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Question 1: (9 marks (2+43+4))

(a) Without using truth tables, prove the following logical equivalence:
PV A(PVa APV -g)=pAhg.

(b) Let a, b, c be integers. Prove that:

if a divides (b+ 2) and a divides (¢ — 3), then a divides (bc + 6).




(c) Use mathematical induction to prove that the following statement is true for
all positive integers n.

5n— 1
24T 4124+ (5n—3) = MO

2

Question 2: (9 marks ((3+1+1)+(3+1)) )

(a) Let P = {(a,a}, (a,b),(a,c),(ad),(b,b),(bc), (bd),(cc) (d d)} bearelation on
A={ab,cd}

(i) Show that P is a partial ordering relation.



(ii) Is P a total ordering? (Justify your answer).

(iii) Draw the Hasse diagram of P.

(b) Let E be the relation on Z (integers) defined by xRy iff 3 | (z* — y?).

(i) Prove that E is an equivalence relation.

(il) Show that [2] = [4].



Question 3: (8 marks (24+14(2+1)42))

(a) Find the number of vertices n of a complete graph K, which has 55 edges.

(b) Find the adjacency matrix of the following graph G.

a b
G

(¢) For the following graph H.

oT

f © d
e

(i) Determine whether H is bipartite. If so give a bipartite representation.



(ii) Find a simple path from b to e of length 3.

(d) Consider two undirected graphs G; and G5 defined as below:
Graph G1: Vi = {uy, ug, ug, us}, By = {{uy, uat, {ug, us}, {us, us}, {us, ur }}.
Graph Go: Vo = {1, 09,03, 04}, Ea = {{vi, v}, {vs, 02}, {2, va}, {va, vi}}.

Determine whether G; and G, are isomorphic. If they are, provide the isomorphism

function f: V; — V,. If they are not, provide a reason.

Question 4: (6 marks (2+(1+1)+2))

(a) Let T be a tree with exactly 3 children for each internal vertex. Find the

number of vertices of 7' such that T have 9 leaves.



(b) For the following graph I. find a spanning tree with root f.
(i) Using depth-first search.
(ii) Using breadth-first search.

(c) Using alphabetical order, form a binary search tree for the words: banana,

apple, cherry, strawberry, orange, date, elderberry, fig, grape.



Question 5: (8 marks (242+2+42))

(a) Prove the following Boolean identity:
@ +7) @+ +T) = 7T

(b) Find the complete sum-of-products expansion (CSP) for
fla,y,2) = (x+y)(y+2).



(¢) Find the complete product-of-sums expansion (CPS) for

g(r,y,z) =Tz + yz.

(d) Use a K-map to simplify the following sum-of-products expansion (write in

MSP form):
) TYZ+TYz + xYz + oYZ + 2Y*.

Good luck
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Question 1: (9 marks (243+4))

(a) Without using truth tables, prove the following logical equivalence:
PVOACEPVYAPY ) =pAG
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(b) Let a,b,c be integers. Prove that: A
if a divides (b + 2) and a divides (¢ — 3), then a divides (bc + 6).
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(11) Draw the Hasse diagram of P,
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Question 3: (8 marks (241+4(241)42))

(a) Find the number of vertices n of a complete graph K, which has 55 edges.
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(b) Find the adjacency matrix of the following graph ¢,

(1 h
G
d (
o \ Vv \
WV
-]\ ©O \ ©
M=
\ \' o\
\ O \o
(c) For the following graph H.
t i
i b
a C
H
f d
* Z ¥

(i) Determine whether H is bipartite. If so give a bipartite representation.
"“ V) \o'\?ow H‘\C .
& d i = Sl Ris /‘1
Lk v, = 1\’/ /f / Ny e | iy
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(i) Find a simple path from b to ¢ of length 3.

B g [ ne \

(d) Consider two undirected graphs Gy and Gy defined as helow:
Graph Gy: Vi = {uy up ug.ug}, By = {{ur, ma} {wg, ma ) {vgom ), {1 }}.
Graph Gy: Vy = {vy vp.vq, vy}, By = {{vy,ta ) {eac o {va, va ) {vgrn}).

Determine whether G, and G, are isomorphic. If they are, provide the isomorphism

|

function f: ¥, - V,. Ifthey are not, provide a reason.
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Question 4: (6 marks (2+(1+1)+2)) v 239 W Ba

(a) Let T be a tree with exactly 3 children for each internal vertex.
number of vertices of T such that T have 9 leaves.
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y g: \
" (v) For the following graph 1. find a spanning tree with root f.

(1) Using depth-first scarch,

(ii) Using breadth-first search.

, L Fs c 5 ES ( \

i (c) Using alphabetical order, form a binary search tree for the words: banana,

apple, cherry. strawberry, orange, date, clderberry, fig. grape.
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Question 5: (8 marks (24-242+2))

(a) Prove the following Boolean identity:

(¢ + BT+ )T +7) = T

- nA3) E)?—\ ‘5\3‘_\ D]S'\r\\o\.\_Qr\“w \awy Vp}’

- e WA \(Mcv\& lf\‘tJ VL\
= (Wxy) (X4 0) )

- % Flendity \aw Ve

= . K

(ra%)e . Sichvpaline  \a® Y
= X' ‘ ‘\’—‘\j’;( CO\N\\?\CVV\Q“& \q\u y‘&
s 9 ';\3‘ Iau&i*a o \/,A
s Y \
+ XY C()vwwxwg‘mﬂ’i\ﬂ \eaw /‘-\
z LR

(b) Find the complete sum-of-products expansion (CSP) for
flxy,2) = (@ +y)(F+3).
= XQAYZ 4Y9 49
=AY A XZ Ay

= XG(2e3) & KD (yg) 192 (XeX)
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// (¢) Find the complete product-of-sums expansion (CPS) for
glr,y.2) =Tz 4 yz \{
2
MW ) “y. q(‘\‘l‘i/B) >’; y )q(ffg’%)
O a8 o | 9t (n 4y ) (X \w«z\(x x4
\
H b wi "0 b
by C\’ ot = (K2, (4+?)
. & .23 13
Lk 9 l Cspgl) = Ry X2z Z9x
| @) \ v - 2\3 4 X7 414 5
f 0 | \ \ \ - ij(l«i)qiz(‘j‘t‘j)*zﬁ(ﬁa )—L\j)(
o K‘524K‘51+‘< Zya V2G4

=

.
" n

KL ¥ Xy2 £ Xy (Y2

d
Cps@)s (csplsd )) R
— (7 ay¢2) (Gu2) - (42) (Fa32)
(d) Use a K-map to simplify the following sum-of-products expansion (write in

MSP form):

Tyz z + ryz +xyz + ryz.
Yz ‘Ji 97 537
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