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Introduction to Sets

Definition: A set is collection of distinct objects.

The objects in a set are called the elements or members
of the set S, and we say S contains its elements.

We can define a set by directly listing all its elements.

eg.S={2, 3,5,7, 11, 13, 17, 19},
S = {CSC1130, CSC2110, ERG2020, MAT2510}

After we define a set, the set is a single mathematical object,
and it can be an element of another set.

e.g. S = {{1,2}, {1,3}, {1,4}, {2,3}, {2.4}, {3,4}}



Defining Sets by Properties
It is inconvenient, and sometimes impossible,
to define a set by listing all its elements.

Alternatively, we can define by a set by describing
the properties that its elements should satisfy.

We use the notation {X S A| P(X)}

to define the set as the set of elements, X,

in A such that x satisfies property P.

eg. {x | z is a prime number and =z < 1000}

{x | = is a real number and — 2 < x < 5}



Examples of Sets

Well known sets: the set of all real numbers, [R

e the set of all complex numbers, C

« the set of all integers, Z

e the set of all positive integers Z‘l‘

- empty set, ) = {} the set with no elements.

Other examples:
The set of all polynomials with degree at most three: {1, x, x?, x3, 2x+3x2,..}.

The set of all n-bit strings: {000...0, 000...1, .., 111..1}

The set of all triangles without an obtuse angle: { /\ : /\ oo}

The set of all graphs with four nodes: { G@D @%@ : @%@ : ®/Z/® yer}




Membership

Order, number of occurence are not important.

e.g. {a,b,c} = {c,b,a} = {a,a,b,c,b}

The most basic question in set theory is whether an element is in a set.

€T & A X IS an element of A T € A X IS not an element of A
X isin A X isnotin A
e.g. Recall that Z is the set of all integers. So 7¢Z and 2/3 ¢ Z .
Let P be the set of all prime numbers. Then 97 ¢ P and 321 ¢ P

Let Q be the set of all rational numbers. Then 0.5 € Qand 2 ¢ Q

7
(will prove later)



Size of a Set

In this course we mostly focus on finite sets.

Definition: The size of a set S, denoted by |S],
IS defined as the number of elements contained in S.

eg. ifS={2, 3,5, 7, 11,13, 17, 19}, then |S|=8.
if S = {CSC1130, CSC2110, ERG2020, MAT2510}, then |S|=4.

If S ={{1,2}, {1,3}, {1,4}, {2,3}, {2,4}, {3.,4}}, then |S]|=6.

Later we will study how to determine the size of the following sets:
e the set of poker hands which are “full house”.

e the set of n-bit strings without three consecutive ones.

e the set of valid ways to add n pairs of parentheses



Application & Scope of research of Set Theory

«Set theory is seen as the foundation from which virtually all of
mathematics can be derived. For example, structures in
abstract algebra such as group, field & ring, are sets closed
under one or more operations.

eApplication of set is also found in Database System, Fuzzy
logic.

eprogramming, data structures, data bases, algorithms, formal
languages and compilers, operating systems, computer security,
operations research

eScope of research

Data mining
Computer Aided design



Types of Sets

Empty sets: A set having no element is
called an empty set. It is also known as
null set or void set. It is denoted by (I)

For example:
@) A={XER/X2 =—10}=(|)

) B =set of immortal man = ¢

Singleton set: A set having single element is
called singleton set.

For example, {2}, {0}, {5} are singleton set.



Types of Sets

Finite set: A set is called a finite set if it

IS called either void set or its elements can
be counted by natural numbers and process
of listing terminates at a certain natural
numbers.

For example, {1, 2, 4, 6} is a finite set because it has four
elements.

Infinite set: A set which is not a finite set, i.e. the counting up
of whose elements is impossible, is called an infinite set.

For example:

(1) The set of all straight line in a given plane.
(i) The set of all natural numbers.

(il1) The set of real numbers between ‘1’ and 2.



Cardinal number or order of a finite set

The total number of elements in a finite
set is called cardinal number or order of
a finite set. It is denoted by n(A).

For example, if

A={12734,5 = n(A)=5 or o(A)=5.

