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

• 1 0 & # $ 0 0 ' / -2* * - L* % + ,* " # ! 〈S,R〉

3 $ , ,4 # & & # " % " $# 0 ' $ 0( 0 & & 0 ) %& 0 0 $# -& & % R / -* # ' -( # ' 0# " 2 2 " 5 % " #( 6) %7 %* "# #8 # " $ % '* %+ ," $% ' / -2* * - " # " !& $ ! !* 0#* * # * % + ,* " % $ 〈S,R〉 9 / -# " " 0 R) %7 %* " # # 8 # ' % ' : 6

• L; 4 ! $%8 # % ' & 0 2 " %# < % ' / -2* * -=

> 6 " # " !& $ ! !* 0#* * # $ 0 2 $ -& - .# 0 $ 5

? 6 " # " !& $ ! !& 0 2 " % % ' Q 0# ' 0 9* 2 ' "# # + % ' * 2 2 & 28 0 $ P /0 P → Q 5

@ 6 - ' " 2 & /% $ $2 " # / -# $2* " % ' " 2 + $% % ' 5

A 6 " # " !& $ ! !( 2 - $ - 0 2(P → Q) → (2P → 2Q) -& %8 0 $& 0 2 " % % $ 5

B 6 " # " !& $ ! !& 0 2 " % % ' 2P 0# ' 0 9* 2 ' " # # + % ' * 2 2 & 2 2 P 6
⇒ L; 4 ! $ %8 # % ' & 0 2 " %# < % ' / -2* * - - ' ' -) ( 0 0 & # 4 ) - 4 - "# $# - ' 0 0 & # ' % '( - < 0 0 & # & - .# #* * 0 3( - < 0 0 & # & - .# #* * 0 L : 6
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QR SUT R VWX YX R RZ V []\ ^ V

_ ` `ab cdef `g h - " Σ - ' / -2* * - & 0 2 " %# $ 0 9 [[Σ]] - ' / - 2* * - - ' Σ* 2 2 & 28 # % '& 0 2 " %# < % ' * 0#* * # % ' " # / -# $2 " % " # # ' $ ,( # % ' / -2* * - 6

• i " # ( 6 h - " Σ = {P → P} 9 [[Σ]]" # " !& $ ! !( ( 6& 0 2 " % % $

P → P

¬P →¬P

22Q → 22Q

(2(P → Q) → (2P → 2Q)) → (2(P → Q) → (2P → 2Q))

• h 0 $* - " " 0 0 ' ' % $ 0 0 ' $# % $ ,# & & % & 0 2 " %# & & % ' #( # ! 6

i " # ( 6 I= P → P

•  - 6& 0 2 " % % ' "# / -# $2 " % " # # ' $ ,( # % ' / -2* * - 0 ( % )* # $ ! !' [[I]]

/0 $ !& & ! $ 0 )* -# $% $ 0 0 ' " # # " / -2* * - 0 [[{P → P}]] 6
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• p&* - - ' K* 0#* * # % ' * %+ ," $% ' / -2* * - 6

• K+ %#* -# ' ' -) ( 0 0 & # ( - < 0 0 & # & - .# #* * 0 = / - " & 0 2 " % - ' K; 4 ! $%8 ! 9 " % - '

L; 4 ! $%8 ! 9 / -* 0# " %& & 0 ' -) ( 0 0 & # & & 0 ( - < 0 0 & # & - .# #* 0 & & 0 L 6

•  0 ) 0* $% ) # " $# ' % ' & 0 2 " % K= 2(P → Q) → (2P → 2Q)

• h -* 0# ' % ' / -2* - ' [[K]]& 0 2 " % - ' K; 4 ! $ %8 ! qsr 0 + < -& & # " $% ' ( 0 0# &( - /% '" %( 0 ' $# #* 0 ' 4 % ) 2 " $% -) % %( 0 9* -+ $ 0 ? t

3 p&* - - ' M ,s ||− 2(P → Q) 6u !& & v# ' * 0#* # & & % t 9 / -# & & % sRt 9

M , t ||− P → Q 6 h - " M ,s ||− 2P 9* 0#* # & & % t 9 / -# & & % sRt 9 M , t ||− P 6

u !& & v# ' * 0#* # & & % t 9 / -# & & % sRt 9 M , t ||− Q /0 M ,s ||− 2Q 6

w# # " M ,s ||− 2(P → Q) → (2P → 2Q) 6 :
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• T= ) %7 %* " # # 8 # " $ % ' * % + ," $ % ' / -2* * - 6

