("/;!+'(2)"%/-*"<8!

9%! =-'! )*'! -52("/;! +'(2)"%/-*"<?! 0'! +',"-")'&! '2+("'+! 0%+1! %/! ':)'+/2((6!

)+";;'+'&!*'2("/;?!"/!0*"5*!)*'!)*'+$2(!+'25)",")6!%>!)*'!$2)'+"2(!5%=(&!.'!25)",2)'&!

.6! -'(>4("$")'&! @A! *6-)'+'-"-! *'2)"/;8! 9*"-! 5%$<%-")'! %>! 5*+%$"=$BCDE! &"%:"&'!

<2+)"5('-! -=-<'/&'&! "/! )*'! $%&'(! 3"'(-4#(&'+! $2)'+"2(! 02-! =-'&! )%! &'$%/-)+2)'!

)*'"+!2."(")6!)%!.'!+'2&"(6!)2"(%+'&!)%!2<<("52)"%/-!)*2)!2+'!5%/-)+2"/'&!.6!>25)%+-!/%)!

+'(2)'&! &"+'5)(6! )%! )*'! <%(6$'+?! -=5*! 2-! )*'! F=+"'! )'$<'+2)=+'! %>! F+GH8! I'!

&'$%/-)+2)'&! )*'! '>>'5)! %>! 5%$<%-")"%/! %/! >+25)=+'! *'2("/;?! -*%0"/;! )*2)! $%+'!

*";*(6!5+%--("/1'&!$2)'+"2(-!)21'!(%/;'+!)%!+'5%,'+!-)+'/;)*!2>)'+!>+25)=+'8!



! ",!

9%! .+"/;! -%$'! %>! )*'! )'$<%+2(! 2/&! -<2)"2(! 5%/)+%(! %>! %<)"52(! 5=+"/;!

)'5*/"J='-! )%! )*'+$2((6! 25)",2)'&! -6-)'$-?! 0'! &','(%<'&! 2! +%.=-)! 5=-)%$!

/2/%<2+)"5('! )%! -'+,'! 2-! 2! &=+2.('! <*%)%)*'+$2(! 5*+%$%<*%+'8! 9*'! <2+)"5('! 02-!

&'-";/'&! )%! '>>"5"'/)(6! 5%/,'+)! (2-'+! (";*)! "/)%! *'2)! 0*"('! $2"/)2"/"/;! -=+>25'!

<(2-$%/! +'-%/2/5'! 2/&! 5%((%"&2(! .'*2,"%+! ','/! "/! )*'! *";*! )'$<'+2)=+'?! <%%+!

-%(=."(")6!'/,"+%/$'/)!%>!2!3"'(-4#(&'+!/')0%+18!I'!%.-'+,'&!2!=/"J='!+'25)"%/!)%!

(2-'+! "++2&"2)"%/?! "/! )*'! >%+$2)"%/! %>! .=$<-! 2)! )*'! (%52)"%/! %>! ':<%-=+'8! I'!

&'$%/-)+2)'&! -=.-)2/)"2(! 5%/)+%(! %,'+! )*'!*'";*)! %>! )*'-'! >'2)=+'-!.6! ,2+6"/;! )*'!

)"$'! 2/&! "/)'/-")6! %>! )*'! (2-'+! ':<%-=+'?! 2/&! "/,'-)";2)'&! )*'! 52=-'! %>! >'2)=+'!

>%+$2)"%/8!

!



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

!

!

!

!

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

2&."-*2*3,"1$#&)*&)#*!$&)"*4*3,"1$#&)*

5(1*&67&/-*8"6$"9$):*$)*."*

;9")*7,")*<*#$#)='*

*

!



! "#!

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

$"%&! '(%! )%*&+,! *! +'*--%&#.-! ./01%&! 23! 4%245%! (*"%! 62.*'%6! '(%#&! '#0%,!

%332&',!*.6!%74%&'#+%!'2!'(%!82&9!4&%+%.'%6!(%&%,!#.!12'(!+0*55!*.6!5*&-%!:*4*:#'#%+;!

<5'(2/-(! %*:(! :2.'&#1/'#2.! 0*)! (*"%! 1%%.! 0#.2&,! '(%! +/0! '2'*5! &%4&%+%.'+! '(%!

6#33%&%.:%!1%'8%%.!'(%!4&2-&%++!=>"%!0*6%,!*.6!'(%!&/'!'(*'!=!:2/56!(*"%!1%%.!+'/:9!

#.;! =>6! 5#9%! '2! '(*.9! 0)! *6"#+2&,! ?(&#+! @280*.,! 32&! '*9#.-! *! :(*.:%! 2.! 0%,! *.6!

*::%4'#.-!'(%!:(*55%.-%!23!0256#.-!0%!#.'2!*!4&%+%.'*15%!+:#%.'#+';!=>6!5#9%!'2!'(*.9!

0)! :200#''%%!0%01%&+,! ?(*&5%+!A/+-&*"%,!B*.#%5! C:(8*&'D,! E21%&'!A:F%26,! *.6!

A*&9!C'2)92"#:(,!32&!(%54#.-!0%!'2!&%3#.%!0)!#6%*+,!*.6!32&!1%#.-!8#55#.-!'2!62.*'%!

'(%#&! '#0%! *.6! %G/#40%.'! +2! 3&%%5);! =>6! 5#9%! '2! '(*.9! *55! 0)! :255%*-/%+! #.! '(%!

@280*.!-&2/4!32&!'(%#&!(%54!*.6!0*.)!#."*5/*15%!6#+:/++#2.+!H!%+4%:#*55)!32&0%&!

0%01%&+! +/:(! *+! ?(&#+!I527#.,! @&#*.!<6D#0*,! *.6!I*'(5%%.! C:(&%:9,!8(2! +(28%6!

0%!'(%!&24%+!*.6!4/'!/4!8#'(!0)!&%5%.'5%++!G/%+'#2.#.-;!=!82/56!*5+2!5#9%!'2!'(*.9!*!

./01%&! 23! 2'(%&! -&*6/*'%! +'/6%.'+,! 42+'62:+,! *.6! &%+%*&:(%&+!8(2! (%54%6!0%! #.!

"*&#2/+! :*4*:#'#%+J! I*'(%&#.%! E#:%,! K*&*-! C(*(,! B%"*'(*! L*#&,! M&2)! N2/56,! =*.!

?*041%55,!A*&9!M#11#'',!@%.O*0#.!P*#&1*.9+,!C*&*(!N2/56,!Q2+(!A:?*55,!<4&#5!I527#.,!

M20!N#66#.-+,!E21%&'!R*56%&,!L*'(*.!L%5+2.,!<6*0!S&.%++,!*.6!A*&'(*!@26#.%;!

M(#+!4&2O%:'!8*+!+/442&'%6!1)!LCP!-&*.'!TUVVWXW,!'(%!<EE<,!*.6!*!N<<LL!

3%5528+(#4;!



! "##!

!"#$%#$&'

$()*+',-.+////////////////////////////////////////0('

&(.1-)23+',-.+/////////////////////////////////////(('

456)3-7)////////////////////////////////////////00((('

8+9(7-)(:1///////////////////////////////////////0;'

47<1:=*+9.+>+1)6//////////////////////////////////;('

$-5*+':?'!:1)+1)6/0/////////////////////////////////0;(('

!@4A$%B&'

!C-,)+3'DE'F1)3:927)(:1////////////////////////////////D'

!C-,)+3'GE'"5H+7)(;+6/////////////////////////00///////DI'

!C-,)+3' JE' $+>,+3-)23+' 9+,+19+1)' 6)3+66' 3+*-K-)(:1' (1' -' >:9+*' 8(+*6L4*9+3'
1+)=:3<////////////////////////////////////////GM'

!C-,)+3' ME' 4' 6(>,*+' 3+*-)(:16C(,' 3+*-)(1.' *(1+-3' ;(67:+*-6)(7' ,3:,+3)(+6' -19'
7C+>(7-*'6)327)23+'(1'-'>:9+*'8(+*6L4*9+3',:*N>+3'1+)=:3<//////////00MJ'

!C-,)+3'OE'%;-*2-)(:1':?'&(1.*+LP:*+72*+'Q*2:3+67+17+'$3-7<(1.'-6'-'BC+:*:.(7-*'
$+7C1(R2+'?:3'$3-16(+1)'A:*N>+3'#+)=:3<6////////////////////SJ'

!C-,)+3'TE'U19+36)-19(1.')C+',3:7+66':?'C+-*(1.':?' )C+3>:3+;+36(5*+'7:;-*+1)'
-9-,)-5*+'1+)=:3<6'(1'6+*?L*(>()+9'CN6)+3+6(6'C+-)(1.'-,,*(7-)(:16//////00VJ'

!C-,)+3' SE' AC:):)C+3>-*' #-1:7:>,:6()+' !:;-*+1)' 49-,)-5*+' #+)=:3<6E'
",)(7-*' P-1(,2*-)(:1' :?' -' $C+3>-**N' B+6,:16(;+' P-)+3(-*' !:1)-(1(1.' B:526)'
42W&("G'!C3:>:,C:3+6//////////////////////////////DXD'

!C-,)+3'VE'!:17*26(:1//////////////////////////////00/DGG'

Y(5*(:.3-,CN/////////////////////////////////////DGV'



! "!

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

2-345&'6(#,.(2-345&'(7&%8-'96(

#$%&'()*+! ',-()*,%.! /,0(! -),1*-*$2,%%&! 3((2! +%,..*4*(1! *2-$! -5$! +,-(6$)*(.7!

-/$.(!-/,-!4%$5!5/(2!/(,-(1!8-/()'$9%,.-*+.:!,21!-/$.(!-/,-!1$!2$-!8-/()'$.(-.;:"!

</()'$9%,.-*+.! 1*..$%0(! ,21! 4%$5! 1=(! -$! 3(*26! +$'9$.(1! $4! %*2(,)! 9$%&'().;!

</()'$.(-.! ,)(! -&9*+,%%&! *2.$%=3%(>! 3=-! +,2! /,0(! .=9()*$)! ',-()*,%! 9)$9()-*(.!

8'$1=%=.>! -$=6/2(..>! /,)12(..:! *2! +$'9,)*.$2! -$! -/()'$9%,.-*+.! 1=(! -$! 3(*26!

+$'9$.(1! $4! ,! +$0,%(2-%&! +)$..%*2?(1! 9$%&'()! ',+)$'$%(+=%(! 8*;(;! ,! 6(%! $)!

2(-5$)?:;! @! %*2(,)! 9$%&'()! ',&! 3(! ,! )*6*1! .('*+)&.-,%%*2(! -/()'$9%,.-*+>! ,!

-/()'$9%,.-*+! (%,.-$'()>! $)! ,2! ,'$)9/$=.! 6%,..;! ! A(->! =9$2! /(,-*26! ,%%! $4! -/(.(!

',-()*,%.! 4$)'! 9$%&'()! '(%-.! 5/()(! %*B=*1C%*?(! 3(/,0*$)! 9)(1$'*2,-(.;! ! </(!

'(+/,2*.'.! )(.9$2.*3%(! 4$)! -/(.(! 3(/,0*$).! ,%%$5! -/()'$9%,.-*+.! -$! =21()6$!

4),+-=)(!/(,%*26D>!5(%1*26E!,21!'$%1*26F!%(21*26!-$!-/(*)!=3*B=*-$=.!=.(!*2!(0()&1,&!

%*4(!8(;6;>!,.!4*3().>!)=33().>!.-)=+-=),%!',-()*,%.>!,21!9,*2-.:;G!H$'(!-/()'$9%,.-*+.!

5*-/! 9)$9()-*(.! .*'*%,)! -$! -/()'$.(-.! (I*.->! (;6;! J(I,2! ,21! $-/()! 9$%&+,)3$2,-(.>!

K(0%,)!,21!$-/()!,),'*1.L!/$5(0()>!-$!'*IC,21C',-+/!9)$9()-*(.!$4!-/()'$.(-.!,21!

-/()'$9%,.-*+.!*2!$2(!+%,..!$4!',-()*,%.!)(B=*)(.!2$0(%!,99)$,+/(.;!!

M$)(! )(+(2-%&>! 2$2C+$0,%(2-! 9$%&'()! 2(-5$)?.! 4$)'(1! 3&! 5(,?!

*2-()'$%(+=%,)! *2-(),+-*$2.! N! %*?(! '*+)$9/,.(! .(9,),-*$2O>! 9*C9*! .-,+?*26P>! ,21!

/&1)$6(2!3$21*26O>!Q!N!/,0(!3((2!./$52!-$!(I/*3*-!3(/,0*$)!,21!9)$9()-*(.!.*'*%,)!

-$! -/$.(! $4! -/()'$9%,.-*+.;! ! </(.(! -&9(.! $4! R5(,?S! 2(-5$)?.! $4-(2! 3(/,0(! ,.!

0*.+$(%,.-*+! %*B=*1.>!,.!1(4*2(1!3&!/,0*26!,! 4*2*-(!.-(,1&!./(,)!0*.+$.*-&;!A(->!=21()!



! "!

#$%&'()!#*)+(&(*),!&-$.!'/,*!$0-(1(&!,*/(+2/(3$!1$-'4(*%56!7-$!/(89(+2/(3$!:%*:$%&($,!*;!

<$'3! )$&<*%3,! '%$! +9$! &*! &-$! &%'),($)&! )'&9%$! *;! &-$(%! ()&$%=*/$#9/'%!

()&$%'#&(*),>?5!7-$%$;*%$@!#*4'/$)&!:*/.=$%!)$&<*%3,!,-*9/+!'/,*!1$-'4$!',!/(89(+,@!

(;! &-$!#*4'/$)&!#*))$#&(*),!1$&<$$)!#%*,,/()3,!-'4$!&-$!'1(/(&.!&*!%$4$%,(1/.!1%$'3!

')+!%$'%%')A$!*)! &-$!'::%*:%('&$! &(=$,#'/$5! !7-'&! (,@!+$,:(&$! &-$! B,&%$)A&-C!*;! &-$!

#*4'/$)&!1*)+! &.:$@! '!)$&<*%3!-$/+! &*A$&-$%!1.! %$4$%,(1/$!1*)+,! ,-*9/+!-'4$! &-$!

:%*:$%&($,! *;! '! B<$'3C! )$&<*%3@! (5$5! :/',&(#(&.@! <-$)! $0'=()$+! 9)+$%! '::%*:%('&$!

#*)+(&(*),5!!!

!"#$%&'()*+$,($-%&).&(/"012)

D*/.=$%! )$&<*%3,! #*=:*,$+! *;! %$4$%,(1/.! /'1(/$! #%*,,/()3,! E! ()#/9+()A! )*)2

#*4'/$)&! ()&$%'#&(*),! ,9#-! ',! -.+%*A$)! 1*)+,>>! *%! :(! ,&'#3()A@F! *%! %$4$%,(1/$!

#*4'/$)&! %$'#&(*),! /(3$! &-$! G($/,2H/+$%@>?! 1*%*)'&$2+(*/@>"! ')+! =*,&! %$#$)&/.!

&%'),$,&$%(;(#'&(*)>I!!%$'#&(*),!E!'%$!1$#*=()A!:*:9/'%!',!=$)+'1/$@>J!%$#.#/'1/$@>K!

')+! ,='%&>L! ='&$%('/,5! ! 7-$! '1(/(&.! *;! &-$,$! 4'%(*9,! ='&$%('/,! &*! %$,:*)+! &*! ')!

$0&$%)'/! ,&(=9/9,! ,9#-! ',! $0:*,9%$! &*! /(A-&@! #-')A$,! ()! :M@! *%! ')! ()#%$',$! ()!

&$=:$%'&9%$! <(&-! '! #-')A$! ()! ='&$%('/! :%*:$%&($,>L2>F! ='3$,! &-$=! :*&$)&('//.!

4'/9'1/$! ()!=').! ;($/+,@! ;%*=!1(*='&$%('/,! &*!:-*&*/(&-*A%':-.5!H,! &-$,$!='&$%('/,!

'%$!9)(;($+@! '&! /$',&! ()!:'%&@! 1.! #*==*)!'&&%(19&$,!*;! &-$(%! #-$=(#'/!=$#-')(,=@! '!

#*==*)! ,&%9#&9%$2:%*:$%&.! %$/'&(*),-(:! ,-*9/+! 1$! '::/(#'1/$! &*! 1*&-! &-$! *4$%'//!

#/',,! *;! ='&$%('/,! ',! <$//! ',! 1$()A! ()+(4(+9'//.! '::/(#'1/$! &*! $'#-! *)$! *;! &-$,$!

)$&<*%3!&.:$,5!



! "!

#$%&!'$%!(%)%(*+,+-+'.!/0!'$%*%!,/&1*!+*!'(+22%(3,-%!)+3!3&!%4'%(&3-!*'+56-6*7!

'$%*%! &%'8/(9*! :3&! ,%! :-3**+0+%1! 3*! :/)3-%&'! 313;'3,-%! &%'8/(9*! <=>?*@ABC! ! =>?*!

2%&%(3--.! $3)%! '$%! 3,+-+'.! '/D! (%-+%)%! *'(%**7! +&:-61+&2! ;/-.5%(+E3'+/&F*$(+&932%F

+&16:%1! *'(%**GBH! +&:/(;/(3'%! &%8! :$%5+:3-! 06&:'+/&3-+'.! ;/*'F:6(%BIG! :$%5+:3--.!

,(+12%! +&'%(03:%*7! +&:-61+&2! 0(3:'6(%*GBJ!6&1%(2/!(%:.:-+&2GKL! :/&'(/-! '$%!1+006*+)+'.!

/0!;3('+:-%*!)+3!3&!31M6*'3,-%!5%*$!*+E%GKB!3&1!3:'63'%!5%:$3&+:3-!5/'+/&AKK!N%:36*%!

3--! '$%*%!=>?*! 3&1! 3;;-+:3'+/&*! (%-.! /&! 3! :/55/&!5%:$3&+*5! <+A%A7! '$%! (%)%(*+,-%!

*:+**+/&!3&1!(%:/5,+&3'+/&!/0!3--! :(/**-+&9+&2!,/&1*! +&! '$%!&%'8/(9@! '$%(%!*$/6-1!

,%! :/55/&3-+'+%*! +&! '$%! )+*:/%-3*'+:! ;(/;%('+%*! /0! '$%!53'%(+3-*! +&! '$%+(! 3:'+)3'%1!

*'3'%A! !O6('$%(5/(%7! '$%(%!*$/6-1!,%! 06&135%&'3-!*'(6:'6(%F;(/;%('.!(%-3'+/&*$+;*!

'$3'! 2/)%(&! '$%! 5%:$3&+:3-! 3&1! (%-343'+/&! ,%$3)+/(! /0! =>?*A! N.! 6*+&2! 3! 5/1%-!

;/-.5%(! &%'8/(9! 7! 8%! *$/6-1! ,%! 3,-%! '/! %)3-63'%! '$%*%! *'(6:'6(%F;(/;%('.!

(%-3'+/&*$+;*A!

!"#$%&'$(#)*+#,-."/0*,0(*1)/%%$"02"03*

P$%!Q+%-*F>-1%(K"!:.:-/311+'+/&!(%3:'+/&7!/0'%&!/::6((+&2!,%'8%%&!53-%+5+1%!

3&1! 06(3&! 06&:'+/&3-! 2(/6;*! <R:$%5%! BAB@7! $3*! ,%:/5%! 3! :/55/&! 0%3'6(%! /0! '$%!

'$%(5/(%)%(*+,-%!&%'8/(9*! -+'%(3'6(%7! '$3&9*! '/! +'*! (%-3'+)%-.! +1%3-!3&1!/('$/2/&3-!

:$3(3:'%(! 3*! 3&! 311+'+/&! (%3:'+/&A! P$%! +1%3! /0! ;/-.5%(*! 0%3'6(+&2! '$%! Q+%-*F>-1%(!

(%3:'+/&!+*!03+(-.!/-17!8+'$!3!;3'%&'!,.!=(3)%&KL!3;;%3(+&2!+&!BICIA!S/8%)%(7!'$3&9*!

'/!8/(9!1/&%!,.!#61-T*! 2(/6;7BJ! '$%! 0+%-1!$3*! *%%&!3! (%)+'3-+E3'+/&7!8+'$!1+00%(%&'!

2(/6;*!1%5/&*'(3'+&2!1+00%(%&'!;/-.5%(!3(:$+'%:'6(%*!3&1!Q+%-*F>-1%(!;3+(*ABL7!KJ!



! "!

!

!"#$%$&'(')!#$%!&'%()*+(,%-!-%./0'12!3%04%%2!.!5.(%'5',%!.2,!.!67-.28!#$%!
9":;<!0-'/=/('/!.,,7/0!)0-7/07-%!12!0$%!-'>$0!>%2%-.((=!61-5)!.0!$'>$!='%(,!.0!.53'%20!
0%5?%-.07-%8!+0! '2/-%.)%,!0%5?%-.07-%@! 0$%!.,,7/0!-%A%-)'3(=!,%/17?(%)! 01!-%61-5!
0$%! -%./0.20)! .0! .! -.0%! .2,! B7.20'0=! 4$'/$! ')! ,%0%-5'2%,! 3=! )0.2,.-,! /$%5'/.(!
%B7'('3-'75! .2,! C'2%0'/)8! ! D7(0'672/0'12.(! 67-.2)! .2,! 5.(%'5',%)! /.2! 0$7)! 3%!
-%./0%,! 01! 61-5! 0$%-51-%A%-)'3(=! /-1))('2C%,! ?1(=5%-! 2%041-C)! .0! .53'%20!
/12,'0'12)8!

+-')'2>! 6-15! .2! %E10$%-5'/! 0$%-51-%A%-)'3(%! -%./0'12@! 0$%! %B7'('3-'75!

/12A%-)'12!16!&'%()*+(,%-!672/0'12.(!>-17?)!')!.!)0-12>!672/0'12!16!0%5?%-.07-%8!+0!

(14! 0%5?%-.07-%)@! 0$%! %B7'('3-'75! ')! )$'60%,! 014.-,)! 0$%! .,,7/0! )0.0%@! 4$'(%! .0!

%(%A.0%,! 0%5?%-.07-%)! .,,7/0)! 0%2,! 01! 3-%.C! .?.-0! '201! 0$%! 1-'>'2.(! 67-.2! .2,!

5.(%'5',%! 51'%0'%)8! D7(0'672/0'12.(! 67-.2! .2,! 5.(%'5',%! 51215%-)! $.A%! 3%%2!

7)%,! '2! .! 2753%-;F@! ;".*,@! ;G! 16! .??('/.0'12)! 01! 61-5! 0$%-51-%A%-)'3(=! /-1))('2C%,!

?1(=5%-)8! #$')! -%./0'12! >%2%-.((=! 61((14)! )0.2,.-,! /$%5'/.(! %B7'('3-'75!3%$.A'1-!

.)!'2!%B7.0'12!H8H@!4$'/$!$.)!?-%A'17)(=!3%%2!-%?1-0%,8HF!

!!! ! ! ! IH8HJ!

K%-%@!E!')!0$%!/12A%-)'12!16!.!('5'0'2>!-%.>%20@!9L<F!')!0$%!'2'0'.(!/12/%20-.0'12!16!0$.0!

('5'0'2>!-%.>%20@!-!')!0$%!-.0'1!16!('5'0'2>!01!%E/%))!-%.>%20@!MKF!')!0$%!51(.-!$%.0!16!

-%./0'12!.2,!MNF! ')! 0$%!51(.-!%20-1?=!16! 0$%!-%./0'128!#$')!.??-1./$!,%)/-'3%)!0$%!

%B7'('3-'75!/12)0.20!OP!.)!.!672/0'12!16!.3)1(70%!0%5?%-.07-%!#!4'0$!0$%!',%.(!>.)!

/12)0.20@!Q8!R1((14'2>!0$')!%B7'('3-'75@!0$%!,%>-%%!16!?1(=5%-'S.0'12!.2,!0$%-%61-%!

R1N

O

O

O

R2

R1N

O

O

O

R2

+

-!

!

! 

KC T( ) =
x

[L]0(1" x)(r
"1 " x)

= e
"
#H °"T#S°

RT
$ 

% 
& 

' 

( 
) 



! "!

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

05,&#+(,! (0! #%46%'1#5'%7! 8$%'%0('%9! #$%!4%&$1,+&1*! 6'(6%'#+%)! (0! )5&$! 1!41#%'+1*!

3%&(4%!1!05,&#+(,!(0!#%46%'1#5'%!1)!:%**7!

;,!<+25'%!=7=9!#$%!+46('#1,#!#%46%'1#5'%!'%2+4%)!(0!1!&'())*+,-%.!>+%*)?@*.%'!

&(A1*%,#! 1.16#13*%! ,%#:('-! 1'%! 6'%)%,#%.! +,! #%'4)! (0! #$%! )(*+.! 4(.5*5)9! BC7! ! @#!

143+%,#!#%46%'1#5'%9!#$%!41#%'+1*!+)!1!2*1))!:+#$!1!$+2$!4(.5*5)7! !@)!#%46%'1#5'%!

+,&'%1)%)9!#$%!41#%'+1*!2(%)!#$'(52$!#$%!2*1))!#'1,)+#+(,!1,.!'%1&$%)!+#C)!%D5+A1*%,#!

(0! #$%! '533%'/! )#1#%9! :+#$! 1! )#('12%! 4(.5*5)! .(4+,1#%.! 3/! #$%! 3%$1A+('! (0! 1!

#'1,)+%,#! ,%#:('-7! ! 8$%! 0(':1'.! 1,.! '%A%')%! >+%*)?@*.%'! '%1&#+(,)! 1'%! 13*%! #(!

6'(&%%.! #(! %D5+*+3'+549! :$+&$! )$+0#)! %A%'! 05'#$%'! #(:1'.)! #$%! '%1&#1,#)! :+#$!

+,&'%1)+,2! #%46%'1#5'%! 1,.! 1! &(,&(4+#1,#! .%&'%1)%! +,! #$%! &'())*+,-! .%,)+#/7!!

EA%,#51**/9!#$%!&(,A%')+(,!(0!'%1&#+A%!2'(56)!1,.!#$%!1))(&+1#%.!&'())*+,-!.%,)+#/!+,!

#$%!,%#:('-!3%&(4%!*%))!#$1,!#$%!&'+#+&1*!*%A%*!,%&%))1'/!#(!)5)#1+,!1!2%*9!+7%79!#$%!2%*!

6(+,#! &(,A%')+(,! :$+&$! &(''%*1#%)! #(! :$1#! +)! $%'%! '%0%''%.! #(! 1)! #$%! 2%*!

#%46%'1#5'%9! 82%*7! @3(A%! #$+)! #%46%'1#5'%9!BC! 01**)! (00! .'141#+&1**/! 1)! #$%!41#%'+1*!

3%&(4%)!+,&'%1)+,2*/!*+D5+.?*+-%7!F%1'!#$%!2%*!#%46%'1#5'%9!#$%!A+)&()+#/!+)!1!)#'(,2!

05,&#+(,!(0!#%46%'1#5'%!'16+.*/!3%&(4+,2!1!#/6+&1*!F%:#(,+1,!0*5+.!1#!#%46%'1#5'%)!

)500+&+%,#*/!13(A%!#$%!2%*!#%46%'1#5'%7!



! "!

!

!"#$%&'()(*! ! #$%&'!($')%)*!+*!+! ,)-./&$-!$,! /0(102+/)20! ,$2!+!($'0%!3&0%*4
5%'02!1$%6(02!-0/7$289!'0($-*/2+/&-:!/;0!/;200!(+<$2!(+/02&+%!*/+/0*!&-!/2+-*&0-/!
-0/7$28*=!:%+**9!/2+-*&0-/!2)>>029!+-'!%&?)&'@! !A;&*!*/)'6!,$.)*0*!$-!/;0!&((0'&+/0!
:0%+/&$-! +-'! 1$*/4:0%+/&$-! 20:&$-! &-'&.+/0'! >6! /;0! 1+2+%%0%$:2+(@! ! 3+/+! +20!
&%%)*/2+/&B0!$,!+!(&C/)20!$,!/;0!,)2+-!+-'!(+%0&(&'0!($-$(02*!)*0'!;020!D#EF!+-'!
3GHI!+/!+!*/$&.;&$(0/2&.!2+/&$!$,!JK="!$2!2LK@"M@!!F$2!ANOKPQ9!RS!7+*!(0+*)20'!>6!+!
/0-*&%0!/0*/9!7;020+*!,$2!ATOKPQ9!RS!7+*!(0+*)20'!B&+!*;0+2@!!

F$2! /;&*! 7$28! 70! )*0! +! .$((02.&+%%6! +B+&%+>%0! >&*(+%0&(&'0! +-'! +! %$7!

($%0.)%+2! 70&:;/9! >)/! ,%0C&>%0! ()%/&,)2+-! .2$**%&-802! D*.;0(0*! J@U! +-'! J@VM@! W0!

*6-/;0*&X0!/;0!()%/&,)2+-!B&+!/;0!I&.;+0%!+''&/&$-!$,!,)2,)26%!(02.+1/+-!/$!+!*&(1%0!

.$((02.&+%! /0/2+4+.26%+/0@! A;0! *6-/;0*&*! &*! */2+&:;/,$27+2'! +-'! *.+%+>%09! +-'!

20?)&20*! $-%6! %&(&/0'! 0?)&1(0-/! +-'! 8-$7%0':0! /$! 102,$2(@! ! H6! %&(&/&-:! /;0!

20+./&$-! 7&/;! +! %0**4/;+-4*/$&.;&$(0/2&.! +($)-/! $,! ,)2,)26%! (02.+1/+-9! 20').0'!

,)-./&$-+%&/6!+-+%$:)0*!+20!20+'&%6!12$').0'!*&(1%6!>6!0%&(&-+/&-:!20*&')+%!+.26%+/0!

:2$)1*! &-! +! *0.$-'! I&.;+0%! +''&/&$-! */019! )*&-:! +! /;&$%! &-02/! /$! /;0! 3&0%*45%'02!

20+./&$-9!*).;!+*!$./+-0/;&$%@!!

!""#

!"""#

!""""#

!"""""#

!""""""#

!"""""""#

!"# $"# %"# &"# '"# !!"# !$"#

!
"#
$%
&
'#

()*+),&-.,)#$/0'##

()*+#()#

,# ,#

,#

-.+*/0/1*#

234.5#

67#711389#

:/);#(#<=>#(#



! "!

#$%! &'())*+,-! .%,)+/0! (1! )2&$! ,%/3('-)! +)! $+4$! %,(24$! +,! /$%! 12**0!

12,&/+(,5*+6%.! &5)%! /(! 1('7! 5! )/+11! 8(*07%'! 5/! 579+%,/! /%78%'5/2'%:! $(3%;%'<! +/)!

12,&/+(,5*+/0! +)! *(3!%,(24$! /$5/!5!7(.%)/! +,%=25*+/0!(1! )/(+&$+(7%/'0! >+,!(2'! &5)%!

'?@ABC!/(!@ADE!+)!)211+&+%,/!/(!8'%;%,/!4%*5/+(,<!%;%,!5/!/$%!%=2+*+9'+27!&(,;%')+(,!(1!

/$%!*+7+/+,4!'%5&/5,/!5/!5**! /%78%'5/2'%)!)/2.+%.A!F0!&(79+,+,4!/$%!%11%&/)!(1!/$%)%!

/3(! &5859+*+/+%)! 1('! &(,/'(**+,4! /$%! )0)/%7<! 5! 4%*! 8(+,/! &(,;%')+(,! 5,.! +/)!

&(''%)8(,.+,4!4%*!/%78%'5/2'%!&5,!9%!/5'4%/%.!.2'+,4!/$%!1('72*5/+(,!)/%8<!3+/$(2/!

5,0! 5..+/+(,5*! )0,/$%)+)A! G%! /((-! 5.;5,/54%! (1! /$+)! %11%&/! /(! /%)/! /$%('0! 3+/$!

5,5*(4(2)!75/%'+5*)!5/!)%;%'5*!.+11%'%,/!&(,.+/+(,)A!

!

!"#$%$&'()*!H2*/+12'5,!7(,(7%'!IJK!2)%.! +,! /$+)!)/2.0<!5!8%,/5%'0/$'+/(*!
/'+LM/%/'55&'0*5/%!>IJNODE!)29)/+/2/%.!;+5!H+&$5%*!5..+/+(,!3+/$!12'12'0*!7%'&58/5,!
5,.! (&/5,%/$+(*A! K2,&/+(,5*+/0! +)! 5.P2)/%.! 90! ;5'0+,4! /$%! '5/+(! (1! 12'5,! /(! (&/5,%!
7(+%/+%)! +,! /$%! '%5&/+(,! )/%8A! #$%)%! &(78()+/+(,)! 5'%! .+)/+,42+)$%.! 90! .+)8*50+,4!
/$%!'%)2*/5,/!%11%&/+;%!12,&/+(,5*+/0!+,!85'%,/$%)%)<!%A4A!IJK>BA@EA!

!

!"#$%$& '(+*! F+)75*%+7+.%! 7(,(7%'! QRFH! 2)%.! +,! /$+)! )/2.0! >S<S!L
>7%/$0*%,%.+LT<SL8$%,0*%,%E! 9+)75*%+7+.%EA! G$%,%;%'! 5! &(78()+/+(,U)!
)/(+&$+(7%/'+&!'5/+(!+)!+,.+&5/%.<!5)!+,!IJK>BAVE!'?@AC<!/$%!'5/+(!+,.+&5/%)!/$%!57(2,/!
(1!75*%+7+.%!2)%.<!5)!5!1'5&/+(,!(1!/$%!12'5,!7(+%/+%)!2)%.A!

O

O O

O

O O

O O

R

R

R

R

OO

O

OO

OHO

R
R

R

R=

or

O

S

S

N N

O

O

O

O



! "!

!"#$%&'

#$%! &$%'(%&)*+,! -'./0+&)'/1! -'(! &$%! 2%$+3)'(! '-! 4&(+/1)%/&56"2!

4&$%(7'(%3%(1)2,%5689! 40:/+7)*568;%! '(! 4+0+<&+2,%5=9! /%&>'(?1! $+3%! 2%%/! 0%()3%06!

7'1&!(%*%/&,:!+/0!*'7<,%&%,:!2:!@%7%/'3!+/0!A.2)/1&%)/B8C!#$%)(!&$%'(:!'-! ,)/%+(!

0:/+7)*1!-'(!+11'*)+&)/D!<',:7%(1!)1!1.)&+2,%!-'(!7+/:!+1<%*&1!+/0!0%&+),1!1<%*)-)*!

&'! &$%)(! +11'*)+&)3%! /%&>'(?! '-! )/&%(%1&E! $'>%3%(6! &$%! 0%()3+&)'/! 2%D)/1! >)&$!

<',:7%(! 1*+,)/D! &$%'(:! &$+&! 1$'.,0! 2%! +<<,)*+2,%! &'! 7'1&! &$%(7'(%3%(1)2,%!

/%&>'(?1B! #$%! *(.*)+,! )/1)D$&! &$%:! <('3)0%! )1! &$+&! 2:! *'/1)0%()/D! '/,:! 4&:<)*+,5!

F*$+(+*&%()1&)*! <%(*',+&)'/! *.&'--! 1)G%H8"! *,.1&%(1! +/0! /%&>'(?! *$+)/1! +/0!

42+*?2'/%58I! &(+/1)%/&! 2'/01! >)&$)/! &$'1%! *,.1&%(1! FJ)D.(%! =B8H6! +! 1*+,)/D!

(%,+&)'/1$)<!2%&>%%/!2'/0!,)-%&)7%!+/0!(%,+K+&)'/!)/!&$%!1',!+/0!D%,!1&+&%1!/%+(!&$%!

D%,!<')/&!*+/!2%!0%()3%0B!

!

!"#$%&' ()*+! L)1.+,)G+&)'/! '-! &(+/1)%/&! *,.1&%(! (%,+K+&)'/! 3)+! 2+*?2'/%!
2(%+?+D%B!M',0%0!2'/01!(%<(%1%/&!*()&)*+,!*'//%*&)'/1!>$)*$6!>$%/!1<,)&6!&(+/1-'(7!
'/%!&(+/1)%/&!*,.1&%(!)/&'!&>'!('.D$,:!%N.+,!<+(&1B!

! F=B8H!

! 

"
l
#"

b
$



! "!

#$!%&'()*+$!,-./01!)2%!3+$4!5*6%)*7%!!"!*8!)2%!4%9(:!9+$8)($)!+;!)2%!*$<%;8%!+6!

)2%!=*$%)*9!;()%!9+$8)($)! 6+;!)2%!)2%;7+;%<%;8*35%! 5*$=8! *$!)2%!95'8)%;1!($4!!#! *8! )2%!

;2%+5+>*9(5! 5*6%)*7%! +6! )2%! 95'8)%;! (8! (! ?2+5%.! #$! )2%*;! @(@%;1! A%7%$+<! ($4!

B'3*$8)%*$!7(=%!)2%!(;>'7%$)!)2()!)2%!)?+!)*7%89(5%8!9($!3%!;%5()%4!)2;+'>2!$C%D

%&'#1! )2%!4*8)($9%! 6;+7! )2%!E5+;:FG!>%5!@+*$)! *$! )%;78!+6! 9+$<%;8*+$1! *$! )2%!@+8)D>%5!

;%>*7%.! #6! (! )2%;7+;%<%;8*35%! $%)?+;=! *8! 9+$8*4%;%4! (8! (! >%$%;(5*H%4! I(J?%55!

7()%;*(51-! )2%! 5+$>%8)! ;%5(J()*+$! )*7%1! !()*1! ;%@;%8%$)8! )2%! );($8*)*+$! )*7%89(5%!

3%)?%%$!<*89+%5(8)*9!($4!@';%5:!<*89+'8!3%2(<*+;1!($4!82+'54!9+;;%8@+$4!)+!!#.!#6!?%!

;%?;*)%! )2%! 89(5*$>! ;%5()*+$82*@! (8! ($! %J@5*9*)! @;+@+;)*+$(5*):1! ?*)2! (! 7()%;*(5D

4%@%$4%$)!9+$8)($)1!K1!?%!9($!(5>%3;(*9(55:!;%(;;($>%!*)!)+!+3)(*$!(!8*7@5%!%&'()*+$!

