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1.7.1  Fuzzy Set Operations

4

Fuzzy set operations are extensions of classical set operations.

Common fuzzy operations are:

1.Intersection  ( 𝐴∩𝐵 )

2.Union (A U B)

3.Complement ( 𝐴′ )

A intersection B → take smaller membership

A union B        → take larger membership

A complement     → subtract from 1
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1.7.2 Fuzzy Set Operations
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1.7.2a Fuzzy Set Operations: Intersection  ( 𝐴∩𝐵 )

6

x 𝜇𝐴(𝑥) 𝜇𝐵(𝑥)

x1 0.2 0.6

x2 0.7 0.4

x3 1.0 0.8

x Intersection

x1 min(0.2, 0.6) = 0.2

x2 min(0.7, 0.4) = 0.4

x3 min(1.0, 0.8) = 0.8
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1.7.2b Fuzzy Set Operations: Union (A U B)

7

x 𝜇𝐴(𝑥) 𝜇𝐵(𝑥)

x1 0.2 0.6

x2 0.7 0.4

x3 1.0 0.8

x Union

x1 max(0.2, 0.6) = 0.6

x2 max(0.7, 0.4) = 0.7

x3 max(1.0, 0.8) = 1.0
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1.7.2c Fuzzy Set Operations: Complement ( 𝐴′ )
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x 𝜇𝐴(𝑥) 𝜇𝐵(𝑥)

x1 0.2 0.6

x2 0.7 0.4

x3 1.0 0.8

x Complement of A

x1 0.8

x2 0.3

x3 0.0
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1.7.2d  Fuzzy Set Operations
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x 𝜇𝐴(𝑥) 𝜇𝐵(𝑥)

x1 0.2 0.6

x2 0.7 0.4

x3 1.0 0.8

x Union

x1 max(0.2, 0.6) = 0.6

x2 max(0.7, 0.4) = 0.7

x3 max(1.0, 0.8) = 1.0

x Intersection

x1 min(0.2, 0.6) = 0.2

x2 min(0.7, 0.4) = 0.4

x3 min(1.0, 0.8) = 0.8

x Complement of A

x1 0.8

x2 0.3

x3 0.0
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1.7.3 Fuzzy Set Operations
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1.7.4q Fuzzy Set Operations
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1.7.4a Fuzzy Set Operations
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1.8.1 Properties of Fuzzy Sets

13

Important Properties:   Let 𝐴, 𝐵, and 𝐶 be fuzzy sets.

1. Commutative Law

2. Associative Law

3. Distributive Law

4. Idempotent Law

5. Involution Law

6. De Morgan’s Laws
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1.8.2 Properties of Fuzzy Sets: Worked Example: De Morgan’s Law

14

Question: Let x A B

x1 0.3 0.7

x2 0.8 0.4

Find:

Answer: For x1: Also:

Both                                         are equal.
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1.8.3 Properties of Fuzzy Sets

15
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1.9.1 Noninteractive Fuzzy Sets

16

Two fuzzy sets are called noninteractive when the membership of 
one variable does not affect the membership of another variable.

In simple language, the variables are independent in a fuzzy sense.

For example:
• Temperature is hot.
• Humidity is high.

If temperature and humidity are considered separately, their fuzzy 
sets may be treated as noninteractive.
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1.9.2 Noninteractive Fuzzy Sets

17

Joint Membership

For noninteractive fuzzy 
sets 𝐴 and 𝐵, the joint membership 
is often calculated using:

or sometimes using product: 

Example: 

Let: and

Using min operation:

Using product operation:
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1.9.3 Noninteractive Fuzzy Sets
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OR
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1.9.4 Noninteractive Fuzzy Sets
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1.9.5 Noninteractive Fuzzy Sets

20

Question: What are noninteractive fuzzy sets? Give an example.

Answer:
Noninteractive fuzzy sets are fuzzy sets where membership in one 
set does not influence membership in another set. 

For example, temperature being hot and humidity being high may 
be treated as noninteractive if they are considered independent 
variables.
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1.10.1 Alternative Fuzzy Set Operations

21

Standard fuzzy operations use:

•Union = max

•Intersection = min

•Complement = 1 minus membership

But other operations are also possible. These are called alternative 
fuzzy set operations.
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1.10.2 Alternative Fuzzy Set Operations: Common Alternative Operations

22

1. Algebraic Product
Used for fuzzy intersection:

2. Algebraic Sum
Used for fuzzy union:

4. Bounded Sum

3. Bounded Difference
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1.10.3 Alternative Fuzzy Set Operations: Worked Example

23

Let:

1. Algebraic Product

2. Algebraic Sum: 4. Bounded Sum

3. Bounded Difference

0.6×0.7 =0.42

0.6+0.7−(0.6)(0.7)
= 1.3−0.42
=0.88

min(1, 0.6+0.7) =1

max(0,0.6+0.7−1) =0.3
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1.10.4 Alternative Fuzzy Set Operations

24
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1.10.5 Alternative Fuzzy Set Operations

25

•Alternative operations provide 

different ways to combine fuzzy sets.

