Assignment 1 (Propositional Logic) (10 points)

Let IT be a set of propositional variables, let F' and G be II-formulas. Prove
that the following two statements are equivalent:

1) F = G.

(2) For every Il-formula H, if F AG = H then F |= H.

Assignment 2 (Ordered Resolution) (12 + 4 = 16 points)

Let ¥ = ({f/1, g/1, b/0, ¢/0}, {P/2, Q/2, R/2}); let N be the following set
of clauses over X:

P(z, f(x)) vV P(g(c),y) vV =Q(b,e) vV =Q(y,y) (1)
Q(z,9(2)) V ~P(2,2) (2)

R(z,y) vV =P(f(y),z) vV =P(g(c),y) (3)
Q(z,2) (4)

Part (a) Suppose that the atom ordering > is a lexicographic path ordering
with the precedence P > Q@ > R > f > g > b > ¢ and that the selection
function sel selects no literals. Compute all Res:el inferences between the
clauses (1)—(4). (Do not compute inferences between derived clauses. Do not
compute any inferences that violate the restrictions of the calculus.)

Part (b) If the selection function sel is defined appropriately, the set N is
saturated under Res,, (with > as in Part (a)). Which literals have to be
selected?

Assignment 3 (Constructing an Interpretation) (7 + 7 = 14 points)

Let ¥ = (,1II) be a signature with Q@ = {f/1, b/0} and II = {P/1, Q/1}.
Suppose that the atom ordering > is a Knuth-Bendix ordering with weight 1
for all predicate symbols, function symbols, and variables, and with the prece-
dence P > @ > f > b. Let N be the set {C1, Ca}.

C1 = —Qy)Vv P(y)
Cy = Q(z) VQ(f())

Part (a) Sketch how the set G (V) of all ground instances of clauses in N
looks like. How is it ordered with respect to the clause ordering »~g?

Part (b) Construct the candidate interpretation IEZ(N) of the set of all

ground instances of clauses in N. Which clauses in Gx;(IV) are productive and
what do they produce?



Assignment 4 (First-order Logic) (12 points)

Let X be a first-order signature, let N and M be sets of (universally quantified)
Y-clauses. Prove or refute: If N |= M, then Gx(N) = Gs(M).

Assignment 5 (Equational Logic) (12 points)

Let ¥ = (2,0) be a first-order signature with Q = {f/1, b/0, ¢/0}. Let E be
the set of 3-equations

{va (f(f(x)) = z), f(b) ~c},

let X = {x,y,z} be a set of variables. For any ¢t € Tx(X) let [t| denote the
congruence class of t w.r.t. E. Let T = Tx(X)/E and let §: X — Uy be the
assignment that maps every variable to [¢]. Decide for each of the following
statements whether they are true or false:

(1) [d is a finite set of X-terms.
(2) [f(c)] is a set of ground S-terms.

(3) {c, f(b)} is a congruence class w.r.t. .
(4) The universe of 7 has 8 elements.
(5) fr(ic)) = [B].

(6) T(B)(y) = [yl

(7) [yIN[z] # 0.

(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 (Knuth-Bendiz Completion) (12 + 4 = 16 points)
Let E be the following set of equations over ¥ = ({f/1, g/1, b/0, ¢/0},0).

g(f(x)) =z (1)
9(g(f(f()) = fg())  (2)

Part (a) Apply the Knuth-Bendix completion procedure to E and transform
it into a finite convergent term rewrite system; use a Knuth-Bendix ordering
with weight 1 for all function symbols and variables and the precedence f >
g > b > c. Start by orienting the first equation and use a reasonable strategy.

Part (b) Is the set E U {g(b) # b} satisfiable? Give a brief explanation.