3  % + ," 〈S,R〉 - ' ) %7 %* " # # 8 # ' % ' 9 / - " ∀x(xRx) $ - " # * %+ ,* " % " " ! : 6

• i " # ( %)* #* " # / - " 2 $ 0 )* -# $ $ 0 0 $# % $ !( # " $ ! 9* % + ," $% ' ) %7 %* "# #8 # " , ," - '

& 2 - ' $%8 0 0 = / - " 0 . % ' $ $# $# % $ ! ! 9 % $ $ ! P 9 P - ' $ - $ $ 0 6

x p&* - - ' 〈S,R,v〉,s ||− 2P 6

x h - $ $ 0 ( , v " 〈S,R,v〉,s ||− P 9) # # $ $ ! ! 9 % $ $ ! R - ' ) %7 %* " # #8 # ' % ' =

h - " 〈S,R,v〉,s ||− 2P 9

* 0#* # & & 0 t ∈ S 9 / -# & & % sRt 9 〈S,R,v〉, t ||− P 6

 2 ' R) %7 %* "# #8 # ' % ' 9 sRs /0 〈S,R,v〉,s ||− P 6
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r - < 0 0 & # & - .# #* 0 ' T* 0 ) 0* $% ) # " $# ' % ' & 0 2 " %

T= 2P → P

- ' 4 ! $ %8 !* %+ ,* " % " " ! / - " " * %+ ," - ' ) %7 %* " # # 8 # ' % ' 6

⇒ T = K+[[T]]

� a � � �� b cb � g Σ |=T ϒ =⇒ P / - " " Σ∪ [[T]] |=K ϒ =⇒ P 6

� �� b � c� � g 3 ⇐ : p&* - - ' Σ∪ [[T]] |=K ϒ =⇒ P 6

 - "* 0 T ⊆ K 9 Σ∪ [[T]] |=T ϒ =⇒ P 6

� 0 2 " % % $ [[T]] -8 0 $ T; 4 ! $ %8 # ! 3* " 6 % < 6& 2 % ' $ - : 6

w# # " Σ |=T ϒ =⇒ P 6
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3 ⇒ : p& % $ % $ 0 0 ' 9 % $ $ ! Σ∪ [[T]] |=K ϒ =⇒ P%# 4 ! < % 6

p ' -& %( 0 " " 0 ( 0 & & # M = 〈S,R,v〉" # $ % ' 9 % $ $ !& 0 2 " % % $ Σ∪ [[T]] -8 0 $ 4 ! $ %8 # !

$ !" " !( 0 & & # " " 0 /0 $ !" " !( 0 & & # " " 0 - ' ( 0 0# &( 0 s 9 / - " " 0

〈S,R,v〉,s ||− ϒ∪{¬P} 6

p&* - - ' R∗ = R∪{〈s,s〉,s ∈ S} 6 p " -# $ % $ 0 0 ' 9 % $ $ ! / -* 0# " %& & % & 0 2 " % %& & % Q /0( 0 0# &( 0 & & % s ∈ S= 〈S,R,v〉,s ||− Q / - " " 〈S,R∗
,v〉,s ||− Q# ' < 2* $# -& & 0

& 0 2 " % % ' Q) 0* % ' $ % % ' " 2 + $% % ' =

• � 0 2 " % - ' 0 $ -( # & 0 2 " % Q=

〈S,R,v〉,s ||− Q / - " " 〈S,R∗
,v〉,s ||− Q 6

• � 0 2 " % - ' ( 2 - $ - 0 ¬Q=

〈S,R,v〉,s ||− ¬Q / - " " 〈S,R,v〉,s ||6 − Q / - " " 3# ' < 2* $# -; -& % $2* " %& & 0 :

〈S,R∗
,v〉,s ||6 − Q / - " " 〈S,R∗

,v〉,s ||− ¬Q

6 6 6
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• � 0 2 " % - ' ( 2 - $ - 0 2Q=

3 ⇐ : h - " 〈S,R,v〉,s ||6 − 2Q 9 - ' -& %( 0 " " 0 t 9 / -& & % sRt 9 〈S,R,v〉, t ||6 − Q 6

	' < 2* $# -; -& % $2* " %& & 0 〈S,R∗
,v〉, t ||6 − Q 6


 , $ sR∗t /0 〈S,R∗
,v〉,s ||6 − 2Q 6

3 ⇒ : h - " 〈S,R∗
,v〉,s ||6 − 2Q 9 - ' -& %( 0 " " 0 t 9 / -& & % sR∗t 9

〈S,R∗
,v〉, t ||6 − Q 6

> 6 h - " t 6= s 9 sRt / 0 〈S,R,v〉,s ||6 − 2Q 6

? 6 h - " t = s 9 〈S,R,v〉,s ||6 − Q 6

 - "* 0 2Q → Q - ' 4 ! $%8 !( 0 & & # " " 0 〈S,R,v〉 9

〈S,R,v〉,s ||6 − 2Q 6

w# # " 〈S,R∗
,v〉 |= Σ∪ [[T]] /0 〈S,R∗

,v〉,s ||− ϒ∪{¬P} 6

⇒  - "* 0 〈S,R∗〉 - ' ) %7 %* " # # 8 # ' % ' * %+ ," 9( , v "* ! ! ' Σ |=T ϒ =⇒ P%#

4 ! < % 6
C© � � � � � 
DEFG G F E 
E D HI D 
J D HKG K L �F 

 H M 
E D �NF 
 
 
G O
 
 HIF JE G JP HI J 
 HIF H

AB

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

&

$

%
j lm m R YZ � Ym l l VR T Rk YZ T \ RZ lRX W W o X R l

 %+ ,* " % ' -( # ' 0# " 2 2* "# 0 /0 8 0 " $ 0 08 # 0 ( - < 0 0 & # & - .# #* 0 ' & 0 2 " %# $ 0 =

> 6
 %7 %* " # # 8 # " , ," =

∀s(sRs) 2A → A

? 6 w ,( ( % $) # " , ," =

∀s∀t(sRt → tRs) A → 23A

@ 6 w 0 ) /0 & & # " 2 2 " =

∀s∃t(sRt) 2A → 3A
A 6u ) 0 ' " # $# # 8 # " 2 2 " =

∀s∀t∀u(sRt ∧ tRu → sRu) 2A → 22A

B 6 i 2* & # <# " 2 2 " =
∀s∀t∀u(sRt ∧ sRu → tRu) ¬2A → 2¬2A
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� 6 p " # $ $ 0# ' �2 '* $# - ' 0 0 & # ' % ' =

∀s∀t∀u(sRt ∧ sRu → t = u) 3A → 2A

� 6 �2 '* $# - ' 0 0 & # ' % ' =
∀s∃!t(sRt) 3A ↔ 2A

� 6 � %#* - " $# $# + % !=

∀s∀t(sRt →∃u(sRu∧uRt)) 22A → 2A

� 6 � %#* - " $# * , $* % $ $ ,=

∀s∀t∀u(sRt ∧ sRu →

tRu∨ t = u∨uRt)

2(A∧2A → B)∨

2(B∧2B → A)

> � 6 � %#* - " $# " 2 2 ' ' 0 $ $2 =

∀s∀t∀u(sRt ∧ sRu → ∃v(tRv∧uRv)) 32A → 23A
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� d � a d df � g p&* - - ' F = 〈S,R〉 / -* # ' * %+ ," 6 w# & & -# ' * 2 & & %* # '

-( # ' 0# " 2 2* " # " $ 0 >	 > � 9 / - " R $ ! , $ $ ! ! -( # ' 0# " 2 2 < % ' 9 ' # # ' 8 0 " $ 0 08 0 '

& 0 2 " % % ' * 0#* * # " # / -# $2 " % "# # ' $ ,( ! $ -8 0 $ 4 ! $ %8 # ! F= " " ! 6

� �� b � c� � g
? 6 p&* - - ' R" ,( ( % $) # ' % ' 6 p " -# $ % $ 0 0 ' 9 % $ $ ! 〈S,R〉 |= [[A → 23A]] 6

1 0 " $ 0 -& % $2 " = & v , $ , , " # / -# $2 " % " # # ' $ ,( ! A → 23A 9 / -& & %

〈S,R〉 6|= A → 23A 6

u !& & v# ' & v , $ , ,( 0 & & # M = 〈S,R,v〉 /0 ( 0 0# &( 0 s ∈ S 9 / - " " 0 M ,s ||− A

/0 M ,s ||6 − 23A 6

w# # " - ' -& %( 0 " " 0 t 9 / -& & % sRt /0 M , t ||6 − 3A 6 u ! $% ' * 0#* # & & 0 t ′ 9 tRt ′ 9

