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§2 �#( ��!

§2.1 ����"��� .S3
Æd�:ÆYÆd�O�-^n� (B, V )% I ���
beg: (x, y) := (1, a) goto z0

z0: if (y > 1) goto z1 else goto end

z1: (x, y) := (x ∗ y, y − 1) goto z0Y 1 :ÆYÆd
B = (F, P ) % V �mG℄�

F = {1,−, ∗}

P = {>}

V = {x, y, a}

I = (Int, I0)

I0(1) = 1

I0(−) = −

I0(∗) = ×

I0(>) = >

§2.2 �
�$
)��"�� � .S3
Æd�4!(e)s5Æd�O�-^n� (B, V ) % I ���
x = 1; y = a;

while (y > 1) do x := x ∗ y; y := y − 1 odY 2 4!(e)s5Æd
B = (F, P ) % V �mG℄�

F = {1,−, ∗}

P = {>}

V = {x, y, a}

I = (Int, I0)

I0(1) = 1

I0(−) = −

I0(∗) = ×

I0(>) = >
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§2.3 %��&�� (FTS)�� � .S3
Æd�i3Ck\X�O�-^n�
(B, V ) % I ���.S3
�Æd�O[ B J�Ck\X (T, Θ)

T [l℄Ck�
s = beg −→ (x, y, s) := (1, a, z0)

s = z0 ∧ (y > 1) −→ (s) := (z1)

s = z0 ∧ ¬(y > 1) −→ (s) := (end)

s = z1 −→ (x, y, s) := (x ∗ y, y − 1, z0)

Θ = (s = beg ∧ a ≥ 0) �Y 3 i3Ck\X
B = (F, P ) % V �mG℄�

F = {beg, end, z0, z1, 1,−, ∗}

P = {=, >,≥}

V = {x, y, a, s}

I = (Int, I0)

I0(beg) = 0

I0(end) = I0(1) = 1

I0(z0) = 2

I0(z1) = 3

I0(−) = −

I0(∗) = ×

I0(=) = =

I0(>) = >

I0(≥) = ≥

§2.4 ���&��'*	Æ�� ��m7x B
..
uchi ��+�	r1��� �8�7x B

..
uchi ��+ B1 = 〈Σ, S1, ∆1, I1, F1〉,

B2 = 〈Σ, S2, ∆2, I2, F2〉 D S1 ∩ S2 = ∅ �� K
F = {f ∪ S2 | f ∈ F1} ∪ {S1 ∪ f | f ∈ F2}�m B1 ∪ B2 = 〈Σ, S1 ∪ S2, ∆1 ∪ ∆2, I1 ∪ I2, F 〉 �w

L(B1 ∪ B2) = L(B1) ∪ L(B2) �



+01.-,/� K
∆ = {((q1, q2), a, (q′1, q

′

2)) | (q1, a, q′1) ∈ ∆1, (q2, a, q′2) ∈ ∆2}

F = {f × S2 | f ∈ F1} ∪ {S1 × f | f ∈ F2}�m B1 ∩B2 = 〈Σ, S1 ×S2, ∆, I1 × I2, F 〉 �w L(B1 ∩

B2) = L(B1) ∩ L(B2) ��� �i�U<�v7x B
..
uchi ��+J��tuS ⊕ M�

L(A ⊕ B) = L(A ∪ B) D A ⊕ B � A ∪ B `�6?
���U<�v7x B
..
uchi ��+J��tuS ⊗ M�

L(A ⊗ B) = L(A ∩ B) D A ⊗ B � A ∩ B `�6?
���U<����T�Ck��N�T�2P�T�U<�T�6�
-^"�Ck�U<2P�T��G�m (A ⊕ B) |�2P�T,�,&G℄�
F = {fA ∪ fB | fA ∈ FA, fB ∈ FB}�� � �7x B
..
uchi ��+ B = 〈Σ, S, ∆, I, {f1, ..., fn}〉 ��mrzsf^W� B

..
uchi ��+����m

n(s, i) = if (i = n) then 0; else if (s ∈ fi+1) then i + 1; else i.

S′ = S × {0, ..., n}

∆′ = {(s, i), a, (s′, n(s′, i)) | (s, a, s′) ∈ ∆, i ∈ {0, ..., n}}

I ′ = I × {0}

F ′ = S × {n}�m B
..

uchi��+ B′ = 〈Σ, S′, ∆′, I ′, F ′〉�w L(B′) =

L(B) �
§2.5 ��*	Æ�� � Kp'�*�;H}gI�a$��hEa$���(j�[;�'�*�;�'�*�;��D*����[ 1 �;����
`q 10 �'����
`q
10, �(~A;�'�*����[ 30 �K.i�a$��(�>b�?�K.i�>bM�;�%'�����0Fqi{�
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(1) A = 〈Σ, S, ∆, I, F 〉 B|

• Σ = {a, b, c} �
• S = {s0, s1, s2} �
• ∆ = {

(s0, a, {y}, 10 ≤ x ≤ 19, s1),

(s1, b, {}, x = 29, s2),

(s2, c, {x}, x = 30, s0)

} �
• I = {s0} �
• F = {s0, s1, s2} �

(2) B = 〈Σ, S, ∆, I, F 〉 B|
• Σ = {a, b, c} �
• S = {s0, s1, s2, s3} �
• ∆ = {

(s0, a, {y}, x = 19, s1),

(s1, b, {}, x = 29, s2),

(s2, c, {x}, x = 30, s3),

(s3, a, {y}, x ≥ 14.5 ∧ y < 30, s1)

} �
• I = {s0} �
• F = {s0, s1, s2, s3} �

§2.6 Petri ��� � KpR�L�y A � B � C � D %i�_�y E�o PetriZ=Ql℄#Æ�A 
V�L�9/ a�
B 
V�L�9/ b � C Mo a % b L�9/ c � D Mo a % c L��� d � E 
V�_��� d ����m 〈P, T, F, M0〉 G℄�

• P = {a, b, c, d}

• T = {A, B, C, D, E}

• F =

{(A, a), (B, b), (C, c), (D, d)}∪

{(a, C), (a, D), (b, C), (c, D), (d, E)}∪

• ∀s ∈ P.(M0(s) = 0) �


