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1 0-�äN�©L�ª:

(vi ∈ vj); (vm = vn); (i , j ,m, n < 100)

2 �½(½��S1 i ��äNL�ªϕ§XJ i + 1 �3(½�g��S§�o�±�EÙÄ½ª(¬ϕ);

3 �½(½��S1 i �Ú1 j ��ü�L�ª§ϕ Úψ§XJ (1 + max{i , j}) �,�3(½�g��S§�o�±�E%¹ª (ϕ→ ψ);

4 �½(½��S1 i ��L�ªϕ ±9��(½�I�C�ÎÒ vj ,(j < 100), XJ (i + 1) �3(½�g��S§�o�±�E�¡ª (∀vj ϕ).



IV. (�k�Vg©iÄ�nØCFZFCVg©iÄ�nØFrege {Kéu�½�äNL�ªϕ1, ϕ2, ϕ3§XJeãFrege �ª�,3(½���S§�o§�Ò�±�ǑFrege {K3Vg©iÄ�nØ�ïL§¥�Ǒk�óä�^µ
(a) ((ϕ1 → (ϕ2 → ϕ3)) → ((ϕ1 → ϕ2) → (ϕ1 → ϕ3)))



IV. (�k�Vg©iÄ�nØCFZFCVg©iÄ�nØFrege {Kéu�½�äNL�ªϕ1, ϕ2, ϕ3§XJeãFrege �ª�,3(½���S§�o§�Ò�±�ǑFrege {K3Vg©iÄ�nØ�ïL§¥�Ǒk�óä�^µ
(a) ((ϕ1 → (ϕ2 → ϕ3)) → ((ϕ1 → ϕ2) → (ϕ1 → ϕ3)))

(b) (ϕ1 → ϕ1)



IV. (�k�Vg©iÄ�nØCFZFCVg©iÄ�nØFrege {Kéu�½�äNL�ªϕ1, ϕ2, ϕ3§XJeãFrege �ª�,3(½���S§�o§�Ò�±�ǑFrege {K3Vg©iÄ�nØ�ïL§¥�Ǒk�óä�^µ
(a) ((ϕ1 → (ϕ2 → ϕ3)) → ((ϕ1 → ϕ2) → (ϕ1 → ϕ3)))

(b) (ϕ1 → ϕ1)

(c) (ϕ1 → (ϕ2 → ϕ1))



IV. (�k�Vg©iÄ�nØCFZFCVg©iÄ�nØFrege {Kéu�½�äNL�ªϕ1, ϕ2, ϕ3§XJeãFrege �ª�,3(½���S§�o§�Ò�±�ǑFrege {K3Vg©iÄ�nØ�ïL§¥�Ǒk�óä�^µ
(a) ((ϕ1 → (ϕ2 → ϕ3)) → ((ϕ1 → ϕ2) → (ϕ1 → ϕ3)))

(b) (ϕ1 → ϕ1)

(c) (ϕ1 → (ϕ2 → ϕ1))

(d) (ϕ1 → ((¬ϕ1) → ϕ2))



IV. (�k�Vg©iÄ�nØCFZFCVg©iÄ�nØFrege {Kéu�½�äNL�ªϕ1, ϕ2, ϕ3§XJeãFrege �ª�,3(½���S§�o§�Ò�±�ǑFrege {K3Vg©iÄ�nØ�ïL§¥�Ǒk�óä�^µ
(a) ((ϕ1 → (ϕ2 → ϕ3)) → ((ϕ1 → ϕ2) → (ϕ1 → ϕ3)))

(b) (ϕ1 → ϕ1)

(c) (ϕ1 → (ϕ2 → ϕ1))

(d) (ϕ1 → ((¬ϕ1) → ϕ2))

(e) (((¬ϕ1) → ϕ1) → ϕ1)



IV. (�k�Vg©iÄ�nØCFZFCVg©iÄ�nØFrege {Kéu�½�äNL�ªϕ1, ϕ2, ϕ3§XJeãFrege �ª�,3(½���S§�o§�Ò�±�ǑFrege {K3Vg©iÄ�nØ�ïL§¥�Ǒk�óä�^µ
(a) ((ϕ1 → (ϕ2 → ϕ3)) → ((ϕ1 → ϕ2) → (ϕ1 → ϕ3)))

(b) (ϕ1 → ϕ1)

(c) (ϕ1 → (ϕ2 → ϕ1))

(d) (ϕ1 → ((¬ϕ1) → ϕ2))

(e) (((¬ϕ1) → ϕ1) → ϕ1)

(f) ((¬ϕ1) → (ϕ1 → ϕ2))



IV. (�k�Vg©iÄ�nØCFZFCVg©iÄ�nØFrege {Kéu�½�äNL�ªϕ1, ϕ2, ϕ3§XJeãFrege �ª�,3(½���S§�o§�Ò�±�ǑFrege {K3Vg©iÄ�nØ�ïL§¥�Ǒk�óä�^µ
(a) ((ϕ1 → (ϕ2 → ϕ3)) → ((ϕ1 → ϕ2) → (ϕ1 → ϕ3)))

(b) (ϕ1 → ϕ1)

(c) (ϕ1 → (ϕ2 → ϕ1))

(d) (ϕ1 → ((¬ϕ1) → ϕ2))

(e) (((¬ϕ1) → ϕ1) → ϕ1)

(f) ((¬ϕ1) → (ϕ1 → ϕ2))

(g) (ϕ1 → ((¬ϕ2) → (¬(ϕ1 → ϕ2))))



IV. (�k�Vg©iÄ�nØCFZFCVg©iÄ�nØFrege {K
(h) �äNC�ÎÒ vn �±3äNL�ªϕ ¥O�äNC�ÎÒ vi �§XJeãFrege �ª��g�3(½���S§�oeãäNL�ª�±�Ǒ�^Frege {K3Vg©iÄ�nØ�ïL§¥�Ǒk�óä�^µ

((∀vi ϕ) → ϕ(vi ; vn))



IV. (�k�Vg©iÄ�nØCFZFCVg©iÄ�nØFrege {K
(h) �äNC�ÎÒ vn �±3äNL�ªϕ ¥O�äNC�ÎÒ vi �§XJeãFrege �ª��g�3(½���S§�oeãäNL�ª�±�Ǒ�^Frege {K3Vg©iÄ�nØ�ïL§¥�Ǒk�óä�^µ

((∀vi ϕ) → ϕ(vi ; vn))

(i) XJeãFrege �ª��g�3(½���S§�oeãäNL�ª�±�Ǒ�^Frege {K3Vg©iÄ�nØ�ïL§¥�Ǒk�óä�^µ
((∀vi (ϕ1 → ϕ2)) → ((∀vi ϕ1) → (∀vi ϕ2)))



IV. (�k�Vg©iÄ�nØCFZFCVg©iÄ�nØFrege {K
(j) �C�ÎÒ vi Ø´äNL�ªϕ ¥gdÑy§eãFrege �ª��g�3(½���S§�oeãäNL�ª�±�Ǒ�^Frege {K3Vg©iÄ�nØ�ïL§¥�Ǒk�óä�^µ

(ϕ→ (∀vi ϕ))



IV. (�k�Vg©iÄ�nØCFZFCVg©iÄ�nØFrege {K
(j) �C�ÎÒ vi Ø´äNL�ªϕ ¥gdÑy§eãFrege �ª��g�3(½���S§�oeãäNL�ª�±�Ǒ�^Frege {K3Vg©iÄ�nØ�ïL§¥�Ǒk�óä�^µ

(ϕ→ (∀vi ϕ))

(k) äN�ª (v1 = v1) ´�^�±k��^�Frege {K;



IV. (�k�Vg©iÄ�nØCFZFCVg©iÄ�nØFrege {K
(l) �äNC�ÎÒ vi �±3äNL�ªϕ1 Úϕ2 ¥O�äNC�ÎÒ vj�§¿�3Ó�¢��AC�ÎÒ�z�gÑy�O���§(JǑÓ��äNL�ª§XJeãFrege �ª��g�3(½���S§�oeãäNL�ª�±�Ǒ�^Frege {K3Vg©iÄ�nØ�ïL§¥�Ǒk�óä�^µ

((vj = vi ) → (ϕ1 → ϕ2))



IV. (�k�Vg©iÄ�nØCFZFCVg©iÄ�nØFrege {K
(l) �äNC�ÎÒ vi �±3äNL�ªϕ1 Úϕ2 ¥O�äNC�ÎÒ vj�§¿�3Ó�¢��AC�ÎÒ�z�gÑy�O���§(JǑÓ��äNL�ª§XJeãFrege �ª��g�3(½���S§�oeãäNL�ª�±�Ǒ�^Frege {K3Vg©iÄ�nØ�ïL§¥�Ǒk�óä�^µ

((vj = vi ) → (ϕ1 → ϕ2))

(m) �äNL�ªϕ ´�^�±k��^�Frege {K�§XJFrege �ª (∀vi ϕ) ��g�3(½���S§�où�äNL�ª�±�Ǒ�^Frege {K3Vg©iÄ�nØ�ïL§¥�Ǒk�óä�^"



IV. (�k�Vg©iÄ�nØCFZFCVg©iÄ�nØFrege {K
(l) �äNC�ÎÒ vi �±3äNL�ªϕ1 Úϕ2 ¥O�äNC�ÎÒ vj�§¿�3Ó�¢��AC�ÎÒ�z�gÑy�O���§(JǑÓ��äNL�ª§XJeãFrege �ª��g�3(½���S§�oeãäNL�ª�±�Ǒ�^Frege {K3Vg©iÄ�nØ�ïL§¥�Ǒk�óä�^µ

((vj = vi ) → (ϕ1 → ϕ2))

(m) �äNL�ªϕ ´�^�±k��^�Frege {K�§XJFrege �ª (∀vi ϕ) ��g�3(½���S§�où�äNL�ª�±�Ǒ�^Frege {K3Vg©iÄ�nØ�ïL§¥�Ǒk�óä�^"
(n) �½�kþãÜ�5½�Frege �ªâ�±�Ǒ�ïVg©iÄ�nØL§�k�óä�^"



IV. (�k�Vg©iÄ�nØCFZFC�A^Zermelo ún�ª



IV. (�k�Vg©iÄ�nØCFZFC�A^Zermelo ún�ª
3�ïVg©iÄ�nØ�L§¥§��¤I��Zermelo 8ÜØún�äNL�ª��g�3(���S§�o§Ò�±�Ǒk��XÚún�^"ù
ò��Vg©iÄ�nØ�ïL§äN²("



IV. (�k�Vg©iÄ�nØCFZFC�A^Zermelo ún�ª
Axiom (Ó�ÆZ1)



∀v1 ∀v2





(

∀v3

(

¬

(

(v3 ∈ v1 → v3 ∈ v2) →
(¬(v3 ∈ v2 → v2 ∈ v1))

)))

→ (v1 = v2)







 .



IV. (�k�Vg©iÄ�nØCFZFC�A^Zermelo ún�ª
Axiom (©)�n)éuÚwgdC��äNL�ªϕ(v1, v2, · · · , vn) 
ó§Ù¥ n´�½��S���äNg,ê§©)�nZ2[ϕ] ǑeãL�ªµ
(∀v0 (∃vn+1 (∀v1 ((v1 ∈ vn+1) ↔ ((v1 ∈ v0) ∧ ϕ(v1, v2, · · · , vn))))))



IV. (�k�Vg©iÄ�nØCFZFC�A^Zermelo ún�ª
Axiom (�8únZ3)

(∀v1 ∃v2 ∀v3 (v3 ∈ v2 ↔ v3 ⊆ v1)).



IV. (�k�Vg©iÄ�nØCFZFC�A^Zermelo ún�ª
Axiom (�éúnZ4)

(∀v1 ∀v2 (∃v3 (∀v5 ((v5 ∈ v3) ↔ ((¬(v5 = v1)) → (v5 = v2)))))).



IV. (�k�Vg©iÄ�nØCFZFC�A^Zermelo ún�ª
Axiom (¿8únZ5)

(∀v1 (∃v2 (∀v3 ((v3 ∈ v2) ↔ (∃v4 ((v4 ∈ v1) ∧ (v3 ∈ v4))))))).



IV. (�k�Vg©iÄ�nØCFZFC�A^Zermelo ún�ª
Axiom (�¡únZ6)

(∃v1 ((∅ ∈ v1) ∧ (∀v2 ((v2 ∈ v1) → (S(v2) ∈ v1))))).Ù¥§(∀v3 ((v3 ∈ S(v2)) ↔ ((¬(v3 = v2)) → (v3 ∈ v2)))).



IV. (�k�Vg©iÄ�nØCFZFC�A^Zermelo ún�ª
Axiom (N��3�n)�ψ(v1, v2) ´��äNL�ª§v1, v2 ´ü�3ψ ¥gdÑy�ü�C�ÎÒ§C�ÎÒ v3, v4, v5, v6, v7 3ψ ¥vkgdÑy§¿�C�ÎÒ v3, v7 �±3ψ ¥O� v2¶C�ÎÒ v6 �±3ψ¥O� v1. dψ(v1, v2) ¤�Ñ�N��3�nF[ψ] ´eã�éµ

(

(∀v1 ∀v2 ∀v3 (ψ(v1, v2) ∧ ψ(v1, v3) → (v2 = v3))) →
(∀v4 ∃v5 ∀v7 (v7 ∈ v5 ↔ (∃v6 (v6 ∈ v4 ∧ ψ(v6, v7)))))

)

.



IV. (�k�Vg©iÄ�nØCFZFC�A^Zermelo ún�ª
Axiom (∈–4��n)









(∃v1 ϕ(v1, v2, · · · , vn)) →


∃v1





ϕ(v1, v2, · · · , vn)∧
(

∀vn+1

(

(vn+1 ∈ v1) →
(¬ϕ(vn+1, v2, · · · , vn))

))















Ù¥§n Ǒ��Ø�L 2050�äNg,ê§C� vn+1 3äNL�ªϕ(v1, v2, · · · , vn) ¥�O�C� v1"



IV. (�k�Vg©iÄ�nØCFZFC�A^Zermelo ún�ª
Axiom (ÀJúnZ8)









∀v1









(

(¬(v1 = ∅))∧
(∀v2 ((v2 ∈ v1) → (6 (v2 = ∅))))

)

→

(

∃ v3

(

HanS(v3) ∧ (dom(v3) = v1)∧
(∀v4 ((v4 ∈ v1) → (v3(v4) ∈ v4)))

))

















.



IV. (�k�Vg©iÄ�nØCFZFCVg©iÄ�nØüÌín{K



IV. (�k�Vg©iÄ�nØCFZFCVg©iÄ�nØüÌín{K
�äNL�ª (ϕ → ψ) �3(½���S�§�±k�/d (ϕ→ ψ) Úϕ ín��ψ"



IV. (�k�Vg©iÄ�nØCFZFCVg©iÄ�nØÄ�Vg/Øy0�½Â



IV. (�k�Vg©iÄ�nØCFZFCVg©iÄ�nØÄ�Vg/Øy0�½Â
�½��äN�L�ª�| Γ . ��(��äNL�ªS�

〈ϕ1, ϕ2, · · · , ϕk〉´Vg©inØ���k�Øy��=�é1 ≤ i ≤ k ,

1 ½öϕi Ñg Γ, ½ö´�^�±k��^�Frege {K;



IV. (�k�Vg©iÄ�nØCFZFCVg©iÄ�nØÄ�Vg/Øy0�½Â
�½��äN�L�ª�| Γ . ��(��äNL�ªS�

〈ϕ1, ϕ2, · · · , ϕk〉´Vg©inØ���k�Øy��=�é1 ≤ i ≤ k ,

1 ½öϕi Ñg Γ, ½ö´�^�±k��^�Frege {K;

2 ½ökü�äN�Im, n < i 5L²ϕm Ò´ (ϕn → ϕi ).



IV. (�k�Vg©iÄ�nØCFZFCüÌín�{



IV. (�k�Vg©iÄ�nØCFZFCüÌín�{
k�«ò(Øψ ��� (Γ ∪ {θ})-Øy 〈θ1, · · · , θn〉 =z¤(Ø (θ → ψ) ����ÝØ¬�L 4��Γ- Øy

〈θ1, · · · , (θ → θ1), θ2, · · · , (θ → θ2), · · · , θn, · · · , (θ → ψ)〉��{µ



IV. (�k�Vg©iÄ�nØCFZFCüÌín�{
Input: 〈θ1, · · · , θn〉;
Output: 〈δ1, · · · , δℓ−1〉, (ℓ ≤ 4n).
Start: Set i = 1 and ℓ = 1.
Next: Set K (i) = ℓ and set δℓ to be θi ;
If θi is θ, then set δℓ+1 to be (θ → θ) and increase ℓ by 2;
Else If θi is an applicable Frege’s Rule, or θi ∈ Γ, then do the
following:

(1) set δℓ+1 to be (θi → (θ → θi));

(2) set δℓ+2 to be (θ → θi);

(3) increase ℓ by 3.

Else Then do the following:



IV. (�k�Vg©iÄ�nØCFZFCüÌín�{
(1) compute the least pair of j < i ,m < i such that θm is

(θj → θi), and

(2) set

(a) δℓ+1 ≡ ((θ → (θj → θi)) → ((θ → θj) → (θ → θi )));
(b) δℓ+2 ≡ ((θ → θj) → (θ → θi ));
(c) δℓ+3 ≡ (θ → θi );
(d) increase ℓ by 4.

If i < n, then increase i by 1 and goto Next;
Else if i = n, then stop and output the sequence

〈δ1, · · · , δℓ−1〉.



