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Данная работа является продолжением серии работ автора 

по применению Автоматизированного системно-

когнитивного анализа (АСК-анализ) для решения широкого 

спектра задач в области агрономии, т.е. по когнитивной 

агрономии. В работе решается задача выявления 

зависимости урожайности клевера от удобрений, обработки 

почвы и года пользования. На основе знания этих 

зависимостей решаются задачи прогнозирования, принятия 

решений и исследования моделируемой предметной области 

путем исследования ее системно-когнитивной модели. 

Спецификой данной задачи является то, что все независимые 

переменные являются лингвистическими (категориальными) 

переменными. Поэтому для решения данной задачи 

применяется лингвистический АСК-анализ, т.е. когнитивная 

математическая лингвистика. При этом сама урожайность 

клевера измеряется в числовой шкале. Таким образом, в 

работе строится гибридная модель, включающая как 

номинальные (текстовые), так и числовые шкалы. 

Сопоставимость обработки данных разных типов, 

представленных в разных типах шкал и разных единицах 

измерения обеспечивается путем метризации номинальных 

шкал, т.е. повышения их степени формализации до уровня 

числовых шкал. Это достигается путем вычисления 

количества информации, содержащегося в градациях 

номинальных шкал и получении той или иной урожайности. 

Приводится краткое описание АСК-анализа и его 

программного инструментария – интеллектуальной системы 

«Эйдос». Работа может быть основой для лабораторных 

работ по применению систем искусственного интеллекта, в 

частности  лингвистического АСК-анализа для решения 

задач в области когнитивной агрономии 
 

This work is a continuation of a series of works by the 

author on the use of Automated System Cognitive 

Analysis (ASC-analysis) for solving a wide range of 

problems in the field of agronomy, i.e. in cognitive 

agronomy. The article solves the problem of 

identifying the dependence of clover yield on 

fertilizers, tillage and the year of use. Based on the 

knowledge of these dependencies, the problems of 

forecasting, decision-making and research of the 

modeled subject area are solved by studying its system-

cognitive model. The specificity of this problem is that 

all independent variables are linguistic (categorical) 

variables. Therefore, to solve this problem, we can use 

linguistic ASC analysis, i.e. cognitive mathematical 

linguistics. At the same time, the yield of clover itself 

is measured on a numerical scale. In this way, In this 

work, a hybrid model is built, including both nominal 

(text) and numerical scales. The comparability of 

processing data of different types, presented in 

different types of scales and different units of 

measurement, is ensured by metrization of nominal 

scales, i.e. increasing their degree of formalization to 

the level of numerical scales. This is achieved by 

calculating the amount of information contained in the 

gradations of nominal scales and obtaining one or 

another yield. We have also given a brief description of 

the ASC-analysis and its software tools - the 

intellectual system called "Eidos". The work can be the 

basis for laboratory work on the use of artificial 

intelligence systems, in particular, linguistic ASC 

analysis for solving problems in the field of cognitive 

agronomy 
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1. INTRODUCTION 
 

1.1. Description of the researched subject area 
This work is a continuation of a series of works by the author on the use 

of Automated System Cognitive Analysis (ASC-analysis) for solving a wide 

range of problems in the field of agronomy, i.e. on cognitive agronomy [1, 2, 3]. 

The paper solves the problem of identifying the dependence of clover yield on 

fertilizers, tillage and the year of use. Based on the knowledge of these 

dependencies, various problems of forecasting, decision-making and research of 

the modeled subject area are solved by studying its system-cognitive model (SC-

model). 

 

1.2. Object and subject of research 
Object of study– identification of dependences of crop yields on various 

natural, climatic and agrotechnological factors. 

Subject of study- revealing the dependence of clover yield on fertilizers, 

tillage and year of use. 

 

1.3. The problem solved in the work and its relevance 
The specificity of this task is that all independent variables are linguistic 

(categorical) variables, and the clover yield itself is measured on a numerical 

scale. Thus, the paper solves the problem of constructing a hybrid model that 

includes both nominal (text) and numerical scales and ensures comparability of 

processing data of different types presented in different types of scales and 

different units of measurement. 

The solution of the problem of comparability in identifying the 

dependence of clover yield on fertilizers, tillage and year of use in this work 

makes it relevant. 

 

1.4. Objective 
aimwork is the solution to the problem. 

The achievement of the set goal is ensured by the solution of the 

following tasks and subtasks, which are the stages of achieving the goal. These 

tasks depend on the specific method of solving the problem, so we will 

reasonably formulate at the end of the section devoted to the description of the 

method. 

 

2. METHODS 
2.1. Justification of the requirements for the method of solving 

the problem 
From the specifics of the problem of comparability of processing in one 

model of the initial ones, presented in different types of numerical and textual 
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(linguistic) scales and in different units of measurement, the following 

requirements for the method of solving the problem follow: 

1. The method should provide a stable identification in a comparable 

form of strength and direction of cause-and-effect relationships in incomplete 

noisy (inaccurate) interdependent (nonlinear) data of a very large dimension of 

numerical and non-numerical nature, measured in various types of scales 

(nominal, ordinal and numerical) and in various units of measure. 

2. In other words, the problem solving method should not impose strict 

requirements on the initial data that cannot be fulfilled, but should ensure the 

processing of the data that really exists. 

3. The method must actually solve the problem in practice, which means 

that it must have a software toolkit that supports it and is in full open free 

access. 

 

2.2. Literature review of problem solving methods, their 
characteristics and assessment of the degree of 
compliance with reasonable requirements 

Internet search for software systems, at the same time: 

- are in full open free access; 

- providing comparable processing of numerical and textual information 

in one model, gives the following results; 

He showed that there are currently no alternatives to Automated system-

cognitive analysis and its software tools - the Eidos system [4]. 

 

2.3. Automated system-cognitive analysis (ASC-analysis) as a 
method of problem solving 

Automated system-cognitive analysis (ASC-analysis) was proposed by 

Prof. E.V. Lutsenko in 2002 in a number of articles and a fundamental 

monograph [2]. The term itself: "Automated system-cognitive analysis (ASC-

analysis)" was proposed by Prof. E.V. Lutsenko. At that time, he did not meet 

on the Internet at all. Today, according to the corresponding request, Yandex 

contains 9 million sites with this combination of words.
1
. 

ASC analysis includes: 

- theoretical foundations, in particular the basic formalizable cognitive 

concept; 

– a mathematical model based on a systemic generalization of information 

theory (STI); 

– method of numerical calculations (database structures and algorithms 

for their processing); 

- software toolkit, which is currently the universal cognitive analytical 

system "Eidos" (intellectual system "Eidos"). 

                                           
1
 https://yandex.ru/search/?lr=35&clid=2327117-18&win=360&text=%20360&text=Automated+system-

cognitive+analysis+(ASC-analysis)  

https://yandex.ru/search/?lr=35&clid=2327117-18&win=360&text=%20360&text=Автоматизированный+системно-когнитивный+анализ+(АСК-анализ)
https://yandex.ru/search/?lr=35&clid=2327117-18&win=360&text=%20360&text=Автоматизированный+системно-когнитивный+анализ+(АСК-анализ)
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The mathematical method of ASC analysis is described in more detail in 

[3] and a number of others. About half of the 663 scientific papers published by 

the author are devoted to the theoretical foundations of ASC analysis and its 

practical applications in a number of subject areas. At the time of writing this 

work, the author has published more than 40 monographs, 27 textbooks, incl. 3 

textbooks with stamps of the UMO and the Ministry, 32 patents of the Russian 

Federation for artificial intelligence systems, 344 publications in publications 

included in the list of the Higher Attestation Commission of the Russian 

Federation and equivalent to them (according to the dataRSCI), 6 articles in 

journals included inWoS, 6 publications in journals included inScopus
2
 [6, 7, 8]. 

Three monographs are included in the holdings of the US Library of 

Congress
3
. 

ASC analysis and the "Eidos" system were successfully applied in 8 

doctoral and 8 master's theses in economic, technical, biological, psychological 

and medical sciences, several more doctoral and master's theses using ASC 

analysis at the stage of defense. 

The author is the founder of the interdisciplinary scientific school: 

"Automated system-cognitive analysis"
4
. Scientific school: "Automated system-

cognitive analysis" is an interdisciplinary scientific direction at the intersection 

of at least three scientific specialties (according to the recently approved new 

nomenclature of scientific specialties of the Higher Attestation Commission of 

the Russian Federation
5
). The main scientific specialties to which the scientific 

school corresponds: 

- 5.12.4. cognitive modeling; 

– 1.2.1. Artificial intelligence and machine learning; 

– 2.3.1. System analysis, management and information processing. 

Scientific school: "Automated system-cognitive analysis" includes the 

following interdisciplinary scientific areas: 

– Automated system-cognitive analysis of numerical and textual tabular 

data; 

– Automated system-cognitive analysis of text data; 

– Spectral and contour automated system-cognitive analysis of images; 

– Scenario automated system-cognitive analysis of time and dynamic 

series. 

It is hardly expedient here to give references to all these works here. We 

only note that the author has a personal website [6] and a page in ResearchGate 

[8], where you can get more complete information about the ASC analysis 

method. Brief information about ASC-analysis and the Eidos system is in the 

material:http://lc.kubagro.ru/aidos/Presentation_Aidos-online.pdf. 

                                           
2
 http://lc.kubagro.ru/aidos/Sprab0802.pdf  

3
 https://catalog.loc.gov/vwebv/search?searchArg=Lutsenko+EV. (and click: “Search”) 

4
 https://www.famous-scientists.ru/school/1608  

5
 https://www.garant.ru/products/ipo/prime/doc/400450248/  

https://www.elibrary.ru/author_profile.asp?id=123162
https://publons.com/researcher/1596347/eugene-lutsenko/
https://www.scopus.com/authid/detail.uri?authorId=57188763047
http://lc.kubagro.ru/aidos/Presentation_Aidos-online.pdf
http://lc.kubagro.ru/aidos/Sprab0802.pdf
https://catalog.loc.gov/vwebv/search?searchArg=Lutsenko+E.V
https://www.famous-scientists.ru/school/1608
https://www.garant.ru/products/ipo/prime/doc/400450248/
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The solution of the problem of comparability in the ASC analysis and the 

Eidos system posed in the work is provided by metrization of nominal scales, 

i.e. increasing their degree of formalization to the level of numerical scales [5]. 

The actual metrization of nominal scales is achieved by calculating the amount 

of information contained in the gradations of nominal scales about obtaining a 

particular yield [5]. Linguistic ASC analysis is used to work with linguistic 

variables [4]. 

 

2.4. "Eidos" system - ASC-analysis toolkit 
There are many artificial intelligence systems. The universal cognitive 

analytical system "Eidos" differs from them in the following parameters: 

- is universal and can be applied in many subject areas, because developed 

in a universal setting that does not depend on the subject area 

(http://lc.kubagro.ru/aidos/index.htm). The Eidos system is an automated 

system, i.e. involves the direct participation of a person in real time in solving 

problems of identification, forecasting, decision-making and research of the 

subject area (automatic systems work without such human participation); 

- is in full open access free of charge (http://lc.kubagro.ru/aidos/_Aidos-

X.htm), and with actual source texts (http://lc.kubagro.ru/__AidosALL.txt): 

open license:CC BY SA 4.0(https://creativecommons.org/licenses/by-sa/4.0/), 

and this means that anyone who wishes can use it, without any additional 

permission from the primary copyright holder - the author of the Eidos system, 

prof. E.V. Lutsenko (we note that the Eidos system was created completely 

using only licensed tool software and there are 31 certificates of RosPatent of 

the Russian Federation for it); 

- is one of the first domestic artificial intelligence systems of a personal 

level, i.e. does not require the user to have special training in the field of 

artificial intelligence technologies: “has a zero entry threshold” (there is an act 

of introducing the Eidos system in 1987) (http://lc.kubagro.ru/aidos/aidos02/PR-

4.htm); 

- really works, provides stable identification in a comparable form of 

strength and direction of cause-and-effect relationships in incomplete noisy 

interdependent (nonlinear) data of a very large dimension of numerical and non-

numerical nature, measured in various types of scales (nominal, ordinal and 

numerical) and in various units measurements (i.e. does not impose strict 

requirements on data that cannot be met, but processes the data that is); 

- has a "zero entry threshold", contains a large number of local (supplied 

with the installation) and cloud educational and scientific Eidos applications 

(currently there are 31 and more than 335, respectively: 

http://aidos.byethost5.com/Source_data_applications/WebAppls.htm) 

(http://lc.kubagro.ru/aidos/Presentation_Aidos-online.pdf); 

http://lc.kubagro.ru/aidos/index.htm
http://lc.kubagro.ru/aidos/_Aidos-X.htm
http://lc.kubagro.ru/aidos/_Aidos-X.htm
http://lc.kubagro.ru/__AidosALL.txt
http://lc.kubagro.ru/aidos/CC%20BY-SA%204.0
https://creativecommons.org/licenses/by-sa/4.0/
http://lc.kubagro.ru/aidos/aidos02/PR-4.htm
http://lc.kubagro.ru/aidos/aidos02/PR-4.htm
http://aidos.byethost5.com/Source_data_applications/WebAppls.htm
http://lc.kubagro.ru/aidos/Presentation_Aidos-online.pdf
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– supports an on-line environment for knowledge accumulation and 

exchange, widely used throughout the world 

(http://aidos.byethost5.com/map5.php); 

 
– provides multilingual interface support in 51 languages. Language 

databases are included in the installation and can be replenished automatically; 

- the most computationally intensive operations of model synthesis and 

recognition are implemented using a graphics processor (GPU), which on some 

tasks accelerates the solution of these problems by several thousand times, 

which actually provides intelligent processing of big data, big information and 

big knowledge (graphic processor must be on an NVIDIA chipset); 

- provides the transformation of the initial empirical data into information, 

and it into knowledge and the solution using this knowledge of the problems of 

classification, decision support and research of the subject area by studying its 

system-cognitive model, while generating a very large number of tabular and 

graphical output forms (development cognitive graphics), many of which have 

no analogues in other systems (examples of forms can be found in the 

work:http://lc.kubagro.ru/aidos/aidos18_LLS/aidos18_LLS.pdf); 

- well imitates the human style of thinking: gives the results of the 

analysis, understandable to experts based on their experience, intuition and 

professional competence; 

- instead of imposing practically impracticable requirements on the initial 

data (such as the normality of distribution, absolute accuracy and complete 

repetitions of all combinations of factor values and their complete independence 

and additivity), automated system-cognitive analysis (ASC-analysis) offers 

without any preliminary processing make sense of this data and thereby 

transform it into information, and then transform this information into 

knowledge by applying it to achieve goals (i.e. for management) and solve 

http://aidos.byethost5.com/map5.php
http://lc.kubagro.ru/aidos/aidos18_LLS/aidos18_LLS.pdf
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problems of classification, decision support and meaningful empirical research 

of the modeled subject area. 

What is the strength of the approach implemented in the Eidos system? 

The fact that it implements an approach whose effectiveness does not depend on 

what we think about the subject area and whether we think at all. It forms 

models directly on the basis of empirical data, and not on the basis of our ideas 

about the mechanisms for the implementation of patterns in these data. That is 

why Eidos models are effective even if our ideas about the subject area are 

erroneous or absent altogether. 

This is the weakness of this approach implemented in the Eidos system.. 

Models of the Eidos system are phenomenological models that reflect empirical 

patterns in the facts of the training sample, i.e. they do not reflect the causal 

mechanism of determination, but only the very fact and nature of determination. 

A meaningful explanation of these empirical patterns is already formulated by 

experts at the theoretical level of knowledge in meaningful scientific laws.6. 

The development of the Eidos system included the following stages: 

1st stage, "preparatory": 1979-1992.The mathematical model of the 

"Eidos" system was developed in 1979 and was first tested experimentally in 

1981 (the first calculation on a computer based on the model). From 1981 to 

1992, the Eidos system was repeatedly implemented on the Wang platform (on 

Wang-2200C computers). In 1987, for the first time receivedimplementation 

actto one of the early versions of the "Eidos" system, implemented in the 

environment of the personal technological system "Vega-M" developed by the 

author (see Act 2 at the link:http://lc.kubagro.ru/aidos/aidos02/PR-4.htm). 

Stage 2, "IBM PC and MS DOS era": 1992-2012.For IBM-compatible 

personal computers, the Eidos system was first implemented in the CLIPPER-87 

and CLIPPER-5.01 (5.02) languages in 1992, and in 1994 thecertificates of 

RosPatent, the first in the Krasnodar Territory and, possibly, in Russia, on 

artificial intelligence systems (on the left is the title videogram of the final DOS 

version of the Eidos-12.5 system, June 2012). From then until now, the system 

has been continuously improved on the IBM PC. 

Stage 3, "MS Windows xp, 8, 7 era": 2012-2020.From June 2012 to 

12/14/2020, the Eidos system developed in the languageAlaska-1.9+Express+++ 

library for working with Internet xb2net. The Eidos-X1.9 system worked well 

on all versions of MS Windows except Windows-10, which required special 

settings. The most computationally intensive operations of model synthesis and 

recognition are implemented with the help of a graphics processor (GPU), 

which, on some tasks, accelerates the solution of these problems by several 

thousand times, which really ensures the intelligent processing of big data, big 

information and big knowledge (the graphics processor must be on an NVIDIA 

chipset). 

                                           
6
Link to this brief description of the Eidos system in 

English:http://lc.kubagro.ru/aidos/The_Eidos_en.htm  

http://lc.kubagro.ru/aidos/Works_on_identification_presentation_and_use_of_knowledge.htm
http://lc.kubagro.ru/aidos/Works_on_identification_presentation_and_use_of_knowledge.htm
http://lc.kubagro.ru/aidos/aidos02/PR-4.htm
http://lc.kubagro.ru/aidos/aidos02/PR-4.htm
http://lc.kubagro.ru/aidos/aidos02/PR-4.htm
http://lc.kubagro.ru/aidos/1994000217.jpg
http://lc.kubagro.ru/aidos/1994000217.jpg
https://www.alaska-software.com/company/overview.cxp
http://bb.donnay-software.com/donnay/phpbb3/viewforum.php?f=2
http://lc.kubagro.ru/aidos/The_Eidos_en.htm
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Stage 4, “MS Windows-10 era”: 2020-2021.From 12/13/2020 to the 

present, the Eidos system has been developing in the languageAlaska-

2.0+Express++. The xb2net library is no longer used in it, because all the 

possibilities of working with the Internet are included inbasic programming 

language features. 

Stage 5, "the era of Big data, information and knowledge": from 2022 

to the present.Since 2022, the author and developer of the Eidos system, Prof. 

E.V. Lutsenko, has come to grips with the development of a professional version 

of the Eidos system in the Alaska + Express language, which provides 

processing of big data, information and knowledge (Big Data, Big Information, 

Big Knowledge) using ADS (Advantage Database Server), as well as in C# 

(Visual Studio | C#). 

Figure 1 shows the title videogram of the DOS version of the Eidos 

system, and Figure 2 shows the current version of the Eidos system: 

 

 
Picture1. Title videogram of the DOS version of the Eidos system (until 2012)

7
 

 

                                           
7
 http://lc.kubagro.ru/pic/aidos_titul.jpg  

https://www.alaska-software.com/company/overview.cxp
https://www.alaska-software.com/company/overview.cxp
http://bb.donnay-software.com/donnay/phpbb3/viewforum.php?f=2
https://www.xbaseforum.de/
https://www.xbaseforum.de/
http://lc.kubagro.ru/pic/aidos_titul.jpg
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Picture2. Title videogram of the current version of the Eidos system 

 

2.5. Purpose and tasks of the work 
aimwork is the solution to the problem. 

As shown above, to work with linguistic variables, it is advisable to apply 

linguistic ASC analysis [4]. 

Achieving the goal in ASC analysis is ensured by solving the following 

tasks and subtasks, which are the stages of achieving the goal: 

Task-1.Cognitive structuring of the subject area. 

Task-2.Formalization of the subject area. 

Task-3.Synthesis of statistical and system-cognitive models. 

Multiparameter typification and particular knowledge criteria. 

Task-4.Model verification. 

Task-5.Selection of the most reliable model. 

Task-6.System identification and forecasting. 
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Task-7.Decision support (A simplified version of decision making as an 

inverse forecasting problem, positive and negative information portraits of 

classes, SWOT analysis; Developed decision making algorithm in ASC 

analysis). 

Task-8the study of the object of modeling by studying its model includes 

a number of subtasks: 

1) inverted SWOT diagrams of descriptive scale values (semantic 

potentials); 

2) cluster-constructive analysis of classes; 

3) cluster-constructive analysis of the values of descriptive scales; 

4) knowledge model of the "Eidos" system and non-local neurons; 

5) non-local neural network; 

6) 3d-integrated cognitive maps; 

7) 2d-integral cognitive maps of meaningful class comparison (mediated 

fuzzy plausible reasoning); 

8) 2d-integral cognitive maps of meaningful comparison of factor values 

(mediated fuzzy plausible reasoning); 

9) cognitive functions; 

10) the significance of descriptive scales and their gradations; 

11) the degree of determinism of classes and classification scales). 

