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§5.1 8t|`+e!Kk<��`��X*?Q<�!�\` CTL ?��Mb+!?wl?N5`+!.4?��??��Jb CTL g�H���g��
FMbQ<�(K.QXL\�?nw���YH�tbg��
§5.1.1 |`�4℄(^` {¬,∨}i(P�G�;�/?%k��(K�,Et8P�G�;�/�̂ ` {EX,EG,EU}i( CTL Q��
?%k��(K�,Et8Q��
�
F AP x? Kripke�i 〈S,R, I, L〉 vMb CTL g� ϕ �\�u�S?�K
2���3* L �> L(s) 	rJbl s H�? ϕ ?
g���{Jb���YH� ϕ ?
g�P"	�q�TI&	�Jb���YH� ϕ (K_Q,d1�� 1 �t ϕ = p 
 p �P��oMJb s � p �Yl L(s) P"_+!
F�)A	��� 2 �t ϕ = ¬ϕ0 �oMJb s �t ϕ0 6∈ L(s) �o� ϕ Ær L(s) �� 3 �t ϕ = ϕ0 ∨ ϕ1 �oMJb s �t ϕ0 ∈ L(s) � ϕ1 ∈ L(s) �o� ϕ0 Ær L(s) �� 4�t ϕ = EXϕ0 �oMJb s �t3l t �> R(s, t) 
 ϕ0 ∈ L(t) �o� ϕ Ær L(s) �� 5 �t ϕ = E(ϕ0Uϕ1) �o� 5a �MJb s �t ϕ1 ∈ L(s) �o� ϕ Ær L(s) �� 5b �MJb s �t3l t �> R(s, t) 
 ϕ ∈ L(t) �
 ϕ0 ∈ L(s) �o� ϕ Ær L(s) �� 5c ��[ (5b) z� L �℄�}�� 6 �t ϕ = EGϕ0 �o� 6a �	� S′ = {s | ϕ0 ∈ L(s)} �� 6b �	� 〈S,R〉 ?;,
" 〈S′, R′〉 ?WZTb<�X"?EC�x S′′ ��MJb
s ∈ S′′ �� ϕ Ær L(s) �� 6c �MJb s ∈ S′ �t3l t �> R(s, t) 
 ϕ ∈ L(t) �o� ϕ Ær L(s) �� 6d ��[ (6c) z� L �℄�}�m{(K.Qz�d'P"	�,? L g>+!?+����YH� ϕ ��

M, s |= ϕ :
�: ϕ ∈ L(s) �
M |= ϕ :
�: ϕ ∈

⋂
s∈I L(s) �

§5.1.2 ,4Kk<�xFZuQ<�!��:lM���x?��x��K�	�Mbg�lS8��x(:��`tb
D�Mbg�.Q+��H�tbg�?+!��?�x�Mb+!H�Rb��g��%��+!?+���	r`tbg��7�?���x�
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FMb AP x? Kripke �i M = 〈S,R, I, L〉 �FTs� ex : 2S → 2S q,�
ex(A) = {s | (s, s′) ∈ ∆, s′ ∈ A}\ [[p]] �� M �H� p ?��?�x�� [[p]] = {s |M, s |= p} �(KX 6 �d1	�Mbg� p l M �?S8��x(:�

(1) p �f
P�� o [[p]] = {s | p ∈ L(s)}

(2) p � ¬p0 � o [[p]] = ∼ [[p0]]

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

(4) p � EXp0 � o [[p]] = ex([[p0]])

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

(6) p � E(p0Up1) � o [[p]] = µZ.([[p1]] ∪ ([[p0]] ∩ ex(Z)))(K_
M, s |= ϕ :
�: s ∈ [[ϕ]] �
M |= ϕ :
�: I ⊆ [[ϕ]] �,4Kk
 Φ(V ) &Æ^P��>�x� V ?
�?P�G�g�?�x�t V &�>�x�o

V ′ &�>�x�FTq,� v′ ∈ V ′ :
�: v ∈ V �
Definition 5.1 ��,Æ�(�� AP �,Æ AP !	
��+%,Æ'04

