Tutorial 6 Solutions

Truth Tables

Construct the truth table for each of the following expressions.

i) (pA=g) A (=pVq)

p p q =¢ pA—qg —pVqg (pPA-g)A(—pVa)
0 1 0 1 0 1 0
01 1 0 0 1 0
1 0 0 1 1 0 0
1 0 1 0 0 1 0

This proposition is a contradiction. It can easily be seen from a venn Diagram which
shows that the proposition asks for the intersection of two disjoint sets.

(ii) pV—=(-p —q)

p p qg p—q ~(-p—q) pV-(-p—q) qg—p
01 0 0 1 1 1
0 1 1 1 0 0 0
1 0 0 1 0 1 1
1 0 1 1 0 1 1

The table shows that the simplest form of the proposition is ¢ — p.

(iit) (p — @) A=q) — —p

p v g ~q¢ p—=qg P=9A=q (p—=aANq —p
01 0 1 1 1 1
01 1 0 1 0 1
1 0 0 1 0 0 1
1 01 0 1 0 1

This is a tautology. it is easily interpreted because it says ”if p implies ¢ and it is not ¢,
then it cannot be p” — which is true no matter what p and ¢ are. A Venn Diagram will
show that the entire region is covered.

Logical expressions and Reductions

(a) p = Peter enjoys the show
r = Rebecca enjoys the show
q = Peter enjoys the show or neither of them do.

(i) write an algebraic expression, q.

q = pV-a(pVvr)



(i)

(iii)

(iv)

Draw diagram with logic gates to describe the situation.

r

Make a table of all possible combinations of values for p and r and use your algebraic
expression to calculate the corresponding values for q.

p_r pVr —~(pVr) ¢ —p —pAr m
00 0 1 1 1 0 1
01 1 o 01 1 0
10 1 o 1.0 o0 1
11 1 o 1.0 0 1

Express the proposition that it is not true that Peter will not enjoy a show when
Rebecca does in terms of the propositional functions and check the values of this
expression (m) for all possible values of (p,r).

m = =(-pAr)

Compare the values of ¢ and m.

Truth values for ¢ and m are shown in the table above and they are obviously
equivalent propositions and are also equivalent to » — p. This can be seen from an
application of the de Morgan laws to the two expressions.

¢ = pV-o(pVvr)
= pV(pA-T) P
= (eV-p)AlpV-r)
= tA(pV ) R
= pVvV-r = r—p

= —(-pAr) = m



(b) Simplify the following expressions. Draw logic circuit for both the original and final

expressions.

1) ((pAr)V(gAT) = (P ——q) = (V@) AT) = (—pV —q)
= ~(pvgAr)v (ﬁpVﬁQ) = ~(pVqgV-rVva(phg)
= ~(pvaApAg)V-r = =((pAqg)V
= =(pAgAT)

(i) p—=(g—r)=(pAhg —r
The result of an equivalence test is either true or false.

p—(qg—r) = pV(-qVr)
(pANqg)—=r = ~(pAgQ)Vr = ~pV—qVr

Consequently [p — (¢ —7r) < (pAq) = 1] =t

(iii)) ~(pV @)V (=pAq) = (-pA=q)V(-pAq) = "pA-(-qVgq) = —p

(iv) p—= (V") A(@g—(pAT)) = (7pVgV-r)A(=gV (pAT))
(=(pAT)V@A((PAT)V q)
[(pAT) NGV =(pAT)A=q]

The final step may be obtained by applying the distributive law or can be seen from
Venn Diagrams (several replicas are drawn for the sake of clarity:



—p

—q

—r]r‘.
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