Figure 3 shows the sequence of converting the initial data into 

information, and it into knowledge and applying this knowledge to solve various 

problems in the Eidos system: 

ДАННЫЕ
(ИНФОРМАЦИЯ, ЗАПИСАННАЯ

НА КАКОМ-ЛИБО ЯЗЫКЕ ИЛИ В СИСТЕМЕ КОДИРОВАНИЯ
НА НОСИТЕЛЕ ИЛИ НАХОДЯЩАЯСЯ В КАНАЛЕ СВЯЗИ

И РАССМАТРИВАЕМАЯ БЕЗОТНОСИТЕЛЬНО
К ЕЕ СМЫСЛОВОМУ СОДЕРЖАНИЮ)

ИНФОРМАЦИЯ
(ОСМЫСЛЕННЫЕ ДАННЫЕ, Т.Е. СОГЛАСНО КОНЦЕПЦИИ

СМЫСЛА ШЕНКА-АБЕЛЬСОНА ДАННЫЕ, В КОТОРЫХ
ВЫЯВЛЕНЫ ПРИЧИННО-СЛЕДСТВЕННЫЕ ЗАВИСИМОСТИ)

ЗНАНИЯ

(ИНФОРМАЦИЯ, ПОЛЕЗНАЯ

ДЛЯ ДОСТИЖЕНИЯ ЦЕЛЕЙ,

Т.Е. УПРАВЛЕНИЯ)

Постановка целей,

оценка знака и степени

влияния информации

на их достижение

Анализ данных -

выявление в них

событий и причинно-

следственных связей

между событиями

О соотношении содержания понятий: «Данные», «Информация» и «Знания»
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Последовательность обработки данных, информации и знаний в системе «Эйдос»,

повышение уровня системности данных, информации и знаний,

повышение уровня системности моделей

Когнитивно-целевая структуризация предметной области (единственный неавтоматизированный в системе «Эйдос-Х++» этап АСК-анализа)

На этом этапе разработчик интеллектуального Эйдос-приложения решает, что он рассматривает как объект моделирования и управления, что как

факторы, действующие на этот объект, а что как будущие состояния, в которые объект управления может перейти под действием этих факторов

Формализация предметной области (реж.2.3.2.2)

Class_Sc, Gr_ClSc

Классификационные

шкалы и градации (реж.2.1) Opis_Sc, Gr_OpSc

Описательные

шкалы и градации (реж.2.2)

Inp_data, Inp_data.xls

Исходные данные

Обучающая выборка,

эвентологическая база

данных (реж.2.3.1)
Obi_zag

Заголовки объектов

обучающей выборки

Obi_Kcl

Коды классов объектов

обучающей выборки
Obi_Krg

Коды признаков объектов

обучающей выборки

Средства автоматизации

кодирования исходных

данных - программные

интерфейсы (API)

Синтез и верификация моделей (реж.3.5)

Статистические

модели (реж.5.5)

Системно-когнитивные

модели (модели знаний)

(многопараметрическая

типизация) (реж.5.5)

Abs

Матрица абсолютных частот

(матрица сопряженности,

корреляционная матрица)

Prc2

Матрица условных

и безусловных процентных

распределений, расчитанная

по числу объектов классов

Prc1

Матрица условных

и безусловных процентных

распределений, расчитанная

по числу признаков классов

INF3
разности между

фактическими и

теоретически

ожидаемыми

частотами

INF2
Количество

знаний по

А.Харкевичу

INF5
ROI-return on

investment

INF7
Разность

условной и

безусловной

вероятностей

INF1
Количество

знаний по

А.Харкевичу

INF4
ROI-return on

investment

INF6
Разность

условной и

безусловной

вероятностей

Выбор

наиболее достоверной

модели (реж.3.4)

Решение задач распознавания

системной идентификации

и прогнозирования (реж.4.1.2)

Решение задач (реж.4) Решение задач принятия

решений (управления)

(реж. 4.4.8, 6.3)

Решение задач исследования

предметной области путем

исследования ее модели

Если модель адекватна, достоверна, т.е. соответствует действительности, то и результаты решения задач в этой модели также соответствуют
действительности. Это значит, что если достоверность модели низка или неизвестна, то применять ее для решения реальных задач нельзя. Если же это
делается, то является авантюризмом и профанацией науки.
О соотношении задач.
- распознавание, классификация, идентификация и диагностика (это одно и тоже, т.е. синонимы). При решении этих задач определяется степень сходства/
различия образа конкретного объекта с обобщенными образами классов.
- идентификация и прогнозирование (при идентификации значения свойств и принадлежность объекта к классу относятся к одному моменту времени, а при
прогнозировании значения факторов относятся к прошлому, а переход объекта под действием этих факторов в состояние, соответствующее классу относится к
будущему, по сути, прогнозирование - это идентификация будущих состояний, т.е. это тоже идентификация, но не в пространстве (настоящем), а в
пространстве-времени;
- прогнозирование и принятие решений (при прогнозировании по значениям факторов, действующих на объект моделирования, определяется в какое будущее
состояние он перейдет под их действием. При принятии решений, наоборот, по будущему целевому состоянию объекта моделирования определяются значения
факторов, которые обуславливают его переход в это будущее целевое состояние. Таким образом задача принятия решений является обратной по
отношению к задаче прогнозирования);
- принятие решений путем многократного многовариантного прогнозирования при различных сочетаниях значений факторов невозможно из-за комбинаторного
взрыва. Прогнозирование может быть элементом принятия решения, т.е. применено для оценки адекватности рассматриваемого уже ранее сформированного
другим методом варианта решения, но оно в реальных случаях, т.е. когда много факторов, не может быть применено для выработки самого варианта решения;
- принятие решений и исследование моделируемой предметной области (задача принятия решений является обратной по отношению к задаче
прогнозирования только в простейшем случае: в случае использования SWOT-анализа. Однако SWOT-анализ имеет свои ограничения: может быть задано
только одно будущее целевое состояние, некоторые рекомендуемые факторы может не быть технологической и финансовой возможности использовать.
Поэтому в АСК-анализе и системе «Эйдос» реализован развитый алгоритм принятия решений п.6.3 в котором кроме SWOT-анализа используются также
результаты решения задачи прогнозирования и результаты кластерно-конструктивного анализа классов и значений факторов, т.е. некоторые результаты
решения задачи исследования предметной области.)

ВЫХОД,

т.к. достоверной

модели нет

 
Picture3. The sequence of transformation of the initial data into information, and it into 

knowledge and the application of this knowledge to solve various problems in the 

"Eidos" system 
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3.RESULTS 
3.1. Task-1. Cognitive structuring of the subject area.  

Two interpretations of the classification 
and descriptive scales and gradations 

At the stage of cognitive-target structuring of the subject area, we decide 

in a non-formalized way at a qualitative level what we will consider as an object 

of modeling, what as factors acting on the modeled object (reasons), and what as 

the results of these factors (consequences). In essence, this is a statement of the 

problem to be solved. 

Descriptive scales serve to formally describe the factors, and classification 

scales - the results of their action on the modeling object. Scales can be 

numerical and textual. Text scales can be nominal and ordinal. 

Cognitive structuring of the subject area is the first and only non-

automated stage of ASC analysis in the Eidos system, i.e. all subsequent stages 

of ASC analysis in it are fully automated. 

In ASC-analysis and the "Eidos" system, two interpretations of 

classification and descriptive scales and gradations are used: static and dynamic 

and the corresponding terminology (generalizing, static and dynamic). There is 

also a generalizing interpretation and the terminology corresponding to it. 

Static interpretation and terminology: 

– gradations of classification scales are generalizing categories of types of 

objects (classes); 

- descriptive scales - properties of objects, gradations of descriptive scales 

- values of properties (attributes) of objects. 

Dynamic interpretation and terminology: 

- gradations of classification scales are generalizing categories of future 

states of the modeling object (classes) that describe the results of the action of 

factors on the modeling object in physical and cost terms: for example, the 

quantity and quality of products, profit and profitability; 

- descriptive scales - factors acting on the object of modeling, gradations 

of descriptive scales - the values of factors acting on the object of modeling. 

General terminology: 

– classification scales and gradations; 

- descriptive scales and gradations. 

In this paper, fields with clover are used as the modeling object, 

fertilizers, tillage and year of use are used as factors (Table 1), and yields are the 

results of these factors (Table 2): 

 
 

Table1– Descriptive scales 

KOD_OPSC NAME_OPSC 

one FERTILIZER 

2 SOIL TREATMENT 

3 YEAR OF USE 
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Table2– Classification scale 

KOD_CLSC NAME_CLSC 

one YIELD, C/HA 

 

3.2. Task-2. Formalization of the subject area 
At the stage of formalization of the subject area, classification and 

descriptive scales and gradations are developed, and then the initial data are 

encoded using them, resulting in a training sample. The training sample, in fact, 

is the original data, normalized with the help of classification and descriptive 

scales and gradations. 

The Eidos system has a large number of various automated program 

interfaces (APIs) that provide input into the system of external data of various 

types: textual, tabular and graphic, as well as others that can be presented in this 

form, for example, audio or electroencephalogram (ECG) data. ) or cardiogram 

(ECG). 

This ensures the user-friendly use of the Eidos system for conducting 

scientific research in various areas of science and solving practical problems in 

various subject areas, almost everywhere where a person uses natural 

intelligence. 

As a source of initial data in this work, we use Table 3 from [9]: 

 
Table3- Initial data 

 
Let's convert this table from a graphical form to a text one using ABBYY 

FineReader. 

Then, in MS Excel, we convert it to the form standard for the Eidos 

system (table 4). 

Table 4 has the following structure: 
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– each line describes one observation of cultivation results, 32 

observations in total; 

– each observation is described simultaneously in two ways: on the one 

hand, by the values of the factors acting on the modeling object (linguistic 

variables, gradations of descriptive scales), and on the other hand, by the results 

of these factors, i.e. yield, expressed on a numerical scale in c/ha; 

– 1st column – observation number; 

– 2nd column - the result of the action of factors, in this case, the yield of 

clover in a centner / ha; 

– 3rd column – type of fertilizer; 

– 4th column - type of tillage; 

– 5th column – year of use. 

