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§3.1 ����|w (LTL){
�	~ (Op) ≡ ¬(O¬p)	~
M, π |= Op �/% M, π1 |= p �/% M, π1 |= ¬p ��/% M, π |= O(¬p) ��/% M, π 6|= O(¬p) �/% M, π |= ¬O(¬p) �/{
�	~ pRq ≡ (qU(q ∧ p)) ∨ 2q	~
M, π |= (qU(q ∧ p)) ∨ 2q% ∀i ≥ 0, M, πi |= q (1)# ∃i ≥ 0, M, πi |= p : ∀0 ≤ j ≤ i, M, πj |= q (2)

M, π |= pRq% ∀i ≥ 0, M, πi |= q # ∃0 ≤ j < i, M, πj |= p �/t� →Zi=^� i0,

(a) M, πi0 |= q #
(b) ∃0 ≤ j < i0, M, πj |= p �/aL' (1)(2) Z2 (1) f (a) �/�Z2 (2) fboS i 1n M, πi |= p : ∀0 ≤ j ≤ i, M, πj |= q% M, πi1 |= p : ∀0 ≤ j ≤ i1, M, πj |= q? πi0 |= q f (a) �/�? πi0 6|= q f i1 < i0 �` M, πi1 |= p �`
 ∃0 ≤ j < i0, π

j |= p % (b) �/t� ←b ∀i ≥ 0, M, πi |= q # ∃0 ≤ j < i, M, πj |= pZi
∀i ≥ 0, M, πi |= q (1)# ∃i ≥ 0, M, πi |= p : ∀0 ≤ j ≤ i, M, πj |= q (2)? ∀i ≥ 0, M, πi |= q f (1) �/�fgoS i0 �1n ∀i ≥ 0, M, πi |= qf M, πi0 6|= q : ∀0 ≤ j < i0, M, πj |= q"VZ M, πi0−1 |= p #=^ i < i0 B� M, πi |= p�+9K� ∃0 ≤ j < i0, M, πj |= pH℄ (2) �/�
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{
�	~ (p ∧ 2Op)→ 2p	~
Op→ (p→ Op)

2(Op→ (p→ Op))

2Op→ 2(p→ Op)

2(p→ Op)

p→ 2p

2p{
�	~ (Op→ Oq)→ O(p→ q)	~
O(¬p→ p→ q)→ O(¬p)→ O(p→ q)

O(¬p)→ O(p→ q)

¬O(p)→ O(p→ q)

O(q → p→ q)→ O(q)→ O(p→ q)

O(q)→ O(p→ q)

(Op→ Oq)→ O(p→ q)

§3.2 y��|w CTL{
�	~ AFp = µZ(p ∨AXZ)	~
AFp = p ∨AXAFp

AFp = ¬EG¬p =

¬(νZ.(¬p ∧ EXZ)) =

µZ.¬(¬p ∧ EX¬Z) =

µZ.(p ∨AXZ)

µZ.τ(Z) = ∩{Z | τ(Z) ⊆ Z}

µZ.¬τ(¬Z) = ∩{Z | ¬τ(¬Z) ⊆ Z}

µZ.¬τ(¬Z) = ∩{Z | τ(¬Z) ⊇ ¬Z}

¬µZ.¬τ(¬Z) = S \ ∩{Z | τ(¬Z) ⊇ ¬Z}

¬µZ.¬τ(¬Z) = ∪{S \ Z | τ(¬Z) ⊇ ¬Z}

¬µZ.¬τ(¬Z) = ∪{Z | τ(Z) ⊇ Z}

νZ.τ(Z) = ∪{Z | τ(Z) ⊇ Z}{
�zu�s�qvm�F�$�5T 〈S, ∆, I, L〉

• S = {s0, s1, s2, s3, s4, s5}

• ∆ = {(s0, s1), (s0, s2), (s1, s3), (s1, s5),

(s2, s5), (s2, s4), (s3, s5), (s3, s4),

(s4, s5), (s5, s0)}

• I = {s0}

• L �_>R�
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L(s0) = {p0, q0}

L(s1) = {p1, q0}

L(s2) = {p2, q0}

L(s3) = {p2, q0}

L(s4) = {p4, q1}

L(s5) = {p3, q2}� 1 �&G
E(q0Uq2) = µZ.(q2 ∨ (q0 ∧ EXZ))