Set of sets: A set S having all its elements as sets is called
set of sets.

For example:

S={{1, 2} {2, 4}, {3,5, 7}}

But S ={ {1, 2}, 4, {3, 5, 7} } is not a set of sets as
é's not a set.
3e



Equivalent and Equal Sets

Equivalent sets: Two finite sets A and B are
equivalent If their cardinal number is same, i.e.
n(A) = n(B).

Equal sets: Two sets A and B are said to be equal
I every element of A is a member of B, and every
element of B is a member of A.

For example:

A={4,65, 6} and
B = {a, b, c} are equivalent but

A={4,65, 6} and
C={6, 5, 4} are equal, i.e. A=C.



Equivalent and Equal
Sets

A =B if n(A) = n(B)

A B

A C
A=C 1f each element of each

set is equal to each other




Subsets and Proper Subsets

Subsets: A set A is said to be a subset
of a set B If each element of A is also
an element of B.

AcB,if xeA=xeB

Subsets

A
@ @ @ For example:

Let A = {2, 4, 6, 8},

B={2, 4,6, 8,10, 12},
then A cB.



Subset

Definition: Given two sets A and B, we say A is a subset of B,
denoted by A C B, if every element of A is also an element of B.

B
@ not a subset

- If A={4, 8, 12, 16} and B={2, 4, 6, 8, 10, 12, 14, 16}, then A C B but B Z A

« A C A because every element in A is an element of A.
() C A for any A because the empty set has no elements.

* IT A'is the set of prime numbers and B is the set of odd numbers, thenA ¢ B

Fact: If A C B, then |A| <= |B].




Proper Subset, Equality

Definition: Given two sets A and B, we say A is a proper subset of B,
denoted by 4 — B, if every element of A is an element of B,

But there is an element in B that is not contained in A.

@ 5 Fact: If A C B, then |A] < |B.
O

Definition: Given two sets Aand B,wesay A=BifAC Band BC A .

A B

Fact: 1T A =B, then |A| = |B].




Subsets and Proper Subsets

Proper subset: A set A is said to be a

proper subset of a set B if every element
of A is an element of B and B has at least
one element which is not an element of A.

It can be written as A—B

For example:

Let A={1, 2, 3}, B={2, 3, 4, 1, 5}, then A —B.

Thus if A is a proper subset of B, then there exists an element
such that x cB X & A.

For example, {1} = {:L 2, 3} but {ZL 4} oA {ZL 2, 3}.



Procedure for Proving Equality of Sets

As we have discussed earlier that two
sets A and B are said to be equal if
every element of set A is an element
of set B and every element of B is an
element of A.

Itisclearthat A —-B < AcB and B c A.

.e. A=B<Z>[X€A<Z>X€B].



Some Results on
(i) Every set is a subSet ohselgts

(i) The empty set is a subset of
every set.

(i) The total number of subsets of a finite set
containing n elements is 2"

Proof : We know that "C, denotes the number of
ways for choosing r things from n different

things. Therefore each selection of r things gives
a subset of the set A containing r elements.

*. The number of subsets of A having no element "C,

The number of subsets of A having one element "C,



Some Results on
Subsets

The number of subsets of A having two elements = "C,

The number of subsets of A having n elements ="C..
Hence, the total number of subsets of A

="C, +"'C;+"C, +...+"'C,, =2"

[ -.-We know that (1+x)" ="Cq +"Cyx +"C,x% +...+"C, X"

Putting X = 1, we get ]
2" ="Cy+"C;+"C, +...+'C,,.



Power Set

The set of all the subsets of a given
set A is said to be the power set of
A and is denoted by P(A).

e P(A)={S|IScA}=>SeP(A)oScA
Also, ¢€P(A) and AeP(A) for all sets A.

For example, if A ={a, b, c}, then
P(A) = b {ct, {a, b, c}.

@@
@ 5le



Universal Set

Any set which is super set of all the
sets under consideration is called the
universal set and is denoted by

Q or U

For example:

(1) When we are using sets containing natural
numbers then N is the universal set.

Euler-Venn Diagram

AcCB



Application & Scope of
research of Set

Database System
Fuzzy Logic