IV. (�k�Vg©iÄ�nØCFZFC��z�{
k��ò(Øϕ � Γ-Øy

〈θ1, · · · , θn〉=z¤(Ø (∀vi ϕ) ��ÝØ�L 4��Γ-Øy
〈θ1, · · · , (∀vi θ1), θ2, · · · , (∀vi θ2), · · · , θn, · · · , (∀vi θn)〉��{¶�{k��^�´¤�9��zC�ÎÒ vi Ø´Ñu: Γ ¥?ÛL�ª���gdC�ÎÒ"



IV. (�k�Vg©iÄ�nØCFZFC��z�{
Input: 〈θ1, · · · , θn〉;
Output: 〈δ1, · · · , δℓ−1〉;
Start: Set j = 1 and ℓ = 1.
Next: Set K (j) = ℓ and δℓ to be θj ;
If θj ∈ Γ, then do the following:

(1) Set δℓ+1 to be (θj → (∀vi θj));

(2) Set δℓ+2 to be (∀vi θj);

(3) Increase ℓby 3

Else If θj is an applicable Frege’s Rule, then do the following:

(1) Set δℓ+1 to be (∀vi θj);

(2) Increase ℓ by 2

Else do the following:



IV. (�k�Vg©iÄ�nØCFZFC��z�{
(1) Compute the least pair (p,m) such that p < j ,m < j and θm

is (θp → θj);

(2) Perform the following:

(a) Set δℓ+1 to be ((∀vi (θp → θj)) → ((∀vi θp) → (∀vi θj)));
(b) Set δℓ+2 to be ((∀vi θp) → (∀vi θj));
(c) Set δℓ+3 to be (∀vi θj);
(d) Increase ℓ by 4.

If j < n,then increase j by 1 and goto Next;
Else if j = n, then stop and output

〈δ1, · · · , δℓ−1〉.



V�.k�é���NVω±9/
þÆ�ó?è



V. �.k�é���NVω±9/
þÆ�ó?è�.k�8Ü��N
Definition

1. (V0 = ∅);

2.
(

∀v1 ∈ ω
(

VS(v1) = P (Vv1)
))

;

3. (∀v1 ((v1 ∈ Vω) ↔ (∃v2 ∈ ω (v1 ∈ Vv2))))"



V. �.k�é���NVω±9/
þÆ�ó?è8I�ó?èÂ8
Definition

(1) (Vω+2 = P (Vω+1)).

(2) (Vω+3 = P (Vω+2)).

(3) (Vω+4 = P (Vω+3)).

(4) (Vω+5 = P (Vω+4)).

(5) (Vω+6 = P (Vω+5)).



V. �.k�é���NVω±9/
þÆ�ó?èÄ�(Ø



V. �.k�é���NVω±9/
þÆ�ó?èÄ�(Ø
1 �\Frege Ü6{K�únz8ÜØ�±Ǒn5g��ÆJø��Ú�!gU!Lv!äN!5�!{'!`{!O��Ä�Lã/ª�ó±9�Â)ºXÚ¶ù�Vg©i´3¯k²(�«�/ªín{K±9äNÄ�ún�e²L�X�î�/ªüÌínïáå5�§Ï
��5;
/�/ªín0Ú/³aú(Ø0�Ä:©ÛL§"



VI��{üA^µVg/Ü6ýn0�©Û



VI. ��{üA^µVg/Ü6ýn0�©Û¿Ï/Ü6ýn0�½Â
¿Ï[Quine 1986] �Ñ
Ü6ýn��~��5�½Â(Quine
[1986], p. 59)µ�^Ü6ýnÒ´��Ø�UÏǑO�Ù¥�
®
C¤Jbäó��é§=�3Ö¿i;SN��/eǑ��"3T;Í�195�§¿Ï­#LãXeµ���é´Ü6ý¢�^�´¤käkÓ�«�{(���éÑ´ý¢�"



VI. ��{üA^µVg/Ü6ýn0�©Û¿Ï/Ü6ýn0�½Â
I�5¿�´¿Ï�/äkÓ�«�{(�0ù�á�¿�vk�Â5¶¢Sþ¿Ï�/�{(�0´�«Uì�½k�(Ü5ÆS�5�^Ü6~���ª¶,	§¿Ï¤`�/´ý¢�0I�3¤Øé��ó�¤k(��¥/Ñ´ý¢�0"éÜ6ý¢5Ä=¯Kg����ÄÅÒ´Áãé¿Ï�½Ü6ýn�OKJø�«î��2)º"



VI. ��{üA^µVg/Ü6ýn0�©Û¿Ï/Ü6ýn0�½Â
Ǒ�d8�§·�òî�«©/Ü6ýn0Ú/Ü65Æ0"¯¢þ§·�ò²«�^Ü65Æ´l��v
2��dL�ª�,«(k��È�m�/7,ý�é0�mS���N�¶XJ���é´,�^Ü65Æ���¥���äN~f§�o§´Ü6ý¢�"²L²(Ü65Æ´�o§·�U
ò¿Ï�/äkÓ�«�{(�0ù�á�¥��Â5���ØK"



VI. ��{üA^µVg/Ü6ýn0�©Û¿Ï/Ü6ýn0�½Â
ég,§·�I�²(£�eã¯Kµ¯K·�N���8I�ó¥����é´,�^Ü65Æ�T�¢~(½��)º



VI. ��{üA^µVg/Ü6ýn0�©Û¿Ï/Ü6ýn0�½Â
ég,§·�I�²(£�eã¯Kµ¯K·�N���8I�ó¥����é´,�^Ü65Æ�T�¢~(½��)º·�N�����Ü6ý¢�é�Ü6ý¢5º



VI. ��{üA^µVg/Ü6ýn0�©Û¿Ï/Ü6ýn0�½Â·��á|´µ�<U
3�Ù�y�
(½ö3±��FÒ�nd²(�
)\¡���é´Ü6ý¢�"u´§þã¯KÒC¤eã¯Kµ¯KÕ3/
þÆ(½ö�Ü6)�+�¥§·�N��y(½ö3±��FÒ�nd²()���é´Ü6ý¢�º'X§æp¬õ�35/
þÆ6¥A�^
��1nòÚ1oò5Øy/gñÆ0Ú/ü¥Æ0´2�·^�/���0��(Øy�Ñu:"



VI. ��{üA^µVg/Ü6ýn0�©Û¿Ï/Ü6ýn0�½ÂUì�©�dÄ/ý¢50±9/Ü6ý¢50½Â�²1�ª§·�5)º·��±N��½8I�ó¥����é�Ü6ý¢5(��5Ä�Ü6Æ6§�ÆÑ��§2020)"



VI. ��{üA^µVg/Ü6ýn0�©Û¿Ï/Ü6ýn0�½ÂUì�©�dÄ/ý¢50±9/Ü6ý¢50½Â�²1�ª§·�5)º·��±N��½8I�ó¥����é�Ü6ý¢5(��5Ä�Ü6Æ6§�ÆÑ��§2020)"Äk§�y7L�6ly¢­.Ä�Ñ5�Ü�8I�ó£ã�,«(½�Û�a.�é�(�§¿�ù«é�(�´y¢­.¥�,«ÊH¢3�¯Ô�Ä�"



VI. ��{üA^µVg/Ü6ýn0�©Û¿Ï/Ü6ýn0�½ÂUì�©�dÄ/ý¢50±9/Ü6ý¢50½Â�²1�ª§·�5)º·��±N��½8I�ó¥����é�Ü6ý¢5(��5Ä�Ü6Æ6§�ÆÑ��§2020)"Äk§�y7L�6ly¢­.Ä�Ñ5�Ü�8I�ó£ã�,«(½�Û�a.�é�(�§¿�ù«é�(�´y¢­.¥�,«ÊH¢3�¯Ô�Ä�"5¿§ù«ï�¯�(l�*¢3¯Ô�Ä�(�L«)Ø´Ü6+�S�¯Ö§´�';�+�g��¯Ö"



VI. ��{üA^µVg/Ü6ýn0�©Û¿Ï/Ü6ýn0�½Â



VI. ��{üA^µVg/Ü6ýn0�©Û¿Ï/Ü6ýn0�½Â1�§3ù
éAX2�¢3¯Ô�Ä�(�¥§£ãù
(���ó��©·K�ý¢5��d�'+��g�ö�â�*¯¢��(½§¿�ù«(½L§ØV�?ÛÜ6
®ÚÜ6�{/ª§ǑÒ´`ù«�½´ÕáuÜ6�¶�´ù
;�5�ÕáuÜ6��â�*¯¢¤(½��©·K�ý¢5�¤±ù
�©�éǑÄ:A^Ü6~�'é�¤�Ü6/ª�ó�EÜ�é�ý¢5�½�Ä:"



VI. ��{üA^µVg/Ü6ýn0�©Û¿Ï/Ü6ýn0�½Â1�§3ù
éAX2�¢3¯Ô�Ä�(�¥§£ãù
(���ó��©·K�ý¢5��d�'+��g�ö�â�*¯¢��(½§¿�ù«(½L§ØV�?ÛÜ6
®ÚÜ6�{/ª§ǑÒ´`ù«�½´ÕáuÜ6�¶�´ù
;�5�ÕáuÜ6��â�*¯¢¤(½��©·K�ý¢5�¤±ù
�©�éǑÄ:A^Ü6~�'é�¤�Ü6/ª�ó�EÜ�é�ý¢5�½�Ä:"ùpÜ6¤j±�Ä�b�´µ¤k�
�©·K�ý¢5(��½��©·K)éAX�*¯¢�¢35¶¤k�
�©·K�Jb5(�Ä½��©·K)éAX�*¯¢��¢35¶Jø�
Ä��½�;�<¬Ñ´¢¯�´Ún��§����½(J´���"



VI. ��{üA^µVg/Ü6ýn0�©Û¿Ï/Ü6ýn0�½Â



VI. ��{üA^µVg/Ü6ýn0�©Û¿Ï/Ü6ýn0�½Â1n§�½���9�X�Ü6~�Ú�©·K�EÜ�é§Ü6��Uì¯k5½�/
þÆ�k'Ü6
®A�XÛ)º�{K3?Û��äNé�(�¥�âT�é¥�ÜÜÜ666///ªªª±9�
3�é¥Ñy��©·K����{{{aaa...½½½ÂÂÂ5(½Ù�÷v5"�é¥�Ü6/ª´�¤�9�Ü6~�±9¤�9��©·K¤3� �Uìk�Ñy�^SÚ(Ü�ª¶�é¥��©·K��{a.½ÂK´�é¥�
�©�éUì^S¤Ñy�S�¶éÜ6~��)ºK´Uì§���5�Ü6¹Â¢yò�÷v5¯K888(((���¤�9��©·K�ý¢�Jb��½(J"



VI. ��{üA^µVg/Ü6ýn0�©Û¿Ï/Ü6ýn0�½Â



VI. ��{üA^µVg/Ü6ýn0�©Û¿Ï/Ü6ýn0�½Â
1o§�½��Ü6EÜ�é§§´Ü6ý¢���=�3?¿��äNé�(��?¿�«T��/�)º¥Ñ´�÷v�"5¿§ù1o^L²/Ü6ý¢50�yI��^aquCFZFC�//
þÆVg©iNX0§ÏǑ/8B{0ØU
Ǒ/Ü6ý¢50�½Jø�æ"



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ6/ª
�Ä��Ü6�Ü6~�µ

¬ → ∨∧ ↔ ∀xi ∃xi ,Ø�Ä�Ò¶éz��C�ÎÒ xi , ò∀xi Ú∃xi ©O�¤��Ü6~�"



