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1. () Let p, g, and r be three simple propositions.
(a) Construct a truth table for the compound proposition (~rpe~g)-(gor)
(b)  Showthat~p - (g—r)andg - (pVv 7) are logically equivalent,

(i)  Determine the truth value of each of the following statements, if the domain consists of all real
numbers. o e
@ Ix(x*=-1) b) Ivy(y=x*+2x+1) (0) Ix3y(x* + y* = 2xy)  [30 marks]

(i) Formalize the following and by writing truth tables for premises and conclusions, determine
whether the following argument is valid. S SRR
“ If Jane can sing or Davide can play, then I will buy the compact disc. Jane cannot sing.
Therefore, I will buy the compact disc.” You may assume that p is “Jane can dance”, q is “David
can play”, and r is “I will buy a compact set”. R

[30 ma-ljk_s:]
2. (i) (@)  Let A, B and C be three non-empty sets. By stating the laws .o'n opef_ations on s_eté, pr'oﬁ.,.f.c
@ (A\B)\C = A\(BUC). - _
(B) (4 U B\C = (A\O) U (B\O). o [25 marks|
(b)  Prove that, in the usual notations, A°\B = A° n B* by showing that each set is a subset
of the other. {25 marks]
(ii} Let 4, B and C be three non-empty sets. Prove or disprove that if A X B = 4 x C, then
B = . [25 marks]
(iti) Let A, B and C be three non-empty sets. Provethat A x (B n €) = (A x B) n (4 x C).
{25 marks]
3. (i) Determine whether the following function is one-one
11
[ [“E’E] - R:f(x)= 1:;2. [15 marks]

(ii)  Show that the following function is onto.
fIR-R: f(x)=5x—2forvx e R [15 marks]

(i)  Consider the mapping f:X — ¥, where X and ¥ are non-empty sets. .
(a)  Write down conditions that should satisfy by f for the existence of the inverse of f.
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(iv)

4. ()

(b)  Find the inverse of the function f (x) = Véx — 7. |40 marks]
The functions f and g are given by
f(x)zgg—z, in}R,xaﬁg, glx)=x*+2,xeR
Find
(a)  therange of g(x)
(b).  an expression for fo g(x)
(¢} anexpression for f~1(x) [30 marks]

Let B is Boolean algebra and a,b € B. Then prove the followings:

(a) a'b'+ab+a'b=a +bh.

(b) (a'b'+cHa+b)b' +ac) =abc.

(¢) a=0ifandonlyifb=a.b'+a'.b forallb. [40 marks]

(ii)  Write down the dual of (x {x+ vy - 0))’ = x' for all x and y in a Boolean algebra. [10 marks]

(1i) A relation R on Z is defined as xR y if and only if 3x ~ 5y is even.

5. (i)

(i)

(iii)

(iv)

6. (i)

(ii)

(iif)

(a) Prove that R is an equivalence relation on Z.
(b)  Determine the two equivalence classes of R. ‘ [S0 marks)]

Define the sequence ay,a3,a3,..bya; =1,a, =2, anda,, = 2a,_1 — a,_, foralln = 3. -
By using strong mathematical induction prove that a,, = n for all n € N. {30 marks]

By using the method of contradiction, prove that for a,b € Z and a 2 2, either a not _
divides b or a not divides b + 1. [25 marks}

By using the method of contrapositive, show that forx,y € R, if y® + yx? < x* + xy?,
theny < x. [25 marks]

By using the method of proof by cases, show that if nn is an even integer, thenn = 4k orn =
4k — 2 for some integer k. [20 marks]

Let D, be a set of divisors of n, where n € N. Define operations +, « and ' as a +.b =
lem{a,b},a » b = ged{a, b},a’ = S. Prove that Dg is not a Boolean algebra.  [35 marks]

(a)  Find the output of the following combinatorial circuit in terms of inputs x, y and z.

X

>0

A e

(b) Draw a combinatorial circuit by simplifying the Boolean expression obtained in part (a).

{35 marks]
Find the sum-of-products expansion for the Boolean function F(x,y,z) = & + xy + yz.

[30 marks]
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