•Algebraic product is used for AND.

•Algebraic sum is used for OR.

•Bounded sum limits the result to 1.
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1.10.6q Alternative Fuzzy Set Operations

26

Question: For 𝜇𝐴(𝑥) =0.5 and 𝜇𝐵(𝑥) =0.8, calculate algebraic product 
and algebraic sum.
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1.10.6a Alternative Fuzzy Set Operations

27

Question: For 𝜇𝐴(𝑥) =0.5 and 𝜇𝐵(𝑥) =0.8, calculate algebraic product 
and algebraic sum.

Answer:

Algebraic product:

= 0.5×0.8  =0.4

Algebraic sum:

= 0.5+0.8 − (0.5)⁢    (0.8)

=1.3−0.4  =0.9
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1.11.1 Crisp Relations

28

A relation shows a connection between elements of two sets.

A crisp relation either exists or does not exist.

So its value is either 0 or 1.

Definition:

Let:  𝐴={𝑎1,𝑎2} and  𝐵={𝑏1,𝑏2}

A crisp relation 𝑅 from 𝐴 to 𝐵 is a subset of:  𝐴×𝐵

where:   𝐴×𝐵 = {(𝑎,𝑏)∣𝑎∈𝐴,𝑏∈𝐵}
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1.11.2 Crisp Relations

29

Matrix Representation
If relation exists, write 1.
If relation does not exist, write 0.

Example:
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1.11.3 Crisp Relations

30

Let:  𝐴={1,2,3}

Relation:

x is less than y

on set 𝐴.

Find relation matrix. R 1 2 3

1 0 1 1

2 0 0 1

3 0 0 0

Pairs where 𝑥 <𝑦:

(1,2), (1,3), (2,3)

Matrix:

Worked Example All pairs:  (1,1), (1,2), (1,3)

   (2,1), (2,2), (2,3)

   (3,1), (3,2), (3,3)
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1.11.4 Crisp Relations

31
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1.11.5 Crisp Relations

32

Question: Define crisp relation with example.

Answer:
A crisp relation between two sets is a subset of their Cartesian product. 
It shows whether a relationship exists or not using values 0 and 1. 

For example, on 𝐴 ={1,2,3}, the relation “less than” contains ordered 
pairs (1,2),(1,3),(2,3).
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1.12.1  Fuzzy Relations

33

A fuzzy relation is a relation where each pair has a membership value between 
0 and 1.

It tells the strength of relationship between two elements.

Definition
A fuzzy relation 𝑅 from set 𝑋 to set 𝑌 is a fuzzy set on 𝑋 ×𝑌.

𝑅 = { ( (𝑥,𝑦), 𝜇𝑅(𝑥,𝑦) )  ∣  𝑥∈𝑋, 𝑦∈𝑌 }
where:

0 ≤ 𝜇𝑅(𝑥,𝑦) ≤1
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1.12.2  Fuzzy Relations

34

Matrix Form

Example:

This means:

•Relation between first row element and first column element is 0.2.

•Relation between second row element and second column element is 1.0.
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1.12.3  Fuzzy Relations

35

Worked Example
Let:

Students = {S1, S2}

Subjects = {Math, Physics}

Fuzzy relation = “interest in subject”

Student Math Physics

S1 0.9 0.6

S2 0.4 0.8
Interpretation:

•S1 has 0.9 interest in Math.

•S2 has 0.8 interest in Physics.
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1.12.4  Fuzzy Relations

36



21CSE451T FUZZY LOGIC AND ITS APPLICATIONS LECTURE 02By VIRUPAKSHAN K ( 9840847872 | VIRU@KART.LA )

V
iru
p
a
k
s
h
a
n
K
@
g
m
a
il.c
o
m

V
iru
p
a
k
s
h
a
n
K
@
g
m
a
il.c
o
m

VirupakshanK@gmail.com

VirupakshanK@gmail.com

VirupakshanK@gmail.com

1.12.5  Fuzzy Relations
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Question: What is a fuzzy relation? Give one example.

Answer:
A fuzzy relation is a fuzzy set defined on the Cartesian product of 
two sets. It assigns a membership value between 0 and 1 to each 
ordered pair. 

For example, the relation “student interest in subject” may assign 
0.9 to student S1 and Math, meaning S1 has high interest in Math.
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1.12.6  Fuzzy Relations
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Quick Revision Points
•Fuzzy relations show degree of relationship.

•Values range from 0 to 1.

•Fuzzy relations are represented by matrices.

•They are useful in decision systems, classification, and 
pattern recognition.
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LECTURE 02 TOPICS
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1.7 Fuzzy Set Operations
1.8 Properties of Fuzzy Sets
1.9 Noninteractive Fuzzy Sets

1.10 Alternative Fuzzy Set Operations
1.11 Crisp Relations
1.12 Fuzzy Relations
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