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ6/ª
Ü6/ª�î��48½ÂXeµ½Â
(1) [ ] ´��Ü6�½1-/ª; (¬ [ ] ) ´��Ü6Ä½1-/ª;



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ6/ª
Ü6/ª�î��48½ÂXeµ½Â
(1) [ ] ´��Ü6�½1-/ª; (¬ [ ] ) ´��Ü6Ä½1-/ª;

(2) XJσ ��Ü6n-/ª, �o(¬σ) ´��Ü6n-/ª;



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ6/ª
Ü6/ª�î��48½ÂXeµ½Â
(1) [ ] ´��Ü6�½1-/ª; (¬ [ ] ) ´��Ü6Ä½1-/ª;

(2) XJσ ��Ü6n-/ª, �o(¬σ) ´��Ü6n-/ª;

(3) XJσ ��Ü6n-/ª§τ ´��Ü6m-/ª, �o(σ → τ)´��(n +m)-/ª;



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ6/ª
Ü6/ª�î��48½ÂXeµ½Â
(1) [ ] ´��Ü6�½1-/ª; (¬ [ ] ) ´��Ü6Ä½1-/ª;

(2) XJσ ��Ü6n-/ª, �o(¬σ) ´��Ü6n-/ª;

(3) XJσ ��Ü6n-/ª§τ ´��Ü6m-/ª, �o(σ → τ)´��(n +m)-/ª;

(4) XJσ ´��Ü6n-/ª, �o(∀xi σ) ´��Ü6n-/ª;



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ6/ª
½Â (Y)

(5) XJσ ��Ü6n-/ª, �o(∃xi σ) ´��Ü6n-/ª;



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ6/ª
½Â (Y)

(5) XJσ ��Ü6n-/ª, �o(∃xi σ) ´��Ü6n-/ª;

(6) XJσ ´��Ü6n-/ª§τ ��Ü6m-/ª, �o(σ ∨ τ)´��Ü6(n +m)-/ª;



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ6/ª
½Â (Y)

(5) XJσ ��Ü6n-/ª, �o(∃xi σ) ´��Ü6n-/ª;

(6) XJσ ´��Ü6n-/ª§τ ��Ü6m-/ª, �o(σ ∨ τ)´��Ü6(n +m)-/ª;

(7) XJσ ��Ü6n-/ª§τ ��Ü6m-/ª, �o(σ ∧ τ) ´��Ü6(n +m)-/ª;



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ6/ª
½Â (Y)

(5) XJσ ��Ü6n-/ª, �o(∃xi σ) ´��Ü6n-/ª;

(6) XJσ ´��Ü6n-/ª§τ ��Ü6m-/ª, �o(σ ∨ τ)´��Ü6(n +m)-/ª;

(7) XJσ ��Ü6n-/ª§τ ��Ü6m-/ª, �o(σ ∧ τ) ´��Ü6(n +m)-/ª;

(8) XJσ ´��Ü6n-/ª§τ ´��Ü6m-/ª, �o(σ ↔ τ) ´��Ü6(n+m)-/ª"



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ65Æ
y3�¯K´·�TN�3���½�Ü6/ª¥W¿�
�	§ÏǑ�½?Û��Ü6n-/ª§g,k�¡õ«�ÅW¿�ª§�A�¤k�W¿ÑØ´·�¤I��"¯K�½��Ü6n-/ª§Ǒ÷v,«��§^���ÝǑn�L�ªS�5W¿Ù¥��	��(��{�ª½5K´�oº



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ65Æ
�½��Ü6n-/ª§·�`�«W¿Ù¥�	����{{{���ªªªÒ´²(w«l¤k�ÝǑn �L�ªS���m¥J�Ü©L�ªS�����{{{aaa...½½½ÂÂÂ"�½���ÝǑ(n + 1) �L�ªS�§〈ψ0, · · · , ψn〉§�����{{{aaa...½½½ÂÂÂÒ´�«²(ù
^SÑy�L�ª�m�(��d �¤(á�X{�/ª�{'X¶'X§“ψi Úψj” ǑÓ��L�ª, “ψi ´3ψj¥^�τ1, · · · , τm Ü��{��/©OO�ψj�gdC�xk1 , · · · , xkm �(J§��"



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ65Æ½Â�^ÜÜÜ666555ÆÆÆÒ´��÷vXe�Â���²(�½��ì��(���{a.½Â5W¿��(½�Ü6 n-/ª¥��	��{�ªµ



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ65Æ½Â�^ÜÜÜ666555ÆÆÆÒ´��÷vXe�Â���²(�½��ì��(���{a.½Â5W¿��(½�Ü6 n-/ª¥��	��{�ªµéu^?¿��Ü��½�{a.½Â�L�ªS�
〈ψ1, · · · , ψn〉©©©OOO^̂̂SSS///W¿��¯k(½�Ü6 n/ª¥��	��¤���(JL�ªΨ§7,/(3/
þÆá|¤���)¤k��(�¥Uì��Ü6¤5½�)º5KéΨ ?1)º���(JÑǑý¢"



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ65Æ¢~~f (7)Ü6/ªǑ (( [ ] → ( [ ] → [ ] )) → (( [ ] → [ ] ) → ( [ ] → [ ] ))) ¶�{a.½ÂǑ111���!!!ooo!!!888������ÓÓÓ¶¶¶111���!!!ÊÊÊ������ÓÓÓ¶¶¶111nnn!!!ÔÔÔ������ÓÓÓ¶÷v�{a.½Â�L�ªS�/X
〈ϕ1, ϕ2, ϕ3, ϕ1, ϕ2, ϕ1, ϕ3〉¶©O^SW¿¤���(J/X
((ϕ1 → (ϕ2 → ϕ3)) → ((ϕ1 → ϕ2) → (ϕ1 → ϕ3)))¶¤���N�Ǒ

L7 : BDS× BDS× BDS ∋ (ϕ1, ϕ2, ϕ3) 7→
((ϕ1 → (ϕ2 → ϕ3)) → ((ϕ1 → ϕ2) → (ϕ1 → ϕ3))) ∈ BRZ�yL²L7�^Ü65Æ"



