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§1 $�&�

§1.1 ����
...

Γ ∪ {ϕ} |= ψ �T<� Γ |= ϕ→ ψ �%�Z Γ ∪ {ϕ} 6|= ψ �~	} v ^Æ
y Γ ∪ {ϕ} �$_g��� ψ g6�~ v ^Æ
y Γ �$_g��� ϕ→ ψ g6�~ Γ 6|= ϕ→ ψ �Cb��Z Γ 6|= ϕ→ ψ �~ Γ ∪ {ϕ} 6|= ψ �
...

Γ = {ϕ1, ..., ϕn} `�I���T<� ϕ1 ∧ · · · ∧ ϕn `�I���%�Z {ϕ1, ..., ϕn}�I��~	} v ^Æ
y {ϕ1, ..., ϕn}�$_g��~ v ^Æ ϕ1 ∧ · · · ∧ ϕn g��
...

Γ `��I���T<�L!H2$_�` Γ �H2eG�%�Z Γ ��I��~Ky����I� Γ �~�Xt$_ ϕ �
yI� Γ �������I�
ϕ �ZL!H2$_�` Γ �H2eG�~ Γ |= 0 �~��Qy v I� Γ ��W~y v(0) = 1 �kWJ��
§1.2 �	��

...

Γ ∪ {ϕ} |= ψ �T<� Γ |= ϕ→ ψ �%�Z Γ ∪ {ϕ} 6|= ψ �~	} I - I �� σ �
y ϕ′ ∈

Γ ∪ {ϕ} � I(ϕ′)σ = 1 �� I(ψ)σ = 0 g6�~ I - σ �
y ϕ′ ∈ Γ � I(ϕ′)σ = 1 �� I(ϕ →

ψ)σ = 0 g6�~ Γ 6|= ϕ→ ψ �Cb��Z Γ 6|= ϕ→ ψ �~ Γ ∪ {ϕ} 6|= ψ �
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...

Γ = {ϕ1, ..., ϕn} `�I���T<� ϕ1 ∧ · · · ∧ ϕn `�I���%�Z {ϕ1, ..., ϕn} �I��~	} I - I �� σ �
y
i = 1, ..., n � I(ϕi)σ = 1 �~ I(ϕ1 ∧ · · · ∧ ϕn)σ = 1 g��

...

Γ `��I���T<�L!H2$_�` Γ �H2eG�%�Z Γ ��I��~Ky I - I �� σ I� Γ �~�Xt$_ ϕ �
yI� Γ � I - I �� σ ��I� ϕ �ZL!H2$_�` Γ �H2eG�~ Γ |= P (x) ∧

¬P (x) �~��Qy I - I �� σ I� Γ��W~y I(P (x)∧

¬P (x))σ = 1 �kWJ��
§1.3 ��

...

A ∪ (B ∩ C) = A ∪B ∩A ∪ C

A ∪ (A ∩B) = A

∼ (A ∪B) = ∼ A∩ ∼ B%� (1)

x ∈ A ∪ (B ∩C) ⇔ x ∈ {x | x ∈ A ∨ x ∈ (B ∩ C)}

x ∈ A ∪ (B ∩C) ⇔ x ∈ A ∨ x ∈ (B ∩ C)

x ∈ A ∪ (B ∩C) ⇔ x ∈ A ∨ (x ∈ B ∧ x ∈ C)

x ∈ A∪ (B ∩C) ⇔ (x ∈ A∨ x ∈ B)∧ (x ∈ A∨ x ∈ C)

x ∈ A ∪ (B ∩C) ⇔ (x ∈ A ∪B) ∧ (x ∈ A ∪ C)

x ∈ A ∪ (B ∩C) ⇔ x ∈ (A ∪B) ∩ (A ∪C)%� (2)

A ∪ (A ∩B) ⇔ (A ∪A) ∩ (A ∪B)

A ∪ (A ∩B) ⇔ A ∩ (A ∪B)

A ∪ (A ∩B) ⇔ A ���7:GSMy+�%� (3)

∼ (A ∪B) ⇔ U − (A ∪B)

x ∈∼ (A ∪B) ⇔ x ∈ {x | x ∈ U ∧ x 6∈ (A ∪B)}

x ∈∼ (A ∪B) ⇔ x ∈ U ∧ x 6∈ (A ∪B)

x ∈∼ (A ∪B) ⇔ x ∈ U ∧ (x 6∈ A) ∧ (x 6∈ B)

x ∈∼ (A ∪B) ⇔ (x ∈ U ∧ x 6∈ A) ∧ (x ∈ U ∧ x 6∈ B)
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x ∈∼ (A ∪B) ⇔ (x ∈ U −A) ∧ (x ∈ U −B)

x ∈∼ (A ∪B) ⇔ x ∈ (U −A) ∩ (U −B)

x ∈∼ (A ∪B) ⇔ x ∈∼ A∩ ∼ B

§1.4 Æ 
...\ 〈P,≤〉gE13.�5 x ≤ y T x 6= y g x < y �sjeD'~gE13.[�(P� (Noetherian Induction) �Z ∀x′ ∈ P.(∀x ∈ P.(x < x′ → ϕ(x)) → ϕ(x′)) ~

∀x ∈ P.ϕ(x) �%�\ ∀x′ ∈ P.(∀x ∈ P.(x < x′ → ϕ(x)) → ϕ(x′)) T
¬∀x ∈ P.ϕ(x) �~ ∃x ∈ P.¬ϕ(x) �~ ¬ϕ(x0) �x{ ∀x ∈ P.(x < x0 → ϕ(x)) → ϕ(x0) �~ ¬∀x ∈

P.(x < x′ → ϕ(x)) �x{ ∀x ∈ P.(x < x0 → ϕ(x)) → ϕ(x0) �~ ∃x ∈

P.(x < x0 ∧ ¬ϕ(x)) �~ x1 < x0 ∧ ¬ϕ(x1) �r�Ce�P �	}hl�8nF x0, x1, ...�J��
§1.5 ��

...

⊔S 	}�T<��{
y x ∈ X � ⊔S(x) 	}�T�{
y x ∈ X � (⊔S)(x) = ⊔S(x) �%�
(1) \ ⊔S 	}�#>�u��{
y f ∈ S y ⊔S ≥ f �TZy g �{
y f ∈ S � g ≥ f �~ g ≥ ⊔S �"�Xt x ∈ X �~�{
y f ∈ S � (⊔S)(x) ≥

f(x) �~ (⊔S)(x) ` S(x) �q![;�zZy y ∈ Y ` S(x) �[;�4�
y x ∈ X �
y ≥ f(x) �\ g = (⊔S)[x/y]� x ��w y d0��~ g ≥ ⊔S �~ y ≥ (⊔S)(x) �v� (⊔S)(x) ` S(x) ��m[;�~ ⊔S(x) 	}�T (⊔S)(x) = ⊔S(x) �

(2) \�{
y x ∈ X � ⊔S(x) 	}��u g(x) = ⊔S(x) �kW g ` S �[;T`�m[;�v� ⊔S 	}�T (⊔S)(x) = ⊔S(x) �
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§1.6 ���"�
�
���

...\ 〈X,≤〉 `fV � f : X → X `��,a�~ f y�B����3�T�3%�q!fV �f y�m-�
����
µf = ⊓{x ∈ X | f(x) ≤ x}

νf = ⊔{x ∈ X | x ≤ f(x)}%�x f(⊤) ≤ ⊤ � {x ∈ X | f(x) ≤ x} �`B3�\ A = ⊓{x ∈ X | f(x) ≤ x} �~ f(A) ≤ ⊓{f(x) ∈ X | f(x) ≤ x} �~ f(A) ≤ ⊓{x ∈ X | f(x) ≤ x} ≤ A �x ff(A) ≤ f(A) � f(A) ∈ {x ∈ X | f(x) ≤ x} �~ A ≤ f(A) �~ A = f(A) �x{ A ≤ ⊓{x ∈ X | f(x) = x} � A `�m����Cb��s�N� ⊔{x ∈ X | x ≤ f(x)} `�
����\ B = {x ∈ X | f(x) = x} � B′ g B �Xt�3�~�Xt b′ ∈ B′ � ⊓B′ ≤ b′ �~ f(⊓B′) ≤ f(b′) = b′ �v� f(⊓B′) ≤ ⊓B′ �U B′′ = {y ∈ X | y ≤ ⊓B′} �~ B′′ `f� ��Xt y ∈ B′′ �~ f(y) ≤ f(⊓B′) ≤ ⊓B′ �v� f(y) ∈ B′′ �
f ` B′′ [���,a�y�
����5g y0 �~ y0 ≤ ⊓B′ �
y0 4 B′ } B ���
j;�~ B �Xt�3y�
j;� B `f� �

§1.7 #!�
...

σ ⊆ V1 × V2 `q! D1 
 D2 �OR&i�T<��Xt (u, v) ∈ σ ��Xt u′ ∈ V1 �Y* E1(u, u
′) �~	}

v′ ∈ V2 � E2(v, v
′) T (u′, v′) ∈ σ �

.

σ `OR&i�T<� σ−1E1 ⊆ E2σ
−1 �%�\ σ `OR&i�\ (v, u′) ∈ σ−1E1 �~	} u � (u, v) ∈ σ T (u, u′) ∈ E1 �~	} v′ � (v, v′) ∈ E2 T (u′, v′) ∈ σ �v� (u, v)−1(u, u′) = (v, u′) = (v, v′)(u′, v′)−1 ∈ E2σ

−1�



)'*(\ σ−1E1 ⊆ E2σ
−1 �~�Xt (u, v) ∈ σ �Z (u, u′) ∈ E1 �~ (v, u′) ∈ σ−1E1 �~ (v, u′) ∈ E2σ

−1 �~	} v′ � (v, v′) ∈ E2 T (u′, v′) ∈ σ �~ σ `OR&i�
...

σ `/OR&i�T<� σ−1E1 ⊆ E2σ
−1 T σE2 ⊆

E1σ �%�CbOR&i��N�


