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§5.1.1 	j!=g1fh {¬,∨}j)V#M�A�0�-r	�0Q�1K|�V#M�A�0�fh {EX,EG,EU} j) CTLW����-r	�0Q�1K|�W����dG AP �� Kripke �j 〈S,R, I, L〉 wU
 CTLh
 ϕ �℄�v�T��S�:���9+ L �? L(s)	sP
t s N�� ϕ ��h
���P
���ZN� ϕ ��h
X&��r�ZO.��P
���ZN� ϕ 0QgY4k7�� 1 �{ ϕ = p j p �V#�wNP
 s � p �Zt
L(s) X&g3)dG�1I���� 2 �{ ϕ = ¬ϕ0 �wNP
 s �{ ϕ0 6∈ L(s) �w� ϕ �y L(s) �� 3 �{ ϕ = ϕ0 ∨ϕ1 �wNP
 s �{ ϕ0 ∈ L(s) �
ϕ1 ∈ L(s) �w� ϕ0 �y L(s) �� 4 �{ ϕ = EXϕ0 �wNP
 s �{4t t �?
R(s, t) j ϕ0 ∈ L(t) �w� ϕ �y L(s) �� 5 �{ ϕ = E(ϕ0Uϕ1) �w� 5a�NP
 s �{ ϕ1 ∈ L(s) �w� ϕ �y L(s) �� 5b�NP
 s�{4t t�? R(s, t)j ϕ ∈ L(t)�j ϕ0 ∈ L(s) �w� ϕ �y L(s) �� 5c ��\ (5b) �	 L �d���� 6 �{ ϕ = EGϕ0 �w� 6a ��� S′ = {s | ϕ0 ∈ L(s)} �� 6b ��� 〈S,R〉 �<-�* 〈S′, R′〉 �X`UiB'Y*�FD	y S′′ ��NP
 s ∈ S′′ �� ϕ �y
L(s) �� 6c �NP
 s ∈ S′ �{4t t �? R(s, t) j
ϕ ∈ L(t) �w� ϕ �y L(s) �� 6d ��\ (6c) �	 L �d���
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 Φ(V ) .�fV#�D	y� V ��	�V#M�h
�	y�{ V .�D	y�w V ′ .�D	y�G\x4� v′ ∈ V ′ ;j#; v ∈ V �
Definition 5.1 ( X'=N0- AP �X' AP D�&+>UIX'L`f

〈V,R,Θ, N〉�
 V Q=N�90-� R Q V ∪ V ′ D�)H� Θ Q
V D�)H� N : AP → Φ(V ) Q AP � V D)H0-
Φ(V ) �\E�3)��f�D x1, ..., xn .G�U
3)��d nm� (a1, ..., an) ��� (a1, ..., an) |= q ;j#; qa1,...,an

x1,...,xn
=

1 �3)���	y. {0, 1}n �fWm3f R(x1, ..., xn, x
′
1, ..., x

′
n).G�3)�,	��	yf Θ(x1, ..., xn).G�� AP =

{p1, ..., pk} �N� pi ���f N(pi) .G�RK0Qd s→s′ ��4t3 s = s′ �fW�� (s, s′) |=

R �[vWD 〈V,R,Θ, N〉 ��U&J(���	 {0, 1}n��U
1mKF
s0s1s2...
�Nu[ i ≥ 0, si→si+1 ��y[vWD 〈V,R,Θ, N〉 ��U2rF�℄[vWD��CU
��N� Θ �U&J(�5=Uw� Kripke H9dG[vWD (V,R,Θ, N) �℄WDNah AP =

{p1, ..., pk}��Kripke�jM = 〈S,∆, I, L〉
� S,∆, I, LG\x4�
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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 H9�5=UwdG Kripke�jM = 〈S,∆, I, L〉�0Q3Y� S �v�{ S g ≤ 2n 
m��w3Yd n 
V# x1, ..., xn :��� S ��C i 
m�
. s(i− 1) �d (a1, ..., an) �� x1, ..., xn p�� n m��w℄ nm��� s(a1 · 2n + · · · + an−1 · 2 + an) �U
 x1, ..., xn ��h
��U
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∆ �U
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′
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′
n��h
��U
fW	y��N�℄h
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′
1, ..., a