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ65Æ¢~
~f (8)Ü6/ªǑ ( [ ] → (( [ ] → [ ] ) → [ ] )) ¶�{a.½ÂǑ


üüü������ÓÓÓ¶¶¶���üüü������ÓÓÓ¶÷v�{a.½Â�L�ªS�/X〈ϕ,ϕ, ψ, ψ〉¶©O^SW¿¤���(J/X(ϕ→ ((ϕ → ψ) → ψ))¶¤���N�Ǒ

L8 : BDS× BDS ∋ (ϕ,ψ) 7→ (ϕ→ ((ϕ → ψ) → ψ)) ∈ BRZ�yL²L8�^Ü65Æ"



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ65Æ¢~
~f (11)Ü6/ªǑ ( [ ] → ((¬ [ ] ) → [ ] ))¶�{a.½ÂǑ


üüü������ÓÓÓ¶÷v�{a.½Â�L�ªS�/X〈ϕ,ϕ, ψ〉¶©O^SW¿¤���(J/X(ϕ→ ((¬ϕ) → ψ))¶¤���N�Ǒ

L11 : BDS× BDS ∋ (ϕ,ψ) 7→ (ϕ→ ((¬ϕ) → ψ)) ∈ BRZ�yL²L11�^Ü65Æ"



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ65Æ¢~½Â-
A1 = {〈ϕ, xj , τ〉 ∈ BDS× BYFH× Xng | KTHn(xj , τ, ϕ)}
A2 = BDS× BDS× BYFH

A3 = {〈ϕ, xj 〉 ∈ BDS× BYFH | (¬(ZiYu(xj , ϕ)))}
A4 = {〈ϕ,ψ, xi , xj〉 | KTHn(xi , xj , ϕ),KTHn(xi , xj , ψ), ϕ(xi ; xj) =
ψ(xi ; xj)}Ù¥BYFH ⊂ Vω ǑC�ÎÒ8Ü¶
Xng ⊂ Vω Ǒ�8Ü¶
KTHn Ǒn�/...3...¥�O�...0¢
¶
ZiYu Ǒ��/...3...¥gd0¢
"



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ65Æ¢~~f (13)Ü6/ªǑ ((∀xi [ ] ) → [ ] ) ¶�{a.½ÂǑ333111������¥¥¥§§§gggdddCCC���xi ���ddd��� τ 555OOO���¶¶¶111������´́́333111������¥¥¥^̂̂���τ OOO���CCC��� xi ���zzz���ggggggdddÑÑÑyyy���(((JJJ¶÷v�{a.½Â�L�ªS�/X〈ϕ,ϕ(xi ; τ)〉¶©O^SW¿¤���(J/X((∀xi ϕ) → ϕ(xi ; τ))¶¤���N�Ǒ
L13 : A1 ∋ (ϕ, xj , τ) 7→ ((∀xj ϕ) → ϕ(xj ; τ)) ∈ BRZ�yL²L13�^Ü65Æ"



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ65Æ¢~~f (14)Ü6/ªǑ ((∀xi ( [ ] → [ ] )) → ((∀xi [ ] ) → (∀xi [ ] ))) ¶�{a.½ÂǑ111���!!!nnn������ÓÓÓ¶¶¶111���!!!ooo������ÓÓÓ¶÷v�{a.½Â�L�ªS�/X〈ϕ,ψ, ϕ, ψ〉¶©O^SW¿¤���(J/X
((∀xi (ϕ→ ψ)) → ((∀xi ϕ) → (∀xi ψ)))¶¤���N�Ǒ

L14 : A2 ∋ (ϕ,ψ, xi ) 7→
((∀xi (ϕ→ ψ)) → ((∀xi ϕ) → (∀xi ψ))) ∈ BRZ�yL²L14�^Ü65Æ"



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ65Æ¢~~f (15)Ü6/ªǑ ( [ ] → (∀xi [ ] )) ¶�{a.½ÂǑ111���!!!���������ÓÓÓ§§§CCC���xi ¿¿¿���111������¥¥¥���gggdddCCC���¶÷v�{a.½Â�L�ªS�/X〈ϕ,ϕ〉¶©O^SW¿¤���(J/X(ϕ→ (∀xi ϕ))¶¤���N�Ǒ
L15 : A3 ∋ (ϕ, xj ) 7→ (ϕ→ (∀xj ϕ)) ∈ BRZ�yL²L15�^Ü65Æ"



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ65Æ¢~~f (16)Ü6/ªǑ ((xi =̂xj) → ( [ ] → [ ] )) ¶�{a.½ÂǑ333üüü���¥¥¥§§§CCC���xi ÑÑÑ���±±±dddCCC���xj ¤¤¤OOO���¶¶¶���333üüü���¥¥¥^̂̂CCC���xj OOO���CCC���xi ������§§§üüü���(((JJJ���ÓÓÓ¶÷v�{a.½Â�L�ªS�/X〈ϕ,ψ〉¶©O^SW¿¤���(J/X((xi=̂xj) → (ϕ→ ψ))¶¤���N�Ǒ
L16 : A4 ∋ 〈ϕ,ψ, xi , xj〉 7→ ((xi =̂xj) → (ϕ→ ψ)) ∈ BRZ�yL²L16�^Ü65Æ"



VI. ��{üA^µVg/Ü6ýn0�©Û/�Øy0�E,5
·�5ww7,ý·K8ÜBRZ ⊂ BDS �E,5"��¡§�âù�8Ü�½Â§§´3÷v'X/ |= 0�þǑΠ1

1(Vω)¶,��¡§A^��5½n§§q´Σ1(Vω)"�ùü«½Â�d�y²uØ�§BRZ �E,5´Σ1(Vω)"^B`�é§duz�^Ü65Æ´Vωþ�48N�§Ù��g,Ǒ´Σ1(Vω)§l
dd
5�/Ü6ý¢50Ǒ´Σ1(Vω)"



