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P0,P1, . . . ,Pn(= P) 2 ( '& & -� $ � '� Pi "& ' '� # B B1 ! & #! � ! '� � ' "� ! '#  , "�!% '% ! $& " '0 "�& ! , -% � " "� =

g hij klm m in 6 ! $& " "� A(PUE(QU¬P)) ". -& (!W 0  % % '� "� !% '% ! $& " , -. , "& # B& +

P,Q,¬P,E(QU¬P),A(PUE(QU¬P))
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• D  & Pi ($  #  ! AXPj 2& ! ! 0 ! ! � #  #$ $& ! .1  !% '% ! $& " "� Pj#  # $ $& ! .1  '& #! � ! '� '& & ! s+ � & "$ . ! ! , '& & ! =

E© � � � � � 
FGHI I H G 
G F JK F 
L F JMI M N �H 

 J O 
G F �PH 
 
 
I Q
 
 JKH LG I LR JK L 
 JKH J
AB

�� � �� �� � � 	 
� �
 � � �� � �� � � �'

&

$

%

�� � � � �� �	 
 � � � 
 �� �� � ��� � � �
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3.  # "0 $ . " ?W "#� X > Y Pj,Pl Z

T := {s | M,s |= Pl} �]  . !% % s ∈ T 2% ! : "% E(PjUPl)#. $ " '� s �

�W '% " T '& �  # " ( 3 # B0  

#W   & " s '� T! �0 . " (  1 " '#] .  ( T �]  . !% % t& $ #W #W ! # (t,s) ∈ R0  '] E(PjUPl) '& �  # B " #% ! : "% "0 #. $ " '� t! �0 M, t |= Pj #W "�% ! : "% E(PjUPl)#. $ " '� t �!0 0 t#  T"�0 ']"�0 ]  ."�0 �W '% "
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3.  # "0 $ . " ?W "#� X b Y Pj Z

S′ := {s ∈ S | M ,s |= Pj} � R′ := {(s, t) ∈ R | s, t ∈ S′} �

SCC := {C |C '& ! �  � < #. '1 '!% & #.  � 9% B #  � � "# # "0 #  ( 3  � "� #  ]

(S′,R′)} �

T := {s | s ∈C,C ∈ SCC} �]  . !% % s ∈ T 2% ! : "% EGPj#. $ " '� s �

�W '% " T '& �  # " ( 3 # B0  

#W   & " s '� T! �0 . " (  1 " '#] .  ( T �]  . !% % t& $ #W #W ! # t ∈ S′! �0 (t,s) ∈ R′0  '] EGPj '& �  # B "#% ! : "% "0 #. $ " '� t#W "�% ! : "% EGPj#. $ " '� t �!0 0 t#  T"�0 ']"�0 ]  ."�0 �W '% "
E© � � � � � 
FGHI I H G 
G F JK F 
L F JMI M N �H 

 J O 
G F �PH 
 
 
I Q
 
 JKH LG I LR JK L 
 JKH J



AB
�� � �� �� � � 	 
� �
 � � �� � �� � � ��'

&

$

%

ed ef a �� �� � � ��� �� �� �

• / "$ . ! !1 ! & & ! "& '# "# - - � #! $% $ , "� � - B # # � �� 3  W ,! ! 1 ! ( "� " # "% ( - 2 ,  % % !1  '0 ! ! � #! .� ! & #! ! 2% -W # " "� � ! � � "# $& #! # '% !& #! # - B& ' 3  % � $ 2 ,  & & !! � � "# #$ 6 @ 6 <% ! $& "  � #  & '=
•* ".� '# - - � M,s |= EP ,  & &  �  % " (!& & ! # '% !& #! s!% � !1 ! # - B& ' 3  % � $ 2,  & & ! P  � #  & '=

•@ - ( - � ( "� "# "% ( - � !1 $% % ! 1  '0 ! ! � 1 ! & #! #! ( B �& ($ 'W '�6 @ 6 < (!% % '� #! .� !& # $& � B& B ( B� & ' '� =X & ' (= 6 @ 6 <% ! $& " P  � #  & '� ! '� '% % ! ! � � " #$& #! # '% ! & #! s% -W # "1 '% % -

3  % $ '% % ! ,  & & M,s |= E¬P k i �� � k=
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• ; ". $& '0 "! + M,s |= EP#! .� '& # "#! ! � . ! � "� #! (!% % ! (!% % '& #! M ,!% ! $& " "& #! P6 @ 6 < #! $% $ Y\ � #W '<! $ #  (! ! # # ' Z 2 ,  � ! � $1 ! ! � ! '� � ' (!% % '�# '% !& #! s% -W # "1 - # # - B0 "# 3  % $ # 2 ,  #� ! #  # "$ # #!1 ! #% ! $& " "� P= @ ! $% $& #! � & '# # "� B� & '�� ". #! '& #! #! .� '& #! ! 2% � B # B B� � # -% % ! '& '! 3  % � $ ,! =

•* $ '& #$ # $& + � -& '# "% % - - � � ' "% # - 2 ,  & & ! �  � � "� # ' '1 '#  1 ! # ¬,∧,X,U

Y ($ $ #�  � � "� # ' '1 '#� -& '# "% % - - �% BW "� � B& ( ".� '� # � '� -+ "& ' (=

P∨Q = ¬(¬P∧¬Q) � FP = >UP � GP = ¬F¬P = ¬(>U¬P) Z=

•* - -. '# "% % - - � (!% % '� #! .� !& #$& ( "� " # "% ( - -1 ! . # "� ($ $ #! (! ! 3$ � -& '# "+A6 ! $& " "� P& $% � "$ (! CL(P) 2 ,  � !  � � ' '0 "�% ! $& " '0 "� ,  $ � �  2 ,  � !1  '1 ! '� $ # #! !% ! $& " "� P#  # $ $& ! .1   � =A  #  ( '# (s,K) 2 ,  #� ! ! � #! 1 ! #6 @ 6 < #! $% $ � (! W 0  % % '& "#&  % ($ #

" - '0 "� !1 $% % ! 1  '0 ! ! � & '# # "� . ! � "� #! ! 6 @ 6 < #! $% $ #=
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•6 ! $& " "� P& $% � "$ (! CL(P)  � 3 ' "� '� ,  $ � �  % ! $& " '#! 2 ,  � ! & '& -% # - -% ! $& " "� P ,! #  # "$ # #! ! & "$ . ! !1 ! # "W 0  #+A ¬P1 ∈ CL(P) ,  & & P1 ∈ CL(P)A D  & P1 ∧P2 ∈ CL(P) 2� ' '� P1,P2 ∈ CL(P)=A D  & XP1 ∈ CL(P) 2� ' '� P1 ∈ CL(P)A D  & ¬XP1 ∈ CL(P) 2� ' '� X¬P1 ∈ CL(P)A D  & P1UP2 ∈ CL(P) 2� ' '� P1,P2,X(P1UP2) ∈ CL(P)

Y@ -& & -% ! $& " ¬¬Q& ! (! '& # "#! ! �% ! $& " "& " "� Q= Z

• CL(P)  � � ' '0 "�% ! $& " '0 "� ,  $ � �  2 ,  � ! 1  '1 ! '� $ # #! !% ! $& " "� P#  # $ $& ! .1   � =
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g hij klm m in 6 ! $& " "� (¬H)UC& $% � "$ (! CL((¬H)UC))+

(¬H)UC) ¬((¬H)UC))

H ¬H

C ¬C

X((¬H)UC)) ¬X((¬H)UC))

X¬((¬H)UC)) ¬X¬((¬H)UC))
Y /$% � "$ (! CL(P)  �% ! $& " "� P% ! ! , "� � " # # $ !% '% ! $& " '0 "� ,  $ � �  2 ,  & & !  �# ' " # # B% ! $& " ,! & "� � " 9! ! # '  ! '� ! 3! . '� ! ($ � ! � ! Z=
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�� � �� �� � � 	 
� �
 � � �� � �� � � � �'

&

$

%

� � � � 	 �

�% �   � ! � � " # # $ � ! (!% % ' M = (S,R,v) ,! # $ #� '# #! 1 !% ! $& " P=

•  #  ( ' A = (sA,KA)  � 3! . ' 2 ( '& & - sA ∈ S ,! KA ⊆ CL(P)∪AP∪{>}

Y AP  � � ! '� � ' "� ! #  ( '% ! $& " '0 "� ,  $ � �  Z& '# "� 2 "# # - ,  $ �  % % " KA3 - # " "+A ,  � ! '& "% % "! #  ( '% ! $& " "% % " P ∈ AP∪{>} 2 P ∈ KA ,  & & M ,sA |= P �A ,  � ! '& "% % " P1 ∈ CL(P) 2 P1 ∈ KA ,  & & ¬P1 6∈ KA �A ,  � ! '& "% % " P1 ∧P2 ∈ CL(P) 2 P1 ∧P2 ∈ KA ,  & & P1 ∈ KA ,! P2 ∈ KA �A ,  � ! '& "% % " ¬XP1 ∈ CL(P) 2 ¬XP1 ∈ KA ,  & & X¬P1 ∈ KA �A ,  � ! '& "% % " P1UP2 ∈ CL(P) 2 P1UP2 ∈ KA ,  & & P2 ∈ KA#! '

