Oladia) Ayl gal

(0 YY) dakiie cilpdly iy

oot A1
il 1) aud

il ) and — aslel) L — L Aaala
S (g siall Ul

A YNT /N T cuddl s olasiad) ag

(J YYO) dadatia lualyy : 3ol

Sallae Jlaliue Ll taaa /L3 oadaal)

aslall A€ cludaly ) andy (use

Ala) zigal + 4Aliad

alalS 43y,



Oladia) Ayl gal \ —i dadla
(0 YY©) dakiia cilualy / S ash—1) 4l
JI‘\‘::_)"ﬂ il gl ) ad

-yl st

Al (s gieall Bl () Y Y 0) dadaiia cilulaly

Answer the following guestions: (80 marks) (Aaua A il 45 jall) 4l Al e ol

Question 1. s (A3 35) Jo¥ Jligead)

1- Let A=P{1,2,3}, the power set of {1,2,3} and a Rbif andonlyif acbbe a relation on

A. Write down its binary matrix. Determine which of the properties, reflexive,
symmetric, transitive, the relation R is satisfied.

1- State the converse, inverse and contrapositive of the proposition: ‘If it’s not Sunday
then the supermarket is open until midnight’.

2- Let A, B, Care sets, prove that:
. (A-C)—-(B-C)=(A-C)-B
. Au(BNnC)=(AuB)n(AuC).

3- For any propositions p, g, r, Prove that: (p<>Qq)<>r=p<(q<>r).

Question 2. (423 25) [ SN O igaad)

1. A relation Ron Z" xZ" is defined by (m,n) R(p,q)if and only if m+g=n+p.
Show that R is an equivalence relation and describe the equivalence class of (2,1).

2. draw diagram to represent the graph whose adjacency matrix is given below. Write
down the degree of each vertex, and state the graph is (a) simple ; (b) regular ; (c)

Eulerian.
1 2 0 2 1
2 1 2 0 1
A=0 2 1 2 1
2 0 2 11
1 1 1 11

3. Define a Boolean algebra (B,®,*, ,0,1)and for all b;,b, € B, prove that:

(bl*bz)za@b_z-
@&J,ﬂaﬁﬁs\
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1. Define Hamiltonian cycle, r- regular graph, a connected graph G, and how can you
determine from its adjacency matrix, whether or not G is Eulerian.

2. Show the following function is a bijection and find its inverse:
f:R>R, f(xX)=6Bx-3)° VxeR.

3. Define a switching function for the following system of switches:

A .

A, A, A
4. Design a logic network for the following so that the output is described by the
following Boolean expression: (X, @ X,)(X, @ X,).

...............................................................................................................................................

Zladlls b sl Sbiad Culal s
Good Luck ! Jladlae aual) aaaa 2
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2- Let A=P{1,2,3}, the power set of {1,2,3} and a Rbif andonlyif acbbe a relation on

A. Write down its binary matrix. Determine which of the properties, reflexive,
symmetric, transitive, the relation R is satisfied.

)

C.

¢ {4 {2 {3 {2} {43 {23} {123}
6 1 1 1 1 1 1 1 1
o o
{23 ©
A=| {3} 0
42 0
{13 o
23 0
{1,234 0

O O O O O+ O
o O O O r» O O

R is reflexive , anti-symmetric , and transitive.

3- State the converse, inverse and contrapositive of the proposition: ‘If it’s not Sunday

then the supermarket is open until midnight’.
all

J

We define: p: it’s not Sunday
g: the supermarket is open until midnight
so that:
p —q: If it’s not Sunday then the supermarket is open until midnight’.
Converse
. g — p: If the supermarket is open until midnight’ then it’s not Sunday.
Inverse
: ~p —~q: Ifit’s Sunday then the supermarket is not open until midnight’.
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. ~q —~p: If the supermarket is not open until midnight then it’s Sunday.

4- Let A, B, C are sets, prove that:
. (A-C)—-(B-C)=(A-C)-—-B

. Au(BNC)=(AuB)N(AUC).
\ Al)

(A—C)—(B-C)=(ANC)—(BNC)=(ANC)n(BNC)

—(ANC)N(BUC)=(ANC)(BUC)
=[(ANC)"B]JU[(ANC)C]
=[(A-C)-B]Jug¢=(A-C)-B

. Avu(BNC)=(AuB)n(AUC)

AuBNC)={xeAvxe(BNC)}
S{xe Av[xeBAaxeC)}
S {[xe AvxeB]la[xe AvxeC]}
={[xe(AUB)A[xe (A UCT} '
S{xe[(AuB)N(AUC)}

Then Au(B NC)=(AuB)"N(AUC)

4. For any propositions p, ¢, r, Prove that: (p<>Q)<>r=p<>(q<>r)..

X

J

plal| rr |peqg(pegeor| gor p(ge>r)

1011 1 1 1 1
1,11]0 1 0 0 0
1,10]1 0 0 0 0

I—
[e»)
[e»)
[e»)
I—
I—
I—
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0110 0 1 0 1

0101 1 1 0 1

01010 1 0 1 0
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1. ArelationRon Z* xZ" is defined by (m,n) R(p,q)if and only if m+gq=n+p.
Show that R is an equivalence relation and describe the equivalence class of (2,1).

