
 
PEDECIBA Informática 

Instituto de Computación – Facultad de Ingeniería 
Universidad de la República 

Montevideo, Uruguay 

 
 

Tesis de Maestría 
en Informática 

 
 

 

RON – Redes oportunistas 
 
                         

 
 
 
 

Jorge Visca 
 
 
 
 
 
 
 

2014 



 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

Jorge Visca 
RON – Redes oportunistas 
ISSN 0797-6410 

Tesis de  Maestría en Informática 
Reporte Técnico RT 14-04 
PEDECIBA 
Instituto de Computación – Facultad de Ingeniería 
Universidad de la República. 
Montevideo, Uruguay, 2014 
 
 



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

 !"#$ %&'() * +,&'()-./#0$12023

425!"6 7"0 8/#0  ),&$" 9):&!'&)/

4"&;2/):6

7"0 <&')/1"! =)>;$/$1$55& ?@$,&'!"A

7"0 B2'5),! 9$5)"5$

7"0 C)"(!' %&$")

D)(2:5)1 1$ E/#$/&$"F)

G/&,$"'&1)1 1$ :) @$HI;:&()

J!,&$>;"$ 1$ KLMN



 



 

 !"#$!%

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

+%0"(')-,. 1%.+% .5. "6*)+(.7 8%$%'+($6.+)'%. -( "%. $(-(. 95( .( %.5*6%& ',*,

-%-%.: +%"(. ',*, "% (2).+(&')% -( '%*)&,. -( (2+$(*, % (2+$(*, , +)(*3,.

-( 3$,3%#%');& 0%<,.: .,& '%-% =(> */. ?$('5(&+(*(&+( ',*3$,*(+)-%.7 !.+%.

.)+5%'),&(. 35(-(& .5$#)$ ',*, ',&.('5(&')% -( ?%"",. (& $(-(. ',&=(&'),&%"(.: ,

-( ,3($%$ $(-(. (& .)+5%'),&(. *5@ %-=($.%. , )*3$(-(')0"(.: '5%&-, ",. &,-,.

-( "% $(- .( (&'5(&+$%& (&+$( ("",. .,", (.3,$/-)'%*(&+(7 !.+( +)3, -( $(-(. .,&

',&,')-%. ',*, AB(-(. C,"($%&+(. % B(+%$-,.A , AB(-(. D3,$+5&).+%.A7 E%$%

,3($%$: (.+%. $(-(. &('(.)+%& &5(=,. %"#,$)+*,. -( (&$5+%*)(&+,7

E,$ ,+$, "%-,: ')($+, +)3, -( %3")'%'),&(. +%"(. ',*, $(-(. -( .(&.,$(. .,&

%"+%*(&+( -)&/*)'%.F &,-,. .,& %#$(#%-,. , $(+)$%-,. -( "% $(- ',&+)&5%*(&+(:

@ &5(=,. G5<,. -( -%+,. .,& (.+%0"(')-,. , *,-)H'%-,. % *(-)-% 95( (" 3$,3),

%&/").). -( ",. -%+,. $(.5"+% (& &5(=,. $(95($)*)(&+,. -( )&?,$*%');&7 !& (.+(

(.'(&%$), (" (&$5+%*)(&+, ',&=(&'),&%": 3,$ -(.+)&,: .( +,$&% (&#,$$,., -(0)-, %

"% &('(.)-%- -( *%&+(&($ @ ,3($%$ 5& )&=(&+%$), -( ",. -).3,.)+)=,. 3%$+)')3%&+(.

-( "% $(-7 I( %956 .5$#( (" )&+($J. (& &5(=,. *J+,-,. 3%$% (.3(')H'%$ G5<,. -(

-%+,.: @ (" !&$5+%*)(&+, K%.%-, (& 8,&+(&)-, (. 5&% +('&,",#6% 3$,*(+(-,$%

(& (.+( .(&+)-,7

L% ',*0)&%');& -( B(-(. D3,$+5&).+%. @ !&$5+%*)(&+, K%.%-, (& 8,&4

+(&)-, 3$,=(( 5&% 3"%+%?,$*% %"+%*(&+( G(2)0"( 3%$% $(.,"=($ &5(=,. 3$,0"(*%.

-( )&#(&)($6% -( $(-(.7 !.+( +$%0%<, 3$(.(&+% 5& &5(=, 3$,+,',", ,3,$+5&).+%

0%.%-, (& ',&+(&)-,.: 95( 5+)")>% %"#5&,. -( ",. ',&'(3+,. */. (2)+,.,. -( ",.

%"#,$)+*,. (2).+(&+(. ( )*3"(*(&+% %"#5&%. .,"5'),&(. &,=(-,.%.7 !" ',*3,$4

+%*)(&+, @ $(&-)*)(&+, -(" %"#,$)+*, (. (=%"5%-, @ %"#5&,. (.'(&%$),. (.3(')%"4

*(&+( 3$,0"(*/+)',. M3%$% (.+( @ ,+$,. %"#,$)+*,.N .,& )-(&+)H'%-,.7



 

 !"#$%&#

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

#(.16&)("#2 /#.-',5 %,'.'3'&( .' ."#), &)7).(8 9'7# 40/217#/.1& 1((07%.)'/(

0(01&&: .15#/ 4', +,1/.#2; (03" 1( ."# #$)(.#/3# '4 1 #/2<.'<#/2 %1." ', &'- %,'%<

1+1.)'/ .)7#(; 1,# 6#)/+ 7',# 1/2 7',# 4,#=0#/.&: *)'&1.#28 !"#(# *)'&1.)'/(

31/ 6# 310(#2 6: '0.1+#( 1/2 41)&0,#( )/ '."#,-)(# 3'/*#/.)'/1& /#.-',5( >#8+8

/#.-',5 %1,.).)'/(?; ', (.#7 4,'7 ."# /##2 .' 3'770/)31.# 21.1 )/ #$.,#7#&:

12*#,(# ', 0/%,#2)3.16&# ().01.)'/(; -"#/ /#.-',5 /'2#( 7##. '/&: (%',12)31&&:8

@#%#/2)/+ '/ ."# 1%%,'13"; ."#(# 5)/2( '4 /#.-',5( 1,# 31&&#2 @#&1: !'&#,1/.

A#.-',5( >@!A? ', B%%',.0/)(.)3 A#.-',5( >BA?8 !' (0%%',. 21.1 /#.-',5(

)/ (03" 3'/2).)'/(; /#- ,'0.)/+ 1&+',)."7( 1,# /##2#28

C22).)'/1&&:; ('7# /#.-',5 1%%&)31.)'/(; (03" 1( (#/(', /#.-',5(; 1,# ")+"&:

2:/17)3D /'2#( 1,# 122#2 ', ,#7'*#2 1. 1/: 7'7#/.; 1/2 /#- 21.1 E'-(

1,# #(.16&)("#2 1/2 7'2)F#2 1( /#- ,#=0),#7#/.( 1,# 2)(.)&&#2 4,'7 ."# 21.1

'6.1)/#2 4,'7 ."# /#.-',5 ).(#&48 G/ .")( (3#/1,)' ."# .,12).)'/1& 2#(.)/1.)'/

61(#2 ,'0.)/+ (3"#7# )7%'(#( 1/2 )/(0,7'0/.16&# 60,2#/ '/ /#.-',5 %,'*)<

()'/)/+ 1/2 )/*#/.',:8 B."#, 7#."'2( 4', (%#3)4:)/+ 21.1 E'-( 1,# ,#=0),#2;

1/2 '/# (03" 7#."'2 )( H'/.#/. I1(#2 J'0.)/+8

!"# 3'76)/1.)'/ '4 B%%',.0/)(.)3 A#.-',5)/+ 1/2 H'/.#/. I1(#2 J'0.)/+

'K#,( 1 *#,: E#$)6&# %&1.4',7 4', ('&*)/+ /'*#& #/+)/##,)/+ %,'6&#7(8 !")( -',5

%,#(#/.( 1 /#- 3'/.#/.<61(#2 '%%',.0/)(.)3 /#.-',5 %,'.'3'&; ."1. 60)&2( '/

3'/3#%.( 4'0/2 )/ #$)(.)/+ 1&+',)."7( 1/2 )7%&#7#/.( ('7# /'*#& )2#1(8 !")(

1&+',)."7L( 6#"1*)', 1/2 %#,4',71/3# )( #*1&01.#2 1/2 ('7# (%#3)1&&: 3"1&&#/+<

)/+ (3#/1,)'( 1,# )2#/.)F#2; ."1. 1&(' 1%%&: .' '."#, 1&+',)."7( '4 .")( 3&1((8



 !"#$"#%

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

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

 !, -./'0(#1'(./ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 2

 !3 4'01&'10% .5 '6% 7.&18%/' ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 9

+ ,#-#. %/ #0. 1$#  2

,! 7%:;< =.:%0;/' >%'?.0@* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  A

,! ! 7=> B1/C:%* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  ,

,! !, DCC0%**(/E ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  ,

,! !3 F.1'(/E ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  ,

,! !G -./&:1*(./ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  3

,!, "HH.0'1/(*'(& >%'?.0@* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  G

,!,! =;I./.8< ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  G

,!3 "HH.0'1/(*'(& J0.'.&.:* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  K

,!3! 7(0%&' 7%:()%0< ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  K

,!3!, LH(C%8(& F.1'(/E ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  K

,!3!3 4H0;< ;/C M;(' ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  N

,!3!G JF"JOL= ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  +

,!3!G! P8H0.)(/E JF"JOL= ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  9

,!3!K =(8%:<Q&./';&' H0.#;#(:('< H0.'.&.: ! ! ! ! ! ! ! ! ! ! ! !  9

,!3!N FDJP7 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ,A

,!G -./'%/' B;*%C >%'?.0@(/E ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ,A

,!G! LI;8H:%* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ,,

,!K -./'%/'QB;*%C "HH.0'1/(*'(& J0.'.&.:* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ,,

,!K! R1(C%&S T;6%. %' ;:! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ,3

,!K!, -LJTU ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ,G

,!K!3 -DF ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ,K

,!N -./&:1*(./* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ,N

3 4567, 8$%9.(# +:

3! 7LT"4 4<*'%8 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ,9

3!, >.C% D0&6('%&'10% ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 3A

3!,! F"> ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 3A

3!,!, F8../ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 3 

G



 !"#$"#%  

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

!"#"!"- &.& / &01234 .*32520+ &02+, " " " " " " " " " " " !!

!"#"!"# 6& / 6+7083*9*+, &02+, " " " " " " " " " " " " " " ! 

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

:"- ;*<%28*9*+,5 " " " " " " " " " " " " " " " " " " " " " " " " " " " " " !=

:"# ;>? &80,0301 " " " " " " " " " " " " " " " " " " " " " " " " " " " " " !@

:"#"- >A*8A2*B " " " " " " " " " " " " " " " " " " " " " " " " " " " !C

:"#"# &8*A20%5 D08E " " " " " " " " " " " " " " " " " " " " " " " " !F

:"#"! &%G125H/I%G5382G* (JJ8*552+) " " " " " " " " " " " " " " " " :K

:"#": ?*,B08E 9(2+,*+(+3* " " " " " " " " " " " " " " " " " " " " :-

:"#" ?*,B08E 8*50%83*5 30+5*8A(,20+ " " " " " " " " " " " " " " " :#

:"#"= I*3%82,4 30+52J*8(,20+5 " " " " " " " " " " " " " " " " " " " " ::

:"! L9M1*9*+,(,20+ " " " " " " " " " " " " " " " " " " " " " " " " " " " " : 

2 !"# 3456(5'*%)  7

 "- I%G5382M,20+ N%(12,4 " " " " " " " " " " " " " " " " " " " " " " " " " :F

 "# .*12A*84 G*H(A208 " " " " " " " " " " " " " " " " " " " " " " " " " " "  !

 "#"- ?0,2O3(,20+ 8*/2+32J*+3* " " " " " " " " " " " " " " " " " " "   

 "#"# '3E+0B1*J)9*+,5 (+J J*5,2+(,20+ G(5*J 80%,2+)" " " " " "   

 "#"! ;*M1(3*9*+, M01232*5 " " " " " " " " " " " " " " " " " " " " "  @

 "! '%,09(,23 M(8(9*,*8 9(+()*9*+, " " " " " " " " " " " " " " " " " =K

 ": >M,29(1 ;0%,2+) *5,29(,20+ " " " " " " " " " " " " " " " " " " " " " =#

 ":"- P*+*,23 '1)082,H9 708 ( >MM08,%+25,23 ;0%,2+) >8(31* " " =!

 ":"# ;>? *Q*3,2A*+*55 *A(1%(,20+ " " " " " " " " " " " " " " " " = 

 " R*5, .*M1049*+, " " " " " " " " " " " " " " " " " " " " " " " " " " " ==

1 8%),6(+*%) 19

: ;('(&- <%&/ :=

@"- ?*B 80%,2+) 9*,823 " " " " " " " " " " " " " " " " " " " " " " " " " " @K

@"# ;*M1(3*9*+, M01234 " " " " " " " " " " " " " " " " " " " " " " " " " " @-

@"! .(,( M(,,*8+5 " " " " " " " " " " " " " " " " " " " " " " " " " " " " " @-

@": L+A*+,084 5%99(84 G80(J3(5, " " " " " " " " " " " " " " " " " " " " @#

@" ;*(1/127* J*M1049*+, " " " " " " " " " " " " " " " " " " " " " " " " " @#

>*?6*%@&5$AB : 



 !"#$%& '

 !"#$%&'"($!

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

 !"%" +",-)#.% &#" '&(("2 /+2"# 4&#$)/% +&1"%5 6"(&7  )("#&+, 8",-)#.%5 6$%9

#/:,$)+  )("#&+, 8",-)#.% )# ;::)#,/+$%,$' 8",-)#.%5 </, ,!"7 &(( %!&#" &

2"=+$+0 :#):"#,7> ,!"#" $% +) 0/&#&+," & :&,! <",-""+ ,-) +)2"% "?$%,% -!"+

& 2&,& ,#&+%1$%%$)+ $% &,,"1:,"23  !$% 1"&+% ,!&, & 1"%%&0" !&% ,) <" %,)#"2

$+ $+,"#1"2$&," +)2"% -&$,$+0 *)# & ,#&+%1$%%$)+ )::)#,/+$,75 &+2 ,!$% 1$0!,

!&::"+ %"4"#&( ,$1"% &% ,!" 1"%%&0" ,#&4"(% ,)-&#2% $,% 2"%,$+&,$)+3

 !$% ')+2$,$)+ &::"&#% /+2"# %"4"#&( %'"+&#$)%5 &+2 ')4"#% & -$2" %:"',#/1

)* +",-)#. &::($'&,$)+%3 ;+ )+" "?,#"1"5 $, '&+ <" %""+ &% & ($1$, '&%" *)# & ,#&9

2$,$)+&( +",-)#.3 @% A+,"#+", "?:&+2"2 "?:()%$4"(7 &+2 +"- ($+. ,"'!+)()0$"%

B($." /+2"#-&,"# ')11/+$'&,$)+%C &+2 "?,#"1" 2":()71"+, %'"+&#$)% B($." $+9

,"#:(&+",&#7 A+,"#+",C 0), "?:()#"25 +",-)#. :&#,$,$)+% ')/(2 +), <" ')+%$2"#"2

&+71)#" & <#"&.&0" "4"+,3 8), )+(7 +",-)#. :&#,$,$)+% <"'&1" /%/&(5 </, &(%)

),!"# :&,!)()0$'&( ')+2$,$)+% %/'! &% 4"#7 ()- ,!#)/0!:/,5 &%711",#$' ($+.% )#

4"#7 !$0! :#):&0&,$)+ 2"(&7%3

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

:#)*/%$)+ )* <&,,"#7 :)-"#"2 &+2 -$#"("%%(7 +",-)#."2 2"4$'"%5 %/'! &% %1&#,9

:!)+"%5 (&:,):%5 %1&#,9!)1" &::($&+'"%5 ",'3 @(%)5 ,!$% :#)*/%$)+ )* ()- ')%,

-$#"("%% 2"4$'"% '#"&,"2 ,!" )::)#,/+$,7 *)# '#"&,$+0 !$0!(7 D"?$<(" +",-)#.% $+

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

')/(2 %"#4" & 4"#7 -$2" %:"',#/1 )* ,&%.%> "1"#0"+'7 %"#4$'"%5 "+4$#)+1"+,&(

2&,& ')(("',$)+5 ()- ')%, 2"($4"#7 )* </(. 2&,&5 4"!$'/(&# D"", ,#&'.$+05 ",'3

 !" '(&%%$'&( %)(/,$)+ *)# & $+*#&%,#/',/#"9("%% +",-)#.% $% ,!" 1"%! B&29

!)'C +",-)#.3 8"4"#,!"("%%5 ,!" #)/,$+0 &(0)#$,!1% /%"2 $+ 1"%! +",-)#.$+0

&#" 2$#"', 2"%'"+2&+,% )* ,!" /%/&( A+,"#+", &(0)#$,!1%5 /%/&((7 4&#$&,$)+% )*

2$%,&+'"94"',)# &+2 ($+.9%,&," &(0)#$,!1%3  !/%5 1"%! +",-)#.% %!&#" ,!" %&1"

&%%/1:,$)+ A+,"#+", 2)"%> ,!" "?$%,"+'" )* & "+29,)9"+2 :&,!3 E) "4"+ ,)/0!