P1,X(P1UP2) ∈ KA �
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%

� � � � 	 � 
 � � � � � � � � � 	 
 � 


� $ � W !% $ #! ! � ($  0  & #! ! � ! '� � ' (!W 0  % % '& "# ! #  ( '# (s,K) 21  '0 ! ! �� - B # # - - "& ' (= & "$ . ! ! 1 ! ! ( "� "# # "% B -+

•* !W 0  % % '& # "� ,  $ � �  , "� K ($  0  & #! ( '� "� 1  '0 ! ! � � -W 0 -

Y: '� - -. '& "� - ZW ! � $ 3$ $ � ! Y#! $% $ � ! Z 2 ,  �� ! ,$ $ . "& & !  1 ! # # '% !& & ! s#  0 "# ! #  ( '% ! $& " " # ,! " 3 - #  & ' "� ! #  ( '% ! $& " '0 "� � " 9! ! # '  #=

• ;$ $ 1  'W ! ! . ! $ # $ ! � $% % "� '�% ! $& " "% % " P1 ∈ CL(P)� !W # " "� W ! ! . ! ! � 2,  & & ! #  '& "& & !  � P1 ,! #  '& "& & ! & "� � " 9! ! # '  ¬P1=

Y� $& & ! � '� ,  $ �  & & ! K ,  � ! '& "& #!% ! $& " "& #! P1 ∈ CL(P) ,  �  % ! $& "

P1 ∈ K#! '% ! $& " ¬P1 ∈ K Z=

•* $ $ #& - - � � � # Y!% % ! Z% '& - -1 - #W ! ! . ! ! �% ! $& " '#! 2 ,  #� ! W $  % "W # '1 ! # 2"# # - ! #  ( ' ($  0  & #$ $ ! � � " # # $ , "� "W #  , "� ($ � ! ! � =

8 $  (=  #  ( " ,! ($  0  & # " # #! "& & !% ! $& " ¬¬Q& ! (! '& # " #! ! �% ! $& " "& " "� Q=
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 �� � �

• / - - � � � # ! #  ( '#! $% $ � . ! � "� #! ( '& " "� +

P1 ∈ CL(P)

P1 | ¬P1

P1 ∧P2

P1

P2

¬(P1 ∧P2)

¬P1 | ¬P2

XP1

¬X¬P1

¬XP1

X¬P1

(P1UP2)

P2 P1

X(P1UP2)

¬(P1UP2)

¬P2 ¬P2

¬P1 ¬X(P1UP2)

•8 ! ! . ! & $% � "$ #$ $ 2 ,  & & "& '& -% # - -% ! $& " "� ,! & "� � " 9! ! # '  � =

•  1  '� W ! ! . ! � 2 ,  � !  � 1 !% ( '& Y " '$ $& '!% ! $& " '#! B  = & - - � � � '% % - ,!,  � ! '& "% % " P1 ∈ CL(P) 2 P1 ∈ K#! ' ¬P1 ∈ K Z 2  � � "% 1  % % '� "� ,  $ � �  K=
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&
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%
� � � � 	 � 
 � � � � � � � � � 	 
 � 
 �� � � �

g hij klm m in �% �   � # $ #� '# #! 1 ! % ! $& " (¬H)UC 2 AP = {H,C} ,! (!% % '& & !

M+ v(s1,H) = v(s1,C) = false= 8 ! � $ 3$ $ Y#! $% $ Z+

>,¬H,¬C

(¬H)UC

C

×

¬H

X((¬H)UC)

¬X¬((¬H)UC)

¬((¬H)UC)

¬C

H

×

¬C

¬X((¬H)UC)

X¬((¬H)UC)
/! !0 ! ! � (!W 0  % % '& " # ! #  ( ' ,  $ �  # (s1,K1),(s1,K2) 2 ( '& & -

K1 = {>,¬H,¬C,(¬H)UC,X((¬H)UC),¬X¬((¬H)UC)}

K2 = {>,¬H,¬C,¬((¬H)UC),¬X((¬H)UC),X¬((¬H)UC)}
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�� ��� � � � � � �

�% �   � ! � � " # # $ � ! (!% % ' M = (S,R,v) ,! # $ #� '# #! 1 !% ! $& " P=

• C! � "� � "#! ! � #! $% $ Y 9. ! ! 4 Z G = (N,E) 2 ( '& & -&  % ($ , "� ,  $ � �  N  �! #  ( ' "� ,  $ � �  ,! � ! ! . ' "� ,  $ �  % % " E 3 - # " "+ (A,B) ∈ E ,  & &

