Propositional logic - lab exercises
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1 Equivalence

Show that two formulas F' and G are semantically equivalent (F = G) iff F — G
is a tautology.

2

Connectives

e Prove that {—, A} is a functionally complete set of logical connectives.

e Show what other smallest sets of connectives, among those we have seen

for propositional logic, are functionally complete and prove also that none
of their proper subsets is functionally complete.

e Can you define another boolean connective that, alone, is functionally

complete?

3 Normal forms

Transform the following propositional formulas into CNF:

(a)
(b)

()

(aNb)V(eAnd)V(eNf)

[Use the result from (a) and immediately predict how many conjuncts
there will be in the resulting CNF formula] (a Ab)V (cAd)V (eAf)V (gAh)

[Be smart and look at the structure of the formula - the CNF is much
simpler] dog_barks A grass_wet A —sprinkler_on A\ —stormV

dog_barks N grass_wet N\ =sprinkler_on A rainV

dog_barks N\ grass_wet N\ grass_wet A\ -stormV

dog_barks N grass_wet A grass_wet A rainV

dog_barks N\ —rained_last_night A —sprinkler_on A —stormV

dog_barks N\ —rained_last_night N\ =sprinkler_on A rainV

dog_barks N\ —rained_last_night A grass_wet A\ —~stormV

dog_barks N\ —rained_last_night A\ grass_wet A rain



4 Definite programs

Check that the CNF formula you obtained above in point (c) is a definite pro-
gram, write it in clausal form, and conclude whether grass_wet holds by looking
at its least model.

5 Natural deduction

Carry out these proofs with natural deduction, indicating what rules you use at
each step:

(a) 0 = —=(PA-P)

(b) (=P} + P — Q



