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(Throughout this exam paper,
wifis an abreviation for well formed formula(e))

1. (a) Construct truth-tables for pAg, pV g, p ~ ¢, p > g and pnandq
[5 marks].

(b} Construct the parse-tree of =(p <+ ¢) A (—p — —r) [5 marks].
(c) Construct the truth-table of —=(p ¢+ g) A (~p — =7} [5 marks].

(d) Construct a wff in disjunctive normal form that has the following
truth-table [5 marks]. :

[plalr]A]
TT|T[T
T|T|F|F
T{F|T|[F
T{F|F|F
F|T|T|F
F|T|F|T
F|F|T|F
FIF|F|F

(e) Prove that =(pV (g V r)) is logically equivalent to —p A (=g A —r)
using truth tables. Justify your answer [5 marks].

Exam continues ...
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2.

(a)
(b)

(d)

Prove that nand is an adequate set of connectives on its own. You
may assume that {—, A} is an adequate set of connectives. [5 marks].

Use truth trees to determine whether the following is satisfiable

(=g A(p—g)
[5 marks]. |
Use truth trees to write the following in disjunctive normal form
p—+{g—p)

[5 marks].

Use truth trees to determine whether the following is a valid argu-
ment

pVg,pVriEgVr
[5 marks].

Use truth trees to determine whether the following is a tautology

(pV(gAg)) & p

[5 marks].

Exam continues ...
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3. (a) Prove that a* = a in a Boolean algebra. To gain full credit, you must
make explicit reference to the Boolean algebra axioms listed at the
end of this exam paper [5 marks].

(b) Write down the input/output table of a transistor I mark]. Prove
that not-gates and or-gates can be constructed from transistors alone
[4 marks].

(c) Write down a Boolean expression for the following input/output be-
haviour [2 marks] and so construct a corresponding circuit using not-
gates, and-gates and or-gates [3 marks].
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Exam continues ...
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4. (a) Let R{x) be the predicate 'z is a rabbit" and let L(x) be the predicate
'z likes carrots'. Write down the first-order sentences ‘all rabbits like
carrots’ and 'some rabbits like carrots’ [5 marks)].

(b) Use truth-trees to prove that
{(Fe){D(z) = (Vi) D(y)]
is universally valid [10 marks].

Boolean algebra axioms

(BL) (z+y)+z=a+(y+2).
(B2) z+y=y+=x

(B3) z+0=u.

(B4) (2-9) - 2=2-(y-2).

(B5) vy =y

(B6) &1 ==z.

(BN z-{yt+z2)=2-y+z 2
(B8 z+(y-2)=(z+y) (z1+2).
(BY) z+7% = 1.

(B10) z - =0.

Circuit symbols

Exam ends
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