Y ' Z (sA,sB) ∈ R ,!Y ' ' Z ,  � ! '& "% % " XP1 ∈ CL(P) 2 XP1 ∈ KA ,  & & P1 ∈ KB=

•@ $% "1 ! '& $ $& 3  % � $ 9. ! ! 4& & ! G  � - -. "# �� 3  % � $ π& '# "� 2 "# # - ,  &

P1UP2 ∈ KA ,  % % ! � '� 3  % $ � π! #  ( '% % ! A 2� ' '�  �  % " (!& & ! ! #  ( ' B 2,  & & ! P2 ∈ KB ,! ,  � !  � & ! !1 $ # "# #!1 '& & ! ! #  ( '& #! A 3  % � $ ! π 3 '#� '� =

•@ $% "1 ! '& $ $& 3  % $ # ! � #!1 ! #% ! $& " "� P#  # "$ # #!1 '! # - B& '- 3  % � $ ,! =

� kj j �n M,s |= EP ,  & & 9. ! ! 4& & ! G  � # $% "1 ! '& $ $& 3  % � $ π 2 ,  � ! !% � ! !! #  ( '& #! (s,K) 2 ,  & & ! P ∈ K=
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�� � �� �� � � 	 
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 � � �� � �� � � � �'

&
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%

•@ $% "1 ! '& $ $& 3  % � $ ,! 1  '0 ! ! �% � B # - - # "W  � � ! ! & # '1 !W 1 ! & # '� B #� "# # B , "��  ( 3  � "� # # ' "� !1 $% % ! =

• b. ! ! 4 � G1 ! W 1 !& # '� B #� "# # B -�  ( 3  � "� # # '! C& ! �  #! ! �'#& " #  # "$ #$1 ! � & ' ,  & & ,  � ! '& "% % "! #  ( '% % " A ∈C ,! ,  � ! '& "% % "

P1UP2 ∈ KA  �  % " (!& & ! ! #  ( ' B ∈C& '# "� 2 "# # - P2 ∈ KB=

� kj j �n ��  % " (! & & ! ! #  ( '& #! (s,K)!% � ! 1 ! #$% "1 ! '& $ $& 3  % � $ ,  & &

9. ! ! 4& & ! G  � 3  % � $ ! #  ( '& #! (s,K) ,  W  �� '� '#& "#  # "$ #$1 ! ! � 1 !W 1 !& # '� B #� " # # B B� �  ( 3  � "� # # ' '� =

� k � l k kj �n M,s |= EP ,  & & 9. ! ! 4& & ! G  � ! #  ( ' (s,K) 2 ,  & & ! P ∈ K ,!% � B # B B 3  % � $ ! #  ( '& #! (s,K) ,  W  �� '� '#& "#  # "$ #$1 ! ! � 1 !W 1 ! & # '� B #� " # # B B� �  ( 3  � "� # # ' '� =

☞@ - ( - #$%  & ! � #! ! 3  W ,! � 6 @ 6 < (!% % '� #! .� !& #$& !% 9  . '# ( '% % " 2 ,  �� !! '� ! 1 ! ! # '1 $ $&  � O((|S|+ |R|)∗2O(|P|))
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�� � � �� �	 
 � � � 
 � � �� � � � � � � 	 � � 	

� $ � W !% $ #! ! � 3 - - # # - - M,s |= EP+

�= * $  0  & # "#! ! � #! $% $ G=

�= 6 !& � "#! ! � & "� 1 ! W 1 !& # '� B #� "# B #�  ( 3  � "� # '#=

�= 8 ! "#! ! � � - '& # - '#& " #  # "$ #$1 ! #�  ( 3  � "� # '#=

�= @ ! .� !& # " #! ! � � ! '� '% % "! #  ( " '% % " (s,K) 2 ,  & & ! P ∈ K 2% � B # B B� � 3  % � $! #  ( '& #! (s,K) ,  W  �� '� '#& " #  # "$ # $1 ! ! � 1 ! W 1 !& # '� B #� " # # B B��  ( 3  � "� # # ' '� =

�= D  & 3  % � $% � B # B B 2 M,s |= EP 3 - # " " 2 ($ $ #  '� " '=
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%
e �� � T � � � � � � �T � � � � �� � � � �

• ?@ 6
* !% % '� #! .� ! & # $& + P< # - B0 "% % '� "�

O(|M| · |P|)

•6 @ 6
* !% % '� #! .� ! & # $& + � � �� � g < # - B0 "% % '� "�

O(|M| · exp(|P|))

• ?@ 6 ∗

* !% % '� #! .� ! & # $& + � � �� � g < # - B0 "% % '� "�

O(|M| · exp(|P|))
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