
�������OB_)?*\�?a�T<
§2 \�	�{q�2��e=[�'H�"4���Q�`5�e=�5�[�'LI�MF[�'�fQ��

� 1 H�"4'h�7 a F b 5Æ
�)/=[�F)1=[�'LI�M�.:[�'��Q���m�*[�'LI�M
(a, b) = (s0, t0) �[�'�fQ� (x, y, t) = (0, 0, 0) �
§2.3 �ls�~z (FTS)� B = (F, P ) F V ���

F = {0, 1, s0, s1, s2, s3, t0, t1, t2, t3}

P = {=}

V = {a, b, x, y, t}

I = (Int, I0)

I0(s0) = I0(t0) = I0(0) = 0

I0(s1) = I0(t1) = I0(1) = 1

I0(s2) = I0(t2) = 2

I0(s3) = I0(t3) = 3

I0(=) = =H�
3
�� (B, V ) �'y1�� (T, Θ) ���
T

a = s0 −→ (y, t, a) := (1, 1, s1)

a = s1 ∧ (x = 0 ∨ t = 0) −→ (a) := (s2)

a = s2 −→ (y, a) := (0, s3)

a = s3 −→ (y, t, a) := (1, 1, s1)

b = t0 −→ (x, t, b) := (1, 0, t1)

b = t1 ∧ (y = 0 ∨ t = 1) −→ (b) := (t2)

b = t2 −→ (x, b) := (0, t3)

b = t3 −→ (x, t, b) := (1, 0, t1)

Θ (a = s0 ∧ b = t0 ∧ x = 0 ∧ y = 0 ∧ t = 0)



�������
xoj
Σ = {(a, b, x, y, t)} |a, b ∈ {0, 1, 2, 3}, x, y, t ∈ {0, 1}}�℄v
x��'��Q�LG� {(s0, t0, 0, 0, 0)} �
���A%� Σ �'�{U7����,4
 a, b '}K#� s0, t0 (�2��e=dS�

(s0, t0, 0, 0, 0)(s1, t0, 0, 1, 1)(s1, t1, 1, 1, 0)(s2, t1, 1, 1, 0) · · ·

(s0, t0, 0, 0, 0)(s0, t1, 1, 0, 0)(s1, t1, 1, 1, 1)(s1, t2, 1, 1, 1) · · ·
xs�R� ?? �

� 2 �58 (s0, t0, 0, 0, 0) `"'Q�'y1A�n_
x`"Q�9 17 =�`"Q�'LG rh(Θ) ���
(s0, t0, 0, 0, 0) (s1, t0, 0, 1, 1) (s0, t1, 1, 0, 0)

(s2, t0, 0, 1, 1) (s1, t1, 1, 1, 1) (s1, t1, 1, 1, 0)

(s0, t2, 1, 0, 0) (s3, t0, 0, 0, 1) (s2, t1, 1, 1, 0)

(s1, t2, 1, 1, 1) (s0, t3, 1, 0, 1) (s3, t1, 1, 0, 0)

(s1, t3, 0, 1, 1) (s3, t2, 1, 0, 0) (s2, t3, 0, 1, 1)

(s3, t3, 0, 0, 0) (s3, t3, 0, 0, 1)Zt����'H�&N�/P�~&N�
��
¬(a = s2 ∧ b = t2)9��iV9�~&N�M ∀σ ∈ rh(Θ).σ |=I ϕ �



�������
§2.4 Kripke meg[f Kripke me
§2.4.1 Kripke me (KS)Q�`2�=�!';u�>^w��7��'7E
����H�"4' 128=Q�`27 z0, z1, ..., z127 
��.:H�"4�P*Q� z0 , z1, ..., z1270G (a, b, x, y, t)Æ}'K'Us�(rq�
xojH�"4'Q�bQ`
�� S = {z0, z1, ..., z127}�℄v
xH�"4'��Q�LG� I = {z0} �
���A%� S �'�{U7��2��e=dS�

z0z35z46z78 · · ·

z0z12z47z55 · · ·
xs�

� 3 �58 z0 `"'Q�'y1A�*3 a(i) = i/32, b(i) = (i%32)/8, x(i) = (i%8)/4,

y(i) = (i%4)/2, t(i) = (i%2), H�"4'/Xy1��
�' 8 �y15Æ.62�y1LG
{(zi, z35+4×(i/4)) | a(i) = 0}