 
Table4– Table of initial data in the standard of the Eidos system 

№ Productivity, c/ha Fertilizer tillage Year of use 

1 90.0 Without fertilizer (control) Plowing 1st 

2 95.5 N80PtenK100 Plowing 1st 

3 93.1 PtenK100+epin Plowing 1st 

4 96.2 N80PtenK100+epin Plowing 1st 

5 102.7 Manure 20 t/ha Plowing 1st 

6 103.9 Manure + N45PtenK40 Plowing 1st 

7 105.8 Manure + RtenTo40+ epin Plowing 1st 

8 103.2 Manure + N45PtenK40+ epin Plowing 1st 

9 83.0 Without fertilizer (control) disking 1st 

10 88.0 N80PtenK100 disking 1st 

11 89.0 PtenK100+epin disking 1st 

12 90.2 N80PtenK100+epin disking 1st 

13 92.3 Manure 20 t/ha disking 1st 

14 97.2 Manure + N45PtenK40 disking 1st 

15 98.3 Manure + RtenTo40+ epin disking 1st 

16 96.1 Manure + N45PtenK40+ epin disking 1st 

17 73.2 Without fertilizer (control) Plowing 2nd 

18 82.8 N80PtenK100 Plowing 2nd 

19 78.9 PtenK100+epin Plowing 2nd 

20 81.7 N80PtenK100+epin Plowing 2nd 

21 74.6 Manure 20 t/ha Plowing 2nd 

22 79.1 Manure + N45PtenK40 Plowing 2nd 

23 77.1 Manure + RtenTo40+ epin Plowing 2nd 

24 85.6 Manure + N45PtenK40+ epin Plowing 2nd 

25 70.5 Without fertilizer (control) disking 2nd 

26 83.6 N80PtenK100 disking 2nd 

27 81.8 PtenK100+epin disking 2nd 

28 82.1 N80PtenK100+epin disking 2nd 

29 77.2 Manure 20 t/ha disking 2nd 

30 82.1 Manure + N45PtenK40 disking 2nd 

31 82.5 Manure + RtenTo40+ epin disking 2nd 

32 84.9 Manure + N45PtenK40+ epin disking 2nd 
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The 2nd column is the classification scale. In this work, this is a scale of a 

numerical type, the gradations of which describe the result of the action of 

factors in physical terms: the amount of production. In the general case, in the 

initial data there can be much more classification scales that describe the results 

of the factors acting on the modeling object in natural and cost terms: for 

example, the quantity and quality of products, profit and profitability. In the 

Eidos system, there is not a very rigid restriction on the total number of 

gradations of classification scales: there should be no more than 2032. 

Columns from the 3rd, 4th and 5th columns are descriptive scales 

describing the factors acting on the modeling object. These scales are of text 

type and their gradations are linguistic variables. 

To enter the initial data presented in Table 4 into the Eidos system, one of 

its automated program interfaces (API) is used, namely the universal automated 

program interface for entering data from MS Excel files (API-2.3.2.2) (Figure 6) 

. 

The Eidos system has 6 main software interfaces that provide input into 

the system and intelligent processing of numerical, textual and graphic data 

presented in the form of tables and files. It is possible to process other types of 

data (for example, earthquake data, EEG, ECG, audio and video), which can be 

presented in these formats (Figure 4): 

 

 
Picture4. Software interfaces of the Eidos system 

 

API-2.3.2.2 requirements for initial data are described in detail in the help 

files of this mode (Figure 5): 
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Picture5. Helps API-2.3.2.2 of the Eidos system 
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Picture6. Screen forms of control API-2.3.2.2 of the Eidos system 
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Figure 7 and Tables 5, 6 show the classification and descriptive scales and 

gradations formed by API-2.3.2.2 with the parameters shown in Figure 6: 

 
Picture7. Classification and descriptive scales and gradations generated by API-2.3.2.2 

 
Table5– Classification scales and gradations (numerical scale) 

KOD_CLS NAME_CLS 

one YIELD, C/HA-1/5-{70.5, 78.9} 

2 YIELD, C/GA-2/5-{78.9, 82.5} 

3 YIELD, C/GA-3/5-{82.5, 88.0} 

four YIELD, C/HA-4/5-{88.0, 96.1} 

5 YIELD, C/GA-5/5-{96.1, 105.8} 

 

Table6– Descriptive scales and gradations (linguistic variables) 
KOD_ATR NAME_ATR 

one FERTILIZER-1/8-N80P10K100 

2 FERTILIZER-2/8-N80P10K100+epin 

3 FERTILIZER-3/8-P10K100+epin 

four FERTILIZER-4/8-Without fertilizer (control) 

5 FERTILIZER-5/8-Manure + N45P10K40 

6 FERTILIZER-6/8-Manure + N45P10K40 + epin 

7 FERTILIZER-7/8-Manure + Р10К40+ epin 

eight FERTILIZER-8/8-Manure 20 t/ha 

9 SOIL TREATMENT-1/2-Plowing 

ten SOIL TREATMENT-2/2-Disking 

eleven YEAR OF USE-1/2-1st 

12 YEAR OF USE-2/2-2nd 

 

For classification scales, the number of observations for each interval 

value (gradation) and its size are also given. Due to the fact that the interval 

values have different sizes, it is possible to overcome the imbalance of the data, 

because the number of observations in each interval value of a certain scale 

turns out to be equal to an accuracy of 1 (because the number of observations is 

always an integer). 
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3.3. Task-3. Synthesis of statistical and system-cognitive 
models. Multiparameter typing and partial knowledge 
criteria 

Synthesis and verification of statistical and system-cognitive models (SC-

models) of models is carried out in mode 3.5 of the Eidos system. Mathematical 

models, on the basis of which statistical and SC models are calculated, are 

described in detail in a number of monographs and articles by the author. 

Therefore, in this paper, we will consider these issues very briefly. We only note 

that the models of the "Eidos" system are based on the matrix of absolute 

frequencies, which reflects the number of meetings of gradations of descriptive 

scales by gradations of classification scales (facts). But to solve all the problems, 

this matrix itself is not used directly, but matrices of conditional and unconditional 

percentage distributions and system-cognitive models that are calculated on its 

basis and reflect how much information is contained in the fact of observing a 

certain gradation of the descriptive scale about 

The mathematical model of ASC analysis and the Eidos system is based on 

systemic fuzzy interval mathematics and provides comparable processing of large 

volumes of fragmented and noisy interdependent data presented in various types of 

scales (nominal, ordinal and numerical) and various units of measurement. 

The essence of the mathematical model of ASC-analysis is as follows. 

Directly on the basis of empirical data (see Help mode 2.3.2.2), the matrix of 

absolute frequencies is calculated (Table 7). 

 
Table7– Absolute frequency matrix (ABS statistical model) 
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On its basis matrices of conditional and unconditional percentage 

distributions are calculated (Table 8). 

It should be noted that in the ASC-analysis and its software tools, the 

intellectual system "Eidos" uses two methods for calculating the matrices of 

conditional and unconditional percentage distributions: 

1st way: as jN the total number of features by class is used; 

2nd way: as jN the total number of training sample objects by class is 

used. 

In practice, there is often a significant imbalance of data, which is 

understood as a very different number of observations of objects in the learning 

sample belonging to different gradations of the same classification or descriptive 

scale. Therefore, it would be very unreasonable to solve the problem on the 

basis of the matrix of absolute frequencies directly (Table 7), and the transition 

from absolute frequencies to conditional and unconditional relative frequencies 

(frequencies) is very reasonable and logical. 
 

Table8 – Matrix of conditional and unconditional percentage distributions 
(statistical models PRC1 and PRC2) 
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This transition completely removes the problem of data imbalance, since 

in the subsequent analysis, not a matrix of absolute frequencies is used, but 

matrices of conditional and unconditional percentage distributions (Table 8) and 

matrices of system-cognitive models (SC-models, Table 10), in particular, a 

matrix of informativeness. 

This approach also eliminates the problem of ensuring the comparability 

of processing in one model of the initial data presented in different types of 
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scales (nominal, ordinal and numerical) and in different units of measurement 

[5]. 

In the Eidos system, this approach is always used when solving any 

problems. 

Then, on the basis of tables 7, 8, using particular criteria, the knowledge 

given in table 9, matrices of seven system-cognitive models are calculated (table 

10). 

Table 9 shows the formulas: 

– to compare actual and theoretical absolute frequencies; 

– to compare conditional and unconditional relative frequencies 

(“probabilities”). 

And this comparison in table 7 is carried out in two possible ways: by 

subtraction and by division. 

The number of particular criteria of knowledge and system-cognitive 

models based on them (Table 9) currently used in the Eidos system equal to 7 is 

determined by the fact that they are obtained by all possible options for 

comparing actual and theoretical absolute frequencies, conditional and 

unconditional relative frequencies by subtraction and by division, and at the 

same time Nj is considered as the total number of either features or objects of 

the training sample in the j-th class, and normalization to zero (for additive 

integral criteria), if there is no connection between the presence of the feature 

and the object belonging to the class, carried out either by taking the logarithm 

or by subtracting one. 

When we compare the actual and theoretical absolute frequencies by 

subtraction, we get a particular knowledge criterion: “chi-square” (INF3 CK 

model), when we compare them by dividing, we get a particular criterion: “the 

amount of information on A. Kharkevich” (SC-models INF1, INF2) or “return 

on investment ratio ROI” - Return On Investment (SC-models INF4, INF5), 

depending on the normalization method. 

When we compare the conditional and unconditional relative frequencies 

by subtraction, we get a private criterion of knowledge: “relationship 

coefficient” (SK-models INF6, INF7), when we compare them by dividing, then 

we get a private criterion: “the amount of information on A .Kharkevich” (SC-

models INF1, INF2). 
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Table9– Various analytical forms of particular knowledge criteria used in ASC 
analysis and the Eidos system 

Name of the knowledge model and 
particular criterion 

Expression for a particular criterion 

through relative frequencies through absolute frequencies 

ABS, the matrix of absolute frequencies, 

Nij - the actual number of occurrences of 

the i-th attribute in objects of the j-th class;

ijN
 

-
the theoretical number of 

occurrences of the i-th feature in objects of 
the j-th class; Ni is the total number of 
features in the i-th line; Nj is the total 
number of features or objects of the 
training sample in the j-th class; N is the 
total number of features in the entire 
sample (Table 7) 
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PRC1, the matrix of conditional Pij and 

unconditional Pi percentage distributions, 
Nj is the total number of features by class 
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PRC2, the matrix of conditional Pij and 

unconditional Pi percentage distributions, 
Nj is the total number of training sample 
objects by class 

INF1, partial criterion: the amount of 

knowledge according to A. Kharkevich, 1st 
option for calculating probabilities: Nj - the 
total number of features for the j-th class. 
The probability that if an object of the j-th 
class has a feature, then this is the i-th 
feature 
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INF2, partial criterion: the amount of 

knowledge according to A. Kharkevich, 
2nd option for calculating probabilities: Nj - 
the total number of objects in the j-th class. 
The probability that if an object of the j-th 
class is presented, then the i-th feature will 
be found in it. 

INF3, partial test: Chi-square: differences 

between actual and theoretically expected 
absolute frequencies 
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INF4, partial criterion: ROI - Return On 

Investment, 1st option for calculating 
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INF5, partial criterion: ROI - Return On 

Investment, 2nd option for calculating 
probabilities: Nj - the total number of 
objects in the j-th class 

INF6, partial criterion: difference between 

conditional and unconditional probabilities, 
1st option for calculating probabilities: Nj – 
total number of features in j-th class 
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INF7, partial criterion: difference between 

conditional and unconditional probabilities, 
2nd option for calculating probabilities: Nj – 
total number of objects in the j-th class 

Legend for table 3: 
i– value of the past parameter; 
j- value of the future parameter; 
Nij-the number of meetings of the j-th value of the future parameter with the i-th value of the past parameter; 
Mis the total number of values of all past parameters; 
W- total number of values of all future parameters. 
Ni-the number of occurrences of the i-th value of the past parameter throughout the sample; 
Nj-the number of occurrences of the j-th value of the future parameter throughout the sample; 
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N-the number of occurrences of the j-th value of the future parameter with the i-th value of the past parameter throughout the 
sample. 
Iij-private criterion of knowledge: the amount of knowledge in the fact of observing the i-th value of the past parameter that the 
object will go into a state corresponding to the j-th value of the future parameter; 
Ψ is a normalization coefficient (E.V. Lutsenko, 2002), which converts the amount of information in the A. Kharkevich formula 
into bits and ensures compliance with the principle of correspondence with the R. Hartley formula for it; 
Pi– unconditional relative frequency of meeting the i-th value of the past parameter in the training sample; 
Pij– conditional relative frequency of meeting the i-th value of the past parameter at the j-th value of the future parameter. 

 

Thus, we see that all particular criteria of knowledge are closely 

interconnected with each other. Of particular interest is the connection between 

the famous Pearson's chi-square criterion with the remarkable measure of the 

amount of information by A. Kharkevich and with the well-known ROI 

coefficient in economics. 

Probability is considered as the limit to which the relative frequency (the 

ratio of the number of favorable outcomes to the number of trials) tends with an 

unlimited increase in the number of trials. It is clear that probability is a 

mathematical abstraction that never occurs in practice (as well as other 

mathematical and physical abstractions, such as a mathematical point, a material 

point, an infinitesimal point, etc.). In practice, only relative frequency occurs. 

But it can be very close to the probability. For example, at 480 observations the 

difference between the relative frequency and probability (error) is about 5%, at 

1250 observations it is about 2.5%, at 10000 observations it is 1%. 
 

Table10– Matrix of the system-cognitive model 
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The essence of these methods is that the amount of information in the value 

of the factor is calculated that the modeling object will pass under its action to a 

certain state corresponding to the class. This allows comparable and correct 

processing of heterogeneous information about the observations of the 

simulation object, presented in different types of measuring scales and different 

units of measurement [5]. 



Научный журнал КубГАУ, №180(06), 2022 год 
 

http://ej.kubagro.ru/2022/06/pdf/09.pdf  

25 

Based on the system-cognitive models presented in Table 10 (they differ in 

frequent criteria given in Table 9), the problems of identification (classification, 

recognition, diagnostics, forecasting), decision support (the inverse problem of 

forecasting), as well as the problem of studying the modeled subject matter are 

solved. area by studying its system-cognitive model. 

Note that as the significance of the factor value, the degree of 

determinism of the class and the value or quality of the model in ASC 

analysis, the variability of the values of particular criteria of this factor value, 

class or model as a whole is considered (Table 10). 

Numerically, this variability can be measured in different ways, for 

example, the average deviation of the modules of particular criteria from the 

mean, variance or standard deviation or its square. In the Eidos system, the 

latter option is adopted, because. this value coincides with the power of the 

signal, in particular, the power of information, and in the ASC analysis, all 

models are considered as a source of information about the modeling object. 

Therefore, there is every reason to clarify the traditional terminology of ASC 

analysis (Table 11): 

 
Table11– Clarification of the terminology of ASC analysis 

No. Traditional terms (synonyms) New term Formula 

one 1. Significance of the value of the 
factor (attribute). 
2. Differentiating power of the value 
of the factor (attribute). 
3. The value of the factor (attribute) 
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In the Eidos system, the synthesis of models is carried out in mode 3.5 

(figure 8) 
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Picture8. Screen forms of the mode of synthesis and verification of models 

 

As a result of the operation of mode 3.5, 3 statistical and 7 system-

cognitive models were created, some of which are shown in Figures 9-12: 
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Picture9. Statistical model “ABS”, absolute frequency matrix 

 

 
Picture10. Statistical model "PRC2", matrix of conditional and unconditional 

percentage distributions 
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Picture11. System-cognitive model "INF1", information matrix  

(according to A. Kharkevich) 

 
Picture12. System-cognitive model "INF3", Chi-square matrix  

(according to K. Pearson) 

 

It is correct to use the obtained models for solving problems only if they 

are sufficiently reliable (adequate), i.e. correctly reflect the modeled subject 

area. 
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3.4. Task-4. Model Verification 
The assessment of the reliability of models in the "Eidos" system is 

carried out by solving the problem of classifying objects of the training sample 

according to generalized images of classes and counting the number of true and 

false positive and negative solutions by Van Riesbergen's F-measure, as well as 

by the criteria of L1-L2-measures of prof. E.V. Lutsenko, which are proposed in 

order to mitigate or completely overcome some of the shortcomings of the F-

measure [10]. 

The reliability of models can also be assessed by solving other problems, 

such as forecasting problems, developing control decisions, studying the 

modeling object by studying its model. But it is more laborious and even always 

possible, especially on economic and political models. 

In mode 3.4 of the Eidos system and a number of others, the reliability of 

each particular model is studied in accordance with these reliability measures. 

In accordance with the reliability criterion, the Van Riesbergen F-measure 

is the most reliable SC-model of INF1 (Figure 13): 

 
 

 
Picture13. Screen forms of the model reliability measurement mode 3.4 
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Figures 14 show the frequency distributions of the number of true and 

false, positive and negative solutions in the most reliable in terms of the Van 

Riesbergen F-measure of the INF1 SC model: 

 

 
 

 
Picture14. Frequency distributions of the number of true and false, 

positive and negative decisions in the most reliable 

by the F-measure of Van Riesbergen of the SC-model INF1 

 

From these frequency distributions, it can be seen that in the SC model 

INF1, which is the most reliable in terms of Van Riesbergen's F-measure, there 

are also false positive solutions, but all these solutions with very low levels of 

similarity. In general, the higher the level of similarity, the greater the 

proportion of true solutions. Therefore, the level of similarity is an adequate 

internal measure of the Eidos system, so to speak, an adequate measure of self-
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assessment or audit of the degree of reliability of decisions and the level of risk 

of an erroneous decision. In particular, at similarity levels less than 30%, false 

positives predominate, while at higher levels of similarity, true positives 

predominate. At similarity levels above 60%, there are no false positives at all. 

Negative false solutions occur only at difference levels up to 4% and are 

always significantly less than true negative solutions. 

Figure 15 shows screen forms of the 3.4 mode help, which explains in 

detail the meaning of this mode. These forms are given instead of a more 

detailed description of this mode. 
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Picture15. Screen forms of the help modes for measuring the reliability of models 

 

3.5. Task-5. Choosing the Most Reliable Model 
All subsequent tasks are solved in the most reliable model. 

The reasons for this are simple. If the model is valid, then: 

– identification of an object with a class is reliable, i.e. the model refers 

objects to the classes to which they actually belong; 

– forecasting is reliable, i.e. those events that are predicted actually occur; 

– making decisions adequately (reliably), i.e. after the implementation of 

the adopted control decisions, the control object actually passes into the target 

future states; 

– the study is reliable, i.e. the conclusions obtained as a result of the study 

of the model of the object of simulation can be rightly attributed to the object of 

simulation. 

Technically, the selection of the most reliable model is carried out in 

mode 5.6 of the Eidos system and is fast (Figure 16). This is necessary only to 

solve the problem of identification and prediction (in mode 4.1.2), which 

requires the most computing resources and therefore is solved only for the 

model specified by the current one. All other calculations are carried out in the 

Eidos system in all models at once. 
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Picture16. Setting the INF1 CK model as the current one 

 

3.6. Task-6. System identification and forecasting 
When solving the identification problem, each object of the recognizable 

sample is compared in all its features with each of the generalized class images. 

The meaning of solving the identification problem lies in the fact that when 

determining whether a particular object belongs to a generalized image of a 

class, everything that is known about objects of this class becomes known by 
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analogy, at least the most essential about them, i.e. how they differ from objects 

of other classes. 

The tasks of identification and forecasting are interrelated and differ little 

from each other. The main difference between them is that when identifying the 

values of properties and belonging of an object to a class refer to the same 

moment in time, and when predicting the values of factors refer to the past, and 

the transition of an object under the influence of these factors to a state 

corresponding to the class refers to the future (Figure 3). ). 

The problem is solved in the model set as the current one, because is very 

computationally intensive. True, with the use of a graphics processor (GPU) for 

calculations, this problem has practically disappeared. 

The comparison is carried out by applying non-metric integral criteria, of 

which two are currently used in the Eidos system. These integral criteria are 

interesting because they are correct
8
in non-orthonormal spaces, which are 

always encountered in practice and are noise suppression filters. 

 
3.6.1. Integral criterion "Amount of knowledge" 

Integral criterion "Amount of knowledge" represents the total amount 

of knowledge contained in the system of factors of various nature, characterizing 

the control object itself, control factors and the environment, about the transition 

of the object to future target or undesirable states. 

The integral criterion is an additive function of the partial knowledge 

criteria presented in the help mode 5.5: 

).,( iijj LII



 

In the expression, parentheses denote the scalar product. In coordinate 

form, this expression looks like: 
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where: M is the number of gradations of descriptive scales (features); 

}{ ijij II 


is the state vector of the jth class; 

}{ ii LL 


 is the state vector of the recognizable object, which includes all 

types of factors that characterize the object itself, control actions and the 

environment (locator array), i.e.: 

                                           
8
In contrast to the Euclidean distance, which is used for such purposes most often 
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In the current version of the Eidos-X++ system, the values of the 

coordinates of the state vector of the recognized object were taken equal to 

either 0 if there is no sign, or n, if it is present in the object with intensity n, i.e. 

presented n times (for example, the letter "o" in the word "milk" is presented 3 

times, and the letter "m" - once). 

 
3.6.2. Integral criterion "Semantic resonance of knowledge" 

Integral criterion "Semantic resonance of knowledge" represents a 

normalized total amount of knowledge contained in a system of factors of 

various nature, characterizing the control object itself, control factors and the 

environment, about the transition of the object to future target or undesirable 

states. 

The integral criterion is an additive function of partial knowledge criteria 

presented in help mode 3.3 and has the form: 
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where: 

M  -the number of gradations of descriptive scales (features); jI  -

average informativeness by class vector; L  -average over the object vector; 

j  -standard deviation of particular criteria of knowledge of the class 

vector; l  -root-mean-square deviation along the vector of the recognized 

object. 

}{ ijij II 


is the state vector of the jth class; }{ ii LL 


 is the state vector of 

the recognizable object (state or phenomenon), which includes all types of 

factors that characterize the object itself, control actions and the environment 

(locator array), i.e.: 
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In the current version of the Eidos-X++ system, the values of the 

coordinates of the state vector of the recognized object were taken equal to 

either 0 if there is no sign, or n, if it is present in the object with intensity n, i.e. 

presented n times (for example, the letter "o" in the word "milk" is presented 3 

times, and the letter "m" - once). 
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The above expression for the integral criterion "Semantic resonance of 

knowledge" is obtained directly from the expression for the criterion "Amount 

of knowledge" after replacing the coordinates of the multiplied vectors with 

their standardized values: .,
l

i
i

j

jij

ij

LL
L

II
I







 Therefore, in its essence, it is 

also the scalar product of two standardized (unit) vectors of the class and object. 

There are many other ways to normalize, for example, by applying splines, in 

particular linear interpolation: ,,
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 This allows us to 

propose other types of integral criteria. But they are not currently implemented 

in the Eidos system. 

 
3.6.3. Important Mathematical Properties of Integral Criteria 

These integral criteria have very interesting mathematical properties that 

provide it with important advantages: 

Firstly, the integral criterion has a nonmetric nature, i.e. it is a measure of 

the similarity of the class and object vectors, but not the distance between them, 

but the cosine of the angle between them, i.e. this is the inter-vector or 

informational distance. Therefore, its application is correct in non-orthonormal 

spaces, which, as a rule, are encountered in practice and in which the application 

of the Euclidean distance (Pythagorean theorem) is incorrect. 

Secondly, this integral criterion is a filter that suppresses white noise, 

which is always present in empirical initial data and in models created on their 

basis. This property of suppressing white noise is manifested in this criterion the 

brighter, the more gradations of descriptive scales in the model. 

Thirdly, the integral criterion of similarity is a quantitative measure of the 

similarity/difference of a particular object with a generalized image of a class 

and has the same meaning as the membership function of an element in a set in 

the fuzzy logic of Lotfi Zadeh. However, in fuzzy logic, this function is set a 

priori by the researcher by choosing from several possible options, and in ASC 

analysis and its software tools - the Eidos intellectual system, it is calculated in 

accordance with a well-founded mathematical model directly based on empirical 

data. 

Fourth, in addition, the value of the integral criterion of similarity is an 

adequate self-assessment of the degree of confidence of the system in a positive 

or negative decision about the belonging / non-membership of an object to a 

class or the risk of error in such a decision. 

Fifth, in fact, during recognition, the coefficients Ij of the expansion of the 

function of the object Li in a series of functions of the classes Iij are calculated, 

i.e. the weight of each generalized class image in the object image is determined, 

which is described in more detail in the monograph [11, 12]. 

Figure 17 shows the screen forms of the identification and forecasting 

mode 4.1.2 of the Eidos system: 
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Picture17. Screen forms of the mode 4.1.2 identification and prediction 
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Picture18. Some screen forms of the results of identification and forecasting  

4.1.3 of the Eidos system 

 

 



Научный журнал КубГАУ, №180(06), 2022 год 
 

http://ej.kubagro.ru/2022/06/pdf/09.pdf  

39 

3.7. Task-7. Decision Support 
3.7.1. Simplified decision-making as an inverse forecasting 

problem, positive and negative information portraits of 
classes, SWOT analysis 

The problems of forecasting and decision making are related to each other 

as direct and inverse problems: 

– when forecasting by the values of the factors acting on the modeling 

object, it is determined in what future state it will go under their action; 

– when making decisions, on the contrary, according to the future target 

state of the modeling object, the values of the factors that determine its transition 

to this future target state are determined. 

Thus, the decision-making problem is the inverse of the forecasting 

problem. But this is true only in the simplest case: in the case of using SWOT 

analysis (mode 4.4.8 of the Eidos system) [13] (Figure 19). 

The output forms shown in figures 19 are intuitive and do not require 

special comments. We only note that the SWOT diagrams clearly show the sign 

and strength of the influence of each factor value on the transition of the 

simulation object to the state corresponding to the class selected in the upper 

window. The sign is shown in color, and the strength of influence is shown in 

the thickness of the line. 
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Picture19. Screen forms of the automated SWOT-analysis mode 

 

The first figure 19 shows the screen form of the task in the SWOT-

diagram display parameters dialog. On this screen form in the upper window, 

the user selects the class to be investigated with the cursor, at the bottom left it 

sets the model for research, and at the bottom right it specifies whether to 

display the SWOT diagram. In addition, the user can enable or disable filters by 

factors and view help by mode. When you enable the filter by the factor on 

which the cursor is located, the screen forms display the influence of only the 

value of this factor. 

On the left side of the SWOT diagram, the values of the factors 

contributing to the transition of the simulation object to the state corresponding 

to the class selected in the upper window are shown (shown in red), and on the 

right - preventing this transition (shown in blue). The strength of the influence of 
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each factor value on the behavior of the simulation object is shown by the 

thickness of the line. 

 
3.7.2. A developed decision-making algorithm in adaptive 

intelligent control systems based on 
ASC analysis and the Eidos system 

However, SWOT analysis (mode 4.4.8 of the Eidos system) has its 

limitations: only one future target state can be set, target states may be 

unattainable at the same time (alternative) or compatible in terms of the system 

of factor values that determine them, some recommended factors may not be 

technologically and financially feasible to use, and perhaps it is necessary to 

look for a replacement for them, which has approximately the same effect on the 

modeling object. 

Therefore, in the ASC analysis and the Eidos system, a developed 

decision-making algorithm (mode 6.3) is implemented, in which, in addition to 

the SWOT analysis, the results of solving the forecasting problem and the 

results of a cluster-constructive analysis of the classes and values of factors are 

also used, i.e. some results of solving the problem of researching the subject 

area. This algorithm is described in [11, 12] and a number of other papers. 

 

We present this algorithm in this work (Figure 20). 

Step 1.Management sets management goals, i.e. determines the future 

target states of the control object. Typically, the target states in physical terms 

are the quantity and quality of products, and in value terms - profit and 

profitability. The control object as a system, the effectiveness of the control 

object as a system property, increasing the level of systemicity of the control 

object as a control goal (nonlinearity). The model reflects a certain level of 

technology, so the target states that are unattainable in one model may be 

achievable in another with a large number of factors [14, 16]. 

Step 2 (see dir.6.4).Cognitive-targeted structuring and formalization of 

the subject area (dir. 2.3.2.2), synthesis and verification of models (dir. 3.5), we 

determine the most reliable of them according to Van Riesbergen's F-criterion 

and L1 and L2 criteria of Prof. E.V. Lutsenko ( dir.3.4) [5]. Increasing the level 

of consistency and adequacy of the control object model (principle of William 

Ross Ashby) [15]. 

Step 3.If the target state is one, then go to step 6, otherwise go to step 4. 

Step 4.Otherwise, we evaluate the correctness of the goals set by 

comparing the target state determination system using the cognitive clustering 

method (4.2.2.3) or based on the similarity matrix (4.2.2.1), i.e. determine 

whether the target states are compatible, i.e. achievable simultaneously, 

according to the factors that determine them, or they are mutually exclusive 

(alternative) according to the system of determination and at the same time 

unattainable. 
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Вход

Шаг 1-й. Руководство ставит цели управления, т.е. определяет будущие целевые
состояния объекта управления. Обычно целевые состояния в натуральном

выражении - это количество и качество продукции, а в стоимостном выражении -
прибыль и рентабельность. Объект управления как система, эффективность

объекта управления как системное свойство, повышение уровня системности
объекта управления как цель управления (нелинейность) . Модель отражает

определенный уровень технологий, поэтому целевые состояния, недостижимые в
одной модели, могут оказаться достижимыми в другой с большим числом факторов

Шаг 2-й (см.реж.6.4). Когнитивно-целевая структуризация и формализация
предметной области (реж.2.3.2.2), синтез и верификация моделей (реж.3.5),
определяем наиболее достоверную из них по F-критерию Ван Ризбергена

и критериям L1 и L2 проф.Е.В.Луценко (реж.3.4). Повышение уровня системности
и адекватности модели объекта управления (принцип Уильяма Росса Эшби)

Шаг 4-й. Иначе оцениваем корректность поставленных целей путем сравнения
системы детерминации целевых состояний методом когнитивной кластеризации
(4.2.2.3) или на основе матрицы сходства (4.2.2.1), т.е. определяем, являются ли
целевые состояния совместимыми, т.е. достижимыми одновременно, по обуслав-

ливающим их значениями факторов, или они являются  взаимоисключающими
(альтернативными) по системе детерминации и одновременно недостижимы

Шаг 3-й. Если
целевое состояние одно,
то переходим на шаг 6.

Шаг 6-й. Решаем задачу поддержки принятия решений в упрощенном варианте
путем решения обратной задачи прогнозирования в автоматизированном SWOT-

анализе (реж.4.4.8) для каждого из целевых состояний и объединяем
рекомендованные значения факторов в одну систему управляющих факторов

Да

Нет

Шаг 7-й. Оцениваем технологические и финансовые возможности применения на
практике рекомендованных на шаге 6 значений факторов.