′
n p�� 2n m��	y�Nh�vt� L : S → 2AP �0QG\ N : AP → 2Sx4� s ∈ N(p) ;j#; p ∈ L(s) � w L w N �.3)WD�T���N�Y��ÆV#��d�A���fh N(p) �U
��	y� N(p) 3YdU
h
���dGAP = {p1, ..., pk}��Kripke�jM = 〈S,∆, I, L〉�℄WDNah[vWD (V,R,Θ, N) �
� V,R,Θ, N G\x4�

V = {a1, ..., an}

(a1, ..., an, a
′
1, ..., a

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

′
n)) ∈ ∆

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

N(pi) = Θi j Θi G\x4� (a1, ..., an) |= Θi ;j#; pi ∈ L(s(a1, ..., an))5=UwE&U
 (V,R,Θ, N) ���3)�ZN�U
�KM�h
��3)�Na� Kripke�j M �ZN�U
�KM�h
�G\ ∃x.ϕ = (ϕ0
x ∨ϕ

1
x) �G\t� ex : Φ(V ) → Φ(V )x4�

ex(ϕ) = ∃x′1...x
′
n.(R(x1, ..., xn, x

′
1, ..., x

′
n) ∧ ϕ

x′

1,...,x′

n

x1,...,xn
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h
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(1) q = pi �n�V#� w [[q]] = N(pi)

(2) q � ¬q0 � w [[q]] = ¬[[q0]]

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

(4) q � EXq0 � w [[q]] = ex([[q0]])

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

(6) q � E(q0Uq1) � w [[q]] = µZ.([[q1]] ∨ ([[q0]] ∧ ex(Z)))0Qg
M |= ϕ ;j#; Θ → [[ϕ]]

§5.1.3 0�M%mP
 �
Definition 5.2 ( X'�90- V �X' V D�#`7�P (BDD) IX'L`f

〈N,n0, E, L〉�
 N Q4��0-�E : N → N ×N Q Z4��Æ�?*K�C E(n) = 〈n′, n′′〉 �a� 〈n, n′〉 Q n � 0 Æ�
〈n, n′′〉Q n� 1Æ�n0 QP��G��L : N → V ∪{0, 1}Q���+*K�;e L(n) ∈ {0, 1} �A6� E(N) <^ Z��{0�M%m (OBDD)dGU
 V ��D�℄K x1, ..., xm �� x1 < x2 <

· · · < xm �pG xi < 0 j xi < 1 �U
Rm. *
〈N,n0, E, L〉 �gK��;j#; E(a) = 〈b, c〉 w L(a) <

L(b) j L(a) < L(c) �dG V ��U
h
 ϕ �℄h
3YdU
gKRm. * 〈N,n0, E, L〉 ���
jvx4�
1. N = {n0}, L(n0) = x1, L

′(n0) = ϕ.

2. Nu[ n ∈ N j E(n) �1G\�{ L(n) = xi �wt N �%�C
B�D n′, n′′ jI E(n) = 〈n′, n′′〉 �{ i < m � wI L(n′) = L(n′′) = xi+1, L
′(n′) = (L′(n))0xi

, L′(n′′) = (L′(n))1xi
�{ i = m � wI L(n′) = L′(n′) = (L′(n))0xm

, L(n′′) = L′(n′′) = (L′(n))1xm
�{C
h
�A���w�Q�|Rjv�gKRm. *�(j��
G�{0�M%m (ROBDD)Y�jv�OBDD��jw7>9;hU
}���gzOwi�Y�Rm. *���nwx4�

u w v �T�D� L(u) = L(v) �wy�|C
�D�
u w v ��T�D� E(u) = E(v) j L(u) = L(v) �wy�|C
�D�
u w v ��T�D� E(v) = 〈a, a〉 �w~. v D���< v �� (� n0) �= a �
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�
ROBDD .�gU
T�D�*j℄T�D��. 0 �P
 � (a ∨ b) ∧ (¬b ∨ ¬c) ∧ (a ∨ d) QW{�D℄KN ROBDD �7>gz7�b;�NhU�/#��(��D℄K�%�� ROBDD �7>�o������� ϕ =

∨n
i=1(x2i−1∧x2i)�dG�D�℄K x1 , x3, ..., x2n−1, x2, x4, ..., x2n�w ϕ�ROBDD�D�. 2n+1�dG�D�℄K x1 , x2, ..., x2n�w ϕ � ROBDD �D�. 2(n+ 1) �fhM{��℄K� NP[�/#�3deS
��T��U
�u��D℄K�qk 5.1 3)H

(a1 ↔ b1) ∧ (a2 ↔ b2).�g2 OBDD ��M:�O�9V"g2 OBDD �T�[S��{0�M%m>"/<
U
h
3Y0)�U
�Qt��̂ 1U
gKRm. *NahU
�Qt��d F |N �� F �G\l7
t N ��t��G\
πi(〈a0, a1〉) = ai �d Ei

x ��N�Y4G��'rH^ E?=�t� E′ �{ L(π0(E(n))) 6= x j L(π1(E(n))) 6= x w E′(n) = E(n){ L(π0(E(n))) = x w π0(E
′(n)) = πi(E(π0(E(n)))){ L(π1(E(n))) = x w π1(E
′(n)) = πi(E(π1(E(n))))d fOBDD(x1, ..., xn) ��j�Qt� f(x1, ..., xn) Na�gKRm. *�� fOBDD (x1, ..., xn) = 〈N,n0, E, L〉j x1 < · · · < xn � w

fOBDD(0, x2, ..., xn) = 〈N ′, n′
0, E

′, L′〉 
�
N ′ �f π0(E(n0)) 35��g�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 ′ �f n0 'r E0

xi
35��g�D�	y� E′ = E0

xi
|N ′ � L′ = L|N ′ �

fOBDD(1, x2, ..., xn) = 〈N ′, n′
0, E

′, L′〉 
�
N ′ �f π1(E(n0)) 35��g�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 ′ �f n0 'r E1

xi
35��g�D�	y� E′ = E1

xi
|N ′ � L′ = L|N ′ �Q)v℄� f, b, c� OBDD�� n� OBDD��D�d top(f)8� f �FD�d L(f)8� L(top(f))�d f = (n, b, c)�



nqlikj� top(f) = n j E(n) = 〈top(b), top(c)〉 �� f . OBDDj
��D�K.f>�e�D�=7�T�D��w f |x=0w f |x=1 ��Tx4�{ f �T�D�w f |x=0 = f{ L(f) = x j f = (n, s0, s1) �w f |x=0 = s0{ L(f) 6= x j f = (n, s0, s1) �w f |x=0 = (n, s0|x=0, s1|x=0){ f �T�D�w f |x=1 = f{ L(f) = x j f = (n, s0, s1) �w f |x=1 = s1{ L(f) 6= x j f = (n, s0, s1) �w f |x=1 = (n, s0|x=1, s1|x=1)0Qg ∃y1...yn.∃x.f = ∃y1...yn.(f |x=0 ∨ f |x=1) �
OBDD ���r�Y

�r�G\x4�
OBDD `*�g{ s = (n, s′, s′′) j L(s) = x ∈ V �w� s, s′, s′′ Y���. (¬x ∧ s′) ∨ (x ∧ s′′), s|x=0, s|x=1 �{ L(s) = 0 �
L(s) = 1 �wd 0 � 1 ����℄�D�V#M�B�[3Y0)� OBDD ��r��� ◦.Rmr�[� f w g . OBDD j
��D�K.f>�e�D�=7�T�D��w f ◦ g ��Tx4�{ f w g I�T�D�w f ◦ g = L(f) ◦ L(g){ L(f) = L(g) = x w f ◦ g = ((¬x ∧ (f |x=0 ◦ g|x=0) ∨ (x ∧ (f |x=1 ◦ g|x=1)){ x = L(f) < L(g) w f ◦ g = ((¬x ∧ (f |x=0 ◦ g) ∨ (x ∧ (f |x=1 ◦ g)){ L(f) > L(g) = y w f ◦ g = ((¬y ∧ (f ◦ g|y=0) ∨ (y ∧ (f ◦ g|y=1))&d�Rmr�g ∧,∨,→,↔ �Umr� ¬ nw�3d → �6�� ¬p ⇔ (p → false) �
���q*��T�D� 0 w 1 ��}��h
 ϕ0 w ϕ1 �ZA�3Ye, ϕ0 ↔ ϕ1 � ROBDD �Z. 1 :^M�Q)v℄*~�%Sd x̄ �� x1, ..., xn �w ex(ϕ) = ∃x′1...x

′
n.(R(x̄, x̄′) ∧

ϕx̄′

x̄ ) ��� ex(ϕ) � ROBDDIS$FD0=q��[vWD�!���Dz7����0QadA����%3\�4tD0�dh�>��h
� fWm3 R(x̄, x̄′) 3\�U�h
�2p�yp�Y4Y�N|CÆl7$FY2�p\:r� R(x̄, x̄′) = R1(x̄, x̄′) ∨ · · · ∨Rm(x̄, x̄′) �0QadA
 ∃x.(p(x) ∨ q(x)) = ∃x.p(x) ∨ ∃x.q(x)):�� ROBDD ����0Qg
∃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 )



nqlikj?\:r� R(x̄, x̄′) = R1(x̄, x̄′) ∧ · · · ∧Rm(x̄, x̄′) �{ x �t p(x) �-6�0Qg ∃x.(p(x) ∧ q(x)) =

p(x) ∧ ∃x.q(x)) �0Qad℄A
:�� ROBDD ����.W�d��� R0(x̄, x̄′) = ϕ
x′

1,...,x′

n

x1,...,xn
�w

∃x′1...x
′
n.(R(x̄, x̄′)∧ϕ

x′

1,...,x′

n

x1,...,xn
) = ∃x′1...x

′
n.(R0(x̄, x̄′)∧· · ·∧Rm(x̄, x̄′)0Q� x′1, ..., x

′
n Y) k 
�9��	 d1, ..., dk ��

R0, ...., Rm Y) k 
�9�X6�	 D1, ..., Dk �xqNh�g 1 ≤ i < j ≤ k � dj ���D�t Di �-6�w
∃x′1...x

′
n.(R0(x̄, x̄′) ∧ · · · ∧Rm(x̄, x̄′) = ∃d1.(D1 ∧ ∃d2.(D2 ∧ · · · ∧ ∃dk.(Dk) · · ·))
� di �� di ��D�F+� Di �� Di �h
�yp�NhdG�h
	y {R0 , ..., Rm}w�D	y {x′1, ..., x

′
n}�0Q3YV,�(���:�� d1, ..., dk w D1, ..., Dk �nw�0Qa℄g,"� di q>P Di q7qu�

§5.2 A�RK4p*UwE&�hJ(�Y2�-SD�sGWD�P&J(�ZN�W�G���h��Y2�WD�!
dh PLTLG��U
3)3Y0��
3\rF�J(�	y�U
3)N�X
J(h
�*��3)��grFIN�|
h
� � M = 〈S,∆, I, L〉 � AP ���v Kripke�j� ϕ � AP �� PLTL h
�
M |= ϕ ;j#; [[M ]] ⊆ [[ϕ]] �

§5.2.1 Kripke H9� B
..
uchi �-B� M = 〈S,∆, I, L〉 � AP ���v Kripke�j�G\

Σ = 2AP

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

F = SI AM = (Σ, S,∆′, I, F ) �w [[AM ]] = [[M ] �( AM . AP �� Kripke �j M = 〈S,∆, I, L〉 �Na� B
..
uchi �H��

§5.2.2 UwE&�Ofh Kripke �jw PLTL h
I3Y��)Na�
B

..
uchi �H��WD�!/#3��.C
�H��kP�	sm3�U
�H��kP�Z.6�/#�d Aϕ��h
 ϕNa� B

..
uchi�H��U
dG�3) M N�U
 AP ���KM�h
 ϕ ���

M |= ϕ� [[M ]] ⊆ [[ϕ]]� [[M ]] ∩ ((2AP )ω \ [[ϕ]]) = ∅



nqlikj� [[M ]] ∩ [[¬ϕ]] = ∅� [[AM ]] ∩ [[A¬ϕ]] = ∅� AM ∩A¬ϕ �kP.6�WD�!/#��.�H�X6/#�da.~sfhg1.�:d��0Q�dy�.�T��Æ�,�j�y�}
�Æ��.Ny�+ywJpy��S�U
m��� W .U
y� q .U
m��|}
��Y�
� push(q,W) � pop(W) � top(W) �
6y. [ ] �
.dG B

..
uchi �H� 〈Σ, S,∆, I, F 〉 �
kP�Z.63YdY4�T���G\ ∆(q) = {s | ∃a ∈ Σ.(q, a, s) ∈ ∆}.

q ��g|Æ���	y�℄�TfC
h ��Ke5���T�6�
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); } }

}dGU
 B
..
uchi �H���T�b “nonemp”;j#;℄�H��kPX6�℄^G�T�����2�9Nh3)nW�8G���T �

(1)

(2)

.-jUwE&�OdGU
`
fW3)T�wU
 PLTLG�T��fh��?L�/#�Q�|R�U
/#��5jv3)� Kripke�j��� AM ∩A¬ϕ �Z.6��T3Yt
A¬ϕ X&4t�k74��jv AM ��� AM ∩A¬ϕ �U&g?�^��te,3)WD�`"T�jvB�3)����3Y^M|�B����Zj A¬ϕ gi(�Y�.G�ZISN|���$U�9x�H,*�



nqlikj0Q�S^G AM ∩ A¬ϕ �Z.6�^1{=U&N�
AM ∩A¬ϕ �rF*3+-���UGA=-) AM �jv�i#+D�X{;�C&1mJ( π w π′ ���A��;g#;4tC&����1mKF 0 = i0 < i1 < i2 < · · · w 0 = j0 <

j1 < j2 < · · · �?Nu[ k ≥ 0 �
L(πik

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

) = L(π′
jk+1) = · · · = L(π′

jk+1−1)U
h
 ϕ ������;g#;Nu[��A�� π w π′ �
π |= ϕ⇔ π′ |= ϕ�-6 O ��� PLTLh
�	y
. PLTL−X �℄	y�h
I��������SQ��G�. ϕ ∈ PLTL−X j ϕ ��V#�D�	y.AP ′ ���3)�rF	y	s π = s0...sisi+1si+2...w π′ = s0...sis

′
i+1si+2... �xq L(si)∩AP ′ = L(si+1)∩AP ′ j L(s′i+1)∩AP

′ =

L(si+2) ∩ AP
′, w π |= ϕ ;j#; π′ |= ϕ �^1NhQ�3)�ZN� ϕ �0Q3Y�1K π′ �_Kop��S�:*�e,U�^M&��tH�WD�!��d��R<�h s′i+1 |R�����)Y
N π′ ��$�

§5.3 uIUwE&7!WD�!��S�J�N�j�!�J(�7
�xqt�j�!�J('K�L�\�>U
h
�ZN��w℄WTg�u�?L�|U��g�h
I�J� NNF V
�{-6�h
�� NNFV
�w�
0)�j
A��h
� NNFV
�
§5.3.1 CTL 8b*uIUwE&dG AP �� Kripke �j M = 〈S,R, I, L〉 � M �
k !WD��( k WD Mk = 〈S, Pk, I, L〉 
� Pk . M�'K. k + 1 �J(�	y�� π ∈ Pk �|R�J((. k J(�G\

rs(π) =

|π|−2
∨

i=0

|π|−1
∨

j=i+1

πi = πj

CTL 8b*uI�}
NNF V
� CTL h
 ϕ �7!k\ Mk, s |= ϕ G\x4�
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Mk, s |= p { p = ⊤, � p ∈ AP j p ∈ L(s)

Mk, s |= ¬p { Mk, s 6|= p

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

Mk, s |= ϕ ∧ ψ { Mk, s |= ϕ j Mk, s |= ψ

Mk, s |= Aϕ {Nh�g Pk �Y s .dD�J( π � Mk, π |= ϕ

Mk, s |= Eϕ {4t Pk �Y s .dD�J( π � Mk, π |= ϕ

Mk, π |= Xϕ { k ≥ 1 j Mk, π1 |= ϕ

Mk, π |= Gψ { rs(π) j ∀i ≤ k,Mk, πi |= ψ

Mk, π |= Fϕ { ∃i ≤ k,Mk, πi |= ϕ

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

Mk, π |= ϕRψ { ∀i ≤ k, { ∀j < i,Mk, πj 6|= ϕ w Mk, πi |= ψ, j{ ∀i ≤ k,Mk, πi 6|= ϕ w rs(π)uI�}*�^z>n�z0Qg
M, s |= ϕ ;j#;4t k ≥ 0 �? Mk, s |= ϕ �G\ Mk |= ϕ ;j#;N�g s ∈ I � Mk, s |= ϕ �0Qg
M |= ϕ ;j#;4t k ≥ 0 �? Mk |= ϕ �uIUwE&g1dGWD M wh
 ϕ �7!WD�!�Tx4�

(1) k = 0

(2) { Mk |= ϕ )��w M |= ϕ ��T��
(3) {4t s �? Mk, s |= ¬ϕ )��w M 6|= ϕ ��T��
(4) k = k + 1 ��= (2)�[�|>� ¬ϕ 8�j
A�� CTL h
� NNFV
�gS�G�
�E�TUG\k
�w�?�s6��P
 5.2 � ���H�#�WDqk 5.2 F M Q2.d!J�/>U�℄R5_ZWb
M I%;e A(q0Uq2) , EG(q0 ∨ q2) �$�(�gT8YB YD)HI%;e�R5>U�
§5.3.2 PLTL 8b*uIUwE&Nh PLTL�0Q�m��Z4tU
rFN�dG�h
�Nh k J(�0QIS1K|&J(�
D�Zg3\�=X&&r�DE)U
��|R��`sU&1mJ(�3Y;)1mJ(N9�G\

s(i, k, n) =
{ n { i = k �

i+ 1 { i < k �
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PLTL 8b*uI�}G\ Mk, π |=i

n ϕ x4�
Mk, π |=i

n p { p = ⊤, � p ∈ AP j p ∈ L(πi)

Mk, π |=i
n ¬p { Mk, π 6|=i

n p

Mk, π |=i
n ϕ ∧ ψ { Mk, π |=i

n ϕ j Mk, π |=i
n ψ

Mk, π |=i
n ϕ ∨ ψ { Mk, π |=i

n ϕ � Mk, π |=i
n ψ

Mk, π |=i
n Xϕ { Mk, π |=

s(i,k,n)
n ϕ

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

n ϕ

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

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

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

n ϕG\ Mk, π |=−1
n ϕ .
��G\ R(πk, π−1) .
}�

NNF V
� LTL h
 ϕ �7!k\ Mk, π |= ϕ G\x4�
Mk, π |= ϕ ;j#;4t n ∈ {−1, 0, ..., k} ��? R(πk, πn) j Mk, π |=0

n ϕ �uI�}*�^z>n�z0Qg
∃π ∈M,π0 ∈ I.(M,π |= ϕ) ;j#;4t k ≥ 0 �

∃π ∈Mk, π0 ∈ I.(Mk, π |= ϕ) �G\
Mk |= ϕ ;j#;�4t	h I �J( π ∈ Pk N� Mk, π |= ¬ϕ �0Qg

M |= ϕ ;j#; ∀k ≥ 0, Mk |= ϕ �uIUwE&g10Qg Mk 6|= ϕ wN�g i ≥ 0, Mk+i 6|= ϕ �G\ (M,ϕ) �-
�� ct(M,ϕ) .�>�N�Y�&��
k �Nux M w ϕ �-
�� ct(M,ϕ) 4t�$P0Qg

M |= ϕ ;j#;N k = ct(M,ϕ), Mk |= ϕ �dGWD M � ϕ w m ≥ ct(M,ϕ) �7!WD�!�Tx4�
(1) k = 0

(2) { Mk 6|= ϕ �w M 6|= ϕ ��T��
(3) { k = m �w M |= ϕ ��T��
(4) k = k + 1 ��= (2)�� Mk 6|= ϕ �e,7!k\���Z4t,	��-S� k J( π �? Mk, π |= ¬ϕ �

.�G0Q'rl�\k�sB�? m ≥ ct(M,ϕ) �gS�G�
�E�TUG\k
�w�?�s6��
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§5.4 8YzÆzgS"=�3)WDY Kripke �j.�/���\$6h`Gp��U�PP�h`G3Yd��	y�d��	y�Rm����P��	y3dh
���Ng�!��h`G3Yd!���U���:�6,8bC?*_8YzdGh
	y {ϕ1, ..., ϕn} �U
rFN�|h`G;j#;NP
 i �℄rF172N� ϕi �:�6,8b0��C?*_8YzdGh
Rm�	y {(ϕ1, ψ1), ..., (ϕn, ψn)}�U
rFN�|h`G;j#;NP
 i�℄rFxq3X��d��N� ϕi �wt℄��|g��N� ψi �|
|h`GA�hmhh
	y {(¬ϕ1 ∨ ψ1), ..., (¬ϕn ∨ ψn)} �|h`G�:�6,8b0��C?*[8YzdGh
Rm�	y {(ϕ1, ψ1), ..., (ϕn, ψn)}�U
rFN�ih`G;j#;NP
 i�℄rFxq3X��d172BN� ϕi �wt℄��|g��N� ψi �:�J(>Z|*8Yz��3)f{_$*�)�$*f{_fW�)�0Q3Y�U$*|h`G� {X$*��3�F��w℄$*�J�FU2�fW|h`G� {XfW��3�F��w℄fW�J�FU2�$*ih`G� {X$*�g3�F��{�w℄$*�J�FU2�fWih`G� {XfW�g3�F��{�w℄fW�J�FU2�8Yrl*UwE&Y���h`Gt3)WD�-gUG�b�G�zO3)WDT�WTjWD�!f-"gT�UÆ�OÆY���h`G�WT���69mWD�!�T�
§5.5 UwE&7L�h OBDD ���Y2�WD�!�f-g SMVw NuSMV A� SMV �uf CMU 7L/S��SadGl	8E�EJQ�AWS� �hJ(Y2�WD�!f-g SPIN A� SPIN f�Q�QÆ/S��SadGl	8'CA℄Q�AWS� �h7!k\�WD�!f-g VERDS A�VERDS f�p2Loz�O)����2Lp��D�QÆ/S��gm���SfW3)�[vWD�!j7!WD�!f-�P
 � ...qk 5.3 3)H
2((a == s1&&!b == t1&&!b == t2) →!(!a == s2Ub == t2))
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