{(zi, zi+32)) | a(i) = 1 ∧ (x(i) = 0 ∨ t(i) = 0)}}

{(zi, zi+32−2×y(i)) | i/32 = 2}}

{(zi, zi−61−i%4) | i/32 = 3}}

{(zi, zi+12) | (i%32)/8 = 0}

{(zi, zi+32)) | (i%32)/8 = 1 ∧ i%4 6= 2}}

{(zi, zi+32−2×(i%2))) | (i%32)/8 = 2}}

{(zi, zi−61−i%4) | (i%32)/8 = 3}}��'y1A�℄��n'LG'�L��D2�8`"Q��2' 26 �y1�



�������
(z0, z35) (z0, z12)

(z35, z67) (z35, z46) (z12, z47) (z12, z20)

(z67, z97) (z67, z78) (z46, z78) (z47, z55)

(z97, z108) (z97, z35) (z78, z108) (z55, z59)

(z108, z12) (z108, z116) (z59, z83) (z59, z47)

(z116, z120) (z116, z55) (z83, z121) (z83, z78)

(z120, z58) (z120, z108) (z121, z59) (z121, z108)n_
xH�"4' 17 =`"Q�
����
z0 : (s0, t0, 0, 0, 0) z35 : (s1, t0, 0, 1, 1) z12 : (s0, t1, 1, 0, 0)

z67 : (s2, t0, 0, 1, 1) z47 : (s1, t1, 1, 1, 1) z46 : (s1, t1, 1, 1, 0)

z20 : (s0, t2, 1, 0, 0) z97 : (s3, t0, 0, 0, 1) z78 : (s2, t1, 1, 1, 0)

z55 : (s1, t2, 1, 1, 1) z24 : (s0, t3, 0, 0, 0) z108 : (s3, t1, 1, 0, 0)

z59 : (s1, t3, 0, 1, 1) z116 : (s3, t2, 1, 0, 0) z91 : (s2, t3, 0, 1, 1)

z120 : (s3, t3, 0, 0, 0) z121 : (s3, t3, 0, 0, 1)Zt����'H�&N
��
A = {σi |

i

32
6= 2} ∪ {σi |

i%32

8
6= 2}9��iV9�~&N�M rh(I) ⊆ A �n_�
}wb

error state(q)M q ∈ S−A = {σi |
i
32 = 2}∩{σi |

i%32
8 =

2} = {σi |
i
8 = 10} �

§2.4.2 [f KSP��m92�r��
p0 ≡ (x = 0) p1 ≡ (x = 1)

p2 ≡ (y = 0) p3 ≡ (y = 1)

p4 ≡ (t = 0) p5 ≡ (t = 1)

p6+i ≡ (a = si) i ∈ {0, 1, 2, 3} p10+i ≡ (b = ti) i ∈ {0, 1, 2, 3}H�
3'dSO��m9
L(z0) = {p6, p10, p0, p2, p4} L(z35) = {p7, p10, p0, p3, p5}

L(z12) = {p6, p11, p1, p2, p4} L(z67) = {p8, p10, p0, p3, p5}

L(z47) = {p7, p11, p1, p3, p5} L(z46) = {p7, p11, p1, p3, p4}

L(z20) = {p6, p12, p1, p2, p4} L(z97) = {p9, p10, p0, p2, p5}

L(z78) = {p8, p11, p1, p3, p4} L(z55) = {p7, p12, p1, p3, p5}

L(z24) = {p6, p13, p1, p2, p5} L(z108) = {p9, p11, p1, p2, p4}

L(z59) = {p7, p13, p0, p3, p5} L(z116) = {p9, p12, p1, p2, p4}

L(z91) = {p8, p13, p0, p3, p5} L(z120) = {p9, p13, p0, p2, p4}

L(z121) = {p9, p13, p0, p2, p5}



���������J��.:�`"Q�.9 6'�E�/�0+��m9
L(zi) = {px(i), p2+y(i), p4+t(i), p6+a(i), p10+b(i)}9g AP = {p0, ..., p13} � S = {z0, ..., z127} �CHJ�*3g ∆ � I F L ��m℄9g/= AP �' KripkeY� 〈S, ∆, I, L〉 �Zt����'H�&N
��

¬(p8 ∧ p12)9��iV9�~&N�M
∀s ∈ rh(I).L(s) |= ¬(p8 ∧ p12)[f KS ��ls�~z

V = {a, b, x, y, t}

S = {(a, b, x, y, t) | a, b ∈ {0, ..., 3}, x, y, t ∈ {0, 1}}

.