Шаг 8-й. Если такая
возможность имеется для всех значений

факторов, то принимаем их для реализации на
практике и выходим из алгоритма

принятий решений

Выход

Шаг 9-й. Если же такой возможности нет, то исключаем из системы значений
факторов, рекомендованных на шаге 6, те из них, которые по каким-либо причинам

нет возможности применить на практике (реж.4.1.1) и переходим на шаг 10.

Шаг 10-й. Прогнозируем результаты применения на практике сокращенной
системы значений факторов в которой есть только те, которые есть реальная

возможность применить на практике (реж.4.1.2).

Да

Нет

Шаг 11-й. Сокращенная
система значений факторов

приводит к достижению
целевых состояний?

Да

Нет

Шаг 12-й. Заменяем рекомендованные на шаге 6, но удаленные на шаге 9
значения факторов другими, сходными по влиянию на объект управления, но
которые есть возможность использовать (4.1.1). Эти значения факторов для

замены выбираются с использованием когнитивного кластерно-конструктивного
анализа значений факторов (4.3.2.3) или просто матрицы сходства (4.3.2.1).

Шаг 13-й. Прогнозирование результатов применения на практике системы
значений факторов, сформированной на предыдущих этапах (реж.4.1.2)

Шаг 14-й.
Сформированная система

значений факторов приводит
к достижению целевых

состояний?

Да

Нет

Шаг 5-й. Поставленные цели
управления корректны, совместимы,

достижимы одновременно?

Да

Нет

Выход

 
Picture20. Developed decision-making algorithm in intelligent control systems based on 

ASC analysis and the Eidos system 
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Step 5.Are the goals of management correct, compatible, achievable at the 

same time? If yes, go to step 6, otherwise go to step 1. 

Step 6.We solve the decision support problem in a simplified version by 

solving the inverse forecasting problem in an automated SWOT analysis (dir. 

4.4.8) for each of the target states and combine the recommended factor values 

into one system of control factors [13]. 

Step 7.We evaluate the technological and financial possibilities of 

applying in practice the values of the factors recommended in step 6. 

Step 8.If such a possibility exists for all factor values, then we accept 

them for implementation in practice and go to step 13 to check the effectiveness 

of the decisions made, otherwise go to step 9. 

Step 9.If this is not possible, then we exclude from the system of factor 

values recommended in step 6 those of them that for some reason cannot be put 

into practice (dir. 4.1.1) and go to step 10. 

Step 10.We predict the results of the application in practice of a reduced 

system of factor values in which there are only those that have a real opportunity 

to be applied in practice (dir. 4.1.2). 

Step 11.Does the abbreviated system of factor values lead to the 

achievement of target states? If yes, then exit the decision algorithm, otherwise 

go to step 12. 

Step 12.We replace the values of the factors recommended in step 6, but 

removed in step 9, with others similar in their effect on the control object, but 

which can be used (4.1.1). These replacement factor values are selected using 

cognitive cluster-constructive analysis of factor values (4.3.2.3) or simply a 

similarity matrix (4.3.2.1) [17]. 

Step 13.Forecasting the results of applying in practice the system of factor 

values formed at the previous stages (dir.4.1.2) 

Step 14.Does the formed system of factor values lead to the achievement 

of target states? If yes, then exit the decision-making algorithm, otherwise go to 

step 1. 

 

As we can see, in the developed decision-making algorithm, the results of 

solving various problems are widely used: both the forecasting problem and 

some problems of studying the modeling object by studying its model. It should 

be specially noted that all these tasks are solved in the Eidos system. 

Therefore, below we briefly consider the solution of these problems. 

 

3.8. Task-8. Examining the object of modeling by examining  
its model 

3.8.1. Inverted SWOT Diagrams of Descriptive Scale Values 
(Semantic Potentials) 

Inverted SWOT-diagrams (proposed by the author in [13]) reflect the 

strength and direction of the influence of a particular gradation of the descriptive 
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scale on the transition of the modeling object to the states corresponding to the 

gradations of the classification scales (classes). This is the meaning (semantic 

potential) of this gradation of the descriptive scale. Inverted SWOT-diagrams 

are displayed in mode 4.4.9 of the Eidos system. 

The inverted SWOT charts for each factor value, which are linguistic 

variables, are shown below in the figure 21: 
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Picture21. Inverted SWOT charts for all factor values 

The inverted SWOT diagrams shown in Figure 21 exhaustively reflect the 

strength and direction of the influence of each value of each factor on the 

transition of the modeling object to states corresponding to different clover 

yields (classes). In many ways, this is the solution to the problem posed in the 

work. 

 
3.8.2. Cluster-constructive analysis of classes 

In the Eidos system (in mode 4.2.2.1, Figure 22), the class similarity 

matrix (Table 12) is calculated according to the system of their determination, 

and based on this matrix, four main forms are calculated and displayed: 

– circular 2d-cognitive class diagram (mode 4.2.2.2) (Figure 23); 

– agglomerative dendrograms obtained as a result of cognitive (true) class 

clustering (proposed by the author in 2011 in [17]) (mode 4.2.2.3) (Figure 24); 

– graph of changes in intercluster distances (mode 4.2.2.3) (Figure 25). 
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Figure 22 shows the screen forms of mode 4.2.2.1, which provides the 

calculation of the class similarity matrix according to the system of their 

determination, i.e. according to the factors that determine them: 
 

 

 

 
Picture22. Screen forms of mode 4.2.2.1, which provides the calculation of class 

similarity matrices 
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Table12– Class similarity matrix (in full) 

 

 
Picture23. Pie 2d cognitive class diagram (mode 4.2.2.2) 
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Picture24. Agglomerative dendrogram obtained as a result of cognitive (true) class 

clustering (mode 4.2.2.3) 
 

 
Picture25. Graph of changes in intercluster distances (mode 4.2.2.3) 

 
3.8.3. Cluster-constructive analysis of the values of descriptive 

scales 

In the "Eidos" system (in mode 4.3.2.1, Figure 26), the matrix of 

similarity of features (Table 13) is calculated according to their meaning, and on 

the basis of this matrix, four main forms are calculated and displayed: 

– circular 2d-cognitive feature diagram (mode 4.3.2.2) Figure 27); 

– agglomerative dendrograms obtained as a result of cognitive (true) 

feature clustering (proposed by the author in 2011 in [17]) (mode 4.3.2.3) Figure 

28); 

– graph of changes in intercluster distances (mode 4.3.2.3) Figure 29). 
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Figure 26 shows the screen forms of mode 4.3.2.1, which provides the 

calculation of the matrix of similarity of factor values by their influence on the 

modeling object: 

 

 

 
Picture26. Screen forms of mode 4.3.2.1, which provides the calculation of the similarity 

matrices of factor values 
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Table13– Feature similarity matrix (in full) 

 
 

 
Picture27. Pie 2d cognitive feature diagram (mode 4.3.2.2) 
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Picture28. Agglomerative dendrogram obtained as a result of cognitive (true) feature 

clustering (mode 4.3.2.3) 
 

 
Picture29. Graph of changes in intercluster distances (mode 4.3.2.3) 

 

3.8.4. Knowledge Model of the Eidos System and Nonlocal Neurons 

The knowledge model of the Eidos system belongs to fuzzy declarative 

hybrid models and combines some positive features of the neural network and 

frame models of knowledge representation. 

Classes in this model correspond to neurons and frames, and features 

correspond to receptors and spaces (descriptive scales correspond to slots). 

From frame model knowledge representation model of the "Eidos" system 

is distinguished by its efficient and simple software implementation, obtained 

due to the fact that different frames differ from each other not in a set of slots 

and spaces, but only in the information in them. Therefore, in the Eidos system, 

with an increase in the number of frames, the number of databases does not 

increase, but only their dimension increases. This is a very important property of 
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the Eidos system models, which greatly facilitates and simplifies software 

implementation. 

From the neural network model knowledge representation model of the 

system "Eidos" differs in that [18]: 

1) the weight coefficients on the receptors are not selected by the iterative 

back propagation method, but are calculated by the direct counting method 

based on a well theoretically substantiated model based on information theory 

(this resembles Bayesian networks); 

2) weight coefficients have a well theoretically substantiated meaningful 

interpretation based on information theory; 

3) the neural network is non-local, as they say now “fully connected”. 

In the "Eidos" system, non-local neurons are visualized (mode 4.4.10 of 

the "Eidos" system) in the form of special graphic forms, on which the strength 

and direction of the influence of neuron receptors on the degree of its activation 

/ inhibition is displayed in the form of color and thickness of the dendrite. 
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Picture30. Nonlocal Neurons Corresponding to Classes (Different Clover Yields) 
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3.8.5. Non-local neural network 

The Eidos system has the ability to build models corresponding to 

multilayer neural networks [18]. 

It is also possible to visualize any one layer of a non-local neural network 

(mode 4.4.11 of the Eidos system). 

Such a layer in a visual form reflects the strength and direction of the 

influence of the receptors of a number of neurons on the degree of their 

activation/inhibition in the form of color and thickness of the dendrites. 

The neurons in the image of the neural network layer are located from left 

to right in descending order of the modulus of the total strength of their 

determination by receptors, i.e. on the left are the results that are most rigidly 

conditioned by the values of the factors acting on them, and on the right - less 

rigidly conditioned (Figure 33). 
 

 
Picture31. Neural network in the INF3 SC model 

 
3.8.6. 3D Integral Cognitive Maps 

A 3d-integrated cognitive map is a display in one figure of a cognitive 

class diagram (Figure 23) at the top and a cognitive diagram of factor values 

(Figure 27) at the bottom and a single neural network layer connecting them 

(Figure 31) (mode 4.4.12 of the Eidos system) (figure 32): 
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Picture32. 3d cognitive class and feature diagram (mode 4.4.12) 

 
3.8.7. 2D Integral Cognitive Maps of Meaningful Class Comparison 

(Mediated Fuzzy Plausible Reasoning) 
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In 2d-cognitive diagrams of class comparison according to the system of 

their determination, one can see how similar or how different the classes are 

from each other according to the values of the factors that determine them. 

However, we do not see from this diagram how exactly these classes are 

similar and how exactly these classes differ in terms of the values of the factors 

that determine them. 

We can see this from the cognitive diagram of meaningful class 

comparison, which is displayed in mode 4.2.3 of the Eidos system. 

2D cognitive maps of meaningful class comparisons are examples of 

indirect fuzzy plausible logical conclusions, which may be one of the first to be 

written by Gyorgy Poya [22]. For the first time, the automated implementation 

of reasoning of this type in the Eidos intellectual system was written in 2002 in 

[2] on page 521
9
. This was later discussed in [3]

10
and a number of other works 

of the author, so it is inappropriate to consider this issue in more detail here. 

