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1 Formalisation

1.1 Natural language statements

Formalise the following natural-language sentences in a suitable propositional lan-
guages.

e To sneeze or not to sneeze, that yields the question. (Careful with “that”.)

pV-p—q

e [t is sufficient to be a bird in order to fly.

BIRD — FLY

e [t is necessary to be a bird in order to fly.

FLY — BIRD

e [t is necessary and sufficient to be a bird in order to fly.

BIRD < FLY

o [fx+y=2thenz=2-—y.
p—q

e [f Ttaly is close to France and France is close to the Netherlands, then Italy
is close to the Netherlands.
pAqg—T

o [f Italy is close to France and if France is close to the Netherlands, then Italy
is close to the Netherlands.
pAGg—T
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Figure 1: Parsing Trees.

1.2 Asimovland

Consider the following situation.

The satellite of Asimovland is inhabited by exactly two robots, Al and
Bob. The robots are subject to the following laws:

1. a robot protects the other robot if and only if the former robot
does not harm the latter one (hint: careful with “a robot”);

2. it is necessary that Al protects itself for Bob to harm Al;

3. it is sufficient that Bob protects itself for Al to harm itself;

4. Bob does not protect Al.

Formalise the laws in a propositional language, by first rewriting them into state-
ments with only “if-then”, “and”, “or”, “it is not the case that”.

2 Subformulae (Homework)

Consider the trees in Fig. 1Parsing Treesfigure.1. For each of them, list the sub-
formulae of the associated formula.

Answer. For (a), we obtain the following set of subformulae (including the en-
tire formula):

{p,—p, T, pVT,p—=-pVT}
For (b):

{p,—p,pV —p,—p = pV -p}
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For (c):
{p,q,—q¢,~qVp,pV (—qVp}

3 Truth tables

3.1 Formulae

Build the truth tables of the following formulae:

L (=(=p));
(p A (g A—p));

2.
3. (p—q) = (g — —q)).

3.2 Chemical reactions (Homework)

Under certain conditions, the following chemical reactions are possible:

HCl+ NaOH — NaCl+ H,0,
C+ O, — COay,
COQ +H20 — HQCOg.

Formalise the above set of chemical reactions in a suitable propositional language.
Then, using truth tables, check whether the set augmented with the negation of
the propositional formula for HoC'Oj is satisfiable.

4 Validity and Satisfiability of a Formula

4.1 Semantic Argument

e Find an interpretation and a formula such that the formula is true under that
interpretation (or: the interpretation satisfies the formula; the interpretation
is a model for the formula).

e Find an interpretation and a formula such that the formula is not true under
that interpretation (or: the interpretation does not satisfy the formula; the
interpretation is a counter-model for the formula)).

e Find a formula that cannot be true under any interpretation (or: no inter-
pretation can satisfy the formula).
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4.2 Semantic Arguments or Truth Tables

Consider the following problems.

e Which of the following formulae is a tautology (true under all interpretations
for its atoms)?

e Which is (only) satisfiable (true under at least one interpretation for its
atoms)?

e Which is falsifiable (false under at least one interpretation for its atoms)?

e Which is unsatisfiable (false under all interpretations for its atoms)?

Decide on them by means of a semantic argument, that is, arguing about the
definition of interpretation of a formula, or by means of truth tables.

L p—=p;

2. p— (¢ = p);
3. —p = p;

4. =p < p;

5 (p—q) < (-pVa).