S0 = false

S1 = q2 = {s5}

S2 = {s5}∪({s0, s1, s2, s3}∩{s1, s2, s3, s4}) = {s1, s2, s3, s5}

S3 = {s1, s2, s3, s5}∪({s0, s1, s2, s3}∩{s0, s1, s2, s3, s4}) =

{s0, s1, s2, s3, s5}

S4 = {s0, s1, s2, s3, s5}∪({s0, s1, s2, s3}∩{s0, s1, s2, s3, s4, s5}) =

{s0, s1, s2, s3, s5}`
�5T1nh��C�� 2 �&G
AG(q0 ∨ q2) = νZ.((q0 ∨ q2) ∧AXZ)

S0 = true

S1 = q0 ∨ q2 = {s0, s1, s2, s3, s5}

S2 = {s0, s1, s2, s3, s5} ∩ {s0, s1, s4, s5} = {s0, s1, s5}

S3 = {s0, s1, s2, s3, s5} ∩ {s4, s5} = {s5}

S4 = {s0, s1, s2, s3, s5} ∩ {s4} = {}`
�5T�1nh��C�
§3.3 y��|w CTL*{
 � E(GFp) �M
 EGEFp ��_℄R)��
• S = {s0, s1, s2}

• ∆ = {(s0, s0), (s0, s1), (s1, s2), (s2, s2)}

• I = {s0}

• L �_>R�
L(s0) = {p}

L(s1) = {}

L(s2) = {p}�)�1n AFGp ��1n AFAGp �`
h0��CE�\Y��`
I4���[E�\Y��
§3.4 µ- ��{
��s�qv

µX.(q2 ∨ 〈1〉X) �D��
�<�TQN�
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> 7\jO 1 �8��eÆ�\�R\�pP;��lJ�%1n q2 �lJ��-6U��
<�TQN�> 7\jO 1 �8�f\�Æ�\�R\�pP;��lJ�
[[q2]] = {s5}

S0 = {s5} ∪ [[〈1〉{}]] = {s5}

S1 = {s5} ∪ [[〈1〉{s5}]] = {s5} ∪ {s2, s3}

S2 = {s5} ∪ [[〈1〉{s2, s3, s5}]] = {s5} ∪ {s1, s2, s3}

S3 = {s5} ∪ [[〈1〉{s1, s2, s3, s5}]] = {s5} ∪ {s0, s1, s2, s3}

S4 = {s5} ∪ [[〈1〉{s0, s1, s2, s3, s5}]] = {s5} ∪ {s0, s1, s2, s3}{

νX.(¬q2 ∧ ¬〈1〉¬X)

S0 = {s0, s1, s2, s3, s4} ∩ (S \ [[〈1〉{}]]) = {s0, s1, s2, s3, s4}

S1 = {s0, s1, s2, s3, s4} ∩ (S \ [[〈1〉{s5}]]) = {s0, s1, s4}

S2 = {s0, s1, s2, s3, s4} ∩ (S \ [[〈1〉{s2, s3, s5}]]) = {s0, s4}

S3 = {s0, s1, s2, s3, s4} ∩ (S \ [[〈1〉{s1, s2, s3, s5}]]) = {s4}

S4 = {s0, s1, s2, s3, s4} ∩ (S \ [[〈1〉{s0, s1, s2, s3, s5}]]) = {s4}{

νX.(¬q2 ∧ [1]X)

S0 = {s0, s1, s2, s3, s4} ∩ [[[1]S]]

= {s0, s1, s2, s3, s4} ∩ {s0, s1, s2, s3, s4, s5} = {s0, s1, s2, s3, s4}

S1 = {s0, s1, s2, s3, s4} ∩ [[[1]{s0, s1, s2, s3, s4}]]

= {s0, s1, s2, s3, s4} ∩ {s0, s1, s4, s5} = {s0, s1, s4}

S2 = {s0, s1, s2, s3, s4} ∩ [[[1]{s0, s1, s4}]]

= {s0, s1, s2, s3, s4} ∩ {s0, s4, s5} = {s0, s4}

S3 = {s0, s1, s2, s3, s4} ∩ [[[1]{s0, s4}]]

= {s0, s1, s2, s3, s4} ∩ {s4, s5} = {s4}

S4 = {s0, s1, s2, s3, s4} ∩ [[[1]{s4}]]

= {s0, s1, s2, s3, s4} ∩ {s4, s5} = {s4}{

µX.(q2 ∨ [1]X)> 7\jO 1 �8�f\�Æ�\�R\�pP;��lJ��
E-6b3�O\�8�A!��
S0 = {s5} ∪ [[[1]{}]] = {s5} ∪ {s4, s5}

S1 = {s5} ∪ [[[1]{s4, s5}]] = {s5} ∪ {s1, s2, s3, s4, s5}

S2 = {s5} ∪ [[[1]{s1, s2, s3, s4, s5}]] = {s5} ∪ {s0, s1, s2, s3, s4, s5}