∆:

((a0, b0, x0, y0, t0), (a1, b1, x1, y1, t1)) ∈ ∆ $zZ$ C p → a z
a = a0, b = b0, x = x0, y = y0, t = t0 |= p z
a = a0, b = b0, x = x0, y = y0, t = t0, a

′ = a1, b
′ =

b1, x
′ = x1, y

′ = y1, t
′ = t1 |= f(a) �wO f(a)S aOX	'�fO ′ �S8K:�(��.l=k9C a O��'�f v EO(� v′ = v �

.

I = {(a0, b0, x0, y0, t0) | a = a0, b = b0, x = x0, y = y0, t =

t0 |= a = 0 ∧ b = 0 ∧ x = 0 ∧ y = 0 ∧ y = 0}

.�m92�r��
p0 ≡ (x = 0) p1 ≡ (x = 1)

p2 ≡ (y = 0) p3 ≡ (y = 1)

p4 ≡ (t = 0) p5 ≡ (t = 1)

p6+i ≡ (a = si) i ∈ {0, 1, 2, 3} p10+i ≡ (b = ti) i ∈ {0, 1, 2, 3}

L *3���
pi ∈ L((a0, b0, x0, y0, t0)) ⇔ a = a0, b = b0, x = x0, y = y0, t = t0 |= pi



�������p�[f KS`2
��!'����� z120 F z121 `2�!�/=Q����rq� z120121 �=9 L(z120) = {p9, p13, p0, p2, p4}M ∧
i∈{0,2,4,9,13} pi ∧

∧
i6∈{0,2,4,9,13} ¬pi

L(z121) = {p9, p13, p0, p2, p5}M ∧
i∈{0,2,5,9,13} pi ∧

∧
i6∈{0,2,5,9,13} ¬pi�9

L(z120121) =
∧

i∈{0,2,9,13} pi ∧
∧

i6∈{0,2,4,5,9,13} ¬pi

§2.5 [fs�~z�Æai[fs�~z� B
..
uchi Æai.:H�"4' Kripke Y���m`2EO$�NB5xy12�'[��I&�Ey1�� 〈Σ, S, ∆, I, F 〉wO

• Σ = {a, b} �
• S = {z0, z1, ..., z127} �
• ∆ = {(z0, b, z12), (z0, a, z35), (z1, a, z35), ...} �
• I = {z0} ��m[/�-|��'`W	A%�'�D��/'9 b[�+Y%"'Q��H,'��
�� B

..
uchiT+K 〈Σ, S, ∆, I, F 〉 wO

• Σ = {a, b} �
• S = {z0, z1, ..., z127} �
• ∆ = {(z0, b, z12), (z0, a, z35), (z1, a, z35), ...} �
• I = {z0} �
• F = {z20, z120, z116, z12, z47, z55, z59, z24}�;+�T�H=T+KÆW	';+� (a∗b)ω '/=SL�p� B

..
uchi Æai�m-|��'`W	A%�'�D��/'8 a[�+Y%"'Q�F�/'8 b[�+Y%"'Q��H,'��
��
F B

..
uchi T+K 〈Σ, S, ∆, I, F 〉 wO

• Σ = {a, b} �
• S = {z0, z1, ..., z127} �
• ∆ = {(z0, b, z12), (z0, a, z35), (z1, a, z35), ...} �
• I = {z0} �
• F = {f1, f2}wO

f1 = {z20, z120, z116, z12, z47, z55, z59, z24}

f2 = {z67, z46, z78, z35, z108, z97, z121, z83}



�������dr Kripke me�m-|��'`W	A%�'�D��/'8 a[�+Y%"'Q�F�/'8 b[�+Y%"'Q��H,'��
��?v Kripke Y� 〈S, ∆, I, F 〉 wO
• S = {z0, z1, ..., z127} �
• ∆ = {(z0, z12), (z0, z35), (z1, z35), ...} �
• I = {z0} �
• F = {f1, f2}wO

f1 = {z20, z120, z116, z12, z47, z55, z59, z24}

f2 = {z67, z46, z78, z35, z108, z97, z121, z83}h�s�`p� B
..
uchi ÆaiH�
3'J:y1'
F B

..
uchi T+K`2
�� 〈Σ, S, ∆, I, F 〉 wO

• Σ = {a, b} �
• S = {z0, z1, ..., z127} �
• ∆ = {(z0, b, z12), (z0, a, z35), (z1, a, z35), ...} �
• I = {z0} �
• F = {f1, f2}wO

f1 = {(z, a, z′) | (z, a, z′) ∈ ∆}

f2 = {(z, b, z′) | (z, b, z′) ∈ ∆}

§2.6 k^s�~z� A 'V-o
H�
3�� B � B [�'`"Q�LG�/=o
H�
3�5$�'�EU!y1���
〈Σ, S, ∆′, I〉 �wO

• Σ = {a, b} �
• S = {z0, z1, ..., z127} �
• ∆′ = {(zi, a, {zj}), (zi, a, B) | (zi, a, zj) ∈ ∆} �
• I = {z0} �



�������
§2.7 ujs�~zP*�m-|/=[�l��9R>�Q��C 5p��m7�Qy1�� 〈Σ, S, C, ∆, I〉
��m'-|�wO�

• Σ = {a, b} �
• S = {z0, z1, ..., z127} �
• C = {x, y} �
• ∆′ =

{(zi, a, {}, true, zj) | (zi, a, zj) ∈ ∆, a(i) 6= 2, a(j) 6= 2}∪

{(zi, a, {x}, true, zj) | (zi, a, zj) ∈ ∆, a(j) = 2}∪

{(zi, a, {}, x ≤ 5, zj) | (zi, a, zj) ∈ ∆, a(i) = 2}∪

{(zi, b, {}, true, zj) | (zi, b, zj) ∈ ∆, b(i) 6= 2, b(j) 6= 2}∪

{(zi, b, {y}, true, zj) | (zi, b, zj) ∈ ∆, b(j) = 2}∪

{(zi, b, {}, y ≤ 5, zj) | (zi, b, zj) ∈ ∆, b(i) = 2}

• I = {z0} �
§2.8 Petri |�<W

〈P, T, F, M0〉wO
• P = {s0, s1, s2, s3, t0, t1, t2, t3, ts}

• T = {u0, u1, u2, u3, v0, v1, v2, v3}

• F =

{(s0, u0), (s1, u1), (s2, u2), (s3, u3), (ts, u1)}∪

{(t0, v0), (t1, v1), (t2, v2), (t3, v3), (ts, v1)}∪

{(u0, s1), (u1, s2), (u2, s3), (u2, ts), (u3, s1)}∪

{(v0, t1), (v1, t2), (u2, t3), (u2, ts), (v3, t1)}

• M0(s) = 1 � s ∈ {s0, t0, ts} �6D M0(s) = 0 �
§2.9 y�~z�$#< P �/=�<W

〈Q, M, ∆, q0〉wO
Q1 = {s0, ..., s3} �Q�LG�
M = {ts} z ts ∈ 〈{1}, 1〉 �
∆ = {(s0, ǫ, s1}, (s1, ts!1, s2), (s2, ts?1, s3), (s3, ǫ, s1)}�q0 =

s0 ��$#< P ′ �/=�<W
〈Q′, M ′, ∆′, q′0〉wO

Q′ = {t0, ..., t3} �Q�LG�
M ′ = {ts} z ts ∈ 〈{1}, 1〉 �
∆′ = {(t0, ǫ, t1}, (t1, ts!1, t2), (t2, ts?1, t3), (t3, ǫ, t1)}�q′0 =

t0 �tj9�$��� P ||P ′ �


