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Introduction 
 

A method of comparative identification and tools for building an intelligent 

system are proposed. It is shown that finite predicate algebra (FPA) is a universal 

mathematical apparatus for the formal description of deterministic, discrete, finite 

objects of various nature. FPA makes it possible to interpret knowledge in a rigorous 

mathematical form, where different features and their meanings are related to each 

other by means of Boolean and predicate operations. It is shown that when 

constructing a feature system for a knowledge base, it is advisable to use  

an algebraic-logical model of the subject area. It is shown that in practical problems 

related to the interpretation of knowledge, which is mostly presented in textual form, 

it is not necessary to obtain all sets of values of semantic features, but it is necessary 

to obtain one or several essential sets of feature values (target variables), which are  

a fixed set of values of other features. When solving such problems, other variables 

that are not included in the initial conditions and are not target variables are excluded 

from the equation by linking them to existential quantifiers. An algorithm for 

excluding non-essential variables when solving algebraic-logical equations is 

proposed, which reduces the number of necessary calculations. Finite predicate 

equations of various types are considered. A description of classification problems 

based on predicate equations is given. The problem of classifying objects based on 

features that take discrete values is described mathematically as a solution of 

predicate equations. A broad class of predicates is described from which redundant 

variables can be removed and focus can be placed on the relationships between 

essential variables. A method for removing non-essential variables by applying  

an existential quantifier is proposed and demonstrated using a real-world example. 

An example is given of the use of the mathematical apparatus of intelligence theory, 

the method of comparator identification, and the tools of finite predicate algebra, 

which consists in constructing a model for the identification of medical diagnostic 

parameters in the form of a system of predicate equations, the solution of which 

provides an interpretation of medical knowledge in a given field. 
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1. Comparator identification – a method of intelligence theory 
 

The need to consider the theory of intelligence as a formal doctrine is due to 

the fact that it requires a special mathematical language that is not sufficiently 

developed in existing branches of mathematics. Therefore, the theory of intelligence, 

along with a substantive study of the human mind, is also forced to develop the 

necessary formal apparatus. The possibility of teaching the theory of intelligence 

deductively, based solely on physically observable facts, is based on the method  

of axiomatic description of the human mind developed by the scientific school  

of Prof. Shabanov-Kushnarenko Yu.P. and his followers. This is a method of 

comparison or comparator identification method. The essence of the method  

lies in the fact that the test subject (the person whose intellect is being studied)  

forms the meaning of certain predicates through their physical reactions in specially 

designed experiments 1Р , 2Р , ..., rР . 

These experiments reveal the properties of predicates 1Р , 2Р , ..., rР , which 

are formally written as logical equations linking predicate variables 1X , 2X , ..., rX . 

Some of these equations are used as axioms or initial postulates of intelligence 

theory. From the axioms, as from equations, the values of the predicate variables  

1X , 2X , ..., rX  are found, which are, respectively, the predicates 1Р , 2Р , ..., rР . 

The internal structure of the found predicates characterizes certain details of the 

mechanism of intelligence.  

The comparison method was first used by Newton in his physical study  

of human color vision. Acting as a test subject, he observed arbitrary light emissions 

1X  and 2X  in the fields of comparison and recorded the equality or inequality of 

their colors. The predicate  1 2,P X  X  formed in this way was first linked by logical 

equations-axioms by Grassmann. Based on Grassmann’s postulates (laws), 

Schrödinger was the first to construct a deductive theory of human color vision. 

When studying human intelligence using the comparison method, the 

researcher influences the subject’s sensory organs with physical signals (stimuli)  

1X , 2X , ..., nX , which generate certain subjective experiences (states) 1Y , 2Y , ..., 

nY  in the subject’s consciousness. It is assumed that states 1Y , 2Y , ..., nY  depend 

unambiguously on the corresponding stimuli 1X , 2X , ..., nX . This means that  

there are (exist) functions 

     1 1 1 2 2 2, , ..., n n nY f X  Y f X   Y f X    . 

In experiments, the stimuli 1X , 2X , ..., nX  are taken from sets 1A , 2A , ..., nA  

clearly defined by the researcher, so that always 1 1X A , 2 2X A , ..., n nX A . 
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The researcher selects the sets   1,2,..,iA  i n  arbitrarily, at his discretion, 

based on the scientific tasks he sets for himself. It is assumed that each of the  

stimuli i iX A  generates a specific state iY . The set of all values of the function 

 i i iY f X , defined on the set iA , is denoted by the symbol iB . Thus, each of the 

functions if  is a surjection mapping the set iA  onto the set iB . The functions if  

characterize the ability of the test subject to respond to external objects with 

corresponding subjective states. 

 

2. Finite predicate algebra as a universal means  

of formal description for objects of different nature 
 

It is believed that finite predicate algebra is a universal mathematical  

apparatus for the formal description of deterministic, discrete, finite objects [1–11]. 

In works [4, 5], it was proven that in order to develop the theory of intelligence,  

it is first necessary to have a formal language that can be used to mathematically 

describe the structures and functions of human intelligence, especially those related 

to the accumulation and interpretation of knowledge by humans. The scientific school 

of Professor Yu.P. Shabanov-Kushnarenko and his followers uses finite predicate 

algebra (FPA) as such a language. 

It should be noted that deterministic processes are processes with a unique 

result, in which there is no element of chance. Discrete processes are processes  

in which information takes the form of separate portions or quanta – digits, letters, 

words, formulas, etc. – in which there is no factor of continuity. Finite processes  

are processes in which only a finite number of units of information are involved,  

in which there is no factor of infinity. By definition, the theory of intelligence  

must be limited to the study of purely machine-like functions of human intelligence, 

which are characterized by determinism, discreteness, and finiteness. This raises 

questions about the extent to which the imposed restrictions narrow the  

class of human intelligence functions that can be modeled within the framework  

of the theory of intelligence. 

In order to be able to describe the functions of intelligence mathematically, it 

was necessary to create a formal language in which such a description could be made. 

The formal language had to be chosen so that any finite alphabet operator could be 

written in a convenient form. Such a language is the FPA described below [6–8]. 

The concept of a finite predicate was introduced as follows. Let A  be a finite 

alphabet consisting of k  letters 1a , 2a ,…, ka ,   be a set consisting of two elements 

denoted by the symbols 0 and 1 and called false and true, respectively. A variable 
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defined on the set A  is called a (letter) literal, and a variable defined on the set   is 

called a logical variable. 

A finite n -place predicate over an alphabet A  is any function 

 1 2, , , nf x x x t   of n  letter arguments 1 2, , , ,nx x x  defined on the set A , and 

which takes the logical values t . Sometimes a finite predicate f  is called k -ary, 

emphasizing that its alphabet A  consists of k  letters. 

Each finite alphabet operator can be assigned a specific finite predicate.  

This can be done as follows. Let 

 1 2 1 2m mF x x x y y y    

– is an arbitrarily chosen finite alphabet operator that converts input words 1 2 mx x x  

of length m  into output words 1 2 my y y  of the same length, consisting of  

letters of the alphabet A . Let us construct a 2m -place finite predicate 

 1 2 1 2, , , , , , ,m mf x x x y y y   over the alphabet A , using the following rule: 

 
 

 
1 2 1 2

1 2 1 2
1 2 1 2

1,  ... ...
, , , , , , ,

0,    ... ... .

m m
m m

m m

if F x x x y y y
f x x x y y y

if F x x x y y y

 
   



 

Let’s write down the equation: 

 1 2 1 2, , , , , , , 1m mf x x x y y y    . 