 

An example of mediated plausible reasoning. 

Suppose we know that one person has blue eyes and another has black 

hair. The question is, do these features contribute to the similarity or difference 

between these two people? In the ASC-analysis and the Eidos system, this issue 

is solved in the following way. In a model based on a cluster-constructive 

analysis of classes and values of factors (features), it is known how similar or 

different features are in terms of their influence on the modeling object. 

Therefore, it is clear that a person with blue eyes is most likely blond, and a 

brunette is most likely to have dark eyes. So it is clear that these features 

contribute to the difference between these two people. 

 

Examples of 2d-integrated cognitive maps of a meaningful comparison of 

classes according to their system of determination are shown below in Figures 

33: 

                                           
9
 https://www.elibrary.ru/download/elibrary_18632909_64818704.pdf, Table 7. 17, p. 521 

10
 http://ej.kubagro.ru/2013/07/pdf/15.pdf, p.44. 

https://www.elibrary.ru/download/elibrary_18632909_64818704.pdf
http://ej.kubagro.ru/2013/07/pdf/15.pdf
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Picture33. Examples of 2d-integrated cognitive maps of meaningful comparison of 

classes according to their system of determination 
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3.8.8. 2D-integrated cognitive maps of meaningful comparison of 
factor values (mediated fuzzy plausible reasoning) 

From 2d-cognitive diagrams comparing the values of factors according to 

their influence on the object of modeling, i.e. on its transitions to states 

corresponding to classes, it is quite clear how similar or different any two values 

of factors are in their meaning. 

Recall that meaning, according to the Schenk-Abelson concept of 

meaning used in ASC analysis, consists in knowing the causes and 

consequences [23]. 

However, it is not clear from this diagram how exactly the values of the 

factors are similar or differ in their meaning. 

This can be seen from the cognitive diagrams that can be obtained in 

mode 4.3.3 of the Eidos system. 

Examples of 2d-integrated cognitive maps of a meaningful comparison of 

classes according to their system of determination are shown below in Figures 

34: 
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Picture34. Examples of 2d-integrated cognitive maps for meaningful comparison of 

factor values by their influence on the transition of the modeling object to states 

corresponding to classes 
 

3.8.9. Сognitive functions 

Cognitive functions are a generalization of the classical mathematical 

concept of a function based on system information theory and were proposed by 

E.V. Lutsenko in 2005 [19]. 

Cognitive functions reflect how much information is contained in the 

gradations of the descriptive scale about the transition of the modeling object to 

the states corresponding to the gradations of the classification scale. At the same 

time, in statistical and system-cognitive models, each gradation of the 

descriptive scale contains information about all gradations of the classification 

scale, i.e. each value of the argument corresponds to all values of the function, 

but they correspond to varying degrees, both positive and negative, which is 

displayed in color. 

Cognitive functions are one of the most powerful and visual means of 

cognitive graphics available in the Eidos system, which allow you to display the 

strength and direction of the influence of each factor value on the transition of 

the modeling object to each of the future states. 

In the Eidos system, cognitive functions are displayed in mode 4.5 (Figure 

35). 
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Picture35. cognitive functions 

 

It should be noted that the models of the Eidos system are 

phenomenological models that reflect empirical patterns in the facts of the 

training sample, i.e. they do not reflect the causal mechanism of determination, 

but only the very fact and nature of determination [20]. A meaningful 

explanation of these empirical patterns is already formulated by experts at the 

theoretical level of knowledge in meaningful scientific laws [21]. 

 
3.8.10. Significance of descriptive scales and their gradations 

In the ASC analysis, all factors are considered from one single point of 

view: how much information is contained in their values about the transition of 

the modeling and control object, on which they act, to a certain future state 

described by the class (gradation of the classification scale), and at the same 

time the strength and direction the influence of all factor values on an object is 
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measured in the same units of measurement common to all factors: units of the 

amount of information [5]. 

Significance (selective power) of gradations of descriptive scalesin ASC 

analysis, this is the variability of particular criteria in statistical and system-

cognitive models, for example, in the Inf1 model, this is the variability of 

informativeness (mode 3.7.5 of the Eidos system). 

Significance of the entire descriptive scaleis the average of the degree of 

significance of its gradations (mode 3.7.4 of the Eidos system). 

If we sort all the gradations of factors (features) in descending order of 

selective power and get the sum of the selective power of the system of values 

of factors on an accrual basis, we will get a Pareto curve. 

Figure 36 shows the Pareto curve of the influence of factor values on the 

behavior of the simulation object in the INF3 SC model: 

 

 
Picture36. Pareto curve of the influence of factor values on the behavior of the 

simulation object in the INF3 SC model 

 

Table 14 presents the initial data for constructing the cumulative curve in 

Figure 36: 
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Table14– The strength of the influence of factor values on the behavior of the simulation 

object in the INF3 SC model 

 
 

Table 14 shows what proportion of the total influence on the yield of 

clover each value of each factor has. 

The screen form of Figure 37 shows the names of Excel files with 

information about the strength of the influence of factor values in different 

models: 

 

 
Picture37. Names of Excel files with information about the strength of influence of 

factor values in different models 

 

The screen form of Figure 38 shows the names of Excel files with 

information about the strength of the influence of factors in different models: 
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Picture38. names of Excel files with information about the strength of influence of 

factors in different models 

 

Table 15 provides information on the strength of the influence of factors 

on clover yield in the INF3 system-cognitive model: 

 
Table15– The strength of the influence of factors on the behavior of the object of 

modeling in the system-cognitive model INF3 

 
 

Table 15 shows that 61.136% of the total impact on the yield of clover is 

due to the year of use, another 21.739% of the influence is exerted by the 

method of tillage, and fertilizers have a relatively smaller effect: 17.125%. 

 
3.8.11. Degree of determinism of classes and classification scales 

The degree of determinism (conditionality) of a class in the "Eidos" 

system is quantitatively estimated by the degree of variability of the values of 

factors (gradations of descriptive scales) in the column of the model matrix 

corresponding to this class (mode 3.7.3 of the "Eidos" system). 

The higher the degree of determinism of the class, the more reliably it is 

predicted by the values of the factors. 

The degree of determination (conditionality) of the entire classification 

scale is the average of the degree of determination of its gradations, i.e. classes 

(mode 3.7.2 of the Eidos system). 

Figures 39 show screen forms of modes 3.7.2 and 3.7.3 of the Eidos 

system, containing information about the degree of determinism (conditionality) 

of the states of the simulation object by the factors acting on it: 
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Picture39. Screen forms of modes 3.7.2 and 3.7.3 of the Eidos system 

 

The Excel tables themselves of the degree of determinism of classes and 

the classification scale are not given due to the fact that the scale is the same and 

the degree of determinism of classes differs slightly. 
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4. DISCUSSION 
 

The results obtained can be assessed as successfully solving the problem 

formulated in the work and ensuring the achievement of the goal set in the work. 

These results were obtained by using the linguistic Automated System Cognitive 

Analysis (linguistic ASC-analysis) and its software tools - the intellectual 

system "Eidos". 

The analysis of the results obtained in this work is in full agreement with 

the results of [9], on whose initial data they are based. On the other hand, the use 

of linguistic ASC analysis and the Eidos system greatly expands the possibilities 

for solving problems of forecasting, decision making and research of the 

modeled subject area, in comparison with the methods used in [9]. Therefore, 

there is every reason to recommend the use of ASC analysis and the Eidos 

system for further in-depth studies. 

The achievement of this work is: 

1. Possibility of building system-cognitive models of the subject area 

based on initial data containing linguistic variables. 

2. The possibility of using system-cognitive models for solving problems 

of forecasting, decision-making and research of the modeled subject area. 

As a prospect for continuing research, it would be recommended to 

significantly increase the amount of initial data, the number of factors studied, as 

well as the number of classification scales and their gradations (classes) to 

describe the future states of the modeling object. 

For example, it would be possible to explore in the created system-

cognitive models, not only technological, but also natural and climatic factors. 

It is recommended to introduce classification scales that reflect the 

influence of the studied factors on the modeling object not only in physical 

terms (quantity and quality of various types of products), but also in value terms 

(profit and profitability, both overall for the enterprise and in terms of product 

types). 

The prospects and value of the results of such research and development 

for theory and practice are not in doubt, which is confirmed by the author's work 

in this area [1-23]. 

Those who wish have every opportunity to study this work and for further 

research using ASC analysis and the Eidos system on their computer. 

To do this, you need to download the system from the developer's website 

using the link on the page:http://lc.kubagro.ru/aidos/_Aidos-X.htm, and then in 

the application manager (mode 1.3) install the intelligent cloud Eidos 

application No.334. There are a large number of video lessons (about 300) on 

various aspects of the application of this technology, which can be found at the 

links on the page:http://lc.kubagro.ru/aidos/How_to_make_your_own_cloud_Eidos-

application.pdf. 

Those who wish to read this article in Russian can refer to the work [24]. 

http://lc.kubagro.ru/aidos/_Aidos-X.htm
http://lc.kubagro.ru/aidos/How_to_make_your_own_cloud_Eidos-application.pdf
http://lc.kubagro.ru/aidos/How_to_make_your_own_cloud_Eidos-application.pdf
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5. CONCLUSIONS 
 

The paper solves the problem of identifying the dependence of clover 

yield on fertilizers, tillage and year of use. Based on the knowledge of these 

dependencies, the problems of forecasting, decision-making and research of the 

modeled subject area are solved by studying its system-cognitive model. 

The specificity of this problem is that all independent variables are 

linguistic (categorical) variables. Therefore, to solve this problem, linguistic 

ASC analysis is used, i.e. cognitive mathematical linguistics. At the same time, 

the yield of clover itself is measured on a numerical scale. 

Thus, a hybrid model is built in the work, including both nominal (text) 

and numerical scales. The comparability of processing data of different types, 

presented in different types of scales and different units of measurement, is 

ensured by metrization of nominal scales, i.e. increasing their degree of 

formalization to the level of numerical scales. 

This is achieved by calculating the amount of information contained in the 

gradations of nominal scales and obtaining one or another yield. 

The paper provides a brief description of the ASC-analysis and its 

software tools - the intellectual system "Eidos". The work can be the basis for 

laboratory work and scientific research on the use of artificial intelligence 

systems, in particular, linguistic ASC analysis for solving problems in the field 

of cognitive agronomy. 
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