X

J

For all positive integersaand b,a+ b =b + a, so (a, b) R (a, b) for every

(a, b) €A, Therefore R is reflexive.

R is symmetric since if (a, b) R (c, d) then a + d = b + ¢ which implies that
c+b=d+a,so(c,d)R(a, b).

To show that R is transitive, suppose (a, b) R (c, d) and (c, d) R (e, f). This
meansthata+d=b+candc+f=d +e.

2. draw diagram to represent the graph whose adjacency matrix is given below. Write
down the degree of each vertex, and state the graph is (a) simple ; (b) regular ; (c)
Eulerian.

>

I
P PO N R
R O N RPN
) N R N O
P RPN O R
N e

)

C.
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V4
the graph is not simple ; not regular ; not Eulerian.

3. Define a Boolean algebra (B,®,*, ,0,1)and for all b,,b, € B, prove that:

(b, *b,) =b, ®b,.

)

C.

Boolean algebra consists of a set B together with three operations
defined on that set. These are:

(a) a binary operation denoted by € referred to as the sum ;

(b) a binary operation denoted by * referred to as the product ;

(c) an operation which acts on a single element of B, denoted by -,
where, for any element b € B, the element b € B is called the

complement of b” (An operation which acts on a single member
of a set S and which results in a member of S is called a unary operation.)

The following axioms apply to the set B together with the
operations @, * and - .
B1. Distinct identity elements belonging to B exist for each of the
binary operations @ and * and we denote these by 0 and 1
respectively. Thus we have

b@0=0{b=Db

bx1=1xb=b forallbeB.
forall a, b, c € B.

(@axb)xc=a=*(b=xc)
@@b)Pc=addbedc)

B2. The operations € and * are associative, that is
B3. The operations @ and * are commutative, that is

adb=bha

a*b=Dbxa forall a, b €B.
B4. The operation & is distributive over * and the operation * is



olada) sl Gs‘g.u' l.e_u‘\.‘l.nla
(JYY°)M§AQL:U.'AL:U /,/ & e\M‘M—‘S
‘ i c A} Sl e.uﬁ

distributive over €9, that1s
a(bxc)=(@db)*(@rc)
ax(b@c)=(axb)P (axc)foralla,b,ceB.
B5.ForallbeB,b@® .b=1andb *.b =0.

(b1 @ b2) @ (b, *b,) =[(01 D by) B b, ]+ [(D1 B b,) D b,]  (axiom B4)

= [b, @ (by @ by)] * [(by © by) D b, ] (axiom B3)
= [(b, & b1) D b] * [by & (b, @ b,)] (axiom B2)
=(1 69 by) * (b1 & 1) (axiom B5)
=1 (theorem 9.4)
=1 (axiom B1).

We have proved that (b; @ b,) @ b, * b, ) =1 so that b, * b,
is the complement of by @ by, i.e. (by @ by) = b * b, .
That (b, = b,) = b, @ b, follows from the duality principle.

1. Define Hamiltonian cycle, r- regular graph, a connected graph G, and how can you

determine from its adjacency matrix, whether or not G is Eulerian.
Nl

d

A graph is connected if, given any pair of distinct vertices, there exists a
path connecting them.

A Hamiltonian cycle in a graph is a cycle which passes once through every
vertex. A graph is Hamiltonian if it has a Hamiltonian cycle.

A graph in which every vertex has the same degree r is called regular (with degree
r) or simply r-regular.

A graph is Eulerian if the sum of all entry in any row or in any column of its adjacency matrix
IS even.

2. Show the following function is a bijection and find its inverse:

f:R>R, f(xX)=(Bx-3)° VxeR

C.

To show that f is an injection we prove that, for all real numbers x and y,
f(x) =f(y) impliesx =y. Now f (x) =f (y)
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(5x-3)*=.(5y-3)®* = x=ysofisinjective.
To show that f is a surjection, let y be any element of the codomain f. We need

to find x € R such that f (x) =y. Let X=WT+3. Then x € R and

3
f(x)= [5\/§+3 -3]° =y so f is surjective.

5
To find f ' we simply use its definition: if y = f (x) then x = f (y).
Now y = f (x)

3
=y = (5x-3)°= x=@

x=f7(y)= WT+3 Therefore the inverse functionisf *: R —R, f * (y) = Wy +3

3. Define a switching function for the following system of switches:

A A~

A, A, A

f (X1' X5 Xs) = (Z S2 X2X3) (X_zx_s D X1)

4. Design a logic network for the following so that the output is described by the
following Boolean expression: (X, @ X,)(X; D X,).

2 o

4‘ =0 >O—>/




