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(a) ((P ∧Q) ↔ P ) ↔ (P ↔ Q) is satisfiable
=n P Q (P ∧Q) ((P ∧Q) ↔ P ) (P ↔ Q) (a)
=1 F F F T T T
=2 F T F T F F
=3 T F F F F T
=4 T T T T T T

simplify: (Q → P )

(b) ((P → Q) ∨ (R → S)) → ((P ∨R) → (Q ∨ S)) is satisfiable
=n P Q R S (P → Q) (R → S) (P ∨R) (Q ∨ S)
=1 F F F F T T F F
=2 F F F T T T F T
=3 F F T F T F T F
=4 F F T T T T T T
=5 F T F F T T F T
=6 F T F T T T F T
=7 F T T F T F T T
=8 F T T T T T T T
=9 T F F F F T T F
=10 T F F T F T T T
=11 T F T F F F T F
=12 T F T T F T T T
=13 T T F F T T T T
=14 T T F T T T T T
=15 T T T F T F T T
=16 T T T T T T T T
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=n ((P → Q) ∨ (R → S)) ((P ∨R) → (Q ∨ S)) (b)
=1 T T T
=2 T T T
=3 T F F
=4 T T T
=5 T T T
=6 T T T
=7 T T T
=8 T T T
=9 T F F
=10 T T T
=11 F F T
=12 T T T
=13 T T T
=14 T T T
=15 T T T
=16 T T T
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((P ∧R) → Q) ∧ ((P ∧ (¬R)) → Q) Given
((¬(P ∧R)) ∨Q) ∧ ((¬(P ∧ (¬R))) ∨Q) E12 (twice)
((¬P ) ∨ (¬R) ∨Q) ∧ ((¬P ) ∧ (¬(¬R)) ∧Q) E8
((¬P ) ∨ (¬R) ∨Q) ∧ ((¬P ) ∧R ∧Q) E11
((¬P ) ∨Q ∨ (¬R)) ∧ ((¬P ) ∧Q ∧R) E3
((¬P ) ∨Q) ∨ ((¬R) ∧R) E10
((¬P ) ∨Q) ∨ (R ∧ ((¬R)) E4
((¬P ) ∨Q) ∨ 0 E22
(¬P ) ∨Q E19
P → Q E12
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1 (P ∧Q) → R H1
2 (¬Q) → (¬S) H2
3 ¬(P ∧Q) ∨R E12, 1
4 ((¬P ) ∨ (¬Q)) ∨R E8, 3
5 ((¬P ) ∨R) ∨ (¬Q) E3, 4
6 ((¬P ) ∨R) ∨ (¬S) H2, 5
7 (R ∨ (¬S)) ∨ (¬P ) E3, 6
8 ((¬R) ∧ S) → (¬P ) E12, 7
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(a)

H1: (F ∨A) → M
H2: M → P
H3: ¬P
C: ¬A

(b)

1 (M → P ) H2
2 ¬P H3
3 ¬M I6, 2 and 1
4 ¬(F ∨A) I6, 3 and H1
5 (¬F ) ∧ (¬A) E7, 4
6 ¬A E4,I4, 5
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1 (∃x(p(x) ∧ ¬r(x))) H1
2 ∃x(¬r(x)) E4, I4, 1
3 ¬∀xr(x) E24, 2
4 ∃xp(x) I4, 1
5 ∀xr(x), I5, H2, 4
6 (∀xr(x)) ∧ (¬(∀xr(x))) 3 and 5
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(a)

H1: ∀x(S(x) → T (x))
H2: ∀x(T (x) → C(x))
H3: ¬C(Sam)
C: ¬∀xS(x)

(b)
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1 ∀x(S(x) → T (x)) H1
2 ∀x(T (x) → C(x)) H2
3 ∀x((S(x) → T (x)) ∧ (T (x) → C(x)) E26, 1 and 2
4 ∀x(S(x) → C(x)) I8, 3
5 S(Sam) → C(Sam) I16, 4
6 ¬S(Sam) I6, 5
7 ∃x(¬S(x)) I17, 6
8 ¬∀xS(x) E24, 7
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(a) is satisfiable (valid).
p(x) : x is divisible by 4
q(x): x is even number
∀x(p(x) → q(x)) is true.
∀xp(x) is false, and ∀xq(x) is false; so ∀xp(x) → ∀xq(x) is true.
Thus, the statment is true in this example.

p(x) : x is even number
q(x) : x is divisible by 4
∀x(p(x) → q(x)) is false.
Thus, the statment is true in this example.

(b) is satisfiable.
p(x) : x is divisible by 4
q(x): x is even number
∀xp(x) is false, and ∀xq(x) is false; so ∀xp(x) → ∀xq(x) is true.
∀x(p(x) → q(x)) is true.
Thus, the statment is true in this example.

p(x) : x is even number
q(x) : x is divisible by 4
∀xp(x) is false, and ∀xq(x) is false; so ∀xp(x) → ∀xq(x) is true.
∀x(p(x) → q(x)) is false.
Thus, the statment is false in this example.
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