LIACS Examination Logic
Leiden University 19 December 2016, 10:00 - 13:00

1. [0,5 point] Show that pv g, =pv-g =g — -p using a truth table.

2. [1,5 points] Give a proof by means of natural deduction of the following sequents:
Q) p—q~-pvy(
b) (p—nNv@—->nNkE{PEaq—r
) p—>Pp—-pHL

3. [1,5 points] Use mathematical induction to prove that 1 + 2%+ ... + 2" = 2" 3 for all integers
n>3.

4. [1,5 points] Find which of the following formula is valid by computing the conjunctive normal
form. Explain your answer.
a) (pA-0)v(pAQ).
b) =(p A =q) A (Qvp) .
) (P—a)vp)A(pva(raarag)).

5. [1,5 points] Apply the marking algorithm to check if the following Horn formulas are
satisfiable:
a) (T->gAlPrag)—nNA@—p).
b) M—=pAr(Prg)—=NAP—-aA(rAp)—0).
) M=prP—-DA((PArd—>NA@—>L)A(T—T).

6. [2 points] Show the validity by means of natural deduction of the following sequents:
a) VXP(X) —P(a) - P(b).
b) a=b A -P(ab) F—=VXxP(xX).
C) FVYXVy(x=Xx vx=Y).
d) —=3Ix=(x=x).

7. [1,5 points] Consider the predicate formula vx3y (P(x,y) — f(x,c) = y), where c is a constant,
P is a binary predicate and f is a binary function. Find a model which makes the formula true.

The final score is given by the sum of the points obtained.



