
•A logical function that reflects the 
relationship between specific input and 
output values of a neural network can be 
found by solving the following equation:
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= 𝑥'&𝑥(&. . . 𝑥)
•Then, based on the definition of the 
Boolean integral, we will have four 
functions as a solution:

• 

𝑓'* = 𝑥*'&𝑥*(…&𝑥*)&𝑃( 𝑦*)
𝑓(* = 𝑥*'&𝑥*(…&𝑥*)&𝑃( 𝑦*)
𝑓+* = 𝑥*'&𝑥*(. . . &𝑥*) → 𝑃(𝑦*)
𝑓,* = 𝑥*'&𝑥*(. . . &𝑥*) → 𝑃(𝑦*)

Then the mathematical formulation of the 
problem has the following form. 
Let 𝑋 = 𝑥', 𝑥(, . . . , 𝑥) ,	 𝑥* ∈ {0,1, . . . , 𝑘* − 1}, 
where 𝑘* ∈ [2, . . . , 𝑁], 𝑁 ∈ 𝑍,	 is the set of 
neural network inputs. 𝑌 = {𝑦', 𝑦(, . . . , 𝑦-} – 
many exits, each exit 𝑦*  the result of 
processing specific input values by the 
neural network 
𝑥'(𝑦*), . . . , 𝑥)(𝑦*): 𝑦* = 𝑓(𝑥'(𝑦*), . . . , 𝑥)(𝑦*)).
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This paper proposes a method for logical 
interpretation of neural network solutions 
Using Boolean integral-differential 
calculus, it considers possible logical 
relationships between the input data and 
the results of the decisions. 
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Since the outputs in a neural network are independent, it is logical 
to imagine that the function that combines the functions of each 
input is either their conjunction or disjunction.
Thus, we have two variants of functions that interpret the 
dependence of input and output data for each case. And two 
options for functions that can combine all these solutions.
If we consider as initial functions at each given input and output 
𝑓'* = 𝑥*'&𝑥*(. . . &𝑥*)&𝑃( 𝑦*) that
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𝑓* = 𝑥*'&𝑥*(. . . &𝑥*)&𝑃( 𝑦*) = 0 .

If we consider the conjunction as the initial functions at each 
given input and output, and the disjunction as the unifying 
function

 𝑓'* = 𝑥*'&𝑥*(. . . &𝑥*)&𝑃( 𝑦*) , 

 ∨
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" 𝑓* = 𝑥*'&𝑥*(. . . &𝑥*)&𝑃( 𝑦*) ,

then it will be a neural network capable of giving only those 
answers that we have considered. Logically, this is a function of
 𝐹(𝑥', . . . , 𝑥), 𝑃/(𝑦'), . . . . , 𝑃/(𝑦-)) = ?' *" 0!#&0!$...&0!%& #( %!)
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This option does not give the opportunity for conclusions, when at 
least some values will differ from the given ones.

.

Example: suppose we have two inputs and two 
outputs. One input is the values (0,1) at the 
output of the object "a", the second input is the 
values (1,1) at the output of the object "b". Let's 
build functions that reflect the relationship 
between (0,1) and "a". Initial For our example
data:

𝑓* = 𝑥'&𝑥( → 𝑃(𝑎) = 𝑥' ∨ 𝑥( ∨ 𝑃( 𝑎)
𝑓+* = 𝑥'&𝑥( → 𝑃( 𝑏) = 𝑥' ∨ 𝑥( ∨ 𝑃( 𝑏)
(𝑥' ∨ 𝑥( ∨ 𝑃( 𝑎))(𝑥' ∨ 𝑥( ∨ 𝑃( 𝑏)) =
= 𝑥( ∨ 𝑥' 𝑃( 𝑎) ∨ 𝑥' 𝑃( 𝑏) ∨ 𝑃( 𝑎) 𝑃( 𝑏)

SUMMARY APPROACH DISCUSSIONRESULTS

Neural networks are complex 
mathematical models that can find 
complex and non-obvious patterns in 
data. However, understanding how 
exactly these patterns were found is 
often not clear due to the fact that neural 
networks usually operate in a non-linear 
space.
In order to logically interpret the 
operation of a neural network, various 
methods can be used that help visualize 
and analyze the internal processes 
occurring in the network.

We will try to establish the logical 
patterns that have arisen in a particular 
trained neural network without taking 
into account its structure and the value 
of the weights of this neural network. 
This will be an interpretation similar to 
the comparison model. A set of logical 
functions will act as such a model. The 
input and output data will be the values 
at the input of the neural network and at 
the output corresponding to these data.

.

INTRODUCTION

If we consider the implication as the initial functions at each given 
input and output, and the conjunction as the union, we obtain the 
function

 	𝑓(𝑋) = &
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𝑥* → 𝑃(𝑦4)  

This function has a number of interesting properties.

ANALYSIS

METHODS
Because of the considered method, it can be 
argued that for the logical interpretation of a 
correctly functioning neural network, it is possible 
to construct a function that will give an idea of the 
hidden patterns, the existing classes, and the 
most important features in the processed data. 
This approach does not take into account the 
weight, structure, method of learning, rather, it 
refers to the interpretation through comparison 
models, and gives a complete picture of the 
properties of the data under study on the 
considered set of solutions
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