This equation links the variables 1 2 1 2, , , , , , ,m mx x x y y y   by a certain 

relation. Substituting into  1 2 1 2, , , , , , , 1m mf x x x y y y   . the letters 1 2, , , mx x x  

of the input word 1 2 mx x x  of the alphabet operator F , we obtain as a result of 

solving this equation the letters 1 2, , , my  y  y  of the output word 1 2 my y y .  

Thus, the predicate f , constructed in this way, contains all the information about  

the alphabet operator F  that interests us. With its help, we can determine the output 

word of the alphabet operator represented by this predicate for any input word.  

In order to be able to write finite predicates in the form of formulas, a special 

algebraic system called FPA is introduced. More precisely, not one algebra is 

introduced, but a whole family of such algebras. The type of finite predicate algebra 

is characterized by an alphabet of letters A  consisting of symbols 1 2, , ..., ,ka  a   a  and 

an alphabet of variables consisting of n  symbols 1 2, , ..., nx  x   x . Using the finite 

predicate algebra with the alphabet  1 2, ,..., kA a  а  a  and an alphabet of variables 

 1 2, ,..., nB x x x , any n -place k -ary predicate  1 2, ,..., nf x x x  defined over the 

alphabet A  can be written. In this case, it is assumed that the letters and variables  

of the alphabets A  and B  are numbered. 
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In finite predicate algebra, there is a very special function, or more precisely,  

a unique predicate called the recognition predicate. Each formula of the form  i ja x  

can be conveniently regarded as a single-place predicate that depends only on the 

variable jx  and is defined as follows: 

 
1,    ,

0,    .

j i
i j

j i

if х а
а х

if х а


 



 

The predicate  i ja x  «recognizes» a single letter ia  among the possible letters 

of the alphabet A , and is therefore called the predicate of recognition of the letter ia  

or even the recognition of the letter ia , which depends on the variable jx . There are 

nk  different letter recognitions in total. By applying disjunction and conjunction 

operations to different letter recognitions, repeatedly and in different orders, you can 

obtain different predicates. Letter recognition is considered to be an elementary 

predicate of finite predicate algebra. The set of elementary operations and 

elementary predicates forms the basis of finite predicate algebra. 

It has been proven that the algebra of finite predicates is complete. Thus, any 

finite predicate can be written in the ASP language. The algebra of finite predicates is 

not only complete, but even redundant in a certain sense. The true predicate denoted 

by formula 1 can be expressed by other means of finite predicate algebra, for 

example, in the form of a disjunction of all conjunctions of the form 1 2
1 2 ... n

nx x x
  

.  

In the case when 2k  , i.e., when the alphabet A  contains at least two letters 1а   

and 2а , one can do without formula 0. The predicate denoted by this formula, which 

is identically false, can be written, for example, in the form of the formula 1 2
1 1
a a

x x . 

Most often, disjunctive algebra and its various conservative extensions are 

used as the language for recording finite predicates. The convenience of disjunctive 

algebra of finite predicates lies in the fact that its language allows for concise and 

convenient recording of truth and falsity laws. These laws play a special role in  

any finite predicate algebra. In essence, there are requirements that must be satisfied 

for the correct introduction of variables on finite sets. 

The truth law specifies the domain of variation of a variable, and the falsity law 

ensures that all elements of the set in which the variable is defined are pairwise 

distinct. In any other algebra, the truth and falsity laws would be written in much 

more cumbersome expressions. Hereinafter, we will refer to the disjunctive algebra 

and its conservative extensions simply as the finite predicate algebra. 
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Thus, in this subsection, we have shown that the finite predicate algebra is  

a universal mathematical tool for the formal description of deterministic, discrete, 

finite objects of various kinds. 

The convenience of the disjunctive algebra of finite predicates lies in the fact 

that its language allows for concise and convenient notation of truth and falsity laws, 

which play a special role because they set the necessary and sufficient requirements 

for the correct introduction of variable attributes on finite sets. 

The truth law specifies the domain of variation of a variable, and the falsity law 

ensures that all elements of the set on which the variable is defined are pairwise 

different. In any other algebra, the truth and falsity laws would be written as much 

more cumbersome expressions. 

 

3. Formal description of the subject space  

in the language of finite predicate algebra 
 

A distinction should be made between the formal description of an object and 

its abstract description. The abstract description of an object always follows the 

formal description. This is a stage of more in-depth study of the object compared to 

its formal description. The formal description of an object is the replacement of the 

object with mathematical constructions. An abstract description of an object is  

an axiomatic construction of a theory of those mathematical structures that were 

obtained in the formal description of the object. 

The representation and interpretation of knowledge play an important role in 

various areas of computer science. Various methods of discrete mathematics are used 

to formally represent information about objects and processes in knowledge bases.  

In cases where information about objects and processes in knowledge bases, 

represented by discrete information features, has a rather complex logical structure, 

various methods and models of discrete mathematics are used for its formal 

representation, including logical equations with Boolean variables. Thus, logical 

methods of image recognition involve the compilation and solution of logical 

equations with variables that take on values of 1 and 0, depending on whether a given 

object has a certain property or not. Solving such equations allows either to identify 

an object by the available sets of attribute variable values or to establish unknown 

properties of a given object [1].  
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4. Method for studying the relationships between  

discrete characteristics of objects 
 

Logical classification methods usually involve compiling and solving logical 

equations with variables that take on values of 1 and 0, depending on whether a given 

object has a certain property or not. Solving such equations allows either to identify 

an object by the available sets of attribute variable values or to establish unknown 

properties of a given object. A natural generalization of Boolean algebra equations is 

finite predicate algebra equations, which allow you to operate with arbitrary attribute 

variables defined on different finite sets. The use of such equations for constructing 

logical conclusions in knowledge bases allows expanding the capabilities of Boolean 

logical methods for object recognition and classification. When classifying objects, 

we deal with sets of features, selecting some of whose values allows us to determine 

the membership of the object under consideration to a certain class. This section 

presents a method for investigating the relationships between discrete features of 

objects. Various types of predicate equations are considered. 

When analyzing the relationships between essential features of data, we often 

encounter rather complex systems of logical equations, which, nevertheless, can be 

simplified due to their specific properties. To demonstrate the procedure for 

eliminating non-essential features, a real example from the field of medicine  

will be considered below. 

Many practical problems require the use of logical classification methods.  

For example, in [16], binary feature vectors are classified. The proposed method can 

be used in various classification problems in different areas. The classification 

process boils down to studying logical-dynamic systems depending on some initial 

states. In [17], correction functions are constructed for logical object recognition 

methods. An interesting algorithm for logical classification using correction functions 

is proposed. In [18], logical data classification is used to analyze hyperspectral data. 

Some combinatorial issues of logical classification are discussed in [19]. The authors 

applied their research to the classification of proteomic expressions of Alzheimer’s 

disease. In [20], logical algorithmic methods for constructing decision trees are 

considered. In [21], a logic-based classification method for text recognition is 

proposed. In [22], a logical approach to machine learning is proposed. The authors 

developed a special logical classifier. The logical design of a strong classifier using 

weak classifiers is considered in [23]. A combination of different methods, including 

logical classification, was tested in [24]. A method for classifying text messages 

based on logical extraction is considered in [25]. In [26], finite predicate networks for 

radar detection are investigated. A new approach to logical classification and 
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recognition is proposed in [27]. Subsystems of Boolean equation systems are 

investigated in [28]. In [29], a method for distributed solving of logical equations is 

presented. In [30], some specific types of logical functions are considered.  