M , t ′ ||6 − A 6  - "* 0 R= ' " ,( ( % $) # ' % ' 9 tRs /0 " # # " M ,s ||6 − A 9) # " $# ) # # $ 0 6

w# # " 8 0 " $ 0 -& % $2 " %# 4 ! < % /0 〈S,R〉 |= [[A → 23A]]4 ! $ % % 6

� - 4 2 $* -+ < 0 $ " 0( 0 0 ' $ 0 4 0 0 ' 6
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� d � a d df � g  2 ' * %+ ,* " % " " ! F = 〈S,R〉 / - '* # ' & 0 2 " %# " $ 0 >	 > �* 0#* * #

" # / -# $2 " % " # # ' $ ,( ! $ -8 0 $ 4 ! $%8 # ! 9 ' # # ' R $ ! , $ $ ! !8 0 " $ 0 08 0 ' -( # ' 0# " 2 2 < % ' 6

� �� b � c� � g
� 6 p " # $ $ 6 �2 '* $ 6 3 ∀s∀t∀u(sRt ∧ sRu → t = u) :8 " 6 3A → 2A=

p&* - - ' 〈S,R〉 |= [[3A → 2A]] 6

1 0 " $ 0 -& % $2 " = R%# -& % - "# $ $ 0# ' �2 '* $# - ' 0 0 & # ' % ' 6u !& & v# ' - ' -& %( 0 " " 0

s, t,u ∈ S"# $% ' 9 % $ $ ! sRt,sRu 9( 2 $ $ 0 t 6= u 6

1 0 & # $ 0 0 ' 8 0 & 2 0 0 $# - v 9 / - " " 0 0 $ -( # & 0 2 " % %& & % P= v(t,P) = true /0

v(u,P) = false 6 
 , $ 〈S,R,v〉,s ||− 3P / 0 〈S,R,v〉,s ||6 − 2P 6 w# # "

〈S,R〉 6|= 3P → 2P 6

w# # " * 0#* * # & 0 2 " % % ' 3A → 2A" # / -# $2 " % " # # ' $ ,( ! $ %# 8 ! $ -& % 4 ! $%8 # !* %+ ,* " % " " ! 〈S,R〉 6u !( ! - ' ) # " $# ) # # < 0 " " 0 0 &* 2 -& % $2* " % % ' 9 / - $ % '8 0 " $ 0 -& % $2 " %# 4 ! < % /0 R - ' - " # $ $ 6 �2 '* $# - ' 0 0 & # ' % ' 6

� - 4 2 $* -+ < 0 $ " 0( 0 0 ' $ 0 4 0 0 ' 6
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K4 - ' $) 0 ' " # $# # 8 # " $% ' * %+ ," $% ' / -2* * - 6

 0 ) 0* $% ) # " $# ' % ' & 0 2 " %

4 : 2P → 22P 34 - " # $# #8 # ' % ' # $" % $2 $* # "* %& 2 :

� a � � �� b cb � g Σ |=K4 ϒ =⇒ P / - " " Σ∪ [[4]] |=K ϒ =⇒ P 6

j Tk l lm R m T nR Ro o l S4

S4 - ' $) 0 ' " # $# #8 # " $% ' /0 ) %7 %* " # #8 # " $ % ' * % + ," $% ' / -2* * - 6

� a � � �� b cb � g Σ |=S4 ϒ =⇒ P / - " " Σ∪ [[4]]∪ [[T]] |=K ϒ =⇒ P 6
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KB - ' " ,( ( % $) # " $% ' * % + ," $% ' / -2* * - 6

 0 ) 0* $% ) # " $# ' % ' & 0 2 " %
B : P → 23P

� a � � �� b cb � g Σ |=KB ϒ =⇒ P / - " " Σ∪ [[B]] |=K ϒ =⇒ P 6

j Tk l lm R m T nR Ro o l B

B - ' " ,( ( % $) # " $ % ' /0 ) %7 %* " # # 8 # " $% ' * % + ," $ % ' / -2* * - 6

� a � � �� b cb � g Σ |=B ϒ =⇒ P / - " " Σ∪ [[B]]∪ [[T]] |=K ϒ =⇒ P 6

⇒ KBT
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j Tk l lm R m T nR Ro o l S5

S5 - ' %* 8 #8 0 & % ' $ $# " $% ' 3" ,( ( % $) # " $% ' 9) %7 %* " # # 8 # " $% ' /0 $) 0 ' "# $# #8 # " $ % ' :* %+ ," $% ' / - 2* * - 6

 0 ) 0* $% ) # " $# ' % ' & 0 2 " %

5 : ¬2P → 2¬2P 3 
 % . 0 $# # 8 # ' % ' # $" % $2 $* # "* %& 2 :

� a � � �� b cb � g

Σ |=S5 ϒ =⇒ P / - " "

Σ∪ [[T]]∪ [[4]]∪ [[B]] |=K ϒ =⇒ P / - " "

Σ∪ [[T]]∪ [[4]]∪ [[5]] |=K ϒ =⇒ P / - " "

Σ∪ [[T]]∪ [[5]] |=K ϒ =⇒ P 6

1 !& $ $ !( ! $ $ v( , , < % ' /0 # < % 0 0 & # " % ' $# % $ !( # " % ' & - .# #* * 0 6
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_ � � � �e b e � �b b � � � D

D - ' " 0) /0 & & # " $% ' * %+ ," $% ' / -2* * - 6

 0 ) 0* $% ) # " $# ' % ' & 0 2 " %

D : 2P → 3P

Σ |=D ϒ =⇒ P / - " " Σ∪ [[D]] |=K ϒ =⇒ P 6

_ � � � �e b e � �b b � � � D4

D4 - ' " 0) /0 & & # " $% ' /0 $) 0 ' " # $# # 8 # " $ % ' * % + ," $ % ' / -2* * - 6

Σ |=D4 ϒ =⇒ P / - " " Σ∪ [[D]]∪ [[4]] |=K ϒ =⇒ P 6

_ � � � �e b e � �b b � � � DB

DB - ' " 0 ) /0 & & # " $ % ' /0 " ,( ( % $) # " $ % ' * %+ ," $% ' / -2* * - 6

Σ |=DB ϒ =⇒ P / - " " Σ∪ [[D]]∪ [[B]] |=K ϒ =⇒ P 6

C© � � � � � 
DEFG G F E 
E D HI D 
J D HKG K L �F 

 H M 
E D �NF 
 
 
G O
 
 HIF JE G JP HI J 
 HIF H

AB

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

&

$

%
�X o T \ RX YZ m T nR Ro o l

w % ( # $ ! 2 "* - $ 0 0 ' %# -& % 8 !& $ $ !( ! $ $ ! $ - $ $ 0 6

⇒  %+ ,* " % $ %#8 ! $ -& % 8 !& $ $ !( ! $ $ ! ) %7 %* " # # 8 # " # ! 6

p $% $ 0 0 ' 4 - " # $# # 8 # ' % ' / 0 ' % . 0 $# # 8 # ' % ' # $" % $2 $* # "* %& 2 6

⇒ r - < 0 0 & # & - .# #* * 0 K45 6

r 2 $ $ 0 ¬2⊥%# -& % K45; 4 ! $%8 ! 6 3 〈{s}, /0,v〉,s ||− 2⊥ :

1 0 0 <# $ 0 0 ' & # " !* "# " 0) /0 & & # " 2 2 " 6

⇒ r - < 0 0 & # & - .# #* * 0 KD45

3" 0 ) /0 & & # " % $ 9 $) 0 ' "# $# #8 # " % $ /0 % 2* & # <# " % $* % + ,* " % $ : 6

� � p r � u ) 0 ' " # $# # 8 # " 2 2 " %# -& % ) % < 2 ' < 0 ' $ $# 0 = 2P → 22P%# -& % 4 ! $%8 !

" 0 ) / 0 & & # " $ % ' /0 % 2* & # <# " $ % ' * % + ," $% ' / -2* - " " 0 3 KD5; 4 ! $ %8 ! : 6
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AB
�� � �� �� � � 	 
� �
 � � �� � �� � � �'

&

$

%

• ¬2⊥ - ' KD45; 4 ! $%8 ! 6

• 2P → P %# -& % KD45; 4 ! $ %8 ! 6

• 2(2P → P) - ' KD45; 4 ! $%8 ! 6

p&* - - ' 〈S,R〉 KD45;* %+ ," 6

p&* - - ' s ∈ S / 0 sRt 6

i 2* & # <# " 2 2 " = tRt 3 sRt / 0 sRt : 6

h - $% ' * 0#* # & & 0 t 9 / -# & & 0 sRt 9 tRt 6


 , $ 〈S,R,v〉,s ||− 2(2P → P) 9* - "* 0 * 0#* # & & 0 t 9 / -# & & 0 sRt 9

〈S,R,v〉, t ||− 2P → P 6
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AB

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

&

$

%

�o X RZ o Y � V lRX Y\ �R o Y� [X m W T o o l� S5 S l KD45

r - < 0 0 & # & - .# #* 0 ' S5* %+ ,* " #* " # ) # # $ $ !8 ! $�� �� �	 
� �� �
 �� � 
 
 �� 9 " - 6* % + ,* " % $

〈S,R〉 9 / -# " " 0 R = {〈s, t〉 | s, t ∈ S} 6

� a � � � � b cb � g h - " & 0 2 " % P - ' $ - " # S5;* % + ,* " % % ' 4 % ) 2 " $28 0 " " 0 ( 0 & & # " " 0 9 P - '

$ - "# ( , v " 2 ' # 8 %) " 0 0 & #* %+ ,* " % % ' 4 % ) 2 " $28 0 " " 0 ( 0 & & # " " 0 6

� a � � � � b cb � g h - " & 0 2 " % P - ' $ - " # KD45;* %+ ,* " % % ' 4 %) 2 " $28 0 " " 0 ( 0 & & # " " 0 9 P

- ' $ - " # ( 0 & & # " " 0 ( 2 - $ - 0 M′ = 〈{s0}∪S,{〈s, t〉 | s ∈ {s0}∪S, t ∈ S},v〉 6

M′= x
s0

�
�

�
�	

@
@

@
@R

6 6 6

'

&

$

%
S
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AB

�� � �� �� � � 	 
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 � � �� � �� � � �'

&

$

%

� Yk W o VR T V Y T � Y Y\ l S l o T \ � lo VR WX

•  0#* # & & 0 % < %& & !( 0# ' # $2 # & & 0 & - .# #* -# & & 0 .& -� 0 0 & # < % < 2* $# - $% -) % %( 0 4 ! $% % =

Σ∪{Q} |=L ϒ =⇒ P / - " "

/ -& & %* # ' n Σ |=L ϒ∪{20Q,2
1Q, . . . ,2

nQ} =⇒ P 6

• � - .# #* 0 $ -8 0 $* -( 4 0* $% /0 =

h - " Σ |=L ϒ =⇒ P 9 ' # # ' - ' -& %( 0 " " 0 ! !) %& & # " % $ / -2* - $ Σ0 ⊆ Σ /0

ϒ0 ⊆ ϒ" # $% ' 9 % $ $ ! Σ0 |=L ϒ0 =⇒ P 6

• 
 !# ' %# -& %* 2 # $% '* 0 0 ' * 0#* # & & 0 ( - < 0 0 & # & - .# #* -# & & 0 %#* ! % < % "

* %+ ," & - .# #* -# & & 0 6
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AB

�� � �� �� � � 	 
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&

$

%
j Tk l lm R m T nR Ro o l GL

GL - ' $) 0 ' " # $# # 8 # " $% ' 9# ) ) %7 %* " # # 8 # " $% ' /0 ! !) %& & # " $ % ' * % + ," $ % ' / -2* * - 3 $ 0#$) 0 ' " # $# #8 # " $% ' * %+ ," $% ' / -2* * - 9 / -# " " 0 %# -& % ! !) % $ v ' $ !* % $ /2 0

" 0 08 2 $% $ $ 08 # 0 ( 0 0# &( - /0 : 6

u !( ! %# 8 0 " $ 0 0 ( # $ ! !' 3% ' "# ( ( !# " % ' * % ) $ 0 & 28 2 ' : 4 ) % <#* 0 0 $ $# & - .# #* 0 '

& 0 2 " % %& & 0 # &( 0# " $ 08 0 0 * % + ," $% ' -( # ' 0# " 2 2 $ $ 0 6

 0 ) 0* $% ) # " $# ' % ' & 0 2 " %

GL : 2(2P → P) → 2P
�& -� 0 0 & # < % < 2* $# - $% -) % %( 0 %# 4 ! < % %#* ! GL -& %* -( 4 0* $# 6

h - " Σ /0 ϒ -8 0 $ ! !) %& & # " # !& 0 2 " % / - 2* * - /0 9 Σ |=GL ϒ =⇒ P / - " "

Σ∪ [[GL]] |=K ϒ =⇒ P 6
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