
Assignment 1 (CDCL) (12 + 6 = 18 points)

Let N be the following set of propositional clauses:

¬P ∨ T ∨ U (1)

¬P ∨ R ∨ ¬S ∨ U (2)

P ∨ ¬Q ∨ R (3)

Q ∨ ¬R (4)

¬S ∨ ¬V (5)

¬T ∨ ¬U (6)

S ∨ ¬T ∨ ¬V (7)

T ∨ ¬U (8)

Q ∨ T ∨ ¬V (9)

P ∨ U ∨ V (10)

Part (a) Use the CDCL procedure to check whether N is satisfiable or not;
if it is satisfiable, give a total model.

Part (b) Use the CDCL procedure to prove that N |= S ∨ T ∨ U ∨ V .

For both parts use a reasonable strategy. If you use the Decide rule, use
the largest undefined negative literal according to the ordering ¬P > ¬Q >
¬R > ¬S > ¬T > ¬U > ¬V . If you use the Backjump rule, determine a
suitable backjump clause using the 1UIP method and use the best possible
successor state for that backjump clause.

Assignment 2 (Propositional Logic) (10 + 6 = 16 points)

Let Π be a set of propositional variables; let Q be a propositional variable in
Π; let G be a Π-formula. For every Π-formula F let F{Q 7→ G} be the formula
that one obtains by replacing every occurrence of Q in F by G.

Part (a) Prove: If F is a valid formula, then F{Q 7→ G} is also valid.
It is sufficient if you consider propositional variables, disjunctions H ∨H ′, and
negations ¬H; the other cases are handled analogously.

Part (b) Prove or refute: If F{Q 7→ G} is a valid formula, then F is also
valid.

Assignment 3 (RAT Elimination) (10 points)

What is the smallest propositional clause set (that is, the clause set with the
smallest number of clauses and the smallest number of literals) where RAT
elimination is applicable and where the resulting clause set is not equivalent to
the original one but only equisatisfiable? Explain briefly why RAT elimination
is applicable and why the clause sets are not equivalent.
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Assignment 4 (First-order Logic) (8 + 8 = 16 points)

Let Σ = (Ω,Π) be a signature, let A be a Σ-algebra, let β be an assignment.
Let s and t be Σ-terms, let B be an atomic formula, let p > ε be a position
in B.

Part (a) Prove: If A, β |= s ≈ t, then A, β |= B[s]p implies A, β |= B[t]p.

Part (b) The more general statement “if F is a Σ-formula and s occurs at the
position p in F , and if A, β |= s ≈ t, then A, β |= F [s]p implies A, β |= F [t]p”
does not hold. Why not? What can go wrong? Give a short explanation.

Assignment 5 (First-order Logic) (12 points)

Let Σ = (Ω,Π) be a signature with Ω = {f/1, c/0} and Π = {P/1}; let A be
a Σ-algebra with UA = N, cA = 1, fA(n) = n+2, and PA = {n ∈ N | n ≥ 3 }.
Let β be an assignment with β(x) = 0 and β(y) = 3. Decide for each of the
following statements whether it is true or false:

(1) A, β |= P (f(x)).

(2) A |= P (f(y)).

(3) A |= P (f(f(x))).

(4) Every element of UA is term-generated.

(5) There is no Σ-algebra with the universe {3}.

(6) The Σ-formula ¬P (c)∧∀xP (f(x)) has a model with the universe {4, 5}.

(7) The formulas P (c) and ∀xP (x) are equisatisfiable.

(Note on grading: A yes/no answer is sufficient; you do not have to give an
explanation. However, you need at least four correct answers to get any points
for this assignment. Missing answers count like false answers.)

Assignment 6 (Multisets) (8 points)

Give all strict total orderings ≻ over {a, b, c, d, e} such that the following prop-
erties hold simultaneously:

(1) {b, c} ≻mul {a, a}

(2) {a, a} ≻mul {a, b, b}

(3) {b, b, c} ≻mul {c, d, e}
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