The main focus is on symmetric functions, which are widely used for classification 

purposes. The issue of entropy in Boolean networks is discussed in [31].  

Logic-predicate networks are investigated in [32]. The use of predicates for 

classifying access problems in the Internet of Things is considered in [33].  

Many works devoted to classification often use Boolean algebra, fuzzy logic, or 

neural networks as basic mathematical tools [19]. Logical approaches to fact-based 

analysis are discussed in [20]. 

A common generalization of Boolean algebra equations is finite predicate 

algebra equations [33], which allow operations on arbitrary attribute variables defined 

on finite sets. The use of such equations for constructing logical inferences in 

knowledge bases makes it possible to extend the capabilities of logical methods for 

object recognition [34]. There are many ways to represent data and the relationships 

between them. First, we will briefly consider Boolean algebra equations and some 

problems that arise when solving them. 

The axioms of Boolean algebra are satisfied by some mathematical structures 

that are of great importance for information systems. Such structures include, for 

example, logic algebra, set algebra, and ASP. Often, the dependencies between 

elements of Boolean algebra can be described by an equation or a system of 

equations, where one equation (or a certain number of equations) can contain both 

unknown elements (variables) and known elements (parameters). It is interesting to 

find out under what conditions an equation (or a system of equations) has a solution, 

as well as the conditions under which this solution is unique. Finally, it is necessary 

to be able to find the solution to the equation. 

In addition, if the conditions for uniqueness of the solution are not met, it is 

sometimes impossible to find all solutions to a given equation or system of equations, 

and it is practically impossible to try them all in turn, since their number can be very 

large. However, it would be desirable to be able to study these solutions, select the 

optimal ones (for specific problems), and consider the structure of these solutions in 

the same way as the structure of a set of differential equations is considered in the 

theory of differential equations, despite the fact that this set may be infinite. It is 

possible to find all solutions to Boolean equations without going through them one by 

one, but by describing them with formulas so that all solutions to a given equation  

or system of equations can be obtained from these formulas. 
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5. Analysis of logical connections  

between essential features of data in systems of predicate equations 
 

A universal method for solving systems of finite predicate algebra equations is 

to reduce the predicate, given by the system of equations and initial conditions, to  

a perfect disjunctive normal form. However, this procedure involves searching 

through many intermediate solutions, and its practical implementation requires 

significant computer time. For some types of predicate equations, taking into account 

the peculiarities of their structure, simpler solution algorithms can be developed. 

In many practical problems related to the semantic processing of medical data, 

natural language information, and customer data, it is not necessary to obtain all sets 

of values of semantic features, but it is necessary to obtain one or more sets of feature 

values (target variables) that are of interest to the user. It is often necessary to find the 

values of target variables under given initial conditions, which are a fixed set of 

values of other features. When solving such problems, other variables that are not 

included in the initial conditions and are not target variables are excluded from the 

equation by binding them with existential quantifiers. 

Let us consider the solution of Boolean equations using the traditional method 

of reduction to PDNF (perfect disjunctive normal form). The essence of this method 

is that the logic algebra function on the left side of the equation is written in PDNF 

form, or more precisely, the sets of values of binary variables that satisfy this 

equation are written directly. For example, let us have the following equation  

  1 2 2 3 1X X X X   . 

Writing down the left side as PDNF, we obtain the equation 

1 2 3 1 2 3 1 2 3 1 2 3 1X X X X X X X X X X X X    , 

which shows that the solutions are sets {1,1,1}, {1,1,0}, {1,0,0}, {0,0,0}. 

For logic algebra, this approach is universal in a sense, since it is always 

possible to obtain all solutions to any equation. Suppose that in the above example, 

1 2 3, ,X X X  – are variable sets of some set algebra, and we interpret conjunction, 

disjunction, and negation as intersection, union, and addition in set algebra. 

For logic algebra, this approach is universal in a sense, since it is always 

possible to obtain all solutions to any equation. Suppose that in the above example 

1 2 3, ,X X X  – variable sets of some set algebra, and we will interpret conjunction, 

disjunction, and negation as intersection, union, and complement in set algebra. 

For clarity, let us consider the algebra of all subsets of a set  ,a b . Then 0 is  

an empty set, 1 is all sets. Obviously, the sets listed above will be solutions to the 

original equation in this case, but not only these sets. For example, if we substitute 
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     1 2 3, ,X a X a X a   , then the equation becomes an identity. From the 

above, it follows that the method of reduction to perfect disjunctive normal form is 

not universal for solving Boolean algebra equations in general. 

The above considerations show the need for separate consideration of Boolean 

algebra as a mathematical tool for solving logical equations. Any results obtained for 

Boolean algebra equations are automatically transferred to FPA equations. 

Let us move on to definitions. It is known that a Boolean algebra is any algebra 

for which the following axioms hold: 

, ,a b b a a b b a        

( ) ( ),a b c a b c      

( ) ( ),a b c a b c       

( ) ( ) ( ).a b c a c b c       

( ) ( ) ( ),a b c a c b c       

, ,a a a a a a     

1 1, 0 , 0, 1 ,a a a a a a        

, ,a a a b a b a b a b        

1, 0.a a a a     

Let us assume that the algebra is defined on an abstract set, and the operations 

" "," "," "    will be called conjunction, disjunction, and negation, respectively.  

A Boolean formula is an arbitrary function : mf M M , obtained by superposition 

of conjunction, disjunction, and negation. Further, for convenience, the conjunction 

sign will be omitted. The concept of a perfect disjunctive normal form can be  

defined in exactly the same way as in logic algebra, although it should be noted  

that in this case the variables in a perfect disjunctive normal form can take  

values other than 0 and 1. 

To effectively solve equations with unknown finite predicates, it is advisable  

to first study equations written using Boolean algebra operations, since these 

operations are most commonly encountered when writing predicate equations. 

The algebra of finite predicates allows us to interpret knowledge in a rigorous 

mathematical form, where different features and their meanings are related to each 

other by Boolean and predicate operations. The classical form of a logical equation 

with finite predicates looks like this: 

 1 2 , , , 1nf x x x  , 

where each variable takes values from a finite set of elements, and in general,  

these domains may be different. In practice, we may encounter problems  

with many equations.  
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In this case, the problem can be solved by solving a system of equations: 

 1 1 2 , , , 1,nf x x x   

 2 1 2 , , , 1,nf x x x   

… 

 1 2 , , , 1.m nf x x x   

If necessary, this system can be rewritten as a conjunction of the above 

equations and presented as a single equation: 

     1 1 2  2 1 2  1 2 , , , , , , , , , 1n n m nf x x x f x x x f x x x      . 

Unlike Boolean variables, predicate variables provide greater flexibility in 

defining the necessary characteristics. For example, consider the following dependencies: 

1 21
1 1
b ba

y x x  , 

3 42
1 1
b ba

y x x  , 

5 63
1 1
b ba

y x x  , 

where domains for y  and 1x  is  1 2 3, , a a a  and  1 2 3 4 5 6, , , , ,   b b b b b b  accordingly.  

If 1y a  then 1 1x b  or 1 2x b . On the other hand, it follows from the first 

expression that 

 1 2 1
1 1
b b a

x    x y   , 

that means 

3 5 64 32
1 1 1 1
b b bb aa

x x x x y y     . 

Thus, if 1x  takes on a value from a set  3 4 5 6, , , b b b b  then the property of the 

object y  acquires meaning 2a  or 3a . 

The classic form of a logical equation with finite predicates looks like this: 

 1 2, , , 1  nf x x x  , 

where each variable takes values from a finite set of elements, and in general, these 

domains may be different. In practice, you may encounter problems with many 

equations. In this case, the problem can be solved by solving a system of equations: 

 1 1 2, , , 1,  nf x x x   

 2 1 2, , , 1  nf x x x  , 

... 

 1 2, , , 1m   nf x x x  . 

If necessary, this system can be rewritten as a conjunction of the above 

equations and presented as a single equation: 

     1 1 2 2 1 2 1 2, , , , , , , , , 1  n   n m   nf x x x f x x x f x x x      . 
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For such equations, we can identify some problems that can be solved: 

1) find all possible sets of variable values that satisfy this equation. Obviously, 

this task is difficult because the number of calculations increases exponentially; 

2) determine whether the system has a solution; 

3) determine whether it has a unique solution; 

4) find some important combinations of variable values that satisfy the system; 

5) solve the system under some initial conditions. 

Consider the following system of predicate equations: 

 1
1 1 2, , ,

a
  ny g x x x  , 

 2
2 1 2, , ,

a
  ny g x x x  , 

... 

 1 2, , ,ma
m   ny g x x x  . 

This means that when the function y  takes on the value ia , the set of variable 

values 1 2  , , ,  nx x x  must satisfy the equation 

 1 2, , , 1i   ng x x x  , 

which means that if an object has a property   ia , its characteristics 1 2, , ,  nx x x   

must satisfy the above formula. 

Generally speaking, the opposite is not necessarily true. If  1 2, , , 1i   ng x x x  , 

y  does not necessarily acquire value ia . Let’s consider a stronger dependency: 

 1
1 1 2, , ,

a
  ny g x x x  , 

 2
2 1 2, , ,

a
  ny g x x x  , 

... 

 1 2, , ,ma
m   ny g x x x  . 

In this case, any set of feature values 1 2, , ,    nx x x  either confirms the fact that 

y  is equal to ia  or not (belongs to the corresponding class or not). If an object has  

a property   ia , then its features must satisfy  1 2, , , 1i   ng x x x  . Thus, we can 

classify an object y  by the values of its features 1 2, , ,  nx x x . It can also be easily 

shown that the conjunction of any two different functions ig  and  jg  is equal to zero. 

This follows from the basic properties of recognition predicates. It can be shown that 

the above system is equivalent to the following equation: 

     1 2
1 1 2 2 1 2 1 2, , , , , , , , , 1maa a

  n   n m   ny g x x x y g x x x y g x x x      .  



214 

Based on the solution of such equations, it is possible to propose logical 

methods for classifying objects that can be applied to solve practical problems in 

various areas. Their features can be identified at the stage of constructing  

a mathematical model, taking into account the characteristics of the data.  

Usually, propositional logic is used for this purpose. We propose an approach based 

on finite predicate algebra. Let us construct a general form of such problems based  

on predicate equations.  

 

6. Means of constructing a system of features  

for a knowledge base based on a formal algebraic-logical model of a subject area 
 

Logical methods of object classification are used to solve practical problems in 

various areas: biology, physics, meteorology, etc. Their features can be identified at 

the stage of constructing a mathematical model, taking into account the 

characteristics of the data. Usually, propositional logic is used for this purpose.  

This paper proposes an approach based on finite predicate algebra.  

Let us construct a general form of such problems based on predicate equations. 

Let the feature variables 1 2 , , , ly y y  denote certain properties of objects, for 

example, in the formal description of the symptoms of any disease (according to the 

diagnosis or treatment protocol) or the assignment of a patient to a certain risk  

class [15]. Each variable takes values from its domain. Unlike Boolean variables, 

predicate variables can take values from different arbitrary domains. 

Let discrete variables 1 2, , ,  nx x x  be attributes, based on which we can 

determine what values variable properties can take. Properties and attributes can be 

linked together in the form of complex logical dependencies, which can be 

represented as a predicate equation: 

 1 2 1 2, , , ; , , , 1  l   nP y y y  x x x   , 

where P  is a finite predicate. 

Classifying the object under consideration means determining, based on this 

predicate equation and experimental data on features 1 2 , , , nx x x , which properties 

(feature values 1 2 , , , ly y y ) this object possesses and which properties it does not 

satisfy. For example, each elementary conjunction 

11 12
1 2
a a

x x ... 1na
nx , 

21 22
1 2
a a

x x ... 2na
nx , 

... 

1 2
1 2

m ma a
x x ... mn

nx  
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corresponds to its own class of objects. Then, based on a priori dependence 

 1 2 1 2, , , ; , , , 1  l   nP y y y  x x x    and experimental data on features 1 2, , ,  nx x x ,  

it is possible to determine which class a given object belongs to. As can be seen  

from the above considerations, the values of features are grouped into a matrix. 

Suppose that as a result of the experiment, we obtained some data related to the 

values of features 1 2, , ,  nx x x , describing the classified object and constructed the 

following predicate equation describing the relationships between them: 

 1 2, , , 1  ng x x x  . 

The task of classifying objects can be formalized as solving the following 

predicate equation by finding the unknown predicate f : 

 1 2, , ,  ng  x x x   1 2, , , .  lf y y y   

solving this functional equation, you can determine the values of the features 

1 2, , ,  nx x x  , that characterize objects 1 2, , ,  ly y y .  

Unlike Boolean variables, predicate variables provide greater flexibility in 

defining the necessary characteristics. For example, consider the following 

dependencies: 

1 21
1 1   
b ba

y x x  , 

3 42
1 1   
b ba

y x x  , 

5 63
1 1   
b ba

y x x  , 

where the domains for y and 1x  are  1 2  3, ,a a a  and  1 2  3 4 5  6, , , , ,b b b b b b  accordingly. 

If 1y a , then 1 1x b  or 1 2x b . On the other hand, it follows from the first 

expression that 

 1 2 1
1 1   
b b a

x x y   , 

that means 

3 5 64 32
1 1 1 1   
b b bb aa

x x x x y y     . 

Thus if 1x  takes a value from the set  3 4 5  6, , ,b b b b , the property of object y 

takes the value 2a  or 3a . 

A universal method for solving FPA systems of equations is to reduce the 

predicate, given by the system of equations and initial conditions, to a perfect 

disjunctive normal form (PDNF). However, this procedure involves searching 

through a large number of intermediate solutions, and its practical implementation 

requires significant computer time. For some types of linguistic equations, given the 
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peculiarities of their structure, simpler algorithms for solving them can be developed. 

For example, a heuristic algorithm is more practical, but it involves searching through 

all sets of semantic feature values, which slows down the solution process as the 

number of features increases, with the solution time growing exponentially. 

In many practical problems related to knowledge interpretation, which are 

mostly presented in text form, i.e., related to the semantic processing of natural 

language information, it is not necessary to obtain all sets of values of semantic 

features, but it is necessary to obtain one or more sets of feature values (target 

variables) that are of interest to the user. It is often necessary to find the values of 

target variables under given initial conditions, which are a fixed set of values of other 

features. When solving such problems, other variables that are not included  

in the initial conditions and are not target variables are excluded from the equation  

by linking them with existential quantifiers. 

In research related to logical inferences in knowledge bases, questions  

arise regarding the determination of the closeness of the relationships between the 

attributes of these objects, as well as questions about their essentiality and  

non-essentiality. Obviously, it can be assumed that the formal relationship between 

features is stronger when fewer sets of values of these variables satisfy the equation. 

At the same time, if any sets of values of these variables satisfy the original equation, 

it can be assumed that there is no relationship between these variables. 

In addition, the following questions arise when solving practical problems: 

1. How will the specific values of this feature, substituted into a logical 

equation, affect the relationships between other features? 

2. How strong is the logical relationship between two (or more) given features? 

To answer the first question, it is natural to single out those predicates  

(and, accordingly, equations) which, when a certain value of the attribute is 

substituted, turn into predicates that give a stronger relationship between the 

variables, as well as those predicates, the substitution of this value into which leads to 

a weakening of the logical relationship between the attributes. 

To answer the second question, it is necessary to exclude from the original 

equation, using the existence quantifier, all variables except those under 

consideration, and examine the resulting equation with fewer variables, which 

describes all permissible sets of values of the studied features. 
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7. Development of an algorithm for eliminating insignificant variables  

when solving algebraic logic equations  

to reduce the amount of necessary calculations 
 

Let us consider the feature selection procedure, where the number of features 

can be reduced. Here we may encounter the following problems. 

1. We may need to find some sets of feature values that interest us, where there 

is at least one value of non-essential features for which there is at least one set of 

values of essential features. In this case, we apply an existence quantifier to the set of 

non-essential values. 

2. We may need to find some sets of feature values where, for any set of  

non-essential features, there is at least one solution to the equation. In this case, we 

apply a universal quantifier to the non-essential variables. 

3. We may need to find some sets of attribute values that satisfy the equation, 

provided that the non-essential attributes take certain specific values. 

Let the predicate P  depend on variables , , ,x y z . Let us define the 

substitution operator  a P  ( a  belongs to the domain of the variable x ), which  

acts on the predicate P as follows 

   , , , , , , .a P x y z P a y z    

We will call a substitution operator restrictive if the following condition is met 

   , , , , , ,P a y z P x y z    

for all , , ,x y z . 

Let’s determine the distribution of the substitution operator if the condition  

is true 

   , , , , , ,P a y z P x y z    

for all , , ,x y z . 

Interpreting the knowledge presented by this implication, we can say that 

substitution operators strengthen the logical connection between discrete features, 

while distributive substitution operators weaken this connection by shifting the 

relationship between features in an irrelevant manner. 

Let us consider the predicate P as follows: 

       1 2
1 2, , , , , , , , , .naa a

nP x y z x P y z x P y z x P y z        

Then  

         1 2
1 1 1 1 1, , , , , , , , .naa a

a P P y z x P y z x P y z x P y z         

Obviously, the predicate  1a P  will be shortened if 1 1,2, ,iP P i n    . 
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The operator  1a P  will distribute if 1  1,2, ,iP P i n    . 

Let us consider examples of applying the operator 1a  to predicate  ,  P x y

where variables ,x y  and z  have domains of definition  1 2,a a ,  1 2,b b  and  1 2,c c  

accordingly. 

Let 1 1 1 2 1 2 2 1 1.
a b c a b c a b c

P x y z x y z x y z     

Then    1 1 1 2 1 1 1 1 1 2 1 1
1 & .

b c a a b c a b c a b c
a P y z x x y z x y z x y z       

With the exception of disjunctions containing the predicate  1a P , it contains 

one more disjunction 2 1 1a b c
x y c , thus the operator 1a  is restrictive for the predicate .P  

According to the definitions given, in the example above 1 1
1 ,

b c
P y z  

11 2 1
2 1

cb c b
P y z y z    . From this, it is clear that 1 2P P . Let us now consider  

the predicate 

1 1 1 1 1 2 2 1 1 ,
a b c a b c a b c

P x y z x y z x y z     

     1 1 1 2 1 2 1 1 1 2

1 2 1 2 2 1 1 2 2

1

1 1 1 1 .

&
b c b c a a b c b c

a a b c a b c a c

a P y z y z x x y z y z

x y b c x y z x y z xx b b

     

   

 

The operator 1a  for this predicate is obviously distributive. In this example 

1 1 1 2
1

b c b c
P y z y z   and 1 2

2
b c

P y z  thus 1 2P P . 

To answer the second question, it is necessary to exclude all variables except 

those considered from the original equation and examine the resulting equation with 

fewer variables, which describes all permissible sets of attribute values. In [51],  

a fairly broad class of predicates is considered for which an effective algorithm  

for excluding variables without increasing the size of the original formula can be 

specified. Here, we extend this class by adding some additional properties.  

Consider the following properties of the existence quantifier: 

1. 1axx  . 

2. 1ax x   . 

3.          x P x Q x x P x x Q x        . 

4.         x P x Q x xP x xQ x      . 

5.        ( & &x P x Q y xP x Q y   . 

6.         y P x Q y P x yQ y    . 
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7.         y P x Q y P x yQ y    . 

8. Assume    & 0, , , 1,2, ,i jP x P x i j i j k     

9. Suppose: 

               
              

1 1 2 2

1 1 2 2

& & &

& & & .

k k

k k

y P x Q y P x Q y P x Q y

P x yQ y P x yQ y P x yQ y

     

    
 

10. If the identity   0iP x   is not true for any 1,2, ,i k     and 

   & 0i j P x P x    for , , 1,2, ,i j i j k   , then 

               
     

1 1 2 2

1 2

& & & k k

k

x P x Q y P x Q y P x Q y

Q y Q y Q y

    

 



 
 

The above properties allow us to describe a broad class of finite predicates 

(according to equations) defined on a set of variables  , , ,x y z , for which it is easy 

to find relationships between selected variables without increasing the size of the 

original formulas. Let us define this class recursively. 

1. All «recognitions» for variable , , ,a b cx x x  ( , , ,a b c  – symbols 

belonging to the domain x ) belong to x . 

2. All objections , , ,a b cx x x     belong to x . 

3. If predicates    ,P x Q x   belong to  x  then predicate     P x Q x  

belongs to x . 

4. Any predicate that does not depend on a variable  x  belongs to the set x . 

5. If predicates 1P  та 2P  belong to x  then predicate 1 2P P P   belongs to x . 

6. If predicate 1P  belongs to x  and predicate 2P  does not depend on  x then 

predicate 1 2&P P P  belongs to x . 

7. If predicate 1P  does not depend on x  і predicate 2P  belongs to  x then 

predicate 1 2P P P   belongs to x . 

8. Let predicates 1 2, , , kP P P  do not depend on x ; & 0i jP P    for 

, , 1,2, , , i j i j k      predicates 1 2, , , kQ Q Q  belong to ;x  then 

     1 1 2 2& & & k kP P Q P Q P Q      

belongs to x . 
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9. If predicates 1 2, , , kP P P  depend only on x , & 0i jP P   for 

, , 1,2, ,i j i j k   ; for any 1,2, ,i k   then identity 0iP   is not true; predicates 

1 2, , , kQ Q Q  do not depend on x ; then predicate  

     1 1 2 2& & & k kP P Q P Q P Q      

belongs to x . 

It may also be necessary to eliminate redundant variables using a universal 

quantifier. In this case, we can use the following properties of this quantifier: 

1. 0axx  . 

2. 0ax x   . 

        &x P x Q x x P x x Q x        

3.         & &x P x Q x xP x xQ x   . 

4.        (x P x Q y xP x Q y    . 

5.         & &y P x Q y P x yQ y   . 

6. Suppose. 

   & 0, , , 1,2, , ,i jP x P x  i j i j k     

then: 

               
              

1 1 2 2

1 1 2 2

& & &

& & & .

k k

k k

y P x Q y P x Q y P x Q y

P x yQ y P x yQ y P x yQ y

   

     
 

7. If identity   0iP x   is not true for any 1,2, , i k     and 

   & 0i j P x P x    for , 1,2, ,  i j j k   then 

               
     

1 1 2 2

1 2

& & &

& & & .

k k

k

x P x Q y P x Q y P x Q y

Q y Q y Q y

   

 
 

We can recursively define a class of predicates x  from which a variable x  

can be excluded without increasing the size of the formula: 

1. All «recognitions» , , ,a b cx x x  belong to xΣ .  

2. All objections , , ,a b cx x x     that do not depend on x  belong to x . 

3. If 1P  and 2P  belong to  x then 1 2( )P P   belongs to x . 

4. If predicates 1P  and 2P  belong to  x  then predicate 1 2&P P P   

belongs to x . 
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5. If a 1P  belongs to x  and predicate 2P  does not depend on  x  then 

predicate 1 2P P P   belongs to x . 

6. If predicate 1P  does not depend on x  and predicate 2P  belongs to x  then 

predicate 1 2&P P P  belongs to x . 

7. Let’s assume that predicates 1 2, , , kP P P  do not depend on x , & 0i jP P   

for , , 1,2, , ;i j i j k    predicates 1 2, , , kQ Q Q  belong to x , then 

     1 1 2 2& & &k kP P Q P Q P Q    

belongs to x . 

8. If predicates 1 2, , , kP P P  depend only on x , & 0i jP P   for 

, , 1,2, , ;i j i j k    for any 1,2, ,i k   identity 0iP   is not true, predicates 

1 2, , , kQ Q Q  do not depend on x  then predicate 

     1 1 2 2& & &k kP P Q P Q P Q    belongs to the set x .  

An example of how this method is used is shown in the next paragraph based 

on information screening of medical records. 

 

8. Application of algebraic-logical modeling  

for information screening in conditions of incomplete information 
 

All areas that work with knowledge bases use information technology and 

produce or consume data. The quality of this data is crucial for the effectiveness of 

decision-making support processes. Therefore, the relevant areas of IT development 

are: interpretation of knowledge, its extraction from various sources, intelligent data 

processing, and the formation of high-quality information for making appropriate 

decisions. Information quality is an integral characteristic that shows the degree of 

suitability of data for decision-making. The process of improving information quality, 

or information screening, is a process of semantic processing of poorly structured, 

incomplete, and ambiguous data in order to analyze characteristics and identify 

patterns and inconsistencies [15]. 

For example, consider the task of analyzing certain medical records, namely 

data stored in patient medical records, and show that such data is generally 

characterized by the following features: incompleteness, obsolescence, inconsistency, 

etc. This situation leads to more than one interpretation, i.e., to ambiguity of 

information. The use of the results of processing ambiguous information contained in 

medical documentation with low data quality leads to incorrect management and 

medical decisions. In this regard, it is important to introduce models and methods  
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for processing medical data that improve the quality of information for decision-

making, namely: improve data completeness by extracting additional information, 

improve data accuracy by using only relevant information, remove contradictory 

information, and form a relevant data set.  

Research methods for this type of task are based on the use of system analysis 

methods, decision-making theory, intelligent data analysis methods, and intelligence 

theory methods. Namely: the algebraic-logical modeling method and the comparator 

identification method are used in the intelligent processing of data from patient 

medical records for information screening of medical documentation; the 

mathematical apparatus of optimization methods is used in solving the problem of 

planning therapeutic and preventive measures based on the technology of information 

screening of medical documentation; a service-oriented approach was used to 

develop tools for solving the tasks set. 

In works [15, 53], a method for information screening of medical 

documentation was proposed and developed. The use of the comparator identification 

method for solving the problem of information screening of medical documentation 

was also proposed. A model for identifying medical and diagnostic parameters  

has been developed. 

For example, to improve the quality of information for medical decision-

making, a method of information screening has been formulated and justified, which 

consists of using a set of data processing models (Fig. 1). 
 

Model for identifying medical 

and diagnostic parameters

Model for developing 

a set of screening measures

Model for determining the number of 

patients for performing screening 

measures

Model for planning screening measures

Model for assessing risks of 

disease progression

Health 

group
Individual

set

Screening plan

Relevance 

of measures

Risks of disease 

progression

Medical examination
Screening examination data

Identified 

data

 
 

Fig. 1. Medical documentation information screening method 

 

To solve the problem of information screening of certain medical 

documentation (for example, medical records filled out by a family doctor), the use of 

an algebraic-logical method of modeling a system of features based on finite 
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predicate algebra is proposed as a method for modeling subject knowledge.  

The general scheme for using the proposed method is as follows: based on 

information from medical records and other sources of medical information, a set of 

features is formed, which is modeled by predicate equations. Depending on the 

results to be obtained, the reactions of the predicates are subjected to semantic 

processing and grouped into a set of aggregated signs, which subsequently  

form the basis for medical decisions (Fig. 1). In this formulation of the problem,  

the comparator is a system of predicate equations, the solution of which is  

described above. 

One of the main conditions for the application of the comparator identification 

method is the discreteness, finiteness, and determinism of the objects of the subject 

space. In this case, the subject space U  is a Cartesian product of a set of objects from 

the subject space 1 2 ... nU U U   : medical data, patient records, clinical monitoring 

data, etc. With the help of a predicate  1 2,  ,  ,  mP x x x  any ratio that is defined at the 

subject space 1 2 ... nU U U U     is described. In the language of finite predicate 

algebra, this predicate is formalized using the recognition predicate and the basic 

operations of conjunction and disjunction. The recognition predicate models  

the ability of a person to unambiguously assign the object under consideration  

to one of two classes. The predicate is equal to 1 when the object is recognized  

and 0 otherwise. The introduced predicate variables are linked by logical  

equations, the joint solution of which assigns the elements of the set of objects  

under consideration to a certain class, i.e., determines the patient’s risk group  

for the presence of certain diseases. 

The following experiment plan is proposed. We use real medical data and 

encode it using predicate equations. Note that although some variables may take on 

the value «unknown», this is still a closed-world case, since «unknown» means only  

a value from the alphabet in which the variable is defined. Each domain for  

any variable is closed. After we have written a system of equations with the help  

of experts, we begin to remove variables that we consider irrelevant at the moment. 

This does not mean that in other cases other variables will be considered irrelevant. 

Important variables are those for which we want to determine logical relationships. 

The result is an equation from which irrelevant variables have been removed.  

The resulting equation is simpler than the original system, and it is easier to analyze 

the relationships between relevant variables. 
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If we consider information screening of medical data for the assessment  

of the development and prevention of cardiovascular diseases [22], we can identify  

a set of features for formalizing screening procedures. Let us consider the following 

features and their meanings: 

Gender:  1 2
1 1 1,X x x , where 1

1  x means female, 1
1x  means male.  

Age:  1 2 3
2 2 2 2, ,X x x x , where 1

2x  under 40 years, 2
2x  from 40 to 50 years,  

3
2x  over 50 years. 

Diabetes mellitus:  1 2 3 4
3 3 3 3 3, , ,X x x x x , where 1

3x  – yes, 2
3x  – no (actual 

diagnosis), 3
3x  – no (diagnosis not determined), 4

3x  – unknown. 

Arterial hypertension:  1 2 3 4
4 4 4 4 4, , ,X x x x x , where 1

4x  – yes, 2
4x  – no (actual 

diagnosis), 3
4x  – no (diagnosis not determined), 4

4x  – unknown. 

Kidney problems:  1 2 3
5 5 5 5, ,  X x x x where 1

5x  – yes, 2
5x  – no, 3

5x  – unknown. 

Tachycardia:  1 2 3 4 5
6 6 6 6 6 6, , , ,X x x x x x , where 1

6x  – yes (actual diagnosis),  

2
6x  – yes (diagnosis not determined), yes (diagnosis not determined), 3

6x  – no (actual 

diagnosis), 4
6x  – no (diagnosis not determined), 5

6x  – unknown. 

Heredity in relation to heart and vascular diseases:  1 2 3
7 7 7 7, ,X x x x , where  

1
7x  – yes, 2

7x  – no, 3
7x  – unknown.  

Smoking:  1 2 3
8 8 8 8, ,X x x x , where 1

8x  – yes, 2
8x  – no, 3

8x  – unknown. 

Alcohol problems:  1 2 3
9 9 9 9, ,X x x x , where 1

9x  – yes, 2
9x  – no, 3

9x  – unknown. 

Hypodynamia:  1 2 3
10 10 10 10, ,X x x x , where 1

10x  – yes, 2
10x  – no, 3

10x  – 

unknown. 
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These features make it possible to develop a model for identifying diagnostic 

parameters, which can be used to determine the patient’s health group 

 1 2 3 4, , ,  R r r r r where 1r  low risk of heart and vascular disease, 2r  medium risk,  

3r  high risk, 4r  very high risk.  

A set of aggregated characteristics 1 3Q Q  is used to determine the health 

group, where 1Q  is denoted by 1X  and 2X , 2Q  is denoted by 7X  to 10X , 3Q  is 

denoted by 3X  – 6X . 

The values for each health group and each aggregated indicator are divided into 

four classes in accordance with the relevant medical and technological documentation 

(standardized clinical protocol and local protocols relating to the prevention of heart 

and vascular diseases). 

The system of equations for forming, for example, a feature 2Q  looks like this: 

    

    
   

      

1 2 2 2 3 2 3 2 3 2 2 3 2 2 2 3
2 7 8 9 9 10 10 7 8 9 10 7 8 10 9 9

2 2 1 1 2 2 3 1 2 2 1
2 7 8 9 10 9 9 8 10 8 10

2 2 1 3 2 2 3 3 1 3 2
7 8 9 8 9 7 9 7 9 8 10

2 3 3 2 1 2 3 3 2 2 3 1 3
7 8 7 8 9 10 10 7 8 9 9 10 10

3 1 2
7 8 9

,q x x x x x x x x x x x x x x x

q x x x x x x x x x x

x x x x x x x x x x x

x x x x x x x x x x x x x

x x x x

     

    

    

      

    

  
       

    
    

2 3 3 3 2 1 2
10 9 7 8 9 10 10

3 1 2 1 2 2 1 2
2 7 10 8 9 8 9 9

1 3 1 2 1 3 3 1 1 2 3 1 3 2 3
7 9 8 8 7 8 7 8 9 10 10 7 8 9 9

2 1 1 3 3 3 2 3 3 2 1 1
7 8 9 9 8 9 7 8 7 8 9 10

3 1 2 3 1 1 3 3 3 2 3 3
7 8 9 8 9 10 10 7 8 9 10 9

,

,

x x x x x x

q x x x x x x x

x x x x x x x x x x x x x x x

x x x x x x x x x x x x

x x x x x x x x x x x x

q

  

   

       

     

    

   

   

4 1 3 1 1 2 1 3 3 1 1 1
2 7 9 10 8 8 7 8 7 8 9 10

1 2 1 1 2 1 2 1 3 1 1 1
7 8 9 7 9 8 8 10 10 7 8 9 .

x x x x x x x x x x x

x x x x x x x x x x x x

























     



    

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A model for identifying medical and diagnostic parameters using the  

example of risk class determination is presented in the form of a system of  

predicate equations: 

 

       

      
   

1 1 1 2 1 2 2 3 1 1
1 1 2 3 3 1 2 1 1 2 3

1 1 3 2 2
2 1 2 3 2 3

1 3 4 2 2 3 3 2 4 1 2 1 2
1 2 2 1 2 2 1 2 1 2 2 3 3

2 3 1 2 3 2 4 3 4 3 1
1 1 2 3 3 1 2 1 1 2 3

1 4 1 2 3 2 3 3 4
3 2 3 1 1 1 2 2 3 3

3 2 3
1 3 2

( ) ( ( ) ) ,

,

(

r q q q q q q q q q q

r q q q q q

q q q q q q q q q q q q q

q q q q q q q q q q q

r q q q q q q q q q

q q q

    

  

        

     

      

    

     

   

   

4 3 4 4 1
2 1 1 2 3

1 4 4 1 2 3 2 4 4 3 2 3
1 2 1 2 2 3 1 2 1 2 3 3

1 2 4 4 3 4 3 4
4 1 1 2 3 1 2 3 3

4 4 2 3 4 4 2 3 4
1 3 2 2 1 2 3 3 3

,

.

q q q q q

q q q q q q q q q q q q

r q q q q q q q q

q q q q q q q q q














   



     

     



    


 

 

The final classification can be described by the following system: 

 

    
 

       

      
   

 

1 1 1 2 1 2 2 3 1 1
1 1 2 3 3 1 2 1 1 2 3

1 1 3 2 2
2 1 2 3 2 3

1 3 4 2 2 3 3 2 4 1 2 1 2
1 2 2 1 2 2 1 2 1 2 2 3 3

2 3 1 2 3 2 4 3 4 3 1
1 1 2 3 3 1 2 1 1 2 3

1 4 1 2 3 2 3 3 4
3 2 3 1 1 1 2 2 3 3

3 2 3 4 3
1 3 2 2 1

,

,

r q q q q q q q q q q

r q q q q q

q q q q q q q q q q q q q

q q q q q q q q q q q

r q q q q q q q q q

q q q q q

    

  

        

     

      

    

     

       

4 4 1
1 2 3

1 4 4 1 2 3 2 4 4 3 2 3
1 2 1 2 2 3 1 2 1 2 3 3

1 2 4 4 3 4 3 4 4 4 2 3 4 4 2 3 4
4 1 1 2 3 1 2 3 3 1 3 2 2 1 2 3 3 3

,

q q q

q q q q q q q q q q q q

r q q q q q q q q q q q q q q q q q






















 

     

        
   
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Let’s explore the logical connections between discrete features 1x  – 10x . First, 

let’s rewrite the system of predicate equations in the following form: 

 

     
    

   
     

2 1 10

1 2 2 2 3 2 3 2 3 2 2 3 2 2 2 3
2 7 8 9 9 10 10 7 8 9 10 7 8 10 9 9

2 2 1 1 2 2 3 1 2 2 1
2 7 8 9 10 9 9 8 10 8 10

2 2 1 3 2 2 3 3 1 3 2
7 8 9 8 9 7 9 7 9 8 10

2 3 3 2 1 2 3 3 2 2 3 1
7 8 7 8 9 10 10 7 8 9 9 10 10

, , ,P q x x

q x x x x x x x x x x x x x x x

q x x x x x x x x x x

x x x x x x x x x x x

x x x x x x x x x x x x x

 

