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+<("%,*." .&# !)!L%+& " * ")(%!(!%* <*O"5*.+&<*C 4* *$C+.*01&9

U& "<(*<(& $%&'"(*% !#* G&* +<("%,*." .&# & !)!L%+&2 ,L.+C 4" !)*%2 6 !# $%&."))&

.&#$C"8&9 F#G&%* &) G"<",V.+&) 4* #"CD&%* 4* !)*G+C+4*4" 4" !#* +<("%,*." )"'*# +<M

4+).!(VO"+)2 <1& )1& %")&CO+4&) &) $%&GC"#*)  !" C"O*# W 4+/.!C4*4" 4& $%&'"(& 4" !#*

X<("%,*." :YZ"%) IJJ[@9 \C5!#*) 4"))*) 4+/.!C4*4") )1&]

• N+/.!C4*4" "# "<("<4"% *) (*%",*) " &) !)!L%+&)

F<("<4"% &  !" & !)!L%+& /<*C  !"% " $%".+)* 6 4+,V.+C2 )&G%"(!4& $&% !" * #*+&%+*

4&) $%&5%*#*4&%") ("# 4+/.!C4*4" 4" )" +#*5+<*% <* .&<4+01& 4" !)!L%+&) .&#!<)9

• ^&#$C"8+4*4" +<"%"<(" W) (*%",*) " *$C+.*0_")

B 4&#V<+& 4* *$C+.*01& .&)(!#* )"% *#$C& " 4" 4+,V.+C #&4"C*5"#2 )"'* $&% !" *

(*%",* 4" #&4"C*% 6 .&#$C+.*4*2 )"'* $&% !" * *$C+.*01& )" $%&$_" * %")&CO"% #!+(&)

$%&GC"#*)9

• *̀%+"4*4" 4" *)$".(&) " %" !+)+(&) 4+,"%"<(")

X<("%,*.") .&# & !)!L%+& "<O&CO"#  !")(_") .&#& 4")+5< 5%L/.&2 4&.!#"<(*01&2

+<("%<*.+&<*C+-*01& " 4")"#$"<D&2 &  !" .&<(%+G!+ $*%* *!#"<(*% * .&#$C"8+4*4"

4& 4")"<O&CO+#"<(&9

• a"&%+* " #6(&4&) <1& )1& )!/.+"<(") $*%* %")&CO"% & $%&GC"#*

\ D*G+C+4*4" 4&) $%&'"(+)(*) 6 ,*(&% $%+#L%+& $*%* *  !*C+4*4" 4*) +<("%,*.") 5"%*M

4*)9 b 4+,V.+C .%+*% !# #6(&4& *G%*<5"<("2 5%*<4" $*%(" 4&) $%&'"(&) *$%")"<(*#

)+(!*0_")  !" )1& "8."0_") W) %"5%*) $%&$&)(*) <&) #&4"C&)9

• N+/.!C4*4" 4" )" ,*-"% !# $%&'"(& +("%*(+O&

B +4"*C 6 %"/<*% !#* +<("%,*." .&# !)!L%+& .+.C+.*#"<("2 #*) #!+(*) O"-") *) #&4+M

/.*0_") (%*-"# !#* $+&%* 4" !)*G+C+4*4"2 *C6# 4* .&#$C"8+4*4" 4" &G("% %")!C(*4&)

4&) !)!L%+&) /<*+) "# .*4* +("%*01&9 :YZ"%) IJJ[@



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

 !"#$ %&!'()*+) *#, +!(-).,%- *'/0-1$ &* '-2,$ *#, +!(-).,%- '+#31-' 4- *',) - ,3)-!5

4-)$ 6 *# 3)&%-''& 7*- 4-#,!4, 31,!-2,#-!(&8 9# 4&' 3)&:1-#,' #,+' %&#*!' !&

4-'-!0&10+#-!(& 4- +!(-).,%-' ';& 3)&:1-#,' )-1,%+&!,4&' %&# <*=& 4- !,0->,?;&$ %&#&

3&) -=-#31&$ 1+!@' 7*-:),4&'$ &3-),?A-' 7*- !;& 3&4-# '-) -=-%*(,4,'8 B-'', .&)#,$

31,!-2,) , !,0->,:+1+4,4- 4& '+'(-#, 6 -''-!%+,18

 !" #$%&'()*+

C 3)&3&'(, 4-'-!0&10+4, *(+1+D, & .&)#,1+'#& 4, EF>+%, G&4,1 3,), #&4-1,) +!(-).,%-'

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

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

*# :&# .*!%+&!,#-!(& 4& '&.(H,)-8

C EF>+%,$ (+3+%,#-!(-$ %&!'+'(- 4- ()I' +!>)-4+-!(-'$ JK,)-1 -( ,18 LMMMNO

• "#$%&'%()

9#, 1+!>*,>-# 6 *#, %&1-?;& 4- -=3)-''A-' :-# .&)#,4,'$ P' 7*,+' '- 3&4- ,()+:*+)

*# '+>!+"%,4&8 Q' 'R#:&1&' 4- *#, 1+!>*,>-#$ 2*!(& %&# )->),' .&)#,+' 3,), 4+'5

(+!>*+) -=3)-''A-' 4- *# ,>)->,4& ,):+()/)+& 4- 'R#:&1&'$ ';& %S,#,4&' 4- '+!(,=-

4, 1+!>*,>-#8

• *()+$,#-'

C '-#T!(+%, 4+D %&#& +!(-)3)-(,) -=3)-''A-' :-# .&)#,4,' %&#& 4-%1,),?A-' '&:)-

,1>&8  ''- U,1>&V 3&4- '-) *# &:2-(& #,(-#/(+%& %&#& >)*3&'$ >)/"%&' &* !W#-)&'

!,(*),+'$ &* -1-#-!(&' 4& %&(+4+,!& %&#& %,))&'$ -#3)->,4&'$ &* & (-#3&8 B-%1,5

),?A-' 4- *#, 1+!>*,>-# -=3)-'', ,' 3)&3)+-4,4-' - )-1,?A-' -!()- -''-' &:2-(&'8

• *#.,()' /( /(/&012

9# '+'(-#, 4- 4-4*?;& %&!'+'(- 4- *#, %&1-?;& 4- )->),' 7*- 3&4-# '-) ,31+%,4,'

3,), 4-)+0,)$ 4- #&4& #-%T!+%&$ .,(&' +!(-)-'',!(-' '&:)- &:2-(&' '-#T!(+%&' - '*,'

)-1,?A-'8 Q' .,(&' - )-1,?A-' ';& ,7*-1-' 7*- ';& -=3)+#R0-+' !, 1+!>*,>-#8

 ''-' ()I' ,'3-%(&'$ 1+!>*,>-#$ '-#T!(+%, - '+'(-#, 4- 4-4*?;&$ 3&4-# '-) ,4,3(,4&'

3,), *#, ,31+%,?;& -# 3,)(+%*1,) - 3,), 4-(-)#+!,4&' !R0-+' 4- -=3)-''+0+4,4-8

X& %,'& 4, 3)&3&'(, &), ,3)-'-!(,4,$ -''-' ()I' -1-#-!(&' ';& ,4,3(,4&' 3,), & -'(*4&

4, !,0->,:+1+4,4- 4- (-1,' -# '+'(-#,' 4- +!(-).,%-8

B- .&)#, ,!/1&>,$ -#  !>-!S,)+, 4- Y&.(H,)- 4- #&4& >-),1$ 3,), )-,1+D,) , 0,1+4,?;&

.&)#,1 4- '+'(-#,'$ ';& (,#:6# !-%-''/)+&' ()I' )-7*+'+(&' JK*(S - Z[,! LMM\NO

• 9#  !"#$%&!' ("!" #&)$*"! '+'(-#,'$ >-),1#-!(- *#, 1+!>*,>-# 4-'%)+(+0,]

• 9#, *+,-."-$# )$ $/($0+10"23& 3,), 4-'%)-0-) ,' 3)&3)+-4,4-' , '-)-# 0-)+"%,4,']



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

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

&*"&)'()#,-.3

45*&$%#6*&7 &80-.7 9/& .* 0$:* 9/&*'0.* 8# ;8<&8=#$'# +& >.10?#$& ).8*'+&$#!7 ).!.

8# @A<')#7 # B'8</#<&!7 # &*"&)'()#,-. *&!C80')# & . !D0.+. +& %&$'()#,-. ./ +&+/,-.3

;*0& 0$#5#B=. 0#!5D! *&</& 0#'* $&9/'*'0.* 8# #"$&*&80#,-. +. *'*0&!# "$.".*0.3

E&**& )#*.7 . !.+&B. 8#%&<#)'.8#B +. F/G. +& 0&B#* D +&*)$'0. ".$ /!# B'8</#<&!7 9/&

".**/' /!# *&!C80')# & 0/+. '**. D #**.)'#+. # /! *'*0&!# +& +&+/,-.3

>&8+. #**'!7 # B'8</#<&! ".**'5'B'0# # $&"$&*&80#,-. +#* 0&B#* +& /!# 1.$!# *'!"B&*3

; 0#B B'8</#<&! 0#!5D! ".**'5'B'0# # #8HB'*& +. F/G. +#* 0&B#* #. B.8<. +# /0'B'2#,-. +.

*'*0&!# +& '80&$1#)& "&B.* /*/H$'.*3

E&**& ).80&G0.7 . !.+&B. 8#%&<#)'.8#B +& 0&B#* D $&"$&*&80#+. ).!. /! <$#1. +& 0&B#*7

8. 9/#B *-. &*"&)'()#+#* #* 1/8,I&* +& )#+# 0&B#3 J.!. *&$H %'*0. !#'* #+'#80&7 /!# 0&B#

$&"$&*&80# # *'0/#,-.7 &*0#+.7 ./ !/8+. ".**K%&B +# '80&$1#)& +. *'*0&!# &! +&0&$!'8#+.

!.!&80.7 *&8+. $&"$&*&80#+# ).!. /! %D$0')& +. <$#1. +& 0&B#*3

LBD! +. <$#1. +& 0&B#* # "$.".*0# #"$&*&80#+# /0'B'2# # B'8</#<&! & .* 1/8+#!&80.* +#

@A<')# M.+#B3 L @A<')# M.+#B D /0'B'2#+# ).!. B'8</#<&! +&*)$'0'%# & +& &*"&)'()#,-.

+. !.+&B. "$.".*0.3 4* 1/8+#!&80.* +# +&+/,-. &! @A<')# M.+#B *-. /0'B'2#+.* "#$#

#8#B'*#$ . F/G. 8#%&<#)'.8#B +#* 0&B#*7 ./ *&N#7 "#$# %&$'()#$ "$."$'&+#+&* +. *'*0&!#3

J.!. )#*. +& &*0/+.7 &*0& 0$#5#B=. #"$&*&80# # !.+&B#<&! +& /! *'*0&!# &+/)#0'%.

"#$# . ;8*'8. O/8+#!&80#B P4B'%&'$# &0 #B3 QRSR#T3 4 *'*0&!# D /!# ).!/8'+#+& %'$0/#B

+& #"$&8+'2#<&! %.B0#+# "#$# . &8*'8. +& )$'#8,#*7 '8')'#B!&80& "$.N&0#+. "#$# . &8*'8.

+& BA<')# "#$# #B/8.* +. *&G0. #. 8.8. #8. +. ;8*'8. O/8+#!&80#B3

U#$# . "$.N&0. +&*0& ".$0#B 1.$#! /0'B'2#+#* #* 0&.$'#* +& #"$&8+'2#<&! +& VW<.0*XW7

9/& /0'B'2# ).!. 5#*& . &8*'8. 0&A$'). #0$#%D* +& ='*0A$'#*7 # %'%:8)'# +.* ).8)&'0.* #+6

9/'$'+.* & &*0K!/B. +& #0'0/+&* "$.#0'%#* "#$# . +&*&8%.B%'!&80. +. $#)'.)K8'. P4B'%&'$#

&0 #B3 QRSR)T3 4 U.$0#B &*0H *&8+. +&*&8%.B%'+. 8# 1.$!# +& /! Y&$&8)'#+.$ +& J.80&Z+.

"#$# [&5 /0'B'2#8+. # L$9/'0&0/$# MVJ & 0&)8.B.<'# [&5 Q3R P4B'%&'$# &0 #B3 QRSR5T3

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

;*0& 0$#5#B=. 1.' .$<#8'2#+. +# *&</'80& 1.$!#\

• 4 J#"K0/B. Q #"$&*&80# .* 1/8+#!&80.* 8&)&**H$'.* "#$# . +&*&8%.B%'!&80. +# "$.6

".*0#7 #5.$+#8+. ).8)&'0.* +& @A<')# M.+#B7 & !D0.+.* "#$# "$.N&0. +& '80&$1#)&*3

• 4 J#"K0/B. ] &G"B')# +&0#B=#+#!&80& . !D0.+. "$.".*0.7 #"B')#8+.6. ).!. &G&!"B.

&! /! *'*0&!# &+/)#0'%.7 #9/' 8.!&#+. +& U.$0#B +& ;8*'8.3 #̂B U.$0#B D /!#

"$.".*0# +& 1&$$#!&80# "#$# &8*'8. +& ).80&Z+. "#$# )$'#8,#*7 9/&7 8. &80#80.7

".+& *&$ &*0&8+'+# "#$# . &8*'8. +& 9/#B9/&$ ).80&Z+.3



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

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

+50,%+-%+, -" '0%+*"%&*" #"*" #*(6+%( 3+ ,0,%+.", 70#+*.$30"8

•  !"#$%&'( 9 "#*+,+-%" ", /(-/'&,:+, 3( %*";"'7(< /(. ,&4+,%:+, 3+ %*";"'7(, =&>

%&*(,8





 !"#$%&' (

)%*+!,-*$'.

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

 !"#$%$&'!()* +*% ,-&+!.$&'*% +! /0123! 4*+!56 3*&%2+$#!+! ! %$1-2#6 %$1-$ *% '#7%

"!%%*% ,-&+!.$&'!2%8 +$9&2()* +! 52&1-!1$.6 +! %$.:&'23! $ +* %2%'$.! +$ +$+-()*;

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

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

 52&1-!1$. +! /0123! 4*+!5 < -. 3*&=-&'* Φ +$ 5$'#!% "#*"*%232*&!2% >%?.@*5*%

"#*"*%232*&!2% *- A!#2BA$2% "#*"*%232*&!2%C 3-=*% $5$.$&'*% %)* &*#.!5.$&'$ +$&*'!+*%

"*# p, q, r . . .6 $ +*2% *"$#!+*#$% -&B#2*% ♦ >D*-#*DC $ � >D3!2E!DC FG5!3H@-#& $' !5; IJJIK;

 % ,0#.-5!% φ +! 52&1-!1$. +! /0123! 4*+!5 %)* +$9&2+!% "$5! ,*#.! +$ G!3H-% L!-#

>GLMC ! %$1-2#8

φ ::= p|⊥|¬φ|φ ∨ φ|φ ∧ φ|φ→ φ|φ↔ φ|♦φ|�φ

N*&,*#.$ $%%! +$9&2()*6 -.! ,0#.-5! "#*"*%232*&!5 "*+$ %$# '!&'* -.! 5$'#! "#*"*O

%232*&!5 *- ! 3*&%'!&'$ +$ ,!5%2+!+$ ⊥;

 5<. +2%%*6 -.! ,0#.-5! "*+$ %$# -.! ,0#.-5! &$1!+!6 -.! +2%=-&()* +$ ,0#.-5!%6

-.! 3*&=-&()* +$ ,0#.-5!%6 -.! 2."523!()* +$ ,0#.-5!%6 -.! $P-2A!57&32! +$ ,0#.-5!%6

-.! ,0#.-5! "#$9E!+! "*# -. *-#* ♦6 *- "*# -.! 3!2E! �;

Q 3*&$3'2A* *-#* %21&293! R"*%%2@252+!+$S6 $&P-!&'* P-$ * 3*&$3'2A* 3!2E! '$. * %$&'2+*

+$ R&$3$%%2+!+$S T*# $E$."5*6 ! ,0#.-5!

♦φ >I;UC

(7



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

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

")*%$+ %*(%., φ  !"#$%$"&#+2 3 % 45#'(.%

�φ 67278

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

%*(%., φ  !"#$%$"&#+2

"#$%&'(  )*) 95#'(.%) $% :5;&/% <+$%.

3="'>.+) $" 45#'(.%) $% .5;&/% '+$%. )?+@

• (p ∧ ♦(p→ �¬r))

• �((♦q ∧ ¬r) → �p)

AB)"#!%C)" D("  >+))E!". #")('&# % #";#% $% .&-;(%;"' '+$%. >%#%

φ ::= p|⊥|¬φ|φ ∨ φ|♦φ

F))+  +B*&$+, ."!%-$+C)" "' /+-)&$"#%0?+ %) )";(&-*") >#+>#&"$%$")@

G2 A) +>"#%$+#") ♦ "� )" /+'>+#*%' $% '")'% 4+#'% D(" +) D(%-*&H/%$+#") I-&!"#)%.

" 3=&)*"-/&%., +( )"J%, %) "D(&!%.K-/&%) % )";(&# )?+ !1.&$%)@

∀xα ↔ ¬∃x¬α

�φ↔ ¬♦¬φ

72 L%'B ', %-%.+;%'"-*" M :5;&/% N#+>+)&/&+-%., *K'C)" %) "D(&!%.K-/&%)@

%2 ψ ∧ φ↔ ¬ψ ∨ ¬φ

B2 (ψ → φ) ↔ (¬ψ ∨ φ)

/2 (ψ ↔ φ) ↔ ((ψ → φ) ∧ (φ→ ψ))

$2 ⊤ ↔ ¬⊥

O >%#*&# $"))% .&-;(%;"', )?+ (*&.&P%$+)  !"#$% >%#% $&%;#%'%# +) '+$".+), +( &-*"#C

>#"*%0Q") $%) 45#'(.%) $+ )&)*"'%2



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

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

 !  !"#$ " #!$ %#&'$ F = (W,R) %$' (#) *+'$,-.#/0 )% $'1 233245

61 W " #! ,708#0%7 097 :$;67< ,=$!$>7 >) #06:)/?7 @7# >7!A067B >) F

661 R " #!$ /)'$C97 .60D/6$ )! W >6%$ /)'$C97 >) $,)??6.6'6>$>) @7# /)'$C97 >) :6?6.6E

'6>$>)B1

F? )')!)0%7? >) W /),).)! >6:)/?$? >)?6G0$CH)?< >)&)0>)0>7 >7 ,70%)I%7 )! (#) ?)

$&/)?)0%$!1 JI)!&'7? >)??$? >)?6G0$CH)? ?975

• #%&'()<

• *(&+()<

• $)+"'()<

• &,)<

• -&)+"&+$) )

• )-+%"./$)1

K7!7 7 7.8)%6:7 >$ &/7&7?%$ $&/)?)0%$>$ 0)?%$ >6??)/%$C97 " $ $0D'6?) >7 L#I7 0$E

:)G$,670$' >) %)'$?< )0%97 7 %)/!7 M +$0"N " #?$>7 ,7!7 ?60O06!7 >7? %)/!7?5 #%&'()<

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

P)0>7 w1<w2 ∈ W < >6;E?) (#) w2 " $,)??A:)' $ &$/%6/ >) w1< 7# $60>$<w2 &7??#6 #!$

/)'$C97 >) $,)??6.6'6>$>) ,7! w1< ?) (w1, w2) ∈ R *Q7#:)6$ )% $'1 233341

R7/%$0%7< #!  !"#$ " ?6!&')?!)0%) #!$ )?%/#%#/$ /)'$,670$' ,7! /)'$CH)? .60D/6$?

?6!&')?1

-.#/01)  * * 1!"#$

S T6G#/$ 21U $&/)?)0%$ #! )I)!&'7 >)  !"#$<F = (W,R)< %$' (#)5

W = {w1, w2, w3, w4}

R = {(w1, w2), (w1, w4), (w2, w4), (w4, w3), (w3, w1)}

S ?)!V0%6,$ >) #! W/$!) " >)X06>$ ,7!7 #! !7>)'7 (#) >)%)/!60$ 7? ?6G06X,$>7?

>7? ?)#? ,7!&70)0%)?1



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

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

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

,* *-.+/- M .% /0"!1% *-.%/ 2 +34+1!51%.- 4-$ 67#89 + :;%< &==>?)

(' ,* 1-<@#<8- W A 1#@-3 +/+*+<8-3 3B- 19%*%.-3 *#<.-3C

&' ,*% :+/%DB- R +* W 8%/ E#+ R ⊆ W ×W A 19%*%.% .+ $+/%DB- .+ %1+33!F!/!.%.+C

G' ,*% H#<DB- V : W → P A 8%/ E#+ P 2 #* 1-<@#<8- .+ 3I*F-/-3 4$-4-3!1!-<%!3A

19%*%.% .+ H#<DB- .+ J%/-$%DB-'

K33!*A #* *-.+/- M 4-.+ 3+$ .+<-8%.-)

M = (W,R, V )

LF3+$J%M3+ E#+ -3 1-<@#<8-3 W + R .+5<+* #*% +38$#8#$% $+/%1!-<%/A .+5<!.% 1-*-

 !"#$' N+38% H-$*%A #* *-.+/- 4-.+ 3+$ .+5<!.- 1-*-)

M = (F, V )

K33!*A .!OM3+ E#+M 2 #* *-.+/- F%3+%.- <- H$%*+ FA -# E#+ F 2 - %!"#$ 3#F@%1+<8+ %

M' K/2* .!33-A % H#<DB- V A 19%*%.% H#<DB- .+ J%/-$%DB-A 2 - 1-<@#<8- Φ .+ 4$-4-3!DP+3

E#+ 3B- J+$.%.+!$%3 <%3 8+/%3 .+ F 6Q/%1RF#$< +8 %/' &==&?'

"#$%&'() *+1+ ,23%'() .# 45/)65'()0

S+@% M = (W,R, V ) #* *-.+/- .% /0"!1% *-.%/' S#4-<9% E#+ w ∈ W + φ 2 #*%

H0$*#/% .% /0"!1% *-.%/' N+5<+M3+ E#+ #*% H0$*#/% φ 2 J+$.%.+!$% +* #* *#<.- w



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

 !"#$% " &'()!*" φ + ,"-.,&/.-" #% )!#$% w0 %! ,/1"2

w 
 φ

3*+) $.,,%0 $"$" " &!#45% $/ 6"*%("45% V 0 /#-5% V (w) + % 7%#1!#-% $/ -%$%, %,

,8)9%*%, :(%:%,.7.%#".,  !/ ,5% 6/($"$/.(%, /) w ;<!-= / >?"# @AABCD

"#$%&'() *+,+ -./0&12/'() 3# 456789/1 #7 :8%3)1 3# 87 :)3#9);

E/1" w !) )!#$% #% )%$/*%

M = (W,R, V )

F)" &'()!*" φ + ,"-.,&/.-" G6/($"$/.("H /) M0 #% )!#$% w ,/0 / ,%)/#-/ ,/2 M0

w 
 p ,/0 / ,%)/#-/ ,/0 p ∈ V (w)D

M0 w 1 ⊥D

M0 w 
 ¬φ ,/0 / ,%)/#-/ ,/0 M0w 1 φD

M0 w 
 φ ∨ φ ,/0 / ,%)/#-/ ,/0 M0 w 
 φ %! M0 w 
 φD

M0 w 
 φ ∧ φ ,/0 / ,%)/#-/ ,/0 M0 w 
 φ / M0 w 
 φD

M0 w 
 φ→ φ ,/0 / ,%)/#-/ ,/0 M0 w 
 φ ,/):(/  !/ M0 w 
 φD

M0 w 
 φ↔ φ ,/0 / ,%)/#-/ ,/0 M0 w 
 φ ,/0 / ,%)/#-/ ,/0 M0 w 
 φD

M0 w 
 �φ ,/0 / ,%)/#-/ ,/0 :"(" -%$% v ∈ W -"*  !/ R(w, v)0 -/)%, M0 v 
 φD

M0 w 
 ♦φ ,/0 / ,%)/#-/ ,/0 /I.,-/ !) v ∈ W -"*  !/ R(w, v)0 -/)%, M0 v 
 φD

3*+) $.,,%0 !) 7%#1!#-% Σ $/ &'()!*", + 6/($"$/.(% /) !) /,-"$% w $/ !) )%$/*%

M0 $/#%-"$% :%(2

M, w 
 Σ

,/0 / ,%)/#-/ ,/0 -%$%, %, )/)9(%, $/ Σ ,5% 6/($"$/.(%, /) ωD

"#$%&'() *+<+ -./0&12/'() 3# 456789/1 #7 87 :)3#9);

F) )%$/*% M = (W,R, V ) ,"-.,&"J " !)" &'()!*" ,/ /) -%$%, %, )!#$%, $% )%$/*%

" &'()!*" + ,"-.,&/.-" ;<!-= / >?"# @AABCD 3,,.)2

M 
 φ

,/0 / ,%)/#-/ ,/0 :"(" 7"$" w ∈ W 0 w 
 φD



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

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

% &'()*+ ,-, +.*#/#01+ )2 #3#2.$! "# 2!"#$!4 M = (W,R, V )4 1+$ 5)#6

W = {w1, w2, w3, w4}

R = {(w1, w2), (w1, w4), (w2, w4), (w4, w3), (w3, w1)}

# + 7)089! "# :+$!*+89! V +.$';+"+ #2 ;+"+ 2)0"! "+ /#()'01# 7!*2+6

V (w1) = {p, q} ;

V (w2) = {p, r} ;

V (w3) = {p, q, s} ;

V (w4) = {p} .

<!"#=/# ;!0;$)'* 5)# +/ /#()'01#/ 7>*2)$+/ /9! /+1'/7#'1+/ #2 M6

• M4 w4 
 p4

.!'/ p ∈ V (w4)-

• M4 w1 
 ¬r4

.!'/M4w1 1 r4 !) /#?+4 r 09! #/1@ .*#/#01# #2 w1-

• M4 w3 
 p ∧ q ∧ s4

.!'/M4 w3 
 p4M4w3 
 q #M4w3 
 s-

• M4 w3 
 p ∧ q ∧ s ∧ ¬r4

.!'/M4w3 
 p4M4w3 
 q4M4w3 
 s #M4w3 1 s-

• M4 w1 
 �p4

.!'/ 1!"!/ !/ 2)0"!/ +;#//A:#'/ "# w1 /+1'/7+B#2 p-

• M4 w1 1 �r4

.!*5)# #3'/1# )2 2)0"! +;#//A:#$ "# w1 5)# 09! /+1'/7+B r C+ /+D#*4 w4E-

• M4 w1 
 ♦r4

.!'/ #3'/1# )2 2)0"! +;#//A:#$ "# w1 5)# /+1'/7+B r4 ! 2)0"! w2-

• M 
 p4

/'(0'F;+ 5)# #2 1!"!/ !/ 2)0"!/ "! 2!"#$! M4 p G :@$'"!-



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

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

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

./ 0%/!12* ,/ #/ /*+,-* M = (W,R, V ) 3 #/% 4,5#617!% !181!9% +, /#1+*4

w1, w2, w3, . . . ∈ W : 9%- 5#,: ;%$% 7%+% i ≥ 1: (wi, wi+1) ∈ R' ./ 7%/!12* 3 ,47$!9* +%

4,"#!19, <*$/%(

π = w1 → w2 → w3 → . . .

2(3.&'(4 ./ 7%/!12* 3 $,;$,4,19%+* ;,-% -,9$% "$,"% π' = 9$,72* 81%- +, #/

7%/!12*: !1!7!%+* 1* /#1+* wi: 3 +,4!"1%+* +, π
i
'

56"/78( )*9* 0%/!12*

0*14!+,$, * /*+,-* +* >?,/;-* &'@: $,;$,4,19%+* ;,-%  !"#$% &'&' = 7%/!12*

π = w1 → w4 → w3 → . . .

$,;$,4,19% #/ !17$,/,19* -!1,%$ +* 9,/;*'

= 7%/!12* !1!7!% 1* /#1+* w1: +,;*!4 ;%44% %* /#1+* w4: +,;*!4 %* /#1+* w3: ,

%44!/ ;*$ +!%19,'

= 9$,72* +* 7%/!12* π: !1!7!%+* 1* /#1+* w4: *# 4,A%: 1* 4,"#1+* ,49%+* +* 7%/!12*:

3

π2 = w4 → w3 → . . .

> * 9$,72* !1!7!%+* 1* /#1+* w3 3

π3 = w3 → . . .



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

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

/$%'. .4! ($-+5*'#'. *!&.+#$-'&#! !. 63&#'"$&/!. #' #$#374! .$"8&/+*' #' 9:)+*' ;!#'%<

= .$)3+-2 .4! ',-$.$&/'#!. '%)3&. $>$",%!. #$ *!"! ($-+5*'- ' .'/+.6'74! #$ ,-!,-+$#'#$.2

$.*-+/'. *!"! 6:-"3%'. #' %:)+*' "!#'% $" 3" "!#$%!< ;'+. '#+'&/$2 &$./$ /-'0'%1!2 /'+.

($-+5*'7?$. .4! 3/+%+@'#'. ,'-' '&'%+.'- ,-!,-+$#'#$. &'($)'*+!&'+. $" 3" .+./$"' #$

/$%'.<

"#$%&'( )*+* A.! #!. B,$-'#!-$. ♦ $ �

= C+)3-' D<E ',-$.$&/' 3" "!#$%! M = (W,R, V )2 *!"F

W = {w1, w2, w3, w4}

R = {(w1, w2), (w1, w3), (w1, w4)}

 $..$ "!#$%!2 V G /'% H3$F

V (w1) = {p, q} ;

V (w2) = {p, q} ;

V (w3) = {q} ;

V (w4) = {q} ;

I" 3" *'"+&1! +&+*+'#! $" w12 *!&*%3+J.$ H3$F

• M2w1 
 ♦p

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

π = w1 → w2

#$ 6!-"' H3$ &! .$)3&#! "3&#! #' .$H3L&*+'2 w22 p G .'/+.6$+/!<

• M,w1 
 �q

G (K%+#'2 ,!+. $" /!#!. !. *'"+&1!. +&+*+'#!. $" w12 !. H3'+. .4!F

π1 = w1 → w2

π2 = w1 → w3

π3 = w1 → w4

&! .$)3&#! "3&#! #$..$. *'"+&1!.2 q G .'/+.6$+/!<



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

 !"#$% &'() *+,$%-.$,/ ♦ , �

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

4  !"#$% &'5 %+$,/,12% #6 6.-,7. M = (W,R, V )8 9.6)

W = {w1, w2, w3, w4}

R = {(w1, w2), (w1, w3), (w1, w4), (w2, w3)}

:,//, 6.-,7.8 V ; 2%7 <#,)

V (w1) = {p} ;

V (w2) = {p} ;

V (w3) = {p} ;

V (w4) = {} ;

=6 #6 9%6!1>. !1!9!%-. ,6 w18 9.197#!?/, <#,)

M, w1 
 ♦♦p

; 3@7!-%8 +.!/ ,A!/2, #6 9%6!1>.8

π = w1 → w1 → w3

-, B.$6% <#, 1. 2,$9,!$. 6#1-. -% /,<#C19!%8 w38 p ; /%2!/B,!2.'

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

4  !"#$% &'D %+$,/,12% #6 6.-,7. M = (W,R, V )8 9.6)

W = {w1, w2, w3, w4, w5, w6, w7, w8, w9, w10}



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

 !"#$% &'() *$%+,!-!.!/%/0 /1 230$%/1$ ♦

R = {(w1, w2), (w1, w3), (w1, w4), (w2, w5), (w3, w6), (w3, w7), (w3, w8), (w4, w9), (w4, w10)}

40,,0 51/0617 V 8 -%6 9#0)

V (w1) = {p} ;

V (w2) = {p} ;

V (w3) = {p} ;

V (w4) = {p} ;

V (w5) = {p} ;

V (w6) = {p} ;

V (w7) = {} ;

V (w8) = {} ;

V (w9) = {} ;

V (w10) = {p}

:5 #5 ;%5!+<1 !+!;!%/1 05 w17 31/0=,0 .0$!>;%$ 9#0)

• M 7 w1 
 �♦p

8 .?6!/%7 31!, % 3%$-!$ /0 -1/1, 1, 0,-%/1, %6;%+@?.0!, /0 w17 8 31,,A.06 -$%@%$ %1

50+1, #5 ;%5!+<1 ;#B1 3$CD!51 0,-%/1 ;1+-85 p' *E5=,07 0+-F17 1, ;%5!+<1,)

π1 = w1 → w2 → w5

π2 = w1 → w3 → w6

π3 = w1 → w4 → w10

2, ;%5!+<1,



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

π4 = w1 → w3 → w7

π5 = w1 → w3 → w8

π6 = w1 → w4 → w9

 !" #$%&#'$()* $ '+,*-.$ �♦p/

0&1-,$ 2/34 5,$ #&%&6&7$7) 7" 89),$7", �♦

"#$%&'( )*+* 5,$ #&%&6&7$7) 7"# 89),$7",)#4 ♦�

: 0&1-,$ 2/; $9,)#) %$ -* *"7)." M = (W,R, V )< ="*4

W = {w1, w2, w3, w4, w5, w6, w7, w8, w9, w10}

R = {(w1, w2), (w1, w3), (w1, w4), (w2, w5), (w3, w6), (w3, w7), (w3, w8), (w4, w9), (w4, w10)}

>)##) *"7)."< V ? %$. @-)4

V (w1) = {p} ;

V (w2) = {} ;

V (w3) = {p} ;

V (w4) = {} ;



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

V (w5) = {} ;

V (w6) = {p} ;

V (w7) = {p} ;

V (w8) = {p} ;

V (w9) = {} ;

V (w10) = {}

 ! "! #$!%&'( %&%#%$)( *! w1+ ,()*-.* /*0%1#$0 2"*3

• M+w1 
 ♦�p

4 /56%)$+ ,(%. $ ,$07%0 )* $( !*&(. "! *.7$)( $6#$&85/*6 )* w1+ *! 7()(. (. #$!%&'(.

p (#(00* &( *.7$)( .*9"%&7*: ;" .*<$+ &( !()*6( )$ =%9"0$ >:? (. #$!%&'(. 2"*

.$7%.@$A*! $ @B0!"6$ ♦�p .C(3

π1 = w1 → w3 → w6

π2 = w1 → w3 → w7

π3 = w1 → w3 → w8

=%9"0$ >:?3 D0$&.%7%/%)$)* )( ;,*0$)(0 ♦�

E ,0(,(.7$ $,0*.*&7$)$ &*.7* 70$F$6'( #(&.%)*0$ "! @0$9!*&7( )$ GB9%#$ H()$6 )*-

&(!%&$)( GB9%#$ D*!,(0$6: GB9%#$. 7*!,(0$%. 7*! "! $.,*#7( )%&I!%#(+ ,(%. $ /*0)$)*

)* "!$ @B0!"6$ &C( 4 1J$ *! "! !()*6(+ #(!( (#(00* &$ 6B9%#$ ,0(,(.%#%(&$6 * )*

,0*)%#$)(.+ !$. )*,*&)* )* "! ,(&7( &( 7*!,( )*&70( )( !()*6( KL"7' * MN$& >OOPQ:



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

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

 !"#$ %& '(#)%& ")*%& +$ ,-.)/0 1$2*%#034 0 *#%*%&"0 0*#$&$!"0+0 !$&"$ "#05036% /%!7

&)+$#0 0 ,-.)/0 1$2*%#03 +$ 1$2*%7,)!$0# 8,1,9 $ 0 ,-.)/0 +$ :#'%#$ ;%2*<"0/)%!03

8,=;9>

?5&$#'07&$ @<$ "0)& $&/%360& *%+$2 &$# /%!&)+$#0+0& /%2% %*AB$& +$ *#%C$"%> ?<"#%&

")*%& +$ ,-.)/0& 1$2*%#0)& *%+$#)02 &$# $&/%36)+%& $4 !$&&$ /0&%4 %& 2%+$3%& %5")+%&

"$#)02 *#%*#)$+0+$& +)D$#$!"$&> E$&"$ "#05036% /%!&)+$#07&$ 0 ,1, $ 0 ,=;4 *$3% &<0

$F*#$&&)')+0+$ 0+$@<0+0 *0#0 #$*#$&$!"0AG% +$ H<F%>

=% I!03 +0 0*#$&$!"0AG% +0 *#%*%&"04 $&&$ "$20 +$ 0!(3)&$ &$#( /%!&)+$#0+% !%'02$!"$>

"#$%&'() *+,+ -./0&12 3#45)627 .&%#268

= ,-.)/0 1$2*%#03 ,)!$0#4 ,1,4 2%+$30 % "$2*% /%2% <20 &$@<J!/)0 +$ $&"0+%&4

$&"$!+$!+% )!I!)"02$!"$ *0#0 % D<"<#%> K$&&0 D%#204 % "$2*% !G% L +$"$#2)!M&")/%4 *%7

+$!+% %/%##$# +)'$#&%& /02)!6%& !0 &$@<J!/)0 "$2*%#034 % @<$ *%&&)5)3)"0 0 #$*#$&$!"0AG%

+$ +)D$#$!"$& D<"<#%& *%&&M'$)&> =& D-#2<30& +0 ,1, *%&&<$2 0 &$.<)!"$ &)!"0F$N OP<"6 $

QR0! STTUV

φ ::= ⊤|⊥|p|(¬φ)|(φ ∧ φ)|(φ ∨ φ)|(φ→ φ)|(φ↔ φ)|(Xφ)|(Fφ)|(Gφ)|(φUφ)|(φWφ)|(φRφ)

?& /%!$/")'%& X4 F 4 G4 U 4 W $ R &G% /6020+%& /%!$/")'%& "$2*%#0)& $ "$2 %&

&$.<)!"$& &).!)I/0+%&N

• X &).!)I/0 W*#-F)2% $&"0+%X 8 ! " #"$"!94

• F &).!)I/0 W$2 03.<2 $&"0+% Y<"<#%X 8#%&! !"#"$% #"$"!94

• G &).!)I/0 W"%+%& %& $&"0+%& D<"<#%&X 8&'%($'')94

• U &).!)I/0 W0"L @<$X 8' "*'94

• R &).!)I/0 W3)5$#"0AG%X 8(!'!$#!9 $

• W &).!)I/0 W<2 Z0"L @<$[ D#0/%X 8)!$+,- "*' 9>

\)&"$20& '$#)I/0+%& *%# ,1, *%+$2 &$# 2%+$30+%& /%2% &)&"$20& +$ "#0!&)AG%4 %<

&$C04 &)&"$20& /%2*%&"%& *%# $&"0+%& $ "#0!&)AB$&> E$&&$ /0&%4 "$27&$ $F0"02$!"$ % @<$

%/%##$ !0 0!(3)&$ !0'$.0/)%!03 +$ <2 &)&"$20 +$ "$30&>



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

"#$%&'() *+,+ -. /#01%2&34 54 678&34 9#0:);4< 6&%#4;=

 ! "#"$ %& &'()*' () +,!-./01' M$ 2 %&! +%3*! 45%+6 ) 78!- 9::;<

M = (S,→, L)

+!* =%) S 2 %& >'-?%-+' () ).+!('. '% &%-('. ('+!('. () %&! ,)*!01' () +,!-./01' →@

A >'-?%-+' S 3'..%/ ' &).&' >'->)/+' =%) ' >'-?%-+' W (! "BC/>! D'(!*@ E ,)*!01' ()

+,!-./01' → 2 %&! ,)*!01' F/-G,/! )& S$ .)&)*6!-+) !' >'-?%-+' R (! "BC/>! D'(!*@

E*2& (/..'$ 3!,! >!(! s ∈ S )H/.+) %& s′ ∈ S +!* =%)$

s→ s′

E I%-01' () ,'+%*!01' L$ I%->/'-! (! &).&! I',&! =%) ! I%-01' () J!*',!01' V (!

"BC/>! D'(!*K

L : S → P

"#$%&'() *+>!+ -/42&?@4'() 5# @7;0A<4? 54 696=

L)?!

M = (S,→, L)

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

π = s1 → . . .

%& >!&/-6' )& M@

A >!&/-6' π .!+/.I!M %&! IB,&%*! "#"$ .) .!+/.I!M !*C%&! (!. ,)*!0N). ! .)C%/,$ 45%+6

) 78!- 9::;<

/@ π � ⊤

//@ π 2 ⊥

///@ π � p .)$) .'&)-+) .)$ p ∈ L(s1)

/J@ π � ¬φ .)$) .'&)-+) .)$ π 2 φ

J@ π � φ1 ∧ φ2 .)$) .'&)-+) .)$ π � φ1 ) π � φ2



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

 !" π � φ1 ∨ φ2 #$%$ #&'$()$ #$% π � φ1 &* π � φ2

 !!" π � φ1 → φ2 #$%$ #&'$()$ #$% π � φ1 #$'+,$ -*$ π � φ2

 !!!" π � φ1 ↔ φ2 #$% $ #&'$()$ #$% π � φ1 → φ2 $ π � φ2 → φ1

!." π � Xφ #$% $ #&'$()$ #$% π2 � φ

." π � Gφ #$% $ #&'$()$ #$% +/,/ )&0& i ≥ 1% πi � φ

.!" π � Fφ #$% $ #&'$()$ #$% $.!#)$ i ≥ 1% )/1 -*$ πi � φ

.!!" π � φ1Uφ2 #$% $ #&'$()$ #$% $.!#)$ i ≥ 1% )/1 -*$ πi � φ2

$ +/,/ )&0& j = 1, . . . , i− 1% )$'&# -*$ πj � φ1

.!!!" π � φ1Wφ2 #$% $ #&'$()$ #$% $.!#)$ i ≥ 1% )/1 -*$ πi � φ2

$ +/,/ )&0& j = 1, . . . , i− 1% )$'&# -*$ πj � φ12

&* +/,/ )&0& k ≥ 1 )$'&# πk � φ1

.! " π � φ1Rφ2 #$% $ #&'$()$ #$% $.!#)$ i ≥ 1% )/1 -*$ πi � φ1

$ +/,/ )&0& j = 1, . . . , i− 1% )$'&# -*$ πj � φ22

&* +/,/ )&0& k ≥ 1 )$'&# πk � φ2

"#$%&'( )*+* 3 3+$,/0&, X

4 5!6*,/ 7"8 /+,$#$()/ *' 9/'!(:& π 0$ *' '&0$1&% $% )/';<'% $.$'+1!=9/ / #$>

'?()!9/ 0& &+$,/0&, X" @$##$ 9/'!(:&% / AB,'*1/

s1 � Xq

<  $,0/0$!,/% +&!# & #$6*(0& $#)/0& 0& 9/'!(:& C$#)/0& s2D 9&()<' q" 3* #$E/% / +/,)!,

0& 9/'!(:& π% )$'>#$ & 9/'!(:& π2
% 9*E& +,!'$!,& '*(0& #/)!#A/F q"

"#$%&'( )*!,* 3 3+$,/0&, G

4 5!6*,/ 7"G /+,$#$()/ *' $.$'+1& 0/ #$'?()!9/ 0& &+$,/0&, G" 4 5!6*,/ '&#),/



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

 !"#$% &'() *+,-./0 10 0.,$%10$ X

2#, % 34$-#/%

s1 � Gq

5 6,$1%1,!$% 70 8%-!790 π: .0!;: % .%$<!$ 10 ;,"#710 ,;<%10 q 080$$, ,- <010; 0; -#710;'

=# ;,>%: q ,;<? 807<!10 ,- <010; 0; -#710; 10 8%-!790 π2
'

 !"#$% &'@) *+,-./0 10 0.,$%10$ G



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

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

 &!"#$%&# F ' ($)*(+"*)& (", "()$-%& ". /. ./-%& s1, ". $01/. .&."-)& -& +/)/#&

q 2$* &3&##"#, &/ ("4$, q ' ($)*(+"*)& ". $01/. ./-%& %& 3$.*-5& π *-*3*$%& -& "()$%& s16

7 8*1/#$ 96: ";".!0*<3$ $ (".=-)*3$ %"((" &!"#$%&#6 >"((" 3$(&,

s1 � Fq

' ($)*(+"*)$, !&#?/" ". /. .&."-)& %& 3$.*-5& *-*3*$%& !&# s1 &3&##" q, " "((" .&."-)&

' & ./-%& s3 %& 3$.*-5& π6

8*1/#$ 96:@ A;".!0& %& &!"#$%&# F
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tChat, tAgendamento, tGravacaoetParticular
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tChat = [α11, α12, α2]

&.- 2%(G

a11 = {iRevista, iForum, iPerfil, iMural, iBiblioteca, iCriatividade, iMensagens,

iAgendamento, iGravar, iParticular, iFechar, iMinimizar}

a12 = {iEnviar, iSelecionar, iMaximizar}

a2 = {iChat}

L;,(41.?,( 9(-!  !"#$ %& '&(") '. J/3%4. K7M 2%( !, /&(#,

{iRevista, iForum, iPerfil, iMural, iBiblioteca, iCriatividade, iMensagens,

iAgendamento, iGravar, iParticular, iFechar, iMinimizar}

,6! -/#N, 9.4. !%&4!, 1 4&/"(, '!  !"#$ %& '&(") 7 L, /&(#, iFechar ( iMinimizar ,6!
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{iEnviar, iSelecionar, iMaximizar}

iMaximizar

α12

{iChat}

α2

tPrincipal

tPrincipal = [α11[iRevista, iChat, iForum, iPerfil, iMural, iBiblioteca, iCriatividade,

iMensagens], α12[ ], α2[ ]]

α11

tForum

tForum = [α11, α12, α2]



a11 = {iRevista, iChat, iPerfil, iMural, iBiblioteca, iCriatividade, iMensagens,

iAssunto, iAddAssunto, iFechar, iMinimizar}

a12 = {iMaximizar}

a2 = {iForum}

tRevista = [α11, α12, α2]

a11 = {iChat, iForum, iPerfil, iMural, iBiblioteca, iCriatividade, iMensagens,

iAgenda, iConteudo, iAtividades, iFechar, iMinimizar}

a12 = {iMaximizar}

a2 = {iRevista}

tPerfil = [α11, α12, α2]
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a11 = {iRevista, iChat, iForum, iMural, iBiblioteca, iCriatividade, iMensagens,

iDadosPessoais, iEditarDados, iFotosV ideos, iGerenciarFotosV ideos, iAmigos,

iGerenciarAmigos, iBlog, iFechar, iMinimizar}

a12 = {iMaximizar}

a2 = {iPerfil}

tBiblioteca = [α11, α12, α2]

 !" #$%

a11 = {iRevista, iChat, iForum, iPerfil, iMural, iCriatividade, iMensagens,

iLinks, iAddLinks, iAddArquivos, iFechar, iMinimizar}

a12 = {iMaximizar}

a2 = {iBiblioteca}

tCriatividades = [α11, α12, α2]
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a11 = {iRevista, iChat, iForum, iPerfil, iMural, iBiblioteca, iMensagens, iAtividades,

iAddAtividades, iT rabalhos, iAddTrabalhos, iAvaliacoes, iAddAvaliacoes, iFechar, iMinimizar

a12 = {iMaximizar}

a2 = {iCriatividades}

tMural = [α11, α12, α2]
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a11 = {iRevista, iChat, iForum, iPerfil, iCriatividades, iBiblioteca, iMensagens}

a12 = {iEnviarRecado, iSelecionarRecados, iExcluirRecados, iMaximizar}

a2 = {iMural}

tAssuntos = [α11, α12, α2]

 !" #$%

a11 = {iRevista, iChat, iPerfil, iMural, iCriatividades, iBiblioteca, iMensagens,

iTopicos, iAddTopico, iFechar, iMinimizar}
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a12 = {iMaximizar}

a2 = {iForum}

tTopicos = [α11, α12, α2]

 !" #$%

a11 = {iRevista, iChat, iPerfil, iMural, iCriatividades, iBiblioteca, iMensagens,

iMsgs, iAddMsg, iAvisoResposta, iFechar, iMinimizar}

a12 = {iMaximizar}

a2 = {iForum}

tMsgs = [α11, α12, α2]

 !" #$%

a11 = {iRevista, iChat, iPerfil, iMural, iCriatividades, iBiblioteca, iMensagens,

iEnviar, iCancelar, iFechar, iMinimizar}

a12 = {iMaximizar}

a2 = {iForum}

tAvisoResposta = [α11, α12, α2]

 !" #$%

a11 = {iRevista, iChat, iPerfil, iMural, iCriatividades, iBiblioteca, iMensagens,

iConfirmarAviso, iCancelar, iFechar, iMinimizar}

a12 = {iMaximizar}

a2 = {iForum}

tAgendamento = [α11, α12, α2]

 !" #$%

a11 = {iRevista, iForum, iPerfil, iMural, iCriatividades, iBiblioteca, iMensagens,

iSalvar, iCancelar, iFechar, iMinimizar}

a12 = {iData, iHora, iDescricao, iMaximizar}

a2 = {iChat}

tGravacao = [α11, α12, α2]

 !" #$%

a11 = {iRevista, iForum, iPerfil, iMural, iCriatividades, iBiblioteca, iMensagens,

iSalvar, iCancelar, iFechar, iMinimizar}



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

a12 = {iSelLocal, iMaximizar}

a2 = {iChat}

tParticular = [α11, α12, α2]

 !" #$%

a11 = {iRevista, iForum, iPerfil, iMural, iCriatividades, iBiblioteca, iMensagens,

iEnviar, iFechar, iMinimizar}

a12 = {iMaximizar}

a2 = {iChat}

tLinks = [α11, α12, α2]

 !" #$%

a11 = {iRevista, iChat, iForum, iPerfil, iMural, iCriatividades, iBiblioteca,

iMensagens, iEditarLink, iExcluirLink, iFechar, iMinimizar}

a12 = {iMaximizar}

a2 = {iBiblioteca}

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

,./'01%*% $+ %2%+3". /. #$!" . '0' %+! %' 4 %2050/1. 1$!'  %"!'6 tChat % tForum7

,./'01%*%8  !+59+8 #$% !  %"! tChat %' 4 ! 0:! % !  %"! tForum /;. %' 4 ! 0:!7 <%''%

=!'.8 !  %"! tChat 9 1%>/01! =.+. '% '%?$%6

tChat = [α11, α12, α2]

 !" #$%

a11 = {iRevista, iForum, iPerfil, iMural, iBiblioteca, iCriatividade, iMensagens,

iAgendamento, iGravar, iParticular, iFechar, iMinimizar}

a12 = {iEnviar, iSelecionarAmigos, iMaximizar}

a2 = {iChat, iAssuntos, iAddAssunto, iMinimizar, iMaximizar, iFechar}

@' 0 %/'

iAssuntos, iAddAssunto,

iMinimizar, iMaximizar, iFechar

';. !10=0./!1.' A 1%>/0B;. 1!  %"! tChat8 /. =./C$/ . α27 D''.8 3.*#$% ';. 0 %/' #$% %' ;.

3*%'%/ %' /!  %"!8 +!' /;. %' ;. ! 0:.'7 @5'%*:% #$%  !0' 0 %/' 3%* %/=%+ A  %"! tForum8

! #$!" 9 *%3*%'%/ !1! 3.* $+! C!/%"! #$% %' 4 %+ '%?$/1. 3"!/.8 =.+. 9 +.' *!1. /!

(0?$*! E7F7



t1 t2 R a

α11 t1 t2

(t1, t2) ∈ R

t1 = [α11, α12, α2]

a ∈ α11, e

a t2

tPrincipal tChat

tPrincipal tChat

(tPrincipal, tChat) ∈ R.

α11 tPrincipal

tChat

iChat,



 !"! #$%&'$ ()*&+),-$.)' /)0&)%$ &1 23+-,) %& 45*$5& 6$1789),-$.)'  !

 !" !#!$%&'( "!)( *(%+( '! ,!$-  !"# '& ./0- & 1234  !" !#!$%& (  !"# !$% ! & %!)&

$%&'(&)"* ! & %!)&  !"#2

"#$%&'() *+,+ -+%",- .# /#0123

5('( .%"/0 1- 2-*"3 4 6(, &# #-&#  !)&78!#4 6(  !#"($'! &( . &,! '& 9:0/6& ;('&)2

<##! . &,! = '!$(,/$&'( . &,! '! 5!)&#2

45#670) *+!+ $%&'('! 5!)&#

>,& %!)& '( %/"(

t1 = [α11[a, b, c], α12[d, e], α2[f ]]

6(  !#"($'!4 $( 6($%!?%( '& 9:0/6& ;('&)4 & -, ,-$'( "(##@A!) '( . &,!2

"#$%&'() *+ + -8).#0) 91:#;1<&)%103

>, . &,! '! 5!)&#4 B-$%&,!$%! 6(, -,& C-$7+( '! A&)( &7+( &")/6&'& &( . &,!

6($#%/%-/ -, 401-*0 5"6-7"(&0'"* 2

D C-$7+( '! A&)( &7+(4 /$/6/&),!$%! '!E$/'& $( 6($%!?%( '& 9:0/6& ;('&)4 6(  !#"($'!

$( ,('!)( " ("(#%( &(# 6($B-$%(# '! /%!$#F α11 ! α12 "! %!$6!$%!# G 5!)&2

H( %&$%(4 -, 401-*0 5"6-7"(&0'"* = -, C &,!4 %&) I-! & 6&'& $: w '( .%"/0 1-

2-*"3 = &")/6&'& & C-$7+( '! A&)( &7+( '( %/"(F

V (w) = α11, α12

>, ;('!)( "('! #!  !" !#!$%&'( $& C( ,& '& ./0- & 12J2 K!#%& E0- & = &" !#!$%&'&

-,& "& %! '( 401-*0 5"6-7"(&0'"* '( #/#%!,& '&'( "!)( .%"/0 1- 2-*"3 '& ./0- &

12L2

M&'& '!E$/7+( '! %!)& = !#I-!,&%/N&'& $& C( ,& '! -, A= %/6! '( . &,!4 6(, ( $(,!

'& %!)&4 ! (# #!-# /%!$# '(# %/"(# α11 ! α122

 !" #$%&'$ ()*&+),-$.)' /)0&)%$ &1 23+-,) %& 45*$5&

6$1789),-$.)'

K( ;K9DM4 ( 6($B-$%( '! 8390:03 1- 2-*"3 #+( 6($A! %/'(# "& & ( 401-*0 5";

6-7"(&0'"* 2



tPrincipal

α11 α12

iRevista, iChat, iPerfil, iMural,

iBiblioteca, iCriatividades, iMensagens.

M = (F, V )

F V w

W V (w) φ

V (w) α11 α12

w

F = (W,R)

W

F R W



 !"! #$%&'$ ()*&+),-$.)' /)0&)%$ &1 23+-,) %& 45*$5& 6$1789),-$.)'  !

 ! " #$%& !' ()(*(+,!' -( W '.! /' ,()/' -! '0',(*/ 12( 3!44('5!+-(* /!' *2+-!'

5!''67(0' -/ #8903/ "!-/):

$ ;0924/ <:= /54('(+,/ 2*/ (',42,24/ 4()/30!+/) F = {W,R}& +/ 12/)

W = {tPrincipal, tChat, tRevista, tForum} ,

(

(w1, w2) ∈ R '(&( '!*(+,( '(&

w1 = [α11, α12, α2] ,/) 12(

a ∈ α11&( a > 2* )0+? 5/4/ ,()/ w2

$)>* -0''!& +! 3/'! -/ ;0924/ <:=& ! 3!+@2+,! φ -/' 54!5!'0AB(' -! *!-()! > -/-!

5!4C

φ = {iRevista, iChat, iForum, iPerfil, iMural,

iBiblioteca, iCriatividade, iMensagens, iAgendamento,

iGravar, iEnviar, iSelecionar, iParticular,

iFechar, iMinimizar, iMaximizar, iAssuntos,

iAddAssunto, iData, iHora, iDescricao,

iSalvar, iCancelar, iAgenda, iConteudo, iAtividades}

"#$%&'( )*!* %!+@2+,! D+07(4'! -! "!-()!

%/-/ +8 -! 94/E! -( ,()/' > (F5/+-0-!& 3!+'0-(4/+-! /' E2+30!+/)0-/-(' -!' ,05!' α11

( α12 3!44('5!+-(+,(': $''0*& !  !"#$ %& '&(") -/ ;0924/ <:G 5!-( '(4 4(-('(+H/-! -(

E!4*/ 12( 3/-/ 7>4,03( '( ,!4+( 2* 3!+@2+,! -( 0,(+':

I' 7>4,03(' 12( 3!*5B(* ! 3!+@2+,! 2+07(4'! W -(M& 3!* '2/' E2+AB(' -( 7/)!4/A.!

V & '.! !' '(920+,(' 3!+@2+,!'C

tPrincipal = [α11, α12]

,/) 12(

a11 = {iRevista, iChat, iForum, iPerfil, iMural, iBiblioteca, iCriatividade, iMensagens}

a12 = { }

tChat = [α11, α12]

,/) 12(

a11 = {iRevista, iForum, iPerfil, iMural, iBiblioteca, iCriatividade, iMensagens,

iAgendamento, iGravar, iParticular, iFechar, iMinimizar}
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a12 = {iEnviar, iSelecionar, imaximizar}

tForum = [α11, α12]

 !" #$%

a11 = {iRevista, iForum, iPerfil, iMural, iBiblioteca, iCriatividade, iMensagens,

iAssuntos, iAddAssunto, iFechar, iMinimizar}

a12 = {iMaximizar}

tRevista = [α11, α12]

 !" #$%

a11 = {iChat, iForum, iPerfil, iMural, iBiblioteca, iCriatividade, iMensagens,

iAgenda, iConteudo, iAtividades, iFechar, iMinimizar}

a12 = {iMaximizar}

tPerfil = [α11, α12]

 !" #$%

a11 = {iRevista, iChat, iForum, iMural, iBiblioteca, iCriatividade, iMensagens,

iDadosPessoais, iEditarDados, iFotosV ideos, iGerenciarFotosV ideos, iAmigos,

iGerenciarAmigos, iBlog, iFechar, iMinimizar}

a12 = {iMaximizar}

tBiblioteca = [α11, α12]

 !" #$%

a11 = {iRevista, iChat, iForum, iPerfil, iMural, iCriatividade, iMensagens,

iLinks, iAddLinks, iAddArquivos, iFechar, iMinimizar}

a12 = {iMaximizar}

tCriatividades = [α11, α12]

 !" #$%

a11 = {iRevista, iChat, iForum, iPerfil, iMural, iBiblioteca, iMensagens, iAtividades,

iAddAtividades, iT rabalhos, iAddTrabalhos, iAvaliacoes, iAddAvaliacoes, iFechar, iMinimizar}

a12 = {iMaximizar}



 !"! #$%&'$ ()*&+),-$.)' /)0&)%$ &1 23+-,) %& 45*$5& 6$1789),-$.)'  !

tMural = [α11, α12]

 !" #$%

a11 = {iRevista, iChat, iForum, iPerfil, iCriatividades, iBiblioteca, iMensagens}

a12 = {iEnviarRecado, iSelecionarRecados, iExcluirRecados, iMaximizar}

tAssuntos = [α11, α12]

 !" #$%

a11 = {iRevista, iChat, iPerfil, iMural, iCriatividades, iBiblioteca,

iMensagens, iTopicos, iAddTopico, iFechar, iMinimizar}

a12 = {iMaximizar}

tTopicos = [α11, α12]

 !" #$%

a11 = {iRevista, iChat, iPerfil, iMural, iCriatividades, iBiblioteca, iMensagens,

iMsgs, iAddMsg, iAvisoResposta, iFechar, iMinimizar}

a12 = {iMaximizar}

tMsgs = [α11, α12]

 !" #$%

a11 = {iRevista, iChat, iPerfil, iMural, iCriatividades, iBiblioteca, iMensagens,

iEnviar, iCancelar, iFechar, iMinimizar}

a12 = {iMaximizar}

tAvisoResposta = [α11, α12]

 !" #$%

a11 = {iRevista, iChat, iPerfil, iMural, iCriatividades, iBiblioteca, iMensagens,

iConfirmarAviso, iCancelar, iFechar, iMinimizar}

a12 = {iMaximizar}

tAgendamento = [α11, α12]

 !" #$%

a11 = {iRevista, iForum, iPerfil, iMural, iCriatividades, iBiblioteca, iMensagens,

iSalvar, iCancelar, iFechar, iMinimizar}

a12 = {iData, iHora, iDescricao, iMaximizar}



 !  !"#$%&' () *+,- . *'/0&!102 +!301!45'6!& 7!80!/! 02 ,9154! *'/!&

tGravacao = [α11, α12]

 !" #$%

a11 = {iRevista, iForum, iPerfil, iMural, iCriatividades, iBiblioteca, iMensagens,

iSalvar, iCancelar, iFechar, iMinimizar}

a12 = {iSelLocal, iMaximizar}

tParticular = [α11, α12]

 !" #$%

a11 = {iRevista, iForum, iPerfil, iMural, iCriatividades, iBiblioteca, iMensagens,

iEnviar, iFechar, iMinimizar}

a12 = {iMaximizar}

tLinks = [α11, α12]

 !" #$%

a11 = {iRevista, iChat, iForum, iPerfil, iMural, iCriatividades, iBiblioteca, iMensagens,

iEditarLink, iExcluirLink, iFechar, iMinimizar}

a12 = {iMaximizar}

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

0 &'()$( ' *% +%"!,-%. R %1 W *'  !"#$! %&'#(&)*!+&$ 2 *% %+13(!*' ! 4!+ 3+

*' ,-&.! "# /#$&0 *! 536$+! 7892 :'(.3*%+!(*' !.  %"!. *%;(3*!. (' <=%14"' 78> % '

 !"#$! %&'#(&)*!+&$ *! 536$+! 78>2 ? *!*' 4'+@

R = {(tPrincipal, tPerfil), (tPerfil, tPrincipal),

(tPrincipal, tRevista), (tRevista, tPrincipal),

(tPrincipal, tBiblioteca), (tBiblioteca, tPrincipal),

(tPrincipal, tCriatividades), (tCriatividades, tPrincipal),

(tPrincipal, tChat), (tChat, tPrincipal),

(tPrincipal, tForum), (tForum, tPrincipal),

(tPrincipal, tMural), (tMural, tPrincipal),

(tPrincipal, tMengagens), (tMensagens, tPrincipal),

(tPerfil, tMensagens), (tMensagens, tPerfil),

(tRevista, tBiblioteca), (tBiblioteca, tRevista),

(tBiblioteca, tLinks), (tLinks, tBiblioteca),

(tChat, tAgendamento), (tAgendamento, tChat),

(tChat, tGravacao), (tGravacao, tChat),



 !"! #$%&'$ ()*&+),-$.)' /)0&)%$ &1 23+-,) %& 45*$5& 6$1789),-$.)'  !

(tChat, tParticular), (tParticular, tChat),

(tForum, tAssuntos), (tAssuntos, tForum),

(tAssuntos, tTopicos), (tTopicos, tAssuntos),

(tTopicos, tMsgs), (tMsgs, tTopicos),

(tTopicos, tAvisoResposta), (tAvisoResposta, tTopicos),

(tChat, tRevista), (tRevista, tChat),

(tChat, tForum), (tForum, tChat) . . .}

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

.#".(5"# ( 6(4&'('# '# 72-!%4(" '( 12$&0( 3+'(48 9+*"&'#-# +" #:#!,4+" ( "#$%&-)

"#$%&'( !)**) ;2-!%4( '+ .&,+ p

9+*"&'#-(*'+ ( 72-!%4(

iRevista

*( .#4(

tPrincipal

9+*"&'#-(*'+ ( '#'%<=+>

M, tPrincipal 
 iRevista

?# ( .#4( (.&6( '+ "&".#!( @ ( .#4( tPrincipal) #*.=+ ( '#'%<=+ (0&!( @ "(.&"7#&.( "#>

iRevista ∈ V (tPrincipal)

#

iRevista ∈ φ

AB"#-6(5"# C%#) 0+*7+-!# ( ;&$%-( D8E) (" '%(" 0+*'&<F#" (0&!( "=+ "(.&"7#&.("8 1+$+)

M, tPrincipal 
 iRevista

"#$%&'( !)*+) ;2-!%4( '+ .&,+ ¬p

9+*"&'#-(*'+ ( 72-!%4(

¬iAgendamento
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 ! "#$!

tPrincipal

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

M, tPrincipal 
 ¬iAgendamento

/+ '#0!1

M, tPrincipal 1 iAgendamento

2# ! "#$! !"(3! )& '('"#4! 5 ! "#$! tPrincipal1 # "-& ! )#)+,-& !6(4! 5 '!"('7#("! '#.

iAgendamento /∈ V (tPrincipal)

#

iAgendamento ∈ φ

/8'#*3!9'# :+#1 6& 7&*4# ! ;(<+*! =>?1 !' )+!' 6& )(,@#' !6(4! '-& '!"('7#("!'> A&<&1

M, tPrincipal 
 ¬iAgendamento

"#$%&'( )*+)* ;B*4+$! )& "(C& p ∨ q

%& '()#*! )& ! 7B*4+$!

iConteudo ∨ iAtividades

 ! "#$!

tRevista

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

M, tRevista 
 iConteudo ∨ iAtividades

/+1 #:+(3!$# "#4# "#1

M, tRevista 
 iConteudo



 !"! #$%&'$ ()*&+),-$.)' /)0&)%$ &1 23+-,) %& 45*$5& 6$1789),-$.)'  !

 !

M, tRevista 
 iAtividades

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

iConteudo ∈ V (tRevista)

 !

iAtividades ∈ V (tRevista)

#

iConteudo e iAtividades ∈ φ

45*#6($7*# 8!#- . 1$* )$ 9':!6$ ;<=- $* %6>* 1 .)'0?#* $1'+$ */ *$%'*2#'%$*< @ : -

M, tRevista 
 iConteudo ∨ iAtividades

"#$%&'( )*+,* 9A6+!&$ ) %'B p ∧ q

C .*')#6$.) $ 2A6+!&$

iChat ∧ iForum

.$ %#&$

tForum

C .*')#6# $ )#)!0/ 3

M, tForum 
 iChat ∧ iForum

4! *#D$-

M, tForum 
 iChat

#

M, tForum 
 iForum



 !  !"#$%&' () *+,- . *'/0&!102 +!301!45'6!& 7!80!/! 02 ,9154! *'/!&

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

iChat ∈ V (tForum)

!

iForum ∈ V (tForum)

!

iChat e iForum ∈ φ

45)!6&"7)! 8/!, -( 1")( '" 9%:/6" ;<=, " 1(-'%0.(3

iForum ∈ V (tForum)

-.( + )"#%)2!%#"< >(:(,

M, tForum 1 iChat ∧ iForum

"#$%&'( )*+,* 9?6*/$" '( #%@( ♦p

A(-)%'!6"-'( " 2?6*/$"

♦iBiblioteca

-" #!$"

tPrincipal

A(-)%'!6"-'( " '!'/0.(3

M, tPrincipal 
 ♦iBiblioteca

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

∃w ∈ W ,#"$ 8/! (tPrincipal, w) ∈ R

!

iBiblioteca ∈ V (w)

!

iBiblioteca ∈ φ



 !"! #$%&'$ ()*&+),-$.)' /)0&)%$ &1 23+-,) %& 45*$5& 6$1789),-$.)'   

 !"#$%&'"# ()#* +, -&", .& /01)$& 234* & -,+.056,7

∃w 8&9 ()# (tPrincipal, w) ∈ R

: "&80";#08& <&$& & 8#9& tRevista3  ) "#=&*

(tPrincipal, tRevista) ∈ R

#

M, tRevista 
 iBiblioteca

>,1,7

M, tPrincipal 
 ♦iBiblioteca

!"#$%&' ()*+) /?$@)9& ., 80<, �p

A,+"0.#$&+., & ;?$@)9&

�iFechar

+& 8#9&

tPrincipal

A,+"0.#$&+., & .#.)56,7

M, tPrincipal 
 �iFechar

B# & 8#9& &80%& ., "0"8#@& : & 8#9& tPrincipal* #+86, & .#.)56, &-0@& : "&80";#08& "#7

∀w ∈ W *8&9 ()# (tPrincipal, w) ∈ R

#

iFechar ∈ V (w)

#

iFechar ∈ φ

 !"#$%&'"# ()#* +, -&", .& /01)$& 234* & -,+.056,7

∀w ∈ W *8&9 ()# (tPrincipal, w) ∈ R



 !  !"#$%&' () *+,- . *'/0&!102 +!301!45'6!& 7!80!/! 02 ,9154! *'/!&

 !"#$!%&$#" '"(" #)*"! "! #&+"! ,-& ')!!-&. (&+"/0) 1). " #&+" tPrincipal2 3- !&4"5

(tPrincipal, tRevista), (tPrincipal, tChat), (tPrincipal, tForum) ∈ R

&

M, tRevista 
 iFechar

&

M, tForum 
 iFechar

&

M, tChat 
 iFechar

6)7)8

M, tPrincipal 
 �iFechar

9& %)(." ":;+)7"5 )  !"#$! %&'#(&)*!+&$ *" <$7-(" =2>5 #".? . ')*& !&( -#$+$@

A"*)5 1):!$*&(":*) " 6B7$1" C&.')("+ D).'-#"1$):"+5 6ED2

F)! &G&.'+)! " !&7-$(5 ":"+$!"@!& ) -!) *& 1"*" )'&("*)( *" 6ED :)  !"#$! %&'#(&,

)*!+&$ *" <$7-(" =2>5 & :"! )-#("! #&+"! *) .)*&+) *&H:$*"! :) IG&.'+) =2>5 1):!$*&(":*)

"! (&+"/J&! *&H:$*"! :) IG&.'+) =2K2

"#$%&'( )*+ * <B(.-+" *) #$') AX(p)

D):!$*&(":*) " %B(.-+"

AX(iFechar)

L-'):*) ,-& " #&+" "#$M" :) !$!#&." !&4"8

tPrincipal

D):!$*&(":*) " *&*-/0)8

M, tPrincipal 
 AX(iFechar)

E !&.N:#$1" *" %B(.-+" AX(iFechar)  !$.$+"( O *" %B(.-+" �iFechar *" 6B7$1"

P)*"+2 3- !&4"5 " *&*-/0) !&.N:#$1" "1$."  M&(*"*&$(" !&8

∀π2 ⊂ π5#"+ ,-& tPrincipal  " '($.&$(" #&+" *) 1".$:Q) π



 !"! #$%&'$ ()*&+),-$.)' /)0&)%$ &1 23+-,) %& 45*$5& 6$1789),-$.)'  !

 

iFechar ∈ V (w)!"#$ %& w ' # ()*+ *)# " $# ,- .#+*/0- π2

 

iFechar ∈ φ

123 )4#53 %& ! /- .#3- ,# 6*7&)# 89:!  33#3 .-/,*;< 3 3=- 3#"*3> *"#3 (#)# "-,-3 -3

.#+*/0-3 ,- +-, $- */*.*#,-3  + tPrincipal9

"#$%&'( )*+,* 6?)+&$# ,- "*(- EX(p)

@-/3*, )#/,- # >?)+&$#

¬EX(iChat ∧ iAgendamento)

A&(-/,- %& # " $# #"*4# /- 3*3" +# 3 B#C

tPrincipal

@-/3*, )#/,- # , ,&;=-C

M, tPrincipal 
 ¬EX(iChat ∧ iAgendamento)

D 3 +E/"*.# ,# >?)+&$# EX(iChat∧iAgendamento) ' 3*+*$#) F ,# >?)+&$# ♦(iChat∧

iAgendamento) ,# G?7*.# H-,#$9 1& 3 B#! # , ,&;=- 3 +E/"*.# #.*+# ' 4 ),#, *)# 3 C

∀π2 ⊂ π!"#$ %& tPrincipal ' # ()*+ *)# " $# ,- .#+*/0- π

 

iChat /∈ V (w)!"#$ %& w ' # ()*+ *)# " $# ,- .#+*/0- π2

-&

iAgendamento /∈ V (w)!"#$ %& w ' # ()*+ *)# " $# ,- .#+*/0- π2

iChat, iAgendamento ∈ φ

123 )4#53 %& ! /- .#3- ,# 6*7&)# 89:!  33#3 .-/,*;< 3 3=- 3#"*3> *"#3 (#)# "-,-3 -3

.#+*/0-3 ,- +-, $- */*.*#,-3  + tPrincipal9 1& 3 B#!  + / /0&+ .#+*/0- */*.*#,-  +

tPrincipal! # 3 7&/,# " $# (-33&* iChat  iAgendamento #- + 3+- " +(-9

I33# ()-()* ,#, 3*7/*J.# %& 3? ' (-33K4 $ >#L ) &+  !"#$%&"#'( $" )(#*"+,%!

3 # " $# , )-%'  3"*4 ) #"*4#9 1 %& , >#"- , 4 3 ) 4 ),#, /- 3*3" +#! (-*3 #7 /,#)

&+# .-/4 )3# ' &+# >&/;=- ,# " $# )-%' 9



 !  !"#$%&' () *+,- . *'/0&!102 +!301!45'6!& 7!80!/! 02 ,9154! *'/!&

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

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

EG(¬iChat)

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

tChat

,(-.*'/"&-'( & '/'$67(5

M, tChat 
 EG(¬iChat)

8 '/'$67( ./#9-)*:& &:*#& ; 3/"'&'/*"& ./5

∃π<)&% 2$/ tChat ; & +"*#/*"& )/%& '( :&#*-=(

/

∀πi ⊂ π<:(# i > 1

/

iChat /∈ V (w)<)&% 2$/ w ; & +"*#/*"& )/%& '( :&#*-=( πi

iChat ∈ φ

>..&. :(-'*6?/. .7( .&)*.0/*)&. +&"& )('&. &. )/%&. '/ +/%( #/-(. $# :&#*-=( '(

#('/%( *-*:*&'( /# tChat@ A$ ./4&< -( :&#*-=( *-*:*&'( /# tChat< ./B$*-'( +/%& )/%&

tAgendamento< '/+(*. +/%& )/%& tChat @@@ < -/-=$#& '&. )/%&. +(..$* ( *)/# iChat@

A$ ./4&<

tChat→ tAgendamento→ tChat→ tGravacao . . .

>..& +"(+"*/'&'/ .*B-*C:& 2$/ '/-)"( '( :(-)/D)( '& )/%& Chat< ( E()7( Chat -7(

/.)F &)*3(< ($ ./4&< ; $# *)/# '( )*+( α2@

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

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

AG(iFechar)



 !"! #$%&'$ ()*&+),-$.)' /)0&)%$ &1 23+-,) %& 45*$5& 6$1789),-$.)'  !

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

tPrincipal

1#$-+%'2($%# ( %'%!34#0

M, tChat 
 AG(iFechar)

5 %'%!34# -'.6$)+7( (7+.( 8 ,'2%(%'+2( -'0

∀π9)(* &!' tPrincipal 8 ( "2+.'+2( )'*( %# 7(.+$:#

'

∀πi ⊂ π97#. i > 1

'

iFechar ∈ V (w)9)(* &!' w 8 ( "2+.'+2( )'*( %# 7(.+$:# πi

iChat ∈ φ

;--(- 7#$%+3<'- -4# -()+-='+)(- "(2( )#%(- (- )'*(- %' )#%#- #- 7(.+$:#- %# .#%'*#

+$+7+(%# '. tPrincipal>

;--( "2#"2+'%(%' -+?$+@7( &!' '. &!(*&!'2 )'*( %# -+-)'.(9 'A+-)' # B#)4#  !"#$% >

"#$%&'( )*+!* CD2.!*( %# )+"# ;CE"F

1#$-+%'2($%# ( =D2.!*(

EF (iGravar)

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

tPrincipal

1#$-+%'2($%# ( %'%!34#0

M, tPrincipal 
 EF (iGravar)

5 %'%!34# -'.6$)+7( (7+.( 8 ,'2%(%'+2( -'0

∃π9)(* &!' tPrincipal 8 ( "2+.'+2( )'*( %# 7(.+$:#

'



 !  !"#$%&' () *+,- . *'/0&!102 +!301!45'6!& 7!80!/! 02 ,9154! *'/!&

∃πi ⊂ π

 

iGravar ∈ V (w)!"#$ %& w ' # ()*+ *)# " $# ,- .#+*/0- πi
 iGravar ∈ φ

122#2 .-/,*34 2 25- 2#"*26 *"#2! (-*2  7*2" &+ .#+*/0- */*.*#,-  + tPrincipal!  +

%&  + ,#,- +-+ /"- # -(35- ,  !"#"! $%&#'!(" 8.# ,*2(-/9: $;

<& 2 =#!

tPrincipal → tChat

122# ()-()* ,#, ( )+*" , 2.->)*) 2 #$?&+# 6&/.*-/#$*,#, ,- 2*2" +# 2 )@ #$.#/A

3@: $;

B CDEBF! ()-(-2"# / 2" ")#>#$0-! ' &+# 6-)+#$*G#35-! &"*$*G#/,- EH?*.# C-,#$!

,- I&7- ,#2 */" )6#. 2; <& 2 =#! - +-, $- (-22*>*$*"# # #/@$*2 ,# /#: ?#35-  /") #2

,*6 ) /" 2 " $#2 , &+ 2*2" +#;

D 22 .-/" 7"-! .#,# " $# ,- +-, $- ) () 2 /"# &+# :*25- ,# */" )6#. ,- 2*2" +#

 + &+ , " )+*/#,- +-+ /"-; B$'+ ,*22-! /- +-, $- ()-(-2"- ' (-229: $ : )*8.#) #

#$.#/3#>*$*,#, , " $#2 , &+ 2*2" +#; J2"- '! %& ()-()* ,#, 2 , : + 2 ) 2#"*26 *"#2

(#)#! (#)"*/,- , &+# " $#! 2 ) (-229: $ #$.#/3#) -&")#2 " $#2 K2*"&#34 2L;

M-)"#/"-! #$'+ , +-, $#) - I&7- ,#2 " $#2! - +'"-,- "#+>'+ ( )+*" : )*8.#)

()-()* ,#, 2 %& , " )+*/#+ - I&7- /#: ?#.*-/#$ ,- 2*2" +#; B 2 ?&*) 25- #() 2 /"#,-2

#$?&/2  7 +($-2 , ()-()* ,#, 2 %& &+# */" )6#. &2@: $ , : (-22&*);

"#$%&'( )*!!* B"#$0-2

N+# */" )6#. , : ()-: ) #. 22- ,*) "- # (#)" 2 *+(-)"#/" 2 , &+ 2*2" +#; M-)

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

)@(*,- #. 22-!  + "-,#2 #2 (@?*/#2 ,- 2*2" +# , :  7*2"*) &+ $*/O (#)# #. 22@A$#;

122# ()-()* ,#, (-, )*# 2 ) ) () 2 /"#,# ( $# 2 ?&*/" , ,&35-P

M 
 AG(iPerfil)

<& 2 =#!  + %&#$%& ) .#+*/0- %& - &2&@)*- 2 ?&*)! (#)"*/,- , %&#$%& ) " $#! -

*" + )'!*+ ' .$*.@: $! ( )+*"*/,-! #22*+! - #. 22- ,*) "- Q " $# )'!*+ ; < *" + iPerfil

( )" /. #- .-/=&/"- α11 , "-,#2 #2 " $#2 ,- 2*2" +#;



 !"! #$%&'$ ()*&+),-$.)' /)0&)%$ &1 23+-,) %& 45*$5& 6$1789),-$.)'  !

 ! "#$%#$!& #! '!(")! *$+)+,%(! -!'! "."'/)! #"0$" $1%2%)3!& "00% ("(*45! 6 7%)0%8 9

+$"' iPerfil #5! /"1$"#-" : $")% tPerfil& ;*" 6 /"17"+$%'"#$" #%$*1%)& /!+0 % $")% ;*" 0"

("0"<% %$+#=+1 <> "0$> %$+?%8 @"00% 7!1'%& ("?"A0" 1""0-1"?"1 % ("(*45! (% 0"=*+#$" 7!1'%B

M 
 AG(iPerfil) ∨ (tPerfil → ¬iPerfil)

C00% ("(*45! 0+=#+D-% ;*"& "' $!(!0 !0 -%'+#3!0 (! '!(")!& #% $")% %$+?% ! +$"'

 !"#$ 6 -)+->?") !* 0" % $")% %$+?% 6 % $")% tPerfil& "#$5! ! +$"' iPerfil #5! 6 -)+->?")&

!* 0"<%& /"1$"#-" %! -!#<*#$! α28

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

F%1% *' 0+0$"'% 0"1 -!#0+("1%(! *0>?")& !0 *0*>1+!0 ("?"' $"1 %-"00! : %<*(% !*

(!-*'"#$%45! (" -%(% 7*#45! (! 0+0$"'%8 G'% (%0 3"*1H0$+-%0 ("  +")0"# /%1% *' 0+0$"'%

*0>?") (+, ;*" 6 #"-"00>1+! /1!?"1  !"# " (!-*'"#$%45! " "00%0 +#7!1'%4I"0 ("?"' 0"1 7>-"+0

(" "#-!#$1%1 J +")0"# KLLMN8

E00+'& 6 #"-"00>1+! $"0$%1 ! 0+0$"'% /%1% ?"1+D-%1 0" $!(%0 %0 $")%0 /!00*"' %-"00! :

(!-*'"#$%45!8  "00" -%0! % ("(*45! % 0"1 7"+$% 6B

M 
 AG(ihelp)

 ! 0+0$"'% (" "."'/)! ("0$" $1%2%)3!& % ("(*45! M 
 AG(ihelp) #5! 6 0%$+07"+$%8

 5! 7!+ /1"?+0$! #% %"&'"! (! )*"*+,!"-.,/+* (% O+=*1% M8K& #"' #! 0"*1' (! 2!$*.

(% O+=*1%M8P ! +$"' 3!$4 8 Q!=! !5'(!$' 6*&!7*+/'8*$ ="1%(! #5! 0%$+07%, % ("(*45!8

9 0+0$"'% ("?"& "#$5!& 0"1 '!(+D-%(! /%1% %$"#("1 % "00" 1";*"0+$!8 E /1+'"+1%

%)$"1%45! % 0"1 7"+$% 6 #% %"&'"! (! )*"*+,!"-.,/+*& (" 7!1'% % %(";*>A)%8 E O+=*1% M8R

%/1"0"#$% % %"&'"! (! )*"*+,!"-.,/+* '!(+D-%(%8 E -%1%-$"1H0$+-%  !"# 7!+ %(+-+!#%(%

-!'! *' #S (% T1?!1"8

9 +$"' 9!$4 6 *' 1";*+0+$! 7*#-+!#%) (% T1?!1" ;*" ("?" ="1%1 $")%8 C' ;*%);*"1

/>=+#% (! 0+0$"'% ;*" "0$+?"1 %$+?%& ("?" ".+0$+1 *' )+#U /%1% *'% $")% (" %<*(% -!'

-!#$"V(! "0/"-HD-!8 E00+'& ("?"A0" 1"/1"0"#$%1 ! +$"' 9!$4 -!'! *' ?61$+-" (! W1%7!

(" X")%0 ;*" ("?" $"1 1")%45! -!' $!(!0 !0 !*$1!0 ?61$+-"0 (! =1%7!8

E O+=*1% M8L %/1"0"#$%& "#$5!& ! 0"*1' (! 2!$*. '!(+D-%(!& -!' % %(+45! (! ?61$+-"

9!$4 " 0*%0 1")%4I"08

+,-$./012(3 9 ?61$+-" 9!$4 " 0*%0 1")%4I"0 ("?"1+%' $"1 0+(! %-1"0-"#$%(!0 -!' !

'"0'! "0$+)! (!0 ("'%+0 ?61$+-"0& %00+' -!'! 0*%0 1")%4I"08 9 ?61$+-" 7!+ -!)!-%(! "'

%,*)& " 0*%0 1")%4I"0 "' )+#3%0 /!#$+)3%(%0 %,*+0& %/"#%0 /%1% ("0$%->A)! (!0 ("'%+08

E V)$+'% '!(+D-%45! % 0"1 7"+$% 6 #! 5'(!$' 6*&!7*+/'8*$ 8 G'% $")% 7!+ %(+-+!A

#%(%& " -!#0";*"#$"'"#$" )+#U0 /%1% "00% $")% ("?"' 0"1 %(+-+!#%(!0 "' $!(%0 %0 ("'%+0

$")%0 (! 0+0$"'%8



tHelp = [α11, α12, α2]

a11 = {iFechar, iMinimizar}

a12 = {iMaximizar}

a2 = {iRevista, iChat, iForum, iPerfil, iMural, iCriatividades,



 !"! #$%&'$ ()*&+),-$.)' /)0&)%$ &1 23+-,) %& 45*$5& 6$1789),-$.)'  !

iBiblioteca, iMensagens, iHelp}

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

2%0 *!#0"3% *% /+%4!'0"'$ 56! $ '!,$  !"# 756! "%8+!/%"'$ $ '%*$" $" %6'+$"& *!"$'09$)*%&

!)'3%& '%*%" %" ,0):" *$ '!,$ #-$.$*%+$1 ;""0.& $" <)0#$" =6)>?!" $'09$" /$+$ 6"6(+0% "3%

*! =!#-$+ $ 4$)!,$& .0)0.0@(A,$ %6 .$B0.0@(A,$1

;" *!.$0" '!,$" *% "0"'!.$ *!9!. "!+ $,'!+$*$"& *! =%+.$ $ #%)'!+ % ,0): /$+$ $ '!,$

 !"#1 C%+ !B!./,%& $" '!,$" $%&'(&#)"& *!+&,-) ! $!%." 7#$. *$ "!D60)'! =%+.$E

tPrincipal = [α11, α12, α2]

'$, 56!

a11 = {iRevista, iChat, iForum, iPerfil, iMural, iBiblioteca, iCriatividade,

iMensagens, iHelp}

a12 = { }

a2 = { }

tRevista = [α11, α12, α2]

'$, 56!

a11 = {iChat, iForum, iPerfil, iMural, iBiblioteca, iCriatividade, iMensagens,

iAgenda, iConteudo, iAtividades, iFechar, iMinimizar, iHelp}

a12 = {iMaximizar}

a2 = {iRevista}

tPerfil = [α11, α12, α2]

'$, 56!

a11 = {iRevista, iChat, iForum, iMural, iBiblioteca, iCriatividade, iMensagens,

iDadosPessoais, iEditarDados, iFotosV ideos, iGerenciarFotosV ideos, iAmigos,

iGerenciarAmigos, iBlog, iFechar, iMinimizar, iHelp}

a12 = {iMaximizar}

a2 = {iPerfil}  !""! .%.!)'%& $ *!*6>3%

M 
 AG(iHelp)

$0)*$ )3% F "$'0"=!0'$& /%0" $/!"$+ *! "!+ 9!+*$*!0+$ !. 56$"! '%*$" $" '!,$" !. '%*%" %"

#$.0)-%" 56! % 6"6(+0% "!D60+& !,$ )3% F 9!+*$*!0+$ 56$)*% $ '!,$ - !"# !"'09!+ $'09$&

/%0" )$ '!,$ - !"# % 0'!. iHelp )3% F #,0#(9!,1 G! =$'%& )3% =$@ "!)'0*% '!+ 6.$ '!,$ *!



 !  !"#$%&' () *+,- . *'/0&!102 +!301!45'6!& 7!80!/! 02 ,9154! *'/!&

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

AG(iHelp)

#'1'. '2&34. +'%  (&'% # $ % $'%-,&,% '++ '56'734) * /0%-"( +'%8. $4%& 2&49

AG(iHelp) ∨ (tHelp→ ¬iHelp)

:  #'#"734

M 
 AG(iHelp) ∨ (tHelp→ ¬iHelp)

; + &,+/',& 24 -4#'(4 -4#,<6 #4) =4,+ '- &4#4+ 4+ 6 -,2>4+. ,2,6, #4+ '- ?" (?"'% &'( .

 /0%-"( 

AG(iHelp) ∨ (tHelp→ ¬iHelp)

+'%8 1'%# #',% )



 !"#$%&' (

)*!+!&,'- ./&!01'2!3'-

 ! "#$%&'(! ) *!+#, #$+-.-/&#0!. #(1'/. ,2&!0!. '&3(34#0!. $#+# -.$-5365#78! - ,!9

0-(#1-, 0- 3/&-+*#5-. 5!, '.':+3!;  -.&- "#$%&'(! .8! #$+!*'/0#0!. !. 5!/5-3&!. -/<!(9

<30!. /!. ,2&!0! 0- ,!0-(#1-, ==>?@ - @!AB"C # 6, 0- 5!,$#+#&3<! 5!, ! ,2&!0!

@ AD"C $+!$!.&! /-.&- &+#E#(F!;

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

= ,2&!0! ==>?@ 2 ', ,2&!0! '&3(34#0! $#+# #'G3(3#+ /! 0-.-/<!(<3,-/&! 0- #$(39

5#7H-. F3$-+,%03#C - 03<30- ! $+!5-..! 0- -/1-/F#+3# 0- 0-.-/<!(<3,-/&! -, I'#&+! -&#9

$#. JK5FL#E- - M!..3 NOOPC>-/+35F. )QQPRS

• @!0-(#1-, "!/5-3&'#( 9  -.&# *#.- 2 5!/.&+'%0! ', -.I'-,# 5!/5-3&'#( I'- +-$+-9

.-/&# !ET-&!. - +-(#53!/#,-/&!. -G3.&-/&-. /! 0!,%/3! 0# #$(35#78!; = -.I'-,#

5!/5-3&'#( 2 ', 03#1+#,# 5!/.&3&'%0! 0- 5(#..-.C +-(#7H-. - .'E.3.&-,#.;

• @!0-(#1-,  #<-1#53!/#( 9  -.&# *#.- $!0-, .-+ 5!/.&+'%0!. <:+3!. ,!0-(!. /#<-9

1#53!/#3. $#+# ', ,-.,! 0!,%/3!C (-<#/0! -, 5!/.30-+#78! !. $-+6. 0!. *'&'+!.

'.':+3!.;

• @!0-(#1-, 0# B/&-+*#5- DE.&+#&# 9  -.&# *#.- .8! 0-6/30!. 5!,! -.&#+8! $-+5-$&%9

<-3. !. !ET-&!. 0- 3/&-+*#5-C .'#. $+!$+3-0#0-. - &+#/.*!+,#7H-.C /8! .- $+-!5'$#/0!

5!, I'#( .-+: ! #,E3-/&- - # *!+,# 0- 3,$(-,-/&#78! 0# #$(35#78!;

• B,$(-,-/&#78! 9  -.&# *#.- 2 0-6/30! ! #,E3-/&- 0- 3,$(-,-/&#78!C - # *!+,# $-(#

I'#( .-+: +-#(34#0! ! ,#$-#,-/&! 0!. !ET-&!. /#<-1#53!/#3. - 0- 3/&-+*#5- $#+# !

#,E3-/&- -.5!(F30!;

D U31'+# V;N JK5FL#E- - M!..3 NOOPC>-/+35F. )QQPR -.I'-,#&34# ! $+!5-..! 0- ,!0-9

(#1-, 0- .!*&L#+- '&3(34#/0! ! ==>?@;

 !



•



•



•

•

•

•

•

•







 !"#$%&' (

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

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

3& .!4! +&"5& () +$1'6!"& *&) #7!.&%!4$ +& $+ +&(+ (+(0",$+ .8$ 9(&"&) (+0:7$; $( .8$

/$.+&<(&) (+0:7$2 =$)#"&&.4&" !+ .&/&++,4!4&+ 4$ (+(0",$ & !+ '!"&1!+ 9(& #"&/,+!)

"&!7,>!"; #"&5&" '$4$+ $+ !+#&/'$+ & "&9(,+,'$+ 4,1&"&.'&+ 4& () +,+'&)! ,.'&"!',5$; +8$

!7<()!+ 4!+ 4,?/(74!4&+ !$ #"$%&'!" ()! ,.'&"1!/& /$) (+(0",$2

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

@+'& '"!*!7A$ !#"&+&.'$( () )-'$4$ 4& )$4&7!<&) 4& ,.'&"1!/&+ /$) (+(0",$ 9(&

5,+! +,)#7,?/!" $ #"$%&'$ 4& ,.'&"1!/&+; 1$/!.4$ .! )$4&7!<&) .!5&<!/,$.!7 4& +,+'&)!+

/$)#('!/,$.!,+ /$) ,.'&"1!/& /$) (+(0",$2 B !#"&+&.'!4$ () )-'$4$ 4& )$4&7!<&) 9(&

&.<7$*! 4&+4& $ 7&5!.'!)&.'$ 4& "&9(,+,'$+; !'- $ '&+'& 4$ C(D$ .!5&<!/,$.!7 (',7,>!.4$

EF<,/! G$4!72

H  !"#!$ %$ &'!'()$!*+),('+ IJ7,5&,"! KLMM;J7,5&,"! &' !72 KLML4N !#"&+&.'! ()!
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