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10)

Let A and B be sets. Show that:

(10 points)

a)

b)

(AnB) OA
(AnB) ={x: x belongsto A and B}
Hence every element that belongs to

(AnB) asobelongsto A. Thus
(AnB) OA

Using Membership Tables

A |B|(AnB) (AnB) nA
1)1 1 1
1|0 0 0
01 0 0
0]0 0 0

Since (AnB) =(AnB) nA

OAIl elements of (AnB) liewithin
set A

O(ANnB) DA

AD(A OB)

Using Membership Tables

(A OB) ={x: x belongsto A or x A | B | (AOB) An(AOB)
belongs to B or both} 1)1 1 1
1|0 1 1

Hence, every element that belongsto A 0|1 1 0
also belongsto (A [IB). Thus 0|0 0 0
AO(A OB)

SinceA =An(ALB)

OAIl elements of A liewithin

(AOB)

0 AO(A UB)
A-BOA Using Membership Tables

(A -B)={x:xbelongsto A and x does
not belong to B}

Hence, every element that belongsto A
—B hastobelongto A. Thus
A-BOA

A B[ (A-B) (A-B) nA
1[1] o 0
10| 1 1
o/1] o0 0
o/o] o0 0

Since (A-B)=(A-B) nA

OAIll elements of (A-B) lie within set
A

O A-B OA




d)

An(B-A) =[O

Using Membership Tables

(B-A) ={x : x belongsto B and x does AlB]| (B- An(B-A)
not belong to A} A)
An(B-A) ={x: x belongsto A and x 1111 o0 0
belongs to B and x does not belong to 110l o 0
A}. 0]1] 1 0
No element can belong to A and not olol o 0
belong to A at the same time. Hence
An(B-A)=1. 0 An(B-A) =0
€) | AO(B-A) =ALB _ _
Using Membership Tables
It can be proved that B-A = BnA.
Thus A(B-A) = ACI(Bn A) A|B|BA|ADB-A) | ALB
= (AOB)n (ATIA) 1111 0 1 1
= (ADB)n(U) 100 1 L
- (AUB) 0/1] 1 1 1
0/|0| O 0 0
where we used the Distributive Law and
thefact that (ADJA) = U whichisthe | U AU(B-A)=ALB
universal set.
16) Let A, B, and C be sets. Show that (A-B)-C = (A-C)-(B-C)
(3 points)
Using Membership Tables
Thisisthe
easiest way A|B|C|A-B| A-C| B-C | (A-B)-C| (A-C)-(B-C)
to show this 1(1/1| O 0 0 0 0
identity. 1[1[0] O 1 1 0 0
1/0]1] 1 0 0 0 0
1/0/0] 1 1 0 1 1
0/[1|1] O 0 0 0 0
0/]1/0] O 0 1 0 0
0/]0j1] O 0 0 0 0
0/]0/0| O 0 0 0 0

[0(A-B)-C = (A-C)-(B-C)




18) Draw the Venn diagrams for each of the following combinations of the sets
(9 points) A,B,andC

Combination
A) An(BOC)
B) AnBnC

c)| (A-B)u(A-c)o(B-C)

28b) Show that if A and B are sets, then (ALIB) [IB = A
(2 points)
Using Membership Tables

A | B | AOB | (AOB)OB
1| 1 0 1
1] 0 1 1
0 | 1 1 0
o] 0o 0 0

O(AOB)OB=A
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10) Determine whether each of the following functions from Z to Z is one-to-one.
(8 points)

a) | f(n)=n-1

Yes. Thisisastrictly increasing function; i.e.; f(x) > f(y) whenever x>y,
and a strictly increasing function is one-to-one (and onto).

b) | f(n) = n?+1

No. This can proved by a counter example;
f(1) =2, and aso f(-1) =2.

0) | f(n) =n’

Y es. Because thisis a strictly increasing function

d) | f(n)=[n/2]

No. This can be shown by a counter example;
f(1)=1,and f(2) = 1.

12) Give an example of afunction from N to N that is
(8 points) (There can be many possible answers to this question)

a) One-to-onebut not onto.
f(n) =2n +1. (only odd values are mapped)
b) Onto but not one-to-one

f(n) =[n/2]

c) Both onto and one-to-one (but different from theidentity
function)

f(n) = n+1 when niseven (even numbers are mapped to odd numbers;
take 0 as an even number)
f(n) =n-1when nisodd (odd numbers are mapped to even numbers)

d) Neither one-to-one nor onto

f(n) =10 when niseven
f(n) =0whennisodd

14) Determine whether each of the following functions is a bijection from R to
(2 points) R.
a f(x)=-3x+4
Yes.

d)  f)=x"+1
Yes.



20)
(8 points)

If f and fo g are one-to-one, does it follow that g is one-to-one? Justify
your answer.

Yes. If f and f 0 g are one-one functions, g is also one-one.

The proof is by contradiction. Suppose g is not one-one then we prove that
either f isnot one-one or f 0 g is not one-one.

The function f is not under our control but f o g isunder our control because
g isunder our control.

If f is not one-one, then the proof ends there itself. But whatever be the case
of f, f o g cannot be one-one. This can be proved by the following
argument.

Letg- A -~ Bandf: B - C.

By assumption, since g is not one-one, there exists 2 distinct elements x1
and x2 such that g(x1) = g(x2) =y wherey belongsto B.

Let f(y) = z for some z belonging to C.

Thus, f o g (x1) =f 0 g (x2) = z. Hence f 0 g cannot be one-one.

Thismeansthat if f and f 0 g are one-one, g has to be one-one using the fact
thatp - g = =q - =p




