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2+?@'*)0 '* (+?) ()*()! O8) 0)P*'&'+* /%(+ '*2%$0)( (4(&)?( ='&8 / ('*6%) ()*(+,

&8/& &/E)( ?$%&'7%) ?)/($,)?)*&( &8/& %/&), +* /,) A$()0 FS%?)*,)'28 )& /%!>  HHTJ!

1 *+* ()*(+, A$('+* (4(&)? ?/4 8/3) &+ ?/*/6) ='&8 / %+& +A 0'U),)*&

()*(+, &47)( /*0 /?@'6$+$( /*0 '*2+?7%)&) 0/&/ A,+? &8)()! VA &8) '*7$& '(

A$()0 7,'+, '& '( ()*& &+ /* /77%'2/&'+*> &8) '*7$& '*&),A/2) +A &8) /77%'2/&'+*

2/* @) (&/*0/,0'B)0 /*0 &8) /77%'2/&'+* 0+)( *+& 8/3) &+ 2+*('0), =8'28

()*(+, &47)( &8/& /,) $()0 /*0 @4 &8'( ,)0$2) &8) 2+?7%)K'&4 +A &8) (4(&)?!

V* FS%?)*,)'28 )& /%!>  HHTJ &8) /$&8+,( %'(& / *$?@), +A 7,+@%)?( &8/& 784('2/%

()*(+, ?)/($,)?)*& 2/* ($U), A,+?!

•  !"#$% &$##' O8) %+(( +A / ()*(+, 2/* 2/$() / A/$%&4 +@(),3/&'+* +A &8)

+@W)2&!

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

• ()*)+!, +!*-$%.& /$0!%.1!' X'?'&/&'+* '* &8) A,)Q$)*24 '* &8) 7,+0$2-

&'+* +A ?)/($,)?)*&(!

• 2*-%!/)#)$"' O8) ()*(+, ?/4 ($U), A,+? %/2E +A 7,)2'('+*!

• 3"/!%+.)"+4' #/4 /,'() =8)* &8) ()*(+, A/'%( &+ ?)/($,) ,)%)3/*& /&-

&,'@$&)(! C*2),&/'*&4> '* 2+*&,/(& &+ '?7,)2'('+*> 0)7)*0( +* &8) +@W)2&

@)'*6 +@(),3)0 ,/&8), &8/* &8) +@(),3'*6 0)3'2)! C*2),&/'*&4 /,'()( =8)*

A)/&$,)( /,) ?'(('*6 Y)!6! +22%$('+*(Z> =8)* &8) ()*(+, 2/**+& ?)/($,) /%%



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

*%+%,$-# $##*./0#%1 &' #(% 2%*3%2#4 &* 5(%- #(% &/1%*,$#.&- .1 $6/.70&018

) 1.-7+% 1%-1&* 191#%6 .1 0-$/+% #& *%:03% 0-3%*#$.-#9 .- .#1 2%*3%2#.&-

/%3$01% &' .#1 +.6.#%: ,.%5 &' #(% &/;%3#8

<-% 1&+0#.&- #& #(% +.1#%: 2*&/+%61 .1 #& 01% 1%-1&* '01.&-8

 !"! #$%&'%()* +,-)'%).&/ (' 01/($' $2 31*%(4*& 5&'/$6/

=(% 20*2&1% &' %>#%*-$+ 1%-1&*1 .1 #& 2*&,.:% $ 191#%6 5.#( 01%'0+ .-'&*6$#.&-

3&-3%*-.-7 1&6% '%$#0*%1 &' .-#%*%1# .- #(% 191#%6?1 %-,.*&-6%-#8 =(% 2&#%-#.$+

$:,$-#$7%1 .- '01.-7 .-'&*6$#.&- '*&6 60+#.2+% 1%-1&*1 $*% #($# #(% .-'&*6$#.&-

3$- /% &/#$.-%: 6&*% $330*$#%+94 3&-3%*-.-7 '%$#0*%1 #($# $*% .62&11./+% #& 2%*@

3%.,% 5.#( .-:.,.:0$+ 1%-1&*14 .- +%11 #.6%4 $-: $# $ +%11%* 3&1#8 =(% '&++&5.-7

$:,$-#$7%1 3$- /% %>2%3#%: '*&6 #(% '01.&- &' 1%-1&* :$#$ '*&6 $ 1%# &' (%#%*&@

7%-%&01 1%-1&*1 AB*&116$--4 CDDEFG

•  !"#$"%$& '$()*+%&')$ .1 2*&,.:%: '*&6 $ 7*&02 &' 1%-1&*1 H&* $ 1.-7+%

1%-1&* &,%* #.6%I 5(%- %$3( 1%-1&* .1 2%*3%.,.-74 2&11./+9 5.#( $ :.J%*%-#

K:%+.#94 #(% 1$6% '%$#0*%1 .- #(% %-,.*&-6%-#8 =(% .-#%7*$#.&- &* '01.&-

&' *%:0-:$-# .-'&*6$#.&- 3$- *%:03% &,%*$++ 0-3%*#$.-#9 $-: #(01 1%*,% #&

.-3*%$1% #(% $330*$39 5.#( 5(.3( #(% '%$#0*%1 $*% 2%*3%.,%: /9 #(% 191#%68

L0+#.2+% 1%-1&*1 2*&,.:.-7 *%:0-:$-# .-'&*6$#.&- 3$- $+1& 1%*,% #& .-3*%$1%

*%+.$/.+.#9 .- #(% 3$1% &' 1%-1&* %**&* &* '$.+0*%8

•  ),#-&$!-- %$" *!.'%,'.'&/0 M%12.#% 2$*#.$+ 191#%6 '$.+0*% #(% 191#%6

3$- 2*&:03% .-'&*6$#.&- :%2%-:.-7 &- #(% *%:0-:$-39 .- $ 191#%6 5.#(

60+#.2+% 1%-1&*18

• 1)+2.!+!$&%*/ '$()*+%&')$ '*&6 60+#.2+% 1%-1&*1 $++&51 '%$#0*%1 .-

#(% %-,.*&-6%-# #& /% 2%*3%.,%: #($# $*% .62&11./+% #& 2%*3%.,% 01.-7 ;01#

#(% .-'&*6$#.&- '*&6 %$3( .-:.,.:0$+ 1%-1&* &2%*$#.-7 1%2$*$#%+98 N' #(%

'%$#0*%1 #& /% 2%*3%.,%: $*% 3&-1.:%*%: :.6%-1.&-1 .- $ 12$3% &' '%$#0*%14

#(%- 3&62+%6%-#$*9 .-'&*6$#.&- .1 2*&,.:%: 5(%- %$3( 1%-1&* .1 &-+9 $/+%

#& 2*&,.:% .-'&*6$#.&- 3&-3%*-.-7 $ 10/1%# &' '%$#0*%1 #($# '&*6 $ 10/12$3%

.- #(% '%$#0*% 12$3%4 .8%84 %$3( 1%-1&* 3$- /% 1$.: #& 2%*3%.,% '%$#0*%1 #($# $*%

.-:%2%-:%-# &' #(% '%$#0*%1 2%*3%.,%: /9 #(% &#(%* 1%-1&*1O 3&-,%*1%+94 #(%

:%2%-:%-# '%$#0*%1 2%*3%.,%: /9 1%-1&*1 2*&,.:.-7 *%:0-:$-# .-'&*6$#.&-

5&0+: '&*6 $ /$1.1 .- #(% '%$#0*% 12$3%8

• 34&!$"!" -2%&'%. %$" &!+2)*%. 5)6!*%7!4 #(% 3&6/.-$#.&- &' :$#$

7.,%1 #(% 191#%6 $ /%##%* &,%*,.%5 &' #(% 10**&0-:.-718 )1 3&62$*%: #& #(%

12%%: $# 5(.3( .# 3&0+: /% 2*&,.:%: /9 $ 1.-7+% 1%-1&*4 6$9 /% 2*&,.:%: /9

60+#.2+% 1%-1&*1 :0% #& %.#(%* #(% $3#0$+ 12%%: &' &2%*$#.&- &' %$3( 1%-1&*4

&* #(% 2*&3%11.-7 2$*$++%+.16 #($# 6$9 /% 2&11./+% #& $3(.%,% $1 2$*# &' #(%

'01.&- 2*&3%118
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•  !"" #$"%&' ()*$+,-%($): '* &8) 2+*&);& +< / (4(&)= >'&8 =$%&'7%) ()*(+,(:

'( '*<+,=/&'+* +?&/'*)0 /& / %)((), 2+(& >8)* 2+=7/,)0 &+ &8) )@$'3/%)*&

'*<+,=/&'+* &8/& 2+$%0 ?) +?&/'*)0 <,+= / ('*6%) ()*(+,! A*%)(( &8) '*<+,-

=/&'+* 7,+3'0)0 ?4 &8) ('*6%) ()*(+, '( ?)'*6 $()0 <+, /00'&'+*/% <$*2&'+*(

'* &8) (4(&)=: &8) &+&/% 2+(& +< &8) ('*6%) ()*(+, (8+$%0 ?) 2+=7/,)0 &+ &8)

&+&/% 2+(& +< &8) '*&)6,/&)0 =$%&'()*(+, (4(&)=!

• .)#+!-"!/ #$)0/!)#!1 B*<+,=/&'+* <,+= =+,) &8/* +*) ()*(+, 2+3),'*6

&8) (/=) +?C)2& 2/* ($77+,& )/28 +&8),( +?(),3/&'+*(!

• 2!/3#!/ -,4(53(%' -)/ 3)#!+%-()%'1 D8) <$()0 '*<+,=/&'+* 0)2,)/()(

&8) /=?'6$'&4 +< &8) 2+%%)2&)0 3/%$)(!

1 <$,&8), /03/*&/6) +< ()*(+, <$('+* '( &8) 7+(('?'%'&4 &+ ,)0$2) (4(&)= 2+=-

7%);'&4! B* / &,/0'&'+*/%%4 0)('6*)0 (4(&)= &8) ()*(+, =)/($,)=)*&( /,) <)0 '*&+

&8) /77%'2/&'+*: >8'28 8/( &+ 2+7) >'&8 / ?'6 *$=?), +< '=7,)2'(): /=?'6$+$(

/*0 '*2+=7%)&) 0/&/ (&,)/=(! B* / (4(&)= >8),) ()*(+, 0/&/ '( 7,)7,+2)(()0

?4 <$('+* =)&8+0(: &8) '*7$& &+ &8) 2+*&,+%%'*6 /77%'2/&'+* 2/* ?) (&/*0/,0'E)0

'*0)7)*0)*&%4 +< &8) )=7%+4)0 ()*(+, &47)(: &8$( </2'%'&/&'*6 /77%'2/&'+* '=7%)-

=)*&/&'+* /*0 7,+3'0'*6 &8) 7+(('?'%'&4 +< =+0'F2/&'+*( '* &8) ()*(+, (4(&)=

,)6/,0'*6 *$=?), /*0 &47) +< )=7%+4)0 ()*(+,( >'&8+$& =+0'F2/&'+*( +< &8)

/77%'2/&'+* (+<&>/,) GH%=)*,)'28 /*0 I'&E)J:  KKLM!

D8) ,+%) +< =$%&'()*(+, <$('+* '* &8) +3),/%% +7),/&'+* +< / (4(&)= 2/* ?) 0)F*)0

/( &8) 0)6,)) &+ >8'28 )/28 +< &8)() ()3)* /(7)2&( '( 7,)()*& '* &8) '*<+,=/&'+*

7,+3'0)0 ?4 &8) ()*(+,( &+ &8) (4(&)=! 5)0$*0/*& '*<+,=/&'+* 2/* $($/%%4 ?)

<$()0 /& / %+>), %)3)% +< ,)7,)()*&/&'+* 2+=7/,)0 &+ 2+=7%)=)*&/,4 '*<+,=/&'+*

?)2/$() '& 2/* =+,) )/('%4 ?) =/0) 2+==)*($,/&)! N+=7%)=)*&/,4 '*<+,=/&'+*

'( $($/%%4 )'&8), <$()0 /& / (4=?+%'2 %)3)% +< ,)7,)()*&/&'+*: +, 7,+3'0)0 0',)2&%4

&+ 0'O),)*& 7/,&( +< &8) (4(&)= >'&8+$& ?)'*6 <$()0!

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

#/*4 +< &8) 7+(('?%) 7,+?%)=( /((+2'/&)0 >'&8 2,)/&'*6 / 6)*),/% =)&8+0+%+64

<+, =$%&'()*(+, <$('+*: /( >)%% /( 0)3)%+7'*6 (4(&)=( &8/& $() =$%&'7%) ()*(+,(:

2)*&), /,+$*0 &8) =)&8+0( $()0 <+, =+0)%'*6 &8) ),,+, +, $*2),&/'*&4 '* &8) <$('+*

7,+2)((: &8) ()*(+,4 '*<+,=/&'+*: /*0 &8) +7),/&'+* +< &8) +3),/%% (4(&)= '*2%$0'*6

&8) ()*(+,(! P+, &8) 7+&)*&'/% /03/*&/6)( '* '*&)6,/&'*6 =$%&'7%) ()*(+,( &+ ?)

,)/%'E)0: (+%$&'+*( &+ &8)() 7,+?%)=( >'%% 8/3) &+ ?) <+$*0 &8/& /,) 7,/2&'2/%!

• 6++$+ () %7! 83"($) 9+$#!""Q D8) =/C+, 7,+?%)= '* <$('*6 ,)0$*0/*&

'*<+,=/&'+* <,+= =$%&'7%) ()*(+,( '( &8) 0)&),='*/&'+* &8/& &8) '*<+,=/-

&'+* <,+= )/28 ()*(+, '( ,)<),,'*6 &+ &8) (/=) <)/&$,)( '* &8) )*3',+*=)*&!

D8'( 7,+?%)= '( &),=)0 &8) 2+,,)(7+*0)*2) /*0 0/&/ /((+2'/&'+* 7,+?%)=

'* (&),)+ 3'('+* /*0 =$%&'&/,6)& &,/2J'*6 ,)()/,28: ,)(7)2&'3)%4! ./,*'3 /*0

N/(/()*& G./='3 /*0 N/(/()*&: LRSLM 8/3) $()0 &8) 2+,,)%/&'+* 2+)T2')*&



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

+%#,%%- ./0%12 /- #(% 3*$4 1%5%1 &' /6$3%2 $2 $ 6%$27*% &' #(% 8%3*%% &'

*%9&*8/-3 &' &+:%9#2 /- #(% /6$3%2 '*&6 671#/.1% 2%-2&*2; <2/$& =<2/$&> ?@AAB

($2 8%#$/1%8 #(% 8/C%*%-# 3%&6%#*/9 #*$-2'&*6$#/&-2 -%%8%8 '&* *%9&*8/-3;

•  !!"! #$ %&$'"!( )$*"!+,-#"$D E(% %**&* /- 2%-2&*4 /-'&*6$#/&- /2 727F

$114 $2276%8 #& +% 9$72%8 +4 $ *$-8&6 -&/2% .*&9%22 #($# 9$- +% $8%G7$#%14

6&8%1%8 $2 $ .*&+$+/1/#4 8/2#*/+7#/&-; E(% -&/2% /2 727$114 $2276%8 -&# #&

+% 9&**%1$#%8 /- 2.$9% &* #/6% H/;%;> ,(/#%I> $-8 J$722/$-; E(% 6$:&* *%$2&-2

#($# #(%2% $2276.#/&-2 $*% 6$8% /2 #($# #(%4 %-$+1% $ 5$*/%#4 &' '72/&- #%9(F

-/G7%2 #& +% 72%8 #($# ($5% #*$9#$+1% 6$#(%6$#/92 $-8 4/%18 72%'71 *%271#2 /-

6$-4 $..1/9$#/&-2; K' #(% -&/2% /2 9&**%1$#%8 /- #/6% H%;3;> 34*&29&.% %**&*I

/# /2 2#/11 2&6%#/6%2 .&22/+1% #& *%#$/- #(% ,(/#%-%22 $2276.#/&- #(*&73( #(%

72% &' $ 2($./-3 L1#%* =M$4+%9N> ?@A B;

E(% J$722/$- $2276.#/&- 9$- &-14 +% :72#/L%8 /' #(% -&/2% /2 9$72%8 +4 $

-76+%* &' 26$11 /-8%.%-8%-# 2&7*9%2; K- 6$-4 '72/&- #%9(-/G7%2 #(% 9&-2/2F

#%-94 &' #(% 2%-2&* 6%$27*%6%-#2 /2 /-9*%$2%8 +4 L*2# %1/6/-$#/-3 2.7*/&72

2%-2&* 6%$27*%6%-#2 2& #($# #(%4 $*% -&# /-9178%8 /- #(% '72/&- .*&9%22;

M$-4 &' #(% #%9(-/G7%2 &' *&+72# 2#$#/2#/92 9$- +% 72%8 #& %1/6/-$#%8 2.7F

*/&72 6%$27*%6%-#2;

•  !!"! #$ %('-&+ ./&!,-#"$D O(%- %**&* &997*2 87*/-3 &.%*$#/&- 87% #&

.&22/+1% 9&7.1/-3 %C%9#2 +%#,%%- 9&6.&-%-#2 &' $ 242#%6> /# 6$4 2#/11 +%

.&22/+1% #& 6$N% #(% $2276.#/&- #($# #(% 2%-2&* 6%$27*%6%-#2 $*% /-8%.%-F

8%-# /' #(% %**&*> $'#%* 9$1/+*$#/&-> /2 /-9&*.&*$#%8 /-#& #(% 242#%6 6&8%1

#(*&73( #(% $88/#/&- &' $- %0#*$ 2#$#% 5$*/$+1%; K- ,%11FN-&,- %-5/*&-6%-#2

#(% 9$1/+*$#/&- &' 671#/.1% 2%-2&*2 ,/11 727$114 -&# +% $ 8/P971# .*&+1%6> +7#

,(%- 671#/2%-2&* 242#%62 $*% 72%8 /- 7-N-&,- %-5/*&-6%-#2> /# 6$4 -&#

+% .&22/+1% #& 9$1/+*$#% #(% 2%-2&*2; Q&22/+1% 2&17#/&-2 #& #(/2 .*&+1%6 6$4

*%G7/*% #(% 9*%$#/&- &' 8%#$/1%8 N-&,1%83% +$2%2 '&* %$9( #4.% &' 2%-2&* 2&

#($# $ 242#%6 9$- $7#&-&6&7214 9$1/+*$#% /#2%1'; R-% &#(%* /6.&*#$-# '%$F

#7*% *%G7/*%8 &' $-4 /-#%11/3%-# 671#/2%-2&* 242#%6 /2 #(% $+/1/#4 #& *%9&3-/S%

$-8 *%9&5%* '*&6 2%-2&* '$/17*% =E;T; U711&9N $-8 U&78*%$7> ?@AAB;

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

"%-2&* '72/&- 9$- +% 91$22/L%8 /-#& 8/C%*%-# 1%5%12 $99&*8/-3 #& #(% /-.7# $-8

&7#.7# 8$#$ #4.%2 =V$2$*$#(4> ?@@!B> =V$2$*$#(4> ?@@WB; E(% '72/&- 6$4 #$N%

.1$9% $# #(% 8$#$ 1%5%1 $12& 9$11%8 2/3-$1 1%5%1> '%$#7*% 1%5%1 $12& 9$11%8 246+&1/9

1%5%1 $-8 8%9/2/&- 1%5%1 *%1$#%8 #& #$2N 1%5%1;

K- 8$#$ 1%5%1 '72/&-> %$9( 2%-2&* &+2%*5%2 $- &+:%9# $-8 #(% *$, &7#.7# 8$#$ &'

2%-2&*2 $*% 9&6+/-%8 =X7& $-8 Y$4> ?@@ B; Z$*/%#/%2 &' #(% 6%#(&82 $*% 8%5%1&.%8

/- #(/2 1%5%1> $-8 ,%*% $..1/%8 /- /6$3% .*&9%22/-3 =J&&8*/83% $-8 Y$4> ?@@!B

$-8 /- 5/27$1 $-8 2.%%9( *%9&3-/#/&- =Y$+*%> ?@@[B;

K- '%$#7*% 1%5%1 '72/&-> %$9( 2%-2&* .*&5/8%2 &+2%*5$#/&-$1 8$#$ '*&6 ,(/9( $

'%$#7*% 5%9#&* /2 %0#*$9#%8; E(%2% 5%9#&*2 $*% #(%- 9&-9$#%-$#%8 #&3%#(%* /-#&
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/ ('*6%) :)/&$,) 3)2&+,! .)2/$() ;+(& :)/&$,)( 8/3) <)%%-0)=*)0 (&,$2&$,)(> &8)

:$('+* ;)&8+0( '* &8'( %)3)% 2/* ?) ?/()0 +* (&/&'(&'2/% /77,+/28)( /*0 7/&&),*

/*/%4('( /77,+/28)( @./A2(4 )& /%!> BCCDE> @#/2F)+0 /*0 G$;;),=)%0> BCH9E!

I)2'('+* %)3)% :$('+* '*3+%3)( 2+;?'*/&'+* +: ()*(+, 8'68 %)3)% +$&7$& 0/&/ J)!6!

)3)*&K! I)2'('+* :$('+* '( / 2+;;+* 7,+?%); '* ;/*4 ,)()/,28 /,)/(> ($28 /(

0)2'('+* &8)+,4 /*0 /,&'=2'/% '*&)%%'6)*2)!

I'L),)*& %)3)%( +: ;$%&'()*(+, :$('+* 2/* ?) $()0 &+ 7,+3'0) '*:+,;/&'+* &+ /

(4(&); &8/& 2/* ?) $()0 :+, / 3/,')&4 +: 7$,7+()(M )!6! 0/&/-%)3)% :$('+* 2/*

?) $()0 '* ,)/%-&';) /77%'2/&'+*( /*0 2/* ?) 2+*('0),)0 /( A$(& /* /00'&'+*/%

(&)7 '* &8) +3),/%% 7,+2)(('*6 +: &8) ('6*/%(> :)/&$,)-%)3)% :$('+* 2/* ?) $()0

&+ ';7,+3) &8) 7),:+,;/*2) +: ;/*4 ';/6) 7,+2)(('*6 &/(N( %'N) ()6;)*&/&'+*>

/*0 0)2'('+*-%)3)% :$('+* 2/* ?) $()0 &+ 7,+3'0) /* +?A)2& ,)2+6*'&'+* (4(&);

<'&8 /00'&'+*/% :)/&$,)( &8/& 2/* ?) $()0 &+ '*2,)/() '&( ,)2+6*'&'+* 2/7/?'%'-

&')( @F$+ /*0 O/4> BCCPE! Q'6$,)  !D ($;;/,'R)( &8)() &8,)) ()*(+, :$('+* %)3)%(!

S/28 +: &8)() :$('+* %)3)%( 8/( 0'(&'*2& /03/*&/6)( /*0 0'(/03/*&/6)( '* +$,

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

,1#23+'#$,4(."#$ &#'()*

,560*#!%# 7$)%#++0!8

5+'02.'0)! &#'()*+ ,&.902:2 ;0<#=0())*

,>.=2.! ?0='#$

,7.$'0%=# ?0='#$

,-./#+0.! 5+'02.'0)!

@=.++0A%.'0)! &#'()*+ ,@=:+'#$ B!.=/+0+
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I+==$*'2/&'+* +3),8)/0 '( ,)0$2)0 2+=7/,)0 &+ 0/&/ %)3)% ;$('+* /( /,) &8)
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*&,+12* %#$%&'< 2% /#** 2% 2 >#--#' 6$)#'%-2$)+$, &7 #$D+'&$3#$-2* )#8#$)#$19

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

5- 6+ +78)(&,+0 &, -+'9&$,  !:; 9<+ -=(.9 -+,-$. '<+'>- (,0 '()&?.(9+- 9<+ -+,-$.

?+@$.+ &9 &- 9.(,-=&99+0 9$ 9<+ $A9-&0+ 6$.)0! B, $.0+. 9$ 8+.@$.= 9<+-+ @A,'9&$,-;

6+ .+CA&.+ ( -AD'&+,9)E .&'< -+,-$. =$0+) 6<&'< 6&)) 8.$F&0+ A- 6&9< ( '$<+.+,9

0+-'.&89&$, $@ 9<+ -+,-$.- (?&)&9E 9$ +79.('9 &,@$.=(9&$, @.$= &9- -A..$A,0&,%-!

G$. 9<&-; 6+ ,++0 9$ 0+F+)$8 ( =$0+) 6<&'< '(, <(,0)+ 0&H+.+,9 8<E-&'() -+,-$.-

?A9 8.$F&0+- ( '$==$, &,9+.@('+ 9$ 9<+ =A)9&-+,-$. @A-&$, -E-9+=! I+ 0$ 9<&- ?E

CA(,9&@E&,% 9<+ A,'+.9(&,9E 9<.$A%< 8.$?(?&)&-9&' =$0+)- $@ 9<+ -+,-$.-; 9(>&,%

&,9$ (''$A,9 9<+&. 8<E-&'() '<(.('9+.&-9&'- (,0 &,9+.('9&$, 6&9< 9<+ +78+'9+0

+,F&.$,=+,9!

I&9< ?&,(.E -+,-$. $?-+.F(9&$,-; 9<+ 8.$?(?&)&9E $@ =(>&,% ( -8+'&J' $?K

-+.F(9&$, &- %$F+.,+0 ?E 9<+ 8.$?(?&)&9&+- $@ 0+9+'9&$, (,0 @()-+ ()(.= @$.

9<+ -+,-$. =(>&,% 9<+ $?-+.F(9&$,! I<+, ,$,K?&,(.E -+,-$. $?-+.F(9&$,- (.+

'$,-&0+.+0; <$6+F+.; ( 8.$?(?&)&9E 0+,-&9E @A,'9&$, 1pdf2 &- A-+0 9$ 0+-'.&?+ 9<+

$?-+.F(9&$, .+-A)9-!

B, 9<&- -+'9&$,; 6+ 0+-'.&?+ 9<+ 8.$8$-+0 -+,-$. =$0+) (,0 <$6 9$ =$0+)

A,'+.9(&,9E &, -+,-$. =+(-A.+=+,9-!

