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Basic Concepts

* Asetis any well-defined collection of objects,
called the elements or members of the set.

* These elements may be anything: numbers,
points in geometry, letters of alphabets, etc.
The following are examples of the set:

1. Therivers in London;
2. The vowels of alphabets;



Methods of Describing Sets

* Mainly there are two ways of describing a set:
1. Roster Method

2. Set Selector Method (or Set Builder Form or
Property Method)



Roster Method

* A set may be described by listing all its
elements.

e e.g. N={1, 2, 3,---}, Set of natural numbers.

* This method is called roster method or listing
method.



Set Selector Method (or Set Builder
Form )

Sometimes a set is described by means of some

property which characterizes all the elements of
the set.

A set S characterized by a property p may be
written as:

S=1{(x:p(x)}
Example

— A={x;x*-4=0,X€E R), Ais set of those elements
which satisfies equation x* -4 =0 and x is a real
number.



Subsets

 Let A and B be two sets, If each element of set
A is an element of set B then 'A is called
subset of B' and is denoted by: 'A CB’.

e Sometime itis said to be 'Ais contained in B'.
* |If'Ais not subset of B', we write A ¢ B



Proper Subset

If 'A is a subset of B' and number of elements
in A and B are not same i.e. A #B then A is
known as proper subset of B.

Examples:

A=1{a, b, c, d}
C=1{a,b,c,d xy,z}
D={a,b,1,2}
AcCand Dg C



Equality of Sets

 Two sets A and B are equal sets if 'A c B' and
'B CA



The Empty Set

 The set having no element is called empty set
or null set or void set. Empty set is denoted by

®or{}.

e Example:

A= {x;x>+4=0andxeR )
A =0

as no real number satisfies equation x? + 4 = (.



Universal Set

In any application of set theory, all the sets under
consideration will likely be subsets of a fixed set.

We call this set the universal set and denote it by
capital letter X.

Thus a non empty set of which all the sets under
consideration are subsets is called universal set.

Example :

(i) In a study of human population, all people in
the world may be assumed to form the Universal
set. The people of any continent, country, religion
IS a subset of this universal set.

(ii) The set of letters in alphabets is the universal
from which the letters of any word may be
chosen to form a set.



Power Set

* |t S is any set, then set of all subsets of S is
called power set of S and is denoted by P(S).

Example
5=1{1,23
PE) = (@ (1), {2}, (3 {1, 2}, {1, 3), {2, 3}, {1, 2, 3))

So if S contains 3 elements power set of S, i.e. P(S) will contain 2, ie. 8 elements

* /f afinite set Shas n elements, then power set
of s has 2™elements.
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Venn-Euler Diagrams or Venn Diagrams

* The relation between sets can be conveniently
illustrated by certain diagrams called Venn diagrams.

* In Venn diagrams a universal set X is represented by
a large rectangle and subsets of X by regions
enclosed within a closed curve generally circles, lying
in the region enclosed by the rectangle.

* |f a sets Bis a subset of A, the circle representing B is
drawn inside the circle representing A. U A and B are
disjoint sets, then the circles representing A and B
are drawn in such a way that they have no common
area.

* If Aand B are not disjoint, then the circles
representing A and B are drawn in such a way that
they have some common area.



Set Operations Symbol Venn Diagram
Set B is a proper subject of A BcA

A
The complement of Set A A

The difference of set A and B A-B
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The union of sets A and B

The intersection of sets A and B

The symmetrical difference of
sets A and B

AUB

ANnB

AAB
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Operations on Sets

* Sets can be combined in many different ways
so as to produce new sets.

e Union of Two Sets

e Let A and B be two sets. Then the union of A
and B is set of all those elements which are
either in set A or in set B or in both sets.

Union of sets A and B is denoted by A U B.
Which is read as "A union B'.
Symbolically,

AuUuB = {x;xe€ A or x € B)
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Operations on Sets (Cont....)

* |n mathematics, when we use 'or', i.e. x € A or
xeB, we do not exclude the possibility that x is

an element of both A and B.

A B

ao

AB
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Operations on Sets (Cont....)

A=1{1,223},B=(x1y, z
AuB = (1,23, x,y, z}
A ={a,b,c d}, B={a b, 1,2
AuB {a, b,c,d, 1, 2}
A=1{0123 4], B=1{2 4,6, 8}
AuB = {0,1,2,3,4,6, 8)
A=1{1,223,4),B=1{1,3,BCc A
AuwuB = {1,2,3,4]=A
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Operations on Sets (Cont....)

* |Intersection of Two Sets

* Let A and B be two sets. The intersection of A
and B is the set of all elements which are in A
and also in B.

 We denote the intersection of A and B by
A B

ANnB = {x;x€ A and x € B}

AnB 18




Operations on Sets (Cont....)

Examples
1. A={1,234),B=y,z
AnB =@

intersection is null set as no element is common in A and B.
2. A={1,2,3,45,B=1{1,267)

AnB = {1, 2]

asleAandleBalso2€ A and 2 € B.
3. A={1,23,4,B={(1,3,BcAthenAnB={1,3}=B
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Operations on Sets (Cont....)

