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§5.1.1 �
�6`*`b {¬,∨}j)Q�H�<�0�'l��*L�-Fv:Q�H�<�0�`b {EX,EG,EU} j) CTLR����'l��*L�-Fv:R����dG AP y� Kripke �j 〈S,R, I, L〉 wO
 CTLh� ϕ �℄�v�T�
M�4�	�4+ L �? L(s)	sK
n s I�� ϕ ��h���|K

��ZI� ϕ ��h�R#
�r�UJ(
�K

��ZI� ϕ *LaS.e2�� 1 �u ϕ = p d p �Q��qNK
 s � p �Zn
L(s) R#a-#dG�+C
��� 2 �u ϕ = ¬ϕ0 �qNK
 s �u ϕ0 6∈ L(s) �q� ϕ �s L(s) �� 3 �u ϕ = ϕ0 ∨ϕ1 �qNK
 s �u ϕ0 ∈ L(s) �
ϕ1 ∈ L(s) �q� ϕ0 �s L(s) �� 4 �u ϕ = EXϕ0 �qNK
 s �u4n t �?
R(s, t) d ϕ0 ∈ L(t) �q� ϕ �s L(s) �� 5 �u ϕ = E(ϕ0Uϕ1) �q� 5a�NK
 s �u ϕ1 ∈ L(s) �q� ϕ �s L(s) �� 5b�NK
 s�u4n t�? R(s, t)d ϕ ∈ L(t)�d ϕ0 ∈ L(s) �q� ϕ �s L(s) �� 5c ��\ (5b) |� L �^�~�� 6 �u ϕ = EGϕ0 �q� 6a �
� S′ = {s | ϕ0 ∈ L(s)} �� 6b �
� 〈S,R〉 �<-�$ 〈S′, R′〉 �X[U
=!Y$�FD�y S′′ ��NK
 s ∈ S′′ �� ϕ �s
L(s) �� 6c �NK
 s ∈ S′ �u4n t �? R(s, t) d
ϕ ∈ L(t) �q� ϕ �s L(s) �� 6d ��\ (6c) |� L �^�~�n|*L/S|�e(R#
�-� L h?-#�,�
��ZI� ϕ �	

M, s |= ϕ ;d ; ϕ ∈ L(s) �
M |= ϕ ;d ; ϕ ∈

⋂
s∈I L(s) �
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§5.1.2 .6Np>�}H[vR>�!��;nN
��y���y�
M�
�O
h�nT:
�y);��bv
�E�O
h�/S,��I�v
h��-#
���y�O
-#I�S

�h��&�Æ-#�,�
�	sbv
h��8��
��y�dGO
 AP y� Kripke �j M = 〈S,R, I, L〉 �GVt
 ex : 2S → 2S r.�

ex(A) = {s | (s, s′) ∈ ∆, s′ ∈ A}^ [[p]] �� M �I� p �
���y�	 [[p]] =

{s |M, s |= p} �*LY 6 �e2
�O
h� p n M ��T:
�y);�
(1) p �h�Q�� q [[p]] = {s | p ∈ L(s)}

(2) p � ¬p0 � q [[p]] = ∼ [[p0]]

(3) p � p0 ∨ p1 � q [[p]] = [[p0]] ∪ [[p1]]

(4) p � EXp0 � q [[p]] = ex([[p0]])

(5) p � EGp0 � q [[p]] = νZ.([[p0]] ∩ ex(Z))

(6) p � E(p0Up1) � q [[p]] = µZ.([[p1]] ∪ ([[p0]] ∩ ex(Z)))*La
M, s |= ϕ ;d ; s ∈ [[ϕ]] �
M |= ϕ ;d ; I ⊆ [[ϕ]] �.6NpI� � [vR>� Φ(V ) (�`Q��?�y� V ����Q�H�h���y�u V (�?�y�q V ′ (�?�y�GVr.� v′ ∈ V ′ ;d ; v ∈ V �

Definition 5.1 !�Q 6G)& AP �Q AP =��$7NBQ EY_
〈V,R,Θ, N〉9\ V J6G�2)&� R J V ∪ V ′ =�"A� Θ J