      

    

    

      

   
  

       

    
  

3

3 1 2 2 3 3 3 2 1 2
7 8 9 10 9 7 8 9 10 10

3 1 2 1 2 2 1 2
2 7 10 8 9 8 9 9

1 3 1 2 1 3 3 1 1 2 3 1 3 2 3
7 9 8 8 7 8 7 8 9 10 10 7 8 9 9

2 1 1 3 3 3 2 3 3 2 1 1
7 8 9 9 8 9 7 8 7 8 9 10

3 1 2 3 1 1 3 3 3
7 8 9 8 9 10 10 7 8

x x x x x x x x x x

q x x x x x x x

x x x x x x x x x x x x x x x

x x x x x x x x x x x x

x x x x x x x x x



    

   

       

     

     
   

    

2 3 3
9 10 9

4 1 3 1 1 2 1 3 3 1 1 1
2 7 9 10 8 8 7 8 7 8 9 10

1 2 1 1 2 1 2 1 3 1 1 1
7 8 9 7 9 8 8 10 10 7 8 9 1

x x x

q x x x x x x x x x x x

x x x x x x x x x x x x

 

    

     
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It is clear that this predicate belongs to the class 7xΔ . Let us examine the 

relationship between all variables except 7x . This exclusion will give us the 

relationship between the variables 2 1,q x , ..., 6 8 9 10, , ,x x x x : 

 

     
        

        

7 2 1 10

1 2 2 3 2 3 3 2 2 2 2 2 3
2 8 9 9 10 10 8 9 10 8 10 9 9

2 1 1 2 2 3 1 2 2 1 2 1 3 2 3 1 3 2
2 8 9 10 9 9 8 10 8 10 8 9 8 9 9 9 8 10

3 2 1 2 3 2 2 3 1 3 1 2 2 3
8 8 9 10 10 8 9 9 10 10 8 9 10 9

3 2
8 9 1

, , ,F x P q x x

q x x x x x x x x x x x x

q x x x x x x x x x x x x x x x x x

x x x x x x x x x x x x x x

x x x

   

      

        

        

  

        
      

    
   

1 2
0 10

3 2 1 2 2 1 2 3 1 2 3 3 1 1 2 3
2 10 8 9 8 9 9 9 8 8 8 7 8 9 10 10

3 2 3 1 1 3 3 3 3 2 1 1
8 9 9 8 9 9 8 9 8 8 9 10

1 2 3 1 1 3 3 2 3 3
8 9 8 9 10 10 8 9 10 9

4 3 1 1 2 3 1 1 1
2 9 10 8 8 8 8 9 10

2 1 2 1
8 9 9 8

x

q x x x x x x x x x x x x x x x

x x x x x x x x x x x x

x x x x x x x x x x

q x x x x x x x x

x x x x

 

        

       

     

    

      2 1 3 1 1
8 10 10 8 9 1x x x x x   

 

It should be noted that the size of the output formula has not increased, which 

is explained by the fact that the predicate  2 1 10, , ,P q x x  belongs to 7x . 
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Suppose we are interested in the link between 2 9 10, ,q x x . We remove other 

features  1 10, ,F x x  from the predicate: 

   

     
        
      

 

2 9 10 1 2 3 4 5 6 7 8 2 1 10

1 2 3 2 3 2 2 2 2 3
2 9 9 10 10 9 10 10 9 9

2 1 2 2 3 2 1 1 2 3 1 2
2 9 10 9 9 10 10 9 9 9 9 10

1 2 3 2 3 1 3 2 2 3
9 10 10 9 9 10 10 9 10 9

2 1 2 3
9 10 10 2

, , , , ,

(

G q x x x x x x x x x x P q x x

q x x x x x x x x x

q x x x x x x x x x x x

x x x x x x x x x x

x x x q x

          

      

        

       

        

    

     

2 1 2 3 2 3 2 3
10 9 9 9 10 10 9 9

1 3 1 1 2 1 1 3
9 9 9 10 9 9 10 10

2 3 3 4 3 1 1 1 1 2 1 3 1
9 10 9 2 9 10 9 10 9 9 10 10 9 1

x x x x x x x

x x x x x x x x

x x x q x x x x x x x x x

     

      

        

 

 

We reduced the initial formula and obtained a simpler dependence between  

the selected characteristics. Once the necessary dependence has been obtained,  

we can solve the resulting equation with one or more target variables. 

Depending on the solution of the system of predicate equations, the medical 

record will be assigned to a class, and the doctor will develop a set of therapeutic  

and preventive procedures and recommendations to maintain the patient’s health  

in good condition. 

Although some variables in the medical example can take on the value 

«unknown», we are dealing with a closed world, since «unknown» only means  

an element from the domain for the variable. All domains are strictly defined and 

cannot be supplemented by any other elements. The main advantage of this method, 

based on the specific structure of predicate systems, is that after removing  

non-essential variables, the original system (or equation) is simplified, which is 

related to the special properties of quantifiers. Variables that are essential are not 

necessarily fixed forever. The researcher decides which logical relationships  

are important at a given moment.  

As a further direction of research, it is possible to extend the classes of 

predicates from which non-essential variables can be easily removed. Such classes 

are much more complex than relational structures, but many practical tasks require 

such a representation and analysis of knowledge. 
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Conclusions 
 

1. It has been shown that finite predicate algebra (FPA) is a universal 

mathematical apparatus for the formal description of deterministic, discrete, finite 

objects of various natures. FPA can interpret knowledge in a strict mathematical 

form, where different features and their meanings are linked by Boolean  

and predicate operations. 

2. It has been shown that when constructing a feature system for a knowledge 

base, it is advisable to use an algebraic-logical model of the subject area.  

An approach based on the use of the comparator identification method and  

FPA is proposed. 

3. It is shown that in practical tasks related to the interpretation of knowledge, 

which is mostly presented in textual form, it is not necessary to obtain all sets of 

values of semantic features, but it is necessary to obtain one or several essential sets 

of feature values (target variables), which are a fixed set of values of other features. 

When solving such problems, other variables that are not included in the initial 

conditions and are not target variables are excluded from the equation by binding 

them with existential quantifiers. 

4. An algorithm for excluding non-essential variables when solving algebraic-

logical equations is proposed, which reduces the number of necessary calculations.  

At the same time, it is proposed to single out those predicates (and, accordingly, 

equations) which, when a certain value of a feature is substituted, turn into  

predicates that give a stronger connection between variables, as well as those 

predicates, the substitution of this value into which leads to a weakening of the 

logical connection between features. 

5. Finite predicate equations of various types are considered. A description  

of classification problems based on predicate equations is given. The problem of 

classifying objects based on features that take discrete values is described 

mathematically as a solution of predicate equations. 

6. A broad class of predicates is described from which redundant variables can 

be removed and focus can be placed on the relationships between essential variables. 

A method for removing non-essential variables by applying an existential quantifier 

is proposed and demonstrated on a real medical example. The example demonstrates 

the use of the mathematical apparatus of intelligence theory, the method of 

comparator identification, and the tools of finite predicate algebra on a model of 

identification of medical diagnostic parameters in the form of a system of predicate 

equations, the solution of which provides an interpretation of medical knowledge  

in a specific field. 
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