*$!)%;78!+6!)2%!7+8)!*7@+;)($)!7()%;*(5!@(;(7%)%;8L!!9+$<%;8*+$!,%01!3+$4!5*6%)*7%!

,!"01! >%5! @+*$)! 9+$<%;8*+$! ,%&'#01! ($4! )2%! 5+$>%8)! ;%5(J()*+$! )*7%! *$! )2%! $%)?+;=!

,!()*0.!

!
,-.F0

!

#$!9*;9'78)($9%8!?2%;%!(!7()%;*(5!*8!6(;!(3+<%!*)8!>%5!@+*$)!9+$<%;8*+$1!($4!

)2%!5*6%)*7%!+6!(!3+$4!*8!+;4%;8!+6!7(>$*)'4%!5+$>%;!)2($!)2%!)*7%6;(7%!+6!*$)%;%8)1!

)2%! <*89+%5(8)*9! 8@%9);'7! *8! ?%55! @;%4*9)%4! 3:! 95(88*9(5! 9;+885*$=! 9(59'5()*+$8!

?*)2+')! 9+$8*4%;()*+$! +6! )2%! ;%<%;8*35%! 3+$48.! M+! 9(59'5()%! %5(8)*9*):! 3(8%4! +$!

9+$<%;8*+$! ($4! )2%! 4*8);*3')*+$! +6!7'5)*6'$9)*+$(5!7+$+7%;81!?%! 9($! %7@5+:! )2%!

I*55%;! ($4! I(9+8=+F-! ;%9';8*<%! 7%)2+41! 8+5<*$>! 6+;! )2%! 9;+885*$=! 4%$8*):1! N1!

$'7%;*9(55:.! M2*8! <(5'%! 7(:! 3%! 9+$<%;)%4! *$)+! (! O@5()%('P! 7+4'5'8! <*(! )2%!

;%5()*+$82*@!Q@CNBM1!4*8;%>(;4*$>!+)2%;!@+)%$)*(5!9+$);*3')*+$8!)+!)2%!7+4'5'8!(8!(!

! 

p = C
"max

" b
+ pgel



! "#!

$%&'(!)&*+&!,--&).%/,(%)0123!4(!5)6+&!(+/-+&,(7&+'8!*+9%,(%)0'!,&+!'++0!,'!(:+!;5,''!

(&,0'%(%)0!<+;%0'!()!%0(+&$+&+!6%(:!/+,'7&+/+0(!)$!(:+!-7&+5=!&7<<+&=!<+:,9%)&1"#!

>%/%5,&5=8! (:+!/,%0!-&)-+&(=!)$! %0(+&+'(! %0!(:+!&+;%/+!$,&!,6,=!$&)/!(:+!;+5!

-)%0(8! %1+18! (:+!9%'?)'%(=8! %'!0)(!'7<'(,0(%,55=!*+(+&/%0+*!<=!(:+!<)0*!<&+,@,;+!&,(+1!

A,(:+&8! (:+! 9%'?)'%(=! %'! 5,&;+5=! *+(+&/%0+*! <=! (:+! -&)-+&(%+'! )$! (:+! 70&+,?(+*!

/)0)/+&'1! B+,&+&! ()! (:+! ;+5! -)%0(8! ,! '%/-5+! '?,5%0;! +.-)0+0(! ,*+C7,(+5="#!

*+'?&%<+'! 9%'?)'%(=! 70(%5! 9+&=! ?5)'+! ()! (:+! ;+5! -)%0(! DE-F-;+5E! G! H/%0I83J<! 6:+&+! (:+!

5,&;+'(! /)5+?75,&! ?57'(+&'! ,&+! <%;! +0)7;:! (:,(! <)0*! <&+,@,;+! <+;%0'! ()! :,9+! ,0!

+$$+?(1!!

!"#$%"&'(%)*+%)$,&+,-&."%/$01&20)33"04&

K4B'! :,9+! (:+! ,<%5%(=! ()! &+'-)0*! ()! ,0! +.(+&0,5! '(%/757'8! ,0*! %(! %'! (:%'!

(&%;;+&,<5+! ?:,0;+! %0! -&)-+&(%+'! )&! <+:,9%)&! (:,(! /)(%9,(+'! (:%'! &+'+,&?:! $)&! (:+!

-7&-)'+!)$!/,@%0;!'/,&(!,0*!&+'-)0'%9+!/,(+&%,5'! (70+*! ()!,!;%9+0!+9+0(1!4'! (:%'!

6)&@!%'!$)?7'+*!)0!(:+&/,55=!&+9+&'%<5+!0+(6)&@!<+:,9%)&8!)7&!(&%;;+&!%'!%0+9%(,<5=!

L:+,(M8! :)6+9+&! (:+! /+(:)*! )$! :+,(%0;! ?,0! :,9+! ,! *&,'(%?! +$$+?(1! 4--5%?,(%)0! )$!

%0(+&$,?%,5!:+,(!<=!&,*%,(%9+8!?)0*7?(%9+8!)&!?)09+?(%9+!')7&?+'!5%@+!:+,(!5,/-'8!:)(!

-5,(+'8! )&! )9+0'! %'! (=-%?,55=! ,! 5%/%(%0;! $,?()&! *7+! ()! (:+! %0(+&-5,=! )$! :+,(! (&,0'$+&!

(%/+8! ,?(%9,(%)0! *+-(:8! ,0*! (:+&/,5! ;&,*%+0('1! N:+&+$)&+8! 9,&%)7'! &+/)(+! (&%;;+&'!

?)75*!<+!6)&(:6:%5+!()!+.-5)&+1!

4!-&)/%'%0;!(&%;;+&!$)&!-7&+5=!(:+&/,55=!,?(%9,(+*!&+9+&'%<5+!<)0*'!%'!(:+!7'+!

)$! '+5$F5%/%(+*! :='(+&+'%'! :+,(%0;1! O=! '7'-+0*%0;! ,! $+&&)/,;0+(%?! -,&(%?5+! %0! ,!

&+9+&'%<5+! 0+(6)&@! /,(&%.8! ,! /,;0+(%?,55=! '+0'%(%P+*! ?)/-)'%(+! %'! $)&/+*! 6:%?:!



! ""!

#$%&'! ()! *#$+! $,)-'$.! &-! %! /%.0-12/$3($+456! #07#1'&/$+7&#6! -'4088%&0+7! 9%7+$&04!

20$8.:! ;$)$+.0+7! -+! )%/&048$! 4-9)-'0&0-+! %+.! 7$-9$&/56! <=$8! /$8%,%&0-+! 0'! &#$!

.-90+%+&! 4-+&/0>(&0-+! &-! &#$! #$%&0+7!9$4#%+0'9?! '-6! %'! &#$!@(/0$! &$9)$/%&(/$! -2!

&#$!9%&$/0%8!0'!%))/-%4#$.!%+.!&#$!9%7+$&04!'('4$)&0>080&5!.$4/$%'$'6!&#$!%9-(+&!-2!

)-*$/!&#$!)%/&048$'!4%+!$,&/%4&!2/-9!&#$!AB!9%7+$&04!20$8.!./-)'!(+&08!&#$!9%&$/0%8!

/$%4#$'!%!'&$%.5!&$9)$/%&(/$:!!

!

!"#$%&' ()*+! C#$! )/-4$''! -2! #5'&$/$'0'! #$%&0+7:!D#$+! &#$!9%7+$&04! )%/&048$!
'(4#!%'!@/EF!0'!0+!%!9%&/0,!>$8-*!&#$!@(/0$!&$9)$/%&(/$!-2!&#$!9%&$/0%86!&#$!)%/&048$!
0&'$82!9('&!>$! 8$''! &#%+! &#$!@(/0$! &$9)$/%&(/$!%'!*$88!.($! &-!#$%&! &/%+'2$/6! '-! &#$!
9%&$/0%8! 0'! 4-$/4$.! &-! %! 9%7+$&0G%&0-+! ! .($! &-! &#$! -'4088%&0+7! 9%7+$&04! 20$8.!

  

! 

! 
H = H 0 sin(2"ft + #)

:!C#$!#$%&!%..$.!&-!&#$!9%&/0,!0'!$3(%8!&-!&#$!#5'&$/$'0'!*-/H:!
D#$+! &#$! 9%&/0,! %))/-%4#$'! &#$! @(/0$! &$9)$/%&(/$6! >5! &#$! '%9$! %/7(9$+&6! &#$!
)%/&048$!9('&!>$!+$%/!&#$!@(/0$!&$9)$/%&(/$6!'-!&#$!#5'&$/$'0'!*-/H!)$/!4548$!./-)'6!
%+.! &#$! #$%&0+7! /%&$! %))/-%4#$'! G$/-6! )/-.(40+7! %! '$8218090&0+7! '&$%.5! 20+%8!
&$9)$/%&(/$:!

@#/-90(9IJKL!.0-,0.$!)%/&048$'!*$/$!4#-'$+! 2-/! &#0'!'&(.56!%'!@/EF!#%'!&#$!

8-*$'&! @(/0$! &$9)$/%&(/$! I""MN@L! -2! %+5! 4-99-+! 2$//-9%7+$&04! 9%&$/0%8:!

O8&$/+%&0P$! )%/&048$'! '(22$/! 2/-9! 8%/7$! 4-+&/0>(&0-+'! >5! %..0&0-+%8! #$%&0+7!

9$4#%+0'9'6!'(4#!%'!0+.(4&0P$!/$'0'&%+4$!%+.!$,4$''0P$85!#07#!@(/0$!&$9)$/%&(/$':!

  

! 

q =
! 
B " #$
! 
H = k

dT
dr

dS$

  

! 

! 
H ! 

Tmatrix " TCurie

  

! 

! 
H 

  

! 

q =
! 
B " #
! 
H $ % 0

  

! 

! 
M ! 

Tmatrix < TCurie

  

! 

! 
M 



! "#!

$%&'!(')*!+,-'.*!/012'!*'34'15*01'!53,(6.*!7,33,(!35*'125+.!2.!89:;/!<,1!=27>'+!

?! '5.2+@! &,*! '(,06&! *,! 211'A'1.2B+@! C'7,34,.'! *&'! 35*'125+DE! /+'51+@F! *&'! /012'!

*'34'15*01'!,<! *&'!451*27+'.! 2.! 5!C,0B+'G'C6'C! .-,1CF! 5.! 2*! 41,A2C'.! 5!('5*+@! .'+<G

+232*'C! &'5*2(6! 3'7&5(2.3F! B0*! 5*! 5! 41'GC'<2('C! *'34'15*01'! *&5*! 2.! (,*F! 2(!

412(724+'F! 5CH0.*5B+'D! ! /,34,.2*2,(.! 30.*! *&'1'<,1'! B'! *0('C! *,! B'&5A'!

5441,4125*'+@!5*!*&'!.*'5C@!.*5*'!*'34'15*01'!,<!*&'!&@.*'1'.2.!&'5*2(6!41,7'..D!!

I01! 61,04! &5.! 41'A2,0.+@! 1'4,1*'C88! *&'! 0.'! ,<! 5! *&'13,1'A'1.2B+'! J2'+.G

K+C'1! 1'.2(! -2*&! 5441,4125*'! 41,4'1*2'.! *,! 57&2'A'F! -2*&2(! 9! 32(0*'.F! *,*5+!

1'.&542(6!,1! <157*01'!&'5+2(6F!,A'1! *&'!7,01.'!,<!5.!35(@!5.!"9! 2(C2A2C05+!&'5*2(6!

7@7+'.D! %&2.! ,0*7,3'! -5.! 57&2'A'C! B'750.'! *&'! 1'.2(! .*0C2'C! '..'(*25++@! *,*5++@!

C'4,+@3'12L'C! 2(*,! ,+26,3'127! .4'72'.! 5(C! 7,34+'*'+@! 1'+5)'CM<+,-'C! ,(! *&'!

*23'.75+'! ,<! *&'! ')4'123'(*D! N,-'A'1F! 2*! -,0+C! B'! C'.21'5B+'! *,! A51@! *&2.!

4'1<,135(7'!0.2(6!3'*&,C.!.066'.*'C!B@!5!.*107*01'G41,4'1*@!1'+5*2,(.&24!A5+2C!2(!

*&'!35*'125+D!O157*01'!&'5+2(6!4'1<,135(7'!2.!6'('15++@!0(C'1.*,,C!*,!B'!1'+5*'C!*,!

*&'!3'7&5(275+! 1'+5)5*2,(!41,7'..'.F!5(C!.,!B@!A51@2(6! *&'! <57*,1.!1'.4,(.2B+'! <,1!

1'+5)5*2,(F! 2*! .&,0+C! B'! 4,..2B+'! *,! 0(C'1.*5(C! *&'! A5125B2+2*@! 2(! A512,0.!

*&'13,1'A'1.2B+'!/K=.!.0BH'7*'C!*,!2C'(*275+!&'5+2(6!,1!1'.&542(6!41,7'..'.D!

I('!,<! *&'!3,.*!41,32.2(6! 7+5..'.!,<!/K=.! 2.! *&'!4&,*,1'A'1.2B+'!('*-,1>F!

-&'1'2(!71,..+2(>!.72..2,(!2.!*1266'1'C!A25!1'A'1.2B+'!5CC2*2,(!<1563'(*5*2,(!7&52(G

*15(.<'1! $PKO%E! ,<! 15C275+.! 6'('15*'C! B@! 4&,*,2(2*25*2,(D! Q&,*,G/K=.! &5A'! B''(!

0.'C!2(!.*1'..!1'+5)5*2,(F8R!45**'1('C!*')*012(6F89!5(C!4&,*,57*05*'C!.&54'!3'3,1@!

3,*2,(D##! S'('15++@F! *&'! '<<'7*.! ,B.'1A'C! 51'! *&'! 1'.0+*! ,<! *&'! .*1,(6! .45*25+! 5(C!



! "#!

$%&'()*+! ,(-$)(+! (.! /$)%//! )%+*0*$1(-! *..()2%2! 34! $5%! +165$7*,$18*$%2! -*$9)%! (.! $5%!

')(,%//:!;(<%8%)=!2%/'1$%!$5%!-*&%=!$5%!>?@A!')(,%//!1/!-($!'%).%,$+4!)%8%)/13+%=!*/!

1$! 1/! 5165+4! ,(9'+%2! $(! $5%! $4'1,*++4! 1))%8%)/13+%! ')(,%//%/! (.! )*21,*+! 1-1$1*$1(-! *-2!

$%)&1-*$1(-:!@9)$5%)&()%=! $5%!)*21,*+/! $5%&/%+8%/!*)%!/93B%,$! $(!*!<12%!8*)1%$4!(.!

'($%-$1*+!/12%!)%*,$1(-/!$5*$!+1&1$!)%8%)/131+1$4:!

A5%)&()%8%)/13+%!C?D/!)%')%/%-$!*-!*2*'$*3+%!-%$<()E!*),51$%,$9)%!$5*$!1/!

1-! ')1-,1'+%! $($*++4! )%8%)/13+%:! ?&(-6! $5%! '(//13+%! $5%)&()%8%)/13+%! ,(8*+%-$!

*221$1(-! )%*,$1(-/! $5*$! ,*-! 3%! 9/%2! 1-! *! -%$<()E! '(+4&%)1F*$1(-=! $5%! G1%+/7?+2%)!

HG?I! )%*,$1(-!3%$<%%-!&*+%1&12%!*-2! .9)*-! )%')%/%-$/!(-%!(.! $5%!&(/$! 12%*+! *-2!

()$5(6(-*+!('$1(-/:!J%,*9/%!$5%!G?!%K91+13)19&!,(-8%)/1(-!1/!/$)(-6+4!$%&'%)*$9)%!

2%'%-2%-$!(8%)!*!&(2%/$! $%&'%)*$9)%!)*-6%=!(-%!5*/!/93/$*-$1*+!,(-$)(+!(8%)! $5%!

&*$%)1*+! ')('%)$1%/=! %/'%,1*++4! 81/,(/1$4=! 2%/'1$%! $5%! +*,E! H1-! ')1-,1'+%I! (.! *-4!

$5%)&(24-*&1,!'5*/%!,5*-6%/:!

;(<%8%)=! $5%! .9-2*&%-$*+! )(+%/! (.! $%&'%)*$9)%! *-2! 5%*$! $)*-/.%)! *)%! *+/(!

-*$9)*+! +1&1$*$1(-/! (.! $5%)&()%8%)/13+%! -%$<()E/:! A4'1,*++4=! $5%)&*++4! *,$18*$%2!

'(+4&%)/!*)%!5%*$%2!34!(8%-/!()!5($!'+*$%/=!*-2!1-8(+8%!9/1-6!5165!$%&'%)*$9)%/!*$!

$5%! %0$%)-*+! 1-$%).*,%! $(! 2)18%! 5%*$! 1-$(! $5%!&*$%)1*+! 81*! $5%)&*+! 6)*21%-$/:! L/1-6!

$5%/%! &%$5(2/=! $5%)%! <1++! 3%! *-! 1-%81$*3+%! $)*2%(..! 3%$<%%-! $5%! 2%/1)%2! /'%%2=!

9-1.()&1$4=! *-2! 2%'$5! (.! *,$18*$1(-:! M9)! 6)(9'! 5*/! *+)%*24! ,(-/12%)%2! (-%!

*+$%)-*$18%!5%*$1-6!&%$5(2=!$5%!'/%92(739+E!5%*$1-6!')(812%2!34!54/$%)%/1/!+(//!(.!

.%))(&*6-%$1,! ,(&'(/1$%/! 1-! *-! >@! &*6-%$1,! .1%+2:! A51/! &%$5(2! ')(812%/! .*/$=!

)%+*$18%+4!9-1.()&!5%*$1-6!*$!*++!2%'$5/=!39$!+*,E/!$5%!/'*$1*+!,(-$)(+!*..()2%2!34!$5%!



! "#!

$%&'&()*'+,)'-.! '-*%/+01-23! 4&! 5&,-! +/! '%-! &$$&2+'-! .+6-*'+&/7! )! '-*%/+01-! 8+'%!

'&')9!2$)'+)9!)/.!'-5$&6)9!*&/'6&9!&:!'-5$-6)'16-!+/!)!'%-65)99;!)*'+,)'-.!<=>!*&19.!

?-!,-6;!12-:193!

@-/-6)'+/A! %-)'! 8+'%! )! %+A%! +/'-/2+';! 9+A%'! 2&16*-! +2! )! 2'6)+A%':&68)6.!

5-'%&.!&:!)*%+-,+/A!'%+2!A&)93!B&8-,-67!2&5-!2&6'!&:!*%6&5&$%&6-!+2!/-*-22)6;!'&!

*)$'16-!'%-!9+A%'!)/.!-::+*+-/'9;!*&/,-6'!+'!'&!%-)'3!<%-5+*)9!.;-2!)6-!/&'!21+')?9-!+/!

'%+2! )$$9+*)'+&/! )2! '%-;! )6-! 21?C-*'! '&! $%&'&*%-5+*)9! -::-*'27! +/*91.+/A!

$%&'&?9-)*%+/A3!D-')9!&E+.-!.;-2!&::-6!%+A%!2')?+9+';7!?1'!)!9+5+'-.!2-'!&:!)?2&6?)/*-!

2$-*'6)3! F'%-6! %+A%9;! 2')?9-! )?2&6?-627! 21*%! )2! *)6?&/! ?9)*G7! %),-! )! ?6&).!

)?2&6$'+&/! '%)'! 8&19.! 9+5+'! )$$9+*)'+&/3! =/! +.-)9! .;-! 8&19.! %),-! '1/)?9-!

)?2&6$'+&/7!'%-65)9!)/.!*%-5+*)9!2')?+9+';7!)/.!-::+*+-/'9;!*&/,-6'!9+A%'!'&!%-)'3!!

4%-! $%&'&'%-65)9! -::-*'HI! &?2-6,-.!8%-/!5-')9! /)/&$)6'+*9-2! )?2&6?! 9+A%'!

.1-! '&! 9&*)9+J-.! 216:)*-! $9)25&/! 6-2&/)/*-! KLMNOP! %)2! :&1/.! 12-! +/! )$$9+*)'+&/2!

'%)'!.-5)/.!9&*)9+J-.7!28+'*%)?9-!%-)'+/A7!21*%!)2!5+*6&:91+.+*!28+'*%+/A7HQ!*)/*-6!

'6-)'5-/'7HR!)/.!.61A!6-9-)2-3HS!>&?9-!5-')9!/)/&$)6'+*9-2!'%-52-9,-2!)6-!A-/-6)99;!

2')?9-7! 1/'+9! -E'6-5-! '-5$-6)'16-2! &6! 9+A%'! +/'-/2+'+-2! )6-! 6-)*%-.3! B&8-,-67!

*%-5+2&6?-.!*)$$+/A!9+A)/.27!8%+*%!512'!)$$6&)*%!-01+9+?6+15!8+'%!'%-!$&$19)'+&/!

.+22&9,-.! +/! '%-! 2166&1/.+/A! 5)'6+E7! )6-! /-*-22)6+9;! 2&5-8%)'! '-5$-6)'16-!

2-/2+'+,-3! 4&! $6-,-/'! +66-,-62+?9-! )AA6-A)'+&/! )/.! 9&22! &:! '%-! LMNO7! )! *&,)9-/'9;!

?&1/.!2%-99!&:!2+9+*)!*)/!?-!)..-.!'&! '%-!216:)*-!&:! '%-!$)6'+*9-2! '&! :&65!8%)'!%)2!

?--/! '-65-.! =1TM+FU! *&6-V2%-99! /)/&$)6'+*9-23! =..+'+&/)99;7! 2+9+*)! 216:)*-2! )6-!

)5-/)?9-! '&! :16'%-6! :1/*'+&/)9+J)'+&/! '&! -/%)/*-! *&5$)')?+9+';! 8+'%! '%-! 5)'6+E3!



! "#!

$%&'()*+),!&%-.!/%0$+12!)3)4'356+-7(&! +)!3!8+(7&9/7*(5!)(6:45;!-4%7*!'54*%-(!3!

'.4646.(5<377=!&()&+6+>(*!?/@!6.36!-3)!A(!<3)+'%736(*!4)!&<377! &+>(!&-37(&!%&+),!

73&(5!7+,.6B!

!"##$%&'

C)!6.+&!-.3'6(5D!:(!.3E(!+)654*%-(*!&4<(!4F!6.(!A3&+-!-4)-('6&!3)*!<46+E36+4)&!F45!

6.(! '54G(-6&! 3)*! (H'(5+<()6&! +)! 6.(! F456.-4<+),! -.3'6(5&B! ?.3'6(5! 2! *(F+)(&!

-4)-5(6(7=!6.(!4E(535-.+),!4AG(-6+E(&!4F!4%5!:45;!3)*!:.36!+<'3-6!:(!(H'(-6!6.(<!

64! .3E(! +)! 6.(! A543*(5! '47=<(5+-!<36(5+37&! -4<<%)+6=B! ?.3'6(5! I! +)654*%-(&! 4%5!

<4*(7! -4E37()6! 3*3'63A7(! )(6:45;!<36(5+37! 3)*! (H3<+)(&! +6&! E+&-4(73&6+-+6=! F54<!

(<'+5+-37! 3)*! 6.(45(6+-37! &63)*'4+)6&B! ?.3'6(5!J! (H'7+-+67=! 6(&6&! 6.(!'5(*+-6+4)&!4F!

653)&+()6!)(6:45;!6.(45=!%&+),!6.(!<4*(7!)(6:45;!3)*!366(<'6&!64!-735+F=!.4:!6.(!

6.(45=! <3=! A(! '53-6+-377=! 3''7+(*! +)! 5(37! &+6%36+4)&B! ?.3'6(5! #! 5(-45*&! 4%5!

(E37%36+4)!4F!&+),7(9F7%454'.45(!<+-545.(474,=!3&!3!6447!F45!6(&6+),!6.(!3&&%<'6+4)&!

4F! 6.(! 6.(45=! 4)! 3! <45(! F%)*3<()637! 7(E(7B! ?.3'6(5! K! +)E(&6+,36(&! 3''7=+),! 6.(!

;)4:7(*,(!*(E(74'(*!64:35*&!%)*(5&63)*+),!F53-6%5(!.(37+),!+)!LM9?/@&!65+,,(5(*!

A=!.=&6(5(&+&!.(36+),D!A46.!(<'+5+-377=!3)*! +)!-4)6(H6!4F! 6.(45(6+-37!'5(*+-6+4)&!4F!

E+&-4(73&6+-+6=B!?.3'6(5!N!+)E(&6+,36(&!6.(!)36%5(!4F!6.(!&'36+37!3)*!6(<'4537!-4)6547!

4F! LM9?/@&! 3FF45*(*! A=! '.4646.(5<37! 73&(5! .(36+),B!O(! -4)-7%*(!:+6.! -.3'6(5! PD!

:.(5(! :(! 5(E+&+6! 6.(! &'(-+F+-! 3+<&D! .4:! :(! 3-.+(E(*! 6.(<D! 3)*! 6.(+5! :+*(5!

5('(5-%&&+4)&D!3)*!*+&-%&&!*+5(-6+4)&!6.36!F%6%5(!5(&(35-.!4)!6.(!64'+-!-4%7*!63;(B!!

()*)%)+,)-'

"B! Q(55=D! RB!8BD!!"#$%&'(#)"$*+,%+&,)"&#*%-*+%'./&,#B!I5*!(*B!(*BS!O+7(=T!@(:!U45;D!
"VPWS!'!KJ"B!



! "#!

$%! &''()!*%!+%,!-./'00'1)!2%!3%)!4!567'18!91:9;!67:(<0=!<0!>'(8?71@%!!"#$$%"&'()"
!"#!$!*+!A"BC)!DEDFGDE#F%!
F%! HIJ)! 2%,! 2:I@96)! K%! K%,! &<((<:?@)! H%! L%)! M1:95I17! ?796:0<9@! @5IJ<7@! 'N! 91:9;!
67:(<0=!:0J!O7(J<0=!'N!>'(8?71@%!!",-./0"123"!"#!$!45!A"C)!$BPG$"BG$"B%!
P%! 3:965)! 3%! Q%,! *:6?)! &%! R%,! +:<07)! K%! &%)! S0T795<'0! 3'(J<0=%! 6789).03-%" :"
;7<37//037<"='/>3).0("!"%!$!??!ADC)!D#FGD#U%!
D%! -(:V<@<)! -%)!@-78ABBC" BD" .'/0>B$%-).32)%! 3:197(! W7;;71X! Y7O! Z'1;)! "EEU,! >!
[\<)!"BDF!>%!
#%! &<0571)!K%,!3'I1@)!3%)!*67'('=8!'N!+'(8?71@!Y7:1!Q<]I<JG^'(<J!_1:0@<5<'0@%!S0!
E/9.0B7" 1$37" ;2'B" 1$/2.0B)2B$(" F3)2B/%-).323.(" G'/B%B<()! ^>1<0=71! `71(<0! a!
K7<J7(V71=X!"EEU,!b'(%!"FP)!>>!"#DG$FPG$FP%!
U%! /'1J<71)! +%,! _'I10<(6:9)! M%,! ^'I(<7Gc<:;'\<9)! /%,! Q7<V(71)! Q%)! ^7(NG67:(<0=! :0J!
5671?'17\71@<V(7!1IVV71!N1'?!@I>1:?'(79I(:1!:@@7?V(8%!E-.90/"&''#$!H*4!AU"d"C)!
EUUGdB%!
d%! A:C!M7(J?:0)!2%!R%,!2:J7)!3%!H%,!37<T71)!R%!&%,!K:O;71)!/%!H%,!21:?71)!R%!H%)!3'J7(!
_1:0@<705! Y75O'1;@! N1'?! ^51'0=(8! K8J1'=70G`'0J7J! +'(8?71@%! ,-20B>B%/29%/)"
&''"$!H+! A$$C)! EBU$GEBd",! AVC! ^5:J(71)! *%)! _1:0@<705! 075O'1;@! V8! 68J1'=70! V'0J!
<0571:95<'0@!<0!>'(8VI5:J<707G?7(5@%!S0!&/0>-7/7."-78"I0-7)3/7."E/.JB0C))!^>1<0=71!
`71(<0!a!K7<J7(V71=X!"EdU,!b'(%!UD)!>>!"PBG"PDG"PD%!
E%! `1I0@\7(J)!Q%,!M'(?71)!`%! H%!`%,!37<T71)!R%!&%,!^<TV7@?:)!*%!+%)! ^I>1:?'(79I(:1!
+'(8?71@%!='/>32-%"G/K3/J)"&''!$!4L4!A"$C)!PBU"GPBEd%!
"B%! 4Je<?:)! `%! H%,! 4=I<117)! K%! 4%,! 2('[<0)! /%! H%,! ^9'55)! _%! M%,! `'O?:0)! /%! Y%)!
*67'('=<9:(! :0J! 967?<9:(! :0:(8@<@! 'N! 17\71@7! =7(:5<'0! <0! :! 9'\:(705(8! 91'@@(<0;7J!
W<7(@G4(J71!>'(8?71!075O'1;%!,-20B>B%/29%/)"&''#$!H4!A$FC)!E""$GE""U%!
""%! \:0!`77;)!W%!H%!3%,!^><71<0=)!4%!H%!K%,!+7571@)!L%!&%!3%,!57!Y<T706I<@)!2%,!^<TV7@?:)!
*%!+%)!f0<J<1795<'0:(!W<?71<e:5<'0!:0J!^5:9;<0=!'N!f17<J'>81<?<J<0'07!R0J!L1'I>@!
<0! +'(89:>1'(:95'07! ^I>1:?'(79I(:1! +'(8?71@%! ,-20B>B%/29%/)" &''($! HL! A$FC)!
dP#PGdPUD%!
"$%! H:8)!H%!S%,!Q:0=67<01<96)!2%,!K:0@'0)!3%!/%,!3:6:(<0=:?)!4%,!2<@71)!+%!M%)!f07]I:(!
@5'<96<'?7518! V75O770! 91'@@(<0;<0=! ?'<75<7@! :NN795@! 567! >1'>715<7@! 'N! 51:0@<705!
075O'1;@! N'1?7J!V8!J80:?<9! 9'\:(705! 91'@@(<0;@%!1BD.",-../0"&'!!$!M! A"$C)!Dd$#G
DdFD%!
"F%! 3'05:10:()!W%,!/:>7('5)!3%,!_'I10<(6:9)!M%!'%,!Q7<V(71)!Q%)!^<(<9:GQ<;7!3:((7:V(7!
3:571<:(@!N1'?!+71?:0705!-1=:0<9!Y75O'1;@%!123/72/"&'!!$!??H!A#BDdC)!E#DGE#d%!
"P%! /670)!g%,!W:?)!3%!4%,!-0')!2%,!3:()!4%,!^670)!K%,!YI55)!^%!*%,!^671:0)!2%,!&IJ()!M%)!
4! _671?:((8! *7G?70J:V(7! /1'@@GQ<0;7J! +'(8?71<9! 3:571<:(%! 123/72/" &''&$! +N*!
ADD#BC)!"#EdG"UB$%!
"D%! c6:0=)! Z%,! `1'7;6I<@)! 4%! 4%,! +<996<'0<)! M%)! _671?:((8! ^7(NGK7:(<0=! +'(8?71<9!
3:571<:(@X!_67!Y7[5!^57>!5'!*7989(<0=!_671?'@75!+'(8?71@h!,-20B>B%/29%/)"&''"$!
H+!A#C)!"EB#G"E"$%!
"#%! 2('[<0)! /%! H%,! ^9'55)! _%! M%,! 4Je<?:)! `%! H%,! `'O?:0)! /%! Y%)! /'\:(705! 4J:>5:V(7!
Y75O'1;@! A/4Y@CX! 4! f0<]I7! +:1:J<=?! <0! /1'@@GQ<0;7J! +'(8?71@%!,-20B>B%/29%/)"
&'!'$!H?!A#C)!$#PFG$#DF%!
"U%! `'O?:0)!/%!Y%,!2('[<0)!/%! H%)!/'\:(705!4J:>5:V(7!Y75O'1;@X!*7\71@<V(7!`'0J!
^51I95I17@! S09'1>'1:57J! <0! +'(8?71! Y75O'1;@%! #7</J-78./" ='/>3/" 67./07-.3B7-%"
;83.3B7"&'!&$!*4!A"dC)!P$U$GP$UP%!



! "#!

"$%! &'(!)'*+,!-%!.%/!012345,!6%! 7%/!892::,!;%!<%/!=2>?'5,!6%!@%,!8:*ABB!CA1'3':425!DE!

FGG4:425H<*'I?A5:':425!6J'45!;*'5BKA*!45!-4IJ1E!6*2BBHL45+AG!;J421H.5A!@A:>2*+B%!

!"#$%&%'(#)'(*+!"#"$!,-!&MN(,!"O"$$H"O"PO/!&D(!012345,!6%!7%/!892::,!;%!<%/!=2>?'5,!
6%! @%,! 8:*ABB! CA1'3':425! Q4'! FGG4:425H<*'I?A5:':425! 6J'45! ;*'5BKA*! 45! '! ;J421HA5A!

)J2:2R21E?A*4S':425%!!"#$%&%'(#)'(*+!""%$!,.!&#(,!MTT"HMTTU%!
"P%! F?'?2:2,!.%/!04+V9J4,!W%/!W'BV5'I',!-%/!8'B'+4,! 8%/!X:BV+',!-%/!;'+'J'*',!F%,!

CA2*I'54S'D1A! 6JA?49'1! )21E?A*! YA1B! ='BAG! 25! ZE5'?49! 62Q'1A5:! [39J'5IA! '5G!

625:*211AG!W252?A*!\5BA*:425%!!"#$%&%'(#)'(*+!""%$!,.!&MM(,!$#]]H$#]$%!
MO%! 6*'QA5,! 7%! W%! 6*2BBHL45+AG! ;JA*?'11E! CAQA*B4D1A! )21E?A*B! )*2GV9AG! K*2?!

625GA5B':425!)21E?A*B!>4:J!)A5G'5:!<V*'5!Y*2VRB!6*2BBHL45+AG!>4:J!W'1A4?4GAB%!

]N]TOO],!"PUP%!

M"%! C2DA*:B,!W%!6%/!W'J'145I'?,!F%/!-'5B25,!W%!6%/!04BA*,!)%!<%,!6JA?2*JA212IE!2K!

)JA5E1D2*25':AH8'149E1JEG*23'?':A! 6*2BBHL45+AG! -EG*2IA1! @A:>2*+B! >4:J! '!

8V1K25':AG!)21E?A*!='9+D25A%!!"#$%&%'(#)'(*+!""&$!,/!&MM(,!$$]MH$$NO%!
MM%! 892::,! ;%! <%/! Z*'VIJ25,! C%! =%/! =2>?'5,! 6%! @%,! F9:V':425! 45! 6*2BB145+AG!

)21E?A*B! Q4'! )J2:245GV9AG! 8:*ABB! CA1'3':425%! 012"3#(1+ !"4($5"'*+ !""'$! /6! &"U(,!
M"M$HM"]M%!

M]%! Z4A1B,!X%/!F1GA*,!0%,!8E5:JABA5!45!GA*!JEG*2'*2?':4B9JA5!CA4JA%!7)*4)*+85(95:*+
033"'(3+1($+;<(&5(+#%!&$!,=>!&"(,!P$H"MM%!
MN%! &'(!Y24:4,![%/!-A':1AE,!<%/!-VI145,!W%!=%/!CAI2,!7%!W%,!045A:49!'BRA9:B!2K!:JA!Z4A1BH

F1GA*! *A'9:425! DA:>AA5! R21E&B:E*A5AH92HKV*KV*E1! ?A:J'9*E1':A(! '5G! D4B?'1A4?4GA%!

?)$%@("3+A%'B&($+7%)$3"'+!""($!,>!&#(,!"NT"H"NUO/!&D(!Y24:4,![%/!-VI145,!W%!=%/!CAI2,!
7%!W%,! 82?A! R*2RA*:4AB! 2K! 5A:>2*+B! R*2GV9AG! DE! :JA!Z4A1BHF1GA*! *A'9:425! DA:>AA5!

R21E&B:E*A5AH92HKV*KV*E1!?A:J'9*E1':A(!'5G!D4B?'1A4?4GA%!?)$%@("3+A%'B&($+7%)$3"'+
!""($!,>!&M(,!M"PHMMU/!&9(!62B:'5S2,!)%!7%/!=AEA*,!<%!L%,!;JA*?2*ABR25B4QA,!XR:49'11E!
F9:4QA!<41?B!='BAG!X5!Z4A1BHF1GA*!6JA?4B:*E%!;<(&5*4$B+%C+!"4($5"'*+!"")$!/D!&MT(,!
U"U$HU"#]/!&G(!)A:A*B25,!F%!W%/!7A5BA5,!C%![%/!)'1?ABA,!Y%!C%,!CAQA*B4D1E!9*2BBH145+AG!

R21E?A*! IA1B! 'B! JA'145I! 'IA5:B! K2*! AR23EH'?45A! :JA*?2BA:B%! 0;E+ 0@@'+ !"4($+
F34($C"#(*+!""%$!/!&T(,!PPMHT/!&A(!CAV:A5'VA*,!)%/!=VJ1A*,![%/!=2V1,!)%!7%/!6'5G'V,!8%!7%/!
LAJ5,! 7%!W%,!C22?! :A?RA*':V*A!GE5'?49!R21E?A*B!D'BAG!25!Z4A1BHF1GA*! 9JA?4B:*E%!

;<(&5*4$B+!""%$!/G!&$(,!"$P]HPOO/!&K(!\5I14B,!F%!7%/!@ADJ'54,!L%/!F1:45:'B,!X%/!89J?4G:,!
<%!Y%/!='*5A*H02>2114+,!6%,!C'R4G!=25G45I^ZAD25G45I!25!ZA?'5G_!CAQA*B4D1E!6*2BBH

L45+AG!<V59:425'1!)21E?A*B!Q4'!Z4A1B`abF1GA*!6JA?4B:*E%!!"#$%&%'(#)'(*+!"#"$!,-!
&"](,! TT"THTTMO/! &I(! )A:A*B25,! F%! W%/! 7A5BA5,! C%! [%/! )'1?ABA,! Y%! C%,! C22?H

;A?RA*':V*A!-A'145I! 2K! '! ;JA*?2BA::45I! )21E?A*!cB45I! :JA!Z4A1BHF1GA*! CA'9:425%!