VI. ��{üA^µVg/Ü6ýn0�©ÛE,5�¹ÂþãÜ6ý¢5�E,5éu¿Ï/Ü6ýn0�½Â¿�X�oºù«E,5Ýþw�·�3¿Ï/Ü6ýn0�½Â¥§'å/ª�{¿Âe�/�O�505§TT´/´ÊHý¢�0â´����§ÏǑ/ª�{¿Âe�/O�0ö�´�«48ö�"Ïd§q�¿Ø�Ù¿Ï�½Â´Ä�(�Ñ
£ã7,ý·K�8ÜBRZ �AÆ"wå5q�����/¿©^�0§ǑÒ´`§¿Ï½Â�´�Ñ
�ÜÜ6ý¢5���ýfÜ©"�Ñ�½/´ý¢�0ù�L§�E,5§oÑ/ù§¿Ï½Â�E,5´Π1(Vω)"XJ¿Ï½Âý��Ñ
BRZ �AÆ§�où�8ÜB´∆1(Vω)"�ù´Ø�U�§ÏǑBRZ ´Ø��½�"Ó���k�BÊk'Ü6ýn�nØǑ�7v±�«7,ý·K8ÜBRZ ¥��Ü��"



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ65Æ�Ä=
�X��¢~L²·��Ü65Æ�½ÂǑ¿Ï�/Ü6ýn0�½Â�Ñ�«#�)ºµ½Â���é´Ü6ý¢�^�Ǒ§´,�Ü65Æ(�ª)���(�¢~¶
z�^Ü65ÆÑ��d½ÂTÜ65Æ�Ü6/ª!�{a.½Â±9©O^SW¿5K��(½"



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ65Æ�Ä=
þã)º±�«�Ǒî���ª­#Lã¿Ï�/Ü6ý¢53
®O�eØC0�n"3ù«¿Âþù§¿Ï�eã`{´é�µ
“a sentence is logically true if true by virtue purely of its
grammatical structure.”�I�òá�“its grammatical structure”­#)ºǑ
“its grammatical logical constants sequential structure and its
syntactical type of the sequence of sub-formulae”.



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ65Æ�Ä=
Quine stated explicitly that

“I avoid this phrasing, for it suggests that it is language
that makes logical truths true—purely language, and
nothing to do with the nature of the world”
(Quine [1986], p.95).



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ65Æ�Ä=
Quine stated explicitly that

“I avoid this phrasing, for it suggests that it is language
that makes logical truths true—purely language, and
nothing to do with the nature of the world”
(Quine [1986], p.95).

Yes, or no.



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ65Æ�Ä=��¡§3·�(½§�ý´Ü65Æ��§��(Ò´���¶,��¡§Xd(½�'�Ò3uÜ65Æ���´/ÊHý¢0�±9ù«/ÊHý¢50��y�9��8Ié��Æ"3?Û��v
2��8Ié��ÆS§3��(��yL§�(�
§��ÊHý¢�éý�ÏǑ§�Ü6/ª��{a.½Â±9©O^SW¿5K
gÄÊHý¢"==3���(��ØyL§�(�·�â��§�Ü6/ª!�{a.½Â±9©O^SW¿5K�(�Ó(�§�?Û��¢~Ñ´3��8Ié��ÆǑÊHý¢"�+��®��Ü6ý¢��éÕáu§�8I
®§�´
“it is the business of science not to create laws, but to
discover them(G. Boole [1854/1958] p.11).”



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ65Æ�Ä=
l/��0�/��0´��uy��y�L§¶Ǒd§ØUØk��&¢�8Ié�±9�
�'é��©ý¢¯¢"Ïd§¤õ�uy±9O���y�«Ü6ý¢5Ò��â8I�ó�
®5L«y¢­.�¢38Ié��ÄÄÄ������...���'§Ïd§ÊHý¢5��yÒ�y¢­.���'"ØA�rN���¯�Õá5��¡§
�Ñù«Õá57Ld����y5�æù�¡"



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ65Æ�Ä=ù�§vk7�£;�«`{§ÏǑ�«`{�9ü�Ü©µ�{(�Ü©Úäóý¢Ü©¶�ØL§�Ø´¡�ú¯§�´`ÑgC§ÑI�²(ÙÜ6ý¢5´3O��Øy���(J"TT´ù1�Ü©|±¿Ïék�BÊ�/Ü6ý¢5�ónØ0¤e�(Øµ
Carnap’s Linguistic Theory of logical truth is “less to it than meets
the eye”"ÏǑ3k�BÊ�nØ¥§��únz�C�{KI�I�§�Ǒ�o��±9Ǒ�o3í�L§¥�&�℄Ô§
ØU=={ü/\¡§���±9�&"



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ65Æ�Ä=
nþ¤ã§3·w5§Ü6ýn�Ä=do«�áéÜJøµÜ6/ª§ǑÒ´Ü6~��^S(Ü�^�ª¶



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ65Æ�Ä=
nþ¤ã§3·w5§Ü6ýn�Ä=do«�áéÜJøµÜ6/ª§ǑÒ´Ü6~��^S(Ü�^�ª¶�Ü6/ª����fL�ªS���{a.½Â¶



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ65Æ�Ä=
nþ¤ã§3·w5§Ü6ýn�Ä=do«�áéÜJøµÜ6/ª§ǑÒ´Ü6~��^S(Ü�^�ª¶�Ü6/ª����fL�ªS���{a.½Â¶8I�ó¤£ã�¢38Ié��Ä��.¶



VI. ��{üA^µVg/Ü6ýn0�©ÛÜ65Æ�Ä=
nþ¤ã§3·w5§Ü6ýn�Ä=do«�áéÜJøµÜ6/ª§ǑÒ´Ü6~��^S(Ü�^�ª¶�Ü6/ª����fL�ªS���{a.½Â¶8I�ó¤£ã�¢38Ié��Ä��.¶3Ä��.¥8I�ó�é�)º±9/
þÆ¿Âþ�ý¢5½Jb5½Â±9dd
5�Ü6ý¢5Øy"



���


