
Assignment 1 (Propositional Logic) (7 + 7 = 14 points)

Let Π be a set of propositional variables; let N be a set of Π-clauses; let C be
a Π-clause.

Part (a) Prove or refute: If every clause in N has at least one positive and
at least one negative literal, and if C is non-empty, then N ∪{C} is satisfiable.

Part (b) Prove or refute: If every clause in N has at least two positive literals
or at least two negative literals, then N is satisfiable.

Assignment 2 (CNF Transformation) (14 points)

Transform the first-order formula

F = ∃w ∀x∀y ∃z
(

¬R(w, x, y, z) →
(

P (x,w) ∧Q(x, z)
)

)

into clause normal form using the improved algorithm from Section 3.7. (There
are no subformulas in F for which one should introduce a definition.)

Assignment 3 (Ordered Resolution) (14 points)

Let Σ = (Ω,Π) with Ω = {c/0, d/0} and Π = {P/1, Q/1} be a first-order
signature. Use the Ordered Resolution calculus to show that the Σ-formula G
is valid:

G =
(

¬P (c) ∧Q(c)
)

∨
(

P (c) ∧Q(d)
)

∨ ∃y ¬Q(y)

Do not select any literals and use a lexicographic path ordering with precedence
P > Q > c > d as atom ordering. Do not perform inference steps that
violate the restrictions of the Ordered Resolution calculus. You need some
preprocessing; document your preprocessing steps briefly.
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Assignment 4 (Unification) (10 points)

Let E = {s1
.
= t1, . . . , sn

.
= tn} be a multiset of equality problems. Let σ be a

substitution. Prove that the following two properties are equivalent:

(1) σ is an idempotent most general unifier of E.

(2) σ is a unifier of E and τ ◦ σ = τ for every unifier τ of E.

Assignment 5 (Term Orderings) (7 + 7 = 14 points)

Let Σ = ({f/2, g/2, c/0}, ∅) and let

t1 = f(x, g(x, y)),

t2 = g(f(x, y), y),

t3 = f(y, x),

t4 = g(y, c).

Part (a) Determine for each 1 ≤ i < j ≤ 4 whether ti and tj are un-
comparable or comparable (and if so, which term is larger) with respect to a
lexicographic path ordering with precedence f > g > c.

Part (b) Determine for each 1 ≤ i < j ≤ 4 whether ti and tj are un-
comparable or comparable (and if so, which term is larger) with respect to a
Knuth-Bendix-ordering with precedence f > g > c, where all symbols have
weight 1.

Assignment 6 (Critical Pairs) (14 points)

Let Σ = ({f/2, g/1, h/2, b/0, c/0}, ∅). Let R be the following set of rewrite
rules over Σ.

f(x, f(b, y))→ h(x, y) (1)

f(z, g(z)) → z (2)

g(g(b)) → c (3)

Determine all (non-trivial) critical pairs between the three rules.
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