* Disjoint Sets

Set A and set B are called disjoint sets if no element is common to A and B. i.e. A

and B are disjoint then AN B = @.
X
A B

AnB=0
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Operations on Sets (Cont....)

e Difference of Two Sets

 Let A and B be two sets. The difference of A
and B is denoted by 'A - B' is set of all those

elements of A which are not in B.
A-B = {x;xe€ A and x ¢ B}
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Example

A=1{1,234),B=(450567

A-B
B-A
AnB
AUB

(1,2, 3}
{SI 6I 7}

(4)
(1,2,3,4,5,6,7
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Operations on Sets (Cont....)

* Symmetric Difference of Two Sets

Let A and B be two sets then symmetric difference of two sets A and B is denoted
by AABor A® B [read as A ring sum B].

And

A®B = (A-B)u(B-A)
A®B = (AUB)-(An B)

A B




Operations on Sets (Cont....)

* Complement of a Set

Let A be any set, then the complement of set A is denoted by A" or Aor AC.
Complement of A is set of those elements which are in universal set X but are not in
set A.

A" = X-A
A" = [x;xe Xand xg A}

>
»
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Example 3.3 : Let A, B and C be sets such that (AnBNC) =@ , (AnB)#@ ,

(AnC)2 @, (BN C) #@. Draw the corresponding Venn diagram.

Solution :

AnB

BAC 8

AnB K14 AACE

BAC n_____ and AnBNnC=0
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Homework......

1. Draw Venn diagramfor the sets P and Q if:
. PNQ=P
. PUQ=P

2. LetA={a, b, {a, c}, @}. determine the following
sets.

. A—{a} A {a, c)
. A-@ ‘.’
Il. A—{a, c} ﬁe

A-{a c)= =3

as |a, ¢ is a set containing two elements a and c. 26



Algebra of Set Operations

* Let A, B, C be any subsets of a set X, then

1. Idempotent Laws
i) AVA = A
HANnA = A
2. Commutative Laws
i)AuB = BUA
i) AnB = BnA
3. Associative Laws
i) AvuBuUC) = (AuB)uC
i) An(BNnC) = (AnBNC
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4, Distributive Laws

'm' distributes over "V’ from the left and also from the right.

i) An(BuC) = (AnB)u(AnC)
(AVB)NnC = (ANnQu(BnC)

"' Distributes over 'n' from the left and also from the right.

i) AU(BNC) = (AUBIN(AUC)
(AnNBuC = (AuQOnNn(Bu Q)
5. DeMorgan's Laws
y)(AuB) = A'NnB’
i) (AnB) = A'uB’
6. Absorption Laws
i) AU(AnB) = A
i) An(AuB) = A
7. Double complement
(A")" = A
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Cardinality of Finite Set

 Cardinality of a set is number of distinct
elements in the set.

e Cardinality of a set A is denoted by n(A) or IAI.

Examples
 [F A = {2, 3,4, 5}
n(A)or | A| = 4
2. A = [x;2<x<10)

A

{3, 4, 5, 6, 7, 8, 9)
| A = 7
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P S

Principle of Inclusion-Exclusion

* we developed the following formula for the number of
elements in the union of two finite sets:

A B B e

* We will generalize this formula to finite sets of any
size.



/

Two Finite Sets

Example: In a discrete mathematics class every student is a major in
computer science or mathematics or both. The number of students
having computer science as a major (possibly along with mathematics)
is 25; the number of students having mathematics as a major (possibly
along with computer science) is 13; and the number of students
majoring in both computer science and mathematics is 8. How many
students are in the class?

Solution: |AUB| = |A| + |B| —|ANB|
= 25+13 -8=30

A U B|=|Al+|B|-IA N B|=25+13-8=30

IA|=25 IA N B|=8 |B|=13
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(c) Count of elements by
|A|+|B|+|c|-|an B|-
[anc|-|Bncl+|aAnBNC]

o

te Sets

NI

Three F

4 Beic

A+ |B|+|C|—|ANB|—|ANC|—-|BNC|+|AnBNC|

(b) Count of elements by
|Al+]B]+|cl-|ANB|-
lAnc|-|BNnc

(a) Count of elements by
|al+[B]+lc]



 Example : Consider a set of integers from 1 to
250. Find how many of these numbers are
divisible by 3 and5and7? Also indicate how
many are divisible by 3 and 5 butnotby?7.

Solution : Let A, B, C denote the set of integers from 1 to 250 divisible by 3 or 5 or 7.
250

Al = 5|8
IB| = 32—0 =50
| = E-Z-;Q::as
|ANB| = :32-2%1=16
|ANC| = % =11

32



= [250]_
|Bnc:|__577]-
~[_250 1.
|Ansn<:|__3x5x7]_2
|AUBUC| = |A|+|B|+|C|-[|AnB|+|ANnC|+|BNnC|]+ |AnBNC|

83+50+35-[16+11+7] + 2
136

E lauBuc|-icl

Number of elements divisible by 3 or 5 but not by 7 is

JAuUBUC]|— |C] = 136 —35 = 101
33



 Homework:

1. How many integers between 1 to 2000 are divisible by 2, 3,
5or//.

2. The 60,000 fans who attended the home coming football
game bought up all the paraphernalia for their cars.
Altogether 20,000 bumpers stickers, 36,000 window decals
and 12,000 key rings were sold. We know that 52,000 fans
bought at least one item and no one bought more than one
of a given item. Also 6000 fans bought both decals and key
rings, 9000 bought both decals and bumpers stickers and
5000 bought both key rings and bumper stickers.

— How many fans bought all three items ?
— How many fans bought exactly one items ?

— Someone questioned the accuracy of the total number of
purchasers; 52000 (given that all the other numbers have
been confirmed to be correct.) This person claimed the
total number of purchasers to be either 60,000 or 44,000.
How do you dispel the claim ?



* Example: Among 100 students, 32 study
mathematics, 20 study physics, 45 study
biology, 15 study mathematics and biology, 7
study mathematics and physics, 10 study
physics and biology and 30 do not study any of
the three subjects.

* a) Find the number of students studying all
three subjects.

* b) Find the number of students studying
exactly one of the three subjects.



Solution : Let A, B, C denotes the set of students studying mathematics, physics and
biology respectively.

And |X = 100
|A| = 32
|B = 20
|C = 45
|AnC| = 15
|AnB| = 7
|IBNC| = 10
|A’nB'nC’| = 30

|A’‘nB’'nC’| = 100-[AUuBU(
Or |AuBuUC| = 100-30
= 70
a) |AUBUC| = |A|+|B|+|C|-[|[AnB|+|ANnC|+|BNnC|]+|ANnBNC|
70 = 32+20+45-[7+15+10]+|AnBn(
70 = 97 -[32] + | AnBNC|
70-65 = |ANnBNC|
= |AnBNC| =5
5 students study all 3 subjects.



b) Nlumber of students studying exactly one subject.

A B

Number of students studying only mathematics is
|A|l-|]AnB|-|ANC|+|ANnBNC|
= 32—-7-15+5

= 15
Number of students studying only physics is
[ B|—| B A|—-|BNC|+|AnBNC|

= 20—-7—-10 + 5
= 8

37



Number of students studying only biology is
|IC|-|ANnC|—-|BANAC|+|ANNBNC|
= 45 —-15—-10+ 5
= 25
. Number of students studying exactly one subject
= 15+ 8 + 25 = 48

 Homework......

A survey was conducted among 1000 people of these
595 are Democrats, 595 wear glasses, and 550 like ice-
cream. 395 of them are Democrats who wear glasses,
350 of them are Democrats who like ice-cream, and 400
of them wear glasses and like ice-cream 250 of them are
Democrats who wear glasses and like ice-cream. How
many of them are not Democrats do not wear glasses,
and do not like ice-cream ? How many of them are
Democrats who do not wear glasses and do not like ice-
cream ?



Multisets

Set is a collection of distinct objects. Multiset is
a collection of objects that are no necessarily
distinct.

Example:

A={a,a,a,b b,e},B={a,a,a,a, b,b,b,d, d}
are multisets.

The multisets A and B can also be written as
A=1{3.aq, 2.b, 1.e}and B={4.a, 3.b, 2.d}



Multiplicity of an element In a
Multiset

 Multiplicity of an element in a multiset is the
number of times the element present in the

multiset.
Examples
i 4,1,2,283588)
2. {1,234
3. {1,2,3,4,4)
4. @
 Hence the multiplicity of 2 in example 1 above

is 2 and multiplicity of 3 in example 1 is 4,
multiplicity of 1 in example 1 is 2.



Cardinality of multiset

The total number of elements in a multiset,
including the repeated memberships, is the
cardinality of the multiset.

Example:
in the multiset {a, a, a, b, b, ¢, ¢, d)

The multiplicities of the elements a, h, ¢, d are
3, 2, 2, 1 respectively, and the cardinality of
the multiset is 8.




Union of multlsets

Let P and Q be two multisets. The union of P
and Q, denoted by P U Q is a multiset such
that the multiplicity of an element in P U Q is
equal to the maximum of the multiplicities of
the elementsin P and in Q.

Example:

P ={a aa,b,b,ccd}
Q=1{a,a,b,cd e}
PuQ=1{a,a,a,b,b,cc,d e}



Intersection of multisets

The intersection of P and Q denoted by P ,...
Q, is a multiset such that the multiplicity of an
element in P n Q is equal to the minimum of
the multiplicities of the element in P and in Q.

P={a, a,a,b,b,C,c,d}
Q={a, a,b,cd, e}
P(NQ={a, a, b, c, d}



Sum of multisets

The sum of P and Q denoted by P + Q, to be a
multiset such that the multiplicity of an

element in P + Q is equal to the sum of the
multiplicities of the element in P and in Q.

Example:
P={a,a,a,b,b,crcd},Q={aab,cd, e}
P+Q={a,a,a,a,a,b,b,b,cccdd e}
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