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1. |^Table 1¥�ý�L§©O¦Ñ·KAÚB�ÌÛ��ªÚÌÜ��ª§¿©O±Î
ÒmÚM5L«"

Table 1: ·Ký�L
P Q A B
F F T T
F T T F
T F T F
T T F T

Solution. 1

(a) �Ak'�µ

• ÌÛ��ªµ(¬P ∧ ¬Q) ∨ (¬P ∧Q) ∨ (P ∧ ¬Q) = m00 ∨m01 ∨m10

• ÌÜ��ªµ¬P ∨ ¬Q = M11

(b) �Bk'�µ

• ÌÛ��ªµ(¬P ∧ ¬Q) ∨ (P ∧Q) = m00 ∨m11

• ÌÜ��ªµ(P ∨ ¬Q) ∧ (¬P ∨Q) = M01 ∧M10

2. �Ñe�úª�Ü��ª!Û��ª!ÌÜ��ªÚÌÛ��ªµ

(a) (P ∧Q) ∨ (¬P ∧Q ∧R)

(b) P ↔ (Q→ (Q→ P ))

Solution. 2

(a) (P ∧Q) ∨ (¬P ∧Q ∧R)

• Ü��ªµ(¬P ∨Q) ∧ (Q ∨ P ) ∧Q ∧ (R ∨ P ) ∧ (R ∨Q)
z{�µQ ∧ (P ∨R) ∧ (Q ∨R)

• Û��ªµ(P ∧Q) ∨ (¬P ∧Q ∧R)

• ÌÜ��ªµ
i. Q = Q ∨ (¬P ∧ P ) ∨ (¬R ∧R)

= (Q ∨ ¬P ) ∧ (Q ∨ P ) ∨ (¬R ∧R)
= (((Q ∨ ¬P ) ∧ (Q ∨ P )) ∨ ¬R) ∧ (((Q ∨ ¬P ) ∧ (Q ∨ P )) ∨R)
= (Q ∨ ¬P ∨ ¬R) ∧ (Q ∨ P ∨ ¬R) ∧ (Q ∨ ¬P ∨R) ∧ (Q ∨ P ∨R)

ii. P ∨R = (P ∨R) ∨ (¬Q ∧Q)
= (P ∨R ∨ ¬Q) ∧ (P ∨R ∨Q)
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iii. Q ∨R = (Q ∨R) ∨ (¬P ∧ P )
= (Q ∨R ∨ ¬P ) ∧ (Q ∨R ∨ P )

iv. ���Ó��§u´
(P ∧Q) ∨ (¬P ∧Q ∧R)
= (¬P ∨Q∨¬R)∧ (P ∨Q∨¬R)∧ (¬P ∨Q∨R)∧ (P ∨Q∨R)∧ (P ∨¬Q∨R)

• ÌÛ��ªµ
i. P ∧Q = (P ∧Q) ∧ (¬R ∨R)

= (P ∧Q ∧ ¬R) ∨ (P ∧Q ∧R)

ii. ���Ó��§u´
(P ∧Q) ∨ (¬P ∧Q ∧R)
= (P ∧Q ∧ ¬R) ∨ (P ∧Q ∧R) ∨ (¬P ∧Q ∧R)

(b) P ↔ (Q→ (Q→ P ))

• Ü��ªµ
i. �â��úª§k

P ↔ (Q→ (Q→ P ))
= P ↔ (Q→ (¬Q ∨ P ))
= P ↔ (¬Q ∨ (¬Q ∨ P )
= P ↔ (¬Q ∨ P )
= (P ∨ ¬(¬Q ∨ P )) ∧ (¬P ∨ (¬Q ∨ P ))
= (P ∨ (¬¬Q ∧ ¬P )) ∧ (¬P ∨ P ∨ ¬Q)
= (P ∨Q) ∧ (P ∨ ¬P ) ∧ (¬P ∨ P ∨ ¬Q)

ii. z{�
P ↔ (Q→ (Q→ P ))
= P ∨Q

• Û��ªµ
i. �â��úª§k

P ↔ (Q→ (Q→ P ))
= P ↔ (Q→ (¬Q ∨ P ))
= P ↔ (¬Q ∨ (¬Q ∨ P )
= P ↔ (¬Q ∨ P )
= (P ∧ (¬Q ∨ P )) ∨ (¬P ∧ ¬(¬Q ∨ P ))
= (P ∧ ¬Q) ∨ (P ∧ P ) ∨ (¬P ∧ (¬¬Q ∧ ¬P ))
= (P ∧ ¬Q) ∨ (P ∧ P ) ∨ (¬P ∧ ¬P ∧Q)

ii. z{�
P ↔ (Q→ (Q→ P ))
= (P ∧ ¬Q) ∨ P ∨ (¬P ∧Q)

• ÌÜ��ªµ
P ↔ (Q→ (Q→ P ))
= P ∨Q

• ÌÛ��ªµ
i. P = P ∧ (¬Q ∨Q)

= (P ∧ ¬Q) ∨ (P ∧Q)

ii. ���Ó��§u´
P ↔ (Q→ (Q→ P ))
= (P ∧ ¬Q) ∨ (P ∧Q) ∨ (¬P ∧Q)
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3. ¦^ín5Ky²µ

(a) P → (Q→ S)§¬R ∨ P§Q ` R→ S

(b) ¬(P → Q)→ ¬(R ∨ S)§(Q→ P ) ∨ ¬R§R ` P ↔ Q

Solution. 3

(a) y²L§Xeµ

i. ¬R ∨ P cJÚ\

ii. R→ P ��úª

iii. P → (Q→ S) cJÚ\

iv. R→ (Q→ S) £ii¤£iii¤nãØ

v. ¬R ∨ ¬Q ∨ S ��úª

vi. Q cJÚ\

vii. ¬R ∨ S £v¤£vi¤©l

viii. R→ S ��úª

(b) y²L§Xeµ

i. R cJÚ\

ii. (Q→ P ) ∨ ¬R cJÚ\

iii. Q→ P £i¤£ii¤©l

iv. R cJÚ\

v. R ∨ S £I3¤úª

vi. ¬(P → Q)→ ¬(R ∨ S) cJÚ\

vii. P → Q b(ØcJ7b

viii. Q→ P £iii¤(ØÚ^

ix. P ↔ Q £I14¤úª
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