0;E+0@@'+!"4($+F34($C"#(*+!"#"$!.!&N(,!""N"H""NP%!
MT%! &'(!725AB,!7%!C%/!L42::',!6%!L%/!6211'*G,!Z%!W%/!89J4*'1G4,!Z%!F%,!6*2BBHL45+45I!'5G!

W2G4K49':425! 2K! )21E&A:JE1A5A! :A*ARJ:J'1':AH92HM,UH'5:J*'9A5AG49'*D23E1':A(! DE!

Z4A1B`abF1GA*!CA'9:425B!>4:J!W'1A4?4GAB%!!"#$%&%'(#)'(*+#%%%$!-.!&"$(,!T#$UHT#PM/!
&D(! 8>'5B25,! 7%! )%/! C2SQ'G2QB+E,! 8%/! 8ARR'1',! 7%! [%/! W'9+'E,! W%! [%/! 7A5BA5,! C%! [%/!

62B:'5S2,! )%! 7%,! ZAQA12R?A5:! 2K! )21E?A*49! )J'BA!6J'5IA!W':A*4'1B!X5! :JA! D'B4B! 2K!

Z4A1BHF1GA*! 6JA?4B:*E%!!"#$%&%'(#)'(*+ !"#"$! ,-! &"N(,! U"]THU"N"/! &9(! Y2VBBd,! 6%/!
Y'5G454,! F%,! Z4A1BeF1GA*! R21E?A*4S':425! 2K! G4KV*'5B!>4:J! D4B?'1A4?4GAB%!A%'B&+ F34+
#%%%$!,6!&$(,!#M]H#]"/!&G(!W9[1J'525,!7%!C%/!CVBB49+,![%!W%/!fJAA1A*,!Z%!C%/!L2E,!Z%!F%/!
FVDA*:,! 7%! -%,! CA?2Q'D1A! K2'?B! D'BAG! 25! '5! AR23E! *AB45! 4592*R2*':45I! *AQA*B4D1A!

Z4A1BHF1GA*!'GGV9:B%!7%)$3"'+%C+0@@'5(1+A%'B&($+E#5(3#(+!""!$!6G!&#(,!"NPUH"TOM%!



! "#!

$%&! '(!)*+(,-.*/0!1&0!2345.43'*6,!67!,('869:!;393<('(9/!*,!'-(9<69(=(9/*>4(!?(4/&!
!"#$%&'()&#*(+,-(.&/0"'1*(!""#$!2!@AB%C0!D"ABDEE&!
$F&! @3C!G(<(,6=0!H&!)&I!J.>*,/'(*,0!K&0!L-(9<69(=(9/*>4(!M(43'*6,!*,!G64.'*6,/!67!
H//65*3'*=(! N64O<(9/&! "&! G'3'*5/&! 3+4'"%"#&45#&*( !""%$! 67! @DC0! "EFEB"E#AI! @>C!
J.>*,/'(*,0! K&I! G(<(,6=0! H&! )&0! L-(9<69(=(9/*>4(! M(43'*6,! *,! G64.'*6,/! 67!
H//65*3'*,?!N64O<(9/&!$&!P*,(39!QO,3<*5/&!3+4'"%"#&45#&*(!""%$!67!@DC0!"E#%B"ERF&!
$#&! G'3.77(90!Q&0!G534*,?! '-(69O!67!;(95643'*6,!54./'(9/&!!8$*94*(:&;"'/*(!"&"$!<2!
@"C0!"BFD&!
$R&! S(99<3,,0! S&! T&0! M(6<('9*534! 54./'(9! ?968'-! <6U(4/! 3,U! :*,('*5! ?(43'*6,&!
!8$*94*(:&;"'/*(!"%#$!76=!@EC0!"AEB$$D&!
EV&! W469O0! N&! T&0! K64(5.439! G*X(! Q*/'9*>.'*6,! *,! L-9((! Q*<(,/*6,34! N64O<(9/&! Y&!
M(43'*6,"&!>"5',+#("?(/8&(@%&'94+,(A8&%94+#(B"49&/$(!"'!$!=6!@""C0!EV#EBEVRV&!
E"&! K*44(90! Q&! J&I! K356/:60! 2&! Z&0! H! )(8! Q(9*=3'*6,! 67! N6/'! M(4! N96;(9'*(/! 67!
)('869:!N64O<(9/&!3+4'"%"#&45#&*(!"&#$!C!@$C0!$V%B$""&!
E$&! Q6'/6,0!)&!H&I! M34=3,0!J&I! P3.9(,5(0! J&! P&I! L*99(440!K&0!!"#$%&'9D+/9",(!'"4&**(
3"-&#9,E&!Z*4(OB[2S\!)(8!]69:0!"RRA&!
EE&! HUX*<30!^&! T&I!146_*,0!2&! T&I!^68<3,0!2&!)&0!`_'(9,344O!L9*??(9(U!S(34*,?!67! 3!
L-(9<69(=(9/*>4(!26=34(,'!)('869:!=*3!G(47BP*<*'(U!SO/'(9(/*/!S(3'*,?&!@-F+,4&-(
3+/&'9+#*(()!)$!GG!@$AC0!$F#DB$F#F&!
ED&! G56''0! L&! W&I! G5-,(*U(90! H&! Q&I! 266:0! Z&! Q&I! ^68<3,0! 2&! )&0! N-6'6*,U.5(U!
N43/'*5*'O!*,!296//BP*,:(U!N64O<(9/&!B49&,4&(())*$!6HI!@AF$#C0!"%"AB"%"F&!
EA&! 146_*,0!2&!T&I!G56''0!L&!W&I!N39:0!S&!]&I!^68<3,0!2&!)&0!K(5-3,6;-6'6;3''(9,*,?!
6,!3!N-6'69(/;6,/*=(!`43/'6<(9&!@-F+,4&-(3+/&'9+#*(()!!$!G6!@"FC0!"RFFB"R#"&!
E%&! M6=696=0!H&I!J*5-39U/6,0!S&0!M(,(93'*,?!-(3'!8*'-!<('34!,3,6;39'*54(/&!.+,"(
J"-+$(())&$!G!@"C0!EVBE#&!
EF&! G(9/-(,0! G&! J&I! K(,/*,?0! M&! H&I! )?0! K&I! S343/0! )&! T&I! ^((>(0! Q&! T&I! Z(/'0! T&! P&0!
Y,U(;(,U(,'!a;'*534!26,'964!67!K*59674.*U*5![34=(/!W69<(U!796<!a;'6<(5-3,*5344O!
J(/;6,/*=(! )3,656<;6/*'(! SOU96?(4/&! @-F+,4&-( 3+/&'9+#*( ())*$! 7K! @""C0! "E%%B
"E%#&!
E#&! @3C!S.3,?0!b&I!`4BG3O(U0!Y&!S&I!c*3,0!Z&I!`4BG3O(U0!K&!H&0!23,5(9!5(44!*<3?*,?!3,U!
;-6'6'-(9<34!'-(93;O!*,!'-(!,(39B*,7939(U!9(?*6,!>O!./*,?!?64U!,3,696U/&!>"5',+#("?(
/8&(@%&'94+,(A8&%94+#(B"49&/$(())#$!7GI!@%C0!$""AB$VI!@>C!`4BG3O(U0!Y&!S&I!S.3,?0!b&I!
`4BG3O(U0!K&!H&0!G(4(5'*=(!43/(9!;-6'6B'-(9<34!'-(93;O!67!(;*'-(4*34!5395*,6<3!./*,?!
3,'*B`MWJ!3,'*>6UO!56,+.?3'(U!?64U!,3,6;39'*54(/&!A+,4&'(L&//(())#$!G6C!@"C0!"$RB
EA&!
ER&! G:*9'35-0!H&!M&I!Q(+.?,3'0!2&I!^93.,0!Q&I!G./-30!H&!G&I!J6?35-0!H&!P&I!N393:0!Z&!T&I!
Kde-834U0! S&I! G.:-69.:6=0! M&! ^&0! L-(! J64(! 67! K('34! )3,6;39'*54(/! *,! J(<6'(!
J(4(3/(!67!`,53;/.43'(U!K3'(9*34/&!.+,"(L&//(())*$!<!@FC0!"EF"B"EFF&!

!

!



! "#!

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

$%&'()*+! ','-+'.()! *)+/%012! 3$4526! '0)! -%(78)0! *)+/%012! 390%22(:*1),!

8'90%8%()9;('0! 8'+)0:'(26! :*! /<:9<! +<)! 9%**)9+:%*2! .)+/))*! 8%*%8)02! :*! +<)!

*)+/%01!9'*!.)!0)&)02:.(7!9()'&),!.7!'*!)=+)0*'(!2+:8;(;2>"!$452!<'&)!+<)!'.:(:+7!+%!

0)(:)&)! 2+0)22?! :*9(;,:*@! -%(78)0:A'+:%*B2<0:*1'@)B:*,;9),! 2+0)22CD! :*9%0-%0'+)!

9<)8:9'(!E;*9+:%*'(:+7!-%2+B9;0)CF!9<)8:9'((7!.0:,@)!:*+)0E'9)2?!:*9(;,:*@!E0'9+;0)2CG!

;*,)0@%!0)979(:*@CH!9%*+0%(!+<)!,:EE;2:&:+7!%E!-'0+:9()2!&:'!',I;2+'.()!8)2<!2:A)CJ!'*,!

'9+;'+)!8)9<'*:9'(!8%+:%*>K! L<)2)! ,:EE)0)*+! )EE)9+2! '0)! ,;)! +%! &'07:*@! ;*,)0(7:*@!

9<)8:9'(!8)9<'*:282C!<%/)&)0?!+<)!E;*,'8)*+'(!*'+;0)!%E!+<)!-<)*%8)*%*!:*!)'9<!

9'2)! :2! +<)! 9()'&'@)! '*,! 0)9%8.:*'+:%*! %E! 90%22(:*12>! L<)0)E%0)?! +<)! E;*,'8)*+'(!

&:29%)('2+:9!.)<'&:%0!2<%;(,!.)!'*'(%@%;2!E%0!)'9<!%E!+<)!9'2)2>!M)&)0'(!2+;,:)2!<'&)!

.))*!-;.(:2<),!/<:9<!-0)2)*+!)EE)9+:&)!2+0;9+;0)B-0%-)0+7!0)('+:%*2<:-2!E%0!2-)9:E:9!

$452!%0!E%0!-'0+:9;('0!'--(:9'+:%*2C!<%/)&)0?!*%!2;99)22E;(!'++)8-+!<'2!.))*!8',)!

+%!E:*,!0)('+:%*2<:-2!.)+/))*!+<)!8%,)(2!%0!+%!'00:&)!'+!'!8%0)!;*:&)02'(!8%,)(!E%0!

$45!.)<'&:%0!'*,!-)0E%08'*9)>!

N*!-'0+:9;('0?!$<)*!'*,!O;,(!-;.(:2<),!'*!'99%;*+!%E!'!P0)B8)*,'.()Q!R:)(2B

4(,)0! 8'+)0:'(! :*! /<:9<! +<)7! ,)8%*2+0'+),! 0)&)02:.:(:+7! %E! +<)! R4! .%*,! :*! +<)!

8'+)0:'(?! '2! /)((! '2! 0)9%&)07! %E! E0'9+;0)! +%;@<*)22! 0'*@:*@! E0%8! HST! +%! UHT?!

,)-)*,:*@!%*!+<)!2-)9:E:9!8%*%8)02!'*,!-0%9)22)2!:8-()8)*+),>G!V%/)&)0?!)=9)-+!

E%0! +<)! E0'9+;0)!<)'(:*@!-0%-)0+:)2?! +<)7!-0:8'0:(7! )='8:*),!'8.:)*+! +)8-)0'+;0)!

8'+)0:'(! -0%-)0+:)2?! /:+<%;+! E%9;2:*@! %*! +<)! 0<)%(%@7! %E! +<)!8'+)0:'(! '+! )()&'+),!



! "#!

$%&'%()$*(%+! ,-)./0! 1(2%3-*450! ).6! 7488-42.4! 8(%)$%6! )! (%898:);:%! <4%:5=>:6%(!

&)$%(4):! *54./! $-%! 7)):=?.2((! '2:93%$2.%! /()@$4./=$2! $%8-.4A*%! )5! )! :%55=825$:9!

):$%(.)$4B%! $2! 2$-%(! '*;:45-%6! <>! 8(255:4.34./! 5$()$%/4%5+C! D2E%B%(0! $-%9! *5%6!

%:%B)$%6! $%&'%()$*(%5! $2! )8-4%B%! $-%4(! (%'(28%554./! );4:4$90! E-48-! 2@$%.! :%)65! $2!

54/.4@48).$0! 4((%B%(54;:%! 546%! (%)8$42.5+F! ! G*($-%(&2(%0! $-%!&2.2&%(! 595$%&0!E-4:%!

4.%H'%.54B%0! E)5! ):52! '2:9645'%(5%! ).6! 4::! 6%@4.%6! @2(! 6%$%(&4.4./! ).6! ).):9I4./!

5'%84@48! (-%2:2/48):! ;%-)B42(+! J24$4! !"# $%&! 5$*64%6! )! .*&;%(! 2@! '(2'%($4%5! 2@!

'2:9&%(4I4./!'2:9K5$9(%.%=82=@*(@*(9:!)8(9:)$%LM;45=&):%4&46%M$2:*%.%!2(/).2/%:50!

4.8:*64./! 5E%::4./! ()$420! B458254$90! ).6! 5-%)(! &26*:*5! $-2*/-! $-%9! 5$2''%6!

)$$%&'$4./! $2! 8-)()8$%(4I%! $-%! &)$%(4):! *.6%(! 82.64$42.5! K5*8-! )5! :2E!

5$248-42&%$(48! ()$42! 2(!-4/-! $%&'%()$*(%L! $-)$! 8)*5%6! $-%!&)$%(4):! $2!;%-)B%! )5! )!

$().54%.$!.%$E2(3+N#!

O%B%(54;:%! ;2.64./! 5$()$%/4%5! 2$-%(! $-).! $-%!<4%:5=>:6%(! (%)8$42.50! 5*8-! )5!

-96(2/%.! ;2.64./NN! 2(! P=P! 5$)834./N"0! -)B%! ):52! ;%%.! 5-2E.! $2! -)B%! '(2&454./!

)$$(4;*$%50! 6%5'4$%! $-%! :)83! 2@! ! )! 82&':%$%! *.6%(5$).64./! 2@! -2E! $-%! &2.2&%(!

5$(*8$*(%!(%:)$%5!$2!$-25%!5)&%!)$$(4;*$%5+!QR.$S%.5NN;!E)5!2.%!2@!$-%!@%E!)*$-2(5!$2!

54&*:$).%2*5:9!%H)&4.%!$%&'%()$*(%!).6!@(%A*%.89!6%'%.6%.8%!2@! @%)$*(%5! 4.!$-%!

82&':%H! &26*:*5! 2@! )! -96(2/%.! ;2.6%6! 595$%&T! -2E%B%(0! $-%! ).):9545! E)5!

%&'4(48):! 4.! .)$*(%0! :)834./! ).9! 5'%84@48! 82&')(452.! $2! $-%2(%$48):! '(%648$42.5+!!

G*($-%(&2(%0! 2;5%(B)$42.5! E%(%! 82.@2*.6%6! ;9! 8(95$)::4.4$9=4.6*8%6! '(2'%($4%5+!!

1*()$$4.4U5!5%:@=-%):4./!P=P!5$)834./N"!'2:9&%(!-)5!$-%!);4:4$9!$2!&%.6!@()8$*(%5!).6!

@*5%!4.$%(@)8%5!(%'%)$%6:90!E4$-2*$!)664$42.):!-%)$!4.'*$+! !D2E%B%(0!$-%!'2:9&%(!45!

&2(%!)88*()$%:9!8-)()8$%(4I%6!)5!).!%:)5$2&%(!E4$-!)664$42.):!(%B%(54;:%!8(255:4.35+!!



! "#!

$%! &''()*'! +&,! -((.! )&/(0! '%! %12! 3.%45(/6(0! '%! 7+&2&7'(289(! '+(! )&'(28&5:,!

;8,7%(5&,'87!*2%*(2'8(,<!=,! '+(,(!)&'(28&5,!&2(!1.8>8(/0!&'! 5(&,'! 8.!*&2'0!-?!7%))%.!

&''28-1'(,!%>!'+(82!7+()87&5!)(7+&.8,)0!&!7%))%.!,'217'12(@*2%*(2'?!2(5&'8%.,+8*!

,+%15/!-(!&**587&-5(!'%!(&7+!%>!'+()<!

A8'+!,17+!&!-%/?!%>!4%23!,122%1./8.6!'+(2)%2(;(2,8-5(!7%;&5(.'!&/&*'&-5(!

.('4%23,0!'2(&'8.6!(&7+!)&'(28&5!@@!'%!'+(!62(&'(,'!(B'(.'!*%,,8-5(!@@!&,!&!)()-(2!%>!

%.(! 75&,,! %>! )&'(28&5,0! -%1./! -?! '+(! ,&)(! 1./(25?8.6! )(7+&.8,)! &./! '+(%2?0!

2(*2(,(.',! &.! %**%2'1.8'?! '%! )&3(! &! ;&51&-5(! 7%.'28-1'8%.! '%! '+(! >8(5/<! ! C+8,!

&**2%&7+! *2(,(.',! '+(! 7+&.7(! '%! (.+&.7(! >1./&)(.'&5! 1./(2,'&./8.6! %>! '+(!

7122(.'0! *2&7'87&5!)&'(28&5,0!4+85(! ,8)15'&.(%1,5?! *2%;8/8.6! &! >2&)(4%23! '+2%16+!

4+87+!>1'12(!)&'(28&5,!7&.!-(!7+&2&7'(289(/!&./!(;&51&'(/<!C+(!%;(2&27+8.6!6%&5!%>!

'+8,!*2%D(7'!8,!'%!/(,728-(!'+(!-(+&;8%2!%>!'+(2)%2(;(2,8-5(!E=$,!(B*5878'5?!8.!'(2),!

%>!-%./!38.('87,! &./! '+(2)%/?.&)87,0! 2(5&'8.6! '+(! 7+()8,'2?!%>! '+(! ,?,'()! '%! '+(!

'8)(!&./!'()*(2&'12(@/(*(./(.'!)&'(28&5!*2%*(2'8(,<!F'!8,!&.!&8)!%>!'+8,!*2%D(7'!'%!

1,(! '+(! 3.%45(/6(! 6&8.(/! >2%)! &.&5?98.6! '+(,(! )%/(5! )&'(28&5,! '%! 8)*2%;(! '+(!

,'&'(!%>!)&'(28&5,!2(,(&27+!-&,(/!%.!2(;(2,8-5(!.('4%23,<!G&'+(2!'+&.!,+%48.60!>%2!

(B&)*5(0! '+&'! &! )&'(28&5! 7%.'&8.8.6! 2(;(2,8-5(! -%./,! 7&.! >5%4! &'! (5(;&'(/!

'()*(2&'12(,0!4(!4855!,+%4!'+&'! '+(2(! 8,!&!)&'(28&5!%>!)&B8)1)!72%,,58.3!/(.,8'?!

'+&'! 7&.!-(! 58H1(>8(/! &./! 2(,+&*(/!%.! &! 2(&,%.&-5(! '8)(,7&5(! ;8&! 2&/8%! >2(H1(.7?!

IGJK! +(&'8.6! %>! ,1,*(./(/! >(22%)&6.('87! E2L"! *&2'875(,<! C+(! &-858'?! '%! *2%/17(!

5%7&589(/! +(&'8.6! &./! '+(2(>%2(! 5%7&589(/! &7'8;&'8%.! %>! '+(2)%2(;(2,8-5(! E=$,! 8,!

/(,82&-5(0!,%!&.!%*'87&55?!,(.,8'89(/!M8(5,@=5/(2!7%)*%,8'(!8,!'%!-(!/(,86.(/!7&*&-5(!



! ""!

#$!%&'()%'(#*!+,! -%./0! -(12'!3.(*1!%!0#+3.'!&20#4#52#0/!.3&2!%.!6378(9":! !;#! '2%'!

5305#./<!.5/&($(&!%(4.!#$!'2(.!50#=/&'!%0/!'2/0/$#0/!'>#$#-?@!!

ABC !"# $%&'(&)$# *)+(,)(+$-.+".$+)/# +$'&)0"1*20.*# 3"+# +$%$+*04'$#

1$)5"+6*!D!(*!'2(.!&%./<!3.(*1!%!4#?/-!E(/-.F6-?/0!*/'>#0G:!

A"C !"!7$*081#&17#9&10.('&)$#9&)$+0&'*#)2+"(82#(17$+*)&17018#"3#)2$*$#

*)+(,)(+$-.+".$+)/# +$'&)0"1*20.*! D! .5/&($(&%--,<! +,! &#45#.('(*1! '2/!

4#?/-!*/'>#0G!>('2!H09"!%*?!6378(9"!5%0'(&-/.:!

I/.3-'.! #$! 0/./%0&2! 5/0$#04/?! (*! '2/! 530.3('! #$! %&2(/)(*1! '2/./! %(4.! >(--!

50#)(?/! %! 0/.#30&/! '#! '2/! '0%*.(/*'! */'>#0G! &#443*(',! $#0! %*! /*2%*&/?!

$3*?%4/*'%-! 3*?/0.'%*?(*1! #$! '2/! 4%'/0(%-! ?,*%4(&.<! %.! >/--! %.! %! +%.(.! $#0!

&#45%0(*1! )%0(#3.! 0/)/0.(+-/! 4%'/0(%-.:! J,! ?/4#*.'0%'(*1! '2/! (45#0'%*&/! #$! '2/!

.'03&'30/! 50#5/0',! 0/-%'(#*.2(5.! (*! '2/! &#*'/K'! #$! 0/%-! %55-(&%'(#*.<! #'2/0!

0/./%0&2/0.!>(--!+/!%+-/!'#!.//!2#>!'2/!G*#>-/?1/!(.!%55-(/?!%*?!4%,!$(*?!('!%!4#0/!

.'0%(12'$#0>%0?!'%.G!'#!(45-/4/*'!'2/4!(*!'2/(0!#>*!/K5/0(4/*'.!%*?!%*%-,./.:!

!"#"$"%&"'(

B:! L-#K(*<! H:! M:N! 8&#''<! ;:! O:N! 6?P(4%<! J:! M:N! J#>4%*<! H:! Q:<! H#)%-/*'! 6?%5'%+-/!
Q/'>#0G.! AH6Q.C@! 6! R*(S3/! T%0%?(14! (*! H0#..FU(*G/?! T#-,4/0.:!!"#$%&%'(#)'(*+
:;<;=!,-!AVC<!"VWXF"VYX:!
":! A%C!T%0G<!Z:![:N!L-#K(*<!H:! M:N!8&#''<!;:!O:N!J#>4%*<!H:!Q:<!8'0/..!I/-%K%'(#*!+,!
6??('(#*FO0%14/*'%'(#*!H2%(*!;0%*.$/0!(*!Z(12-,!H0#..FU(*G/?!;2(#-F[*/!Q/'>#0G.:!
!"#$%&%'(#)'(*+:;<;=!,-!A"WC<!B\B]]FB\B^\N!A+C!L-#K(*<!H:!M:N!8&#''<!;:!O:N!J#>4%*<!
H:! Q:<! 8'0/..! I/-%K%'(#*! )(%! 6??('(#*FO0%14/*'%'(#*! H2%(*! ;0%*.$/0! (*! %! ;2(#-F/*/!
T2#'#5#-,4/0(P%'(#*:!!"#$%&%'(#)'(*+:;;>=!,.!A_C<!"YYBF"YYV:!
X:! 64%4#'#<![:N!L(G3&2(<!`:N!`%.3*%1%<!Z:N!8%.%G(<! 8:N!9'.3G%<!Z:N!;%G%2%0%<!6:<!
I/#01%*(P%+-/! H2/4(&%-! T#-,4/0! a/-.! J%./?! #*! E,*%4(&! H#)%-/*'! bK&2%*1/! %*?!
H#*'0#--/?!`#*#4/0!c*./0'(#*:!!"#$%&%'(#)'(*+:;;>=!,.!A""C<!]_XXF]_X]:!
W:! A%C!H2/*<!d:N!E%4<!`:!6:N!9*#<!L:N!`%-<!6:N!82/*<!Z:N!Q3''<!8:!I:N!82/0%*<!L:N!e3?-<!
O:<! 6! ;2/04%--,! I/F4/*?%+-/! H0#..FU(*G/?! T#-,4/0(&!`%'/0(%-:! /#0(1#(+:;;:=!.23!



! "#!

$%%&'()! *&+,-*.'"/! $0(! 1234)! 56/! 789:)! ;6/! <=:)! >6! ?6/! @234)! A6/! B8CC)! @6! D6)! B3E!
F23GH=::I! D3H349=0:3! AJK2:I! 1GLMM-NJ4O39! PL:IH3GJQ! <=C3GJ=:M6!!"#$%&%'(#)'(*+
!""#$!,-!$&()!*,'"-*,'.6!
%6! 1G=R34)! S6! <6! 1GLMM-:J4O39! F23GH=::I! D3R3GMJ0:3! PL:IH3GM! PGL98Q39! TGLH!
1L4934M=CJL4!PL:IH3GM!EJC2!P349=4C!;8G=4!UGL8VM!1GLMM-:J4O39!EJC2!<=:3JHJ93M6!
#W#%''#)!*+&+6!
&6! DL03GCM)!<6!16/!<=2=:J4K=H)!>6/!A=4ML4)!<6!16/!?JM3G)!P6!;6)!123HLG23L:LKI!LT!
P234I:0LGL4=C3-@=:JQI:2I9GLX=H=C3! 1GLMM-NJ4O39! AI9GLK3:! B3CELGOM! EJC2! =!
@8:TL4=C39!PL:IH3G!Y=QO0L436!!"#$%&%'(#)'(*+!""%$!./!$""()!,,#"-,,W'6!
.6! @QLCC)! F6! ;6/! ZG=8K2L4)! D6! Y6/! YLEH=4)! 16! B6)! >QC8=CJL4! J4! 1GLMM:J4O39!
PL:IH3GM! RJ=! P2LCLJ498Q39! @CG3MM! D3:=X=CJL46! 012"3#(1+ !"4($5"'*+ !""&$! /6! $*&()!
"*",-"*#"6!
,6! [2=4K)! \6/! YGL3O28JM)! >6! >6/! PJQQ2JL4J)! ;6)! F23GH=::I! @3:T-A3=:J4K! PL:IH3GJQ!
<=C3GJ=:M]!F23!B3XC!@C3V!CL!D3QIQ:J4K!F23GHLM3C!PL:IH3GM^!!"#$%&%'(#)'(*+!""'$!
.7!$&()!*+'&-*+*"6!
+6! ALV3E3::)!S6!N6/!AJ::)!Z6!S6!F6/!PLH3GI)!P6!S6)!_:3QCGL4!MVJ4!G3ML4=4Q3!MC89I!LT!C23!
2LHLVL:IH3GJ`=CJL4!LT!=GLH=CJQ!0JMH=:3JHJ93M6!8%'9&($+(''%$!,:!$"#()!%&'*-%&'.6!
*'6! $=(!ULJCJ)!_6/!A3=C:3I)!;6/!A8K:J4)!<6!Y6/!D3KL)!S6!<6)!?J43CJQ!=MV3QCM!LT!C23!ZJ3:M-
>:93G! G3=QCJL4! 03CE334! VL:I$MCIG343-QL-T8GT8GI:! H3C2=QGI:=C3(! =49! 0JMH=:3JHJ936!
;)$%<("3+8%'9&($+=%)$3"'+!"")$!.>!$.()!*W%*-*W&'/!$0(!ULJCJ)!_6/!A8K:J4)!<6!Y6/!D3KL)!
S6!<6)! @LH3! VGLV3GCJ3M! LT! 43CELGOM! VGL98Q39! 0I! C23!ZJ3:M->:93G! G3=QCJL4! 03CE334!
VL:I$MCIG343-QL-T8GT8GI:!H3C2=QGI:=C3(!=49!0JMH=:3JHJ936!;)$%<("3+8%'9&($+=%)$3"'+
!"")$!.>!$"()!"*+-""&6!
**6! $=(!YLMH=4)!>6!76/!@Ja03MH=)!D6!P6/!<3Ja3G)!_6!76)!@8VG=HL:3Q8:=G!VL:IH3GM!=C!
ELGO6!!"4($5"'*+?%1"9+!"")$!@! $W()!#W-#+/!$0(!@L34Ca34M)!@6!A6!<6/!D34O34)!D6!>6!_6/!
R=4!U3H3GC)!U6!<6!N6/!_4K3:M)!F6!>6!P6/!YLMH=4)!>6!76/! S=4MM34)!A6!<6/!ULR=3GC)!N6!_6/!
Y==Ja34M)! ;6! P6! F6)! F23GHLV:=MCJQ! _:=MCLH3GM! Y=M39! L4! @CGL4K! =49! 73::-Z3TJ439!
AI9GLK34-YL49J4K!b4C3G=QCJL4M6!!"#$%&%'(#)'(*+!""%$!./!$*%()!%.'#-%.',6!
*"6! Y8G=CCJ4J)! @6/! 1L:c82L84)! A6! <6/! UG334:=49)! Y6! 76/! A=I3M)! 76)! >! 4LR3:! M3:T-
23=:J4K!M8VG=HL:3Q8:=G!VL:IH3G!MIMC3H6!A"$"1"9+B5*#)**5%3*+!""'$!/.,)!"%*-"&W6!

!

!



! "#!

!"#$%&'()*(+&,$&'#%-'&(.&$&/0&/%(1%'&22(3&4#5#%67/(6/(#(870&4((
.6&429:40&'(;&%<7'=(

:>2%'#?%(

$%&!&''&()!*'!)&+,&-.)/-&!*0!)%&!(*+,1&2!3%&.-!+*4/1/3!5675899!*'!.!+*4&1!

-&:&-3;<1&!(*:.1&0)!0&)=*->! '*-+&4!<?! )%&!@;&13AB14&-!-&.();*0!=.3!3)/4;&4C! !$%&!

D&1! )&+,&-.)/-&!*'!EEFGH!.04!)%&! '/0();*0.1!D-*/,!(*0:&-3;*0!.)! )%;3! )&+,&-.)/-&!

=&-&!4&)&-+;0&4!<?! )%&!I;0)&-AH%.+<*0!(-;)&-;*0C! !$%&! (*+,1&2!+*4/1/3!*'! )%&!

(-*331;0>&4!0&)=*->!=.3!+&.3/-&4!'-*+!EEJGH!)*!E"EGHK!0&.-!)%&!D&1!)&+,&-.)/-&K!

)*!4&)&-+;0&!)%&! '-&L/&0(?!-.0D&3!*:&-!=%;(%!3)-&33!-&1.2.);*0!(*/14!*((/-C! ! !$%&!

(-*33*:&-! );+&! =.3! '*/04! )*! %.:&! .! 3)-*0D! 4&,&04&0(&! *0! )&+,&-.)/-&!

5M.N"OJ!>PQ+*19! A! D-&.)&-! )%.0! =*/14! <&! &2,&()&4! '-*+! .! )?,;(.1! )%&-+.11?!

.();:.)&4! -&)-*R@;&13RB14&-! ,-*(&33C! ! S*=! '-&L/&0(?! 3(.1;0D! *'! 67589! *:&-! )%&!

&2,&-;+&0).1!'-&L/&0(?!.04!)&+,&-.)/-&!-.0D&!=.3!;0)&-,-&)&4!)*!<&!.!-&3/1)!*'!)%&!

&2;3)&0(&!*'!.!4;3)-;</);*0!*'! )-.03;&0)!(1/3)&-3! ;0! )%&3&! )%&-+*-&:&-3;<1&!(*:.1&0)!

D&13C!

@/%'70-?%67/(

T&=!+.)&-;.13! <&%.:&! &;)%&-! .3! ;4&.1!U**>&.0! 3*1;43! *-!V&=)*0;.0! 1;L/;43C!!

W04&&4K!,*1?+&-;(!+.)&-;.13!*')&0!3%*=!4-.+.);(!);+&!.04!)&+,&-.)/-&!4&,&04&0)!

<&%.:;*-! 4/&! )*! )%&;-! +*1&(/1.-! 3)-/()/-&EC! ! B! 1;0&.-! ,*1?+&-! +.?! <&! .! -;D;4!

3&+;(-?3).11;0&! )%&-+*,1.3);(K! .! )%&-+*,1.3);(! &1.3)*+&-K! *-! .0! .+*-,%*/3! D1.33C!!

X&)K! /,*0! %&.);0D! .11! *'! )%&3&! +.)&-;.13! '*-+! ,*1?+&-! +&1)3! =%&-&! 1;L/;4R1;>&!

<&%.:;*-! ,-&4*+;0.)&3C! ! $%&! +&(%.0;3+3! -&3,*03;<1&! '*-! )%&3&! <&%.:;*-3! .11*=!



! "#!

$%&'()*+,-$./-!$)!012&'3)!4',/$0'&!%&,+.13"5!6&+2.137!,12!()+2.138!+&12.13!$)!$%&.'!

09.:0.$)0-! 0-&! .1! &;&'<2,<! +.4&! =&>3>! 4.9&'-5! '099&'-5! -$'0/$0',+! (,$&'.,+-5! ,12!

*,.1$-?>#! @)'&! '&/&1$+<5! 1)1A/);,+&1$! *)+<(&'! 1&$6)'B-! 4)'(&2! 9<! 6&,B!

.1$&'()+&/0+,'! .1$&',/$.)1-! C! +.B&! (./')*%,-&! -&*,',$.)1D5! *.A*.! -$,/B.13E5! ,12!

%<2')3&1!9)12.13D5!F!C!%,;&!9&&1!-%)61!$)!&G%.9.$!9&%,;.)'!,12!*')*&'$.&-!-.(.+,'!

$)! $%)-&! )4! $%&'()*+,-$./->! ! H%&-&! $<*&-! )4! I6&,BJ! 1&$6)'B-! )4$&1! 9&%,;&! ,-!

;.-/)&+,-$./! +.:0.2-5! ,-!2&4.1&2!9<!%,;.13! ,! 4.1.$&! -$&,2<! -%&,'! ;.-/)-.$<5! <&$!012&'!

/&'$,.1!/)12.$.)1-!$%&<!,+-)!&G%.9.$!-)+.2A+.B&!9&%,;.)'>K!!!

H%&!+.:0.2A+.B&!*')*&'$.&-!)4!6&,B!1&$6)'B-!,'&!20&!$)!$%&!$',1-.&1$!1,$0'&!

)4!$%&.'!.1$&'()+&/0+,'!.1$&',/$.)1-LM>!H%&'&4)'&5!/);,+&1$!*)+<(&'!1&$6)'B-!-%)0+2!

,+-)! 9&%,;&! ,-! +.:0.2-5! .4! $%&! /);,+&1$! /)11&/$.)1-! 9&$6&&1! /')--+.1B-! %,;&! $%&!

,9.+.$<! $)! '&;&'-.9+<! 9'&,B! ,12! '&,'',13&! )1! $%&! ,**')*'.,$&! $.(&-/,+&>! ! H%,$! .-5!

2&-*.$&! $%&! I-$'&13$%J! )4! $%&! /);,+&1$! 9)12! $<*&5! ,! 1&$6)'B! %&+2! $)3&$%&'! 9<!

'&;&'-.9+&! 9)12-! -%)0+2! %,;&! $%&! *')*&'$.&-! )4! ,! I6&,BJ! 1&$6)'B5! .>&>! *+,-$./.$<5!

6%&1!&G,(.1&2!012&'!,**')*'.,$&!/)12.$.)1->!!!

N%&1!$%&!'&;&'-.9.+.$<!)4!$%&-&!9)12-!.-!$'.33&',9+&!;.,!,1!&G$&'1,+!-$.(0+0-5!

$%&-&! 1&$6)'B-! /,1! 9&! /+,--.4.&2! ,-! /);,+&1$! ,2,*$,9+&! 1&$6)'B-! =OPQ-?>LL! ! OPQ-!

3&1&',++<! %,;&! $%&! ,9.+.$<! $)R! '&+.&;&! -$'&--5! .1/+02.13! *)+<(&'.S,$.)1A-%'.1B,3&A

.120/&2! -$'&--L"T! .1/)'*)',$&! 1&6! /%&(./,+! 401/$.)1,+.$<! *)-$A/0'&L7T! /%&(./,++<!

9'.23&! .1$&'4,/&-5! .1/+02.13! 4',/$0'&-L8T!012&'3)!'&/</+.13L#T! /)1$')+! $%&!2.440-.;.$<!

)4!*,'$./+&-!;.,!,2U0-$,9+&!(&-%!-.S&LDT!,12!,/$0,$&!(&/%,1./,+!()$.)1LE>!!V&/,0-&!,++!

$%&-&! OPQ-! ,12! ,**+./,$.)1-! '&+<! )1! ,! /)(()1! (&/%,1.-(! =.>&>! $%&! '&;&'-.9+&!



! "#!

$%&$$&'(!)(*!+,%'-.&()/&'(!'0!)11!%+'$$1&(2&(3!.'(*$!&(!/4,!(,/5'+267!/4,+,!$4'81*!

.,! %'--'()1&/&,$! &(! /4,! 9&$%',1)$/&%! :+':,+/&,$! '0! /4,!-)/,+&)1$! &(! /4,&+! )%/&9)/,*!

$/)/,;! !<8+/4,+-'+,6! /4,+,!$4'81*!.,! 08(*)-,(/)1!$/+8%/8+,=:+':,+/>!+,1)/&'($4&:$!

/4)/!3'9,+(!/4,!-,%4)(&%)1!)(*!+,1)?)/&'(!.,4)9&'+!'0!@AB$;! !C,9,+)1!$/8*&,$!4)9,!

.,,(!:8.1&$4,*!54&%4!:+,$,(/!,00,%/&9,!$/+8%/8+,=:+':,+/>!+,1)/&'($4&:$!0'+!$:,%&0&%!

@AB$!&(!:)+/&%81)+!$/8*&,$!'+!0'+!:)+/&%81)+!)::1&%)/&'($D!4'5,9,+6!/'!'8+!2('51,*3,!

('!$8%%,$$081!)//,-:/!4)$!.,,(!-)*,!/'!0&(*!+,1)/&'($4&:$!.,/5,,(!/4,!-'*,1$!'+!/'!

)++&9,!)/!)!-'+,!8(&9,+$)1!-'*,1;!

E(!<&38+,!F;G6!/4,!&-:'+/)(/!+,3&-,$!'0!/4,!$'1&*!-'*818$!.,4)9&'+!'0!)!H&,1$=

A1*,+! %'9)1,(/! )*):/).1,! (,/5'+2! )+,! :+,$,(/,*;! ! A/! )-.&,(/! /,-:,+)/8+,6! /4,!

-)/,+&)1!&$!)!31)$$!5&/4!)!4&34!-'*818$;!!A$!/,-:,+)/8+,!&(%+,)$,$6!/4,!-)/,+&)1!3',$!

/4+'834!/4,!31)$$!/+)($&/&'(!)(*!+,)%4,$!&/I$!,J8&9)1,(/!'0!/4,!+8..,+>!$/)/,6!5&/4!)!

$/'+)3,!-'*818$!*'-&()/,*!.>! /4,!.,4)9&'+!'0! )! /+)($&,(/!(,/5'+2;! !K4,! 0'+5)+*!

)(*! +,9,+$,!H&,1$=A1*,+! +,)%/&'($! )+,! ).1,! /'!:+'%,,*! /'! ,J8&1&.+&8-6!54&%4! $4&0/$!

,9,+!08+/4,+!/'5)+*$!/4,!+,)%/)(/$!5&/4!&(%+,)$&(3!/,-:,+)/8+,!5&/4!)!%'(%'-&/)(/!

*,%+,)$,!&(!/4,!%+'$$1&(2!*,($&/>;!!L9,(/8)11>6!/4,!%'(9,+$&'(!'0!+,)%/&9,!3+'8:$!)(*!

/4,!)$$'%&)/,*!%+'$$1&(2!*,($&/>! &(! /4,!(,/5'+2!.,%'-,! 1,$$! /4)(! /4,! %+&/&%)1! 1,9,1!

(,%,$$)+>!/'!$8$/)&(!)!3,16! &;,;6!/4,!3,1!:'&(/!%'(9,+$&'(!54&%4!%'++,1)/,$!/'!54)/!&$!

4,+,! +,0,++,*! /'! )$! /4,! M3,1! /,-:,+)/8+,;N! ! A.'9,! /4&$! /,-:,+)/8+,6! OI! 0)11$! '00!

*+)-)/&%)11>! )$! /4,! -)/,+&)1! .,%'-,$! ,9,+-'+,! 1&J8&*=1&2,;! ! B,)+! /4,! 3,1!

/,-:,+)/8+,6! /4,! 9&$%'$&/>! &$! )! $/+'(3! 08(%/&'(! '0! /,-:,+)/8+,! +):&*1>! .,%'-&(3!

/>:&%)1!B,5/'(&)(!.,4)9&'+!)/!/,-:,+)/8+,$!$800&%&,(/1>!).'9,!/4,!3,1!/,-:,+)/8+,;!



! "#!

!

!"#$%&'()*+! ! $%&'(!)%(*&*+!,+!,! -*./0'%.!%-! 01)213,0*31! -%3!,!)%(1&!4'1&+5
6&(13!2%&7)13!.108%39:!(1)%.+03,0'.;!0<1!0<311!),=%3!),013',&!+0,01+!'.!03,.+'1.0!
.108%39+>!;&,++:!03,.+'1.0!3*??13:!,.(!&'@*'(A! !B<'+!+0*(7!-%/*+1+!%.!0<1!'))1(',01!
2%+05;1&,0'%.! 31;'%.! '.('/,01(! ?7! 0<1! 2,3,&&1&%;3,)A! ! 4,0,! ,31! '&&*+03,0'C1! %-! ,!
)'D0*31! %-! 0<1! -*3,.! ,.(! ),&1')'(1! )%.%)13+! *+1(! <131! E$FG! ,.(! 4HIJ! ,0! ,!
+0%'/<'%)103'/! 3,0'%! %-! KL>MNA! ! G%3! BOPLQR:! ST! 8,+! )1,+*31(! ?7! ,! 01.+'&1! 01+0:!
8<131,+!-%3!BUPLQR:!ST!8,+!)1,+*31(!C',!+<1,3A!!

V.! 0<'+! 8%39:! 81! +7.0<1+'W1(! ,! 81&&5(1-'.1(! /%C,&1.0! ,(,20,?&1! .108%39!

/%)23'+1(!%-!0<13)%31C13+'?&1!4'1&+56&(13!&'.9,;1+!0%!23%?1!0<1!03,.+'1.0!.,0*31!%-!

0<'+! /%C,&1.0! .108%39! .1,3! 0<1! ;1&! 2%'.0! ,.(! 8'0<'.! 0<1! 2%+05;1&,0'%.! 31;')1:!

<';<&';<01(!8'0<! ,!2,3,&&1&%;3,)!G';*31!XAKA! ! B<'+!?1<,C'%3! '+! '.! /%.03,+0! 0%!%0<13!

+0*('1+! '.! 8<'/<! 0<13)%31C13+'?&1! )%'10'1+! ,31! ;3,-01(! 0%! <';<5)%&1/*&,3! 81';<0!

23152%&7)13+:KY! %3! ,31! 2%&7)13'W1(! 0%;10<13! '.! ,.! *./%.03%&&1(! 3,('/,&! /<,'.5

;3%80<! 2%&7)13'W,0'%.:KP! 0<*+! %?-*+/,0'.;! 0<1! 31&,0'%.+<'2+! ?10811.!

),/3%)%&1/*&,3! +03*/0*31! ,.(!),013',&! 23%2130'1+A! !Z1!*+1(!(7.,)'/!)1/<,.'/,&!

,.,&7+'+!0%!(1)%.+03,01!0<1!231+1./1!%-!,!/%C,&1.0!.108%39!C',!0<1!/%)2&1D!+<1,3!

!""#

!"""#

!""""#

!"""""#

!""""""#

!"""""""#

!"# $"# %"# &"# '"# !!"# !$"#

!
"#
$%
&
'#

()*+),&-.,)#$/0'##

()*+#()#

,# ,#

,#

-.+*/0/1*#

234.5#

67#711389#

:/);#(#<=>#(#



! "#!

$%&'(')*! +,-./*! 01&! 2%! &3$%1)24023! 2502! 253! 26$3)70(3! %834! 95675! 253! 1329%4:!

;35083)!0)!0!)%(6&!6)!0&<')20;(3!01&!0!)24%1=!>'1726%1!%>!253!23$?3402'43@!

!

!"#$%&'()*+!!A%1%$34)!BCD!01&!EFGA!')3&!>%4!253!3H?346$312)!61!256)!9%4:@!!
BCD! 6)! 0!$6H2'43! %>! IJK! 246>'1726%10(! 01&! #IK! 23240>'1726%10(! '162)! (30&61=! 2%! 0!
>'1726%10(62LM936=523&!08340=3!>'1726%10(62L!%>!N@#@!

!

O

O

S

O

R

R=  H or

O

R

O

R

O

R

N N

O

O

O

O

R1
N

O

O

O

R2

R1N

O

O

O

R2

SRF

DPBM

+

+heat -heat

O

O

S

O

R

R=  H or

O

R

O

R

O

R

N N

O

O

O

O

R1
N

O

O

O

R2

R1N

O

O

O

R2

SRF

DPBM

+

+heat -heat



! "#!

!"#$%&'()(*! !$%&!'%&()*(&+&(,-./&!0-&/,12/3&(!(&45'-*6!.&'7&&6!89(46!:/&8';!
463! )4/&-)-3&! :(-<%';! )*-&'-&,=! ! $%&,&! )*-&'-&,! '&63! '*! 8*()! 43395',! 4'! /*7!
'&)>&(4'9(&?!7%&(&! '%&!43395',! 4(&! ,9.,&@9&6'/A! '%&()*(&+&(,-./&!7-'%! 5*6,'46'!
8*()4'-*6! 463! 5/&4+4<&! *8! '%&! 43395'! ,'(95'9(&! 3-5'4'&3! .A! '%&! '&)>&(4'9(&!
3&>&63&6'!B-6&'-5,!463!&@9-/-.(-9)!(&45'-*6!&C'&6'=!

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

$*!3&)*6,'(4'&!'%&!3-5%*'*)A!-6!'%&!64'9(&!*8!'(46,-&6'!5*+4/&6'!6&'7*(B,?!

7&! ,A6'%&,-D&3! 4! '%&()4//A! (&,>*6,-+&! 0-&/,E2/3&(! 6&'7*(B! 463! &+4/94'&3! -',!

)&5%46-54/! 463! (&45'-*6! .&%4+-*(! 8*(! 4! 69).&(! *8! '&)>&(4'9(&,! 4'! 7%-5%! '%&!

)4'&(-4/!-,!4.*+&?!6&4(?!*(!.&/*7!-',!<&/!>*-6'!5*6+&(,-*6=!!$%&!0-&/,E2/3&(!6&'7*(B!

74,! 8*()&3! 8(*)! 4! .-8965'-*64/!)4/&-)-3&!)*6*)&(! 463! 4!)9/'-8965'-*64/! 89(46!

5(*,,/-6B&(! 7-'%! 46! &88&5'-+&! 8965'-*64/-'A! *8! F=G! 89(46,! >&(! )*6*)&(!

:,&&!H-<9(&,!F="!463!F=F;=! $%&! <&/! '&)>&(4'9(&! 74,! /*7&(&3! '*! 46! 4>>(*>(-4'&!

&C>&(-)&6'4/! (46<&! 8*(!464/A,-,!.A!9'-/-D-6<!46!*881,'*-5%-*)&'(-5!)-C'9(&!*8! 89(46!

463! )4/&-)-3&! 8*()&3! -6! 4! (4'-*! *8! I! )4/&-)-3&,! '*! JK! 89(46,! :(LK=I;=! :$%&!

&C>&(-)&6'4/!$<&/!8*(!(LJ=K!74,!4.*+&!'%&!9>>&(!/-)-'!*8!'%&!*>&(4'-6<!'&)>&(4'9(&!

(46<&! 8*(! '%&! (%&*)&'&(?! JIKMN?! ,*! '%4'! '%&! <&/! '&)>&(4'9(&! 5*9/3! 6*'! .&!

&C>&(-)&6'4//A! +&(-8-&3! 8*(! '%&! ,'*-5%-*)&'(-5!)-C'9(&=;! 2,!7&//! 4,! >&()-''-6<! '%&!

>(&,&6'! ,'93A! '*! .&! >&(8*()&3?! /*7&(-6<! *8! '%&! <&/! '&)>&(4'9(&! .A! 4/'&(-6<! '%&!

,'*-5%-*)&'(-5!(4'-*!*8!'%&!(&45'46',!4/,*!3&)*6,'(4'&,!'%&!(&/4'-+&!&4,&!7-'%!7%-5%!

'%-,!5(-'-54/!>*-6'!546!.&!4/'&(&3!-6!<&/,!*8!'%-,!64'9(&=!H*(!'%&!.-8965'-*64/!89(46!463!

F=G!8965'-*64/!)4/&-)-3&!7-'%!(LK=I?!'%&!H/*(AEO'*5B)4A&(!:H1O;!&@94'-*6?!C<&/!L!P(:84!

Q! J;:8.! Q! J;RQJS"! >(&3-5',! 4! <&/! >*-6'! 5*6+&(,-*6! *8! TI=UV! )4/&-)-3&! )*-&'-&,!

(&45'&3=!!W94/-'4'-+&/A?!'%&!>(&>4(&3!(&,-6!4'!-',!&@9-/-.(-9)!(&45'&3!,'4'&!-,!</4,,A!4'!

(**)! '&)>&(4'9(&?! '45BA! 4'! 4.*9'! GKMN?! 463! 8/*7,! (&43-/A! 4'! JFKMN?! 39&! '*! '%&!



! "#!

$%&'(')*'&+!*$,$*-'./!.0! 12$!3'$(-45(6$*! 766&81! 1.!+7($'+'6$!7/6! 0&*7/!9*.&:-! 71!

2'92!1$+:$*71&*$-;!!!

<.&*'$*! 1*7/-0.*+! '/0*7*$6! =<>?@A! -:$81*.-8.:B!C7-!&-$6! 1.!6$1$*+'/$! 12$!

$%&'(')*'&+!8./,$*-'./!.0!12$!+7($'+'6$!7-!7!0&/81'./!.0!1$+:$*71&*$!)B!+./'1.*'/9!

12$!7)-.*:1'./!:$7D!.0! 7/!7-B++$1*'8!+7($'+'6$! *'/946$0.*+71'./!+.6$E#! 71!FG#!

8+4H;!!>2$!$%&'(')*'&+!8./-17/1!71!$782!1$+:$*71&*$!C7-!87(8&(71$6!&-'/9!I%&71'./!

";HJ!C2$*$!K!'-!12$!8./,$*-'./!.0!12$!('+'1'/9!*$79$/1!=+7($'+'6$AJ!LMN#!'-!12$!'/'1'7(!

8./8$/1*71'./! .0! 12$! ('+'1'/9! *$79$/1J! 7/6! *! *$:*$-$/1-! 12$! -1.'82'.+$1*'8! *71'.! .0!

12$!('+'1'/9!*$79$/1!1.!12$!$K8$--!*$79$/1;!

!

=";HA!

O$87&-$! LMN#! '-!&/D/.C/!7/6!7--&+$6!/.1! 1.!)$!7! 0&/81'./!.0! 1$+:$*71&*$J!

C$! 9*.&:$6! 12$! 8./8$/1*71'./! 7/6! $%&'(')*'&+! 8./-17/1! 1.9$12$*! 1.! 0.*+! 7! ,7/P1!

Q.00!$%&71'./!=I%&71'./!";EA!

=";EA!

! 

Keq =
x

[L]0(1" x)(r
"1 " x)

! 

ln(Keq[L]0) = "
#H
RT

+
#S
R



! "#!

!

!"#$%&'()*+!$%&'(!)*++!,-*(!+*.!(/0!120-345-60.!.0%7(2*&!+.*8!##9:;!(*!#<9:;=!!
>*&*80.3!?@A!%&6!1BC>!D0.0!82E06!2&!%!#9F<!+G.%&F8%-028260!.%(2*!H.I9=<J!%&6!
7*&K0.32*&!D%3!8*&2(*.06!L%306!*&! (/0!8%-028260!,0%M!%(!<N9!78O#=! !P/0!/0%(!*+!
.0%7(2*&!+*.!(/23!.0%7(2*&!D%3!+*G&6!(*!L0!Q)IOR"ST!MUV8*-=!!

5! K%&'(! )*++! ,-*(! HA2WG.0! "=XJ! *+! (/0! -*W%.2(/8! *+! (/0! 0YG2-2L.2G8! 7*&3(%&(!

(2803!(/0!2&2(2%-!7*&70&(.%(2*&!%3!%!+G&7(2*&!*+!(/0!2&K0.30!(08,0.%(G.0!0&%L-03!(/0!

8*-%.! /0%(! *+! .0%7(2*&Z! Q)Z! (*! L0! 60(0.82&06! +.*8! (/0! 0YG2-2L.2G8! 7*&K0.32*&!

80%3G.080&(3!*K0.!%!.%&W0!*+!(08,0.%(G.03=!!5(!OR"ST!MUV8*-Z!(/23!/0%(!*+!.0%7(2*&!

23!3*80D/%(!W.0%(0.!(/%&!,.0K2*G3-[!.0,*.(06=#9!\0!%((.2LG(0!(/23!(*!(/0!62++0.0&70!

2&!(08,0.%(G.0!.%&W0!3(G6206!%3!D0--!%3!7/0827%-!62++0.0&703!2&!(/0!8%(0.2%-3!G306=!!

577*.62&W! (*! (/0!0YG2-2L.2G8!7*&K0.32*&!80%3G.080&(3!%&6! (/0!A-*.[O?(*7M8%[0.!

0YG%(2*&Z!(/0!W0-!,*2&(!7*&K0.32*&!*+!R<=X]!3/*G-6!*77G.!%(!#^_ST:;=!

P*!60(0.82&0! (/0!0E,0.280&(%-!W0-! (08,0.%(G.0Z! (/0! +.0YG0&7[!60,0&60&70!

*+!(/0!7*8,-0E!3/0%.!8*6G-G3!`aHbJ!D%3!.07*.606!%(!30K0.%-!(08,0.%(G.03!&0%.!(/0!

W0-!,*2&(Z!%&6!(/0!3(*.%W0!%&6!-*33!7*8,*&0&(3Z!`'!%&6!`''!%.0!,-*((06!2&!A2WG.0!"=_=!!!

O^!

O#!

9!

#!

^!

"!

X!

9=99^^! 9=99^X! 9=99^<! 9=99^T!

,-
./
0
1
)'2
3-
45
)6
'

789'.78:&,;"-6'



! "#!

$%&'(! )#*+,-! .//! 01! 23(45(3! 5647! ./! 8&3! 56(! (7503(! 83(9:(7;<! 3472(-! =60;6! 01! 4!

;6434;5(30150;! &8! >09:0?@>0A(!B45(304>1C! ! $5! 5(BD(345:3(1!%(>&=!))E+,-!./! 01! 23(45(3!

5647!.//!8&3!6026!16(43!83(9:(7;0(1-!%:5!41!56(!83(9:(7;<!?(;3(41(1-!56(!B&?:>0!;3&11!

&'(3! &7(! 47&56(3! 47?! 56(! >09:0?! B&?:>:1! 01! 23(45(3! 5647! 56(! 1&>0?! B&?:>:1!

56(3(485(3C!

!

!"#$%&' ()*+! F6(! >&11! 47?! 15&342(! B&?:>0! 8&3! 4! G0(>1@$>?(3! ;3&11>07A(?!
7(5=&3A!45! 5(BD(345:3(1!7(43!56(!2(>!D&075!&8!))H+,C! !I4BD>(1!43(!;&BD301(?!&8!4!
)*JK!3450&!&8!8:347JB4>(0B0?(!83&B!56(!ILM!47?!GNOP!B&7&B(31-!3(1D(;50'(><C!!!!

$;;&3?072!5&!56(!Q075(3R,64B%&7!SQR,T!;305(30&7-!%&56!;&BD&7(751!&8!56(!

B&?:>:1! &8! 4!B45(304>! 45! 051! 2(>! D&075! 1;4>(!=056! 83(9:(7;<! 4;;&3?072! 5&! 56(! 14B(!

D&=(3!>4=C!!F601!3(>450&7160D!;47!4>1&!%(!3(D3(1(75(?!41!83(9:(7;<!07?(D(7?(7;(!&8!

56(!>&11!5472(75-!547SUT-!45!56(!2(>!D&075!;&7'(310&7!&3!5(BD(345:3(!8&3!56(1(!G0(>1@

$>?(3!7(5=&3A1C!

!"
!#

!"
!!

!"
"

!"
!

!"
#

!"
!

!"
#

!"
$

!"
%

!"
&

!"
'

()*+,-./012-./3.24+2)56/7.-890:

;
<
8
+
,+
0
/7
=
-
:

/

/

!"
!#

!"
!!

!"
"

!"
!

!"
#

!"
!

!"
#

!"
$

!"
%

!"
&

!"
'

()*+,-./012-./3.24+2)56/7.-890:

;
<
8
+
,+
0
/7
=
-
:

/

/

>?//!!"@A

>??/!!"@A

>?//!!&@A

>??/!!&@A

>?//!!B@A

>??/!!B@A

>?//!!C@A

>??/!!C@A

>?//!#!@A

>??/!#!@A



! ""!

#$!%&'!())*!'%+,*!$%&$-!.+/!0%1'23&4!*)$,+/5'-!$%)!678!3/2$)/2+*!'$244!&0042)'9!!

.+/!$2:)'3&4)'!:;3%!'%+/$)/!$%&*!$%)!&<)/&=)!34;'$)/!42.)$2:)-!!

>"?"@!

,%)/)! A(! 2'! $%)! (+*B! 42.)$2:)?! ! #*! $%)! 3&')! +.! $%)! C2)4'DE4B)/! *)$,+/5'! )<&4;&$)B!

%)/)-! $%2'! <&4;)! 2'! 0/)32')41! $%)! /)320/+3&4! +.! $%)! /)$/+DC2)4'DE4B)/! /)&3$2+*! /&$)!

3+*'$&*$?! !F&<=-)G:! 2'! $%)! 2*'$&*$&*)+;'!*;:()/!+.!&BB;3$'! 2*!&*!&<)/&=)!34;'$)/!+.!

3+**)3$)B!:+*+:)/'! 2*! $%)! '+4! ./&3$2+*! &$! )G;242(/2;:?! ! #*! 0/&3$23)-! $%2'! &*&41'2'!

2:042)'! $%&$! &$! $%)! =)4! 0+2*$! +.! &! :&$)/2&4-! $%)! 4+''! $&*=)*$! ()3+:)'! ./)G;)*31D

2*B)0)*B)*$!+*41!+<)/!&!/&*=)!+.! ./)G;)*32)'!()$,))*!&!%2=%! ./)G;)*31!$%/)'%+4B!

&''+32&$)B!,2$%!$%)!:+(242$1!+.!2*B2<2B;&4!')=:)*$'-!&*B!&!4+,!./)G;)*31!$%/)'%+4B!

&''+32&$)B!,2$%!$%)!52*)$23'!+.!$%)!(+*B!34)&<&=)?!!H2=;/)!"?9!244;'$/&$)'!$%2'!0%1'23&4!

*)$,+/5D425)!42G;2BD'+42B!$/&*'2$2+*!+33;//2*=!2*!$%)!C2)4'7E4B)/!*)$,+/5!&$!IJJKL8-!

,%)*! $%)! )G;242(/2;:! 0+41:)/! *)$,+/5! 2'! )'')*$2&441! &$! 2$'! $/;)! =)4! 0+2*$!

3+*<)/'2+*?! !E4$%+;=%!$%2'!$):0)/&$;/)!2'!'42=%$41!B2..)/)*$!$%&*!$%)!HDM!0/)B23$2+*-!

JJKL8! >NJO! 3+*<)/'2+*@! 2'!,2$%2*! $%)! KPO! 3+*.2B)*3)! 0/)B23$2+*! 2*$)/<&4! .+/! $%)!

$):0)/&$;/)! 2*B23&$)B! (1! $%)! <&*Q$! R+..! 04+$! .2$! &$! $%)! HDM! =)4! 0+2*$! 3+*<)/'2+*!

>JSPTNL8?@! ! #$! %&'! ())*! '%+,*SJ! $%&$! $%)/:&4! %2'$+/1! 3&*! ()3+:)! &*! 2:0+/$&*$!

.&3$+/! 2*! $%)! .2*&4!:&$)/2&4!0/+0)/$2)'!+.! &!C2)4'DE4B)/!*)$,+/5!,%)/)! 2//)<)/'2(4)!

'2B)! /)&3$2+*'! &/)! 0/)')*$?! ! U%2'! 3%&/&3$)/2'$23! :&1! &33+;*$! .+/! '+:)! +.! $%)!

B)<2&$2+*!+(')/<)B!()$,))*!$%)!6D8!&*B!HDM!=)4&$2+*!3/2$)/2&?!

! 

"pg =
"b

Navg,eqm



! "#!

!

!

!"#$%&'()*+!!$%&!'())!*+,-&,*.!*+,/01.!(2!*%&!34&')56'7&8!,&*9(8:!+)!+!2;,<*4(,!
(2! 28&=;&,<>! +*! *&?@&8+*;8&)! ,&+8! *%&! -&'! @(4,*! 2(8! 34&')56'7&8! ,&*9(8:)! 2(8?&7!
28(?!ABC!+,7!3DEF!4,!+!GHIJ!8+*4(!(2!2;8+,!*(!?+'&4?47&!2;,<*4(,+'!-8(;@)K!!

$%&!<8())(L&8!28&=;&,<>!2(8!*%&!?+*&84+'!9+)!2(;,7!*(!7&<8&+)&!);M)*+,*4+''>!

94*%! 7&<8&+)4,-! *&?@&8+*;8&.! 9%4<%! 4)! <(,)4)*&,*! 94*%! *%&! @4<*;8&! (2! &'+)*4<+''>!

&22&<*4L&! <%+4,)! 4,! *%&! ,&*9(8:! M8&+:4,-! 7;&! *(! *%&! 8&*8(534&')N6'7&8! 8&+<*4(,.! +)!

9&''! +)! 7&<8&+)&7! <8())'4,:! 7&,)4*>! 7;&! *(! *%&! *&?@&8+*;8&! 7&@&,7&,<&! (2! *%&!

&=;4'4M84;?!<(,L&8)4(,!(2!*%&!34&')N6'7&8!8&+<*4(,K!!O(9&L&8.!*%&!<8())(L&8!*4?&!4)!

,(*! 748&<*'>! 8&'+*&7! *(! *%&! 8&*8(534&')N6'7&8! <%+8+<*&84)*4<! *4?&.! M&<+;)&! *%&!

*&?@&8+*;8&! 7&@&,7&,<&! (2! *%&! <8())(L&8! *4?&! 4,74<+*&)! +,! 688%&,4;)! +<*4L+*4(,!

!"
!#

!"
!!

!"
"

!"
!

!"
#

!"
!!

!"
"

!"
!

!"
#

$%&'()*+,-.)*+/*.0'.%12+3*)45,6

7)
%
34
6

+

+

!!"89

!!:89

!!;89

!!<89

!#!89



! "#!

$%$&'(! )*! %$+&,(! -./! 0123),4! 56$&$+7! 86$! &9:! +;8<=+8<)%! $%$&'(! 6+7! >$$%!

3$+7?&$@A/!+8!BB!0123),C!

!

!"#$%&'()*+!DE!;&)77)=$&!8<3$!=$&7?7!8$3F$&+8?&$4!F,)88$@!G,$*8H!,<%$+&,(!+%@!
G&<'68H!+7!+%!:&&6$%<?7!F,)8C!

I%! 86$! ,)5! *&$J?$%;(! ,<3<8! )*! +%(! =<7;)$,+78<;! ,<J?<@4! 8+%GKH!3?78--! 7;+,$! +7!

DLL2DLMNA2N-ONPAQ!6)5$=$&4! 86$! 8+%GKH! *)&! 86$!9<$,7R:,@$&!3+8$&<+,!+8! G$C'CH!AA#ST!

7;+,$7! 8)! 86$!F)5$&!)*! P/CB! >$,)5! 86$! ;&)77)=$&! *&$J?$%;(C! !U$! 8+0$! 86<7! =+,?$! 8)!

3$+%! 86+8! 86$! ;,?78$&7! )*! ;)%%$;8$@! 3)%)3$&7! 86+8! $V<78! 86&)?'6)?8! 86$!

$VF$&<3$%8+,! 3$+7?&$3$%8! +8! 86$7$! ,)5! *&$J?$%;<$7! F&)=<@$! +! *&$J?$%;(P

@$F$%@$%8! @<78&<>?8<)%! )*! ;,?78$&! &$,+V+8<)%7! 5$,,! <%8)! 86$! F&+;8<;+,! &+%'$! )*!

8<3$7;+,$7!86+8!3<'68!>$!$%;)?%8$&$@!<%!+!&$+,!+FF,<;+8<)%!)*!86$7$!3+8$&<+,7C!!!

:@@<8<)%+,,(4! 86<7! ,)77! 8+%'$%8!7;+,<%'!+8! ,)5! *&$J?$%;(!+FF$+&7! 8)!;)%8<%?$!

?F5+&@7!5$,,!+>)=$!86$!;&)77)=$&!*&$J?$%;(!<%8)!86$!7),<@!&$'<3$4!7?''$78<%'!86+8!

86$!3$;6+%<73!)*!86$!&$+&&+%'$3$%8!)*!86$!'$,!)=$&!8<3$!<7!<%8<3+8$,(!;)%%$;8$@!8)!

!!" !!# !!$ !!% !!&
"

!

#

'

$

(

%

)*+,*-./0-*12345

4
-6
7
7
6
8
*
-1
/9
+
*
12
7
5

#:(% #:(& #:% #:%#

;1!"
!'

!!:(

!!

!":(

"

!<)*+,*-./0-*
2!<=*>89?5111

>?
2!
<4
-6
7
7
6
8
*
-1
/9
+
*
51
2>
?
2!
<7
55



! "#!

$%&! '()&$(*&! +)! $%&! ,+'-'(.&! /'0,$&1,! $%2$! /+3$(30&! $+! &4(,$! 5&6+37! $%&! /1+,,+8&1!

)1&90&3/6:!2,!*26!5&!&4;&/$&7!)1+*!23!037&1,$237(3<!+)!$%&!32$01&!+)!$%&!/%&*(/2'!

5+37,!(3!$%&!3&$=+1.>!!?3$&1&,$(3<'6:!$23@AB!,&&*,!$+!1&2/%!2!*(3(*0*!237!'&8&'!+0$!

2$! 2! $&*;&12$01&! 7&;&37&3$! )1&90&3/6>! ! C,$(*2$(3<! $%&! /%212/$&1(,$(/! $(*&! +)! $%(,!

$123,($(+3! 2,! $%&! (3$&1,&/$(+3! +)! $=+! '&2,$-,9021&,! ;+=&1! '2=! )($,:! 23! 2/$(82$(+3!

&3&1<6!)+1!$%&!$23@AB!$123,($(+3!+)!DE!.FG*+'!/23!5&!/2'/0'2$&7>!H01$%&1!,$076!,%+0'7!

1&8&2'! =%&$%&1! $%(,! 1&'2$(+3,%(;! /+11&,;+37,! 7(1&/$'6! $+! $%&! 1&$1+-I(&',-J'7&1!

.(3&$(/,!(3!2!1+50,$!*233&1>!

!

!"#$%&' ()*+! K+,,! $23<&3$! $123,($(+3! $(*&! 8&1,0,! $&*;&12$01&:! ;'+$$&7! @'&)$B!
'(3&21'6! 237! @1(<%$B! 2,! 23!J11%&3(0,! ;'+$>! ! L%&! $123,($(+3! $(*&! (,! &,$(*2$&7!56! $%&!

(3$&1,&/$(+3!+)!$%&!'&2,$-,9021&,!;+=&1!'2=!)($,!+)!$%&!'+<-'(3&21!1&<(+3,!+)!$%&!$23@AB!

,;&/$10*>!

L%&! /1+,,+8&1! $(*&! 237! '+,,! $23<&3$!*(3(*0*! /+11&,;+37! 902'($2$(8&'6! $+!

)&2$01&,! 2$! $%&! '+3<&,$! 1&'242$(+3! $(*&! M*24! 237! $%&! NOO! *(3(*0*! $(*&! MP:!!

1&,;&/$(8&'6:! (3! $%&! =+1.! +)! Q&*&3+8! 237! R05(3,$&(3! @Q-RBSP"! %+=&8&1:! +$%&1!

)&2$01&,! +)! NT@UB! %28&! ,(<3()(/23$! 902'($2$(8&! 7())&1&3/&,! )1+*! $%&(1! ;1&7(/$(+3,>!!

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

"'(#

"'($

"'(%

"'(&

"'$

"'$#

)*+,*-./0-*12345

/.
6
27
51
/8
+
*
12
9
5

#':% #':& #'% #'%#

;1!"
!(

"'&:

"'<

"'<:

!

!'":

!'!

!'!:

!'#

!=)*+,*-./0-*
2!=>*?@865111

?6
2!
=/
.
6
27
51
/8
+
*
51
2?
6
2!
=9
55



! "#!

$%&'()*! +,'! -./01! +,'23)! 43'567+8! +%9-:1! ;3'<='97)! 87%(69>! 42?'38! %+! ,6>,'3! %95!

(2?'3! ;3'<='976'8! +,%9! +,'! ;3'<='97)! 2;! +,'! +%9-:1! +3%986+629! +2! @'! A! %95! /A*!

3'84'7+6B'()*! @=+! 2=3! 5%+%! ;6+! 87%(69>! (%?8! 2;! %4432C6&%+'()! DEFG! %95! /DEH*!

3'84'7+6B'()E! ! I=3+,'3&23'*! JK! 9'B'3! ;=(()! %7,6'B'8! %! 4(%+'%=! &25=(=8*! 698+'%5!

+3'9569>! =4?%358! ?6+,! 86>96;67%9+! 8(24'! 2B'3! +,'! '9+63'! 'C4'36&'9+%(! ;3'<='97)!

3%9>'E!!L+,'3!43'567+6298!2;!+,'!./0!+,'23)!-697(=569>!?,'+,'3!+,'!732882B'3!+6&'!68!

695''5! +,'! (29>'8+! 3'(%C%+629! +6&'!2;! +,'! 8)8+'&*!23!?,'+,'3! +,'! +%9-:1! +3%986+629!

;3'<='97)! 68! 695''5! +,'! >'2&'+367!&'%9! 2;! +,'! 732882B'3! ;3'<='97)! %95! %! ,6>,'3!

;3'<='97)! 3'(%C%+629! 3'(%+'5! +2! 8&%((! 82(! 7(=8+'381! %3'! 92+! 42886@('! +2! 'B%(=%+'!

?6+,69!+,'!7=33'9+!'C4'36&'9+%(!?6952?*!?,67,!68!(6&6+'5!5='!+2!+,'!=98=6+%@6(6+)!2;!

+6&'/+'&4'3%+=3'!8=4'34286+629!;23!+3%986'9+!9'+?23M8!9'%3!+,'!>'(!4269+E!!!

L9'!43'567+629!+,%+!4325=7'8!<=%9+6+%+6B'!%>3''&'9+!@'+?''9!+,68!?23M!%95!

+,'!./0!+,'23)!68!+,'!3'(%+6298,64

! 

"max #" bond $
E!N,68!'<=%+629!'88'9+6%(()!8+%+'8!+,%+!

+,'! 732882B'3! +6&'! ;23! %! 86>96;67%9+()! 428+/>'(! +3%986'9+! 9'+?23M! 8,2=(5! @'!

432423+629%(!+2!+,'!4325=7+!2;!+,'!7,%3%7+'368+67!+6&'!2;!+,'!+3%986'9+!@295!%95!+,'!

568+%97'! -69! +'3&8! 2;! 729B'386291! ;32&! +,'! >'(! 4269+*! OP4/4>'(E! ! Q8! ?6+,! &%9)!

4324'3+6'8! %88276%+'5! ?6+,! +,'! 568+%97'! ;32&! +,'! >'(! 4269+*! +,'! 3'(%+6298,64! 68!

6973'56@()! 8'986+6B'! +2! +,'! B%(='! 2;! 4>'(E! ! R)! 3'%33%9>69>! +,'! 3'(%+6298,64! %95!

%88=&69>! +,'! %7+6B%+629! '9'3>)! 2;! +,'! 3'+32/SQ! @295! M69'+678! +2! @'! +,'! 8%&'! %8!

43'B62=8()! 3'423+'5AD*!HH!MTU&2(*!?'!7%9!82(B'! ;23! +,'!>'(!4269+! 729B'38629!?,67,!

8%+68;6'8!+,'!432423+629%(6+)V!



! "#!

!

$"%&'!

()*)+!,!-.!/0!1020340!530.6/06%!!7.-08!/0369)*!:)/.6!.;1/*).!<-6!63!).6-=/6)!,!

/0>! ?8):+! 69-.! =)693>! >)6)*=-0).! ?8):! 63! @)! #AB+! 49-59! 53**).?30>.! 63! /! 8):!

6)=?)*/61*)!3<!CDA%EF,+!-0!)G5)::)06!/8*))=)06!4-69!69)!8):!?3-06!530H)*.-30!*/08)!

).6/@:-.9)>!@I!69)!JKL!/0>!MK,!8):!?3-06!5*-6)*-/%!

!"#$%&'("#)

M)!9/H)!.9340!69/6+!-0!/!=3>):!6*/0.-)06!0)643*2+!/!53H/:)06!0)643*2!)G-.6.!

3H)*! .93*6! 6-=).5/:).! /6! 69)! 530H)*.-30.! ?*)>-56)>! @I! =)/0! <-):>! ?3:I=)*-N/6-30!

69)3*-).%!!O9-.!*).1:6!4/.!-0>-5/6)>!@I!69)!.-=-:/*!.5/:-08!3<!PQ!/0>!PQQ+!/.!4)::!/.!69)!

=/80-61>)! 3<! 6/0$R'! /0>! 69)! 643! >-<<)*)06! <*);1)05I! .5/:-08! *)8-30.! /??/*)06! /6!

)/59!6)=?)*/61*)!@)I30>!69)!8):!?3-06%! !J1*69)*=3*)+!4)!9/H)!>)=30.6*/6)>!69/6!

69)!<*);1)05I!*/08)!3<!69)!2)I!<)/61*).!-0!69)!53=?:)G!=3>1:1.!*).?30>.!.6*308:I!

63! 6)=?)*/61*)+! )H)0! /6! 530H)*.-30.! 036! -==)>-/6):I! />S/5)06! 63! 69)! 8):! ?3-06%!!

J-0/::I+!?*):-=-0/*I!*).1:6.! -0>-5/6)!69/6! 69)! <)/61*).!3<! 6/0$R'!=/I!@)!/0!)<<)56-H)!

-0>-5/63*!3<!2-0)6-5.!/0>!=/5*3=3:)51:/*!.6*1561*)T! 69).)!*):/6-30.9-?.!4-::!@)! 69)!

.1@S)56! 3<! <161*)! *).)/*59%! ! O9)! 4)::K>)<-0)>! =3>):! 53H/:)06! />/?6/@:)! 0)643*2!

>).5*-@)>!9)*)-0!/::34.!<3*!>-*)56!53=?/*-.30!3<! 69)!.)=-0/:!43*2.!3<!J:3*ID&!/0>!

369)*.DE! 63! 69)! ?*)>-56-30.! 3<!=3*)! *)5)06!43*2.+D"+! DU! /0>! .931:>! ?*3H->)! -0.-896!

634/*>.!69)!<3*=1:/6-30!3<!/!=3*)!10-H)*./:!69)3*I!3<!6*/0.-)06!0)643*2!>I0/=-5.%!

! 

pgel = p "
#max
C

e
"Ea
RT



! "#!

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

!"#$%&"'(!

$%$!&'()*+,-).)/0&1%$&2+).,-).)340567-)060/)! '89:(3! '#;<3%! *=0)*+,-760.)!

'##<3%! 7./! >?=>?=,-!6)=@72*7.! '#;<3!A)=)! 7@B?0=)/! >=C6! D0E67F! 9).*7)=,*+=0*C-!

*)*=77@=,-7*)!'DGH#;3!A75!C=/)=)/! >=C6!D7=*C6)=F! !DC-I).*5!A)=)!2?=@+75)/!>=C6!

J05+)=! D@0).*0>0@F! K--! =)7E).*5! A)=)! ?5)/! 75! =)@)0I)/! )L@)2*! >?=>?=,-! 6)=@72*7.%!

A+0@+!A75!I7@??6!/05*0--)/!*C!=)6CI)!062?=0*0)5F!!

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

G+)C6)*=,! A75! 2)=>C=6)/! C.! 7! MK! KGND! G+)C6)*)=! ?50.E! 7! 27=7--)-! 2-7*)!

E)C6)*=,!A0*+!7!9)-*0)=!2-7*)!*)62)=7*?=)!@C.*=C--)=!7./!$OF#!@6!2C-,'2&2+).,-).)!

5?->0/)3! '99D3! 2-7*)! *C! 60.060P)! *+)=67-! E=7/0).*5! 7@=C55! *+)! 5762-)F! ! D762-)!

*+0@Q.)55!A75!4)*A)).!RF"!7./!RF;!66F!!D762-)5!A)=)!60L)/!7*!=CC6!*)62)=7*?=)%!

+)7*)/!>C=!;!60.?*)5!7*!$SR&$TRUV%!7./!2C?=)/!/0=)@*-,!C.*C!*+)!9)-*0)=!2-7*)%!A+0@+!

+7/! 4)).! 2=)&+)7*)/! *C! $1RUVF! ! D762-)5! A)=)! *+).! 2=)55)/! *C! 7.! 722=C2=07*)!

*+0@Q.)55!7./!)L@)55!=)50.!A75!@?*!>=C6!*+)!)/E)5!A0*+!7!=7PC=!4-7/)F!!M+)!5762-)5!

A)=)!*+).!4=C?E+*!*C!)L2)=06).*7-!*)62)=7*?=)!7./!7--CA)/!*C!=)670.!0.!*+05!5*7*)!

>C=! $R! 60.?*)5! *C! 7@+0)I)! *+)=67-! 7./! @+)60@7-! 5*)7/,! 5*7*)! 4)+7I0C=F! ! D*=70.!

5A))25!A)=)!2)=>C=6)/!C.!=)2=)5).*7*0I)!5762-)5!*C!).5?=)!*+7*!>=)B?).@,!5A))25!

A)=)!2)=>C=6)/!0.!*+)!-0.)7=!I05@C)-75*0@!=)E06)F!!!

J-)L?=7-! /,.760@!6)@+7.0@7-! 7.7-,505!A75! 2)=>C=6)/! 0.! 7! MK! WORRF! ! D762-)5!

A)=)! 2=)27=)/! 75! >C=! =+)C6)*=,! )L@)2*! *+)! 5762-)5! A)=)! 0.5*)7/! 2-7@)/! 0.*C! 7!

50-0@C.)! 6C-/%! 7--CA)/! *C! @CC-! CI)=.0E+*%! 7./! 57./)/! *C! 2=C/?@)! 7!

$RF#L1F$TL$FS$!66"!=)@*7.E?-7=!2=056!5762-)F!



! "#!

$%&'! ()*+,-.! /*-*! 01,.23*4! /2,5! .! %5*-60782+09*,! :.;3.7&'! <=#! (*-2*>! &&!

>)*+,-06*,*-! ?>23;! .! +?>,06! >.6)9*! >,.;*! .34! ,*6)*-.,?-*! +03,-099*-@! ! (.6)9*>!

/*-*!)-*).-*4!.>!4*>+-21*4!)-*A20?>9B@C#!

!"#$%&'(')*+),-.$(+-/0#),*#*,&/)1!234)

$?-.37>?1>,2,?,*4! 60306*->! /*-*! )-04?+*4! 1B! >26)9*! :2+5.*9! .442,203!

-*.+,203>@! !D!C##!6E!-0?34710,,06!F9.>G!/2,5!.!6.;3*,2+!%*F903!>,2-71.-!/.>!F299*4!

/2,5!=#!6E!0F!6*,5B9*3*!+590-24*@!!('HI=!.34!F?-F?-B9!6*-+.),.3!/*-*!/*2;5*4!0?,!

,0! C#J! 609.-! *K+*>>! 0F! 6*-+.),.3@! ! %5*! -*.;*3,>! /*-*! 62K*4! 23! ,5*! F9.>G! .34!

>,2--23;!/.>!+03,23?*4!0A*-!.3!2+*/.,*-!1.,5@! !C!/,!J!,-2*,5B9.623*!/.>!.44*4!,0!

,5*! +5299*4! -*.+,203! A*>>*9@! ! %5*! -*.+,203! /.>! .990/*4! ,0! +03,23?*! F0-! H"! 50?->!

1*F0-*!.!>.6)9*!/.>! ,.G*3! ,0!+03F2-6!+06)9*,*!-*.+,203!0F! ,5*!.+-B9.,*! F?3+,203.9!

;-0?)>@! !LK+*>>!6*-+.),.3!.34!+.,.9B>,!/*-*!-*60A*4!?34*-!52;5!A.+??6!.,!M#NO@!!

'*60A.9!0F!,-2*,5B9.623*!.34!F?-F?-B9!6*-+.),.3!/.>!+03F2-6*4!1B!CP!8:'@!

!

!"#"$"%&"'(

C@! 4*!Q*33*>R!S@!Q@R!!"#$%&'(")&"*+,-(%&(+)$./*0(+1.-%"-@!O0-3*99!T32A*->2,B!S-*>>U!
&,5.+.R!8@V@R!CI<IW!)!XH"!)@!
H@! Y009R!'@!S@W!Z[O0330-R!\@!:@R!D!,5*0-B!+-.+G!5*.923;!23!)09B6*->@!2(3++$(41.-(
56758!56!]C#^R!=I=X7=IMX@!
X@! _?4R! \@W! \.?>+5R! P@! P@W! Y2992.6>R! _@! Q@R! $-.+,?-*! 6*+5.32+>! >,?42*>! 0F! +-.+G!
5*.923;!.34!/*9423;!0F!)09B6*->@!2(7#,*0(!"%(56758!89!]C^R!H#"7HC#7HC#@!
"@! :.+5,R! :@! E@W! '.56R! Y@! L@W! S.23*R! P@! Y@R! &3`*+,203! :09423;@! :&;<-,0%#$( =(
>&'%&**0%&'(?1*/%-,0.(56958!@@!]=^R!=MX7=M<@!
=@! Z9.12>2R! Z@R!A#&;B))C( )D( ,1*0/)+$#-,%"-@! :.-+*9! a*GG*-U! 8*/! V0-GR! CII<W! )!
KA2R!C#=X!)@!
M@! Y23,*-R!P@W!:0?->R!:@R!'5*090;B!0F!S09B6*->!8*.-!E2b?247(0924!%-.3>2,203>@!&3!
E*<,0)&( !+%&( >"1)( !+*",0)-")+.( F%-")*$#-,%"%,.( G1*)$)'.R! ()-23;*-! c*-923! d!
P*24*91*-;U!CII<W!e09@!CX"R!))!CM=7HX"7HX"@!
<@! O0-42*-R! S@W! %0?-3295.+R! $@W! (0?92*7f2.G0A2+R! O@W! E*219*-R! E@R! (*9F75*.923;! .34!
,5*-60-*A*->219*!-?11*-!F-06!>?)-.609*+?9.-!.>>*619B@!E#,<0*(:;;78!H58!]<CgC^R!
I<<7g#@!



! "#!

$%! &'(!)*+,-'./!0%!1%2!0',*/!3%!4%2!3*56*7/!1%!8%2!9':;*7/!<%!4%2!07'-*7/!1%!4%/!3=,*+!
>7'.?5*.@! A*@:=7;?! B7=-! C@7=.D+E! 9E,7=D*.FG=.,*,! H=+E-*7?%! !"#$%&%'(#)'(*+
!""#$!,-! &II(/! JKLIFJK$#2! &M(! C@',+*7/! N%/! >7'.?5*.@! .*@:=7;?! ME! OE,7=D*.! M=.,!
5.@*7'P@5=.?!5.!Q=+EMR@',5*.*F-*+@?%!S.!.($&"/(/0+"/1+2$"/*3(/0+4(05%$6*/!CQ75.D*7!
G*7+5.!T!9*5,*+M*7DU!#J$L2!V=+%!LW/!QQ!#"KF#"WF#"W%!
J%! G7R.?X*+,/!Y%2!)=+-*7/!G%! 4%!G%2!3*56*7/!1%!8%2!C56M*?-'/!N%!H%/! CRQ7'-=+*PR+'7!
H=+E-*7?%!78(&3#"'+9(:3(5*+!""%$!;<;!&#I(/!"KL#F"KJ$%!
#K%! Z,[5-'/! G%! 4%2! ZDR577*/! 9%! Z%2! 0+=\5./! <%! 4%2! CP=@@/! >%! )%2! G=:-'./! <%! A%/!
NO*=+=D5P'+! '.,! PO*-5P'+! '.'+E?5?! =B! 7*X*7?*! D*+'@5=.! 5.! '! P=X'+*.@+E! P7=??+5.;*,!
]5*+?FZ+,*7!Q=+E-*7!.*@:=7;%!!"#$%&%'(#)'(*+!""&$!,;!&I^(/!J##IFJ##L%!
##%! 0+=\5./! <%! 4%2! CP=@@/! >%! )%2! Z,[5-'/! G%! 4%2! G=:-'./! <%! A%/! <=X'+*.@! Z,'Q@'M+*!
A*@:=7;?! &<ZA?(U! Z! _.5`R*! H'7',5D-! 5.! <7=??FY5.;*,! H=+E-*7?%!!"#$%&%'(#)'(*+
!"%"$!,=!&a(/!Ia"^FIaW^%!
#I%! &'(!H'7;/!9%!b%2!0+=\5./!<%! 4%2!CP=@@/!>%!)%2!G=:-'./!<%!A%/!C@7*??!N*+'\'@5=.!ME!
Z,,5@5=.F)7'D-*.@'@5=.!<O'5.!>7'.?B*7!5.!95DO+E!<7=??FY5.;*,!>O5=+Fb.*!A*@:=7;?%!
!"#$%&%'(#)'(*+!"%"$!,=!&I"(/!#K#$$F#K#JK2!&M(!0+=\5./!<%!4%2!CP=@@/!>%!)%2!G=:-'./!
<%! A%/! C@7*??! N*+'\'@5=.! X5'! Z,,5@5=.F)7'D-*.@'@5=.! <O'5.! >7'.?B*7! 5.! '! >O5=+F*.*!
HO=@=Q=+E-*75['@5=.%!!"#$%&%'(#)'(*+!""#$!,-!&L(/!IWW#FIWWa%!
#^%! Z-'-=@=/!b%2!05;RPO5/!3%2!3'?R.'D'/!9%2!C'?';5/! C%2!c@?R;'/!9%2!>';'O'7'/!Z%/!
N*=7D'.5['M+*! <O*-5P'+! H=+E-*7! d*+?! G'?*,! =.! ]E.'-5P! <=X'+*.@! 1\PO'.D*! '.,!
<=.@7=++*,!3=.=-*7!S.?*7@5=.%!!"#$%&%'(#)'(*+!""#$!,-!&II(/!$L^^F$L^$%!
#"%! <O*./!e%2!]'-/!3%!Z%2!c.=/!0%2!3'+/!Z%2!CO*./!9%2!AR@@/!C%!N%2!CO*7'./!0%2!8R,+/!)%/!
Z! >O*7-'++E! N*F-*.,'M+*! <7=??FY5.;*,! H=+E-*75P! 3'@*75'+%! >#3(/#(+ !""!$! -?@!
&WWaK(/!#aJ$F#LKI%!
#W%! <7'X*./! 4%! 3%! <7=??F+5.;*,! >O*7-'++E! N*X*7?5M+*! H=+E-*7?! H7=,RP*,! B7=-!
<=.,*.?'@5=.!H=+E-*7?!:5@O!H*.,'.@!)R7'.!d7=RQ?!<7=??F+5.;*,!:5@O!3'+*5-5,*?%!
^"^WKK^/!#JaJ%!
#a%! N=M*7@?/!3%!<%2!3'O'+5.D'-/!Z%2!9'.?=./!3%!<%2!05?*7/!H%!)%/!<O*-=7O*=+=DE!=B!
HO*.E+M=7=.'@*FC'+5PE+OE,7=\'-'@*! <7=??FY5.;*,! 9E,7=D*+! A*@:=7;?! :5@O! '!
CR+B=.'@*,!H=+E-*7!G'P;M=.*%!!"#$%&%'(#)'(*+!""&$!,;!&II(/!$$^IF$$"K%!
#L%! CP=@@/! >%! )%2! ]7'RDO=./! N%! G%2! G=:-'./! <%! A%/! ZP@R'@5=.! 5.! <7=??+5.;*,!
H=+E-*7?! X5'! HO=@=5.,RP*,! C@7*??! N*+'\'@5=.%! A1:"/#(1+ !"0($3"'*+ !""'$! ;B! &#a(/!
I#I$FI#^I%!
#$%! &'(!fO'.D/!b%2!G7=*;OR5?/!Z%!Z%2!H5PPO5=.5/!)%/!>O*7-'++E!C*+BF9*'+5.D!H=+E-*75P!
3'@*75'+?U!>O*!A*\@!C@*Q!@=!N*PEP+5.D!>O*7-=?*@!H=+E-*7?g!!"#$%&%'(#)'(*+!""#$!
,-! &a(/! #JKaF#J#I2! &M(! <OR6=/! b%2! C','/! 0%2! C'*DR?'/! >%/! N*X*7?5M+*! D*+'@5=.! =B!
Q=+E=\'[=+5.*! ME! -*'.?! =B! ]5*+?FZ+,*7! 7*'P@5=.%! !"#$%&%'(#)'(*+ %##"$! -=! &#K(/!
Ia^aFIa"#%!
#J%! d=5@5/!1%2!9RD+5./!3%!G%2!N*D=/!4%!3%/!C=-*!Q7=Q*7@5*?!=B!.*@:=7;?!Q7=,RP*,!ME!
@O*! ]5*+?FZ+,*7! 7*'P@5=.! M*@:**.! Q=+E&?@E7*.*FP=FBR7BR7E+! -*@O'P7E+'@*(! '.,!
M5?-'+*5-5,*%!C)$%D("/+.%'E&($+F%)$/"'+!""($!,<!&I(/!I#JFIIa%!
IK%! H'7;*7/!C%!)%/!V5M7'@5=.'+!?Q*P@7=?P=QE!=B!AFQO*.E+-'+*5-5,*%!>D(#0$%#83&3#"+
A#0"+."$0+AG+!%'(#)'"$+"/1+H3%&%'(#)'"$+>D(#0$%*#%DE+!""'$!I=!&^(/!W""FW"J%!
I#%! C:'.?=./! 4%! H%2! N=[X',=X?;E/! C%2! C*QQ'+'/! 4%! 1%2! 3'P;'E/! 3%! 1%2! 4*.?*./! N%! 1%2!
<=?@'.[=/! H%! 4%/! ]*X*+=Q-*.@! =B! H=+E-*75P! HO'?*!<O'.D*!3'@*75'+?!c.! @O*! M'?5?! =B!
]5*+?FZ+,*7!<O*-5?@7E%!!"#$%&%'(#)'(*+!"%"$!,=!&#"(/!a#^WFa#"#%!



! "#!

##$! %&'!()*+,-.!/$!0$1!23*4.!0$!5$.!!"#$%&'#(%)*+,-+-)".$+&'/0%#./*$!/6*7!89:+;<!=+>!
?6@A.!BCCC1!D!EF9.!CGH!D1!%I'!2+@@;.!/$!J$.!1.*/,')%*(./+23,2'3(.'*+,-+2,)4&'3*$!G@K!+K$!
+K$1!89:+;<!=+>!?6@A.!BCLM1!D!N"B$!
#G$! O3I974,+97.! P$1! (+Q+76F.! 0$! =$.! R*+@Q6@+F+@49I:+! S+:&,967! 97! (6:3,9674! 6T!
0446)9&,97U!V6:;Q+@4$!#$!W97+&@!J;7&Q9)4$!5%/3,&,)'/")'*+!""#$!67!%"'.!BGLNXBGCY$!
#"$! 2:6@;.!V$!/$.!237K&Q+7,&:!V@97)9D:+4!6T!Z67K+74&,967!V6:;Q+@9-&,967$!80'&./%)+
9':.';*+!"%&$!6<!%B'.!BGYXBCY$!
#H$! %&'!P9::+@.!J$!O$1!P&)64A6.!Z$!8$.!0!=+>!J+@9F&,967!6T!V64,!S+:!V@6D+@,9+4!6T!
=+,>6@A!V6:;Q+@4$!5%/3,&,)'/")'*+!"'&$!<!%#'.!#MNX#BB1!%I'!897,+@.![$![$.!Z&7!,*+!
U+:!D697,!6T!&!)@644X:97A97U!D6:;Q+@!I+!K+,+),+K!I;!,*+!S!!\!S"!)@6446F+@]!=,)4&'3+
>#?.#''3.#?+@+A/.'#/'+!"#'$!BC!%##'.!BNCLXBYM#$!
#N$! %&'!(+Q+76F.!0$!=$1!O3I974,+97.!P$.!R*+@Q6@+F+@49I:+!S+:&,967!97!(6:3,9674!6T!
0446)9&,9F+! V6:;Q+@4$! B$! (,&,9)4$! 5%/3,&,)'/")'*+ !""#$! 67! %"'.! BGYGXBGLH1! %I'!
R&7&A&.! 2$.! R*+6@;! 6T! ,*+@Q6@+F+@49I:+! U+:&,967$! 5%/3,&,)'/")'*+ !"#"$! BB! %"'.!
BCLLXBCC"$!

!

!



! "#!

!"#$%&'( )*( +( ,-.$/&( '&/#%-01,"-$( '&/#%-12( /-1&#'( 3-,40&/#,%-4(
$'0$&'%-&,( #15( 4"&.-4#/( ,%'64%6'&( -1( #( .05&/( 7-&/,8+/5&'(
$0/9.&'(1&%:0';(

+<,%'#4%(

$%&'()*'!&'+!*+%!,(-.&!/(.0+12-(.!(3!4!&'+15(1+0+12-6%+!,(%75+1!.+&8(19!-2!

/+1&4-.%7! 4! 9+7! ,4145+&+1! -.! :+&+15-.-.*! &'+! 54&+1-4%! ,1(,+1&-+2;! -&! -2! .(&! 4!

/(.0+.&-(.4%! %-<)-:=2(%-:! &14.2-&-(.! 42! -.! /(55(.;! -11+0+12-6%+! .+&8(192>! ?4&'+1;!

&'+!54&+1-4%@2!0-2/(2-&7!-2!&-5+=:+,+.:+.&!4.:!3-.-&+!4&!&'+!*+%!,(-.&!4.:!6+7(.:;!42!

6(.:! 61+494*+! 8(192! -.! /(./+1&! 8-&'! :-33)2-(.! &(! 1+%4A! 2&1+22+2! -5,(2+:! (.! &'+!

3(15-.*! &14.2-+.&! .+&8(19! (3! &'+! 54&+1-4%>! B(1! +A45,%+;! -.! 4! 5(:+%! C-+%2=$%:+1!

.+&8(19!8-&'! 3)./&-(.4%-&7! #>D! 4.:! 4! 2&(-/'-(5+&1-/! 14&-(! (3! EFGH! 3)14.G54%+-5-:+!

)2+:!'+1+;!4!/1(22(0+1!31+<)+./7!IF>JK;!F>#K;!4.:!F>EK!14:L2M!842!5+42)1+:!6+%(8!

&'+! &+5,+14&)1+!/(11+2,(.:-.*! &(!*+%4&-(.!I#;!J;!4.:!EFNO!6+%(8;! 1+2,+/&-0+%7>M! P.!

&'-2!8(19;!8+!:+2/1-6+! &'-2! /(5,%+A!,1(/+22!(//)11-.*! -.!5(:+%! &'+15(1+0+12-6%+!

.+&8(192!8-&'!4!2-5,%+!1+%4&-(.2'-,!31(5!&'+!8(19!(3!Q+5+.(0!4.:!?)6-.2&+-.!(.!

422(/-4&-0+! &14.2-+.&! .+&8(192>! R'-2! 1+%4&-(.2'-,! ,1(0-:+2! 4! &((%9-&! 3(1! &'+!

,1+:-/&-(.!(3!&'+!-5,(1&4.&!+.*-.++1-.*!4.:!1'+(%(*-/4%!,1(,+1&-+2!(3!&'+!54&+1-4%!-.!

&'+!,(2&=*+%!1+*-5+;!2)/'!42!0-2/(2-&7;!,%4&+4)!5(:)%)2;!4.:!1+%4A4&-(.!&-5+;!642+:!

),(.!&'+!2&14-*'&3(1841:!+2&-54&-(.!(3!&8(!54&+1-4%=:+,+.:+.&!,4145+&+12;!&'+!*+%!

,(-.&! /(.0+12-(.! ,*+%! 4.:! 4! ,1(,(1&-(.4%-&7! /(.2&4.&! O>! !S+! 2'(8! 9+7! 4*1++5+.&!

6+&8++.!&'+(17!4.:!+A,+1-5+.&!42!&'+!*+%!,(-.&!/(.0+12-(.!+2&-54&+:!31(5!.+&8(19!

:7.45-/2!54&/'+2!&'+!/%422-/4%!,1+:-/&-(.!(3!&'+!*+%!,(-.&!8-&'-.!"T!/(.0+12-(.>!S+!

:-2/)22!&'+!4,,%-/46-%-&7!/1-&+1-4!(3!&'+!Q+5+.(0=?)6-.2&+-.!2/4%-.*!1+%4&-(.2'-,!4.:!



! ""!

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

/)+5$(6!()7'8'+*$/9!

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

:$7;%)(! /)+5$(6.! #$%&$.)1! $2! +0)(%'77;! ()<)(.*37)! #($..7*/6.! =! */#7-1*/4!

/$/,#$<'7)/+! */+)('#+*$/.! .-#0! '.! 0;1($4)/! 3$/1.>! $(! &*! .+'#6*/4?@! $(! ()<)(.*37)!

#$<'7)/+! ()'#+*$/.! 7*6)! +0)! A*)7.,B71)(?C! 3$($/'+),1*$7?"! '/1! %$.+! ()#)/+7;!

+('/.).+)(*2*#'+*$/D! ! ()'#+*$/.! =! '()! 3)#$%*/4! &$&-7'(! '.! %)/1'37)?E! ()#;#7'37)?F!

'/1! .%'(+G! %'+)(*'7.9! ! H0)! '3*7*+;! +0).)! <'(*$-.!%'+)(*'7.! 0'<)! +$! ().&$/1! +$! '/!

)8+)(/'7! .+*%-7-.! .-#0! '.! )8&$.-()! +$! 7*40+?! #0'/4).! */! &I?! $(! '/! */#()'.)! */!

+)%&)('+-()! 5*+0! '! #0'/4)! */! %'+)(*'7! &($&)(+*).G,J! %'6).! +0)%! &$+)/+*'77;!

<'7-'37)! */!%'/;! 2*)71.?! 2($%!3*$%'+)(*'7.! +$!&0$+$7*+0$4('&0;9!B.! +0).)!%'+)(*'7.!

'()!-/*2*)1?! '+! 7)'.+! */!&'(+?! 3;! #$%%$/!'++(*3-+).!$2! +0)*(! #0)%*#'7!%)#0'/*.%?! '!

#$%%$/!.+(-#+-(),&($&)(+;!()7'+*$/.0*&!.0$-71!3)!'&&7*#'37)!+$!)'#0!$2!+0)%9!

H0)! +0)$()+*#'7! 2$-/1'+*$/.! 2$(! +0)! 3)0'<*$(! $2! K+('/.*)/+L?>M!

K+0)(%$()<)(.*37)L?>>! K1;/'%*#L?>@! $(! K'1'&+'37)LG! /)+5$(6.! 0'<)! 3))/! 1)(*<)1?!

%$.+!()#)/+7;!'/1!#$%&7)+)7;!3;!N)%)/$<!'/1!O-3*/.+)*/9>C!H0)*(!+0)$(;!$2! 7*/)'(!

1;/'%*#.!2$(!'..$#*'+*/4!&$7;%)(.!*.!.-*+'37)!2$(!%'/;!'.&)#+.!'/1!1)+'*7.!.&)#*2*#!

+$! +0)*(! '..$#*'+*<)! /)+5$(6! $2! */+)().+P! 0$5)<)(?! +0)! 1)(*<'+*$/! 3)4*/.! 5*+0!

#7'..*#'7! &$7;%)(! .#'7*/4! +0)$(;! +0'+! .0$-71! '7.$! 3)! 5*1)7;! '&&7*#'37)! +$! %$.+!

+0)(%$()<)(.*37)! /)+5$(6.?! '.! 7$/4! '.! +0);! #'/! 3)! '&&($8*%'+)1! 3;! %)'/,2*)71!

'..-%&+*$/.9!H0)!#(-#*'7! */.*40+! +0);!&($<*1)! *.! +0'+!3;! #$/.*1)(*/4!$/7;! K+;&*#'7L!

Q#0'('#+)(*.+*#! &)(#$7'+*$/! #-+$22! .*R)S>"! #7-.+)(.! '/1! /)+5$(6! #0'*/.! '/1!



! "#!

$%&'(%)*+,-#! ./&*01+*.! %)*20! 31.41*! .4)0+! '560.+/0! 78196/+! ":-;<! &! 0'&51*9!

/+5&.1)*041=!%+.3++*!%)*2!51>+.1?+!&*2!/+5&@&.1)*!1*!.4+!0)5!&*2!9+5!0.&.+0!*+&/!.4+!

9+5!=)1*.!'&*!%+!2+/1A+2:!

!

!"#$%&' ()*+! B106&51C&.1)*! )>! ./&*01+*.! '560.+/! /+5&@&.1)*! A1&! %&'(%)*+!
%/+&(&9+:!D)52+2!%)*20!/+=/+0+*.!'/1.1'&5!')**+'.1)*0!341'4<!34+*!0=51.<!./&*0>)/?!
)*+!./&*01+*.!'560.+/!1*.)!.3)!/)6945E!+F6&5!=&/.0:!

! ! 7":-;!

G*!+F6&.1)*!7":-;<!.4+!%)*2!51>+.1?+!!"!10!.4+!2+'&E!')*0.&*.!)/!.4+!1*A+/0+!)>!

.4+!(1*+.1'!/&.+!')*0.&*.! >)/!.4+!.4+/?)/+A+/01%5+! 51*(0! 1*!.4+!'560.+/<!&*2!!#! 10! .4+!

/4+)5)91'&5! 51>+.1?+! )>! .4+! '560.+/! &0! &! 34)5+:! G*! .4+1/! =&=+/<! H+?+*)A! &*2!

I6%1*0.+1*!?&(+!.4+!&/96?+*.!.4&.!.4+!.3)!.1?+0'&5+0!'&*!%+!/+5&.+2!.4/)694!$J%K

%&'#<! .4+!210.&*'+! >/)?! .4+!85)/E-L!9+5!=)1*.! 1*! .+/?0!)>! ')*A+/01)*<! 1*! .4+!=)0.K9+5!

/+91?+:! G>! &! .4+/?)/+A+/01%5+! *+.3)/(! 10! ')*012+/+2! &0! &! 9+*+/&51C+2! M&@3+55!

?&.+/1&5<-N! .4+! 5)*9+0.! /+5&@&.1)*! .1?+<! !()*<! /+=/+0+*.0! .4+! ./&*01.1)*! .1?+0'&5+!

%+.3++*!A10')+5&0.1'!&*2!=6/+5E!A10')60!%+4&A1)/<!&*2!04)652!')//+0=)*2!.)!!#:!G>!3+!

/+3/1.+! .4+! 0'&51*9! /+5&.1)*041=! &0! &*! +@=51'1.! =/)=)/.1)*&51.E<! 31.4! &! ?&.+/1&5K

2+=+*2+*.!')*0.&*.<!O<!3+!'&*!&59+%/&1'&55E!/+&//&*9+!1.!.)!)%.&1*!&!01?=5+!+F6&.1)*!

! 

"
l
#"

b
$



! "#!

$%!&'()*!+,!&-'!)+*&!$).+(&/%&!)/&'($/0!./(/)'&'(*1!!2+%3'(*$+%!4!56!7+%8!0$,'&$)'!

4"#56! 9'0! .+$%&! 2+%3'(*$+%! 4!$%&56! /%8! &-'! 0+%9'*&! ('0/:/&$+%! &$)'! $%! &-'! %'&;+(<!

4"'()5=!

!4"=>5!

?%!2$(2@)*&/%2'*!;-'('!/!)/&'($/0!$*!,/(!/7+3'!$&*!9'0!.+$%&6!/%8!&-'!0$,'&$)'!

+,! /! 7+%8! $*! +(8'(*! +,! )/9%$&@8'! 0+%9'(! &-/%! &-'! &$)'! ,(/)'! +,! $%&'('*&6! &-'!

3$*2+'0/*&$2! *.'2&(@)! $*! ;'00! .('8$2&'8! 7A! 20/**$2/0! 2(+**0$%<! 2/02@0/&$+%*! ;$&-+@&!

2+%*$8'(/&$+%! +,! &-'! ('3'(*$70'! 7+%8*=! B+! 2/02@0/&'! '0/*&$2$&A! 7/*'8! +%! 2+%3'(*$+%!

/%8! &-'! 8$*&($7@&$+%! +,!)@0&$,@%2&$+%/0!)+%+)'(*6! ;'! 2/%! ').0+A! &-'!C$00'(! /%8!

C/2+*<+DE!('2@(*$3'!)'&-+86!*+03$%9!,+(!&-'!2(+**0$%<!8'%*$&A6!F6!%@)'($2/00A=!B-$*!

3/0@'! )/A! 7'! 2+%3'(&'8! $%&+! /! G.0/&'/@H! )+8@0@*! 3$/! &-'! ('0/&$+%*-$.! I.JFKB6!

8$*('9/(8$%9! +&-'(! .+&'%&$/0! 2+%&($7@&$+%*! &+! &-'! )+8@0@*! /*! /! ,$(*&! +(8'(!

/..(+:$)/&$+%=DL! M&! 0+;'(! &').'(/&@('*6! 8'3$/&$+%*! ;+@08! 7'! *''%! /*! &-'! 90/**!

&(/%*$&$+%!7'9$%*!&+!$%&'(,'('!;$&-!)'/*@(')'%&!+,!&-'!.@('0A!(@77'(A!7'-/3$+(=N!

O$)$0/(0A6! &-'!)/$%!.(+.'(&A!+,! $%&'('*&! $%!&-'!('9$)'!,/(!/;/A!,(+)!&-'!9'0!

.+$%&6! $='=6! &-'!3$*2+*$&A6! $*!%+&!*@7*&/%&$/00A!8'&'()$%'8!7A!&-'!7+%8!7('/</9'!(/&'=!

K/&-'(6! &-'! 3$*2+*$&A! $*! 0/(9'0A! 8'&'()$%'8! 7A! &-'! .(+.'(&$'*! +,! &-'! @%('/2&'8!

)+%+)'(*=!P'/('(!&+!&-'!9'0!.+$%&6!/!*$).0'!*2/0$%9!':.+%'%&!/8'Q@/&'0AN!8'*2($7'*!

3$*2+*$&A! @%&$0! 3'(A! 20+*'! &+! &-'! 9'0! .+$%&! 4R.S.9'0R! T! U)$%56DN7! ;-'('! &-'! 0/(9'*&!

)+0'2@0/(!20@*&'(*!/('!7$9!'%+@9-!&-/&!7+%8!7('/</9'!7'9$%*!&+!-/3'!/%!',,'2&=!!

?%! &-$*! ('.+(&6! ;'! /$)! &+! 8')+%*&(/&'! &-'! 3'(*/&$0$&A! +,! &-'! O')'%+3S

K@7$%*&'$%! 4OK5! &-'+(A6!./(&$2@0/(0A!/*!':.('**'8! $%!'Q@/&$+%! 4"=>56!/*!/%!/22@(/&'!

! 

p = C
"max

" b
+ pgel



! "#!

$%&'()*+),-!.,(!+/%!0)&',%12&+)'!3%/20),(!,.!+/%(4,(%0%(&)315!'(,&&1)-6%$!42+%()21&7!

8/)'/! (%*(%&%-+! 2-!%0%(9)-'(%2&)-:15! )4*,(+2-+! '12&&!,.!42+%()21&;! !</)&! 2**(,2'/!

8)11!=&%!2!'/%4)'2115!8%119$%.)-%$!4,$%1!>)%1&9?1$%(!-%+8,(6!+,!',=*1%!%@*%()4%-+&!

8)+/!+/%,(5!2-$!$%4,-&+(2+%!+/%!021)$)+5!,.!+/%!+/%,(5!.,(!+/%&%!42+%()21&;!

!"#$%&'()*+

</%!>)%1&9?1$%(AB!'5'1,2$$)+),-!(%2'+),-7!,.+%-!,''=(()-:!3%+8%%-!421%)4)$%!

2-$! .=(2-! .=-'+),-21! :(,=*&! CD'/%4%! ";EF7! /2&! 3%',4%! 2! ',44,-! .%2+=(%! ,.! +/%!

+/%(4,(%0%(&)31%!-%+8,(6&! 1)+%(2+=(%7! +/2-6&! +,! )+&! (%12+)0%15! )$%21!2-$!,(+/,:,-21!

'/2(2'+%(! 2&! 2-! 2$$)+),-! (%2'+),-;! G,154%(&! .%2+=()-:! +/%!>)%1&9?1$%(! (%2'+),-! 2(%!

.2)(15!,1$7!8)+/! 2!*2+%-+!35!H(20%-AE! 2**%2()-:! )-!EIJI;!K,8%0%(7! +/2-6&! +,!8,(6!

$,-%! 35! L=$1M&! :(,=*7J! +/%! .)%1$! /2&! &%%-! 2! (%0)+21)N2+),-7! 8)+/! 42-5! $)..%(%-+!

:(,=*&!$%4,-&+(2+)-:!$)..%(%-+!*,154%(!2('/)+%'+=(%&!2-$!>)%1&9?1$%(!*2)(&;O7!EA7!AA!

!

!"#$%$&'()*!>)%1&9?1$%(! (%2'+),-!3%+8%%-!421%)4)$%! 2-$! .=(2-;!</%! P"QAR!
+()'5'1)'! 2$$='+! &+(='+=(%! ,-! +/%! ():/+! :%-%(2115! .,(4&! 2+! /):/! 5)%1$! 2+! 243)%-+!
+%4*%(2+=(%;!?+! )-'(%2&%$!+%4*%(2+=(%7! +/%!2$$='+!(%0%(&)315!$%',=*1%&! +,!(%.,(4!
+/%! (%2'+2-+! &*%')%&! 2+! 2! (2+%! 2-$! S=2-+)+5! 8/)'/! )&! $%+%(4)-%$! 35! &+2-$2($!
'/%4)'21!%S=)1)3()=4!2-$!6)-%+)'&;!

?()&)-:! .(,4! 2-! %@,+/%(4)'! +/%(4,(%0%(&)31%! (%2'+),-7! +/%! %S=)1)3()=4!

',-0%(&),-! ,.! >)%1&9?1$%(! .=-'+),-21! :(,=*&! )&! 2! &+(,-:! .=-'+),-! ,.! +%4*%(2+=(%!

C%S=2+),-!";OF;!?+! 1,8!+%4*%(2+=(%&7! +/%!%S=)1)3()=4!)&!&/).+%$!+,82($&!+/%!2$$='+!

&+2+%7!8/)1%!2+!%1%02+%$!+%4*%(2+=(%&!2$$='+&!+%-$!+,!3(%26!2*2(+! )-+,!+/%!,():)-21!

R1N

O

O

O

R2

R1N

O

O

O

R2

+

-!

!



! "#!

$%&'(!'()!*'+,-*-),!*.-,/-,01!2%+/-$%(3/-.('+!$%&'(!'()!*'+,-*-),!*.(.*,&0!4'5,!

6,,(!%0,)!-(!'!(%*6,&78977:!7;!.$!'<<+-3'/-.(0!/.!$.&*!/4,&*.&,5,&0-6+=!3&.00+-(>,)!

<.+=*,&01! ?4-0! &,'3/-.(! @,(,&'++=! $.++.A0! 0/'()'&)! 34,*-3'+! ,B%-+-6&-%*!6,4'5-.&!

'0!-(!,B%'/-.(!"1;:!A4-34!4'0!<&,5-.%0+=!6,,(!&,<.&/,)1;:!7"!

C"1;D!

E,&,:!F!-0!/4,!3.(5,&0-.(!.$!'!+-*-/-(@!&,'@,(/:!GHIJ!-0!/4,!-(-/-'+!3.(3,(/&'/-.(!

.$!/4'/!+-*-/-(@!&,'@,(/:!&!-0!/4,!&'/-.!.$!+-*-/-(@!/.!,F3,00!&,'@,(/:!KEJ!-0!/4,!4,'/!.$!

&,'3/-.(! '()! KLJ! -0! /4,! ,(/&.<=! .$! /4,! &,'3/-.(1! ?4-0! '<<&.'34! ),03&-6,0! /4,!

,B%-+-6&-%*! 3.(0/'(/! MN! '0! '! $%(3/-.(! .$! '60.+%/,! /,*<,&'/%&,! ?! A-/4! /4,!

'<<&.<&-'/,!-),'+!@'0!3.(0/'(/!O1!

P.&! /4-0! A.&>! A,! %0,! '! 3.**,&3-'++=! '5'-+'6+,! 6-0*'+,-*-),! '()! '! +.A!

*.+,3%+'&! A,-@4/:! 6%/! $+,F-6+,! *%+/-$%&'(! 3&.00+-(>,&! C034,*,0! "17! '()! "1;D1! Q,!

0=(/4,0-R,!/4,!*%+/-$%&'(!5-'!/4,!2-34',+!'))-/-.(!.$!$%&$%&=+!*,&3'</'(!/.!'!0-*<+,!

3.**,&3-'+! /,/&'9'3&=+'/,:! <&,0,(/-(@! 0,5,&'+! 4,+<$%+! $,'/%&,01! ?4,! 0=(/4,0-0! -0!

0/&'-@4/$.&A'&)!'()!03'+'6+,:!'()!&,B%-&,0!.(+=! +-*-/,)!,B%-<*,(/!'()!>(.A+,)@,!

/.! <,&$.&*1! ! S=! +-*-/-(@! /4,! &,'3/-.(! A-/4! '! +,009/4'(90/.-34-.*,/&-3! '*.%(/! .$!

$%&$%&=+! *,&3'</'(:! &,)%3,)! $%(3/-.('+-/=! '('+.@%,0! 3'(! 6,! <&.)%3,)! 0-*<+=! 6=!

,+-*-('/-(@!&,0-)%'+!'3&=+'/,!@&.%<0!-(!'!0,3.()!2-34',+!'))-/-.(!0/,<:!%0-(@!'!/4-.+!

-(,&/!/.!/4,!T-,+09U+),&!&,'3/-.(:!0%34!'0!.3/'(,/4-.+1!!

?4,!3&.00+-(>!),(0-/=!-0!4-@4!,(.%@4!-(!/4,!$%++=!$%(3/-.('+-R,)!3'0,!/.!$.&*!'!

@+'00=!<.+=*,&!'/!'*6-,(/!/,*<,&'/%&,V7"!4.A,5,&:! -/0! $%(3/-.('+-/=! -0! +.A!,(.%@4!

/4'/!'!*.),0/!-(,B%'+-/=!.$!0/.-34-.*,/&=!C-(!.%&!3'0,!&WJ1;X!/.!J1YD!-0!0%$$-3-,(/!/.!

! 

KC T( ) =
x

[L]0(1" x)(r
"1 " x)

= e
"
#H °"T#S°

RT
$ 

% 
& 

' 

( 
) 



! "#!

$%&'&()!*&+,)-.(/! &'&(!,)! )0&!&12-+-3%-24!5.('&%6-.(!.7! )0&! +-4-)-(*! %&,5),()!,)!,++!

)&4$&%,)2%&6! 6)28-&89! :;! 5.43-(-(*! )0&! &77&5)6! .7! )0&6&! )<.! 5,$,3-+-)-&6! 7.%!

5.()%.++-(*!)0&!6;6)&4/!,!*&+!$.-()!5.('&%6-.(!,(8!-)6!5.%%&6$.(8-(*!*&+!)&4$&%,)2%&!

5,(!3&! ),%*&)&8!82%-(*! )0&! 7.%42+,)-.(!6)&$/!<-)0.2)!,(;!,88-)-.(,+! 6;()0&6-69!=&!

)..>! ,8',(),*&! .7! )0-6! &77&5)! ).! )&6)! )0&! ?&4&(.'! ,(8! @23-(6)&-(! )0&.%;! <-)0!

,(,+.*.26!4,)&%-,+6/!32)!,)!6&'&%,+!8-77&%&()!5.(8-)-.(69!

!

!"#$%$&'()*!A2+)-72%,(!4.(.4&%!?@B!26&8! -(! )0-6!6)28;/!,!$&(),&%;)0%-).+!
)%-CD)&)%,,5%;+,)&!E?@F#GH!6236)-)2)&8!'-,!A-50,&+!,88-)-.(!<-)0!72%72%;+!4&%5,$),(!
,(8! .5),(&)0-.+9! B2(5)-.(,+-);! -6! ,8I26)&8! 3;! ',%;-(*! )0&! %,)-.! .7! 72%,(! ).! .5),(&!
4.-&)-&6! -(! )0&! %&,5)-.(! 6)&$9! J0&6&! 5.4$.6-)-.(6! ,%&! 8-6)-(*2-60&8! 3;! 8-6$+,;-(*!
)0&!%&62+),()!&77&5)-'&!72(5)-.(,+-);!-(!$,%&()0&6&6/!&9*9!?@BEK9LH9!

!

!"#$%$& '(+*! :-64,+&-4-8&! 4.(.4&%! MN:A! 26&8! -(! )0-6! 6)28;! EO/O!C
E4&)0;+&(&8-C"/OC$0&(;+&(&H! 3-64,+&-4-8&H9! =0&(&'&%! ,! 5.4$.6-)-.(P6!
6).-50-.4&)%-5!%,)-.!-6!-(8-5,)&8/!,6!-(!?@BEK9QH!%RL9S/!)0&!%,)-.!-(8-5,)&6!)0&!,4.2()!
.7!4,+&-4-8&!26&8/!,6!,!7%,5)-.(!.7!)0&!72%,(!4.-&)-&6!26&89!

O

O O

O

O O

O O

R

R

R

R

OO

O

OO

OHO

R
R

R

R=

or

O

S

S

N N

O

O

O

O



! "#!

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

45()/$3&3,06,'0(0'$%3,

$%&'! ()*)!+(,-./01-2-34+5*)+6/-201-2-7! 849,:1-4,43-7*! .;4-./01:,42-*!

<=;<=;01!,-;>:6.:2!:23!?>.:2-./4?1!@-;-!6=;>/:9-3!<;?,!A4B,:+C13;4>/D!AEFG"!@:9!

;->-4H-3!<;?,!A:;.?,-;D!$4>/1?;?,-./:2-!9=6614-3!80!I49/-;!@:9!=9-3!:9!9?1H-2.D!

AEI(JDK7!@:9! 902./-94L-3! :9! ;-6?;.-3! 6;-H4?=910DF5! &;4-<10*! AEFG"! :23! "M!

,?1:;! -N>-99! ?<! <;-9/10! 349.411-3! <=;<=;01! ,-;>:6.:2! @-;-! ,4N-3! @4./! :2! -O=:1!

H?1=,-!?<!34>/1?;?,-./:2-D!P/49!9?1=.4?2!@:9!9.4;;-3!>/411-3! 42!:2! 4>-!8:./*!:23!)!

@.M!.;4-./01:,42-!@:9!:33-3!.?!>:.:10L-!./-!'4>/:-1!:334.4?2D!C<.-;!F5!/?=;9*!./-!

;-:>.4?2!@:9! >?,61-.-! :9! H-;4<4-3! 80! 6;?.?2!Q'ED! RN>-99! <=;<=;01!,-;>:6.:2! :23!

.;4-./01:,42-!@-;-!;-,?H-3!=23-;!/4B/!H:>==,D!

AEI(JD#7! @:9! 902./-94L-3! :9! 3-9>;48-3! :8?H-*! 8=.! =942B! S#M! ?<! ./-!

9.?4>/4?,-.;4>! :,?=2.! ?<! <=;<=;01! ,-;>:6.:2*! 9=89.4.=.42B! TJ"M! ?>.:2-./4?1D!

I=;<=;01!,-;>:6.:2!;-:>.9!,=>/!<:9.-;*!:9!4.!/:9!:!1?@-;!6UC*!:23!2?!-N>-99!<=;<=;01!

,-;>:6.:2! 6-:V9! @-;-! 9--2! 42! 6;?.?2! Q'E! =6?2! ;-:>.4?2! >?,61-.4?2*! 9?! ./-!

,?2?,-;!49!./-;-<?;-!:!J#M!?>.:2-./4?1+9=89.4.=.-3!H-;94?2!?<!AEI(JDK7D!

708%&$%,)%*(360%',&(6%*%$-,3#$1)%0310#5,

W2<;:;-3!96->.;:!@-;-!>?11->.-3!?2!:!P/-;,?+Q4>?1-.!':B2:+WE!S"#!A-;4-9!WW!

429.;=,-2.! @4./! :! >=9.?,! 9:,61-! 9.:B-! :23! .-,6-;:.=;-! >?2.;?11-;! >?,842:.4?2D!

A:,61-!6;-6:;:.4?2!49!3-9>;48-3!42!:!6;-H4?=9!6=814>:.4?2DJ!



! "#!

!"#$%#&'()

$!%$!$&'(!)*+,-+.+)!-+/01)+2!.*+!3,-45+6!-,21510!,7!.*+!-/.+)8/50!89!.*80!

0.12:;! 1089<! /! 4,5:=4>4*+9:5+9+! 015782+?! =@@(?! #ABC! --! 45/.+! <+,-+.):! D8.*! /!

@+5.8+)! .+-4+)/.1)+! 3,9.),55+)! .,! -898-8E+! .*+)-/5! <)/28+9.0! /3),00! .*+! 0/-45+B!!

(/-45+! .*83F9+00! D/0! G+.D++9! HBI"! /92! HBJ"! --B! ! K,9,-+)0! D+)+! -86+2! /.!

/-G8+9.! .+-4+)/.1)+;! *+/.+2! 7,)!J!-891.+0! /.! #CHLM;! /92!4,1)+2!,9.,! .*+!@+5.8+)!

45/.+;! D*83*! */2! G++9! 4)+>*+/.+2! .,! #IHLMB! ! %*+! 0/-45+0! D+)+! .*+9! G),1<*.! .,!

+64+)8-+9./5! .+-4+)/.1)+! /92! /55,D+2! .,! )+-/89! 89! .*80! 0./.+! 7,)! #"! -891.+0! .,!

/3*8+N+! /! 0.+/2:! .*+)-/5! /92! 3*+-83/5! 0./.+B! ! (.)/89! 0D++40! D+)+! 4+)7,)-+2! ,9!

)+4)+0+9./.8N+!0/-45+0!.,!+901)+!.*/.!7)+O1+93:!0D++40!D+)+!589+/)B!

*'$++,-./)0#.+-&()

%*+! 3/5315/.8,9! ,7! 3),00589F! 2+908.:! 7,)! 10+! 89! 2+.+)-8989<! .*+! .*+,)+.83/5!

45/.+/1!-,21510!P4;.*+,)!80!893512+2!/0!0144,).89<!897,)-/.8,9B!

!#+1,&+)2.0)3-+41++-$.)

Q9!,1)!+64+)8-+9./5!2+08<9;!D+!3*,0+!3,-4,08.8,90!/.!)+4)+0+9./.8N+!4,89.0!

D8.*89! .*+! 7193.8,9/58.:R0.,83*8,-+.):! 4/)/-+.+)! 04/3+! =(++! %/G5+! JB#B?! %*+!

-/68-1-! +77+3.8N+! 7193.8,9/58.:! =7+?! ,7! IBA! 80! /3*8+N+2! 89! .*+! 7155:! 7193.8,9/58E+2!

-15.871)/9! (&S=IBA?! =D*83*! 80! /!-86.1)+! ,7! .)8>! /92! .+.)/7193.8,9/5!-,5+315+0! 89! /!

)/.8,! ,7! HBTUHBA?;! D*+)+/0! .*+! 5,D+0.! +77+3.8N+! 7193.8,9/58.:! -,9,-+)! (&S=IBH?! 80!

/3*8+N+2!D*+9!CHV!,7!.*+!/3):5/.+0!/)+!)+/3.+2!D8.*!71)71):5!-+)3/4./9B!(&S=IB"?!

)+015.0!D*+9!.*+!(&S=IBA?!/92!(&S=IBH?!/)+!-86+2!89!+O1/5!4/).0!G:!D+8<*.!/92!.*+!

7193.8,9/58.:! ,7! .*+! -86.1)+! 80! G/3F>3/5315/.+2B! =(++! 0144,).89<! 897,)-/.8,9! 7,)!



! "#!

$%&'()*!+,!&-%!.')./)'&(+012!!3&+(.-(+4%&5(.!5'&(+*!+,!%161!789:!4')%(4($%8,/5'0!;5<:172!

=%5%!.-+*%0!'*!(0&%54%$('&%!>')/%*!&-'&!=+/)$!.'/*%!'!*(60(,(.'0&!.-'06%!(0!&-%!6%)!

?+(0&!.+0>%5*(+0!'0$!.5+**)(0@!$%0*(&A!=-()%!%0*/5(06!&-%!'B()(&A!&+!5%'.-!6%)'&(+0!

=(&-!'))!3CD!4+0+4%5!4(E&/5%*!(0!&-%!&%4?%5'&/5%!5'06%!+,!(0&%5%*&1!D/5&-%54+5%F!

&-%! /*%! +,!4')%(4($%! '*! &-%! )(4(&(06! 5%'6%0&! (0! &-%!G(%)*HI)$%5! 5%'.&(+0! *%5>%$! &+!

)(4(&! &-%! '4+/0&! +,! ?+&%0&(')! -(6-H&%4?%5'&/5%! *($%! 5%'.&(+0*! &-'&! (0>+)>%! &-%!

4')%(4($%J*! -(6-)A! %)%.&5+0! $%,(.(%0&! $+/B)%! B+0$1#"! K+&'B)A! 'B*%0&! '5%! &-%!

L+B>(+/*M! .-+(.%*! +,! &-%! +0H*&+(.-(+4%&5AF! ,/))AH,/0.&(+0')(N%$! '0$! &-%! ,'5H+,,H

*&+(.-(+4%&5AF! ?'5&('))AH,/0.&(+0')(N%$! *A*&%4*1! O-%*%! *A*&%4*! -'$! (4?+5&'0&!

4%'*/5'B)%*F! */.-!'*!6%)!?+(0&! .+0>%5*(+0!+5! )+=H&%4?%5'&/5%!4+$/)/*! .5+**+>%5!

,5%P/%0.AF! +/&*($%! &-%! +?%5'&(06! )(4(&*! 0%%$%$! ,+5! '../5'&%! '**%**4%0&! +,! &-%!

4'&%5(')!B%-'>(+51!!

!"#$%&'()*!Q+4?+*(&(+0*!'0$!&-%(5!?5+?%5&(%*!!

Q+4?+*(&(+0!

0'4%!

3CD;R1S2!

5<:17!

3CD;R1:2!

5<91:!

3CD;R1:2!

5<:1TS!

3CD;R1"2!

5<:1U9!

3CD;R1"2!

5<:17!

D/5'0!%E.%**! 97TV! 9::V! 9#SV! 99:V! 97TV!

W%)!?+(0&!'*!

?5%$(.&%$!BA!

XP/'&(+0!Y1"!

!

TTV!

!

T9V!

!

S:V!

!

7TV!

!

S#V!

W%)!?+(0&!'*!

?5%$(.&%$!BA!

D(6/5%!Y17!

!

S9V!

!

T#V!

!

S9V!

!

7TV!

!

S7V!

D/5'0!%E.%**!(*!&-%!'4+/0&!+,!,/5'0!4+(%&(%*!'>'()'B)%!&+!5%'.&F!'*!'!?%5.%0&'6%!+,!4')%(4($%!65+/?*!?5%*%0&1!Z&!

.'0! B%! .')./)'&%$! >('! 9::[5F!=-%5%! 5! (*! &-%! 5'&(+! +,! &-%! .+0.%0&5'&(+0! +,! )(4(&(06!4+(%&(%*! &+! %E.%**!4+(%&(%*F!

B%.'/*%!,/5'0!(*!')='A*!(0!%E.%**!(0!&-%*%!*&/$(%*1!

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

O+!4'@%!/*%!+,!&-%!5%)'&(+0*-(?!(0!XP/'&(+0!Y1#F! (&! (*!.)%'5!&-'&!%P/()(B5(/4F!

@(0%&(.F! '0$! *&5/.&/5')! ?'5'4%&%5*! +,! &-%! 4+0+4%5*! 4/*&! B%! .+4B(0%$! =(&-!

4%.-'0(.')! 4%'*/5%4%0&*! +,! &-%! ?+)A4%5! 4(E&/5%1! ! X*&(4'&%*! ,+5! &-%! -%'&! '0$!



! "#!

$%&'()*!(+!'$,-&.(%/!,0!1$22!,0!3''4$%.50!,-&.6,&.(%!$%$'7*!,%8!9.%$&.-!)'$+,-&('0!+('!

+('1,'8!,%8!'$6$'0$!',&$!-(%0&,%&0/!(+!&4$!:.$20;328$'!'$,-&.(%!,'$!,6,.2,<2$!.%!&4$!

2.&$',&5'$=!>(1$6$'/! +('! &4$!0,9$!(+! .%&$'%,2!-(%0.0&$%-*!,%8!<$-,50$!(+!6,'.,<.2.&*!

,00(-.,&$8! 1.&4! &4$! 0)$-.+.-! +5%-&.(%,2.?,&.(%! ,%8! @(2$-52,'! $%6.'(%@$%&/! 1$! '$;

$0&.@,&$8! &4$! ),',@$&$'0! +('! &4$0$! 0)$-.+.-! -4$@.-,2! 0*0&$@0! <*! $6,25,&.%7!

&$@)$',&5'$;8$)$%8$%&! ABCD! 8,&,! +('! &4$! $E5.2.<'.5@! ,%8! &.@$;8$)$%8$%&!

-(%-$%&',&.(%0! (+! &4$! '$,-&,%&0=! B4$! @,2$.@.8$! '.%7;0&'$&-4.%7! )$,9! ,&! FGH! -@;I!

0$'6$8!,0!&4$!@(0&!'$2.,<2$!0(5'-$!(+!-(%6$'0.(%!8,&,=!3!%(%2.%$,'!2$,0&;0E5,'$0!+.&!

(+!&4$!-(%-$%&',&.(%!8,&,!JKLM/!KLMH/!KAMHNKLMHO'/!K3MNKLMH;KLMP!&(!,!9.%$&.-!@(8$2!!!!

!! ! ! JQ=QP!

1,0! 50$8! &(! $0&.@,&$! &4$! +('1,'8! ,%8! '$6$'0$! ',&$! -(%0&,%&0! 9+! ,%8! 9'!

-(''$0)(%8.%7! &(!$,-4!@$,05'$@$%&/!14.-4!,20(!,22(1$8! +('! &4$!-,2-52,&.(%!(+! &4$!

$E5.2.<'.5@!-(%0&,%&!RS=!3!'$)'$0$%&,&.6$!+.&!.0!)'$0$%&$8!.%!A.75'$!Q=T=!

!

!"#$%&'()*+!UV,@)2$!9.%$&.-!),',@$&$'0! +('!WDAJ#="P! 'NH=GI! ! ,&!IHHXS=!B4$!
),',@$&$'0! 1$'$! (<&,.%$8! 6.,! %(%2.%$,'! 2$,0&;0E5,'$0! +.&! J0(2.8! 2.%$P! &(! &4$! ABCD!

! "# "! $#

"

"%!

$

$%!

&

'()*+,)(-.

/
0
1*
()
(2
*
+3
4
-
5
*
-
67
0
6(
4
-
+,
/
.

8
9
:#%$#;+/

!"
+)(-

!"

8
7
:#%#<<$+)(-

!"

=:$%&>+/
!"

??@:#%##>!

! 

"
d[A]
dt

=
d[F]
dt

=
d[M]
dt

= kr[A] " k f [M][F]



! "#!

$%&$'&()*(+%&!,*(*!-.!/*)0')12!%3(*+&',!4)%/!/'*15)'/'&(1!%4!(6'!/*7'+/+,'!8'*0!
4%5&,!*(!9:;!$/<=>!

!

!"#$%&' ()*+! ?*&@(! A%44! *&,! B))6'&+51! 87%(1! 4%)! *! C*)+'(D! %4! EFG! 1D1('/1>!
HA;I<9;JK;!0LM/%7N!HE;I<==9J9;! LM/%7MON!P*IQQJK;!0LM/%7N! 0;I=>R.=;==JK!/+&<=>!
S+,'! 8*)*/'(')! $%&4+,'&$'! +&(')C*71! T')'! ,5'! (%! (6'! )'7*(+C'7D! &*))%T!
'.8')+/'&(*7!('/8')*(5)'!)*&U'N!)'157(+&U!+&!6+U6!8*)*/'(')!$%C*)+*&$'>!

V6'!/*+&!%5($%/'!%4!(6+1!GVWF!*&*7D1+1!T*1!*&!'X5+7+3)+5/!('/8')*(5)'<$%&C')1+%&!

)'7*(+%&16+8!!-"2!*&,!*! ('/8')*(5)'<7+4'(+/'!)'7*(+%&16+8!#$-"2I=M0)! 4%)! (6'!Y+'71<

B7,')!*,,5$(1>!V6'1'!8*)*/'(')1!T')'!$%&1+1('&(!*/%&U!(6'!C*)+%51!$%/8%1+(+%&1!

*&,!*U)'',!T+(6!7+(')*(5)'!C*75'1>!V6+1!+&4%)/*(+%&!*77%T1!51!(%!)'T)+('!-#>K2!*1!

-#>"2!

7'*C+&U! %&7D! (6'! /'*15)'/'&(! %4! (6'! 7%&U'1(! )'7*.*(+%&! (+/'! *1! *! 45&$(+%&! %4!

('/8')*(5)'!3'4%)'! (6'!U'7!8%+&(N% !&'(N! *&,! (6'!/*(')+*7<,'8'&,'&(!8)%8%)(+%&*7+(D!

$%&1(*&(N!)N!(%!3'!'1(+/*(',>!

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

V6'!C+1$%'7*1(+$!18'$()*!%4!%5)!/%,'7!&'(T%)01!6*C'!*!&5/3')!%4!+/8%)(*&(!

4'*(5)'1!8)',+$(',!3D!EF!(6'%)D!(6*(!*)+1'!T+(6+&!(6+1!'.8')+/'&(*7!T+&,%T>!B1!*&!

'.*/87'N!(6'!$%/87'.!16'*)!/%,5751!%4!EFG-R>Q2!)I;>9!/'*15)',!*(!=="Z[!+1!16%T&!

2.4 2.5 2.6 2.7 2.8 x 10−3

0

1

2

3

Temperature−1 (Kelvin−1)

ln(
K

)

 

 

H0=−60±20 kJ/mol
S0=−116±60 J/mol/K

c

ln KC( ) = H° T S°
RT

2.4 2.5 2.6 2.7 2.8 x 10−3

−4

−3

−2

−1

0

Temperature−1 (Kelvin−1)

ln(
k r)

 

 

Ea=88±20 kJ/mol
k0=1.3x1011±2 min−1 

ln kr( ) = ln k0( ) Ea
RT

! 

p T( ) = C
"max

" b T( )
+ pgel



! ""!

#$!%#&'()!*+*,!-#./!./01)!2)3.'()1!43(5)6+!78,./)0(9:;<!3$6!#1!./)!./)0().#=3>!8>3.)3'!

406'>'1!)?8)=.)6!2(04!3$!)@'#A3>)$.!#(()A)(1#B>)!8/3$.04!$).-0(5!!-#./!=(011>#$5!

6)$1#.C! ! :! 0(,! )@'#A3>)$.>C,! ./)! #$1.3$.3$)0'1! $'4B)(! 02! $).-0(5! =/3#$1! #$! ./)!

43.)(#3>,!=3>='>3.)6!3==0(6#$&!.0!D#>>)(!3$6!D3=0150+EF!GH)1=(#8.#0$!02!./)!388(03=/!

.0! ./#1! =3>='>3.#0$! =3$! B)! 20'$6! #$! ./)! 1'880(.#$&! #$20(43.#0$+I! J)! =/01)! ./)!

=(0110A)(! 2()@')$=C,!K?,!31!0'(!)1.#43.)!02! ./)! >0$&)1.!()>3?3.#0$!.#4),!L43?,!-/)$!

=0$A)(.)6! .0! 3! =/3(3=.)(#1.#=! .#4)1=3>)! A#3! ./)! ()>3.#0$1/#8! L43?9MNOK?+! </#1!

311'48.#0$! #1! 401.! 3=='(3.)! -/)$! ./)! =(0110A)(! 0=='(1! 3.! ./)! 43?#4'4! 02! 3!

6#1.#$=.! 2#$3>!7PP! 8)35,!-/#=/! #1! A3>#6! 20(! 0'(! 1C1.)41! #$! ./)! ()&#4)!02! #$.)()1.+! Q;!

./)0(C! )?8)=.1! 7P! .0! 1=3>)! 31! KR! 0A)(! ./)! ()&#0$! MNOL43?! .0! MNOL()>3?! G./)!

=/3(3=.)(#1.#=!.#4)1=3>)!02!$).-0(5!=/3#$!3$6!10>!=>'1.)(!()>3?3.#0$1I!3.!./)!>)A)>!02!

78,./)0(+!S1!7P!=(011)1!0A)(!78,./)0(!#$!./#1!(3$&),!./)!>)A)>!02!./)!=048>)?!406'>'1!#1!#$!

3&())4)$.!-#./! ./)0().#=3>! )?8)=.3.#0$1+! T#5)-#1),! 7PP! 1/0'>6! 1=3>)! 31!KUE! 3$6!KE!

0A)(! ./)!134)! 2()@')$=C!(3$&),!-#./!3!4#$#4'4!0=='((#$&!3.!MNOLM+!V)=3'1)!LM! #1!

./)! &)04).(#=! 4)3$! 02! L43?! 3$6! L()>3?,! 3$6! 1#$=)! L()>3?! 60)1! $0.! /3A)! 3! 6#1.#$=.#A)!

.(3$1#.#0$! 2)3.'(),! -)! )1.#43.)6! ./)! =/3#$! ()>3?3.#0$! 2()@')$=C! 31! KMMOK?! 3$6!

#$6#=3.)6! #.! 0$! %#&'()! *+*! -#./! 3! 631/)6! >#$)+! W'3>#.3.#A)>C,! ./)$,! ./#1! 2()@')$=C!

1-))8!83#$.1!3!8#=.'()!02!G2(04!(#&/.!.0!>)2.I!3!43.)(#3>!./3.!1)..>)1!#$.0!#.1!$).-0(5U

=0$1.(3#$)6! =0$2#&'(3.#0$! #$! ()180$1)! .0! 1.()11! 0$! ./)! 0(6)(! 02! R+X! 1)=0$61+! </)!

43.)(#3>!)?/#B#.1!3!()>3.#A)>C!)>31.#=!()180$1)!.0!6)20(43.#0$1!8)(1#1.#$&!31!>0$&!31!

XUY! 1)=0$61Z! /0-)A)(,! #.! ()>3?)1! 3$C! >0$&)(U>31.#$&! 1.()11)1! 31! $).-0(5! =/3#$1!

6#1=0$$)=.!3$6!()3((3$&)!6')!.0!./)!().(0UH#)>1US>6)(!()3=.#0$+!



! "#!

!

!"#$%&'()(*!!$%&'(!)*+,-,.!*/!$0123456!(784#!'9!::";<4!=>?9%&*(!@.!9%&!)*+,-,.!
A*((&.>*B+@BC! 9*!'!A(*..-@BD!+&B.@9E!A'-A,-'9&+! /(*)!A-'..@A'-!C&-'9@*B! 9%&*(E4!F%&!

A(*..*G&(?!=HH! -*A'-!)@B@),)?!'B+!A-,.9&(!(&-'I'9@*B!/(&J,&BA@&.!2G&(9@A'-!.*-@+!'B+!

+'.%&+! -@B&.6! '(&! )'(D&+! '.! KLMN)'I?! KLMNK?! 'B+! KLMN(&-'I?! (&.>&A9@G&-E4! F%&.&!

/&'9,(&.!'(&!@B!'C(&&)&B9!O@9%!$0!9%&*(E!>(&+@A9@*B.4!

1@C,(&!P4"! .%*O.!'++@9@*B'-! A*)>-&I!)*+,-,.! A,(G&.!*/! 9%&! $0123456! (784#!

A*)>*.@9@*B?! )&'.,(&+! '9! 9O*! '++@9@*B'-! 9&)>&('9,(&.4! F%&! A(*..*G&(! /(&J,&BAE!

.%@/9.! -&/9! '.! 9&)>&('9,(&! +&A(&'.&.?! *(! &J,@G'-&B9-E! '.! &J,@-@Q(@,)! A*BG&(.@*B!

@BA(&'.&.4!R.!O&!+@.A,..&+!@B!'B!&'(-@&(KP!(&>*(9?!9%&!'>>'(&B9!'A9@G'9@*B!&B&(CE!*/!

9%@.!>(*A&..!2SK#8!DTM)*-!'AA*(+@BC!9*!9%&!+'9'!*/!1@C,(&!P4"6!@.!),A%!%@C%&(!9%'B!

A'B!Q&!&I>-'@B&+!.@)>-E!QE!9%&!U@&-.VR-+&(!D@B&9@A.!'-*B&4!!

!"
!!

!"
"

!"
!

!"
#

!"
$

!"
%

!"
&

!"
'

()*+,-.,*/0*123-!-4,+5678

(
)
*
+
,-
9
:
5
0
;0
7
-<
"=
<
""
-4
>
+
8

-

-

<"

<""

##6$
,*;+?##6$

#
##6$

9+?

<
@=A)*:,



! "#!

!

!"#$%&'()*+!$%&'(!)*+,-,.!*/!$0123456!(7849!':!;;8<=>!;;"<=>!'?+!;;#<=4!@%&!
A(*..*B&(! C*D?:! 2B&(:DA'-! .*-D+! -D?&.6! .%D/:.! ,C! '?+! :*! :%&! -&/:! '.! '! :&)C&(':,(&!
+&A(&'.&.>!*(!&E,DB'-&?:-F>!'.!:%&!&E,D-DG(D,)!A*?B&(.D*?!D?A(&'.&.4!

HAA*(+D?I!:*!:%&!$0!:%&*(F!2&E,':D*?!J4"6>!'!C-*:!*/!:%&!(':D*!*/!:%&!-*?I&.:!(&-'K':D*?!

:D)&! :*! :%&! '++,A:! -D/&:D)&! '.! '! /,?A:D*?! */! A*?B&(.D*?! .%*,-+! (&.,-:! D?! '! .:('DI%:!

-D?&>!D/!:%&!)':&(D'-!D.!G&F*?+!D:.!1-*(F!I&-!C*D?:!A*?B&(.D*?!/*(!'?!H?LH?M;LNLH;LOP!

.:&CMI(*Q:%!C*-F)&(DR':D*?4!!

! 2J496!

!1DI,(&! J49! +&)*?.:(':&.! :%':! *,(! &KC&(D)&?:.! QD:%! .&B&('-! A*)C*.D:D*?.! '(&!

A*?.D.:&?:!QD:%!:%D.!&KC&A:':D*?4!H?!'++D:D*?'-!D)C-DA':D*?!*/!:%&.&!C-*:.!D.!:%':!:%&!

(':&! */! A(*..-D?S! +D..*AD':D*?! QD--! G&! 'G*,:! P8T! :%&! (&:(*MUD&-.MH-+&(! (':&! ':! '!

+D.:'?A&!/(*)!:%&!I&-!C*D?:!VW3X>!G,:!+(*C.!:*!;8T!':!VW"X!D?!:%&.&!A*)C*.D:D*?.4
!

!"
!#

!"
!!

!"
"

!"
!

!"
#

!"
$

!"
%

!"
&

!"
'

()*+,-.,*/0*123-!-4,+5678

(
)
*
+
,-
9
:
5
0
;0
7
-<
"=
<
""
-4
>
+
8

-

-

<"--!!"?@

<""-!!"?@

<"--!!&?@

<""-!!&?@

<"--!!A?@

<""-!!A?@

B12,*+7C1D-E

F*2,*+7C1D-G

! 

pgel =
1

r( fe " 1)



! "#!

!

!"#$%&' ()*+! $%&! '()&*+,-&! .,'(/! 0),1203! 4&.*5*! +/64&.*(/67! *%/8(69! -(6&,.!
:&;&6:&6+&!/6!+/64&.*(/6!3&</6:!'%&!9&-!;/(6'!=/.!4,.(/5*!+/);/*('(/6*>!?,',!=/.!
0),1! 8,*! +/--&+'&:! 4(,! :<6,)(+! )&+%,6(+,-! ,6,-<*(*7! 8%(-&! ),-&()(:&! +/64&.*(/6!
,6:!03!8&.&!+,-+5-,'&:!=./)!'%&!&1;&.()&6',-!'&);&.,'5.&!5*(69!'%&!4,6@'!A/==!,6:!
B..%&6(5*! .&-,'(/6*%(;*!8('%! '%&! '%&.)/+%&)(+,-! ;,.,)&'&.*! +,-+5-,'&:! (6! C(95.&!
D>E>!F6!=,+'7!,'!,6<!9(4&6!'&);&.,'5.&!/.!+/6:('(/6*7!03!(*!*();-<!'%&!.&+(;./+,-!/=!'%&!
.&'./G?(&-*GB-:&.!.,'&!+/6*',6'!H.>!I/);,.(*/6*!/=! =(''&:! (6'&.+&;'*! '/!&1;&+'&:!9&-!
;/(6'*!,.&!;.&*&6'&:!(6!$,3-&!D>J>

!

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

B-'%/59%!'%&!.&-,'(/6*%(;!:&*+.(3&:!3<!&K5,'(/6!D>L!(*!*();-&7!,!65)3&.!/=!),'&.(,-!

;,.,)&'&.*! )5*'! 3&! H6/86! 3&=/.&! ('*! ;.&:(+'(4&! +,;,+('<! 3&+/)&*! 5*&=5->! $%&!

,+'(4,'(/6!&6&.9<!,6:!M'/!,6!&1'&6'N!'%&!H(6&'(+!;.&=,+'/.!=/.!'%&!.&4&.*(3-&!3/6:!,.&!

4(',-! (6=/.),'(/6! '%,'!)5*'! 3&! H6/86>! B''&);'*! '/! &*'(),'&! '%&! .&'./G?(&-*GB-:&.!

,+'(4,'(/6!&6&.9<!3,*&:!*/-&-<!/6!OP!,6:!:(*',6+&!=./)!'%&!9&-!;/(6'!*%/8&:!'%,'!'%&!

&*'(),'&! (*! %(9%-<! *&6*('(4&! '/! *),--! &../.*! (6! '%&! 9&-! ;/(6'>! B! '&);&.,'5.&G

+/64&.*(/6!.&-,'(/6*%(;!(*!.&K5(.&:!'/!&*'(),'&!'%&!9&-!;/(6'!56-&**!+/64&.*(/6!+,6!

3&!)&,*5.&:!!"#$!%&!(6!'%&!,;;-(+,'(/6!(6!K5&*'(/6>!B-'&.6,'(4&-<7!'%&!,6,-<*(*!+,6!3&!

=.,)&:! (6! '&.)*! /=! Q'&);&.,'5.&! :(*',6+&R! =./)! '%&! Q9&-! '&);&.,'5.&R! ,'!

&K5(-(3.(5)7! 8('%! '%&! ,**5);'(/6! '%,'! +%,69&! (6! +/64&.*(/6! (*! -(6&,.! 8('%!

0.65 0.7 0.75 0.8 0.85 0.9
0

0.02

0.04

0.06

0.08

0.1

0.12

Maleimide Conversion

Ti
m

es
ca

le
 R

at
io

  
m

ax
/ b

 

 
SRF(3.8) r=0.6
SRF(3.5) r=0.91
SRF(3.5) r=0.6

0.65 0.7 0.75 0.8 0.85 0.9
0

0.02

0.04

0.06

0.08

0.1

0.12

Maleimide Conversion

Ti
m

es
ca

le
 R

at
io

  
m

ax
/ b

 

 
SRF(3.0) r=0.78
SRF(3.0) r=1.0



! "#!

$%&'%()$*(%! +,%(! $-%! .)((+/! $%&'%()$*(%! ().0%! +1! 2.$%(%3$4! 5-23! )33*&'$2+.! 23!

$6'27)886! ,)829! 1+(! $-%!&)$%(2)83! ).9! 7+.92$2+.3! +1! $-23! 3$*96! ).9!&).6! +$-%(3:! )3!

3-+/.!2.!;20*(%!<4=4!!

!

!"#$%&' ()*+! 5-%+(%$27)8! 7+.,%(32+.! ,%(3*3! $%&'%()$*(%! 1+(! >?;@A4"B! (CD4E!
7+&'+32$2+.3!2.!$-%!$%&'%()$*(%!().0%!+1!2.$%(%3$4!!5-%!82.%!23!)!82.%)(!12$4!F8$-+*0-!
7*(,)$*(%!2.!$-%!'+2.$3!23!)'')(%.$:!$-%!9%,2)$2+.3!1(+&!)!8+7)8!82.%)(!)''(+G2&)$2+.!
)(%!.%08202H8%4!

IJ*)$2+.! <4K! 7).! )83+! H%! *3%9! $+! %3$2&)$%! $-%! 0%8! '+2.$! 1+(! $-%(&+(%,%(32H8%!

&)$%(2)83! /-%(%! $-%! %G)7$! ,)8*%! 23! *.L.+/.:! ).9! /2$-+*$! -),2.0! $+! $)(0%$! $-%!

'(%723%!7+.92$2+.3!+1!0%8)$2+.4!M6!$-%!3)&%!$+L%.:!$-%!$(*%!%11%7$2,%!1*.7$2+.)82$6!+1!)!

&2G$*(%!7).!H%!7)87*8)$%9!,2)!$-%!%3$2&)$2+.!+1!$-%!0%8!'+2.$:!/2$-+*$!(%J*2(2.0!%G)7$!

L.+/8%90%! +1! $-%! &+8%7*8)(! 3$(*7$*(%4! N.7%! IJ*)$2+.! <4K! -)3! H%%.! *3%9:! $-%!

%3$2&)$%!+1!!"#$!7).!H%!7+.,%($%9!2.$+!%11%7$2,%!1*.7$2+.)82$6!,2)!$-%!2.,%(3%!+1!@<4EBO!

@<4=B!!

/-27-!2.!$-%!7)3%!+1!).!F.PF.QRPSPFRPMK!3$%'Q0(+/$-!'+86&%(2T)$2+.!23!$-%!%11%7$2,%!

1*.7$2+.)82$6! +1! $-%! F! 7+&'+.%.$3! 2.! )00(%0)$%4! 5-23! )''(+)7-! )88+/3! 3$(*7$*()8!

D4U"!

D4UE!

D4U=!

D4UU!

D4U#!

D4#!

RDE! RDU! RRD! RRK! RR<! RRE!

,
-.
&"
/
"0
&'
12
3
4&
%5
"2
3
'

6&/7&%-8$%&'9℃:'

! 

fe =
1

rpgel
2

+1



! "#!

$%&'()*+$'%! +'! ,-! .-+-()$%-.! &(')! -)/$($0*1! .2%*)$0! )-03*%$0*1! +-4+4! *%.!

/5,1$43-.!+3-()'.2%*)$0!*%.!6$%-+$0!/*(*)-+-(4!*4!$%!7$85(-!9:;:!

!

!"#$%&' ()*+! <-+-()$%*+$'%! '&! -&&-0+$=-! &5%0+$'%*1$+2! &(')! +3-! $%+-(0-/+!
>$)/1$-.!8-1!/'$%+?!'&!*!+$)-40*1-!(*+$'!=-(454!0'%=-(4$'%!/1'+!'&!+3-!@A7>B:C?!(D#:EF!

0')/'4$+$'%:!G2!$%=-(+$%8!+3-!71'(2H@+'06)*2-(!-I5*+$'%!>4'1$.!1$%-?J!+3-!$%+-(0-/+!

'&!+3-!1$%-*(!&$+!>.'++-.!1$%-?!'&!+3-!.*+*!>+($*%81-4?J!K3$03!(-/(-4-%+4!+3-!8-1!/'$%+!

0'%=-(4$'%J!0*%!,-!54-.!+'!0*1051*+-!>.*43-.!1$%-4?!+3-!'=-(*11!-&&-0+$=-!&5%0+$'%*1$+2!

&-!'&!*%!5%6%'K%!L%ML%HFMNMLFMGO!)$P+5(-:!

Q=-%! 8$=-%! 8''.! -4+$)*+-4! '&! />R?! *%.! 6(>R?J! +3-! 1'%8-4+! (-1*P*+$'%! +$)-! $4! %'+! *!

+2/$0*112! *00-44$,1-! /*(*)-+-(! $%! )*%2! 4$+5*+$'%4! K3-(-! +-)/-(*+5(-! .-/-%.-%+!

/('/-(+$-4!*(-!0(50$*1! $%&'()*+$'%:!R'!0'%=-(+! +3-!(-1*+$'%43$/! $%+'!*!)'(-!K$.-12!

*//1$0*,1-!&'()J!$+!$4!/'44$,1-!+'!54-!+3-!(-1*+$'%43$/!

>9:;?!

*%.! +3-!*445)/+$'%! +3*+! +3-!)*+-($*1!,-3*=-4!*00'(.$%8! +'!*!8-%-(*1$S-.!T*PK-11!

)'.-1!+'!(-K($+-!$+!$%!+-()4!'&!+3-!4+-*.2!43-*(!=$40'4$+2!*%.!0('441$%6!.-%4$+2:!U&!+3-!

/1*+-*5! )'.5154! 8('K4! *00'(.$%8! +'! *%! *//('/($*+-! 40*1$%8! 1*K! VWXYZY+J! *%.! +3-!

0.65 0.7 0.750
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08

Maleimide Conversion

Tim
es

ca
le 

Ra
tio

  τ
ma

x/τ b

0.65 0.7 0.75 2.6
2.8
3
3.2
3.4
3.6
3.8
4
4.2

Im
pli

ed
 f e

! 

" # $( ) = " " G $( ) $



! "#!

$%&'(&%)*! +)! ),-! )-./-0+)10-! (2! %3)-0-&)! '+3! 4-! .-+&10-56! ),-3! %3! ),-! 2%0&)! (05-0!

+//0(7%.+)%(3!),-!8(39-&)!0-8+7+)%(3!)%.-!'+3!4-!:0%))-3!+&;!

<=>?@!!

:,-0-!),-!+4&(81)-!)-./-0+)10-!2+')(0!3(0.+8%A-&!),-!)-./-0+)10-!5-/-35-3'-!(2!

0144-0*! -8+&)%'%)*>! B,-! &'+8%39! -7/(3-3)! )! ,+&! +! $+81-! (2! C! +''(05%39! )(! '8+&&%'+8!

),-(0*6!41)!.+*!4-!.-+&10-5!2(0!+3!%35%$%51+8!&*&)-.>!DE1+)%(3!=>F!'+3!),-0-2(0-!4-!

0-:0%))-3!:%),(1)!+3*!.-3)%(3!(2!',+0+')-0%&)%'!)%.-&!+&;!

<=>#G@!

DE1+)%(3!=>#G!'+3!4-!0-+00+39-5! )(!/0(51'-!+3!-7/0-&&%(3! 2(0! ),-!$%&'(&%)*!(2! ),-!

.+)-0%+8!+&!+!213')%(3!(2!)-./-0+)10-6!(0!+3!-$-3!&%./8-0!-7/0-&&%(3!/0(/(0)%(3+8!)(!

),-!0-$-0&-!0+)-!'(3&)+3)!+35!),-!5%&)+3'-!20(.!),-!9-8!/(%3)6!+&!&,(:3!%3!-E1+)%(3!

=>##>!H()-! ),+)! ),%&!-E1+)%(3!5(-&!3()! %./8*!A-0(!$%&'(&%)*!+)! ),-!9-8!/(%3)6!+&! ),%&!

5-$-8(/.-3)!(38*!+//8%-&!+2)-0!+!.%3%.1.!5%&)+3'-!I.%3!4-*(35!),-!9-8!/(%3)!:,-0-!

40-+J+9-!(2!3-):(0J!',+%3&!%&!),-!5(.%3+3)!0-8+7+)%(3!.-',+3%&.>#C4!

<=>##@!

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

B%.-K)-./-0+)10-!&1/-0/(&%)%(3!%&!+!&)+/8-!)((8!(2!135-0&)+35%39!),-!)-./-0+)10-!

5-/-35-3'-! (2! /0(/-0)%-&! %3! /(8*.-0! &'%-3'->! L(.-! 90(1/&F"! ,+$-! 1&-5! ),%&!

-./%0%'+8!/0('-&&!:%),!&1''-&&!(3!.+)-0%+8&!:,-0-!4(35!5*3+.%'&!+35!'(3$-0&%(3!

+0-!3()!&)0(39!213')%(3&!(2!)-./-0+)10-6!(0!:,-3!),-!'0(&&($-0!20-E1-3'*!%&!(1)!(2!

),-! 0+39-! (2!.-+&10-.-3)>! M8-+08*6! %2! ),-! 0-$-0&%48-! 4(35! %&! ),-0.+88*! 0-&/(3&%$-!

! 

p = C"0T
# t k0 exp $

Ea

RT
% 

& 
' 

( 

) 
* + pgel

! 

"0 =
# # t

CTk0 exp $Ea /RT( )
%
# t+1

Tkr

! 

"
max

#
T$

0

%
t



! "#!

$%&'%(! &')! &)*+),-&.,)! ,-(/)! 01(2%3),)34! &')! ,)2.5&! 16! 01(7)(&%1(-5! &%*)8

&)*+),-&.,)! 2.+),+12%&%1(2! $%55! 9)! 2:)$)3;! <(1&'),! 2.+),+12%&%1(! +,%(0%+5)!

01**1(5=! .2)3! %(! &')! 5%&),-&.,)! %2! &1! (1,*-5%>)! &')! 6,)?.)(0=! 9=! &')! 0,1225%(:!

,)7),2)! ,-&)! 01(2&-(&4! -2! 3)7)51+)3! 9=! @1.(&! !"# $%;#"-! A'%2! +,%(0%+5)! '-2! 9))(!

2'1$(B4!C4!#D!&1!9)!)66)0&%7)!%(!&')!&,)-&*)(&!16!*-(=!2=2&)*2!6,1*!'=3,1/)(891(3)3!

()&$1,:2! &1! 91,1(-&)83%15! 2=2&)*2;! E1$)7),4! &')2)! 2=2&)*2! -,)! &=+%0-55=! '%/'5=!

6.(0&%1(-5%>)3! 1,! 7),=! 6-,! 6,1*! &')%,! /)5! +1%(&! %(! &')! ,-(/)! 16! 01(3%&%1(2! 2&.3%)3;!!

F)7),-5! 16! 1.,! 2=2&)*2! &'-&! -,)! 0512),! &1! &')! /)5! +1%(&! 2'1$! /113! 17),5-+! -&! &')!

0,12217),! 6,)?.)(0=G! '1$)7),4! 2.+),+12%&%1(! %2! .(-95)! &1! -001.(&! 61,! &')! HI!

6)-&.,)2!*)-2.,)3! -&! '%/'),! 6,)?.)(0%)2;! J%/.,)! C;K! 2'1$2! '1$!HL! -(3! HLL! 0.,7)2!

2'%6&)3!&1!*-&0'!-&!&')!0,12217),!6-%5!&1!17),5-+!-&!&')!.++),!,-(/)!16!&')!6,)?.)(0=!

2$))+2! %(! 1.,! *-&),%-52;! M(3))34! &')! HLL! 0.,7)2! 6,1*! #! &1! BNN! ,-3O2! '-3! 9)&&),!

17),5-+! 9)61,)! &')! 2'%6&;! A'%2! ,)2.5&! 0-(! 9)! %(&),+,)&)3! -2! )7%3)(0)! &'-&! &')!

*)0'-(%2*2!/17),(%(/!P*-Q!-(3!P,)5-Q4!(-*)5=!0.&166!05.2&),!9-0:91()!9,)-:-/)!-(3!

2*-55!05.2&),!3%66.2%1(4!'-7)!3%2&%(0&!&)*+),-&.,)!3)+)(3)(0%)2;!A'.24!%&!%2!05)-,!&'-&!

&')! .2)! 16! &')! 2.+),+12%&%1(! 01(0)+&! %2! %(-++,1+,%-&)! 61,! ()&$1,:2! $%&'!

&)*+),-&.,)!3)+)(3)(&!0')*%0-5!2&,.0&.,);!



! "#!

!

!

"#$%&'! ()*)! $%&'()&! *+! ,))%-.)/01! )/-%2)%-.%3,)'3%! &'.%3.*&/)/*0!

4$56#789:;<=>! -*?%(! )@%3-*3%A%3&/B(%! -,)%3/,(&7! 6C*.9! C@%! 3,D! ?,),! +*3! )@%!

-,)%3/,(! ,)! EE#FG! ,0?! EE"FG7! 6=*))*-9! C@%! ?,),! ,3%! 0*3-,(/H%?! )*! )@%! I3*&&*A%3!

.*/0)7!J*D!+3%K'%0IL!B%@,A/*3!&@*D&!1**?!*A%3(,.M!B')!)@%!@/1@!+3%K'%0IL!B%@,A/*3!

6*+!NOO!%&.%I/,((L9!*A%3(,.&!-'I@!B%))%3!D/)@*')!)@%!&@/+)7!G'3A%&!,3%!3%.3%&%0),)/A%!

*+!&/-/(,3!I*-.,3/&*0&!+*3!-'()/.(%!I*-.*&/)/*0&7!

!"#$%&'("#)

4%-%0*A! ,0?! $'B/0&)%/0O&! )@%*3L! *+! (/0%,3! ?L0,-/I&! +*3! 3%A%3&/B(%! 0%)D*3P&!

.3*A/?%&!,0!,..3*.3/,)%!?%&I3/.)/*0!*+!)@%!B%@,A/*3!*+!)@/&!-*?%(!)@%3-*3%A%3&/B(%!

;/%(&2Q(?%3! 0%)D*3P! /0! ,! A,3/%)L! *+! &/)',)/*0&! 0%,3! )@%! 1%(! .*/0)7! ;'%! )*! )@%!

&/-.(/I/)L!*+!)@%!-*?%(!&L&)%-M!)@/&!I*0+/3-,)/*0!(%,?&!'&!)*!%R.%I)!)@,)!)@%!&/-.(%!

10
!1

10
0

10
1

10
2

10
2

10
3

10
4

10
5

Shear frequency ! (rad/s)

S
h
e
a
r 

m
o
d
u
lu

s
 G
",
G
""
 (

P
a
)

 

 

G"  113°C

G"" 113°C

G"  116°C

G"" 116°C

!"
"

!"
!

!"
#

!"
!!

!"
"

!"
!

$%&'()*+,-./0,(&.1&,23,456

$
%
&'
(
)*+
,
-
./
0
,
(
&.
'
%
-
3
)3
/

.

.

7!87
9
!..!!:;<

7!!87
9
!!.!!:;<

7!87
9
!..!!=;<

7!!87
9
!!.!!=;<



! "#!

$%&'()*!+,'&-(.)$/(0!1$,2!/,+,!/&$!3(2,!&00'(%&4('(-5!-.!+,6,+$(4'5!4.)2,2!0.'57,+!

),-3.+8$9! 3/,-/,+! %.6&',)-! .+! ).):%.6&',)-;! ! <5! $(70',! 7,&$1+,7,)-! .=! -/,!

%+.$$.6,+! -(7,! &-! .),! .+! -3.! 0.()-$9! 0&+&7,-,+$! %&)! 4,! .4-&(),2! -/&-! ,)&4',!

%&'%1'&-(.)!.=!-/,!(70.+-&)-!7&-,+(&'!0+.0,+-(,$!.6,+!&!3(2,!+&)*,!.=!-,70,+&-1+,9!

%.)6,+$(.)9!&)2!4.)2!4+,&8&*,!+&-,!6&'1,$;!>1+-/,+7.+,9!-/,!+&-(.!.=!-(7,$%&',$!%&)!

4,!+,3+(--,)!()!-,+7$!.=!7.+,!&%%,$$(4',!7,&$1+&4',$9!0+.6(2()*!&!1$,=1'!?1&'(-&-(6,!

2,$%+(0-(.)! .=! -/,! 4,/&6(.+! .=! *,''()*! -/,+7.+,6,+$(4',!7&-,+(&'$! =.+! &00'(%&-(.)$!

'&%8()*!$.0/($-(%&-,2!+/,.'.*(%&'!,?1(07,)-;!!

@'-/.1*/!.-/,+!*+.10$!/&6,!/&2! $1%%,$$!3(-/! ',$$! =1)2&7,)-&'! &00+.&%/,$! -.! -/,!

2,$%+(0-(.)! .=! -/,+7.+,6,+$(4',! ),-3.+8! 6($%.,'&$-(%(-59! (-! &00,&+$! -/&-! -/,$,!

&00+.&%/,$!&+,!=1)%-(.)&''5!$14$,-$!.=!-/,!0+,2(%-(.)$!0+.6(2,2!45!,?1&-(.)!#;A;!B,!

4,'(,6,!-/&-!-/($!=1+-/,+!2,7.)$-+&-,$!(-$!6&'1,!&$!&!7.+,!=',C(4',!-..'!=.+!0+,2(%-()*!

-/,! 0+.0,+-(,$! .=! -+&)$(,)-! %.6&',)-! D.+! 0/5$(%&'E! ),-3.+8$! ()! -/,(+! 7.$-!

%/&+&%-,+($-(%!+,*(7,;!F-!+,0+,$,)-$!&!6&'1&4',!-..'!()!-/,!$-+1%-1+,:0+.0,+-5!-..'8(-!

=.+! -/($! %'&$$! .=!7&-,+(&'$9! =(''()*! ()! -/,! *&0! 4,-3,,)! -/,! '(7(-()*! %&$,$!3/,+,! -/,!

%'&$$(%! -..'$! G! %+.$$'()8! 2,)$(-5! %&'%1'&-(.)$9! $7&''! 7.',%1',! 6($%.$(-5!

7,&$1+,7,)-$9!&)2!$%&'()*!,C0.),)-$!G!&00'5;!

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

+,$$%-*.*+)/0120*/-011$,'2*3%'1,(4*

H/,! %+.$$'()8! 2,)$(-5! I! .=! &! %'&$$(%&'9! <,-/,:'&--(%,9! @)J@):KJLJ@KJ<A! $-,0:

*+.3-/!0.'57,+!),-3.+8!%&)!4,!%&'%1'&-,2!&%%.+2()*!-.!-/,!,?1&-(.)!



! "#!

!

$%&'&! ()*+! *,! -%&! ./0.&0-'1-*/0! /2!345-*240.-*/015!3/0/3&',! ./00&.-&6! -/!

-%&!0&-$/'7!*!*06*8*6415!$19,:!;%&!&<41-*/0!'&='&,&0-,!-%&!>*?@AB@!$&*C%-&6!,43!/2!

155!0&-$/'7!D40.-*/0,!*EF:!()*+!.10!G&!.15.451-&6!1../'6*0C!-/!-%&!&<41-*/0!

!

H%*.%!,*3=59!,43,!-%&!./0-'*G4-*/0,!/2!*!D40.-*/0,!2'/3!&1.%!.'/,,5*07*0CI!J?

G&1'*0C!3/5&.451'!,=&.*&,:!K0!-%*,!&<41-*/0!(J2+L!*,!-%&!*0*-*15!./0.&0-'1-*/0!/2!-%&,&!

,=&.*&,! >3/5&.45&,! G&1'*0C! 2! J! 3/*&-*&,A! 106! M>)*I2A! *,! -%&! ='/G1G*5*-9! /2! 10! J2!

3/5&.45&! G&*0C! D/*0&6! -/! -%&! 0&-$/'7! *! -*3&,:! ;%&! .15.451-*/0! /2! M>)*I2A! *,!

,-'1*C%-2/'$1'6!C*8&0!-%&!<410-*-9!M>NJ/4-AI!-%&!='/G1G*5*-9!-%1-!1!C*8&0!3/*&-9!/0!1!

.'/,,5*07&'!5&16,!-/!1!2*0*-&!.%1*0O!

!

$%*.%!*,!-%&!='/64.-!/2!-%&!'&5&810-!='/G1G*5*-*&,!-%1-!*!/2!2!.%1*0,!$*55!5&16!-/!

-%&!0&-$/'7!106!-%&!'&,-!6/0P-I!1=='/='*1-&59!$&*C%-&6!G9!-%&!Q0!.%//,&!7R!G*0/3*15!

./&22*.*&0-!240.-*/0!>*0!-%*,!.1,&I!Q2!.%//,&!*RA:!

;%&! .15.451-*/0! /2! M>NJ/4-A! '&<4*'&,! 1! ,/3&$%1-! 6&&=&'! ./0.&=-415! 5&1=I!

$%*.%! *,! =&'2&.-59!$&55! &S=51*0&6! *0! -%&! /'*C*015! TUV"! -&S-! /2!W*55&'! 106!W1./,7/:!

! 
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i # 2
2

Xi[ ]
i=3
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$

! 

Xi[ ] = Af[ ]
0
P Xi, f( )

f = i

fmax

"

! 

P Xi, f( ) =
f
i
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! ""!

#$%&'&()!*+&!($*&!,-.,/.-*0$1!$2! 0*! 03!-!$1&4.01&!&5/-*0$1!$2!*+&!2$(6!789:7;)!-1<!03!

(&-<0.=!3$.'&<!1/6&(0,-..=>!

!

?1! *+03! &5/-*0$1)! @A! 03! *+&! ,$1'&(30$1! $2! A! (&-,*0'&! 9($/@3)! @B! 03! *+&!

,$1'&(30$1!$2!B)!-1<!-0!-1<!CD!-(&!*+&!6$.&!2(-,*0$13!$2!A!-1<!B!2/1,*0$1-.!9($/@3!$1!0!

-1<!D!2/1,*0$1-.!6$1$6&(3)!(&3@&,*0'&.=E!

!"#$%#"&'()*(+*',-(.&")&*/%")&'&'01*+.(,*$.(11#')2*,(#0*+."$&'()1*

F+&! -C$'&!6&*+$<! (&5/0(&3! *+(&&!6-*&(0-.43@&,020,! '&,*$(3! *$! <&3,(0C&! *+&!

3=3*&6)!!)!")!-1<!G#HE!I12$(*/1-*&.=)! *+&!9&1&(-.!,-.,/.-*0$1!$2!*+&3&!-((-=3! 03!1$14

*(0'0-.! 2$(! $/(! 6$<&.! 3=3*&6E! A! 9$$<! 01*&(6&<0-*&! -((-=! *$! ,-.,/.-*&! 03! *+&!

,($33.01J&(!6$.&42(-,*0$1! -((-=3! $#! -1<! $%)! %+0,+! ,$1*-01! *+&!6$.&! 2(-,*0$1! $1! -!

6$.&,/.-(! C-303! $2! *+&! '-(0$/3! 6$1$6&(3! @(&3&1*)! 3$(*&<! C=! 2/1,*0$1-.0*=E! K$(!

&7-6@.&)!-1!A1LA14ML!N!LAMLAO!607*/(&!609+*!C&!<&3,(0C&<!-3>!

! 

xA = 0 0 0 0.2 0.8[ ]!

02!POQ!$2! *+&!6$1$6&(3!-(&! *(02/1,*0$1-.!-1<!ROQ!-(&! *&*(-2/1,*0$1-.E! ?*! 03!

/3&2/.!*$!3*-(*!*+&!01<&7!$2!*+&!-((-=!-*!OE!K$(!BP!$1.=!607*/(&3)!$C'0$/3.=!

! 

xB = 0 0 1 0 0[ ]!

K($6!*+03!-((-=)!*+&!,-.,/.-*0$1!$2!!!$(!"!03!3*(-09+*2$(%-(<)!C=!%&09+*019!*+&!

,$6@$1&1*3!$2!$#!-9-013*!*+&!2/1,*0$1-.0*=!&-,+!,$6@$1&1*!(&@(&3&1*3>!

! 

P FA
out( ) = pA bj 1" pB + pB aiP FA

out( )i"1i
#[ ]

j"1

" pA +1
j

#



! "#!

! 

ai = ixA ,i b j = jxB , j !

$%&'&! ()*+,-&'! )+&! ).'/! 0')1.&! ,2! *%&! 3,+&-*! -).-0.)*,/2! /4! 402-*,/2).,*56

7&,8%*&3!)9&+)8&!402-*,/2).,*5!:&44&-*,9&!402-*,/2).,*5;!4&<!9,)!

! 

fe,A =
iaii

"
aii

" !

=+/''.,2>&+!(/.&!4+)-*,/2!9&-*/+'!'%/0.3!1&!2/+().,?&3!*/!)!()82,*03&!/4!@;!

15!3&4,2,*,/2A!B/7&9&+;!15!,2-/+C/+)*,28!,24/+()*,/2!)1/0*!*%&!'*/-%,/(&*+,-!+)*,/!+!

/4!402-*,/2).!8+/0C';!)''0(,28!DEF!,'!.,(,*,28;!7&!-)2!4/+(!*%&!9&-*/+'!!"!)23!!#;!!

! 

yA =
1+ r
r

xA
aii

"
yB =

r
1+ r

xB
bjj

" !

7%,-%!%)9&!*%&!0'&40.!C+/C&+*5!*%)*;!*%&5!-)2!1&!-/(1,2&3!7,*%!)2!)9&+)8&!

(/.&-0.)+!-/2-&2*+)*,/2!D=FG!*/!-).-0.)*&!D"FG!)23!D#FGH!

! 

A[ ]0 = C[ ]0yA B[ ]0 = C[ ]0yB !

$%&!D=FG!I0)2*,*5!-)2!1&!-).-0.)*&3!15!)25!-/29&2,&2*!(&)2'A!J2!/0+!-)'&;!7&!

%)3!C+&9,/0'.5!(&)'0+&3!!

!

&.'&7%&+&!)'!*%&!,2,*,).!().&,(,3&!-/2-&2*+)*,/2;!'/!7&!,29&+*&3!*%&!C)+*!/4!

*%&!)1/9&!+&.)*,/2'%,C!*/!'/.9&!4/+!)9&+)8&!(/.&-0.)+!-/2-&2*+)*,/2A!

! 

C[ ]0 = B2[ ]0 / yB ,2 = L[ ]0 /2yB ,2 !

! 

L[ ]0 = 2 B2[ ]0



! "#!

!"#$%#"&'()*(+*$,(--#').*/(#0*+,"$&'()-*+,(/*1,($02%,0*")2*"--%/1&'()-*

$%! &'(!)*+,(-*.! /0/+,)1! 2,! 3*4,! *! 5'..0! 5'%6+-&%*.-7,8! 6(&//.-%9,(! :;<1! *%!

-%,(+!/'=/+-+'+,8!6(&//.-%9,(1!:;<-1!*%8!)->+'(,/!&5!+3,!+2&!+&!)*9,!*%!-%+,(),8-*+,!

)->+'(,?!!"!5&(!*%0!&5!+3,/,!/0/+,)/!6*%!=,!8,5-%,8!=0!*!/-)@.,!2,-A3+,8!/')B!

! 

xA = xA,SRF
nSRF

nSRF + nSRFi
+ xA,SRFi 1"

nSRF
nSRF + nSRFi

# 

$ 
% 

& 

' 
( !

23,(,!%:;<! -/! +3,!)&.,/!&%!*!)&.,6'.*(!=*/-/! 5(&)!:;<! -%! +3,!)->+'(,?!C3,!

&4,(*..!(*+-&!6*%!=,!8,+,()-%,8!5(&)!+3,!)*//!(*+-&!):;<D):;<-B!

! 

nSRF
nSRF + nSRFi

=
nSRF /nSRFi
nSRF /nSRFi +1

nSRF
nSRFi

=
mSRF

mSRFi

MWSRFi

MWSRF
!

C3,! 6*.6'.*+-&%! &5! *4,(*A,! )&.,6'.*(! 2,-A3+/! EF:;<1! EF:;<-! -/! *! .-+,(*.!

*4,(*A,! &5! +3,!)&.,6'.*(!2,-A3+/!EFG1!EF(! &5! +3,! ,>@,6+,8! /@,6-,/! G1! (! -%! ,*63!

)->+'(,1!2,-A3+,8!=0!+3,-(!(,.*+-4,!@&@'.*+-&%!>(1!>G!-%!+3,!)->+'(,B!

! 

MWSRF = MWqq
" xq MWSRFi = MWrr

" xr !

>G!-/!*!6.&/,!(,.*+-4,!&5!>H1-!='+!8-55,(,%+-*+-%A!=,+2,,%!/@,6-,/!+3*+!)*0!3*4,!

+3,! /*),! %')=,(! &5! 5'%6+-&%*.! A(&'@/! 23-.,! 3*4-%A! 8-55,(,%+! /+('6+'(,/?! F,! 6*%!

&(A*%-7,!>G!-%+&!*!)*+(->!#"$!2-+3!6&)@&%,%+/!7HG1-191!23,(,!9!-/!*%!,>+(*!8-),%/-&%!

+&!6&%+*-%!+3-/!8-55,(,%+-*+-&%?!I&-%A!+3-/!*..&2/!'/!+&!5-%*..0!5&()!*%!,>@(,//-&%!5&(!

!"%&'(!=0!/'))-%A!&4,(!+3*+!8-),%/-&%B!

! 

xA ,SRF ,i = zAq,i,kk
" xA ,SRFi,i = zAr,i,kk

" !



! "#!

!"#! $%! &'(')*+',! %+)*$&-+./)0*),123! *%! +-'! +'+)**4)21*+'! 5)'46)%/)! 0*%!

7'*%6)',! +/! 8'3! *%! *8/9'3! :;<! +'+)*.6(4+$/(*1! *(,! =;<! +)$.6(4+$/(*13! *(,! 0'!

*%%67'! 4/751'+'! )'*4+$/(!0$+-! /6)!>$'1%?@1,')?*4+$9'! +-$/1A! B-')'./)'3! C! $%! $(! +-$%!

4*%'!*!%$(&1'+/(!,$7'(%$/(!*(,!!"#D$"%&'(DE;!;!;!;A=!;A:FA!

!")! $%! 4*1461*+',! .)/7! !"#! 6(,')! +-'! *%%675+$/(%! /.! 'G6*1! )'*4+$9$+2! /.!

*4)21*+'! &)/65%! *(,! 4/751'+'! 4/(%675+$/(3! 0$+-! 5DH;<! /.! +-'! &)/65%!

.6(4+$/(*1$I',!*(,!!!!J?5DK;<!/.!+-'!&)/65%!$(')+A!L'!76%+!&'(')*+'!+-'!5)/8*8$1$+2!

MN.$3CO! /.! .$(,$(&! *(! $?.6(4+$/(*1! 7/1'461'! *7/(&! 8/+-! %+*+$%+$4*112! %68%+$+6+',!

5/561*+$/(%!CDK3PQ!

! 

P fi,k( ) =
k
i
" 

# 
$ 
% 

& 
' pi 1( p[ ]k( i !

B-$%!4*(!8'!761+$51$',!*&*$(%+!!"#!+/!5)/,64'!!")Q!

! 

zAr,i,k = P f i,k( )zAq,i !

0-$4-! 0*%! +-'! 1*%+! $+'7! ('4'%%*)2! +/! 4*1461*+'! +-'! 4)/%%1$(C! ,'(%$+23! *(,!

'..'4+$9'! .6(4+$/(*1$+2! /.! RST! 4/75/%$+$/(%! 4)'*+',! 82! /6)! %+*+$%+$4*1! %68%+$+6+$/(!

*(,!+0/?4/75/('(+!7$U$(&!%+)*+'&2A!

!

!"#"$"%&"'(

JA! 9*(!V''C3!>A!WA!XAY!R5$')$(&3!@A!WA!ZAY!M'+')%3![A!LA!XAY!+'!\$]'(-6$%3!^AY!R$]8'%7*3!
SA!MA3!_($,$)'4+$/(*1!>$7')$I*+$/(!*(,!R+*4C$(&!/.!_)'$,/52)$7$,$(/('!`(,![)/65%!
$(! M/124*5)/1*4+/('! R65)*7/1'461*)! M/127')%A! !"#$%&%'(#)'(*+ *++,%! ,-! N=KO3!
:P"P?:PHaA!



! "#!

$%! &'()**+,+-! .%/! 0123'41',-! 5%! 6%/! 7(88,2),9-! &%! :%/! 5);8<-! :%-! =! ,1>82! <82?@
48)2+,A!<'B()C128D'2)(!B12;C8(!<;<*8C%!!"#"$"%&'()*+))(,-)&!""#$!./0-!$EF@$GH%!
I%! =9J+C)-! &%! K%/! =A'+((8-! 5%! =%/! L21M+,-! 0%! K%/! .D1**-! N%! O%/! &1PC),-! 0%! Q%-!
R48121A+D)2! ),9! D48C+D)2! ),)2;<+<! 1?! (8>8(<8! A82)*+1,! +,! )! D1>)28,*2;! D(1<<2+,S89!
T+82<@=298(!B12;C8(!,8*P1(S%!1"*#,2,34*+34)&!""%$!/.!U$IV-!WFF$@WFF"%!
H%! K);-!K%!X%/!Y),A48+,(+D4-!L%/!5),<1,-!6%!0%/!6)4)2+,A)C-!=%/!L+<8(-!Z%!O%-![,83')2!
<*1+D4+1C8*(;! \8*P88,! D(1<<2+,S+,A! C1+8*+8<! )??8D*<! *48! B(1B8(*+8<! 1?! *(),<+8,*!
,8*P1(S<! ?1(C89!\;!9;,)C+D! D1>)28,*! D(1<<2+,S<%!5,67&1"774#&!"&&$!8! UF$V-!E]$G@
E]IE%!
E%! 61,*)(,)2-!T%/!0)B821*-!6%/!N1'(,+24)D-!O%!1%/!Y8+\28(-!Y%-!.+2+D)@Y+S8!6)228)\28!
6)*8(+)2<!?(1C!Z8(C),8,*!^(A),+D!Q8*P1(S<%!5*(4-*4&!"&&$!00/!UG#E]V-!WGE@WG]%!
G%! 048,-!_%/!T)C-!6%!=%/!^,1-!L%/!6)2-!=%/!.48,-!5%/!Q'**-!.%!R%/!.48(),-!L%/!:'92-!O%-!
=! N48(C)22;! R8@C8,9)\28! 0(1<<@Y+,S89! Z12;C8(+D! 6)*8(+)2%! 5*(4-*4& !""!$! 9:;!
UEEG#V-!FGW]@F"#$%!
"%! `4),A-! a%/! &(18S4'+<-! =%! =%/! Z+DD4+1,+-! O%-! N48(C)22;! .82?@58)2+,A! Z12;C8(+D!
6)*8(+)2<b!N48!Q8M*!.*8B!*1!R8D;D2+,A!N48(C1<8*!Z12;C8(<c!1"*#,2,34*+34)&!""#$!
/9!UGV-!FW#G@FWF$%!
]%! L21M+,-! 0%! K%/! .D1**-! N%! O%/! =9J+C)-! &%! K%/! &1PC),-! 0%! Q%-! 01>)28,*! =9)B*)\28!
Q8*P1(S<! U0=Q<Vb! =! [,+3'8! Z)()9+AC! +,! 0(1<<@Y+,S89! Z12;C8(<%!1"*#,2,34*+34)&
!"&"$!/0!UGV-!$GHI@$GEI%!
W%! &1PC),-!0%!Q%/!L21M+,-!0%! K%-!01>)28,*!=9)B*)\28!Q8*P1(S<b!R8>8(<+\28!&1,9!
.*('D*'(8<! X,D1(B1()*89! +,! Z12;C8(! Q8*P1(S<%! <-=4>"-$74& ?@42(4& A-74#-"7(,-"3&
B$(7(,-&!"&!$!;.!UF]V-!H$"$@H$"H%!
F#%! .*)928(-! R%-! N(),<+8,*! ,8*P1(S<! \;! 4;9(1A8,! \1,9! +,*8()D*+1,<! +,!
B12;\'*)9+8,8@C82*<%! X,! C4#2"-4-7& "-$& D#"-)(4-7& E47>,#F)-! .B(+,A8(! &8(2+,! d!
58+982\8(Ab!FW]"/!e12%!"E-!BB!FH#@FHE@FHE%!
FF%! *8!Q+f8,4'+<-!L%-!0)2D'2)*+1,!1?!,8*P1(S!B)()C8*8(<!+,!*48(C1(8>8(<+\28!A82<%!
C,3%24#&G43)&"-$&E47>,#F)&&##'$!/!UE@GV-!HFE@HII%!
F$%! R8'*8,)'8(-! Z%/! &'428(-! g%/! &1'2-! Z%! K%/! 0),9)'-! .%! K%/! Y84,-! K%! 6%-! R11C!
*8CB8()*'(8!9;,)C+D!B12;C8(<!\)<89!1,!T+82<@=298(!D48C+<*(;%!?@42()7#%&!""#$!.;!
U]V-!F]WI@W##%!
FI%! U)V!.8C8,1>-!=%!Q%/!R'\+,<*8+,-!6%-!N48(C1(8>8(<+\28!782)*+1,!+,!.12'*+1,<!1?!
=<<1D+)*+>8! Z12;C8(<%! F%! .*)*+D<%! 1"*#,2,34*+34)& &##%$! 0.! UHV-! FI"I@FI]E/! U\V!
R'\+,<*8+,-! 6%/! .8C8,1>-! =%! Q%-! N48(C1(8>8(<+\28! 782)*+1,! +,! .12'*+1,<! 1?!
=<<1D+)*+,A!Z12;C8(<%!$%!Y+,8)(!T;,)C+D<%!1"*#,2,34*+34)&&##%$!0.!UHV-!FI]G@FIW"%!
FH%! .*)'??8(-!T%-!.D)2+,A! *481(;!1?!B8(D12)*+1,!D2'<*8(<%!C@%)(*)&H4I,#7)&&#(#$!;/!
UFV-!F@"H%!
FE%! 58((C),,-! 5%! K%-! 781C8*(+D)2! D2'<*8(! A(1P*4! C1982<! ),9! S+,8*+D! A82)*+1,%!
C@%)(*)&H4I,#7)&&#%'$!.0J!UIV-!FEI@$$H%!
FG%! O21(;-! Z%! K%-! 6128D'2)(! .+J8! T+<*(+\'*+1,! +,! N4(88! T+C8,<+1,)2! Z12;C8(<%! X%!
782)*+1,F%!K,+#-"3&,6&7@4&<24#(*"-&?@42(*"3&5,*(47%&&#)&$!J0!UFFV-!I#]I@I#W#%!
F"%! O8((;-! K%!T%-!L()*,43")7(*&I#,I4#7(4)&,6&I,3%24#)%!I(9!89%!89%/!:+28;b!Q8P!a1(S-!
FW]#/!B!GHF%!
F]%! 6+228(-! T%! R%/! 6)D1<S1-! 0%! :%-! =! Q8P! T8(+>)*+1,! 1?! Z1<*! 782! Z(1B8(*+8<! 1?!
Q8*P1(S!Z12;C8(<%!1"*#,2,34*+34)&&#('$!:!U$V-!$#G@$FF%!
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#$%! &'()'*+!,%!-%.! /0120*+!3%.! 40567*87+! 3%! 4%.! 9:66711+!;%+!!"#$%&'()*+(",-!'".&//-
0"1&#(,2%!<:17=>?@AB!,7C!D'6E+!#$$F%!
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7,,*#&,-1&'-89&%(&-!"#$%!:;<!O#P+!$Q>#GG%!
G#%! @6027*+! R%! ;%! @6'))>4:*E7J! 9M76N011=! 37276):S17! T'1=N76)! T6'J587J! U6'N!
@'*J7*)0(:'*!T'1=N76)!C:(M!T7*J0*(!V560*!/6'5W)!@6'))>4:*E7J!C:(M!;017:N:J7)%!
XYXFHHX+!#$Z$%!
GG%! O0P!/':(:+![%.!A70(17=+!V%.!A5\1:*+!;%!]%.!37\'+!R%!;%+!K:*7(:8!0)W78()!'U!(M7!&:71)>
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>&?6,=%')/&',6!,>>)=5'@2!!"#$%&'!""#$!()*!A"BCBD0!E""*CF2!
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! "#!

!"#$%&'()*(+,#-.#%/01(02(3/14-&560-&7.-&(8-.0'&97&17&(:'#7;/14(
#9(#(<"&0-04/7#-(:&7"1/=.&(20'(:'#19/&1%(>0-?@&'(A&%B0';9(

!

CD9%'#7%(

$%&'(!)*'(+,-(&'.!/%(01'.!2'34%.5+!'67*8*3!.7'%(%9*:;(!:7;.;:3'.*+3*:+!37;3!

:;2!8'!&'+:.*8'&!<+*29!'+3;8(*+7'&!3.;2+*'23!2'34%.5!37'%.0=!>%4'?'.@!37'!37'%.0!*+!

8;+'&! </%2! +/':*A*:! ;++<1/3*%2+! %A! 37'! 8'7;?*%.! %A! /'.:%(;3*%2! :(<+3'.+@! +<:7! ;+B!

1';2! A*'(&! 8'7;?*%.@! (;.9'! :(<+3'.+! &'3'.1*2*29! 37'! ?*+:%'(;+3*:! +/':3.<1@! %.! %2(0!

:%2+*&'.*29! 8%2&! 8.';5;9'! 37;3! .'+<(3+! *2! +/(*33*29! ;! :(<+3'.! 2';.(0! *2! 7;(A=!C7*('!

37'+'! ;++<1/3*%2+! ;.'! :'.3;*2(0! .';+%2;8('! ;2&! 1;5'! 37'! 37'%.'3*:;(! 4%.5</!

3.;:3;8('@! 37'0! ;.'! ;(+%! 2%2,3.*?*;(! 3%! '?;(<;3'=! C'! /.%/%+'&! 37'! <+'! %A! +*29(',

1%(':<('! A(<%.'+:'2:'! 3.;:5*29! ;+! ;! 1'37%&! A%.! /.%8*29! 37'! 1%(':<(;.! +:;('!

&02;1*:+!%A!37'!1%&'(!)*'(+,-(&'.!1;3'.*;(!;2&!&*.':3(0!3'+3!37'!8;+*:!;++<1/3*%2+!

%A!37'!37'%.0=!D7*+!:7;/3'.!&%:<1'23+!37'!1%3*?;3*%2@!3':72*E<'+@!;2&!.'+<(3+!%A!%<.!

'?;(<;3*%2!%A!37*+!3':72*E<'=!

E1%'0F.7%/01(#1F(G#7;4'0.1F(

F%?;('23! ;&;/3;8('! 2'34%.5+! GF-H+I! ;.'! /%(01'.! 2'34%.5+! G:.%++(*25'&!

1;:.%1%(':<(;.! 1;3'.*;(+I! *2! 47*:7! 37'! :%22':3*%2+! 8'34''2! 1%2%1'.+! *2! 37'!

2'34%.5! :;2! 8'! .'?'.+*8(0! :(';?'&! 80! ;//(*:;3*%2! %A! ;2! '63'.2;(! +3*1<(<+=J! F-H+!

7;?'! 37'! ;8*(*30! 3%B! .'(*'?'! +3.'++@! *2:(<&*29! /%(01'.*K;3*%2,+7.*25;9',*2&<:'&!

+3.'++LM!*2:%./%.;3'!:7'1*:;(!A<2:3*%2;(*30!/%+3,:<.'L#!:7'1*:;((0!8.*&9'!*23'.A;:'+@!

*2:(<&*29! A.;:3<.'+LN! <2&'.9%! .':0:(*29LO! :%23.%(! 37'! &*AA<+*?*30! %A! /;.3*:('+! ?*;!



! "#!

$%&'()$*+,!-,(.!(/0,12!$3%!$4)'$),!-,4.$3/4$+!-5)/536"!7.,(,!%/88,9,3)!,88,4)(!$9,!

%',!)5!:$9;/3<!'3%,9+;/3<!4.,-/4$+!-,4.$3/(-(1!.5=,:,9>!).,!8'3%$-,3)$+!3$)'9,!

58! ).,! ?.,35-,353! /3! ,$4.! 4$(,! /(! ).,! 4+,$:$<,! $3%! 9,45-*/3$)/53! 58! 495((+/3@(6!

7.,9,859,>! ).,! 8'3%$-,3)$+! :/(45,+$()/4! *,.$:/59! (.5'+%! *,! $3$+5<5'(! $3%! .$:,!

(,:,9$+!45--53!8,$)'9,(!859!,$4.!58!).,!4$(,(6!!

A;!453()9'4)/3<!$!-5%,+!BCD>!'(/3<! ).,!E/,+(FC+%,9!9,$4)/53!*,)=,,3! 8'9$3!

$3%!-$+,/-/%,! <95'?(! $))$4.,%! )5! (/-?+,!-535-,9(>!=,! .$:,! %,-53()9$),%! ).$)!

).,!*'+@!:/(45,+$()/4!?95?,9)/,(!58!3,$)>!/%,$+!)9$3(/,3)!3,)=59@(!4$3!$<9,,!()953<+;!

=/).! ).,59,)/4$+! ?9,%/4)/53(! 895-! G,-,35:! $3%! H'*/3(),/3I(! =59@! 53! $((54/$)/:,!

?5+;-,9! 3,)=59@(6J! C+).5'<.! ).,!-5%,+! 3,)=59@!=$(! 4.5(,3! ).95'<.! $! (,?$9$),!

?954,((! 895-!).,!(,$94.! 859!$! ('/)$*+,! ).,59,)/4$+! 89$-,=59@>! /)!*,4$-,!4+,$9! ).$)!

).,!-$),9/$+! $3%! ).,59;!=,9,! /%,$++;! ('/),%! /3! ),9-(! 58!-$)4./3<! $(('-?)/53(! )5!

9,$+/);! /3! ).,! 4$(,! 58! /3%,?,3%,3)! 9,$4)/:/);>! 3,<+/</*+,! 4;4+/0$)/53! $3%!

,3)$3<+,-,3)>! $3%! 5).,9! 4+$((/4$+! ?5+;-,9! 3,)=59@! ?95?,9)/,(6! 7./(! .,+?,%! *55()!

5'9!4$(,!).$)!).,!,K?,9/-,3)!=$(!$!3,$9+;!%/9,4)!),()!58!).,!)9$3(/,3)!L-5%/8/4$)/53M!

)5!4+$((/4!3,)=59@!).,59;6!!!

N5=,:,9>! ).,! 9,('+)$3)! 9,+$)/53(./?! 58! /3),9,()>!

! 

"max #" bond $ >! O/6,6!

-,4.$3/4$+! 9,+$K$)/53! )/-,! /(! ?95?59)/53$+! )5! ).,! ?95%'4)! 58! ).,! )9$3(/,3)! *53%!

+/8,)/-,! $3%! %/()$34,! 895-! ).,! <,+! ?5/3)P! 45'+%! 4534,/:$*+;! $9/(,! 895-! 5).,9!

-5+,4'+$9F(4$+,! -,4.$3/4$+! ,88,4)(! 9$).,9! ).$3! ).5(,! +/(),%! /3! ).,! QRRJ! ?$?,9(6!

G?,4/8/4$++;>!).,;!$((,9)!).$)S!
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$% &'()*+,(*-! .'-*/*0,1+! (1..'231+42! 01! .'-*/*0,1+! 15! 216(*--'4! 0'.7,+*-!

(-820'.29!

:% ;'.7,+*-!(-820'.2!7*<!.'-*/!',0)'.!=<!4,5582,+>!*!4,20*+('!1+!0)'!1.4'.!15!

0)',.! 1?+! .*4,82! 1.! =.'*@,+>! *-1+>! 0)',.! A=*(@=1+'B! ,+01! (-820'.2! 15!

*33.1/,7*0'-<!'C8*-!2,D'9!*+4!

E% F'0?1.@!()*,+2!7*<!='!4'2(.,='4!,+!0'.72!15!0'.7,+*-!(-820'.2!(1++'(0'4!

01!(.122-,+@2%!

;)'2'! *228730,1+2! 4,.'(0-<! -'*4! 01! 0)'! 3.131.0,1+*-! 2(*-,+>! .'-*0,1+2),3!

*=1G'9!?),()!?'!)*G'!'G*-8*0'4%!H80!3*22,+>!0)*0! 0'20! ,2!1+-<!'G,4'+('!28331.0,+>!

0)'! )<310)'2,D'4! 7'()*+,279! .*0)'.! 0)*+! *! (1+(-82,G'! 4'71+20.*0,1+! 15! ,0%! ;1!

'G*-8*0'!'*()!15!0)'!*22'.0,1+29!,0!?18-4!='!130,7*-!01!82'!*!0'()+,C8'!2'+2,0,G'!01!

4,55'.'+('2!,+!71-'(8-*.!=')*G,1.%!

I,+>-'65-81.13)1.'! 010*-! ,+0'.+*-! .'5-'(0*+('! 5-81.'2('+('! 7,(.12(13<! ,2! *!

),>)-<! 2'+2,0,G'! 0'()+,C8'J! 0)*0! =8,-42! 1+!7,(.1.)'1-1><! *+4! 5-81.'2('+0! 3*.0,(-'!

0.*(@,+>!0)'1.<!=80!2(*-'2!41?+!01!0)'!-'G'-!15!1=2'.G,+>!0)'!=')*G,1.!15!71-'(8-'2!

*+4K1.!3*.0,(-'2! -*='-'4!?,0)! *2! -,00-'! *2! 1+'! 5-81.'2('+0!71,'0<%! L0! )*2! =''+!82'4!

?,0)!>.'*0!28(('22!51.!0)'!'-8(,4*0,1+!15!0)'!4,5582,1+!15!,+4,G,48*-!71-'(8-'2!*0!1,-6

?*0'.$M! *+4! 21-,46-,C8,4J9! $$! ,+0'.5*('29! =<! .'(1.4,+>! 0)'! ,+4,G,48*-! 20'32! 15! 0)'!

2,>+*-N2!.*+417!?*-@!*+4!(*-(8-*0,+>!*G'.*>'!4,23-*('7'+0!G'.282!0,7'!O!+10!1+-<!

1G'.! *--! 3*.0,(-'29! =80! *-21! 51.! *! -*.>'! +87='.! 15! ,+4,G,48*-! 0.*P'(01.,'2%! L0! ,2! 0),2!

,+4,G,48*-! 0.*(@,+>!(*3*=,-,0<9!@+1?+!*2!&QR;!S7*33,+>!82,+>!*((878-*0'4!3.1='!

0.*P'(01.,'2$$=T!?),()!7*@'2!0)'!0'()+,C8'!3.17,2,+>!51.!*00*(@,+>!0)'2'!C8'20,1+2!



! "#!

$%! &'()*+,! -$./'/*0! /1! *,21)/+1*! 1+*3$,4)5! 60! 32*&7/18! 21! /19/:/9(2''0! '2.+'+9!

*,21)/+1*! &'()*+,;! /*! /)! /1! <,/1&/<'+! <$))/.'+! *$! $.)+,:+! .,+2428+! +:+1*)! .0! 1$*/18!

9/)&$1*/1(/*0!/1!*7+!)'$<+!$%!*7+!)=(2,+9!9/)<'2&+-+1*!:+,)()!*/-+!&(,:+;!/''()*,2*+9!

/1!%/8(,+!>5?5!!

!

!"#$%&'()*+! @9+2'/A+9!70<$*7+*/&2'! )=(2,+9!9/)<'2&+-+1*!:+,)()! */-+! &(,:+!
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*L?5!

!"#$%&'(

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

M2-<'+)!3+,+!MGNBO5IK!,+)/1)!)01*7+)/A+9!2)!<,+:/$()'0!9+)&,/.+9!/1!P72<*+,!

O5!Q0</&2'!)*$/&7/$-+*,/&!,2*/$)!3+,+!.+*3++1!,LR5O!219!,LR5S;!*$!*2,8+*!*7+!1+2,!8+'!

<$/1*!,+8/-+;!2)!-2'+/-/9+!&$1:+,)/$1!*+19)!*$32,9!?RRT!(19+,!*7+)+!&$19/*/$1)5!

U1! +=(2'!-2))!$%! )<+&*,<7$*$-+*,/&! 8,29+!JVMW!32)! *7+1! 299+9!37+1! ,+=(/,+95!

Q7+! <,+<2,+9! -$1$-+,)! 3+,+! 9/'(*+9! /1! )<+&*,$<7$*$-+*,/&! 8,29+! 2&+*$1+! 219!

-/X+9!*$8+*7+,5!!U1!2<<,$<,/2*+!2-$(1*!$%!U'+X2N'($,!#S"!PF!V2'+/-/9+;!*2,8+*/18!

2! &$1&+1*,2*/$1! $%! ?RC??! V;! 32)! 9/'(*+9! 219! 299+9! 2*! *7/)! )*+<5! Q7+! )2-<'+! 32)!
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#$%&'(')! *+)! ,*-&! )%$./0-'! $+&$! *! .0%*+1*234256$+'2789:! &%'*&')! ,$#'%-;0.<!

&1'+!=*>')!*&!?@ABC!D$%!E!F0+G&'-H!

!"#$%& '(#)*($%& *)+%),#$(,)& +%-"*).,)(,)& /',*".,"01& 2!34567& $(8& 9$*#',%)&

#*$,:'(;&$(8&#*$<),#"*1&$($%1.'.&

IJKL9! /*-! .'%D$%F')! G-0+M! *! N0>$+! IOPQAAA! F0,%$-,$.'! /0&1! @AR!

$=S',&0#'<!*+)!*!@EA+F!'(,0&*&0$+!;*-'%H!I1'!-'&G.!0-!DG;;T!)'-,%0=')!0+!*!+GF='%!$D!

%'D'%'+,'-<!*-!0-!&1'!,$)'!D$%!&%*S',&$%T!*+*;T-0-<!/10,1!/*-!%'PG-')!D%$F!.*,>*M'-!

=G0;&!D$%!-'#'%*;!$&1'%!.G=;0-1')!*+*;T-'-HUP?Q!

4).-%#.&$(8&='.,-..'"(&

J+0&0*;!*&&'F.&-!*&!#0'/0+M!-0+M;'!F$;',G;'-!*&!&1'!M;*--P.$;TF'%!0+&'%D*,'!/'%'!

)0-%G.&')!=T!&1'!.%'-'+,'!$D! ;*%M'<!=%0M1&!-&%G,&G%'-! &1*&!/'%'!.%'-GF')!&$!='!*+!

0+-$;G=;'!0F.G%0&T!$D!-$F'!-$%&H!V-!&1'!-06'!$D!&1'-'!$=S',&-!/*-!$+!&1'!$%)'%!$D!&'+-!

$D!F0,%$+-<!&1'!-$;G&0$+!/*-!D0;&'%')!='D$%'!,*-&0+M!&1'!D0;F!$+!&1'!-;0)'-H!7$/'#'%<!

-$F'!-&%G,&G%'-!;*%M'%!&1*+!*!F0,%$+!%'F*0+')!'#'+!*D&'%!D0;&%*&0$+!&1%$GM1!QAA+F!

WILO<!-$!/'!/'%'! D$%,')! &$!,$+,;G)'! &1*&!-$F'!,$F.$+'+&!$D! &1'!,*-&0+M!F0(&G%'!

XVY!/*-!-$;G=;'! 0+! &1'!.%'-'+,'!$D! &1'!,*-&0+M!-$;#'+&!*+)!XZY!,%T-&*;;06')!*&! ;'*-&!

.*%&0*;;T!*-! &1'!-$;#'+&!'#*.$%*&')H! !5+'!-F*;;'%!-G,1!-&%G,&G%'! 0-!-1$/+!0+! D0MG%'!

EHQ!*F$+M-&!-0+M;'!D;G$%$.1$%'!-0M+*;-H!



! "#!

!

!"#$%&'()*+!$%&'(!)*+,-!./!+!/)01-2-3!4&'!/)0*!.5!6)2+57+!12-+1-3!,0+889!$7-!
:2),71! 86.1! )5! 17-!*)330-! )8! .5-!./! 17-! 8*+00-2! ;2<81+00)5-! 812=;1=2-8>! +53! 17-!3)*!
8),5+08!+2-!0)?-0<!)53)@)3=+0!/0=.2.67.2-89!

A<!2-*.@)5,!;.*6.5-518!/2.*!17-!*)B1=2->!C-!C-2-!+:0-!1.!3-1-2*)5-!17+1!17-!

;2<81+08! C-2-! +88.;)+1-3! C)17! .=2! :)8*+0-)*)3-9! D.C-@-2>! *=01)60-! 6=2)/);+1).5!

1-;75)E=-8! F! 8=;7! +8! /)012+1).5>! 2-;2<81+00)G+1).5>! .2! 8)0);+! ,-0! ;72.*+1.,2+67<! F!

/+)0-3! 1.! 62-@-51! 17-! ;2<81+08! /2.*! /.2*)5,9! ! H8! 8.0=:)0)1<! +1! 17-! 1-*6-2+1=2-! ./!

)51-2-81! 8--*-3! 1.! :-! 17-! *+)5! )88=->! C-! +33-3! +! 8=:81+51)+0! E=+51)1<! ./!
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:!)(+=$-$%5!&($55'(!3+(!6789:;-!$-!&/'!,-'!+3!-'4384$=$&'*!/@-&'('-$-!/'.&$%5<BA!

"! P@! -,-)'%*$%5! 3'((+=.5%'&$2! =$2(+).(&$24'-! $%! .! ('>'(-$?4'! %'&0+(1! =.&($DA! .!

=.5%'&$2.44@! -'%-$&$C'*! 2+=)+-$&'! $-! 3+(='*! 0/$2/! /'.&-! ,)! 0/'%! 'D)+-'*! &+! .!



! "#!

$%&'()*$+,-+./01! 2'32)45$+.3521! (4/'66%5'.3! 7%3.+5'/! *'+6&89! :+;+.&'.3! (.! ;%$5'/6+!

/(7;(4'5'(.! %.&! 3+(7+5$01! <=+6! $+6%>%5'(.! '4! 52+! &(7'.%.5! /(.5$'?-5'(.@A! 5(! 52+!

2+%5'.3!7+/2%.'47B!4(1!%4!52+!C-$'+!5+7;+$%5-$+!(*!52+!7%5+$'%6!'4!%;;$(%/2+&!%.&!

52+!7%3.+5'/!4-4/+;5'?'6'50!&+/$+%4+41!52+!%7(-.5!(*!;(D+$!52+!;%$5'/6+4!/%.!+>5$%/5!

*$(7! 52+! EF! 7%3.+5'/! *'+6&! &$(;4! -.5'6! 52+! 7%5+$'%6! $+%/2+4! %! 45+%&0)45%5+!

5+7;+$%5-$+1!%4!&'%3$%77+&!'.!F'3-$+!G8@8!!

!

!"#$%&' ()*+! H2+! ;$(/+44! (*! 2045+$+4'4! 2+%5'.38!I2+.! 52+!7%3.+5'/! ;%$5'/6+!
4-/2!%4!C$JK!'4!'.!%!7%5$'>!?+6(D!52+!C-$'+!5+7;+$%5-$+!(*!52+!7%5+$'%61!52+!;%$5'/6+!
'54+6*!7-45!?+! 6+44! 52%.! 52+!C-$'+! 5+7;+$%5-$+!%4!D+66!&-+! 5(!2+%5! 5$%.4*+$1! 4(! 52+!
7%5+$'%6! '4! /(+$/+&! 5(! %! 7%3.+5'L%5'(.! ! &-+! 5(! 52+! (4/'66%5'.3! 7%3.+5'/! *'+6&!

  

! 

! 
H = H0 sin(2"ft +#) 8!H2+!2+%5!%&&+&! 5(! 52+!7%5$'>! '4!+,-%6! 5(! 52+!2045+$+4'4!D($M8!
I2+.! 52+! 7%5$'>! %;;$(%/2+4! 52+! C-$'+! 5+7;+$%5-$+1! ?0! 52+! 4%7+! %$3-7+.51! 52+!
;%$5'/6+!7-45!?+!.+%$!52+!C-$'+!5+7;+$%5-$+1!4(!52+!2045+$+4'4!D($M!;+$!/0/6+!&$(;41!
%.&! 52+! 2+%5'.3! $%5+! %;;$(%/2+4! L+$(1! ;$(&-/'.3! %! 4+6*)6'7'5'.3! 45+%&0! *'.%6!
5+7;+$%5-$+89)@A!

H2'4! 45+%&0)45%5+! 5+7;+$%5-$+1! $+6%5+&! 5(! 52+! C-$'+! 5+7;+$%5-$+! (*! 52+!

/2$(7'-7! &'(>'&+! ;%$5'/6+41! '4! $+%/2+&! D'52'.! @)K! 7'.-5+4! '.! %! 50;'/%6! 4%7;6+8!

N65+$.%5'O+!;%$5'/6+!50;+4!4-**+$!*$(7!6%$3+!/(.5$'?-5'(.4!%44(/'%5+&!D'52!%&&'5'(.%6!

2+%5'.3! 7+/2%.'4741! 4-/2! %4! '.&-/5'O+! $+4'45%./+! %.&! +>/+44'O+60! 2'32! C-$'+!

  

! 

q =
! 
B " #$
! 
H = k

dT
dr

dS$

  

! 

! 
H ! 

Tmatrix " TCurie

  

! 

! 
H 

  

! 

q =
! 
B " #
! 
H $ % 0

  

! 

! 
M ! 

Tmatrix < TCurie

  

! 

! 
M 



! "#!

$%&'%()$*(%+,! -.%! /%0$! 123%+$! 4*(5%! $%&'%()$*(%! )&2/6+$! 72&&2/! &)$%(5)1+! 5+!

89":4!;2(!<57=%1!>!%)+51?!.2$!%/2*6.!$2!5((%@%(+5A1?!B%72&'2+%!$.%!&)$%(5)1,!41%)(1?C!

$.%! 4*(5%! $%&'%()$*(%! 2;! $.%! ')($571%+! 5+! )! B2*A1%D%B6%B! +32(BC! )+! 5$! '(2@5B%+! )!

/%)$1?!+%1;D15&5$%B!.%)$5/6!&%7.)/5+&C!A*$!)$!)!'(%DB%;5/%B!$%&'%()$*(%!$.)$!5+!/2$C!

5/! '(5/75'1%C! )BE*+$)A1%,! ! 42&'2+5$52/+! &*+$! $.%(%;2(%! A%! $*/%B! $2! A%.)@%!

)''(2'(5)$%1?!)$!$.%!+$%)B?!+$)$%!$%&'%()$*(%!2;!$.%!.?+$%(%+5+!.%)$5/6!'(27%++,!!

F*(!6(2*'!.)+!'(%@52*+1?!(%'2($%B!$.%!*+%!2;!)!$.%(&2(%@%(+5A1%!G5%1+DH1B%(!

(%+5/!35$.!)''(2'(5)$%!'(2'%($5%+!$2!)7.5%@%C!35$.5/!I,9!&5/*$%+C!$2$)1!(%+.)'5/6!2(!

;()7$*(%! .%)15/6C! 2@%(! $.%! 72*(+%! 2;! )+!&)/?! )+! J9! 5/B5@5B*)1! .%)$5/6! 7?71%+!35$.!

72&'1%$%! (%72@%(?! 2;! $.%! /)$5@%! &)$%(5)1! A%.)@52(,"! -.5+! 2*$72&%! 3)+! )7.5%@%B!

A%7)*+%! $.%! (%+5/! +?+$%&! %++%/$5)11?! B%'21?&%(5K%B! 5/$2! 21562&%(57! +'%75%+! )/B!

72&'1%$%1?! (%1)0%BL;123%B! 2/! $.%! $5&%+7)1%! 2;! $.%! %0'%(5&%/$,! M%(%C! 3%!

B%&2/+$()$%! $.%! $*/)A1%! /)$*(%! 2;! $.%+%! ;*()/L&)1%5&5B%DA)+%B! G5%1+DH1B%(!

/%$32(=+C!&2B5;?5/6!$.%!72&'2+5$52/!+*7.!$.)$!B5;;%(%/$!@5+72%1)+$57!(%65&%+!277*(!

)$! $.%! +%1;D15&5$%B! $%&'%()$*(%,! -.%! &2$5;! 3%! *+%! $2! )7.5%@%! $.5+! $*/)A515$?! 5+! $2!

)BE*+$!$.%!;*/7$52/)15$?!2;!$.%!&2/2&%(!&50$*(%!$2!72/$(21!$.%!6%1!'25/$!72/@%(+52/C!

)/B!A?!%0$%/+52/!$.%!%N*515A(5*&!$%&'%()$*(%!)$!$.)$!%0$%/$!2;!(%)7$52/!O5,%,!$.%!6%1!

$%&'%()$*(%C! -6%1,P! -2! )7.5%@%! $.5+! )5&C! 3%! +?/$.%+5K%B! 4(FID12)B%B! &*1$5;*()/!

&50$*(%+! OQRS&P! 35$.! )! ;*/7$52/)15$?D3%56.$%B! )@%()6%! ;*/7$52/)15$?! O%;;%7$5@%!

;*/7$52/)15$?C! ;%P! 2;! 8,T! )/B! 8,"C! +2! $.)$! 72&'2+5$52/+! 2;! 5/$%(&%B5)$%! )@%()6%!

;*/7$52/)15$?!72*1B!A%!7(%)$%B!@5)!&505/6,!-.%!+'%75;57!72&'2+5$52/!5+!5/B57)$%B!35$.!

$.%! ;5/)1! %;;%7$5@%! ;*/7$52/)15$?! 5/! ')(%/$.%+%+C! %,6,! QRS&O8,9P,! -.%+%! ;*()/!

&2/2&%(+! )(%! $.%/! &50%B! 5/! )! +$257.52&%$(57! ()$52! 35$.! )! A5;*/7$52/)1! O;%UIP!



! "#!

$%&'($()'! *+,-./! 01! 23'%0'! %! 04'3$13'5'36(7&'8! 91&:$'3(;')!$%0'3(%&<! ! =%7&'!><?!

&(606! 04'! ($9130%@0! 9319'30('6! 1A! 04'! 21$916(0(1@6! 1A! (@0'3'60! (@! 04(6! 60B):8! C4(&'!

D24'$'!><?!)(69&%:6!04'(3!24'$(2%&!603B20B3'6!%@)!3'%20(1@6<!

!"#$%&'()*!,319'30('6!1A!04'!E%3(1B6!F1$916(0(1@6!B6')!(@!04(6!60B):!

F1$916(0(1@! DGH$*I<J/! DGH$*I<I/! DGH$*I<K/!
.%66!3%0(1!
*I<JLI<"/! ?LJ! M<J"L?! ?<?IL?!

NAA'20(5'!
AB@20(1@%&(0:! I<J! I<I! I<K!

O'&!='$9'3%0B3'!
*O'&!,1(@0/! ?J>PF!*#?Q/! ??#PF!*>KQ/! ?MMPF!*>IQ/!

R&0($%0'!A&'SB3%&!
603'@T04!*.,%/! ?IUK! ?MUI! ?#UK!

G'215'3:!1A!RHD!
%A0'3!K!$(@!2:2&'! ?JKUIJQ! "JUMJQ! VVUMJQ!

G'215'3:!1A!RHD!
%A0'3!?J!$(@!2:2&'! WVUIJQ! ?JIU?JQ! KMUMJQ!

!

!
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S

O

O O

O

O O

O O

R

R

R
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O

O O
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R
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O

O
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O
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O

O

O
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+
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! ""!

!"#$%$&'()*!#$%&'()&*%+!,-.-,%+'!/'%*!$.!01$'!'0/*2!3!4$',5&%$,$*%!#678!
5.*! ,/&0$9/+5.! :;<! 3! 5.*! 01%$+! $.0%+5=0$-.! >$5! 01%! 01%+,-+%>%+'$4&%! #$%&'()&*%+!
=2=&-5**0$-.?!

@1%!%AB%+$,%.0!$0'%&9!$'!5!'$,B&%!%A0%.'$-.!-9!01%!1%5&$.C!%AB%+$,%.0!$.!-/+!

B+%>$-/'!+%B-+0"!D:%%!<$C/+%!E?F?G!:;<,!H5'!=5'0!$.0-!45+!,-&*'!5.*!5&&-H%*!0-!=--&?!

@1%! 45+'!H%+%! 01%.! +%,->%*I! 9+5=0/+%*I! 5.*! +%0/+.%*! 0-! 01%! '5,%!,-&*!H$01! 01%!

9+5=0/+%! $.0%+95=%'!5&$C.%*?!@1%!45+'!H%+%! 01%.!'/4J%=0%*!0-!;<!1%50$.C!=-.*$0$-.'!

9-+! K! -+! LM! ,$./0%'! 5.*! $,,%*$50%&2! +%,->%*! 5.*! 5&&-H%*! 0-! =--&! D=5+%9/&&2!

=-.0+-&&$.C!01%!=--&$.C!=-.*$0$-.'!0-!4%!=-,B5+54&%!4%0H%%.!45+'?G!@1%'%!45+'!H%+%!

9$.5&&2!0%'0%*!0-!95$&/+%!/.*%+!5!01+%%(B-$.0!4%.*!,%=15.$=5&!0%'0?!!N-.0+-&!45+'!H%+%!

'/4J%=0!0-!01%!'5,%!B+-=%''I!'O$BB$.C!01%!9+5=0/+%!'0%B!-.&2?!

!

+,-./$&'(0*!P%5&$.C!B+-=%''Q!D)G!:;<,!$'!=5'0!$.0-!45+!,-&*'I!D7G!H1$=1!5+%!
9+5=0/+%*!5.*!DNG!+%0/+.%*!0-!01%!,-&*?!@1%!45+'!5+%!'/4J%=0%*!0-!K!-+!LM!,$./0%'!-9!
;<! 1%50$.C! =-.*$0$-.'I!H1$=1! +%'/&0'! $.! D#G! 01%! *$'5BB%5+5.=%! -9! 01%! 9+5=0/+%! 5.*!
+%=->%+2!-9!01%!9&%A/+5&!'0+%.C01?!

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

R/+!$.*$=50-+!-9!1%5&$.C!$.!01$'!'0/*2!$'!01%!/&0$,50%!9&%A/+5&!'0+%.C01!DS<:G!-9!

01%! 45+'?! <+-,! @54&%! E?LI! 01%! C%.%+5&! 0+%.*! $.! S<:! +%=->%+2! $'! 5BB5+%.0! 5.*!

$.0/$0$>%Q!01%!45+'!H$01!1$C1%+!9/.=0$-.5&$02!D5.*!=+-''&$.O$.CI!5.*!C%&!0%,B%+50/+%G!

RF heating 

5 or 10 min 

A B C D 



! "#!

$%&'()(! *(++! &($*',-! $.! $! -')(,! &($*',-! .'/(! %0/1$2(3! .0! *04(2! 56,%.'0,$*'.7!

/$.(2'$*+8! $,3! 9$2+! +69:(%.(3! .0! $33'.'0,$*! &($*',-! .'/(! (;1(2'(,%(! ',%2($+(3!

52$%.62(! &($*',-<! =04()(28! .&(! (;1(2'/(,.! '+! $,! ',.2',+'%$**7! ,0'+7! 0,(8! +0! $!

+.$.'+.'%$*!$,$*7+'+!05!.&(!$11$2(,.!.2(,3!'+!,(%(++$27<!

>(!1(2502/(3!$,!$,$*7+'+!05!)$2'$,%(!?@ABC@D!0,!.&(+(!3$.$8!4&'%&!$**04+!

6+!.0!3(.(2/',(!4&'%&!(;1(2'/(,.$*!5$%.02+8!'5!$,78!%$,!(;1*$',!$!+'-,'5'%$,.!52$%.'0,!

05! .&(! .0.$*! )$2'$9'*'.7! ',! .&(!EFG!09+(2)(3!$.! ($%&! .2($./(,.! *()(*<!@! 5';(3H(55(%.+!

/03(*! ',%*63',-! .&2((! *()(*+! 05! 56,%.'0,$*'.7! ?FD8! .&2((! *()(*+! 05! &($*',-! ?=D8! $,3!

.&('2! ',.(2$%.'0,! ?F=D! (;1*$',+! /02(! .&$,! $! .&'23! 05! .&(! .0.$*! +6/! 05! +I6$2(+!

?JKLMNO8D!96.!.&(!1H)$*6(+!502!.&(!,6**!&710.&(+'+!05!($%&!',3')'36$*!(55(%.!$2(!I6'.(!

&'-&! ?1FLP<Q#8! 1=LP<PK8! $,3! 1F=LP<P"<D! R'+%$23',-! .&(! *($+.! +'-,'5'%$,.! 1$2$/(.(28!

.&(!*0,(!3(1(,3(,%(!0,!(55(%.')(!56,%.'0,$*'.78!2(36%(+!.&(!JK!.0!MQO!96.!'/120)(+!

.&(! +'-,'5'%$,%(! 05! .&(! 5'.! ?1=LP<PQN8! 1F=LP<PQS<D! T&(! 3(.$'*+! 05! .&(! @ABC@! $2(!

12(+(,.(3! ',! T$9*(! N<K<! T&'+! $,$*7+'+! $**04+! 6+! .0! &$)(! +0/(! %0,5'3(,%(! .&$.! .&(!

$11$2(,.!.2(,3!',!.&(! 52$%.62(!2(%0)(27!520/!T$9*(!N<Q! '+!2($*8!96.!30(+,U.!3'2(%.*7!

+1($V!.0!.&(!I6(+.'0,!05!.&(!6,3(2*7',-!/(%&$,'+/<!!

!"#$%&'()*!@ABC@!05!$!5';(3!(55(%.+!/03(*!05!&($*',-!GJF/!%0/10+.'0,+!

G062%(!05!

GI6$2(+!

G6/!05!

GI6$2(+!

R(-2((+!05!

F2((30/!

W($,!

GI6$2(+!

FP!G.$.'+.'%! X209$9'*'.7!

05!FYFP!

=! QQQ<Z"M! K! ZZ<[#! S<ZN! P<PQN!

F\=! Q[S<PPP! S! SM<ZP! M<ZN! P<PQS!

]2202! ZPQ<MPN! SQ! QK<KM! ! !

T0.$*! [KM<PSM! S[! ! ! !

!

T&(!120%(++!05!52$%.62(!&($*',-!',!2()(2+'9*7!%20++*',V(3!10*7/(2!,(.402V+!'+!

-(,(2$**7!6,3(2+.003!.0!9(!%*0+(*7!906,3!.0!.&(!%&(/'%$*!9(&$)'02!05!.&(!2()(2+'9*(!



! "#!

$%&'()*+,!--!./0123/4!54067&8!7&!254/9%:60(271(!50(!$44&!(5%;&!2%!$4!16%(46<!/46024'!

2%!254!:/790/<!94150&7106!/460=027%&!94150&7(9,!;5715!7(!7&!9%(2!10(4(!/4:2027%&)->!

?4! 50@4! (5%;&! 7&! :/4@7%3(! ;%/+*A! 2502! 254! '%97&0&2! /460=027%&! 94150&7(9,! 0(!

4@7'4&14'!$<!/54%6%87106!940(3/494&2,! 7&! 2/0&(74&2!&42;%/+(!(315!0(!%3/(!10&!$4!

'4(1/7$4'! 011%/'7&8! 2%! 0! (79:64! 67&40/! /46027%&(57:!$42;44&! 254! /4@4/(7$64!$%&'B(!

67C42794!D$!0&'!254!'7(20&14!C/%9!254!846!:%7&2!EF!

! ! ! ! ! ! ! ! GH)-I!

;5715! 1%&&412(! 15497106! 0&'!94150&7106!$450@7%/!0&'!90<!06(%!0::6<! 2%! C/0123/4!

54067&8! $450@7%/! 7&! 257(! 9%'46! 254/9%/4@4/(7$64! &42;%/+)! JC! ;4! 0((394! 2502!

94150&7106! /460=027%&! 2794! 7(! 254! %&6<! 1%&2/7$327&8! C012%/! 2%! 54067&8,! 0! (79:64,!

7'4067K4'!9%'46!%C! C/0127%&06!L.M!/41%@4/<,!NG2NI,! 0C24/!3&'4/8%7&8!0!54067&8!1<164!

60(27&8!2N!97&324(!97852!$4F!

! ! ! ! ! ! ! GH)>I!

7C!D9!50(!0!1%&(20&2!@0634!%@4/!254!4&27/4!54067&8!1<164,!;5715!;%36'!$4!254!10(4!C%/!0!

$0/!7&(20&26<!0&'!4@4&6<!54024'!2%!0!1%&(20&2!249:4/023/4!0&'!$%&'!1%&@4/(7%&,!0&'!

254&! 7994'70246<! O34&154'! 02! 2N)! N%;4@4/,! 7&! 0! /406! 54067&8! 1<164,! D9! ;766! 50@4!

(78&7C710&2! 2794! '4:4&'4&14)! P54/4C%/4! 0!9%/4! 1%9:671024'! 7&248/06! 4=:/4((7%&! 7(!

/4O37/4'!2%!10:23/4!254!$450@7%/!%C!L.M!/41%@4/<!C%/!0&!0/$72/0/<!54027&8!1%&'727%&,!

NQG2NIF!

! ! ! ! ! ! GH)RI!

! 

"relax = C"b#

! 

H ( tH ) =1 " e
"tH# m

! 

HA (tH ) =1" exp " #m
"1dt

0

t H$( )



! "#!

$%&'()%!*+(',-./!01#!23.4-5%)!'!,6%.3%,-&'7!3%7',-./)6-2!8.3!9:;!<%!&'/!).74%!

,6%!-/,%=3'7!=-4%/!,6%!,-:%>5%2%/5%/&%!.8!,6%!&.:2./%/,!8(/&,-./);!9?!'/5!@;!<6-&6!

&'/! -/! ,(3/!?%! &'7&(7',%5!()-/=! ,6%! )':27%! ,%:2%3',(3%! ')! '! 8(/&,-./!.8! ,-:%1!A%!

:%')(3%5!,6%!)(38'&%!,%:2%3',(3%!.8!)%4%3'7!)':27%)!.8!%'&6!&.:2.)-,-./!,.!()%!')!

'! 23.BC! 8.3! ,6%! '&,('7! 6%'7-/=! &./5-,-./! ,%:2%3',(3%1! D6%! &.:2.)-,-./)! 6'5! /.!

)-=/-8-&'/,! 5-88%3%/&%! -/! ?%6'4-.3;! ).! ,6%! :%'/)! .8! %'&6! :%')(3%:%/,! <%3%!

&.:?-/%5! '/5! -/,%32.7',%5! ()-/=! '! )6'2%>23%)%34-/=! E-%&%<-)%! F(?-&! G%3:-,%!

H/,%32.7',-/=!E.7C/.:-'7!IEFGHEJ;!,.!:'-/,'-/!&./,-/(-,C!'/5!:./.,./-&-,C1!

!

!"#$%&'()*+!D%:2%3',(3%!4%3)()!,-:%!-/!KLM:!&.:2.)-,-./)!-/!,6%!-/5(&,-./!
6%',%3!')!:%')(3%5!',!'/!.2%/!)':27%!)(38'&%!()-/=!'/!-/83'3%5!,6%3:.:%,%31!D6%!
&(34%! -)! '!E-%&%<-)%!F(?-&!G%3:-,%! H/,%32.7',-/=!E.7C/.:-'7! IEFGHEJ!.8! ,6%!:%'/!
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