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

*+,-$. 0(9( &- A-A())E 8.$,+ 9$ ,$&-+ (,0 -+,-&,% +.K

.$.- LM+,.&'>-+, (,0 B,0A)->(; :NNOP! B, =(,E -&9A(9&$,- -+,-$.- '(, 8.$F&0+

A,'+.9(&, =+(-A.+=+,9-! 5 =()@A,'9&$,&,% -+,-$. %&F+- &,F()&0 $A98A9 0(9( 9<(9

&,'$..+'9)E .+Q+'9 9<+ -9(9A- $@ 9<+ +CA&8=+,9 @$. +7(=8)+ 6<&'< &9 &- (--$'&(9+0

6&9<! G$. &,-9(,'+ 9<+ '$,9('9 -+,-$. &,-9())+0 $, 9<+ 0$$. $@ ( @.&0%+ =(E <(F+

( 9+'<,&'() 8.$?)+=! 5- -A'< 9<+ R+.$ 0(9( 0$+- ,$9 ,+'+--(.&)E =+(, 9<(9 9<+

8+.-$, <(- ,$9 $8+,+0 9<+ @.&0%+ (- &9 6$A)0 6<+,+F+. &9 &- @A,'9&$,&,% '$..+'9)E!

S<+ =(&, '$,'+., &- 9<+.+@$.+ 9<(9 9<+ 0(9( $?9(&,+0 @.$= -+,-$.- 6&9<&, 9<+

<$=+ +,F&.$,=+,9 =(E ,$9 ?+ 9$9())E .+)&(?)+ (,0 =(E 8.+-+,9 0&H+.+,9 0+%.++-

$@ A,'+.9(&,9E &, 9<+ =+(-A.+=+,9- 9<+E .+8$.9 LT(,%(,(9<(, +9 ()!; :NN P!

*$=+ -+,-$.- %&F+ &,@$.=(9&$, (?$A9 '$,9+79- $,)E (9 (, (?-9.('9 )+F+)!

G$. +7(=8)+; ( '$,9('9 -+,-$. &- &,-9())+0 $, 9<+ 0$$. $@ 9<+ @.&0%+! S<+.+

(.+ =(,E &9+=- '$,9(&,+0 &, 9<+ @.&0%+ -A'< (- =&)>; UA&'+; ?A99+. +9'! I<+,

9<+ @.&0%+ -+,-$. &- 9.&%%+.+0; 9<+ -9(9+ $@ 9<+ @.&0%+ '$,9+79 &- '<(,%+0 6<&'<

&,0&'(9+- 9<+ 8+.-$, &,9+.('9- 6&9< 9<+ @.&0%+ 1$8+,&,% 9<+ @.&0%+ (,0 %+99&,%

@$$0 $A9 $@ 9<+ @.&0%+2!

M$6+F+.; &9 &- ,$9 8$--&?)+ 9$ &,@+. 6<(9 @$$0 &- .+=$F+0 @.$= 9<+ @.&0%+ ?E

-&=8)E '$,-&0+.&,% 9<+ 'A..+,9 -9(9+ $@ 9<+ @.&0%+ 0$$.! /(88&,% @.$= 9<+

-+,-+0 @.&0%+ 9$ 9<+ &9+= .+=$F+0 @.$= 9<+ @.&0%+ &- 0E,(=&' (,0 A,'+.9(&,! G$.

+7(=8)+; &@ 9<+ 8+.-$, 6(,9- 9$ =(>+ ( '$)0 0.&,>; &9 &- =$.+ )&>+)E 9<(9 9<+ UA&'+

&- .+=$F+0 @.$= 9<+ @.&0%+! B@ 9<+ 8+.-$, 6(,9- 9$ =(>+ ( <$9 0.&,>; 9<+, &9 &-



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

-&'# *+.#*/ 0120 1# 3+** '#-&4# -+*. 5'&- 01# 5'+),#6

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

7$ 01# 82%# &$ 9%+$, :+$2'/ %#$%&'%; 01# %#$%&' 5'2-#3&'. <'#%#$0% 2 8#'02+$ Pd

=<'&:2:+*+0/ &5 )#0#80+&$> 2$) Pf =<'&:2:+*+0/ &5 52*%# 2*2'->6 ?%%9-# 3# 124#

M :+$2'/ %#$%&'% 31+81 ,+4# 01# %020# S 5&' @ <1/%+82* &:A#80% 2$) 124# :+$2'/

%020#%B s = 1 &' s = 0; '#<'#%#$0+$, C%#$%&' 280+4#C 2$) C%#$%&' $&0 280+4#C

'#%<#80+4#*/6 "#$%&' &:%#'420+&$% O 2'# *+.#3+%# :+$2'/; #+01#' C5'+),# +% &<#$C &'

C5'+),# +$ $&0 &<#$ =+6#6 8*&%#)>C6 D1# <'&:2:+*+0/ 0120 2$ &:%#'420+&$ +% -2)# +%

)#0#'-+$#) :/ 01# Pd &' Pf &5 01# %#$%&' -2.+$, 01# &:%#'420+&$6 E#00+$, Ok :#

k %#$%&' &:%#'420+&$%; 01# <'&:2:+*+0+#% 2'#B

P (Ok = 1|Ss = 1) = Pd

P (Ok = 0|Ss = 1) = 1− Pd =F6G>

P (Ok = 1|Ss = 0) = Pf

P (Ok = 0|Ss = 0) = 1− Pf =F6F>

 !"!" *+&,-( .-/+0

7$ 01+% 01#%+% 3# 124# )#H$#) 01# 9$8#'02+$0/ ∆y &5 -#2%9'#-#$0 y6 D1+%

9$8#'02+$0/ 3+** 2*%& :# '#I9+'#) 31#$ 3# 8&$%+)#' 01# 59%+&$ &5 -9*0+%#$%&'

+$<90 )2026 D1+% 9$8#'02+$0/ '#<'#%#$0% 01# <'&:2:+*+0/ 0120 2 -#2%9'#-#$0 +%

#''&$#&9% )9# 0& 01# 52+*9'# &5 01# %#$%&'6

J#I9+%+0# &90<90 )202 5'&- 01# +$0#**+,#$0 =%-2'0> %#$%&' +$8*9)# #%0+-20#%

&5 01# -#2%9'#-#$0; <*9% 2$ #%0+-20# &5 01# -#2%9'#-#$0 9$8#'02+$0/ *#4#*; 5&'

9%# +$ <'&8#%%#% %981 2% )202 59%+&$ &5 -9*0+<*# %#$%&'% &5 )+K#'#$0 -&)2*+0+#%6

7$09+0+4#*/; +5 01# %#$%&' )202 12% *&3 8#'02+$0/; 01#$ +0% 3#+,10+$, +$ 01# )202

59%+&$ <'&8#)9'# 82$ :# 8&''#%<&$)+$,*/ '#)98#)6 "020+%0+82**/; 01+% +$5&'-20+&$

+% 8&-<*#0#*/ )#%8'+:#) :/ 01# <'&:2:+*+0/ )#$%+0/ 59$80+&$ =<)5> 5&' 01# -#2%9'#L

-#$0; 31#'# 01# <)5 -#2$ 42*9# 2$) 42'+2$8# 8&''#%<&$) 0& 01# -#2%9'#-#$0

#%0+-20# 2$) 01# -#2%9'#-#$0 9$8#'02+$0/ '#%<#80+4#*/6

7$ 01# <'&<&%#) %#$%&' -&)#*; 3# )+%0+$,9+%1 :#03##$ 01# 42'+2:*# Θ +$ 31+81 3#

2'# +$0#'#%0#); 2$) 2 %#$%&' -#2%9'#-#$0 y6 M# )+'#80*/ &:%#'4# N '23 %#$%&'

-#2%9'#-#$0% yi; + ∈ NO;P;666;@Q; 31+*# 01# 42'+2:*# &5 +$0#'#%0 Θ +% $&0 )+'#80*/

&:%#'4#) 2$) -9%0 :# +$5#''#)6 7$ -201#-20+82* 0#'-% 3# +$0#'<'#0 01# 02%.

&5 +$5#''+$, θ 2% #%0+-20+$, 01# 2 <&%0#'+&'+ <'&:2:+*+0/; P (Θ = θ|y); 31#'# θ
'#<'#%#$0% 01# 0'9# 42*9# &5 01# 42'+2:*# &5 +$0#'#%0 Θ 2$) y = (yT

1
, yT
2
, ..., yT

N )
T

)#$&0#% 01# 4#80&' &5 N %#$%&' -#2%9'#-#$0%6

D1# <'&<&%#) %#$%&' -&)#* +% #42*920#) +$ 812<0#' R 9%+$, 01# S#'1&-# )2026



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

 ! "#$%&'()#$

,-)( %-./012 )$02#3'%13 . 42.516#27 4#2 /2#%1(()$8 (1$(#2 51.('2151$0(!

,-1 '(1 #4 $#$9:)$.2; #:(12<.0)#$( .&&#6( . 5#21 2#:'(0 5#31&)$8 %./.:)&)0; 4#2

0-1 (1$(#2 5.$.812! =$%120.)$0; 5#31&)$8 )( .&(# 1((1$0).& :1%.'(1 '$%120.)$0;

6)&& :1 /21(1$0 )$ .$; 21.&96#2&3 /2#:&15> .$3 0-1 5#31&)$8 #4 0-.0 '$%120.)$0;

)( <)0.& 0# 5.)$0.)$)$8 8##3 (1$(#2 5.$.812 /124#25.$%1!



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



 !"#$%& '

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

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

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

/"4$%1&,/$" 5!"!%&,!) 60 #!"#$%# '&" 6! *#!) ,$ /)!",/40 ,(! &',/-/,0 ,(&, ,(!

$6#!%-!) 7!%#$" 7!%4$%1#2

8$"#/)!%&6+! %!#!&%'( (&# 6!!" )!-$,!) ,$.&%)# &',/-/,0 %!'$5"/,/$" ,(%$*5( ,(!

)!7+$01!", $4 #!"#/"5 ,!'("$+$50 ,$ )!,!', /",!%&',/$"# ./,( $69!',#: 4%$1 -/#*&+

#!"#$%# +/;! -/)!$ '&1!%&# <=* !, &+2: >??>@ ,$ #!"#$%# .(/'( 7%$-/)! 6/"&%0 A$"A

$% A$BA $*,7*,# #*'( &# '$",&', #!"#$%# ,(&, &%! *#!) ,$ )!,!', 4$% !C&17+! &

)$$% 6!/"5 $7!"!) $% '+$#!) <=/+#$" &") D,;!#$": >??E@: <3%&" !, &+2: >??F@2

G" ,(/# '(&7,!%: .! H%#,+0 )!#'%/6! ,(! /"#,%*1!",&,/$" $4 ,(! ($1! '&%!

!"-/%$"1!",2 D4,!% ,(&, .! )!#'%/6! ,(! 7%$7$#!) 1*+,/#!"#$% 4*#/$" &77%$&'(2

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

G" ,(/# #!',/$": .! )!#'%/6! .(/'( #!"#$%# .! *#! &") .(02 =! +/#, ,(! #!"#$%# .!

*#!) /" ,(/# .$%;: ,(!/% 7+&'!1!", /" & ($1! &") ,(! #!+!',!) 1$)! ,$ 7%$-/)!

,(!/% )&,&2

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

G" '(&7,!% > I#!! #!',/$" >2J2>K: .! 4$*") ,(&, '$#, $4 #!"#$%# &") #!"#$%

&''!7,&"'! &%! 7/-$,&+ /##*!#: !#7!'/&++0 /" ,(! ($1!2 =! 4$*") ,(&, 7!$7+!

&%! $4,!" (!#/,&",: ,(!0 4$%5!, ,$ .!&% & 6&)5!: #!, $4 1&%;!%#: $% LMGN ,&52

G" 7&%,/'*+&%: !+)!%+0 7!$7+! &%! $4,!" -!%0 #!"#/,/-! ,$ #1&++ '(&"5!# /" ,(!/%

!"-/%$"1!", <O*%5/$ !, &+2: >??J@2

G" ,(/# .$%;: .! '($$#! ,$ *#! '$11$"+0 &-&/+&6+! #!"#$%# ,(&, ,(!0 )$ "$, (&-!

,$ .!&% $% '&%%02 3(!#! #!"#$%# /"'+*)! -/)!$ #!"#$%# &") !"-/%$"1!",&+ #!"#$%#2

3(! #!+!',!) #!"#$%# '&" !&#/+0 &") P*/';+0 6! /"#,&++!) /" ($1! !"-/%$"1!",#



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

2)3 2+( +(4*.25$( 6&%7*#% 32421( %* %7( -25&)(%' *+ 8#+)&%#+(9

:7( #'(3 ().&+*)4()%2$ '()'*+' 1&.( 2% 2)/ 1&.() %&4( 5&)2+/ .2$#( ;*); 2)3

;*<; =;*); &8 %7( '()'*+ &' 2-%&.2%(3 2)3 ;*<; &8 %7( '()'*+ &' )*% 2-%&.2%(3>9

?7()(.(+ %7( .2$#( *8 %7( '()'*+ 2''*-&2%(3 %* 2 -*)%(@% =(919 A&%-7() (B#&C4()%>

-72)1(' %7( '%2%#' *8 %7( 2''*-&2%(3 -*)%(@% =&9(9 (B#&C4()%> -72)1(' 2$'*9

:7( $&'% *8 '()'*+' 67&-7 6( 72.( '($(-%(3 2)3 67&-7 6( 2$+(23/ &)'%2$$(3

2)3 C$#11(3 &) %7( 7*4( -2+( ().&+*)4()% =&9(9 (@C(+&4()%2$ $25*+2%*+/>

&)-$#3('D

•  !"#$ %&'#(&)* :7('( '()'*+' 2+( #'(3 %* 3(%(-% 2)3 %+2-A C(*C$( (.*$.&)1

&) %7( '-()(9 :7(/ 2+( &)'%2$$(3 &) 2$$ +**4' 5#% 52%7+**4 %* $*-2%( C(*C$(

2% (2-7 %&4(9

• +$,-&%- )#,)$()* :7('( &)(@C()'&.( 421)(%&- -*)%2-% '()'*+' &)3&-2%( 2

-$*'(3 *+ *C() '%2%#'9 :7(/ 2+( (45(33(3 *) %7( A&%-7() 8#+)&%#+(' 2)3

5(3+**4 -$*'(%'9 :7('( '()'*+' 2+( #'(8#$ &) 3(%(+4&)&)1E 8*+ (@24C$(E %7(

&)%(+2-%&*) 6&%7 A&%-7() 8#+)&%#+('E '#-7 2' -#C5*2+3'E 3+26(+'E 2)3 8+&31(9

• .(#))/(# )#,)$()* :7('( '()'*+' 2+( #'(3 %* 3(%(-% C+('()-( *) -72&+' 2)3

5(3'9 :7(/ 2+( C$2-(3 #)3(+ -72&+'E 2+4-72&+'E 2)3 5(39

• 0&-#( 1$2 )#,)$()* ?7() C$2-(3 &) 62%(+ C&C(' %7('( '()'*+' %+&11(+ 2

'&1)2$ 67() F*6 (@-((3' '*4( %7+('7*$3'9 :7(/ 2+( C$2-(3 *) 7*% 2)3 -*$3

62%(+ C&C(' 2)3 %*&$(%'9

• 34#%-(!%&4 )#,)$()* :7('( '()'*+' 4(2'#+( -*)'#4C%&*) *8 %7( -#++()% F*6

&) 2 -&+-#&%E +(C*+%&)1 67() -#++()% (@-((3' '*4( %7+('7*$3'E (919E 67()(.(+

2) 2CC$&2)-( &' #'(39 :7(/ 2+( C$2-(3 *) ($(-%+&-2$ *#%$(%'E %* 4*)&%*+ %7(

24*#)% *8 -#++()% F*6&)1 %* -&+-#&%'9

• .(#)#,%# )#,)$()* :7('( '()'*+' 2+( &)'%2$$(3 &) 8+*)% *8 %7( '&)AE %7(

-**A&)1 '%*.( 2)3 %7( 62'75*6$ %* 3(%(-% %7( C+('()-( *8 C(*C$( )(2+5/9

G(( H1#+( I9J 8*+ 2) *.(+.&(6 *8 2 %/C&-2$$/ &)'%+#4()%(3 7*4(9

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

,' C+(.&*#'$/ 3('-+&5(3 &) '(-%&*) K9!9J9!E &) %7( 6*+$3 *8 %7( '()'*+'E 6( H)3

.2+&*#' 4*3(' 2$$*6&)1 %7( '()'*+' %* C+*.&3( %7(&+ 32%29 :7('( 4*3(' 2+( $&'%(3

5($$*6D

• +$,-!,/$/) '$"# :7( '()'*+ C+*.&3(' 32%2 6&%7*#% 2)/ &)%(++#C%&*) 2)3

6&%7 2 8+(B#()-/ %72% -2) 5( H@(3 *+ 3/)24&-2$$/ 4*3&H(39



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

 !"#$% &'() *+%$+!%, -. / 012!3/441 !560$#7%50%8 9-7%

•  ! "#"$% &'(" -.$ &$%&'( /('0+1$& 1232 4.$% 2% $0$%3 '55*(&! -.$

$0$%3 /('0+1$& +%6'(723+'% 4+3. .+8.$( &$72%3+5& 3.2% 6'( 3.$ &$%&'( 4+3.

5'%3+%*'*& 3(2%&7+&&+'%! )'( $927/:$ 4$ 52% 3.+%; 23 2 /($&$%5$ &$%&'(

4.+5. /('0+1$& 2 <+%2(= 1232 5'(($&/'%1+%8 '( %'3 3' 2 /$(&'% /($&$%5$!

• )$ *"+,"-% &'(" -.$ &$%&'( /('0+1$& 1232 +% ($&/'%&$ 3' 2 ($>*$&3 '6

2% $93$(%2: $%3+3=! ?% $93$(%2: $%3+3= 2&;& 3.$ &$%&'( 2%1 +& 42+3+%8 6'( 3.$

&$%&'( ($&/'%&$!

•  ! .!/*0( &'(" @'7<+%$& 3.$ 3.($$ /($0+'*& 7'1$&!

A% 3.+& 4'(;B 4$ *&$ 2 C5'%3+%*'*&C 7'1$ 6'( 3.$ 0+1$' &$%&'(& 2%1 C<= $0$%3C

7'1$ 6'( 3.$ $%0+('%7$%32: &$%&'(&! )'( +%&32%5$B 6'( 3.$ 5'%3253 &$%&'(& +%&32::$1

'% ;+35.$% 5*/<'2(1&B 2 <+%2(= 1232 D+!$! E% '( EFG +& ($5$+0$1 $0$(= 3+7$ 2

5*/<'2(1 1''( +& '/$%$1 D+!$! 2 5'%3253 &$%&'( +& E%G '( 5:'&$1 D+!$! 2 5'%3253

&$%&'( +& EFG!

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

A% 3.$ %$93 &$53+'%&B 4$ 1$&5(+<$ 7*:3+&$%&'( /('/$(3+$& 2%1 2//('25.$& 6'( &$%&'(

6*&+'%!

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

A% &$:$53+%8 2 &$3 '6 &$%&'(& 6'( 2 7*:3+&$%&'( 2//:+523+'%B 4$ %$$1 3' 32;$ +%3'

255'*%3 %'3 '%:= 3.$ +%1+0+1*2: &$%&'( 5.2(253$(+&3+5& D1+&5*&&$1 +% &$53+'% H!I!J!J

+% 5.2/3$( HG <*3 2:&' 3.$ 7*:3+&$%&'( /('/$(3+$& KL$::'3 $3 2:!B IMMIN! O$ 5:2&&+6=

+3 +% 3.$ 6'::'4+%8 .$21+%8&P

• 10-%*0/,%"(2 #$%&'(& 4.+5. 8+0$ +%6'(723+'% '% 3.$ &27$ $%0+('%7$%3 <*3

6('7 1+F$($%3 /'+%3& '6 0+$4 '( 6('7 1+F$($%3 &*<&$3& '6 3.$ $%0+('%7$%3!



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

•  !"#$%"%&'()*+ 2()'*+' 34&-4 %*1(%4(+ 5(+-(&.( %4( 34*$( ().&+*)6()%

7#% 34&-4 &)8&.&8#9$$/ *)$/ 5(+-(&.( 9 '#7'(% *: %4( ().&+*)6()%;

• ,%'%)!-%&%!./+ 2()'*+' 34&-4 1&.( 89%9 3&%4 -*65$(%($/ 8&<(+()% -49+=

9-%(+&'%&-' 9)8 %/5(';

• 0%1.&1(&'+ 2()'*+' 34&-4 5(+-(&.( %4( '96( ().&+*)6()% *+ 54()*6()*)>

3&%4 $&%%$( 8&<(+()-(' 7(%3(() %4(6;

• 2*&34)!&!./56/*&34)!&!./+ 2()'*+' 34&-4 5+*.&8( 89%9 34&-4 9+(

%(65*+9$$/ -*)-*+89)% *+ )*%;

78("#$%+ 94*/:!$!-:3($ ;%(/.)%"%&'/ <=%$$!' %' ($>? @AA@B ?( -*)'&8(+
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%7('( -*94*)()%' ;'(( A1#+( SEJ3E

W) %7&' %7('&': =( 72.( 8*)( 2 '%+*)1 (X*+% &) (.()% 9*8($&)1E N7( +('#$%

&' HYY 9*8($' =7&-7 &' *#+ Z)*=$(81( 52'( *< (.()%'O



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

•  2 $34%*5&6,+ '&+,* ,',.%4 7*8 +9&-( 9$%&'&%&,4: 95*./ %;,5 <0 .,= >*4%38,?

@94,+ ,',.%4:

• <0 .,= ,.'&8*.5,.%9- ,',.% 5*+,-4:

• A0 .,= 53-%&5*+9- ,',.% 5*+,-4!

B. 5*8, +,%9&-4: =, ;9', 5*+,-,+C

• <0 >8&5&%&', '&+,* 4%9%,4 =;&$; &.$-3+, AD >8&5&%&', >*4%38,?@94,+ 4%9%,4:

• A0 $*5>*4&%, '&+,* 4%9%,4 =;&$; &.$-3+, AD $*5>*4&%, >*4%38,?@94,+ 4%9%,4:

• A0 >8&5&%&', '&+,* ,',.%4 =;&$; &.$-3+, 0 >8&5&%&', >*4%38,?@94,+ ,',.%4:

• AD >8&5&%&', ,.'&8*.5,.%9- 4%9%,4:

• A0 >8&5&%&', ,.'&8*.5,.%9- ,',.%4:

• A0 $*5>*4&%, 53-%&5*+9- ,',.%4!

B. %;, .,E% 4,$%&*.4: =, >8,4,.% F84%-( %;, >8*>*4,+ *.%*-*/( GH.*=-,+/, @94,I

7*8 +9&-( 9$%&'&%&,4! #7%,8 %;9% =, +,4$8&@, %;, >8*>*4,+ ,',.% 5*+,-4 7*8 +9&-(

9$%&'&%&,4 =;&$; &.$-3+,: 9 5,%;*+ %* +,F., ,',.% +389%&*.4: %;, >8*>*4,+ '&+,*

,',.% 5*+,-4 =&%; %;, >*4%38,?@94,+ ,',.% 5*+,-4 G4,, 4,$%&*.  !"!"!AI: %;, >8*?

>*4,+ ,.'&8*.5,.%9- ,',.% 5*+,-4 G4,, 4,$%&*.  !"!"!<I 9.+ %;, >8*>*4,+ 53-%&?

5*+9- ,',.% 5*+,-4 G4,, 4,$%&*.  !"!"!JI!

 !"!# $%&'(')* +', -./(* 01&/2/&/34

B. %;&4 %;,4&4: =, ;9', >8*>*4,+ 9. *.%*-*/( 7*8 +9&-( 9$%&'&%&,4! K;&4 *.%*-*/(

$*.%9&.4 9 4,% *7 >;(4&$9- *@L,$%4 G5*@&-, *@L,$%4 9.+ $*.%,E%39- *@L,$%4I 9.+ 9

4,% *7 4%9%,4 9.+ ,',.%4 G@*+( >*4%38,4 9.+ +9&-( 9$%&'&%&,4I =;&$; =, 98, &.%,8?

,4%&./ %* 8,$*/.&6,!

K9@-,  !A 4;*=4 %;, >8*>*4,+ >;(4&$9- *@L,$%4 7*8 ;*5, 9>>-&$9%&*.4: &.$-3+&./

5*@&-, *@L,$%4 9.+ $*.%,E%39- *@L,$%4!

K9@-,  !< 4;*=4 %;, >8*>*4,+ @*+( >*4%38,4 &.%,8,4%&./ %* 8,$*/.&6,!

K9@-,  !J 9.+ %9@-,  !" 4;*= %;, >8*>*4,+ +9&-( 9$%&'&%&,4 &.%,8,4%&./ %* 8,$*/.&6,!

M;(4&$9- *@L,$%4: @*+( >*4%38,4 9.+ +9&-( 9$%&'&%&,4 4;*=. &. %;, >8,'&*34 %9@-,4

9.+ >8,4,.%,+ &. .*859- 7*.% 98, 9-8,9+( &5>-,5,.%,+ 9.+ 34,+: 9.+ %;*4, >8,?

4,.%,+ &. &%9-&$ 7*.% 98, 34,73- @3% .*% (,% &5>-,5,.%,+!



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

 !"#$% &'() *+,%- +. /+01+2!3% %4%53

 !"#$% &"'%() 2(+'*)3  !"#3 456&+3 6)7 ,+8-56&+

*!+)%,)-.$ &"'%() 9&%-5()3 :&.&)1+**83 ;(7+**83 ;6%5+**83 <)%+6)-(3

4**=&)1 >*)(3 <)%(+&)1 >*)(3 <?&%&)1 >*)(3

<6%&)1 >*)(3 @$((A&)1 >*)( 6)7 ;6%5&)1 >*)(3

B+&71(3 @%*.(3 "&-+*C6.(3 @&)=3 4*#)%(+%*A3

DAA(+ 0&15% 4#AE*6+73 DAA(+ :(F% 4#AE*6+73

:*C(+ 0&15% 4#AE*6+73 :*C(+ :(F% 4#AE*6+73

"&77$( 4#AE*6+73 0&15% G+6C(+3 :(F% G+6C(+3 456&+3

,+8-56&+3 H6E$(3 HI3 4$*'(%3 ;(73

J6'5E*C$3 H*&$(%3 6)7 @5*C(+

678-% &'9) :;<2!/7- +8=%/32 .+$ 0+5!3+$!5" 7/3!4!3!%2 73 ;+0%' :%32 +8=%/3 !2 #2%.#- 8#3 5+3 <%3

!01-%0%53%,
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 !"# $!%&'() "*+,-./0.12

2%3.+&./ # 4,56*. &6 6%3.+&./ 7*5 3% -,36% 8 6,$*.+6

 !"#$%#& '%!( )*+, -. ) ./*,0# %, ,!"#$%#& '%!( "*+, 1. 20* "! 3/",! 4 ,/50#$,

 !"#$%#& '%!( 6"#$ -. ) ./*,0# %, ,!"#$%#& '%!( ("#$ 1. 20* "! 3/",! 4 ,/50#$,

7/#$%#& ) ./*,0# %, 8/#$%#& 09/* "! !(/ '"%,! 20* "! 3/",! 4 ,/50#$,

 !""#$!% ) ./*,0# %, :#//3%#& 20* "! 3/",! ; ,/50#$,

&'()**$!% ) ./*,0# ",,1+/, " ,%!!%#& .0,%!%0# %# '(%5( !(/ 8"33, 02 (%,<(/* 2//!

"*/ %# 50#!"5! '%!( !(/ &*01#$ '(%3/ !(/ (//3 %, 3%2!/$ "#$ %# 530,/

.*0=%+%!> !0 !(/ (%#$?1"*!/*,@ 20* "! 3/",! ; ,/50#$,

 %!!%#& %# " A("%* ) ./*,0# %, ,%!!%#& %# " 5("%* 20* "! 3/",! ; ,/50#$,

 %!!%#& %# "# )*+5("%* ) ./*,0# %, ,%!!%#& %# "# "*+5("%* 20* "! 3/",! ; ,/50#$,

 %!!%#& '%!( B3/=/$ C/&, ) ./*,0# %, ,%!!%#& D'%!( E/=/$ 3/&,F 0# " E00* 0* 0!(/* E"! ,1*2"5/@

%#531$%#& !(/ 5015( 0* 8/$@ 20* "! 3/",! ; ,/50#$,

 %!!%#& '%!( G1!,!*/!5(/$ C/&, ) ./*,0# %, ,%!!%#& D'%!( 01!,!*/!5(/$ 3/&,F 0# " E00* 0* 0!(/* E"! ,1*2"5/@

%#531$%#& !(/ 5015( 0* 8/$@ 20* "! 3/",! ; ,/50#$,

 31+.%#& ) ./*,0# %, ,31+.%#& 0# "*+5("%* 20* "! 3/",! ; ,/50#$,

C>%#& '%!( B3/=/$ C/&, ) ./*,0# %, 3>%#& D'%!( E/=/$ 3/&,F 0# " E00* 0* 0!(/* E"! ,1*2"5/@

%#531$%#& !(/ 5015( 0* 8/$@ 20* "! 3/",! ; ,/50#$,

C>%#& '%!( G1!,!*/!5(/$ C/&, ) ./*,0# %, 3>%#& D'%!( 01!,!*/!5(/$ 3/&,F 0# " E00* 0* 0!(/* E"! ,1*2"5/@

%#531$%#& !(/ 5015( 0* 8/$@ 20* "! 3/",! ; ,/50#$,

+)#,$!% ) ./*,0# %, '"3:%#& #0*+"33> 20* "! 3/",! ; ,/50#$,

 !"#$%#& -. ) ./*,0# !*"#,%!%0#, 2*0+ ,%!!%#&@ ,31+.%#&@ 0* :#//3%#& !0 8/#$%#& "#$<0* ,!"#$%#&

 %!!%#& -. ) ./*,0# !*"#,%!%0#, 2*0+ 3>%#& !0 ,%!!%#&

 %!!%#& H0'# ) ./*,0# !*"#,%!%0#, 2*0+ ,!"#$%#& "#$<0* 8/#$%#& !0 ,%!!%#&

C>%#& H0'# ) ./*,0# !*"#,%!%0#, 2*0+ ,!"#$%#& "#$<0* 8/#$%#& "#$<0* ,%!!%#& !0 3>%#&

-(.!$!%/0$12*$!% ) ./*,0# %, ,!"#$%#& %# .3"5/ 81! *0!"!/, (%, 0* (/* 80$> !0 2"5/ " $%I/*/#! $%*/5!%0#@

!1*#%#& 0* .%90!%#& !>.%5"33> %#9039/, +09/+/#! 02 !(/ 2//! "*01#$ " ,!"!%0#"*> .0%#!

B"%#!%#& ) ./*,0# !*"#,%!%0#, 2*0+ ,!"#$%#& 0* 8/#$%#& !0 ,%!!%#& 0# E00*

B"33%#& H0'# ) ./*,0# !*"#,%!%0#, 2*0+ ,!"#$%#& 0* 8/#$%#& !0 ,%!!%#& 0# E00* "#$ 3>%#& 0# E00*

 !"#$ %&'( )*+, -. "-/0 1-+,23$+& 4-/0 1-+,23$+ 13$+$5,$/ *5 5-36!# .-5, !3$ !#3$!/0 *61#$6$5,$/ !5/ 2+$/7 !5/ "-/0 1-+,23$+ 13$+$5,$/ *5 *,!#*8

.-5, !3$ 2+$.2# "2, 5-, 0$, *61#$6$5,$/
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 !"#$%&

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

2'&)1 3+&41( 2'&)1 %5( 6+&41( (7#&89()% 6*+ :% $(:'% ; '(-*)4'

2'&)1 <%*.( 2'&)1 %5( '%*.( (7#&89()% 6*+ :% $(:'% ; '(-*)4'

2'&)1 "&-+*=:.( 2'&)1 %5( 9&-+*=:.( (7#&89()% 6*+ :% $(:'% ; '(-*)4'

2'&)1 "&44$( >#8?*:+4 2'&)1 %5( 9&44$( -#8?*:+4 (7#&89()% 6*+ :% $(:'% ; '(-*)4'

2'&)1 288(+ 0&15% >#8?*:+4 2'&)1 %5( #88(+ +&15% -#8?*:+4 (7#&89()% 6*+ :% $(:'% ; '(-*)4'

2'&)1 288(+ @(6% >#8?*:+4 2'&)1 %5( #88(+ $(6% -#8?*:+4 (7#&89()% 6*+ :% $(:'% ; '(-*)4'

2'&)1 @*=(+ 0&15% >#8?*:+4 2'&)1 %5( $*=(+ +&15% -#8?*:+4 (7#&89()% 6*+ :% $(:'% ; '(-*)4'

2'&)1 @*=(+ @(6% >#8?*:+4 2'&)1 %5( $*=(+ $(6% -#8?*:+4 (7#&89()% 6*+ :% $(:'% ; '(-*)4'

2'&)1 0&15% A+:=(+ 2'&)1 %5( +&15% 4+:=(+ (7#&89()% 6*+ :% $(:'% ; '(-*)4'

2'&)1 @(6% A+:=(+ 2'&)1 %5( $(6% 4+:=(+ (7#&89()% 6*+ :% $(:'% ; '(-*)4'

 !"#$!%&' (!"$)*$+, B:%5(+&)1 &)1+(4&()%'C #%()'&$ :)4 -**D&)1 %5( ?+(:D6:'%

E+(8:+&)1 @#)-5 B:%5(+&)1 &)1+(4&()%'C #%()'&$ :)4 -**D&)1 %5( 9(:$

 !"#$!%&' -%&&"! B:%5(+&)1 &)1+(4&()%'C #%()'&$ :)4 -**D&)1 %5( 9(:$

F:+9&)1 : "(:$ G:D( : +(:4/H9:4( 9(:$C :)4 =:+9 &%

E+(8:+&)1 >*$4 "(:$ B:%5(+&)1 &)1+(4&()%'C #%()'&$ :)4 8+(8:+&)1 %5( -*$4 9(:$

E+(8:+&)1 I*% "(:$ B:%5(+&)1 &)1+(4&()%'C #%()'&$ :)4 -**D&)1 %5( 9(:$

.$+/%&' 0&'!"1%"&,+ 2'&)1 =:%(+ 6+*9 %5( '&)D %* +&)'( &)1+(4&()%'

?(6*+( 8+(8:+&)1 %5(9 %* ?( -**D(4

F:'5&)1 A&'5(' , 8(+'*) &' #'&)1 '*:8 :)4 =:%(+ %* -$(:) 4&'5('

&) %5( '&)D 6*+ :% $(:'% ; '(-*)4'

G:D&)1 "(:$ , 8(+'*) &' :$+(:4/ 8+(8:+&)1 : 9(:$C '(% #8 : %:?$( :)4

'&%%&)1 *) : -5:&+ 6*+ :% $(:'% JK 9&)#%('L

/*0!%&%

'#"!(!"!%)

.$+/%&' /$&1+ 2! 3$4" , 8(+'*) &' #'&)1 =:%(+ M:)4 '*:8N %* +&)'( 5:)4'

*+ 6:-( 6*+ :% $(:'% ! '(-*)4'

($,/%&' F:'5&)1 5:&+ :)4 ?*4/ =&%5 =:%(+C '*:8C '5:98**C

=5&$( $*-:%(4 &) %5( '5*=(+ *+ ?:%5%#?

 !"#$ %&'( )*+, -. /!*#0 !1,*2*,*$+& 31,*2*,*$+ 45$+$6,$/ *6 6-57!# .-6, !5$ !#5$!/0 *74#$7$6,$/ !6/ 8+$/9 !6/ !1,*2*,*$+ 45$+$6,$/ *6 *,!#*1 .-6, !5$

8+$.8# "8, 6-, 0$, *74#$7$6,$/
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2*&-,%&./ # 3,45*. &5 65&./ %7, %*&-,% 8*4 9% -,95% 1 5,$*.+5

 !"#$%!

&'(")"("!#

:9%$7&./ 2; # 3,45*. &5 5&%%&./ *4 5%9.+&./ &. +&4,$% '&,< 9.+

<9%$7&./ *8 %7, 2; 9% -,95% 1 5,$*.+5

=5&./ 2,-,37*., 29>&./ %7, 37*., 9.+ +&9-&./ 9 .6?@,4 A*4 9.5<,4&./ 9 4&./&./ 37*.,BC

9.+ %7,. 79./&./ 63 %7, 37*., <7,. %7, $9-- &5 D.&57,+

 !"#$%!%& #' ()"!*+,-.!' #.+ 96+&* +,'&$, &5 34*+6$&./ *6%36% <7&-, 9 4,5&+,.% &5 9% 7*?,

/$-.!%& 0-0$,+1''2+(-&-3!%$ # 3,45*. &5 3,465&./ *4 E&33&./ %74*6/7 %7, 39/,5 *8 9

393,4F@**>F?9/9G&., 8*4 9% -,95% 1 5,$*.+5

/$4-5!%&+#6!%2!%& # 3,45*. &5 5&%%&./C 5-6?3&./C *4 -(&./ +*<. A9<9>,B 8*4 9% -,95%

1 5,$*.+5C <7&-, .*% ,./9/&./ &. 9.( *%7,4 9$%&'&%(

75$,*!"!%& # 3,45*. &5 ,./9/&./ &. 394%&$6-94 $94+&*'95$6-94 *4 37(5&$9-

9$%&'&%( 8*4 9. ,H%,.+,+ 3,4&*+ *8 %&?, A9% -,95% IJ ?&.6%,5B!

*!+%,,-

&'(")"("!#

8-2!%& ($.!*-#!'% K4,394&./ %7, 34*3,4 +*59/, *8 9 ?,+&$9%&*. 9.+

%7,. $*.56?&./ %7, ?,+&$9%&*.

94$$0!%& L(&./ *. 9 @,+ *4 $*6$7 A*4 3*55&@-( 5&%%&./ &. 9 $79&4BC $-*5&./ ,(,5C

9.+ 4,?9&.&./ &. %7&5 5%9%, 8*4 1 7*645 *4 -*./,4

:-00!%& M9?, 95 5-,,3&./C @6% %7, 3,45*. &5 95-,,3 6.+,4 1 7*645

;-2!%& <0 #$%&'&%( 8*--*<&./ 5-,,3&./C 3*55&@-( &.$-6+&./ -(&./ &. @,+C

9.+ 5%9.+&./ 63

.(/!%

&'(")"("!#

N.%,4&./ %7, 7*65, O3,.&./ %7, +**4 84*? %7, *6%5&+, 9.+ %7,. ,.%,4&./

L,9'&./ %7, 7*65, O3,.&./ %7, +**4 9.+ %7,. ,H&%&./ %* %7, *6%5&+,

 !"#$ %&'( )*+, -. /!*#0 !1,*2*,*$+ 3,!"#$ %&4 1-5,*56$/7& 81,*2*,*$+ 9:$+$5,$/ *5 5-:;!# .-5, !:$ !#:$!/0 *;9#$;$5,$/ !5/ 6+$/< !5/ !1,*2*,*$+ 9:$+$5,$/

*5 *,!#*1 .-5, !:$ 6+$.6# "6, 5-, 0$, *;9#$;$5,$/



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

 !"!# $%&'(')* +,-./.01* '2 30&,4,&,-5

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

2( +(3(+ %* -*)%(4% 5' 5)/ &)3*+65%&*) %75% -5) 8( #'(9 %* -75+5-%(+&:( %7(

5-%&.&%/ *3 %7( ;(+'*)< &)-$#9&)1 %7( :*)( %75% %7( ;(+'*) &' &)< -*)%(4%#5$ *8=(-%'

%75% %7( ;(+'*) &)%(+5-%' >&%7< 5)9 %7( %&6( *3 %7( 95/ >7() 5) 5-%&.&%/ &' 8(&)1

;(+3*+6(9? @7( '%5%( -75)1( *3 %7( -*)%(4%#5$ *8=(-% &).*$.(9 &) 5) 5-%&.&%/ -5)

8( 9(%(-%(9 %7+*#17 $*>A$(.($ '()'*+ 95%5? 27() %7( .5$#( *3 5 '()'*+ -75)1('<

%7( '%5%( *3 %7( 5''*-&5%(9 -*)%(4%#5$ *8=(-% *3 %75% '()'*+ -75)1(' 5$'*? @7&'

&)9&-5%(' %75% %7( ;(+'*) 75' =#'% &)%(+5-%(9 >&%7 -*)%(4%#5$ *8=(-%' +($5%(9 %*

5) 5-%&.&%/< >7&-7 -5) %7() 8( #'(9 %* &)3(+ %7( 5-%&.&%/ %75% %7( ;(+'*) &' 9*&)1?

@7( &)%(+5-%&*) >&%7 -*)%(4%#5$ *8=(-%' &).*$.(9 &) 5) 5-%&.&%/ 5+( +(-*+9(9

8/ 5''*-&5%(9 '()'*+' >7&-7 '()9 '&1)5$' %* %7( -()%+5$ '/'%(6 3*+ ;+*-(''&)1?

@7( +($5%&*)'7&;' 8(%>(() '()'*+'< -*)%(4%#5$ *8=(-%' 5)9 5-%&.&%&(' -5) 8(

+(;+('()%(9 8/ 5 7&(+5+-7&-5$ )(%>*+B *3 -*)-(;%'?

C) %7( D+'% &)'%5)-( &% &' ;*''&8$( %* +(-*1)&:( %75% 5 ;5+%&-#$5+ 5-%&.&%/

-5) 8( ;(+3*+6(9 *+ 5''*-&5%(9 >&%7 5 -(+%5&) :*)( E(?1? %7( B&%-7() :*)(F &)

%7( 7*6(? ,' *#+ D+'% 5%%(6;% *3 &)%+*9#-&)1 %7( 7&(+5+-7/ >( %7(+(3*+( 1+*#;

5-%&.&%&(' *3 95&$/ $&.&)1 5--*+9&)1 %* %7( ';5%&5$ :*)( %7(/ -5) 8( ;(+3*+6(9 &)?

G5-7 *)%*$*1/ +(;+('()%' 7&(+5+-7&-5$ +($5%&*)'7&;' E(?1? -*)%5-% '()'*+ 5-%&.5%('

3+&91( 9**+ 5)9 3+&91( 9**+ &' *;()F 8(%>(() '()'*+'< +($5%(9 -*)%(4%#5$ *8=(-%'

5)9 +($(.5)% 5-%&.&%&(' >&%7&) 5 :*)( $*-5%&*)?

H) 5 7&(+5+-7&-5$ *)%*$*1/< 3+*6 %7( ;*&)% *3 .&(> *3 1+5;7&-5$ +(;+('()%5%&*)<

5 '()'*+ &' +(;+('()%(9 8/ 5 -&+-#$5+ )*9(? , +(-%5)1#$5+ )*9( +(;+('()%'

+(';(-%&.($/ -*)%(4%#5$ *8=(-%' 5)9 5-%&.&%&(' E&?(? '#8A5-%&.&%/ 5)9 5-%&.&%/F?

, '()'*+ )*9( &' 9&+(-%$/ -*))(-%(9 %* 5 -*)%(4%#5$ *8=(-% )*9( 8/ 5) 5++*>?

I&1#+( J?! '#665+&:(' %7( 1+5;7&-5$ )*%5%&*)' *3 7&(+5+-7&-5$ *)%*$*1/?

K&.() %75% '*6( -*)%(4%#5$ *8=(-%' 5+( +($5%(9 %* '(.(+5$ 5-%&.&%&('< %7(/ -5) 5$'*

8( -*))(-%(9 %* 5 '(% *3 5-%&.&%&(' E'(( D1#+( J?JF?

 !"!#!1 2345/).0

C3 >( -*)'&9(+ %7( '-()5+&* *3 &9()%&3/&)1 %7( %/;( *3 5 6(5$ 5 ;(+'*) &' ;+(;5+&)1

&% &' ;*''&8$( %* 3#+%7(+ (4;5)9 *) %7( -*)-(;% *3 %7( *)%*$*1/ )(%>*+B? C3 3*+

%7( '5B( *3 '&6;$&-&%/ >( +(9#-( %7( ;*''&8$( 5-%&.&%&(' %* ;+(;5+&)1 5 7*% *+ -*$9

6(5$< >( 8(1&) %* -*)'&9(+ 5 '&6;$&D(9 B&%-7() ().&+*)6()% 5)9 5 '(% *3 '()'*+'

>7&-7 >*#$9 8( +(L#&+(9 %* 15%7(+ '#M-&()% &)3*+65%&*) %* ;(+6&% 9&'-+&6&)5%&*)

8(%>(() %7('( %>* 5-%&.&%&('?

N*)%5-% '()'*+' 5+( &)'%5$$(9 *) %7( 3+&91( 9**+ 5)9 %7( B&%-7() -#;8*5+9'< >5%(+

O*> '()'*+' 5+( &)'%5$$(9 *) %7( >5%(+ ;&;('< 5)9 ($(-%+&-5$ '()'*+' 5+( &)'%5$$(9

*) ($(-%+&-5$ *#%$(%'?

,) *)%*$*1/ 7&(+5+-7/ 3*+ %7( 5-%&.&%/ PQ+(;5+( 6(5$P 8(&)1 ;(+3*+6(9 &) %7(

B&%-7() -5) 8( -*)'%+#-%(9 5' '7*>) &) D1#+( J?R?



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

 !"#$% &'() *$+,-!.+/ 012+2!10 13 -!%$+$.-!.+/ 1021/1"4

 !"#$% &'&) 5 "%0%$+/ 1021/1"4 0%261$7 13 5.2!8!2!%9

 !"!" #$% &'()(*%+ ,-%./ 0(+%1* 2(' 34516 78/5-5/5%*

1* ,2%&34%, %5, 6,78*734.$, *8 4-- %5, +,9.,+ ,',.% 3*+,-2: 4.+ %* +,9., %5,

'4-;,2 *8 4-- %5, 8*--*<&./ %57,25*-+2 =&!,! %5, +&>,7,.% %57,25*-+2 &.%7*+;$,+ &.

%5, +,9.&%&*. *8 ,',.% 3*+,-2 &. 2,$%&*.2  !"!"!?:  !"!"!@: 4.+  !"!"!AB: <, 54',

67*6*2,+ 4. ,2%&34%&*. *8 %5, +;74%&*. *8 ,4$5 ,',.%! 15&2 ,2%&34%&*. &2 +*.,



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

 !"#$% &'() *+ ,+-,.,"/ +%-0,$1 ,2 3$%34$!+" 4 5%4. 46-!7!-/

2/ -3$-#$3%&)1 %4( 5(3) 6#+3%&*) .3$#( *7 (3-4 (.()% 2/ #'&)1 %4( $(3.(8*)(8*#%

-+*''8.3$&63%&*) 9:;;<=>? @4&' %(-4)&A#( &).*$.(' 3 '&)1$( *2'(+.3%&*) 3' %4(

.3$&63%&*) 63%3B 3)6 %4( +(53&)&)1 *2'(+.3%&*)' 3' %4( %+3&)&)1 63%3? @4&' &'

+(C(3%(6 '#-4 %43% (3-4 *2'(+.3%&*) &' #'(6 *)-( 3' %4( .3$&63%&*) 63%3?

@* ('%&53%( %4+('4*$6 .3$#(' D( 43.( #'(6 %4( 1+*#)6 %+#%4 7*+ E *2'(+.(6 *$6

C(+'*)' 35*)1 %4( (FC(+&5()%3$ 63%3B D( -3$-#$3%( %4( 5(3) 6#+3%&*) *7 (3-4

3-%&.&%/ 7*+ 3 %+3&)&)1 '(% *7 63%3 9&?(? 3% (3-4 %&5(B D( +(5*.( G C(+'*) 93

%('%&)1 '(%> 3)6 D( #'(6 %4( H +(53&)&)1 3' 3 %+3&)&)1 '(%>? I( -3$-#$3%( %4(

5(3) 6#+3%&*) .3$#(' *7 (3-4 (.()% 2/ #'&)1 %4( 7*$$*D&)1 (A#3%&*)J

µEi,Pk =

∑Pj∈P,Pj 6=Pk DEi,P j

K − 1
, ∀Pk ∈ P 9E?K>

I4(+(J

• µEi,Pk +(C+('()%' %4( 5(3) 6#+3%&*) 7*+ 3 1&.() (.()% Ei 7*+ (3-4 C(+'*)

Pj D&%4*#% %4( C(+'*) PkL

• P = {P1, P2, P3, P4, P9}L

• K − 1 +(C+('()%' %4( )#52(+ *7 %4( %+3&)&)1 '(% 9&?(? K − 1MH &) %4&' -3'(>L

• DEi,P j +(C+('()%' %4( 5(3) 6#+3%&*) 91+*#)6 %+#%4 6#+3%&*)> *7 (3-4 (.()%

Ei 7*+ (3-4 C(+'*) Pj?



 !" #$%&'&%( )*+,-&./ 00

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

DEi,P1 DEi,P2 DEi,P3 DEi,P4 DEi,P9

12&./ 34&+/, 5565567 55655678 55655675 5565569: 5565567;

12&./ <%*', 5565567; 55655677 5565569 55655677 5565567 

<&%%&./ *. = >?=&4 5565"6@@ 5565865@ 55699678 5565 6"9 556 7690

<&%%&./ *. =. #4A$?=&4 55659659 5567965" 5565"65" 55650697 556556@8

 !"#$ %&%' ()*+,- .)+./ 0$!, -+)!.1*,2 *3 4 -!1#5 !6.171.1$2 3*) % *"2$)7$- $#-$)#5 8$)2*,2&

 10$ +,1. 12 //'00'22

 !"#$ % &' 1"/# ,+)/$&*#0 µEi,Pk *2 "/3- "!"#$ Ei 2*) 4 5")0*#0
µEi,P1 µEi,P2 µEi,P3 µEi,P4 µEi,P9

12&./ 34&+/, 565567; 5565567; 55655695 5565567 55655670

12&./ <%*', 5655678 55655670 5565567" 55655670 55655678

<&%%&./ *. = >?=&4 5697699 55697655 556786 8 5569765 5565:6@:

<&%%&./ *. =. #4A$?=&4 5658657 5565@6@7 5565 6@7 5565"6"7 5565869@

 !"#$ %&9' :$!, -+)!.1*,2 µEi,Pk *3 4 -!1#5 !6.171.1$2 Ei 3*) 4 8$)2*,2&  10$ +,1. 12 //'00'22

B=C-,  ! 2DAA=4&E,2 %?, /4*D.+ %4D%? A,=. +D4=%&*.2 *F " +=&-( =$%&'&%&,2 F*4

 *C2,4',+ ,-+,4-( G,42*.2!

B=C-,  !8 2DAA=4&E,2 %?, A,=. +D4=%&*.2 D2&./ %?, -,=',H*.,H*D% A,%?*+ *F "

+=&-( =$%&'&%&,2 F*4  *C2,4',+ ,-+,4-( G,42*.2!

I, ?=', +,J.,+ %?, thresholdi *F ,=$? ,',.% Ei =2 F*--*K&./6

min {µEi,Pk} <= thresholdi <= max {µEi,Pk} L !"M

3*4 ,N=AG-, L=2 2?*K. &. %=C-,  !8M %?, threshold1 *F %?, ,',.% E1 L12&./ 34&+/,M

&26

00 : 00 : 15 <= threshold1 <= 00 : 00 : 20 L ! M

6747478 9&,"*  !"#$ 1*,":0

I, $=-- '&+,* ,',.% ,=$? 2%=%, =.+O*4 ,',.% +,%,$%,+ C( = '&+,* $=A,4=!

I, ?=', +,J.,+ %?, F*--*K&./ F*4A F*4 %?, G4*'&+,+ '&+,* +=%=6

• ;"#0*)<= Id> <&./-, 2,.2*4 &+,.%&J,4 K?&$? &2 %4=.2A&%%&./ %?, +=%=P

• ;"#0*)?:/00 c> Q,G4,2,.%2 %?, $-=22 *F &.F*4A=%&*. G4*'&+,+ C( %?, 2,.2*4

L,!/! '&+,*MP



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

•  !"#$%&$'()*$" x+ 23&' &' %3( $*-4%&*) *5 %3( 63/'&-4$ '()'*+ &) %3( '-()(

+(5(+()%&4$7

• ,*-! t+ 0(6+('()%' %3( 8*8()% 93() %3( :4%4 94' 6+*.&:(: ;<<""==>

??""@@A"@B7

•  !"#$%.$/! m+ C% +(6+('()%' %3( :&D(+()% 8*:(' 4$$*9&)1 %3( '()'*+' %*

6+*.&:( %3(&+ :4%4 ;&A(A E-*)%&)#*#'E 8*:( 5*+ %3( .&:(* -48(+4'B7

• .!(#0%!-!") y+ 23&' &' %3( .4$#( *5 %3( 63/'&-4$ 6+*6(+%/ 4' 8(4'#+(:

F/ %3( '()'*+A 23( 63/'&-4$ 6+*6(+%/ 84/ 34.( 8*+( %34) *)( :&8()'&*)

4): %3&' &' %3( +(4'*) 9( +(6+('()% &% 4' 4 .(-%*+ yA G*+ .&:(* -48(+4'H %3(

.(-%*+ y +(6+('()%' %3( 6*'&%&*) *5 %3( 6(+'*) &) %3( '-()( +(5(+()%&4$7

•  !"#$%1"'!%)(*")2 ∆y+ 23&' &' 4 1()(+&- %(+8 4): &)-$#:(' (++*+' +($4>

%&.($/ %* %3( 8(4'#+(8()% yA

I4-3 6+*.&:(: .&:(* :4%4 &' +(-*+:(: 9&%3 &%' :4%( 4): %&8( *5 *--#++()-(A

23('( :4%4 4+( '%*+(: &) 4) J"K L$( 4): %+4)'8&%%(: .&4 4 64+'(+ %* %3( (.()%

:(%(-%&*) 6+*-(''A

C) %3&' %3('&'H 9( 34.( 8*:($(: M! .&:(* (.()% 8*:($' 93&-3 &)-$#:( NO 6*'%#+(>

F4'(: (.()% 8*:($'A

P( 34.( 8*:($(: QO 6+&8&%&.( .&:(* '%4%(' +($4%(: %* %3( $*-4%&*) *5 %3( 6(+'*)

&) (4-3 R*)( ;(A1A &)'&:( S&%-3()H &)'&:( $&.&)1+**8H *#%'&:( S&%-3()B 4): 3&'T3(+

$*-4%&*) .(+'#' (U#&68()%' &) %3( *F'(+.(: '-()( ;(A1A -$*'( %* %4F$(H 54+ 5+*8

4+8-34&+BA P( 34.( 4$'* 8*:($(: O -*86*'&%( .&:(* '%4%(' +($4%(: %* 4 6(+'*)

'%4/&)1 &) (4-3 R*)( ;(A1A '%4/&)1 &) %3( S&%-3()H '%4/&)1 &) %3( F(:+**8B 4): QV

6+&8&%&.( .&:(* (.()%' +($4%(: %* %&8( '%4/&)1 -$*'( %* (4-3 (U#&68()% &) %3( '-()(A

23&' '(-%&*) '3*9' '(.(+4$ (W486$(' *5 .&:(* (.()% 8*:($' #'&)1 %3( 6+(>

'()%(: (.()% :('-+&6%&*) $4)1#41(A G&1#+( MA '3*9' %3( 8*:($ *5 4 6+&8&%&.(

'%4%( -4$$(: EC)'&:( X&%-3()E (W6+(''&)1 %3( '%4%#' *5 4 6(+'*) F(&)1 &)'&:( 4

R*)( 93&-3 )48( &' S&%-3() A 23&' .&:(* (.()% &).*$.(' %9* 63/'&-4$ *FY(-%' ;4

6(+'*) 6 4): 4 R*)( RBH *)( '64%&4$ -*)'%+4&)%' 4): *)( '/8F*$&-4$ -*)'%+4&)%A

23( '64%&4$ -*)'%+4&)% 4$$*9' %* .(+&5/ 93(%3(+ 6 &' 1(*8(%+&-4$$/ &)'&:( %3(

R*)( R 4): %3( '/8F*$&-4$ -*)'%+4&)% 4$$*9' %* .(+&5/ %3( )48( *5 %3( R*)( R

;&A(A S&%-3()BA 23( *6(+4%*+ E&)E &' 4 6+(:(L)(: '64%&4$ -*)'%+4&)% &).*$.&)1

%9* 63/'&-4$ *FY(-%' 6 4): R %* .(+&5/ 93(%3(+ 6 &' 1(*8(%+&-4$$/ &)'&:( RA 23(

(.4$#4%&*) *5 %3( '64%&4$ -*)'%+4&)% &' F4'(: *) 1(*8(%+&-4$ -4$-#$4%&*)'A

G&1#+( MA! '3*9' 4) (W486$( *5 #'&)1 '64%&4$ 4): %(86*+4$ -*)'%+4&)%' %* 8*:($

4) (.()%A 23( 8*:($(: (.()% EZ(+'*) I)%(+' [(:+**8E (W6+(''(' 4 6+&8&%&.(

(.()% 93(+( 4 6(+'*) 6 &' L+'% $*-4%(: &) $&.&)1+**8 ;93&-3 &' 4) 4:Y4-()% R*)( %*

%3( F(:+**8BH 45%(+ %34% 3(T'3( ()%(+' F(:+**8A 23&' (.()% &' -*86*'(: *5 %3+((

63/'&-4$ *FY(-%' ;6(+'*) 6H R*)(' RQ 4): RNBH N -*86*)()%' ;&A(A L+'% 4 6(+'*)

&' $*-4%(: &)'&:( %3( $&.&)1+**8H 45%(+ %34% 3(T'3( &' $*-4%(: &)'&:( %3( F(:+**8B



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

 !"#$% &'() * $%+$%,%-./.!0- 01 .2% 34-,!5% 6!.72%-3 +$!8!.!9% ,./.% .0 805%: .2% ,./.#, 01 /

+%$,0- + ;%!-" "%08%.$!7/::< !-,!5% / =0-% = >2!72 -/8% !, 6!.72%-

2.+ 3*45 $*.6%52&.%6! 78* 6(9:*-&$2- $*.6%52&.%6 25, 5,-2%,+ %* %;, .29,6 *3 %;,

%8* <*.,6= *., %,9>*52- $*.6%52&.% &6 5,-2%,+ %* %;, %&9, 6%2(&./ &.6&+, 2 :,+5**9

2.+ %;, -26% $*.6%52&.% &6 5,-2%,+ %* 2 6(9:*-&$2- %,9>*52- $*.6%52&.% %* ,?>5,66

%;, 6,@4,.$, *3 $A 2.+ $BC D$A  !"#$! %!!& $BE!

 !"#$% &'?) * 5%,7$!+.!0- 01 / 3@%$,0- A-.%$, B%5$0083 +$!8!.!9% %9%-.'

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

F6&./ %;, >5*>*6,+ GH ;492. >*6%45,6 2-5,2+( +,6$5&:,+ &. 6,$%&*. G!B!B!B &.

$;2>%,5 G= 8, ;2', 9*+,-,+ BI >*6%45,J:26,+ ,',.%6 8;&$; 25, 46,34- %* 5,$*/.&<,

2$%&'&%&,6 *3 &.%,5,6% 2% ;*9,!

K2$; *3 %;, >5*>*6,+ GH ;492. >*6%45,6 >-2(6 2 6&/.&L$2.% 5*-, &. %;,



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

+(-*1)&%&*) *2 %3( %4+1(%(5 4-%&.&%&(' *2 54&$/ $&.&)1 *+ *2 46)*+74$ 4-%&.&%&('8 9*+

(:47;$(< %3( ;*'%#+( ='%4)5&)1 >&%3 34)5' #;= ?'(( @1#+( A8BC &' #'(5 %* 5(%(-%

>3() 4 ;(+'*) &' -4++/&)1 4) *6D(-% '#-3 4' ;$4%('8 E3( ;*'%#+( ='%4)5&)1 >&%3

4+7 #;= ?'(( @1#+( A8F!C &' #'(5 %* 5(%(-% >3() 4 ;(+'*) +(4-3(' 4)5 *;()'

G&%-3() -#;6*4+5 4)5 3&'H3(+ 46&$&%/ %* 5* &%8 E3('( ;+*;*'(5 3#74) ;*'%#+('

4+( )*% 4) (:34#'%&.( $&'% 6#% +(;+('()% %3( G(/ 3#74) ;*'%#+(' %4G&)1 ;4+% &)

(.(+/54/ 4-%&.&%&('8

 !"#$% &'() *!%+ ,-. /0 1!2#,3!4,5!6- 67 , 89,-.2:#;8 ;625#$%

 !"#$% &'<=) *!%+ ,-. /0 1!2#,3!4,5!6- 67 ,- 8,$>:#;8 ;625#$%

I( 34.( 5(@)(5 %>* %/;(' *2 4.4%4+J 4) 4.4%4+ 2*+ %3( 74) 4)5 4) 4.4%4+ 2*+

%3( >*74) ?'(( @1#+( A8FFC8 E3('( 5(@)(5 4.4%4+' 5* )*% %4G( &)%* 4--*#)% %3(

'34;( *2 %3( ;(+'*) ?&8(8 4 '$&7 ;(+'*)< 4 24% ;(+'*)C8 K#% %3(/ %4G( &)%* 4--*#)%

%3( 3(&13% *2 %3( ;(+'*)8

9*+ (4-3 LM 3#74) ;*'%#+( 5&';$4/(5 &) @1#+( L8N &) -34;%(+ L< >( 34.(

4''*-&4%(5 4 )#7(+&- .4$#(8 9*+ (:47;$( >( 34.( 4''*-&4%(5 4 .4$#( =F!O= %* %3(

='%4)5&)1= ;*'%#+( 4)5 4 .4$#( =F!P= %* %3( =6()5&)1= ;*'%#+(8 E3('( .4$#('

4+( &)5(;()5()% *2 %3( %/;( *2 %3( 5(@)(5 4.4%4+8 9*+ (:47;$( 74) 4.4%4+ 4)5



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

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

,-./(0 12334 5*+ 607%06 !&!'!(8

2*3,. 4'4%45 64', %6, 743, '4-8, 9*5 %6, :7%4.+&./: ;*7%85,!

<. $*--4=*54%&*. 2&%6 /,5*.%*-*/&7%7 4.+ /,5&4%5&$7 95*3 %6, >&$, 6*7;&%4-

&. ?54.$,@ 9*5 6*3,$45, 4;;-&$4%&*.7@ 2, 64', 3*+,-,+ 1A ;5&3&%&', ;*7%85,B

=47,+ 7%4%,7 5,-4%,+ %* 6834. ;*7%85,7 C,!/! ;,57*. &7 7%4.+&./@ ;,57*. &7

=,.+&./D@ 4.+ 1A $*3;*7&%, ;*7%85,B=47,+ 7%4%,7 5,-4%,+ %* %6, 6834. ;*7%85,

2&%6 6&7E6,5 -*$4%&*. &. %6, 7$,., C,!/! ;,57*. &7 7%4.+&./ &. %6, F&%$6,.D!

?&/85,  !1G 76*27 %6, 3*+,- *9 %6, :7%4.+&./: ;*7%85, 4.+ H/85,  !1I

76*27 4. ,J43;-, *9 %6, :7%4.+&./: ;*7%85,!

,-./(0 12394 :(-$-'-&0 ;+8'/(0<)!806 8'!'0 (0;(080%'-%. '=0 $+60> +? @8'!%6-%.@ ;+8'/(0

1!  !"#$% &'()*)()+,K L, 64', 3*+,-,+ " %54.7&%&*.7 &. 6834. ;*7%85,7 5,B

-4%,+ %* .*534- 4$%&'&%&,7 87&./ %6, ;5*;*7,+ ;5&3&%&', ;*7%85,B=47,+ 7%4%,7K

7%4.+&./B8;@ 7&%%&./B+*2.@ 7&%%&./B8; 4.+ -(&./B+*2.! :-($./).0123: C7,,

H/85,  !1"D 5,;5,7,.%7 4 %54.7&%&*. 95*3 7-83;&./ 4.+E*5 7&%%&./ %* =,.+&./



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

 !"#$% &'()* +!%, -./ )0 1!2#-3!4-5!6. 67 825-./!."8 9625#$%

2)34*+ '%2)3&)15 6 !""!#$%&'(#6 7'(( 81#+( 9:;<= >+*? '%2)3&)1 2)34*+

@()3&)1 %* '&%%&)15 6 !""!#$%)*6 7'(( 81#+( 9:;A= >+*? $/&)1 %* '&%%&)15

6+,!#$%&'(#6 7'(( 81#+( 9:; = >+*? '%2)3&)1 2)34*+5 @()3&)15 '&%%&)1 *)

%B( C**+5 %* $/&)1 *) %B( C**+:

D&1#+( 9:;9 'B*E' 6'%2)3&)1F#G >+*? %B( 2+?-B2&+6 2-%&.&%/ ?*3($ EB&-B &'

?*3($(3 2' 2 G+&?&%&.( (.()%:

 !"#$% &'(:* ;<-=93% 67 825-./!.">#9 7$6= 5?% -$=@?-!$8 -@5!1!5A'

!: -.#'/01+ -2"!3!"!4 H I$3(+$/ G(+'*)' 2+( %/G&-2$$/ 2% B&1B(+ +&'J *>

>2$$' 2)3 *%B(+ &)K#+&(': I$3(+$/ >2$$&)1 3*E) B2.( 2 B&1B +&'J *> &)K#+&)1

%B(?'($.(': L) '*?( -2'(' %B( +('#$%&)1 &)K#+/ ?2/ &).*$.( @+*J() @*)('

2)3 $*)1 +(-#G(+2%&*) %&?(': ,--&3()%' 2+( %B( 8>%B $(23&)1 -2#'( *> 3(2%B

&) *$3(+ 23#$%'5 E&%B >2$$' -*)'%&%#%&)1 %E* %B&+3' *> %B('( 2--&3()%': ,' E(

21(5 E( (MG(+&()-( -B2)1(' &) .&'&*)5 '()'*+/ G+*-(''('5 2)3 B(2+&)1: N#+

+(2-%&*) %&?( '$*E'5 2)3 E( ?&1B% $*'( *#+ @2$2)-(: ,) ($3(+$/ G(*G$( 12&%

&' *>%() '%&O(+5 $('' -**+3&)2%(35 2)3 ?#'-$( '%+()1%B 2)3 %*)( 3(-$&)( E&%B

21(: P2&% G+*@$(?' 2+( 2 -*??*) -2#'( >*+ >2$$' 2)3 2 -*??*) -2#'( *>

?#'-$( E(2J)('' >*#)3 &) '%+*J(5 Q2+J&)'*)5 >+2-%#+('5 2)3 2+%B+&%&':



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

 !"#$% &'(&) *+,-./!."0#1 2$34 ,5% -$465-!$* 43/%7

 !"#$% &'(8) 9:-417% 32 *;!,,!."0/3<.* -6,!=!,>'

2*3 4-- %5,6, 3,46*.67 &. %5&6 %5,6&6 8, 54', 9*+,-,+ : 4;.*394- 4$%&'&%&,6

*< ,-+,3-( -&'&./ 4-*., &. 5&6=5,3 *8. 5*9,> <4&.%&./ 4.+ <4--&./?+*8.!

@5,6, 4;.*394- 4$%&'&%&,6 $4. &.+&$4%, %5, A3,6,.$, *< 5,4-%5 +&6*3+,36

BA5(6&$4- 4.+=*3 9,.%4-C *< ,-+,3-( 4.+ $4. ,.4;-, %5,&3 ,43-( 466&6%4.$,!

D !"#$"#%D 85&$5 &6 %5, %34.6&%&*. <3*9 6%4.+&./ 4.+=*3 ;,.+&./7 %* 6&%%&./

8&%5 E,F,+ -,/6 4.+ 6&%%&./ 8&%5 *G%6%3,%$5,+ -,/67 4.+ D&!''"#%()*+#D

85&$5 &6 %5, %34.6&%&*. <3*9 6%4.+&./ 4.+=*3 ;,.+&./7 %* 6&%%&./ 8&%5 E,F,+

-,/6 4.+ -(&./ 8&%5 *G%6%3,%$5,+ -,/6!

@5,6, 9*+,-,+ 4;.*394- 6&%G4%&*.6 43, +,%4&-,+ ;,-*8>

•  !"#$"#%, @5&6 4$%&'&%( 546 94.( <*396 B6,, H/G3,  !IJC! K. %5&6

%5,6&6 8, 54', +,H.,+ %8* %(A,6 *< <4&.%&./ 6&%G4%&*.> <4&.%&./ 8&%5*G%



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

 !"#$% &'()* +,-./0% 12 34!55!6"7#/3 -85!9!5:'

 !"#$% &'(;* +,-./0% 12 30:!6"7<1=63 -85!9!5:'
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8*+ 5(7$%5-7+( 7<<$&-7%&*)' J'(( '(-%&*) K3L3M2 '5*G %57% %5&' :(%5*9 -7) ?( #'(9

8*+ %5( (N-&()% +(-*1)&%&*) *8 :#$%&:*97$ (.()%' &) $&:&%(9 -*)9&%&*)' J(313 ()=

.&+*):()%7$ (.()%' 7+( *)$/ -*)'&9(+(9 7' 799&%&*)7$ &)8*+:7%&*) %* -*)H+: %5(

+(-*1)&%&*) *8 -*:<$(F (.()%' ?7'(9 *) .&'#7$ &)8*+:7%&*)23

 ! !"!" #$%&'()*+% ,-./& 0.1)2/'&')/

,8%(+ 7) &)&%&7$ G*+O *) '&:<$( 7-%&.&%/ +(-*1)&%&*) J<+&:&%&.( '%7%(' 7)9 (.()%'2

%* '5*G %5( $7+1( 9&.(+'&%/ *8 (.()%' G5&-5 -7) ?( 799+(''(9B %5( )(F% -57$$()1( &'

%* 57)9$( 7#%*:7%&- +(-*1)&%&*) *8 -*:<$(F 7-%&.&%&(' J&3(3 :#$%&:*97$ (.()%'2 ?/



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

0)12(3(34 '(5$) $'$367 8(6% $3'(*)31$36&+ $'$367 &+*$&59 *$0)43(:$5! ;)1<+$=

&06('(6($7 *$>$*7 6) 6%$ &06('(6($7 5$6$06$5 29 2)6% '(5$) &35 $3'(*)31$36&+

7$37)*7 5?*(34 &3 $=6$35$5 6(1$ <$*()5!

@%$ 3$=6 7$06()3 <*$7$367 &3 &+4)*(6%1 >)* *$&+A6(1$ *$0)43(6()3 )> 0)1<+$= $'$367

6%&6 6)6&++9 )00?**$5 (3 6%$ )27$*'$5 70$3$ 5$<(06$5 29 '(5$)A$3'(*)31$36&+

7$B?$30$7! C$ -*76 7<$0(>9 6%$ 68) %9<)6%$7$7 >)* 6%$ *$0)43(6()3!

•  !"#$%&'(' ) *+##, -(,&# ".#/&''(0+12 &++ 1)2(+$ )2D$067 &*$ 8$++

5$6$06$5 29 '(7()3 &+4)*(6%17!

•  !"#$%&'(' 3 *+##, '&0'#. ".#/&''(0+12 &++ 3)3A'(5$) 5&6& &*$ 8$++

5$6$06$5 29 7$37)* <*)0$77(34 &+4)*(6%17!

@%$7$ %9<)6%$7$7 7)?35 76*)34 &35 3)6 *$&+(76(0! E=<$*(1$36&++9 F7$$ 7$0A

6()3 "!G!HIJ $3'(*)31$36&+ $'$367 &35 '(5$) $'$367 0&3 2$ 1(77$5 F*&*$+9 8*)34I

5?$ 6) 7$41$36&6()3 $**)*7 &35 6) 7$37)* >&(+?*$7! K$7<(6$ 6%$7$ $**)*7J 8$ %&'$

1&3&4$5 6) 4$6 7?00$77>?+ )'$*&++ *$7?+67 &7 7%)83 (3 6%$ 7$06()3 "!G!H!

4545356 78+#.($%9 :#. ;<8$(9#,=8 >-&0$ ?&/#+0($(#0

C$ 5$-3$ '&*(&2+$ V1 &7 & '(5$) $'$36 &35 & 6*(44$* V2 &7 &3 $3'(*)31$36&+ $'$36

8%(0% 0&3 2$ <)6$36(&++9 *$0)43(:$5! @%$*$ &*$ H 69<$7 )> '&*(&2+$7 L 6%$ <*(1(6('$

'(5$) $'$36 F69<$ .IJ 6%$ <*(1(6('$ $3'(*)31$36&+ $'$36 F69<$ MIJ &35 6%$ 0)1<)7A

(6$ $'$367 &+*$&59 *$0)43(:$5 &6 6%$ <*$'()?7 (376&36 F69<$ HI F7$$ 6%$ &+4)*(6%1 HI!

78+#.($%9 6 MultimodalEventRecognitionAlgorithm

@#. $&0% <*(1(6('$ '(5$) 1)5$+ &35 $&0% <*(1(6('$ $3'(*)31$36&+ 1)5$+

;*$&6$ '&*(&2+$7 V1 )>  !"# $ &35 V2 )>  !"# % >)* 6%$ 1?+6(1)5&+ $'$36 1)5$+

@#. $&0% 7)+?6()3 δm )> V1 &35 V2
N55 δm 6) 6%$ +(76 )> *$0)43(:$5 1?+6(1)5&+ $'$367

;*$&6$ & '&*(&2+$ V3 )>  !"# & >)* 6%$ 1?+6(1)5&+ $'$36 1)5$+ N55 &++ '&*(&2+$7

)>  !"# $'%' ()* & )> δm 6) 6%$ +(76 )> *$0)43(:$5 1?+6(1)5&+ $'$367

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

@%$ -*76 76$< 6) $76&2+(7% & 2$%&'()*&+ <*)-+$ )> &3 )27$*'$5 <$*7)3 (7 6)

5$6$*1(3$ %(7O%$* 5&(+9 &06('(6($7! @%(7 2$%&'()*&+ <*)-+$ (7 5$-3$5 &7 & 7$6 )>

6%$ 1)76 >*$B?$36 &35 (36$*$76(34 &06('(6($7 )> &3 )27$*'$5 <$*7)3! @%$ 2&7(0 4)&+

)> 5$6$*1(3(34 & 2$%&'()*&+ <*)-+$ (7 6) 1$&7?*$ '&*(&2+$7 >*)1 <$*7)37 5?*(34

6%$(* 5&(+9 &06('(6($7 (3 )*5$* 6) 0&<6?*$ 5$'(&6()37 )> &06('(69 &35 <)76?*$ 6)

>&0(+(6&6$ 6(1$+9 (36$*'$36()3 )* <*)'(5$ &?6)1&6(0 &+$*6 (3 $1$*4$309 0&7$7!



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

34) +5&6'*)7 ,)($%&( +8 &4) 5)46/'+,6% 9,+:%) 8+, ; )%7),%0 9),(+*( 6,) 7)<

(.,'5)7 '* .469&), = '* ().&'+* =>?>">

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

34) 9,+9+()7 )/)*& ,).+2*'&'+* 6%2+,'&4@ '( 65%) &+ ,).+2*'A) B4'.4 )/)*&( +..$,

'* &4) (.)*) 6& )6.4 '*(&6*&> 34) @6'* 9,+5%)@ +8 &4'( 6%2+,'&4@ '( &46& '& 7+)(

*+& &6C) '*&+ 6..+$*& $*.),&6'*&0 '* ()*(+, @)6($,)@)*&(> D+, )E6@9%)F 8+, 6

9,)(($,) ()*(+,F &4) 9),(+* B4'.4 7,+9( 4'( 562 +* &4) .46',F @60 6.&'/6&) &4)

.46', ()*(+, G()*(+, '*(&6%%)7 $*7), &4) .46',H 6*7 2'/'*2 6 86%() 6%6,@> 34)

86%() 6%6,@ '( 7$) B4)* &4) 9),(+* '( %+.6&)7 .%+() &+ &4) .46', G&4) (6@) .46',

B4),) &4) 9),(+* 46( 7,+9 4'( 562H B'&4 9++, 7)&).&'+* 8+, 6 9),(+* GB'&4 /'7)+

.6@),6H> 3+ ,)7$.) &4'( C'*7 +8 86%() 6%6,@ B) 9,+9+() &+ 46*7%) $*.),&6'*&0 '*

()*(+, @)6($,)@)*&( 50 $('*2 I)@9(&),<J468), &4)+,0>

 !* +,)-.$)/ 0)&123,$)34 $) 51)%(2 61,%'2171)3%

-7/6*.)( '* &).4*+%+20 46/) 9,+/'7)7 &4) 65'%'&0 &+ )K$'9 &4) 4+@) )*/',+*@)*&

B'&4 6 %6,2) *$@5), +8 7'L),)*& ()*(+,( %'C) &4) +*)( 7)(.,'5)7 '* &4) 9,)/'+$(

().&'+*> 34)() ()*(+,( @60 9,+/'7) '*8+,@6&'+* 65+$& 4$@6* 6.&'/'&')(> 34)

@6'* 9,+5%)@ '( &46& 76&6 +5&6'*)7 8,+@ ()*(+,( 46/) 7'L),)*& 7)2,))( +8

$*.),&6'*&0 M16*26*6&46* )& 6%>F "!!NO> 34'( $*.),&6'*&0 @60 6,'() 8+, 6 *$@5),

+8 ,)6(+*(F 6( 7)(.,'5)7 '* ().&'+* N>P> > 34) K$)(&'+* B4'.4 '( &+ 5) 6(C)7

'( '8 6 ()*(+, 9,+/'7)( 6 /6%$) +8 Q+*Q +, Q+LQ 4+B ($,) .6* B) 5) 65+$& &4'(

@)6($,)@)*& 6*7 4+B .6* B) 6..+@@+76&) 8+, 6*0 $*.),&6'*&0 &46& @60 )E'(&>

R60)('6* @)&4+7( 6*7 S/'7)*.) 34)+,0 +8 B4'.4 &4) I)@9(&),<J468), GIJH

&4)+,0 +8 )/'7)*.) GIJ &4)+,0H '( 6 @6T+, .+*(&'&$)*& 6,) .+@@+*%0 $()7 &+

46*7%) $*.),&6'*&0>

U* &4'( ().&'+*F B) 9,+9+() 6* )/'7)*&'6% 699,+6.4 &+ ,)6(+*'*2 $*7), $*<

.),&6'*&0 '* &4) ()*(+, @)6($,)@)*&(> 34) 9,+9+()7 699,+6.4 '( 56()7 +* &4)

$() +8 I)@9(&),<J468), &4)+,0 &4,+$24 &4) 8$('+* +8 .+*&)E&$6% '*8+,@6&'+*

'*8),,)7 8,+@ $*.),&6'* ()*(+, 76&6>

-( 7)(.,'5)7 '* ().&'+* ">P>?> '* .469&), "F I)@9(&),<J468), GIJH &4)+,0 +8

)/'7)*.) +,'2'*6&)7 8,+@ I)@9(&), B+,C MI)@9(&),F  ;=VO 6*7 8$,&4), )E&)*7)7

50 J468), MJ468),F  ;W=OF '( 6 2)*),6%'A6&'+* +8 &,67'&'+*6% 9,+565'%'&0 B4'.4

6%%+B( $( &+ 5)&&), K$6*&'80 $*.),&6'*&0>

U* 9%$( &+ &4) 56('. .+*.)9&( +8 I)@9(&),<J468), &4)+,0 6%,)670 7)(.,'5)7 '*

().&'+* ">P>?> F &4) 8+%%+B'*2 )/'7)*&'6% +9),6&'+*( 6,) '*/+%/)7 B4)* '*8),,'*2

6.&'/'&')( 6%+*2 )/'7)*&'6% *)&B+,C(X

•  !"#$%#"#&' (#)*+,-&#-.X J+@) ()*(+,( 6,) @+,) /$%*),65%) &+ @'(,)67<

'*2 +, @6%8$*.&'+*'*2 7$) &+ &4)', &09) 6*7 %+.6&'+* 6*7 B4),) &4)0 6,)



 !" #$%&'(%) *%+,-.$(%./ (% 0,%12- 3,$14-,5,%.1 678

(%1.$'',&! 9:, (5;$+. 2< ,=(&,%+, (1 &(1+24%.,& .2 -,>,+. .:, 1,%12-?1 +-,&(@

A('(./B (% .,-51 2< &(1+24%. -$., - C0 ≤ r ≤ 1D! 9:, &(1+24%.,& 5$11 <4%+.(2%

<2- ,$+: A ⊂ Θ (1 &,E%,& $1 <2''2F1G

mr(A) = (1− r)m(A) C !HD

I:,-,G

@ -J7K .:, 124-+, (1 $A12'4.,'/ -,'($A',B

@ 7L-L6K .:, 124-+, (1 -,'($A', F(.: $ &(1+24%. -$., -B

@ -J6K .:, 124-+, (1 +25;',.,'/ 4%-,'($A',!

•  !"#$%&"!'( )&**$+,G M,5;1.,- 41,& $ 54'.(=$'4,& 5$;;(%) .2 -,>,+.

.:, -,'$.(2%1:(; A,.F,,% .F2 <-$5,1 2< &(1+,-%5,%. A2.: -,;-,1,%.(%) ,=(@

&,%+, .2 .:, 1$5, ;-2A',5 A4. <-25 &(N,-,%. =(,F1!

O2- .F2 <-$5,1 2< &(1+,-%5,%. ΘE $%& ΘH B $ 54'.(=$'4,& 5$;;(%) Γ &,@

1+-(A,1 $ 5$;;(%) <4%+.(2% Γ : ΘE ← 2ΘH
B $11()%(%) .2 ,$+: ,',5,%. ei 2<

ΘE $ 14A1,. Γei 2< ΘH !

• -.&+/"&#$0+G 9:, ,=(&,%.($' 2;,-$.(2% +$'',& .-$%1'$.(2% +$% A, 41,& .2

&,.,-5(%, .:, (5;$+. 2< ,=(&,%+, 2-()(%$''/ $;;,$-(%) 2% $ <-$5, 2< &(1+,-%@

5,%. 4;2% ,',5,%.1 2< $ +25;$.(A'/ -,'$.,& <-$5, 2< &(1+,-%5,%.! 04;;21,

.:, <-$5, 2< &(1+,-%5,%. ΘE +$--(,1 $ 5$11 <4%+.(2% mB .:, .-$%1'$.,& 5$11

<4%+.(2% 2=,- .:, +25;$.(A'/ -,'$.,& <-$5, 2< &(1+,-%5,%. ΘH (1G

m
′

(Hj) =
∑

Γei=Hj

m(ei) C !PD

I:,-,G

@ ei ∈ ΘE , Hj ⊆ ΘH B $%& Γ : ΘE ← 2ΘH
(1 $ 54'.(=$'4,& 5$;;(%)!

 !"!# $%%&'()* +,-%./,012345,0 63,70' 75 89(:,);, 570 <=.()*

2,).70.

Q% .:(1 .:,1(1 F, 41,& ,%=(-2%5,%.$' 1,%12-1 F:(+: ;-2=(&, .F2 A(%$-/ =$'4,1

RS%R (< .:, 1,%12- (1 $+.(=$.,& $%& RSNR (< .:, 1,%12- (1 %2. $+.(=$.,&!

9:, +:$'',%),1 ;21,& F(.: .:, 41, 2< A(%$-/ 1,%12- .,+:%2'2)/ $%& .:, &,@

.,-5(%$.(2% (< $ 1,%12- ;-2=(&,1 $ =$'4, 2< RS%R 2- RSNR $-, :4),! T/

$;;'/(%) M,5;1.,-@0:$<,- CM0D .:,2-/ 2< ,=(&,%+, <2- .:, -,;-,1,%.$.(2% $%&

5$%$),5,%. 2< 1,%12- 4%+,-.$(%./ F('' ;-2=(&, $ ;211(A', 12'4.(2% .2 .:(1 ;-2A',5!

9:, M,5;1.,-@0:$<,- 9:,2-/ ;-2=(&,1 $ 5,$%1 .2 %45,-(+$''/ -,;-,1,%.

24- A,'(,< 2% .:, =$'4, 1,. 2< $ =$-($A', (% .:, <2-5 2< $ 5$11 <4%+.(2%!

9:, ,U:$41.(=, 1,. 2< 54.4$''/ ,U+'41(=, =$'4,1 .:$. $ =$-($A', +$% :2'& (1

-,;-,1,%.,& A/ .:, <-$5, 2< &(1+,-%5,%. CΘD! O2- (%1.$%+,B $% ,%=(-2%5,%.$'

1,%12- &,%2.,& S +$% A, (% .F2 1.$.,1 RS%R $%& RSNR! Q< F, 41, R6R .2 -,;-,1,%.

RS%R $%& R7R .2 -,;-,1,%. RSNR! 9:,% Θ = {1, 0} (1 $ <-$5, 2< &(1+,-%5,%. <2-



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

&3) /4,'45%) S6

- 74(( /4%$) .4* 5) .+77'&&)8 &+ )'&3), 4 ($5()& +9 Θ6 :3'( ;,+;),&0

74<)( => &3)+,0 7+,) )?;,)(('/) &34* ;,+545'%'&0 &3)+,06 @3)* 4 74(( /4%$) '(

.+77'&&)8 &+ 4 ($5()& &34& 34( 7+,) &34* +*) )%)7)*&A '& '( )?;%'.'&%0 (&4&'*2

&34& &3),) '( *+& )*+$23 '*9+,74&'+* &+ 8'(&,'5$&) &3'( 5)%')9 7+,) ;,).'()%0 &+

)4.3 '*8'/'8$4% )%)7)*& '* &3) ($5()&6 B* ;4,&'.$%4,A &3) &+&4% 5)%')9 '( 4(('2*)8

&+ &3) C3+%) 9,47) +9 8'(.),*7)*&A m(Θ) = 1A C3)* &3),) '( *+ )/'8)*.) 45+$&

Θ 4& 4%%6 B* .+*&,4(&A ;,+545'%'&0 &3)+,0 %4.<( &3'( 45'%'&0 50 8'/'8'*2 &3) &+&4%

5)%')9 )D$4%%0 47+*2 )%)7)*&( +9 Θ6 B9 m(A) > 0A &3) ($5()& - +9 Θ '( .4%%)8 4

9+.4% )%)7)*& +9 &3) 5)%')9 8'(&,'5$&'+*6

:3) 74'* 8'E),)*.) 5)&C))* &3)() 8)F*'&'+*( 4*8 .+*/)*&'+*4% ;,+545'%'&0

'( &34& 4 74(( /4%$) .4* 5) .+77'&&)8 &+ )'&3), 4 ($5()& +9 Θ6 #4(( 9$*.&'+*(

.4* 5) $()8 &+ 8)F*) &3) %+C), 4*8 $;;), 5+$*8( +9 &3) ;,+545'%'&06 :3) %+C),

5+$*8 .4%%)8 &3) 5)%')9 GBelH ,);,)()*&( &3) 8)2,)) +9 5)%')9 '* ($;;+,&'*2 -6 :3)

$;;), 5+$*8 .4%%)8 &3) ;%4$('5'%'&0 GPlsH 8)(.,'5)( &3) 8)2,)) +9 5)%')9 +* 94'%'*2

&+ ,)9$&) -6

 !"#$%&'$!% ()*+I J*) +9 &3) 74'* 48/4*&42)( +9 K/'8)*.) :3)+,0 '(

&34& =)7;(&),( ,$%) +9 .+75'*4&'+* 4%%+C( $( &+ 4..$7$%4&) )/'8)*.) 9,+7

8'(&'*.& (+$,.)(6 B* &3) .4() +9 '7;),9).& 84&4 G$*.),&4'*A '7;,).'() 4*8

'*.+7;%)&)HA 9$('+* '( 4* '*&),)(&'*2 (+%$&'+* &+ +5&4'* 7+,) ,)%)/4*& '*9+,74&'+*6

K/'8)*.) &3)+,0 +E),( 4;;,+;,'4&) 422,)24&'+* &++%(6 L,+7 &3) 54('. 5)%')9

4(('2*7)*& 8)*+&)8 mi +5&4'*)8 9+, )4.3 '*9+,74&'+* (+$,.)A '& '( ;+(('5%) &+ $()

4 .+75'*4&'+* ,$%) '* +,8), &+ ;,+/'8) .+75'*)8 74(()( +9 &3) 8'E),)*& (+$,.)(6

M)& m1 4*8 m2 5) &C+ 74(( 9$*.&'+*( +* Θ6 - *)C 74(( 9$*.&'+* m &3)* '(

9+,7)8 50 .+75'*'*2 m1 4*8 m2 4(I

m(C) = (m1 ⊕m2)(C) =

∑

A
⋂

B=C 6=φ m1(A)m2(B)

1−
∑

A
⋂

B=φ m1(A)m2(B)
GN6OH

@'&3 A, B,C ∈ Θ6

B* &3) )D$4&'+* N6OA &3) *$7),4&+, ,);,)()*&( &3) 4..$7$%4&)8 )/'8)*.) 9+,

&3) ()&( - 4*8 PA C3'.3 ($;;+,&( &3) 30;+&3)('( QA 4*8 &3) 8)*+7'*4&+, ($7

D$4*&'F)( &3) 47+$*& +9 .+*R'.& 5)&C))* &3) &C+ ()&(6

,&-$"$.&'$!%I ST,);4,'*2 Q+%8 #)4%S 4*8 ST,);4,'*2 U+& #)4%S 4,) &C+

4%&),*4&'/) ($5V4.&'/'&')( +9 ST,);4,'*2 #)4%S 4.&'/'&06

@) 8)F*) &3) 74?'7'W4&'+* +;),4&'+* &+ .4%.$%4&) &3) 422,)24&)8 5)%')9

/4%$)( +* 4* 4.&'/'&0 .+*&,'5$&)8 9,+7 '&( 4%&),*4&'/) ($5V4.&'/'&')(6

Bel(C) = max(Bel(A), Bel(B)), andP ls(C) = max(Pls(A), P ls(B))

@3),) Q '( &3) .+7;+('&) +9 4%&),*4&'/)( - 4*8 P6
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 !"!# $%&'()*&+, -(*./01 2/0 34*&%&*5 6(4/7)&*&/)

0,%12-18 2%+, $+.(9$.,&8 :-,1,%. +2%.,;.4$' ,9(&,%+, 14+< $1 =<(+< -225 .<, :,->

12% (1 (%8 =<(+< 2?@,+.1 .<, :,-12% (1 (%.,-$+.(%) =(.< $%& =<,.<,- 2- %2. $ :,-12%

(1 529(%) $-24%& .<, <25,! A'' 2B .<(1 (%B2-5$.(2% :-29(&,1 9$'4$?', ,9(&,%+,

=<(+< (% .4-% +$% ?, +2%1(&,-,& (%&(+$.(9, $1 .2 =<$. $+.(9(.(,1 .<, :,-12% (1

:,-B2-5(%)!

C$1,& 2% .<, :-2:21,& +2%+,:. 2B 2%.2'2)/ %,.=2-D1 2B $+.(9(./ $1 :-,1,%.,& (%

.<, :-,9(241 1,+.(2%8 =, :-2:21, ,9(&,%.($' %,.=2-D1 2B $+.(9(./ (%B,-,%+,! E2=,-

',9,' $+.(9(.(,1 +$% ?, +2%1(&,-,& $1 ,9(&,%+, 2B <()<,- ',9,' $+.(9(.(,1 =<,-, .<,

'2=,1. ',9,' $+.(9(.(,1 $-, (%B,--,& B-25 1,%1,& +2%.,;.1! F, :-2:21, .=2 ./:,1 2B

,9(&,%.($' %,.=2-D1G  !"#$#"% ./:, $%& &'(&)* ./:,!

• A% $+.(9(./ %,.=2-D +2%.$(%1 2%'/ $+.(9(.(,1 (% $ .-,, <(,-$-+</! A% $+.(9(./

+$% ?, +25:21,& ?/ 2%, 2- 1,9,-$' 14?>$+.(9(.(,1! A% $+.(9(./ 5$/ $'12 ?,

$ 14?>$+.(9(./ .2 $%2.<,- $+.(9(./!

H<,-, $-, .=2 ./:,1 2B +2%%,+.(2%1 ?,.=,,% $% $+.(9(./ $%& (.1 14?>

$+.(9(.(,1!

+ I2- .<, J-1. ./:, 2B +2%%,+.(2%8 .<, $+.(9(./ (1 1$(& .2 ?, +$--(,& 24.

2%'/ =<,% $%/ 2B (.1 14?>$+.(9(.(,1 <$9, ?,,% :,-B2-5,& K(!,! $% $+>

.(9(./ i (1 :,-B2-5,& =<,% <(1 14?>$+.(9(./ i1 )* <(1 14?>$+.(9(./ i2 (1

:,-B2-5,&L! 04+< $ %,.=2-D (1 &-$=% $1 $ .-,, (% =<(+< .<, +2%%,+.(2%1

?,.=,,% $% $+.(9(./ $%& (.1 14?>$+.(9(.(,1 $-, -,:-,1,%.,& ?/ '(%,1 +25>

(%) B-25 .<, 14?>$+.(9(.(,1 =<(+< .<,% 5,-), (%.2 $ 1(%)', '(%, ,%&,& ?/

$ .-($%)',! I2- ,;$5:',8 .<, %,.=2-D 1<2=% (% J)4-,  !M">$ (%&(+$.,1

.<$. :-,:$-(%) 5,$' K$+.(9(./L +$% ?, ,(.<,- .<, :-,:$-(%) +2'& 5,$'

14?>$+.(9(./ )* .<, :-,:$-(%) <2. 5,$' 14?>$+.(9(./!

 !"#$% &'()* +,-./0%1 23 %4!5%67!-0 6%782$91 23 -:7!4!7; 7;/%' <=>% "$-/>!:-0 627-7!261 -$%

1#..-$!?%5 !6 @"#$% &'AB

+ N% .<, 1,+2%& ./:, 2B +2%%,+.(2%8 .<, $+.(9(./ (1 2%'/ +2%1(&,-,& +25>

:',., =<,% $'' <(1 14?>$+.(9(.(,1 <$9, ?,,% :,-B2-5,& K(!,! $% $+.(9(./



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

i '( 3),4+,5)6 78)* 8'( ($9:;.&'/'&0 i1  !" 8'( ($9:;.&'/'&0 i2 7),)

3),4+,5)6<= >8'( &03) +4 .+**).&'+* '( 6,;7* 90 %'*)( 4,+5 &8) ($9:

;.&'/'&')( 78'.8 ;%% 5),2) '*&+ ; ('*2%) %'*) )*6)6 90 ; (?$;,)=

• - ()*(+, *)&7+,@ '( ;%(+ ,)3,)()*&)6 ;( ; &,)) 8'),;,.80 '* 78'.8 ()*(+,( ;,)

,)3,)()*&)6 90 .',.%) *+6)(A .+*&)B&$;% +9C).&( ;*6 ;.&'/'&')( ;,) ,)3,)()*&)6

90 ,).&;*2$%;, *+6)(= D'&8 6'E),)*& '*/+%/)5)*&( +4 .+*&)B&$;% +9C).&( '*

3),4+,5'*2 ; 2'/)* ;.&'/'&0 '& '( 3+(('9%) &+ 6'/'6) &8)5 '*&+ &7+ 2,+$3(F

*).)((;,0 ;*6 ;..)((+,0 .+*&)B&$;% +9C).&(= G).)((;,0 .+*&)B&$;% +9C).&(

;,) &8) .+53$%(+,0 .+*&)B&$;% +9C).&( 78'.8 5$(& 9) '*&),;.&)6 7'&8 78)*

3),4+,5'*2 ; .),&;'* ;.&'/'&0= -..)((+,0 .+*&)B&$;% +9C).&( .;* 9) .+*('6:

),)6 ;( +3&'+*;% ;*6 5;0 +, 5;0 *+& 9) '*/+%/)6 '* &8) 3),4+,5;*.) +4 ;

(3).'H. ;.&'/'&0=

>8) .+**).&'+*( 9)&7))* &8) *).)((;,0 .+*&)B&$;% +9C).&( 7'&8 &8) ;.&'/:

'&0 ;,) 3,)()*&)6 90 %'*)( .+5'*2 4,+5 &8) .+*&)B&$;% +9C).&( 78'.8 &8)*

5),2) '*&+ ; ('*2%) %'*) )*6)6 90 ; (?$;,)= >8) .+**).&'+*( 9)&7))* ;.:

.)((+,0 .+*&)B&$;% +9C).&( ;*6 &8) ;.&'/'&0 ;,) ,)3,)()*&)6 90 %'*)( .+5'*2

4,+5 &8) .+*&)B&$;% +9C).&( 78'.8 &8)* 5),2) '*&+ ; ('*2%) %'*) )*6)6 90 ;

&,';*2%)=

I'2$,) J=KL 6'(3%;0( &7+ )B;53%)( +4 ()*(+, *)&7+,@ &03)F M,)3;,) .+%6 5);%

;*6 M,)3;,) 8+& 5);%= N& '( $3+* &8) ;9'%'&0 &+ 4+,5;%'() &8) ,)3,)()*&;:

&'+* +4 +*&+%+20 *)&7+,@( &8;& 7) .;* *+7 3,+.))6 ;*6 5;*;2) $*.),&;'*&0

7'&8'* ()*()6 .+*&)B&(=

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

O;()6 +* &8) ('53%'H)6 +*&+%+20 )B;53%) ;( 3,)/'+$(%0 '*&,+6$.)6 '* ().:

&'+* J=P=KA 7) 6,;7 ; (.)*;,'+ 78'.8 7'%% 9) $()6 &8,+$28+$& &8'( ().&'+* &+ 8)%3

'%%$(&,;&) &8) Q)53(&),:R8;4), .+*.)3&( ;*6 )/'6)*&';% +3),;&'+*(=

# $% $&'"() >8),) ;,) 5;*0 ;.&'/'&')( &8;& .;* 9) 3),4+,5)6 '* &8) @'&.8)*A

($.8 ;( SM,)3;,) 5);%S TSM,)3;,) U+%6 #);%S +, SM,)3;,) V+& #);%S<= O;()6

+* &8) ('53%'H)6 +*&+%+20 +4 ;.&'/'&')( '* &8) @'&.8)* ;( (8+7* '* I'2$,) J="A 7)

.;* 6),'/) &8) )/'6)*&';% *)&7+,@( 4+, SM,)3;,) #);%SA SM,)3;,) U+%6 #);%SA

;*6 SM,)3;,) V+& #);%SA ;( (8+7* '* I'2$,)( J=KWT;<A J=KLT;< ;*6 J=KLT9<

,)(3).&'/)%0= N*4),)*.) &8,+$28 &8) )/'6)*&';% *)&7+,@( .;* &8)* H*6 +$& 78;&

;.&'/'&0 '( 5+(& %'@)%0 &+ 8;/) 9))* 3),4+,5)6 '* &8) @'&.8)*=

X9(),/;&'+*( +..$, ;& &8) ()*(+, *+6)( ;( (8+7* '* I'2$,) J=KL= I+, )B:

;53%)A '* SM,)3;,) U+%6 #);%S ;.&'/'&0 &8) ()*(+,( (I,'6A (U$39A (D;&, ;*6

(Y'6)+ 7),) H,)6 ;*6 7),) ;.&'/;&)6 T()) H2$,) J=KLT;<<A &8) +&8), ()*(+,( 7),)

*+& ;.&'/;&)6 T'=)= (#'., ;*6 (R&+/<= >8) ;.&'/'&0 SM,)3;,) U+%6 #);%S '*

I'2$,) J=KLA &8) ;.&'/'&0 SM,)3;,) V+& #);%S '* I'2$,) J=KLT9< ;*6 &8) ;.&'/'&0

SM,)3;,) 5);%S '* I'2$,) J=KW ;,) &8) 803+&8)()( &+ 9) 6)6$.)6=
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 !"#$% &'()* +,-./0%1 23 %4!5%67!-0 6%782$91 23 1%612$ 7:/%; <-= >$%/-$% ?205 @%-0A <B= >$%/-$%

C27 @%-0' D%612$ -BB$%4!-7!261* D $!5* 3$!5"% 1%612$A D?#/B* E#/B2-$5 1%612$A DD724* 1724%

1%612$A D@!E$* .!E$28-4% 1%612$A DF-7$* 8-7%$ 1%612$A DG!5%2* 4!5%2 1%612$' <HI% "$-/I!E-0

627-7!261 -$% 1#..-$!J%5 !6 K"#$% &'L=

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

9%:,--(%) $+.(;(.(,1 1.$-.1 :-25 -,<-,1,%.(%) .=, ,;(&,%.($' %,.>2-?1 (% ,;(&,%.($'

:2-51! @$+= %2&, (1 -,<-,1,%.,& A/ .=, :-$5, 2: &(1+,-%5,%.! B2- .=, +$1,



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

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

34,'5 3)*(+, {SFrid,¬SFrid}

4,'5 6+*&)7& 8'9)9 ):$';<)*&= {Frid,¬Frid}

>,);?,) 6+%5 #)?% -.&'/'&0 {PrepareColdMeal,¬PrepareColdMeal}

 !"#$ %&'( )*!+,#$- ./ /0!+$- ./ 12-3$04+$45

(&$50@ &?A%) B9C (D+E( ?* )7?<;%) +F &D) F,?<) +F 5'(.),*<)*& F+, )?.D &0;) +F

*+5)9 3)*(+, *+5)( .?* D?/) &E+ /?%$)(G ?.&'/) ?*5 '*?.&'/)@ D)*.) &D) F,?<) +F

5'(.),*<)*& F+, ? ()*(+, '( .+<;,'()5 +F &E+ )%)<)*&(9 H?.D ?,. '* ?* )/'5)*&'?%

*)&E+,I ,);,)()*&( &D) ,)%?&'+*(D'; A)&E))* +*) *+5) &+ ?*+&D),@ ED'.D .?* A)

,);,)()*&)5 A0 ? <$%&'/?%$)5 <?;;'*2 +, ?* )/'5)*&'?% <?;;'*29

J* &D) )/'5)*&'?% *)&E+,I( +F &D) .?() (&$50@ ?%% ,)%?&'+*(D';( A)&E))* ?

()*(+, ?*5 '&( ?((+.'?&)5 .+*&)7&$?% +AK).& *+5)@ ?*5 ?* ?.&'/'&0 ?*5 '&(

($AL?.&'/'&0 ?,) .+<;?&'A%)9 M'/)* &D'( .+<;?&'A'%'&0 &D)0 ?,) ,);,)()*&)5 A0

<$%&'/?%$)5 <?;;'*2(9 N?A%) B9" (D+E( )7?<;%)( +F <$%&'/?%$)5 <?;;'*2(9

 !"! #$%&'&%( )*+,-,*$, .* /'&0,*%&12 3,%4.-5

-.&'/'&0 '*F),)*.) (&?,&( E'&D &D) )/'5)*&'?% *)&E+,I( +F ()*(+,(@ F+%%+E)5 A0

,)?(+*'*2 +* ?.&'/'&')( *)&E+,I(9

J* ? ()*(+, *)&E+,I@ )/'5)*.) ?;;)?,( +* ? ()*(+, *+5) ?((+.'?&)5 E'&D ? .+*&)7L

&$?% +AK).&@ ED'.D .?* A) ($<<)5 $; +*&+ ? .+<;+('&) .+*&)7&$?% +AK).& *+5)

A0 ?* ):$?%%0 E)'2D&)5 ($< +;),?&'+* &D?& '( &D)* &,?*(%?&)5 &+ &D) ,)%)/?*& ?.L

&'/'&0 *+5)@ +, ;,+;?2?&)5 &+ ? .+**).&)5 ?.&'/'&0 *+5) A0 ?* )/'5)*&'?% <?;;'*29

O* ?* ?.&'/'&0 *+5)@ ()/),?% A)%')F 5'(&,'A$&'+*( .?* A) .+<A'*)5 A0 P)<;(&),Q(

.+<A'*?&'+* ,$%)9

J* &D) )7?<;%) (D+E'*2 R>,);?,) 6+%5 #)?%R@ S,(&%0@ )/'5)*.) +* ()*(+, *+5)(

?,) ,);,)()*&)5 A0 <?(( F$*.&'+*( ?( F+%%+E(G

mSFrid({SFrid}) = 1; 8B9T=

mSCupb({SCupb}) = 1; 8B9 !=

mSWatr({SWatr}) = 1; 8B9  =

mSV ideo({SV ideo}) = 1; 8B9 U=

mSStov({¬SStov}) = 1; 8B9 V=

mSMicro({¬SMicro}) = 1; 8B9 W=

J* &D) )7?<;%) (D+E'*2 R>,);?,) X+& #)?%R@ S,(&%0@ )/'5)*.) +* ()*(+, *+5)(
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 !"#$%&'()%* +,"$%-#",!. /#**%'0(

SFrid → Frid {SFrid} → {Frid}9

{¬SFrid} → {¬Frid}9

SCupb → Cupb {SCupb} → {Cupb}9

{¬SCupb} → {¬Cupb}9

SWatr →Watr {SWatr} → {Watr}9

{¬SWatr} → {¬Watr}9

(SFrid, SCupb, SWatr)→ (Frid, Cupb,Watr) {(SFrid, SCupb, SWatr)} →
{(Frid, Cupb,Watr)}9

{¬(SFrid, SCupb, SWatr)} →
{¬(Frid, Cupb,Watr)}9

(Frid, Cupb,Watr)→ PrepareColdMeal {(Frid, Cupb,Watr)} →
{PrepareColdMeal}9

{¬(Frid, Cupb,Watr)} →
{¬PrepareColdMeal}9

PrepareColdMeal → PrepareMeal {PrepareColdMeal} →
{PrepareMeal}9

 !"#$ %&'( )*!+,#$- ./ +0#123!#0$4 +!,,256-7 89:24( :$,:$-$51- ! /:246$ -$5-.: ;! <.51!<1

-$5-.: !--.<2!1$4 1. 1=$ <.51$*10!# .">$<1 ?9:246$?@A 8B0,"( :$,:$-$51- ! <0,".!:4 -$5-.: ;!

<.51!<1 -$5-.: !--.<2!1$4 1. 1=$ <.51$*10!# .">$<1 ?B0,".!:4?@A !54 8C!1:( :$,:$-$51- ! D!1$:

-$5-.: ;! D!1$: -$5-.: !--.<2!1$4 1. 1=$ <.51$*10!# .">$<1 ?C!1$: E2,$?@A 9:24( :$,:$-$51- 1=$

<.51$*10!# .">$<1 ?9:246$?A B0,"( :$,:$-$51- 1=$ <.51$*10!# .">$<1 ?B0,".!:4?A !54 C!1:(

:$,:$-$51- 1=$ <.51$*10!# .">$<1 ?C!1$: E2,$?



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

2+( +(3+('()%(4 5/ 62'' 7#)-%&*)' 2' 7*$$*8'9

mSFrid({SFrid}) = 1; :;< ;=

mSCupb({SCupb}) = 1; :;< >=

mSWatr({SWatr}) = 1; :;< ?=

mSV ideo({SV ideo}) = 1; :;< @=

mSStov({SStov}) = 1; :;< A=

mSMicro({SMicro}) = 1; :;<B!=

CD( &)7(+()-( 3+*-(4#+( -*)'&'%' *7 7*#+ '%(3' *7 (.&4()%&2$ *3(+2%&*)'<

•  !"# $% E&'-*#)%&)1 '()'*+ (.&4()-(<

F) %D&' '%#4/ 8( 2''#6( %D2% %D( .&4(* '()'*+ &' +($&25$( 2%  !!G<

H%2%&'%&-' :'(( '(-%&*) ><I<B= #'&)1 1+*#)4 %+#%D *7 B! .&4(* '(J#()-(' *7 *)(

D#62) 2-%*+ 'D*8 %D2% %D( #'(4 ().&+*)6()%2$ '()'*+' :&) %D( K&%-D() 2)4

&) %D( $&.&)1+**6= 2+( 8*+K&)1 -*++(-%$/ 2% 4&L(+()% +2%('9 A;G 7*+ -*)%2-%

'()'*+' &)-$#4&)1 7+&41( 2)4 -#35*2+4 '()'*+'M A!G 7*+ ($(-%+&-2$ '()'*+'

&)-$#4&)1 6&-+*82.( 2)4 '%*.( '()'*+'M @;G 7*+ 82%(+ N*8 '()'*+' &)-$#4&)1

82%(+ 3&3(' '()'*+'M ?!G 7*+ 3+(''#+( '()'*+' 2)4 ?!G 7*+ 3+('()-( '()'*+'<

H* 2 4&'-*#)% +2%( *7 ;G &' 2''&1)(4 %* 7+&41( 2)4 -#35*2+4 '()'*+'M  !G

&' 2''&1)(4 %* ($(-%+&-2$ '()'*+' &)-$#4&)1 6&-+*82.( 2)4 '%*.( '()'*+'M  ;G

&' 2''&1)(4 %* 82%(+ N*8 '()'*+' &)-$#4&)1 82%(+ 3&3( '()'*+'M 2)4 B!G &'

2''&1)(4 %* 3+(''#+( '()'*+' 2)4 3+('()-( '()'*+'< CD( 4&'-*#)%(4 62''

7#)-%&*)' *7 7+&41(M -#35*2+4M '%*.(M 6&-+*82.(M 82%(+ 2)4 .&4(* '()'*+' 2+(

-2$-#$2%(4 2' 7*$$*8&)19

mr
SFrid({SFrid}) =0.95; mr

SFrid({SFrid,¬SFrid}) = 0.05;

:;<B =

mr
SCupb({SCupb}) =0.95; mr

SCupb({SCupb,¬SCupb}) = 0.05;

:;<BB=

mr
SStov({SStov}) =0.90; mr

SStov({SStov,¬SStov}) = 0.10;
:;<BO=

mr
SMicro({SMicro}) =0.90; mr

SMicro({SMicro,¬SMicro}) = 0.10;
:;<BI=

mr
SWatr({SWatr}) =0.85; mr

SWatr({SWatr,¬SWatr}) = 0.15;
:;<B;=

mr
SV ideo({SV ideo}) =1.00; mr

SV ideo({SV ideo,¬SV ideo}) = 0.00;
:;<B>=

•  !"# &% C+2)'$2%&)1 62'' 7#)-%&*)' 7+*6 '()'*+' %* 2''*-&2%(4 -*)%(P%#2$

*5Q(-%'< , '()'*+ 5(&)1 2-%&.( &)4&-2%(' %D( 2''*-&2%(4 -*)%(P%#2$ *5Q(-%

D2' 5(() &)%(+2-%(4 8&%D< , '()'*+ 2)4 %D( 2''*-&2%(4 -*)%(P%#2$ *5Q(-%

62&)%2&) 2 -*632%&5$( +($2%&*)'D&3 8D&-D -2) 5( +(3+('()%(4 5/ 2 6#$%&.2$R

#(4 6233&)1 2' %D( (P263$(' 'D*8) &) C25$( ;<A< CD( 62'' 7#)-%&*) *) 2
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 !"#$%&'()%* +,%-!'.! /#**%'0(

SFrid → Frid {SFrid} → {({Frid} , 0.95), ({SFrid,¬Frid} , 0.05)}

SCupb → Cupb {SCupb} → {({Cupb} , 0.95), ({SCupb,¬Cupb} , 0.05)}7

SWatr → Watr {SWatr} → {({Watr} , 0.85), ({SWatr,¬Watr} , 0.15)}7

SStov → Stov {SStov} → {({Stov} , 0.90), ({SStov,¬Stov} , 0.10)}7

SMicr → Micr {SMicr} → {({Micr} , 0.90), ({SMicr,¬Micr} , 0.10)}7

 !"#$ %&'( )*!+,#$- ./ $012$34$ +!,,135-

1,%12- %2&, +$% .8,% 9, .-$%1'$.,& .2 .8, $112+($.,& +2%.,:.4$' 29;,+. %2&,

9/ 41(%) .8, 54'.(<$'4,& 5$==(%)!

mFrid({Frid}) =mr
SFrid({SFrid}) = 0.95; > !?@A

mFrid({Frid,¬Frid}) =mr
SFrid({SFrid,¬SFrid}) = 0.05; > !?"A

mCupb({Cupb}) =mr
SCupb({SCupb}) = 0.95; > !?BA

mCupb({Cupb,¬Cupb}) =mr
SCupb({SCupb,¬SCupb}) = 0.05; > !CDA

mWatr({Watr}) =mr
SWatr({SWatr}) = 0.85; > !C6A

mWatr({Watr,¬Watr}) =mr
SWatr({SWatr,¬SWatr}) = 0.15; > !C?A

mStov({Stov}) =mr
SStov({SStov}) = 0.90; > !CCA

mStov({Stov,¬Stov}) =mr
SStov({SStov,¬SStov}) = 0.10; > !CEA

mMicr({Micr}) =mr
SMicr({SMicr}) = 0.90; > !C A

mMicr({Micr,¬Micr}) =mr
SMicr({SMicr,¬SMicr}) = 0.10; > !CFA

• 1$!* 23 0455(%) 4= 2% $ +25=21(., +2%.,:.4$' 29;,+. %2&,! G% .8,

,<(&,%.($' %,.H2-I JK-,=$-, L2'& 3,$'JM JN-(&),M L4=9M O$.-J (1 .8,

+25=21(., %2&, P2-5,& 9/ JN-(&),JM JL4=9J $%& JO$.-J! Q8, .8-,, 5$11

P4%+.(2%1 .-$%1'$.,& P-25 JN-(&),JM JL4=9J $%& JO$.-J 2%.2 JN-(&),M

L4=9M O$.-J $1 +$'+4'$.,& (% .8, =-,<(241 1.,= $-, .8,% 1455,& 4= 9/ .8,

,R4$''/ H,()8.,& 145 2=,-$.2-!



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

mFrid,Cupb,Watr({Frid, Cupb,Watr})

=
1

3
(mFrid({Frid}) +mCupb({Cupb})

+mWatr({Watr})) =
1

3
(0.95 + 0.95 + 0.85) = 0.916 234567

mFrid,Cupb,Watr({(Frid, Cupb,Watr),¬(Frid, Cupb,Watr)})

=
1

3
(mFrid({Frid,¬Frid})

+mCupb({Cupb,¬Cupb})

+mWatr({Watr,¬Watr}))

=
1

3
(0.05 + 0.05 + 0.15) = 0.083 234587

9:( -*)%(;%' <"&-+*=>.(< >)? <@%*.(< >+( %:( %=* >$%(+)>%&.(' *A -*)%(;%

<"&-+*=>.(B@%*.(<4 9:( C>'' A#)-%&*) *) <"&-+*=>.(B@%*.(< ->) D( ->$E

-#$>%(? D/ %:( C>;&C&F>%&*) *G(+>%*+ >' A*$$*='H

mMicr,Stov({Micr, Stov}) = max(mMicr({Micr}), mStov({Stov}))

= max(0.90, 0.90) = 0.90 2345I7

mMicr,Stov({Micr, Stov} ,¬{Micr, Stov})

= max(mMicr({Micr,¬Micr}), mStov({Stov,¬Stov}))

= max(0.10, 0.10) = 0.10 234JK7

234J 7

L) %:( (.&?()%&>$ )(%=*+M <N+(G>+( O*% "(>$<P <Q+&?1(P R#GDP S>%+P "&-+P

@%*.< &' %:( -*CG*'&%( )*?( A*+C(? D/ <Q+&?1(<P <R#GD<P <S>%+<P <"&-+<

>)? <@%*.<4 9:( T.( C>'' A#)-%&*)' %+>)'$>%(? A+*C <Q+&?1(<P <R#GD<P

<S>%+<P <"&-+< >)? <@%*.< *)%* <Q+&?1(P R#GDP S>%+P "&-+P @%*.< >'

->$-#$>%(? &) %:( G+(.&*#' '%(G >+( %:() '#CC(? #G D/ %:( (U#>$$/ =(&1:%(?

'#C *G(+>%*+4

mFrid,Cupb,Watr,Micr,Stov({Frid, Cupb, Watr, Micr, Stov})
= 1

4
(mFrid({Frid}) + mCupb({Cupb})

+mWatr({Watr}) + mMicr,Stov({Micr, Stov}))
= 1

4
(0.95 + 0.95 + 0.85 + 0.90) = 0.912

 !"#$%

mFrid,Cupb,Watr,Micr,Stov({(Frid, Cupb, Watr, Micr, Stov),¬(Frid, Cupb, Watr, Micr, Stov)})
= 1

4
(mFrid({Frid,¬Frid})

+mCupb({Cupb,¬Cupb})
+mWatr({Watr,¬Watr}))
+mMicr,Stov({Micr, Stov} ,¬{Micr, Stov})
= 1

4
(0.05 + 0.05 + 0.15 + 0.10) = 0.087

 !"#&%

•  !"# $% 9+>)'$>%&)1 A+*C > -*CG*'&%( -*)%(;%#>$ *DV(-% )*?( *+ G+*G>1>%E

&)1 A+*C >) >--(''*+/ -*)%(;%#>$ *DV(-% )*?(P %* >) >-%&.&%/ )*?(4



 !" #$%&'(%) *%+,-.$(%./ (% 0,%12- 3,$14-,5,%.1 667

8% %,.92-: ;<-,=$-, >2'& 3,$';? .@, 5$11 A4%+.(2% 2% ;B-(&),? >4=C2$-&?

D$.,-; (1 .-$%1'$.,& .2 ;<-,=$-, >2'& 3,$';!

mPrepareColdMeal({PrepareColdMeal})

= mFrid,Cupb,Watr({Frid, Cupb,Watr})

= 0.916
E !FFG

mPrepareColdMeal({PrepareColdMeal,¬PrepareColdMeal})

= mFrid,Cupb,Watr({(Frid, Cupb,Watr),¬(Frid, Cupb,Watr)}) = 0.083
E !F G

8% %,.92-: ;<-,=$-, #2. 3,$';? .@, 5$11 A4%+.(2% 2% ;B-(&),? >4=C2$-&?

D$.,-? 3(+-29$H,? 0.2H,; (1 .-$%1'$.,& .2 ;<-,=$-, #2. 3,$';!

mPrepareHotMeal({PrepareHotMeal})
= mFrid,Cupb,Watr,Micr,Stov({Frid, Cupb, Watr, Micr, Stov})
= 0.912

 !"#$%

mPrepareHotMeal({PrepareHotMeal,¬PrepareHotMeal})
= mFrid,Cupb,Watr,Micr,Stov({(Frid, Cupb, Watr, Micr, Stov),¬(Frid, Cupb, Watr, Micr, Stov)})
= 0.087
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 !"#$"!%&'( Bel !') Pls* B-25 5$11 A4%+.(2% 2% ;<-,=$-, >2'& 3,$'; $%&

;<-,=$-, #2. 3,$';? 9, +$'+4'$., .@, C,'(,A1 A2- ;<-,=$-, >2'& 3,$'; $%& ;<-,I

=$-, #2. 3,$'; $1 A2''291J

Bel(PrepareColdMeal) = m(PrepareColdMeal) = 0.916 E !F"G

Pls(PrepareColdMeal) = m(PrepareColdMeal)

+m(PrepareColdMeal,¬PrepareColdMeal)

= 0.916 + 0.083 = 0.999 E !FKG

L@,% .@, 4%+,-.$(%./ µ 2A ;<-,=$-, >2'& 3,$'; (1 +$'+4'$.,& 41(%) .@, A2''29(%)

,M4$.(2%J

µ {PrepareColdMeal} = Pls(PrepareColdMeal)−Bel(PrepareColdMeal)

= 0.999− 0.916 = 0.083 E ! NG

Bel(PrepareHotMeal) = m(PrepareHotMeal) = 0.912 E ! 6G

Pls(PrepareHotMeal) = m(PrepareHotMeal)

+m(PrepareHotMeal,¬PrepareHotMeal)

= 0.912 + 0.087 = 0.999 E ! OG
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23() %3( #)-(+%4&)%/ µ *5 67+(84+( 9*% "(4$6 &' -4$-#$4%(: #'&)1 %3( 5*$$*;&)1

(<#4%&*)=

µ {PrepareHotMeal} = Pls(PrepareHotMeal)−Bel(PrepareHotMeal)

= 0.999− 0.912 = 0.087 >?@?AB

C($ *) 67+(84+&)1 D*$: "(4$6 &' E@F G ;&%3 4 .4$#( *5 E@EE! 1+(4%(+ %34) %34%

*) 67+(84+&)1 9*% "(4$6H 4): (PlsBel) &' 'I4$$(+ *) 67+(84+&)1 D*$: "(4$6

%34) 67+(84+&)1 9*% "(4$6 >E@EJA .'@ E@EJKB@ 23('( +('#$%' &):&-4%( %34% ;&%3 4

3&13 -*)L:()-( ;( -4) &:()%&5/ %34% %3( 4-%&.&%/ 67+(84+&)1 D*$: "(4$6 34' M(()

8(+5*+I(: &) %3( N&%-3()@

O) 4) (.&:()%&4$ )(%;*+N *5 4-%&.&%/ *5 %/8(  H %3( M($&(5 *5 4) 4-%&.&%/ &' %3( I4PQ

&I#I *5 M($&(5' *.(+ &%' '#MQ4-%&.&%&('@

R) %3( (.&:()%&4$ )(%;*+N *5 67+(84+&)1 "(4$6H 67+(84+&)1 D*$: "(4$6 4):

67+(84+&)1 9*% "(4$6 4+( %3( %;* 4$%(+)4%&.( '#MQ4-%&.&%&(' *5 67+(84+&)1 "(4$6

4-%&.&%/@ S&%3 %3( M($&(5' *) 67+(84+&)1 D*$: "(4$6 4): 67+(84+&)1 9*% "(4$6

-4$-#$4%(: 4M*.(H %3( M($&(5 4M*#% %34% %3( 8(+'*) &' 67+(84+&)1 "(4$6 &' -4$-#Q

$4%(: M/ %3( I4P&I&T4%&*) *8(+4%*+ >'(( (<#4%&*) ?@FB 4' 5*$$*;'=

Bel(PreparingMeal) = max(Bel(PreparingColdMeal), Bel(PreparingHotMeal))

= max(0.916, 0.912) = 0.916
>?@?!B

Pls(PreparingMeal) = max(Pls(PreparingColdMeal), P ls(PreparingHotMeal))

= max(0.999, 0.999) = 0.999
>?@??B
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8+*-(''(: 4): 5#'(: 5*+ 4-%&.&%/ +(-*1)&%&*)@ 23&' 5#'&*) -*)'&'%' &) -*IM&)&)1

.&:(* (.()%' ;&%3 ().&+*)I()%4$ (.()%'@ 23( 8+*8*'(: 5+4I(;*+N 4$$*;' %*

+(-*1)&T( 4 '(% *5 3#I4) 4-%&.&%&(' 4% 3*I( ;&%3 4 $*; +4%( *5 54$'( 4$4+I'@

S( 34.( :*)( 4 '%+*)1 (U*+% &) (.()% I*:($&)1@ 23( +('#$% &'  EE I*:($' ;3&-3

&' *#+ N)*;$(:1( M4'( *5 (.()%'@

S( 34.( 4$'* 8+*8*'(: 4) *)%*$*1/ 5*+ :4&$/ 4-%&.&%&(' ;3&-3 -4) M( #'(: &) *%3(+

488$&-4%&*)' &) %3( '4I( :*I4&)@

2* 34):$( ;&%3 #)-(+%4&)%/ &) '()'*+ I(4'#+(I()%'H ;( 34.( 8+*8*'(: %3( #'(

*5 V(I8'%(+QW345(+ %3(*+/ *5 (.&:()-(@ S( 34.( 8+*8*'(: (.&:()%&4$ )(%;*+N'

%* +(8+('()% %3( 3&(+4+-3/ *5 &)5(++&)1 4-%&.&%&(' M4'(: *) '()'*+ :4%4@ X*#+

(.&:()%&4$ *8(+4%&*)' 34.( M(() 5*+I4$&T(: 5*+ 4-%&.&%/ &)5(+()-( *) (.&:()%&4$

)(%;*+N' ;3&-3 -4) 4--*II*:4%( %3( 5#'&*) *5 :&U(+()% %/8(' 4): '*#+-(' *5 :4%4@

O) %3( )(P% -348%(+H ;( (.4$#4%( %3( 8+*8*'(: 488+*4-3 #'&)1 4 '(% *5

.&:(* 4): ().&+*)I()%4$ '()'*+' :4%4@
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%7-%#02%!&. +('% 8%%! -%#4"#2%$9 :+% 2(0! "8;%/&0'%. "4 &+%.% %7-%#02%!&. (#%

&" '()0$(&% &+% $0<%#%!& -+(.%. "4 &+% (/&0'0&1 2"!0&"#0!3 4#(2%,"#56 &" +03+)03+&

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

4#(2%,"#5 4"# #%() ,"#)$ (--)0/(&0"!.9

:+% -%#4"#2%$ %'()*(&0"!. /"!.0.& "4=

• >0#.&6 (! %'()*(&0"! "4 &+% '0.0"!?8(.%$ 4#(2%,"#5 4"# #%() ,"#)$ (--)0/(?

&0"!.9  ! &+0. %7-%#02%!&6 @A '0$%". ,%#% &%.&%$ 0! (! %7-%#02%!&() )(8"#(?

&"#1 B/())%$ C%#+"2%D 4"# %)$%#)1 /(#% (& +"2%9 >"# 2"#% $%&(0).6 #%4%# &"

.%/&0"! E9F9@9

• G%/"!$6 (! %'()*(&0"! "4 &+% -#"-".%$ .%!."#?8(.%$ 2"$%) 4"# #%() ,"#)$

(--)0/(&0"!.9  ! &+0. %7-%#02%!&6 ,% +('% *.%$ HI '0$%" .%J*%!/%. "4 "!%

+*2(! (/&"# &" /()/*)(&% &+% ( -".&%#0"#0 -#"8(80)0&1 4"# %(/+ %!'0#"!2%!&()

.%!."#9 >"# 2"#% $%&(0).6 #%4%# &" .%/&0"! E9F9H9

• :+0#$6 (! %'()*(&0"! "4 &+% 2*)&0.%!."#?8(.%$ 4*.0"! 4#(2%,"#5 0! ( #%()

,"#)$ (--)0/(&0"! 0. -%#4"#2%$9  & /"!.0.&. 0! (!()1K0!3 .%!."#. $(&( (!$

'0$%" .%J*%!/%. 0! &+% .(2% %7-%#02%!&() .0&% B09%9 C%#+"2%D9 :+0. %7?

-%#02%!& +(. 2*)&0-)% "8;%/&0'%.6 .*/+ (. %'()*(&0!3 &+% 0!L*%!/% "4 &+%

*&0)0K(&0"! "4 2*)&0-)% .%!."#. &" #%/"3!0K% (/&0'0&0%. (& +"2%9 :+% %7-%#0?

2%!& 0. $%&(0)%$ 0! .%/&0"! E9F9M9

• >0!())16 2%$0/() %'()*(&0"! *.0!3 #%() $(&( 4"# N "8.%#'%$ %)$%#)1 '")*!&%%#.

0. -%#4"#2%$9  & /"!.0.&. 0! /"2-(#0!3 &+% 8%+('0"#() -#"O)% 4"# N %)$%#)1

-%#."!. *.0!3 #%.*)&. "4 E $(0)1 (/&0'0&0%.9 :+% %7-%#02%!& 0. $%&(0)%$ 0!

.%/&0"! E9A9

:+0. /+(-&%# 0. "#3(!0K%$ (. 4"))",.9 >0#.&6 .%/&0"! E9@ $%./#08%. &+% %7-%#0?

2%!&() .0&%6 0!/)*$0!3 &+% !*28%# (!$ -)(/%2%!& "4 0!.&())%$ .%!."#.9 G%/"!$6 &+%
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6-'2(5. &'(%(7-+ (* '0- -#$%&$'()* )/ )&2 /2$6-8)29 $2- +-.52(:-+ (* .-5'()* !;<;

=0(2+> '0- +(?-2-*' 3-2/)26-+ -@3-2(6-*'. $2- +-.52(:-+ (* .-5'()* !;A; B)&2'0>

'0- 3-2/)26$*5- -#$%&$'()* $*+ '0- ):'$(*-+ 2-.&%'. $2- +-.52(:-+ (* .-5'()* !;C;

B(/'0> 6-+(5$% -#$%&$'()* (. 32-.-*'-+ (* .-5'()* !;D $*+ E*$%%F> .-5'()* !;! 32-.-*'.

$ 5)*5%&.()* $:)&' '0- -@3-2(6-*'.;

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

 !"!#$%&'( )'* +!,+&'( +-! &.%)/+ $0 +-! )/+&"&+1 .$'&+$2&'( ,$#3+&$', 2!43&2!,

) 2!)#&,+&/ !'"&2$'.!'+ &' 5-&/- +2)&'&'( )'* !")#3)+&$' /)' 6! %!20$2.!*7 8$

)++)&' +-&, ($)# 5! -)"! ,!+ 3% )' !9%!2&.!'+)# #)6$2)+$21 :/)##!* ;!2-$.!< ,!!

=(32! >7?@7 8-&, #)6$2)+$21 &, #$/)+!* &' +-! AB8C :B/&!'+&=/ A!'+!2 $0 8!/-'&/)#

C3&#*&'(@ )+ B$%-&) D'+&%$#&, &' E2)'/!7

 !"#$% &'() *+,%$-./ 0!%12 34 ,5% 6%$537% /.83$.,3$9'

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

;!2-$.! #)6$2)+$21 &, !43&%%!* 5&+- +-! *&F!2!'+ ,!',$2, %2!"&$3,#1 /&+!* &'

,!/+&$' G7H7?7 8-&, #)6$2)+$21 -), 6!!' 63&#+ +$ !")#3)+! +-! %!20$2.)'/! $0 +-!

.3#+&,!',$2 03,&$' )%%2$)/- )'* +$ !9%#$2! +-! )/+&"&+&!, +-)+ /)' 6! 2!/$('&I!*

61 ,3/- )%%2$)/-7 8-&, #)6$2)+$21 #$$J, #&J! ) +1%&/)# )%)2+.!'+ $0 )' !#*!2#1

%!2,$'K 41m2
5&+- )' !'+2)'/!< ) #&"&'(2$$.< ) 6!*2$$.< ) 6)+-2$$.< )'* )

J&+/-!'7 8-! J&+/-!' &'/#3*!, )' !#!/+2&/ ,+$"!< ) .&/2$5)"!< ) 02&*(!< /3%6$)2*,<

)'* *2)5!2,7

8-! ;!2-$.! #)6$2)+$21 %#)1, )' &.%$2+)'+ 2$#! &' 2!,!)2/- )'* ,1,+!.

*!"!#$%.!'+ &' +-! *$.)&' $0 )/+&"&+1 .$'&+$2&'( )'* $0 ),,&,+!* #&"&'(7 E&2,+#1<

&+ &, 3,!* +$ /$##!/+ *)+) 02$. +-! *&F!2!'+ &',+)##!* ,!',$2,7 B!/$'*#1< &+ &, 3,!*

), ) *!.$',+2)+&$' %#)+0$2. &' $2*!2 +$ "&,3)#&I! +-! ,1,+!. 2!,3#+,7 E&')##1< &+

&, 3,!* +$ ),,!,, )'* +!,+ +-! 3,)6&#&+1 $0 +-! ,1,+!. 5&+- !#*!2#17 E&(32! >7H

)'* =(32! >7L ,-$5 2!,%!/+&"!#1 %&/+32!, )'* ) L "&,3)#&I)+&$' $0 +-! ;!2-$.!

#)6$2)+$217
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 !"!# $%&'( )*+',*- *.& /.0%,(.+'.1*2 3'.-(,-

0&'12)& (3 &45(%%&6 7(+1 6(8&'&*+ 3&*32'3 93&& :;5'&  !<= +2 &>,-5,+& ?@A 3B&C
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&)$)+B3**?J %3. A*3I)+B 6*33.6(&G %( ,)K.3.+( 3%(./L ;8< 0*3 6*+(%6( /.+/*3/
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#2O #3O #" )*7 #AM ).5' 'I5$%-$7 7/%1*6 " @'/%5! N@$5$ 0)I.$5 5/(()%1J$ 0@$



 !" #$%&'%()*+ %+, -./'&(/ *0 (1. 23*4*/., 5443*%61

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

 3" 45 2%+0!(%6!7%-' -8 7,* $*1-&'%7%-' -8 90+* )%1$-.!2*9 !17%2%7:

;%&0$* <=>4? @%+0!(%6!7%-' -8 7,* $*1-&'%6*A *2*'7+ %' 7,* B*$,-)* (!3-$!7-$:=

73*'+, (3'(1 89:;< (1. (3'. 4*/)()$. 8:2;< (1. 0%&/. +.7%()$. 8=>;< (1. 0%&/.

4*/)()$. 8=2;< (1. 43.6)/)*+ 82; %+, (1. /.+/)()$)(? 8@; *0 (1. 3.6*7+)()*+ *0 % /.(

*0 A'&()A*,%& .$.+(/B



 
!
"

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

2
3
3

#2 #3

 !"#$%&'(" )*)+#, 45 5# 67 6# # 8 45 5# 67 6# # 8

9:1*; 6%1<;$ =" 2>  3 >?@ A?@ 2B A > = >A@ AB@

9:1*; 80'-$ 2> 2? 3 " A>@ >3@ C ? " = A2@ ??@

81001*; '* ) DE)1% =C =? " A A>@ > @  3 3 =  B@ -./

81001*; '* )* F%(+E)1% >  = ? -0/ A?@ 2? 2= =    @ >B@

 !"#$ %&'( )$*+#,* -. /$0-123,3-2 -. ! *$, -. 4!3#5 !0,363,3$* .-/ 7 -"*$/6$4 $#4$/#5 8$/*-2*

#" #C

 !"#$%&'(" )*)+#, 45 5# 67 6# #G@H 8G@H 45 5# 67 6# #G@H 8G@H

9:$ 6%1<;$ 2= C 3 3 A?@ A?@  ? 2 2 >3@ >3@

9:$ 80'-$ = 2 2 2 1../ ?B@ 2B> 2B = 2B >"@ 23/

81001*; '* ) DE)1% 23 C " ? 40/  C@  " = 3 ?A@   @

81001*; '* )* F%(+E)1% 2A 2? = 3 >3@ >>@ 2" 2= = ? AB@ >?@

 !"#$ %&%( )$*+#,* -. /$0-123,3-2 -. ! *$, -. 4!3#5 !0,363,3$* .-/ 7 -"*$/6$4 $#4$/#5 8$/*-2*



 !" #$%&'%()*+ %+, -./'&(/ *0 (1. 23*4*/., 5443*%61

71. 3.6*8+)()*+ *0 (1. 9'&()9*,%& .$.+(/ /1*:.,;

• % /.+/)()$)(< *0 =>?@AB %+, % 43.6)/)*+ *0 >"?@>B C7%D&. AE>F 0*3 (1. $*&'+?

(..3 2 C9%+G = <.%3/FE

• % /.+/)()$)(< *0 >H?@=B %+, % 43.6)/)*+ *0 >H?I B C7%D&. AE"F 0*3 (1. $*&'+?

(..3 2J C9%+G A" <.%3/FE

• % /.+/)()$)(< *0 >H?@HB %+, % 43.6)/)*+ *0 AH?@=B C7%D&. AE>F 0*3 (1. $*&'+?

(..3 2! C9%+G AA <.%3/FE

• % /.+/)()$)(< *0 >H?@@B %+, % 43.6)/)*+ *0 A"? HHB C7%D&. AEAF 0*3 (1. $*&?

'+(..3 2" C9%+G A@ <.%3/FE

• % /.+/)()$)(< *0 AA?I@B %+, % 43.6)/)*+ *0 >=?@"B C7%D&. AEAF 0*3 (1. $*&'+?

(..3 2I C:*9%+G @> <.%3/FE

71. 9'&()9*,%& .$.+(/ %3. :.&& 3.6*8+)K.,G (1. .33*3/ )+ (1. 3.6*8+)()*+ %3.

,'. (* (1. /.+/*3 9.%/'3.9.+( .33*3/ C.E8E 6*+(%6( /.+/*3 )/ /()&& %6()$. :1.+ %

4.3/*+ 6&*/. (1. 03),8.G *3 :1.+ % 4.3/*+ ,*./ +*( 6*33.6(&< 6&*/., (1. ,3%:.3

C/.. L8'3. AE "F *3 %+*(1.3 M)(61.+ .N')49.+(F %+, (* (1. 0%6( (1%( (1. 4.3/*+
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H91*I 0F$ K)0F%''( JJGJJG"2 JJGJ2G66 6 JJGJJG26 JJGJJG3 3 << 6J

O'0PQ)0$%

H91*I 0F$ K)0F%''( JJGJJG26 JJGJJG6" 6 JJGJJGJL JJGJJGJL 2 6 33

M'.@PQ)0$%

,*0$%1*I 1* JJGJ6G6" JJG26GJJ < JJGJ6G"J JJGJ;GJJ 3 < 6<

0F$ R10+F$*

,*0$%1*I 1* JJGJ2G2< JJG6<GJJ 6J JJGJ6G"6 JJG3<GJJ 23 3L 62

0F$ S1-1*I%''(

,*0$%1*I 1* JJGJ6GJJ JJGJ;GJJ " JJGJ2G<2 JJG22GJL  " 6J

0F$ ,*0%)*+$

,*0$%1*I 1* JJGJ2G2< JJGJ<GJJ " JJGJ3G2L JJG63GJJ L "< 6L

0F$ K$@%''(

,*0$%1*I 1* JJGJ2GJJ JJGJ6GJJ 6 JJGJ2GJJ JJGJ<GJJ < J "3

0F$ K)0F%''(

T0)*@1*I JJGJJGJ4 JJG3JGJL 6JJ JJGJJG2 JJG26GJJ "< 6;  3

K$*@1*I JJGJJGJ3 JJGJ2G6J 3J JJGJJG26 JJGJ3GJJ 2<  J 33

 !"#$ %&'( )*+,-*.$/ !0-,1,-,$23 -4$,. 5.$67$+0,$2 8+9 !+/ +:;3 <$!+ 8<9 !+/ <:; !+/ -*-!# /7.!-,*+ *5 : 1*#7+-$$.2 2-!=,+> ,+ -4$ ?@ABC)@

#!"*.!-*.= 5*. D 4*7.2E NDA =F*.<!#,G$/ H,I$.$+0$ *5 <$!+ /7.!-,*+2 *5 J0-,1,-,$2= |mean1 − mean2|/(mean1 + mean2)E NDI =F*.<!#,G$/
H,I$.$+0$ *5 K+2-!+0$2 +7<"$.= |n1− n2|/(n1 + n2)&  ,<$ 7+,- ,2 44(<<(22

!



 !" #$%&'%()*+ %+, -./'&(/ *0 (1. 23*4*/., 5443*%61

57*+8 (1. 9 %6()$)()./ 0*3 :1)61 (1. 9 *&,.3 $*&'+(..3/ :.3. 6*74%3., ;/..

<%=&. >?@ %+, <%=&. >?AB  " %6()$)()./ /1*: ,)C.3.+6./? D)$. %6()$)()./ %7*+8 (1.

 " %6()$)()./ %3. 6*+/),.3., 7.%+)+80'& %+, ,)/63)7)+%()$.?

• E*&'+(..3 29 *0 >! F.%3/ 61%+8., G*+./ 7*3. *0(.+ (1%+ (1. $*&'+(..3 2H

*0 AI F.%3/ ;0*3 J.+(.3)+8 &)$)+83**7J 9" $/?  KBL %+, ,), (1)/ %( % M')6N.3

4%6. ;""O" O I $/? ""O"9O!9BL /1*:)+8 % 83.%(.3 %=)&)(F (* :%&N?

• E*&'+(..3 29 :%/ 7*3. *0(.+ /..+ J/)(()+8 *+ 61%)3J ; I $/? !L PQRSIATBL

='( $*&'+(..3 2H :%/ J/)(()+8 *+ 61%)3J 0*3 % &*+8.3 ,'3%()*+ ;""OI9OK@ $/?

""O">O9@L PQ5S@ATBL /1*:)+8 %&/* % 83.%(.3 %=)&)(F 0*3 (1. $*&'+(..3 29 (*

7*$. )+ (1. %4%3(7.+(?

• U)7)&%3&F $*&'+(..3 29 :%/ J=.+,)+8J (:)6. %/ 7'61 %/ $*&'+(..3 2H ;K" $/?

 IL PQRSKKTBL %+, )+ % M')6N.3 :%F ;""O""O"K $/? ""O""O 9L PQ5S>"TBL

/1*:)+8 83.%(.3 ,F+%7)/7 0*3 (1. F*'+8.3 $*&'+(..3?

• E*&'+(..3 29 :%/ '/)+8 7*3. (1. J'44.3 6'4=*%3,J (1%+ (1. $*&'+(..3

2H ;99 $/? HL PQRS!9TBL %+, )+ % M')6N.3 :%F ;""O""OI@ $/? ""O"!O!KL

PQ5S>ITB?

• E*&'+(..3 29 :%/ 7*3. %=&. (* '/)+8 (1. /(*$. ;&.// (3)%&/ 0*3 J'/)+8 /(*$.J

KI $/?  ">L PQRSI"TB?

5&& (1./. 7.%/'3./ /1*: (1. 83.%(.3 5QV %=)&)(F *0 (1. >! F.%3/ *&, %,'&( %/

6*74%3., (* (1*/. *0 (1. AI F.%3/ *&,?

 !"!#!# $%&'()& *+ ),% $%-*./0)0*/ '&0/. 12 3/-%4)50/)6

W/)+8 (1. Q.74/(.3XU1%0.3 (1.*3F &)N. ,./63)=., )+ 61%4(.3 I )+ /.6()*+ I?AL

:. 1%$. 6%&6'&%(. (1. '+6.3(%)+(F )+ /.+/*3 7.%/'3.7.+(/ *0 ! %6()$)()./ 0*3

$*&'+(..3 2 %+, $*&'+(..3 2K?

<1. *=(%)+., 3./'&(/ %3. /1*:+ )+ (%=&. >?H?

 !"!#!" 10&-'&&0*/

Y*74%3)/*+ =.(:..+ (1. 3./'&(/ *=(%)+., :)(1*'( '/)+8 '+6.3(%)+(F ;/.. (%=&. >?>B

%+, (1. 3./'&(/ *=(%)+., :)(1 '/)+8 '+6.3(%)+(F ;/.. (%=&. >?HB /1*:/ /*7. )7X

43*$.7.+(/ )+ (1. 3.6*8+)()*+ *0 %6()$)()./? D*3 .Z%74&.L (1. +.: 3./'&(/ ;'/)+8

'+6.3(%)+(F )+ /.+/*3 7.%/'3.7.+(/B /1*: % 8**, 3.6*8+)()*+L 6*74%3., (* (1.

3./'&(/ *=(%)+., :)(1*'( '/)+8 '+6.3(%)+(F )+ /.+/*3 7.%/'3.7.+(/L *0 (1. J/)(()+8

*+ % 61%)3J ;0*3 $*&'+(..3 2 O 2S HKT $/? @AT %+, US HKT $/? A>TL 0*3 $*&'+X

(..3 2KO 2S AKT $/? >"T %+, US AKT $/? I"TB %+, *0 J/)(()+8 *+ %+ %3761%)3J

;0*3 $*&'+(..3 2 O 2S @@T $/? I!T %+, US A@T $/? @ITL 0*3 $*&'+(..3 2KO 2S

HKT $/? >>T %+, US HKT $/? A"TB %6()$)()./?



 !" #$%&'() *+(),(-&./ 010

20 23

 !"#$%&'(" 45 52 67 62 2 8 45 52 67 62 2 8

)*)+#,

9:&/; 6<&%;$ =1 =0 3 0 >"? @A? 0B @ = 0 @@? @B?

9:&/; 8-.+$ 0@ 0 = 0 >1? @@? > A 0 0 @A? AA?

8&--&/; ./

( CD(&< => =A = = >3? >3?  " 0 0 @3? @3?

8&--&/; &/

(/ E<F'D(&< @ A 0 = AA? @A? 0" 01 = 0 >3? >3?

 !"#$ %&'( )$*+#,* -. /$0-123,3-2 4+*321 +20$/,!32,56 -. ! *$, -. 7!3#5 !0,383,3$* .-/ 9 -"*$/8$7

$#7$/#5 :$/*-2*

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

G/ -D&: :$'-&./H I$ '.FJ(<$ -D$ K$D(+&.<() J<.L)$ M.< > .K:$<+$% $)%$<)N +.),/-$$<:

,:&/; <$:,)-: .M  %(&)N ('-&+&-&$:!

 !"!# $%&'() *+,-(./') 0/, 1 $23&,24 5&,)/')

5(K)$  !0B :,FF(<&O$: -D$ %,<(-&./ .M  %(&)N ('-&+&-&$: M.< -D$ > .K:$<+$% $)%$<)N

J$<:./:!
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 !"#$ % &' ()*+$&,# ,- "+./ "!"#$ -,* $/" 0 ,12"*!"3 4"*2,#2

dEi,P1 dEi,P2 dEi,P3 dEi,P4 dEi,P5 dEi,P6 dEi,P7 dEi,P8 dEi,P9

7/)+8 93),8. ::;:<;"= ::;: ;!> ::;::;!: ::;:>;!= ::;: ;"> ::;: ;:! ::;:"; ? ::;: ; ! ::;: ;:?

7/)+8 @(*$. ::;:<;! ::;:!;>" ::;:";"= ::;::;:A ::;:>;!? ::;:<;< ::;:!; ! ::;:";<! ::;"?; <

@)(()+8 *+ % B1%)3 : ;>A;:: : ;<C;!< : ;:A;!A ::;>A;> ::;>:;<? ::;:";!: ::;"C;"> ::; A;:= :<;<:;"?

@)(()+8 *+ %+ 53D61%)3 ::; ";>= ::;"!;:? ::;>";>A : ;>:; ? ::;>=; ! : ;!A;<> ::; C;:= ::; ";"= ::;:>;!C

7/)+8 EF : ;< ;>C :";!?;>< :";">;>> :";!=;!! :"; ";:A ::;:>; " :"; A;!! : ;!=;<! : ;:?;"!

7/)+8 744.3 B'4G*%3, ::;:<;!: ::;:C; ! ::;::;!< ::;: ;:! ::;"<; > ::;:<;:" ::; =;< ::;:";"" ::;::; >

 !"#$ %&'() *+,!-./01 /2 1.3 4!.#5 !6-.7.-.$1 2/, -8$ 9 /"1$,7$4 $#4$,#5 :$,1/01&  .;$ +0.- .1 88);;)11



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

3&4,5$  !06 78.97 -8$ %,5(-&./ .: $('8 ('-&+&-; :.5 -8$ < $)%$5); =$57./7!

 !"#$% &'()* +#$,-!./ .0 %,12 ,1-!3!-4 0.$ -2% 5 .67%$3%8 %98%$94 :%$7./7

 !"!# $%&'%()*%()+, -./00 1&234&,3/*

>/ -8&7 7$'-&./? :.5 $('8 .@7$5+$% $)%$5); =$57./ (A./4 -8$ < .@7$5+$% $)%$5);

=$57./7? 9$ 8(+$ %./$ -8$ )$(+$B./$B.,- '5.77 +()&%(-&./ ./ -8$ ('-&+&-; %,5(-&./

:.5 -8$ < .@7$5+$% .)% =$57./7! C8$/ ,7&/4 -8$ )$(+$B./$B.,- A$-8.%? -8$ )$(5/&/4

()4.5&-8A &7 -5(&/$% A,)-&=)$ -&A$7? ,7&/4 ()) @,- ./$ .: -8$ -5(&/&/4 7$- .: %(-(!

D8$ :.5A .: -8$ ()4.5&-8A &7 (7 :.)).97E

D. %. -8(-? 9$ '()',)(-$ F57-); -8$ A$(/ %,5(-&./ .: $('8 ('-&+&-; :.5 R =$57./7

 !"#$%&'( ) Leave−One−Out− Cross− V alidationAlgorithm

*#$ K = 1 -. R G98$5$ R &7 -8$ /,A@$5 .: -5(&/&/4 7$- .: %(-(H

B D$A=.5(5&); $+(#,+ -8$ jth
%(-( :5.A -8$ -5(&/&/4 7$-

B -$.%/ -8$ )$(5/&/4 ()4.5&-8A ./ -8$ 5$A(&/&/4 R %(-(

B -+0& -8$ 5$A.+$% %(-(

1.!23!.&+ -8$ A$(/ $55.5 .+$5 ()) R %(-(

(A./4 -8$ ()) .@7$5+$% =$57./7 @; ,7&/4 -8$ :.)).9&/4 $I,(-&./E

MDEi,P j =

∑Pk∈P,Pk 6=Pj dEi,Pk

R
, ∀Pj ∈ P G !"H

C8$5$E

• MDEi,P j 5$=5$7$/-7 -8$ A$(/ %,5(-&./ :.5 ( 4&+$/ $+$/- Ei :.5 $('8 =$57./

9&-8.,- ( =$57./ PjJ

• dEi,Pk 5$=5$7$/-7 -8$ %,5(-&./ :.5 $('8 $+$/- Ei :.5 $('8 =$57./ PkJ

• P = {P1, P2, P3, P4, P4, P5, P6, P7, P8, P9}J

• R 5$=5$7$/-7 -8$ /,A@$5 .: -8$ -5(&/&/4 7$- .: %(-( G&!$! RKL &/ -8&7 '(7$H!

D(@)$  !00 7,AA(5&M$7 -8$ A$(/ %,5(-&./7 .:  ('-&+&-&$7!
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45'(#('6 MDEi,P1 MDEi,P2 MDEi,P3 MDEi,P4 MDEi,P5 MDEi,P6 MDEi,P7 MDEi,P8 MDEi,P9

7.(*8 92(+8- :" ; <<=< =>> <<=<?=<@ <<=<?= A   ! "!#$ <<=<?=  <<=<?= B <<=<?=<! <<=<?= ? <<=<?= B

7.(*8 C')#- :"?; <<=<A=BA <<=<A=?D <<=<A=!> <<=<D=<B <<=<A=?< <<=<A=BD <<=<A=B? <<=<A=!!   ! #!%&

C(''(*8 )*

$ E0$(2 :"B; < =<A=B> < =<F= > < = ?=!! < = B=>F < = >=<< < =? =<< < = @=<? < = F=<! <<=>>=<?

C(''(*8 )*

$* 42G50$(2 :"!; <<=!@=?D <<=!D=<B <<=!B=?D <<=BA= D <<=!?=>> <<=BA=B< <<=!@=<B <<=!@=B <<=!F=? 

7.(*8 HI :">; < =>D=<! < =!D=?< < =><= F < =!D=BA < =>?=<B  %! '!(( < => = B < =>>=<D < =>F=>B

7.(*8 733-2

E&3J)$2+ :"A; <<=<A=!@ <<=<A=?F <<=<D= < <<=<D=<@   ! &!%" <<=<A=>B <<=<>=<! <<=<A=>@ <<=<D= !

 !"#$ %&''(  )$ *$!+ ,-.!/01+ 12 $!3) !3/040/5& MDEi,P1 .$6.$7$+/7 /)$ *$!+ ,-.!/01+ -70+8 /)$ ,!/! 21. 9 6$.71+7 :0&$& "5 .$*140+8 ,!/! 2.1* /)$

6$.71+ ;'<= !+, 71 1+



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

2$'./%)34 5$ '()',)(-$ -6$ 7-(/%(8% %$+&(-&./ σEi,P j 97$$ -(:)$  !0;< =.8 $('6

$+$/- Ei =.8 $('6 >$87./ 5&-6.,- ( >$87./ Pj :3 ,7&/? -6$ =.)).5&/? $@,(-&./A

σEi,P j =

√

√

√

√

1

R

R
∑

k=1

(dEi,Pk −MDEi,P j)2 9 ! <

=

√

√

√

√

1

R

R
∑

k=1

d2Ei,Pk −MD2
Ei,P j

B6$8$A

• σEi,P j 8$>8$7$/-7 -6$ 7-(/%(8- %$+&(-&./ =.8 $('6 $+$/- Ei =.8 $('6 >$87./

5&-6.,- ( >$87./ PjC

• dEi,Pk 8$>8$7$/-7 -6$ %,8(-&./ .= (/ $+$/- Ei =.8 ( >$87./ PkC

• MDEi,P j 8$>8$7$/-7 -6$ D$(/ %,8(-&./ =.8 $('6 $+$/- Ei =.8 $('6 >$87./

5&-6.,- ( >$87./ PjC

• R 8$>8$7$/-7 -6$ /,D:$8 .= -6$ -8(&/&/? 7$- .= %(-( 9&!$! REF &/ -6&7 '(7$<!
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 !"#$!% &!'(#) σE1,P j σE2,P j σE3,P j σE4,P j σE5,P j σE6,P j

2 7787 89: 7787;8!: 7 87 8 9 7789<8 : 778=:87< 7787;87<

2: 7787 89" 7787;8!! 7 87:8== 778!78 ! 778!;89: 7787;8 9

29 7787 89 7787;89; 7 87989! 778!78=7 778= 8:< 7787>8="

2! **+**+,* 7787;8:> 7 8798:: 7789:8! 778!;8=: 7787>8=;

2= 7787 89" 7787;8!= 7 879879 778!78!7 778=:8:! **+*,+-.

2" 7787 89! 7787;8!: 778=>8=; 7789987< **+//+01 7787;87>

2> 7787 89> 7787;8!9 7 87 8 : 7789<899 778=:87 7787>87"

2; 7787 89= 7787;89< 7 8778 ! 7789<87< 778=:8!" 7787;87=

2< 7787 89! 7787 89> **+/1+,* 7789;8 > 778=787! 7787>8=9

 !"#$ %&'() *+!,-!.- -$/0!+01,2 σEi,Pj 13 $!45 $/$,+ Ei 31. $!45 6$.21, Pj



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

34&5%)67 8$ '()',)(-$ 9.5 $('4 :$5;./ (/% 9.5 $('4 $+$/- -4$ &/-$5+()

IEi,P j = [MDEi,P j − σEi,P j ;MDEi,P j + σEi,P j ]

<$ 4(+$ .=-(&/$% "1 &/-$5+(); (; %$;'5&=$% &/ -(=)$;  !0>7  !01!
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 !"#$#"% &'"()$*+,- .#/( 0'#" #, 112//2,,

IEi,P1 IEi,P2 IEi,P3 IEi,P4 IEi,P5

73),8. 9::;::;<=>::;:=;<?@ 9::;::;=<>::;:=;!!@ 9::;::;!A>::;:=;!?@ 9::;::;!">::;:<;<"@ 9::;::;=A>::;:=;!?@

B(*$. 9::;::;::>::; A; "@ 9::;::;::>::; A;  @ 9::;::;::>::; A;<=@ 9::;::;::>::; A;=:@ 9::;::;::>::; A;:A@

C1%)3 9::;:A;<<>:<;:?;!"@ 9::;:D;<:>:<; <; :@ 9::;:E; :>:<; D; "@ 9::; :;=?>:<; ?;< @ 9::;  ;A?>:<; ";:=@

53F61%)3 9::;:E; A>: ;<?;=E@ 9::;:D;!E>: ;<?; ?@ 9::;:<;=?>: ;<!; ?@ 9::;:=;=D>: ;:";A"@ 9::;:<; A>: ;<=;=A@

GH 9: ;: ;AA>:<;!D; =@ 9::;A";!">:<;=A;A<@ 9::;A";A:>:<;! ;!"@ 9::;A";!!>:<;=D;<"@ 9::;AE;=E>:<;!!;<?@

I44.3C'4J*%3, 9::;::;::>::; !;A?@ 9::;::;::>::; !;!<@ 9::;::;::>::; A;:D@ 9::;::;::>::; A;:D@ 9::;::;::>::;:E;="@

 !"#$ %&'() *+,$-.!#/ IEi,Pj = [MDEi,Pj − σEi,Pj ; MDEi,Pj + σEi,Pj ]

 !"#$#"% &'"()$*+,- .#/( 0'#" #, 112//2,,

IEi,P6 IEi,P7 IEi,P8 IEi,P9

73),8. 9::;::;=E>::;:=;!?@ 9::;::;<?>::;:=;! @ 9::;::;=?>::;:=;!?@ 9::;::;=E>::;:=;!?@

B(*$. 9::;::;::>::; A; E@ 9::;::;::>::; A; A@ 9::;::;::>::; A;<=@ 9::;: ;!?>::;:A;: @

C1%)3 9::;<=;:<>:<; ";A"@ 9::; D;A:>:<; E; !@ 9::; ";A:>:<; E; "@ 9::; "; <>: ;= ;A<@

53F61%)3 9::;:=;< >: ;:E;=E@ 9::;:";=:>: ;<?;=D@ 9::;:E;<<>: ;<?;!:@ 9::;  ;:!>: ;<?;="@

GH 9: ;=!;<E>:<;! ;< @ 9::;AE; <>:<;!=; !@ 9: ;:<;< >:<;!?;A=@ 9: ;:E;!E>:<;!E;A?@

I44.3C'4J*%3, 9::;::;::>::; A;::@ 9::;::;::>::; <; :@ 9::;::;::>::; A;:=@ 9::;::;::>::; A;:?@

 !"#$ %&'0) *+,$-.!#/ IEi,Pj = [MDEi,Pj − σEi,Pj ; MDEi,Pj + σEi,Pj ]



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

3/% 4/())56 7$ +()&%(-$ $('8 ('-&+&-5 95 '.:;(<&/= -8$ %,<(-&./ .> $('8 ('-&+&-5

>.< $('8 ;$<?./ 7&-8 -8$ '.<<$?;./%&/= &/-$<+()!

@.< $A(:;)$6 >.< -8$ ;$<?./ P16 -. +()&%(-$ (/ $+$/- E1 78&'8 <$;<$?$/-? -8$

$+$/- BC?&/= @<&%=$B6 7$ '.:;(<$ 8&? %,<(-&./ +(),$ -. -8$ &/-$<+() IE1,P1 =
[MDE1,P1 − σE1,P1;MDE1,P1 + σE1,P1]!

• D(9)$  !0" ?8.7? -8$ +()&%(-&./ .> -8$ $+$/- BC?&/= @<&%=$B .> -8$ 2 .9?$<+$%

;$<?./?6 95 '.:;(<&/= -8$ +(),$ .> -8$ %,<(-&./ dE1,P j 6 7&-8 -8$ &/-$<+()

IE1,P j !

E> -8&? +(),$ 9$)./=? -. &/-$<+() IE1,P j 6 -8$/ -8$ ;$<?./ 8(? ( /.<:() 9$F

8(+&.< '.:;(<$% -. -8$ (+$<(=$! E> /.-6 -8$/ -8$ ;$<?./ 8(? ( %$+&(-$% G&!$!

%&H$<$/-I 9$8(+&.< '.:;(<$% -. -8$ (+$<(=$!

D8&? -(9)$ ?8.7? -8(- -8$ ;$<?./ J1 8(? ,?$% ( ><&%=$ >.< )./= -&:$ '.:F

 !"#$% &'#(%) 

%,<(-&./? '.:;(<$% -. &/-$<+() IE1,P j *)'"+$ *'+,-) +$  !"#$% &'#(%) 

dE1,P1 = 00 : 03 : 27 ∈ IE1,P1 3 ;$<?./ J0 8(? ( /.<:() ;<.4)$

dE1,P2 = 00 : 01 : 45 ∈ IE1,P2 3 ;$<?./ JK 8(? ( /.<:() ;<.4)$

dE1,P3 = 00 : 00 : 40 /∈ IE1,P3 3 ;$<?./ JL 8(? ( %&H$<$/- ;<.4)$

dE1,P4 = 00 : 05 : 47 /∈ IE1,P4 3 ;$<?./ J1 8(? ( %&H$<$/- ;<.4)$

dE1,P5 = 00 : 01 : 25 ∈ IE1,P5 3 ;$<?./ J" 8(? ( /.<:() ;<.4)$

dE1,P6 = 00 : 01 : 04 ∈ IE1,P6 3 ;$<?./ J 8(? ( /.<:() ;<.4)$

dE1,P7 = 00 : 02 : 19 ∈ IE1,P7 3 ;$<?./ JM 8(? ( /.<:() ;<.4)$

dE1,P8 = 00 : 01 : 14 ∈ IE1,P8 3 ;$<?./ JN 8(? ( /.<:() ;<.4)$

dE1,P9 = 00 : 01 : 09 ∈ IE1,P9 3 ;$<?./ J2 8(? ( /.<:() ;<.4)$

 !"#$ %&'() *+,-!./0+1 "$23$$1 24$ 56.!2/+1 +7 24$ $8$12 9:0/1; <./5;$9 !15 24$ /12$.8!#

IE1,Pj

;(<$% -. -8$ .-8$<?6 (/% ;$<?./ JL 8(? ,?$% ( ><&%=$ >.< ?:()) -&:$ '.:;(<$%

-. -8$ .-8$<?! O$ '(/ %$%,'$ -8(- -8$ ;$<?./ J1 &? :.<$ ?).7)5 -8(/ ;$<?./

JL!

• D(9)$  !0 ?8.7? -8$ +()&%(-&./ .> -8$ $+$/- BC?&/= P-.+$B .> -8$ 2 .9?$<+$%

;$<?./?6 95 '.:;(<&/= -8$ +(),$ .> -8$ %,<(-&./ dE2,P j 6 7&-8 -8$ &/-$<+()

IE2,P j !

E> -8&? +(),$ 9$)./=? -. &/-$<+() IE2,P j 6 -8$/ -8$ ;$<?./ 8(? ( /.<:() 9$F

8(+&.< '.:;(<$% -. -8$ (+$<(=$! E> /.-6 -8$/ -8$ ;$<?./ 8(? ( %$+&(-$% G&!$!

%&H$<$/-I 9$8(+&.< '.:;(<$% -. -8$ (+$<(=$!

• D(9)$  !0M ?8.7? -8$ +()&%(-&./ .> -8$ $+$/- BP&--&/= ./ ( Q8(&<B .> -8$ 2

.9?$<+$% ;$<?./?6 95 '.:;(<&/= -8$ +(),$ .> -8$ %,<(-&./ dE3,P j 6 7&-8 -8$

&/-$<+() IE3,P j !

E> -8&? +(),$ 9$)./=? -. &/-$<+() IE3,P j 6 -8$/ -8$ ;$<?./ 8(? ( /.<:() 9$F

8(+&.< '.:;(<$% -. -8$ (+$<(=$! E> /.-6 -8$/ -8$ ;$<?./ 8(? ( %$+&(-$% G&!$!
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 !"#$% &'()* 

,'3%()*+/ 6*74%3., (* )+(.3$%& IE2,P j +*,"($ +,(-.* ($  !"#$% &'()* 

dE2,1 = 00 : 03 : 41 ∈ IE2,P1 5 4.3/*+ 2 1%/ % +*37%& 43*8&.

dE2,2 = 00 : 04 : 52 ∈ IE2,P2 5 4.3/*+ 29 1%/ % +*37%& 43*8&.

dE2,3 = 00 : 02 : 27 ∈ IE2,P3  !"#$%& '( )*$ * &%#+*, !#%-,"

dE2,4 = 00 : 00 : 08 ∈ IE2,P4  !"#$%& '. )*$ * &%#+*, !#%-,"

dE2,5 = 00 : 05 : 49 ∈ IE2,P5  !"#$%& '/ )*$ * &%#+*, !#%-,"

dE2,6 = 00 : 03 : 31 ∈ IE2,P6  !"#$%& '0 )*$ * &%#+*, !#%-,"

dE2,7 = 00 : 04 : 14 ∈ IE2,P7  !"#$%& '1 )*$ * &%#+*, !#%-,"

dE2,8 = 00 : 02 : 34 ∈ IE2,P8  !"#$%& '2 )*$ * &%#+*, !#%-,"

dE2,9 = 00 : 29 : 13 /∈ IE2,P9  !"#$%& '3 )*$ * 456"#"&7 !#%-,"

 !"#$ %&'%( )*+,!-./*0 "$12$$0 13$ 45-!1.*0 *6 13$ $7$01 89/.0: ;1*7$8 !04 13$ .01$-7!# IE2,Pj

456"#"&78 9")*:5%# ;%+!*#"4 7% 7)" *:"#*<"=

>)5$ 7*9," $)%?$ 7)*7 * !"#$%& '3 ?*$ @$5775&< %& * ;)*5#@ A%# * ,%&<"#

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

4B#*75%&$ ;%+!*#"4 7% 5&7"#:*, IE3,P j +,*-&$ +*&./, &$  !"##"$% &$ ' ()'"* 

dE3,1 = 01 : 58 : 00 ∈ IE3,P1  !"#$%& 'C )*$ * &%#+*, !#%-,"

dE3,2 = 01 : 36 : 43 ∈ IE3,P2  !"#$%& 'D )*$ * &%#+*, !#%-,"

dE3,3 = 01 : 08 : 48 ∈ IE3,P3  !"#$%& '( )*$ * &%#+*, !#%-,"

dE3,4 = 00 : 58 : 51 ∈ IE3,P4  !"#$%& '. )*$ * &%#+*, !#%-,"

dE3,5 = 00 : 50 : 39 ∈ IE3,P5  !"#$%& '/ )*$ * &%#+*, !#%-,"

dE3,6 = 00 : 02 : 40 /∈ IE3,P6  !"#$%& '0 )*$ * 456"#"&7 !#%-,"

dE3,7 = 00 : 26 : 25 ∈ IE3,P7  !"#$%& '1 )*$ * &%#+*, !#%-,"

dE3,8 = 00 : 18 : 07 ∈ IE3,P8  !"#$%& '2 )*$ * &%#+*, !#%-,"

dE3,9 = 03 : 30 : 29 /∈ IE3,P9  !"#$%& '3 )*$ * 456"#"&7 !#%-,"

 !"#$ %&'<( )*+,!-./*0 "$12$$0 13$ 45-!1.*0 *6 13$ $7$01 8;.11.0: *0 ! )3!.-8 !04 13$ .01$-7!#

IE3,Pj

4B#*75%& 7)*& 7)" %7)"#$E *&4 !"#$%& '0 ?*$ @$5775&< %& * ;)*5#@ A%# * $)%#7

75+"= F$5&< 7)"$" #"$B,7$E ?" ;*& 4"4B;" 7)*7 * !"#$%& '0 5$ +%#" *9," 7%

7)" !"#$%& '3 7% +%:" 5& 7)" *!*#7+"&7=

• >*9," 0=C2 $)%?$ 7)" :*,54*75%& %A 7)" ":"&7 @G5775&< %& *&  #+;)*5#@ %A
7)" 3 %9$"#:"4 !"#$%&$E 9H ;%+!*#5&< 7)" :*,B" %A 7)" 4B#*75%& dE4,P j E ?57)

7)" 5&7"#:*, IE4,P j =

IA 7)5$ :*,B" 9",%&<$ 7% 5&7"#:*, IE4,P j E 7)"& 7)" !"#$%& )*$ * &%#+*, 9"J

)*:5%# ;%+!*#"4 7% 7)" *:"#*<"= IA &%7E 7)"& 7)" !"#$%& )*$ * 4":5*7"4 K5="=

456"#"&78 9")*:5%# ;%+!*#"4 7% 7)" *:"#*<"=

>)5$ 7*9," $)%?$ 7)*7 !"#$%&$ '. *&4 '0 ?"#" @$5775&< %& * ;)*5#@ A%# *

,%&<"# 4B#*75%& 7)*& 7)" %7)"#$E *&4 !"#$%& '3 ?*$ @$5775&< %& * ;)*5#@ A%#

* $)%#7 75+"= F$5&< 7)"$" #"$B,7$E ?" ;*& 4"4B;" 7)*7 * !"#$%& '0 !#"A"#$



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

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

%,1(-&./2 '.34(1$% -. &/-$1+() IE4,P j -.)/&$ -)&01. &$  !"##"$% &$ '$ ()*+,'") 

dE4,1 = 00 : 12 : 57 ∈ IE4,P1 5 4$12./ 60 7(2 ( /.13() 41.8)$

dE4,2 = 00 : 24 : 09 ∈ IE4,P2 5 4$12./ 69 7(2 ( /.13() 41.8)$

dE4,3 = 00 : 52 : 58 ∈ IE4,P3 5 4$12./ 6: 7(2 ( /.13() 41.8)$

dE4,4 = 01 : 50 : 19 /∈ IE4,P4 5 4$12./ 6; 7(2 ( %&<$1$/- 41.8)$

dE4,5 = 00 : 57 : 14 ∈ IE4,P5 5 4$12./ 6" 7(2 ( /.13() 41.8)$

dE4,6 = 01 : 48 : 35 /∈ IE4,P6 5 4$12./ 6 7(2 ( %&<$1$/- 41.8)$

dE4,7 = 00 : 16 : 07 ∈ IE4,P7 5 4$12./ 6= 7(2 ( /.13() 41.8)$

dE4,8 = 00 : 12 : 27 ∈ IE4,P8 5 4$12./ 6> 7(2 ( /.13() 41.8)$

dE4,9 = 00 : 05 : 46 /∈ IE4,P9 5 4$12./ 6? 7(2 ( %&<$1$/- 41.8)$

 !"#$ %&'() *+,-!./0+1 "$23$$1 24$ 56.!2/+1 +7 24$ $8$12 9:/22/1; +1 !1 <.,=4!/.9 !15 24$

/12$.8!# IE4,Pj

-. 2&- &/ (/ (13'7(&1 &/2-$(% -7$ '7(&1!

• @(A)$  !0? 27.B2 -7$ +()&%(-&./ .C -7$ $+$/- DE2&/F @GD .C -7$ ? .A2$1+$%

4$12./2H AI '.34(1&/F -7$ +(),$ .C -7$ %,1(-&./ dE5,P j H B&-7 -7$ &/-$1+()

IE5,P j !

JC -7&2 +(),$ A$)./F2 -. &/-$1+() IE5,P j H -7$/ -7$ 4$12./ 7(2 ( /.13() A$K

7(+&.1 '.34(1$% -. -7$ (+$1(F$! JC /.-H -7$/ -7$ 4$12./ 7(2 ( %$+&(-$% L&!$!

%&<$1$/-M A$7(+&.1 '.34(1$% -. -7$ (+$1(F$!

@7&2 -(A)$ 27.B2 -7(- 4$12./ 6 7(2 ,2$% ( @G C.1 ( 27.1- -&3$ L$!F!

 2/"$% 34 

%,1(-&./2 '.34(1$% -. &/-$1+() IE5,P j -.)/&$ -)&01. &$  2/"$% 34 

dE5,1 = 01 : 31 : 56 ∈ IE5,P1 5 4$12./ 60 7(2 ( /.13() 41.8)$

dE5,2 = 02 : 49 : 53 /∈ IE5,P2 5 4$12./ 69 7(2 ( %&<$1$/- 41.8)$

dE5,3 = 02 : 25 : 55 ∈ IE5,P3 5 4$12./ 6: 7(2 ( /.13() 41.8)$

dE5,4 = 02 : 47 : 44 /∈ IE5,P4 5 4$12./ 6; 7(2 ( %&<$1$/- 41.8)$

dE5,5 = 02 : 12 : 08 ∈ IE5,P5 5 4$12./ 6" 7(2 ( /.13() 41.8)$

dE5,6 = 00 : 05 : 12 /∈ IE5,P6 5 4$12./ 6 7(2 ( %&<$1$/- 41.8)$

dE5,7 = 02 : 18 : 44 ∈ IE5,P7 5 4$12./ 6= 7(2 ( /.13() 41.8)$

dE5,8 = 01 : 47 : 34 ∈ IE5,P8 5 4$12./ 6> 7(2 ( /.13() 41.8)$

dE5,9 = 01 : 09 : 24 /∈ IE5,P9 5 4$12./ 6? 7(2 ( %&<$1$/- 41.8)$

 !"#$ %&'>) *+,-!./0+1 "$23$$1 24$ 56.!2/+1 +7 24$ $8$12 9?0/1;  @9 !15 24$ /12$.8!# IE5,Pj

NNON"O09 C.1 6 +2! N9O9"O"" C.1 6:M -7(/ -7$ .-7$12H (/% 4$12./ 69 7(2

,2$% ( @G C.1 )./F$1 %,1(-&./ L$!F! N9O;?O": C.1 69 +2! N0O:0O" C.1 60M!

• @(A)$  !9N 27.B2 -7$ +()&%(-&./ .C -7$ $+$/- DE2&/F E44$1 P,4A.(1%D .C

-7$ ? .A2$1+$% 4$12./2H AI '.34(1&/F -7$ +(),$ .C -7$ %,1(-&./ dE6,P j H B&-7

-7$ &/-$1+() IE6,P j !



 !" #$%&'%()*+ %+, -./'&(/ *0 (1. 23*4*/., 5443*%61

70 (1)/ $%&'. 8.&*+9/ (* )+(.3$%& IE6,P j : (1.+ (1. 4.3/*+ 1%/ % +*3;%& 8.<

1%$)*3 6*;4%3., (* (1. %$.3%9.= 70 +*(: (1.+ (1. 4.3/*+ 1%/ % ,.$)%(., >)=.=

,)?.3.+(@ 8.1%$)*3 6*;4%3., (* (1. %$.3%9.=

A1)/ (%8&. /1*B/ (1%( 4.3/*+ 2C 1%/ '/., '44.36'48*%3, 0*3 % $.3D /1*3(

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

,'3%()*+/ 6*;4%3., (* )+(.3$%& IE6,P j /'(",$ /(,01' ,$  !"#$% !&&'( )*&+,-(. 

dE6,1 = 00 : 03 : 40 ∈ IE6,P1 5 4.3/*+ 2 1%/ % +*3;%& 43*E&.

dE6,2 = 00 : 06 : 14 ∈ IE6,P2 5 4.3/*+ 2" 1%/ % +*3;%& 43*E&.

dE6,3 = 00 : 00 : 43 ∈ IE6,P3 5 4.3/*+ 2F 1%/ % +*3;%& 43*E&.

dE6,4 = 00 : 01 : 04 ∈ IE6,P4 5 4.3/*+ 2G 1%/ % +*3;%& 43*E&.

dE6,5 = 00 : 23 : 15 /∈ IE6,P5 5 4.3/*+ 2! 1%/ % ,)?.3.+( 43*E&.

dE6,6 = 00 : 03 : 02 ∈ IE6,P6 5 4.3/*+ 2H 1%/ % +*3;%& 43*E&.

dE6,7 = 00 : 17 : 31 /∈ IE6,P7 5 4.3/*+ 2I 1%/ % ,)?.3.+( 43*E&.

dE6,8 = 00 : 02 : 22 ∈ IE6,P8 5 4.3/*+ 2J 1%/ % +*3;%& 43*E&.

dE6,9 = 00 : 00 : 15 ∈ IE6,P9 5 4.3/*+ 2C 1%/ % +*3;%& 43*E&.

 !"#$ %&'() *+,-!./0+1 "$23$$1 24$ 56.!2/+1 +7 24$ $8$12 9:0/1; :--$. *6-"+!.59 !15 24$

/12$.8!# IE6,Pj

();. >.=9= KKLKKL ! 0*3 2C $/= KKLKHL G 0*3 2 @ (1%+ (1. *(1.3/: %+, 4.3/*+

2! %+, 2I 1%/ '/., '44.36'48*%3, 0*3 &*+9.3 ,'3%()*+ >.=9= KKL"FL ! 0*3

2! %+, KKL ILF 0*3 2I@=

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

A1. ;%)+ ,.,'6()*+/ *0 %&& (1. *8(%)+., 3./'&(/ /1*B (1%(L

• A1. 4.3/*+ 2C >B*;%+ *0 J! D.%3/@ 1%/ % 0%)3&D ,)?.3.+( 43*E&. 03*; (1.

*(1.3/= A1)/ 4.3/*+ /1*B/ /*;. )+%8)&)()./ )+ '/)+9 M)(61.+ .N')4;.+( >.=9=

*+ '/)+9 /(*$.@ %+, %&/* /1*B/ /*;. ,)O6'&()./ (* ;*$. )+ (1. &%8*3%(*3D

>.=9= /)(()+9 *+ % 61%)3 0*3 % &*+9 ,'3%()*+@: B1)61 ;%D 8. (1. E3/( /)9+ *0

(1. 03%)&(D *0 (1)/ 4.3/*+=

• A1. 4.3/*+ 2I >B*;%+ *0 HH D.%3/@ %+, (1. 4.3/*+ 2! >B*;%+ *0 HC D.%3/@

/1*B ,)?.3.+( 43*E&. )+ '/)+9 '44.36'48*%3,= 50(.3 $).B)+9 (1. $),.*/:

B. 0*'+, (1%( (1./. 4.3/*+/ 1%$. 0*39*((.+ (* 6&*/. (1. '44.36'48*%3,= 7(

6*'&, 8. ,'. (* (1. 0%6( (1%( (1./. 4.3/*+/ /(%3( % +.B %6()$)(D %+, (1.D

0*39*( (* E+)/1 (1. *3)9)+%& %6()$)(D >61%&&.+9. *0 0%&/. /(%3(/ )+(3*,'6., )+

/.6()*+ F= =" )+ 61%4(.3 F@=

• A1. 4.3/*+ 2H >B*;%+ *0 IK D.%3/@ /1*B/ ,)?.3.+( 43*E&. )+ '/)+9 AP: )+

/)(()+9 *+ % 61%)3 %+, )+ /)(()+9 )+ %+ %3;61%)3= 50(.3 $).B)+9 (1. $),.*/: B.

0*'+, (1%( (1)/ 4.3/*+ 1%, ,)O6'&()./ )+ ('3+)+9 *+ (1. AP= A1)/ ;%D 8.

,'. (* (1. 0%6( (1%( (1)/ 4.3/*+ ,*./ +*( 1%$. AP )+ 1.3 *B+ 1*;. *3 1%/

,)O6'&()./ '/)+9 (1. 3.;*(. 6*+(3*&= 58*'( /)(()+9 *+ % 61%)3 %+, /)(()+9 )+

%+ %3;61%)3 )( )/ ,'. (* (1. /.+/*3 0%)&'3./=



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

• -./ 0/1(#$ 2+ 34#56$ #7  8 9/61(: (.#4( ;)</1/$= 01#>&/ )$ '()$? '00/1@

%'0A#61;! B7=/1 C)/4)$? =./ C);/#(D 4/ 7#'$; =.6= =.)( 0/1(#$ .6( 7#1?#==/$

=# %&#(/ =./ '00/1%'0A#61;! E= %#'&; A/ ;'/ =# =./ 76%= =.6= =.)( 0/1(#$

(=61=( 6 $/4 6%=)C)=9 6$; (./ 7#1?#= =# >$)(. =./ #1)?)$6& 6%=)C)=9 3%.6&&/$?/

#7 76&(/ (=61=( )$=1#;'%/; )$ (/%=)#$ ,!*!F )$ %.60=/1 ,:!

• -./ 0/1(#$ 2G 356$ #7   9/61(: (.#4( ;)</1/$= 01#>&/ )$ '()$? -HD '()$?

71);?/ 6$; ()==)$? )$ 6$ 615%.6)1! B7=/1 C)/4)$? =./ C);/#(D 4/ 7#'$; =.6=

=.)( 0/1(#$ 46( A/.6C)$? 4/)1;&9 A'= 4/ ;# $#= I$#4 4.9! J/ 569 ;/;'%/

=.6= =.)( 0/1(#$ 46( $#= 5#=)C6=/; =# ;# =./ /K0/1)5/$=(!

 ! "#$%&'()#$

L/C/16& =/(=( %#$=6)$)$? 6 &61?/ $'5A/1 #7 %#50&/K 6%=)C)=)/(D )$%&';)$? 6 =/(=

&6(=)$? #C/1 =4# 4//I( .6C/ A//$ 1/6&)M/;! -./ #A=6)$/; 1/('&=( (.#4 =.6=

=./ 01#0#(/; 6001#6%. 6&&#4( =# 1/%#?$)M/ 1/&)6A&9 4)=. 6 &#4 76&(/ 6&615 16=/

6 (/= #7 )$=/1/(=)$? 6%=)C)=)/( 6= .#5/ 71#5 5'&=)(/$(#1 ;6=6 3)!/! C);/# 6$;

/$C)1#$5/$=6&:!

E$ =./ $/K= %.60=/1D 4/ %#$%&';/ #'1 4#1I 6$; 4/ 01#0#(/ (#5/ 7'='1/

4#1I =# )501#C/ =./ 6%=)C)=9 1/%#?$)=)#$ 7165/4#1I!



 !" #$%&'%()*+ %+, -./'&(/ *0 (1. 23*4*/., 5443*%61



 !"#$%& '

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

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

#,0&3 4#$% (**+,(.# $!.52-&% (! (51,+$"#0 /,+ +&(56"$0& 7)$-&, +("&8 +&.,1!$"$,!

,/ *+$0$"$)& (!- .,0*,%$"& (."$)$"$&% "#(" #()& ,..2++&- $! "#& %.&!& ,9%&+)&- 9:

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

$% 9(%&- ,! .,09$!$!1 )$-&, &)&!"% '$"# &!)$+,!0&!"(5 &)&!"% ", +&.,1!$;&

#20(! (."$)$"$&%3 4#& *+,*,%&- (**+,(.# .,!%$%"% $! -&"&."$!1 *&,*5&< "+(.=$!1

*&,*5& (% "#&: 0,)&< (!- +&.,1!$;$!1 (."$)$"$&% ,/ $!"&+&%" 9(%&- ,! 025"$%&!%,+

(!(5:%$% (!- #20(! (."$)$": +&.,1!$"$,!3

4#& *+,*,%&- (**+,(.# "(=&% (% $!*2" "#& -("( *+,)$-&- 9: "#& -$>&+&!" %&!%,+%

(!- &?*5,$"% "#+&& 0(@,+ %,2+.&% ,/ =!,'5&-1&A "#& BC 0,-&5 ,/ "#& %.&!& 7$3&3

(! (*(+"0&!"8< "#& BC 0,-&5 ,/ 0,9$5& ,9@&."% 7&313 *&+%,!8< (!- "#& 0,-&5% ,/

(."$)$"$&%3

D! ,)&+)$&' ,/ "#& .,!"+$92"$,!% ,/ "#$% ',+= $% -&%.+$9&- $! "#& !&?" %&.6

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

(**+,(.#3 E$!(55:< /2"2+& ',+=% (+& *+,*,%&- $! %&."$,! F3B ", $0*+,)& "#&

*+,*,%&- (**+,(.#3

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

 ! "#$% %&."$,! '& -&%.+$9& (! ,)&+)$&' ,/ ,2+ .,!"+$92"$,!% $! "#$% ',+=A

• D  !" #$ %#&!' #(% 9&&! $!"+,-2.&- (% -&%.+$9&- $! .#(*"&+ G3 4#$% %&!%,+

0,-&5 $% (95& ", 1$)& ( .,#&+&!" (!- &H.$&!" +&*+&%&!"("$,! ,/ "#& $!/,+0(6

"$,! *+,)$-&- 9: )(+$,2% *#:%$.(5 %&!%,+%3 4#& $!"+,-2."$,! ,/ 2!.&+"($!":

0,-&5$!1 $! "#$% %&!%,+ 0,-&5 $% $!%*$+&- 9: "#& +&(56',+5- &!)$+,!0&!"3

I,!%$-&+("$,! ,/ "#& 2!.&+"($!": $% .+2.$(5 $! ,+-&+ ", 0($!"($! ( +,92%"

%&!%,+ 0(!(1&0&!" *&+/,+0(!.&3

4#& *+,*,%&- %&!%,+ 0,-&5 .,!"($!% %$? (""+$92"&% '#$.# (+& "#& 0(@,+

.#(+(."&+$%"$.% ,/ "#& %&!%,+% $! "#& ',+5-3 4#$% %&!%,+ 0,-&5 $% $!-&*&!6

-&!" /+,0 "#& ":*& ,/ *#:%$.(5 %&!%,+% $!%"(55&- $! "#& ,9%&+)&- %.&!&3 J!6



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

&0/.+*%.3 4+%*50).) *.)0'5 *% .60 )0%)$/ 7/$8+8*'*.*0) $5 ,0.0&.*$% +%, 5+')0

+'+/49

• : !"#$%&'%() *+#$,$#- )&+(.'$#$(' /)* &0()1 *) 7/$7$)0, *% &6+7.0/ !

.$ /0&$;%*<0 *%.0/0).*%; 6(4+% +&.*=*.*0) +. 6$409 : 7/$7$)0, +77/$+&6

5$/ 4('.*)0%)$/ +&.*=*.3 /0&$;%*.*$% *) 8+)0, $% 5()*%; =*,0$ 0=0%.) >*.6

0%=*/$%40%.+' 0=0%.) $% .60 ,0&*)*$% '0=0'9 ?6*) +77/$+&6 *) >0'' +,+7.0,
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