〈V,R,Θ, N〉�2 V *�(����� R * V ∪ V ′ !	�$� Θ * V !	�$� N : AP → Φ(V ) * AP� V !�$�� Φ(V ) 	."�+!��^�> x1, ..., xn )F�Mb+!��\ n e� (a1, ..., an) ��� (a1, ..., an) |= q:
�: qa1,...,an

x1,...,xn
= 1 �+!��?�x& {0, 1}n �_Ol+^ R(x1, ..., xn, x

′
1, ..., x

′
n) )F�+!?+����x^ Θ(x1, ..., xn) )F�{ AP = {p1, ..., pk} �H� pi ?��^ N(pi) )F�HB(K\ s→s′ ��3l2 s < s′ ?_O�� (s, s′) |= R �ZuQ< 〈V,R,Θ, N〉 x?M�D#���� {0, 1}n x?Mb)fC�

s0s1s2...\�MnS i ≥ 0, si→si+1 �zmZuQ< 〈V,R,Θ, N〉 x?M1j>�\ZuQ<x?BMb��H� Θ ?M�D#�
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FZuQ< (V,R,Θ, N) �\Q<MY` AP = {p1, ..., pk} x? Kripke �i M =

〈S,∆, I, L〉 \� S,∆, I, L FTq,�
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 ?0u,4Kk
F Kripke �i M = 〈S,∆, I, L〉 �(K.Q� S �u�t S _ ≤ 2n be��o.Q\
n bP� x1, ..., xn 4��� S �?B i be�
& s(i− 1) �\ (a1, ..., an)�� x1, ..., xn i|? ne��o\ ne��� s(a1 ·2n + · · ·+an−1 ·2+an)�Mb x1, ..., xn x?g���Mb�x��H�\g�? x1, ..., xn i|? n e�?�x���?
}l+?�xMJ.Q\g����(KAW n b:�>�
� x′1, ..., x

′
n �\ (a1, ..., an, a

′
1, ..., a

′
n) �� x1, ..., xn, x

′
1, ..., x

′
n i|? 2n e��o\ 2n e��� (s(a1 · 2n +

· · · + an−1 · 2 + an), s(a′1 · 2
n + · · · + a′n−1 · 2 + a′n)) ∈ ∆ �Mb x1, ..., xn, x

′
1, ..., x

′
n x?g���Mb_O�x��H�\g�? a1, ..., an, a

′
1, ..., a

′
ni|? 2n e�?�x�M`�us� L : S → 2AP �(KFT N : AP → 2S q,�s ∈ N(p):
�: p ∈ L(s)�o L v N �&+!Q<�N	��H�S8�ÆP�?�\���?�^` N(p) �Mb���x� N(p) .Q\Mbg����
FAP = {p1, ..., pk}x?Kripke�iM = 〈S,∆, I, L〉�\Q<MY`ZuQ< (V,R,Θ, N)�\� V,R,Θ, N FTq,�

V = {a1, ..., an}

(a1, ..., an, a
′
1, ..., a

′
n) |= R(V, V ′) :
�: (s(a1, ..., an), s(a′1, ..., a

′
n)) ∈ ∆

(a1, ..., an) |= Θ :
�: s(a1, ..., an) ∈ I

N(pi) = Θi 
 Θi FTq,� (a1, ..., an) |= Θi :
�: pi ∈ L(s(a1, ..., an)),4Kk<�Mb (V,R,Θ, N)��?+!�YH�Mb�CG�g���+!�MY? Kripke�i M�YH�Mb�CG�g��FT ∃x.ϕ = (ϕ0
x ∨ ϕ1

x) �FTs� ex : Φ(V ) → Φ(V ) q,�
ex(ϕ) = ∃x′1...x

′
n.(R(x1, ..., xn, x

′
1, ..., x

′
n) ∧ ϕ

x′

1,...,x′

n

x1,...,xn
)\ [[q]] ��H� q ?��?�x�(KX 6 �d1	�Mbg� q l M �?S8��x(:�

(1) q = pi �f
P�� o [[q]] = N(pi)

(2) q � ¬q0 � o [[q]] = ¬[[q0]]

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

(4) q � EXq0 � o [[q]] = ex([[q0]])

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

(6) q � E(q0Uq1) � o [[q]] = µZ.([[q1]] ∨ ([[q0]] ∧ ex(Z)))



§5 ;>9687 4(K_
M |= ϕ :
�: Θ → [[ϕ]]

§5.1.3 'wD�b
Definition 5.2 ��,Æ���� V �,Æ V !	�0��) (BDD) %,Æ'04

〈N,n0, E, L〉�2 N *�
	��� E : N → N ×N *�-�
��	��&� E(n) = 〈n′, n′′〉 �1�
〈n, n′〉 * n 	 0 �� 〈n, n′′〉 * n 	 1 �� n0 *)	�#
� L : N → V ∪ {0, 1} *
	���&��3 L(n) ∈ {0, 1} ���� E(N) �/�-�so'wD�b (OBDD)
FMb V x�>?WC x1, ..., xm �� x1 < x2 < · · · < xm �hF xi < 0 
 xi < 1 �MbQe) " 〈N,n0, E, L〉 �_C?�:
�: E(a) = 〈b, c〉 o L(a) < L(b) 
 L(a) < L(c) �
F V x?Mbg� ϕ �\g�.Q\Mb_CQe) " 〈N,n0, E, L〉 ���\inq,�

1. N = {n0}, L(n0) = x1, L
′(n0) = ϕ.

2. MnS n ∈ N 
 E(n) y)FT�t L(n) = xi �ol N ��Æ=b:?C n′, n′′ 
C E(n) = 〈n′, n′′〉 �t i < m � oC L(n′) = L(n′′) = xi+1, L
′(n′) = (L′(n))0xi

, L′(n′′) = (L′(n))1xi
�t i = m � oC L(n′) = L′(n′) = (L′(n))0xm

, L(n′′) = L′(n′′) = (L′(n))1xm
�t=bg����?�o�K?tJin?_CQe) "� i?��>so'wD�b (ROBDD)Qxin? OBDD ?�iv661:`Mbu|��_yNpa�X�Qe) "}�?moq,�

u v v �L�C� L(u) = L(v) �ox�t=b�C�
u v v ��L�C� E(u) = E(v) 
 L(u) = L(v) �ox�t=b�C�
u v v ��L�C� E(v) = 〈a, a〉 �ow- v C��}4 v ?� (� n0) }< a ��pa�X\Qxmo}�z<�Vk�}�><?) "'&��_CQe) "�t=bg����?�o�K?��_CQe) "� i?�\��_CQe) "��?g�?��?oRXF�tMbg�&[u��o\g�? ROBDD &�_MbL�C?"
\L�C?|& 1 �tMbg�&[���o\g�? ROBDD &�_MbL�C?"
\L�C?|& 0 ��GMo�>WCMROBDD?66_y6?Z3�M`M8'��� ?�>WC�$~?ROBDD?66?h��}�?�{ ϕ =

∨n
i=1(x2i−1 ∧x2i) �
F�>?WC x1, x3, ..., x2n−1, x2, x4, ..., x2n �o ϕ? ROBDD�C�& 2n+1 �
F�>?WC x1, x2, ..., x2n �o ϕ ? ROBDD �C�& 2(n+ 1) �^`Es��WC� NP U?'��.\^R�?�S	�Mb�t?�>WC�



§5 ;>9687 5so'wD�b5�&3YMbg�.Q+(�Mb�Ps��V0Mb_CQe) "MY`Mb�Ps��\ F |N �� F �FTd/�l N ?
s��FT πi(〈a0, a1〉) = ai �\ Ei
x ��H�Q,?�?�q�℄ E ><?s� E′ �t L(π0(E(n))) 6= x 
 L(π1(E(n))) 6= x o E′(n) = E(n)t L(π0(E(n))) = x o π0(E

′(n)) = πi(E(π0(E(n))))t L(π1(E(n))) = x o π1(E
′(n)) = πi(E(π1(E(n))))\ fOBDD(x1, ..., xn)��b�Ps� f(x1 , ..., xn)MY?_CQe) "�{ fOBDD (x1, ..., xn) =

