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Lecture - 11
Set Theoretic Operations on Fuzzy Sets

Welcome to lecture number 11 of Fuzzy Sets, Logic and Systems and Applications. So, this
lecture is in continuation to the lecture number 10. In this lecture, we will be continuing the

discussions on Set Theoretic Operations on Fuzzy Sets.
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In the previous lecture, we have covered the notions
(i.e. Equality and Containment or Subset) used in
fuzzy set theory and complement operation on fuzzy
sets.

In today’s lecture, we will discuss the following
operations on fuzzy sets:

*  Union
* |Intersection
« Difference

So, in the previous lecture, we have covered the notions; that means, the equality and
containment or subset used in fuzzy set theory and complement operations on fuzzy sets. In
today’s lecture, we will be discussing the following operations on fuzzy sets. The first one is
the union and then the second one is intersection and then the third one is the difference of

fuzzy sets.



(Refer Slide Time: 01:09)

Union of Classical Sets

The union of two classical sets represents all elements in the
universe of discourse X which belong to either the set A or
the set B or both sets A and B. It is denoted by A U B.

It can be represented as:

. AUB
AUuB={x|]x€Aorx€B} -
: =
X B

Venn Diagram

Now, let us talk about the union of classical sets. We all know the union of classical sets and
we can clearly see here if we have two classical sets. So, let this be a classical set and then
here B is also a classical set and we are interested in taking the union of these two classical

sets in the universe of discourse.
So we take, we follow this condition and the union is represented by A U B here,
AUB={xVxEAVXEB]

So, this way we see here the shaded portion and shaded A and B and these two are together

gives us the union of classical sets.



(Refer Slide Time: 02:41)

Union of Classical Sets

AUuB= {{:Ix € Aorx € B} l

u(x) @ @ Haup (X) AUB
10 / 1.0 l v

| SN 1
2 £ S SX > 23 4

A={xjl <x<3)
B={x|2<x<4}

¥ x € R where R represents set of real numbers.

1
5

2t ]

AUB={x|1<x<4}

So, this can be clearly understood by this example and where we have two classical sets one
is A and the other one is B and when we are interested in finding the A union B we can
clearly see that all of the elements of A and B both are you know included in AU B and this

way we get the union of classical set classical sets A and B.
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Union of Fuzzy Sets

The union of two fuzzy sets A and B in the universe
of discourse X is defined as:

Map (X) = max|u, (x), uy ()] vx € X ‘ o
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Let us now understand the union of fuzzy sets which are little bit different from the union of
classical setsA and B. So, if we have fuzzy sets A and B and we are interested in finding the

union of these two, we must know that not only the elements which are present in these two



sets, the membership values are also important and they place they play a very important role

in managing in finding the union of fuzzy sets.

So, let us first look at the condition which we follow in finding the union of two fuzzy sets.
So, as I mentioned that it is the membership values which are very important for the

corresponding generic variable values and in case of a union of the two fuzzy sets

“AUB(Xj:max[uA(X)’#B(X)]VXEX

So this is the condition for union of fuzzy sets A and B. So, this can be clearly understood by
the two continuous fuzzy sets. So, let this be fuzzy set A and this be another fuzzy set B. So,
let us now find the union of these two fuzzy sets. So, if we apply this condition; in this
condition says that at each and every generic variable value find, take the maximum of the
corresponding membership values. So, if we do that we see that we are getting this as the
AU B means the union of these two fuzzy sets A and B. So, the maximum values if we plot,

we’ll be getting as this is shown by the red line the red color and this is going to be the AU B.
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Union of Fuzzy Sets

Example: Let A and B are two fuzzy sets given as below. Find the
union of A and B for the universe of discourse X = {1,2,3,4}.

A=07/1 + 05/2 + 0.1/3 + 0.6/4

B = 08/2 + 0.3/3

Solution: The fuzzy sets A and B can be written as:
A =07/1 +05/2 + 0.1/3 + 06/4
B= 0/1 + 08/2 + 03/3+ 0/4 v
The union of A and B is:

AU B = max(0.7,0)/1 + max(0.5,0.8)/2 + max(0.1,0.3)/3 +
max(0.6,0)/4 ~

ie.AUB = 0.7/1 + 0.8/2 + 0.3/3 + 0.6/4

Similarly, if we are taking two discrete fuzzy sets A and B and we can use the same condition
to find out A intersection, AU B and this way here if we have A as the discrete fuzzy set, B
here as another discrete set. So if we apply this condition as A U B, the we take the union of

these two fuzzy sets. We take the respective, maximum of the respective membership values.



So, here it is very clear that we have the AU B which is coming out to be like this. So, this

way we can quickly find the union of two fuzzy sets; two discrete fuzzy sets as well.
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Intersection of Classical Sets

The intersection of two sets A and B represents all elements
in the universe of discourse X that simultaneously belong to
both sets Aand B. It is denoted by ANB and can be
represented as:

ANnB ={x|x € Aand x € B} \%
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Venn Diagram

Now let us discuss the intersection of two fuzzy sets. So, before we move to intersection of
two fuzzy sets or [ would say intersection of fuzzy sets, let us first understand what happens
in the intersection of classical sets. So, in the intersection of classical sets we follow this
condition and this is represented by AnB. So, A nB basically contains all the elements
which are present in both the sets A and B. So, if we apply this condition A intersection will
be represented by this section. So, it means the elements which are common in both the

classical sets are regarded as A n B.
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Intersection of Classical Sets
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A=l <x<3)
B={x|2<x<4)}

¥ x € R where R represents set of real numbers.

ANB ={x|2<x <3}

So, now this can also be understood by this example where we have two classical sets here A

and B and A n B will be the common portion of this two continuous classical sets.
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Intersection of Fuzzy Sets

The intersection of two fuzzy sets A and B represents all
elements for which the corresponding membership values can
be computed as:

yana(x) - min[HA(x)-HB(X)] VxeX

Now let us understand the intersection of fuzzy sets and the intersection of two fuzzy sets A
and B represents all the elements for which the corresponding membership values can be

computed as

Iv’AmB(X):minhlA(X]:IJB(X)]VXEX



So, let us take an example here to better understand the intersection of two fuzzy sets. So,
let’s let this be a fuzzy set A and this be another fuzzy set B and when we apply this
condition and take the min of the corresponding membership values. We well get this red
portion as the A n B and this will also be a fuzzy set. So, if we take the intersection of fuzzy
set A and fuzzy set B, we will get another fuzzy set which is shown by a red line a red color

and this comes here the out of the intersection of two continuous fuzzy sets.
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Intersection of Fuzzy Sets

Example: Let A and B are two fuzzy sets given as below. Find the
intersection of A and B for the universe of discourse X = {1,2,3,4}.
A=07/1+05/2+01/3 + 0.6/4 v
B =08/2 + 03/3
Solution: The fuzzy set B can be rewritten as:
B=0/1+08/2+03/3+0/4
Hence, the intersection of A and B is given as below.
ANB = min(0.7,0)/1 + min(0.5,0.8) /2 + min(0.1,0.3)/3 + min(0.6,0)/4
ANB = 0/11 + 05/2 + 01/3 + 0/4
(ok.? 3\, -
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So, if we are interested in knowing what is happening to the intersection of two fuzzy sets
when we take two discrete fuzzy sets. So, here we have two discrete fuzzy sets; the fuzzy set
A and fuzzy set B. Here we have two fuzzy sets, fuzzy set A and then fuzzy set B. So, if we
apply the same condition, we get A nB which is you know for corresponding generic
variable value this is x=1 and then for this we have if we take min of the corresponding
membership values like in one case for a fuzzy set A we have 0.7 and then we have for the

other fuzzy set we have 0.

So, the minimum of this will come out to be 0. So that is why 0 has been mentioned here
although 0 is never written when we express when we represent a fuzzy set. So, this can be
neglected here. So, the outcome will beAnB=0/1+0.5/2+0.1/3+0/4. So, this 0 has been
written here this term the first and last term is included just to make you understand as to

what is happening and why this generic variable values is not included in this outcome.
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Difference of Classical Sets

The difference of a set A with respect to B is defined as the
collection of all elements in the universe of discourse X that
belong to set A but does not belong to B. It is denoted by
A|B and can be represented as:

A|B={x|x € Aand x € B} B|A={x|x € Aand x € B}

[ A A
Venn Diagram of A|B Venn Diagram of B|A

Now, let us discuss a difference of classical fuzzy set. So, the difference of a set A with

respect to B is defined as AVB={xVxEAAXEB]

So, this is with respect to the classical set, it is denoted by A, A straight line B so, AV B and

this is a set which includes all the elements which are present in A, but not in B. So, we can

see here in the Venn diagram that here we have the difference of A and B and here we see the

difference of B and A.