& 1"%! +",-)#. 2)"% +), 2":"+2 )+ "?,"#+&( $+*#&%,#/',/#"5 $, 2)"% 2":"+2 )+

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

"4"+ 1)#" 4/(+"#&<(" ,) +",-)#. :&#,$,$)+% &+2 "?,#"1" ,#&+%1$%%$)+ '!&#&'9

,"#$%,$'%3

F



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

!" #$%&'$'() * +'*&&, #(-+*.)+/0)/+'1&'.. (')2"+34 * ('2 (')2"+3 %*+*5#6$

#. (''5'54 2'+' ("5'. *+' -+'' )" +"*$ *(5 '.)*7&#.8 0"(('0)#"(. 2#)8 )8'#+ %*#+.4

*(5 2'+' )8' +"/)#(6 *&6"+#)8$ #. .$*+) '("/68 )" $*3' #()'&&#6'() 5'0#.#"(.

"( 28*) 5*)* 3''%4 *(5 28"$ #) 8*(5&' )" 28'( "%%"+)/(#), *+#.'.9 :'.#5'.

)8' +"/)#(6 *(5 -"+2*+5#(6 )*.3. ),%#0*& "- * +"/)#(6 *&6"+#)8$4 ("5'. 8*;' )"

.)"+' #(-"+$*)#"( 7')2''( 0"(('0)#"( "%%"+)/(#)#'.9 :'.#5'. 7*(52#5)84 ('2

+'."/+0'. 8*;' )" 7' $*(*6'54 &#3' *#+)#$' *(5 .)"+*6' /)#&#<*)#"(9 =&."4 *.

)8' ("5'. *+' /./*&&, 7*))'+, %"2'+'54 %"2'+ 0"(./$%)#"( #. * 0+#)#0*& +'."/+0'

)" $*(*6'9 !" $*3' #()'&&#6'() 5'0#.#"(.4 #(-"+$*)#"( #. (''5'5> *&6"+#)8$.

.8"/&5 &'*+( *(5 )*3' *5;*()*6' "- (')2"+3 %*))'+(.9 !8'+' 0"/&5 7' %*))'+(.

#( )8' $";'$'() "- )8' ("5'.4 )8' 5*)* ?"2.4 "+ #( )8' *;*#&*7#&#), "- 0'+)*#(

+'."/+0'.9

@/' )" 8*;#(6 $"+' +'."/+0'. )" $*(*6' *(5 $"+' #(%/). -"+ )*3#(6 5'1

0#.#"(.4 "%%"+)/(#.)#0 +"/)#(6 *&6"+#)8$. *+' 7"/(5 )" 7' $"+' 0"$%&'A9 B(

)8' ")8'+ 8*(54 "%%"+)/(#.)#0 +"/)#(6 #. $".) /.'-/& "( 5';#0'. 2#)8 &#$#)'5

+'."/+0'.4 ),%#0*&&, 7*))'+, %"2'+'59 !8#. $*3'. -"+ * 8*+5 5'.#6( 7*&*(0'

7')2''( %'+-"+$*(0' *(5 +'."/+0' 0"(./$%)#"(9

!" )8' %+'.'() 5*,4 )8' "%%"+)/(#.)#0 +"/)#(6 #. *( "%'( %+"7&'$> ('2 *%1

%+"*08'.4 *&6"+#)8$. *(5 ."&/)#"(. *+' 7'#(6 %+"%".'54 *(5 ('2 08*&&'(6'. *+'

#5'()#C'59

!8'.' 8#68&, 5,(*$#0*& (')2"+3.4 2#)8 ("5'. *%%'*+#(6 *(5 &'*;#(6 2#)8

(" *(("/(0'$'(). 8#68&#68) "(' 08*&&'(6' #( %*+)#0/&*+> )8' *55+'..#(6 .08'$'9

!8' )+*5#)#"(*& *55+'..#(6 "- D()'+(') #. 5'.)#(*)#"( 7*.'5> )8' ("5' *) )8'

."/+0' "- )8' #(-"+$*)#"( ?"2 .%'0#C'. )8' 5'.)#(*)#"( ("5'9 !8#. *../$'. )8'

."/+0' $/.) 3("2 )8' 5'.)#(*)#"( -"+ * 5*)* )+*(.-'+ )" 8*%%'(4 *(5 )8#. 2*.

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

E'2 $')8"5. *+' (''5'5 )" *&&"2 ("5'. )" *00'.. )8' #(-"+$*)#"( )8', (''59

D( %*+)#0/&*+4 $')8"5. )8*) *&&"2 )8' 5*)* ?"2 )" 7' .%'0#C'5 7, )8' 5*)*

0"(./$'+.4 *(5 )8*) 5" (") 5'%'(5 "( )8' #5'()#), "- ("5'.9 F/08 * %*+*5#6$

'A#.).4 G"()'() :*.'5 E')2"+3#(64 2'+' 5*)* 0"(./$'+. 5'.0+#7' )8' 5*)* )8',

(''54 *(5 #(-"+$*)#"( "- #()'+'.) #. +"/)'5 )" )8'$4 )+*(.%*+'()&,4 -+"$ 28'+';'+

#) 0"/&5 7'9

!8' 0"$7#(*)#"( "- B%%"+)/(#.)#0 +"/)#(6 *(5 G"()'() :*.'5 *55+'..#(6

%+"$#.'. * ;'+, ?'A#7&' *(5 +"7/.) (')2"+3 #(-+*.)+/0)/+'4 7/) )8'+' *+' $*(,

08*&&'(6'. *8'*59

 ! "#$%&'()%*

!8' $*#( %/+%".' "- )8#. 2"+3 #. )" %+";#5' * (')2"+3#(6 ."&/)#"( -"+ )8' @H1

IBF %+"J'0) K5'.0+#7'5 #( $"+' 5')*#& #( G8*%)'+ LM9 !8' @HIBF %+"J'0)

*))'$%). )" #$%+";' )8' &#-' 0"(5#)#"(. "- 08#&5+'( #( '(;#+"($'()*&&, ;/&('+1

*7&' *+'*. *(5 ('#687"+8""5. 2#)8 %""+ #(-+*.)+/0)/+'9 N"+ )8#. %/+%".' #)

%+"%".'. 5'%&",#(6 * 2#5' (')2"+3 "- &"210".) '(;#+"($'()*& .'(."+. #( %/7&#0

*+'*. *(5 08#&5+'(O. &#;#(6 %+'$#.'.9 !8' 0"$7#(*)#"( "- * 5'%&",$'() 2#)8

$*(, .'(."+. 0";'+#(6 * 2#5' *+'* *(5 &*03 "- #(-+*.)+/0)/+' %+'.'(). 08*&&'(6'.



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

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

,"'&/ $" ( )"**&)$+", 3"+,$ !"# 3#")&//+,45

6%& 3#"3"/&' 0&$%"' +/ $" $(7& ('8(,$(4& "! ( *")(* 9:;< =9,& :(3$"3

;&# <%+*'> 3#"4#(0? 6%& &@+/$&,)& "! $%&/& ,A0&#"A/ ,"'&/2 0"8+,4 3&#+"'1

+)(**B $#"A4% $%& ,&+4%C"#%""' (/ )%+*'#&, 4" $" (,' !#"0 /)%""*2 )#&($& (,

"33"#$A,+$B !"# +03*&0&,$+,4 (, 933"#$A,+/$+) D&$."#7- $%& )%+*'#&,E/ *(3$"3

)(, C& A/&' (/ 0"C+*& ,"'&/ $" /%A$$*& +,!"#0($+", C&$.&&, /&,/"# ,"'&/ (,'

)"**&)$+", 3"+,$/? F"# $%+/ 3A#3"/&2 ( /"!$.(#& /"*A$+", 0A/$ C& '&8&*"3&'2 $%&

GHI9J JB/$&0 =/&& J&)$+", K?L>? 6%+/ /"*A$+", +/ )"03#+/&' "! ( /&$ "! $""*/

(,' /&#8+)&/ $%($ .+** C& A/&' $" /A33"#$2 )",M4A#& (,' 0(+,$(+, $%& ,&$."#7?

9,& "! $%& )"03",&,$/ "! $%& GHI9J JB/$&0 +/ $%& ,&$."#7 3#"$")"* A/&'

$" $#(,/0+$ '($( C&$.&&, ,"'&/2 +, ( 933"#$A,+/$+) .(B? 6%+/ 3#"$")"* +/ $%&

&@3&)$&' #&/A*$ "! $%+/ ."#7? 6%&#&!"#&2 $%& ."#7 +/ "#4(,+N&' !"**".+,4 $%#&&

"CO&)$+8&/2 (/ !"**"./?

6%& M#/$ "CO&)$+8& "! $%& 3#&/&,$ ."#7 +/ $" 3&#!"#0 (, +,1'&3$% /$A'B "!

+,!#(/$#A)$A#&1*&// .+#&*&// ,&$."#7/2 &/3&)+(**B $%& ",&/ )($&4"#+N&' (/ G&*(B

6"*&#(,$ "# 933"#$A,+/$+)? P$ +/ &@3&)$&' $" *&(' $" $%& '&3*"B0&,$ "! ( #&(*

/"*A$+",2 /" /3&)+(* +03"#$(,)& +/ '&8"$&' $" &@+/$+,4 3#"3"/(*/ (,' $%&+# 3#"3&#1

$+&/? P, )(/& "! #&(* '&3*"B0&,$2 +$ +/ $" C& 0('& A/+,4 *".1)"/$ (,' *".13".&#&'

'&8+)&/2 $%A/ $%& &Q)+&,$ A/& "! (8(+*(C*& #&/"A#)& =)"03A$($+",(* (,' (+# $+0&>

+/ !(8"#&'?

GA& $" $%& ,($A#& "! $%& ,&$."#72 +$ .(/ &@3&)$&' $" ('(3$ C&$$&# $" )",$&,$

C(/&' (''#&//+,42 +,/$&(' "! )",8&,$+",(* '&/$+,($+", C(/&' =!"# ( '+/)A//+", ",

$%+/ +//A&2 /&& J&)$+", R?S>? 6%&#&!"#&2 <",$&,$ T(/&' 933"#$A,+/$+) (*4"#+$%0/

(#& "! /3&)+(* +,$&#&/$?

6%& /&)",' "CO&)$+8& +/ $%& '&8&*"30&,$ (,' +03*&0&,$($+", "! ( ,&$."#7

/"*A$+", !"# $%& GHI9J 3#"O&)$? F"# $%+/ 3A#3"/&2 ( /&$ "! #&UA+#&0&,$/ .&#&

'#(., =/&& J&)$+", S?L>? P! ," /A+$(C*& $&)%,"*"4B "# &@+/$+,4 /"*A$+", +/ !"A,'2

( ,&. /"*A$+", +/ $" C& )#&($&'?

F+,(**B2 $%& C&%(8+"# "! $%& /&*&)$&' /"*A$+", +/ $" C& /$A'+&' +, '&3$%2 $"

3#"8& +$ +/ ('&UA($& !"# $%& GHI9J 3#"O&)$ (,' 4&$ ,&. +,/+4%$ ", $%& )%(**&,4&/

(,' .&(7,&//&/ +, $%& #&/&(#)% (#&( +, 4&,&#(*? 6%& (,(*B/+/ /%"A*' (*/" 3#"8+'&

C(/& !"# !A$A#& ."#7?

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

6%& 0(+, )",$#+CA$+", "! $%+/ ."#7 +/ ( ,"8&* )",$&,$1C(/&' "33"#$A,+/$+) (*4"1

#+$%02 V9D? 6%& (*4"#+$%0 ='&/)#+C&' +, <%(3$&# S> A/&/ /"0& +'&(/ "! &@+/$+,4

/"*A$+",/2 CA$ +03#"8&/ "8&# $%&0 +, /"0& (#&(/ $%($ .&#& ,"$ %(,'*&' )"##&)$*B

C&!"#&? 6%& (*4"#+$%0 +/ /+03*&2 &Q)+&,$ (,' +/ &(/+*B 0"'+M(C*&? 6%+/ 0(7&/

+$ ( 4""' C(/& 3*($!"#0 !"# ('"3$+,4 (,' $&/$+,4 "A$ ,&. +'&(/?

6%& +03*&0&,$($+", +/ %+4%*B 3"#$(C*& (,' %(/ C&&, &@$&,/+8&*B $&/$&' +,

/+0A*($&' &,8+#",0&,$/ (/ .&** (/ #&(* %(#'.(#&?

W 0&$%"' !"# (A$","0+)(**B 0(,(4+,4 $%& 3#"$")"* .(/ '&/+4,&' (,' +03*&1

0&,$&' =/&& J&)$+", X?K>? 6%& 0&$%"' +/ 8&#B Y&@+C*& (,' C(/&' ", %+4%1*&8&*



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

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

4"*.&*- %1)*6&'7

8 .&-1"+ /"4 &'-$.)-$*6 -1& .)9$.:. +&#$3&40 4)-& !"''$2#& $* )* "!!"45

-:*$'-$% *&-,"4; 20 )* )#6"4$-1. !"''&''$*6 !&4/&%- ;*",#&+6& <=>4)%#&?@ ,)'

+&3&#"!&+7 A1$' .&-1"+ $' 2)'&+ "* ) B&*&-$% 8#6"4$-1.( )*+ !4"3$+&' )* :!!&4

2":*+ -" )--)$*)2#& !&4/"4.)*%&7

A1&4& ,&4& $+&*-$C&+ )4&)' -1)- $.!"'& #$.$-)-$"*' "* -1& !&4/"4.)*%& )*+

4"2:'-*&'' "/ -1& !4"-"%"#7 A1&'& ,&);*&''&' )4& *"- &9%#:'$3& "/ D>E( )*+

)%-:)##0 )4& '1)4&+ ,$-1 "-1&4 >E !#)-/"4.'7 A1&0 )4& +&'%4$2&+ $* F1)!-&4

G7 H)'&+ "* -1& 4&':#-' '1",* $* F1)!-&4 I( D>E $' ) 6""+ $*/4)'-4:%-:4& /"4

+&3&#"!$*6 '"#:-$"*' /"4 -1&'& $'':&'( -1)*;' -" -1& '$.!#$%$-0 "/ $-' )4%1$-&%-:4&

)*+ J&9$2$#$-0 "/ -1& $.!#&.&*-)-$"*7

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

A1& +&'%4$!-$"* "/ -1& 4&'&)4%1 )4&) )*+ )*)#0'$' "/ -1& &9$'-$*6 '"#:-$"*' $'

!4&'&*-&+ $* F1)!-&4 K7

8 '!&%$C% :'& %)'& /"4 )* >!!"4-:*$'-$% E&-,"4;( -1& !4"L&%- MNO>P( $'

+&'%4$2&+ $* F1)!-&4 Q7 R"4 -1$' )!!#$%)-$"*( ) '&- "/ 4&S:$4&.&*-' )4& +&C*&+

$* T7 A1&'& 4&S:$4&.&*-' )*+ -1& P-)-& "/ -1& 84- )*)#0'$' #&)+ -" -1& %4&)-$"*

"/ -1& D>E !4"-"%"#( +&'%4$2&+ $* P&%-$"* T7K7 A1& $.!#&.&*-)-$"* $' +&'%4$2&+

$* P&%-$"* T7Q7

A1& '"#:-$"*U' !&4/"4.)*%& )*+ 2&1)3$"4 )4& )*)#0V&+ $* F1)!-&4 I( )*+

*&, ,"4; +$4&%-$"*' )4& !4&'&*-&+ $* F1)!-&4 G7



 !"#$%& '

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

 !" #$"%& '"!#($ )"*%+  ,*"-%(. /".0,-1& ,- 233,-.4(#&.#5 /".0,-1& 3-"$%."

6(."-(".7 8,9" #$"%& %33"%- #( -"&"%-5! ,( :%51". ;%$#, /".0,-1& '+ )<;:<

%& =%- '%51 %& >?@AB>C7 <*&,D E#$,/". ,3"-%."$ #( %( "(F#-,(9"(. 5,(&#&.#(G ,=

."93,-%-+ 5,(("5.#,(& '".0""( (,$"& #( .!" =,-9 ,= 9,-" ,- *"&& 3"-#,$#5 3!,("

5%**& H"%-*+ (#(".#"&I7 8#9#*%- (".0,-1& 0"-" &433,-."$ '+ .!" JJK: 3-,.,5,*

&#(5" .!" "%-*+ "#G!.#"&7

;"5"(.*+ .!"-" !%& '""( % ("0 &4-G" #( -"&"%-5! #( .!" %-"%D $-#F"( '+ .!"

0#$"&3-"%$ %$,3.#,( ,= 0#-"*"&& *#(1& =,- .!" 34-3,&" ,= &433,-.#(G 6(."-(".D

%($ .!" %33%-#.#,( ,= (,F"* (".0,-1 %33*#5%.#,(&D &45! %& &"(&,- (".0,-1&7

6( .!#& 5!%3."- 0" 0#** 3-"&"(. % -"F#"0 ,= .!" 5,(5"3.& %($ ."5!(,*,G#"&

4&"$ #( .!" %-"%D %& 0"** %& #93*"9"(.%.#,(& %($ &,*4.#,(& %F%#*%'*"7

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

 !" 5,(5"3. ,= )"*%+  ,*"-%(. /".0,-1& H) /&

 

I 0%& #(.-,$45"$ %& % &3"5#L5

-"&"%-5! L"*$ #( BMCD #( -"*%.#,( 0#.! 6: (".0,-1 -"&"%-5!7  !" %4.!,-& 3,#(.

,4. .!%. .!"-" %-" &"F"-%* %&&493.#,(& 9%$" %',4. .!" 4($"-*+#(G *#(1& ,( %

&.%($%-$ 6: (".0,-1D *#1" .!" "N#&."(5" ,= % "($O.,O"($ 3%.!D % *,0 -,4($O

.-#3 .#9" %($ *,0 3%51". *,&& 3-,'%'#*#.+7 2( .!" ,.!"- !%($D .!" 5%."G,-+ ,=

(".0,-1& 0!#5! '-"%1 ,(" ,- 9,-" ,= .!"&" %&&493.#,(& HP  !"##$%&$' %$()*+,- QI

#& G-,0#(G #( #93,-.%(5"D %& 6(."-(". G".& $"3*,+"$ ,F"- ."5!(,*,G#"& 0!#5!

5%((,. &433,-. .!"97

 !" %4.!,-& 3-"&"(. .!" =,**,0#(G 5!%-%5."-#&.#5& ,= .!"&" 5!%**"(G"$ (".O

0,-1&R

 !"# $%&'()*+ $,- .%&% /%&'  !"&" (".0,-1& 3-,F#$" &"-F#5"& ,F"- *,0 '%($O

0#$.! *#(1&7 E,- "N%93*"D % *,0 3,0"- -%$#, %& 4&"$ #( &"(&,- (".0,-1&

5,4*$ 3-,F#$" %',4. >S1'3&D %($ *%."(5#"& ,= %-,4($ > &"5,($ 5%( '" 5,9O

9,(7 <*&,D *#(1& 5%( '" !#G!*+ %&+99".-#5D ,- "F"( 4(#$#-"5.#,(%*7

 

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

%!"5 *(" ("6"(("3 75 ,89:8;

>S



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

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

34,"3 &0 %)5'6 78'3' #)3(&""'(%3 (," -' (,.3'# -+ 0,./%39 &1 "&15,/

&4'1,%)&"3 (&"#)%)&"36 :&1 ';,54/'9 "&#'3 (," -' 5&-)/' ,"# -' )" 1,"2'

&"/+ &((,3)&",//+9 &1 "&#'3 (," 2& &"$/)"' ,((&1#)"2 %& , 3(8'#./' %& 3,*'

-,%%'1)'36

($%) *+&+!%) '!,&" <"/)=' (&"*'"%)&",/ 4,(='# 3>)%(8'# "'%>&1=39 ?.'.)"2

%)5'3 (," -' ,1-)%1,1)/+ /&"2 @8&.13 &1 #,+3 ,1' .3.,/A6 B&"2'1 #)3(&"$

"'(%'# 4'1)&#3 .3.,//+ /',# %& /&"2'1 ?.'.)"2 %)5'36

($- .+'/ #/#0& $1&23'!$% C8'" #'4/&+'# 0&1 41&*)#)"2 (&55.")(,%)&"3 01&5

-,%%'1)'39 'D&1%3 ,1' 5,#' %& 5)")5)E' %8' %)5' 34'"% %1,"35)%%)"2 ,"#

1'(')*)"2 #,%,6 :&1 ';,54/' 3'"3&1 "&#'3 (&./# (&//'(% #,%, (&"%)".&.3/+9

-.% %1,"35)% &"/+ >8'" '"&.28 #,%, 8,3 -''" (&//'(%'#6

(!,!'&. 2&"$+2#&" F'*'1,/ &0 %8' ,44/)(,%)&"3 '"*)3)&"'# @3'"3&1 "'%>&1=39

'5'12'"(+ 1'/)'0A ,1' -,3'# &" 35,// #'*)('3 >)%8 /)5)%'# (&54.%)"2 1'$

3&.1('36 B)5)%,%)&"3 (," -' )" %1,"35)%%'1 .4%)5' ,"# 4&>'19 1,> (&5$

4.%)"2 4&>'19 3%&1,2'9 %&%,/ (&3%9 '%(6

G/3&9 3'*'1,/ ,441&,(8'3 %& (&4' >)%8 (8,//'"2'# "'%>&1=3 ,1' )#'"%)H'#6 78'

H13% ,441&,(8 )3 %& '"2)"''1 %8' /)"=3 ,3 %& 0&&/ .44'1 /,+'13 )"%& -'/)'*)"2 %8'1'

)3 , "&15,/ IJ /,+'1 ."#'1"',%8 @K/)"=$1'4,)1 ,441&,(8'3LA6 G"&%8'1 ,441&,(8

)#'"%)H'# )3 %& 8,*' 41&;+ ,2'"%3 ,% %8' '#2'3 &0 %8' M7N6 78)3 5'%8&# #&'3 "&%

&D'1 , 2'"'1,/ 5'%8&# 0&1 41&*)#)"2 %1,"3)%6 G3 , 1'3./%9 %8' ,.%8&13 ,12.' 0&1

%8' .3' &0 , 2'"'1,/ 4.14&3' 5'33,2' &1)'"%'# &*'1/,+ ,1(8)%'(%.1'9 41&*)#)"2 ,

1'/),-/' ,3+"(81&"&.3 5'33,2' #'/)*'1+9 ,3 %8' ,441&41),%' ,441&,(8 %& %,=' 0.//

,#*,"%,2' &0 (8,//'"2'# "'%>&1=36 78)3 (,5' %& -' , *'1+ 3.(('330./ ,441&,(89

,"# &"' &0 %8' #'H")"2 ,1(8)%'(%.1,/ (8,1,(%'1)3%)(3 &0 M7N36

M7N 1'3',1(8 )3 -')"2 #&"' >)%8)" %8' I"%'1"'% O'3',1(8 7,3= :&1(' .5$

-1'//,9 %81&.28 %8' M'/,+$7&/'1,"% N'%>&1=)"2 O'3',1(8 P1&.4QRS6 G3 3.(89 %8'

*)'> &0 %8' "'%>&1= )3 I"%'1"'%$('"%1)(T %8' ,1(8)%'(%.1' (&"3)3%3 &0 , "'%>&1=

&0 )"#'4'"#'"% I"%'1"'%39 ',(8 3.44&1%'# -+ , %+4)(,/ I"%'1"'% 3%,(= >)%8)"6

78' (&55.")(,%)&"3 -'%>''" %8'3' I"%'1"'%3 ,1' &((,3)&",/9 ')%8'1 3(8'#./'#

&1 1,"#&59 ,"# ,1' 3.3%,)"'# %1&.28  !" #$%&'$( "&#'36

78' 1'0'1'"(' ,1(8)%'(%.1' &0 M7N )3 #'3(1)-'# )" QUS ,"# QVS6 78' '"# %&

'"# 5'33,2' &1)'"%'# &*'1/,+ )3 1'0'11'# ,3 %8' K)*+,-& /,+'1L6 78' "&#'3 %8,%

)54/'5'"% %8' W."#/' /,+'1 ,1' %8' M7N "&#'36 7& )"%'1,(% >)%8 , M7N9

,44/)(,%)&"3 2'"'1,%' 3'/0$(&"%,)"'# 5'33,2'3 &0 ,1-)%1,1+ /'"2%89 (,//'# GM<3

@G44/)(,%)&" M,%, <")%3A6 78'3' GM<3 ,1' #'/)*'1'# %& %8' W."#/' /,+'19 >8)(8

>)// 34/)% %8'5 )" 41&%&(&/ #,%, .")%3 (,//'# W."#/'36 W."#/'3 ,1' 8,"#/'# -+

%8' "&#'3 5,)"%,)")"2 %8' W."#/' /,+'1 ."%)/ %8'+ 1',(8 #'3%)",%)&"6 N&#'3

8,*' #'#)(,%'# 4'13)3%'"% 3%&1,2' 0&1 =''4)"2 -."#/'3 -'%>''" (&55.")(,%)&"

&44&1%.")%)'36



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

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

"#$ %&'( )* '&*)+,-(')& (+-&.,'(($/ '& - 0"1 '. 2-33$/ -  !"#$%4 -&/ '. .5$2'6$/

78 (#$ 9:"; '& <=>? @ 7%&/3$ '. - A-+'-73$ 3$&B(# C0D4 7%&/3'&B ()B$(#$+ -33

(#$ '&*)+,-(')& &$$/$/ () 2),53$($ - (+-&.-2(')&? "#'. '. /)&$ () +$/%2$ (#$

&%,7$+ )* +)%&/E(+'5.4 F#'2# '. )* 2+'('2-3 ',5)+(-&2$ '& 0"1 /%$ () (#$ A$+8

#'B# 3-($&2'$.? "#$ G%&/3$ C+)()2)3 )H$+. $&/E()E$&/ (+-&.5)+( *)+ -553'2-(')&.

)A$+ - 0"14 -&/ 5+)A'/$. .%2# *%&2(')&-3'(8 -. ;+-B,$&(-(')& I)&(+)3 -&/

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

*)+ $3$,$&(. .%2# -. &-,'&B -&/ -//+$..'&B?

 !"! -)).+,,/(0

"#$ -//+$..'&B .2#$,$ *)+ 7%&/3$. '. 7-.$/ )& (#$ 2)&2$5( )* &"#'()"*+? @&

$&/5)'&( '. - B+)%5 )* &)/$. F#'2# 2-& 7$ -//+$..$/ 2)33$2('A$38? @ &)/$ 2-&

5-+('2'5-($ '& .$A$+-3 $&/5)'&(.4 -&/ '. +$J%'+$/ () 7$3)&B -( 3$-.( () -& :&/5)'&(

)* F#'2# '. (#$ )&38 ,$,7$+? :&/5)'&(. -+$ '/$&('6$/ 78 -& :90 K:&/5)'&(

9/$&('6$+L F#'2# '. - &-,$ $M5+$..$/ -. - DN9 <O>?

@& -553'2-(')& .$&/. -& @0D -//+$..'&B '( () -& :904 (#'. '.4 () - &)/$ )+

B+)%5 )* &)/$.? I)&A$+.$384 '* -& -553'2-(')& '. '&($+$.($/ '& +$2$'A'&B @0D. ()

- 2$+(-'& :904 '( ,%.( +$B'.($+ (#-( '&($+$.( F'(# (#$ &)/$?

"#$ -//+$..'&B P$M'7'3'(8 )* (#$ 0"1 -+2#'($2(%+$ '. .%55)+($/ 78 (#$ P$ME

'7'3'(8 )* (#$ DN9 .2#$,-.? Q#$& /$53)8'&B - 0"14 -& DN9 .2#$,$ ,%.( 7$

/$.'B&$/ () 5+)A'/$ - &-,'&B (#-( ,-R$. .$&.$ *)+ (#$ -553'2-(')&S F#$(#$+ '(

(-R$. '&() -22)%&( B$)B+-5#'2-3 3)2-(')&4 )+ *)33)F. .),$ )+B-&'T-(')&-3 3'&$.4

-553'2-(')& /),-'& B+)%5.4 $(2?

Q#$& - 7%&/3$ '. -//+$..$/ () - $&/5)'&( 2),5).$/ )* ,%3('53$ &)/$.4 '( '.

2)&.'/$+$/ -. /$3'A$+$/ F#$& '& +$-2#$. - .%7.$( )* (#$ $&/5)'&( 2-33$/ UNV

K,'&',%, +$2$5(')& B+)%5L? "#$ UNV 2-& 7$ .'&B3$ &)/$ K%&'2-.(L4 )&$ )* -

B+)%5 )* &)/$. K-&82-.(L )+ -33 )* - B+)%5 )* &)/$. K,%3('2-.( -&/ 7+)-/2-.(L?

"#$ UNV '. -& -((+'7%($ -..)2'-($/ () (#$ $&/5)'&(?

 !"!1 23'4/(0

"#$ 0"1 .5$2'62-(')& '&($&/. () 3-8 (#$ B+)%&/ *)+ *%+(#$+ +$.$-+2#4 -&/ *)+

(#'. 5%+5).$ 5+)A'/$. - *+-,$F)+R *)+ *%(%+$ F)+R? 9( $&A'.')&. .%55)+('&B

)5$+-(')&. '& - A$+8 F'/$ .5$2(+%, )* 2)&/'(')& -&/ .2$&-+').4 *+), .$&.)+ &$(E

F)+R. () '&($+53-&$(-+8 9&($+&$( -&/ /$$5E.5-2$ 2),,%&'2-(')&.? "#$ '&A)3A$/

3'&R. #-A$ A-.(38 /'H$+$&( 7$#-A')+4 -&/ (#%. (#$ +)%('&B -3B)+'(#,. .#)%3/ 7$

/'H$+$&(4 ())? ") 23-..'*8 (#$ /'H$+$&( 2)&/'(')&. (#$ N;IWXYX 5+)5).$. (#$

*)33)F'&B 23-..'62-(')&S

 !"#$#%!&% '(&%)*%# @3F-8. -A-'3-73$ 3'&R.? :M-,53$S - 0Z[ 3'&R?

+&,-!.)&/ '(&%)*%# ['&R. (#-( 2-& 7$ 7+)%B#( %5 F#$& &$$/$/? @ '&'E

('-()+ &)/$ ,%.( 5$+*)+, .),$ -2(')& () -2('A-($ (#$ 3'&R4 F#'2# F'33 7$

-A-'3-73$ %&('3 ($+,'&-($/? :M-,53$S - /'-3E%5 2)&&$2(')&?



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

 !"#$%&""#!" ' ()*#+,-#+ ./!"0)"1 "#$%& '()' )*+ %$,-$ #$ )./)$0+ -#11

2+ )/)#1)21+ )' &,3+ 3,3+$' #$ '#3+4 5,* ) 6#/+$ )3,7$' ,5 '#3+8 9:)3;

<1+&= 1,- ,*2#' &)'+11#'+4 &0(+.71+. 0,337$#0)'#,$ &+&&#,$& -#'( ) &<)0+;

0*)5'8

 !"#$%&""#!" ' 233/$",!&1"&) ./!"0)"1 "#$% ,<<,*'7$#'#+& '()' ,007* 7$;

+:<+0'+.1>4 -#'(,7' <*+/#,7& <1)$$#$68 ?(+ .7*)'#,$ ,5 '(+ 0,$$+0'#,$

1)&'& )$ 7$.+'+*3#$+. )3,7$' ,5 '#3+8 9:)3<1+= ) .+/#0+ -#'( ) &(,*'

*)$6+ *).#, @+68 ) A3)*';<(,$+ -#'( 217+',,'(B 3,/+& #$', *)$6+8

 !"#$%&""#!" ' 4$#+&)"#+ ./!"0)"1 C5 #' #& <,&&#21+ ', 6+' +$,76( #$5,*3);

'#,$ 5*,3 <*+/#,7& &',*> )$. '(+ 2+()/#,* #& 0,$&#&'+$' +$,76(4 #' #& <,&;

&#21+ ', 7&+ '(#& #$5,*3)'#,$ ', <*+.#0' 57'7*+ 1#$% ,<<,*'7$#'#+&8 ?(#&

0)$ 2+ &++$ )& ) /)*#)'#,$ ,5 &0(+.71+. 0,$')0' @-#'( <*+.#0'#,$& #$&'+).

,5 &0(+.71+&B4 ,* ) /)*#)'#,$ ,5 ,<<,*'7$#&'#0 0,$')0'& @-#'( <*+.#0'#,$&

#$&'+). ,5 0,3<1+'+1> *)$.,3 +$0,7$'+*&B8 9:)3<1+&= D#;E# .+/#0+& ,$

27&+& 3++'#$6 ,$ '(+ *,). '*,76( '(+ .)>8

?(+ *,7'#$6 3+'(,.& '(+3&+1/+& 5,* '(+&+ &#'7)'#,$& -+*+ <*,<,&+. )& )$ )*+)

,5 -,*% #$ '(+ *+&+)*0( )*+) ,5 .+1)> ',1+*)$' $+'-,*%#$68 F$1> ) /+*> 6+$;

+*)1 ,/+*/#+- #& <*,/#.+.4 <*,<,&#$6 3)#$')#$#$6 '(+ 0,$/+$'#,$)1 &+<)*)'#,$

2+'-++$ *,7'#$6 @0,3<7')'#,$ ,5 *,7'#$6 <)'(&B )$. 5,*-)*.#$6 @.+1#/+*> ,5

27$.1+& 2+'-++$ $,.+&B8 ?(+ *,7'#$6 #$5,*3)'#,$ #& %+<' #$ '(+ GCH @*,7'#$6

#$5,*3)'#,$ 2)&+B4 5*,3 -(#0( '(+ 5,*-)*.#$6 &')'+ ECH @5,*-)*.#$6 #$5,*3)'#,$

2)&+B #& .+*#/+.8

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

H+&#.+& *+1)7$0(#$6 '(+ *+&+)*0( #$ '(+ )*+)4 '(+ I?J )*0(#'+0'7*+ #.+$'#K+.

&,3+ #3<,*')$' 0,$0+<'&8

C$ K*&' <1)0+4 '(+ *+0,6$#'#,$ '()' #' #& $,' /#)21+ ', )''+3<' ', 3)%+ I?J&

'*)$&<)*+$' )' '(+ CL 1+/+14 )$. '()' #' #& $++.+. ', +$0)<&71)'+ '(+ I?J 2+;

()/#,* #$ ) &+<)*)'+ 1)>+*8 ?(+ #.+) ,5 &7<<,*'#$6 ) I?J '*,76( ) 3+&&)6+

,*#+$'+. )&>$0(*,$,7& ,/+*1)> ()& 2++$ ,5 6*+)' #3<,*')$0+8

M$,'(+* #3<,*')$' #.+) #& ', +:'+$. '(+ )..*+&&#$6 &0(+3+ 2+>,$. -()' #&

7&7)1 #$ CL $+'-,*%&8 C$ I?J )*0(#'+0'7*+ #& .,$+ #$ ) /+*> 6+$+*)1 -)> *+1>#$6

,$ NGC +:<*+&&+. )..*+&&+&4 27' #' ,<+$+. '(+ .,,* ', ,'(+* <)*).#63&4 1#%+

0,$'+$' 2)&+. *,7'#$68

E#$)11>4 '(+ #3<,*')$0+ ,5 &',*)6+ )& )$,'(+* *+&,7*0+ '()' 37&' 2+ 3)$)6+.

#$ ) 0)**>;)$.;5,*-)*.;$+'-,*% #& <*+&+$'+.8

M' '(+ &)3+ '#3+4 6*+)' +O,*' -)& &<+$' &<+0#5>#$6 ) 5*)3+-,*% 5,* C$'+*$+';

1#%+ .+/+1,<3+$'= 0,$&#.+*)21+ .+')#1 -)& <*,/#.+. 5,* '(+ 5,*3)' ,5 27$.1+&P

6)'+-)>& )$. <*,:#+& 5,* #$'+*)0'#$6 -#'( ?QLRCL $+'-,*%& )*+ .+&0*#2+.P <*#;

,*#'> @S,AB )$. )0%$,-1+.63+$' T)6& )*+ &<+0#K+.4 +'08 ?(#& #3<1#+& ) *)'(+*

0,3<1+: #3<1+3+$')'#,$ +/+$ 2+5,*+ UK11#$6 #$ '(+ 21)$%&V ,5 *,7'#$64 )..*+&&#$6

#3<1+3+$')'#,$4 +'084 )$. #& $,' /+*> 7&+571 ,* 0)$ 2+ *+&'*#0'#$6 #$ &,3+ )<<1#;

0)'#,$&8 E,* +:)3<1+4 ) &+$&,* $+'-,*% #& ) &#$61+ 7&+ $+'-,*%4 -#'( 3+&&)6+&



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

"#$" %$& '( )(*+ ,-$.. /* 01(2 ,34(5 6(*( -(,,$7( "*$8% 9/6, /&.+ 3& /&( 23*(%:

"3/&; < =>? .3@( $*%#3"(%"A*( %/A.2 3-B/,( A&&((2(2 %/-B.(13"+ C.3@( 'A&2.(

D*$7-(&"$"3/&E $&2 B*(%.A2( ,/-( A,(DA. '(#$)3/* C.3@( -(,,$7( $77*(7$"3/&E;

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

>/A7# A,A$..+ "#( "(*-, FBB/*"A&3,"3% ?("6/*@, CF?E $&2 =>? $*( A,(2 3&:

"(*%#$&7($'.+5 F? %$& '( ,((& $, $ 7(&(*$.34$"3/& /D =>?GHI; J&.3@( =>?5

6#3%# 3, '$,(2 /& K&"(*&(" "(%#&/./73(,5 F? 2/(, &/" -$@( $&+ $,,A-B"3/&,

/& "#( "/B/./7+ /D "#( &("6/*@ /* A&2(*.+3&7 "(%#&/./73(,; L#3.( 3& =>? "#(

B/3&", /D 23,%/&&(%"3/& $*( *(,"*3%"(2 "/ "#( 7$"(6$+ &/2(,5 3& F? ($%# &/2(

"#$" *(%(3)(, -(,,$7(, -$@(, */A"3&7 2(%3,3/&,;

<.. "#3, -$@(, F? $ -/*( 9(13'.( %/&%(B"5 "#$" %$& '( $BB.3(2 "/ &/)(. $*($,

,A%# $, M(&,/* ?("6/*@,;

 ! !" #$%&'&()

K& GHI $ "6/:.()(. "$1/&/-+ D/* FBB/*"A&3,"3% ?("6/*@, 3, B*/B/,(2N

 !"#$%&#'(&'#) *% +!"#$%&#'(&'#),)%% K&D*$,"*A%"A*( -($&, "#$" "#( &("6/*@

3, $,+--("*3%5 3& "#( ,(&,( "#$" ,/-( &/2(, $*( -/*( B/6(*DA. $&2 B.$+

$ ,B(%3$. */.( 3& "#( */A"3&7; K&D*$,"*A%"A*(.(,, &("6/*@, $*( 9$"5 $&2 $..

&/2(, $*( (OA$.;

 !"#$%&#'(&'#)- .+/)0 *% 123+,) MB(%30% 7(/7*$B#3% ./%$"3/&, /D ,37&30%$&%(5

/* -/'3.( &/2(,5 6#("#(* B*(2("(*-3&(2 "*$P(%"/*+ /* *$&2/-;

 !"#$%&#'(&'#),)%%- 4+%%)5+!$&+2! *% 62!&)/& 3$%)0 =3,,(-3&$"3/& $.7/:

*3"#-, $*( D/*-, /D %/&"*/..(2 9//23&7; >#(,( $.7/*3"#-, "+B3%$..+ 2/ &/"

@((B $&+ @&/6.(27( $'/A" "#( &("6/*@; Q/&"(1" '$,(2 $.7/*3"#-, $""(-B"

"/ A,( ,/-( D/*- /D @&/6.(27( $'/A" "#( &("6/*@ '(#$)3/* "/ ,(.(%" "#(

'(," %$&232$"(, "/ %$**+ -(,,$7(, "/ $ 2(,"3&$"3/&;

<, $ "$1/&/-+5 3" ,AR(*, D*/- $ .$%@ /D #/-/7(&(3"+; >#( 0*," .()(. C6#("#(*

"#( &("6/*@ #$, 2(23%$"(2 3&D*$,"*A%"A*(E 3, '$,(2 /& B*/B(*"3(, /D "#( &("6/*@;

SA" "#(&5 6#3.( "#( T3&D*$,"*A%"A*(U %$,( 3, DA*"#(* %$"(7/*34(2 3& DA&%"3/& /D

-/*( B*/B(*"3(, /D "#( &("6/*@5 "#( T3&D*$,"*A%"A*(.(,,U %$,( 3, %$"(7/*34(2 3&

DA&%"3/& /D B*/B(*"3(, /D "#( $.7/*3"#-, C%/&"(1" $6$*( /* &/"E;

K& GVI "#( $A"#/*, B*/B/,( "6/ -$3& %.$,,30%$"3/&, D/* =>? CF?E $.7/*3"#-,N

7)8,+($&+2! *)#%'% .2#9$#0+!: W(B.3%$"3&7 $.7/*3"#-, $*( "#/,( 6#3%# %$&

7(&(*$"( -A."3B.( %/B3(, /D $ -(,,$7( $, 3" "*$)(*,(, "#( &("6/*@; X/*6$*2:

3&7 -($&, "#(*( 3, $ ,3&7.( %/B+5 "#A, $" $&+ 73)(& -/-(&" $&+ -(,,$7(

3, ./%$"(2 /& $ ,3&7.( -/'3.( &/2(;

7)%2'#() 62!%&#$+!&% >#3, %.$,,30(, "#( $.7/*3"#-, $%%/*23&7 "/ "#( *(,/A*%(,

"#(+ "$@( 3&"/ $%%/A&" D/* -$@3&7 */A"3&7 2(%3,3/&,; >#( "6/ -$3& *(:

,/A*%(, $*( M"/*$7( $&2 S$&2632"#;



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

"#$%&'( )*$#+,' -+./01/*2 3$4*1., 56+(7&'8

" 9.&1(1*'/ 9.&1(1*'/ 3'7&1:+*1$. 571/'(1:; )7#+< +./ =+1*

"> 9.&1(1*'/ 9.&1(1*'/ ?$#0+#/1., @$/1A'/ B1CD8*#+

"E ?1.1*' 9.&1(1*'/ 3'7&1:+*1$. "3F"G5H

"I ?1.1*' ?1.1*' ?$#0+#/1.,

"! ?1.1*' ?1.1*' 3'7&1:+*1$. 3+71/; @+6"#$7

H+%&' >J K L FM +&,$#1*2( *+6$.$(<NOP

H218 :#'+*'8 ! (+1. :&+88'8 $Q +&,$#1*2(8; +8 8''. 1. H+%&' >J J H2' +&,$#1*2(8

82$0. +8 '6+(7&'8 +#' /'8:#1%'/ 1. ($#' /'*+1& 1. *2' Q$&&$01., 8':*1$.8J

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

?$# 8477$#*1., F77$#*4.18*1: M'*0$#D8 *2'#' 18 + 01/' #+.,' $Q +&,$#1*2(8

+R+1&+%&'J S* 18 +. $.,$1., #'8'+#:2 A'&/; +./ /1T'#1., +77#$+:2'8 :+. %' Q$4./J

)$&4*1$.8 R+#< 1. :$(7&'61*<; U'61%1&1*< +./ #$%48*.'88J L 7+**'#. :+. %' 8''.

02'#' ($#' 8$7218*1:+*'/ +&,$#1*2(8 7#$R1/' 21,2'# U'61%1&1*< +./ 21,2'# '6V

7':*'/ 7'#Q$#(+.:' +* *2' :$8* $Q + ($#' /1W:4&* 8'*47 +./ + '67&$81$. 1. *2'

.4(%'# $Q :$.A,4#+*1$. 7+#+('*'#8J ?$# + $R'#R1'0 $Q '618*1., 8$&4*1$.8; 8''

H+%&' >J>J

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

S* 18 *2' 81(7&'8* Q$#( $Q FMJ H2' 8$4#:' .$/' 8*$#'8 *2' 7+:D'* 4.*1& 1* (''*8

*2' /'8*1.+*1$. .$/'; 02'. 1* /'&1R'#8 *2' 7+:D'* +./ '#+8'8 1* Q#$( 1*8 $0.

8*$#+,'J S. (+.< #'+&18*1: 48' :+8'8 :+. 2+R' '6*#'('&< %+/ 7'#Q$#(+.:'J

 !"! -.%/'0%( 123)%45

F.' 1(7$#*+.* Q+(1&< $Q 7#$*$:$&8 18 571/'(1: 3$4*1., N XPJ 571/'(1: 3$4*V

1., 18 %+8'/ $. 571/'(1: +&,$#1*2(8; + ('*2$/ Q$# 8<.:2#$.1Y1., /18*#1%4*'/

/+*+%+8'8N  PJ S. 571/'(1: 3$4*1., + .$/' :+##<1., + ('88+,' 01&& /'&1R'# 1* *$

'+:2 .$/' 1* (''*8; +./ '+:2 .$/' *2+* #':'1R'8 *2' ('88+,' 01&& 8*+#* #'7&1:+*1.,

1* 1. + 81(1&+# 0+<J H218 0+<; *2' ('88+,' 01&& 'R'.*4+&&< #'+:2 1*8 /'8*1.+*1$.J

H2'#' 18 + :$(7#$(18' %'*0''. #'8$4#:' 4*1&1Y+*1$. Z%+./01/*2 +./ 8*$#+,'[

$. $.' 81/' +./ .'*0$#D 7'#Q$#(+.:' Z/'&1R'#< #+*' +./ &+*'.:<[ $. *2' $*2'#J

H$ *4.' *218 %'2+R1$#; *2' +4*2$#8 48' *0$ :$.A,4#+*1$. 7+#+('*'#8K + 477'#

%$4./ Q$# *2' ('88+,' 2$7 :$4.*; +./ + 7'#V.$/' %4T'# 87+:'J =2'. *2'#'

+#' .$ &1(1*+*1$.8 $. *2' .4(%'# +./ $77$#*4.1*< $Q #'7&1:+*1$.8; *2' #'84&* 18

U$$/1., $Q *2' ('88+,' 1. *2' .'*0$#DJ S. *218 :+8' *2' &+*'.:< 18 (1.1(1Y'/;

%4* +* *2' :$8* $Q *#+W: $R'#2'+/ +./ 8*$#+,' 0+8*' 1. *2' .$/'8J

H2' 571/'(1: 3$4*1., +&,$#1*2( 18 /'8:#1%'/ +8 Q$&&$08 N XPJ =2'. *0$

.$/'8 L +./ - ('*; *2' $.' 01*2 *2' &$0'# 1/ 1.1*1+*'8 + 8'881$.J H2' 8'881$.



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

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

 . / %+$0% SV
 

1. 2 *+34+%'% SV
 

5 SV
!

6. / %+$0% 7+%%89+% 4$:$#;$ '# 2

<$ %'+,  = ')+ $#0+  %+$0% 8 >4778*? @+"'#* A!" B= ;)&") &% 8 C+"'#*

"#$'8&$&$9 ')+ )8%)+% #( 8DD 7+%%89+% &$  E% F4G+*. H#0+ # &$'+*%+"'% ')+

&$"#7&$9 !" ;&') ')+ "#7,D+7+$' #( &'E% #;$ '# I$0 7+%%89+% ')8' 8*+ 8C8&D8FD+

&$  F4' $#' &$ #= 8$0 *+34+%'% ')+7. J)+$= &$ %'+, 6= ')+ $#0+ # 0+D&C+*% ')+

*+34+%'+0 7+%%89+%.

/% 8 78$89+7+$' %'*8'+9? (#* ')+ F4G+*= K<KL &% 4%+0. >#7+ ,*#FD+7% 8*+

0+%"*&F+0= &$ ,8*'&"4D8* D8": #( M#> 8$0 (8&*$+%% ;&') *+D8'&C+D? %78DD F4G+*%. <$

,8*'&"4D8*= 899*+98'+0 F4G+* %,8"+ 4%+0 F? 8 )#%' &% ,*#,#*'&#$8D '# ')+ $47F+*

#( 7+%%89+% &' +7&'%= ;)&") "8$ F+ 4$(8&* '# #')+* $#0+% 4%&$9 ')+ $+';#*:. J)&%

+G+"' "#4D0 F+ 7&'&98'+0 4%&$9 %#7+ (#*7 #( K8&* M4+4&$9 8D9#*&')7= %4") 8%

NKM AN+&9)'+0 K8&* M4+4&$9B.

2+)8C&#* 4$0+* *+%#4*"+ "#$%47,'&#$ F#4$0&$9 &% 8$8D?O+0.

/ ;+8:$+%% #( ')&% 8D9#*&')7 &% ')8' 04*&$9 8 7++'&$9 7+%%89+% 8*+ 0+D&C+*+0

#$D? (*#7 ')+ $#0+ ;&') D#;+* &0 '# ')+ #$+ ;&') )&9)+* &0. J)&% 7+8$% ')8'

')+ $47+*8'&#$ %")+7+ (#* $#0+% 74%' F+ 0+I$+0 &$ D&$+ ;&') ')+ +P,+"'+0 08'8

Q#;%. J)&% &% $#' 8D;8?% ,#%%&FD+.

H+C+*')+D+%%= ';# &7,#*'8$' &0+8% 8,,+8* &7,D+7+$'+0- ')+ $++0 '# D&7&'

')+ D&(+R"?"D+ #( 7+%%89+% A'*#49) )#,R"#4$' &$ ')&% "8%+B= 8$0 8 7+')#0 (#*

+S"&+$'D? +P")8$9+ &$(#*78'&#$ #$ ')+ 8C8&D8F&D&'? #( 7+%%89+%.

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

>,*8? 8$0 N8&'T 1U &% 8 7+')#0 '# D&7&' V,&0+7&"E% *+%#4*"+ 4'&D&O8'&#$. >,*8?

8$0 N8&' *#4'&$9 "#$%&%' #( ';# ,)8%+%- I*%'= ')+ $#0+ *+,D&"8'+% 8% &$ V,&0+7&"

W#4'&$9= 4, '# L "#,&+% #( 8 7+%%89+. /('+* ')8'= 8$0 &( ')+ 0+%'&$8'&#$ )8% $#'

F++$ (#4$0 ?+'= +8") #( ')+ L $#0+% "8**?&$9 8 "#,? #( ')+ 7+%%89+ ;&DD :++,

&' (#* 0&*+"' '*8$%7&%%&#$ A4$'&D ')+? I$0 ')+ 0+%'&$8'&#$B. <$ ')+ F8%&" C+*%&#$

"8DD+0 >#4*"+ >,*8? 8$0 N8&'= ')+ 8D9#*&')7 *+,D&"8'+% '# ')+ I*%' 0&%'&$"' L

$#0+% &' 7++'%. / C8*&8'&#$ &$'+$0+0 '# *+04"+ ')+ #C+*)+80 &% '# (#*;8*0 8

"#,? ;&') ,*#F8F&D&'? p < 1 A$%&'()*+,' -.(('*&/ B.

/ 7#*+ %#,)&%'&"8'+0 C8*&8'&#$ "8DD+0 2&$8*? >,*8? 8$0 N8&' A2>NB &%

,*#C+0 '# F+ #,'&78D ;)+$ $#0+% 7#C+ &$ <<X 78$$+*. <$ 2>N= +8") ,8":+'

)8% 8 Y"#,&+% "8**&+0Z "#4$'+*. J)+ %#4*"+ $#0+ &$&'&8D&O+% &' 8' L. N)+$ 8

$#0+ "8**?&$9 8 7+%%89+ 7++'% 8 $#0+ ;)&") 0#+% $#'= &' )8$0% #C+* )8D( #( ')+

"8**&+0 ,8":+'%. H#0+% :++, )8$0&$9 #4' )8D( #( ')+&* &$C+$'#*? 4$'&D #$D? #$+

,8":+' &$%'8$"+ &% D+('= 8' ;)&") 7#7+$' ')+? %;&'") '# 0&*+"' 0+D&C+*?.

2#') V,&0+7&" W#4'&$9 8$0 >,*8? 8$0 N8&' 8*+ C+*? %&7,D+ 7+')#0%= ')8'

0# $#' "#DD+"' 8$? &$(#*78'&#$ #$ ')+ $+';#*: '# 80[4%' ')+&* F+)8C&#*. J)+?

8*+ 8$ +P87,D+ #( *&01%23145341,.,22 6 '*22,)*&%3*(& 7%2,' 8D9#*&')7%.



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

 !"!# $%&$'()

" #$%&'( )*&% +,% *-)%$&% ./0-010' 20/ 34 $* 5635789 :5/0;+;$'$*-$1 60)-$,<

5/0-010' = >?@A 9B$* ./0-010' $* *.&1$C1+''( ./0.0*&% 20/ D94 -(.& ,&-#0/E*F

+,% +* *)1B )*&* -B& G+/$0)* D94 6HI*A J, .+/-$1)'+/F -B& %+-+ ),$-* -/+,*K

L$--&% +/& D94  !"#$%& :*&& MA A @A 9B$* ./0-010' $* ;+*&% 0, 8.$%&L$1 60)-K

$,<F #$-B ./0G$*$0,* L+%& 20/ -B& 2+1- -B+- $, + /&+' ,&-#0/E ,0%&* )*)+''( %0

,0- L0G& 10L.'&-&'( /+,%0L'(A 90 -+E& +%G+,-+<& 02 -B& L0G&L&,- .+--&/,*

02 ,0%&*F + ,&# ./0;+;$'$*-$1 L&-/$1 $* L+$,-+$,&% ;( -B& ,0%&*F -B& #%$'(%)*

+)%#',-./'$'-*F $, -B& 20/L 02 + G&1-0/ 02 ./&%$1-&% %&'$G&/( 1B+,1&* 20/ &+1B

%&*-$,+-$0,A 9B&*& ./0;+;$'$-$&* P(node,destination) +/& $,1')%&% $, -B& *)LL+/(

G&1-0/ -0 ;& &N1B+,<&% #B&, ,0%&* L&&-F +,% +/& ).%+-&% -/0)<B + -&1B,$O)&

E,0#, +* <0**$.$,<P -B& %&'$G&/( ./0;+;$'$-( 20/ + %&*-$,+-$0, $, -B& $,10L$,<

*)LL+/( G&1-0/ $* )*&% -0 ).%+-& 0#, ./0;+;$'$-$&*A 9B$* $* %0,& )*$,< -B&
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P(a,c) = P(a,c)old + (1− P(a,c)old)× P(a,b) × P(a,c) × β :MAM@

P(a,b) = P(a,b)old × γk
:MA>@
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526%575 -##) +/7- 82'9
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%+%#- (8 +/# '#1#%&%)4 )(,# 2'# +'2)-5%++#, E'-+9
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(',#' +( -+('# 2 )#. 5#--24# %) +/# 37F#' -(5# (+/#' 57-+ 3# ,'(00#,9 G- )(+#,
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C7),$#- .%+/ /%4/#-+ &2$7#- (8 FAV 2'# ,%-12',#, E'-+9

?2@9*( $.;! / 4'5) 6*1'(*<=> 6'(7*(898 :(5) G- >INA@ 37+ +/# 1(D
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G) %50('+2)+ 1()+'%37+%() (8 NAINOK= %- +/2+ %+ %- ()# (8 +/# 8#. "=V
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=37 7/-4)16>? @221*1-6"%%A8 " #$%%A +-6*"1632 B( )3/01+3 4") 1;.%3;36*32 #-/
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;-)* $)32 ;3"6) -# +-;;$61+"*1-6 16 *<3 &'(? @* *<3 )";3 *1;38 *<3 3G:

.3/1;36* 1236*1H3) " ;1);"*+< 73*4336 *<3 &'( "62 *<3 3:;"1% )3/01+3? '<3

H/)* E"62 %3))3/F 21I+$%*A 1) *<"* *<3 ./-*-+-%) $)32 #-/ 23%103/16> ;"1% ECD'J8

JBJ8 5D@JF "/3 16*3/"+*1038 "62 *<$) 6-* 43%% )$1*32 *- 7$62%16>? '<3 )3+-628

"62 ;"168 21K3/36+38 1) "/+<1*3+*$/"%L *<3 +%136*:)3/03/ 6"*$/3 -# 3:;"1% #-/+32

;3))">3) *- >- */-$>< " >"*34"A8 3036 4<36 "22/3))32 *- "6 1;;321"*3 631><:

7-/? '<1) 1) "6 1;.-/*"6* 16)1><* -6 *<3 %1;1*"*1-6) -# *<3 &'( "/+<1*3+*$/3

"62 *<3 6332 -# 634 "..%1+"*1-6) #-/ *",16> #$%% "20"6*">3 -# " B(?

 !"!#!$ %&'()*+,- ./0.123

JMBJN9' )3/03) ") " 7")1) #-/ #$/*<3/ 1;./-03;36*)? O-/ 3G";.%3 JMBJN9'P

Q RS ./-.-)3) 36<"6+16> *<3 23%103/A ./-7"71%1*A 41*< " 431><*32 #$6+*1-6 *<"*

*",3) 16*- "++-$6* )303/"% -*<3/ "**/17$*3)8 6";3%A T$K3/ J"/";3*3/ E3G./3)):

16> "0"1%"7%3 7$K3/ )."+3F8 J-43/ J"/";3*3/ E/3;"1616> .-43/ "0"1%"7%3F8 T"62:

412*< J"/";3*3/ E"0"1%"7%3 7"62412*< 16 *<3 ."1/ +-;;$61+"*1-6F "62 J-.$:

%"/1*A J"/";3*3/ E*<3 /"*3 -# )$++3))#$% ;3))">3 3G+<"6>3) #-/ *<3 6-23F?

'<3 3G"+* +-3I+136*) $)32 #-/ *<3 431><*32 )$; "/3 HG32 "* +-6H>$/"*1-6

*1;3 "62 )<-$%2 23.362 -6 *<3 6"*$/3 -# *<3 63*4-/,? '<3 "$*<-/) ./-.-)3 *<3
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'<1) 1) " >--2 3G";.%3 -# 16+/3")16> *<3 U3G171%1*A -# *<3 "%>-/1*<; "* *<3
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 !"!# $%&'()*+,-./+. 01,2/2%(%.) 01,.,+,(
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16> <1)*-/A ;$)* 73 ,3.* 16 *<3 6-238 "62 -%2 )3>;36*) >3* 21)+"/232 *- %1;1*
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JMBJN9' ,33.) " )16>%3 6$;73/ #-/ 3"+< 23)*16"*1-6?
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 !"#$%& '( )$"$% *+ $!% "&$  !
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 !"!# $%&'(

;-'%<( #+6() 0= 5'>#)%+69$4 /?.@ABCD 5++(9"+$ +# (E"'%F%+'G F5'F*'5+( +6( (8H

8(F+ #8 )("'%F5+%#- #- +6( $('(F+(, )#*+%-> 9(+)%F: /?.@A %$ 5 *+%'%+G ,)%7(-

5'>#)%+69I 5 "()H"5F<(+  !"#"!$ % &'!"(& %$ *$(, +# $('(F+ "5F<(+$ +# )("'%F5+( 5$

+# 95E%9%J( +6( %-F)(5$( %- +6( '#F5' *+%'%+G:
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*+%'%+G:

-'.!*!'#! (")&*%$+, F#-+5%-$ +6( 6(*)%$+%F$ *$(, +# ($+%95+( +6( *+%'%+G 75'*(
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"38'*35' $8 . 5'##.9' 9)$+# .22$)&3(9"4% .(& *-3# "'.&# *$ -39-') 2-.(2'# $8

)'.2-3(9 &'#*3(.*3$( 0'8$)' '@*3(2*3$(: A-3# 2.( 0' #''( 3( B396)'  :C.: !"#$ 2.(

0' #''( *-.* 3* 3# ($* ."+.4# +$)*-+-3"' *$ 3(2)'.#' *-' (650') $8 )'7"32.*3$(#:

D( 8.2*% 3* 2.( "'.& *$ &'2)'.#' 3( &'"3/')4 ).*': E@2'##3/' )'7"32.*3$( .&&# *$

*-' (650') $8 5'##.9'# 0'3(9 *).(#53**'&% .(& 3(2)'.#'# *-' 2-.(2' $8 . (''&'&

5'##.9' 53##3(9 *-' *).(#53##3$( +3(&$+:

F'#3&'# 3(*')(." 2$(G96).*3$(% *-' 7)$*$2$"H# 7')8$)5.(2' 3# .>'2*'& 04 *-'

($&' 5$03"3*4 7.**')(#: A$ 0'**') 6(&')#*.(& *-' 0'-./3$) $8 <77$)*6(3#*32

I)$*$2$"# *-' ;'#'.)2- J)$67 &'/'"$7'& . #7'23." #4(*-'*32 5$03"3*4 5$&'"%

*-.* .""$+# *$ 5.(376".*' #$5' $8 *-' 5.3( 7.).5'*')# $8 *-' ('*+$), *$ #*6&4

*-'3) 357.2* $( *-' 7)$*$2$"H# 0'-./3$): A-' 5$03"3*4 5$&'" .(& . #*6&4 $8

;<= 2.( 0' 8$6(& 3( KLMN:

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

F.#32 ;<= ."9$)3*-5 &$'# ($* ,''7 -3#*$)4 $8 +-.* ($*3G2.*3$(# -./' 0''(

.")'.&4 #*$)'& 3( . ($&': A-3# 5'.(# *-.* . 93/'( ($*3G2.*3$( 2.( 0' .22'7*'&

.9.3( 04 . ($&' .8*') 0'3(9 &)$77'&% 38 *-' ($&' '(2$6(*')# *-' ($*3G2.*3$(

. #'2$(& *35': A-3# 3# ).)'"4 . 6#'86" 0'-./3$)% '@2'7* +-'( *-' ('*+$), 3#

2$(G96)'& +3*- /')4 "$+ /."6'# $8 (650') $8 )'7"32.*3$(#: D( *-.* 2.#'% *-'

./').9' "38'*35' $8 . ($*3G2.*3$( 3( . ($&' 3# "$+% .# 3* 9'*# &)$77'& .8*') . 8'+

)$6(&# $8 0)$.&2.#*#% 06* *-' )'O.22'7*.(2' 2.( 7)$/3&' . 9)'.*') .22656".*'&

"38'*35' 3( *-' ($&' .(& .( .&'P6.*' "38'*35' $8 . ($*3G2.*3$( 3( *-' ('*+$),:

Q$(/')#'"4% .# *-' (650') $8 )'7"32.# 9)$+#% *-' )'O3(23&'(2' $8 ($*3G2.*3$( &$

($* 2$(*)306*' *$ *-' 7')8$)5.(2' $8 *-' ('*+$), .(& $("4 $22674 )'#$6)2'#%

0$*- 06>') #7.2' .(& .3)*35': A-3# 2.( 0' #''( 2$(*).#*3(9 G96)'#  :M. .(&

 :C. R*-' (650') $8 )'3(23&'(2'# 3# 2."26".*'& 3( . ('*+$), +3*- S ($&'#T:

A$ *'#* *-' 357.2* $8 )'O3(23&'(2' 2$(*)$" $( ;<= 7')8$)5.(2'% . 5$&3G'&

;<= +.# *'#*'&: A-' 5$&3G'& ;<= ,''7# . "3#* $8 ($*3G2.*3$(# *-.* .")'.&4

+')' 2.))3'&% .(& +$(H* .22'7* *-'5 .9.3(: A-' )'#6"*# 2.( 0' #''( 3( B396)'

 :M0 R.9.3(% )6( 3( . ('*+$), +3*- S 5$03"' ($&'#T: D* )'#6"*# 2"'.) *-.* +-3"'

+3*- /')4 "$+ (650') $8 )'7"32.# *-' )'O3(23&'(2' 3# 2)3*32." *$ ,''7 ($*3G2.O

*3$(# ."3/' "$(9 '($69-% 6#6.""4 *-' )'O3(23&'(2' 2$(*)$" 7)$/3&'# 562- 0'**')

.(& 2$(#3#*'(* 7')8$)5.(2': A-3# 2$5'# .* *-' 2$#* $8 . 5$&').*' 3(2)'.#' 3(

5'5$)4 2$(#657*3$(% (''&'& *$ ,''7 . 5$/3(9 +3(&$+ $8 ($*3G2.*3$(O3&#:

 !"!" 0)1+%23-/45-+&6 *+/ /-6&'+*&'%+ 7*6-/ ,%8&'+4!

A-' )'O3(23&'(2' 7)$0"'5 3# )'".*'& *$ . +3&') 7)$0"'5% *-' "38'O*35' 2$(*)$"

$8 5'##.9'#: A-' 3##6' 3# *-.* ($*3G2.*3$(# 2.( #6)/3/' 3( *-' ('*+$), 0'4$(&

*-' 5$5'(* 3( *35' . 2$74 -.# )'.2-'& &'#*3(.*3$(: A-3# 3# )'".*'& *$ *-'

357$##303"3*4 $8 ,($+3(9 +-'( . 5'##.9' -.# )'.2-'& ."" 7$*'(*3." &'#*3(.*3$(#%



 !"#$%& '( &)* %+",-"$.)*  !
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 +" 2*3!/4 ,- &%5.(/.0%(/% /,(4&,6 ,( 7%6.$%&8 9!4%

"#$%&'  ()* +'#,-#.',-' -/,0&/1 #, +23



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

 !"#$%&'( )*+ "#$% &'( )*++,-* ./0121-

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

/ ! ' ) # &# 0 1'

2 & ! # 3 4'")$*55-3 %6 ) 7 * %

8 6#1 # 3 % 6 ) 7 * %55-3 4'")$*

9 6#1 # 3 4*:;-3 6$<

= ') # 3 4'")$*55-3 4'")$*

> 6#1 # 3 % 6 ) 7 * %55-3 %6 ) 7 * %

? 6#1 # 3 6$<;-3 6$< 6#1 #'% # 3 4*:

@ %A*#

 B 03 )*-'C* , # .

  *#1

 / *#1

 2 *#1

%0* 34 , 501%,)*13,6 %27*/*18* 9*3:**1 %*+321,3241 9,+*% ,1% 8413*13 9,+*%

/40321-; <1 %*+321,3241 9,+*% /40321-= 3>*/* *?2+3+ 3>* 8418*.3 45 %,3, @4:

9*3:**1 .,2/+= ,1% , &'( )*8>,12+) 8,1 9* 2).6*)*13*%; A>* &'( 8,1 9*

0+*% 34 %/4. 5/4) 907*/+ )*++,-*+ 3>,3 >,B* ,6/*,%C /*,8>*% %*+321,3241; A>2+

8,1 2)./4B* 3>* .*/54/),18* 45 , 4..4/3012+328 1*3:4/D EFGH;

A>2+ 2+ 143 .4++296* :23> 8413*13 9,+*% 1*3:4/D+= ,+ 3>*/* 8406% 9* +*B*/,6

/*82.2*13+= ,1% 141* 45 3>*) >,B* 34 D14: 3>* *?2+3*18* 45 43>*/+ 14/ 25 3>*C

/*8*2B*% 3>* )*++,-* ,6/*,%C 4/ 143;

& %*+321,3241I/403*% B,/2,3241 45 "#$ *?2+3+= 8,66*% "#$%; A>* ,6-4/23>)

2+ 2%*1328,6 34 "#$= :23> 3>* 50/3>*/ /*+3/283241 3>,3 416C %*+321,3241 9,+*%

+09+8/2.3241+ ,/* ,664:*%= 45 3>* 54/)  !"#$ %&'($)*(= :>*/* , 14%*+ +09+8/29*

34 )*++,-*+ 3>,3 >,B* 3>*) ,+ %*+321,3241; &66 )*++,-*+ -*3 3,--*% :23> , +',"-$

,1%  !"#$ J*6%+; A>*  !"#$ J*6% :266 ),38> 3>* %*+321,3241 14%*K+ +09+8/2.3241;

A>2+ 2+ ,1 *?,).6* 45 %*+321,3241 /40321- 2).6*)*13*% ,+ , .,/32806,/ 8,+* 45

8413*13I9,+*% /40321- ,+ %*+8/29*% 21 L*83241 M;N;

"#$% >,+ ,1 &'( )*8>,12+); &1 ,%%23241,6 +*O0*18* ,1% ,8D14:6*%-I

)*13 10)9*/ 2+ ),213,21*% 9C 3>* 14%*+ 54/ *,8> %,3,@4:= 3>2+ 2+ , +$.P!-/

.,2/ 54/ *,8> 14%* 23 +*1%+ %,3, 34 4/ /*8*2B*+ %,3, 5/4); &66 )*++,-*+ +*13 ,/*

3,--*% :23> 23K+ +*O0*18* 10)9*/ Q3>* +$. J*6%R; A>* /*B*/+* %,3, @4: -*3+

3,--*% :23> ,1 !-/ J*6%= 21%28,321- 3>* 6,+3 +*O0*18* 10)9*/ ,//2B*% +08> ,+

seq+1 >,+ 143 ,//2B*% C*3; <5 3>*/* 2+ , %,3,@4: -421- 9,8D= !-/ ,/* +*13 .2--CI

9,8D21- 23; #3>*/:2+* 1*: *?.62823 &'( )*++,-*+ ,/* -*1*/,3*% Q,3 , /*6,32B*6C

+64: /,3*R :23> 14 4:1 +$. 10)9*/;

A>* !-/ ,1% +$. J*6%+ ,/* 0+*% 9C 14%*+ 34 ./01* )*++,-*+ 3>,3 >,B* ,6/*,%C

/*,8>*% %*+321,3241; A>* .+*0%4I84%* 45 3>,3 ./0121- 8,1 9* +**1 21 S2-0/*  ;T;

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

A>* /*.6,8*)*13 .46282*+ 8,1 9* 8/2328,6 54/ -44% 1*3:4/D 9*>,B24/; U27*/*13

34.464-2*+ ,1% )4B*)*13 .,33*/1+ +3/*++ /*.6,8*)*13 .46282*+ %27*/*136C= ,1%



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

"#$ %&'() *'+,-. -/( -'0*+$"$+. 1*',+ "#$ ($"%'&23

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

4(/+.1,1 1#'%1 "#/" &$*+/-$0$(" *'+,-,$1 "#/" '(+. 51$ 1561-&,*",'( 75/+,". "'

0/2$ &'5",() 8$-,1,'(1 9+,2$ 8$:/5+" ;<=;>?@A 1#'% 1'0$ */"#'+'),-/+ 6$B

#/C,'&3 D( "#$ $E/0*+$ 1#'%( ,( F,)5&$  3!/G 15**'1$ ('8$ 4 ,1 1561-&,6$8 "'

0$11/)$1 '&,),(/"$8 ,( HG /(8 H ,1 1561-&,6$8 "' 0$11/)$1 :&'0 43 @#$ $E*$-"$8

6$#/C,'& ,1 "#/" ('",I-/",'(1 :&'0 4 J'% "'%/&81 HG /(8 :&'0 H "' 43 @&'56+$

,1 ('8$1 -+'1$& "' 4 %,++ #/C$ / #,)#$& 75/+,". /11,)($8 "' "#$ 1561-&,*",'( )$($&B

/"$8 '( 4G /(8 "#51 ('",I-/",'(1 "/&)$"$8 "' 4 %,++ /+%/.1 6$/" "#$ ('",I-/",'(1

"/&)$"$8 "' H 9/(8 '&,),(/"$8 ,( 4A3 @#,1 0$/(1 "#$ 65K$&1 '( "#$ ('8$1 -+'1$

"' 4 %,++ 6$ '--5*,$8 6. 0$11/)$1 "' 4G /(8 %,++ ('" /--$*" 0$11/)$1 )',() :'&

1'0$ &$0'"$ ('8$3 @#$ 1/0$ #/**$(1 -+'1$ "' H3 @#$ *&'6+$0 -/( 6$ 8$1-&,6$8

/1 :'++'%1L ,: "#$ 65K$& /11,)(0$(" ,1 8&,C$( 6. 1561-&,*",'( 75/+,".G "#$ 65K$&

5",+,M/",'( ,1 12$%$8 "'%/&81 ('",I-/",'( ($/& ,"1 8$1",(/",'( ,( 8$"&,0$(" ': "#$

'($1 1"/&",() "#$,& N'5&($.3 @#,1 -/( +$/8 "' 8$/"# 6. 1"/&C/",'(3 @#,1 ,1 6'5(8

"' #/**$( %#$( "#$&$ ,1 / ('",I-/",'( $0,""$& -+'1$ "' / ('",I-/",'( &$-$,C$&3

O,05+/",() "#$ 8$1-&,6$8 1$"5*G %,"# ('",I-/",'(1 6$,() )$($&/"$8 $/-#  PP

1$-'(81G /(8 O561-&,*",'( 75/+,". /8N51"0$(" /1 *$& F,)5&$  3QG *&'C,8$1 "#$

&$15+" 1#'%( ,( F,)5&$  3!63 =($ ': "#$ "%' J'%1 9:&'0 H ,( "#,1 &5(A )$"1

-'0*+$"$+. 8,1*+/-$8G %#,+$ "#$ '"#$& 6$#/C$1 ('&0/++.3 =: "#$ "%' J'%1G "#$

'($ I&1" "' /&&,C$ ($/& ,"R1 8$1",(/",'( ,1 "#$ '($ "#/" 15&C,C$13

@' #/(8+$ "#,1 1-$(/&,'G "#$ &$*+/-$0$(" *'+,-. 1#'5+8 $(15&$ -$&"/,( +$C$+ ':

8,C$&1,". %#$&$ +'%$& &/(2$8 ('",I-/",'( #/C$ / -#/(-$ ': 15&C,C/+ ,( "#$ 65K$&G

:'& $E/0*+$ "/2,() ,("' /--'5(" "#$ /)$ ': "#$ ('",I-/",'(1 /(8 %$,)#,() ,(

:/C'& ': "#$ .'5()$1"3

 )',2#&'%3"!%&' +!&#0

4('"#$& 515/+ 0'C$0$(" */""$&( "#/" -/( +$/8 "' *&'6+$01 %/1 ,8$(",I$8 %#,+$

%'&2,() '( 0'C$0$(" 0'8$+1 :'& "#$ S?T=O *&'N$-"3 41 0$(",'($8 ,( O$-",'(

U3VG "#$ *&'N$-" $(C,1,'(1 -'++$-",() 8/"/ :&'0 8,1"&,65"$8 $(C,&'(0$("/+ 1$(1'&1

51,() "#$ 8/,+. 0'C$0$(" ': 2,81 )',() "' /(8 :&'0 1-#''+ -/&&.,() "#$,& W=

=X;Y +/*"'*13 D( "#/" 0'8$+ /++ ('8$1 /**&'/-# / -'++$-",'( *',(" 9"#$ 1-#''+A

($/& 1,05+"/($'51+.3 Z#$( "#/" #/**$(1G /++ ('8$1 -'0$ ,( &/()$ ': $/-# '"#$&

:'& / %,(8'% ': ",0$G /(8 /++ 1$$ "#$ 1/0$ ('",I-/",'( 6&'/8-/1"13 D: /++ "#$

('8$1 "/2$ "#$ 1/0$ 8$-,1,'(1 '( %#/" ('",I-/",'(1 "' 2$$*G "#$ $(8 &$15+" ,1

"#/" "#$ 65K$&1 :&'0 /++ "#$ ('8$1 -'("/,( "#$ 1/0$ 0$11/)$1G 6&,(),() 8'%(

"#$ *'"$(",/+ "#&'5)#*5" ': "#$ ($"%'&2 "' "#$ -/*/-,". ': / 1,()+$ ('8$3

@#$ 1,0*+$1" -/1$ %#$&$ "#,1 #/**$(1 ,1 %#$( "#$&$ ,1 / 1,()+$ 1561-&,*",'(

,( "#$ ($"%'&2 9:&'0 "#$ 8/"/ 1,(2G ,$3 1-#''+AG /(8 "#$ &$*+/-$0$(" *'+,-.

0/(8/"$1 51,() FDF= :'& 8,1-/&8,() 0$11/)$1 %#$( "#$&$ ,1 / 8&/% ,( /--505B

+/"$8 75/+,",$1 :'& "#$ 0$11/)$1 ,( "#$ 65K$&3 D( "#,1 -/1$G /:"$& / 1,()+$ &'5(8

': 6&'/8-/1"1 *$& ('8$G /++ "#$ ('8$1 &$0/,( #'+8,() "#$ 1/0$ n 0$11/)$1G "#$

+/1" n "' /**$/& ,( "#$ ($"%'&2 9%#$&$ n ,1 "#$ 65K$& 1,M$ ': "#$ ('8$1A3
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 2" 3&')4&56 2&+!4)$5 (+&1 &/0+!1.)1. ,&--!.&-

"#$%&'  ()* +,-&.-,#/0 1#,2 3%435&#6,#/0 7%-8#,9:4-3'; &'68-5'<'0,



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

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

"# #$$% &% '$()&*%# +,- .%/ +,01 )2$ .34*5&)26 &# #$%#&73$ )* )2$ (*%8495.)&*%

*: #$;$5.3 <.5.6$)$5#, =*55$() (*%8495.)&*% *: <.5.6$)$5# (.% 2.;$ . (5&)&(.3

&6<*5).%($ *% <$5:*56.%($1 .%/ )2$&5 (*55$() ;.39$# /$<$%/ *% )2$ %.)95$ *:

)2$ %$)>*5?@ %$)>*5? /$%#&)A1 6*7&3&)A <.))$5%#1 $)(, B2$ /&C(93)A &# &%(5$.#$/

7A )2$ :.() )2.) . %$)>*5? (.% 7$ %*) 2*6*4$%$*9#1 *5 ;.5A &)D# 7$2.;&*5 .#

)&6$ <.##$#, E*/$# (.% F*&% *5 .7.%/*% )2$ %$)>*5?1 *5 )2$ 6*7&3&)A <.))$5%#

(.% /$<$%/ *% )2$ )&6$ *: )2$ /.A1 $)(,

"# )2$ $G.() 7$2.;&*5 *: )2$ %$)>*5? (.% %*) 7$ <5$/&()$/1 &) 75&%4# )2$

%$$/ *: #$3:H(*%8495.)&*%1 >2$5$ %*/$# .9)*%*6*9#3A ./.<) )* (2.%4$# &% )2$

%$)>*5?, "% $G.6<3$ *: ./.<).)&*% &% IE %*/$# (.% 7$ :*9%/ &% JKLM1 )*942

>&)2 . #&6<3$ '<5.AH.%/HN.&) %$)>*5? &% . ;$5A <.5)&(93.5 6*7&3&)A #($%.5&*,

N2$% /$<3*A$/ &% #9<<*5) *: . OPQI' %$)>*5? R#$$ #$()&*% KS1 )2$5$ &#

.35$./A . 4$%$5&( /$(&#&*%H6.?&%4 <3.):*56 59%%&%4@ T9U" R !" #$%&'( )*+,-1

)* #$$ . 6*5$ &% /$<)2 /$#(5&<)&*% *: T9U" #$$ #$()&*% K,0,KS, B2$ <95<*#$ *:

T9U" &# )* .33*> 6.%.4&%4 . #A#)$6 )5*942 2&42 3$;$3 <*3&(&$#, ") 59%H)&6$1

T9U" 5$(*4%&V$# ($5).&% <.))$5%# *: $;$%)# .%/ 4$%$5.)$# .()&*%#1 $G<5$##$/ &%

#.&/ <*3&(&$#,

"# 6$%)&*%$/ &% W,-1 *5&4&%.33A )2$ 5*3$ *: XIE &% OPQI' >.# <5*;&/&%4

(*669%&(.)&*%# 7$)>$$% /.). <5*;&/$5# .%/ /.). #&%?#1 >2&(2 &% X"E .5(2&H

)$()95$ 6$.% T9U" (*6<*%$%)#, T9U" &)#$3: >.# ).#?$/ >&)2 6.%.4&%4 #$%#*5

%*/$#1 .%/ )2$ &%:*56.)&*% )2$A 4$%$5.)$/, B2$ :.() )2.) T9U" &%:5.#)59()95$

>.# /$<3*A$/ .35$./A .%/ >.# Y$G&73$ $%*9421 (5$.)$/ )2$ *<<*5)9%&)A )* 9#$ &)

)* 6.%.4$ )2$ XIE 79#, B2$ &/$. >.# )2.) :5*6 T9U"D# <*&%) *: ;&$>1 XIE

(*93/ 7$ #$$% F9#) .# .%*)2$5 #A#)$6 )* 7$ 6.%.4$/,

Z*5 )$#)&%4 )2$ ;&.7&3&)A *: 9#&%4 T9U" )* 6.%.4$ XIE1 . #($%.5&* >.#

(5$.)$/ JW!M, "# . (*%8495.73$ <.5.6$)$5 &) >.# #$3$()$/ )2$ %967$5 *: 5$<3&(.#1

>2&(2 .# (.% 7$ #$$% &% '$()&*% +,0 2.# &6<.() *% 7*)2 3*## 5.)$ .%/ 3.)$%(A,

"# )2$ &%<9) ;.5&.73$ %$)>*5? /$%#&)A >.# 9#$/1 .# #&693.)&*% #2*>% )2.) &) 2./

. /&5$() &6<.() *% *<)&696 ;.39$# :*5 %967$5 *: 5$<3&(.)&*%#, "# )2$ %$)>*5?

/$%#&)A &# %*) /&5$()3A 6$.#95.73$ :5*6 . %*/$1 )&6$ 7$)>$$% $%(*9%)$5# >.#

9#$/ .# .% &%/&(.)*5,

B2$ <5*($## >.# )2$ :*33*>&%4@ 85#)1 . #&693.)&*% >.# 9#$/ )* )$#) *9) /&:H

:$5$%) #($%.5&*# .%/ 8%/ )2$ *<)&696 ;.39$# :*5 )2$ (*%8495.)&*% <.5.6$)$5

&% $.(2, B2$ $G<$5&6$%).3 #$)9< (*6<5&#$# 7$)>$$% -! .%/ +! %*/$# 6*;&%4

:*33*>&%4 . #<$(&.33A /$;$3*<$/ 6*7&3&)A 6*/$3 &% . -!!!6 G -!!!6 #[9.5$ .5$.,

Z*5 6*5$ /$).&3# *% )2$ $G<$5&6$%).3 #$)9<1 5$:$5 )* JW!M,

B2$%1 :5*6 )2$#$ #&693.)&*%# 593$# >$5$ /$5&;$/1 >2&(2 >*93/ .33*> )* #$3$()

)2$ *<)&696 ;.39$# &% )2$ /&\$5$%) #($%.5&*#,

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

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

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

 !"# '  ! "#$%&'$"()("*'4)*+3 $,". /"(01")&'2)/
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 !"#$%& '( &)* %+",-"$.)*  !

"#$ %$&'(') *+ ,#$ -./$0 (0 ,#&, &' ('1-$&0$ (' '.%2$- *+ -$3/(1&0 -$4.1$0 ,#$

4$/(5$-6 -&,$ 2., (%3-*5$0 /&,$'167 &'4 ,#$ -$4.1,(*' #&0 ,#$ *33*0(,$ $8$1,9

"#$ 1*'4(,(*'0 ,* ('1-$&0$ *- -$4.1$ ,#$ '.%2$- *+ -$3/(1&0 &-$ 2&0$4 *' 1*%:

3&-(') ,#$ $0,(%&,$4 4$'0(,6 *+ ,#$ '$,;*-< =*2,&('$4 +-*% %$&0.-(') ,(%$0

2$,;$$' $'1*.',$-0> ;(,# ,#$ $?3$1,$4 *3,(%.% 3$-+*-%&'1$ =*2,&('$4 +-*%

,#$ 0(%./&,(*' (' ,#$ @-0, 0,$3>9

A('&//67 ,#$0$ -./$0 ;*./4 2$ 4$3/*6$4 ,* ,#$ B.CD &)$', -$0(4(') (' $&1#

'*4$7 &'4 .0$4 ,* 46'&%(1&//6 .34&,$ ,#$ %&'&)$4 3&-&%$,$-9

"#$ -./$0 ;$-$ 5&/(4&,$4 ('0,&//(') ,#$% (' ,#$ '*4$07 -.''(') & 01$'&-(*

;#$-$ ,#$ '.%2$- *+ '*4$0 5&-($47 &'4 1*%3&-(') ,#$ 3$-+*-%&'1$ *+ ,#$ '$,:

;*-< ;(,# ,#$ %&'&)$%$', $'&2/$4 &'4 4(0&2/$49 "#$ -$0./,0 *+ ,#$ $?3$-(%$',

&-$ 0#*;' (' A().-$ E9F9 D, ,(%$ T1 ,#$ '.%2$- *+ '*4$0 *' ,#$ '$,;*-< 4-*30

+-*% EG ,* HG7 &'4 &, T2 -./$0 &-$ &33/($49 D0 1&' 2$ 0$$'7 ,#$ %&'&)$%$',

&1#($5$0 & %*4$-&,$ (%3-*5$%$', (' /*00 -&,$ &'4 & (%3*-,&', -$4.1,(*' ('

/&,$'169

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

IJK 2$(') & 3-*2&2(/(0,(1 &/)*-(,#%7 *8$-0 '* ).&-&',$$ *' ,#$ 3$-+*-%&'1$9

D0 ,#$-$ (0 '* ('4(1&,(*' ;#&, ,#$ 2$0, 3*00(2/$ 3$-+*-%&'1$ 1*./4 2$ (' ,#$

1.--$', 01$'&-(*7 (, (0 #&-4 ,* $5&/.&,$ ,#$ 3$-+*-%&'1$ *+ ,#$ &/)*-(,#%9

B&1<(') & -$+$-$'1$ 5&/.$ ,* 1*%3&-$ &)&('0,7 *33*-,.'(0,(1 &/)*-(,#%0 &-$

$5&/.&,$4 (' ,#$ /(,$-&,.-$ 26 1*%3&-(') ,#$ 3$-+*-%&'1$ ;(,# *,#$- &/)*-(,#%09

K$5$-,#$/$007 '*, <'*;(') ,#$ %&?(%.% 3$-+*-%&'1$ &,,&('&2/$ %&<$0 #&-4 ,*

&01$-,&(' (+ ,#$ 4(8$-$'1$0 &-$ %$&'(')+./9

D 3*00(2/$ 0*/.,(*' (0 ,* 1*%3&-$ &)&('0, &' J3,(%&/ I*.,(') &/)*-(,#%7

,#&, %&<$0 ,#$ *3,(%&/ -*.,(') 4$1(0(*'0 =&'  !"#$%>9 L.1# &' &/)*-(,#% (0

&00.%$4 ,* -.' ;(,# 3$-+$1, <'*;/$4)$ *+ ,#$ %*5$%$',0 *+ ,#$ '*4$0 &'4 4&,&

,-&M1 ,-*.)# ,#$ 1*'0(4$-$4 /&30$ *+ ,(%$7 &'4 #&0 '* -$0,-(1,(*'0 *' 1*%3.,(')

,(%$ *- 0,*-&)$ &0 /*') &0 (, (0 +$&0(2/$9

L.1# &' &/)*-(,#% 1*./4 2$ &33/($4 ,* & -$1*-4$4 %*5$%$', ,-&1$ &'4 1*%:

3.,$ =*N('$> ;#&, 1*./4 #&5$ 2$$' ,#$ 2$0, -*.,(') 4$1(0(*'0 %&4$9 "#$ *.,:

1*%$ *+ ,#(0 &/)*-(,#% (0 ,#$' ,&<$' &0 ,#$ .33$- 2*.'4 *+ ;#&, 1&' 2$ $?3$1,$4

+-*% & -*.,(') &/)*-(,#%9 D0 %*0, 3-&1,(1&/ &/)*-(,#%0 ;*-< .'4$- & 0$, *+ -$:

0,-(1,(*'0 =/(%(,$4 ;*-/45($;7 OCP 3*;$- &'4 0,*-&)$>7 ,#$6 ;(// 4$/(5$- ;*-0$

3$-+*-%&'1$ ,#&' J3,(%&/ I*.,(')9

"#$ 1*%3.,&,(*' *+ ,#$ $?&1, 0*/.,(*' *+ ,#$ J3,(%&/ I*.,(') 3-*2/$% (0

5$-6 1*0,/69 D' &33-*&1# +*- &' $?&1, 0*/.,(*' .0(') Q',$)$- B('$&- C-*)-&%:

%(') 1&' 2$ +*.'4 (' RFS9 T.$ ,* 01&/&2(/(,6 (00.$07 ,#$ %$,#*4 (0 /(%(,$4 ,*

01$'&-(*0 ;(,# 0%&// /*&409



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

 !"!# $%&%'() *+,-.('/0 1-. 2 344-.'5&(6'() 7-5'(&, 3.8

2)+%

"#$ %&' ()$(#*' #+ ',-.)-%/01 #((#$%)0/*%/2 -.1#$/%&3* 4' 5','.#('5 - 0#0

'6-2% 7(%/3-. 8#)%/01 -.1#$/%&3 %&-% ($#,/5'* -0 )(('$ 9#)05 #0 (#**/9.'

('$+#$3-02': ;% /* 9-*'5 #0 <'0'%/2 =.1#$/%&3* ><=?@ -05 -% %&' 2#*% #+ 0#%

9'/01 '6-2%@ ($#,/5'* 1##5 *#.)%/#0* +#$ 3'5/)3A*/B'5 0'%4#$C*: =* -0 '6-3(.'@

%&' -.1#$/%&3 -((./'5 %# - %$-2' 4/%& DE 3#9/.' 0#5'* -05 -9#)% FEEE 0#5'

'02#)0%'$* #,'$ G! &#)$*@ 2#0,'$1'5 %# - *#.)%/#0 +#$ %&' 5'./,'$H #+ DEE 3'**-1'*

/0 )05'$ G &#)$ /0 - ;0%'. /! I!<JB 3-2&/0':

K&' <=L* #9M'2%/,' /* %# N05 -0 )(('$ 9#)05 *#.)%/#0 +#$ 3-6/3/B/01 5'./,A

'$H $-%'@ 1/,'0 - ./3/%'5 9)O'$ /0 %&' 5',/2'*: ;% /* 5'*/10'5 %# N05 )(('$ 9#)05*

+#$ 1#**/(/01A./C' -.1#$/%&3*@ %&/* /*@ -.1#$/%&3* %&-% '62&-01' 3'**-1'* /0 2'$A

%-/0 2#33)0/2-%/#0 $#)05*: ;0 87PL* 2-*' /% 2#$$'*(#05* %# - Q/'4 3'**-1'

-05 $'*).%/01 P#%/N2-%/#0 $'(./'*:

K&' <= 5','.#('5 3-C'* %4# -**)3(%/#0* #0 %&' 9'&-,/#$ #+ %&' 0'%4#$C:

;0 N$*% (.-2'@ /% -**)3'* %&-% #0 '-2& '02#)0%'$ #((#$%)0/%H %&'$' /* '0#)1&

%/3' %# '62&-01' -.. %&' 5'*/$'5 /0+#$3-%/#0: K&/* /* - $'-*#0-9.' '6('2%-%/#0

/0 RST7U@ 4&'$' %&' 3'**-1'* -$' *3-.. >#0 %&' #$5'$ #+ &)05$'5* #+ 9H%'*?:

;+ /% 4-*0L% *#@ %&' -.1#$/%&3 4/.. &-,' %# 9' '6%'05'5 %# %-C' /0 -22#)0% -.*#

%&' #$5'$ /0 4&/2& %&' 3'**-1'* -$' 5'./,'$'5:

K&' *'2#05 $'*%$/2%/#0 /* %&-% /% 4/.. 0#% -..#4 - 3'**-1' %# $'%)$0 %# - 0#5'

4&'$' /% &-* -.$'-5H 9''0: V05'$ %&/* -**)3(%/#0 - 3'**-1' 2-0 9' 2-$$/'5

9H - 0#5' #0.H #02' #0 %&' 3'**-1'L* 4-H %# 5'*%/0-%/#0: K&/* 3-H .#*' *#3'

*#.)%/#0* )05'$ 2'$%-/0 2/$2)3*%-02'*@ 9)% 4' '6('2% %&' /3(-2% %# 9' .#4 >+#$

-0 -0-.H*/* #0 %&' /3(-2% #+ $'A/02/5'02' #+ 3'**-1'*@ *'' W:D:G?: K&/* ./3/%-%/#0

-..#4* %# */3(./+H %&' -.1#$/%&3@ -* %&' 0)39'$ #+ &#(* %&-% - 3'**-1' 2-0 5#

#0 /%L* 4-H %# 5'*%/0-%/#0 /* 9#)05 9H %&' 0)39'$ #+ 0#5'* /0 %&' 0'%4#$C:

=0 /3(#$%-0% #9*'$,-%/#0 +#$ %&' <= $'($'*'0%-%/#0 /* %&-% -0H #(%/3-.

$#)%/01 *#.)%/#0 /* -%%-/0-9.' 4/%& - */01.' /0*%-02' #+ '-2& 3'**-1' ($'*'0%

%&$#)1&#)% %&' 0'%4#$C: K&' 3).%/(.' 2#(/'* 3-5' 9H #((#$%)0/*%/2 -.1#$/%&3*

*)2& -* 87P -$' - 3'%&#5 %# 2#(' 4/%& )02'$%-/0%H@ 9)% #02' - 3'**-1' $'-2&'*

5'*%/0-%/#0@ 4' 2#).5 %$-2'A9-2C %&' (-%& +#..#4'5 9H %&' 3'**-1'@ -05 5'%'$A

3/0' %&-% -.. #%&'$ 2#(/'* #+ %&' 3'**-1' 2#).5 &-,' 9''0 #3/%%'5 4/%&#)% .#**:

K&)*@ %&' <= &-* %# N05 %&' #(%/3-. 5'2/*/#0* %# 9' 3-5' 4/%& - */01.' 2#(H

#+ - 3'**-1'@ %&/* /*@ 4&'0 - 0#5' *&#).5 &-05.' /% %# 4&-% #%&'$ 0#5':

= *'2#05 #9*'$,-%/#0 /* %&-% /+ %&' #(%/3)3 *#.)%/#0 $'X)/$'* %&-% - 1/,'0

3'**-1' /* 0#% 5'./,'$'5@ /% 2-0 9' *-+'.H 5$#(('5 $/1&% -% %&' '3/%%/01 (#/0%:

K&' <= 4-* 5','.#('5 )*/01 <=./9YZG[ ,'$*/#0 D:Z:F@ - ./9$-$H +#$ /3(.'A

3'0%/01 <'0'%/2 =.1#$/%&3* 4$/%%'0 /0 \]]:

K# -((.H <'0'%/2 =.1#$/%&3*@ %&' ($#9.'3 -05 *#.)%/#0* 3)*% 9' '6($'**'5

/0 - *)/%-9.' 4-H: '̂ %$-0*+#$3 %&' $'2#$5'5 %$-2' /0%# -0 /0%'$0-. $'($'*'0%-A

%/#0@ 2#0*/*%/01 #+ - 1$-(& %&-% &#.5* -.. %&' 0''5'5 /0+#$3-%/#0 +#$ *#.,/01 %&'

#(%/3)3 $#)%/01 ($#9.'3: ;0 %&/* 1$-(&@ '-2& 5'2/*/#0 (#/0% >- %$-0*3/**/#0

#((#$%)0/%H? /* $'($'*'0%'5 9H - 0#5'@ -05 '-2& 5'2/*/#0 >4&'%&'$ %$-0*3/% #$

%# C''( - 3'**-1'? /* $'($'*'0%'5 9H - 5/$'2%'5 '51' 2#00'2%/01 %4# 0#5'*: K&'



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

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

(%5(%&%",& ,-% %0#)6,/#" #7 ' .%&&'2% ,(#62- ,-% "%,8#(93 4)&#: %'1- "#$% /&

)'*%)%$ 8/,- ' ,/.%;&,'.5 7(#. ,-% #(/2/"') ,('1%3

<%&&'2%& '(% /",(#$61%$ /" ,-% "%,8#(9 ', &5%1/') "#$%&: =>",(+ ?#/",&@3

A-%(% /& ' $/&,/"1, >",(+ ?#/", 7#( %0%(+ .%&&'2%3 B#"0%(&%)+: ' .%&&'2% (%'1-%&

$%&,/"',/#" 8-%" /, (%'1-%& ' "#$% )'*%)%$ 8/,- ,-% .%&&'2%C& ,'(2%, $%0/1% D'))

&61- "#$%& '(% =>E/, ?#/",&@F3

G-%" '" %$2% 1#""%1,& ,8# "#$%& *%)#"2/"2 ,# ,-% &'.% $%0/1%: /, (%5(%&%",&

' =9%%5 .%&&'2%@ $%1/&/#"3 G-%" '" %$2% 1#""%1, "#$%& *%)#"2/"2 ,# $/H%(%",

.#*/)% $%0/1%&: /, (%5(%&%",& ' =,('"&./,@ $%1/&/#"3 A-% 2('5- /& ,-6& (%5(%&%",%$

'& 7#))#8&I

• G = {N,E}

• NI ⊂ N D%",(+ 5#/",&F

• NO ⊂ N D%E/, 5#/",&F

• NI ∩NO = ∅

• E = Ekeep ∪ Etransmit

• J#$%& -'0% ', .#&, K %E/, %$2%& D#"% =9%%5@ '"$ #"% =,('"&./,@F

• J#$%& -'0% ', .#&, K /"1#./"2 %$2%& D#"% =9%%5@ '"$ #"% =,('"&./,@F

4 5',- ' .%&&'2% 1'" ,'9% 8/)) (%&5%1, ,-% 7#))#8/"2 (%&,(/1,/#"&I

• >'1- 5',- &,'(, ', ' $/H%(%", "#$% 7(#.NI D,-%(%7#(% ,-%(% /& ', .#&, |NI |
5',-&F

• >'1- 5',- %"$& ', "#$% 7(#. NED&%0%(') 5',-& 1'" %"$ /" ,-% &'.% "#$%F3

• A-%(% '(% "# )##5& /" ' 5',- D,-%  ! "#$ %$&# %# (%&,(/1,/#"F3

• J#$%& '(% ,('0%(&%$ *+ "# .#(% ,-'" Z 5',-&: 8-%(% Z /& ,-% *6H%( &/L%3

A-% #*M%1,/0% #7 ,-% ')2#(/,-. /& ,# *6/)$ '& .'"+ 5',-& '& 5#&&/*)% (%&5%1,/"2

,-%&% (%&,(/1,/#"&3

N, .6&, *% "#,/1%$ ,-', /" ,-/& 1#",%E,: ,-% 7'0#(%$ #( =&-#(,%&,@ 5',-& '(%

"#, .%'&6(%$ *+ ,-% "6.*%( #7 -#5&: *6, *+ ,-% $/H%(%"1% /" ,-% ,/.%&,'.5&

*%,8%%" /,& %",(+ '"$ %E/, 5#/",&3 A-/& /& $6% ,-', ,-% )%&& ,/.% ' .%&&'2%

/& 9%5, /" ,-% "%,8#(9: )%&& "%,8#(9 (%&#6(1%& /, 1#"&6.%&3 A-/& -%6(/&,/1 ')&#

&,(/0%& ,# ./"/./L% ,-% )',%"1+ #7 ,-% "%,8#(93

4 O%"% /& (%5(%&%",%$ '& '" '(('+ #7 5',-&3 A-% )%"2,- #7 ,-% '(('+ /& 2/0%"

*+ ,-% "6.*%( #7 %",(+ 5#/",&: ,-/& /&: ,-% "6.*%( #7 .%&&'2%& ,('"&./,,%$3 4

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

$(#55%$3 >'1- 5',-: /" ,6(": /& '" '(('+ #7 PE%$ )%"2,- %Q6') ,-% "6.*%( #7

.#*/)% $%0/1%& /" ,-% "%,8#(9 D'& .%",/#"%$ *%7#(%: /7 ,-%(% '(% "# )##5& ,-/& /&

,-% )#"2%&, 5#&&/*)% 5',-F3 A-6&: ' 2%"% 1'" *% &%%" '& ' */$/.%"&/#"') '(('+
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"#$%&' !()*+ ,-. /01 -23#4/5 ,6%3#0$

7#8'1 |NE | × |devices|( 9'0'7 /&' 1'7#$0'1 36 :651 605; <'/7#=5' #01#>#1%/57

?>/5#1 765%3#607@( A6 B''2 $'0'7 <'/7#=5' /<3'& /225;#0$ $'0'3#C 62'&/36&7D /

</C3#=#5#8/3#60 2&6C'77 #7 /225#'1( A:#7 #425#'7 263'03#/55; 461#<;#0$ 3:' $'0'

36 4/B' #3 C6425; E#3: 3:' &'73&#C3#607 1'3/#5'1 /=6>'D #0 2/&3#C%5/& 3:' =%F'&

5#4#3( A:' 2&6C'77 C607#737 6< / 56C/5 7'/&C: 73'2D E:'&' 6F'01#0$ 2/3:7 /&'

/33'423'1 36 =' &'G&6%3'1 36 />6#1 061'7 E#3: <%55 =%F'&7D /01 #< 3:#7 </#57D 3:'

2/3: #7 1&622'1 <&64 3:' $'0' ?3:' 4'77/$' #7 1&622'1 <&64 3:' 0'3E6&B@(

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

H0 3:' <6556E#0$ 'I2'&#4'03D E' C642/&' 3:' 2'&<6&4/0C' 6< ,-. E#3: 3:'

6J#0' 765%3#60 2&6>#1'1 =; 3:' 9K -&/C5'( A:' 7C'0/&#6 #7 7#4#5/& 36 3:' 60'

%7'1 #0 !()D E#3: )* 46=#5' 061'7( A:' '4#33'& 061' $'0'&/3'7 L** 4'77/$'7D

E#3: #03'&>/57 6< L 4#0%3'7D /01 3:' 0'3E6&B #7 &%0 <6& )! :6%&7( M#F'&'03

=%F'&7#8'7 /&' 3&#'1D ='3E''0 )* /01 L**( .63#C' 3:/3 / =%F'& 6< L** C/0 :651

/55 3:' 4'77/$'7 2&'7'03 #0 3:' 0'3E6&BD /01 #0 7%C: C601#3#607 ,-. 7:6%51

/C:#'>' / )**N 1'5#>'&; &/3'D '>'03%/55;( A:' $&/2: !()* 7:6E7 3:' />'&/$' 6<

O &%07( "6& '/C: &%0D 3:' %22'& =6%01 %7#0$ 3:' 9K 6&/C5' E/7 C/5C%5/3'1(

,-. 'F'C3#>'0'77 #7 C/5C%5/3'1 /7 3:' 2&626&3#60 6< ,-. 1'5#>'&; &/3' 36

3:' -&/C5'P7( H3 C/0 =' 7''0 3:/3 3:' 6&/C5' /C:#'>'7 / )**N 1'5#>'&; &/3' E#3:

=%F'&7 6>'& !*( A:'&'<6&' ,-. 'F'C3#>'0'77 <6& $&'/3'& >/5%'7 6< =%F'& #7 063

#01#C/3#>'D /7 3:' -&/C5' 2'&<6&4/0C' #7 /5&'/1; 4/I'1 6%3( "&64 3:' 1'5#>'&;

&/3' /C:#'>'1 =; ,-. /01 3:' -&/C5' E#3: =%F'&7 %01'& !*D #3 C/0 =' C5/#4'1



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

!"#! $%& #'"()*)+ # ,)-./-0#1') (1 !") 23 4 536 -#17) /. !") /,!(0#89 :(!"

!") );)'!(*)1)++ (0,-/*(17 :(!" <=;)- +(>)?

@! 0=+! <) 1/!(')A !"#! (1 !") *)-B +(0,8) +')1#-(/ =+)A9 !")-) (+ 1/ (1./-4

0#!(/1 $%& '#1 8)#-1 !/ 0#C) <)!!)- A)'(+(/1+? D") ,)-./-0#1') +"/:1 (+

#'"()*)A :(!" !") <#+(' <=;)- 0#1#7)0)1! #1A ./-:#-A(17 +'")0)+? E")1 #,4

,8('#<8)9 -/=!(17 ,/8('()+ +"/=8A (0,-/*) /*)- !"(+ <#+)48)*)8 ,)-./-0#1') !-/=7"

+0#-!)- <=;)- 0#1#7)0)1!? %1 !") /!")- "#1A9 !")-) (+ # 8(0(! /1 !") );)'!(*)4

1)++ #!!#(1#<8) .-/0 # A(+!-(<=!)A #87/-(!"0 /,)-#!(17 /1 # 8(0(!)A 8/'#8 *():

'/0,#-)A !/ # /F(1) ,)-.)'!4C1/:8A)7) #87/-(!"0?

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

G+ ,#-! /. !") HIJ%K ,-/L)'!9 # 0/<(8(!B 0/A)8 +=(!#<8) ./- A)+'-(<(17 !")
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