
Einführung in Wissensbasierte Systeme 2012S, 3.0 VU, 184.737
Exercise Sheet 1 - Logic

The TUWEL course will be available as soon as the group registration will be closed. You have
to tick the prepared exercises in TUWEL at the latest before Friday, April 13 2012, 13:00 CET.
(AUFGABE Ankreuzen 1. Übungsblatt)

Exercise 1 (2 pts):
Check using semantics whether the following statements hold.

1. ¬p ∨ q |= q → (p→ ¬q)
2. p ∧ q |= (p ∨ q)→ q
3. P (c)→ ∀x(Q(x) ∨R(x)) ∧ ∀x(Q(x)→ P (a)) |= (P (c) ∧ ¬R(b))→ P (a)

where a, b, and c are constant symbols.

Exercise 2 (1 pt):
Give a semantic proof for the contradiction theorem:

W ∪ {φ} is unsatisfiable iff W |= ¬φ .

Exercise 3 (2 pts):
Prove the Equivalent Replacement Lemma:

Let I be an interpretation and let I |= ψ1 ↔ ψ2 hold. Then I |= φ[ψ1]↔ φ[ψ2] .

Exercise 4 (3 pts):
Prove the Equivalent Replacement Theorem:

Let φ, ψ1, and ψ2 be formulas of propositional logic. If ψ1 ≡ ψ2, then φ[ψ1] ≡ φ[ψ2] .

Hint:
The logical complexity of a formula is defined as follows: If ψ ∈ BV or ψ is> or⊥ then lcomp(ψ) =
0. If ψ is of the form ¬ψ1, then lcomp(ψ) = lcomp(ψ1) + 1. If ψ is of the form ψ1 ◦ ψ2 (for ◦ ∈
{∨,∧,→,↔}), then lcomp(ψ) = lcomp(ψ1) + lcomp(ψ2) + 1.

Show the theorem by induction on f(φ, ψ1) = lcomp(φ)− lcomp(ψ1) for all formulas φ containing
at least one occurrence of a subformula ψ1.

Exercise 5 (2 pts):
Let φ be the knowledge base ∀x(Pet(x) → Cat(x) ∨ Dog(x)) ∧ ∀x(Cat(x) → Cute(x)) and ψ be
the query (Pet(c) ∧ ¬Dog(c))→ Cute(c), and let c be a constant symbol.
(a) Decide using semantics whether the query ψ follows from knowledge base φ.
(b) Use TC1 to check whether the query ψ follows from knowledge base φ.