(Refer Slide Time: 14:08)

Difference of Classical Sets
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Now, here we have another example to understand the difference of classical sets. So, we are
interested in the difference in A and B we follow this criteria, we are interested in finding the
difference in B and A we follow this criteria and these diagrams will show us will give us the
difference in A and B. So, A is this fuzzy set which is shown by the black line, the black
color and B is the another classical set which is shown by the blue color. So, if we are
interested in finding the A difference B, we represent first of all by this A oblique B. And
then if we apply the condition that was mentioned we get only this portion this portion and

this way we get A the difference of A and B and these sets are the classical sets.
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Difference of Fuzzy Sets

For the given fuzzy sets A and B with the membership
function values given as p4(x) and ug(x), respectively in the
universe of discourse X, the fuzzy difference is given as:

Hap(x) = min[u,(x), up(x)] vx€X |/

Hgja(x) = min[pg(x), pz(x)] vx € X

Now let us understand the difference of fuzzy sets, on the same lines as we have already done
the other set theoretic operations where we have seen that the it’s the membership values
which are playing an important role in the set theoretic operations. So, here also we see that
when we are interested in the difference of fuzzy sets let us say difference of fuzzy sets A and
B, we try to first you know compute the their membership values respective membership

values and the these conditions are the membership values are represented by
Iv’AvB(X):min[PA(X];IlB(X)}VXE X

And then if we are interested in the difference in B and A fuzzy set B and A, we find the

respective membership values as quA(x)zmin[uB(x),yA(x)}Vxe X
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Difference of Fuzzy Sets
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So, let us now understand the difference of fuzzy sets here and if we apply these two
conditions to the fuzzy sets that are given here is fuzzy set A fuzzy set B. And if we apply the
condition here as the we are interested in finding the difference between fuzzy sets A and B.
So if we are interested in the difference of fuzzy sets A and B, we have to find the mu B bar.
So, for finding this we have to first find the compliment of B. So, this is what is the
compliment of B fuzzy set and when we have this, we can compute the respective we can

find the respective membership values.

So, if we have B fuzzy set here we can say this is the compliment of B. So, this is
compliment of B fuzzy set and then when we apply this criteria this condition we find fuzzy
set the difference between fuzzy set A and B which is coming out to be represented in red
color. So, we take all the minimum values so, if we plot here the minimum value everywhere
wherever we see these conditions are satisfied in this figure and if we take at 0.3 at generic
variable x=3. So, we see that x has for A fuzzy set we have a 0 membership value and B bar

also has membership value 0. So, if we take min we are getting 0 here as well, all right.
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Difference of Fuzzy Sets

Example: Two fuzzy sets A and B are given below. Find the difference between A
and B for X = {1,2,3.4).

A=07/1+05/2+0.1/3+0.6/4
B=04/14+09/2+03/3+0.7/4

Solution: The membership function for the difference set A|B will be calculated
using
pap(x) = minfp,(x) N pp(x)]

The fuzzy set B is defined as
B=(1=-04)/1+(1-09)/2+(1-03)/3+(1-0.7)/4
B=06/1+01/2+0.7/3+0.3/4

Hence, the difference between fuzzy set A and B is:

A|B = min(0.7,0.6)/1 + min(0.5,0.1)/2 + min(0.1,0.7) /3 + min(0.6,0.3) /4 ' ]
AlB = 0.6/1+0.1/2+0.1/3+03/4 _ J

So, we take some more examples here to make to understand the difference of fuzzy sets
better and here we have two discrete fuzzy sets A and B. And if you apply these conditions,
we are we can get this as the outcome of the computations and this is fuzzy this is the
difference between two fuzzy sets A and B. So, we have in this lecture we have covered,
these set theoretic operations and in the next lecture we will study the properties of fuzzy

sets.

Thank you.