〈N,n0, E, L〉 
 x1 < · · · < xn � o
fOBDD(0, x2, ..., xn) = 〈N ′, n′

0, E
′, L′〉 \�

N ′ �^ π0(E(n0)) .4?�_�C?�x� 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 �q E0
xi
.4?�_�C?�x� E′ = E0

xi
|N ′ � L′ = L|N ′ �

fOBDD(1, x2, ..., xn) = 〈N ′, n′
0, E

′, L′〉 \�
N ′ �^ π1(E(n0)) .4?�_�C?�x� 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 �q E1

xi
.4?�_�C?�x� E′ = E1

xi
|N ′ � L′ = L|N ′ �G jS{ f, b, c � OBDD �{ n � OBDD ?�C�\ top(f) 7� f ?EC�\ L(f) 7�

L(top(f)) �\ f = (n, b, c) �� top(f) = n 
 E(n) = 〈top(b), top(c)〉 � { f & OBDD 
\x�>?C&^6�d�C�<6�L�C�� o f |x=0 v f |x=1 ?�Sq,�t f �L�C�o f |x=0 = ft L(f) = x 
 f = (n, s0, s1) �o f |x=0 = s0t L(f) 6= x 
 f = (n, s0, s1) �o f |x=0 = (n, s0|x=0, s1|x=0)t f �L�C�o f |x=1 = ft L(f) = x 
 f = (n, s0, s1) �o f |x=1 = s1t L(f) 6= x 
 f = (n, s0, s1) �o f |x=1 = (n, s0|x=1, s1|x=1)(K_ ∃y1...yn.∃x.f = ∃y1...yn.(f |x=0 ∨ f |x=1) � OBDD x?�j�Q�\�j�FTq,�
OBDD V!z℄t s = (n, s′, s′′)
 L(s) = x ∈ V �o� s, s′, s′′ X���& (¬x∧s′)∨(x∧s′′), s|x=0, s|x=1 �t L(s) = 0 � L(s) = 1 �o\ 0 � 1 z���\�C�P�G�<�Z.Q+(� OBDD x?j��{ ◦ &Qej�Z� f v g & OBDD 
\x�>?C&^6�d�C�<6�L�C��o f ◦ g ?�Sq,�t f v g H�L�C�o f ◦ g = L(f) ◦ L(g)t L(f) = L(g) = x o f ◦ g = ((¬x ∧ (f |x=0 ◦ g|x=0) ∨ (x ∧ (f |x=1 ◦ g|x=1))t x = L(f) < L(g) o f ◦ g = ((¬x ∧ (f |x=0 ◦ g) ∨ (x ∧ (f |x=1 ◦ g))t L(f) > L(g) = y o f ◦ g = ((¬y ∧ (f ◦ g|y=0) ∨ (y ∧ (f ◦ g|y=1))%\?Qej�_ ∧,∨,→,↔ �Mej� ¬ fox.\ → �.�� ¬p ⇔ (p → false) �\	��p%��L�C? 0 v 1 ?||��g� ϕ0 v ϕ1 �Y��.Qd' ϕ0 ↔ ϕ1 ?
ROBDD �Y& 1 4XL�



§5 ;>9687 6G jS!r7�I\ x̄ �� x1, ..., xn �o ex(ϕ) = ∃x′1...x
′
n.(R(x̄, x̄′) ∧ ϕx̄′

x̄ ) �	� ex(ϕ) ? ROBDD AK >>/5j��ZuQ<�!�	�>y6?���(KY\�����!.V�3l>/�\`�6?
g��_Ol+ R(x̄, x̄′) .V�M�g�?*i�xi�Q,X�Mt=�e1 >X*�eR1f{ R(x̄, x̄′) = R1(x̄, x̄′) ∨ · · · ∨Rm(x̄, x̄′) �(KY\�� ∃x.(p(x) ∨ q(x)) = ∃x.p(x) ∨ ∃x.q(x)) 4�} ROBDD ?	��(K_
∃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 )6R1f{ R(x̄, x̄′) = R1(x̄, x̄′) ∧ · · · ∧Rm(x̄, x̄′) �t x �l p(x) �,.�(K_ ∃x.(p(x) ∧ q(x)) = p(x)∧∃x.q(x)) �(KY\\��4�}
ROBDD ?	��&V�℄��{ R0(x̄, x̄′) = ϕ

x′

1,...,x′

n

x1,...,xn
�o

∃x′1...x
′
n.(R(x̄, x̄′) ∧ ϕ

x′

1,...,x′

n

x1,...,xn
) = ∃x′1...x

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

′
n X( k b�1�
� d1, ..., dk �� R0, ...., Rm X( k b�1�W0
�

D1, ..., Dk �qpM`�_ 1 ≤ i < j ≤ k � dj �?�>�l Di �,.�o
∃x′1...x

′
n.(R0(x̄, x̄′) ∧ · · · ∧Rm(x̄, x̄′) = ∃d1.(D1 ∧ ∃d2.(D2 ∧ · · · ∧ ∃dk.(Dk) · · ·))\� di �� di ��>?�&� Di �� Di �g�?xi�M`
F?g��x {R0, ..., Rm}v�>�x {x′1, ..., x

′
n} �(K.QN'� ?��4	� d1, ..., dk v D1, ..., Dk �fox(KY\_$"? di i6O Di i6it�

§5.2 8tHB+e!Kk<��`��X*?Q<�!�\` PLTL ?��Mb+!.Q+��\.Vj>?D#?�x�Mb+!H�RbD#g��%��+!?�_j>HH�tbg��{ M = 〈S,∆, I, L〉� AP x?�u Kripke �i� ϕ � AP x? PLTL g��
M |= ϕ :
�: [[M ]] ⊆ [[ϕ]] �

§5.2.1 Kripke ?0u B
..
uchi }$9{ M = 〈S,∆, I, L〉 � AP x?�u Kripke �i�FT

Σ = 2AP

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

F = SC AM = (Σ, S,∆′, I, F ) �o [[AM ]] = [[M ] �' AM & AP x? Kripke �i M = 〈S,∆, I, L〉 �MY? B
..
uchi ÆG��
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§5.2.2 Kk<�xF^` Kripke �iv PLTL g�H.Q
�(MY? B
..
uchi ÆG��Q<�!'�.
}&=bÆG�?
H?	rl+�MbÆG�?
H�Y&0?'��\ Aϕ ��g� ϕ MY? B

..
uchi ÆG�� Mb
F?+! M H�Mb AP x?�CG�g� ϕ ���

M |= ϕ� [[M ]] ⊆ [[ϕ]]� [[M ]] ∩ ((2AP )ω \ [[ϕ]]) = ∅� [[M ]] ∩ [[¬ϕ]] = ∅� [[AM ]] ∩ [[A¬ϕ]] = ∅� AM ∩A¬ϕ ?
H&0�Q<�!'�
}&ÆG�W0'��ZW%rg\^℄(&�9℄��(K�\q�&�S?�Æ�'�i�q?vb�Æ��&Fq�#qvIiq�xM?Mbe��{ W &Mbq� q &Mbe��tvb��X�
� push(q,W) �
pop(W) � top(W) �
0q& [ ] � 
F B

..
uchi ÆG� 〈Σ, S,∆, I, F 〉 �\
H�Y&0.Q\Q,�S	��FT ∆(q) = {s | ∃a ∈ Σ.(q, a, s) ∈ ∆} & q ?�_{���?�x�\�S^=ba�?}J℄-���S�.�

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); } }

}
FMb B
..
uchi ÆG���S�a “nonemp”:
�:\ÆG�?
HW0�\XF�S?����1�1M`+!mQ�0??�$`Kk<�xF
FMbX�_O+!N	vMb PLTL ?�N	�^`	�7F?'��IxtJ?Mb'���-in+!? Kripke �i�	� AM ∩A¬ϕ �Y&0?�S.Ql A¬ϕ P"3l?d1,��in AM �	� AM ∩A¬ϕ �M�_9?V��ld'+!Q<?_"N	in:?+!����.QXLt8:?���Yb A¬ϕ _h �X�)F�YAKMt8�� M�3p�B$%�(K�KXF AM ∩A¬ϕ �Y&0�V0s<M�H� AM ∩A¬ϕ ?j>%.#,���MF�<%( AM ?in�



§5 ;>9687 8_�";uNo2y=�)fD# π v π′ �����?:`�:3l=�v�x?)fC� 0 = i0 < i1 <

i2 < · · · v 0 = j0 < j1 < j2 < · · · �>MnS k ≥ 0 �
L(πik

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

) = L(π′
jk+1) = · · · = L(π′

jk+1−1)Mbg� ϕ �����?:`�:MnS����? π v π′ �
π |= ϕ⇔ π′ |= ϕ�,. O �
? PLTL g�?�x
& PLTL−X �\�x?g�H�����?�{KIx??�& ϕ ∈ PLTL−X 
 ϕ �?P��>?�x& AP ′ ��{+!?j>�x	r π = s0...sisi+1si+2... v π′ = s0...sis
′
i+1si+2... �qp L(si) ∩ AP ′ = L(si+1) ∩ AP ′ 
 L(s′i+1) ∩ AP

′ = L(si+2) ∩ AP ′, o π |= ϕ :
�:
π′ |= ϕ �V0M`Ix+!�YH� ϕ �(K.Q�,E π′ �YCnh?�K
2%�d'M8XL���lG�Q<�!?�\��L6Æ` s′i+1 tJ?��?~(Q�M π′ ?�#�
§5.3 i�Kk<�/�Q<�!?�K
D�M�b�!?D#�/��qpl�b�!?D#&J�K�Vy=Mbg��YH��o\VS_�t?7F�tM��_?g�H�B� NNF U��t,.?g��� NNF U��o�\+(�b\��?g�? NNF U��
§5.3.1 CTL /X!i�Kk<�
F AP x? Kripke�iM = 〈S,R, I, L〉�M ? k�Q<��' kQ<Mk = 〈S, Pk, I, L〉\� Pk & M �&J& k + 1 ?D#?�x�{ π ∈ Pk �tJ?D#'& k D#�FT

rs(π) =

|π|−2∨

i=0

|π|−1∨

j=i+1

πi = πj

CTL /X!i�vq
NNF U�? CTL g� ϕ ?/�
T Mk, s |= ϕ q,�

Mk, s |= p t p = ⊤, � p ∈ AP 
 p ∈ L(s)

Mk, s |= ¬p t Mk, s 6|= p

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

Mk, s |= ϕ ∧ ψ t Mk, s |= ϕ 
 Mk, s |= ψ

Mk, s |= Aϕ tM`�_ Pk �Q s &℄C?D# π � Mk, π |= ϕ

Mk, s |= Eϕ t3l Pk �Q s &℄C?D# π � Mk, π |= ϕ

Mk, π |= Xϕ t k ≥ 1 
 Mk, π1 |= ϕ

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

Mk, π |= Fϕ t ∃i ≤ k,Mk, πi |= ϕ

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

Mk, π |= ϕRψ t ∀i ≤ k, t ∀j < i,Mk, πj 6|= ϕ o Mk, πi |= ψ, 
t ∀i ≤ k,Mk, πi 6|= ϕ o rs(π)



§5 ;>9687 9i�vq!{Tn5
�n(K_
M, s |= ϕ :
�:3l k ≥ 0 �> Mk, s |= ϕ �FT Mk |= ϕ :
�: M�_ s ∈ I � Mk, s |= ϕ �(K_
M |= ϕ :
�:3l k ≥ 0 �> Mk |= ϕ �i�Kk<�℄(
FQ< M vg� ϕ �/�Q<�!�Sq,�

(1) k = 0

(2) t Mk |= ϕ (:�o M |= ϕ ��S�

(3) t3l s 
 Mk, s |= ¬ϕ (:�o M 6|= ϕ ��S�

(4) k = k + 1 ��< (2)	S�t8? ¬ϕ 7�b\��? CTL g�? NNF U��`M??�
x?�SMFVj�~v�>wl5��

§5.3.2 PLTL /X!i�Kk<�M` PLTL �(K?l	�Y3lMbj>H�
F?g��M` k D#�(KAK,Et�D#?�C�Y_.V�<P""q?C=(Mb~�tJ?~XrM�)fD#�.Q:()fD#M8�FT
s(i, k, n) = [if (i < k) then (i+ 1) else (n)]

PLTL /X!i�vqFT Mk, π |=i
n ϕ q,�

Mk, π |=i
n p t p = ⊤, � p ∈ AP 
 p ∈ L(πi)

Mk, π |=i
n ¬p t Mk, π 6|=i

n p

Mk, π |=i
n ϕ ∧ ψ t Mk, π |=i

n ϕ 
 Mk, π |=i
n ψ

Mk, π |=i
n ϕ ∨ ψ t Mk, π |=i

n ϕ � Mk, π |=i
n ψ

Mk, π |=i
n Xϕ t Mk, π |=

s(i,k,n)
n ϕ

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

n ϕ

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

n ψ 

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

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

n ϕ &[��FT R(πk, π−1) &[u�NNF U�? LTL g� ϕ ?/�
T
Mk, π |= ϕ q,�

Mk, π |= ϕ :
�:3l n ∈ {−1, 0, ..., k} ��> R(πk, πn) 
 Mk, π |=0
n ϕ �
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�n(K_
∃π ∈M,π0 ∈ I.(M,π |= ϕ) :
�:3l k,∃π ∈Mk, π0 ∈ I.(Mk, π |= ϕ) �FT Mk |= ϕ :
�:�3l�` I ?D# π ∈ Pk H� Mk, π |= ¬ϕ �(K_

M |= ϕ :
�: ∀k ≥ 0, Mk |= ϕ �i�Kk<�℄((K_ Mk 6|= ϕ oM�_ i ≥ 0, Mk+i 6|= ϕ �FT (M,ϕ) ?%
�| ct(M,ϕ) &�6?H�Qx��? k �Mnw M v ϕ �%
�| ct(M,ϕ) 3l� O(K_
M |= ϕ :
�:M k = ct(M,ϕ), Mk |= ϕ �
FQ< M � ϕ v m ≥ ct(M,ϕ) �/�Q<�!�Sq,�

(1) k = 0

(2) t Mk 6|= ϕ �o M 6|= ϕ ��S�

(3) t k = m �o M |= ϕ ��S�

(4) k = k + 1 ��< (2)	� Mk 6|= ϕ �d'/�
T	��Y3l+���,R? k D# π �> Mk, π |= ¬ϕ ��F(K�qk�VjwlA�> m ≥ ct(M,ϕ) �̀ M??�
x?�SMFVj�~v�>wl5��

§5.4 /OnÆr`M�<?+!Q<Q Kripke�i&�.���V�.gZ?h
�M�OH�gZ?.Q\���x�\���x?Qe����O���x.\g����M_8��?gZ?.Q\��?|O���1t-#/X:6!U/On
Fg��x {ϕ1, ..., ϕn} �Mbj>H�ugZ?:
�:MJb i �\j>)/1H�
ϕi �1t-#/X'w~:6!Q/On
Fg�Qe��x {(ϕ1, ψ1), ..., (ϕn, ψn)} �Mbj>H�bgZ?:
�:MJb i �\j>qp2R��℄)/1AH� ϕi �ol\��{_��H� ψi �1t-#/X'w~:6!U/On
Fg�Qe��x {(ϕ1, ψ1), ..., (ϕn, ψn)} �Mbj>H�ugZ?:
�:MJb i �\j>qp2R��℄��H� ϕi �ol\��{_��H� ψi �tbugZ?��`l`g��x {(¬ϕ1 ∨ ψ1), ..., (¬ϕn ∨ ψn)} ?ugZ?�
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§5.5 Kk<�.C�` OBDD ?��X*?Q<�!?e(_ SMV v NuSMV �� SMV �m^ CMU 6D*R��KY\Ad	2D
DDIx�VM��`D#X*?Q<�!e(_ SPIN ��
SPIN ^�P�I�*R��KY\Ad	2�;9UIx�VM� �`/�
T?Q<�!e(_ VERDS �� VERDS ^�o-Dgs�G$�	��-Do
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