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1. Let the universal set be the set R of all real numbers and let A={x€R | 0 < x < 2},

B={xER | 1 = x < 4}and C={xER | 3 £ x < 9}. Find each of the following:

A={1,2)
B={1,2,3)

C={3,456,78}

ajAuC

={xER | 1=x = 8}

b) (A U B)

=A"MB

={xER | (1=x=2)and(1€x=3)'}
={xER |[(x<lorx>2)and(x<1lorx=>3)}

={xER | x<lorx>3}

c)A"UB
={x€ER | (1=x=2) or(1=x=3)}
={xER | (x<lorx>2)or(x<1lorx>3)

={xER | x<lorx>2}



2. Draw Venn diagrams to describe sets A, B, and C that satisfy the given conditions.

alAnNB=0,ACC,CnBz0

b)ACB,CSBANC*®

DANB#Q0,BNC+0,ANC=0,A¢B,C&B




3. Given two relations S and T from A to B,

SN T={(xy) €AxB | (x,y) €Sand (x,y) ET}

SUT={(x,y) EAxB | (x,y) ESor(xy) ET}

Let A={-1, 1, 2, 4} and B={1,2} and defined binary relations 5 and T from A to B as follows:
For all (x,y) EAxB, xSy <2 |x]| = |v|

For all (x,y) €AxB, x Ty €2 x—y is even

State explicitly which ordered pairs arein AxB, 5, T,5nT,andSUT.

AxB={(-1,1),(-1,2),(1,2), (1,2), (2,1), (2,2), (4,1), (4,2)}
§={(-1,1), (1,1), (2,2)}

r={(-11),(1,1),(2,2), (4,2)}
SnT={-11),(1,2), (2,2}

SuT={-1,1),(1,1), (2,2), (4,2)}



4. Show that — ((—p~q) v (—p~—q)) v (p~q) = p. State carefully which of the laws are
used at each stage.

—((=pAq)vi(—=p r—q))vipaq)DeMorgan's Law

=——=p A Q) A =(=p A=) v(pq) De Morgan's Laws

=({—{—=p)v —=q) A (=(=p)v —(—q))vip~q) Double Negation Laws
=((pv—-@alpva)viparq)

=pwvi{p~q) absorption laws

=p



Cheestion 3
Ri1={{x,y) x+y =6}: R1 is from X to V. R2={(y.2)| v=z}; K2 is from ¥ to Z; ordering of X, ¥,and Z: 1, 2, 3,
4, 5.

Find
a) The matrix A, of the relation R; (relative to the given orderings)

R, =1L, 00,2),(1,30,01,4).(1,5),(2,1),(2,2),(2,3),(2,4),(3,1),(3,2).(3,3},(4,1).(4,2),(5,1)}

|
I
0
0
0

1
I
."lff_.,=:3
[ 1
1

. T e S =R
=2 a8 S 8 —

1
1
1
1
|1 0

b) The maltrix 4> of the relation R» (relative to the given orderings)

R, =1(210,(3.0),(3,2),(4,1),(4,2),(4,3), (5,1),(5.2), (5,3). (5.4)}
0 0]

0
Jw_l_. = 0
1
1

L B — [ = [ = R — ]

0 0
|0
|
i
5 A

= = =

c) Is Ry reflexive, symmetric, transitive, and/or an equivalence relation?

3
Ri1s not reflexive as there is no all 1's on its main diagonal of matrix

I A 3 ] EL E ¥ ]
O O O B 11110
M,=|1 1100 My=1 1100
1 1 O 0 0 1 1 0 0 0
100 0 0 el B
Riis symmetricas M, =M,
1 T 1k ¥ 11 3 % R OE Y1 OCE
P L 1 1 1 I 1 1 1 1 1 1T 111
M,8M,=[1 L 1L oo@1L L 100=1111]1
11000 11000 |11 111
10000 10000 11111

R: is not transitive as M.4, ‘E}Ma, = M.-I,
50, Ry is not equivalence relation.



Is R reflexive, antisymmetric, transitive, and/or a partial order relation?

Rz is not a reflexive as there is no all 1°s on its main diagonal of matrix.
Rz 1s antisymmectric as there arc no cdges that go in the opposite dircction for
each edges.It only one directed relation. As (2,1)e Rz but (1,2)e Rz,

000 0
0 o 0 0]

|

M,.:ﬁﬂ-f.:— 1 1 00 )&=
|
1

00 0 n o o 0 0 o
1 00 00| 000 QO
I 1 00 ol=({L 00O o0
1 1 100|110
1 11 10| [1 1100

=

Rz 18 not transitive as M.®2M. =M.



6. Supposc that the matrix of rclation Rion {1, 2, 3} is

1 0 0
0 1 1]
I B %

relative to the ordering 1, 2, 3, and that the matrix of relation Rz on {1, 2, 3} 1s

0 1 o
[D 1 D]
1 0 1

relative to the ordering 1, 2, 3. Find:

a) The matrix of relation R\ R;
R = {(1,1),2.2),(2,3),(3.1),(3,3)}
R2= {(1,2),(2,2),(3,1).(3.3)}
v R ={(1,1101.2).(2,2).(2,3).(3,11.(3.3)}

M wor, = ONN
1 0

Matrix of relation Ry'w K215 reflexive as there are all 17s on 1ts main
diagonal ol matrix and 1t 1s also antisymmetric as there are no edges that
oo 1n the opposite direction for each edges. It is only one directed relation
as (3,1)e(Riv R2), but (1,3) e (R1v R2).

b) The matrix of relation £ K>

Rim Ra = {(3,1),(2,2),(3,3)}
0 0

M gn, = | NN
|

Ry~ Rz 15 not a reflexive as there have one "0’ on its main diagonal of
matrix.

R~ Ry 1s antisymmetric , there are only one directed relation.
(3.1ye(Rim Ry) but(l.3)e (Rim R2),

R\~ Rz is transitive. The product of Boolean show that this matrix is

transitive.
0 0 0] [o 0 O
Mot @M, =|0 1 0@0 1 0
' el e
0 0 0]
=0 1 0
1 0 1]

M At @M RyRy Mﬂlrnﬁ‘:



7. If f :R— R and g:R— R are both one-to-one, 1s f + g also one-to-one? Justify your answer.

f 1s one-to-one as f(x;) = f(x2)
g 1S one-to-one as g(x1) = g(x2)

For f+¢g ,

SOx)+ex)=/(x,)+g(x,)

XitTXi™ XsT X
2 x,=2x,
X=X

So, f+ g is one-to-one function as  J () +8(x) =/ (x)+&(x)



8. With each step you take when climbing a staircase, you can move up either one stair or
two stairs. As a result, you can climb the entire staircase taking one stair at a time, taking two
at a time, or taking a combination of one- or two-stair increments. For each integer n>1, if
the staircase consists of n stairs, let ¢, be the number of different ways to climb the staircase.
Find a recurrence relation for ¢y, ca, ...., Cn.

When n =1, there 1s only 1 way to climb this staircase which 1s taking one stair at a time.

So,whenn=1, Ci=1

When n = 2, means can climb the entire staircase taking two at a time.

So, whenn =2, C,=2

When n > 3, means we can climb the entire staircase by taking a combination of one or two
stair increments. So, there 1s 2 ways to climb the staircase but depends on the last step taken 1s
either a single stair or two stairs together. If the last step 1s a single stair, the number of ways
1s Cp-1 , whereas 1f the last step 1s two stairs together, the ways to climb are C,.2 . Theretore,

Cn - Cn-] + Cn-l .



9. The Tribonacci sequence (tn) is defined by the equations,

to=0,t1=t=1, tn=to1 +tho+ ths for all n>3.
a) Find t7.

to =0

t1 =1

th=1

3=t +t1+to=1+1+0=2
b=tz t+ttrt+t;=2+1+1=4
ts=tat+ttz3t+tt=4+2+1=7
te=ts+ta+t3=7+4+2=13

tr=tettstty=13+7+4=24

b) Write a recursive algorithm to compute #,, n>0.

Input=n, n=20
output = t,
tn
{ 1if (n =0)
return O;
else if (n=1) [|[(n=2))
return 1;
else

return (to-1+ ta2 + ta3);