V =�"A� N : AP → Φ(V ) J AP � V ="A)&
Φ(V ) �U>�-#
�`�? x1, ..., xn *G�O
-#
�^ ng� (a1, ..., an) ��� (a1, ..., an) |= q ;d ; qa1,...,an

x1,...,xn
=

1 �-#
���y( {0, 1}n �̀ Qm-` R(x1, ..., xn, x
′
1, ..., x

′
n)*G�-#�,�
��y` Θ(x1, ..., xn)*G�| AP =

{p1, ..., pk} �I� pi �
�` N(pi) *G�KD*L^ s→s′ ��4n3 s = s′ �`Q�	 (s, s′) |=

R �[vR> 〈V,R,Θ, N〉 y�O E$�
�� {0, 1}ny�O
+gEA
s0s1s2...℄�NoU i ≥ 0, si→si+1 �



gjebd
�r[vR> 〈V,R,Θ, N〉 y�O2l��℄[vR>y�CO

�I� Θ �O E$�.6Npz Kripke A2dG[vR> (V,R,Θ, N) �℄R>N[b AP =

{p1, ..., pk}y�Kripke�jM = 〈S,∆, I, L〉℄� S,∆, I, LGVr.�
S = {(a1, ..., an) | ai ∈ {0, 1}}

∆ = {((a1, ..., an), (a′1, ..., a
′
n)) | (a1, ..., an, a

′
1, ..., a

′
n) |= R(V, V ′)}

I = {(a1, ..., an)) | (a1, ..., an) |= Θ}

L((a1, ..., an)) = {pi ∈ AP | (a1, ..., an) |= N(pi)}

Kripke A2z.6NpdG Kripke�jM = 〈S,∆, I, L〉�*L/S� S �v�u S a ≤ 2n 
g��q/S^ n 
Q� x1, ..., xn 5��� S ��C i 
g��( s(i− 1) �^ (a1, ..., an) �� x1, ..., xn j~� n g��q℄ ng��� s(a1 · 2n + · · · + an−1 · 2 + an) �O
 x1, ..., xn y�h���O
�y�	I�℄h�� x1, ..., xn j~� n g���y�
���~m-��yOL/S^h����*LCY! n
<�?��� x′1, ..., x
′
n �^ (a1, ..., an, a

′
1, ..., a

′
n)�� x1, ..., xn, x

′
1, ..., x

′
nj~� 2ng��q℄ 2ng���

(s(a1 ·2
n+· · ·+an−1 ·2+an), s(a′1 ·2

n+· · ·+a′n−1 ·2+a′n)) ∈

∆ �O
 x1, ..., xn, x
′
1, ..., x

′
ny�h���O
`Q�y�	I�℄h�� a1, ..., an, a
′
1, ..., a

′
n j~� 2n g���y�Nb�vt
 L : S → 2AP �*LGV N : AP → 2Sr.� s ∈ N(p) ;d ; p ∈ L(s) � q L w N �(-#R>�O�
�I�T:�ÆQ���^�A���̀b N(p) �O

��y� N(p) /S^O
h����dGAP = {p1, ..., pk}y�Kripke�jM = 〈S,∆, I, L〉�℄R>N[b[vR> (V,R,Θ, N) �℄� V,R,Θ, N GVr.�

V = {a1, ..., an}

(a1, ..., an, a
′
1, ..., a

′
n) |= R(V, V ′) ;d ; (s(a1, ..., an), s(a′1, ..., a

′
n)) ∈ ∆

(a1, ..., an) |= Θ ;d ; s(a1, ..., an) ∈ I

N(pi) = Θi d Θi GVr.� (a1, ..., an) |= Θi ;d ; pi ∈ L(s(a1, ..., an)).6Np>�O
 (V,R,Θ, N) ���-#�ZI�O
�EH�h��	-#�N[� Kripke�j M �ZI�O
�EH�h��GV ∃x.ϕ = (ϕ0
x ∨ϕ

1
x) �GVt
 ex : Φ(V ) → Φ(V )r.�
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ex(ϕ) = ∃x′1...x

′
n.(R(x1, ..., xn, x

′
1, ..., x

′
n) ∧ ϕ

x′

1,...,x′

n

x1,...,xn
)^ [[q]] ��I� q �
���y�*LY 6 �e2
�O
h� q n M ��T:
�y);�

(1) q = pi �h�Q�� q [[q]] = N(pi)

(2) q � ¬q0 � q [[q]] = ¬[[q0]]

(3) q � q0 ∨ q1 � q [[q]] = [[q0]] ∨ [[q1]]

(4) q � EXq0 � q [[q]] = ex([[q0]])

(5) q � EGq0 � q [[q]] = νZ.([[q0]] ∧ ex(Z))

(6) q � E(q0Uq1) � q [[q]] = µZ.([[q1]] ∨ ([[q0]] ∧ ex(Z)))*La
M |= ϕ ;d ; Θ → [[ϕ]]

§5.1.3 )|F�fI� �
Definition 5.2 !�Q �2)& V �Q V =��Y0
I (BDD) BQ EY_

〈N,n0, E, L〉9\ N J-��)&�E : N → N ×N J�S-����8#D�< E(n) = 〈n′, n′′〉 �Z� 〈n, n′〉 J n � 0 ��
〈n, n′′〉J n� 1��n0 JI�����L : N → V ∪{0, 1}J��	$#D�4^ L(n) ∈ {0, 1} �:/� E(N) 5W�S�xt)|F�f (OBDD)dGO
 V y�?�XE x1, ..., xm �	 x1 < x2 <

· · · < xm �jG xi < 0 d xi < 1 �O
Rg* $
〈N,n0, E, L〉 �aE��;d ; E(a) = 〈b, c〉 q L(a) <

L(b) d L(a) < L(c) �dG V y�O
h� ϕ �℄h�/S^O
aERg* $ 〈N,n0, E, L〉 ���℄jpr.�
1. N = {n0}, L(n0) = x1, L

′(n0) = ϕ.

2. NoU n ∈ N d E(n) z+GV�u L(n) = xi �qn N ���>
<�D n′, n′′ dD E(n) = 〈n′, n′′〉 �u i < m � qD L(n′) = L(n′′) = xi+1, L
′(n′) = (L′(n))0xi

, L′(n′′) = (L′(n))1xi
�u i = m � qD L(n′) = L′(n′) = (L′(n))0xm

, L(n′′) = L′(n′′) = (L′(n))1xm
�u>
h��A���q�L�vLjp�aERg* $�"j��
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��xt)|F�f (ROBDD)Syjp�OBDD��jw783;bO
w~��azOq
�Y�Rg* $~��nqr.�
u w v �N�D� L(u) = L(v) �qy�v>
�D�
u w v ��N�D� E(u) = E(v) d L(u) = L(v) �qy�v>
�D�
u w v ��N�D� E(v) = 〈a, a〉 �qx. v D���6 v �� (� n0) �= a ��q
�Y^Synq~�|=�Wm�~�?=�* $((��aERg* $�u>
h��A���q�L���aERg* $�"j��^��aERg* $���h��A�ApTYG�uO
h�(℄w��q℄h�� ROBDD (�aO
N�D�$d℄N�D�~( 1 �uO
h�(℄���q℄h��

ROBDD (�aO
N�D�$d℄N�D�~( 0 �I� � (a ∨ b) ∧ (¬b ∨ ¬c) ∧ (a ∨ d)�JPt�?XEN ROBDD �78az7�\5�NbO:)���"��?XE�%�� ROBDD �78�i���
��| ϕ =
∨n

i=1(x2i−1∧x2i)�dG�?�XE x1 , x3, ..., x2n−1, x2, x4, ..., x2n�q ϕ�ROBDD�D
( 2n+1�dG�?�XE x1 , x2, ..., x2n�q ϕ � ROBDD �D
( 2(n+ 1) �`bGu�
XE� NPV�)��/^_S���T
�O
�u��?XE�jd 5.1 ,"A
(a1 ↔ b1) ∧ (a2 ↔ b2)'�`+ OBDD ��F3�H�2O�`+ OBDD �M�TL�xt)|F�f7�(5\O
h�/S,)�O
�Qt
�X1O
aERg* $N[bO
�Qt
�^ F |N �� F �GVf1�n N ��t
�GV

πi(〈a0, a1〉) = ai �̂ Ei
x ��I�S.A��!rB^ E?=�t
 E′ �u L(π0(E(n))) 6= x d L(π1(E(n))) 6= x q E′(n) = E(n)u L(π0(E(n))) = x q π0(E

′(n)) = πi(E(π0(E(n))))u L(π1(E(n))) = x q π1(E
′(n)) = πi(E(π1(E(n))))^ fOBDD(x1, ..., xn) ��d�Qt
 f(x1, ..., xn) N[�aERg* $�| fOBDD (x1, ..., xn) = 〈N,n0, E, L〉d x1 < · · · < xn � q
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fOBDD(0, x2, ..., xn) = 〈N ′, n′

0, E
′, L′〉 ℄�

N ′ �` π0(E(n0)) /5��a�D��y� n′
0 = π0(E(n0)) � E′ = E|N ′ � L′ = L|N ′ �

fOBDD(x1, ..., xi−1, 0, xi+1, xn) = 〈N ′, n0, E
′, L′〉 ℄�

N ′ �` n0 !r E0
xi
/5��a�D��y� E′ = E0

xi
|N ′ � L′ = L|N ′ �

fOBDD(1, x2, ..., xn) = 〈N ′, n′
0, E

′, L′〉 ℄�
N ′ �` π1(E(n0)) /5��a�D��y� n′

0 = π1(E(n0)) � E′ = E|N ′ � L′ = L|N ′ �
fOBDD(x1, ..., xi−1, 1, xi+1, xn) = 〈N ′, n0, E

′, L′〉 ℄�
N ′ �` n0 !r E1

xi
/5��a�D��y� E′ = E1

xi
|N ′ � L′ = L|N ′ �J"oV| f, b, c� OBDD�| n� OBDD��D�̂ top(f)8� f �FD�̂ L(f)8� L(top(f)) �̂ f = (n, b, c)�� top(f) = n d E(n) = 〈top(b), top(c)〉 �| f ( OBDDd℄y�?�E(`8�e�D�=7�N�D��q f |x=0w f |x=1 ��Tr.�u f �N�D�q f |x=0 = fu L(f) = x d f = (n, s0, s1) �q f |x=0 = s0u L(f) 6= x d f = (n, s0, s1) �q f |x=0 = (n, s0|x=0, s1|x=0)u f �N�D�q f |x=1 = fu L(f) = x d f = (n, s0, s1) �q f |x=1 = s1u L(f) 6= x d f = (n, s0, s1) �q f |x=1 = (n, s0|x=1, s1|x=1)*La ∃y1...yn.∃x.f = ∃y1...yn.(f |x=0 ∨ f |x=1) �

OBDD y��l�S�℄�l�GVr.�
OBDD Y#�`u s = (n, s′, s′′) d L(s) = x ∈ V �q� s, s′, s′′ Y���( (¬x ∧ s′) ∨ (x ∧ s′′), s|x=0, s|x=1 �u L(s) = 0 �
L(s) = 1 �q^ 0 � 1 |���℄�D�Q�H�=�[/S,)� OBDD y�l��| ◦(Rgl�[� f w g ( OBDD d℄y�?�E(`8�e�D�=7�N�D��q f ◦ g ��Tr.�u f w g I�N�D�q f ◦ g = L(f) ◦ L(g)u L(f) = L(g) = x q f ◦ g = ((¬x ∧ (f |x=0 ◦ g|x=0) ∨ (x ∧ (f |x=1 ◦ g|x=1))u x = L(f) < L(g) q f ◦ g = ((¬x ∧ (f |x=0 ◦ g) ∨ (x ∧ (f |x=1 ◦ g))u L(f) > L(g) = y q f ◦ g = ((¬y ∧ (f ◦ g|y=0) ∨ (y ∧ (f ◦ g|y=1))&^�Rgl�a ∧,∨,→,↔ �Ogl� ¬ hqy/^ → �0�	 ¬p ⇔ (p → false) �℄
��q&��N�D� 0 w 1 �~}��h� ϕ0 w ϕ1 �ZA�/Se( ϕ0 ↔ ϕ1 � ROBDD �Z( 1 5YM�J"oV#w9�L^ x̄ �� x1, ..., xn �q ex(ϕ) = ∃x′1...x

′
n.(R(x̄, x̄′) ∧

ϕx̄′

x̄ ) �
� ex(ϕ) � ROBDDCM!�?07k��[vR>�!�
�?z7����*L[^A����"/W�4n?0�^b�8��h�� `Qm- R(x̄, x̄′) /
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W�O�h��,j�yj�S.Y�Nv>�f2!�Y,�iU3k| R(x̄, x̄′) = R1(x̄, x̄′) ∨ · · · ∨Rm(x̄, x̄′) �*L[^A� ∃x.(p(x) ∨ q(x)) = ∃x.p(x) ∨ ∃x.q(x))5�~ ROBDD �
��*La
∃x′1...x

′
n.(R(x̄, x̄′)∧ϕ

x′

1,...,x′

n

x1,...,xn
) = ∃x′1...x

′
n.(R1(x̄, x̄′)∧ϕ

x̄′

x̄ )∨· · ·∨∃x′1...x
′
n.(Rn(x̄, x̄′)∧ϕx̄′

x̄ )8U3k| R(x̄, x̄′) = R1(x̄, x̄′) ∧ · · · ∧Rm(x̄, x̄′) �u x �n p(x) �-0�*La ∃x.(p(x) ∧ q(x)) =

p(x) ∧ ∃x.q(x)) �*L[^℄A�5�~ ROBDD �
��(W�^��| R0(x̄, x̄′) = ϕ
x′

1,...,x′

n

x1,...,xn
�q

∃x′1...x
′
n.(R(x̄, x̄′)∧ϕ

x′

1,...,x′

n

x1,...,xn
) = ∃x′1...x

′
n.(R0(x̄, x̄′)∧· · ·∧Rm(x̄, x̄′)*L� x′1, ..., x

′
n Y) k 
�3��� d1, ..., dk ��

R0, ...., Rm Y) k 
�3�X1�� D1, ..., Dk �rqNb�a 1 ≤ i < j ≤ k � dj ���?�n Di �-0�q
∃x′1...x

′
n.(R0(x̄, x̄′) ∧ · · · ∧Rm(x̄, x̄′) = ∃d1.(D1 ∧ ∃d2.(D2 ∧ · · · ∧ ∃dk.(Dk) · · ·))℄� di �� di ��?�A'� Di �� Di �h��yj�NbdG�h��y {R0 , ..., Rm}w�?�y {x′1, ..., x

′
n}�*L/SP(�"��Æ5
� d1, ..., dk w D1, ..., Dk �hqy*L[℄a&"� di k8P Di k7ku�

§5.2 :yKD-i#Np>��b
�Y,�R>�!�^b PLTLA��O
-#/S,��℄/Wl��E$��y�O
-#I�S
E$h��&�Æ-#��al�II�v
h��|
M = 〈S,∆, I, L〉 � AP y��v Kripke �j� ϕ � APy� PLTL h��

M |= ϕ ;d ; [[M ]] ⊆ [[ϕ]] �
§5.2.1 Kripke A2z B

..
uchi �&;| M = 〈S,∆, I, L〉 � AP y��v Kripke�j�GV

Σ = 2AP

∆′ = {(s, a, s′) | (s, s′) ∈ ∆, a = L(s)}

F = SD AM = (Σ, S,∆′, I, F ) �q [[AM ]] = [[M ] �( AM ( AP y� Kripke �j M = 〈S,∆, I, L〉 �N[� B
..
uchi �H��
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§5.2.2 Np>�}H`b Kripke �jw PLTL h�I/S��)N[�
B

..
uchi �H��R>�!)�/�~(>
�H��eJ�	sm-�O
�H��eJ�Z(1�)��^ Aϕ��h� ϕN[� B

..
uchi�H��O
dG�-# M I�O
 AP y��EH�h� ϕ �	�

M |= ϕ	 [[M ]] ⊆ [[ϕ]]	 [[M ]] ∩ ((2AP )ω \ [[ϕ]]) = ∅	 [[M ]] ∩ [[¬ϕ]] = ∅	 [[AM ]] ∩ [[A¬ϕ]] = ∅	 AM ∩A¬ϕ �eJ(1�R>�!)��~(�H�X1)��℄Z'wl_a`*(�:^��*L�^s�(�T��Æ
(�j�s�w
�Æ��(Hs�%swJjs�yN�O
g��| W (O
s� q (O
g��vw
��Y��� push(q,W) � pop(W) � top(W) ��1s( [ ] �
.dG B

..
uchi �H� 〈Σ, S,∆, I, F 〉 �℄eJ�Z(1/S^S.�T
��GV ∆(q) = {s | ∃a ∈ Σ.(q, a, s) ∈ ∆}(

q ��a|�
���y�℄�T`>
b��~K_/���T�0�
start()

{

W = A = B = [ ];

for each s ∈ I, if (s 6∈ A) { push(s,A); push(s,W); dfs1(s); pop(W); }

report(“empty”);

}

dfs1(q)

{

for each s ∈ ∆(q), if (s 6∈ A) { push(s,A); push(s,W); dfs1(s); pop(W); }

if (q ∈ F ) { push(s,B); dfs2(s); }

}

dfs2(q)

{

for each s ∈ ∆(q), { if (s ∈ W ) report(“nonemp”); if (s 6∈ B) { push(s,B); dfs2(s); } }

}dGO
 B
..
uchi �H���T�b “nonemp”;d ;℄�H��eJX1�℄YG�T�
���2
3Nb-#nR�2A���M �

(1)

(2)
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.&
Np>�}HdGO
Z�`Q-#O�wO
 PLTLA�O��`b
�9G�)��KzvL�O
)���/jp-#� Kripke�j�
� AM ∩A¬ϕ �Z(1��T/Sn

A¬ϕ R#4n�e2.��jp AM �
� AM ∩A¬ϕ �O a:�X��ne(-#R>�`"O�jp<�-#
���/SYMv:<�
��Zd A¬ϕ ai"�Y�*G�ZCMNv:
�!O�4r�C&&�*L�MYG AM ∩ A¬ϕ �Z(1�X1u=O I�
AM ∩A¬ϕ �l�&/%-���OGA=') AM �jp�b�$=zQt4~> +gE$ π w π′ ���A��;a ;4n> x
y�+gEA 0 = i0 < i1 < i2 < · · · w 0 = j0 <

j1 < j2 < · · · �?NoU k ≥ 0 �
L(πik

) = L(πik+1) = · · · = L(πik+1−1) = L(π′
jk

) = L(π′
jk+1) = · · · = L(π′

jk+1−1)O
h� ϕ ������;a ;NoU��A�� π w π′ �
π |= ϕ⇔ π′ |= ϕ�-0 O ��� PLTLh���y�( PLTL−X �℄�y�h�I�������|MKz�A�( ϕ ∈ PLTL−X d ϕ ��Q��?��y(AP ′ ��|-#�l��y	s π = s0...sisi+1si+2...w π′ = s0...sis

′
i+1si+2... �rq L(si)∩AP ′ = L(si+1)∩AP ′ d L(s′i+1)∩AP

′ =

L(si+2) ∩ AP
′, q π |= ϕ ;d ; π′ |= ϕ �X1NbKz-#�ZI� ϕ �*L/S�-F π′ �ZEoj�
M�4&�e(O:YM ��nH�R>�!��^��M7�b s′i+1 vL�
���)S�N π′ ��$�

§5.3 nBNp>�1�R>�!�
M�E�N�d�!�E$�1��rqn�d�!�E$'K�L�W{>O
h��ZI��q℄WTa�u�9G�vO��a�h�I�D� NNF V��u-0�h��� NNFV��q�℄,)�d℄A��h�� NNFV��
§5.3.1 CTL 1[#nBNp>�dG AP y� Kripke �j M = 〈S,R, I, L〉 � M �
k �R>��( k R> Mk = 〈S, Pk, I, L〉 ℄� Pk ( M�'K( k + 1 �E$��y�| π ∈ Pk �vL�E$(( k E$�GV

rs(π) =

|π|−2∨

i=0

|π|−1∨

j=i+1

πi = πj
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CTL 1[#nB{v

NNF V�� CTL h� ϕ �1�eV Mk, s |= ϕ r.�
Mk, s |= p u p = ⊤, � p ∈ AP d p ∈ L(s)

Mk, s |= ¬p u Mk, s 6|= p

Mk, s |= ϕ ∨ ψ u Mk, s |= ϕ � Mk, s |= ψ

Mk, s |= ϕ ∧ ψ u Mk, s |= ϕ d Mk, s |= ψ

Mk, s |= Aϕ uNb�a Pk �S s (^D�E$ π � Mk, π |= ϕ

Mk, s |= Eϕ u4n Pk �S s (^D�E$ π � Mk, π |= ϕ

Mk, π |= Xϕ u k ≥ 1 d Mk, π1 |= ϕ

Mk, π |= Gψ u rs(π) d ∀i ≤ k,Mk, πi |= ψ

Mk, π |= Fϕ u ∃i ≤ k,Mk, πi |= ϕ

Mk, π |= ϕUψ u ∃i ≤ k,Mk, πi |= ψ d ∀j < i,Mk, πj |= ϕ

Mk, π |= ϕRψ u ∀i ≤ k, u ∀j < i,Mk, πj 6|= ϕ q Mk, πi |= ψ, du ∀i ≤ k,Mk, πi 6|= ϕ q rs(π)nB{v#�Ws7g�s*La
M, s |= ϕ ;d ;4n k ≥ 0 �? Mk, s |= ϕ �GV Mk |= ϕ ;d ;N�a s ∈ I � Mk, s |= ϕ �*La
M |= ϕ ;d ;4n k ≥ 0 �? Mk |= ϕ �nBNp>�`*dGR> M wh� ϕ �1�R>�!�Tr.�

(1) k = 0

(2) u Mk |= ϕ );�q M |= ϕ ��T��
(3) u4n s d Mk, s |= ¬ϕ );�q M 6|= ϕ ��T��
(4) k = k + 1 ��= (2)�U�v9� ¬ϕ 8�d℄A�� CTL h�� NNFV��aN�A�
z��TOGWk��w�?ym6��I� 5.2 � �~�H	#�R>jd 5.2 ? M J+'℄�CÆ(7N�VK.XSP[
M B�4^ A(q0Uq2) % EG(q0 ∨ q2) ��
!�`M1R;�R="AB�4^�K.7N�
§5.3.2 PLTL 1[#nBNp>�Nb PLTL�*L�m��Z4nO
l�I�dG�h��Nb k E$�*LCM-Fv E$��D�Za/W�=R##r�D?)O
��vL��ZsO +gE$�/S;)+gE$N9�GV

s(i, k, n) = [if (i < k) then (i+ 1) else (n)]
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PLTL 1[#nB{vGV Mk, π |=i

n ϕ r.�
Mk, π |=i

n p u p = ⊤, � p ∈ AP d p ∈ L(πi)

Mk, π |=i
n ¬p u Mk, π 6|=i

n p

Mk, π |=i
n ϕ ∧ ψ u Mk, π |=i

n ϕ d Mk, π |=i
n ψ

Mk, π |=i
n ϕ ∨ ψ u Mk, π |=i

n ϕ � Mk, π |=i
n ψ

Mk, π |=i
n Xϕ u Mk, π |=

s(i,k,n)
n ϕ

Mk, π |=i
n Gϕ u ∀j ∈ {min(i, n), ..., k},Mk, π |=j

n ϕ

Mk, π |=i
n ϕUψ u ∃j ∈ {min(i, n), ..., k},Mk, π |=j

n ψ d
i ≤ j ∧ ∀m ∈ {i, ..., j − 1},Mk, π |=m

n ϕ � i > j ∧ ∀m ∈ {n, ..., j − 1, i, ..., k},Mk, π |=m
n ϕGVMk, π |=−1

n ϕ(℄��GV R(πk, π−1)(℄w�
NNF V�� LTL h� ϕ �1�eV Mk, π |= ϕ r.�

Mk, π |= ϕ ;d ;4n n ∈ {−1, 0, ..., k} ��?
R(πk, πn) d Mk, π |=0

n ϕ �nB{v#�Ws7g�s*La
∃π ∈M,π0 ∈ I.(M,π |= ϕ) ;d ;4n

k,∃π ∈Mk, π0 ∈ I.(Mk, π |= ϕ) �GV Mk |= ϕ ;d ;�4n�b I �E$ π ∈ Pk I� Mk, π |= ¬ϕ �*La
M |= ϕ ;d ; ∀k ≥ 0, Mk |= ϕ �nBNp>�`**La Mk 6|= ϕ qN�a i ≥ 0, Mk+i 6|= ϕ �GV (M,ϕ) �'
�~ ct(M,ϕ) (�8�I�Sy ��

k �Nox M w ϕ �'
�~ ct(M,ϕ) 4n�!P*La
M |= ϕ ;d ;N k = ct(M,ϕ), Mk |= ϕ �dGR> M � ϕ w m ≥ ct(M,ϕ) �1�R>�!�Tr.�

(1) k = 0

(2) u Mk 6|= ϕ �q M 6|= ϕ ��T��
(3) u k = m �q M |= ϕ ��T��
(4) k = k + 1 ��= (2)
� Mk 6|= ϕ 	e(1�eV
��Z4n,�
�-S� k E$ π �? Mk, π |= ¬ϕ �

.�G*L!rl�WkymB�? m ≥ ct(M,ϕ) �aN�A�
z��TOGWk��w�?ym6��
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§5.4 1RsÆtaN�=�-#R>S Kripke �j(�/���W�0h[Aj��O�PJ�h[A/S^
��y�^
��y�Rg����P
��y/^h����Na:�
�h[A/S^�
�}P���3y/%1[<8#X1RsdGh��y {ϕ1, ..., ϕn} �O
l�I�vh[A;d ;NK
 i �℄l�+12I� ϕi �3y/%1[)|�<8#T1RsdGh�Rg��y {(ϕ1, ψ1), ..., (ϕn, ψn)}�O
l�I�
h[A;d ;NK
 i�℄l�rq3S
�^+12BI� ϕi �qn℄
�|a
�I� ψi �3y/%1[)|�<8#X1RsdGh�Rg��y {(ϕ1, ψ1), ..., (ϕn, ψn)}�O
l�I�vh[A;d ;NK
 i�℄l�rq3S
�^��I� ϕi �qn℄
�|a
�I� ψi �v
vh[AA�bmbh��y {(¬ϕ1 ∨ ψ1), ..., (¬ϕn ∨ ψn)} �vh[A�3yC!7Su#1Rs�|-#`u_!*�)�!*`u_`Q�)�*L/S}P!*vh[A� uS!*��/}���q℄!*�D}�O2�`Qvh[A� uS`Q��/}���q℄`Q�D}�O2�!*
h[A� uS!*�a/}���{�q℄!*�D}�O2�`Q
h[A� uS`Q�a/}���{�q℄`Q�D}�O2�1Rke#Np>�Sy��h[An-#R>�)aOG�\�A�zO-#R>O�WTdR>�!f)�gO�O��O�Sy��h[A�WT���03mR>�!�T�
§5.5 Np>�0E�b OBDD �
�Y,�R>�!�f)a SMVw NuSMV A� SMV �o` CMU 7F+S�
M[^Bf	3E�EEKzAWN� �bE$Y,�R>�!f)a SPIN A� SPIN `�Q�K�+S�
M[^Bf	3!=;WKzAWN� �b1�eV�R>�!f)a VERDS A�VERDS `�p.Fit�I%�
��.FpÆ�D�K�+S��ag
��S`Q-#�R>�!d1�R>�!f)�I� � ...jd 5.3 ,"A
2((a == s1&&!b == t1&&!b == t2) →!(!a == s2Ub == t2))
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