


 

Classical Relation 

Fuzzy Relations 2 



 

Fuzzy Relation 

Fuzzy Relations 3 



 

Example 

Fuzzy Relations 4 



 

Representation 

Fuzzy Relations 5 



 

Different 
Representations 

Fuzzy Relations 6 



 

Example 

Fuzzy Relations 7 



 

Fuzzy Set Operations 

Fuzzy Relations 8 



 

T-Norm, T-Conorm, and 
The Inverse (Transpose) 

Fuzzy Relations 9 



 

Max-Min Composition 

Fuzzy Relations 10 



 

Max-Min Composition: 
Discrete Case 

Fuzzy Relations 11 



 

Example 

Fuzzy Relations 12 



 

Example 

Fuzzy Relations 13 



 

Properties 

Fuzzy Relations 14 



 

Properties 

Fuzzy Relations 15 



 

Min-Max Composition 

Fuzzy Relations 16 



 

Example 

Fuzzy Relations 17 



 

Properties 

Fuzzy Relations 18 



 

Properties 

Fuzzy Relations 19 



 

Properties 

Fuzzy Relations 20 



 

Generalization 

Fuzzy Relations 21 



 

Fuzzy Relations 22 

Min → Composition 



 

Fuzzy Relations 23 

Min → Composition 



 

Fuzzy Relations 24 

Min → Composition 



 

Fuzzy Relations 25 

Relation between subcomposition 
and supercomposition 



 

Fuzzy Relations 26 

Properties 



 

Fuzzy Relations 27 

Fuzzy Relational Equations with 
Max-Min and Min → Compositions 



 

Fuzzy Relations 28 

Fuzzy Relational Equations with 
Max-Min and Min → Compositions 



 

Fuzzy Relations 29 

Fuzzy Relational Equations with 
Max-Min and Min → Compositions 



 

Fuzzy Relations 30 

Example 



 

Fuzzy Relations 31 

Example (Cont.) 



 

Fuzzy Relations 32 

Fuzzy Relational Equations with 
Max-Min and Min → Compositions 



 

Fuzzy Relations 33 

Fuzzy Relational Equations with 
Max-Min and Min → Compositions 



 

Fuzzy Relations 34 

Example 



 

Fuzzy Relations 35 

Example (Cont.) 



 

Fuzzy Relations 36 

Max-t-Norm Composition 



 

Fuzzy Relations 37 

Properties 



 

Fuzzy Relations 38 

Properties 



 

Fuzzy Relations 39 

Min →T Composition 



 

Fuzzy Relations 40 

Min →T Composition 



 

Fuzzy Relations 41 

Min →T Composition 



 

Fuzzy Relations 42 

Min →T Composition 



 

Fuzzy Relations 43 

Fuzzy Relational Equations with Max-t-
Norm and Min →T Compositions 



 

Fuzzy Relations 44 

Fuzzy Relational Equations with Max-t-
Norm and Min →T Compositions 



 

Fuzzy Relations 45 

Fuzzy Relational Equations with Max-t-
Norm and Min →T Compositions 



 

Fuzzy Relations 46 

Fuzzy Relational Equations with Max-t-
Norm and Min →T Compositions 



 

Fuzzy Relations 47 

Fuzzy Relational Equations with Max-t-
Norm and Min →T Compositions 



 
Aim: To illustrate the way in which fuzzy relation 

equations can be represented by neural networks. 

Our discussion is restricted to the form: 
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The above equation 



 
 To solve for pij, we can use a feedforward neural 

network with m inputs and only one layer with n 
neurons. 

 The activation function employed by the neurons is 
not the sigmoid function, but the so-called linear 
activation function f defined by: 
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 
 The output yi of neuron i is defined by 
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The Use of Neural Networks 

The training set consists of columns qk of matrix Q as 
inputs (Xj = qjk for each j in Nm, k in Ns) and columns rk of 
matrix R as expected outputs (yi = rik for each i in Nn, k in 
Ns). 



 
 The solution is then expressed by the weights Wij as 
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